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I N T R O D U C T I O N  

1. 1932-33 was the first year completed undrr the new organi- 
zation of the Geodotic Branch as tabulated in the Introduction to 
Geodetic Report Vol. VIII .  E x c ~ p t  for two sections of No. 14 
Party, all units were in active operation and a satisfactory amount 
of worli was coinl~letecl. Pe~~cluluin work was suspencled during 
Major Glennie's absence 011 leave. 

2. Base-lines. (Chapter I). Three base-lines were measured iu 
Bririiia, a t  Mergui, Amherst and lialemyo with Lieut. I. H. R. Wilsou 
in charge. That  a t  Mergui is a n  old base which has never been 
considered quite trustworthy, but  the new measure agrees with the  
old within one par t  in 150,000, which is satisfactory. 

The invar mires have undergone considerable changes in length; 
the cause is clificult t o  discover, bu t  i t  is possible t h a t  i n s t ab i l i t~  
was excited cluring the cleterminatiol~ of their temperature coeffici- 
ents in 1931. As a result the base-lines measured this year are 
liable to error tha t  may be as much as 1 : 300,000. The matter  is 
discussed in Chapter V, paras 1 to 4 .  

The latest comparisons a t  Dehra Dim show tha t  the invar wires 
appear to have settled down, a ~ ~ d  good results are expected during 
the season 1933-34, when i t  is proposed to  measure base-lines near 
Dilbandii~ in Baluchistin, near Poona, ancl south of Dibrugarh in 
the Assain Valley. So far as can be foreseen, these are the last 
three bases requirecl for geodetic purposes in India. 

In  connection with the  base-line a t  Dibmgarh,  a reco~lnaissance 
will a t  the same time be started for a new primary series of triangu- 
lation to replace the old secondary Assam Valley Se r i e~ .  

3. Levelling. (Chapter 11). The level nets of Indiaand Burma 
mere coinlectecl by a line of levels from Chittagong to  Minbu 
via Alryab. Co~~nect ion with the tide-gauges a t  Chittagong and 
Alryab shows that  an  error of about 3 feet occurred between these 
two places. The cause of this error has not been detected, and this 
section will have to be relevelled. 

A srcondary detnchment was employed on levelling for the 
BhalLra Dam irrijiatioi~ project in the Pulljab. 

No worlr was cnrrictl out 011 the High Precision level net, 
cnmmcnced in 1!)1:Z. 

Tht. l!Iil:;-:i k Irrojiralnmc pr.orid~s for. thc co~~nrc t ion  of the 
Bllrmesr~ an11 S i a n ~ t i ~ e  ~ i e t s  by H.P. Icvelling from KP~~gt i iup  tn the  
Slamrse frontier: r~vis ion Ievcl l i~~g in thc. arcba rli-turbecl by the 
P e w  clarthquakr of l!)20: ant1 a line uf precision levelling from 
Malldalay to Lasl~io. 
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4 .  Deviation, of the vertical. The present scheme is to com- 
plete two lines of -deflection stations a t  close intervals across 
India: one from north to south through Cape Comorin, and one 
east to west from Burma to the Persian Frontier. The work was 
started in 1930 (see Geodetic Report Vol. VII) .  I n  1932-33, the 
Burmese sectmion of the east-and-west line was completed, 44 stations 
being observed. Details are given in Chapter 111, with a chart and 
sections of the geoid. Captain Bomford was in charge of the 
work. 

During 193:3-34 this line will be continued from the Burmese 
Fronhier and through Bengal, and the Burmese geoid will then be 
connected to that already mapped out in Inclia. It is hoped that 
the Siamese and Indo-Chinese Survey Departments will be able to 
conhinue the work into their country. Work will also be started 
a t  Cape Comorin at  the south end of the meridional line. 

A longitude observation a t  I(t3ngtdng (Burma) completed the 
formation of a Laplace station there, (Chapter 111, para 9). 

5 .  Dol~rn Dzin observatory. The longitude observations a t  Dehra 
Diin have been carried on as usual, (Chapter V paras 5 to 7 ) .  
The Shortt clock is now in regular use an? has been working well, 
and Dr. de Graaff Hunter's new type of transit has been giving 
satisfactory results. The observations have been made by Mr. 
R.B. Mathur and Mr. H.C. Banerjea. 

The variation of latitude has now been observed for three 
complete years, and the work has therefore been stopped. As 
reported last year, the am~l i t~ude  of the variation is very large, and 
this is ascribed to meteorological causes, (Chapter V, para 9). 
The observer has been Computer Jagdish Behari Mathur. It is 
hoped to resume the work a t  Agra a t  some future date. 

Magnetic observations have been carried on as usual a t  Dehra 
N n ,  but there is no present hope of re-opening the Kodaikinal and 
Toungoo magnetic observatories. 

6. International Longitude Project. Three transits have been 
employed a t  Dehra Dan during October and November 1933, with 
four different observers, and the Rugby, Bordeaux and Saigon 
wireless signals have been regularly received. The results will 
be given in the report for 1934. (See also Chapter V para 8, of 
this report). 

7. Tide Predictions. (Chapter VT). The ticle-tables for 1934 
have b ~ e n  preparecl as usual, including predictions for Ch%ndl?ili 
and Shortt Island for the first time. 

8. C'liangm qf levcl in Renyrcl. I n  Chapter VII, Section I, Capt?.in 
Bornford tleals further with the evidence of the existence of slich 
change, with  articular reference to criticislns made by Sir Siclncy 
Burrard, who does not accept the conclusions reached in our 
Geodetic Report Vol. VI (1929-30). 
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Sir Sidney strongly recommends t h a t  a standard bench mark 
should be established on natural rock in the  ~~eighbourhood of 
Parasniith, to provide a point for future reference that  mould be 
undisturbed by alluvial settlements. W e  have paid particular 
attention to the provision of such marks in the new level net  tha t  
was commencecl ill 1913, but  i t  is unlikely tha t  we shall be able to 
find money in the near future for the  extension of this net in the 
direction of Bengal. For the purpose of the  present comparison, 
however, any group of bench marks outside t,he alluvial area which 
has remained st,able in the  relat'ive height between one mark and 
andher  is as good as a single rock-cut bench mark. 

The evidence in favour of a %foot rise of the north-west of 
Bengal is accumulated from compariso~ls which cover a wide area; 
it will be of the  greatest interest to see whether future levelling 
supports this evidence. 

9. Gravity. As mentioned in para 1, no gravity observations 
have been made during 1932-3:3. I n  Chapter VII, Sect,io~l 11, 
Major Glennip contributes a note on the effect of terrestrial 
magnetism on invar pendulu~ns. H e  concludes tha t  work which 
has bven done in India has not been seriously affecated, hut  tha t  
mu-metal screens should 1,e employed in fnture as an adclitional 
precaution. 

The gravit,y gradiometer, which gnve unsatisfactory rcsults in 
19:11-:32 (Geodetic Report Vol. VII,  Chapter IV, Section I1 ), has 
h ~ c n  mocliticd by M~ss1.8. Cooke, Troughton and Silnms in England, 
and is no~v in good order. 

The programme for 19:3:3-34 includes 35 to 10 penclulum 
stations in SW. aucl south India, 10 stntio~ls in Crylon. and 5 to 10 
stations in the Maldivcl Islands, which Major C+lennic \\rill visit on 
th(> ship of the John Murray Oceanographic Expedition. 

10. Geodrtic Reports. The a ~ ~ n u a l  reports have hitherto been 
nulnherecl as Vols. I to VIII .  From the present report onwards 
thcp will be known hy the ppar in which they are p repa r~d .  Thus 
th(\ preseut report, for the period Octobtlr 1939 to S r l~ tcmhe~ .  
193.3, which would have been known as Vol. IX, is c.11titled the 
Geodetic Report for l9:33. 

11. The pc~rsonnel of the Geodetic Rranch during the year is 
give11 on the following pages. 
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Reference numbers and Values of "m" and "M" for all Geodetic Series of the' 
Indian Triangulat,ion. ( S e e  Records of the Survey of India Vol. IX, p. 137). 
For 42 Series entering t h e  Siml~ltnneorls Grinding (shown in italics below) hlean Sqrlnrc M - + 1-01 
For 

No.' 

I 
2 
3 

4 
5 
6 

7 
8 

9 

10 
11 
12 

I3  
14 
15 

16 
17 
1H 

I9  
20 
21 

22 
2.1 
24 

2 

Series up  to  No. 107 

Noale of Series 

South Primsnit11 hler. ... 
B~ldhon Nc~ridionnl ... 
An~irn Mcridional ... 
RangirNeridiona1 ... 
Calc~clta Longiltdinal ... 
Orent Arc Neridional. 

dertion 2P-30' . . .  

Bon~hay Longil~rdinal ... 
Orpal Arc Neridional, 

Section 18'-24" ... 
Great A r c  Meridional. 

Sertion 6'-18' ... 
Singi Jferidiond ... 
South Konkan Coast ... 
Kar8m Yer id io~~al  ... 

North Mallnchn Mer. ... 
Chend~oiir Mvridional ... 
Cora Meridionnl ... 

Calratfa Meridioml ... 
South M d i ~ n c h a  Mer. ... 
KhAnpintrn Meridional ... 

Gtir~uani Meridional ... 
North-East Lon. ... 

H111.il5ong Meridional ... 

North-West Himnloya ... 
Crl~~.hdyarh Meridional ... 
East Cow( ... 

L n i t d i n  ... 

. . . 

Seasons 

1831-39 
lR33.44 
1S34-38 

183444 
1834-69 

183.5-66 

1837-63 

1838-41 

184.0-74 

1842.62 
1842-6; 
1843-45 

1 M - 4 6  
1W-f i9  
1845-4i 

lR45-4R 
l84;,-5:1 
1845-88 

1R46-47 
IR4f3-55 
1848-52 

1R*-53 
1848-RZ 
lR4HA:j 

1844-53 
IH.il-5'2 
1851-52 

lR52-5fi 

I";;;2 

185.1-5.t 

Sclunre 

~ P M O ~ U  

1Rfi.i-82 
186.;-67 
1865-80 

18fi'l-78 
1868-i4 
18fiY-il 

1869-73 
1871-78 
1871-i2 

1871,74.80 
1879-76 
18%-79 

18i6-81 

1878-81 
1889-95 

1891-93 
1894-99 
1895-97 

1890.1nrm 

l@oD.l9cf2 191C1916j 
1900-11 

1902-03 
1904-08 

1908-01) 

1 ~ ) 0 ~ . 1 0  
1909-11 
1909-11 

1909-11 
1410-11 
1911-13 

26 / .4hv Xeiidinnal .. 
27 I Nnrfh Plirasnilth Mer. . 

R : ~  ~ i ~ ~ h i  ... 
. lHT,:l-I;l 0.359 0.43 

.,. 1H,j:$.e;( 0.397 0.37 
" Vil'llpornm ... 
H.; S n ~ ~ ~ b n l p ~ ~ r  kleridional ... 

connection 
... 
... 

33 S a l l l h ~ \ p ~ l r  I,, tn lH,i6-si H!I Rllldinn ... 
!lo N n l d r ~ ~ p  39 ( C u t < ~ l ~ ~  I'.>n-t Line ... lH5fi-60 0.975 1.47 
U1 Hills 

... 

... 
4 0  Kitl~iha.rir. !I2 Middle Godimri  Mcrl , i~a~~l.r l  S o  1 ... IH5M-SR 0.930 1.51 K,,hil,,n 

... 

.,. 
94 Cichi r  ... 

1 i n  o 3 ... 1 
,., 

47 i m d n r  Lo~~q~/ tor l~r~nl  ... 

... 

... 

f m 

3.30R 
2.242 
1.64; 

1,643 
0.369 

0.708 

0.844 

0.567 

0.390 

1.187 
2 . l iR 
I .5Oi 

1.2fifi 
0.841 
O.Yi3 

1.173 
1 . 6 M  
1 .22i  

I.lfi.5 
0.446 
1,302 

0,641 
0.914 
0.608 

0.538 
O.Hli 
0,895 

0'%0 

I3:g 

1.348 1911-12 
1911-12 
1911-14 

1912-13 
1912.13 
1913-15 

1913-1.t 
1!113-14 
1913-14 

191.1.-15 
15114-I,; 
1l)14-15 

1911.14 
1911;-li 
1916-li 

1423-27 
1427-28 
1427-28 

1927-2R 
192R.30 
1820.31 

1924.R1 
1930.31 
1431-32 

29 
2!4 
:lo 

46 Y01,tl.n~ dfrr nnd Cons1 ... 
47 K i t h i i r h r  

r l n l  . 4 ,,. 

*R Es7.t Pnlc l r l tn Lon. ... 

1!1 wfln!i,7lh!.r M~ridinnal , 

.;o h.nnlnlln nnd r)arhwil . 
:)I Xi- i t  . 

1 

M = _+ 

k m  

0.380 
0,340 
0.38410.37 

I ,fin0 
0.5fi4 
1.rA1 

0.302 
0,826 
1.405 

1.532 
0,291 
0.522 

0,244 

3.711 
0.418 

3.054 
0.439 
0.285 

I.6ffi 
0.i50 

0.404 

1.323 
0.365 

1.348 

0.221 
0.443 
2.038 

0.596 
O.9Hfi 
O . i U 4  

K;lthiirv~vir Meridionnl . . .  
1:11jorGt Longiludinal ... 
Kilthiiwir Lon. . , . 

... 

11I 

3.26 
2 . 4 6  
1 .8H 

1.79 
0.32 

0.71 

0.74 

0.59 

0.36 

1.14 
1.93 
I .HI 

1 - 4 2  
1.06 
1.21 

1.89 
1.97 
1.07 

1.55 
o'G5 
1.92 

0.55 
1.21 
0.70 

0.60 
0.68 
1 .25  

1 '  11 

].LI 

+p 

0.38 
0.31 

245 
0.70 
2.01 

003a 
0-98 
1-58 

1.82 
0.32 
0.85 

0.30 

4-34 
0.35 

3.01 
0 . I  
0.20 

1.88 
0.81 

0.39 

1-81 
0.) 

1.08 

0.17 
0.31 
3-01 

0.40 
1.m 
0.04 

1.RW 
1.1H4 
0.250 

2 . i q n 3 . ~  

... 

Mer. = SIeriaIionnl Lon. = Lonyitedinnl. 
R-p1nc.d IIJ. l a .  

IRfi1.68'0-4~(i 

lflfi3.%& 
I H R ~  651 

IHli3-73 
1RHl-65 
I86l-1i.l 

2.34 
1-10 
0.21 

2.84 

No. --------- 
52 
59 
.S4 

55 

56 
57 

58 
59 
fiO 

61 
62 
fi3 

64 
65 

66 

67 
6R 
69 

,0 

71 

72 

il 

i j  

i6 
ii 
i8 

80 

H8 

1 .  15% 
0-:ji9 

. . , hlenn 

Name of Series 

B ~ ~ r l n n  Const (See lOfi) ... 
Jubbulpore Meridional ... 
Madras Longitudinal ... 
Assnm Volley Trinngu- 

Intion ... 
Bvahmapulra Mer. ... 
Coimbetore No. 1 ... 

BilCsp~cr Meridional ... 
C~tddapnh ... 
Hyderibid ... 
Yalnbar Const ... 
Jodhpur kllerridional ... 
South Em1 Coast ... 

Enstern Sincl Mer. ... 
S i n u ~  Rrnnch l'riangu- 

Intion ... 
Mnndal.ry >leridional ... 

hlong l lsat  ' ... 
h l a n i p ~ ~ r  L o n g i t ~ ~ d i n a l  ... 
hlnkrin Longitudinal ... 
M~~~~~~~ Lon ... 
Mnnipur 3ier. "' . . .  
Great Salween (See 105) 

K i d a r k n ~ ~ t a  ... 
 lit ~ ~ ~ ~ i t ~ ~ d i ~ ~ l  ... 
~ ~ l ~ ~ ~ h i ~ ~ i , ~  

l,,tiim ... 

~ , , ~ ~ h  ~ ~ l ~ ~ ~ h i ~ t n ~  ,,, 

~ i l ~ i t  ... 
~ h ~ ~ i   ill^ ... 

upper ~ ~ ~ ~ ~ ~ d d ~  ,,, 

dnintin "ills ... 
Bhir ... 

O.R!I911~27 
1 . 0 P  

O.nob 
1.41i:) 

0.40 

1.73 
0.5: 

1-33 

0.43 

0 . ~ ~ 0  45 
I . 7 ~ ? / 1  :50 
2.0.33 1.1- 12 

I 

102 
103 
104 

0.91:1 /O'RB 

0.9l:lll.08 

... 

North Wnsiristin ... 
Chitlngong . .  . 
Mong Hsnt ... 
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TRIANGULATION AND BASE MEASUREMENT 

1. Summary. The season's programme consisted of the 
measurement of three base-lines in Burma. The first, a t  Mergui, 
was the re-measurement of the old base, which mas measured with 
Colby Bars in one rlirection only in 2881-82. The other two, a t  
Amherst and Kaleinyo, were new bases and were corlnected by 
triangulation to the  Burma Coast and the Mauipur Meridional 
Series, respectively. 

As stated in Geodetic Report Vol. VII ,  pape 4, i t  was originally 
intended to have a base a t  Alryab, but though the ground proved 
suitable, a preliminary reconnaissance by Mr. L. R. Howard in March 
193.2, disclosed the  fact t ha t  the majority of the stations of the  Burma 
Coast Series in this neighhourhood had been destroyed by the local 
inhabitants. As i t  would have entailed the reobservation of 
about 10 of the old stations of tha t  series before the connection 
could be effected, this site was abandoned, and the base was located 
near Kalemyo in the Upper Chindwin district. 

The work was completed by the lniddle of March, and the 
health of the detachments was excellent throughout. 

2. Organization. The party was organized in three detach- 
ments. No. 1 under Mr. L. R. Howard, carrier1 out the lay-out of 
Mergui and Amherst bases and preliminary reconnaissance and 
lay-out for the Kalemyo base. 

No. 2 under Mr. M. N. A. Hashmie, carried out the base exten- 
sion and conllection to geodetic triangulation a t  Ainllerst and 
Kalemyo. 

NO. 3 under Lieut. I. H. R. Wilson, R. E., with Mr. P. K. Chow- 
dhurg as assistant, carried out  the actual measurement of the three 
bases. 

It, mas considered best to have a scparatc. dc tac l~~nc~n t  for the 
triangulxtioll worlr bccausc, although the Amhorst, 1,:lst. ext t~~tded 
direct on to the G.T. side Sinclaung H.S. l C ~ a i l i l t a ~ n : ~ ~ \ ~  H.S., both 
tllese statiolls had heen tampt~retl with, :~ntl it was necessary to 
re-occupy two otller statiolls ill order to rc~(1eterminc~ their positiclns. 
The Kalemp site 11ot yet 11eeu reconnoitred, ant1 i t  was not 
 OWTI TI what cb.utra triangulation ( to  retix dcstroyctl or c1:rlnaged 
stations) would be necessary. To have allowed one detnchment LO 
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do both the base-measurement and its extension involved the risk 
of not completing the programme in the time available. In  actual 
fact the triangulation detachment started work some three weeks 
before the base-measurement detachment, and both completed work 
a t  Kalemyo within 3 days of each other. 

3. General remarks. A new type of base tower was intro- 
duced, principally on the score of econolny. Plates III and IV give 
some photographs, and Plate V gives a plan and section of this type 
of tower. It proved quick to  build, economical. and suitable for 
the work. As i t  is of very light design the following precautions 
were taken to guard against the top mark being affected by subsi- 
dence or bendir~g of the tower: 

( a )  The top mark-stone was laid by the triangulator 
himself (when placing his helio squads) from the bottom 
mark-stone, by a theodolite set up both a t  right angles to 
and in the line of the base, using the windows provided. 

( b ) The centring was checked again by the triangulator 
before actually observing from the st,ation. 

( c ) On completion of the work the top mark-stone was 
removed, the tower knocked down to a height of about 9 feet, 
and then the top and all the windows were bricked up and 
cement-plastered. If required for work in the future, it, is 
simple to excavate the bottom windows and lay a new top 
msrk-stone from the ground one. This prevents the utiliza- 
tion of the old top mark-stone by future observers without 
checking i t  from the ground mark. 

( d ) When measuring the base, the base-plug was checked 
against the ground mark by a theodolite set up a t  right 
angles to t,he base, and the error (if any) was measured by 
scale and dividers. 

With very slight modifications the procedure used on the 
K8ngtung base (see Geocletic Report Vol. VII, Chapter VI )  was 
follow~rl a t  all three l~ases this year. Direct levelling between 
tripods (i.e. carried out simultaneously with the base measurement) 
mas never employed, owing to lack of sufficient officers. Except in 
one section of the Kalemyo base, the flatness of the ground made 
such l~rel l iug unnecessary. 111 this section a t  Kalemyo, the line 
croasell n hollow ahout 300 yards broad and 15 feet depp, and the 
73-lnetr(. mire was used for passing in and out of the hollow. The 
flatter slopc1 of the long wire results in a smaller height correctioll, 
so that the usual method of measuring the heights involved 110 

unusnal risk. 

4. Invar wires. The same wires as were used in the 
measurement of the K e r ~ g t i ~ ~ l g  base were again used this seasoil. 
Chapter V, paras 1 to 1.. gives t h ~  results of the stanclardiaatio~lg 
carried out before and after t h ~  fiolrl season, discusses the probable 
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reasons for the changes. and deduces values for the lengths of the 
wires a t  each base. Wires NOS. 244 and 249, which had show11 such 
p e a t  changes since the April 1931 standarclization, were so paired 
that one went into each (i.e. south to north and north to south) 
measure of t,he base, and the arrangement was: 

Field standards . . . . . . Nos. 248 & 252 
Pair I (North to South) ... Nos. 243 & 249 
Pair Il (South to North) ... Xos. 247 & 244 

M m n  lrngth (I[ H R ~ P ,  Ezqt tn Weqt ( \ \ - I I .P~  243 ,rnd 249 I =4!465 ZdH metres. 
Mean Icngth of Hasp, W P S ~  to %st ( W i ~ c q  211.4. and 247) =49li5.237 metres. 

A close watch was kept on the results of the daily comparisons, 
to see that the difference between the two mires of each pair remained 
reasonably constant. The average difference per bay in each day's 
field-work was also checked, and where this did not agree (within 
reasonable limits) with the mean value given by the daily com- 
parisons, the day's worlr ill question was remeasured. By this 
means it was hoped to prevent inaccuracy by not allowing any 
sudder~ changes in the lengths of the wires to pass unnoticed. 

5. Mergui Rase. The old base a t  Mergui stretches from 
east to west across Mergui Island, a distance of about 34 miles. 
I t  was divided into 4 sections of about 50 bays each, and no centre 
station was built. Owing to late mins the ground was waterlogged 
and the paddy u~icut,  with t.11~ result that platforms made of 
woodc.11 sticlrs and sods had to be built for 90 % of t,he tripod 
stations. The actual rn~asurement of the base t.oolr 10 days. 
The fourth section wa.s rc.peated in both direct.ions as the 
o ~ ~ i g i ~ ~ a l  measures clisagrecd, owing tlo some undetected blunder 
having crc~pt in t,he (last,-to-west measurement. Sect,ion 3 was also 
remras~~rerl in one direction, as t'he rcwlt did not conform very well 
with t , h ~  daily cornpal-isons. The speed was slow, b11t worlr mas 
both slow and tiring with 6 inches of mud and up t o  as ~ r ~ a c h  as 
2 feet of water. It was eventually fount1 convenient to limit. each 
day's work to one section. The results were as follows. 

- _ -  - - - _ _ - - 
Mcen of ,408 end ,408, and of ~ 4 0 6  end ~413 respectively. 

Section No. 

'l'otnl ... 

Bast to Wrs t  

No. 243 No. 249 

1250.341 1250. 381 

1249.595 1249,694 

1249.411 1249.4.10 

1215,453 1815.852 

4966.240  4965.2:37 

West to  East  

No. 244 No. 2.17 

- 

1250.382 1260.:340 

1249,593 1249.6!)2 

124R.409* I249 .409*  

1215.856 1215.853 

4965,239  4965,234 

Mean vz~lue 
of 

cxach section 

1250.381 metres 

1249,593 ., 

1249,410 ., 

1215.853 ., 

491i5.237 metres 
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This gives a discrepancy between the two measures of about 
1 in 5,000,000. 

The angle a t  Natkalintaung H.S. was remeasured to ensure 
that the terminal marks had not shifted since the original work in 
1881-83: the new value of the angle agreed with the old within 0.5 
seconds. 

6 Amherst Base. This base runs north and south in the 
paddy fields between Moulmeiu ancl Amherst. It is 84 miles long 
and pract'ically straight throughout, the bend a t  the centre statiol~ 
being only a few minutes of arc. Except for the two most northerly 
sections the paddy had been cut, and only a few mud platforms had 
to be built for the tripod positions. The actual measurement 
offered no clifficult,ies, and the speed of the detachment varied from 
about 70 to 100 bays per day, though i t  was normally founcl best 
to limit a day's work to a sect.ion of 70 bays. 

In  the middle of the south half the line passed over the Kmal~hla- 
chaung, a stream about 200 yards broad a t  high tide. This was 
crossed by two nearly equilateral tria~tgles, the side crossing the 
stream being common to both. One side of each triangle was 
measured with both pairs of wires and the two deduced values of 
the common side agreed within 0 . 4  mm. 

One pair of wires (Nos. 243 ant1 249) showed large changcv of 
length during the first few (laps, but became steady later, and 
consequently the first three days' work was repeated, and the first 
results rejected. Sections 3 and 4 were also revised to give Mr. 
Hash~nie, who was in charge of the triangulation drtachment, some 
experipnce in the work. For these t n o  sections direct levelling 
hetmecbn the tripods mas employetl. The mc.an of the two s ~ t s  of 
measures of these sections has been accepted. The results were as 
follows. 



Chart I1 

BASE - LINE CONNECTIONS 

Geodetic triangulation ol Drevious years - 
j, 9,  ,, 1932-33 

Amherst Base Kalemyo Base 

03" 45' 9 4 O  0' 

Hel io S 1 .  0. Dehra Dun. 













BASE TERMINAL STATION 
Plate V 

PLAN 

Brass plate with 0 inscribed on 

(I2 brick wall, alternate stretcher8 

and '4 helders, If pakka are available. 
If only kachcha mud brlck6,the wall 
should be 6'or 9 th i ck  wlth the,~r?v]sq 

that  the centre clear s ~ a c e  is 1-7x1-7. 

ELEVATION 
(Same for al l  4 sldeo) 

Brass plate with 0 lnscrlbed on i t  

Brass Base-line mark 
set In cement concrete 

ammed earth 

1 It cube of cement concrete wlth n 
Small b l t  of I Inch plpe embedded In It 

Inches 12 6 0 1 2 3 4 5 Feet 
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1,~ngth of B~ISP. North to Snllt11 (Wi l . 13~  243 :mcl 24!1) = 13,582,208 metres. 
Lcngth of B;LsI.. South to Nort,h (J4'irl.s 24,4 :~ncl 2 . t i )  = 13,582,205 olctres. 

This gives a discrepancy between the two measures of less than 
1 in 4,000,000. 

Yean value 
of 

each section 

1702.100 metres 

1653.979 ,, 

1646.391 ,, 

2029,102 ,, 

7081.572 ,, 

lTO2.162 ,, 

1678.509 ,, 

305.916 ,, 

1425.309 ,, 

1438,738 ,, 

6550.634 ., 

13.5H2.206 u~et,res 

Section No. 

1 

2 

3 

4 

Total N. Httlf 

5 

li 

Rivcr bay 

7 

8 

Toin1 S. Half 

'l'oti~l lvngth 
of b:iw 

0.001 metres have to be subtracted from the final valoe, as the 
hasr-plug a t  the North End S t a t , i o ~ ~  was found to have shifted by 
this alnount during the setting of the cement. 

The extensioll was simple, as the base-line lies across the G.T. 
s i t l~  Sinda~ing H. G.-Kgailtkamaw H. S., alid once t,he positio~ls of 
thcsci statio~ls were rc.fixed, the base was long enough to allolv direct 
extel~sion to 1)e employed. S(.e Chart 11. 

North to South 

No. 243 No. 249 

1702,102 1702.099 

1653,981 1653.980 

1646,393 1646,390 

2029,105 2029.100 

7031.541 70:11.569 

1702.164 1702.181 

1678.504 1678.505 

305.916 305.916 

1425.310 1.125.307 

14:38.741 1488.737 

6550.639 li550.626 

1:1.542.220 1:3.5H2.105 

7. Kalemyo Base. This hase is about 30 ~niles north of 
Icalillngo, in t,he IC:~haw valley. It consists of two halves, the 
north 3 .  8 and the south 2 . 8  miles long, with a bt11ltl of about 169' 
at thc centre. 

South to North 

No. 244 No. 247 

1702.100 1702.098 

1653.980 1653.977 

1846.391'' 1646.390* 

2029.100t 2029.101t 

7031.571 7031.566 

1702.159 1702.1(;3 

1678.510 l ( i iR.513 

:106.916 305.916 

1425.310 1425,310 

1438.738 1438.737 

6650.633 6550.639 

1:3.582.204 1:3,582.205 
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The sections of the base were all about 63 bays long, and 
either 1 or 1 4  sections were measured per day. The line ran mainly 
through paddy fields with a few short stretches of jungle which 
had to be cleared. In  the north half three steep-sidecl noilas, varying 
in depbh from 15 to 25 feet,, had to be crossed, one of which required 
the 72-metre wire, and the only difficulty encountered in the 
measuremeilt of the base was that  of getting the wires safely across 
t,hese niLlns. In  spite of the precautions taken, one wire (No. 247) 
got slightly kinked owing to one of the wire-men slipping, while 
crossing a nala. 

Including recon~iaissance, jungle clearing, and building the 
terminal towers, the measurement of this base was completed in 
34 days. 

No sections were remeasured, as the relative lengths of the 
wires agreed closely with their Amherst values. 

The results were as follows. 

Sum of two halves from North to South (Wires 243 and 249)= 10530990 metreq. 
Sum of two halves from South to North (Wires 24.4 and 247)= 10531.028 metr1.q. 

Section No. 

- 

The discrepancy between tlhe two measures comes to 1 in 
280,000. This is a large discrepancy. It occurs in every section 
and is evidently due to error in the accepted lengths of the wires. 

. - . - -_--- 
As the base is not straight, this does not repreeent the distence between the 

two en&. 

North to South 

No. 243 No. 249 

South to North 

No. 244 No. 247 

1 1509.821 1509.820 

2 1548.0i5 1648.Oi3 

Mean value 
of 

each section 
- -- 

1509,827 1509.827 

lG48.OiH 1648.080 

1477.202 147i.204 

1500.fi31 1500.632 

6035,738 6035.743 

1486,337 1486.336 

1496.540 1496.540 

1512.410 1512.411 

4496.287 4495.287 

10.631~025 10,631.030 

I 
3 

4 

T ~ ~ t a l  N. Half 

5 

6 

7 

Tots1 S. Half 

Sum of two 
halves 

1509.824 metres 

1548.076 ,, 

1477.200 ,. 

1500.629 ,, 

6035.729 ,, 

1486,333 ,, 

1496.539 ,, 

1512.408 .. 

4495.280 .. 

10,531.009 mutres 

1457.19i 1477,197 

1500626 1500.fi25 

6O35.il9 6035.715 

1486,331 1486.330 

149fi.534 1496,637 

1612.40fi 1512.404 

4495,275 4495,271 

10,530,994 10.530.986 
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The latter, however, are in  ~ccordance with the daily comparisons 
between the wires, (see Chapter V, para P ) ,  and no satisfactory 
explanation can be found for the discrepancy. 

Owing to shifting of the base-plugs a t  the terminal stations, 
0.002 metres must be subtracted from the final figure for the base 
(i.e. 0.003 is to he sul~tracted on account of the North End Station 
and 0.001 added on account of the South End).  

A diagram showing the extension to  the G.T. side Mwetaung 
H.S.-Noepeji H.S. is given in Chart 11. 

8. Astronomical observations. Astronomical latitudes 
and azimuths were observed a t  all the stations of the base net  both 
for the Amherst and the Kalemyo bases, eleven stations in all. For 
latitude, 3 pairs of north and south circum-meridian stars were 
takeli. In  other respects, the programme was the same as that  used 
at the K e ~ ~ g t u n g  base (see Geodetic Report Vol. VII, Chapter VI,  
para 5) .  The results are given in Chapter I11 of this report, 
Table 2. 

9. Final reduced values. To obtain the final reduced 
values of the three bases, the results have first to be brought to 
Indian feet by the relation 

1 standard yard =0 .914  399 20 metres. 

1 Indian foot = 0 .338  331 886 standard yards. * 
and then reduced to sea-level (spheroidal), the height correction 
being calculated for the spirit-levelled height plus the separation 
between geoid aud spheroid a t  the place. The final values come 
out as follows. 

( a ) Mergui Urzse. The spheroidal height of this base is 
3318 feet viz., 18 feet, the height above sea-level y l ~ ~ s  300 feet, 
the estimated separation between geoid and spheroid. This 
gives a final reduced value for the length of the base of 
16289.988 Indian feet or 4.2119208 log feet. The 1881-82 
measure gave the value as 4.2119177 log feet?, and the 
triangulated value is 4 . 2  11 91 55. The triangulated value 
thus differs from the old measure by 32, and from the new 
by 53 in the seventh place of the log. A(1justing the Burma 
Coast Series in accordance with tht. I I C ~  value of the Mergui 
Irase, the tliscrepa~~cy in log sidr bctwee11 the Indian and 
Smnese t r ia~~gulat ion (see Geodetic Report Vol. VLI, Chap- 
tclr 1, Tablv 1 ) : ~ t  Khao Jamaya H.S. now conles to 0.0000423 
instead of 0.00004'iG, all improvement of no significance. 

( h ) Arnitrvst nave. The separation between geoicl and 
sphcroid is estimated to be 250 feet, malring the spheroidal 
height of' the base 2Gi. feet. T l ~ i s  gives a final reduced 

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

' Src  Qeodctic ltrport Vol. VII, Chnptor VI, pare 6. 
t Thc publishad valne is 4'2119239, but this mas roduccd to geoidal level. 

The f i g ~ u e  now givrn iq the length reduced to spheroidal level. 
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value of the length of the base of 44560 .707  Indian feet or 
4.6489521 log feet. The triangulated value in terms of 
the Burma Coast Series is 4 .6489438  log feet, a discrepancy 
of 0 0000083. 

By direct measurement the log of the ratio of the length 
of the two halves of the base ( S :  N )  is 1 .9692511  while the 
log ratio given by the angles measured a t  Sindaung H. S. and 
Kyaikkamaw H.S. is i .96!)2812.  The very small size of the 
discrepancy of 0 .0000001  is of course due to chance. 

( c ) Kalemyo Base. The separation between geoid and 
spheroid is estimated to be 150 feet, making the spheroidal 
height 623 feet for the north half and 672 feet for the south 
half. This gives final reduced values of the length of the 
two halves of 19801.762  and 14747 .969  Indian feet respec- 
tively, or 4.296i03'3  and 4 .1687822  log feet. The triangu- 
lated values in terms of the Manipur Meridional Series are 
4.2966911 and 4.1687197 log feet, a discrepancy of 
0.0000126.  

By direct measurement the log of the ratio of the two 
halves of the base ( S : N )  is 1.8720283,  whereas that deduced 
from the angles a t  Mwetaung H.S and Nagmauktaung H.S. 
is 1.8720:380. The discrepancy of 0.0000097 call readily be 
attributed to the small size of the angles on which the trian- 
gulated ratio depends. 

As regards the actual accuracy of these bases, the limiting 
factor is the accuracy of the deduced values for the wires a t  each 
base: these are considered to be correct to 1 in 300,000 or 15 in the 
7th place of the log eide (see Chapter V of this report, para 4 ) .  

10. Discrepancies with triangulation. The discrepan- 
cies between the triangulated and directly measured values, given 
above, depend on triangulated values which resulted from the 
prel~minary ( 1916 ) adjustment of the Burma q'iadrilateral. A 
better measure of the accuracy of the triangulati. -an be obtained 
by considering the closure of different series between base-lines, 
using unadjusted values. These are as follows. 

Knlr~nyo ... A m h ~ r s t  ... 71.  52 650 .. -0.000 0035 

K~lp rnyo  ... IC6ngtilng ... 71 68, 72 650 ,, -0~000 0054 

dnrherst ... KCngtung ... 58. 66. 10i 500 .. -0.000 0126 

300 ,, -0~000 0019 

+ See Chart I. 
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The figures in the last colulnll are the measured lengths of the  
base-line mentioned in the second columll minus the length obtained 
from triangulation based on the measured length of the base-line 
mentioned ill the first column. They may be compared wit11 the 
colulnn A S  of Professional 11aper No. 16  Table LII ,  which gives 
the closilig errors between the other bases of the. Iliclia~l triangulation. 
From this table i t  is seen that  the Amherst-Kengtongg misclosure is 
considerably greater than what has beell usual, while the other 
inisclosures are about the same as these in the rest of India. 



