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THE MAGNETIC SURVEY OF INDIA. 

Extracted from the Narratiue Report of Captain R. H. Thomas, R.E., in 
charge No. 26 Party (Magnetic) for season 1908-09. 

Personnel. 

Imperial Ofice*:. 

Captain R. H. Thomas, R.E., in charge from 
1st April 1909. 

Lieutenant H. J. Couchman, R.E., till 30th 
April 1909 (in charge till 31st March 1909). 

Lieutenant H. T. Morshead, R.E., till 31st The personnel of the party is shown in 
March 1909. the margin. 

Provincial Oficers. 

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

Subordinate establishments. 

z Observers, 13 Recorders, I Computer, 2 

Surveyors and I Writer. 

Health of party.-The health of the party was on the whole satisfactory, but 
the detachments working in Burma suffered severely a t  times from malaria. 

The present report deals with the work of the Magnetic Survey in 1908-09. 
The  report is divided into three main parts as  follows :- 

[,-A brief account of the operations in the field and recess quarters, with a table 
of the preliminary values of the magnetic elements a t  field and repeat 
stations in 1908-og, and an index chart showing the positions of all stations 
of observation to date. 

Nors.-For convenience of reference the table of preliminary values and index chart a r e  
placed a t  the end of Part 1 I I. 

11.-A note on the working of the magnetic observatories in  1908-og. 
111.-Tables of results a t  the magnetic observatories i r ~  1908. 

FIELD O P E R A T I O N S  A N D  R E C E S S  W O R K  I N  1908-09. 
(a )  Work 01 the field detachments. 
(h )  Field work of the 1mperi;ll officers. 
(c) Work during recess. 

Reduction of field work. 
Computario~i of Chin-L~tshai-Arakan Boundary triangulation. 
Investigation of differences of instruments in H. F. 

(d) Diurnal variation in H. F. in Southern India. 
( a )  Comparison of a set of instruments belonging to the Carnegie Inrtitution, \Vashicg- 

ton, U. S. A.. with the survey standards. 
(f) Diflertnces of survey instruments in 1908-09. 
(R) Valuer of distribution co-efficients in 1pc8.oy 
( h )  Programme of work in  1909-10. 
(i) Results published in this report. 
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Work of thejield detachmenis.-The field season opened on October 

26th, Igo8, and closed on May 3rd, 1939. Four iield detachments were 

employed dl~ring the year under report;  two of these worked in Burma 
the preliminary survey of that country, the remaining two were 

occupied in the detailed exaillination of three ateas shown in the index map 
attached. 

Of the Burma detachments, one observer worked along the South-West 
coast and iu the 1rra:v~ddy delta ; this observer also completed observations at 
three statijns on the Kaladan river, on the border of the unadministered area of 
the Chin Hills, thus matrria)ly reducing the gap hitherto existing in this district : 

the second detachment completed the magnetic survey of Tenasserim and in 
addition established a repeat station at Port Blair; the latter had long been con- 
sidered advisable, but hitherto it had been found impracticable to spare the 

time required. Owing to the difficult country met with the  total outturn of new 

stations of the preliminary survey was 41 only. 
i he  total number of stations of the preliminary survey t o  date is 1,255 t o  

which must be added 6 stations in Kashmir and LadPkh, the results a t  which 
have heen kindly communicated by Mr. D. C. Sowers of rlle Carnegie Insti- 
turion of Terrestrial Magnetism, Washington, U. S. A., who observed in Septem- 
btr and October of the present year. 

The two detachments engaged on the detail survey occupied I 2 2  new 
stations and in addition repeated observations at I I old field stations f$lhg in 
their respective areas. 

( 6 )  Work of the lmpcvinl Oj'icers. -Two officers of the Im,perial Service 
were available throughout the year. 

The four survey observ~tories were inspected and comparative observations 
carried out at each and also at Alibsg. 

In addit~on to those at 22 repeat stations, observations were made at 15 
field stations, suitably situated between the former to obtain further values of the 
secular change in the m~gnel ic  elements. 

Fifty-seven old field stations have now been revisited and a preliminary 
reduction of the secular change values made: an examination of the results 
showed that while the seculdr change values in dip and declination wt-re on the 
whole fairly in accord with those from repeat stations, the seoular changes in 
horizontal force revealed unexpected abnormalities. lJt thus beoame evident 
that our repeat stations are too few in number and the pradtice of reobserving 
at suitable old field sta~ions will therefore be coritinued. At most of these it 
should be possible to identify the station site within a'few feet, but in order to 
guard against accidental error in areas of local disturbance, it r i l l  probably be 
advisable to reobserve at groups of two or three stations. 

In paragraph 3 of last year's report, it was noted that, i f  time was avail- 
able, hourly observations of H. F. wuuld be taken in Southern India and 
also in Lowrr Burma and the results compared with the curves at Koda,kinal, 
For Southern Inda this has been done : Lieutenant Couchman, R.E., made half- 
hourlv observations from 8 A.M. to 4 P.M. on 5 days at Trichinopoly (latitude 
lo0 48' 10" longitude 78" 40' 40") : the results are discussed elsewhere in 
this report 

( c )  1C'ark dzrriitg recess.-During the recess season the computations of 
the previous season's field work, and the reduction and tabulation of the base 
=lation results lor 1908 have been completed. 
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Reduction of field work.-The reduction of the field work with reference 
to the corrertion for diurnal variation in horizontal force and declination, and 
instrumental difference in declina~ion has been continued, the repeat stations 

and reobserved field stations being first dealt with, with a view to obtaining the 
best available values of sacular change. T h e  repeat stations and reobserved 

field stations have been completed up to 1907-08, the fizld stations up to 
1903-04- 

The party was inspected in recess by the Superintendent, Trignometrical 
Surveys, on 24th June 1909. 

Computatlbn of Chin-Lushai-Arakan boundary triangu2rrtzbn.-The imperial 
officers recomputed the triangula~ion carried out by Mr. Morton of I his party in 
rgo7-08 in connection with the Chin-Lushai-Arakan Boundary survey. This 

triangulation was executed rapidly without previous reconnaissance in densely 
wooded country and in unfavourable weather: its adjustment proved difficult. 

Satisfactory results were finally obtained, but not without the expenditure of 
considerable time, during which the investigit~on of the many pressing questions 
arising out of the magnetic wc rk \\as necessarily in abeyaoce. 

/nvestigation of dzferences of instruments  it^ H. F.-The principal subject 
of investigation during the recess season was the differences of the various 
instruments from the standard in horizontal force. 

TIle system of computing H in use a t  present is as  follows :-The mH and 

E of the vibratiop and deflection observations are combined to obtai!: vLjlves of 
H 
m, only, These values show appreciable flucluations from the mean value, due 
to errors of observation and charlges in H during the time of observation : it is 
the practice to repeat observations bhere the value of m, differs more than 0.5 

from the previous mean value. 
Ordinarily the value of m, falls slowly with lapse of time, it is also liable 

to sudden falls which are probably due to accidental rough handling : cases have 
occurred where the magnetic momel~t has, during the recess seHson, 

apparently recovered from slight temporary losses. Tue values of m, obtained 
as above are divided into groups and a scrutiny of these enables a mean value 

of m, applicable to any given pe~iod to be readily ascertained. This value is 
then applied to the deflection ob~ervations and the value of H obtained. 

A table was published in last year's report showing the differences of the 
various instruments from the standard after recomputation as  above. 

These differences show considerable variation from time to time: apart 
from gross errors of observation, the principal causes of these variations *nay 
be either change in the value of the moment af inertia of any or all the mag- 
nets, change of the distribution CO-efficients or bosh these causes combined ; 
in the first case the value of mH is affected, in the second , thus thtre 
will be errors in the assumed value of m, and also in the deduced value of H. 
Changes in the moment of inertia have not been considered for the present : 
the observatio~ls of n'K carried out prior to 1906 hdve no great reigllt cnillg 
to the changes in the inertia bars Nos. 17 and 2 (see Narrative Report 1904-05), 

but since the receipt of the standard bar (S. G.) observations have been made 
with all the field magnets in 1906, 1908 and recently in the present year: tIlese 
observations will serve to S ~ O W  whether changes in the moment of inertia are 
sufficiently large to appreciably alter the value of H. 

As regards the size of the error which might be introduced by neglecting 
changes in log a'lc, the observations with the standard magnet No. 1 7  show 

R 2 
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ar, apparent gradual and regular fall in the  value, corresporlding t o  a correction 
of-lgy between rgol and 1908. Though corrections of similar amount are 
unlikely with the field magnets, owing to these being subjected to less hand- 
ling, it is evident that this source of error requires investigation. 

The absolute moment of inertia (irrespective of dimensions) of the bar 
S. G. was determined in 1905 ; changes in this value are easily determined by 
periodic weighments, such changes being a function of the mass of the bar. 

The  following are the values found :- 
1906 . . 68.3903 grarnrnes. 
1908 . . .  '3878 I, 

'909 . '3835 9 ,  

The  corresponding decrement of the log K from 1906 to  ~ g o g  is o'oo0057 
a quantity which is considerably less than the error of observation of the moment 
of inertia of the magnet and its appendages. 

As regards the distribution co-efficients the'expression for the connection 
between m, H, the deflecting distance (r) and the angle of deflection (u) is 
2 m - (1- =% " e R _  
r3 r9 - s t  -q' t ' )  ( I  +;r -kr, +r6 + . . . . . . j = H  sin u ;  

when P and Q are the distribution constants. 
T o  obtain P, observations at two distances are required ; if Q is also required 

to be taken into account, observations at three distances and similarly for R 
observations at 4 distances are necessary. 

It has, however, been pointed out by Dr. Chree (Phil. Mag. 1904) that the  
co-efficient R is seldom likely to be of practical moment in English magneto- 
meters: it has been considered negligible in the Indian survey instruments. 

Observations at the three distances 0 2 ' 5 ,  30 and 40 crns. have been the in- 
variable rule almost frcm the beginning of the survey, but the practice has been to 

P ' 
apply a distribution co-efficient ( I  -7) found from the two nearer distances only. 

%?-was clearly not negligible, the corrections on this account varying 
P 

considerably in magnitude with different instruments, but it was hoped that the 
corrections would be sufficiently invariable to enable them to be easily applied 
to the values of H in the final reduction. 

I t  seemed not unlikely, however, that changes in the  differences of various 
insttul-nents lrom the stanjard might be, in part at least, ascribed to changes i n  
P and Q and an investigation of these changes has therefore been commenced. 

In the first instance P and Q were calculated from the formulz 

(Spe Narrative Report, 1902-03, for the complete demonstration). 
The values P ' , ~ ,  and P',,, being the means of months or groups after rejection of 
values lying outside jO/, and lon/, limits respectively. 

P 0 The corrections to m, and H resulting lrom the substitution of ( I  + ;+-)-I 
r r' - - 

'?I for r - -- were then calc~~lared and applied to the cornparative observations. r' 
Tho rr.sulting valucs of the d~ffrrcncrq of instrnmrnt- from the standard showed 
much better aqreempnt than thosc published, moreover the base lines of the 
varialion instruments at the obqervatories were m u c h  improved as reg,lrds the 
plin;inat~on of sudden rhanges lor which it was otherwise difficult 50 account. 
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This method of finding P and Q did not prove altogether satisfactory a s  
it is difficult to determine where changes occur in the values of P',,, and P',,, 
by mereinspection and the method of rejection of individual values is some- 
what arbitrary. 

The grouping of values was determined therefore by changes of m, rather 
than changes in P's, but this is also unsatisfactory since m, will apparently 

m 
remain unchanged (when 3 is computed with I - 4") r if Pa,, alone changes. 

It was therefore decided to compute P and Q from the forrnulz given by 
Dr. Chree (Phil. Mng., Aug. 1904). 

rra raa r,' flV1 rra (rt--rJa) + W, raa (rja-rIa) +W3 r t  (rra-r,') 1 
and Q= 

W ,  r: (r:-r,') +W2 r,' (r;-rI3)+\V3 r,' (rra-raa) 
2 U 

where W,=+rI ,  sin u ( I - -  rT3 -- -qt -ql ta)-' and sirilarly W, and \A!,; ?VI 

W, and W, are means from a number of observations ancl r,, r,, r, the actual dis- 
tances corresponding to 22'5, 30 and 40 cms. 

The  procedure adopted is as  follows :-The inrlividual values of W, W, and 
W, are written down and the differences W,-W,, W,-W, and W,-W, are taken 
out. A scrutiny of these differences enables indifferent observations to  be 

rejected. 
Means of W, W, and W, are then taken, only those days' results being 

used on which observations at all three distances are accepted. 
The.observations a t  Kodaikdnal observatory only have been worked up 

by this method at present : monthly means of W, W, and W, were taken out 
but thc means of two or three months were used tor computing P and Q 
according to the number of individual values and evidence of change in the 
value of the mean differences. 

The results showed that the values of P and Q had probably changed on a t  
P least three occasions, the corrections to H by the substitution of ( I  + ;, + :)-I 

P' 1.2  for 1 - , varying from 50 to 74y. 

This subject will be further referred to in next year's report when the values 

of P and Q for the remaining magnets should be available: there is  sufficient 
evidence that variations in P and Q are appreciable enough to ,warrant careful 
investigation. 

P A point worthy of notice is that the approximation I - 7 lor ( I  -1 
F 
- ) - I  in the formula for% is objectionable with the Indian survey magnets. ra 

IF H is nxasured to 5 significant figures the substitution is objectionable 
when the values of H is affected by 5 x C. G .  S. 

Dr. Chree has shown that the limiting value of -P- for which the approri- 

P mation is justified is given by ;, = -0053 or at 22.5 C ~ S .  P=2 68 

whcn M=on36 C. G .  S. 
The values of P,,, in  the Indian magnets range from 5.8 to 8.3 the corre- 

sponding errors in H are at Dehra Dlin zy  and 8y. 
(10 Diriranl .orintimt f i r  K F. in Sot~tlirrrr India.-In Part !, pars- 

~ r a p h  3 of last year's Narrative Report it was stated that  hen the Kodaikdnal 
observatory results were used to obtain the horizontal force diurnal variation 
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-- 
correction for field stations by an empirical linear formula depending on the 
geographical latitude, the difference between such cor~ection and that obtained 
from any other two observatories was commonly large. During the field season, 
therefore, special observations were made at 'rrichinopoly (some 35 miles north 
of Kodaikdnal) to endeavour to determine whether-ICodaikAnal only was abnormal 
or whether the empirical formula employed did not hold good in low magnetic 
latitudes. 

These special observations consisted in taking deflections at every half hour 
from 8 A,M.  to 4 P . M .  for 5 days and thus obtaining diurnal variation figures which 
could be directly compared with those at KodaikAnal and the other observatories. 

Fortunately the 5 days selected were all calm, and no correction for distur- 
bance has been applied to the values given below. 

Mean values of H. F. at Trz'chinopoly and KodaikdnaI, January r8th-zznd, 
1909, with diurnal variation deduced therefrom. 
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I t  will be at once noticed that, while the agreement is good, there is drstinct 

evidence that the range a t  K o d a i b l  is greater than a t  'I'richinopoly by a b u t  

BY. 
If the linear relation between diurnal variation and geographical latitude is 

warranted in India, the range in H. F. a t  Kodaikdnal should only be I o t  2y - 
greater than that a t  Trichinopoly and it remains, therefore, to determine whether 
the Trichinopoly values follow the latitude law. 

This may he done by computing the diurnal variation a t  Toungoo from the 
observed values a t  Barrackpore and Trichinopoly and the table below shows the 
res~llt of such computation : the  similar figures obtained from Barrackpore and 

- 

Colrlmns (6) and (7 )  show that the differences are in every case less than 
the error of observation and thus no uselul conclusion can be drawn 
from the table. 

In view, however, of the rapid increase of range between Trichinopoly and 
KodaikAnal, it is zdvisable to obtain diurnal variation Egures for some place 
south of Kodaikfinal to determine whether the range a t  KodaikAnal is abnormal 
or does actually increase rapidly in low magnetic latitudes. This will be 
done at 'Tuticorin (Lat. 8' 48') during the ensuing field season. 

With regard to the discrepancies noted in the corrections when Kodiakgna] 
results are used, it is possible that in a number of cases this has arisen from the 
selected quiet days [lot being the same at all the observatories. The  practice 
has been to supply the Director, I<olAba Observatory, with a c!assification of the 

curves for each observatory,and five quiet days have been selected by him. It has 

KodaikAnal are given for ccunpmison in column 7. 

Difference 

and and 

-- 
I 

I 
- 

+6 -la o + 1 + r 

6 

0 

8-30 o + 5 4 o o 

9  + 3 7 5 - 2 - a  

12 I I 8 - 3 - 2 
13 10 9 - I - I 

10-30 7 '9 I I I3 , + a + I 
23 10 12 + 7. + I 

I 1-30 3 29 I I 9  - a  - 3 
24 8 7 - I - a  

I 

I 2-30 - I 15 

4 

- 5 

17 

23 

19 

28 

29 

13-0 

13-30 

14-0 

14-30 

15-0 

15-30 

16-0 

3 

5 

8 

9 

to 

I I 

LP 

4 

- I 
2 

I I 

14 

16 

I 6 

17 

4 

z 

- 3 
8 

I2 

16 

18  

17 

o 

+ 3 - I 
+ 3 
+ a 

o 

- a  

0 ,  

- f 
+ a 

+ 3 

4. 3 

+ 3 

+ 1 

o 

+ I 
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frequently happened, however, that in one or other observatory the declination trace 
has been defective on one of the selected days and another day has been substituted 
in that observatory. In referring results to five arbitrarily selected days per month, 
it is essential that the days should be the same in each observatory : it is possible in 
many months to select several combinations of five quiet days whose mean 
approximately coincides with the middle of the month, but the diurnal variations 
so deduced will vary considerably. 

(e) Comparison of the Dehra Du'n standards with instrumerzts belong- 
ing lo the Carnegie Institute, Washington, U. S. A.-In October 1909, Mr. D. 
C. Sowers of the Carnegie Institute of Terrestrial Magnetism who had made a 
series of observations while travelling overland from Pekin to Srinagar arrived a t  
Dehra Dhn to compare his instruments with the Indian Survey Standards. 

Direct comparisons were made between the various instruments, sites being 
interchanged, the north and south houses being used. 

Mr, Sowers used unifilar magnetometer No, to by Cooke and Sons and dip 
circle 171  by Dover : the Dehra standards are magnetometer 1:7 by Elliott and 
Earth Inductor No. 30 by Schultze. 

In the abstracts which follow the notation SL etc. mean the result? I,, 1 0  

of observations in the southern and northern houses with the instrument in the 
denominator. 

Abstract of comparisons in Dip. 

S H  N H -  ---- 
U . C . 1 7 1  I,, 

Then x=s+i 
x,=s-1 

. SH-NH = 
Im-D. c. ,r,= 

Needle. 
No. 5. 

+ 1.6 

Needle. 
No. 6. 

Needle. 
No. 7. 

where s = S H - N H  
i=I,-D. C. 1 7 1  

Needle Needle Needle 
No. 5 No 6. NO. 7. 
- 0.~3 - oS'6 + 2.'3 
+ 2"4 -0.~3 - I .'6 

From the site errors given by the various needles it is evident that needles 
Nos. 5 and 6 give fairly good results, needle No. 7 is evidently unreliable. 
Needle No. 6 is practically in accord with the Dehra standard when the dip is 
in the neighbourhood of 44'. 

Abstract of com~ariso~z in dcclinatidn. 

0'7 -.- 
Mean +o.8 
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The magnetometers are thus in close agreement. 
As many observations of declination had been taken with the compass 

attachment of the dip circle this was also compared. The  result is given below. 
S H N H- --- + 2'1 

D. C. 17 1 compass I 7 
1 '9 

Mean + I .'7 

or adopting the difference SH-P\'H=+os'2 the difference becomes 
D. C. I 7 1 compass- 17 = + 1"5 

Comparison in H .  F. 
Below is an abstract of the comparisons in  horizontal force. The observa- 

tions with Dehra Dlin standard have been computed with the mean m, and mean 
P,., derived from the values obtained during the comparisons : these values accord 
well infer se and agree with the mean values before and after the comparison. 

With the Dehra standard deflections were observed a t  22'5, 30 and 40 crns., 
m but the value ofTused is that derived from the observations a t  22.5 crns. 

only. Mr. Sowers observed a t  30 and 40 crns. only, the mean value of 

-at H these distances being used to find H. 
As the magnetic moment of his magnet was very low the angle of deflec- 

tion a t  40 crns. was small and consequently the probable error of observation 
large. 

The  mean times of observations were not strictly synchronous and the 
with the Dehra standard have therefore been reduced to the mean times 

of observation with No. lo by means of the magnetograph curves. 

T h e  base lines deduced from the observations with No. 17 in the northern 
and southern houses are identical, showing that there is no site difference: the 
comparisons of the field instruments has frequently given the same result. 

The values of H. F. for I 7 have therefore been deduced from the magneto- 
graph curves using the above base lines found from the series of comparative 
observations : errors of observation are thus to a certain extent eliminated. 

Abstvact of compavison in H.  F. 
Difference. 

N H 

Mean = - 3 9 ~  
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Difference. 

(1) (2) 
= X, 

'33206 '33183 + 23 
228 198 40 
218 200 I 8 
240 203 37 
270 233 37 
291 23 7 55 
= 94 172 2a 

224 176 48 - 
Mean= + 377 

Whence S H-N H=-: Y. 

17 - IO=  -387. 

The accordance of the site difference with that found above shows that the 
resulting difference of instruments is probably fairly correct. 

P 
The correction to No. 17 for the Q term by using ( I  +--+-Q-)-l for r' r4 

amounts t o + g q :  the latest determination of log a' K for No. I 7 (in ( 1  ++-I 

September 1909) gives a value 3.41495 as compared with the accepted value 
3.41579; the correction for the new value is - 32y. 

The difference then becomes I 7- I o= - 40y. 
No. lo requires a correction to reduce its indications to the Carnegie 

Institution standard : this will be determined when the instrumeats reach 
Washington. 

I t  is hoped that Mr. Sowers will be able to compare his instruments at Kew 
en route to enable a further determination of the difference of the Dehra standard 
from Kew to be made. The comparison originally made was unsatisfactory 
for several reasons, and has never been repeated. 
(j) Comparison of instruments with the standards in 1908.-The following 

abstract gives the differences of the survey instruments from the standards 
in 1908. The instruments ware compared at the beginning and end of the iield 
season. 

Compavison of instruments with the standard in declination and H. F. 

Magnetometer and Magnet. 

- 

f ~ ( a A )  

I 3 (3  A) - . 
4 (4.9) 

17- 4 

I 

DECLINATION. 

5 ( 5  A) 

End of field 
season, 
1907-08. 

, 

0'0 

-0.1 

- 0.6 

HORIZONTAL PORCS. 

Beginning of 
field season, 

1908-09. 

I 

+0 .8  

+ ''3 

+ 0 6  

End of field 
season, 
1go;aB. 

P 

I 

-27 

- I  

- 16 

Be inning of 
fi8 season, 

1908-09. 

7 

- 18 

+I1 

- 6  

-0'4 + 1.0 

6 (6 A) . . +oer 

-8  

+ 1'7  

- I 

- 29 
+ 2  lo  (10) . .I  +ost I +0*7  

- a4 

+ 12  
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Com~arison of dtp circles with the standard ( l~duc to r  No. 30). 

(g) Values of the distribution co-eflcients P,,, and P,, for j e l d  instru- 
ments.-The table below gives the values of P,., and P,, for the field magnets 
in 1908-09. 

There was a considerable change in No. I during the journey from the field 
to Dehra D6n. Similar changes have been previously noticed on the journeys 
to and from the field: they are probably caused by the magnets being subjected 
to vibration and jolting for many hours conti~iuously. 

Instrument. 

ti! 
2 
P 

REMARKS. 

I 

2 10 From 24th Febru- 
ary roo9 to 27th 
Itebruary IW. 

4 

5 

(h) Prograntme f o r  the ensuing field season.-During the field seasoll P 
1909-ro four field detachments will be employed. . - 

Two of these have been allotted to the area lying between Lat. 1 6 ~ - ~ ~ ~  
and Long. 73'-78'. Observations repeated at four old field stations in two 
groups in this area revealed an abnormal secular change in H. F., the values 
given by one group being the largest minus values yet found in India : the repeat 
starions near this area gave small + and - values, with aview to determining the 
Iinlits of this area of abnormal change, a considerable number of old stations will 

c 2 

End of field season, 
1907-08. 

Beginning of field season, 
1908-og. 
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be revisited and in addition certain anomalous districts will be surveyed in detail. 
One of these detachments will in addition investigate some abnormal values in 
the Narbada Valley about Lat. 22" Long. 76F. 

A third detachment nil1 be employed in detail survey in two districts of 
Central India and will be transferred at the end of January to the Andamans where 
observations will be taken along the coast line. It  is hoped that this detachment 

will be able in addition to observe at two or three islands of the Nicobar group thus 
affording a valuable connecting link with the magnetic survey of Sumatra. 

The fourth detachment will work along the outer ranges of the Himalayas. 
The two imperial officers will inspect and take comparative observations 

at the survey base stations : they will observe at 22 repeat stations and also a t  
a number of old field stations as time permits. 

The computing section in Dehra Dlin will continue the reduction of the 
field results in addition to its normal work of computing and tabulating the base 
station results. 

( 21  Results published in this report.-A table showing the approximate 
preliminary values (uncorrected) at the field and repeat stations in 1908-09 is 
appended (see Tables) together with an index chart showing all stations of 
observations to date. The  detail survey areas are hachured, the scale of the 
n ~ a p  being too small to show the individual stations easily. 

The tabulations of the results obtained at Dehra D6n, Barrackpore, Toungoo 
and Kodaikinal observatories are p~iblished for 1908. 

4 
-- 

PART 11. 

A.  Dehra D6n Observatory. 
B. Barrackpore ,, 
C. Toungoo @ 

D. ICodaikAnal ,, 

A.- Dehra Ddn Observalory. 
(a) General remarks on working. 
(b )  Mean values of H .  F. and declination constants. 
(c) Mean values ol base lines. 
(d) Mean scale value and temperature range in 1908. 
(e) Mean montl~lv values of  rnngnetic elements and secular change, in 1yapo8. 

(a)  General remarks on working.-The observatory remained in charge of 
Surveyor K. K. Dutta throughout the year under report. 

The magnetographs continued to give good results until work was unavoid- 
ably stopped by w*r flooding the underground room during the heavy rains 
of Augu~t  last. It was found impossible to cope with the inrush of water and 
finally 011 August xsth, it was dee~ncd advisable to dismount the self-registering 
instruments. 

The H. F. and declination magnetographs had been working since January 
4 1903 with only minor interruptions while the V. F. inst~xment was erected in 

September 1905. The magnetographs werere-erected on Septernber I ~ t h  and 
~ z t h ,  but the break in the continuity of the records is a great misfortune. 

The total loss of record was from August 13th to September I qth, inclusive. 
In the Narrative Report of 1902-03 an account is given of the rllcasures 

taken to obviate a recurrence of the flooding of the observatory in the autumn 
of 1901, but the experience of the past few years has shown that the hopes 
then expressed were unduly optimistic. 



NO. 26 P A R T Y  ( M A G N E T I C ) .  13 

The rainy season has always been a ~ e r i o d  of anxiety : in 1904 and 1906 
water entered the magnetograph room, in sufficierlt volume in the former year 
to  stop the working: in 1905 and ig07, however, no trouble was experienced, but 
the rainfall was less than the noftnal ; in 1908 also though the total rainfall was 
heavy the room remained practically dry, but there was no prolonqed period of 
heavy rain as  in the present year. The cause of the trouble seems to be that 
after three or  four days' heavy rain the subsoil becomes waterlogged, nater 
increases in the catchment pit faster than it can be pumped out, and the n.alls 
and floor of the observatory are subjected to a head of 10 feet or more pressure, 
which they are ill-calculated to  resist. Pumping with two pumps had been 

proceeding day and night for more than a week before the instruments were 
removed, yet at  the time of their removal the water had risen to within an inch 
of the top of the driving clock pillar, which later on the same day was sub- 
merged : a t  the time the water level in the catchment pit was I I feet above the 
floor level of the building. 

The  question remains what measures should be taken to avoid further trouble. 
There are two alternatives : either water should be prevented from entering 

the building altogether, or if this is regarded a s  unavoidable adequate means 
should be provided for coping with the influx. 

Before considering the second of these alternatives the walls and floor of the 
observatory and surrounding passage will be lined with neat Portland cement 
plaster which will, it is hoped, make the building watertight : this nork will involve 
little interference with the recording instrumcnts. 

(6) Mean values of constants.-The following table gives the monthly 
mean values of the magnetic collimation, the distr~bution co-efficients P,,, and 
P,, and the moment (m,) of the magnet No. 1 7  (the survey standard) during 1908. 

Mealr values of the conftants of the Magnetometer No. 17. 
U E C L I N A -  

HORIZOXTAL FORCE CONSTANTS. 
STANTS. - -- 

I 

Months, 1908. 

