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THE MAGNETIC SURVEY OF INDIA. 

Extracted jrom the Narrative Report of Captain R. H. Thomas, R.E., in charge 
o j  No. 26 Party (Magnetic) jor season 1906-07. 

The present report deals with the work of the Magnetic Survey in 1906-07. 
The report is divided into four main heads as  Iollows :- 

PAGE. 

I.-A brief account of the operations in the field and recess quarters, with 
a table of the preliminary values of the magnetic elements at  field 
and repeat stations in 1906-07 and an index chart showing the posi- 
tions of all stations to date . . . . . . . I -  6 

Note.-For convenience of reference the table of preliminary values and index chart are 
placed at the end of Part 1V. 

11.-A note on the question of the reduction of the preliminary survey and 
its bearing on the detail survey . . . . . . . 6-28 

111.-A short note on the working of the magnetic observatories in 1906-07 28-38 
1V.-Tables of results at the magnetic observatories in 1906 (for index to 

tables see p. 38) . . . . . . , . . 38-86 

I .  Work of the field detachments. 
2. Work of the Imperial officers. 
3. LVork during recess. 
4. Comparison oI instruments with the Survey standards. 
5 .  Comparison of Earth Inductors. 
6. Values of the distribution co-efficient P for the field instruments. 
7. Programme for 1907-08. 
8. Results included in this report. 

I. Work qftlre field detachments.-The field season opened on October 
rgth, 1906, and closed early in. May 1907, when the party moved to recess 
quarters. 

Four field detachments were employed during the year under report ; two 
were employed in Burma, one in Assarn, Manipur and Lushai, and the fourth in 
Chota Nngpur, the Agency Tracts of Vizagapatam and the tributary states of 
Orissa. I n  addition, observations were carried out at eight stations grouped 
round Buxar to investigate the abnormal value of declination found in 1903-04, 

The out-turn of new stations was 159: the total number of stations to date 
is I ,  I 10 with 22 repeat stations. 

In  addition, the magnetic survey is indebted to Captain C. M. Browne, 
D.S.O., R.E., for observations of the magnetic declination a t  a s  stations on the 
Seistan trade route, the results of which are embodied in the table of results 

(p. 85 ). These observations \\ere taken with a spare magnetometer supplied 
by this party. - .  

2. Work of the /nzpcrial ojTcers.-Two Imperial officers were available 
throughout the working season. 

B 



The  four observatories under the control of the Survey were inspected and 
comparative observations carried out a t  each to determine the differences from 
the survey standard; observations were also made at  Alibag Observatory to 
which magnetic work has been transferred from Colaba. 

Vertical force instruments were erected a t  Barrackpore, Kodaikanal and 
Tou~lgoo observatories and satisfactory adjustments made of the temperature 
co-efficients. The  dip circles at the four observatories, Dehra Dun, Barrackpore, 
Icodaikanal and Toungoo, were replaced by Schulze Earth Inductors. 

The  temperature co-efficient of the Toungoo H. F. magnetograph was also 
satisfactorily determined, the value found being -7.47 per +I' F. 

In addition, observations were carried out a t  2 2  repeat stations. 
3. Work during recess.-During the recess season the computation of the 

previous season's field work and the reduction and tabulation of the base station 
results for 1906 have been completed. 

The field instruments were all compared with the survey standards at the 
beginning and end of the field season. 

Further investigations have been made with regard to the correction of the 
field observations for diurnal variation. From the results of the four base sta- 
tions, Colaba, Dehra Dun, Barrackpore and Kodaikanal, simple formula: con- 
necting change in diurnal variation with change in latitude had already been 
established for Declination and Horizontal Force by which, using the results of 
two base stations, the diurnal variation at any third station may be determined: 
in the present investigations the method was extended to the Vertical Force 
results, and Toungoo Observatory was included in the discussion to determine 
whether the formutz would still hold good within the wider limits of longitude. 

The results were quite satisfactory and the formulae have now been estab- 
lished for the limits of the Magnetic Survey of India. 

Preliminary investigations on the variation of disturbance from point to 
point were commenced: these investigations, which require results from Vertical 
Force magnetographs, could not be commenced earlier, as the installation was 
completed only in March last. 

4. Comparison of inslrrrrnents with Ihs Survey standards.-At the be- 
ginning and end of the field season a series of comparisons mas made at Debra 
Dun to determine the differences from the standards. 

The following table shows the results of the comparisons in 1906. 

Compnrison of f i r ld  ins trumcnls  ~ u i l h  lhe  s l n n d f f r d  in  H .  F. and Dccfinntion. 

hlagnetometer and Magnet. 

( 1 ( 2 A ) .  . 

1 1 (3  *) . . 
1 1 (4 A) . 

17-4 
1 5 ( 5 A )  . . 

I 6 (6  A )  . . 
1 0  (10) . 

HORIZONTAL FORCI. DECLINATION. 

End of field 
season, 1905.06. 

- 5 7  

+ 1 8 7  

- 4 7  

+ 217 

- 2 8 ~  

t 2 8 7  

End of field 
season, 1goj.06. 

+ O " I  

+ 0 " '  

+ ol '=  

+o'.I 

+ 0 ' . 5  

+ 0 ' , 1  

Beginning of field 
season, 1go6.q. 

- 97 

+ 5 7  

- 1 0 7  

+ 177 

- 197  

+ 177 

Beginning of 6eld 
aeaaon, 1906.07. 

---- 
+ oI.6 
+ 0'3 

- o I . 4  

+ O'.I 

+ oI.7 

+ 0 ' 3  



The four inductors are thus in excellent agreement. 
The following table shows the detailed comparison of one pair of inductors: 

the accordance between the different results shows that these instruments are 
=apable of far greater accuracy than the dip circle, while it is to  be borne in 
mind that even better results might have been obtained with observers accus- 
tomed to the use of the inductor. 

Conrpavison of j e l d  Dip Circles with t h e  Survey Standard Dip Circle NO. 44. 

Instrnrnent. 

i 
135s.s 

1362.3 

'382,s 
441.2- < 

139s rd 

'4O1.3 

C 17Or.e 

6. Vnlues of the dislrr32~ttbn to-eflcient P j o y  the  field itzslrzunents.-In 
the report for 1905-06 the question was raised as to the uncertainty of the 
values of P from 30 and 40 cms ( P, ,) under the existing arrangement of the 

Comparison of lndurtors Nos. 30 a n d  45. 

deflection distances in the determination of :, and certain modifications mere 

introduced to ensure a value of P,., with greater weight than that hitherto 
obtained. 

5. Comparison of Earth IH~UC~OYS.-AS the earth inductors ordered for 
Barrackpore, Kodaikanal and Toungoo arrived about the same time, advantage 
was taken of the opportunity to compare them with one another before installing 
them in the various observatories. The comparisons were carried out by sirnut- 
taneous observations, exchanging sites between each set. The results were as  

follows :- 
IN - 14, = - 01.2 

I& = - oI.2 
Is = - oI.1 

~~d of fieldseason, 1905.06, 

- oI.5 

+ 1'.0 

+ 2'.2 

+ o ' . ~  

+ 1"4 

+ 1l.4 

Beginning 19~6.07. of field s e a ~ o n .  

- 1I.a 

+ 0"g 

t o"9 

+ 0'. I 

- o"5 

+ 0"5 

Hence 30 - 45 = 4 (XI- X,) = - o'.z 
S H - N 14 = 4 (X,+ X,) = - 1l.3 

No. 45 in S H 
or 

-- S H  
45 

43': 3 2 ' ' ~  

32'7 

32'6 

32'5 

x I 
or 

S%!L -N!!! 
30 45 

- 1'.5 

- 11'5 

- 1j.6 

- 1l.5 

- 1l.5 

No. 30 in S H 
or 
S H  -- 
30 

-- 

43": 31l.8 

31 .8  

3I.7 

32'1 

No. 45 in N H 
or 
N H - 
43 

43': 33"3 

33'3 

33.3 

33'6 

Mean X,= 

No. 30 in N H 
or 

- N H 
30 

43O: 33l.6 

33'7 

33'7 

33'7 

Mean Xp= 

x1 
or 

S H  N H  
45 30 

- o ' . ~  

- I '0 

- 1.1 

- I '2 

- I ' . I  



The following tables show the values of P,.,, P,, thus obtained for the field 
magnets during the field season; the " near " and " far " values are those when 
the observations a t  22 -5  and 40 cms., respectively, are grouped in the centre, 
and at  the beginning and end of the observation, the " near" value thus having 
greatest weight; formerly only " near " values of PI., and " far" values of 
P, , were determined. 

It  will be seen that, as  was to be expected, there is little, if any, difference 
between the " near I' and " far " values of P,., while in P,., the discrepancies 
a r e  considerable. 

TABLE A. 

TABLE A,. 

P PROM 22.5 AND 3 0  CMS. 
Near Value. 

P PROM 22'5 A N D  3 0  CY9.  
Far Value. 

2 "1 
c 0 0 2  g 
.- - > 1 5  

D 
RKMA~KI.  

R ~ u r n m r .  

P PROM 30 AND 40 CMS. P FROM 3 0  AND 40 CMS. 

Near Value. Far Value. 

1 .- 

2 A 

3 A 

q A 

5 A  

6 A 

10 

2 A 

3 A  

4 A 

g A  

6 A 

10 

7.28 

6.14 

7.60 

7.29 

7.89 

5.78 

9'39 

7.31 

8.53 

6.13 

8.06 

7.50 

7.32 

6.13 

7.60 

7'30 

7.90 

5'77 

9'41 

7'32 

8.53' 

8.1a 

8.06 

7.52 

86 

48 

49 

62 

50 

39 

155 

52 
I 

5 5  

68 

ga 

69 

rg 

4 

2 

I 

1 

5 

49 

5 

6 

8 

5 

'6 

- - - -  
67 

44 

47 

61 

49 

34 

---------- 
106 

47 

49 

60 

47 

53 

7.30 

6-13 

7.61 

7.32 

7'89 

5'82 

9'21 

7'" 

8.50 

8.18 

7'31 

6.16 

7-61 

7'33 

7.89 

5'91 

9'22 

6.97 

8.45 

8.18 

7.99' 7.98 

7'45 740 

155 

49 

53 

65 

48 

70 

88 

45 

56 

65 

49 

39 

22 

7 

o 

I 

o 

15 

29 

8 

6 

6 

133 

42 

53 

64 

48 

55 

- 
59 

37 

50 

59 

6 

10 

43 

'9 



The following table shows the p and q terms obtained under the new and 
old methods :- 

These values in conjunction with the recent determinations of log n' I( 
will also be essential should time be  available, to investigate the causes of the 
instrumental differences. 

respectively :- 

As far as  P,., is concerned, the observations at 22.5 cms in the more 
unfavourable arrangement of the deflection distances are practically as good as  
those with the observations at  za.5 grouped in the centre of the experiment, 

and as the value at 22.5 cms is alone used to evaluate -:, two additional values 
of m, and H are obtained by combining this result with the two vibrations at the 
cost of only a few minutes' extra work. 

Magnet. 

2 A 

3 A 

4 A  

g A  

6 A 

10 

7, Progra~nme for 1907-0B.-During the ensuing field season, the last 
allotted to  he fundamental survey, four field deta-hmsnts rill be employed, of 
which three will work in Burma, while the fourth will complete silch work as  
remains in India proper. 

The change in H at Dehra Dun taking the q term into account would be 

Old method. 

Difference. 

1-11. 

+ 5 Y  

+ 9 1 ,  

+ 2 , )  

- 3 11 

+ 2 8 1  

+ 4 1 1  

The estimated out-turn is about r zo  new stations which will give a grand 
total of 1,230 stations with 2 2  repeat stations. 

New method. 

These differences are certainly less than had been anticipated: there is no 
doubt, however, that the values of P,., as now obtained are far more reliable, 
and in view of the possibility that the q term may have to be taken into 
account in the final reduction of the observations, the additional observations 
of deflection necessary to obtain the better values will be continued. 

Old method. 

11. 

+ 52 Y 

+ 23 1, 

+ 23 1, 

+ 25 r ,  

+ 2 1 ,  

+ 45 11 

Magnet. 

2 A 

3 A 

4 A 

5 A 

6 A 

10 

P 1.2 

7.32 

6.13 

7.60 

7.30 

7.90 

5.77 

P 1.1 

- 
7'32 

6.30 

7.60 

7.30 

7'90 

5'77 

New method. 

1. 
- 

+ 57 Y  

+ 31 11 

+ 25 I 1  

+ 22 I, 

+ 411  

+ 49 ,I 
I 

P 
___ 

11.66 

8.05 

9.54 

9'31 

8.08 

9'49 

P 2.8 

-. 

9'22 

6.97 

8.45 

8.18 

7.98 

7'40 

q 

- 1406 

- 6 2 2  

- 629 

- 6 5 1  

- 59 

-1206 

p 1.8 

9.41 

7.32 

8.53 

8.12 

8.06 

7'52 
I 

12.08 

8.84 

9'72 

9.17 

8.26 

9'79 

_ 
-1547 

- 8 8 1  

- 688 

- 6 0 7  

- 1 1 8  

-1295 



The extension of the survey into the Himalayas and Icashmir, which is 
most desirable, must be postponed to the detail survey. 

T h e  t\vo R. E. officers will be employed in the inspection and compari- 
sons of instruments at  observatories, observations at  repeat stations and the 

inspection of field detachments when practicable. If  time permits observations 
will also be made at  a number of old field stations. The officer in charge will 
in addition instal new and improved pattern vertical force magnets a t  Earrack- 
pore and Kodailtanal. 

8. Reszrlts irrcluded in this report.-A table showing the approximate 
preliminary values (uncorrected) a t  the field and repeat stations in 1906-07 is 
appended (see Tables, p. 8 1 - 8 6 ) ,  together with an index chart showing the posi- 
tion of all stations of observation to date. 

The tabulations of the results obtained a t  Dehra Dun, Kodaikanal, 
Barrackpore and Toungoo observatories are published for 1906. 

11.-THE P R E S E N T  P O S I T I O N  O F  T H E  Q U E S T I O N  OF T H E  P R E L I M I N A R Y  

S U R V E Y  A N D  ITS B E A R I N G  ON THE D E T A I L E D  SURVZY. 

I.  Introduction. 
2.  Corrections required to field observations. 
3. Corrections lor diurnal variation. 

Investigation necessary in India. 
Causes of delay in beg~nning the investigation. 
Sir A. Ricker's suggestions. 
h.letlbod employed with results. 
Formulx lor applying the corrections in H .  F ,  and declination. 
Correction of d ~ p  observations 

4. Correction for instrumental differences. 
5. Correction lor secular change. 
6. Correction lor annual variation. 
7. Correction lor disturbance. 

Importance of correction. 
Necessity lor investigation in India. 
Sir A. Itiicker's suggestions, delay in testi" owing to lack oi  data. 
Result of prelimi~iary investigations. 
Ilirections of present inquiries. 

S. Approyinlate corrections for disturbance and  how they may be applied lor a 
prelimlnar! seduction. 

9. 1.abour entailed in the reduction. 
10. How the detailed survey may be begun pending reduction. 
I I .  Concluding remarks. 

I .  /n/roductio7z.-The full scheme of the Indian Magnetic Survey provides 
for a preliminary survey and a detailed survey, of which the detail survey is to 
be based on, and a development of the preliminary survey, and entails the 
thorough investigation of such local peculiarities as are revealed by the 
preliminary survey. The reduction of the preliminary survey should then precede 
the commencement of the detail survey and it is desirable therefore to consider 
what is implied by the reduction and to place on record the obstacles which have 
pevented this reduction pari passu with the progress of the preliminary survey. 

In most magnetic surveys it has for various reasons been usual for the 
detailed survey to be separated from the preliminary survey by an interval of 
time, the duration of which has varied according to the opportunities and 
facilities afforded for the development of the survey. 

This interval has afforded a convenient opportunity for a more or less 
leisurely reduction of the preliminary work, reductions which, by reason of the 
comparative smallness of the areas surveyed, have not involved the consideration 
of the questions with which we are confronted in India, and hence those 



responsible for the succeeding work have generally been in a position to determine 
beforehand with more or less precision their probable spheres of operation. 

In India, however, the detailed survey of disturbed localities is to follow the 
preliminary survey without any such interval and it becomes a matter of 
importance therefore to review the position in which we stand with regard to the 
question of the reduction of the field observations, to investigate Lhe labour 
involved in the precise reduction and to outline the procedure which might be 

adopted for a preliminary reduction which would be sufficiently accurate for the 
selection of spheres of operation until such time as  the results of the precise 

reduction were available. 
2. Correcfions required.-The corrections involved in the reduction will 

now be considered. 
In the words of Bauer " The quantities experimentally determined in a 

magnetic survey are incessantly undergoinq changes, some periodic, others non- 
periodic : a magnetic survey then must be made to refer to some particular 
moment of time and such means must be taken as  will enable all the measure- 
ments to be reduced not only to the selected epoch of the survey but also to 
some other epoch in the near past or future." 

Every field observation then requires the following corrections :- 
(a) Correction for diurnal variation. 
( b )  Correction for instrumental d~fference from the standards of the survey. 
(c) Correction for secular change to the selected epoch of the survey. 
(d) Correction for annual variation, i.e., correction to the mean of the 

year. 
(e) Correction for perturbation. 

These will now be separately considered. 

3. Correction for diurnal vavz'nttb~z.-.In the English survey the fie!d 
obs~rvations were corrected from the ICrw curvesonly, the diurnal variation being 
assumed sensibly uniform for the \\,hole of the area involved; in India the 
problem was complicated by the vastness of the area and the fact that the 
hourly variations at  the several observatories differed considerably. 

The problem to be considered was to find what relation existed betmeen 
the magnitudes of the diurnal variations at different observatories, and hence to 
deduce a converiient and simple formula, empirical or theoretical, by which the 
diurnal variaiion at  the field stations could be easily calculated. I t  may be here 
stated that the investigation of this question was seriously delayed for lack of 
the necessary data;  i t  was originally intended that the base stations should all be 
working before the commencement of the survey, but, owing to unforeseen delays, 
this ideal was not attained : the last observatory a t  Toungoo was not workinR 
until December 1904 or three years after the commencement of the survey, and 
consequently a yei~r's results from Toungoo were not available before October 
1906. Even then only results of Declination and Horizontal Force had been 
obtained and it was not until March of the present year that V. F. magnetographs 
had been erected at all the observatories, results from which have only recently 
become av;lilxble. 

The advicc of Sir A.  Riicker, F.R.S., had been solicited early in the history 
of the survey as to the best method to be pursued in this investigation and, in 

1905, working on lincs suggested by him, Mr. J .  Eccles, M.A., using the 
Declination and H. F. results of Colaba, Dehra Dun, Barrackpore and 
Kodaikanal, was able to establish a simple relation connecting change in diurnal 
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variation with change in I.*titude ; the results were submitted to Sir Arther %iiclter 
and ~ronounced quite satisfactory. The problem could not however be 
attacked in its entirety till the present year, when the discussion could be 
extended to the Declination and H. F. results from Toungoo Observatory, to 
determine whether the formulz still held good for the wider limits of longitude, 
and the diurnal variations of Vertical Force at the different observatories examined. 
The results of these furtllcr investigations have proved satisfactory, and the 
correction of the field observations for diurnal variation mly  now be proceeded 
with : the correction for H. F. and Declination observations will be computed by the 
formulz given on page 18, the correction to be applied to the Dip observations is 

dealt with in para. 3, page 18. During these investigations, however, and the 
preliminary enquiries into the correction for perturbation initiated during the 
present recess season, certain points have come to light which render it probable 
that improved methods of computation aild measurement will eliminate such 
piscrepancit.~ as have been observed and thus a certain amo~lnt of opening up of  
old records will probably be necessary. This refers mainly to the Horizontal 
Force observatinns; the recomputation is expected to afford better values of the 
base line than at  present obtained, a point of considerable importance in the 
investigation of the variation of disturbance from point to point. 

The method employed in the investigation into the diurnal variation is given 

fi,<.t,,,,d emplgyed  ; . the investigatiotr o fd iurna l  below :-The disturbing potential is sup- 
oar in t ion .  posed to travel round the earth and, to 
a first approximation at all events, the disturbing forces would be the sarne at the 

local time at  all places on the same latitude. This supposes the origin of 

the disturbing force to be outside the earth and at  a considerable distance. 

The following is the notation used :- 
Magnetic elements . H 6 B  

I .  Contponents of mng~letic force- 
Horizontal in magnetic meridian = H 
Horizontal perpendicular to magnetic meridian = 0 
Vertical (taken + upwards) = V = H tan 0 

11. Gco~raphical compone~zts- 
Horizontal in the direction of Geographical 

North = h' = H c o s S  

Horizontal in the direction of Geographical 
East = E = H s i n S  

Vertical = V = V  

Disturbances of the magnetic elements prsduced by diurnal variation (or 
a magnetic storm). 

dH,  dS, dB (nhich is deduced from dV and d H )  

The components or disturbing force in the magnetic directions a s  in 
I are d H ,  HdS, dV. 

111. Components of the disturbing force in the geographical directions as 
in I I  are- 

n = dN = dH cosS  - H sin a d 6  
e = dE = dH sin S + H cos 6 d 8 
v = dV = dV 

In ~goq-05 Mr. J. Eccles, M.A., using the mean monthly values and hourly 
variations derived from the computations of five quiet clays, for such months as 
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were available, computed " n " and " e "  for each hour of local time for the 
various observatories and, using the results from one pair of observatories, com- 
puted the " n u  and " e " of a third, assuming a constant rate of change with 
latitude. 

The  results were quite satisfactory. The  example below gives the method 

of computation. 
If A and B be two observatories from which the diurnal variation a t  C is to 

be computed, then the difference of " n "  and " e I '  at  A and B or B-A must be 
latitude A - latltude C 

multiplied by the factor latitude A -latitude B and the result added to A (A being 
n n n 

the more northerly observatory): or if  A x, B X '  C X  be the values of n a t  

any hour X and the latitude factor above be denoted by K. 
n n - n = A + K ( A x )  and similarly 

e e ) c x =  * x + K ( , e x -  * x  
The " n " and " e "  of C being thus computed, d H  and dS may be calcu- 

lated from 111 which gives 
d H  = n cos S + e sin 1 where S and H have the 

HdS = -n sin S + e cos 6 values a t  C. 
In the example below Colaba is computed from Dehra Dun and Kodaikanal 

ExantPIe of method of computation. and the multiplier for latitude becomes 
laljtude Dehra--lat~tude~olaba_ -- 
latlrude Dehra - latltude Kodaukanal = 0 . 5 ~ ~ .  

DIURNAL VARIATION. 

CoZaba computed from Dehra and Kodaikanal. November 1903. 

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

Unit = ~y I x lo-' C.G.S. 
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DIURNAL VARIATION. 

Colaba computed from Dehra and Kodaikanal. Novenzber 1903. 

DECLINATION. 
Unit = 1'. 
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The following tables give the differences between the observed and com- 
Tables showing differences between observed and puted values of d H and d8 a t  various 

co,npuled values of dH a n d d s  observatories, the latitudes of which 

are- 

0 I 

DehraDun . . , , . 30 : 19 : rg 
Barrackpore . . . . . az : 46 : 29 

Colaba . . , . . . 18 : 5 3 :  45 
Alibag (which has replaced Colaba) . 18 : 38 : 55 
Kodaikanal . , . . . l o  : 13 : 50 

Toungoo.  . . . . . 1 8 : 5 5 : 4 5  

The  tables for May 1907 are added as  they show the results in d H  and d S  

obtained by including Toungoo observatory in the discussion. 

Diferences between the observed values a t  Cofaba and those computed from Dehra 
and Kodar'kannl. 



Diferences between the observed values at Colnba and those compzded from Dehrn 
and Kodaikanal. 
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Diferences between the ob- 
served values at  Barrackpore 
and those computedfrom Dehra 
and Kodaikanal. 

Dz~erences  between the 06- 
served values a t  Barrackpore 
and those computedfrom Dehra 
and Colaba. 
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Diferences detzueen the od- 
served values at  Barrackpore 
and those computedJrom Dehra 
and Kodnikanal .  

D1ferences detween the 06- 
served values a t  Barrackpore 
and those comptrfed j rom Dehra 
and  Colaba. 
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DIURNAL VARIATION. 

D~yeuences between observed and computed vnlucs of d H  and dE. 
May I907. 
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The following formulae for t h e  correction of  field observations for diurnal  
variation in H. F. a n d  declination deduced 

Formulas for correction of  d iurnal  v a r i a t i o n  
i n  H. F. and dtc l inaf iom.  

from t h e  foregoing a g r e e m e n t  between t h e  
observed a n d  computed  values of " n "  

and " e "  a r e  d u e  t o  Mr .  J. Eccles,  M.A., of t h e  Survey  of India. 

Let A and B be two base stations and P any other station. 

Let AH,, ~ 6 ,  = the readings of H. F, and declination at  A at  the hour x. 

AH M , M = the mean values of H. F., declination at  A. 

,n , , e, = the values of n and e at  the hour x.  

Then- 

An.= (AH. - AHM) COS. A B M  - A H M  sin ( A D ~ - A B M )  sin. I" 

and si~nilarly- . 1. 
( B H , - B H M ) ~ ~ ~ . ~ E h ( -  B H M s ~ ~ . B ~ ~ I ( B B . - B B ~ ~ )  sin. I" 

Let K be the multiplier for the latitude of P via. :- 

Then- 

p n ,  = An, - K fAnx-Bnx). 

= ( 1 -1<)  An, + K ~ n , .  
Similarly- . . . . . , . I 1  

pe, = ( I - K )  ~ e ,  + K Be, 

Now p H ,  -pHu = pn, cos. p E M + p e r  sin. p8g. 

- p n .  sin.  EM + pe, coC. p 8 ~  
and P E ,  - P E ~ I  = PHhl sin I"--.' 

and substituting from I and 11 and for n and e and arranging terms we get 

p H. - p HLI = ( I  - K) [ (6 Hr - A HM) COS. ( A  - PEM) 
- ~ H n i  ( ~ 6 .  - A ~ M )  sin. ( A ~ M  - P ~ M )  sin. I"]. 

+ K [(BH. - BHM ) sin. ( B ~ M  - P ~ I )  
+ aH.11 (06. - B ~ M )  cod. ( B ~ M  - P ~ Y  ) sin. I"] 

and 
p~ 

sin. I "  (p6, - pEn3. = ( I  -K) [(.\ H, - A HM) sin. fathi - r8n) 

+ A H M  ( A ~ S  - A ~ M )  COS. ( A ~ M  - P ~ M )  sin. I*.] 

+ K [(B H, - B H ~ I  ) sin. (oEh1 - P ~ M  ) 
+ o Hu (s 6, - e8u) COS. (BEN - P 8 ~ )  sin. I".] 

1f  p ~ o ,  P b ~  be the readings at  the hour to which we wish to reduce (i e., noon, mid- 

night, etc., or mean of the day) then substituting o lor x and subtracting we ge t  

P ~ X  - HO =Right hand side with o substituted for M in the terms AH,  - 
AHr, A E x  - A B M  etc., etc., etc. 

N~~ if k, h, be the dinerences of the readings at  A, Band P at  the hour x and 0 1 (i.c., the hour of ob~ervation at P and the hour to which we wish to 
61 E~ reduce) 6.. 8 b  and 8, being in minutes. 

P.Ob the differences of the dec!ination at  P from those at A and B. 
H. Hb H, the horizontal force at  A, B and P then 

hp = ( I  -K)[h. cos. 0. -Ha 6. sin. p. sin. I"]. 

$ K [hb COB. fib - Hb Ea sin. 0, sin 1 ' 7 .  

sin I "  H, 6, =(I-K)[h ,  sin. 0. + 1-1. 8 . ~ 0 ~ .  8. sin. I*]. 

t K [hb sin. Pb + Hb Bb cos. P, sin. I"]. 

Now at none of the base stations dots i l ~ e  declination exceed 3O, so it  ill be fair to 
assume P not greater tf an 3'. 

D 
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cos. 3°='gg86 and .00300 x~gg86=~002gg6m~00300 to nearest y .  

:. if we want the result to the nearest y d e  may take, in the first equation, cos. f l= I 

so long as h  does not exceed 3ooy. 

As h  will rarely exceed loo y we may then always take cos. /3 = I. 

Again sin 3'='052 and circular measure of 1'=~00029. 

Product=.oooolg : H lies between .32 and '40. 

:. Hnl sin /3 sin I" lies between .ouoooq8 and ~ooo0060, so that if we want the 

result correct to 17, for all values of 6. Bb less than 2', the second term in the first equation 
may be neglected. 

Subject to these limitations the first equation thus becomes 

h, =(I-K)h. + K h , .  

Again- 

sin 3' cosec I" = 3351 and sin 3' cosec I" ~ 2 6 8 1 6  
'32 '40 

:. for a ry value of h  the first terms of the second equation can never be greater than 

0.3", and o.3"='005 minute, therefore if we wish to be correct to 3 minute we may 

neglect the first terms of the second equation for all values of h. h b  less than loor, i.e., 

in almost every case. 

Also- 

- "' 
H b  lie between 3 and '9. 

H, H; '40 '32 

i.e., between '83 and 1-19 

:. cos f l  lies between .83 x ,9986 'and 1 . 1 ~  x 1.0. 
H. 

'83 and 1.19. 
1-17 and 1+.1g. 

H H  
So that i f  we wish to be correct to 4 minute we may take fi; , $ COS. a= I for 

all values of 8. 6 ,  less than 2'. 

Subject to the above limitations the second equation becomes 

6, = ( I  - K) 6. + K 6 b  

It wi!l be seen that these two equations for 6, and 6 ,  are identical in form wilh the 
equations for ,n, and ,ex on P. 9. 