LEVELLING 

1. Organization. Two detachments only were formed, one 
detachment being employed on precise levelling for the  Indo-Burma 
connection, and the other on secondary levelling for the  Bhakra Dam 
Irrigation Project in the Punjab. This latter detachme~it  also re- 
connected the standard bench mark a t  Bikaner, which had been 
moved to a new site. 

2. Summary of out-turn. The tot8al out-turn of levelling 
was as follows : 

Precise levelling 485" miles (.540 gross) t .  
Secondary levelling 349 miles (410 gross). 

3. Work of NO. 1 detachment. No. 1 detachment under 
Mr. I.D. Suri, wibh computer Hamid Ullah Khan as second leveller. 
was employed on secondary levelling in connection with the 
Bhakra Dam project for the  Punjab Irrigat,ion department. Details 
of the lines follomecl are given in Table 1. The total distance 
levelled was 3-19 miles (410 gross). On t,he completion of this work, 
levelling mas carried out between the old and new pgrtions of the 
Bikaner standard B.M., which had had to he moved on account of 
building operations. 

Work started on 11th October 19.12 ancl closed on 5th February 
1938. The country through which the levelling was carried out 
mas flat, and 4 to 5 chain shots were used throughout. 

4. Work of No. 2 detachment. No. 2 detachment rlnder 
Xi-. J.N. Kohli, with Mr. Mohd. Faizul Ifasan, as seconcl leveller, 
mas employed on precise level l i~~g for t,he Indo-Burma con~~ection. 
Total mileage 48.5 miles (538 gross). Worlr started 011 let 
November 1932 and closed or) :31st May 10:3:3. 

This line runs from Chittagon: along the  railway line to 
Dohazari, then by road to Daroga Brizar near Rimu. From there it 

Incllldes branch-line to  Akyab, 

t The first of these figures repres~nts the direct distance levelled botmeen 
terminal bench marks. The gross total inclurles additional check-levelling nt ends. 
and brancll-lines toQ.T.  ntilt,iona etc. T ~ P  gross fignre for preciee levellinfi also 
includes 1 mile in each direction for the rcconnection of tho stnndartl I:.'[. at 
Bikaner. 
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goes partly by road and partly across country via Maungdaw and 
Buthidaung to W d a u n g ,  whence a branch-line runs to Akyab, 
closing on the standard B.M. and the Akyab tide-gauge. The main 
line then continues across couiitry via Min Zechaung, Myohaung 
and Dalet to An, crossing t,he Arakan Yoma by the mule-track over 
the An pass, then dowi~ to Minbu via Ngape following the road. 
The country through which the line was carried  consist,^ largely of 
hills where only short shots were possible. Three tidal creeks had 
to be crossed, the largest of which was 35 chains wide. Both the  
target and the micrometer methods were used. 

A large misclosure ( 3 .707  f ee t )  was founcl a t  Minbu rock-cut 
bench mark, so the levelliilg was continued to  the  standard bench 
marks a t  Magwe and Salin, which confirmed the  error. 

The Burma levelling is a t  present based on the Amherst tidal 
station. If we consider a circuit starting from Akyab which goes to 
Minbu and then, following the  Bmma levelling, closes on Ainherst, 
we get a discrepancy of 0 . 6 3 6  feet  betweeu mean water-level 
(M.W.L.) a t  Akyab and M.W.L. a t  Amherst, Akyab being appa- 
rently the higher. These tidal observatories (Alryab and Amherst) 
are near the mouths of the  Kaladan and Salween rivers respectively, 
but their positions with regard to the open sea are such tha t  M. W.L. 
at either place is unlikely to  be more than a few inches above mean 
sea-level. This error ( 0 . 6 3 6  feet)  will be adjusted in the normal 
fashion between Akyab and Minbu, the published values of 
bench marks between Miubu and Alryab being left unchanged in 
accordance with the usual practice. As isegards the portion 
Chittagong to Alryab, however, the levelling shows M.W.L. a t  Alryab 
to be 4 . 7 3  feet below M.W.L. a t  Chittagong. The Chittagong tidal 
observatory is 1 2  miles up the Karnald~uli  r iwr ,  so M.W.L. there is 
likely to be somewhat higher than M. W.L. a t  Akyab, 11ut 4 . 7 5  feet 
is much more than would have been expected. 

The following tahle shows the rise of M.W.L. a t  other riverain 
ports, for comparison. 

River 

Hooghly 

Hooghly 

Dhiimra 

Rangoon 

Moulmein 

Distance 
Upper gauge 

ICiddergore ... 
Diamond Harbour.. . 
Chindbili . . . 

Rangoon ... 
Moulmoin ... 

Diamond I h r b o ~ u  ... 
Saugor ... 
Cl~andnipal (mouth 
of Dliinnra river) . 

Elephant Point ... 

Amlierst ... 

milos 
48 

43 

19 

26 

30 

feet 
1.8 

0.7 

3.4 

0.6 

3.6 
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From this table i t  can be seen that  such a rise as 4 . 7 3  feet is 
unlikely, but  t,he Por t  Engineer a t  Chit tago~ig has provided informa- 
tion which is quite conclusive. There is a gauge a t  Juldia, 9 miles 
below Chittagong, which has twice been coililected to Chittagong by 
spirit-levelling, and this gauge shows t,hat M.W.L. a t  Julclia is oilly 
0 .  i 5  feet below Chittagong. It is evident, therefore, that  the latter 
cannot be more than about one foot above M.S.L. According to the 
levelling of 1881-82, which is based on False Point  700 miles away, 
this figure (one foot)  is 1 .86  feet*, which is in fairly satisfactory 
agreement. 

It can oilly be concluded tha t  there is a n  error of about 3 feet 
ill the 1932-33 levelling between Chittagoiig aiid Akyab. 

5. Invar staves. Iilvar staves, fitted with side bubbles and 
glass reflect,ors to enable the vert,icality of the staff to he checked 
hg the observer a t  the time of reading were usecl by bot,h detach- 
ments. They proved very satisfactory, a i d  are an improvement on 
previous procedure. 

6. Probable errors. The probable errors of the  precise and 
secoildary levelling were computed from the formula : 

where A is t,he discordance between two levellers and L the tobal 
distance. 

7. Progress of the new level net. No high  recision 
levelling was carrier1 out [luring t,llis field season, so the total figure 
given in t'he Geod~t i c  Repot Vo1. VI I  remains unchanged, i.e. out of 
16,800 miles the equival(1ut of 8,915 lniles has beell completed. 

~ .. . ~ - ---. 

* The origin:ll fignrv was 1.36 fcet, but Tidnl R,ccords show that the water- 
l l~vel has since risen by about 0.5  feet. 

Detachment Line Probable error 
~- ---A- 

i 
. ,bet/nailes ' 

No. 1 I)et.zChment Chnlldia;trh-Jagiilhri . +0.0033H 

f0.00337 

+0.00264 

+O.OOSiS 

f0.00306 

+O.O02i5 

+0,0025H 

+0.00214 

f 0.00467 

do. ' .Iagidhri-Karnil . . . 

(In. Butinn-Chandnna ... 

do. ' K~rnil-.Iinrl ... 

do. Rohtak-Pinipat ... 

do. .Jilchal- Rohti ... 

i 1 1 ~  1 Hhirthala-ICotli Manrfin 

(111. I B t,o ncw 
S.B.M., Bikaner . .. 

No. 2 l ) c t a c l ~ ~ ~ r e n t  , Chittagong-Mngwe ... 
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TABLE 1. Tabulav statement of out-turn of work, 
season 19.72-33. 

* Includes branch-line to Akyab. 

Drtnch~~lrnts 
rind 

lines levellei1 

-- 

No. I De lac l tn~~ ir i .  

Branch-line (51 L 
Chnndigarli- 

Jngirlhri 

Branch-line 61 M 
Jngildhri- 

IZarn5.1 

Branch-line fil N 
Bntine- 

Chandilna 

Branch-line 61 0 
Karnil-Jind 

Branch-line 57 Y 
Rohtak-Pnnipat 

Amnch-line 57 Z 
Jikhal-Rohti 

Branch-line 65 AA 
Bhirthal;~-Kotli 

Nnnrin 

Branch-line 5SBB 
Bikaner old 

S .  B. M. to new 
S .  B. M. 

(back and fore)  

No. 2 Uetachnrcnt. 

Branch-line 77 W 
Cllit(sgong- 

Megwe 

MOntlls 

-- 

Oct. 32 to 
Nov. 32 

Nov.32 

Nov. 32 

Dec. 32 

Dec. 32 

Jan. 33 

Jan. 33 to  
Feb. 33 

Feb. 33 

NOV. 32 t o  
May 33 

feet 
Me,,, 

number 01 
stations 
nt whicll 
the ins. 

t n ~ m e ~ l t s  
were 

set  I" 

-- 

1152 

496 

51.1 

776 

614 

558 

836 

66 

12,348 

Rises 

Distauce levelled 

Falls 
c 

i 

Number of 
hench m a r k  

--_e_onneeted- 
primary 

5;  ' 5 5. 

'j 1 
i I 

. .  1 

. . . ~ . . .  

... ... 

... 1 1 

i 
. . . 1 1 

1 
... I 1 

I 

. .  

1 
... 1 1 

feet 

1440 

214 

217 

525 

435 

418 

398 

8R 

25,310 

a a  
d.2 

25 
t;g 

5 
'J 

g 

g"i 

86 

59 

52 

86 

72 

68 

lol 

4 

1 Ieet 

1830 

325 

298 

654 

359 

243 

540 

88 

24.741 

Totnl 

. .. 

MIS. 

66 

36 

34 

58 

45 

48 

62 

2 

4%' 

(MIS. 

16 

li 

8 

4 

8 

4 

15 

... 

53 

( Mls. 

HA 

42 

42 

62 

53 

52 

57 

2 

538 
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TABLE 2. meek-levelling. 

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

Bench nvh of the original levellnu that 
were connected Ior check-levelling 

No. 1 Description 

m 

Zd m a 
g 0 

I I /miles I I feet I feet 1 feet 
-- -- -- - - - 

At Chittagong on, line 77 W. 

&"o wna 

Observed height nbove f +) or 
belor - )  s U ~ n g  beYII mark, 

as determined by 

Differenw 
(check- 
originnll. 
-nesiso 
+ d.M 

that the 
height 

0.000 
+ 0.009 
+ 0'010 
- 0.032 - 0'0'20 
- 0 020 
- 

k 

68 
67 
63 (55) 

Between Magwe and Salin on line 77 W. 

0'00 
0'02 
0'98 

61 
54. 
51 

79 N 
,, 
,, 

0'000 
OJ300 
0,000 

+ 0.015 
+ 0.077 - 0.120 
- 0.089 
- 0,118 
+ 0.248 
- 0'063 
- 0'095 
+ 0'030 
- 0'451 
- 0'681 - 0'101 
- 0'133 
- 0'134 

1910-13 ' 0.000 .. 1 + 1'849 
, 1 - 0'969 

S.B.M. Chittagong ... 
Culvert ... 
Embedded B.M. . . . 

19 
20 
21 
24 
112 (23) 
113 (27) 
121 (31) 
124 (33) 
125 (34) 
128 (35) 
131 (37) 
134 (30 
136(38{ 
137 (40) 
43 
62 
61 

0.000 
+ 1.858 
- 0'959 

1911-12 
,, 
,, 
, 
,, 
,, 
,, 
, 
,, 
,. 
,, 
,. 
,, 
, 
, 
, 
,, 

- 64'009 
- 33'309 
- 31'274 

,, 
,, 
,, 

84 L 
,, 
,, 
,, 
,, 
,, 
,. 
,, 
,, 
,, 
,, 
., .. 
,, 
,, 
,, 
,, 

0.000 
- 1'089 
+ 0'911 
+ 70.021 
- 4.467 
- 1.217 
- 1.781 
+ 3'638 
- 0.546 
- 5'026 
- 8.821 
+ 18'869 
+ 6.823 
+ 11.491 
+ 24.633 
+ 43'687 
+ 43'481 

Pillar ... 

0'000 
- 1'089 
+ 0'911 
+ 70'036 - 4.390 
- 1'337 
- 1.870 
+ 3'420 - 0'298 
- 5'089 - 8.916 
+ 18'899 
+ 6'172 
+ 10'910 
+ 24'632 
+ 43'664 
+ 43'347 

S.B.X. Magwe ... 
Culvert ... 
Embedded B.M. ... 
Rock in situ ... 
Embedded B.M. ... 
Iron plug ... 
Embedded B.M. ... 

DO. ... 
Milestone ... 
Bridge ... 
Zinc plate . . . 
Embedded B.M. ... 

Do. ... 
Iron plug ... 
Embedded B.M. ... 
Zinc plate . . .  
9.B.M. Selin ... 

0.00 
0'20 
0.29 
4 01 
4'28 
4.71 
2.36 
3.36 
4'30 
6'55 
9'88 
13'33 
16'19 
15.68 
20.01 
31.66 
31'68 

Bridge - 33'289 
Rly. bridge ... 3'60 .. - 31'254 

2'40 ,, - 53'977 
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TABLE 3. List of trianguhtion stations connected by spirit-levelling, 
seaeon 1932-33. 

Height above 
mean sea-level Difference 

Name of station (Trian.-Lev. ) R E  M A R K  s 
Spirit- Trian- 

levelling gulation 

feet feet .feet 

Burma Coast Series 

Sitnlchhari H.S. 431,756 434 + 2 Upper mark-stone. 

 at. 2 i  18 461127 
Long. 92 2 34.558 

North- West Himdlaya Series 

Chitan ( Chautan ) S. 1035.250 10:N + 1 Lower mark-stone. 

Lnt. 36 2d 14y55 
Long. 77 1 31.23 

Rdhon lle~idional Series 

Rstha-k11c.r;~ T.S. 740.617 73H* -3 Ground floor mark- 
stone. 

Lat. 2; lf 7130 
Long. 7ti li 27.55 

Jaukl T.S. 779.887 779* - 1 Ground floor mark- 
stone. 

Lat. 36 $ 22'.'48 
Long. 75 55 15.51 

Ra,l;illr.~~. T.S. 788.872 790* + 1 Cfro~~nd floor ~narlc- 
stone. 

Lnt. :I; zi syia 
h g .  - r .I - 5.j 5:3. 75 

- ~ p~ 

* 'I'hc heights pt~hlished in t,hr tl.i;ungulntion p~n1l>l i l~ t4  r ~ f e r  ~ , I I  the top nii~rli- 
stones, which are 30. :jO and :iH ft.tlt rrnpoctivcly nhove thc gro~nlrl floor ~nal,k-stonr-s 



DEVIATION OF THE VERTICAL 

1. Summary. Both components of the  deviation of the ver- 
tical mere observed a t  44 stations, a t  intervals of about 12 miles 
along a line stretching ronghly east and west across Burma. The 
astronomical observations were made with a prismatic astrolabe, and 
personal equation was determined by comparative observations with 
a transit telescope a t  every fourth station. These observations pro- 
vide a section of t,he geoid up to  the frontiers of Siam and Indo- 
China. I n  1933-84 this work is being continued to  the  west, from 
the Indo-Burmese frontier into Bengal, where the form of the Indian 
geoid is already fairly well known. I n  future years i t  is hoped to 
continue the sect,ion across India to the Persian frontier, and also to 
complete a mericlional section from Kashmir to Cape Cornorin. A 
part of t,he latter was observed in 1950-31 (see Chart  VIII),  and 
work a t  the Cape Comorin end will be begun in 1933-34. 

Longiturlp observations a t  Kengtting completed the  formation 
of a Laplace station there. 

2. Astronomical observations. The astrolabe used wag 
of the Claude and Driencourt pattern, geodetic model. At eacli. 
station observations were made on one night only, and lasted about 
two hoors. About 30 stars were observed, 8 or 10 near the prime 
vertical and the rest fairly evenly clistributed through the four quad- 
rants. The inclusion of the prime vertical stars was to improve the 
accuracy of the east-and-west d~via t ion,  which is the important one 
in an  east-and-west section of the geoicl. 

The transit was of the hent type, reversible, with a hand driven 
i lnprr~onal micrnmete~ eye-piece. It was ilsecl on a portable iron 
stand. The normal programme was eight time stal-s and two azi- 
muth stars. The instrument was set in the  meridian by means of 
a table, previously prepared, showing the clistance of Polaris from 
the meridian ( i n  divisions of the micrometer eye-piece) a t  different 
hour angles. 

The wireless receiver wae Marconi'e R.P. 11 type, used without 
the phasillg utiit,. but  with a 30-foot pole aerial in addition to the 
frame. Two signals were received on working days, generally the 
Rugby 10.00 and 18.00 G.9.T. signale (16.30 and 00.30 Burma 
time). They were received by the coincidence method, the telephone 
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circuit being interrupted by a break-circuit chronometer. The mid- 
night signal was always strong and clear, but  the  afternoon signal 
was sometimes weak during early November and late February, and 
it is doubtful whether i t  could have been received cluring April to 
October. The Naueil 12.00 G.S.T. signal mas sornetilnes used instead. 
On one occasion when no afternoon signa! was received, two series 
of astrolabe observations were made, one closely centred on the 
midnight signal, and the  other some hours earlier, to rate the 
chronometers. 

Three chronometers were carried, a break-circuit sidereal 
chronometer by Mercer, a break-circuit meall-time clirollomc~ter by 
Kullberg, and a 11011-break-circuit sidereal by Dent. They were com- 
pared with each other a t  all times of wireless reception, and also a t  
the end of ast,rolabe or transit observations. Merce~. and Kullbcrq 
were directly compared on the chronograph. Dent was compared 
with Mercer by eye and tappet. 

A two-pen chronograph was used, running a t  a speeil of 0'3 
~nches per second. Siemens' inert cells were used for all purposes, 
rxrcpt for t,he wireless high tension which was supplied ljy a Pertrix 
dry battery. 

3. Personal equation. The Transit was used in addition 
to t h ~  astrola1)e a t  every fourth s t a t i o ~ ~ ,  aud the differences hcltween 
tlir lo l~~i tu i les  detc.rmined by the two instrumc>nts are givcln in 
1'al)l~ I. Thrb means shown in the third and fotuth cc~luinns of the 
tal)ltb i~~( l i r a t c  tha t  there was no progressive change of ~ ~ e r s o n n l  
~qt~at ion doring the srason. The c1i:mges from day to day are due 
to casual error, iiot to c,hange of personal e q u a t i o ~ ~ ,  ant1 a constant 
correction of + 0" 12 has bern applied to astrolabe longitudes to 
bring thcln into terms of the transit. 

The personal equat,ion of the transit was determined Ijy obser- 
vations at, Dehra Dan before and after  the field worli. Thtl results 
are given below: 

5th October, 1932 Sh 12" 11" 76 * 
9th ,, ,, 

11th ,, 9 > 

,, 

11'.1 
l - i th March, 1933 
16th ,, 
17th ,, 9, 

21st ,, 11 

Thb. old value of the longitnrl~ of Dehra Diln, which is in the* 
name ttwnq 8s all other Iurlian longit,tlrle stat,ions, i~ 5'' 12"' 11" 77, so 
that t h ~  transit requires a C O ~ Y ~ \ C ~ ~ ~ I I  of - 0'. 12 to  hl.ing i t  to t h ~ ~ f .  
terms, xnrl t,he t,otal correction to the astrolable longitudes is 
0'. 00. 
\- - - - -. - - - -~ - - - - - - - -  . 

H~*icrterl. The observcr wa9 out o f  practice. 
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If i t  had been known tha t  the  astrolabe personal equa- 
tion would be constant throughout the  season, i t  would have been 
better to have made the  comparative obserratiolls a t  Dehra Dan with 
the  astrolabe itself, and the  transit  observations could have been 
dispensed with entirely. I n  a future year, with the  same observer, 
it would be safe to  do this, bu t  with a different observer (whose 
personal equation miqht not be su5ciently constant), the transit 
would have to  be taken out to  work. Comparative observations at 
Dehra Dtm woulcl, however, be made with both instruments, so that 
if the personal equat,ion did prove t o  be collstant i t  could be directly 
determined from the  Dehra Diin observations, instead of indirectly 
through the  transit observations. 

4. Geodetic positions. The geodetic positions of the astro- 
nomical stations were obtained by resect,ion from existing triangulat- 
ed points, except in three cases when they were fixecl by traverse 
from trigonomet'rical stations. Six to eight points were generally 
used for the re~ect~ion,  wit,h a polaris azimuth if their distribution 
was a t  all imperfect or their iclentificat,ion especially doubtful. In 
some cases, when few clear points could be seen, the  distance t'o one 
or two of the  nearest was measured by means of a 10-chain base. 

Except a t  8 stations where only a quarter-inch map was 
available, and a t  one other where there was no local cletail, the 
trigonometrical resectiol~ was checked by a plane-table fixing, from 
the published one-inch maps. The possibility of fixing by plane- 
table from map detail is of importance from the point of view of 
getting rapicl work, especially in flat coulttry whcre trigonometrical 
fixings are clifficult,. A t  35 stations the worst difference between 
the trigol~ometrical and plane-table values of latitude and longitude 
was as much as 54 seconds, a serious amount: the average wa8 
2 . 3  seconds. It must be remembered that  the stations were selected 
wlth a view to getting good trigonornetrical fixings, and not with a 
view to having clear local detail to fix from 011 the  plane-table. The 
worst discrepancies occurred in the middle of thickly jungle-covered 
hills. It is concluded tha t  every effort shoulcl be made to obtain 
trigonometrical fixings, but  tha t  in a locality H here the two method0 
are found to agree well, a proportion of plane-table fixings could 
be accepted, if necessary, a t  places where clear local detail wBfl 
available and self-consistent. (See Geodetic Report Vol. VII, 
Chapter IV, para 4). 

5. Probable errors. The probable errors of the different 
processes are discussed below : 

( a )  Determination of local time by astrolabe. The accord- 
ance of the different groups of four stars gives an  average 
probable error of 0". 40 in latitude, and 0L.018 in time, for 
a nlght's work. 

( b ) Time ke~ping of clocke between stars and wireless. The 
three clocks having been compared a t  the time of wirelee0 



CUP. 111.1 DEVIATION OF T H E  VERTICAL 19 

reception, their discrepancies from the "mean clock" a t  
the time of star observation give a probable error of Ok017 
for the probable error of the mean. 

( c ) Determination of time by transit. The accordance of 
different time stars gives OCO17 for the probable error of a 
night's work. 

Combining (a), ( b )  and (c)  gives 0" 030 for the probable diff- 
erence between the astrolabe and transit on any one night. The 
figures in Table 1, however, give O"O43 for the probable value of 
this difference, a larger figure, as is generally obtainecl when external 
evidence is compared with internal. The figures given in (a), (b)  
and (c) above should therefore be multiplied by 1.43, when consider- 
ing the probable error of the whole operation. 

( d )  Wheless reception. The error of reception is negligi- 
ble compared with other sources of error, say O"01, but the 
error of its comparison with local time a t  Greenwich must 
be considered. This is probably not greater than 08.01. 
Total Oh014. 

( e ) Personal equation. The figures of Table 1 give 0'. 012 
for the probable error of the mean difference between transit 
and astrolabe. The figures of para 3 give O"012 for the 
probable error of the personal equation of the transit, but 
this is clearly too low, for they are not all independent: 
March is coilsistently higher than October. It is well known 
that the longitude of a place always appears to fluctuate, and 
the probable error of a few days' work cannot be taken as 
less than OL020. Colnbining this with OS.012 for transit 
minus astrolabe gives W.023 for the probable error of the 
total personal equation of the astrolabe. 

( f )  Geodetic $sing. The possible error can be estimated 
from the resection diagrams. I n  10% of cafies it is 2 seconds 
of arc, and i t  averages ON - 9. The probable error is of course 
less than the possible error, and may be taken as not more 
than ON.4 or W.027. 

Of the above errors all except ( e ) ,  personal equation, are casual 
errors, independent a t  adjacent stations. The total casual probable 
error is therefore 0". 6 in latitude and O". 047 (or 3". 7 ) in longitude, 

which must be added a probable systematic error of Oq.023 
(or 0" -35)  in longitude only*. I11 cleterlnining the difference of 
geoidnl height between two stations 12 miles apart, an error of 0". 7 
corresponds to 0 .21  feet, while one of o"'3.5, corresponds to 0 . 1 0  feet. 
The total probable error in the height of tho gcoitl aftei 44 stations 
is therefore 4 4 4  (0 .21  12 + 442 x ( 0 -  I()? or 4 . 6  feet. 

-- -- 

* This ignores gystelnntic error dne to imperfection of the geodetic t l l n n ~ u -  
lation framework. [t may well be appreciable, and ~csrl l ts  nlll clln~lgr when the 
triangulation is re-sdjusted, but that 1s n mattor for discussion at  the time of 
re-~dJustrnent. 
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8. Narrative of season's work. The party consisted of: 

Captain G. Bomford, R.E. 

1 Computer. 

15 W a  coolies, permallently engaged. 
45 Yunanese ponies (35 to start  with). 

2 Interpreters. 

Work started a t  Monywa on the Chinclwin river on 2nd 
November. The coolies and ponies were obtaillecl from Syed Ismail 
of KGngtiing, who delivered them a t  Monywa within one day of the 
appointed date. From Monywa the party moved west, making 
ob~ervat~ions, until the Indian frontier was reached west of Haka in 
the Chin Hills. They then marched back to Monywa, and worked 
east to the Indo-Chinese frontier, completing the geoidal section on 
24th February, and returning via Kengtthg, where the coolies and 
ponies were discharged. Except for a few wet days and cloudy 
nights in November, the weather was very good throughout. The 
khalk9i-s and coolies suffered considerably from fever, colds and sore 
feet in November and December, but otherwise kept well. One Wa 
cooly died and one had to be discharged. The ponies also got into 
very bad condition in the Chin Hills, partly because the steepness of 
the road, and partly because they could get no rice. 

The normal routine was to march in the early morning. reach- 
ing the next station in the afternoon. The trigonometrical fixing 
and polaris azimuth were observed in the evening. The next 
morning the observatory mas set, up, computations were carried out, 
and wireless signals were taken in the afternoon. Stars and t,he night 
wireless signal mere taken a t  night, and camp was moved the next 
morning. Provided the weather is good, and the road not too devious, 
it, is possible to observe 15 stations a month on this system. Between 
23rd December and 24th February conditions were favourable and 
:32 stations were observed in 64 days. 

7. Computations. The following computations were carried 
out in the field : geodetic fixing, wireless reception and clock com- 
parisons, transit computations, and the reading of the astrolabe 
chronoyraph shepts. The geodetic 6xing was always computed before 
lravinq the station in case misident,ification of points called for 
furthpr worlr, arlrl the wireless reception snrl clock coml~nriso~l mere 
c o ~ n p l ~ h ~ r l  a t  thr following station, in order to early warning 
of any il.r~gu1arity in the chlqol~ometer. 

The computations were completed in recess in the ObservatoV 
Section. 

The mir~lees times have been corrected in t~ccordance with the 
"defil~itive" lists of the Bulletin Horaire. The geodetic fixings are 
in terms of the lateet G.T. values, i.e. thoee now publiehed in the 







CHAP. 111.1 DEVIATION OF TKE V'ZRTICAL 21 

triangulation pamphlets, amended by the  1929-31 re-observation of 
the Mong Hsat  Series as preliminarily adjusted on to the  Great 
Salmeen Series. 

8. The geoidal section. Table 2 on pages 24 t o  29 
gives the deflections obtained, with reference to the Everest and 
International* spheroids. Chart X I  has been constructed from these 
deflections with rather doubtful extensions to Kalemyo and Kengtiing 
based on cleflections observed in connection with the base-lines there. 
The geoiditl c o n t o ~ ~ r s  are based on an  arbitrary datum, since the 
section is not yet connected to the Indian geoid, and the  contour 
values may perhaps have to be changed by as much as 20 feet. 

Plate XI1  gives a section of the geoid along a straight line 
across the area surveyed. It also shows the topography, and the 
compensated geoicl. The latter has not been calculated by integration 
of the Hayford anomalies, as all have not yet been computed, hut  by 
calculation of the separation between the two surfaces, as explained 
in Geodetic Report Vol. V, pages 77 to 79. 

Until the work of 1933-34 connects this section to the  rest of 
India, discussion is premature. It can be noted that  the geoid 
follows the topography in rising under the Chin Hills and the  Shan 
plateau, esl)ecially the latter, and in being relatively depressed under 
the Chindwin-Irritwaddy plain. The greatest depression occurs 
under the tertiary Pondaung Range a t  the foot of the  Chin Hills. 

There is a noticeable constancy in the meridional deflection, 
which averages .5" or 6" south. Similar values have been obtained 
at Prome, Rangoon, Moulmein and Mergui. If these values are 
typical of southern Burma, the total rise of the geoid between 
Mandalay and Mergui mill evidently be very great, but  more data are 
needed. It is to be hoped that  the Siamese Survey will observe 
latitudes along their lneridional arc. 

9. Kengtung Laplace station. The completion of the 
Laplace station a t  KBngtung shows the necessary correction to the  
geodetic azimuth there to be - 12". 3. A correction of - 10" had 
been anticipated (Geodetic Report Vol. VII, Chapter IV, para 8 )  
and the result is satisfactory. The deflections previously deduced 
fl.0111 the Kengtilng azimuth stations require consequent modification, 
and reviser1 values are included in the table a t  the end of this chapter. 
The dr~fle~ctio~ls based on azimuth observations near the Kalemyo 
base (sp(, Chapter I )  are hased on the assumption that  the proper 
correction to geotletic azimuth ie -84" there, this figure being 
obtainetl by intcrpolntion hetnrren Chittagong ( - 7") and Kengtimg. 
-%- -- 

' 1 e. I n t e r n a t l o n ~ l  axes and tlcflc.ctions of 3"-02 S. lind 3".17 W. at  KnliRnpur 
origln. 
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TABLE 1. Longitude b y  transit minus Longitude by astrolabe 

Date 

1932 

Nov. 3 

7 

Difference 

sees. 

+ .04 

+ . 2 3  

Xesns 

sees. secs. 

191 + . 1 2  

secs, 

28 

Dec. 23 

31 

1933 

Jan. 8 

16 

25 

Feb. 2 

10 

18 

M a  1 

+ . 1 4  ' 
i 

+ . I 5  

+ .10 

+ . I 1  

+ . 2 5  

+ . 0 1  

+ . l o  

+ .07 

+ . l o  

+ . I 2  

+ ,17 

+ . I 4  I + . 1 3  

1 
+ . l o  / ~ I 
+ .13 

+.OR 

+ . I 3  

+ el1 

+ .12 
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TABLE 2 

2 
3 m 

631 

632 

633 

634 

-. 
635 

636 

8.17 
- 
ti38 

ti39 

2 - 
m 

84 F 
-- 

F 
-- 

F 
--- 

F 
- 

F 
-- 

J I  
7 
-- 

J 
-- 

J 

640 

ti41 

642 

J 

J 
-- 

N 
-- 

Observed at 

Ishan Taung ... 
Chnupidaung ... 
Haka ... 

Cdcuhte4 DeBec 
tions. 

Uncompenssted 
To~olne~hg to 

2.N m~lea 

Meridirnl P.V. 

643 N Kyaukkn ... 50OH + 8 .0  - 7.6 - 0.7 - 1.2 - 0.8 - 1.4 

---- - 
644 N Q~veyin . .  600' + 6 . 1  + 1.9 - 0.7 + 0.5 - 3.7 - 3.4 
- --- -- 

4 N Shwegyaunggan 300' + 7.6 - 2.1 0.200.5 - 3.5 - 6.6 

Height 
in 

feet 

2000t 

5000t 

- 
6000t 

International 
Spheroid 

Deflections 

Meridhl  P.V. 

I, 

-- 

- 

Qaugnw ... 
Kywenan ... 
- 

Kya~ingywn ... 
- 

Calculated Delec- 
tions. 

Harford Syetem 

M e d i m 1  P.V. 

,I 

- 

Chauria Klang 6000t + 7.9 - 3.1 

-- 
646 fl Yinmagyin ... 

-- 

-- - 5 3  

Koi Zang Klang 

Yinmabin ... 

700' 

550' 

- 
250' 

Approximate heights. 
t Very rough heighte. 

4.00' 
---- 

200' 

300. 

300*+ 

3OOm 

400' 

4000r 

4000* 

4400' 

3900. 

647 

648 

649 

660 

+ 6.2 

" 

+ 7.5 
- 
+14.0 

- 
+ 3 .1  

Chinbyit ... 

Aingma ... 

3500t 
- 

400' 

+ 9 .4  

+ 7.7 
-- 
+ 9.0 

---- 

+ 7.8 

+ 5.6 

--- + 6.7 

-- 
6.5 

+ 3.0 

0 

-- 
0 

-- 
93 C 

-- 

Knnthet ... 1800' + 6.7 - 0.8 - 1.7 + 2.6 - 6.7 + 3.5 

500' 

900' 

Paganyat ... 

Sagainpanya ... 
Kyaukse ... 

C Y e w u n  ... 
.. .  

" 

- 

+22.6 

----- 

' I " 

+ 6.4 

- 
+ 6.6 

+ 8.3 

---- + 5 . 5  

-- - 3.5 

- 6.6 

- 8.3 

- 6.8 

- 8 . 0  

- 9.4 

653 

664 

666 

+ 19.2 
- 
+ 11.4 

+ 9 .4  

+ 6 .4  

- 

+ 0.3 

-- 
-15.8 

- 0.1 

+ 0 .4  

+ 0.6 

-- 

__------ 

--- 
C 

-- 
D 

-- 
D 

+11.9 -21.0 

+ 1.9 -11.7 

-12.0 

- 7.2 

-------- ---r---- ------- 
--------- ------- 

... 

Le-ywa . .  

Pwela ... 

He-ho ... 

+ 1.3 

+ 4.3 

+ 2.6 

- - 1.0 

+ 1.6 

- 0.7 

+ 1.8 

I 

----- 

-13.3 

- 3.3 

+ 0.3 

- 
+ 3.1 

- 0.1 

------- - 1.3 

+ 0.3 

-- 
- 3 . 9  

.- 
- 2.8 

-- 

-- 

+ 5.3 

+ 5.9 

+ 5.5 

- 1.0 

P 

t 0.2 

- 

- 4.6 

- 6.9 

+ 7.2 

+ 6.6 
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TABLE 2 

g 
3 
P 

656 

g 
% 

4 

93 H 

lTeight 
in 

feet 

4700' 

Obsemed at 

Ta~mggyi ... 

4200' Ho-nam . .. 

M6ng Pawn ... 
Wan Maii ... 

657 

ti58 

659 

International 
Spl~eroid 

Deflections 

Mefidinnl P.Y. 

+ 8.2 -11.5 
H 

-- 
H 

I1 

660 

661 

ti62 

' ' I  ' 

+ 2.8 - 4.1 

Calculated Detlec- 
tions. 

HwIord System 

MeridimI P.V. 

------- 

H 
-- 

H 
-- 

L 

Cdculoted Deb. 
tions. 

Uncompenated 
Toposmply to 

251% mila  

Meridinn I P.V. 

4700' 

3300' 

- 

663 L Wan Hsa-wa ... 3300" + 9.6 t 1.4 

-- 

-- 

-- 

' 

Hai-pak ... 1 3200' + 6.0 + 1.4 
i - 

664 

665 

-- 
666 

667 
- - 
668 

689 

671 

- 

- 

" I' 

+ 4.9 
pp 

.I- 6.1 

- 

Mangnai . . . 

Langhko ... 

" 

-- 
L 

-- 
L 
- 

L 
-- 

L 

P 
-- 

P 

6 7 O ~ H ~ u p k i n  

P 

+ 2.6 

3200* 

1000' 

672 P 

+ 2.2 
-- 

M6ngpan 

LoiSang . . . /  

W i n  Hsa-la. ... 1 800' 

674 

- 

+ 4.4 

+ 6.3 

40OOb+12.5 

+ 8.5 

-- 
P 

+ 3.7 

- 0.1 

Win Na-niu .. 2100' 

Mi3ngit ... , 2500. 
- I 
LoiPang . . . I  ...I lOOO"+ 

~ o i  ~ ~ a m - ~ s u m  ; 5000L 

...'=+m+0.3-- 
+ 2.4 

+ 0.8 

Hawng Liik ... 
675 

- - 1  
656 

6'77 
- - - 
ti78 

-- 
679 

680 

------- 

+ 3.6 

+ 3.Z 

4000*+8.6 

5 . 8  

+ 6.2 

* Approximate heights. 