January . . 
February . . 
March . . . . 
A p ~ i l  . . . 
M a y  . . . . 
J u n e  . . . 
Ju ly  . 
August . . . 
S e ~ l e m l l c ~  . . 
Octobcr . . 
N O V C ~ ~ ~ I  . . . 
December . . . 

(c) Mean values of hlse Il;~es.-The table below gives the mean values of 

the H. P. and declination base lines actually used. The base lines of the V. F ,  
magnetograph are not given as there have been frequent changes. 

Mean 
Magnetic 
Collima. 

I .  

-4 37 

-8 31 

-8 j a  

-8 I 

--9 20 

-9 a 

3 8 

-9 40 

-9 28 

-0 24 

3 31 

-9 31 

M E A N  VALUE OF P's. i 

Accepted 
value of 
M. 

91 1.81 

91 1'81 

911'61 

911.61 ( 1 )  3 911'6 

REMARKS. 

(1) By chronograph in 
April. 

(2) 6th May. 
The values are fluctuat- 

In hence X l  is  rejw- 
tef'hotn 9th biay to 
ry th  Au~ost. 

P~'l. 

--- 
7 

1'47 

I 

7.42 

7'16 

7.14 

7.27 

(3)  From 26th August. 

0) R v - c h r o n o g r ~ ~ h  in 
Dmelnber. 

Accrpt- 
ed 

value of 
PI.:. 

5 
8<. .c 

Pg''. 

7'79 

;1'95 

8.05 

7.96 

7'44 

7.38 

7'49 

7'16 

7.28 

7 - 1 7  

7'20 

7'17 

d E 
0 2  - - 
?; 
h h  

7 13 

7.52 

7'67 

7'50 

7'65 

Mean 
Accept- value of 

ed M . 
value of 
P,.,. I - - -  

8 

5 : 
2% 

911'82 

g11'8a 

911'3) 

911'39 

g11'39,a; 
F93.71 
894.41 

8*'72 

I 694'57 I " 2 ,  
894.48 

894.49 

8~4.48 

894'48 

N,T, 894.5413) 
i\h 

8 9 ~ 5 6  

P94.61 
804'41 

i S94'.18(4) 
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Debra Du'n Observatory. 

The abstract 

Months. 1908. 

January . . 

February . 

March . 

April 

May. . 
June , . 

July • . 
August . 

September . 

October . 
November . 
December . 

Nors.-a=Base 

(4 Mean scale value and lemperahve range.-The mean scale value 
of the H. F. magnetograph for 1gu8 was 4.127 for an ordinate of 0".04 with 
limiting values of 4.09 and 4'14. The mean temperature of the  H. F. mag- 
netograph was 27".1o C with a maximum of 2 j0'40 in December and a minimum 
of 26'62 in January. 

of the base line value of the Magnetographs in 1908. 

DBCLIHATIOII. 

Mean value of 
Base line. 

o I 

I 40-6 

40.7 

40.6 

40'6 

40'6 

40'3 

40'0 

40'2 

40.7 

41.1 

41.1 

41- r 

line value assumed 
by interpolation. 

HORIZONTAL 

Mean value of 
Base line. 

- 

i ' 3 3 0 ~ ~  

I 
,33030 

'33027 

'33024 

'33026 

-33016 

,33025 

'3302.5 

'33025 

'33024 t a 

,33016 i a 

,33025 

'33025 

The values for 

Remarks. 

...... 

...... 

...... 

...... 

...... 

...... 

.,#.I, 

...... 

' to 12th October. 

from tsth October 

...... 

...... 
to be varying uniformly. 

FORCE. 

RSMARKS. 

The Base lines are re- 
duced to 2 7 " ~ .  To 
compare these with pre- 
vious years' 257 is to be 
subtracted from the 
present values 

(1) to 20th. 

(2) from 21st to end. 

AS [he M a! magnet 17 
was fluctuatin and had 
to be rejectef the base 
lines for June, July and 
August could not be de- 
termined and have been 
found by interpolation 
between May and Sep- 
tember. 

to 25th. 

from 26th to 30th. 

to 6th November. 

from 7th to 10th. 

from I I th. 

individ~~al days are found 
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The scale value of the V. F, magnetograph varied from 4 - 7 0  to 4-90 : the 
mean temperature was 80.45 F. with a minimum of 79.7 in January and a 
maximum of 81.2 in July. 

The temperatures of reduction are 27' C for the H. F., 8 1 "  F. for the V. F. 
instrument. 

(e) Mean rnonthh values and secular change.-The followir~g table gives 
the mean monthly values of the magnetic elements with the secular change for 
I go7 -08 deduced therefrom. 

Dehra Dzin Observatovy. 

Secular change. 

B.-Barrackpore Observatovy. 

I HORIZONTAL FORCE D e c r l n ~ r l o ~  , 1 V E ~ K A L  FOR"' 
'33000+ E. lo+ 'JlOOO + 

- . - - - -  
I I 7 

(a) General remarks on working. 

( b )  Mean values of H. F. and declination constants. 

(c) Menn valuea of base lines. 

(4 Mean scale values and temperature range. 

( a )  Mean monthly values of  magnetic elements and secular change, 1907.08. 

October . 

J u l y .  . 
August . 
September . 

November . 
December . 

MUN~ . 

(a) General remarks on working.-The observatory remained in charge of 
K. N. Mukerji throughout the year, with the exception of 2 i  months when Abdul 
Majid was in charge during the former's absence on leave. 

The magnetographs were opened and cleaned and a new base mirror was 
fitted to the declination magnetograph in December 1908. All the instruments 
have given good results throughout the year. 

(6) Mcan values of constants.-The following table gives the monthly 
mean values of magnetic collimation, the distribution co-efficients P,,, and 

jtt 

315 

313 

-31 

~ o o  

296 

9 3  

180 

--- 
38'2 1 , -a6 

-19 

-aa 

-29 

-50 

-30 

367 

37'5 

375 

38.1 

37'9 

37.8 

j ~ d  

I 

36'5 

36'3 

361 

36'0 

36'5 

36'3 

-- 
I 

-1'0 

-1.a 

4 c tea 

-+'o 

-1'9 

1 

-1.5 

37'9 

38.7 

36.4 

36.4 

3 1  

38.0 

45'0 I 

44'3 +5'6 

41'1 +5'7 

41'8 + 6 4  

8 +TO 

44'3 t6 '3  

755 

765 

739 

742 

752 

758 

861 

850 

+ 106 

+85 

824 

833 

836 

845 

+85 

+91 

+8+ 

+87 
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P,., and the magnetic moment (m,) of the magnet NO. 2 0  for 1908. It will be 
seen that the value of m, has changed but little, which is satisfactory. 

Mean values of the constants of the Magnetometer No. 20. 

The \'. F. base lines are not shown as there have been frequent changes. 

Mean base line values of the Magnetographs in 1908. 

-- 
Months, 1908. 

Mean value of Mean value of Remarks, 
Base line. I 1 Remarks 1 I Base line. 

NOTB-a=Base line value assumed to be varying uniformly. The valucs for individual days arc found 
by interpolation. 

February . . ...... '36991 

-36991 

March , . o 25.2 ...... 
-37005 

to zand, agrd, 
and 24th. 

from 25th. 
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Meaiz base Iitze values of t h e  Mapzelographs in  r908-contd. 

from 1st to I zth. 

DECLINATION.  

Months, 1 9 ~ 8 .  

April . 
May . 
June . 
July . 
Augu-t . 
September . 
October . ., 

November . 

December . . 

NOTR.  -a= Base line 
by interpolation. 

13th to 4th 
December. 

H O R I Z O N T A L  FORCE. 

from 16h on 
4th to I ~h on 
7th. 

from noon of 
7th to end. 

Mean value of 
Base line. 

'37O05 

a 

'370'3 

'37013 

'37013 

'370'3 

'3701 3 

a 

'37000 

i7034 

'37066 

values for indivi 

Mean value of 
Base line. 

0 I 

0 25' I 

o 25.0 

0 24'9 

o 24'8 

• 24.8 

0 24.7 

0 24'7 

• 24.6 

-0 4.4 

value assumed to be 

A new bast 
mirror was fitted 
in the decli- 
nation magneto- 
raph in Decem- 

f e r  1908. 

Remarks. 

...... 

...... 

...... 

...... 

..... 

to 4th December < 
I 

from 7th ,, I- 
I 

I 
L 

varying uniformly. T h e  lual days are found 

(d)  Mean scale vnjues and temperature  range.-The mean scale value 
of the H. F. magnetograph for  1908 was 4'857 with limiting values of 4-81 and 
4.89 : t he  mean lernperature was 31°.gC with maxima of 33O.6 in May,  June and  
July and  a minimum of 28" in December. 

T h e  mean scale value of the V. F. magnetograph was 4'j37 the mean 
monthly values ranging from 4-50 to 4-56: t he  mean temperature for the  year 
was 89O.6 I;, with a maximum of  93'-I in June and a minimum of 82O.6 in 
December. 

T h e  selected Inran temperatures are  31" C for the  H. F. magnetograph, 
g90 F for t h e  V. F. 

(c) Mean rnonthly 71alues and secular cJzirn,qe.-The following table gives 
the mean monthiv values of the magnetic elements ir 1907 ancl 1908 and t h e  
sec ~ l a r  change deduced therefrom. 



Barrackpwe O b s e r ~ a t ~ r y .  

Secular change. 

C.-Toungoo Observafmy. 

f 
H ~ R I Z O N T A L  FCICI. DNCLINATI.BN DIP VERTICAL Fonce. 

' 3 7 0 ~  + . E l o + .  l o o t .  '21000 r . 

change, Mu? change, Valulu.!Valus 1907, 190s. change, Secular V a l u  Va&es &$: R ~ ~ a r n n  
1g07-08. 'yOb 1908' 1907-08. 1907-08. ( 1907' 1007~8.  

I - -  - - -  
C. G. s. C. G. S. ' C.C.S. C.C. S, 

(a) General remarks  on working. 

(b) Mean values of H. F. a n d  declination constantr. 

(c) Mean don th ly  values of base  lines. 

(a) Mean v a l e  values a n d  tempera ture  range. 

(c) Mean monthly valuer of the magnetic elements a n d  secular change, 1907.08. 

January . 
February . 
March . 

April . 
May . 
June . 
July . 
August . 
September . 
October 

Norenlber. 

(a )  General remarks on working.-The observatory has remained in charge 
of Shri Dhar throughout the year. 

The  V. F. magnetograph was opened up and cleaned in December 1908. 
The temperature cornpensarion arm was inadvertently moved in the process and 

a new determination of the temperature co-efficient was made. The value found 
was - 2 . o ~  per + l o  F. 

The torsion head of the H. F. magnetograpl~ was turned at the sarne time 
increasing the value of the base line by about zooy. 

(b) &an values of H. F. and declination conslar2ts.-The following 
table gives the monthly mean values of the magnetic collinlation, the distribu- 

tion co-efficient3 P,., and Pa., and the magnetic moment m, for 1908. A new 
magnet No. I ~ A  was used from April 1908 which explains the changes in the 
constants. 

a81 

28o 

8 1  

297 

a8g 

290 

183 

293 

293 

%go 

~ ~ . A K S  . /  DII 198 gl +In 

301 

305 

$06 

293 

301 

300 

3 0  

294 

175 

294 

259 

12.0 

11.0 

'11.a 

10.6 

10.3 

9'8 

9'7 

9'4 

9'0 

P6  

0-4 

t 20 

+ a j  

+ a s  

- 4 

t la 

I 

+ 18 

4 I 

-18 

t lo  

+ g  

308 7'9 +18 

5.6 0 '  
I 

-----_L-----__-- 

-4.2 

7.6 

7'4 

6.8 

6.4 

6'4 

5'7 

5'6 

5'1 

6 8  

4'3 

3'8 

27'6 

30'j 

a8.o 

28'7 

19% 

29'8 

30.6 

30.8 

31.0 

31'8 

31'8 

-44 

- 3'6 

-4'4 

-4'2 

-3'9 

-4'1 

-41 

-4'3 

-4.2 

-4'3 

-4'6 

3'6 32'1 -4'3 

32.0 

33'0 

32.9 

34.6 

342 

34'5 

3 q ' ~  

35'1 

36'1 

35.8 

36'4 

6 967 4 

+ 4.4 

1'5 

+ < g l  

+5'9 

+ 4 4  

+4'7 

+n 

+4'3 

+SI 

+ 4'0 

+4.6 

80371 + p  

36'3 +q'z 

' gas 

567 

931 

951 

961 

+7a 996 1068 

1000 

8017 

1018 

I ,034 +64 

1043 +64 

+75 

+ s o  

+a7 

-- 

1034 

1038 

+65 

+ 7 j I  

988 

991 

+73 

+76 

I053 

1064 
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Mean values of the constajzts of the Maglzetometer No. r g .  

(c) Mean wwthly values of base lines.-The table below gives the  monthly 
mean values of the H. F. and declination base lines. 

There has been a progressive fall in the base line of the H. F. magneto- 
graph. 

The V. F. base lines are not given as there have been frequerlt changes. 

D ~ C ~ I N A -  

TlON 
CONSTANTS. 

HORIZONTAL FORCE CONSTANTS. 

The abstract of the base line value of the Magnetographs in 1908. 

Months, 1908. M e ~ s  VALUE OF P's. RFMARKS. 

1 

January . . -3 3 77'7'} February . 
1908 w ~ t h  5B. 

March . . 948 36 

April . . -4 38 834 8.92 

May. . . -0 2' 

June . 

August . . 887 9'15 

Months 1908. 

December 1907 . . 
January 1908 . . 
February . . . 
March . . . 
April . . . 

May . . . . 

June . . . . 
J u l y .  . . . 
August . , . 

September . . . 

October. . . 
November. . 
December. . 

Nurlr.-a=B~elinc value assumed to be varying uniformly. The valuer fa individual d r ~ s  a a  found by interpohtaun. 

D a 

-I a6 

-I to 

-I 16 

DBELINAZION. 

Mean value 
of 

Base l i m  
P 

a I 

...... 
-0 9.1 

9'7 

9'7 

98 

9'4 

9'8 

9'8 

9'9 

9'5 

HO~~IZONTAL Fonch 

887 

8 7 3  

8'70 

&mark& 
M a n  value 

of 
Base line. 

'38331 

a 

a 

a 

a 

'383 I I I .  
'38305 

a 

'38296 

• 

'38191 I a 

Remarks. 

- 

8.98 

9'01 

9'09 

goas8 

89964 

899-0 

902.38 

899'64 

899'42 

beptember. 
I'rom I th 4eptember to 

12th Actober. 
From 14th N o v e m b ~  to 

5th December. 
From 9th December to 

end. 
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Towngoo Observatory-cont d. 

I DECLINATION. I HORIZONTAL FORCE. 

Months, 1908. 
Mean value Mean value 

of Remarks. 
Base line. Base line. 

October . . .I 
96 1 

November . . I 
December . . I{ '3""" 1 '0 12th. 

'38496 for the rest. 
, I ' . - -  

NOTE .=Bare line value assumed to b e  varying uniformly. The  values for individual days are found by interpolation. 

(d) Mean scale values and  temperature range. H. F. magnetograph.- 
The  mean scale value for 1 9 0 8  was 5.527 with limiting values of 5-50 and 5-53. 
The mean temperature for the year was 8 9 O . 1  C : the maximum monthly mean 
temperature was 8g0'3 in March, the minimum 8 g 0 . 0  in January, July, September. 

V. F. magneiograph.-The mean scale value was 5 . 5 1 ~  for the first quarter 
of the year and subsequently 5-oqy: the mean temperature for the year was 8 8 O . 7  
F. with a maximum of 8g0.o in May a minimum of 88O.4 in December. 

The selected mean temperature is 89' F. for both instruments. 
(e) Mean monthly values of the magnetic elements a n d  secular change, 

rgo7 08.-The following table gives the mean monthly values of the magnetic 
elements year 1 9 0 7  and 1 9 0 8  with the secular change deduced therefrom. 

The  values of H. F. and V. F. from July 1907 are preliminary only a s  the 
corrections to be applied to  magnets gA and I ~ A  to reduce them to the  original 
magnet No. 19 have not yet been finally settled. 

Toungoo Observatmy. 
Secular change. 

Q. DIP. 
2z0+. 

C.G. S. C.C.S. 7 
'- -- 

766 +4R 41'5 36'7 -4'8 59.4 61.1 +1'7 427 469 +42 

- - 
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D.- Kod,lika'ual Observatory. 

(a) Gcneral remarks fin tvorking 
( b )  Mean values of H. F. and declination constants. 

(c) Rlran values of basc lines. 
(d) Mean scale values and tenlperarurc range. 
(e) Mean monthly values of magnetic elem-nts and secular change. 1907-08. 

( a )  General ve~anrks on working. -The observ;itory remained i n  charge of 
Srlrveyor Kamaswarni Iyengar thrcughout the year under report. 

The magnetographs gave good results throughout the year. Tnankc are 
doe to the Director, Solar Physics Observatory, for his cordial assistance in all 
m<itters concerning the magne~ic work. 

(6) Mean values of constants. -The table below gives the monthly mean 
values of the magnetic collimation, the distribution co-efficients P,, and P,,, 
and the magnetic ~rloment (m,) of magnet No. 16 for 1909. 

The low observed values of  m, in August and September are incorrect -they 
are the result of personal error on the part o f  a second observer who held charge 
of the observatory while the permanent incumbent was on leave. 

Mearz values of the constants of the Ma:rzetometev No. 16. 

( c )  Mean values of base 12btes.-The annexed table shows the base lines of 
the H .  F. and declination magnetographs. Tne declination base line has been 
extremely steady while the H.  F. base line shows a slight fall throughout. 

The base lines of the V. F. instrt~ment are not s h o w  as the balance of the 
magnet required adjustment on several occasions. 

DL'CLINA- 
rlon 
C8r~-  

STANTS. 

HORIZONTAL FORCE CONSTANTS. 

Months, 1908. 

Jarunry . . . 

February . . 
March . . . 

April  . . . . 

May . . . . 
June . . . . 
July . . . . 
Aucuct  . . . . 

Scpternbcr . . . 
October . . . 

Novcrnher . . . 
Decernher . . 

- 
I I 

-2 23 

- 2 13 

-2 24 

-2 21 

-a 24 

-2 24 

-2  13 

-2 27 

-a ag 

-2 18 

- 2 2 5  

-1 23 

6'S7 

6.78 

6'76 

6'77 

6.31 

6'53 

6'76 

6'81 

692 

6'78 

6.87 

776 

8'87 

8-07 

8'S7 

8'87 

WF7 

8.94 

6'99 

8'91 

B72 

B8q 

8.81 

8'84 

8'84 

8'95 

0.83 

8.91 

-; 

923.29 

923.29 

ga3.19 

923'29 

933'29 

973'79 
923'19 

923.24 

923'24 

925.14 

9 2 J Y  
023'19 

923.19 

gzj.lg 

9a3'28 

973'35 

923.26 

923'39 

----- 

6'91 

6'81 

6'81 

6'81 

6'91 

6'81 

6'81 

6'81 

6'81 

691 

681 

6'81 

to I lth July. 

from 18th. 

from 18th July  to 13th 
October. 

M is found by interpo- 
lation. 

to  13th October. 
from 17th October. 

923'27 

923'29 

8'87 

8'87 

8'87 

8'87 

8'87 

8'87 

923'04 

922.71 

922.77 

923'02 

923.54 

gz3.10 
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Kodaikdnal Observatory. 

T h e  abstract of 
7 

Months, 1 9 ~ 8 .  

January , . 

February . . 

March . . . 

April . . . 

May 

June . a . 

July . 

August . . 

September , 

October , 

November . . 
December . . 

Nom.-a-Bue line value 

(6) Mean scale values a n d  temperalure range. H. F. magnelograph.- 
T h e  mean scale value for the  year was 6' I 4 y with a range from 6' I 3 to  6'1 5 : t h e  
mean temperature was 1 g O . 1  C the  monthly mean values varying from 19" o t o  
1 9 O . n .  T h e  selected mean temperature is igO.o C. 

V. F. magnetograph.-The mean scale value was 4'64 y t o  May and subse- 
quently 5-99 y. T h e  mean l e m p e r ~ t u r e  for  the  year was 6b0.5 F. with a minimum 
of 66"-I in January and a maximum of 6 6 O . 9  in June. 

T h e  selected mean temperatures a re  19" C and 66' F. 
(e) Mean m ~ n t h l y  values and secular chaye.-The following table gives 

the  mean monthly values of the magnetic elements in 1907 and 1908 with the 

secular change: deduced therefrom. 

Magnetographs in lgo8. 

HORIZO 

Mean value of 
Base Line. 

'36953 

'3695 1 

'36949 

.36947 

'36948 

'36948 

'3691 7 

,36947 
a 

'36943 

-36943 
u 

'36939 

'36941 

individual d a p  are 

t he  base line value of the  

XTAL FORCE. 

R ~ ~ ~ ~ ~ ~ .  

to 20th. 
~ 1 s t  to rolh 

September. 

from I I tit. 

to zoth. 
2rst to 10th 

Nove~n ber. 

from I I th. 

found by interpolatian. 

Mean value of 
Base Line. 

0 I 

I 32'7 

I 32'9 

I 32.6 

I 32'7 

I 32.6 

I 32'9 

I 32'7 

I 32'9 

I 33'0 

. I  32'7 

1 32'7 

I 32'7 

~sanmed to be varying 

DECLINATION. 

Remarks. 

...... 

...... 

...... 

...... 

...... 

...... 

...... 

...... 

...... 

...... 

...... 

...... 

uniformly. T h e  values lor 
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Kodat'kdnal 0 bservatory. 

Secular change. 

INDEX T O  TABLES. 
PAOS. 

A.-Mean values o f  the  magne l ic  elernenls a t  D r h r a  Dbn,  Barrackpore,  T o u n g o o  a n d  . . . . . . . . . .  K o d a i k d r ~ a l  observatories for  1903 23 

B.-Classihcation of curves a n d  dares o f  magnet ic  disturbances in 1908 , . , . 24 . . .  C.-Reaul~s of Magnetic Observat ions a t  f ie ld ahd repeat  stations d u r i n g  1908-09 2 5  . . . . . . . . . .  D.-Tables of resul ts a t  D e h r a  D l i n  3 1  . . . . . . . . . .  E.- D i t t o  B a r r a c k p o r e  . . . . . . . . . .  F .- D i t t o  T o u n g o o  51 . . . . . . . . . .  G.- D i t t o  K o d a i l t d n a l  6 1  

For each observatory the following tables are given :- 
I. Hourly means (corrected for temperature) of declination, horizontal force, vertical force and dip f r o ~ ~  5 ,elected 

qoiit days per month. 
a. Diurnal inequality of erch deduced from I. 

~ ~ ~ ~ h ~ .  

--I 
January . 
February . 
March . 
A p r i l .  . 
h h y  . . 
June . 
July . . 
August . 
September . 
October . 
November . 
December . 

MEANS . 

$;m 

Mean values of the magnetic elements at the Observatories in ~ 9 0 8 .  

D~yr i~~.  
.- - - 

I ValuesVJueo E::';:, V a l  
1907 

------- 
1907 

38'8 

39'0 

39'2 

39.9 

40.2 

40.5 

40.7 

I 

41'7 

418 

42'4 

41 8 

HORIZONTAL FORCE. 
'37000 +. 

Values Values s~:::, 
1907 Y g  lgo7d, 

a :;:",::, Values 

117p8, 19Ol 

Valuea 
1908. 

Observatory. 

- 

1)chra DGn . . 
Rat rackpore  . 

T o u n g c o  . . 
Koda ikdna l  . . 

I 

25.8 

27'2 

24'1 

267 

26.3 

277 

27'9 

28'3 

27 4 

27'7 

29'4 

29'7 

27.4 

~ ; ~ ' ~ ~ ,  
1907d' R e n r n ~ s .  

40.7 ( 4I.4 I + 4 7  

+ l o  

+19 

+ IS 

---9 

+od 

+OI 

+ 15 

+o1 

-14 

t o 1  

-07 

-01 

+3 

1908 1g07_ 

- 
C C. S. ' C. C. S. I I I  

-- 
43'2 

43'7 

44'4 

44'3 

44.6 

45'3 

45'4 

4 6  

46'3 

46'6 

47'1 

47'6 

416 

415 

423 

439 

429 

430 

423 

430 

438 

436 

437 

440 

431 

~ ~ ~ i ~ ~ d ~ .  

0 # ,I 

30 19  19 N 

22 46 2 9  ,. 

18 55 45 ,, 

l o  13 50 ,, 

+4'4 

+4.7 

+5'a 

+4'4 

+4'4 

+4'8 

+4'7 

+5'0 

+ 4 6  

+4'8 

+4'8 

+4'8 

- - - - - . R I  

-- 
436 

434 

439 

430 

435 

4 1  

a8 

431 

2 

437 

430 

439 

4 4  

I 

30'5 

31.0 

31'1 

31'7 

31'9 

34'0 

35'9 

34'2 

34'3 

34'0 

35'1 

36'3 

3x2 

.---- 

+4'7 

+3'8 

+7'o 

+5'0 

+5'6 

+6'3 

+6'0 

+5'g 

+BJ 

+6'3 

+5'7 

+6'6 

t5.8 

I.... 

~ ~ ~ , , i ~ ~ ~ ~ .  

O f  n 

78 3 19 E 

88 21 3 9  ,, 

96 q 3 ,, 

77 27 46 ,, 

a43 

258 

a24 

253 

149 

a64 

265 

a70 

261 

a65 

283 

186 

a 6  

Vertical C. b. Force. S. 

'31819 

'2'038 

'16479 

'02324 

~ ~ ~ ~ ~ ~ ~ i ~ ~ ,  
... 

0 ,  

2 36'7 E 

I 5'7 ,, 

o 34'4 ,, 

o 45'4 W 

- 
Dip. 

0 I 

43 4s.a N 

3 0  34.5 ,, 

a3 2.0 ,, 

; 31.2 
- 

- 

a94 

300 

302 

3 d  

310 

332 

33% 

335 

326 

333 

345 

358 

114 

Horizontal C. G. S. Force. 

'33 293 

'37031 

'38763 

'37434 

+51  

+4a 

+78 

+55 

+61 

4 6 8  

i 6 6  

+65 

+75 

+68 

+62 

+ 7 1  

+64 

-- 
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Abstract showing approximate mag,rctic values at  stations observed o t  by No. 26 Party 
during season, 1908-09. 

2 
# . .- 
$ - 

1215 

1216 

1217 

1218 

1219 

lzzo 

1221 

1222 

1223 

1224 

1225 

1226 

1227 

12.28 

I229 

1230 

1231 

ra32 

1233 

1234 

123j 

1236 

1237 

12j8 

1239 

1240 

1241 

1242 

1243 

1244 

1245 

1246 

1247 

1248 

1249 

1250 

1251 

RBMARRS. 

- 
2 
C 

2' 
e 
3 
E 

I 
E 
E 

. - 
4 
x 

S ~ z e y  

$g 3 

8 

, 9 

$8 12 

I,  13 

f: 1 

,, 2 

,, 3 

1 ,  4 

,, 5 

4% 2 

,, 3 

,, 4 

,, 5 

)t 2 

,, 3 

,, 4 

,, 5 

,, 6 

fi 11 

,, I#  

,, 13 

41 6 

,, 7 

14 

,, 15 

3 

,. 4 

,, 5 

,, 6 

,, 7 

,, 8 

., 9 

,, I 

$+ 2 

,, 3 

,, 4 

N a m e  of Station. 

Kyauktaw . 
Paletwa . . 
Kaletwa . . 
Kyaukpyu . 
Ramree 

Cheduba . 
Sandoway . 
Kyeintali . 
Gwa . . 
Rawrni . 
Taseng . . 
Ngo-yon-kaung. 

Ka-baung-hrnau 

Labutta . . 
Wakema . 
Rlya-tha . 
Maubin . 
Pyapbn . . 
Kadon-kani . 
Yandoon . 
Me-za-li-gon . 
Petyk . . 
Tabee . . 
Taungup . 
Mai . . 
Snkarnau . 
Thanbaya . 
Iiyungha~~ng 

Mi-tan . . 
I<yAndo . . 
hlya-wadi . 
Amherst . . 
Anin . 
y e  . 
Myitta . . 
Gdnn;in heik . 
Malre . . 

Declination. HE:::a' I 
Dip. 

I 

26 52 

27 50 

28 39 

23 58 

23 z0 

22 44 

21 53 

20 56 

20 1 

19 22 

18 27 

17 33 

16 17 

16 43 

17 50 

17 4 

18 13 

17 15 

16 17 

18 55 

20 39 

21 33 

22 16 

2 2  42 

23 44 

24 23 

16 56 

15 37 

16 40 

17 55 

18 8 

16 38 

15 41 

14 52 

11 29 

11 a1 

10 12 

' I-- C. G. S. 

