


SURVEY OF INDIA 

GEODETIC REPORT 

VOL. v 

From 1st October 1928 
To 30th September 1929 

PUBLIFHEI) 13T ORDER OF 

BRIGADIER R. H .  T H O R I A S ,  D . S . 0 .  
SUItVETOR GENEHAI,  01' INDIA 

PI{INTb:T) A T  T H E  GEODETI( '  BRANCH OFPICE, 
S U l l V E Y  OF I N D I A ,  1)EHRA DON, 1930. 

C 
* .- 

Price Three Ribpees or Five SAiZli~lgs alzd Z'Aree Pence 





C O N T B N T S  

Page 
... Introduction ... vii 

Computations and Publication of data 
Yara 

... ... 1 . Lambert grid ... ... 1 
2 . Triangulat.ioa . Best hour for horizontal angles ... 5 

. . .  ... 3 . Hayford deflections ... 6 
4 . Computation forms and Tables ... ... 7 
5 . Triangulation and Levelling pamphlets ... ... 7 

... . . .  6 . Drawing Section ... ... 7 
7 . Miscellaneous publications ... ... ... 7 

Observatories 
. . .  . . .  Longitude ... 
... . . .  Riefler clock . . .  
. . .  . . .  Latitude . . .  
. . .  Fortnightly variation of latitude 
. . .  . . .  Gravity . . .  
. . .  St. andards of length . . .  
. . .  Magnetic observat'ions . . .  

Seismograph. and meteorological  observation^ 
. . .  Miscellaneous work . . .  

Tides 
... ... Tidal observations ... ... 31 
... ... Inspections ... ... 33 
. . .  ... Harmonic analysis ... ... 34 
... Corrections to  predictions ... ... 34 
... ... Tide-tables ... ... 36 

Proposed tide-tables for the Indian Ocean ... ... 36 
... ... Accuracy of predictions ... 37 



Gravity and deviation of the vertical 

(i) FIELD SEAHON 1928-29 

... ... 1 . Programme ... 
2 . Strength of the party ... ... 

... 3 . Method of observation ... 
... . 4 Adjustment of Riefler clock ... 

(ii) RESULTS OF THE FIELD WORK 

... 5 . Details ... ... 
6 . Results a t  old pendulum stations ... 

... . 7 Basevi stations ... . . .  
8 . European stations of reference ... 
9 . Resu1t.s a t  new stations ... ... 

(iii) FIXLD OBSERVATION0 MADE DURING RECESS 

10 . Shkhpur (Sargodha) and ChakrBtB . . .  

(iv) RESEARCH WORK 

11 . The figure of the earth . . .  . . .  
12  . The geoids ... ... . . .  

. . .  18 . Deductions from the geoids . . .  
l4 . The Hayford gravity anomalies . . .  

1 Yinrl ancl Baluchistiri . . .  . . .  

Rotatiug hocly nearly ellipsoiclal . . .  
Conrlensatioi~ of crustal anomalies on the surface 
Corr~ctions for topox1.aphp 
Relation h ~ t w w n  cleflectiolls and gravity anomalies 
Major Cfl~nnie$'s rrlation . . .  

Summary . . .  . . .  ... 
Anomalies deduced from geoid ... 
The isostatic geoid ... ... ... 
Gravity deduced from geoid ... . . .  
Correlation with Geology ... ... 
Computation of Ueoidal Rise ... ... 



CONTENTS 

Triangulation 
. . .  ... . . .  1 . Summary ... 80 
. . .  ... 2 . Chittagong Series . . .  ... 8 1  
. . .  . . .  . . .  3 . Mong Hsat  Series ... 83 
... . . .  . . .  4 . Computations ... 84 
. . .  5 . Wild Precisioll Theodolites ... ... 84 
. . .  . . Appendix Chittagollg Series Height Computations 87 

Levelling 
1 . Organization . . .  . . .  
2 . Summary of out-turn . . .  
3 . Work of detachments . . .  
4 . Subsidence a t  AinbZla . . .  
5 . Sukkur-HyderiibZd . . .  
6 . Hill Circuits . . .  . . .  
7 . Diurnal change of staff length 
8 . Probable Errors . . .  . . .  
9. Progress of the new level net . . .  

CHAPTER VII 
Research and Technical Notes 

1 . Summary of paras 1-3 . . .  . . .  ... 116 
2 . Dynamic height . . .  . . .  . . .  116 
3 . Orthometric height . . .  . . .  . . .  120 

I1 . HEIGHT CORRECTION TO DEVIATION OF THE VERTICAL 

4 . S~unmary of paras 4-6 . . .  . . .  ... 122 
5 . Calculation of the correction . . .  ... ... 122 
6 . Application t80 D~hra-Mussoor i~  ... ... 123 

7 . Summary of paras 7-10 ... ... ... 125 
8 . The two corrections are identical ... ... 125 
9 . The height of Mussoorie above Dehra Dtin ... 126 

10 . Conclusions ... ... ... ... 127 

... List of Publications of the Survey of India 129 



GEODETIC REPORT 

Charts and plates 
Page 

The Geodetic Branch Offices Frontispiece 
Chart I. Conversion of co-ordinates ... ... 4 
Chart 11. The longitude of Dehra Diin 1926-29 ... 12 
Chart 111. Pendulum stations ... ... 50 
Chart IV. Latitude stations . . . . . . ... 50 
Chart V. Longitude stations . . . ... ... 50 
Chart VI. Average values of GtH and H . -. ... 78 
Chart VII. Gravity Anomalies ( g - y, ) ... ... 78 
Chart VIII. Gravity Anomalies ( g - 7 ~ )  ... ... 78 
Chart IX. The Isostatic Geoid . . . ... ... 78 
Chart X. The Geoid on International Spheroid ... 78 
Chart XI. The compensated geoid on S. of I. 

Spheroid I1 ... . . .  ... 78 
Chart XI. The compensated geoid on the Inter- 

national Spheroid . . . ... ... 78 
Chart XIII. Deviation of the vertical in Sind and 

Baluchistan ... ... ... 78 
Chart XIV. Mass Anomalies which woulcl produce 

the geoicl . . .  . . . ... 78 
Chart XV. Gravity Anomalies deduced from the geoid . . . 78 
Chart XVI. Triangulation series and Azimuth stations . . . 80 
Chart XVII. Chittagong Series . . . ... ... 90 
Chart XVIII. Lines of Precise Levelling and Tidal stations . . . 91 
Chart XIX. Subsidence a t  Ambila . . . ... 94 
Chart XX. Suklcur-Hyderibid levelling . . . ... 96 
Chart XXI. Staff comparisons. Diurnal variation ... 97 
Chart XXII. Length of levelling staves 1928-20 ... 116 
Chart XXIII. Length of levelling staves 1328-23 ... 116 
Chart XXIV. Dynamic Correction . . . . . . ... 119 

f " ~ i ~ .  1 Orthometric correction 2 
XXV' 1 Fig. 2 Geoidal Rise I . . .  

Chart XXVI. 1ndev to Triangulat,ion pamphlets 
(India, & Burma.) . . . . . . a t  the end 

Chart XSVII. Index to Triangulation pamphlets 
(Iraq, Persia, cY: AfghLnist,Ln) . . . a t  the end 

Chart XXVIII. Average Height Map of India (squared) 
Chart XXIX. Average Height Map of India (contoured) 1 ' O Z d "  at 



INTRODUCTION 

During the year 1928-29 field operatioils comprised Gravity 
observations in South and East India, Priilcipal Triangulation in 
Assam and Burma, and High Precision Levelling in northern India. 
Three field parties were employed. At  headquarters various obser- 
vations were made and some research work was also carried out ill 
addition to routine duties. 

Latitude variation.-The observations with the astrolabe 
for the International Longitude work of 1926 also yielded values 
of latitude. These have been analysed (II,4) and show a clearly 
marked fortnightly variation, which does not, however agree in 
amplitude with similar results found elsewhere. dbviously all such 
variations require study with a view to their application as corrections 
to high precisioil latitudes; else their precision is wasted. 

Possible gravity variation.-Values of g a t  Dehra Ddn 
have been determined on several occasions in direct relation to  Europe 
as set forth in IV, 6. The extreme difference obtained, viz .025 
cm/sec" is rather disconcerting, and the possibility of variation of 
gravity a t  Dehra Dfin was suggested. With a view to determifling 
whether such variation indeed ~xis ted ,  seven sets of observatiolls 
were taken during the year (11,s). The result indicates tha t  there 
is no periodic variation in g, and leaves the cause of the discrepancies 
allucled to unexplainecl. 

With the help of the Riefler Clock and a Short't Clock to be 
installed in 1930, i t  is expected tha t  changes in g, if any, will reveal 
t h e m s ~ l v ~ s  without the need for special observations. 

L e n g t h  s t anda rds . -A  mural base for determillatioil of 
tape-lengths has been constructed (II,6). I t  is hoped to  equip t'his 
with means for determining temperat'ure co~fficients. 

Tidal predic t ions . -A c h a n ~ e  iir ihe form of p~lblication of 
Tide-tables, and considerable extension t'hereto. has been worked out 
I , )  The first volume of "Tides for the Indian Ocean" in this 
new Forin will give predictions for 1931. 

Gravity.-Chapter IV (1 1 ~t seq.)  coiltains research items on 
gravit,y. Major Glennie (IV,ll-14) makes use of results a t  184 
stations, not indeecl completely covering Inclia, but still deemed an 
adequate basis for preliminary enquiry. 
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The value of e which accords best with the observations is 1/301*, 
and the corresponding value of equatorial gravity is 9 78 02 1 cm/secg 
(cf. Helmert's 1901 formula 978 * 030 and 6 = 11298 ' 8) .  Accepting 
any reasonable value of E ,  any one gravity station may be used to 
determine a value of equatorial gravity G', and the value thus found 
for  Indian stations shows a distinct correlation with the height Hof 
the geoid above the spheroid. P u t  otherwise, the quantity y,= 
yo + KH (where yo is the ordinary gravity expression e. g. as given by 
Helmert, and K is a constant) fits the observational results for India 
better than does yo. The value of K naturally depends on the 
spheroid of reference. 

Thus for Internatioiial spheroid K= -0019 '1 H being expressed 
and for Survey of India spheroid K = moo21 J in feet. 

Major Glennie then proposes the quantity yu = yc + KH where 
y, is the formula value including correction for topography c m -  
pensatecl according to Hayford's hypothesis. Major Glennie points 
out tha t  K is empirically determined to suit the Indian region, and 
does not claim any further universality for it. He  attributes the 
cause of the maill features of the geoicl in Inclia to deep-seatea 
causes (IV, 13): and so consiclers y - 7, as a measure of t,hose density 
anomalies which lie closer to the surface. The value of g - y . may 
then be expectecl to  f ollow t,he surface density anomalies to  some extent. 

If the details of these-their mass and extent, particularly h~ 
depth-were known from geological sources, they woulcl afford a check 
on Major Glennie's contention regarcling g - 7,. Unfortunately the 
depth is not known ordinarily, and so the check is not quantitatively 
cTpfnte. I n  all the places where there is geological knowledge to 
go on, g - y, shows some degree of accord which is absent with g - YC. 

It monld appear then tha t  g - y,, provides some evidence as to geo- 
logical clensities in India. 

In  Section 11, I have consiclerecl the question more theoretically 
and shown that  the relation y, = y, + KH can only be strictly true 
if the irregularities of the geoid can be represented by a single 
Laplace fuiiction, anel that this must be the 57th to yield the value 
of K fo~u11-1 by Major Glennie. This corresponcls to a waviness of 
the geoid of Incan angular pt.rior1 I 0°, while a glance a t  the chart of 
the geoid rests an  angular pclriod of 18' as the main feature. It .+ 
is not surprising tliat t l ~ r  cxl)ressio~l y, i It'll should not absolutely 
agrrAe with gravity found at a l l  pl:~c*rs, bnt its a g ~ ~ e ~ r n e l l t  to a fairly 
approximate ~ x t r n t  is natural. 

The matter is attnck~cl differc1ntly l y  Clapt. Boinford in Section 
111. Accepting the g~oicl as found from deflection observations, he 
has ca r r i~d  out a solution giving a set of crustal anomalies which 
are competent to explain this groid. The solut8ion cannot be exactly 
true owing to limitation of the arcka surveyecl: but, apart from por- 
tions close to thew limits-generally speakii~g the coast line and the 
Him%laya,-it call hardly he far from t,he truth. 
-- -- 

* This i~ preci~ely',Evere~t'R vrllne dcrivcd from his Great Arc Series and the 
Greenwich-Formentara arc. 
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The solutioil is interesting in two respects:- 

(a) It denies cornpensation in the restricted form postula- 
ted by Hayford, while allowing regional compensat,ion a t  a 
suitable depth a,s a possibility. 

( b )  It provides a basis of computation for gravity a t  any 
point witllin the region coi~siderecl. 
As regards (a )  I have already drawn attention to t'lle failure of 

Hayford's isostasy in cont,inental lnclia (Geophj-sical Meeting R. A. S. 
of 20-4-28: "Observatory" June 1938). It cel.tninl~- sho\vs the vain- 
ness of attempting to  compute the form of the geoid or t11~ value of 
gravity in areas unsurveyed merely froin t,lle ordinary formula 
combined with the topographic effect and its compensation on Hayford's 
basis, as has been proposed (Bowie, American Journal of Science No. 81, 
Sept. 191 7) .  Conditions of approximately perfect Hayford isostasy 
encountered in the United States arc. not met with in peninsular 
India: and there does not appear reason to  assume them anywhere, 
until observation has indicated their existence. 

As regards ( b )  the computation has been performed and results 
are exhibited in Chart XV. The deduced values of gravity are not 
identical with those found from observation (differing by a quantity 
B) for a variety of reasons explained in IV, 24. These may be 
divided into two classes in the second of which (c) falls. Items (a), 
( b ) ,  (d) and (e) are due to limitation of our general knowledge. 
Itein (c) however is a proper goal of pendulum work- to determine 
the local density anomaly. Accordiilgly one may hope tlhat ( n ) ,  ( b ) ,  
(4 and (e) are unimportailt in most cases, and tha t  they will be 
illcreasin(~1 so as ~bservat~ions are extended : in whicll case the " Y allomaly of gravity from its value computed from Chart XV would 
be a, fair measure df item ( c ) ,  the local density anomaly. 

This anomaly li: is very analogous to Major Gleniiie's y - y ~ .  
The quantity E however is not empirical as is g-y,, so f a r  as Major 
Glennie has gone : though :t rou0.h representation of the waviness P 
of tht~ gcwid gives a tlieoreticrtl basis for t'he latter. However E goes 
further and takes full account of tlir determined facts, i11 doubt 
only so far as limitations IV, 24 ( n ) ,  ( h ) ,  (d )  and ( e )  indicate. It 
]nay be regarded, more partic~nlarlg than g -y~ ,  as the local anomaly. 
Even so i t  is not easy to sag exactsly what is meant by local e.5. we 
cnnllnot say to wha,t depth a,n anoinalous density persists, or distin- 
guish !,ct,ween a mile thickness of a given anomalous density and a 
fthw milw thickiic~ss of a less anoinalous densit?. Thus we cannot 
rxpcct, :i, close correladion between geological densities of unknown 
(lcpth :LIIC~ either E or g-yu. Captain Bolnford reaclles this conclu- 
sio11 from a somewhat different line of at,tack (IV, 25). 

Any system of anomalous densities within the geoid (or any 
r~sidue of these after any gc.nera1 corr~ct ion such as for topography 
and hypothetica,l compei~sa~t~ion on ally theory), can be represented, 
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so fur us rtfects external to the geoid are concerned, by a hypotheti. 
cal skill density applied to  the geoid : and the gravity anomaly at 
any point on the geoid is a definite measure of this. The anomaly 
a t  R point above the geoicl gives a generalised value of the skin 
arin~~lrtly ill the neighbourhood. That is as much as geodetic obser- 
vations can tell precisely. It is another matter to  find the actual 
density anomalies, their amount and distribution. I have show11 
(IV, 17)  t,he relation between actual anomalies, distributed u~liforrnl~ 
alonp verticals, and their condensation on the surface: and i t  is 
possible to do the same for other systematic distributions. For 
long pcbriod ario~nalies the vertical distribution is unimportant as 
regards external effect) : more specifically the factor 1 - ~ d / l  (see IV, 
I 7  (10) ) i n t l i ~ a t ~ s  this difference if ~ d / t  is considerably less than 
unity, t l  being tlie depth and 1 the length of a wave of anomaly. 
It is clear that  in such cases the pendulum cannot discriminate as 
to the actual crustal distribution of anomaly of density. 

But in so f i ~ r  as these are wide spread, their effects are remova- 
ble either by Capt. Bo~nforcl's cornputatmion (IV, 24) or to  a less 
de;'rtle in the pi~rtic~llar case of Inclia by Major Glennie's KH. The 
residu,zls E or y-yn are much more localised and, given their values 
a t  points close together compared with the c1ept.h of the casual 
ar~omalit~a, the location of these latter and their amounts could be 
estiinatt~tl, restricting- their amounts to what can reasonably be 
espectrd to occur. 

This raiscs thr. of the proper spacing of pendulum 
stations. Formerly t 1 1 ~  Survey of India had no prospect of covering 
its arc>:% wit11 a high density of stations. but Major Glennie's labours 
lmvr It111 to a much greater out-tun1 than was formerly possible. 
The tvorli of  the cominy season (1929-30) will add some 20 stations, 
tilliul: n consi~lrral,lr> cap between Bombay and Madras, and within 
5 ywrs thrre shoul~l I)+. a11 nvrrage density of 1 pendulum station 
to r.ve.ry 70-~nilr aquarch. For the distribution of crustal a~iolnalies 
of (lcwsity wc>n this is too sparse, except for a, generalised enquiry. 
In ln:lO-::l obs~rvations with the moclifiecl Eiitvtis balance-the 
Gravity ( + r n d l o m ~ t ~ r  - w-ill 11e  marl^ in conjunction with penclulum 
n1)s~~rvntiortu. I t  is hopc~~l that they will locate areas of special 
intt1rr\st f1.r t'lrrthc'r s t~ l~ ly .  T11y will a180 assist in the location of 
an1)rnali~q (*lfbsr> to thp surfave. leaving the prndnlum to tell t,he 
?tory of \vli;rt is lowc*r clown. Rut even for this a considerably 
:rwtc.l. >t,~tion-rlen~ity than that re'frrr~d to above, viz 1 in evcrp 
70-milo squnro, will prnhahly IF necessary. It will be possiblth to 
prc,ri(l+, thew i r~  nlar>nc;  which sho\v i r r~gu la r i t i~ s .  

Triangulation(V).--Of t h ~  two series of principal trianqu- 
la ti or^. thtl ('hittarlr)nq srrit~s was ncarly completed, two triangles 
h ~ i n g  n~~nvoillahl?- l ~ f t  for t h ~  coming season. The revision of t.hc 
310l1q Hsnt s ~ r i e ~ ,  whereby it was hoped to effect a junction witlh 
the trianwlation of Siam, failed, and has to he repeated in the 
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coming season. Two geodetic model Wild theodolites were em- 
ployed. Both instruments developed a serious stiffness in the working 
of the vertical axis, presumably as a result of tropical condit,ions. 
I n  the case of the one used on the Mong Hsat  series, this trouble 
was sufficient to reduce the accuracy below the standard required 
for the work. The observer, failing to  realise this, carried on in a 
vain attempt to  complete the programme. This instrument has 
been replaced by Mr. Wild and good results are anticipated for the 
coming season, when a more complete junction with Siam of both 
the Moug Hsat  and Great Salween series is being attempted. 
Further connections with Siam in latitudes 16' and lo0 30' are also 
under consideration. 

Special methods have been applied t'o the height computations 
of the Chittagon6 series owing to the fact tha t  observations could 
not on all occasions be made a t  the time of minimum refraction on 
account of bad visibility (V, Appendix). 

High Precision Levelling.-Normal progress has been 
made in High Precision Levelling of which nearly half the total 
mileage is now completed. A subsidence a t  A~nbiila of one or two 
inches since 1910 is revealed, following a subsidence of 7 inches in the 
previous 50 years (VI, 4). Further attempts to reconcile the levell- 
ing bcttween Sukkur and Hydersbiid has not led to a definite 
conclusion (VI, 5). Two short hill circuits with variations of 5,000 
feet in height were observed to ascertain the accuracy tha t  can be 
attrtinecl in such work, and to  provide examples of the peculiar effect 
of varying gravity in sucli cases (VI, 6). The results have thrown 
doubt 011 the reliability of wooden staves. Any systematic error in 
these is of vital iinportance where the line is steadily rising or falling : 
as is essentially the case in hill circuits. Wooden staves have served 
to give good results ill l~vel l ing in the plains, but  have failed in 
thtlse hill circuits. Suhsc~qnent test a t  Dehra has 1-evealed considera- 
hlc rliurnal changc in I t~ i~g th  (VI, 7 ) .  For the latter purpose 
invar staves soc~m t,he proper alternative, and test with these will be 
mxdc n c d  st>ason. Hitht~1.to the Snrvey of India has had none of 
t,hps~, but 3 pairs art1 rxpected at the end of 1!)29. 

Effec t  of g r a v i t y  on height de termina , t ion . - In  high 
prc.c.isio11 I ~ v ~ l l i ~ i g  i t  h;ls bceu usual to apply corrections for the 
tliffr~rc~~~c-(~ hetwec.n dynamic nncl orthoaletric ht~ight,  for which pur- 
poscx a formula value of grnvit,y, uncorr~cted for topography, has 
g~nvrnll,y heen cbmploy~cl. Tn the prc.srnce of larger topographical 
feat~~rcls the gravi t :~  formula clops not accord well with actual gravity. 
Uncl(~!. t l l e s~  ~ ~ ~ i d i t i ~ i l s  special diffic~lt~ies arise : and these mould not, 
1)r o l ~ t  irv1-y r o ~ n o v ~ ~ l  ~ ~ e n  if a surface value of gravity were available 
a t  evcrp point of t l ~ c  lint.. A discussion of t,he case is given in VII  
Section 1 with :~pl)lication to t(l1e case of height of Mussoorie above 
Delira, showing n correction of 0 . 7  feet in the orthometric height. 
A corresponding correct,ion (VII  Section 11) is necessary when the 
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geoidal form is compukd from deflection observatioils a t  the surface. 
The effects of the rigorous allowance for the variation in gravity on 
~r t~hometr ic  height above the geoid, found from spirit-levelling or 
from trirtng~lnt~ion prove to be the same (VII Sectioil 111) : and so 
these refinements do not assist in reconciling the two. The correc- 
tion appears to have only a11 academic interest. Without i t  we are 
in a position t,o express the height of a point ~ b o v e  a definite 
reference figure, but not its height above sea-level, whose form can 
only be computed a t  considerable labour with certain assumptions as to 
the variation of gravity between the geoid and the earth's surface. 

Personnel.-The personnel ok' the Geodetic Branch during 
the year is given in the following pages. 

J. D E  GRAAFF HUNTER., 

Directo~ qf the Geodetic B~cc~tcW. 
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Lowcr Sribot.dit~n/r Se~.uice. 
'929. 

7 Computers. Lieut. I. M. Cadell, R.E., in charge from 
il,fn,qnetir 0bsrruntot .g .  2nd January t o  28th April 1929, and 

Mr. I<. IT. Mukerji, M.A. without charge from 13th May t o  10th 
-4ugust 1929. 

I Computer. 
Mr. N.  R. Mazumdar, in charge to 14th 

OFFICE A N D  P. & M. SECTION Octoher 1928. 
Upper Subordinate Ser~ . icc .  Mr. H. P. D. Morton, in charge from land  

Mr. B. B. Lal. May 1929. 
- 

* Excluding No. 2 D.O., Pul,lication and Stores, F. M. o., and 20 Party. 
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17 PARTY (LEVELLING) -(contd.) 

Class II Oficers. 

Mr. N .  R .  Mazumdar, t o  28th April 1929. 
Mr. Abdul Karim, B.A., t o  14th January 

1929. 

Upper Subordinate Service. 

Mr. L. D. Joshi. 
Mr. Abdul Majid, t o  31st May 1929. 
Mr. A. A. S. Matlub Ahmad, from 24th 

June 1929. 
Mr. J. N. Kohli. 
Mr. B. P. Rundev. 
hlr. Muhammad Faizul Hasan. 
Mr. I. D. Suri. 

Lower Subordinate Service. 
18 Computers, levellers etc. 

T R A I N I N G  
Class I Oflcers under in.rtr.ctction. 

Lieut. R.H. Sams, B.Sc., R.E.. from 
10th March 1929. 

Lieut. C. J.  Price, R.E., from 9th March 
'929. 

Lieut. C. A. K. Wilson, R.E., from 9th 
April 1929. 

T R A I N I N G  SCHOOL 
Mr. S. F. Norman, Survey Instructor, to 

28th October 1928. 
Mr. L. Williams, M.B.E., Survey Instrue 

tor,  from 29th October 1928. 



COMPUTATIONS AND PUBLICATION O F  DATA 

1. Lambert grid.-The Computing Office has been largely 
occupied with computations in connectioil with the Lambert grid 
for military use, and with the preparation of forms for computation 
in terms of the grid. For some years the method of computing 
surveys on active service has been the subject of discussion and 
experiment. I n  1924 the "Minute Mesh " was ii~t~roduced. This 
is a reference system consisting of meridians and parallels a t  one 
minute intervals : descriptive references are given by a convenient 
system of lettering, and all survey computations are done in spheri- 
cal terms in the usual way. From t'he survey point of view this 
system has many advantages : there is no limit to the extent of the 
mesh, all existing data are already in terms of the mesh without 
conversion, and all existing methods, tables and forms are imine- 
diately applicable to worlr on the mesh. From the point of view of 
the art'illery there is the objection tha t  the range and bearing of 
a target cannot be computed from the simple f o r i n u l ~ ,  Distance = 
(AN2+ AE2)+, Bearing = tan-' AElAN. Also these formula: canilot 
be used for traverse and other rough work without subsequent con- 
version of co-ordinates. 

In 1926, in order to meet the requirements of the artillery, a 
Lambert grid* was adopted, covering 8' of latitude in the North- 
West Frontier (Origin 33" 30', 66' 00'). A t  this time i t  was inten- 
ded to use the mesh for survey and general purposes, and the grid 
for artillery purposes only. 

Ir 1928 i t  was realised tha t  this duplication of reference systems 
was unsatisfactory, and since the artillery woulcl not adopt the mesh, 
i t  w:is decided to use the grid for all arms. I11 view of the well- 
knovf~l inaccuracy of coinputations in rectangular co-ordinates, i t  
was first intended tha t  the surveyors should continue to compute 
their triangulation in spherical tenns, conrrerting spherical co-ordi- 
natw to rectangular as soon as they were cleterinined. This conver- 
sion is laborious, and in a survey exercise held in 1927 the prompt 
~omplction of all computations was fotund to be a considerable 
dificulty. 

The system of computation which has now beell adopted, is that  

* i .e .  a reference sy~tem which consists of true squares when exhibited on a map 
which is drawn on a Larnbert projection with the same origin. On the ground, or on 
other maps the squares are not quite perfect. 
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all computations are carried out directly in rectangular co-ordinatee, 
the necessary accuracy being obtained by the conversion of observed 
data into grid terms, before starting computation. Thus lengths 
(such as bases) measured in true yards, are a t  once converted into 
"grid yards" by correction for the scale error of the projection in 
that  Iat,itude. Similarly, measured angles are converted into grid 
angles by small c~rrect~ions dependent on the latitude and the easting 
of the points observed. The simple rectangular formul~e for distance 
and bearing are then rigorously applicable to the corrected angles 
and distances, a i d  recLzngular computations are as accurate as, and 
a little more rapid than, the usual spherical computations, with the 
advantage tha t  no subsequent conversion is required. 

So far as survey work is concernecl, a grid covering 16' of lati- 
tude would present little difficulty : hcyond this the scale and angular 
corrections would begin to be inconvelliently large. But the artillery 
do not care to have computed ranges in error by more than 1 part 
in 800, nor do they care to apply a scale factor to computed ranges, 
and consequently the grid is a t  present limited t o  belts. For 
training purposes, and in order to he reacly for all emergencies, a 
system of overlapping 8' grids has been projectecl to cover all India 
and Burma, but little work has yet been done on any but  the Xorth- 
West Frontier grid (Origin 38' 30f, 68' 00'). 

Although computations on the gricl are as rapid as computation8 
in spherical, the acloption of t,he gricl has resulted in a great deal of 
preparatory computation, which is still very far from complete. In 
addition to the preparation of special tables and forms, it will pre- 
suinably necessitate the conversion of existing spherical data to grid 
terms in all training areas and possible war areas ; for this conversion 
is a laborious compuiittion which cannot p r ~ d e n t ~ l y  be left until after 
tthe outbreak of war. Preparatory work of this nature, undertaken 
by the Computing Ofice during ihe year under report, is described in 
the following paragraphs. 

Tcthle for 19.-The grid ilistance R hetwepn two points of equal 
longitude whose meridian di~tailce is 111, one being on the central 
parallel A,, hap been computed by the formula* 

This formula has been given by M. 11. Roussilhe in the Procee- 
dings of the 2nd meeting of the Geocletic and Geophysical Union. 
Sufficient terms have been used to givch an accuracy of 0 . 1  yards. Elor 
this purpose the formula given is sufficient up to more than 8' from 
the origin, and several terms have gelrcrally been negligible. 

- . - - - - - -- - -- - -- - - 
* On a grid with a central ~ c a l c  factor this expression requires to be multiplied 

by that factor. 
t vo2, as give2 by Roussilhe is clearly a mieprint. 
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Authorities have differed regarding the combination of p,, and v, in the 
denominators, and consequently t,he terms as far  as tha t  in m6 have 
been verified (by Mr. P. K. Ghosh) and found correct : in later terme 
the distinction between p, and v,, is of no consequence. 

The table (43 Sur.) has been completed between lats. 28' and 
36' 30 a t  2 minute intervals. 

Table &for m.-In order to  avoid discrepancies which may cause 
any possible inconvenience, i t  has been necessary to compute a fresh 
table of meridian distances on Everest's spheroid. The Survey of 
India Auxiliary Tablps (4th edition) gjve values of the radius of 
curvat,ure of the meridian a t  10 m i n n t ~  u~tervals to one decimal of 
a foot, and the table of nz has been built up from this. Meridian 
distances from the equator are given a t  intervals of 2 minutes to 
lat. 4.j0, and are correct to  0'01 yards. They have been checked by 
the Royal Geographical Society's conversioil tables a t  26' :30', 
30°30', 34' 30'and 36" 30', with discrepancies of 0*003,0.002, 0.002 
and 0'001 yards respectively. 

A11 error of a yard in his meridian distance for the equator is, 
of course, of no interest to a triangulator on active service, but  an 
error of this amount in the relative positions of two near stations 
might be very undesirable. Consequently the table of R gives 
tent,hs of yards, and since future developments can never be fore- 
seen, it has been thought proper to make this table absolutely 
correct as far  as i t  goes. 

Tnble for scale far tor . -b  table (44 Sur.) has been made giving 
t'he scale error, scale factor and log scale factor of the North-West 
Frontier grid, a t  inter1-als of 10 minutes of latitude. 

Tnble qf nngulnr corrections.-A table (44 A Sur.) has been made 
giving the correctioils necessary to convert observed angles to grid 
angles in the North-West Frontier grid area. 

Tnblr! qf convergenc~ . -A  table (41 B Sur.) has been made giving 
the convergence for the North-West Frontier grid between longitudes 
58' E. and 78" E. a t  intervals of 2 . This table is intended for the 
conversion of true bearings to  grid, not for use in the conversion 
of co-ordinates. 

Tnhle of sheet c o r ~ ~ e r s . - A  table (44 C Sur.) has been made giving 
t.he rcctnngulnr co-ordi1iatt.s of all 15 minute squares in the area 
2B0N. to 36' SO' N. and 60°E. to 76' E. This table is intended for 
gridding spherical maps and vice versa. 

Trrble of cu ttillg l ~ o i ) ~  is.-Draftsmen have found difficulty in the 
use of the table of sheet corners, and a  tart has been made with a 
table giving the latitude a t  which all 10,000 yard lines of grid 
northing cut every 1.5 minute meridian, and the longitude a t  which 
every 10,000 yard line of easting, cuts evcry 15 minute parallel. 
The construction of this table is proving laborious. It has nearly 
been completed between lats. 2B0N. and 36' 30' N., and longitudes 
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41' E. and 78' E, but  the rest of India and Burma still remains 
to be done. For the north and south grid lines direct computations 
have been made along every fourth parallel (i. e. every degree) for 
every tenth grid line (100,000 yards), the remaining entries being 
derived by inbrpolation. This interpolation, which involves secor~d 
differences, has been carried out on a Nova-Brunsvigrt IVa calcula- 
ting machine. A similar procedure has been followed for the east 
and west grid lines. 

$'ow.-With the co-operation of the officers of the Frontier 
Circle a set of forms has been prepared for use in conjunction with 
the Lambert grid. Some are very similar to the ordinary forms of 
the Survey of India, while others differ considerably. For certain 
observations, e.g. time and latitude, the ordinary forms will be used 
unmodified. The forms prepared are :- 

1. Lamb Spherical to rectangular. 
2. ,, Rectangular to spherical. 
3. ,, Computation of distance and bearing. 
4. . Solution of triangles. 
5. ,, Computation of co-ordinates and heights. 
6. ,, Computation of cutting points and heights, 

for semigraphical. 
7. ,, Bearing from Sun wive11 nltitucle. ' b 
8. ,, Bearing from Polar~s,  given time. 
9. ,, List of co-ordinates. 

10. ,, Descriptions of points for triangulation. 
11. ,, Angle book. 
IS. ,, Progress and record. 
1:3. ,, Bearing from Sun, given time. 
20, ,, Traverse fielcl book. 
21. 9 7 Traverse s ~ t - u p .  
.> 0 --. ,, Northing, pasting ancl height by logs. 
9.) -.). . . Northing and easting by tables. 
2 1. ,, Trn\ t1l.se s:-:~opsis. 

I ) o t : ~ i l ~ ~ ~ l  sl)(\(.irn~11~ c,P i l ~ r l  : I ~ ) O V P  form8 h a w  been prepared for 
t l l ~  P!'L'I~, 1~114 tli~cy ha: t> IIO t Y C ) ~  ~ I C I P I I  prilltell. 

A I ~ ~ ~ I ~ ! ~ I I ~ I . ~ -  ,!; 'i / ; ! I I I , . I .  Io~l~c~.ithrnc.--In n 1onyit:l~lc differing grc3atly 
from t l~n t I l f  t l l ~  ol.ir:;11. i11v t.oirv~.rsic>n of splicrir~al co-orclinatc~s to 
r ~ c t n n ~  , I  In  (9  1 1 1 ,  the> 11 411.1 1 fa,l n~ may n~c~ssit:ltcb the use of 8-figure 
lo<:~~. i+ i~ :~ i  ., ~ihclq(' I I ~ P  i 3  - : l r ,~v  a1111 which mny ,lot be avnilnble. 
Tl:l~.: , I !  4 t r n m  t l l ~  (r1.i:il-i. t11~ IISP of i-fig~irc- logs ma,y introtlllce 
a l l  crl.or two nl. t l ir i~l~ t r~ l~ ths  nf a ynr(1. which ]nay cause 
a p p r ~ r i p l ~ l f ~  C I - ~ O ~  in tl:rb ~l lut~inl  tlistallcr. of two llear p~ints .  
Mclthnci~ for  rc~ncrlyin!~ this rlifirulty. witllc)l1t introducing nore 
than  onch rbriqin ill tllc snmc Iatiturl~, nrp now nllrler considera+ion. 
In  the first mctl~od. which is hcing clevelop~rl bv Mr. H.C. Tjsva, 
the eastings are tabulated of all points a t  intc.rials of 1 rninutn of 
latiturle, along a certain meridian RT (see Chart I.) distant (say) 
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100,000" from 0, the origin. The distances OL and QN are also 
tabulated. Then for any point P the easting L M = L N .  L, /100,000 
+ (a small tabulated correction), where L, is the difference of 
lollgitude between P and 0. Similarly, the northing of P = OL 
+ QN.L, ~ ( 1 0 0 , 0 0 0 ) ? -  (a small correction). If a multiplying 
machine is available, this coinputation is very rapid, involving no 
tables but the special tables provided. Without  a machine 8-figure 
logarithms are required, but no trigonometrical tables. 

I11 the second method, which is being developed by Mr. K. G. P. 
RRO, the co-ordinates and convergence are tabulated a t  sub-origins 
4' apart. The co-ordinates of any point relative to  the nearest 
sub-origin can be computed with 7-figure logarithms in the usual 
way, ant1 can then be converted to  the principal origin by the 
ordinary forinulz for change of axes and origins in rectangular co- 
orclinates. Combii~ation of the original coilversion with the change 
of sxcs, results in some siinplification of tlle form. 

Thtb first of these two methods is likely to  be tlle most eatis- 
factory, if ib calculating machine is available, and possibly so, if 
8-figure logi~ritlims are available. The second method constitutes a 
stnn~lby for use in other circumstances. As mc~ntioned above i t  is to 
be 1101~1d that a11 necessary conversion of co-ordinates will be done 
at 1risr11-r in timc~ of peace, and that  hardly any will be necessary for 
war. Ne~vertlit~lcss, to avoid complicating the work of t,he field 
partics, i t  has been decided t,o-limit the longitudinal extent of grids 
to IG", tlxccpt t,liat of the N. W. F. grid in the distant parts of which 
there R ~ C  no data tc) convert. 

Mr. R. C. Ray has been in charge of all the computations in 
connection with the Lamhert grid. 

2. Triangulation : Best hour for horizontal angles.- 
T1~it~lign1:1tion signals gen(~ra1ly aplwar to  he more steady by night, 
f11ali hy cl:~y. :t fact wlliv11 Ieacls to the conclusion tha t  the night is 
~)l*obablj t l ~ c  hcst time €01. horizontal angles. At tlicl same time 
~liqllt 1\101*1c is oftcln i~~convrniclit. i t  is apt to  he slower than day 
lr~l 'k,  niitl i~nalogy with vertical angles sho\rs that  mere siencliness 
i u  not ill ~ t s~ l l f  a 1)roof of r~liabili ty.  

Frcbli~ a t l i c o r ~ ~ t i ~ : ~ l  l ~ o i ~ l t  of vic~v, ~ Iosc r  cxalnilintion sllon7s 
tl1:lt ni:bllt may 1~ O X ~ I C C ~ P ~  to IIC t11(~ 1 ) ~ s t  tinie. Just  as al~normal 
~'c'l'tiral ~.(tfrit~tion is canscd hy an nhi~ormal T~I- t ica l  air d ~ n s i t y  
I which in ttu.11 is c:~usrtl 1,y an nl,no~.innl tcn~l)crature 
Kl:t(li(lll! so is horixol~tnl rpf~*nction rauscd 1 ) ~ .  n Iioriz~,lltnl clensity 
0 1 '  t ~ m ] ~ d " . a t ~ u ~  gra(11~1it. Ry day, sllcli ~ l ~ i i o r ~ i i a l i i  a r ~  caused by 
] l i l t  air I i<i i~g from the ground, ant1 thcy result i l l  all nnsteadiness 
"f f l i p  s ,ilnl. Whcn thcl ray is close to the gronlid. t l l ~  n~istcaclilicss 
"a?' great a t  rniclday that observations are clearly impossible. 
Under olhcr circumstances the unst~adiness lnav he suficiently 
0nlall to yist,ify the hope tha t  the casual errors of bis~ct ion will be 
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eliminated in the mean of a large number of readings, but  there 
remains the risk tha t  some accident in t'he underlying ground may 
Fause a more persistent rising of hot air on one side of the ray than 
011 the other, with consequently a persistent tendelley to  error in all 
intersections. A t  night there are no streams or eddies of rising air, 

ulllilre a vertical density gradient,, a large horizontal gradient is 
only in stable equilibrium in the immediate ileighbourhood of some 
solli.ll.ce of heat or colcl. Thus, i t  may be expected tha t  for rays close 
to  the gruui~cl night observations should be better than day, and 
that  for rays in high hills there should not be much difference, with 
perhaps a slight preference for night. It is to be remarked that 
when s ray grazes the side of a cliff or sloping hill the horizontal 
refraction is likely to be of opposite sign by night and by day, and 
consequently observations of such rays should be made a t  both 
times ; a good cancellation can hardly be expected, but  a t  least the 
wealmess should be shown up. 

To verify theory, abstracts have been made from the observa- 
tions of four series of triangulation each representing a different 
t y p ~  of country. Observations have been classified as morning 
(sunrise to 11 hours), afternoon ( 16 hours to sunset ) and night : in 
India primary observations have seldom been macle between 11 & 16 
hours. From the measures so classifierl. the mornillg,. afternoon and 
niqht triangular errors have been founcl for G or 7 triangles in each 
series. From each triangular error the probable error of a single mea- 
sure has been ileduced by the formula, I3 = E 2/ l /  n" + l /  n2, t l /  n":,, 
w h ~ r e  E is the probable valne of the triangular error, E is the pro- 
bahlt. tbrror of an angle, and n , ,  n ? ,  11, arcb the number of measures 
of cl:~ch angle. The results are given in Tables 1 to 4. As regards 
nicht vtl~**us aftc~rnoon, night is seen to be marlipclly the best in the 
very low rays ovPr the bar(. grounfl of the Great Illdus series: in the 
ot11i.r t h rw  series t,he afternoon is slightly tile better, bu t  llot so 
1n11c.h that tllc2 fnct can be cousidc~recl well estnbliellecl. Morl1illg 
ohs~rvatinns :IW \ v i ~ ~ ~ t i n g  ill t11~ two low ~ ~ r i c ~ :  ill tile jungle covered 
hills of thtl (41.cl~lt Salw~thn thvj- appear to llc) s]iq:.llt]y the best, mid 
in t h ~  lmrrtbn ltills of the I<alit [,nngitil(lilla,l they arp lnlxch the 
1Vc)1'4t. r!l)~fl c ~ \ - ~ ~ ~ P ~ I c F \  i9 110t sl~ffici(ltlf to COIIC]IISiVe: 50 far it 
c~l lq it i ~ l ~ l i ~ a t ( ~ s  f11:1t 1110r11iil~ observations arp safe ill jungly hills, 
alr1l that t l l (> ,~  :I IT  t l n ~ ~ ~ c r o t l s  in harp hills, as is ullrcasonnble. 
111 I)arrcbll l~lniirs tlrrrtb is oftc>n ~ n i i . : ~ ~ ~  in tllc observa- 
tions a t  t11:lt tiinc\ monl(1 ol)\iously be had. 

3. Hayford deflections.-S~vcrnl hnntlrcd Indian deflec- 
tinn statinns  till r ~ m a i l ~ ,  f o r  which no topogra1,hical or isostatic 
rr~iluction 113s y ~ t  hcrn ~nntl~b. The valurb of thcsc reductions does 
not dt~prntl on t l ~ r  accel)tanc.c nf the exis t~ncc of pcrfpct isost;~sy, 
for thr effc.ct of vi~iblc tiq,ography inust be eliminated, whatever 
system is ailopted. During the past two years occasiona] 0pport.u- 
nities have arisen for undertaliing a litt,le of this work, but  no 
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extensive progress has been made. The results are put  on record 
in Table 5. 

It is intended to  publish typewritten lists giving full details of 
the heights of zones and compnrtinents of these and other gravity 
and deflection statioils for which such data have not yet been 
published. 

4. Computation forms and Tables.-The method of 
computing astrolabe observations has been exanlined in detail, and 
a number of iinproreinents introcluced. For example, the sinall 
nutatioil corrections, which have hitherto been applied to each star 
individually, are now applied as a correction to the final results. 
Similarly, when interpo1:lting cleclination and R. A. froin a 1 0  day 
ephemeris, i t  is convenient to  ignore the fraction of a day which 
arises froin the difference between the longitude of the place of 
observation and that  for which the ephemeris has been prepared; 
this is now the practice, and the resultiilg error is corrected a t  the 
end. Form 4 Ast. has been remodelled and a new forin 1 2  Ast. 
prepared. 

I11 addition to the Lanlbert tables referlsed to in para 1, five 
other charts and tables have been prepared, in connection with 
astrolabe, longitude, and penduluin coinputations. 

5. Triangulation and levelling pan1phlets.-The com- 
pilation of the Mesopotamian triang~1at~ioi-1 has 11ow been coinpletecl, 
although all the painphlet~s have not yet been publishecl. The 
coinpilation of triangulation in Persia has been begun. 20 Indian 
pamphlets covering 32 degree sheets have been prepared for 
reprocluctioil by photozincography to meet shortage of stock. 

10 sinall pamphlets totalliilg about. 1,729 miles of secondary 
levelling data have beell reproduced by Gestetner. One primary 
pamphlet has been reprinted, a,ncl the clata of nine lines totalling 
about 1,068 miles have been printed in t'he forin of addenda to  esis- 
ting primary pamphlets. 

6. Drawing Section.-Six Indiail and seven Mesopotanlia~l 
degree sheet triailgulatioil charts have been drawn, ancl one levelling 
chart. 1 7  charts have been prepared in illustratioil of Geodetic 
Reports Vols. I11 and IV. About 7 0  other indexes, diagrams and 
figures hare been prepared for other purposes. 

7. Miscellaneous publications. -Licut -Colonel C. M. 
T h o r n ~ ~ ~ o "  11:~s coinl~ilccl a pn~nplllet d(3scribing tlw formu1;c and 
mc.tllo,ls of cornl)utntion used in coililection with thc Laillbcrt grid. 
He Ilns also coml)iled notes on Astronomy nncl Astronoinical Coinpu- 
tations for the usc of officers ~ulder  instruction. 

A new editioii of the Topograp~hical Handboolc, Chapter I11 
( Tris~~grll:~t,ion ) has beell l)rep:~red, but not yet sent to press. 
(:eoiletlic Reports Volumes 111 allel IV, ailcl Professioilal Papers 22 
and 24 have becn seen t l~rough the press. 
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TABLE 1.-K(rlit Lonyitr~di~ral Series. Barren h i l l s .  

TABLE 2 .-Grent l ~ r r l l ~ s  Series. Flal h(1v.ew p l n i l ~ s .  
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TABLE 3.--East C'alctrtta Logtgitudinal Series. Flat i u n g l e  plains. 

TABLE 4 . -  Greclt Salzoee~z Series. Jtlngle hills. 
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OBSERVATORIES 

1. Longitude.---The regular record of the longitude of 
Dehra Dian was mailltailzed by bi-weekly observations for local time 
with the bent transit, and daily reception of the 8" 01"' Q.M.T. 
Bordeaux and 9" 55"' G.M.T. Rugby wireless time signals. The 
time. observers were Mr. R. B. Mat,llur and Computers Jagdish 
Behari Mathur and Prein Narain. Cloudy weather caused excep- 
tionally long breaks in the time observatioils in July, and some failures 
of wireless receptioil also occurred a t  this time. The resulting 
values of the longitucle are given in Table 1, in which a single value 
is given by the association of each observation of local time with the 
wireless signal received a t  the least tiine interval froin it, i.e. 
generally during the afternoon, and occasioilally on the 
following afternoon. Results are given up to July inclusive, after 
which the corrections to the times of emissioil are not yet available. 
Indiviclual night's observatioils have not been smootl~ed to  give 
a more uniform cloclc error. Tlle reputed times of einission of 
the wireless signals have been corrected by the amo~ul t  given in 
the " Admiralty Notices to RIariners ", and by the deini-dehatif 
cori-ectious of the " Bulletin Horaire ". When deducing the 
lonqitudc froin the Borcleaux signals, a correction of + 0" 02 has been 
added to the reputed Greenrvich tiine of eii~issioii, on account of this 
havinq been deduced on the assuinption tha t  the longitude of Paris is 
0'1 CJ"' .' J Iq .03 ,  whereas the inore recent value is Oh 9"' SOg-91. The 
speed of propagation has been talcen to  be 300,000 Ism. per second. 

Determinations of the value of one division of the level of the 
bent trttiisit a t  different tiiiles have given very different results. 
In  future i t  is intended to make monthly determinations of the 
bllbhle value, ailcl to take spwial care to kcep the level correction 
s11lal1, and of variable sign. I11 t,lle p:lstj, clct~rminations have been 
r:l , lhc.~ infrequent, but n co~npnrison bct~veeii individual 1ne:Lsures of 

a ions on Io.:yitudp, nnd ihe Icvc>l corrcctioii of tllr tr:aiisit observ t' 
\.l11iauil tllcy arc. based, can scrvc as n rough basis for n cleterminstion 
of  tho lcvcl col.rtwt,ion. All t\lp \yorlc clonc tvith thc bent transit 
since October 192(i has bcclk nnalysc~tl in this ~v:ay, aud the followiilg 
stn8tcmriitt shows the results. The value \vl~ioh had been usecl since 
Oct. I!)%(; was 1 clivisioll = 0'. 153. 
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Value accepted before Sept. 1926 ... ... 08.130 
Deduced from observations 1-10-26 to 6-10-26 .. O n .  12 weakly deter- 

mined. 
7-10-26 to 1-12-26 ... OLI48 

~ ~ b i i e  ~est:r Feb. y927 ... OL155 
Deduced from observations 1-l2:26 to ~ a y  1927 .. On*l55 weakly deter- 

mined. 
, ,  p~ , Oct. to Nov. 1927 ... Os.  I55 is satisfactory. 

Dec. 1927 to Mar. 1928 .. OB.12 
~ n b i i e  ~ e i i e r  ~ n l ~  'i928 ... . o S . l 2 2  
Dednced from observations Oct. 1918 to April 1929 .. 0"-113 
BnbbleTsster Sept. 1999. ... ... OL133 

It seems clear that  the value of one division changed in about 
November or December 1927. No change has been made in the 
adopted value of 0" 155 before 1-12-27, but  subsequeilt results up to  
31-7-29 have been recomputed with tthe value Os.120. The values 
given in last year's report (Volume IV) include this correction, as 
delay in printing has made i t  possible for them to  be corrected in 
the proofs. There can be no doubt that  the spirit-level is one of the 
least satisfactory parts of the transit instrument. 

Monthly mean values of the longitude during the current year 
are given below. The accepted value derived from the International 
Project of 1926 is 5" 12" 11" 79. 

Uordeaux Hugby 
October 1928 5h 12"' 11" 72 11" 75 
November ,, ,, ,, 11 - 70 11 -74  
December ,, ,, ,, 11 - 75 11 -73  
January 1929 ,, ,, 11 .80 11 -84  
February ,, ,, ,, 1 1 . 8 2  1 1 . 8 6  
March ,, ,, ,, 1 1 - 7 9  1 1 . 8 0  
Apr i I 9 7 ,, ,, 11 .82 11 -85 
May ,, ,, ,, 1 1 . 7 6  1 1 . 7 8  
June ,, ,, ,, 1 1 . 8 6  1 1 - 8 7  
July ,, ,, , 1 1 . 8 1  1 1 . 7 6  

Chart IT ~hotvs the variation since 1926. 
The curve is r a t h ~ r  irregular, but the changes cannot definitely 

be ascribed to anything 1~u t  instrum~ntal error. 
2. Riefler clock.-The clock has been running steadily, see 

Table 2 ,  except h c t r n ~ ~ n  7th and 18th May when the pressure was 
adjuster1 to an nnsui tn l~ l~  figure. Leakage of the case has enforced 
a correction to t h ~  prf-s~ire ~ v ~ 1 . y  three or four months, but less 
trouble has ~ I P P ~  c a l ~ w l l  on this account than iluring the previoue 
year. The t+~n~l1c1r:~1111.0 control has worlted regularly, but i t  ha? not 
been poss i l~ l~  to p r~vea t  the usu:~l r i v ~  durinq ithc llnttcst montllr. 

It has llitherto ~ F ' P I ~  in1possil1lc to USE\ R i e f l~ r  for the reception 
of rllgthmic signals on account of the irregularity of its seconds. 
This irrcgulnrity has beci~ partly without systt.m, alld partly ill the 
form of alternate ~cconds heinq slightly too long alltl too short, the  
result of d i s l eve lm~~~t .  While passing through Dehra, blnjor 
Glennie ( i n  charge of the pendulum party)  was able to correct this 
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evelling by comparing Riefler against the swinging of his pendu- 
urns. It has since been possible to  use Riefler for the reception of 
ime signals, without using another clock as an  intermediary. 

3. Lati tude.-A few observations of the latitude of Dehra 
were made with Zenith Telescope No. 1. The results are given 

able 3 where two previous determinations are given for compari- 
on. They are inadequate for any useful determination of the varia- 

de, but  with the exception of the January observation, 
pear to be in fair agreement with figures obtainable by 
n from the positioil of the pole in previous years. It is 
these few observations may constitute a preliminary to  

series of observations during the current year. 

14 Moon'e Ape In Dsya 

4. Fortnightly variation of lat i tude.-hlalysis  of the 
values of the latitude of Dehra D*, which were obtained by t'he 
prismatic astrolabe in  Oct,ober and November 1926, shows a well 
marlred variation with the moon's age, there being two periods per 
month. The result,s on which the ailalysis is based are given in 
Geodet,ic Report Vol. 111 (1926-27) page PO. The figure shows the 
result of meaning by every 2 days of the moon's age. The observa- 
tions niarle between November 5-6 and 13-14 have bee11 excluded 
from +,he mean, as bad weather caused considerable interruptioil of 
t,he programme, and the results were exceptionally irregular. Each 
point on +#he diagram represents about 10 series of ob~ervat~ions each 
I~s t~ ing  :',bout two hours, and each giving probable errors of about 
0".3. The probable error of each point in the cliagrain is t . l~us a t  
lrast O N -  1, ancl the smoothness of the curve must partly be due to  
chmlcc. 

Att,ent,ion has been clrawn by A. Gougenheim * t,o a similar 
vn~iat~ion a t  Algiers, also in October ancl November 1026. The vari- 
n.tinn sl~own in t,he f i g ~ ~ r e  is apparently in phase with tha t  a t  
-Ilgicrs, but of about one tl~irrl  the amplitude. 

Prof. H. T. Skt,son t has described a variat.ion of Iat'itude with 
the moon's hour angle. Tlle Dehra Dfin observations have been 

* Comptcs Rcncln~ rle I' academie des Sciences, Jnly  30, 1028. 
F t Nstnre, Jaunary 26,1929. 
f 
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classified in this way, but have not proved sufficient to show his very 
small variation. 

5. aravi ty.-Dehra Dan is the base st'ation of the Indian 
Gravity Survey. Determinations of the values of gravity a t  Dehra 
by complarison with Europeail stations, have given extraordinarily 
variable results (see Chapter IV). It has been suggested that 
changes in the value of gravity a t  Dehra are a possible cause of this, 
and in order to detect any variation with a11 approximately annual 
period, a series of 7 observations has been macle in the observatory 
by Mr. R. B. Nathur during the last year. The results are givenin 
Table 4, where the values given are of course based on the assuinp- 
tion that the pt.nilulums have remailled unchanged. Pendulum 
No. 137 has given much less regular 1.esults than the other three, and 
its determinations have been exclndecl from the mean values. With 
thc exception of August 1929 the mean value is satisfactorily cons- 
tant, and may be coilsiderecl to clisprove the existence of any annual 
variation competent to explain the discrepancies in the fundameiltal 
determinations. The August 1929 value is &her surprisingly wide, 
but cannot be helcl to  indicate any perivclic variation. 

6. Standards of length.-A mural base has been construc- 
ted in the base line alley. The existing equipment consists of a 
21-metre comparator of great accuracy, but  which is not well 
adsptecl for orclinary rough work, ancl which can only standardize 
t a p s  whose lengths are multiples of 4 metres. There also exist8 a 
rough 100 foot standard on the floor of the alley, but  i t  also is 
rather inconvenient in use, anel can deal only with multiples of 
10 feet. 