84 I 

I 
-- 

I 
- 

I 
- 

I 

I 

- 

I------- 

------- 

1300" 

Noepeji H.S. ,3756 
- 1 - 
Mwetaung H.S. 3381 

~ ~ 

N a g m a o k t a u i & %  
H.8, 1 

- 

+ 7.1 

- 0.6 
+ 0.3 

+ 1.8 

- 3.5 

+ 1.4 

+ 4.4 

. pp 
Kalenlyo Base 

North S. 
Kalemy0 Base 

Centre S. 
Kelernyo Base 

South 9. 

!------.- 

-------- 

------- 
------- 

+ 3.1 

- 
616 

434 

437 

+10.7 

+28.9 

z i  

- 0.4 - -  
------ 
- -  

- 3.3 

o.0- 

-- 
- 

---- 

- 
+ 26.4 

7d3.3 

- 
- 

- 
-- 
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- -  

j 

866 

-- 
657 
- 
666 

659 

660 

t i c  
- -  
662 

663 

664 

665 

ti(i(i 

. - 
667 

668 

- 
869 

- 
670 

871 

672 

673 
- 
674. 

675 

676 

678 

679 

68% 

- 
EVDREST'S SPHEROID 

Name of station 
Lntit~ide 1 Lonatude I A z m l ~ t h  1 obwrved Azimuth fT-y- Meridian P.V. 

0 , 0 

A 204620 .6  
Q 2046 12.9 
A 204832 .1  
Q 20 48 29.8 
A 20 48 49.4 
Q 204845 .0  
A 2045 28.5 
Q 204522 .8  
A 204,4 31.9 
Q 2 0 4 4 2 6 . 3  

-- 

A 20 30 26.1 
0 20 30 22.0 -- 
A 20 20 16.6 
Q 202011.6 
A 20 13 53.5 
Q 20 18 44.1 
A 2 0 1 9 0 0 . 9  
5 20 18 55.1 ---- 
A 2022 26.4 

A 2087 OW.(; 
G 20 26 58.2 - - . - 
A 2021 35.3 
Q 2021 31.9 
A 20 18 26.0 
Q 20 18 21.9 
A 20 19 35.4 
Q 2 0 1 9 2 6 . 9  
A 20 26 26.8 
Q 20 26 21.0 
A 20 27 04.8 
0 202668 .7  
A 20 26 46.4 
Q 2 0 2 5 4 1 . 1  
A 2 0 2 6 0 6 . 0  
Q 2 0 2 6 0 6 . 4  
A 20 28 1% 

2 0 2 8 0 8 . 2  
A 23 20 53.9 

23 2064 .2  
A 23 27 60.8 
Q 2 3 2 7 4 8 . 1  
A 23 2~ 33.5 
a 232834 .6  
r 5 5 9 ~ ~ ~ 4 -  

23 29 11.4 
A 28 26 03.6 
"33607.3 
EF!! 4oTi- 

232342 .4  

0 , I, 

A 97 01 35.1 
G 97 02 03.4 . - . -- - 
A 97 13 30.5 
G 97 13  51.0 -- 
A 97 26 52.7 
G 97 27 06.2 
A 97 36 55.4 
G 9 7 3 7  09.4 
A 97 49 47.0 
Q 97 5 0 0 2 . 0  
A 97 52 0 7 7  
B 97 52 19.7 
A 98 00 06.3 
Q 9 8 0 0 2 3 . 1  
A 98 08 03.0 
G 98 OR 18.3 
A 98 2 2 0 6 . 3  
G 98 22 22.9 
- 

A 9H 32 33.6 
a z o n i 4 . o ~ s s 3 2 - 1  

A 9R 39 01.2 
G 9R 39 17.4 
- . . .- - - -- - - 
A 9H 50 41 .3  
G 98 50 60.8 
A 99 OiJ 07.4 
G 99 02 25.3 - 
A 99 09 20.4 
G 9 9 0 9 3 7 . 5  
A 99 16 66.6 
Q 99 17 12.2 

G 99 26 21 .8  
A 3 c 3 3  67.9 

Q 9 9 3 4  16.6 

Q 9 9 4 3 3 7 . 2  
A 99 65 39.0 
Q 9 9 6 5  67.4 

Q 94 15 08.6 

Q 9 4 , 0 0 5 3 . 6  

Q 9 4 1 0 2 5 . 4  

Q 94 07 01.6 

Q 9 4 0 6 4 7 . 9  

0 9 4 0 6  27.1 

+ 7.7 

-- 
+ 2 .3  

-- 
+ 4 . 4  

+ 5 . 7  

+ 5.6 

- + 4 . 1  

-- 
+ 5 . 1  

+ 9 . 4  

-- + 5.H 

-. + 12.4. 

+ 8 . 4  

+ 3 . 4  

+ 3 . 1  

- 
+ 8 .5  

+ 5 .8  

-- - + 6 .1  

+ 6 . 3  

- 0.4 

- + 3 . 1  

- 0 . 3  

+ 2.7 

-- - 1 . 1  

- 5 . 0  

- 3 . 7  

--- - 1 . 7  

-23.6 

-16.3 

- - 9 . 7  

--- 
-10.2 

-11.1 

- 
- 8 .8  

-12.8 

--- 
-11.4. 

-12.6 

-- 
-10.6 

-12.2 

-. 
- 6.0 

--- 
-13.9 
-. - 
-13.1 

-11.7 

-- 
-17.0 

--- 
-14..6 

--- 
-12.2 

-14.3 

+ 0 . 2  

+ l l i .4  

+ 1 5 . 2 8 7 1  

+lG.9 

+ 22.8 
- 
+26.1  

0 , I ,  

- 

- 

~ . . -- -- - 

- 

- 

A 117 43 33.2 
Q 117 43 41.6 
A 297 38 01.4 
G 297 3 8 0 1 . 9  
n 
G 8 4 6 9 4 1 . 9  
A 76 14 13 .6  
G 78 14 16.2 
A 
Q 1 1 0 2 3 0 2 . 1  
A 134 14 18.4 
Q 134 14 16.6 

.- 

. . 

. , 

- 
Mwetaung 

Noepeji 

Mwetaung 

Mwetanng 

M w e t ~ ~ u n g  

Mwetaung 
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TABLE 2 

$ 
lnternationnl 

Spheroid 
Deflectione 

Y e r i d d  P.V. 

g 
Calcalated Deflec- 

t~onn. 
Hayford Spnbm 

Meridiml P.V. 

Height 
Observed nt  ,, 

681 

leet 
I 

Cnlcoloted Ddw. 
tions. 

Uncompennnted 
T o ~ a m u h ~  to 

2564 miles 

Mer~d~ainl P.V. 

94 €I Kyaikkamaw 
H.S. 

I 

- 

, 

Amherst Base 

H Sindeung H.S. 

I 

- - 

,I 

- 

-- 

1944 

-- North S. 
G84 H Amherst Base 

Centre S. - 

- - - - - 

- + 3 . 8  
- 
942 

- - - 1.3 1 

- + 5.4 

31 

I- - 
- 3.1 

i 
I--- 

- I--- 

- 
+ 5 1 

28 
-- + 4.5 1 1 I-- 

I 

--- 
+ 4.5 
- 

685 H An~herst Base 1 34 
South S. ( 

I 

+ 4.1 
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i 
$ 
8 
- 

681 

682 

EVEREST'S SPHEROID 

Nnlne 01 station Deflections 
hti111de 1 LongiLude 1 A z i ~ n l ~ t i  1 observed for 1 

~zim11t)i  Meridinnl p.V. 

..I 16 03 1H.1 A 34 30 2 3 . 2  Sindnnng + 6 . 3  -18 .8  6H3 
(; l(i OH 11.8  G 97 41 5 2 . 9  G 34 30 4 2 . 2  
.I Ili 0-1 31.0  
G 1 6 0 4 2 5 . 2  C: 97 48 23.1 (; 58 1 4 2 1 . 6  
A 16 (10 59.4 
G 1 6 0 0 5 4 . 0  C: 9 7 4 2 5 5 . 3  

I 

0 I I ,  

A 16 OR 08.3  
G 1 6 0 7 5 9 . 1  
A 16 01 10 .2  
G 16 01 03 .5  -- 

-12:R 

- 6 . i  

pp 

Sinrlrong I+ 912 

-- 
+ 6 . 7  

O -- - -  - ~. 
A 300 37 0 3 . 4  S I L ~ I ~ ~ : L U I ~ ~  

G 97 36 4H.4 C: :3OO :3 i  1 5 z  
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Corrigenda to the First Addendum to 

For details of stations serial No@. 

f - 
jj 
m 

619 
-- 
620 

621 
- 

Obsened o t  

Kengtung Base 
North S. 

g 
5 :: 

93 0 
- 

0 
-- 

0 
- 

Calculated Deflec- 
tions. 

Hn~lord  System 

Meridinnl P.  V. 

622 

I523 

Cnlcnlated Dellee. 
tions. 

Uncornpenslted 
To~oareph~ 

2564 milea 

- 3 . 6  

------- 
- 0 . 3  

Loi Mnkho R.S. 1 6219 

Kingtung Base 

I 
South S. 

Heinht 
in 

feet 

2557 

0 

-- 
0 

Meridinn 

-12.4  

- 8 - 5  

-7 

+2.R 

+ 5 . 6  

--l.'i 

Loi Hpalan 11,s.' 71318 1 
Kragtinng Base 1254fi 

Centre S. I 
- - - . - --- - . - - 

RV, 

t 0.2 

t 6 .4  

- - 

Internationnl 
Spheroid 

Deflections 

Ideridiul P .V.  

- - - 
-10.2 

- 0.6 

+ 1 

+ 8 

- 
t 11 

I I 

I 

-10 

t 8 

3 
- 

-12 ( + 3 . 0  

T' i 1 . 0  

-7.5 - 5 . 6  I r l . 9  1 -  3 . 3  
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Table 1 of " 8upplement " to G. R. Vol. TI. 

619 to 623 substitute the following: 

6 
" 

m .$ 

619 

620 

PA 

621 

622 

-. 
623 

EVEREST'S BPHEBOID 

Name of Deflections 
htitude 1 Lon8itude I Azimuth 1 1- Azimuth Meridian P. V. 

0 I #I 

A 21 24 37 
Q 21 24 36 
A 21 24 15 
Q 21 24 07 
A 21 21 33 
Q 21 2.1 30 
A 21 18 84 
Q 21 18 23 
A 21 18 24 
O 21 18 15 

0 , I ,  

G 99 36 58 

G 99 29 13 - - - - . -- 

G 99 36 46 

G 99 46 49 
A 99 36 19 
G 99 36 33 

0 , I ,  

A 86 12 41.9 
G 86 13 03.7 
A 200 25 50.0 
G 200 26 04.4 
A 110 19 54.3 
G 110 20 16.2 
A 145 32 02.4 
G 145 32 24.8 
A 130 27 21.8 
G 130 27 3R.6 

Loi Hpalan 

Loi Mi 

Loi Epalan 

Loi Mi 

Loi Hpalan 

+ 1 -24 

' I " + 8 

- 
+ 3 

+ 11 
- 

+ 8 

- 5 

- 
-25 

-26 

- 
-11 



COMPUTATIONS AND PUBLICATION OF DATA 

1. Junction with Ceylon triangulation. The principal 
triangulation of Ceylon was observed between 1858 and 1906, and 
WRS joined to  the Indian triangulation by a series of triangles 
across the  intervening strait ancl islancls. During the last few years 
the Ceylon survey department have remeasured their two bases, 
observed two astronomical azimuths, and recomputed the whole 
triangulation. The results are given in their "Report on the re- 
computation of the Principal Triangulation ", dated 1932. 

The origin of the  triangulation is near Colombo, where astro- 
nomical values of the latitude and longitude ha,ve been observed and 
accepted. The Everest spheroid has been used. The discrepancies 
between Ceylon and Indian values a t  the  junction a t  Delft are 
given in Teble 1. 

TAJ3LE 1. Discrepancies between Ceylon and Jndian triangzllntion. 

The Indian values given in Table 1 are those now in current 
use, as published in the triangulation pamphlets. They are open 
to modification in three respects, namely: 

''Llese dries dlffpr qlightly from those ohtained from the original recompnb- 
tion of the triangilation Since completing the recomputation, the Ceylon slUVeg 
here thought ~t pr1,per t n  take ,~ccount of the small difference between the npw Britieh 
font. In which thp l e n z t h ~  of their standard tapns are erpreesed, and the Indian foot 
whmh is oanally nand for the definition of Everest's spheroid The fipureg @Pen 
here r d t  from this modification. 

(a)-(b) 

- 5".15 

+ 1 2 . 3 2  

+ 0.0000bla 

+ 8",6 

( b )  Ceylon valuesL 
- 

9' 33' 12".99 

79 39 1 5 . 7 8  

4.5630763 

321' 14' 22".8 

I ( a )  Indian values 
/ . ._ 

Latitude of Xrnanaka- 
rnnnai 9. ... 

Longitude of Xmanab- 
munei 9. ... 

~ i d e  Xmenahern~mai- "8 rlmnnai . S.(Indian feet )  

A t  Amemhmunai ,  azi- 
mnth of Primunai ... 

9" 33' 7".84 

79 39 2 8 . 0 8  

4.5631195 

321' 14' 31".5 
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( a ) The Indian t,riangulation has never been adjusted on 
to its Laplace stations. It. is known tha t  Indian geodetic 
azimut,hs require a correction of - 3" a t  Madras and of 
-8" i ~ t  Cape Cornorin, which suggest a correctio~i of -64" 
a t  the Ceylon junction. This reduces the discrepancy to 2", 
a very satisfactory figure*. Future adjustment on to Laplace 
stat,ions will also change Indian l a t i t u d ~ s  and longitudes, 
but the changes arc not likely to exceeci 1". 

( b )  The value give11 for the Indian longitude has not 
been corrected by the  -3" * 16 referred to in the Supplement 
to Geodetic Report Vol. VI, page viii. For thc reasons there 
given, i t  is not  intended ever to apply this correction, and when 
considering the  longitucles of Ceylon stations in Indian 
terms, i t  is convenient to impose on Ceylon the same error 
as exists in  the Indiaii triaugulation. 

( c ) The whole of the scale discrepancy may readily he 
attrihutcd to  the wealrness of a very short side which occurs 
in the 111dian triangulation a t  Kachi Tivu, 15 miles SW. of 
the junction. At this point the width of the series is reduced 
to only 4,000 feet. It is therefore prohal~ly best to use the  
Ceylon log side for the calculation of the Inrlian triangula- 
tion between Kachi Tivu and Delft. This reduces the Inclian 
latitucle of Amanakalnunai by 0".06 anrl the longitude by 
0".O5. These changes are of practically no consequence. 

The discrepancies in latitude and longitude can, of course, be 
attributed to deviation of the vertical a t  the C'eylon origin. TO 
express Ceylon co-ordinates in Indian terms, they must be corrected 
bv about -5" in latitude ancl + 12" in ltr~igitude. The resulting 
deflections a t  Colombo are 5" south and 9" t east, which are reason- 
able values. 

The Ceylon triangulation is not of the highest gcnrletic 
accuracy, ant1 the 1nrlia11 connecting series is verg weakly laic1 out. 
Neverthtblrss, in view of the comparatively small area involvc>rl, the 
Ceylon triangulation is amply accurate for the extension of the 
Indian geoid, as sooil as opportunity occurs for the o1)scrvation of 
astronrnnical la t i tur l~s  and longitudes th(.re. It is unlilrcly t,h:tt 
errors in this triangulation will introduce deflection errors of a s  
much as half a second anywhere in Ceylon. 

2. Minor triangulation. The adjnstmcnt of old tnpogra- 
triangulation on the N.W. Frontier has lwcn co~~t inued .  The 

a(1justrnent of 811 trinngrilation in l / M  sheet 34 has becn completed, 
and sheet 3.5 is in hand. 
- -  - - 

* Thic rliscrrpnncv iq still fnrthrr rrrllic~rl to (" if thc  C~)-lnn i i in~ lam~ntn l  
azimuth a t  thrir ,,rig;n i4 cnrrccted fnr the drvintion of t,hr ~rrticrrl tlipre, which 
amnllnts to 9" in T n r l i n n  trr~iiq 
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E. Company, Survey of India, have made a connection between 
two spirit-levelled bench marks a t  Quetta and the primary station 
Mashelak H.S. The discrepancy between the spirit-levelled and the 
published triangulated heights is - 8 . 6  feet, which is satisfactory, 
and all the geodetic and minor triangulation in Baluchist$in is now 
being brought into spirit-levelled terms. 

A large amount of compilation and adjustment has been 
undertaken for No. 1 Topographical Party in 1/M sheets 45 and 55. 

The Anglo Persian Oil Company have recently communicated 
details of triangulation which connects the Mesopotamian triangula- 
tion, based on Fao (see Chart XX, a t  enrl), with some triangulation of 
1918-20, which had previously been based on Bushire in independent 
terms. This Bushire triannulation can now be b r o u ~ h t  into Fio 

n D 

terms, which have been made the basis of all the other Meso- 
potamian and west Persian triangulation series. The completion 
of this work by the A.P.O.C. is of interest in that i t  is the last link 
in a continuous chain of triangulation from Indo-China to Egypt, 
alt,hough many parts of the chain are of very rough exploratory or 
active-service quality, which can have no possible scientific value. 
The fact that continuous trianeulation does actuallv exist may, " .  
however, serve to encourage the Tuture undertaking of a geodetic 
connection. 

3. Secular change of Himalayan heights. Observations 
of the heights of several HimLlayan peaks were made from Mussoorie 
in 1905-09 and in 1932, see Professional Paper No. 14 and Geodetic 
Report Vol. VIII, Chapter VII. Another short series of observa- 
tions mas made in February 1933 by Mr. N. N. Chuclterbnt.ty, ~ h i c h  
confirms the conclusion, previously arrived at, that no ~neasurable 
change in the heights of the peaks has occurred. The system of 
ob~ervrtt~ion and computation was the same as clescribed in Vol. VIII, 
and the results are given below, in feet,: 

Randarpllnch Srikinta J ~ o n l i  Kodirnith Nig  Tibba 

1933 minus 1907-08 - 0.3 ... - 1 . 8  + 3 . 8  +0.8 

Observations between Mussoorie and Dehra gave a result 
almost t h ~  same as that obtained in 1932, and make the discrrpancy 
(Triangulated height) - (Spirit-levellecl height) equal to - 1 a 18 
feet. 

4. Publications. The triangulation data for 16 Indian 
degree sheets have been compilecl. One Persian tl.iangulati(,l pam- 
phlet has been printed, and three Indian pamphlets havo beell 
relwintt~cl. Addelldurn pages for 10 Illtlian degree &,>ets have beell 
printed. 
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The levelling data of about 1300 miles of high precision 
levelling and of 350 miles of precise levelling have been sent to 
press as addenda to existing levelling pamphlets. Seven lines of 
secondary levelling, totalling 410 miles have been sent to press for 
reproductio~l, and 21 secondary pamphlets with 3500 miles of data 
have been reproduced by gestetner. 

In addition to the above, the following publications have been 
seen through the press: 

( n )  Geodetic Report Vol. VIII. 

( h )  The GeoyrapA!/ n r d  Geology q f  the Himcilaya Mountains 
a n d  l'ibet, Parts I and 11, by Colonel Sir S. G. 
Burrard. Parts 111 and IV are still in the proof 
stage. 

( c )  Handbook of Topography, Chapter XJI, Air Survey. 
Not quite completed. 

( d )  Report to the I~lternational Union of Geodesy and 
Geophysics on the geodetic work of the Survey of 
India during 1930-33. 

5. Lambert grid. The Computing Office has continued to 
be largely occupied with the conversion of triangulation data on 
the N.W. Rontier into terms of the Lambert grid. During hhe 
current year about 7700 points have been converted, 6500 classified 
to indicate the quality of their fixing, and 8400 compiled for 
publication. Out of an estimated tot,al of 25000, 15800 have now 
been couvertecl, 17400 classitied, and 10500 compiled. None of 
the proposed "Grid triangulation pamphlets" have yet been sent 
to press. 

6. Miscellaneous work. I n  addition to a large irumber 
of smaller pieces of work, 118 barometric and hypsometric heights 
in south Persia have been computed for Sir Aurel Stein. The 
records of old trans-frontier explorations, which had got into some 
confusion in the course of time, have been sorted out and card- 
indexed. 

7. Chart section. The chart section has completed the 
following work : 

(a) Charts for 12 triangulation pamphlets. 

( h )  Charts for 6 grid triangulstion pamphlets. 

( c )  Chart for 1 levelling pamphlet. 

( d )  18 charts ancl plates for C+eodetic Report. Vol. VIII. 
( e )  16 plates for the G e o g ~ . n l ~ h ! l  njttl Geology  ?f tlie 

Himicln?/n d ~ o u ~ ~ t a i ? l ~  a n d  Il'ibet. 

( . f )  8 figures for the Handboolr of Topography, Chap- 
ter XII. 

(.(I) About 60  other miscellaneous charts ancl diagrams. 



OBSERVATORIES 

BY CAPTAIN G. BOBIFORD, R.E. 

1. Standardization of 24-metre invar wires. The 
six 24-metre i l~va r  wires of the base-line party have been standard- 
ized on seve~.tll occasions in connection with the 1932-33 base 
measi~remrnts in Burma, (see Chapter I), a ~ i d  have shown some great 
and unaccountable changes of length. The lengths of the wires at 
clifferrnt times are given below, the  fiqures being millimetres in 
excess of 2 4 metres under standard conditiol~s*. 

The comparison in April 1931 was after  the measurement of the 
Krnvtilng hase, (luring which the wires had undergone little change 
In I+,rl<th (see Geodetic Report Vol. VII, page 19 ) .  Retween April 
1941 anrl September 1932 no work was dolle with the wires except 
the ~ll~trrmination of their coefficients of expansion in October 1931 
(Vol. VTI, page 1 2 ) .  Nevertheless, during this interval wire No- 
249 incrpnst1ll by over 2 f  mm, 2-1.1 clecreased by nearly 1 rnm and 
the nthcr flour mires s h o w ~ d  smaller, hut  serious, changes. The 
lrrnqbb t c rn l~~~ra tu rc~  to which thry  l~prcl exposed for the determi- 
nation ( l f  thmr ~ ( ~ ~ f i c i ~ l l t s  ( 2  lo to c wit11 a slow rate of change) 
C % I I I ~ O ~  1 ) ~  h ~ l l l  r~qpcrnnihlr., alld no satisfactory explanstioll can be 
d i e c ~ ~ \ r ~ e l l .  The tank in ~vhich they mere hllng (luring the expansion 
expprinip11t3 is rathrr narrow, and i t  iq possible that  difficulty in 
-- - - -- - - / 

At 29 C. in catenary l~nder a tension of 10 kilogremmes. 

- 

+2 .41  

+2.66 

+3-08  

+ 3 . 1 4  

+ 3 . 0 7  

+ 3 . 0 7  

April 1931 

Sept. 1932 ... 

April1933 ... 

-- -- 

- 1 . 7 4  

-2 .51  

- P . : : . l .  

-2.2; 

- 2 . 3 0  

-2 .32  

- 0 . 3 4  

-0 .43  

-0 .19  

M a y  1933 . 1 - 0 . 1 4  

-0 .14  

-0 .15  

- -- 

+ 1 . 0 3  

+ 1 . 1 5  

+ 1 . 3 6  

+ 1 . 5 8  

+ 1 . 5 4  

+ l . R . l  

---.A 

+ 1 . 1 2  + 1 . 0 1  

+ 1 . 4 0  1 + 3 . 7 0  

+ 1 , 7 5  

+l . ' j l i  

+ 1 . 7 1  

+ 1 . 7 0  

+ 3 . 8 6  

+ 4 . 0 6  

+ 4 . 0 5  

+ 4 , 0 6  



fastening and unfastening them from their hooks in this tank may 
have causecl some bending near the  end scales. This is not thought 
to be a probable explanation, since care was always taken to avoid 
such damage, but  0uri11g a repetition of the expansion experiment 
in 1953 (see para 3 )  the risk was avoided entirely and no changes 
of length occurred. 

Between September 1932 and April 1933 the wires were taken 
to Burma artd three bases were measured (see Chapter I). 011 

return from the  field all G wires showecl an  increase: about 1 in 
60,000 in Nos. 248 and 252 which had been used as field standards, 
and about 1 in 120,000 in the others. The probahle progress of the 
changes between the  three base-lines is discussed in para 4. As 
regards the cause of the changes, their comparat.ive equality in the 
four worlcing wires negatives the suggestion of casual ill-treatment 
in the fielcl, and i t  is thought tha t  they are probably due to insta- 
bility set up by the unknown cause of the changes which occurred 
before September 1932. The greater change in the two standard 
wires is comparable with tha t  found during the  Kbngtfing base 
measurement, but on a larger scale. A t  that  base the two standard 
mires increased by 1 in 350,000 while the working wires remained 
almost unchanged. 

Between the  colnpariso~ls of April and Mag 1933, the wires 
remained a t  Dehra Diul, but  were uilwoiuld from their drums and 
exercised for 10 days, thereby roughly reproducing the circum- 
stances of a base measurement. All six wires showed a further iu- 
crease, which amonnted to 1 in 100,000 in 247 and 249, and 1 in 
500,000 in t,he others. 

Between the  comparisons of May a ~ t d  July 1933, no work was 
done except a re-determination of the telnperature coefficients (see 
para 8). No large changes took place, and the average change was 
a shortening of 1 in 750,000. The July comparison was a rough 
one, and this apparent change may not be real. 

The mires were again re-compared in September 1933, no work 
having 1,een done in the int,erval, and showed no significant change 
since duly (i.e. an  average shortening of 1 in 730,000 since May). 
It appears that  the mires are now stable while ly i~ig  :.wou~ld on their 
drums, but i t  is still possible tha t  their lengths :.rill increase when 
they are a t  work. Tllree base-lines are i~icludctl in the programme 
for 19;3::-34, ancl it mill lortunntely be c o ~ ~ v e n i o ~ ~ t  to b ~ i n g  the \:..ires 
back to Debra D ~ I I  for rcl-stn~idardizatio~~ l,et\\.ee~i cnc.11 hase*. This 
shnnlil yreatly reduc(> tlic 1i:tl)ility to error. One of the  field stall- 
darcla \\ill be rrservc~rl for usc every foui,th day, insteatl of using lmth 
daily, all11 i t  is to 11c hol~c>d that  this wire a t  auy rate w ~ l l  undergo 
little change of 1~1lgtli.  It is also hoped to obtain two new inrar 
wires which may he 11101.e stable. 

Except in July l!):j:<, all the above co~nparisons are the mean of 
two days' work, the wires having been hung on the comparator each - -- - - - - 

* Colnp~risonq nftrr the first of thrse bases have revealed increases of 
:600,000 in 243 and 2&, and no significant changes in the other four. J.tny. 1934. 
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day, and the 4-metre invar bar having heen run along the corn- 
parator each morning and afternoon. The results are shown in 
Plate XI11 and Table 1. Plate XI11 has been prepared on the 
assumption that the 4-metre invar bar has retained the length which 
was ascertained in 1930, but in Table 1 i t  has been assumed that in 
1932-33 t,his bar was 1 ill 1,000,000 longer than i t  was in 1930, 
( 0 . 5  in 1,000,000 per annum having been its rate of increase between 
1914 and 1930). Comparisons wit,h t,he 4-metre nickel-steel bar 
(which is supposed to be stable) in 1930 and 1933 confirm the latter 
assumption, which will be further checked when the 4-metre invar bar 
is next compared with t,he nickel and silica metres. The black lines 
in Plate XI11 show the lengths which have, from time to time been 
accepted for the comparator, and the two red lines show what now 
appear to have been the true lengths (ignoring growth in the 4-metre 
invar bar). The differences between the red and black lines are not 
material. The separation between the two red lines suggests that 
the invar tape of the comparator grows about 1 in 1,000,000 per 
annum faster than the invar bar, but the change between 1930-31 
and 1932-33 may possibly be due to a movement of the end marks, 
which are not cut on the tape but clamped to it. 

The standardization of the six 24-metre wires ill September 
1933 was undel.taken with the special object of discovering whether 
the one-hour's "exercise", which i t  has been customary to give the 
wires every day between unwiucling and beginning work, has any 
good effect. On September 18th the wires were not exercised hefore 
comparison, while on the 19th they were. The figures in Table 1 
show that the mean difference between these two days was only 1 in 
2,500,000, 80  i t  is concluded that exercise is not necessary. It i3 
thought that, besides wasting time, the exercise may in the long run 
contribute to the increases of length which have occurred, and in 
future i t  will be omitted. 

The comparisons were made by Captain G. Bomford and 
Mr. R. B. Mathur until May 1933, and by Captain Bomford and 
Mr. B. L. Gulatee since. 

2. 8-metre wire and 4-metre tape. A new 8-metre 
wire, NO. 983, made by Messrs. Carpentier oE Paris was received 
111 June 1931. Its N.P.L. certificate, datecl March 1931, show3 
its length a t  28" C to be 6 In + 0 . 2 4  mm. I n  Sept~mbel. 1932 it 
was found to be 6 m + 0 . 2 5  mm and in April 1933 S m + f J  53 mln1 
an incr6,asc. of 1 in 25,000. This great increase is not sericnls, a0,the 
mirr~ is 80 seldom used, but i t  is hard to explain, and it gocs aqnlngt 
thr i d ~ a  that t h ~  incrcbases in the other wires ill the field \ '  erc due 
solely to instability resulting from their earlier disturbance. 

The 4-metre invar t,ape was gtanrlardiz~d and foul~tl t,o he 
4 m + 1 .42  mm in September 1932 ant1 4 ln + 1 40 mm in April 1933, 
a change of no significance. 
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3. Temperature coefElcients of invar wires. A t  the 
Kengtiing base in 1931 the mean temperature of measurement was 
nearly the same as t h a t  of standardization, and the temperature co- 
efficients hacl lit,tle influence on the  result. At, the t,hree bases 
measured in 1932-33 the accepted lengths of the wires have been in- 
fluenced by inter-comparisons made in the  cold of the early morning, 
and a rather large discrepancy between the measures of the Kalemyo 
base (see Chapter I, page 7 )  suggested tha t  the temperabure 
coeficients might be responsible. They were accordingly re-deter- 
mined on the comparator in July 1938, but the values obt,ained in 
1931 were substantially confirmed, and the discrepancy remains 
unexplained. 

Three separate determinations were made, the range of tem- 
perature being from about 24OC to 3.5OC. The wires were not kept 
in t,he tank continuously, but were placed in i t  one a t  a time. The 
air temperature was 2g°C, so each wire experienced a sudclen change 
of 5' or G°C six times. It is thought tha t  this is less dangerous 
than t,he risk of rough handling which the wires are exposecl to  if all 
six are kept in the narrow tanlc a t  once, and subsequent star~darcli- 
zations have shown tha t  no great c h a n g ~  of length has resulted (see 
para 1 ). 

The results are given below, the figures being increases in 
milli~nc.t~res per 24 metres per OC, under a tension of 10 kilogrammes. 

Wire Nomhers 
-- 
1st determination ... 

2nd ,, . . . 

3rd ,, . . . 

The following figures conlpare t,he mean of the ahovr with t h ~  
I . P S U ~ ~ S  ol~tai~lerl ill 193 1 (see Vc11. VII, page 1 2  ). 

247 

-.002:3 

+ ,0012 

- .OO:W 

243 

+ 
+ ,0075 

+ .OOZ!i 

- 
1 

:! 

4 

5 

252 

-.OO26 

- .OOSY 

- ,004.9 

244 
. -~ --- 

+ ,0074, 

+ .00ti5 

+ ,004fi 

248 

---- 

-,001N 

- ,0050 

- .OO.ij 
I 

249 

-.0014 

-. ,0046 

- ,001i 

Nc)tt-: 0.0240 corrc-sl,onds to 1 in 1.000.0fl~ prr  3 ' .  
*For Wire No. 262 tho ~ I I ~ P I '  figur1>9 ~ s ~ e r o  + .O053. - .OOt::i nnd - ,0051. At  tho 

time, the mean of all thrctb wns accepted. lint thc furtlu:r cxper i~ncc  I ~ O X P  ohti~ilied 
that + .0063 is an unduly wide value, and thnt it shoal~l  properly hr rrajectctl. 

Wire Nn~ubcrs  
-. 

Fi(,!,l Measnrc 19.71 . .  

C~~~~~~':rrntor 1 R : t l  . . . 

(:Olt?l>nrnt(,r I933 . .  

- 

hl rnn  ,.. . . . 

Ol(1 V : L ~ I I ~  , , , ,  

259 

- 

. . , 

- .0057' 

243 

-- 

t ,0050 

+ ,0050 

+.001i2 

. . ~  - -  

+ ,0084 

+ MSO 

245 

- -- 

- ,0006 

244 

- 

+ ,005H 

+ . 005:4 
+ . O O ( i 2  

+ ,006H 

+ f i  

24.8 

- 

-- ,0030 

-.0017 
-- 

-. 

- i 

2.i.t) 

- ~ -  - .. 

- ,0005 / - .(I017 

- - . l l i l 2 i  - . . 0025  - . n O i l  

~ ~ ... 

- - 0023 l 1  - .00-$1. 1 - ,41050 

- 1 .  ! - : - 0ll.o 

- , 0063 

I I 
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Line 5 in  the  above table gives the  figures which have previously 
been accepted, and line 4 gives those which are now considered the 
best. The largest change is 1 in 1,000,000 per g0C, while in four 
wires i t  is only one-eighth of this. Apart  from No. 249, which is a 
wire tha t  has given trouble in other respects, these means should be 
sufficiently accurate for all purposes, except possibly a t  very low 
temperatures where the true coefficients may be materially different. 

The observers were Captain Boinford and Mr. Gulatee. 

4. Changes in wires during Base measurement. As 
stated in para 1, the six wires all showed changes on returning from 
the  measurement of the three base-lines. It is a matter of import- 
ance to  make t,he best possible estimate of the  proportion of these 
changes which occurred between each base. The data available are 
the standarclizations described in para 1, and the  resolts of daily 
comparisons between the  wires which were made in the field. 

Restilts of field comyct~isons. Increases in iui~es i n  ?nillimetvesfi.om 
S~ptemher 1832, nssuming No. 252 to have vemained constant. 

I f 

On Plate XIV, along t,he ordinates ~llarlted "Dehra April" and 
"Dehra May" are plotted the increases found .in the six wires in 
Alwil and May 1933. These two standardizations suggest that  247 
and 249 were changing rapidly a t  the  end of the srasou, and that 
248 and 2.52 had increased more rapidly a t  the beginrl i~~g. The eix 
smoothy hlnck curves give what would be the most plausible assump- 
tions regarding the  prcjgress of the changes of length, if the field 
inter-comparisons wwe not available. The results of the field 
comparisons must. however, be accepted, and this condition must 
modify thc black curves. It also provides a criterion by which the 
accuracy of the finally accepted lengths may he judged. Supl~ose the 
d i f f~icnces  in the lengths of the wires a t  ( say)  Yalemyo to l ) r s  plotte(l 
on a slip of paper, as shown in the margin of Plate XIV. If the 
curve showed the truth, placing the 252 mark on the slip .~$aillst 
the 2.52 curve a t  the Kalernyo ordinate wotlld cause the 24s  )nark to  
fall 011 the 248 curve, and so on. This colidition is not l ) ~ r f ~ ~ t ! ~  
satisfietl, and it is required to obtain blue curves which f u l f i l  thl9 
condition hut dflpart from the black curves as little as possil)lfl. The 
hottom of the slip is marlrerl by an ar1,itrariIy arrow. rlncing 
the 252 mark against its curve, the point of the anow is marked by 
the (lot 252 below the zero line, and 5 other dots are similarly 
- / 

' The jump in 247 is on account of an accident t o  this wire on the first day On 
which it WR9 used at Kalemyo. Comparisons before and after the acoident showed 
that it was ehortened by 0.08 mm. 

Wire Numbers 
-- 

hferg~~i  Basc ... 
Amherst Base 

Knle~uyo Base ... 

243 

- 

-.Of4 

- . l 4  

- . l H  

244 

- 

- . 1 3  

-. . 1 ~  

- . I 5  

24R 

- . I 7  

- .06 

- .Of3 

247 

- . 2 0  

- .16 

- .21 

240 

-.1X 

- .29 

- .29  
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from the other marks and curves. The blue cross represents 
be  mean of these dots. The point of the arrow is then placed on 
the blue cross, and with the  slip in this position the blue curves are 
drawn through the marks on the slip. 

A similar process has been carried out  on the Amherst and 
Mergui ordinates, and the  resulting blue curves give the increases 
from September 1932 which have been finally accepted for each 
wire. 

Combining these increases with the known lengths of the wires 
in September 1932 (see para 1 ) gives the  following lengths for each 
wire during the measurement of each base. The figures are milli- 
metres in excess of 24 metres a t  28' C. 