Latitude. Longitude. 

o , , , o  L 
E o 39 

3 ,  0 45 

,, 0 49 

s 0 35 

1, 0 34 

,, 0 34 

9 ,  0 32 

,, o 29 

tt 0 24 

,r 0 25 

,, 0 23 

,, 0 20 

,, 0 19 

,, 0 38 

,, 0 36 

,, o 24 

,, 0 24 

, , 0 a 3  

,, o 19 

,, o 27 

,, o 27 

,, o 2 9  

,, o 32 

,, o 33 

,, o 35 

,, o 36 

,. o 35 

,, o 31 

,, 0 3 4  

,, o j 5  

,, o 35 

,, 0 29 

.. 0 26 

,. 0 31 

,, 0 3 1  

,, o 27 

,, 0 3 1  

20 50 30 

21 18 to 

21 q~ o 

lg 26 o 

19 5 jo 

18 51 10 

18 27 50 

18 o o 

17 35 20 

17 18 30 

16 54 20 

16 30 20 

15 59 50 

16 8 40 

16 36 o 

16 14 10 

16 4 20 

1 6 1 7 1 0  

15 46 40 

17 a 50 

17 52 50 

18 18 30 

18 39 2 0  

18 51 40 

19 17 10 

19 38 50 

16 7 20  

15 31 10 

16 O I O  

16 35 50 

16 41 20 

16 4 50 

0'3818 

~ 3 ~ 0 7  

0'3798 

0.3862 

0 . 3 ~ 7 ~  

0'3882 

0'3889 

0'3898 

0.3907 

0'3912 

S39II. 

0'3923 

0.3931 

0'3936 

0'3925 

0'3924 

0.3916 

0,3925 

0.3932 

0.3925 

0'3909 

0.3894 

0.3?88 

0.3884 

0.3873 

0.3863 

0.3936 

0.3942 

0.3938 

0.3929 

0.3926 

0.3932 

03936 

0.3949 

0.3955 

0.3953 

0.3975 

92 58 40 

92 51 40 

92 47 50 

93 33 30 

93 S2 0 

93 43 30 

94 22 0 

94 29 10 

91 34 50 

94 34 10 

94 23 40 

94 18 0 

94 16 40 

94 45 20 

95 10 10 

95 17 0 

95 39 10 

9 5 4 0 5 0  

95 12 50 

95 38 10 

95 14 o 

95 8 20 

94 40 zo 

94 14 50 

94 8 o 

94 o lo 

98 2 10 

98 15 20 

9 8 2 6 3 0  

98 3 50 

' 98 a9 50 

\ 97 34 0 

15 39 40 97 44 0 

15 4 4 97 1 10 

1 4 1 0 5 0 : 9 8 2 9 5 0  

13 41 20 

13 6 5 0  

98 18 50 

9 8 1 9 4 0  
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R B U A B S ~ .  

1 uz 5 =.Q 
g; .$ jl E 2 - 2 z  2 o w -  
';*.?,: 
gu p;; 1 GI ,Ed 5 

J 

- 
M 

a, 
5 

E 
,c 
QI 

E 
E 
$ 
e 
.5 
t: 
.o 
I .- 
x 

at  JY 

H~kz::' 
C. G. S. 

0.39~4 

O'397O 

0'3970 

0'3972 

O'3I01 

0.3~07 

0'3154 

O'3I23 

O'3101 

0.3~81 

0'3395 

0.3409 

0'3415 

0'3210 

0.3389 

0'3565 

0.3589 

0.3526 

0'3686 

0'3790 

0'3733 

0.3654 

0.3457 

0.3807 

0.3807 

0'3378 

0.3665 

0.3527 

0.3631 

0'3469 

0.3381 

0.3758 

0.3375 

0.3670 

0,3629 

0.3b69 

obscrvcd 

Declination. 

-- 
' 

O 21 

11 23 

1, 0 20 

1, 29 

D 54 

e, 3 55 

3 49 

18 3 34 

9 ,  3 53 

,, 3 59 

E 0 13 

,, 2 4 

2 1 

ss 2 58 

j ,  2 6 

B, 1 7 

0, I I 

,, I 38 

,, 0 18 

W 0 34 

E 0 18 

,, o 58 

., 2 7 

W 1 20 

o 57 

E 3 6 

. I 18 

,, I 27 

,, o 58 

Po 1 53 

,, 2 24 

,. o 59 

,, I 54 

o 42 

1 2 

,, I 16 

magnetic 
during 

Latitude, 

O , , ,  

I 1  48 2 0  

11 16 40 

9 59 30 

I2 5 40 

34 4 17 

34 18 45 

34 23 2 

34 g 30 

34 47 0 

35 12 o 

26 42 10 

27 7 40 

27 7 30 

31 35 50 

28 o 40 

23 8 10 

24 12 20 

24 37 20 

18 28 o 

13 35 50 

16 41 50 

ao 14 40 

25 52 20 

8 48 lo 

14 48 40 

26 57 30 

24 2 o 

25 5 30 

22 15 20 

1 27 38 20 

29 15 20 

21 41 50 

ar  8 50 

22 36 o 

25 39 10 

25 44 50 

values 
season, 

Longitude. 

O # Y  

98 33 20 

98 49 30 

98 35 2 0  

99 3 50 

74 9 I 

75 18 54 

76 21 29 

77 34 15 

77 33 40 

78 0 55 

72 15 50 

72 21 50 

72 21 20 

74 18 50 

73 18 50 

72 3 30 

75 o 40 

74 41 40 

74 35 ro 

75 58 10 

74 14 10 

74 26 20 

71 31 40 

78 9 o 

79 57 2 0  

71 51 o 

84 4 30 

76 30 30 

76 I 30 

79 59 20 

79 32 50 

75 40 10 

75 27 10 

75 18 30 

88 55 10 

93 10 40 

d 
Z - 
'5 
V) - 

1252 

1253 

1254 

1255 

12j6 

1257 

1258 

1259 

1260 

1161 

30 

a1 

21(a) 

71 

124 

139 

i57 

158 

172 

207 

a17 

an3 

a60 

327 

387 

413 

486 

w 
556 

590 

598 

611 

623 

623 

.a36 

160 

at stations 
1908-09-contd. 

Dip. 

0 ,  

7 4 

5 48 

a 46 

7 43 

49 18 

49 30 

49 30 

49 24 

50 9 

50 51 

37 46 

38 20 

38 15 

45 59 

39 58 

31 19 

32 28 

31 30 

22 ao 

1 1  26 

18 15 

25 29 

35 59 

o 7 

14 13 

39 ro 

32 54 

35 18 

29 40 

39 26 

42 8 

27 54 

33 11 

30 3 

36 19 

36 a1 

Abstract showing 

Name of Station. 

Kan.hrnaw . 
Bbkpyin . . 
Victoria Point . 
Tenasserirn . 
Srinagar . . 
Sonarnarg . 
Mlilbekh . . 
Leh . . 
Panamik . . 
Kigil Langar . 

Old Stations 
re-observed- 

Asolai . . 
Phalodi . . 
Phalodi (a) . 
Lahore . . 
Bikaner . . 
Viramgdm . 
(Panth) Plplia . 
Nlrnbahera . 
D'nond . . 
Birur . . 
Kolhlpnr . 
Manmdd . . 
Kavas . . 
Tuticorin . 
Betragunta . 
Hard~kot G.T.S. 

Daltonganj . 
Bhran . . 
Bdrwdha. . 
Anihi . 
Kathgodam 

Bisldn , 

Khal GhBt 

Dhdr 

1 Parbatipur 

Lumding 

approximate 
P a r t y  

SUz:y 

f: 3 

,, 4 

i% I 

1 

1 

?$ 5 

,, ,, 
4: 8 

9% 3 

## 13 

73 I 

3 

f$  3 

4 

+: 2 

a 

$4 6 

I 

7 

:# 7 

!t 3 

4% 5 
(I ,, a 

k8 9 

. $3 I 

. g 

. ,, lo 

. , I 

44 3 

. {I 6 
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Abstract showrirg approximate magneiic values at  stations observed a t  by No. 06 
Party during season, r908-og.-contd. 

Detail  Survev Stations. 

"E;:j"' 

C . L . S .  

0.3646 

03670 

0'3639 

0'3647 

03648 

0'3627 

0.3631 

0'3629 

0'3886 

0'3532 

0 3 4 s ~  

0'3661 

0.3618 

0'3583 

0.3643 

0'3621 

0.3604 

03596 

0'3714 

0'3667 

on356a 

0'0597 

0'3.~59 

0'3649 

0.3604 

03356 

0.3668 

0.3578 

0'363j 

0'3744 

03694 

0'3665 

0.3j83 

0'3613 

0.364' 

0'3556 

0.3663 

0'3552 

R e w ~ n ~ a .  

-- 

2 
f 

k 
J 

k = 
2 
.k 

5 
'C 
4 
.Y! 

Dip. 

0 I 

30 I 

29 23 

29 52 

30 2 

29 57 

29 29 

29 43 

29 16 

28 3 

30 50 

31 43 

29 50 

29 g 

31 24 

29 8 

29 26 

29 35 

30 51 

29 6 

28 52 

30 59 

30 30 

30 I 1 

28 45 

. 29 47 

31 14 

29 58 

31 12 

29 23 

27 33 

28 38 

28 48 

30 5a 

30 46 

? I 2  

a8 51 

28 

- .- 
X - 
I D  

2D 

3D 

4~ 

5D 

6D 

7D 

8D 

pD 

roD 

[ I D  

IZD 

r j D  

14D 

LSD 

r6D 

Declination. 

a I 

E 0 49 

t, 0 42 

,. 1 0 

,, 0 52 

, t o 5 5  

,# 1 3.5 

,, I 4 

,, I 4 

W o  4 

E o 38 

,* 0 47 

,, o 46 

, 1 24 

, I I 

,, o 58 

,, o 52 

,, 0 49 

,p 0 43 

,, 0 53 

,, o 46 

,, I 27 

,, 0 56 

,, o 32 

,, o 42 

,, I r 

mr 0 44 

,, r lo 

,, o 53 

,, I 10 

0 18 

,, o 3 I 

,, o 38 

, , o 2 6  

,, 1 25 

,, I 18 

, I 10 

,, 1 22 

Latitu.de, 

0 I I, 

22 33 o 

22 25 50 

22 18 40 

22 27 40 

2 2 2 6 1 0  

22 19 o 

22 18 50 

zz 11 10 

22 9 o 

2 2  lo  o 

22 9 50 

22 g 20 

22 ro 10 

22 10 50 

22 12 20 

22 11 20 

22 9 10 

2 2  8 40 

20 10 30 

22 12 10 

22 8 20 

22 6 0 

22 3 20 

2 1  r lo 

22 4 lo  

22 5 20 

2.a 7 40 

2 2  8 30 

22 11 30 

22 6 0 

2 1  1 2 0  

2 2  0 o 

22 4 4 0  

2 2  5 30 

Name of Station. 

Mhow . . 
Minpur . . 
Gujri . . 
Lunera . . 
Nimkhera . 
Deola . . 
Liwdni . . 
Bdkiner . . 
Dharmpuri . 

,, A .  

,, B . 
,, C . 

Degltva . . 
Dasota . . 
D h e g d a .  . 
Chota Plplia . 

Longitude. 

0 ,  * 

75 45 o 

7 j  36 40 

75 30 40 

75 25 20 

7 j 1 1 3 0  

75 5 30 

75 18 30 

75 9 30 

7 5 2 1 1 0  

75 19 30 

75 20  40 

75 20 50 

75 22 10 

75 20 50 

75 21 50 

75 18 40 

75 17 30 

75 14 50 

75 15 30 

75 12 50 

75 11 30 

75 16 50 

75 17 20 

75 21 o 

75 24 lo  

75 20 50 

75 23 50 

75 27 10 

75 27 50 

75 29 40 

75 28 40 

75 14 40 

7 5 1 ~ 1 0  

75 8 50 

7 5 8 1 0  

75 9 30 

7 5 1 1 4 0  

75 5 o 

I ID KhPrpun . 

2 2.0 

21 54 10 

2157 10 

7.15320 

18D 

rgD 

35: 

37D 

38D 

Mahdpura . 
Dtdgaon . . 

% Pipri 

Danund . 

aoD Baikhtfa . . 
I ziD 

22D 

zgD 

a4D 

agD 

26D 

27D 

28D 

?gD 

3oD 

 ID 
p D  

gjD 

34D 

, Potwlr . . 
Brahmahgaon . 
Balgaon No-I . 

Khurrampura . 
Thlkri . . 
Abili . . 
Chichlli . . 
Khal Ghit A . 
Dhdrnnod . 
Regwan . . 
Doldni . . 
Ddngri . . 
TalwBra . . 
Kirrnoi 
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REMARKS. 

+, 
C 

0 
5 

5 
C 

2 
E 
E 
e u 
2 
> 

.g 
P 
.Y 
T 

d 

3 .- 
z 

V1 

3gD 

4oD 

41D 

421) 

4 9  

44D 

4:D 

46D 

47D 

48D 

49D 

SOD 

 ID 
52D 

53D 

j4D 

55D 

56D 

57D 

58D 

5gD 

6oU 

61D 

62D 

63D 

64C 

65D 

66D 

67D 

68D 

69D 

70D 

71D 

72D 

73D 

14D 

75D 

76D 

Name of Station. 

Raita . . 
Balgaon No. 2 . 
Nigalwiri . 
Kheri . 
Likhi . . 
Khargm . . 
Sirkandi . . 
Dhulkot.  • 

Pipal Jopa . 
lslarnpura . 
Ghiri . . 
Mogargaon 

Bistin A . . 
Deoli . . 
Piparker . . 
Julwdna . . 
Sultinpura . 
Lohdri . . 
Karnuth~dra . 
Kaori . . 
Dogaonwa . 
Charnu . , 

Rijabis . . 
Loharan . . 
Gilankor . . 
Pilu . . 
Kolu . . 
Sagra . . 
blirla No. I . 
Untwdlia . . 
Chansuma . 
Mlrla  No. a . 
Kaldo . 
Bhurkia . 
Shetriwa 

Rainsar . 
Soilia . 
Sorn4sar . 

season, 

Survey 

Longitude. 

0 1  I t  

75 8 30 

75 12 40 

751.540 

75 2 0  50 

75 27 50 

75 36 0 

7 j  27 30 

75 33 IU 

75 41 20 

75 37 50 

75 43 50 

75 49 30 

75 40 10 

75 38 30 

75 39 20 

7544 o 

7 j 4 7  o 

75 37 50 

75 47 10 

75 41 40 

75 38 40 

72 31 SO 

72 28 50 

72 22 20 

72 26 40 

72 26 20 

72 18 10 

72 17 20 

72 13 o 

72 12  ro 

72 g 10 

72 12 30 

72 6 30 

72 10 10 

72 17 20 

72 18 50 

72 I Z  40 

72 10 0 

P a r t y  

. 

. 

. 

. 
. 
. 

1908-09-contd. 

Stations. 

Dip. 

4 r 

30 20 

28 14 

29 30 

28 42 

30 19 

29 34 

29 21 

28 49 

27 49 

28 7 

28 28 

28 31 

27 59 

29 34 

25 25 

30 22 

29 30 

28 4 

30 27 

29 54 

29 45 

37 38 

37 14 

36 58 

37 37 

37 56 

37 53 

36 57 

36 45 

39 37 

40 g 

41 20 

39 9 

39 45 

36 28 

36 59 

37 37 

37 56 

Declinat~on. 

" ' 

E o 39 

,, 0 11 

I 2 

., I o 

,, 0 40 

a 0 41 

1, o 33 

,r 0 45 

,, 0 41 

a 0 57 

,, 0 33 

,, 1 19 

,B 0 38 

rr 0 28 

W o 31 

E I 2 

., 0 4 5  

,. 0 56 

,, o 28 

,, 0 51 

,, 0 49 

,, 1 54 

,, r 49 

,. 0 47 

,, 1 55 

,, 1 42 

, 2 2 

,, 1 25 

, 1 9 

W o 38 

E I a 

,, o 53 

,. 2 14 

,, 0 58 

W 2 I 

E o 36 

,, I I 

,, 1 33 

durr'tzf 

Detail 

Latitude. 

-- 
0 1  !I 

21 51 50 

21 51 20 

214.530 

21 52 30 

21 55 20 

21 50 o 

21 44 20 

21 36 30 

21 gg 10 

21 39 10 

21 39 40 

21 42 o 

21 42 0 

21 45 10 

21 45 20 

2 1 4 8 4 0  

2 1 5 2 1 0  

21 57 40 

22 2 20 

22 2 50 

22 7 20 

26 39 20 

26 34 30 

26 39 30 

26 45 50 

26 50 50 

26 55 o 

26 47 20 

26 51 10 

26 45 10 

26 46 10 

26 48 40 

'6 39 40 

26 43 0 

26 35 50 

ah 2g o 

26 26 50 

26 34 20 

H ~ ~ ~ ~ . t a '  

C. G. S. 

0'3634 

0'3773 

0'3641 

0.3643 

0.3619 

0'3657 

0'3631 

0 3631 

0 3670 

0'3688 

0'3671 

0'3640 

0'3690 

0.3686 

0'3885 

0'3614 

0'3653 

0.3667 

03656 

0.3~31 

0'3634 

0'3439 

0.3448 

0.3424 

0'3435 

0'3415 

0'3412 

0'3404 

0'3375 

0'3345 

0.3368 

0'3207 

0'3410 

0.3404 

0.3500 

0'3499 

0'3398 

0'3513 
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ReMARRS. 

C. C. S. 

0'3465 C 
0.3416 

0'3297 

0'3347 

0'3552 

0'3414 

0.3405 

0'3439 

0'3474 

0'3411) 

0'3417 

0'3419 .i 
0 

' 0.3367 2 
e 

0'3310 5 

0.3280 % 
C 

0'3475 

0.3463 
B 
; - 

0.3562 F 
0'3542 '' 

d 
0'3555 a .- 

2 
0'3552 

0'3551 

0'3540 

0'3547 

0'354.1 

o'35aa 

0.3524 

0'3523 

0.3525 

0'3j06 

0'3.530 

0.3535 

0'3538 

0'3552 

0'3550 

0'3555 

0'3555 

0'3555 

during 

Detail 

Latitude. 

-- 
* I N  

26 37 50 

26 36 50 

26 38 zo 

26 45 30 

26 45 o 

26 49 50 

a6 58 0 

27 6 40 

27 I 50 

27 g 10 

265940  

27 3 10 

26 55 10 

265730  

a6 50 30 

26 42 10 

26 35 50 

24 14 20 

24 18 40 

9411 0 

24 21 40 

24 27 o 

24 23 10 

24 24 50 

24 30 50 

24 41 10 

24 42 40 

24 45 0 

24 38 20 

24 33 4 0  

r 4  34 50 

24 32 0 

24 24 2 0  

24 19 40 

z4 (7 So 

24 11 3O 

24 4 20 

24 4 30 

d - 
Z - 
77D 

78D 

79D 

80D 

81D 

BzD 

83D 

84D 

85D 

86D 

87D 

88D 

890  

goD 

g1D 

g2D 

g3D 

9qD 

ggD 

96D 

97D 

g8D 

990 

ROOD 

IOID 

ro2D 

8ogD 

loqD 

1ogD 

1o6D 

1o7D 

108D 

1o9D 

IIOD 

~ r t D  

I I ~ D  

I 13D 

tr4D 

-contd. 

Declination. 

-- E 0 18 

,, 2 44 

,, 3 19 

,, 2 25 

8 .  4 45 

I $  2 19 

,, 2 17 

9, 2 7 

rr  I 51 

, 2 16 

,, 2 1 2  

r, 2 11 

,, I 38 

fit 1 5 5  

., I 1 

1, 1 22 

W o 12 

E 1 31 

9 ,  2 9 

0 ,  1 2 4  

,, I 0 

I 11 

,t 1 21 

9 ,  1 41 

,, 1 39 

,, 1 49 

,B 1 50 

#r 1 38 

DP 1 33 

re 1 49 

,. 1 51 

,, I 42 

,, 1 38 

,, 1 39 

9, 1 27 

$1 I 27 

,, o 58 

,, I 6 

season, 1908-09. 

Survey Stations. 

Longitude. Dip. 

O t V I  

Party 

Name of Station. 

Jethania . . 
Rataria . . 

0 ' 

Sardar-Singh- 
ki-Dhoni 

Dhursar . . 
Marwa . . 
Modadri . . 
Udhlnia . . 
Rathora . . 
I<hara . . 
Bengti (Bari) . 
Jal6ra . . 
Uparli . . 
Dldu . 
kkka . . 
DCdia . . 
Moru . . 
ShetrQwa (a) . 
Garawad . . 
Jiran . . 
Thara . . 
Palsoda . . 
Neemuch . 
Beri . . 
Barnora . . 
BQri . . 
BadCsar . . 
Elhadaura . 
Akola . . 
Newinia . . 
Hita • 

Padampura . 
Bhanuja . 
Pachar . . 
Bhairvi . . 
Barol . . 
Barawarda . 
Bamotar . . 
Kalianpura . 

I 

, 

72 11 40 ' 39 17 

72 I 50 

71 48 50 

72 o 10 

71 54 10 

71 44 10 

71 43 lo 

71 53 10 

72 7 30 

72 10 30 

7 2 2 4 3 0  

72 16 o 

72 8 o 

715930  

72 6 30 

71 58 30 

72 17 20 

75 10 20 

74 53 30 

74,LI20 

74 59 20 

74 52 50 

74 45 10 

74 34 I0 

74 39 40 

74 30 30 

74 21 50 

74 12 

74 3 O 

74 11 40 

74 

74 19 20 

7 1  25 50 

7.1 34 30 

74 43 20 

71 42 

i4 45 20 

74 54 20 

38 34 

35 17 

40 6 

38 6 

37 19 

37 35 

37 24 

38 7 

38 31 

38 15 

38 20 

38 5 

38 23 

39 57 

39 20 

36 9 

34 23 

33 35 

33 1 2 ,  

33 22 

34 18 

33 51 

33 57 

34 16 

34 29 

34 21 

34 13 

34 1 

34 15 

34 5 

34 12 

33 49 

33 46 

33 43 

33 23 

33 21 

33 21 
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Abrtrnct s h i v  affroximate mafnetic values a t  stations observed a t  d y  No. 16 Pm ty 
, . dun'ng season, 1908-09-condd. 

Detail Swvey Stations. 

Name of Station. REMARKS. 

0 , "  D l (  0 I 

.- 

115D Khiraut . . 
116D Sdgtali . . 
I I ~ D  Dhanderio . 
r18D JawAsia . . 
I I ~ D  Mandsaur . 
12oD Suntl . . 
I Z I D  Barwan . . 33 56 50 75 11 0 

x 
122D Kachnara 

6 
z - * .- 
d 

I 

I 1  

I11 

1V 

V 

V1 

VII 

VlII 

IX 

X 

XI 

XI1 

XI11 

XIV 

X V  

XVI 

XVll  

X V l l l  

XIX 

Where blanks occur, values have alrcady been foutrd dur~ng prwious ficld sasons, or the observations have not been 
completed. 

The a w e  iurnhem rcler to the published chart : thus No. +a 3 denotes No. 3 station, the spherical cbordiaates of whose 
cent- t  are af,. Snrth I.atit~!d~ and 76' Faat Lnngitudc. 

All Longitudes are raferable to that of Madrns Observatory taken at the value 80' I)' 47. East from Gemrich. 

Repeat 

Latitude. 

0 ,  

--- 

24. 24 49 50 33 

3 0 1 1 5 2  

29 23 27 

33 35 16 

27 13 27 

12 59 35 

15 27 26 

11 38 2 0  

26 47 27 

21 28 3 

17 42 57 

26 59 49 

24 46 30 

17 27 11 

21 2 46 

23 8 57 

14 4 50 

22 56 47 

2 0  7 53 

24 49 43 

27 29 24 

1 1 3 9 1 0  

Declinntion, 
are t o  be 

Name of Station. 

Udaipur . . 
KarLhi . . 
Quetta . . 
Bahdwalpur . 
Riwalpindi . 
Bl~aratpur . 
Bangalore . 
Dhinvdr . 
Porbandar . 
Fyzabad . . 
Sambalpur . 
Waltair . . 
Darjeeling . 
Gaya . . 
SeiunderJbAd . 
Bhashval. . 
Jubhulpore . 
Tavoy . . 
I.ashio . . 

Stations. 

Longitude. 

0 ,  * 

67 7 3 4 1  2 5, 2 

67 0 2 0  

71 40 37 

73 3 6 

77 29 28 

77 35 58 

71 59 35 

69 37 6 

82 7 40 

83 58 24 

83 19  I 

88 16 39 

8+ 58 54 

78 29 16 

75 47 18 

79 56 44 

98 ra 30 

97 44 40 

92 53 18 

92 47 21 

94 55 40 

9 2 4 3 1 3  

an4 llorirnntal 
cnnrtitlrred preliminary 

Sumey 
N,. 

of Dip, 
rtc., and 

X X I A X y a b  . , 

I 
Dip. , Declinatiorr 

XXI 

XXII 

XXliI  

Silchar or CdchAr 

Dibrugarh . 
PortBlair . 

HOrizOnN 
Force. 

NOTE -The above values  
rsristion, i n ~ t r ~ ~ ~ n ~ n t a l  diilcreswes 

R~ursrr .  

0 

b~ 

= E 
% 
e 

I 
E e - 
B 
.: 
'El 
.- m 
T 

change, dlurral 

0 I 

34 34 23 4 

43 l a  

42 14 

48 11 

38 5' 

9 57 

15 31 

a8 57 

38 1 

27 5 s  

zr 10 

38 25 

34 23 

20 14 

27 5 

31 11 

ra 16 

31 18 

25 31 

34 44 

39 31 

6 18 

Fare are 
values 

;_I_p r 1 42 0'3453 

, , 3  I 

I, 2 51 

3 45 

,, 1 58 

W 0 41 

,, o 16 

E I 13 

,, 1 45 

0 46 

,, o lo 

,, 1 3a 

1 7 

,, 0 15 

,, 0 50 

I# I o 

,, o 28 

S t  0 43 

r,  0 42 

1 8 

1 5 

W o  8 

uncorrected 

0'3230 

0'3316 

0.3116 

0 '354  

0'3816 

0'3758 

0.3598 

0.3535 

0'3733 

0'3765 

0,3570 

0.3663 

0'3794 

0'3678 

0'3641 

0.3960 

0.3766 

0'3839 

0.3694 

0'3587 

0'3gs4 

fer secular 
only. 



%a. No u3n 1010- R. I..., "m, Nole-The ~oneitudes ar6 
raking that of the h 







Hortrlv Means of fhe Declination as dctcrminrd at Dehm D d n f r ~ m  the selected quiet days i n  1908. 
0 

I lJ 

I I,,,... ( M Y . /  I I , / 3 I 4 I 3 ( 1 / 1 / 8 / 9 1 1 0  ( r r  (Nwn.1 13 I 14 1 1.5 1 16 1 17 / 18 1 1 9  ( 20 / 21  1 zz 1 23 I ~ i d ,  l ~ e a n s .  

Declination EaO+ Winter. 

Summer. 

June . 36'9 3 6 9  

I 

- - -  
Mean. 1 36 7 1 3 6 9  1 36-9 1 36P I 3 h  I 37.2 1 38.4 
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Hourly M~.,,, of ~ ~ ~ ~ ~ ~ / ~ l  Force i n  C. G. 5. Unitr (corrected/or t empra t . re )  at Debra D l n / r o m  the ~ e l e c t e d ~ u i e t  days in 1 ~ ~ 8 .  
o + 

10 1 1 ,  I N a o n . (  13  1 1 4  ( 15 1 16 1 17 I 
I Hours, hlid 

Winter. 
-33-+ 

Months. y Y 7 Y 7 7 1 y y y 7 Y Y Y Y  

tJ 
m 

283 283 2S4 286 $ 'as I ----- 4 
4 
n 

0 
Z 
m 
4 - 
0 
J 

Summer. 

August . 297 2.98 287 287 287 286 283 281 292 306 315 322 322 317 308 30a 296 292 291 292 291 290 293 194 296 
September . 273 

I 

303 

302 

298 

301 

285 

291 

292 

295 

A p r i l .  . 
M a y .  . 
J u n e .  . 
July - 

314 

308 

298 

305 

28j 

292 

292 

296 

L 

319 

313 

306 

309 

181 

290 

292 

q 5  

286 

296 

294 

299 

-1 

314 

313 

3x1 

289 

293 

a53 

296 

287 

a91 

292 

295 

283 

293 

292. 

as6 

291 

297 

296 

298 

283 

295 

a93 

301 

283 

294 

293 

299 

312 

314 

314 

311 

299 

309 

312 

309 

289 

303 

304 

304 

- 283 
296 

294 

258 

283 

292 

ago 

295 

285 

290 

291 

297 

282 

290 

289 

296 

287 

289 

293 

297 

289 

291 

293 

293, 

290 

293 

293 

299 

290 

291 

291 

298 

292 

297 

296 

300 
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. . . . . .  
G . . . . . .  
5 ,. I. 