T ~ P  new mural stanc1:trcl has marks a t  every 10 feet, the first 
interval beiny subdivirlecl to every foot. There are also marks at 
every four metres, m~asurerl backwards from the 80 foot mark, with 
intermeclinte marks a t  t'hp first three metres. The 24 metre inark 
is thrw within 3 inches of the onr> foot marli, ancl the 100 foot base 
can reaclily he brouqht into t ~ r i n s  of t,he fundamental metre 
stanllarde. In  atldirion to the row of brass plugs spaced as above, 
a 100 foot an11 a 12 i n e t r ~  inrnr tape are perinanently stretched 
within ,z couple of inchcu nf tilt. plugs, either of which can be u s ~ d  as 
a stnnclard. I t  is rxpect~11 that these tapes will prove a more perma- 
n ~ n t  stnn~larrl than the p l u y  in the wall, but the plugs should prove 
useful tor manr purpwcs. T l l ~  plugs and stanrlard tapes lie in a 
narrow t~ b l ~ h  IT~ICI.P th(\y can 1 ) ~  suhmerqcd in water. 
R+lalli~i : :1rl8 lnlllr. !,y meaalis of  mo~able  inicroscopes which ca.1 be 
put in ~c)sit i~ln a s  rccl~tir~(l. 

Tht' 1)lllyfi haw now l ~ ~ c n  f \ ;~ t l  an11 tllp marlrs cut, but thp final 
stanllarlliantil)ll has 11(1t ~6.t ~ P I ~ I I  colnpl~tc~l .  Arrnugemellts may 
~ ~ + ' l l t u ~ l l ~  1 ) ~  mall+> to co11tro1 tI~cb f ~ l n l ) ~ r ~ f ~ l l . ~  the rllnllillg tv lter, 
but thp 1IPcPsqary ~ppll.at1ldllas not j-pt bPFll proVi(led. 

7- Magnetic observations.- he usual programrnc of 
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observations was carried out, comprising a continuous 
magnetographic record of declination, horizontal force and vertical 
force, daily observations of dip, and bi-weekly observations of decli- 
nation and horizontal force. 

The magnetic observatory is usually flooded in August, bu t  t,his 
year no flooding occurred. 

The mean values of the rnagnet,ic element,s a t  Dehra Diin obser- 
vatory in 1928 were :- 

Declinatioi~ E lo 18"5 
Dip . N 45" 31"8 
Horizontal Force -32940 C.G.S. 
Vertical Force '33554 C.G.S. 

Table 5 gives the moilthly mean values of the distribution 
constants and inagnet,ic lnomeilt of Ma,gnet No. 17.  

Table G shows the monthly mean values of the elements for 
1927 and 1938. a i d  the anilual changes for tha t  period. The mean 
hourly cl(~viations from the nlonthlj means are given in Tables 7 to 
10. T:tble 2 1  gives the classification of the magnetic character of 
all days of 1928. Tlie sylnbols C,S,M,G, and VG there used are 
tllosr wl~ich h a w  been employed in all the Survey of India records. 
They correspond with the International ( De Bilt ) classification 
somc~clia t as follows :- 

0 De Bilt = C and pa,rt of S. 
1 De Bilt = Par t  of S, and M. 
2 De Bilt = G ancl VG. 

8. Seismograph and meteorological observations.- 
Thc Omori seismograph was in operation throughout the year in its 
new position in thcl Hnig Obscrvatory, where it lies East and West ; 
in the Burrard Observatory it usecl to be North and South. An 
cxce~tio~l:tlly lartre number of enrthqualies was recorded; many were 

? very sliql~t and ~ndistinct, but the liuinber of large shocks was also 
~xceptionnl. The increase iu sinall shoclrs may possibly be due to 
the l>rttor working of the instrument 011 account of a new pivot 
benri~lq lrnving been fitted when i t  was inovecl: or i t  inay be a pecu- 
liarity of the locality, tha t  an East ancl West instruineilt receives 
morc s~nall  shoclrs than one lying North and South. Table 1 2  gives 
details of all the earthqualtes recorded. 

A full programme of meteorological observations has been 
undertn lien since February, the ~bservat~ions being made a t  8 a.m. 
allcl co~nmunicatecl to  t,hp Meteorological Department. 

9. Miscellaneous work.-All theodolites, levels and ot,her 
d~licntc instrtunollts in the store a t  Dehra Dim have been tmns- 
f e r r ~ d  to t<he care of the Observatory Section, where t,hey can 
receive a certain ainouilt of attentioll and inspection before issue, 
althongl~ the accounting work which results is an unwelcome 
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addition to the duties of the officer in charge of the observatory, 
It will probably be possible to  make other arrangements during the  
current year. 

The levels of the levelling party were inspected on their return 
from the field, and the 20 foot field tapes were standardized. 

A small tcst was made of the Wild telemeter. The test took 
the form of a traverse of 660 metres, consisting of 6 legs between 
70 and 130 metres in length, which closed with a n  error of 1 in 
3,000. The tcst indicates that  tshe instrument is accurate enough 
for most traverse purposes, but cloes not assert tha t  even better 
work may not be possible after some practice in the use of the 
inutrumerlt. 

The Saturday morning course of instruction of about 1 2  of the 
geodtxtic mid other computers of the party, was continued during 
the cold weather of 1935-29. Most of the senior computers of the 
Computing and Observatory Sections are now conversant with 
practical triang,.ulatinn, traversing and levelling. A little instruc- 
tion in star observatior~s has also been given. 

Four Hunter Short Bases (see Vol. IV, Chap. 11, para 6) have 
btlcn constructt~d and standarclizecl, for the use of the Frontier 
Circle. One has been lent to H. R. H. the Duke of Spoleto for his 
especlition to the Kar:~-koram. 

A Tunq:tr I-rctiticar has been instnllecl in t,he Hennessey Obser- 
vatorp for cllnr:ing accumulators. Water has been laid on to the 
Hennrasey, I-Iunter nriil Burrard Observatories. 
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TABLE 1.-Longitude of  B e h r a  Bun, a n d  i f s  var ia t ion  f iom accepted 
valu.e, as determilzed f r o m  reception qf wireless t i m e  signals f rom 

Bordeaux a n d  Rugby.  

Date 
Greenwich 

* ~\c l . c l l tcd  ralne of Longilnllc i s  S h  1Zm Ils.i9 (as clct,crrnined in 1926). 

Longitude in 
time 

W V I Z  s 

5 12 11.93 
11.63 
11.70 

11.86 
11.66 
11.75 

11.79 
11.64, 
11.71 

11.72 
11.77 
11 -67 

11 a61 
11.78 
1L.62 

11.67 
11.82 
11.56 

11.78 

11 * 87 
11.75 

11-83 
11.83 
11.81 

ll.P9 
11.90 
11.85 

I1 .R6 
11.88 
11 .8:3 

1l.Sfi 

Bordeaux 

Longitude i n  
time 

Rugby 

Observed valne 
rrlirius 

accepted value* 

S 

t 0.14 
- 0.16 
- 0.09 

+ 0.07 
- 0.13 
- 0.04 

0.00 
- 0.15 
- 0.08 

- 0.07 
- 0.02 
- 0.12 

- 0.16 
- 0.01 
- 0.17 

- 0.12 
+ 0.03 
- 0.03 
- 0.01 

+ 0 *08 
- 0.04, 

+ 0.01, 
+ 0.04 
+ 0.02 

+ 0.09 
+ 0.11 
+ 0.06 
+ 0.07 
+ 0.09 
+ 0.04 

+ 0.07 

( C o i ~ t i ~ ~ t ~ e d ) .  

Observed value 
n ~ i n t ~ s  

accept,ed rnlae* 

S 

+ 0.01 
- 0.10 
-- 0.07 

+ 0.04 
- 0.14 
- 0.12 

0.00 
- 0.17 
- 0.13 

- 0.11 
- 0.07 
- 0.16 

- 0.20 
- 0.06 
- 0.20 

- 0.12 
+ 0.07 
0.00 

+ 0.03 

+ 0.01 
- 0.03 

i. 0.02 
+ 0.03 
- 0.01 

- 0.03 
+ 0.0.5 
+ 0.02 

+ 0.06 
+ 0 .03  
+ 0.04 
+ 0.06 

-192B / 1 I s 

~ c t .  1 
5 
9 

12 
16 
19 

26 
SO 

NOV. 2 

6 
9 
13 

16 
21 

Dec. 3 

8 
1 1. 
1s 

2 1 
1929 

.1:111. 1 
4 

9 
1 5 
I!' 

22 
23 

I ,  J 

5 12 11.80 
11.49 
11.72 

11.83 
11.65 
11.67 

11.79 
11.6'2 
11.66 

11.68 
11 . T ' L  
11.63 

11.69 
11.73 
11.59 

11.67 
11.86 
11.79 

11.83 

11.50 
11.76 

11.81 
I l ' k Z  
11.78 

I l . ' i A  
11.84 
11.81 

11.8i 
! I  1 IIII 

I "  I 
11.8.3 

1:)  ! 
I 11.85 
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TABLE 1 .-Longit,ude of D e h m  Dzln, a n d  i t s  var ia t ion  from accepted 
value as  determined f r o m  reception of  wireless t i m e  signals f r o m  

Bordeaux a n d  Rugby-(contd.). 

I Bortlealiv I Rugby 

ireenwich 
Date I Loogitodc in 

19 
2 3 
27 

3 1 
April 8 

10 

Observed value 
~ r ~ i n u v  

accepted value* 

Observed value 
m i n u n  

accepted valne* 

in  
time 
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TABLE 2,-Temperature and pressure of RiejZer clock No.  460, 
and its error and rate, by bent transit instrument, at 20 howrs 

Indian standard time, 1928-29. 

la te  

132s 

; 
5 
9 

18 
16 
19 

26 
30 

r .  2 

6 
9 

13 

16 
21 

.. 3 

8 
14 
18 

21 
929 

. 1 
4 
9 

15 
19 
22 

28 
. 1 

6 

14 
19 

23 
rc111 

2 

4 
7 

13 

19 
22 
27 

+" 

Observers 

P.N. 
,, 
,, 
,, 
,, 
,, 

,, 
,, 
,, 
,, 
,, 

R . G .  h1. 
,, 

J.B. 
,. 
., 
,, 

,, 
,, 
,, 
,, 
,. 
,, 
,, 
,, 
,, 
,, 
,. 
,, 
,, 

R . B M .  

,, 
.T.B. 

,, 
,, 
,, 
,, 

- V c  

Error 

at s 

1 - 1 0 2 . 8 9  
03.10 
0 3 . i l  

04-15 
04.19 
04.48 

05.07 
04.58 
03.97 

03.30 
02.80 
02.10 

01.82 
01.30 
00.4.2 

00.53 
00.50 
U0.08 

0 0 - O i  

0 57.64 
56.74 
55.48 

53.86 
52.84 
52.43 

51.99 
51.39 
50.25 

49.78 
49.15 
48.79 

48.75 
4,9.]0 
49 .10  

49.22 
49.46 
49.12 

47-27 
4G.41 
44.94 

rnt,e = gni~liug, 

During preceding period 

1tate* l'empe- Remarks 

per day 1 1 m i u r i  1 

, 

Pressure reduced to 566 
mm. ,,ct. 19ZB, nt 3 p.m. on 28th 

Pressure reduced to 658 
mmn. n t  7 p. rn. on 30th 
JSOYLT~ 1920. 

Clock levelled. 

( C o n t l ~ ~ i ~ ~ d )  

c 

2>.0 
27.7 
27.4 

27.0 
26.8 
26.7 

26.3 
26.7 
26 '5  

26.5 
26.6 
26.5 

26 7 
26.6 
26.5 

26.6 
25.8 
25.6 

26.6 

26.G 
26.7 
25.9 

26.4 
26.3 
26.2 

26.7 

: 
26.6 
2(i .S 
25.9 

26 .5  
2 7 . 0  
27.0 

26 .2  
26 .6  
26 .9  

25.9  
27.1 
26.4 

s 

- 0 . 1 6  
- 0 . 0 5  
- 0 . 1 6  

- 0.14 
- 0.01 
- 0.10 

- 0.03 
+ 0.12 
+ 0 . 2 0  

+ 0.17 
+ 0.17 
+ 0 . 1 8  

+ 0.09 
+ 0.10 
+ 0.08 

- 0 . 0 2  - 0.u1  
+ 0.11 

+o .OO 

+ 0.22 
a 0.29 
+ 0." 

4 o . 2 7  
+ 0.29 
+ 0 . 1 4  

+ 0.08 
+ 0 . 1 5  
+ U. 13 

+ 0.15 
+ 0 . 1 3  
t 0 . 0 7  

+ 0.01 
- 0 , O f ;  

0.00 

- 0.07 
- 0 . 0 8  
+ O . O ( i  

+ 0 .31  
.t 0.28 
+ O . L H  

1.nt.e = losing. 

mm 

586 
586 
586 

586 
585 
584 

584 
566 
560 

560 
560 
560 

560 
560 
561 

562 
561 
560 

,565 

564 
564 
564 

565 
658 
576 

577 
572 
566 

5iO 
573 
577 

582 
586 
588 

5S9 
592 
5 5  

69G 
(i00 
600 
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TABLE 2.-Temperatwe and pressure o f  Riejler clock No. 450, 
and i t s  emor and rate, by bent tranuit instrument, at 20 hours 

Indian standard time, 1928-29-(contd.) . 

* + "' rnte = gainin%, -'? rat,e = losing, 

Date 

1929 

Blorch 31 
April 8 

10 

16 
19 
25 

29 
~ a y  a 

8 

10 

Error 

m s 

- 0  43-94 
42.24 
41.78 

40.93 
40.19 
39.34 

38.88 
38.65 
37.28 

35.94 

Remarks 

Press~ue reduced to 588 
mm. at 6 a.m. on 7th 
May 1929. 

Pressure increaeed to 820 
mm. at 6 a.m. on 18th 
May 1929. 

Observers 

J. 8. 
,, 

R.B.M. 

J . B .  
., 
,, 
,, 
,, 
3 ,  

,, 

R. i . '~ .  

J. LI. 
,, 
, , ,, 
,, 
.. 

i ,, 

During this month pre. 
ssure was gradually in- 
arewing owing to 1.r 

1 4 1  33.02 

I 

30.5 

80.6 
30.3 
30.0 

2 8 9  
28.1 
27.3 

27.5 

Dnring preccding period 

Hate* p,es,ure Tempe- 
per day ) rature 

C 

+ 

July 1 2 ' 3 . 8 ~  I ,, + 0.04 

3 29 .70  ,, 1 + 0.08 
9 29.48 ,, 1 + 0 . 0 3  

29 ' 28.83 + 0 . 0 3  I 

20 

26 
29 
31 

June E 
14 
22 

26 
29 

28 2 9 . 3 8  ., I 0 . 0 0  611 1 2 7 8  
Sept.  3 1 38 46 i ., I - 0 .02  1 6-32 28.0 

- 0.03 633 i 2 8 . 1  

634 

631 
633 
633 

30.33 

30.05 
30.03 
30.05 

29.93 
Y9.t;6 
23.74 

29.92 
29.97 

26.5 

26.5 
26.5 
26.9 

26.7 
27.1 
88.4 

29.0 
29.2 
29.5 

30.0 
30.5 
31.2 

32.1 
32.5 
3 1 . 5  

30.9 
30.6 

1 0 .00 633 
/ + 0.04 G32 

,. I - 0 - 0 3  / 631 

21 2 8 . 3 i  ,, I _ 0.03 1 631 

+ 0 . 2 d  

+ 0.16 
+ 0.19 
+ 0.14 

+ 0.12 
+ 0.07 
+ 0.23 

+ 0.67 
+ 0 73 
+ 0.44 

+ 0 . 0 4  
+ 0 .01  
- 0 . 0 1  

+O.Od 
+ 0.04 
- 0.01 

- 0.06 
- 0.01  

608 

608 
610 
614 

616 
618 
568 

570 
572 
597 

624 
687 
629 

G33 
635 
634 

634 
633 
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TABLE 3.-Latitude observations, Dehra Den. 

* Ahtrolabe, about 20 stars in each of 92 series of observatiorl. 
V O T E : - ~ ~ C  latitude given is that of the Haig Observatory. 

TABLE 4.-Value oj'g at Dehra Dzin, 
us derived from obsel.vations with the Brass pendulums. 

Date of 
observation 

Dec, 1904dc Mar. 1905 
0ct.-NOV. 1926 

5 10 28 
9 ,, 9 ,  

5 ii 2'& 
16 ,, ,, 
19 ,, ,, 

9 1 29 
11 ,, ,, 

16 2 29 
17 . ,, 

15 4 29 
16 ,, 9, 

19 5 29 
20 ,. ,. 

No. of 
pairs 

obserred 

16 
. . . * 
3k 

Observed 
latitude 
,,, i9tu,s 

accepted 
latitude 

,I 

0.00 
+ 0.23 

+ 0.44 

+ 0.71 

+ 0.12 

Probable 
error 

N 

f 0.08 
f 0.03 

& 0-2C 

f 0.19 

f 0.18 

Mean date 

1905.05 
1926.83 

' 

0 bserred 
latitude 

0 , N 

30 18 51.80 
30 18 52.03 

30 18 52-24 

30 18 52.61 

30 18 51.92 

-0.02 

- 0.15 

1929.29 h0.16 

f 0.12 

7 

301851.78 

30 18 51.65 

7 J  

12 

l1 
13 

19?9.03 
) 

2 1920.13 
) 
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TABLE 5.-Mean values of the constants of Magnet KO. 17 in 1928. 

TABLE 6.-niIonthl!y mean vn1ue.r of the Magnetic elem,ents, 
and their annztnl changes. Dehra DGn, 1927-28. 

Month 

Jannary ... 
February ... 
March . . . 
April ... 
hlny . . . 
Jnne ... 

Jnly ... 
Angust . . . 
September ... 
Ocbober ... 
November ... 
December ... 

+ .y -= .00C101 C.G.S. 

Declination 
C O U S ~ R U ~ S  

I H. I?. Constants 
I 

Horizontal force Declination 
.32.000 C.G.S. + Ji. lo + 

Month 

Y* Y* Y* 

Meall 
mnpnetic 

eoUiulatioo 

t 11 

- 6 21 
- 6 21 
- 6 16 

- G 16 
- 6 17 
- 6 15 

- 6 22 
- 6 21 - 6 21 

- 6 21 
- 6 20 
- 6 22 

April ... 
\ I  ay ... 
.Tune ... 

.Tnly . 

.\nqnqt .. 
Prptenlher .. 

Menns 

- - ... 

929 
9 4  
949 

4 

9x2 

1)istribntiou factors 

accepted of 

Y 1 PI . .  ( P Q l o ( +  + )  

A1 ean values of "m" 

cmS 

5.85 
5.76 
j's6 

5.79 
5 . i 8  
5.84 

5.81 
5.70 
5.74 

5 .86  
5.85 
5.81 

912 
9.;6 
3411 

I 

93:) 
!':\I 

M orlthly 
mealls 

C. 0. S. 

8%-39 
.32 
.36 

. 25  
a14 
.11 

-08 
. l 5  
l3 

.I6 
-23  
.28 

Accepted 
"m" 

Y 
D 
3 

e 
-20 

2 
3 
OD 

'I 
o 
a0 

cm2 

(5.85 
6.98 
6.84 

6.96 
6.99 
6*!)7 

7.00 
7.02 
7.03 

7.09 
7.0-1 
7.09 

+ 13 
+ 22 
- !r 

I - 1 
+ 2 
- I 

, Y 
3 
0 
n 
M 

g 
f! 
OD 
1 0  

Q) 
m 
0, 

1-4 

22.:) 

1 I 

21.: 
2 1  . I  

.12. t ,19.11~-  1 3 .6  
18.6 ,  - 3 - 9  

2 2 . 0 1 8 . 6 -  3.4 

I 3 . 0  
18,1!2  : $ . I  
18.1; -  3 . 0  

27.631.1 
28.11 

29.3 
30.3 
30.5 

30.6. 
28 -031 .9  

3 2 . 5  
32.4. 
33.2 

+ 3 . 6  
+ 2 . 6  
+ 3 . 9  

+ 3.2 
+ 2 .1  
+ 2.7  

46.7 
474 
491 

514 
518 
520 

542 
a47 
557 

559 
fin9 
574 

+ 79 
+ 73 
+ 66 

4-  45 
.c 41 
+ 64 
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TABLE 12.-Earthquakes recorded at Dehra Dzi.n 
during 1928-29- (contd.) . 

lo. 

31 
32 
33 

34 
35 
36 

37 
38 
49 

Q 

ii 
f 

Date 

1929 

lIar.10 
,, 13 
,, 19 

,, 20 
,, 21 
,, 23 

,, 24 
,, 25 
,. 29 

Apl-. 1 

Remrrke 

1500 
1300 
2200 

(Continued 

T r a n 8.Caapian 
territory in 'l'u~ 
k i s t n n ,  N. E 
cosst of Perais. 

4000 
1600 

1900 
2300 
1700 

5300 
3400 
4100 

1000 
4100 
6600 

2Y00 
1000 
600 

3100 

,, 8 
, 11 

May 1 
,, 1 
, 2 

P r o b a b l y  i n  
Jlendoza, A rgen 
tine. 

Inteneitj 
of 

record 

slight 
slight 
slight 

slight 
slight 
slight 

slight 
sligh 
slight 

slight 

Indau standard time 

1s t  P. IP. / 2nd P. T. I 1 1 kXDiBh 

46 
47 
48 

49 
50 

52 
5:3 
64 

55 
58 
57 

58 
59 

s l ig l~ t  
slight 

, slight 
severe 
slight 

slight 
slight 
slight 

eligbt 
slight 

uloderate 

slight 
moderate 
slight 

sli,oht 
slight 
severe 

slight 
slight 

-- 
h m s h  

20 15 O O t  
16 33 30 

... 
2 45 OOt  
8 29 OOt 
8 38 10t 

1 40 OOt 
9 'LO 50 
2 07 OOt  

1 64 40 
16 65 O O t  
5 40 O O t  

0 28 Cot 
21 12 00 
20 12 50 

21 57 O O t  
22 33 00t  
10 57 30 

22 24 00t 
18 57 O O t  
12 18 00t12 

10 35 OOt 
22 14 00t22 
1 56 00t02 

0 14 60 
I4 23 O O t  
4 24 O O t  

3 17 O O t  
2 03 40 

,, 3 
,, 5 
,, 6 

,, 7 
,, 13 
., 18 

,, 20 
,, a1 
,, 23 

,, 25 
,, 26 
,, 27 

June 3 
,, 41 

slight 

slight 

60 

m s h  

16 34'00t 
. . . 

8 40'00t 
8 43 20 

1 47 OOt  
9 23 'LO 
B 19 O u t  

2 05 O O t  
15 57 O O t  

5 23 OOt 

0 32 00 
2 1  15 20 
20 17 Out 

22 4;"00t 
1 1  01 O O t  

22 29 O O t  
19 03 OOt  

22 20 

10 44 O O t  
20 20 
05 0Ot 

0 17 20 
144 31 O O t  

4 36 10 

3 23 Oot 
2 06 10 

m s h n c h m  

20 
16 35 
6 25 

4 24 
9 25 
8 45 

1 55 
9 26 
2 59 

2 22 
I6 05 
5 28 

0 40 
21 2621 
20 

21 59 
52 
0711 

22 32 
19 0819 
12 31 

11 08 
22 35 

2 33 

0 21 
14 49 
5 08 

3 38 
2 10 

16 35'10 ... 
... 

8 63 OOt 
8 46 50 

1 54 O O t  
9 25 00 
2 EG O9t 

2 19 O O t  
16 01 u O ~  
5 24 001 

0 36 O O t  
2L 17 20 
20 25 001 

... 
22 48 00t22 
11 06 O O t l l  

22 32 00t 
19 07 00t 
12 26 20 

10 58 O O t  
22 29 30 
2 11 OOt 

0 19 20.1 
14 39 O O t  
4 52 O O t  

3 29 O O t  
2 08 00 

13 42 30 

21 01 00 

difliculty. t l{ccognized with 

,, 4'12 41 20 

--- 

2420 28 
16 42 

... 

4 4.9 
10 34 
9 16 

2 13 
9 50 
7 22 

3 21 
16 33 
7 10 

0 50 
54 

1720 53 

22 10 
23 13 

42 

23 12 
33 

13 30 

12 33 
23 60 
3 08 

0 41 
15 I4 
7 37 

4 18 
2 67 

12 46 

21 08 

2 43 30 

21 07 00t  9 ,  4 

13 01 

21 41 .?.(I 64 20 
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TABLE 12.-Earthquakes yecorded at Dehra Dan 
during 1928-29-(co?~cld.). 

Intengity 
oE 

record 

slight 
slight 
slight 

slight 
slight 

No. 

63 
64 

65 
66 

h t e  

1929 

G'LJune 5 
,, 9 
,, 11 

,, 19 
,, 12 

Indian ahndnrd time 

18t P. T. 1 2nd P. T. I I kk lF in i sh  

,, 13 3 47 001 1 58 O O t  3 16 O O t  3 48 5 40 slight 7100 

,, 13 6 52 OOt  6 01 Out  6 13 00 6 32 8 43 n~oderate 4iOO 

70 ,, 17 4 3630  4 4 6 0 0  4 5 2 5 0  6 18 6 5 7  great 4 5 0 0 N e w Z e a l a n d  
North Ialand. 

71 ,, 17 15 55 OOt  16 0'3 OOt  16 13 OOt  16 39 16 55 slight 3700 
72 ,. 18 19 43 50 ... 19 JJ 19 55 slight 
731 ,, 19 13 10 OOt 13 10: 50 13 'ij' O O t  13 35 14 25 slight 3700 

... 
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BY LT.-COLONEL C.M. THOMPSON, I.A. 

1. Tidal observat ions.-During the year under report, 
registration by automatic tide-gauges was continued a t  the follow- 
ing stations :- Aden, Karachi, Bombay (Apollo Bandar), Madras, 
Kidderpore, Rangoon, Bassein and Basrah. These observations were 
carried out under the supervision of this department, the immediate 
control of each observatory being entrusted to the local ofIicers of 
the port concerned. In addition, the actual times and heights of 
high- and low-waters were observed on tide-poles (during daylight 
only) under the supervision of t'lle local officials a t  Bhlvnagar, Cyhitta- 
gong and Akyab, and throughout the day and night a t  Pi1akl.t or 
Deserters' Creek. The results of t,hese actual observations were com- 
pared against the predicted values, with a view to testing whether the 
predictions, which were based on tidal observations taken many 
years ago, still mailltailled a sufficient degree of accuracy. 

Table 1 gives a complete list of stations where tidal regi~trat~ions 
have been carried out since t'he coinmencement of tidal operations 
in Indin in 1874. The stations a t  which automatic tide-gauges are 
still worlting are shown in italics. Minor stations were closed af ter  
n few p a r &  when sufficient data were available from the tidal 
registrations. 

TAULIql 1 .-Lid of Tidal Sfal ioas .  

(Continued). 
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TABLE 1 .-Lid of 3'idal Stations.-(contd.). 

Station 

Bushire ... 
Kardrhi . . . 

Naviinar ... 
Hnnstal ... 
Okha Point ,.. 

Porbundnr . . 
Porbnndrr ... 
Port  Albert Victor 

( l i i i thiiwir)  ... 
Por t  Albert Victor 

( K i t h i i w i r )  ... 
Bhivnngrrr ... 
Bombay ( d p o l l o  

Bartdnr)  

Bolnbny (Prince's 
Dock) ... 

Mormugno ((30s) ... 
K i r w i r  ... 

Rep yore ... 
Cnvhin . . . 
SI inicoy . . . 

'l'oticorit~ ... 
Pimbltn Pas3 ... 
C'olon~ bo ... 
tlail*? ... 
r r i i ~ c o m n l c ~  

cr% :\ttlrn YP,. p 
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5 
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5 
6 
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Remarks 

*Small tide. 
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not  published. 

I .  I ,  ,, 
1904-05 excln. 

ded. 

1898, 1899 t 
1904 excluded. 

1883 t o  1886 
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nrol kinq 
lH9l 
IRP6  

1885 
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0 0 %  
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1903 
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1889 
1883 

I884 
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1884. 

1 1HR4 
1890 
1881 
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I ( 1X9.5 

1 RFjfi 
1879 

1881 
1881 
1881 

1891 

1896 

1893 
1882 
1890 

1890 
1896 
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TABLE 1.-List of Tidal Statiolzs-(co?zcld.). 

2. Inspections.-Burma.-The tidal observatories a t  Bassein 
anil Rangoon were inspected by Mr. D.H. Luxa, the tidal assistant, 
in February and Marclz 1929. The t,idal observations which 
were resrnnecl a t  Bassein a t  the request of the Por t  Advisory 
Bo:xrd ill Novcmber 1923, after a lapse of nearly 20 years, were 
brought to a close on the 28th February 1929, when the automatsic 
ticlc~-gaugtl ancl its component parts were di~mant~led. 

1*1tlirr.-Thc insl~ection of the tidal observatories a t  Madras and 
Kidd~rpol*r (Calcutta) was also carried out by Mr. Luxa, the former 
ill Fehriinry and thr  lattcbr in March 3 920. The inspection of the 
iidal obsol.vatory a t  Madras was carried out a t  the request of the 
C11ic.f E i ~ ~ i n c c r ,  Madras Port  Trust,. The old tidal observatory a t  
M:l(lras, I$, hich was built early 111 1914, having become very unstable, 
21. I ~ O W  on(> was built alongsicle it, and an insl~ectioii of both t.he old 
and llew cbbscrvatories mas carried out. The registration of the 
tl(l:~l cur\ ('8 a t  the old o l~s~rva tory  was stopped a t  3-0 p.m. on the 
1 .'tl~ F~l,runry 1929, and was rcsuin~d in the new observatory a t  
1 1'. in. o i l  thc 15th F ~ h r u a r y  3929. 

Thc inspection of the tidal observatory a t  Apollo Bandar, 
R ~ ~ n h n ~ ,  was cnrric~cl out hy the Surveyor, Port  Trust, Bombay, in 
1 1 .  The TCarRchi tidal observatory was last inspected in 
~ J : ~ ~ I I I : I I - ~  1928, the H a r l ~ ~ l l r  S I I ~ V C F O ~  of the Port  Trust, and no 
f '~ l l ' i I~~r  i.(~l)oi~ts r;lqarrlillCS i l ~ s ~ ~ c t i o n s  llnve bcen leccbived from him 
1 1 .  T11 tllo cnsc of Aden also, no reports have been recei- 
vf'fl as  to wlicthcr the tidal ohservator;y has been inspechcl or not. 

- - - 

t Ollqcrvationn were rcsl~mcil at tllc Pilnkit or Deserters' Creek, about f mile weat 
of the site wecl in 1884.88, 
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It was last inspected by an officer of the Survey of India in October 
1924. Except for minor stoppages, all the tide-gauges have worked 
satisfactorily. 

3. Harmonic analysis.-The reduction of the tidal obser- 
vations a t  Bassein for the year 1927, have been fully reduced by the 
method of harmonic analysis. The resulting values of the harmonic 
constants are given in Table 2. 

TABLE 2.-Values of the t ida l  constants for Bnssein 

1927. 

4. Corrections to predictions.-Comparisoll of the  pre- 
dicted t'imes and heichts of high- and low-waters with those actually 
recorded, has indicated tha t  the  correctio~ls shown below shoultl be 
applied to the predictinns for Rangoon and Chittagong. They llarc 
been included in the tide-tables for 1930. These corrections are 
inatearl of (not additional to) those already included in the  title- 
taljlps between 1927 and 1929 (See ~ e o d i t i c  Reports. Vols. 11, 111 
ancl IV) .  

Tide 
symbol 

Short 
period 

9, 
9, 
S, 

S, 
S, 
M I  

X, 
M, 
Y, 

M 
Y, 
0, 

K, 
K 
P: 

J ,  
Q, 
L, 

1927 

Ao=8.309 
Tide 

symbol 

Short 
period 

N, 
v,  
p2 

T, 
(MS) 
(~sM;, 

2N2 
(X2N),  
(M2Kl), 

(OM,K,), 

L o n ~  
period 

M 
Mf 
MSf 

So, 
Ssa 

1927 

A,=8.309 

R l  l H l  
411136 
27.03 

183.32 

36.49 
13.GO 

301.73 

125.87 
30.H3 

321.98 

dil.G2 

82.67 
55.69 
42.86 

157.43 
2.87 

feet 

0.400 
0.220 
0.259 

0.160 
0.171 
0.0s7 

Oa07;1 
0.049 
U.066 

0.075 

0.080 
0.068 
0.297 

1.970 
0.312 

feet 

0.084 
0.717 
0.014 

0.003 
0.003 
0,019 

2.222 
0.013 
0.2H 

0.085 
0.026 
0.172 

0.375 
O.lR8 
0.123 

0.023 
0.0X 
0.105 

248t64 
20.38 
78.U 

34.67 
321.16 
354.17 

232.68 
185.58 
88.98 

347.89 

lfi3.06 
2n3.61 
95.30 

237.5! 
1G2.6. 

139:95 
03.22 
58.63 

68.96 
30.29 

1:i9.01 

350.71 
300.65 
232.87 

N.00 
350.22 
162.96 

226.04 
263.42 
25U.10 

317.69 
68.53 

295.89 

feet 

0.400 
0.221 
0.260 

0.160 
O . l i l  
0.087 

0.072 
0.049 
0.U64 

U.074 

0.090 
0.064 
0.297 

1.970 
0.342 

feet 

0.0134 
0.717 
0.014 

0.003 
0.003 
0.000 

2.225 
0.013 
0.245 

0.085 
0.0'26 
0.167 

0.368 
0.183 
0.123 

0.022 
0.021 
0.247 

139095 
93.22 
58.63 

68.96 
39.29 
76.22 

62-16 
19.31 

337.75 

253.33 
1R0.99 
38.11 

47.20 
F5.49 
60.22 

31.58 
31.00 
66.45 
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TABLE 3.-Time corrections applied t o  Rangoon for 1930. 

nl,ove correct,iona are  I,nsed on t h e  mean fortnightly results 
of the comparisons between predicted n,nd actual diffr l~~llces from 
1'3":', to 1928, colnput,ed for  5-day periods. 

. 
Dates 

Month Tide 1st-5th 6th-10th 11th-15th 16th-20th 21~t .25th 26th-31st 

minutez nzinutes ?n in l~ les  minutes minutes tninutss 

January 

i l l  
- 24 

- 26 
Low - 17 

March 

- 9 
- 2 

J u n e  Hinh - 15 

July High - 22 

August  High - 19 

s e ~ t e m b e r .  1 H i  1 
1 1 I 1; l - ~  Low 

October ... High - I + 2 + 6 

" o v o m h ' . .  High 1 + 1 + " + " + I + 6 
Low + l o  + 1 0  + 1 0  + I 0  + + 8 

December  .. High - 8  
- 2  

- 1 1  
- 6  
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TABLE 4.-Corrections to Chittagong predictions fov 1930. 

The abore corrections are basecl on the mean results of the fort- 
nightly differences between predicted and actual values between 1923 
and 1928. 

Bccsmh.-The revised method of corrections applied to the pre- 
dictions of Basrah for 1929, was again adopted in the predictions for 
1930. Comparisons made between predicted and actual times and 
heights of high- ancl low-waters a t  Basrah from January to  July 1929 
show tha t  the predictions have unclergone little or no improvement. 
Wi th  the view to trying to improve matters, other methods of pre- 
diction for Basrah are being tested, and the question is still under 
investigation. 

5. Tide-tables.-The ticle-tables for Basrah and the Indian 
port8 for 1030 were preparecl and publishecl, ancl their distribution 
completed by the encl of October 1929. Advance copies of the 1930 
tide-tables for the following ports :-Suez, Aden, Bushire, Karjchi, 
Bhavnagar, Bombay, Mormugao, Colombo, Trincoinalee, Madras, 
Dublat (Sagar Island), Chittagong, Elephant Point ancl Mergui, were 
prepared and despatched to the Hydrographer to the Acliniralty by 
the end of February 1929, for incorporation in the Admiralty tide- 
tables for 1930. The amount realizecl by the sale of tide-tables 
during the year encling 30th September 1929, amounted to 
Rs. 6,160/8/-, exclusive of agents' commission charges and the cost of 
copies issued gratis. 

6. Proposed tide-tables for the Indian Ocean.-As a 
result of the cliscussion between the Surveyor General of India and 
the Hyclrographer to the Arlmiralty in 1928, proposals have beell 
submitted to the itovernment of India, to cliscoutinue, in so far as 
possible, the present pamphlet form in which the ticle-tables for 
India have heen publishecl, and to publish them in one combined 
volume instpa.1, styled " Ticle-tables of the Inclian Ocean ". The new 
volume will n ~ t  only contain full tide-tables for the 4O.Inclian ports, 
hitherto preclictecl by the Survey of India, but also, with the consent 
of the Admiralty and other authorities concerned, full tide-tables for 
28 other standard ports. I n  addition, harmonic and non-harmonic 
constants anrl ticlal differences for a number of the more important 
pods situated on the south and east coasts of Africa, the Indian Ocean, 
the China Sea and Eastern Archipelago, as well as for a few Medi- 
terranean ancl Home ports will be given. The new voluine will be 

1 

Tide 

High-water 

Low-rater 

Correction 
to Time 

n~inules 
+ 14 
+ 14 

Correctin11 
to l leight 

feet 
+ 0 . 2  

+ 0.7 
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similar in style to the Admiralty Tide-tables, P a r t  I (annual) and 
Part I1 but  will be published as a single annual 
volume. In this form i t  is hoped these tables will be more convenient 
for shipping companies which carry the Eastern trade. The price 
proposed for the new publication is Rs. 31- only, while t ha t  of the 
present major series volume is Rs. $1- and the prices of the pamph- 
lets range from -1121- annas to  Rs. 1181-. The publication of these 
small pamphlets is uneconomic, except in the case of the large ports 
such as Bombay, Calcutta and Rangoon, of which over 800 pamphlets 
of each can be sold. It is hoped tha t  the sale will increase in view 
of the additional information supplied in the tables, and the decreased 
cost. 

7. Accuracy of predict ions.-From comparisons made 
between predicted and actual times and heights of high- and low- 
waters, at  the eight stations where automatic tide-gauges were in 
operation and the 4 stations a t  which tide-poles were in use, the 
predictions for 1928 were found to have shown a marked improvement 
as regards height, especially of high-water, and to a lesser extent as 
regards tiine of low-water. A deterioration in tiine of both high- 
and low-waters was noticed a t  Bhavnagar, Chittagong and Pi laki t  or 
Deserters' Creek, though a marked improvement as regards heights 
of both I~igh- and low-waterslwas seen a t  these three st,at8ions and also 
at Basra11 and Aliyab. The greatest improvement was noticed a t  
Kidclerporc, and to a lesser extent a t  Aden, Karachi ancl Maclras. 
The greatest differences between the predicted and actual heights of 
low-water a t  the riverain ports were as follows :- 

Table:: 5 to 1 G  givc the fort,nightIy mean errors in t,he preclic- 
tiolls for all stations a t  which cornparirons wcrr inadtl. 

I'ort. 

- -- 

Ti idderpore ... 
J ~ n u g o o r ~  ... 
Pi l :~ki t  or Descrt,ers' 

Creek . . . 
Jhssein . . . 

Rnsrah ... 

Predicted 
7niticcs actual 

in  feet, 

+ 2 . 9  
- 2 . 5  

- 1 . 8  

- 3 . 3  

+ 4 . 6  

Ilate 

24th September 1928 
30th Oct,ober 1928 

29thOctober 1928 

30th S: 31st October and 
Is: November 1928 

3rd Blarch 1938 
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TABLE 5.-Mean ~ v r . o ~ . s  X, nur7 E, f 0 1 .  1925. 

AT) 1.: N I 

* E, is with regard to eign: Es is without regard to sign. . ? 
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TABLE 6.-Mean errors E nnd 4 for 1.928. 

D l S l l A H  

* El is with rega1.d t o  sign : N(:, is without regard t o  riign. 

MEAN ERRORS 
Number of 

(Predicted-actual) 
m i n ~ ~ l c x  l e a /  of 

PERIOD El* EO* of time kr~ght  

lY i8  - 
H. W. 

Time 

Jan. 1-16 

16-23 

Feb. 1-15 

16-29 

3lnr. 1-16 

16.31 

April 1-16 

1G.30 

U n y  1-15 

19-31 

Junel-I6 

16-SO 

July 1.16 

16-31 

Aog. 1-15 

16.31 

Sept. 1-15 

16-30 

oct. 1-15 

16-31 

EOV. 1.15 

16-30 

'ec. 1-15 

16-31 

I I 

+ 
3-0 

35.2 

3.9 

20.7 

4.5 

7.8 

17.3 

1 . 3  

22.7 

5 2 

22.4 

11.2 

21.8 

27.7 

7.6 

30.4 

16.(; 

- 

21.7 

8 . 3  

18.3 

2 . 8  

12.4. 

3.6 

"7 

. 

+ -  
1.4, 

0 . 2  

0.1 

0 .3  

1 . 1  

0 . 6  

1.: 

1.G 

2 . 0  

1.2 

1 . 5  

1.1 

1.0 

0 .6  

0.G 

0.1 

0.0 

0 . 3  

0 . 3  

0 . 0  

0 -  1 

0 1 

0 . 6  

0 .0  

mii~lt tes 

+ 

28.1 

38.0 

20.7 

34.3 

27.9 

6 .1  

12.2 

23.6 

22.0 

10 5 

35.1 

2G.0 

12.S 

1G.7 

31.9 

26.0 

22.4 

12.1 

45.0 

20.4, 

13 .1  

44.4 

2 9 . 3  

- 

21.3 

1.5 + I -  
0 . 3  

0.6 

0.6 

1 . 9  

1 . 5  

2 . 1  

2.G 

2 . 9  

1 . 6  

2.2 

1 .9  

1 . 9  

1 - 4, 

1 .0  

0.6: 

0.4, 

0.3 

0 . 4  

0 . 4, 

0 . 3  

0 . 2  

0 .0  

38.0 

47-2  

30.9 

28.1 

22.3 

50-6  

52.0 

49.2 

47.6 

f l . 0  

45-0 

39 .3  

36.9 

45.2 

34.2 

60-7  

39.3 

42.0 

45.2  

54,.9 

* J 9 . 1 1 0 . 4  

1.4, 

0 . 5  

0 .6  

C-5 

1.1 

0 .7  

l.1 

1.G 

2.0 

1 . 3  

1 . 6  

1.1 

1 .0  

0 . 6  

0.8 

0 . 3  

0 - 4  

0.4, 

0 . 3  

0 . 5  

4S.4, 0.6  

4 6 . 0 / 1 . G  

47.0 0 . 5  

52.3 

63.7 

45.7 

54.8 

46.9 

4,3-2 

22.5 

44 8 

34 .5  

44 9 

47 .2  

54.9 

53.1 

t 6 . S  

58.3 

61.8 

61.3 

45.3 

44.4 

47 .5  

4 

46-8  

17.3 

5 3 . 0  

1 . 6  

0 . 5  

0 . 8  

0 - 5  

1 .9  

1 . 5  

3 . 1  

2 , 6  

2 . 0  

1 . 6  

2 . 3  

1.9 

1 . 9  

1.4 

1 . G  

0 - 8  

0 . 8  

0 .5  

0.6 

0.8 

1 

0 . 7  

0 B 

0.7 

1 C  

8 

9 

13 

12 

18 

16 

17 

15 

7 

I 9  

1 G  

19 

21 

14 

20 

17 

IS 

18 

17 

1 

21 

1 G  

20 

19 

9 

15 

15 

14 

18 

9 

19 

12 

15 

31 

15 

18 

23 

80 

22 

22 

16 

IG 

15 

1 

23 

19 

19 

27 

6 

8 

9 

17 

17 

19 

25 

27 

23 

28 

2s 

2G 

IS 

10 

5 

6 

9 

o 

P 

8 

25 

9 

19 

15 

25 

28 

24, 

25 

25  

23 

29 

27 

29 

31 

26 

20 

11 

1 1  

1 2 '  

19 

11  

10 

16 

15 

14, 

16 

1C 
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CHAP. 111.1 TIDES 4 1 
T.4 I3 1,E 8.-Meal2 rrror.9 El ngtd E, y~r 1926'. 

PERIOD 

1928 

a 1 

16-31 

Yeb. 1-15 

16-29 

hlar. 1-15 

16-31 

April 1-15 

16-30 

Nay 1-16 

16-31 

June 1-15 

16.30 

July 1-15 

16-31 

A11g.l-15 

1C-31 

Sept,. 1.15 

16-30 

Oct. 1-15 

16-31 

Nor. 1-15 

16-30 

Dec. 1-15 0 ~ 2  19.6 0.1 

16-32 6 . n  1G.3 - 

M E A N  ERILOILS Ncmber of 
errore axcetdiug I -  

(l'rcdicted - actual) 
------ 

El* 

H. W. L. W. L. W. 
Time Heieht llt .  1 ' P * I I I ~  a+. b. - - - - - -- .. . . - - -. . 
minuter 1 )  feel 11 f e e  I,n,nutea1 f e t t  I t n i n u t t a l f ~ ~ t  

- 
0.2 

0.2 

0.2 

0.5 

0.4 

0.8 

+ 

3 5 

6.3 

8.7 

5.7 

12.1 

7.3 

lo.? 
4.8 

14.3 

6 . 2  

10.1 

6.3 

+ 

' 

11.3 

1 1 ~ 3  

7.4 

13,:: 

11.9 

16.0 

9.0 

6.b 

1.4 

9.; 

- + -  

0 .  1 

- I +  
18.11 

11.4 

16-7 

14.5 

18.8 

30.6 

17.9 

48G 

5.1 

34.8 

10.8 

2.1.3 

i 
0.5 

0.0 

0.2 

0.1 

0.6 

0 .4  

0.3 

0.2 

0.4 

0.2 

0.1 

1 . 0  

0.3 

0.U 

0.3 

16-90.5 

1 2 - 4 0 6  

0.7 

0 . S  

0 1 

0.6 

0 - 0 
0.3 

0.2 

0-2 

183 

12.1 

22.1 

18.9 

22.1 

31.4 

1 ~ . 5  

18.1 

2 4 , . i  

15.5 

25.1 

21.4 

23.3 

1 3 6 0 8  

32.1 

12.7 

7.9 

16.6 

21.5 

8.9 

'20.9 

0.G 

0.6 

0.7 

0.4 

1.0 

0.9 

0 5 

11.4 10.4 

16.60.8 

2 4 . 3  

4,3.0 

12.0 

26.0 

11.3 

n.3 

0,s 

0.5 

0.8 

1.2 

1.0 

1.1 

1.~1, 

0.G 

1.0 

0.9 

0.G 

0.7 

0 8 

C.7, 

1 1 , 3 / 0 6  

0 1 

0 5 

10.2 

16.6 

12-7 

18.1 

13.5 

1 4 . 5 0 5  

13.9 

0.9 

14.3 0 . 5  

12.710.8 

11.1/04 

10.9/08 

11 3! 

0.8 

0-5 

0.6 

0.2 

0 (; 

0.6 

0.6 

1.0 

0.6 

0.5 

1.0 

0 .5  

O.G 

1 1 

0 

O 

0 

1 

0 

1 

0 

0 

1 

1 

4 

G 

5 

0 

5 

4 

2 

2 

0 

I 

1 

1 

2 

5 

5 

2 

j 

4 

i, 

1 1  

'J 

17.9! 0 G I 1 0 5 0 . 5  

I 

4 

7 

G 

5 

10 

z 

6 

'1 

3 

5 

G 

2 1 . 1  

3 

2 

0 

1 

0 

1 

0 

1 

22.1 

0 

5 

U 

G 

0 

4 

3 

8 

I' 

I 

6 

0.3 

3 

G 

2 

s 

5 

1 

i 

12.3 

0 

41 

0 

3 

4 

7 



49 GEODETlC REPORT POL, Y ,  
TAR1,E 9.-nlent!  errors R, aad E, fur 1928. 

B03IEAY ( A P O L I ~ O  BANL)AR) 

i q  a i t11 l.rK 11.11 to sign: E, is wi t l~out  ~egnrd to sign. 



CKAP, 111.1 TIDES 43 
TABLE lO.-hIea~~ errom E; and E, for 1928. 

MADRAS 

* El is with regard t o  sign : E, is wi thout  regard t o  sign. 

PERIOD 

19i8 

JHII. 1-15 

16-31 

Feb. 1-15 

16-29 

L1ar.1-15 

16-31 

April 1-15 

16-30 

May 1-15 

16-31 

June 1-15 

16-30 

-Il l  g 1.15 

16-31 

A I I ~ .  1-15 

lli-31 

Sept. 1-15 

16-30 

Oct 1-15 

l i i - 3 1  

K O V .  1-15 

11:.:30 

L)er. 1-15 

16-21 

o r . .  - 
~ I E A s : :  , , ,  

MEAN ERRORS Number of errors exceedina 

(I'redicted-actual) 

El9 

H. W.  L. W. H. W. 
Titne Height Time I miautrs 11 feet 

35.1 25.1 0.812.3 
L--- . - .. - . -- I + 0 .4  i - 0 .1  + 1 . 2  

minutes ( 1  feet rnurrrtra 

0.0 

0.1 

0.5 

0 .3  

0.1 

0.1 

0 .1  

0.2 

0 . 0  

0 .3  

0.1 

+ 

2.0 

2.4 

2 .4  

4.1 

2.9 

3.4 

3 . 9  

1.6 

1.2 

4 

0.6 

1.7 

1.5  

3.3 

3 .1  

3.1 

3.2 

7.1 

1.8 

2.0 

0.8 

0.2 

0.6.  

2.6 

- 

1 .4  

1 . 4  

5.2 

1 .4  

0 .0  

0.1 

0.2 

0 .0  

0 .1  

0.1 

0 .2  3.9 

1.5 

4 . 2  

1 . G  

- 

1.4 

0 .1  

4 . 4  

3.6 

4.7 

+ -  

0.0 

0.0 

+ -  

0.0 

0.0 

0 . 0  

0 .4  

0 . 3  

0 . 1  

0.1 

0 . 1  

0 . 3  

0 . 2  

0.1 

1.6 

1 .6  

6 . 3  9 . 2  6 . 9  0.1 7 . 5  0 . 3  0 0 0 5 

2.8 

1 .1  

1 .2  

1. I 

0 .1 

5 .8  

2 .1  

3 .9  

4.9 

5 .3  

4 .2  

5.0 

6.3 

6 .0  

4.2 

3 .9  

3.0 

5.0 

4t.7 

4 .5  

4.1 

2 . 6  

6 .2  

5 .4  

5.2 

0 .0  

0 .1  

0 . 0 ,  

0 .2  

0.2 

0 .1  

0 .0  

0.2 i 

0.2 0 .3  

0.1 

0.2  

0 .1  

0.1 

0.1 

0.1 

0.1 

0 . 5  

0 . 3  

0.2 

0.1 

0 .1  

0.2 

0.1 

0.2 

0 . 2  

0.2 

0 . 3  

0 . 2  

0 .1  

0.2 

3 . 8  

6.4  

4.7 

5.4 

7.2 

4 .8  

5 .2  

3.7 

4 .1  

6 . 1  

7.1 

6 . 4  

7 - 9  

4 . 2  

4 . 1  

3 7 

3 .2  

5 .7  

3 . 3  

1 .9  

6 3 

6 .3  

3 .5  

0 . 2  

0.1 

0 .3  

0 .1  

0.1 

0.1 

0 .2  

0.1 

0.1 

0 . 4  

0.3 

0 . 2  

0.1 

0 . 1  

0 .2  

0.1 

0.1 

0.2 

0 .2  

0 . 2  

0 .2  

0 . 1  

0 . 3  

5 .6  

4 3 

7 . 0  

5 . 1  

6 . 7  

0.2  

0 . 2  

0 . 2  

0.1 

0 .1  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

19 

4 

0 

0 

0 

1 

0 

0 

4 

3 

2 

0 

0 

0 

0 

0 

0 

0 

12 

6 

0 

0 

0 

1 

0 

0 

1 

1 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

1 1  

0 

0 

1 

0 

5 

0 

0 

2 

2 

2 

0 

0 
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TABLE 11.-Mean errors E,  and E, for 1928. 

KlDDERPORE 

* F, i s  wit,h regard to sign : E is without regard to sign. 

I 

MEAN ERRORS Kumber of 
errors exceeding 

(Predicted-actnal) 
33 1.0 

PERIOD Elg E ?* 
~niirales ,feel of 

- o I  time height 
1928 L. W. 

Jan. 1-15 

16-31 

Feb. 1-15 

16-29 

Mar. 1-15 

16-31 

April 1-15 

16 30 

,\1:1y 1.15 

16-31 

June 1-15 

16.30 

July 1.15 

16-31 

Anp.  1-15 

16-3 1 

h ~ l l t .  1-15 

16-80 

Oct. 1.1; 

16-ni 

S n v .  1-1:) 

I(;-30 

i ) ~ . c .  1-1.; 

16-31 

minutes 

The old tidal observatory was considerably damaged on the 5th November lYJ? 
by the B.1.S.N. Co's. Stenmcr " hlundra" while cntering the Kidderpore docks. KO 
further tidal registrations were recorded nrlt~l the 28th August 1928, when theobser. 
vatory was recoustrocted aucl regist~.ations were ~.estarted. 

+ 

4 .  t 

I I  ~ ~ G ~ . ~ I I . , A I  1 2 1 i . z  : , ~ . i i j . ~  1 - - - - -- - 

- 6 2  i + 0 5  - 5 . 3  + 0 . 9  11.9 0.8 
I 1  

-.- 

I l i i  ~ 1 i 1  I f i l i 4 8 3  
_ .  - - - - -  

( 1  1 0 , ,  I . I  ... I ,., 
d 

- i +  6 . 3  I 1 . 6  

9 . 3 !  1 . 9  
' I  

+ - 

5.41 
I 

5.5 
I 

1 ,  

- 
4.y 

0.4 

9.0 

4.3 

( 1 . 1  110.1 

-- - 

0.1 

0.0 

1.9 ; 0  3 

- 

t 

1.8 

2 . 1  

1 . 2  

0.5 

0.0 

- 
10.4 

1 3 . 1  

12.7 

11.c 

15.4 

8 . 7  

1 2 . 1  

0 

3 

1.6 

1.9 

0.9 

0.4 

0.4 

0.4 

0.2 

11.6 

--- 

8.0 

7 . 3  

10.3 

15.1  

10.8 

18.2 

7 .4 ,  

0 . 2  

1.8 

2 . 1  

1.2 

0.5 

0.7 

0 . 6 ,  

0.4 

8 . 5  

3 

1 

3 

0 

0 

1 0-4 

12 

3 

0 

2 

0 

0 -- 

0 

1 

? 

4 

0 

0 

- 

18 

5 

0 

O 
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TABLE 12.-Mean errors Bl and Ec for 1928. 

CHITTAGONG 

* El is with regard t o  sign : E2 is wi thoul  regarc1 lo sigu. 

PERIOD 

1028 

Jan. 1-16 

16.31 

Feb. 1-15 

16.29 

a .  1-15 

16-31 

April 1-15 

16-30 

Mag 1-15 

16-31 

June 1-15 

16-30 

July 1-15 

16-31 

Aug. 1-15 

16-31 

Sept. 1-15 

16-30 

Oct.. 1-15 

16-31 

NO\. 1-15 

16-30 

Dec. 1-15 

16-31 

- -  - - -  . 