The degree of scatter of the dots helow the  zero line in Plate 
DV is a measure of the  accuracy with which the progress of the  
changes of length has been determined. The probable errors of the 
"mean mire", determined from this scatter, are as follows. 

Mergui + 1 . 0  in 1,000,000 
Amherst 0 . 4  in 1,000,000 
Kalemyo + 0 . 6  in 1,000,000 

fl 

Wire Numbers 

Mergui ... 
Amherst ... 
Kalemyo ... 

The last two figures may by chance be lower than the truth, 
but little doubt is fel t  tha t  the length of the mean wire a t  each base 
is known within 1 in 300,000 for certain, and i t  is considered tha t  
thie, although worse than what is usually hoped for, is a sufficient, 
degree of accuracy for geodetic purposes. 

247 

+1 .17  

t .1 .27  

+1.27+ 

5. Longitude. Observations of the longitude of Dehra D ~ I  
have been continued as in previous years. The bent transit was not 
availabl~ during the winter, as i t  was talren into the field, and from 
October 1952 to May 1933 another t r ami t  mas usetl, fittcd with 
Dr- de Grasff Hunter's "Shutter" (see para 6 ) .  F ~ o m  Junc to 
Septe~nl~er 1933 all exceptionally l~eavg Inollsooll c;~usr t l  consitlt~~ahle 
1~~terrnption of the progralnlnc, and all avail ;~bl(~ clt>ar nights Irere 
used fol ttlsting the t1lrt.e transits requi~etl for the iutrr~lntional 
lollgihrlc~ project of Octol,rr and Novemhrr 1035. All thrcc instru- 
ments c ~ n s c ~ q u ~ l l t l ~  contril~ute to the rcsnlts for tllesc four months. 
The observers were Mr. R. R. Mathur and Mr. H. C. Beilcrjca. 

243 1 244 

After kinking. 

P 

-0.29 

-0.29 

-0.28 

252 

+2 .88  

+ 2 . 9 4  

+ 2 . 9 9  

248 
------ 

+1.44  

+ 1 , 6 2  

+1.67  

-2.42 

-2.41 

-2.33 

249 

+3 .73  

+ 3 . 6 9  

+ 3 . 5 4  
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The resulting values of the l o ~ ~ g i t a d e  are given in Table 2, and 
the  monthly means are  give11 below, a s  determined from the 
Bordeaux, Rugby and Nauen signals, with "demi-definitive" 
corrections. 

It has been discovered tha t  in the past a systematic error has 
occurred in the reading of the transit chronograph sheets. The 
contacts of the impersonal micrometer make a s~nal l  tick on the 
chronograph sheet, and on the first face the time of the beginning of 
the tick is recorded while on the second face the time of the end of 
the tick is required. But for the last seveli years the beginning of 
the tick has been recorded 011 both faces. The necessary correction 
averages about OL04, but  varies a little accorcling to the adjustment 
of the contact. 

October 1932 ... 
November ,, ... 
December ,, ... 

January 1933 ... 
February .. ... 
March ,, ... 

April . . .  
May 
June ... 

July ... 
A U ~ U S ~  ,, ... 
September ,, ... 

The value of the longitude of Debra Dfin found in the inter- 
national project of 1926 is thus reduced from 51'12m11"79 to 
5h 12" 11'. 73. The value obtainecl telegraphically in 1804-96 
-5" 12" 11" 7 7 ,  YO i t  happens that  the clisagreement with this value 1s 
neither increased nor decreased. Plate XV shows the apparent 
variation of the longitude from month to month, as derived from the 
Rugby and Bordeaux signals. 

The values of the longitude of Debra Dfin given in these 
Geotlptic Rf~por t s  have always b ~ e u  obtained after  applying the 
"dpmi-rll~ti~~itive" corrections to times of ~ I I P  wireless sixll:ils. Since 
19:: 1 "~lrfinitive" co r r~c t io~ i s  are avai l ;~I , l~ ,  but  to maiutaill co~ltirlilit~ 
i t  has appearc.rl ],re.feral,le to c o ~ l t i n ~ ~  to use the de~ni-llf~finitive 
corrrctions, which (lt~ppncl 011 the Grpellwich or Paris ol~c11 vatol'ies 
only, rather than to change to thp tlpljllitive col*rcctions as give11 
the "international c l ~ ~ l i " .  For comparison, Plat" XV also shows 
the results obtained by using thv doti~iitive corrections. 

Bordenux 

h n ~  s 
5 12 11.70 

11.79 
11.85 

li;78 
11.79 

... 

... 

... 

ii:b7 
11.83 

Rugby 

h m  s 
5 12 11.73 

11.77 
11.83 

11.83 
11.77 
11.82 

11.84 
11.84 
11.78 

11.68 
11.84 
11.78 

Nauen 

h m  8 

5 12 11.75 
11.81 

... 

11.73 
11.79 
11.85 

... 

... 

... 

... 

... 

... 







Plate XVI 

Electric Drive for Transit 

Motor (reversible) 

Adjustable resistance for 
stars o f  different 

Switch normally open. 
Press to close and 
accelerate motor 

? 

Switch normally closed. 
Press to open and 
slow motor 

To transformer 
on mains 





CHAP. v.] OBSERVATORIES 43 

. Inspection of Plate X V  shows tha t  the  variations during 1931, 
1932 and 1933 have been larger than in the preceding years. Change 
of instrument is presumably partly responsible for the higher values 
during the last twelve months. 

6. Transit telescopes. Dr. de Graaff Hunter's new shutter- 
type of transit has been brought into regular use. As explained 
in Geocletic Report Vol. VIII ,  Chapter 11, the principle of the 
instrument is that the  eye-piece contains a fixed illuminated scale, 
while the star is ordinarily obscured by a small shutter. A t  every 
third second the clock monlelltarily opens the shutter, the star  is 
seen, and its position is read against the scale. Change of face 
elilniilates ally correction for collilnation or uncertaility in the value 
of the scale divisions, and the  computation is a simple one. Further- 
more i t  is hard to see ally possible cause for personal equation in the 
mean of stars of both nort(l1 and south aspect. This transit will be 
employetl 1)y four clifferent ohservers during the international longi- 
tude project of 1933 (see para 8 ) ,  which will give i t  a thorough test. 

The instrnment k~lown as the North Transit (Geodetic Report 
Vol. 111, Chapter I )  has h e m  fitted with an electric drive, made by 
Messrs. Coolte, Trouq-hton and Simms. An 18-volt D.C. electric 
motor is mountc~d on springs on the base of the lifting fork, whence 
the dlivt. is through a worm gclar and a leather belt to a pulley 
col~centric with the transit axis. The drive is then carried to the  
eye-1)it.c~ hy toothed gearinq, a shaft tlown the length of the telescope, 
and another worm. This drive morlzs very well and no vibration is 
11otict.a ble. 

Thr speed of the motor is cont,rolled by a variable resistance. 
It mas originally intrncled that  the ohservrr should hold this 
resist:~~~ce in his hand and maintain the coinci(1ence bet~vcen wire 
and star by regulating the resistance. I n  pract,ice this was not 
found w r y  satisfactory, and the ol>server is iiow provitled with two 
press-buttons, pressure on one of which checlrs the motor, and on the 
other causes surlden acceleration. 

For each star  the vnr i ah l~  resistance is set to a posit,ion 
l)revior~\ly tletel'l~~iiled 1,y calibration, a l ~ d  ou thc al)pcarance of the 
star t11v specbtl is vc.1.ific.rl alltl corrcctcd if I I O ~  n l~ l~nre l~ t ly  perfec*t. 
As scrllu :is the star roaches thc working position, the ohserver 
ceasc; to oppyate t l l ~  vnriablc resistance, and ~naintains perfect 
c~inc~irlt~~ice by lnoxns of oc~casional light touches on the two press 
buttol~r. It is g~bi~prdIv found necessary to touch the huttons three 
or ~ O I I I '  t i ~ n ~ s  d111.illq the, passage of a star. The electrical connec- 
tions : I I  (, show~i clin~rmnmnticnlly in Platc XVI. 

7 .  Clocks. Thr R , i ~ \ f l ~ r  cloclr ran nnintcrral>t~rlly throughout 
the pal.. with ~\ ,~~ll-1.1~q~latc '(1 t ~ ~ n l w r a t u r e  a~i t l  p~~cssu~.e ,  rxcept that, 
the tc~~i~l>(~r:lt,ll.~ row 11~~11vtv11 lo and PC: (luring June, July and 
August. The rrl.ors ant1 rate of the clock as deduced from Rugby 
hime siglials are s h o ~ n  in Table 3. 
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The Shor t t  clock has been in regular use since March 1933, 
since when the  pressure has been steady, and there have bee11 no 
interruptions. On the  makers' recommendation the clock is being 
run from accumulators instead of dry cells. It is thought that the 
use of dry cells was probably responsible for  some of the troubles 
which occurred before tha t  date. The errors and rate of the clock 
since March are shown in Table 4. 

8. International longitude project. A repetition of the 
1926 international project is taking place in October ancl November 
1933. A t  Dehra Dnn three transits are bei r~g employed, the 
electrically driven transit, the  new shutter tra~isi t ,  and the hand- 
driven bent transit. No astrolabe is being used. Four observers, 
of whom two will be on duty daily, will take turns with the three 
instruments, so there will be twelve different combinations of 
observer and instrument, and i t  is hopecl t h a t  personality will be 
well eliminated. 

The observatory is not equipped with apparatus for the automa- 
tic registration of wireless signals, bu t  i t  is thought that the 
coincidence system is likely to be equally free from errors, if not 
more so. 

Instrume~ltal  lags are not being directly determined. The 
breaking of a contact l ~ y  the  movement of the chronograph pen on 
which time stars are recorded causes the periodic rlisablement of the 
wireless receiver, mhich is rrquired fo l  reception by the coincidrnce 
method. Lags are thus entirely eliminaterl provided that  they do 

a ion. not vary betweell the hours of wireless reception a~l t l   st:^^. observ t' 
Providecl currr~nts are kept constant there seems very little risk of 
any systematic variation between these hours. The constancy of the 
current is checked by ammeters, and regulaterl if necessary. 

The wireless signals which are heing received are Bordeaux 
8.01 G.M.T., Rugby 9..55 and 17.Fi.5, and Saigon 11.00 ant1 19.00. 

9. Latitude variation. The third full year of the latitude 
variation programme has been completed by Computer J. B. Mathur, 
and the work has now been iliscontinuecl. Table 5 shows the 
groups which have been user1 to form the chain ( thp  same as in the 
previous j ews) ,  ancl the differc.tlces of latitnrle derived from succc~asive 
pairs of qroups. The closing error of 0" . 0 5  is satisfactory. These 
clifferences, which are attributable to declination erinorF, should 
be nearly colrstmit from year to year, and the results of 111~vious 
years are shown for comparison in Table 6. The figures for tllffclrent 
yPars vary ~vithin a satisfactorily narrow l.allge. Table 7 g i ~ c s  the 
monthly meail values of the latitude during the third year. 

Plate XVII shows the ohservetl variation of lat,itude a t  Dehra 
Dun during the last three years. The val~les hcrc! are not quite 
identical with those given in Table 7 and the corrc.sponding tables 
of previoue yeare (Geodetic Reports Val. VII, page 28, snd vol. 
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VDI, page 14), since the values finally accepted for the declination 
ewors of groups are the means of the three years' determinations as 
given in Table 6. 

Plate XVII  also shows the variations in the  latitude of Dehra 
Dan which would result from the  polar moveme~lts determined by 
the international latitude stations.* As remarked in Geodetic 
Report Vol. VIII ,  page xiii, t,he variation actually observed is too 
large. If the layers of equal air deilsity in the atmosphere above 
the station are inclined a t  a n  angle of one degree, the  assumption of 
equal refraction for stars a t  equal and opposite zenith distances will 
~.esnlt in an error of one second of arc in the calculated latitude. 
Plate XVII then suggests tha t  these layers are tilted upmarcls 
towards the north by ahout YO minutes more in the months of 
October, November and December than they are in May, June, July 
and August. 

Plate XVIII,  which is reproducecl from the pitblications of the 
Indian Meteorological Department t, depicts the lines of equal air 
density a t  sea-level during the months of November and June. From 
then1 it is seen tha t  the north-ancl-south slope of the layers of q u a 1  
density in the neighbourhoocl of Dehra Dlin is about zero in June, 
while in November the density is increasing towards the north a t  the 
].ate of about 10 Gm/My l>er 800 miles. This is equivalent to a slope 
of n1)out 1 minute upwards towards the north. I n  Decrinber 
thr slope is about twice as much. These charts thus reveal 
cbanccs in the slopes which are approximately in phase with the 
c h a ~ ~ i e s  required to explain the  1:ttitude anomalies, 11ut whose 
mag~~iturle is only about ant.-twentieth f of what is required. 
Thr charts howevclr art> col~structed from observatiol~s made a t  widely 
sepal n t ~ d  places, and callnot bc espected to give the exact variation 
at ally particular place. Dellra Diln stands a t  the foot of the outer 
Hi~nf i I :~~au range (peaks of the Mi~ssoor i~  ridge rise 5,000 fcet 
abov11 Dellla eight miles away to thc north),  and i t  is quite reaso~lal>le 
to  s u ~ l ~ ' s o  that  thc variations a t  this spot may b~ inally times the 
avel,a::e of northern India. 

JVhittevc~r ]nay bc thc exact causr, it seems clear that  latitude 
ob~rrvations a t  Dclh1.a D I ~ I I  are heavily :~ffecterl 1)y rncteo~~olngical 
condit~ons, and that  D(>III.:I Dil11 can malrc, no tlircct co~ltr i l~ution to 
our 1~11orn l~ t l~c~  of the Po1~ 's  ~~t.riorlic ~novc.~ncllts. Urlt it is tllonght 
that I)g t l l . a \ v i ~ ~ ~  attcb~~tio~l to  thc ab1101.rna1 rosults which can be 
ohtai111vI it' ~nc~tc~oroloqi(~al conditiolls nlo ig~lorr~tl, tllr ohscrvatio~~s 
lnay co~rtril)r~tc, mntc31.ially to the clluc-itlatiou of :111oln:11ic\s a t  ot11t.1. - -- . 

* "K(-lwwt 111)011 ~ I N ,  worli of  1111 .  Tnt~rn;~tinn:ll I~ntilndr Hvrvicr, during thr 
P~ri~l l l  I!l3O. 0 1!)3:1.0" hy Hisncl~i I<ilnllr;l. 

t S(.i~ntific. Notrg Vo1. 111, No. I9 '.Dist,rihotion of Air 1)cnsily nt b1.S.L over 
Indin", hy U . N .  ~ f h o s l ~ .  M.Sc.. l!I:iO. 

1 In Geodetic Report Vol. VIII ,  this frnct,ion is givcn ns 116: the snnunl change 
of slope hnd been wrongly ctllcuhted to be 6 minutes. 
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stat,ions. Ot.her latitude  station^ are probably more remote from 
abrupt topographical relief than Dehra Diln, and meteorological 
effect,s will generally be much less, but  an  ordinary tilting of the 
layers of equal density, not  much greater than that  shown in 
Plate XVIII ,  may be responsible for such anomalies as the Kimura 
term in t,he a p p ~ r e n t .  variation of latitude. The remedy, of course, 
is to d a c e  lat.it.ude varintioit stations in areas where the meteorolo~ical 

u 

conditions are sufficiently well known, and where the topography is 
sufficiently regular for the meteorological variat,ions to be small and 
calculable. The Survey of India have some hope of being able to 
renew their observations, a t  Agra in the  plains of t.he United 
Provinces, a t  some future date. A t  Agra there is practically no 
topographical relief, and an  upper air meteorological station is 
already operating. 

10. Magnetic observations. The usual programme of 
magnetic observations has been carried on a t  the Dehra Dii11 
o1)servatol-y, consisting of a continuous magnetographic record of 
declination, horizontal force, and vertical force, coi~trolled by 
obst~rvations of dip daily, ancl of cleclinatiorl ancl horizoiltal force 
three times a week. 

The magnetog~.aphs have worked regularly dur i l~g the year, 
excc.pt that  tleteriorntion of the mirror in the V.F. magnetograph 
cause11 t h ~  loss of six days' traces dur i l~g  April. The mirror has 
since I~een l,eplaced 1)y a llew onr. Thr galvai~ometer of the earth 
i~~! luctor  1)r.crnnc~ insc~l~sitive clul.ing August 1988. This has occurred 
heEoro i r ~  c o n t i l ~ u o u ~  wet weather, ant1 is prrsumed to bfb due to 
failurr of t h ~  insulation. Artificial drying caused some itnprovement, 
an11 the trouble rlisal~pearcrl when the monsoon crased. 

Thp mean values of the magnetic elements a t  Dehra DCin in 
19:;2 ivprt? : 

DPC lination ... E. 1" 5 l . 4  
Dip . . .  N. 45" 3 7 ' . 3  
Horizontal Force .. 0 . 3 5 0 3 2  C.G. S. 
Vertical Fol.ce . . 0 .  :3:l75.5 C. G. S. 

Thr mean scale> v~ll les of the magnetographs, fur an ortlinate of 
l/P.ith iuch mere: 

Declination 1  . 03 rnill~lt(\s 
Hoi izot~tal Force 4 .ZLl. gani ln~s  
Vertic:~l Force 9 .98  to 1 1 . 7 7  ga1nm.r~. 

The mpan tplnpc~rature. of the year in the observatory was 2 7 ,  O0c, 
with mavirna :111rl ~ n i ~ ~ i m a  of 27 . 8°C ant1 26 .  G0C rpspc.ctivc.ly. 

Thr  lnomrllt of inertin of m a g n ~ t s  NOR. 17 a~lrl  .i B wtt~c.  (lcter- 
rnillptl ill Scbptc.ml,c~r a11d 0ctol1c.r 1033, and log n?K was fou~ltl to be 
3 .  11 120 ntltl 3.377.11 res1)ectively. These figures are in fair accord 
with previous cleterminations. That for  No. 17  may be compared 







T '' "' r -.,' 
- 7 - 3  -> 

Density at M. 8. L, Isopjcnica at  interval^ of 10 hi&@. 

June 
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with previous values given in Geodetic Report Vol. VII, Plate XXII. 
The values which have been accepted for 1932 are 3.41441 and 
3.37745 for the two magnets. 

The observed values of the factor log ( 1  + P / r 2 +  &/I-')-' for 
magnetometers Nos. 17 and 5 have been 2.99415 and 1.99346 in 
1932. These values are in reasonably close agreement with the figures 
given in Vol. VI I  page 14O*, and the values accepted have been 
1,99415 and 1.99292, the same as before. 

Table 8 shows the monthly values of the magnetic collimation, 
the distribution factors, and the magnetic moment for No. 17 : and 
Table 9 gives similar information for No. 5 .  The fall of the 
moment of No. 17, which began with the temperature experiments 
made in 1930 (See Vol. VII, page 120), appears to have ceased. In  
No 5 i t  has been fairly coilstant since February 19YOt. I n  each 
instrument the observed monthly mean value of the moment has 
been accepted for the reductions, in accordance with the policy stated 
in Vol. VII, page 122. 

Table 10 gives the mean monthly values of the Declination and 
H. F. base-lines, and the H. P'. base-lines for 1931 are also given for 
comparison. The values given by magnetometer No. 17 only have 
been accepted. The difference between No. 17 ancl No. 5, which 
used to be about 107 (Geodetic Report Vol. VII, page 140), suddenly 
increased to about 407 in June 1931, and has remained a t  that figure 
ever since. The base-line values suggest that the change occurred 
in NO. 5, and this is confirmed by the changes in the annual mean 
H. F. According to No. 17 the annual changes are reasonable, while 
NO. 5 gives an unexpectedly large change in 1930 to 1931. 

Table 11 gives the mean monthly values of the elements for 
1931 and 1932, and the annual changes for the period. Tables 12 

15 give the mean hourly deviations from the monthly means and 
Table 16 gives the classificatioii of the magnetic character of all days 
of 1932. 

The proposal to reopen the Kodaikiinal and Toungoo obser- 
vatories remains in abeyance for financial reasons. Without them 
it is not possible to complete the work begun in 1930-31, whe11 half 
the ficld repeat stations were revisited. 

11. Miscellaneous. The Omori seismograph was in opera- 
tion th~oughout the year, and Table 17 gives n list of the earthqualres 
recorcl~~rl. Goocl records were o1)tained of t<he shoclrs of December 
25th I!):32, March 2nd, Jri~lr 25th and August 25th 1933, ill Kanau, 
Japan, Sumatra and Szechwan respectively. 

The usual meteorological observatiol~s were made a t  8 a.m. daily. 
A short course of instruction in field rcstronomicnl ob~ervat~ions 

mas given to the Class I1 and U. S. S. Otficers of No. 2 Drawing 
Office d u r i n ~  Noveinbcr 1032. 

* In 1931 the observed values of log ( 1  + P/ra + ~ / r ~ ) - l  were I .9g422 and 1.99313 
lor Nos. 17 ~ n d  6 respectiv~ly. 

t In 1931 the mean value of the magnetic moment of No. 6 was 838.46. 
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TABLE 1. Lengtlu of 24-metre wi~es .  

Date 

- 

12-9-32 

14-9-32 

4-4-33 

7-4-33 

30-6-33 

. -- 

243 
244 
247 
248 
249 
232 

243 
244 
247 
248 
249 
252 

243 
244 
247 
24R 
249 
252 

243 
244 

247 

248 
249 
252 

243 
244 
247 
248 
249 
252 

Length of wire 
at 28%. 

24m -0,410mm 
-2.486 
+ 1.153 
+ 1.397 
+ 3.702 
+ 2.667 

Tern- 
pc1.8tnl.e 

215.9 
27.0 
26.9 
26.8 
27.0 
27.0 -- 

Wire mii~us Rsse 
observed 

- 1.401 mm 
-3,478 
+ 0.169 
+ 0.419 
+ 2.719 
+ 1.685 

31-5-33 

21-7-33 

27.6 
27.7 
27.9 
27.9 
27.7 
28.0 -- 
25.1 
25.1 
25.0 
24.8 
24.8 
24.2 -- 
24.8 
25.0 
125.0 
725.5 
25.1 
25.2 
25.2 -- 
32.7 
32.6 
32.8 
32.8 
32.3 
32.9 

I-- 
31.0 
31.0 
30.9 
30.6 
31.0 
30.1 -- 
28.1 
28.1 
28.1 
28.0 
28.0 
28.0 

243 
244 
247 
248 
249 
2.>2 

2 
2.1.1. 
247 
2LH 
249 
252 

-1.442 I -0.437 
-3.629 -2.521 
+ 0.141 + 1.152 
+ 0.379 + 1.390 
+2.681 1 +3.686 
+ 1.637 i 
-1.122 
-3.271 
+0.473 
+ 0.852 
+ 2.953 
+ 2,194 

-1,114 
- :i.274 
+ 0.413 
+0.396 
+O.818 
+ 2.966 
+ 2.176 

-1.264 
-3.400 
+0.412 
+0,584 
+ 2.903 
+ 1.941 

-1.234 
-3,352 
+ 0.466 
+ 0 . 6 . ~ ~  

+ 2.920 
+ 2.047 

-1.157 
-3,315 
f0.525 
+ O.fiR6 
+ :3 . 0:iO 
+2.058 

+2.650 

-0.187 
-2.335 
+ 1.388 
+ 1.758 
+ 3.854 
+ 3.080 

-0,182 
-2.339 
+ 1.32R 
+ 1.319 
+ 1.729 
+3,8'i5 
+3.083 

-0.137 
-2.277 
+1.571 
+ 1.752 
+4.065 
+3.124 

-0.137 
-2.256 
+ 1,580 
+ 1.1fin 
+ 4,046 
+3.151 

-0,140 
-2,293 
+ 1 ,6,1.:! 
11.712 
+ 4.047 
+3.069 

( 0  
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TABLE 1. Len>yths of 24 metre ~uires-(contd.) 

Date 

18-9-33 

19-9-33 

Wire 

243 
2 U  
247 
248 
219 
252 

243 
241 
247 
248 
249 
252 

Tem- 
perature 

-- 

27.1 
27.1 
27.1 
27.1 
27.0 
27.1 -- 
26.4 
26.3 
26.2 
26.4 
26.2 
26.2 

Wire minlcs Base 
observed 

-1.115mm 
-3.304 
+0.571 
+0.723 
+ 3.079 
+ 2.094 

-1.140 
-3.290 
+ 0.575 
+O 739 
+ 3.096 
+2.109 

Length of wire 
a t  28°C 

24m -0.127rnm 
-2,316 
+1.553 
+ 1.703 
t 4.055 
+3.0$2 

-0.163 
-2,315 
+ 1.536 
+ 1.703 
+4.051 
+3.063 
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TABLE 2. Variation of Longitude of Dehrn DCn from accepted value as 
detemni~aed b y  receptson qf .wirdess signa28 from 

Bordeaux, Ruclby and Nnuen, 1932-33. . 

Date 

No. OF 
TINE 

E T A  R 8 
Instru- 

( Qreen~vich ) merit wed 

1 $ Bmdmul Rugby 1 Nnuen B o ~ u  

1932 
s S 

... ... Oct. 1 6 4 -0.09 -0.04 -0.04 -0.01 ) North 
-0.07 . . .  ... -0.05 ... 

4 ... -0.01 ... . -0.10 ... 
3 4 ... -0.02 ... ... -0.03 ... 

... 4 6 ... -0.05 -0.02 -0.05 -0.02 

30 4 6 -0.08 -0.01 ... -0.05 -0 01 
Nov. 4 3 5 +0.04 -0.02 +0,02 +0.07 -0.01 0.00 

OBSERVED VALUES minus ACCEP I'ED VALUE* 

9 

13 
17 
27 

Dec. 4 

\ ~ I T H  DEMI-DEFINITIVE 
CORRECTIONS 

WITH DErlNlTIVE 
CORRECTIONB 

5 

4 
3 
3 

3 

6 

5 
4 
5 

5 

25 

1933 1 
Jan. 

14 
} Shutter 

transit 
Feb. 

6 

5 
3 
4 

3 
4 
3 

4 
3 
5 

4 
5 
4 

15 
19 

Mar. 5 5 6 ... 
5 5 +0.05 
5 5 ... 

21 3 5 +O.Ol 
4 5 +o.o1 

31 3 6 ... 
4 4 ... 

17 4 4 ... 
28 4 5 ... 

... 

... 
5 4 . 

+0.02 

t0.02 
0.00 
... 
... 

I 

5 
5 
4 

3 
6 
4 

5 
4 
5 

4 
4 
5 

+ 0.03 
+0*07 
+0,05 

t0.03 
+0.05 
+0.06 

+O,OS 
+O.ll 
t 0.05 

+ 0.06 
+o.04 
+0.10 

0.00 

+0.02 
+0.01 
0.00 

+ 0.11 
... 

+O.OR 
... 

... 

... 

... 

. . .  

... 

... 
-0.01 
t0.07 
-0.04 

... 
+0.10 
+0,06 

... 

... 

... 

... 

... ... 

... 

... ... 

... 

... 

... 
+0.06 

... 
-0.08 
+0.12 
+O,07 

t 0.05 
+ 0.12 
+0.07 

-0.02 
+0~01 
-0.09 

t0.03 
+0.07 
0.00 

+O 04 

+0,04 
+O,O;J 

... 

. . . .  
... 
... 
... 

... 

... 

-0.04 
t0.07 

. . .  

-0.0.1 
... 
.. 

... 

+0,05 

... ... 

... 
.., 
... ... 
," 

-' 
... 

... 
+0.07 

... 

+O 06 
+o.o:, 

... 

... 

. .  

... 
, ,  

. ... 

+O.Ol 

-+0.03 
+0,02 
-k 0.04 

t 0.15 

t0.04 
+O.O"~'~' 
+0.01j 

+0'06 
-1 0.0: 
tO.08 

c0.07 
+O.ll 
+0,05 

+O.O$ 
+0.06 
+ 0,11 

... 
+O.l5 

... 

... 

... 

... 

..a 

... 
t0.08 

... 
-0.05 
+0.17 
+0,12 

+0,08 
t 0.15 

... 

... 

.. 

... 

.... 

... 

-0.M 
tO.11 

... 

-0'01 
... 
... 

"' I 
+0.10 

0.00 
-0.01 

... -0.09 

t0.02 t0.03 
+OOY I +0'07' 
-0.01 +O.OY 
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TABLE 2. Variation of Longitude of Dehra Dan from accepted value as 
determined by  reception of wireless szgnals from Bordeam, 

Rugby and Nauen 1932-33-(contd. ) 

Accepted value of Longitude is bh lZm 11e.'77. 
Note: I n  the nbove table one value of the longitude is given by the association of 

~hobservntion of loml time with the wireless signal received &t the least interval from i t  
' .e, generelly either during the entun night or preceding ~fternoon.  Ind~virlonl night's 
u h ~ ~ r v s t i o n s ' ~ ~ ~ ~ ~  not bee,, slnootlicd to give a more aniform clock error. The repntwl 
(imcs of e,uission of the signals h&ve hl-en cor rcc t~d  by the amonnts givcn in 
tho Admiralty Notices to Mariners in the case of Rugby and Nmen signals, and by t l l c l  
'hi-definitive correctiolls of the Bulletin Hornire ill 1.110 case of Rordenux 8ign:tl.x 
Inaddition, for rill tho  three signale, valnes with definitive corrections of the Bnllnt~n 
Honiro, nre given up to Jllne 1933. Whon deducing the longitude from Borcle:~~ix 
(".itti den1i-definitive corl,ections ), a correction of W.02 has been added to the r c . p l ~ t ~ ~ ~ i  
(Ircenwich time of on account of this hnving been computcd ( by the Bulli*iiu 
H1~raire) on the rtssnmption that  the Longitnde of Peris is 0'' &Im 20L93, wherens the 
more rcccllt is o h  gm 2 0 ~ 9 1  (see La Participation Francnise il la Rcvisi~l~l  des 
Longitudes R.Iondiales, Lambert, P. 103 ). The speed of propagation has been takon to be 
aOOfJOO km. per second. 

(Oreenmich ) 

1933 

June 1 

8 

12 

18 

Jdg 15 

$ 2 

10 

25 

Lpt. 2 

6 

14 

28 

Instru-  
"ent used 

Electric 
transit 

Bent 
transit 

Electric 
t,ransit 

Do. 

Bent 
transit 

Electrio 
transit 

Do. 

Bent  
transit 

Do. 

Electric 
transit 

Shutter 
transit 

Bent 
transit 

No. OF 
TIME 

B T A R S  

- 

f 1 n $ 

- 
OBSERVED VALUES minus ACCEPTED VALUE* 

WITR DEMI-DEFINITIVE WITH D E P I N I T I V ~  
CORRECTIONB CORRECTIONS 

Bordenu 1 Rugby I &uen 

1 

4 

3 

3 

4 

2 

5 

4 

3 

4 

4 

6 

3 

5 

4 

4 

4 

2 

6 

3 

3 

4 

5 

5 

S 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

s 
... 

... 

... 

... 

... 

... 

+0.15 

+0.11 

... 

... 

... 

... 

S ... 

... 

... 

... 

... 

... 

+0.12 

+0.08 

... 

... 

+0.20 

-0.09 

S 

... 

+0.07 

... 

-0.05 

-0.09 

0.00 

+0.13 

+0,08 

0.00 

... 

t 0.11 

-0.09 

S 

... 

+0.07 

... 

-0.03 

-0.11 

+0*01 

+0.15 

+Oslo 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 
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TABLE 3. f i r o r ,  rate, temperature and pressure of Riejler clock 
No. 450 by Rugby time signals duving 1932-33. 

Date 

1932 

Oct. 1 
6 
9 

14 
18 
23 

28 
30 

Nov. 4 

9 
13 
16 

Dec. 27 3 
12 

17 
19 
25 

1933 

Jan. 2 
6 
13 

15 
28 

Feb. 3 

6 
15 
19 

28 
Mar. 

Error 

m s 

-0 14.42 
14.06 
13'73 

13.16 
12'75 
12'25 

11'82 
11'55 
10'85 

10'22 
09'86 
09'53 

08'51 
07.79 
06'61 

05'99 
05'84 
05.21 

04'36 
03'94 
03'14 

02'86 
01'16 
00'28 

+O 00.12 
01'41 
02'01 

03'25 
04'04 
04'84 

- 
R E M U K ~  

(continued)' 

0571 
06'66 

+O 07 61 

+.( rate - 

During preceding 
period 

C 

26.; 
26'5 
26'5 

26'6 
26'5 
26'6 

26'6 
26'6 
26'4 

26'6 
26'6 
26'7 

26'7 
26.6 
26'8 

26'7 
26'7 
26'7 

26'6 
26'5 
26'7 

26'7 
26'7 
26'7 

26'7 
26'7 
26'8 

26'7 
26'9 
26'7 

26'9 
26'7 
26'7 

= losing. 

s 

+0.10 
+0'08 
+ 0'08 
+ 0'12 
+ 0'10 
+ 0'; 1 

+ 0'09 
+0'14 
+0'14 

+0'13 
+ 0'09 
+0'11 

+0'09 
+ 0.12 
+0'13 

+0'12 
+O'O8 
t 0'11 

+0'11 
+ 0'11 
+0'12 

+0.16 
+0'13 
+ 0.15 
+0.13 
+0'14 
+0'15 

+0'14 
+0'16 
+O'l6 

+0'17 
+0'16 
+0'17 

gaining, 

mm 

598 
598 
598 

598 
598 
598 

598 
598 
597 

597 
598 
598 

598 
698 
598 

598 
598 
598 

598 
598 
598 

698 
598 
698 

598 
598 
598 

598 
598 
598 

598 
598 
598 

-le rate 



TABLE 3. Error, vate, temperatuve and pressure of Riefler clock 
No. 450 by Rugby time signals during 1932-33-(contd.) 

* +" rate =gaining. -'= rate=losing. 
Note: The correctin113 of the Admiralty Notices have been applied 

to the times of emission of the signals. 

Date 

1933 

Mar. 31 
Apr. 11 

17 

28 
May 9 

16 

26 
June 1 

8 

12 
18 

July 14 

Aug. 2 
11 
26 

Sept. 2 
14 
28 

Error 

nb s 

+O 08'31 
10'11 
11'04 

12'87 
1463 
15'63 

2 
18'14 
19'21 

19'92 
20 82 
26'03 

29'03 
31'89 
35'38 

37'05 
39'92 

+ 0 43'48 

REMARKS 

During preceding 

~ ? t e *  
per day 

---- 

s 

+0'16 
+0'16 
+ 0'15 
+ 0'16 
+0'14 
t 0'16 

+0'16 
+O'l6 
+0'15 

+0'18 
+ 0,15 
+ 0'20 
+ 0'16 
t 0'33 
+ 0'23 
+ 0'24 
+ 0'23 
+ 0'25 

period 

Pres- 
sure 

mnt 

598 
598 
598 

59R 
598 
598 

598 
600 
600 

602 
603 
601 

600 
600 
600 

598 
598 
598 

:zz: 
ture 

C 

26.f 
26'7 
26'7 

26'7 
26'7 
26'7 

27'0 
28'0 
28'1 

28'9 
29'1 
28'0 

27'9 
27'8 
27.7 

26'7 
26'6 
26'4 
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TABLE 4. Error, rate, temperatwe and pressure of Short1 clock 
No. 34 b y  Rugby time signals during 1932-33. 

* +"  rate = gaining, -" rate = losing. 
Note: The corrections of the  Admiralty Notices have been applied to the 

times of emission of the  signala. 

Date 

1933 

Mar. 10 
15 
21 

26 
31 

Apr. 11 

17 
28 

Mey 9 

16 
26 

June 1 

July 13 
Sept. 14 

28 

Error  

m s 

-0  03'28 
03'07 
03'01 

02'83 
02'75 
02'51 

02'43 
. 02'37 

02'18 

-0 04'14 
04.06 
04'11 

04.12 
- 0  03'82 
+ 0 20.85 

R s n a ~ ~ e  

Batteries mnewed, 
2 sec, lost in slave. 

Batteries renewed. 
do. do. 
do. do. 

During preceding period 
-- 

R ~ t e *  
per day 

s 

+0'04 
+0'01 

+ 0'04 
+ 0.0'2 
+ 0'02 

+ 0'01 
+0'01 
+ 0'02 

+0.01 
+ 0.01 
-0'01 

0.00 
... 
... 