T h e  question of t he  correction for diurnal variation to be applied to  the  dip 

~~~~~~~i~~ of dip o~servation, for diurad V ~ I ~ .  
observations requires special consideration, 

ation. since the  results from one vertical force 
magnetograph only (vi0. a t  Colaba) a r e  available for the  first five years of the 

preliminary survey. 

T h e  diurnal inequality of dip is obtained by combining the  hourly mean 

values of the  horizontal and vertical force components, and it is only recently 
that data for the  vertical force variations have become available for observatories 

other than Colaba. 

'The table below gives the diurnal inequality of the  vertical force a t  the  five 
Indian observatories in May 1907 : for Alibag (Bombay) the  results from four 

quict days only have been supplied, for the remaining four observatories 
the inequalities have been computed :- 

(a) from all days, 
(6) from the  same four selected quiet days a s  used a t  Alibag (except 

a t  Kodaikanal where the trace was lost on one day for which 
another has been substituted). 



May 1907. 

From an inspection of the Dehra and Kodaikanal values, there appears 
to be some slight evidence of a latitude change, but the differences between the 
various hourly variations are too small to warrant any definite conclusion, as they 
are of the same order as errors of observation. 

The  errors obtained after applying a latitude factor to the observed differ- 
ences are in general as  large as  those which would be introduced by using the 
inequalities derived from a single observatory ; and the differences of the observed 
inequalities are so small that we are led to the important conclusion that the 
hourly variations of the vertical force at Colaba or Alibag may be used without 
sensible error throughout the period when results from those observatories were 
alone available. 
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For the correction of the dip results, however, we require the hourly varia- 
tions in dip derived from the ho~rrly mean values of horizontal force and verti- 
cal force and the conclusion arrived at  above has been further tested by 
computing the hourly mean values and inequalities of dip a t  the other obser- 
vatories :- 

( I )  from the hourly mean values of horizontal force and vertice 
force observed at  each observatory. 

( a )  From the observed hourly mean values of horizontal force and the 
hourly mean values of vertical force obtained by combining t h e  
mean observed value of vertical force a t  each observatory with 
the inequalities obtained a t  Alibag. 

In the tables below the hourly mean values and diurnal inequalities so 
derived are numbered ( I )  and (2) t o  correspond with the above. 

Hourly Mean Values of Dip. 

May 1907. 
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Diuvnal I~egual i t y  in Dip. 

I t  will be seen that the agreement between the  hourly mean values of dip 
whether computed from the  hourly variations of vertical force obtained a t  each 
observatory or f rom the Alibag hourly variations, is remarkably good and i t  
therefore follows that the diurnal inequalities for previous years can be 
obtained with quite sufficient accuracy. 

Previous to the installation of Vertical Force magnetographs, observations 
of dip had been taken bi-weekly a t  about the  same  hour a t  all the observatories 
and the mean observed value of dip combined with the mean monthly value of 
H. F. from the magnetographs will give a sufficiently accurate value for the 
mean monthly value of Vertical Force, to which can be applied the diurnal 
ineqllality derived from Colaba or Alibag for the computation of the hourly 
mean values of dip. 

An inspection of the diurnal inequalities of dip given in the  second table 
shows some evidence of  a change with latitude, but the differences between 
even D e h r a  Dun and Kodzikanal are  so small  that for the purpose of 
correcting the field dip observations they may be neglected, especially when 
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it is remembered that the probable error of a dip observation with a dip circle 
is a t  least, f 1'. 

From the same consideration, the diurnal variation corrections, for a t  any 
rate a preliminary reduction, may be obtained with sufficient accuracy from 
Colaba observatory alone, while for the final reduction the inequalities may 
be computed as shown above. Each observatory would then be regarded as  
dominating the area nearest to it, the mean from two observatories being 
applied to border stations. 

4. Correction for instrzrmenlal diferences from the Survey Standards.- 
Comparative observations have been taken twice yearly with all the field 
instruments against the standard, while the observatory instruments have been 
compared through one or other of the field instruments. 

Some investigation remains to be done where the indications of any one 
instrument have changed largely with reference to the standard during the 
period embraced by any one field season, and the question yet remains for 
final settlement as to whether the " q "  term is to be taken into account or not. 

Apart from these questions, the correction can be made sufficiently 
well for the purposes of the reduction of the preliminary survey. 

5. Corrcclion for secular change.-Owing to the paucity of existing data, 
the secular change can practically only be found from observations made 
during the survey, for which purpose the results of five observatories and 
twenty-two repeat stations will be available. Observations will also be repeated 
at  various field stations, suitably situated between observatories and repeat 
stations. It is intended to take observations at  30 such stations during the next 
field season. The results from the repeat and field stations however first require 
to be reduced by corrections for diurnal variation, instrumental difference and 
perturbation. 

Of these the first two corrections can be applied, hut corrections for per- 
turbation other than approximate must await the result of the investigations 
now in hand. 

6. Covrection for annual variation.-From an inspection of the mean 
monthly values at  the various observatories, it is a t  once evident that the secular 
change is not uniform from month to month. The values of Horizontal Force 
at Dehra Dun may be taken as an instance of this. From December 1905 t o  
December 1906 a fall of 33 y occurred, while up to April 1906 there was a rise 
of 8 y. It is obvious, therefore, that before we can correct for secular change, 
some correction for annual variation must be applied. 7 he importance of this 
point is emphasized at periods of considerable magnetic disturbance. The 
great storm of October 30th and 31st, 1903 depressed the value of Horizontal 
Force for 3 or 4 months and a large correction will have to be applied to observa- 
tions taken between November 1903 and April 1904. The discussion of this 
correction must await a more rigid examination of the base line values. 

7. Corvccfion /or disturbance.-The importance of the correction for 
disturbance cannot be overestimated when it is considered that on each and 
every day the traces are more or less disturbed. 

The normal hourly variations of the various elements are obtained with 
sufficient accuracy from the indications of quiet days, but even the quiet days 
themselves are disturbed in their means just as the abnormal traces are. For 
instance, the daily means in H. F. of the five selected quiet days in May 1907 
are at  Debra Dun ,33336, '3333a, .333a2, .3331g and '33325, C. G, S., 
a range of I 7 y. 



Thus field observations which happen to have been made on days classi- 
fied as calm or selected as  "quiet" for the purpose of computing the diurnal 

require correcting for disturbance as  well as those on days of 
obvious disturbance: in other words, every observation requires correction, the 
amount of which will vary according to the degree of disturbance registered 
on the base station curves. 

Generally speaking, in formulating any theory for the correcting of dis- 
turbance the only assumption which appears to be warranted is that magnetic 
disturbances occur a t  the same absolute time over large areas; further the 
disturbed traces show a similarity in phase. 

In the English Survey the whole of the fie)d work was corrected from the 
Kew curves on the assumption that the amplitudes of disturbance measured 
a t  Kew could be applied without sens~ble error over the whole are1 : in the 
far greater area of the Indian Survey, however, this assumption is not warranted, 
and an inquiry into the variation of the magnitude of disturbance from point 
to point is essential. As far as  the time of occurrence is concerned, numerous 
measurements oE similar apices of disturbance have established the fact that 
over the area of the Indian Survey a t  least, disturbaqces occur at  the same 
moments of absolute time, while several measurements, where data have been 
available, have shown that a t  times they may be simultaneous in such widely 
separated countries as  England and India. 

Sir A. Riicker has suggested that the components of the disturbing force 
may not be found to differ very much st the base stations and that some 
simple law might then be found to express the variations from point to point ; 
should this not be so, he has outlined the method that might be employed 
in the further investigation : this method implies a knowledge of the variation 
of the vertical component, but V. F. magnetographs have only been working 
for the last three months at  four of the five observatories, and it has thus 
been impossible to begin the investigation earlier. The purpose of this investi- 
gation is to determine whether the same disturbing force is in play at  all 
stations, in which case the actual disturbances at  various stations will differ 
according to the differences in magnitude and direction of the normal forces 
should this be established, precise formule can then be found for the correc- 
tion of the field stations, with the additional advantage that the corrections 
can be computed from the results of one base station only, a point the import- 
ance of \vhich cannot be overestimated, when it is considered that for almost 
the entire period of the Preliminary Survey results in vertical force are avail- 
able from one obscrvatory only, while during the whole of the first season's 
work Colaba observatory alone was working. 

It may not be out of place to briefly outline the method suggested for 
testing the equality of the disturbing forces :- 

With the usual reduction to geographical components (North, East and 
Zenith) 
n = d  H cost -1-1 sin td8. 
c = d  M slnS+II cos Od8. 
v = d  V. 

then find the components along the following axes, via., polar axis of  earth, 
and two axes in ~ l l e  plane of the equator in and perpendicular to the meridian of 
the place. These components are as follows :- 

( i ) Parallcl to polar axis of earth 
d F'=n cos I t v  sin I,  /=latitude 

( i i  ) In the i~lterscction of the meridian plane of the place and the 
equatorla1 plane 

dXI= - n  sin I + v  cos f 
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( iii ) In the  equatorial plane perpendicular to the  meridian plane 
dE=e 

( iv  ) Similar components of disturbing force with reference to a meri- 
dian differing by X ( t aken  positive to the  E a s t )  are  

dP1= dP 
d h l l = d M  cos A + ~ E  sin A. . 
dE'= -dM sin A +dE cos A . 

If the agreement between these components for various base stations is 
good, t he  equality of the  disturbing forces will be  established. 

Such  inquiries a s  have already been begun can only be regarded a s  pre- 
liminary : magnetic storms of a sufficient magnitude to  prove or disprove the  
theory have been of rare occurrence, since the  V. F. magnetographs have been 
working, nor has time allowed of the  computation of the  data  required for a 
complete investigation of the material, scant a s  it is, which is available. 

These  preliminary investigations, however, have been sufficient to s,how 
that ,  a t  any rate with our present base line values, t he  divergencies in magni- 
tude  and sign of the components of disturbance ( a t  any rate a s  regards the 
Easterly and Vertical components) a t  various stations are such that with our 
available reference values no simple law can be found to  connect them, and the 
inquiry has  therefore bezn extended to test the theory outlined above. 

T h e  results already obtained afford sufficient internal evidence of agree- 
ment to  justify t h e  expenditure of considerable time and labour on further 
investigation, even if the great theoretical importance of the question did not 
dellland i t :  they have also indicated that  the  directions in which further 
inquiries might be ~ u r s u e d  wittr advantage, a re  the  improvement of the  base line 
values by a more rigid scrutiny of the data  from which they are derived, and 
the answer to the question of " What should be regarded a s  the  normal value 
to which days of d is turbince  should be relerred ? " 

With regard to the former, any alteration in the  base line values 
will change the hourly mean values, while the  hourly variations will remain 
unaltered: the question then has no bearing on the  correction for diurnal 
variation, but become.; of great importa~lce ill the consideration of disturbances 
when the  hourly variations superimposed on the mean value held to be applicable 
to the day under co~~sidcra t ion are considered the normal values of the field. 

A s  regards the second of these questions, Bigelow ( see Terrestrial 
Magnetism, Vol. I ,  p. 53)  is of opinion " that tlie attempt to use quiet or 
steady days  a s  reference for disturballces of an  abnormal type is misconceived, 
that the available refrrence values are to be obtained by interpolation 
from monthly means and that only barren results can be expected from 
computations referred to quiet days." 

I t  appears from this that Bigelow mould obtain a mean monthly value from 
the measurements of  all days (excrpt possibly those of abnormal disturbance) 
and would consider this value to be correct for the middle day of the month. 
T o  obtain the correct normal value for any other day he  would apparently inter- 
polate between the mean values of two consedutive months assuming that the 
normal value varies uniformly. If the first contention is correct, then it is  
obvious that the !rue nr.rmal value for the first day of a month could be obtained 

by measuring up 1 5  days before or after. This normal value will not a s  a rule 
(e~pecially in the case of Horizontal Force) agree with the vallte obtained by 
interpolation from the mid-morrthly values ant1 therefore eitl)er the nornlal value 
does not. vary unilormly or measurements of a.1 d a j s  do not give a tlue monthly 
value. 

The truth appears to be that the variation from month to month mainly 

depends on the aggregate of d i s t ~ r b a ~ c e  registered during each mocth, the 



value (of Horizontal Force a t  any rate) being almost invariably reduced by a 
magnetic storm and tending to rise during a ~ e r i o d  01 calm. I t  is, however, 
fortunate that in the  only month which has  been examined in detail, [he daily 

Dnily variatio~r OII the nro~lthly mean. variations on the monthly mean in Hori- 
zontal Force  show a marked similarity 

for the  four observatories and i f  this is borne out in further examination, it nil1 
be immaterial whether we regard the mean value of the  day or of the  month a s  
the true normal value, since these values will be conrparablr over the  area O F  the 
survey. T h e  variations o'f the  monthly values will be allowed for in the  annual 
variation correction. 

I t  appears from the above that  the normal value of the  month cannot be 
obtained from quiet days only and that all days  will have to be measured. T h e  
labour in this is not a s  formidable a s  would a t  first appear. T h e  area of the 
curve on each day can be rapidly measured n i th  a planimeter and the  mean 
ordinate obtained by simple division. Further from the  measurements of all 
days  in May 1907 it appears that mean value for the four observatories is  slightly 
less, by a practically constant quantity, than that obtained from the  5 selected 

Rerrrltr of quiet dnys cornpaved with all days, quie t  S h o u l d  'IJrther examination 
show that  this difference between " all 

day " and " quiet day " means is constant in any month for the four observatories 
it will only be necessary to measure all days  for one observatory, t h e  values of 
the others being obtained by subtracting this constant quantity from the  I' quiet 
d a y "  means I t  is, however, essential tha t  the same  quiet days  be selected 
for all observatories.. T h e  "quiet day " mean value urill be obtained by plani~ne- 
tric measurement, but the hourly values must be measured a s  heretofore. 

T h e  variations in declination in the only month for which they have been 
worked up, vin., May 1907, are  in the main small, but the  larger variations are  
accordant in sign and differ little in magnitude; it is in the vertical force results 
that the discrepancies of magnitude and sign a re  large. I t  is t o  be  remembered, 
however, that the base lines of the Watson magnetographs are by no means 
remarkable for stability, while in instruments recently erected, such a s  the  vertical 
force ~nagnetograplis,  large fluctuations a re  o f  by no nieans uncommon occur- 
rence;  in the vertical force instruments, in particular, the  temperature correction 
is at  all times a matter of some uncertainty, a factor which acquires considerable 
importance in the month under consideration when in two observatories the  mean 
temperature differed considerably from the  temperature of reduction. I t  is not 
unlikely, therefore, that a careful examination of the  base lines will considerably 
modify the results already computed, and if in the  sequel the declination and 
vertical force variations are  found to  be l r  some relation to  one another a s  
those ill horizontal force certainly do, t he  problem of deciding the  referznce va!ue 
to be applied to days  of disturbance will b e  greatly simplified. 

Approximate co~vections for pertr~rbation nud how they may be appliedin a 
~ r e f i n ~ i n a r y  reduction. 

8. in the above note an  endeavour has  been made to  show the  present 
position of the investigation into the correction for disturbance ; it is obvious 
that considerable time must elapse before the  theory can be considered established 
or dispro\ e( l ,  and it remains to enquire in what way, in the present s ta te  of our 
knowledge, an approxim ~ t e  correction for disturbance may be made, should it be 
decided that what might be termed a preliminary reduction O F  the fundamental 
survey should meanwhile be proceeded with. A s  regards the  correction in 

horizontal force, the investigations s o  far Ho-isonto1 force. 
show that, taking the mean of the  month 



as tlie reference vqlue and applying the hourly variations found from quiet days, 
in most cases the resulting conlponents of disturbing force are in very fair 
agreement ; where they differ, in the majority .of instances the differences vary 
with the differences of latitude. T h e  curves of two observatories will require to be 
measured, preferably those nearer to the station under consideration ; if  the 
agreement between the values is fair the mean value may be applied : if there is any 
appreciablediffcrence, thc trace of a third observatory i f  available should be 
measuredand the results tested by the latitude varidt~on factor with different pairs 
of results ; it neither of the above bring the results into accordance, then either the 
results of one or the mean of two base stations should be applied according to the 
position of the field station with reference to them. I t  is perhaps fortunate in 
this connection that the secular changes in horizontal force (see report for 
1905-06) are large for most parts of India, and therefore any error involved in 
applying an approximate correction will have, comparatively speaking, little 
effect on the final reduced values, except in the observations which have been 
taken near the selected epoch. 

As regards the correction for disturbance in declination, no rules can be - 

Declinnfion. 
laid down a t  present. T h e  magnitudes of 
declination disturbances so far a s  thev 

have been examined are however a s  a rule small, rarely exceeding, on days of 
ordinary disturbance, a maximum of 3 minutes, and it is therefore worth 
considering whether any attempt should be made to correct a t  all for disturbance. 
I n  view, however, of the fact (found from the base station results) that the secular 
change is very small, the errors introduced in the uncorrected results will be of 
the same order as  the secular change ; and since, owing to lack of data, we are 
practically dependent on the survey observations for the values of secular 
change in the districts intervening between the base stations, it will probably 
tend to a more satisfactory state of things if some approximate correction for 
disturbance is made. 

In applying an approximate correction it will perhaps be best to regard each 
base station as  dominating the regions which lie nearest to it and to apply a 
correction a s  found from the indications of the base station ; a t  stations near the 
boundary lines the mean of the two nearest base stations might be taken. 

The progressive survey of  new localities has been so regulated as  to allow 
of the establishment of observatories before the area dominated by each has been 
commenced. 

As regards the dip observations, no correction for dip disturbance can 
be applied a t  present. Results in vertical force are available from one 
observatory only and it would be most unsafe to apply the indications from one 
observatory to the whole area. T h e  secular change in dip is, however, consider. 
able and therefore the effect of errors in the'uncorrected results will, except in 
observations near the selected epoch, be more or less inconsiderable. 

This preliminary reduction will not be entirely superseded by the more 
rigorous reduction ; the corrections for instrumental correction and hourly 
variation will be the same for both reductions ; while any modification ot the 
secular change correction will be easily applied ; the measuremenls of the: traces 
[or the approximate correction for disturbance will be required and be available 
for the final reduction. 

Labour entniled in the rcdrtclion. 

g. The question of the corrections which can be applied at  present has been 
dealt with above ; it remains to consider the labour involved in theirapplication. 



T h e  number of field stations will be ab,out 1230,  and a d d ~ n g  the  reprat  
stations of the  various years we have a total of about 1500 stations a t  each of 
mhich observations of decl in~t ion,  horlzontdl fo rce  and d ~ p  w ~ l l  have been 
made. 

T h e  magnitude of the diurnal variation a t  any given insiant depends upon 

Diurnal variat ion.  
the  local time : thus for the correction for 
diurnal variation the  deviations from the 

mean must be  calculated from two observatories (from the  published results) for 
t he  mean Local Mean T ime  of the field observation and applied in the f o r n ~ u l a  
( see page ) with the  latitude factor applicable t o  the  station. Normally 
there will be one observation each of dip and declination a t  each station ; in 
horizontal force, however, the correction must be  applied to t h e  values of horizontal 
foice computed from each vibration and deflection observation separately (using 
the mean m, applicable to  the period). 

For  disturbances the  curves require to  be measured a t  the  moments of 
absolute t ime corresponding to  the  t ime of 

Dirfrirbance. 
t he  field observation ; for the  purposes of 

the  survey all times of observation have been recorded in Local Mean Time and 
Madras Mean Time. 

T h e  curves then of two or three  observatories must be  measured a t  t h e  
corresponding moments of Madras T ime  to obtain the  deviations from the mean, 
from which must be subtracted the  normal value of the particular element a t  that 
instant t o  obtain the temporary disturbance a t  t h e  t ime of the  field observation. 
For the  present purpose t!ie mean hourly values a s  given by the computations 
o f  quiet days will be considered the  reference values. 

For  horizontal force the curves will require to be measured a t  the  
Madras Mean Time corresponding to each vibration and deflection experiment, 
and since each determination of horizontal force has  a t  various t imes been in the  
forms VDV, VDVDV,  V D D V ,  there will be required 3, 5 or  4 measurements of 
the  curves of each observatory for t h e  correction a t  any  one station. 

T h e  discussion of the proper values to assign to the secular change must 

Secular change. 
await the reduction of the  ohservations a t  
repeat stations and reobserved field sta- 

t ions; from a consideration of the  results, values for the districts intervening 
between the  repeat stations and observatories will be assigned. 

For horizontal force, however, the question of secular change is of considerable 
complexity, since the  preliminary investigation made last  year showed that t he  
average annual change may vary from-40 y to + 4 0  y, while in some parts of  
India the  annual change is scarcely appreciable. 

How the detailed survey may be begun pending the rcsulls o f  the reductio~r. 

lo. From the above considerations the time required for even a preliminary 
reduction is so  considerable, tha t  it can scarcely be anticipated that the reduction 
 ill be in a suficienlly forward s ta te  a s  to adequately indicate before the  field 
season of 1908-09 the  localities in which the  detail survey can be  most 
profitably commenced. I t  remains to be considered therefore in what way the  
field observations of the  preliminary survey can be best utilized in preparing a 
tentative programme for one or a t  most two working seasons,  by which t ime the  
results of either a preliminary or more rigorous reduction should be available 
according to the  progress o f  the investigation into the  correction for disturbance. 

T h e  magnetic element in India, the observed results of which a re  likely to 
undergo least change in the  reduction, is the declination ; the  secular change is 
small and of the same sign over the area of the survey ; the diurnal range for t he  

C 2 



winter months (in which the field observations are all taken) has even in the 
north of India a range of less than four minutes, so  that the diurnal variation 
correction varies between f 2'; while on days of disturbance other than abnormal 
the correction for disturbance will rarely exceed 3'. 

The declination results will then be fairly inter-comparable during the period 
of the survey without correction, and an inspection of the plotted curves should 
give a t  least an approximate indication of regional disturbance. 

Where abnormal values apply to a considerable district, there mill be a 
prjmdfncre case for more detailed examination; the values of horizontal force 
and dip can then be examined (for any particular district these will generally 
have been taken about the same period), and the points where the values are 
greatly in excess or defect of the average for the  district will determine the focus 
or foci of the detailed survey. In this connection, however, it is not to  be lost 
sight of that the Geological Survey have asked for a detailed magnetic survey of 
the northern edge of the Deccan trap, and this might then be taken as  the locale 
of the initial operations of the detailed survey, when the subsequent programmes 
could be based on the reduction of the preliminary survey, the results of which 
would probably in the  interim have become available. 

I I .  In the above note an attempt has been made to show the present position 
with regard to  the question of the 

Concl~rding r e ~ ~ r n r k s .  
reduction of the preliminary survey, and 

suffi:ient evidence has, it is hoped, been adduced to show that, while it is 
without doubt unfortunate that certain questions are still under investigation, 
the postponement 01 their consideration has been due to unforeseen and 
unaLoidable circumstances. 

T h e  primary cause of the postponement has been the delay in the erection of 
the later observatories, and this has been partly due to changes in the sites of 
obscarvatories owing to developments in electric traction subsequent to the 
or~ginal selection (and in one case after the building had been erected), and partly 
to difficulties in the supply and test of self-registering instruments of a new pattern ; 
while further, the non-provision of continuously recording instruments for the 
vertical component was an omission whose effect is only now being keenly felt. 

The delay occasioned, h~wever ,  will not be serious in its effect if, a s  is hoped, 
sati.factory results will shortly be obtained in the present investigations. 

111.-THE M A G N E T I C  OBSERVATORIES I N  1906-07. 
Page. 

A.-Dehra DJn Observatory . . . . . . . .  28 
8.-Kodaikanal .. . . . . . . . .  . 3 1  

C.-Barrackpore ,, . . . . . . . . .  . 3 3  
D.-Toungoo . . .  . . . . 3  6 

A.- Dehra Du'n Observntory. 
I .  General remarks on the working. 

Vertical lorce magnetograph. 
2. Mcan values of magnetic elements. 
3. Declination constants and mean monthly base lines. 
4. 14. F. ditto d ~ ~ t o .  
s. Mcan x a l e  value and tempcratllre range. 
6 Mran monthly values of magnetic clcmenls and sccillar change, 1905-06. 

For hourly mean values a.id dlurnal ~neqr~a l~ry  see I'art I V ,  p. . 
I .  General vtrrnr-ks un t h e  m.ork:'rr,a.-The ntaqnrtographs continued to 

give good remits throughout the year urltler report, a slight re-adjustment only 
being found necessary in the H. F. n~agne togra~h  ; the vertical lorce magneto- 
graph, however, required opening 1111 t i ~ i c ~ d u r i n g  the rains for cleaning, airing 
presumably to a deposit of moisture on the agate plane due to the l~umidity of 
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the air. A glass cover has now been placed over the  magnet box, and this with 
rnore frequent changing of the sulphuric acid in the d r y i ~ ~ g  box \\.ill, it is hoped, 
prevent a recurrence of the trouble. 

The vertical force magnet from the instrument destined for Icodaikanal was 
mounted in November 1906 ; the new magnet gave much better results than the 
old, but matters were not entirely satisfactory until March 1907, when from the 
experience gained in the erection of the other instruments the arrester was so  
adjusted as  to bring the knife-edge of the magnet further from the edge of the 
agate plane on which it rests. No means of adjustment is provided by the 
makers, the plate carrying the adjuster arms being firmly screwed to the bed 
plate of the magnet box, and it was found necessary to slot the  holes through 
which the holding-down screws pass. T h e  point is worthy of notice, as  this 
adjustment was found necessary in all the instruments ; some more refined 
method should be provided by which each arrester arm may be separately 
adjusted to ensure the knife-edge being parallel to the edges of the agate plane. 

Various experiments were made to determine the best position of the tem- 
perature compensation device ; ultimately a position was accepted in which the 
mean of several accordant experiments gave a temperature co-efficient of- 

- 5.27 per + 1' F. 

Earth Inductor No. 30 by Schulze was installed in November 1906 to 
replace dip circle NO. 44. Comparisons between them were made through the 
vertical force n~agnetograph curves with the resulting difference- 

Inductor 30-dip circle 44 = + oI.8 
z. Mean values of  magnetic elements at Dehra Dzin rn 1906.-The mean 

values of the magnetic elements a t  Dehra Din  for 1906 are as  fo!lows :- 
Declination . . . 2 " : 39"2 E. 
H .  F. . . . . . . . .  '33365 C. G.S.  
Dip . . . . . . . .  43': 29"s N. 
V. F. . . . . . . . .  -31625 C. G.S. 

3. Declination constants and  mean monthly baselines.-The fol lowing table 

gives the mean magnetic collirnation of magnet No. 17 (the Survey Standard) 
for each month in 1906 ; also the mean manthly values of the base line of the 

declination magnetograph showing the numbers of observations in  deriving 
the accepted value :- 

~ ~ ~ t h ~ ,  1906  

J . . . .  
~ ~ b ~ ~ ~ ~ ~ .  . . .  
March . . . .  
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4. H. F. constants and  mean monthly base lines.-The table below shows 
the mean monthly values of the H. F. constants of the Survey Standard and 
the mean monthly bnse lines of the H. F. magnetograph. 

5.  Mean scale value a n d  temperature of the H .  F. magnetograph.-The 
mean scale value for 1906 was 4 . 06~  for a change in ordinate of oV.04, the 
limiting values being 4'03 and 4'09. 

T h e  mean temperature for the year was 2 6 ' q ° C .  with maxima of 27 6°C. in 
October and November and a minimum of 2 4 . 6 O C .  in May. 

T h e  base lines are referred to  a temperature of 2s°C., the temperature 
co-efficient being- 1 2 . 6 ~  per+ 1°C. 

6. Monthly mean values of, a n d  secular change in magnetic elements far 
1905 to 1906.-The following table gives the mean monthly values of H. F. 
Declination ar.d Dip for 1905 and 1906 with secular changes deduced there- 
irom :- 

HORIZONTAL FORCE DECLINATION D I P  
'33000+ E 3 O t  N 43-+ 

-- 

- - - - - 
C. G. S. C. C. 5. 7 

February . 376 371 5 40'6 39'5 

hlarcb . . . 3S-I 376 8 40'3 39'3 

Ap"l . . . 391 362 

May . . . 3\99 365 34 399 30'3 

June . . . 392 374 

July . . . 388 361 

A u y s t .  . . 386 363 23 39.6 39.1 

Septernbrr . . j73 362 11 39.5 39'1 

October. . . 317 331 25 39'8 39'" 

Nwember . 373 355 18 39'3 38'8 2'9 

December . . 7 342 33 39'8 39.8 I 1 18.7 32.9 
('1 ------------__- 

3S3(  J G J I  -1.9 30'1 2 a . 7  24.2 208 t 5 . 7  

REM~RKI. 

- 

Total 

values 

bob,e 
line. 

Months, 1906. 

January ' 1.66 7.81 '33161 14 1 13 I '  f q o  

Pcbruary . '58 '35 '33155 17 2 15 1'3 4'9 

hlarch . . '47 8.32 '33159 19 2 17 1'0 <2 

April . '37 7'79 '33160 17 1 16 1'0 3'9 

able 
error ol 
a sing1e 
value. 

May . . 
June  s . 
July . . 
August . . 
September . 
October . 
November . 
December . 

Probable 

of the 
mean 

the base 
I~ne. 

Monthly 
Mean I n ~ c a n  
value of value of 

hl.lor the lroln 
month. 12.j  9L 30 
C. G. S. cms, 

Number 

v$fues 
rejected. 

Nurnbcr '';kes 
which the 

line 
is 

derived. 

Monthly 
mean 

value of 
from 

30 & 40 
cms. 

'13 

'27 

'04 

'13 

'26 

91J'61 

'77 

'80 

Mean 
value of 
base line. 
C. G.  S. 

'97 

'99 

'95 

8'08 

'07 

7'81 

'91 

8'37 

8 

'38 

'39 

'51 

'44 

'52 

'q 3 

'34 

'33151 

'33147 

'33138 

'33141 

'33139 

'33134 

'33130 

'33118 

17 

14 

20 

15 

12 

32 

28 

20 

0 

I 

I 

0 

0 

4 

2 

0 

17 

23 

19 

15 

12 

28 

26 

20 

0'7 

1'2 

1'1 

0.7 

1'2 

0'7 

0'8 

0'7 

3'0 

5'8 

4'7 

2'8 

4'0 

3'8 

4.0 

3'5 



B.-Kodaikanal Observatory. 
I. General remarks on \\torking. 

Erection o l  V. F. magnetograph. 
2. Mean value of ~nagne l i c  elements lor 1906. 
3. Declination co~lstants and  monthly mean base lines. 
4. H.F. ditto. ditto. 
5. Mean scale value and temperature range. 
6. Mean monthly values of magnetic elements and  secular change 1905-06, 

For  hourly mean values a n d  diurnal inequality see P. I V ,  p. . 
I. General remarks on workiitg.-The observatory has remained in charge 

of Surveyor Ramaswami lyengar throughout the year. Thanks are due to the 
Director, Solar Physics Observatory, for his cordial assistance in all matters per- 
taining to the magnetic work. 

The  H. F. and declination magnetographs continued to give good results 
during the year: the declination magnetograph however required readjustment 
in July last, owing to the beam of light being gradually displaced. 

The vertical force magnetograph was erected in February 1907. The V.F. 
magnet which had previously been removed from the Dehra D i n  instrument was 
temporarily installed, pending the arrival of a new pattern magnet which will be 
mounted in its stead during the ensuing field season. Using heavier counter. 
meights than those provided, a satisfactory position of the compensation device 
was found after many trials, and the temperature CO-efficient was finally deter- 
mined as  + 3.4 A p e r  + I' F. 

The instrument however has given far from satisfaclory results ; the balance 
has required readjustment on several occasions in different directions, though the 
scale value has remained fairly constant. It seems probable that the knife edge 
of the present magnet is defective : the new magnet mill however be mounted a s  
soon as possible after its receipt. 

Earth Inductor No. 45 was installed in February 1907 to  replace Dip 
Circle 46. 

T h e  difference between them was determined through the V. F. magneto- 
graph curves and was found to be 

I n d u c t o r  45 - Dip Circle 46 = + o"7 

2. Mean values of n~agnetic elements for 1906.-The mean values of  the 
n~agnetic elements a t  Kodaikanal for 1906 are as  lollows :- 

