


COLONEL SIR G. P. LENOX-CONYNGHAM, Kt. ,  R.E., F.R.s. ,  M.A. 

Colonel S i r  Gerald Ponsonby Lenox-Con~;ngham, whose portrait  
faces this page, joined the  Survey of India  111 1889 and most of 
his service was spent  in the  Trigonometrical-now called the Geodetic- 
Branch. 

Duriqg the years 1893-36 he mas associated with Captain S. G .  
Burrard in a determination of the fundamental longitude for  Ind ia  by 
means of several electro-telegraphic arcs extending from Greenwich t o  
Kar~cli i ,  where connection was made with the longitude-arc system of 
India. Originally Indian longitudes dependecl on the value found for  
Madras by plirely astronomical means. J n  1877 a somewhat imperfect 
electro-teleqraphic connection with Eiirope had been made via Suez, 
Aden and Bombay: Burrard and C ~ n ~ n g h a m ' s  results were very superior 
and their detel.m~naticn is closely supported by observations made in 
1926 by means of wireless telegraphy. It has been used for  Survey of 
India maps since 1900. 

For eleven years Capt~ . in  Lenos-Conyngham was in charge of the  
Latitrlde Par ty  and observed by the  Talcott method a t  numerous stations 
over India. H e  also observed for  latitude and azimuth a t  a group of 
stations round Kalisnpur, the origin of the Indian Survey, to determine 
the local anomalies of deflection. 

In  1902 Captain Lenos-Conynghain published Professional Paper 6 
in which are clescribed certain experimental base line measures made by  
the then new Jiiderin method of llanTino wires. For this work special 

? 
arranqements hail t o  be made for de term~ning tlie coeficients of expan- 
sion wit11 temperature. 

Abolit this time i t  was tlecicled to make a gravimetric survey of 
Inclia Between 1864 aud 1871 a small number of gravity stations on 
the Great Arc had been occupied wit11 t t ~ e  object of deterxinin: the  
ellipticity of the earth. Unfortnnately the results mere vitiated by 
neqlect to corl-ect thc observationq for f l e ~ u r c  of tlie pendulum stancl- 
a sourcc of error not r e ~ o ~ n i s e d  a t  the time. hlajor Lenor-CoilynfiIlam 
task part in tllc acqnisition anrl standardisation i n  Europe of the new 
pentlulnm aplm,ratus by von Sternecli \vliicli hacl been selected. I-Ie 
brou:lit tlie appnratas out  t o  India and formed the Pendulum Party. 

Tro~ihle was experienced in rletermininq the  tenlperatare of the 
p~lldnlarna, ant1 Major Lcno\ ; -~on,vnqI~an overcame tliis by the intro- 
(illation of a tlummy I ,en t l~ i l~~m,  similar to the swinqinq penclulum, in 
tile sten1 of which &as pIacctl ;a thermometer. I-Ie tor~recl India for four 
Pal's ivitli tlie new appnrntns and I,ublislied the results of his work in 
Professional Pa,~~er 10 in 190s. 

He met) t to CaIcn t ta  as Superintentlen t of Map Piiblication, after 
wllich he was placed in charge of the Levelling Party for two years. 
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I n  101  2 he succeeded Mr .  Eccles a s  Superintendent of the Trigono. 
metrical Survey holcling the  post until  his retirement in Augus t  1921, 
except for a short  period dur ing  which he officiated as  Surveyor General, 
I n  1918 he visited 3lesopotamia to  advise on levelling in t ha t  country. 

He was elected a Pellow of the  Royal Society in 1918 and received 
t h e  honour of Knighthoocl in 1919. O n  retirement he was appointed 
Reader in Geoclesy a t  Cambridge and  elected a fellow of Trinity Colleqe, 
T h e  honorary degree of a1.A. mas conferred on him shortly afterwards 
by  Cambridge ITnive~si ty. 
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CHAPTER I 

INTRODUCTION AND SUMMARY 

The present volume is the  first of a new series of publications, styled 
the Geodetic Reports. Un t i l  1921-22 geodetic work of t he  Survey of 
India was dealt  with in the  series of Ilecord Tv'olumes which contained 
also reports of topographical work and were published annually, there 
being occasional additional volumes. I n  this first volume a period of 
three seasons, 1922-25 is covered ; but  future volumes will contain an 
account of only one season's work. 

The Geodetic Reports will describe the  work of the  Geodetic 
Branch of the Survey of India, excluding the  work of the  Drawing Office, 
Publication Office, etc., some account of which may be found in t he  
Annual General Reports or h l ap  Publication Reports. 

On 1st  April 1923, No. 1 6  (Tidal Party)  was amalgamated wit11 
the Computing Office, the conibir~ed party being designated the Comput- 
ing and Tidal Party. Duriug the previons few Fears the tidal observatories 
had been maintained, but  lisrnionic a n a l ~ s i s  of the tidal diagrams had 
been discontinued where adequate 1 alues of the harmonic constants had 
been obtained. On the other hand tidal prediction, formerly done in 
England, was taken up a l ~ d  " Tide-Tables for Indian Ports  " have been 
prepared in this party, commencin? ~ i t ~ h  those for 1023. 

In 1923, on the  score of economy, magnet,ic work, until  then 
carried out bv No. 18 Part,y, Ivas much cut  down and no field work has 
been dolle since then. Tounpoo Observatory was closed on 22nd 
October 1923 and I<odaik;in;ll Observatory on I s t  October 3 923. Dehra 
Diin Observatory has been maintained in operation by the  Computing 
and Ticlal Part.?. (Q 6 1). An  account of the work is given in $4  60-103. 

Solar Yhotograpl~y, inaugurated in 1878 in collaboration with 
Sir N o ~ I ~ I ~ I ~  Loclrger, was discontinued with effect from 30th June  1925. 
Between t l ~ c  dates mentioned, p I ~ o t o g r a p I ~ ~  of the sun had been taken 
daily, tvcn.tl~er l)ermitting ; and prints and plates mere despatched week 
by week t o  I l ~ e  llirector, Scie~lce Museum, South Kensington, London 
(t*t'de 4 5.i). 

I)r. ( ! I S  ( i r a n f f  H111lter \\.as nonlinatetl a British E m l i r e  delegate to 
the Illtcrll:it~rillal Union of Gcodesv and Geophj,sics at. Iiomr, 3 1 % ~  I:):',:',, 
4 re])r(' (,ntccl the C;overnmellt if India. In  atldition he attended all 
the mect~tlq.; of tlie Comlnittee of Tidal Prediction. H e  was appointe(l 
RelJ~)'.lr:. 1 0  tlle Sectioll of (ieodrsy on tile [ [  I)eviatio~i of the  vertical & ', 

:111(1 al.;o to serve on the  international Committee of IJongitutles, 
anrl  3 ~('lcct romlnittec nritl; Captai11 Uucl~waldt (Denmark, since 
( l rc~as(~(l)  to ~ ~ p r ~ r t  011 certain q~les t io~is  relating to  the reductioll of 
Savi t j r  ~.cslllt,r. f l is  rp l )wt  ( 191 2-1 922) on the deviation of the vertical 
h e  was sobmittcd doring ] 993  t,o tile Secretary, Section of Geodesy; 
and a ~crol ld l ~ p o r t  (1923-PS) during 1925. 

1. 
Geodetic 
Reports. 

2. 
Amalgama- 

t i o n  of Com- 
out ing  a n d  

T i d a l  P a r t i e r ,  
T ida l  predic-  

t i o n .  

3. 
Reduction 

of  
magnet ic  

work.  

4. 
Dieconti- 
nuance of 

solar photo- 
graphy .  

5 .  
In te rnat ione l  
U n i o ~ )  o f  Geo- 

desy and 
Geophysics 

Rome, 1922. 
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6. 
New t ida l  
prediction 
methods; 

t ime rarvice; 
s tandardi ra-  

tion of 
Indian mag- 
netometers. 

7. 
Int3rnational 

Union of 
Astronomy, 
Cam bridgs 

1925. 

8 
T i d a l  

obseruatories. 

9. 
Longitude 

ohseruntory. 

10 
R o u t i ~ ~ e  work. 

11 
Restarc.? 

i tems  

While  on leave in 1922 Dr .  Hun te r  studied Dr. Doodson's method\ 
of t idal analysis, spending a month a t  t h e  Tidal Institute, Liverpoal 
Certain modifications in tidal prediction procedure are indicated belo! 
(v ide $ 8  49,50). He  also visited Edinburgh Observatory and was shorc 
t he  clock installation and t ime service arrangements by Professv 
Sampson, F.R.s.,  Astronomer Royal for Scotland. Professor Sampt 
had very kindly undertalcen a tes t  on a new Riefler clock, No. 450, Eo 
Dehra l)iin, which was completed shortly afterwards. The  clock h~ 
subsequently been received ( 1 5th  Aug.  1 923). Dr.  Hunter  also mad* 
comparative observation+ with Indian Magnetometer  No. 10, both a: 
Kew and a t  Yal Jo!.eux (10 lcm. west of Versailles). 

Dr. Hunter  attended the  meeting of the  International Union r. 
Astronomy a t  Cambridge in Ju ly  1925, in connection with the mixe 
Loncitude Commission. H e  was also concernecl in discussing ar 
selecting suitable wireless reception and other e ~ ~ i i i p ~ n e n  t with a rick 
t o  the  participation cf the  Survey of India a t  Debra I)Cn in the lnttt  
national Longitude scheme, fixed for October and November 1926. 

A new tidal observatory was opened a t  Bassein in October 192; 
Those a t  3Ioalmein and Por t  Blair were closed in November I924 a[ 
-April 1925 respectively : ? ? i ~ l e  4 42). 

A sI)ecial observatory for time determination was designed and COP 

tracted (1-irle 59). 'I'he instrumental side of this \vork has also b~ 
improved by the acquisition of a high grade clock, Eliefler No. .I, 
(vide $ 56)  and by the  fitting of moving wire micrometer to  the  telescol 
eyepieces (vide 4 57). 

Progress has been made in the  revision of professional forms an 
tsbles (atde $ 27) and in the compilation ant1 publication of trian,ol 
lation da ta  ( v i d e  4 30). 

Tidal observatories mere inspected as  shown in ($  40). C!omparisor 
of predicted and actual times and heights of high and low water at a 
tidal stations where observations mere made have been tabulated on1 
new form and in some cases corrections to frit,iire prediction are bast 
on these ( v i d e  4 4.8). ~~e teo ro log ica l  and Seismograph obse~.vatio~ 
have been continued as usual ( r i d e  $ 5  51, 52). 

The  resalts of all latitude, l o n ~ i t u d e  and azimuth observations 
India have been employed to de te rm~ne the form of the  geoid. 'l'his r 
t)e utilised for a redetermination of the Earth's Pigtire and for a genefi 
consideration of the hypothesis of isostasy ( l q t t l p  4 25). An inc;1111.y 
alqo made into the variation of the geoid with regard to the nlcrri m ~ l t  

level of the ocean, with negative results. From c e r t a i ~ ~  observationsl 
the U.S A.  i t  had been suspected that  such variation occurs. ( I . ?  r'e 4 2 6  

A new method of graphical adjnstment of triangulation !)as bH 
introduced (vide Q 31). 
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A considerable amount  of work mas done in a t tempt ing  t o  improve 
the accuracy of tidal predictions a t  riverain ports. It often happens, 
as in the case of Kidderpore (Calcutta) t ha t  important  ports are situated 
a t  a considerable distance up  an  estuary: and a t  such places tidal predic- 
tion is far more intricate and less precise. Some progress was made but  
not sufficient as yet  to  be practically useful ( v i d e  $9 46, 407). 

RSechanical additions have been made t o  the 'ride Predicting Machine 
mliicl~ assisted in tlie above inquiry and  also facilitates the work of 
ordinary liarmonic tidal prediction (vide 49). 

A lectrire delivered in Madras in January  1922 a t  t he  meeting of 
the Indian Science Congress, entitled " T h e  height of Mount Everesl 
find other peaks", is reproduced a t  the end of this volume (vide tj 240). 

Latitude observations by the  Talcott method had been in abeyance 
since 1915 until 1931 when Major Mason observecl a t  four stations in 
Kaslimir. Observations were made nes t  in season 1923-24 when No. 
13 Party visited Bihar and Orissa. I n  the follomillg season tnhe party 
went to Assam. Values of plumb-line deflection a t  twent,y-seven stations 
were obtained in the two seasons. Major Thompson's conclusion (uirie 
$4 116,117: is t ha t  the results in these areas are not fully accounted for  
by the Hayford theory of isostasy. Further  latitude results were 
obtained from the prismatic astrolabe observations made in Kashmir  in 
conjunction with the  pendulum work. 

Two prismatic astrolabes-large and small moclels-were obtained 
in 192 1. Observatiolis with these iastrtiinents yield both time and 
lalitacle, a.nd resalts of very high may be obtained with thelarger  
(geodet,ic) model. Though some differences of opinion exist as to  the 
degree of t l ~ i s  lwecision, it was considered tha t  there \voulcl be a distinct 
galu in 11sin: this instrument in conjnnct,ion with pendulum observations, 
for ~vl~icl i  clock rate has to  be accurately determincd. For rate, the  
question of personalit,y does not arise and so the ast,yolabe should be 
suitable !'or pendnlum observations. I n  aclclition, good valrles of lati- 
tude-also impersonal-are derived simultaneoasly ; so it was considered 
that if ge )~let,ic positions of pendulum stations were adequately fixed, 
tlseful \.a.?!i:s of deflect,ion iu meridian would also be arrived a t .  The  
c0mplc.t~ i:;.~ject of cletel*mining also the deflection in longitude, requir- 
~ n $  in nc!flition the reception of wireless t ime signals, was deferred until  
a snita!,l1t. Ivireless set  hacl beell obtained. 

I n  t l ~ r  p:wt it has beell an  invariable rule to  observe l ) e n d n l ~ ~ m s  in a 
room rqth('r t,llan a tent  becarlse the temperat,ure variations aye usually 
mtlch I!.<$. To ext,enc] tire work to  Himalayan areas, very iuteresting 
from the point of view of isostasy, it mas necessary to  break away from 

111.~rtice ; for  in sllcll regions houses are not to be forltld. I t  mas 
hopr(l tllat t l ~ i . ;  \voold be rendered by the lise of t h e  quartz 

11. 
(Cont 'd. )  

12. 
Resumption 

of la t i tude  
obearvations 

13. 
Pr ismat ic  

astrolabe.  

14. 
Pendulum 

observations 
i n  a t e n t .  
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14. pendulums which had been obtained just before t he  mar, bu t  had nerrl 
(Contd. )  been used (vide Q 126). Accordingly iu 1924. a beginning was madeti 

~ t anda rd i se  these two pendulums. Unhappily both were broken in Iran\ 
port between Mussoorie and Dehra I l t n  JThile this  was rery mu[, 
regretted, i t  showed conclusively t ha t  thcse quartz  pendulums wereti 
fragile to  withstand the  rough transport  cot~ditions which are met 
in t h e  Himalayas. Captain Glennie went fully into t he  questionr 
temperature effects and evolved a working method of dealing with t\ 
larger temperature changes unavoidable with observations in a tent: tic 
clearing the  way for observations in any  locality. T h e  first trials me1 

made In the  summer of 1925 when l)endulun~s were swung in Kashm 
(4  139). A s  the  old von Sterneck pendulums were then In Europe f c  
standardisation, Captain Glennie also designecl and supervised the cont 
troction of three brass pendulums (ride 4 128) which were used 
success in t he  Punjab  and  Kashmir. Time and also astronomic latitui 
were derived from astrolabe observations. 

15. T h e  sites of the  penclulum stations did not  coincide with poinl 
Resection fixed by triangulation and so it was necessary to  determine the  aeodel 

used as t ro labe  f i x  position of each with fairly high precision, for deduction of the latitui 
l a t r tude  e t a -  deviation. This  was done by theodolite resection from points fixedt 

t rons triangulation. Captain E. A. Glennie and Lieut.  G. H .  Osmasti 
carried out the  astrolabe as  well as  the  resection observations, ancl sat1 

factory and valuable results were thereby o b t a i n ~ d .  Positions p~obah 
correct to 5 feet were deduced in this way (cide 148).  

16. T h e  four von Sterneck pendulums, used in India between 1907 ar 
Standardrss-  191 5 ,  were taken t o  England in the  spring of 1924 by Lt.-Colonel H. Me( 

f l O n  of Cowie for re-standardisation. Colonel Cowie was not in good health at ti 
Sterneck 

pendulumc,  t ime and so this work was somewhat delayed. However he made tt 
necessary observations a t  Kew in June  1925 ancl some months Iatu 
he also swung the pendulums a t  Cambridge (tide C) 127'). Colonel Cow' 
was bringing these pendulums back to  India in September 1985 an 
had reached Marseilles when he became serionsly ill and died or, boar. 
P. tk 0. S. S. " K ~ n a l p i n d i "  on 25th September, 1911.5. 

17. The  levelling policy has been under consicleration and the vicn 
8,nch mark  arrived at is t h a t  the Survey of Tndia shoulcl fix and maintain bend 
maintenance ma,rks a t  regular intervals : while intermediate bench marks. wh0~1 

policy. height has been determined with the same 1,recislon woulcl pass into t t ~  
custody of local authorities t o  maintain as t h ~ y  find convcnient. 

18. The lines of levelling in Tndia ant1 Burma are as yet  unconnected 
Indo-Burmese hut some steps have been taken towards n recon~~aissance of a rod( 

connectron. wherebr the connection might  be effected ( ~ ' l ' d ~  $ 201))). 

19. A report mas submit,ted to  thc Inlerna.tiona1 Union of Gcodesji 
Hietory of Geophvsics 1924 giving a brief history of Indian levelling of hi$ 

Ind ian  high 
prec is ion  precision since its introduction just before the wa.r ( r ide  4 206). 
levell ing. 
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The new level net was begun in 1914. Since then 3638 miles of 20 
levelling have been completed in-both directioils and 949 miles in one P ~ o P ~ ~ s  with 

direction only. the  new level 
net. 

Eight  new lines have been added to the original net. 

A new departure has been made since 1922 in the carrying ou t  of 21, 
levelling for engineering projects with no other scientific object. For Tertiary 
in some cases a lower order of precision is adequate, which can be levelling* 

conveniently covered by the designation tertiary levelling. Details will 
be found in $ 156. 

Lieut. J. B. P. Angwin R.E. and Lieut. D. R. Crone R.E. were 22. 
under instruction from 28th October and 22nd October 1924 respectively Training. 
until 10th September 1925 and 22nd May  1925 respectively. 

Mr. H. B. Simons held charge of the Training School from 1s t  
January to 14th April 1924 and Mr .  S. F. Norman from 15th  April 1924 
to 30th September 1925. Four probationers of class I1 and fourteen 
probationers of upper subordinate service passed through the School. 



6 GEODETIC REPOBT 

PERSONNEL* OF THE GEODETIC BRANCH, 1922-85 
23. 

Personnel of Director, Geodetic Brancht 
theGeodetrc Lr.-COLONEL H. BIcC. Coivrr, R.R., from 1st  Oot. 1922 to 30th Mnrch 1024. . 

Branch. 
DB. J. DE QRAAPF HUNTER, M.A., SC. D., F. Inst.  P., from 31st Llorcll to 27th ~ ~ r i l l ~ l i '  t LT.-COLONBL R. H. THOMAS, D.B.o., R.E., fro= Beth April 1924 to 20th September Ik'v 

COMPUTING A N D  ,TII)A L PARTY 

Class 1 Oflcers. 

Dr. J. de  Ornnff Hunter. M . A ,  SC.D., 
F. Inst.  P,, in charge from 27th Novem- 
ber 1922 to aOth March 19'15. 

Major C.M. Thompson, I.A.,  in  charge Erom 
Ir t  October 1922 to 26th November 1922 
and from l l s t  Mnrch 1926 to 30th Sep- 
tember 1926. 

Class ZI Oflcers. 

Mr. D.H. Lux&, Tidal Assistant from 18t 
October 1922 t o  'Lard March 1925. 

Major H.J. Conchmnn, D.s.o., M.C., n.u.. 
c b ~ ~ r g e  from 15th to 22nd October 1Y 

ber 1925. 

f 
Captain I3 A. Glennie, ~ . s . o . , ~ . ~ . , i n c h d  

from 23rd October 1923 t o  30th Septcii 

; 
Class I I  0ficer.s. 

Mr. R.B. Mathnr, D.A., 1923-25. f 
Lower Subordinate Service. $ 

3 Compul ers. 1' 
15 PARTY (TItIANGULATT06) ' 

Class I 0flcer.s. 
Mr. R.B. Mathur, B.A., Tidal Assistant from Capt. E.A. Glennie. D.s.o., n.~.. from 

24th M ~ r c h  1925 t o  30th September October to 23rd october 1922, 
1926. Major H.T. Morshead, D.s.o.. R.B., 

Uppar Subordinate Service. 24th October 1922 to 18th February 

Mr. g . K .  Jjas, B.A. ,  from 1st May 1924 to Major C.3f. T h o m ~ e O n ,  from 
90th September 1925. Febrnary to 7th Octoher 1923. 

COMPUTING SECTION. Mr. Hannmnn Prasad, Rai Sahib, in c 
from 8th October 1923 lo 16th Jolg 

Mr. Mnkundananda Acharya# Head Major W.N. Perry, M.c.,  in charge 
pnter ~ n d  11 Geodetic computers. 17th July to 14th August 1924. 

TIDAL SECTION. Captain 0. Slater. M.c.. R . E . , ~  

16 computers in 1922-23. 15th August 1924 to 31et 0 

10 computers From 1923-24. Captain W.J. Norman, M.c., n 
from 1st November to 7thDe 

MAGNETIC OBBERVATORY. Captaiu 0. Slater, M.c. .  R.R.. from 
Mr. K.N. Mukerjee, M.A. Magnetic Obser- cember 1024 to 30th September 

re r  & 1 computer. Class II Oflccrs. 
1 3  PARTY (ABTRONOSIICAL) Mr. O.J.S. Rae, up to November 1!!24. 

CInss I Oficera. Lotuer Subordinate Serrice. 
Captain 8.E. Roome. M.C.. R.E., in charge compnters in  1022-24. 

from 1st October 1922 to 30th Septem- 
17 ,, 1924-25. ber 19'23. 

Major C.51. Thompaon, I.A., from 1st Oc- 16 P A  1i'l'Y (TIDAL) 
tober 1923 to 31st March 1923. Class 1 OFcers i Captain 0.n. O~maatnn,  H.c..R.B., in charge Dr. J. de Graaff Hunter, M.A.,  Sc.D., 
from 1st April 1035 to 30th September p. I n ~ t .  P., ill charge from 19th ~ e t $  
1923. ary to 31at Mnrch 1923. 

14 PARTY (PESDULUIIS) Major C.M. Thompson, I.A., in charge!?" 

Clnss Z Oficfra. 
27th November 1922 to 18th ~ebn' '  
1923. 

hfajor W.E. Perrp, M.C., R.B., in chmrge Rmi Aahib Hannman Pmsad, i n  cbt' 
from le t  October 1922 np to 14th October from 1st October 1922 to 261 i1 NoTOn' 
1943. 1922. 
-- -- -1 

Exclnding No. a D.0 . .  Publicntion and  store^, P.M.O. and Cantonment Pnrfl,,* 
t The t l e ~ i ~ n a t i o n  of the Snperintendent Trigonometrical Snrrey ,7hengfd: 

Director of Geodetic Branch from 10th July 192%. 
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Clarr I1 Oficere. 

Mr. D.H. Luxa. 
Lower Sttbordinate Serrice. 

16 Oompnters kt ,~ .  

17 PARTY (LEVELLING) 
Class I Oficers. 

Major A. H. Qwyn, I.A., i n  c l~a rge  from 
19th March 1923 to  30th Sept. 1925. 

Bt.-Msjor K. Mason, M.C.. R.E., in charge 
from le t  October 1922 t o  18th March 
1923. 

Captain R. A .  Qlennie, D.B.O., R.E., from 1 24th October 1922 to l8Lh April 1921. 

I Class II  Opcers .  

Ms.. O. J. 9. Rae, 1922-23. 
,, 0. N. Pnshonp, 1922-24. 
,, R. B. Math~lr, B.A. ,  1922:23. 
,, K. S. Gopalachnri. B.A., 1922-2*. 
, N.K. Chnkrrbutty, L.C.E. 1922.23. 
,, J ~ y a  La1 Sahgnl, 1923-25. 
,, N. R. M~xnn~dxr ,  1923-25 
,, D. N. Banerjee 1923-25 

Upper Subordinate Service. 

Hr. IZ.I<. Dns, B.A.,  from 1st Oct. 1922 t o  
30th April 1924. 

,, S. C. Mukerjee, 1022-25. 
,, 1'. 13. Roy, 1922-25. 
,, A.A.S. Blatlob A h m ~ d ,  1922-25. 
,, Ahdnl Al:~j~d, 1022-25. 
,. 11. C. Bnnericn. 1923-25. 
.. H. K. Knr, 192 '-25. 

i Lower Subordinate Service. 

2 Compoters in 1022.24. 
5 Computers in 1921.-25. 
1 Purely tr:>~llol.al.y levellers 1922-23. 

b4 ,. , 1923-24. 
217 .. ,, 1924-26. 

18 l'.! IL'l'Y (NAQNE l' IC) 

Clnrs I Oflcers. 

Mr. E.C.J. Bonll.  \..n.. in  c h a r ~ e  from Is1 
Octohrr 1!!22 to  30t,h September 1923. 

Cloa.6 I I OJicers. 
Mr. N. R .  lf~7.nlll,l:11.. 
,, Jiya J,nl Snh!:nl. 

Upper  Su b o r d i ~ a t e  Sevoice. 23. 
Mr. 0. B. Shome. (Contd ) 
,, H. C. Banerjee, B.A. 

Lower Subordinate Service. 

1 Magnetic Observer. 
10 Computers etc. 

19 PARTY (BASK) 

Class I Oficors. 

Major A.H. Gwyn, I .A . ,  from 27th October 
1922 t o  20th April 1923. 

Lt.-Colonel A.A. McHerg, D.B.o., n . ~ . ,  from 
21nt t o  30th April 1923. 

Capt. H.E. Roome, M.c., R.E., incharge from 
1st to  21st October 1923. 

Lt.-Colonel H. McC. Ccwio, R.E., in charge 
from l a t  October 1922 to 26th October 
1922, le t  May 1923 tto 30th September 
1923 end 2and October 1923 to  30th ' 

March 1924. 

Dr.J.deGraaff n u n t e r , ~ . ~ . , S c . D .  F.lnst.T'., 
in charge from 31st March t o  l l t h  April 
1921,. 

Captain 0. Slatel-, M.C.. R.E., in charge from 
12th April 1924 to 7th December 1924. 

Captain W.J. Norman, a f . ~ . ,  R.E., in charge 
from 8th December 1924 t o  lOLh Septem- 
ber 1925. 

Lieut. J.B.P. Angwin, R.E., in ol~arge from 
l l t h  September to 30th September 1925. 

TILA INING 

Class I Oficers under instruction. 

Lieul.. J.B.P. Angwin, R E . ,  from 28lh Oct. 
1924 to 101.11 September 1925. 

1,ient. D.lt. Crone, R.E ,from 22nd Oc6. 1924 
to 22nd May 1926. 

T R A I N I N G  SCLTOOL 

Mr. 11. I3 Sinions Inqtl.~lctor from 1st 
J a ~ ~ u n r g  1924 t o  144h April 1924. 

,, S F. Norman Instl~nctor from 15th 
April to 30th Scpt. 1925. 

J.  DE GI~AAFV HUNTER, 

089. Dii ector r-~f Ihc Geotleltc l i t - n n c h .  



COMPUTING AND TIDAG- PARTY 
BY J .  DE GRAAFP HUNTER, M.A., Sc.D., F. Ins t .  P. 

There are three sections of the Computing and Tidal Party :- 

( i ) Computing Section. 
(ii ) Tidal Section. 
( i i ~ )  0b~el .va tory  Section. 

( i )  Computing Section . . 

24. The reclnction of the Ta1cot.t observations for latitude made in 199 
A#trono,nica/ by Major K .  Alason R.E., a t  Gogipatri, Yoshlrar, Zebanwan and Reban 
oomputations iu Kashmir mas completed. Observations macle in 1860 a t  Poshkar and 

GogiI)atri had yielded results which were open to doubt : but the 192 
observations gave results almost iden tical. The deduced latitudes un. 
corrected for motion of pole are :- 

Station 

Liogipatri , . . 

Posh kar . . .  

Zebtlrrwan ... 

R e b n ~ i  , . .  

tioo 
1912 / 1860 ( 1856-6 ; 

Astronomical value 

Times uf sunrise and sunset for Calcutta were computed for illolusinl 
in Tide-Tables of 1925 as well as of 1926. They we1.e also computed 
for other latitudes for non-departmental purposes. 

Sun's bearings for every 6 degrees of latitude, and also for ~ h m d  
nagar and Saharanpur for winter months, were computed takinE refrae 
tion, and semidiameter into consideration in comp]iarlce mith 
extra departmental requisitions. 

2 5 All the plumb-line deflect.ions derived from upwards of fiye 
lhe '' hundred latitude. longitude, and azimuth atations were utilized to P the geoid in 

1.d;. .tc. duce charta on 116 M scale ahowing the  lines of equal deflectiong ill 

Value by 
triabgulation 

Deflec 
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meridian or prime vertical over India. From these curves, the average 
deflections along one degree of meridian or prime vertical were estimated 
whence the separation of geoid a.nd spheroid was computed. This sepa- 
ration was found for corners of all degree squares, and a final chart  was 
drawn showing the geoidal contours with relation to Everest spheroid. 
A copy of this chart reduced to 4 scale is given opposite to page 9. Later 
on, the contours were redrawn on the Helmert-Hayford spheroid. The  
desirability of such representation of the geoid has been pointed out by 
the International Geodetic Association. 

25. 
( C o n i d . )  

Following on from this chart a beginning has been made i n  an  
investigation of the Figure of the Eart,h in India : a t  the same time an 
attempt is being made t o  estimat,e the degree of isostatic compensation 
in India and adjacent regions. The  geoidal charts were sent t o  the  
British Empire Exhibition, Wembley, 1923. 

Hayford isostatic corrections were computed for sixty-two gravity 
stations, completing the work begun by Captain Couchman, in 
Professional Paper No. 15. 

Mr. R. L. Faris of the  United States Coast and Geodetic Survey 26. 
informecl Afons. C. Lallemand, Reporter for Precise Levelling to the Elevat ion of 
International Union of Geodesy and Geophysics, t ha t  in two cases of ,rznaii;e 
trans-coutinental levelling mean water level of the Atlantic and pacific t h e  geoid in 
oceans a t  the American coasts differed by an amount much g!eater than general  nil. 

cotlld be accounted for by the usual accidental and sys temat~c  errors of 
levelling. Monsieur Lallemand asked for the  matter  t o  be investigated 
in India, which mas done, the results being comlniinicated to him. 

In  the first place i t  was necessary to  compute out  valiies of 
9, and a~ (pl,oLable accicle~ital and systematic errors) for the inland 
levelling circuits of India. lqol. this the f o r l l ~ u l ~  given in the Hesolrction 
co~ lcern iny  L ~ ~ r . e ? / i v ! ~  o/' P?.cci,ciow* adopted a t  the meeting of the 17th 
General Conference o'f the International Geodetic Association 011 25th 
Sel'tember l!)l2, were eml,logecl. Tlle values found were :- 

7, = +_ 0 . O O S O  foot-mile ri~lits 
OR = + 0.00071 9 9  J J  I J 

Thrsc values were entered in the following formula to find the 
e~pcelcrl ~ ~ ~ ' c I . ( ~ ~ ~ ~ I I c ~  between mean water levels (ar .  n-. I,.) as determined 
at  two xclj:lcen t observatories :- 

(Bxl7ect~d ~ l i s p r ~ ~ , a ~ ~ ~ )  9 = q , l  L + O;L' + El2 + E2? where L is the 
len~t l l  01 l ~ v r l l i ~ ~ ~  line in miles ; E l ,  I{? are tile probable errors (p. e.) of 
the mran o f  nnnnal tleterminations of nr. w, L. from tidal observatories. 

q1al)lp 1. cxl~ibits all (l~la~lti(.icr: eoilcerncd and gives the ratio of the 
Dctllal PI-I'Or to l l ~ e  (>spect,e(l error. Ill eig]lt casos this ratlo is less than 
"Ie 

i l l  ollc on ly  i t  is grmter  than one illdicatlng tllst  fhel-e l'r 
f ' ) i ( ~ c ' f ( ' ~  / / / a t  x. ,s I, is ( / t , f i r c , , /  a t  a(j(tcejlt t ; ( l ( ~ l  s ta t ior t8 .  

Tllpw are also certain otller tidal observatories which have been con- 
nected k ) . ~  levrlling. I11 ttlcse there is every reason to expect tha t  a. JV. L. 

as tllr stations are situated 111, a narrow ~ u l f  or on a river. 
S''cll is tile rase a c t l ~ n l l ~  f011nd. l)etails are given in table 11. 
__2- _ - 

-- ---_ - __ - - - - - -  
I ~ ~ l l o ' l n c c d  i l l  DcpnrtmcolaI Paper No. (j, ~ u l * v c y  of Iudln, 1014 
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27. 
Pmjessional 

forms and 
tables. 

28. 
Special map 
prqections 

29. 
Various 

computations 
for extra 

departmental  
purpoaer. 

Tables were prepared for  computation of barometric heights br 
t he  International Formula as  well a s  for  humidity and other reletd 
quantities. 

A new set  of traverse tables ( 41 Sur .  ) has been designed and corn. 
puted ; and a new form ( 13A. Trav. ) introduceel for iise wit11 tl~h 

tables. The  method is alternative to the  use of such traverse tablesa.. 
S hortrecle's or Boileau's. 

All these barometer and traverse tables are included in Part 111 ' 
Auxiliary Tables, 5 th  edition, 1923. 

R.A. and N.P.D. tables for  s tar  constants were arranged for reduc 
tion of s ta r  places in connection with astronomic latitude computatio~~ 
for incliision in Part  1V, Auxiliary Tables, 5th eclition. These aa 
modifications of the tables for  facilitating tlie C o ~ n p i t a l i o n s  of stay cost 

talits by H. H. Turner, M . A .  

Full editions of P a r t  I1 ancl Part  111, Auxiliary Tables, 5th editiw 
have been printed. 

The  professional forms of the department are being gracluall! 
revised and reduced to uniform foolscap size. Twenty-four forms hall 

been remodelled up  to 1925. 

Graticules were computed for a map of the worlcl on the Zenithr 
Azimuth Projection, in which all  distances and azimuths from a centn 
point-in this case Agra-are correct. The  map was drawn in No,! 
Drawing Office, Dehra D i n .  This was carriecl out  a t  the requestc 
the Director of Wireless Telegraphy. 

Other computations were made for a two-centred and multi- cent^ 
Azimuthal Projection for Army Heacl Quarters. 

The coordinates of ten thoiisancl points were converted from spher; 
cal t o  rectangular on behalf of Major General, Royal Artillery, Simla 

Several positions fixed by theodolite resection, were computed b 
Western Command, Quetta. 

The  observations of Captain Haycraft of the Aclen Brigade l 
determine ranges and bearings of two forts were scriitinised. 

A considerable amount of triangulation data was compiled for t b  
Anglo-Persian Oil Company, Muhamarah, Persia. 

Some triangulation computations of Commander C. M. L. Scott ~~5 
Rangoon Port Trust  were examined. 

The  triangulation pamphlets have undergone a few motlificatiol 
since 1910. An introcluction qiving a brief accorint of the to;,ograph 
of the area has been acltled to some pamphlets. A layered I?lap on1  
s ~ n a l l  scale is given a t  the end of the last pamphlet of each 1/11 

Work of different observers is kept separate to f ac i l i t~ t e  f u ! ~ ?  
adjustment, if necessary. This is done by qrouPinv all minor stations- 

? both O.T. ancl topo-and intersected points a c c o r d ~ n ~  to part,,., sesr' 
and observer, in 15-minute squares by decreasing latitudes. Tb 
deecriptions of stations are given together a t  the end. 
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Azimuths and log sides are no longer given for minor stations, G.T. 
or topo. A t  geodetic stations only, t he  azimuths and log sides of 
Geodetic and minor G.T. stations and such ,peaks as  are above 24,000 
feet in height are given. 

The publication of topo data has been restricted to  areas in the  
vicillity of frontiers. For areas, for  which no topo data will be printed, 
the existence of topographical or traverse da ta  is indicated in the chart  
accompanging the triangulation pamphlet by stipples and dotted boun- 
dary lines. 

The Kashmir series 1855-60 was adjusted in 1922 on the Gilgi t  
series 1009-11, and the Russian triangulation (joining up with the Indo -  
Russian Connection), which was computed on the  Bessel spheroid with an 
origin a t  Oche (Osll), was expressed in terms of the  Indian triangulation 
and poblished. 

Data for triangulation pamphlets mere compiled and recompiled 
for one hundred and sixty-t\vo degree sheets, including Mesopotamian 
triangulation ancl Turco-Persian Boundary Commission work. Ninety- 
tliree degree sheets have been published in pamphlet form during the 
period under report. 

Twenty-one charts showing adjustment corrections by means of 
graphs to be applied to  topo triangulation falling in 1 / M  sheets 92, 94, 
95, 96, 102 and 103 were prepared and supplied to the  Director, Burma 
Circle. The tope triangulation had been based on preliminary values 
of the Eastern Frontier series \vhicl~ was adjusted in 1915-18 along 
with the rest of the geodetic triangulation in 13urma, and accordingly 
required a d j ~ ~ s t m e n t  to  the final values of the geodetic work. 

As mentioned in Records Vol. V I I ,  page 149, a crinoline traverse 
from Dehra l ) u n  to Rajpur was executed by Lleuts. Almond and McKay 
in 1913-14, to fix carefully a number of stations in the vicinity of 
Rajpur for observation of plumb-line deflection. Triangulation connec- 
ted the traverse to  the side Kalanga-Gujrara, fixed by M r  Bond in 
1911-1 2. As this traverse was carefully executed, the cliscrepancy follncl 
was attributed to  accumulated errors in the minor triangulation. More 
recent triangulation based on Kalanga-Gujrara base, as also Mr.  Bond's 
triangulation of 1 9 11-12, has justified this view as indicated below. 

i .  Coricction to t r i a r ~ ~ r ~ l a t i o n  Laser1 on Kalanga-Gujrara ray as 
indicated by [lie traverse of 191 :j-l-h. 

30. 
(Contd.) 

31. 
Triangulation 
adjustment 

32. 
Local 

t ~ ~ i a n g u l a t i o n  
(Dehra Dun) 

Traverse fitations con- 
llected I)y trianKnlntion 

I T  Chi l l  rh ... 
111 n o t l g q ~ ~ n ~ , l  ... 
TV 
V 

... 

... 
Mrnn ... 

Traversc - Trinngnlntion 

Northing I Ens t i ny  
. -- -- - -- - 

Chs. I Chs. 
-0.137 N .  0 ,041 R.  
- 0 1 2 6  N .  1 I 0 . 0 1 : ~  6. 
-0.128 N .  1 -0,058 E. 
- 0.101 N. 1 -0.047 E. 

Correction to  
- 

Lnt i tudc  I IAongitnde 
- 

- 0.090 
- 0 . ~ ~ 2  
- 0.0SL 
- 0 066 

- 0 . 0 8 0  

I 

- 0.031 
- 0.050 
- 0.040 
- 0.03(; 
-- 

- 0 . 0 4 0  
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. . 
32. 11 .  Correction t o  Balanga  d e d n c e t l  f r o m  t r i a n g u l a t i o n  by 

(Contd.) Lieuts. Angwin and Crone (192.1-25) and  by M r .  Sinions 1924-26), 

r i  1 hese agree very closely with the  mean corrections derived from 
the traverse. 

J l r .  Sond based his value of 1l;alallga on Timli and Satikadinda. 
'I'imli was fixccl again by .lngwin and Crone's triangulation of 1'324-ti 
bneetl on Banog-Top Tibba ray. 

Stnt io11 1 ~ u t i t ~ ~ r l e  / Longil.de 
- - 

S r /I 
T~mli 

(i lngwin nut1 Crouc. 1924-26) 
i o 

30 22 1!).003 1 78 7 44.919 
- -  - .- -. - - - - - . - - -- - - -- - - 

- 1  

I iml i  
(Ro~ id ,  l!)ll-12) ;lo 22 I!) 1 18 i 11.96 

- 
(.In?win ar,tl Clone)- t 'onrl - 0 0 6  I -0.02 

? 

r >  l l ~ c  rrect3ss;lry currrrtiolru to local t r i n~~gu la t i on  are  collectecl belos 
tlrpy wi l l  he ~ucorl,or:\tctl in the i r i : ~ ~ ~ g ~ ~ I a t ~ o ~ l  11aml)hlet 53  J when IC. 

I ~ ~ l ) l ~ s h c t l .  
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Mnglletic declinations with annual changes for London, Paris, Berlin 33. 
all(l 16 Indian stalio~ts,  t o  be incorporaled in the? Tr~clian M i l ~ t a ~ . ~  Magnetrc 

Almanac 1921, were eon11,iled in response t o  a requisit~on from l l ~ e  Cllief 
declination- 

of tile Gelleral Staff, Simla : also for YO0 points for departmental use 
for 80 stations for non-del~artmental oifcials. 
Magnetic declinatiolls of more thau  2,UOO points were computed 

for the Director ;\lap Pablication, Calcutta, for entry on half-inch and 
q~iarter-incli maps. 

Heights of 200 stations \\.ere computed in I !I23 in connectio~; with 
a survey carried out by Waziristiin detacl~ment  under Captain W. J. 
Norman, 11.E. 

Sir A. Stein's a,neroid hcights in Central Asia observed in 1915. 
were reducerl. K e s ~ ~ l t s  arc publisl~ecl in Al)l)endix 3 of Records of the  
Survey of I~~cl ia ,  Val. SVI1 .  

The Cantonment s;lrvey executed by Major Tlluillier at Abbot t sb ld  
was cornpletcly reduced. 

Six llanclred and uinety - i i ~ e  rcqaisitions for variolls data  front depart- 
~nental and non-tle~)artmental oficials were con1l1licd with during t he  
period. In some cases  the:,^ reqaisitiol~s \irere met  by the supply of 
printed publicatiotls, ill others i t  was necessary t o  extract the  required 
~nformntion from mnnuscript records. 

( i i )  Tidal Section 

Tidal registmtions by automatic tide-rra112cs we1.e cootinuecl during 
pcfiotl ondcr rrl,ot.t at  Adell, ~(ar~el:, Bombay (~lp0110 l~aliclar), 

IIadras, Kitltlrrl,orr an(\ l iangoon ; and a t  13onibay (Prince's I ) o c ~ )  LO 
hla?. 1!)2.1, at l \ lo~~ll t~cn~n to November l!).'.C nntl at Port Blair to fil)ril, 
1'92;. The t8id;il observatories at these last three ports were tlismantled, 
flllthcr rcgihtm~lutr ) )c i l ,q  tleclllctl nnnecrhs:1ry to  illis tlel)al.tment. A4t 
the request of t~ l t*  Ij:tsicin Port alltllOl.itic~, a ticlr-gauge \ \as  installed at 
1jasaetli in r\'o\cnll)rlr l ! ) ? ~ ,  I v I l ( ~ n  tidal ~.cgistrations havc bee11 
Obtallle(l. R P ~ ~ I ~ : I I .  t ttIr I t*rqiatratlolls 1)) all n ~ t o m a t i c  tide-gauge llavc 
also been r e e e ~ ~ ~ d  l.rO1ll ljasrall. TIlP t i ~ l ~ - ~ a 1 1 g c  \vaa nut i~~s t a l l cd ,  nor 
bas it eker bee11 insl,retccl, by this part!.. 

Ti(lal regist r:ltir,lls serve sevcra.1 ~ , I I ~ ~ , O W S .  I11 t I I C  first place t'lley 
l'rovi(le data 011 \ \ l l i ( . ] l  I,rcdict,ioll flllllre tides is basrtl. t,llis 1)llr- 
pose five yews report1 is tlesiral)le. I n  tile scco~ltl ,>lace tltey enable 
'*rbOnr sllrvr!,c)rs i t ,  l .nlllrr sonn(lillps, inlirn a t  t , i~nr ,  to  datllm of 
charts- Yillnlly tllpJ- a l l o a  a l-elinl,le eonll,n,riron to  irr nintle brtn.een 
I'"di~te(l values nf ( i l n p s  llei.r]lfs o(. IliSll e11d ]OW water .111(1 tile 
'"'la1 v a l l l ~ ~  : 1,11pl~(~l)\ ronf i l .mi l l s  t,llr former or t,cmsiollally s I l o \~ ' i l l ~  

Of mo(lilicntioll 'of prprlietioll ronstallt,s. Whila 1ta1,nronic a,nalj,sis 
of t'i(lal ohsarvatiolls is 110 longer carried ollt i n  tile rase of the  long 

34. 
Height 

computation. 

35. 
Cantonment 

Survey. 

36. 
Requisitions. 

37. 
Observatories. 

38. 
T i d a l  regis- 

trat ion.  
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38, established observatories, comparison of predicted with actual valueais 
:Contd.) made (vide tables at pages 31-67). 

Comparisons are also made in the case of the ports Bhivnagar, 
Chittagong and Akyab, where tide-pole readings, during daylight 
only, are taken by the Port  authorities. 

39. A complete list of the stations a t  which tidal registrations have 
List of Tidal been carried out by this department since 1874, when tidal observatione 

Stations. were inaugurated, is given below. Those now in operation are shown in 
italics. I n  the case of Basrah, the  Survey of India has so far been 
concerned only wit,h predicting tides from tidal records supplied b~ 
the Port authorities. 

List of Tidl12 Stations 

M 
.: 2. 
U) - 0 2 
0,; 
0 

2 s 
G S  

1903 

1902 
Still 

working 
1898 
1901 
1880 
Still 

working 
1875 
1875 

Q 
zE.2 
$ s k  
&;% 

a 2 
0 LCl 
0 _ 0 - -  

1897 

1898 
1879 

1893 
1892 

1 1868 
11881 

1874 
1 A74 
I874 

C1 
0 s 
.2 z 3 
" $  
2 ! k k  a2 
4 O 

Allto. 
mntic 

1 7  

? a  

0 
'4 

j 
0 
V3 

1 

2 
3 

4 
j 

6 

7 
8 

% z 
LT.2 
a m :  

z z  

'7 

b 
46 

6 
8 

*13 \ 5, 
44 ) 

: 1 

Station 

Suez ... 

F'rrim . . . 
Arlen . . . 

htnliknt ... 
Bushire ... 
h-arilchi ... 

nanqtnl ... 
N R V ~ U ~ ~  ... 

REMAR= 

-- 

* Small tide. 
gauge working 

Tide-Tc.bles not 

1 1 
2 
2 

1 

4 

6 
47 

37 

6 
5 
6 
6 
6 
5 

y e a r  1n04-oSi~ 
excluded 

Years 1898, 
1899 ~c 1 902 or0 

excllided 

~ i s n l ~ n t \ e d  
Mny ls f4 

+ 

Personal 
Auto- 
matic 

Persona: 
I 

Anto.  
mat,ic 

9 I 

9 

10 
IOA 

1 1  

1893 
1898 

IRA1 

1900 

1989 

Randnr) 
14 Rnlnlnp (I'rinrc's 

Do~ak) 
1 b1nrr11n:no (QOII)  . 
Iti Kirn-ir . . . 
17 . Rcrpnrc ... 
IS ('orhin ... 
I!) l'nticorin ... 
20 Minicny ... . 

Okharoint ,  . . .  

Pnrhundar . . 
Porbanrlar ... 

Port Albert Victor 
( l i i th iA\r ir )  

1906 
1894 
1002 

1892 

1903 

1494 
Still 

I l h Port Albert Victor 
( Iikthiiwir)  

12 Bhivnnpar ... 
1:t .h'ornhny (i\pnlln 

nlorking 
1924 

1889 
188.1 
1884 
1892 
1893 
1896 

v 1878 
1x78 
1886 
1888 
189l 
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Lirt of Tidal Stations (Conld.) 

39. 
fbontd.)  

UP till 1921 inspections of tidal observatories \sere a l w ~ j - s  carried 40. 
I n s p e c t i o ~ ~  of 

Out! either by t l l n  Of icsr  i n  C]larSe of Tidal  Ol,erat,ions o r  by t l l ~  T ida l  obserra -  i'ssistant- r ~ a s o 1 1 ~  of e c o n o ~ n y  it \yns decided in 1922, t811a.t ins- to r i es .  
pections sllollld hc in;t& by a n v  sl l i tahle oflieer of t h e  clepartment wllo 
ml$ht  be in  the  lorality of tic];] ohmrvatoq- .  13uring tlle period under 

i n s ~ e c t i o ~ l s  as detailed on page I (. S ~vc!re cn.rriecl out .  

"a 
0 2  .o, .- 
+ a d &  
dad 

8 E 5 :  
2 % :  
4 "o 

Auto-  
matic 

, 

I 

,- 

9 9 

I '  

1-  

d 
z 
d 

. L - 
111 

21 

22 
23 
t~ 
25 

26 

27 
28 
29 
30 

31 
32 

33 
34 
35 

36 

37 

& V I  

$ g 
-,as a  fl 
3 
d a o  

@a: B o w  
V C 

1884 

1884 
1890 
1878 
1881 

( 1880 

1886 
1879 
1881 
1881 

1881 
1881 

1R8G 
1887 
1895 

( 1902 
1 1923 

Station 

Qalle ... 
Colombo 
Triucomalce ... 
Pilrnbnn I'ass 
Negnpatnm 

Motirns . . . 

Cocanida 
Vizngapatam 
False Point . . . 
Doblat (SBgnr 

Island) 

Diamond Harbour .. 
Kidderpore 

Chitlagong . . . 
Akyab 
Diwriond Island ... 

Bawein ( R u r l ~ ~ n ,  ... 

Elephant L ' o i r ~ t  . . .  

M 
.- El 2 
A .-O 
O-2 
7.5 
3 2 
g 

1890 

1890 
1896 
1882 
1888 

1890 
Still 

working 

1891 
l8a5 
1885 
1886 

1886 
Still 

working 
1891 
1892 
1699 

1903 
Stil l  

irvorki ng  

% w g  
a m d  

2:; 
g h m  % 

G 

6 
6 
4 
5 

10 
30 140 

5 
6 
4 
5 

5 
44 

5 
5 
6 

1 4  
2 ) 

IS88 
Still 

working 
1886 
1886 

1924 
1894 
1925 

1922 
Still 

REMARKS 

Years  1883 t o  
1865 are ex- 
cluded 

Re-started 1923 

Year 1880-81 

45 

6 

22 

5 
4 5 

i~ excludetl 

Di~mnnt . led  
Noveniber 1924 

Dismantled 
Apri; 1925 
Title: I'olc 

38 

39 

1 Ivortin: 1 3 

Rangoon ... 

Amherst 

matic 

Perso~lnl 
Anto- - 

41 BIergui 
12 1 Port Blair . . . 

. .  
43A Rasruh . . .  "" 

in 1884 
1880 

lRRO 
( I880 
.' Re.started 

( in 1909 
1889 
1880 

1916 
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40. 
(Contd.) 

41. 
Cllanges in 

trdal obce r -  
va to r i es .  

Station 
Date of 

inspection ' 

February 1923 
December 1924 

Aden ... 
Barichi ... 

, 1 .. 
Uombay (Apollo 

L3a1,dar) ... 

Iloml,ay (Prince's 
Febrna~ y 1923 
February 1923 
November 1924 
November 192! 
December 1923 
November 1924 
IJecember 1922 
December 1923 
November 1924 
1)ecember 1922 
November 1924 
Novembel. 1924 
Noven~ber 1923 , 

Liaut-Col. S. W.S Hamilton D.s.o., R.E. 
Ur. E.C.J. I { ~ n t l  V.D. . . . 
htr. D.H. L~ixa . . . 
hlr. l : .C.J .  U o n t l ~ . ~ .  
Mr. U.H.  LIIXIL . . . 

, 

I 

Monlmei~ l  t idal observatory was closed i n  Notember  1924 and Port 
Blair observatory, in April  1925. T h e  tide-gauges were clismantled and 
sent to  Delirs DGn. 

A new tidal observatory was erected a t  Bassein in October 1923 
b ~ -  t , l ~ e  Por t  Advisory ~ o a F d ,  who were in favoar  of a resuml)t,ion 
of riclnl observnt,ions at t.his station a f te r  n lapse of 20 years. Tlleselec. 
tion of t,he site and the construction of the  observatory was carried out 
fly the  Priblic I l ' o ~ ~ k s  Depart.ment, Hassein. M r .  1). H. Llixa, Tidal 
r\ssiqt:~nl:, Survry of India,  inspected t h e  observatory and  installed8 
t:~lv..qange i l l  it. in Xovernber 1923. 'l'idsl registrst,ions were resumed 
:I: h;~s~clin on 28 th Novernber 1923. ' the  observatory was again 
ic\::lw~lrtl tl\lring November 1924, when t h e  t idc-gsnge was fonn(1 
I(-) I~nvk: norl;ed \\-cll : there 11acl been no breaks i n  the  ticlal scgistr* 
L ' r 1  
I I he  I~eiglits recorded had a tendency a t  tirnes t o  remain 
statinanl-I-, clne to  the  connterpoise weight attached to the  clock having 
ljcr:i too I~cnvv,  anrl t.his was rect.ified tluring the inspection. Iarg 
( ( ~ ~ ; ~ l , t i l . ?  01' ~ l i ~ ; d  and silt was follnll in the  iuterior of tile cylin~ler and 
al;o n r o t ~ r ~ d  its lhase, which was ~nemoved by ilivcrs who reported that' 
thp: illlet holes were q r ~ i t e  free, and t h a t  t11et.e nrss a clearance of a.t least, 
a Foot between the bottom of the  cylinder and the river becl. 

I)ock) ... I Mr. E. C. ,I .  Hontl v 0. . . . 
;\I atlras .. , Mr. I;. U. J .  Houd r u. . . . 

! Rlr. D .  H .  I,nsa . . . 
Kitltlerporc ... 1 Mr. N. K. ~Iazumtlnr . . . 

! fill.. b. tl. 1.11xa . . . 
1 Mr. I). H .  l,uxa . . . 

1;nngoon 

,., I 
Mr. h .  11. 31azumclar ... 
Blr. 1). 14. Luxa ... 
llr I ) .  t l .  Lnsa 

42 T h e  naqrah ohse;.vations o r i ~ i n a l l ~  consisted of hollrly reading 
f iasrah oh;?? a ~ a i n s t  a tide-  ole of the  height of the \rntel- talien throughout the day and 

vat~ons  night,  copes  of which ne1-e \upplied to illis depar tment  weekly by t h e  
T)irector, Inlnn,l CYntrr T ~ x n s p o r t ,  JTe~opotnmia. 'I1his arrallrSement 
\\.as corltin~led 11ntil t l ~ c  21 ct 1Tat.cl1 1!)22. Tllcl.pnfter an  n~liomatl' 

Moulo~ein ... 

Rnssein 
Port I$lnir ... 

11r N.  I1. hlnzumrlar . . . 
klr. 1). H .  1,nxa ... 
$11.. D. H Luxn . . . 
hlr 1). )I. Luxa ... 
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tide recorder was erected a t  Ma'yil, a n d  weelclj. d iagrams,  showing t h e  42 
tidal registrations obtained by it ,  were received from tile P o r t  Dilector, (Co~ltd ) 
Basrah, until 30th April 1922, a f te r  wliiclr date,  owing t o  the  very 
heavy silting during the  Hoods, t h e  t ide recorder failed t o  function and  
was put out of action temporarily.  On 2nd November 1928 repis- 
trntions were resumed a t  'l'anumah and the  diagrams without  a n y  
serious breaks have been received regularly since then.  

With effect from t h e  end of I 9 2 1  harmonic ana l j s i s  of t idal obser- 43. 
vations a t  Aden, Kal.ac111, Bombay, Aladras, Kidderpore, Itangoon, H a ~ ~ o l l i c  
Moulrnein and Port  Blair  was discontinued. Th is  was decided on a f t e r  a"'vsis. 

consultation \pith l'rofessor Horace Lamb,  P.IL.S. a n d  Dr.  l)oodson, u.sc. 
of the Tidal Insti tute,  Liverl)ool. T l ~ e  la t ter  considered t h a t  Inore 
useful results cor~ld be obtained by  following his method, recen t l j  
worlted out, of intensive analysis of short  periods of obser\rations i ti 
preference to a cor~tinuance of t h e  less coni1)lete harmonic a n a l j i s  ordi- 
narily used. N o  s u c l ~  intensive ana l j s i s  llas as  yet  been possible in 
India. 

Ol.dillarj. l lar~~lot l ic  analJ jis lrnr bccn exrried out  for  B.~srali obser- 
vations (in wllich a breal; 111 rexistration lastecl f rom 1st  h lay  to  2nd 
November 1922) for tlre three  p r i o d s  beg in l~ ing  25th April  1921, 
1st January 192S all(] 1 s t  Janrlary 1924.. T h e  middle period was 
analjsed coml)letely for  33 comyonents and t h e  other two  periods 
for 10 components only. T h e  results are  given in tabular form on 
page 20. 

Two s d d i t ~ ~  lnncllines l m d e  &lcss~,s. R u r r o ~ i ~ h s  & Co. of Detroi t .  
bIielligan, U.S .  .\lllerica, s e r e  e;lll,lo!-ed for tlre first t ime in 1 )  i l l  

conllectioll witl! t l ~ e  l o n g  sulllmations,  rcsr~lt , ing in consiclel,able saviuo' > 
of tinlc and lnl~olir. 'rile .lore eolllplctc allaI~.sis of 1923 was eal,ried o u t  
inti tllc illte~llioll :)I: nttplnl)tillg l I re i l i~t i~) l l  of a l.i~,(ll,xi~l 1)orl b!. lnealls 
of Tide I ' ! ~ m I i ~ . ~ i n ~  I\Iaclline i n  l)lnce of tile ,lsnnI elnl,iricnl tables. 

to tliis is lilacle in \( 4.5 r f  ,vrp. 

. No harll~oliit: ; ~ ~ l a l ~ ~ i ~  of tllc reL*irtlations of t l ~ c  newly ilist,alled 
tidal ~~~~~~~~~~~~j a t  ljnssein llas becn nlatle so fa r .  
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TABLE 111.- Vollrrs of fAe Tidal co~brtanfs for Basrah 

*The port wna worketl ap nn onen eca port i n  1923 only 
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Predictions of tides for  t h e  years 1924- and  1925, were made for  t h e  
fo]]oming ports :-Suez, Per im,  Aden, Masltat, Basrah, Bushire, Karfichi, 
Okha Point and Bet Harbour,  Porbandar,  P o r t  Alber t  Victor,  Bhivnagar ,  
Bombay, Rlarmagao, Ktirwkr, Beypore, Cochin, Tuticorin, Minicoy, 
Yimban Pass, Colombo, Galle, Trincomalee, Negapatam,  Madras,  Coca- 
nida, Vizagapatam, False Point,  Dubla t ,  Diamond Harbour ,  Kidderpore, 
Chittagong, Akyab, Diamond Is land,  Bassein, E l e p h a n t  Point,, Rangoon, 
Amherst, Moulmein, Mergui  a n d  P o r t  Blair. 

Predictions for t h e  pear 1926  were made fo r  t h e  same ports excep- 
ting Perirn, Maskat and Minicoy;  these ports being omit ted a s  the  
demand for Tide-Tables for  them was too smal l  tojustify t h e  expe~id i tu re  
involved in preclictiou ancl publication. 

The amounts realised by  t h e  sale of Tide-Tables were as  follo\vs :- 
Its. 10172- 7-0 in  1922-23 
Rs.  12395-13-0 in  1923-24 
lis. 11124)l- 9-6 in 1924-25 

r 1 l l~ese amounts are exclusive of t h e  commission allowed to t h e  
Agents and the cost of Tide-Tables which are  supplied grat is  under Cfovern- 
ment orders. Advance copies in manuscript or proof s tage  of t h e  'l'ide- 
Tables for the years 1924, 1925 and  1926 for  Suez, Adcii, Rushire, 
Karac111, ~ o m b 6 ,  Madras,  Tlublat (Siigar Island),  Diamond Harbour, 
Kidderpore (Calcn t t a ) ,  CI~i t , tagong,  Rangoon, E lephan t  Point,  3l ergui,  
Marniagao, Trilrcon~;~lee, Colombo, and Bhavnagar  were despatched to  
tile Hydrographer to t h e  Admiral ty  by about  April  of preceeding ).ear 
for  inclusion in t l ~ e  :Iclmira.lty Tide-Tables. 

Similarly ~ C ~ Y R I I C C  ropies of t h e  I4ooghly River Tidc-Tables were 
s11pl)lied t,o tile I)eput,y (lonservator of the  P o r t  of Calcut ta  ancl to the  
Port Officer, C:~,lcut,ia, 'bv about  June .  Adtlitional advance infol-niat.ion 
regardil~g the Hoog1rl!. i ides dnr ing  the  months  Febrna~.y t o  April  1925, 
1926 alld 1927 n.c~.c! snppliecl to  Mess1.s. Thomas Cook and Son, Calcut'ta, 
In connection vi; 11 t lieir advance slii1,ping American Tourist  progl.amme. 

T l ~ e  tidal ]~l~cdiVtions are  or(lina~.ilj. carried ou t  on the  Tide Predict- 
ing hlaclrinp; 1:11t i l l  tile case of thc  riverain ports Dnblat,  Diamond 
Harbour, Iiitltlr~ l)ol.r, ('llit,tagong, Hallgoon, E lephan t  I'oint, A m l l e r ~ t ~ ,  
Nolilrnein ant1 :IZasl.~ll, t he  machine is used O I I ~ J  for the  d i r~rna l  coml)o- 
nents mlicrel)\- :I. rc,rrcction is derived and  a.pplied to  Ihe times and 
heigllts :ivel; Ig- c r ~ i ~ l i ~ i ~ ~ l  r]larts. Th is  process of t,idal prediction for  
"vcrain ports is nl)o,lt. twice as  laborious a s  t h a t  used for oilen sea ports 
and the resl~lts ol.)(nillcd are  less precise. Considerable rndesvour has 
been made to rojllcc tIlir labour atid t o  improve accorrc~--SO fa r  wi thoat  
definite resolt; hot it is hoped t l la t  progress will be made in this 
dllection. Some accollnt of tho work done IS now given. 

From e ~ ~ i s i , l ~ ~ . ~ t i ~ ~  of the  h rdrodgn~mica l  eqllations of 11101 io11 in 
c l r a ~ ~ l l ~ I  of small cl(>l,t]l it was nGicil,atcd t h a t  in a rivrr- 

(1) tllr 11r i~I1 i s  of high and low water would be predictable b ~ .  or- 
(lin:~~.!. ln:~r.liine methods. 

44. 
Tidal ,, 

predictions 

45 
Methods 9f 

Predict ion.  

46. 
R i v e r ~ ~ i n  

ports 
prediction 
research. 
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(2) the t,imes of t,l~ese events would differ from those shown bj 
the tide machine curve by amounts depending on the height 
of the tide. 

Trials were made in the cese of Kidderpore ( Calcutta ) which lies 
about 120 miles from the mout,h of the Hooghly ancl where the averagc 
depth of water at low tide is only about 3 fathoms. Harmonic analysis 
of the observations of 40 Sears had been ma.cle for 33 components follow. 
in7 the ordinary method for open sea ports. 

It was recognised that  as  the process of ana!ysis does not consider 
many tides which, though srnall in open seaports, are liable to be con. 
sidcrnble in an estuary and more so in a shallow channel, the resulls 
could not be wholly trnstworthy. Still i t  was hoped in coilsideration of 
the large yeriotl anal~secl tha t  they \voulcl be adequate for a preliminaq 
enqnir! . Accordingly the 24 comlionents of the Tide Predicting Machine 
were set to the values given by the analysis and the curves for a year 
were run off on the scale of 6"= 1 day. I n  the first place the mean nater 
levels were made to  coincide and the differences of times of high and  lo^ 
water as grven by the crirves from those actually given by the tide-gaug 
records were (letermined and classified with respect t o  height of water. 

Records for a month were dealt with and an empirical correction 
table wae f o ~ m e d .  This seemed to  promise some satisfactory result: 
for the machine crirves when corrected bj. the tabular amount in term 
of the h e ~ g h t  were of about the same precision as those given by the 
~~r~1ir1nt.y empirical method for riverain ~ ior t s .  It was found howevcr 
t l ~ n t  the time scale of 6" = I day was too small to  admit  of ver! 

% 
sati\farto;y r~ntl ings.  . \ccordingl~ certain nlotlifications were made on 
tl;r ' l 'iclc I'rt.clicting J I r .c l ) in~  enabling curves to be run on scale of 24"= 
I 1 .  These \vcre currect~t l  for the mean n.r.ter level as deduced from 
the nctoal tlail! means cle~ret l  from the effects of short period titles and 
n. xnd 37 unly ; and were then compared with actnals a t  ever: foot'of 
I . t>~g l~ t ,  and rcsults classifiecl. Here difficulty was exppriencecl in thal  
ille mean ua ter  level was not truly predictetl. Furtller t,he time corree 
tior) tledr~red for variotis heights differed according as the  water 
rising or falling. A mean value of those forind for rising and falling 
water was deemed to  be applicable to  high or low waters occurring~t 
the p r t i c l ~ l a r  h e i ~ h t .  
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46. 
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No explanation for the  clifferences between results for  risinq and  
falling water was fotlnd. -4n at te lnpt  t o  explain this in terms of rate  
of rise or fall of water was unsuccessful. . 