~ ~ E A N S  , , ,  - 7.2  

MEAN ERRORS Nuinber of 
errors exceeding 

(Predicted-actual) 

El' 

H. W. L. W. 
Time Height Tiine Height 

30 1.0  
E,* n ~ i a u t e a  feet  of 

of time height - -- 
H. \V. I,. W. 

Time Ht. 
-- 

n ~ i n s t e ~  (I . feet  I r n i a l ~ t e .  

15-6 

11.4 

13.0 

1 2 . 4 0 . 4  

9.6 

15.9 

6 .5  

1 2 . 0  

9 .9  

11.5 

12.7 

9.1 

12.8 

5 . 1  

5 . 2  

3 . 9  

6 .1  

8 . 2  

14 .1  

1:j.s 

18.3 

13.5 

6 3 

14,.7 

jwt I 

0.2 

0.4 

0 . b  

0.6 

0 .8  

0 .6  

0.6 

0 . 4  

0.6 

0.6 

0.2 

0 .3  

0 . 4  

0.4 

0.5  

0 . 3  

0 . 2  

0 5  

0 .4  

0 ' 3  

0 . 5  

0.2 

0 . 4  

14.1 

7.8 

14.7 

9.0 

13.5 

11.6 

12 .5  

10.6 

8 . 1  

9.1 

11.3  

10.7 

7.0 

6 .7  

7.9 

8 . 2  

6 . 6  

6 .8  

8 .8  

9 .3  

10.5 

10.9 

5.G 

10.3 

0 

2 

0 

0 

0 

1 

u 

1 

o 

o 

2 

0 

0 

0  

L' 

0 

0 

0 

1 

1 

1 

0 

0 

0 

+ 

0.7 

2.1 

1.2 

0.3  

0.3 

0 . 8  

0.3 

0 - 6  

0 .3  

0 . 5  

0.4 

0.4 

0 .6  

0 . 5  

0.5  

0.2 

0.5 

0 4  

0.4  

0.5 

0 .4  

0 . 8  

0 .5  

0 . 2  

0.1, 

0 . 4  

0 . 3  

0 

0  

1 

0 

0 

0 

1 

o 

o 

0 

0 

0 

0 

0 

0 

0 

0  

0 

0  

0 

U 

0 

0 

0 

0 

0 

0 

0 

3  

6 

0 

4 

o 

4 

2 

0 

0 

0 

0 

0 

I 

0 

1 

0 

1 

0 

0 

0 

I/ fert 

+ 
0 . 1  

0.3 

0.2 

U.5 

u . 2  

0 . 3  

0 .3  

0.2 

0 .4  

0 . 5  

0.0 

0 2 

0,fl '  

0 

0 

4 

0 

2 

0 

2 

o 

o 

1 

1 

1 

0 

0 

1 

2 

0 

2 

5 

2 

U 

0 

0 

( I  

- 
12.9 

9.5 

7 . 4  

4 . 4  

11.5 

9 .5  

9.9 

11.4. 

12.7 

8.0 

12.1 

2.7 

2 . 1  

4.7 

7.8  

13.4 

13.8 

18.3 

12.9 

2.3 

- 

0.4 

0.3 

0 . 2  

0.1 

0 .2  

0.4 

0.3  

0 . 3  

0 . 8  

0 .4  

0.2 

+ 
0.2 

0.1 

0.5 

0.6 

0.3 

0.2 

0 .3  

0.6 

0 .1  

0 . 1  

0 . 3  

0 .0  

0 .1  

0 .2  

0.0 

- 

0.1  

0.4 

G.3 

0 .0  

0.3 

0.2 

( 1 . 2  

0 .3  

0.4 

+ 

2.6 

4 .4  

2.3 

4,.4 

6.4 

8 . 7  

m i ~ u t e s  

- 
12.7 

1 . 2  

0 . 1  

7.2 

7.9  

1 . 4  

8 . 4  

8.8 

8 .7  

1 . 3  

0 .4  

1 . 6  

2 . 3  

8 . 5  

8 .0  

9 .9  

10.8 

0 .5  
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TABLE 13.- Mean errors E, und El jb r  1928. i 

AKYAB I 

* E, ie with regard to sign : I%, is without regard to sign. 
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TABLE 14.-Meua errors El  a d  E, for 1928. 

RASSEIN 

* El is with ~.cpal.d to sign: E2 ie wit,hout regard to  sign 

PERIOD 

1928 

Jan. 1-15 

16-31 

Feh. 1-15 

16-29 

Blal.. 1-16 

16-31 

Aprill-I5 

16-30 

Mny 1-15 

16-31 

J~lne 1-15 

1630 

.l11ly 1-15 

16-31 

Allc. 1-15 

1(;-31 

Sqlt .  1-15 

1 (:.:III 

OCI. 1-1:) 

I (;.:I I 

N n v ,  1-1:) 

I I ' - : ) I I  

IJc1,. 1-15 

MEAN ERRORS Number of errore exceeding 

(l'redicted - actual) 
30 0.6 

€1. 

H .  W. I I.. w . 
Time Heiphi Time Heiaht 

+ -  
0 - 8  

0 .4  

0.48 

0.5  

0.6 

0.3 

0 .5  

0.7 

0 .6  

U . 2  

0.7 

0 6 

11 . 2 

U.4 

0. $1 

0 . -1, 

0.G 

minriter 

+ 

11 8 

1l.G 

21.6 

2 . 0  

I4 H 

6.0 

14.9 

12 .2  

8.1 

+ 
(1 

I 
j 13.4 
i 

10. 1 

10.6 

- 

13.1 

:B.9 

20.7 

10.7 

1 - 7 

1.1.1 

I;.:! 

; . . I .  

x.11 

I?.!) 
I 
: ( ; . ! I  

,r,inztfes 

- 

7 . 7  

11.5 

6.9 

1'7.4 

10.0 

15.0 

0 .8  

30.7 

25.3 

32.3 

11.5 

23.6 

14.2 

19.6 

2 5 . 6  

26.8 

22.8 

34.1 

40.7 

36. i 

4b.0 

29.4 

3 5 . 4 ,  

6.9 

- 

0.0 

0.4. 

0 .7  

0 .5  

1 . 1  

0.2 

+ 

0.3 

0 . 4  

0 .7  

0 . 4  

0.6 

0.6 

0 .5  

0 . 3  

0.5  

0 . 8  

0 .1  

feet 

- 

0 .0  

0.2 

0.5 

0 .3  

1.4 

1 . 4  

0 . 8  

1.0 

0 .8  

1 

1 .3  

0 .0  

0.2 

3 

6 

6 

8 

6 

4 

6 

4. 

8 

7 

2 

2 

2 

11 

7 

4 

5 

4 

1 

4, 

6 

4. 

(i 

0 

1 

4 

15 

S 

8 

6 

14 

11 

17 

2 

11  

0  

6 

G 

11 

12 

16 

31 

20 

%I 

14 

17 

20 

9 

9 

15 

11 

8 

10 

!B 

13 

U 

15 

I!) 

1 

4 

8 

17 

15 

19 

4 

7 

27 

6 

10 

i 

0 

4 

18 

2 

11 

11 

4 

0 

6 

9 

2 

12 

4  

2 9  

2 2  

13 

14 

19 

18 

21 

22 

6 

O 

16.4 

17.9 

22.4 

20.G 

18.3 

15.5 

18.6 

16.1 

17.0 

21.2 

18.4 

14.2 

13.1 

10.5 

34, .2  

20.6 

15.8 

20.5 

16.7 

12.0 

14.5 

18.G 

13.3 

I!).0 

14.3 

17.0 

18.9 

29.4 

23.2 

27.0 

19.9 

30.7 

27.6 

32.3 

14..0 

23.G 

17.0 

19.5 

29.3 

27.8 

2 3 . 4  

34,.:3 

4,0 7 

36 $ 

46 @ 

0 . 8  

0 .6  

0.4 

0 .6  

0 .6  

0 . 5  

0 .5  

0 . i  

0.6 

0.2 

0 - 7  

0 . 7  

0.2 

0.4 

0 .5  

0 . 7  

0.7 

1.1 

0 - 4  

0 - 6  

0 9 

0.1 

0.t; 

1.0 

0 . 4  

0.4 

O . ?  

0 . 4  

0.6 

0 .6  

0 .5  

0.2 

0 .4  

0 .5  

0 .5  

0.7 

0-S 

1.4. 

1 . 4 .  

0.8  

1 .0  

0.:) 

0 . 8  

1.3  

1 . 3  

I 
20.4 

:<;,..18 

0.4 

0 . 2  

17.3 O , - k  
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TABLE 15.-Mean errors El and E2 for 1928. 

P I L A K ~ T  OR DESERTERS' CREEK 

* I?, is with regard to uign: El i~ withont regard to sign. 
t Tide-pole ohs~rvationa from 16th August 1928. 

Fa 

PERIOD 

1928 

Jan. 1-15 

1G-31 

Vet). 1-1.5 

16-13 

91nr. 1-15 

(I:-31 

I 1-1: 

16-30 

.\lay 1-16 

16-31 

I C  1-15 

16-30 

J u l y  1-15 

11;-17 

.AIlE. 1-1:, 

tl6-21 

- 
MEAN ERI<ORS 

Number o i  
errors erccedlng 

(Predicted - actual) 

El* 

H. IV. -1 L. W. 
Time lleight Time Height 

~ r l i ) ~ u t e ~  I( fee t  mini t tea  ( 1  feet 

1 

3 

2 

7 

5 

5 

3 

30 1.0 

E,' mirriitea feat of 
of time height 

H. W. 
Tine Ht. I l i m e  Ht. i 

minute8 

0 

0 

2 

I 

0 

1 

1 

0 

+ 
22.4 

30.4 

22-1 

23.7 

A cargo boat collided with the observatol y and clock stopped. 

1 

22.4 

30.4 

22.1 

24.0 

yjlti:~ 
/ 

0.3  

0 .4  

0 .5  

0 5  

0 . 4  

0.4 

0 . 4  

0 . 3  

i 0 . 2  0.2 
i 

3 . 0  0 . 4  
I 

1 
I .  I 1 1 1 '  0 . 3  13.1 

I I 0 . 2  14.X , 0 . 2  
i 

+ 

I 

- 

0 .2  

+ 
16 .2  

27.5 

23 .5  

14.0 

I . l . 8  

1 1 . 4 -  

0 9 

13.4 

i 

! ) . 3  

0 . 4  

16.20 

- 

0.1 

0.0 

0.4 

+ 

0 . 4, 

0.4 

2 

13 

i 

4 

11.3 

I 

7 . 5  

9.0 

1 1 . 4  

15-8 

14,.3 

18 -9  

12.5 

8 . 3  

278 2 1 1 1 . :  

9 . 9  

8 . 5  

5 . 8  

6 . 8  

10 4 

6 . 0  

6 . 1  

13.7 

: 3 n ~ . 4 I  9.1  
- I 

0 - 4  

0.5 

0.5 

0 .4  

0 

0 

0 

0 

0.2 

0 .4  

0 . 2  

0 . 4  

4 

1-1 

1(1 

1 

0 . 6  

0.3 

0 . 3  

-- 
' t i I : ~ ! ~  ~ , J I )  7:l.s 

~ 

' I ~ I . I , . ~ I . ~  . 

- .  

0 

3 

2 

0 

16.2 

27.5 

24.6 

18.6 

18.9 

15.0 

18.9 

17.3 
-- 

13.2 j0.5 

0 . 4  

O . G  

0 . 5  

0 . 6  

U.5 

0 .6  

0 .7  

0 . 5  

1.1,(:101 

1 . 3  

248.51 1 7 . 5  , I . I  1 5 . 1  
- 

2 

3 

1 

2 

, 1 I . . .  I... + 3 .2  + 0 1 

l,rc 1 - 1 6  

0 .1 
I 

I 

! !  

I , 

i1 

0 

0 

0 

1 

1 

0 

0 

2 

1 

6 

0 

0 . 1  7 . 3  

0 . 6  8 .9  

o . B  l3.l' i 

6.9 

4.6 

Ol~servatc)ry damaged. 

0 

0 

0 

0 

2 

0 

0 

0 

J . . $ ~ I I .  I 1 0 6  

1 . 1  

+ 11 I) i i  - 0 . 2  

3 

5 

7 

4 

10 

O 

4 

1 

0 

0 

0 

0 

6 . 1  

2 . 6  

1 

0 

( 1  

I 

2 

1 

0 

0 

1 0 6  
I 

10 0 

11.7 

1 

1 

5 

? 

0.:) 

0.4 

0.1  

1 

0 . 4  

16.5 

15.4 

9.5 

15.1 

0.6 

0.2 

I 

19.1 

15.6 

19.3 

17 .3  

0 . 3  

0 .2  

1 . 0  

- - - 

 lo.(^ 111.1 6 . 0  

0 . 6  

0 . 4  

0 . 3  

0 . 1  

pp 

12.6 0 . 4  

0 . 9  

0 .3  

0.7 

0 . 7  

10.7 

0 . 6  

7 . 4  

9.1 

11.7 

0 .4  

0 . 6  

0.5 

0.5 

11.6 

13.2 

10.2 

13.0 

0.6 

0.6 

0.7 

1 .0  

0 .3  2 I 
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TABLE 16.-Mem ewers k1 awd E, for 1928. 

RANGOON 

* El ie with regod to sign: El ia without regard to eign. 
a 

PBElOD 

1928 

Jau. 1-13 

16-31 

Feb. 1-15 

16-29 

Mnr. 1-15 

16-31 

Apri l  1-15 

16-30 

)lay 1-15 

16-31 

.lune 1-16 

16-30 

JUIJ 1-15 

16 31 

Ang. 1-15 

1G-31 

Sept. 1-15 

16.30 

Oct. 1-35 

16-31 

LCIV. 1-16 

11;-30 

L)CC. 1-15 

16-3 I - 
T f ' ~ * ~ s . .  

- 

DIEAN LlIlCOKS Number of 
errors exceeding 

(Predicted -actual) 

El 

H. W. L. W. 
Time Heirht. 

H.  \Y.  
' I ' i~ne  

- 

0 . 1  

0.2 

0.6 

0 . 2  

0.5 

0 .9  

0 . 4  

0 .8  

0 - 3  

0 . 0  

0 .4  

0 . 1  

0 . 4  

U.2 

~ , ? ~ u t t r  1 
6 .9  

6 . 1  

8 .9  

9 . 3  

15 .4  

11.7 

10.1 

9 . 4  

6.2 

9.4 

7 . 6  

7 . 7  

8 . 2  

9.8 

13.8 

1 0 . 4  

8 . 7  

1 0 . 4  

7 . 1  

11.5 

4 .0  

7.n 

8 . 2  

6.6 

fret 

+ 
0.2 

0.3 

0 .3  

0 . 1  

0 .2  

0 . 1  

0 . 9  

0 . 6  

0 .0  

0 . 1  

+ 

1 . 3  

8.7 

3.8 

13,s 

0 .5  

0 . 6  

0 .5  

0 . 5  

U.4 

5 . 5 0 ' 5  

0 .4  

0 .6  

0.5 

0.5 

0 .6  

0 .9  

0.7 

0 .8  

0 . 4  

0 . 3  

0 . 7  

0 . 9  

0 3  

0 . 8  

0 . i  

0 . 7  

0 . 9  

0 . 5  

0 .4  

0 .4  

0.3 

0 .4  

0 . 3  

0 .4  

0 . 4  

0.3 

0 . 3  

0.7 

0 .7  

0 .4  

0 . 5  

0 . 4  

0 . 5  

0.4 

0 . 3  

0 . 5  

0 . 5  

0 . 3  

0 . 5  

u .6  

0 .6  

0 .3  

2 .3  

0 .3  

5 .1  

11.3  

9.7 

3.8 

6.7 

4,.9 

5.3 

5 .2  

4.7 

4 ' .  1 

5.2 

13.5 

6.9  

2 . 8  

5.3 

3 .0  

1.1 

5 . 2  

2 . i  

111!1.:1' 

0 

0 

1 

1 

3 

2 

0 

1 

0 

0 

0 

1 

o 

1 

2 

1 

u 

2 

1 

1 

0 

0 

1 

0 

13.8 

14.0 

15.1 

12.0 

11.0 

13.7 

5 . S  

10.3 

11.0 

11.5 

12.3 

11.8 

15.8 

11.6 

11.6 

8 . 9  

0 . 7  

(;.2 

12 .2  

1T.8 

1-1,.3 

1 1 . 1  

1 3 9  

+ 
0 .4  

0.2 

0.2 

0.0 

0 . 1  

0 . 0  

0.7 

0 .2  

0 . 4  

0 . 2  

0 . 4 

0.3 

0 . 2  

0 

1 

2 

1 

1 

0 

2 

0 

1 

1 

0 

0 

o 

4 

0 

0 

o 

3 

0 

1 

0 

0 

0 

0 

- 

0.0 

0.2 

0 . 1  

0 .6  

0 . 1  

0 .5  

0 .4  

0 .3  

0 . 1  

0 . 0  

0 . 2  

0 

0 

0 

1 

0 

0 

0 

0 

0 

3 

4 

0 

3 

4 

1 

0 

0 

Z 

1 

2 

0 

3 

0 

0 

0 

4 

0 

2 

1 

2 

0 

6 

2 

0 

5 

9 

4 

10 

0 

0 

7 

12 

1 

8 

5 

4, 

7 

4 

+ 

1.5 

0.7 

4.2 

12.7 

7 . 6  

7.0 

9 .5  

1 .6  

7 .7  

1 . 2  

- 
0.8 

4 .8  

0 .4' 

1.1 

8 .7  

2 . 1  

2 . 1  

1 1 

2 . 7  

3 .(i 

10.4 

( I . ! )  

0 .2  

0 . 5  

(1 



CHAPTER IV 

GRAVITY AND DEVIATION OF THE VERTICAL 

SECTION I 

BY MAJOR E. A. GLENNIE, D.s.o., R.E.  

1. Programme.-The  field season was planned to increase 
the number of gravity stations near the coast and in the south of 
India. Observations were made a t  twenty stations situated as 
follows :- 

New stations on or near the East coast . . . 10 
7 9 ,, near the Eastern Ghl t s  . . . 1 
,, ,, in Hydersbld State ... 1 

,, in South India, inland ... 4 
d id  stations . . .  . . . ... 4 

At all stations, except Bahanagar Biizar, where the ~endulum 
tent was used, observations were made in rooms. The field season 
was ended early so as to swing pendulums a t  Dehra Dfin simultane- 
oiisly with those of the Duke of Spoleto's Italian expedition to the 
Kara-koram. 

2. S t r e n g t h  o f  the party.-The gravity party consisted of 
one officer, one clerk, one computer and eighteen khallsis. Observa- 
tions were made by Major E. A. Glennie. Movements were by rtlil. 
Health on t'he whole was good, although there was some malaria. 

3. Method o f  observat ion.-The method of observation, 
and apparatus usetl was the same as in the previous field season, 
described in Geodetic Report Vol. IV. A Geryk type oil-filled 
vacuum pump was r~ceived early in the season and proved a great 
succcss and Terp light to work. Bfter trying a great number of 
heavy grelasw, t l l ~  ]nost s ~ ~ i t a b l e  grease for sealing the vacuum box 
ma9 follnrl to  he Vacuum Oil Cog. product No. 2295, a very stiff tacky 
grww which kwps inr l~f in i t~ ly  without going rancid as do many of 
t h ~  heavy greases oli thc market. 

4. A d j u s t m e n t  o f  R i e f l e r  Clock.--On return from the 
f i~ l ( l  t h ~  pcndulum npparatws was put to a novel use. A refcrence 
to (f~odptic Report Vol. 111 (C l l ap t~ r  1, paras 6 & 7 )  shows that 
hitherto the Riefler clock has not been usecl for the reception of 
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wireless time-signals owing to the irregularity of its beats. The 
Riefler clock was made to actuate the peildulum flash-box and the 
flashes due to its beats observed. They came alternately in two 
series, each of which progressed fairly regularly across the field of 
view of the telescope. By a very slight adjustment of the levelling 
screws of the clock, without stopping i t  or int,erfering wit,h the 
vacuum, the two series were reduced to one fairly even series. 
Complete regularity was not achieved ; even with the best possible 
setting the beats of the Riefler clock are scarcely regular enough for 
satisfactpry pendulum work ; but  this is a very delicate test. The 
small remaining irregularity of t'he beats is not noticeable when 
receiving the wireless signals. Since March 1920, therefore, the 
Riefler cloclc has been used to receive wireless time-signals and 
clock A is no longer used as an intermediary. 

( ii ) RESULTS O F  THE FIELD WORK. 

5. Details.-The results are sllown in detail in Tables 1 to 4. 
Average heights for the Hayforcl correct'ions for zones beyond 
a radius of 20 miles were obtained froin the "Average Height map 
of India" (vide maps in pocket a t  encl of this voluine ). 

a 1011s 6. Results at old pendulum stations.-These s t  t' 
were revisited a t  the suggestion mncle by Dr. Oldham in 192G. He 
had doubts as to the stability of pxvit,v a t  Dehra D i ~ n  owing to its 
nearness to t'lle Hiiniilaya. The olcl nncl new values are shown 
below :- 

Station Oltl v:llne N C W  V : I ~ I I C  

The nbservntions a t  Madras in 1!)04, were not very consistent, 
(7; idc Prof. Paper No. 10, pp. 52  and 17;). The ngrcement bet'ween 
new and olcl values is so good that it seems certain that grnvit'y 
values ill Inclia are stnblc i ~ j f r ~ ,  s ~ .  lTThchtllc.r they arc s t : lbl~ in 
relat,ioi~ to gravit,y vnlnrs ill Europcl is 0pc.n to quclsticv~. Each time 
a connection bctwepn Dellrn niill and Europe l ~ a s  hcon made>, n difl'c- 
rent valuc for a t  Dphra Di11i llas hccn o1)tnin~tl. Tlit~w values are 
tabulntccl bclo\~ :- 
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+ 'I'he Detlra Din ohservntions in  192-1. n n d  1!129 are related to  n single set of 
observntio~i~ at Icew in 1!128. 

Two ot.her values may be decluced from observations a t  Jalpaiguri 
by Dr. Hccker in 1905, and a t  Coliiba by Commander Alessio in 
1906. I n  both cases the European station of reference is Pot'sdam. 
At  Jalpaiguri the S. of I. observations referred to Dehra Diin were 
done a t  t'he same time as those of Dr. Hecker, but  a t  ColLba they 
were done in 1904, so the Col5ba deducbion has less weight. The 
decluced value of g a t  Dehra Diin from these two stations is: from 
Jalpaiguri 979 .065  and from Col5ba 979 .059  cm/sec2. The value 
which has been adoptecl for Dehra Diin tllroughout is 979.063 
cm/sec2. 

Debra Din 

crnlseca 

97'3.063 
079 
054* 

072 
068* 
069 

Date of observation Europenn stntion 
at  Dehrn Dim of reference 

7. Basevi stations.-The observation a t  CocanSda gives 
one more comparison with the olcl work of Basevi. Up to date, 
eight Basevi statiolis hare been revised in addition to Dehra Dim. 
Details of Basevi stations referred to the Potsclam system are given 
in the Report of the International Geocletic Associatioil for 1900, 
Vol. 111, p ~ g e  236. 

Baseri's value for Dehra Dii11 is 979 .069  cm/sec2. The differ- 
ence in g between Dehra Diin and the revisitecl stat,iolls is given 
below. 

-- -- 

Febr~~nry  1904 ... 
Angnst 1913 . . . 
March 1934 ... 
00t.ober 1927 . . . 
J nnunry 1040 . . . 
Febrnnry 1923 ... 

Rew 
Genoa 

Rew 

Cnmbridge 
Kew 

Genon 

A t  Miin Mir Bnsevi  used the light staud. 

L 

B-31 
. -- 

cm/#ecZ  

- 0.015 
- 0 .018  
- 0 .016  

- 0.024 
+ 0 (103 
- 0 . 0 1 2  

Station 1 Baecvi 31odoru 

I 
* M i i n  l l ir 

I 
... j + 0 . 2 1 1  + 0.340 - 0 009 

Knli.ina ... ) + 0.07k 1 + 0.091 - 0 017 
I 

... - -  

in ! -~cnn, i t la  . . . 
3ia1lrns 
B~ngnloro . . .  

Rnlinnp~~r . . . 

-- - 

cm,'aec*. 1 CIII/ICFP 

- 0.796 1 - 0 . 7 F 1  - 1.113.; 1 - 1.017 - 0.59G I - 0 ,671  ~ 
- 0.310 1 - 0.281; 

Nojli .../ + 0.083 + ( I .OAO 
JIn!asnnrin . - -  0 .282  - O . ; i O  
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8. European stations of reference.-The fundamental 
pavity base station for all gravity work is a t  Pot,sdam in the 
pendulum hall of the Geocletic Institute. Here observations with a 
number of reversible pendulums were begun in 1808. The value of 
g obiailled a t  Potsdam is 98 1 . 2  74 + 0 .003  cm/sec2. 

The values of g a t  the other European st,ations named in para 6 
above are all derived from Potsdam. Brief details are given below ; 
fuller details can be obtained from the followii~g publications :- 

(i) Report of the International Geodetic Associatioil 1900. 
(ii) U. S. Coast and Geocletic Survey Report 1901, Appendix 5. 

(iii) Report of the I i~ter i~at ional  Geocletic Association 1909, 
Vol. 111. (This report contains compreheilsive lists of all 
gravity work). 
Kezu. g = 981.200 cm/sec2 

Reference station Potsdam 
Observer Putnam 
Date 1900 

Genon. g =  9SO * 518 cm/secg 
There are t,llree links in the chain connecting Genoa to Potsclam, viz:- 

Potsclain-Padua 
Paclua-Turin 
Turin-Genoa 

C(t9nb~vidge. g = 9 s  1 .fl G5 cin/sec? 
Reference! st,at,ion Po t,sda~n 
Observer Veiling Meinesz 
Date 1926 

At tlie saine tiinc Lcnos Conynghain obtainetl the saine result 
for g a t  C'nmbridg~ using 1Ct.m as the rpfc.reiic.c station. The values 
of g at I<cw nncl C;~nlbridgt>, t l lercfor~, seeill to be vcry ~vell  estnb- 
lished. 

9. Results at new stations.-At Bahnnngar Bazar the 
nc~ative nnomaly was u~lcxpccted as ihis is on an elevated part of 
tllc geoid. Tlie nllnvium is cvitlently very light in this area, whilst 
the gcoid is raised by rlcep-scatcd inatt~rinl of high clensity. 

At Wnltnir a rocky spnr rmis out to the coast. If this is not 
compensnttd thp positiivc anomaly is csplained. 

The 11~q:xtivc. nnomalics a t  (4l'l(lfir, TTellor(l, ancl Cucldnlore show 
that a t  IVInd~~as is not n l ~ ~ r e l y  local anomaly. 

Otlicr anomalies arc in reasonable accord with the geoid. 

( iii ) FIELD OBSERVATIONS M A D E  DTJRTNC, RECESS. 

10. Shahpur (Sa rgod l i a )  and Chakrata . -Obs~rrat ions 
wcrc made at, Sllahpur by MI-. B.L. Gulntee, n r . A .  in August 1928 
at t h ~  rtyucst of the ~rliljnl, Irrigation Dcpnrtmciit,, to supplement 
tht-41. firnviinctrical i i~v~st ignt iol~s wit11 thv Eiitrns Ealance in this 
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area. Gravity anomalies indicate a ridge of high density underlying 
Shiihpur and extending thence in a south easterly direction beyond 
Lahore. 

Observations were made a t  ChakrLt,B in July 1929 by Major 
E. A. Glennie. The ~alculat~ion of the orographical and Hayford 
corrections has been postponed until the new cantonment survey of 
ChakrLtL has been completed. 

The work a t  Chakrgtii is interesting because i t  initiates a new 
method of observat.ion with the Cambridge apparatus which will be 
adopted in f11tur.e. The innovxtion consists in omitting the middle 
pendulum. The two outer penclulums are swung simult,aneously with 
opposite phases as usual, and the flash from the flash-box travels as 
in the diagram below. 

Fired 
mirror 

Pendulum 

Thus one flash only, representing a coinbination of the two 
pendulums, is received in the t,elescope. This has the advantage 
tha t  the two moving mirrors double the opt'ical angle, so that satis- 
factory observations can be made with the pendulums swinging a t  a 
very small amplitude. The practical result of this is that the 
pendulums, which are very closely isochronous, can be swung 
continuously between wireless t,ime-signals, thereby greatly reducing 
the labour of observation, and increasing the accuracy by almost 
complete elimination of cloclr errors. Observatiolls were made with 
two clocks, viz :-the pendulum clock No. 238 by Strasser and Rohde, 
and a chronometer No. 12831 by Thomas Mercer. The Bordeaux 
transmission was used to rate one clock and t,lle Rugby signals for 
the other. 

The results a t  Shf~hpur and Chalcrit'ii are tabulated below :- 

1 A ( R 1 U 1 Menn - 
Sllillpn! 0 * ~ l ; , l i l l  O l O i l i i i  05078540 i l . iOi854l 

'379 - 444 !l79.445 979.445 979.415 

Chnkrn'i 

. 

4 (c + A) h l  cnn 

hlerccr S B R Mercer R k R 

R secd 0.5080144 0.50801.79 
g crn/xec2 9'78.818 978.819 978.820 978.820 
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(iv) RESEARCH WORK. 

11. The f i g u r e  of the earth.-Although there are still 
some large areas in India untouched, t,he 184 gravity stat,ions are 
su5ciently widely distributed to  justify detailed investigation with 

to the figure of the Earth. " 
The value of gravity on a spheroid atlany latitude is :- 

yo = G' (1 + A sin? $I - B sin2 2 $I) 
where G' is the equatorial value of gravity, 

A is a factor depending on the ellipticity, 
B is 0.000006 in the case of spheroids applicable to the Earth 

(See "Geodesy ", Dept. Paper No. 12, by de Graaff Hunter pp. 158- 
161). 

The gravity data in India have been used to obtain the two 
unknowns G' and A with the result :- 

G' = 978 -021 cmlsec2. 
A = 0.005359 

which yields the value of the reciprocal of the ellipticity 1 / ~  = 301. 
Now the spheroid which is most suitable for India is tha t  which 

will best fit its geoid. This is the S. of I. spheroid I or 11, 1 / ~ =  292 ' 4. 
The gravity formula for this is :- 

yo = G' (1 + 0.003234 sin? $I - 0 .  OOOOOG sin2 2 $I). 
Here G' is the only unknown, so that  a va,lue for G' can be obtained 
from every observation of gravity. Chart VI shows values of G' 
averaged over two-degree zones of latitude for both S. of I. spheroid 
11 * and the International spheroid (11~ = 297.  0), whose gravity 
equation is :- 

yo =. G'(1 + .005287 sin2 $I - 0 -000006 sin2 2 $I). 
On the same figure are shown the heights of the " Compensated 

w i d "  (uidr, para 12)  for the same zones. The correlation between 
G' and the height of the geoid is most marked. This relat'ion is well 
expressed by a simple straight line formula G'H = G'o + KH 
where K is a factor depending on the spheroid, 

H is the height of the compensated geoid above the spheroid, 
G'o n,nd GIH are the values of G' when H is zero and H 

respectively. - 

The gravity formula for a statioil on the geoid should 
therefore I;e :- 

yrr = GIII (1 + A sin2 $I - H sin2 2 4)  
yo + I<Tf 

and the ~ e j f o r d  anolnaly reduced to the spheroid is :- 
.Y - yn + g - "/I[ + EIayford correctio~l 

-- + g  - yc - I(/[ 
Thr Rowir cnrl*cction is inclndecl in the correction - KH. The 

hf'ifiht co~.r,*rtioil C,r t,ht1 heigrlt of the gyravity station above sea-level 
corl*ccts gr'n~rity to the  surface of the geoid. A11 additional correction 
--- - --- 

* n - l;,37R,T,JI nnd I / r  = 292.4 ,  See " Gcodesy ", Dept. Paper No. 12, by 
de Grnaff Hmtcr ,  ant1 Ucotlet~c ltcport Vol. 111, pp. 80-82. 
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is required to reduce to the surface of the spheroid. This is the 
Bowie correction and is equal to + -094 1[/1000 (See Geodesy p. 160). 
It will not exceed 0.003 cm/sec?n Peninsular India. It must be 
emphasized tha t  the correct'ion - KH has been obtained empirically 
from the data in Peninsulsr India. I t s  use therefore is strictly 
limited to Peninsular India; elsewhere conditions may well be 
entirely different. 

The foregoing considerations show tha t  in Peninsular India a 
satisfactory spheroid is not likely to'be obtained from gravity data 
unless some correctior~ similar to  - KH has first been applied to it. 

When H is expressed in feet the values of G'o and K are:- 

Chart VII s h o ~ s  g -r, using Helmert's formula of 1901, and 
Chart VJ[II shows y - y, using this formula for gravity and the 
International spheroid for H. 

A t  Jubbulpore KH amounts to + 0.040 cm/sec9. Such an ano- 
maly as this woulcl be caused by a long ripple, a few miles in 
height, in the interface between the crust and the denser sub-crust, 
a t  a depth of (say) 70 miles. The crest of this ripple would underlie 
the highest part of the geoid, and run NW. from Sambalpur 
through Jubbulpore to Jodhpur. Northwards the trough would 
underlie the Gangetic Plain ancl to the south i t  would be under the 
depressed region of the geoid (Kiirwiir, Bellary etc.) 

I n  the succeeding paragraphs reasons will be given for the 
belief that  the main features of the geoid and of the gravity anomal- 
ies are clue to cleep-seated causes such as tha t  outlined above. The 
argument is hasecl on a critical examination of the geoids which will 
now be deecribed. 

12. The geoids.-The surface of a plastic, homogeneou8 
Earth moulrl as a result of its rotation assume the form of a sphe- 
roid. Since the figure of the Earth does in fact approximate to a 
spheroirl, ancl since a spheroid is convenient for mathenlatical 
cornputatinn, it is univereally adopted as the most convenient figure 
for the representation of the actual features of the Earth. 

Land masses, ocean dept,hs and lark of homogeneity of the crust 
cauw cl~vintions of the v~r t ica l  from the trup norma] to thc spheroid. 
( i i v ~ n  a howlec lq~  of thwe cl~viations a surface is obtainetl which 
risw and falls with reference to the sphcroirl. It represents the 
true mean surface of the sea itself, ancl in the case of land areas it 
ie the surface of the water in small hypothetical canals imagined 

- 
K 
- 

0.0021 
0.0019 

Spheroid 

S. of I. 
ln ternationel 

ctn/sec2 

978,025 
978.017 
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otlrrieiJ across in land from the sea. This surface is known as the 
GEOID. 

If our knowledge of topography and crustal densities were 
complete, we could accurately compute the form of the GEOID by 
considering the attraction of the various masses. Our knowledge is 
faulty, but as a good starting point the theory of isostasy first pro- 
~ounded by Prat t  and elaborated by Hayford is adopted. P u t  
briefly, this theory states tha t  all excess or  deficient masses are 
compensated below sea-level: the compensation being uniformly 
epread out vertically until i t  is complete a t  a definite depth, " the 
depth of compensatioil ", which is assumed to be about 70 miles. 
The ideal geoid computed on this theory is called the ISOSTATIC 
GEOID*. (See Chart IX, compiled by Captain G. Bornford, R.E.). 

If the GEOID, derived from actual deviations of the vertical 
is corrected according to Hayford isostasy, i.e. if a t  any point on 
the GEOID the corresponding height of the ISOSTATIC GEOID is 
deduced froin the height of the GEOID, a new figure is reached 
which is called t,he COMPENSATED GEOID t. 

13. Deductions from the geoids.-A comparison of the 
compensated ancl isostatic geoids should indicate how far Hayford 
isostasy is correct. If there is some constant error in the assuinp- 
t'ions made. applicable to the whole of the portion of the geoid under 
consideration, e .  g. if conlpeilsation is only 50°/, complete over the 
whol~ of PellinsuIar India, t,he compcnsatecl geoid should still show 
a general siinilarity to tlie isostatic g ~ o i d .  There is however no 
similarity a t  all. Tile fo1.m of the coinpc~nsatecl geoid might be due 
to geologic.;~l fc:~tnrt.s of average density d i f f r r i~~g  froin tha t  assumed 
ill t h ~  cc~i,lln~tations. Here again the surface geology seems to be 
in no wajr ~~c~sponsil,I(~ for  its form. The contours of the compensa- 
ted geoi(1 1 . ~ 1 1  across gcol(jgica1 formations of widely different densi- 
ties withotlt any con.csponding chancre in shape. One is therefore 

'? 
forced to t l ~ v  conclusion that the main features of the conlpensated 
geoitl are cillv to a Ilidclen de~p-srated cause. 

14. The H a y f o r d  gravity anomalies.-Precisely the 
samr detlnc~tiol~s can be lnade from the gravity anomalies. The 
anomaly hay f tours arc. very similar to those of the compensated geoid ; 
illdeed tllii follows :r.s a 1rrcrssnl.y result of tlie correlation found 
b~twenl ( I  ,, and H .  Thus the major part of the gravity mlolna- 
lies has thfx same il~rl ,-s~atcc- cause as the geoidal anolnalics. 

Locbnl b:lriatiolls of (lcnsit,y affect gravity more thml they do the 
a~oid. Wllcln thprpforp the correction Iilf, that  is t'o say the correc- 
ti011 for t l , ~  anomalous d ~ ~ p - s e n t r d  lnasscls, lias beell al~pliecl t~ the 
Hayford t: lnvity allornn]irs, the  psidu duals or corrected nnomalirs 
( Y  - Y,, ) hould portray tllr local geology inuch better than the 
uncorrcctc~~l n ~ l o l n n l i ~ ~ ~  ( g  - v c ) .  If t,his is the case i t  will be a 
strong - c011 f i.inat,ion of thp ~tatelnellt, that  t h ~  IL'H anomalies are due 
- - -. - .-- - - 

* st-~ I{llllt-tin Grode~iqne No. 17, p. 30. 
t spt- qlr G r a ~ f f  Hunter, Geophyslcsl meeting of the R. A.  S., 20.4-28, and Geodo- 

t icRe~ort  VoI. I I I  page 81. 
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to a deep-seated cause. I n  this connection, however, the corrected 
anomalies have one defect. When a geological formation of exces- 
sive or deficient density is of sufficiently wide extent to appreciably 
affect the geoid, KH will correct for it, so t ha t  in the middle of a 
wide area of high density g - y, will tend t o  be too low and vice 
versa. 

The table below gives a comparison of the indications provided 
by g - yc and g - "/ a t  certain places where informatioil as to the 
density of the underlying strata is available. The anomalies are 
with reference to the 8. of I. spheroid I1 and the International 
spheroid. 

. 

Longi- 
tnde 

75" 34' 
77'31' 
77' 44' 

76" 03' 
80' 54' 
79' 2G' 

80' 26' 
RZO 12' 
81' 41' 

85" 52' 
80' 15' 
76" 40' 

77' 35' 

Place 

J il gaon ... 
Ellichpnr ... 
Hoehangibid ... 

Mortakka ... 
Umarii ... 
Damoh . . . 

Katni ... 
Bilispur .. 
Ha~pur  ... 
Cnttnck ... 
hl adras ... 
Mysore ... 
Rnngnlor~ ... 

Intel national 
-- 

.V--rc l . q - Y I ,  

Loti- 
tnde 

21' 00' 
21' 18' 
22" 45' 

22" 13' 
23" 32' 
23' 50' 

23" 50' 
22' 04' 
21" 14' 

20" 29' 
13" 01' 
12" 19' 

13' 01' 

S of I / Sphelalcl I1 

[ I  'Ira[' u r l t l e ~  n s ~ n n ! l  d r ~ ~ t h  of : t l l ~ ~ \  ~ u m  ( I .  c I n i l l  111~11 ( I c n . ~ t \ ) .  

+ -053 I 
The information abont densities was obtained from the Director 

of the C+eological Survcby of India in 1006 and 1910. He  pointed 
out however that  owing to the meagre infor~nrttion availrtl~le, his 
pstimates arp r a t h ~ r  in the nature of expert gucsses, and mlist not 
be accrptcrl as strictly accurate. 

Bearing this in mind i t  is considered that in no case docs !I- 71) 
give ilillications which are tlefinitc~ly wrong, whel-ens y - yr may be 
r.msi(lerc(l wrong :it Hoshangihiicl, Umarii, Katni, Bilisln~r and 
Cl~lttack. The normal density assumed for Hayford comI)utntions 
is 2 . 6 7 .  

In  the above tahle all except the last four places are on :ln ele- 
vated part of the geoicl. Next season's gravity work will be all 011 a 
rlepressecl part of the geoid, after which i t  is hoped to make a more 
detailed examination of t h ~  relation between gravity anomalies, the 
geoide and geology, 

78" 16' Edgar Shaft ... 

dens it^ 

2.90-2.95 12' 5G' 

.q-Y's 1 g-yl ,  

[a] 
[a] 

2.6  

2.67 
2.6 
2.7 

2 -  7 
2 62 
2 . 7  

1.91 
1.90 
2.85-2.90 

2.85-2-90 
+ -024 + .013 

crn/seeP 

+ a009 
+ ,012 
- a 0 1 1  

-a021 
- ,008 
-no15 

- -008 
- -008 - ,021 

-so30 
- ,085 
+ -030 

+ -030 

cna/secZ c1nlsec2 CIII /SCC-'  

+ a029 + -014 + -036 
+ -04'8 + -028 + -050 
+.036 1 -.002 I- +a037 

+ ,039 

+ -019 
+ a 0 3 2  
+ .031 

+ .032 
+ ,028 
+ -015 

+ .021 
- so38 
- .008 

- ,010 

+ -013 
+ .022 

-026 

+ a022 
+ -022 
+ a006 

+ a 0 1 2  
- .042 
- ,019 

- a 0 1 9  

-- a 0 1 9  
- .005 
- -010 

- .005 
- a 0 1 8  
- a 0 2 6  

- -030 
- ,025 
t a019 

+ -023 
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15. Sind and Ba1uchistan.-The computation of the 
astrolabe work of field season 1927-28, which could not be comple- 
ted in the following recess, has now been complet'ed. - 

The equation apparatus described in Geodetic Report 
Val. D I  was used for the first nine statioils; i t  gave a good deal of 
trouble, and finally a t  Dzlbandin failed owing to a mechanical 
defect. The average of tshe results for personal equation was taken 
and used for all stations. The corrections for persolla1 equation so 
obtained were :- 

E.A. Glennie - . O l  secs. 
B.L. Gulatee -- .I1 secs. 

Results are sho~vn in Table 5. The deflections in prime verti- 
cal have been omitted in the case of four stations a t  which there 
was a large difference in the results obtained on successive days. 
At the remaining stations also the P.V. deflections obtained differed 
more on successive days than the meridian deviations, and should be 
considered correct to the nearest second of arc only. 

Chart XI11 shows in black the uncorrected deviations referred 
to the Everest spheroid. Deviations obtained in previous years 
are also shown. They are numbered with the serial number given 
in Professional Paper No. 16, pages 174, 176 and 206. 

All resultant deflections are in the direction of visible masses, 
and agreement with previous work is everywhere good, but the 
deflectioils a t  Siihiji are remarkably large. At this place the resultant 
deflection points 'to ml exposure of scarlet red soil in the cliff 
about 300 yards away. This red soil was not seen anywhere else in 
the neighhourhood. If i t  betrays the presence of a mass of heavy 
mineral, such as hr~matite,  the deflecttion woulcl be explaii~ed. Un- 
fortunatelg no sample of this soil was collected. On the same chart 
are shown in red the Hayford cleflection ailolnalies referred to S. of I. 
Spheroid IT. These anomalies are not inconsistent with an exten- 
sion under this area of the deep-seated feature which raises the 
geoicl in thc norther11 part of Peninsular India. The red broken 
line indicaics the approximate line of its crest. 
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TABLE 1.-Times of vibration at Dehra Ban. Season 1928-29. 

rite ( I s I cn I c B  1 m e , '  

Adoptrcll Menn times of vibvct tion. 

Dote I I I C h  1 C B  I Mcnn 

-- 

S 

... 

... 

... 
I 

... 

... 

... 

0.6079527 
9547 
9548 

9541 
9640 

... 

Ills , I r 

... 

... 
0 - 5079534 

9532 
9540 

9537 
9532 

I 9360 

9538 
9538 
9645 
9543 

October 18 

,* 

19 
P I  

3 ,  

20 

*I 

2 1 
3 9  

1 9  

hIean 

8 

0. 607~320 

0531 
9333 

... 

... 
9530 

-- 

1929 

February 27 

28 

:: 
AImrch 1 

1) 

s 

... 0.5079521 

... 

I 
9528 

. . .  9323 
0.5079509 ... 

9522 ... 
'35 16 ... 

... ... 

s 

0.5070538 
9541 
9648 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

0.5079547 
9541 
96.17 

9534 
9527 
95 29 

... 

... 
'.. 

... 

... 
9536 
9539 

0-5019538 1 U.5079540 I 0-50795iO 1 0.507964l / 0.5019510 

9526 : 1 9524 

s 

... 

... 

0.5$9519 

9325 
9325 
9523 

S 

1 >dean I 0,6079521 1 0.3079530 1 0.50,9515 / 0.5079516 I 0~5079624 
I 

- 
9536 I ... 
9530 I . .  

... 

... 
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TABLE 2.-Diference between individuul and mean pendulums. 
Reason 1928-29. {The unit is lo-' see.) 

Name of station 

Debra D i n  ... 
Bilispur ... 
Uahanagar U i x i r  ... 
Cuttack ... 

Cbatrapnr ... 
Dnsi ... 
Pirvatipuram ... 
Waltair ... 

Cocsnida ... 
I\ez\rrida ... 
Yellnndlapid .. 
Ongole ... 

Glldilr . . . 
I\I ndras .. 
Bangalore ... 
Vellore ... 
Cnddalo~e ... 
Nogapatam ... 
Trichinopoly ... 
Dindigul ... 
Madura .. 
Debra DKU ... 

+ 2 
- 2  
+ 6  
+ 4  

+ 8  
0 
0 

- 2  

- 6  
+ 1  
+16 
+ 5  

- 1  
+ 2  
- 3  
+ 2  

+ 1  
- 3  
+ 7  
- 1  

- 3  
0 

0  
- 3  
- 3  
- 4  

- 4  
0  

+ 3  
+ 4  

- 1  
- 5  
+ 4  
+10 

+ 3  
0 

+ 7  
- 2  

+ 4  
+ 3  
+ l o  
+ 7  

0 
+ 9  

+ 5  
t 3  
t 3  
+ 3  

+ 4  
- 2  
- 1  
- 2  

+ 2  
+ 8  
- 3  
- 7  

+ 7  
+ 2  
- 5  
+ 2  

+ 1  
- 1  
- 5  
- 1  

0 
- 1  

0 
- 4  
+ 4  
+ 2  

+ 6  
- 2  
- 2  
- 4  

- 8  
- 1  
4-14 
+ 3  

- 3  
0 

- 5  
0 

- 1  
- 5  
+ 5  
- 3  

- 5  
- 2  

0 
- 2  
- 2  
- 2  

- 1  
- 7  
- 6  
- 7  

- 3  
+ 3  
- 8  
-12 

- 4  
- 3  
- 1 0  
- 3  

- 4  
- 6  
- 1 0  
- 6  

- 5  
- 6  

- 2  
- 5  
- 5  
- 6  

- 6  
- 2  
+ 1  
+ 2  

- 3  
- 7  
+ 2 
t 8  

+ 1  
- 2  
T 5  
- 4  

+ 2  
+ I  
t 8  
+ 5  

- 2  
+ 5  

- 1 1 - 3  
+ 6  
+ I  
+ a  

- 2  
+ 9  
+ 5  
+ 6  

t 9  
+ S  
- 1 3  
- 2  

+ 2  
+ 3  
+ S  
- 3  

+ I  
+ 6  
- 5  
- 1 2  

+ I 0  
- 2  

+ 4  
- 1  

0 

- 4  
+ 7  
+ 3  
+ 4  

+ 7  
+ 1  
-15 
- 4  

0 
+ 1  
+ 6  
t l  

- 1  
+ 4  
- 7  

0 

+ A  
- 4  
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TABLE 3.-Mean times of vibration ccnd deduced values of g .  
Season 1928-29. 

NOTE: - C A  means C pendnlnm suong simoltaneonely with A pendulnm. 
CB 7 -  ,, ,, .! H ,, 
C penrlnlnm is always in the front position in the Appnr~tns.  

Nume of station B 1 C A  I CB 1 Mcan 

B 1 1 ~ p n r  s 
g 

Ijahanagnr Silzir s 
g 

Cnttnck s 
g 

Chatrapor s 
g 

Dusi Y 

0.5090523 
978.681 

0.5080456 
978.695 

0.5080675 
978.661 

0.5080648 
978.633 

0.5080854 

0- 5080521 
97s.s~~ 

0.5080492 
97e.693 

0.5080579 
978.659 

0.5080656 
978,630 

0.5080854 
9i8-553. 

0.5Q80515 
978.685 

0.5080491 
978.694 

0 -  6080677 
978.661 

0.5080658 
978.630 

0.5080845 

0.5080523 
978.682 

0.5080494 
978.693 

0.508058 1 
978.660 

0 -  5080657 
978.630 

0.5080861 

Pirvatipnram s 
978.552 / 978.558 

0.5080524 
978.679 

0.5080195 
978.690 

0.5080583 
978.656 

0.5080660 
978.627 

0.508085p 

0.5030926 0.5030926 
978.552 

0.5080934 
g 

978.526 

0.5080980 
978.543 

0.5081012 
978,492 

0.5081120 
978.451 

0.5081161 
978.436 

0.5081259 
978.397 

0.6081484 
978.311 

0.5081537 
9i8.282 

0.6082122 
978026 

0.50817i3 
978.199 

Oa608164% 
978,250 

0.5081796 
978.190 

0.6081869 
978-162 

0 ~ 5 0 8 2 1 ~ ~  
9i8.073 

0.5092018 
~58.106 

O..j080923 0 -  5080921 

978.553 

978.624 978.525 

0.5080876 
978.543 

0.6081013 
978 m.491 

0.5081125 
978.44; 

0.5081157 
978.435 

0.5081249 
978.400 

0.5081481 
978.310 

0.5081557 
978.281 1 0.5082211 

Waltrrir 
g 

Cocanirda s 

Bezwicla a 
g 

Ycl a ~ d l a p i d  s 

g 

Ongole s 
g 

Gudur 8 

g 

Jlnclrne s 

g 
Bangelore 

978.528 

0.6080874 
978.646 

0.6081003 
978.497 

0-6081117 
978.453 

0.5081174 
978.431 

0.5081261 
978.397 

0.5081 482 
978.312 

0 5081554 
978,284 

0.5082214 
178-030 

0.6081770 
978.201 

0.5081641 
978.261 

0.5081790 
978.193 

0.5081874 
978.161 

0.5082098 
69.07076 

0 6082008 
978.109 

g 

978.542 
0~3081018 
978.490 

0 5081119 
978.451 

0.5081145 
978.441 

0.5081254 
978.399 

0.5081485 
978.310 

0.5081535 
978.283 

0.5082125 

0' 5080887 
978.542 

0.5081016 
978.492 

0'50811 17 
9j8.463 

0.5081169 
978.133 

0.6081271 
978.391 

0.5081488 
9i8.310 

0~5081560 
978,282 

0.5082132 
978-024 978.023 978.027 

Vellore a 1 0-5081771 0.6081776 0.5Ml7iFj 
g 

Cnddalore s 
g 

Segapatam 8 

p 
Trichln<,poly 8 

9 

Dindignl s 
g 

Madnra 8 

g 

978,199 
0.6081646 
978.249 

0.5081802 
978.189 

0.5081879 
~78.159 

0'6082106 
978,072 

0.6082023 
978.104 

9i8.199 
0.5081641 
978.250 

0.5081799 
978.189 

0.3081862 
978.164 

0.5082101 
978.072 

0.6082021 
978.103 

978.197 
0.5081638 
978.250 

0.5081793 
978.190 

0.5081859 
978.164 

0.5082093 
978 074 

0 - 6082018 
978.103 
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TABLE 4.-Modern gmvity observntior~s i n  India. 
(Additions in  field seasoil 1928-29.) 

Height Latitude Longitude I I / N. I I<. 1 l g - y . \  l g -yC 

182 S S F !  1)intlical ... 931, I021  00 i; 15901 !)SR.073 -0.035 -0.058 
183 : 1 X 1 i  M:~tlnra 229 435 9 6 6 3 & 7 5 0 8 2 4  978.105-0.03'7-0'058 

' Old s l : l t i o ~ ~  reyisitcd. 
No'r~:-lll (:csotletic Report Vnl. 1 V I ' :ISC GG, the cn-ordinntcs of Chnndl.n~up sl~ould 

hnvc  Ili*cn giveu as A 25" :G' 02".5:! nnd I,. G > O  4.J' 44".2!), ant1 of G n r l i u i  as 
A 25" ti' 35"-6 and L. Gtio 4:;' 52".4, i,, ~,lacao of the fiynrcs gireu i n  t,hnt table. 

cm/sec2 

979.445 
978.682 
078.693 

978.660 
978.630 
975.553 

978.526 
975.543 
978.492 

978.461 
978.435 
978.197 

978.282 

978.250 
978.190 

978.162 

cm/sec2 

-0.001 
+0.005 
-0.015 

+On006 
+(la046 
+0-016  

-0.001 
+Ue055 
+0.023 

+0.010 
0.000 

+ 0.010 

978.311-0,022-0.045 
-0.010 

971) .026+0-026-0.024 

978.199-0.024-0.042 
+ 0 .009  
-0.019 

-0.024 

cm/sec2 

+0.031 
+O.G13 
-0,014 

+0.006 
+0.027 
-0.005 

- 0'007 
+O"020 
-0.006 

-0.002 
-0.013 
-0.008 

-0.050 

-0.026 
-0.037 

-0.040 

, ,, 
32 16 20 
22 03 5 3  
31 20 08 

I 
20 29 05 
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11 
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15 
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Bilispnr ... 
Uahanagar Bizfir 
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Uasi ... 
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. .  1 2 1 29 

. . . I  5 1 3 9  
.. 111 1 ?!I 

1 2 

3 11 26 
13 11  28 

19 11 28 
23 11. 28 
2911 28 

I5 12 28 

178 
I79 
190 

Waltnir . 1 2 8  
Cocnnida 

Bezwidn 
Ycllnndlapild ... 28 12 2 8  

67Pl Yellore 
~ 

2 1 
5S\I C'r~tlrlalore ... 130 1 29 
RSN Negnllatam ... 5 2 23 

i 
181 58 I ' I '~~ic,l~i~~opoly . .. i 
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Development of Gravity Formulae. 

16. Rotating body nearly ellipsoidal.-It is easily 
shown that if a distributioil of matter is such as to  make the surface 

11 

(1. = c (1 + z U,,) 
1 

a level surface of its rotation about the polar axis and of its 
attraction, the value of t8he pot,ential a t  ail external point is 

correct to first order terms: where 
c = mean radius of t,he surface 

M = mass of internal matker 
U,, is a La,place fuilctioii of order n., small compared 
with unitmy. 

From t8his i t  follows that  the value of gravity a t  the level 
eurface is 

i 11 

, ,=GI l - - l ; r n ( ~ - c o ~ ~ ) ~ ~ ( ~ ~ - l ) ~ ~ ,  . .. (1)" 
'2 

W ~ P ~ P  m 0' is the ct~iitl*ifugal force a t  the equator. 
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in which a = c ( 1 + $ a ), h = height above ellipsoid 
A = # m - ~ - + + r n e  B = g ( 5 r n - e ) .  