E b B d  S $ ; s  
c Q 5 3 b t l  
& a 2 o z n  



H~~~~~ Mean, ?f the Dip ns detbmincd atqrhra iDPn Jrom the seltcled quiet days in  1908. 

13 1 1 - 1  1 1 5  1 1 6  1 !7 1 18 1 ka 1 2 0  1 m.1 22 1 2 3  - / M i d .  

. , 

Dip i3O+ ' Winter. 
, : *  

Months. ' . . 

Summer. 

June 

I 

A p d .  . 2 a 4 . 2  2 a 4 0  a 4T5 ,  427 41.2 40.1 3Y4 39'3 39'6 40.3 41.2 41.7 42.1 42.2 42.3 4 4 2 1  42.0 42.0 41.6 

h l q  . . 42.4 '  42.3 42.3 113 42.8 42.3 42.4 42'3 4 1 3  412 40.4 40.1 40.0 40'3 43.7 41.3 41.6 42'0 42'2 42.3 42'4 42.5 42.1 42.3 42.3 41.8 

. 4r.g 42.9 42.9 42.9 41.9 43'0 43.1 43.1' 4.2.7. 42.0-  4J.4 41.4 41x1 4T. I  41.2 41.6 42.1 42.8 43.2 43.3 43'1 43.1 43'1 43'2 43'1 42'5 

July . . 4a-7 42.7 4a.7 42-7 42.7 4a.7 @g -49.6 4 ~ ~ 4 . -  4 S l  41'6 40.8 40.6 40.6 40.9 , 4 r . 4  41.9 42'3 42.5 42'5 42'4 42'5 42'5 42.4 42.4 4a.1 

August . 43.5 '  43'5 43.4 43.5 43.6 43.6 43.8 43.8 43'2 42'3 41'4 40.9 4 0 9  41'2 41'7 42.2 42'6 42.9 A 4.7'1 43'2 43'3 43.3 43'2 43'1 42.8 

Means 
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Winter. 
37,000 c.G.s.+ 

f . !/ a n r  r /  Horiaonfq l  Force i n  C.  G. S. Units (rorrecled for temperature) a t  Bavrackporefvom the selected quiet days  i n  1908. 

Hours. / 1 I I , I 5 1 IS 1 7 I 8 I 9 1 1 0  1 I I  / ~ o o n . /  1 1  1 14 I 15 1 16 1 17 I nb I 19 1 IO I 21 2 .  1.1 I M i d . I ~ a n n .  

-b 
P 

Summer. 

April . I  276 277 279 

hlay . I 2Sj 289 zSS 

June ) 289 2go zgo 
I 

J - J ! ~  . i 288 289 290 

~ L C  C -  , 281 2q; 2Sj 
I 

> L $  ?T L: - , - , S  --- , 
bl eans 28 I 

1 I 

297 

296 

298 

283 

zgj 

301 

195 

6 I 

i 
!anuary . I  3 2  

F~bruary ' 294 

March 11 293 
I 

October . !  273 
I 

November / 28p 

December 1.99 

194 

295 

29.5 

280 

291 

299 

293 

7  

293 

294 

291 

279 

zSg 

304 

315 

326 

330 

jo8 

317 

3" 

320 

-- 1 -  

Mean' . (  q x (  291 

297 

299 

300 

295 

295 

305 

7-97 

303 

300 

291 

291 

29.5 

302 

298 

30.5 

312 

308 

291 

305 

31) 

306 

294 

297 

29) 

280 

291 

3" 

303 

302 

287 

300 

310 - 
300 

I 301 

305 

306 

294 

299 

308 

302 

301 

296 

297 

290 

293 

300 _ _ - - - - - - - - -  
296 

7 7 7 7 7 7 7 7 7 7 7 7  

313 

319 

919 

298 

312 

319 

313 

294 

296 

295 

291 

293 

304 

310 

314 

504 

300 

311 

308 

315 

329 

339 

321 

321 

3'24 3001 301 

293) 291 

503 

304 

303 

296 

297 

308 

302 

3" 

331 

342 

328 

321 

325 

309 

326 

337 

324 

313 

323 

322 

296 

296 

297 

287 

291 

2 

3251 317 

304 

318 

327 

314 

307 

318 

315 

297 

296 

296 

zgo 

290 

rgg 

297 

294 

292 

286 

290 

zg8 

4.51 2931 2921 293 2931 294 

7 7 7 7 7 7 7 7 1 7  

295 

a92 

zgo 

285 

291 

298 

295 

293 

292 

287 

291 

299 

297 

294 

2% 

286 

290 

4 9  
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Diurnal fncquality o f  the Vertical Force at Barrackpore as deduced from the preceding Table. 1 

- Winter. - I 

Summer. 
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filtyb ,+fesns of the Declination as determined at Tonngoofrom the selected quiet days i r r  1908. 

Declination E 0' + Winter. 

February . 36.a 1 36.2 36.1 36.0 35'9' 35.6 35.2 35.1 36.1 37.2 38.3 38.6 38.0 37'2 36.2 35.7 35.7 35.8 35.9 36.0 36.1 36.0 
I 

March . 359 35'9 35.9 31.7 ~ . 6  3 ~ 3  35.2 31.8 36.8 3 5  374 36.6 35'6 31.7 11.5 31.0 357 36.0 35.7 35'7 35.8 35.8' 35'6 35'7 357 35'8 I 
October . 3x9 33.0 33.0 3x9 32.9 32.7 39.7 33.6 34.5 34.6 53.8 32.7 31.6 31.5 32'0 32.9 33'4 33'0 32'5 32.8 32.8 32.7 32.71 32'8 32'9 32'9 

I 
32.2 32.3 32.9 33.3 33'1 32.5 32'4 32'5 32.6 32.5 32.5 32.5 32'3 32'4 32'4 32.3 32'3 32'4 32'6 32'5 

32.1 31.9 32'4 32.9 33.1 32'5 32.3 32'5 32'7 33'1 33.4 32.9 32.7 32.6 32.6 32'5 32'6 32'6 32'6 32'6 

-- I I - -- -__--_---  

I l l  33.9 34'1 34'9 35.5 35.6 35.1 34'6 3 34.1 31" 345 3E5 34'3 34'4 

Summer. 

! I April 9 . 35'3 35.3' 35.4 35'3 35'2 35'0 35'9 37'0 36.8 36.2 35'3 34'3 33'2 33.0 33'7 34'3 35'1 35'4 35'4 35'3 35.1 35.0 35.0 35'1 35'2 135.1 

May . . 35'5 35'5, 35'6 35'7 35'6 35.8 37'0 37'9 38.2 37'3 35'6 34'3 33.4 33'4 34.0 34'6 35.2 35.7 35'6 35.0 35.1 35.1 35'2 35'3 35.3 35'5 

June . . 34'6 34'8 34'81 3 ~ 8  34.9 35'0 36.3 36'8 36.6 35'8 34'7 33'4 32.6 32'4 32'6 32.9 33'8 34'6 34.9 34'6 34.5 34.4 34.4 34'6 34.7 34.5 

July . . 33.9 34.1 3 4 3  343 344 3 4  3 ~ 8  36.9 37'4 36.5 35'0 33.6 315 32.0 32.1 32.6 3 340 34.3 33.9 33.7 33.7 33.8 34.0 33.9 342 
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Hourly Means o/ Horisontal Force i n  C. G. S. Uni t s  ( c o f r t ~ t e d  for temperature) a t  Toungoo from the selected quiet days in 1908. 

H-. l b l ~ d . l  I 1 2 1 3 1 4 1 5 -  1 6 1 7 1 8 1 9  1 8 0  1 1 1  lNmn.l 13 1 B4 1 1.5 1 1 6  1 17 1 18 1 19 1 20 I . 2 1  1 2 2  1 2 1  1 Mid. M I D %  

38.000 + Winter. 

April . 740 

May . . 747 

June . . 750 

July 753 

August . 748 

September . 740 

vr 
P 

Summer. 

766 

767 

March . 753 753 / 753 755 756 758 761 763 772 785 799 810 812 806 790 775 76-1 758 757 758 755 752 752 754 757 769 i October . 749 7481 749 750 7-19 750 752 754 763 775 791 802 804 794 781 770 762 759 759 759 756 754 755 755 756 764 

November. 752 753 751 753 753, 755 757 761 767 776 786 791 788 780 769 763 758 756 756 756 754 756 756 756 755 763 

December .  755 757 756 757 757 768 761 766 774 781 786 786 785 779 771 767 762 756 756 755 755 755 756 756 758 761 

--- - ---- ----------------- 
Me- a 154 754 755 755 757 7591 762 770 779 789 795 794 787 777 769 763 759 759 758 756 7.56 756 757 758 766 

762 

757 

. 

781 

794 

786 

792 

7 7 7 7 7 7 7 7 Y 7 7 7 7 7 7 7 7 7 7 T r 7  

765 

774 

- .  

772 

790 

777 

781 

760 

759 

768 

783 

764 

767 

781 

7S8 

761 

758 

761 

758 

770 

771 

* 

764 

759 

i 
?jg l 

760 

757 757 

764 

761 

766 

763 

7  1 7  

759 1 759 

7 5 4 ;  7-6 

M o n t h .  

J a n u a r ~  

February . 

7  

711 

7j6 

764 

759 

763 

758 

759 

758 

759 

757 
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~~~~l~ ,Meant of Vertical Forca in  C. G. 3. Unils (corrected fo t  temperature) at Toungoo from the sekcfedquief days in  1908. ( g  

H o r n  I M i d . 1  8 / 2 I I  I I )  5 I 1 7  1 8 ( I / 10 / 1 1  /NooD.l 9 ( 11 I 15 ( 16 1 17 ( 18 ( 19 I 20 I .I / IZ 1 9 / M i d .  IMPDL 

Summer. 

Means 

486 

471 

472 

467 

473 

A p r i l .  , 

M a y .  , 

June . 
July 

August . 

479 

469 

467 

461 

468 

479 

467 

470 

464 

463 

498 

482 

480 

492 

475 

498 

481 

479 

481 

476 

476 

468 

469 

461 

466 

494 

481 

479 

478 

471 

499 

482 

481 

483 

477 

496 

485 

481 

480 

475 

503 

486 

483 

487 

481 

497 

485 

481 

479 

480 

494 

477 

475 

472 

476 

493 

480 

476 

477 

471 

4 8  

481 

480 

481 

476 

499 

48j 

481 

485 

477 

491 

479 

477 

480 

470 

497 

482 

477 

477 

479 

498 

482 

480 

481 

476 

484 

471 

471 

471 

464 

498 

481 

480 

481 

476 

496 

483 

478 

481 

474 

495 

482 

478 

480 

474 

494 

480 

476 

479 

472 

494 

481 

477 

480 

472 

497 

483 

479 

480 

474 

493 

479 

477 

477 

473 



Diurnal Inequality of tlre Vertical Force ot Tounzoo as deduced from the preceding  able. 

1 . 1  , 1 1 4 6 7 8 9 1 0  1 1 1  ( N o o n . \  13 1 1 1 1  1 5 1  16 / 17 1 1 8  1 1 ~ 1  r ~ /  r x  I 2 2 )  23 I M i d .  
Winter. 

Months. 

January . 
February . 
March . 
October . , . + 4  +4 

November .  . +z +3  + 3  

December . . + I  0 0 O 

Summer. 

N.B.-When the slpn is + tho Vertical force is more, and when - it is less than the mean. 

+ 5  

t 2  

+ 3  

+4 

4-3 

+ j  

+I 

+S 

+ Z  

+ 3  

+4 

+3 

+ j  -------- 
+4  

+5 

+ 3  

+3 

t 4  

+ 3  

$6 

t 4  

A p r i l .  . . 
M a y .  . . 
June . . . 
JUIY . . . 
August . 

+j 

+a 

+ a  

+1 

+3 

+ 5  

+ 4  

+ 5  

4-3 

+3  

I-5 

$ 2  

I 
September . - 1  +5  

Means , . . )  +4 

+ 6  

+ 3  

+4  

+6 

+4 

+5 

+5 

+ l o  

$ 7  

+6 

+ l o  

+ 8  

+ l o  

+ P  

+6 

+6 

+4 

+8 

+ 4  

+ I 0  

I 

-2 

o 

o 

+ 3  

-3 

o 

-14 

-10 

-10 

-16 

-5 

-20 

+a  

+3  

+ I  

+ 3  

+ I  

+ 4  

o -81-12 -7 + 5 ,  +4 + I  0 + I  + a  
-I3 1 - I 2  I 

-9 

-8 

-6 

-6 

-g 

-11 

+ 3  

+4  

+ I  

$ 4  

+ I  

+j  --- 

-7 

-8 

-5 

-10 

o 

-12 

+ 3  

+4  

+4 

+a  

+3 

+ I  

+6 

+ 3  

+ I  

+ Z  

$ 2  

+ I  

-2 

+ 2  

+ I  

-2 

-2 

-5 

+ 3  

-4 

+) 

-14 

-12 

-7 

-13 

-10 

-18 

+ 
+ 2  

o 

+ 3  

-1 

+ 3  

-1.7 

-11 

-8 

-16 

-7 

-21 

0 

+ I  

-1 

o 

-2 

+ z  

+ 4  

+3 

o 

o 

+6 

+3 

+ I  

+ I  

-I 

+2 

- 
+3 

+4 

$ 6  

+4 

+2 

+3  

+6  

+4 

+3 + T i  + a  

+5 +4  
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Hour,'y Means o f  the Declination a s  determrned at  Koda ikdnal f rom the selected quiet days  in 1908. I t~ 0\ - I 
Haul.. ( Y i d . 1  I 

r 1 1 I 1 I 5 I 1 7 I 1 9 1 I0 1 )Noon. /  '3 I I* 1 1 l6 1 I I 19 1 20 1 i l  1 22 / 3 1 i s  i I 

Defli~~ation W 0" + Winter. ' 1  I 

Z 
? 
b> 

N o v m b r i  

111 

, 

4x1 

4a.8 

43'4 

4'7 
Cb 

=a 

43-1 

42.6 

44.1 

47'5 

4 4 6 '  45.1 
I 

44'9 44'5 

4 6 . 8  46.5 

43.9 

Hj 

44.0 

46.1 

I 

42.1 

42.7 

44.7 

11.2 

43.4 

43.6 

416 

46'0 

474 

47.6 

43'2 

43'7 

44.5 

*6.5 

42.9 

43.7 

w 3  

46.2 

43.2 

42.6 

44.7 

4?9 

43.7 

44'' 

) I  
4 3 . +  435 

rCo / 

I 
2a 

I - - - - - I  < 
Means . 

43.2 

43'7 

44.4 

46.6 

42.4 

43.0 

44.2 

46.4 

43.2 

43.8 

44.5 

42.4 

@ 5  

44.7 

47.6 

438 

44.3 

43.3 

43.9 

Months. 

,.DUav . 

February . 

. )  

42.8 

43.3 

44.2 

46.0 

43.1 

43.8 

44.3 

46'5 

479 

47'9 

4 7 . 4  476 

.&8 I ( ((4 

47.2 

48'3 ~~~~~h~ , 4,.5 

March . , 1+.3 

(*lobr 

./ 

' 

4J.3 

43.9 

> 
0 
Z 
m 
2 
C1 

Summer. 

46.6 

47'5 

43.1 

43.7 

44'4 

46.5 

7 

480  

43'4 

44.0 

4-r5 

46'6 46.3 

4q4 1 44.6 4 ~ . 6  44.8 

473 

47.4 

47'2 

4 

47.8 

47.8 

47'2 

476  

46.6 

4 

47'2 

4 5  

47.2 

47'5 

43'5 

44.0 

44.4 

466 46.6 

47.4 

480 

I 
46.3 

q . 3  
1 

41.5 + 7 . j  47.6 

46.9 

46.1 

472 

47.4 

4x4 

43'9 

44.4 

46.4 
C 4 ,  

47.4 

17.7 , 

"1.3 

44'4 

4j.O 

45'1 

455 

46'2 

- - -  
45'1 

4 . 1  

41'5 

451 

45.4 

46.1 

46'3 

-- 

47.1 

474  

47'3 

47.5 

43.9 

44'0 

*s 
44'5 

W 5  

45'4 

44'4 

43.1 

43'4 

43'6 

43'5 

43' 

u . 1  

44.4 

45'1 

45.4 

459 

46'3 

u.2 

~5 

WI 

45'4 

458 

46.a 

15'2 

43.7 

44'0 

448 

44'3 

457 

4J.2 

43'3 

11.8 

43'4 

5 

4 j . 3  4x2 

44.3 

~4 

45.2 

4+2 

457 

46.2 

45'2 

I 45.7 4+3 

47.2 

47.5 

45'1 46.5 46.6 46.6 46.4 46.3 

44.6 

44.2 

436 

46'0 

46.8 

46.6 

48.2 

47.1 

47'5 

44.2 

43.7 

44.6 

448 

4.5'8 

45'9 

4&6 

45'3 

46'0 

46'6 

47.6 

45.6 

46.0 

4 I a  

46.8 

485 

444 

44'9 

455  

45.9 

46.4 

4<4 

45'0 

6 

45'2 

46.7 

44.8 

45'5 

4% 

46.2 

477 

440 

44'2 

45.5 

45'5 

45'7 

~5 

45'0 

45.5 

45.9 

467 

4 ~ - 8  

44'2 

452 

45'1 

4SI  

44.0 

41'5 

45.0 

45.3 

45.5 

443  

44'9 

4 r 4  

45'8 

4.' 

u.3 

44'9 

455 

45.8 

46'3 

4 3  

~6 

45.3 

45.4 

46.1 

44.3 

44'7 

6 . 4  

45'7 

4 3  

4 . 1  

44.6 

45.3 

45.6 

462 
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Ffouriy J f rans  of Horizontal Force in C. G.  S. I l n i t ~  (corrected for temperature) at KodaiRdnal f rom the selected quiet days in 1908. 
0\ 
P 

HOU,-,. ( ~ ~ ~ 1  I 1 I 3 I 4  1 5 1 6 1 7  1 8 1 9 1 10 1 1: / ~ o o n . (  13 1 14 I 15 I 16 1 17 I 18 1 19 1 20 I 2 1  1 32 I 23 I M i d . l M e = n r  

- 

'37000 + Winter. I 
Months 

7 I 1, 
y  7 7 7  Y Y Y Y Y Y  

January 417 1 418 419 419 421 426 

Februuy . 4 4 l j  4 1 5 i  415 416 416 416 421 4391 453 464 476 4 7  467 461 455 4*I 4 421 4I9 4I7 4I5 4'5 4% 
1 

March . 4x1 l 415 415 415 416 415 413 423 4 8  483 512 527 519 487 4j1 425 416 424 418 4I5 413 -i14 4I4 4'5 ~3~ 

October . 408 408 410 410 410 410 4 1 0  431 447 483 512 519 506 477 4s2 433 4z6 4 ~ 6  421 4'9 418 416 4 '4 4 %  437 

November .  4 1 2  413 413 414 41) 414 416 424 457 438 474 476 465 454 414 436 430 423 420 420 418 4l5 4 '3  416 43O 

December 4 4  433 433 4a3 422 421 423 434 454 475 492 497 485 468 4-18 431 427 427 425 4 4  425 424 425 4 6  439 
I I . --------- -------- 

Meam . 414 41j 1 416 411 416 4x6 417 426 444 1 467 487 4 9  486 1 47O 1 453 440 432 
, 

4 422 420 I 419 418 417 418 436 I I 

April . . 400 

May . . 4x1 

June . . 416 

July . . @I 

August . 4x5 

September . 401 

Means ( 411 

Summer. 



Diurnal Inequalily oflhe Horiaontal Force at Kodaikdnal as deduced from the preceding Table. 

Hours. 1 1 Mid 1 I 1 I I 3 4 6 7 8 l o  1 o n .  3 4 - 5 6 7 1 1  9 0 1 1 1 2 3  I ~ i b  

Winter. 

***I . . . I  -p -27 

May . . . -24 -22 

June . . . -15 -14 

July . . . -17 -16 

August  . . -16 -14 

September . . -23 -24 

Summer. 

-25 

-20 

- 1  

-16 

-16 

-26 

-20 

N. B -When kb* sign is + the Horizontal force is more, and when -less than the mean value 

- 4 6  

-21 

I 

-17 

-15 

-23 

-20 

-8 

-18 

-9 

-16 

-5 

-10 

----- 
- 1 1  

+39 -3 

+43 -6 

$35 +2 

+32 -5 

+9 -6 

$51 - F I  

+34 -3 

-13 

-19 

-15 

-19 

-2 

-9 

-13 

-27 

-18 

I 

-13 

-11 

-28 

-19 

-17 

-16 

-13 

-16 

o 

-10 

-12 

+81 

+69 

+37 

+so 

+39 

+66 

+57 

-1: 

-8 

-11 

-8 

-I 

-28 

-12 

+83 

+73 

t46 

+59 

+3j 

+79 

+6a 

+65 

+64 

+46 

+49 

+24 

+70 

+53 

+21 

+16 

o 

+7 

4-15 

-6 

+8 

+55 

+47 

+22 

$28 

+29 

+36 

-------- 
+36 



tfdurly .lfrdns of Vertis,tl F ~ r c p  i n  C .  G. S. h i t s  (corrected for temperntztrc) at Kodaika'nnl from the se[ectcd quiet days in 1908. 1 g 

.02000 C. G .  S.+ Winter. I 

April . 
May . 
June 

July . . 
August . 
September . 

Means . 

Summer. 





Hourly Means of the D+ as delermined a t  KodaiRdnalfrom the selected quiet days in 1998. b\ 
' a  

-- 

- 

Dip 3"+ Winter. 

Summer. - 

-=-I------ 

March . 31.8 31.9 31.9 318 31.9 31.8 32'0 32.0 31.8 51.1 30.2 29.3 28.6 

32'2 

?4'3 

34'9 

31.9 

30.4 

31'4 

30'9 

3 

29.6 

29.9 

31'3 

33'8 

34'5 

36'3 

32.6 

19'4 

30.3 

31'0 

33'3 

2 

35'9 

32.4 

30.0 

30.9 

28'9 

32'5 

34'5 

34'7 

- 

31.9 

30.0 

31'4 

I 

31.0 29'5 

30.6 

29'7 

32'3 

3 4  

35'0 

32.0 

Months. 

Janoary . 
, 

29.9 

31'7 

30.9 

I 

30.9 

31.2 

31.0 31.0 

31.3 

29.8 

29.8 

31.3 

33.8 

34.9 

36'1 

- - - - -  

3'6 

February . 
30.9 

31.3 

I 

30.8 

31.3 31.3 1 31.3 30.3 

31.4 

34.0 

35'3 

36.4 

31'0 

31.6 30.7 

31'3 

34'2 

35'5 

36'5 

31'0 

31'6 

- 
32.91 33.1 

30.8 

31'4 

34.4 

35'6 

36.5 

3x2 

30.9 

31.5 

34.4 

35.6 

36'7 

------- 
33.3 

31.0 

31.7 

34.5 

35.7 

36'7 

31'2 

31.9 

34'8 

35'9 

36.8 

31.1 

3 ~ ' 8  

34'7 

35'7 

368 

33.4 

31'0 

31'1 

34-0 

351 

36.3 

33'6 33'5 

---- 
33.0 
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TIDAL AND LEVELLING OPERATIONS. 

Extracted from Narratiue Report of Mr. C. F.  Erskine, in charge No. 25 Perly 
(Tidal and Leuelling Operations), for Seuson 1908-09. 

Personnel. 
Imperial Oficer.  

Mr. C. F. Erskine. 

Provi,rcinl Oflcers. I. The  personnel of the party during 
Messrs. J.  P. Barker, H .  G. Shaw, E. H. the year under report was as  shown in 

Corridon. Syed Zilte Hasnain, A. M. Talati, 
O. N. Pushong, P. N Sur, D. H.  I.uxa, T. F. the margin. Mr. C. F. Erskine held 
Kitchen, H. St.  3. Kenny. charge of the party throughout the year. 

Subordinate Estbblishment. 
I Surveyor. 24 Computers and Recorders, 

2 Artificers, 3 Observatory Clerks. 

TIDAL OPERATIONS. 

2.  Work of the year.-Iklring the past year tidal registrations by self-regis- 
tering tide-gauges, were taken at the ports of Aden, Kardchi, Apollo Bandar 
(Bombay), Prince's Dock (Bombay), Madras, Kidderpore, Rangoon, Moulmein, 
and Port Blair. In addition, tide-pole readings of high and low water were 
taken during daylight at the ports of Bhivnagar, Akyab, and Chittagong, 
with the object of comparing the actual times and heights with the predictions ; 
the observations were made under the direction of this department, and the imme- 
diate control of the Port Oficers concerned. The reduction by harmonic analy- 
sis of the obsetvations for 1908 of eight stations named above, excluding Moul- 
mein which was not working in that year, has been completed. The tide-tables 
for 1910 have arrived in India, and have been distributed. The  work of publica- 
tion of tide. tables for 40 ports for the years 191 I and 191 2 is in progress in 
England. Data for these predictions were despatched from the office in Dehra 
Dlin in July 1908; for the tide-tables for 1913  they are in preparation. 

3. List of Tidal stations.-The followi.ng table gives a list of the 42 ports 
at which tidal observations have been registered, together with the periods of 
observations lrom 1874 when tidal operations were begun, up to the present 
time. The permanent stations are shown in italics ; the others are minor stations 
which were dosed on the completion of the requisite observations :- 

Serial 
h o. 

- 
; 

2 

3 

Stal~ons. 

-- -- 

Suez . . 
Perirn . . 
Aden . , 

Automatic 
or 

personal 
obs~rvations. 

--- 

Date Of 
c l o h g  

of 
observa- 

t,ons. 

- 

,903 

1902 

Still 
working 

Oate at 
commence. 

observa- 
tlons, 

-- 

4 189'3 

1901 

5 

8 

Number 
of 

ObSmva- 
tlons. 

. - -- 
7 

5 

29 

:, Bushire . I 1 I I i ~ t o  
I 1892 

Automatic . 1 1897 

hluscat , . i Ditto . 

REMARKS.  

- 

Ditto . 
Ditto . 

rb93 

1898 

1879 
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REMARKS.  

* Small Tide- 
Gauge work- 
ing. 

Tide-Tables 
not pub- 
lished. 

- 
Serial 
No. 

6 

7 

8 

Date of 
commence- 

ment of 
observa- 
I,ons. 

-- 
{186E 

1881 

1874 

1874 

g 

ro 

10 A 

I 1 

11 A 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

76 

2 7  

Stations. or 
prsonal 

observations. 

Datc of Number 
closing of years 

of I 

Okha Point . . 

Porbandar . . 
1 

Porbandar . . 

Port Albert Victor 
(Kbthld~rdr). 

Port Albert Victcr 
(Kbthiiwdr). 

Bhivnagar . . 

Bombay (Ajollo 
Bandar). 

Bombay (Prince's 
Dock). 

Morrnugao (%a) . 
Kbrwir . . 
Beypore , 

Cochin . . 
Tuticorio . 

Minicoy . . 
Galle . . , 

Colombo . 
Trincornalee . . 

PQmban Pass . . . 
Negapatam , . 

Madras . . 

Cocanida . . 

observa- 
tions 

1880 
St  ill 

working. 

1875 

1875 

obserra. 
tions. 

13") 
4 I 

28 

I 

I 

Kardchi . 

Hanstal . . 
Navinar . 

Ditto 
is excluded. 

Personal , 1893 1894 a 

Automatic . 1898 1902 5 With certain 
interrup- 
tions. 

Personal 1881 1882 I 

Automatic . rgoo 1903 4 

Ditto , 1889 1894 5 Tide-pole 
readings 
taken. 

Ditto . 1878 Still 31 
uorking. 

Ditto . 1888 11 21 Property of 
Port Trust. 

Ditto . 1884 1889 5 

d 

. I ~utornalic 

Ditto . 
Ditto . 

Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto 

Ditto . 
Ditto . 
Ditto . 
Ditto . 

Ditto . 

Ditto . 

1878 

1878 

1886 

1888 

1891 

:884 

1884 

1890 

1878 

1883 

1884 

1892 

1893 

1896 

1890 

1890 

1996 

1882 

5 

6 

6 

5 

5 

6 

6 

6 

4 

,881 1 1 8 8 8  

1880 1 ,890 

started work- 

6 

11]24 

5 1886 

Year 1884-85 
is excluded. 

1891 
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4. Inspection of Observatories.-The nine tidal observatories now working 
were inspected during the year. 

5. Working of 0bsevvatorr'es.-The following account contains a detailed 
description of the working of the several tidal observatories during the year. I t  
has been taken from reports of inspecting officers, from information furnished 
by pclrt officers and from the registrations themselves. 

6. Adell.-This observatory was inspected by Mr. Shaw in December 
1908. During the past year, there were several interruptions in the tidal regis- 
trations, due either to the band sticking, the pencil failing to mark or the 
driving clock stopping, otherwise the gauge has worked satisfactorily. 