Actual ant1 l ~ a r m o n i c a l l ~  predicted times of high and low water 
for the complete !ear 1920 were taken ou t  afterwards, and their differ- 
ellces (A-P) classiiied accordillcg to  p~.edicted height,s of high and low 
water with the r c ~ ~ ~ l t ,  :- 

-- - - ~ -  . - - -- 

\\'it'll tliesr ~ : , I , I I I ~ . I .  va,]nes the l,retlictcd times as obt,ainerl from the  
hnrmonic clirvcs \\PI.? COI.rCCtpd, n,ntl (A-P) compntcd out .  for tlie mouth 
of Marrh. Thr c.l.l.n,-r; were fonnd  to  be ahout the same n s  in the  rive- 
rain ni~thotl i l l  I , , ( ,  1101,7, bnt  the l)l.e(lictetl hr ights  from t'he ha.rn~onic 
cllrvps, cvcn if c c , ~ ~ ~ . , ~ ~ ~ f ~ ~ l  for  the (1iffercncc in t,he mean n7at,elS level as 
obtained from 1 1 1 . 3  :rt,lln,l daily mpalis rlrared for short and lollg period 
tl(les, are sliglltly,. 1:  ,fcl.ior. 
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where n is the number of high or low waters and T, is the total of 
positive (+ )  errors, and T, is the total of negative (-) errors. 

47. An investigation of the mean water level a t  Kidderpore, which was 
Mean water in extreme cases as fa r  as 3 feet in error by gredict.ion (whether 

leve l  a t  
Kidderpore.  harmonic or by the ordinary rivelain empirical method) was next takea 

lip, as  i t  mas impossible to apply the time cor1:ection just considered 
unless the height could be predicted more accurately. 

The actual daily means of Kidderpore wcre cleared from the effect 
of the nsual short and long period ticles, and then submitted to harmonic 
analysis to detect the presence of any other long period tides. Four 
years' observations 1916-19 wcre dealt with and the residual values 
plotted. No similarity in the curves for the several years existeil. 
Irregular discrepancies lay within 1 foot for  the first 84 months but 
from September 15 to November 15, the discrepancies were larger : in  
October the curves of 191 6 and 19 17 were about 2 feet above the 
observed mean water level line and the other two curves of 1918 and 
1919, 2 feet below. 

Similar discrepancies which occur between actiials and  values pre. 
dicted by the old method are as follows :- 

1916 3rd Oct. A-P + 2' 7'' H.\\ ' .  2ncl No". A A I 9" H.\v. 
,, +%' 6'' I,.LV. ,, + 2' 5" L.\Y. 

. . .- -- 
1917 13th Oct. ,, + 2' I I "  H.W. 2ntl Nov. ,, + 2' 5'' " , \ Y  

,, - + 3 '  :jl' r,w. , )  + 3" L.\V 
- -- ..--P-pppp ~~ ~ / 

1918 Hth Oat,. ,, - 1 ' 9" H.\V.  23rd Oct. ,, - 2' 51' H,\v, 

9 ,  - 1 '  6" L.W. 9 1  -2'  3" L.\" 
-. - - - - - -. - - ---- -p - 

i 
1 ! 3 ~ 1  Oct. ,, - 1 0" H.\\ ' .  23rd Oct. ,, - 1'  1 I I . \ ~ .  

9 ,  
- 1 ' :3" I,.\V. - 1 ' 0" L.\V , , 

T! ,o~e  ~rregularities seem :o follo~v the  ~xinfa l l  i l l  ljcngal I n  

October. 
October I !)I6 I I ti: inchcs 

,, 1!11T 1 3 . 5 7  ,, 
J ,  19IH 1 - 0 8  ,, 
,, 1 :s.(;I) ,, 

hilt in otlier months qreatrr variations i n  rainfall hare no correspnndin~ 
change of mean water Icvrl. 

W nter levels on  the G a n ~ e s  ftvom ~ I I a l ~ ~ b ~ t l  (lOWnFVar~ls to R3.i 

maha1 were taken out ;  hu t  no co~lnection wi th  mean water level a' 



I1 COMPUTING AND TID=1L PARTY 2 5 

Kidderpore could be established. Should subsequent investigation clear 
up these points, i t  is possible hhat  the empirical method of t , ~ m e  correc- 
tion sketched above may become usef 111. 

At all stations a t  which self registering tide-gauges are maintained, 
at Rhrivnagar Chit tagong and A k ~ a b  where tide-pole readings are 

talien by day, predictecl values are compared with t l ~ e  actiial observed 
times and Iieig-hts of high and low waters. These comparisons are 
abstracted in an improved form, with a view not only to indicate that  
satisfactory results are being obtained when such is the case, bn t  also 
to indicate whether improvement in prediction is possible. These abstract 
comparisons are given a t  pages 31-67 and in  the  nes t  Geodetic Report, 
certain corrections to predictions which have been dedaced by their 
means mill be mentioned. 

For the purpose of continuity with the past. the  comparison of 
actual and predicted values have also been taken out  in the old manner. 

47. 
(Contd.) 

48. 
Comparison 

of actual w i t h  
predicted 

value. 
Errors of 
prediction. 
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48. From comparisons made between the  actual and predicted times 

(Contd.) and heights of high and  low waters for the  years 1922, 1923 and 1924, 
the predictions for each of the above years were found t o  be as accurate 
as those for the preceding years with the following exceptions : - 

(1) Basrah predictions for 1922 had cleteriorated as regards time 

(2) The 1923 predictions for Kariichi, Bhiivnagar, Port Blair, 
Kidderpore, Rangoon-and Moulmein were not as  good as those for the 
previous year (1922) as regards time, and to  a lesser extent as regards 
height. A distinct improvement however had taken place as regards 
the predicted times of high and low waters a t  Basrah. 

(3) The  1924 predictions shon~ecl a marked improvement a! 
regards both time and height a t  all the stations, except a t  Akyab 
Rangoon and Basrah where a slight deterioration in t ime had taker 
place, and a t  Moulmein as regards the heights OF low waters. 

The  greatest differences between the actual and predicted height 
of low water for the years 1922, 1922 and 1924 a t  the under mentionec 
riverain ports where automatic tide gauges were at work, were a 
follows :- 

Kidderpore, 2 feet 8 inches, on 21st September 1923. 
Rangoon, 2 feet 11  inches, on 5th August  1924. 
Moulmein, 4 feet 8 inches, on 14th  February 1923. 
Basrah, 3 feet 8 inches, on 4th and 5th February 1924. 
Basseia, 5 feet 0 inch, on 3rd August 1'324. 

The predicted heights were higher in the case of Bidderpore and 
Moulmein and lower in t h s t  of others. 

49. . I  Certain additions have been made to  the Tide Predicting Machloe 
Addit ions t o  bj- Dr. Hunter  which have led to some changes in procedure as come 
' l d e  P r ' d i c t -  pared with tha t  followecl in England. The  height curve is now run ing t , l a : h i n ~  

on one fifth of the time scale formerly used and the  times are read of 
9n a separate chronograph sheet. . - 

The following is an account of the new arrangement (reprinted 
from the Journal of Scientific Instruments for 1924). 

' T h e  Tide Predicting Machine, designed by Lord Kelvin and 
Mr.  Edward Roberts and built for the India Office, was for many years at 
the Xational Phjsical Laboratory, where i t  has been seen by rnaq 
~cop lu .  I n  1922 it was sent to India, and is now employed by t h e  
S11rvey of Intlia a t  Debra, l)lln. The  machil~e traces a height-time 
curve on a roll of paper some 22 iuches wicle, by means of a pcn carried 
by a mire whicli passes over and under t,Le wheels of tile 24 "cornpo. 
nents ". The time scale generally emploJed was 6 inches = 2.1. h011r.c 
It mas found trolillesome to the persont~el available to read off limes! 
high ant1 low water from the curve wit11 sufficient precision. There fi 
naturally Fome vagueness as to the 1,recise moment of maximumo' 
minimum ; but tliouzh this does not nec.essarilp cause any serious flar 
in the resulting Tide-Tables, it renders the ordinary spstem of cl~ecklnF 



10% first half yemi chart l-I 



7 m = w w ~ w m  w mmum r at $WA I en ar: any .clrnm1 ar csvmrs~r CPL~QIIQ = --- . I  - 

and ofTIME8 and HEIGHTS d HIGH WATER and LOW W A T E R 7  cfhw1Ck 
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pofS (rnd the measurements and copy from which they have resulted), 49. 
br tile of reading the  differences of times of alternate high (Con td.) 

iaters, much more troublesome O n  this account it was a t  first 
t h o u g h t  clesil-able to run off a second curve-the differential with regard 
to t,ime of the height-time curve- whose oldinate vanishes a t  t he  t ime 
of high or low water. This  was soon made more convenient by dispen- 
s i n g  \\.ith tracing the curve, ant1 causing the  pen to  break an electric 
contact nlhen crossing the  zero line, this  event being recorded on a 
cl~rono~raph drnrn actaatetl by the  S, component. It was then seen 
that a similar nrra~~gernerit  with multiple contacts corresponding to  
snccessive values of ortlinate co11ld conveniently be made to  record the  
main cllaracter of the ordinary Iieight-time curve. This  arrangement 
intlicates the times the ~jredicted height of water reaches the  various 
selected heights, e.g. with a t ide range of 15 feet it may be conveniently 
arranged to sl~o\v the timcs of the  water reaching every whole foot of 
bright above dnt,on~ t l ~ r o u ~ h o i i t  the  whole range. It was thought  t h a t  
this infor~nation would Lie of greater va,lne to mariners than the bare 
statement of Ileigl~t ancl time of high and low waters, with no informa- 
tlon regarding \vatel- hriglits a t  intel~vening times. ' 

'The arrangen~ent no\v t o  be described was made with this object in 
view. As will be seen from Chart* I1 given opposite to page 27 the  
Lime of water r c s c l ~ i n ~  each foot is shown by a notch in the day line. 
Tile notches are np\vnrds for ascending water, and downwards for des- 
cending nrater; while a level near to  mean water level is indicated by 
a beak in  the Iille. ' 

'The chief difficr~lties encountered were in making the  contacts 
certain i n  act'ion, nllile keeping friction forces very small, especially for  
th~seCllr~es r l ~ r r e  t l l ~  dnration of contact was very small owing to  

fall or rise of the ctlrre. I n  this connection i t  map be noted t h a t  
the wire which actr~:ltcas the  tide-curve pen is essent,inlly of small dia- 
u'eter ( - 0 0 5  inch l\.:,~ Ke~le~.allv used) and is 32 feet long. A small 
variation in terlsio~r of t,Iiis wire extends i t  visibly, while if a thiclier 
"""e w t l  inncc.lirar.\- arises owing to  this not being sufficiently 

to fit ~lostl t o  :\ll.t,he wheels over which i t  passes. As regards 
d"rrfion of ron t : l~ t  it is to be mentio~ied tha t  the  chrono-paper passes " rate of at)or~t 23 mm. per second, and tha t  a whole year's predic- 
"On is (leak wit11 in  al,ont 23 llours. ' 

- - -- -~ - - -- -A ~- 

' I l l l h ( . l l a l . t  r t l ~ .  1 : 0 1 1 1 1 ) . 1 ~  i s  rciln(.ed i i ,  t C I I I I  sizc .  
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49 ' In  Fiw.  P 1 A A  is a brass plate which is a t tached t o  t h e  back of ~ h t  

(Contd.)  pen of the  tide machine, with which i t  m oves u p  and  down when tllr I 

2 Inches 

Fig .  1 
!~laclti:!~b is set in n ~ o t ~ i o ~ ~ .  H H  is a hell-crank lever provided n l t h  a])i~o! 
!J i , : . ; i r , !  Iiy t,hr bracket C' ant1 the  plate AA. T h e  horizoltl:l.! 
/If: ( a , ~ : . r i ~ s  two l,latir!~lm points I ) , ,  P, near i t s  l e f t  end and t l l c  vertlu: 
xrnl ~-nl.;.irs a t  i ts  lo\\-cr crtl.eniity thr wheel , There  is a secant, 

~ h ~ l  I l-, whose lrivots are rnrrietl bj- t,he plate A A  and the  hl.acltet 
These t w 6  wheels I Y , .  It., roll on tlle'eclges of a fixed brass ::trip S J b  

hein!: maintained in contact h j  t.he I,ressure of a spr ing I { .  ' 
' T h e  s t r ip  S S  is shown in dotted lines, being in f ron t  of t h e  plat' 

- 4 A  and the 11ol.izont:tl a r m  8 ;  it is of accurately uniform b ~ ~ c ~ ( l t ~ ~ ~ a ~  d 
i* slotted at  intervals of a n  inch for the  pieces k, k. I t  i~ made 
T- section to peeore rigidity, and t h e  pieces k, k are  adjusted ~ l ! e r a I l l ~ l  
screws working in t,he vertical memhcr of the  T. T h e  piece:: kJk 
s l i ~ h t l y  pointed as shown, ancl c a n  he made to  project a small amount 
(actually about 0 . 3  rnm.) beyond the r igh t  edge of the strip $8. 
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tile plate A A  is carried up  aud  down with the  pen, the  wheel W, rides 49. 
over tile points of the pieces k, k and rocks t he  bell-crank lever, causing (Contd.1 

tile points Pi, P2 t o  move slightly u p  and  down. 
'The part BE bears two platinum points Q,, Q, in i ts  upper atid 

lower jaws, Q2 bein: adjustable in the  direction of i ts  length. This  
part, has a pivot z wlth insulating bush, and is balanced by the counter- 
weight In. I t s  motion is restricted by the  insulators I , ,  I, mounted 
excentrically on the t,wo screws GI? G,. These screws are sufficiently 
tlgllt-fitting to maintain their posi t~on,  and by turn ing  them to  suitable 
pos~tions the rotation of EB is regulated as  desired. EE is actuated by 
the friction of the fixed wire FIT, which lies in a groove c u t  in EE and 
also bears on the two pallets H I ,  Hz. These pallets are borne on arms 
which can be rotated, and by tliis means the  d rag  of t he  wire on EE 
can be adjusted ; tliis can also be done by modifying the  tension of t l ~ e  
wire E%. 'l'lie \\lire FF is atdached to  the  frame of the machine a t  the 
top of the pen slide by n ~ e a n s  of an insulator and passes through another 
insulator a t  the lower end of the slide, being kept in tension by an  
attached weight. It makes metallic contact with EE and forms a 
portion of the c l ~ r o n o g r a ~ h  electric circuit. ' 

' I t  will be seen tha t  \\!hen the plata AA is ascending the upper jaw 
is pressed against the insolator Il by virtue of t he  drag  of the wire FF, 
wliile when A,d is descendin? the lonler jam of EE presses against I*. 
Tlie following events occur when AA is set in motion : 

(1) d A  ascending ; E is ~ r e s s e d  against I]. Platinum ~ o i n t s  P I ,  
QI and P, ,  Q, are not in contact until  wheel W, rilles over one of the  
~)rojec~ions k ,  k ,  when P,, ?vakes contact with Q,. 

( 2 )  A A  descending; B is pressed towards I,, but  is held slightly 
awa!. from it hy t l ~ e  ~ ~ l a t i n u m  p i n t  Q, bearing on P,. When JV, rides 
over one of t ' l~e projections k, k, t'l separates from Q1 and E presses on 
Ii.  ' 

' The terruinals of the chronograph pen circuit are joined to  the s tr ip 
SS and the wire FF respectively. It is obvious tha t  the effect of Wl  
riding over a 1)rojection k is to moke circztit in the case of AA rising; 
mid to breo.k r i ; . r r r i t  in t,he case of A A  falling. This is represented on - 
tile chart by ,! 1, and -I-,- respectively. A change of direction 
of motion of J.4, wl~icb corresponds to high or lorn water, is indicated -. h? J- and j - ; b l ~ t  owing to  variation in tension, and hence 
111 length, of -\:.Iw, the time of this event is somewhat displaced. 
111 order t o  l>roi;i?c a reference point, frequeotIy repeated on the ehrono- 
3lleetj an additi,lial olect,romagnet llas been introduced, which lifts the  
chrollo-pen from the paper when contact is established, maliing the - - on the sheet. This is arranged for by t he  provi- 
'Ion of a springy contact placed near mean water level, against  which 
the wlleel Jrl presses ill p s 6 i n g .  ' 

'The chronogral,h i s  of the drum val~iety, and its shaft  r a n  be 
 led to the sgllsre shanks of one of the 24 tidal components. 
"lttlerto the cornpo~lellt, ,lge(] has beon S,, so t ha t  the  lines of chroco- 
sheet correspond to 24 hours, 
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49. ' It may be of interest to s tate  that  a " Research Fountain Pen"" 
(C0ntd.b 11,s been used with excellent results for the cbronog:aph. This iB 8 

ver! light pen and has a very steady and ready flow of ink. Inkine 
begins with very light pressure and there is no blotting or leakin:, 
Ordinary fountain pen ink has been used; when photographic reprodnb 
tion is illtentled a little lamp black is mixed with the ink. ' 

50. In  the case of predictions for riverain ports the empirical tables 
Riverain 

t idal  pr jd ic -  supplied from England have been used to prepare charts, which havebeen 
t ion.  found more convenient in use than the tables. The monthly mean 

values of heights and times, corresponding to the apparent timesof 
moon's transit are first brought in terms of mean times of transit. 
The values for height are plotted without alteration. I n  the case of tht 
times ho\rever, the curves are drawn with the monthly mean valuer 
so~newhat modified, so as to give the curves an easier gradient and 
enable the values to be read w ~ t h  more precision. For this purpose tit 
monthly mean values relating to the mean times of transit are snbtract- 
ed from the times of moon's transit in the case of low waters and vice verso 
in tlie case of high waters. With  these residual values, after applling 
the correction to standard time, when necessary, the plotting of t.he 
curves is carried out. These residuals have been taken to represent the 
valnes for the 15th day of each particular month, so tha t  no smoothin: 
is reqii~retl between the values obtained, for  the end of one montl~ 
ar~tl the beginning of the nest.  Two sets of charts are prepared, onp 
for I~ igh  ~vatcr  conlprisi~lg 8 separate charts for heights and timesol 
Ili:l~ wntprs and another similar 8 charts, for heights and times of Ion- 
v t .  T:a('Ii cliart exhibits 4, curves in 4 different inks covering a 
pcrivtl of three nlont,hs, and one set covers a whole year oE heights or 
tin1t.s of high or low waters. 

!la n iar ther  saving of labour, times o f  moon's transit c t r .  
only bc~en worked ~ r l t  for alternate transits. This led to en\.irlY of No, 
In prtiltnl.,~tion of 'ride-Tables. 
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12 BLB I V.-hlea~z errors E,, Ez ,for 1922 
BASRAH 

MEAN ERRORS Numl)er ol 

El ie with regard to  sign I?, is without regnrd to sigli 
,'ill 

PEHIOD n ~ i ~ ~ s t r s  foot ol' 
EI €2 of rillle I ~ c i c l ~  t 

- - 
1922 H. W. I L. W.  H. W. I.. W. 

Time H e i ~ h t  Time 

miqlzltrs 11 fcct 

+ - + -  + - + - 

Jan. 1-16 13.5 0.7 26.8 0.8 49 .7  0.7 G2.6 0 . 9  18 24 15 1 4 .  

17-31 7.6 0.2 2 .8  0.3 37.9 0 . 5  51.,4 0 5 18 20 8 7 

Feb. 1-16 10.9 0 .6  18.4 0 .3  31.3 0 .8  44.7 0 . G  1 4  18 1.8 13 

17-28 5.8 0 .3  2.3 0.1 40.3 0 . 7  43.9 0 . 7  1 4 .  10 10 S 

Mar. 1-16 35.2 1.1 66.3 0 .0  69.6 1.1 73.8 0 . 6  22 2" .J 1" ,3 1' 3 

17-31 44.0 0.6 116.8 0 G 55.8 0.7 llG.8 0.G 17 27 13 13 

Apr111-16 29.8 1.4  '77.1 0 .4  38.2 1 . 3  78.5 0.4 14 94, lo 7 

17-30 118.3 1 . 4  113.1 0.4 120.2 1.4 114.1 0 .4  25 27 26 7 

JIay 1-16 -- - - - - - - - - - - - 

17-31 

June 1-16 

17-30 

JUIT 1.16 

17-31 No registrations were available owing to automatic titlr ~.ccnt'tlcr 
haviog f:~iled t o  Cuuctiou uecessitating its removal fro111 .\[:~'(111 

811~. 1-16 and its re-erection at T a u n ~ ~ ~ n h .  

17-31 

Sept. 1-16 

17-30 

act,. 1 - 1 (; 

17-31 
-- - - ~ 

- ~ 

NOV. 1-16 22.1 1.2 14.1 1 . 1  

17-30 44.1 0.9 45.1 1 . 1  ;2.4 1 . O  5 3 . 7  1.1 15 19 19 20 

Dec. 1-16 24.9 1 - 4  3,i .G 1 . 1  41..4, 1.4,  g . i . 0  1.3 l!) 1s 3s 28 

17-31 2 3 . 6  1 . 5  40.9 1 .4  4.7.:1 1, 5 1;2.0 1.4, 19 I!) 35 95 
I 

212l~171242ll~2 - 
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TABLE V.-Mean erroru E,, X9 for 1923 

BASRAH 

MEAN lU&OliS 

I, b with reend to eiun Gh withoutreguclboi3&n 

PEBIOD El 

+ - + -  + - + - 
Jan. 1-16 17.4 0.9 

17-31 8.8 0.9 20.3 0.5 

Feb. 1-16 0.7 1.0 18.4 0.6 

17-35 21.9 

>far. 1-16 32.8 1.1 45.0 0.9 

April 1-16 15.0 0.7 31.2 0.2 

17-30 6.8 0.8 15.3 0.5 

Jnne 1-1t; 

17.30 38.9 
I 

July 1-16 13.9 0 . 4  5.4 0.1 47.2 0.4 65.2 0 . 4  3.1, '73 9 ~ 1 '  
I )  

17-31 3'2.6 10.8 23.6 0.4 37.9 0.8 52.0 0.5 13 15 19'1" 

Bug. 1-16 34.11 1.3 27.5 1.2 42.5 1.3 56.8 1 . 2  15 23 26:zi 
I 1  

27-31 34.51 1.1 11.2 0.8 31.3 1.1 38.0 0.9 1.1 13 24:t; 

i 
I ' 

8ept. 1-16 35.8 1.1 34.1 0.8 39.G 1.1 46.3 0.8 

17.30 49.0(\0.5 M-7 0.5 65.4 0.6 6t-0 0 . 5  

Oct. 1-16 
l 1  

82 5 0.6 67.4 1.1 82.8 0.6 21 28 39"' 

17-81 45.7 0.3 72.8 0.9 80.5 0.6 23 23 20 ;/' \I 
SOV. 1-16 59.8 0.6 104 R 

I 
0.1 69.3 0-7 109.2 0.5 3 3 15 '! 

1;-30 65.7 0 . 7  55.0 0 . 7  87.7 0.; :'z I", 

Dec. 1-16 0 1 33.1 0.6 60.8 0 6 l i 1 2 0  ; @ " ' ~  

17-31 31-1 0.8 730 0.7 1 1  28 o0,'I 

.i. 

- I 
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TABLE VI.- Mean errors E,, B, for 1924 
BASRAH 

PERIOD 

1924 

L 

Jan, 1-16 

16-31 

Feb. 1.16 

16-29 

Mu. 1-16 

16.31 

April 1-16 

16-80 

May 1-16 

1641 

June 1-16 

16-30 

July 1-16 

16-31 

h g .  1-15 

16-81 

b p t .  1-15 

16-30 

bet. 1-16 

16-31 

NOV. 1-15 

1G-30 

Dec. 1-15 

16-31 

MEAN EHROHS h b r r  of 
crrora exceeding 

le with regard t o  mgn F, ie without regard to aign 
30 0.8 

mrnuirr fed of 
E1 E, of time height 

H. W. I L. w. 
Time Height Tfme 

1 3 9 . 3  ~ 7 2 ~ ~ ~ ~ ~ i ~ : ~ . ~ ~ l o . ~ 2 1 4 . ~ 7 ~ ~ ~ . ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~  
-\ ----~-.~ - 

* ' x ~ r r  ,.. - 28.6 j - 0.  I - - 36.8 ( - - 1 0 . 3  50.6 0 . 5  57 .4  0.: 

7~9!44$237 ,34 .9  

+ 

ZP.6 

0.7 

13.6 

016 

+ -  

0 . 7  

0 .8  

0.7 

0 . 5  

0 .1  

0.2 

0 - 1  

- I !  ! 

0.7 

1.0 

1 . 8  

1.1 

1.1 

1.2  

0 5 

0 . 1  

0.3 

0.2 

0 . 3  

0 . 5  

0 .5  

11.3  

- 
35.2 

16.4 

15.7 

0.5 

26.6 

15.4 

40.1 

22-4 

41.7 

16.1 

14.4 

38.5 

30.4 

18.0 

32.9 

80.7 

51.3 

83.4 

21.1 

61.1 

89.4 

29.5 

- . +  
a3.7 

4.7 

0.7 

7.2 

a3.9 

26.9 

19.3 

10.3 

t . 3  

42.7 

38.6 

66.2 

78.6 

45.3 

62.3 

1 2 . 2 '  

35.6 

0 . 2  

0 1 

0.7 

0 . 4  

, 0 - 1  

32.4 

43.7 

31.6 

35 .1  

36.3 

38.1 

37.0 

50.1 

0 . 3  

40.6 

45-0 

41.1 

9 . 4  

50.7 

41.9 

65.5 

78.6 

68.7 

63.0 

63 ,200 .5  

67 .4  

0.6 

0.4 

0.5 

0.a 

0.0 

0 . 1  

0.0 

0.1 

0 . 0  

9.1 0 

sn..l, 

41.6 

- 
0.4 

0.8 

0.7 

0.6 

0.6 

0.8 

0.2 

0 .0  

0 - 1  

0.1 

0 .1  

0.1 

0 .5  

1 .0  

0 . 8  

0 6 

0 . 6  

0 . 7  

0 .4  

0.C 

0.7 

0.4 

0 .5  

0.4, 

0 .3  

0 .3  

0 .3  

0.3 

0 4 

0 . 3  

0.3 

(I.:, 

minute8 

+ 

21.7 

0.8 

1 .3  

1.8 

1 .1  

1.1 

1.2 

0.6 

0 .5  

0 .7  

0 .8  

0 .8  

0 . 9  

0 . 4  

0.4 

0 . 4  

0 * 4  

0 .4  

0 .5  

0 . 5  

0 . 7  

0 .5  

48.7 

47.4 

40.0 

37.7 

30.3 

35.0 

31.5 

53.1 

51.2 

50.8 

46.0 

55.5 

59.8 

58.5 

43.3 

38.4 

83.6 

69.1 

S3.4 

65.1 

57 5 

0 . 6  

O..l, 

0.5 

0.6 

0 . 5  

O,!) 

112.3 

9.t.G 

C2.5 

14 

19 

12 

12 

12 

16 

16 

11 

17 

12 

16 

16 

15 

18 

16 

23 

28 

24 

22 

2 i  

22 

22 

'23 

li 

19 

19 

1C 

14 

11 

14 

12 

10 

16 

16 

18 

22 

21 

33 

18 

15 

22 

25 

24, 

22 

21 

25 

22 

20 

11 

23 

21 

13 

13 

19 

8 

6 

13 

9 

11 

5 

4 

5 

4 

5 

6 

3 

4 

1% 

9 

- 

16 

24 

27 

22 

21 

28 

11 

10 

15 

18 

18 

16 

8 

5 

8 

8 

6 

13 

12 

18 

11 

1:3 

6 

10 

I 
13 19 
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TABLE V1I.-Mea12 errors E,, E2 f o r  1922 

ADEN 
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TABLE vIII.-Menn errors El, 3, for 1923 

ADEN 
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TABZE IX.- Mean errore El, E, for 1924 

ADEN 

PERIOD 

1994 

Jan. 1-16 

16-31 

Feb. 1.15 

16-29 

Mar. 1-15 

16.3 1 

April 1-16 

16-30 

May 1-15 

16-31 

June 1-15 

16-30 

July 1-15 

16-31 

Ang. 1-15 

1G.31 

Fept. 1-15 

16-30 

Oct. 1-16 

16-31 

SOV. 1-15 

16-30 

Den 1-15 

16-31 

63a1 1 . 1  1.1 50.0 

hImann ... - 1.7 

MEAN EYWBS Number 
errore 

80 
miruirc 
of time -- 

I 

01 
exeeedb 

0.9 
fool ol 
height 

i 1 d 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

0 

0 

0 

a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

0 

0 

0 

2 

1 

3 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

0 

0 

0 

E, b wlth repard to sign 

€1 

H. W L. W. I ,  Time Heipht Time neigh 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

P, is without regard to sign 

En . 

L. W. 1 ,me , Ht. 

b e t  

- 

0.1 

0.1 

0.1 

0.4 

0.2 

0.2 

0.1 

0.3 

0-0 

0.1 

r8.r 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.4 

0.2 

0.2 

0-1 

0.1 

0.1 

0.1 

0-3 

0.1 

0.1 

0.1 

0.1 

0.2 

0.1 

+ 
0.0 

0-0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.1 

0.1 

0.2 

1.5 

1-8 

0.0 

2.1 

4 . 5  

1.4 

0.3 

minutea 

14-4 

8.6 

12.1 

9.2 

8.3 

7.0 

7.5 

7.3 

6.8 

4.9 

7.1 

6.3 

6.7 

6.2 

8.6 

6.9 

4.8 

7.0 

6.6 

G.3 

6 . 9  

6-8 

6-3 

6.9 

mimutea 

11.6 

11.1 

8.6 

8-1 

8.7 

6.5 

7.0 

7.0 

6.6 

6.0 

6.3 

6.6 

5.6 

7.6 

6.1 

4 .4  

6.2 

6.4 

4.9 

6.6 

7.0 

5.4 

6.9 

G.9 

feet I 
0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0-3 

0.a 

0.2 

0.1 

0.1 

0.1 

0.1 

0.2 

0.1 

0-0 

0.2 

0.2 

0.3 

0.1 

10.1 

2.2 

6.0 

2.3 

2.8 

1.8 

3.0 

0.4 

3.3 

2.4 

0.6 

1.6 

2.7 

4.4 

1.2 

4 .5  

+ + + -  
0.1 

0.0 

0.0 

0.0 

0.1 

0.0 

0.1 

0.1 

0.0 

0.0 

0.2 

0.2 

0.3 

0.1 

0.1 

0.1 

0.1 

0.3 

0.2 

0.2 

0.1 

0.2 

0.0 

1.5 

0.1 

0.2 

0.3 

0.0 

0.4 

1.3 

5.2 

3.2 

4.6 

3.0 

7.1 

3.9 

2.1 

4.7 

4.8 

3.5 

4 . 1 

minubs 11 

8.1 

3.0 

3-5 

1.2 

2.9 

0.4 
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TABLE AYII/.- ,1!?/111 errors Bl, Eg ,for 1922 

DO%lBAY 

NEB N ERCLOHS Number of 

PERIOD 

1922 L. W. 
Height 

error8 exceeding 
E, is without regard to sign 

I 

H. W. 
Time 

r,ri,~atea 

10.5 

10.3 

8.2 

8.3 

6.4 

8.6 

8.7 

10.1 

9.9 

7 - 3  

5.0 

12.0 

8.7 

10.2 

9.1 

9.4 

11.3 

6.7 

7.8 

6 . 4  

7.9 

9.6 

Jon. 1-16 

17-31 

Feb. 1-16 

17-20 

Mar. 1-16 

17-31 

April 1-1G 

17-30 

k1a-j 1-16 

17-31 

J u n e  1-16 

17-30 

Jnlg 1-16 

17-31 

Ang. 1-1C 

17-31 

Sept. 1-16 

17-30 

Oct. 1-16 

17-31 

Nov. 1-16 

17-30 

Dec. 1-16 

+ -  
0 - 1  

0.2 

0.3 

0.1 

0.0 

0.1 

Ht. 

+ 

4.7 

3.4 

1.9 

1 . 4  

1.4 

0.3 

3.9 

1.0 

0.2 

FAN3 ... I - 2 11 - 0.2 1 

5 . 7  

18.6 

0.0 

0.1 

0.1 

0.2 

0.3 

0.5 

0.7 

0.0 

0.7 

0.4 

0.5 

0.4 

0.4 

0.3 

0.0 

0.1 

0 - 1  

17-31 

- 
7 - 4  

6.0 

0-7  

3 14 

7.0 

2.8 

2.5 

9.3 

0.8 

5 - 0  

8.3 

4.4 

8.9 

1.7 

0.2 

0.2 

0.3 

0 - 2  

0.2 

0.3 

0.3 

0.5 

0.7 

0.2 

0.5 

0.4 

0 .6  

0.4 

0.4 

0.3 

0 - 1  

0 - 3  

0.3 

0.3 

0.3 

0.2 

0.4 

18.5 21.9 

0.2 

0.2 

16.6 

10.9 

8.0 

9.5 

5-6 

14.1 

.5.4 

8.5 

14.3 

15.8 

10.0 

10.1 

7.0 

10.0 

7.5 

9.6 

12.6 

6.8 

7 . 4  

10.7 

0.1 

16.5 

1 

0 

1 

0 

0 

0 

0 

2 

0 

0 

0 

1 

0 

1 

0 

1 

0 

1 

0 

0 

0 

1 

+ 

0 - 6  

2.3 

1.1 

1.8 

0.3 

0 - 3  

0.3 

0.3 

0 - 3  

0.2 

0.2 

Us4 

0.7 

0.3 

0.6 

0.2 

0.4 

0.2 

0.2 

0 . 3  

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0 . 4  

wet 

+ 
0.1 

0.1 

0.1 

0.1 

0.0 

0.0 

0.3 

0.1 

0.1 

0.3 

0 - 2  

0.1 

0 . 2  

0.0 

4 

0 

0 

0 

I 

3 

1 

1 

2 

6 

0 

0 

0 

1 

1 

1 

0 

0 

0 

2 

0 

3 

0 

0 

0 

0 

U 

0 

0 

2 

0 

5 

0 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

mir~utes / (  
- 

16.5 

9.4 

6.3 

6 - 1  

0.7 

9.5 

15.0 

5.1 

13.9 

13-1 

6.9 

7.5 

12.1 

0.2 

1.4 

8.2 

7.3 

14 6 

12.2 23.0 

22.0 

- 

0.1 

0.5 

0.5 

0.2 

om4 

0.1 

0.2 

0.2 

0.1 

0 

4 

0 

0 

0 

0 

0 

0 

0 

2 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 - 3  

0 - 4  

1 

6 

0 

0 

0 

1 



n COMPUTING AND TIDAL PARTY 
41 

TABLE =.-Mean errors El, 3, for 1923 
BOMBAY 

t ERIOD 

1923 

Jan. 1-16 

17-31 

C'eb. 1-16 

17-28 

Mar. 1-16 

l i - 31  

April 1-16 

17.30 

1 I f  

17.31 

Juue 1 16 

17 30 

J111j 1-16 

17-31 

Anp. 1-16 

17-31 

Sept. 1-16 

17-30 

Oct. 1-16 

17-31 

N ~ v .  1-16 

l i - 30  

Dec. 1-16 

17-31 

l ~ ~ ~ * ~ * . . .  
\ 

~ I R A N S  ,,, 

MEAN EHROBS Kumber or 
errors exceeding 

E, is with rernrd to aim . E, ia without regard to  sign 
.?( r 1 a 0  

€1 

H. W. I L. W. 
Time H e ~ ~ b t  Time 

- ;3 -  1 

minute* 

+ 

1.1 

1.8 

3.9 

6 .3  

0.3 

1.8 

1 5  2 

+ 

1.5 

1.6 

1.3 

8.9 

6.6 

7 .3  

3  - 4 

10 .2  

11 
- 
0.7 

8 .5  

4.1 

!)-3 

0.5 

8.1 

3.0 

3.:1 

7 . 5  

1 . 4  

3.6  

1.0 

., A , .I 9 

h. J 

4 . 4  

6 . 0  

I O , C  

7 . 0  

I 

leer 

+ -  

0 . 0  

0.i  

0.2 

0.0 

0 .5  

0 . 0  

0 .2  

0.3 

0.1 

0.5 

0.G 

0 . 2  

0 .7  

11.5 

0.8 

0.:3 

0.2 

0.1 

0 .4  

0 .1  

0 .1  

0.3 

0 . 3  

0 . 2  

- 
5 - 4  

8.9 

11.1 

12.5 

0 .5  

3.5 

3.5 

6.9 

2.5 

9.7 

0.8 

5 . 1  

6 . 7  

g. . ]  

10.2 

1 2 . 0  

+ 
0.1 

0 .2  

'-0.3 

0.4 

0.1 

0.3 

0.6 

0.3 

0.3 

0.5 

0.0 

O.;I 

0 . 6  

0.3 

0 . 6  

0 .6  

0.3 

0 . 5  

- 

0 - 2  

0.0 

0 . 1  

0 . 0  

0.3 

0.1 

6.6 

9 .4  

7.7 

11.0 

3 .8  

10.6 

7.3 

7.2 

7.5 

7.3 

9 .1  

6.2 

8.9 

S.0 

10.6 

7.3 

1S.lI 

7 .5  

6 . 7  

11.2 

6 .7  

n.$l 

11.8 

10 .1  

0.3 

0.2 

0.2 

0.3 

0.2 

0.4 

0.3 

0 . 3  

0.5 

0 . 2  

0.3 

0 . 3  

0.3 

0.3 

0.3  

0.3 

0.2 

II.:, 

0.6  

0.2  

11.7 

0.-:, 

0.3 

0.4 

7.0 

13.5 

11.9 

13.8 

7 . 2  

7.1 

7.4 

7.6 

8 .4  

7 . 4  

12.7 

8.3 

12.s  

9.8 

1 2 . 2  

7.5 

9.9 

1 

S . : )  

10.0 

lo.(; 

!,.o 

12.4. 

13.1 

0.3 

0 . 2 2  

0.3 

0.4  

0 . 3  

0.2 

0.2 

0 .3  

0.8 

0.3 

0 . 3  

0 . 7  

0.4 

0.3 

0 .3  

0 . 2  

0.: 

I 

11.6 

1.1.: 

0 .1  

0 . 6  

0.4 

0 . ;  

0 

0 

0 

(1 

0 

0 

0 

2 

0  

0 

0 

1 

I $  

o 

0 

0  

0 

0 

0 

1 

o 

] 

0 

1 

1 

1 

0 

I 

0 

0 

0 

0 

3  

(1 

o 

1 

1 

0 

o 

3 

O 

1 

1 

o 

:i 

G 

0 

1 

0 

0 

0 

0  

0 

0 

1 

0  

0 

0 

o 

0 

0 

0 

0 

0  

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

4 

0 

0 

5 

0 

0 

0 

0 

0  

0 

0 

0 

2 

1 

0 

2 
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TABLE XV.- Mean errore &,, E, for 1924 

BOMBAY 

t'EPIOD 

1- 

Jan. 1-15 

1 6-3 1 

Feb. 1-13 

16-29 

Unr. 1-15 

16-31 

; \pril  1-15 

16-30 

>lop 1-15 

16-31 

.Tune 1-15 

16-30 

. ~ I I , F  1-13 

lti-:iI 

I .  I - :  

' f ; - : i  1 

1 1 -  

, t i . . :  

I t  , .  I.lr 

16.:: I 

S, v ,  1-l:, 3 . 3  0 - 3  8 . 5  0.4 6.7 
I 

0.3 0 t r  0 0 

0 .2  11.1 in.'; 0.5 7 . 2  0 . 4  2 o o 0 

11.7.. I-]., 

18-21 6 . 1  

-- 

L 

MEAN ERRORS 

E, Is with regmd to aim 

El 

H. W. 

I 
L. W. 

'Time He~ght Time Height 

m i n ~ ~ f m  I( t i e t  m i n ~ . t r a  1 reat 

Nuui 
crrors 

. 
mtnulrr 
of t imv -- 

1 
.; * 1 I 

ber of 
excee&in( 

1.0 
1001 of 
heipbt 

i 

E, is wlthout r e g ~ r d  to tosig~ 

6 
H . W .  I L . W .  

Tiwe H t .  / Time Llt. 

minl t tes  ,bit ~ ~ 1 1 1 ~ 1 1 ~ ~ ,  feet 

1 

0 

1 

0 

0 

0 

0 

0 

t o  

0 

0 

0 

0 

0 

0 

1 

0 

0 

o 

i 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

(I 

0 .2  

0.2 

0.2 

0 .1  

0.2 

0 . 2  

0.5 

0 . 3  

0.1 

0 .2  

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ -  
0.5 

0 . 1  

0.0 

0 .0  

0.1 

,I.:< 

0.5 

0 . 4  

0 .3  

* 

1.4 

1.5 

0.6 

7.6 

12.1 

- 
8.4 

5 - 9  

12.1 

4.8 

6.S 

6 .7  

6.6 

7.b 

4.2 

5.3 

1.4 

2 . : 

Q . 7  

0.7 

I . J  

6.4 

8 .0  

4.7 

7 .1  

8 .0  

8 . 4  

6 - 2  

7.9 

8 . 1  

5.2 

6.1 

i . 9  

9 . 9  

6 .4  

7 . 4  

4 2 

8.9 

0.21 9.2 

+ 

0.3 

0.4 

7 . 7  

3 .6  

4.9 

0.8 

2 .!, 

6.ll 

4.4 

*.:I 

3 ( , , , ; L I . O  

0.3 

- 
7.1  

7 . i  

9.1 

1.8 

6.7 

2.6 

2.5 

4.9 

.a . 3  

0.5 

0 .4  

0.3 

0.4 

0 .0  

0 . 2  

0 .1  

0.1 

i , 0.3 

10.3 

0.2 

0 - 3  

0.3 

0 .4  

0 . 2  

+ -  

0.2  

0 .0  

0 .1  

0.0 

0.1 

0 - t i  

0.1 

0.2 

0 . 2  

(1.0 

4 .6  

4.8 

8.3 

5.1 

7.1 

0.4 

0.3 

0.2 

0.2 

0 - 3  

0.2 

0 ' 3  

0 .3  

0.6 

0.2 

0.3 

0.3 

0.3 

0 . 2  

0.2 

0.3 

0.21 6.7 

0.3 

0 .2  

0 - 5  

0.3 

0 . 2  

0.4 

0 .3  

0 . 2  

0 .1  

6.9 

5 .7  

7.1 

7.9 

6 . 3  

8 . 1  

7 .9  

8 .0  

9 .0  

0.2 6.3 
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TABLE X VI. AZea~z errors 4, E, .for 1922 
MADRAS 

PERIOD 

1922 

Number 
errors 

90 
minct ler  
of time 

Jan. 1-16 

17-31 

Feb. 1-16 

17-28 

Nu. 1-16 

17-31 

April 1-18 

17.30 

!dny 1-16 

17.31 

June 1-16 

17 30 

Jnly 1-16 

17-31 

A u ~ .  1-16 

17-31 

8ept. 1-16 

17-30 

Oct. 1-16 

17-31 

N0v.l-16 

17-30 

Dec. 1-16 

17-31 

"oTrrs.. .  - 

ul 
exceedinp 

0 .s 
fool of 
height 

MEAN EBROPY 

E, lo with regard to sign 

E, 

B. W. L. w. 

E, is without regard to sign 

€7 

H. W. L. W. 

' 1 
1 4 

4 1 

26 21 

13 14 

6 4 

0 0 

0 0 

2 3 

11 7 

2 1 

12 1 

1 0 

0 8 

0 0 

G 0 

16 3 

0 5 

0 6 

0 6 

7 2 

5 4, 

20 14 

3 1 

Time Ht. Time Ht. 6 
mi .~u tea  11.1 I I inuIer  i 1 2 I 

23.4 0.2 23.7 0.2 7 7 

14.3 0.3 16.6 0.3 3 5 

12.7 0.6 16.6 0.6 2 6 

17.0 0.4 18.!t 0.4 4 4, 

16.9 0.3 16.3 0 .3  4 5 

14.6 0.1 20.0 0.1 3 8 

16.4 0 .1  14.6 0.1 4 1 

15.5 U.2 12.0 U.1 4 0 

12.9 0.4 17.0 0.3 3 4 

14.6 0.2 14.6 0.2 3 2 

12.9 0.3 16.5 0.2 2 5 

26.3 0-2 14.0 0 .1  7 3 

14.9 0.1 14.1 0.3 4 3 

11.9 0.1 13.1 0.1 1 2 

8.0 0.2 11.3 0 .1  1 2 

17.8 0.4 17.0 0.2 5 G 

12.5 0.1 10.6 0 . 2  1 1 

13.1 0.1 13.5 0 ' 2  4 3 

9.5 0.1  12.7 0.2 0 2 

13.2 0 . 9  15.6 0.1 3 7 

7.0 0 .2  11.5 0.2 0 1 

12.3 0.5 14 .4  O. .J  1 4 

9.5 0 . 2  9 . 0  0 . 2  0 0 

I Time Height Time Height 

6.0 

207.81 

0.1 10.7 0-2 7.C) 0 . 2  1 G 5 2 
I 

3.9 

+ 
21.4 

14.6 

13.5 

8.7 

11.6 

18.4 

10.2 

7.1 

13.0 

6.3 

5.1 

6.5 

10-3 

10.3 

10.3 

15.7 

8.2 

12.3 

10.6 

16-1  

9.0 

13.1 

--- 

minute~ 

+ 
20'1 

11.0 

7.1 

9.1 

16.9 

8.7 

14.0 

6.6 

7.2 

4.2 

0.3 

22.4 

7.1 

6.6 

4.:i 

16.0 

7 .  1 

9.2 

1.6  

12.:1 

2 . 2  

7 .X 

ieef 

0.0 

0.0 

0.1 

11 
- 

:; .!I 

+ -  
0.1 

0.3 

0-G 

0.4 

0.3 

0.1 

0.1 

0.1 

0.4 

0.2 

0.3 

0.2 

0.1 

0.2 

0.4 

0.1 

0.2 

0.2 

0.6 

i t  

- 

2 . 3  

0.2 

0.2 

0.2 

0 .2  

1, e e  

+ -  
0.1 

0.2 

0.6 

0.4 

0.3 

0.1 

0.0 

0.0 

0.2 

0.9 

0 . 2  

0.1 

0.0 

0.1 

0.2 

0.1 

0 .1  

0.4 

0.1 
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TABLE XVII.-Mean errors E,, E, for 1923 

UDFLAS 
w 

MEAN ERBORS Number of 
orroru exc* 

E, Is with regard to aign E, is without regnrd to sign 
$0 0.3 

PERIOD mi~rater  foolol 
E, of ti111c hei~bl - -- 

1EEY L. W. H. W. L,  W. 
Height ii.0 x t .  1 Time,  a t .  ; I S  i I i  minulrs mirlulrs 11 1.d mintites !eel minuter tee, x 

+ - + -  
I 

+ 
Jan. 1-16 0.9 0.4 17 8 0.3 8.2 0.4 20.4 0.3 0 7  21 1 

17-3 1 4.4 0 . 2  21.9 0.1 13.2 0.2 22.7 0.1 3 9 1 0 

- + I -  
Feh. 1-16 8'0 0.2 17.6 0.1 12.5 0.2 18.0 \).:! 0 6 1 0 

17-5 4.6  0.1 23.0 0.1 13.7 0 . 2  23.4 0.1 1 8 0 0 

\Inr. 1-16 1 1 . 2  U s 4  21.2 0.3 16.5 0.4 23.3 0.3 3 10 I8 0 I 
17-31 7 . 2  0.1 12-1 0.2 17.9 11.2 2  4 2 2 

I 1 1  4. ti lti.8 0 2 10.4 0.1 1 7 . 2  0.2 2 2  0 2 

17-20 5.4 9.8 0.4 17.1 0.4. 14.6 0.4 :! 2 14 20 
! 

I 1 1.3 1 0 - 2  13.7 0.1 14.-3 0.2 15.4 0.2 2 3 9 4 
! 

17-:\1 11.4 I 0 . 1  10.0 0.0 18.8 0.; 14.9 0.1 2 j 4 1 0 

I I 2.6 10.3 9.1 0.4 13.9 0 . 3  13.7 0 . 4  L 

1 i - : :u  s.  1 10.2 0.2 15.3 0.2 1 
I 

' l D . l  
1 7 . 1  

l o  
I I t  10.5 j i l .  I 26  1 10 .2  17.9 0.1 26.4 0.; (5 12 1 

IT-RI 9 . 0  1 0 .U  1 17.8 0.3 17.2 0 .1  15.2 0.3 2 7 0 5 

.\,-:. 1-11  0.5  1 ~ 1 . 2  12.3 0.2 18.0 0.4 3 4 2 ' 8  

1 . :  ~ 1 . u  , i  , . 3  9 'J 8 .0  0.;3 13.3 0.5 0 4 3 

. : 1 - 1 ,  i., 1 ;  ().;I 19.4 10.4 11.0 0.3 23.3 0 .4  2 8 11 I4 
I j 

I ;-:', 10.9 10.3 0.1 14.3 0.4 1 2 1 lo 

o , , I .  1 . 1 6  ti.: 13.4 10.4 11.2 0.3 16.2 0.4 0 2 14 l6 
i 

1 7 . .*: I 4 . q  1 . :  9 . 2  12.4 0.3 14.9 0 . 2  1 3 7 :i 
I I 1 p . 0  11.4. 13.0 0.2 14.1 0.3 1 0 3 

I ; -:I-! I .2 \ ! ( ) . ; :  C, 7 ).:; 12.7 0.3 9 . 7  0.4 l 1 1 'i 

I - .  - I  I.l 0.1 I 
11.2 0 .1  14.3 0 .1  I j I o 1 

1 . 2  : ~ . 2 ,  ( 1 . 1  ( 10.3 0.1 n.3 0.1  2 ! .I 0 
I 





40 GEOIIETIC REPORT 
TABLE XlX.-Mean errors El, E9 for 1922 
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TABLE XXII.--Mea errors El, E,  ,for 1922 
RANGOON 

PERIOD 

1924 

Number 
errors 

90 
minutes 
of time 

Jnn. 1-16 

17-31 

Feb. 1-16 

17-28 

Mar. 1-18 

17-31 

~ p r i l  1-16 

17-30 

May 1-16 

17-31 

June 1-1G 

17-30 

July 1-16 

17-31 

dug. 1-16 

17-31 

Eept. 1.16 

17-30 

Oct. 1-16 

17.31 

Nov. 1-16 

17-30 

Dec. 1-16 

17-31 

of 
exceeding 

1 s o  

foot of 
height 

MEAN EllRORS 

E, is with regard to sign E, 

El 

H. W. 

A ~ E A N S  ..* + 12.2 

is without regard to sign 

E, 

$ I L. w. 
Time Height Time Height Time Ht,. Time Ht. 

n2inutea f e e t  m inu te ,  f r e t  ' $ 
A 4 ( 1  

- 

0.3 

1-4 

1.1 

0.1 

1.7 

m h a e a  

+ 
9.3 

2.5 

0.8 

6.6 

11.6 

6 . 6  

14.1 

3 . 3  

11.7 

1.9 

10.0 

9.7 

16.5 

7 . 4  

0.2 

8.6 

9.0 

2-0 

7'3 

H . w  I I I minuter 

+ 

11.9 

2.9 

12.2 

6.1 

18.1 

15.6 

18.3 

15.6 

8.1 

11.9 

3.0 

12 .3  

12.6 

22 0 

20.4 

30.6 

17.1 

13.9 

9.4 

6.3, 

4 . 2  

9.0 

6 . 3  

7 . 4  I 

0 

0 

0 

0 

0 

0 

0 

5 

o 

1 

0 

1 

0 

1 

0 

3 

0 

6 

0 

4 

3 

2 

0 

3 

f e e t  

+ -  
0.3 

0.3 

0.0 

0.4 

0.2 

0.1 

0.2 

0.1 

0.3 

0.3 

0.3 

1 1 

0.6 

0.7 

0.6 

0.2 

0.2 

feet 

+ -  

0-1 

0-1 

0.0 

0.0 

0.1 

0.2 

0.4 

0.2 

0.7 

0.6 

0.1 

0 - 3 

11 
- 

, 

1 

0 

3 

0 

1 

0 

0 

3 

0 

0 

0 

0 

3 

4 

0 

10 

1 

2 

20 

6 

11 

3  

6 

0 

0.3 

0.1 

0.2 

0.1 

0.7 

0.5 

0.8 

0.0 

0.0 

0.0 

0.0 

0.2 

0.6 

0.1 

0-1 

0.4 

0.1 

0-2 

0-1 

1 

0 

0 

0 

3 

2 

1 

1 

o 

0 

0 

0 

1 

'i 

9 

16 

3 

4 

0 

0 

0 

1 

O 

1 

0.5 

0.4 

0.5 

0.5 

0.6 

0.3 

0.4 

0.6 

0.4 

0.4 

0.4 

0.3 

0.4- 

0.7 

0.5 

0.8 

0'4 

0.5 

1.1 

0.7 

0.8 

0.7 

0 . r )  

0.4 

12.9 

8.1 

12.6 

10.0 

18.1 

16.0 

18.4 

16.1 

9.7 

13.7 

8.3 

12.7 

13.4 

22.8 

21.6 

30.5 

17.1 

16.4 

12.0 

8.6 

7.4 

13.1 

9.4 

9.0 

3 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

2 

3 

7 

0 

2 

1 

0 

0 

0 

0 

0 

0 

1 

I I  
0.2 

0.5 

0.3 

0.2 

0.4, 

0.3 

0.6 

0.6 

0.4 

0.3 

0.2 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

On(; 

0.4 

0.7 

0 .7  

0.5 

0 . 4  

0.4 

I 
15.7 

11.9 

14.5 

14.6 

11.6 

15.4 

0 . 2  

18.3 

10.9 

14.1 

11.5 

16.5 

13.7 

18.4 

11.0 

10.3 

10.9 

6.8 

10.2 

9.2 

0 . 8  

10,s 

10.3 

1 5 . 6  





11 COMPUTING AND TIDATA PARTY 5 1 
TABLE XXITT.-Merzn ewers E,, E, for 1924 

RANGOON 
a 

PEBIOD 

10s( 

Jan. 1-15 

16-31 

Feb. 1.16 

16-29 

Mar. 1-16 

16.31 

April 1-16 

16-30 

hley 1-16 

10.31 

June 1-15 

16-30 

July 1-16 

16-31 

An$ 1-16 

16-31 

Sept  1-16 

16-30 

act. 1-16 

16-31 

NOV. 1-16 

16-30 

Dec. 1-15 

16.31 - 
TO~*m.. l  

M'~~~o,. 

VEAN E W h B  Number 
m r s  

SO 
minuter 
of time 

i i  

-- 
+ l o  j + 6.2 

of 
exceedhe 

1.0 
foot of 
height -- 

d 

2 

8 

11 

14 

9 

5 

2 

0 

1 

0 

2 

2 

3 

17 

23 

12 

6 

1 

0 

0 

0 

( 1  

C' 

0 

E, is with mprd to sign 

€1 

H. W L. W. 
Time a s h .  

id 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

1 

4 

0 

1 

0 

3 

2 

1 

3 

2 

0 1 

4 

8 

5 

3 

7 

0 

2 

0 

1 

0 

0 

1 

0 

4 

1 

3 

0 

0 

0 

1 

2 

0 

1 

O 

E, lr wlthoub re@?& k dgn 

E. 

L. W. rrPw*t.J m m e , H t .  

A 

0 

6 

3 

3 

2 

0 

0 

1 

4 

9 

5 

5 

6 

4 

19 

1 

0 

14 

2 

6 

3 

0 

7 

I 

minutea 

20.3 

25.6 

30-6 

29.3 

29.2 

19.4 

18.9 

15.0 

12.8 

14s.8 

17.1 

19.6 

18.7 

31.7 

38.8 

27.5 

17.9 

12.2 

7.9 

6 . 6  

10.5 

6 . 3  

5 . 7  

8.8, 
I 

minufa 

+ 

20.3 

25-6 

30-6 

29.3 

29.2 

18.6 

18.3 

10.6 

12.3 

11.3 

17.1 

19.6 

18.7 

31.7 

38.8 

27,s 

17.8 

11.3 

0.9 

4 .  1 

3.6 

445.aie.4 1 3 1 1 . 9 1 1 : ; . ~  

feet I 
0.3 

0.3 

0.4 

0.2 

0.3 

0.4 

0.3 

0.3 

0-3 

0.3 

0.3 

0 - 2  

0-2 

0-3 

0.6 

0.3 

0.4 

0.4 

0.5 

U.6 

0.6 

0 . 3  

0.3 

0 . 4  

feet 

+ 

0.3 

0.0 

0.3 

0.0 

0.0 

0.2 

0.1 

0.2 

0.0 

0.0 

0.0 

0.0 

0.4 

0.6 

0.3 

i o - 1  

+ -  

0.6 

0.2 

0.3 

0.6 

1.3 

0.2 

0.1 

+ 
11.2 

17.4 

21.0 

16.1 

20.0 

4.3 

13-1 

10.0 

13.7 

8.3 

10.1 

15.2 

8.4 

11.3 

6.7 

- 

0.2 

0.1 

0.1 

0.2 

0.6 

0.2 

0.2 

7 . 2  

101 .2 i  

- 

4 . 5  

2 . 9  

minute. 

16.7 

17.6 

22.3 

17.3 

20.0 

8-9 

13.1 

9.1 

11.3 

9.7 

13.9 

12.8 

11.7 

15.8 

12.7 

15.3 

7.1 

8.8 

6.9 

12.e 

14-7 

14.5 

9 - 3  

1 0 1  

i t  

- 

6.9 

0.1 

2.3 

4.3 

2.6 

13.3 

2.4 

3 . 4  

1-4 
0 3  
I '  

7 . 7  

11 feet 

0.5 

0.6 

0.5 

0.5 

0.5 

0.4 

0.4 

0.3 

0.6 

0.6 

0.6 

0.5 

0.6 

0.5 

1.3 

0.4 

0.4 

1.0 

0.5 

0.7 

0.7 

0 . 4  

CI.5 

O.( i  

11 

11 

fin 

0.1 

0 - 4  

0.3 

0 - 4  

0.3 

0.2 

0.3 

0.0 

0.4 

0.4 

0.9 

0.1 

0.7 

0.7 

10.2 

0.5 

0 . 4  





11 COMPUTING AND TIDAL PARTY 5 3 
T A B L E  XXY1.-Menn error,? B, ,  E ,  for 1923 

MOULMEIN 

PERIOD 

1924 

- 
Jan. 1-16 

17-31 

Feb. 1-16 

17-28 

Mar. 1-16 

17-31 

April 1-16 

17-30 

hlay 1-16 

17-31 

Jnne 1.16 

17-30 

July 1-16 

17.31 

Bug. 1-16 

17-31 

Sept. 1-16 

17.30 

Oct. 1-16 

17-31 

Nov. 1-16 

17-30 

Dec, 1-16 

17-31 

Tor*r' -_ 
~ ~ E A N S  ,., 

N E U  EEROBS Number of 
errors exceeding 

E, is with regard to eign E, is without regard to sign 
RO l . 0  

€1 € 9  minutsr foot of; 
of time height 

Ho W. L. W. H. W. 
Time Height Time 

+ 
I minute, I( feet m i ~ ~ u t 8 r  

+ , -  

8.6 

8.7 

10.2 

1 . 7  

10.6 

6.9 

7.2 

10.6 

1 

2.8 

- 4 .0  

+ - 
, -  

- 
0.6 

0.9 

3.7 

4.9 

4.0 

6.1 

0.1 

7.8 

12.1 

10.6 

11.0 

8.0 

8.3 

7.5 

8.4 

7.3 

10.G 

.11.1 

1l.G 

12.4 

15.2 

16.0 

9.8 

G.6 

14.0 

20.1 

28.8 

22.7 

21.9 

18.5 

13.4 

+ 

7-9 

6.9 

15.7 

13.4 

14.2 

12.6 

15.5 

11.4 

18'1 

12.1 

16.8 

17.1 

15.8 

11-0 

10.8 

17.3 

11.7 

22.2 

21.5 

38.1 

37.1 

33.3 

s5 . l  

3 2 . 5  

38.-1 

13.7 

0.3 

0.4 

0.5 

0.2 

0.6 

0.4 

0.5 

0.4 

0.6 

0.7 

0.6 

0.8 

0.5 

0.41 

0.7 

1.2 

0.4 

0.G 

0 . 9  

0.5 

0.7 

0 .7  

0.4. 

0 G 

0 

3 

0 

1 

0 

0 

2 

0 

0 

0 

1 

0 

1 

2 

3 

1 

0 

0 

4 

10 

5 

4  

2 

1 

0.4 

0.4 

0.5 

0 . 4  

0.5 

0.3 

0.4 

0.4 

0.4 

0.5 

0.7 

0.7 

1.1 

0.8 

1.5 

2.7 

0.4  

0.8 

0.7 

0.8 

0 . 6  

0 . 2  

0 . 5  

0 . 5  

0 

1 

3 

0 

2 

1 

3 

0 

G 

5 

6 

8 

4 

1 

6 

14 

1 

4 

11 

4 

7 

3 

0 

7 

0.2 

0.0 

0.2 

3 

2 

3 

1 

6 

2 

.7 

3 

G 

3 

2 

0 

0 

4 

0 

8 

G 

16 

20 

14 

19 

Ci 

13 

0 

0 

0 

0 

0 

0 

0 

0 

1 

4 

1 

10 

5 

16 

8 

26 

28 

3 

7 

7 

G 

5 

2 

0 

6 

0.2 

0.4 

0-4 

0 - 2  

0.3 

0.2 

0.3 

0 .5  

0.3 

0.8 

0.1 

0.6 

1.2 

0.2 

0 - 4' 

18.6 

0.2 

0.1 

0.0 

0a4 

0.3 

0.7 

1.5 

2.7 

0-3 

11.2 

2.6 

13.5 

10.5 

17~3 

1l.G 

16.6 

16.9 

13.4 

9.9 

10.1 

16.5 

5 . 4  

19.1 

20.9 

38.1 

37.1 

39.3 

35.1 

i o . 3  

0.1 

0.1 

0.4 

0-3 

0.~1 

0.3 

0.9 

0.4 

0.8 

0.6 

0.8 

0.4 

13 .4  1 0.1 

22.5 

C9'2'Llil.li --__ 

28.5 

113.0 

0 . 4  

0 . 5  



5 4 GEODETIC REPORT 
TABLE XXVII.-Mean errors E,, E, for 1924 

YOULrnIN 

Note-The observatory n.39 cliscontionetl from 1 s t  November 1924, 





5 6 GEODETIC REPORT 
T A B L E  SSIS.-llftrra errors El, E2 J'or 1923 

PORT BLAIR 

MEAN ERBOBS Number 01 
BROrB B X W  

E, l a  witb rsgsrd to sign E, is without regard to eign 

PBBlOD 
El 

1089 H. W. L. W. 

Jm. 1-16 

17-31 

Feb. 1-16 

17-28 

Mar. 1-16 

17-31 

April 1-16 

17-30 

Nay 1-16 

17-31 

June 1-16 

17.30 

July 1-16 

17-31 

Ang. 1-16 

17-31 

Sept. 1-15 

17.30 

Oct. 1-16 

17 31 

Snv. 1-11; 

l i -30 

Dec. 1-16 

17-31 

. 
MBARE ... 