For a figure not truly ellipsoidal *, represented by 

equations ( 1 ) and ( 3 ) show tha t  gravity is 

Green's t.heorem extended shows tha t  the system may be replaced 
by a roht ing  solid ellipsoiclt given by (2), with a skin distribution 
density of magnitude 

placed on the actual geoid, in which k is a gravitation factor, and A 
is the mean density of the earth. The distribution may be regarded 
as an equivalent to  the anomalies. 

The potential corresponding to this is 

n 

and the geoicl rises as a result by H, , mliere H,, = c 2 VL,, . . . ( 8) 
2 

17. Condensation of crustal anomalies on the SUP 
face.-The surface clensit,y u is hypothetical, being an illfinitely thin 
layer of infinite densit>y. It is possible to replace i t  by physically 
possible volume densities in an iilfinit,y of ways. 

As an example consicler a volumcl distribution in which the 
t1ensit.y (nearly) constant in any vertical column is defined by 

whrre Z,, is a Laglace function of order 98 :  let the distribution 
cnnsidered to extend between 1.' = (1 - 3;) c and (1 - F,) c. For 

this  consirleration WP lnny treat t h ~  npproxilnately spheroi~lal Bur- 
face as s sphere. Using ( i )  i t  is clear tha t  

r ( 1 - F J  

- z, nrf  

----- - - .- - _ _  - - -. . - -- 
To take account c~f L)arwin.~ rlevi~t.ion from rpb~roitlnl Corn~, w l ~ i c l ~  form8 the 

bwis of Helmcrt.'s later foraola, it i s  necesstrry t.o increase A hy -+I  rind B 
-; f, where f = - 1 0 - ' x  2.05 .  

This ellip~oigl L~ns total mass .M, tlistvibnter\ in finy W R Y  which mnkes t,he boring 
dlog elliproid a level surface of its ow11 at traction rrntl rot,ntion. 
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this is the same as tha t  due to a if 
( 1  -p2)~l+l - (1 -]fll)tl + 1 

DZ,, = I&,, 
( n  + 1) (Fl -4'") 

... ( 9 )  

where D = (F, - F,) c = thickness of the distribution. 
P u t F l = f + $ 6 f ,  F,=f-+Sf,  and ~ f =  6f/2 ( 1 - j ' ) .  
Then (0) may be written 

which shows that  for sufficiently small values of fn u, = DZ,~, and 
the distribution through a finite thickness causes little change. I11 

other words gravity anomalies a t  the surface can give little informa- 
tion as to the mean depth or vertical distribution of the density 
anomalies of long period. 

The second factor in t,he right hand side of (10) shows the effect 
of uniform distribution about a mean depth. Thus for a uniform 
distribution through a depth of 70 miles, as in Hayford's compensa- 
tion, for which A f = 11113, the result is only 10°/, clifferent from 
that clue to collcelltratioll a t  the mean depth of 35 miles if - 

u-4- 113 & or n = 87, showing tha t  this vert'ical distribution 

is relatively unimportant for features of extent 24800/2 x 67, say 
140 miles or less. Consequeiltly gravity alloinalies in such cases 
cannot distinguish between various distributions about a mean depth. 
For a= 87 and f = 111 13, however, (1 - f ) "  = . 46, showing a great 
difference between surface distribution and dist'ributioil a t  a mean 
depth of 35 iniles. For this mean depth to have no more than lo0/, 
effect, must be k e l ~ t  less t,hrtn 11, corresponding to a feature of 
some 1,000 iniles in extent. For convenience of reference values of 
%,/DZ,, are tabulated for various values of n .  

Values of 11,,/DX,,. 

11 

10 
50 

l oo  
300 
500 

Thc tnhlc intlicatps Ilc,lv ]]nrqp anomaly is rcquirctl for fea- 
tlll'es of 25 ~nilcs c.xtpnt (1, = 500) if this is (l istribut~d bet'ween 
~ l ~ p t ' h g  of 10 ai~cl 70 1ni)rg - morp tlln11 5 times as much as if the 
di8tributioii extends downwarcls froin the surface. 

BIean dep th  
36 ul~les 

Mean depth 
40 u111ev 

At 33 

,915 
. f i l l  
. & I  1 

-012 

A t  40 

.no3 
0 
.:w; 
.049 
. O O i  

Between 
0 and 70 

.914, 
( ;  

.4(;7 

.1S1i 
-113 

Between 
10 ant1 70 

.sno 
.GO3 
.x )n  
. lo1 
a021 
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It seems reassonable to attribute such equivalent hypothetical 
surface anomalies to  densit.y anomalies a t  a small depth, above the 
level a t  which the earth may be considered plastic. The dividing 
point between shallow and deep anomalies however callnot be derived 
from geodetic evidence alone. 

18. Corrections for topography.--The formulze of $16 
are for a figure whose matter lies entirely within the level surfaces 
concerned. I n  t,he case of the earth allowance must be made for 
topography external to  the geoid. 

The effect of this external topography on both the geoidal rise 
and the force of gravity can be calculated. Starting with belief 
in a certain degree of regional compensation, and also for 
computational convenience, we may combine with each feature a 
corresponding negative mass of equal amount a t  or below the geoid. 
It is a t  present undecided as to whether this should be done by 
means of a concent,rated skin distribution in keeping with the 
quantity a already employed. I n  doing so i t  is feasible to take the 
compensation on a regional basis, tha t  is, with each vertical element 
of topography to associate a disc of compensatory negative skin 
density of any chosen radius. Whatever is finally decided in this 
reepect, the effect on (5)  may be denoted by 6g, and on (8 )  by 6H,, 
and these equations may be replaced by 

11 

gr = 9, t 6gl t G' 2' (R - 1 ) 201 . . . (11) 
2 

11 

H,, = 6Hl + cZrc, , . ,, 
2 

(12) 

It is to he remembered that  in 9, the quan t i t .~  h is the height 
above the ellipsoid. This may he replaced by 

h' + H,, - 8Ht  = h ... (13) 
so t,hat 

- C' { I + A sin' + - B sin2 ? + + C e a s v  90s 2 (X-A,) .v2 - 
2 

- - ( h ' + ~ , , - ~ ~ , ) ( l + r + t n + 3 s i n " ( ~ n , - r )  ) > (14) 

In  this A' is the Ar igh t  nboce the  geoid. 
T 1 1 ~  anomaly a is now to be regarded as placed on the cnrrected 

geoirl ~vhose forin is rlenoted by (12) .  
19. Relation between d e f l e c t i o n s  and gravity ano- 

m8lies.-Jt is to hr not~cl that if the form of the geoid it:  lanown 
f r(bm 1lrHcction rcbsultg, t h ~ n  th~orc>t ica l l~  (12) allows u ,  to b e .  deter- 
n~ in~(1 ,  ail11 ( I  1) ~ x p r ~ s s o s  the corresl)oildill:' value of ;;rnvity; 
alt~rinatively if t h ~  (rravity nilomxli~s arp k11ow11, T I , ,  can 1 ~ -  foun(1 

!- 
thrr~lfrom. I n  prac t lc~  ho~vpvpr t h ~  obsc'rvatioilal results nrp incomp- 
lete, and the best IIRP must he mado of availahlc  deflection^ and 
anomalies. Thrse latter give directly the local crustal eclllivalent 
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anomaly a t  any place where g has been observed ; which in itself is a 
satisfactory result to arrive at. I n  so far as these crustal anomalies 
exist, the particular form of compensation assumed as a basis of 
computatioll (see \S 16 above) is disproved : it is none the less a useful 
standard of reference. 

20. M a j o r  Glennie's relat ion.-In Sectioil I of this chap- 
ter Major Glennie suggests a linear relation between the gravity 
anomalies found in India and the rise of geoid. This implies tha t  

a result which canilot be strictly true, unless only one harmonic 
exists. when the eauatioll becomes 

The value found by Major Glennie for K (in terms of the 
2 G' 

International spheroid) is -0019 - '0017 + 7 

Hence n - 1 = 
-0017 x 2 - 0 9  x lo7 

0 . 9 7 8  x 10:' 
= 3 6 . 3  

or 18 = 3 7 . 3  
which corresponds with all average angular period of 3601% = 10'. 
An exalnination of the geoid in India (deduced from deflections) 
shows a rough periodicity ill angular amount 12O. TO this figure 
would correspond a value of I{ = '0016, which goes some way to 
explain t,he empirical result. More precise analysis of the geoid 
might perhaps bring about a closer accord; on the other hand 
Major Glennie's value be modified when deduced from a more 
fully di~t~ributed set of gr;vity observations. 

Without doubt the geoiclal features represented by the lower 
harmonics are due to allolnalies of density of great extent; and i t  
seems reasoilable to suppose tha t  a very considerable portion of these 
lies a t  some considerable depth, such as 50 miles. In  considering 
the local :\nomaIy a t  a statioll of obsei~vation, interest centres on 
the anomalies close to the surface, i.e. within the reach of mines. 
From this yoint of view the11 i t  lnay be of interest to remove from 
the anomnlics, reckoned from the spheroiclal f o r m u l ~ ,  the effect due 
to tlle gcncr;~lised crustal anomalies found from the geoicl as deter- 
milird froin cleflrctioil results. The resiclual anoinaly is t'hen morc 
loc:~lisc.tl n i l t l  lilccly to bc of iudustri:tl interest. This 1)rocess may be 
carrictl out without t,hc h,zrmonic analysis of anomalies, much more 
compl(~tllly than by thc application of Major G lennie's em1)iricnl 
brm, which really Ilillg(bs 011 the gcoid bciilg capable of rel~rcsenta- 
tion 1 , ~  t l l ~  :iitll sl,ll~brical I~nrlnoliic. Captaiil Bolnford has 
colnputf.11 thv crustal anomnlics wllich will accoui~t for the geoicl's 
form iir Tildia : a11d therefrom the corresponcling gravity anomalies 
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follow immcdiatclp. Thc cliffcrcncel bct'ween t'hese and the actual 
~nornalirs founcl by grnviby obscrvntiolis, appear to be quailtities of 
i~~duvtrital iliterevt. 



21. Summary.-From the shape of the Indian geoid a set 
of mass anomalies are deduced, which would be competent to explnin 
the shape of the geoid. Although these masses cannot be uniquely 
determined, the solutioll given is considered to be a minimum solu- 
tion : uo other possible set of silomalies could have a total mass much 
smaller than that now given. The anomalies found are both i~ltense 
and extensive ; but, while they give definite disproof of the accuracy 
of the usual Hagford system for cnmputi~lg compen~at~ion, they do 
not definitely disprove the existence of regional hydrostatic 
equilibrium. 

The Indian isostatic geoid has been computed, and is compared 
with the actual geoid. The lack of reselnblailce betweell the two 
surfaces gives further proof of the illaccuracy of the Hayford system 
in India. 

No systenl is proposed as ail alternative to  Hayford's. 
The 1)robability of a correlatio~l betweell geological surface 

densities alld the expression g - y I, ( introduced by Major Glennie ill 
para 11 of t,his chapter) is examined. It is concluded that  in India 
the cnrrtllntion is not lilrely to be finally established. 

A tnl)l(l is given to  facilitate the computation of the geoiclal 
rise dur to different Inasses ; such a table is required for the compu- 
tation of t11~ isostatic geoid. 

22. Anomalies deduced f r o m  geoid.-The compel~sated 
g~oid ( scc Inra 1 2  ) is an equipotential surface of the standarcl 
gphcriod* n11d of t,hc anomalies or departures from Hayford's 
hy1~'tlletic:rl mass tlist,ribution. A knowledge of the form of our 
equipotrnti:rl tlo(1s not sufficcb to clpterlnine the masses to wllirli i t  is 
relattd, b u t  i l l  the present case tllc problem ]nay be simplificfl by 
the nssurn1)tion that, the nnomalic~s occur rrasonnbly near thc surfncr t 
(say withill 70 lniles ), and, if this clcpth is two or three timeas sinallthr 
than the 1101-izontal extent, of the main features, further 1~1~o~vI~ i lge  
of their depth is comparatively nnimlmrtant. An inii~iity of pnssil)le 
solntions still rclmains, but if a solution is found in which the distri- 
butioll of t l i ~  anomalies is ill o1~vio~isIy close rclntio~~sllip the 

.. .. -. .. ~- - - -  . 

' The s l a ~ l , l n ~ , ~ l  ~ p l > ~ r o i d  is t,hp finl.rncc chosen ns rri'r,relicr cllllcwbi~l lillcrl !\.it11 

m3ltr l .  \rhlt~e tctnl n,nr;n ecln81s tJ1at, Of the Earth. nntl w h i c t ~  is ~ l i ~ t r i l ~ ~ l t r t l  in suf.1l :I 

manner t,hnt, t , l ~ c  I,oun(ling ~ l ~ l l e r o i i l  is  ~ 1 8 0  ~n eqnil)otcntial, modilictl or11.v hy D i l r w i n ' ~  
de~resnion nf 10 f t , .  in I a t i t ~ ~ t l e s  45' N, and S. 

t For nt. crcat. depths the  Enrth D I R ~  presnmed to lack the strength n e c e e s e r ~  
for cnnl in~~ct l  existence of nn nnnmnly. 
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contours of the equipotential which they are required to produce, 
tha t  solution will to  some extent be a measure of the minimum total* 
mass of the anomalies. For instance, a local elevation of the 
Indian geoid of specified height and shape can be caused by a suit- 
able distribution of mass beneath it. It could also, conceivably, be 
caused by a suitable distribution of positive and negative masses in 
France, or any other part  of the world, bu t  this second distribution 
would involve very much larger masses than the first, and would 
involve practical impossibilities. 

Working on this basis, that  the anomalies are to be as small 
as possible, a solution has been found by trial and error. The 
spheroid adopted is the International spheroid, so oriented, as 
regards its deflections a t  the origin, as to make the best possible fit 
with the Indian compensated geoid. ( See Chart XI1  ) . As a first 
aproximation the country was divided into blocks 150 by 150 miles 
in horizontal extent, each containing a mass anomaly proportiollal 
to  the mean height of the geoid overlying them, distributed through 
a depth of 70 miles. The total potential of these masses was 
calculated a t  14 points typifying the geoid, and thence was found 
the height of the geoid a t  these points. The masses were then 
modified, and after a few trials the geoid was approximately fitted. 

The 150 by 150 mile blocks were then broken up into 50 by 
50 mile blocks, and the process was repeated, the geoid being fitted 
a t  5G points. After repeated trials a solution was found such that 
the geoid was correctly fitted within two or three feet a t  each of 
these pionts. 

Chart XIV shows the resulting mass anomalies, the 50 mile 
bloclts being replaced by contours of equal mass per unit area. The 
unit employer1 is the mass of a layer of rock (density 2 . 6 7 )  one foot 
thick. and the contours are a t  1000-foot intervals. It may be 
r~ptvtterl that t h ~  qeoid, as obtained from deflections in Inclia, is an 
f~cl l~ipote~~tial  sl~rfaccb of the standard spheroid plus the actual t op -  
graphy ( assumf.rl to be of density :!. 67 ) plus Hayforcl compensation 
p l l r u  tht.sl\ anomnlies. 

Thfb in ttbil$ity ancl e x t ~ n t  of the anomalies is very considerable. 
7- 

L ~ ~ I I S .  in t l l ~  ' inng~tic  plain there is an area of 100,000 square miles 
i i r  v.hic-11 thr, ,~il~rrnnly i s  equivalent to between - 1,000 and - 6,700 
f ! b r ~ r  nf r i ~ c ! ~  : north of N S ~ p u r  there are 50,000 square n!iles in 
i ~ j l i c l l  tllc' nnom:iIy is between + 1,000 ancl + :<,iOO feet. 

Thr : l i l o v ~ ~  fiqures are only measures of the failure of i,;ostasy 
i.1 Tnll;n, if thv Hnyfor~-1 s y s t ~ m  is interpreted ill its narrowest scllse, 
'~ ' t l~i t~l j -  that a11 siirface rocks art) of density 2 . 6 7 ,  that  th(b proper 
( ,~~n :~nua t ion  is evenly distril,uted hetween g~.oullcl level an,l :a depth 
of T O  iniles, and that it liele ve'rtically ulldrr the featurc, wl~ich it 
c r~ml~~nsa tes .  More broatlly the principlf~ of isostasy ,nay 1x1 taken 
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to mean that areas of reasonable size stand in hydrostatic equili- 
brium, and in this broader sense the failure of isostasy is not so 

established. Thus the 25-foot elevation of the geoid north 
of Nagpur would be accounted for if in the 50,000 square miles 
concerned the superficial rocks were lo0/, overdense for a depth of 
10 miles, even though this excess was compensated throughout the 
n e ~ t  60 miles. If the excess density covered 250,000 square miles, 
a thickness of 40,000 feet would suffice. 

In the same way the depression in the Gangetic plain requires 
for its explanation an even greater thiclmess of low density sedi- 
ments, greater, not only because the geoidal depression is rather 
more than 25 feet, but because i t  is closely adjacent to the apparently 
overdense Himiilaya on the north : the defect in the plains has to 
counteract the tendency of this excess to raise the surrounding geoid. 

Thus, although the Indian geoid offers considerable disproof of 
the accuracy of Hayford's detailed system, yet i t  does not offer posi- 
tive disproof of regional hydrostatic equilibrium in a broad sense. 
At the same time i t  cannot be said that deductions from the Indian 
geoid contribute angthing towards the proof of isostasy: on the 
contrary, the geodetic facts are only brought in line with the 
isostatic principle, in its broadest sense, by assuming the existence 
of very extrnsive abnormal rock densities of which there is no 
other evidence. 

23. The isostatic geoid.-In a recent publication * 
Dr. Bowie has stated "The proof of isostasy has made i t  possible to 
compute &n :~pproximate paid without all these (pendulum and 
deflectioll) 01)s~rv:ttional data". The geoid so computed has been 
called the iqostatic geoid by the Gravity Commission of t,he Geodet,ic 
and Geol~h~sical U~lion. The Indian isostatic ~ e o i d  is shown in 
Chart IX. The lack of resemblance between ~t and the actual 
geoid, as qhown ill Chart X, is n measure of the success of the 
coml~~~tatio~l.  A genic1 calculated on the assuinption of no compensa- 
tion at all nould, of course, he still less successful, but Chart JX 
cannot be d*~sc.r i l~~d as a uscful approximation to Chart X. So fa r  as 
is kn~nvn, q:.( oids of Iarqe areas basecl on observational data have only 
bee11 (lls;tw~> In the United Stlatest and in Incliaf. I11 the seconcl of 
thes(l :1r~as Or. Bowie7s proposed computation gives no useful appro- 
ximntlon : I : :  t h ~  U. S. it prol~al)ly cloes better, for that is a less ano- 
malolls con ~ l r y  than Inclia. Rut until Rtwids hare been drawn in 
ma11y othl-! f*oui~tries, and ulnless the isostatic jieoid is then found 
to btl a f a i l  .~lq)roximation to the true geoid in those countries, it is 
not ~ns ' i l ) ;  to accrpt the statement that the isostatic colnputation 

a usc>fol k~rhstitute for obscrvatioi~nl data. 
Tllf nl)trvcl criticisin of Hayford's system docs not imply that  

that systr~l11 call be iinprovcd on. Solnth simple and well defined 
s9sh>m is c~ssc~ntial as a standard, and no alternative system is now 
auggesttld. 

-- - -- 

' Alllericnn Jonrnnl of sclence. No. 81, Sept. 1927. 
t I j~yfo lr l  "Fignro of the  Enrlh nntl I ~ n ~ t n ~ y " .  
f de Olsafl I l n l ~ t e r .  Snlveg of I n t l ~ n  "Geodetic lieport ", Vol. 1. 

3 



GEODETIC REPORT 

24. Gravity deduced from geoid.-At any point it is 
easy to  compute the vertical attraction of the anomalous masses 
deduced from the geoid in para 22. This has been done, and the 
result ie exhibited in Chart XV. If the method of computing the 
anomalies was perfect, these attractions would everywhere be equal 
to g - yc, the usual Hayf ord anomaly based on pendulum observations, 
as shown in Chart VII. Inspection of Charts VI I  and XV shows 
tha t  there are some very material differences. A t  any station let 
this difference, g-yc minus the value deduced from the geoid, be 
designated E, so tha t  E = Chart VII-  Chart XV. Then ideally E' 
should always be zero. 

This quantity E is analogous to  Major Glennie's g-yll (para 
11 of this chapter ), the difference being tha t  g-yo is implicitly 
based on the assumption that  the geoid can be fairly represented by 
a single spherical harmonic, whereas E is based on a mass distri- 
bution which, although many assumptions are involved in its choice, 
would a t  least produce the general outlines of the actual geoid. On 
these grounds i t  is thought to  have some advantage over g - y ~  as 
a basis for further discussion, although the sources of error described 
below (some of which apply to  g-71, with equal force), are such 
that  this advantage may be more apparent than real. 

Reasons why E is not everywhere zero are as follows :- 
( cc ) The choice of an unsuitable reference spheroid. The 

magnitude of the anomalies deduced from the spheroid depends 
vitally on the height of the geoid above the spheroid of reference; 
a different spheroid of reference, or a change in the accepted 
cleflections a t  the origin, will produce a different set of anomalies, 
ancl dift'erent values of their vertical attractions. But g-yc is 
much less sensitive to a change of spheroicl, so that  the value 
of E will vary consiclerahly, accorcling to the spheroid used. 
On these grounils E may form a suitable basis for investiga- 
tion of t l i ~  Earth's figure. If i t  tends to be positive in some 
arras and negat iv~  in others, the accepted spheroicl inay be 
moclitird so as to lessen these inconsistencies. This coinput8- 
tion h a s  not I ) e ~ n  carried out in Inclia: on account of the 
c . r~mp~r~ t i r e~ ly  limited area of the gravit,y survey thc weight 
of' thr  1.1.wlt would not be comparable with that  of spheroids 
c\l~+~incvl hy mnrr usual met,hocls. 

( h ) Thr cbffect of unexplored areas outside tho survey. 
J t  1s nnticclahlel, for example, that  the qeoid is raisctl in the 
~xt rcn ie  south nf India, ancl tha t  the deduced anom~lies are 
positivr. wh~rc~ns y-yc is negative ; hence a large valllc3 of 3. 
The apparrnt rise o f  thc x ~ o i d  may be due to a bad ~hoice of 
spheroid, or it may 1x3 due to unmeasurecl positive anomalies 
in Ceylon and the neighbouring ocean. It is doubts of this 
kind which, for the purpose of finding the figure of tlrl, Farth, 
reatrict the utility of E to very large areas of survey. 
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( c )  Local anomalies. A very localised excess of density 
may cause a large positive value of g- yc , but it will have 
little effect on the shape of the geoid, and i t  will not be 
reflqcted in the attractions deduced therefrom. Consequently 
E will be positive. 

( d )  Ambiguity in the process by which the anomalies are 
deduced. For example, a small feature of the geoid, such as 
the spur of high density near Bombay, may be caused by an 
intense excess of mass in a small area, or by a less intense 
excess in a larger one. Unless the shape of the geoidal 
contours is knowil in detail the distribution of the anomalies 
is quite arbitrary, and since their vertical attraction depends 
more on their intensity than on their horizoiltal extent, a large 
value of E may result. Further, the vertical distribution of 
the ailomalies may not be as postulated. 

( e )  The geoid is based 011 a limited amount of observa- 
tional data. I t s  contours inay be imperfectly drawn. 
As a measure of the effect of these various sources of discrep- 

ancy, i t  may be noted tha t  a t  individual statioils the mean value of 
E is very little less than that  of 9- yc . But if local and marginal 
effects are eliminated by the meaning together (with regard to  sign) 
of all the values of E in fairly large areas, the discrepancy is 
considerably reduced. Thus in all &degree squares in which 8 or 
more gravity stations exist, this mean averages only 005, compared 
with the figure of .015 for the meails of g - yc . 

25. Correlation with Geology.-In para 14 Major 
Glennie has brought forward a correlation between his g - yu and 
the density of the surface rocks. It is obvious that, if the rocks 
underlying one of two ileighbouriilg stations are more dense than 
those ullderlying the other, 9- yc inay be expected to be the greater 
over the first statioil ; and, since 11, the geoidal height, geilerally 
varies slowly with distance, g - yu ( = - yc - KH ) also may be 
expected to be greater. But this coilsideratioil by itself does not 
establish the likelihood of a correlatioil between g - y ~  and the 
surface density in widely separated areas. 

Table 6 gives (a) the vertical attraction of, and (b) the geoidal 
rise due to, ail excess dellsity of 10'1, in surface rocks of specified 
thickness covering a circular area of specified radius. The figures 
apply to the centre of the area. The greatest clepth given ( 2  miles) 
is certainly tile greatest a t  l\r\.hicl~ g:.cologists, unsnpl~liec1 \vit8h 
geodetic data, would hazard a gncss ns to tho colnl,arnti~~e cleilsity 
of the crust a t  tile cleptll in different arcxs ; alid 10C/, excess 
or defect of density is a large., although perhaps not quite 
maximum, nbnorlnality for the average density of the surface roc!is 
of ally ~oi i s ider~ble  area. It is iloticeable that  the attlractJicus 
given arcJ not vc.ry large, so that, except in the case of ilellsity 
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anomalies of as much as lo0/,, a t  least a mile thick, and covering a 
fairly limited area (under 100 miles diameter), the correlation can 
only be expected if g - y ~  is remarkably free from all other sources 
of discrepancy. Now the average value of g -  y~ (withou) regard 
to  sign) is about .020. Then, if g - y ~  is to  be correlated with the 
geology, i.e. if its values are to  be attributed to the excessive or 
defective attract'ion of high or low density surface rocks, i t  must be 
concluded tha t  a typical surface anomaly is one which will produce 
attractions of ~ 0 2 0  cm/sec2. Table 6 shows tha t  such an allomaly 
is a lo0/, excess density, 2 miles thick, covering an area not more 
than 100 miles in diameter. It is thought t ha t  geologists will 
hardly admit tha t  such anomalies are typical; tha t  in any area 
selected a t  random, the anomaly is as likely to  be more striking as 
i t  is to be less. And whether such anomalies do exist or not, it is 
thought that  no geologist will be a.ble to produce, from the data of 
his own science, the evidence or even speculation necessary to 
establish the correlation. 

A second reason for expect,ing no correlation is the fact men- 
tioned by Major Glennie in para 14, namely tha t  large areas of 
superficial excess will themselv~s cause a geoicla] rise (a11 increase 
of H), which will result in diminution of g - y n .  Table 6 shows 
tha t  in the centre of an area '300 miles in diameter ,0211 (i. e. K H )  
is about equal to the attraction, s:, that  in such a case 9- y~ should 
be zero, and in the centre of areas of greater extent the correlation 
with density should be negative. India is a country of large features, 
and i t  is not unusual for rocks of roughly similar densitmy to be 
typical of areas as large as this. 

The table given in para 14  hardly goes fa r  enough to establish 
the correlation. I11 view of the difficulties outlinecl above, an 
empirical correlation will have to be remarkably strong, before it 
can be acceptecl as a fact. 

I n  the above discussion it has been accepted as a standard, that 
excess superficial clensit,y is compensated in exactly the same may as 
topography of normal mass ; i t  woulrl be hard to argue in support of 
a system in  which the compensatio~l is appropriate to topography of 
t r u ~  vo:l;me, but of exactly normal density, while any excess or defect 
of  mws. wliich map be due to  abnormal density, remains uncompen- 
sated. But if such a state shnulcl be considerecl reasonable, reference 
to T?.rtL!o 7 mill show that  i t  is no explanation of t,he difficulties met 
~ : t h  on 'Ihc. more r~asonable hypot,hesis, tha t  the corrclntioll 
remair;s equally hard to explain. 
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TABLE 6.-Attraction in cm/sec2 (upper  ,figure), a n d  geoidal ~ i e e  
in feet (lower f g u r e )  at centre of disc of rock 10°/, overdense, of gicen 
radius and thickness, d u l y  compensated. 

For other densi ty  anomalies m u l t i p l y  in simple yropo?.tion. 

TABLE 7.-As Table 6 ,  but wi thout  conzyensatioll. 

2 111iles 

- 
.027 

0 .7  

a025 
2 . 7  

,012 
5 . 8  

-003 
6 . 5  

5 miles 

25 tulles 

100 miles 

400 miles 

26. C o m p u t a t i o n  of Geoidal Rise.-In the computation 
of the isostatic greoid and of Tables 6 and i ,  i t  has beell necessary 

calculnfr the geoidal rise a t  a given point, due to specified 
masses. 'The ~omput~at ion of the geoidal rise due to surronuding 
topogral~hv is a very easy coinputatmion, if only moclt.rntt. accuracy 
is requirr& i.e. if an error of one or two feet can be to1cr:ltc.d. 

l'hiokncss 
4 mile 4 mile 2miles 

Lclt the count1.y be divided up into zones of raclii 7., (greatel.) 
alld r , ,  Ir t the average height of any zone above sea-level be IL, let 
the surface dellsity be 6, and the Earth's mean c1ensit~- A ,  and let 
the Earth's mean radius be R. Let  'C.' be the potential of the 
uncomprnsated topogmphy in any one zone, and let Y be the 
resulting geoidal rise. 

t mile 

-004 
0 . 1  

.003 
0.3 

moo1 
0 . 6  

a000 
0 . 8  

5 u~iles 

25 miles 

100 miles 

400 miles 

3 mile 

-- 
-008 

0 . 2  

-006 
0 . 7  

,003 
1 . 3  

a001 
1.6 

-004 
0 .1  

-005 
0 . 6  

.005 
2.5 

.005 
10. 

,009 
0.2 

-009 
1 . 2  

a009 
6. 

.009 
20 

- 
-030 

0 . 9  

-035 
5 .  

,097 
20. 

.037 
80.  
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- 
Then V=2n8 [ h ~ $ ~ i s  + f log 

2 2 
r l  

and Y= SVl4.rrRA. 
In  the case of compensation, the " height " is always - 70 

miles, and the density is h6/70, the formulae being the same. For 
compensated topography the rise is the rise due to the topography 
minus the rise due to the compensation. 

Table 8 gives the geoidal rise due to  compensated topography 
of different heights in zones of different radii. The zones are 
rather broad, and if the bulk of the mass in any one zone is situated 
near its inner border some inaccuracy will result. But a zone in 
which all the mass is concentrated near the inner border cannot be 
expected to have a great average height, and in any case a certain 
amount of cancelling of error is to  be expected ; i t  is thought that 
the use of these wide zones will not introduce errors of more than 
a couple of feet a t  most, except possibly in the innermost zone. 
This zone has deliberately been kept fairly large, for, when 
preparing such a figure as the isostatic geoid, i t  is desired to obtain 
the general geoid~l  level near each of the points selected for 
computation : i t  is not desired to obtain the abnormally high values 
which would result if the selected point happened to be near the 
top of a small peak. 

As i t  stands, the table is not intended for the detailed computation 
of the geoidal rise between two near points such as Dehra Ddn and 
Mussoorie ( Ree Chapter V I I  ). It has been used for the construc- 
tion of the charts showing the compensated and isostatic geoids, 
for which purpose the three inner zones have been combined, in 
orrlrl. to give a suitably g~neralisecl result. 
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TRIANGULATION 

1. Summary . -The  season's programme consisted of pri- 
mary triangulatior, in Burma with two detachments, both using Wild 
Precision (58" )  theodolites. This was the first occasion on which 
the Wild type of theodolite has been used for primary triangulation 
by the Survey of India. 

No. I Detachment, under Mr. B. L. Gulatee undertook the obser- 
vation of the Chittagong series, a longitudinal series about 125 miles 
long, connecting the Burma Coast and Mariipur Meridional series 
in latitude 22h0E. The series was completed except for a few observa- 
tions near Chittagong which had to be left until next year. The 
accuracy of observation was satisfactory, the mean triangular error 
being O"'S9, and the value of nt (the mean square error of an angle) 
being O"'41. 

No. 2 Detachment, under Mr. P.K. Ghosh undertook the reob- 
servation of part of the Mong Hsat secondary series, and made a con- 
nection with the triangulators of the Siamese Survey in Lat. 20°N. 
Lonq. 91S0E. The Mong Hsat series runs westwards from this junc- 
tion to the Mandalay Mericlional series in Long. 9 i0E. ,  a distance of 
170 mileu. About half the observations were completed, but a defect 
ir, the th~odolite.  combined with the inexperience of the observer, 
r.rsi?lt~d in the observations being faulty, and the work will have to 
bf :eli'aterl next year. 

From the beginning of the season until the end of December 
no o f f c ~ r  was available to take active charge of the part,y, which 
w ~ s  ~ons~rjuentl-y administer~cl a t  different times by the officers in 
char:&> c.f the P ~ n d u l u m  and Computing Parties. Captain Bornford 
was the11 in charge until the end of April. During recess Lieut. 
Ca> l~ I l  211d Mr. N.R. Rlazumclar held charge a t  different times. 
These frequent changes, although unavoidable, were detrimental to 
thtb effici~ncy of the party. &d the lack of a full time officer in 
charge a t  the beginning of the season, when the observing pt .1  konnel 
mas untrained in g~ocletic triangulation, must be considered n ctmtri- 
butary cause of the failure of No. 2 Detachment. 

Thf. Wild Precision theodolites, on which a fuller rcp()iat i5 
given later (para 5), both exhibited serious defects, but give 
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TRIANGULATION 

promise for the future. It is expected tha t  in future they will com- 
bine an accuracy a t  least equal to tha t  of the 12-inch theodolites 
with their lnany undoubted advantages over the older type of 
instrument. 

The season's work brought to light the necessity for a revision 
of that part of the handbook which deals with geodetic triangulation. 
The preparation of a new handbook has been taken in hand, and 
about half has been completed. 

A small detachment under B. Mukhtar Ahmed, administered 
by 0. C. 14 Party ( Pendulum ) was employed on the locating and 
repairing of the East Coast series from Balasore towards the south. 
The sea has encroached in places, and many new villages have 
sprung up, with the result tha t  out of 49 stations visited, only 20 
could be definitely located and repaired. 

2. Chittagong Series.-The statioils of this series are 
shown in Chart XVII. Except for the coi~nectioi~ with the Manipur 
Meridional series a t  the east end, the reconnaissance was made and 
the stations built ae long ago as 1914-15, but the long break 
in geodetic work which resulted from the war, caused the observa- 
tions to be postponed until 14 years later. I n  t'he middle of the 
series the figures are considerably weaker than has been usual for 
primary triangillation in India, but the country is difficult, and a less 
narrow series would have added considerably to the difficulties of 
observation. 

Work was started a t  the west end of the series a t  the begin- 
ning of October. As reconnoitred, the series connectecl with the 
Burma C'oast series a t  Mor;t Tan. Kurla ancl Sitapahiir hill stations, 
but  aft^^ cloarii~g these and sonle forwarcl stations, ancl after obser- 
ving at Kurla nllcl Morn Tin ,  it was discovc>recl that  the stations a t  
Forornoin and Sitapnhllr werp not intervisible. To have recom- 
mencctl the series froin a fresh base a t  this stagy would have involved 
consi(lt rnble delay and d i ~ o r ~ a n i s a t i m  of all arrangements. 111 

view of Ih+> fact tha t  i t  was possible to computc. the series without 
the missing angles, although not hy the oi~tlloclox method, 
Mr. ( : I~] :L~(V\  (lclcide~l to lreep to his original plai~, without visitiilg any 
addit;on:~l st;~t,ions. J t  was aftcr~y:irds tl~cidcvl that the. connectioil 
must 1 . 1 1  strenqtl~enpcl by further obserratiolls a t  Sital)nhar, 
Qilaclihari, Phukamoin anil Mullianphui. but it was not l)ossibl(. to 
colnp!' tc tllem during the season. 

From this point worlr proccp(letl rapidly as far as t11~ stations 
Lun;:lr~ii:P and  Rlup Mount;ei~l. c~xcclllcllt tl.inngular clri'c~rs 11t)illp: 
ol)txii~c.~l, hut the tllt~odolitc. thcll 1,cb~nn to sho\t solneb sigu- of 
stiffll(~qs in its rrrtic-:l] axis. 01)sprv:ltions : ~ t  tll('>cl f\ \o stntion.; 
were ( aoml~ l~ ted ,  but niter the march for~vartl to Hnlcn t l l c ~  aais ma$ 
found to be unworkahly stiff. No prijvi~ion is made for oiliilg ihe 
&xis of the Wilcl t,jleodo]ite, alld efforts to introduce oil were not 
successful. The construction of the Wild is not such that  the 
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instrument can lightly be dismantled in the field, and it was 
accordingly taken to Calcutta for repair a t  the Mathematical 
Instrument Office. It was there taken down with some difficulty, 
and the fault was corrected. But a month had been wasted. 

Before taking the theodolite to Calcutta Mr. Gulatee had 
completed the reconnaissance of the east end of the series, and had 
built a new station a t  Mongklang. When observations were recom- 
menced a t  Zemuklang on Februal-y 23rd on his return from 
Calcutta, the visibility, which had previously been good, had become 
considerably worse by reason of the haze which is always found in 
Burma a t  tha t  time. On account of the haze the observations could 
only be completed with great clificulty, and the work closed on the 
base Waibula-l\Tone-lone-taung on IYIarch 17th. At this time of 
the year i t  was quite out of the question to  return to Chittagong 
and complete the connection with the Burma Coast series, and the 
detachment returned to India via the Chindwin river and Rangoon, 

In addition to  the loss of a month's work, the stiffness of t8he 
theodolite's axis a t  Lungleng and Blue Mountain, combined with 
the bacl visibility a t  Zemuklang and Zovailangklang caused rather 
exceptionally large triangnlar errors in the quaclrilateral formed by 
these four stations. The closures there averaged If"03, as com- 
pared with W""1.7 in the rest of the series. 

Observations were made generally by day, sometimes by night, 
the former to  9-inch l~elios, and the latter to oil lamps. Until 
February the visibility was generally good in the morning and aftef 
4 p.m., but between 10 a.m. and f1. p.m. the higher hill tops were 
usually obscured 11y mist risiug from the valleys; thus, nltliough 
there was no dificalty ill obsc>rving horizontal angles, the vertical 
angles could not always hr observed cluring the hours of minimum 
refraction. 

The strenqth of the dcltachment was one obscrvrr, ontb :~ssistant 
(Upper Subordinate. S~rvictb), one rrcorder and 50 khalisis. Health 
was poor. In  the ( ' h i t t :~xon~  Hill Tract8 much sickness was caused 
by fever, and in the higl~or hills t 1 1 ~  lchaliisis suffrred from the colcl. 
One khaliisi clicvl of  l)nrurr~onia in thc Lushai Hills. 

The country pasrcil tli re )uxh is not easy for triangulatio~~. Except 
on the Kar11apli111i ~'ivclr ani1 t l l ~  F a l a l n - K ; t l ~ ~ n ~ o  roa(1, 0 1 1 1 ~  rooly 
transport can 1 ) ~  us(v1. :111c! coolies aro 110t easily ohtainecl. From 
Chittngong to Dc1m:iyil.i. tllcl l<arnal,llu]i river const i tut~s n central 
line o f  colnmullicntioil. hut llills froin the river :,re ol~l! r(\ach~d 
with clifficulty. Froln L)clm,;lqiri thclrt> is only cooly trarl; tlll.()ugh 
L u i ~ g l ~ l ~  to Hakn i l l  thr. ('hill Hills, :lnd supp1iw in the‘ I~~ishai 
Hills can only h~ 01,tainrel from L ~ n g l ~ h .  I n  the wesl t h ~  low 
hills are covered with dense bamboo jungle. The higher hills in 
the east are less tllicaltly covclred, but except Yetagong and IC aibula 
t'hey are not easy of access. 
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3. Mong Hsat Series.-This series had been observed with 
poor secondary accuracy in  1891-93. I n  recent years t.he extension 
of primary triangulation by the  Siamese Survey has led to  the  

of a connectioil with t.he Iiidian triangulation a t  the east 
end of the Mong Hsa t  series. The 1928-29 programme was to make 
the connection with the  Siamese triangulators, and to  reobserve as 
much as possible of the old series. 

Some of the figures of the  old secoildary series were very weak. 
Changes were made in  the  position of a few of the  stations, which 
improved the lay-out a little, bu t  some figures remained much 
weaker than is usual. As in the  case of the  Chittagong series, the  
difficulty of coininunication ( a t  the  east end ) is such t ha t  ally coiisi- 
derable improvement can only be obtaineel a t  the expense of much 
delay. It may be remarked, however, t ha t  these weak figures need 
not result i11 any weakness in the  triangulation as a whole, provided 
they are associated with a closer base control than is usual. The 
provision of additional bases in Burma is now under consideration. 

The detach~nent left Dehra Dfin on 19th September, and met 
the Siainese observers on the f a r  side of the frontier on 3rd November, 
where i t  was arranged to niake the  connection by both parties' obser- 
ving all three angles of the triangle Loi Pahompok, Loi Pakulin, 
Loi Tuin. 

A t  Loi Pakulin, the  second station, the vertical axis of the  
Wild theodolite, which had always been too stiff, became so stiff as 
to be ~ulusable. To have taken i t  to  Calcutta, or to have waited 
for a new tlieodolite, would have resulted in the loss of nearly the 
whole s~nson's worlr, and Mr. Ghosh accorclingly took down the 
theodolite ancl oiled the axis. He reassembled the instrumentl 
succes~lnlly, and it then returned to its foriiier conclitioii of stiffness, 
nalncly ~vorlrable but, as i t  turned out, too stiff for accurate work. 

T l ~ c  observations then proceeded rather slorvly, being lla~npered 
by cloudy weather. A t  Loi Salu the theodolite again became 
imposr,il~ly stiff and had to be dismantled. After the end of 
Janu. YJ' tllc usual Burma haze caused difficulty, but  the short sides 
betm.($[>~l Loi Nan, Loi Lorn and Loi Kaha enabled worlr to be conti- 
nued ;I\ far as the sicle Loi Lorn-Loi Kaha, whcre thc detschinciit 
ce~sed work on February 23rcl. 

Ci1)servations were made partly by clay ancl pai3tly hy nic.!it tile 
majority heiiig by da,y, as in t,he Chittagong series. Clnutly 11 (.:iil!(~~. 
causcll solncb difficulty with helios, and delay was also cnusvil b j  mist 
and I I : I L ~ \ .  

' I ' l ~r .  Ii(~alt11 of the (l~taclimciit was poor, (;sl~r~ci:iIlj ill tllc. rill iy 
put)  or the season wlicn thcrc was mucli mala r~a .  011c lrl~nl;~si cl;(~cl. 

( '~mm~uiicat~ioils  to the> clast of Loi SnIu consist o f  hill l~.ncli~*, 
gellrrally passable fo r  ponies. The hills are stoep and the r i ~ c r  
valleys deeply cut, but  i t  was found 1,ossible to ge t  pony t r n i i s p ~ ~ t  
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up to  most of the stations. West  of Mangnai the country consish 
of very pleasant rolling downs wit>h some roc,ky ridges, and a num- 
ber of fair  weat,her motor t'racks. 

4. Computa t ions . - In  view of the large triangular errors 
of the Mong Hsat  series (average over S"), only the Chittagong series 
was computecl. The computatioris were begun from the east end, 
and carried up to the side Barkal-Mullianphui, beyond 'which they 
will be affectecl by the observations to be made next year. The 
computations followed the ususl procedure, except that  some saving 
mas made in the computation of the weights of the angles, and some 
irregularity in the computation of heights was necessitated by the 
fact of their somet,imes having been observed early in the day. 

The system by which weights have previously been computed 
involves a full  page of computation on form 7 Trian. for each angle. 
In view of the fact  tha t  unknown systematic errors probably have at 
least as serious an effect on the result of an angle, as do the casual 
errors of graduation and observation, so much labour is not justified. 
A shorter method was therefore adopted as follows. Let v,, v,, etc., 
be the differences between the general mean value of t,he angle, and 
the mean of the measures on each of n zeros, then the probable error 

- 845 211.1 
of the general mean is - , and t'he weight is given by 

n d n - 1  
1 I . 11 n 2 ( n  - 1 - -- W =  -- where 2(vl indicates the sum of GI ,  v,, 

( p . ~ . ) ' ~  ( 2  [ I . / ) '  

etc., without' rcgard to sign. 

Some details of the height computations are given in the 
appendix to this chapter. 

5. Wild Precision Theodoli tes . -The experience of t'he 
Survey of Tnrlia with thr  \\-ild Pr~cis ion theoclolite has not been 
fortunate. The speed o f  work, and ease of transport is fully appre- 
ciated. but in their first season (1028-29) instrumental defects have 
resulted in consiclerable loss. These defects are summarizecl below :- 

S o .  -51)-(1) The vertical axis stiffelled after observations at nine 
stations. I t  r~coverecl after oiling. 

( 2 )  Toivarcls the end of the season the horizoi~tal axis 
showed some stiffness. 

i:i r M o v ~ i n ~ n t  o f  the vertical slow motion s c ~ ~ c . ~  causes 
a r l i f fclr~nc~ o f  s~vera l  secc~nds in t h ~  horizontal pointing, 
accc~r~ling to t 1 1 ~  tlil.pctic,ll in which tJlv scycw is l:lh-t, turned. 
This cled'ev4 was not noticed a t  f i r ~ t ,  anrl inay not hn,ve cle- 
relopp(1 11ntil aftc'r t l i ~  theotlolitc. was 6rst clisma~~tltd. 

(4) T11o illurnillation of t h ~  cross wire8 is il1:1(1t>ql1ate. 
Illumination has aln-ays had to he provided by torch through 
the o b j ~ c t  glnes.  
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(5j The images of the two opposite sides of the horizon- 
tal circle are not now brought to a focus in a common plane. 
The error is small and there is no serious parallax, but some 
observers are troubled by the impossibility of getting both 
images in perfect focus. This defect also probably developed 
after the theodolite had been dismantled in India. 

No. 37-(6) The vertical axis is permanently stiff; too stiff for 
accurate work. Every few months i t  has become so stiff 
that the theodolite can'hardly be turned on its axis. Oiling 
has returned i t  to its previous condition. 

(7) The illuininatioil of the wires is defective as in No. 59. 

If such defects as t,hese had occurred in an ordinary theodolite, 
none except the stiffness of No. 37, would have caused any trouble. 
They could have been remedied i11.an hour or two. The Wild 
factory is of course capable of putting them right,, but wifhout very 
clear inst,ructioils i t  is quite beyond the power of the triangulator 
to do so in the field. The vert'ical axis call easily be oiled in the 
field, once the method is known, but  the other adjustments have 
caused difficulty even to the well equipped Matheinatical Instrument 
Office in Calcutta. 

The conclusioil to be drawn from the above, is that  if Wild 
Precision theodolites are to be relied on for work in outlying 
countries, the makers must supply a detailed book of instructions, 
and, if necessary, a set of special tools, by means of which a inan of 
the type usually einployed on primary triangulation can get a t  and 
dismantle any part  of his theodolite. He  must be told where to 
start ai~cl ~vllat to leave untouched, which screws are left-handed, 
which joints are pinned, and which are friction grips ; where force 
may be nscd, and where he must be careful. It cannot be said that 
Wild throdolites can be truster1 to inaintaii~ the state of perfect 
adjustme~it, in which their makers may issue them. 

T~ri1111g to inore favolirable aspects, it is Llnilecessary to say 
anything of the Wilcl's convenience in use : anyone who has used a 
Wild is lilrcly to be repelled by the sight of a 12-inch theodolite of 
the old t?l;c. As regarcls accuracy, No. 3; has provided no data 
from whicll i t  call be judged, but No. 59 has given results which 
show that a Wild Precisioil theodolite in good nrcler is capal~le  
of gooil pi inlayy t,rianguletion, aild nrhich give grollilds hcq~illg 
that it ~vrll be able to equal or cvtn to sul-pass the bt.st l2-inch 
theoclo~iios. 
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repeated twice. Except in one quadrilateral which was stfected by 
the stiffness of the axis, the average triangular error in 16 triangles 
was 0". 47. For the whole series of 20 triangles this figure 
O"'59, and the mean square error of an  unadjusted angle was 0'.41, 
This is not as good as the best 12-inch theodolite work in which 
the mean square error may be 0". 3 or even 0 -2, but it may be 
noted tha t  i t  was the observer's first season of observation, and that 
further experience of the Wild may lead to improvements in a 
programme of work which was designed for the 12-inch theodolites. 

The graduation of the horizontal circle of No. 59 appears to h 
excellent. All the measures made on different zeros have been 
classified according to  the part  of the circle on which they were 
measured, and the values of each zero mean minus the general mean 
value of the angle have been recorded. Table 1 gives the resulting 
mean value of Z. M. - G. M. for angles measured in different parts 
of the arc. Thus the figure + 0.89 in the 13th column of the first 
row, signifies tha t  aJl the measures of all angles whose one arm was 
between 800' and 310' or 120' and 180°, and whose other arm was 
between 360' and 10' or 180' and 190°, averaged 0 '  .89 greater 
than the general mean of all the measures of the same angle made 
on all parts of the arc. The figure 5 in  brackets signifies that the 
figure 0".89 is the mean for 5 different angles which were measured 
on this part  of the arc. Means have also been taken out for each 
row and each column, thus the meaning of - 0.22  a t  the foot of the 
first column is tha t  all angles which were measured clockwise from 
between 0" and 10' or 1809 and 190' tend to be 0".22 seconds too 
small. It is noticeable that the largest figures occur where there 
are least entries, and i t  is apparent t ha t  if observatiolis are made on 
1 2  zeros, graduation error should have a very small effect. This 
rcmark applies to systematic graduation error affecting all the 
graduations through several degrees. The complete table of 
2. ia. - C f .  M. (not printed) shows tha t  indiviclual graduations are 
also very good. Out of about 300 entries, 65 exceed I",  15 exceed 
2" and the largest is :3".04, and there is no reason to attribute even 
these ~vholly to gradoation error. 

On hearing of the defects of No. 37, Messrs Wilcl a t  once offered 
i d  replace i t  free of charge, and its replacement has be;.-) received- 
This theodolite (No. 130) appears to  be in exeellent d e r ,  and a 
; ; oo~  season's \\-c)rk is confidently expected. 

It has 110t been possible to make extellsivr tests for :.strnllolni~~~ 
iv(~L.:i, butr a short a z i m ~ ~ t h  pr()g:.ralnlne with No. 130 has give11 very 
sn! isf:lctory resultq. Azinlut,hs from Polaris out of t.ltll~b.ation On 
~ i x  rli'if~rent zeros gavG results which differed from 'I heir meel' 

iq- - ztr . ,, + O K 8 ,  - 2 " - 9 ,  +2".7, + 0 " . 8 ~ ~ d  +OW.ij .~spectiv~I~7 
girit~g n probable error of the mpan of o1'.6. Each of { I I P S P  fi6uns 
is the mean of a single reading on face left  end face rig;i ,  and the 
total observing time was 35 minuha, excluding t i m ~  bservations 
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and setting up the instrument. It seems probable tha t  a very good 
pdet ic  azimuth can be observed in a single night. 

In conclusion i t  is considered tha t  the Precision Wild is capable 
of carrying out the best primary triangulation, but t,hat something 
must be done to improve its reliabilitsy. Either there must be a great 
advance in the quality of the materials and in the factory testing 
(and it is not suggested that  either is unduly faulty a t  present ), 
or else it must be made possible for observers to dismantle their 
own instruments. It is admittedly bad for a Wild theodolite to be 
dismantled, but when a triangulator is distant many weeks march 
from a worlrshop, he cannot do any further damage to an instrument 
which will not work. During the present season the Survey of 
India are using Wilds, but are taking the precaution of carrying 
12-inch theodolites into the field, and keeping them within reach 
of the observers. 

APPENDIX 

Chittagong Series. Height Computations. 

All the vertical angles of the Chittagong series not having 
been ohschrvrd a t  the hours of inininlum refraction, a certain amount 
of irrrgulnrity was necessary in the computations, in the form of 
rejectjoi~s ancl corrections to observed values. The details of this 
work : ; r ~  hcre put 011 record, although they are of little g ~ n e r a l  
inkre5 t. The method used is not intended to form a 1)rc~c~cleilt ill 
geodct~ worlr, in which it is to be llopecl that all a ~ ~ g l r s  will b~ 
obserx, (1 at tjines of minimum refraction. 

CI1:tl.t XVII shows the coinp~t~ed clifferences of 11cigllt froin 
eithe17 c*ud of each sidr. All af ten~oon obserrations oli any our 
day h:;,\c. 1,orn meancd together. Where any afternoon ol)stlr\ra- 
fiolls 91-P nvnilabl(~, o1)servations made a t  other times 11::vt. I>(A(~II 
omi t t~~~l .  cxcc~pt w h ~ n  they show less r~fract ion than t h c ~  :ti tcrno #:I  

obs~\a i ions ,  or are otherwise of interest. Obsei*vittio.~r 11l:~(!~ :tt 
times thcr than between 13 and 15.  30 hours a r ~  follonc~~l 11) i l l ( .  
hour I I' obsc~rvation in brackets. The coeficicilt of flsn(.l:olc 
~ m p l o ; ~  11 ill the computations was taken as usual fro111 T,l1.i1> 7 811). 
of t,h( \ 11xili:~ry tahles, which gives a value dc>p~nclc11t on t!lc* 11~ix!~ts 
of bollr the stat,ioil of observation and of thc ]~c~ j i~ ! -  r k ~ ' ~ ' ~ t "  

Inspection of Chart XVII shows that  in the east end of the series il l? 
height. difference from the higher end of a ray is invariably g i -e~tw 
than that determined from the lower end. Such discrepancies may 
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of course be caused by deviation of the vertical of the s&tione 
concerned, but  they mould also be caused by a very small illaccuracy 
in the coefficient of refraction taken from the tables, and the rep. 
laritv with which the difference occurs indicates that this is the 
cause. This error is almost entirely cancelled by accepting the mean 
value as obtained from either end of the ray. 

Cases occur (e. g. Yetagong-Mongklang) where a value of the 
height difference is available a t  one end of a ray only. Under 
these circuinstances i t  is not right to accept this value of the 
height difference; i t  is better to allow for the error in the assumed 
coefficient of refraction by improvising a value for the other end of 
t,he ray, with which to  mean the observed value. This value may 
be improvised as follows :-The effect of an error in the coefficient 
of refraction varies as the square of the length of the ray; hence 
observations from opposite ends of a ray should give a discrepancy 
of KM', where M is the length in miles, and K is a constant deter- 
mined from the following tahle. 

No rays involvi11~ Z o ~ a i l a n ~ k l a n g  have been incluclcld in thp 
rtlY)vfh tnl)lr, ~ J ~ ~ C : L I R P  o1)st~rvatiolls there were very cliscordallt. 

Exami~lation O F  C'hart XVTI shows t,hat a t  some stations the data 
il~cornplc~tr~ or clisc.rcll):nlt as notrrl below. 

il;r ihrcl~r .--TI I \JTo~lc~-lon~-ta~ung-. NO aftclrnoo~~ cll)servation8- 
Acc~11t I,()" 0 :~ l low for further fa l l .  

DIM2.-t i  

-016 
a 017 
019 

.037 
-033 

~ . -  1 :  No aftPrllooll obsel.vo tic111s. Accept 
1 j6f: . 0 t o  ,111, ITY fo r  j:lll. 

T( I 3r01,<1<1:111;'. No o 1 ~ ~ 1 ~ ~ ~ ~ t i ~ ~ ~ ~  AcCrl)t ,572 7 - KM:, i.ps 
.-, .-, 0 0. 