7. KarLchi.-This observatory was inspected by Mr. C .  F. Eiskine in  
January 1903. All the instruments were cleaned and left in  perfect adjustment. 
The tide-gauge was found in good working order but in need of cleaning. The  
bed- late of the tide-gauge had settled 0.04 of a foot owing to the settlement of 
the new observatory. Ro break has occurred in the tidal registrations during the 
past year. 

8. Apollo Bandar (Bombay).-This observatory was inspected by Mr. 
Erskine in January 1909. The  tide-gauge was cleaned and left in adjustrnent- 

Serial 
No. 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

Stations. 

Vizagapatam . . 
False Point . . 

' or 

o b ~ ~ ~ ~ ~ ~ ~ l l ,  

Automatic . 
Ditto . 

Date of 
commence- 

ment ol 
observa- 

tions. 

1879 

1881 

Dublat (Sdgar Island) 

Diamond Harbour . 
Kidderpore . . 

Chittagong . . 

Akyab . . 
Diamond Island . 
Bassein(Burma) . 

Elephant Point . 

Rangoon . 
Amherst . 

1881 

1881 

1881 

I 886 

1887 

1895 

1902 

1880 

{:iiyd 
1880 

1880 

1880 

I Ditto . 
Ditto , 

Ditto , 

Ditto . 

Ditto . 
Ditto • 

Ditto , 

Ditto ' 

Ditto . 
Ditto . 

Moulmein . . 

Mergui . . 
Port Blair . . 

REMARKS. 

Date of 
closing 

of 
ob-erva- 
tions. 

-- 

1885 

1885 

Tide-pole 
readings 
taken. 

Ditto. 

Number 
of years 

of 
observa- 

tions. 

6 

4 

1886 

1886 

Still 
working. 

1891 

1892 

1899 

1903 

1881 

1888 

Still 
working. 

Ditto 

1909 working. 

5 

5 

28 

5 

5 

5 

2 

] :I6 
29 

Ditto . 
Ditto . 

1886 

1889 

1880 

6 

1886 

1894 

Still 
working. 

5 

29 
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There have been no in~erruptions in the tidal registrations during the past year. 
g. Prince's Dock (Bombay).-'This observatory was inspected by Mr. 

Erskine in January 1909. The gauge was found to be working ~at isfdctor i i~.  
During the past year there have been a few interruptions in the tidal registra- 
tions, due either to the driving clock stopping, or to the breaking of the hair 
spring which supports the pencil weight. 

lo. Madras.-This observatory was inspected by Mr. Shaw in December 
1908. The tide-gauge was found to be working well but in need of cleaning. 
No breaks in the tidal registrations have occurred during the past year. 

r I. Kidderpore.-This observatory was inspected by Mr. Erskine in 
November and December 1908. The tide-gauge was found clean and in good 
working order, it was thoroughly overhaul-d and has been left in adjustment. 
The registrations of the tide-gauge are complete, there having been no interrup- 
tions during the past year. 

12. Rangoon.-This observatory was inspected by Mr. Erskine in Novem- 
ber 1908. During the past year the tide-gauge has worked well ; there have 
been no interruptions in the registrations. The tide-gauge was cleaned and left 
in adjustment. 

13. MouZme2iz.-This is a new observatory erected by the Public Works 
Department on a site close to the old one dismantled in 1886. The tide-gauge 
was installed and started by Mr. Erskine assisted by Mr. Shaw on January  st, 
1909, since which date, with the exception of a few unimportant breaks in its 
registrations due to  the driving clock stopping, it has worked well during the 
year. 

14. Port Blair.-This observatory was inspected by Mr. Erskine in De- 
cember 1908, No interruptions in the tidal registrations have occurred during 
the past year. The tide-gauge was thoroughly cleaned at the time of inspection 
and left in good working order. 

15. A;ew observalo~y opened.-After a lapse of close on 23 years, a new 
observatory was erected at Moulmein by the Public Works Department, near 
the site of the old observatory erected in 1880 and closed in 1886 after six 
years' observations had been obtained. The principal reason for reopening this 
observatory was that the Port Officer, Moulmein, considered that perscnal 
observations taken to a tide-pole were unreliable. The results derived from the 
observations which will now be obtained will serve as  a check on tlie accuracy 
of the predictions and wil l  be of benefit to both science and commerce. 

This observatory will be a permanent one. It is situated immediately 
south of the main wharf, where there is sufficient depth of water at all times for 
direct communication between the river and the cylinder, acd as  it is isol4tt.d 
from the wharf, no vibration is felt from vessels mooring at the pontoon which 
is attached to this wharf. Had there been screw piles under the corners of the 
verandah in addition to those under the corners of the cabin there is no doubt 
that the observatory would have been more rigid, and vibration from other causes 
lessened to a minimum. As at present constructed, the observatory vibrates con- 
siderably at certain tide rips, to remedy this the Port Officer has been asked t o  
have the cabin stayed up with wire ropes i f  this is possible. It is, however, satis- 
factory to note that notwithstanding this drawback, the tide-gauge has worked 
very well since it was started on January  st, 1909. 

The cabin is 1 2  feet square. The iron cylinder is 27 feet 3 inches in length, 
having in its bottom plate one hole of 2 inches in diameter, and six holes of one 

L 
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inch in diameter. As the water of this river is  very muddy, this arrangement will, 
it is Iloped, prevent mud from accumlating in the bottom of the cylinder. 

The true zero of the gauge has beer) set to aq'agg feet below bench-mark 
G. T. a. 

A., the bench-mark of referepce, which is cut on a block of Portland 
I880 

cement let into the flooring of the Port Office verandah. This zero is identical 
with that determined when the gauge was first started in 1880. The gauge is 
now working on the 4th scale, but at the next inspection will be altered to the 
i t h  scale, that being the scale formerly adopted. Of the two bench-marks ' & A "  
and " B " erected in 1880, bench-mark " A " the bench-mark of reference was 
found intact and in good preservation ; bench-mark " B " situated in the veran- 
dah of the Telegraph Office (old Post Office) had evidently been disturbed since 
the closing of the observatory in 1886, as the letter " B " was missing, and the 
relative values between the two bench-marks differed by 0.027 of a foot from the 
old values obtained when the observatory was working. 

16. Registrations of Auxiliary Instruments discontinued.-With the 
sanction of the Superintendent, Trigonometrical Surveys, and the consent of the 
Port Officials concerned, all registrations of Mercurial and self-registering 
Aneroid Barometers, Thermometers and self-registering Anemometers have been 
discontinued since last inspection at ports where tide-gauges were working, as 
the Meteorological Department keep such registers at their observatories at such 
ports. An exception has been made at Karachi, where at  the special request of 
the Chief Engineer, Kar5chi Port Trust, they are still in use. All these meteo- 
rological instruments were returned to the Mathematical Instiument Office, 
Calcutta. 

1 7 .  Tidal diagrams and daily reports.-The tidal diagrams a d "  daill 
reports have been submitted regularly to the office at Dehra Dhn. 

IS. 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, 1908. 

The following are the amplitudes (R) and epochs ({) deduced from the 1908 obser- 
vations at Aden ; and also the mean values of the amplitudes (H) and of the epochs ( R )  

for each m articular tide evaluated from the 1908 observations : 

Short Period Tides. 

Ao=x82o feet. 



Short Period Tides-contd. 

Long Period Tides. 

VALUES OF THE TIDAL CONSTANTS, KARACHI, 1907-08. 

The follo\n*ing are the amplitudes (R) and epochs (t;) deduced from the 1907-08 
observations at Karachi ; and also the mean values of the amplitudes (H) and of the epochs 
(r) for each particular tide evaluated from the 1907-08 observations :- 

Short Period Tides. 

A, = 7'1 78 feet. 

Lunar Monthly Tide . 
,, Fortnightly ,, 

Luni-Solar ,, et 

Solar-Annual I I 

,, Semi-Annual ,, 

R 

'044 

-046 

-016 

,383 

-1 12 

( I H l K  
88O.50 

263"40 

I 15O.72 

68O.06 

280°*75 

'044 

'045 

-016 

'383 

.I I a 

38O.88 

aoO'12 

5g0'04 

347O.68 

12o~'oo 
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Long Period Tides. 

. VALUES OF THE TIDAL CONSTANTS, BOMBAY (APOLLO BANDAR), 1908. 

The following are the amplitudes (R) and epochs (1;) deduced from the 1908 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 1908 observations :- 

Short  Period Tides. 

A , = I o . I ~ z  feet. 

R =  '163 
( = 331°'14 

- '015 

'043 

R = .108 
1; = ... 
H = ... 
K = ... 

K = 330°-36 
,062 

K = 6g0'90 
K = -063 

r; = 200°.18 
H = '102 . . . 

u = 65O.55 K = ... 

Long Period Tides. 

It 

16O.59 

313O.16 

157O.78 

65'-05 

152O.45 

R 

Lunar Monthly Tide 

,, Fortnightly ,, '035 

Luni-Solar ,, 11 ,022 

Solar-Annual I ,  

,, Semi-Annual ,, 

Lunar Monthly Tide . . . ' 04  I 9"'05 

,, Fortnightly ,, ,013 197O'03 

Luni-Solar ,, II '014 131°'94 

Solar-Annual 11 '103 58"17 

,, Semi-Annual ,, -127 26O.70 

H 

-040 

'036 

,022 

'107 

'I54 
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The following are the amplitudes (R) and epochs (I;) deduced from the 1908 observa- 
tions at Bombay (Prince's Dock) ; and also the meat1 values of the amplitudes (H) and of 
the epochs [ K )  lor each particular tide evaluated from the 1908 observations :- 

Short Period Tides. 

A, = 8'115 feet. 

= '08g R = ,016 R = '176 
r =  ( = 197O.72 ( = 122~-52 

H E R =  1,609 
' I { K = ~ ; =  4'86 K = 206O.79 K = 55°.u9 

'0 I g R  = ,006 R =  .roz ~ 4 ( : 1  ;I 212°.3j ( = 252"65 I = I O O O ' ~  1 

H =  R = '001 H = -006 H = .og6 
'6f K =  ( = 169O.70 K = 126~'90 K 3 301'96 K = 44O.94 

R = -665 K = 
sB{4=; 1 ,,,b3;; '992 '040 

< = 207O.35 ( = 178"1 I 
H = .989 (2SM)g H = so40 

K = 48O.52 K = 3 1 6 ~ ~ 5 4  K = I 13O.54 
R =  ,110 R =, 1.408 R = ... I R  R = = 

'233 
I; = ... 

H = ... 

K = .072 

a = 98O.00 

Long Period Tides. 

Thr followi~ig are the amplitudes ( R )  and epochs (1;) deduced from the rgoR ohserva- 
tions at Madras ; and also the mean valups of 1t.e arnplitudrs (I]) and of the epochs (a )  
for each particular tide evaluated from the 1903 observations :- 

Short Period Tides. 

Lunar Monthly Tide . 
,, Fortnightly ,, 

Luni-Solar ,, J ,  

Solar-Annual 1) 

,, Semi-Annual ,, 

'048 
'0'9 
'030 
'"6 
'135 

R 

.oq8 
,019 
'030 
-1  16 
'135 

328O.81 
325'75 
48.83 

338.38 
217'68 

- 

A, - 2 144 feet. 

5 

1g0'43 
211~.06 
107O.39 
58O.83 
rM0.58 

-00 I 

- '001 
K = 101O.23 K = 1 0 6 ~ 3 3  

R = , 001  '023 
( = Z O I " ~ O  .,[! ' 6g0'20 
H =  moor tl = '021 

R = 78'-07 K = 270°.88 

R = '049 
( = 22o0.11 
H = '049 
- za1O.94 

R = -002 

R = 161O.60 
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Short Period Tides-contd. 

Long Period Tides. 

The following are the amplitudes (R) and epochs (l;) deduced from the 1908 observa- 
tions a t  Kidderpore; and also the mean values of the amplitudes (H) and of the epochs (a) 

for each particular tide evaluated from the 1908 observations :- 

Short Period Tides. 

Lunar Monthly Tide , 

,, Fottnightly ,, 

Ao=loe3g7 feet. 

Luni-Solar ,, 
Solar-Annual 29 I O.90 2 I 1O.43 

,, Semi-Annual ,, ,238 260°-53 '238 99O.59 

H 

'058 

'047 

R 

'059 

-048 

IC 

352O'04 

1O.09 

c 

42O.93 

246'.95 
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Shovt Period Tides-contd. 

Lonp Period Tides. 

VALUES OF THE TIDAL CONSTANTS, RANGOON, 1908. 
The following are the amplitudes (R) and epochs (1;) deduced from the 1908 obser- 

vations at Rangoon ; and also the mean values of the amplitudes (H) and of the epochs 
( K )  for each particular tide evaluated from the 1908 observations :- 

Shor t  Period Tides. 

Lunar Monthly Tide , 
,, Fortnightly ,, 

A,= rorgo feet. 

Long Period Tides. 
I I I I 

'396 
'258 

Luni Solar ,, 9 1  '903 
Solar-Annual JJ 2,440 

,, Semi-Annual ,, 1 1 .834 
I 

Lunar Monthly ride .167 60°.28 -165 8O.81 
,, Fortnightly ,, '116 z 7 a 0 . ~ g  .I 15 25O.17 

Luni-Sola. ,, I) .420 105O.78 

16".37 
2g0'27 

67C'56 
z 7 5 P ' 7 ~  

Solar-Annual . . 

36O.54 
14s0' 19 
324"'35 

'392 
'255 

g6O'16 
225".69 
1 r 5 ~ . 3 4  

'S)OO 

2.440 
'834 

1.og5 
'419 45% 

~ 2 6 ~ . 0 3  1) ,, Semi-Annual ,, '130 18r0-38 
1'095 
'132 

145"s I 

m0'3s 
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VALUES OF THE T I D A L  CONSTANTS, PORT BLAIR, 1908. 

The following are the ampiitudes (R) and epochs (1:) deduced from the 1908 observa- 
tions at  Port Blair ; and also the mean values of the amplitudes (H) and of the epochs 
(#) for each particular tide evaluated from the 1908 observations :- 

L o n ~  Period Tides. 

19. Other Computations.-The actual times and heights of high and low 
water for 1908 at 1 1  ports have been compared with the predicted values pub- 
lished in the tide-tables and the results tabulated. 

- 

Lunar Monthly Tide 

,, Fortnightly ,, 

Luni-Solar ,, P I  

Solar-Annual I I 

,, Semi-Annual ,, 

R 

'019 

'052 

-003 

. I I O  

.099 

1: 

53O.38 

235O.27 

236O.68 

21g0'21 

329O.98 

H I K  
'erg 

'051 

'003 

. I I O  

'099 

2O.03 

348O.50 

176"'77 

138O.71 

168O.97 
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20. Auxiliavy Reports.-Reports on the operations carried on in the Bombay 
Presidency and in Burma were prepared and submitted, the former to the Govern- 
ment of Bornbav, and the latter to the Principal Port Officer in Burma, Ranqoon. 

21. Receipt and  issue 4 tide-tables.-The tide-tables for r go9 and 1910 
were received in the office and were duly distributed. 

22. 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 p ~ r t  is " Indian spring low water mark " which has not 
been connected with the Admiralty datum. 

23. Sale of tidp-tables.-The amount realised on the sale cf tide-tables 
during the financial year ending 30th September [gog is Rz,578-12-0. 

24. Data forwarded to Engla~zd.-The following data were supplied to  the 
Tidal Assistant, National Physical Laboratory, Teddington, England :- 

(i) Actual values during 1907 of every' high and low water measured in 
duplicate from the, tidal diagrams at 8 stations, and of tide-pole 
observations taken during daylight a t  4 closed stations, the latter 
urider the supervision of the Port Officers, and supplied by them 
to this office. 

(ii) Comparisons of the above with predicted values for 1907, the errors 
being tabulated in such form a s  to be of aid in improving the 
predictions. 

2 5 .  Errors  i l z  Predictiorzs.-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 1908 at 1 2  stations, as determined by com- 
parisons of the predictions given in the tide-tables 1~1th  actual vdlues measured 
from the tidal diagrams at 8 statior~s, and from tide-poles at 4 stations, the 
former are made in this office, and the latter by the Port Officials. 

No. I .  

Statement showing the percentace and the anrount of the errors  in the predicted times 
of / z i ~ h  waters at the vorious Tidal Stations f o r  the year 1908. 

STATIONS. 

Aden . . . . 
Kardchi. . . , 

BhBvnagar , . . 

1 Apollo Bandar . 
Bombay 

Prince's Dock . 
Madras . . . 
Kidderpore . . . 
Chittngong . . . 
A k y a b .  , . . 
Rangoon . . . 
Moulmein . . . 
Port Blair . . . 

Errors over 
,5 minutes 
and.under 

,5 m,nutes, 

I'er cent. 

42 

46 

48 

43 

45 

45 

a8 

36 

3 

42 

44 

38 

Auto~naticl Numbe: of 
or 

oberva- 
Lions. 

Auto. 

Auto. 

T. P. 

Auto. 

Auto. 

Auto. 

Auto. 

T. P. 

T . P .  

Auto. 

T. P. 

Errors o v n  
30 minut=. 

-- 
Per cent. 

a 

2 

o 

2 

P 

0 

I 6 

I a 

o 

3 

7 

Errors over Errors over comparisons Errprs of 
bet'veen 
and predicted 

values. 

689 

707 

366 

707 

703 

706 

707 

366 

331 

Auto. 

I 
"lnutes 

and under. 

Per cent. 

44 

34 

52 

4 2  

39 

39 

16 

28 

96 

29 

704 

15 minutes 
and under 

zo minutes, 

Per cent. 

6 

1 2  

o 

6 

8 

9 

15 

13 

I 

13 

I a , 394 

20 minutes 
and under 

Jo minutes. 

Per cent. 

6 

6 

o 

7 

6 

7 

95 

I I 

o 

13 

13 



No. 2. 

Statement showing the percentage and the amount of the errors  i n  the predicted times 
of low water at the v a r i ~ u s  T ida l  Stations f o r  the year 1908. 

No. 3. 

Statement shoring the percentage andthe amount of the errors in the predicted heights 
of high water at the various T ida l  Stations for the year 1908. 

Errors 
20 minutes 
and under 

Per Cent. 

9 

o 

4 

8 

4 

ao 

16 

o 

13 

18 

Errors Over 
5 minutes 
and  under 

Errors - 
ao minuten 

.- 

Per cenk 

7 . 4  

3 

o 

2 

3 

I 

25 

17 

o 

I I 

I I  

' ~ u t o m a t i c  
or Tide- 

srarions. pole 
obsewa- 

tlons. 

Errors 
15 minutes 
and under 

I 

Number of 
cornpartsons E r r o n  of 

between minutes 

Aden . . . . 
KarLhi .  , . . 
BhAvnagar . . . 

Port Blair . . . 

Errors over 
12 inches. 

Per cent. 

o 

o 

a 

o 

e 

o 

12 

I I 

I 

4 

24 

and  predicted 
va lues  

684 

707 

366 

Auto. 

Auto. 

T. P. 

Apollo Bandar . 
Bombay 

Prince's Dock . 
Madras . . . 
Kidderpore . . . 
Chittagong . . . 
A k y a b .  . . . 
Rangcon , . . 
Moulmein , . . 

and under. 

-- 
Per cent. 

34 

37 

53 

,g 

Per cent. 

46 

41 

47 

Auto. 

Auto. 

Auto. 

Auto. 

T. P. 

T.P. 

Auto. 

T. P. 

Auto. I lo6 

Errors 

zF:2er. 

Per cent. 

95 

8 I 

57 

73 

74 

94 

47 

46 

81 

SO 

30 

99 

Mean 

:iCfp"S:b 
feet. 

6.7 

9'3 

31'4 

13'9 

13.9 

3'5 

11'7 

13'3 

' 8.3 

I 6.4 

1z7 

6.6 

O f  

or  1 ide- cornpar~sons 

minutes, 

Per cent. 

9 

10 

o 

5 

9 

7 

14 

10 

o 

14 

9 

47 

703 

STATIORS 

Aden . . . . 
Karachi . . . 
Bhivnagar . . . 

Apollo Bandar . 
Bombay 

Prince's Dock . 
Madras . . . 
Kidderpore . . . 
Chittagong . . . 
Akyab . . . . 
Rangoon . . . 
Moulmein . . . 
Port Blair . . . 

706 

706 

366 

331 

706 

395 

43 

Erron aver 
4 inches 

and under 
8 inches. 

Per cent. 

S 

I 8 

32 

22 

22 

5 

27 

27 

18 

19 

24 

I 

45 ' 

Errors over 
8 inches 

and under 
l a  inches. 

Per cent. 

o 

1 

9 

5 

4 

I 

14 

16 

o 

17 

aa 

o 

pole 
observa- 

tions. 

Auto. 

Auto. 

T. P. 

Auto. 

Auto. 

Auto. 

Auto. 

T. P. 

T. P. 

Auto. 

T. P. 

Auto. 

43 

14 

25 

97 

28 

24 

and predicted 
values. 

689 

707 

366 

707 

703 

706 

707 

366 

331 

707 

394 

704 

45 

27 

32 

3 

34 

38 



NO. 25 PARTY (TIDAL A N D  LEVELLING OPERATIONS).  *3 

No. 4. 

Sratement showing the percentage and the amoztnt o f  the errors in frie predicted heights 
of low watdr at the various Tidnl Stationsfor thc year 1908. 

No. 5. 

Tables of average errors in  the predicted times and heights of high and km water at t h ~  
several Tidal Stations for the year 1908. 

Errors o m  
12 inches. 

Per cent. 

o 

o 

z 

o 

z 

o 

17 

15 

o 

28 

26 

o 

Frrors over 
8 inrhps 

and under 
ra inches. 

--. 

Per cent. 

o 

2 

9 

5 

9 

o 

I4 

15 

2 

21 

20 

o 

Open G o s t .  

Kardchi Auto. 9'3 

Bhdvnagar . . T. P. 31.4 

Smno~n 

Aden . . . . 
Karkhi . . . 
Rhdvnagar . . . 

Apollo Bnndar 
Bombay 

Prince's Dock . 
Madras . . . 
Kidderpore . . 
Chittagong . . . 
Akyab . . . . 
Rangoon . . 
Moulmein , . . 
Port Blair . . . 

Automatic or 
Tidcpola 

observations. 

Apo l lo  Bandar Auto. 13.9 
Bombay I P r i n c e ~ ~ o c k  :/ Auto ( 

1x9 

Mean range 
at s ringr 

in feet. ' 

Madras . . . . Auto. 3'5 

Akyab , . . . T. P. 8.3 

Port Blair . . . . Auto. 6.6 
. . I - -  

GENERAL M R A N  . , . . . --- - L - -  

Riverairl. I I 

Errors over 
4 inches 

and under 
tr inches. 

Per cent. 

5 

2 I 

28 

26 

2 6 

7 

25 

22 

20 

23 

' 22 

2 

Mean 
r " ~  ?t 

"r;",",:.ln 

6.7 

9'3 

31'4 

13'9 

13'9 

3'5 

11.7 

13'3 

8.3 

I 6.4 

12.7 

6 6  

Automatic Number of 

Kidderpore . . . . Auto. r 1.7 

Cbittagong . . . . T. P. 13.3 

Rangoon . . . . Auto. r 6.4 

Moulmein . . , T. P. 12.7 

Errors of 
inches 

and under. 

Per cait. 

95 

7 7 

6 r 

69 

63 

93 

44 

43 

79 

28 

32 

98 

or 
pole 

observa- 
tloos. - 

Auto. 

Auto 

T.P.  

Auto. 

Auto. 

Aulo. 

Auto. 

T. P. 

T. P. 

Auto. 

T. P. 

Auto. 

Of Time in 
Minutes. 

compar,sons 
actual 

and predicted 
values. 

684 

707 

366 

707 

703 

706 

706 

366 

33 1 

706 

395 

706 

Of Reilht  i n  nrm! 
of the ranee. 

H. W. L. W. 

a025 "25 

'027 027 

.013 '013 

.or8 018 

.or8 '024 

-048 '048 

-030 '030 

.or3 I .or3 

Of Height in 
inches. 
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The  foregoing statement for the year 1908 may be thus summarised :- 

Percentage of time predictions within I S  minutes of a c t u a l ~ .  

predictions were tested by S. R. Tide-gauge . 
Stations. 

11 I I Tide-pole 

Percentage of heifht predictions within 8 inches of actuals. 

Riverain 
Stations. 

6 at which predictions were tested by S. R.  Tidegauge . 
91 II Tide-pole . 

11 1 1  S. R. Tide-gauge :: II  II Tide-pole 

Riverain 2 11 I) 11 S. R. Tide-gauge . 
stations. 11 

2 I )  I] I, Tide-pole 

High 1 
1;: 

water water 
Per 

cent. cent. 

Percentage of height predictions wi!hin one-tenth o f  mean range at s p t i n p .  

High 
water 

per 
cent. 

Open Coast ji 
Stations. 

Low 
water 

per 
cent. 

6 at which predictions were tested by S. R. Tide-gauge . 
2 ,I IJ 1 1 Tide-pole 

Riverain 
Stations. 

I 

26. Comparisons of the predictions a t  Rivernin  Stations.-The predictions 
for the riverain stations for the year 1908, were compared wlth those for the year 
before, with the following results :- 

At Kidderpore they are about the same for high water times, but better 
for low water times. For the high and low water heights they are better. At 
Chittagong they are about the same for high and low water tirnes and for the 

High 
water 

per 
cent. 

2 I J  11 11 S. R. Tide-gauge . 
2 11 I I $ 1  Tide-pole . 

low water heights, and better for the high water heights. At Rangoon they are 

Low 
water 
per 
cent. 

better for the high water and low water times, and practically the same for the 
high and low water heights. At Moulmein they are worse for the high and low 
water timrs, they are better for the high water he~ghts,  but worse for the low 
watcr heights. 

At IGdderpore the greatest difference between the actual and predicted 
heights of low water for 1908 was 2 feet 5 inches on 24th June, the actual being 
higher than the predicted. At Chittagong it was 3 feet, on 8th July, the actual 
~ e i n g  higher. At Rangoon it was 2 feet 2 inches on 29th October, the actual 
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being lower. At Rloulmein it was 2 feet I inch on 10th and 14th July and 23rd 
Septelnber, the actuals in each case being lower. 

LEVELLING OPERATIONS. 

27.  Strength of Levellzkg sections.-During the past year three detach- 
ments were engaged on spirit-levelling operations. 

The strength of the levelling detachments in the field was as detailed be- 
low :- 

No. I detachment.-Three levellers : Mr. E. H. Corridon, ~ s t  leveller ; Mr. 
0. N. Pushong, 2nd leveller ; Mr. H. S t .  J. Kenny, under training ; 3 recorders. 

No. 2 detachment.-Three levellers ; Mr. Syed Zille Hasnain, 1st leveller ; 
Mr. D. H. Luxa, 2nd leveller; Mr. T. F. Kitchen, under training; 3 recorders. 

17:~. 3 detachment.-Two levellers : Mr. A. M. Talati, 1st leveller ; Mr. 
P. N. Sur, and leveller; 3 recorders. 

In each case the I s t  leveller had charge of the detachment. 

2 8. Program?~zefur past field season.-'I he following programme of work 
was allotted to  the detachments :- 

No. I detachme?zt- 
(i) T o  connect the stacdard bench-marks a t  Sdtdra, Belgaum, Banga- 

lore, Salem, Trichinopoly, Negapatam, Madura, Tinnevelly, Calicut, 
Bijdpur, and Altola with the adjacent lines of levels. 

(ii! To  level from Secunderdbsd vici the metre gauge section of H. H. 
the Nizdm's Gl~aranteed State Railway as  far as Dichpali Railway 
station, thence by road vid Nirmal and Edldbdd to Warora, con- 
necting the standard bench-marks a t  SecunderAbdd, Trimulgherry 
and Boldrum. 

The connection of NSchangaon hill station was subsequently added to this 
progranime at the request of the ofFicer in charge of No. 2 Party (BerPr.) 

No. P detachment- 
(i)  To  continue the main line of levels from Ndgaur to AhrnaddbAd along 

the Jodhpur.Bik.~ner Railway and the RdjputAna-Malwa Railrvay, 
connect.ing etr route the standard bench-marks at Jodhpur and 
AhmadAbAd. 

(ii) To run a branch line of levels from Pdlanpur to  Deesa, connecting the 
standard benchmark a t  Deesa. 

On completion of the work at Ahmaddbdd the detachment was instructed 
to connect the standard bench-mark at Roorkee, and to carry a line of levels 
from Hardwdr to Dehra Dlin. 

No. 3 detachment- 
(i) To level from Icatni along the East Indian Railway line to Jubbulpore 

and thence along the roi~d via' Seoni to NSgpur, connecting tile 
standnrd bench-marks ;it Jubtulpore and NAgpur. 

(ii) To level from Ll'ardha to Warora along the Great Indian Peninsula 
Rai lw .1~  line, connecting the standard bench-mark a t  Hinganqhdt. 

(iii) To  connect the stzndard bench-marks at Saugor, Raipur, Billspur, 
and Sarnbalpur. 