- - 

Pres- 
nure 

---- 
mm of 

mercury 
29'3 
29'0 
29'0 

29'0 
29'0 
29'0 

29'0 
29'0 
29'0 

29'0 
29.0 
29'0 

29.1 
9 
29'1 

--- - - 

Oil 
gauge 

mm 

26'9 
28'4 
29'7 

30'3 
31'0 
32'0 

32'9 
33'6 
34'4 

34.7 
35.1 
35'6 

38.3 
36'6 
36'4 

- 

pera- 
t ure 

C 

26.i 
26'5 
26'7 

26'7 
26'8 
26'6 

26'8 
26'7 
26'7 

26'7 
26.7 
27'2 

28.1 
2fi'S 
26'3 
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TABLE 5. Latitude vnrinfion at Dehra Dan. 
Declination errors of group8 in 193.2-33. 

- - - - -- - . - - 

I-II 8 18 to  10 Of) 12 22 to  14 50 5th Feb. ';i2 to  9th April '32 -0Y30f .I64 l h m  h m I h m  h m l -  -I 
11-1111 12 22 t o  14 50 I l l i  00 to  18 04 j 13th April '32 to  2nd Jnne  '32 ) +  0.05 .02 

3roups 

I I 
11-IYl 16 00 t o  1 0 4  j 18 55 to  20 68.1 Zith May '32 to  26th July '32 1+0 ,05f  .05 

I 

Right  Ascension 

I Evening Morning 

Dates 

8-V ( 18 56 to  20 58 1 22 11 to 1 0 4  1 10th Aug '32 to  5th Oct. '32 1+0.02f .07 

Lrtt,it~ide by 
evening 

group lainu: 
morning 

group 

8-VI 22 11 t o  1 0 4  1 3 04 t o  5 14 11th Oct. '32 to  2nd Dec. '32 + 0 , 0 5 f  .05 
! I 

:[- I ( 3 04 to  5 14 I H 18 to 10 09 I 8th Dec. '32 t o 9 t h  Feb. '33 ( + 0 . 0 8 +  .05 

TABLE 6. Declination errors of  groups in 1930-33. 

*Revised values. 

Mean 

+ . 2 4  

+ .03 

- , 1 1  

-.07 

- e l 1  

d . 0 7  

- . 0 9  

Probable 
Error of 
Mean 

--- 

f . 0 4 6  

f .035 

f . 0 2 4  

f . 0 2 8  

f - 0 2 2  

k . 0 0 6  

---- 

. . . 

Accepted 

+ . 2 7  

+ .06 

- . l o  

-.O5 

-- . lo  

-.07 

a 0 0  

Grolips 

.- 

1-11 

11-111 

111-IV 

IV-V 

V-VI 

VI- I 
- -  ~ 

i n  e r r  , , . 

1931-32 

- . -. . - 

+ . 3 0  

+ .02 

- . I2  

-.OG 

-,OIi 
-- 

- .O;  

1930-31 

-- 

+ . I 3  

+ .12* 

-.I4 

- . I 1  

- .22 

1932-33 

+ . 3 0  

- .05 

- .05  

-.02 

- .05 

- . O R  

+ . 0 5  
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TABLE 7. Latitude variation at Dehra DM. 
Preliminary Results for 1932-33. 

TABLE 8. Mean values of the constants of fiIaynetometer 
No. 17 i n  1932. 

Month I 
February 1932. 

March 

April 

hl ay 

Jume 

Judy 

August 

September ,, 

October , ,, 
November ,, 

December ,, 

January 1933. 

Annual mean 51.85 1 ... 

Monthly mean Latitude 

300 18/ 5lY89 

52.07 

51.62 

51.49 

51.64 

51.40 

51.90 

51.82 

52.09 

52.15 

52.04 

30 18 52.14 

Month 

January ... 
F~brnnry ... 
Jlarch . . . 

April . . .  
blny a 

June . . . 

July . . . 
August ... 
September 

October ... 

Residuals 
Month minus 

+0%4 

+ 0.22 
-0.23 

-0.36 

-0.21 

-0.45 

+0.05 

-0.03 

+0.24 

+0.30 

+ 0.19 
+0.29 

Declination 
constants 

alean 
magnetic 

collinlation 

- 6 09' 
- 6 04 
- 6 07 

- 6 03 
- 6 OH 
- 6 07 

- 5 55 
- 6 04 - 6 02 

- 6  07 
.41 

801.46 

H. F, constants 

November / I 6 0" (627 
December 6 04 6.04 

7.29 1 

7.37 1 

Meen 
values 
of 

C.O.S. 
801.37 

.47 

.49 

.75 

.62 

.92 

.50 

.30 

.4J3 

.A  

Distribution factors 
- 

PI.. P ~ . ~  (log (1 + ~ i r a +  gird)-1 
I 

6'10 

6.19 
5.80 
5.80 

5.99 
5.99 
6.16 

6.16 

6.36 

6.94 
7.21 
6.65 

I0 LC 

3 2 
? ?  
w w 

1 
7.37 1 ?l z 
6.96 1 5 5 
7.05 

7.53 
g 4 
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TABLE 9. Mean values of the constants of Magnetometer 
Xo. 5 in 1932. 

TABLE 10. Observed Base-line values of Maynetographs 
at Dehra Dtin front Magnetonzetevs I%. 17 and NO. 5 .  

Month 

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

July ... 
August ... 
Septomber 

Octobcr ... 
November 
Dccentber 

h1 onth 
H. F. by H. F. by Drclinn- I No. I 7  I No. I 1 tion 

H. F. constants 

Mean 
values 
of m. 

C G.S .  
938.25 

.13 
937.95 

.94 

.91 

.60 

.67. 

.54 

.38 

.58 

.55 
937.73 

-- 

Distribution factors 

1 P2.3 Fg-L,z2;;: 

January . ,  , ... 
February ... . . .  
Alarol~ ,,. 

April . . . 
M R~ . . .  . . . 

H. F. by 
No. 17 

%2 
m m  
??  
MM 

z-2 
$ 8  
$ 4  

cm2 
7.08 
7.04 
7.15 

7.13 
7.27 
7.18 

6.99 
7.22 
6.87 

7.15 
7.09 
7.15 

H. F. by 
No. 5 

C.Q.S. 

( 0.32 661 
1 764 

761 
759 

771 
782 

cm2 
7.98 
7.7R 
7.27 

7.64 
7.64 
7.50 

'7.82 
7.76 
7.72 

7.40 
7.98 
7.37 

dune ... 779 

July . . . ' : : I  vR7 
A I I ~ I I S ~  ... m* i r9  
Sr l ' t~ rnh~r  7 i 2  

Octohrr , , . i 8 3  
Nov~rnhpr ... 774 
Dcccmher . . . 

.' I 
0.33 $71: 

C.G.S. 

( 0.32 683 
! 784 

78fi 
1 

7R8 
797 

From llh on 22nd. 
N.B. 'lhe values given by No. 17 heve been eccepted. 

, 
0 28.0 

28.0  
28.4 

28.2 
28.5 

818 

826 
S22 
825 

829 
$22 

0.32 429 

2H.H 

2R.5 
2S.3 
27.8 

28.4, 
28.15 

0 ZS.7 i 
0 31.2* ) 
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TABLE 17. Ea~thqunkes recorded at Dehra Dlin 

during 1932-33. 

10. 

-- 

Indlan standsrd time 
~ntensitv 

of 
recOr" 

Dnte 

11932 

1 l0ct. 2 
2 .. 16 
3 1 ,. 29 

I 

41Nov.13 
I 

6 ' ~ c c .  4 
ti i .. 7 
7 !  .. 21 

R .. 25 

1933 

9 Jsn. 9 
.. 22 

11 Frh. 2:i 
1°i 
12 1 ~ 1 b r .  2 
13 1 ,, ti .. 17 :: I .. 1s 

I 

t Recoptiad with U c n l t y .  

alight 
slight 
slight 

slight 

lnodento 
slight 
slight 

very areat 

slight 
great 

slight 
I 

very v e n t  
slight 
slight 

slight 

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

Iat P. T. 1 h*l P. T. I 2;: 1 FidA d 
B~r~mns 

m i l e s  

... 
MOO 
700 

2700 

4000 
2800 
4000 

1200 

4900 200 

.. 

3200 
700 

5200 

4500 

h m s  

... 
18 10 40T 
16 41 20 

10 25 OOt 

13 49 40 
23 01 3M23 
12 21 50t  

7 36 40 

7 34 80 
1 02 20 

... 
23 10 20 
1.9 38 20t 
21 35 5OtZl 

1 11 20 

Tlmeanot IWI. 

O;; 
t o  , , 
settinu loose. 

Knn8U' 

Felt RndFerolePon nt 1,nhon 

Dpntnlctive .Tnpnn. 

Felt in Bpnd 
K"d Assam' 

h m  

18'30 
16 45 

10 37 

14 11 
23 15 
12 49 

7 43 

7 35 
1 26 

15 02 

23 33 
18 43 
22 06 

1 40 

h m  

19'02 
16 57 

11 07 

15 14 
23 29 
14 19 

9 49 

R 14 
3 07 

15 45 

3 20 
13 67 
22 41 

2 OR 

h m s  

... 
18 20 30t  
16 Xi 20 

10 31 10 

13 59 10 
08 10t23 

12 a) 1Ot 

7 39 40 

1 11' 20 

. . .  

23 17 50 
18 40 2Ot 

4-4 50 

1 19 20 

h m s  

18 28' 10 
16 44 50 

10 36 40t 

14 09 00 
18 40 

12 39 40 

7 42 20 

7 35 00 
1 23 10 

14 58 00 

23 22 00 
It4 00 
21 68 50 

1 31 50 



TIDES 

1. Tidal observations. During the  year under report 
registratioi~s by automatic t,idr-gauges were co~itinued by the port 
authorities a t  t,he following stations:-Adell, KarBchi, Bombay, 
Madms, Calcutta (Kidderpore), aild Rangoon: and a t  Colombo and 
Trincoinalec: uncler the eupervision of the Superinte~ident Trigono- 
met)-ical Surveys, Ceylon. Thr  times and heights of the tides were 
also recorded on tide-poles, duriiig daylight only, a t  Bhivnagar, 
Chittagoi~g and Akyab. 

The Madras tide-gauge was closed down on 31st August 1933 
ns a, mc3asure of economy. The predictions at, Madras have always 
heen gootl, a ~ i d  this course involves little risk. The gauges a t  
Coloml~o nncl Trincomaler will probably also be closed early in 
1934. 

A colnpletc list of s t a t , i o~~s  a t  which tidal regi~t~rations have 
beell cn1,ried out in India, wit,h claks, is given in (feodetic %port 
Volumt! V ( 1929 ), pages 31 to 33. 

2. Inspections. The port officials inspected the gauge a t  
h ~ ~ g o o i r  in Septe~iiber l9:i2 and May 1933, a t  l<idde~pore in Dec- 
ember 1932, a t  Bomljay in Al~r i l  1933, and at Aden in May 1933. 

All the records have beell sat,isfactc>ry withnut brealis of more 
than three days a t  a time, except for a stoppage of a fort,night a t  
Kidderpore ill December 1932, when the gauge was overhauled. 

3. Harmonic analysis. The analysis of the 1931-39 
observations a t  Cha~~rlhal i  and Shortt  Islalid on the Orisea coast has 
heen completed, alicl predic t io~~s  have lwen ii~cluded in the Ticlc- 
tahba For 1934. The constaiits are given in Table 1. ChLnrlbBli. 
altho11~1~ i t  is some may up a river, has b c ~ n  fully analysrd as 
sn op+\u-sea port. After analysis, predictions xerc. made oil the 
machin6 for the pr1riot-l which had been analysecl. Thrse predictions 
have l,r.,.n colnparctl \pith the observations nil ~vllich the analpsis 
"as ha.r,l, and as a result the follomi~lg corrc~ctioiis have ht.e.11 
sppliet1 to the prptlirtions at Chindhil i :  + 30 lniniiteq to all times 
of f o ~  water, ant1 + 2 0  minutes to t i~ncs  of high water from 
hcemhcr to June inclusive. 
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4. Corrections to predictions. Empirical correctiona 
have bee11 applied to the predicted tides for 1934 at Kidderpore, 
Rangoon and Chittagong. At the two former places they are the 
same as ill the previous years, as given in Geodetic Reports Vo1s.n 
and VII I  respectively. The Chittagong corrections are given in 
Table 2 of this report. 

5. Tide-tables. The tide-tables for 1934 have been prepared 
and issued in t,heir usual form, Basrah being omitted, arid ChBndbBli 
and Shortt Island included for the first time. Separate pamphlets 
have beer1 printed for Bombay, the Hooghly River and the Rang0011 
River, allcl advance precllctions for various ports have been sent as 
usual to the Hyclrographic departments in England, the United 
States and Japan. 

The amount realized by the sale of tide-tables during the year 
ending 30th September 1933 was Rs. 4817/11/-, exclusive of agents' 
comm~ssion. 

6. Accuracy of predictions. The greatest error recorded 
in the height of low water during 1932 a t  the ports mentioned in 
para 1 is glverl in Table 3. Tables 4 to 14 give detailed results of 
comparisons bebween the predictions and the times and height8 
actually recorded a t  these ports. The predictions a t  Adell are 
better than the previous year's as regards times, while those a t  
Bhsvnagar nirrl Maclras show some increase in the number of corn- 
parativ~ly large errors recorded in the last two columr~s of the table: 
but these changes are not so marked as to be of any significa~lce. 



TABLE 1. Values of the harmonic tidal constants for Shortt Island 
and Cl~c~ndbiili, 1931-32. 

Tide 
Symbol 

Shortt Inland 
A0=5.762ft .  

Chindbilli 
A.=5.304 ft. 

Short 
period 

S, 
S2 
s4 

s6 

S8 
MI 

Ma 
1\13 
1\14 

ft. 

0.026 
1.392 
0.030 

0.005 
0 .004  
0.010 

3.012 
0,025 
0.095 

ft .  

0 ,058 
0 .88s  
0.036 

0.007 
0.004 
0,014 

2.401 
0,030 
0,884 

Long 
poriod 

Mm 
1\11 

MSr 

I I I 

* Or MN4, MIC3, 2MK3 respectively. 
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TABLE 2. Cwrections applied to Cluittagong for 1934. 

Dates 
-- - 

Month Tide 1st-15th 16th-31st 

I I I 
- 

Februnry + 0.2 I t0.6 

Jlnrch High + 8 0.0 + 8 -0.1 ' ' ' 1  Low I + 5 1 +O,C I + 6 1 +0.6 

April High + +0.1 + 10 0.0 I Low 1 I 1 +0,5 1 + 11 1 +0.4 

Bl ay High 

High I + 9  1 +0.1 1 I L o r  + 12 +0,8 + 10 
Jtd y 

August 
. I 

September 

. .  I 

. I 
October 

November 

. I 

... 1 

High + 9 + 10 0.0 

High + 7' 
Low + 7 + 0.8 

High + 13 
Lou I + 14 
High + 19 

High + D 
Low + 21 

I December High + 17 +0.3 1 + 1 1  
+o.e 1 + 12 to.7 

I +O'( I 
The above corrections are based on the mean fortnightly results 

of the comparisons between the predicted and actual tiines and 
heights from 1925 to 1931. 



TABLE 3. Grcatest differev~ces 1)efit)ec~z predicted c c n d  actual 
/ I  ei!llits qf low water during 1932. 

Predicted 
Port  

Actual 

I I t i e t  I 

25th RInroll, 231.d April and 
17th Decembi'r. 

1st  ;mrl 3rd Angost :md 
Itit11 Octobcr. 

1 

2 

3 

2Ht.h J ; n ~ n : ~ r y  and 18th. 19th 
5 Colonibo ... nnd 24th August. 

6 Trincomalee . . . 

7 Madras ... - 1 6 24th Novembcr. 
8 Kidderpore (Cillculta) + 2 ' ;  11th September. 
9 Chittaqong . . . - 2.2 I llitb June. 

A(lcn . . , ... 
Karschi .. . . , 

Bhivnngnr ... . . . 

10 Akyab ... - 2 . 1  ( 23rd March. 
11 Ilt~ngoon ... . . . - 2.1 1 14th April. 

+ 0.7 
+ 0.9 ( 
- 0.9  ) 
- 4.3 

30t,l1 October. 
6th and (it11 Jonc. 
3rd April ant1 17th Dcccmbcr. 
24.tIi n1:~rcll. 
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TABLE 4. Mean errors El* and E,* for 1932. 

E, is with  regard to sign: E2 is without regard t o  sign. 
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TABLE 5. Mean errow E,* and E2* for 1932. 

KARACHI 

' 
i n  with regrtrd to sign: El is without regard t o  sign. 
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TLIJ~LE 6. . Mean ervovs E,* and E,* for 1932. 
B H ~ V N A G A R  

El is wi th  regard to sign : El is without regard to sign. 
t Actlurl values are tide-pole readings during daylight only. 



CUP. VI.] TIDES 73 

TABLE 7. Mean eworrr El* and E,* ,for 1932. 
BOMBAY ( APOLLO BANDAR) 

' EI is with rogsrd to sign : El is without rcgnrd to sign. 
J 

MEAN ERRORS 
Number of 

errors erceedilig 

(Predicted -actual j 
80 1.0 

PERIOD ' E,* E%* minutes .feet of 
OF time height 

I I  H. W. L. W. 
Time 

i 
+ I 

hn. 1-15 4.1 5.2 0.2 8.5 10.3 8 . 5  0.2 o 1 o o 

16-31 2.8 0 .2  4.4 

Ftb. 1-1 5  

16.29 

Usr. 1.15 

16-31 

k]dl-15 

18-30 

by 1-15 

16-31 

Ionel-15 

16-30 

1-15 

h. 1-15 2.2 0.2 6.9 0 .0  ( i . - k  0 . 3  6 . 8  0.1  

16-30 2.7 ' 0 . 0  2 . 1  0 .1  7 . 1  0 . 3  5.7  0 . 8  
, 

Dm. 1-15 2 . 6  0.3 8 . 5  0.  I. 11 ,o  0 . 3  o O 1 0 

16.31 1 .1  0 .2  ( i . 5  n . : ~  7,r 0.2 0  o 0 1  

2.4 

0 .7  

4.3 

0 . 0  

0.1 

I 16-31 

Ang. 1-15 

16-31 

bpt. 1-15 

1R-30 

h. 1-15 

16-31 

4.2 

3 . 1  

0 .0  0 .0  1.9 0.1 

0 .0  

0.9 0.1 

0.3 

0 . 1  6 .2  

0 . 1  

6 .2  0 .3  

0 .0  6.7 

0.3 

3 .4  

0.2 

0.0 

0 .0  

0 .2  

0.4 

0 .5  

0.9 

3.2 

1.9 

7.5 

2.1 

8.6 

2.5 

8.8 

6 .1  

0 .1  

3.3 

0.2 15.5 0 .3  9 . 5  0 . 3  5 ;  1  0  0  

0.3 7.2 0.3 8 . 9 0 . 4  0 '  1 0  0  

0 .3  14.6 0 .3  15.9 0.3 1  2  0  0  

I 

0 .3  111.7 0 . 4  !1.7 0 .4  2 '  2 
I 

7 . 5  

6.2  

11.2 

7.2 

5 . 9  

3 .9  

14.3 

5 .9  

I 

1 

0 .3  

0  2  

12.3 0 . 3  

0.1 

0.2 

0.4 

0.4 

0 .2  

0 .2  

0 .4  

0 .4  

0 .3  

0.0 

0.2 

6 .1  

8 .2  

01 3 

8 .6  

0.0 

0.2 

0.2 

0.1 

0 .0  

0.0 

0.3 

0 .5  

0 .2  

0  

9 .4  

0 .3  

9 .5  
I 

8 .8  

0  

0.4 

5 .7  

4.4 

3 . 3  

0 

0  

2  

0 

0 

0 

2 .7  

1.2 

0  

0  

1 

0  

0  

2  

10.7 10.3 

0  

2  

2  

0  

0 

0 

I 
9 . 4 1 0 . 1  

1 .7  

0 .8  

2 .3  

5 . 5  i 

0 1  1 

11 3  

0  

0  

0  

0  

0  

0  

14.1 

9.6 

10.7 

7 .9  

8 . 8  

7.5 

0.4 

0.4 

0.3 

0 .2  

10.2 

0 .2  

0 

0  

0  

0  

0  

0  1 0 
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TABLE 9. Mean errors .El* and E,* for 1932. 
TRINCOMALEE 

' 
is with regard to sign : El is without regard to sign 

T 

ssBlOD 

1952 

I 
Jan. 1-18 

16-31 

Feb. 1-15 

16.29 

lar .  1-15 

16-31 

$dill-15 

18-30 

hjl-15 

16.31 

looel-15 

lfi-30 

ldy 1-15 

16-31 

dl'!. 1-16 

16.23 

MEAN ERRORS 

lBz.-l + l;3.2 1 .  + 12 .7  !I - 2  1 0 3 1 1 ( - 

(Predicted-actual) 

El * 

I H. W. L. W. 
Time Heiaht Time Height 

rniwrtlca I( f ~ c l  m i n u t c ~  11 feet 

16-30 n] . 3  

0.1; 20.1 

1 

Number 
errors 

30 
minrttcs 
Of time 

f 1 $ 

€2 

H. W. L. W. 
T i m  Ht. 1 T i m e ,  Ht. 

of 
exceeding 

0.2 
frst of 
height -- 
k $ 

R 

12 

15 

6 

15 

20 

14 

11 

6 

R 

15 

8 

17 

6 

23 

12 

1.1 

11 

12 

In 

12 

I8 

10 

11' 

12 

-- . - -~ 

0 .5  

24.2 

4 . 4  

i,;.$, 

4 , l . l  

30.2 

41.1 

40.1) 

3li.R 

4 5 7  

"( i .6 

; .~l i ! , :1 . , t  

M' 

12 

29 

10 

23 

YO 

17 

27 

27 

15 

10 

SO 

27 

28 

12 

18 

:lO 

14 

I:{ 

2!1,15 

3 

24 

27 

14 
I 

X j  

d 

12 

5 

11 

5 

17 

9 

9 

6 

9 

19 

18 

26 

5 

23 

5 

I6 

I1 

10 

6 

111 

111 

13 

10 

21 

+ 
27.6 

13.6 

17.7 

5fi.6 

8.8 

2<5,:i 

10 .6  

:!'I,. 3 

+ 
25.1 

10.7 

1.1 

9 .2  

48.4. 

4 .0 

1 . 0  

7 . 1  

38.7 

34. 1 

4H.6 

1 . 9  

62.8 

10.8 

0 . 3  

0.5 

0 . 2  

0.6 

0 . 6  

0 . 4  

O.,& 

lg . i17~ ,1 , , ! ,  

minster 

31 .3  

33.5 

22.6 

27.7 

56.6 

39.0 

33.0 

19.4 

20.3 

27.8 

22.7 

:i.i.l 

1R.3 

($5.7 

25.3 

29.9 

27.1 

23 

28 

1 

8 

25 

14 

1H 

21 

10 

$1 

3 

10 

'7 

5 

li 

13 

8 

I!-) 

13 

S 

22 

21 

116 

28.0 

22.2 

30.3 

33.3 

4.1.1 

37 .7  

42.:i 
[ 

t i . : i b r 1 2 i i F l : { 2 z  

- 

3.0 

1.4. 

18.1 

1.7 

! ;(),(, I  

+ 

0 .0  

feet I 

0.2 

0.4. 

0 .2 

0 . 5  

0 . 6  

0 . 3  

0 . 4  

0 .5  

0 .3  

0 . 2  

0.6 

0 .6  

0 .5  

0 . 3  

0.4 

0 .5  

0 . 3  

I - 

0 . 3  

0 . 2  

0 .2  

0 . 2  

0 . 5  

0.4 

i0,:1 

miratrr 

27.8 

18.8 

24.3 

17.0 

48.4, 

25.4 

31.8 

24,.2 

22.3 

38.5) 

35.0 

48.6 

16.5 

53.5 

19.5 

:12.:l 

35.7 

9 .4  

65.7 

2.3 

17.9 

- 

2'7.5 

1 . 0  

19.3 

0 . 3  

0 . 2  

0 . 2  

0 . 2  

0.4. 

0..i 

0 .2 

- 

0 . 2  

0.4. 

0 . 5  

0 .6  

0 . 3  

0 . 4  

0 . 5  

0 . 3  

0 . 2  

0.1; 

O.(i 

1 
- -  

j e ~ t  

0 . 4  

0 . 4  

0 . 1  

0 .2  

0 . 5  

0 . 3  

0 .3  

0 .3  

0 . 2  

0 . 2  

0 . 1  

0.2 

0 . 2  

0 . 2  

0 . 2  

0 . 2  

0 . 2  

+ 

0 .0  

I 

- 

0 . 4  

0 .4  

0.1 

0 . 5  

0 . 3  

0 . 3  

0 . 3  

0 .2  

0 . 2  

0 . 1  

0 . 2  

0 . 2  

0 . 1  

0 . 2  

0 . 2  

0 . 1  

0 .5  

0 . 3  

0 . 3  

0 . 5  
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TABLE 10. Mean, errors El* and E,* for -1932. 

3IADRAR I 

E, is with regerd t o  sign : El is without regerd to sign. 
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TABLE 11. Mean er ro rs  E,* and E,* for .l932. 
KIDDERPORE ( CALCUTTA ) 

is with regard t o  sign : E, is without regard to sign. 
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E, i~ wit11 regard to aig-n : E, ia without regard to s i p .  
t Actual veluea &re tide-pole reedings (luring daylight only. 
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I 
TABLE 13. Hean e r r o r s  El* and E,* for 1932. 

AKYAB 

El is with regard to sign : xp is ~vithout regard to sign. 
t Actual valucs are tido-polo roadings during dnylight only. 

rlBlOD 

1915 

MEAN ERRORS Number of 
errors exceedimp 

(Predicted - actual t ) 
- -- 

El* Ez' 

H. W. 11. W. 
Ti111e He ip l~ t  Time 

I 
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TABLE 14. Mean errors El* and E,* for 1932. I 



CHAPTER VII  

RESEARCH AND TECHNICAL NOTES 

1. Changes of level in Bengal 

Geodetic Report Vol~une VI, Chapter VII, contains a dis- 
cussion of various levelling cliscrepancies which have bee11 found in 
Bengal. The conclusion reached was that  the plains i ~ !  northern 
Bengal were rising a t  the rate of ill)out 1 foot in 20 years. This 
eonclusioil has provol<ed a certain amount of criticism, especially 
fro111 Colonel Sir Sidney Rur~arrl*, formerly Survryor Genera1 of 
India. The following paragraphs reply to various p o i ~ ~ t s  of dou1,t 
01. c~.iticism which have been raised, but  the Survey of Inrlia do not 
wish to be too dogmatic ahont the certainty of their conclusion. 
Levelling is ~iotoriously susceptible to inexplicable systematic errors, 
and conclusions which might be co~~sirlered well proved in other 
lines of investigation must be accepted with caution in spirit- 
levellirw. 

0 

Many of the lines u~ lde r  consideration emanate from 
Howrah stalldard H.M. It has been saggestecl that  this B.M. inay 
have been sillking down illto the ground, and so havr caused the 
appearance of a risr a t  the further encls of these, lilies when they have 
been rclevelled in later years. But precautions a g s i ~ ~ s t  such error 
have always been taken whe~l  new work is ooii~~ectecl to old : several 
bench marks are always relevrllecl, and the c o ~ l ~ ~ t c t i o n  is not accepted 
unless several give accorda~it  results. The cliecli-levelli~ig a t  Howrah 
in 1913-14, a typical case, is given below: 

Height Height 

Bonch Mark 1 above 1 nhore 1 
No. 264 No. 264 

In 1882-83 In 1913-14 I .  1 '  
264 On vrrnndn in Bntnni- 

c:tl (fnrrlms .. 
267 On ~?lntform, Rnrn's 

Workshop 
326 On brillgo over Rally 

Crccsk ... 
327 On rnt,rnnc~ to Lihm1.y 
324 Doorw:)y of hol~sla 
330 k:1111?1vldrd in floor of 

t ~ ~ i ~ i p l n  g l ~ r i t  ... 
334. TIri~lgr pnrnprt , ,  

! o ? p l  E?,y i ,~cc~ . s  . lo i t rn ,r l .  Jwncs 1933. Also in correspondence 

0.000 

+ 1,202 

+A,4.47 
+ G ,336 
+7.AGO 

+1..59,4 
+ 6 1  

0.000 

+ 1 .22.1, 

+8 .446  
+ 6.413 
+7 .924  

+1,71.7 
+ 6.iR5 
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The above B.M's cover 1 0  miles of line, and i t  is unbelievable 
they could all have sunk into the  ground more than an inch or two 
and still have maintained their relative heights so closely. Any 
greater changes in their level which may have occurr~cl between 1883 
and 1913 can only have been due t o  a general elevation ordepression 
of the  whole area covered by them. 

Accepting the  fact that  the  Calcutta B. M's have not been 
sinking into the ground, doubt may still be felt t ha t  north Bengalis 
rising rather than south Bengal sinking: a shrinkage of recent 
alluviom is such a natural thing to expect. But the tidal evidence 
given in Vol. VI seems conclusive on the  point. The mean-water- 
level of the  Hooghly is not a good levelling datum, but i t  was only 
3 feet* above mean-sea-level in 1881, and i t  is unbelievable that it 
coulcl be more than a foot lower now, since predictions of the tin~rs 
and heights of the tides, based on observations as old as 1881, are 
still accurate. The tidal data actually show that  the land has ~sis~n 
6 inches relative to the water in 1881, a figure which is quite con- 
sistent with the  land having been stationary relative to M.S.L. in 
the open sea. 

It has been pointed out tha t  t he  present hypothesis resta 
largely on the old line from Howrah to Pirpainti, and that if a S-foot 
error had occurrecl in tha t  line, the  evidence for cliangt~ of level 
would be very heavily reducerl. This is certainly thv caw: of the G 
items of eviclence summarized in Vol. VI page 106. thv first and the 
third, which are the most striking, clepend on this line. I t  mnst, 
however, he noted tha t  an  error of 3 feet  is very n~~lil ielg to have 
occurred anywhere in the old level net ( the  closing c31.rors of 29 cir- 
cuits averaged 0 - 4 feet) ,  ancl tha t  the line in qucstiou was contained 
in circuitq whose errors were + 1 . 4  and + 0 . 9  fectt .  

Modern secondary levelling is responsible for much of the 
eviclence, and the  word "~econdary " suggests unreliability. It 111ust 
he pointed out that  the system of the modern seco~~clnry nrorlc is almost 
indistinguishable from the "precision" levelling of the old net. It is 
simnltaneous double levelling with tolerances a little mole lax tllall 
those allowed in the later stages of the old net, bu t  similar to those 
under which much of the old wol-lr was clone. 

NO hypothesis can be accepted without reasonal)lc hut 
the amount of proof required depends on the  inherent l~rol~al)ility or 
improbability of the hypothesis. Reports of similar c h a n ~ e s  in other 
parts of the lvorld are no evidence of changes in India, hut ~ I ~ P Y  
make i t  easier to accept such changes as possible. ~t 'telltion is 
rlrawn to c h a n g ~ s  of level in Finland reportecl in thtl Travaux of the 
International Geodetic Association Tome 8, Chapter IT, to 
- 

* The figure 1: f e ~ t  was wrongly given in Vol. VI pago 106, footnote, 
t Aa mentioned in Vol. VI, theso closing errors arc much ,rrle.\ter than tl"' 

average, although they suggest no error of 3 feet. On the present hypothesis the'r 
comparatively large magnitude is expl~ined by the suggested changc.8 of leve1. 
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changes in Canada and the United Stahes reported in "The Journal 
of Geology ", Chicago, July-August 1933. The second of these is 
independent of spirit-levelling, being based on the levels of the 
Great Lakes. 

It is thooght tha t  specific criticisms which have beell made 
are adequately met in th r  above paragraphs, but the hypothesis has 
been wealrel~ecl by it11 a t t ~ m p t  to find confirmatioil from the west. A 
comparison of levelling between Benares a11d Agra (350 miles) ill 
1864-65 aiid 192.5-2i reveals a change of only 0.0:10 feet. This 
suggests that  the rocli a t  Agla has beell risi11g at identically the same 
rate as Bcwares, an i~nprol).zl)lt. stat11 of affairs. Furtliel., extel~sioil 
to thc. sea coast a t  Karachi, suggests tha t  Agra actually sank 
19 0.817 feet between 1860 and 1925. From Karachi to Agra is 
about 1,200 miles by one route and 700 by the other, and the levelling 
passes through ail area where large inisclosures have occurred*, 
sn that the sinking is not pt.ovec1, hut a, rise of several feet is 
certainly strongly n~qatirc~cl.  Evideilce of chances ill north Bengal 
is clearly much better based on Calcutta (distant 200 ~n i l e s )  than 011 

Karachi (distant  1,700 miles), but  a final op i i~ io l~  lnust be reserved 
until confirmation is obtained from other directions, and until the  
area affected by the rise is fully delineatecl. 

* Hyderibad, Sincl. See Geodetic Report Vol. V, page 94. 



11. The effect of Terrestrial Magnetism 
on Invar Pendulums 

A review of the gravity worlr in hidia during the last few 
seasons is desirable in t,he light of recent investigations by Dr. E.C. 
Bullarcl on the effect of a magnetic fielcl on invar penilulums*. 

The high temperature correction factor of brass pendulums 
(al>out 50 x 10F7 sec. per°C) makes them rather unsuitable for use 
in t,he field where co~~siderable  fluctuations of temperature may be 
expected. Fused quartz was tried (t,emperature factor about 
4 x lo-' sec. per O C )  but  proved unsuitable because of its fragile 
nature, and also because of i ts  low densit:y, which involved an increase 
in the density correction factor and also a more rapid decrease in 
the  arc of swing. Invar wit,h a temperature coefficient about the 
same as fused quartz, ancl a suit,able density, was a t  first suspectb! 
a material for invariable peiidulums on account of its magnetic 
properties; hut  sobsequrntly i t  was clecided that ,  owing to its lo\v 
magnet.ic permeability ancl its sm:tll power of retaining permanent 
magnet,ism, penclul~~ms of inva,r coulcl he safely used for gravity 
cleterminations. 

Dr. Billlard's investigations were made with invar pendululna 
of exactly the same desigu, as the Survey of Inclin pendulnms,so 
that  his results can he directly applied to them. 

An invar penrlulum (without permanent magnetism) in the 
earth's fielcl becomes a magnet by inrluctioli. The difference, 86 

S P C O I ~ ~ S ,  in the time of swing of an invar pendulum of the same 
type as the Survey of India pendulums clue to the ind~tccd mngneltc 
moment is As= - 0 . 1 6  x IO-inZ?, 

where Z is the external fielcl in gauss, and fi is the 
inclucecl magnetic moment. 

n, may be talren to be 310 C.G.S. units, as found by Dr. ~ullard. 
(Actually in India i t  should he somewhat less, which is advant,sgeous*) 
And Z= 0 . 3 5  gauss a t  Dehra DBn. 

T1i~:n 8s = - (i x lo-' scc, atld 8!,= + 0.002 cm/sec3. 

Proccbcdi~lg s0ut.h f roln Dphra niln, the earth's vert,icnl mWletmic 
lielll will varg fro111 0 .  :;.i gauss t,, 0 . ()() : ~ t  tile ~ ~ ~ , ~ ; t t o r  : 111 ~ ~ t l l ~ ~ l ' ~ ~  
~ v i t h i ~ t  thfs conlinc~s of Inllia, tllr rallqe will 11,~ loss. JIt!llce so 

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

-- 
* I . !  % 1 t l l .  ~.lT!.ct of :L ~n:~(lll, .ti,:  ti,-l,l <,n I.,tl:Ltivl. (Il.:L,.ity d ,< t r~ . l~~ i~~ :~ , l  i o l l u  \vitI1 

p(~ndlt1111114" I I Y  IC. (: f $ ~ ~ l l ; ~ r , l .  L ~ 1 1 . 1 ) .  -pl.,lc. ,,f t],,+ (:;Llll~ll~i,lgo l'l~il. So',. v1~1. X X I X  
11:~rt 2, 10 hI:~g 1!):34. 
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long as the pendulums have no permanent magnetic moment, the 
effect on g due to  the earth's field will only exceptionally reach 
Sg = .002 cm/sec2. 

This is a n  alnount which is not serious. 
The effect of pevm.nnent rnngnstisntion is more serious. 'The 

formula for the  error resulting from the interaction of permanent 
magnetism and the  earth's field is 6s = - 0 . 3 7  x lo-' M,Z, where M, 
is the permanent magnetic moment of the l~enrlulum. A t  Cambridge 
where the earth's field is 0.43 gauss the ma,ximum permanent 
mo~neilt t'aken up by the pendulum was + 150 E.M.U., so a t  Dehra 
with a field of 0.35 gauss we might under adverse conditions get  
+ 120 E.M.U. 

The corresponding effect on the value of gravit,y cleduced from 
the swing of the pendulum is S9= + .006 cm/secg. 