+ 

0.0  

- 13.7 -,I, + 7 - 1  1 1  g.210.11d 

- 
11.1 

17.4 

17.3 

14.6 

13.8 

19.3 

9.9 

14.0 

13.3 

8 . 3  

13.2 

8.5 

10.8 

8 . 8  

+ 

0 .1  

1 4 . 1  

- 
0.3 

0 - 1  

0.2 

0.0 

0 .1  

0.0 

0 . 1  

0.0 

0 .1  

0.1 

0.1 

0.1 

0 .3  

0 

0 . 0  

+ 
7.2 

13.1 

2.6 

14.8  

10.0 

11.0 

4 .4  

12.6 

2.3 

12.1 

3 , 4  

6.9 

3 .4  

8 .3  

11.6 

8 . 1  

7.2 

13.6 

5 - 5  

15.1 

10.0 

12.6 

6.1 

12.6 

7 . 3  

12.6 

7.2 

7 - 4  

6 . 4  

8.8  

0 

4 

1 

3 

0 

2 

C 

2 

1 

0 

2 

0 

1 

0 

0 . 2  

0.2 

0 .1  

0.2 

0.1 

0 1 

0 .1  

0 .2  

0 .1  

0.2 

0 . 1  

0 . 1  

0 . 1  

0 .1  

11.8 

8 .6  

0 .1  

0.0 

- 

2.6 

2 

1 

0 .1  

0.1 

14.8 

7 .1  

6.8 

7 .8  

6 . 9  

8 . 3  

9.1 

6.2 

3.3'219.8 

0 .1  

0.2 

0.1 

0 .2  

0 .1  

0.1 

0.1 

0 .2  

0 . 1  

0 .1  

0.0 

0 .1  

0 .1  

+ -  

0.1 

15.4 

1'7.71 

12.; 

11.8 

16.0 

4 

1 

3 

1 

5 

2 

0 

2 

37 

0 

6 

0 

4, 

2 

2 

0 

2 

0 

3 

0 

0 

0 

1 

0 .1  

0 .2  

0 .1  

0 .1  

0.1 

0 .1  

0.2 

0 - 1  

3 .1  

14.1 

9 .6  

2.1 

I 2.1 

1 

1 

0.0 

0 .0  

0 .1  

0 .0  

0 .2  

0 .1  

I Z  

0 . 1  

0 . 0  

11.1 

17.4 

17.3 

14.6 

13.8 

19.3 

10.7 

14.3 

13.8 

8.7 

13.9 

8 - 5  

11.0 

8 . 9  

0 . 2  

0 . 1  

0.4 1 3 2 8 . 6  0 . 1  ~ . l ) l i 2 , 3  

0.1 

0 

0 

6 

0 

1 

0 

0 

0 

0 

0 

28' 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.3  

0 .1  

0.2 

0 . 2  

0 . 1  

0.1 

0 .1  

0 . 1  

0 . 1  

0 . 1  

0.1 

0.2 

0 .1  

0 .3  

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

17.7 

18.1 

16.5 

15.4 

18.1 

13.2 

11 .8  

16.0 

o ' a 3 3 . ~  

0 .1  

0 .0  

0 . 2  

0 . 1  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 . 1  

0 . 1  

U . 1  

0 . 1  

0.2 

0 .1  

0.2 

0 . 2  

6.1 

4 .8  

8.0 

6.0 

1 .5  

O 

' 
O 

' 
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1'A BLE XXX1.-1Mean errors El, E, ,for 1924 
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11 COMPUTING AND TIDAL PARTY 6 1 
TABLE XXXIV.-Mean errors E, ,  E, ,/br I924 
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T A B L E  XXX V.-Mean errore El ,  E9 for 1922 



11 COMPUTING AND TIDAL PARTY 6 3 

FABLE XXX7I. -Mean errors h',, E2 for 1923 
CHITTAGONG 

PERIOD 

1923 

Jan. 1-16 

17-31 

Feb. 1-16 

17-20 

Mar. 1-16 

17-31 

April 1-16 

17-30 

h I ~ y  1-16 

17.31 

Jane 1.16 

17.30 

July 1-16 

17-31 

Aug. 1-16 

17-31 

sept. 1-16 

17-30 

Oct. 1-16 

17-31 

NOV. 1-16 

17-30 

Dec. 1-16 

17-31 

-- 

- 0 . 1  - 11.9 

Nut11 ber of 
errors exceedinn 

30 I .O 
~nittalea f o o l o f  
of tlme heipht, 

$ 

MEAN EllIWlZS 

El ir with regard t o  sign E, is without regard t o  sign 

€1 

H. W. I L. w. 
Time Heipht Time Height I Tc'Ht; T i Y ' H t .  

2 

1 

2 

1 

2 

1 

2 

2 

3 

1 

1 

0 

0 

0 

0 

3 

3 

3 

3 

Ci 

4, 

6 

7 

I 

2 

0 

2 

o 

7 

7 

4 

1 

5 

4 

4 

1 

0 

0 

0 

a 
0 

0 

2 

2 

2 

0 

1 

O 

feel  

0 . 7  

1.0 

1 . 1  

0.5 

0.6 

0.3 

0.8 

0 . 4  

1.0 

0 .4  

0.7 

1.2 

0 . 3  

0.6 

0 . 6  

1.1 

1 . 4  

0 .9  

1.8 

0 . 7  

0 . 5  

0.8  

0.5 

(i(i 

1 

0 

3 

o 

0 

2 

2 

2 

0 

0 

3 

3 

1 

0 

0 

3 

1 

2 

3 

4, 

6 

4 

2 

O 

< - 
1 

6 

9 

o 

1 

0 

3 

2 

8 

0 

4 

9 

0 

2 

0 

9 

7 

6 

8 

3 

2 

4, 

0 

I 

- 

minutm 

+ 

4.0 

7.7 

mz,irier I 
21.9 

16.3 

17.0 

8.3 

8 .1  

14.3 

16.5 

16.9 

16.3 

12.0 

22.4 

19.1 

12.8 

13.6 

10.7 

17.1 

17.9 

21.3 

22.4 

23 .4 .  

244.0 

2s .1  

22,-1 

10.4  

feet 

+ -  

0.1 

0.4 

0.1 

0.8 

0.1 

0.3 

0.3 

0 - 0  

0 .4  

0.3 

feel 

0.7  

1.0 

1 - 1  

0 .2  

0.4 

0.3 

0 .5  

0.2 

0 .9  

0.5 

1.2 

0 - 1  

0.4 

0.6 

1.1 

1 .4  

0.9 

1 .0  

0.5 

0.8 

0.6 

0 .0  

11 
- 

12-3 

11.1 

2.6 

7.4 

9.6 

1.7 

13.1 

9.8 

10.5 

16.6 

3.9 

13.8 

8.3 

9.6 

15.4 

16.3 

19.4 

11.0 

22.4 

2:3 . G 

2.8-0 

12.7 

minutea 

17.3 

15.0 

19.4 

11.3 

16.4 

13.1 

14.3 

14c.1 

11.2 

11.1 

16.6 

13.2 

14.4 

9 .5  

10.9 

16.9 

16.3 

19.5 

20.4 

29.1 

3 3 . 4 ,  

2 4 . . ~  

: ! ~ C , / O . . I  

feel I 

0.5 

0.5 

0.7 

0.3 

0.8 

0.9 

0.7 

0.5 

0 .8  

0.8 

0 6 

0 .6  

0.4 

0.4 

0 . 3  

0 . 5  

0 .4  

0 .4  

0 .6  

0.5 

0.7 

0.4, 
I 

+ -  

0.3 

0.2 

12.7 10.4 

0.5 

0.4 

0.6 

0.0 

0.3 

0.5 

0.6 

0.3 

0.1 

0 .4  

0.3 

0.2 

0 .3  

0 .4  

- 
21-1 

13.6 

14.6 

2.3 

7.7 

12.3 

16.2 

12.5 

22.4 

8.9 

12.8 

13.5 

5.3 

17.1 

17-7 

21.3 

15.3 

22 .5  

1G.l 

19-9 

9.5 

minrtes 

+ 

1.2 

2.8 

6.1 

\ I  
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TABLE X X X V I I . - M ~ ( L ~  errors K,, E2 fur 1924 

CEIITTAGONG 

MEAN EBBOBS 

E, is with regard to I?, is without regard to sigu 

Ang. 1-15 1.0 10.1 0.5 16.4 1.1 0 2 0 

ke:>t. 1-15 0.5 1.5.3 0.3 12.8 0.7 1 2 0 

I '  I 

0.6 13.7 0.4 13.7i0.6 1 0 0 ' 
i '  

t-jct. 1.1.; 1.1 29.1 0.7 21.7 1.1 'i 3 ' 

1 1 ; - 3 1  

SOY. 1-15 

16-30 22.9  j 1 .  20.0 1.6 22.9 ] . 7  2 1 9 18 

Der. 1-15 I 
1 4 . 4  0.9 21.5 0.5 20.4, 0.9 2 4 1 ' 

I 
1c-31 

I8 I 
8 . 6  1 0.9 10.6 0.6 10.6 0.9 o 

. . 
luT*l-S... 
-- - - 

i%l~.ans ... - 0.2 - 11.2 

Number ol 
errom e r d i  

90 1 . 0  
minuter 1001 ol 

0; tir 

h e i r  

6 3' 

E, 

H. w. , L. W. 
Time H t .  Time Ht. 
- 
I I I ~ I ~ I ~ ~ S  jket ~ni t tutea feet 

PERIOD 

1964 

a 

€1 

H. W I L. w. 
Time Height Time Hei~Ll  

m i ~ w t a  11 feet i s  11 f i t r  

Jan, 1-15 

16-31 

Feb. 1-15 

16.29 

Mar. 1-16 

16.31 

April 1-16 

16-30 

Mag 1-15 

16-3 1 

J I I U ~ .  1-15 

16-30 

J r ~ l y  1-15 

16-31 

o 

1 1 0  

0 

0 

0 

3 

0 

3 

0 

5 

0 

6 

0 

0 

o 

2 

1 

1 

1 

0 

0 

0 

1 

0 

1 

0 

0 

0 

z 

5 

0 

2 

0 

0 

0 

1 

1 

0 

11 

10 

1 

1 

0 

1 

0 

0 

0 

0 

1 

1 

0 

1 

1 

2 

- 
I 

- + + + - 
0.8 

0.5 

0.8 

0s4 

0.7 

0.4 

0.5 

0.5 

0.5 

0.5 

0.4 

2.6 

1.3 

0.8 8.1 0.4 1'2.1 0.8 

- 
0.7 

0.5 

0.8 

0.2 

0.6 

0.4 

0.5 

0.4 

0.3 

0.5 

0.4 

2.6 

1.3 

+ 

10.9 

6.9 

5.3 

7.4 

6.0 

13.4 

9.0 

17.5 

5.5 

33.5 

3.5 

9 . 6  

6 .4  

1.1 

. 

0.2 

0.2 

0.2 

0.1 

0.6 

1.9 

13.5 

4.1 

10.7 

4.7 

9.9 

12.9 

7.9 

3.G 

5.3 

16.3 

13.5 

10.7 

7.2 

10.3 

8 . 9  

8.4 

13.4 

16.1 

17.6 

8.6 

24.1 

11.7 

9.7 

13-9 

11.7 

11.9 

11.7 

10.7 

8.4 

10.7 

13.9 

12.6 

10-4 

10.1 

3.9 

0.1 

0.0 

0.1 

0.0 

0.1 

0.1 

0.8 

0.4 

0.2 

0.5 

0.4 

0.4 

0.G 

0.8 

0.4 

0.7 

0.3 

0.7 

0.3 

0.9 

0.4, 

5 .4  

7.5 
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TABLE XXXVII1.-Mean errors I,, E, fov  1922 

AKYAB 

PBBIOD 

1884 

Jan. 1-16 

17-31 

Feb. 1-16 

17-?8 

I 1 

17-31 

April 1-16 

11-30 

.\ley 1-16 

17.31 

June 1.16 

17.30 

July 1-16 

i7-a1 

1-16 

17-31 

Qe?t 1.16 

17-30 

act. 1-16 

17-31 

t ior .1 .1~  

17-30 

I'cc. I.](; 

17.31 - 
T ~ l l ~ g - s a  
----- 

MEAN EREOBS Number of 
m m  exceeding 

E, ls with ~ r d  to sign E9 ir without regard to dgn 
90 0.8 

€1 €2 
minutsc foot of 
of time h e s t  

H. \V. I Lo *. 
Time Height Time 

+ 
4.4 

5.0 

4.9 

6.0 

4-8 

6.0 

4.6 

6.0 

4.9 

6.0 

6.0 

4.9 

4.4 

4 . 3  

4-7 

6.7  

6 . 0  

6.0 

4.7 

6.0 

q S 9  

4 .  c 

A /  + 4.8  1 - p- 

0.1 I - 

116.31 0.0 1.0 - -..- 

m i * ~ ~  

- 
f e ~ t  

+ -  
0.0 

0.1 

0.2 

0.2 

0.3 

0.3 

0.2 

0-6 

0.4 

0-3 

0.2 

0.3 

0.2 

0.3 

minuter 

+ - + - 
6 - 6  0.1 4.9 0.2 6.6 0.2 0 0 0 0 

5.3 0.2 6.0 0.3 5.3 0.3 0 0 1 1 

5-0 0.3 4.9 0.2 6.0 0-3 0 0 0 1 

5.0 0.2 5.0 0.2 5.0 0.3 0 0 0 1 

3.8 0 . 2  4.8 0.3 6.2 0.2 0 0 0 0 

5.0 0.1 5.0 0.4 5.0 0.2 0 0 0 0 

3.8 0.1 4.8 0 - 2  6.0 0 .3  0 0 0 0 

4.G 0 . 5  5 .0  0.6 4.6 0'5 0 0 a 3 

5.2 0.3 4.9 0.4 5.2 0.6 0 0 0 0 

5.0 0.3 5.0 0.2 5.0 0.3 0 0 1 2 

4.9 0 . 1  6.0 0.4 4.9  0.2 0 0 0 0 

6.0 0.1 4-9 0 . 2  5-0 0.2 0 0 0 0 

5 . 1  0.1 6.0 0.2 6.1 0.2 0 0 0 0 

5-0 0.6 6.0 0.3 6.0 0.7 o o 1 5 

5.0 0.6 4.7  0.5 6.0 0.6 0 0 0 5 

3.9 0.6 6-7 0.3 4.6 0.7 0 0 0 6 

6.0 0-4 6.0 0.2 5.0 0.4 o o o 0 

6.0 0-3 6.0 0.3 6.0 0 . 8  0 0 0 G 

4.4, 0 .0  4.7 0.2 5.0 0 .5  0 0 0 2 

6.0 0-3 6.0 0.2 5.0 0.7 0 0 0 6 

6-0 0.2 4.9 0.2 5.0 0.3 0 0 0 0 

6 . 1  0.1 4.G 0 . 2  6.1 0 . 4  0 0 0 2 

4 . 4  0 . 2  5 . 0  0-4 5-1 0.4 0 0 2 2 

0-3 

3 . 9  

11 

4.3 0.1 5.0 0.3 4.9 0.2 0 0 0 0 
I 

0.01 

0.1 

0.2 

0.1 

0.3 

0 . 1  

0.1 

0.0 

0.1  

0.0 



66 GEODETIC REPOET 
TABLE XXXIX,-Mean errors El, E, for 1923 

AKYAB 
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TABLE XL.- Mean errors E,, E, f o r  1924 

P E R ~ O D  

1924 

Jan. 1-16 

16-31 

Feb. 1-16 

16-29 

1 1 ~ .  1.16 

16-31 

April 1-16 

16.30 

l a y  1-16 

18-31 

June 1-16 

16-30 

July 1-16 

16-81 

dug. 1-16 

16-31 

Gept. 1-16 

16-80 

Oek 1.16 

16-31 

NOV. 1.16 

16-90 

De0. 1-16 

16-31 

AKYdB 

MEAN Y U U H S  Numl~er 
error8 

311 
minuter 
of time 

6 1 g 

01 
erceedinr 

0.8 
/mi O[ 
height -- 

i I i 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

@ 

0 

0 

0 

0 

0 

0 

0 

0 

El ia with regard to aign 

€ 1  

H. W I 
L. W. 

Time Heipht Time *eight 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

1 

0 

4 

0 

0 

i 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

E, ie without regard to aign 

2 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

2 

1 

1 

0 

0 

0 

0 

0 

1 

1 

1 

9 

1 

0 

feet 

+ -  
0.1 

0.2 

0.3 

0.0 

0.2 

0.2 

0.1 

0.3 

0.2 

0.0 

0.0 

0.4 

0.0 

0.8 

0.1 

0.3 

0.0 

0.0 

0.1 

0.2 

0.0 

0.0 

0.2 

0 CI 

H. W. 
'rime H t . '  

E. 

L. W. 
n n e  Ht. 

minutea 

15.6 

9.6 

6.7 

6.8 

6.9 

6.1 

6.1 

6.2 

6.6 

6.3 

6.6 

6.6 

6.9 

7.1 

6.3 

6.6 

7.5 

6 1 

5.8 

7.8 

7.7 

7.1 

7.2 

7.0 

minute8 1 

12-0 

9.6 

6.7 

6.6 

4.9 

4.3 

4.8 

4.7 

6.5 

6.0 

4.3 

5.7 

6.8 

6.6 

6.3 

6.7 

6.6 

6.9 

6.8 

6.2 

7.2 

6.6 

6.7 

5.G 

1 feet 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.2 

0.2 

0.1 

0.2 

0.3 

0.2 

0.2 

0.2 

0.3 

0 3 

0.2 

0.6 

0 . 2  

0.3 

0 .7  

0.2 

0.2 

minute. 

- 
feet 

0.2 

0.2 

0.2 

0.2 

0.2 

0.4 

0.3 

0.4 

0.2 

0.3 

0.4 

0.3 

0.3 

0.1 

0.2 

0.3 

0.2 

0.3 

0.4 

0.3 

0.4, 

0-9 

0.3 

0.3 

0-0 

0.1 

0.1 

0.0 

0.0 

feet 

+ -  
0.1 

0.0 

0.1 

0.0 

0.3 

0.9 

0.3 

0.2 

0.1 

0 8 

0.2 

0.0 

0.0 

0.6 

0.1 

0.1 

0.7 

0.2 

0.2 

1) (1  
+ 
12.0 

9.6 

6-5 

4.1 

4.2 

3.9 

3.7 

4.7 

6.5 

4.6 

4.3 

6.7 

6.8 

6.6 

6.3 

6.7 

6.6 

6.9 

6.8 

6.2 

7.2 

6.6 

6.7 

5.6 

m i n u b  

+ 
15.6 

9.6 

6.9 

6.8 

5'9 

6.1 

6.1 

6.2 

6.6 

6.3 

6.6 

6.6 

6 .9  

7.1 

6.3 

6.6 

7.6 

6- 1 

6.8 

7.8 

7.7 

7.1 

7.2 

7.0 

- 



G E O D E T I C  R E P O R T  

( i i i )  Observatory Section 

51. Meteorological observations were continued a s  usual, except thd 
Meteorologi- the hour of observation has been changed from 14 hours to  10 houn 

observa- from February 1923. t ions .  I 
52. The Omori Seismograph was in operation throughout the per~ol 

Seismograph 1922-85. Details of the  ea,rthqua.kes recorded are tabulated below, and 
the distances from Simla derived from the  record of Simla seismograph 
are given where availabie. ' 1  

Particulars of earthquakes recorded are sent  to Professor H.1. 
Turner, F.R.s., University Observatory, Oxford, for inclusion. i n  th 
British Associat.ion bulletins. 

Earthy~~akes recordecl at Debra DZn d ~ c ~ i n g  the years 1922-25 I 
KO. 

1 

2 

3 

4 

5 

6 

'7 

8 

o 

10 

11 

12 

13 

14 

Remarks 

Moderate 

t 

Vrolenl 

Great 

Modernte 

Great 

Violent 

Modernte 

Moderate 

Great 

3 1  

t, 

!. ------ 
~light 

Month & date 

1 5 - 1 0 - 1 9 2 2  

17 - 10 - 1922 

11 - 11 - 1922 

6 - 12 - 1922 

17 - 12 - 1022 

3 - 2 - 1923 

4 -  2 -1923  

3 -  3-11423 

z r -  5 - 1 n r : j  

0.3 - f; - 1923 

1 4  - 7 - 1!123 

1 - 9 - 1923 

2 - !J - 1923 

I 10 - 9  - 1923 

Distance of 

I 
16 1 23 - 9 - 1823 

I 

Epicentre 

Dehra 

miles 

4000 

910 

3430 

500 

370 

4500 

2200 

3400 

1600 

1600 

4500 

3200 

4500 

1100 

1 500 
__ - 

200 

Simln 

miles 

2000 

1000 

Anti- 
podes 

300 

... 

... 

. . . 
3500 

. , 

... 
,.. 

... 

-- 

.., 

Duration 

minutes 

44 

26 

... 
43 

HO 

80 

180 

66 

73 

81 

60 

120 

76 

60 

Time of beginning 

. . . _ 

Dehrx 

hr m 

5 - 2 5  

21 -3G 

10 - 22: 

19 - 28: 

6 - 244 

I0 - 49 

2 1 - 4 . 3  

2 2 - 2 9  

7 -  21 

12 - I8 

16 - 5 2  

8  - 37) 

h - 37 

4 - 37 

3 21 
- 

15 

Simla 

hr  m 

5 - 3 1  

21 - 35 

10 - 23 

19 - 27 

... 

... 
. 

2 2 - 2 8  

... 

.. 

... 

. . 
16 I 1 - 10 - 1923 3 4 - 42 ... 



52. 
(Contd.) 

II COMPUTING AND TIDAL PARTY . 69 

,gorlhYzlake8 ~ e c o ~ . d e d  at D ~ l t r a  Dlln rlt~riny the years 1922-25-(Coacld.) 

Photographs of t h e  sun were taken in 1922-23 011 306 days ; for the 53, 
days of tllr year no photograph could be taken as the son was solar 

obscured by elond~. in 1923-24, photographs were taken ooly on 171. 
( 'a~s, 4 3  days the (Iolnr llndpr repair and for the remaining days 
the sllll was not visible. In 1!]21-115, plloto9raphs were taken on 24.3 

from 1-10-21, to ;30-6-25 i.rrllen work mas discontinned. For 30 
no 1~hotographs were taken as the sun was invisible. 

Remarks 

Moderate 

Slight 

Moderate 

0 1  

Great 

Moderate 

9 0  

Violent 

Considerable 

Moderate 

I t  

Slight 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Slight 

Slight 

Slight 

Very slight 

NO. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 - 
29 

30 

31 

31 

33 

34 

35 

36 

37 

L)istance of 

Month Sc date 

1 - 10 - 1923 

2 - 10-  1923 

7 -10 -1923  

1 5 -  1-1924 

14 - 4 - 1924 

26 - 6 - 1984 

7 -  7.1924 

12 - 7 - 1924 

30 - 8. 1924 

13 - 9 - 1924 

16-  9-1924 

17 - 9 - 1921 

9 - 1 0 - 1 9 2 1  

13-10-192$ 

18 - 1 - 19% 

16 -  3-192;  

1 9 -  8 -192 . ;  

5 -  9 - 1925 

9 - 9 -  132.5 

24 - 9 - 

29 - 9 .  IP?; 

Debra 

miles 

500 

250 

1800 

3800 

1600 

1800 

600 

450 

3300 

2800 

'700 

650 

700 

200 

4600 

1700 

6500 

700 

140 

1800 

350 

Duration 

miuutes 

30 

19 

... 
i 8  

196 

139 

46 

100 

69 

73 

30 

16 
----- 

37 

34 

61 

43 

70 

1 t; 

:3 ; 

30 

4 

Time of 

Dchrn 

hr m 

13 - 471 

16 -55 

9 - 0 8  

0 2 - 3 0  

21 - 59 

07 . 26 

0 -  3 

01 - 16 

8 - 44 

20 - 10 

0 8 - 0 9  

15 - 5 2  

0 2 - 0 6  

2 1 - 5 0  

17 - 46 

2 0 - 1 4  

1 7 - 4 7  

2 2  - 36 

1'2 - 56 

10 - 15 

3 - 17 

Epicentre 

Simla 

miles 

400 

. . . 

... 
3500 

.., 

... 
600 

... 
3500 

2100 

650 

500 

700 

300 

4000 

1600 

... 

... 

. . - 

. . . 

... 

begiming 

Simln 

hr m 

13 - 48 

... 

... 
2 - 3 0  

... 

... 
0 -  4 

... 

8 - 44 

20 - 10; 

8 -  8 

15 - 53 

2 -  6 

2 1 - 4 9 . 6  

17 - 46 

2 0 - 1 7  

... 

., 

... 

... 

... 
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54. After correspondence wit11 the  Director of the  Science Museum, 

Cessation South Kensington, Lcndon, i t  was decided to  discontinue the takingof 
o f  solar solar photographs a t  Dehra Diin with effect from 1s t  Ju ly  1925. 

photography. 
The work was originally taken up  a t  the  request of Mr.  Norman 

Lockyer (afterwards Sir Norman Lockyer). The  original object wes 
a comparative study of terrestrial and solar spectra, the  incidence of 
sun spots, their connection with magnetic storms and rainfall (Maldrum 
theory) and other terrestrial phenomena. 

Observations were begun in 1878 under Mr .  Hennessey's direction, 
Mr .  C. Meins being appointed solar photographer by the Secretaq 
of State  for India on a salary of Hs. 2 5 ~ 1 -  per mensem which was paid 
by the Imperial Department of Inclustry, Science and Art. On 
Mr. Meins' cleath, M r .  I,. A. Clarke, Surveyor 2nd grade, was appointed 
solar photographer and the  whole expense of maintenance devolved 
on the Survey of India. 

The  photographs were first taken in t he  Walker  Observatory mlth 
a small instrument ancl the results were only 4 inches in diameter. An 
enlarping contrivance was afterwarcls fitted, by means of which pllotos 
of eight-inch diameter were obtained. A sun shine recorder wasalso 
set up in 1880 ancl actinometer observat*ions mere occasio~~:~lly taken. 
I11 1882, a larger telescope was received from England for taking photos 
12 inches in diameter and this  was erected in the Hennessey Observa- 
tory which Isas con~pleted in 1883. The  8-inch pictures were utilised 
for measuring the areas of spots ancl faculae, while the  12-inch ones 
served for studying the mottling or granular appearance of the photo- 
sphere ancl the structure of the penumbra of the  spots. Solar photo- 
graphs were taken on every (lay of the year when the  sun mas v~sible 
and the negatives were sent to I':nplancl every week. These 
supl,lemented those talcen a t  (+reen\vich and were ntilised by the Solar 
P h ~ s i c s  Committee, South Kensinqton, ant1 the Astronomer Royal for 
obtainin< the  information a r ~ d  meas~irements they required. 

-1s .-olar p11otoyral)hv has little direct bearing on any of the activi- 
tie? of th2 S I I ~ V P ~  of India, and its nplteep nececsitdted a considerable 
amollnt, of expenclitrire nrhich corlld be more profitably spent on work in 
w h l ~ h  t i le  8 ~ 1 r v r ~ -  of Inclia I S  more directly interested, ancl mo~.eover, Fa 
mnrh  h ~ t t e r  ~.rluipperl observatory has been established in the lneantlme 
at Korlalkiinal, ~ t ,  was deciclerl to tiiscontinue the work with effect from 
30tll .J~IEP 192> .  

T l i ~  part which the Delira Dlin solar photo-observatory 111s 
in the r e v a r c h ~ s  of solar 1)llysicfi may be gatheretl from tllc letter of 
Colonel f l .  (:. Lyons, R.E., P.R.s.,  l)irector, Science &fusel~~n, South 
Kensington, clliotetl bt>low. 

"They (the .!strorrorner Ro>nl ant1 the Director of SolR:. ~ h y ~ i f l  
Observatory) both recrrt  t l~a t ,  it sI~o111~1 he necessary to disFollt,inne the 
invaluable ~ontr ibnt~ion lo solar ph!-sics \vhivh t],e Survey of India 11s 
made for the past 1q7 years. The work which was carrietL out a t  Deb! 
Diin was of the greatest valrie to the Solar Physics Observatory rnhilelt 
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was at South Kensington, and astronomical science is very deeply in- 54, 
debted to the Survey of India for the excellent scientific material it has (Contd.) 
contributed to the study of its probletns during almost l~alf  a century." 

Solar photographs taken at  DeRra Dun du,.ing IAe years 1922-24 

' kvork " " m o t  tlonc for 45 days on account oE making uew domc of the 
O b a e r v a t ~ ~ ,  

Month 

October I922 ... 

November ... 

December ... 

,January 192:: ... 
February ... 
March ... 
April ... 
yay ... 
Jnne ... 

July ... 
August ... 
September ... 
October 

No. of 
days 

31 

30 

26 

26 

18 

27 

30 

30 

29 

22 

17 

21 

Yo. of days 
oil which sun 
was iuvisible 

nil 

5 days 

6 clnys 

10 days 

4 days 

nil 

I (lay 

1 d a y  

9 tlnys 

11 dn.ys 

9 days 

6 tlngs 

nil 

4 (lass 

6 d n j s  

G d n j s  

3 dngs 

nil 

I I 

2 dnyn 

S days 

7 dnrs  

G tl:~ys 
- 

-106 dnya 

8" Negatives 

1 
57 1 
5 6 

45 

4 4. 

3 0 

4 7 

5 4 

5 6 

4 7 

33 

23 

34, 
- 

44 

55 

-1.8 

43 

40 

.I 9 

1 2  

I (i 

J(i 

30 

30 

39 

1 976 

- "  I 2 5 

3 

4 

3 

6 

2 

2 

4 

2 

2 

1 

3 

8 

3 

G 

4 

5 

3 

nil 

3 

1 

4 

2 

5 

3 

77 / 

November ... 
Decernl~cr ... 

Jenuaryi224 , ,  

Februnry ... 
bf arch ... 

*April ... 
*&Jay ... 
Juno ... 
July ... 
Augnst, ... 
Septerlll,cr . . . 

- 

l'ot,nl ... 

30 

27 

25 

23 

29 

7 

9 

28 

28 

24 

2-1. 
-~ 

6SO 
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54. Solar pr)o(ographs taken al Debra D l n  during the year 1924.~4 
(ConM.1 

55. For many years time observations have been made regularly inth  
Time Walker Observatory, the time service being used for magnetic oh 

ok.ruati@nr. vations and for general purposes. One of the two reversible transiteb! 
Messrs. Troughton and Simms obtained for t'he Indo-European longitud! 
arcs of 1899-95-96 have been employed. Special observations for Ion$, 
tude have been made on two occasions. 

(1 )  I n  19!3-14, work was done in connection with the De Filipp 
Expedition to the Kara-koram, wireless signals being received fron 
Lahore by members of the expedition and simultaneously a t  Dehrs DUD 
whereby the longitude differences were deduced. 

Month 

October 1084 ... 
Novemt~er ... 
Cocenlber ... 
Jnnnary 19% ... 
Febrnary ... 
March ... 
April .. 

... 
June ... 

Total ... 
I 

( 2 )  I n  1921, wirelese time signals were received from Paris, Eifl 
F lower, and a direct value of the Dehra Diin longitude derived, as follorr 

it refers to the meridian pillar of transit instrument of the Welie 
Observatory. The Haig Observatory meridian is 7 - 4 6  seconds further ti 
the cast. 
5 hm. 12 mins. 11.220 seconds (weighted mean 1 i- 

.5 successful nights) by Dr.  Hunter ,!! 
5 hrs. 1 :! mine. 11 383 seconds (weighted mean i i I- ;! successful nights) by Mejor Mason ; 
5 hre. 12 mins. 11.267 seconds by Sir  Sidney Riirrard, and Sir 0erbl8' 
I~nox-Congnpham in 1894-96 bv ordinary telegraph by land end* 
The weighted mean, Hunter, hiason, gives an identical result. 

No. of 
days 

30 

29 

24 

26 

24 

31 

30 

27 
42 

243 

56. It had been felt, with increasing force tha t  the personal cqoetionl 
~ s r v  Ricfir the observer precluded the accuracy that  was desirable in such OPT 

C l n h .  tions. The transit instrument mas not fitted wit.h an irnper~ono 
micrometer, nowadage regarded as essential. Further the astronom" 

NO. of days 
on which sun 
ww invisible 

1 day 

1 day 

7 daya 
6 dnye 

4 days 

nil 

I, 
4 days 

8 days 

8" Negatives 

I Bad 

55 ' 3  

413 1 34 1 30 days 

6 2 

40 

47 
40 

52 

55 

49 

33 

3 

5 

4 

4 

6 

6 

3 

1 
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I though excellent for  their period, were old and of much lower 56. 
r,recisi~u than others now available. (Contd.) 

Accordingly after certain enquiries, a ltiefler clock mas indented 
for it1 August 1920. The Astronomer Royal for Scotland, Professor 
H. A. Sampson, V.R.S.,  an eminent authority on such matters, was invited 
to test this clock and report on its behaviour. This he most generously 
~lutlertook and the clock was set  up a t  the Royal Observatory, Edinburgh, 
in Apr~l 19332 ancl kept under observation for 11 months. A statement 
of its rate durinq this period was fur~lished by Professor Sampson ; and 
tlie clock mas sent out to India, arriving a t  IIe11ra D i n  in August 1923. 
Special housing was necessary for this ltiefler clock : for i t  must be kept 
i n  a room in whicli the tjemperature is controlled. In  April 1824 :Ln 
inner cell was built in the annular space i n  the base of the Hennessey 
Observatory: and this was enclosecl in turn.  The  clock was erected in 
August 1924. The temperature in the inner cell is controlled by a 
thermostat which actur~tes alternatively a radiator or a fan. When the 
fan is i n  action, air is drawn in from the outer cell wllere temperature 
shonld be maintained somewhat lower than the perennially fixed tem- 
perature of the inner cell ( S O 0  F.). The outer cell is served by an excava- 
ting fan \vliicll during the hot weather draws out  the air, and thereby 
causes the inflow of cold air from the outside of the building. This fan 
comes into action automaticall\r when the outer temperature sinlrs below 
a certain value, provided the' cell tenlperalrlre is above another fixed 
value. Two thermostats are employed for this purpose This latter 
arrangement was not completed in tlie period under report, and some 
variations in the inner cell temperature have occurred. The clocl~ rate 

temperature of the clock cell are tabulated below :- 

Date 
1gZ5 

-- 

April 1 
H 

14 
24 
30 

\lay 6 
13 
2 1 
28 

.J l lr~t .  4 
11 
20 
2  .; 

Jnly 7  
1 R 

411:. 

1 R 
?I; 

Scl't. J 

11 
'2s 

C:loc k 
tempera- 

ture 

C 0 

24.0 
24.1 
23 .0  
26 .0  
25.5  
2 6 . 0  
2 5 - 8  
2 7 . 8  
2 8 . 6  

Hemnrlis 

Pressure decreased to 590 
,, increnaetl t,o 682 

Pressnre decreased to 590 
\ . . \~.tificial cocllinc fl.cnn 
\ 21st to 2it .h May 1925 

Ccll 
tcnil~er.?- 

turr 

-. 

F e  
55. ,; - - 
( . , a s  

77.3 
9 5  
78.5 
7 7 4  
7 7 . 9  
89 .h  
$4.0  
83 .9  
8% 5 
81.7  
81.1 
8 0  S 
83.1  
8 0 . 3  , 

Z X . 5  
\\'iring ant1 eler.t~ricnl 

2 7 . 3  connr.t.t.inn?: fnr ther- 

:'R.II 
2 4 . 5  
21:. C, 
'I-. 3 
- I  

2 7 . 3  
2 7 . 1  
26.!1 

Clock rate 

-0.16 
- 0 . 3 6  
+ @ . 0 1  
+ 0 . ] 4  
+ 0 . 0 3  
- 0 . 0 1  
+ 0 . 0 3  
+ 0 . 0 k  
+ 0 . 0 9  
+ 0 - I ? ,  
+ o . 08 
+ O . l 0  
+ o . l 6  
+n. ln 
+ 0 - 1 R  
+ 0 . 2 8  

l'rcssurc 

607 
627 
604 
597 
603 
607 
,591 
696 
598 
599 
59!1 
800 
698 
697 
601 
5!Ili 

% I , &  ) +0.1:! 
s l . 6  I + 0 . 2 0  
81.1 I + 0 . 2 4 .  
R0.S / + 0 . 2 3  

697 
598 
597 
5!17 
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57. 
Impersona l  

micrometers.  

58. 
In ternat iona l  

longitudti 
prqject. 

59 .  
Hunter  t i m e  
observatory. 

60. 
Mugnetic 

operntions 
during the  

field seoaon 
1922-28. 

The transit room In the Walker Observatory was of old d e ~ j  
and not really satisfactory for modern high class time cleterminalb 
In  other olcl established observatories, rlnexplained discrepanciei: 
time determination have been brought to  l ight  by the reception, 
several of them, of indentical wireless time signals. A possible 
of error is lateral refraction. I n  the Walker Observatory there 1s' 
large dome of the solar telescope close by on the cast;  further, the rfi 

is untluly lofty. It mas accordingly decided to erect a smaller 
better placed time observatory. I n  the design of this, great import21 
mas attached to romplete symmetry and also to  freedom f r  
disturbance by large trees. A site was selected on the meridian of 
Haig Obserratory a~icl mirlway between that, and the Bnrrard Ob' 
vatory : the new observatory begun in 1924 was completed iu 1925. 

Impersonal micrometers mere inclented for, for the  two revenlt~ 
transits in 1924. They were received in 1925. 

I n  recel~t  years international action has been taken to secure I. 
simultaneous determination of longitrlde arcs ellcircling the earth, by I, 
vreatlv extended facilities provided by wireless telegraphy. Genur. P 

~ e r r i k p u t  forward a tentative scheme a t  the  m e e t ~ n g  of the I ~ I P .  
national Union of Geodesy ancl Geophysics a t  Rome in 1922. A milt 

Commission was formed from members of this Union and that of 11 

International Union of Astronomy, Dr .  I-Iunter being one of the mer 

Magnetic Observations 

. 

For the pnrpose of comparison of instrumenh com,,lete set' '  
maque t~c  observations were talien a t  the T)ellra D i n ,  Tonnqoo, AI"'" 
(Bombay) and Kodaik~nal  ob~ervatories, the two latter being under ( 1  

control of the M e t ~ o r o l o ~ i c a l  1)epartment. I)ouble sets of observatlo" 
of dip, declination and horizontal force were taken during thc fieldsear" 
a t  the follo\rinz rrlwat stations :-Qlletta, Karhclli, ljina, ~ibrllfl '  
Barrackpore, Wmltair and >IollImein. 'rhe first 6 statiolis mere 'I' 
visitell dlil.iliq f h ~  firlll srlz*on ]!121-52 in Onler to  s r ~ ~ ~ ~ i ~ e n l e n ~ , "  
5-!'enl'ly ohsel~vatio~ls a t  211 tile repeat stations i n  Intlia for obtaln'" 
accrlralc vainrs of tlic a \ r r a s e  anntlal  i n  the nlaSnct i~ elemell" 

bers of this commission. The  matter mas then reviewed and discur~~ 
at the geodetic meeting a t  Madrid in 19244, and a t  the astrononl 
meeting at Cambridge in 1925 ; and a t  the  latter place a definite dr 
sion to  execute the work in October and November 1926 was arrived! 
Dehra Diin is t o  be one of the principal receiving stations. Tir 

signals will be emitted from Bordeaux, Honolulu, Saigon and Annap15 
(Washington). They mill be received and limed a t  the participah: 
stations. This project has made the accurate determination and mar 
tenance of time a t  Dehra Diin of primary importance. It would notbar 
been feasible without the recent instrumental additions briefly all~lli~ 
to  above. 
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The headquarters staff of the  party was employed during the  field 60. 
season on the reduction of observations t o  the  epochs 1909 .0  and 1920 0. (Contd 
The observations of Dr. de Graaff Hunter  taken in 1922 a t  Kew Obser- 
vatory and Val Joyeux with Magnetometer No. 10 mere now available, 
and afforded a means of reducing the  results of the magnetic observations 
in India in terms of the British standard a t  Kew. The  party also carried 
out the inspection of the tidal observatories a t  Bombhy (Apollo Uandar), 
Karichi, Madras, Kidderpore (Calcutta), Rangoon and Rloulmein during 
the field season. 

The computations of the  observations taken a t  some of the repeat : 61. 
stations and a t  observatories for the comparisons of instruments were during 

completed. the recess 
1922-23. 

The final reduction of the  observations a t  the observatories, in the  
field and a t  repeat stat,ions to  the  epochs 1909 S O  and 1 9 2 0 . 0  was com- 
pleted, and t,he tables of results wit.11 the necessary maps were sent to  
the press for publication in the Records of the  Survey of India, Volunle 
XIX (Magnetic Survey). 
. In the beginning of 1923, i t  was decided for reasons of economy to 

curtail magnetic work and accordingly the  party and the  magnetic 
observatory a t  Toungoo were closed in October 1923. The  niagnet.ic 
observatory a t  Dehra Dfin was the  only observatory kept  ,ooin,o, and wac 
transferred to the eont,rol of the  Officer in charge, C o m p u t ~ n g  and Tidal 
Party. 

Except for some stoppages in the driving clock of the H. I?. and 
cleclination magnetographs during t,he months June-September 1923, 
the maguetogral,lrs n.orked very satisfactorily and required hardly any  
adjustments. T l ~ e  clock was removed, cleaned and repaired on two 
(lifferent occasions during the  above period. 

The observatory nras not inundated cluring the  year though there 
was percolation of solne water illto the passage on 4 th  September 1923, 
which was promptly baled o ~ t .  

The table helow gives the mean mon t l~ ly  values of the  mag- 
netic collimation, the tlistribution coilstants P1.2 and PZ ;and thc accepted 

value of log ( l  + + $ ) r l T l l e  valties of the nloment " m " were 
\ '  - I 

derived from vil~rn,tioll observations taken with t,he c11ronogral)ll. 

62. 
Dehra Dun 
magnetic 

63 .  
Mean values 

of t h e  decli- 
nation and 
H.F. cons- 

tants. 
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64. The table below gives the mean monthly observed and 
Mean  values of the declinat.ion and horizontal force base I~nes  ; the 

base l i n e  
values. values have been used to compute the values of the elements for 19'8. 

Burc l iue vulnes of muyuatoy~ .ap l s  at  D e l m  DLa is 1922 1 

63 Mean volries of the co.tisfants of Magnet No.  17 at Dehra D k  in 19i't 

bl on ths 

Jannnry 
Fel~rnsry  
hlnrrh 

April 

A l  av 
.rune 
July 
Angust 
Septemher 
October 
November 
December 

Declination 
confltan t s  

Mean 
magnetic 

collirnatiou 

- k 56 
- 7 02 
- 7 07 
- 7 04 
- 7  00 
- 7 07 
- 7 03 
- 7  01 
- 6 5 9  
- 7 06 
- ti 58 
- 6  61 

(Contd.) 
H. F. Constants 

Distribution factors Mean values of m Months 

Janoary ... 
February .. 
March ... 
April ... 
hlay ... 
J u n e  . . . 
July . . . 
August 
September ... 
October ... 
November ... 
December ... 

5 . 9 1  
5.98 
5.99 
5.94 
5.98 
5.99 
6 - 1 0  
6 - 2 0  
6 -24  
6.09 
6.0'7 
6-15 

1 t s n r r n K ~  

+ 

(0) to P ~ S ~ A P ' "  

h )  to 8th U8, 
(c)f''0mgthM8! 

. . .  

... 

... 

. . .  

.. 

606.92 
.96 ,, 
.95 
.67 
.33 
4 2  
. 3 3  
3o 

.3!2 

.64 

.77 

I 

Iloriaon tal Force 

1 
1 
}eo6 n 
I 
) 
1 

1 

1 , 
taos.49 

1 
1 
j 

6.69 1 
6.70 

.. 

... 

... 

... 

... 

... 

... 

Declinntion 

'IeRn 
value of 

base l inc 

-- 

C. G. 9. 
-326fi6 
.32C62 
,32664 

.32667 

.32656 

6.90 
6.61 
5.70 
6.61 
6 - 7 0  
6.66 
6.65 
7.00 
6.85 
6 8 1  

>lean 
ralne of  
Imse l ~ n e  

0 I 

1 4 . 8  
1 5 .O 
1 5.3 

6 ' 2 ( 0 ) ( a ) 1  

Base line 
acceptell 

C. G. S. 
-32666 
-32663 
.32664 

.32C67 

.32666 

.U 
0 

A 
to 

c 
2 

3 
0, 
Q, 

I& 

l ine  
accept.ed 

0 ,  

1 4 . 8  
1 5.0 
1 5.3 

5.2 
1 6 . i  ( h  , ( h )  1 5.7 
1 6 . 4  ( c ) ' ( r )  1 6 . 4  

.32667 
32650 
.32662 
.32650 
a32649 
-32643 
.32637 

1 6.4 1 6 .4  .32657 
1 5 - 8  1 1 6 . 8  32650 

,32652 
-32660 
.32649 
,32643 
*32637 

1 6.0  1 6.0 
1 6 2 

1 6.6 
1 6.1 
1 6 . 7  

1 6.2 
1 6.6 
1 6.1 
1 6.7 
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The mean scale values for  1922 for  a n  ordinate of 1/26 inch are :- 65. 
Mean scale 

, Horizontal Force 4.35 gammas. values and 

Declination 1.03 minutes. temperature 
range. 

Vertical Force 8-17 t o  7.94 gammas. 

The mean temperature for the year mas 27O.0 C., with maximum 
and minimum nlonthly valuer; of 27O.S C. and 26'. 7 C. The  tempera- 
ture of reduct,ion is 27O. 0 C. 

The following table shows the monthly mean values of the  mag- 66 
netic elements for 1921 and 1922 and the annual changes for t ha t  Mean 

period. monthly 
values and 

Altnr~al changes l i t  Debra DZn in 1921-1922 annual 
changes. 

The r n a ~ t ~ c t o g r a ~ l ~ ~  worked v e v  sat,isfactorily during the year 67. 
Toungoo under rel~ort a ~ l d  t,hrre were only two acljostrnet~ts for l ight  i n  the 
mag,,etio and one in the horizontal force magnetographs during this Observatory period, 1922-23. 

Months 

slight repairs t,o t,he maglletograph house were carried out on the 
gtll and 13th July 1923, 

Horizontal Force 
.3200U C.G.S. + 

1921 1923 Anllual - I 1 c l i a ~ ~ g e  

Declination 
k:. lo + 

1921 1922 Annual I 1 change 

Janoxry . . .  

Februnr~ . .  

March . . .  

April ... 

Dl ay . . .  

Jnnc ... 

July . . .  

August ... 

September . 

October 

xo~ellll)el'  .., 
Dec'cnll)er .., 

Dip 
N. 45' + 

1921 1922 Annual 1 cllnge 

I 

48.344.4 

4 7 . 5 4 4 . 1  

4 ,6 .142 .5  

W . 1 4 2 . 6  

.$5,84.1.5 

- 
Vertical Force 
.32000 C.G.S. + 

1921 1922 Annual 1 I 
Y 

-10 

-20 

-21  

- 2 1  

- 7 

- 9 

-28 

-20 

-23 

- 2 0  
I 

-16 

-14  

946 

953 

956 

960 

OR8 

94,5 

954, 

912 

910 

936 

!):I5 

!I20 

I 

2.3 

2.2 

2 .6  

3.9 

4.4, 

4 .5  

4.4 

5 .0  

5 .3  

5 . 5  

5 . 6 1 0 . 1  

6 . 1  

I 

48.9-14.5 

1 8 . 6 4 1 . 6 - 4 . . 1  

4,7.743.9 

4,7.243.8 

4G.713.0 

46.442.9 

36,440.9 

Y Y  
936 

933 

935 

939 

931 

936 

926 

922 

917 

916 

919 

915 

Y 
990 

1005 

1016 

1037 

1041 

104" 

+ 4 ~ 5 1 0 4 2 1 1 1 3  

1046 

I 

- 4 . 1  

-3 .9  

-3.8 

-3 .4  

- 3 . 4  

- 3 . 7  

-3.5 

-3 .6  

- 3 . 6  

- 4 . 3  

- 4 . 5  

I 

6 .6  

6.9 

7 . 4  

7 . 6  

7.6 

7 . 8  

8.6 

9 - 6  

9.7 

10.4 

10.6 

Y 
1062 

99510(;(i 

1076 

1084 

1023107(i 

10301086 

10391092 

1105 

1103 

1115 

1118 

' 

+ 4 . 3  

+ 4 . 7  

+ 4 . 8  

+ 4 ' 7  

+3 .2  

+ 3 ' 3  

+44.2 

+ 4 . 5  

+ 4 . 4  

+ 4 . 9  

+ 4 . 5  

Y .  
+72 

+71 

t 6 9  

+68 

+64 

t66 

+63 

+68  

+62 

+73  

+ 7 1  

+ 7 2  
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68. The tnble below gives the mean monthly values of t h e  magnetit 
M e a n  values collimation, the distribution constants P1.2 and P2$ and the provisional 

o f  t h e  P 
d e c l i n a t i o n  value of the factor log + 2);' The  values of thern~rnent ( (m~~ 

a n d  H .  F .  r' 
c o n s t a l l t s .  were derived from vibration observations taken with t he  eye. 

Mean rnlues qf tlle co?~stants  of Mngnet No. 20 at Tou~zgoo in 1922 

Mea 
11 ne 

Months 

Jnunnry 

Febrnary 

March 

April 

bl ay 

.Jnne 

Jnlp 

Angnfit 

September 

0ctollt:r 

Noverr:ber 

I !ecen~laer 

69. T h e  table below gives the mean monthly observecl and accepted base 
bas' line values of the declination and horimntR] force m a a ~ t o g ~  aphs  : t he  values  

accepted ralrles have been usecl to compute values of thcscl ~lernents 
for 1922. The horizontal force base ] ine  yalaes ]lave becn derived 
from H as determined with the moment of inertia obtained f o r  Magoet 
No. 20 a t  Tonngoo in February 1921 and the provisiooal value of thedi8. 

P Q -1 tribution factor log ( 1  + p 3- p) mentioned in the previous (able. 
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Base l ine v a l ~ ~ e s  of magnetop~aphs at Towngoo in 1922 

The mean scale values for 1922 for  a n  o r c l i ~ a t e  of 1/25 inch are :- 70. 
Mcan scale 
ualues and 

130rizont;tl Force .i - 22  yammas.  temperature 
range 

Declination 1 - 0 4  mintnes. 
Vertical Force 5.88 gammas.  

T11~ mean tcmprratnre for the  ycal- was 59" *1  FaIir. n ~ i t h  maximum 
and minirnr~ln ~ ~ l ~ , l ~ t l ~ ~ y  of go0-1) Fahr .  and 88O.0 Fahr .  The 
teml'eratare of vctlllcl ion is 8'3'- 0 Fahr .  

Remarks 

(I) 

.- Ed 
u 
u v 
a 
! 
0 

El .- 
a 
P 
P 
Q) 

2 
m 
Q) 
EI 
d : 
a 
cl .- 
4 

i 
SY 

x 
3 
Z 

T ~ P  tahlc bclom shows the  n70ntllly niean vn1uc.s of t h e  nia:netic 
Mean 

cl~ment;s for 1021  arltl 1!)$2 R l ~ t l  t h e  ant l~ial  c11nngc.s for t h a t  period. monthly 

The annllal r l ~ a n ~ c s  f o r  ] l o ~ i z o n ~ n l  force arc  tletlncetl from the  valrles ""lUes annual 
r()rrecatctl for  { I l c  monlent of iner t is  alld distribution factor as changes. 

referred to in l,ara 68. 

llonths 

Jannnry ... 
... February 

M arch ... 
April ... 
Blay ... 
Jnne . 
Jllly ... 
Angnst ... 
September ... 
October ... 
November ... 
December ... 

Horizontal Force 

'I1 ean value 

base line 

C. G. S. 

38911 

.38914 

.38912 

.38919 

-38925 

38920 

.3891'7 

,38913 

e38916 

.38911 

.38909 

38906 

Declination 

Base line 
accepted 

C. a. 8. 

,38911 

.38914 

a38912 

,38919 

-38925 

'38920 

,38917 

'38913 

.a8916 

.38911 

38909 

,38906 

Rlean value 
of 

base line 

0 ' 

1 14.6 

1 13 9 

1 13 .8  

1 1.1-6 

1 14.1 

1 14. 1 

1 14 .2  

1 14.0 

1 14 3 

1 14.2 

1 14 .1  

1 14.0 

Base line 

O ' 

1 14.5 

1 13.9 

1 13.8 

1 1 3 . 6  

1 14.1 

1 14 .1  

1 14.2 

1 1 4  0 

1 14.3 

1 14.2 

1 14.1 

1 1 4 . 0  
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Annual cRanges at Toungoo in 1921-22 

73. 
Mean values 

of the 
d e c l i n a t i o n  

a n d  H. F.  
conctants .  

Of t h e  three magnetographs t h e  declination one has worked ref! 
satisfactorily, and except for losses consec(uent on t h e  stoppage of the  
common driving clock, has shown no interruption due  t o  a n y  othercausk 
This  clock *topred for frequent interva.1~ on five differelit occasiofi 
da r ing  the  year, ant1 the  light failetl for  a few hours on :3]st Augrist 1921 
T h e  V.F. clock I I R S  given consbant trouble by frequent stoppa,ges,and 
althnngh it i r  a e  removed, cleanr.tl and adjusted once in ~ e h r n n r ~  and 
aeain in S e p i e r n b ~ r  1913 ,  has s l loan little improvement.  Thc light 0' 

this rnag~lctogra.llh na.s adjusted several times dul.in,rr C)rtoberflnd 
November 1922, due to  t,hc sutldcn fall ing (loKn of tile o~,clinnte~. Thy 
earth inductor a,nd t h e  galvallc,meter gave some t rouble  dllring J1111 
1923 and  were adjusted by t h e  I ) i ~ ~ ~ ~ t ~ r .  

Months 

T h e  tahle helow gives the  mean rnontIllr r a I l l e r  of t l i p  magnetif 
collirnation, the  distribution constants l ~ ~ . ~  anrl  :I anc] tile tlistriblltlon 

factor log (1 + + g ) r ' ~ l i c ~  ra111es of the  mon~el l t  "m" ill thi6tabIe 

Vei t ical  P1oxt 
. I  GOuO C,G.S + 

1921119221~2~ 

were derived from vibration ohscrvations talCcn n,ith the  rllronogratih 
and from the momerlt of Inertla used iol. tile c o m I ~ n i a t i o ~ l ~  in 1915- 

Horizontal Force 
39OOOC.G.S.+ 

1921 1923 t:,",": 

734 

707 

706 

50i 

690 

697 

701 

504 

708 

$10 

708 

508 

Means ... 132 I 

Declination 
W . O O +  

I I 

156 + 2 8  I 

Y Y I  
709 

513 

714 

516 

723 

519 

717 

718 

718 

518 

720 

719 

Dip 
N. 23' + 

January ... 
Febrnary ... 
hl arch .., 

April ... 
Nay ... 
Jnn e ... 
July ... 

Angnst ... 
September ... 
October ... 
November ... 
December ... 

1 1 dmnge 1 1 9 2 2 1  %i::t 

715 + I 3  

t j 

t i, 

+ 8 

t 9 

tB! 

t?? 

+ I D  

+ I1  

+ I 0  

+ 

+ I ?  

+ I 1  

26 .829.7 

1921 1922 -4nnUn1 

, 
+ 0 . 2  

+0.5  

t 0 . 7  

i 0 . 4  

+ 1 . 0  

+ 0 . 3  

+ 0 . 3  

t 0 . 1  

-0 .3  

-0 .4  

- 0 ' 3  

-(1.4 

27.129.8 

27.6R0.3 

28.030.5 

28.130.7 

.28.630.9 

-------- 
+ 3  0 

Y ,  
+ 6 

- 2 

- 4 

t 7 

+ 4 5  

+ 4 3  

t 2 8  

+ 2 9  

+41 

+ 3 1  

+ 3 7  

+ 3 9  

125 

130 

142 

143 

117 

122 

132 

128 

132 

131 

135 

134 

Y Y  
131 

137 

138 

150 

162 

165 

160 

I57 

lG3 

162 

172 

173 

16.628.8 

26.428.9 

25.729.0 

26.029.3 

26 .459 .4  

26 .929 .6  

7.0 7.2 +O.2  704 I----- 

+ 3 . 2  

+ 3 . 5  

+ 3 . 3  

+ 3 . 3  

+ 3 . 0  

i 3 .0  

+ 2 . 7  

t 2 7 

+ 2 . 5  

+2.G 

+ 2 . 3  

7 0 ' 7  5 

6 . 8  

6.8  

6 . 4  

6 .7  

6 .7  

7 .1  

7 . 3  

7 4 

7 .2  

7 . 2  

I 
7.6 

5.2 

5 . 4  

7 . 0  

7 .0  

7 . 2  

7 . 0  

7.0 

6 . 9  

6 8 
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Meon values o f  1Ae coirstants of  Mngllrt  T o .  16 a t  IiodcribtS?~al in 1922 73. 
(Contd . )  

Months 

-- 

January . . 

February ... 
March ... 

April ... 

31 ay . 

Jnue ... 
July ... 
August ... 

September . 
October ,, 

Norember . 

December . 

neclinstioo 
constants 
-- 

RI enn 

H. F. Conetxnt ,~  

-- 
Distributiou factors 

llisgnetic In# - I Rlonthly Accepten 

1'2 I 
Mean values of m 

I ,I 

-3  17 

-3 17 

- 3  19 

- 3  18 

-3  19 

- 3  PO 

-3 2 1  

-3 20 

- 3  22 

-3  20 

-3  21 

-3  22 

d 
5 

6 
2 
f! 
* I- 

+ 
m 
co 

I 

j 882.15 

1 . I 5  
i 

7 
0 

20 
! .02 2 

6.36 

6.35 

6.30 

6 - 3 3  

6.21 

8 .35  

8 .51  

8.17 

8 38 

8 . 4 5  

6 .33  

6.35  

6'26 

6.31 

6.40 

. l o  

. I 5  

. I 4  

. I 5  

a17 

8.25 1 f! 

8 .45  

8 36 

8 . 3 8  

8.29 

o H 
C)  

Q, 
~1 

I d  



7 4 
#ern base 

l ine values. 

' f l ~ ~  tablc belo\\, gives the mean monthly obscrved and acccpld 
base line valucs ol' t l ~ e  ~lecl inat~on a i d  Ilorizontal force megneloprsyb 
tile accepted values have bee11 used to com1,ute the values of t t ~ ~  
e l e n ~ e n ~ s  for 1922. T l ~ c  Iiorizontal force base l ~ n e  values have bm 
derived fl.on~ H as tleterni~ned 117ith the n ~ o n ~ e n t  of inertia used ioi 
conllu~tations for 1'31 5 .  

I)eclin:~tic,~~ l!orizu3tsl Forcc 
- .  . ~ - ~ 

, B l  enn v ~ l a e s  l I,ase line I nccelbtcci Lhsc line 
- - 

l o  ' I  0 I C. G .  S .  C. G .  3. 
I I 

2 5 7 . 3  : ( a )  2 5 7 . 3  .37135 
I 

Jnnunrp ... , -37335 \ 2 5s.:; , ( I )  2 5 3 . 3  I 
! i 

February . . .  
I 2 5 9 . 4  (.., : 5X 

' .:<7!J3;, I . 3 7 3 ~ 5  1 ( ;! 57 .4  ,id) 2 57.4 ~ 
I I 

i (9) '37328 
March 2 5 7 6 ,  5,  , 6  1 '37316 (6) .37198 

' "  i I ,37601 (,) .3;60, 

April .. . 2 5 7 . 5  2 5 7 5  37611 ,57611 
I I ' 2 57 .6  ,7610  : .31610 h1.y ... 1 2 5 7 . 6  

Jnnt,  . , 2 67 .8  2 5 7 . 8  1 .37606 .37606 

J U L Y  ... ) 2 57.6  I 2 5 7 . 6  .3'7CO:1 ! -37603 

11,rnqt ... / 2 57 .6  2 5 7 . 6  , .:i71;08 -37608 
1 
' ( 2 6 7 . 9  (P) 2 57.9 

-r!,t l.rnl,er ., 
, 2 I i f )  L' 5 0 . 1  

en7601 37601 

1;emnrks 

(a) up tolY 
( b )  to end. 
(c) to 1Uhr.o 

216t. 
( d )  fromllh! 

011 2Ist. 
('1 'bra' 

24th. 
(/) trom 9h1. 

03 24th. 
(li torld. 
( h )  up to 21r 
(i, toend, 

1 
I I 

I , ,  2 49.; 2 4 9 . 5  37ti02 
i 

.37602 1 
S ~ ~ s - , ~ ~ , ~ l , : ~ ~  2 4!1.1 2 4 9 . 1  .3itiO;l .37600 

i )?r?ml)er ,. 2 I ! ) . : ]  2 4 ! 1 , 2  . 37.59:) .3739!) 



76. 
Mean monthly 

value8 a n d  
annua l  

changes. 

I1 COllIPTJTING AND Tl DAL PARTY 83 

TIle table below gives t11c n ~ o n t h l y  mea.n valiies of the  magnetic 
for 1921 ant1 102% ancl tlie annual changes for  tha t  ~ e r i o d .  

r h e  i n r l ua l  changes for horizontal force a re  derived from the  moment  
d inelstia used in  the computations for  1915. 

~ ; l w u n l  c l rnn,~es  n t  Kodal'lctTllal 1921-22 

77. 
Mean values 
of 111 agnet ic  
e lements  in 

observatoriee 
in 1922. 

Mouths 

Jnnnarg ... 
Febrnorg ... 

hlnrch 

April 

June 

July 

Angnst 

- I --- 

Mean8 1832 +(f3 16.$.2157.91 + 4 5  lnR5140.11 + 1.7  1071 1093 1 + 2 2  
I 

Dip 
N. 4" + 

1921 1 1932 I ~~~~~~ 
Vertical  Force 

.03000 C.G.S. + 

I921 / 1922 I tft,"p"d 
lTorizont,al Force 
,370(:0 C.G.S .  + 

192,119221~~m~~fi1  chn,,ge 

812 

827 

3 7 . 2 3 9 . 6  

I 
+ 4 . 4 3 7 . 3 4 0 . 0  

Declination 
IV. l o  + 

1921 1 1922 i * n n U : L ~  
I 

5 2 . 6 5 6 . 7  

5 3 - 3 5 7 . 7  

Y Y  
85'2 

855 

Y 
+40 

+ 2 8  

I 

+ 2 . 3  055 
Y 

081 

090 

+ 4 . 1  

+ 2 . 7  

Y 
+Y9 

+ 3 3  057 
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The torsion head of the declination magnetograph was adjusted by 
turning the micrometer head by t'wo complete  evolutions in November 
1923. 

Except for the above and a few other slight adjustments for l ight  
in both the declination and V. F. magnetographs these continued to 
function well throughout the year. The  H. F. magnetograph clock 
gave occasional trouble and was thoroughly cleaned and olled on two 
different occasions during the year. 

During the heavy floods in Upper India in October 1924, the 
observatory was flooded from the 30th September to 7th October, 
necessitating a complete stoppage of WOI-k for tha t  period. 

The table below gives the mean monthly values of the magnetic 
collirnation, the distribution constants and P2.3 and the accepted 

value of the distribut,ion factor log (1 + 5 + :).I The values of the 

moment" m " in the table were derived from vibration observations taken 
with the chronograph. 

Mean vali~es of the constants of  Mnguet No. 17 at  B e h a  Bi in  in 1923 

78. 
Dehra Dun 

Observatory 
1923-24. 

r 

blonthfi 

79. 
Mean valuee 
of t h e  decli- 
nation and 
H.F .  cons- 

tants.  

Declination ( 
constants 

-- . 

Ueau 
l i l~gne t i c  

e,~!limation 

- 
~ 

Janunry . - f  i' 
Febmuy , .  I - -  7 6 

March -- 7 2 

April $ 2 

Mag 7 0 

Jnne . .  I - G 59 

July . / - G 59 

*'p'lst . - - G  56 

H. F. Conslants 

-- 

.. ~ 
-- - - - - - - - - -- I 

6 08 7 . 2 8  1 806.36 

8 e ~ t c l u b e ~  .. 

October . 

Novcmbcr , 

Deecmber . 

I)i.st,r~I~nt,iori factors 

Accepted values of , 1) 

- 6 36 

- (l 40 

- (i 51 

- G 56 

Mean valnefi of m 

Monthly Acccptod  

b 

1 P ~ . ~ ,  g + +  ~nesl1.s 

M 

0) 

2 k 
3 %  
a'o 
;o + 

6.11 

6.11; 

(;..70 

6 1 7  

6 . 1 7  

. 28  

,25 

. 3 &  

. 27  

. I 2  

7 .40  

$.-I5 

7 . 3 6  

? , D l  

7 . 5 9  

,= 

2 
50 

6.06 

(;.Is 

7 19 

7 . ~ 1 9  

g 2  
m 6 ! . , : I  
2 z I 'U 

6 . 2 2  

6 .91 

5 . 9 ;  

0 

5 
OC) 

4 * i 
7 . 3 3  , 

tj' I :3 4 

I ? '- 
7 . 1 9  ! I- I 38 

! 

7.2; 

a 
P I I 

5 . 9 2  1 7.21, 1 
I I 

. > 
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80. The table below gives the mean monthly observed and acceytpd 
Mean base- of the declination and horizontal force base lines : the accepted 
line values have been used to compute the values of these elements for 1921, 

Buse l ine  v a l ~ ~ e v  of  magneloyraphs ul  DeA1.u Unn i l l  1923 

Months 

January 

Kebrnary 

March 

April 

31 SY 

Jnne 

Jnly 

August 

September 

October 

November 

I 

I Declination 

Base line accepted 
- 

Horizontal Force I 
Mean Base line of accepted Base line 

up to 10 hr. on 16th. $ Change from 20th Nor. 
t from 11 hr. on 16th .  
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The mean scale values for 1923 for an ordinate of 1/25 inch are:- 
Horizontal Force 4.35 gammas. 
Declination 1 -03  minutes. 

I Vertical Force 7 - 44 to 10 .05  gammas. 

The mean temperature for the year was 27°.0 C., with maximum 
and minimum monthly valties of 27O.7 C. and 26O.7 C. The t,empera- 
ture of reduction is 27'- 0 C. 

The following table shows the monthly mean values of the magnetic 
elements for 1922 and 1923 and the annual changes for that period. 

rllznwnl changes t z t  B e h a  DZa i ~ t  1922-23 

81. 
Mean scale 
values and 

temperature 
range. 

83. 
Mean 

monthly 
values and 

annual 
changes. 