I . -  t ]  NO n f t t ~ l ~ n o o ~ l  ,~l,s~r~ationa- 
t1ccb3pt 2 1 2 . 0  to : ~ l l o w  for fall. 

To Monylrla~lg. No af t~rnoon oIIYPrvatiorls. Acc*cbpt 798.0 
allow for fall. Thr discrrpancy bclt,ween the t,wo ends of the ray Is 
see11 to be vrry largr. 

Meal~ value of I( = ' 024 

I.ength (11) 

mrleo 

25 
2 2 
2 2 
18 
3 5 

Rnv 

Waibula to Wone-lone-taung 
Yetaqong to Wonr-lone-taung 
Y~tagong  to  Zclmulilang 
Zrlnuklang to Mongklang 
Zrrnuklnng to  L~~inglellg- 
-- 

Di4c1 epaucy (D)  

f ee t  

10 
8 
9 

12 
4 0 
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To Lungleng. No afternoon observations. Accept 2,676.0 to 
allow for fall. 

To Blue Mountain. So  afternoon observations, and the 11.30 
hour value is seen to  be only 3 feet lower than the 9 hour value, as 
co~npared with 25 feet in the ray to  Lung?eng, and about 17 feet 
in the ray from Blue Mountain to  Zovailangklang. Further the 
value of 1,107 is only 3 feet greater than the value obtained from 
the opposite end of the ray. 

Accepting the 9 hour value and guessing a fall to midday the 
value 1,103 t 25 (I ,  1 30) is suggested. The 11.30 value suggests 
1,110 for midday, and the standard discrepancy from the value 
obtained a t  Blue Mouiitail~ suggests 1,105 + KM' i. e. 1,124. Accept- 
ing the mean of these three gives 1,121, weakly determined. 

Blue Mounfnin.--To Zemuklang. The value 1,326.4 was obser- 
ved at 13.:30, but is clearly not a ininiinum and is rejected, since 
other lower values are available. 

Scril.ep.-To Blue Mountain. The value 1,988 a t  1 2.30 indicates 
greater rrfraction than 1,979 a t  10 hours, or than 1,982 a t  an 
unrecorcled hour. Results obtained a t  this unrecorded hour for 
other rays, shour t ha t  i t  was an early hour. Coilsequently the value 
1,988 has to be rejected. The value 1,979.7 a t  10 hours suggests 
about l , ! ) i i  a t  inidclay, which is also in gooil agreement with 1,981 
and 1,Y 78 obtained from Blue Mountain, i t  bring noted tha t  the 
value of K (see above) is considerably sinaller in this part  of the 
series. 

H I /  il~l~ui.-All observations were made in the afternoon but on 
two days the refraction of the rays to  Barkal and Mullianphui is 
spell to 6;~ve failed to have reached n minimum. Consequently for 
these tn 1 )  rnTs the values 1.587.6 and 3,OSG. G are accepted. 

111 ('1lnl.t XVII  thp values within brackets give the mean of the 
height tlitt'c~rc1ncre de t~ rmiu rd  from either encl of the ray, as modified 
in thtk :~l~ovc. ilotes. Tho coinputatioil of thc actual heights of 
statioi~c 1 I11111 1,reecnts no difficulty. When thtl Ilvight of all 1111- 
I~nowll I 1 l i l , 1 1  is cletc~rminetl from two rays only (as a t  Yetagollg), 
the r n t t : l l l  +,ll,-cbn has 11(+111 1vtaiql1tc1d somewllat in favc3ur of the shc~rtc~r 
ray. 1'1 a 'tt detenninations 11:rsed on Z ~ ~ v a i l a n g l i l a  have l:c.ru 
giv~n 1 1  1 , cliKllt, 

Tl.*\ ' ~ l l : r I  closing error ill ~ ~ ( ~ i g l l t  a t  ~ i t a ~ a l i ~ r ,  M o r ~  Ts11 nild 
Kurh i. :. f o ~ t ,  but, this all 1 ~ 1  nttribntcvl i n  tbr> C ' l ~ i ~ : ; ~ g ~ ~ l l g  
series. 111 tlie west tl1(.rc is a ~ l ~ i ~ i t - l r v c ~ l l ~ ~ ~ l  C , I ~ I I ~ I  clioi~ 11"::r 
Chittn.1 1114,  1,llt in tll(b ~ : ~ f i t  tllp ~l(b:lr(*st coll11cy4ion i:, : t i  &1:t11d:1':1j. :o 
that tll;, S f~,cbt Il;ls ;lc~c.llnlu];tt(~(l in tl~(. "SO 11:11 : 0 4  l l ' l ~ l i ~ ~ l l ! ' ~ -  
1 1 1 t  ] : 1 1  Mantl;~l;t~ I ~ ~ ~ ~ ~ , i ~ ~ : ~ ~ ~ ~ ! c ~ ~  
series. '1'ht. 1,rohahlc error of )lr~ig:.llt aft(.r ?SO r n ~ i t ' h  ot l~.;:~ilgl~ln- 

-. 

tion is I :i P,/2 . 80 fcbc1t, w]lcl-c~ P is a qu:llltity dt~t+~rlnillfbd :roll? the' 
closures of' height roulld eitch trinllglt'. (See (~coilctic 1Ccp0l.t 111, 
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1926-27, Chapter 11). In  modern primary series P has averaged 
about, 1.5, so t,Iiat ill 280 miles the probable error should be about 
34 feet,. The 8 feet a c t u a l l ~  fotmd is not altogether discordant 
with this, but t,lle lack of a full set of a f te r i~oo~i  observations in tlv 
Chittngollg series has probably beell i-espon~ible for some considera- 
ble loss of accuracy. 
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LEVELLING 

1. Organization.-Eleven detach1nent.s were formed and 
employed as follows :-5 011 high precision levelling throughout the 
season, 1 on high precision levelling up to December 1928 and there- 
after on tertiary levelling, 1 on secondary levelling throughout the 
season, 1 on secondary levelling up to  January 1929 and thereafter 
on tertiary levelling and 3 on tertiary levelling t,hroughout the 
seasoi1. 

Secondary work was carried out for the East Illdial1 Railway, 
and the Pulljab and Burma  government,^, and tertiary for the latter 
two  government,^ and Bombay in connection with the following 
engineering projects. 

. . .  M u ~ a f f a r ~ a r h  Iridus Canal Area . . .  . . .  Punjab. 
Protect,ive Worlis for the Sittang River, and a con- 

. . .  . . .  tour survey of Myanaung Plain . . .  Burma. 

. . .  Lloyd Barrage . . .  . . .  . . .  . . .  Bombay. 
I11 order to give effect to the accepted policy that  the Party 

sllould not be ellcumbered with tertiary levelling which (in t'he same 
way as minor triangulation) should be done by Topo. Circles, the 
four d~~tac.hineiits forined for t,his class of work for the Lloyd Barrage 
Project 1vPi.e transferred t,o No. 24 Party, Central Circle. As the 
Burma Clirclc was not prepared t,o take iininediat,e charge of levelling 
work, t,hc fift,ll det,achinent forined for the t'ertinry levelling of 
Myal~aun~ Plain worked under t,he direction of No. I T  Part,y. 

In future all levelliilg for Local Govenlinents and Puhlic bodies 
that (10 not require the accuracy of secondary levelling, will be done 
by the Topo. Circles concerned. 

2. Summary o f  out-turn.-The total out-turn of levelling 
was R S  ~ O I I O W S  :- 

High P~.rcis i~l l  leve]lil1g ill fore directtion 7 7 7  iniles ( S S 5  t l  ..l-~ss)" 
3 )  .7 ,, bnclc , 7 368 ,, ( ,184 ;;ross) 
,- 9 ,  3 ,  both ,, 22.5t ,, ( 2:;.2 g r < ~ s )  
1 7  9 1  9 7 (revision) ,, 100 ,, ( l - l z ~ r ( ) s s l  

. . .  Equiculcnl  tot,^] in ollp dirc.ct,ion 1,470 ,, (1 ,7 1 :; qro*?) 
s e c o l l l l : ~ ~ ~  Iovp]lillg . . .  . , . 930 ,, (1,003 ;;I.OSS) 
Tertiary t~or~hlp Irvpl l in~ . . .  24,1 ,, ( 247 gross) 

s .  

sil~gle .. , , . . .  . . . . 1,Y S O  ;CroPs - - --- - - -- . - - ---  

* '1 he first or ~ I P S ~  f i g u t ~ s  reprpspnis tho dlrert d~stnncr Irrrlled ~ P I W P P I I  tcrllllnnl 
1 1 1 ~  grops total 1 ~ 1 ~ l ~ l d e ~  i~ddi110na1 ~ l ~ e ~ h - l e v e l l i ~ ~ g  ttt onds, : I I ~  hlnnch l i l l e ~  t o  

Q. T, alrtloun etc. 
t i ,e.  2 x 112t. 
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3. Work of detachments.-No. 1 detccchment under 
Mr. L. D. Joshi did the following high precision levelling with a total 
of 453 miles (494 gross) with 23 miles of relevelments (100°/,)* 

(n) Nasiribad-Bhopcil ant1 Hhopil-Bina bot,h in the fore 
direction; these are parts of new net lines 110 and 109 
respectively. The routes were (1) along the maill road from 
Nosiriibiicl via Bundi, I<ota,h, Jhiilrapiitan and Agar to 
Shujilpur,  and thence along the railway to Bhopil, and 
(2) p r t l y  along the road and partly along the railway from 
Bhopsl to  Bina. 

Six primary bench-marks for the study of seismic changes 
were made in the neighbourhood of Satur Chhatri, Deoli-Btindi 
road, Basni, Khern and Riijosi where geological faults are 
known to  exist. 

(b) BIussoorie via Bhadri j  to  Kiilsi in the bacli direction. 
This is par t  of the Himalayan circuit Dehra Dan-Rijpur- 
Mussoorie-Bhadrij-Kiilsi-Dehra Dun. Details of this work 
are given in para 6. 

1'0. 2 delnchmpnt under Mr. J. N. Kohli did the following high 
precision levelling with a total of 408 miles (481 gross) with 19 
miles of relevelments (30 'I,). 

( n )  Mirwar Piili-Barocla in the fore direction. This com- 
prises parts of the new net lines 103 ancl 112. The route 
follnwecl t h ~  railway to Mehsiina, thence by road to Viram- 
g i m  and again along the railway to  Barocla via Ahmadibid. 

(b)  Kilsi-Chnkritii in the fore direction along the motor 
roacl, ancl Chakrita-Mussoorie via Lakhwiir in the fore 
direction along the briclle-path. Details of this work are 
given in para 6. 

S o .  -3 d ~ t n c h m ~ r r t  under Mr. B. P. Runclev die1 the followillg high 
precision lev~l l ing with a total of 368 miles (484 gross) with 68 
miles nf relevelments (18 "1,). 

(0) Ghakkar-hmritsar via Lahore in the back direction, 
along the Grand Trunk Roacl. This comprises lasts of the 
new net lines Ji16 and 137. 

i hi Ll1dhiina-Sahiiranpur via Ambiila ill the back direction, 
along the 1-;1-a11cl Trunk Road to  Ambila and t h e n c ~  to 
ranpur a l o n g  t h e 1  lnain roacl. This comprises parts of the new 
net lint- 1 ::i and  139. 

(1.1 J l ~ ~ r l ~ t - > I u t t r ~  via. I)p]lli in thcl hack dirtbc.1 ion.alona1. 
thrl main road. 'This rtrmlrriacbs parts of the llc>\v net lines 
1 .-):: ant1 1 OG. 

3-0. 4 rl~tnr.Ir,,r~rrt untlrr Mr. A111lul Maji(1 with Mr. 1. D. S111.i 
nc~rtsntl 1rr~llc.r wa,s rn,pI~,ybtI r,n rclcontlarY ]t'vtblling for thr* Enst 111- 
dian Railway. along t h ~  rnilwa~ from ('awrlpors to A I I R I I : I ~ ~ ~ ( ~ .  and 
- - - - - . - - -- - -- p----ppp 

/-- 

* W h - n  rp lprp l~~ l~o t s  nre C X ~ ) I . L S P C { I  na :L ppl.ccnlnyr, t l ~ ~ r  p e r c e t ~ t . ~ ~ ~  refere to ' I B e  
all '\llrlt of hac7k I P Y ~ I I I I I ) :  nfllg, c1111.e t t  1 8  o l ~ l j  O I I  b;tch Irve l l~t~g  tllrl 1 r l e ~ e 1 ~  lprhtg ocr 'o ' *  
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from Mughal Sarai 'via the  Oudh and Rohilkhancl Railway (main-line 
to Najibiibiicl, with a total of 609 miles ( 641 gross ). 

No. 5 detachment under Mr. Faizul Hasan with Babu Samiullah 
Khan as second leveller was einploycd on the following levelling:- 

(cr) Secondary Ic.velling from Rohil%i~wLLli to  Leiah via 
Alipur, Ghazighst and Mahinfid Kot  for the  Muzaffargarh 
lildus Calla1 Pl~oject .  The route was cross-country from 
Rchil5iiw;Lli to  Mahinficl I h t ,  ancl tlzc.ilce by road to  Leiah. 
Total inileage 225 (239 gross ). 

(b) Secoildary levelling along t,he Zwebut ailcl Pagaing 
Buncls, and along a cross-country route from Aingdon to  
Thongwa in conilectioil with certain Protective Works for the 
Burina Government. Total inileage 96 ( 123 gross).  

(c) Tertiary levelling for  the  Burma Government for a 
coi~tour survey of the  Myanaung Plain. 5 primary and 434 
seconclary bench-ma.rlrs were connectecl, and 10,325 ground- 
heights were provideel for  the coiltour survey. Total double 
levelling 242 miles ( 247 gross ), and single levelling 1,350 
miles. 

No. (I' (letrrchme~~f uncler Mr. Abclul Karim clid revision levelliilg 
of high precisioil in Siilcl from Daur to Binclhi and Binclhi to Hycler- 
ibid via Daur along the milway line. Total mileage 100 (1 1 2  gross), 
with 5.i iniles of releveline~lts (55 '/,). 

011 coinpletion of the work this detachment was transferred to 
No. 24 Party, C:entral Circle, for employment on tertiary levelling in 
connection with the  Lloyd Barrage Project. 

ATos. 7 ,  8 ( t ~ d  9 defflcht)?~?~fs were formed for tert,iary levelling, 
and were clnployed throughout t h ~  fielcl seasoil uncler No. 24 Party. 
DurinK 1927-2S, levelling for the Lloycl Barrage scheme was carried 
out  by No. 1 7  Par ty  by the ~nethocls of scconclnry levelling, in wliich 
one I rvel l (~~-  follows another over ihc salne pegs, the second leveller 
keeping one or two stations behind the first leveller, each using 
8epar:lte la i rs  of staves. A close network of seconclnr,y Ierrlling was 
alreatl,~ ill existence in the area ~ i i ~ d e r  survey, ant1 ns it  provided 
frequrbnt it~liable checks fo: the  resent ler-elling. it \ u s  consiclerecl 
that it' 11,odern Zeiss levels and G.T stares \,-ere usetl, tllc desired 
degrw of .lccuracj could he ohtained b~ thc mrthocl of trl.tiar\ clouhi3 
]eve l l~n~ .  \vhic.]l two lerc~llci~s 1\~1rli  bi(l(1 11<i112 t 1 1 1 . k  S:IIII,\  1.:111. 
Of .9t:lsb I~S, #,ll(l (*II(>cI< c1:1rl, O t I l ~ ~ l ~ ' ~  v:ll,,~~s 0 1 1  tl,(, h],Ot : l l IO1  ( > O \  ( , I .  111 i: 
W()U](I  i v ~ ~ , i l t  in a c.oiisi,1or:11~]~~ S : I T ~ I I ~  ill ~ ~ ~ t ~ l ~ l i ~ l i i ~ ~ t ~ ~ ~ l ,  ~ - ( l ~ ~ i ] ~ ~ i ~ ( b l l i  
and t ~ ~ n i i ~ l ~ o r t .  llIlis 111(ttllo(l IV:,S t11(11~*fon~ :l( lo~~t(vl  {'OI t1 t1 ,  ~ , : I L o I ~ ' s  
t~ork 11 i l l )  appr01:11 ( I (  t l l ,~ (Tl~i( l f  K11gi11,~tlr ill c l i : ~ ig (~  ot   ill^ ~ ' Y * I . ; ( J C ~ .  

,Yo. 10 ~ 1 ~ 1 ~ ~ ~ 1 ~  1 1 1 , 3 1 , /  1111c1t\r Mi-. N. R. M:~ztiii~(lai- 11i(l t l i ~  jo?lo~~~il~:. 
high ~ , ~ ~ o c i < i o ~ ~  levPlli~lE \\ it11 total of 10:) milcs ( 1  ():I cro\s) n.~ill 
8 mil, of 1.c~l~~v~~]1il~l1{.: r S ('1,). 
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(a) Dehra Dm to KLlsi in both directions along the motor 
road. 

( b )  Kalsi to Mussoorie via Bhadrl j  in the fore direction, 
partly along the foot-path and partly along. the bridle-path. 

(c) Klls i  to  Chakriiti iin the back direction along the 
motor roacl. 

Yo. 11 clatccchment under Computer. Mohammacl Ibrahim did 
high precision levelling from Mussoorie to Chakritii via Lakhwar in 
the back direction along the bl-idle-path, a total of 36 miles (37 gross) 
with 15 miles of relevelmeilts (42'1 j. 

4. Subsidence at Amba1a.-As lnentionecl in last year's 
report the fore levelling between SahDranpur and Alnblla showed an 
apparent rise of level of one or two inches between these two 
places, and a sinking of similar amount a t  Ambala. During the sea- 
son under report the back levelling fr'om Ludhiiina to Sahi~ranpur has 
confirmecl this, ancl check lines run from Ambala for 17 nliles towards 
Kl lka  ancl for 46 miles towards Delhi confirm the sinkage at Ambila. 
This is not a settlement of a few isolatecl bench-marks, but a general 
(although unequal) sinkage of many bench-marks through several 
miles of line. It must be considered provecl that  the country round 
Ambala has sunk one or two inches since 1910-1 5, in cvntinuation 
of the sinlrage of 7 inches revealed by the comparison between the 
1860-62 and 191 2-14 levelling. The apparent rise between Sahi- 
ranpur and Ambiila is Inore likely to  be due to subsicl~nce of both 
these places, than to an actual rise of the intermediate country, 
although the latter is a possibility. The ~liscre~allcies beltween the 
old and new levelling are exhibited in Chart XIX. 

Reference has bee11 macle to the Director of the Geological 
Survey, who has expressed the opinion that  the sinkage is more likely 
to be clue to clewatering by wells, than to gelleral earth movements- 
Confirmation of this opinion may be obtainecl by the relative sinkage 
of briclges anrl wells hetween 20 and i3.5 from Alnbila alollg 
the roacl to Lurlhiina. I n  this sectioll bridge and well branch-marks 
alternate for spvpral miles, anrl the wells have generally sunk about 
half an inch relative to the  bridges sillce 1912-13. This ~clation can. 
not b~ traced elsewhero, Lnt it cloes indicate that  the drawing off of 
water may under some circumstances cause ; :LS is, indeed! 
obvious. 



Char% XIX 
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A few relevellneilts were made in 1926-27, which were rather 
nol~-committal, giving results in general agreement with the  1924-2.5 
back leveller. The line was relevelled in 1927-28. The northern 
half was levelled in the  fore direction, and agreed reasonably well 

the 1924-25 fore and back levellers, who had no t  disagreed 
badly with the  1905 work in th is  section. This section (Suklrur- 
Bindhi) may consequently be considered t o  be satisfactorily 
completecl. The southern half was levelled in tile back direction : 
the result differed from both the  1924-25 levellers, and agreed mith 
the 190.3 levelling. I n  sections of considerable length this old value 
is further supported by secondary levelling circuits of 192 1-22 which 
were counectecl with the  main line. To complete this half of the  
work, fore levelling was undertaken in 1927-28, with the  expectation 
that it would confirm the  1905 value : b u t  i t  has n o t :  i t  closely 
agrees with the 1934-2.5 back leveller. 

The relative heights of Sulrlrur and  Hydergbid remain in doubt 
by one, or even two, feet. No plausible series of eart'h  movement,^ 
mill account for the  discrepancies. It is thought t h a t  the  trouble is 
probably caused by the  instability of the  pegs on which the  staves 
are support~d,  although i t  is hard to  understand why some levellers 
should have been able to  ge t  perfectly accordant results, while 
others have differed so wiclely. 

It may he l~otecl t h a t  with the  exception of the  levellers marked 
7 and S in Chart XX, levelling work from south t o  north has 
result~d in x lesser difference of height between Suklrur and Hycler- 
kbicl, tl l i l i l  lias been derived from levelling carried from north t o  
sout,li, T l ~ i s  is c~sl)ecially noticeable in t'he case of t,hc 1926-27 
r ~ l ~ v c l ~ n c ~ ~ l t s ,  when t,hc cbffcct is s e p a r a t ~ l y  sl~o\~-\-l~ in (lac11 of t,hc four 
S P C ~ ~ ~ I I E  rr~Ic1veIlrtl. Sve lines I) and 10 in Chart  XX. 

Hjdrr;il~ii,rl is about 200 miles south of Sukkur, and about, 
100 fwt l ) ( s i o ~  it. T l ~ e  levelling follows the railway joining the  Iwo 
places. 'I??,(> country is a flat :tlluvial plain, liable to  a certain a lnoul~t  
of fooling.  

rt is n t ) t  propos~cl to  u n d e r t a k ~  furt'her relevelments, as i t  is 
cvid(~n1 tllal sccurntcl rc~snlts cannot be obtained. It is rrcommendecl 
that tl1i1 J i l j i ~  shoul(1 h(3 rscludecl from the level net, a l thougl~ fi11:il 
(1ec.i~iol1 0 1 1  this point call be postpont~tl until tlic ndjustlnent of the  
n ~ t  i. 1111rl(~rtakcn. 

Hill Circuits.-Levelling I hilly c o ~ m t r y  l ) rosont~ 
varif)ll~, clitfic~ultic~s wliic.11 inny 1 1 ~  c3spcctc~l to  lcntl to seine loss of 
~C?III*:I ,*\- .  T h t ~  t~xistol~co of l c ~ v ~ l l i ~ ~ g  l i ~ ~ r s  fl-onl nc111.s t o  PuIussooric~ 
~11(1 f~toln Dc*hl-a to  K:ilsi (sce  C:haptc>r VTT, C'hn1.t Y X I V ) ,  ~ n t l  t11~ 
inclusiol~ of a linp from Rlilvi to  Cli:~liritlT in t,hc sclason's l)ro&y:~nlinc, 
p'.ovi(lc.cl ail ol1lmrtunit.v for closing two hill circuits 11it1101it g~.rn+ 
~(1(lit8ionnl Inbour. Accordingly, I ~ v ~ l l i n g  was run flaom ("11ali~5tk 
to Mlwsoo~.ie dirc~ct,, and from I<&Isi to  Mussoor i~ via Bhndr5j. 
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Additioilal interest was lent t o  these circuits by the long standing 
discrepancy ( of about 1 4  feet  ) between the  height of Mueeoorie 
obt,ained by spirit-levelling ancl by triangulat~ion. 

Of the  two circuits so formed, the  circuit Ki i l~ i -Cl i~k~~t~ .  
Mussoorie-Bhaclrij-Kilsi has closecl well, the error being 0'057 fpetin 
83 miles. The circuit Dehrrt-K%lsi-Bhadr%j-Musso~rie-Riij~ur-~~h~~ 
has closed badly with an  error of 0'6.58 feet  in 66 miles. I11 this 
circuit the  section Kilsi-Mussoorie is checked by the closure of the 
other circuit. The section Mussoorie-Rgjpur-Dehla is checked b~ 
the  agreement between the  1905-06 and 192G-27 values, ( see Table 
5, a t  end of this chapter ), although the  1903-04 values disagree by 
0 . 3  or  0 .  -1. of a foot in the  direction required to close the circuii, 
But  in 1905 there was a great  earthquake, which levelling for Sahi- 
ranpur to  Dehra sliowecl to  have raised Dehra by about this amount. 
Doubt is also thrown on the  accuracy of this sectioii by the Training 
School 1926 results which showecl an increase of two feet in the upper 
3,700 feet of this section, although levelliiig carriecl out by officers 
under instruction is always ap t  to  contain inistalres. It may b~ 
noted that  the value obtaine(1 via KGlsi lessens the disagreement 
betwetw spiri t- l t~vr~ll i~ig ancl triangulatioii ( see Chapter VII para 91 

The section Dehra-Kilsi  ilisagrees by about 1 foot with t11t 
1!)0.;-0(i v: l l~~e ol~tniiic~d by oficers uncler instruction (simultaneous 
c l o ~ ~ h l t ~  I r ~ r ~ l l i n ~ ) .  This section was accorclingly s~is~)ecte(l of error, 
but  tllr disc.01-(lalit sectioils ]lave since beell relerellod by officers now 
unclrr instruc.tion in t h r  Training Scliool, :rnd the 1!)'39 values are 
upl~elcl. Thertl are thus  four indel~enclent 1!)29 v a l u ~ s  against the  
one 1OCJ.i value., ant1 this sectioli ( which is flat i~ncl easy ) cannot8 be 
~iiistrustc.rl. 

I t  is c.oiisi,le~~~r(l t ha t  thp error lips ill the llill sections, possibl~ 
rl111v 1)~twc.r~il RiLjl)lly ancl Mussooricb, bu t  I,rolral~ly ill both sections, 
t ' , ~  c.losllrc~ o f  I ~ ~ I ~ ~ - ~ ' I ~ : I ~ ~ ~ ~ ~ ~ ~ - M ~ ~ ~ ~ O O ~ ~ ~ - ~ ( : ' I ] S ~  1~oinq ;~~'cirle11ta1. 

'I1he1 f ( , I ] (  )wing :.may l,p c.ollsiclprr~(1 t o  be ~:ossil~lr sc llrrcSes of error 
I!I  11ilI l ~ ~ v v l l i l ~ ~  :- 

i 1 ) Tllc~ lnryfs ~ r u m ) p r  of stations rcyuii-citl. But it is 
: ~ ~ 1 1 ( 1 ~ ' : ~ 1 1 ~  c.c,lr$iclorrvl t l ln t  s]l~)rt s ] l ~ ) f ~  lna]c(* for ;l(.('llrate w W ~ ;  

( l l l ( b  c.h:lill r l l ( , t ~  :11.11 1,1-0l,~l,lj 13pttf~r tllnll 5 ch;~ill tl1ot8. 
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Theee are given below in foot and .mile units :- 
- - 

Permissible probable accidellt,a] and systematic errors are 
f .00416, and f .00106 feet respectively. 

Probable errors of secondary levelling were computed by the 

Line  

106 Delhi-Jlntt.rn ... 
136 C<hnkknr-Lahore ... 
137 Ludl~iiina-AmI)ila . 

137 1.allore-Amritsnr , 

139 A nlb~ila-Snhiiranpo~. ... 
153 Delhi-hleerut, .. 

101 A Biindhi-Hyderil~iitI ... 
61 1 )  Debra-IClrlsi a n d  Mnssooriv ... 
61 H l i i l s i - C h s k r i t i  and Mussoorie 

formula :- y.  P .  = * ! Jz?', Where A is the discordance bptnnn 
3 T 

JJ 

two levellers, and L t,hcl total clistance. 

These are  q i v ~ n  bel(~,w in foot anrl mile units :-- 

error error 

0.00228 
f .no268 
f a00234 

& .00263 
f .00283 
& -00258 

& .00285 
& .00393 
f -00403 

f 0.00038 
f .OOOl8 
f .LO160 

f '00006 
& -00043 
f .00018 

& *OOl59 
f -00056 
f .00390 

Deti rch~~lrnt  

NO. 4 L)ett. 

No. 5 Dett 

I Prolmble 
I,i n I- error 

Cnwnpore-Allnhibntl ... 
M n ~ f i : ~ l  Snrai-l\'njit,il,;ltl 

Kobilinwiili-Lrinl~ , 

Hritlgc N O .  54-hly~t.kyo . .  
I'nnnt- l 'enwegon 

f O.OO.105 
f .OO:iAti 

f .00404 
3- .OII'?TH 

.00512 
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9. Progress of the new level net.-The following addi- 
tions were made to the completed mileage of the new level net  :- 

In addition to t.he above, 1,080 miles have been completed in 
one direction only, which is equivaleilt to 540 miles in both direc- 
tions, making an equivalellt total of 7,837 miles. The total mileage 
of the net is about 15,900 miles, about 2,600 miles having been 
added to the figure 13,300 in Records Volume XV 
(1919-20), on account of the subsequent inclusion of tlhe lines shown 
in the following table. 

Line No. 

136 

137 
139 

153 
106 
61 D 
61 

101 A 

Name of l ine 

Jhang-Lahore . . . 

Lahore-Ambila 
Ambila- .\loriidibid ... 

Delhi-ljaqeilly . . . 
Jhang- M ut t ra  
Dehra-Kilsi-Mussoorie ... 
Kilsi-Chakrit i-  &I ussoorie .. 
Sakkur-Hyder ibid  ... 

Total ... 
Previously completed .. 
'I'otal completed to da te  ... 

m 

Iro 1 . i ~  
Z 

Line / Prom / To I 

Miles com- 
ple ted  on  
main l ine  

57 

107 
58 

46 
101 
48 
64 
100 

580 
6717* 
7297 

Remarks. 

Portion J hang-Lila Miisa-Ghak- 
kar  not ye t  completed. 

l 'he  whole line is complete. 
Portion Sahiranpnr-Llor id ibid  

not  y e t  completed. 
The whole l ine is complete. 
The  whole l ine is complete. 

'I'he whole line is complete. 

-- 

Line From 

Part  of ( i l  A / Sulcknr 
1'21 A Midnapore 
160 

151 

162 
153 

Pert of 15 

lIgde/19j 
Hiniganj 10; 
Barmer / 210 

2" Hijipur s,ierlknt .\~ll.nng;i>i,l Brrik;ar 2'6 

Fciorrpore Ludhiinn 

Kot.ri 

Rinigaoj 

Rijkot 
Delhi 
Hellary 

Dinijpur 

Porbandar 
Bareillp 
(;oot~. 

78 

239 

132 
178 

68 

R , i  r 
21 1 
.' s 

\-in R:inclli 

6 4  
48 

64 

(5, A SahiI.allpur/ hlnfiroorie 
(il I, 1 Dehrn l l i ~ u ~  hlusaoorie 

--,.--.,+,,' 
+ DisnRrep8 \pith p r e v i n l , .  gear's I.cl , , , l .(  n c c o n ~ ~ t  inclnsioll of  line.; xor~.  16, 

26B9 2 9 ~ ~  ;,4~, 56, ( 5 1 ,  G ~ A ,  G I ] , .  (;I H ,  (;z, ti:+, 64, 70n,  7 0 ~ .  72 .  
A.B:-'l'h~ I ~ C ,  j R  llnmv r(l,lsi,lCrC,l {,o i r ln lude , , r>n t l~n t  lines such as Sahi lanpur-  

Dt-lll,x, I ( i l k a . ~ i ~ ~ , l : ~  ct, , . ,  I I I I L  I lot ,  short l , ~ : ~ ~ ~ ~ l ~ . l i i ~ o . :  con l~~-cLi~ ig  (f 'i'. Ftntioon 
or sl'ecial S. 13. Bls. 

!':irhT 

(51 H ' Kilsi 

U i n c h i  

... 
l{iht % 

via 6dsi 
Mussoorie 

via Chakr i t i  
A gra  Par t  of 63 

Part) of 6:i 
Somua 
Agre 

pal. tof 64 Sitil,ur I Luukno;.~- 67 
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TABLE 1.-fibular statement of out-turn of work, season 1928-29, 
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TABLE 1.-Tabular statement of out-turn of work, 
season 1928-29.-(contd.). 

Detachlnent,~ 
S I I ~  

lines levelled 

No, 3 Detachntent. 
-( Contd.) 

Part of liue 153 
Delhi-Meernt (7) 

(bock) 

['art of line 106 
Muttra.DeIhi (8) 

(back) 

Check-levelling 
at Ambila 

No. 4 Detachnrent,. 

Branch l ine  G4 J 
Cawnpore- 
Allnhibid 

Branch line 70 N 
Moghnl Sar i i -  

Najibnbid 

NO. 5 Beinrhment .  

Brauch line 55 Q 
Rohil511wili- 

I~c inh  

Brnncl~ line 88 I 
Bridge No. 74 - 

blyit.lcyo 

Rraucb l ~ n e  88 J 
Panut-Pm,r~~vegon 

~ y a n n u ! l ~  Plain 
Tertiary lcvelliog 

(double) 
Tertiary levelling 

(single) 

No. D~lrtrh,ment .  

Part of liuc 101A 
l(intlhi- 

H v i c r i ~ , i d  (9) 
(fore & p a r L  back) - 

( 7 )  If.clevellet1 
I 

Feb. 29  
to Mar. 29 

Mar. 29 
to April 29 

Feb. 29 
to Mar. 29 

Oct. 28 
to Nov. 28 

Dec. 28 
to  May 29 

Sept .  28 
to  Nov. 28 

Drc.  98 
t o  J ~ U .  29 

Jan.  29 

Jan. 29 

t,o May 29 

Oct. 24 
t o  Jsn. 29 

5 milrs. 
56miles .  

Mean 
number ,of 

stations 
at which 
the ins. 

trumentv 

2 ~ : ~  

696 

1,254 

592 

1,498 

4,966 

2,7Ci8 

6 4  

1,142 

Distance levelled 
' numbT,"rtlf feet 

Rises Tot.1 4 
2 

bench.marks 
connected 

Fnlh 

.cr % 
24 
gf 
;; 2 
.$ 

101 

63 

126 

481 

225 

34 

6 2  

1,350 24L' ... 

k 
? 
8 
a 

101  

169 

28 

156 

447 

21!1 

:I0 

34 

I , t lS*  

.S.95zt 

115 

(Cotcti~trten'). 

*e 
22 
4; 

& 

... 

... 

... 

... 

. 

... 

. 

... 

... 

... 

... 

 peg^. 

t All pegs. 

1 3  

... 

1 8  

1 4  

14 

20 

7 

100 

primary 

k g  2 0 

5 

5 

... 

4 

6 

4 

. 

... 

I 

... 

3 

1 1 .  

52 

2,388 3,551) 

1,207 

384 

1,051 

3,539 

1,313 

285 

539' 

feet 

603 

. 1 I .  

247 

114  

6 3  

146 

495 

239 

54 

69 

12  

I feet 

675 45 

2,363; 

976 

369 

938 

4,125 

1,435 

288 

621 

(8) Relovelled 

7 

1,350 

112 

,.. I 1 I ... 13.9110 

714. 730 1,311 

26 miles. * 1,372 
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TABLE 1.-Tabular statement of out-tuvn of work, 
season 1928-29.-( concld. ). 

(10) Relevelled 7 miles. (11) Relevelled 49 chains. 
(12) do. 15 miles. 

Dztach~nents 
and 

lines levelled 

No.10 Dednchment. 

Line 61 1 )  
Dehra to Iiilsi 

& ll~lssoorie (10) 
(fore & part back) 

Part of line 61 H 
Kilsi- 

Chakriiti(11) 
(back) 

No.11 Detnchment .  

Part of 11ne 61 H 
Ctiakri~i- 

3llnssoor:c (12) 
(bnck) 

Jlonths 

Feb. 29, 
Mar. 29 & 

May 29 

b p i 1 2 9  

May 29 
t o  July 29 

Total 
number of feet men,, 

uumber of 
stntious 

theins. 
at which 

trumauts 
were 

set up 

1Lises 

Distnuce levelled 

Falls 

o, 

2 
2 
H 

Number of 
honah.rnnrts 

feet I feet 

-3: 

ii 
:+ 
q W s  

k 
a 
g 
; 

123 

38 

67 

connected 

Primar~ 

9,360 

115 

6,797 

Total 
- 

2 g u 
0 8  a& 

4 

... 

.a. 

NIB. /MIS. I I l a .  

4,192 

5,627 

6,763 

I 

t % 
3.B 
0; 

3,333 

918 

2,046 

76 

29 

3P 

76 

29 

36 

2 

1 

1 

... 

... 

1 



LEVELLING 

TABLE 2.-Check-Zet:el/ing. 

Discrepancies between the old and new heights of bench-marks. 

Bench.marks of the original levelling thst 
were connected for check-levelliug 

br 

Observed height above (t) or 
below ( - )  sbrting bench-mar, 

2 ae determiued by 
E a 
2 A 
- 0  - 1  $ 
S .a 

Check- ' 2 levelling 
levelling 1 1928.29 

Diflerence 
(check- 
orig~nal). 
The sigu 
+denotes 
that the 1 

height 
waa 

greater 
and the 

sian - ,less 
in 1926-29 
than when 
originally 
levelled 

1 I I I I I 
(Conf inued). 

I 

.- - - . . -. . - - . - - 

S .  H. M. a t  i m b i l a  . .  
a t  1nboratol.y ... 
on Iiy. platform ... 
on Ity. platform ... 
on Iiy. bridge . 

-- . - --- 

1912-14 I 0.000 
,, 1 -  1.797 
, 1 - 4..4!43 
,, 5.358 

1910-11 1: 5.153 
, - 2.114 
,, + 0.056 

0.00 
0.31 
1.53 
1 .67  
3.32 

,, 
,, 
. 

+ 8.042 
+ 19.947 
+ 14.012 
+30.828 
+ 52.401 
+ 8.264 
- 5.358 
- 1.216 
- 1.891 
-10.161 

-23.943 
- 19.654 
-14 539 
-32.3'75 
.-14,922 
-35.154 
-13.6S6 
-13.421 
-37.81:3 
- 48 a387 
-50 .556 
- 58. ::80 
- 54-  631 
- 53. t74 
- 64.180 
- ,;2'7sl 
- GCi. 121 
- 67.5110 
-70.117 
- 82.752 
-61.928 
-81,164 

on bridge ... 
on bridge ... 
on stone floc~ring ... 
on Rp. platform ... 
on bridge .. 
on bridge ... 
on ~voll ... 
Jn te r~ ,ed  hetween 1l.S 116 

and 117 . 
on culvert  ... 
on bridge ... 
on well . 
on bridge ... 
111terrc.d a t  M.S. 110 ' ... 
on bridge ... 
on bridge ... 
on culvert, ... 
on b r ~ d g e  , .  

on bridge ... 
Interred n t  M.S. 100 . . 
on b r ~ d g e  ... 
on bridge .. 
on bridge ... 
on bridge ... 
In terred a t  M.8 ,  CO . .  . 
on bridge ... 
on stone . 
Interred at  ,M.S. 80 . . . 
on hridgb . .  
on cnlverL ... 

on Hy. bridge .. 4.78 
on liy. b r ~ d g e  ... 110.58 
on Ry. bt,idge ... 112.63 
nn I{y. plat,form ... 
Embedded at Lirlru K. S. 

16.59 : ,, 
17.34 1 

1-27 1 191'2-14 
1.67 / , 
I .8G 1 191.5-16 
3.00 .. 
4.14 ' , 

1 ,, , 

'13.30 
13.33 

6 . 8 1  
8. 11 
9.29 

10.26 
11.75 
12.86 
13 ,09  
lb.61 
19-31. 
20 .80  
Y1.8(i 
45.09 
26.41 
28-59 
90.43 
31 .R6 
36.36 
96.25 
41.98 
44.16 
45 .00 

, 
.. 
,. 
,, 
., 
, 
,, 
,. 
,, 
,, 
,, 
,, 
,, 
,, 
.. 

,, 
,, 
,, 
,, 
,, 
,, 
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TABLE 2.-CAeck-levelling - (coatd.). 

Discrepancies between the old and new heights of bench-marks, - 
Bench-marks of the original levelling that 

were connected for check-levelling 

u .' 
1 a E 

2 2 
.CI U 

g t a 

E Dcscript~on No. 

I I I miles ( I feet ( feet 1 jeet 

At Nas~riGb~i~l on line 110. 

-- 

Degree 
she@t 

47 
46 
45 
44 
-1.3 
42 
4,l 

Dilereaop 
(check - 
orlglnsll. 
~h~ ailn 
tdeootee 
that Ihe 
height 

wns 
rrfflttr 
and the 

sirn-,leu 
in 195.99 
thenwlle 
origjlluill 
levelled 

Observed height above (+)  or 
below ( - )  starting bench-mar,., 

as determined by 

nate of 
orig~nnl 
levelling 

At Bll~pcil on lines 110 and 109. 

Originnl 
levelling 

0-000 
t 2.336 
- 0.973 
+ 43.063 

+112~055+112~170+0~115  
+ 149.684 
+275.697 

Check. 
levelltng 

1928-29 

0.00 
0.09 
0.14 
2 - 2 9  
4.42 
5.28 
6 .55  

1920-21 
. 
,, 
,, 
,, 
,, 
,, 

45 J 
,, 
, 
,, 
,, 
,, 
, 

01000 
t O ~ 0 9 8  
to-113 
to-134' 

t0.113 
to-080 

24 
27 
28 
: A 0  
1 

0.000 
+ 2.238 
- 1.086 
+ 42.929 

+149.571 
+ 276.617 

Stone  s t ep  ... 
Stone s t ep  ... 
In ter red  ('l'ypc H )  ... 
Hoclc ... 
Rock . 
Rock ... 
Rock . . .  

Pl in th  of marijid ... 
Standard  (Type P) ... 
Stone platform ... 
Bridge . . .  
13riclgo .. 

56 E 
,, 
, 
,, 
,, 

Rriclge . . .  6 - 2 4  - 108.027 - 108.034 -0'001 
6-51 1 ~ a i - 8 4  - 93.779 - 93.761 t0.018 

Gnest honne ... 1.46 - 28,534 - 28.640 - 0.006 

-. i _ -.- 

At  Bina on l i~ir! l o g .  
~ - - - - -- - --- - 

\ 

0.000 
t O . 0 0 9  
+ 0 ' m  
+ n o 0 3  
to'012 

Oao@ 
to'@8 
to'oo3 
-0.On3 
-0'10f, 
t o  m1 

0 . ~ 0  
- 20.896 
- 21.202 
- ::).121 
- 21.054 
- 26.690 

0.000 
- 82.426 
- 82.626 
- 91.890 

104.618 

0.00 
1.01 
1 .!Xi 
2 .73  
3 -49  

0~000  
- 20.88N 
- 21.19i 
- 19.124 
- 21.160 
- 26.589 

-- - - . 

- 

___-. 

1909 
,, 
,, 
,, 
. 

0.000 
- 82.435 - 82.6:i5 
- 91 -893 
-1048.630 

A t  311~vrzu1ir Puli on l ine lO,',', 
- -- - - - /--- 

17 
It; 
16 
14 
18 

I 
4; (3 I P r u l ~ e d ~ l e d  I4.BI. . .  

., , .\l nsuul.y \>lock . .  
,, hlasonrp hlnck . .  
,, Masonry block ... 
,, I Blasoary block . . .  

... 

0 - 0 0  
0.2~5 
2.38 
4.42 
2.07 

_ .. .I\  

9-36  

1907-09 
, 
., 
,, 

~ 9 & - ? 1  

0-0001 0.0001 O'Oo0 
+ 1.45!) + 1.468 -O'Ool 
- 2.605 
- 15.00 1 
+ 18.601 
+ 46.291 

- 2.606 
- 14.989 
+ 18.516 
+ 46.278-O'O1s 

0,000 

+0'014 - 
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TABLE 2 .-Cbeck-levelling-(contd,). 

Diac,repancies between t h e  olcl and new heights of bench-rnarlrs. 

D ifferenoe 
(check - 
original). 
The sign 
+ denotes 
that the 
height 

wan 
greater 

and the 
sign -, lese 
in ~ B ~ B - B B  
than when 
originally 
levelled 

2 .- u 
2, m a  

fl i4 
8 i c u 

.- 

Observed height ''Ore (+ '  Or 
below ( - )  s t a r t i ~ ~ g  bench-mark, 

ns determined by 
Deoeh.m~ks of the original lerelling that 

were connect,ell for check-levelling 

1 mites i 1 feet 1 j r c t  I feet 

At Viramgdnt 0 1 ~  Zi.rtes 103 a,nd 112. 

:r;;;i 
levelling 

- ~... 

Degree 
sheet 

1 

110 
111 
112 

Descript.ion Oriai,lRl 
levelling 

Check- 
levelling 

1928-20 

46 A Embedded U.M. I .'' 
,, j Stoue base of post. ... 
.. 1 Br~dge  ... 
,. Bridge . . .  

-- 

At Baroda on line 112. 

- . -- - 

0'0° 

0.25 
1.91 
3.86 

1921-22 
&19:3-21 

,, 
., 

113 
114 
I7 

0-000 

+ 1.795 
- 2.765 

0.000 

+ 1.789 
- 2.311 

46 F 
, . 
,, .. 

,. 

0-000 

-0.006 
+0.464 

,, Plinth of portico ... 1.87 
'17 ,, Plinth of office ... 1 2-38 
120 ,, s tep  of office .,. 1 2.49 

... 1 2.56 
Standard (Type 1') ... 1 2.65 

- . . . . . .- . -. 
I 

Embedded B.81. ... 
Step of church ... 
Step of museum ... 
~ t o u c  sill .., 
Temple ... 

0.00 
0.39 
1.00 
1.41 
1-74 

- 4.454 , -  4.346 

1909 
,, 
,, 
,, 
,. 

+0.108 

0.000 - 0.809 
+ 0.449 
+ 3.216 
- 3.395 

,, 

- 

0.000 
- 0.749 
+ 0.470 
+ 3.236 
- ;i.400 

At G?tc~klitr~ on  l i n e  1.36. - 
~ 

~ . .. ~ .. ~ - - - ~  - -- ~ ~ ~ - -  - 

- 0.836 

-- . 

+O.O(iO 
+U.021 
+0.020 
-0.005 

- 0.815 
+19.443 
+ 20.628 
+ 19.984 

. . .  

. . .  

. .  

. . .  

. . .  
- - - . -~ -p- ..... 

,, 1+10.424 
,. t20.511 
, , +  19.969 

+@.021 
+ 0.019 
+ 0-016 
+0.015 

+ 18.122 + 18.149 
-- 

i 0.027 

-. 

2.12 1 .. 
3.17 1 ,, 
3.84 1 ,, 
3 . 9 5  ,, 
4.03 ,, 

- - p-~-- -- -.- . 

A t  B,i,t,,l?ti on lint! 101 A.  
----- . - - 

- 8.392 - 8-382 
- 8.694 R:SRG 
- 1,044 1 030 
- 1.124 1 -  1.112 
- 9.062 j -  9.049 

- - - - 

+ 0.010 
+ 0.008 
+0.014 
+ 0,012 
+O.OlS 

34 , I 1  Bridge ... 
101 ., I Verandah flool.ing ... 
2 0 2 i  , \ w e l l  ... 
2na .. 1 Interred (Type 1%) ... 

I I 

- . - - ..- .- - -- 

( C o n l i n u e d ) .  
* serial nnmbcrs of l ine Jhang to I.nhorr. 

O.O00 
+ 2.2117 
+ 4-009 
- 0.219 

1924-26 
0.00 k1927-2P 
0.37 , , 
0.64 1 , 
0.59 I ,, 

-- 

O.OC,O 
0.000 

-0.031 
o . 0 ~  

0.000 
+ 2.207 
t 4.030 
- o.a~o 

1--- 
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TABLE 2.-Check-leuelling- (co~zcld.) .  
Discrepancies between t,he old and new heights of bench-rnsrks, 

Bench.lnnrks of the orlginnl levellilip that 
were connected for check-levellinp 

Description 

I I 

5a 

a 2 
g !  24 
0 fi 

2 $ 

O r i R i d ) .  
The @idP 
+ denoh 
tht the 
heighl 

we4 
Beater 
and the 

sign- Jew 
in 1028.29 
than ahe 
oriEinauJ" 
levelled 

Observed height above I +) or 
below ( - )  starting bench-mark, 

as determined by 

i I miles I 1 feet 1 feet 1 jet1 

At H y d e r c i b ~ d  on line 101 A.  

Dnte of 
orirrinnl 
levelling 

... 2.07 ,, 

. 3.15 1959-10 

. .  . 4.22 1920-21 
33 i .. , Bridge .. 4 - 7 4  1904-05 

1 . 

levelling 

0.000 
- 0.955 
-64.121 
-62.712 
- 62.366 
-32.164 
- 61.399 
-46.297 

O e O O O  
- 0.981 
-64.156 
-62.159 
- 62.400 
-32.238 
-61.486 
-46.391 

Check. 
levelling 

192829 

O0000 
-0.026 
-0.035 
-0,047 
-0'034 
-0,ml 
-0.081 
-0'094 

At Krilsi on l ines  61 D and 61 H. 

I 39'1 53 F 
3s*( .. 
3 i * ,  ,, 
3C*, ,, 

, 
3 k*, ,, 

I 
0.000 i onooo 

+24.619 , t O s O O 3  
+21.972 :+0'008 
t13.136 '+0'012 

Bridge .. 
Rock ... 
Rock ... 
Culvert ... 
Bridge . . .  
Bridge . . .  

0.00 
0.27 
0.30 
0.34 
0.59 
1.20 

- 3.395 
-71.492 

33* 49/531' 
I 

t0.001 
t0.022 

blasonry pillar .. 2.26 

1928-29 
,, 
,, 
,, 
,, 
,, 

0.000 
+24.616 
+21.964 
+ 13.114 
- 3.402 
-71.504 

.At Chalc~~itri on line 61 H.  

,, 

O'Ooo 
-0.001 
+o'012 
+o'oo9 

-- - - - 

7 t (  6:i F 
671 ,. 
6ti .. 

A,t , 

- 5.711 - 5.688 +OnO23 

Hock 0-000' 0'000 

.- 

At J l v ~ ~ o o r ~ e  on l i n e ~  61 D and lil H .  

I 1 

Rock . . .  0 - 0 9  + 22.906 
Ilock + 161.238 
Hock ... 0.80 + 168- 578 

+ 22.903 
+ 161.245 
t 168.587 

- 
O'OoO 

+o'Oo4 
- 0 . 0 ~ ~  
-o'@l 
-onoo2 
-onoo6 
-0'016 - 

* 5 .' l ' e ~ ~ e l  nnml,el.s of l ine  Dehra - KRlsi - Mnnsoorie. 
t Serial nnmhers of l ine Kilsi  - Chakri t i .  

0'000 
+ 9,020 
- 6-94: 
- s.42? 
- 1 ,807 
-182.1U 
- 276.627 
- 344,498 

157 j 53 J 
1 ,, 
156 , 
15.3 ' ., 
153 j ,. 

51 , 
50 ! .. 
4.5 , , 

Rock ... 
Masonrp pillar .. 
Rock ... 
Rock ... 
I'rnclnlnm pillar ... 
Rock .. 
Stone s tep  
Verantlah Hooririg 

. 

. .  

0.00 
0.01 
0.03 
0.06 
0.09 
0.34 
0*4B 
0 -  72 

1926-27 
,, 
,, 
,, 

0.000 
9.016 

- 6.449 
- 5.421 

,, 1 . 8 0 j  
-18'1,- 137 
- 276.512 :: 1 -  

,, - 344.492 
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TABLE 3. -Bevision Zeuelli?~g. 

Discrepancies between the old and new heights of bench-marks. 
Difference 
(revision 
-ongl- 

na"' The 
sien + 

$,":& 
height 

wan 
greater 
and the 

in 192'-29 

i2;ztr 
levelled 

2 

;* 

g 
9 

Difference between orthometric 
heights, above (+ )  or below ( - )  

the starting bench.mark 

Beneh.marks of the originol levelling that 
were connected during the revisionary 

operations 

1 I /mi les  1 I jert  I J e t  -- I feet 

(Ok.akkar to Lahore) old line 56, nett1 136. 

No, 

From 
revlsion 
1928.29 

(madjust- 
ed) 

Date of 
original 
leve,l,g i Jjegree 

sheet Description 

. 

From 
published 

high,  

17 
8 

111 
101 
160 
159 
87 
86 
60 

0.00 

10.24 
23.31 
36-56 
48.92 
48.98 
50.07 
50'35 
56-78 

0.000 

7-755+0-062 
+O-022 

47.829-0.014 
-0.130 
-0.143 
-0.004 
-0.008 
-0.007 

-. 

0.000! 0.000 

- 7.8171- 
- 25.4841 - 25.463 

(Lahore to Anzritsai.) old l ine  56 B, n e w  137'. 

1805-06 

,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

43 L 
,, 

44 I 
,, 
,, 
,, 
,, 
,, 
,, 

- 47.816 
- 51.280 
- 51.312 

60 
72 

75 

Embedded a t  Ghakkar 11.6. 
Embedded a t  Qujrinwila 
H. S. ... 

Embedded a t  Jiimoke R. S .  
Embedded a t  Muridke H. S. 
on platform of station ... 
on platform of station ... 
on bridge ... 
on bridge ... 
Embedded at Lahore R. S. 

- 
- 61.410 
- 51.455 

- 42.116- 42.120 
- 42.0821 - 42.090 
- lE.946/- 42.953 

I I 
14 1 

,, 

,, 

Embedded n t  Lahore R. S 
Embedded a t  Dn. Audit 

office ... 
Embedded a t  Shilamir - 2.166 

- 2.598 
+ 7.603 
+ 3.137 
+ 1.701 
+ 2.940 

74 ,. 
Road over bridge ... 

Embedded a t  Signal Stores 
on platform of station .. 
S. B. hf. a t  Lahore ... 
on church s tep ... 
on marble sill of chu~.ch ... 

114 
66 
64 
63 

0.00 11909-10 

- 2.167 
- 2.591 
+ 7.605 
+ 3.168 
+ 1.696 
+ 

,, 
,, 
, 
,, 

120 
119 
13') 
135 
134 
I36 
1x7 
138 
139 
1.42 
151 

--. 

Embedded a t  Jallo R. 8. 
on station platform ... 
Embedded a t  Khiss R.S. 
on bridge ... 
on platform ... 
on stone .pavement ... 
on marble pedestal ... 
on bridge ... 
lnterred a t  Amritsar .,. 
on stone sest  of gate ... 
on Tung T. S. ... 
-- . ~ ~ 

0.46 

1-10 
1-67 
6.45 
9-27 
9.40 
9-44 

-0.001 
+0.007 
+0.002 
+()a031 
-0.005 

2-943+0.003 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, I 
,, 
, 
,, 

~ 

,, 
,, 
., 
, 
, 
,, 
,, , 

(Lrcdhijn c to Alizbti ln) old l i t ~ e  61, 71ctu 1.37'. - -- 

12.99 
13-06 
26-92 
30.05 
30.43 
31 ~ 7 7  
31.87 
32-49 
83-96 
36.11 
37.12 

1; 
14, 
12 

44 N 
,, 
,, 

,, + 12.681 
,, + 20.201 
,, + 29.661 

+ 12.677 
+ 20.187 
+ 29.692 
t 43.946 
+ 46.014 
+ 47.828 
t 47.908 

,, 
,, 
,, 
,. 

-0.~04 
-0,014 
+0.031 
t0.012 
+0.012 
-0.060 
-0.065 

+ 43.934 
+ 46.002 
+ 47.888 
+ 48.063 

S.D.hl. nt Ludhilvn . 
ou ntouc step ... 
on stone ... 

t 0.004 
-0.0!!5 
+ 0.003 
-0.003 

-- 

,, 
,, 
,, 
, 

0.00 
0.04 
0.23 

+ 4,7.7531 + 47.781 
+ 49.005 + 49.000 
+ 63.70(+ 63.707 
+ 61.058 + 61.056 1 

- -  -- 

1913-11 
,, 
,, 

0.0011 
- 0.87:) 
+ 1.091 

-. 