In  the worst possible case with the pendulum fully magnetized 
when swung a t  Dehra Dnn, and a t  another place fully magnetized 
hu t  with opposite polarity, the error in g'would amount to .012 
crnlsec?. If the pendulums were fully magnetized when swung a t  
Dehra D ~ I I  and kept the same ~nagnetizatio~i throughout the field 
season, then the greatest error in g ~vould a n ~ o u u t  to 8g = _f .006 
crn/aec? This is due to variation in the eartli's field, and the error 
would be nil if the pendulums were screc~necl from the earth's field. 
Since the ease with -which pendulums can be mag~~et ized by the 
earth's fielcl varies very greatly in different pendulums*, the mean 
error due to two pendulums accident'ly magnetized and swung to- 
get,her will a1wa.y~ tend to be less t,han tha t  due to a single pendulum, 
and t,he error would be nil if the t,wo pendulums happened to be 
equally magnetized but with opposite po1arit.y. 

It is eviclent therefore tha t  without any precautions an error in 
g amounting to Sg = .012 cm/sec%vould be abnormal but might 
occur; normally the error would be less bhan .006 cin/sec< The 
possibility of such errors is unsatisfactory. Whether or not t,hey 
have occurred in India is considered in a later paragraph. 

As stated above, error due to the interaction of perinanent 
magnetism with the earth's field is eliminated if the pendul~un is 
screened, but i t  is also necessary to co~~s ide r  the interaction between 
the rendululn case and the permanent magnetism of the pendulmns. 
This causes 110 error provided no change occurs in t'he permanent 
m a g ~ ~ ~ t i s i n  of the pc~~dulums.  

Dr Bullard has fou~ltl that  a very slight tap may be sufficient 
to chnngc this by 5 0  E.M.U. A tap saflicit~~lt to cbfect this change 
is most l i l < ~ l ~  to occul. wllt111 i~lserting the per~clulum in thp case 
1)L.cl1arato1.~ to s ~ v i l ~ g i ~ ~ g  it, 01. I V ~ I C I I  r ~ ~ n o v i n g  it. I t  will thcu be a t  
least partly scrchenpcl, no the change is liliely to be sn~all .  If howc~ver 
t h ~  11~ndululn is initi:~lly tlemagnetizetl, a similar tap mhilc partly 
8creened would result in far  less change, if any. I n  addition i t  is 
--- -_--- _ - 

* Op, tit. p. 289. 
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easier t o  determine whether or  not a pendulum has permallellt 
magiletism than i t  is to cleterinine the exact amount of the perma- 
nent magnetism present. The best lnethocl therefore of eliminating 
errors appears to be to  keep the pel~dulullls demagnetized, verifying 
t h a t  this is so a t  each station of observation. 

Dr. Bullarcl finds that  screenilig with Mo-metal,* + Inm thick, 
is sufficient to elilnillate the effect of the  earth's tield: so that if both 
the  vacuum case and the travelling case of the pencluluins a1.e so 
screened, the only risk of clelnagl~rtizecl pendulums taking up perma- 
nent  p nag net ism is cluring transfer between the t ravel l i~~g case and 
the vacuum case. The pendulums should be tested for per~naiient 
magnetisnl a t  this stage and all shocks avoided, particularly outside 
the  screenecl cases. I f  p ~ r m a n e n t  magnetism is found, the pendul~un 
should he demagnetized before observing. Permanent magnetism 
along the length of the pendulum will result in the bob bring either 
a N. or a S. pole, although the stellite knife-head may acqulre inde- 
penclently permanent magnetism a t  right angles to the length of the 
pendulum. The effrct of the latter will be quite nc.gligible, but on 
this account the  test for magnetism parallel to the stem should be 
made a t  the  bob encl. 

The test is macle with a sensitive compass needle about one inch 
long. After relnovilig two penduluins to a dist,ance, t,he remaining 
penclulum is placed in the wooden t r a v e l l i ~ ~ g  case, and aligned with 
the case a lo~ lg  the m;lgnet,ic ~nericlian a ~ l d  the bob to the south; the 
compass is placed in the case close to the east side of the bob. 

If there is no permanent magnetism the north point of the 
compass will be deflected about 40' towarcls the bob. This position 
is marked wit,h ink on the glass above the compass needle. The 
case is then rotat,ecl through 180° and the south point of the compass 
will be found uncler the ink mark. 

I f  there is permanent magnetism this will, in one position of 
the pendulum, oppose the  earth's field and, in the other, reinforce it. 
Hence the position of the compass needle in the two positions mill 
vary considerably. A fully magnetized pendulum would result in a 
change between the two positions of about 110'. One-fortieth of 
t,his woulcl be detectable and for this the error in observed gravity 
woulcl not exceed 0 .0003  cmIsec2. 

Demagnetization by placing the pendulum ia  a sol~noirl round 
which au alternatin: current is passing, is ~u~satisfactory. Dr. 
Bullard shows that  the Inst a l t~ rna t ion  of current is likely to leave 
the ~ c n d u l u m  magnrltized. Light tapping in a fit~ld opposetl to the 
]w"nncllt ~nagnc~tization is prol>ably tllc bvst Inet]~od, ant1 has been 
ebnll)lop~tl in Ilrtlia. Daring the last field season (4s ~i i~ t ions  ill 
all, inclutling Dehra D i ~ n )  the pen(lu]llms jp.erc> tpSted for I T I : I Y I I P ~ ~ S I ~  

and always found to 1x3 clemaglletize(l although 110 sorcsrnlllg ma9 
use(1. During this season therefore errors will be clue only to the 
- -- -. - - - --- - 

steel containing about 78"/, NI, having a vcp t o  80,000- 



CHAP. ~11.1 RESEARCH & TECHNICAL NOTES 

effect of the earth's field on demagnetized peildulums and will not 
exceed .001 cm/sec" as all the stations were between lats. 30' 
and 17' N. 

The freedom of the l~endnlurns from permaneilt magnetization 
without special precautioi~s during the whole of a long and varied 
belt1 season shows that  there is a t  least a strong probability that  
they mill not become pennanent,ly magnetizecl wider normal condi- 
tiolls of use. That  this has been so in the previous field seasolis can 
be i~~ferrecl froin the fact tha t  repeat observatious with iuvar pendu- 
lums at  stations previously ol,scrvc~d with brass pendulums have 
given satisfactory results. Tl~ese are tal~ulatcd below: 

Station H~.:tss p ~ n d ~ ~ l u n ~  Invnr ~ , r n d n h ~ ~ r ~  Brass ? I I ~ ) I ~ L S  i n v i ~ ~ .  
- --- 

cnl/scc2 cn~/sec? 

No. (i4 13il$epnr . . ' 9%. li82 978, (;XI + ,001 
., l i  C ~ ~ t t ; ~ c l c  . 978. IiliO $178. l i j R  + . O O l  
, 2 3T:tdrns ... , 978.2S2 $178, 279 
.. 40 H:~ognlorr , 978.026 I + ,001 

Tt is I I O W  1)rol)osetl to equip hoth the vacuum case ant1 the 
trnvc~lli~~q c:~.;t. of thr  p r i ~ d ~ ~ l u ~ r i s  with Ma-mctnl s'recns d u r i ~ ~ g  the 
I ~ C C I ~  se:rson of I !):I I .  A111 1~)ssil)ility of ndrrrse 111ag1ltltic effects 
in fr~ture \vol.lr \\rill t111.11 Le vlilllill:lte(I. 
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List of more important co~ltributions by the officers of the 

Survey of India to various extra-delmrtmental poblica- 
tious and related articles ... . . . ... 113-117 

* Publleations detailed in Parts Ill, I V  and V are also obtainable from the OHicrr 
In char~e, M P ~  ~ m r d  and ~ u u e  OHiw, 13, wood street, Calcutta. 
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Sterling Prices of Publications. The prices to be charged 
for Survey of India publications in sterling equivalents in English 
money have been morltecl out under the rules given in letter No. 8-401 
dated the 1'7th January 1924 from the  Under Secretary to the Government 
of India, Department of I~ldustries 11nd Labour, Delhi, to the Secretary 
to the High Commissioner for India, General l)epartmet~t, 42 Qrosvenor 
Gardens, London, S.W. 1, l'hese ~ t e r l i n g  prlces are subject to fluctuation 
wit11 the e x c l l a ~ l ~ e  ].ate and will be revised from time to time. The prices 
a t  the current rate of exchauge are : 

PAR,'' I. NUMERICAL DATA 

Price in 
Indinn money 

Hupees Bunas 

0 2 
0 . 4  

0 8 
0 12 

1 0 
1 2 

1 8 
1 12 

2 0 
2 8 

3 0 
3 8 

4 0 
4 4 

Triangulation pamphlets. Each coverin:: one sclu;rre degree. giving 
descriptions, positions, (latitude nud. longitude) and heizhts of triangulated 
points and other data with chart. The chart shows the plnn of triaugulatiqu 
with the po~ition of stations and points. TI.ian,oulati~n data fallillg In 

l / J I  sheet are printed in 3 series of sixteen paml~l~lots  h to P. 1" tl!e 
I:ut 11nulphlet of every series published up t,ill 1932, n coloured map Is 

civen ill sdditiol~ to tile chart, to illustrate the topogmpI~icnl featllres 
the area coveref1 by the 1/M sheet. YnrnpIllets having this map are,Charged 
l i p .  1-8 extra. 

Clnrts Nos. XIX & XY a t  the end of the (jeodetic Report chew 
triangulation palnphlet~ have been published. 

Englieh 
equivalent 

Shillings Pence 

0 3 
0 5 

0 10 
1 3 

1 9 
1' 11 

2 6 
3 0 

3 6 
4 6 

5 3 
6 0 

6 9 
7 3 

Price Re. I per prrtt~phlet.  Publisl~ed at  I)ehra I ) ~ u  

Price in 
Indian money 

Rupees Annas 

4 8 
5 0 

5 8 
6 0 

6 8 
7 0 

7 8 
8 0 

8 8 
9 0 

9 8 
10 0 

10 8 

English 
equivalent 

Shillings Pence 

7 6 
8 3 

9 0 
9 9 

10 6 
11 6 

12 0 
13 6 

14 6 
15 0 

16 0 
16 6 

17 6 
12 . 0 I 19 6 
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Levelling Pampfilets. 

(i) Levelli116 of Precision. Giving heights and deecriptions of nll Bench 
lnarks fixed by Levelling of Precision and of certain selected secoudary 
lines. Each pamplllet etnbl.nces all area of' 4' x 4' and the ~ ~ u m b r r i n g  ie 
the ssnle nu that of the correspo~tdi~lg slteetv of the 1/1\1 lnnp of Iudiii. 
Each is illustrnted by a lnnp of the nrea. Published a t  Uehm Dun. 

(a) Levelling of Precision in India aud Burnla. 

Pamphlet I 

Sheet ( Distinctive name of sheet 
-- 

31 
35 
38 
39 

40 
41 
43 

44 

45 
46 
47 

48 
49 
52 
53 

5.4 
55 
56 

4 

(Quetta) ... . 
(Karichi) ... ... 
(Kibul)  ... .. 
(blult%n) ... ... 
Addendum to 39 ... 

(Hyderibid, Sind) ... 
(Rsjkot) ... ... 
(Srinagar) ... ... 
Addendum to 43 ... 
(Lahore) ... ... 

(Ajmer) ... ... 
(Bnrodn) ... ... 
(Bombay) ... ... 
Addendum to 47, 
Island of Bombay ... 

263; 
24-28 
32-36 
28--32 
.. . 

24-28 
20-24 
32-36 
. . . 

28-32 

24-28 
20-24 
16-20 

Bs. 2-0-0 
He. 1-0-0 
He. 1-0-0 
RR. 3-0-0 

Rs.8-0-0 
lts. 2-0-0 
Xs. 3-0-0 

R S  2-0-0 
Its. 2-0-0 
lis. 2-0-0 
Hs. 2-0-0 
Rs. 2-0-0 

Rs. 2.0-0 
Rs. 2-0-0 
Rs. 2-0-0 
Its. 2-0-0 
Hs. 3-0-0 

Rs. 2-0-0 
l t s .2-0-0  
Hs. 2-0-0 

1912 
1911 
1912 
1929 

in the prees. 

1930 
I912 
1931 

6;6; 1 1916 

(Ooa) ... 71-76 
(I'alicut) ... 72-76 
(Leh) ... 76-80 
(Delhi) ... 76-80 

He. 1-0-0 

64-68 
6P-72 
68-72 
... 

I 
68-72 
68--72 
72-76 

72-76 

72-76 
72-76 
72-76 

... 1 ... 

Addendum to 53 ... 

( A ~ r a )  . . . ... 
(NBgpur) ... ... 
(IIyder%b%d, Deccnn) ... 

1911 
1912 
1913 
1916 

1911 
1918 
1913 
1915 
1926 

1911 
1912 
1912 

1915 

... 1 . . . 

24-28 
20-21 
1G-20 

76-80 
76-80 
76-80 
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Levelling Pamphlets-(Continued). 

(b) Levelling of Precision in Nesopotamia. 
Descriptions and heights of bench marks in Mesopotamia in one 

pamphlet, published a t  Dehra Dhn,  1923. Price Rs. 3- 
(ii) Levelling of Secondary Precision. 

Descriptions and heights of bench marks, ~ r i n t e d  by Gestetner 
a t  Dehra Dhn. 

Pamphlet  
Lat i tude Longitude Published 

Sheet 1 Diatinctire nnme of sheet  1 N. 1 E. 1 i n  1 Price 

- 
d .  .- o Line number 
Z i 5  1 

i / l  
- - 

1 ' 52A (Ruk to Sehmiin) 
40 A 

2 152B (Dsur to Lunclo) 
3 1 52C (Shihpur to Mahriibpur) 

4 5 2 D  (Taodo AliihpBr to I t  

57 
58 

62 
63 
64 
65 
66 

72 
73 

74 

78 
79 
83 
84 
85 

92 
93 
94 
95 

(Mysore) ... ... 
(Ootacamund) ... 

(MLnasarowar) ... 
(AllnhLbLd) ... 
(Raipur) ... ... 
(Vizagapatam) ... 
(Madras) ... ... 

(KitmLndu) ... 
(Cuttack) ... ... 
Addendum to 73 ... 
(Puri) ... ... 

(Darjeeling) ... 
(Calcutla) ... 
( D ~ b r u ~ n r h )  ... 
(Akyab) ... ... 
(Prome) ... ... 

(Bhamo) ... 
( ~ a n d a l n ~ j "  ... 
(Rx~igoou) 
(Mergui) " '  

'7s"-86 
76-80 

80-81 
80-84 
80-84 
80-84 
80-84 

84-88 
84-88 

84188 

88-92 
88-92 
92-96 
92-96 
92-96 

96-100 
96-100 
96-100 
96-100 

1;-1s" 
8-12 

28-32 
24-28 
20-24 
16-20 
12-16 

24-28 
20-24 

. . . 
16-20 

24-28 
20-24 
24-28 
20-24 
16-20 

24-28 
20-24 
16-20 
12-16 

1919 
1914 

1922 
1923 
1912 
1913 
1912 

1930 
1913 
1927 
1913 

1923 
1924 
1912 
1918 
1917 

1918 
1917 

1916 

Rs. 2.0.0 
Rs. 2-0.0 

Re. 1-0-0 
Us. 2-0-0 
Hs. 2-0.0 
Rs. 2-0-0 
Ils. 2-0-0 

Xs. 2-0-0 
11s. 2.0.0 
1Cs. 2-0-0 
Hs. 2-04 

Ha. 2-0-0 
Hs. 2-0-0 
Its. 2-0-0 
Hs. 2-04 
Its. 2-0-0 

Rs. 2-0-0 
Its. 2-0-0 

2.0.0 
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Levelling Pamphlets-(Continued). 

+ 
d .  
.d o 
i z 

5 
6 
7 

8 

9 

10 

11 
12 

13 

l 5  

16 

C 

Line number 

52E (Rohri to J a m  Sahib) ... 
52F (Shiihpur to Mirpur Purlua)  ... 
52G [Landhi cnnnl bungalow (39th 

mile) to Khipro] ... 
52H (Rhipro to GhulBm Bhurgnri) 

52 I (Mirpur  Khiis to  Tando Qhu- 
1Bm Ali via Umarkot and 
Diidih) ... 

52J (Mirpur Ehiis to  Tando Ghu- 
IBm A.li via Digri) ... 

52TC (Digri to D i d i h )  
70J (Bnriiksr to HazaribLgh ~ o n i j  

74C (Howrnh to UttnrpLra) 1 
71D (Bnidynbiti to Sheoriiplnili) I 
741S (Bindel (:hurcl~ to BBndel 

I tp.  Stn.) i 74P [R.M. 251(118)/79A to 
Palldun l{y. Stn.] 

7 4 6  (B.nI. 126/73hI to Salrtigarli 
Ry. Stn.) 

7411 (B.M. 116/7381 to Burdwin 
7 

l{y. Stn.)  
7OE (B.M. 85/73Rl to nlaukar 

Ry. Stn.)  
70F (B.M. 76/73M to Panagnr 

K.y. Stn.) 
7OG (B.RI. 59/73RI to Durgiipur I 

l t y .  Stn.)  
70H (R.M. 28/73M to  Riiniganj 

lty. Stll.) 
I 

70 I (I3 M. 15/7:3Bl to Asm~sol, 
J<%lil)il~ari Churulin) 

7OM(I< h i ~ ~ a  Ry. Stn.  
~ y .  Stn.)  J 

77Q (Cnlcuttn to N l r i y s n l ~ u r )  
771t ( Kiiriiyanpur to  Nir5yanpur) ] 
87A (Moulmein to Paan) 
87R (Moulmein to Weltnli) 
FliC ( IJabulron to Rawmyatlcyi) 1 
87D ( N y a ~ n ~ b i n a e i k  t o  Nat- I 

chaung) J 

Situated in Published Price 
degree ~Lret. I in I 
40 A ,  B L E 
40 B, C & Q 

40 C & G 
40 (; 

POC,D,G& H 

40 G 
4 0 G & H  

73 I and 72 H 
& L  

79 A & 

7 3 1 & M  

79. 

92 H & L a u d  
95 E & I 

1928 As. 6 
,, 

:: I ii 
,, 

9 ,  

I ,  

9 ,  

,, 

,, 

,, 

,, 

91 

9 1  

9 ,  

AS. 12 

As. 9 

As. 12 

Re. 1 

As.  12 
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Line number Situated in 
rn degree sheets 

Published 
in 

1 

86 L,N,O & P 
and 94 B,C & D 17 1928 

,, 

1929 
st 

8 )  

,, 

,, 

,, 

,, 
P I  

11 

9 )  

,, 
1, 

1 )  

9 0  

9 ,  

o 

11 

88B (Eynuktngn to Myitkyo) 7 
88C (Dalnnun t o  Paaunmyaung) 
88 D (Pegu to Zenyaungbin) 
88B (My~tlryo to Okpo) 
88l" (E. U .  M. a t  R. L). 25 of the 

Yetme Embankment t o U n a )  } 
9 0 1  (Nyaungzaye to Kandin) 
90B (Ma-ubin to  Bnssein) 
90C (Sagamya to Pantnnaw) 
90E (Thooze to Haugoon) J 

89A (Kynultse to Minzu) 

I 

Rs. 9 

HE. 1.8 

An. 6 
p t  

I )  

,P 

I I  

As. 10 

A s . 6  
!I 

I) 

P I  

, I  

$1  

11 

11 

11 

I t 

19  

18 

19 
20 
21 
22 

23 

89B (Ymnlta~nggyi t o  Amarapura) 
1 

89C' (Kyaukse to Mnndalay) 
89U (Tang611 to Shwebo) 
89 E (tiabo to Myittaw) 84 M,N,  0 J? 

59F (Olcshitkan to Paukkan) 
301) (hlellrtila to Yewe) 

I 
29C (Nira to Bntgarh) ... 
5 3 8  (blndad Chiindia to Mehar) 
,3413 (Sll~ltirpul. to Rambnr) ... 
54C (Warlaso to ltato-dero) ... 

551 (Garh MaliLriijn to  DnmBmia) 
j.;K (hherbela to Multiin) 
5.51, (Knt~gpcr  to Muzaffnrgnrh) 

47 F &  J 
35 M 
40 A 

34 P,35 M, 
39 1) and 40 A 

39 N,44 A&B 

3 9 N & O  

39 0 
44 A 

4 4 F , I & J  
39 0 

39 0 , 4 4  B,C 
ck F 

39 0 
39 L,O P 

39 H Rc L nnd 
4 0 E & I  

39 K,TJ & 0 
79 B 

79 B 

1 ;ShI (hIuznffarg:~rl~ to Basti 
Rlaluk) 

25 5.50 (Sojlb%d to Sabunlli) ... 
.j;P (.J:~bl~oinn to Rot Mildeo) ... 
,jF ti ( I<nriir to Baairpur) ... 

2S 

29 

30 
31 
32 

3.7 
34 
35 

371) (Lodl~r iu  to Bal~iwalpur) ... 
5 i H  (Basirpur to LodhrLn) ... 
.ji.T (Kutabpor to AdamwihBn) ... 1 ZTL (I)irlanrI1 t o  KI,Lnpur) ... 
3iAI (blltl~rn to I < h i ~ p u r )  ... 

57X (Cliachran t o  KhBnbela) ... 
74R (ICidderpore to Dublnt) ... 
7 7 V  (IIastillgs Bridge t o  

l)alcl~~neamar) ... 
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Levelliu g Pamphlets-( Continued). 

Line 1111rnber Situated i n  / I~uhlished 
m degree sheets ir i  

55 11 ( A  bdul IIaltiln to Garh 
T!I:~ll%r%ja) 

55J (l):\n~,imia to Al~ar Bela) 

41 29B (Kirn to Jhillii) . 1 47 J . K  d 0 1 1930 1 As. 6 

1930 

! 

1933 

Rs. 1/: 

As. 1( 

1933 

I 41; 3 Brn~~ch-T,illcs 11rtwccn 
l)%gll :LIIC~ (hlnoll 1 3  As. 6 

As. 1( 

57 I (1Chudiii11 to  Lodhr;i~~) ? 39 N S; 0 aud 
to Fazillrn) ) 41 R. C, F, 

G k J  

88 I (Eritlc<s No. 74 to AIyit- 1 l < ~ , l )  
88 ,J ( ~ , , I ~ I I ~  t~ ~ ~ ~ I I \ v ( ~ ~ , ) I I ~  

1932 As. 11 
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Levelling Pamphlets-(Continued). 

Line number Situated in Published Prica 

.- I-- , 

50 

5 1 

52 

121 B (Toposi t80 Ondal) ) 
121 C (Toposi to Gauriingdih) 
151 A (Pandavesmar to  Palas- 

th5li) 
70 R (Ilcrah to Sitfiriiinpur) 
70 U (Pradhfinlrhunta t,o 

Piithardih) 
70 V (Dhiilibid to Jamunii- 

t,iinr) 
70 Q (Toposi to Biiriibani) ) 
56 I (Ferozc2pore to Jagraon) 
61 I (Mahno, to Head of Bha- 

daur distributary) 
61 J (Badh~ii Kalan to Alam- 

miila) 

57 0 (Bhatinda to Doriiha) 
57 P (Islimwila to Larnhi) 5 
57 Q (Hanumitngarh to Hissar) 

'731 & M 

44 I, J, M & N 

44 J, g & N 
and 53 B 

53 

54 

55 

56 

58 

I 

i 
1933 

57 R (Hissir to Biilsamand) 1933 As. 10 

75 C (Muhammadnagar Patna 
to Bhadrakh) 

75 D (Bhadrakh to Cuttacl<) 
75 E (Cuttaclr to Pir  Hat)  

As. 10 

74 J (Sattigarh to Bally) 
74 K (Seor5phuli to Tarakes. 

mar) ' 

I 

I 

72 P ,  73 M, 
78 D and 7 9  A 

1933 

\ S B  74 L (Bandel to Barharwa) , 

74 M (Khitna to Kiul) 
(Port,ion Ti~ ipah j r  to 

Pirpaint,i) 
74 N (Nalhiiti to Azimganj) 
74 0 ( T i n p a h ~ r  to Rairnahil) 

As. 14 

1938 

70 0 (Jasidih to Baidyaniith 7 
Dh nm)  

7 P a d h  to i r i i  / 
72 A ( B h ~ ~ a l ~ u r  to MandSr . 

hill) J 

74 I (Uttarpara to Kalna) ... 

1933 As. 10 

10 

I 
! 

m(, 1, & I' 1933 
I 

1 
79 A & B ( 19:1:3 

I 

A s  6 
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Levelline: Pamphlets-(Concluded) .  

Line ~iu~nber degree sheets 

59 

62 / 61 K (Chandigarh to D o r a a )  
1 57 X (Doriha to P a t i ~ l a )  ] / 53 B 1 1933 /As.10 

52 M (S.B.M. Suklcur to Barrage 
Road Bridge, Sukiur)  . 1 40 A 1133 1 As. 6 

57 S (Bhiwsni to BahMur- 
garhj  

57 T; (Hinsi  to Bhatinda) 1 
I 57 U (Minsa to Sohuwala) 
I 

NOTE. Seo also psmphlets of "Levelling of Precision in India and Burma" 
pages 91 nnd 92, for certaiu selected lines of Secondary Prccision. 

Tide-Tables. 
From 1880 to 1 9 2 2 t i d a l  predictions based on the observations of 

the Survey of India were published annually by the India Office, 
London. From 1923 the prediction and publication have been under- 
taken a t  Delira Diin by the Sorrey of India, and until 1930 were 
published as follows : 

(1) A single volume stylecl L L T l ~ e  11njor series" priced Rs. 8. 
(2 )  Co~~lbi!~cd Pnu~yl~lcts varying in p1ic.c. , ~ V O I ? L  Rs. 1-2 to  

Rs. 1-8 par copy. 
(3)  Scpnrl~te Pnnlp~llcta for inclividual pork  priced As. 1221er 

copg. (For names of these ports see Geodetic Report 
Volume V, pages 31-33). 

Commencing from 1931, a new form of publicatio~l styled L'Tide. 
T~blcs of tlrc Illdilln Ocean" has bee11 introclnced p1.icc.d Rs. 3 per copy. 
This comprises full tide-tables for the ~1.1 Indian ports predicted by t,he 
Survey of India, ant1 2 3  ot,l~er stanclard ports i l l  tile Iutlian Ocean and 
Far Il:ast, also for (j ElifilisI1 and A I e d i t e r r a ~ ~ e n ~ ~  ports. I n  atltlition, i t  
contains thc oon-liarniouic t,itlal constants and tidal differences for a b o l ~ t  
4'70 ports a ~ l d  an~horages,  and the Ilarnlonic t.idnl constants of nhor~t  I70 
irnl,outant ti(I:lI stations, ~ n a , i n l ~  in the Intlinn 0c.e:ln n.utl I?:LU East,. 

Separate I':s~l,~,l~lets o l  lid,%-tables 11:1\,c also becn prtbli>llcd for 
the following ports : 

Bonll>ny . . . price _Is. I:? J M ~ I '  copy 
Hooghly River  . . . ,, 1;s. 1-8 ,, 
R a ~ ~ g o o ~ i  River ... ,, 1;s. 1-2 ,, 

44 J, K, & 

0 5 

I ' 
75 F (Chiiribktia to Kendra- 

para) 63 
75 G (Kiarlunk to Puri) 74 E, I 1 39 B (Pur i  to Puri)  

193"s. 

1933 

14 

As. 1 0  
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PART 11. GEODETIC WORKS OF REFERENCE . 

Everest's Great Arc Book. 
1. a n  account o t ' t l ~ e  Measurement of a u  Arc  of the Meridiall be. 

tween the parallels ot 18' 3' nnd 2-lo 7', by C'apt,nin George Everest, 
F.R.S.  kc.,  Enst  Ind ia  Coulpany, Londoll, 1830. ( O u t  of print). 

2, An account of t,lle fi1easureinrnt of two Sections of ' the Rleridiolral 
Arc of Indin,  bounded by the  p:walleln of' 18' 3' lj", 21." 7' 11" nnd 
29' 30' 48", b~ Lt.-Colouel G. Everest, F.R.S.  a n d  his assistants, East India 
Compnny, London, 1847. ( O u t  of print). 

3. Engrnvings t o  i l lus t ra te  L I I ~  above. London,  1847. (Out  of print). 

G.T.S. Volumes. 1)escribing t h e  operations of the Orent Trigono- 

metrical Survey. 

vol. 1 The Stnntlnrds of ilIensl~re nncl the  Unse-Lines, also nn Introduc- 
tory Account o f  t h e  early operr~tions of' the Survey, during the 
period of  1800-1830, Dehrn  Diiu, 1870. (Ou t  of' print). 

Vol. I1 History nad Genernl llescri])tion of the  Itednetion of the 
Principnl Trixngulntion. ~ e h r n  l l un ,  1879. (Ou t  of print). 

Vol. 111 Nortll-West Qandrilt~ternl. T h e  Pr i l~cipnl  Triangul:~tion, the 
Bane-Line Figul,es, t he  linr8cili Longitudinnl, N W. IIi~nilaya, 
nlld t he  (;rent IndusSel.ies. Dellrn Dun ,  1873. (Ou t  of print). 

Vol. lV Xorth-West (Il~ndrilntcrnl. TI10 I'rincipnl 'I'rinngulntion, the 
Great  Arc  Section 24'-30°, Rahon, Ourhipar11 and Jogi-Tiin 
BIeridional Series, nnd the  Yutlej Series. 1)elir;l I)un,  1876. 

Price Rs. 10-8. 

Voi.  IVA North-West Ql~ndrllnternl. '['he P r i l ~ ~ i ~ ) a l  T r i :~n~ t~ ln t ion ,  the 
Jodhpur  ant1 theEas1e1.11 Sind Rleridion:~l Series nit11 the detail5 
of their  Iteductioli and tile F i ~ ~ a l  Results.  L)rhrn Dun, 1886. 

Yrtce Re. 10.8. 
Vol. V Pendl~lnnl Opemtio~ls,  det:lils OF, by C;lptsins J.  P. Bnrevi nlld 

'8. J .  He:tviside, : ~ u d  of their l t e d r ~ c t i o ~ ~ .  I)cal~r:~ l)un 
Cnlcutt:\, 1879. P,,ir,e Rs. 10.8. 

Pol. VI South-Enst Q~lnilrilnternl. 'rhe Prillcil,nl ~ r i n ~ ~ ~ l l l n t i o n .  and 
Si~riultaner)us Reductioh of the  following Series:  (ireat Arc 
Sectioli 18" to  2i?, t l ieE;lst  C 'oa~t ,  t he  C;tlrllttn :111tl llle Hidnr 
l.or~gitatlirl;ll, t l ~ e  J u b b ~ 1 ~ o l . e  2nd the  Biliupur R~eri(liollnls. 
D e h r s  Uii11, 1YSO. ( O u t  of p r in t ) .  

Vol. V I I  Xorth-Enst Q~~oclrilllternl. Genernl L)escril,lion atid Sinlul- 
taneous Iieduct,ion. Also details of the f'ollo\~iu:! five Rcrie!: 
Nor th -Eas t  I . o l~~ i t l l d in :~ l ,  the  Rudhon Meridion:rl, tile I{:1nglr 
AIeridion:tl, t l ir  L\ llllla f i l e r id i c~n~ l ,  :lnd the  I<ar%~,:l. hlcl.i(li*llal. 
Debra I ) i~n ,  1882. p r i c e  Ils 10-8. 

VtJ. VII[ North-l<llnt (Itladrilntrml. Detaild of the  follon-in:: 
~ e r i e ~  : 

(:ur\v511i h l t~r i r l io~~: \ l ,  (io1.a Rleritlionr\l, I I ~ ~ ~ , i l % o l ! g  ~ ~ c ' i ~ ~ ~ ~ ~ ~ ~ ~  
('hel~dwiir fiIel~irlioli:~l, &orth P a r , z ~ n i t h  h ' l r r ~ ~ l i ~ ~ n : l l ,  
JIaliinclln Rlc~.idionnl, C'nlc~ltta Mrridinnal,  ICns(- ( ' l t l c n t t n  

I~on,nitrldinxl, Rr;lllln:rl,ut.lsn Rleridionnl, H:~st(:t'll I'l'O1ltier 
Section 23'-36", alld ~ \ R H R I I \  1 ,011~ i t~d i11n l .  Delrl,n I ' i l l l .  lSH2' 

Price ]La'. 10.8. 



GEODETIC WORKS OF REFERENCE 

G.T.S. V o l u m e s - ( C o n c l u d e d ) .  

~ o l .  I X  Telcgrnl~l~ic Longit,ndes. During the years 1875-77 and 1880-81. 
Dehrn L ) ~ I I ,  1883. Price Rs. 10-8. 

Vol. X Tclegml~l~ic Longitudes. During the years 1881-82, 1882-83, 
n t~d  1883-84. L)el~rn Duu, 1887. Price  Rs. 10-8. 

Vol. X I  Astror~o~nicnl Lntitadcs. During the period 1805-1853. Dehra 
Dull, 1890. Price Rs. 10-8. 

Vol. XI1 Southern Trigon. General Descr ipt io~~ : I I I ~  Simult;rtleous Ite- 
duct iol~.  Also details of the followi~ig two serles : Great 
Arc Section 8'-16", nnd.Bombay Longituditlnl. Uehra L)iin, 
1890. Price  Rs. 10-8. 

Yol. XI11 Soutl~ern Trigon. Details of the follon~ing five series : South 
Konlrau Coast, Mangillore Rleridioual, Bladras Blet.idio11n1 
and Const, South-Bask Coast, nnd Madras L o l ~ ~ i t u d i ~ ~ a l .  
Dehra Dun. 1890. Price  Rs. 10-8. 

Vol. XIV So~~th-West Qnndrilnternl. Details of Pri~lcipnl Tl,iangulntion 
and Sil~iultaneous Heduction of its c o ~ ~ l p o ~ ~ e l ~ t  series. 
Del~rn Dun,  1890. P r i c e  Rs. 10-8. 

Vol. X V  Telegrnpl~ic Longit~~des. F r o n ~  1885 to 1892 atid the Revised 
Results of Volumos IX and X : also the Sin~ultaneo~is 
R e d u c t i o ~ ~  and Fillal l{esults of the whole Operations. 
De11r;r l ) u ~ i ,  1893. Price RB. 10-8. 

VuI. X V I  Tidnl Observntions. Prom 1873 to 1892, and the Methods of 
Reduction. Dehra Dun, 1901. Pvice Rs. 10-8. 

Vol. X V I I  Telcgrny l~ i~  Longit~ntics. l l u r i ~ l g  the pews 1894-95-96. The 
Indo-Enropenn Arcs from KnrBchi to Greenwich. Uehra 
Dun, 1901. Price Rs. 10-8. 

Vol. XVIII  A s t r o ~ ~ o n ~ l m l  Lnt , i t ,~~d~s .  From 1865 to 1905 m ~ d  the deduced 
\ .dues of Plumb-line Deflections. l)ehra Uiili. 1006. 

Price  Rs. 10-8. 
1'01. XIX Levelling of Precis io~~ in Indin. From 1858 to 1909. Dehra 

Dull, 1910. P r i c e  Rs. 10-6. 

Vol. XIXA Bci~ch l n r k s  on tho Soathorn Lines of Levelling. Dehra 
I)Un, 1910. P r i c e  Rs. 5. 

Vol. XIXB Ucncl~ l n r k s  on thc Northorn Lines of Lcvclling. Dehrn 
Dun, 1910. Price  Rs. 5. 

P A R T  111. H I S T O R I C A L  AND GENERAL REPORTS 

Memoirs 

1. A Mellioir on the Indian Surveys, Ly C. R. JIarlrharn, India 
Office, London, 1871. Prrce Rs. 5. 

2. A Memoir on t,he Intlian Surveys. (Sccond Edition), by C. R. 
Markl~atn,  c.u., ~ . n . s . ,  11lrl1a Ofice, Lotidon, l b 7 8 .  

1'1 I C L  Ks. 6-8. 



100 LIST OF PUBLICATIONS 

Memoirs-(Concluded). 

3. Abstract of the Reports of the S ~ ~ r v e y s  and of other Geographical 
operations in India, 1869-78, by C. R. Markham and C. E. D. 
Black, India Office, London. Published annually between 1871 
and 1879. (Out  of print). 

4. A Memoir on the Indian Surveys, 1875-1890, by C. E. D. Black, 
India Office, London, 1891. Price Rs. 5-8. 

"Notes of the Survey of India" are issued monthly. Price A8 2 
Annual and Special Reports. 
Annual lleports of the RevenueBrnncl~. 1851 to 1877. (1851 to 1870, out 

of pr inl) .  
Ditto Toyogrnphicnl Brn~lcl~.  1860 to 1877. ( 1863 to 1877, 

out of print ). 
Ditto Trigonon~etricnl Brnncll. 1861 to 1878. (1861 to 

1863, out of print ). Price Rs. 2, 
I n  1878 the three branclles were a~i~algamated, and from that dnte 

onwards annual reports in siugle volumes for the mhole department,mere 
published as follows : 

Genernl Reports from 1877 to 1900. Price Rs. 3 per volums. 
from 1900 to 1922. Price Rs. 2 po. volun~e. 