84. 
Msan vrluer 

of daolina- 
t ion and H .  F. 

oonstanta. 

i:ofe.-Tll~ rltmervatr,ry r a s  discontinued from October 1973 

l i e  GEODETIC REPORT 

For reasons of economy the observatory was dismantled in Octohf 
1923 when the instruments were removed to Dehra Diin and ih 
buildings were handed over to the Director, Burma Circle. 

The magnetographs have functioned satisfactorily for the ftn 
months they were working. 

The table below gives the mean monthly values of the magnefr 
collimation, the distribution constants Pl.a and P2s3 and the wcepM 

value of log 1 + $- + -Ithe distribution factor. ( ) 
Mesa v o l ~ ~ e s  o f  the constants  o f  Mag~ie t  No. 20 at I'o~cngoo in  153 

* 

Month5 

January ... 
Febronry . . . 
March . . . 

April ... 
MRY . . , 

Jnne ... 

Jnlp ... 
A1-.:~;ns: ... 

I 
Declination 

coustants 

Mean 
magnetic 

collimation 

I ,I 

- 7  23 

- 7 20 

- 7 26 

- 7 30 

- 7 30 

- 7 28 

- 7 3 4  

- 7 32 

Sr?tet-,lber . I - t 3 0  

h 1 - - r a  - n T r  
I 

H .  F. Constants 

7 . 1 1  , 0 0 5  

-- 

Distribution factors 

P Q -1 
p1*2 1 P2.s 11% (1 + G+>) 

Mean vslnea of m 

, 8 4  

7 .16  

7 .15  

'7.21 

7 .19 

7.19 

7 . 1 6  

7.09 

7 .12  

Nonthly 
means 

930.83 

.84 

.88 

.83 

.75 

.69 

-77 

. 82  

9 

Acceptd 

2 
0 

5 e 
4 
lc 
'? 
B 

7 .23  

7 . 1 1  

7 .17 

7 . 2 6  

7 .14 

( 6 ' 8 J  
\ 8 .95  

9 .11 

8 97 

+.' 

g 
6 
g 8. 

3 
m 
% 
Q, 
Q, 

w 
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The table below gives the mean monthly observed and accepted 85. 
values of the declination and horizontal force base lines. Mean baoe 

line values. 

Base line values of v~agneto!yrn~hs a t  I'oungoo in  1923 

1 V o f ~ .  -Tl~c. olr~orvato~~y wlln discontin~ied from October 1923. 

Declination Horizontal P'orce 

Bnse l ine 
accepted 

C.G.S. 

a38920 

-38917 

-38918 

-38912 

038914 

-38914 

.38905 

.38901 

,38901 

h1o11 tlls 
Mean value 

Of 

- 

C.G.S. 

,38920 

'38917 

-38918 

e38912 

,38914 

,38914 

I38906 

b3S901 

,38901 

January ... 
February ... 

Marc11 ... 
A pr11 ... 

RIny ... 
,June ... 
July ... 
A n g ~ ~ s t  , 

Se])tcnrl)cl. , 

1 14.0 

1 13.9 

1 1 3 ' 8  

1 13.7 

1 13.8 

1 1 3 - 8  

1 13.7  

1 13.6 

1 18.6 

1 0 )  

1 14.0 

I 13 9 

1 13.8 

1 13.7 

1 1:1.8 

1 13'8 

1 13.7 

1 13.6 

1 13 .6  



86. 
Mean scale 
values and 

temperature 
range. 

87. 
Mean 

monthly 
values 

and annual 
changes. 
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T h e  mean scale values for  19'23 for an  ordinate of 1/25 inch s~:- 

Horizontal Force 5.25 gammas. 
Declination 1 -04 minutes. 
Vertical Force 5 . 8 7  t o  5 .91  gammas. 

The mean temperature for the  year was 8 9 O . O  Fahr., with 
and minimum values of 8 9 O .  6 and 88O.4 Fahr.  The  temperatarti 
reduction is 8 9 O . 0  Fahr.  

The  table below shows the  monthly mean values of the magna 
elements for 1922 and 1923 and t,he annual changes for  that pnr. 

A-olc.-The obse rva to~  was discontinued from October 1923. 
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As the observatory was closed in October 1923, the  magneto- 88, 
,pphs for only the first nine months of 1923 were received in this Kodaikanal 

office. . observatory 
1923. 

T h e  table below gives the  mean monthly values of the magnetic 89. 
.]litnation, the distribution constants PI., and PI.P and the value of ~ ~ ~ ~ e u ~ ~ ~ ~ ~  

P & - I  nation and 
the distribution factor log (1 + ;, -t. ;,). H.F. cons- 

tants .  

Nem values of the conslants of Magnet No. 16 a t  Kodaikinnl  in  1923 

Note.--The observatory was diecontinued from October 1923. 

Months 

January . 
February . 
MWch . 

Apr~l 

l a y  

June ... 

July . -. 

Declination H.F. Constants 
constants 

-- -- 

Distribution f a c t ~ ~ . ~  Mean values of ~n 
bl ean 

magnetic 

0 

- 3 22 

- 3 22 

- 3  22 

- 3 21 

- 3 19 

- 3 21 

- 3 21 

- 3  21 6 - 4 1  8.38 

1- 

882.1  l 

882.00 

6-40 

6.34 

6.44 

6.42 

6.40 

6.39 

6.33 

882 07 

881.96 

882.06 

882.03 

881.96 

831 .9G 

882.10 

u 

- 
bn 

f! 
+ 
I-  

;; 
(U 

-- 

8.49 

8-30 

8.45 

6-38 

8.54 

8 32 

u 

? 
-ED 

g 
5 
,-I 
Q, 
N 
Q, , ? 
M 

8.16 1 
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90. The table below gives the mean monthly observed and acceptd 
Morn base line values of the declination and horizontal force magnetogqb 

base line 
value 

Base Zi~te valices o f  magnetograpAs at Kodaikinal i l ~  1923 

Note.-The observatory mas diecontinued from October 1023. 

Months 

Jnnnnry ... 
Febrnnry ... 
March ... 
April ... 
May ... 
June ,, 

July ... 
August ... 
September ... 

Horizontal Force Declination 

hlean value 
Of 
line 

C.G.S. 

e37613 

-37618 

a37617 

m35621 

-37620 

,37620 

.37614 

a37610 

-37617 

Mean value 
of 

base line 

o 

2 48.6 

2 48.4 

2 46.6 

2 48.6 

2 48.4 

2 48.4 

2 48.3 

2 48.3 

2 48 .1  

accepted 

C.G.S. 

,37613 

.37(i18 

a37617 

,37621 

m37620 

m37620 

e37614 

e37610 

,37617 

Base line 
accepted 

t o !  

2 48.6 

3 48.4 

2 48.5 

2 48.6 

2 48.4 

2 48.4 

2 4 8 . 3  

2 48.3 

2 48.1 
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The mean scale values for 1923 for an  ordinate of 1/25 inch are :- 
Hosizontal Force 5 a 89 gammas. 
Declination 1 03 minutes. 
Vertical Force 1 2 . 9 4  to 1 3 .  IS gammas. - 

The mean temperature for the year was 1 7 O . 3  C, with maximum 
and minimum monthly values of 18'. 2 C and 1 6 O . 0  C. The tempera- 
ture of reduction is 19'. 0 C. 

The table below gives the monthly mean values of the magnetic 
elelnents for 1922 and 1923 and the annual changes for t ha t  period. 

91. 
Mean scale 
values and 

temperature 
range. 

92. 
Mean monthl) 

values and 
annual 
changes. 

Note.-Thc observatory was discontinued from October 1988. 

Declination 
W. lo + 

19" 1 1923 1 :;;;: blouths 

Horizontal Force 
.37000 C . G . S .  + 

l.22111z31:;;z1 

Dip 
N . C  + 

m a  1 1923 t;;;;: 

Means ... 1078 1 I 157.91 1 140.1 
P 

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

April ... 
Nay ... 
Junc ... 
Jnly ... 
Angust ... 
September ... 
October ,.. 
November ,,, 

December .., 

Vertical Force 
.03000 C.G.S. + 

1922 I 1923 I 

1 l0931 1 

I Y Y  

090 

090 

092 

090 

092 

094 

699 

098116 

096 

097 

098 

t0.5 

t 1.2 

+1.0 

tl.9 

+1.8 

t1.8 

+1.0 

+0.9 

I 

+2.8$0.641-4 

40.3 

40.3 

40.4 

I 

+3-039.540-7+1.2O84 

40.040.6 

39.941.1 

40,041.0 

39-841.7 

40.041.8 

40,242.0 

40-641-6 

104 

103 

109 

108 

117 

118 

120 

117 

I 

t2.1 

t2-2 

f2.5 

+2.2 

+2.1 

+ 2 . 2  

t2.2 

S62929 

855 

861 

8i3 

876 

879 

8'iG 

883 

884 

8x1 

$100 

902 

Y 
+?O 

+13 

+ 19 

+16 

+27 

t26 

+26 

t18 

+18 

942 

938 

945 

950 

954 

953 

9G2 

9iS 

57.759.8 

57.Y60.0 

58.160.6 

58.560.7 

58.860.0 

58.861-0 

59,261.4 

59.662.4 

+87 

+77 

+73 

t74 

+75 

+ 7 7  

+79 

+gd, 

+7756.759.7 

59 (i 

59.7 

60.1 
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93. Mean values of IAe mag~zetic elements at obse~rator-ies in 1923 1 
Mean values 
of magnetic 
elelnents a t  ~ 
observatories 

in  1923. 

Latitude 
~ b s e r v ~ t o r y  1 .i~. 1 ~ i p  1 ~ e d i n a t i o n  Y. F. i , i  

Longitude 
--- 

Dehra D i n  . . . N.45 1 2 . 5  E. 1 38.6 .32927 ,3316; 
30 
78 3 19E.) 

Toungoo ... ii z: 4;:) N.23 6.1  W. 0 31.9 .39207 .16i!i 

Kodnikriual 'O l 3  50N. \  N. 4 41.3 W. 2 0.5 ,37950 -0311! ' 77 27 46 b. ) 

Note.-Means for 9 months only in case 01 Toungoo and Kodaikinel. 
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94. 
h h r r  Dun 

obrervrtory 
1924-25. 

95. 
HJ. ma@?eto- 

graph. 

96 
Declination 

magneto- 
graph. 

97. 
V.F. magneto- 

graph. 

98. 
d b s ? r v a t o r y  
anll e lec t r ;a  
t r a m w a y  ('n 
3 9 h 2  Dun. 

The  megnetograpl~s havc worked satisfactorily during the 
1 9 9 - 2 5  except for the  following niinor interruptions which may h 
divided under three muin I~eads :- 

Accidental. 
Stoppage of dr iving clocks. 
Failure of light.  

There mere two accidental interruptions in the H.F. magneb 
graph clock, the  first following the dropping of the drum shatter 
between 24th ancl 25th March 1925 and tlie second caused for aft1 
hours on 15 th  Ju ly  19.25, by the breakage of the  directing leverof 
the  clock. 

The  clock stopped on several occasions for  periods, not exceedin! 
3 hours in any case before i t  was noticed, cleaned ancl restarted. The Ismp 
platform and the  light slit were adjustecl on three different occasione, 
whenever clue t o  secular change the  l ight  was falling off the drum. 

Besides the  loss to  traces consequent on tlie stoppage of the clwt 
as enumerated under the working of the H .F. magnetograph, there re 
only one interruption to  the Declination magnetograph lasting for 
a day ancl caused by the  falling of t he  shut ter  between 16th and 
17th February 1 9 2 5  and another by the failing of light on 11th 
November 192 &. The light slit and the lamp platform were adjustedon 
7th February 1925 and between I(ith and 20th of the same month. 
The  condensin:. lens of this m a g n e t o ~ r a p h  gave some trouble about the 
early part of this year and was cleaned and adjusted on three different 
occasions. 

There was no loss of trace in V. F. magnetograph clock andonlgone 
ar!justmen t for better l ight was made on 29th Ji11.y 1 925. 

The temperature inside the ohservntory was maintained by the 
burning of two lamps d r~ r ing  t l ~ c  ~ ~ e r ~ o t l  12tl1 Novcmber 1924 to Jlst 
May 195.5 and by tlie occasional iutrot l~~ct ion for a, few hours of B  bras^ 
etove during tlie winter months. Only one lamp was kept burning 
(luring t l ~ e  rest OF the yezr. 

Sonir water appearerl in the pnssage o~ltside the observatory about 
the rnitl~lle of A I I ~ I I ~ ~  I !).!5, I ~ l t  was ~ ' u r n ~ e d  out  I~rEore it could 

r 1 acc~~nlnlnte  ant1 (10 nnv t l a m a ~ c .  L he fears entertninccl I I ~ O I I ~  t h p  

abandonment of th r  o h ~ r r v a t o r ~  rnnserl~ient on the introdoction ,of 
e lectr~c trnms In l)el~rn, 1)iln have beer, set aside at leagt ternporarll!' 
due to the Trarnwa! Cornp:lnv goinrr into liquidation. 'I'Iie standard 
sidereal Clock namc~l .I Ilzving been rcinovctl for t 1 1 ~  11nrpose of 
installation in the RirH,.r ('lock room, the ohsprvntorlr clll-onomet~rvs 
corn parer1 n.eek1.v t,r:~nl~iri< f l.r)nl , \~a lc l l  1 !la; ,  %ininst  (:lock R, of 
which the Prror and r.itc n-crr snpplic,l llsllRl tllC t i l l l~  ob~rr~(r-  
The vihr,ttion t~rnes  for the nl~sc,llite ohccrvations wpre ] lon-c~er  recor(14 
on the chrouogry)h ayainst tlic .rcontls of the Hieflcr C lo~ l i .  



I I COMI'I TYING AND TIIIAL PA IL'L'Y 1 4.5 

Tllc tablc below ~ i v e s  t h e  meat1 ~ l ~ o n t l ~ l y  vn111es of the  ~ n a ~ n e t i c  99 
cuUimatio~~, the distriLution c o l ~ s t a n l s  lJIm2 ~ I I C ~  lJZa3 and  of t h e  distri- Mean 

va lues  of 
l l l ie values of t h e  m o m e l ~ t  " m " in d:clination 

and H.F .  

the table were derived f rom vibration observations taken wi th  the  Constants. 

clrronograph. 
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100. 
Mean base 
line values. 

The table below gives the  mean mon t l~ ly  observed and acccpld 
values of the declination and l~orizontal force base lines. The a q l d  
values have been used t o  compute the  values of these elementsfor~~!j 
The  horizontal force base lines have been derived from H as determini 
with the moment of inertia of Magnet  KO. 17 obtained from ~ b p e r , ~  
tiolls in 1919 and the  distribution factor as  given in thesection. 

Base line values of magnetograph at BeRra D i n  in 1924 

Ll0llt 11.5 

Janunry 

F e b r n t ~ ~ . ~  

Alnrch 

t\ pril 

JI ng 

June 

July 

Angnst. 

Soptoo~ber  

October 

Su'ovc~~~~Ler 

Decelnber 

blenn vi~lne  of 
Bnsc line 

llnse line 
accepted 

(a) up t o  12tb. ( b )  from 13th. 

Horizontal Force 

101. 'Yle mean scale va111es for 19210 for an  ordinate of 1/25 inchare'- 
M >ar7 s c a l e  
) d l  , P S  dnr/ IIorizontal force 5 - 3 5  gammas. 

t s ~ r ~ p e r d t : i r e .  1)eclination 1 - 0 3  minutes. 
range. Vertical Force 1 - 8 0  to  10.!)0 gammas 

Mean v111uo of 
Essc line 

C.Q.S. 
.32670(nj 
.32632(b) 

32633 

a32699 

-32645 

,32640 

a32G48 

-33653 

,32650 

.3?641 

-32G41 

m32638 

,32666 

The Incan t e ~ n p e r a t ~ ~ r ~  for  tile year was 16' .  7 c. with rna\in1lm1 

nll(l slini~l,llrn r n u ~ l t l l l ~  v;r]lles of 2b0 {) nllll ef jo  5 C. 'lll,e temp''fltl''' 

o f  ~ e ~ l r ~ c t i o n  is 27'. () (j. 

Baseline 
neceptetl 

C.U.8. 
-32670 (0' 
-3263? (1, 

a 32633 

.32639 

,3264; 

- 32646 
-32G1S 

.32651 

-32650 

.326ll 

-32till 

- 32li38 

,32666 
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The follovving table shows t h e  monthly mean values of the  mag- 102. 
oc[ic elements for 1923 and 1924 a n d  the antiual changes for  t h a t  Meanrnonthly 
period. values and annual 

I changes. 
Annual chnglges at Dehra DZIL i n  1923-1924 

hlonths 

J~III~IX,?  . 
I L r n ~ r y  ... 
Unrch , 

Vertical Force 
,33000 C.G.8. + 

1923 / 1924 I change 

Horizontal Force 
.32000 C.G.S. + 

1923 1924 ::,"$ I I 
115 

125 

131 

133 

151) 

149 

164, 

186 

200 

+ 3 . 8 2 0 ' 3 2 9 5  

212 

211 

910 

919 

917 

April +32  

Declination 
E. lo + 

1923 1924 ~~~~~~ 1 1 
911 1 + 4 

9 2 7  + 8 

911 1 + 24 

J1:q ... 
Juuc ... 
Ih11j . 

YC:II IS  . 1 ;  ! , X I  + : 4  - 4  

40 

40.035.7 

3 9 . 3 3 5 . 2  

38.6 

Dip 
N . 4.5" + 

1923 1924 IAnaua1 I 
Y Y  

219 

232 

141 

259 

262 

271 

275 

238 

286 

29-k 

310 

I + i i + 1 0 ~  

Y 

+ I 0 4  

+ 107 

+ l o 7  

t 126 

+ I 1 2  

A 122 

+ 93 

t 1 0 4  

+ 86 

* 66 

+ H B  

4 -  93 

926 

924 

929 

, 
+ 5.3 

r 5 . 2  

t 4 . 3  

-1 4..8 

+ 4 . 8  

+ 5 . 4  

+ 3.7 

-.%0 

- 4 . 0  

+ 1 3 l ~ 7 . 3 3 3 . 5 - 3 . 8 l . b . b l s . 3  

- . ~ . 1  

d # ,  

136.4 

40.236.2 

ii9-535.4 

38.734.7 

34..S 

I 

10 .1  

10.7 

11 .3  

11.4 

11.6 

11,( i  

13.3 

Augnst +4,.2 

+ 4 9  

+ 

- 3 7  

- 4  0 

- 4 . 3  

-4 .1  

- 4 . 1  

- .&.O 

- 3 . 7  

I 

15 .4  

15.9 

15.6 

16.2 

16.4 

17.0 

1 i . 0  

1 ;3 ,317 . i  

l.l..: 

9 4 6  +20 

Ocloher . 

xovc:llllcr . 
t , l & , $ )  

I I 

13 .5 i8 .4  

944 

930 

D ~ c l . u l b ~ l  ,.. 

+20 

+ 2 1  

I ;  

, 1 '., r , < , ,  

-- . -  

4 

3 

_ I 

I 
!I381 + 3 :j7.J:j2.8 

0 3 7 . 3  53.2 



103. 
Mean :,slues 
of magnetic 
elements at 
Dehrc~ Dun 

1924. 

1 -48 GEO DErllIC llEPOKT 

M e u l ~  vnlues oJ' the rnayltolic e?er~/en/s a /  Deh7.a 1 ) i i i l  in 1924 

L n t ~ t n d c  

--- - 
I I l o  , , I  0 ,  / C 

1- ---- 

- 

I 
Dehra D i l l  'O l g  l D N .  ? 

78 3 19E ) 

C.G.S.  

32940  N.45 1,- 1 I B. 1 34.6 
I 

C C \  

33:; 
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CHAPTER 111 

ASTRONOMICAL LATITUDES 
( No. 13 Par ty  ) 

BY MAJOR C. M. THOMPSON I .A.  

104. Latitude observations in abeyance since 191 5 were resumed in lie1 
.Latitude when Major Mason observed a t  4 stations in Kashmir. operations 

1923-1925. the seasons 1923-28 and 1924-25 latitude was observed a t  
4 in Bih l r  and Orissa, 9 in the United Provinces, 3 in 

and Jaintia hills. 
3 in the Surma valley, 7 in the Brahmaputra valley and 1 in the Jhiri 

The stations in Bihiir and Orissa lay along the B. &. N.W. ~ailwaj 
to  the NE. & S E .  of Gorakhpur ; those in the United Provinces 
along the B. & N.W. Railway and 0. & R. Railway, N .  of Gorakhpur and 
along the line G o r a k h ~ u r ,  Benares, Partiibgarh, Ajodhya (Lakarmandi 
Gh i t ) .  

105. The selection of geodetic stations near railway lines and river 
'f steamer routes as  sites for latitude stations was made with a view to 

lat i tude 
stations. economy. As only one officer was available, the sites were cl~osen 

by the observer and low brick pillars were constructed with quick 
drying cement on which the zenith telescope could be set up on its 
wooden stand. 

106. The stat iot~s in B i h ~ r  and Orissa and in the United Provinces I ~ J  
i n  in the Gangetic plain where the attraction of the Himalayas on Bihar and 

and north and of the mass of hills to the soutll were likely to cause variationa 
in  th ,  United in deflection according to the relative positions of the slations with 

P r o v i n c e s .  reference to the hill ranges otl either side. 

107. Similarly in the case of the latitude observations taken for t1lehit 
i n  time in Assarn, the close attractions of the  Himalayas as well of the 

Assarn. Khrsi and Jnintia hills were liIceIy to show interesting effects on the 
derived deflections. 

108. Tile Zenith Telescope No. I by Messrs, Troughton and Simmsm 
' " t r l ' rnents used throiiqhoet the period, except at  Kgslldaha 'Po\ver Ststion why 

owing to the flooded state of the collat,ry, and dlffieulty of tn~sl~ott 'n? 
bricks for pillars etc, the large prisIrlntic astrolnt>e by b l .  Jobin 
usecl. This zenith telescope, of which a photo appears in G.T-8 
XVIII has been in use for the last. 20 years. 

The diaphragm of the senit,Ii telescope harl been rewired befo* 
the field season, and tlie new lvirinq \v2.as much finer and clearer 
formerly. 







Reference numberr and Vdua of "M" and "M" for all aeodetio Series of the 
In&- Triangulation. ( See Records of the Burvey of India Vol. IX, p. la?), 
For it S~ri fJ  entering Ue Simultamur Grinding (ehowm io itrliar blow) Mmn Square M m * 04 
For S c r i p s  UP f l j  NO. 94 ... ... ... M tnn Square Mo +I  . ~ 1  

do I Nama uf Series 

B m k y  Lowyi l rd i~i  1837-63 0.844 0.74 

Great Arc Idrrlliowal, 
Section 80-19 ... 1650-74 O.S90 0.36 56 Bilcirpur Meridional. .. 1869-79 0.300- 

50 Cuddnpoll ... 1811-7% 0 . 6 ~ 6  
1842-63 1.197 1-15. 60 Hydcdbid ... 1871-72 1.405 
1645-67 2.176 1-93 
J &.345 1.507 1.  $1 61 M:rLxhar C w t  

62 Jdhpore ~eridionsl"'  1873-76 0.291 
18:L.5-46 1.266 1.4% 63 South &cut C o d  ... 1876-78 0'632 
1 ~ - 1 3 Q  0.841 1 - 0 6  
1645-47 0.973 1.21 64 Eastern Sitrdh Mrr. ... 1876-81 0'244 

65 Siam Blanch Trinugu- 
Coldlo  Mm'dioral.. . 1845-48 1 .113 1 .Qbr  Intion ... 1878-81 3.711 
South WOwha Mer. 1665-53 1 .(;06 1.97 (36 Meoddmy Meridionsl 1889-95 0.416 
.Vhnpka Mcncndioml 1845-6.' 1 YY7 1.07 

70 bfaodalay Lon. . . . 
NwtJ-Weat Hiwialvyrr 1848-53 0.641 3.65 71 Maniyur Mer. 
Gurdigorh Merdwnol 1M8-62 0.  VlS 1-21 71 Great Snlwecn . . . . 1900.11 0.404 

... 1848-6:1U.6080.70 

i852-58 0.990 1 .11  76 North Rducbi~thn ... 1908-10 0'231 
1653-68 0.8511 11 . It 77 (filgit, . . 1909-11 0,443 

1855 1.481 i .34 78 Khisi Hills 

31 Ribmati 1859-54 1.348 ?.R4 70 Mawkrnai 
:I? Grral Indw ... 1863-61 0.559 0 .43  80 IJppr Irra\vddy ... 1909-I l 0'596 
37 Rihcn Mmdiwal  . . . 1853-A3 0.337 0.37 81 Jsintio LIille ... 1010-11 3,886 

3 A a r m  Lanpiludirol.. . 1854-60 0.679 0.71 82 Bl~ir 
9 1  CuIch h t t  ... 1385-53 0.986 I .27 83 Raocl~i 
::tbl liwbmir Principl . . . 1855-60 0.8% 0.86 84 Vill~~purem 

... 1013-14 n 304 

... 1913-14 1 . 4 0 5  

bd Y&M MR. ad Cnmt 1861-bA 0.*28 0 . 4 0  
L T  Kklhiiwt 

MeriJ1nn.I N.>. 4 

HOT. - Meritiaaal. Lon.- Lootitudlnal. 

S e w n 8  

1631-30 
18:)s-43 
1834-33 

1932-64 
1834-U3 

1835-66 

1 
2 
3 

4 
6 
6 

So,tth Pirarnitll Mtr. 
lj~ldlron Meridional . . . 
A r i a  Ym'dioud ... 
Ray i r  Mmidiomnl . . . 
Cul,-rfla h q ' l u d i w l  
G n a t A r t  Meridioml, 

Srctiom 34"- . . . 

+n 

8.308 
4 .'342 
1.647 

1.643 
0.389 

0.708 

No. 

49 
50 
51 

59 
53 
64  

f M 

3.26 
2 -46 
1.88 

1.79 
0.92 

0.71 

N ~ O N  bf &ria# 

Manga!ora Men 'd io i~j  
Kumeun and Garhwd 
Nisik ... 
Rr~rrne C 4  .. . 
Jubbdpure ,Cieridional 
X s J t a r  Longiludirsl 

Smm?s 

1863-73 
1884-65 
1984-05 

1804-82 
1885-57 
1865-60 

f 

0.440 
1.W 
3.039 

0.380 
0.340 
0.334 

_+M 

0.45 
1 
9.11 

0.39 
0.91 
0.97 







During the Assam observat,ions the weather was not favourable. 
The observations were sometimes hampered by rain and clouds ; humi- 
dity was generally excessive. As a result of t,he Iiumiclity, the weather 
during the later portion of the n ig l~ t s  was generally misty, and the 
mist used to condense thickly on the objective of t,he telescope or the 
prism of the astrolabe so tha t  observations had usually to  be stopped 
at 2 '30  a.m. The ast.rolabe was found particularly troublesome in 
this respect as not only did all the faces of the prism become clouded 
with moisture, but the surface of tlle mercury in the trough also became 
sullied and required cleaning every few minutes. 

Determinations of the value of one division of each of the level 
scales were made a t  the beginning and end of each field season. They 
gave the following results :- 

109. 
Weather 
during 
Assam 

obseruations. 

11 0 
Value of one 
division of 
level scale. 

I n  1923-24, the micromet,er value was obtained by observations of 
80 coilples of stars, the mean value of one division being determined as 
OWafj9159. This value proved satisfactory for all the stations except 
RBmnagar which was recompr~ted with a lower value (0".69010). 
This gave an unchanged value of latitude bnt  closer accordance between 
results. 

Level NO. 6 

Le\lel So, 9 

In 1924-25 the micrometer value mas obtained by observations of 
41 couples of stars the mean value of one division being determined as 
01''69160. This value proved satisfactory for all the stations. 

The results of the observations are shown in Tables I and 11. 

111. 
Micrometer 

value 
1928-24. 

1923-24 

Val ~ l e  
Beginning ( End ( 

112. 
Micrometer 

1924.26 

Value 
Hegioniug ( End / adopted 

ualue 
1924-26. 

113. 
Results of 

obseruations, 

O " . ~ O I O  

0.9352 

oys22 

0.013 

/.a067 

0.9186 

ole366 

0.9082 

d:ssi~ 

0.8901 

d : e ~ 1  

0.913 
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The 1923-24 stations were all situated in flat country, so tbd 
there were apparently no local causes for plumb-line deflection at 
~f them. 

The topographical effects attributable to visible masses hare bePn 
estimated from maps, and the Hayford deflections deduced therefrom 
on the hypothesis of a uniform isostatic compensation at  t h e  depth a! 
1 1 3 . 7  liilometres. The  following table shows the resicluals for the 
above stations uaexplained by the Hayford hypothesis :- 

TZl H.LE V.- T/irlnes oj'  Hayford Residuals, seasons 1923-25 

I I Okreruecl : Estimated 
nstronornicnl top0 Hayford Unexplained 

residuals 
(1) - 13) 

Nanic of station 

- - - -  ~ . . ~ ~  ~ 

detlections deflections cleflcctio~~s 
( 3) 

-- ~ - 

1923-2113 ! 1 
IL5wnagar ... -13.67 -86.36 1 - 7 . 1 8  1 -6.49 

- 5.63 
- 5.47 
- 4.99 
- 0.72 

t 0-09 
+ -2.13 

+ 4-30 
t 6.77 
t 8.41 
+ 8.85 

I 

Snnnbarsa . . .  1 -30.00 -77.02 4 -37  
Sikta -12.06 1 -86.91 I I 6.59 

jlathia . . . -10.26 -81.39 
Siniria ... - 6.29 -83.20 
Iiopii 

I 

' I  - 2.50 -66.29 
li5j 5113~1 . .  - 0 .92  -10.19 
St~llhpnr + 0 . 3 6  1 -77.64 
Bisnul 1 : .  ' + 5.39 -58.82 
Kimipr~ra  ... + 8.15 -4'7.18 
Un~r inpar ... + 7 .73  -67.92 

- 5.27 
- 5.57 

- 2.59 
- 3.05 
- 3.94 

- 1.38 

- 0 .32  
- 1.12 

Iianaun ... , + 9.76 ' -51.58 t 9.93 

s i r \ f  il.:l ... , + 9.88 1 -51.13 1 - 0.77 
I 

~ 

192-i.Z.j I n  orrlel. of 'ol)served tlefle ctions I 
I 

.':ll;i~nn Tiln . . . - 3-18  - 13-07 

1)angi ' I ' i l n  . . . -60.14 - 4-31  1 -11.32 

I)ali 1 ilo - 56.02 - 2.79 - 8.40 

0illrtigal.h - 50.02 - 4.20 - 3.02 

Atllro B i n k ~  ... - 3.97 - 0.12 

li ixhtlal~n - 2.03 , - 1.71 
- 1.74 AIyn~enuingh ... 1 - 3.71 - 55-48 - 1.97 

- 5.63 I + 6.42 

- 2 . 3 8  +6-62 

- 5 - 4 0  t 8.63 

+ 
+ 1-29 

- 1 .29  + 9.04 
+ 0.43 + 10.48 

- 0.03 + 1 2 - 8 2  
i p 

Siltlnbi ... -1. 0 .70  
R s i  knqni ... + a . 1 4  
.Tim tolla . . .  1 + 3.23 

I 

S l ~ i l l o ~ ~ :  . . . I  + 3 2 5  

f'hnkw5tlal . . .  + 7-75  
Cianhiti ... t 10.91 
(it~liighit ... 1 + 12.79 

- 77.20 
- 72.04 
- 80.64 

I -59.63 
-61.50 
- 65.47 
- 59- 05 



Theme stations have been plated at tneir ~6la@!a aHWmue8 from the LIOOft. santour and no 
by latitude. at they lie Detween longitude 8 1 e q  Bb.nd nat aotudly oh one meridian 

' 1  ' 
. . 

.. . ,?,&&kddV , 

Average Section due N. and S. through MATMIA, (Ramnagar, Sikta, Sinaria, baunbarsa, 
Bhahpur, Rajabari, Baniapar and Kanaun). Meridians of 83°~860rough~. 

& d l  I 
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The position of the stations of Table V is shown on the lat i tudechart  115. 
0.111. In addition two average or representative sections (Plate VI)  Representa- 

have been pepared running due north and south through the west and t i ve  Sectiofls* 

east groups of the stations, Riimnagar to Sirwiira. On these sections 
the vertical scale of heights as  well as the deflections have been shown 
on an  exaggerated scale. I The stations Saliima Tila to Goliightit have been arranged in order 
of their deflections from the greatest negative to the greatest positive 
deflections. The large residuals i.e. differences between Hayford and 
observed deflections, both negative and positive, would s l ~ o w  tha t  this 
theory cannot account for the deflections actually found a t  the various 
stations, and that the cond~tion of u~iif'orm isostatic compensation is far  
from being realised i n  this area. 

The deflections a t  the old latitude stations on approximately the 
same meridians have been showu in red on these sections in order to 
illustrate roughly the changes of deflections met with from north to  
sooth. 

I t  mill be seen from a comparison of the Tables No. V and the 116. 
sections, that on the Gangetic the Hayford residuals increase Comparison 
steadily from north to south viz :-from -6".4.9 to + 10N.65.  The W i t h  

IIayford theory, though reclueing the large estimated negative deflec- 
tions of the topography, cloes not account for the positive or negative 
deflections actually observed. To analyse typical instances, the total 
positive or southerly effect of the topographical deflection at Rimiipura 
has been only estimated a t  + 6".26, the negative deflection due to sea 
areas totals -.l8".87, and northerly negative deflections total -4(6''.37. 
The reduction by multiplication by Haxford factors (less than 1) of the 
total positive value of + 6"-26, even when accompanied by a decrease 
of the negative totals of - 4". 8 7  and - 4 ( i N . 3 7  in the same manner, 
merely reduces the  Hayford resnlt to - 0" 32, a !!egative value, \vhereas 
a (leflection of + 8". 16 was actually observed. Similarly a t  RRmuagar 
Hayford factors merely reduce an estimated total topographical deflec- 
tion of - 86"*36 to - 7". 18, ~vhereas a cleflection of - 13".67 was 
actually observed. 

If the average width of the Gangeiic plain in this area be taken as 117. 
172 miles from i.he 500-feet contollr on t l ~ e  Himalayan side to  the 500- Summary. 
feet eolltoor to the north of tile sootber~l ~ n o u n t a i ~ ~  mass, the averag? 
dlstancrs s t  ~vb ic l~  deflectiolls occur, rerloceil to this width, are a])prosl- 
mately as s h o w n  in table a t  page 1 G G .  



117. 
(Contd . )  

I 

From the above summary of the rate of change of deflections froul 
n e ~ a t i v e  to posittve values, and parf,icnlal.ly from the evidence of tllr 

slow rate of increase of positive valries in tile case of the last 4 station* 
it nrolilcl apl,ear tha t  the stations, as me proceed. sonthn~ards, are gra(ln 
ally coming more vertically above the " hidden chain " or subterraneat 
protuberance of cscessive density, referred to in ~rofessional Yap1 
NO. 5,  nhicii is intlicaterl as occ,lrrinc i n  tile neigllbo~1rhootl of latltlldr 
22' in this part. 

The difference of den5ities : i.e, rleficiencies under the 1Iiniala)a 
excesses 11ntler the plains ancl southern masses, by the system 
of liniforrn isostatic cornpens,ztion, inaclequate to :tceool~t for  fh 
deflections actually observpd. The Himalayarl attractioi~ ~o l l l d  allPea' 
to emanate froin n nreater r l~pt l l  and inatcrial of lesser dcnsity, andthr 
attraction of the " Iliclden c]lain " woll]d appear to manate  fronl 

lesser depth ant1 denser rnatcrial than call be aceonotrd for O n  t l l r  

Hayford hypothesis. 







GRAVITY AND LATITUDE 

1 (No. 14 Par ty)  

CAPTAIN E. A. GLENNIE D.s,o., R.E. 

AND 

CAPTAIN G. H .  OSMASTON Y.c., R.E. 

Pendulum observations, in abeyance since 1915, were resumed in 118. 
season 1923-24 when eleven stations extending from Pilibhit (U.P.) to  Pendulurn 

Yotihlri (Bihiir) were occupied. A list of the stations is ~ i v e o  in ;gi-o/;s 
Table VI. They are all in the Gangetic plain and their immediate sur- 
rotindings are flat. All these peacluluin observations mere made by 
Captain Glennie. 

Thanks to the kiildlless of the local officials good observing rooms 119. 
were available a t  every station. The hourly changes in ten~perature are Temperature 
shown in Table I. These changes give an indication of the temperature confro'* 

control, but bear no definit>e relatlon to the lag in temperature of the 
pendulum behind the air temperature in the pendulum case. The  
temperature of the has been determined throughout by 
reading a therlnometer in a d l ~ m m y  pendulum, so no lag corrections 
have been necessary. 

TABLE I.-Hot~,.ly chnngcs i r ~  tenq~e~.attwe, seasola 1923-24 

Name ot statiou ~ 

Mean Day 

c c j  
% 

$2 
4 5' 

Dehra Ditn ... 
Etia.nh . . .  
F8t,ehqarh ... 
Pilibhit , ,  

Ghihjahinpnr . . . 
Sitipnr , ,  

Sooiripur , .  

Bahraich . 
oontli  ... 
Gainsari .., 
napeha allit, ... 
Alotihiri ... 
1 ) r - h ~  Dfin ... 

- 

&i 

4 2  

Hourly 
change 

Night. 

Hourly 
change 

19.2 

22.8 

19.3 

1 7 . 3  

16.0 

1 4 . 4  

4,.7 

14 .4  

( 9 . 2  

18.5 

19.4 

21.G 

19 .8  

t o  i 
2 % ; + 

4 &  

Ilonrly 
change 

-- 

19.4 

22.!J 

19 .4  

17.6  

16.8 

15 .6  

15.1 

18.8 

10.7 

18.9 

19.0 

21.7 

20.1 

+ 0 . 0 8  

+ 0 . 1 3  

t 0.09 

+ ( ) . I 1  

+ 0 . 0 2  

-n.22 

+U.l3 

+ o 8 1 0  

+ O . l l  

+0 .09  

+ o . ~ G  

+ 0 . 2 3  

+ 0 . 1 8  

a 

+O.lO 

+O-16 

4.0.12 

t 0.19 

+0 .12  

+ 0 - 0 9  

+On24 

+Om15 

t0.15.  

+Om19 

+0.26 

+0 .27  

-1-0.20 

l o  +0.11  19.3 

+ O . l 9  22.8 

t 0 . 1 4  

+On26 

+0 .21  

+0.40 

+0.33 

t 0 . 1 9  

+O.18 

+0.28 

+ o - 3 5  

+0 .31  

+ 0 . 2 1  

19 .3  

17.4 

1 6 . 4  

13 .0  

14.9 

18.6 

19.4 

18.7 

19.7 

21.6 

10.9 
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120. Observations for the flexure of the stand were made at t I~e  tom. 
Flexure n~enceo~ent and close of wort at  each station, two sets being takenul 

measure- 
ments. rule. The mean values before and after work and the adopted velua: 

are shown in Table 11. 

TABLE II.-Meax a d  adopted vnl~tes of JEer~we, sensoft 1923.24 
(The unit is l ~ - ~ s e c - )  
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~h~ clock rate was determined by Mr. R. B. Mathur. A t  the 
of tlie field season a break-circuit chronometer (No. 6688 

by Tictor K6lhberg) mas employetl. From the beginnins this showed 
big fluctilations in rate, and after the 1s t  clay's observat~ons a t  Shsh- 
jlhelipur (the 4th field stat)ion) the fluctoations became so big tha t  the 
resolts were useless. The old pendulunl clocli (No. 238 by Strasser and 
Rohde) was then taken into use for the remainder of the season. This 
clock had a very steady rate but  gave trouble owing to a defective 
electric circuit through the clock, which was remedied on return 
lo Dehra Dun. T!le mean probable error of clock rate, determined 
Irom observatiolls on two successive uights, was f 0 . 0 2  seconds; and 
the m e a n  probable error of the rate cler~ved from observations to  one 
star on two successive nights was _+ 0 07 seconds. The corresponding 
error in the mean time of vibration is only f 1 x lo-' seconds. 

121. 
Clock rate.  

The probable error of a single observation of the mean pendulum 122, 
is + 7  x lo-' seconds. The differences between individual and mean pen- Probable 
dolurns are given in Table 111. There appears to have been an abrupt  error  of a n  

change in the times of vibration of pendulum No. 138 commencing a t  obseroation. 

Soniripur and renlailling fairly constant thereafter. N o  reason has been 
f o u l ~ d  for  this cllailge mhicli is comparable to the change in pendulum 
Xo. 137 in Deceinher 1906 (vide Professional Paper No. 10, 1). 160). 
At Golicli tlie times of vibration of pendulum No. 137 were inconsietent 
wit11 the others. This is believed to be clue to an exceptiorlal accumula- 
tion of errors in clock rate, temperature observations etc. and not to a 
temporary chanCe in lenoth. This pendulum has been ignored when 

9 deducing tlie !-esults a t  this station. 

TABLE III.-Di/r~l.olces bctlvceu i ~ l d i v i t b ~ ~ n l  njztl vzenu p e ~ t , / ~ ~ l ~ c j ~ l s ,  
sctrsolc 1923-21. (Tlie unit is 10-'see.) 



123. 
Times of 

vibration a t  
Dehra Dun. 
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The times of vibration of the pendulum a t  Dehrn Dln m given 
in Table IV. Since there has been a change in pendulllm No, 
from S i t i~pur  onwards, the value of t he  mean pendulum at DehraDio 
must  be considerecl changecl also. Pendulllms No. 137, 199 and ]g 
have remained uncl~anged : the mean of their values a t  Dehra D& ,I 
beginning and end of season has therefore been adopted for all station, 
For pendulum No. 138 the  value obtained a t  Dehra Diin in Novemh 
i. e., 0.5071~986 seconds has been adopted for the first four stationsad 
the valiie a t  Dehra D i n  obtained in March for the remainder. 

TABLE I F7.-li'mes of viBratio71 n l  I)elr~.a BCn, season 1923.24 

- 
]late 1 13i 138 139 1 110 Mean 

- - - - -- 

1923 

Nov. 9th & lot11 

,, 10th 6 I It11 

,, 11th dr. 12th 

,, 13th & 14th 
I 

49Y4 1590 0895 

Menus 

1924 

AInrcll 10th & l l t l l  0.5072561 0.6Oi.1941 O 5071592 0 5070976 O 50i'4'J 

,, 1 Ith 8 12th a , - *  
- # I  ( 1 ;  495,; I 5:)s 0880 

2577 , -1068 15s; ~ 8 7 0  ,, 1'1th & 15tllI 

, 16th l i t 1 1  1 25i4 4363 I G O O  0890 

- I 

hIe:lus 
.. I I (I :1Ui2672 0 61,71957 O 507I59.b I " 1  0'5"i?''' 

I 

A~/op /r l l  trtent? ir'mcs qt' vihr*trlto/i 

N o t .  Rc Dec 1923 ' 0.5C172;7(1 

I 

.Jnll t o  Mar. 1924 0.5072570 0.5074967 0 5071697 O 5~70881 0'5072ifl 

/ 

8 

Os60i!OI 

2% 

25V; 

-- - 

S 

0.5072557 
S 

0.5071587 

1620 

1597 

2580 

Y 

0.5070866 

0879 

0882 

4987 

2572 I 4977 
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In Table V are shown the mean times of vibration at each field 124- 
station with the value of g deduced therefrom. 

Values of g .  

P'ABLE V.-Ohserved valices o f  g ,  season 1923-24 

The suinmary of the results of 1923-24 season's cvork is given in  125. 
Table VI. Sutnmary. 

Name of station 

- 

Dehrs D i n  . . 

Etiwah . . . 
Fatehgarh ... 
Pilibhit ... 
Shihjahinpur ... 

Sitipur . . . 
boniripur ... 

Bahraich ... 
Gondi ... 

Ga~nsari ... 

Bhgaha ~ h i t  ... 

Notihiri ... 

Dehra D u n  ... 

%- .- 

' The esnct, vnlne is 0.50726035 sccontis. 
t -?le:tlr ( ) I '  ~,c: l~t l~l lnnls  NOS. l : i H ,  IS!) ant1 140 only, the value for Dchra Dun for 

those three pcntluln~rrs being 0 .  6072.1.78 sccontls. 

Observed 
value of 

9 

dynes 
979 a063 

978.998 

979 -023 

979.045 

979.040 

979.003 

from I Times of Dehra D i n  
vibration (unit is 

0.5072631 

0.5072724 

to-5072778 

0.5072813 

0,5073865 

0.5072937 
1 

lo-' sec.; -- 

+ 130 979.013 

+ 223 1 978.977 
I 

I s 

*O .5072509 

0.5072617 

0.5072612 

0.5072556 

0.5072567 

0.5072657 

+ 295 

+ 312 

+ 364 

+ 436 

0.5072501 1 0 
I 

0 

+ 168 

+ 103 

+ 47 

+ 59 

+ 156 

958.949 

978 * 943 

978.923 

978.895 

979.063 
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The results clear u p  vltrious clouhtful features referred to in Professiol~al 125. 
Paper No. 15, page 137. It is now evident that  there are no belts of (Contd.1 

high density running eastward from Agra  or Jllgnsi to  A1lah:ibld and 
tllclarge low density area south east of Jhlinsi is connected directly 
to the main trough at the foot of tlie Himalayas with no ridge of 
lligller density intervening. This causes a smoothing out  of the main 
irregularities in 61ie contours and makes the  apparent trough of low 
denslty between Gesup~ir  and Hathras cluit,e an insignificant feature. 
The revised contours are shown i n  Cllarts VI I I  and IX.  

During recess an at tempt was made to  determine the constants 126. 
of two quartz pelidulums by observations in Dehra D i n  and Mussoorie. Quartz 

Jlost unfortanatelj just a t  the completion of the work both pendulums Pendu lu~ns.  

were broken while being carried down to  Dehra D i n .  The work mas 
not entirely wasted, as  i t  led to  a reconsideration of all tlie various 
coliditions of observation (more particularly the temperature effects) and 
as a result it may be possible in future to ge t  good results with brass 
pendulums in a tent, which had ~revious ly  been considered impossible. 

The four brass von Sterneck pendulums Nos. 137, 138, 139 and 127. 
IS0 obtained in 1902 were taken t o  England in April 1921 t o  redeter- ~ ~ s ~ ' ~ ~ ~ ~  
mine their times of vibration a t  Kern. The resolts of these observations 
are given below :- 

The tirnes \\.ere obtained b,, \\.ireless time signals from the Eiffel 
oe which is to be the Toner. The peoda~ums were a ~ s d  s\vuog a t  Cambrid, , 

base station fnl. new ?;an.ry of England. Details of the 
"kina1 observs~ions n,re to be foanrl in P~~ofrssional  Paper No. 10, Chap. I. 

1925 o b ~ c r v ~ ~ , i o ~ ~ ~  ,vere ].ade b ~ .  Lt.-Colo~lel 11. hIcC. Cowie, R.E.  

Pendulum No. 1 13' 1 138 I 139 1 140 

, It harl br~oi iatt:ndnl ( ,o l l l a t ~  oJ)se~.~;~, l , ions in 14ssn~n d l ~ r i n g  the 128. 
""er senson I {)21.-25 nntl i n  F ;a .? ; l l~ i r  cl~lriog tlie snmnler of 1926. Des;gll and  

manufacture As hoaevel-, t,l~c i,olidul,lmg not nrrivell baeL from England by ,,,, 
OCtober 1924, blie Assam 1,ronranlrne \vas abnndoned and t,lle design pendulums. 

nla'ufacture of new pcndul,l~ns ivas pnt  in hand. 
The three penclulums were of brass caul with the stern and bob in  

One lpiece, Through the kindness of Colonel W. Bell, Electrical Eli- 

- 

Jnue d: O C I O I I ~ ~  

1903 

-- 

s 
0.506i066 

--------_. _ _  - -  --- - -  -- - 

P 

0.50594St: 
s 

0~5066100 
s 

0.5066335 



128. 
(Contd.) 

129. 
Modifications 

in design. 

130. 
C? ? s t a n t s  
J F  the new 
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gineer to  the illiiasoorie Yiinicipality, the casting and roughtunl 
was done in the Mussoorie Electrical Worb-shops; the wooden hmp& 
for  the pendulums and the fine t,urning and fitting were done in tb 
Geodetic BI-~IICII  IVorkshol~s ; the  gun metal knife-heads were made 
the Mathen~atical  I~ i s t rumen t  Ofice, Calcutta, the knives were agatel; 
the  case of No. 1 l~endulum and stainless steel for Nos. 2 and 3 pend~~lum~ 
Unfortrlnately hard stainless steel was not available at that t imeu 
Calcutta, ancl changes occorrecl in the times of vibration of Nos.iad 
3 pencliilnms cluring the fielcl season as a result of the bluntingof th 
knife-edges. 

The pendalums were not annealed and changes occurred wh~d 
were l~robably clue to the adjustment  of strains set up in the caslin; 

The pen~luliims were lacquered. 

The  design of the pendulums followed generally that of th 
old von Sterneck pendulums, the chief modifications being :- 

( i )  The stem projected about an inch above the knife-hd 
This obviated all  handling of the knife-head itd 
when putting the pendulums in for obw 
vation. 

( i i )  The stem mas thicker, as  i t  showed a tendency to rnhipw 
the  lathe. I 

(iii) The knife-head fittecl on a squared portion of the s h  
with the tipper part  pressing against a flangeonthl 
stem ancl mas clamped in this position by means o f 1  
setscrew. , , 

X new drinlmy pendulum for the thermometer and a new drlng 
pendulum for the tlesnre observations were also made in the Oeodeb 
Branch JITorkshops. 

Observations were made a t  Debra D u n  in a cold room and ln '  

sl'ecially I~eated room and also a t  Evelvn Hall, Mossoorie, SO asi 
obtain a low air densit,?., there being no suitable vacuum awn'' 
available. 

The I a a g w  of temperat~ires and densities so obtained mere :- 
Temperature from 10°.20C to R5O.44 C 
Densitv from 0.737 to 0,885 

AS the density n-as not constant a t  Debra DM, results were' 
pressell in t,he f01'171- 

S,, + KT + R ' D  = S 

and values for s,,, n, and gl ohtailled by the metl~od of least ~ ~ l ' " ~ '  
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The res1~2l.v oJ tA,e ~ e ~ s d u l u n ~ s  coinpared :- 130. 
(Contd.) 

As observations in  Kasllmir woulcl have to  be carried out  in a tent, 131. 
temperature conditions mere likely t o  be bad; investigations made Effect Of  

t e m p e r a t u r e  
poring the recess of 19" showed t h a t  results woold sti l l  be satisfactory cond;t ;ons i n  
lf the temperatures were obtained fro111 a thermometer placecl in n snit- Kashmir  
ably designed d u m m y  pendulum. N o  such d u m m y  pendulum had Obseruations. 
been used for the t en t  cjbservations in 190 b-05, which were considered 
unsatisfactory. 

Pe~ldnl~rrn No.  

- 

NO. 1 

,, 2 

- 9  3 

No. 137 

,, 138 

,, 139 

,, 140 

However if i  order to  reduce temperature changes as  niuch a s  possible 
the old routine of observing four  l ~ e n d o l ~ ~ m s  eaell day was abandoned. 
One l~endulum only was observrcl each day  so t h a t  t h e  pendillom case 
co~ld remain clos?;l. 

A lengthy comparison of t h e  l ~ e n c l ~ ~ l u ~ n  clock (Strasser and Rolide 
No- 2%) with the newly installed itietler clocl< sliowed t h a t  t , h ~  former 

a regular c l ~ a n ~ e  of rate. Tlris l w i n ~  so, t l ~ e  old system of ohserv- 
twice in 2.1, Irours with  the  1s t  ohscrvatiol~ shortly a f te r  t h e  evening 

 tar observations tvas not sat,isfactory. T11rc.c obscrvat~ions in t h e  2-11 
hO1lrs were adoptal,  the  mi(l(lle observrt,io~l heing jus t  1.' I ~ o u r s  af ter  
the star observations, tile otllcr t\vo e , l ~ ~ a I l y  before and ; ~ f t e r  tlie middle 
One, (in practice slrort,ly before and a f te r  tlle e\c?ning sttar observations). 

In order not to  depen(1 entircI,y on one t,i~ncpiece, the  1)endulsm 
dock, (s k R 238) ancl tile box cl l ronu~reter  ( i c r  Kbillberg 

6688) were used. T h e  ~netlrotl \vos as fo1lo11.s :- 
1st series of coincitlellces wit11 S k R, 588, t l ~ e ~ l  ini~ne(liat,ely 
1st  ,, ,, 1 7  with No.  6688 

then 2ntl ,, ,, 
9 ,  

\\.ith 9 Pc R 238 ant1 
2nd ,, ,, 7 7  ,, No. GG88 

Itedncctl 
t m e s  of 

vibration =so 

Tempera- 
ture factor 

= 

( m i t  is 
10-7sec.) 

Density 
factor= k1 

("nit is 
10-'6ec.) 

. - - 
S 1 46 6tii 

0.5075733 638 

0 - 5060075 576 

0 a 5072594 

0.5075016 

- - 

49 

49 

594 

572 
I 

0.5071620 1 49 606 

0.5070864 ! 606 



131. 
(Contd.) 

132. 
4 sub base 

and  circuits. 

133. 
T r a n s p o r t  

and Hea l th .  

134. 
Journey t o  
t h e  Deosai. 
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allowing as iisual an  interval of 60 coincidences between the lst 
2nd series of each clock. 

The  two results are equally affected br temperature, density and 
flexure errors, so if they differ i t  is solely the result of irreg~larfl;~t~~. 
t,ions in clock ra te :  this metliod therefore is an excellent check 0" tht  
beliaviour of the clocks. 

As the pei~clnlums were new i t  was anticipated that they migh, 
change;  so after observations had been made a t  the first five stat~ons tht 
pendulums nrere reswung a t  Dehra l)ti11; and in Kashmir a sub b & ~  
was established a t  Gandarbal, the work being divicled into two other 
circuits beginning ancl ending a t  the sub base. 

The programme for  the season 1984-25 commenced wit11 tnr 
stations in the plains of the Punjab follonred by a line of station* 
running from RLwalpincli northwarcls into the Himalayas as far as thc 
Deosai Plains ; in additioil a number of stations were occupied in 
the valley of Kashmir itself. 

The party consisting of two officers, two computers and tmentl 
men left Dehra Diin early in hlarch 1925. All went well wilh tl~enen 
apparatns ancl Captain Glennie returned to Dehra D i n  after cornpletinn 
the first five stations aucl reswung the pencliilums to check any chang 

From this time Lient. Osmaston replaced Rfr. Mathor i n  t b e  part! 
as the latter was required for observatory ~vork a t  Dellra Dun. 

The party had the misfortune to resume work a t  Uiramfila jllst, a1 
the  time when the cholera epidemic which afterwarcls spread all O Y P ~  

Kashmir, broke out there. A ii?zdal clied a t  Barariliila and observation; 
were abandoned, the party moving a t  once to SIiiclil,ur at  the junct,ios 
of the Sind and Jlielam rivers. One X/ln/nsi diecl of cl~olera at Sliidip~lr: 
the cont.acts mere then isolatetl for 1 .I. days 011 a small island in tht 
Sincl river below Ganclarbal. T l ~ e  whole of the part,!. \verr 
inoculated by (Inptni~i and Mrs. Glennie, as no niedicnl aid wns availablt 
nearer tlln11 S~.inagar,  where the tloctors mere 1~111~ occr~l)iecl. 

Tllo heallllnarters camp was established (ialitlarbnl, and renlaillti . . 
t,llcre for the rest of the season ; olllS the eiglrt fit.test Allalnxts hell]? 

taken for the l~ i l l  a-ork. The transport was o ~ ~ g s g o d  lacall!' 
consiste(1 of aborit iort8jr ponies and ten coolies. 

N O  fnrtller cases of cliolora (lcvclol,prl, and tile 1,nrt'y l)mcce(le~lllt 
the Sind va.11~)-; ~ ~ u f o r t n l ~ a t e l ~  tile Du/bl/,l,, died of 1,cnl.h cliseascon 
tjhe \\a!.; o t l ~ ~ r ~ \ . i s e ,  from tllis tilnc f&\ynr!l t,llc l~cnl i l~  of tile I'~'''! 
remai~rr~l  good. 

I I a r i ~ i g  romplete(1 ohserratiolls a t  2 stat,ions in :he Si11e1 vJ'q, 
a t  t l l ~  h~g ian i l l g  of J~l l ie  tile ,)artJ- atrrlclc llortll, r-jn thr S n t ~ m  '" 
a anrl Mah i l l  Oali passes, snow eovpre~l, ~ I I I ~ I I C P  acr@JS 'I1' 
Kishengangs a t  Bs ( lo?~m joilling tbP rolltc to G i l ~ i t  a few 111111' 

nort,h of (h~rnis .  No sel*ions clifirnlties were eslleric~rceel on 
as tile n-patlrer was fine, an,l illerr (lerl) llanl inan.  011 I"~'~' 
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The Gilgit road was followed as fa r  as  Burzil cRou)ki, and the Skardu 134. 
rollte, which branches to the r ight  over the Sarsangi and San Sangri (ContdJ 

passes on to the Deosai Plains. Considerable difficulty was encountered 
bet,ween Burzil ancl the Deosai ; the passes were not open and the weather 
\ral;unsettlecl with clouds at n ight ;  thus in spite of marching before 
tlaJbreal; the ponies constantly fell through the soft snow, and progress 
nlas extremely slow and laborious ; 12 miles being covered in three days. 

During three weeks on the Deosai, observations were taken a t  three 135. 
stations at an average height of 13,000 feet. A t  first the weather was The Oeoeai. 

cold and windy with a minimum temperature of 27' F., but  later the 
weather conditions improved and i t  was fine and warm during the day. 

The two views of the Deosai show the type of the country to 
some est8ent; consisting of round-topped, low, rolling hills with flat 
luxuriant moorland between, traversed by many streams and covered 
with inllumerable small lakes and pools. The numerous streams combine 
to flow out a t  the south east corner of the Deosai which is otherwise a 
complete basin, 20 miles across, surroundecl by a wall of mountains 
whose steep ancl rugged outline is in marked contrast to the gentle 
slopes of the plain. 

No e u ~ ~ l i e s  of food coald be obtained locally, although large flocks 
of sheep and goats are brought up later for the excellent grazing. 

Having completed the \\rork in  this region the party returned to 136, 
(jnndarbal by tlle Cfilgit roacl; \vIlile   as sing Minmarg, a small village Return to 
of some 20 d i l i~~~ ids t cd  log huts, i t  was noticed tha t  the cairn erected to fj;$:i:! 
mark the latitude station 011 the way up, had disappeared; on inquiry Dun. 
the sbation ~rovecl to be ill the micldle of the local polo ground and i t  

agreed tllnt tile mark stolle should remain a t  grouud level, with no 
mlrn over it. 

Pendulums rvere reS\VUng a t  Gandarbal, and three other stations 
!ere occiipied iu t l le  valley of Kashmir and three at varying altitudes 
'"the Pir Pan$! range to tile south. During this period clouds and 

interfered \7itI1 the star observations; fortunately the Astrolabe 
Programme, necsasary for determining the time, mas very short, other- 
w'Se pendulunl work would have been almost impossible. 

The whole l ~ l b o ~ ~ a m n ~ e  mas successfully completed early in 
and tile party back to recess headquarters in 

Dehra Din .  
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Circuit I 

7- -- 

Ilehra Diln (1) ... 
Wnziribid . . . 
Jhelnln ... 
Rirwalpindi ... 
Domcl . ., 
1)ehra Dim (2) ... 

Circuit I1  
(Sind dt Burzil Vnlleyf; 

and Ueosai Plains) 

Gmdarbal (1) ... 
H y a n  ... 

Circuit 111 
(Ki~shmir  Valley & I  

Panjal) - 
Gandnrbal (2) 

Lilpur 

Soniimarg ... 
Churnwan .. 
Minmarg ... 

Gandarbal (2) ... 1 Dehra Ditn (3) 

Srinagar 

Pingslan 

Yiis Maidnn 

Deosai I ... 

,, 11 ... 
,, J I I  . . . 

- 

138. 
Flexure  

I n  addition, observations a t  Shgdipur in the Kashmir Valley m a  
corrections between Circuits I and I1 are gronped with Circuit I1 in TableVlI' 

Rorag 

Tosh Maidan 

Qandarbal (3) 

1924-25. TABLE YII,-Fleznre corq.ections, season 1924-25 1 
unit is C'ircnit I Circnit I1 

J ~ C ~ U L I I  (n) 1 -100 / Hayan ( b )  -16h Sriungnr ( 0 )  

l t i r n l p i n d ~  ( 0 )  / - 99 Soniloarg ( ( 1  -219 plngalan ( I )  -IM 

Ibrnel (0) ( - 103 1 Chnra~vnn ( b )  - 101 Yils \lnidnn 
I 1 

Delun L)uu(2) ( a ) '  - 60 , RIinlllarg ( b )  -103  fiorag 
I I 
I Deosai I ( d )  - 62 Tosh IIaidan 

I I I I / 

I n  the above table ( n ) ,  ( h ) ,  ( r )  ( , I )  (1ellote tlir rsrioll~ metho 
of setsting np the iron penclr~lu~n stand. 

(0) Iron pendtllt~m stand set up  on a concrete floor " 
plaster of Paris. 

(6) A pit 5 inches deep made i n  t l ~ e  L'c~il~ld, three "' 
th wooden pegs about 15 incheq long c l ~  iven In 

tops flr~sh with the bottom of th10 pit and 
' 

pendnlrirn stnncl set on these nit11 i)la.terof ps' 
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( c )  Staud set up on a large millstone embedded in the ground. 138. 

( d )  Stand set up on a large stone boulder in  sit&. (Contcii) 

Method (6) appears t o  be the best way of setting up the stand on 
earth without large stones. 

At Pingalan the ground though apparently firm, was fouild to  be 
eontinually vibrating, possibly owing to pulsations in an  underground 
water channel. There was a strong spring about 100 yards away. 

The pendulums were swung in rooms a t  Dehra Diin, Wazirlbiid, 139. 
Jhelurn, Riwalpincli and Murree. At  Domel pendulums were swung Ob8efvation8 
in a verandah screened off by kagzats ; a t  all the other Kashmir stations 

in  tents. 

~endulums were swung in the pendulum tent. This double fly tent  was 
14 ft. by 11 ft .  and is known as the " 1905 patt,ern l ight  mess ten t  " 
made by the Elgin Mills. It is exceptionally convenient, very light 
and portable and can, if required, be converted into two separate tents. 
Tlie chronograph was set up a t  one end of the pendulum tent. 

Temperatures experienced ranged from a minimum of 5'- 83 C a t  
Deosai I to a maximum of 32O.20 C a t  Gandarbal (2). The average 
rate of change of temperature in the tent  was :- 

Night ob~ervat~ions -0°.61 C per hour 
o r i  ,, +1 - 3 9  C ,) 
Evening ,, + O  - 0 9  C , I  

Heights in Circuit I were obtained by levelling, in Circuits I1 140. 
Heights of and I11 by theodolite observations to triangulated points. The heights 

of the stations are given in Table X I 1  a t  page 191. 

The clocli rates for Circuit I were obtained by  observations with 141. 
Clock rate8 tile bent trailsit instrument as in the season by Mr.  R. B. by transit 

lIat8hor B . A . ,  and for Circuits 11 and 111 by observations with the a n d , q s t ~ ~ l a b e  
geodetic ~noclel prismatic astrolabe by Captain E. A, Gleniiie and 
Lient, G. H. Osmaston a t  alternate stations. 

Tlie averaye probable errors were :- 

I Beiit I i*niisit instrument I + ; ) . 0 2 2  &d.007 I 

For tile transit instrume~it  a l,ortnhle iron stand, desizncd by ' a 11i111t~r \vaa asrd, a ~ l d  l,roired a great eunrmiroce and 
qtea(lier tl~nll 2 I ~ ~ i r i * i e d l ~  matle pillar. 