0.0001 0.000 
- 0.S50 +0.029 
+ 1.126 t0.036 
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TL4I3LE 3.-Revision Zecelligzg-.(coadd.). 
Discl*epancies betwee11 the old and new heights of bench-marlis. 

Bench-marks of the origins1 levelling that 
were couuected during the revisionary 

operations 

Difference between ortl~ometric 
heights, above (+) or below (-) 

the startiug bench-mark 

ulueren 
(revision 
-or@ 

nal). The 
sign + 
denotes 
that the 
height 
wu 1 

No' 

I miles I 
- 

(Ludhidna to  Ambcila) old l ine 61, new 137-(coatd.).  

- - 
$ !i 
iC 
a 

13 
11 
1 0  
75 
76 
'i 
6 

85 
87 

110 
'a 

114 
113 
'z3 
132 
'33  
134 
135 
136 
137 
138 
139 
140 
142 
143 
144 
1 5  
146 

greater 
pro, nnd the  ate of i r,, revision ~ im-~as  

original published 3928.19 in 108829 
levelin 1 1 1 i h t s  

- - - 

Degree 
sheet Description 

44 N 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

53 B 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
., 
,, 
,, 
,, 
, 
., 

on atone ... 
on stone ... 
on platforl~l ... 
on platform ... 
on platform ... 
on bridge ... 
on bridge .. 
on culvert ... 
on bridge ... 
Stone B.M. a t  Dornha ... 
on bridge ... 
on well ... 
on Bad0T.S.  .., 
on bridge ... 
on bridge .., 
on catch-water well ... 
on bridge ... 
on Kumra T. S. .,, 
on well 
on bridge ,.. 
on well ... 
on bridge ... 
on well ,.. 
on bridge .., 
o ~ ~ w e l l  ... 
on bridge ... 
on well ... 
on bridge .,. 
on well ... 
on bridge , 

on bridge ... 
on bridge ... 
on culvert. ... 
on bridqe ... 
on cnlvert ,,. 
on well ,., 

Si.nie R.\I.a~)Io;]ld d m ,  
or1 well , ,  

onbritlge ... 
c~nwel! . . .  
on cnlvert ... 
on bridge ... 

0.32 
0.68 
0.95 
1.34 
1'50 
4.10 
6.20 
9.68 

10.71 
14.39 
14.46 
16.85 
17.52 
24-19 
33-05 
34-42 
35.59 
37.92 
36.86 
37-55 
38.56 
39.61 
40.32 
43-41 
44:W 
49-73 
46.68 
47.88 

I47 I . 
148 ,, 
1491 .. 
i 3 0 ,  ,, 
151 ,, 
153 1 , 
1.54 ., 
1.56 ,, 

1.1 138 ,, 

1913-14 
,, 
,, 
!, 
,, 
, 
, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,. 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

50.03 
50.89 
59-06 
.53.16 
54.42 
55.85 
57.29 
59.31 
61.03 
63.36 
64-70  
fitJ.61 
R!-t.OO 
69.56 

160 
161 
163 
164 

to-030 
1.637t0.009 

tO.011 
t0.002 
tO.011 
-0.00a 
+O.OOi 
-0.058 
-0,047 
-0.018 
+O-005 
-0.065 
-0.089 
-0.053 
-0.129 
-0.113 
-0.111 
-0.139 
-0.109 
-0-1oj 
-0.l'iO 
-0.181 
-0.190 
-0.la9 
-0.164 
-0.132 
-0.177 
-0.12~ 

,, 
,, 
,, 
,, 
,, 
, 
,, 
,, 
, 
,, 
,, 
,, 
,, 
,, 

+ 3.926 + 3'954 
+ l e 6 2 8 +  
+ 3.162 + 3.183 

,, 
,, 
,, 
,, 

-0.177 
-0,307 
-0.191 
-0.203 
- 0 . 2 ~ '  
- 0 . 1 ~ ~  
-o . ld3  
- o ' ~ "  
-@lid 

t i ! ) . 8 6 6 - ~ ' 2 ~ ~  
- 0 ~ 2 ~ ~  
- ~ . 1 4 ;  
-0.4;~ 
-0 '3Y6 

~orliautd).  

+ 1.393 

+ 69.137 
+ $6.91:; 
+ 77.333 
+ ( 3 8 . 7 ~  
+ 76.069 
+ 77.991 
+ $4.880 
+ 84.185 
+ 81.718 
+ i 0 . 1 3 , j +  
+ i5.570 
+ 91.497 
+ 90.302 
+ 100.097 

+ 1 396 

6s.960 . i6.606 
+ 77.143 
+ 68.641 
+ 75.838 
+ 77,756 
+ 7 4 . ~  
+ 83.741 
+ 80.4406 

+ 75.320 
+ 81.350 
+ ~ 9 . 8 8 R  
t ~ 9 . ~ 9 ~  

( 

I - 2.489 
+ 15.432 
+ 26.384 
+ 33.650 
+ 36.536 
+ 36.189 
+ 52.309 
+ 46.197 
+ 56.578 
+ 59.625 
+ 66.563 
+ 60.514 
+ 67.629 
+ 6lj.699 
+ 61.526 
+ 73.323 
+ 66.083 
+ 61.550 
+ 64,537 
+ 66.042 
+ 63-161 
+ 69.341 
+ 64.237 
+ 67.105 

- 2.478 
+ 15.430 
+ 26.331 
t 33.592 
+ 35,489 
t 36.177 
+ 52.314 
+ 45.132 
t 56.490 
t 59.572 
+ 66,434 
+ 60.401 
+ 67.518 
+ 66.560 
+ 61,416 
+ 73.218 
+ 65,913 
+ 61,619 
+ 64.345 
+ 64,913 
+ 62.997 
+ 69.209 
+ t.4g.60 
+ 66.978 
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S. B. 11. a t  Ambila . . . 

TABLE 3 .-Revision level l ing-(contd.) .  
Discrepancies between the old and new heights of bench-marks. 

I I Di ercnce 1 &i?i?n I I -orlgl- 
Bench-marks of the original levellillg that 1 Difference betnee11 ortho~netric n,":jhT,"" were connected during the revieionury I heights, above ( +  ) or below ( -  ) operations 

I 
the starting bench-mark tt;:Ee 

height * C W O I  

greater 
I and the 

on cement flooriug ... 
011 stone ... 

1)escriy tion 

I 

No, 

on stone ... 

Degree 
eheet 

On stone etep ... 

I miles I ( feet 1 feet j feet 

(Lz~dh idna  t o  Ambala) old line 61, neio 137-(concld.). 

on memorid plint b . . . 

35 
34 

165 

71 (20) 

73 (22) 

on monument stone ... 
on stone etep ... 

(Ambdla to Sahdranpur) old line 61, new 139.  

on masonry p1:ttform 
on bridge . . . 
Interred s t  Mulana. .. 

-0.358 
-0.326 
-0'188 

-0.321 

-0.316 

on well ... 
on well . . . 
on bridge ... 
Interred at Chappar 
on bridge ... 
on bridge ... 
on bridge ... 
on bridzc . . . 
on bridge ... 
on bridgc . . . 
on bridge . . . 

(Continued). 

53 B 
. 
, 

,, 

. 

+ 93.047 
+ 89.608 
+ 89.689 
+ 93.336 

+ 95.1Gl 

69.il 
71.16 
78-05 

72.98 

73.08 

on bridge ... 
on bridge ... 
on culvert ... 
on stone step ... 
S. B. M. a t  Ambila ... 

+ 92.683 
+ 89.282 
+ 89.501 

+ 93.013 
+ 94.845 

1913-14 
,, 
,, 

,, 

,, 



I 10 GEODETIC REPORT POL, v, 

TABLE 8.-Revision levelling-(contd.). 
Discrepancies between the  old and new heights of bench-rnarks, 

Ueucb-ulurks of the orivinnl levelling that 
were con~~ect,ed duriug the rovisiouury 

opelntio116 

w '' ' 
+ill 
i3 
2% 

g n 
No' 

/ m i l e s 1  1 feet I f i a t  1 feet - 
(Ambtiln to Sahdranpur) old line 61, new 139.-(contd.), 

117 ,, on well 

-- 

Degree 
sheet 

123 
123 
(3) 

DUference 
(remion 
-oti,?i. 
u!). The 

"Bn + 
aenotes 
that the 
height 

WM 
greater 
bud the 

Ei@-Jr 
in19a.aB 

:2z)$ 
IeveUd 

Descriptiou 

1)itference betweell ortholnetric 
heights, above (+)  or below (-1 

the starting bench-mark 

Date of 
original 

b e v e l l i n g  

,, 
,, 

1241 ,. 
6 ( ,, 

127 
74 1 5i '  G 

From 
published 
heights 

on well ... 
Stone B. M. at Amadalpnr 

F~~~ 
revision 
1928.29 

(unad'unt 
e') 

Interred a t  Amadalpur ... 
Stone B $1. at Sarsiiwi ... 
on weU ... 
on bridge ... 

,, on bridge ... 

33.61 
37-32 

37-37 
46- 23  
47.74 
52.17 
52-95 

,, 
,, 

,, 
,, 
:, 
,, 

+ 10.365 

+ 27.074!+ 27-2861+0-219 

,, Stone B.11. a1 Megh Chapar 
Falls + 4.385 

+ 3.269 

- 9-391 
- 6.407 
- 7.525 
+ 9.739 

+ 4-443 
+ 5.097 
+ 7.701 - 
- 6.044 
- 6.073 
+ (1.081 
- 0.098 

+ 0 ~ 0 6 8  
t0,Oil 
to-088 

0.919'+0.089 
+0~012 
tO.0'19 
tO'063 
to8038 

+ 10.416 

... 

... 

(Delhi  to Meerut) old line 62A, new 153. 

t o - 0 6 1  

+ 

- 9.193 
- 6.264 
- 7.434 
+ 9.802 

,, on step of church ... 67.15 ,, + 0.019 
,, S. B. BI. at Sahiranpur  ... 57-18 ,, - 0. 136 

~ 
~ 

53.83 
54.52 
55.89 
56.18 
56.20 

38 ; ,, 
39 I ,, 
78 / ,, 

3.489'tO-220 

tO~19.4 
t o - 1 4  
to-091 
t0.063 

in dllk bnngalow ... 
on platform ... 
on well ... 

~p 

! 183 ' 51 H S .  B. M. at  l,elhl ... ; 0.00 

,, 
,, 
,, 
,, 
,, 

(~on~irrrpdl .  

303 
80 
81 
79 

208 
207 
206 
205 
'304 
2 
0 
111% 
197 
19,; 
19.; 
192 
191 

1912.13 
,, 67.842 -0.031 
,, 

+ 5.026 
+ 7.633 
- 0.988 
- 6.056 
- 5.102 

,, 

i - 60.839 
,, - 66.574 
,, (j9.976 
,, 1 -  73-45, 
,, - 71 -846 

r , ,  - 87.187 
,, - 81,413 
, ( - 87.115 
,, - 89.7.5:j 
,, - 97.766 
,, - 3.;. 74,; 
,, 1 - 32.828 

, on plntform of rnemoril~l 1 - 6 8  

- 60-8h5 
- 66.107 
- 69.998 
- 7:3.416 
- 71.872 
- 8;.239 
- 81.456 
- 87,171 
- 89.830 
- ~7.867 
- 85,835 
- nz .g ro  

1.81 
1 -86  
2 - 1 9  
2 - 6 1  
2 - 9 1  
3.44 
3.46 
3.64 
4.17 
l i 1 4  
7.77 
8 .87  
9.93 

10. 19 
12.33 
12.36 

-0.016 
t O m 4 6 7  
-Os@!2 
-0.019 
-0'028 
-ooo5z 
-0'oQ 
-0'056 
-0.0i7 
-0'1@l 
-0'0j8 
- O * l l 2  

,, I I 88 7 5 6 ,  - W 8 0 I  
,, g j . 0 ~ 1  - 85.111 

I 

,, on step of memorial ... 
,, on sroue fl )oring ... 

- 2'Oig 
- 0 ~ 0 7 ~  

. 
,, 
.. 
, 

,, 
, 
,, 
, 
,, 
., 
,. 
,, 
., 
,, 

on pedestal of 111cmorial 
on bridge .. 
on ledge of window ... 
on Jnmna bridge ... 
on Jumna \)ridge ... 
on vr l le~tal  of memorial 
oubri11;e ... 
on well . 
ouwcll ... 
on s tonc  pillar ... 
( ~ n  well . . .  
on  lone pillar ... 
Interred a t  toll-bar honse 
on &one floor~ng ... 
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TABLE 3 .-Revisioa levclligzg-(co9~lcl.). 
Discrepancies between the old and new heights of bench-marks.  

Dlfferenc& 
(revision 
-0rigi- 

""I). The 

:~E:~L 
that the 
I~eight 

was 
greater 
&nd the 

81gn-*1ess 
ill 1928.28 
thnn when 
onginally 
levelled 

190 
189 
188 
117 
409 
410 
183 
182 

1 m i l e ~  I 1 f e e t  1 . f m t  1 feet 
- 

(Delhi  to  Neerut )  old l ine  62 A, new 153-(contd . ) .  

I 

I Z 
B~IICII-marks of the original levelling that 1 3 

were coni~ected during the revisionary 
operntlons 1 22 

i s $  
! l 4  
I gFI 

53 H 
., 
., 
., 
, 
.. 
,, 
, 

Ditfereuce between ortho~netric 
heights, above (+) or below (-) 

the starting beucll-mark 

on bridge ... 
on bridge ... 
on bridge .. 
on c l~ lve r t  ... 
Int.erred at. Ghilxiibitl ... 
Step of vermidslh ... 
on bridge ... 
on b r ~ d g e  ... 

2 2 
9 

Description I ~1 

Dateof 
original bevelling No, 

181 
180 
178 
176 
173 
169 
166 
165 
164 
161 
160 
169 
158 
166 
163 
152 
149 
147 
144 
142 
141 
140 
133 
134 
135 
130 
124 
128 
29 
72 
28 

12.88 
12.99 
13-56 
13.89 
13.96 
13-98  
14.49 
15.42 

Degree 
sheet 

( C o t ~ l i ~ r t t ~ d  ). 

1912-13 

,, 
,, 
,, 
,, 
,, 
,, 
,, 

From 
published 
heights 

- 84.196 
- 72.30'9 
- 
- 75.476 
- 70.996 
- 66.704 
- 67.883 
- 58.721 

, .. on s tone  flonrinp ... ' 44.52 
, S.B.M. nt. Mee1.11t ... 44.58 

126 53 H i on 1)ridge ... 43.93 
184 53 on stone flooring ... '44.10 

i I 

- 84.125 
- 72.231 
- i9.860 
- 76.398 
- 70,887 
- G6.627 
- 67.810 
- 58.657 

, 
,, 
,, 
,, 
,, 
,, 
., 
,, 
,, 
,, 
,. 
,, 
,, 
,, 
,, 
,, 
,, 

F~~~ 
reriaion 
1928.29 

(unnd'ua 
ed' ' 

, 
., 
.. 
,, 
,, 
, .  
,, - 29,757 - 29.877 -0.120 

- 0.071 
-0,072 

79.933-0-073 
-0.078 
-0.109 
- 0  077 
- 0.013 
-0.064 

- 67,533 
- 60.220 
- 64.418 
- 57,560 
- 50.424 
- 46.623 
- 4,6.829 
- 52.678 
- 50.354 
- 36,748 
- 41.799 
- 37.141 
- 37.916 
- 39'632 
- 38.262 
- 36.31!1 
- 42.00(1 
- 30.046 - 32.071 
- %Ii'3.:3 
- 30.257 
- 31,562 
- 26.373 
- 26.819 
- 25.815 
- 27.746 
- !!(;so91 

15.86 
16.78 
17-64 
17.98 
19.74 
22.49 
23. 14 
23.23 
23.63 
25.02 
26.29 
26.66 
27.48 
30.40 
31.37 
31 -75 
33-79 
35.43 
37-76 
39.14 
39.25 
39.47 
40.42 
40.47 
40.62 
41.88 
42-09 
42.16 

- 57.4,56 
- 60.177 
- 54.379 
- 57.622 
- 50.396 
- 46.593 
- 46.828 
- 52'672 
- 50.348 - 36.720 
- 4.1.769 
- 3'7.120 
- H7.869 
- 39.580 
- 38.204 
- 36.277 
- 41.947 

,, 1 O I I  nrel l  ... 
., / on colvert, ... 
, on s tone  pillar ... 
.. / on well ... 
,, ( on bridge ... 
,, on culvert ... . on culvert ... 

-0.077 
-0.043 
-0.039 
-0.038 
- 0.028 
-0.030 
-0.001 
- 0.006 
-0.006 
-0.020 
-0.030 
-0.021 
-0.046 
-0.052 
-0.048 
-0.042 
-0.053 
-0.050 
-0.319 
- 0.039 
-0'044 
-0,105 
-0 '127 
-0,090 
- 1.1~110 
-ObO56 
-0.092 

63 C; on bridge ... 49-27 
,. on mile pillar . ' 49*70  
.. ' on cnlvert ... ! 44.03 

,, 
., 
. 
.. 
,. 
,, 
.. 1 
,, 
., 
, 

.. 
, 
.. 
.. 
.. 
.. 
.. 
,, 
.. 

Interred a t  h lu~. i t lnnqir  ... 
on c n l v e r ~  ... 
onlock ... 
on c ~ ~ l r e r t  ... 
on cnlvert ... 
on culvert ... 
on bridge ... 
on colvert, ... 
on culvert, .. . 
Interred at %Tnl~ i~~r l t l i~~pu l .  . 
on well ... 
on well ... 
ons l ep  ... 
on stone pillnv ... 
on stone p i l1~1.  ... 
c ~ r l  slone pi Im ... 
on stone pillar . . .  
on  tone pillar ... 
on drain . . .  

,, ( -  2 9 . 9 9 ~  
,, - 31,752 

.. on stone s t rp  . . .  
,, ' on stone footin? . . . /  

%, 

,, 
, a  

-, 
,, 

., 

., 
,, 

- 2fj.194. 
- 30.213 
- 31.467 
- 26.246 
- 25.72!1 
- 85.705 
- 27.701 
- 6 . 9 9 9  

.. 
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TABLE 3.-Revision levellittg - (coutd.).  

Discrepancies between the old and new heights of hen~h-mar l ;~ ,  

Bench-marks of the original levelling thnt 
were connected during the rrvisionar~ 

operntions 

bli 

$ 
2Le 
i 3 
E a  - 0 

ij 
5 No. 

I I I miles I ( feet I I f i t  

(Delhz to  Meerzbt) old l ine 62 A, new 153-(concld.) .  

Degree 
sheet 

Liifierence 
(revision 
-0rid. 

n*). ~h~ 
elan + 
denotes 
thnt the 
height 

wno 
grenter 
rind the 

sign-le 
in leb.; 
kk2.5; 
levelled 

Description 

J)iflerenee betweeu or+,,lometric 
heigllts, ,,hove ( +) or below 

the stnrting bench-mark 

... 

... 

... 

... 
a 

44.23 
44.28 
44.34' 
44.58 
44-77 
44-03  
45-03  
45-94  
46-94 
48.02 
48.08 
48.14 
49.73 
50.27 

124 / ,, 
1 8 5 ,  53 G 
187 ,. 
189 1 ,, 
190 1 ,. 
191 1 ., 
194 1 ,. 
195 , 

From 
revieion 
3828.29 

(nnadjust- 
ed) 

Date of 
original 
levelling 

196 1 ,, on ~ a i n i  TS. 

- .  .. ~- .- 

S.B.M. i n  P.W.D. of ice  ... 
on bridge ... 
on well ... 
on stone pillar ... 
on stone pi11a1, ... 
on culvert ... 
on culvert ... 
on bridge .. 

From 
published 

heights 

-0.ll'i 
-0.113 
-0.095 
-0,116 
-0,106 
-0.115 
-0.131 
-0.102 
-0.099 
-0.501 
+ 0,260 
-0-lM 
-0,096 
-0.093 
-0.083 

- 30.3'21 - 29.330 
- 27.705 
- 25.054 - 25.492 
- 28.05" 
- 27.219 
- 26.076 
- 20.641 
- 21.424 - 21.035 - 19.089 
- 21.472 
- 16.760 

1912-13 
,, 
,, 
., 
,, 
,, 
,, 
,, 
,, 
, 1 
,, 
,, 
,, 
,, 

(Delhi to  Mqcttrcl) old line li2 B, n e w  106. 

+ 19.384 

- 30.204 - 29.217 
- 27.610 
- 24.938 
- 25.386 
- 27.939 
- 27.068 - 26.974 
- 20.54.2 
- 20.923 
- 21.316 
- 18.985 
- 21.376 
- 16.667 

, 
_ _  

+ 19.467 
_ 

o'Oo0 
+Oao05 
+O'U@ 
+o'Ni 
+Oaoo4  
-0'003 
-O'0l2 
-O'026 
-0'015 
+ 0'01~ 
+ o.Ol4 

+o'oo6 
t o'OI' 
+ 0 . 0 ~ ~  

+ o ' ~ ~ ~  
t ~ ' ~ ~ ~  

- 

0-000 
+ 29.992 
+ 33. 437 
+ 34.941 
+ 34.222 
- 27.269 
- 62.639 
- 82.094 
- 80.370 
- 63.590 
- 61n.74,9 

... ... 
pillar ,., ... 

. 

... 
262 ! , , on Lil  Chabittrn ... 
263 I .. 1 on pi30 ... 

$ 1  i 
on temple ... 

, on stone pillar ... 
266 ,. on stone flooring . . 
267 1 . on stone coping of gate ,.. 

i 9  
261 
259 

0'000 
+ 29-997 
+ 33.442 
+ 34.948 
+ 34.226 
- 27.272 
- 62.651 
- 82.119 
- 80.386 - 63 693 
- 61 335 

0.00 
0 .94  
1 - 2 0  
1 - 4 0  
1.42 
1 . 7 2  
8.71 
9.97 

10.37 
10.98 
11-16 
11.11 
13.46 6 8 ,  ,, 

G9 , 
i O  .. 

- 61.3171- 61,303 
- 64.135 - 64.129 

1912-13 
,, 
, 
, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, nu  tone Rooring ... 

on stone floorinp ... 12.65 ,, 62. 8021 - 62.784 
on stone s tep  . . .  12.74 60.42" - -  60.403 ,, 

I / 
, " ...-..a,fl 

.. / on pedestal of memorial 16-16 ,, 60.8391d 60 .~~1i -0@2 

71 1 ,, on marGLe plinth ... 12.82 ,, 63.010' - (;2.99'! 
7 5 :  . .  I on mmhle step 48.694 - 48.621 
76 / .. ; on marble fitel, ... 13.90 ,, 6 0 . 6 f ~ I  - 60.66:l 
67 .. j on stonc s tep  ... 14-82 ,, 51.609- 51.71~!-0*0I~ 

,, i a t  pi50 . . .  
, 1 on bridge , 

9 - 2 1  
10.72 

,, I 71 ,6091- 7 1 - 6 5 7 i - ~ ' ~ 1 d  
,, 1 - 77.419 - 7 7 - 4 4 ~ 0 / - 0 ' ~ ~ ~  



LEVELLING 

T A B L E  3.-Revision leveZlin,g-(corrtd.). 
Discrepancies between the old and new heights of bench-marks. 

1 miles I I feet I f e e t  ( feet 

(Belhz to  ,321'ttra) old line 62 B,  new lob'-(contd. j. 

Bench-marks of the original levelling that 
were connected during the revisionary 

operations 

on Wall ... 
on reservoir .., 
on rock in si tu 
on rock in si tu ... 
In ter red  a t  mile 78 ... 
on flooring ... 
on well . . . 
on bridge ... 
on bridge ... 
ou well . . . 
on well . . . 
In ter red  a t  mile 65 ... 
on flooring ... 
on culvert ... 
on flooring 
on s tone  coping f platforu- 
on  well . . . 
on culvert  ... 
on well ... 
on well . . . 
on s tone  coping of plntforn 
Interred a t  mile 58 ... 
on well ,., 
on well ... 
011 well ... 
on well ... 
on a t o ~ ~ e  floorins . . . 
on bridge ... 
In ter red  a t  mile 4,s ... 
on well . , . 
on mile-stone . . . 
011 well 
on lock ... 
on rock in si tu . . . 
on I'ihera T.S. ... 
on well 
on block . . ,  
Interred n t  milo n8 ... 
on well . . . 
on well ... 
on well . . . 
on well . . , 
on well ... 

I (revi!ip 
ha 

Zx  
Ed - 0 

a 2 
a P 

' I)escr~ytion So. 

- or1~1- 
Difference between orthometric nal). Th 
height., above ( 4 )  or below (-) .ign + 

thc startll~g bench-mark denote that thl 
h e i ~ h t  

was 
greatel 

I)ate of From revision 
ori"11111 publiehed 1 
levelling heights originall 

levelled 

Degree 
sheet 
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TABLE 3.-Revision ZevelZi?~g- (contd.). 

Discrepencies between the old and new heights of bench-marks, 

Benoh-marb of tho original levelling that 
were connected during the revisionary 

operations 

M 

Ea 
3 $ 
2% 
0 E( 

2 2 
* 
rn 

No. 

. 
Dlffelsnte 
(reviaion 
-0rigi. 

Ditierence between orthometrio "1). The 
heights, above (+ )  or below (- ) Bisn + 

the starting bench-mark deu0tt8 
thnt the 
height 

WR8 - #reator 
pro,,, and the 

Ihte of From revision B'~n-h"  
original publisl~ed 1928.29 in 1wa~'.9 
levelling heights (ulladjust. t:iii:$i 

.. - 
cd) levelled 

1 miles I 
(Delhi to  Muftra)  old line 62 B, ne tu  106-(co~zcld.) .  

IJemee 
eheet Descriptio~~ 

89 . 
88 
85 
A4 
83 
82 
81 
80 
79 
78 
77 
7fi 
75 
74 
73 
72 
71 
70 
69 
68 
67 
65 
6.6 
63 
60 
54 
-52 
51 
4 
'tq 

54 E 
,, 
, 
, 
, 
, 
., 
,. , 
,, 
,, 
,, 
9 ,  . .. 
t ,  

9 ,  

t ,  

9 ,  

9 ,  

1, 

I ,  

v v  

,, 
,, 
19 

I 

7 

, 
- 4  9. 

4.3 

on bridge ... 
on stone pillar ... 
on stone slab ... 
on culvert ... 
on stone coping of gate ... 
on step ... 
on stone flooring ... 
on otone step ... 
on stone coping ... 
on bridge ... 
on stone slab ... 
on stone flooring ... 
on bridge ... 
on stone pillar ... 
Interred a t  Chhite, ... 
on  tone ... 
on mile-stone ... 
on well ... 
ou mile-etone ... 
on mile-stone .., 
or1 mile-stone ... 
on itridge ... 
on well ... 
Interred a t  Chanma ,., 
on bridge . , . 
on bridge ... 
on mile stone .,, 

on storle pillar ,.. 
on well .,. 
On ,tone plintll of wall ... 
on stone plinth of wall .,, 1 on sill of gate .,. 

-136.663 
- 14267!) 
- 139.535 
- 146.840 
-143,655 
-143.210 
- 145.370 
-1435.035 
- 140'389 
-124.455 
- 13:1.320 
-146.18t 
-141155(;2 
-146.25( 
-150.110 
-- 146.49? 
- 149.45F 
- 150.179 
- 149.141 
-- 150.860 
-152.828 
- I 46-77'; 
- 156.269 
- 161.341 
- 156.392 
-167.419 
-166.242 
- 169.672 
-17!Je250 
-199,626 
- 179.769 
- 185.890 

65.06 
63.74 
68.8:' 
69.99 
70.28 
70.68 
70.94 
71.10 
71.42 
72.10 
72.14 
72.33 
72-43  
75.92 
77.71 
77-76  
78.46 
78.62 
79.48 
90.50 
82.52 
85.46 
86.4: 
efi.68 
88-40  
92.11 
93.79 
94.47 
95.55 
95.99 
97-12 
97 .98 

42 1 on we11 ... 
. .  
... 

105 on r,nIvert. ... 

... 2o , on platform a1 uttra C ~ n ( t .  
R .  S. ,., 

,, on culvert. ... 
,, on utone tlooring . 
,, S.B.M. a t  Mnttra . 

-U-066 
-0.045 
-0.036 
-0.087 
-0.086 
-0.042 
-0.06 
-0'043 
-0.O:O 
-0.041 
-0.073 
-0.060 
-o'o@ 
-0,016 
-0.003 
-0.002 
-0.613 
-0,026 
-0.456 
-0.817 
-0421 
- 0,033 
+.o'Oo~ 
t0'0fl 
+ 0'Oo6 
--O'OIS 
-o'naa 
-0'010 
-0'03' 
-0'019 

- 1~4 .322  
-1 i6 .260 
- 178 476 
- 1:6,147 
- 185.269 

- 184.145 

- 1 8 4 . 9 0 9 i - ~ ' ~ ~ ~  
- 192.162'-0'O~~ 

1912-13 

1: 
,, 
,, 
,, 
,, 
,, .. 
,. 
,, 
,, 
,, 
,, 
,, 
,, 
., 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
, 
,, 
,, 
,, 

98.34 
9 . 1  

100.11 
100.82 
98.13 

98.98 

99.03 
98-60 

100.43 
100.46 

-0'025 
-0'OZ6 
-0'046 
-0'042 
-0'020 

-0'03' 

-136.597 
- 142,634 
- 139.499 
- 146.803 
-143.569 
-143.168 
- 145.325 
- 144.992 
- 140.319 
- ]24.4,14 
-133.247 
-146.126 
-141.514 
-146.234 
-150.102 
- 146.491 
- 148.845 
- 150.153 
- 148.685 
- 150.043 
-152.807 
- 14;  ,744 
-166.276 
- 161.348 
- 156.398 
-167.401 
-166.020 
- 169.673 
- l i9 .240 
- 199.794 
- 179.750 
-18.;. ,967 

, 
, 
,. 
,, 
,, 

,, 

,, 
,, 
,, 
,, 

- 1 9 6 . 8 0 6 ' - ~ ' ~ ~ ~  
-- 1 9 7 . 0 3 7 / - 0 ' ~ 5  

( ~ontinutd). 

- 184.297 
-115.231 
- 1 j8.429 

176.106 
1 -  185 24,0 

- 184.114 

-184- 290 
- 192.137 
- 195 ,782 
-197 ,817 



TABLE 8.-Revision teve2lilzg-(concld.) . 
Discrepancies between the old and new heights of bench-marks. 

ho 

2- 
" 1 
8 0 
Ed 
). 0 

i1 
. . 

Bench-marks of the original l e d l i n g  that 
were collnectzd durina the revinionnry 

operations 

Difference 
(revision 
-orlp- 
nkl). The 
eign + 

denOtee 
that the 
height 

wae 
greater 
and the 

Bign-*leas 
in 1927-29 

when 
originally 

levelled 

Difference between orthometiic 
heightl, above ( + I  or belor (-) 

the starting bench-mark 

No. 

/ miles I I f e e  I jeet I feet 

( B d n d h i  t o  Hyde~cibCd) old line 52, new 101 A. 

F~~~ 
revision 
1927-29 

(unadjust. 
ed) 

Degree 
sheet 

Date of 
original 
levellil~g 

34 
16 

7 
6 
a 

2% 
219 
78 

52 
157 
31 

159 
160 
161 

155 
l sg  
154 
217 
33 

416 
417 
418 
419 
152 

Description. 
From 

published 
heights 

40 B 
,, 

,, 
,, 

4 ; ~  
,, 
,, 

,, 
,, 
,, 
,, 
,, 
,, 

,, 
,, 
,, 
,. 
,, 
,, 
., 
,, 
,. 
,, 

on culvert ... 
Embedded a t  Kawib 

Shih R.S. ... 
Embedded a t  Sarhari R.S. 
on culvert ... 
Embedded a t  Lundo R.S. 
on bridge ... 
on culvert ... 
lcmbedded a t  Tando 

Adam R.S. ... 
on bridge ... 
on stone pavement ... 
Embedded a t  Hyderibid 
on stone plinth ... 
on stone sill of door ... 
S.B.M. a t  Hyderlbkd 

church ... 
on stone step ... 
on verandah ... 
OD stone step ! ... 
or1 stone step ... 
on bridge ... 
on culvert . 
a t  base of water-column .. . 
on step ... 
on M.B. pillar ... 
Type C a t  Ganjo Takknr 

hill ... 

(Dehra Dzin t o  K6bsi); old line 61 D. 

26.09 
37.13 
39. 16 
43-62 
45.26 
47.12 

63.23 
95-65 
97.63 
97.79 
97-95 
98.32 

98.38 
99-73 
99.82 
99.99 
99.44 
99.96 
99.46 
99.63 

100.36 
101.61 

101.63 

10 

F, 

6 
129 
44 
47 

0.001g0.&0~)6 

,, 
,, 
,, 
,, 

1921-22 
,, 

1004-05-06 
,, 
,, 
,, 
,, 
,, 

,, 
,, 
,, 
,, 

1920-21 
19oa.o5.@j 
19s.26.26 

,, 
,, 
,, 

1004.05.M 

0.000 
-0.OC2 

6.775-0-006 
2-760+0.007 

+Om025 
+0 '061 
+ 0.961 
+1.001 

0.000 
+ 1.685 

-166.230 
-343,600 
- 629.523 
-629.064 

53 J 

,, 
,, 

6; '~  
, 
, 
,, 

0.000 

-0.631 
-0.467 
-0 -353  
-0.344 
-0.238 
-0.473 

-0.463 
-0.906 
-0.918 
-0.920 
-0.911 
-0.906 

-0.905 
-0.913 
-0.911 
-0.899 
-0.916 
-0.920 
- 0'866 
-0.873 
-0.871 
-0.846 

-Oe820 

0.000 

- ~ 0 5 7  
- 31.388 
- 3'7.318 
- 34.02(5 
- 40.331 
- 42.839 

- 47.682 
- 47.040 
- 34-10!, 
- 20.892 
- 29.304,- 
- 28.137-  

- 28.763 
- 9.568 
- 9.202 
- 7.491 
- 67.997 
- 4'2.896 
- 58 '964, 
- 69.310 
- 60.719 
+ 2-44? 

+ 3.402 

0.000 

- 24.688 
- 31.@66 
- 37.671 
- 34.370 
- 40.569 
- 43.312 

- 48.135 
- 47.946 
- 36,027 
- 21.812 

30.215 
29.04'3 

- 29.667 
- 10.481 
- 10'113 
- 8.390 
- 68.913 
- 43'815 
- 51) ' 829 
- 60.183 
- 61.590 
+ 1.601 

+ 2.582 

Shaw's Refraction stration, 
Dchra Diln ... 

S.E.M., Debra Diln . . .  
Iron plug, D e h r ~  1)i~n ... 
S.B.M., Dchra 1)un ... 
Brirl~e  a t  Kanligir ... 
Pillar a t  Tons river ... 
Pillar a t  Sahnspnr ... 
Pillar a t  A~nbnri ... 

0.000 
+ 1.687 
- 5.769- 
- 2.767- 
-155.266 
-348.651 
- 630.474 
-630.066 

0.00 
0.02 
0.19 
0.25 
4.93 
6.97 

16.83 
248.94 

1908 
, 
,, 
,, 
,, 
,, 
,, 
,, 
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TABLE 4.-Lbt of triangulation stations comected by 
spirit-levelling, season 1928-2.9. 

Name of etalion 

1 Height, ~ b o v e  
mean sea-level 

Remarks 
. 

I feet I f i s t  I feet 1 
Qurhdgarh Meridional Series. 

Difference 
(Trian.- 
Levelling) 

I RahOn Meridionat Series. I 

Tnng T.S. 

Lat. 3f 3$ 17y24 
Long. 74 64 30.07 

756,397 

Kado T.S. 

Let. 36 4 37:21 
Long. 76 3 3 . 2 0  

Great Arc Meridiona.1 Series, Bection 24'-30". I 

Ktimra T.S. 

Lat,. 36 37' 2oya3 
Long. 76 18 2.75 

758 

863.288 

Lat. 
77 12 50.03 

T.S. ( iOO.367 ( 710 1 + 10 I Ground floor mark-st,one 

873.476 873 

Saini T.S. 

Lrbt.. as" i ao:'i~ 
 LOU^. 57 47 a2.70 

Long. 77 17 73.14, 

+ 2 

864 

t I I I I 
Great Indue Series. 

Ground floor mark-stone 

0 

Pirgheib T.S. I 787.477 1 794 1 + 7 1 Qronnd floor rnark.stone 

776.962 

Thal Y egrij  T . 9  322.209 1 319 I - 3 1 Urnnod floor murk-st.one I 

+ 1 

Ground floor mark-stone 

Ground floor mark-stone 

- 

582 

Lst a; li as~rzl ( I I 
Long. 70 38 18.34 

+ 5 

Khemwile T . 8  

Lat. 3; d 45r76 
Long.  70 54 46.32 

Ground floor mark-stone 

408,961 1 409 I 0 / Ground floor rnark-stone 
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TABLE 4.-List o f  t r iangulat ion stations connected by 
spirit-levelling, season 1928-29 -(concld.). 

TABLE 5.-Lines Dehra-K6lsi-Mussoorie & K6ls.Z-Chakrdt&Mussoorie 
Compa~isons  of unadjusted orthometric heights a s  determined 

in different seasons. 

Remarks Name of station 

Height above 
mean sea-level 
Spirit- Triangu- 

levelling 1 lation 
( f ee t  I j ee t  I feet I 

Great 1,ndus Series- (concld.). 

nifferencc 
(Trian.- 
Levelling) 

--- 
FarouGla T.S. 

Lat. 36 44 53':66 
Lonp. 70 55 58.88 

-- - 
Ground tloor mark-stone 471 470.812 0 



CHAPTER VII 

RESEARCH AND TECHNICAL NOTES 
BY 

DR. J. DE GRLAFF HUNTER, SC. D. 

AND 

CAPTAIN G. BOMFORD, R.E. 

I. Dynamic and Orthometric heights 

1. Summary of paras 1-3.-In the deduction of dynamic 
and orthometric heights from observed spirit-levelled heights, gravity 
is ordinarily assumed to have its normal formula value depending 
only on height and latitude. An example is given of a more rigorous 
deduction of dynamic and orthometric heights. 

2. Dynamic height.-For the deduction of dynamic heighb 
the Survey of India has adopted a series of equipotential surfaces 
of which those characterised by whole numbers of feet are each 
separated by one foot in a locality where gravity a t  a height of h 
feet is given by the formula 

gs= rJ  (1 - 2 h/R)  
=97Y . 0 0 ( l +  .005310 sin2 24'-2AlR). 

A t  the time when this system was adopted the above formula was 
considered to represent normal gravity in latitude 24'. More 
modern formulae differ, but  i t  still forms a perfectly reasonable bas18 
£01- the computation of dynamic and orthometric heights. g9 is thus 
standard gravity a t  any height, and 7, is stanclard gravity at sea- 
level. Then the separation between two consecutive flbnd&rd 
equipotentials a t  any other place will be 1 - (g - y,)/g, feet, where 
g is the actual value of gravity a t  tha t  place. 

Let M be the height of a certain bench-mark as clirectly con- 
puted from spirit-levelling without dynamic correction, let D be 
dynamic height, let 0 be its orthometric height, and let M ' Di 0- 
H, H being used for the height of the B.M. when the c l i a t i n ~ t i o l ~ ~ ~  
ween M, D and 0 is of no consequence. 

Jf 

Then D = M + [ (g - 9,) dh /g, ... . . .  . . . (1) 
J 
0 

9 being the value of gravity t the place where, each element iL dh is measured, and the integration being .long the line of levelling* 
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Now g=r (1-2h/R+3h/4.18R) + T + A  
where r* = 978 -030 (1 + .005302 sin2 + - - 000007 sin" +), 

T  = Orographical correction (difference from plateau), 
A = Bouguer aaomaly. 

Whence (g-g,)/g,= ( y - y s + 3 y h / 4 . 1 8 R + T + A ) / g ,  
= ( y - y s + 3 y s h / 4 . 1 8 R + T + A ) / y  (2) 

with sufficient accuracy. 
All the terms of t.his expression can be calculated a t  any point, 

except A, the anomaly. This is known if gravity has been observed 
st a number of points, and if the changes in A from point to point 
are sufliciently regular to justify interpolation. It is for this reason 
that the Bouguer formula has been used in preference to the 
Hayford ; i t  is believed to be likely to  give more accurate in.krpola- 
tion in small hilly areas, and has certainly done so in the area a t  
present under consideration. The value of T does not vary greatdy 
from place to place; i t  depends priinarily on the roughness of 
country, and is not essentially different between hill and valley. 
If it is calculated a t  a number of  point.^, i t  can be interpolated a t  
intermediat'e points. - 

Then a chart can be drawn showing lines of equal y -  y,, lines 
of equa: [I1, lines of equal A, and finally lines of equal K, where 
K = 1000 (y -y ,  + T + A) /? , .  

II 
K 3 . 4 2 h  

Then we have D = M + [ ( + im, ) dlt. and D can 
0 

easily be calculated with the help of the chart. 
Chart XXIV shows lines of equal y -  y,, A and R in the area 

Dchra Diin, Kiilsi, Mussoorie and Chalrriiti. Actual values of A 
and T are entored a t  places where penclulu~ns have been swung, and 
orographical corrections computed, res1)ectively. The small and 
regular variat,ioll of 11 is very notable in s l~i te  of the roughness of 
the country. 

The result of applying the dyi~alnic corl.ec.tio11 rignrousl~ is to 
make nn appreciable change in the dynamic height. (Betwc~~il 0 .1  
and 0 . 2  in t,he case of the heights of Massoorie or ('halcriti ;tbolr~ 
Debra). It might allso be expected to improve the clclsing crror of 
circuit.; a little, a]tllough 2' alicl ,4 art2 th(1 o~ily ter111s in (2) which 

NegI~ct of tllr riponins 41, only c:,ljvl s(8rioes c l ~ ~ r i n c  
WOr ~f the rise ill a cil-c>llit 0c~l1l-s i l l  a11 arclil wit11 :i11(~111diPs co?i~i-  
derahl\ d i f f ~ > r c > ~ t  fl.onl tllopp ill thr~ artla in w11icl1 t l l c ,  ::111 i ~ c ~ u l  4 ,  or 
if the I iscy and fa l l s  o(,( 111% i l l  n,.tbns \\,it11 i~ot:tl,ly tliticrc~ilt or( &l.aj~ili- 
C" ~ ~ ~ c ( a t i ~ ~ ~ ,  All examl,]r of tllc Iatte.1- cascl is a csilcl;it lskil;g Ilp 

8 gently sloping plateau, fallin# abruptly over its edge, and returning 
to its starting p i n t  tllrouph flnt I ~ l a i n ~  Tn t l ~ r  two pil'ci~it~ 

-- - -- -- - -- - - . - 

11 1s of no conseqnence tllir t b l ~  f o r r n n l ~  dlffc16 from t h ~ t  need I n  dehn~6t.zndarcl 
Sravlty. Thw formula 1s only n strrndard from w h ~ c h  t o  measure the  anomaly A. 
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sho rn  in Chart XXW, the closing errors are not much changed by 
the rigorous method of computing the dynamic correction. Thus 
the circuit Dehra-KLlsi-BhadrLj-Mnssoorie-Dehra, 66 miles, has the 
except,ionally large closing error of 0 . 6 5 8  feet with the usual correc- 
tion, and the almost identical error of 0 . 6 6 2  feet with the rigorous. 
I n  the KLlsi-ChakrLtL-Mussoorie-Bhadrij-KL circuit, 83 miles, 
the rigorous method improves the closing error from 0.057 to 0.014 
feet, bu t  in view of the inaccuracy of levelling with wooden staves 
in hill circuits, this improvement must be considered to be largely 
due to chance. 

The subject is discussed further in para 10 of this chapter. 
3. Orthometric height.- The orthometric height of a 

bench-mark is its vertical height above the standard sea-level equi- 
potential beneath it. Since the separation between any two standard 
equipotentials is 1 - (g - g,)/g, feet ( see para 2 ), we have 

H 

0 = D - [(gn-g,) dh lg ,  ... . . . . . . (3) 
0 

where gh is the value of gravity a t  a point h feet above sea-level on 
the vertical through the bench-mark. The integration is performed 
along the vertical. 

As in (2) ,  y, may be written for g, in the denominator with 
sufficient accuracy, and 

Fr 
(y - y,) H - A H Ij (vertical attmetio,~ of O=D- 

YJ YJ y\ Topoyrph,y) dh . . . (41 

I n  this equation the term (-y - y,) HIy ,  is the usual orthometric 
correction*, the term A HIy, presents no difficulty if A is lrnown or 

If 

can be interpolated t, but the term I = (attrrcction of ~o~oyi.nphy)dh 
0 

rPq uires invest,igation. 
Following the Bouguer system, the topography may be 

considered to consist of a plateau, combined with hills and valleys. 
A t  the surface the ntt.raction of a plateau is downwarcls, at  sea-level 
it is upwards ; the two car.ce1, and as regards tbrl plateail the illtegrll 

H 

[ g . dh is easily seen to be zero. 

0 

Then in evaluating I i t  is only necessary to measllrc the tnpo- 
graphy in terms of its height above or below t h ~  bench-mark. 

Divide th r  topography into zonrs and compnrt~~,onts in t h p  

usual way, (see Chart XXV, figure 1). Then i t  is rer!i~irt.d to find 
u - 
[ ( attraction sf ABCD ) dh. Since only a low order of accuracy ig 
J 

~ -- - --- 
*Or, rather, it wo~tld be i f  y and y ,  were calculated on the ram? form[llr' 
t Its variation with height ha8 to he ignored. I f  the anomaly I n  below sea.leve' 

and covers e large area, the variirt,ion with height is smirll. 
02 



Chart XXV 

Fig. 1 Orthometric Correction 

P=Bench mark 
S = Sea level 

Fip.  2 Geoidal Rise 
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required, the inass of ABCD may be coilsidered coiiceiltrated at it,s 
eelitre of gravity. Then for any coinpartmellt 

(COS a - cos P )  
= 6 8 n - T , ~ )  

("? + 7n1) 
-1 2 H - a  

where a = tan 
1'. + 7.1 

-1 a fi = tan - 
9.2 + ''1 

To elilniiiate k, we have g = att,ractioll of the Eart,h 

2 - 0 9  beiiig the rat,io of the earth's meail 
density to  ineail surface density, and R being 
eart,li's mea,ii radius. 

8 n -- - - 1 
( I . ,  - I . , )  ( C O S  a - cos p) feet . . . (5) 

% T i  RII .2.  10li 

where rt is the heigllt of t,llp col~lpartnleiit belo?(; the station, a,nd 
alld 1.1 are ineasureil in feet. 

Ecluat,ioii ( 5 )  11a.s to be s~~ll~iliecl for aII 1ipcessa.r-y zoiies aiicl 
colnpartinent,~. 

l'lle full computntioil has been inade in t'he case of two bench- 
marlis a t  Dehra Dlill ant1 Mnssool-ie, as follows:- 

- 

Debra D i ~ u  Alussoorie 
B. h l .  10/53,7 U.hI. 61/53J 

I 
I 

Height, 

(y - 7,') lZ/y. 
rl 

- - 

2234 , f e d  6740 . f e ~ f  

+ 1.108 , feel 

I I 
4 i y ,  -0.281 .j'rr/ - 0 . 9 9 8  ,feet 

I 
I/Y.? - 0.01 f e r l  1-0.22 feet  

+ 3 .340  .feet 

0-D 

- 0.  1 2 1  c,n/src' I - 0 . 1.1.; on/sc.,,? 

-0.84 f o e l  - 2 . 5 G  f e e t  
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The height of Mussoorie above Dehra as arrived a t  by different 
methods may now be summarised as follows:- 
Observed difference, via Rsjpur ( 1927) 4505.966 feet 
Dyi~amic difference, usual method 4508'140 ,, 
Dynamic difference, rigorous method 4508.261 ,, 
Orthometric difference, usual method 4505.86 ,, j di:;y 
Ortthometric clifference, rigorous method 4506.54 ,, 

According to  the Dehra-K5lsi-Mnssoorie observations these 
figures should be between 0'6 and 0'7 feet greater. The Dehra- 
Rijpur-Mussoorie levelling of 1905-07 agrees with the 1927 values 
within '010. 

11. Height correction to Deviation of the Vertical 

4. Summary of paras 4-6.-It is custolnary to apply to 
latitude observations a small correction of 0.000053 Hsin 2 I#I on 
account of the lack of parallelism between the ground level and sea- 
level eqnipotential surfaces a t  points on the same vertical. I n  hilly 
country this lack of parallelism may amount to some seconds, i.e, to 
several times the formula value, and may occur in the prime vertical 
as well as in the meridian. Some examples are given of a rigorous 
reduction to sea-level, ancl of the resulting change in the geoidal 
height of a st,ation, as deduced by triangulation. 

5- Calculation of the correct ion.-The intensity and 
direction of gravity a t  any point is given by the vectorial sum of:- 

(a)  The attraction of the spheroid, corrected for height, 
viz, yo - BgH/R. 

(6) The attraction of a plateau of the same height as the 
st'ation viz, 3gH/4 18 R. 

(c) The attraction of the hills and valleys in the plateau- 
((2) The attraction of the anomalies. 

The ~leflection is given by the ratio ~vhich the components of 
the above attractions, which lie talgential to the spheroid, bear to 
the normal components. Comparing the deflections a t   round level 
81111 sea-bvel ~er t~ ica l ly  beneath, i t  is clear that the vert,icsl comP0- 
npnts are arnsibly the same (within ()-lo/,): the change ill the 
horizontal coinponent of t,hp ettractioll of thp spheroill is d l n w e d  
for by the usual height correction: the horizontal sttractil~n of the 
platrail ia zero in hot11 cases : the attmCtioo of t11~ an(Imaliqg 
may he different, hut  in as as B o u p e r  :~nomal i~s  arc primnrl- 
1.Y cni ls~fl  hy morp or less rlepp-seated lack of compenmtion, it isnot' 
ullrpasonable to aesumr t#hp change in the horizontal c ~ l n ~ ~ o " ~ ~ ~ ~  to 
he small an11 to neglect it,: as i n d e ~ d  is inevitabl~. It relnains 
to calcr~latp the change in t,he horizmlltal attraction of the 
ph;. 111 rough country a t  a considerall]e height above sea-levelf 
t h l ~  may be considerable: for i t  is a surface excess O r  
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defect may cause appreciable deviation of the vertical a t  a near-by 
station at its own level, bu t  much less a t  a point some thousands 
of feet below. 

Let the country surrounding a station be divided up into zones 
and compartments in the usuai way, so that  100 feet of height in 
each compartment corresponds to a deviation of the vertical of 
0".01 a t  the station (see Hayford, "Figure of the Earth and Isos- 
tasy"). Let the total horizontal attraction a t  the station of the 
topography in any one zone be B', and let the attraction of the same 
topography a t  sea-level below the station be Fu. Then the ratio 
&,IF depends on the bounding radii of the zone, and on the height 
of the station, and is easily calculable. It is clear that  the resulting 
deflections bear the same ratio, with the result that  :- 

$-4, = T-70 = 5% ( 1  -Fo/F) ... ... ( 6 )  
where + = observed latitude - -000053 H sin 2+, 

+o = latitude fully reduced to  sea-level, 
q = observed deflection - .000053 H sin 2$, 
qu = deflection a t  sea-level, 
T T  = the estimated topographical deflection, 

and (1 - Fu/F) is given in Table 2. 
The suinmatioil is taken over all the usual topographical zones. 

Northerly deflections are reckoned negative. 

h l c l  in the prime vertical :- 

( h - A , )  cos$ = f - f , ,  = X f T  ( 1 -  F,,/P) . .. . . . ( 6a )  
where X = observed longitude, 

= longitude reduced to sea-level, 
= observed deflection, 

f o  = deflection a t  sea-level, 
f T  = estimated topo deflectmion. 

Easterly deflections are reckoi~ed negative. 

Topographical deflections may be estinlated with or without 
isostatic compellsatioll. The cliffereiltial effect is ollly considerable 
in the case of near zones, where the Hayforcl colnpensation factor 
is llearly unity. Since i t  call hardly be believed tha t  Hayford corn- 
Pensation follows t]le surface features in niinute detail, i t  is probably 
hest tn iqnore it for the purpose of this rednctiol-r, but t'he inncc~u.acy 
of the final l-esu~t cannot 11~ conqic~errcl to he 1nuc11 less t h a i ~  the 
differ~ncp betweell tile results of coml>utation with and witllout 
compolsnt,ion. 

6. Application to Dehra-Mussoorie.-Between Dellrn 
Diin Mussoorie arck :k ~ l ~ ~ ~ b r r  of dcflc.ction stations, (see Cllart 
XXIV), which havP b~(11, rlt,i]isctl to tleducc thr: rise of the geoicl 
k t w w  t k r s ~  two l ,~zc~s .   TI^^^ ]lave now i ~ e ~ n  rigoroaslg reduced 
to sea-level (see Table I),  and the gcoidal rise recompubd. 
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TABLE 1. - 
Deflection 

Longitude Height  at - 0.000053 x at sea.level 
H sin 29 

It will be noticed tha t  the deflectioil a t  J l ~ a r i p i i ~ i  is changed bj 
vver .j". Spur Point and this station are unusual stations situated 
on the side of the hill, but  even a t  Mussoorie on top of the hill, 
the correction is as much as lf"7. Usiilg the uilcorrected deflec- 
tions the geoidal rise may be computed to be 10 .56  feet. Using 
the sea-level values i t  is 10.11,  a difl'erence of 0 45 feet. 

I n  Professional Paper 14, pages 22 anrl 28, i t  is show11 that 
if the qeoiclal rise be taken as 10.2 feet t, the triangulated height 
uf Mussoorie above Dehra is 1 9.1. feet greater than that derived 
from spirit-levelling uomputecl with the usual orthometric correction- 
Hence from the table a t  the end of para 3, i t  is seen that the 
triangulaterl height of Miissoorie above Delira is:-$ 

1-507'44 feet. if the groirlal rise is uompnterl with usual values 
of the cleflections. 

kjUi'8!) feet, if the geoid.1 rise is computed with sea-level 
values of deflections. 

I t  will be iloticerl that the disag,.eement between the spirit- 
levelled and triangulated heiqhts is lessenecl to the extent of 0.68 feet 
h,y the rigoroils application of the orthometric eorrectioll (see end 
pnrn :l), hut is increased by 0 15 feet by the reductio~l of deflection 
01)servations to stba-level. (See abovca). 

_ -  _-- --- 
* I ~ T  ( 1- Po/ F )  est~n~ater l  ~ i ~ n g h l y  l ~ y  compar5lon between Debra I)iln end 

Rn~pllr. 
t .% F R I I ~ ( ?  nrlived at before ohservstions hat1 been made s t  .Illnlipinl and 'pnr 

Point. 
$ These heiglit diHerences refer to B. h18. 10 & 51/63 ,J. 'I'IIC latter wesnntn 

ri:trlznlat~rln h t : ~ t i t m ,  hnt bile I ,co~l  counecl e,l t o  t,he htation tly ;I sliort line of spir" 
levell~og. 
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,111. Comparison of Spirit-Levelled and Triangulated 
. Heights. 

7. Summary of paras 7-10.-The rigorous applicatioil of 
tile ol~thoinetric correction to  levelling, and the rigorous reduction 
to sen-level of cleflections used for computing the geoidal rise, are 
shown to inalte essent,i:~lly equal cllailges in the geoidal height of 
r statmioil ils deducecl by spirit-levelling 011 the one hand, and by 
triangdation on the  other. The necc~ssity for these rigorous correc- 
tions is discussed, ailcl i t  is concluded t h a t  if both be omitted little 
hnr111 will result', whereas their iilclusioil iilvolves an almost imposs- 
ible amoiullt of lnbo~lr. 