Prom 1900 onwards the lteport was issued nnr~uallp iu the form 
of a condenset1 statement kno\vn as  (a) the "Genera1 Report" strpple- 
mented by fuller reports, which \ve18e called ( b )  " Extrncts from Xnrrntlve 
Reports" up to 1909, and tlieu ( c )  " Records:of the Survey of Indin" until 1921. 

From 1982 the a ~ ~ n u a l  reports :Ire published in three sepr~rate volumes of 
octavo size, viz., (a) Gencrnl Report which is coufiued to r r p o r t i r ~ ~ t h e  Survey 
operations of the ordinnry field parties and detachments wit,ll only brief :1b8- 
tracts of Geodetic operat io~~s,  and Map Publication nut1 OHice work. Pub- 
lished nnnually. F~OIIL 1922 t o  24 Price Rs. 2,  ,frn,18 1925 Re. 1. (d) X ~ P  
Pnblicntion nnd Office Work report which contailis all the Index Maps show- 
ing the Progress of Map Publication on all scales, with reports on publication 
and issue. Pul~lished allnually beginning wit11 year 1924. Price Re. 1. (e) 
Gleodrtic Report wllich includes Sull detnils of all scientific morlc of the 
Beodetic Branch, Survey of India excluding the w-orlr of the De1ll.r 
Drnwing Office and Publicntiou Office. 

From 1933 inclusive, the General and Map Publication and Officemort 
Reports have been combined into one report under the title of General 
Report. Price Rs 1-8, or 26. 6d. 

The following fuller reports are available: 
( b )  Extrncts from Xnrrntive Re1)orte. 

1900-01. Iteceut Improvemeuts in Photo-Zincograpl~y. (3. T. Trinn- 
gulation in Upper Burma. Experimental Bnee Mennurenlent wi th  

, I  Jaderin Apparatus. lol,ography in Upper Burlna. C:\lcutt:l, 1g03. 
(Out of print). 

1901-09. Q.T. Trinngulntion in Upper  Rurtna. ~ o ~ o f i r a ~ ~ l ~  in 
Upper Burlna. Sinrl, Punjnb. Clalcutta,lgO&. (Out  of print). 

1902-03. Prir~ci~)al  'llriangrrlatiou in Ul,per Bur~un. ~ o l ) o ~ r a l ) l ' ~  in 
Up(,el. ~ t w m a ,  Shan S t n t e ~ .  Survey of Simbllnr Lnlre. Introtl~icl'ioll of the 
(:ontract Synteln o f  L':~yment in r~lrnvel .se Sar\ tey~.  ' J ' ~ : L ~ ' o ~ H ~ I I ~  \villi tile 
Subtellse Bar. Compil:\tion o.nd lieproductiull of Tl~iLna Maps. Cfill'uttnp 
1905. 11, i , , ~  I~.u 1.8. 



HISTORICAL AND GENERAL REPORTS 

Annual Reports &c.-(Continued). 

1903-04. Utilization of oltl Traverse Dntn for  Modern Surveys in  
tile Uuited P r o v i ~ ~ c e s .  Ide l l t i f ica t io~~ of Snow P e ~ ~ l t s  in Nepi l .  'I'opo- 
grrpl~ical Sulaveys in  Sind. Notes on town and Municipal Sur\frys,  Notes 
on 1liverai11 Sur reys  i u  t he  Pulljab. Calcutta, 1906. Price Rs. 1-8. 

1904-05. 'l'riaugulation in Balucllistin. Survey  operation^ with the  
~ o ~ ~ ~ % l i l a ~ ~ d  l'ield Force.  C ~ ~ l c u t t a ,  1907. Price RB. 1-8. 

1005-06. Topograpl~y i n  Shnn States Calcutta,  1908. Price Re 1-8. 
1906-07. Triangulation in  Balucl~istBn. Topography iu Shan States. 

Cnlcuttn, 1909. Price Rs. 1-8 
1007-08. Topography in Sli i~n States.  Calcutta, 1910. PriceRs. 1-8. 
1908-09. Calcutta, 1911. Price Rs. 1-8. 

( c )  llecords of the Silrvey of Indin. 
To!. I 1909-10. Calculta.  1912. Price Rs. 4. 

Bol. 11 1!)10-11. Calcutta, 1912. Price Rs. 4. 
Vol.111 1'311-13. Calc~r t ta ,  1913. Price RB. 4. 
Vol.IJ1 1911-13. Esl1101,atious on the  Norlll-East Fmnt i e r .  North 

B u r ~ n a ,  Rlishmi, Abor  and Miri  Surveys. Calcutta, 1014. 
Prird Rs. 4. 

Vol V 1913-1:). Note  on t he  r e l : ~ t i o ~ ~ s l l i l ~  of tlie Himalayas to  the  Intlo- 
G a l ~ g ~ t i c  Plain.  Cnlculla, 1914. Price Rs. 4. 

VuI. V I  1913-13. Lillli ronnccting the  T r i a ~ ~ ~ u l n t i o n s  of 111di:l a n d  R u s ~ i n .  
L)e l~r ;~  Dull, 19 l -l. Price 12s. 4 

Vol. TI1 1913.14. Note ,111 Scales nud cost rates of Town p l a ~ ~ s .  
Cnlcuttn, 1915. P,rice Rs. 4. 

Vol. { '"'~'!' I 1 l ' xp lo ra t io~~s  iu Tibet and  u e i g b b o u r i ~ ~ ~  
1S79.!)3 I'nrt I1 ) '- 

regiol~n l l e l ~ r a  L)~II I ,  1015. P~,rce nf  eech ppo1.t Rs 4 
Vol. V I I r  (A)  .l914. lCxplor:~tions iu the Eastern Iinrn..lioram and t,l~t! 

Upper TL~.liand \lalley, by Lt.-Colonel 13. Wootl, n.E. Del~~.n .  
I IUII ,  1022. Price Rs. 3. 

Vul. I X  1!)14-15. Criterion of strellgtl~ of Tntlinu Geodetic T r i ~ ~ n ~ u -  
1:ition. A t~,avet.se s ig l~al  for Cil y Surveys. " TI1c ~ I : I ~ I I . ~  of 
N < l r t l ~ e ~ * n  lu t l i :~  n n ~ i  their r e l a t i l~us l~ ip  to  t , l~e  Hi111%1:1~n 
M ~ ~ ~ n l n i n s  " a l l  :~dtlresn 11p C u l o ~ ~ e l  S. G. B I I I . I , ~ I . ~ ,  F.R S. 

Repor t  O I I  l ' u ~ , c o - P e r ~ i a ~ ~  Frontier C o ~ o l ~ ~ i s s i o u .  C ~ l l c ~ ~ t t n ,  1916 
Price Rs. 4 .  

v n l .  X 1915-16. Mecl~nnic;~l In tegra tor  for ca.lculnting A t t ~ . n c t i n ~ ~ s  
( i l l~~s t r a t , ed ) .  Trnverse Surrey  of tlie ~~~~~~~~y of 1lnl)erinl 
Del l~i .  D r h r r ~  Dun ,  1917. Pi+tce Rs. 4. 

V O ~ .  X I  lnl(i.1;. T r i x ~ ~ ~ u I : ~ t . i n n  ; use of llinll trestle for stntions n ~ ~ d  
100-Foot m:~st  ~ ig l~ : l l s .  Note 011 Bnsev i '~  P c n t l u l u l ~ ~  0pc1,n-  
t , iot~s nt RlorP. Pl~oto-Litl in Ofice ; Nenr 111etliot1 O F  pre- 
pnrin: Layer l ) I n l e ~ ;  Develol~lnel~ts nnd I ~ ~ ~ p r o s e ~ l ~ c l ~ i ~  in 
~ i r e ~ ~ : ~ r i ~ ~ g  Tint-l) lales.  D e l ~ r n  Dill], 1918. PI.ICE Rs. 4. 

V O ~ .  X I 1  Nott.8 011 SUI-vep ol' I 11tlin Rlnps n l ~ d  t l ~ e  11iocler11 cle\,elol)mcl~t of 
Indian Carloxrnli l~y,  hy L t . - C o l o ~ ~ e l  I T T .  M. Coldstrenm, R.E..  

superintend en^, Rlnp Pub l i ca t io~~ .  Cnlcuttn, 1919. Price Re. 3. 



LIST OF PUBLICATIONS 

Annual Reports &c.-(Contin?ted). 

Vol. XI11 19li-19. Pl~oto-Lit110 of6ce ; the Powder Procecl~. ProblelIl of 
the Hi l~~Blaya l~  and Gnngetic Trough; Review by Dl.. A, 

' Morley Dnries. Dehrn Dun, 1919. Pzrce Rs. 4, 
Val. XIV 1818-19. Levelling in Mesopotnmia. Dellra Din, 1920 

Prlce Rn. 4. 
v o l .  XV 1819-20. Levelling ; proposed new level net.  The Enrth's Ases 

and Figure, by J. de Grnnff Hunte r  (a paper read at the R.A.s. 
Geophgsicnl Neet i~tgj .  Report or1 the expedition to Knrnct. 
Note on the Tol)ogrnpl~y of the Xrln K ~ I I  Mns~if in Lndilih. 
D e l ~ r a  Dun, 192l. Price Rs. 4 .  

Val. X V I  1920-31. High Climbs in the Hin~i layn  prior to the Everest 
15rpedition. Mt.  Ererest Survey Detncl~n~ent ,  1921. 'J'rnver~e 
Surrey of Allnhibld city. Settleulent of Boundnry between 
JIysore and South Icnnnm. Del~ra  l ) i i t~ ,  1922. Prire Rs. 4.  

VoI. XVI I  1958, Memoir on Maps of Chinese Turlristin and 1<11nsu 
from the Surveys made during Sir A. Sfein's Exl)lorations, 
1000-01, 1906-08, 1013-15. Dehra Dull, 1923, Price Rs. 12. 

Vol. X V I I I  1!)51-22. 'l'rnrerse Survey of Allnhibiid city. Settlement of 
Boundary between Mysore and South Knnara. Notes on 
Revision Sl~rvey i l l  the neighbourhood of Poona. Debrn Din, 
1923. Piice Rs. 4. 

To]. S I X  1901-20. The Magl~etic Survey, by Lt.-Colonel l t .  H. Thoman, 
n.s.0 , R . E . ,  a l ~ d  X. C. J. B(~ocl, V.D. Dehra Diin, 1925. 

Price Rs. 4 .  
vrll. XX l!)ld-20. 1 ' 1 1 ~  War Record. Dehrn Dim, 1925 Price H8 3. 

y( ' l .  X x I  l!)22-58-24. I. Air Survey in the Irrawnddy Delta 1923-24, by 
31njo1 C. G .  Le\sis, R . E . ,  ancl 11. Hecon~~aissance Survey in 
13l1r1ti11 nnd Sor~t,h Tibet 1922, by Capt;iin 11. It. C. nleade, 1.A. 

1)ellra I)un, 1925. Price Rs. 1-6. 
v o l .  1926. ISxploration of the 8haltsFam Valley and Agliil Ranges, 

1996. by bla,jor l i .  Mason, x.c., R . E .  Ilellra l ) i ~ n ,  1928. 
P ~ , i c e  Rn. 3. 

v o l .  X X I I I  18?(;-30. Report on Sind Rectangulabion. 1926-30, Lt.- 
Coloncl A H .  (;myn, I .  A.  Uehra l l i ~ n ,  1932. Price 1-8. 

Vol. X X I V  l!)01-!29. Riveraiu Surveys in the Punjab ( a t  press 
( P )  (4rndetic llepnrts. 

v~ml. I 1932-53. Conlputntions a11,l Itrpenl.ch. Tidal morlc. 'I'inlp arid 
A l ~ ~ g l ~ r l  ic observations. J,ntitrlde and Fen<lr~lr~nl observations 
in I:illri~., Assltln :111cl T(asllmir. L p v e l l i ~ ~ ~ .  I,rct~ll.e on " 'rile 

1lei;llt of hlor~nt  Evorest ant1 othel. Peklts", l)ehra I ) f i n t  1928. 
P ,  tcr RE. 6 .  

Vrll. 11 1925-26. i 'omp~ltations ancl l(eg.pnrch. l'itlnl n-o1.1:. 'I'illle and 
Al:r:.t~rtic olrservations. Prepn~.ntions for thc ~ l l t ~ r n n l i ~ ~ ~ l  
Iloncitutlc IJrojrrt. T~.iauaulat,ion. I , e \ , e l l i ~ ~ ~ ' .  ~ l l \ ' ( ' s f i ~ n t ~ ~ "  
of the I~ehaviorlr of tree bench l~ tn r l r~  in Intlin. J)('lll'a 

192% r l . i c e  8s. 3. 
Vnl.  TI1 1921;-'li. Tllr International L o n g i t l l ~ ~  Fro j~( . t , .  ( ' ~ ; ~ l l p ~ l t ~ t ' ~ ~ ~  

an(l Pnl,lication of data. ~~1,sprvatorit~cl. 'I'idrms. (:1'ayit!. ''Id 

deviation of t11r vertical. Trintigr~lalion. JJerpllirl:. ~~"~""''l 

a ~ ~ d  'I'ec.l~nir:~l Xoteu r e ~ n r d i t i ~  T'ersonal I'rluntioll ~ ~ ~ a r n t ~ ' ~ ~ ~ ~  
the l ~ e i g l ~ t  of Mount Everest. D e l ~ r l ~  L ) ~ I I ,  1929 Price 3' 



CATALOGUES & INSTRUCTIONS 

Annual Reports &c.-(Concluded). 

Vol. IV 1027-28. Computations and Publication of data. Observatories. 
Tides. Gravity and deviation of the vertical. Triangulation. 
Levelling. 1)ehra Uun, 1929. P ~ i c e  Re. 3. 

Val. V 1928-29. Computatiousand Publication of data. Obsrrvi~tories. 
Tides. Gravity and deviation of the vd~.tical. Trinngulation. 
Levelling. Research and Technical Rotes. Dehra Dun. 1930 - 

price' Re. 3. 
Val. 1'1 1929-30. Computations and Publication of data. Obsematoriee. 

Tides. Gravity. Triangulation. Levelling. Resenrcl~ and 
Technical Notes. Dehr;~ Bun, 1931. Price Re. 3. 

Val. VII  1930-31. Computations and Publication of data. Obeervat0,ries. 
Tides. Devintiou of the vertic;~l. Gravity. Triangulation and 
Base Measurement. Levelling. The Magnetic Survey. Dehre 
Dun, 1932. Price Re. 3. 

Val. VIII 1931-32. Computations and Publication of data. Observatories. 
Tides. Gravity. Triangulation. Levelling. Hesearch and 
Technical Notes. Dehra U i n ,  1933. Price Rs.  3. 

1933. Triangulation and Base Measurement. Levelling. 
Deviation of the Vertical. Computations and Publication of 
data. Observatories. Tides. Research and Technical Notes. 
Dehra Dun, 1934. Price R8. 3. 

PART IV. CATALOGUES AND INSTRUCTIONS 
Departmental Orders. 

From 1878 to 1885 the  Surveyor General's orders were all issued 
as " Circular Orders  ". Since then they have been classified as follows : 

i 
1. Uovern~~~ent  of India Orders (called "Cir.cular 

Ordere " up to 1898). 
From lgo4 as 2. Depnrtmentnl Orders (Adn~inistrntive) 

3. I)epartmentrl.Orders (l'rofrssionnl) 
I n  1904 the various orders issued since 1878 were reclassi 6ed as follows: 

N u n ~ b e ~  t o  date. 
1. Government of India Orders. 861 
2. Circolrr Orders (Administrative). 431 
3. Ci rc~~la r  Ortlers (Professional). 196 
4. Departmental Orders (appointmer~ts, promotions, transfer8 etc.) 

These are numbered serially and had reached the above numbers 
by September 1933. G o v e r n ~ t ~ e ~ ~ t  of India Orders and Cii~ctilar Ortlers 
(Administrative) are bound up in volumes from time to time, as shown 
below, while Ci~cu lav  Orders ( P r r f e s ~ i o n a l )  are gradually incorporated 
In the Survey Handbooks. Besides the above, temporary orders have 
bec:~ issued since 1910 in the form of " C'irct~lnr Bler~los ". Tllese eitller 
laI)?r: or become incorporated in some 111ore pernlanent form, and are 
therefore only numberecl serially for each year. Bound volumes of orders 
are available as follon~s : 

1. f Governme~lt of I~ ld in  Orders (De1)nrtrnentnl) 1878-1003. 
CJ~lcuttn, 1904. 

9 9 v 1908-1908. Cnlcuttn, 1909. 
(Out  of 111,int). 

9 )  f~ 1909-1913. Cnlcattn, 1915. 
9 ,  ,, 19 14-191 b. Calcuttn. 1920. 
1, 9 ,  1919-1924. Debra Dun 1929. 

--- . . . - - - - - - - .. - - . - - - - 
For Departmental use only. 



LIST OF PUBLICATIONS 

Departmental Orders.-(Concluded). 

2. +Circular Orders (Administrative) 1878-1903. Calcutta, 1904. 

1 9  1904-1908. C'dcuttn, 1909, 
, , I  1909-1913. Calcutta, 1915. 

1914-19 18. Calcutta, 1920. 
I )  I I 1919-1024 Dehra Diu, 1926. 

3. + Regulations on the subject of Language Examinations for  
Officers of the Survey ot India. Calcutta, 1914. 

4. * Rlap Publication Orders 1908-1914 (Superiuteudent, Map 
Publication's Orders). Calcutta, 1914. 

Catalogues and Lists. 

1. Cntnlogue of Maps publisl~ed by the Survey of India. Cnlcutta, 
1931. ' .  Price Re. 1.  

Lists of new maps published during each month appear in the monthly 
NCWES O F  T H E  SURVEY O F  1NL)IA. These moutllly lists are also 
issued separately. 

2. C'ntalogne of Maps of Cantonmellts sud Military stations. Dehra 
Uuu, 1927. Price As. 8. 

3. Catalogrle of Books in the headquarters Library, Calcuttn, 1901. 
(Out of print). 

4. Cataloglle of Scientific Books and Suhjects in the Library of the 
Trigono~netricnl Survey 05ce .  Dehr;, Dun, 1903. Price Re. 1. 

5 .  Cntalo6lle of books in the Library of the Great ~rigonometrical 
Survey. Dehra Dun, 1911. 

6. Classified Cntnlogue of the Trigonometrical Survey Library. Dehra 
Dun, 1921. Gratis. 

7.  Green Lists. Part I List of Officers in the Survey of India 
(annually to date 1st January. supplementary Edi- 
tion clated 1st July 1932). Cnlcut,ta. I'rice Rs.1.2. 

Part, 11 History of Services of O5cerr ill the 
Survey of India ( a n n ~ ~ : ~ l l y  up to 1st July 1931- 
1932 Edition not published. Bialrni:~lly to date 
1st  July, from 1933 incIuui\.e ), Calcutta, 

Price Rs. 1-2. 
8 .  Blue Lists. Ministerial and Lower Subordinate Establishmellts 

of the Survey of India. 
Part I Headquarter8 and Debra Duu offices (pub. 

lished a l ~ ~ ~ ~ ~ a l l y  t o  tlrkte Iat A ~ I I . ~ ~ .  1332 Edition 
published OIL 1 s t  Jnly ) C:~lc~rttn. Price 6-6. 

Part 11 Circles and parties (I~ul)lisl~c.d :~llllllnlly to 
clnte 1st Jnnuary. 1932 1Cditio11 I~uI~Iisl~od 011 1st 
Ju ly  ) .  Cnlcr~tin. Price Rs. 8-10. 

9. List of the Pul)licntiolis of ~ I I C  nl~rvcy OF 111tlin ( l)ubli~herl n111i1lally) 
Uelira I ) ~ ~ I I .  Grot18 

10. Price List of Mntl~c~r~nticnl Inn t r~ l l~~cnt  Omer. Cor~cctecl 1IP t,O 
1st Septeull~cr 1927. Calcuttn, 1028. Gmi'@, 

- - _- _ ---p--p--. -~ .- - -- 
" For Departmental use only. 



CATALOGUES c6 INSTRUCTIONS 10'5 

Tables and Star Charts. 
1. Allxilinry Tablcs. To facilitate the computations of a Trigono- 

metrical Survey, and the projection of maps for India, by Radhanath 
Sickdhar. Calcutta, 1851. 

2. lll~xilinry Tnhlen. To facilitate t,he calculatio~~s of the Survey Depart- 
meut of India, by J. B. N. Henlicssey, F.R.A.S. Dehra Dun, 1868. 

3.  Auxilinry Tables. To facilitate t.he calculations of the Survey of 
India. Third edition, by Colol~el C. T. Haig, R.E. Dehra Diin 1887. 

Price Rs. 2. 
4. Auxiliary Tnbles. To f:~cilitate the cnl~i~lafiqne of the Survey of 

India. Fourtlr Edition, by Lt..Colonel S. G. Eurr:trd, B.E . ,  F . I ~  s. llehra 
Diln, 1906. Price Re. 2, 

5. Alirilinry Tables. OF t,he Sl~rvey of India. liifth Edition, (revisetl 
and exteodrd), by J. cle (+raatl' Hunter, N.A.. s c . ~ . .  F. INST. P. 111 parts- 

Piirt I Ornticrlles of alilps, (rel~rinted). l l e l~rn  ])fin,. 1926. 
PriFe Rr. 1.  

P : ~ r t  I1 Matlt~rnrrtic:tl Tables, (reprinted with a d d i t i ~ ~ ~ ~ s ) .  
I)e111,rr 11ii11, 1931. Price Rs. 2 

Par t  I1 t Tt~po~r;rplrical Survey Tables, (reprinted wi fh nddi- 
t i t ~ ~ ~ s ) .  D ( , I I I ~  1lii11, 1928. Price Rs. 3.  

Par t  I V  Geode1 ic Tables, ( A )  'l'riangulat,ion Table*. I)ehra Dun. 
1931. Price Re 1. 

6 .  Tables for Qr;i~icules of J i : rp~ .  Estracts for the use of Ex1)lorers. 
De11r:t IIGn, 1:)18. Pries As. 4 .  

7 .  Metric IVeigl~ts a ~ l d  &Ie.zsures and other tal~les. Pllotc~-Litl~o 
Office. ( ' : ~ l ~ , l ~ t t a ,  ItcS9. 

8. L~)g;tri tll lllic Y i ~ ~ e a  all11 Cosi ~res to 5 place* of decim:tls. l )eh~,a  Ilkn, 
1886. Price As. 4. 

9. L ~ ~ a r i t l ~ l n i c  Silles, (',,sine,, 'l'nngents and Cotangelits to 5 pl:\crs of 
deri~nnls. 1)eltr;t I ) ~ I I I .  191 5 .  (Out  of p~, int)  

10. Comlnl~n Loc;\rith~ns to .5  laces of deciln:ils, 1885. (Out o f  p i n t ) .  
11. Table for deterrni~l i~~g Lieiglrts in 'llravrr.silrg. Dehra I ) ~ I I ,  1898. 

Price As. S. 
12. T:ll~les of diutnllces in ('l~ains nnd Li~ilts correspontlir~:! to :I sub- 

te~lse of 20 Sert. L)ellr:r U~II I ,  1889. Price AS. 4. 
13. * 9 10 feet. Calcutta, 1915. 
14. * 8 Fret. 9 

15. Field Tr:iverse 'l'ables. Ioir~t  Edition. Calcutta, 1928. Pricc As. S. 
16. s t : ~ r  Charts ['or li~t,itude 20' N., by C~llouel ,I. It. IIobday, 1.s.c. 

Cdrutta, I 904. Price Hs. 1.8. 
17. St:rr ( ' l ~ i ~ r t ~  f ~ ~ r I : ~ t , i t ~ i d e  30' N., by I l t . -Colo~~el  S. G. Rm.r:lt.d, n . ~ . ,  

F.n.s. 1)el)r;l I)Gn. l90(i. Price 12s. 1.8. 
18. Star C11:~rts for l a t i t ~ ~ d e  15" N. Dehra Dun. 1938. Price Rs. 2. 
19. Star Charts for latitl~do 30" N. Debra Dull, 1928. Price Hs. 2. 
20. ('atalog~lcr of 2 1.9 St:\~.s €01. epoch 1st  .Jan. 1892, fro111 observ:~t,ions 

by t,l~e S u ~ , v r ~ .  0eI1r:i I)GII, 1893. Price Rs. 2.  
21, * I{;~inF:ill, ~l l :~simu~rl  n l l t l  I I I ~ ~ ~ I ~ I I I I I  ~ C I I I I ) C P ~ ~ ~ ~ ~ I ~ P R ,  from 1868 to 

1927. reco~.de~l at  t l ~ r  hllrvey Ofice Ol~st-rvntory, 1)tillra l )kn,  1928. 
22. * I31,oltlrt ( I F  co~lve~~t , i~~l la l  siglln for use on Pln~te-~nble Sections. 

S R C ~ ~ I I ~  I C ~ l i ~ i o ~ l ,  1928. 
- 
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Old Manuals. 

1. A Manual O F  Surveying for Tndia, detailinn themode of operations 
on the  Revenue Survey8 in Bengnl, and the North-Wcutern Provincec. 
Compiled by Captains R. Smyth, and H. L. Thuillier. Cnlcutta, 1851. 

2. Ditto Second Edition. London, 1855. 
3. A Manual of Surveying for  India, det:~iling the mode of oper~tinn~ 

on the Trigol~o~netrical. Topographicnl and lievenue Surveys of Indin. 
Compiled by Colonel H. L. Thuilller, c.8.1 , B.R.s. ,  and Lt.-Col. It. Hmyth. 
Third Edition, revised and enlnrged. Calcuttn, 1875. 

4. Hand-Book, Revenue Branch. Calcutta, 1893. Price Rs. 2-8. 

Survey of India Hand-Books. 
1. + Hand-Book of Gencrnl Instract,ions (iu 2 vols.) F i f t l~  Edition. 

1927. 
2. Hand-Book, Trigonometricnl Brancl~, Second Editio~l. Cnlc~~tta, 

1902. (Out  of print). 
3. Hand-Book of Trigonometricnl I n s t r ~ ~ c t i o ~ ~ s .  'I'llird k:dition. Parts 

in  pnmphlet forms 

Part  I Geodetic Trinngnlation. First Edition. Dehra.Di11 
1931. Price Rs. 2-8. 

Par t  V The Tides. First Edition, revised, L)ehra Din ,  1926. 
Price Rx. 2 .  

P a r t  V I  1,evelling. Second Editiou, ~~evised, De111,a 1)1in, 1928. 
Price Re. 1. 

4. Hand-Book, Topograpl~ical Branch. Third Edition. Calcutt:~, 1905. 
(Out  of print). 

5. Hand-Book of Topogrnphy. Fourth ISdition. C:~lct~t t :~,  1911. 
Chapters, in pamphlet forms 

Chnpter I Introductory. Fifth Edition 1932. P~,ice Ae.8. 
,, I1 Constitution nnd 0rg;~nisation of n Sr~rvey Part!., 

r e~r in ted  wit11 additions. 1923. Price A Y .  8 
,, I11 Triangulation nnd its Cornp~~tiltiorl, rev~sed 1930. 

Prrce Re. 1 .  
,, I V  'l'heodolite Trnvcrsing. Third Edition, 1927. 

Price Re. 1. 
,, V Plane-tabling. Tlri~,d Edition, 1926 PriceRe 1 .  
,, V I  Fair Mappinp, reprinted wit11 :~.dditions and re- 

vised, ( sixth Edition ) 1928. Prrcr Re 1. 
,, V I I  Tram-Frontier Recozlnaissal~ce, Tliirtl Edition, 

1924 Price As. 8. 

,, V I l I  Surveysin War.  Second E d i l i o ~ ~ ,  1930 PrlreRs.1. 
,, IX Forest Surveyn and Maps 1925 Price A S .  8. 
,, X Mnp ~ e ~ r o d u c t i o r l .  'l'hkd E d i t i o ~ ~ ,  1938. 

Price A.9. 

Cfeogrnpl~icnl Maps. Second IC11ll Ion 1924; 
Pri17r As 8. 

,, X I 1  Air Yurveyn (Provisional F2tlitiot1). At ))rcnP 
6 *Photo-Litho Ofllce, Notes on OrR:trlizxtion, Methotls n ~ ~ r l  I'rllcerPefi, 

by Mnior W. C.  Hedley, R E, 'l'hird Edition. Calcutta. 1924 

For Departmental ose only. 



CATALOGUES & INSTRUCTIONS 

Survey of India. Hand-Books .-(Concluded). 

7.  The Reproduction (for tllc guidance of other Depnrtmcnts) of Mnps, 
Plans, Photogrnphs, I)iagrn~us, nnd Line Ill~~strntions. Calcutta, 1914. 

Price RE. 3 .  
8, S~lrvey of Indin Copy Book of Lettering. Cnlcutta. Price RR. 3.8. 
9. Sl~rvey of Indin Copy Book of Hnnd Printing. Calcutta, 

Notes and Instructions. 

Drnaing nnd pnper. 
1. 'Notes on Printing Papers suitable for Maps, and on Whatman 

Drawing Paper, by Major W .  M. Coldstream, R.E. Calcutta, 1911. 
(Out  of print). 

Print,ing nnd Field Litho processes. 
2. *lieport on Itubber Offset Printing for Rfaps, by Major W. M. 

Coldst~aeam, R.E. Cnlcuttn, 191 1. 
3. "Notes on the "Vnndyke" orDirect Zinc Printing Process, wit11 

details of A11p;lratus and Cl~emicals required for n s~nall section. C o ~ n ~ ~ i l e d  
in the l'l~oto and Lit110 Office, Survey of India. C;llcuttn, 1913. 

(Out  of !)lint) 
4. "Notes on some of the Rletliods of Map 1tel)roduction suitable for llle 

Field with n l ) p e ~ ~ d i x - S ~ ~ g ~ e s t e d  Eqniprne~lt 'I'nbles for the L ig l~ t  Field 
Litlro Press (exl>erimen tal),  by Lieut. 8 .  A. Chase, n .E .  Calcutt:~, 1911. 

5.  "Report on a trial of the equipment of the 1st (Prince O F  Wales' 
Own) Snppers nut1 Miners, for reproducing maps in the field, 
by L i e ~ ~ t ,  A .  A.  Cllase, n.g. Cnlcuttn, 1912. (Out  of print). 
Bnse Lines nnd Ing~let ie .  

6. "Notes on use of the JBderili Base line Apparatus. Dehra Dun,  
1904. (Out  of print). 

7. 'Miscellnneous Pnpers relating to tho Rleas~~rernent of Geodetic 
Bnses by Jaderin Invnr Appnrntus. Dellra U ~ ~ I I ,  1012. 

8. *Tnstrnctions for talring i\lagnetic Observations, by .T. Eccles. nr A. 
Dellr;~ 1)iin. 1896. (Out, of p r i ~ ~ t ) .  

9 .  Rcctnngl~lnr Co-ordinntes. On a Si~nplification of the Cornpllt:~tio~ls 
relntin: to, by J .  IScclea, ~ I . A .  1)ehra Dun, 1911. Price Be. 1. 

10. "For Esl)lorcrs. Notes on the use of Therlnomcters, Dnro~lleters 
and Hpl)somcte~~s with T n h l ~ s  for tlie Coml~lrt:~tion of I Ic igl~ts .  I I ~  
J. de arnaff Iluntor, n1.A. Dellra I)iln, 1011. (Ou t  of print). 

11. Instructio~ls for Topopral~hical Surveying, Ijy Lt,-Colo~lcl Sir 
A. Scott Waugh, F.R.s . ,  F.R.G.S. 'kc. Roorliee, 18(il .  

14. Notes on tho Aneroid I~aromr.ter for t.he use of t~~itrellrrs in 
determillills heights of peal;s in Southern India, by Major Brai~fill, 1c.e. 
1871. 

13. Curriculum of thc course of ilistruction far T'rol~ationers of thc 
P ~ ~ \ i n c i a l  Srrricc, of the Surrcjr of India. C ~ h r a  I l l in ,  l9 l : j .  

14. Notrs on the s~e l l inq  of Turlii, Tillcbtau and Chii~c~sr plncc, ,l;lnlc.:. 

Colonel R. A. Wa,uhopr, c. n. ,  c. nr. a,, c. I. E. ,  n. E. Dchro 1,Ctn. l ? I !> .  
T'ri:,r S. 

15. "Alileutled Instr~~c.tions for tlre Survey nud Mi~pl)iil!: of Tow11 C: ~ ~ i t l e  
Mnlls. i l ~ g l l s t  ~ ! ) l n  -- .- -- 
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108 LIST O F  PUBLICATIONS 

Notes and I n s t r u c t i o n s . - ( C o n c l u d e d )  

16. +Notes on the mnp of Amhilt nnd the Persinn Oulf, wit11 n cenernl 
index of plnce ll11111es 011 the mnp, 1905-08, bp Cuptnit~ I?. Yrnser Hullter, 
I .A.  ( ' a lc~ t tn ,  1910. 

17. .\ccoents Pnlryhlot. Notes 011 nccounts for field units. DehraDGn, 
1028. Price Re. 1. 

18. Specimens of papers set a t  Examinations for the Class I1 Service. 
Dehrn D i n ,  1927. 1929 & 1933. Price Re. 1 per year. 

19. Specimens of drawing on blue prints, etc. 
20. Specimens of hand printing. 
21. How to correct proofs. 

PART V. MISCELLANEOUS PAPERS 
Unclassified Papers. 
Qeogrnyhy. 

1. A Shatch o f  the Geo,nrnl>hp and Qeolony of the Himkll~ya Moun. 
tains and Tibet (in four parts), by Colonel S.  G .  B~irr:~rd, R.E., F.R.s.. -*ul~dt., 
Tr igo t~o~~~et r ic~r l  Survryr, I I I I ~  H. H. Hltydrn, n.a., F . ~ . s . ,  (later Sir Hel~rg 
Hnvtlen. K t . .  c s I , c I E . , )  Supdt . Genll~gical Survev of India. Hevi~ed by 
~?allllnel Sir S i t l~~ep  Rltrrnrd. K.c.s.I., F R 8.. r t ~ d  A .  M. tieroll, D.SC.  as, 
F . R . a  8.. F . R . s . E . ,  Supdt , Qeologiclrl Survey of ludia. (Second Editiou) 
Dvll~i 19:j:j. 

Pnrt I 'I'l~e High Penlts of Asin. Price Re. 3.6. or 5 8 . 9 d .  
, 1 L 'I'he Pr~rlcipal hlou~itnin Ranges of A ~ i n .  Price Rs. 3, Or 

56. 3d. 
,, I I1 The Glaciers and Rivers of the EIimilnyn 1 Second Edition nnd Tibct. preps 
,, TV l 'he Geology of the Hirnilnyn. 

2 *liellort O I I  the Identification llnd Komenclnture o f  the HilnLl~~~nn 
Perrlis nr see11 from I < a t m i ~ ~ d u ,  IVepiJ, by C'aptllin H. Wood, R.E. Cnlcuttn, 
191)L. 

X. ljnuter ilr the JVrst~rn-Himklnyn, R n ~ h m i r  e t c ,  by Lt..Colonel 
T. Cf. M o ~ ~ t r o n ~ e ~ , i e .  R.E.,  F R.s., F.R 0.8. DCIII.II I )un,  1909. (Out of print). 

4. l(oute- ill the IVe~tern-Flirniilr~ya, IZ:~shl~~ir  etc., with which are 
included Montgomerie's I{ontes. V o l ~ ~ m r  1. I'inch, I < a a h ~ ~ ~ i r  and Ladlb-11. 
hy M n j ~ ~ r  M:ISOII. n1.c , R.E.,  Secoud Edit,ion, Calcutta, 1929. Price Rs. 6. 
E\ plomtinn. 

1. a:\ccll~~nl: of the ?ll~rvev Opetantionn in connection with the 
Mi~rion tcl FBrltnl~rl ~ ~ n d  I< nrhqnr in 1873-74, by C;lptnin Ileury 'I'l,otttlr, R.E. 
Calc~~t tn .  18i.5. (01 i t  of pvint). 