D e c l i n a t i o n  oO : 36,'3 W 
H. F. '37425 C. G. S .  
Dip 3' : 21"1 N. 
V. F. .oz~gz C. G. S. 

3. Declinat;on constartls ~72d ?)rean monthly base lines.-The table below 
gives the mean monthly magnetic collimation of magnet No. 16 and the mean 
monthly base line values of the declination magnetograph. 

Total Number 

R e r ~ ~ k ~ s .  

base line. "IU'. 

line' clerive~l. -_ - -  - - 

Janunvy I f o ' o ~   to'^.^ 

February . . ' 0 2  

March . . . 13 1 2  '0 3 

April . . . 





C.- Bat vackpove Observalo~y. 

6.  Illonthly mean values of magnetic elements and secular chnnze 1905-06. 
The  table below gives the mean monthly values of the magnetic elements for 
1905 and 1906 with the secular change thus deduced. 

LIIP 
3- + 

I. General remarks on working. 
Erection of the V. F, magnetograph. 

2, Mean values 01 magnetic elements for 1906. 
3. Declination constants and monthly mean base lines. 
4. H .  F. constants and monthly mean base lines. 
5. Scale value and temperature range. 
6 .  Monthly mean values of magnetic elements and secular change 1905.06. 

For hourly mean values and diurnal inequality see Part IV, p. 56 to 59. 

February . . 
March . . . 
April . . . 
May . , . 
June . . . 
July . . . 
August . . 
September . . 
October , . 
November . . 
December . . 

Means 

I .  General rernavks on working.-The observatory was under the charge - 
of K .  N.  Mukerji throughout the year under report. 

388 

400 

407 

411 

402 

406 

405 

397 

411 

411 

404 

The magnetographs continued to give good results, only a slight re-adjust- 
ment of the H .  F. instrument being found necessary. 

Tlre vertical force magnetograph was finally erected in December 1906 : 
after several re-adjustments the temperature co-efficient in the final position of 

the compensation device was found t o b e  
+ 3'9r per + 1" F. 

The V. F. magnet which has the old pattern compensation arrangement of 
zinc rods and counterweights, will be replaced in the ensuing field season h v  a 

426 

qzg 

436 

420 

419 

420 

422 

428 

421 

432 

427 

---- 

new magnet in which the compensation is provided for by a double strip ot zinc 

40.3 ( 415 

and brass pivoted about  he centre of  the magnet system. 

38 

ap 

ZQ 

g 

17 

14 

17 

31 

g 

21 

23 

The V. F. magnetograph has given good results throl~ghout. 

I23 1 1 . 9  1 36'3 + 1 I(., 

! 

Earth Inductor No. 46 was inst~lled in January 1907 to replace the obser- 

30.1 

30'5 

30.8 

31'2 

31'9 

33'3 

31'6 

32'9 

23'1 

33'8 

33'9 

vatory dip circle No. 45. The difference in their indications was determined 

I 

through the magnetograph curves and was found to be 
Inductor 46 - Dip Circle = - 1l.6 

+4'5 

Observations of the Galvanometer belonging to the Earth Inductor equip- 
ment were found to be difficult on account of the vibration of the wooden floor- 

F 

3 4.4 13'7 

15'5 

15'3 

16'3 

17'2 

18'0 

18'2 

18.a 

18.2 

18'5 

18'5 

34'8 

35'4 

35.9 

3 3  

36'7 

3"7 

37'1 

37'4 

39'0 

38'2 

i 4'3 

4'6 

4'7 

4.4 

1 4'4 

4'1 

4.2 

4'3 

4.2 

4'3 ----------- 

19'4 

17'8 

19.4 

11'1 

20.8 

21'5 

21'7 

21'7 

22'3 

24's 

25'8 

5'7 

2'3 

4'1 

4'8 

3.6 

3'8 

3'5 

3'5 

4'1 

6'0 

7'3 -- 
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ing of the absolute house; a concrete pillar flush with the floor surface has 
since been built to take the Galvanometer stand. 

2. Meall values of magnetic elenzenk for 1906.-The mean values of the 
magnetic elements at  Barrackpore observatory for 1906 are 

Declination . . . .  1 ° : 1 4 " 1 E  . . . . . . . . .  H. P. '37259 C. G .  S .  
. . . . . . . . .  Dip 30°:26"4N. . . . . . . . .  v . F . .  ' 2 1 8 9 4 C . G . S .  

3. Declination constants a n d  monthly base lines.-The table below gives the 
mean monthly values of the magnetic collimation of magnet No. 20 and the 
mean monthly base line values of the declination magnetograph. 

Probable 
error of the 

mean 
value of 

base line. 

& 0'02 

'03 

'04 

'03 

'06 

'03 

'04 

'07. 

'06 

'04 

Probable 
error of a 

single value. 

---- 

i 0'08 

.oB 

'14 

'09 

'12 

'14 

'12 

'07 

"3 

"3 

REMARKS. 

N o v e m b e r  . . 
D e c e m b e r  . . 

4. H. F. constants and mean monthly base lines.-The following table gives 
the mean monthly values of M,, PI., and P,., for magnet No. 20 and the mean 
monthly base line values of the H.  F. magnetograph. 

Number 
of values 
rejected. 

o 

0 

2 

0 

o 

z 

I 

I 

o 

3 

Mcmths 1906. 

J a n u a r y  . . 
F e b r u a r y  . . 
M a r c h  . . .  
A p r i l  . . .  
May . . .  
J u n e  . . .  
July  . . .  
A u g u s t  . . 
S e p t e m b e r  . . 
O c t o b e r  . . 

Number 
of values 

from 
which the 
base line 

1s 
derived. 

1 4  

13 

I I 

13 

5 

7 

10 

8 

5 

11 

Monthly 
mean 

collimation. 

, I  

-6: 59 

:53 

: 53 

: 53 

: 58 

: 53 

:55 

: 48 

: 51 

Mean value 
of 

base line. 

---- 
. I  

0 :  15'59 

15'72 

15'57 

15'93 

15'94 

16.12 

16'40 

16'38 

1661 

Total 
number 

of values 
of 

base line. 

14 

13 

13 

13 

5 

9 

11 

9 

5 

Probable 
error 

of 
a single 
value. 

*6'0 

REMARWI. 

-% 

M"y;alue 
base line, ,-, G, S, month. 

C. G. S. 

'36822 

'36811 

February . . '20 

April . . 

July . . .  952.13 '42 '16841 

. .  '36841 

September . .46 '3G835 

Total 
number 
of valuesol 
of base 

line. 

6 

17 

18 

17 

16 

4 

I 5  

10 

1 2  

17 

36 

Number 
of valmes 

kom 
which 

the b a e  
line is 

derived. 
---- 

1 

16 

18 

17 

16 

4 

1s 

10 

11 

I 7  

' 9  

Number 
values 

rejected. 

1 

1  

o 

0 

o 

0 

0 

0 

o 

0 

7 

30 
cm-. 

--- 
U lo 6th 

Probable 
error of 

the mean 
value of 
b a e  line. 

7 

1'2 

0'7 

I '0 

1 '1  

a'z 

1'1 

0'9 

1'3 

1'0 

1'0 

40 
cms. 

3'0 

1'3 

4'7 

4'4 

4'5 

4 '2  

4'5 

4'1 

5.4 

January. 
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5. Scale values a n d  temperatures.-The mean scale value for t h e  H. F. 
magnetograph was 4 . 9 1 ~  for o'"04 up to November 1 9 0 6 :  the  magnetograph 
was re-adjusted in December when there  was a slight fall in t h e  scale value to 
4 . 8 2 ~ .  

T h e  mean temperature during the  year was 30.9' C with a maximum of 
31.9' C in July and a minimum of 2 9 . 6 '  C in December. 

6. Morzthly mean valiies a n d  secular clrange 1905-06.-The mean monthly 
values of Declination, Horizontal force and Dip are  given beluw for 1905 and 
1906, with the  secular changes deduced therefrom. 

HORIZONTAL FORCE. DECLINATION.  DIP. 
0'37000. + OD + 

Probable 
error of 

the mean 
value of 

base linc. 

1'0 

... 

1.3 

1.6 

1.9 

Monthly 
mean 

raluc of 
P. from 
30 and 

40 
cms. 

7'99 

I 

Proballlc 
crrur 

of 
a single 
value. 

4'5 

... 

... 

3.1 

5.3 

5.2 

M u ~ a l u e  

,-. G, s, 

'36845 

'36810 

'36So8 

'37019 

'37028 

'37032 

Monthly 
mean 

value of 
P. from 

z 2 . j  and 
30 

cms. --- 
6'80 

Months 1906. 

November . 

December . 

REMARKS. 

On 4th in- 
stant. By 
Interpola- 
tion. 

On j t h i n -  
stant. By 
Interpola- 
tion. 

On 14th in- 
stant. 

On 35th in- 
stant. 

On 29th in- 
stxnt. 

Number 
af values 
'rejected. 

0 

. .. 

6 0 6  

o 

o 

Total 
nurnhcr 

of values 
of base 

line. 

19 

.. . 

... 

14 

8 

Mean 
valuc of 
h1, for 

thc 
montl~. 

948.79 

8 j  

Nurnbcr 
of valuer; 

fr?m 
wh~ch 

the basc 
line is 

derivcd. 

---- 
19 

... 

l4  

8 



Dm-Tou?tgoo Observatory. 
I .  General remarks on \\forking. 

Determination of H. F. magnetograph temperature co-efficient. 
Erection of V. F. magnetograph. 

2. Mean values of magnetic elerncnts for 1906. 
3. Declination constants and monthly mean base lines. 
4. H. F constants and monthly mean base lines. 
5. Scale value and tempcrature range. 
6. Rlonthly mean values of magnetic elements and secular change 190906. 

For hourly mean values and diurnal inequality see Part IV, p. . 
I .  Genernlrenzn~~Rs on working.-The observatory remained in charge of 

Surveyor K. K. Dutta throughout the year. 
T h e  magnetographs required no re-adjustment. 
T h e  temperature co-efficient of the H. F. magnetograph was satisfactorily 

determined in January 1907. Three magnetometers were employed, of nhich 
two were used to register changes in H. F.  and the third, change in Declination. 
In previous experiments the changes in Horizontal Force were determined by 
deflection observations a t  zz.gcms. before and after the commencement of the 
heating of the magnetograph room, the changes in the interim being determined 
from the differences of the scale reading in one of the deflection positions at 
2 2 ' ~ c m s :  the observations were subsequently reduced to a standard scale divi- 
sion with corrections for changes in temperature and declination. It  was found, 
however, that by merely observing tlie changes in scale divisions throughout the 
experiment there were often serious discrepancies in the results from the two 
H. F. magnetometers: in the present determination of the temperature co- 
efficient, this procedure was altered and the H. F. was determined hourly by 
deflection observations, the changes in the hourly intervals only being found by 
scale readings. In this method the magnetometers gave most accordant results 
and the final resulting temperature co-efficient was 

- 7.47 per + l o  F. 

The  1'. F. magnetograph was erected in February 1907. Sufficient atten- 
tion had not been paid to the packing of the instrument in England, with the 
result that most of the glass portions of the instrument were broken, while 
several screws had been sheared off. Fortunately spare parts were available and 
the installation was only temporarily delayed while these were being fitted. 

After the usual trials for focus, the best position for the temperature com- 
pensation device was determined and, after several trials, the final adjustment 
gave a temperature co-efficient of 

- 2.17 per + I" F. 

The V. F. magnetograph has given very good results since its erection. 
Inductor No. 44 was installed at the same time in place of Dip Circle 

No. 1 3 7 . .  The  difference between them has since been determined through the 
V. F. curves and is 

Inductor 44 - Dip Circle 137,.# = + I'.O 

As a t  Barrackpore the vibration of the wooden floor made observations 
of the Galvanometer a matter of some difficulty: this has been overcome 
in the same manner by the erection of a concrete pillar for the Galvanometer 
stand. 

The  roof in^ of the observer's quarters has pro7,ed unsatisfactory. The 
former roofing of the Pyingado shingles was of the nature of an experiment, and 
has proved a failure. I'rovision has been made fcr re-roofing with tiles. 
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2. Mean values of mafrzetic e le~zcnts  f o r  1906.-The mean values of the 
magnetic elements for 1906 are as follows :- 

Declillation . . . .  . oO: 43% E 
H. F. . . . . '38715 C. G .  S. . . . . . . . . .  Dip 2 ~ ~ 5 9 " 2  N. 
V . F . .  . . . .  . '16423 C. G .  S.. 

3. Declination constarzts and mean monthly base lines.-The following 
table gives the  mean monthly v ;~lues  of tlre magnetic colli~nation of magnet 
No. 19 and the mean ~ r l o n t h l y  base line values of the declination magnetograph 
in 1 9 0 6 .  

Number 
of values 

from 
which the 
b-e line 

I S  

derived. 

-------- 
5 
7 
9 
8 
7 
9 
6 
8 
7 
9 
9 
8 

Probablc 
error of the 

mean 
value o l  
base line. 

k0.07 
'07 
'o j  
'05 
'o j  
'03 
'06 
'O3 
'04 
'05 
'0.5 
'03 

Number 
of values 
rejected. 

I 
o 
o 
2 
I 
o 

: 
I 
o 
o 
0 

Total 
number 

of values 
of  

4. Horisontal force constafzts and mean monthly base lines.-The table 
below shows the monthly mean v a l l l e s  of In,, P,., and P,., of magnet No. 19 
and the  mean monthly base lines of the horizontal force magnetograph. 

I t  will be seen that there has been a small and progressive fall i n  m0, and 
a considerable f l u c t u a t i o n  i n  the value of P while the base line value also shows 
a considerable fall during the year. The  fall in the base line value is probably 
to be attributed to t h e  settling down of the system, as the values have been 
much steadier during 1907 : a similar effect was experienced in Barrackpore 
during the earlier months ol the working of the  horizontal force magnetograph. 

Probable 
error of a 

single value. 

* o ' I ~  
.18 
'14 
'13 
'13 
.oY 
'15 
'07 
' 1 0  
'15 
"5 
.09 

a n u a r y  . . 
&ebruary  . . 
h l a r c h  . . .  
A p r i l  . . .  
M a y  . . .  
J u n e  . . .  
J u l y  . . .  
A u g u s t  , . 
S c p l e ~ n b e r  . . 
O c t o b e r  . . 
N o v e m b e r  . . 
D e c e m b e r  . . 

RBLI,\RKS. 

' I  

-16 36 
37 
35 
31 
32 
40 
40 
36 
4d 
36 
36 
34 

RBIARK~. 

Total 
number 

of values'of 
of base 

line. 

24 

30 

20 

8 

21 

24 

Months 1906. 

January . . 
F e b r u a r y .  . 
March . , 

April . . 
May . 
June . . 

0 ,  

-0 10.25 
9'97 
9'78 

10-04 
9'51 
9.88 
9'98 

10.09 
10'03 
9'88 
9.S8 
9'85 

Number 
v a l u e  

rejected. 

z 

1 

o 

a 

3 

Probable 
error 

of 
a s i n d e  
value, 

Monthly 
mean 

value of 
IJ Imm 
30 and 

40 
cms. 

7'83 

'76 

9.52 

.oS 

8'62 

'46 

Number 
of values 

from 
which 

the base 
line is 

derived. 

base linc. 

6 
7 
9 

l o  
8 
9 ' 

l o  
8 
9 
9 

Mean 

C. G.  S. 

.38781 

',8263 

'38!50 

'38227 

'38227 

'jStto 

July . . 
August . . 
Scptembrr . 
October . . 

Novernbcr . 

Deren>bcr . 

Probable 
error of 

the mean 
value of 

bare line. 

-----.-> 

~ o n l h l y  
Mean mean 

1 1  

36 

10 

21 

14 

10 

28 

'39 

'70 

'60 

'%o[ 

'al 1 
'70 

P 

28 

19 

8 

19 

21 

value of 
m" lor 

the 
month, 

C. C .  S. 

887'89 

'82 

'53 

'27 

'03 

886'63 

'38114 

'38.06 

'38207 

'38209 

'38173 

'38168 

'38157 

'~8ljo 

L1.4 

0.9 

1'1 

1'7 

1'1 

value of 
Y from 
12'5 and 

j a  
c n ~ r  

--- 
T l o  

'03 

'IS 

'21 

'26 

'48 

'76 

'51 

'40 

2 

I 

2~6'21 

4.6 ' Up to loth 1 March. 
5'2 l ip  to 11th 

I 

J 

0 

o 

0 

o 

0 

'44 

'42 

'40 

'37 

'34 

4'8 

5'0 

'14 '27 

April. 
From ~ ~ t h  

April. 

PO 

33 

1 0  

22 

14 

20 

28 

1 '4 

0'9 

1'3 

1'1 

0" 

0'9 
' 1.1 

6'1 

5.2 

4'2 

5.1 

3" I 
4'2 

5.9 

July. 

Up to 6th 
Octohcr. 

Prom 10th 
October. 

u ~ ~ ~ ~ ~ ; ~ t . h  
Fnrln 15th 

November. 
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5. Scale value and te?nperature range.-The mean scale value for the year 
was 5 . ~ 8 ~  for of'.oq with a range of 5.53 to  5.60. 

T h e  mean temperature for the same period was 8g0'o F with a range of 
88'9 to  89.1 which is most satisfactory. 

6. Montlzly mean values of magnetic ekntents and seczdar change '905 t o  
1906.-The following table gives the mean monthly values of the magnetic 
elements for 1905 and 1906 with the secular changes thus deduced. 

T h e  values of Dip for the first three months of 1905 are omitted as  they 
mere obtained by a different dip circle whose results are untrustworthy. 

I N D E X  TO TABLES. 
PAQ. 

A.-Mean values of hlagnetic Elementsat Dehra Dun, Barrackpare, Kodaikanal and Toungoo 
observatories for 1906 . . . . . . . . . . . .  39 

5.-Classificatio~ of curves and dates of magnetic disturbances a t  observatories in 1906 . 40 
C.-Tables of rcmlts a t  Dehra Dun observatory for 1906, . . . .  41 
D.- Ditto Barrackporo Dittor . . .  . S O  
E.- Ditto Kodailianal Ditto' . . . . . . .  60 
F.- Ditto Toungoo Dittoe . . . . . .  . 7 1  

G.t-Ahtract of results showing approximate values of magnetic elements a t  field and repeat 
stations in ~goF, . . . . . . . .  81 

H.-Index chart showing positions ol observatories and stations of observation to date T o  (ace p. 86 

For mch observatory the lollawing hblss am given I- 
I. Absolute obwnationr 01 dip. 
a. Hourly means of horim.ntal lorre (corrected for tcmpemture) from 5 selected quiet days per month. 
3. Diurnal inquality nf horiranlal force deducd lrom z. 
4. Hovrly means 01 dccl~nation lrom 5 oclccled quiet days per month. 
5. Diurnal impquality 01 declination dcduced from 4. 

t These values arc givan lo the nmrest minute in dip and declination and 107 in horizontal force. 
They i\re uncerrocled lor diurnal variation, p.aurb.hWn. inarumental diBorcnce and wcular change. 

HORIZONTAL FORCE. DECLINATION. 
'38000 + E OD+ 

DIP. 
N zz"+ 

Values of 
I 

1905 

... 

... 

... 
60'2 

58'6 

58'1 

58'7 

59'4 

59'3 

57'4 

58'7 

58.9 

58.8 

Secular 
change 
1goj4 .  

7 

+a 
47 

49 

49 

28 

47 

41 

32 

gr 

34 

39 

r 5  

+ 4 l  

Values of 
D 

1905. 

51.9 

50'6 

I 

49'4 

491 

((8 

48.0 

47.8 

47'2 

469 

46'4 

6 0  

48.1 

Months. H. F. 
196. 

Values of 
I 

1906. 

5 8 s  

59'9 

58.8 

59.0 

59'1 

9 '  

58.9 

59'5 

5 9 1  

5 9 4  

5 y a  

59'1 

. . .  January 

February . . 
hlarch . . .  
April . . .  
hlay . . .  
June . . .  
July . . .  
August . . , 

September . 
. c tOber  . 
November . . 
December . . 

Secular 
change 
lg054. 

... 

... 

... 
-1 .2  

t 0 ' 6  

t I ' 0  

-I-0'2 

i-0'1 

-vl 

t 2 . 0  

t 0 ' 5  

+0'2 

Values of 
D 

1906. 

- - - - -  
4r.r 

45'4 

45.1 

44'4 

44'4 

43.8 

45'5 

43'1 

42'7 

42'2 

41'8 

41.6 

- . c L -  

4 5 6  

6fl / 0 2  

703 " 1  7 0  

690 1 7 2 ~  

720 

715 

682 721 

684 1 109 

1 
6 7 j  715 59'2 1 t'V 

Secular 
change 
lgoj-06. - -  

7 

5'2 

50 

50 

4'7 

5'0 

4 5  

4'7 

4'5 

4'7 

4'6 

4 

-49 
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A,-The Magnetic Elements a t  the Observatories i n  1906. 

Observatory. 
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NO. 26 PARTY (MAGNETIC) .  

C.-Tables of res~rlts al Dehra Czin Observatory for 1906. 

I. Absolute observations of Dip. 
2. Hourly means of Horizontal Force. 
3. Diurnal inequality ol Horizontal Force deduced from a. 
4. Hourly means of Declination. . 
5. Diurnal inequality of Declination deduced from 4. 

Absolute observations of Dip at Dehra Din Observatory taken with Barrow's Dip 
Circle No. 44, Needles Nos. I and 2. 

I 

Date. 

1906. 

Month. 

8 

REMARKS. 

6 4 

Observed Dip. 

o I h.  111. 

7 5 

hlonthl mean 
for 

each Needle. 

January 4 

4 

, 1 1  

3 ,  1' 

'5 

15 

25 

,, 25 

29 

59 

February 3 

3 

5 

5 

,, 5 

5 

Munthly Needles 1-1. 
mean. L 

43 28'9 

43 27'7 

43 28.5 

43 28'4 

43 29.7 

43 28.4 

43 29'0 

43 26'5 

43 27'9 

43 26'9 

43 

13 37 

'3 37 

13 43 

'3 43 

'3 35 

'3 35 

73 23 

13 23 

13 55 

13 55 

13 45 

'3 45 

12 42 

I2 42 

14 30 

'4 

43 

43 

43 28'7 

43 29'6 

43 28'8 

+ 0.9 

1 

2 

I 

2 

1 

2 

1 

2 

1 

2 

I 

2 

1 

2 

1 

2 

+ I'a 

] Needle I 
NO. I I 

43' 2 ~ 2 '  

43O 28'8' 

1 

i 

I 
I 
t 

6 2 1 1 1 43 2.4 

2 43 25.2 

I2 22 

2 43 27.9 7 '2 

9 3 1 43 29'1 

43' 28.2' 

9 

12 

,, 12 

,. 19 

., I9 

,, 23 

J 43'27.6' 

Needle 

4 

43 28.4 

43 29'3 

43 28'3 

43 29'7 

13 35 

13 50 

13 50 

12 57 

12 57 

43 99.9 I 

2 

1 

2 

1 

2 

13 37 1 
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Absolritc observations of D i '  at Delrra D i n  Observatr7ylake1t with Barrow's Dip 
Civcle No. qg, Needles Nos. r and 2. 

4 

Dip. 
Observed 

lor 
hlonthly mean 

each Needle. 

3 

Needle 
No. 

I 

Date. mean. 
hlonthly 

2 

L, hl.  T. 

--- 

I 906. 

Month. 

February 23 

h. m. 

13 37 2 

,, 26 

,. 26 

Rlarch 2 

5 

5 . 12 

,. 12 

,, 16 

,, 16 

,, 19 

, 19 

8 ,  3' 

,, 31 

April 2 

2 

5 

5 

9 

9 

12 

,, 12 

, 30 

0. 30 

M a y  4 

4 

8 

3 0  11 

,, 11 

. 12 

,, 12 

13 

,, 13 

.. 11 

o I 

43 27.4 Needle 

43O 28.1 

43O 27.8 

1 3  48 

13 48 

13 27 

13 27 

13 12 

13 I 2  

12 29 

12 29 

13 38 

13 33 

13 36 

13 36 

13 31 

13 31 

13 27 

13 27 

13 51 

13 51 

13 46 

13 46 

13 4J 

13 44 

11  4 

13 41 

18 11 

18 21 

8 1 4 5  

14 5 

1'2 7 

12 47 

13 7 

13 7 

43 316  

43 31.6 

I 

z 

I 

2 

I 

2 

I 

2 

I 

a 

1 

z 

1 

2 

I 

2 

1 

2 

I 

2 

1 

a 

I 

a 

I 

2 

1 

2 

I 

2 

1 

a 

+ 0'7 

f o'2 

No.a I 
J 4:P 28.7' 

11  7 

11 7 

13 27 
, 

I 4 3 ~ 6 1  

43 Needle 

43 

43 30.8 

43 28.0 

43 26'6 

43 27'8 

43 2 9 4 1  

43 28.0 

43 27'2 

43 27.2 

43 25'9 

43 26'8 

43 

43 :::: 

1 43* 2s.C 

I 
k 

Needle 

NO. 2 

J 43' 27'7' 

Nccdle 1 N o  I 

43 27 '1  

43 297 

43 28.7 

43 27's 

43 27.5 

43 26.9 

43 27'5 

I 
Needle I No. 2 

J 43' 27'7' 

43 2g.j 
Needle 

No. I 

43' 28'8' 
43 29.0 

43 27") 

43 28.9 
I 
1 

43 27'1 



NO. 26 PARTY (MAGNETIC) .  43 

Absolr,tc obscruafions of Dip at Dehra Du'n Obsevuatory taken with Barrow's Dip 
Circle No. 44, Needles Nos. I and 2. 

I 

Dak. 

1906. 
Month. 

hlay 17 

,, 21 

,, 21 

., 24 

,, 24 

,, 25 

,, 25 

,, 28 

,, 28 

,, 28 

,, 28 

June 1 

1 

7 

7 

,. 11 

,, 11 

, 14 

,, 14 

., 21 

,, 21 

,, 25 

,, 25 

J ~ I ~ Y  2 

2 

8 ,  6 

9 ,  6 

'7 

?, '7 

,. 19 

19 

, 24 

24 

,, 26 

t 26 

30 

., 30 

8 

ReuARKs. 

6 

h.lonthly 
mean. 

43" 29'0' 

43' 28'0' 

43' 29'9' 

7 

Needles 1-2. 

- 0'3 

- 1 3  

+ 0.2 

i 3  
Observed 

Dip. 

0 r 

43 31'2 

30'6 

43 3r '1 

43 2 8 3  

43 2 6 5  

43 I3  28'0 

43 27.3 

43 28.4 

43 26.9 

43 26.8 

43 28.6 

43 27.0 

43 

43 29'2 

43 30.5 

43 28.9 

43 28.5 

43 260 

43 2 7 . 6 1  

43 25'6 

43 27'6 

43 27'2 

43 29'2 

43 295 

43 3 '  

43 30'0 

43 31'6 

43 30'1 

43 29'8 

43 29'2 

43 19'9 

43 19'9 

43 1g.a 

43 28.6 

43 30'8 

43 29.5 

L. hI. T. 

5 

Rlonthly mean 
lor  

each Needle. 

1 
I 
1 
I 
1 
I 
1 
) Needle 

NO. 2 I 
J 42" 29.1' 

Needle I No, I 

I 43' 28 6'  

1 
1 

T 
1 ::::e 

43' 27'3' 
Needle 

No. 1 I 43' 30.0' 

I 

Needle 

No. 2 J 43' 29.8' 

Needle 
No. L 

h. rn. 

13 27 

13 52 

13 52 

13 28 

13 28 

la 29 

12 29 

12 36 

1 2  36 

13 I I  

13 I 1 

13  58 

13 58 

14 14 

14 14 

12 39 

I2 39 

l a  35 

12 35 

12 32 

I 2  32 

12 40 

11 40 

13 49 

13 49 

13 53 

13 53 

13 57 

'3 57 

'3 48 

13 48 

13 44 

13 44 

13 39 

13 39 

13 33 

13 33 

2 

1 

2 

1 

2 

I 

2 

1 

2 

1 

2 

1 

' 

1 

2 

1 

a 

1 

2 

1 

2 

1 

2 

1 

2 

2 

1 

2 

1 

2 

1 

2 

1 

2 



Absolrtte observations of Dip at Dehra Din Observatory taken with Barrow's Dip 
Circle No. 44 ,  Needles Nos. I and 2. 
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Absolute observations o f  D i p  n l  Dehra Dun Obsernatory taken with Bnrrozu's Dip 
Circle No .  44, Needles Nos.  I and  a. 

I 

--I Date. L. h l .  T. REMARKS.  

5 

Monthly mean 
lor 

each Needle. 
Nccdle 

No. 
. 

Observed Dip, 

43' 32 7' 

43' 32'9' 

,A 

1906. 

Month. 

November 2 

2 

.. 8 

,, 8 

,, 13 

., 13 

13 

3 1.3 

,, 15 

,, 15 

,, ao 

,, 20 

, 26 

, 26 

,, 28 

,, 28 

December 7 

7 

, 10 

,, 10 

'3 

,, 13 

~8 '3 

,, 17 

t 7 

PI 20 

20 

I 

2 

I 

2 

1 

2 

1 

2 

1 

2 

I 

2 

1 

2 

2 

I 

2 

I 

1 

I 

2 

2 

I 

2 

I 

1 

t 0'3 

+ 2'7 

hlonthly 
mean. 

h. m. 

11 56 

12 56 

13 51 

13 51 

14 37 

14 37 

15 3 

'5 3 

13 17 

'3 '7 

1 1  28 

I 1  28 

12 17 

12 17 

1 1  31 

1 1  32 

13 37 

13 37 

1 4  48 

1 4  48 

12 41 

12 41 

13 49 

1 2  58 

12 58 

12 '2l 

12 42 

Needles 1-2 

a ! 

43 43 30'8 32'5 

43 343 

43 34.5 

43 34'7 

43 32.5 

43 35'2 

43 36.6 

43 31.1 

43 32'5 

43 31'2 

43 30'5 

43 31.0 

43 31'2 

43 31'4 

43 31'5 

43 34'3 

43 31'0 

43 33'8 

43 31'8 

43 32'5 

43 29'0 

43 31'7 

43 36,2 

43 33'5 

43 14.3 

43 32'2 

I 

1 No. Ncedle I 1 43' 32.8, 

1 
1 
I 
1 
i 
1 
'( 
I Needle 

1 No. = 
J 43'32'5' 

'1 Needle 

NO. I 

43' 31'2' 

I 
Needle 1 N o . 2  

J 430 31.5' 
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5 0 NO. 26 PARTY (MAGNETIC).  

D.-Tables of results at Bat.rack#oye Observatory for 1906. 

LIST 0 F TABLES. 

I.  Absolute observations of dip. 
2. Hourly means of Horizontal Force. 
3. Diurnal inequality of Horizontal Force deduced lrom 2. 
4. Hourly means 01  Declinaiion. 
5. Diurnal inequality of Declination dedumd lrom 4. 

Odservations of Dip at  Barrackpore Obsevvafory taken with Barrow's Dip, 
Civcle No.  45, Needles Nos. I and a by Dover. 



NO. 26 PARTY ( M A G N E T I C ) ,  5' 

Observations of Dip a( Barrackpore Observatory token wi th  Barrow's Dip, 
Circle No, 45, Needles Nos. I and a by Dover-contd. 



N O .  26 P A R T Y  (MAGNETIC).  

Olservntions o/ Dip at Barrackpore Observatory taken wi th  Barrozo's Dip, 
Circle No. 45, Needles Nos. I and a by Dover-contd. 
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Observed 
Dip. 

o r . 0 ,  
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30 24'5 

30 25'0 

30 24'5 

... 
30 25'9 

30 26.2 

30 23'4 

3 0 2 3 . 0  

30 25'3 

30 Z J ' I  

3 0 2 6 . 6  

30 26.5 
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3 0 2 4 ' 8  

3 0 2 7 ' 1  

30 258 

3 0 2 q ' a  

30 23.9 
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3016 .4  
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3 0 a 5 ' 3  
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30 24'6 

30 a5.4 

30 a s 6  

30 27.3 

30 25'9 

30 25'7 

30 24.3 

30 28 a 

30 15'9 

30 16.6 

1 30 25.3 
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Monthly 
Mean 

for each 
Needle. 

1 NO. 1. 
Mean 

30 25'0 

No. a. 

30 zq'4 

l Ian 

I 
J 
7 No' l .  

I 
Mean 

30 26'1 

I N0.2. 
Mean 1 30 25.0 > 

, 

1 

1 No. I .  
Mean 

30 17.0 

No, a. 
Mean 

30 25'6 

I 
I 
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3 - 
Needle 

N o. 

1 

2 

1 

a 
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1 

I 

a 

1 

a 

I 
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1 
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a 
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a 
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Date. 
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a4 
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I* 28 
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31 
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June 4 

4 
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18 

18 

'21 

21 

15 

a5 

a8 

a8 

July a 

a 

I) 5 

S 

P 

9 

la 

.I :: 
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Mean. 

0 I 

30 24'7 

30 25'6 

30 26.3 

a 

L. T. 

h. rn. 

9 4@ 

9 46. 

9 4'0 

9 4'0 

11 6 

l a  6 

l a  24 

9 16 

9 16 

9 54 

9 54 

11 13 

11 13 

11 7 

11 7 

11 45 

11 q j  

11 49 

11 49 

11 18 

I I  18 

la I& 

12 18. 

13 41 

13 41 

14 3 

14 3 

13 a8 

13 a8 

12 56 

la 56 1 14 46 

7 

N,"-d!: 

+nu6 

+[.I 

16 

a0 

a0 

a3 

23 

8 

RBYARWS. 

14 46 

16 36 

16 36 

14 a3 

14 a3 

+ 1.4 



Obsevvations o j  Dlp at  Bnr r acRpore  Obse rva tovy  taken u~itlr Bnr row ' s  Dip, 
C i r c l e  No.  45, N e e d l e s  Nos .  r and a 6y Dover-colitd. 
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Date. 
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July 26 

26 

30 

30 

August 2 

a 

6 
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,, 16 

16 

2 0  

20 

23 

13 

27 

a7 

September 20 
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, 24 

, a4 

,, 27 

, 27 

October 2 

2 

4 

q 

8 

8 

11 

1 1  

15 

15 

, 18 

,, 18 

2 1  

aa 

15 
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Monthly 
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30 27.2 

30 26.9 

30 

z 

L, M. ,.. 

h. m. 

13 46 
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16 . 17 
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12 38 
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1 2  59 

la 59 

16 9 
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J NO. 2 
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I NO,!. 

30 28.7 I Mean 
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i 
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54 NO. a6 PARTY (MAGNETIC).  

Observations of Dip at Barrackpore Observatory taken with Barrow's D+, 
Circle No. 45, Needles Nos. I and a by Dower-contd. 



Observalions of Dip at Barrackpore Observntory taken with Barrow's Dip, 
Circle no. 45, Ncedles Nos. I and 2 by Dover-concld. 
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E.-Tables of results  a t  Kodaikanal Observatory for 1906. 

LIST O F  'TABLES. 

1. Absolute observations of Dip. 
2. Hourly means of Horizontal Force. 
3. Diurnal inequality of Horizontal Force deduced from 2. 
4. Hourly means of Declination. 
5. Diurnal inequality of Declination deduced from 4. 

Observations of Dip at Kodaikannl Observatory taken with Barrow's Dip, 
Circle A'o. 46, Needles Nos. a-gc by Dover. 

7 

Needle 
2-3c. 

0 .  

--o 0 1  

I 

Date. 

1907. 

January I 

3 

$I 

B 

8 

10 

10 

r r  

en 

'3 

15 

15 

27 

a7 

29 

30 

30 

30 

February I 

1 

1 

5 

B 

REMARHI. 

a 

M. T. 

h. m. 

12 35 

I 1 2  35 

l a  23 

3 1 a  a3 

4 1 3  20 

1 3  20 

12 30 

l a  30 

12 31 

11 31 

l a  a3 

, 1 1 2  a8 

l a  43 

1 3 1 a  43 

l a  50 

rz 50 

l a  23 

12 23 

2 9 1 3  49 

13 49 

13 51 

3 0 1 3  51 

14 17 

14 17 

r j  49 

13 49 

1 1 4  49 

14 49 

I3  25 

3 

Needle 
Nos. 

2 

3C 

a 

gC 

2 

fl 
2 

3C 

z 

3 c  

2 

3C 

2 

gC 

2 

3C 

2 

3C 

2 

3 c  

1 

3 c  

2 

3C 

a 

3C 

a 

j C  

1 

6 4 5 

Observed 
Dlp. 

0 8 

3 18'9 

3 2 0 ' 0  

3 1 6 5  

3 17'8 

3 1 6 . 0  

3 1 1 6  

3 17'6 

3 19'4 

3 21.1 

3 21'7 

3 231 

3 1 9 . 4  

Monthly 
Mean 

for each 
Needle. 

0 r 

7 

No.2 

1 7'1 

1 

Monthly 
hlean. 

O r  

3 172 

3 2 0 1  

3 20'0 

3 18.1 

3 135 

3 11.3 

3 14'2 

3 17'9 

3 14'5 

NO. JC 

3 17'2 

3 10.8 

3 1 4 5  

3 190 

3 15'1 

3 2 0 8  

3 23'6 

3 22.8 

J 

7 

No.a 

3 19.5 



Observations of Dip at Kodaikanal Observatory faKen with Borrow's Dip, 
Circle No. 46, Needles Nos. z-3c by Dover-contd. 



NO. 26 PARTY (MAGNETIC).  

Observatioqs of Dip at Kodaikanal Observatory taken with Barrow's Dip, 
Circle No, 46, Needles Nos. a - g c  by Dover-contd. 



Observntions of  Dip at  Kodnikatzal Obsere~alory taken with Bavrow's Dip, 
Circle No. 46, Needles Nos. z-3c by Dover-contd. 



64 NO. 26 PARTY (XAGNETIC) .  

Obserz~nlions of Dip at KodaikannL Odservatory taken wi th  Bcrrrow's Dip, 
Circle No. 46, Needles Nos. z-3c by Dover-conttl. 



NO. 26 P A R T Y  ( M A G N E T I C ) .  6s 
Observations of Da) at Kodaikanal Observatovy taken with Bavrow's Dip, 

Circle No. 46, Needles Nos. 2-36 by Dover-contd. 

5 

Monthly 
Mean 

for each 
Needle. 

0 r 

J 

1 No. a 

3 21.7 

i 
NO. g c  

I 

Date. 

1906. 

September 21 

24 
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1 
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n 8 

,, 

,, 11  

, 22 

,, 22 

, 25 

n 25 
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N;:;.le 

SC 

2 

3 c  

2 

3 c  

2 

3C 

2 

gC 

2 

3C 

2 

3 c  

2 

3C 

2 

L, ,.. 

h.  m. 

13 22 

I3 23 

13 23 

2 7 1 3  20 

'3 20 

13 32 

13 32 

13 29 

13  zg 

1 1 ' 3  24 

13 24 

13 29 

13 29 

13 23 

13 93 
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3 21 5 
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3 21'8 

3 22.1 
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3 20'1 
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3 19'0 

3 20'5 
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3 23'9 

3 21.6 

, 29 

29 

November I 

1 

5 

5 

8 

,, 8 

9 

P 9 

1.5 

,, 15 

, 16 

,, 16 

6 

13 23 

13 23 
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13  28 

'3 28 

13 29 

13 29 

'3 29 

13 29 

13 45 

13 45 

1 3  a2 

13 an 

40 

Mean. 

0 

3 21'3 

2 

3 c  

z 

3C 

a 

3C 

2 

3C 

2 

3 c  

7. 

j C  

2 

gC 

1 

0 ,  

--a I . I  

10 13 26 3C 3 23'9 
I 

3 24'5 
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NO. 26 PARTY (MAGNETIC). 

Fa-Tables of resalts at Toulzgoo Obse~natory for 1906. 

LIST OF TABLES. 

1 .  Abs~lute observations of Dip. 
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n. Dillrnal inequality of Horizontal Force deduced irom 2. 

4. Hourly means of Declination. 
5. Diurnal inequality of Declination deduced from 4. 

Obsevvalions o j  Dib at Toungoo Observatory taken 7ul'tlr Dover's Dip, Circle No, r37,  
Needle Nor. I and 2 by Dowr .  



Observations of Dib at Tottn,boo Observntory taken with Dovers Dip, Circle No. 137, 
Needle Nos. I and 2 by Dover-contd. 
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0bserz~stions o j  Dip at Tozing00 O ~ s e ~ v a 1 0 r y  taken wilh Douer'k Dip, Circle No. 137, 
Needle NOS. I and 2 by Dover-contd. 



Observation of Dip at Tounfoo Olservotory taken wi th  Dover's Dip, Circle No. 137, 
Nredle Nos. I and z by Dover-concld. 
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NO. 26 PARTY (MAGNETIC).  8 1 

G .  

Abslract showing Ihe appvoximale m a p e t i c  values a t  rtalions observed a t  by N o .  a6 
Party drcring reason, 1906-07. 
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8 2 NO. 26 PARTY (MAGNETIC).  

Abstrnct showing the approxi~nate mnfnetic values at stations observed at by NO. 26 
Par t y  during season, 1906-07-contd. 
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Abstract showing the approximnte maqnetic values a t  stations observed a t  b j  No .  26 
P a r t y  during season, 1906-07-contd. 
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16 

,, 17 

1% 16 

,. 17 

,, 18 

fi 12 

if 6 

be 11 

,, 12 

.. 13 

4: 19 

., 20 

1 

,, 2 

,. 3 

,, 4 

,, 5 

,, 6 

6% 1 

( t  7 

,, 8 

- .- * - 
1035 

1036 

1037 

1038 

1039 

1040 

1041 

1042 

1043 

1044 

1045 

1046 

1047 

1048 

1049 

1050 

1051 

10.51 

1053 

1054 

1055 

1056 

1057 

1058 

1059 

1060 

1061 

1062 

1063 

1064 

106s 

1066 

1067 

1068 

1069 

rolo 

Iol1 

1072 

1073 

Name of Station. 

Icharidr . . 
Nawapara . 
Sraipal i  . 
pithora . . 
Tumgaon . 
Chimlir . . 
Garhchiroli . 
Jaroundi . . 
Parldkot . . 
Koilibeda . 
Narainpur 

Kondagaon . 
Icilepal . . 
Barsur . . 
Bhairemgarh . 
Bijaipur . . 
Pothikel . . 
Chintulndr . 
Maded . . 
MaLimurka . 
I<umargura . 
Aheri . . 
Ghot . . 

Kondaschana . 
Parlakimedi . 
Jagganathpuram 

Sirgudi . . 
Govindapur . 
Ghlirsari . . 
Arrah . . 
Palbn . . 
hlinhla . . 
Paungde . 
Prome . . 
~ c n r a d n  shore 

Athdk . . 
Basscin . . 
Peeu . . 
Pyunlaza . 
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1 1 0 2  

1103 

8x04 

1105 

1106 

1107 

1108 

1109 
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,, 2 
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8; 11 

,. 12 

,, 13 

,, 14 

,, 15 
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,, 4 

,, 5 

16 

#4 1 

,, a 

,, 3 

:g 4 

,, 5 

$8 4 

,, 5 

,, 6 

,, 7 

, 8 
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6 

t8 6 

,, 7 

. ,, 8 

,, 9 

fie t o  
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. , I 

, $8 t 

. ,, a 
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Name of Station. 

Nyaungbintha . 
Myohla . . 
Pyokkwe . . 
Shaeda . . 
ThPdaw . . 
KyauksC . . 
Maltlaing . 
Myingyan . 
Pak8kku . . 
SabP . . 
Pas8k . . 
Shwegbndaing . 
Thitkyidaing . 
Salingyi . . 
Seikpyu . . 
KyaukyC . . 
Minbu . . 
Sinbaungwe . 
Thayetrnyo . 
Mindbn . . 
Myothit . . 
Ngape . . 
Sidbktaya . 
TauksOk . . 
Kyindw* . . 
Thbnldbye . 
Chaunggya . 
Myindegyi . 
Taungdwingyi 

Nget-pyaa-gyin 

Taungle . 
Tharnaing 

Myohaung . 
Myebbn . 
Rathedaung 

Maungdaw 

Chakiria . 
Deolali . 

Dip. 

----- . 
22 I 

24 5 

25 19 

26 18 

27 28 

28 30 

27 24 

28 11 

28 4 

28 22 

28 3 

28 59 

29 15 

28 30 

27 0 

a6 22 

25 31 

24 31 

23 45 

24 0 

24 41 

25 29 

a6 t o  

26 45 

27 5 

a7 26 

26 49 

26 o 

25  13 

24 17 

a2 46 

18 27 

26 12 

25 18 

a6 3 

26 50 

a8 41 

24 57 

Declination. 

I 

E o 41 

,, o 49 

,, o 46 

,, o 54 

,, o 48 

,, o 47 

,, 0 52 

,, o 55 

,, o 33 

,, o 52 

,, 0 53 

,, o 56 

,, o 55 

r. 0 43 

.. 0 48 

,, 0 46 

,, 0 43 

,n 0 43 

$ 8  0 40 

,, 0 40 

I* 0 45 

,, 0 4 1  

v ,  0 45 

tr 0 40 

1, 1 0 

,, 0 50 

vr 0 37 

,, 0 49 

P, 0 40 

~8 0 45 

,, 0 44 

,, 0 37 

,, 0 53 

,, 9 43 

0 48 

,, o 53 

,, o 55 

,# 0 12 

Latitude. 

O I , , O , , I  

18 24 20 

19 24 40 

19 57 10 

20 31 10 

21 5 l o  

21 36 30 

21 5 40 

21 28 30 

21 20 o 

21 27 20 

21 23 o 

21 49 10 

aa I ao 

21 58 30 

20 54 20 

20 34 40 

20 10 0 

19 43 o 

19 19 30 

19 21 l o  

12 45 l o  

20 4 50 

ao 25 50 

ao 43 30 

20 58 10 

21 4 20 

zo 44 o 

20 a6 30 

20 o o 

19 31 zo 

18 53 30 

16 51 50 

w 35 ao 

l o  4 o 

ao 19 ro 

20 49 50 

21 46 o 

19 53 10 

Longitude. 

-.----- 

56 27 20 

96 16 10 

96 13 30 

96 4 50 

96 3 50 

96 8 o 

g j  38 40 

95 23 40 

95 5 30 

94 35 o 

rr o 

94 6 30 

94 31 10 

95 4 40 

94 47 30 

94 48 30 

94 53 20 

95 9 30 

95 11 10 

94 44 10 

94 38 10 

94 a8 o 

94 14 0 

94 8 10 

93 50 10 

94 16 10 

95 13 30 

95 36 30 

95 32 50 

95 39 20 

95 40 20 

96 7 o 

9.7 11 t o  

93 aa 20 

92 45 10 

92 21 40 

92 5 50 

73 48 50 

"F:::!" 

C. C. s. 

0.3873 

0'3870 

0.3846 

0.3837 

0.3818 

v.1799 

.0'3816 

0.3806 

0.3799 

0.3802 

0.3799 

0'3783 

0.3784 

0.3818 

0'3820 

0.3826 

0'3837 

0'3850 

0'3859 

0'3857 

0'3841 

0.3837 

0'3824 

0.38'8 

0.380~ 

0.3811 

0'38'8 

0'3837 

0'3846 

~ 3 ~ 6 0  

0'3872 

0'39'1 

0'3816 

0.3835 

0'38a2 

0.3810 

0'3785 

0'3639 

REMARKS. 

' 