As R I I ' C R , I \  stntetl by usinq t\yo clockq an ~ndicatioo of thcir relative 
Pteadinc.;~ pan I,c r,l,tainc;l from an esnminntioi~ of the ~)eudtilum rewl f s ;  
'Ince the (llffc~.rnces of time!: of vibration obtained for a qivrlj ~,endullil~> 
from i \ v n  r lor t s  i s  aItollotIier tlaaffected by teml~rratare all:: 

d~-wre ~rroi-c. 'l'a1)I~ \'I11 s l l O \ ~ r ~  tile difference of tllc times of vibratio~i 
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141. obtained wit,h chronometer 6688 from the mean of the times obtainw 

(Cdntd.1 from both clocks. The  daily change of rate of each clock is a]* $how 
Table VIII shows plainly t,he effect on the clocks doe to tile adrDlc 
temperature conditions in a tent.  A t  the first four stations in till 
table, obserrations were made in rooms with good t,emperature eontld 
the agreement (S, - S,,) between clocks is plalnly much better than! 
t,he rest of the st,ations. Clock S RE R 238 failed altogether at Churarao 
i t  mas overhauled a t  Minmarg  and new springs put in. Tlle effect0 
the new springs is shown by the greatly increased changes of rate a 
Minmarg and Deosai I ; after  which the  springs appear to have settlb 
down to  their work. I n  spite of the excessive change of rate at Minn~as 
the value (S, - S,,,) is no bigger than a t  other stations showin: tbat th 
method of observing three times in the 24 hours is quite sat~sfactor! 
The mean daily change of rate of the box chronometer G68SisP.1 
and of the pendrllum cloclr S & R 238 (after excli~cling the bad chan;i 
a t  Minmarg ancl Deosai I) is Os. 70. The box chronometer besidi 
being better ir, ~e r fo rmance  is very much more pol.table and convenier 
in every way. I t s  weight in a special travelling box is BI)  Ibs, and th: 
of the pendulum clock ancl stancl is 210 Ibs. 

i Daily cl~nnycs 01 rot< 
* - 

Nnnle o f  st:btion ( Pentlulum (S, - S,,) x In - '  I 
i C;(;HS I s t K  29'1 

~ -~ 

I 
. . -. -- - -- - 

kvazir;bl~i(l . . . 3 - 12 

- _- - - - - -  
J h c l n r ~ ~  ... , :3 U 

1 
-- - - 

l i i ~ v ~ ! ! ~ i r l , l i  
I 

. . . 1 . ,  I 

-- - 
-- 

\ In r reo  
'7 -0 I I  + :1 

+ 1 
- -- ~ - 

1)ornel t ... I '  t ?  
. , , 

- 11.1.6 

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

Sbillilr~ir j ... 1 ~ll,,i* - I 0  Lo.tii 
t 4  ~ - l l ' : !  I / 

yil1.8. 

* The ciilfereoce ~ R R  1,ec-n obtainptl from B C ~ I I I , ~ R ~ ~ P I I I I  fir I l l n  t,imes so, fil(i' 
tion of individnal prnrlnl~lnl as ol,tnjnc,l Erorn ('111'i7110'neter 

w i t h  the u ~ e a n  as obt,ainetl Irom 110th c l o c l ~ . ~  
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* x ~ \ \ '  q".in:rr IN'~. in a t  M i n n ~ n r g .  
t ' I ' l ~ rso  vnl~lerr arc omil.tot1 from nlenu. 
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Nnme of station 

Tosh hlaidan . . . 1 - 29 

Gandarbal (3) ... 1 - 26 
+ 0.44 

Meanm 
. I I 9 1 0.45 ( 0.70 

142. The method of observing only one pendulum each day hastllr 
effect t ha t  the result obtained for each pendulum contains differel! 

from mean 
& Debra Dun ; clock rate, temperature and flexure errors etc. so that  the differences0 

ualues of ' individual pendiilums from the mean or from the Dehra Din value01 
lndiuidual 

. t,he pendulums will vary more than mas the case before, mhenali Pendulums. 
pendiilums were observed each clay. Table I X  shows the differencesol 
individual pendulums from the mean pendulum, and the differences  fro^ 
the first Dehra Diin value of each pendulum from t,he various stationi., 
A line indicates where a change in the pendulum has occurred between 
two stations. The  following deductions regarding the pendulumsllar~ 
been made from consideration of table IX a t  page 184. 

NO. 1 Pendulum-Circuit I. A change of - 28' x I 0-' oecl~rrd 
between Jhelum and Riiwalpindi. No changes occurred in Circuits 11 
and 111. There has been no noticeable deterioration of the knife-& 
which is made of agate. The change in Circuit I was probably duellj 
adjustment of strains set  up in castlng. 

NO. 2 Pendulum-Circuit I. A change of - 1 I 6' x lo-' O C C I I ~ ~  

between Jhelum and Riimalpindi; A t  Domel No. 2 Pendulum appeard 
to be changing during the observation ; possibly any tendency to cllao? 
mas increased by t,he move from Murree which was under snow 
Domel where i t  was very hot. The  value obt,ained a t  Dehra Din lo 

March 1025 ehows a change of - 214: x lo-'  after Murrce. cilruitslI 
and 111.-Since No. 1 Pendulum remained unchanged in Kashmirll 
can he used as a means of standardising the other two pendulllnlL 
Gandarbsl is the sub base, the three values for No. I Pea(luluma' 
Gandarbal show a mean difference from Dellra DGn of -43' x lo-'- H"'@ 
NO. 2 Pendul~im is assumed to have cllanged + I ::O" x lo-' for Ih'  

' d stations Gandarbal ( 2 ) ,  Liilpul., Srinagar, Pingalan ant1 to have remall' 
unchanged for the other stations, A further change occurre(1 betwRn 
Gandarbal (3)  and Debra Din .  The knife-edge has rleteriorated, a"" 
evidenced by the more rapid waning of the amplitude. I t  is 
stainless e teel. 
- - - - - . - - - . -- . . . - - - 

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

* Without regard to signs. 

Pendnlnm 
I Daily change8 or mk 

(Y,-S.,,) x 10-1 1~ 
I I 61388 1 B&R 438 

I I 
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I\;o, 3 Penclulum-Circuit I. A change of - 109" x lo-' occurred 142. 
(Contd.) betwee,, Jhelum and Itiwalpindi. Circuits I1 and 111-There was a 

change of -125% lo-' for the stations Sonfirnarg, Churaman, Min- 
marg, Deosai I, and Deosai 11, otherwise no change in Kashrnir. A 
further change occurred between Gandarbal (3) and Dehra Diin. The 
knife-edge has deteriorsted ; i t  is of soft stainless steel. 
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TABLE IX.-Bifer.e~rces,f>om mean n ~ r d  BeArcl Bin ~l,,,,,, 

sea.?o?r 192425. (The un i t  is lo-'sec.) 

I 1)ifferences fro", the mean I I"Iference3 fG 
Name of station I Delirn U i ~ n  

-. 

~ 0 . 1 1  1 ~ ~ 2 1  0 1 ~ 0 . 3 1  u I N O . L I S ~ , ? ( L . ,  

Dehra D i ~ n  ( I )  ... . . . .  

Wnzirtibid 

Jhelum 

Itiwalpindi .. 
Murree . . . -  
Dome1 ,.. 

Dchra Dun (2) ... 

Shitlipnr . . . -  
Gnndarbal (1) .. 

Hayan . . . -  

Sonimarg ... 
Chnrnwau . . . -  
hlinmarg ... 
Deosai I 

Deosni I1 ... 

Ileoeai I11 ... 

Gandarbal (2) . 

L ilpnr . . . -  

Srinagar . . . -  
Pingalan . 

Yis Maidan . . .- 
Knmg ... 
Tnsh Mrridan . .  
Oantlar1,nl (3) . . . -  1415 t o 5 1  +3497 -041) -2062 -00bJ - 009 - 

Dehrr Din  (3) 

Mean . . . -  1499 + 3646 

- 1568 

1574 

... 

-1501 

1511 

- 1488 

1452 

- 1448 

1441 

- 1440 

. . . . . .  
-1421 

-069 

-075 

-002 

+ 3596 

+ 3596 

... 

-1476 +023 ! 

-012 

+ 011 

+047 

+051 

+ 058 

+ 059 

. . . . . .  
t W 8  

+ 3503 

- 1133 

1452 

1504, 

-1661 

. 028- 330-11. 

- 

+ 049 

+ 060 

-043 

-034 

+ 047 

. 005 

+ 3532 

+3491 

+ 3486 

+ :i547 

+ 3511 

+ 3550 

+3550 

+ 3591 + 051 

+ 35451 . 001 . I - - . + 3579. + 031 076 + 036 - I 1  

-062+3627!+081 
-! 

1 
1182+Ol'i  

- 2026 

. 2021 

... 

-014 

- 055 

-060 

+ 001 

+ 3501 

+ 3530 - 1180 

- 755 

+ 071 

. 634 

+ 021 

+026 

-045 

-016 . + 019 

- 8G5;.I 

- 032,tI. 

... /-71% 

- 

-035 . 2ori9' . 

. + 004 . 2111 

... 
+OU4 -2128 

I 

+a472 -074 -20.42 t O O ~ ~ ,  + 699 + oita -1430 +Of39 

-2020 

-2004 

-2033 

. 030 

- 069 

t 206 

t 636 

I 

+ 027' 

+043 

+01-1. 

t 049'-0; 

- 061,-11 

t l i 2 ' t N .  
I - 
! 

t 6 5 y ; + l  -20811 -052 
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The Dehra, Dun value (so) of the  pendulums from the  above de- 
ductions for the various stations are tabulated below :- 

Pattie (so) of t i e  pend~ctums a t  dzxerent stations 

I 

All the  other stations 
in  Circuits I1 and 111 ... 

Pendnlnm8 

No. 1 Pendulurll ... 

No. 2 Pendulum ... ( Waziribid & Jhelnm ... I 0.50'75733 

Stations I Value of (so) 

Waziribid & Jhelnm ... 
Riiwalpindi, Murree 
and 1)omel ... 

Riiwalpindi, Murree 
and Dome1 . , .  I 0*5076617 

L I 

Gandarbal (2) Lilpnr, 
Srinagar & Pingalan ... ( 0-6076533 

A l l  the  other stations 
in  Circuits I1 and I11 ... I 0 -6075403 

KO. 3 Pendulnm ... I Waziribid & Jhelum ... I 0 - 5070075 

Rcwalpindi, Murree 
and Dome1 ... / 0.6069966 

Sonimarg, Churawan, Min- 
marg, Deosai I, Deosai I1 1 0.6069719 

A11 t h e  other stations 
in Circuits I1 and I11 ... / 0.5069874 

143. 
Value (a,)  

o f  t h e  
pendulums a t  

d i f fe rent  
stat ions.  

The differences from the mean are retabulated in Table X 
with the adjusted Debra DGn values. The  times of vibration and 
[ledliced values of g are given in Table X I .  An abstract of the results 
is given in Table XI I .  Owing to the unsatisfactory bellaviour of the 
two pe~ldulurns wit11 stainless steel knife-edges, the values of g aad  
the ~orresponclin~ anomalies sllonld be taken as correct to 0 .01 dynes 
~nl!-- A detern~illation of the .aloe of qravit! a t  Srinagar was made 
by De Filippi Expedition in 1914 with e ~ g h t  pendulums. The results 
are compared below :- 

dynes 
De Filinpi Expedition in 1914 g = 979.090 
Snrvey of Inclia in 1926 g = 979,095 

144. 
Values o f g  i n  
1914 6 1925 
compared. 
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TA SLE X.-1)iferences J'ror ,~ t/le nzeaqh and i?ldividuaZ pe~td~llwn,b, 
season 1924-25. (The un i t  is 10-'see.) 

Differences from the moan 
Name oE station 

No. 1 I u ,I NO. 2 

Dehrn D i n  (1) ... - 1629 - 1 8  + 3644 + 06 - 2014 + 13 
Waziribid . . . - 1610 + 01  + 3642 + 04 - 2033 - 06 
Jhe ln~n  ... - 1595 + 1 6  + 3629 - 09 - 2034 - q 
- . -. - - pp 
Mean ... 1 - 1611 1 11 + 3638 1 11  - 2~27 

--- 

Dehra D i n  (ac l ju~ted)  - 1573 - 01  + 3612 + 11 - 2039 - I(\ 
Riiwalpillcli ... - 1568 + 04 + 3595 - 06 - 2026 t W 
Murree ... - 1574 - 02 + 3596 - 05 - 2021 t l 
Dome1 . . . .., 

Mean ... 1 - 1572 / 11  + 3601 1 1) - 2029 1 
- ~. -- . 

Dehra Dim (2) ...I - 1 6 0 1 1  I/ + 3 4 ' 7 0 /  11 -19671 

Dehra D i n  (adjusted) ... 
Shidipnr . 
Qandarbal (1) ... 
Haysn ... 
Deosai I11 . 
Y i s  Maidnn . . . 
Korng ... 
Tosh Mnidan ... 
Gandarbal (3) . . . 

- 1476 
- 1 5 1 1  
- 1488 
- 1452 
- 1476 
- -  1482 
- 1480 
- 14,30 
- 1443 

--- 

Mean ... ( - 1471 1 ) I  + 3302 1 I - 2030 1 I 
-- 

+ 03 
t 10 
t 26 
- ( O  
t 64 
+ I ?  
- 
- I! 
- ?! 

- 05 
- 4 0  
- 17 
+ 19 
- 05 
- 11 
- 09 
+ 41 
+ 26 

00 
+ 30 
- 11 
- 16 
+ 01 
- 01 
+ 28 
- 30 
- 05 

. -- -- -- 

- 

I + 3502 
+ 3532 
+ 3491 
+ 3486 
+ 3503 
+ 3501 
+ 3530 

3472 
+ 3497 

. 

-~ 

- 2027 
- 2020 
- 2004 
- 2033 
- 2026 
- 2018 
- 2049 
- 2042 - 2052 

- 6 
t 
+ 34 

l r  

Delira Di~n (ndjnsted) . 
S o n i m n r ~  . . . 
Cbnrnwan ... 
Slinmnrg . .  
Deosai 1 . . . 
Deosai I1 ... 

Sl e ~ n  ... I - 1417 ( 11 + 3540 1 11 - 2103 I 

- '2nO 
- 2099 
- 2069 
-2111 

. . . 
- 2128 

- - . - - 

Dellra D i n  (adjngte~l) ... 
Gnuc1nrl)nl (2) ... 
L i l p ~ i r  ... 
Srinagnr 
Pingalan . 

- 

- $ 4  
- 1448 
- 14-1-1 

+ 0:3 
- 1 1  
- 0-b 

+ 3544 
+ 35-17 
+ 3611 

Mean . 1 - 1 . .  11 + 3581 1 1 - 2073 1 ,,' - 
----.. - 

Dehrn Diln ( 3 )  - 4 :  . 11 

- 1519 
- 15.73 
- 1452 
- 1506 
- 1561 

- 1440 

+ 01, ! 
+ 07 
- 29 

_ 
- 0.i 
- 1 
+ 6 2  
t 19 
- 17 

+ 10 
. . . 

- I421 I + 3550 

- 03 

_ 

+ 3689 
+ 3597 
+ 3545 
+ 3679 
+ 3627 

... 
+ 10 

1 + 3550 

_.... . -. 

- 0-I 
+ 40 1 - 20% * ' 
/- 
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TABLE lYI.-Mean iimnes of cibmtion and deduced valises of 9, 
season 1924-25 

I 

Name of stnliou I l l 2  - 

3 

0.5069199 
- 876 

979,401 

0.5069193 
- 882 

979 404 

0.5069247 

M e a n s  

0.5071232 
- 857 

979.394 

0'5071227 
- 862 

979.396 

0.5071273 

0.5074874 
- 859 

979.394 

Wsziribid s 
s-so 

g 

- 732 
979.346 

0.5073105' 
+ 100 

979.024 

0.6069591' 
- 609 

979.298 

0'5071913 
+ 12 

979- 058 

0.6071861 
- 50 

979.082 

0.5075089 
+ 188 

97d.990 

0.5072515 
+ 656 

9ih.810 

0.5072381 
+ 472 

n'ia.881 

0.50i2534 
+ 676 

978.803 

0.5071221 
+ 1134 

078.625 

0.507298A 
+ 1129 

978.627 

S-so 
g 

hi''ncc 6 

S-s,, 
g 

Uomel s 

6-60 

g 

Shidipur N 

6-60 

g 

Ifandarbal (2) 6 

s-s0 
9 

Hngeu s 
S-so 

g 

sonimarg 8 

R -So 

9 

Cburawen S 

Y-so 
g 

linmarg 
6 

~ - 6 ~  

g 

hosai I 
S 

s - s n  
s 

Dcosai I I 

8 - R" 

h ~7 

0.5069628 
- 838 

979.387 

Jliclarn s 
R-so 

g 

Riralpindi s 
- 728 

979.344 

0.5070531 
+ 09s 

979.025 

0.5069826 
- GO7 

979.297 

0.5070402 
- 23 

979.072 

0.5070363 
- 62 

979,087 

0.5070637 
+ 212 

978.981 

0.5071067 
+ 642 

!178.815 

0.5070890 
+ 466 

978.883 

0.5011094 
+ 669 

978.805 

0.5071576 
+ 1151 

978.618 

0.5071667 
+ 1142 

978.622 

0.5069632 0.5074856 

-749 ) -719 
979.352 979,341 

I 
0.5071701 / 0~5070084 

+ 081  
979.031 

... 

... 

. . . 
0.5075445 

+ 42 
979.047 

0-5Oi6342 
- GI. 

979.057 

0.5075575 
+ 172 

9i8.997 

0.5076062 
+ 658 

978.809 

- 828 1 -877 

+ 118 
079.017 

0.5069356 
- 610 

979.299 

0.5069893 
+ 19  

979 a 056 

0 5069847 
- 27 

979.073 

0.5070056 
+182 , 

978.993 

0.5070416 
+ 667 

978.809 

979.383 

0.5069705 

979.401 

0.5074868 , 

0.6075842 0.15070262 
+ 4.39 1 +613 

978.894 , ~ ) i 8 . 8 ~ 3  

0.5076OR1 i 0.5070423 
+ 681 

978 800 

... 

... 

. . . 

0.5076538 
+ 1136 

979.666 

+ 674 
978.803 

0.5070866 
+ 1117 

078. G32 

0.5070860 
+ I111  

078.634 
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TABLE lYI.-Mean ti?,zes qf ~ i b ) ~ a t i o n  and deduced values o$ !, 
seasore 1924-25-(Coacld.) 

Name ot etation 

Deoeai I1 I s 
S - 80 

g 

Gandarbal (2) s 
S - s o  

g 

Lilpnr 6 

~ - 3 ~  

g 

sfincrgar 6 

8 - 8" 

g 

Pingalan s 
8 - 8 0  

g 

Yiis Maidsn E 

8 - 8 0  

g 

Korag s 
s - so 

.9 

Tosh Maidan S 

E - so 

1 

0 .50714,33 
-k 1008 

978.674 

0.6070360 
- 65 

979.088 

0.5070448 
+ 23 

979.054 

0.5070356 
- 69 

979.090 

0.5070355 
- 70 

979.090 

0.5070793 
+ 36s 

978.921 

3.5071224 
+ 799 

978.754 

0.6071131 
+ 706 

I 978*790 Chndarbnl (3 ) s 0.5070423 

/ -02 
g 979.064 

2 3 1 Meanad 

0.5076412 
+ 1009 

978.674 

0.5075400 
- 43 

979 .080 

0.5075445 
- 88 

979 097 

0.5075439 
- 94 

979 a099 

0.5075543 
- 10 

979.063 

0.5075776 
+ 373 

978.919 

0.5076234 
+ 831 

978.742 

0-5076033 
+ 630 

978.820 

0.5076365 
- 38 

979.078 

0.6070883 
+ 1009 

978.673 

0 -  6069829 
- 45 

973.080 

0.5069807 
- 67 

979 - 089 

0.60G9785 
- 89 

979 so97 

0.5069851 
- 23 

979 so72 

0.5070257 
+ 383 

978.915 

0.6070655 
+ 781 

978.761 

0.5070519 
+ 645 

978.814 

0.5069816 
- 68 

979.086 

0-6072~ 
t 1009 

978.614 

0.5011893 
- 51 

!)79.08:1 

0~6071900 
-44 

979@4 

0.5071860 
- 81 

979495 

0~5071213 - 23 
979,Oij 

0.6072275 
t 371 

978.918 

0~5072701 
t 83 

978.15; 

0.60715~' 
+ 660 

978.809 

0 ' 6 0 ' 1 ~ ~ ~  - 3.1 
97gq0i6 

# 
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The observations for time with the prismatic ast,rolabe made to  
obtain the clock rates (vide $146), also determined the astronomical 
latitnde. In this way astronomical latitudes were obtained without ex t ra  
labour at all the stations in Circuits I1 and 111. Observations for 
latit,ude were macle a t  B~irarniila also. Usua,lly a t  each station there 
.were four nights of observations, averaging two hours each n ight ;  
longer programmes would have interfered with the pendulum work. 
The average probable errors in the astronomical latitude were :- 

11.e. of a single determination + O"e55 
p.e. of the mean - T O".l3 

This is not as good as the Talcott results in previous seasons but  
the astrolabe programme was much shorter. 

Evidently wit,h this instrument a short series of observations on a 
single night are unreliable ; but  under favourable conditions the method 
gives relsults comparable in accuracy n ~ i t h  those obtained by the Talcott 
method. 

The great advantages of the prismatic astrolabe are :- 
(2). Simultaneous determinatiou of time and latitude. 
(ii). Great p ~ r t s b i l i t ~ y  of the inst,rument and easy erection. 
(iii). Simplicity of observation. 

A disadvantage is that  results are noticeably affected by differential 
refraction effects when there is a marked change in the weather. Pro- 
bably such effects are much greater in the Himalayan regions than in 
the plains: they lead to a persistent error, so long as the unequal conditions 
prevail. Persistent errors of this nature mere found a t  the following 
stations, always when the weather was changing, one par t  of the sky 
being clear and the other ],art misty and unsettled. The observations 
on these unsettled days were rejected. 

Name of station 

Minmarg 
Deosai 1 
Deosai I11 
Y t s  Maidan 

Error 

145. 
Simultaneous 

latitude 
determina- 

tion by astro- 
labe. 

146. 
Advantages & 

disadvan- 
tages of 

astrolabe 

For the calculation of star places use has been made throughout of 147. 
the American Epllemeris ; the short period terms have  been included and logue. 
also the ~o r rec t ion~  to star places given in Table X I 1  I of the Ephemeris 
1925. 

Geodetic latitudes we1.e obtained by theodolite resection a t  all 148. 
statiolls; in ~rlost, cases at le=t f o ~ l r  \\re11 defined triangiilated points 

G e O ~ ~ ~ ~ ~  r:ti. 
mere visible eit,her from the l )cnd~l lu~l~  camp itself, or from bollle poillt theodolite 

more tlla11 a nlile distant. Tlle resected point was then connected resection. 
the ast~rolnbe stgation direct measurement or, if this nras not 

I'ossible, 1 ) ~  mr;lsnring a smAl~ triangle fornietl by the astrolabe, resected 
polnt, a l ~ l  auy third point in camp. 
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148. Observations were made on three zeros using a 5-inch micromehr 

tlieoclolite ; and an azimuth taken t o  Polaris before dark. 
The  coordinates of t he  resected point \irere found graphically s 

follo\vs :-Trsing the  azimuth found, nncl the approximate distancalo 
t he  points measured from a map, a large scale diagram is drawn of thp 
area in which the  resected point lies, showing each of the observedray; 
these will not meet in a point, due to  error in the observed azimuth, 
and errors in identifying the  exact triangulated fixed points. The fitstol 

these errors can be en t~ re ly  eliminated by swinging each ray throuth 
a distance on the diagram proportional to  its length, as in  plane tabling, 
The  second error is then easy to detect as  the ray from any mrongl! 
identified point will disagree with the  majority, and can be discarded 

Plate No. X shows a typical diagram!; thejresection a t  Tosh Maidan 
It is important t o  note at the time of observation, which triangulaM 

points are really definite, in order t ha t  no mistake is made in discarding 
a correct ray. A baclly defined point is seldom of ally use what so ever,^ 
the error of intersecting off the  mark is ~Ve~roduced in magnitudeatthc 
resected point, ancl if used, only complicates the result. 

The  resection was tinsatisfactory a t  one station only, i.e, at Soni 
rnarg. A t  this station only two points were visible, one badly clefin!: 
ancl the heights obtained from these did not agree. Tlle geodetic 
tude of Sonarnarg is therefore given to the nearest second onl? In 

Table X I I I .  
The  latitude stations were marked with a large stone at gr0tl,nd 

level, with a circle and dot cu t  on its upper surface, and a rougll cairn 

of stones 5 or 6 feet high built over it .  
The astronomical results are given in Table X I I I .  These ale 

corrected for latitude variation. 



I 
I 

I 
i PLATS X 
i 
I 

SHOWING GRA; 

I D A ~ *  :-- Points Dlstanacs 1 I 
Pt. 89 . 2 1,950 
Pt. 79 . 25,100 
P t . 1 8 0  . . .  - 
Pt. 297 50,700 Mahidto 
Mahideo . . . 166,200 
Sandatop . . 242.00C 
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* A pmitLve value of (A - G )  denotcs southerly deflections of the i ' ~ u m ~ ' ' ~ ~ ~ '  

latitude 
Geodetic 

3i16 25" 

34 11 12-59 

34 12 48.03 

34 13 54.49 

34 18 03 

34 39 31.69 

34 47 30.21 

34 57 20.76 

35 02 03.82 

345547.20 

34 05 36.93 

34 04 33.61 

33 5422.49 

33 49 50.65 

33 48 31.37 

33 55 17.33 

~ o n g i t o d e  

7: 4i 0152 

74 41 00.35 

74 46 OS.57 

74 58 28.94 

75 16 19 

74 54 00.01 

75 04 34.57 

75 14 41.24, 

75 23 46.32 

752538.30 

74 32 11.69 

74 49 27.27 

7455 59.16 

74 39 57.26 

74 33 20.90 

74 29 68.13 

Name of 
station 

Biramila  

S h i d i p ~ ~ r  

Gandarbal 

Hayan 

Sonimarg 

Chnrawitn 

Minmarg 

Deosai I 

Ueosai IT 

D e o s a i l I I  

Lilpur 

Srinagar 

Pingalan 

Y i ~ s  Mnidan 

Korag 

Tosh Maidan 

Observer 

Q.H.O. 

G.H.O. 

G.H.O. 
dr 

E.A.G. 

E.A.Q. 

G.H.O. 

E.A.G. 

G.H.O. 

E.A.G. 

B.H.O. 

E . A . G .  

E.A.G. 

G . H . O .  

E.A.G. 

G.H.O. 

E.A.U. 

G.H.O. 

3; 1; 23%5 

34 10 56.70 

34 12 29.79 

31 13 23.68 

34 17 51.16 

34 39 15-64 

34 47 22.67 

34 67 21-20 

36 02 11.78 

345605.42 

34 05 40.19 

34 Od 19.42 

33 5406.32 

33 49 69.08 

33 48 33.36 

33 55 19~01, 

* :;lo 

f-118 

f .090 

f ,226 

f -140 

f a141 

k.074 

f.188 

f-160 

k.123t18.2 

f .057 

k-133 

f.166 

&.I06 

fa181 

f ,180 

-lj.$! 

-la.?! 

-20.6 

-12 

-164 

-07m5 

t03*1 

+OV 

toJ': 

-17" 

-16' + @ ' '  
+O" 







KASHJIIR. VIEW FROM THE SURIMIT OF TATABUTI IN THE ~ I R  PANJAL, 

16,600 FEET. 





Plate XI11 





Plate XIV 
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Corrections for topography and isostatic compensation have not ye t  
been computed, so i t  is not advisable a t  this stage to at tempt to make 
any definite deJuctions from the results. 

In Plate No. X I  tlle mountain maFses are shown diagran~matically 
and all the stations of the observations with the Free Air y n v i t v  ano.. 
malies and plumb-line deflections ; previous latitude 111 Kashmir 
is also shown. 

The southerly deflections obtained a t  Deosai I and I1 confirm the 
striking southerly deflections obtained by the 1)e Filippi Expedition a t  
Sknrdu and Wozul Hadur (Skardu 28O.3 S ,  Wozul Haclur 25".7 S)  
and appear to indicate t ha t  the Ladakh range is not compensated 
isostatically, whereas the  degree of compensation of the Kara-koram 
range is very considerable. 

A start has been made on the " Average height map of Inclia ". 
About one third of India has been completed, the average of heights of 
all 30-minute squares being determitied. Besides being of co~lside~,at le  
:enera1 interest, this nlap will very greatly faellitate the computatio~i 
of topographical and isostatic compensatio:~ effects, and enable them to 
be taken out or checked by ordinary computers. 

Varior~s new forms and tables have been prepared for the ast~.olabe 
computatioris; and the extension of the Hayforcl reduction tables fo:. 
heights above 12,000 feet has been put in hand. 

149. 
Corrections 

for topography 
and ~ s o s t a t i c  

compensa- 
t ion .  

150. 
Average 

height map 
of Ind ia  

and  forms.  



LEVELLING 
(No.  1 7  Par ty)  

151. 
Season 
1922-23. 

152. 
Field 

Organiratron. 

153. 
Octturr l  ot 

w o r k .  

The party office closecl a t  Mussoorie on 23rd September l!)&2,and 
moved to  Debra Dun. Six detachments took the field; of which No. I 
comprisec1 all t he  Sutlej  tertiary levellers, and No. 6, after completinga 
high Ixecision line by single levelling, was raised to a double detah. 
melit ; the remaining four were double detachments. The recess season 
opened a t  3lussoorie on 5 t h  April 1923, detachments arriving at various 
dates afterwards; No. 1 recessed in Dehra Dun.  

The  field or$nization was as  follows :- 
( i t  j Sut lej  Valley Group under Captain E. A .  Glennie, D.s.o., R,E., 

corn prising : 
No. 1 detachment under Captain Glennie. 
,, 2 detachment under Mr .  0. N .  Pushong. 
,, 3 cletachment under Mr .  P. B. Roy. 

(6) No. 4 detachment (Bombay and Madras) under Mr. K.P. 
C;opalachari ancl later untler Babu Nohd. Ishak Khan. 

(c) No. 5 detachnlent (Burma) under Mr.  S. C. Mukerjee. 
(dj No. 6 detachment (Sincl and Punjab) under Mr. Abrlul blajid 

The Siltlej Valley Gronp comrnencecl a close network of levelllnp 
for the Sutlej  Valley Irrigation Project.  

No. 1 detachment executed 13,889 linear rlliles of tertiary lev~ll. 
i nc  In the 3111ltfin ancl ?vIontqomery districts, covering 2045 squbm 
miles ; while Nos. :! and 3 detacllments ran 60'3 and 661 miles of 
secondary (double) levelling, to control the tertiary work of the pres~nt 
ancl subsequent seasons. 

No. 4 detachment, on the simultaneous clouble levelling system, 
ran 72 miles of secondary l e ~ e l l i n g  from Ahmaanagar to Dhond, 4 '  
miles from Gooty to Ongole, xncl 208 miles in the (;hitprabha lm.  

gation area In Bombay, for the local government. 
30. 5 detachnlent esecnted 610 miles of seconclarj, (double) I ~ ~ P I I *  

inz, for the Piiblic M'ol.ks Del,artment (Irrigation), Burma, in connection 
wlth the Irran-addy embankment scheme, with the tide 9". 
ges in the Irrawaddy Delta. 

NO. 6 d~ ta r l imcn t  exep,ltpd 205 miles of lligh (single) 

levelling from k l l l n l ,~ i r  to Jacol,ahicl, tllis belllq the reverse dlrw 
tion, and completed the work on tha t  portion of line 101 of 'lcR 
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llet for India. It mas then expancled into a double detachment which 
out 392 miles of secondary double levelling about Mirpur  K h i s ,  

for the Bombay (;overnment, in connection \\.it11 the Sukkur Barrage 
Project. 

I 

The total work done was :- 
(a) 205 miles of primary levelling for the  new net. 
(6) 313 miles of second:lry levelling, for breaking up a circuit, 

and for checking tlie standard bench mark at Ahmadnagar.  
(c) 2480 miles of secondary levelling for local governments. 
(d) 15,889 miles of tertiary levelling for the  Punjab Govern- 

ment. 
The work'done was siltisfact.ory, except t ha t  of No. 4 detachment, 

whose records were broi igl~t  into recess so incomplete tha t  the compu- 
tation mas not finished at the  end of the recess season. The results of 
the work done for tlie local government werc however sent out. 

No. 6 detachment was delayed by relevelments and by  high winds 
in Sind, and had to close work io June, leaving 4t1 miles of its pro- 
gramme unclone. 

Otherwise, tlie party's programme was coinpletecl. 

As predictecl in the Records Volume 1921-22, i t  was not  found 
possible to devote more than one detachment this year to the ne t ;  details 
of the work are given uncle]. No. 6 detacllnient (nille 4 180). 

No. 1 detachment.-t,ertialy levelling. 

Captain 15. A.  Glennie, n.s.o., IL.T<., nras in charge; four sections, each 
of about 10 IeveIIers, under >I,-. R. H. Al:itl~ur, Mr.  A. A.  S. Matlub 
Ahmad, Babu 14. K. K a r  ant1 Babn Paiziil I-Iasan. 

This morlr, which was taken tip at the request of the Punjab 
Government, mas a new departure. 

Only a short t ime ren~ainecl for training and equipping the detach- 
ment for the field, orders issaetl a t  the end of July 
1922; the t ~ : ~ i n i n ~  of npn. levcllcrs, all cnqaqed on "11~11.ely teni1Iorar.v" 
 agreement,^ Lci'an at nC~lra ~ f i ~ ~  i l l  Scptembcr 1$)2?, under Mr.  R .  B. 
Ilatlinr ant1 ATr K. K. DRS. All f0i1r sections left Dehra Dun during 
the latter hall of October 1920,. 

The dctarhmeot l lcat l ( l~~arte~,s  office opcued at  Bah;twalpnr on 6th 
S ~ l ~ ~ h p r .  'I'llr recess oflice orellell at Ucl~ra  1Ii1n on 5t'll April 1 Ye:<, 
lln(lel. M r .  It. I < ,  ~ f s t ~ l l l l . .  

2043 scl11a1.p m i l e s  of tcltin,y!. Icvcllinq \vcl.c e\ccntctl in shcets 
:")N/16, :J!) ( ) I ( ; ,  9, 10, 11,  l:{, i4,  - \ , I q  13/.[c, S, 11, I:;, 15, 16, 44C/l, 2, 
and 4 4  P/3, I,. 

*I53 
(Con td .  ) 

155. 
The new level 

n e t .  

156 
Detai ls  of 

f i z / d  work 
S ~ i t l e j  Val ley.  

' l 'h~ w1tt111.1~ wOII1d becli greater il thcre had been a col11ll:ete 
stock of levcls at, f h p  s tar t .  



157. 
Rsctrngulr - 

tion of areas 
to be d j r r -  

l00dd 

158. 
Syst3m o f  

work. 

160. 
O ~ t t  j r n  and 

1''0h43/0 
F p c l ? r  0 f 

t ~ r t ~ a r y  
sl;ld!r 

k u j '  Ing. 

GEODETIC REPORT 

The whole area of 13,514 square miles to be developed bv the 
S I I ~  lcj Valley Project is being marked out into 100-acre rectangles br 
No. 23 (Punjab  Itectangl~lation) Party, and of this area 10,030 quai 
nlilcs is being further s~tbrectangulated by the Civil Department to 
gs-ncrc rectangles. The  corners of rectangles are marked on the grocnd 
by numbered stone pillars. 

The  work of No. 1 detachment consisted in determining 1 1 1 ~  

p o u n d  level a t  each pillar and a t  fixed intermediate points. About 7 1  
levels per square mile are required for the area subrectengulated 

to  ?Lacre  rectangles, and 38 ground levels per Ppuare mile for the re. 
maining area, or  904,090 groiind levels in all. 

Lines of bench marks on the tops of rectanqulation pillars runninr 
north and south about 6)  miles apar t  are established by tertiary double 
levelling, and formed into a grid by double levellers' linee runninc 
east and \vest about 15 miles apart  or less. 

Singlo levellers work along east and west lines between the bench 
marks on the north ant1 south lines; each single leveller's line repre. 
sents about 9 miles of actual levelling. 

The grid of tertiary bench marks is connected a t  frequent intervals 
to interred bench marks on the secondary lines run by Nos, 2 and J 
clrtachmrnts. 

The proportion of tertiary doilble to single levelling is about I : ] ] .  

Dumpy and light Zeiss pattern levels were taken into the field: 
it was soon fonntl t ha t  work with Dumpy levels mould not besatic 

factory, and by the end of December the whole detachment waseq~~i])@ 
with light Zeiss pattern levels. 

A t  the beginning the shortage of levels made it necessary tu 
dollbfc hawk in some cases. This did not result in a rite 01 

or~t tnrn .  
Only one staff per level wag employed a t  first, but ~ubsequpnh 

two of the four sections were equipped with two staves per ievel. 
Inateall of pegs, small iron level mere used and ~ v e  

cellent resnlts. 

The O I I  ttnrn is as  follows : -- 
Area I~velletl over. 

( i  ) .  S a b r e ~ t a n ~ u l a t e d  to 25-nere rectna-IPS 1200 square m'ln 
I . .  
1 .  R~c t~ng l l lh t e r l  to 100-acre only. .  . . . . .  S , $ 1  

Jlilecr of Ievellina :- 
. . . . . . . . . . . . . . . . . . . . . . . . .  11).  Double levelling.. 1:!:14 

( i i ) .  Single ,, . . . . . . . . . . . . . . . .  . 1 2 ~  
Points :- 

. . . . . . . . . . . . . . . . . . . . . . . .  (i). Ground levels ,1263 1.2 
(ii). Bench marks on tops of pillars.. . . . . . .  ..815Q 
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The probable error of a grorincl level of tertiary single levelli~lg is 
t0.043 f t .  

1 'I1he rates worked from the actual figures of the work done in season 
lt28.28 ere as follows :- 

Cost rates of work in 1922-23 

The Chief En5ineer (Construction) mas provided with volumes of 
heights cornprited In recess. A form of chart  was devised, on the 
four-inch scale, showing ( i )  in blue, the rectanplat ion framework, and 
wessory work ; (ii)  in black, spot levels, and (iii) in brown, one-foot 
contours and sonle extel-nal reference letters. The detachment pro- 
duced level a,nd coutor~r grlides, from which fair drawings were made 
for reproduction. 

NO. 2 tlo~~ble c!et,achment.-secondary levelling. 
Mr. 0. N. Poshong was in charge, and Babu Mohd. Ibrahim 

"orked as seco~ld leveller. The lines tha t  were run to control tertiary 
work were :- 

Field 
w111.k 

RS. 

5 .9  

0 . 6  
- - - 

47.5 

23 .8  

( a )  Kac-ilr to Lodhrln via  Khudiln, Pikpatt,an and Rattx Tibba, 
along the dismantled railway. 

The above rates do not include any percentage for supervision, 
instruments, or mapping costs. 

Itecees 
work 
- 
RS. 

1.1 

0 . 1  

H . 8  

4 .4  

Tot;rl 

- - 
RS. 

7 . 0  

0 . 7  
. -- 

66.3 

28.2 

( h )  Ratta Tibba to Kaim Rais-ki-got', by road via Luddan, 
across the Sutlej near t,he Isllmmeir, direct to 
Nfi i l~ot ,  and thence by road. 

(('1 Kutnhpur to kdamwghan : sorith west direct to Kl~irn Bela, 
then east. This line goes t h r o u ~ l i  much scrub and grass 
Ian~l ,  and a large tract of sand west of Adamwihan. 

Herllrrk~ 
- - .- - 

Cost per mile of lnvellir~g 

.. . ground level 
-- -- 

Cost per sc(utlre mile 

, ,. %acre nrca- 

, ,, LOO-a(.re area- 

( d )  Lotlhriin to Bahimalpur, by road. The Sutlej was crossed 
by the railway bridge near Adammlhan. 

160 
(Contd.) 

161. 
Cost r r tes .  

162. 
Charts 

163 
Sutld Valley 

recondary 
le  ell ing 

(e) Hahtiwalpur t o  Pkzilka ; sorlth win H.5 ;iin.ril? tn Dinsysrh, 
then east t o  Marot,, Shiihswir Toha, D!l:ih S,~rkRri, Kaiidhya- 
wala and Walar;  north along and west of tho Bikauer 
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boundary, t o  t he  Ssdikiyah canal;  along the canal to tit 
railway near McLeoclgat~j Road then to Ftizilka. l1lliP line 
passes througli the  13:tlriiwalpur desert. 

(j) liandbyaa.81a to Henilpur. The line lay along t ~ ~ i ~ ~ i  
clloltstlrtr, flat desert wit11 sandy ridges. 

The detac l~ment  left 1)ehra 1)Gn ou 15th October 19'!2, and start4 
levelling at Kasiir on 22nd October. TTTork c1osecI a t  k'iizilka on 14th 
hlarclr 1923, when the  detaclrnrent proceedecl to &Iussoorie. 

164, The  out turn including branch lines ancl cbcck levelling was 609? 
Outturn. miles ; instrun~etrts were set up  a t  5530 stations ; the total rise aud fall 

was 562-1. feet. Bench marks connected were 3 primary, 210 secondar!, 
and 30 tertiary. Details are  given in Table I.  

D t f e r e ~ l c - r . ~  h e f  tc-(,en Lei~el l ,~ t . s  ( I.rl-2trd) 
I. 

Line r l~ i lc  / fie' / 111ile 1 N 
- - - - - - - I - - - , - - 

( a )  K n s i ~ r  to Lntlhriin ... :it 125th  mil^ 
,, 160th ,, 
, 1 5 t h  ; 
,, 2L.l.th ,. 
1e11tl of linc) 

:it 35th n ~ i l e  
., 5Uth .. 
, 7 , 
, I , 

+0,111;i1 
t0.081 
tO.ON 
+O,llJ 

-- - - - - - 

( b )  l{at,ts T~I) I I IL to 1 ia i111 1 t I I t l  1 i11  + 0.rll87 1 :lt 1.t mile + f i l  
1:nis ki-got (cntl t ~ f  Ilnts) 

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

((.) KII~:II ,~I(II .  to .idn!r~wilhnn 
,. 14'1 h ., -0.1111 

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

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

( e )  H : r l ~ n ~ n l p ~ ~ ~  ~ I I  F i z ~ l k n  3 jtll lnilc 1). 023 : ~ t .  l2211d mile 

+0.06!) 
10.1-1.8 
0 0 6  
+ O.O7!) 

, .Tl~tll ,, 
P- ., ,. 1 #Vr<l ., 

,. !)St11 ,. 

- -. -. . 

(!') t i :~nc lh~-a~ \ - i l s  to Et%,si[pur . 1 : ~ t  , I ; I ~  ,l,ilc 

I 

165. The  prohnhln arrillcntal e r ro r  pel. acm~-{Iiyq to the fon1"' 
Probab le  

accrderrtal 
Ztl' 

e r r o r .  
-I- - 0 6 i l 3  JG, where ' d '  is tllc ~,iccrel,al,c~. bet wri.n t w o  lcrellfl 

in the  values of two conaeentive bench marlis, and '11' the length "i 
the line in rnilar, is given below. 'Pbe average fi,r t11c wholeof Il'''' 
is 0.0012 ft .  

-0.112,; 
- 1 1  .018 
-. 1 ) .  I,,; 

,, 15lst ,. 
. l$>tll ,. 

,. 311Sth .. 
( V T I ~  11f li~lc) 

- I I . I I "  
-''''!Ii 
-ll,l!'i 
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Probable uccidenlal error 1.65.:' 
(Contd.) 

The embedcled benchmarlts laid down in all these lines are of the  
lrpe B design of the Survey of India, excepl t ha t  the letters " G.T.S. " 
both on the stone block and on the referring pillar, are replaced by 
the letters " S.V.C. " (Sutlej Valley Canals). They were put down by 
the Irrigation Engineers. 

Zeiss level No. 3488 and Zeiss pattern level No. 16298 by Coolie, 166. 
and Survey Committee Pattern staves Nos. 19A, 1913, 1 ancl 01 were lnatruments~ 

used. 
weather,  

and health.  
I Except for a few cloudy days and a shower or two, the  weather 
~m~inei l  clear and dry throoghont. I n  the latter half of February and 
the first week of March Iligh winds were experienced very frequently, 
and sand storms on two or three occasions. 

The health of tlie detachment was good. 

- 

Branch line 
to  (a) 

Il1~uticl1 li~ne 
to (el 

Line 

( a )  K ~ ~ s f i r  t o  Lodhr in  
( b )  Iinttn l ' ibba t o  K:~im Rais- 

ki-got 
(c) Rut.nbpur t o  Adammihan 
(d) LotlI~rC~n t o  B a h i i w : ~ I ~ ~ u r  
( P )  RaIii\r~al!)ur t o  F5zilke 
(.f )Kltndbyit\v?~la to His i lpor  

No. 3 double detachment.-secondary levelling. Mr .  P. B. Roy 167. 
~n charge; Rabn In(lra Singll Rawat  second leveller. 'Yhe following Secondary 

levelling. 
lines mere run, to control tertiary work :- 

(a) Kl~ucliin to Lo(lllrin, v ia  Chfinifin, DipRlpur, Pakhi M i i n  
and Kutabpr,  by road allcl railway, and across countcry. 

(6) D i t ~ ~ n r h  to K l l ~ n p a r ,  uin Deriwar Fort  and hlithra, across 
the desert. 

(c) PIIithra to Khinpur ,  c i a  Reti and Chacharan, across the 
desert. 

Prol)ahle a c c i  
dental error 

fee t  
&0:00367 

... 
2~0.003.41 
d~0.00522 
f 0.00271 

. . . 

( d )  Ch~cliaran to IChiin Bela, across c o ~ ~ n t r y .  
( e )  Fazilba to Ferozepore; this was a, revision of part of main 

line 57 .  

The clntachm~l~t, left, l?ellrn T)hn on lT,th Octobel. 1922, and closed 
' ' 0 ~ ~  at J4'~rozepore 011 2gtIl 3I:LrcIl 1 !)~:i, proccctlinq t,o 11 ossoorie. 

The olit,t~il.n, inclncling branch lines ancl checli levelling mas Glil 162 
"Ies; instrsme~lts were set I1p a t  hXIO  sta,tion.. Denrh mar t s  coo- t~~ :111rn. 

'Pptpd WPlr (; I)rilnitl'y, :!I,!) ~ ~ ~ ~ 1 1 c l ~ r y  a11c1 27 tertixry. Details arc 
Wen in 'llnble 1. 
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169. The  country was flat throughout, except from Dinprb 
nemuntty Khinpur ,  and from Y i t h r a  to Reti on the line Mithra to  Khinpor, 

which nrere through the desert and full of sand hills. 
The  rivers Chenab and the Sutlej  were crossed a t  their jonetioo 

near Bakhri village, by  direct levelling, the greatest breadth being 
13 -30 chains of 66 feet. 

(a) Khndiirn t o  Lodbr in  ... 

Line 

a t  140th niile 
,, 159th ., 
.. 180th ,, .. 200th ,, 
,, 223rd ,, 
(elit1 of liue) 

I 

(b) 1)ingsrh t o  K h i n p n r  ... 

mils ( / r r t  I mile 

---- 1 jeet 

(c) Mithra  t o  Khiinpnr 

at, 18th mile 
,, 38th ,, 
,, 6Ot.h ,, 

nt 2 l ~ t  mile 
,, 43rd ,, 
., 62nd ., 
.. 79th ,, 
,, 102nd ., 

at  79th mile 
,, 109th ,. 
( entl of I I ~ I C )  

: ~ t  l22ud mile 
., l 4 l s t  ,, 
,, 160th ,, 
,, 180th ,. 
(end of line) 

(d) Checheran t o  Khkn Beln ... a t  19th mile 
,. .43rd ,. 

- 0 036 at 63rd mile -0'031 
- 0 4 9  1 , 7 7 ~ h  , i - O ' @  

(end of line) 

(e) Fizilke to Ferozepore ... 

170. The probable accidental error of the mean results - per mile 
Probab le  

a'c'dental double levelling according t o  the formula k0 6745 2/ZJ whenid' error.  

is the discrepancy between two levellers in the values of trio C O ~ ~ ~ ~ ' ' ~ ' ~ ~  

bench marks, and '.\I ' the length of the line in miles. is given below:- - 
Line ' p o t  I . -  

( IT)  Khncliiln to l ~ o d h r i n  ... 
( b )  D i n ~ a r h  to  Khnr~pnr  ... 
( c )  itflthra to Kh inpnr  . . . 
(d)  Chacharan to  Khnn Bela ... 
(@I Fiz i lka  tn Ferozepore 

* l l .  0038 

&r).0016 

+=o.OO!R 

& 13.0028 

&a. 0024 
-, 
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The ueuel types of type  A (zinc pipe), type  B i-nscribed, tree j z ~ n c  
p]ste), and rectangulation pillar bench marks  mere connected. T h e  type  B 
interred bench mark is of t h e  usual type, except for t h e  inscriptions. 

The levels used mere ~ e i s s  levels No.  3342 and 163 13. The staves 
used mere Nos. 1 1 ,  I)', 22 ,4 and  113 A ;  standard steel tape No. 7. 

The health of the  detachment  was exceptionally good. 

No. 4 double detachment.-secondary levelling.-Mr. K.  S. Gopal- 
~ehari, B.A. was iu charge ; Babu Mohd.  Ishali Khan was second leveller, 
and was in charge later on, with a " purely temporary " recorder as  
second leveller. The  lines levelled were ( a )  f rom Ahmadnagar t o  
Dhond, to break u p  a circuit  of t h e  oltl level net  of India  and especially 
tocheck the h e i ~ h t  of the  standard bench mark a t  Ahmadnagar;  t h e  
13.miles of the llne contain 4 primary and 78 secondary bench marks ;  (6) 
irrigation levelling in t h e  Ghfitprabha a rea  in D h i r w i r ;  from Gotfir to  

1 klidgi, from Mudhol t o  Jotlhatti ,  and from Huker i  Road railway 
station to Mudhol, a to ta l  of 208 miles, connecting 1 primary and 176 
secondary bench marks;  and  (c) from Gooty to Ongole, to  break u p  a 
circuit of the old level net, wi th  a branch line from N a u d y i l  to  Atma-  
tic; 241 miles of levelling, connecting 2 primary and 192 ~ e c o n d a r y  
bench marks. 

The detachment lef t  Ilehra D i n  on 19 th  October 1922. It closcd 
 tongo ole on 26th May,  and returned to  recess in hZussoorie. 

During May i t  was found necessary t o  recall the officer in charge, 
and let t l ~ e  second leveller take over the  detachment.  

During recess t h e  computations of ( h i  were carried tlirough b u t  
those of (a) and ( c )  had t o  stand over. W o r k  on (6)  mas very slow, 
owing to the ca.reIess manner in wllich the  sheets were treated in the  
field. Binocular levels Nos. 6728 and 7953, staves Nos. E l ,  E,, B I  
md C,, ancl standard steel tape No. 8 were ~lsetl by the  detachment.  

The p. e. per (mile)$ for t h e  simnltnneous double levelling lines from 
Ahmadnagar to Dholld and f rom Gooty to  Ongole is respectively 
.t0.004J35 a r ~ d  - + 0 0042 1 ft,. 

I t  was fount1 nnadvisable to  accept the  resr~lts of the  1921-29 
levelling f l om M a n m i d  to Allmnclnaq;lr, owinq to t h e  deficient clleck 
levellinq near Jlanmfid ; conseque~~t ly  the adjustment  of the height 
of the stantlzrd bench mal.k a t  Ahtnadnagar could not be carried out.  
It is hope(] to lectifY this in ll)!!6-27, so as to  allow tile publication of 
the line,nnrl also the  revisiorl of prlhlished heights, on the lines Poona t o  
Ahmadnaql. and Ahmadnagar to Dhond. 

The hriqllts 011 the  O h ~ t ~ ~ r n b h a  lines of 1922-2.3 will not be puh- 
liahed, as tile Ievellinq lvas of a secondary stantlard. Tlrcy were duly 
Sent to the 1Sxecutive Engineers. 

The hciSt,t,s of t]le bcncll marlrs on the  (:ooty-Ongolc line ha-:? 
b ~ e n  sent for publ~catic,n. 

171. 
Inst rumenfa  

:u$ed. , 

. .. 

172. 
Leuelling i n  
Bombay and  

Madras .  

173. 
Recess work 

and 
instruments 

used. 

174. 
Manmad t o  

Ahmadnagar 
leuelling 

of  1921-22 
and of  

subsequent 
S e a S O n S .  
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174. 
(Contd.) 

175. 
Levelling i n  

Burma. 

176. 
Outturn and 
t h e  country 

levelled. 

Weather conditions became trying in April and May, e sp~ idb  ia 
the waterless t ract  on the Eastern Ghit.s,  in sheets 57 I and M. 

The  health of the detachment was good. 

No. 5 double detachment-secondary levelling, Mr. S. C. Mukerje 
in charge;  and P. John second leveller. The lines levelled were :- 

(a)  from Nyaiingzaye to  Yandoon, with branch line to 
Maletto ; 

(6) ,, Yandoon to  Kandin ;  
( c )  ,, Ma-ubin to Bassein ; 
( d )  ,, S a g a m j a  to  Pantanaw. 

All the work was for the Public Worlts Depart,ment (Irrigation)- 
(u)  and (6)  in connection with a scheme for rlo?lhle emhanking the 
Irrawadday River, and (c) and (d) in order to correlate tide gauges in 
the Irra~vacldy delta. 

The  detachment left Dehra Dfin on 14th October 1922; work 
started a t  Nya i i~~gzaye  on 15th November, and closed a t  Pantanaw on 
bth May 1923, recessing in Mussoorie. 

The total outturn including branch lines and check levelling mas 
610 miles: instruments were set un at 4666 stations : the bench marks 

I , -  
connected were 3 primary and 301 secondary. Details are given i n  
Table I. 

The country through which the lines of levelling mere carried sas 
mostly flat, full of tidal creeks and swampy grass jungles, and nide 
rivers had to be crossed during work. 

Diferences between levellers (1s t  - 2nd) 
-- 

Line 

i n )  Nynnogznye to  Ynndoon ... 

-- 

( b )  Yandoon to Kendin 

- 

( r )  Mx.nl)ln to  Dasscin ., 

N 

( r l )  S I ~ ~ ~ J R  to P ~ n t a n n w  . .  

mila / jirt I mile 

. -  . ._ 

4 n 4 5 ;  
+ l l . ~ l C  
+o.clli 

a t  2 l s t  mi le  
,, 40th ,, 
,, 65th ,, 

+ 0.00; , at. 1110th mile 
- o . o ( : I ;  1 ,, IL!O~II ,, 
+ 0.051  i . 1::Sth ,, 

,, 81st ,. + O.l)!l.l ; (clltl of line) , 
~ 

. - - 
I - - 

nt l211th m ~ l e  -n'''19 
- 1 1  ,122 ; ,, 1 I~OtI, ,, -0,fi'T 

, 60th ,, ( I . l I  ,, l o l  . 
tn.(Iflfl 

,, 79th ., - 0.013 

., 99th ., 
. 

- /~ 

ata( ) th"l i lc  
,, 43rd ,. 
,, 61st ,, 
,, Rznn ,, 

--. - -~ -/--- 

* 

+ ~ , ( I W  
a t  l9rh mile 

+ f ) . O l G  a l l " l t , l ~ n ~ i l c  
+ I).O;I,-I i ,, 1::.'11(1 ,. 
- 0 1 1 ;  , : ' t .. 
+ 0 .011; 1 (c; !  I O F  line 

-n'J'2i 
-0.11;:1 
- 0 .(I:; 
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The :xobable accidental error of the mean results per (mile)t of 177, 
Bd2 Probable 

double levelling according to the formula f 0.0745 2/=, where 'd ' accidental 
8P POP. 

is the discrepancy between two levellers in the value of two consecutive 
bench marlts, and ' M ' the length of the line in miles, is given below :- 

I Probable accidental error 

In addition to the usrlal type B interred and ordinary inscribed 178. 
bench marlis, cement concrete pillars with or without iron plugs fixed in Bench marks 

the cent,re were connected. The int,erred bench marks were mostly cons- c~~~~~~ 
tructed only a few days before connection by levelling, and their heights .  
heights therefore may undergo a change. 

In addition to innumerable tidal creeks and small rivers, the 
following big rivers had to be crossed during the operations :- 

Liue 

( a )  Nyn~~ngzsye to Yandoon ... f 0.0031 

(b )  Pandoon to Knndin ... 
(c) hln-ubin t o  Bsssein ... 
( d !  Sagernya to F'antanaw ... 

Tlle detachment uqeJ Binocular levels Nos. 6796 and 3, staves 179. 
23B, 2213 and 18A, 1 3 B  ant1 standard steel tape NO. 2. In?trr,rnents 

uccd and 
The hcalth of the detachment w ~ s  on the whole good, except for hsa l t l l .  

One CaSP of rliol~ra and a few cases of dysentery. 

f 0.0027 

f 0.0018 

&0.01)2 

Method of ciosri~\g 

l 'anl i l :~ir~~ ... 

K o k - l ~ ) - n - n  ... 
n l l \ ~ l e  ... 
Hln~n~: . . . 
liytlnt I 01. Qonnyindnn 
1r1 aiv;lo<li  ... 
I'lt\r(. or &ngamyn ... 
l'111>t;111n\v ... 
Jlnr~~l,. tii . . , 
J J J : I I I I I C T ! I ~ ~  . . ,  
~ R I I I I ~ I I - ~ \ ' A ~ ~  

1 ' t ' J ) l~ l  ... 
~ ' ~ : l l l ~ n ~ ~ \ y  . . . 

. . . 
t l 0 ~ ' l l ~  ... 
Yazl~rlnirl~ ... 
Itynr!pTnrhnt ... 
Ka11j int  nhin ... 

2 

3 
2 
h 

I 
I 
3 
2 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 

Varying 
from 8 to 
13 chn~ns 

) I  

, ,  

, 

f 

9 )  

I I 

2 0  chni~ls 
22 ., 
17 ,. 
92 ,, 
20 ,, 

Direct levelling 

, 

, 9  

9 1 

l InrSct ,  

I I 

J ?  

I' 

.- 
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180. 
Levelling i n  

Sind and 
Punjab.  

No. 6 detachment.-Primary and secondary levelling. Jlr, ~bd , , ]  
Majid in charge;  Babu B. B.  Som, second leveller (for the secoodlv 
work only). The  primary work co~~s i s t ed  of single levelling in tir 
back direction, on part of line No.  101 of the new level net of Iodib 
from K h i n p u r  to  Jacobgbi~d, ( the forward direction was levelled in 
1921-22). The  secondary lines were :- 

(a) Sh lhpur  to  Mirpur  Pur lna ,  via Khadro and the JimM 
Canal. 

( b )  Landhi canal bungalow (39th mile, Jimrao) to Khipro. 
( c )  Khipro to  G h u l l m  Bhhurgari, r i a  Kihi .  
(d) Mirpur K h l s  to Tando Ghulim Ali, oiri Nabisar. 
(e) Mirpur  Khgs to  Tando Ghul im Ali, via Digri. 
(j) Digri  t o  1)iidih. 

The  country generally is quite flat. 
T h e  detachment left  Dehra Diin on 21st October 1922, and 

returned t o  recess in Mussoorie on 26th June  1923. 
181. The outturn of primary levelling was 195 miles of main line,exclud. 

Outturn- ing  40 miles relevelment, 10 miles of branch lines, and check levelling, 
The  seconclary levelling comprised 392 miles, including branch 

lines and check levelling. Bench marks connected were 9 ~r i rna ry  and 
441 secondary. 

Details are given in Table I. 

Line  I mile I feet 1 mile 1 
(a) Shi l~pur  t,o Mirpur Pul.iolr 

I I I I 
( b )  1~11nclhi Cnual R ~ ~ n ~ a l o w  to at 16th mile 1 + 0 ,127 I ut 47th mile 1 

Kh~pro  ,, 32,)d ., + O 034, end of 111le) 

I 

( 8 )  Mirpnr Khiia to Tando Cihnlim 
A l i  v i a  r)igri 

0 Digri to Did& 

( d )  Mirpur B h i s  fo Tando Ghulim 
Ali cia Nnbisar 

- 0.028 
.- (r .(lo5 
+ tpo::C 
+ 0 , ( I % ?  
+ 0 .052  

at 22nd mile 
,. 4'0th ,, 
,, 59th ,, 
.. 79th ,, 
., 98th ,, 

:tt 120th mile 
,, 1.43rd ,, 
, 160th .. 
,, 1Khd 9 1  

(elid of line) 

,0,814 

:$ 



a Tho pobable accidental error of the mean results ~ ~ ( r n i l e )  of 182. 
Proba ble 

double levelling according t o  the  tbrmula t 0  6745 /xp where 'd' accidental 2/ 4M e r r o r .  
i~ the discrepancy between two levellers in the values of two consecutive 
bench.marks, and ' M ' the  length of the line in miles, is given below :- 

Probable accident.al error 
- 

Binocular levels Nos. 6727 and 2698, staves Nos. 20 A,  20 B, 
16 A acd 16 R, and standard steel tape No. 3 were used. 

The health of the  detachment was on the whole good, except 
for a few cases of influenza and malaria. The heat in Slnd in June  
was trying. 

Line 

The following passed through the press :-- 
New Edition of levelling ~ a m p h l e t  NO. 63 

1 9  9 9 9 7 ) t NO. 78  
), 9 7 7 ' 9' No. 79 

A correction slip to  
Addendum to the levelling pamphlet No. 47  

(a) Shihpur to Mirpur Pnrina ... 
(b) Landhi canal bnngalow to Rhipro ... 
(c) Khipro to Ghnlim B h l ~ ~ ~ r g n r i  ... 
(d) Mirpur K h i s  to Tando Ghnlim Ali  v ia  Rabisar ... 
(e) Mirpor Khis to Tando Ghr~l irn  Ali ora D i g ~ i  ... 
(f)  Digr~ to DidBh ... 

The Preservation and Maintenance section for G.T.S. stations has 
been transfel-red to No. 15 Party's sapervision. 

The ~ lue t ion  of the preserva,tion of hench marks by local authori- 
ties has again received attention. The Survey of India is responsible 
for the expenses of repair, whereas most of the marks are of use to 
en!ineers only. It is thonght that  throng11 handing over the upkeep 
of lnscribetl and embedded bench marks en tirely to local governments 
8" railways, who would pay the costs, more care would be exercised 

Preserving the marks. 

f 0-0031 

& 3.0023 

f 0.0028 

& 0.0026 

f 0.0029 

0-0015 

183. 
1notrumen:s 

used 
and health.  

184. 
Publications. 

185. 
Preservatron 

a n d  
Maintenance.  
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TABLE 11.-CHECK LEVELLING 

- 
1 i s  1 feet I date I feet ( jtd - 

Discrepancies betwem the old and new heights of bench m ~ k ,  

177 
176 
175 
173 
- 

At KasCr 

6 

' ~ i i i a m n ~  

Bmob mmka of the originel levolllng that 
were oollneoted lor cheek levelling 

I 
46 
49 
42 

No. 

dt Basirpur 

44 I 
,, 
,, 
,, 

15 39 L Stnndnrd, Khinpar ... 0.0  0.000 18GO-01 
17 ,, On bridge No. 2 ... 0.1 + 1.780 ,, 
16  ,, On bridge .. 0 .2  A 3.f;8.i I +  3 .674  -0,1'11 
18 ,, On etone bloub ... 0 . 5  + 6.604 :: 1 + 6 .  b.75 -n.C.ti 
18 ,, On hridee No. 1 ... 0.8  + 1 .99?, + 2.000 4 0 . 0 l l  ,, 
1 4  ,, At Matjid ... 0 . 9  + 0.:385 + 0.320 1 - 0 016 ,, 
19 , On stone ... 3.8 - 2,81,.1 .-.,rj;fi I - o , P ! J  ,, 
1% rn ... 4.6 - 4.486 ,, - 4.,9 -0.2 
1 * L i ~ t i w t i l i  T. 6. ... 6 . 1  + 2.868 . + 8 . 8 3  I+'' l -  

(check- 
oriultul) 
~ b ,  ,; 
+dcoolu 
that thl 
height 
rn 

8fentdl 
md ths 

aign-lea 
thrn 

whtn 
o r i i i g  
l01tlld 

Observed height above (t) or 
below I - I stnrtlug. bench n~urk 

as determined by 

44 F 
,, 
,, 

68 
69 
60 
61  

08 
99 

D:hz Oripinal 
levelling 

At F~zzlka 

390 
,, 
, 
,, 

Dencription 
Check 

levellit~g 
1023.23 

1866-67 
1905-07 

and 
1913-14 

A t  ratch water tnnk ... 
On top of mile stone ... 
Embedded, Kesir  . 
On well ... 

I 

- 0 , 0 1  

.. 0.3 + 6.952 ,, 14 6.924 - D o i s  ... 0.7 + 4.76.3 ,, + 4.754 -om 
95 ,, ... 1 .5  + 4.334 1 + 4.313 -0 021 ,, , 

4-4 J 
,, 

1915-16 
,, 
, 

Embedded a t  Rest House 
On culvert ... 
On bridge ... 

A t  Police Station ,.. 
On bridge ... 

0 .0  
0 . 9  
1 .2  
1 . 4  

0 - 0  
0 . 1  

0 *000  
+ 0.208 
- 1.230 
+ 2.924 

0 .0  
1 .2  
1 . 8  

0.000 
+ 4 . 8 3  

At  Rest Uonae ... 
Embedded, Lodhrin ... 

0 ~ 0 0 0  
+ 4 8G8 

Embedded, l~ iz i lka  ... 
Reut House verandah 

(zinc plate) ... 

0.000 - 0.a90 
- 1,773 

0.3 
0.3 

1914-16 
,, 

1911-16 

,, 

- 0,499 
- 0 813 

0.000 I 
+ 5.208 -ON3 

0 . 0  ' 0.000 

- 0.515 ,, 
,, 

0 . 1  

-0016 

+ 6.211 

- 0.833 1-0.020 
I 
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TABLE 11.-CHECK LEVELLING-(Contd.) 

Ducrepancies between the old and  new heighte of bench marh 

Deneh merks of the olSiginal lerelllng tha t  
were eounected for cl~ock lcvelliug 

1 
a a 
E s - 0 

g 3 
O .. 