Subsequently at the request of the officer in charge of No. 2 Party (Ber6r) 
the connection of Iceljhar hill station and Esamba hill station of the great 
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trigonnn etrical survey, and Hinganghdt station and Karwa hill station of the 
minor trianguld~ion was added to the above programrne. 

29. Duration offietd season and  work pelformed. 
iVo. I detachntent.-This detachment left Dehra Dlin for Sdtdra on the 

8th October 1908 arriving there on the  16th idein. After preliminary arrange. 
ments were completed, work was started on standard bench-mark connections on 
the 18th October and closed at Bijdpur on the 20th December. The  detach- 
ment then proceeded to Secunderibdd, to take up the main part of the 
progra~nme, work being resumed at that place on 23rd idem, and closed a t  
W ~ r o r a  on th- 7th April 1909. The connect~sn o f  Ndchangaon hill station 
and the Akola standard bench-mark was next taken up in succession, all 
operations being finally closed at Akola on the 13th April I gog. The detach- 
mcr~t then returned t o  Dehra Dlin arriving there on the 15th idem. 

3 ~ .  No. 2 dedach~~zent.-The detachlnent left Dehra Dlin for the field 
on the 3rd October 1908 and commenced work a t  NAgaur on the I ~ t h  idem, in 
conticuation of the previous season's operations. PAlanpur was reached on the 
31st January 1909;  from this place a branch line of levels was run to  Deesa to 
connect the standard benchmark erected there. Work was resumed on the 
main line at Pilanpur on the 9th February and closed at AhmadAbdd on the 
13th March 1909. The  detachment then proceeded to Roorkee to  connect the 
standard bench-mark there with the line of levels executed by Lieutenant 
Morshead, R.E., from Nojli vid Roorkee to Hardwdr during the previous season. 
This work was finished on the 24th March and next day the detachment moved 
to HardwAr and commenced work from there towards Dehra Dlin. The levelling 
was carried out partly along the railway line and partly along the road and the 
operations for the season were finally closed at Dehra D h  on the 9th April 1909. 

31. No. 3 detachment.-The detachment left Dehra Dlin on the 14th 
October 1908 and arrived at Katni on the 18th idem. After making preliminary 
arrangements for the field work, the detachment proceeded to connect the 
standard bench-mark at Saugor and on completion of that work returned to 
Katni and commenced work on the main line, from there vid Jubbulpore to Ndgpur 
which was reached on the 4th March rgog, the standard bench-marks at Jubbul- 
pore and NAgpur having been duly connected in the course of the work. The line 
Wardha to Warora and the connection of the remaining standard bench-marks, 
and the trigonometrical survey stations mentioned in the programlne were next 
taken in hand, and the field work was finally closed on the loth Ap:il 1909. The 
detachment then returned to Dehra Dlin reaching there on the 16th April 1909. 

32. Outturn.-The total outturn of work completed by the three detach- 
ments amounted to 1,085 miles of double levelling of precision, in the course of 
which observations were taken at 13,528 stations, the total rises and falls 
amounting to 33,584 feet. The bench-marks determined were 25 standard, go 
embedded, 625 inscribed and 34 belonging to other deparlments. The heights 
of three principal and eight secondary great trigonometrical survey stations and 
two topographical survey stations were also determined by levelling, a s  a check 
on the heights deduced by triangulation. 

During the past field season three important lines of levels which were under- 
taken principally to break up the larger level circuits have been completed, via., 
( I ?  from Fero7epore across RAjputAna to AhmadlibAd, (2)  from Katni vid Jubbulpore 

Sconi to NAgpur, (3) from Wardha v d  Warora and Nirmal to SecunderPbPd. 
Tabular statements showing the details of the work performed by each 

detachment separa;ely are a~pended .  
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Tabular statement o fout furn  of  work-season 1908-09. 

NO. OF MILES DOUBLE 
LEVELLING. 

TOTAL FEET. No. OF 
.- No. O F  BENCH-MARKS CONNECTED. 

Section. 

CONNECTION OF STANDARD r 
RENCH-M\RKS AT S ~ T ~ R A ,  I 
UKLGAUM, B+NGALORE S A L ~ M  
T R I C H I X O P ~ L Y ,  NEG;PaT+ w:I 
MADI'R I, TIYXEVELLY, CALI- c 
C U T  AND BIJAPUR. 

RISE. 

141.241 

229'133 

87'075 

Month. 

October 190s . . , 

November , . . . 
December ,, . . . 

I- 

TOTAL. 

Ms. chs. Iks. ---- 
14 73 78 

39 I9 9-1 

19 43 36 

MAIN LINE. 

Ms. chs. Iks. 

...... 

...... 

...... 

.= .- L 

C Y 
3 . OLD. 5 

% 
YI o 

REMARKS. 

C m 
FALL. .? 2 $ 

71 n 

S S C U U D E R ~ B ~ D T O  WARORA 64 61 78 1.1g6'035 a,za.+181 982 ... ... ... 7 31 ... 

( April 

CONNECTION OF N ~ C H A N G ~ O N  April 1po9 . . . ...*,, 
h. s. A N D  STANDAPD ~ P N C H !  
M r n K  AT AKOLA. ---- -- -, 

TOTAL . , 

December 1908 . . . 

BE::n 

Ms. chs.1ks. 

14 73 78 

19 19 94 

19 43 36 

129'666 

310.404 

96'655 

... 

8 5 2  10 

aqg 

461 

125 

5 69 86 

4 

4 

3 

rq 41 96 

6 

13 

5 

347.426 

I 
... 

5 I ; ... 
a ' ... 

113.336 

I ?  

23 

6 

197 

... 

... 

... 

6 

I 

3 

I 6 3 I 12 ... ... 
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NO. -3 L E V E L L I N G  DETACHMENT. I 

Wardha to Warora . 

Z 
P 
N 

WI 

2 
P 
4 < 
n 

2 
0 > 
P 

* 
z 
0 

r' 
m 
< 
m 
r' 

5 
Z 
0 

$ 
m 
a * 
2 
0 
z 
Ln w 

00 
U3 

Tadu/ar statememf of outturn of work-season 1908-09. 

Secbon. 

Connechon of atanclad k c h - m d i  at 
Saugor. 

f 

I 
KPtai to Nlpput . . .  

i 
C 

. 

Connection of Keljhar G. T. Survey 
stat~on and standard bench-marks a t  

Month. 

October 1- . . . . . . . .  

TOTAL 

October1908 . . . .  
. . .  November 1906 

D r v m b e r r @ .  . . .  
. . .  Jan- 1909 ' 

February 1- . . .  ' 
March 1- . . .  

March~gog . . .  

TOTAL ' 

No. of 
stations at  

which 
instrument 
,,, up, 

26 

111 

629 

727 

1,018 

866 

121 

3.472 

685 

N o .  OF 

MAIN LINL 

Ms. c h r  Iks. 

- 
e . . . . . . . . .  

6 59 50 

40 78 66 

30 12 30 

70 57 48 

60 76 40 

06 24 

a 50 58 

46 33 51 

46 33 59 

. . . , . . . . .  

REMARKS.  

Ms. chs. I b .  
'Includes I oz 50 of check 

levelling. 

t l a c luds  I 12 70 of check 
level\~ng. 

f l n c ' u k 1  31 6 8 o f c h e c k  
levelling. 

§All check levelling. 

N o .  OF BLNCH-MARKS 
CONNECTED. 

OLD. 

Ra~pur, Bllaspur and h b a l p u r .  . . . . .  Ms. chs lks. 
... ... 3 1 lllncludes o jg lo  of cbeck 

levelling. 

a 6 . . .  

... 

I 

1 

I 

3 

MILES DOUBLE LEVELLING. TOTAL N o .  OF FEET. 

BRANCH LINE. TOTAL. 

RLe. Fall. 

TOTAL a& 

I1 3a 0611 

13 06 o 

. . . . . . . . .  

. . . . . . . . . .  

GRAND TOTAL . 

4 

--- 

4 

---- 

. . . . . . . . .  
8 

. . . . . .  

. . . . . . . . .  
4 

7 

19 

34 19 ,94 1 3oa 23 94 

I 

496.806 

496.806 

1 1  3a 06 

13 06 o 

Ms. ch r  Iks. 
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No. I LEVELLING DETACHMENT. 

List of great trigonometrical survey stations connected by spirit levelling in 
season 1908-09. 

List of great trigonometrical survey sfations connected by spirit levelling in 
season 1908-09. 

Name of Station. 

Bora Gattu H. S., Bidar longitu- 
d ~ n a l  series. 

33. Diference between Levellers (First-Second). 

Difference 
in height by 

triangulation 
in feet. 

+6 778 

HEIGHT I N  FBRT A B O V E  
MEAN SPA LEV~L.  

DiKerence in 
Name of Station. height by 

triangulat~on 
By spirit in feet. 

- .  - -- -- - --- 

1.ora H. S., of Calcutta longitudi-' [gag 357 6'357 
nal series. 

La, eta H. S., of Jubbulpore meri- d ' a 4 o  
L - i a ~  wries. 

Ne. r detachmenl: - 

REMAR& 

Upper mark-stone. 

HEIGHT I N  FEET ABOVE 
MEAN SEA LEVEL. 

REMARUS. 

Upper mark-stone. 

Do. do. 

Section Warora to Sccundtrdba'd. 

at 50th mile , + 0.c 84 
I, 100th I, . Jr0'143 
r 150th 1 ,  . +oe128 
,, 200th ,, . +0'142 

n 237th 1, . +o'r 03 

Ry spirit 
levelling. 

-- 

ao73'zz.z 

No. 2 detachmeat :- 

-- 

B Y  
triangulation. 

2080 

at 50th mile 

,, 100tll ,, 
,, 150th ,, 
I ,  ~ 0 0 t h  ,, 
,, 250th ,, 
, r  300th I ,  

,I 35('th ,, 
I, 383'd I, 

Section Nkgarr r to Ahmadn'bcid. 

Section Hardrrdr to Dehra Din.  

at 33rd mile . +0 .023  
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No. 3 delachment :- 

at 5oih mile . -0'026 

Sectiox Wardha t o  Warora. 

at 46th mile . . -0.128 

34. Levels and etaveu used in the field. - No. I detachment used cylin- 
drical levels Nos. 4 and I on all the main and princip 11 branch lines, an J  Gush- 
ing's reversible level NO. 8 5 2 2  and Bolton's rever2;ible level No. 8 2  on branch 
lines to G. T. Survey stations ; Mr. Corridon worked with the first named 
level of each pair and Mr. Pushong with tlre other. Mr. Kenny worked w~ th  the 
first or second levels according as  he a.cted for the first or second leveller. The  
staves used were Nos. or, 03, 04 and 05 of the modified Cowie pattern. 

No. 2 detachment used American binocular precise levels throughout the 
season's work :-illt. Syed Zille Hasnain worked with level No. 2697, and 
Mr. Luxa with level No. 2626 and Mr. Kitchen with level No. 2 6 9 8 .  The 
staves used by the detachment were single faced, Nos. 16 A, 16 B, 20 A and  
2 0  B, of the Committee's patterrl. 

No, 3 detachment. The  levels used by this detachrnrnt on the main lines 
and most of the branch lines were cylindrical level No 3 by Mr. Talati and 
cylind,ical level No. 2 by Mr. Sur ; on branch lines to G. T. Survey stations 
the levels used were Durnpy level NO 734 by Mr. Talati and Cushingls rever- 
sible level No. 8574 by Mr. Sur. T'he old G. T. pattern staves Nos. B t ,  B 2, 

Il l i  and 4, were employed throughout the, season. 
35. Unit Correctlbn for stages.-During the progress of the work the 

staves were compared with portable 1 0  foot standard steel bars almost every 
week, with the object of determining the  correctioll for difference in unit of pairs 
of staves, to be applied to the observed heights i n  order to obta~n the absolute 
heights. 

Tables of these comparisons are appended. 

No. I LE\ELI . ING DETACHMENT. 

P l a i ~ t  f r r c ~ s  only .  

Results of comparison of staves-season 1908-09. 

SQ~ira, I 7th October 1908.1 +'ooolq7q 
I 

1 
Belgaum, 24th ' ,, ,. . -'oom~;6 

I 
Hnngalan, ~ t t  November ., . -.ooo1518 

I 

REMANKS. Place aml date of comparison. 

- '00377a Cloudy for 

I Past 3 
rl%lys. 

- - 

N U M B E R  OF STAFF. 
- 

4 1 05 I 0' I 0 3  

-0048450 C l o ~ ~ d ~ .  
R a i l  4 
Jays ago. 
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Red Faces only .  

Results of 

Place and date of comparison. 

Trichinopoly loth November 1908 

Tinnevelly, 19th ,, BI . 

Maniydchi, 28th 3, ,, . 

Calicut, 11th December ,, . 

Secunderdbid, 24th , , 

Mbdcharla, and January 1909 . 

Narsingpet, 14th .. , . 
Upalvdi, 25th ,, . 
Dichpali, 2nd February ,, . 

Dlidhgaon, 11th ,, ,, . 

D~ingarpur ,  19th ,, I, . 
Kurn Ari,  27th ,. ,, . * 

Mawala. loth March ,, . 

Dhinura, 20th ,, ,, . 

Kdyar, ~ g l h  ,, ,, . 

Warora. 6th April ,, . 

Akoln, 13th ,, ,, . 

Narsingpet, 14th January 1909.1 +.oo;6914 +.0032446 I ( -~oo28150 1 -~0032900 7 Rcma-ks I I a s  given 
Warora 6th April ,, .I - .oo?=a l  / -.moo431 ( -.005g34z I -.oo74214 ) $5;:; 
Akola 13th ,, , . -.oozoozl +'oooz47a -'0055342 -'o070714 J dates. 

I I I I I 

Owing  to mndler levels with single w i r m  having to be used on Triangulation statiw r o n n e c t i o ~ s ,  cornparisonr of 
red h c e ~  were made of a t a v a  at Namingpet, Warora and Akola as both facee of the staves had to be used. 

REMARKS. 

Heavy rain 
last week. 

No rain since 
last com- 
pal isors. 
Clear. 

Dull heavy 
clouds for 
3 or 4 days. 

Clear. 

Cloudy for 
last z days. 

Cloudy for 
last 3 days. 

Rain during 
Interval. 

Clear and  
dry. 

,, 

Light 
scattered 
clouds, dry. 

Clouds 
gathering. 

Occasionally 
c l o u d y  
slnce 19th 
Feb. 

Dry a n d  
clear. 

Very light 
clouds OII 

19th and 
zolh Mar. 

T h ~ ~ n d e r -  
storms with 
rain durlng 
week. 

,, 

,, 

comparison of staves-season 1908-09. 

04 

+'0003746 

t'0001g76 

+'0003152 

-'o005730 

-~0001370 

-~ooo7634 

-.o003808 

-.o006072 

-.oo1g3ct6 

-~ooiog88 

-'oar7374 

-'oozr 062 

- oozz8;o 

-~002703o 

-.oozgqqo 

-.0033676 

-'0031438 

No. 

05 

+'0008746 

+'om6976 

+'0o05202 

+'ooo1712 

+.oooz4.44 

-,ooo1384 

-~0000270 

+'OOOOZIO 

-'oo15524 

- 0008738 

-.oo16002 

- 'ooz~ 812 

-'oozo152 

-'0019908 

-'oozg612 

OF STAFF. 

01 I 03 

-'0034504 

-'0039274 

-'0037IIZ 

-'oo45980 

-'oo3ggzz 

-'oo43948 

-.00382;0 

-'00+++41 

-.0063gz8 

-.oo53988 

-'0062194 

-'0065626 

-'oo69748 

-.0074408 

-'0076+64 

I 
-'0036586 -'w85278 

I 

-.0032592 -'0083060 

I 
-'oo36j68 

-'0049370 

-'0048548 

-.0056544 

-.oo54236 

-'oo55884 

-.oo568g8 

-.006063o 

-0377492 

-.006g520 

-'oo7a j72 

-'0081036 

-'0085562 

-.OOg2jZZ 

-'0097470 

-'0103932 

-~0100464 I 
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No. 2 LEVELLING DETACHMENT. 

Results o/ conrparison of staves-season 1908-09. 

No. 3 LEVELLING DETACHMENT. 

Place and date of comparison. 

Nigaur, I ~ t h  October 1yo8 . 
Khajwina, ~ 1 s t  ,, ,, . 
Got an, 1st November ,, . 
Plpar Road, 9th ,, ,, . 
Jodhpur, 19th ,, ,, . 
Lbni Junction, 2nd December ,, . 
MArwlr Pdli, 11th ,, ,, . 
Bhinwilia, ~ 2 n d  , ,, . 
Rdni, 30th ,, ,, . 
Nina, 8th January 1909 . 
Rohira, 15th 1, ,, . 
Chitrasani, 29th ,, ,, . 
Chhdpi, 12th February ,, . 
Mehsina, 23rd ,. ,, . 
K9101, 3rd March ,, . 
Sdbarmati, 13th ,, ,, . 
Hardwdr, 26th ,, ,, . 
Dofwila, 2nd April ,, . 
Dehra Dhn, 10th 9 ,  ,, . 

Results of comparison o f  staves-season 1908-09. 

I Nuuuan OF STAPP. I 

Katni, zrst October 1908 1 +0'00~0661 1 +woo18726 +0'0037612 +0.0013212 1 Clear (dew). I I 

REMARKS. 

-- 

Clear and  
dry, cool 
breeze. 

Clear and 
dry. 
,, 
,, 

,, 

,, 

,, 

,, 
,, 

,, 
Scatt e r e  d 

clouds, cool 
brceze. 

Clear and 
dry. 
,, 

Sc~t te red  
clouds. 

Clear end 
dry. 
,, 

Light clouds. 

Light acatter- 
ed clouds. 

Scattered 
clouds, cool 
breeze. . 

Place and date of comparisoo. 

Katni, 29th ,, ,, .I +woo37:78 +aool8z17 I to.ood760 +o.mogt,p I ,, I I 

NUMBER 

2 0  A. / ro a. 

Sleernan6bAd Road, 6th November +0'0033625 f0'00142jI +0'0028747 +o~wo4328 ~ i ~ h t  rain. 
1908. 

Mahangwan, 13th November 1908 . I l l  to'oo38121 +a0017663 +oaon33z5r +0.0007653 Clear (dew). 

OF STAPP. 

16 A. 

-0.0016987 

-40026367 

-0'0040527 

-0'0034451 

4 0 0 4 0 6 7 9  

--o 0059219 

-40042779 

-0~0051275 

-0.00517gr 

-ooo52851 

--0.0043973 

-woo47737 

-0 0050763 

--0'0057313 

--WOO54333 

4 '0059809 

-4 0064623 

4'0073207 

-*0061749 

-0'oor jo j r  

4 0 0 2 3 5 2  j 

-0'0037053 

-0.0032425 

-woo36603 

--00044673 

--o'oo34945 

-WOO39025 

4 '0043587 

-0,0047433 

-00043763 

-*0044091 

-0.00478j5 

-~0051565 

-~005134g 

--o'o053?53 

--0.0061469 

-0.00681 I I 

-0.0061717 

( U'hite face.) 

B I .  I B %  I 1111. I 

Sihora Road, 20th n 

16 8. 

--o'ooogryq 

-0'001g300 

-0 '00~go~8 

4 0 0 2 6 1 6 4  

-woo30860 

-0'003356+ 

--o'0031514 

-0.0034776 

-ooo39658 

--o,oo3gzoz 

-0.0034678 

-0'0038094 

-0~oo40130 

-0'0044750 

--o'o043,~36 

- 0 . 0 0 ~ 6 7 2 ~  

-0.o050028 

- -o~o541  18 

-~0050468 

4.0008712 

-0'001 7346 

-0'0033416 

--0.002g080 

-woo37740 

-0'0041354 

-0'0033254 

4 '0041122 

-0,0049666 

-0'0044890 

-~0040056 

-40041574 

-0'00453oz 

-0'004g144 

-0 'q8818 

-0.0054252 

-0'0060172 

-a0063894 

-0'0060218 

Rew~ams. 

Deori, 47th +o'ool7187 + O . O ~ I ~ ~ I  +oooog562 Clear (dew 1 1 1 and haze). 
Jubbulpnrc, eth December +@otl107,38 +o'ooz7017 +crmo5j~4 ,, 

Nigri, 2111 ., .. . ( +won l~g t l  ( t r o n t ~ ( n 2  +o.o0263ga - Y W O O ~ ~ I  ,, I I I 
M2-n r.f hnth white and black faces. 01viqa tosmallur levels u~lh :inLle wires having to be & on (lirafllatioa 

.tptiou connections both fues of staves were used. 
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Results ooj comparison of staves-season 1908-09-contd. 

1 N U M B E R  OF STAFF. 

Place and date of comparistn. 

Hulki, 30th December 1908 

Dhuma, 6th January 1909 

Canesh'ganj, 14th , ,, . 

Bandol, ~ 2 n d  ,, ,, . 

S c a t t e r e d  
c lo~~ds .  light 
rain (fros~). 

Scatt r r e  d 
clouds, rain 
twice. 

Scatt e r e d 
clouds, rain 
once. 

Light clouds. 

R ~ M A R K S .  
(While f ace). 

Mansar, zls t  ,, ., , 

N d e u r ,  1st March ,, , 

Wardha, 8th ,, ,, 
Sonegaon, 15th ,, ,, , 

4 B1. I 8 2 .  

1 

Suktalao, 29th ,, . 
K h a w h ,  6th February ,. . 

Chorebaoli, 13th , ,, . 

1111. 

to.0030787 

+ooo28956 

+o  oo31oo4 

+tT0027970 

+o'ooz5334 

Warora, 29th ,, ,, .I +6.0015498 / --o.aoog8jg o 0000762 1 --0'00214:7 Cloudy. I - i 

i 0.0004324 +o.oooo7z3 
Ndgri, 

+ooo03269~1 + O O O O ~ I ~ ~ *  
I 

+~@016208 - ~ ' O O O ~ O I ~  +0'000~758 -~001gj67  Scatt e r e d 
Bilbspur, 7th April igog 11 1 1 1 clouds. + o'oo154g7* --0'ooo8984* +o.ooo~ I oo* --o.ooof 877' 

+o'oo15830 

+o-o017553 

+0.0006052 

+~0009274 

+0.0005833 

Light clouds. 

I 

Mean of both white and black faces. Owing to ~ m Y l e r  levelsdith single wirw hariag to be uszd on triangulrtiun 
station mnnutibns both faces of staves were used. 

+o-0022396 +o.o003ogg I 

36. Change in the system. of levelling.-Binocular precise levels have been 
used by No. 2 levelling detachment since 1905.07. Some modifications were 
mad? in the G. T. Survey levelling system consequent on the use of the above 
levels. These modifications were fully described in the narrative report for 
season 19q7-08. The principal change was that three readings were taken on 
one lace only of the staFf in p!ace of one reading on each of the two faces. This 
change in the system resulted in an appreciable saving of time and labour, and 
a corresponding increase in th? oulturn of work. I t  was therefore decided to 
introduce the modified system of observations in all first class levelling opera- 
tions conducted by the Survey of India. At the commencement of the past 

+o'0030606 

+o.ooz8162 

+ ~ o 0 1 8 0 8 5  

+o 0021352 

-to'ooo5546 

field season the number of Binocular prrcise levels in stock with the party was 
not sufficient for the use of all the levelling detachments. Tile existing cylindri- 
cal levels were therefore provided with three horizontal mires and these were suc- 
cessfully used under the modi!ied system by detachments Ros. I and 3. During 
the past field season, all the main lines and most of the branch lines have been 
execr~trd by the modified svsiem of levelling. On branch lines to some of 
th.? G. T. Survcv hill st,~tions, the cvlin:lrical levels fitted with three horizontal 
wir-s co!lld not be used on accr-Junt of the strep nature of the ground, hence 

+o.o002586 --0'0012181 
I 

smallrr levels containing single horizontal wires were usctl. In such casrs 

+o~ooog752 

-ooooo8jg 

--o.oooz8j1 

Clear. 

+ooooz407 

-0'0003849 

the old svstetn of observation w , ~ s  rlnployed. 
A sufficient number of Binocsul ~r precise Icvcls has non been ohtdincd and ~t 

will be possible to equip all the three detachments with levcls of this description 

Scatt e t e d 
clouds, rain 
t\rrice. 

S c ~ t t  e r e d 
clouds, ra:n 
onre. 

Clear. 

Scatt e r e d 
clouds. 

Scatt e r e d 
clouds. 
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during the coming field season, and the old system of observations will no longer 
be resorted to. 

37. Levelling z i t  the Himaluyns.-At the instan?e of  he Director, Geologi- 
cal Survey, instructions w:r- received to carry out linei of precise levelling to 
certain Himalayan statiorls during 1939- i o. An o?por:urlity was therefore 
taken towards the close of the year under report, to supplement the b?nch-marks 
fixed between Rijpur and Mu;soore= in 1905, by special:y selected and protect- 
ed rock-cut bench-marks, as  a model for the above lines. Filteen bench-marks 
were fixed on ground rock and protected by masonry pillars 2 feet square and 
about g inches high with an aperture in the centre 6 inches square. On the top 
of the protecting pillar a stone slab g inches square and 2 inches thick has 
been fixed bearing the following inscription :- 

G. T. SURVEY 

0 

In fixing this slab care wns tak-n t~ put the circle vertically above the 
mark cut on rock and the height of the upper mark above th. lo\ver was care- 
fully measured. I n  addition to the above bench-marks one stand.1rd and 3 in- 
scribed bench-marks mere also built at Mussooree. All tht: new bench-marks 
were duly connected by levelling. 

38. Standard Beyzch-marks.-During the past year 16 standard bench- 
marks were erected and 26 co~~nected ,  32 are under construction and 39 ham 
been propos~d for erection. 

The following is a complete list of standard bench-marks as they stood a t  
the close of year 1908-cg :- 

Under construction. 

I in Berhampur. 

1 in Vizagapatam. 

I in Cocandda. 

I irt Bezwhda. 

I in Nellore. 

I in Motfhiri. 

r in Bankipore. 

I in Bhigalp3r. 

r in Rurdwin. 

I in Purnea. 

I in Dindjpur. 

r in Cuttack. 

I i n  Batasore. 

r in Dhubri. 

I in Gauhiti. 

Nos 

r 

2 

3 

4 

5 

6 

7 

8 

g 

l o  

I I 

12 

13 

14 

15 

Completed and connected. 

I in Calcutta (old). 

2 in Bombay (old). 

I in Madras (old). , 

I in Xarichi (old). 

I in Rangoon (old). 

2 in Dehra D6n. 

I in Sahhranpur. 

z in Muzaffarnagar. 

2 in Meerut. 

I inAllgarb. 

I in Bareilly. 

I in Shkhjahdnpur. 

I in Lucknow. 

2 in Sitlpur. 

I in E y ~ l b i d .  

I Completed not yet connected. 

r in Sukkur 

I in HyderQbld (Sind). 

r in Kadchi. 

I in Mhow. 

I in J a ~ o b i b i d . ~  

I in Surat. , 

I in Godhra. 

r in Dhillia. 

I i n  Bahiwalpur. 

I in RQjkot. 

I in Khlnpur. 

I in Sadikganj. 

I in Baroda. 

I in Muzaffarpur. 

I in Rewah. 



N o s  1 Completed and mnnec~ed. I Completed not yet connected. I Under construction. 

.411ahdbAd. 

h1 irzipur. 

Benares. 

Ghdzipur. 

Gorakhpur. 

Muttra  

Agra. 

Gnalior. 

Lahore. 

Ri~valpindi.  

Jhdnsi. 

Delhi. 

Arnbdla. 

Ludhidna. 

Ferozepore. 

Jhrlum. 

I in Rangoon. 

I in Pegu. 

I in Toungoo. 

I in Mandalay. 

x in Shwebo. 

I in Meiktila. 

I in Magwe. 

I in Myitkyina. 

I in Wuntho. 

2 in Bhopdl. 

I in Barisil. 

I in Comilla. 

I in Chittagong. 

I in Dacca. 

I in Mymensingh. 

Nos. 1 Completed and connected. I Proposed for erection. 

I I in Attock. 

I in Ahmadnagar. 

I in Kirkee. 

2 in Poona. 

I in Sholipur. 

I in Multdn. 
* 

I in Dera Ismail Khin. 

I in Raichilr. 

I in Cuddapah. 

r in Madras. 

I r in Bikaner. 

I I in SitAn. I r in Belpum. 

Silchar. 

Sylhet. 

Dibrugarh. 

Bhamo. 

Thabeitkyrn. 

Sagaing. 

Mayrnyo. 

Hsipaw. 

Lashio. 

Akyab. 

Tavoy. 

Mergui. 

Sandoway. 

Yamethin. 

Thazi. 

Kyaukse. 



r in Sukkur. 

I in Hycleribid. 

I in Karachi. 

I in Mhow. 

I in JacobibAd. 

I in Surat. 

Proposed lor erection. 

Myingyan. 

PakBkku. 

Monywa. 

Thayetmyo. 

Thaton. 

Pa-an. 