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NOTE.-The above values of Dip, Declination and Horizontal Force are uncorrected lor secular change, diurnal variation, 
lostrumental differences, etc., and are to be  considered as preliminary values only. 

Where blanks occur, values have been already found during previous field seasons, or the observations have oot been 
completed. 

The survey numbers refer to the published chart : thus NO. 48 3 denotes No. 8 Statioo in the dotted sqilare, the spherical 
cwrdinates  of whose centre are 1 6 O  North Latitude and 76' East langitude. 

All Lcngitudes are referable to that of Madras Obse~vatory taken at the value W 14' 47' East from Greenwich. 
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I 

11 

111 

1V 

V 

V l  

VII 

V l I l  

1X 

X 

XI 

XI1 

XI11 

XIV 

X V  

XVI  

XVII  

X V l l l  

XIX  

XX 

XXI  

XXl I  

Name of Station. 

Udaipur . . 
Karachi . . 
Quetta . . 
Bahdwalpur . 
Rdwalpindi . 
Bharalpur . 
Bangalore . 
Dhdrwdr . . 
Porbandar . 
Fgzabad . . 
Sambalpur . 
Waltair , . 
Darjeeling . 
Gaya . . 
Secunderdbad . 
Bhusdval . 
Jubbulpore . 
Tavoy . . 
Lashio . . 
Akyab . . 
Silchar or Cachar 

Dibrugarh . 
Vizianagram . 

Latitude. 

I N  

--- 

24 35 33 

24 49 50 

30 I I 52 

29 23 27 

33 35 16 

27 13 31 

1 2  59 35 

15 27 26 

21 38 zo 

26 47 27 

21 28 3 

17 42 54 

26 59 49 

24 46 30 

17 27 I I  

21 a 46 

23 8 57 

14 4 5 0  

2 2  56 47 

20 7 53 

24 49 43 

27 29 24 

18 6 49 I I 

Loog~tude. 

O t I I  

73 41 57 

67 2 2 

67 0 20 

71 40 37 

73 3 6 

77 29 28 

77 35 58 

74 59 35 

69 37 6 

82 7 40 

83 58 26 

83 19 I 

88 16 39 

84 58 54 

78 29 16 

75 47 18 

79 56 44 

9 8 1 2 3 0  

97 44 40 

92 53 18 

91 47 21 

94 55 40 

83 24 10 

";;::,tal 

C. C. s. 

0'3533 

0'3456 

0,3232 

0'3319 

0.3123 

0'3460 

0.3815 

0'3763 

0'3601 

0'3534 

0.3731 

0'3786 

03566 

0'3663 

0'3791 

0'3681 

0'3648 

0'3954 

0.3762 

0'3828 

0'3692 

0'3585 

0'381a 

Dip. 

D I 

33 43 

34 5 

42 58 

41 59 

48 8 

39 43 

9 45 

15 I7 

28 39 

37 49 

27 43 

21 8 

38 19 

34 12 

10 8 

26 53 

30 55 

I Z  12 

31 19 

25 28 

34 40 

39 28 

21  4 

REMARKS. 

Declination. 

0 ,  

---- 
E 1 25 

,, 1 4 

,. 57 

3 ,  2 53 

8 ,  3 46 

,$ 2 o 

w 0 35 

P, 0 10 

E I 16 

,, I 50 

,, o 53 

,, o 21 

,, I 40 

,, 1 3 

,, o 22 

,, o 52 

7, I 6 

,, o 38 

,, 0 51 

,, o 52 

1 6 

,, I 23 

,, o 13 





THE PENDULUM OPERATIONS. 

Extracted from the Narrative Report of Mojor G. P. Lenox Conyngltam, 1Z.E., 
in charge of No. 23 Party (Pendulums), for the season 1906-07. 

The  programme of pendulum observations for this season mas framed in order 
to obtain more information about variations in the force of gravity in submontane 
regions. 

The stations which I selected were Rajpur and Kalsi a t  the foot of the 
Himalayas, Fatehpur in the Dun, Hardwar, Asarori and Mohan in the Siwalilcs, 
Roorkee and Nojli outside the Siwaliks. T o  these were added Kaliana, 
Meerut and Gesupur, situated at  or near stations of the Great Arc of Meridian. 

The  addition of the last three was made in order to make a beginning in the 
search for the crest of the "hidden range," the existence of which was deduced 
by Colonel Burrard, R.E., F.R.S., from a discussion of the latitude observations. 
T o  discover the exact position and form of this range is one O F  the most impor- 
tant taslts that lie before the Pendulum Party. 

The  decision arrived a t  after the experience of the season 1904-05, namely, 
that the observations should not be made in a tent, was adhered to, and it was 
therefore necessary to select places a t  which houses were available. 

I received ready assistance from all to whom I applied for the loan o f  
Bungalows and rooms and I am glad here to offer them my warmest thanks. 
Tltking the stations in the order in which they were visited the buildings 
occupied were :- 

Hardwar.-A Bungalow belonging to the Irrigation Department, a short 
distance down the canal from the Maiapur bridge, on the right bank. 

Roorkee.-A large room in the Public Works Department Inspection House, 
called the Malakpur Bungalow. This was one of the best pendulum rooms that 
I have had. 

Nojli.-The ground floor room of  the Tower which is the station o f  the 
Great Trigonometrical Survey. This room was very small, and the apparatus was 
with difficulty set up in it. The temperature was not very steady. Nojli Itas 
one of Basevi's stations : he had a hut built for his apparatus near the Tower. 

Ka1inna.-The observatory built by Everest in 1836 is still in very fair 
preservation and I occupied the Eastern room. This room was the Base 
station for Basevi's pendulum work, and Captain Heaviside also made a series 
of observations in it in 1870. 

Mcerut.-It appeared at  first that there was likely to be some difficulty 
about finding a suitable room. Meerut is one of the stations which is increas- 
ing in size and in which consequently there are very few unoccupied houses, but 
I happened to mention the matter in conversation with Colonel Tinley and 
Colonel Hamilton, Assistant Adjutant Generals of the Meerut Division, and 
they instantly offered me the use of a vacant room in the house which they 
were conjointly occupying. I t  was a very suitable room and I accepted the 
offer most gratefully. The  Bungalow in question is situated on the south side 
of the Mall near its western end. 

Gcsupur.-I had to find a station somewhere near the meridian of Meerut 
and 30 to 40 miles further south. 1 noticed that the main Ganges canal crossed 



the region in which I wished to place my station. Mr. A. M. Close, Assistant 
Engineer in charge of the sub-division of the canal in question, most generously 
offered me a choice of several of the rest houses under his control and I select. 
ed Gesupur. It  proved an excellent place and Mr. Close rendered me 
valuable assistance in making my arrangements. 

Mohnn.-The Forest Department have a Bungalow a t  this place and they 
very kindly gave me pern~ission to occupy it. 

T h e  Bungalow is situated a little above the road from Saharanpur to 
Dehra Dun, on its western side, just  here the road enters the Siwalil( 
Range. 

Asarori.-There is a small Bungalow of this name, belonging to the 
Public Works Department, close to the above-mentioned road, about half a 
mile beyond the tunnel which has been cut through the crest of the range. 

T h e  Engineer in charge of roads and buildings in the Dehra Dlin District 
kindly allowed me the use of this Bungalow. 

The  next station was Fatehpur and, a s  it was necessary to pass through 
Dehra Dlin on the way thither, I determined to make one set of observations 
a t  the base station before going on. 

Fatehpur.-There is a very good Inspection Bungalow belonging to the 
Military Works Service a t  this place. Major Sorsbie, R.E., A.C.R.E. Garhwal 
Brigac'e, kindly allowed me to occupy it. 

Ka1si.-Here also there is a good Military Works Inspection Bungalow 
and this too Major Sorsbie placed at  my disposal. 

Rajpur.-1 was anxious to  place my station as  close as  I could to the 
Himalayas but it was difficult to find any suitable situation as most of the 
houses are some way from the foot of the hills. The  nearest buildings to the 
point whence the steep ascent to Mussoorie begins belong to the Himalaya Glass 
Works and I decided to ask the Secretary whether he could lend me any room 
which would answer the purpose. My application met with a most courteous 
response and an excellent room was placed at  my disposal. 

Rajpur was the last of the stations on the programme and after finishing 
work there I returned to Dehra Dlin and made the closing observations. 

A good deal of bad weather was met with during the season, causing delay 
and some discontinuity in the observations, but no serious mis-adlenture o f  
any kind occurred and the results obtained are on the whole more accordant 
than those of any previous series. 

The  dummy pendulum, to contain the thermometer for indicating the tem- 
perature of the pendulum under observation, was taken into use and gave 
satisfactory results. 

Throughout the season an iron pedestal was used to support the ~endulum 
stand instead of a brick pillar. 

The  pedestal was cemented to the floor, and the granite slab to the 
pedestal, with plaster of Paris. T h e  stability of the arrangement is not greater 
than that of the brick pillar, but i t  is much more quickly made and the troubles 
that occasionally arose, owing to the cement in the pillar not being dry, are 
obv~ated by the use of the iron stand. 

In other respects the arrangements were the same a s  during lgog-06, and 
call for no comment. 

The  star throughout were made by Extra Assistant superin- 

tendent Hanarnan Prasad, the method introduced last year of rever:ing the 
transit in the middle of the observation of each star was followed. The results 
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were The  average probable error of the value of the daily rate of 
the clockl depending on observations of one star on two successive nights# was * 0."050 and the average probable error of the mean rate was f o."Iz. 

Six of [he stations were near enough to the hills to require an orogra~hical  
correction. 

The amount of labour involved in their calculation was considerable and 
the magnitude of the correction was in most cases very small : but it is as impor- 
tant to prove that a correction is small as  that it is large, so that the labour has 
not been thrown away. 

In the future i t  will I think generally be possible to estimate the orogra~hi -  
cal corrections for most stations situated at  or near the foot of the Himalayas by 
analogy with one of those for which the analysis has been performed and without 
going through the full calculation. It may be useful to have all the corretcions 
computed in the last four years collected together in one place and I have there- 
fore drawn up the following table. 

Height Orographissl 
I t .  correction. 

Mussoorie(Dunseverick) . 7131 0'024 
,, (Camel's Back) . 6924 0.025 

Rajpur . . . . . .  332' 0.0 10 

. . .  Kalsi . . . .  1684 0.0 10 

. . . .  Dehra Din  . . 2240 0'003 
Fatehpur . . .  I431 0'002 

Asarori . . . .  2 467 0'002 

Mohan . . . .  1660 0'003 
Hardwar . 949 0,003 
Simla . . . . . . .  7043 0.0 I 6 
Kalka . . .  2 2 0 2  0'004 . . . . .  Pz thanko t .  . 1088 O'OOZ 

Quetta . . . . . .  5520 0'002 

Mach . . . . . .  3522 0.006 
Sibi . . . . . .  434 0'002 

. . . . . . .  Sandakphu I I 766 0'053 

. . . . . . .  Darjceling 6966 0.026 
Kurseong . . .  491 3 0'018 
Siliguri . . .  387 0'002 

The results of the season observations are given in the following table :- 
r 

Station. 

Rajpur . . .  
Kalsi . .  
Fatehpur . 
Asarori . .  
Mohan . . .  
Hardwar . . 
Roorkec . . 
Nojli . .  

. . .  Kaliana 

Mecrut . 
Gcsupur. . 

Height 
above 

SOB 

level. 

Feet. 
3321 

1684 

14x5 

2467 

1660 

949 

868 

879 

810 

734 

691 

Latitude. 

Oln 

30 24 12 

30 31 o 

30 a5 57 

30 14 25 

p lo  53 

rg 56 ag 

29 52 20 

19 53 28 

zg 30 55 

a9 o a6 

28 33 2 

Obvnod 

g 

USnes. 
979'001 

979'l31 

979'147 

979'O59 

979'r09 

979'122 

979'129 

979.I43 

979'154 

979'151 

999'125 

8 
reduced to 

sea level 
-E0" 

Dynes. 
979'206 

979'240 

979'23' 

979'105 

979'209 

979'180 

979'181 

979'195 

979'102 

979'194 

979'166 

Theoretical a t  
value 

sea level 

-70 

Dynes. 
979'330 

979'339 

979'331 

979'317 

979'313 

979.294 

979.288 

97I).200 

979'260 

979'221 

979'186 

E."-7O 

D ~ ~ ~ ~ .  
-0.124 

- 0099 

- o.101 

-OII ;  

-o'roq 

- 0 .11~  

-0.107 

- 0.095 

- 0 . ~ ~ 8  

-0.027 

- o.oao 



It is to be noticed that there is everywhere a deficiency in gravity, 
is considerable near the hills and grows tapidly less as we move southwards. 

It is also to  be noticed that the defect is less a t  western stations than at 
similarly situated points further to  the East. Thus  a t  Kalsi we have a defect 
of  0.099 a t  Rajpur one of o 124;  a t  Fatehpur one of o.101 and at Debra one 
of 0.127 ; at  Mohan one of 0.104 and at  Hardwar one of 0.1 14 ; at  Nojli one 
of 0.095 and a t  Roorkee one of 0 .107 .  

These amounts are all larger than that found a t  Kalka, where the 
situatiori is similar to that a t  Kalsi or a t  Rajpur, but much less than the defect 
a t  Pathankot, which is in a position comparable to  that  of a place half way 
between Nojli and Mohan. At Kalka the  defect was 0'085 and a t  Pathankot 
0.179; a t  Siliguri again, which may be compared with Roorkee, the defect 
was 0.137. 

The  evidence of this year then confirms that obtainetl in former years in 
 roving that a t  the base of the h~l l s  there is always a deficiency in the force of 
gravity, and the regular lessening of the amount of this defect a t  the stations 
of Kaliana, Meerut and Gesupur indicate the   rob ability that a point will soon 
be reached, when the observations are continued southwards, a t  which g/ will 
equal or exceed yo in the same way as  was found to be the case on the 
Calcutta Meridional series a t  Kisnapur, and on the line from Simla to Quetta 
at  hIian Mir, Montgomery and Jacobabad. 

During recess I have been principally occupied in preparing for publication 
the whole of the observations that have so far been made with the new 
pendulum apparatus. 

In September I received from Professor Dr. Hecker, who observed with 
me a t  Jalpaiguri in February 1905, the details of the results of his 
observations. 

From Jalpaiguri Dr. Hecker returned to Potsdam and there swung his set 
of pendulums again. He thus obtained a value of g at  Jalpaiguri in terms of g 
a t  Potsdam in an entirely independent may. 

My value of g was also based on the value a t  Potsdarn, being connected 
therewith, 

( I )  By Mr. Putman's observations connecting Kew to Potsdam. 

(2) By my obgervatiorrs connecting Dehra D i n  t o  I<ew. 

, (3) By my observations connecting Jalpaiguri to Dehra Dun. 

Dr. Hecker's value of g at Jalpaiguri is .  . . 979,624 C. G .  S. 
hly value is . . . . . . . 979,612 

T h e  difference is less than the probable error of observation, and the 
accordance is therefore very satisfactory. 

Throughout the season the  different members of the party worked 
efficiently and well. 

T h e  party was inspected by the Superintendent of Trigonometrical Surveys 
in September. 



TIDAL AND LEVELLING OPERATIONS. 

Extracted from the Narrative Report  of Mr. C .  F. Erskine in charge of No. 25 
Party (Tidal and LevslZingJ for Season 1906-07.  

Personnel .  
111tperial oficer. 

Mr. C. F. Erskine. 
P r o ~ i n c i a l  Obicers. 

The personnel of the party during the year 
Messrs J. P. Barker. H .  G. Shau,, E. H .  under report was as  shoan in the margln. 

Corridon. Munshi Sayed Zille Hasnain. Mr. C. F. Erskine held charge of the 
Messrs.A. M .  Talati, 0 .  N. Pushong. Babu 
P. N. Sur and Mr. D. H. Luxa. party throughout the year. 

Subordinate Establishment. 
1 Surveyor, 25 Computers, z Native Artificers, 
4 Tidal Observatory Clerks. 

TIDAL OPERATIONS. 

2. Work o f t h e  year.-During the past year tldal registrations by self- 
registering tide gauges, were taken at  the ports of Aden, Karachi, Apollo 
Bandar (Bombay), Prince's Dock (Bombay), Madras, Kiddrrpore, Rangoon and 
Port Blair. In addition, tide-pole readings of high and low water mere taken 
during daylight at the ports of Rhavnagar, Akyab, Chittagong and Moulmein, 
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 
immediate control of the Port Officers concerned. 

The reduction by harmonic analysis o f the  observations for 1906 of the S 
stations named above has been completed. T h e  work of publication of tide- 
tables for 40 ports for the years 1908 and 1909 is in progress in England. 
Data for these predictions were despatched From the Officein Dehra Dun in 
December 1905 and 1906, respectively; for the tide-tables for 1910 they are in 
course of preparation. 

3. List of Tidal Stations.-The following table gives a list of the 4a ports a t  
which tidalobservations have been registered, together with the periods of 
observation Prom 1874 when tidal operations were begun, up to the pre'sent time. 

The permanent stations are shown in itaiics ; the others are minor stations 
which were closed on the comj~letion of the requisite observations. 

I 

a 

3 

4 

S~alions.  

Suez . . . 
Perim . . . 

Aden , . . 

Maskat . . . 

1 Date nl 
Automatic commence. Dale of No. of 

or merit cloqing of )cars or 

Automat ic  , 

D i t t o  . 
D i t t o  . 

D i t t o  . 

1897  

1 8 9 8  

1879 

1893 

1903 

1902 

St i l l  
working 

1 8 9 8  

7 

5 

27 

5 



Stations. 

6 1 Karachi . 

5 Bushire . 

8 

l o  Porbandar . 

Nowanagar , 

9 

Porbandar , 

Okha Point 

I I Por t  Albert Victor 
( Krithidwdr). 

12 Bhavnagar . I 
I I A  

B o m b n y  ( A p o l l o  
Bandar). 

Port Albert Victor 
( Kdthiiwdr). 

B o m b o y  (Prince's 
Dock ). 

Mormugao ( Goa ) 

Karwar . . 
17 1 Brypore . . 

Automatic 

Ditto 

Automatic 
or 

persona, 
observations. 

18 

t o  

Dit to  

Dit to  

Cochin . . 
1 9 ) T u t i t c o r i n  . 

hjinicoy . . 

Ditto 

Date Of 

commence- 
.lent of 
observa. 

tions. 

21 I Galle . . 
I 

92 Colombo , I 

Dateof 
closing of 
ObsFrva- 

tlons. 

23 

24 

95 

Wrecked 
, on 6Lh June 
1 1907. Being 

re-erected. 

No. of 
years 01 

Observa- 
tions. 

8 

26 

I 

1 

11 
t 

1 J  

. 

. 

Personal . 

Automatic . 

Personal . 

Automatic . 

Ditto . 

Ditto . 

Ditto . 

Ditto . 
Ditto . 
Ditto . 
D i ~ t o  . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 

Ditto . 
Ditto . 

Trincornalee . 
Parnban Pass . 
Negapatarn , 

Tide Tables 
not publish- I ed. 

Year 1904-05 
is excluded. 

1874 

1874 

1893 

1898 

1881 

1900 

1889 

1878 

1888 

1884 

1878 

1878 

1886 

1888 

1891 

1884 

1884 

1890 

1878 

1881 

With certaia 
interrup- 
tions. 

Working 

1 8 8 1 [ ~ p ; : ~ ~ ~ ~ ]  

1907 

1875 

1875 

1874 
re-start- 

I- 1904 

Tide-pol e 
readings 
taken. 

1875 

1906 

1894 

1902 

1882 

1903 

1894 

Still 
working 

Ditto 

1889 

1883 

1884 

1892 

1893 

1896 

1890 

1890 

1896 

1882 

1888 

Property of 

I 

a 

5 

I 

4 

5 

29  

rg 

5 

5 

6 

6 

5 

5 

6 

6 

6 

4 

6 Year 1884-85 
is excluded. 



4. Inspection ofobseronto~ies.-The eight tidal observatories now working 
were inspected during the year. Portable meteorological instruments were 
taken on the tours of inspection and compared with those working locally. 

5 .  Working of observatories.-The following account contains a detailed 
description of the working of the instruments and other incidental information 
pertaining to the observatories. It has been taken from reports of Inspecting 
Officers, from information furnished by Port Officers and from the registrations 
t hernselves. 
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6. Aden.-This observatory was inspected by Mr. C. F. Erskine in  Januaw 

1907. All the instruments were thoroughly overhauled and cleaned and l e f t  in 
working order and in adjustment. During the past year there was one 

interruption, of a few hours, in the registration of the tide-gauge, the gauge 

having stopped working for want of oiling. The  auxiliary instruments have 
worked well throughout the year. 

7. Karachi-This observatory was inspected by Mr. C. F. Erskine in 
December 1906. All the instruments were clearled and left in good working 
order. 

On 6th June, the tidal observatory was wrecked by a cyclone nhich swept 

the  cabin, tidal and meteorological instruments bodily into the sea, This 
occurred about 10-30 A.M. 

The high water morning tide rose to 5 feet 3 inches higher than the 
predicted height for that tide, the actual being 12 feet 8 inches and the predic- 
t Ion 7 feet 5 inches. 

T h e  force of the wind was greatest between the hours of 9 A.M, and noon, 
the velocity being 85 miles per hour. The  rainfall a t  Manora was 1.3 inches. 
On the occurrence being reported, instructions were immediately sent to the 
Port Engineer to have tide-pole readings taken, and to start the re-erection of the 
cabin. T h e  necessary tidal instruments were at  once got ready and shortly after, 
a t  the request oE the Port Enginedr, were despatched to Karachi. There was 
some delay in letting the contract for the erection of the cdbin and pile work. 
This matter was settled in the last meek of July, and the Port Engineer expects 
t o  have the cabin ready for the installation of the instruments by the end of 
September 1907. 

The tide-gauge had been at  work since 1881 and for the past 26 years gave 
a continuous and excellent record 

8. Apollo Bandnr (Bottzbny).-This observatory was inspected by Mr. C. F. 
Erskine in December 1906. The tide-gauge was cleaned and left in adjustment. 
With the exception of a short break, when the pencil failed to mark on the 

i diagram, the tide-gauge has worked well during the past year. 
g. Prince's Dock (Bombay).-This observatory was inspected by Mr. C. F. 

Erskine in January 1907. The tide-gauge was thoroughly over-hauled and 
cleaned and left in good working order. With the exception of a few unimportant 
interruptions, there have been no breaks in the tidal registrations during the year. 

to. Madras.-This observatory was inspected by Mr. C. F. Erskine.in Janu- 
ary 1907. All instruments were: cleaned and left in good working order. #There 

was one interruption only, of a few hours, in the tidal registrat~ons, due to the 
driving clock stopping; otherwise the tide-gauge and auxiliary instruments have 
worked well during the year. 

Owing to the contemplated enlargement of the Madras Harbour, the Port 
Engineer has stated that in all probabil~ty it will be necessary to remove the 
Tidal Observatory from its present ~os i t ion  to some point on the new arln of the 
Harbour which will project northwards. I t  w i l l  be impossible to drfine the 
exact position of the new observatory until the proposed new arm of the 

Harbour hasbeen completed and the present entrance to the Harbour closed. 
No official intimation on the subject has been commr~nicated to this office. 
I I .  Kiddertoye.-This observatory was inspected by Mr. H. G. Shaw in 

January 1907. The  tide-gauge and auxiliary instruments were cleaned and left in 
adjustment and in good working order. During the past year there have been no 
breaks in the t~dal  registrations, and only one short interruption in the working of 



the self-r~~ister ing Anernid. The self-registering Anemometer has been 
frequkntly out of order. 

12. Rangoon.-This observatory was inspected by Mr. H. G. Shaw in 
January and Februaty 1907. The tide-gauge and auxiliary instruments were 
=leaned and left in good working order. During the inspection, Mr. Shaw found 
that there was a large rent in the lowest length of the iron cylinder. T h e  
matter was promptly reported by hitn to the Deputy Conservator of the Port 
Rangoon, and steps were taken to remedy the defect. 

On 15th March, a t  10.15 ~ . h f .  thc: gauge was dismantied, and restarted 
on 16th March at 1-29 P.M. ; during this interval the lower half of the  
cylinder was removed and renewed. With the exception of this interruption 
there has been no break in the tidal registrations. \Vith reference to the 
auxiliary instruments the self-registering Aneroid worked well throughout the 
year; the self-registering Anemometer was out of order and under repairs a t  
the Port Trust workshops, from 15th to ~ 1 s t  November 1906, since which date 
it has worked well. 

13. P o r t  Blair.-This observatory was inspzcted by Mr. H.  G. Shaw in 
December 1906. The instruments were thoroughly cleaned and left ingood 
working order. There were no interruptions in the registrations of the tide- 
gauge and the self-registering Aneroid ; the self-registering Anemometer was 
out of order and under repairs from agrd to 30th July 1907. 

I 4. Tidal wave recorded by tide-gauges.- 

(i) P0r.i Blair.-At this station the tidal wave was more conspicuous 
than at  any of the other Indian tidal stations where tide-gauges 
are at  work. The first disturbance appeared to have commenced 
at  1-45 P.M., on 4th January 1907 ; the oscillations of the pencil 
due to the tidal wave, were slight up to 9-40 P.M., after which 
they increased in frequency and in height up to 6-30 P. M., the 
time of slack water at low tide, when the wave was greatest, the 
height being 5 inches. After this the curve showed a diminishing 
of the wave until it ceased at  1 0 - 2 0  P.M. on 6th instant. The 
oscillations were most marked a t  each slack water a t  low and 
high tides. 

(ii) Madras.-Oscillations due to the tidal wave are traceable on the 
tidal diagram between midnight of 4th and midnight of 5th 
January. They are insignificant. 

(iii) Bombay (Apollo Bandar).-The effect of the tidal wave is noticeable 
between 7 P.M. on 4th, and g P.M. on 5th January, the oscillations 
of the pencil occurring only at  or about the time of slack water a t  
low and high tides. The greatest movement of the pencil out of 
the normal was i inches at 2-50 A. M. on 5th. 

(in) Karachi.-The disturbance commenced at  5 P.M. on 4th January, 
about the time of slack water at low tide and lasted till l o  A.M. 
on 5th. I t  was distinctly noticeable between I I P.M. on 4th and 
P P.M. on 5th;  a t  1-15 A. M. a t  slack water at high tideon the 
sth, the pencil showed an abnormal movement of the wave of  
3 inches. 

(a)  Aden.-The t~da l  wave was not perceptible a t  this port. 

( o i )  There is no trace of the tidal wave on the diagrams, a t  the riverain 
ports of Rangoon and Kidderpore. 
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(v i i )  I t  was reported by t he  Director, Royal  Alfred Observatory, 
Mauritius, tha t  a tidal wave occurred a t  Mauritius, Rodrigrues and 
RCunion on the  afternoon of the  4 th  January 1907, The  Director 
General of Observatories in India reported that the Simla 
seismograph recorded a large distant earthquake on the  4th Janu- 

ary  a t  10-55 A.M. T h e  distance of its centre fromSimIa was 
computed t o  be  about 2,400 miles. 

I 5. Proposed t ida l  observatories.- 
(i) Moulnrein.-It was hoped that  the  tidal observatory a t  Moulmein 

would be ready early in this year. Mr. Shaw was sent there in 
January t3 see  what had been done and found that  the work had 
not been commenced. T h e  delay was  d u e  t o  a revision of plans 
a n d  estimates which required t h e  official sanction of Government 
before the  Port  Officer could under t ake  the  project. In a letter 
No. 541-2 P.-21, dated 18th April 1907, the Secretary to  the  
Government of Burma informed the  Superintendent, Trigonometrical 
Surveys, that  the  observatory would probably be completed in 
3 months' time. But  now owing to the  rains the work has again 
t 3  be suspended;  the  Executive Engineer,  Amherst  Division, in a 
letter No. 2867, dated 9 th  August 1907, addressed t o  the Port 
Officer, Moulmein, reports that  t he  s ta te  of the river due to  floods, 
etc., impedes construction and enhances the  cost, and advises that  
t he  work be  held over until after the  monsoon. A set of the 
required instruments is ready for despatch a t  a moment's cotice. 

( i i)  Kolueil a n d  Bahrein.-A scheme for the  establishment of tidal obser- 
vations a t  Koweit and Bahrein in the  Persian Gulf, is under the 
consideration of Government. 

(iii) SuaRim.-The last  mention of the proposed tidal observatory a t  
Suakim appears in para. 5 of extract from Narrative Report of 
No. 25 party, for season 1904-05 Nothing has  been done since 
and the matter remains in s ta tu  quo. 

16. Tidal diagrams a n d  dai ly  veports.-The tidal, aneroid and anemometer 
diagrams, and daily reports have been submitted regularly to the office a t  Dehrar 
DGn. 

I $ .  Tidal csnslan1s.-The tidal observations lor a year a t  8 stations have 
been reduced and the tabulated values of the  tidal constants thus derived are 

appended. There  are no arrears. 

VALVES OF THE TIDAL CONSTANTS, ADEN, 1906. 

The following are the amplitudes (R) and epochs (I;) deduced from the 1906 Obser- 
vations at Aden; and also the mean values of the amplitudes (H) and of the epochs ( K )  for 
each particular tide evaluated from the 1906 Observations:- 

Short Period Tides. 

A,=yb13  feet. 

H = R =  '073 R = .005 R = ,130 R = ,041 
x =  ( = 1 7 7 ~ 0 6  I ; =  6g0'59 ~ , { ( = 1 3 f ' 4 7  < = 297O 13 

T9[ 
H = R =  6 .a{ tl = 

,005 H =  '148 H = '041 

{ K = ( = ~ ~ ~ O ' ~ o  = 356".&6 K = 3q0'03 K = 298"35 
I 
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Short Period Tider-contd. 

Long Period Tides. 

VALUES O F  THE T I D A L  CONSTANTS, KARACHI,  1906. 

The following are the amplitudes (R )  and epochs (0 deduced from the I go6 Observ. 
ations at  Karachi; and also the mean values of the amplitudes (H) and of the epochs ( n )  

for each particular tide evaluated from the 1906 Observations :- 

Lunar Monthly Tide . . . 
,, Fortnigl~tly ,, . . . 

Luni-Solar ,, I . . 
Solar-Annual II . . . 

,, Semi-Annual ,, . . .  

Short Period Tides. 

A.  = 7 . a ~ ~  leet. 

R 

.or6 

,048 

,027 

'396 

'123 

Z 

12g .8~  

59-31 

84.58 

81.03 

274'20 

1 25;.77 

a063 

-026 

'396 

'123 

22.07 

228.82 

1-14 

114.41 



Long Period Tides. 

VALUES OP THE T I D A L  CONSTANTS, BOMBAY (APOLLO BANDAR), 1906. 

The following are the amplitudes (R) and epochs (0 deduced from the 1906 Observ- 
ations at Bombay (Apollo Bandar) ; and also the nrean values of the amplitudes (H) and of 
the epochs (K) for each particular tide evaluated from the 1906 Observations :- 

Lunar Monthly T ide .  . , . 
,, Fortnightly ,, . . . . 

Luni-Solar ,, , , .  . . . 
Solar-Annual , , .  . . . 
,, Serni-Annual ,, . . . . 

Short Period Tides. 

R 

'071 
'034 
'045 
'239 
'176 

ts 

0 

42-17 
325'41 
zj6.00 
I 16.53 
163'90 

c 
0 

270.63 
4.26 

113'24 
196.48 
323.81 

H 

'065 
'045 
'044 
'239 
a176 
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Long Period Tides. 

VALUES O F  THE T I D A L  CONSTANTS, BOMBAY (PRINCE'S DOCK), 1906. 

T h e  following a re  the amplitudes (R) and epochs (5) deduced from the 1906 Observ- 
ations a t  Bombay (Prince's Dock) ; and also the mean values of the amplitudes (H) and of 
the epochs (K) for each particular tide evaluated from the 1906 Observations :- 

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

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

,, Semi-Annual ,, . . . 

Short Period Tides. 

A,=7,989 feet. 

H = R = -068 R = .007 R =  '146 

H = R =  1,578 
K = 5 = 4O.99 
H = K =  '015 

R = 
K =  Y , =  113O.96 5 = 23aO.85 

. . . 
K = ,.. 

n = 
R = 

K = ... 

Lon< Period Tides. 

R 

,095 
.008 
'059 
'077 
'15a 

5 

0 

220'1 2 

19'7 5 
86.94 

220.18 
333'87 

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

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

,, Semi-Annual ,, . . . 

'097 
* O I  I 

'058 
'O77 
'152 

R 
p- 

,100 

'oog 

'043 

,096 

'162 

3503'05 

340'47 
229.30 
140'2 I 
1 73'93 

0 I 
2 1 9 . ~ 8  1 .og2 

I 

90.90 a j z  

221.27 '096 

32g'80 I 

n 

0 

351'4' 

5'35 

23326  

141.30 

I 69.86 
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V A L ~ J E S  OF THE T I D A L  CONSTANTS, MADRAS, 1906. 

T h e  following a re  the  amplitudes [R) and epochs (0 deduced lrom the 1906 Observ- 
ations a t  Madras ;  and also the mean values or the an~pli tudes (H) and of the epochs (a) 
for each particular tide evaluated lrom the 1906 Observations :- 

Short Period Tides. 

A, = 2'446 feet. 

LOIIP Period Tides. 

The following are the amplitudes (R)  and epochs (0 tlrducrd from the 1906 Observ- 
atinn. a t  Kidderpore; and also the mean values of the amplitudes (H) and 01 the epoch 

L u n a r M o n t h l y  T ide  . . . 
,, Fortnightly ,, . . 

I.uni-Solar ,, )) . . .  
S , ~ l ~ ~ r - . \ n n u a l  18 , . . 

,, Semi-Annual ,, . . .  

(n)  lor each particular tide evaluated lrom the 1906 Observations :- 

'0.51 
'065 
-017 
'446 
'zzo 

Short Period Tides. 

-- A, = 10.722 leet. 

{I1 = R  =I '086 R = ' I93 

303O.33 
34'43 
15'05 

263.91 
270.42 

K = 5 )  = 
( F I = R =  

' Z K = ( =  
S ,  i I-i = R  = 

r = 5 = 
- I I = R =  
{ =; = 

'047 
a086 
'01 7 
'446 
'220 

74O.99 
354.60 
156.90 
1 83.91 
110.44 

204~ '31  
1,548 

96  ' 71  
,088 

9 R 0 . 7 ~  
,006 

342"'.22 

3 1 7 " ~ 6  
,096 

I 13"18 
..;* 

267O.95 

M = 
R = 
5 = 

'f8[H= 

M = 

I 172~ '43  
'193 



NO. 25 PARTY (TIDAL A N D  L E V E L L I N G ) .  

S h o r t  P e r i o d  Tides-contd. 

Long Per iod  Tides. 

VALUES OF THE TIDAL CONSTANTS, RANGOON, 1906. 

The  following are the amplitudes (R)  and epochs (5) deduced from the 1906 Observ- 
ations at  Rangoon ; and also the mean values of the amplitudes (H) and of the epochs ( n )  

fo r  each particular tide evaluated from the 1906 Observations :- 

S h o r t  P e r i o d  Tides. 

-- 
A,= 10'285 feet. 

I = 1 9 7 ~ 1 9  
H = '188 

K = 
F H = R = ,004 

"#I ,( = t; = 570.53 t; = a71O.25 

'080 

. . .  
K ... 

'173 
K = 16 r0.03 
R = , 1 6 8  

K 

304.62 
59'91 
38.06 

154.01 
337'50 

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

Luni-Soldr ,, ,, . . . , 
Solar-Annual , . . . . 

,, S~mi-Annua l , ,  . . . . 

R 
-- 

'3.24 
'174 
'956 

2.705 
'969 

5 

~ 6 0 3 . 2 ~  
100.32 
256.75 
234.03 
137'53 

H 

'297 
'22y 
'932 

2'705 
'969 



Long Period Tides. 

Short  Per iod  Tides-contd. 

I 
R = 
5 = 

H = 
K  = 

VALUES OF THE T I D A L  CONSTANTS, PORT BLAIR, 1906. 

The  following are the amplitudes (R)  and epochs ( 5 )  deduced from the 1906 Observ- 
ations a t  Port Blair; and also the mean values of the amplitudes (H) and of the epochs 
(a) for each particular tide evaluated from the 1906 0bservations:- 

Lunar hIonthly Tide . . . . 
,, Fortnightly ,, . . . . 

Luni-Solar ,, ,, . . , . 
Solar-Annual , , . . . .  

,, Semi-Annual,, . . . . 

Shor t  Per iod  Tides. 

... ... 

... 

... 

A. 3 d.782 feet. 

'105 

'107 

'221 
'164 
'458 

1'321 
' I73 

Lunar hlonthly T i d e .  . . . 
,, Fortnightly ,, . . . . 

Luni-Solar ,, , , .  . . . 
Solar-Annual ,, . . . . 

,, Ser~~i-Annual ,, , . . , 

0 

249'35 
91'73 

269'47 
229.56 
147'53 

'203 
2 1 6  
'447 

. 1.321 
'173 

0 

20'43 
50.74 
50'24 

149'52 
347'46 



18. Other computatzb~zs.-The actual times and heights of high and low 
water for 1906 at 12 ports have been compared with the predicted values pub- 
lished in the tide-tables and the res'ults tabulated. 

19. Auxiliary reports.-Reports on the operations carried on in the 
Bombay Presidency and in Burma were prepared and submitted, the former to 
the Government of Bombay and the latter to the Principal Port Officer in Burlna, 
Rangoon. 

20. Receipt and  Zssue of tide-tables -The tide-tables for 1907 were received 
in the office in time for circulation and were duly distributed. 

21. Datum of tide-tables fov 1906.-The datum lor the tide-tables for 1936 is 
the datum of soundings in the most recent Admiralty Charts, with the excep- 
tion of Bassein, the datum for which port is " Indian Spring Low Watermark " 
which has not been connected with the Admiralty datum. 

22. Sale of tide-tables.-The amount realised on the sale of tide-tables 
during the financial ye;lr ending 30th September [go7 is Rs. I ,417-9-9. 

23. Dataforwa~ded lo Etzgland.-The following data  were supplied to the 
Tidal Assistant, National .Physical Laboratory, Teddington, England :- 

(i) Values of the tidal constants for the tide-tables for rgog, ready for 
use in the tide predicting machine. 

(ii) Actual values during 1905 of every high and low water measured in 
duplicate from the tidal diagrams a t  g stdtions, and of tide-pole 
observations taken during daylight a t  4 closed stations, the latter 
under the supervision of  the Port Officers and supplied by them to 
this office. 

(iii) Comparisons of the above with predicted values for 1905, the errors 
being tabulated in such form as to be of aid in improving the 
predict ions. 

24. Er rors  irr prediction.-The 5 tabular statements which are appended 
show the percentage and amount of errors in the predicted times and liieghts 
of high and low water for the year 1906 at 1 2  stations, as  determined by 
comparisons of the predictions given in the tide-tables with actual values measured 
from the lidal diagrams at  8 stations, and from tide-poles at  4 stations, 
the former are made in this office and the latter by the Port Officials. 

No. I. 

Statement showins the perccntnfe and the amount of the errors  in  the Predicted Times 
01 H i f h  wafer  at the various Tidal Stations for the year 1906. 

ST ~~lons.  

Aden . . .  
Karachi . . .  . . .  Bhavnagar 

Bombay { Apollo Bandar 
Prince's Dock. 

Madras . . .  . . .  Kidderpore. 
Chiltagong . . .  
A k t a b  . .  
Rangoon . . .  . . .  hloulrne~n 
Port Blair . . .  

Automatic 
or fide- 

pole 
obscrva- 
lions. 

Au. 
All. 
T. P. 

Au. 
Au. 
All. 

Au. 
T. P .  
T. P. 
An). 

T. P. 
Au 

P 

Errors over 
3' minuter. 

Per cent. 

3 
3 

I 
I 
a 
2 

14 
10 ... 
4 ... 
I 

Number af 
comparlrans 

be,veen actual 
and predicted 

values. 

693 
703 
365 
705 

Errors over 
20 minutes 

,ao"i$:, 

Per cent. 

5 
7 
I 

Errors 
,,,in"les 

and under. 

Per cent. 

42 
37 
23 
50 2 

7 
20 

14 
... 
16 ... 
4 

Errors over 
5 mmutes 

,":::':::, 

Per cent. 

43 
44 
74 
42 

3 I 
7 0 1  

Errors over 
15  minutes 