2. Report on the 'l'rnns-Hitnklayatt Explorrtiona during 1869. (Ollt of 
pri II t) 

3 Heport on the Trnr~s-Hirniilnyan Explorntiot~s during 1870. Dehr~  
Dun, 1871. ( O ~ t t  of l~rirlt) .  

4. Rr1ll1rt nn the T r : ~ n r - I I i ~ ~ ~ i i l ; ~ ~ ~ n  Explorntions dnring 1878. 
Culcuttn. 1880. ( 0 1 1 1  of print) 

6 .  Report on the Trans-Hirn51ayan ExDlorat,ions in Eastern Tibet 
durine 1878, and it1 South-Eastern Tibet during 1875-7(j, by ~aior-General 
J. T. Walker, c . B . ,  R.E.,  F.R.S. nehra D i n ,  1879. Price RP. 1 -  

6. Report on Explorations in Nepal and Tihet, hy Explor~r 
season 1885-86, prepared hy Mr. C. Wood. Debra D i n ,  1887. l ' r i fc Re. 
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Unclassified Pa.pers.-(Continued) 

7. Report on the explorations ill Silikim Bhutan and Tihet, 1856-86, 
by Lt-Coloi~el G. Strahan, R.E. Dehra Dun, 1889. Price Re. 1-8. 

8. Report on the Explorabions in Great Tibet and Mongolia made by 
A-K in 1879-82 : prepared by J. B. N. Hennessey M.A., F.R.S. Dehre Dun, 
1891. Price Re. 3. 

9. Reports on an Exploration on the North-East Frontier, 1913 by 
Captain F.M. Bailey, I.A., Political Department and Captain H.T. Morshead, 
R.E., Survey of India. Sirnla, 1914. 

10. Alphabetical ii~dex showing the Geographical positions of all 
names appearing 011 Sheet No. 72. Dehra Dun, 1914. Price As. 6.  

11. 'I'he "Wher.e I s  It". Reference index ?ihoming geogrnphicnl posi- 
tion of nll i~nportnnt localities iu II \ I )IA  lid adjacent countries, iu four 
pnrts. Calcutta, 1928. 

Pnrt I Place names. Cities, towus, nnd other sites. 7 
,, 11 lt:iil\\,ny statious. Coml~lete list, 1928. 
,, 111 Locnlities. Uistricts, St.ates, Tribes ctc. I Price 

,, I V  Phyaicnl. ltnugea, passes, perks, gl:tciers, t As. 12. I 
rivers, cannls, lnkes, bnys, capes, idands etc. J 

12. Glossary of Vernacular Terms used iu Survey of India Rlaps. 
Calcutta, 1931. Price As. 5. 
Special Reports. 

1. *Itel)ort on the Mussoorie and Lnndour, Kumaunaud Gnrhwil, Rini- 
khet aud Gosi Valley Surveys, extended to PeshBwar and Kiighfin Triangu- 
lntion during 1869-50, by Major 'l'. G. Moutgnmerie, R.E. (Out  of print). 

2. lteport ou the ltecent lleter~liiu~itiou of tlie Longitude of RIndrns, 
by Capti~in S. G.  Bu~trard, R.E. Calcutta, 1897. (Out of print), 

3. *Report on the Observntious of the Total Solnr Eclipse of 6th April, 
1875 at  Cnmorta, Nicobnr lslauds, by Captaiu J. Waterhouse. Calcutta, 
1876. (Out of print). 

4, *The Totnl Solar Eclipse, 22nd Janunry, 1898. Dehra Dun, 1898. 
(1) lieport ou the observations at  Dumraon. 
(2) 1tel)ort on the observntious a t  Pulgaon. 
(3) Iteport on the observatior~s a t  Sahdol. 

5. *Report on Local Attraction in India, 1893.91, by Captain 
8 . 0 .  Burrard, B.E. Calcutta, 1895. 

6. *Heport on t,he Trigonometrical Results of the Earthqual(e in 
Assnm, by Captnin S. Q. I3urmrd, U.E.  Cnlcuttn, 1898. (Out  of print). 

7. +Notes on the 'l'opogral)hicnl Survey of the 1/50,000 Sheeta of 
Al;eria \,p the Topogrn1~hiral Section of the " service G e ~ ~ r n p l ~ i q u e  
de l'Armee", by C;ililain \V. A1. C'ol,lstreii~n, R.E. Calcutta., 1906. 

8. *'L'l~e Si~nla Hntatrs 13nrindn1.y Snr\.ry on the ecnle of 50 f'ect to 
1 i11c11, by Calitaiu E. A .  Txudy, R . E .  Ctilcuttil, 1006. 

9. "A notc oil the stage rencliecl h?- tlie Geodetic Ope1.ntio11~ of the 
Surrey of India i l l  1920, I)g Lt..Colorrel 11.BIcC'. Cumie, R.E. 'l'lle Alngnctic 
Surrey of India, by Jlnjor I{. 11. 'l'bnmnn, ~ , . s .o . ,  R.E. a1111 a note on the 
prrscnt levelli~~g policy, by Rla,jor 1C. Rlasou, M . c . ,  R.E. Dehra Dun, 1922. 
(Out of p r i~ i t )  

* For Departmental use only. 



LIST OF PUBLICATIONS 

Unclassified Papers.-(Concluded). 

10. Report on the Levelling operations in connection with the selection 
of the site of the new Capital a t  Delhi, 1911-12. Simla, 1912. 

11. The International Longitude Project, 0ct.-Nov., 1926. Debra 
Diin, 1928. 
Gleodesy. 

1. Notes on the Theory of Errors of Observation, by J. Eccles, M.A. 
Dehra Dun, 1903. Price ds. 8. 

2. *Noto on n Cltange of the Axes of the Terrestrinl Spheroid in 
relati011 to the 'l'riangulntion of the G.'1'. Survey of Indin, by J. de Graaff 
Hunter, M.A. 1)ehra Dun. (Out  of print), now, incorporated in 
Profesaionnl Paper No. 16. 

3. I(eport on the Treatment, and use of Invar in measuring aeodetic 
Bases, by Captain H. H ,  Turner, R.E. London, 1907. Price As. 8. 
Projections. 

1. On the projection used for  the General Maps of India. Dehre 
Dun, 1903. 

2. *On tlte deformation resulting from the method of constructin,o 
the Internation~rl Atlas of the World or1 the scale of ono to one milliou, 
by Ch. Lallemand. Translated by J. Eccles, M.A., together with tables for 
the  projection of 1/M Maps on the International system. Dehra Din, 
1912. 
Mapping. 

1. Memorandum on t,he compilation of map of a portion of Tibet 
explored by Captail] H. H. P. Deasy in 1896. Dehra Dun, 1897. 

2. The reproduction of Maps and drawings by Mr. T. A. Pope. 
Calcutta, 1905. 

3. *A Note on the different methods by which hills call be represent- 
ed up011 maps, by Colonel 8 .  (3. Burrard, c.s.I., R.E., F.R.s., SUCVBYOP 
General of India. Yimla, 1912. 

4. * b Note on tlte representation of hills, by Major C. L. llobertson, 
c.M.Q., E.E. L)ehra Dun, 1912. 

5 ,  *A Note pn the repregentation of hills on the Maps of Indin, 
Mnjor F. W. P i r r ~ e ,  I.A. L)ehra Dun, 1912. 

6. *A considerntion of the Contour intervals, nl~d Colour Scale4 best 
suited to  Indian 1/31 maps, by Captain M.07C. Tandy, E.E. Calcutta, 
1913. (Out of print). 

Professional Papers. 
S o .  1. Projection. 0 1 1  the Projectioll for a Map of India, nnd ndjn- 

cent Clountrier, on the rcnle of 1 :  1,000,000, by Colorlel St .  Q. C. Gol'e~ lc.E. 

Secolid E(lition. Delirn Duo, 1903. Price R e  1. 
S o .  2 .  *Bme Lines. Metllod of measuring &mdet,ic, N r ~ e s  h? lnenus 

o f  RIetallic Wires, I,y I\.[. J$del.in, (Translated from RIrt~~t~iren P1.&eutes 
par Diverr. Snv~lnts ii I' AcadtSmie deu sciences de 1' 1 1 1 ~ L i l u i ~  de Frallce)' 
Deh13n Dun, 1899. (Out of print). 

No. 8.  Bnse Lines. Method of measuring Geodetic Rnsps by 
of Colby'a Cornpensated Bnrs, compiled by Lieut. H. McC. Co\vie! "*' 
Dehra l)un, 1900. (Out  of print). 

--- 
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Profess iona l  Papers.-(Continued). 

No. 4. Spiritlevels. Notes on the Calibration of Levels, by 
Lieut. E. A. 'l'nndy, R.E. De111.a Dun, 1900. (Out of print). 

No. 5. Geodesy. The A ttraction of the ~ i r n a l a ~ a  Mountains upon the 
Plumb-Line in India, considerations of recent data, by Major 8. Q. 
Burrard, n.E. Second Edition, Dehra Dun, 1901. Price Rs. 2. 

No. 6. Bnse Lines. Account of a Det,ermination of the Coe5cients of 
Expansion of the 'Wires of the Jaderin Ba.se Line Apparatu~,  by Captain 
G .  P. Lenos-Conyngham, R.E.  Dehra Dun, 1902. Price Re. 1. 

No. 7. fJdisccllnseoas. Calcutta, 1903. Pkce Re. 1. 

(1) On the values of Longitude employed in maps of the 
Survey of India. 

(2) Levelling across the Ganges at  DLmukdia. 

(3) Experiment to test the increase in the length of a 
levelling staff due to moisture and temperature. 

(4) Description of a Sun-dial designed for use with tide-gauges. 
(5) Nickel-steel alloys and their application to Geodesy. 

(Translated from the French). 

(6) Theory of electric projectors. (Translated from the French). 

No. 8. Magnetic. Exl)eriments made to determine the temperature 
coe5cients of Watson's Magnetographs, by Captain H. A .  Denholm 
Fraser, B.E. Calcutta, 1905. Pr ice  Re. 1. 

No. 9. Geodesy. An Account of the Scientific work of the Survey 
of India, and a Comparison of its progress wit11 that of Foreign Surveys. 
Prepared for the use of tlie Survey Committee assembled in 1905, 
by Lt.-Colonel S. Q. Burrard, R.E. ,  F .R.S .  Calcl~tta, 1905. Price Re. 1. 

No. 10. P e n d ~ ~ l e l ~ ~ s .  The P e n d u l a ~ ~ ~  Ope~*ntious in India, 1903-1907, 
by Major Gt. P. Leuox-Cony~igliam, R.E. 1)ellrn Dun, 1908. Price Rs. 2-8. 

No. 11 .  Re&nct,ion. Observations of Atmospheric Hefraction, 1905-09, 
by H. (3. Sham, Surrey of India. Dellrn Dun, 1911. Price Re. 1 .  

No. 12. Geodesy. 011 the O r i f i i ~ ~  of tlie Hiilliilaya Mountnins, 
by Colonel S. Q. B u r r a d ,  c.s.r., B.E., F.R.S .  Calcutta, 1912. Price Re. 1 .  

No. 13. Isost,nsy. Invesligation of tlie Theory of Isostasy in Iudia, 
by Major H. L .  ~rost l imait ,  R.E. Uehra Dun, 1912. Price Re. 1 .  

No. 14. Refinction. Formula for Atmospheric ltefrnctiou, and their 
application to Terrestrial Refraction and Geodesy, by J. de Qranff 
Hunter, M.A. Dehra Uuu, 1913. Price Rs. 2. 

No. 15. Pcnd111i11ns. The Pelidulum Operntions in India and Burmn, 
1908-13, by Captain 11. J .  Coucliman, R.E.  Dchrn Dun, 1915. Price Rs. 2-8. 

No. 16. Geodesy. The Exrtli's Axes and Triangulation, by J. de Cfrnaff 
Hunter, M.A.  Dehrn Dun, 1918. Price Rs. 4. 

No. 17. Isostnsy. Iuvestigntions of Isostasy in Himilayan and neigh- 
bouring regions by ColoiieI Sir S. G. Burrnrd, K.c.s .I . ,  R.E. ,  F . n . 8 .  Uelirn 
Dun, 1918. Price Re. 1. 

No. 18. Isostnsy, A criticism of Mr. R. D. Oldhain's memoir " l 'he 
structure of the Kim5layns mid of the Gaugetic Plniu", by Lt.-Colonel 
H. McC. Cowie, R.E. Delirn Dun, 1021. Price Re. 1-8. 

* For 1)eyartmental use only. 



LIST OF PUBLICATIONS 

P r o f e s s i o n a l  Papers.-(Coucluded). 

NO. 19. Aerial Pllotogm~)liy. Experiments in Aeroplnne Photo sur- 
veying, by bIajol. C. Q. Lewis, ILE., and C~cptt~iu H. G .  Salmond, ( L a t e ~ l . ~ . ~ . ) .  
Dehra Uh, 1920. Price Re. 1-8. 

No. 20. Air SIII.VOY. Reconnnissnnce Survey from Aircraft, by 
Lt.-Colonel Q. A. Reazeleg, D.s.o., R.E.  Dehr:~ Duo, 1927. Price Rs. 1-8. 

No. 21. Rectnllg~llntion. Irrigntiou and Settlement Surveys 1926, by 
Major J. D. Campbell, D.s.o., R.N. Dehra Dun 1927. Price Rs. 1.8. 

No. 22. Levelling. Three Sources of Error in  Precise Levelling, bj 
Captain (f. Bomford, R.E.  Dehra Dun, 1929. Price Rs. 1.8. 

No. 23. * Air Sorvey. Air Survey of Wnziristin 1923 to 1928, by 
C'aptniu O .  I?. Heaney, R.E. Del~ra  Dun, 1928. Price As. 8 .  

50. 24. Air Sllrvey. Notes on Air Survey in India, by Major W. J. 
Norman, M . c . ,  a . ~ .  Dehrn Dun, 1929. Price Rs. 1-8. 

No. 25. Ulnciers. The Representation of Glaciated Regions on mape 
of the Survey of India, by Mnjor Kenneth Masou, nr,c., R.E. Dehra Diin, 
1929. Price Be. 8. 

No. 26. Geography. nilount Everest and its Tibetan Names, by Colonel 
Sir S. G. Burrard, K.c.s .I . ,  F.R.S. Dehra Dun, 1931. Prtce As. 8. 

No. 27. Gmvity. Gravity Anomalies and the Sti-ucture of the Earth's 
Crust, by Major E. A Glennie, ~ , a . o . ,  R.E. Dehra Lhin, 1932. Price Re. 1-8. 

D e p a r t m e n t a l  P a p 0 r s . t  

No. 1.  Tyl~e. A consideration of the nlost suitable forms of type 
for use on maps, by Captain M. O'C. Tandy, R.E. Dehrs L)un, 1913. 

No. 2 .  Symbols. A review of tlie Boundary Syinbols used on the tnaps 
of various couutries, by Cal,tai~l BI.OIC. Tandy, a . E .  Yehra Dun, 1913. 

No. 8 Jlnys. Extract from "The  Kew Map of Italy, Scale 1 :  
100,000 ", by Luigi Cfiannitrnpani. T1,anslated from the Italian by 
Major W. M. Coldstren~n, ILE. Dehra Dun, 1913. 

No. 4. Tomn Surveys. A report on the prnctice of Tomn Surveys in 
the United Kingdom nud its application to Iudia, by Major C. L. Robertson, 
c.M.o. ,  R.E. Dehrn Diin, 1913. 

No. 5 .  Stereo-1)lotter. Tile Thompson Stereo-plotter and its use, with 
notes on the field work, by Lieut. K. Rlasorl, R . E .  Debra Duu, 1913. 

No. 6. Levelling. 1,evelling of High Precision, by Ch.  alle em and. 
l'ranslnted from the French I,y J .  de Graaff Hunter, ar.a. Dehrn Dfin, 1914. 

No. 7 .  Standnrd Bales. Rnr Comparisons of 1907-08, by Major H. McC. 
Cowie, R.E.  Dehrn Dun, 191.5. 

No. 8. Helio-Zi~icogrnyl~y. Report on llubber Off-set Flat bed Machine 
Printin:, by Clnl)tain S. W.  Bnclrville Hnmilton, n . ~ .  Calcutta, 1915. 

No. 9. Stereo-Auto-Plotti~~g. A translat.ion of Paul Corbin's French 
Stdrio Autogralntnbtrie, by Lt.-Colonel 11. RlcC. Comie, n.E. Debra 
Dun, 1922. 

n o .  10. Bnsc Lines. A Booklet of Instructions with £1111 descripti?ns 
and tables for tho fIuntcv Sl~orb Base, First Edition cou~piled by lblalOr 
C. Bf .  Thompson, I . A .  Dehra Dun, 1928. Second Edition compiled 
1%. C. Banerjen, B . A  Y e l ~ m  Dun, 1931. 

No. 11. (frnvit,y rind Inoetnwy. Invcstiqtions regarding Cfrnvit~ and 
Isostasy by W. EIei~ltancn (Tratla1:~ted by V. Pelts Esq. Revised and 
pleted by RInjor C. M. Tho~npson, I . A . )  Dehra Duu, 1928. 

For Official use only. . t For Departmentnl nse only. 
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Departmental Papers.*-(Concluded). 

No. 12. Geodesy. Geodesy, by J, de Qraaff Hunter, U.A. ,  s c . ~ . ,  
F. INST.P. Dehra D i u ,  1929. 

NO. 13. Spl~ericnl Trigonometry and Astronomy. Notes 011 Spherical 
Trigonometry, and Astronomy etc., bv Lt.-Colonel C. M. Tllompson, I .A.  

Dehrn D i n ,  1929. 
No. 14. Wild Theodolite. Instructions for the use of the Wild Universal 

Theodolite by Captain D. R. Crone, R.E., and the Wild Photo-Theodolite 
by Lt.-Colonel C .  G. Lewis, o.B.E., R.E. Dehra D i n ,  1932. 

No. 15. Air Sllrvey. Notes on Air Survey aud Map Publication in 
England, 1931, by Major H. R. C.  Meade, I.a., with a foreword by Captain 
D. LC. Crone, U.E. Ca,lcutta, 1932. 

Professional Forms. 
A large number of forms for t,he record and reduction of Survey 

operations are stocked a t  Dehra Dun. 

List of more important contributions by the Officers 
of the Survey of India to various extra-departmental 
publications and related articles. - 

1. tIndin's Colltrihutiou to Geoclesg, by Genernl J. T .  Ra1lte1-, n.~., 
c.B., F.R.s., LL.D. (Philosophic~l Transactions, ltoyal Society, f3erii.s A ,  
Volr~me 186, 1895). 

2. *On the Intensity and Direction of the Force of Gravity in I~ ld i :~ ,  
by Lt.-Colonel S. G. Burrard, n.a., F.R.S. (Philosophicnl 'l'ransactious, 
Royal Socicky, Series A ,  Volume 205, pages 289-318, 1905). 

3. $ A  climb on Kol:~hoi, by Lieut. Kenneth Mason, R.E. (Royal 
Engir~eers Journal, Nove~rlber 1010). 

4. +On the effect of t l ~ o  Ga~lgetic A llrlviuni on the Plun~b-line ill 
Northern India, by 1C. 1). Oldhum, E.n.s. (Proceedings o l  the Royal Society, 
Series A ,  Volume 00, pages 82-40, 1914). 

5 .  1.011 the origin of the Indo-Gangetic trol~gh, comu~only called tllc 
Ilimilnyan Foredeep, by. Colonel Sir S. G. Urirmrd, n.c.s.1.. R . E . ,  F.R.S.  

(Proceedings of theHoyal bociety, Series A ,  Polutne 91,pages 220-238,1916). 
6. $Three comprel~eusise articles on " Comparators for tlle Indim) 

Government" froui a report by nlrijor H. IlcC. Cowie, R.E. ( E n g i ~ l e e r i ~ ~ ~ ,  
Bug. 20, Aug. 117, Sopt. 3, 1015). 

7. I(Ident,ificatiou of Pealts in the Ri~nBlaya wit,ll notes, by Coloucl Sir 
S. Cf. Burrnrd, K.c.s.I., II.E., F.I~.s. (Geographica.l Journnl, Srptrnibcr 1918). 

8. (IGeologica,l interpretations of (;eocletic Results, by Colo~lel Sir 
S. G. Burrard, K.c.s.I., R.E., ~ . n . s .  (Geogrnphica,l Jonrunl, October 191 8). 

9. llWar Su~*veys in nlesopotamin, by Colouel F. W. Pirrie, C ,n I .G . ,  

I.A. (Qeogmphical Journal, December 1918). 
10. 11  Air l'ltotography in Arcl~mology, by Lt.-Colonel G .  A .  Bcazeley, 

D.B.o., n.s. (B eojiraphical .Journal, JIny 1919). 
- 

* For Depart11icnt:~l nso only. 
t Obtainnhlo fro111 hlessrs. Ilnlnn S: Co.. 3 i ,  Sollo Srlnare. Lon~lon,  W.. or ble<fir.~. 

Harrison k Sons, St. Alnrtin's Lnnc, Lonrloii, 01. (.he lloynl Socieby nt Hurliugl on 
Uonse, 1.ontlon. 

Obtninublc froni tllc In~t i lnt , ion of ltoynl E n b i ~ ~ ~ r t s .  Clrntbam. 
6 Obtainnble from Charles llobert Johnson at t,he ofices of " Enpirieeri~ig", 36 mod 

80, Bedford Street Strand, Lolldon, W.C. 
)I Obtainable lrolll the Lloysl Goographicai Society, Kensington Gore, London, 6 .W.  7. 
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List of more important oontributions by the Ofleers 
of the Survey of India &c. kc.-(Continued). 

11. 'Mapping fro111 Air Photographs, by Lt.-Colonel M. N.  MacLeod 
R.E. (~eopraphica l  Journal, June 1919). 

12. *Reminiscences of the Map of Arabia and Persian Gulf, by 
Lt.-Colonel F. F. Hunter,  D s.o., I.A. (Geographical Jour~lal,  December 
1910). 

13. *Centml Rnrdistan, by Major K. Mason, N.c., R.E.  (Gee. 
graphical Journal. December 1919). 

14. *Sur\.eys in Mesopotamia during the War,  1, Lt>.-Colonel 
B. A. Reazeley, D.S.O., R.E. (Geoeraphicn.l Journal, Febl.ua.rp 1920). 

15. t A  lecture on the Earth's Axes and liigure, by J .  de Oranff 
Hunter, M.A. (The Observ,ztory, May 1920). 

16. "A brief review of the eviderlce upon which the Theory of 
lsostasy has been based, by Colonel Sir hi. G. Burrard, K.c.s.I., R.E., F.R.S. 
(Geographical Jourrlal, July 1920). 

17. *A note O I I  the topo,rrr:~pl~y of tlle Nun TCIIII  Pli~ssif i n  Ladikh, 
by Major K. Mason, M.c.. R . E .  (Geographical Journal, August 1920). 

18. 'Notes on the Canal System nud Ancient Sites of Bnbyloniai~r the 
time of Xenophon, by Major K.  Mi1so11, M.c., R.E. (Geographical Jour~~nl ,  
December 1920). 

19. $An Exploration in South-Enst Tibet, by Major H. '1'. Morshead, 
D.s.o., R E .  (Royal Engineers Joul-rial, Jn~luary 1921). 

20 $Topographical Air Survey (with plates and maps), by 
Lt.-Colonel G. A.  Beazeley, D.B.o., R . E .  (Hoynl Engineers Journal, 
February 1921). 

21, $Projection of Maps. A review of some lnveatigntior~s ill the 
Theory of Map Projections, by A. E. Young, and Colo~iel Si r  S. (3. Burrard, 
E.c.s.I., R . E . ,  F.R.S. (Royal Engineers Jounlal, March 1921). 

22. $Report on JSxpedition to Knmet, 1920, by Major 11. T. Morshead, 
D.s.o., R.E. (Royal Engineers Journal, April 1921). 

23. *The Circulation of the IGiirth's Crust, by ~t.-Colonel 
E. A. Tandy, R E.  ( ( f e ~ ~ r a p h i c a l  dvur11:11, May 1921). 

24. $Johnson's Suppressor1 Ascent on 15 GI., by Blajor K .  Mason, 
M.c . ,  n . ~ .  (Alpine Journal, November 1921). 

25. *Stereogra.phic S u l ~ c y .  ' l ' l~e ~ u t o c a r t n ~ ~ , a p h ,  by Tit -Colonel 
M. N. MacLeod, D s.o., R . E .  ((4eographical Journal, April 1922). 

26. $The " Canadian" photo-topogral,hical method of Brlrvey, by 
Captain nnd Bt. M:~jor E. c). \Vlleeler, nr.c., N.E. (lioynl Etlgineers 
Journal, April 1922). 

27. $'l'he Survey of Mr. W. E-I. Jo11n.so11 in the R'uu L11n i l l  1865, 
by Mnjor K hIason, nr.c., R E. (A.ll)ine .Jo~~rnal ,  Noveulber 1922). 

28. (\Gravity Yurvey, by .J. de (fraaff I-Iu~iter, nr.,\., Sc.D., F , I N S T . P -  

( A  Dictionary of Applied P I ~ y ~ i c s ,  Vol. TIJ). 
-- - - 

* Ol~te inahle  from the Roynl Orogrnphicnl Socicl.g, l icnsington Uol.e, I.ondor1, S.W. 7. 
t Ol,tnirrnble frollr hlcssrn. T~rylor k lir;~ncirr, Rcd Lieu Conrt, Fleet Street', London- 

W.C. 
f O h t n i n a l ~ l e  from thc ln*tit,ntion of Roynl  Kngincers, C h n t l ~ n m .  
$ Ohtaina1)le from Alpine Club. 23 Snvile Itom, London, W. I .  
1) obtninable fro111 AIcsers. hfacblillnn k GO.  Limited, at. blartiu'n street', L ~ n d o n l  

W.C., Bombay, Oalcutta.  Jltkdras, ;\lcli,ourne. 
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List of more important contributions by the OfELcers 
of the Survey of India &c. &c.-(Continued). 

20. *Trigonometricnl Heights and Atmospheric Refraction, by J. de 
Cfrnaff Iiunter, M.A., s c , ~ . ,  F. INST. P. (A Dictionary of Applied Physics, 
Vol. 111). 

30. Qeodesy, by Colonel Sir G .  P. Lenox-Conyngl~rm, R.E.,  F.R.B. 
and J .  de Gsaaff Hunter,  m.a., s c . ~ . ,  F.INST.P. (Enc. Brit. 12th Edition, 
Vol. X S X I ,  1922). 

31. *The proposed Determination of Primary Longitudes by Inter- 
national Co-operation, by Colonel Sir. G. P. Lenox-Conynghnm, R.E.,  
F . B . ~ .  (Geographical Journal, February 1023). 

32. +Recent Developlneuts of Air Photography. (1) The adjustment 
of Air Photographs to Survey points, by Lt.-Colo~~el b1. N .  MacLeod, 
D.s.o., L.E. (Geographical Journal, June 1023). 

38. $Mount Everest, by Major H.T. AIorshead, D.s.o., R.E.  (Koyal 
Engineers Journal, September 1923). 

34. tICishen Siugli s11d the Indian Explorers, by Major K. Mnaon, 
M.c., n.E. (Qeograpliicnl Journal, December 1923). 

35. §Electrical regist~sation of height of water a t  any time iu Tidnl 
Prediction, by J .  de Qranff Hunter,  nr.A., s c . ~ . ,  F . IN~T.P .  ( J o u r ~ ~ a l  of 
Scieutific lustruments, Vol. I ,  80. 8, &lay 1024). 

36. I)Grapllic:rl ~net l~ods of plotting from Air  photograph^, by 
Lt.-Colonel L. N. F. I. King, o.B.E., ILE. 

37. +The De~narc;ltion of t l ~ e  Turco-Persian Boundary in 1913-14, 
by Coloiiel C. 11. D. Ityder, L.E.  (Geographical Jourual, September 1925). 

38. Geodesy, by J. de GI-aaff Hunter, M.A., SC.D., F. INST. P. 
(Euc. Brit. 13th Edition, New Bol. ii, 1926). 

39. **The De Filippi Expedition to the Ensteru Rara-Icoram, by B.B.D. 
and Colonel Sir G. P. Lenox-Conyngham, ILE.,  ~ . n . s . ,  m . ~ .  (Nature, 
13th February 1926). 

4U. +The LJroblern of tlie Shaltsgam Valley, by Colonel Sir Prnncis 
Youughusbaud, K c.s.I., K.C.I.E. (Geographical Journal, September 1926). 

41, +The Shnlrsga~n Valley and Agliil liauge, by Dlnjor K. Masou, 
N.c., R.E.  (Geogr;lpl~ical Jour~inl, April 1927). 

42. A Rrenlc-Circuit for Pendulum Cloclcs, by J ,  deGr.anff Hunter, N.A., 
SC.D,, F. IXST.P. (Bulleti~l Gkod6sique No. 14, April, Rlny, Jnne 1927, Paris). 

4.3. ?A Qr;~l~hical Discus~io~l of the Pijiure of tlie Un~,th, by A .  lt. 
IIinks, c.n.p., F.R.S. (Ueograpliical Journal, Jnne 1!)27). 

44. f Survey on Active Service, by Captniu Q. F. Healley, n E. (1toy:rl 
Engineers ,Tournal, June 1927). 

45. A Report 011 tlle Geodetic morlc of the Survey of' India For t l ~ e  
period 1924-27, by J, cle Gralrff Hllnter, M.A. ,  sc.n., F. IAST. r.. prrser~ted 
a t  tlie third ~iieetinfi of the Illterllntionnl IJninn of Geodes  nlid Geol)llp- 
sics, Pragt~e. Yepte~nber 1937. 1)elirn Ihin, 1927. P r i c e  Ro. 1. 
-- 
* Ol~t:~inahlo fro111 Alnssrs. IIIncRIillan & Co. Liinited, St. Alnrtin's Street, Lonrlon, 

W.C. ,  Boml,:~y, Calcntt:~. Mndrns. RIelbonrnc. 
t Obtniunl~le from thc R n y ~ ~ l  Gcogml~l~ionl  Society, lie~lsin::ttn~ Gorc, 1.onclou. S.\V. 7 .  
f Obtsinnble from tllc Institntlo~~ of Royal En:.i~~ee~,s, C l l a l l ~ n m .  
5 Obtainnhle from t,ho In~t,itllto of I'byfiics, 90 ( : r o ~ ~ t .  Xnssol St~.cet, Lon~lou 1V.C. I .  
11 Obtninnblo from ll.RI. Stationery office, AdnsLrnl House, Kingsway\.. Londun. \V.C. 2, 

28, Abingdon Ytrccb, Lonrlon, S.W. 
*# Obtnineble from the ofice of Nature. 6t. hlartin's StreeC, London, W.C. 2. 
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List of more important contributions by the Oficere 
of the Survey of India &c. kc.-(Continued). 

46. 'The Stereographic Sulsvey of the Shalrsgam, by Major K. 
Mnson, M.c., R.E. (Geogrnphical Journal, October 1917). 

47. 'Figure of the Enrth : co l~espo~~dence  by J. de Graaff Hunter, 
M.A., s c . ~ . ,  F.INBT.P. (Beocrnphicnl Journnl, December 1927). 

48. 'Figure of the Enrth : correspo~~dence by Captain G. Bornford, 
R.E. (Geographical Journal, December 1927). 

49. ' lteply to  Captnin G. Bornford's letter on Figure of the-Enrth 
(No. 48 of list), by Cnptain (3. T. McCnw and A .  1t. 1-links, c.B.E., F.R.B. 
(Geogrnphicl\l Jourunl, December 1927). 

50. Figure of the Enrt l~.  Presidentinl address by J, de Graaff Hunter, 
M . a . ,  s c . ~ . ,  F.INST.P., a t  the Section of Mathematics and Physics of the 
Fifteenth Indian Science Congress, Cnlcuttn 1928 (Published by the Asiatic 
Society of Rengnl, Calcuttn). 

51. ' Note on Sir Frnncis Younghusbn~~d's Urdolr Glacier, by Mt~jor 
Kenneth Mnson, N.c., R.E. (Geogrnpl~ical Journnl, illarch 1928). 

52. t Some Applications of the Oeoid by J ,  de Graaff EInnter, ~ I . A . ,  

s c . ~ . ,  F. INST.P. (The Observntory, June  1928). 
53. $The Attraction of the IlimBlaya, by .J. de Graaff H ~ l ~ ~ t e r ,  

x.A., s c . ~ . ,  F.IXST.P. (HimLl,zyan Journal, Vol. I ,  No. 1, April 1929. 
psges 69 - 66). 

54. *The Kara-koram : Correspondence regarding the proper nomeu- 
clature of the liara-koram Himalaya, by Colonel Sir S. G. Burrarcl, ~.c.8.1., 
n . E . ,  F . R . ~ . .  Dr. '1I.G. Longstaff and Major Icenneth Mason, m.c, ILE. (Geo- 
graphical Journal, September 1929 and . Jau~~ary  1030). 

55.  5 The Geographical Representation of the Mountains of Tibet by 
Colonel Sir S. G. Ijllrrard, K.c.s.I., n . E . ,  F . R . ~ .  (Proceedings of the Royal 
Society, Series A ,  Volume 127, 1930, pages 704-712). 

56. 1) The Glaciers of the Kara-koram and Neighbourhood, by Major 
Kenneth Mnsnn, m.c., n . ~ .  (Itecords of the Geologicnl Survey of  Indin, 
Volume L S I I I ,  pnrt 2, 1930, pages 214-279). 

57. A lteport on the Geodetic morlc of the Survey of  India for the 
period 1927-30, by 6 .  de Grnnff Hunter,  M . A . .  s c . ~ . ,  F.INvT.P., 
presented nt the forl~ath meeting of the Internation111 Union of (fendeny 
and (>eopllpsics, Btockholm, A u g ~ s t  19.70. Dehrn Diln, 1930. Price Rs. 1-12. 

58. The Inclian Geoid and Gravity Anomalies by J. de Grnnff Hunter, 
m.a.. sc .~) . ,  F. INST. P. and Captain G.  I3omford, R.B. (Bulletin oi.od6siqueP 
Xo. 29 Jan  -Mar. 1931, pages 20, 21, Paris). 

.59. Coustruction of the Geoid, by J. de Gtraaff Hunter, M . A . ,  8c.D.~ 
F. INST P. and Captain G. Romforcl, R.E.  (Bulletin Gkodi.sillae, N o  g9 
Jan.-Mar. 1931, pages 22-26, Paris).  

Obta~oahlo from the Roynl Geograpl,ical Yucipry, KensingLon Gore. London, 9.W. 7. 
t Obtainnlde From Alessrs. Toylor and Francis, Iied Lion Conrt,, Bleet street, 

1,ondnn. 1V.C. 
f Obtainnhle from i\.l~q.rp. W. Thacker b Co.. 2. Creorl Lane. T,nrl:..~tc~ ITill, J~ondon, 

E. (?. 4. or Mrgqrs. Thacker. Spink & Co.. Calcutta. 
$ Obtainahlo from Mpscr.. nilla11 & CO.. 37. S O ~ O  Square, London. W.. or Messr'. 

Hnrriwn 8 Sons.. St .  31;lrtin.s Lane, London, or t,he Royal goc ie t~  at 
Burlington Houw. London. 

I! Government of I~iclis Central P~~blicat ion Branch. Calcutta. 
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60. *Two Notes on Short Tertiary Bases, by J .  de Graaff Hunter, 
M.A., s c . ~ . ,  F. INST. P. (Empire Survey Review No. I, Vol. I, July 1931, 
pages 12-15). 

61. +Contribution to discussion on paper by Mr. A.  R. Hinks, c.B.E., 
F.n.s. "Some Problenls of the Earth's Crust". British Association, 1931, 
by J. de Graaff Huuter, M.A., s c . ~ . ,  F. INST. P. (Geographical Journal, 
November 193 1). 

62. f ,  $The Hypothesis of Isostasy, by J .  de Graaff Hunter, M.A., 
s c . ~ . ,  F. INST. P. (The Observatory, Dec. 1931 and Geophysical Supple- 
ment to Monthly Notices of the Eoyal Astronomica.1 Society, Jan. 1932). 

63. "Review of Captain Ilotine's "Survey from the Air Photographs", 
by J. de Qraaff Hunter, m.a., s c . ~ . ,  F. INST.P. (Empire Survey Review No. 3, 
Vol. I ,  Jnn. 1932, pages 134-137). 

64 IIStolres's Porlnula in Geodesy, by B. L. Gulatee, M.A. (Cantab) 
(Nature, 20th February 1932). 

65. 11 A New Principle of Time Observation, especially for determin- 
ation of Longitude, by J. de Graafl Hunter, nr.A., s c . ~ . ,  F. INBT. P. (Nature, 
29th October 1932). 

66. $"Crustal Warpings", discussing the gravity work of the Survey 
of India, 'by Major E. A. Glennie, D.s.o., R.E. (The Observatory, Jan. and 
April 1933). 

67. 11 Time Determination, by J .  de Graaff Hunter, M.A., s c . ~ . ,  F.INBT. P. 

(Nature, 8th April 1933). 
68. *Figures of reference for the Earth, by J. de Graaff Hunter, N.A., 
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