- - - . . -- 

Description yo, 

At Ferozepore 

1 milee 1 feet I date  I /eet  I feet 

Degree 
sheet 

Iblfference 
(check- 

original). 
q-he 
+&notcH 
tha t  the 
height 

wan 
greater 

nnd t,he 
8i.p - leas 

than 
when 

oripinally 
levellea 

Obeened height nbove ( +) or 
below I - )  ebrrti~w bench ,nark 

as determined by 

5 
I 
6 '  

1 . ~  
145 
146 
01 

Original 
levelling 

0 . 0  
0 . 2  
0 . 2  
0.6 
0 . 8  
1 . 5  
2 . 9  

Check- 
levelling 

1922-25 

44 J 
, 
9 ,  

,, 
,, 
,, 
,, 

A! Nyaungzaye 

21 85N Ziuc plate 
2) 1 ., 1 Embedded 

At Yandonn 

I @i 85 0 1ro11 p:ng 1 , 1 b e l l e d  

At Kairdtn 

S t a n d a ~ d ,  Fero7.epore ... 
At templc ... ... 
~ t " P o s t  office ... 
At Hest H o ~ ~ s e  ... 
On culvert, ... 
lcmbedded E'erozcpol-e ... 

0.000 
- 1.391 
+ 1.G-15 
- 3 0!)1 
- 0.375 
+ 6.768 
- 2.683 

+O.OOf 
-0 .129 
-0.057 

I7 
16 

l2 

1880-62 
,, 
, 
,, 
,, 
,, 
,, 

-- 

At Ma-ubin 

0.000 
- 1 . 3 9 8  
+ 1.64*3 
- 3.093 
- 0.376 
+ 6.749 
- 2.710 

0.000 
- 1.5.200 
- 88 .941  
-70.GL1 

85s 
,, 
,, 
,, 

44 
41 
45 
44 
47 

0,007 
. - 0  002 
-0.002 
-0.@?1 
-0 .009  
-0 .027  

Embedded ... 
Zinc plnte ,,. 
Enrbctlded ... 
Zl l l cp lu te  ... 

~ 

85 p 
,, 
" 
" 

:: 

0 . 0  ( 0.000 
2 .7  i -15 .207  
8 . 2  ;-RN.813 

11.2 1-79.584, 

1911-12 
,, 
, .. 

1Smhctlded 
Iron plug 

... 1.3  + 4.020 ,, 
I*  ... 
I .,. 

,1 . 
2 . 5  
3 . 6  
4..7 

+ 3.133 
+ 2.091 
+ 3.495  

,, 
,, 
, 

+ 3.8fiO 
+ 2.075 
t 3 .617 

+0.037 
-0.01!' 
+0.03:! 

I 
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'ilA BLE 11 .-C H EC E; LEYELLlN G-(C'mtttd,) 

Diso.epaitcies bct lvce~c the old and n e w  heights of bencl~ nznrb 
t 

Bench mnrks of the origillal levelling :hat 
were connected for check le~ell ing 

No. 

I i i l e r c n ~  
(cbrct- 

* Original Check- 
5 

At  Pantannw 
- 

I mile. I feet ( Eate I feet j~t t  

Degree 
sheet Description 

i leve~edl  - 
levelling 

-- 

levelliug ] ahen 
lY22.23 ,origin01 

1912-13 
,, 
,, 
,, 

0.000 
f 3.538 
+ 0,093 
- 2.998 

I 
0.000 1 

+ 3 . 4 7 4  -0.051 
t 0.06.1,i-0~0!9 
- 3,024 / -0.0~6 

- 
At Bassein 

0 . 0  
0 . 1  
1 .0  
'1.0 

I I 

19i l -12 0 . ~ 3  / 
, I +  3,863 . - 0 l l  
,, I - 7.016 1 -0,. 

-- 

Zinc p1at.e ... 
9 .  ... 

Iron plng ... 
E t ~ ~ b c t l d e d  ... 

7 1 85 P 

... 

... ... 

ti 
3 
4 

0 . 0  I ' 0 0 0 0  
0 . 1  + 3-864, I 0 .3  - 7.016 

I 
~ - - -. -- - - 

At Mirpur Khds 
,-- -- 

,, 
, 
, 

1921-22 
, 
,,, 
., 
,, 

26 I 40 (i Iron pipe. &lirpur t h i s  R.S. 0.000 
+ 5.43; , t0.011 
- 0. :SO , t 0.0% 
- 1.288 t (1.W 
- 1.176 1 t0.M 

1 

0 . 0  
1 .6  
4 . 0  
0 .9  

,, 

. 

At T~xndo Gl~ulknz Al!: 
/ 

2748 4°C I Plinth of School 
273: 1 ,, On bridge E. of Tnndo I 

0,000 
+ 5.4'73 
- 0.600 
- 1 .294  

Bridge over R l i r p ~ ~ r  minor 
Iron pipe AIirpnr P a r i n l ~  
Verandah Ex. Engineer ... 

,, Civil l l o s p ~ t a l  

Ghnl i rn  Ali ... 
,, ,, Over Alibar 

Wih , . .  

1.6 I - ,  1 .183  

1 . 4  

2.0 

At Khipro  

+ ' 2 .319  

+ pAi,ll 

- - -- -- 

,, 

,, 

+ 2.533 l+O'OIJ 
I 

+ 2.41: l + o v O '  
I 

-- 
0'000 

- 0.014 ,+o.r.'a 
- 0.068 . t o  0'7 
+ 0,650 II0'pU 
+ 7 . 2 i 4  ito.or6 

10 

9 

49G 

p t  

Verandah, blukhtiirkar's 
Office ... 

1-  ~9 ., ... 
1921-32 

,, 
0 . 0  
0 . 0  

,0 .000  
- 0.017 
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TABLE 11.-CHECK LEVELLING-(Contd.) 

~ i s c i - k ~ n n c i c s  between the old and new 1heiyht.s o f  belrch .mrtrks 

Diffcrence 
(chcck- 
ori.iun1). ~~~~~~~ 
thttt the 
height 

was 
~rea ter  
nud tlre 

sigu -less 
thnn 

when 
ori~inal ly  

' 

~ ~ n c h  marks of the orizinal lev ell in^ that $:::$ ~ ~ ~ ~ ~ ~ , $ ~ ~ c ~ ~ ~ ~  
were conuected for check levelling v1 u 

1 levelled 
.- 

At SI~~ihptlr 

I miles 1 feet / date I ( jrrt 

6 i z A 
c o 

% Description So, 
Degree 
sheet 

ns determ~ued by 

51 
1M) 
105 

106 

Oripiiial 
l eve l l i~~g  

.. 
I 

0.000 1 ... 
+ 6.535 0.000 

- 2.C49 c0 .009  
+ 10.337 / - 0  03: 

408 
,, 
,, , 

,, 

Step  1 Bung~low k3hiihp.r 
Hridge Over Canal  ,, 
Vernndnll 1, bungalow 

lihaclro ... 
Bridge over Jimra, Canal 

0.000 ' 1921-22 

At M ~ r p u r  Purrilrn 

Clteck- 
levelling 

1922-23 

0.0 
0 .1  

3.7 
3 . 8  

+ G.535 

- 2 . 6 5 8  
+ 10.368 

,, 

,, 
,, 

24 
23 

22 

0 .0  

1 . 5  

I 10G Iron pipe Mirpur Purlun 

At Ahw~ndnngnr 

0.000 

+ 2,037 
,, 

,, 

11 

13 

'2 

1 6  

... 

+0.090 
Ve~.audah I ,  Bungalow 'ilst 

milc ... 
Bridge orer v l s t  mile 

Jimrao . .  

1921.22 1 . 0.000 

,, 1. 3.127 

471 

,, 

,, 

A t  Borihytil 

f0 .01 '5  +14.8181 ,, 

0.000 

- 8 G i 9  

3G.151 

+14,814 

Stnudard bench ~unrk 811- 
rn~tduagat- - ... 
/E\ 

H.hf, on stone - ... 
A, 
- .  , ,, ... 

0.000 

tO.019 

+0.015 

~p 

0.000 

--0.003 

-0.015 

'6 
1s 

19 

0 . 0  

0 . 2  

0.G 

- - --- - 
At Got i r  

0.000 

+ 1 O ~ - l 8 1 ~  

- 9.732 

47 J 
9 ,  

,, 

0 ~ 0 0 0  

0.000 
-0.011; 

1910-11 

Ii;.D.hl. at Bolibyil ... 0.003 I 1'306-07 

60 
G3 

- 8.G93 ,, 

-36 .166  

47 L 

,, 

,. 

G.'IS.S. 
0 at bridge +10.,187 

Ii. &I. 

0.0"O 
- Si.514, 

- ----- 

64 - 

(::I'.s, 
0 at br idge  ... 

B.hf. 

E.B.M. a t  Goti~r ... I 0 .0  
nridge No. 95 ... 0.5  
Coping of bridge No. 96 1 1.8 :: 

I 
1 .8  1 -  9.717 

0.000 
-61.438 

- 0  0::; 

1Si7-79 
,, 

-C;4.015 - G4.0L3 ,, 
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TABLE 11.-CHECK LEVELLING-(Coacld), 
Discre11nncies between the old and new heights of bench m& 

2 
$, 
"I 9 
g a  b A - 0 

=, 

Bsneh rnarka of the original levellinq +hat 
were couucctecl for clleck levelling 

L 

DitTereore 
( c h w l  

:$:; 
+denalll 
that the 
height 
wu 

grmter 
snd the 

aign-Its 
' than 

when 
originellj 
levelled 

Observed height nbove (+) or 
below (-)starting bench mark 

as determiued by 

NO. 1 Deqree 
shedt 

At Kalc~dgi 

I miles  ( feet I date I fat 1 feet 

Original 
levelling Description 

Check. 
levelling 
1922.23 

0.001) 

+ 5-52?, 

+36.133 

+35.626 

0 . 0  

0 . 5  

8.1 

3 . 2  

65 

66 

G i  

68 

At Gooty 

1910-11 

,, 

,, 

,, 

47 P 

,, 

,, 

,, 

Cf T.S. 
0 ('l'ype C) on rock 

I{. IN. 
G.T.S. 

0 ,, bridge 42 
B M. 

G.T.S. 
0 culvert37 

B. M. 
G.'I7,S. 

0 ,, 34 
B. H. 

I 

0.000 

- 2.689 

+ 2.941 

+26.460 

+ 12.926 

195 

194 

183 

IS? 

180 

0.000 

+ 5.523 

+ 35.101 

+35.592-0,034 

0'000 

-080 1 

-0.Ci)S 

-iJ'Qoi 

-0"'' 

B.U. 

+ at  Gooty t ank  5r.s r,. 
1163.71 
(5.T.S. 

O on rock 
U.AI. 

O o ~ l s t o n e p i l l ~ t r  

(+.'r.s. 
Q a t  Clrnttrarn Gooty 

P. \ I .  
G.'I'.S. 

0 Rfanre civil dispcn- 
6. U. sary 

57 E 

,, 

,, 
,, 

,, 

0.000 

t0-001 

-00039 

0 . 0  

0.3 

0 . 4  

0 . 0  

1 .1  

0-000 

- 2.688 

+ 2.34G 

c26.467 

c 12.943 

1914-15 

,, 

1907-03 
1s14.15 

,, 

,, 
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TABLE 111.-REVISION LEVELLING 

Discrepancies between the old and new heights of bench marks 

' These old hcnchmarlis show a s l i a h t  sabsidencc, and i t  i~ not,ewort,hp t,bnt all 
inscribed on fit,ijnc slabs let  inlo exir;tillg nlnsonry work, inlmetliotrlp l ~ e ~ i f l n s  t.0 

eonnect'ion. Tljcir l,nblisllcrl vaIllcs are not  I,cirlg altered,  a:i this liilc is bciug done by 
Ihs precise syst,~rn, anti BUY sltcrations necessary \rill be mntlc then. 

Iliffcrence 
(Ravision- 
Original). 
The sign 
+denotes 
that the 
height 
was 

greater 
aud the 

sign less 
in 1922.23 
than when 
originally 
levelled 

Bench marks of the originnl levelling that 
were ~mnrctd  during rerisionnry oprntion. 

ta 

3 
fl i 
$5 
8 9 
2 += 

No. 

Revision of Part of branch Zinc No. 57 D (Mult6n-Bah~iwal~ur) .  

I I I miles ( feet I date  ( feet 1 feet 

Difference between orthometric 
heights, above (+) or below 
(-1 the ~tart ing bench-m~k 

D:hg: 

... 
-0.015 
-0.006 
+0.009 
0.000 

-0.019 
-0.026 
-0-059* 

-0.066* 

-0.089* 
-0.072* 
-0.048 
-0.032 

From 
publishsd 

heights 
Description 

61 
$9 
6a 
63 
6; 
69 
'lo 
22 
12 
,lo) 
l9 

27 

0.000 
+ 5.681 
+ 5.845 
+ 0.030 
+ 6.455 
+1.7.G92 
+17.041 
+ 1.27'7 
+ 1.668 
- 0.875 
- 1.655 
- 1.523 
- 0.725 

Revision of  Part of main line No. 57 (Murghai-Ferozepore). 

Date of 
original 
levelling 

39 0 
,, 
19 

,, 
,, 
,, 
11 

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

98 
99 

Ig1 (a4) 
rs 

107 
(26) 

I 

L 

From 
revision 
1922.23 

(Unadjust- 
ed) 

1914-15 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

0.000 
+ 5.666 
+ 5.839 
+ 0.039 
+ 6.458 
+17.073 
t17.015 
+ 1.218 
+ 1.602 
- 0.964 
- 1.727 
- 1.571 
- 0.757 

~mbecldad, Lodhr in  ... 
On bridge ... 

I* ... 
On culvert ... 
On bridge ... 
On railway bridge ... ... 
On reguiitor br idge  ... 
At bathing g h i t  ,., 
At guest honse ... 
At hlnnicipal office ... 
At Egerton Cottage ... 
Standard, Ball iwulpur ... 

0.0 
0.2 
0.8 
1.1 
2.2 
6.4 
7.3 
9.3 

10.1 

10.4 
11.3 
11.7 
12.1 

... 
-0.005 
-0.001 
t0.012 

-0.015 

+0.180 

+ 0.254 
+0,177 
+O*PO7 

0.000 
+ 5.206 
+ 8.291 
t 6-96G 

+33.893 

+45.874 

+ 5 6 . W  
+66.008 
+70.217 

44 J 
~1 

1, 

I, 

" 

:: 

Embedded, Fizilka ... 
Zinc plate, a t  Itailway Stn.  
Well aleocampingground 
ltailway culvert ... 
Stone B.M. Amira ... 
" ,, Lakha .. 
11 ,, Nawankila ... 
99 ., Ferozepore ... 

St,mdard, Ferozapore .., 

0.000 
+ 5.211 
+ 8.292 
+ 6.954 
t33.908 

+46,691 

+ 56.592 
+65.831 
+70.0111 

0.0 
0.1 
0.3 
1.3 

23.8 

37.9 

43.5 

53.6 
13.0 

1860-61 
,, 
,, 
,, 
,, 
,, 

,, 
,. 
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TABLE 1V.-List of Orsad Trigonamdh.a'col Sul'udy aiolions 

connected 6y spirit  levell ing,  season 1922-23 
, , 

Name of etat~on 

Height above 
menu stla level 

Jodhpur Meritiionnz Serias 

I J I I ~  I l r c t  I Jeet / e / 
Marot 8 . I 6 8 9 . 1 2 5 )  ... 1 512 1 + S  I 

Jogi Ti la  MoricEiottfil Seriee 

Dogre T . 8  1 560.977 1 , / 562-4 I + l 1 Emund loor  mwi  
#tone 

Great I d u s  B~r tes  

Sarhin T S . 1 2 7 3 . 8 0 6 /  . .  1 177 1 +* I 
Eastern S t u d  ,Wcrictional Ser~cs 

Difference 

'1'rian.-Lev. New 
sp~rit  

levulling 

Rcmarks 

Upper merb stone 

-- 

l a  
splrlt 

levelling 

-,j.,angn 
lalion 

260 

96 

... 

.. 

L ) i o ~ d a  T.S. 

Gmsrkot a. 

Sutlej Meridional Serzee 

Liliiwilr T.8 295.851 295.845 I I l p g 7 1  + l  I / 

Burnla Couof Scriec 
- - -- - - .- - - -- - _ _ - - -  

+ G 

+ 1 

254.132 

94 623 

+ O 

- 3 

lirerlaw T h. 

K p a ~ n ~ . I ~ y i n q i  T.S 

68 

86 

68.253 

88.821 

... 

... 
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TABLE 1V.-(Concld ) Lis t  of Great  Trigonometrical Survey stations 
connected by spiri t  levelling season 1922-23 

Nsmc of station 

H e i ~ h t  above 
mean see level 

Bombay Longitudinal Series 

I feet I feet I /ral I f e e  I 
. . 

Difference 

l'rian.-Lev. New 
spirit 

B o r ~ l ~ y i l  or Bori H.S. 
A 18' 25' 7".76 
L 74" 37 48" .09 

Romarks 

levelling 

Old 
spiril Triengu- 

levelling 

2002.982 

Mmtgnlore Meridio~tal Series 

Intion I 

2002 ... 

Nirtnhi~odn H.S. 
h 16' 25' 4". 19 
L. 74' 47' 4)". 38 

- I 

2583.130 

On rectangular pro- 
tecting pillar (most 
probably upper 
mark stone) 

171adras Meridional and Conet Series 

- 1 ... 

Ongole H.S. 
A 15' 29' 56". 85 
L. 80" 2' 2~,~.72 

2582 

- 1 260.072 Upper mark stone 249.878 249 
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TABLE V.-Results of comparisons of staves with standard al,yl 

tape No. 8, season 192.2-23 ) 

Place and d a t e  

Difference of l eng th  of staves from 10 feet 

No. of, staff 

El 1 E2 I Bl 1 4 

Remsrka 

- 
.Line Ahrnadnagar-Dioftd 

A h m a d n ~ ~ g a r  
4-11-22 

Qhavgion 
20-11-22 

Belnandi 1-12-22 
D h o ~ d  13-12-22 

-0-002230 

-0.000189 
+ 0.000547 
- 0.001194 

-0.003889 

-0.002475 
- 0.000778 
- 0.001862 

Line Got%--KalGdgi 

-0.002539 

-0~0004~15 
- 0.000388 
- 0.001310 

-0.001014 

+0.000403 
+ 0.000652 
- 0.000460 

Clear 

do, 
do. 
(10. 

Clear 

a . 8  

. . . 
Cleat 

... 
, , .  

, , ,  

, . ,  

,.. 

Dhond 13-12-22 
Raybig  R.S. 

29-12-22 
Hnker i  8-1-23 
Q o t i r  13-1-25 
Mndhol 29-1-23 
Kalidgl 4-2-23 
Mndhol 23-2-23 
Terclal 9-3-23 
Gooty H.9. 

23-3-23 

Liue Gooty- Ogtgole 

-0.001662 

-0.003740 
-0-004772 
- 0.003746 
- 0.004876 
-0.005772 
-0.005289 
- 0.002956 

- 0 -  005630 

-0.031194 

- 0 001533 
-0.00294.7 
- 0.001669 
-0.003738 
-0.0040G6 - 0.003621 
-0.001985 

- 0 003224 

-0.001310 

- 0.002915 
-0.003642 
- 0.0027330 
- 0.004573 
-0.004172 
-0.00366l 
-0.002484 

- 0 - 004875 

., ,  

, . . 
... 

do. 
do. 

Rain 1 % ~  nlrhl 

C'enr 

Scntterell clbndc 

Gooty R.S. 
23-3-23 

Pnniern 16-4-23 
Nantly'il 7-6-23 
Velgndn 17-3-23 
NandyirLa3-5-23 
gal~ottn24-6.23 
Qota1gat.h~ 

I -6.23 
Ongole R.S. 

12-6.23 
Ongole R.S. 

12-6-28 

3 

-0.000160 

- 0.001565 
-0.003073 
-0.002287 
-0.00'2725 
-0-003G81 
-0.002871 
-0.0020G4 

- 0-00'2G81 

- 0-002631 
-0.00'2375 
- 0.005291 
-0.00305(1 
- 0.003Cl92 
- 0.004151 

- o.onnD1o 

-0.0046ll) 

- o 00.m.m 

-0.005630 
- 0,005973 
- 0 .mi(IO2 
- 0  005458 
- 0.00fj0~7 
- 0.0(;6363 

-0.005035 

- 0.006006 

- 0.004738 

- 0.004875 
- 0.00.7617 
- 0.00670$) 
-0.005790 
-0 .00~017  
- 0.006197 

-0.004495 

- 0.006983 

- 0.004638 

- 0.003224 
- 0.002792 
- 0.005266 
-0,003506 
-0.0~)31)42 
- 0.004$97 

- 0.003960 

-0.004151 

- 0.004008 
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The'party office closed a t  Mussoorie on 13th October 1923 and 186. 
moved to Dehra DCn. The recess season openecl a t  Mussoorie on Se'8on 
15th April 19241. The  Sutlej  Group recessed a t  Dehra D i n  and No, 1 1928-24. 

detachment a t  Maymyo. 
The field organization was as  follows :- 

(a) Sutlej Valley Group under Mr.  0. N. Pushong, with field 187. , 

headquarters a t  Bahswalpur East.  Field Organization. 
(6) No. 1 double detachment (Burma), under Mr.  S. C. 

Mukerjee. 
(c) No,  2 single net detachment (Punjab), under Mr .  Jiya 

La1 Sahgal. 
(d) No. 3 single net  detachment (Bombay), under Mr.  P. B. 

Roy. 
( E )  No. 4 single net detachment under Mr. N. R. Mazumdar. , 

(f)  No. 5 special detachmeut under Mr. K. K. Das. 

The Sutlej Valley Group having already completed its secondary 188. 
belling lines, was entirely occupied with tertiary levelling, of which outturn 

31,8G5 linear miles mere run, covering 4,795 square miles in the Multiin 
and Ferozepore districts and in the Bahlwalpur State. 

No. 1 detachment (Late No. 5) executed 659 miles of secondary 
double levelling for the Public Works Department (Irrigation) Burma. 

No. 2 detachment (Late No. 6) carriecl out  the back levelling of 
the lines Khlnpar-Bal~lwalpur and Mult ln-Jhang,  a combined distance 
of 236 miles. These form part of the line No. 105 of the new net. 

No, 3 detachment carried out back levelling from Nakhtrana 
Mots to V i r a m g ~ m ,  part of line No. 104 of the new net; a distance of 
449 miles. 

No. 4 detachment carried out back levelling from M i r w l r  P i l i  
ria Barmcr and Jaisaliner to Govardhanla, part of line No. 102 of the 
new net; a distance of 290 miles. 

No. 5 detachment mas occupied under the orders of the Snperin- 
tendent Trigonometrical Snrvey, in assisting with a s~ec ia l  gravity survey 
with an Eijtvas torsion balance. The work was doue for t>he Burma 
Oil Coml~any in Sind. 

The levelling done was :- 189. 
9 8 ~ 1 ~  miles of primary levelling in the back clirection for the new net. sum mar^. 
650 miles of secondary levelling for the Burma Government. 
.31,805 miles (4,,795 square miles) of tert,iary levelling for the 

Pllnjab Government (Sutlej Valley Project). The work is generally 
"atisfactory and ontturn good. 

Relavelment is still reqnired along small ~,ortions of new net lines 
101 an(l 195, of yhicll the back levelling was run in 1922-23 and 
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189. 
(Con td.) 

190. 
The new 

level net. 

191. 
Details of 
field work.  

Sutlaj 
Valley Group, 

Tertiary 
levelling. 

1923-24 respectively ; and of a branch line from new net line 104, The 
two former lines will be dealt with during the season 1924-26. 

The back levelling of line 102 was stopped at Govardhanlfi by 
excessive heat and absence of water;  leaving 55 miles between that 
place and Mithra (near Khiinpur) to be completed. 

Three single detachments are a t  present engaged in the nee bet, 

t he  primary work of the party. The  oattorn should average 600 mila 
per snnum of completed main lines. A new line has been added to tile 
programme, from Hyderibiid (Sind) t o  Barmer, and numbered 150. 
Old line 52 from Sukkur  to Hyderiibiid, will be revised by fore snd 
back levelling of high precision, nest  field season, and may enter into 
any  future adjustment of the new net. 

( a )  Sutlej  Valley tertiary levelling.-Mr. 0. N. Pushon: held 
charge in the lield. There were five sections to begin with, each ol 
about. 14 levellers. One section was disbanded later, the personnel bein; 
transferred to  other sections. 

The  Group headquarters office opened a t  Bahiwalpar East on 
15th October 1923 and the recess o5ce  under Mr. N.&. Mazumdar, 
opened a t  Dehra D i n  on 8 th  May  19240. 

Oult urn of tertiary levelling 

2,236 linear miles of double and 29,629 of single levelling w'P 

run, a total of 31,865 miles. 
192. The cost rate. were greatly reduced, through more t i m e  Fnl 

C i s t  rates. available in the 1923 recess for making arrangements, there be)"! a 
lonner field season, and lastly through there bein: a greater numberof  
levellers and computers under approximately the same central staff, 

I Siod nod Ponjnb 

Comparison of cost ~ a f e s  - 
F~eld  work / Recem work 1 Total 

1 

Date 1 100-amel 26-acre 100-acre 25-acre 100-nrrc 
- - -- - - -- - . - - I i- .- 

- -  

1923.11 1 17 9 / 36.7 I 3 0 I 6 . 0  1 2 0 . 9  1 41.7  1 ,,,enta - 
+ 

1,924 sq. mllec 

2.871 ., 
----- 

031 miles 
----- 

1,419 ,, 

- 

100-acre rectangles 

26-acre rect~ngles  
-- 

993 sq. miles 

1,469 ,, 

Totals 2,446 ,, I 2,350 .. 1 4,795 .. 
2 



V LEVELLING 221 

These figures exclucle the cost of fair drawing which was done by , 192 
No, 2 Drawing Office. (contd.)  

The officer in c l~a rgc  was able to  devote over half his time t o  193. 
t h e  sections and various officials of the Bahiimalpur S ta te  and ~ ~ , ~ ~ ~ ~ ~ i ~ ~  

of the  Sutlej Valley Project. A field coml~ut ing  section was instituted in  PeU. 

s t  the group lieaclquarters, consisting of an upper subordinate officer 
and tliree com1)uters. The  field sheets as received from the levellers were 
st once computed t o  mean sea, level height, so t ha t  work in recess was 
correspondingly expedited. This prevented undue delay in furnishing 

/da ta  to No. 2 Drawing Office for fair drawing the 4-inch charts. 

OWccr in cbalSgc 

B. Mohammad 
Ishaq I< han 
1 Camp recorder 

S. Nngnr Hnsan 
1 Cn111p recorder 
- - - - 
Mr. H .  Ii. Knr 
1 Cnlllp ~ccor t l e r  
incrcnsctl to 2 i n  
k'el)rnary 

B. Mohd. Faixtll 
Hnsnu 

1 Crimp recorder 

23rd Oct. I 26tl: 
A p r ~ l  

"". "' 
levellers 

13 increas. 
ed to 17 

i n  J nnuary 

111.. : \~)t lul  Majid I 14inclees- 

Nos. 1 and 5 sections hacl dificnlt conntr j ,  with moch reed and 194. 
thol.n bushes, and i t  necessitatecl line ~ I e a r i i i ~ ,  as the rectangulation party Different 

aectrone and not cot any East-West lines. No. 2 seet,ion was disbanrled owing co,,t,,. 
~ h o r t n ~ e  of supervising oficerr, wl~co one of them had to and the sub 

go on sick leave. rectangula- 
tion party. 

Some inconvenience mas felt  when tlie s~ ibrec tan~nla tors  who break 
the 100-acre mctangler; for t l l p  25-acre pol.t~ons of' the ssruey, 

'ere not kept stificiently i n  atlvnncc of the levellers; some of w1101:l 
had conreil~~en tlp to be sl;iftml to  o t l~e r  areas, to avoid their beinq kept 
"IY s p ~ n ~ o d i c a l l ~  occnpip~l. This slio111,l not be necessary. The sub- 
'ec~ngnlation is nnfortnnatrly the 11-ork of an agency intlependent of - - - - _ - - - - - -- 

* No. 2 Reclio~l ~.ab,dlbbentled in Jnnualy. 

-- 
14 

-- - - -- 

13  i ~ ~ c ~ , c a s -  
cd to 19 

in Jnnuary 

---- 

14 increas- 
e d t o l 6 f o r  
? 111onth 

up i o Jauunry 
Sytl. Naynr Hnsnu 
f l  olu Fel~rnary  
1 ( 'amp recorder 

I 

'ate 
commence- 

111cnt of 
\j,ork 

blocks 

Block ll" 
28th Oct. 

... - - - 
Rlock hI - 

16th Oct. 

I3lock S Block J 
17th Oct. 20th 

April 

13locli N Ulock T' 
15th Oct. 26th 

April 

ed t,o l ( i  i n  
Jnun:u.y 

I h t e  of 

%:::- 
I,lock 

Block T1 
26th 
April 

Area in square 
m ~ l e s  

~ o t e .  

779 

- -  
loo 
acre 

236 

25-acrc 

543 
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194. 
(Contd.) 

195. 
The charts.  

196. 
Burma 

secondary 
levelling. 

t h e  Survey of India, though working on No. 2 3  Party'sfieldmarks and 
providing further  marlrs which NO. 17 Party must use. Stepsllare 
been taken t o  urge more speed and to  t ry  to obtain more frequent infor. 
mation as to subrectangulation progress. It is presumed that tile 
Bahgwalpur S ta te  subrectangalation has been going forward c l ~ r i n ~ t b ~  
summer. 

The  recess work consisted of :- 

(i) completing t,he reduction of field heights to mean sealerel, 

(ii) compiling books of heights for the Chief Engineer, S ~ ~ t l i  
Valley Project, 

(iii) compiling manuscript charts of heights for No. 2 Drario; 
Office. All work was finished by the end of Septemtxr 
1924. 

The  copying of a duplicate set  of books for departmental useru 
discontinued, as  the new charts contain the information in a more eon. 
venient form. 

These charts are briefly referred to in 5 16%. The fair drami11~ha.r 
been taken over by No. 2 Drawing Office. Each chart contains all thu 
bench marks and tertiary heights falling in its area. 

No. 1 detachment (Mr .  S. C. Mukerjee in charge, P. John second 
leveller, two recorders and twent,y-six menials) left Dehra DGn for the field 
on 6th October 1923, commencing work a t  Kyaukse on &4<th Octohu 
1923. Work closed a t  Natchaiing (Moolrneia) on 2 8th May 1931, alld 

the detachment proceeded to recess In Rlaymyo on 2nd June 1924. The 
season's work consistecl of secondary double levelling for the P.K,D. 
(Irrigation). The bench marlts were provided by that departrnentfiiter 
their own pattern. The resulting heights were sent to the oficialsrob 
cerned by the end of recess. They \,rill not be in the pampl l l~ t~  

being derived from secondary levellinn but communicated to 11' 
Director Burma Circle, for clepartmcntal use. 
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Secondafy levelZi9tg in Burma, season 1923-24 196. 
(Contd.) 

a) Kynukse to Minzn lr 
pae' per 

( b )  Pwakninggyi to 
Amarapura ... 

I 'I 

Bnmber of 
bench marks 

(c) Kyankse to Manda- 
... 

1 (d) Moiktila to Ycwe ... 

(1) Eyanktaga to Mgit-  
kyo ... . . . 

1 bloulmein to l'a-an 1 4.2 1 

Kawmyat K j i  ... 

G1 h'yaungbinzeik 
to Natcha~ulg ... 

---.- pp 

Total ... 

~ O . U O 1 ' 7  38 secondary 

49 secondary 

'6 9 ,  

{ 5i I pri;bary 

I 28 secondary 
& 2 primary 

( 65 seconda~y 
\ S( 1 primary 

27 secondary 

( 2 3  ,, 
\ k 1 ~rirnary 

I 7 secondary 
&c 1 primary 

( 33 secondary 
1 & 1 primary 

Remarks 

I 1  lhe outturn is good especially as the lines mere scattered over a 
hlge area of col ln t r~ ,  inc l t~dinet l le  coastal tract in Amherst and 
Thaton. 

The health of the cletachmeat mas generally good. 
The recess in Maymyo was undertaken with a view to lessening 

expense. The saving effected is roughly Rs. 500, assuming that  for 
a recess in Mussoorie, a fie111 lhnntr l l  would be kept i n  Burma. On 
the whole it seems disadva~ltageous. 

Levelling 011 ]ille 106 of t.Iie new net of India.-No. 2 detachment 197. 
(bfr. Jiya La\ SaIlgal i n  one recorder and fiEt,eeil menials) left Levelling 

on t h e  new Debra D in  on 26t11 October 1023, and eonllllellced work a t  Jhang- net ,,f I n d i a ,  
Maghigna on 3 l s t  October 1923. It closed at Klihnpur on 18 t h  February 
1924 when the personnel joined the Sutlej Valley Group. 
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197. 
(Contd.) 

198. 
Instruments. 

199. 
Net line, 

releoelment 
and probable 

accidental 
and systerna- 

t ic  error. 

200. 
Instruments, 
weather and 

health.  

201. 
Nst work 

Marwar Pali 
buardhanla .  

Tile work consisted of the back levelling from 
to Mul t in ,  and from Bahiiwalpnr to Khilnpur. The old bench muks 
being mainly found rlnalterecl iii h e i ~ l ~ t ,  the con~putations bavebn 
carried out  us for a revision; The  he~gli ts  (outside l / n r  sheet 44)hbve 
not bee11 finally coniyuted, owing to  relevelment of some short stretfbrs 
being left over t,ill the field season 1924-25 for No. 4 detachmenl, 
For this reason also the  probable error of the line does not at pmnt 

the requirements of levelling of high precision. 

The  outturn is shown in Table No. VI .  The instrumentsmereBiob 
cular level No. 6728, staves Nos. 20A and 20B, and standard steeltap 
No. 3. 

The health of the detachment was good. 

Line 104.-No. 3 detachment (Mr. P. B. Roy in charge,onerecord~r 
and fifteen menials) left Dehra Dun  on 8th October 1983, and corn. 
mencecl work a t  Nakhtrana Mota, Cutch, on 25th October IDS. 
It closer1 a t  Viramglm on 19th June  1'32.13, and proceeded to Musswrit. 

The work consisted of back levelling throughout. 
Further relevelmeut is required on a branch line near Anjir, Cutch, 

which was run a t  the request of the Geological Survey, and which 
crosses a known fault  in a t ract  subject to eartliqoakes. This relevel. 
ment may be done in 1935-26. 

The lwobable accidental error of the line 
1 2 Cr' S' 

,,,.(? = - - _ .  2 -) is 0.00370 ft. 9 (5L (pL)r L . , 

a IC error Ancl p o b j b l e  system t' 

both being within t,he limits for Iligh lwecisioo levelling. 

The outturn is showll in Table No. VI.  The instruments m e r e h  
pattern level No. 162!10, staves NOS. ~ G A  and ItiR, and strndardd@l 
tape No. 7 .  

IIizlr winds cansed tnrlcli inconvenieucc during levelling- 
The health of the ,IetacIilnent was fairly good ; there WM "rrn 

sirkness among the I . d n l ( r ~ i r  owing to heat and water scarcity, tornd' 
the end of the field season. 

The heii$rts hare been arljorted hetween Naklitrana l o t a  and 
Ri jko t  ~ t a n d a r , l  be11~11 m.lksl and between Ri jkot  and Vinmeinl. 

Line Ill?.-No. I ,lptncllmellt (hfr .  N. R. llnaumdar in ~ ~ ~ a r ~ O r '  
reeor,ler ;un,l fifteen inpoia]q) romlnellceJ worli a,( h l i r rvc  Pili ('I' 
Noremher l!li::l (being ilela! ell late of 3lr  8.  R- 3fa7'lrnd" . - 

rlose,l at (:orar~lbanla on :I(lth i\l,ril 192 1 8 ,  leaiillg a 
''I~I'' 

bettween tlrere anrl 311tIira, near K]lgllpnr. Tlris IVAJ necessitatd '' 
extreme heat rr-hiv]l rell,lerc,] tllr . f i  fqr N O P ~ ,  a d  
imposs~bllity, a t  that  season, of p r o c ~ ~ r i n g  local labour. 
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The work consisted of back levelling throughout. The probable 201. 
errors for the line accidental and systematic, are f 0.00413 and (Contd.) 
i0000018 f t ,  per mile respectively, which eatisfy high precision 
requirements. 

The outturn is shown in Table No. VI.  The instruments mere Zeiss 202. 
pattern level No. 16313, staves Nos. 19A and 19B, and standard steel Instruments 

tape NO. 4. and weather. 

Heat, storms and lack of water delayed the work after  mid April; 
until then the health of the detachment was good. - 

The number of the triangulation stations connected by levelling is 
shown in Table No. V I I I .  

With a view to further construction of standard bench marks, and 
to avoid having to run long lines of levels to connect them, many 
inscribed bench marks were put  down and observed a t  Jhang-Maghiina, 
Bbij, Jorya, Wadhw&n, Barmer and Jaisalmer. 

The details of the work of old No. 4 detachment in 1922-23 in 
Bombaj and Madras are given in Tables VI ,  VII .  

Squads have been reduced to 26 menials for a double, and 15 for a 203. 
single detachment including personal men. The extra recorders have . S9uads. 
d s ~  been abolished. 

Investigation of the frequency of relevelling during the back 204. 
levelling of net lines during tile last few years, shows tha t  SSO/ ,  of the ln.vestigat;on 

with frequen- mileage has bad to be relevelled in the field ; for two thirds of this, the ,,, of r e -  
fore leveller's values were discarded. The first inference is tha t  the ~evei i ing .  
lore leveller's work ought to be made more accurate. He has no runn- 
'"check during the field work on his observed heights, as  the back 
leveller has. I n  future, therefore, every leveller on a high precision 
line must at  each station obtain two sets of readings giving values of 
rlae or fall within 0 003 f t .  instead of 0 - 004 f t .  

One alternative reason for so much of the fore levelling having t'o 
$ rejected, might be the movements of bench marks in the period of 
time elapsed between the observations. Bench marks are usually built 
&fore the monsoon rains in order that  the fore levelling in the followinn 
told weather may find them sett,led into stable posit~ons. The one or 

rainy seasons inkrvelling before the back levelling might in wet 
countries, defeat this intention ; but  in dry areas as well t,he fore levell- 
'"3n is discartled mucll Illore often than t,he back levelling. 

The IcveIIinz of tllc fl1t111.e I1n.s bcen un~ler  rcrl111.illcrnt~ion. 205. 
L.v~/l in,d ?eat nt~niher of stalltl;~rtl 1,enc.h 1,lnl.k~ are to bc crcrt~vl, : ~ n ~ l  ns in 

r 1 policy. 'he past tlierr \vi]l l)rol~c~.l!- ~naint~sillal.  1 1 1 1 ~ c : + ~ ~ v ~ t i  io11 of 111 I~cr  
nlarks is consitlCretl to I,t. the \ vo~~ l ; l . :~ . t . l~~~ .  O C  loc:tI C ' I I ~ ~ I I C I ' I . ~  \ \ ~ I I o  

I 1  derive thc main bollelit, ( I . ~ I I ~ ~  tl11.m. 1111;rc \\ . , I1  I N  r,a~l~tit,t, 1 i n  [~ i , l i z  a 

of river (i00 st,nntlnrtl I,encll I , ~ : I , I . ~ s .  'L1lle cjlicst,~on ,still rt.111 I~II::  

~hetllcr the new net lay-out ivill be d is r rn l r~ l ,  anfl  the Iligll ~ , rec i~ ion  
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205. 
(Contd.) 

2 06. 
History of 

Indian high 
precision 
levelling. 

207. 
Handbook of 

levelling 
and other 

Publications. 

levelling programme be governed by the necessity, froin year to parJ  for 

lines connectlng these new standards to existing level lines. 
A new type of standard bench mark is being designed with a viem 

to  curtailing expense, and to  providing concealed subsidiary markqin 
addition to the  point of reference for public use. 

I n  the  meantime, the new net  is being advanced in 2924-25 by the 
fore levelling from Karlchi  t o  Barmer. The remaining levelling 
high precision is being run partly for local irrisation purposes and 
partly for the purpose of fixing standards ; of whlch 6 of the old type 
and 23 of a provisional design for smaller towns are for immediate 
construction. The standard bench mark a t  Sldikganj mas promdd 
with its slab showing height above mean sea level. 

A report was written for the International Geodetic and Geoph~.sical 
Union 192S,.giving the history in brief 01 Indian high precisionlevell. 
ing  since its introduction just, before the  war. 

Preliminary steps have been taken towards the reconnaissance of a 
route over which might  be run a connecting line between the ler~l 
systems of India and Burma. 

The  Handbook '' Levelling of Precision " 1920, has been revid 
with a view to republication. A form has been printed for usp,inbar 
tape comparisons a t  Dehra D i n .  A new form was devised and printed 
for use as a field sheet of Sutlej  Valley tertiary levelling. The folloming 
press copies were sent to press. 

Pamphlet for 1/11 Sheet 41. 

Correclion slips sent lo pl.ess 

The arrears of publication are :- 
JaeobRblrl to Jhang  (requires relevelmcnts in 1924-26; portion In 

1 / A [  sheet .I It sent to press). NanmPd to  i41irn?(lnagar (anraltschd 
levellin: near Manmsd.  i\I~marlnagar to Dhonil, -111,l l?oona to  ,lLd' 
"agar will then relloire reacljnstment rnll I ~;,~~hlieat ion) S"*t' 
Dllklia (fore l e v e l l i ~ l ~  only as yet) .  n r l i ~ . ~ a , .  Tali-Khinpllr ibad 
levelling will be com1,leted next season). Brs~lell line at An$ I ~ " ~ ~ ~ )  
requires some relevelling. 

Line 

33 B 

14 A 

14 B 

Degree sheet 

47 I and J 

57 E, 57 I,  57 11 and  G6 A 

S'i 1 
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TABLE V1I.-CHECK LEVELLING 
Discrepancies between the old and  new heights of bench marks 

Uitference 
(check- 

yf$:Fz 
+denote8 
that the 
height 

was 
grentar 
and the 

aign- lesa 
- than 
when 

originally 
levelled 

P 

Observed height above (+) or 
below (-) st or tin^ bench mark 

w determined by 

At Kyaukse 

1 miles 1 jeet I date I jeet I feet 

I m 

Original 
levellillg 

30 
32 
33 
35 

Check 
levelling 
1923-24 

2f 
! 8 
&$ 
0 a 
8 8 
$ 

Deuch marks of the original levelling that 
were collnecred for checli levelling 

At Minzu 

Description No, 

0.000 
- 6.287 - 6.710 
-14,612 

93 C 
,, 
- ,  
, 

26 
24 
27 

Degree 
sheet 

+0:'048 
+0.030 
-0.209 

1903-04 
,, 
,, 
,, 

0.000 
- 6.239 
- 6.680 
-14.821 

E.B.M. Kyankse ... 
Bridge ... 

1 ,.. 
E.B.M. Belin ... 

0.00 
6-98 
1.60 
4.24 

At Sanron 

1903-04 
, . 

,. 

93 C 
,, 
,, 

0.00 
2.48 
1.98 

E.B.M. Minzn ... 
Bridge ... 

II ... 
0.000 

+ 4.674 
- 1.535 

0.000 
+ 4.665 
+ 1.516 

0.000 
- 7.098 
-13.653 
-26.687 
-43.973 
+11-630 
+32.611 
-68.213 

0.00 
1-17  
2.07 
3.36 
4.93 
1.26 
3-56 
6.70 

8 
9 

10 
11 
12 
7 
6 
19 

+O:OOQ 
+0.011 

At Amnrnpura 

93 C 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

68 
67 
CB 

+0:;;64 
+0.@8 
-0.094 

0.000 
-0.016 
-0.212 
-0.134 

1903-04 
,, 
,, 
,, 
,, 
, 
,, 
,, 

Pipe ,.. 
Bridge ... 
Culvert ... 
E.B.M. Semon ... 
Ijridge ... 
I'ipe ... 
E.B.M. Thedaa ;.. 
Pips ... 

0.000 
- 7.034 
-13.455 
-26.681 
-43 973 
~ 1 1 . 6 1 4  
+32.299 
-58.347 

Q3 C 
,, 
,, 
, 

- 
At Jlnnda,lny 

0.000 
-44.967 
-46.377 
-34.916 

6 
56 

Pillar ... 
Signel ... 
Embedded ... 
V e r s n d ~ h  ... 

1909-04 
1809-10 

,, 
,, 

0.00 
1.22 
1.25 
3.95 

93 B 
,, 
180' 

0-000 
--45,206 
- 45.581 
-34.979 

-0:'a39 
-0 204 
-0.063 

Standard ... 
Culvert ... 
Embedded ... 

0.000 
- XO.804 
- 10.373 

0.00 
1.02 
1.37 

+ 0:'d41 
+ 0.031 

0.000 
-10,8-&7 
- 10.4'04 

1903-04, 
,, 
,, 
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TABLE VI1.-CHECK LEVELLING-(Contl.) 
Discrepancies between the old and new heights of bench 

Bench marks of the origind levelling that 
were connected for check levelling 

At xeiktila 

I milea I .feet 1 date 1 pet / in( 

u ' 
- 3  
a a 
$i 

NO, 

1 2  
13 
11 

' Bridge ... 
Embedded ... 
Bridge ... 
Culvert ... 
Embedded ... 

At Myitk1yo 

... 0 . 0 0  0.000 1912-13 0.000 . 1 oTl- 1.709 1 ,, 1 -  1-679 

At Pyzc~itacn 

Observed height ('1 Or 
below (-1 starting bench mark 

as determined by 

Degree 
rheet 

84 P 
,, 
,, 

0 00 
2 .12  
5 .04  
6 - 6 1  
7.63 

86 
87 
95 

22 
1'3 
1H 
1 7 .  
15 

- 

Diffcrrnce 
(chect- 
originnl) 
The* 
+denolaa 
that the 
height 

U U  

Deecription 

0 .000 
- 1.171 
+ 5.267 
+11.934 
t18.892 

grater 
and Ibe 

sign-baa 
t h ~ n  

when 
mibl lg 
le~elld 

levelling 

39L 
,, 
,, 
,, 
,, 

Check 
levelling 
1923.24 

Standard ... 
Embedded ... 

I, ... 

to:o91 

- 

At A l o u l v t a r i r  

24 
29 
21 

Eri,l::n 177 . ,  
U r 1 i l c c S 1 > . 1  ,.. 
l i l ~ i ~ ~ l j ~ l r  1i.S. . . , 
Rrirlt:n No. 2 ... 
Stnndnrd ... 

0 . 0 0  
0 . 3 2  
0.65 t 0.035 

1902-03 
,, 
,, 

1 1 1 1  I 1 1 1 "*flflfl / *.' 
1 '7 + ~ . ( I I I I ;  i ,, + 1 .01.7 t n - a i l  

+ 5 . 5 7 7  I _n.nsr 
+ 0. ~ ! , l  ' +"o!! 

2 . 2  -( j . ! j :12 - 0,967 i +II-OB~ 
I 

0.000 
+ O - 4 5 9  
- 5.578 

0.000 
+0-48G+0'01 - 6.637 

1909-10 
,, 

0.000 
+ 2.319 

94 C 
,, 

94 H 
,, 
,, 

0.000 
+ 2.400 

,, - 0-400  , 

Standard 
Verandah 

1 - 1 4  -14!)4'371 ,, 

- 0.140 t0.260 

- 

ISmbcclclcd ... 
Wcll ... 

I 

9 . 0 0  
0 . 0 8  

Step ... 4.82 
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TABLE VI1.-CHECK LEVELLING-(Contd,) 

Discrepancies between the old and new heights of bench mark8 
I 

I At Bahdwalpur i 

Dllference 
(check- 
Ongiual). 
I h e  eign 
+denotes 
that the 
height 

was 
greater 
and the 

8ign-less 

Bench marks of the original levelling t , h t  
were connected for check levelling 

p i l e s  1 feet 1 da te  I f e e t  

ho 
.- 
Y * 
53 
m s, 

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

as determined by 

Check 

I 

27 
73 
18 
19 
20 
21 

Original 
levelling 

390 
,, 
,, 
,, 
,, 
,, 

levelled 
Sheet 
Degree 

At Jhang-MqAidna 
--. 

Description 

O*OOO 
-3.426 
-0.930 
-0.150 
+2-303  
-1.986 

Standard ' .. I 0.0 

I 
71 4 A I ~cas ions  house ... 

... 

... 
-0.023 
-0.048 
-0.068 
-0.060 
-0.070 

1860.61 
and 

1914-15 
,, 
,, 
,, 

Record office ... 
Municipal office ... 
Guest house ... 
Bathing ghat  ... 
G o d r i T . ~ .  ... 

0 ~ 0 0 0  
-3.449 
-0.978 
-0.218 
+2.333 
- 2.056 

0 . 1  
0 . 8  
1 . 7  
2 .0  
2 . 7  

0 .0  
0 .3  

0.000 
t 6.138 / ,and 

1J12 13 

At V~rnlitg~rn 

1 
7 

3 
a 

2 
41 
38 
Y7 

46-4 
,, 
,, 
,, 

4 1  
1 ,  

It 

,, 
, 

At R6jkor - 

n;mhedded . 
1.iisaIpnr T.S. ... 
Uridye No 2 ... 

I .  3 ... 
4 ... :: 6 ... 

I ,  '7 ... 
9 1  11 ... 

12 ... 
E . ~ . M .  Jhund RS. ... 

*. 
42 
li6 
77 
78 - 
'"1 td 

9 ,  

1- 

, 

--- 

+d:i15 
-0.340 
-0.024 
-0.026 
+0.265 
-0.024 
+O-009 
+Om126 

0.000 
+4~3.304~ 

2.260 
+ 0.930 
- 1.162 
- 1.337 
- 2.488 
- 9.879 
-11.423 

-- 

0." I 0 0 0 0  I 1875-76 

-- 

Embedded ... 
Clock Tower ... 
Stnr~dnrd .. 
lio:~ndt~ry pillar ... 
(Type C) .. 

-16st26 1 r0 .080  

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

3.9 + 43.279 
2 . 1  + 2,600 
2 . 9  1 + 0,954, 

.- - 

,, 

3.9 
4 . 4  
4r.9 
7 . 0  
7.7 
5 . 4  

- 1.136 
- 1.602 
- 2.464, 
- 0.888 
.-11.5~1,!J 
-15.616 

0.0 0.000 
0 . 3  +11.498 
0.44 1 + 18.061 

0-000 
+ ll.50G 
+ 19-08!, 

1800-91 
1909 10 .. +0':b19 

+ 0.028 
0.7  I + 1.505 ,, + 1.638 
1.1 1 - 4.6491 .. ( - 4.532 

+ 0 - 0 a 3  
+O-017 
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I At Nakhtrana Motn I 

TABLE VI1.-CHECK LEVELLING-(coJ~,) 
Discrepancier between the old and new heights of bemh mrb 

I miles / feet 1 dote / jeer  1 II 

E.B 11. a t  Nakhtruna 
Trlknmdis-ki-dehr~ ... 

At Milrw~r Pilli 

Benoh mukm of the originf~l levelling that 
were connected for check levelling 

- 

M .' z1 : 2 
5 8 
24 
O f l  z d 
* 

No, 

E.B.M. ... 
b1.S. 188 ... 
,, 180 ... 
,, 178 ... 

60 47 L Embedded 
Bridge No. 96 0.5 -El-498 - 61.614 - o'016 

... 1.8 -G4.013 

- 

0.0 
0.3 
2 . 3  
4.0 

14 
13 
la 

* The work was done old Ro. 4 drtacbrnent in 1922-:3. 

Dldercnn 
(tbd- 

iEi 
+- 

thntihs 
b&ht 
*U 

mr 
nod tb8 

B l g o - l  
t$: Degree 

sheet 

Obaerved height above (+) n 
below (-) mtBTt'UIr bench nuk 

as determined by 

471 
,, 
,, 

-o'W3 
-0,015 

levelling 
I~escription Oridnal 

0.000 
+ 1.459 
- 2.~05 
-15,004 

-.- 
+0,01! 
+0'013 

/. 

16 
18 
19 

Check 

OmOOO 
- 8.679 
-36.161 

47 J 
,, 
,, 

1907-08 
k 1909 

,, 
,, 

1910-11 
,, 
,, 

Standnrd ... 
Stone ... 

, I  ... 

O'm 
t10°484 
- 9.732 

Embeclded ... 
Bridge ... 

I* . .  

0.000 
t 1.460 
- a-679 
- 14.963 

0.0 
0.2 
0.6 

0.0 
0.6 
1.8 

40s001 

ton016 
tO44l 

0.000 
- 8.693 
-36.166 

0.000 
+ 10.4(87 
- 9.717 

1906-07 
, 
,, 
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TABLE VI1.-CHECK LEVELLING- (Concld.) 

Discrepancies between the old and new heights of bench rnarke 

* l 'hc work was done bg old h'o. 4 iletachlucnt iu 1922-23. 

Difference 
(check - 
$;$$:; 
+ denote3 
that the 
height 

wae 
greater 
and the 

eign - lees 
! t h o  

~ench markn d the origlnal levelling that 
were connected for check levelling 

M 

rn z 
fl El 
lit 
g t! 
9 + rn 

lo. 8 

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

as determined by 

D:,,[ 
Original 

At Kalddgt * 
I I 1 miles 1 feet I date I feet I fat 

Deecription 
Check 

l e r e h g  

65 
66 
67 
68 

levelled 

47 p 
,, 
,, 
,, 

-- 
- At Goot y * 

... 
+OmOO1 
-0.032 
-0'034 

(Type C) Rock ... 
Bridge No. 42 ... 

8 ,, 37 ... 
Culvert ,, 34 ... 

96 
94 

83 

8a 

67 E 
,, 
,, 
1, 

I, 

0.0 
0.5 
2.1 
3.2 

Tank , 
Rock ... 
PlUar ... 
Chattram .. 
Civil dispensary ... 

0.000 
- 2.688 
+ 2.346 
&26.467 
t12.943 

0.0 
0.3 

0.4 

0.9 
1.1 

0.000 
+ 5.523 
+35.101 
+35.592 

0.000 
+ 6 ,522  
+35-133 
+35.626 

1910-11 
,, 
, 
,, 

... 
-0.001 

-0.005 

-0-007 
-0.017 

1914-15 

lgG"' 1Y14-15 
,, 
,, 

0.000 
- 2.68!4 
+ 2.341 

+ 26.460 
+12.926 
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TABLE VII1.-List qf Great Trigonometrical Swrvey shth 

connected by spirit levelling, season, 1923-24 

I feet I Jert 1 feet ( feet 

I I 
I 

Tanngng o H.S. 981.883 1 981 -1 , Upper tnark8tont4 

LRC,. $ $ 4.0>9 
Long.95 49 56.89 

I 

Neme of etation 

Height above meon 
sea level Difference 

letion 

Ma.nd~tlny Mcridionnl Series 

Burnta Coast Series 

Tlte G7jarcit L o n g i t d i n o l  S P T ~ C ~  I 

Sutlej Ser ie~  - 

291 

322 

Q~oneyongya H.S. 

I.at. l? 3; 54:31 
Long.96 64 39.82 

Shweanndan H.S. 

Lat. 1i 37' 4-53 
Long. 97 69 22-04 

+ 5 

+ 6 

Ground Boor molt 

atone 

285.646 

316.720 

do, 

do. 

-. _--- 

+ 2 

Upper mark 'tofie 

Middle old nofir 

upper m ~ r k  stone 

Godri H.9. 

 st. 209 a6 2%0 
Long. 71 40 24.13 

Elisnl~rtr T.8. 

Lat. 2$ $ A'.'$~ 
~ o n g .  72 4 33.11 

I n g ~ n d i  T.S. 

I ~ n t  220 5; 
Long. 71 48 34.12 

378,092 378.898 

132.821 132.964 

141.581 

381 

134 1 + 1 

I 
I 

I 
I 

I 
I 1 142 1 + 1 

151.018 161 1 + 1 
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TABLE VIII .  -List of Great TI-iyonolnctrical Suri~ey statione 
c.on~leclrd by spirit levell ing,  seus~)rr 1923-24-(Cogtld.) 

? ' h i 6  value is obtained by oltl spiri t  levelling done in conjunction with t h e  
triangnlation. 
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TABLE VII1.-List of Great Tt.i~onontetrica2 Salaey slatjone 

connected by s/)iril Zerellin.~, senson 1923-24-(Coftcld,) 

Bombay Lo~tqitt~dinnl Series 
- 

I . -. 
, Bor11)yn~ or Bori I1.Y 2002.!)82 ... 2002 

a t .  1 2 '  f1'.7ti tecting pillar (m 
Long 74 37 48.09 

~ - .-. .~.. - 

dl.lrc.tlgc~lore Neri t l io / ,c~, l  15'eric.s 
- . - - -- - . - -- - -- 

> l i v ~ n b i o ~ l n  H.S. 25H:<.I:JO . . .  2582 - 1 On rectanplarprc 
Idat. 16" 26' 4". 19 
1 i 4 C0.39 

I 
--- - - -  * - - - ~  ~ - -  
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TABLE 1X. -Nesn l l s  of  comparison.^ of staves with 
standard steel tape No. 2, 2,season 1923-24 

Place and date 

Difference of length ofateves from 10 feet  

No. .of Staff 

23s  I zm I iaa I ise  

Y 

Remarbe 

'Light scnftered 
clouds and cool 
brecze. 

Scattered c lond~ .  
Cloudy. 
Scattered clouds. 

Clear. 

~ i & t  scattered 
clouds and cool 
breeze. 

' Clear. 
Lipht scattered 

clouds. 

Clear and  cool 
brccze. 

Clear. 
Clear and cool 

breeze. 

Scntte~.ed clonds. 
Clear aud cool 

breeze. 

~ i ~ h t " s c a t t e r e d  
clonds. 

S c a t t c ~  ed c ~ o l ~ d s  
and cool breeze. 

Scat.tercd clouds. 

I +0.001116 

+ 0.000564, 
+ 0.001314 - 0.00L\288 

-0-0004'19 

+ 0-001014 
+ 0.001887 

+ 0.00124.0 
+0.0009'72 

-i).000801 

+ 0.000206 
+ 0.0~0665 

- 0.000476 
+ 0.000042 

+ 0.000843 
-0~00007$ 

+ 0 002321 

+ 0.002517 
I 

Kyrukse 26-1 0-23, 

Nagu 4-11-23 
Myitt.ha 15-1 1-23 
lijngyi 26-11-28 
Tanngdein 

8-18-23 
Amrrhpura 

Shore 22.12-23 
8qsa 2-1-24 

Tadrinehe 
14-1-24, 

Pingwe 26-1-24 

Kyanktaga 
8-2-24 

Dalezeik 17.2-24 
Dalannn 2-3-24, 

Npaunglebi n 
16-3-24 

Pfi~npyn 30-3-24, 

T a r ~ n ~  11.48-34 
Kyain ?4,-1,-24~ 

+ 0.000659 + 0.0006Pl i 

+ 0 -  001882 

+ 0-001638 
+ 0.002195 
+ 0 - 000697 

+ 0.000869 

+ 0.001815 
+ 0.002 164 

+ 0.001663 
+0.005842 

+ 0.000369 

+ 0.000551 
+ 0 -001015 

-0.000156 
+ O.OOOl'j6 

+ 0.0011G9 
+ 0.000305 

23-5-24. 

- 0.000903 

- 0-001168 
-0.000462 
- 0.000736 

- 0.001727 

- Oa0010G9 
- 0.000328 

-Om000608 
-0-000373 

- 0~001563 

- 0,000786 
- 0*0c)1100 

- 0.001944 
- 0.001927 

- 0.000651 
-0.001377 

+ 0-0110654, 

+ 0.000600 

+ 0.002577 ! + 0.002240 

-0.000921 

- 0.000588 
-0.000365 
- 0.000817 

- 0.001888 

-0.000543 
+ 0.000327 

- 0.000366 
4 0.000073 

- 0.000539 

- 0.00065G 
- 0.000936 

- 0.001847 
- 0.001820 

- 0.000777 
- O.UWO05 

+ 0.000500 

+ 0.0005t4 

Peinnegon c.5-24, 

Naw~on KD-in 
21-5-24. 

Natchar111~ 

+ 0.002587 

+ 0.00231S 



240 GEODETIC REPORT 

TABLE 1X. -Resu l t s  of com~al . i so l l s  of ~ t a v e s  with stundald 
sleel d(~pe  No. 3, season 1Y23-24-(Coatd.) 

Remerke Place acd date 

- 

Difference of length of 
staves from 10 feet 

- 
No. of Staff 

eoa I 20s 

- 
Jhang-Maghiinn 2-11-23 
R u s t m  Sal.g;lne 10-11-23 
Rustam Salyano 20-11-23 
Uarkh:~ns 28-11-83 
lbtlnl H akirn 6-12-23 
Ci~nk 14 ('l'hxl Shumu) 

16-12-23 

- 0.000137 
+ 0.000560 
0.001656 

-0-001108 
- 0.001734 

-0.001856 

+ 0.000191 i Clear 
-0~000041 
-0'001443 
-0-002059 cldUaJ 

! -0.001008 
i 

Clear 

-0'001633 , st 

Abdul Ilakirn 28-12-23 -0.001893 , -0-000818 I I 

K nbil.\viiIa 5-1-24 1 - 0.002554 - 0.001880 Scattered clouds 
Kidirpur Ranu 13-1-24 -0.001626 i -0 000632 ! 
Kiidirp~~r ~ I I U  21-1-24 -0.Ob2756 -0.001743 
Llahr~\valpnr 24-1-21 - 0.002112 - 0.001374 
Aluhirnkpnr 31-I-'% -0.002396 I - 0.001696 

Clear nod windy 
Scattered clouds 

Light scattered clouds 
Chiutlri 10-2-24 / -0,002514, -0.002032 , Clear 
l ihinpor 19-2-24 1 -0.0U2743 I -0.002162 I I, 

I I 
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TABLE IX.-Results of comparisons of staves with standard steel 
tape No. 7, season 1923-24-(Contd.) 

Place and date 

Nnkhtrana Mola 24-10-23 
I ,  1-11-23 

hjal 8-11-23 
Samatre 16-11-23 
Bhnj 24-11-23 
Hrlakhnvns-ka-Talav. 

3-12-23 
Kilighogha 10-12-23 
lnndra 19-12-23 

31-12-23 
~dkdoi 10-1-24 
Anjii 43-1-24 

30-1-2.1. 
Bhnclliin 6-2-21 
Shikirpur (Cutch) 17-2-2 1 
Hhela Mota 25-2-21 
Belambha 4-3-2l 
1)hrol 13-3-24, 
Targari 13-3-24 
Anandppr 2-4-24 
Chotila 9-4-24 
hlolri 17-4-24 
L l ~ r l i  25-4-24 
hdhwin  8-5-24, 
Sbeikhpur 18-5-24, 
Biln 
1 ' -  

28-5-24, 
u~lepur 8-6-24 
Virrrngim 15-6-24 

,) 19-G-24 

Remarks 

ecattered clouds 
Clear 

9 1  

Ligbt scattkred clonde 

Clear and cool breeze 
9 ,  

Clear 
Clear and cool breeze 

Clear and high breeze 
, ., cool ,, 

Cloucly and cool breeze 
Clear 

S c ~ ~ t t e r e d c l o ~ ~ d s ~  highbreeze 

1)itfcrcnce of lcugth of, 
staves from 10 feet  

-- 

No. of .st~lff 

1GA I 108 

- 0.005757 
- 0~006092 
- 0.007078 
-0.009588 
- 0.0U9131 
-0.6104.54 - 0.009673 
-0'0(I0170 
- 0.010762 
- 0.010410 
-0.011.1:29 
- 0.01(1795 
- 0.0102(% 
- 0.010723 
-0.0101i(iB 

+ 0.000098 
-0.OOUi22 
- 0.000945 
- 0.002313 
- 0.002588 
-0.C03291~ 
-0~C!02362 
- 0'002117 
- 0.003271 
- O.t:0:3100 
-0.0('3673 
- 0.00330 b 
-O.(O3OY,L 
- 0.C03131 
-0.C03067 

-b.oiorlo 
-0.(111055 
-0.010335 
-0.012212 
- 0.011527 
- 0.011399 
-0.011942 - 0~011.502 
-0.0101.i,6 
- 0.0105:;2 
- 1) 010810 
- 0 - 009990 - 0.009291 

-O.G029l,2 / Clear and high wind 
- O~C0611'7 
- 0.002149 
- 0.004-1.50 
- 0.004.361 
- 0.003604 
-0.00:952 
-0.003'ilZ 
-0-00::?2L 
- 0.  (102!!.1.l 
- o ,  00:i494* 
- C.00:3621 
- 0. ti02235 

Clear aud high breeze 
Clear 

9 

Clear and high wind 
Clear 

Clear and high wind 
Clear and hot wind 

Scattered clouds and breeze 
Clear and h:gh wind 

I I  ,, breeze 
Light clonds anil high breeze 

Drizzllnq 
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TABLE !:IS . - - IZes1~l t s  of '  c - o ) n p n ) - i s o ~ ~  01 staves wi th  stnrrt1co.d stee/ 

fcrpe Xo. 4,  sc,rcsorl 1923-2~--(C01~c?(l.) 