~~~~~~, 

----- 
Per cent. 

7 
9 
I 

4 
49 
45 
35 
35 
... 
4 2  

705 
365 
364 
704 

12 

9 
15 
1 3 
... 
13 

365 
706 

16 
28 

100 
25 

7 
8 
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No. 2. 

State~nent  showing the percentage and the amount of the errors  in the Predicled Ti1fies 
o f  Low water  at the vnrious T i d a l  Stations jor  the year 1906. 

No. 3, 

STATIONS. 

Statement showing the percentage and !he amount o/ the errors  in the Predicted Htighfs  
of High W a f e r  a t  the various T ida l  Stations f o r  the year 1906. 

Aden . . . . . .  
Karachi . 
Bhavnagar . .  

Apollo Bandar 
Bombay 

Prince's Dock 

hladras . . .  
Kidderpore . .  
Chittagong . .  
Akyab . , . . 
Rangoon . 
Moulmein . 
Port Blair . 

Au. 

Au. 

T. P. 

Au. 

Au. 

Au. 

Au. 

1'. P. 

T. P. 

Au. 

T. P. 

Au. 

689 

705 

365 

705 

695 

700 

706 

365 

365 

705 

365 

705 

ra?ge at 

#pt;,"$; ln 

6.7 

9'3 

31'4 

13.9 

139 

3'5 

I 1.7 

13'3 

8.3 

16.4 

12'7 

6.6 

STATIONS. 

. . . .  Aden 

Karachi . 
Bhavnagar . . .  

Apollo Bandar . 
Bombay 

Prince's Dock . 
Madras . 
Kidderpore . .  
Chittagong . .  
Akyab . . .  
Rangoon - . . 
Moulme~n . . .  
Port Blair . 

Errors aver 
1 2  i nchea  

Per cent. 

... 
I 

14 

... 

... 
I 

a I 

I 8 

... 
6 

33 

... 

Errors of Ovar 

incheS 4 inches 
and and under 

8 inches. 

----- 

Per cent. Per cent. 

g8 a 

78 17 

41 31 

73 11 

7 2 22 

65 a8 

41 24 

41 25 

75 23 

54 29 

26 21 

96 4 

Per cent. 

38 

25 

13 

42 

34 

44 

I 8 

25 

100 

23 

10 

27 

Errors Over 
8 i n c h e  

and under 
1 2  inches. 

Per cent. 

... 
4 

14 

6 

6 

6 

14 

16 

a 

I I 

a 0  

... 

Automatic] Number of 
or .I i d r  

ozz:a- 
tion& 

Au. 

Au. 

T. P. 

Au. 

Au. 

Au. 

Au. 

T. P. 

T. P. 

Au. 

T. P. 

Au. 

Per cent. 

44 

41 

77 

44 

47 

45 

30 

34 

.., 
35 

73 

54 

I cornparipons 

t z i :  
values. 

693 

703 

365 

705 

%S 

70 1 

705 

365 

364 

704 

365 

706 

Per cent. 

10 

15 

7 

9 

12 

6 

13 

10 

... 
12 

14 

10 

Per cent. 

6 

14 

2 

4 

6 

4 

za 

14 

... 
I 6 

3 

8 

Per cent. 

2 

5 

I 

I 

I 

I 

' 7  

17 

... 
14 

... 
I 
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No. 4. 

No. 5. 

Statement shoving the percentage and the amou~zt of the errors in the Predicted Heights 
of Low Water at the various TidaL Stations for the year 1906. 

Table o f  average errors in the Predicted Times and Heights of High and Low Water  

STATIONS. 

Aden . . . . 
Karachi. . . . 
Bhavnagar . . . 

Apollo Bandar . 
Bombay 

Prince's Dock . 
Madras. . . . 
Kidderpore . . . 
Cl~ittagong . . . 
Akyab . , . . 
Rangoon . . . 
Moulrnein . , . 
Port Blair . . . 

Errors of 
inches 

and under. 

Per cent. 

97 

74 

39 

67 

62 

69 

45 

58 

76 

29 

45 

$6 

Number af 
comparisons 

bct,,een aclual 
and predicted 

values. 

689 

705 

365 

705 

695 

700 

706 

. 365 

365 

705 

365 

705 

Automatic 
or Tide- 

obcerva- 
tions. 

Au. 

Au. 

T. P. 

Au. 

Au. 

Au. 

Au. 

T .  P. 

T .  Pa 

Au. 

T .  P. 

Au. 

at the scaeral Tidal Stations 

Over 

4 inches 
and under 
8 inches. 

Per cent. 

3 

23 

4 1 

28 

3 1 

27 

' 28 

2 1 

2 I 

25 

ao 

4 

Errors Over 
8 inches 

and under 
12 inches. 

___--- 

Per cent. 

... 
3 

13 

5 

6 

3 

16 

7 

3 

20 

I I 

... 

'lean 
range at 

¶P::$; i n  

6'7 

9'3 

31'4 

13'9 

13'9 

3'5 

11.7 

13'3 

8.3 

16'4 

12'7 

6.6 

STATIONS. 

Open Coast. 

Aden . . . . . 
Karachi . . . . 
Bhavnagar . . . . 

i Apollo Bandar . 
Bombay 

Prince's Dock , 

Madras . . . . 
Akyab . . . . 
Port Blair . . . 

for the year 1906. 

AVERAGE Ennons 

Errors over 
11 inches. 

Per cent. 

... 

... 
7 

... 
I 

I 

I I 

14 

... 
26 

24 

... 

Automatic or 
Tide.pole 

observations, 

Au. 

Au. 

T. P. 

Au. 

Au. 

Au. 

T. P. 

Au. 

of Time in 
Minuta. 

Mean ranee 
at springs in 

feet. 

6 7  

9'3 

31'4 

13'9 

13'9 

3'5 

@3 

6 6  

H . W .  

9 

'0 

8 

7 

10 

'0 

3 

8 

GXNBIIAL M n *  . . . . 

L.W.  

9 

13 

10 

8 

10 

8 

3 

10 

of Hei ht in terms 
of tfe range. 

Riuerain. 

Kidderpore . . . . 
Chittagong . . . . 
Rangaon . . . . 
Moulrnein . . . , 

1 1 9 / '032 1 / ,., ( .., 

H.W. 

'025 

'027 

. o ~ g  

'018 

'018 

.095 

'030 

.025 

of Height in 
i n c h u .  

I7 

14 

13 

lo 

L. W. 

'025 

'027 

'016 

,024 

'024 

.a95 

'030 

,025 

H.W. 

2 

3 

7 

3 

3 

4 

3 

2 

GENERA,. MEAN . . . . 

Au. 

T. P. 

Au. 

T. P. 

L.W. 

z 

3 

6 

4 

4 

4 

3 

a 

11'7 

13'3 

164 

12.7 

IS 

18 

16 

11 

14 1 16 1 '018 '045 ( .,. ( ,.. 

'050 

'050 

'025 

,066 

P 

'043 

'038 

'046 

'052 

7 

9 

5 

lo 

6 

6 

9 

8 
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T h e  foregoing statements for  t h e  year  1906, may be thus summarised :- 

Percentage of Time Predictions within 15 minutes of acfuals. 

Percentage of Height Predictions within 8 inches of actuals. 

Low 
Water. 

Per 
cent. 

81 

95 

53 

71 

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

11 11 Tide-pole . . 
11 )I S. R. Tide-gauge . 

Stations. 
I I  I) Tide-pole , . 

Percentage of Height Predictions within one-tenth of mean range at  springs. 

High 
Water. 

Par 
Cent. -- 
85 

gg 

59 

78 

Low 
Water. 

Per 
cent. -- 
97 

89 

64 

72 

Open Coast 
Stations. j 

Riverain 
Stations. 

2 5 .  Comparisons of the prediclions a t  r ivera in  stations.-The predictions 
for t he  riverain stations for t he  year 1906 were compared with those for the  year 
before with t he  following results :- 

At Kidderpore they are  practically t h e  same for high water times, but a 
little worse for t h e  low water t imes;  for the  heights of high and  low water they 
are  about t he  s ame  a s  in the  previous year. At  Chittagong they a re  about the  
same for t imes and heights. At Rangoon there is a slight improvement in the  
predictions lor high water times, they a re  the  s ame  for time of low water;  with 
regard t o  the  heights, they are  the  s ame  for high water and  a little better for low 
water. At  Moulmein there is a n  improvement for the  times of high water, 
lor t imes of low water there  is  no appreciable change ;  they are  a very little 
worse for heights of high and low water. 

At  Kidderpore the  greatest  difference between t h e  actual a n d  predicted 
heights of low water for ~gof i  was 2 feet 7 inches on 28th August, the  prediction 

I Open Coast 
Stations. 

Riverain 
S"tiOns' C 

6 a t  which predictions were tested by S. R .  Tide-gauge . 
3, 11 II  Tide-pole . . 