8. The two corrections are ident ical . - In  para 5 the 
change in the geoidal rise which results froin reducing all observed 
deflections to sea-level, has beell comlmted by considering in detail 
the attraction of tlle topography, both a t  every station, and a t  sea- 
level below every station. A more general expression can be obtain- 
ed as follows :- 

111 Chart XXV, fiqure 2, D is oile station (Dehra Dun) and M is 
another (Mussoorie). P is any intermediate station ( Jharipini  ), 
S is tho spheroirl, GI, tlle qeoicl; GI,, and G,, are other equipotentials. 
fl is t h ~  i i lal inntio~~ to  t l l c b  spheroicl of the  ground level eq~~ipotent~ial  
a t  P, a1111 8,) is the iilclinatioll of tlle geoicl below P. 

If 1C ( i. e. M,, M, -D,, D, ) be the gc~oidal rise betweell Dellra 
and Mussooorie, ancl if  K be tha t  cletlucecl if grou~id level deflections 
are used ( i. e .  if Go GO and Gn GII are assuined pamllel ), we have:- 

M 

f i t - & =  J(e-eo)(zcI . . .  . . . . . (7) 

D 
])ring the Iloriz~)~ital  c v i n l ~ ~ ~ l e n t  vf distance mcasurecl along 

the lilt,>. 
Now si~iccl the intensitjr o f  qravity is invi~rsely proportional to 

the sl~ncing of the eqnipotentials, we have a t  P:- 

(P  ( j 1 - p ~  FJQ = ''? )I d.1 11 

; I ~ I ~ I ~  froill ( i ), 11:' - 1L = . 1 . ,LI: , 
!I . , / , I :  

1 )  PI, 
tlic: i~ lkg rn l s  1,oillg ttalten over tlle area DUD P M M,P, 



GEODETIC REPORT 

where A g 1s the difference between gravity at. any point on MMo, 
and its value a t  the same height on DD, or DPM. 

Now from (1) and (3) we see tha t  the orthometric correction 
to the line Do D P M Mo is given by 

H 
r ;Ii 

t,he first integral being taken along the line 
of levelling, and the second along MM,. 
H 

as in (81, since the distinction between g and g, is immaterial in 
the denominator. 

It is thus proved tha t  the orthometric correction is equal to 
the difference between the geoidal rise as computed correctly and 
computed with surface values of the deflect.ion. And i t  is clear that 
the error in the orthometric correction due to the use of formule 
values of gravity, is equal to the error in geoidal rise due to the use 
of for-mula corrections to sea-level. 

9. The height of Mussoorie above Dehra Dun.--In 
Para 3 the application of the rigorous orthometric correction 
changed the spirit-levelled height by 0.68 feet ;  in para 6 the reduc- 
tion of deflection to sea-level has changed the triangulated height 
by 0.45 feet. It is shown in para 8 tha t  these two figures should 
be iclentical. The size of the discrepancy is not altogether 
surprising. The second figure, especially, contains possible sources 
of error. It has been derived by integrating up the value of o-du 
a t  the few latitude stations between Debra and Mussoorie. Although 
these stations are reasonably typical, this integration cannot be 
expected to give high class accuracy, for the value of 8 - 00 dePel'(" 
especially on the near topography, which varies rapidly from Place 
to place. I n  particular, it is to be expechcl that  a t  places betwee1' 
Jharipani and Mussoorie 8 -0, will be greater than has been derived 

interpolation between these two : for the gronlld is vel:y 
sieep, all the way up to Mussoorie. Of the two figures 0 '68 Is 

probably the more correct. 
The height of Mussoorie ( R.M. 5 1 ) above Debra Dim ( B.M lo ) 

may be summarised thus :- 
By spirit-levelling, fully corrected 4506 ' 5 1, i't. 
By triangulation, fully correchcl 4607'89 ft. 
Triangulation minus levelling 1 ' 35 f t .  
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It seems impossible to  explain this discrepancy on any ground 
other than observational error, probably in the levelling. I n  Pro- 
fessioilal Paper 14 it has been shown tha t  i t  is exceedingly unlikely 
to be due to refraction or other errors in the angles of the  
trianaulation. I n  Professional Paper  22  it has been shown t,hat i t  

9 
is unlikely to be due to  refraction error in the levelling, but  i t  is 
possible tha t  i t  is due to  errors in staff length (see Chapter VI of 
this report, para 6 ). 

It may be remembered tha t  levelling via Ki ls i  lessens this 
discrepancy by 0 ' 6 or 0 ' 7 feet  ( see para 3 !. It is hoped tha t  
relevelling with iilvar staves will settle the problem. A further 
possible source of error is in the horizoiltal clistance between the 
triangulated stations, bu t  this cannot be now verified, on account of 
the destruction of one of thein. 

10. C0nc1usions.-In hilly country the r i ~ o r o u s  applica- 
tion of the dynainic and o~thoinetric.  corrections is an immense 
labour. I11 flat c o ~ u ~ t r y  i t  is of no consequence. I11 para 2 it has 
been shown tha t  i t  has no great  effect on the closure of circuits, 
and in para 8 i t  is sho~vn to  have no effect on coinparison wit'h 
triangulated height, providecl the deflections from which the geoidal 
rise is computed are reduced to sea-level by the formula value 0111~. 

It is true tha t  the use of formula values of p a v i t y  results in lleigllts 
being- expressed in an  ~ulknown unit  above an unlnlown datum, but 
no discl.e1~ancies aris6. to cause. trouble, the error is not great  
(0'7 ft)et in i O O O  a t  Mussoorie), i ~ n d  i t  cloes not change abruptly 
betw~rn one brncll-mn1.k and nnot,her near one. It may be conclu- 
ded that the labolu. l.equired to espl-ess results in true units above 
the geoicl is not justifiable. 
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LIST OF PUBLICATIONS 

PART I.-NUMERICAL DATA 

Triangulation P a m p h l e t s - e a c h  covering one square degree. giving 
descriptions, positions. (1:ttitucle iltl~l Iot~git I&) and heights of trii~n~ulilted 
poilltsnnd otlier d a t : ~  with chart. The chhrt shows the il:ln of trisnnulatiol~ 
with the position of stations and points. Triangulation data fallit~g in 
1/M sheet :we printed in a series of sixteen pamphlets A to P. 111 the 
laat p:lmpl~let of everj seteies, a coloured map 011 scale 1 itlch = 16 rniles 
approximately is given ill adtlitiot~ to tlle chart, to illustrate t l ~ e  topograpl~i- 
cnl features of the area covered by the 1/M sheet. l'an~!)l~lets I~it\.irlg this 
m:lp are charged Its. 1-8 extra,. 

I n d e x  cl~:~i-ts O F  the pnblished triangulation palllphlets are given a t  
the end. 

Price Re. 1 per panzpl~let. Published a t  Dehra 1)iin. 

Levelling Pan~phlets- 
( i)  Levelling of Precision -giving heights and d d~cl'ipti011s of all Bewch- 
marks, tixed by Levelliug of Precision. Eilch palnpl~let e~nbl-aces at1 al-en ol 
do x 4' and the nulnbel.ing is the same as t h a t  of the corrt?sl)o~~dil~!: slleets 
of  the 1 / A I  tnnp of Ill(Ii:i. Each 1s illustri~ted by n I I I : I P  of the i\t.ea. 
Published a t  1)ehr:t 1)iin. 
( R )  Levelling of Precisior~ i s  India ~ n d  Barnla- 

Pamphlet 

Sllcet I Distinctive n.tulc of sheet 
I -- P 

Rs. 2-0-0 
Its. 2-0-0 , l{s. 2-0-0 
l is .  2-0-0 
us. 2-0-0 

Bs. 2 0-0 
Iis. 2-0.0 
]is. 2-0-0 
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Levelling Pamphlets- (Continued). 

Pamphlet I 

I Latitude 
Sheet Distinctive name of sheet , -I - 

d - I 
5 ,  L I I I ~  n11:11\1er S~ tna ie i I  111 1 ~ t ~ l ~ l i . b e i l  P r l e  : 2 
n dppree sheets ~n - 

- - - -- - -- 
- 

- - - - - -  

I 
5.5 ( N i i g p ~ ~ r )  . .. 
56 (Hyderiibiid, Deccan) ... 

~ d d e n d u m  t o  56 . . . 

1 Pnb- 
Longitudt, l~.hcd 1 Price 

111 ( 

1 

0 0 

20-24 
16-20 
... 

57 (Mysore) ... 
I (Ootaca~nund)  . . 

62 ( MLnasarowar) . . . 
63 (All i~l~Lbid)  ... 

.;?A (Rult t o  S ~ h w i i n )  . ) 3 A n I & N : ~ l l d  1929 
I 41) A 

I l a .  2-04 
RE. 2-04 
Re. 1-0.0 

0 0 

76-50 
76-80 

2 .52R (I ) : I \ I I .  to Illindo) I) 

8 52C ( S ~ I ~ ~ I ~ I I I ~  to Mallrii,bpllr) 

1912 
1912 
1919 

RE. 2.0.0 
HE. 2.04 

Re. 1-0-0 
HE 2-0-0 

15-16 1 76180 
8-12 '76-80 

28-32 1 80-81 
24-28 50-84 

Hs. 2.0 0 
Rs. 2-0-0 
HI 2-04 

lis. 2-0-0 
Rs. 2-0-0 
lis. 2.0.0 
Its. 2-04 

1 
1014 

1922 
1923 

ti4 1 ( R n l l ~ u r j  20-24 1912 
t i5  1 ( IT~zagapntam) 1913 
66 ( Miidt-na) . . 1912 

72 (KLtn~Lndu) . . . 24-28 
1 Addrnduin to  72 . . . I  ... 

... 24-28 88-92 1923 Hs. 3-0-0 

... 20-24 88-92 1954, / l<a. 2-0-0 

Addendurn to 73 1920 

84-98 1 1912 
I I9 19 

73 

83 1 (Dlbl,uS:1rh) ... 1 24-28 
84 (Altynb) . . . 20-24 

84%3 (Cut tack)  . . 20-24 

92-96 191 2 Its. 2-04 
92-96 1 19 18 11s. 2-0.0 

I 

85 1 (Prome)  . . . , 16-20 92-96 191 7 / Its. 2-0.0 

92 (Rhamo) . . . 24- 28 96-100 1 1918 Rs. 2-0 0 
93 (Manrl:~l;iy) ... 20-24 96-100 / 1917 1h. 2.0-0 
9 E ( R ~ I I C J O O I I )  1 g ~ ( ;  ,ls. 24-11 
93 (Mergui) 

I 

(b) Levelling of Precision in J1esol,otnttlin- 
Descriptions an(l heights of bencll-marks ill AIcqol)otamia in olle 

pam[)hlet, pnbl141erl a t  Dehra D i n ,  1923. ~ , y c e  R 2 . 3  

( i i )  J,e\elling of Hecondnry Prcc i ~ i o n -  

1)escriptions and heiqhts of bencll-m:lrks 1 1 ~  lines gcnerall! Pro- 
ducecl by Gestetner a t  Dehra n u n .  
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Levelling Pamphlets-( Cdntl ,~ucd).  

1.1ne n u ~ t ~ b e r  I degree sllcets 

5 
li 
7 

8 

I) 

10 

11 
12 

13 

- -- - - -- - - - - - - -- - - -- 

G2E (Rohri to JLm Snl~ib)  .. ' 4 0 d ,  B B I3 / 19'29 A s .  6 
5tF (Shlhpur  Lo Mirpor I'urLlla) .. 1 1  I<, L' 6: G 1 1) 

52G (Landhi c;~n;ll il~c~lgnlow (89th 1 
mile) to I i  hipro) . . .  4 0 C & G  1 ., , ,  

52H (l ihipro to  Ghulfiu~ Blcurg;~r.i) 1 SO (; I 
I " 

9 9  

52 1 (Mirpur  Khfis to 'l'iilcdo Ghu-  i I 
lam Ali v ~ n  Umarltot and 
l~Ldi11) . c I 1 ,, # # 

52J ( M i r p l ~ r  Ichfis to  'l'ando Ghu-  
l % r n  Ali via Digri)  1 40 G ~ 8 )  

52R(Dig1.i to Didrih) :::I 4 0 G d : H  :: 
70J (Barfiltal to lJazfiril)8gl1 l toad)  I 7.7 I 1i11ci 72 1-11 ,, 

I S L I 
74C (Howr;lir to Ultarpilra) I I I I 
74 1) (B:1idyab8ti to Sheoiiplciili) I 1 I 

7-l.IC(Bfiudel ( 'llurcl~ to  13Lndel ' I 
} ,  79 .4d: R I IT  

As. 8 1 lip. Stn.) 
I 74F (B.RI. 251(118)/79A to I I 

Pandua ~ i y  ~ t n  ) i 
1-E 

- i 
7 4 6  ( B  RI. 126/73;\1 to SalrtiKnrll , 1 

Ky. Stn. )  
7411 (B. Bf 116/7:3RI to Burdwiin I 

lip. Stn ) I 

70E (I3 M 85/73;\1 to Rlii~~Lar I 

Ijy. St11 ) 
1 70F (B. RI. 7Ci/i31\l to Piillagar 

I 
Iiy.  St11 ) 

70G ( R  M. 55/7;3i\I to  D u ~ g i p u r  ' I  7 3 1 6 M  I ,, ' As. 12 

j i I Iiy S t n . )  I 

7011 (B  M. 281iDM to  l l i ~ l i ~ a o j  1 I 
Jcy. S ~ I I . )  

70 1 (B M. 15/i3RI to Asau.qol, 
l<;Llipiillnri 'L Cl~uruhn)  I I 

I 

iORl(l<l1511n Ry. Stn to Galsi I 1 I 

- J  I I 
~ y .  S tn . )  ~ 

I 
15 7'i& (Cnlruttn. to R'iirrtyalll~~~l*) 1 7!1 1; lie. 1 77H (Rrtr%ganpar t o  hii1.ii~nnpur) ) 1 

I 97A (Monlmein to l'ann) 
8713 (I l loulmei~~ to Wrlinli) 
87C ( U ~ l ) ~ i I ( o n  to  l i n \ \ ~ ~ l y n t l ( ~  i )  > !)4 11 & L a.~i(l 1 
S7D ( K y a u u ~ b i n z e ~ l i  to Nxt- 1 1 95 K ,O I ,, i s .  1 2  

chnl~ng) J I I 
I 
I 1 
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Levelling Pamphlets-( ConlinuetE ). 

Lillo number 
M 

88B (T<yi~~l i t : lg :~ to  blyitkyo) 
88C (Dal i~nun t o  Pnxunlnynung) 
8 8 D  (Pepu to  Zenyaungbl~l) 
88E (Myitl<yo to Okpo) 

1 1  I 
8YIo (E.  B N a t  R. D. 25 of t h e  1 65 L,N,O & P 

Yellwe ISlnbnnIime~~ttoURW) ( all(\ 94 I3,C &I  
g o b  ( N y n n n ~ z n y e  t o  ICixndin) 
90B (Ma-ubin to  Rnssein) 
90C (Sagamya to P a n t i i ~ ~ a w )  
90E (Thollze to  l { a ~ ~ g o o n )  J 

89A ( Kynulcse to Minxu) ' I  
80H (Yw:lliainggyi toA rnarapura) I 
b9c ( K y a ~ ~ k s e  t o  Ma~ldirlay) 
P9D ( ' ~ ' ~ I I K ~ I I  t o  Shwebo) 

I 
80E (Kabo to R l y i t t i ~ ~ )  

90D (&leilrtila, t o  Yewe) 

I 
Y9F ( O k s h i t ~ a n  t o  Paulzlrnn) 1 

J 

- 
Price - 

l l s  2 

118.1.t 

As. 6 
,I 

9, 

, I  

1 ,  

As, 10 

As. G 
I 9  

I 

, I  

, ' 

1 

1 ,  

1 
( 1  I 
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Levelling Pamphlets.-( ConclutJetl). 

Tide-Tables- 
Since 1881 Tidal predictions based on tlie observa t io~~s  of the  Survey 

of India have been published annually by the India  OLGce, London, up 
till tlie year 1922. Froln 1!)23 ouwarcls the  prediction and publication 
have been undertaken a t  Dehra D i n  by the Survey of India .  The  
tables give the  times and heights of high- and low-water for over! day in  
the year for 37 ports, ancl are published early in the  previous year. 
They are published a s  follon~s :- 

( i )  .I single rolrime styled "The Mn.jor Series " comp~.ising 
Tide-Tables for the following ports:-  

Suez, Aden, Bushirr, Rn~.ticlli, Ol t l~a  Point & Bet Harbour, Bhiiv- 
nagar, Botnbay, C'ocl~in, Tuticorin, l'ii~nbnn Pass, Colombo, M:~dr:rs, TTizn- 
~ap~&tan l ,  Dublat, Uialnrlnd I-l:irbour, Iiidderpore, C h i t t a g o ~ ~ g ,  Elepllnnt 
I'oint and Itangoon. P,rice Rs. 6 

(ii) Colnbincd Pnmpl~lets a s  below :- 

Ulrlin L'oiut and Bet Harbour (Moilth of the  Gulf o f  Cutch) 

Victor. (I<iithiiiwiirj 
Prier Rs. 1-8. 

Ma~.rn:rgno 
( b )  ( Xiirwiir Price Rs. 1-2 

I 1)riblat (SiLgnr I sl:t~id) 
( r : )  I ) in~no~id IInrljour- Hoogllly lCive,r 

( Kidderpore (C:blc~ltt,:~) Prjce as. 1-8 

( Amherst Jlor~lule,in River 
1 Molll~nein / Prirr Rs. 1-2 .  

Pklnb:111 t':lsa ( I ~1: lnrl  0 1 '  I{&~neswn~. i \~~l)  Price Rs. I - ,? .  

Colo~~ibo  ' (7rylon 

'1'1~incornalee P ~ i r e  X s ,  1-8. 

l>ial~ioarl T ~ l n ~ ~ t l  ? T ) , : I R s c ~ I ~  16ive1. 
Rnsseiu ) Price h?s. 1-2 .  
Elephant P o i ~ ~ l  1 I lnt~goo~l  Eivcr 

{ R  ;~11go011 j Price RS. 1-3. 

Lint 1111rnl)er I Sit,oatcd i n  PuI)l~~hcd , , r ice  
<,agree shc(:ta / i n  / __ 

6 

7 

- -  - . _ 

70 1< (;\ lliil~ithitl 1 o U;LI*~LI(:LI.) . . . 

7OL ( M u g l ~ a l  h r a i  t o  
H:~zltri bBg11 Roild) . . .  

(i:3 (;, li & 0, 
72 C, G ,  I<&L 

:wtl 73 I 

G S  ,k P and 
72 D& 11 

-- 

, 

As. 1-1. 

A S .  10 
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Tide-Tables- (Continued). 

( i i i )  Separate PnnlPlllets for  exch of the following ports : - 
Suez, Aden, Rnsri~h. I l ~ ~ a l i ~ r e .  K ~ r l c l ~ i ,  Bombay, Beypore, ~~ , , l , i , , ,  

Negap:Jnm. Mad rns, CocrnLda Vizayap;iti~m. I'nlsa Poi Ilk, Chittab.on:, 
Skyab,  Mergui, n11d Port Bli~ir.  Price of each palnphlet is As. 12. 

PART 11.-GEODETIC WORKS OF REFERENCE 
Everest's Great Arc Book, 

1. ,411 n c c o ~ ~ n t  of the Measurement of an  Arc of the Meridipll be. 
tmeen the parallels of 18' 3' and 24" 7', by Captain George Everest, 
F.R.S. k c ,  East India Company, London, 1830. (Out of print). 

2. An account of t l ~ e  Measurement of two Sections of the Meridio~~al 
Arc of Indin, bounded by the pn~.allels of' 18' 3' Is", 24" 7' 11" nnd 
29" 30' 48", b~ Lt.-Colonel G. Everest, R.F.S. and his assistants, East India 
Compnny, Ilondon, 1847. (Out  of print). 

3. Engrrivings to  illustrato Ll~e above. London, 1847. (Out oE print) .  

G.T.S, Volumes -describing the operations of the Grent 'l'rigono. 

metrical Survey. 
Vol. I-The Stnndnrds of Mensl~re nnd the Hnse-Lines, also a11 Introcl~~c. 

tory Account of the early opet-i~tions of the Survey, during the 
period of 1800-1830. Dehrn Dun, 1870. (Out of' print). 
Appendix No. 1. Description oE t h e  n ~ e t l ~ o d  of compal.ing, nnd the 

nppuratns employed. 
Appendix No. 2. C o ~ r ~ ~ ~ r i s o r l e  of t h e  Lengths of t h e  10-feet St,nndfi& 

A nnd B, ~ L I I ~  det,er~ninations of t l l ~  Difference of tlleir 
Expnnsions. 

Appendix No. 3. Conrparieo~ls between the  ]@feet. Stnndl~rds I B, Isl!ndA~ 
Appendix KO. 4. Corn!>~risons of t,he 6-inch Brass Scales n f  the Coma 

pensnted Microscopes. 
Appendix No 6. Det,ermir~ut,ion of t h e  T,engtll of the  Incll [7.8] on 

Carg'e 3-f00t Brose Scale. 
Appendix No. 6. Compar i~one hcf,wcen t , l~e  10-feet Stnrldard D~r8 8 md 

A for determining t l ~ e  Expnnsion ot A.  
Appendix No. 7. Finn1 determinat,ion of t . l~e Differences in Lengt)l be. 

tween ~ I I A  10-feet  Stundllrds Is. IS and A. 
Appendix KO. 8. On the  Thermometei-s employed wi1.h the 6'andarda 

of Lengt.h. 
Appendix NO. 9. Det.ermination of  Lhe Lengths  of the ~ u b - d i ~ i ~ i ~ ~ ~ ~ ~  

t l ~ e  Inell [a.b] ,  
A p p e n d ~ x  NO. 10. Report  on  t,he Practical Errors of t.he ~ e n ~ u ~ ~ ~ ~ ~ ~  

of the  Cepe Comorin Base. 
Val. 11-History and General Degc.riytion of the Reduction of thr 

Principnl Triang~~lat ion.  Debra 1)un, 1879. (Out of print), 
Appendix No. 1. 1nvcs t ia~t , ions  npplying to  tlir Indian Geodesy, 
Apyw.nflix No.  2. I he hlicromctcr llicroscopc 'L'hcotlolitr~. 
A ypendix No. 3. o n  O I , s C r ~ a t , i o n ~  nf '1'r~rrst,rinl l(cfrnction at certn'a 

stxt,ic,ns sitnnt,rd rill tllc p l l~ i r~s  nr tllc I'nnja". 
Appcnrlix No. 4. On t .1,~ Pe~,iorl ic Errors of ~ l r ~ t l n n l r t l  Circles, kc. 

Appendix No. 6.  On certain &lodilicntions of ('nlonrl ~ve re f i t /@~ ' ' ' ~ '  
of nbse rv~ng  int,rotlnced to n l e ~ t  tbc ~ ~ e c ~ ~ ' ~ ~ ~ ~ ~ ~ ~  
particular instrnments.  

0'1 
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G.T.8. Volumes-(Continued). 

Appendix NO. 6. On Tidal Observations a t  Karichi in 1855. 
Appendix No. 7. An alternative Method of obtaining the  Formulx 

in Chapters V I I l  and XV employed in (.he liedllction 
of l'riangu1ation.-Additional Formuls  and Demons- 
trations. 

Appeudix No. 8. On t,he Di spe r~ ion  of Circuit Error6 of Triangulation 
af ter  t he  Angles h a r c  been corrected for Fignrsl 
Co~~d i t ious .  

Appendix NO. 9. Corrections to  Azimuthal Observaticne for irnpcrfecr 
Ins t rumental  Adjnstments. 

Appendix No. 10. Reduction of the  N.W. Quadrilateral-the Non.Circuir. 
l '~.iangles and thei r  Final Figural Adju6tments. 

Appendix No. 11. The 'I5heoret,ical Errors of t h e  'J1,iangnlation of t h e  
Sor th -Wes t  Qaadrilaternl. 

A p p e n d ~ x  No. 12. Simultaneous Heductio~l of t he  N W .  Qnadrilaternl 
-the Computations. 

Pol. 111-North-West Quadr i l a t e ra l -The  P r i n c i l ~ n l  T ~ . i a n p u l ; t t , i o ~ ~ ,  t h e  
B a s e - L i l ~ e  F i g u r e s ,  the K a ~ % c h i  L o n g i t u d i n a l ,  B.l\T H i ~ l & l a g a ,  
and the  O r e a t  111dus Se r i e s .  l)e111-n Nun, 1873. ( O u t  of 1)1'i11t). 

Val. ZV-fforth-West ~ s n d r i l n t e r n l - T l l e  ' I ~ I I C I  ' l ' r i n ~ ~ g u l n t i o n ,  the 
G r e a t  A rc-Sect ion 24'-30") R:~l~iin, ( ; u r l 1 5 ~ a 1 ~ l l  and Jogi-'I 'ila 
M e r i d i o n a l  Seriev, a n d  the S u t l e j  S e r i e s .  1)eh1.:1 I )f in.  1876. 

P ~ i c e  Rs. 10-8. 

Vol. IVA-North-West  Qnndrilnterll-'l'he P l s i l~c i l ) a l  l ' r i :rngulation, t h e  
J o d l l p u r  2 n d  t l ~ e  I$af;te1.11 S i i ~ d  n l e ~ . i d i o l ~ : ~ l  S e r i e s  wit  11 the d e t a i l s  
of t h e i r  R e d u c t i o n  a n d  t i l e  l i i ~ l a l  l iesul t f i .  lIc.111~t I1ii11, 1886. 

Przce Rs. 10-8. 
Vol. V-Pendlllnln Opernt,ionn det ,a i l s  o f ,  by C : l p t a i i ~ s  J. P. Bnsevi a n d  

W. J. H e x v i s i d e ,  I I I I ~  of t h e i r  I t e d u c - t i o ~ ~ .  l l e l i r : ~  D f i n  :In(] 
C a l c u t t a ,  1879. Pric,c: Rs. 10.8 
Appendix No 1. A c c o ~ ~ ~ i t  of tllr Rcmet~~t t~ . r rncnt .  111' t l ~ e  1.r11gtll of I<ater'. 

Pend~ t lum nt I he Ordnance Su~.vc.y Oficc, S o u t l t a ~ ~ ~ p t o n .  

AppendixNo.2 On tho R.rlat,i,~n h r t w r r ~ ~  tllc, Iniliau ~ ' ~ I I ~ I I ~ I I I I I  Opera- 
tio118, and t l~ose  wI1ic.11 I~:l.\r hce~ t  ~ o n t l ~ i ~ t c t l  clsewl~el~es 

Appendix No. 3. On t.110 T h ~ ~ r y ,  Uso nntl Bibtory or  (lie Convertible 
t ' e ~ ~ d ~ ~ l u m .  

Appendix No. 4. On tltr 1.c11glll of 1 . 1 , ~  Srcouda l'cnt111l~1111 tlctt~l.llrinablo 
f rom hlat,erinl$ non7 existing. 

Appcndix KO. 6. A Bil,liog~.nphicril List, of W o r l ; ~  relating l o  T ' endu l~~n~  
Opcrat.io~ts in co~~uect. ion n-it11 flrr l'robler~l of tho 
Figurc of tlie Hart.11. 

Vol. VI-fJollth.Enst Qllnill.ilntcrnl - 'I'he l ' r i l~cipnI  T ~ . i : ~ n g r l l : ~ t i o i ~  a n d  
S i t n ~ i l t a n e o u ~  R , t ~ t l l i c t i o ~ ~  of 1l1e l'ollon.irlg Se~.irs:-(:rcn:~t .-\I~c- 
S e c t i o ~ ~  lSO t o  2-1°, t l l ~  E : I R ~  ( 'ons t ,  t l ~ e  Cj:~lt*~lfl ;n : I I I I I  1 1 1 0  13iiIar 
L o r ~ g i t n t l i ~ ~ n l ,  t l ~ c  J u b l ) l ~ J j , o ~ ~ r  n ~ i r l  t11r l<i l i i rpr~r .  l J c ~ ~ . i t l i o l ~ n l r .  
l ) e h r a D i i n ,  lY8O. ( 0 1 i t o E  print; .)  

Vol. VII-Nort , l~ .Ei l~t  Ql lndr i ln tcrnl -  (:enern] 1)rsct.illlion a l ~ t l  S i n ~ u l -  
t a ~ l e o r ~ ~  I(etluct, ion. r\ Iso d e l n i l s  of 1 1 1 ( b  f 'ol lo\\ ine five s c ~ l - i e ~  :- 
N o r t h - E a s t  I , o i ~ ~ i t r ~ d i ~ ~ n l ,  l l le  l3ntlllo11 n l c ~ ~ i c l i o i ~ n . l ,  t l ~ e  I t i~ l lg i r  
Me t - id iona l ,  t i l e  A trlua MeritIion:ll, : ~ n d  tlre I\:tr.a.r,n. R le r id io r~a l .  

1 ) e l l t ~ s  Lliin, 1 8 8 2 .  P r i c e  Rs. 10-8. 
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Appendix No. 1. The Details of t,he Separate Rednction of the B ~ , - J ~ ~ ~  
Meridicnal Series, or Eerie6 J of the North.Ea3t 
Quadrilnteral. 

Appendix KO. 2. Rednction of the  North-Hast Qoadrilateral. lb eon. 
circuit Triangles and their Final Figural Adjustmenk. 

Appendix Bo. 3. On the Theoretical Errors generated respectively in 
Side, Azimuth, Latitnde and Longitude in a Chain 
of Triangles. 

Appendix KO. 4. On the Dispersion of the Residual Errors of a Simnl. 
taneons Reduction of several Chains of Triangles. 

Vol. VIII-North-East Qnadrilntcrnl-De'taila of the following eleven 
series :- 
GurwBni Meridion~tl, Gora Meridionnl, Hnriliiong Meridional, 
Chendwiir Meridional, North Parau~riith Meridional, North 
nlaliinchn M e r i d i o ~ ~ a l ,  C:~lcut ta  Meridional, East Calcutt~ 
Longitudinnl, Brnhll~nputra Moridional, Eastern Frontier- 
Section 23'-26', a ~ ~ d  Atrsarn Lollgitudirlal. Dehrn 1882. 

Price Rs. 10.8. 
Vol. IX-Telograuhic Longitades-during t h e  years 1875-77 an 1080.81, 

Dehra L)iiu, 1883. Price Rs. 10.8. 

1 
1. Determination of t h e  Geodetic Elements of Longitude Stations. 
2. Descriptions of Points nsed for Ilongitude Stations. 

Appendices . 
to Part I. 3. Comparison of Geodetic with Electro-Telegraphic Arcs of Longitude. 

4. Circuit Errors of Observed Arcs of 1,ongitude. 
5 ,  Itesl~lts of Icliorneter Observations made during Season 1880-61. 

1 1. Situations of the  Longitude Statlions at  Bombay, Aden and Snez 

~ ~ ~ ~ ~ d i ~ ~ ~  2. Survey Operations a t  Aden. 
to Part 11. 3. Results of the Triangulation. 

4. Right Ascensions oi Clock Stars. 

Vol. X-Telegrnpl~ic Longitades- during the years 1881-82, 1882.83, 
and 1883-84. Dehrn Dun, 1857. Price Rs. 104'. 

i 
1. Determination of the Geodetic 1Clorncnts of the Longitude Stntions. 
2, Descriptions oE Stat,ions of the Connecting Triangulation and of 

those a t  which the Loneitudo Observations wero taken. 
3. On the Errors in AI, caused 1,y Armature-time and the ~etnrdntion to Part I. of the Klectric Current. 
4. On the Itejection of some doubtful A1.r~ of Season 1881.82. 

5 .  On the probable Cauees of the Erro1.s of Arc-mensurement~, andson 
the Natl~re of the Defect8 in tlleTransit Insbrnments wl l l cb  

might produce them. 

vol. XI-Astronomic~l Latit~~des-during the period 1805-1885. Dehrr 
Dun, 1800. pg.ice Rs. 1080 

Val. XII-Sonthern T r i g ~ n - C f e n ~ r a l  I)eRcril,tion ,tncl Si,iultnneou~I~e. 
duc t io~ l ,  Also details of the following two series :-Grea,t 
Arc-Yection a0-!80, and Bombay LonKit,ntli~~nl. Dehrn I ) u n l  

1890. pTice Rs. 10.8- 
vol. XIII-So~~thern T r i g ~ n - l ) ~ t ~ i l ~  pf the f,,,lowillg five series  SO"^^ 

Konlinn C'orst. Mangalore Meridionall Madras l fe l . i~i~lr '  
and Conut, South-Bast Coast, and Msdraq ~ o ~ l ~ i t u d i n ~ ~ .  
Dehra Dun, 1890. Price RE. 10.8, 
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YO]. XIV-Sontli-West (Inndrilnt.crn1- Details of' Principal Triangulation 
aud Silnullaneous 1i.eduction of its colnpouent series. 
Dehra Lhiu, 1890. Price Rs. 10-8. 

vol. XV- Telegraphic I~ongitades-fro~n 1885 to 1892 and the Revised 
Results of Volullles IX and X :  also the Simultaneous 
lieduction and Filial liesults of the whole Operatione. 
Dehra L)iiu, 1893. Price Rs. 10-8. 
Appendix No. 1. Determination of the  Geodetic Elements of the  

Longitude St,ntions. 
AppenclixNo. 2. On Rebarda(.ion. (A numerical mistake waa made in  

t.llis ~ l p p e t ~ d i x  in Lhe conversion of n formulu from 
lcilolnetres t o  milee: the  concl~~sions  drawn cannot 
tllerefore be uplleld). 

Vol. XVI-Tidnl Observntions- f'l-om 1873 to 1892, alld the Methods of 
Reduction. l)el~ra. Dun, 1901. Price Rs. .lo-8. 

Pol. XVII-Telegrnphi~ Longitudes-dul-ing the years 1894-95-96. The 
Indo-European 8 1 . c ~  from Karachi to Greenwich. 
Dehra U i i u ,  1901. Price Rs. 10-8. 
Appendix No. 1. Descriptions of Points used for Longitude Stations. 
Sp!)endix No. 2. T l ~ e  Longit,ude of Rludras. 

Vol. XVIII-Astronon~ic~l Lntitndes-from 1885 to 1905 a11 d the deduced 
values of Plumb-line Deflections. Dehra Duu, 1906. 

P~ice Rs. 10-8. 
Appendix NO. 1. On Deflections of t he  Plumb-line in India.  
Appendix No. 2. I le termina~ion of t he  Geode~ic Elements of the  

I~at,~l.ucie Stations of Bajnmara, Bahuk, Ltambntach 
and Kidarkuntn. 

Appendix No. 3. On [.he (N-S) Difference exhibited by Zenith Sector 
No. 1. 

Appendix No. 4. On the  Value o f  the  Micrometer of t he  Zenith 
Telescope. 

Appendix No. 6. On t.lle Azimr1t.11 Observations OF t,he Grent Trigono- 
n~et.ricnl Survcay of 111di1r. 

Appendix No. 6. 11 (:alr~log~le of t l ~ c  1'11blications of t h e  Great l'rigono- 
I I I ~ ~ , I . ~ ( . I I ~  ~ I I I . V C ~  ijt' 111dit~. 

Appendix No. 7 .  On t h e  combination weights en~ployed. 
Vol. XIX-Levalling of l'recisioli in Intlin-f roll1 185s to 1 9 0 9 .  Del~rn 

D u n ,  1910. Price Rs. 10-8. 
Appendix No. 1. ICxperin~ent, to  tes t  t h c  chxuges, due  to moisture and  

tempcrntnre, in t h e  1,ength of a levelliug sr.aff. 

Appendix KO 2. On thc  e r c c t ~ o n  of Staudnrd Bcuch-u~nr l~s  i n  Ind ia  
t l n r ~ n g  t h e  years 19U4-1010. 

.4ppendix No. 2 hlcuiornndnm on t h e  stcps tril,cn In 100;-1910 t o  
e l ~ n l ~ l r  nrovenlcnts of thc~ Il,n~th's Crust, to bc detected.  

Appendix No.  4. l ) j l ~ a n ~ i c  ant1 0rt.hornetric corrcct.ious to t b c  IIimii- 
Ingnn I(~vclling l i ~ ~ e s  xu(l c i rcui t ;  :rut1 n couuiderntion 
of t l ~ c  order of rnnguit,ndc of !,ousiblc refraction 
CTTOl'fi. 

Appcndix No. .;. 'l'he pas~ngc  of rivers by t he  lcvclling operations. 

Appendix No 6. 'l'hc errors of t hc  Trigouonlctricnl values of heighl\  
o f  s t a t ~ o n s  o l  the  Principal Tr i~ngnlnt ion .  
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.Appendix KO. 7. 'l'he effrct  on the spheroidal correction of emplor. 
iug theoretical instend of observed values of !grev4 
nl~t l  n tlisctlssion of ditf'erent f o r m u l ~  giving reriation 
of gravicg with latitude and height. 

A!~pentliu S o .  fi. 0 1 1  the  cliscrepnncy betweell the '~rigonometrical and 
Spir~t-levcl values of thc difference of height between 
Uehra I j lu  and blussoorie. 

vol. x1x~-Bencl1 Narks o n  the Sonthern Lines of Levelling. lllrbra Din ,  
; 910. Price Rs. 5.  

yo\. ? < ~ x ~ - l l c n c h  Mrbrks on tlie Rorthern Lines of Levelling. DehraDin, 
1910. Price Ra. 5. 

PART 111.-HISTORICAL AND GENERAL REPORTS. 

Memoirs. 

1. A Memoir on the Indian Surveys, by C. R. Markham, India 
Office, London, 1871. Price Rs. 6. 

2.  A Memoir on the Indian Surveys. (Second Edition), by CUR, 
&Iarkt~arn, c.B.,  F . R . ~ . ,  India Office, London, 1878. 

Price Rx, 54. 
3. Abstract. of the Reports of the Surveys and of other Geographical 

operations in India, 1869-78, by C. R.  Markham and C. E. Dm 
Black, Inclia Office, London. Published annually between 1811 
ant1 1879. (Out  of print). 

4. A Memoir on the Indian Surveys, 1875-1890, by C. E. D. Bid, 
India Office, London, 1891. Price Rs. 6-8. 

" Notes of the Survey of India " are issued monthly. Price A d  

Annual and Special Reports. 
X P ~ O I . ~ S  o f  t l l ~  Revrnnc ~mnch-1851-1877 .  (1951-67 nnd 1869.i0, 

out of p r in t ) .  Price Rs. 3. 
\ ) i t t o  'ro~ngmphicnl Branch-1860-1877. (Out  of p~.int). 

I )  t r 'rrigonolnctricnl Rrnnch - 1 ~ ~ ] . 1 ~ ~ 8 . - ( 1 8 6 1 - 7 1 ,  out 01 
print). Price 3 s .  2. 

In 1875 t l ~ r  111rer ~ ~ ~ ~ n ~ ~ c . l t e u  uer'c! alll;rlgamnted, rklld f'r,om that dllb 
onwards ;~nnll:ll  ~.c.p"l't"" u i ~ l g l e  vol ~trnes for the wllole department, mre 
Dllhliaherl ,Is fol ~ O K . Y  . - 

( t'r(11u 11577- 1900 (18j.7.79. 1 bf47-!48. 1895-96 and 1897-981 

t4ener111 Rtqbnrlq ) 1 
. Price RI. .? pet- vilrrtlr.  

(fro111 1900-1922 ( I  902.04 nlld I ~ O G - O P ,  nut of print) 
Price RR 2 pel' ~ ~ l l ~ ~ ~ .  

I.'~otn 1 ! ~ ~ ~ ~ ~  1,1lw:11clu t l l ~  Kellort mas issllcd ;rnnllallp i l l  t h e  form 
of R C I ~ I I I I I ' I I Y ( ~ ~ \  * I : I ~ P I I I P I I ~  l \ n o ~ v ~  a s  ( 0 )  the " (Jenprnl Report" .91lpple- 

1nentt.11 1 3 ~  k , ~ l l r r  I ( 'por t~,  wI11(.11 itere called ( b )  " Extrncto from NnrrntJve 
Ilrpnrt* ' I I ~  tn  i00!). :lnd 3111, e the" until 1021 have been ( c )  d ' ~ c c 0 r d 8  
of the 311rvry of Inida ". 
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From 1982 the ~ I I I I I ~ ; L ~  reports :Ire published in three sepnrate volumes 
of octavo size, viz., (a) Gcllernl JWjort wl~ich is confirled torrportitlg tlloSut.vey 
operatious of the ordil~:rr-y field partit~s a r ~ d  detachments with only bl.ief irbs- 
tracts of oper*:~tior~s,  mil^) l'ublic:at,ion and Office work. Published 
~ ~ I I I U I L I I Y  Price 1922-25 22s. 2, J I , O I ) L  1!125 Re.  1 .  (d) Xal) Publicatiol~ 
osl Office Work I-epo1.t wllicl~ col~taills all the Index Maps showiug the 
Progress of Map l'u011catio11 011 :ill scales, with reports on publication and 
issue. Published ar~r~ual ly beginning w ~ t h  pear 1924. Price Re. 1 .  ( e )  
Geodetic Report \vI~icll includes full detirils ot' all scient~fic worlc of the 
Geodetic Hri~ncli, durvey of 1ndi:i exclut l i~~g the work of the 1)ehra 
Dmwing Ollice : I I I ~  Public:~tiol~ Office. Vol. 1 of this series covers n period 
of three years 1922-25. Price Rs. 6'. Sul~sequent volumes will be published 
annually. 'l'here wrll be in addition occasiorlal liecords volumes. 

These fuller reports are available as  follows :- 

( b )  Extracts Volumes. 

1900-01-Recent I~nprovelnents in Photo-Zincography. G.  T. Trian- 
gulation in Upper Burnla. Latitude Operations. Experimental Hnee 
Mensureuient with Jaderin Apparatus. n4:tgnetic Surrey. Tidal nr~d Level- 
iiug. 'I'opograplly in Upper Burlna. Cnlcutta, 1903 (Out of print). 

1901-08-G.'l7. Trinngulatiol~ i l l  Upper 13uruia. L a t i t ~ ~ d e  Operat~ons. 
Magnetic Survey. 'l'idal and Levelling. 'l'opograpl~y in Upper Burma. 
To ,pog r~~I~y  in  Sind. Topography in the Punjab. Calcutta, 1901. (Out  01' 
pr~nt).  

1902-03-Principal Triangulation iu Upper Burma. Topograpl~y in 
Upper Burma. 'l'opogrnphy in Shall States. Survey of Simbhar Lake. Lati- 
tude Operations. Tidal and Levelling. Magl~etic Sul.vey. Introduction of 
the C o ~ ~ t r a c t  System of Payment in Traverse Surveys. 'l'ravers~ng with the 
Subtense Bar. Compilation and Heproduction of 'l'hina Maps. Calcutta, 
1905. Price Rs. 1-8. 

1'303-01-Magnetic Survey. Pendulu~n.  Tidal and Levelling. ds t ro-  
nomlcal A zimutl~s. Utilizatio~l of oltl Traverse Data for Modern Yurveye 
in t l ~ e  United k'rovir~ces. Ide~~tification of Snow Penlrs in Kepkl. 'l'opo- 
graphicnl Sut-veys in Sind. Notes 011 town autl Mu~licipal Surveys. Notes 
on ltiverain Surveys in t l ~ e  Pul~jnb. Calcuttn, 1906. Price Rs. 1-8. 

1304-05-Rlngnetic S~irvey. l'endul~im Opel-ations. 'l'idal nnd Level- 
ling. 'l'r~ia1lgulatior1 i l l  I3alucl1isti.n. Survey Operations wit11 the Somili- 
ar~d Field Force. Calcutta, 1907. Price Rs. 1-8. 

1905.06-Mng~~etic Survey. I'endrilum Opera1,ions. Tidnl and Lrvel- 
ling. 'l'opog~.apl~y in S11:bn States Calcutta, 1908. Price Rs 1-8. 

1906-07 -ilingr~et,ic Survey. l'e11d1il11111 Operations. 'I'idnl and 1,evel- 
11119. ' l ' r i a ~ ~ ~ ~ l l a t i o ~ ~  111 I < ; I ~ I ~ ( - ~ I ~ S ~ ~ L I I .  A S ~ , ~ O I I O I ~ I I C : I ~  JJ;Ltittides. 'l'ol)o~rnl)I~y 
in Shnu States. Calcuttn, 1909. Pricc 11%. 1-8. 

l!)07-OH-MnKnetic S11rvc.y. 'l'idal and Lprelling, A~tronomical Idnti- 
tude~.  I'endulurn Operations. Tol ,og~~apl~y in Sh:~a States. C'nlcutta, 1910. 

Price A's 1-8. 

190s-O!)-RlnKnelic. S11rvcy Tidal nnd Levelling Pendulum Opern- 
tions. Triangulntioo. C'alcutta, 1911. Price Xs. 1-8. 
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(c) Records of the  Survey of Indin. 
Vol. 1-1909-10 -Topographical Survey. Tri:~ng~rlstioo. Tidal and Level. 

ling Operiktions. Geodetic Sur\.ey (Astronomical latitudes 
pendulum observations). Magnetic Survey. Calcutta, 1912, 

Price Rs. 4. 
Vol. 1 1 - 1 ' 3 1 0 ~ l l - ~ o ~ o ~ 1 ~ : ~ p h i c n l  Survey. Tritt~lgulation. Tidal rind 

LeveIliug 0per.ations. Geodetic Survey. Magnetic Survey, 
Calcutta, 1912. Price Re. 4, 

Vol. 111-1911-12-Topogriiphical Sur-vey. Triangulatiou. Tidal and 
Levelling Operations. Geodetic Survey. Magnetic Surrey. 
Calcutta, 1913. Price Rs. 4. 

Vol. IV-1911-1~-iYxp1~rations on the North-Enst Prontier-North B u m ,  
Mishmi, Abor and Mir i  Surveys. Calcutta, 1914. Price Rs. 4. 

Vol. V--1912-13-Topographical Survey. Triangulation. Tidal and Level. 
l ing Operations. Geodetic Survey. Magnetic Survey. Note on 
t he  relationship of the  HimCilnyas to  the Indo-Gangetic Plain, 
Calcutta, 1914. Price Rs. 4, 

Vol. VI-1912-13-Link connecting the 113-.s'anyulations of Iizdia and Russia. 
l)ehra Dun ,  1914. Price Rs. 4, 

Val. VII-1913-14-Topographical Survey. Triarr,nuIation. Tidal aud Level. 
ling Operations, Geodetic S11rvey. M : ~ p e t i c  Survey (Annual 
report  and G o v e r o l ~ ~ e n t  Committee's report). Bote on Scales 
and cost rates of Town plans. Calcutta, 1915. Price Rs. 4. 

v01- .Ill- { ::::::; ;iii Explorotbtts in Tibet and neighlourirtg region& 

Dehra I>un,1915. Pisiceof eacRpartRs.4, 
Val. VIII \A)-l914-Explorations iit the Eastern Kam-koram and the Up~er  

Ydrkand Valley, by Lt..Colonel H. Wootl, R.E. 

l l e h r : ~  Uiin 1922. Price Ra. 3- 
Val. IX-l914-1~-~T0~o~r:1~11ical Survey. T~.iangulation. Tidal and 

Levelling Operations. Magl~e t i c  S u r ~ v e ~ .  Criterion of strengtl~ 
of Inrli:~n Grodetic T r i : ~ n ~ u l n t i o n .  A traverse signal for City 
Surveys. " T h e  p l n i ~ ~ s  of Nor.thern Indin and their 1-elation8hip 
t o  the  Hiln%l:lya Mountains " an : ~ d d r e ~ s  by Colonel 
Burrard,  F.R S. Rel ,or t  or1 l ' u r ~ o - P ~ l , ~ i n l l  F~qontier Commission. 

C:~Icutta,  1916. Price Rs. 4- 
Val ~-1'31~-1G-Tol)ox~9aI)l,ic:11 S I I I . \ . ~ ~ .  Tidal : ~ n d  Levelling Opern. 

tioll*. bl;~gnetic Sur r ry .  Mt.cllanicnl Illtegra,tor for calculatin~ 
Attt-:ict.io~i~ ( i l l ~ i s t ~ ~ s t e c l ) .  T ~ , n v e l . r ~  Surveg of the boundary 
of Imperial Dellri, Dehr:k Dull, 1917. Price Rs 4, 

Val. X1-l~lG-l i -TopoU~*aP1~i~al  Surrey,  TI-ianKulattion-u8e of high 
trestle for  st :~tions and 100-feet, 1n:lst signals. Tidal and 
Levellrn:: O p e ~ . : ~ t i o ~ ~ s .  MnKnetic Sllrvey. Note rill Ba~e~l' '  
Prll~lrllurn Opern t , io~~s  nt O ,  Photo-Litho 06ce-New 
 neth hod of preparin; Layer l)lntes-Developments rind Im' 
provemellts in prel~aring Tint-1)lates. 

Dehrn. DGn, 1918. Price Rs* 
vol,  XII-flotps o n  L Y ~ L , - L - ~ ~ Y  of Jirdin. Maps and ihc tnoder,, dt?velopent '! 

Indian Car.togral)?r y, by Lt.-Colonel TY. M. Coldstream, R*'-' 
Yuperintendenl, hl ap Publication. Calcutta, 1919. Price Rg- 3' 
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Annual Reports &c.-(Coniinued). - 
V O ~ .  XII~-19l7-1S-Topog1.npliical Survev. Tidal and Levellil~g Opera- 

tions. Magnetic Surrey. Pl~oto-Li tho office-the Powder Process. 
Problem of the  Hi1115lnyar1 and Gnngetic Trough-Review 
bv Dr.  A. Morley Dnvies. Dehr :~  Dun, 1919. Price Rs. 4. 

Vol. XIV-1918-19-Topog~qhicnl SUI-vey. Tidal and Levelling Operations 
Levelling in Mesopotnmin. Mngl~etic Survey. 

Dehrn Diin, 1920. Pvice Rs. 4. 
Vol. XV-1919-20-To~~og1~a.11hicnl Survey. Tidal rrork. Lerelling-11~0- 

posed new level ;let. M a p e t i c  Survey. The Earth's Ases and 
Figore,  by J. de Gra:lft' Huntel-  (a ljnper read a t  the R. A. S. 
Geophysical Meetiligj, Xeport on the expedition to K;lnlet. 
Note on the To~)o~r : : l ) I~y  of the E u n  KUII Massif in Lndakh. 

Dehra Diin, 1921. P&e Rs. 4. 
Vol. XVI-1920-91-Topogra1)11ic:1I Sn 1.vey. Tidnl work. Levelling and 

Magnetic S111.ve-y. High Climbs in t , l~e IlimBlay:\ prior to the 
Evercst Expedition. Mt .  Erel,est S u ~ ~ e p  l>et:~chrnent Heport, 
1921. Traverse Survey of AllnhBbBd city. Settlement of 
Boundary between Mysore and Soutll Rannra. 

Dehra Lhili, 1922. Price Rs. 4. 
vol. XVII-1923-Megizoir on illnps of CI1i7icse Tu~kisttin and Kansu 

from the  Surveys innde during Sir A. Stein's Exploratoinn, 
1900-01, 1906-08, 1913-15. Dehm Dun,  1923, P ~ i c e  Rs. 12. 

Val. XTTIII-1921-22-Tol1ogra1~1iicnl Sul.vey. Tid:~l ~o1-1c. L e v e l l i ~ ~ ~  and 
Magnetic Survey. '1'1-nve1.sc S~l rveg  of AllahBbad city. Settle- 
ment of Bolllidnry between Mysore and Sout.l~ Ranar:~. Notes 
on Revieion S i i~~vcy  i l l  the  i~eighhourhood of Poona. 

Dehl.8 Dun, 1923. Price Rs. 4. 
Val. XIX-1901-20-The bln,n~ietic Survey, hg Lt,.-Colonel I t .  H. tho ma.^, 

D.s.o., R . E . ,  n~ld F:. C. J .  Rond, V.D. 

Ilehrn Dun, 1925. P r i c e  Rs. 4. 
Val. XX-1014-50-Tlie \Val. llccnrd. 1)eh1-:1 D u n ,  1925 Pvice Rs 3. 

V(a1. SXI--~0!??-!?3-54-J, Air I _ C I O . ~ P , I /  i l l  t h e  Irvn~rntl(+/ Deltn 1923-2-It, by 
Major C. G. T,swis, R . E . ,  a~icl 

I J.  Reroll linissn lire Stc rur!/ in  Bl~lttnr~ mid Sot~tl~ TiBef 
1.922, by Cnllt;liil H. I t .  C. Mende, I.A. 

Delil-a Dun, 1025. Pr i ra  Rs. 1-8. 
Val. XXII-1926-l<xplorntion of t,lle Shn.lrs,rrnm Valley and Agliil Ranges, 

1926, by R4ajor I<. Ma.son, a r c ,  R . E .  
Dellra Dun, 1928. Price Rs. 3. 

(e) Qeodet,ic Reports. 
Vol. I-1922-25-Conil,i~t:tttio~~s : I I I ( ~  Rcsen l~h .  'l'idnl n~ol.li. 'I'imp nnc1 

Magnetic ohse~*vntions. T,ntit,lidc 2nd I ' ~ I ~ ( I I I I ~ I ~ I ~  obsrl.~nt'ions 
in Rillar. Assn~n :i~ld l ias l~mi~. .  T,cvelli~lc. L e c t ~ ~ l . c  on ' ~ ' 1 ' 1 ~ ~  
lleiglit of R ~ O I I I I ~  Rvcl.cst and ot'11e1- PehIr s". 

1)elira IKi11, 1928. Pt,ice Rg. 6. 
Vol. 11- 1025-26 - C)oll,pntations nnrl l?esenr.cl~. 'l'idnl wol3lr. 'I'irne and 

n4ag1letic oI~scrv:~tions. Prepal~ations for t,lle J ~ i t e ~ ~ l ~ a t , i o n a ~ l  
Longitude I'rojcct,. T~~inngulat ion e n  Inrcsti;:ation 
of t.he bel~avionr of t,t.ee bcnch-niarlis in India. 

Delira DGn, 1928. Pj.ice 3 s .  3. 
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Vol. 11 I-1926-27-Tl~e Internntioilnl Longitude !'rojcct. Cotnputatlona 
and Publici~tioli of da t ; ~  ( )bservatorieu. 'l'ides. Gravity alld 
deviatiou of the vertickbl. Tri a ~ ~ ~ u l n t i o n .  Lsvellin:. He. 
search n ~ ~ d  'I'ec hnicnl Xotes re?r:lrcliug 1't.rsounl 1Squatio11 Appara 
tus  and  the I~eiglrt of Mount Everest. 

l)el~r:r Dun, 1939 Price Rs 3 
Vol. I~'-lnS7-SS-Cornputations and  Publication of data. Observatories. 

Tides Gravity and  deviation of tlie vertical Triangulation. 
Levelling. Uchm ])fin, 1929. Price Rs. 8 

PART 1V.-CATALOGUES AND INSTRlJCTIONS 

Departmental Orders. 