Uifferel~ce of' 1engt.h of i 
staves from 10 feet 

Place and date 

- - . 

So.  of staff 
i 
i Remarlis 

I 

1:)~ i 19t: 
I 

. . . - 
I 

iblir\viir Pi l i  26-11-29 I - 0.00Li91 -0.001958 , 
Elohat 3-1223 1 -0.001656 ' 

-0.001814 ! 
Lnni 14-14-23 - 0.008549 
Dundara 24-12-23 1 -0.001946 -0.002286 i 

-0*003030 ' 
Samdari 30-14-23 I -0~001920 , -oaOuliG~ 
Balotra. 8- 1-21. -0~00119'LG -0.002566 
Baitu 16- 1-24 1 -0.002962 ! -0.003112 
Bhimarlai 22- 1-24 - 0.004'127 - Om003b77 1 
Uarmer 31- 1-24 - 0.002iG9 i -0.002SG4 , 
Barmer 9- 2-2.b i - 0.003700 -0.003411 
Bhadleo 16- 2-24 1 -0.004526 ' -0'(704860 
Shew 3- 3-24. -0.003089 -0~003810 
Bhailani 15- 3-21. i -0.005013 -0.~04763 
Jaisnlrner 1- 4-24 1 - 0.004344 - 0.004519 
Bayasaki 11- 4 - 2 4 >  - 0~003173 -0~00~%909 

24- 4-34 - 0~00551'~ ' - o,ooa269 
I ,  

Oovardhanla -0.005380 ! -0.005475 
1 
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The field office opened at B a h i ~ ~ a l l , u r  East Railway Stsation on 208. 
?Btl October 1924, and t,lle rcecss ofice opener1 a t  Mussoorie on :;$, 
20th April 1925. No. 1 cletnchinent, recessed in Mussoorie, the 
Burma programme having apparei~t~ly been finished with this season's 
wnrk. The Sutlej Valley Group recessecl in Dehra Diul as usual. 

The field organization was as follows :- 209, 
(0) Sutlej Valley Group uncler Mr. N. R. Mazumdar, with Field 

field hea~lquarters a t  BahBwalpur East  Railway 
orgnnrzation. 

Stat,ioa. 
(11) No. I double cl~tachinent under Mr. S. C. Mukerjee, in 

Burma. 
( c )  No. 3 single detachinent (net) under Mr. A. A. S. Mat'lub 

Ahinad, in Siild and T5'estern Ri jpnt lna .  
((1) No. S single detachlneilt (net) mlder Mr. H. C. Bailerjea 

B.A., in  Beng;~l, BihGr and Orissn. 
( e )  No. 4 single detacliment (net) uncler Mr. Jiya Lnl Sahgal, 

in the  Pmnjib and Sind. 
( f )  No. 5 double clctuchinent under Mr. P. B. Roy, in Bengal, 

Bihiiir and Orissn. 

The Sutlej Valley Group continued its tertiary levelliilg in the 210, 
Hult'in, MontKolnpry, Lallorp ;l11(1 Ferozel~ore districts and ill Outturn.  
the BahiwaIpnr State. ::$,.ig.i linear 1niIt.s rverc. 1.1111, covering 4900 
quare miles. 

No. I cletacllment esp(~11totl 367 linear miles of simultaneons 
dollblr l ~v~~ l l i n r r  of serolld:lry l~rrt.irion fill. th(1 Cliirf Ei~giilerr, 

? P-W-D. (Ir~.igatlol~) Bllrmn, in tllc Shne l ,~ .  Sap i i ig ,  Tharrn~vaddy. 
Illspin, al~ll  P P ~ I I  (listrictS jl)rpri~iti~i ill(htllodb ho~vever lwiilg pin- 
~IoJ'ecl for tile c.]lec]i ]evc]linq Ra l l~oon  :111(1 Pc~glr), nllrl :j.'$ lilltiar 
miles (6 square 1niles) (if tcrti:lrJ- ]o\-olliu~ 011 thc Yonangyamig nil 
' ~ l d  for t l j p  Bonna Oil Colnlln~~y. 

No. 3 cletacl~mellt, cuc~c~lt(~tl  I!)S milos of levcllinl:. of hiqll 
Precision in tllr forc direc.tic)ll Suldrt~r to Hylrlr;lbad; this linc, 
rPfel'rpd to in $ 190 o]tl  ] j l l l ,  11;1s l,(\(yl qi\rc.~l :I ncw ~ ~ u m b c r  

A ; a~irl 2 1 :  - f IS( ,111 H*d(l1'51>5d Bn Y~~IPL.,  
al(>ng line 150. 

. . NO. :?, detnc1lmcnt t . sccl l t l~~l  1 1:; milts of  I c~ rc~ l l i~~q  of' high pre- 
' l s l~ l l  ill the forp (lirecati(>l, 0 1 1  ]ill(> 12 1 fro111 H ~ J V I * : I ~ I  I ! ; ( !  &Iii l i~:~por~~ 
In  J~ lesJ~ i l r  ; 10s llli]l~s on il(.\r ]ill(. 1 .' 1 ;\ ~I .OII I  M o ~ I : I ~ I , > I I ~  (JI i~l~~nl-c iwi  

Rillig,~llj : 2:3!) nliIPs 0 1 1  11(3\j7 ]ill(> I :) 1 Ri11ig~111-j to Diliij1111r. 

. . No. 1 8  ~lctacllmpnt c s c ~ c ~ l l t ~ ~ ~ l  12:: 111il11s O F  I I ~ J  cbl~i~lq ot' Ilig11 pre- 
F1slOll ill the forp (lirpcti()ll 0 1 1  ]i l l(> 10 1 f1-0n1 K:~r:~calli to Icotri, am1 
" miles on line 150 from I<otlsi to Hytlcl-ib5tl. ancl S( i  iniles in 
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211. 
Summary.  

212. 
112 new l eve l  

net.  

the back direction on line 102 from Govardhanla to Bhutta Sheikh,and 
198 miles on line 101A from Hycleriibad to Sulrkur. Italsocarriedout 
the relevelments of short lengths of lines 101 and 105 (vide § 189), 

No. 5 detachment executed 150 miles of simultaneous double 
levelling of secondary precision for the Calcutta Corporation, in t h e  
24 Parganas district, and 168 miles for t'he Chief Engineer, East 
Indian Railway, between Howrah and Hazaribiigh Road. 

Officers uncler training a t  Dehra Dfin executed a short length 
of fore and back levelling of high precision along line 61 A, con. 
necting 4 new secondary bench marks. 

Topographical levelling was carried out in Mussoorie by a leveller 
lent to  the Director, Northern Circle. 

The levelling done was :- 
284* miles of primary levelling in the back direction. 

1029 ,, ,, ,, ,, ,, ,, fore ,, 
685 ,, ,, secondary levelling. 

37, 852 ,, ,, tertiary levelling, covering 4906 square miles. 
The secondary and tertiary work was clone for local gover~~mentr 

The calculaterl probable errors of. the coinpleted portions of main l i b  

of the net satisfy high precision requirements. The relevelment lleces- 

sary on the branch line from 10 1. will yrolmbly be done in 1926-2;- 
The back levelling of 102 h:~d to  be contillued past Mithn, 10 

Bhutta Sheikh, as the values of bellch mark a t  Mithra (lid not agree* 
The results of the work 011 line 101 A are not sabisfactor~s 

This line along old line 5 2  \\-as mldertnkcn f m  the Lloyd kh" 
Engineers. There was poor Ievplling illllotI1 (lirectiol~s, which unfOdu- 
ilately did not show up as disnYrerlnclrts irrt\vt.r*n fore and back- 0': 
other lines there nru I a r p  rlisc(,yilxllr(ls lr(l t~vu~n tho fore le~ellin!~ 
this season and t11r olll pal,lisllrll Ilpicllt ( l i f t . rn~ae~s   he*''^^' 
probably be cleared up 1)y the 1'33.5-2(; b:~c.lc levelling. 

The following new Iinps ]lave bern n(ltlpd to the net:+ 
101 A from Sukkur to Hydprli11,;Lil (11ra11c~l1 linoj. 
12 1 A from NIohanpur (Mid~lapore) to Rdnigsl~j (])ranch line)' 
150 frorn Kotri ( (Hyrl~ribi(1)  to Bariner. 
151 ,, Rilliganj to DinGjpur. 
152 ., RC~jl<ot to Po rb~n~ ln r .  
l :-IG now rt111s from Jllnux to Lahore. 
137 ,, ,, ,, A~nlrala to Lahore.. 
138 ,, ,, ,, Dplhi to A~nl)dln. 
1 ,, ,, ,, Aml)al:~ to  Mor;itlal)itl. 
1S:I ,, ,, ,, Dvll~i to M('cr11t and Rarrlilly. sv. 

But othrrwisc~ the ll(bt stnll,ls as s]lowl~ ill I<tl('()rd Volume 
The programme of the next two st.asonr is tl~c. ~ ( ) n l ~ l l e t i ~ ~  

I"' 

- - .- -- --  
_-/- 

\,I11111 

* Ih ia  i o r l ~ ~ d c a  I ( t 3  nlllrr 1 rick irrrlline line t t ~ h l ~ ~ r  t o  ~ l ' ~ ~ ~ ~ ~ ~  
fore levelling w a ~  done the same season. 
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108, 113 (Surat-Dhdia portmion), 119, 121, 121 A, 150 and 151, and 212. 
the fore levelling of 104 (remaining port,ion), 106 (remaining portion). 
136, 137 (remaining p ~ r t ~ i o n ) ,  13'3 (remaining port,ion) ancl 1.52. 

(a) 
charge. 
and t,he 

Sutlej Valley tertiary levelling-Mr. N. R. Mazumdar in 213. 
Details of There were five sections, one of which had to be broken up f ield work .  

staff sent to  ot.her sections, owing to the section officer Sutlej valley - 
having to go on medical leave. tert iary 

leuelling. 
There was much delay in start,ing the  field work, the railway 

line from Dehra Dun ha;ing been bilolten by floods ; the spare t)im; 
in Dehra Dtiu was spent in tl.ainin=; new levellers, and giving practice 
to others. The season opened a t  Bahfiwalpur on 19t'h October 1924, 
and field work closed a t  the encl of March 1925. 

The outturn wa,s as follows, all being tertiary levelling:- 

185.7 linear miles of ilouble and 35,670 of single levelling were 
m11, a tot,al of 37,525 miles. Ground heights were given to  354,300 
points. 

--  -. 

100-acre nrca . . . 

%-acre lrrca . . . 
-- .- 

Tot.al 

The cost r n t ~ s  were nSain recll~cccl, o~ving ~)robnbly to thc fact 214. 
that the bullr of the  111~11 m ~ r c  fully traiued, and also to there being rates 

co~npared.  good supc.1*vision. The outttu.11 was very good. 

- 
1 

Punjal, B a t ~ i \ v a l p ~ ~ r  i Slate 'l'otnl 

-.p-p-- 

sq .  n ~ i l r r  

542 

- . .  

1 l O G  
. - - - -- 

1648 

-- - -- - 

.vy, ~ 1 i 1 e . s  

- 
. _- 1.- 

3253 

- - 
3252 

4358 

- - 

4300 
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215. The Officer in charge was able to illspeet his me11 c ~ n s t ~ ~ t l ~ ,  

Con~putat ion The computing section a t  the groul) headquarters was reinforrp,l 
in thefle'd. in the lniddle of the season, in ordrl* to slr~et t8h(1 Chief Eiiginpp~ 

(lemaud for the rapid supply of charts. 72  lniuluscript spot heigllt 
charts were supplied to  t'he Officer ill charge No. P Drawing Office 
during the field season. 

The sections were organized a,s below:- 

21 6. No. 2 section had the most rlifficult ground e.itL lnurh jullf". 

' I  n d i t i ~ n  of NOS. 5 ,  4 and 5 worked in vn.y easy coulltry wit11 1:lrge rxpallsl* of 
f h ~  C o u n t ~ y  

l e v ~ l l e d .  flab put and sxlld ridges running gell~ra]]y (~1st :111d JVPS~.  lyatpr 
had to be carried from tohria (small ponllr). sll~neti~nes for I*< 
distances. Health was g~ne ra l ly  very 

There was no rlifficolty t,his year a s  i.cbsal.,l~ I)l l i~~g hrld 1)ad "'' 
the subrectangulatnrs. 

I 

2 

3 

4 

217. The recpss office opcnerl a t  Dchrn Do11 ,111 I lth April. Th" --I 
Recess w o r k .  field work covprcrl 329 f(,ul.-inc]l ch:l,rte, of ~ ~ l ~ i c ' l ~  the for 

were rent to the Drawing ( ) f icr from the I ;  I I I I I  rcrnaining 'ii 
were finished cluring t,he rpccss. 

No. of levellcr and 
recordcr 

1 Camp recorder 
16 Icvellers 
later on 17 

I 

1 Camp recorder 
12 levellers 
later on 17 
- 

Mr. H. K. Kar 

Babn Muhammad 
Ishak Khan 

Babn M ~ b n m m a d  
Paiznl Hasan 

Rabn Saiyid 
Nnyar Hasan 

6 

Date of commence. 
Blocks No. ment of I ~ v o r k  in U O C ~  

J ' K  , O R  
B//',C"',D"/,Sl,T'. 

-- - - . 

1st Yovembcr 
1924, 

30th Octobct 
192b 

1 Camp recorder / C",D1l,Z',E',I*,Z'. 

18th  Octollcr 

1!121. 

16 levellers 

~ \ ' " , ~ " , s " , R ~ / , ~ .  
(half) 

Mr. Nabidad 
Khan 

y", v", (half) 
Z,P ,A',Cf,U',H',Z'. 

(half) 

(half) 
later on 17  

dispersed at  the  
end c ~ f  Fel)ruary. 

i Camp ,.ecol der 
14 l e v e l l e ~ ~ .  

This section was 

29th October 
1984. 

1 Camp recorcler I",.l",K~~,N",O", 
16 levellers 1"'; 1L". 
later on 14 

-- 

29th October 
1924. 

--- 
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. (b) Burnla secondary levelling.-No. 1 detachment under Mr. 218. 
Y. C. Nukerjee, left recess quarters a t  Maymyo on 1st November 1924; Burma 

tile second lewller P. Jobn and the squad, joining them a t  Tanghn ::Z,$iY 
(Shwebo dist'rict). The lines of secondary precision, all run for 
t,he Chief Engineer P. W. D. (Irrigation) Burma, were as follows:- 

Lint 

- 
(a) l'n11g611 t o  Sllwebo 

I 
... I 65 

( h )  l<nbo t o  M ~ i t t s w  ... ! 92 
( c )  O k s h i t l t n ~ ~  t o  T'nukkan . . . .  78 
( d )  '1 hollzc t,o Hangolon . . . i  110 
(e) l'cpn 1.0 Zeuynnngbin . . .  5 
(I) fiI~\.it,li).o t o  Ol.po 2 
( 9 ;  1i. 1). Xo. 45 ol Yen\vc cmbnul t~~lcnr .  

to Un\v 

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

. 1 367 '1'ot.nl 

Thr liiws l;lv itlong t,hc following rroates :- 
(10.  Aloilx t,hp railway l i~ic  to Tantabin, thence along the road 

to Kabo, tllcwce :!,long the Shw rbo main canal to Okshitkan and thence 
along tho isoacl to S11\vol10. 

( b ) .  Al011g t11~ Ye-11 nl:~,i~i calla1 to Tailtabill, thence along a 
distributary nncl across country to Thayetkan, thence along Mayagan 
branch canal to Nynuilghla and thence along the road to Myittaw. 

( c ) .  Along Hlaclnw branch canal t,o Slz~-ebangon, thence along 
road ancl clistributnry No. :3 of H1:tdaw branch canal to Thayetkyi, 
thence alollY villagtl c;11.t track to Sndaung and thence along the 
road and 1.aiI\vay vici P;~tln to Paukk;t~l. 

(d) .  A l o ~ ~ g  Rallgool~-P~.omr 1-oat1 13iri I~ist\iil to Ra~~goon.  The 
bl.allc.11 linv to Panllggyi 1~:)s r1111 a1011g R ~ i ~ ~ l g o o n - P ~ g ~ l  and Hlegu- 

road. 

(e). Aloiig P~rgu-T:t~ra road brci~ll .  
(f). :Icross country along right bank of Sitt.ang ~ ive r .  
(9). Across countl-g rlili Duiku along Kawlia stream. 
The brncll marks w,ll-c. I,uiIt Ily t,hc P.W.D. after their own 

Pattern. The. ~ ' ( > ~ ~ ~ l t i l ~ ~  h ( ~ i ~ ] ~ t s  \rclro sc11lt to the Chief Engineer 
(lurhg tllc rccpss. Tllp (l(ht:lclllncllt c~losotl ivol .1~ a t  Pegu 011 26th 
May 1925. :111(1 l)r~)l.(.l.(l~.(l i.(.~t~ss ill M I I ~ ~ o o I ~ ~ ( ~ .  Healtll TVBS $ - o D ~  
throu6'h~)lit thr  scqs(,ll. 
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(Contd. )  

220. 
Results of 
revelling 

carried out, 
and closing 

errors 

221. 
Calcutta 

Corporation 
Drainage 

secondary 
levelling. 
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Burma Circle. The couiltry was hilly and much cut up by n,jli8, 
The area was first enclosed in  two double levelling circuits, Connected 
to  bench inark 6/84 L ; no other inark remained undisturbed within 
practicable distance. These circuits were divided and subdivided bJ 
means of single levelling. Lines had to be run along t,he banks and 
also t,he bottoms of na1cc.s. The heights were adjusted in the fieldon 
closing each line, ancl a t  once given to the topographical surve~om; 
no work being left for recess. The results are probably correct to 
0.1 ft. A good deal of time was lost through the levellers haring 
to  revisit places already levelled over, i t  having been found thatthey 
had given too few heights. It had not been possible, in the time 
available. for the topographical surveyors to inark on the ground 
beforehand all the points for which they required values. 

The results are as follows :- 
( 2 main circuits, 2 1  miles. 

6-square mile area : 9 sub circuits. 28 ,, 327 linear miles of levelling. minor lines, 383 ,, 
Number of heights :- 
1. Iron pipes about :3 inches in diameter, embedded in mason9 

bloclrs ; masonry pillars with iron plates on top ; circles on 
plinths ancl structures . . . . .  !;a 

2. Wooden platforms of oil wells . . . . .  1048 
3 .  Very temporary heights, iron pipes and ground levels 3 0 8  

4962 
Sets up . . . . .  , . ,  4606 

93 working days for two levellers, including rest. 

hl ain circuits 

Sub circuits ... 

A veragc 

Minor  line^ . . .  

miles. 
. . - ---- -------; 

. . . 0,021 011 t,ying to n'li" 'Ir' 
r ~ l i l ~  "1. circ11111 

- - 

0 - 0 8 1  

b -3) 
( ( 1 )  . ('ale a t  t a  Cnrpor;~tioll (nynillag(l) - i(lr.( ~ ( l ; )  YY levelh? 

r u n l r ~ ~ 4 a k ~  this and also thr~  Enst  ~ l l ~ l i : l ~ ~  1:;) i I n:,y (hmpanf3 \"? 

as given in $ 222,  NO. ; , ~ , ~ ~ l ~ l ~ b  ( l (~+;~c.~lr , ,~i~l .  was f()rmc(' I n  

Jal1linrg 1925, ol~ilc~r Mr. P. R. ROY, st~.011(1 l~~vrllel* Bnbl1 

Singh, t w o  I T C O ~ ~ P ~ E I  :Lll(l tW(~l l t ,~-BiY i l l ( ~ l l i i l  1s. 'I'hp 

cnrriwl out, collsistwl of 150 lllilfas Of ,,(,11,1161 ](.v(lllil~g, m*illb 'lo''' 
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the Bidyidhari, Piiili and Miitla rivers. Work commenced a t  
Calcutta on 28th January, and closed a t  NLrLyanpur on 32nd 
Yarch 1925. 268 new secondary bench marks were connected 
including 118 Marine sockets. These were as described in G.T.S. 
Volume XTX page 58, except that  t,heir length was only 44 feet. 
They were generally found to be somewhat loosely driven into the 
ground, and consequent8ly unstable. The whole country is low lying 
alluvial land. 

The work consisted of the following circuits :- 
Line No. 77 Q. Bench mark 368179 B south-east 
wards via Sealdah to Nlriiyanpur and back over the 
same marks to  Calcutta, ... . . . 59 miles 
Line No. 77 R. NBrayanpur, Port  Canning, Kultali, 
PiBli to Ngriiyanyur along Bidyldhari, Mltla and 
PiLli rivers ... . . . ... 91 

-9' - 
Total 150 miles 

The p.e. for the first circuit, on which the rest of the work 

depended, is 0.0025 ft. per (mile) 4 and for the other i t  is + 0'0040. 
The health of the detachment was good. 
The heights were computed in recess and sent to the Executive 

Engineer (Drainage) of the Corporation. 

( e ) .  East. Indian Rail\vay-secondary levelling.-This double 
levelling of secondary precisioll was carried out by No. 5 detachment. 
Work commenced a t  Howrah on 23rd March 1925, and closed a t  
SitGrirnpur Junct,ioll 011 5th June 1925, when the detachment pro- 
ceeded to recess in Mussoorie. 

It forms the first season's worlr of a large progra.mme of levell- 
ing from G.T.S. bench marks r;o marks made by the Railway 
Administ,rstion along their lines. 

The followinp lines were run :- 
L, 

I L i n e  I M ~ l r s  
- -. -. - - I 

7 4 C .  from Hench m a l k  4!! I - l  
7913 'lt i 

Hllwrnh, 111ong t h e  rn l lwl~g  to U t t n ~ p i ~ n  > 1 )  
447  1 qtnlion, and cloeing O I I  bench m a ~ k  - 

- -- - - -  
7913 j 

221. 
(Contd. 

I{rnncl~ l ines  t,o S l ~ r n ~ , i i p l ~ i l l i ,  1351ltl(~l, I'nnrl~~n, 
Snktign1.11 Burt lwin .  I ih inn ,  Gnlsi, M5n- 
hat., I'innjil~l., I)nrgnpnr, Rinignnj,  I i i l i -  
piihiiri. r\rnnsol, C11111,iilin 

222. 
East Ind ian  

Railway 
secondary 
levelling 

I 
- 

n l n ~ ~ c h  l inr No $0 I (Ilnriibnr to Hnz51il)iifih 
Itond) uloug  Enst Iutlinn llnilmtby grnncl 
cbol.tl line 

Totals  . . . 

) > 105 
I 

168 
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223. 
Levelling of 
the new net 

line 101. 

224. 
lnrtruments 

used. 

225. 
Fore lsuelling 
of l ine 101 A 

The p.e. for lines 74 C and 70 J from t,he formula 
,- 2 
- is k0'0036 f t .  and f 0'0033 ft .  per (mile)i np. 

tirely. 1 new primary and 268 new secondary, and 1 old primq 
and 78 old secondary bench marks were connected. 

The railway bench marks consist of :- 

(1) the vertical type of inscribed bench marks, i.e. inscribd 
stones. fixed vertically in the walls of railway buildings. 

(2) the pillar type ; stone blocks 2' x 2' x 9' resting on pnkkn 
masonry pillars about 3 feet high and 2 feet. square. 

The health of the detachment was good until the close of the 
season. 

(f) No.' 4 detachment.-Levelling on the new net line 101. 
The fore levelling of the portion between Karachi standard 

bench mark and Kotri was carried out by No. 4 detachment (Mr. 
Jiya La1 Sahgal), work commencing a t  Karichi on 8th December 
1924, and clnsing a t  Kotri on 21st January 1925. The detachmalt 
then took up lines 150 and 101 A. The fo1.e levrlli~ig from Manon 
T.O. to Kariichi, involving the crossing of the harbour, has bee11 left 
until next season, as also the fore IevelIillg to 3 new standard benth 
marks (Gharo, Tat ta  and Jerruck) still under construction. 

The instruments used were :-level Zeiss No. 3488 ; stayes Nos. 
19 A ancl 19 B and t a m  No. 4. 

I 

The back levelling of the portion betwerw Jaeobibid fin(] 
BahiLwalpur in 1922-24 was found to require some revision, ill @r(ler 
t o  satisfy high precision requirements ; this was also done NO- I 
detachment. The probable accidental and systornntic errora of fhs 
compl~tecl portion of this line (Kotri to Bahi~wnlpur) are ll"m 

+ 0'00:)::8 ft. ancl + U0000?,9 ft. per mile. - 

Line 101A.-The fore levelling was done l,y No. 2 dptarhmp'" 
( Mr. A. A. S. Matlob Ahmad ). Worlr romlno~lc~d a t  S l l k h r i "  
20th October 1924 and the line was c]oHld a t  ~ ~ d ~ r i i b i d  " jd 

January 1028. The cletachmellt then began ~-:orl; on line 13). Thc 

hack 1~rr l l ing  (No. 4 detachment Mr. Jiyn Sahgal), be@"' 
H~(1~r;lb;i.d 011 2 tth January 1926 and c]or-.~~tl :,,t Sukkur 0" 11th 
April 1!)25, 

It had h ~ r n  intendpd to base this ]illc; 01, l ? ~ ~ l ~ r i ,  but thprP "R' 
lack of suitable bench marks there. The j . r . l i j ~  lay along that 'I 

1 1  line 52, but t,he old bench marks fov11,l to have nearly all 

been destroyed or disturbed. However there rr , c enough undi3tur 
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bed to justify the new work being adjusted to them. The closing 
on the old net discloses tha t  there is an  error in the new levelling of 
over one foot. 

"Where the new work disagrees with the published difference 
between bench marks, the new bench marks have been given provi- 
sional values only ; elsewhere the new levelling is good revision work. '' 

The dserence of heights between the ends of the line is corn- 
puted at- 160 ' 925 feet; the difference arrived a t  in the adjustment 
of the old net was - 159 ' 702 feet, a discrepancy of t 1 223 feet. 
The probable accidental and systemat,ic errors of the new line, 
from Lallemand's internal evidence formula: are $_ 0 00371 ft.' and 
t 0.00062 feet per mile which satisfy the requirements of high - 
precision levelling +_ 0 a00416 ft .  and $' 0 00106 ft .  respectively. 

The instruments used were :-fore level Zeiss No. 3342, staves 
Nos. 20A and 20 B, standard steel tape No. 3, back level Zeiss No. 
3488 staves Nos. 19 A and 19 B and standard steel tape No. 4. 

Line No. 102 :-The back levelling of this line was left incomplete 
(vide 4 189) and the remaining portion was levelled by No. 4 detach- 
ment (Mr. Jiya La1 Sahgal). Work co~n~nencecl a t  Goval-dhanla on 31st 
October and closed on 30th November 1924. The detachment next 
proceeded to Karschi to take up line 101. The mark a t  Mithra on 
which it mas hoped to close, was founcl to be clisturbed: so worlr had 
to be carried on to Bhutta Sheikh,-a total distance of 86 miles. 

The probable acciclental and systeinatic errors for line 102, 
from Lxlleinand's formulke, are & 0.00413 ft., and + 0.0001S ft .  
per milc. (satisfying the requi~.ements of higll precision work 
f.0-00416 ft. +0.0010(i ft. respecti~vly). 

The instruments used were :-lcrel Zeiss No. 3118; staves 
Nos, 19 h and 19 B and standard steel tape Nn. 4. 

LiiCr. 1015-As illdicatcd in $ 189, No. 4 clrtnchment carried out 
the ;.t.l~velment of short lengths, which co11i1~1~tes the linc 10.5. 

Thr table showing* the probable acciclelltal xncl syste~n R t,' ic errors 
for the whole line is given belo~v :- 

225. 
(Contd. )  

Line 

"ortion Iih?tnpnr t o  I3nhxarQlpnr ... 
, M u l t i n  t o  Jhnng-Blnghinnn . . . - 

226. 
I n s t r u ~ ~ ~ e n t s  

used. 

227. 
Back leuelling 

of l ine 102. 

I'rnl>nl~le 
nccitlc~l t n l  

error 

f cc t  
&0~11034? 

f 0.004lG 

228.  
I n s t r ~ ~ n ~ e n t s  

used 

Prol)nl~lc 
s ~ s t e ~ u n t i c  

CI'I'OT 

f re t  
&0.1~0008 

-&O .0004~2 

229. 
Probable 

accidetital 
atm 

syste~nat ic  
errors.  



262 GEODETIC REPORT 

229. 
(Contd. ) 

230. 
Line 121. 

231. 
Instruments 

used. 

232. 
Fore levelling 
of lines 121 A 

and 160. 

233. 
Fore leue/ / ing 

o f  I I I I ~  151. 

234. 
C h ~ c k  

I p v p l l ~ n g  a t  
Rangoon and 

Pegu. 

which satisfy the requirements for high precision levelling + 0'00416 ft. and + 0'00106 ft. respectively. 

Line No. 121.-The fore levelling of the portion from Hoarah 
to Jaleswar was carried out  by No. 3 detachment (Mr,H,c. 
Banerjea, B.A.). Work commenced a t  Howrah on 6th November 
1924, and closed a t  Jaleswar on 1st  January 1925, when the detach- 
ment returned to  Midnapore to  take up line 1 2 1  A. 

The instruments used were:-level Zeiss No. 16215;staves 
Nos. 16 A, and 16 B and standard steel tape No. 7. 

The fore levelling to  new standard bench marks under cons- 
truction was left for 1925-26. 

Line 121 A.-The fore levelling of the line from Mohanpur 
(Midnapore) to  Riniganj  was done by No. 3 detachment. Work com- 
menced a t  Midnapore on 7th January 1925, and closed at Riliiganj on 
13th February 1925, the detachment then proceeded along line 151. 
The new standard bench marks under construction were left for 
1925-26. 

The fore levelling of line 150 was all done this season. From 
Kotri to Hyderabad, by No. 4 detachment (Mr. Jiya La1 Sahgall, 
and from Hyderabid to Barmer by No. 2 detachment (Mr. A.A.S. 
Matlub Ahmacl). This detachment commenced work at Hyderabid 
on 4th January 1925, and closed a t  Barmer on 3rd April 1925, 

hst,rurnents used were the sa,me a,s those for lines l0lA 
and 102. 

Line 151.-A11 the fore levelling of this line from Riniganj to 
DinLjpur waa done this season by No. :3 detachment except for th@ 
connection of new standard bench markP und(br const,ruct,ion, andfor 
the Ganges crossing a t  Lilgola G h ~ t ,  was reconnoitr~d for 
1925-26. The detachment, closed lvork for tile spason at Dinajpur 
on 15th May 1925. 

Check levelling a t  Rangoon and Pegn.-This was carri~~oui 
bJ' No. 1 detachment, by mpalls of simult:lneous rloel~lr levellill 01 
prrlcisioll, d~l r inp  the course of the spr()ll~l;lr)- ] ~ ~ r ( ~ ] ] i , ~ g  OH tll(' ~II"" 

P P ~ U  lines. Some of the Rnllpoon lrlllcll m a  ,.lis were sll~llpct'(' 

by the Port  authoritirs to have hprrl altmyl ill li~~i:;llt, an parthil1lrl! 

in 1919 being thought to have affrctP(l t]lplll. TJlis s""in' 
lprellina i~idieat(ls tha t  somr tllr ht>ig]lls 11% ;,I1 (.red wit11 N'~''" 

price to  those of stanclarcl brbnch mm]i in (B.,.l(on~nent P""~'"" 
Rangoon (B.M. 82/91 D), of thp ShWmagOll mqo( la  ,nark (B.M. :ill 

94 D ) ,  and 9 others which agree in+rr so. as is ailow11 in the 
ing table. 



V LEVELLING 253 

Check levelling at Rangoon 

Brief description of bench mark 

feet 

0.000 
? on slab on E. side of Ghwedagon Pagoda 

BOM. steps, Rangoon ... 
108 

J eet 

0-OOC 

New 
height 

above or (+ )  

below f - )  
Shweda- 

gon 

feet 

0.000 

lsa I Standard bench Inark on high knoll in Can- 
tonment G ~ ~ r d e n s ,  Rangoon . . . 

(:.'p.S, a t  N P .  angle of Railway Audit Offices, 
Itangoon. A few inches below ground 
level ... 

Heighl as  
previously deter- 

mined 

lZ9 I 0 a t  NR. corner of plinth of Railway 
B.M. Audit Ollices, Rangoon ... 

Risen ( + 
or 

( - sincl 
last 

levellinl 

0.T.S. a t  S. end of step of E. entranco to base- 
0 ment of Sule Pagoda, liangoon .. 

B. M. 

t 011 stone block under portico of S. 
B. R1. entrance of Town Hall, Rangoon .. 
31 

Standard bench mark in Customs House flag- 
staff enclosnre, I{angoon ... 

G.T.S. at  W. end of step of E. entrance oE Gene. 
0 ~ a l  Post Office, Ha~lgoon 
8.112. 

Zero end of bed pltbte of tide gauge a t  Rnn- 
coon 'I'idal Obse~ vatory ... 

(3.T S. n t  N.E corner of l lo~thernn~ost  of 3 
0 pagodas at  Dala vi llnge . . . 

B ?4. 

1 ? an *. parapet of d~,aio a t  junction of 
Simpson and Shwedagon Pagoda 

111 roads, Rmlgoon ... 
'? on W. parapct, of tlrnin 230 fcct S. of 

Ij.hf. entrance gatc of I're~bytcrinn Chnrch, 
66 Rangoon ... 

-88.4433 

- $12 5748 

G.T.S. al. I'.W.D. Inspection bungalow. Seikgyi, 
14 feet below gronnd level ... 

B.M. 

? nt hase of palisadc foncc E. of gnt.cmyny 
13.M. of Crisp Street Jctty, Raugoon ... 
1G9 

-97.612 

73(24) ? a t  I,aso of paliaade fence, n t  its W, end. I I 13.M. N. of S. cmtl T. Corps Wharf on Strand 
168 road. Raneoon 
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Check levelling at Rangoon.-(Concld.) 

234. At  Pegu t,he check was clesirecl on account of a repoft' from the 
(contd ' )  local P.W.U. Officer in 1924, t,hat the st8anclard bench mark appp~rpd 

to have changecl its height. The new levelling indicat~s t'hd dl j  
bench marks checked, t8he stanclarcl ancl t,wo ot.hcr marks h a v e k e ~ ~  
t,hrir relative heights ; one has risen O.1-iH ft,., and nine haw gunk- 
Of these. five are a t  the railway station, and the sinkinn 9 vnri@ 
0 280 ft'. to 0 06 i ft,. (avera,ge 0 1 )  ; ollr 011 a ra~lwa,,~ b r l d ~  
over a mile away has sunk 0 .058  feet,. The remaining three hn" 
sunk compsrat~ively iit,t,le ; t,hey a,re not near the rarilway : 

6'=' 
Z E 

~3 .n * l ~ ,  

2 - g  
g.E G 

a sc: z .! + 
gij 
74  

75 (18) 

76 (20) 

77 (19) 

78 (8) 

7 9 )  

Interrecl a t  Thanat,pin 0.020 ft,. 
On a massive buildillg 0.016 ,, 
On a road culvert 0 ,005  ,, 

235. 
Trinngula-  

tion s ta t ions .  

Urief clesoription of bcnch mark 

B.%I. on W. end of N entrance of Ext~rni~ia. 
0 tion Hell ot Port Health Station, a t  

Brookiug Streot Whart, llangoon .. 

Graham Smith'e bench mark ontside SE. cor- 
ner of enolosnre of Ma70 Marine Institute, 
Rangoon ... 

BOM. at. SW. corner of shed of Brooking Street 
Wharf waiting room for  Indians, 
Hangoon ... 

BObl. a t  NW. corner of shed of Brooking 
Street Wharf waiting roonl for E~t ro-  
pealls, Rangoon ... 

G.T.S. a t  SR. corner of northernmost of 3 
0 I'agodas a t  Dala village ., 

R.M. 

B M. on iron pillar 77 feet of 1,eigengynung 
Pagoda at  Uala villnge 

The triangulat.ion stat'ions 
shewn in Table No. XIII.  

connected 

New 

nhove ( + ) 
or 

below ( - )  
Shweda- 

gon 

p e t  

-93.0432 

-92.590 

-91.461 

- 91 .4#90 

-92.014 

- $]6.14.$) 

236. R~levelments.-'The hack levelling run t h i q  Fenson Wag "' 
Re'eue1ments, miles ; the percentage of rp]pve]ment was ahant 1 5°/0. 

This better 

ment mag be dur to the interval of time bet~rcen fore md hart 
being short (about 6 months). 

~ ~ i ~ h ~  
previously 

deter- 
mined 

feet 

new bench 

-92.608 

-91-449 

- 91.508 

-92.651 

- 96.170 

r8Risen(tl 
Or "Ok 
(-)h 

last 
levelling 

jeel 

merk 

t0-018 

-OmU12 

t l l -(4S 

-0.W 

to.@] 
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Standard bench marks have been built or are under .23,, 
conetruction, a t  Howrah ( two ), Midnapore, Biinkurii, Riiniganj P I O ~ O S ~ ~  

and Berhampore (Bengal) . sites of 
standard 

bench marks 
Standard bench marks of the new type referred to in 205, 

have been built or are under construction a t  the following places :- , 

Gharo, Tatta, Jerruck, on line 101 between K a r k h i  and Kotri. 

1 Mirpur Khiis, Chhor, Gadra road, Barmer, on line 150. 
Ulfibiria, Panskura, Belda, Jaleswar, on line 12 1. 
Bishnupur, on line 121A. 
Sainthia, KLndi, LTLIgolL Ghat, GodLgLri GhLt, Nachoul, 

Sapahar, Brilurghiit, Kumargan j, on line 15 1. 
Chanditala, AriimbLgh in Hoogly district for future connection. 

This new type consists of a ChuiGr sand stone dressed monolith 238. 
New type of 1 foot square a t  base and 3 feet high, the upper 3 inches being bench 

dressed to the forin of a frustum of a pyramid terminating in a described 
8m00th'square of about 3-inch side. The stone rests on a bed of 
concrete 5 feet square and 3 feet deep, t.he upper surface of stone 
being 1 foot above level. It is surromded by a masonry wall 
j feet square (outside), 1 foot thick and 2 9  feet high. It includes 
two subsidiary ,narks on either side of the moilolith consisting of 
hard stone prisms a inches long and 3 inches square, their smooth 
top8 flush with the surfact., near the edges of the concrete bed protect- 
ed by briclis or stone slabs, and a stout iron bolt 1 inch square and 
8 inches long built horizolltally into the masonry wall and projecting 
about 2 incEies out of it. The inner enclosure is filled in with rubble 
to a height of about 6 illches above the top surface of tlie monolith, 
and the rest with earth. 

At Gharo, Tatta, Jerruck, Mirpur khiis, Chhor, Gadra road and 
Barmer, there has beell sullstituted for the sand stone lnonolith a fine 
Cement conc.re& pi]]ar, wit11 a large flat hcaclecl copper bolt su lk  
the top. 911 t,he standards list4.d above will be connected ill 192.5-26. 
The staiirlard bench mark a t  Bahiwalpur has beell moved to a more 
accessible l)lace, and will br coi~iect~c~d in 1925-26. 

The monoliths of the stnnr1ai.d bench marks a t  Khiinpur ancl 
Burdwi.11 not having been originally built of the best s twe,  l l ? ~  
weath~rcd badly. Ollly Chun;Lr sand sione or yoor1 whit. Jheluin rione, 
as used for the Ba]ljwn]pur stantlard, sl~nulcl he used in filture 11nJcss 
the exlwnse is prohibitive. The subsidiary marks ~110l11d b~ ~f 
the hal,dest stc,ne. The illtprred bench marks connectecl tluring f l i p  

last few years have bpen cs]lcd pmbr,lded. The original distinctioil 
in G.T.S. Vol. XIX has now been reverted to. 

An examination of t,he records of primary levelling from 19 10- 1 1 
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238. 
(Contd ) 

to 1923-24 inclusive, shows that  684 new bench marks classed aa 
secondary were called "embedded " in error; they are "interrpd))) 
types A and B. Also 46 old bench marks of these types have been 
called secondary. 

239. The following manuscripts were sent to the press :- 
Publications. Levelling Pamphlet for sheet No. 44. 

The arrears of publication are :- 
Manmiid to Ahmadnapar, 1921-22 (requires checkl~@l~~"g 

near N&~dgaon, which is in the programme for 1026-87)- 
Swat-Dhdia - awaits back levelling ~vhich is in the program. 
me for 1026-27. 
Branch line a t  Anjir (Cutoh), awaits r r l ~ ~ ~ l l i o g  in 192fi-!' 
Sind secondary levelling, 1922-23 ; ;Lirei!s completion 

Iinp 

150 next season. 
Biigalkot-Bijipur 1914-1 5 ; reqllirrR vision of line R'F-"'' 

Biigalkot (1910-1 1). 

Line 

Qooty t o  Ongole ... 
N a n d y d  t o  A t m i k i r  ... 
Ahmsdnagar t o  Dhond ... 
Viramgim to  Nakh t r ina  

Mota  
K h i n p n r  to  M i r w i r  ~ i i l i  

J acob ib id  to K h i n p n r  

K h i n p n r  t o  Bahimalpnr 
M n l t i r ~  to  Jhang  (par t )  .. 
Sukknr  t o  H y d e r i b i d  ... 
Dehra  to  1Mijra ... 
Calcutta t o  N i r i y a n p n r  
Nnriryanpur lo Ni r iyan-  

Pnr ... 
Howrah t o  Uttarpfira ... 
Baidyabi t i  t o  Sheori-  

p h i l i  ... 
Branch line t o  B inde l  

railway station 
,, ., l'ar~clua ,, ... 
,, ,. Saktigarh ,, .. 
, , ~ W I  , . 
,, ,, IChina & Qalsi  
, ,, Mirlktzr ,, .. . 
, ,,L'ingar , . 
,; ,, Dnrgn,pnr ,, ... .. , , R n ~ l i g n n j  ., .. 
, ,, R i l i p i h i r i  

railway stn.  ... 

I n  degree sheet Line I 
- 

In degreaabtrt 

73 1 6 1. ' 

72 8.0131, 

85 N.,0.8 1. 
85 L. & P, 
ti5 P. 
94 H. 
94 H, 

9411.8k 

94H.BL. 
xnd 95 I. 

94 R.kC. 

!)4 C. 
93 (:. 

93C 
93B-kC-  
8 4 0 .  k P .  

nnd 93 C. 
84 I f - k S  
84 N* 
84 fi. 
85 O-k"C'  

Jr n. 
94 (2. 
(J4 C- 

94 C. - 

57 E. 1.M.  and  
6 6  A. 

57 I. 
47 I. a n d  J. 
41 E. P. I. .T. M. 

N .  and  4 G  A .  
39 L. PO I .  J .  M 

N. Sr O., and  
4 5  C. & G. 

39 D. H. k L., 
and 40 A. 8 I*;. 
39 1,. Jr 0 
39 N. 
40 A .  B. & C. 
53 J .  
79 B. 

79 R. 
79 B. 

79 B. 

79 B. 
'79 A. 
73 M. 
73 M. 
73 M. 
'73 M. 
53 M. 
73 M .  
73 M. 

73 M. 

. 

Brnnch line t o  Asansol & 
Churiliu. railway stn. .. 

Bariikal. t o  Hnsiribigh 
road railway stn. ... 

BURMA 

Wyaungzl~ye to Kandin ... 
Mau-birr to Hassein . 
Sagamya to Pantanaw ... 
Moalniein to Pa-an ... 
Moolmein to Wekali ... 
Ba- Hu kow to KRW myat- 

kyi . .  
Ngannpbinzeik to  

N atcharl~lg ... 
Kyauktag;~ t80 Mjitkyo ... 
L)aliluuu to Pazun 

n1ny:luug . . . 
l iya i~kse  to  3Iinxn ... 
Ywaka~~lgggi  to Arnara- 

~ L I I ' ~  .., 
Iipxrtkse to Mandalny ... 
Meilitila to Yewe ... 
~ ~ l l l l g ~ n  to  ~ h w c l ~ o  ... 
Kabo t o  hlyitt,nw ... 
C)ks11it,liarl to I ' ~~ukknn , .  
Thonze to Hallgoon .. 
~ e ~ l l  t o  Ze~ly~~r~n,obin  ... 
Afyitligo to O ~ I I O  ..a 

R.U.  35  of Yvnme em- 
bankn~cn t  t,O Uaw ... 
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TABLE XI.-CHECK LEVELLING 
Discrepancies between the old a n d  n e w  heights of bench m a r k s  

Dench marks of the original levelling that 
were counected for check levelling 

No, 

- 
I miles ( feet I date I feet 1 feet 

Ohserved height above (+ )  or 
below ( - )  starting bench mark 

as determined by 

Check 

Bridge No. 171 ... 
E.B.M. at  TangBn 
Bridge KO. 166 ... 

, .. 162 . . . 

Differenc 
(check- 

Oriuinnl) 
The sign 
+denote1 
that the 
height 

was 
greater 
nnd the 

sigu-lesr 
Degree 
sheet 

E.B.Rl. at Tantabin ... 
Culvert . . . 

Description 

At Shwebo 

Ori~innl 

levelling I 

0330 .80  on canal B.M.  11( 
E.B.51. nt Sbwebo 1i.S. ... 
Culvert . . . 
S.B.hl. at S h ~ e b o  ... 

levelled 

I 

E.I3.hl, at Padu .. . 0. 0 0.000 i o ~ s . o ~ - o r  
Wooden peg ... 2 . 2  -21 '113 ,, 
Bridge No. 41 ... 3.2 -15.0.1,l ,, 

,, ! v  42 . 6.1 -1.3.1G2 ,, 
, , ,, 45 ... 7 . 3  + 18.001 ,, 
, 9 ,  47 . . , 9.0 + 51i.221 ,, 

E.B.M.  nt I'nnkkan ... 10.7 +82.6;17 
Culvert ... 1 1 . 1  +53.683 ,, 

- -- 
302 85 0 Culvert . 0.0 O.OOO 
303 , Britlgc: . . . o . ! )  - 2.322 
30L , ~ ~ ~ I v c r t  , .  3 . 3  - 1.4r;n 
3U5 , Britlgc ... 5 . ( i  - 2 . 7 4 8  
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TABLE XI.-CHECK LEVELI;ING-(C~~~~,)  

D'iscrepancies between the old and new heights of bench 

Dench marks of the original levelling that 
were conuected for check levelling 

No, 

f 

2 .- 

$ , VI L 

E "e 
$5 

f 
.- a 

At Rangoon 

1 milee ( fcrt I date I Act 1 jcd 

Degree 
sheet Description 

I~ifwnca 
(check- 

original). 
nemg 
+ denob 
that the 
height 

[renter 
and the 

nip-lea 

!;;$ 

Observed height above (+ )  or 
belorv (- ) stnrtiug bench "lark 

as determined by 

0.000 

+ 0.303 

-50,881 

-67.253 

-78.7.i.G 

-77.523 

-89.150 
-!)0.61,1 
- 88.9D.L 
- 02.04~1 

-91.8.17 

- 91.525 

-92.G04 
- 91 . -1.,1.!) 
-91,GOS 
-88.43;  

0 . 0  

0.2 

0 . 7  

1.3 

1.4 

1 . 4  

1 . 9  
1 . 9  
2 . 3  
2.  4 

3 . 0  

3 . 1  

2 . 7  
2 . 7 
2 . 8  
2 . 9  

Pagoda ... 
,, S.B.M. a t  Cantonment ... 

l lePsl'ed 

Original 
levelling 

30 

28 

29 
27 
2G 
17 
16 

22  

24 

18 
30 
1 9  
21 

At Peg?~ 

check 

1~::;g 

1882-01, 
1009- 13 

,, 

,, 

,, 

,, 
,, 
,, 
,, 
,, 
, 

,, 

,, 

,, 
,, 

, ,  
, 

,, 

,, 

,, 
,, 
,, 
,, 
,, 

, 

,, 

., 
,, 
,, 
, 

32 

33 

31 

-. 

0.000 / OdM 

, 
11 
t 

B.nr. on stono block ... 
66 
E.B.M. a t  Ry. offices ... 
0 ... D.31. " " " 

Snle Pagoda ... 
Town hall ... 
S.B.bl, nt l{angoon .. 
Q.P.O. Rnngoou ... 

t 
B.M. on stone block ... 
169 
t 

I1.M. on stone block ... 
168 

Orahnm Smith's 13.11. ... 
B . 0  h1. on pillar . . . 

... 
Bcd plate tidal B.N.  ... 

30 ,, 0 on platform ... 1.0 + 1.789 , + 1,809 :-0,290 

B.M. 

-- 

H k  C' 

,, 

,, 

__- . - . . 

S.B.M. at  l'egn 0.000 i 1 1 O.bo~ o m  
(?.'r.S. 

0 a t  l'egn R.S. I +  1.785 - O . I ? ~  

t 0.383 

- 59.975 

-67,221 

-78.751 

-77 .637  

-89.151 
-90.613 
--89.015 
-92.066 

-91.999 

- 91 .GO3 

-92.606 
- 91 .bin 
- 91.507 
- 88.448 

B.M. 
on p ~ l l n r  ,, ... 

-0,010 

-0,094 

+0,032 

- 0.00j 
-0411 

-0,001 
-0.001 
-0,011 
-0,O"G 

-0'15' 

-0,078 

t.0'001 
I .-O.W:!I 
+ 0.001 
-0.015 

i -- 

G.T S. 
I 

I 

,, 
' + 0,473 -0'196 1 . 0  + 0.659 
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TA BLE XI.-CHECK LEVELLlNG-(Contd.) 
Discrepancies between the old and new heights of bench marks 

B OM. on bridge No. 1 .. . 
, ,, culvrrt .. . 

Zinc plate :it pagoda ... 
Rail en~bed t l ed  ... 
Culvert at Thanatpin ... 
E.B.M. a t  P.W.D ofice ... 

1 9  , 1.13 ... 

At 2IIyltkyo 

At ,SnJik7~r 
--- 

111 

' I 2  

'yl 

EB.M.atMyit!iyolock.. 
G.T.S. 

0 I ,, .. 
R.M. 

9 4 C  

At H, D 25 of Y e ~ i t v e  enebnnkment 

0.000 

B e t r r ~ e ~ i  Drrln and SezXg?/i 

-- 

-- 

0 . 0  

0 . 1  

0.000 

-0.162 

t o -022  

7 

8 

-- 

0.000 

-36.875 

1912-13 
-14 
,, 

0-000 

- 1.709 

0.000 

-0.012 
-26 .887 

1'304-06 

1921-24 
1904-OG 

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

-0.091 

(1.0C0 

-36.8i.7 
O.h2 ] - L O ,  886 j3 , 

0.000 

- 1-67s 

- 5 031 

0.00 

0.13 
Chnrch or  Enslancl ,, . . .  

10 ?\ 

O.OOC 

+0.031 

+On007 

1892-93 

,, 

,, 
.. 

0.000 

- 0.277 

- 3-596  

- 6.038 

oa n 

9 ,  

3 9  

S.B,?d. :,t, s n k k n r  
St,cp of hlunicil,al 

rcnervoir ,, . . .  

--- - -- 

0.000 

- 0.339 

- 3.574, 

U.'l'.S, 
0 2 on N. pagoda .. 

B.M. 
G.'I7.S. 
0 1 ... I t  

n RT. 
l3 

on iron plllnr . .1 
R R A1 nt S ~ I L ~ I  

0.0 

0.0 

0 - 3  

8 7 



GEODETIC REPORT 

TABLE XI.-CHECK L E V E L L I N G - ( C ~ )  
Discrepancies between the old and new heights of bemh mnpb 

60 

? 
2, 
; 1 
E 24 - 0 

i 3  
S 
.- m 
1 

Bench marks of the original ieuelling that 
were connected for check levelling 

DiUeten~ 
(chest- 

:::$ 
+deoo,ea 
that Ibe 
height 
was 

eater 
nod the 

pi@-Ipas 
than ~b 
,,iKi$ 

O*erved height &love (+I ,, 
(-) starting beuch mark 
as determined by 

At Sukkur 

I miles 1 feet I date 1 miles I 

'9'2.25 1 I e d I d  

Description I\.o. Original 
levellil~g 

Degree 
sheet 

Clleck 
levelling 

(45) 
250 

( 2  
100 

40 .4 

" 

., 
,. 

Bridge near Mur~icipal 
office, Sukkur 

Railway Institute ,, 

Tmreller'r Bnognlow , 
Rock cut B.M. (Type C) ,, 

At Hydercib~icl 

0.G4 
1.02 

1 -  LO 

1.35 

161 
155 
156 
154 
160 
169 
31 

158 
157 

-17.188 
-19'427 

- 1 3 6 1 9  

1.286 

40 C 
. 
., 
,, 
, 
,. 
, 

., 
,, 

0,000 
t0449 
~0 001 
t0.@9 
-0 001 
-0.006 

fl,012 

-0.fl.9 
-0,014 
- - 

At Barmer 

1909-06 
1961.24 

,, 
1902-06 

0.000 
t19.200 
+19.5(il 
t 21.280 
+ 0,694 
- 0.54@ 
+ 7.852 

-10,280 - 5 361 

S.B.31 at Hgderiibld ... 
Civil Hospital. Hyderabad 
hletho Rnm's Hall ., ... 
Training College ,, ... 
ht. Thomas' Church ,, ... 
l'ravellers bungalow ,, ... 
Karhnhri ,, ... 
Snbordinatc Judge's ,, 

Court ,, ... 
N. V. High School ,, ... 

O'@ 
-0,010 
-0,01? 
-0.012 
-0011 
-0.017 
-0.Mj 

- 17-187  
- 19.439 

-13 630 

+ 1.235 

0.00 
1.35 
1.35, 
1.36 
0.03 
0.42 
0.57 

0.72 
0.78 

23 1 40 0 

8 , 
9 i . 

t0.001 
-OS012 

-0011 

-0 001 

14 ., 
15 1 . 

10 
11 
12 
13 

0.000 
+ 19.177 
+ 19.560 
t 21.271 
+ 0.625 
- 0.542 
+ 7.8G-2. 

Rock cnt B. M. (type C) 
Barmer ... 

Ry. nest house Barmer 
R.Y. etntion , 
Sub post o 6 c e  ,, 
Hem Sarai ,, 

,, 
Seth Ranni Rim house ,, 

., 
,, 
,, 
., 

1904-06 
,, 
., 
., 
,, 
,. 
, 

-~ 

0.000 
--4~1,0(;8 
-40.000 
-41,370 
-20.4GI. 
-18,27,i, 
- 13,791 

0.00 
1 .29  
1.50 
1.54 
1.86 
1.90 
1 . 9 t  

-10.272 I .. 
- 5 347 1 ,, 

Police station ,, 
Ciril Uiapcosary ,, 

-13,030 
- 0.395 

2 0 0  
2.0; 

,, 
,, 

, A.V.  School ,, 
.. Seth R i m  lil's house , 
,, Gnneshblal's ,, ,, 

,, 
22 1 ., Bilki~han's Sarni ,, 

- 

1821-25 
,, 
,, 
,, 
,, 
,, 
.. 

- G.350 
- G.J;>2 
- 5,591 
+ 0.3ti'i 
+ 4.702 
t 1 . 4 - 1 3  
- 2 . 9 1 3  

2 . 1 0  
2.11' 
2.1G 
2.21 
2.25 
2.30 
2-36 

0.000 
- 41 -073 
- 40.012 
- 41.382 
-20,475 
- 18.291 
- 13.796 

.. 
,, 

- 13.039 , - O'mJ 
- 9.306 1 - 0  611 

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

- 6,340 t o 0 1 0  
- 6.440 '+0'012 - 6,575 i t0.016 
+ 0.381 1 + 0 ' 0 ~ ~  
+ 4.710 to '009 
+ 1 447 tO.flol 

., / - lBOd Ito 
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TABLE XI.-CHECK LEVELLING-(Coqztd.) 

Discrepancies between. the old and new heights of bench marks 

Observed height above (+) or 
beluw (-) starting bench mark 

ne determined by 

Difference 
(check- 
original). 
The sign 
+denotes 
thnt the 
height 

W&S 

bo 
.5 

5c 
0 i 
Ed - 0 

$ 
0 - 
+ 

s 

Bencb lnarke of the origiunl levelling that 
were connected for check levelling 

Origiunl 
levellin q 

Degree 
sheet 

sign-leas 
than when 
originally 
levelled I Description 

At f l o w r a i  

I I I milea I feet I date 1 feet I feet 

455 
267 

456 
457 
458 
264 
454 
453 
246 
245 

At Jalesu~a.7. 

'79 B 
,, 

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

O . O O (  

-0.02: 
-0.02( 
-0.24C 
-0.042 
-0-03E 
+O.CUE 
-0.009 
-0-04.1 
-0.23: 

1913-14 

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

1881-82.83 .. 

0 . 0  

0 . 4  
0 . 9  
3.2 
3.8 
5 . 2  
0 . 1  
0 .3  

20.4 
2 0 - 5  

At Civil court ... 
At Pump S. of Burn & Co's 

Work shop ... 
0 1 1  plat,form ... 
On pavement . 
On bridge . . .  
Bot,anical gardens ... 
At lamp post . . . 
At P. T. 0. ... 
A t  canal lock, Ulnbiria ... 
At l.B. Ulnbiria ... 

0 000 

- 3.815 - 4.180 
- 1.337 
- 2.GO2 
- 5.060 
- 0.693 
- 0'830 
- 3.529 
- 8.149 

0-000 

- 3.792 
- 4.160 
- 1.097 
- 2.560 
- 5.624 
- 0.712 
- 0.821 
- 3.488 
- 7.910 

0.000 
+0.442 
+ 0.4'74 
+0.404 
t 0 . 6 8 4  
t o - 7 0 5  
t 0 . 1 3 4  

Embedded, Jaleswar ... 
On culvert ,., 
On bridge Xo 142 ... 
Pntna T . S .  . 
OnbridgeXo.141 ... 

,, No. 131 ... 
Embedded, Basta ... 

0.0 
1.1 
2 . 0  
3 . 0  
4.0 

12.5 
14.9 

1881-ah83 
, 
, 
, 

,, 
,, 
,, 

29 
28 
27 
26 
25 
l7 
14 

Al RZntyav!j 

0.000 
- 0.234 
+ 2.821 
+37.869 
+ 0,815 
-12.885 

-21.258 

0.000 
+ 0.20P 
+ 3.295 
+38.273 
+ 1.499 
-12.183 
-21.134 

7 3 0  
, 
, 
., 

, 
,, 
,, 

28 
29 
30 
31 
32 
33 
34 
Xi 
3R 
39 
40 
42 

0.000 
-?3.48!) 
- P.94,3 
-10.2!14, 
-%?,!li3 
-17.10J 
-32.169 
-.J.l.C;Y:l 
- L'4,.282 
- 30,074 
-72.133 
- 6s  - 988 

O.oo@ 
-0,021) 
-0 ,003 
+ 0,009 
70,017 
+0 .013  
+U.030 
-0.10s 
- 0.049 
t O.lI(i4 
+ 0.01ti 
+ 0.002 

1916-17 
,, 
., 

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

73 hl 
,, 
. 
, ,  
., 
, 
. 
. 

, 
7 ,  

,, 

0.000 
-23.41;0 
- 8.9-1.0 
-lo.:io? 
-23.!l!jo 
-17.116 
-32.219 
-41.581 
-21..233 
-30.078 
-72.149 
-88.910 

On rock . 
On bridge No. 131 ... 
On bridge on feeder rontl 

,, NO. 6 . . . 
, No. 1 ... 

At garden ... 
~ t m e l l  ... 
l'gpe A ... 
On wheel guard-stone ... 
o n  rock ... 
On Hy. drain No. 9 ... 
On bridge ... 

0 .0  
0.6 
0.8 
1 . 7  
3.0 
2 . 4  
2.7 
2.9 
4 .9  
6 . 4  
6 . 1  
7 .2  
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TABLE XI.-C H ECK LEVELLING-(Contd,) 
Discrepancies between the old and new heights o f  bench m n ~ . k s  

I 
Observed height above (+) or 
below (-)  st or tin^ bench mark 

nu determined by 

DiUerence 
lcheek- 
original), 
T h e k a  + denaka 
that Ibe 
height 

w 18 
grater 
and Ihe 

$ '" 

T* 
G$ 
g i 
0 n Sz 
Q 

Bench marks of the original levelling thnt 
were connected for check levellmg 

At Be~.hampur 

I miles I feet I date I feet I fetl 

30 
29 
41 
43 
42 

Description No. Original 
levellillg 

Degree 
sheet 

levelled 

78 D 
,, 
, 
. 
. 

At G o d a g ~ r i  

Type B ... 
At E. E's office verandah 
A t  Collector's Court ... 
A t  club ... 
A t  church ... 

127 
126 
125 
I 2 8  
129 

0 . 0  
0.0 
0 . 1  
0 . 5  
0.6: 

0.000 
+ 4.940 
t 4.717 
+ 2.713 
+ 5.544 

0~000 
-@0?0 
-0.010 
-0.015 
to'02it 

-- 

78 D 
,, 
,, 
,, 
,, 

At Dwrijpltr 

0.000 
+ 3.482 
+ 5.222 
+ 2.867 
t 3.750 

- 
0.000 1 'I'm" 

- 2.894 1-0.010 
+ 2.396 'to.@31 
- 2.416 + 0,02? 
- 1.310 !+0,0(12 

+ 8.317 +0,029 ,. g . 2 g  , tO.O?I 
- 9.206 / t o.(I% 

I 
-. - - -- / 

78 

77 
76 
41 
42 
43 

44 
46 

1920-21 
,, 
. 
,, 
,, 

0.000 1 0.OW 
+ 9.rlBO )-01M2 
+ 5.195 -0.02'l 

1020-21 
,. 
,, 
., 
,, 

Type B ... 
At Railway station ... 
On bridge No. 2 ... 
On clllvert ... 
At I. H. . 

+ 2.869 
+ 3.69i 

78 C 

, 
,, 
,, 
, 

,, 
,, 

At Kotvi 
---- 

tO.001 
-0.053 

0 . 0  
0 .3  
0 .9  
1 . 0  
1.6 

213 
39 

21 4 

215 
(H5) 
210 

0.000 
+ 4.9G0 
+ 4.727 
+ 2.747 
+ 5,321 

On Memorial pillat. ... 
Stanrlttrd I~ench mark ... 
A t  Karhnhri  ... 
Iiailway bridge No. 28 . .  
Ernhedded ... 
Railway hridge No. 30 
E. abutment, ... 

Railway hriclgo No. 30 W.C. 
Rnilmay hridge No. AS . . .  

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

0.0  

0 . 2  

0.0 0.nnn 
0 . 1  - 0.253 

0 . 2  + 0.33'2 

0 . 5  - 1.040 

1.3 - 3,783 

40 C I District hunqnlow Kotri . .  
., ' Water gange Intlns ,, ... 
,, 

,, 
,, 

0.000 

- 2.884 

&ro of Kotri g ~ n g c  ,, ... 

Kear Flotilla office ,, ... 
(Type 1%) hench ]nark ,, ...  

i s r g - l ~ o o  
& 1909 

,, 
0.4 , + 2.331 
0.7 1 - 2.438 
0 .7  1.312 

1.1 I; 8 .291 
1 .5  1 + 8.205 
3.7 - 9.234 

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

, 
,, 
..  

,, 

,, 
.. 
.- - 
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TABLE XI.-CHECK LEVELLING-(Contd.) 
Discrepancies between the old and new heights of bench marks 

Difference 
(check - 

:i;2gs 
that the 
height 

was 
greater 
and the 

sign-less 

Observed height nbove (+) or 
,,elor -) scnrting bench mark 

as determined by 

Check 

Bneb lurks of the original levelliug that 
were connected for check levelling 

br 
P 

ul c 

g ii 
2: 
0 is 
Z 
.- c 

so, Originul 
levelling 

levelled 

At Kotri 

1 miles 1 f e e  I date I feet  1 feet  

Degree 
~heet  Description 

0.0 
0 .1  
1 .2  
2.0 
2.9 

3 .0  
3 .6  

at Kotri 
,, ... 

,, Gidu Bander ,, ... 
,. Thaknr L)ns bungalow,, ... 

0.000 
--0'008 
-0.017 
-0.046 
-0.038 

-0.037 
-0.042 

0.000 
+ 6.542 
+ 2'7.447 
+ 3.50s 
+ 19.585 

+ 4.483 
+33.718 

33 
217 

I6l 

At H y d e r g b ~ d  

161 

i60 
L:g 
31 
153 

157 

1920-21 

100'i-06 
1920-21 
1904-OG 

1920-21 
1904-06 

,, 
!, 
,, 

0.000 
+ 6.834 
+27.430 
+ 3.462 
+19.547 

+ 4.446 
+33.676 

Bridge No. 7 ,, ... 
Tapedars T ~ . ~ i n i n g  

ScLool ,, ... 
S.B bI. a t  Hyderibid ,. ... 

40 C 
, 
, 
, 
, 
, 
, 
., 

,, 

At Sukkur 

0.000 
+19.200 
+19.661 
+21.280 
+ 0.624 
- 0.548 
+ '7.852 

- 10.250 
- 6.361 

S.B.M. at  Hgderibid 
Civil Hospital ,, ... 
Jlethn. Itam's Hall ,, ... 
T r n ~ n i n g  College ,. ... 
St. Thomas1 Church ,, ... 
Trareller's bungalow ,. ... 
h-arhn.hri ?, ,.. 