2 11 II I )  S. R .  Tide-gauge . 
2 91 11 ,I Tide-pole . . 

High 
Water. 

Per 
cent. 

96 

85 

74 

57 

6 at which predictions were tested by S. R. Tide-gauge . 
2 1, I) I, Tideapole . . 
2 ,, II S. R. Tide-gauge , 

2 .. 11 I, Tide-pole , . 

High 
Water. 

Per 
cent. 

-- 
94 

loo 

92 

84 

Low 
Water. 

Per 
cent. 

95 

loo 

95 

88 



being higher. At Chittagong it was 3 feet 2 inches on 29th September, the predic- 
tion being higher. At Rangoon it was 2 feet 6 inches on and December, the 
pediction being lower. At Moulmein it was 3 feet on I 8th and 19th August, the 

being lower. 

LEVELLING OPERATIONS. 

26. Strength of Levelling Section.-During the past year three detach- 
ments were engaged on spirit levelling operations. 

The combined strength of the Levelling Detachments in the field was 
a s  detailed below :- 

Detachment No. I:-z levellers: Mr. E. H. Corridon, ~ s t  leveller: 
Mr. 0. N. Pushong, and leveller ; 3 recorders ; 30 menials, there being I leader 
or guide whose duty it is to keep ahead and select the stations for observation 
and to control the men both in camp and on work; and 29 others, made up 
of staff-men, chain-men, peg-men and carriers. 

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

Detaclrment No. 3 :-Equivalent strength to the other Detachments, the 
levellers being: Mr. A. M. Talati, 1st leveller; Babu P. N. Sur, 2nd leveller. 

In each instance the'  1st Leveller had charge of the Detachment. 
At the close of field operations, the menial establishment was discharged, 

all but a few men who were required for service in recess. 
27. P~o,orarnntefor Past Field season.-The following is the programme 

of work which had been allotted to the Levelling Detachments :- 

Detaclzment No. I :- 

( i )  T o  revise the old line of levels between Bombay and Sholapur, 
along the G .  I .  P. Railway. 

( i i )  T o  connect the Standard Bench-marks a t  Bombay, Deolali, Ahmed- 
nagar, Kirkee, Poona and Sholapur. 

(iii)  To  connect Lal Tibba in Landour with the Mussoorie levels. 

Owing to a great deal of sickness in this camp during the field season, 
the programme had to be subsequently curtailed and instructions were accord- 
ingly issued to close work a t  Barsi Road and to leave out the connection of 
the standard Bench-marks at  Deolali and Sholapur. 

Detachment No. 2 :- 
( i )  T o  level from Gwalior to Jhansi with the object of connecting the 

Standard Bench-mark at the latter place. 
( i i )  T o  level from Segra Tower Station, across the Indus River to 

Dera Ismail Khan, in order to fix permanent marks from ~vhich 
the Standard Bench-mark which was to be erected could be 
levellcd to. 

( i i i )  T o  continue the main line of levels from Rawalpindi to Chach 
Base line, and thence to extend the line to Peshawar and connect 
the Standard Bench-mark both there and at Attock. 

(iv ) To connect the Standard Bench-marks at Jhelum, Ferozepur, 
Ludhiana, Umballa, and Delhi, with the old lines of levels. 

( v )  Torevise the line of levels from Sahiranpur to Dehra Dq~n connect- 

ing Nojli G .  T .  S. Tower Station and Dehra Dun Base Line 
by branch lines. 
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Detachnzent No. 3 :- 

( i )  T o  revise the old line of levels between Sholapur and Gooty, 
( ii ) TO level to Banog in Mussoorie. 

This was subsequently altered in consequence of the curtailment of 
hIr. Corridon's programme. The  gap that would have been left between Barsi 
Road and Sholapur had to be filled up. TO enable this to be done, the portion 
of Mr. Talati's programme, from Kosgi to  goo!^, was cancelled and he was 
instructed to proceed 10 Sholapur, af ter  levelling up to Kosgi, and from 
Sholapur to level on to Barsi Road and there join hands with Mr. Corridon. 
T h e  connection of the Standard Bench-marks at  Sholapur and Deolali was 
added to his original programme. 

28. Duration of Field Season and work performed. 

No. r Dctachn~ent.-This detachment left Dehra Dun for Bombay on 
13th October, arriving there on 16th idem. After all preliminary arrangements 
were completed, work was started on zznd from the Bench-mark of Reference 
a t  the Tidal Observatory, Apollo Bandar, and closed at  Barsi Roatl on 7th 
April. The  detachment then returned to headquarters a t  Dehra Dun, arriving 
on 13th April, and proceeded to RiIussoorie on6th May to carry out a branch line 
of levels f r o ~ r ~  Mussoorie to La1 Tibba in Landour, closing work on 30th May. 

No. 2 Defnchrnent.-This detachment left Dehra Dun for the field on n ~ s t  
October and the several sections of  the work allotted to it were executed in 
the order given in the programme. The  season's operations se re  finally 
closed a t  Dehra Dun on 16th May. 

No. 3 Detachn~cnt.-The Officers of this detachment with a few men 
left Dehra Dun for the field on 29th October and arrived on 1st November at 
Poona \\?here it was intended to recruit the menial establishment. Men were 
not obtainable there and after a few days1 halt in Poona, the levellers procreded 
to their field of operations. Men Tere recruited from Sholapur and Dhond ; 

great difficulty mas experienced in obtaiqing the requisite number, and the 
starting of field operations was in consequence delayed. The work of levelling 
eventually commenced on 9th November, the line to  Kosgi being completed on 
9th March. The  detachment then proceeded to Sholapur, resumed operations 
there on 11th hlarch and closed a t  Barsi Road on gth ~ p r i l ,  immediately 
after which the Standard Bench-mark at  Deolali was connected. The detach- 
ment then returned 10 Dehra Dun, arriving on 19th April; it proceeded to 
Mussoorie on 6th May to connect Banog Hill Station and closed its field 

season on 4th June. 
Outturn.-The outturn of  work of Detachment No. I amounted to 257'4 

miles of double levelling, in the course of which the instrument was set up at 
3,407 stations, the total risss and falls being 8,oa I feet. T h e  marks connected 
by levelling were 5 Standard (including I old one a t  Bombay), 30 embedded, 
202 inscrit.ed, 2 Public Works Department Bench-marks, 2 Great Trigono- 
metrical Survey Stations and I Great Trigonometrical Intersected Point. 

Betwee11 Bombay and Barsi Road the rises amounted to 4243.809 feet 
the falls to 2637.155 feet, the total rises and falls being 6880.964 feet ; the 
distance was 236 miles. 

On the line Mussoorie to Lal T ~ b b a ,  a distance of 3.2 miles, the rises were 
989.609 feet and falls 1 ~ 0 ' 6 0 0  feet, making a total of I 140'209 feet. 

For  Detachment No. 2, the outturn mas 283.8 miles of double levelling ; 
the instrument was set up at  3,986 stations ; lhe heights of 1 1  Standard, 
(including 3 previously connected ) 2 0  embedded and a7o inscribed Bench- 



marks were determined ; in addition, 14 Railway, 4 Public Works Department 
~ ~ ~ ~ h - ~ ~ ~ k ~  and 7 Great Trigonomelrical Surrey Stations were connected. 
The total rises and falls amounted to 7,692 feet. The opportunity was talten to 
inspect 3 Great Trigononetrical Survey Stations, in addition to  those connected 
by levelling. 

T h e  rises and falls on the Section Saharanpur to Dehra Dun were: rises 
~ , ~ 7 5 . 9 3 8  feet, falls 750'603 feet, total 2,826.541 feet ; distance 44+ miles. 

Detachment No. 3 completed 263.9 miles o f  double levelling ; the 
instrument was set up a t  4,161 stations; the total rises and falls amounted 
to 8,433 feet ; the heights of 2 Standard, 20 embedded, 205 inscribed, 24 
Irrigation and 2 Railway Bench-marks s e r e  obtained; 6 Great Trigonometrical 
Survey Stations were connected and 5 others visited. 

The rises and falls on the line Barsi to Icosgi mere : rises 2,670,758 feet, 
falls 3,053'282 feet, total 5,724.040 feet ; distance 236 miles. 

On the branch line to Banog H. S. in Mussoorie the rises were 1,542'737 
feet and the falls 1,036'652 feet ;  total 2,579'389 feet, distance 5+ miles. 

The total ievelling executed amounted to 805 miles, of which o88+ m i l e s  
was new levelling and 516% miles, revision work. The  Bench-marks connected 
were 1 8  Standard, including 4 previously determined, 70 Embedded, 677 
Inscribed, and 46 others, such a s  Railway, Irrigation, etc., 16 Trigonometrical 
Stations were also connected. 

30. Bombay-Madms Error.-The revision of the level line Bombay to 
Madras, was, during the past season, carried a s  far as  Kosgi, a Station on 
the Madras Railway, distant 472 miles from Bombay. 

The  table below shows the discrepancies between the levelling of 18 77-8 1 

and 1906-07. 
The mean Sea Level a t  Bombay derived from tidal observations taken i n  

1876-77 is 10.141 feet above the present Zero of the gauge. The observed 
heights of 1877-81 are r e d ~ ~ c e d  to this datum. 

The Mean Sea Level at Bombay deduced from tidal observations taken 
between 1878 and 1904 is 10.236 feet above the Zero of the gauge. The 
observed heights of 1906-07 have been reduced by the levellers to this datum. 
In order to make the observed values obtained in 1877-81 comparable with 
those of 1906-07, a common datum line is required, which, in the following 
table, is the Mean Sea Level of 1876-77. The difference '095 has, therefore 
with its proper sign, been applied to the heights of 1906-07. 

a 5 m n  

u 9  E 
a E; 
.E.B E 
9 e 
a 
C 

o 

2 

33 

--. 

Name of  
Bench-mark. 

C. T. S. 
0 at Town Hall Bon~bay. 

B. .\I. 

G ,  ' I .  S. 
at Prince's Dock. 

B > I .  

G .  T. S. 
at KalyAn Railway Slalion. 

B . M .  

Observed Heights 
above hl-n Sca level 

( 1 6 7 6 7 7  
in feet. 

Seasons 
1877-81. 

19.859 

10.855 

25.270 

Remarks. 

i 

'O d 

,hz " m 

s 2  
,u , c 2  u n 
8 , 
S s 
0 E 
- _ 

-'016 

-'ojo 

-'028 

.- - 

Seasons 
1906-07. 

. -_  

19'843 

10815 

25.242 

HeiChts 
publ~shed 

~n 
pamphlet 

r 

-- 

1g.80 

10.71 

24.91 
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The  differences between the old and new levelling throughout the line from 
Bombay to Kosgi, are cumulative; no large individual error has been disclosed. 
On the section Gulbarga to Raichur which shows the greatest discrepancy, the 
error is likewise of a cumu!ative nature. 

The  average discrepancy per mile beween Bombay and Raichur is 0.004 
foot. 

That between Gulbarga and Raichur 0.01 r foot. 
The cause of the discrepancy between the old and new levelling cannot be 

discussed until the whole line Bombay to Madras has been revised. 
31. Bombay-Knrarar error.-The closing discrepancy between the mean Sea 

Level a t  Bombay and the mean Sea Level at Karwar, using the earliest values 
was 0.93 foot, Karwar being higher than Bombay. The levelling route was 
Bombay, Kedgaon, Hubli, Karwar. 

The ciosing error now obtained by the same route is 0.814 foot for Karwar, 
using the new value for Kedgaon. 

By the line Bornbay, Kedgaon, Gulbarga, Raichur, Bellary, Hubli, lcarwar, 
!he error now computed is 0.175 foot at Karwar, introducing the new value for 
Raichur. 

32. Panjab circuit, closing error.-The levelling from Lahore to Chach Base, 
part of which, to Rawalpindi, was done in season 1905-06, and the remainder in 
the past season, forms a link between the old levelled heights obtained at these 

U 
u 

.g A 

G $5 c =  
: €2 .-.- : E 
g 2 
e, 
q 

71 

77 

IS3 

183 

236 

286 

357 

472 

Name of 
Bench-mark. 

C. T. S. 
a t  Kdmpuli Railway Station. 

8. M. 

G. T. S. 
a t  l<handdla Railway Station. 

B. M. 

G. T. S. 
a t  Kedgaon Railway Station. 

B. M. 

G. T. S. 
0 a t  Dhond Railway Station. 

B. M. 

G. T. S. 
at Diksdl Railway Station. 

B. M. 

G. T. S. 
a t  Bdrsi Road Railday St. 

B. M. 

G. T. S. 
a t  Sholapur Railway Station. 

8. M. 

G. T .  S. 
0 at Gulbarga Railway Station. 

B.M. 

G. T. S. [ Railway Station. 
0 a t  Bridge near Raichur 

B. M. 

G. T. S. 
a t  Kosgi Railway Station. 

B. M. 

Observed Heigl~ts 
above Mean Sea level 

\n 

Sessons 
1877-81 

z3z.zqo 

1 7 9 ~ 8 8 5  

1776.889 

1691.296 

1658.706 

1678.540 

1493.351 

1490'924 

1288655 

1239.957 

Remarks. 

This is 
over the 
Borghat. 

2i c o 

g.5 
D d  

: 
@? 
6 c 

- - - % .  

+'o7a 

- . I ~ I  

-.116 

-.la8 

-.rgg 

-.474 

-'8ag 

-.937 

-1.869 

-1'y41 

1 8 7 ~ - 7 7  fect. ) 

Seasons 
190Go7 

232.312 

1790'754 

1776'773 

169x108 

1658.507 

1678.066 

1492.526 

1489.987 

128@786 

1238.016 

Heights 
pub!ished 

~n 
Pamphlet 

in 

231.73 

1790.36 

1776.18 

1692.41 

1657.72 

1677.38 

1492'07 

148g.jo 

1286.78 

1238.10 
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points and completes the circuit Moorghai, Chach, Lahore, Ferozepore, 
Moorghai. The closing error derived from the observed heights of seasons 
858-62, 1905-06, and I 906-07 worlts out to-74 inches. The mileage of this 

circuit being 1,023 miles, the average error per ~ o o m i l e s  is '06 foot. 
The difference between the two levellers from Lahore to S. W. End of 

Chach Line was a s  follnws :- 
First Leveller (-) Second Leveller 

From Lahore to 50th mile + ' 105 foot. 
" 3 ,  " IOOth I) - . 0 0 1  " . 
>'I , I  " 150th " + a 080 " . 
I ,  , I  " 178th " (Rawalpindi) + '  125 " . 

33. Levelling Saharanpuv-Dehva-Musso3rie.-Levelling to Mussoorie was 
first done in April-May 1904. 

Owing to the earthquake on 4th April, 1905, the line was revised in April- 
May of this year. 

The  difference obtained a t  the terminal point, which is a Bench-mark at  
' 6  ~ ~ ~ ~ ~ ~ e r i c k , "  'v'incent's Hill, was 0'468 foot, or 54 inches, the height deter- 
mined in 1905 being lower than in 1904, showing apparent sinking of Mussoorie. 

a portion of theline, Kolukhet to Mussoorie, was executed by single-levelling, 
in May 1905, the difference in height obtained could not be finally accepted and it 
\\.as therefore decided to revise this portion by double-levelling. This was done 
in October of the same year. 

The general result showed an apparent sinking of Mussoorie of 5 inches 
instead of 54 inches. 

With the object of testing this conclusion, the section Saharanpur to  Dehra 
Dun was re-levelled, in April-May 1907, th'e levels starting from the embedded 
Bench-mark at  Saharanpur and closing on a mark at  the Dehra Survey office, the 
identical mark from which the levels to Mussoorie emanated. 

Assuming the old Bench-mark at Saharanpur to be unchanged, the results 
of the present levelling seem to indicate that a gradual upheaval took place 
towards the Siwaliks. This is first noticeable at  the embedded 
a t  Mohan (27 miles from Saharanpur). Unfortunately two old Bench-marks a t  
Kailaspur and Bhatpura, 6 and 16 miles respectively from Saharanpur, could not 
be found. 

The following figures show the difference in height of Bench-rnarka along 
the line between the old and new levelling, the values of 1906 being higher than 
the old values :- 

It. 
Saharanpur . . . .. . ... .. . 0'000 

Mohan 27 miles from Saharanpur 
Southern side of the Siwaliks 1 0'330 

Mohabawala 37 miles from Saharanpur 
{Northern ride of the S i r a l i t i  I 

End Debra {@ rniler from Saharanpur 
Base Line 0'394 

Dehrs Survey 
0 tTice 

4 Do.  do. 

The difference found after the earthquake i i t h e  height of Mussoorie, accept. 
ing Dehra as  correct, was 04.18 foot. By accepting Saharanpur as  unchanged 
we now find that Dehra appears to have risen by an almost equal amount. 
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Combining the results, i f  Dehra is said to  be unchallged then Mussoorie and 
Saharanpur have both sunk by 5 inches ; if Saharanpur has not been disturbed 
then Mussoorie may be said to remain unaltered and Dehra raised by 5 inches. 

34. Levels rised.-The levels employed on the line Bombay to Barsi Road, 
were Cylindrical Level No. 4, used by Mr. Corridon and Cylindrical Level No, 
1 by Mr. Pushong. From Barsi Road to Kosgi the levels used were Cylindrical 
Level No. 3, by Mr. Talati and Cylindrical Level No. 2 by Babu Sur. 

!n blussoorie the levels used to connect Lal Tlbba, were Cushing's Level 
No. I 151 by Mr. Corridon and Cooke's Level No. 8522, by Mr. Pushong ; to 
c o n ~ ~ e c t  Banog, Bolton's Reversible Level No. 8574, by Mr. Talati and Watt's 
Level No. I 143 by Babu Sur. 

The  levels used by No. 2 Detachment throughout the field season were 
American " Binocular Precise Levels." On the lines Gwalior to  Jhansi and 
Darya Khan to Dera Ismail Khan, No. 2626, was used by Munsl~i Zille Hasnairi 
and No. 2625 by Mr. Luxa. On the lines Rawalpindi to Peshawar and 
Saharanpur to DehraUun, Munshi Zille Hasnain used Level No. 2697 and 
Mr. Luxa NO. 2626. 

35. The American Level.-American Levels, known a s  the "Binocular 
Precise Level," constructed af ter  the design in use by the United States Coast 
and Geodetic Survey, manufactured and supplied to this Department, by George 
N. Saegmiiller, Washington, United States, America, have, for the first time, been 
used by Indian Survey levellers during the past field season. The levellers 
founl them to be light instruments and easy to work with and to f u l l y  bear out 
their reputation for accuracy and the attainment of speed in levelling. 

Their employment involved certain alterations in the Indian methods, the 
procedure adopted being a combination of the American and Indian systeins. 

These instruments are fitted with three horirontal wirec so placed that the 
upper and lower wirzs are equidistant from the centre wire, and the mean of the 
three wire read~ngs is equal to the centre wire reading. By this means the errors 
of reading thestaff are effectively checked. T h e  principal departure from the 
Indian system was that observations were talten to only one face of the staves 
with all three wires, the mean being adopted a s  the final reading. The second 
face of the staves was not used at all throughout the season's work. 

The  party is now in possession of four of these levels. Their acceptance 
from the makers was on the condition that they were proved to be satisfactory 
by :he Superintendent of the United States Coast and Geodetic Survey. 

36. Staves zrsed.-No. I Detachment used staves of Captain Cowie's pattern 
those employed being Nos 0 1 ,  03, 04 and 05. 

The staves employed by Detachment No. a were Great Trignometrical 

pattern Nos. I I, 12, o, B3 and Bg. I33 was used up to 4th January, when levelling 
reached Dera Ismail Khan. Bg was substituted for B3 at  Rawalpindi on 13th 

January and was used for the remainder of the season. 
Great Trignometrical pattern staves NO. B I ,  No. Bz, NO. I I I I and No. 4 

.#ere employed throughout the senson by Detachment NO. 3. 
37. Unit corrcctiorz for slanes.-During the actual progress of the work, 

tl,eekly comparisons of the staves with portable I o foot standard steel bars were 
made \"ith the object of determining the correction for difference in unit of   airs 
o f  staves, to be to the observed heights in order to obtain the absolure 
beigh ts. 

Tables of these comparisons are appended. 
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38. H o r i a o n l a l  Levelling Bar.-The Horizontal  B a r  method  devised l as t  

year ,  fo r  ascend ing  s t e e p s  w h e r e  it w a s  impossible  t o  u s e  levelling ins t ru -  

ments ,  was emplbyed  l a s l  field s e a s o n  in t h e  Punjab.  
T h e  a p p a r a t u s  a n d  m e t h o d  o f  working it a r e  desc r ibed  in t h e  Annua l  

Narrat ive R e p o r t  cf NO. 25 P a r t y  for 1905-06. 
39. River Cvoss ing  by three methods.-(1) I n  t h e  c o u r s e  of levelling opera-  

tions in  t h e  Pun jab ,  t h e  l n d u s  R i v e r  was c rossed  by t h r e e  d i s t inc t  m e t h o d s  of 

levelling, t h e r e  be ing  :- 

( I )  By m e a n s  of t h e  old a n d  long-s tand ing  tide-pole, o r  wa te r -gauge  

m e t h o d .  

(2) By vertical angles .  

(3) B y  actual  levelling of precision. 

T h e  p lace  where  t h e  river w a s  c rossed  was  be tween  D a r y a  K h a n  a n d  

D e r a  I smai l  Khan .  
T h e  t ime  of year  w a s  l a te  in D e c e m b e r ,  when  t h e  wid th  of t h e  main 

channe l  w a s  a t  i t s  narrowest ,  be ing  a b o u t  mile. 

T h e  following e x t r a c t s  from t h e  Leveller 's r epor t  explain how t h e  opera t ions  - 
were conducted a n d  g i v e  compara t ive  resu l t s  of t h e  observa t ions  :- 

IIThe crossing was done during the course of the levelling operations which emanated 
from Segra T. S. 01 the Great Indus Series, situated about 8 miles east of the lndus l i~ver ,  
and were carried on across the river to Dera lsmail Khan with the object ol  connecting 
the Great 'Trigonometrical Survey Standard Bench-mark to be built in that town. Before 
taking the work in hand 1 had placed myself in communication with the Garrison En,' wneer, 
Dera Isnlail Khan, to ascertain from him the best time of the year and the most suitable 
place for  the crossing of the river. He had advised me t o  undertake the work about 
the middle of December and had kindly supplied me w ~ t h  a rough sketch of the place 
selected for a crossing. 

'' The cntire bed of the river between Darya Khan and Dera Ismail Khan is nearly 
five miles in breadth. I was informed that from April to  August the whole of this space 
was covered with water. But in the middle of December the main channel shrinks 
down to a b r ~ a d t h  of Irom 4 to ) of a mile. The place selected by the Garrison Engineer 
for my work was near the boat-bridge where the channel was narrowest, nearly f a mile 
from bank to  bank. 

" When I first arrived on the scene on the 20th December roo6 and examined the 
river, there seemed to be no possibility of working across it by direct levelling operations. 
T h e  boat-bridge was tested and found so shaky-that it was out ol the question to level 
over it. I therefore arranged to cross the river ( I )  by means of the tide-pole method, 
and (2) by the vertical angles method. For  this purpose wooden piles 6feet in length 
and 4 inches in thickness were embedded in the ground at both banks of the river for 
the vertical angles, and two staves were erected in the  water near both banks on top of 
similar piles sunk under water lor water-level readi.igs a t  right angles to  the 
current. 

I' S~multaneous readings of the water-level were taken on the staves by the two obser- 
vers : 51 readings with an interval of two minutes between each succersive reading were 
taken in the forenoon, after which the observers changed places and took an equal 
number of readings in the afternoon, both obscrvers reading a t  the same time by a 
prearranged signal. The relative heights of the piles driven in, and the referring piles 
out ol  the waler a t  hoth banks were checked belore and alter the readings of the - 
water-levels to ensure that no sinking or rising of the piles had taken place during t1.e 
intervals. 7 he height of the pile on  the east bank above the pile on the west 
bank dcduced from the mean water-levels read in the forenoon differed from the 
height deduced lrorn the mean water-levels read in the afternoon by 0.009 foot. 

" Reciprocal vertical angles were take11 between the referring piles with an 8" 
Micrometer theodolite to  two discs fixed 10 fcet apart on a 14.f00t vertical bar :  8 values 
lor each angle were determincd. 

" The difference ol height betwecn the two piles deduced from the verlical angles 
was found to d~ffer  lrom the height obtained by water-levels by 0.278 foot. This 

!a 
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discrepancy appeared to me too large to be passed over. I could not ascertain whether 
it was due to the vertical angles or the water-levels or both. I had certainly greatcr 
faith in the vertical angles, but, on the other hand, there was no apparent reaon for  
finding fault with the water-levels. This question could only be satisfactorily solved 
if the levels could be carried across the river by direct levelling operations. With 
this object in view, 1 made another attempt at reconnoitring the river for some miles up 
and down stream. Fortunately I came upon a spot about a mile down from the boat- 
bridge where a small island was beginning to form in the centre of the stream. The 
overseer in charge of the boat-bridge led me to believe that the river was fast silting UP 

and that there would soon be small islands cropping up in the stream here and there. 
He advised me to wait for a few days. His predictions proved to be only too true, 
for when I repaired to the above spot three days later, I found that three or four islands 
at very convenient distances apart had been formed in the stream, which enabled me 
to level across the river without any great difficulty. It was of course necessary to use 
large wooden pegs 4 to 5 feet in length both for the staves and the tripod of the level 
to stand upon, a9 theupper surface of the islands was very loose and unsteady. The 
total distance actually levelled over from bank to bank was 43 chains whieh was 
siib-divided into 5 stations : the longest shot taken was 7 chains and the terminal difference 
between the two levellers over the above distance was 0.004 foot. This work 
necessitateda coupleof miles of extra levelling to connect the piles already embedded 
on both banks of the river in connection with the water-levels and the vertical acgle - 
observations. 

"The difference of height between the above piles determined by actual levelling 
asdetailed above was found to agree withtn 0.007 foot with that deduced from the 
vertical angles. 

"'The values of height obtained by the three methods are shown in the table below. 

Tablr showirrg diference of height between rejerring pile on East bank and refcrri,ag 
pile on West bank o f  the Indus River. 

By Tidepole method 1 By Vertical angles I By r c l d  levelling. 

From forenoon obser- 'I From forward 
vations . 1.201 ft. angles . .o.g38 ft. 

-7 

hlean . "97 ft. / Mean . . o . g ~ g  It. Mean . 0,926 ft." 

By First 
Leveller . 0,930 f t .  

From afternoon obser- 
vations . . 1.192 ft. 

I 

(11) In December 1899 experiments were made on the  Ganges River at  

Damukdia, t o  determine the  best way of carrying levels of precision across 

large rivers. Captain H. L. Crosthwait, R.E., who conducted the levelling, has 

contributed a n  interesting account of t he  operations to  the  Survey of India 

" Professional Papers, 1903, Serial No. 7 ,  Miscellaneous Papers." 

T h e  three  methods o f  " vertical angles," " levelling " and " water-gauges 

(tide-pole)," were employed, 

T h e  distance across the  river between the referring marks was 1.28 

From back Ry Second 
angles . . 0.900 it, I Leveller . 0.922 ft. 

I 

miles. 

T h e  result of the  operations was  tha t  t he  difference of heights between 

the  referring Bench emarks was found t o  be  :- 
By Vertical Angles . , . , . . . 2'139 It. 
By Levelling . . . . . . . . 2.132 f t .  
By Water-Gauges . , . . . . . 2.21 2 ft. 

Here  t h e  resultant differences by the  three separate methods a r e  nearly 

coincident with those obtained on the  Indus a t  Darya Khan 

(111)  Over halt a century ago  experiments were made to  test the 

accuracy o f  the tide-pole method of taking levels across water. Levelling of 

precision was then in its initial and experimental stage. T h e  operalions 
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were conducted by levellers under t he  superintendence of General Walker, R.E. 
T h e  following is a paragraph on t h e  subject  extracted from the  introduction to  
the  pamphlet of " Tables of Heights in Sind, t h e  Punjab, North-West 
provirices anrl Central India, to  May  1862 ":- 

I t  In 1856 the River Chenab was crossed at three points, where experiments were 
made to determine the amount of error to which one is liable in referring to the surface 
of a river, at the opposite extremities of a section across, when the breadth is too great 
for astaff, on one bank, to be read from the other. Sections were selected at right ang!es 
to the stream, and pools were dug in the sand on each side, to obtain an unagitated 
surlacc of water for reference. The results, by direct levelling, dtffered from those 
referred to the margin of the stream, by 0.032, 0.039 and 0,074 feet, respectively, in  the 
three instances, giving the average error of '048, the average breadth of river bring 
12 chains." 

Difference between results by tide-pole method and by levelling :- 

On the Chenab, 1856 . .  ,048 
On the Ganges, 1900 . .080 
On thc Indus, 1906 . . . . . .  ,271 

40. Standard  Bench-marks.-The Standard Bench-mark scheme originated 
in 1903 ; in 1904 s teps  were taken for the  selection of suitable stone, designs 
mere planned, and in fact all such measures a s  might aid t he  furtherance of 
t he  scheme, which suggested themselves a t  t h e  time, were adopted. (Fo r  
full particulars see Annual Narrative Report ,  25 Party,  rgoq-05.) 

In 1905 the  actual work of erection of the  Bench-marks was begun and 
the  levelling to them was commenced in t he  same year. 

Up to  date  the  number of Standard Bench-marks completed is 41 ; of 
these 36 have been connected, 5 remain t o  be  levelled to. T h e  number under 
construction is 27. In all 68 have been dealt  with. 

Years before t h e  present scheme of haviog Standard Bench-marks 
scattered all over India had been evolved, marks, recognised a s  "Standard  
Bench-marks," mere constructed in t he  chief cities of Calcutta, Bombay 
and Madras. They  are  not of uniform design and  are  all unlike the  pattern 
now established. The re  are  I in Calcutta, 2 in Bombay and I in Madras.  
Their descriptions are  given in t he  Levelling Pamphlets which deal with 
their heights. 

Though uniformity of design in the  construct~on of t he  present Standard 
Bench-marks is aimed at ,  yet  it cannot always be  attained and the  plan has  
occasionally t o  be altered, the alteration being dependent on local conditions. 

T h e  following table gives particulars of t he  Standard Bench-marks dealt 
with during the  past ,  o r  with which the  Department is  a t  present concerned :- 

List o j  Standard Bench marHs. 

ERECTED. I To be connected 
field ouron, 

I in Madras. 

r in Cuddapah. 

I in Dera 
lsmail Khan. 

r i n  Bikanir. 

Connected. 
- 

I i n  Calcutta. 

z in Bombay. 

I in Madras. 

I in Saharanpur. 

Proposed for 
erection. I 

Under construction. 
Not yrt connected. 

I in  Madras. 

I i n  Bangalore. 

I in Belgaum. 

I i n  Multan. 

I in Karachi. 

I i n  Hyderabad 
(Sind). 

r in Sukkur. 

I in  Jacobabad. 



Slairdnrd Bench 

under cons~ruction. 

I in Bikanir. 

I in Jodhpur. 

I in Deesa. 

I in Ahrneda- 
bad. 

I in Mhow. 

I in Saugor. 

1 in Jubbulpur. 

I in Nagpur. 

I in Akola. 

I in Hingan- 
ghat. 

3 in Secundera- 
bad. 

I in Raichur. 

I in Bellary. 

I in Cuddapah. 

I in Salem. 

1 in Trichioo- 
PO~Y.  

I in Nt-ga- 
patam. 

I in M a d ~ ~ r a .  

I in Tinnevelly. 

I in Calicut. 

I in Satara. 

marks. 

TO be connected 
next field season 

I in Raichur. 

3 in Secundera- 
bad. 