From 1878 to  1 8 8 5  the  Surveyor General's orders were all issued 
a s  " circular Orders ". Since then  they have been classified as follows :- 

( 1-Government of Indin Orders (called "Cit*crrlar 
Ortiers " up to IS%).  Fro'n IRa5 lgo4 2-Uepnrtoleatnl Orders (Adniaistrtive) 

3--l)cpnrtlae11tnl Orders (Yrofessionnl) 
In 1904 the  variorls orders issued since 1878 were reclassified 

follows :- 
Eunrber to dale. 

l.-80vernl~lent of Indin. Orders. - 834 
2.-('irculnr Orders Bd~~rinist,rative). - 420 
3.-Circelnr Orders <Professio~~nl).- 196 
4.-Deyartmentnl Orders. I nppoi ~ l t m o r , t ~ ,  I,rornntions, transfers, etc.) 

These are numbered serially and had reached the above numben 
by September 1928. Gonern,tieltt ?f India  O,.tir,.s Circ,~lar Orders 
(Aclmin~st t .a t ive)  are bound up in volumes from time to  time, as shown 
below, mliile Ci~.c*i~lnr Ot-de,.~ ( Prr!fi~s,sional) are graclnaIIy illcorporated 
in the  Survey Hand-boobs. Besides t he  above, temporary orders hare 
been issueti since 1910 in the form of ', (lircalnr Melnos ". These either 
lapse or become incorporated in some more permanent form, and are 
therefore only nnmhered serially for year. Bouncl volr~lnes of orders 
are available as follows :- 

1. * (>orerntnent of Indin Or.rIers (I)rl,nl.t~nel~tnl) 1878-1903,- 
(::tlcuttfi, 1904. 

1)ittn ditto 1904-1 908.-('nlcnttn, l?09, 
( O I I ~  oE ~)rlnt) .  

Ditto ditto 1 ~ ) g - l  g13.-('nlrr1tta, 19150 
Ditto ditto l!)I b-1!)I3.-Cnlc1ittn, 192~. 

2. *('irC'ulnr 0r.rlel.s ( A ( l m i n i ~ l ~ . ~ t i \ . ~ )  ]Yj.Y-I9():$. -(':ll(.tlttx, 1no4. 
Ilitto dittn 1oo4.-lnc1s.-c 'nlc.~~ttn, 19@. 
Ditto rlitto Inon- 1:)1::.-('nl,~11tta, l!-J15, 
1)ittn d i t t (-1 1914-191 ~ . - ~ a l c ~ ~ t t n ,  1g20a 
Ditto ditto 1919-1924.-Dehra DGn, 19268 
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Departmental Orders.-(Concluded) 

5. * ltegulntiol~s on the  subject oE Lnllgunge 13xnmi11ations for 
Officers of the Survey of Indin. Calcutta, 1914. 

4. * Map Publicat io~~ Orders 1908-1914 (Supe l - i~~ te~~den t ,  Map 
P u b l i c a t i o ~ ~ ~ s  Orders.)-Cnlcutta, 1014. 

5. Specimens of papers set a t  Exmninationa for t,he Class I1 
Service.-Llel~ra Dhn, 1927 & 1929. Pg-ice Re. 1 per gear. 

Catalogues and Lists. 
1. Cntnlog~~e of M A ~ B  publisl~cd by the Survey of India. Corr-ected. 

to 318t March 1928, Calcutta, 1928. Price  Re. 1 .  
Lists of new lnaps publ i~hed during eacl? month appear in the rnol~tl~ly 

NOTES O P  TI iE SUlCV BY 0 P 1 N L) IA .  These tnoutl~ly lists are illso 
iesued separately. 

2. Cntnloglle of Mnps of the Bomb:ry Presidel~cp, Calcul;ln, 191.1. 
Price  / is. 4. 

3. Cntalogl~e of Maps of Barala. Cnlcuttir 1925. 
Price AB. 8. 

4. Cntnlogue of Maps of Calltonments aud Military stations. Delira 
IIUU. 1927.  P,rice A B .  8. 

5 .  Cntnloglle of Boolrs in the headquarters Library, Calcntt:~, 1901. 
(Out  of print) .  

6. Cntnlogua of' Scientific Boolrs and Subjects in the Libr:rrp of tlle 
Trigonometricnl Survey Ofice. I)elir;t D i n ,  l!)OY. P r ~ c r  Re. I .  

7. Classified Cntnlogae of the Trigonoiuet~ric~l Snrvey 1,ibrarj. I)c.lim 
Din, 1921. Grntis .  

8. (frcen Lists-Pn,rt J-List of Officers i l l  the S I I ~ \ - ~ T  of Ii~(liit 
(a~rnaally to date 1st Janunl-p), C';~lcuttn. l 'rice RK 3.4.  

Part, 11-History of Services of Officers ill t l ~ e  
Survej of India ( n n n l ~ ; ~ l l ~  to di~tc  1s t Ju ly) .  Cnlclltta. 

Pvics  R s .  1-8. 
9 Rll~e fists-Ministerial and Lo\\.er Suborctil~nte 13stnblisl1111e11ts 

of the Survey of  India. 
Pn1.t I-IIentlquartera and 1)ellrn D i ~ n  oflicc~s (l)oh- 
lislled a l l ~ ~ ~ ~ n l l y  to detc le t  A 111.il). C'i11c11tti1. 

I'vicc Rs. ti-12. 

Pl~r t  I I-Circles and partirs (pub1 isl~cd : i n l i ~ ~ n l  ly to 
(late 1st .Tnnuary). Cnlc~~t~tn .  Price  Hs. 5 .  

10 List of tllc pt~blicntions of tllc Warrcy of 111tlin (1,1111linhel-l a111111ally) 
Ue11ri1 I) i i11 G'r,iti.s. 

11. Prlrc List of iTTnthc111~tic111 Inst,r11111cnt Officscn. C l > ~ , ~ ~ > c . t c ~ ~ l  1111 to 
1st Septen11,cr 1927, ~ : I I C I I ~   ti^, I :I:!$ G r i / t / : < .  

Tables and Star Charts.  
1. A~iailinry Tnhlcs-to fi~cilitnte t,he c n l c ~ ~ l n ! i c ~ ~ ~ s  oF 1 1 1 ~  I .  o f  

India. For~rt,h Edition, l l e l ~ r ; ~  ~ ) C I I I ,  l!M6 (,()lit of ~ I I . I I I I ) .  

2 .  Anxilinry Tnhlca-of ihc S111,vey of I I I I ~ ~ : I .  I;i1'1 1 1  b ; l I i t 1 1 1 1 1 ~  
(revised :liitl e s t e u d t d ) ,  l)y .T. ~le, (;r:lnlt' llulllc':, nr.,t., sc..n.. I.-. r ~ s r .  P .  
In parts- 
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Tables and Star Charts.-(Continued). 

Pnrt I-Graticules of Maps, (reprinted). uellrA 
Dun, 1926. Price Re. 1. 

Pilrt 11-Matl~ematici~l Tables, (reprinted with ad&. 
tions). Del~ra  L ) ~ I I ,  1924. Price RE. 2. 

P a r t  I1 I-Topographical Survey Tables, (relwintd 
with addi t io~~s) .  Dehra Dull. 1928. Price Re 3, 

3.  Tables for Grnticules of b4nps. Estrscts for the use of Explorers, 
Del~rn Dun, 1918. Price Bu, 4. 

4. * Metric Weights a l ~ d  Measures and other tables Photo-,Lit110 
O5ce .  Citlcutta, 1889. (Out of pr i l~ t ) .  

5 .  Lognrithtnic Sines aud Cosiues to 5 places of decimals. Deh1.a Din, 
1886. (Out  of print). 

6 .  Loearitlrmic Si ~les, Cosine<, 'l'nngents and Cotange11t.l to 5 plnceanf 
decimals. 1)ellra Di i t~ ,  1915. (Out  of print). 

7 .  Comlnon Lognrithtns to 5 places of deciln:~ls, 1885. (Out of pint), 

8. Table for deterrnirlil~g Heights in 'llravc.rsing. Dehra Din ,  ,1898. 
Price As. 8. 

9.  Tnbles of distances in Chains and Linlts corresponding to n sub. 
tense of 20 feet. 1)ehra Dull, 1889. Price As, 4. 

10. " Llitto ditto 10 feet. Cnlcuttn, 1915. 
11. " Vitto ditto 8 feet. Ditto. 

12. Field Traverse 'l'nbles. First Edition. Calcutta, 1928. Price As.8. 
1.7. St:lr Charts Vor Iiltitude 20' N.,  by Colonel J .  li. Hobday, I . W  

Calcutta, 1904. Price Re. 1.8, 
14. Star Cl~nrts  for lntit tlcle 30" N.,  by Lt.-Colonel S. G. Burrnrd, R . ~ . I  

F.R.S .  Dehrn Diin, 1906. Prica Rs. 1.8. 

15. Star Charts for latitude 15" N. Debra Dun, 1928. Price Rs.2. 
16. Star Charts for latitude 30" N. I)ellra. Dill ,  1928. P.rice Ra. 2. 
17. Catalogue of 249 Star* fo r  epoch 1s t  Jan. 1892, from observlrtions 

by the Survey, Dehra Diin, 1803. Price Rs. 2. 
18. * Ilniufall, 1n:rximum and ~ninimllln temperatures, from 1868 10 

1927, recol-ded at  the Survey Office Obsel-vatory, Dehra Diin, 1928. 

Old Manuals. 

1 .  A Btal~lial of Snrveying for India, detni]inz the motle of operation' 
on the Iievenoe Sur\.ep.q i n  Bengal, ancl the xort,h- Western Pro\'inces 
Compiled by Cnpt:~ins R Srnyth, nncl TI. 1,. Thnilller Calcutta, lH5l. 
(Out of prilit). 

2 Ditto Second ICdition. London, 18.',.',. (Out of pr in t ) ,  

3. A Manual of Yurrepiug for India, det;liling the ~notle of  oper"tiilnR 
on the Trigotio~~~etrical.  Tol,oSrapbicrl ltevenuo S~irveys of lo'''' 
Co~npilctl b ~ -  C o o 1 1  1 .  L i e  , ~ . n . s . ,  and l ~ t . - ~ o l ~ " ~ l  
It. 8111yth. T h i r l l  Edition, revised and enlargril. Calc~lttn, 1875. (0"' 
print,). 

4. Hand-Boob, Itevenue Branch. Cnlcutta, 1893 Pl.ice Rs. 2-8, 

* For Departmenla1 uee only. 
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Survey of India Hand-Books. 
1. * Hand-Book of Glenernl Instructions, (in 2 vols.) Fifth Edition. 

1927. 
, . 2. Hand-Book, Trigonon~etrical Brancl~, Second Edition. Calcutta, 
1902. (Out of print). 

3. ,Hand-Book of Trigonon~eirical Instructions.-Third Edition. Parts 
in pamphlet f'or~ns-. 

' P a r t  V-The Tides. Third Edition, revised, Debra Dun 1926. 
Price Rs. 2. 

P a r t  VI-Levelling. Third Editiou, revised, l lehra Dun, 
1928. Price Re. 1 .  

4. Hand-Book, Toyograpl~ical Branch,-Third Edition. Calcuttn, 1905. 
(Out of print). 

5. Hand-Book of Topography.-Fourth Edition. Cnlcuttn, 1911. 
Chapters, in pamphlet forms- 

Chapter I-Introductory.-reprinted with additions, 1921. 
P k e  As. 8. 

P P  11-Constitution and Orqilnization nf n Survey Party. 
-1,eprinted wit11 additions, 1923. Price As. 8,  

,, 111-Tria~~gnlatiou and its Computatio~~.-revised 1923. 
Price Re. 1 .  

,, IV-'l'heodolite Traversing-Third Edition, 1927. 
Price Re. 1 .  

I ,  V-Plnno-tabliug.-TI1i1.d Editioo, 1926. Price Re. 1 .  
I I VI-Fair Mnppi11g.-rel)ri~lted with additions and re- 

vised, ( Sixth Edition ) 1928. Price Re. 1 .  
Chapter VII-Forest Surveys :\lid l~ectangulntion ( old 

, . Chapter I X )  revised, 1025 Price .As. 8. 

,, VII1-Survey ,q i n  w : ~  I. and  'llr:uns-front ier lieconni~issnnce 
(olcl Chapters V1I  and 1'111 ). Uilde~.pf  eyni.ation. 

9 ,  IX-Geojirnl,l~ic:~l 3l:lps ( old C l ~ n p ~ t ~ l .  XI ). Second 
Edit'ion, 1926. Price B s. 6. 

X-Mrup Keproduc t io~~ .  Second Edition, 19 19. I I 

Price As. 6 .  

6.  *Photo-LitLoOTficc, Notes 011 Orgr~nizntion, Methods and Processes, 
by RTnjoi. W. C. Hedley, R. E. 'I1lli~.,J E:cIit~ion. C n l c ~ ~ t t a ,  1924. 

7 .  The Rnl~rodection (for t , l~c gaidnl~ce of other I )eynr l~ne~~ts ) ,  of Naps, 
Pluis, Photogrnpli~, Din'grna~s, uric1 Linn Illestrrtt~ioas. C a I c ~ t t i ~ ,  1915 

Price Rs. 3. 

8 Survey of 111di:l Copy 13oolt n f  Let ter i~lg.  ( ' : ~ l c ~ ~ i t z  
Price .z;s. 3-8. 

Notes and Instructions. 

D r ~ a i n g  nnd pnper. 

1. *Notes on Print,ing P:ul,c'rs suit:ul~le fol. Jlups, nut1 OII \ \ T l ~ n t ~ n n ~ i  
Dr&wing Paper, by M ; ~ j o r  TV. fiI. Coltlstrc~;\ ~ n ,  1t.s. Cli~Ic~ltt:~, 191 1. 

(Out  of p r i~ l t ) .  
- -- . - - -- 
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Notes and Instructions.-( Continued). 

Print.ing and Field Litho processes. 
2. +Itrport O I I  I{ubbe~* OHset l 'ri l~til~g for hlays, by Major W. M, 

('ol~lst.l.ean~, R.E. Cnlci l t t~~,  191 1. 
3. "Notes on the "Vn~ldylie" or Direct Zinc Printing Procesa, with 

drtnils of Al)pilratus a ~ l d  Che~uicals required for n srnall section. Compiled 
in the l'lloto ant1 Lit110 Office, Survey of India. Calcutta, 1913. 

(Out of print). 
4. "Sotes on sonie of the Jlethods of' Map Keproduction suitable for the 

b'ieltl witll appe~~dix-Suggested Eql~ipment 'llables for the Light Field 
Litllo. Press (exl)erime~ital), by Lieut. 8 .  A. Chase, R.E. Calcuttn, 1911. 

5 .  "Iteport on R tri:~l ot' the equipment of the 1st (Prince of Walea' 
0 \ v l l )  Silppers and Miners, for ~.eproducing mal)s in the field, 
by Lielit. A .  A .  Cllnxe, R.E. ~ ' i ~ l c u t t ~ ~ ,  1912 (Out of print). 
Base Lines and Nngnetic. 

6. "Xotes on use of the Jaderin Bi~se line Appnratus. Dehra Din 
1904. (Out  of print). 

7. "Miscellnneous Papers relating to the Measurement of Cfeodetic 
B~rses by .Jaderin lnvar Apparatus. Dehra Dun, 1912. 

8 r lu s t ruc t io~~s  for taking Mag~~e t i c  Observations, by J. Eccles, M . A .  
I)ellri~ Diin. 1996. (Out of p r i ~ ~ t ) .  

9. l tectnttg~~lar Co-ordi~tntes.-On 11 Sirnp1ific:~tioll of the Computntiol~n 
rrl:ltiu!: to, by J .  ISccle~, M .  A .  Jlehra D i n ,  1911. Price Re. 1. 

10. "For Explorers.-Notes on the use of Thermometers, Harolneters 
anti Hypso~neters with Tables for the Computation of Heights, by 
J .  de Orasff Hunter, M.A. Dehra D i n ,  1911. (Out of print). 

11. *Amended Instructions for the Survey and Mapping of Town Guide 
Mi~ps.  dtlgust 1919 

12 +Rotes O I I  boundary ribands or) maps of tho Survey of India, by 
JIajor F. 14'l.aser tlutlter, D.s.o., I A\. Cnlcutta, 1022. 

1;s. +Notes U I I  t.lle map of Arabia and the Persian (Julf, wit11 n ~enernl 
iurlrs ~ t '  place ~ ; L I I I ~ S  011 tile m:tp, 1905-03, by Captain F. Frnser Hunter, 
1 (hlcut ta ,  1!)10. 

14. . \ cco~~ t~ t s  l ' * ~ ~ ~ l ) l ~ l e t . - - I \ T ~ t ~ ~  011 account for field units. Dehra Din, 
1928. Price Re. 1. 

PART V.-MISCELLANEOUS PAPERS 
Unclassified Papers. 
Bcogropliy. 

1. .-\ Sketch o f  tlle (leogral)hg a ~ ~ d  Geology of the Hitn5lnga Moun. 
t ; \ i l l s  :,nd Tibet ( I D  four pnrt,s), by Colo~~el  S. Cf.  Horra~,d, R.E., E'.l:.S., supdt.~ 
I '~.i~orlo~~lc~tric-i~I SIIITH!.~ n ~ ~ d  11. 11. II:~ylien, I S . , \ . .  ~ . c t . s . ,  Suptll , (fenlogical 
S~lrvc~y of lntli:~. C'i~lc~lttn, 1907.08. 

r I . - '~ '~IP  trig11 L'enlis o f  Asin. 
, Il.-rl'hrl'r~~~cipnlhlol~ntninIta~~gesofA~in. ~ r i c e ~ s - 2 .  
,, 1 I 1 .--'l'lle 1i.ivel.s O F  i l ~ e  I Ii~nnlnya and Tillat. 

I 
,, 1V.-'llle (+eology of Ilirn%lny:i. 

2 'Report or1 the 1dentific:~tion and Nomencl~ture of the 1 1 i m g ~ ~ ~ ~ ~  
Peaks as seen from I<atm&nc\u. I\lepiil, by Cnpt:~iu H. Wood, R.E Calcuttat 
1904. 

. . -~  . .- - - - 
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Unclassified Papers.-(Continued). 

3. lioutos ill the Western-Ilirnilnyl~, ICash~nir, etc , by Lt . .Colo~~el  
T. G. Montgomerie, R.E., F.R.s., F.R.O.S. D e l ~ r i ~  Dun, 1909. (Out of print). 

4. lioutea iu the Westel.u-HimBIaya, Kilshn~ir, etc. with which are 
included Montgomerie's LCoutes. Vol umt: I. Piinch, [iashrnir and Ladik 11,  
by Majot. Milsor~, M.C , R.E., Firs t  Edition, Dellra Di l l ,  1923. Price Rs. 6. 
Explorrrtion. 

1. *Account of the Survey Ope ra t i o~~s  in c o n ~ ~ e c t i o ~ ~  with the 
Mission to  TBrl(snd and I<ashgal* i11 1873-74, by Citptain Henry Trotter, R.E. 
Calcutta, 1875. (Out  of print). 

2. Report on the 'l'rans-HimBlaya~~ Ex1,lorations during 1869. (Out  of 
print). 

3. Iteport on the Trans-Himalayan Explorat io~~s during 1870. Dehra 
I ,  8 7 .  (Out  of priut). 

4. Iteport on the Tri~ns-Hiunilnyan Exploratious during 18i8. 
Calcutta, 1880. (Out  of print). 
Special Reports. 

1. *l{eport on the Muusoorie and La~ldour,  Kunlar~n and Garhwal, 
Hi~lilthet and I<osi \'alley Surveys, extended to Peslliwar aud KBghBrl 
'l'ria~~guliition during 1869-70, by Major 'l'. G. Moutgomerie, R.E. (Out  of 
print). 

2. lteport ou the lteceut I)eter'miu:~tion oE the Lo~~g i tude  of Dlndrns, 
by Captain S. G. Burrnrd, R.E. Calcutta, 1897. (Out  of pr i~l t ) .  

3. *tCeport on the Observations of the 'llotal Solar Eclipse of 6th April, 
1875 at Cnmorta, Nicobnr J slallds, by Captail1 J. Waterllouse. Calcutta, 
1875. (Out  of' print). 

4. *'llhe 'I'otal Solar Eclipse, 22nd J i~nuary,  1898. Dehra Diin, 1898. 
(1) Report on the observations a t  Dumraon. 
(2) Jieport on the observatious a t  P,ulg:~on. 
(3)  lieport 011 the observatiolls a t  Sahdol, 

5. *Report on Local Att~,nction i n  India, 1893-94, by Captain 
8. G.  B u ~ ~ a r d ,  R . E .  Calcutta, 1895. (Out  of print). 

6, *Report on the 'I'rigonometrical l tes~rlts of the Earthquake in 
As~irm, by Captniu S .  0. 1311rrnrd, ILE.  C1aIcuttn, 1898. (Out  of print). 

7. *Notes on the l'opographical Survey of the 1/50,000 Sheets of 
Algeria by the Topographical Section of the " Service Geographique 
de l1Armee", by Captail1 JV, h l .  Coldstrei~ul, R . E .  Calcutta., 1906. 

9. *'lllle Simla E H ~ R ~ P S  I ~ O U I I ~ R I - Y  Survey ou  tlle scale ot' 50 feet to 
1 inch, by Captain E. A .  T ~ n d y ,  H.E. C i ~ l ~ ~ t t k l ,  1906. 

9. "A note on the sl,nge lsenched bp tile Geodetic: Operntiolls of t l ~ e  
Sl1rvt.y of India ill 19213, Ily Lt.-Colonel 1I.RlcC. Comie, 1t.1~. 'I'lle Alaguetic 
Survey of India, by 3Injor It. 11. 'l'bonlns, ~) . s .o . ,  R . E .  i ~nd  a not ,?  on the 
I)l.esent level l i~~g policy, by Major I<. Rlason, M c , R . E .  Dehrn Dull, 1922. 
(Out  of prillt). 
Gcodcsy. 

1. Notes on the Theory of  error^ of Observation, by J. Ecclep, M.A.  

Dehra Dull, 1908 Price As. 8. 

* For Depnrtmentnl rlsc only 
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Unclassified Papers. -( Concluded). 

2. *Noto on n Chn~rgc of the  Axea of the  'llerrestrisl Splleroid in 
rulntio~r to tlle 'llrilrng~~lntiotl of t,Ire G.'!'. Survey of Indin, by 6 ,  de Qmafi 
)Iu~rter. N.A. 1)elrra Dull. (Out  of print),  now incorporated in 
Professionnl Pitper K o. 16. 

:I. Iteport O I I  tlre 'l'~.e;rtmeut, nnd use of Invnls in measuring Cleodetic 
Birsca. by C a p t ~ ~ i n  11. 11. ' l ' u r~~e~. ,  R.E. L o I ~ ~ o I ~ ,  1907. Price Aa. 8. 
Project ions. 

i. On the projection used for  the General Maps of India. Dehra 
D i n ,  1903. (Ou t  of print). 

2. +On t lle deforrr~ation r e s~ r l t i r t~  f rum the method of c~natructin~ 
the Il~ternntioctrl Atlns of the World or1 the scale of ono to one million, 
by Ch. Li~llernand. 'l'r:lnslated by J. Eccles, M.A.,  together nith tablea for 
t h e  projection of 1 / h I  Maps on the Inter t~i~t ional  system. 1)ehra llin, 
1012. (Out of print). 

Mapping. 
1.  + A  Pu'nte on the different methods by which hills can be represen. 

ted upon tnnps, by Colonel Y.  G. Burrard, c.s.I., R.E., F.R.s., Burveyot 
Oet~et-a1 of India. Simln, 1912. 

'I. +.i Note on tlre representation of I~ills, by Major C. L. llobertson, 
C . M . C I . ,  R.E. Dehra L)iin, 1912. 

3. +A Sote  on the representntion of  hills on the Maps of Indin, bg 
Mrrjor F. W .  Pirrie, I.A. Dehra Dun,  1912. 

4. .A consitlrr:~tion ot' the Co~rtonr  intervals, llt~d ~ o I o u r  Scales, beah 
sr~ited to  Inciian 1/31 maps, by Captain M.O'C. Tondy, n . ~ .  C~lcuth 
191:. (Out of print). 

Professional Papers. 

No. ~ -P ro j ec t i on -o~~  the Projrctioll for n Map of India, and ad$- 
cerrt Count r ie~ ,  on the sc:rle of 1 : 1,000,0~0, by Cololiel st. G. C. GCol.e, H.*- 
Second Eclitiorr. L)e)rrn D i n ,  100:j. Pricc Rc. 1. 

S o .  2 *Base Cine!-iCIet,llor\ of ~ n e a s , ~ t . i ~ ~ g  Geodetic Rams by n~efin~ 
of bIetlrlllc Wires, by XI. Jadetin. (Translirted trorn M e ~ n o i r e ~  ~1.6senti~ 
p:\r Diver#. S:~vrtnts ti I '  AcatlGrnie d e ~  sciellces de 1' Institlrte de Frnllce). 
Debra Dilt~, 1999. (( )rrt of' prirrt). 

iV o 3-Ran~ Lines--JIethod of rnen~111.in~ Geodetic R:I.SPB b~ menn8 
n f  ('()lhy's Cornpenrater1 H:il,s, compiled by Lieut H .  McC'. Cowie, B-r .  

a I 1 .  (Orit of print). - 

No 4 -spirit levels- note^ on the Calibration of I.evele, 
L i ~ i ~ t .  15. h l':lndy. R . E .  Dehrn I l i i n ,  1900. (o t l t  o t  print). 

$0 .i-f~endrqy-l'l~e ..\ttmctio~r of the IIiln&laya Mou~~talns  upon the 
Pl,~tnl)- l,rrle I I I  J ~ l c l i : ~ .  cona~rle~-ation8 of repent &tn, hy Major 3 ~ ~ '  

B ~ ~ r r a t d ,  R E. Sec.o~~rl Etl~tion I ) e h ~ a  ])tin, 1901 Pn'ce BE. a. 
N o  ~ - ~ R R C  I,in~s-..\ccount of a 1)eterlnlnntion of the ~ o e f f i c i e n ~ ~  

Rxpanrion of the Wires of the .Jddet.in Hnse Line Appnmtlls. by Captain 
f;. P. Lenox-Cony nK?,nm, R E Delira Dun, 1902. (Out  of  prlnt)~ 
--- 
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professional Pnper s.-(Contirtued). 

No. 7-*Xiscellaneors. Cnlclrttr, 1903. 
(1) On the values of Longititde e lnplo~ed i l l  r11:lps of t,lle 

Sutnvey of Jndi :~.  

(2)  Levellillg ncross the  G a l ~ g e s  r ~ t  Dilnuiiriin. 

(3) Expel-ilnent to test  the ilicl.e:lse in the, le11gt11 of a. 
levelling st:~ff due to 1noistul.e and tempelxtu~e.  . 

. . ' (4) Descl*il)lion of n SIIII-din1 designed for use wit11 t i d e - g n ~ l ~ e ~ :  
I ( 5 )  Nicltel-strel :~lloys and tl~eil. nl)plicntion to Geode*? 

(Tl.al~slnted from the Frellcli). 

(6 )  'I'heol.p of elvct1.i~ projectol-s. ('llransl:r,ted f1.0111 the Frenc l~) .  
No 8-M~gnetic-l%s~1e1-i1nents ~nntle to detel-111i1ie 1.l1e te l~~l)e~-atul-e  

coefficients of Wntsoll's R l a g l l e ~ u ~ l ~ n ~ ) l ~ s ,  Iby Cnptnil~ H. A ,  1)rnliolm 
h s e r ,  E.E.  Calcutta, 1905. Price Re. 1. 

No. 9-Q'eodesy-~n .-\ccoltnt of tllc! Scient,ific W O I ' ~ ~  af t l ~ e  Survey 
of Tndia. rrnd a Coml)nr.isoll of' ita p t .o~r r ss  wit11 t l ~ i ~ t  of Icoreig~l Surveys. 
Prepnred for  the  llse of the  Suriey Colnmittee asseilil~led in 1905. 
by lit.-Colonel S. (3. Bltrral.d, R.E. ,  F R S. Clnlc~~tta. 1905. Prim Re. 1 

yo. 10-Pend11l11nrs-Tl1~? Pendulrlll~ O!)el.;~tions i l l  T I I ( ~ I ; I .  1903-1907. 
bg Najolv G. P: Lenox-Cony~~,nh:~m, R. E. 1)ollrn I)ii11, 1908 I 'T~CP 2s. 2-8,  

No 1 I-Refrncti~n-Obsel.vntioils of'  A t,lnosr~l~el*ic l(ef~*:~c-tiol~. 1905.09, 
by H. G.  Shaw, S l ~ r v e ~  of Tl~dia. e 1 1  I 1 1  ( 0 1 t t  of i;l.int,). 

So .  12-Geodesy-011 t,lle Ori-ill of the ITi I I I ? L ~ ~ T : I  R ~ ~ I I I I I  : I ~ I I R ,  

bJ' Colonel S. (+. Rurral-d, c.s .I . ,  n . ~ . ,  F . R  s. C:~Ict~tt: t ,  1912. I',rif!~ Er. 1 .  
No. 1.3 -Isostnsy-lllvesCiC:ltion of the I'l~eol-,v of I s o s t . : ~ ~ . ~  i l l  Indin, 

by Mnjor H. L. ~ ~ - ~ ~ t ~ ~ ~ a i t ,  R.E. I)eIil-n ~ i i l l ,  1912. (Out o f  pl.il~tl. 
No l~-Refr~letioll-~ormlllre for. A t ~ n ~ ) x ~ h c ~ ~ i c  ICc.f~-:~ct,io~~, nild their. 

application to Tel-reRtl-i:~l I<efmctioll and Geodesy, by .I. de Gr:~:~ll '  
Huntel., M . A ,  Dehrn I)<III, 1933 Prim Rs. 2. 

No. 15-Pend11l~1111s-.lllle PentIlll~lln )pcl-ations i l l  1 ndin at111 I ~ ~ I . I I I : I .  
1908-13, by ('a,pt:till 13. ,T. ( 7 ~ ) ~ 1 C h ~ ~ ~ : ~ ~ ~ ,  n.1~.  Dv111.n l)iin, 1915. P~.icr  RR. 2-9. 

Ti 0. 16--6~0desy-.'l'I1~ Eal-[,l~'s Axes nnd ' I ' r inn~~rlnf iol~,  by .J. de  Grnnff' 
Hunter., M A .  D e l ~ r n  ni111, 1918. Pr ice  Rs 4. 

NO. 1 7 - I ~ o s t n a ~ - T 1 1 1 ~ ~ ~ t i ~ t i o 1 1 s  of T ~ o ~ 1 : l s ~  in 13illl%lnrnll : I I I ~  neizll- 
bourinc ragions bv C,,l(,llel Sit. S .  G. BIII-rnrd, 1r.c s.I.. R.E., P . I I . ~ .  De111.n 
DGn,  1918. (Out  of pl,ini,). 

No. 18-1sostnsy-.~ criticialn of 311.. R,. 1). ( ) l ~ i l ~ : ~ ~ ~ i ' s  n ie~~lo i r  " 'l'llf' 

strllcture of t,lle Ililll~,ln,yns a1111 of the Gnllgetic P1:1il1", by ~jt,.-('ol(l~lel 
H.  filcC. Cowie. R . E .  Dchr :~  l)i111, 1921. 7 ' 8  i,.,~ Tia.  I S.  

Ro. 19-Acl-inl Phot,ogt.npl~y-Es~)eril~iellts i l l  , \ P I . O ~ ' ! : I : I ( '  I ' I ~ I ~ I o  S I I I .  
veying. bg Majol. (=. (f. T,~\yis, ~ I . E . ,  :1nt1 (_';ll)tnill 1 1 .  ( 2 .  S : I ~ I I I O I ~ I ~ .  ( I . : I ~ P  I I . . \ . F .  ). 
Dellra. Dun, lk20. I ~ I , ; ~ , ~  T ~ S .  I -S ,  

Yo. 20-Air Sllrvcy- l{ecnlll~:~issnnce I I f1.0111 i l  ill't. IlJ' 

Lt.-Colonel (J ,  A .  13enzpltsr. n . s . 0 ,  R s. 1)el11.:1 1)i11), 1927 l - ' l ' ; ( '  f l ~ .  J - s ,  
No. 21-Rcctnnglllnfioll-1 r . l , i K : ~ l i o ~ l  nlld Sof ~ I C I I I ( * I I ~  SIII ' \ ' ( '>.~ I!':(;. I)!. 

Ma jo r  .J. I). Cntlll,hell, n.s.o , R . P .  l)cl~l.n Dilr, 1 !)07. I1r.:'i.r ,{P 1-8. 
No.  22-Cevclling-'1911rcc S(,lll.ccs of Errol. i l l  lwer i s~  T J c \ ~ - l ' l  i i  1 1  L'. I]!. 

Captain Q. Bornford, R.R. I>chm Diin, 1929. PI.,'cP j i ~  1-8 
.. _ ~. . -- - 

* For Departnient,nl lloe only. 
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Profsssional Pa pers.-(C~ntinued). 
No. 23-* Air Survey-Air Survev of Wnziristan 1928 to 1928, by 

Captnin G .  I?. Heaney, R.E.  Dehra l)iin, 1928. Przce As 8. 
Ro. 24-Air Survey-Notes on Air Survey in Indi:~, bg Rlajol. W. J, 

Norman, ar.c., R E .  Yeh1.a Dun, 1929. Price Rs. 1.8. 
No. 25-Glnciers -The Heprrsent:ition of Glaciated Regions on mays 

of the Survey of Indin, by Major I<ennetll Masou, M.c., R .E  Debra U i l ,  
1929. Price As. 8. 

No. 26-Pr~iection-l'he Lambert Conical Orthomorphic Projection, 
by L t  -Colonel C. M. Thompson, I.A. Dehra Diin, 1929. (Providonal 
Iesue). 

Departmental Papers Series. t 
KO. 1--Type-A consideration of the most suitable Eorms of type 

for use on maps, by Captain M O'C. T;nldy, R.E. Dehra Uiin, 1913 
No. 2-Symbols-A review of tlie Boundary Symbols used on the maps 

of various  count^-ies, by Cal~taili M.OIC. Tat~dy, R.E. Debra Diiu, 1913. 
No. 3-Maps-Extract from "The Rew IInp of Italy, Scale 1: 

100,000 ", by Luigi Crinnnitrnpat~i. Translated from the Italian bg 
Major w. M. Coldstream, JLE. Dehrn Dun, 1913. 

No. 4-Town Surveya-A report 011 the prnctice of Town Surveys in 
the United Kingdom :\lid its application to India, by Major C. L. Robertson, 
c M.Q.,  R E Dehr:i Dun. 1913. 

No. 5-Stereo-plotter-'l'he Thompson Stereo-plotter and its use, with 
notes on the field work, by Lieut. K Mason, R.E.  Dehl-a Diin, 1913. 

No. 6-Levelling-Levelli~i~ of IIigll Ptseci~ion, by Ch. Iallelnand 
Trnnslnled f~ om the French by J de Gr;inff I-Iunter, M.A. 1)ehra L)u11,1914 

No. i'-Stnn(lnrd Bnra-Bar Compnriso11s of 1907-08, by Major H. McC. 
Comie, R.E. Llehra Diilt, 1915. 

No. 8-Relio-Zincography-Report 011 Itubljel. Off-set Plat bed Machine 
Printing, by Captain S. W. S;\cltville Hatnilton, I{ E. Calcutta, 1915. 

No. 9-Stereo-Auto-Plotting-A trallslation of Paul Corbin's 17rench 
YtArQo A utogramtn&trie, by Lt.-('olonrl H. AlcC. Cuwie, n.E I)eh~a 
Dun, 1922. 

Bo. 1o-Bnge Lines-A Eool~let of l l l s t r ~ ~ t i o t l s  with full descriptiollg 
2nd tables for The Hunter Short Base, compiled by hlnjor C'. RI TllompsOl1l 
1.a. Uelira Dun, 1928. 

No. 1 I-C-hvity and I s o c i t ~ ~ ~ - ~ n ~ ~ ~ t i ~ ~ t i ~ ~ ~  repn l.dinq G r:~vity alla 
Isostasy by W. fleisltanen ( Translaled by  pelt^ ~ s q  Bevised and corn. 
pleted by RI;~jor C M. 'l 'hompso~~, I A , )  1)ehra U i i n ,  1926 

No 12-(feode~~-Geocle~,  by Dr. .J. de Grilaff Hunter, -.As, s c ~ D ~  
F. INST P. Dehra D u n ,  1029. 

N o. 1:3-Sphw-icnl Trigonon~ctry and A~tronoo~y-Notes O I I  ~~herlcnl 
Trigononletrv, :~nd Astronomy, etc,., by l,t.-Colonel C, n1. 'I'l1olilp8on1 I d .  
Llehra L)<III, 102!). 

Professional Forms. 
A large number of forrnq for tlie record and redoction of Survey 

Operations are stocked a t  Delira Diin. 
/ 

F'ol. ORiclnl I1.e ollly. t For Depnrtmet~tal use only. 
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List of more important contributions by the Omcers of 
the Survey of India to various extra-departmental pub- 
lications and related articles. 

1. " I n d i i ~ ' ~  C o ~ l t t - i b u t i o ~ ~  to Geodesy. by Generill J. T. IVallier, R.E., 
c.B.,  F.I~.s., LL.D. (Phi1osol)hicaI Transactiotrs, Boyal Society, Set-ies A ,  
Tolllme 186, 1895). 

2. " 0 1 1  the  1111et1sit j  and Dirwtion of the  Force of G ~ - a v i t j  in Indi ;~,  
bp Lt.-Colonel S. G. Bu~*rar.d, R.E,  F .R. s .  (Philosophic.i~l ' l ' l , a ~ ~ ~ n c t i o n ~ ,  
Xojal Society, Series A ,  V o l u n ~ e  205. pllges 289-318, 1905). 

: j-A climb o n  Iioli~hoi, by Lieut. Kenneth &la,son, R.E.  (Hoynl 
Engi~ree~ .~  J o l r ~ . ~ ~ a l ,  Novel~~bel.  1910). 

4 .  *On t l ~ e  eKect of' the Gangetic Al luv iu~~l  on the Plun~b-line in 
Nortl~ern Indin, by It.. I). 0ldha111, F.n.S (Proceedings of the  R o p l  Society, 
series 8, Volume 90, pages 32-40, 1914). 

5 .  "011 the o r i g i ~ ~  of the  I l ldo-Gat~get ic  t roue l~ .  comtr~only called t h e  
Himali~yall l~o~ .edeep ,  by C o l o ~ ~ e l  Sir S. G.  Burmrd, K.C s.I.. R.E. ,  F . R . ~ .  

(Proceedings of  the  Royal Society, Series A ,  \'oll1111e 91, pages 220-238,1915). 

6. $Three comp~,el~ensive articles O I I  " Cor~~l)arators  for  the India11 
Gove~-nrnent" trool ir repolbt by Mi~jor  H. McC. Cowie, ILK. (Engineering, 
Bug. 20, Bug.  27, Sept.  3, 1915). 

7. Illdentificatiot~ of Pealis in  the  Himalaya, with notes, by Colonel Sir 
S. C*. B~rrrnrd, K.c.s.I., I I , ~ . ,  ~. lc . s .  ((;eograpliical Journ:~l ,  Septenlber 1918). 

8. I1Geological inte~,pl.etat,iotls of (;eodet,ic Hesults, by Colortel Sir 
S. G. Uurr-a~.d, K.c.s.I., I ~ . E . ,  F.I~.s .  ((f eographicul Journal. October 191 8). 

9. 1 1  W a r  Surveys in  hlesopotamia, by Colonel F. MT, Pirrie, C.M.G. 
LA. (Geographical J ourr~al,  Deceinbel- 1918). 

10. 1 1  Air  L 'h~to~rapl iy  in A ~ - c h ~ o l o ~ y ,  by Lt.-Colonel G .  A.  Hrazrley, 
D.s.o.,  JI.E. (Oeo;:rapliic;~l Jourr~al ,  May 1919). 

11. 1)Mapping from 9 i r  Photographs, by I,t..-Colonel M.  JS. MacLeod, 
a.1~. (Geographica,l Jontmal, June 19 I!)). 

12. (IReminiscences of tlle May of A ~,a,bi:l. i111d Persian Gulf, by 
Lt.-Colonel F. F. Hunt,er, D . s . ~ . ,  I .A .  (Geoyraphical J o u t . ~ ~ a l ,  lkcember  
1919). 

1 IICe~~trnl liurdistan, by RIiljor K. Mason, M.c., R.E. (Geog- 
raphical Journal,  Deceluber 1910). 

14. IISurvegs in file~opotaniia dnrirrg tjhe W a r ,  by Lt, -Colonel 
(;. A. Reazeley, D.s.o., R.E. (Geographical Jou~.nal,  Februa.ry 1920). 

15. $A lecture O I I  t,lle Earth's Axes and lcigure, by J. dc G~-:~nff 
Hultt,t.r, M.A. ( l 'he  Observatory, RIay 1920). -- ---. -- . . . . .- -- - - ~- - 

* Obt,ainablc fro111 Mcss r~  Unlan & Ct,., 97, Soho hqrlnrc, I ,n r r t l (~n ,  v:.. or 
Mcs~rs. Harrifion &Sons, St. Martin's l.anc, Lontlou, or t . 1 1 ~  lioynl Society t r l ,  1:urlingt.on 
UOU::~, London. 

t O b ~ n i ~ ~ u b l e  f r o m  t l~c  lnstituti(~n of lioytrl E : ~ > ~ i ~ ~ e e l . e .  Cl~ntl~sn~. 
5 0btainal)le from Charles liohert Johnson at the  c~fices o f  "E~~:i~~eerir~g", 

36 :111(l 36, Bedfortl Street Strand, L O I I ~ ~ I I ,  W.C. 
11 Ol)t~unnl,le frolt~ the Roy111 Gcogrnphicai Socioty. Kensington Gnro, I ~ o r ~ t l o n ,  

BOW. 7. 
1 Obtainnl~le fro111 hlessrs l'11ylor Jr Francis, Retl Lion Court. F1t:et St,rt.et 

I ~ o n t l o l ~ ,  Mr.C. 
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List of more important contributions by the Ofacers 
the Surve J of India &c. & ~ . - ( C o n t i n l ~ e d ) .  

16. +.I brief rrview of' thn e v i r l e . 1 ~ ~  up011 wllicli the 'rbeory 
Isostnsy lins been L~i~secl, I)v Colonel Sir  S. G. B I I I T R ~ ~ ,  K.C.B I., 11.~., 
(Cfeogri~~phicid .Tonrl1:~1. .July 1920). 

17. + A  ~ w t e  011 tlie topogr:lpl~y of the  Nunl\ '~ul M:tssif i), Ladikh, 
by I\lri\.iol. 1;. RiInsotl. n1.c.. R rs. ((;eographical .Journal, August 1920). 

1s. *Sates 011 the  Canal Systern and Ancient Sites ot' Biibyloniainthe 
t ime of Senoplion. by Major I<. Milson. M.c., H.E.  ((;eograpliical Jourllsl, 
I )eccn~ber  1 920). 

I ! .  f Au 1Sxl)lorntion i t t  South- tC;~st Tihet, by Major H. '1'. Morsllead, 
D . s . o . ,  R E. ( R ~ y a l  I4;npi~ieers J I ) I I I * I I ~ L ~ ,  J ; L I I ~ ~ ~ , I * ~  1921). 

0 .  f ~l'opugri~i~hic:tl I Sur\.ey (wi t,li plates and maps), hy 
t - I  . 4 .  Re:lzeley, n.s.0.. WE.  (ltoynl Knpineers ,Jt)l~rt~al, 
F t ' h r ~ ~ i ~ r y  1921). 

2 .  1Projoc.tion of Maps.--.A review O F  solne Inverctig:~tiotls i t 1  the 
'1'1ieo1.y of  hlnp Projrc.tions, by A. E. Younc. iind Cololiel Sit* S .  G. Burl-rrd, 
K.c.s.I.. a F:.. F . I ~ . R .  ( I{n~a l  Iqhgineers Journal,  March 1921). 

22 :Rrpot.t O I I  Il:slwditiotl to  liiiluet, 1920. by bIa.jor 14. '1'. liorsliead 
D.s.o..  R.E. ( t{oy:~I I3nninee1.s .rol~rn;lI. April 1921). 

3 .  *'l'lie C:irc*uli~tion of tlle ~ t '  I S .  by Iat-('li)lo~el . A. I i l  R . ( (3eolrmpl1ical Jour~ ln l ,  Mny I!):! I ). 

1 .  S.ro111ison's Suppressed A s c e ~ ~ t  on 15 61 ; I)! ;\I:t;ior I(. Mason, 
N . c . .  I L . E  (Alpin,: .J~)l~rtrnl, November 1931). 

2.5. +Ster.cogt.aphi~- Su~,vep.  'I'llr A utocartokrtnapl~, by -Colonel 
31. N. ;\.1;1c l.11 ~ l .  I )  a,(,.. R F ((+nl,zrapllicnl .Journal, t\ pril 1922 ) .  

26. :'L'l~c! ' ' ('i~nailint~" I)lic~to-t~,pocmpllicsl met.liocl of Sorvey, bp 
('aptnit1 ; L I I I ~  131,. h1:1,ior E ,  ( ). L V l ~ + . ~ l ~ r .  M , c , ,  K.E .  (lioyiil ! < ! I ~ ~ I I w ~ s  
. T ~ I I ~ I I : L ~ ,  ,April 1922). 

'17. S'rlitl S11rvvy o f  >It.. JV, t { .  .Tohn~otl in the I<'un Lu~t  i l l  18651 
I,y St;~jor !i hl.t.solt, M . c . .  R . K .  (,lll,ine ,Journal. Sove1111)er 1022). 

28.  /((>ls;lv!t,v SIII .VPV. 1 ) ~  .I. (le (: t3aaff I-Illtlter. M . A . .  SC.D., B'. INST. P' 
( A  L)ic.tiou:~ry O F  hl,plied L'I~v~ivs. Vol. 111). 

29. /1Trig1)ni,nlvtric;11 klrights a ~ ~ d  A$ tlnosplieric Hefraction. by J..de 
Grirnff t I ~ ~ n t e r ,  M A . .  ~ c . D . ,  P. INRT.  p.  ( A  Uictioni~ry of Applied Ph9g1Cs1 
Vol. 111). 

I .  (4ei1rlesy. b v  Colonel Sir (+. I>. L e n o x - C o l l y ~ i ~ l t i ~ ~ ~ i .  lit.. R.E.. F . R . f l '  

ant\ .I. (Ie Gr;r:\r t i ~ ~ l l t e r ,  M . A .  SC D., F. INST.  p.  ( ~ 1 1 ~ .  Ijrit,. 12th Edition, 
Vol. 9991. 1922).  

31. * l'hr proposed l)etel.mil~ntiorl of Prima,ry l , o ~ ~ ~ i t i i ( l e s  by Illter- 
nntional C'o-~,pvt.a.tion, by C,~lnttel Sit* (:. P. I , ~ l ~ o x - ( ' o n y l ~ ~ l ~ : ~ m ,  J(t-9 R E ' 9  
F . R . 9 .  ((&-oZrnphicnl .Tournal. Fehrnary 292.3). 
- - - - -  . .. _. - - - - _  - _  . .. . . .  - - - -- - --- --- 

Ol~txinahle cram the Royal &ogr~phica \  Rocicrg, Kensinpt,ol1 Gore~ LondnD' 
S.W.  7. 

f Obtninnble from the In*ti t ,ntion of Royal Knginccrr ,  C1]alllarn. 
$ Ohtflinnl~lt- Frnm Alpine Clnb. 23 Ssvile Row. Londorl, W. 1 .  

(1 OhlttinaI11~ frnrn Mpsgr. . \ lar.\l i l l~~n k Cn. [,imitrd.. st,. at@rtin'a 
1,nodnn. W.C.. I l~~ml)a r .  C;~It.ntta. 3Cnclras. l lelhol~r~~e. 
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List of more important contributions by the Oficers of 
the Survey of India &c. &c.-(Continued). 

32. t l l e c e ~ l t  I)evelop~nents of Air Photography.- ( 1) The adjustlllellt 
of Air I'hotopraphs t o  8urvey points, by Lt.-Colol~el 31. N. MacLeod, 
D.s.o., R.E. (Geoaraphical .Joul.llal, .Jnlle 1923). 

35. :Mout~t Everest, by Major IT.  '1'. nIorrhea.d, n 8 .0 . .  R.K. (Itoyal 
Engineers J O I I I - I ~ I L ~ ,  September 1923) .  

34. tl<is!leti Silicrll r ~ t l c l  the  Indian Hsplnrer~,  by M:~jor I < .  M;tso~l 
M.c., I ~ . E .  (Grogl.aphic:iI .Journal. December 1923). 

35. §Electrical re~is t ra t . ion of height of water art ally time i l l  '1'id;tl 
Prediction, by .J. de Grar~ff I I u ~ ~ t e t . ,  M.A.. SC.D.. F. INST. P. (Jourtl :~l of 
Sciel~tifi c I nstrulllt:i~ts, T'ol. 1 ,  SO. S, Mil! 1!)24). 

36, ((Gral)hic:~.l lt~etllods of plotting from Air P h o t o g r a p l ~ ~ ,  by 
Lt.-('olonel J,. N Y. 1. Kin?, O.B  s., 1t.x 

3: t'l1he Deln:lrc;~tion of tllc? T~lrco-Persi:rn Boundary i n  1913-14, 
bp Colonel C. TI. D. Iiyder. R.E. (Gnog~*npllic:~l JOI~I*II:I~.  September 192.5). 

:36. (+endesy, by .T. de C*r.naff Hunter,  ara., sc .~, . ,  F. INST. P. 

(Enc. Br i t  1:3t,h Editfiotl. Sew Bol. ii, 1938) 
39. T['1711e De Pilil)pi I<sl)rdit,ioii to the  IC:~c;lern lint-a-liorn.m, Ijy 13. 13. I ) .  

and Colonel Sir G. 1'. L t ? l l o x - C ~ o n ~ l l ~ l ~ : t . ~ t ~ ,  Kt,, IL R.. F.II.S., M . A .  (I\':~lul*e, 
18th 1'ebrun.t.y IISi!(i). 

Bi). t'l'llc. I'rol)leln of tile Sh:~lrsgntn V;~ll(?y, 11v Colollrl Sit. I?~.:~ncis 
Yomlghuabnnd, K c . s  I., rc c.1.s. ((+c~oZl.:ipllic:n.I 5o111'11:11, Sel)tellrber I!)'?(;). 

-1,l. +The Sllil]<scn~ll Valley ;111d A~.hi l  li:rllge, lly ;\l:~jot* 11;. 34nsor1, 
M.c. ,  11.1~. ( C t e ~ ~ r ; ~ ~ ) I ~ i c . : ~ l  J o ~ I - I I : ~ . ~ ,  Apltil 1927) .  

92. A 131,r:t 1;-('i rcuit, fol. l ' ( ~ ~ ~ r l ~ ~ l m n  Cloclts. hv .T, rle G~-:~nff l i i l~l ter ,  
M . A . .  s c . ~ , .  F,  ISST. P .  (Riilletitl Gi.odGsiquc1 No. 14. April, hln.y, .Tilnn 
1927, 1'n.t.i~). 

-1.3. th C+~.:\~~llic.:ll niscussiotl o f  tlte l~iziit.e O F  the ISnttll, by .-\. l t .  
Hinks,  c n.e., ~ . l c . s ,  ((:~!~~~ral,llic~;lI .Toiirnnl. .lline 19'17). 

44. f Snl.vclp on Active Set-vice?. 1))- C1npt,aitl (;. 1c H(WIC:J. R E .  (li,oy:tI 
15nfiilleers .Totll.n;~l, . T I I I I ( ~  1927). 

45. A Itepol-r 011 t,lle (;endctir mot*lt o f  1 110  SIII'\'P.V of' Tlldi:~ (;)I' t,l~t> 
period 1924-37, .T, d r  Ct~.n:lff I-lll~ltrr, nr..\.. w.I>.. v. IXST. P..  l~rest*r~lt>cl 
a t  the t l ~ i r ~ l  mret,illg of t.llr. Interui~. t ,~ond (J l l io t l  o f  ( h ~ d e s y  : I I I ( ~  ( ; ~ O I I ~ I V -  

sics, Prngtlc. Septeln1)cl. 1927. 
46. t'll]le SterpnSrnphi(: S111-vcv o f  t,he Shn.lisgnln, filnjor I(. 

Rlrlson, M.c.. rt. R .  ((';cogrnpl~ic.al .Jonrnal, C)ct,olwl. 1927). 
47. tFifil11.e of t l ~ t  Ear th  : corrrsl)olldrllce I)! J .  110 Cfm,a,ff Hlll~ter., 

M . A . ,  ~ c . D . .  F. 1 ~ 8 ~ .  1.. ((fe~i~r:~p]lic 'nI .Toii~.nnl. 1)~~~ll l l )c t l '  191'7). 
48 tFiclll-e 1 Earth : c-orresl>otltletlc.e hy (':I 11tn.in (:. I<ntll l;)rd. 

n.1:. (Creo~t.a.l~llical Joill.tlnl. J ) t ~ c c ~ l ~ l l ) ~ r  1927). 
. .. - -  

t ( ) l , t ~ i l l n l l i ~  fl.om the Iln,rnl  (fcog~.nl,l~ic.al So~:icl,j- l i ~ , n - ' i n - t n r l  ( : I l l ' ~ ,  ColIdou, 
8 .W.  7. 

$ O l , t . n i n n l ~ l ~  from tllr 1nstit.lltinn of Ropnl 1,;11cin1 I.I.S. ( ! I I I L ~ ~ I I I ~ I .  
5 Ol, tn in~r l , le  from t l l 4 >  I nn t  i l  11t.r of I ' l lysiv~.,  90 r:rr,tr. ;111cs~-I St.rrot., L o n ~ l o n  

m.c. 1. 
[I Ol,tninnlilc from H.3f .  St .n t inn :~ rp  office, Aflaqt,r:ll Honsr ,  Kinrrsw.a!-, Lonllnn. 

W.C. 2. 28, ;\hingrlnn Strret,, I,on~lon. S.\V. 
Ti O h t ~ i n n l , l e  €].om tllc nffir.e I ) F  S n t n y .  St. Ma.rtir>'s Stt.rrl,, Lontlon, 1y.C. 2. 
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List of more important contributions by the Officers of 
the Survey of India &c. &c. -!Co?~cl t l t i~d) .  

4 tlleplp to C'apt'iin (3 ~~~~~~~d'~ letter on Fi~u1.e of the EiLrth 
( N o .  48 of list), by Captain G. 'I1 McCil\\, and A .  lt. l l l~~ l t s ,  c.B.E., F R 9. 

(Geographic;~l Journal, Urcember 1937). 
50. Figure of the Eal-tll-Presidenti:il address by J.  de Graaff Huoter, 

nr a , sc u . F. INST. P., at tlie Sect~on of Rl:~thern:lt~cs and Pllysics of the 
];itteenth lllriian Science C'onqress, C d c l ~ t t : ~  I928 (Publislletl bg the Ahiatic 
Soc~ety of Bengnl, Calcutta). 

51. +Note on Sir l;rnl~c-is l'oungl~usbnr~d's U~.dol i  Glacier, by Mnjor 
Kenneth Mason, 3r.c , R.E. (Geograpllicnl Journal, March 1928). 

52. $Some Applications of the Geoid by J .  de Graaff Ilunter, nr.b., 

s c . ~ . ,  F. INST. P. (The Observatory, June 1928). 

t Obtelnnble from the  Royal Ceograpl~ical Society, liensingLon Gore, Lolldon, 
S.W. 7. 

f Obtainable from Jiessrs Taylor and Francis, Lied Lion Court, Bleet Street, 
London. 1V.C. 

tieod. Br. P.0.--450-1930. 
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