Kyaikto. 

Moulmein. 

Kalaw. 

Taunggyi. 

Loilen. 

Insein. 

Taikkyi. 

K y a u k t a ~  

Tnante. 

Tharrawaddy. 

Zigorl. 

Prome. 

Henzada. 

Myanaung. 

Danubyu. 

Myaungmya 

Ma-ubin. 

Nos. 

Most of the following standard bench-marks, completed and under con- 
struction, will it is hoped be connected during the field season 1909-10 :- 

I in Berhampur. 

r in Vizagapatam. 

I in Cocanida. 

r in BezwQda. 

r in Nellore. 

I io Motfhdri. 

Completed and connected. 

Nos. 

7 I I in Godhra. r in Bankipore. 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69  

Completed. 

I in Saugor. 

I in Bangalore. 

I in Jodhpur. 

I in Calicut. 

I in Jubbulpore. 

I in Negapatam. 

r in Madura. 

I in Trichinopoly. 

3 in SecunderAbid. 

I in Salem. 

I in Tinnevelly. 

I in Bijiput. 

I in Deesa. 

r in Nlgpur. 

I in HingangMt 

I in Akola. 

! in Raipur. 

r in Bilispur. 

I in Sambalpur. 

r in Ahmadlbld. 

I in Roorkee. 

I in Mussooree. 

Under construction. RBMARES. 

I L- 
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39. Destruction of benck-marks.-During the  past year 65 bench-marks 
were reported a s  lost or destroyed. 

40. Recese duties.-The levelling computations have been completed 
and manuscript pamphlets of heights have been brought up t o  date. 

41. Health of levellrizg detachments.-The health of the  members of the  
levelling detachments was generally far from good a t  t h e  commencement of the  
field season, a large percentage of t h e  establishment suffered from malarial fever. 
But later on the health of the  men improved and in the  latter portion of the 
season was on the  whole good. 

42. InsPection of the party.-The Superintendent, Trigonometrical Sur- 
veys, inspected the  party in May 1909. 

43. Programme fm j e l d  season, 1909-1o.-The levelling operations to 
be performed during the  coming field season are  :- 

No. I Levelling detachment.- 
(i) New levelling from Wuntho to  Myitkyina. 

(ii) Revieion levelling from Pyinmana to Rangoon. 

Nos. 

- 
8 

9 

10 

11 

12 

13 

14 

15 

RIHLRLS Completed. 

I in DhGlia. 

I in Bahiwalpur. 

I in Rijkot. 

I in Kh4npur. 

I i~ Sadikganj. 

I in Baroda. 

I in Muzaffarpur. 

I in Kewah. 

Under c~nstruction. 

I in Bhigalpur. 

r in Burdwdn. 

I in Purnea. 

r in Dindjpur. 

I in Cuttack. 
I 

I in Balasore. 

I in Barisil. 

I in Comil!a. 

I in Chittagong. 

I in Dacca. 

I in Myrnensingh. 

I in Dhubri. 

I in Gauhiti. 

I in Rangoon. 

I in Pegu. 

I in Toungoo. 

I in Mandalay. 

r in Shwebo. 

I in Meiktila. 

I in Magwe. 

I in Myitkyina. 

I in Wuntho. 

2 in Bhopil. 
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(iii) The  connection of standard benchmarks at Rangoon, Pegu, 
Toungoo, Mandalay, Shwebo, Meiktila, Magwe, Wuntho and 
Myitkyina. 

No. 2 Levelling detachment- 
(i) Levelling from Siliguri to Tindhiria. 

(ii) Levelling from Bareilly to Naini Tdl. 
(iii) Levelling from Hardwir to Lansdowne. 
(iv) ,, ,, Ambdla to  Solon. 
(v) The connection of standard bench-marks at Nellore, Bezwdda, Coca- 

ndda, Vizagapatam, Berhampur, Cuttack, Balasore, Burdwhn, 
Gauhdti, Dhubri, Dindjpur, Purnea, Bhdgalpur, Patna (Bankipore), 
Muzaffarpur, Motihdri, Rewah and Lucknow (new). 

Na. 3 Lmelling delachment- 
(i) Levelling from Laluwali T. S .  near KhLnpur to Rohri. 

(ii) Levelling from Shikdrpur t o  Jacobdbdd. 
(iii) Levelling from Pali H. S. to Godhra. 

(iv) 1 ,  ,, Lahore to  Dharmkot. 
(v) The connection of standard bench-marks at Sadikganj, Bahswalpur, 

Khinpur, Sukkur, Jacobibid, HyderAbdd (Sind), Kardchi, 
Godhra, Baroda, Rdjkot, Surat, DhGlia, Mhow, and BhopPI. 



THE PENDULUM OPERATIONS. 

Extracted fromthe Narrative Report o f  Captain 8. McC. Cowie, R.E., in charge 
No. 23 Party (Pendulums), for the Season 1908-09. 

I. During the winter of 1908-09, pendulum operations were carried out 
in the western portion of Central India, the stations visited, lying, for the most 
part, in the SAtpura and Yindhyan hill tracts. Latitude operations executed 
in peninsular India had revealed deflections of the plumb-line which pointed to 
the existence, in the material forming the earth's crust, of a belt of great den- 
sity, the southern edge of which runs from about BhusAwal towards Hingan- 
ghAt and thence north-westwards, to a little to the north of BilAspur. Plumh- 
line deflections had also indicated the existence of a tract, stretching from west 
of Ahmadibid to Indore and Mhow and perhaps a little further eastwards, where 
the subjacent matter was of low density and which, lying within the belt of high 
density, appeared by reason of its relatively small area a s  an intrusive feature. 
One of the objects of this season's work was the more precise location of the 
lines of demarcation between the regions of high and low density. Besides 
this, the operations were expected to add materially to the data gradually being 
collected for the purposes of future discussions of the larger questions of the 
compensation of visible masses and the investigation of the constitution of the 
earth's crust. 

2. The examination of the variation of gravity in Central India embraces 
an array of conditions somewhat different to those prevailing in extra-peninsular 
regions. In the former, the geological formations comprise the oldest rock 
strata of India. They cover enormous areas and show that from early geolo- 
gical times the crust, here, has not been subjected to great pressures. The 
b?ds are little disturbed and the present configuration is mainly due to denuda- 
tion. The hill masses have not been produced by folding nor by upheaval of 
the crust, but are merely the remnants of the extensive plateaux existing in earlier 
times. The relations of the crust to the internal magma are, here, perhaps, 
more uniform than in extra-peninsular India. The crust has not, it would appear, 
been subjected to gieat laterdl thrust. The stresses which portions of it have 
had to withstand have been caused, rather, by overloading by volcanic ejecta 
and the material has yielded ta the forces in operation not by folding but more 
probably by faulting. On the other side of the Gangetic plain the case is en- 
tirely different. Here the geological formations are much contorted; every- 
where there are signs of great crustal disturbance ; strata, much folded and 
crushed, have been thrust upwards, forming mountain masses. It cannot be 
supposed that the enormous pressures, which have produced this condition, 
have been operative only on the surface of the crust. It seems reasonable to 
inier that the relations of the crust to the interior have been similarly disturbed ; 
that !he mountain masses on the surface are but incidental features of the thick* 
ening of the crust below, portions of which have been forced downwards into 
the magma. The characters of the two regions are, thus, very dissimilar. 111 

the one case, it is that of a portion of the crust, stable and quiescent through 
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long ages, while that of the other is appropriate to the scene of much orogenic 
disturbance. This variety of character in the peninsular and extra-peninsular 
areas constitutes one of the most attractive features of gravimetric research in 
India, giving rise to problems of much interest as  to whether the crust in 
peninsular India has arrived a t  a condition of isostasy ; whether this condition has 
been affected by great denudation of the surface ; whether the attaining of such a 
condition in the extra-peninsular area has been assisted or retarded by the great 
crustal movements which have taken place there. 

3. The stations visited were- 

Station. Latitude. Longitude. Height. 

Ujjain . 
Mhow . 

Mukhtiara 

Mortakka 

Khandwa 

Aslrgarh . 
JQlgaon . 
Amraoti . 

Ellichpur . 
Badnlir . 
Shahpur , 

Hoshangibbd 

- 

feet. 

1,612 

1,903 

926 

576 

1,014 

2,07 7 

760 

1 1 1 ~ 3  

1,314 

2, I "3 

1,286 

1,002 

Both Ujjain and Mhow are on the gentle northern slope of the Vindhyan 
plateau, Mhow being close to the crest of the southern scarp. Mukhtiara and 
Mortakka are in the Narbada valley. The  former is 12  miles north of the river 
and some 8 miles from the Vindhya crest which here runs up, in places, to about 
2,500 feet above sea-level, and the latter place is immediately on the south 
bane. Khandwa lies between the Narbada and Tapti rivers, in the gap of the 
SItpura hills. Asirgarh is on one of the high peaks defining the crest of the 
SAtpurAs, a prominent feature of  the locality, of the type common in Western 
India, flat-topped with precipitous sides. From the southern foot of the hill, 
the ground slopes gently to the Tapti. On the north, after a belt of irregular 
hill masses, relatively lower in height, the ground slopes to the Narbada. T o  
the west of Asirgarh, the Sdtpurds are represented by a mountainous region 
with occasional high peaks, while immediately to  the east, occurs the noticeable 
break in the system, some 25 miles wide. Jdlgaon is situated in the Tapti 
valley about 7 miles south of the river. Amraoti and Ellichpur lie in the Berdr 
plains south of the SAtpurAs. Badn~ir aud Shahpur are over the centre of  the 
Satpura mass and HoshangdbAd is on the south bank of the Narbada. For 
the greater part, these stations lie upon, or very close t o  the edge of, the 
Deccan trap. HoshangSbAd is on the alluvium of  the upper reaches of the 
Narbada, while Jdlgaon is close to the edge of the alluvium of the Tapti valley. 
Generally speaking, the trap to the north of the Narbada, overlies Vindhyan 
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beds, while to the south the gneiss of peninsular India, presumably, lies at the 
base of the basalt. 

4. At all these places, thanks to the kindness of local officials, the pen- 
dulum observatory could be installed in masonry buildings. At most of them 
the means of easily controlling the temperature within the room were sufficient. 
The exceptions were Ellichpur and Badnlir, where the rooms were small and 
isolated, with little protection from the sun, and Asirgarh, where the control 
was somewhat difficult by reason of the prevailing high wind and an indifferently 
weather-proof building. 

5 .  The  temperature changes will be found summarised in table I. The 
value of the mean hourly change of temperature was comparatively large at 
Ellichpur, Amraoti and Mhow. No corrections for lag in temperature have, 
however, been applied to the times of vibration. 

TABLE I. 

Average temperatures during the observations. 

6. Determinations of the flexure of the pendulum support were made 
both before and after the series of observations of the time of vibration of the 
pendulums. On each occasion at least two sets of flexure determinations were 
made. The results w e  exhibited in table 11. As will be seen there, the flexure 

Station. 

Dehra Drjn, December, 1908 . . 

Ujjain . . , , . . 
M ~ O W  . . . . . . 
Mukhtiam . . . . . 
Mortakka . . . . , 

K'nandwa . . . . . 
Asirgarh . . . . . 
Jdlgaon . . . . . 
Amraoli . . . , . 
Ellichpur . . . . . 

Hoshangdbdd . . , . 
Shahpur . . . . . 
Badnljr. . , . . . 
Dehra D~in,  May, 1909 . . . 

Average 
temp. C. 

0 

15-48 

21.22 

19'58 

23-80 

1473 

18'50 

11.91 

18.06 

28'72 

29.59 

28'71 

29.50 

26'99 

z5 .y  

NIGHT.  

Average 
temp. C. 

-. 

15-74 

21.61 

19.84 

24'55 

25-10 

19'64 

2a.14 

,29'36 

29'37 

30'67 

28.92 

"9'91 

26'95 

25.33 

DAY. 

Average 
temp. C. 

0 

15'23 

zw8a 

19'28 

2xo1l 

23'36 

17'36 

21-68 

27'75 

18'07 

28.50 

18-51 

29'08 

27'02 

25.31 

MEAN. 

Hourly 
change. 

0 

+0'16 

+o-08 

+o'lr 

+o'o$ 

+0"3 

+o'IS 

+w18 

+0'04 

+0'21 

+0'1s 

+O'O? 

+W13 

+wI3 

+0'15 

Hourly 
change. 

0 

+0'13 

$6.07 

+oe09 

woo 

+o'o5 

+0'04 

$0'15 

-0'08 

+0'09 

--O'IO 

+0'02 

+0'04 

+wo7 

+w14 

Hourly 
change. 

0 

+0'1g 

+ ~ 0 9  

+0'33 

+oaro 

+o'ar 

+oa26 

+ca r  

+w16 

+036 

+060 

+wro 

+a22 

+wzo 

+o'16 
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correction remained very steady at each place and varied during the season from 
37'X 10-7 to 67'~ 1-7. 

TABLE 11. 

Adopted 
Flexure 

correclion. 

45'0 

51.1 

37'3 

46.0 

67'5 
- 

5 *o 

Station. 

Dehra D i n  . . 

Ujjain . , . 

Mhow . , 

Mukhtiara . . . . 

- 

Mortakka . 

-- 
Khandwa . 

The $ e x w e  correction. 

Date. 

1908, December 2nd.  

I, 18th. 

I 908, December 3 1st. 

I gog, January 4th . 

~ g o g ,  January 8th . 

11 12th . 

rgog, January 15th . 

I J lyth . 

1909, January zznd . 

I I 26th . 

1909, January 29th . 

1909, Februarg 2nd . 

Observed 
Flexure 

correction. 

- 

43'9 
45'4 
4 6.8 
45 '0 

44'8 

44'7 
44'2 

51'0 
51.4 
51.6 

50'3 
51.1 
51.1 

36.7 
37' 1 

36 9 

37'0 
38.2 
b7.9 

P 

46.5 
47'8 
46.6 

46.6 
44'2 
44'0 

69.2 
68.4 
68.6 

64'4 
67'4 
6 6  7 
- 

51.5 
51.6 
53" 

51.6 
52'5 

I S  I 



TABLE II-contd. 
- ~- - 

Station. 

Aslrgarh . . 

Date. 

1909, February 7th . 

11 13th . 

Observed 
Flexure 

correction. 

46. I 
45'7 
46.8 

46'3 
45'9 

Jblgaon . . 

Amraoti . . 

Ellichpur . 

Hoshangibid. . . 

Shahpur . . . 

Badndr . . 

Dehra Din . . 

Adopted 
Flexure 

correction. 

46.0 

38.9 

44'7 

50- r 

53'1 

52'2 

43'5 

37'8 

1909, February 18th . 

JJ 24th . 

1909, March rst . 

J I  7th . 

1909, March 13th . 
J P  16th . 

1909, March 26th . 

J, 30th 

1909, April 4th , 

I t  7th . 

1909, April I rth . 

J )  14th 

1909, April 29th . 

1909, May 3rd . 

1 45.3 

39'4 
39' 1 

38.1 
38.9 

44'7 
45' 1 

44'0 
45" 

50'4 
50.2 

49'7 
50.0 

55'5 
53'4 
53'4 

52'4 
5 1'0 

52-6 
52.6 

51.4 
52'2 

44'6 
44'0 

42'9 
42'4 

38'3 
38'5 

37'3 
37'2 
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T h e  unit in table I 1  i s  t h e  seventh decimal place of a second. 
7. Throughout t he  season, t he  clock ra te  was determined by Mr. 

Hanuman Prasad with the Bent Trans i t  Instrument made  by Messrs. Troughton 
and  Simms. T h e  results of his observations were thoroughly satisfactory, t he  
mean p. e.of a c l o c k  ra te  determined by observations on two successive nights 
being f o"oi2 and  the  mean p. e. of a value of the  ra te  derived from obser- 
vations of one  s tar  on  two successive nights f 08.042. 

8. In table 111 a re  given the  observed t imes of vibration o f  t he  four 
pendulums in December 1908 and April-May rgog, a t  Dehra  D6n, and t h e  value 
of the  t ime of vibration of t he  mean pendulum adopted  for the  season. 

TABLE 111. 

Times  of vibration of t h e  several pendulums. 

I t  is interesting to  note the gradual change that  has been taking place in 
the  times of vibration of the  pendulums since January 1904. T h e  following is 
a summary of the values of t be  times of vibration a t  diflerent dates. 

P 

Date. 

1908, Dec. 14-15 

15-16 

16-17 

17-18 

Means . . 

1909, April 29-30 

April 30 May z 

May 1-9 

Means . . 

Generzl Means 
adopted for the 
season . 

Differences, 

Mean. 

0'5072504 

2495 

2498 

2497 

0.5072499 

0~5072500 

2495 

24!43 

0-5072496 

0.5072497 

May-Dec. . 

No. 137. 

0'5072567 

25 70 

2565 

2570 

0'5072568 

0.~072560 

2 567 

2547 

0.5072558 

0.5072563 

--8 

No. 138. 

0'5075001 

4988 

4988 

5001 

0.5074995 

0'5074990 

4984 

4988 

0.5074987 

0'5074991 

+ I I  

No. 139. 

0,5071583 

1567 

'573 

1 5 5 ~  

0'5071 570 

0.5071587 

1578 

'579 

0'5071 58 I 

0'5071576 

p p  

No. 140. 

0'5070864 

0855 

0865 

0859 

0.5070861 

0.5070862 

0851 

0 ~ 5 9  

0.5070857 

0'50i0859 

-4 -3 



TABLE 1V. 

Times of vibration of t h e  pendulums a t  Dehra  Dbn a t  different t imes between 
January 1904 and May I 909. 

T h e  accompanying diagram, on which the changes in the  times of vibration 
have been plotted, shews a t  a glance t h e  nature of the  behaviour of each pendu- 
lum. T h e  black traces have been drawn through t h e  points reprrsenting t h e  
observed v a l u ~ s  of the  times of vibration. T h e  red lines exhibit t he  most 
probable linear equations representinp the  black traces. T h e  assumptions made 
here are  that  the  change in each pendulum is a linear function of the  interval of 
time and that  the discrepancies between the  black trace and the  red line a r e  
accidental. With  regard to t h e  former, it would be more correct, if it be 
admitted that the alteration of the  length of the pendulum is due t o  molecular 
change,  to  represent the  variatiori of the  time of vibration by an  equation of a 
degree other than the  first. For  it is reasonable to  suppose that ,  with the  
increasing a g e  of the  pendulum, t h e  intensity of the  molecular forces producing 
change would become weaker and that the  curve exemplifying the effects of 
molecular change ~vould be such that, if the co-ordinate y represent the  effect 
the  axis of x would be  an  asymptote. 

At present, however, the  data  a r e  insufficient to  indicate t h e  most suitable 
equation. An examination of t h e  diagram shows that the changes in the  pmdu. 
lums are practically a s  great  now a s  they were five years ago,  that we are, as it 
were, still occupied with a portion of the  curve where the angle between the 
tangent and the axis of reference, though comparatively large, varies but slowly. 
T h e  diagram, it should be noticed, shows only the  changes that have lakerl 
place, not the  absolute values. T h e  traces for the different pendulums have 
been so  placed on t h e  diagram a s  to interfere a s  little a s  possible with one an- 
other, confusion o f  lines being thus avoir1t.d. T h e  three pendulums Nos, 137, 
138, 139 appear to  have changed in much the same way, all show a decrease of 

Date. 

I goq, January . . 
,1 May 

,, November . 
1905, May . 
,, November . 

1906, April . 
,, November . 

1907, April . 
1908, January . 
,, April . 
,, November . 
,, December . : 

rgog, May . 

No. 140. 

0.507086g 

0859 

0849 

0868 

0854 

0860 

0866 

0867 

0865 

0874 

0866 

0861 

0857 

No. 137. 

0'5072599 

2589 

2599 

2581 

2583 

2598 

2598 

2560 

2566 

2534 

2572 

Mean. 

0.5072528 

2519 

2522 

2509 

2506 

2515 

2517 

2505 

2510 

2512 

2507 

2499 

2496 - 

No. 138. 

-- 

0'5075016 

5015 

5016 

5001 

4990 

5001 

5005 

5002 

501 1 

5004 

5002 

No. 139. 

0.5071626 

1613 

I 623 

I 583 

1598 

I599 

1599 

'590 

1596 

I595 

1589 

2568 1 4995 

2558 , 4987 

1570 

1581 
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length. No. 140, on the other hand, shows only a small change and that seems 
to incline towards an increase of length. This slow decrease of length is not an 

unusual phenomenon in pendulum operations. 
Professional Paper No. 10, pages 160, 161 should be referred to regarding the 

change that took place in pendulum No. 137 between November 1906 and April 

1907. 
9. It  may be of interest to examine the changes that have taken place 

from time to .tiale, during the periods of rest and work respectively. These 
I 

changes are tabulated below. 

TABLE V. 

Changes in the times of vibration of the several pendulums during periods of 
work and rest respectively. 

Changes during periods of work. 

Period. No. 139. 

, 

January 1904 to May 1904 . -13 

November ,, to ,, 1905 

,, 1905 to April 1906 + I  

,, 1906 to ,, 1907 . -38 -- 9 

January 1908 to ,, 1908 . . +8  - I  

November ,, to May 1909 . 
Changes duritzgperlbds of rest. 

No. 140. 

, 

-10 

+ ~ g  

+ 6  

+ I  

$ 9  

-9 

pendulum. Mean 

-9  

-13  

+ g  

- 12 

+ a  

- 1 1  

May 1904 to November 1904 . . 
,, I905 to ,I I905 . 

April 1906 to ,, 1906 . 
,, 1907 to January 1908 . . 
,, 1908 to November 1908 . . 

The unit in the statement above is the seventh decimal place of a second. 
Here it is seen that the changes that take place during the field season are 
somewhat ~ r e a t e r  than the similar quantities for the periods of rest, though the 
duration of the intervals of lime is practically the same in the two cases. 

10. Table VI shews for each station the time of vibration of the mean pen- 
dulum, the differences of these quantities from the corresponding quantity for 
Dehra Dlin, and the values of gravity deduced from these differences, using for g 
at Dehra the v ; \ ~ I J ~  979'063 dynes. The p. e. of one determination of the time 
of vibration of the mzan penll6lua-1, as derived from the differences between the 
several values of the time of vibration of the mean pendulum and the respective 
station mean, is 

3142x lo-' 

This quantity corresponds to about f o.ooog dynes for the values given in :he 
last column of table VI. 

P a  

+ 3  

-3 

+ 2  

+5 

-5 

+ 1 0  

+ l o  

o 

+ 6  

-6 

+ I O  

+ 2  

o 

+ 6  

-2 

- 1 0  

- 1 4  

+ 6  

- a  

-8 

+ I  

- 1 1  

+ 4  

+ g  

- 2  



TABLE VI. 
Table giving for each station, the mean observed times of vibration and the 

values of g deduced therefrom. 

Station. 
Time 

of 
vibration. 

Dehra  D i n  

Ujjain . 
Mhow . 
Mukhtiara 

Mortakka 

Khandwa 

Aslrgarh . 
J i lgaon , 

Amraoti  . 
Ellichpur . 
Hoshangibdd 

Shahpur . 
Badniir . 

Difference 
from 

Dehra. 

- -- 

I I. Table VII gives for each station, the observed value of gravitv g, the 
corrections for height, mass and uneven terrain and the resulting valuego" of gravity 
at sea level, the theoretical value yo and the differences and go-yo. 

In computing the theoretical values, use has been made of Helmert's 1884 

Observed 
value of 

E 
dynes. 

formula 
y0=g78'oo{ I +o'oo531o Sina+] 

and in reducing the observed values to sea level, the density of surface masses 
has been assumed to be 2.8. 

TABLE VII. 

CORRECTIONS 

go*-lo- go-70. I Value of 
gravity at 
Sea level. 

;:far. 

dynes. 

978.77~ 

978'730 

978'718 

978.737 

978.752 

978.711 

978.677 

dynes. 

4 0 3 1  

-0 '033 

-0.035 

-0.006 

+0'038 

t w o 1 7  

t0.oI . I  

70 

dynes. 

978 Boa 

978763 

978'753 

978.743 

979'714 

978'694 

g;%(dj 

- 
?tc:: 

o 

o 

0 

o 

o 

+o.o06 

o 

- 
d y n a  

+ o ' W  

4 0.034 

-So03  

+0V14 

+0'073 

t ~ a  
+0'039 

fa height. 1 for rnw. 

979.675 

978.694 

978.777 

975.738 

t u 1 5 0  

+0'177 

+o.c86 

+O.OSJ 

+ c o g s  

+0.194 

+o.o71 

Wlichpur . . 
Horhaogabhd . 
S h d I p ~ r  . . 

--------- 

-0.056 

-0'067 

--o 'o~z 

-o.oav 

-so35 

-0.073 

-0.027 

o 

o 

a 

o 

+ o . r o ~  

+o.111 

+oaogj  

+o . l lo  

a l  18 20 

aa 45 o 

a2 11 30 

+0q9 

tw0S5 

+O.Os 
+*" 

- 4 0 3 9  

- 4 0 4 6  

-0.035 

-0.045 

Bad061 . 

g79.665 1 +o'olo 

978.685 ' + 0 . W  

+0'1(b 1 - '43 
+m079 

77 30 40 

77 43 50 

7; 54 l o  

978.773 

978'7.13 

978 714 0 1 8 0  21 54 I0 77 9 10 I 

+ o . o ~ J  

-0.005 

I O " ~  

1.314 

1,ooa 

1,286 

978.618 

978.719 

978.663 

2.103 8 
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P.t the first three stations, Ujjain, Mhow and Mukhtiara, on the scarp and 
plateau of the Vindhyas, the force of gravity varies but little and is in defect by 
about 0.033 dynes, on an average. Between Multhtiara and Mortakka on the 
bank of the Narbada, the intensity of the force increases, until a t  the latter 
place it is only slightly in defect. Further still to the south, a t  Khandwa and 
Asirgarh in the Sdtpura tract and a t  JAlgaon, south of the SAtpurAs, gravity is 
fourid to be in excess, the maximum, s o  far as the stations visited are concerned 
occurring a t  Khandwa, where the observed value, reduced to sea level, exceeds 
the theoretical by 0.038 dynes. 

Generally, then, at the stations visited in the Vindhyas, gravity is found t o  
be in defect, while in the Sdtpurds it is in excess. The  coincidence, however, 
of the line of demarcation between the areas of excessive and defective gravity 
with the natural boundary between the Sdtpurds and the Vindhyas may be only 
accidental and further investigation is necessary before we can apply the 
generalization made above to these hill systems as  a whole. At Arnraoti and 
Ellichpur, in the plains of Brrdr, south of the SdtpurAs, gravity is in excess by 
about the same amount as  a t  Jdlgaon, at the same latitude but z0 further west. 
As we move northwards, across the Sdtpurbs, to Hoshangdbdd, on the 
Narbada, the force of gravity, we see, decreases somewhat. It is to be noticed 
that at Shahpur gravily is in slight defect, whereas the results obtained at 
Badn6r and HoshangAbid would poir~i to a small excess. An interesting 
feature of the results tabulated above lies in the fact that whereas in previous 
years txcess of gravity had been found only at low-lying places, under 750 feet 
above sea level, we have here seven stations a t  altitudes of from 760 to 2,100 

feet, at which gravity is in excess. 
1 2 .  The following is a brief comparison of the season's results with values 

of g",--y, determined at places in extra-peninsular India, lying at approximately 
the same height as the Central Indian stations :- 

~,"-YO 
dynes. 

- 0.006 

+ 0.003 

+ 0.006 

+o'o~a 

+ 0'004 

-0.027 

-0.058 

-0'035 

-0'095 

-0.1 14  

0.004 

+ 0.038 

- 0' 179 

Station. 

- -- 

Mortakka, Central India . 
Montgomery . . . . . 
Ferozepore . . 
Jblgaon, Central India. . 
Mi6n Mir . . 
Meerut . 
Kaliina . 
Mukhtiara, Central India . 
Nojli . 
Hardwdr . 
HosbangdbAd, Central India . 
Khandwa, Central India . 
Pathbnkot . 

Height in 
feet. 

5 76 

557 

647 

760 

708 

734 

810 

926 

879 

949 

1,002 

11014 

1,068 



Station. Height in I go'-- 7. 
dynes. 

Amraoti, Central India . 1,123 + O - O I O  

Shahpur, ditto . . 
Ellichpur, ditto . . 
Fatehpur . . 1 1,434 : I -0-100 

Ujjain, Central India . 
Mohan . _ .  

Kalsi 

Mhow, Central India. 

Asirgarb, ditto . 
BadnGr, ditto , 

Kilka . I . 
Dehra DGn . 

Along the meridian of 76' between Jdlgaon and Ujjain, the variations of 
gravity show that a greater amount of matter is present to the south of the 
Narbada than to the north. This is not revealed by the actual configuration of 
the terrain. The summits of the Vindhyas to  the north are just as  high as those 
of the SLtpuris to the south. Indeed, the visible masses to the north and south 
of the river would lead one to suppose, rather, that there was a preponderance of 
mass to the north. Latitude observations made a t  Thikri in the Narbada 
valley showed that this supposition was incorrect and t h ~ s  indication has now 
been corroborated by the pendulum operations. The  latitude observations, 
however, pointed to an excess of matter to the south without giving its 
definite situation. The pendulum has now located the position of the excess of 

mass. 