I in Multan. 

List o j  

Proposed for 
erection. 

- 
ERBCTBD. 

Connected 

I in Dehra Dun. 

I in Muzaffar- 
nagar. 

2 in ivieerut. 

1 in Aligarh. 

I in Bareill?. 

I in Shahjalian- 
pur. 

I in Lucknow. 

I in Sitapur. 

I in Fyzabad. 

z in Allahabad. 

I in Rlirzapur. 

I in Benares. 

I in Ghazipur. 

I in Gorakhpur. 

I in Muttra. 

I in Agra. 

I in Gw3lior. 

I in Lahore. 

I in hswalpindi. 

I in Jhansi. 

I in Delhi. 

I in Arnbala. 

I in Ludhiana. 

1 in Ferozepur. 

I in Jhelurn. 

I in Attock. 

I in Peshawar. 

I in Deolali. 

1 in Ahrnednagar. 

I in Kirkee. 

a in Poona. 

I in Sholapur. 

Not yet connected. 

I in Dera 
lsrnail Khan. 



4 1 .  Slab bearing ireight of Bench-mark.-The stone slab bearing an 
inscription to indicate the height above Sea Level of the Standard Bench-mark 
and described in the Annual Narrative Report for ~gog, has been modified. I n  

thenew design the dimensions are 2 ' ~  I ' X  2" which makes it lighter and reduces 
the cost of transit. The  inscription has also somewhat altered ; the stone now 

bears the legend " The height of the top of this pillar is feet above 

the mean level of the sea," arranged in the manner shown below :- 

T H E  H E I G H T  O F  T H E  TOP 
OF T H I S  PILLAR IS 

ABOVE T H E  MEAN LEVEL 
OF T H E  SEA 

48 such slabs have been prepared and are stored in this office. The lettering 
has been engraved but a space has been left for the true height, lvhich \\ill 
hereafter be inscribed when the final values of the Bench-marks shall have 
been assigned to them. Simultaneously with the inscribing of the height, 
the name of the place where the Bench-mark has been erected, and to which 
the height refers, will be carved on the back of each stone. 

The slabs will then be forwarded to their respective destinations and the 
officers entrusted with the care of the Bench-marks will be requested to have 
them embeddzd in masonry at the foot of the monoliths. 

The  slabs are prepared by a local stone-cutter who imports the stone irom 

Agra. 
The supply is kept abreast of the work of erection of the Bench-marks. 
42. Destruction of Befzclz-marks.-On the line Bombay to Icosgi, 8 ernbed- 

ded and 141 inscribed Bcnch-marks have been lost or destroyed, out of a 
o[ 461. This is owing to the extension of railway stations and platforms, 
the renewal of bridges and culverts, duplication of railway lines, etc. At Ahmedm 
nagar, when connecting the Standard Bench-mark there, 1 4  old Bench-marks 
could not be found ; the bridge copings all along the railway \\,ere either being 
renewed or re-cobbled, and mdny Bench-marks were found to have been destroyed 
by this means. 

The  total number of Bench-marks reported during the past year as  lost 
i s  2 0 j .  

43. Recess Duties.-The levelling computations have been completed. 
Manuscript pamphlets of heights and lev61 charts have been brought up to 
date. In addition, site plans of all the embedded Bench-marks conilected 
have been prepared, for embodiment in the pamphlets of heights which 
include these Bench-marks. 

44. ~ables.-Tabular statements relating to the past season's operations 
are appended. 

45. HeaLih of Field Puvty.-During the field season, the health of the 
Levelling Detachments was good, with the exception of No. I Detachment, which 
suffered much from malarial fever; there were however no casualties. 

45. Progvamme for Field scnso~t 1907-08.-The levelling operations to 
be performed during the coming field season are :- 

For No. I Detachment : to level from Gooty to Madras, about 258 miles, 
closing on the bed-plate of the tide-gauge at Madras, and to connect the Stand- 
ard Bcnch-marks at Cuddapah and Madras. 



No. 2 Detachment: to  level from Ferozepore, along the railway line, towards 
Ahmedabad a s  far a s  Bikanir, about 257 miies, and to connect the Standard 
Bench-marks a t  Bikanir, Multan and Dera lsrnail Khan. 

No. 3 Detachment : to connect the Standard Bench-mark at  Raichur, to 
level from Kosgi to Gooty, about 68 miles; then to go on to Hyderabad (Deccan), 
connect the 3 Standard Bench-marks at  Secunderabad and level towards 
Wardha, ~ a r t l y  by rail and partly by road, over a distance of about 2 0 0  miles. 

47. Hand-books.-The Hand-books and Service books of the Party have 
been brought up to date. 

48. Inspection by Superin tendent, Trigo~zonzetrz cal Surveys.-The Superin- 
tendent of Trigonometrical Surveys rnspected the Party in September. 

List of Great  Trigonometrical Sttrvey Stations connected by Spir i t  Leuellizg- 
Season 1906-07. 

Top of Electrometcr 
Tower which is 46 feet 
high. 

Name of Station. 

Colabn S. (At Observatory) 
of t h e  Bombay Longitudinal 
Series. 

Dadar S. Bombay Longitudi- 
nal Series. 

Height obtained by 
Spirit-Levelling-Sean 
1877-80. 

H E ~ G H T  IN FEET ABOVE 
h l ~ ~ s  SEA LEVEL. I h l r e n r e  in 

$;{!: 

79'87 

11.61 

' height b.v 
Triangulat~oa 

By Triangulation. 

I 

75 

*I 1'63 

-4.87 

... 
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No. I.-LEVELLING DETACHMENT. 

Result of Cornpayison of staves-~en:otr 1906-07. 

Place and Date of 
Camparison. 

Bombay . , October 24, 1906 

Matunga . . , 30, ,#  

Bhandup . . November 8. ., 

Diva . . ,, 1 5 . . , o  

Kalyan . . ,, 30, 8, 

Vangani . . December g. ,, 

Karjat . . ,, 18, ,, 

Dasturi . . ., 29. .. 
Lonavla . . January g,  1907 

l'alegaon . . ,, 16, ,, 

Chinchvad . .. 23, ,, 

Poona . . 31, ,, 

Uruli . . February g, ,. 

Patas . . 19, ., 

Ahmednagar . March a, ,, 

Diksal . . ,P 12, ,, 

Washirnbe . I, 21, ,, 

Kern . . P. 31. ,. 

Barsi Road . April 7, ,. 

Musjoorie . May 7. .. 
ditto BP 17. ,, 

dilto . a2, ,, 

ditto 30, ,, 

04 

+ -0012175 

.oo1181g 

'0016354 

~ O I  I 086 

.wogj78 

- ' 0 0 0 2 ~ 1  

' O O O I G ~ I  

.00~4826 

.oooEz74 

~0003330 

~0009818 

.oar 1007 

'0007504 

'0013479 

~0014818 

' 0 0 1 9 ~ ~ 3  

.w29221 

.ooz5691 

,00273 13 

' O O Z ~ Z ~ Z  

'0021711 

.om8896 

.0026892 

NUMBER OF 

05 

+ .0030ooa 

-0026947 

.0027719 

'0021413 

'0012116 

moo76zg 

'0011225 

'00076go 

' ~ 0 3 2 1 0  

~ 0 ~ 8 3 1 1  

- 'ooooza5 

+ '0000070 

'0002 121 

- '0003479 

' 0 ~ 7 ~ 7 3  

.w09889 

' O O Z I ~ S S  

'0017655 

.0017063 

'0020399 

'0013493 

'ooa2476 

'0017706 

STAFF. 

01 

-.o016155 

'0017236 

.o014608 

'002391 7 

.00321so 

aoo4~2g4 

'0034727 

'00421 24 

.a042460 

'0037638 

'0049132 

~ 0 4 g s 8 7  

'0048459 

,0056245 

'0058206 

.wG4062 

.0076237 

'00733jo 

'007 I aqg 

,007 j149 

.wG7150 

. ~ 0 7 4 3 1 9  

'0070~65 

03 

-.a019636 

'oo184Gg 

'00~1964 

'wz9305 

'0034'148 

'0045861 

'0042 195 

,0048 15.1 

~ 0 ~ 5 0 2 8 7  

.0048641 

~oosj2og 

'0057898 

'0059004 

'0361418 

'007 117 1 

'007h709 

.0089548 

' 0 0 9 ~ ~ 2 4  

'0090489 

'008861)7 

.0081227 

'~084661 

'mS3065 
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NO. 25 P A R T Y  (TIDAL AND LEVELLING).  1 2 1  

No. 2 LEVELLING DETACHMENT. 

t i s t  of Great Trigonometrical Survey Stations connected by Spirit-Levelling- 
Season 1906-07. 

No. 2 LEVELLING DETACHMENT. 

Table showing the Railway and Public IVork'or~s Department Bench marks connected- 
Jeason 1906-07. 

Name of Station. 

Segra T. S. Great Indus Series 

S. W. end of Chach Base Line, 
Great lndus Series. 

0. on turret of N. E. bastion] 
of ~ t t o c k  Fort. I 

i Great lndus Series (Inter- 
srcied Point). 

Gurkatri S. Gieat Indus Series 

Pirghaib T. S. Grrat  Arc 
Ser~es.  

Nojli T. S. Great Arc Series . 
E. end of Dehra Dun Base 

Line. 

Difference in 
height by 

Triangula- 
tion in Ieet. 

... "' 

... 

+6 41 2 

+4'725 

-8.91 5 

... 

Rnursrs. 

Already connected 
by Spirit Level- 1 ling in 1858-62. - 

Upper mark stone. 

Do. do. 

Do. do. 

Already connected by 
Spirit Levelling in 
I 862. 

HBIOHT I N  P E E T  ABOVB 
MEAN SBA 

BY 
Spirit Level- 

ling. 

605 670 

1015'226 

"93521 

I I 58.568 

828 275 

937 915 

1959.46: 

Description of Bcnch.marks. 

78's9 on Culvert No. 339 near T. P. No. 751 
'?' 

701'0a -- 
'! on Culvert No. 303 near T. P. No. - 

6m7 on Culvert No. 197 near T. P. No. % 
$ 
- 7 0 9  

78h4h on Bridge No. 2.17 near T. P. No. - 
9 , 9  

on Culvert No. 235 near T. P. No. - - 
1\ 

75"66 on Bridge No. 346 near 7. P. No. y. 
1\ 

835'00 on Platform Antri Railway Station . +- 
-- on Culvert No 313 near T. P. No. 

It\ 
68020 

- + - at Platlorrn Dabra Railway Station . 
on Bridse No. sTq near T .  P. No. 

't '3  

LEVEL. 

By 
Triangula- 

tion. 

... 

... 

... 

I I 65 

833 

929 

. . . 

H2$:~t, 

783.59 

701.01 

679.37 

786.46 

810.84 

751.66 

B~S.OO 

801.42 

68oao 

676.16 

C. T. 

S$l~::rl. 
led tieipbt 

fcct. 

--- 

785.105 

701.601 

680.994 

787'791 

811.084 

754.261 

836653 

803.787 

681'589 

677'73.r 

~ i ~ ~ c ~ ~ ~ c ~  
feet' 

-1.515 

-1'581 

-1.624 

-1 331 

-1.244 

-1.602 

-1.653 

-2.367 

-1-389 

-1.57) 

REMARK#. 



122  NO. 25 P A R T Y  (TIDAL A N D  L E V E L L I N G ) .  

Table showing the Railway and Public Works Depnrtment Bench marks connected- 
Season 1906-07. 

Description of Bench-marks. 

688.00 

9 on P l a t f o r m  S a n a g i r  R a i l w a y  S t a t i o n  . 

on P l a t f o r m  D a t i a  R a i l w a y  S t a t i o n  , 
9 

714 'oS.57 at Culver t  N o .  257 near  T. P. No. - 
I\ 3 

'50'50 in cent re  of m a i n  p la t form J h a n r i  Rai l -  
/f\ w a y  Station. 

591'40 a t  s ta t ion  
574'52 K h a n .  

T h o m a s  C h u r c h ,  Dera 

Railway 
Height feet. 

C. T. 
Survey 

Spirit leve- 
led Height 

feet. 

689'174 

8 6 4 2 1 8  

809'934 

852'907 

568'252 
P. W: D. Height .  

No. z LEVELLING DETACHMENT. 

Results of comparison of staves season 1906-07. 

Rs~rnrs. Place and date of Comparison. 
N u a ~ s a n  OF STAFF. I l a  

B 5. 

-0.oc0761j 

- o ' d 5 3 8  

-0'0020564 

-0'0013g5a 

-0'0018482 

-o'oolgrjG 

-0'00251C( 

.-. 

... 

... 

.-. 

... 

... 

.,- 

... 

... 

. . 

... 

... 
-. 
... 
"' 

... 

CHnlior 29th Gtobcr  i d  

Antri 5th November ,. 
Dabra 19th ,, , 
Datia 18th ,, ,, 
Jhansi ~ t h  Dacernber . 
Druya Khan n d h  . .. 
Dehra lsrnail Khan 4th January 1907. 

Raralpindi 13th ,. , 
Golra loth . ,, 
H a n  Abdal 28th ,, ,, 
Lamncepur  5th Fcbruary ,, 
Kutlu 12th ., ,. 
Khairabad 19th ., . 
Piowshen 26th .. , 
Prshawar @h March ,, 
Pahawar 15tb . ,. 
Feroxepore zand ,, ,, 
Ludhiana a t  

Urnballa 4th April . 
Drlhi 13th , ,. 
Dalia Kheri 18th . ,, 
Nonakgarh qth ,, , 
Mohabavalm 6th May . 
Mohabarlla 11th . ,, 

I1 / 0 I B 3 .  

t s o o ~ 0 3 6  

to.oo.4401 

+noolo?5q 

+o.oo171gg 

+ O . ~ O L I ~ O ~  

l +o.o016jgl 

t a m r a z 6 j  

+o.-1917 

+o.oo?5sj7 

+ a o o a q ~ g ~  

+ ~.oo?gaqj 

+o.oa;ml,5 

+c00.;9161 

+o.oo3~gol 

+o.oa31615 

+ o . ~ z ~ 7 1  

+o.mr810g 

t o r n ~ ~ ~ ~ j  

+o.msxq 

+ o . w 1 9 ~ q  

+ o.mz17lg 

+ o . a ~ l j j ~ ~  

-o.-jBa3 

-o.oadqjl 

+ o a " 3 ~ ~ 0 1  

+o.ooa~gSa 

two00757z 

+o.o01z160 

Dehra Dun 16th -amll130 )-o .w16lq  --0.0007141 - O . W J S ~ J  i ... 

----- 
to.oolzg05 

+o.ooo8oq7 

-0.awga17 

t o ' a ~ o 8 0 ~  

tom13846 

... 

... 

... 
,.. 

... 

... 
-o'CQo3741 

+ o.0008170 

t o ~ a o 1 2 3 ~ 8  

t o'ooIlgo4 

+a.oor600~ 

to'oolj5~10 

i a w l S 5 6 4  

+o'ool4R9b 

+ o ' o o l ~ . t O  

+o'ooo8624 

+ * ~ ~ 1 0 5 2 4  

+o'm5356 

-0.orn375a 

-0'-24 

-0 '0d140 

-O'W277la 

- ~ . W J N ) I ~  

+o.ow7566 I +?'ooo0141 

+ O . O O I S Z I ~  

+o'oooljGb 

twoo1851a 

+o.,oa!a56 

+ n m z j z j z  

+o'oo:g2w 

+0'0017566 

+o.ooj?jjB 

to.rn36788 

+o.m31783 

+ o . o o ~ 7 2  

+O'OOO~OSS 

-o'aw7755 

+o'aoooS3S 

1 +o.0000867 

+ o'oaa1855 

t o'oooz87g 

+worn4775 

to'ow98aq 

to.ool5.1gl 

+o.w@a~q 

to.oooR241 
I 

+ o . w ? S W  : to .noo~167 

+ < . ~ J S I U  +Xw15@7 

+ s m z 8 j j o  + oow8101 I 
+o~oo1q76a j + ~ . C W J I ~ I  

+roo21780 I +o'm€d71 
I 

to'oo1~361 +O.WOSRJI I 
- o . m 7 ~ 7 a  I -o'oo13881 

-0~oo167t  -o'aolhq))' 
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1 24  NO. 25 PARTY (TIDAL AND LEVELLING) .  

List of Great Trigonomefrical Survey Stafrons connecfcd by Spirit Levelling- 

Wapla  H. S. (of Bombay 
Longi tudi~la l  Series.) 

Season 1936-07. 

Hiraj  S. (of Bombay Longitu- 
dinal Series.) 

Badadol H. S. (of Bombay 
Longitudinal Series.) 

Maliabad H.  S. (of Great  Arc  
hleridional Series.) 

Banog  H. S. (of Dehra  Dun  
Base Line Figure. 

Feet. 
'743'655 

REMARLS. Name of Station. 

Feet.  
'749 

1591 

1718 

1764 

7433 

HEIGHT I N  BEKT A B O V E  

Feet .  
-5 345 

- 

* T o  new upper  mark- 
s tane 5 feet 84 inn. 
above t h e  lower 
one. 

" T o p  of nail of upper  
markstone. 

No. 3 LEVELLING DETACHMENT. 

Results of Comparisons 01 Sfaves- 

Searon 1~06-07. 

Place and date of Comparison. 

Sholapur, 8th November 1906 

Hotgi, 18th ,, ,, 
Tilati, 26th ,, ,, 
Kadabgaon, 4th December ,, 
Dudhni, 12th ,, ,, 

Changapur, 19th , ,, 
Gulbarga, 171h ,, ,, 
Culbarga, 3rd January 1907 

Wadi, loth ,, 
Nalvar, 18th ,, ,, 
Yadgiri, 27th ,, " 
Saidapur 3rd F e h r y  

Kulna 11th , ,, 
Raichur, 24th , ,, 
Matmarri, 3rd Much 

Kmgi, 9th ,. " 
Pakni, 18th .. Y 

Mohol, 25th .  m 

Angar, and April ,, 
Madha, 8th . - 
Mugoorie. 7th May . 
Bmoe, ¶;ah , , 
0-p. ~ t h  June . 

StaR No. B2. 
- 

. 

. 

- 
. 
. 

. 

. 

. 

. 

. 

. 
. 
. 
. 
- 
. 
. 
. 
. 
. 

Staff No. 1111 StaR No. B I .  

+0'0049974 

+o-wq051g 

+o'0042210 

+0003(071 

f om35707 

+0'0040457 

+0'0033750 

+0-41799  

+0%039828 

+O'OO~II~7 

+o'wq0801 

+O'W3357' 

+o'w35823 

+0'0034619 

to'ooa9297 

+0 '~30410 

+o.ma65a1 

+0'0025574 

+0.0021319 

+omm761 

twm11079 

t o . - J P 3 4 3  

to'WS175 
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IV. 
TKIANGU1,ATION I N  BALUCHISTAN. 

Extracted porn the Narrative Report of Captain C. M. Browne, D.S.O., R.E., in 
charge of No. 24 Party (Triangulation) for Season 1906-07. 

I .  The programme of the party was to continue westwards the Icalat 
Lor~gitudinal series, from where it had been lert off in season ~goq-05.. 

2. The  party assembled at  Nushki by the 9th October and after some days 
spent in making the necessary arrangements for supplies, escorts, etc., marched 
along the Seistan Trade Route to Dalbandin. From Dalbandin I went to Pragj 
H .  S. the first station at  which observations had to be talten, where the 
instrument was adjusted, and the values of the Equatorial intervals of the wires 
of the Diaphragm, and the value of one division of the eyepiece micrometer, were 
determined: these were found to be in close accordance with those of 
previpus years. These observations and those of the horizontal and vertical 
angles were finished by the 12th November, thus completing the figure 
Kopadhar-Pulchotau-Icisanen Chapper-Pragi. 

3. In 1904-05 Captain Turner, R.E., had observed the triangle Kopadhar- 
Pulchotau-Kisanen Chapper of this figure and had obtained the abnormal trian- 
gular error of 2.46" ; he noted in his narrative report that he considered re- 
observations should be made a t  Pulchotau and Icisanen Chapper and that the 
latter station should be raised. The small triangular errors obtained by the 
observations at  Pragi namely o' I 29" and o'252", however, point to the improba- 
bility of the error bring at  Icisanen Chapper or Pragi and make it almost certain 
that the error mai~lly lies at Icopadhar or Pulchotau. 

A full report on the question has been made to the Supeentendent, Trigono- 
nie~rical Surveys and with his approval it is proposed to re-observe at the last two 
mentioned stations at  the commrncement of next field seasons as  both stations 
are close to the trade route by which the party wili proceed' to  their next season's 
work. 

If the error is not found there, the third angle can be re-observeJ when 
Kisanen Chapper is revisited for the commencement of the southern connection 
doivn the ~ileridian of 64'. 

4. At the station of Icisanen Chapper an Astronomical Azimuth was 

observed: while the observntions were in progress, news was received that Mr. 
Si~ncns  was seriously ill with laryngitisand I had to leave at once for Merui. Mr. 
Simons died hefore I could arrive, and it was the 26th November before 
observ.~tions could be recommenced. This sad event c a s t  a gloom over the 

party ; Mr. C. D. Simons was an officer of great promise and his loss has been 
keenly felt. 

j. Subsequently observations were continued without interruption until 
Gat-i-Barot was left on the 4th January. The country then became more open 

and the dnlst-laden wind blew almost incessantly ; causing great annoyance and 
frequently obscuring even the nearest objecrs. 

At Gharibo though it was some hundreds of feet above the level of the 
sandhills, the sand was driven right over the hill and  banked up against it : in a 
day or twc large sandhills entirely changed their position. 



During the storms life was a burden and one a te  and breathed sand which, 
besides causing much trouble to the eyes, penetrated into the working parts of  
the instruments which required the most constant attention. 

6. At the  next station (Malilc Shah)  nearly every tent was torn to pieces : 

the observatory tent had to  be struclc in a gale to save it from destruction, and 
the instrument had to be put o ~ t  in the open a s  no tent was safe. 

At this station Koh-i-Taftan, the  active volcano in Persia was first 
observed : it had been previously seen from Gat-i-Barot but was not clear enough 
for observation. I t  was again observed fro111 Icondi, Tuzgi, Nildik- and Miri. 

Sultan, and although the  intersections are rather acuie, I hope thst  its position has 
been accurately determined. Observed from the nearest station (Tuzgi) volumes 

of smoke could be seen constantly rising and spreading over the  two snow capped 
peaks ; a s  the  height of the highest peak is about 13,z  jo feet it tonrers over all 
the other peaks in the neighbourhood and presents a magnificent spectacle. 

Another very distant peak (Khan Nashin) ne Ir the b inks of the  Helmand 
river was also observed an1 many points of importance on or near the Afghan 
border ; by means of these it is hoped to conjoin with great precision the work 
of the various boundary commissions. 

7. Owing to the conf ipra t ion of the country the triangulation west of the  
line Gharibo-Malilc Shah was very difficult t o  carry out ; Koh-i-Sultan with i t s  
group nf high pealcs rose alone to  the: west ; t o  the  north I d y  an  immense sandy 
desert stretching to the Helmand while to the south a wide stony plain gradually 
sloped down to the  Hamun-i-Maskhe!, a hexagonal figure mas designed of which 
one station Icondi was situated in the  open plain and others on low hills ; the  
central station was on the highest point of I<oh-i-Sultan (7,656 fcet). 

T h e  peculiar shape of the Sultan mass rendered its exploration very difficult, 
and there were no paths intersecting it. Though it is only I I miles from Nildik 
to Miri-Sultan, it took the observing party 4 days to move from one place to the 
other owing to the impassibility of the outer walls of the  crater (for Icoh-i-Sultan 
is without doubt an  old volcano, and can only have been extinct for a compara- 
tively short period). 

T h e  station in the plains gave a lot of trouble ; when it \rlas being observed 
from Malilt Shah,  it was unsteady and appeared very large, and a greal number 
of observations (130) had t o  be taken to get  a satisfactory value ; but the results 
were  still norse  when observations had to be taken from it onling to the effects 
of mirage. 

The  helio a t  Tuzgi, thouqh the distance was over 2 1  miles and the diameter 
had been stopped down to 3 inches, would ill the middle of 'the day appear like a 
light-house a t  "sea'' with a reflection in the  " water " larger than itself, and a t  

times there would be lu~ninous reflection reaching almost up to the station of  
observation which appeared to be an  island. 

Thc  apparent diameter of the helio a t  times subtended 4 minutes of arc 
which would corrospolid to a diameter of about 1 2 0  feet : often two and on one 
occasion three hclios wcre scen side by side. In the morning and evening the 
signal became fairly steady and sm:111. and by tak ing  a very large number of 
rneasurcs under a s  greatly differing conditions a s  possible, good values of the 
horizontal angles have been obtained and the  triangular error is moderate. 

The  vertical angles are not, I fear, worth much but a s  two good values have 
bcen obtained from Rliri-Sulran and from Shuri they are not of great importance; 
strange to say, no trouble was experienced in observing the same ray from the 
other e n d ;  it would appcur therefore that even in the middle of the day, the more 
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distant the point where a ray is being refracted the less it has on the 
observer, since at Kondi most of the grazing took place near ~ ~ ~ d i  itself, 

8. At times during December, January and February the most bitter cold 
was experienced not so much on account of the lowness of the temperarure 
(which was never as  low as  it is in Quetta district) but from the piercing 
which is a marked characteristic of the country. 

Sudden falls in the temperature of the air of extraordinary amounts to 
occur and with them very marked changes in the vertical angles: there to 
be a direct conneclion between t h e  two, and if the compulations bear out  this I 
cvill submit a further report on the matter. 

hlost abnormal conditions of terrestrial refraction \yere met with at the 
stalion of Kondi and it may be of interest if their effects as  observed mere 
described in greater detail : on one day the bungalow at Kondi which is under ten 
miles distant was clearly seen and observed, although tt.ere is not the slightest 
doubt that the ground in between is considerably higher, n hile on the subsequent 

days, which were of marvellous clearness and \r hen points ICO miles distant were 
being successfully observed, the bungalow was never visible again even to the 
telescope. 

While the observations were proceeding in the plains great difficulty was 
being' experienced in the building of the station on the summit of theold volcano 
(Sultan) : for some time all stone used to split when wetted owing no doubt to the 
presence of unslaked lime ; when this was overcome by bringing the stone from 
a d~stance, the station was twice seriously cracked by what were undoubtedly earth 
tremors ; when I was observing at  this station I had to stop several times as I 
could see that the instrument had sudJenly begun to quiver. These tremors were 
not of long duration; they would commence at  any time of the day or night 
irrespective of atmospheric conditions. 

After the more serious vibrations I had frequently to relevel the instrument. 
I fear in consequence that the station will not long remain intact but the peripheral 
stations of  the figure should be unaffected. 

After 1 had completed the observations at this station (Miri-Sultan) permission 
was received from the Superintendent, Trigonometrical Surveys, to close the field 
work in Baluchistan, and the party left for Nushlti on the 16th idarch arriving 
there on the 5th April. 

9. Some mention should be made of drinking water to guide others who 
may have to carry out survey operations in that country. The Oficial Routes in 
Haluciristan give information about the water on the Trade Route only and is, I 
venture to say, not couched in sufficiently strong language to give an adequate 
idea of the deleterious effects of several of the waters, if drunk for any length of 

t ime;  some of the wells do not appear so bad to a per-on who drinks them only 
for a day or so, but it is after a week that they begin to tell. 1 here is also an 

uncertainty about the supply, which one doe? not learn from the books ; for instance, 
a t  Kachaitki anere good water is shewn in the route, I found during my outward 
march practically speaking none at all, and what there was quite unfit for human 
co~~sumption ; whereas on my return journey I found an an1l)le supply of good 

Generally speaking al l  the water which comes down from the mass of 
Sultan is as bad as  it can be ; the main places aHected besitles the actual mountain 

itself, are Tratoh, Kondi, Borghar, and Ware Sahib Chah. None of these 

waters can be drunk for more than a day without very bad effects i in  fact t t e  
water at the last merltioned place is practically undrinkable and atBorghar there  

is only water just after rain. Recourse has to be had to distilling ; the dis t i l l e r s  
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used mere very successful; they were of copper of tlie simplest make and 
unbreakable ; they were designed by myself and made to my speci- 

fication by Messrs. Walter Locke of Calcutta; the pattern gentrally used in the 
Chagai Agency is quite useless for supplying a large number of men, besides being 
fragile and very extravagant in fuel. 

It is undoubtedly in a great measure due to these distillers that there were 
no de;lths among the Khalassees or even any serious cases of dysentery and 
they wil l  be found most useful to any one \rho has charge of any large body 
of men in this region. 

10. With Mr. Tresham I proceeded by rapid marches to Kalat district 
to select the stations for the first figure for the proposed Toba Series. 

It was a t  first hoped to start from the side Mahr-Zibra of the Kalat 
Longitudinal Series but on revisiting Mahr it was found that no view whatever 
to the north was obtainable from that station. After visiting such other 
hills as the time allowed the decision was arrived at that the series would have 
to emanate from the side Istarab-Zawa of the Kalat Longitudinal Seri es using 
Zibra as  a central station of a T e ~ r a g o n  with Ting and Koh-i-Maran. 

Owing to the great elevation of most of the stations of this new series 
(many of which are over ro,ooo feet high and some over I 1,000 feet) it will be 
impossible to carry on the work except in the summer or early autumn so that 
in order to be able to start the observing next spring Mr. Wainwright was 
sent on the 20th September 1907 to build the station and to continue the 
reconnaissance into the Toba plateau. 

I 1 .  Having seen to the departure of the party from Nusbki for Dehra Dun 
which took place on the 9th April, I went to Quetta to interview Sir H. McMahon 
concerning the question of the proposed programme of Principal Triangulation 
in Beluchistan for next year and afterwards went to the Khojak and Harnai with 
the Oficer in charge Quetta party to select further possible stations for t h e  Toba 
Series arriving a t  Dehra Dun on the r 7th April. 

Five Imperial Officers were then attached for instruction ; the programme 
decided on mas the re-observation of certain stations ot the great arc and the 
fixing of two new stations a t  Shorpur and Top-Tiba, also the observation of an 
Astronomical Azimuth at  Bnnog : the observations a t  Doiwala and Shorpur 
were postponed as  it is probable that further stations on the south sideof the 
Siwaliks will be required. Field work was closed on the 22nd June, the out- 
turn of the pirty is given below. 

12 .  In recess the computation of the season's work was completed. 
Orders were received to make arrangements for the re-starting of the Great 
S.ilween Series in Burma next year without stopping the work in Baluchistan 
which was to include the reconnaissance of the Toba Series in  addition to the 
work on the ICalat Longitudinal Series. This has necessitated the considerable 
strengthening of the party, and the revised Budget Estimate has accordingly 
been increased, as  well as  the Budget Estimate for the year 1908-09. 

The health of the party was no worse than was to be expected from the 
character of the country in which it was working, beyond Nushki fresh 
vegetables were unobtainable, and the constant drinking of distilled water increas- 
ed the difficulty of digestion : there were I ro  cases of scurvy. 

'I he country in which the work lay is about as  desolate and barren as  a 
land can be ; it is practically uninhabited and uninhabitable except for a few 
nomad shepherds and the residents of the Thanas maintaired along the Trade 
Route : but it is full of interest to the Geologist. 

s 



T h e  first figure of the southern connection down the meridian of 64 was 
reconnoitred and the stations built by Mr. Tresham. The  second figure will, 1 
fear, give a good deal of trouble as  a desert of over 80 miles has to be crossed 

within which it is impossible to  get any site for a station. Special lamps are 
being made and by employing them and a 1 2  inch helio it is hoped that by 
waiting for clear weather the observations will be practicable. 

(A)  Kalrzt Lon,oifudinal Series. 
Number of stations at  which observations were taken . 
Do. do. newly fixed , . . 
Figures completed, Two triangles, one Quadrilateral, one 

Hexagon. 
Length of series in miles. . . . . .  
Area of triangulation in square miles . . . . . 
Stations at  whicl~ an Astronomical Azimuth was observed . 
Astro. minus Geodetic . . . . . . .  
Average triangular error . . . .  . . 

(B) Dehra Dun Trinngulafion. 
Number of stations a t  which observations were taken . . 
Do. do. newly fixed . . . ,  
Figures completed one quadrilateral 
Length of series in miles . . . . . . . 
Area of triangulation in square miles . . . . . 
Stations at which an Astronomical Azimuth was observed . 
Astro. minus Geodetic . . . . . .  
Average triangular error . . a . - . 

12 

I I 

Tetragon, & one 

In Baluchistan in accordance with the instructions of the Superintendent, 
Trigonometrical Surveys, a large number of hills were fixed by intersection. 

Observations for magnetic declination were taken at several points along 
the Trade Route and all the Great Trigonometrical Stations. The  results were 

handed over to the Officer in charge No. 26 Party for computation and incorpo- 
ration in his report, it is unnecessary therefore to do more than mention them 
here. The Party was inspected in recess by the Superintendent, Trigonome- 
trical Surveys on the 24th September. 

Appended is a Statement of the Latitudes, Longitudes and heights compar- 
ed, with those obtained on tile Inde-Afghan Boundary Commission in 1895-96 
and Rlr. Tale's work in 1889-99. 

In four cases, namely, Teznan, Gharibo, Sultan, Nildik the Great Trigonome- 
trical Stations have been built on the exact sites of Mr. Tates' stations and the 
other points given are such as  were unmistakable. 
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v. 
AS'IRONO.\IICAL LATITUDES. 

Exlracted from th? Narrative Report of Captain H, M. Cowie, R.E., in charge 
No. 22 Party (Astronomical) for Season 1906-07. 

During the season 1906-190i, No. 22 Party visited eleven stations in 

Persoi~ncl .  
ln~perisl Officer. 
Caytam H RI. Cowic, R.E. 
S~~bord ina te  Establishment. 

Kathiawar and round the Gulf 
of Cambay. 111 the area lying 
south and west of a line Dass- 

3 Surveyors and Computers. ing through Karachi, Deesa, 
Necmuch and thence to Colaba, only one stalion, Sonada, had previously been 
visi~ed. 

I. Between Karachi and Deesa nine stations had been visited in 1900-,901. 
The latitude observations a t  these points revealed deflections generally of small 
omount. Eight stations gave negative results averaging about 2". The obser- 
vations at  the ninth station, Khankharia, the most easterly, showed a positive 

deflection of 2". As we move through Deesa towards Neemuch, we find the 
northerly deflection increasing rapidly. At Ichankharia the deflection, as  has 
been said, is 2" to the south. At Deesa, 35 miles south south-east of I<han- 
kharia, the Pli~mb-line is deflected 8" to the north. The  change is thus one 
of 10" in a little over 30 miles ; at  Chaniana, 20 miles east of Ueesa and 50 miles 
south-east of Kankharia, the deflection is over I I" N ; at Guru Silckar, we find a 
I~t t le  less than 4" N ; at  Aramlia, near Neemuch 5" N ; at  Khamor, north of 
Ararnlia, and at  Sonada, south of Chaniana, the deflection is over 4" N. To 
the north of Deesa, however, we again find sinall deflections of varying sign, 
a t  Samdari there is less than I" to the north ; at  Thob 3" to  the north ; at 
Charnu the deflection is less than I" to the south and at Jambo 3" to the 
south. In the neighbourhood of Ahrnednagar, Aurangabad and Dhulia, on the 
Neemuch-Colaba line, the deflection is 5" to the north. At Colaba itself 
the deflection is lo" to the north. At only one of the Stations visited on the 
Klianpisura series, Thikri in the Nerbadda valley, was a southerly deflection 
of I" lound. There seem to be thus two tracts, one of small, the other 
of relatively large northern deflection between which, in the Deesa locality, there 
is a sharply defined dividing line. 

Generally speaking, there lies to the north of Kathiawar, an area of 
deflection of small amount and indefinite sign, covering Sind and a great 
portion of the Punjab, while to  the east there is  an area of relatively large 
northerly deflection. This suggested a qdestion as  to the area in which the 
Kathiawar Peninsula lay. Were we to classify it with the sandy deserts to 
the north or with the hilly tracts to  the east 7 Another point on which we 

require information is the size of the area about Deesa in which abnormally 
large northerly deflections occur. T o  use a familiar simile, shall we find 
Chaniana like an isolated high peak in a region of rel~tively low hills, or will it 
resemble a knoll on a high plateau, and if the Litter is the case, how exteosive 
is this plateau? The results of the seasoll's work, given i l l  the following table, 
show that the Kathiawar Peninsula cannot be cl~ssilied with the Sind deserts ; 
that it falls in the area of relatively large northerly deflections which extends 
from the south west, through Allmedabad, to Agra in the north-east and, it 
is probable, that the defining line between the areas of low and high deflections, 
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runs south-west from Deesa, roughly speaking towards the Gulf of Cutch. It is 
interesting that the sudden change in the value of the deflection of the Plumb- 
line should occur along a tract, corresponding roughly with the dividing line 
between the hill regiorls of west Central India and the sandy deserts of Sind and 
the Southern Punjab. 

3. As regards the northerly deflections within the Icathiawar Penin- 
sula itself, it appears that along a central belt indicated by the stations of 
ICunkavav and Chamardi, they are relatively smaller than those to the 
north and south. This, in combination with the fact that at Dangarvadi, 
the most southerly station, there is a larger northerly deflection than 
at Dungarpur, the most northerly; that is, that the Plumb-lines at  the 
northern and southern stations are relatively inclined to one another while 
the value of the deflection a t  the central station, Kunkavav, is less than 
either northern or southern value, indicates that within the Peninsula itself 
there exists a source of attraction. The general character of the deflections in 
the peninsula is what the geology of the region would lead us to expect. 
The central portion of the peninsula is covered with basalt. Dangarvadi and 
Dungarpur are, respectirely, close to the southern and northern edges, while 
Kunkavav is roughly over the centrz of the basalt overflow. It was therefore 
to be expected that the plurrrb-line at the two former stations would be found 
to be inclined inwdrds and that the value at  Icunkavav would probably be out- 
side the range of the values at  the two other stations. 

4. The first portion of the season's work dealt,: thus, with the deflection 
of the plumb-line in the ICathiawar peninsula. The second part had for its object 
the invrstigation of the character and rate of change of deflections between 
Ahmedabad and Bombay. At Colaba we find the comparatively large value 
of loUN, while at  Sonada, near Ahmedabad, there is 4"N, the change is thus 
6" in a meridian distance of 4' 13', o i  about 290 miles. At Rlandvi, 50 rniles 
east of Colaba, there is a northerly deflection of 3" ; go mileseast, at Dhuleshwar 
we find 1" to the south. These v a l ~ ~ e s  show changes of 7" in 50 miles and 
I I "  in go miles on the parallel, respectively. There is thus, to the east of 
Colaba, a rapid fall in the value of the northerly deflrction. The mean 
deflection of the plumb-line in Western India ( Region KO. 7 ) is 4.7" to the 
north. Excepting the Colaba and Chaniana results, there are in this area 42 
values ranging from 8.9'' North to 1'2" South. The follo\c.ing table exhibits 
the general character of deflections in this region :- 

w w 

Betweeti 2 South and I Sm~tll . : . . . zvalues. 
1 ,I  O , , I  
0 II I North . . . . . I 

I Sort11 2 , , 1  

2 ,, 3 - .  4 
3 1, 4 9 ,  . . 8  
4 !, 5 , ,  . .  . . . I 0  

, t  6 ,  . . . . . 5  
6 ,, 7 . .  . . 4 
i ,, S , , .  3 
8 9, 9 , ,  . . 3 
0 r ,  l o , ,  . . . . . 2 l i f  

10 ,, I I , ,  . . . . I (Colaba ) 
1 1  I, I Z , ,  . . . . I (Chaniana) 

Thcre is thus some ir!dic ation that the large deflection at  Colaba is due 
to local abnormal conditions and one object of the latter part of the season's work 



was to investigate. the nature of these conditions by ascertaining the effect 
~roduced  ; to provide results which would enable us to  define approximately 
the area affected by these abnormal conditions and to locate the tract where 

the maximum tffects are produced. The rapid fall in the value to the east of 
Colaba seems to indicate that the mass disturbing the plumb-line here is more 
probably small and not deep seated, than large and at a comparatively great depth. 
T o  the east of Colaba latitude observations have been made at several points ; 

but to the north the nearest latitude station is Sonada, near Ahmedabad. The 
stations on the Singi Series visited last season and the results attained at  each 
are shown below :- 

Y 

Sonada \kited previously . , . . . -4.3 north. 
Pildi ,, in 1906-07 . . . . -5'5 
Ghorarao ,, 1 I . . . . . -3'1 
Pavagad ,, I . . . . . -4.4 
Sidl~pur ,, j , . . . . . -3'4 
Alamvadi ,, j . . . . . -3'7 
Tarbhan ,, 1 ,  . . . . .  -5.8 
Colaba ,, previously . . . . . -10'3 

These results show that the country covered by the operations exhibits no 
great variation from the average for Region No. 7 and that the locality of abnor- 
mal effects has not yet been reached. On the Singi series, south of Tarbhan, 
and on the south Konkan Coast series, south of Colaba, there remains a full 
season's work to be done before the Colaba abnormal area can be defined. 

5. During the recess, I commenced the task of computing the Orographi- 
cal correction for each latitude station visited up to date. The  investigation, it 
is intended, shall include all masses within 3,000 miles of Kalianpur. T O  lighten 
the labour and to shorten the time which must elapse before the work is coln- 
pleted, it is proposed to classify the masses within this area as- 

( I )  Oceanic 
(2) Asiatic (more than I ,  loo miles from Icalianpur) 
(3) Indian (within I ,  roo of Kal ianp~r)  

and to then compute for as  many suitably situated stations as  may be found 
necessary, probably 25, the deflections of the plumb-line due respectively to the 
masses under classes ( I )  and (2), Oceanic and Asiatic. From these data will 

be constructed a chart of  "isoclines," of loci of points a t  which the same 
deflection occurs. Having this chart of isoclines, we can easily, by interpola- 
tion, find for any other station in India, the deflection due to masses ( I )  and 
(2) and all that will remain to be done for that station will be to compute the 
effect of masses of class (3). 

6. The fortnula I am using is that given by Clarke in his "Geodesy." The 

method of computation given there is as  follows. Divide the area covered by 

the masses, whose effect a t  a chosen station is to be determined, into compart- 
ments bounded on two sides by radial lines drawn from the stationand on the other 
two sides by circles having the station as  centre. The  expression for the deflec- 

tion of the plumb-line in the meridian, due to the masses within the cornpart- 
nient is- 

r ' 12.44" K (Sin a' - Sin a,), log. ;, ( h  - Fl) 

where K is a constant depending bn the ratio of the surface density to the mean 
density of the earth. 

a, and  a1 the  azimuths of the radial lines. 
I, and r' the radii of the circles. 
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h the mean height of the compartment above M. S. L. 
H the height of the station, h and H being expressed in  miles. 

7. The values adapted for the mean and surface densities are those used in 
Professional Paper No. 5, viz., 5.2 and 2.6 respectively. 

In this connection, I give below the densities of rock specinlens from five - 

of the stations visited last season. 
Dungarpur, I specimen . . .  density 2,948 

. . . . . . . . .  Chamardi 2.559 
Ghorarao, I specimen density . . .  2.56 j 

2,416 
Pavagad, 3 specimens ( b )  . 2'50 :: 2.56 1 

Tarbhan, I specimen . 2,936 

These densities, it is to be noted, are those of weathered rocks, exposed on 
the surface. These must certainly differ in density from the rock in s i tz~,  which 
has not been affected by exposure to the weather and it is of masses of this 
latter nature that we wish to ascertain the effect. 

8. T o  the deflection computed as described above a small correction has to 
be applied for the curvature of the earth's surface. The expression for this 
reduciion for curvature is also given by Clarke. 

. g. When it is not necessary to  make the compartments represent a certain 
definite area, the computations are much simplified by arranging them in 
zones, a s  regards distance from the station and also in sectors as  regards the 

azimuths a' and a, so that for all compartments lying in the same zone log. 
I 

is constant and for all compartments in the same sector (sin a'-Sin a ) I S  ' con- 
stant. 

But when the compartments have to be regulated to suit a definite area, 
when their boundaries have to be adapted to represent, with a certain degree of 
accuracy, the coast line, for instance, then the azimuths and radii, a', a,, r', r 
cannot be fixed arbitrarily but must be selected to best suit conditions, varying 
from compartment to compartment. 

10. At present the computation of the Oceanic deflection is in hand for 25 
stations. The results will show whether these will be sufficiently numerous or 
not to ensure the requisite accuracy of the isoclines to be drawn therefrom. 

Approximate results are given below for seven stations. 

Station. 

Dehra Dun . , . , 

Etora . . . .  
Deesa . . . . .  

Kalianpur , . . 

Colaba . , . . , 

Damargida . , . . 
Bargalore . . . .  

Defleclion wi th  
Latitude 1 longitude. 1 Deflection. I respect I<alian- , pur vertical. 
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T h e  results now computed for the four stations, Kalianpur, Colaba, Darnar- 
gida, and Dehra Dun will be found to differ from the values of the effects of the 

ocean, given in Professional Paper No. 5 .  The original aim of the investigation 
of that Paper was the determination of the total deflection of the plumb-line, 
irrespective of the nature o f  the causative agencies. Hence in laying out the 
series of compartments round stations, the m ~ i n  desideratum kept in view was 
the simplicity of the computations. This led to the adoption, all through, of 
constant values ol (a1-a,), the differences of the azimutlls of the radial lines and 

of z ,  the ratio of the outer and inner radii of the circles bounding compartments. 

At a later stage in the investigation, when it was desired to  make some enquiry 
into the relative effects of ocean and continent, those compartments were rlassi- 
fied as  Oceanic which, by their position, most nearly represented the actual 
ocean areas. In consequence of the adoption, a s  stated above, of fixed values 

fo r  (a1-a,) and this representation is only a rough one. Thus, though the 

values calculated for the total deflection a t  each station may be considered to he 
correct, the respective quantities, given in the paper a s  representing the effects 
of ocean and continent, are only approximations. The  following table shows 
the differences between the values a s  given in Professional Paper No. 5 and as  
now calculated. 

Station. 
Professional I As now 
P:lper No. 5. calculated. 

Del,ra Dun . . . . . . .  10 1 8  ,, .. 
. .. .. Datnarlida 1 16 1 30 

. . .  Kalianpn~r . . .  . . 
Colaba . . . . . .  

" 

rg N. 

301,  

,I 

24 q. 

29 8 ,  
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TOPOGRAPHICAL SURVEYS IN KARENNI. 

Edracted from the Narrative Report o f  Captain C. P. Gunter, R.E., in charge, 
No. 3 Party, for season 1906-07. 

6. Retnarks on the co~?tlry sz~rveyed.-The northern half of the area sur- 
veyed lay in Karenni and the southern in the Salween district with a small por- 

tion of Toungoo on the west. The  Salween river runs through the sheet from 
north to south and in the southern half, this formed the external boundary bet- 
ween India and Siam :- 

(a) T h e  country in Karenni to the east of the Salween is rocky, barren and 
almost waterless with a very few villages, covered with mostly scrub and small 

tree jungle and presented no difficulties to the surveyor. However, the scarcity 
of water and supplies hampered the work ; all rice even had to be imported from 
Siam and the surveyors had often to camp long distances from their work owing 
to want of  water. T h e  highest ground rose only to some 3,000 feet. 

( b )  The  country to the west of the Snlween was of the opposite character, 
very densely wooded, mountains rising to over 8,000 feet on the west, with very 
precipitous slopes. The  high ground was covered with oaks, firs and rhodo- 
dendron. A good deal of jungle cutting was necessary, but owing to the bold- 
ness of the features generally sketching was possible. A portion of the ground 
was very intricate and the surveyors were at  first puzzled by large perennial 
streams disappearing into devils-chaldrons. Where these depressions are corn- 
rnon, the hills are very pointed and cliffs of 500 feet and more in height are quite 
common: one pillar of rock measured by me was over 500 feet high with a cliff 
of some 400 feet at its base; these features are very difficult to show on the one 
inch scale. This ground was fairly well populated, but roads are non-existant 
except one bridle path from Toungoo to Pasawng and from there to Papun and 
to Mksb. A small industry in washing for tin has been for many years the 
means of supporting Moko village. There is a large outcrop of tin there and 
the ore is crushed by rude methods and roughly washed and sent to Toungoo 
on bullocks. 

A syndicate (Chinese) has now brought up a claim here and expects to 
start work soon. 

There are one or two interesting springs, throwing up a large volume of 
water some 2 or 3 feet into the air, which apparently are the outlets of the vari- 
ous streams before mentioned a s  disappearing into devils-chaldrons. 

(c) The Heng of Mesh did his best to help us by providing ~oolies  and 
supplies, but otherwise there was not much help obtained from the inhabitants, 
but considering that it was an independent state this is not to be wondered at. 
Some half dozen khalasees decamped from this desolate part of the country 
during the beginning of the field season. 

( d )  The country in the north of the Salween district was of a very varied 
description; on the west the general height of the country is about 3,000 with 
hills rising to 6,000, covered with fir forest and in the lower ground dense jungle, 
this part of the d~strict is quite thickly populated in parts where the valleys have 
been cultivated with wet paddy ; as one goes eastwards the hills become more 
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precipitous and rocky and the jungle is of the usual Indaing. After February 
water becomes scarce, except in the larger streams and the Salmeen ; but in the 
high valleys on the west, which are mostly at  3,000 feet elevation water is 
plentiful and most suitable places could be found for a sanitarium especially in 
the valley near " Tapawdo " where the stream Se-law-klo flows through it, the 
hills all round are covered with fir forest and the climate even in April mas very 
pleasant, there could be easy access to the place from the Toungoo side. All 
this ground mas excellent for plane tabling, but the work was somewhat hindered 
by not being able to obtain labour for clearing jungle for plane table fixings and 
the difficulties of obtaining supplies. 

( ~ j  Going southwards we find the character of the country entirelv changed : 
if: becomes very difficult for the plane tabler, as  the jungle is of the most dense 
tropical nature and were it not for the various clearings made by the inhabitants 
for cultivation, the progress would have been very poor. The Yunzalin and the 
Bilin rivers both traverse this ground from north to south with the Salween on 
the extreme east, forming the boundary with Siam. The country rises suddenly 
between these rivers to hills varying in height from 5,000 to 3,000 feet, whereas 
the valleys are only some zoo feet above sea level. The whole of this tract 
proved very unhealthy especially Papun itself which is the head-quarters of the 
district; it seems curious that a place like Papun situated as  it is on the Yunza- 
lin, only zoo feet above sea level and surrounded by hills 3,000 feet high covered 
with the most impenetrable jungle, should have been chosen as a residence for 
Europeans, especially when there are places within a few miles which have a 
fairly good clirnate at  a height of 1,500 to 2,000 feet. 

The rains in this portion of the district start early in May and we also had 
rain in April. This delayed the work so that plane tabling had to be carried on 
in spite of the heavy rain up to the second week in July. 

(f) The help afforded by the K ~ r e n s  in the Salween district was very in- 
different and they do not appear to possess that regard for the Deputy Com- 
missioners " parwana" which is met with elsewhere in Burma. But it must also 
be remembered that villages are very few and far between, supplies non-existant 
and means of communication very difficult. 

Even rice had to be imported for the khalasees from Moulmein. 
(g) A few words might be said about the Salween river: in the north of 

the sheet it has a fairly slow current and is suitable for the navigatibn of small 
launches and its banks are low with vlllages close to the water. But below the 
junction of the Xga Choung the river narrows between precipitous rocks ancl a 
series of rapids make it quite useless for navigation purposes until we get to the 
junction of the Thoungyin Ch, some 8 miles below Dagwin. T h e  only craft on 
the river are small country boats. 

From Lieutenant Crosthwait's description a journey through these rapids is 
something to remember for years; the first intimation of the approach to a rapid 
is indicated by the rigid stare and absolute silence of the six boatmen necesszry 
to navigate the boat, then the sudden rush through the rapid, the boat men 
working l ~ k e  mad-men and when the danger is past their faces relax and they all 
start laughing. Most of the dangerous rapids have a whirl-pool and the diffi- 
culty is to steer between the rocks and the edge of this whirl-pool, i f  either are 
touched there is an end to the boat and its occupants. The width of the river 
varies from about zoo yards to 600 yards in this year's area and the fall is from 
450 to 160 feet above sea level, that is a drop of 290 feet i n  about loo miles. 

T 2 



Extract from the N a r r a t i ~ e  Report of Captain R. H. Philimore, R.E,  in charge 
No. 11 Par ty  (Shurr S ta tes )  for season 1906-07. 

T o  the south of K~nptzing work lay along the main range that forms the 
watershed between the Salweetr and the Mk-hkong, and across its eastern 
slopes. This range runs north and south through sheets 93 0112 and PIg 
with a general height of from 5,000 to 7,000 feet. Its hightest point is 
Loi Hsamhsum, 7,702 feet in sheet P/g ; it falls to 4,256 feet a t  a point where 
the road between Mong Lang and Mong Kak crosses it. Further south in 
sheet P / IO,  Loi Nang/ikarrg rises to 6,508 feet, but from here the watershed 
does not follow the higher hills but runs a devious course to the east for about 
ao miles, being a s  low a s  3,062 feet a t  one point. 

From this main water-parting range springs, in sheet 9 3  011 2, a very promi. 
nent range of  hills that runs in an easterly direction, rising to over 6,000 feet in 
sheet O/16, and to over 8,000 feet a t  a peak Loi Pangnas further east still. 
This range seems to form a barrier to the Nam Lwd, this large river deviating 
from its original north and south course a short distance north cf Kdngtzing 
and flowing away to the north-east, rounding Lor' Pangnaw, and then south 
once more to  join the M2-hkong. 

It  is on this east and west range that the new civil station Loi Mwd is 
situated, a t  a height of 5,600 feet and a distance of 16 miles by mule road 
from Kdngtcng city. Loi Mw2 means " the  mountain of mist." Ice and 
snow are of course unknown even on these higher hills, but the temperature 
occasionally falls very near freezing point, and a slight hoar frost sometimes 
does occur. First class masonry barracks have been built for the Military 
Police, and offices and residences for the political staff are now under con- 
struction. The site was only discovered about six years ago, and it is doubt- 
ful indeed whether in the whole of KZngtz~.rg state another spot could be found 
on the hills to accommoddte even fifty men. 

The climate of Lor' MwB is exceedingly bracing during the dry season 
and fires are appreciated a s  late as April. During the rains there is a good 

deal of mist, and the station remains enveloped in clouds several days 
together. 

The Loi Mwd range parts the waters that flow northwards into the 
Nar~t Lwk from those that flow southwards through the Mung Hpayak plain 

into the Mi-hkong. There is another flow to the east into the M2-hkon 
through the Mong Yawng plain, but that lies in next season's work. 

The Naw Lwk flows in a south-easterly direction right through sheet 0/15, 
it is not fordable anywhere in this sheet but is crossed by ferries at  numerous 
points ; its current is very rapid in November after the rains. The valley of the 
Nom LwP is shut in by high hills and is terribly hot during April and May; its 

lowest height fixed this season was 1,770 feet. There are very few villages along 
thevalley, for nowhere do the hills stand back to leave room for cultivalion 
along the river banks; such few patches of cultivation as  do occur appear 
to  be most unproductive. 

A very well known hill rises from the banks of the Nam Lwk in this 
,beet-Loi H~amiao. There are several Tizi-loi villages on this hill, and in the 
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two largest of these, P a n g - y ~ n g  and Wan Pyu, are made the guns that are seen 
from one end of the Shan States to the other. These guns are of the gaspipe 
variety, some fitted with flintlocks, but for the most part they are made 
for cap-ignition. The iron used in their manufacture is brought up from 
Mandalay. The output of these weapons must be very large, for the Shans 
and all the hill tribes are great hunters, and every man who can possesses a 
Hsamtao gun ; the cost of a gun in the district is from five to ten rupees 
only. 

In  the sheets to the south, the most important place is Mhzg HpayEk, the 
headquarters of the Hpyn of the district of that name. 'The Mong Hpaynk 
plain is about 30 square miles in area, and is thickly populated. Several 
rivers draining the sheets to the northand west hereunite, forming the Nam Lin, 
a large and unfordable river that flows in a south-easterly direction. 

Mong Hpayik is an important centre and roads radiate from it in every 
direction. The general level of the plain is 1,600 feet; the h~lls immediately 
surrounding it, though intricate, steep and thickly wooded, do not rise to a 
greater height than three bo four thousand feet. 

Other large valleys met with this season are Mong Lnng and Mong KJk. 
The Mong Lnng valley (in sheet 93 P/ro ) is drained by the Nam Hck, which 
flows in an easterly direction to Mong Hai and then south to Hawngliik. 
Mong Lang is not a very prosperous district ; the valley is apparently unhealthy 
and more than half the terraced land is lying fallow for lack of labour. Mong K8k 
lies to the west of the main water parting range; the Nam Kak is a swift 
mountain torrent, becoming quite a considerable river at Mortg Hsat twenty 
miles to th. south-west. It eventually joins the Mi Nuns i ~ r  Siam. 

The hot sulphur sprirgi near Wan Panfrziu, four miles south of KlnpMng 
"ity, have a qreat reputation. According to a Shan story, a former chief of 
Kinglafig was cured of leprosy by bathing here, and his spirit now presides a t  
the springs. Every year the ruling Sawbma bathes at  the springs three times 
during the third month (about Feb~uary) ,  making his journeys to and 
fro in great pomp and state. 

The whole country surveyed this season is very thickly wooded. The 
upper slopes of the high ranges are covered milh heavy oak and chestnut forest 
with thick tangled undergrowth. The lower spurs are as  a rule grown with pine 
trees, and here there is no undergrowth. These pine-clad spurs are invariably 
more easy to survey, for their features, though intricate, are definite and bold 
and the spurs sharply ridged. The upper ranges covered nith chestnut are 
generally rounded, and the ravines and watercourses are not so deeply cut 
into the hill sides ; this, added to the difficulty of finding clearings for setting 
up the planetable, makes these hills difficult to sketch. 

The  low hills round the Mong Hpnycik plain, and those in the south west 
of sheet 93 P / Io ,  are very thickly covered with bamboo, a small branched 
variety that the Shans call Mai Lai ;  this is quite the most tircsome ground 
of all to survey on a small scale, and it is only where villagers have been clearing 
for hill cultivation that work can progress at  a normal rate. The country now 
left to the south is very thickly covered with this bamboo; and the monthly 
outturn next season will be small in these parts. However the triangulators 
report that theground to the east towards Mung Ynwng, and ~~orthwards to 
the Chinese frontier, is excellent sketching country, the forest being mostly 
pine. 
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The people met in the east of K~ngtz ing  state are most interesting in 
every way. Three distinct divisions of the Shan race are found ; Western 

Shans, HkBn, and Lii. The  Hkon are the ruling race and occupy the K ~ ~ ~ i c ~ ~ ~  
plain; the HRBtt dialect is practically identical with Western Shan, though 
there are sevc:ral new words and expressions to learn ; the written character is, 
however, entirely distinct, being the same as  that used by the Li i ;  this latter race 
is found in the AJotrg Hpaycik valley, and eastwards up to and beyond the 
Md-lzbong. The dialect spoken by the Lii is very different from Shan, being more 

akin to that of the Lao, a people of northern Siam. Western Shans are particu- 
larly numerous to the south east, in the country between Mong .Lin and Hawrrg 
Luk. These races are all of Shan stock and inhabitants of the valleys. 

Of the hill tribes, the Kaw, the Tai  Loi, and the Mu-hsi were most 
frequently met this season, besides occasional villages of Pyen, En, Akb: 
Hsenhsum, Li-hmw, Kwr', and Kang (Kachin), T h e  Tai  Loi are Bhuddists ; 
they mere mostly met with in sheer 93 P / I ~  They do not move their villages from 
place to place as  other hill tribes are always doing, but build substantial houses 
and Kynungs, besides being great road makers. The Pyen , E n ,  and Hsenhsum 
are all of similar stock to the Tni  Lot; but are not so advanced in ideas and 
customs ; they are all nominally Bhuddists. 

The  Kaw, or ARlza as  they call themselves, talk quite a distinct language 
and are a distinct race altogether. They, as  well as  the Mu-hso, are a 
fine manly ~ e o p l e ,  splendid a t  hill climbing and great hunters; they are quite 
illiterate and are classed as  spirit worshippers. The Mu-hs6 call themselves 
Lahu-na, and with the Kwi, have again distinct language and customs. 

All these different tribes are most friendly, and always ready to turn 
out to work when called on. S o  long as  villagers are not asked to work out 
side the limits of their circle, and are approached through their proper headmen 
they are ready to do anything wanted ; on occasions surveyors have to camp 
away in the hills miles from any village, and have to shift camp every three or 
four days ; there were always villagers willing to  spend a meek or a fortnight 
out, with just the hire of eight annas paid them on each shifting of camp. 
Where the headman of the circle had not first been approached it was not so 
easy to get help. The  officer in charge made a point of meeting all the 
headmen of circles and as  many of the village headmen as  he could ; by getting 
to know these men personally, and explainirig the object of the work, he got 
them to exert thernoelves over the matter of supplies and provision of labour. 
Each surveyor had two villagers working constantly with his squed, filling the 
place of Hazaribagh Khalasis. The officer in charge, as  well as each of the 
triangulators, was accompanied by a Shall official from K ~ n g t d n g ;  these, 
being men of influence, were of great assistance in every way, especially in getting 
roads constructed and cleared in advance of a march. The official who 
accompanied the Officer in charge was a most accomplished person ; he was a 
water colour artist and coulll turn out paintings of any tribal type asked for ;  
he could write Shan as  well as  Hkon, and talked Burmese; he  roved 
intraluable in helping to draw out the village lists correctly. Sad to say, 
shorily after his dismissal at the end of the season, he died a t  his home. 

Special care was taken over the collection and transliteration of place 

names. Vernacular revenue registers which were obtained from the S n ~ h ' a ' ~  
court at Kz,gfajrg, showed all villages arrangcd according to circles. These 

were transliterated by the Oficer in charge in consultation with the political 
auhorities, and each planetabler was then supplied with a correct list in English 
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of all villages likely to fall in his work. Names of hills and streams were 
collected by the planetablers, and verified by the officer in charge or one of the  
assistants by enquiries in the  immediate neighbourhood. In previous seasons 
too much reliance has been placed on names written in Burmese or Shan 
by illiterate hpongyis and interpreters. Even had the names always been 
correctly recorded in Shan, accurate transliteration would not follow without 
local enquiry; for  the Shan character has no signs to distinguish the closed 
series of vowels from the open series ; and thus " Lzlng " and " L5ll.f " ~vould 
appear written alike, a s  also would " Lzng " and "Liltg. " T h e  Hkon character,  
however, not only shows all these distinctions, but shows distinctions in the vowel 
tones ; and the pronunciation of a word follo~vs directly from its spelling. 

T h e  village n a h e s  are now so recorded and printed on the map that the 
tribal name of the inhabitants is  embodied in the full name of the village. 
This change is regarded a s  of great value by the political authorities. Before 
last season nothing regarding the distribution of the hill tribes was contained 
on the  maps ; 'last season the tribal names mere shown in brackets below the  
village name proper;  but the  vernacular village registers embody the tribal names 
in that of the village, so  this course has now been adopted for the maps. 
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