In the above, when gra-:ity is said to be in excess or defect, it is meant that 
the force is in excess or defect of xha t  it would be, were the whole of the sub- 
jacent mass, above sea-level and in the crust, of a density of 2.8. 

13. In reducing the observed value g a t  the height of the station, tog", 
at  sea level, the a v e r q e  crustal density has been assumed to be 2.8. The 
reliance that can be placed on the quantities g",-yo depends to some extcnt 
on the correctness of this value, and it is subject to this assumption that they 
show the vxiations of gravity from normal, allorvance having been made for 
the effec~s of surface masses. It may, perhaps, be more instructive to compare 
with the theoretical values, :he observed values corrected only for height of 
statinn ; to form the differences, that is to say, go-yo. These differences 
show the actual abnormal effects of the subjacent masses, and these we can 
compare with the computed efiects of visible masses, basing the latter upon 
any assumption of density w e  choose. 
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This  comparison is made in the following table :- 

Comparison off,--,y with the calculated efects of suvface masses. 

Ujjain . + 0.025 + 0.056 

Mhow , ' +O034 1 i0 '067 

Stat~on. 

Mukhtiara . , . I  -0,003 I + 0,032 

I Calculated effect of 
go-7, dynes. surface masses. 

Mortakka . . +o.o14 1 + o o r o  

Khandwa . 
Asirgarh . 
JBlgaon . 
Arnraoti , 

Ellichpur . 

Now, wherever the  theory of compensation holds good, we ought to  find the  
actual effect  of mass to be  ail ,  t he  effect of visible masses above sea level being 
compensated by underlying deficiencies ; in other words, when the total amount 
of mass in a vertical column is normal, whatever the  surface configuration, we 
should find the force of gravity to be normal, tha t  is t o  say, equal to yo after 
making due allowance for the  height above sea level. Now the quantity 
implies a normal amount of mass in the  crust, so  that  go-yo i n d i c a t ~ s   he 
actual abnormal mass in excess or defect. When considering these indications, 
we can compare them with the  conclusions that  we would have been led to  
form from a consideration of the masszs visible above sea level. At Mulchti;ira, 
go-yo, a very small negative quantity, shows that  here there is an  a p p r o ~ c h  to  
normal crust ; t o  a normal amount of matter, although this matter is so  dis- 
posed and its density is such that  it occupies more space than the normal crust, 
its upper surface lying* goo feet  above the  sea. Had all this mass above sea 
level been in excess of that  in the  normal crust, we would have found gravity 
in excess by about 0'032 dynes. At all the  other stations visited go-yo points 
t o  an  abnormal excess of matter. Comparing these quantities with the calcu- 
ated effects of surface masses, we see that  a t  Hoshangdbrid, Shahpur and  
Badnhr these masses, if their density were 2.8, a re  almost equal to the  abnor- 
mal mass indicated by go -yo ; conseqiiently there is here scarcely any approach 
to  compensation. At Hoshangdbdd and Badnlir, the  visihle masses are  slightly 
less than the indicated excess ; a t  Shahpur they are slightly greater. A t  Khan- 
dwa we see that  the  visible mass above sea level will account for not quite 
half the abnormal excess. At Ujjain and Mhow, the  visible masses a r e  twice 
a s  great as is necessary to produce t h e  observed variation from yo 

'The stations visited lie in an area about 144 miles square. If we can 
suppose that the  mean valu? of go-yo and the mean calculated mass effect 
for these places represent the  whole ara, we get  a mean go-ya=o*04~  and a 
mean calculated effect  of o ' o l j .  I f  we a re  justifcd in assuming that these 
figures represent the  region, they would indicate that  here, in this portion of 
C e n ~ r a l  India, there mas no co~npensation of visible masses. 

+ "'073 

+ o 084 

Badnlir . . .. + 0.079 

Shahpur . : : I  + 0.040 

HoshangPbid . . + 0.039 

$0'035 

+ 0.067 

+ 0,039 

+ 0.049 

t 0'055 

+ 0,073 

+ 0'045 

+ 0'035 

+0.027 

+ 0.039 

+ 0'046 



IV. 
TRIANGULATION IN INDIA. 

Extracted from t he  Narrative Report of Captain C. M. Browne, D.S.O., R.E., 
in charge No. 24 Pa r ty  (Triangulation) for Seasons 1 9 0 7 - 0 8  and  
1908-09. 

I. The  report covers the work done in the two last seasons which com- 
prises : - 

(a) The completion of the  Kal5t Longitudinal series. 
( b )  T h e  commencement of the North BaluchistAn and Kashmir series. 
(c) The continuation of the Great Salween series. 
(d) The carrying out of an accurate traverse in the Punjab. 
(e) The  inauguration of a programme of secondary triangulation. 

2. (a) Completion of the Kal i t  Longitudinal series. Season 1907-08. 
The detachment under Captain Browne assembled at Nushki on tlie 27th Octo- 
ber and after spending a few days in collecting the necessary supplies and escorts 
left for Padag. Herz Messrs. Tresham and Norman were sent ahead to build 
the stations west of the line Tuzgi-Shuri (where Captain Browne had left off 
work the previous year) and Captain Bromne proceeded to Kopadhar H. S. and 
Pulchotal~ H.  S. and re-observed the angles which had been observed in 1904-05, 
a s  these had given an abnormal triangular error. 

The error was thereby considerably reduced and the whole series west of 
the line Kopad har-Pulchotan has been recomputed. 

The regular work of the series was then resumed, new stations being fixed 
a t  Garuki Gori, Borghar, Maland Koh, Kacha  Koh, Lar Koh, and Koh-i-Malik 
Siah (the trijunction of India, AfghAnistin and Persia.) Astronomical azimuths 
were observed at Tuzgi and a t  Koh-i-Malik Siah and thp difference between the 
values so obtained and those computed from the triangulation are given in the 
outturn statement the sign of the difference was in both cases positive, and that 
obtained at Koh-i-Malik Siah (+ 1 3 ~ ~ 2 4 )  is the largest positive value yet obtained 
in India. 

Mr. Tresham having in the meantime connected Robat with the priricipal 
series by a trianqulation with a 6" micrometer theodolite, an astronomical latitude 
determination was made by circum-meridian altitudes. Field work was then closed 
with the permission of the Sup~rintendent, Trigonometrical Surveys, and the 
detachment began its long march back to Nushki arriving there on the 10th May. 

3. At the end of  this report will be found a table of the values now 
obtained for the latitude, longitude, height and azimuth of some of the main 
points compared with those hitherto accepted. It will be noticed that the error 
of azimuth accumulated at the end is considerable ; this has often been found 
the case when a secondaryseries is carri,.d a long distance and would appear to 
be caused by some systematic error which would tend to accumulate and not to 
accidental errors. 

4. When the I(al,it detachment returned to Nushki it was joined by 
Lieutenant O.tkes, R.E., and hIr. \Vainwrig!lt; the party was then r i l ed  to 
Mastung road where t h ?  detachment for work on the Korth Raluchistirn series in 
the summer was formed from the men cnlistcd by Mr. Wainwright with a 



nucleus of old men. Captain Browne handed over charge of the detachment to 
Lieutenant Oakes and proceeded himself to Quetta to interview Sir H. McMahon 
about the programme of triangulation ill Baluchistdn and from thence returned 
to Mussooree. 

5 .  Lieutenant Oakes observed at Zawa, and Zibra stations of the KaiPt 
Longitudinal series and then fixed the following new stztions of the North Balu- 
chistdn series, Koi Maran, Rastari Taing, M~shelak,  Takatu and Khwija Amran. 

An astronomical azimuth was observed at Mashelak (Lat. 30°14', long. 
66'47') and the difference found between the value so obtained and that computed 
from the triangulation was 1".25, the sign of this difference was positive which is 
in accordance with other values found in that region. 

The  series was completed as  far a s  the Toba plateau (Lat. 31') the eight 
completed triangles have an average error of o".qr ant1 contain an area of 3,500 
square miles. The side Koi Maran-Takatu is remarkable for its length (over 
68 miles) it being the longest side yet employed in the principal triangulation of 
India. 

The work was greatly hindered by the dust haze which is prevalent in the 
summer, but the height of some of the stations made i t  impracticable to carry 
out the work in the winter. 

The detachment suffered considerably from malarial fever owing to the un- 
usual amount of rain that fell ; work was closed at the end of November, and 
the detachment recessed at Dehra DLin. 

6. In August 1509, Mr. Tresham recommenced the work from where 
Lieu te~~ant  Oakes had left off, and up to date has fixed new stations a t  :- 
Padughar, Nari Shela, Gunduk, Kand, Basha, and Sakir. 

The work is still in progress and consequently full details cannot be given in 
this year's report. 

7. N.- W. Frontier Province deta6hment.-Lieutenant Cardew, R.E., was 
the observer and his programme was to start the North BaluchistPn series from 
the east, and to carry it south-west over the Sulaimdn range with the intention of 
joining up with the western part of the North Baluchistin series which had been 
begun in 1908, and in addition to this a secondary series was to be run in order 
to fix the positions of Pakkalota, Jinigl~ar, and Darweshta Sar  with accuracy so 
as to co-ordinate the different topographical triangulations in the Tochi and 
Icurram valleys. 

The detachment was formed in the beginning of October 1908 and proceed- 
ed to Dera Ismail Khrin and from thence to Umar Khel, a station of the Great 
lndus series, but it mas found that the triangulation could not be commenced 
from there as the station of Maiddn had been destroyed. 

The series was therefore commenced from the sides Bani-Sakesar, and 
Sakesar-Umnr Khel and a new station, which has been called Maiddn 11, was built 
near the site of the former one. 

On the hill of MaidAn a broken stone with a single dot cut on it was found, 
there was a cairn over it and Lieutenant Cardew's observations shew that it must 
have been almost exactly on the site of the former station ; the data of the two 
points are given below, No. I represents the data of the stone found by Lieute- 
nant Cardew ; No. 2 that of Maidlin H. S. of the Great Indus series. 

Latitude. Longitude. Height. 
Q 1 If O l V  

I. 3 2  5 1  5.70 7 '  ' 0  39'99 425'5.7 
a.  32 5 1  5'70 71  10 40'00 4275'0 

Y 
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It  is difficult to account for the large difference of height unless i t  i s  due to 
the observations of the old Great Indus series not having been taken at the time 
of minimum refraction. 

Observations were taken by Lieutenant Cardew a t  the following principal 
stations :-Bani, Sakesar, Umar Khzl, Shistarg, Maiddn 11, Sheikh Ullah, and 
Baindarra, the last four being newly constructed stations. 

Shistarg is on a lower peak of Sheikh Budin on which was formerly a 
pritlcipal station and a subsidiary station of the Great Indus series. 

Owing to the building of the cantonment on Sheikh Budin both these stations 
have been lost. 

Baindarra is near the site of an old station erected by Lieutenant Walker 
when carrying out the Great Indus series, from this station, and from Shistarg, 
only the back angles were observed as the station which was intended to be 
built on Kdisarghar or the Takht-i-Sulaimdn could not be built from political 
reasons. 

Stations have been built on ZiArat, Surkund, and SQngBghar, but no obser- 
vations have been taken; and it is probable that a junction will now have to be 
made with the Great Indus series in the neighbourhood of Dera Ghdzi Khin. 

The secondary stations mentioned in the programme were also fixed, and a 
comparative table of old and new values is given below. Work was closed and 
the detachment returned to recess quarters at Mussooree, in the middle of April. 

The health of the men on the whole was good, but on first leaving Dera 
Ismail Khdn many suffered from malarial fever which was very prevalent in the 
district a t  that time. 

La~ilude. Longitude, Height. 
0 I 0 I 

Pakkalita h. s.- 

(a)  32 58 19.045 70 25 28.936 3150.8 
(6) 32 58 18.95 70 25 29.01 3 169'3 

Jinighar h. s.- 

(a) 33 10 35'637 70 40 12.762 3989'7 
(4 33 10 35-48 70 40 12.70 3997.7 

Darwest~ta Sar h. s.- 

(a) 33 09 41.933 70 20 0'459 5056'3 
(6) 33 09 41'48 70 20 0.56 5073'' 

(a) Value3 obtained from Lieutenant Cardew's observatiorn in season 1g08-09. 
( b )  Values obtained from Lieutenant Ph~llimore's observations in season rgokog. 

8. (c) The Great Salwwn series.-In 1907 it was decided to  recommence 
this series without :topping the work in Baluchistin, so a detachment was formed 
under Lieutenant Cardew, R.E. The programme for this detachment was to 
carry on the Great Salween series southward from the stations Loi Hsdm- 
hsip, and Loi Kang Mong, up to which it had been completed from the west in 
1902-03; the station Loi Ai-hpang had also to be observed at as  one angle 
had been omitted in ~goz -03  on account of bad weather. 

The detachment arrived at Lashio in the first week of November, but owing 
to the equipment being delayed on the railway a start could not be made until 
the 18th November. 

Lieutenant Cardew took observations from the following stations :-Loi 
HsAmhsip, Loi Ai-hpang, Loi Itang Mong, Loi Taow, Loi Hpa-tan, Loi Maw, 
and Loi Llng; at Loi Hpa-tan an astrono~nical azimuth was also observed, 
and the difference found between the value so obtained and that computed from 
the triangulation was 8".01, the sign of this difference was negative which is in 
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accordance with the other values found in that part of Burma. All the above- 
mentioned stations, and those for continuing the series southward had been 
built in previous seasons, but as  i t  is now intended to turn the series to the 
eastwards along the parallel of 22") Mr. Collins was employed in selecting and 
building stations on the east side of the Salween river; the stations built by him 
were Loi P&-mong, Loi Lung, and Loi Aunglawn. Dust haze delayed the 
work considerably a t  Loi Maw and Loi Ling, and as it became denser and as 
a t  the next station long rays would have to be observed, no further stations were 
visited. 

The  detachment returned to Dehra Dlin in April and a sniall detachment 
was then formed to complete the programme of triangulation in the D6n begun 
in 1907. 

Lieutenant Gwyn was attached to the party and he and Lieutenant Cardew 
completed the observations a t  DoiwAla H. S. of the Great Arc series. The  
dust haze was very dense and the observations were only completed with the 
greatest difficulty, so it was decided not to attempt to do any more that year. 

The health of the detachment both in the Shan States and in the Dlin was 
good. 

A detailed statement of the outturn of work is appended to this report. 
g. In 1908-og the Great Salween series was continued from where it had 

been left off by Lieutenant Cardew the previous year. 
Captain C. M. Browne, R.E., was the observer and the detachment assem- 

bled a t  Lashio on the 9th of November, but heavy rain fell continually until 
almost the end of November and no work was possible until the first week in 
December. 

New stations were fixed a t  Kiip Ma, Hpa Hpak, Tawn, Paning, Ph-mong 
Aunglawn, and WAnwa. 

An astronomical azimuth was observed a t  Kiip Ma and the difference found 
between the value so obtained and that computed from the triangulation was 
8 . 6 0  which is in accordance with the other values found in that part of Burma. 

In addition to the principal triangulation Captain Browne fixed several 
of the stations of the topographical triangulation on which No. I I Party were 
basing their work. 

The dust haze came on very early in the year and work had to be closed 
on the 2nd March, the detachment arriving at Lashio on the ~ 1 s t  of March. 

The country east of the Salween river is very difficult to traverse, the hills 
being very steep and roads almost non-existent. 

The health of the detachment was on the whole good although in the carly 
part of the season fever was very prevalent, and in the district small pox was 
rife in the villages, care was taken to avoid camping in the villages where there 
were cases and no case occurred among the survey establishment. 

A detailed statement of the outturn of work is given a t  the end of this 
report. 

10. Upfey l1,vawaddy detachment.-Mr. Smith with a small detachment 
selected and built the stations {or this series from the initia'l side Loi Song-Tangte 
of the Great Salween series up to latitude 25" 30'. 

Lieutenant Cardew, R.E., will this coming field season observe these 
atations and continue the selection ancl building. 

The  series is intended to turn to the west at its present limit of latitude 
and runnirtg due west up to longitude 96" turn to the south and join on to the 
Mandalay series in the neighbourhood of Katha. 

9 a 
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1 1 .  Kashmir detachment.-The programme for this detachment was to 
commence a series from the side Nchr-Khagridna of  the North-Western Hima. 
laya series, and to carry it northward to connect up with the existing triangula. 
tion in Kashmir. 

The detachment was formed in Dehra D6n in the middle of April and 
proceeded to RAwalpindi and from thence to Nehr. 

The work was much delayed at the start from the fact that no stations had 
been built in advance and in the months 01 Julv and August by the monsoon. 

Mr. Wyatt with a small party was detached to inspect and repair the 
stations of the Kashmir (Montogomerie's) series. 

As the detachment is still in the fie!d details of the work wil! have to be 
given in next year's report. 

l a .  ( d )  Seco7zdary Triangzrlation.-In the Punjab a traverse was run with 
the Jaderin apparatus from Bhrila T. S .  of the Jogi Tila series to Shorkot H. S. 
and Dordwila S, in order to co-ordinate the various traverses on which the 
topographical and revenue work of that district is based. The observers were 
Messrs. Tresham, Wyatt and McInnes. 

The work was carried out with every care to ensure accuracy and it would 
appear more probable that the- large difference found between the values now 
obtained for Shorkot and Dordwbla and those given in the synoptical volume 
is due to errors of the secondary series by which they were fixed unless the 
assumed length of " C l 1  wire is largely in error. 

The fact that the difference becomes smaller on coming back to Dorinlila 
than it is at Shork3t, seems to indicate that there is sorne error in the assumed 
lerlgth of " C " wire. Comparative data for these two stations are given below :- 

I. Represents values obtained from the traverse ; 
11. that from the synoptical volume of the Jogi-Tila Meridinnal series. 

Station. Latitude. Longitude. 

Shorkot . . I.-30' 49' 57'"Ro 72' 06' 4P.30 
>> . . 11.-30' 49' 58".51 72' 06' 43".23 

Dordw6la . 1.-.30° 27' 51"'64 72" 29' 5sN.725 
I )  . . 11.-so0 27' 52'"60 72' 29' 56".02 

The total length of the traverse was I 1 8  miles and as bench-marks have 
been embedded a t  about every 6 miles the heights 01 which were ascertained by 
spirit levelling during the course of the work, the line should b: of permanent 
utility when the error has been located and distributed. 

A detailed statement of the outturn of work is given at theend of this report. 
13. (e) ( I )  In Assam Mr. Johnson commenced the selection and building of 

the stations for the Khdsi Hills secondary series. His detachment consisted 
of 22  rnen and field work was begun from Shillong in the beginning of November. 

Some difficulty was experienced in obtaining transport and supplies, and the 
detachment suffered a good deal from malarial fever. 

Twelve stations were selected and built, and Mr. Smith will this field season 
observe them, and continue the selection and building of the series. 

14. (e) (2) In Lower Burma the selection and building of stations for the 
Mawkmai secondary series was carried from the i ~ ~ i t i . i l  side (Letpataung- 
Suletaung) of the Mandalay Meridional series, up to longitude 98" 15'. 

The Mawkmai series will run from the Mandalay Meridional series up to the 
Mongsat secondary series. 

Two observers are to be employed this field season and it is hoped that it 
will be completed this year. 
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In the year under report Mr. Collins was in charge of the detachment and 
28 stations were selected and built. 

15. (e) (3) In Upper Burma a small detachment under Babu Mohan La1 
Arora was employed on the selection and building of the stations for a secondary 
series in the Bhamo district, starting from the side Tangte-Taungkalat of the 
Great Salween series. 

The Aries was intended to run north along the meridian of 97" and Lieu- 
tenant Cardew will endeavour to fix the stations already built from his principal 
stations on the Upper Irrawaddy series. 

In recess the computations of the last field season's work were completed, 
and the recomputation of the KalAt Longitudinal series (necessitated by the 
re-grinding of the Kopadhar-Pragi figure) carried out. 

16. The party was inspected in recess by the Superintendent, Trigono- 
metrical Surveys, on the 30th June. 

STATEMENT OF OUTTURN OF WORK. 

Kaldt Longitudinal Series. 

Number of principal stations a t  which observations were taken 1 0  

Ditto ditto newly fixed . 6 
Length of new series, in miles . . 107 

Area of triangulation? in q u a r e  miles. . %?75 
Average triangular error of 13 triangles . off'35 
Value of Astronomical-Geodetic azimuth at  Tuzgi . . + 6'"97 

Ditto ditto ditto a t  Koh-i-Malik Siah. + r3'"zq 

Great Salween Series. 

1907-08. 

Number of principal station8 at  which observations were taken 7 
Ditto ditto newly fixed . 5 

Length of new series, in miles . 5 5 
Area of triangulation, in square miles . I ,800 
Average triangular error of 14 triangles . 0''-64 
Value of Astronomical-Geodetic azimuth at  Loi Hpa-tan . -o8".01 

1908-09. 

Number of principal stations at which observations were taken 8 
Ditto ditto newly fixed , 8 

Length of new series, in miles .  no 
Area of triangulation, in square miles . 4,200 
Average triangular error of g triangles . . o"'47 
Valuc of Astronomical-Geodetic azimuth a t  Kiip Ma . -8".60 

North Bnlzlchistdn Series. 

1907-08. 

Numbcr of principal stations at  which observations were taken 8 
Ditto ditto newly fixed . 6 

Length ot new series, in miles . a m .  100 

Area of triangulalion, i l l  square miles , 31.500 
Average triangular error of g triangles , . . .  oN'4 I 
Value of Astronornical-Geodetic azimuth at  Mashelak . . + rN.z5 



North Baluchistdn Series. 

Number of principal stations at which observations were taken 
Ditto secondary ditto ditto ditto . 
Ditto principal stations newly fixed . 
Ditto secondary ditto ditto . 

Length of new series in miles, principal . 
Ditto ditto ditto secondary . 

Area of triangulation, in  square miles, principal . 
Ditto ditto ditto secondary . . 

Average triangular error of 7 triangles of the principal series 
Ditto ditto of 1 1  ditto secondary eeries 

Value of Astronomical-Geodetic azimuth at  Umar Khel . 
Jaderin Traverse. 

Length of traverse in miles . . . 
Number of stations at which observations were taken . 

])itto markstones embedded and fixed ,. 



rnrnsnvnf;,,~ n f  .Ttntiant and IntcvrpctpA Pointz of the Kaldt Lonpitudinal Series. 

Name sf Station. 

Amalaf Speak 

Borghar . 
Garuk i Gori , 

Padagi . . 
Buzaf . . 
Jikuli . . 
Lar Koh . 
Koh-i-hlalik Siah 

Latitude. 

O B U  

29 8 57'7 

29 I0  41'3.1 

29 27 25'465 

29 28 41'44 

29 21 52'04 

29 21 54'85 

29 43 13'84.4 

29 51 32'043 

Longitllde. Height. 

- 

0 , n Feet. 

61 qa 57'a 4387'2 

61 56 41.83 ... 
61 47 57'798 2374'3 

61 06 48.88 70168 

60 44 06'54 84396 

60 49 17-79 6758.9 

60 55  05.553 7772.1 

60 54 46.630 5392.5 

Latitude. 

O I W  

29 8 59'7 

29 10 43'5 

29 27 27'5 

29 28 43'1 

29 21 53'5 

29 21 56.7 

29 43 25'2 

29 51 33'9 

Longitude. Height 

Feet. 

Latitude. Longitude. Height 

Feet. 

+13'8 

... 
+12.7 

+ I  6'2 

+13'4. 

+ I 4 1  

+ 6-0 

I - -5 

Stations 

Gharibo H. S. and Koh-i-Sultin H. S. . . , . . . 
Garuki Gori H. S. and Koh-i-Malik Siah H. S. . . . . 
Koh-i-Malik Siah and Buzaf . . . . . . . . 
Koh-i-hlalik Siah and Jikuli . . . . . . . . 

Eaaons IN AZIMUTH. 

G. T. reverse Azimulh. 

0 I It 

213 57 37'299 

297 12 38.318 

197 24 0.9 

189 09 40'50 

G. T. Azimolb. Mr. Tate's Azimuth. 
Mr. Tate's revemc 

Azimuth. Difference. Difference. 







E , ~ T ~ A C T S  
. , 

, .  . 
FROM ' 

. . 

NARRATIVE RT;"P('JRT,S ~ 

OF OFFICERS OF THE 

@nrbeg of - . JEnbia 'I ,I 1 


	DeNs 412.tif
	DeNs 413_1L.tif
	DeNs 413_2R.tif
	DeNs 414_1L.tif
	DeNs 414_2R.tif
	DeNs 415_1L.tif
	DeNs 415_2R.tif
	DeNs 416_1L.tif
	DeNs 416_2R.tif
	DeNs 417_1L.tif
	DeNs 417_2R.tif
	DeNs 418_1L.tif
	DeNs 418_2R.tif
	DeNs 419_1L.tif
	DeNs 419_2R.tif
	DeNs 420_1L.tif
	DeNs 420_2R.tif
	DeNs 421_1L.tif
	DeNs 421_2R.tif
	DeNs 422_1L.tif
	DeNs 422_2R.tif
	DeNs 423_1L.tif
	DeNs 423_2R.tif
	DeNs 424_1L.tif
	DeNs 424_2R.tif
	DeNs 425_1L.tif
	DeNs 425_2R.tif
	DeNs 426_1L.tif
	DeNs 426_2R.tif
	DeNs 427_1L.tif
	DeNs 427_2R.tif
	DeNs 428_1L.tif
	DeNs 428_2R.tif
	DeNs 429_1L.tif
	DeNs 430_2R.tif
	DeNs 431_1L.tif
	DeNs 431_2R.tif
	DeNs 432_1L.tif
	DeNs 432_2R.tif
	DeNs 433_1L.tif
	DeNs 433_2R.tif
	DeNs 434_1L.tif
	DeNs 434_2R.tif
	DeNs 435_1L.tif
	DeNs 435_2R.tif
	DeNs 436_1L.tif
	DeNs 436_2R.tif
	DeNs 437_1L.tif
	DeNs 437_2R.tif
	DeNs 438_1L.tif
	DeNs 438_2R.tif
	DeNs 439_1L.tif
	DeNs 439_2R.tif
	DeNs 440_1L.tif
	DeNs 440_2R.tif
	DeNs 441_1L.tif
	DeNs 441_2R.tif
	DeNs 442_1L.tif
	DeNs 442_2R.tif
	DeNs 443_1L.tif
	DeNs 443_2R.tif
	DeNs 444_1L.tif
	DeNs 444_2R.tif
	DeNs 445_1L.tif
	DeNs 445_2R.tif
	DeNs 446_1L.tif
	DeNs 446_2R.tif
	DeNs 447_1L.tif
	DeNs 447_2R.tif
	DeNs 448_1L.tif
	DeNs 448_2R.tif
	DeNs 449_1L.tif
	DeNs 449_2R.tif
	DeNs 450_1L.tif
	DeNs 450_2R.tif
	DeNs 451_1L.tif
	DeNs 451_2R.tif
	DeNs 452_1L.tif
	DeNs 452_2R.tif
	DeNs 453_1L.tif
	DeNs 453_2R.tif
	DeNs 454_1L.tif
	DeNs 454_2R.tif
	DeNs 455_1L.tif
	DeNs 455_2R.tif
	DeNs 456_1L.tif
	DeNs 456_2R.tif
	DeNs 457_1L.tif
	DeNs 457_2R.tif
	DeNs 458_1L.tif
	DeNs 458_2R.tif
	DeNs 459_1L.tif
	DeNs 459_2R.tif
	DeNs 460_1L.tif
	DeNs 460_2R.tif
	DeNs 461_1L.tif
	DeNs 461_2R.tif
	DeNs 462_1L.tif
	DeNs 462_2R.tif
	DeNs 463_1L.tif
	DeNs 463_2R.tif
	DeNs 464_1L.tif
	DeNs 464_2R.tif
	DeNs 465_1L.tif
	DeNs 465_2R.tif
	DeNs 466_1L.tif
	DeNs 466_2R.tif
	DeNs 467_1L.tif
	DeNs 467_2R.tif
	DeNs 468_1L.tif
	DeNs 468_2R.tif
	DeNs 469_1L.tif
	DeNs 469_2R.tif
	DeNs 470_1L.tif
	DeNs 470_2R.tif
	DeNs 471_1L.tif
	DeNs 471_2R.tif
	DeNs 472_1L.tif
	DeNs 472_2R.tif
	DeNs 473_1L.tif
	DeNs 473_2R.tif
	DeNs 474_1L.tif
	DeNs 474_2R.tif
	DeNs 475_1L.tif
	DeNs 475_2R.tif
	DeNs 476_1L.tif
	DeNs 476_2R.tif
	DeNs 477_1L.tif
	DeNs 477_2R.tif
	DeNs 478.tif