Snborclinate Jndgc's 
Court ,. ... 

N. V. High School ,, ... 

0.000 
+0.023 
c0.001 
+0.009 
-0.001 
-0.006 
-0.012 

-0.008 
-0.014 

0.000 
- 0  002 
-0.001 
+O.OOL 

-0.012 

-0.01 1 

+ 0'001 

0.000 
- 3 5 . 8 7 6  
-26.857 
-17.187 

-19.439 

- 13'630 

+ I '235 

101' 
251 
53 

250 
4 )  
24!1 
(49) 

- 

0.00 
1.35 
1.35 
1.35 
0.03 
0 .42  
0.57 

0.72 
0.78 

0.000 
~19 .17 ' 7  
+10.560 
+21.271 
+ 0 .625  
- 0.542 
+ 7.864 

-- 10.272 
- 6.347 

40 :I 
,, 
, 
, 

,, 

1904-06 
,, 
,, 
,. .. 
.. 

,, 
,, 

0.00 
6.13 
0.53 
0.6im 

1.0'2 

1.10 

1.15 

S.B.M. a t  Sukh~ir  
Stel' of re~crvoir  ,, 
(>hu~.ch of E n g l m ~ d  ,, 
Bridge, Afuuicil,nl olficc ,, 
Itnilway i i~st i tnte  ,, 

Travellers \,nngnlom ,, 
Rock cut B,RI. (l'ype C) ,, 

0-000 1 1904-06 
-35.873 l9!l-24 
- 21;.88G 
- 17.138 

-19,427 

- 13.(;19 

+ 1.036 

1904-OG 
,, 

1931-34 

,, 
19048-06 
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TABLE XI.-CHECK LEVELLING-(Conid.) 
Discrepa.ncies between the old and new heights of bench ?laark8 

I I I I 

Bench marks of the original levelling that 
were connected for oheck levelling 

Observed height above (+) or 
below ( -  start in^ bench mark 

as determined by 

(cheer-- 
origind). 
Thoden 
+denotes 
that the 
helsht 

I miles 1 f e e  / date I fed 1 jet, 

I I I I I I I 

N ~ .  Original 
levell~ng 

Stone pillar a t  blawkeri 
Qovardhaula ... 

Zinc plate 4 miles S. of 
Govardhanla . . - 

Zinc plate 5l miles 8. of 
Govardhanla ... 

(Type B) a t  Govardhanla 
well . . . ... 

graler 
~ n n  &e 
Sip - lea 
t b g n ~ h ~ n  
'Jrifinnlll 

levelled 

Degree 
sheet 

Cheek 
levelliug 

1924.25 

At Bhzctta Sheikh* I 

j 

Zinc plate at Bhutta Sheikt 
(Type B) a t  l'nnnn Kntia 
Zinc plate at Lamana ... 

,, a t  Alnnshi ... 
,, at .Jatki ... 

At Kariichi 
I I 

9.B.M. at Earitchi . . . 
Frere Hall ,, ... 
C!lol:k Tower ., . . . 
Telcgmph Oflice, Karichi 
s tone .Monnrnent ., ... 
Trinity Chnrch  9 ,  ... 
(2neer1's atntne , I  ... 
Step of Frere Hall ,, ... 

I 

.OO 36 P Queen's ~ t n t n e ,  Iint..ich~ ... 0.0 

.04 , ( : l i f t ~ ~ n  (: T.S. 11,s. 2 . 6  

.03 ,, I(ncknearl iar ichi  ,, 2 . 6  

.o 1 
" 

Step to  (Ineen's Statue ., 5.1 

* Branch line No. 5 i L  Diugrzrh to Rhinpnr. 
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TABLE XI.-CHECK LEVELLING-(Contd.) 
Di8crepnncies between the old and new heights of bench mnrke 

t R e v i ~ e d  height I>y levelling of 1921--5. 

I 
I 

' 

Bench marks of the original levelllnp that 
were conuected for cl~eck levelling 

' 
Zr 
" 2 a 9 
& P 
c u 

a g 
2 + 
w 
fi 1)tscription So, 

At Cnlctltln 
- / 11lil~1 I jeer 1 clatc I nliles 1 feet 

Degree 
shezt 

Difference 
(check - 

O*giual). 
The 
 denote^ 
that the 
height 

wa8 
greater 

and the 
B~RU-lea8 

when 
originally 
levelled 

Observed lleight above + or 
below ( - )  starting bench Inark 

as deterlniued by 

3i8 

$65 

36G 

365 

459 

Origitnal 
levelli~lg 

- - -. . 

0 . 0 0  

0 . 0 0  

0 . 2 0  

0.30 

1 - 4 0  

2 - 1 0  

2 .10  

2 .60 

levelling 
1928.25 

79 n 

. 

., 

,. 

,, 

At Horc~~.cclr 

. - - 

s .u  11. Calcutta ... 

G.T.S. 
0 S.G1s. office, Cnlcntta 

B A t .  
G.T.S. 
0 Photo lit110 office ,, 

u.nr. 
G.~I>.S. 
o ar.1.o. ,, 

n.11. 
G.'I'.S. 

- 

0 .000  

- 0.496 

- 1.650 

- 0.324 

- 1.290 

- 1.102 

+ 1.1!5 

+ 1.5'70 

___ 

- 

ej3 

454 

4;s 

0 St. James'chmch ,, 
H <  A1. 

cf.'r.s. 
0 Campbe1 hospit,al ., 

U 11. 
G.T.S. 

Q RIonurneut, 8cnld:rli 
P..\I. 

IC.1I.M.. Sea!clah 

I 

I 460i ,, 

I " i 
. . .  

- - - . . - 

1921-22 

,. 

,, 

,, 

,, 

,, 

,, 

, 

462 , 

- - 

0.000 

- 0.600 

- 1.G44 

- 0.397 

- 4.297 

- 1.125 

+ 1.151 

+ 1.525 461 ) 

0 . i  00 

+ 0.140 

7 9 n  

9 ,  

,. 

0.000 

-0.004 

+0-006 

-0.013 

-0.007 

-0 .023 

- 0 . 0 4 4  

+0 .005  

+ 0,821 ,, I - 2.371 ! ,. 

0.000 

+0.031+ 

t 0.832 

, - 2,980 

I 
26: / ,, 

I 

l3 81. 

+(I-011 

- 0 . 0 0 9  

0.000 

0.100 

I 
C;.'l'.8. 

0 P. (t lr.0. FIurraI~ , ,  ( 0 . 0 0  

I I 

1913-14. 

,, 

l3.\1, 
Q.T.S. 
0 I n n ~ l ~  p o d  ,,, . . .  

l7.\1. 
(; .?., S. 

0 Civil court. ,, ... 
1s hr .  

u.l' 8. 
0 Gonl  d i g h i  . . .  

0 ' 1 0  

0 .20 

0.:6 
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TABLE XI.-CHECK LEVELLING-(COI~~~.)  

t Revised height by levelling of 1924-25. 

Discrepancies between the old and new l~eiyhts of bench marh 

Bench miuks of the original levelling that 
were connected for check levelling 

I C( 

a 3 
g $ 
d .a 

Degree 
sheet Description 

Diaren 
(check- 
. lyl~;  
Thesign 
tdel~otes 
t h ~ t  the 
beirht 
wea 

tratter 
and the 
'io-les 
than w b ~ n  
OriBinmllr 
levelled 

Observed beirbt above ( +) 
below ( - )  starting bench mark 

as determiued by 

Originnl 
levell~ng 

Check 
levelliny 
1924.25 
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TABLE XI.-CHECK LEVELLING - (Contd.) 

Dwcrepancies between the old and  new heights o f  bench marks  

Bench marks of the original levelling that 
were connected for check leve l l i~~g  

-- 

Pall 

N ~ ,  

Difference 
(check - 

Observed height above (+) or original). 
below ( - )  starting bench mark The sign 

as determined by +denotes 
that t,he 
height 

was 
  renter 

1 1 and the 

dua 

Degree 
sbert Descript!on 

I I I miles 1 feet / date I feet I fret 

I 

t liovised height by levelling OF 1924.25. 

- 

126 

127 

129 

0 at pillar .., 0.16 + 5 . :  

-- 

118 
119 

121 

l i3  

l12 

7 9 A  
,. 

,, 

73 A i  

.. 

,, 

1916-17 
,. 
,. 

0.000 
- 1.730 

- 4.016 

B ORI. on R. B. pillar .. 
kOM. ,, . ... 
G.T.S. 
0 on Culvert ... 

B.  M .  

,, 

,, 

0 . 0 0  
0 . 5 1  

1 . 7 1  

G.T.S. 
0 at bridge ... 

B . N .  
G.T.S. 

0 ,- , ... 
B.M. 

B .OM.  a t  pillar ... 

0.000 
- 1.799 

- 4.074 

100'90 
B.1I.B.M. 

0 9 9 ... 
1 0 ~ ~ 1 8  

0,r.s. 
0 a t  bridge ... 

R. M. 

0.000t 
--0.069 

-0 ,058  

0.0() 

0 .23 

0 .86 

0 .70  

1.08 

0 000 

+ 4.263 

- 4 . 5 5 1  

-- 

0.000 

+0.018t  

+0 ,002  

I 

+ 3.053 

+ 3 .965  

1916-17 

, 

., 

O.nO0 

+ 4.280 

- 4.549 

,, 

, 

+ 3*!)16 

+ 3.871) 

- 0 . 0 3 9 t  

t 0 . 0 0 5  
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TABLE XI.-CHECK LEVELLING-(Contd.) 

I miles / feet I date I f i t  / jcel I-! ! 

Discrepancies between the old and new heights of bench mars 

G.'ll.S. 
0 on H..B. pillar ... 

B M 
U.'l'.S 

102 a t  hulaaria ... 

0 at k.B, pillar ... + 6.041 t0.1201 I B.M.  
10" 1 .. 1 D.T.S. 

* 

Bench marks of the original levelling that 
were connected for check levelling 

G.T.S. 
0 at bridge 

B.DI. 

At Khana 

bo 

% 
$ .: m k 

0 1  
4 - 0 

8 2 
2 a 
-.' .m 
;I 

xo. 

G.T.S. 
a at \\.ell 
B. R I .  

G.T.S. 

+ 3 . ~ 3 ~  7 " .  - 0 a t  X.B. piliar ... 1 . 5 6  + 3.5!)G , I  

B h l .  + 6.020 t0 . f l ld  I 82 ,. 1 I B D I  at, B/cl Bid . 1 2-10  1 + <14.9921 ., 1 !-- 

b r r e o  
sheet 

Di6erencc 
(check - 
0nBinal). 
The sign 
t deootss 
thnt the 

height 
ROJ 

greater 
nnd the 

sign-lea 
then 
o e ~ d l ~  

! 

Description 

Observed height above (+)or 
below ( - ) stnrting bench mark 

as determined by 

t Revised height by levelling of 1924-25. 

levelled 

Originnl 
levelling 

I I _ - -- 

- - - At Pdnnynr 

check 
levellinq 

1924.25 

o'O'Jo "" 
_ -  _ _- 

76 
73 

0 at tank . 1.1:) -29.806 ,, - 22 .a84 I-- I + o  
I I M .  

71 11 
,, 

/ 

1016-17 ~ . O W  fi B . B .  ah Pinagar  ,. 
G.T.S. 

0.00 
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TABLE XI.-CHECK LEVELLING-(Colttd,) 

Discrepancies between the old and new heights of bench murks 

* 1 l c v i ~ ~ d  lieiglit bg Icvellilip of 1934-215 
t 'I'he oltl bcllcl~ mnrka are not. adjnsted as they will receive valuee from net 

levelling of 1921-25 and 1925-26. . . ,  

ho 
.- 
4 

+ 3 m I. 

3 ii 
2% 

$ 5 
4 

Bench nlarks of the original levelling that 
were connected for check levelling 

Difference 
(check - 
Origillnl). 
Lhe sign 

+denotes 
that the 
height 

was 
greater 
and the 

sign-less 

tr%:kz; 
levelled 

Observed height above( + ) or 
below ( - )  starting bench 

as deterlniued by 

At D~rgapur 

I miles ( f e e t  ( date I feet / 311 

Oripinal 
levelling Descriptiou N,,, 

Check 
1 Degree 

Sheet 

58 

60 
61 

73 A1 

,, 
., 

Q.T.S. 
0 a t  rock ... 
B. Rl. 
B. 0 11. a t  bri2ge ... 
G.T.S. 
0 a t h 4 . S . N o . 1 1 2  ... 
B 31. 

At Rci,~iganj 

0.00 

1.01 

1.59 

0.030 

+0*016 

-0.054' 

0.000 

+ 7.945 

- 2.13G 

0.000 

-0.0171 

+0'005t 
+0'04*51 
+ 0 . 0 5 ~ 1  
+ 0.0591 

+ 0.075i 

-0,Ofi'iI 

as 

29 

30 
"1 
3% 
33 
34 

5 

1916-17 

.. 

,, 

At ASIXI~SOI 

0.000 

+ i.96U 

- 2.190 

, O*OOO 

-23,477 

- 8.935 
- 10-2.56 
- 22.932 
- 17.057 

- 32.144. 

-41.68-i 

73 A1 

, 

. 
,, 
, 
,. 
,, 

, 
--. 

0'000 

+0'010 

+0'019 

0.030 

+ 4'27i 

+28'0"@ 

, 

" 1 
13 i .. 

i 
-_i 

1916-17 

,, 

,. 
,. 
., 
., 

,, 

,, 

G.T.S. 
C )  a t  rock ... 

l % . A t .  
0.'1' S. 
0 n t  bridge .. 

B.kl. 
B . O B I . , , , ,  ... 
u.0 11. ,, ,, ... 
~.oal.,, ,, ... 
tI.031. nt platform . . 
a.'r.s. 
0 ,. ,, .. 

l<.bI. 
E.B.hI. a t  H i n i g n ~ ~ j  ... 
. 

0 00 

0.59 

0 89 
1 .65 
2 . 0 0  
2.35 

2 73 

'L 93 

~ 

11114.15 & 
itll6-17 

, 

.. 

p-.pp..-.---...-....p 

- (l. , , t ,S, I i 
a t  ga t e  lotlpc .. i 0.011 

B.M. 
i U.'r.S. &. on rock ,. i o 2s 

o.,r s. 1 
0 9 ,, ... 0 so 

n. .M. 
i 

0.000 

-23.460 

- 8'94.0 
- 10,303 
-36.990 
- .17*llCi 

-32,219 

- 4,1.581 

0,000 

+ ,1,."7 

+ 29.001 
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I 

TABLE XI.-C HECK LEVEL LING-(Condd.) 

Hazrrribtigh Road 

U.T.S. 
0 on rock in s i t i  

B,bl .  
Q.T.S. 

C) on bridge 
B.M. 

G.T.9.  
0 on rock in ritic. 
B. M. 
E.8.M. at M . 8 .  220 

- -  p~ 

t Reviaed value by levelling c ~ f  1924-25. 
E. B. hl. - Embedded bench mnrk, Zj. B. bl. - titnnrla1.d bench mark' 
I. B. M. = Interred bench mark. 
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TABLE XJ.1.-REVISION LEVELLING 

Discrepancies between the old and new heights of bench marks 

* NFII' valtie and nnnlber ~ i v r n  othora nre unaltered. 

llencb marke of the original levelling that 
were connected during the rev~sionary 

operations 

,,, 

UiWrence 
(revi~ipn - orlgl- 
nal). The 

{A@&& 
that 
height 

W&8 
greater 

the 

in 1'24-a5 
sign-1ees 

$::i,"zp" 
levelled 

!! 
3 
%$ 
fi R 
8 d - 0 

ff  C 

Revision o fpar t  of Main line 52 (SujLi,wa2 to ShikLirpur 

1 miles 1 feet 

Dewree 
sheet 

-- 

Description 

1)ifference between orthometric 
heights mbove (+) or b ~ l o w  ( - )  

the start~ng bench mnrk 

-- 

published 
From 

heights 

I 

original 
Date of 

levelling 

From 

1924-25 
Revision 

(Unadjust- 
edJ 

0.000 

. 0'017* 
+0.011 
+ 0,023 
+0.025* 
t O.O89* 
t 0.061. 
.0.087* 
+ ( I  3%' 
+0.3.77* 
+0.113* 
+ O  l l z *  
+0*24J* 
+ 0.1611' 
+0.121* 
+0 '0( ;8* 
+0.2301 
+ U  235* 

+0-26G* 

+ 0 199* 

+0.29‘3' 
+ 0 199' 
+ 0.201* 
t0.203' 
t0 .263 '  

+ 0,224' 

+OsE05* 
-0.07P* 
t 0.3$Sc 
t u.Y.l.O* 

o.4!.7* 

1904-06 1 0.000 4OA I (!Cype C) R.M. Suktnr  . 

Sult hur .. 

- 128.fif;xi + 0.413' 
131.392' 0.4*12* 

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

, 

,, 
,, 
,. 
., 

U.OU I 0 000 

- 56-470 
-- 56.740 
- 50.375 
- 34.985 
- 32.457 
- 54-84.0 
- 61.193 
- 64.156 
- 64.233 
- 70.561 
- 78.297 
- 75.23G 
- 76,236 
- 83 661 
- 80.210 
- 92.757 
- 95.515 

- '36.054 

- 99,459 

-101.066 
- 102 025 
- 101~4 , l I  

0.40 
0.41 
0.47 
1 .39  
3-23 
4 - 6 6  
8-52 

10.68 
14.68 
18.82 
22.87 
P4'iJ 
26.75 
33.61 
34.8.1- 
43.18 
4 7 . 3 4 -  

40 16 

51 29 

63  41 
55.20 
55) 05 

-125.225 ,. 
-130.880 ,, 

Railway s ta t , io~~  Snkkur .. 
Platform H S. . .. .  
Bridge No. 34.9 . . . .  
E. H.RI. a t  Rohri J n .  LL. S. 
Bridge No. 160 ... 

,, ., 166 ... 
P~llar  near M. P, 291 ... 

., 287 ... 
J31:idie No. 143 .. 

,, ., 127 ... 
l'illar n e e r  h1 1'. K O .  277 

, ,, 275 
~nlvh;.tI\;o 113 .. 

I 
50 

99 
47 
46 
Ad. 
43 
41 
40 
36 
34 
30 
29 
28 
2 3  

36 . ,  ,. 206 ... 
., 204 

- 56.453 
-. 66.729 
- EO.352 
- 34.962 
- 32,368 
- 54 789 
- 64.106 
- 63.8:jl 
- 63.896 
- 70.468 
- 78-185 
- 74.996 
- 76 676 
- 83.440 
- 80.142 
- 9 2 . 5 2 7  

ns.280 

- 95.788 

- 90.260 

-1OO'iCiS 
- 101,829 
- 101.210 

9 1  / ,, ,, 4 1  ... 
,, Bridge ,, 33 ... 

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

. 

93.31 
95.07 

-105,360 
-105.747 

- 146-714 
i + - 147'3608 +0.616* 

- 1 4 f 3 ~ 0 8 ~  :: 1 - 148.$'41 +O.F69* 
I 

61.42 
66.51 

21,t (9 40 

:i 
I0 
9 

,219j 
8 

(1) 
'I8 

2 

M. Y. 191 . 
192 , , .  

110 801 

-119.333 
-- 114.227 
-116.000 
- 122.700 
- 137-5021+ 

- l O ~ . l G 7 '  ., 
-105 49-1 ,, 

,111 62 
11;3,64 

1 liridre ,, 111 . . . 
Culvert ., 97 ... 

.. i , ,, 82 .. 

/ Pillar near T. r. .- 1 A . .  

. 

!. 

16820-110 ,567!  , 
45 ' 

,. Clilvei-t No. 7 .. 
44 ., .. 

. . .  
30 (rnlvert No. 219 . . . 
36 :: I ,* ,, 209 ... 

U r i d ~ e  ,, 75 ... 

Cnlve~,t ,, 68 ... 

- 118.42s 
- 114,.299 
-116,712 
- 122,360 
- 137.089 

7C 32 
i8 .56 
50.57 
8 6 . 7 ~ '  
92.38 

, , ,, 62 . 
., 1 ,, ,, 60 ... 
,, ' , ,, 47 ... 

,. 
,, 
,, 
% ,  

, 
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TABLE XI1.-REVISION L E V E L L I N G - ( C ~ ~ ~ ~ ~ . )  

Discrepancies between the old and new heights o f  bench marks 

Bench murks of tile original levelling that 
were connected dul.illg the rrvisiounry 

operations 

bn 

2 

;! 
*O a - Y 

$ 
Y 

Description No. 

, ' 

1 

I 

Degree 
sheet 

Revision of part o f  Main line 52 (Sujdwal t o  Shika~~jrr )  

- I miles / .feet I I feet lini 

UlRrrencpl 
(rev~nion 
-0riei. 

no!). ~h~ 
~1~~ + 

denotes 
that the 
heir b t  
was 

greater 
:nd the 

sifll-les~ 
in 1924.25 
th~nvllrn 
oriainallg 

levelled 

t Vslne from line 101 (Jacobibid to Khinpnr). 1 

Difference between ortllometric 
heights, above (+)  or below ( - 1  

the starting bench mark 

16  
A 
'i 
.i 
2 

86 
223 
- 

'iH 
7 1  
5' 

157 

158 

31 
159 

I l l 0  

161 
1:- -In 

156 

134 

1(11 
251 

6 3  

50 

48 

9 

100 

* 

F~~~ 
Revialon 

1@2+.25 
: Unadj~~at,. 

,,dl 

From 
published 

heiglrts 

40 B 
,, 
.. 

.. 
40 C 

,, 
.. 
,, 
,, 

,, 

,, 
,, 

.: 

.. 
,, 
,, 

,, 

41' A 
,, 

,. 

, 

,, 

.. 
,. 

New 

D n t ~  of 
ori~inal 
levelling 

E.B.M. a t  Nswiib Shah R.S. 
Culvert NO. 145 ... 
E.H.LI. a t  Sarhari R.S. ... 
,Culvert Xo 180 .. 
E.B.U.  a t  Lundo lt.8. ... 

. Shiihdiidpur R.S. 

, Tando Adam ,, 
Britlge No 96 ,, 
Fnleli cgnnl Bridge ... 
N. V. High school Aydcri- 

h id  ... 
Snhordinate Judge's Court 

ITyrleriibid ... 
Kainchohri H~der i ib id  ... 
Traveller's b u n g a 1 o u- 
H yderiibild ... 

St. Tboma's chnrchHyder5- 
b i d  ... 

S.B.M. FTyrleriibell ... 
Civil hospital Hyderihid 
>I e tha Itim's Hall Hyderri- 

h id  ... 
Training college Hyderi-  

b i t 1  ... 
S R . h l .  at Snkbnr ... 
Step of hlnnicipal reser- 

vinr a t  Snkliilr ... 
Church of Englancl a t  

Pnkkar ... 
R r ~ d u e  near' blnuicipal 

office a t  S~ikknr ... 
Railwey I n ~ t i t n t o  a t  Sak- 

knr . 
l ' raveller '~ hnngalow a t  

Snkknr ... 
(Type C) B. 11. a t  9akBur 

valne end ~ ~ n m h e r  given, 

121.55 
132.38 
132.58 
134.46 
138.94 

147.72 

159.64 
167.70 
192.27 

194.21 

194'27 
194..4,2 

194.67 

194.96 
194.99 
186.35 

196.60 

0.00 

0.13 

0.52 

0.64 

1 - 0 2  

1 - 1 0  
1.35 

others 

-156.0bR 
- 166.621 
- 163.2:{1 
- 169.074 
-165-79:r 

- 171-115 

-179.69:l 
-183.810 
- li9.212 

- 166.25; 

- 171 206 
-163.072 

-161.473+1'289 

- 160.ao1 
- 160.92; 
-141'723 

-141.362+1'200 

-139.643 

0.oofl 

- 36 a 886 

- 26,896 

- 17.193 

- 19.443 

- 13.63:i 
+ 

- 154.937 
-165,944 
-162.268 
- 168.198 
-164.90t 

- 170.23t; 

-178.562 
- 182.66(i 
- :57.92(1 

-164'989 

- 169.914 
-151.778 

-160.184 

-159.01'; 
- 159.642 
-140aJfi5 

196.43-140°082 

- 138,371 

0.00(1 
t 

- 35.873 

- 26.886 
- 17.183 

- 19.436 

- 13.631 
+ 1,236 

are unaltered. 

+ 1~121~ 
t 0.6iS' 
t0-963' 
t O ' R 7 C '  
+0'88i8 

t0.8Si' 

t1-031' 
t1.150' 
+l4 !2  

t1.298 

+ 1.39'! 
+I0294 

t 1,234 

+1'28Y 

O'"'O 

- 0 015' 

t 0'0" 

t0'0O6 

tono('T' 

+u '& '~ '  
1 . 2 3 2 - 0 ' 0 1 ' ~  

1904,-06 
,, 
, 
,, 
,, 

,, 

,, 
,, 
,, 

,, 

190j-10 

1QO4.06 

,, 
,, 
,, 

,, 

, 

1!)0.2.0(? 

,, 

., 

,, 

,, 

,. 
., 
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TABLE XI1.-REVISION LEVELLING-(CoueO.) 

Discrepancies between the old and new heights of bench marks 

llel~ch marks of the original Ievell~ng t h a t  
were connected during the reviviouary 

operat~ona 

bo ' 

C Z  
g i 
2 4  
B a y 
Y 

Descriptiou ho. 

Revision of part of branch lilte 77 M (Berhamp~e  t o  Tinp6hdr) 

1 i s  1 feet I 

Decree 
lrheet 

30 
44 
41; 
47 
48 
49 
50 

51 

60 

59 
53 
52 
5J 
5 5  
5G 

Diffe~.a~~ce 
(rev~uion 

- U ~ I E I -  
nal). The 

sign + 
denotes 
tha t  the 
heiuht 
was 

greater ""' the 
sigu-lesa 
in 1929-26 ~~~~~~~ 
levelled 

Differeuce between orthometric . 
heights, above ( + )  or below ( - )  

the starting bench mark 

Fronl 
Revision 

1924-25 

1~n::pt. 

From 
publislied 

",eights 

Date oE 
original 
Ieve1,ing 

1S2rJ-21 
,, 
,, 
,, 
,, 
,, 

,, 

,, 

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

0.0IJn 
- 2 720 
+ 8,2t:8 
+ 8 557 

9.520 
t 4 901 

+11.170 

+ 9'487 

+11,981 
+ 7.248 
+ G.338 
I 8.443 
+ 8.408 
+1H'839 
+ Ci.301) 

78 D 
,, 
, 
., 
, 
, 
, 

,, 

,, 

, 
,, 
, 
, 
,, 
, 

,, 
,, 

0.000 
-0,002 
-0.003 
+Oe013 
+0.023 
+3.028 

+0.019 

+Om027 

-0.023 
-0.011 
-0.021 
-0.046 
-0.016 
-0.022 
+0.017 

+15'676 
+!1.032 

3 ~ ,, 
S 8 1  ,, 

+0.00Y 
+0.031 

Type R .  a t  Herhampore ... 
At bridge . . . 
Atwel l  ... 
At I t  S. Marshidiibid ... 
At Jai l  ,, ... 
Type tl ,, ... 
At boarding house Mur- 

shidilbid .. 
At Ciovt. school Murshldi- 

bit1 .. 
At well, P.W.D. I. B., J i i -  

gar1 j . 
'I'ylw H. a t  J i i gan j  ... 
A t  D.B. I.B., ,, . . . 
At 1l.S. ,., 
Type B. : ~ t  ~ h j ~ w l t u ~ o l a  
A t  1t.S. . . .  
At liy. culvert . 
At 1L.S. ldilgoli  ... 
'I 'ypeB ,, ... 

0 . 0  
0 . 7  
7 0 
8 . 2  
8 . 6  
9.4  

9 . 6  

9 - 7  

1 4 3  
14.3 
15.4 
15.7 
21.9 
22.4 
25.4 

0-000  
- 2 . i l U  
+ 8.271 
+ 8 54% 
+ 9.497 
+ 4.873 

+ 1 1 . l 5 i  

+ 9 460 

t12.004 
+ 7.259 
+ 6.959 
+ 8.489 
+ 11.483 
+18.861 
+ 6 . 3 9 2  

29.5 
2 9 . 6  

+15.668 
+ ll.O0! 



Eastern Sind Meridional Series 

TABLE XIII.-List of Great Trigonometrieal flumrusy 
stations cownected b y  spirit levelling, season 1924-25 

Height abovc meau 
sea level 

Uifference 
Name of station Remarks 

Triangu- Trian-Lev 

Mandnlay Longztudi.t~a1 Series 

/ feet I p e t  I s e t  1 f e e  I 

Hatudan H.S. 

Lat. 2: 28 34y72 
Long. 69 49 45.34 

Bl~i t i l a  H.3. 

Lat. 29 3d 471'02 
Long. 70 8 44.81 

sadanng East S. 

Lat. 2; 10' 16.&2 
Long. 95 48 36.323 

Liudaln S. 

L R ~ .  220 27.266 
Long. 93 44 23.614 

Upper mark stonc 

do 

474.801 

633.751 

Ground level mar 
stone 

Calcutta Lowgitudi~ial Series 

East Coast Series - 

... 

... 

L)?intin T.8. 

Lnt. 2; 66 101127 
Louq. 87 16 42.89 

Patna 'l'.S. 

Lat. 2 i  4 i  2 0 ~ 8 3  
Long. 87 11 45.53 

Nibria T.3. 

Lat. 202 3 i  33N92 
Lon.. 88 14 42.43 

T,,p mark stonc 

do. - 

477 

635 

12.195* 

Unndjusted single levelling height, 

+ a  .. 

+ 2 

+ 1 

14 

Top of pillar 

Upper mnrk stant 



TABLE XII1 . -Lis t  o f  Grea t  Triyonometricnl  Burvey  s ta t ions  
connected b y  sp ir i t  levelling, senson 1924-25-(Cogzcld.) 

7 1 Height above mean 1 I 

I 
- 

South Mal,r'Lncha Meridional Series 

Nume of sra~.ion 

1 feet I f e e t  I f e e t  / .feet I 
Cop T.B.1192993*1 .. 

- 
sen level 

New 'Id l'l'rinnEu- spirit- spirit- lution 
levelling levelling 

I,at. 22' 2$ 10:77 
Long. 87 16 28.02 I I 

Difference 

Trian-Lev. 
Remarks 

211 

Cu /cut fa Me~zdio1za2 Series 

+ 18 Mark stone at 4, 
feet from base of 
plinth of Tower 

-I 

Ground level mark 
stone' 

Top matk stone 

Ground level mark 
stone 

- -- 

hrichi ObsJ. G.T.s. ~ t n .  

Lar. 2; 4 60125 
Lollg. G7 01 35.13  

Clifton Q.T.S. 1 1 , ~ .  

'>at. 2 9  4 
lone. 67 0:: 07 .67  

. &ent IntJqis ~%~- ies  I -  

+ 5 

+ 3 

+ 15 

1 C 

- 1 

132 

131 

117 

Ground level mark 
6t.one - 

I I 
35.420 31 .829  1 35 

I 

. 

.. 

- 

- 

Khet~a T.S. 

La,. 201 3 i  511.'25 
hug. 88 23 3 . 1 9  

Oh aaldinga T.S. 

Lst. 2; 5 6  43:95 
htlg. 88 23 4c.21 

K~~n~pur T.S. 
0 8 

Lat. 25 2:; 31 183 
Long. 88 28 2 7 . 6 4  

I I I 

127 424 

125.188 

101.879 

* U~~ncijl~sLed single Icvclli i l~ Ileish[. 

96 

+ 3 . 7  

I ~ 

96.689 96.657 
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TAHLE X1V.-Results of comparison qf staves with ~tanderd steel 

tape No. 2, senson 192-1-25 

Place and date 

'I'ang8n 3-11-34 

Mpitt hw 14-11-241 

Nnukkyo21-11-24 

Sndanng 6-12-24 

Satho 16.12-24 

Njannghla 
26-12-24 

6 1 n n  4-1-26 

Okhan 20.4-26 

'l'aukkpan I -5.25 

Ahlone(Rangoon) 
14-5-25 

Peen 25-5-25 

Remarks 

Clcrr. 

Scatterctl elol~tlr. 

,, 

Clear 

Llgllt scattered 
clouds aud cool 
breeze. 

Scattered clouds 

Clear. 

Scatteled cloodsa 

Clear. 

scattelcti 

Drixslln?. 

Difference of length of staves from 10 feet 

No. of staff 

2311 1 21B 1 13A 1 188 

+0.001003 

+ 0.002206 

+0.002075 

+ 0~00101G 

+0.001490 

+ 0.00137:1 

L 0 00121;6 

- 0.00332; 

- 0 -00262S 

- I I  .0u2~54 

t 0.00i151 

+ 0 COL216 

+ 0.002473 

+ 0.002484 

+0.001704 

+ 0 001653 

+ 0.0018G5 

- 0.000831 

- 0.0v0329 

+ 0.000781 

+ 0.00:$1$ 

+0*001397 

+ 0.002081 

t 0.001998 

+ 0.002602 

+0-0o1653 

+ 0.001337 

+0.001486 

- 0.~02381 

- 0.001243 

-(1.000320 

+ 0.00216:{ - 0~000589 

+ 0.002480 

+ 0 002106 

+ 0.001838 

+ O.OOli87 

+O 0~1611  

+ 0 0015'i4 

+0.001371 

- 0.~04363 

-- 0 0024~5 
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TABLE X I  V-Results of cornpar iso?~ o f  staves with standard steel 
tape No. 3, season 1924-26-(Contd.) 

Ploce and date  

Sukkur 29-10-28 
Kl~ni~.pur Mirs 5-11-24 
Setharja 15-1 1-24, 
I(nnc1iiro Road 19-11-24 
lla~ir 1-12-21. 
Nawhb Sl~ab  8-12-24 
Sbihdidpnr 17-12-24 
Oderol i l  23-12-24 
Hyder ib id 3-1-25 

Khes~no 13-1-25 
h l i r p ~ ~ r  I:\I:R 91-1-25 
I'itlloro 31-1.23 
Cl~ l~or  8-2-35 
Jalll-jo-al~nun~.o 18-2-25 
3lnnnl1no 27-2-25 
Go~lrn lioad 8-3-25 
K i i~~sn l .  15-3-25 
Hhnchl)l~n,. 20-3-25 
Jssni 56-3-25 
At i~nnlnt~i  30-3-25 
Barmcr g-l.-" 

Remarks 

Clear 
I' 

, 
9 .  

I, 

Clear 

Dust.y 
Clenr 

, 
B 

Difference of l eng th  of 
staves f r o m  10  feet 

No. of stsff 

2011 1 2OB 

- 0.0024~94 
- 0.00260ti 

0*003478 
-0.0035OG 
- 0 -003518 
-- 0.603867. 
- 0 003297 
- 0.0035,1,0 
- 0.003:336 

- 0.004~021 
- n.oo3995 
-0~003366: 
- 0.003852 
- 0.00128i 
- 0.00522:3 
- 0.OORZi7 
- 0 . f10 i30 i  
-- 0.005326 
- o.oO,~GGO 
- 0.()0;,783 
- w oCG07O 

- 0.001485 
-0.001746 
- 0.002820 
- 0.002537 
- 0 a003334 
- 0'00326 i~  
- 0.002752 
- 0.002927 
- 0.002129 

- 0.002598 
- 0,003160 
-0.002899 
- 0~003608  
- 0.0033836 
- 0.OOr84ti 
- 0.00 148d 
- 0~0010%3 
- (,.003!)2G 
- 0.004850 
- 0  001.G45 
-0.005289 
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TABLE X1V.-Results of cornparison of staves with standird ateel 
tape No. 7, senso)b 1924-25-(Contd.) 

Remarks 

-- 

Clear 
do. 

Drizzling 
Light clouds ~ n d  cool breczr 

Clear and cool breere 
Clear 

do. 
Scit tered clouds and cool 

breeze 
Clen~* and coo breerc 

Clear 
dn. 

Scattel-ed clouds and cool 
1~1.eeze 

Clear nnil high cool b:ecrc 
Clear 
do. 

Clesr 
do. 

Clenr and high wind 
Clcar and breeee 

, , . 
Clcnr nnd brem 

, ,, h~gh  brrrlr 
Llgllt clondq and high "ln" 

Clear and high n l n ' l  

Clenr 
clcnr nud breele - 

Plnce nnd d a t e  

-. 

Santrngnchi 5-11-24 
do. 2-11-24 

Ulnbir ia  29-11-24 
Kola 29-11-21 
Debra 5-1 2-24. 
Ni r iyanga rh  16-12-21 
Ja leswar  27-12-21 
M~dnapore  7-1-25 

Debra 5-12-24 
Niriiyangarh 16-12-2 1- 
Jnleswar 27-18-24 
Midnapore 7-1-25 

Qarhbetn 17-1-25 
Onda 26-1-25 
Shal i  5-2-26 
Ukhra  16-2 25 
Bhali 5-2-25 
Ukhra  1-2-25  
Chinpni R.S. 25-3-23 
S a ~ n t b i a  5-3-2.; 
Kandi  16-3-25 
J i ioan j  27-3-25 
Qocligiri 5-4-25 
Parbatipur ndda 17-4-25 
Sapahar 28-t.25 

L)ifference of length ot 
staves from 10  feet 

No. of staff 

16.4 / I 6 B  

- 0'003872 
-0.003526 
- 0.001626 
-0'002043 
-0.003205 
- 0-OU3673 
-0.004187 
- 0.003165 

-0.003205 
-0.0036i3 
-0.004187 
- 0.003165 

-0.001635 
-0.004695 
- 0.005740 
-O-O05S(i2 
- OsO06749 
- 0-005762 
-0 .00901~ 
-0.008411 
-0.001982 
- Os0O7103 
- (1.009405 
- 0.00G003 
- 0.003@67 

Pabirlirn 6-5-25 - 0-003714 
Dinijpnr 15.6-26 -0.001607 

- - 

t 0'000939 
t 0.000929 
t 0.001696 
t 0.001913 
t 0.000917 
t 0.000485 
t 0*000718 
t 0.000616 

+ 0'000917 
to-OCO486 
+ 0'000'718 
+ 0-OCOG 1G 

-0'000320 
+0.000201 
- 0.000305 
- 0-COO25 C 

, - 0*000305 
-0.000254 
-0.001913 
- 0-0025:3!) 
-C)~001113 
-0.001172 
- 0'001 16 1 
-0.000:312 
+ 0.001787 
+ 0.00107b 
+ 0-0022DG 
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TABLE XIV.-Resul t s  of c o m p a ~ i s o n  of staves with s tandard  steel 
t a p d o .  4, scnson 1924-25-(ColztcZ.) 

Remark's Place and date 

Difference of length of 
staves from 10 lect 

No. of staff 

19A 19 B 

I -0.002537 ; Clear .,,d cool brecae 
-0.00:3610 ! B 

- 

i l l - a  30-10-11 -0.002ll l  

- 

Gareebmi1.z k:tn,a 17-11.2t -0.00296? 
Pnthinwila :, 6-11-24 
Qoru 23-11-24 

0.00381Ci -0-003741 ( 
-0.003i31 1 -0.0041328 

fil~inpur 30-11-2-L, -0'003312 -0'00t391 i 9 

Clear 
lirrichi 7-12-24 -0~00:wi4 / -Om00:i73 1, Scattered clouds 
Drigb Ho:,d R.s 15-12-21 1 - 0~009936 / - 0.003803 i Pipri 20-12-24 i -0~00.1,018 -0'063658 
Ouja 28-12-26 1 -0.003(;50 0-0036 14 
Hilaya 6- 1-25 ! - 0.003010 1 I0.001911 C I ~  
lerrock 12- 1-25 1 -0.003091 1 -0.003297 i 9 I 
Kotri 19- 1-25 1 -0.003835 1 -0.003539 
1)ctbi 28- 1-23 O.OOiBT0 -0.002475 I 

Oderolil 4- 3-?51 IO.008372 ' 0.0113396 
Sl~ibditl~~nr 13- 2.25 1 -0.0038$3 I0.004292 
Snrhari 20- 2-2.5 ' -0~001~2'21 / -0.004406 ' Cloudy 

-0.0031(20 I Clew 
- 0.00382'7 9 

-0.001702 1 Dusty 
- 0.005:liY I Clear 
- 0,005 jU9 Cloutlv 
-0~005118 / Clear 

IVr\riib Sh5h 3- 3-25 / -0.003833 
Dnnr 10- 3-25 
Iibirin llond 19- 3-25 
Mnhr:ibpr~r 27- 3-25 
Khnirpl~r hIirs 4 -  4-26 
Hohri 1'2- 4-15 

- 0-001.096 
-0.001.980 
- O.005:389 
- 0.005300 
- 0~003157 
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TABLE X1V.-Results oj' compcr).ison of staves with rtnndard steel 
tape No. 20, .uenso)L 292-1-26-(Cot~cld.) 

# 

Place and date 

Coleatta 27-1-25 

Dhapa 6-2-25 

Binsrn 15-2-25 

Hatkhola 
2;-2-26 

Uttarbhig 
9-3-25 

Calcntta 19-3-25 

Lilloonh 31-3-25 

Diffcrenco of longth OE st:lvos from 10 feet 

No. of staff 

E I 1 0 ,  / ar* I l.iu 
------PA----. . - .. - -- - 

Remsrk~ 

Asnnsol 11-1-26 -0.002544 I Sitirimpnr 
19-1-25 0-002613 I - 

Prndhiinkhantn I 

29-4-25 ' -0.001-il7 
O ~ I U O ~  8-5-25 - 0.C03789 1 
Hnziribiigh Rontl~ 

19-5-23 ; - 0.003519 
I 

Bngodnr 24-5-25 : -0.lJ0118 1 
1 

Bit iriimpnr 
- 0. ~ 2 0 1 1  

-0001707 

-0.OC0839 

0~000765 

-0.008837 

- 0.001895 
- 0.002235 
-0.001303 

- 0.001856 

-0~001420 

- 0.000k;G 

- 0.002443 

-.0.00266!) 

-0.001lGj 

- 0 . 0 0 0 ~ ~  

- 0.000024 

- 0.000131 

0~000000 

- 0.001443 

- 0.002514 

- 0 -0017 10 

- 0.00113.k 

-0.00101!) 

- 0 00555'7 

- O.OUSIi'O 

-0.006131 1 

-0-0034.45 

-0.00336!1 

- 0.00:J24C1 

-0.006 188 
. . 

-0.004HiO 

-0.005412 

- 0.00i,013 

-0.00'1921 

. .. 

-0.002522 

- 0~00?.1~ll 

-0.00E22!) 

(Ilcnr 

I 1 *' - @.00i34&, - 0 004l64 c"'ndr 

- 0.001972 I ' Clew 

- OOOIB4O 1 -0800JG62 
- 0. Oo504P - nc!ol:jl; 

I 

-0.0018iG 

- 0.001544 

- 0.003029 

- 0.002700 

-0 OW2723 

- 0 002844 

j1 

Clnll(lr rninmC 
C 

ClcnrJlhighwinl 

Clenr 

t 

T , i ~ l ~ t  clnll l i~ 



THE HEIGHT OF MOUNT EVEREST AND 
OTHER PEAKS 

A 1octul.c tlclivc~.ed by [)I.. .I. de O l r a ~ v u  IIUNTRR, M.A., SC. D., F. Illst. 1'. at the 
u l c c l i ~ ~ g  o the  Iutlinn Pciencc Congress at llatlr:ra, February 1922. 

Thc problem of determining t h e  heights of great  peaks, not, 
readily accessible ant1 in some cases only possible to  observe f rom con- 240. 

General. 
sitlcrsble distances, has a good many difficnlties. This  certainly holds 
for Evercst, situated as  i t  is a t  the  north boundary of Nepal. O w i n g  
to tlie fact t h a t  it is the  liighest point of t h e  earth, i t  is of especial 
interest to fix i ts  height with as much precision a s  possible. Public 
interest in  t,he mountain has been e~llianced lately by t h e  despatch oE a n  
expedition \vhich has  lllade a recot~llaissance of the  mountain in 1921 ; 
and an a t tempt  t o  reach the  summit  is to  be made in the  current  year 
1922. 

Old values of the  height of Evcreat are  :- 
( a )  2!),002 feet. Although the  height of the  mountain is nearly 

1000 Seet greater than tha t  of a n y  other known peak, and there is no 
doubt a t  all nborit its pre-eminence in this respect, questions have been 
raised as t,o \\lllether 2!),002 represetits the  fact,s of the  case. This  value 
has been given wide 1)ul)licitj., and is the  one genera.11~ known. T h e  
terminal 2 of this figure has often been discussed. Some people imagine 
that the res111t is a I,erfectly accurate one ; while others, quite rightly, 
have conject.urec1 t h a t  tlie 2 might  as  well be left out,  so far  as our 
k n o ~ l e t l ~ e  can tell. There has been t'he pract,ical inconvenience that ,  
w e  tl~e :! onlit,tetl, t,he I~clight \voald become a round number of 1000 
feet'; ant1 to  somc lnitids t , l~is  woultl convey t,he idea t h a t  the  precision 
of the detc~.tninat.ion war good only to the  nearest 1000 feet. This would 
err more tl~a,n t h e  view t h a t  the  Iieight is exactly 29,002 feet as deter- 
mined in 1 5 5 2 .  

( I,) 111 1007 Colonel Sir  Sidney I311rl.ard priblishecl the  revised 
value of 2!),111 feet,. As he (lid not consider tha t  finality had been 
reached, 11r (lit1 not advocnt,? t l ~ e  changing of the  height on Survey of 
India ma,,.), . 

The elifference of t,Iiec;e t,wo result?; is rl l~e to  a modifier1 treatment 
of the oI,::.~.vnt.ions. It i s  still iml>ossible to be qriite definite t'o the  last 
10 feet i n  I ~ c i ~ h t , .  Here I m:cy rorrect a l , n l ~ r ~ l a ~ ~  ~nisconception. Sonie 
people imnml;ine tha t  if n clirn1,c.r ror~ltl  r eac l~  t!ic slirnmit,, then all doubt 
as to t l~ l ,  I , , l ~ ~ J l t .  w()~I1,l (lisnl),lc;~l.. T i  ii 1 0  so. Even if he mcre 
able t,o tnI;,, l r i t l l  him nrpll~.n,fc. oI,scrvinc in.:11.1i:ni~t1tq, I I C  \~0113il 110t t~ 

to i ~ n l ~ . o v e  onr I ~ r i ~ I l t  ~ : I , I I I C  R I I ~ ~ c c ~ R ~ ~ ! . .  
. . 

Tlic .:lnypval l)ractical 1~1,~thotls of tlctc:.m~n!ng hei~111. in  use nrc :- 

( I  ) Observatiolls of L ~ ~ ~ o m c t r i c  I)rcsslire? n-!ii.211 iucl~ides obser- 
vations mcrcliry, aneroid barometers 9r n-ii-h hypso- 

241. 
Old values 

of the  height 
of Evereet. 
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242. ( 2 )  Spir i t  levelling r igh t  lip to  the  point. 
(Contd.) 

(31 Observation of the angle  of elevation of a point from a 
station of known height ancl a t  a known distance. 

243. As regards barometer observations i t  may be noted that the trans. 
Barometric port, of a merciiry barometer, and its sobsequent setting 11p have 

observations. 
clifficiilties. I f  a porbable barometer of the  Fortin type IS used, in wIlicIl 

the  merciiry is never removed froin the glass tube, there is grave danger 
of the  glass breaking in t he  course of transit, as the result of the joltin: 
of the  heavy mercury in the glass. Wi th  the class of barometer, 
typified by the  George barometer, the mercury is removed for transit. 
It is difficult to  ensure entire absence of air in the tube, or i n  the 
mercury itself. Meteorologists may say tha t  this can be overcome, 
and no doubt this is the case in some circumstances. These circums- 
tances are not existent a t  the end of a very strenuous climb. 

The  aneroicl barometer avoicls these clifficalties. But unfortunately 
no aneroicl has yet  been made tha t  has any pret,ence to accuracy when 
subjected to  the variations entailed by a climbing expedition Moun-  
taineers f r e q ~ ~ e n t l y  forget this. 

The  hypsometer is an instrnment by wl~ich measurements of tlle 

teniperatnre of steam are made. This temperature depends on the 
atmospheric pressure, ancl gives a good determination of the pressure. 
I n  my opinion i t  is by f a r  the best of the instruments for pressore 
determination, which are available to the mountaineer. 

Having obtained the air presslire a t  the point, as well as a sirnlll- 
taneons value of the pressure a t  some station of known height;and 
further the air temperature a t  both places, the formliln of Laplace serves 
t o  find t.he height difference. This Forrn,ila, I~owever, is based 011 the 
assu~npt ' ion tha t  the mean telnperature of tile air coliimn betweell 
the two points is the mean of t,he two terminal tcrnpcratorcs. Tile 

accuracy of this ass11rn~)tion is likely to be the bcttcr when the two 
points are not very distant from one anotlier. Even i f  there is a clear 
line between the two  point.^, it will not always he very precise, aJ 
shall show later. Errors of l ~ e i g h t  are a c c ~ r i l i n ~ l y  i~llrorlaeed, wh" 
estimate may amount  t,o several lltlnrlred fnct,, svetl when a rellahle 
vallie of the pressure has been ~b t~a ine t l .  

244. I need only say of spirit levelling tha t  i f .  is rnt,i~*ely allt of the 
Sp;rlt leuell- question to run a line of spirit levellinn to tlio s ~ ~ l n n l i t  of a great peak' 

~ n g .  A tolerably decent t,rack is esserltial. 

245. We have C I I I  (),it haro~n(:trir ~bsarvntia~l . ;  # . ) I )  ;~.rcoliat of lacli,nf 
Vertical aecnraey ; and spirit levcl tinr: is i ~ n ~ r a c t , i ~ a l ~ l o .  1:0i'!1 ilepend on a "'lt 
angles. to the 1)oinl. T l~e re  remains t l l c  met,llod of i~ l ) s~ l , v i~ lg  the al l~le  gf 

elevation. It is from s11cl1 ohsrl.vatiolls t,llnt t,l,r l~eigllt of Everest Is 

cleducetl. 
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The discovery tha t  Mount  Everest, or as i t  was then designated 
ifpeak xv" was the highest mountain on earth, was made 111 the 
Computing Office of the Survey of India in 1832. Those who hacl 
observed i t  were not aware of its pre-eminence, and it was the calcula- 
tion oE its height which brought this to  light. Sir Anclrew Waugh, 
who was the Superintendent of tlie Trigonometrical Survey at that time, 
decided to name this, the highest of peaks, Mont Everest, after his 
distinguished predecessor and former chief. 'I'llis name, with Mont 
changed into Mount, has since then been adhered to by most. A few 
have tried to substitute names, claimed to be those in use by the local 
inhabitants; but  up to date, all these have provecl to be truly applicable 
to other peaks; and  no local name for Mount Everest has been 
substantiated. 

The observations on which the height 29,002 was based in 1852, 
were those made i n  the season 184-9-50 from 6 stations in the plains of 
Bengal ( figure 2 ), situated a t  distances ranging between 10s and 
119 miles from Everest. Later observations were ~nscle in 1880, 81, 63 
and 1902, from several stations in the nei~hbourhood of Darjeelinq. 
These stations lie a t  distances between 85 and 109 miles. It is only in 
19.21 that it has been permitted to trigonometrical surveyors to ge t  
closer up  for observations, and i t  is expected tha t  advantage will be 
taken of this in 1922. 

246. 
The  name 

Mount 
Everest. 

247. 
The  obser. 
vations of 

vertical 
angles t o  
Everest. 
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248. 
W h a t  1s 

rneant by t h e  
height  o f  a  
m o u n t a i n .  

249. 
Height  above 
the  spheroid.  

IVlien we speak of the height of a mountain, it is understood, ill a 
p n e r a l  way, tliat the  height above sea level is meant. By sea level tile 
inean level of the sea, freed from the effect of tides, is implied. TIlr 
actual sea is distant 4.50 niiles from l l o u n t  li:rerest,, at  its nearest. 
B u t  we may estencl sca level in ima.gination i~lland, by constl.uctlllg 
inlaginary canals along wliicli the water of the sea could find its wa\.. 
X practical way of gett,ing. t o  very ncariy tlle same result is afforded L\. 
spirit  levelling. Tlie s p i r ~ t  level is set 111) l~arallel or very nearly so, 
to  the  water surface of tlie ima.ginary canals ; and by snccessire steps 
t he  elevat.ion of ally poillt of t.lie line above sea level is cleterniinetl. 
'l'h~s method is applicable in fairly flat eonnti~y, ancl so the depth of sex 
level below the  earth's surface may be det,ermined up to the  fringe of 
the Himalaya. 

Bu t  \\.hen me proceeil into the hills this method fails. It is tl1e11 

necessary t o  arrive in some way or other, more or less precise, at the 
shape of tlie sea level surface r ight  up to the mountain with wllose 

lieight we are concerned. 

Now geocletic operations, of which the earliest were executed niore 
than ?OOO years ago, have acc~i rn~i la t rd  inlormation ~vliicli permits 11s 

to draw the  conclusion tha t  the form of the sea level surface is not very 
different from t h a t  gcneratecl by the revolution of i r n  ellipse about its 
mi r~or  axis. This figure is generally referred to as an oblate spheroid, 
or briefly as " the  spheroid ". W e  shall for  the present accept this a. 
being the correct form of the sea level surface, ancl st a later stage 
discuss briefly the clivergences which are found to occur. 

L e t  us now consider the height above t,he spheroid.   his is 
cated by Bh in figure 9, where A is an observing station of known hei:llt 

h a * ,  and I3 is the 1,oint whose heigllt Rb  is souqlit,. A a O  and B b ?  
are verticals meeting ( a p p r o s i m a t e l , ~ )  in 0. Tllo angle ,401 1s 
known from triangolat,ion, and a 0  = b 0  is tho radius of curvdture,of 
the st'heroid in the plane of the paper. If the tree angle of elevatlOll 
BAH were known, i t  would be a matter of siml,le trigonometry to  fin(' 
the  length OB and thence Hb. 
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But me must t a l ~ e  things as they are, and consider the effect of 
refraction of the atmosphere. The path of a ray of light from A to B 
is not straigllt. It is bent into a curve, indicated by the dotted line. 
An observer a t  A sees B in the clirectioll of the tangent to  this curve, 
namely A'l'. I f  we do not take acco~xnt of this fact, we shall find T b  
for the height of B, a he ig l~ t  in error Ly alllorlnt '1'13. To fix ideas, 
Imay say tha t  in the case of the Everest observations, this error I V O U ~ C ~  

beabout 800 feet or more. It clearly call not be neglected. 

As so011 as surveyors found that  refraction of light had a serious 
effect on their observatious, the assumpt~on was made that the path 
of the light,, instead of being a straight line, was a circle of slnall 
curvature. A little consi(leration mill show then that  the angle of 
refraction T A B  increases tlircctly as the clistallce *4B. A rough idea 
of its maguitude is by saJrinc that  ~t is about 3 seco~icls of arc 
I)@ mile, or 5 minutes per linnclr~cl miles. 

But it was noticetl soon tha,t refraction was by no means n c o ~ ~ s t a n t  
Ylantity t,hrougllo~~t the day. ltefraetion is a t  its s~llallcst value duriog 
the early afternoon I lon r s .  JJol.eo\-er its value a t  this tirn,, is nearly the 
Fame from day day. IJcllcr abont, 1850 the practice arose of nlaki~lg 
observation of .1lgolar of terrest.l.ial objects between the 
hours of 1 and 4, p.m., a practice still riglldly con t in~~ed  where possible. 

250. 
Refraction. 

251. 
The observed 
Phenomena 

of t e r r e s t r i a l  
refraction. 

252. 
Diurnal 
chatrge. 



292 G E O D E T I C  REPORT 

253. 
Reciprocal 

observations. 

O n  tlie assnmption tha t  the  dotted line AB is circular, it is clear 
t h a t  the angle of refraction a t  B is the same as that a t  A .  If both 
these angles are observed, it, is l~ossible by considering the angles of 
A B O B  to determine tile magnitude of the angle of refraction, a 
process sufticiently accurate for some pulsposes. 

254. It mas first stated about 1910  tha t  tlie cliurnal change in refraction 
L a t e r  devs- observed a t  hill stations was small compared with that found at plain 
IOpments. stations. I n  1913,  while considering the question, I noticed thattlle 

diurnal change in refraction varied as  the  temperature, minimum refrac- 
tion occorring a t  t he  time of masimunl ten~perature. This is well 
s l~own  in the figures Nos. -I and 5 where ordinates represent the  apparent 
elevations of two poitits, ancl abscissae represent the temperature. Actual 
observations are shonln by small circles, which are joined u p  by straight 
liues in t he  orcler 8, 10, 12 and 1 4  hours. Attention is drawn to tlie 
approximate straightness of the lines. 

Fig. 4 
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Deg'ees Fahrenheit 

I fartller noticerl with sllrprise tha t  the change was smaller on the 254. 
longer ray oE two fronl one station, whiell were examined, indicated by 
the greater slope of the lines in fiy. -1.. The lengths of the rays in 
figures 4, 5 arc 46 all(\ 93 miles resl>ectivel~r. One had come to think 
of refraction as varying with the length of my, atit1 so expected its 
changes to be greater on a long my. 

These then are the nlnin experitllent,aI facts. T~ct us see llom far  
can explain thern, ant1 l)~*etlict them. 

To find tile of a, ray of light t l ~ r o ~ ~ g l l  the atmosphere, it is 255. 
necessary to know tIlc plkvsic:Ll lams of the air, a1111 tthe con(litio~ls ~vhich Reftaction 

considered obtain. Theu the rest can 1313 done by mnthemntics. 111 aene~*al, over 
a limitctl area, the atnlosll]lere n1a.V bc consitlc~ed to be arranzeti In 
horizontal spIlcrical layel.s of pClll%l t le~lsi t .~.  0 1 1 1 ~  s~nnII local deviations 
from this s h t e  can exist. It remains to bc known Ilow tllc clensity of 
tlla air chatlges t,lle Ilei:yIlt above ..t tlrntt~m stirface. For other 
raasoll~ it Inore convenient to consitler horn t,he temperature changes 
wit11 height. From this t,Ile changes of pressure and density may be 



255. found by the  help of Royle's law p =  C'rp, and tlia mechanical equation 
( C o n i d )  ec1uilibrinm t / p =  - p g t l l ~ .  E'initll\- it is necessary to 1<no\~ hon therefrac- 

tive index of air c l~anges  u~~tl t \ l .  tll~c var~.in: co~itlitio~ls niet \\.itll. llllis 
is by the law of' (;lndstonc nntl nala  - 1 = Kp. k'rom tllePe 
three equations it fol lon~s t ha t  the  curvature of the ray at a point -- - 
1 K dp 
Is -= - -- cot a. E v e r ~ t h i n g  is known, save the law of change of 

u LL dh 
density mit,h height, which we poceed  to consider. 

256. I f  we consider t he  thermal eqiiilibririm of the air, neglecting tile 
T h e r m a l  diurnal heating t o  which i t  is snbjected, tlie la\v of decrease of tempera- 

tiire and thence of density wit11 height can be fonntl. In  tlie caseof of t h e  atmos- 
phere .  air, which is not  saturatecl with water vaponr, the decrease of tempen- 

ture  with height is nearly uniform, and follo\vs the  adiabatic gradient. 
This  gradient 1s such t lxt , ,  if a given mass of air is taken from one 
height,  ant1 conveyed t o  anotlier height, in adjusting itself to the lienr 

pressure i t  will also arrive a t  a temperature and density the same as 
t h a t  of the  snrrounding air, without receiving or giving up heat. Tllis 
gradient is about  5 O . 4  F. per 1000 feet. 

If the  a i r  is saturated with moisture, owing to the latent heat of 
water vapour, t h e  gradient becomes 3'. 3 F. per 1000 feet. 

We mus t  not, however, ignore t he  cycle of heat changes which 
occur dur ing  tlie day, which by radiation communicate heat to the air. 

257. 
Radiation. 

I n  t he  course of t he  clay, the  air undergoes a cycle of heat effects. 
The  sun rises, and heat traverses tlie atmosl~here. 

Some of this heat is absorbed by the air ,  and t l ~ e  remainder reaches 
the  eart'h. Here, par t  is reflected. Tile reflected p r t i o n  a,gain traverses 
the  air, and is part,ially absorbed by it,. The I~ortion absorbed b!' 
the  earth gives rise to  earth ra(liat,ion, n,llicl~ i n  dne coarse traverses 
t,he sir.  I n  adtlition tile air i l l  close CO1lt,aCt, \\.itll the earth receives 
heat by direct cosdl~ct ion.  Now air is a ha,(] eon(111etor of bca,t,, and tlllr 

conclr~ction effect. is o t i l~-  aplweciable in tlie lower 1a!.ers. 

First consider t l ~ e  radiation effects. TIic n1,sorption of dl.!. air is 
a lmost negligible. Bu t  w l~en  n~oist,sre is llrprrlit,-a~iil i t  al\vays is.- 
the case is eonside~*ahly diffel.ellt. Tho air  t l 1~11  tahw 1111  Ileat fro111 t l lp  

several types of radiant lleat ~ r l i i ~ l l  ocrllr, to  a11 ibx trnt, I1rop~rti~nal 
the absol~i te  hurni(litr. On tllp \vIioIp, ercel,t ,vl~rl-r t liere are mnsirlcr- 
able changes mit,l~ I ~ e i ~ I i t  o f  Illlllli(lit!-. i t  W C I ~ I X  a, ra.il. ~lcd~lct,ioll t o  sa? 
tha t  the air at  different I1piL'Iits is ~ I ~ S I I ~ ~ I I  I I I I I I C ~ ~  t l i ~  same nllllllrr 

of degrers of t , e n ~ p r r a . t ~ l r ~ ,  i\s as I r a n  lllrlic o111, the e11211.~ of 
t , ~ m p e r s t ~ i ~ . ~  on ncrolll~t of rarli;~ tin11 is lpss tIia11 3 '  1 0 ,  :11111 I ~ ~ n ~ l l ~ " '  
t ha t  t8hp yra(lielit, of t en lpr ln t~~l -p  i s  rprj- little ; ~ f T o r . l ( ~ ~ I  I ) \  t l l ~  r~(l i~tmion'  
l-il? t,o date  I ]lare not hrpn ahla to  rollslllt t i  I I I ( : ~ c o ~ ~ o $ " ~ "  '''I 

this l,oint., and \vllat I lla,re to  ~ IP I ,~n ( ] s  011 ~ , I I I  iliterplsetafionof 
refraction, anrl b a , r o ~ ~ ~ e t r i c  1 ~ h ~ e r v ~ t , i ~ ~ 1 ~ .  con l l~ i l~v~ l  ~vitli rnakhematsai 
theory. 
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Now I turn to tlie conclrlction effect of the earth on the air i n  258. 
colltact with it. I fiacl, on workiug out the contlnction of heat in air Conduction 
tllat a periotlic clianqe of period 211 hours, and of given range a t  the e f e c i  . 
surface, will cause a t  the hciglit of 100 metres an effect of about 1'1, oE 
t,he surface value. 'I'his is a 1)urely matlrematicl~l result. 

My interpretation of this reasoninq is illr~stratecl in figure 6. It 
itppears that  there is a fairly uniform qraclient, within certain limits 01' 
Ilei<lit, a t  all hours. 'I'his g r a d i e ~ ~ t  can be less rapid than the adiabatic 
q-a,(l~ent, ba t  can not be more rapid; for then there would be a convec- 
tive acljustmen t. It appears that  at midday, this unif9rm gradient 
extends practically down to t!le earth's surface; while, a t  the earlier 
hours of the  day, the curve of temperat,ure deviates considerably, as  
sl~own. In the afternoon, it may be tha t  the gradient near the surface 
crceeds the general gradient above; bu t  it can not exceed the adiabatic 
gradient. 

Fig. 6. 

Lapse of T m p ~ m i c ~ r  w, l h  h e ~ g h  l 

To assist i l l  ~l~~ (lcLlncLioll of t l ~ e  lelnl,erntt~re a t  various I~oiglit.s, 259. 
some ten yelrs 1 llCt,l S i l n l l ] ~ : b l l ~ O 1 l ~  L'eRlli~~ys o f  1,n.rometel.s m!lr!!: at Raronot r ic  

height  
Ihhrr DUII ~ n , l  iz Mnc5tl,ril;. \I,ljjoo rie is a b , ~ l t  10 miles distant from ,,eou,ts. 
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259. 
(Contd . )  

260. 
Application 

to the case of 
refraction. 

261. 
The  form of 
t h e  sea level 

s u ~ f a c e  or 
geoid. 

Dehra DGn, and some 4.400 feet higher. The  readings were madeat various 
hours of the  day, and continued for a month. From these readings, the 
difference of height was compi~tecl by the ordinary formula. The 
mean values for  each hour were morliecl out, and con~pared with a value 
found by spirit  l eve l l~ng.  The  discrepal~cies are shown in  figure 6. 
These may be attributed to  faul ty values of the mean air temperature 
employed. I n  general the  I~eiglits mere too small, except near midday. 
This is eqaivaIeni t o  too small an evaliiatioti of the mean temperature 
of t he  intervening air  colcmn. It is what  nrocld be expected with the 
temperature law I have exhibited on the figure. And I may add that 
the  explanation agrees well in amount. 

For  t he  time of minimum refraction, or maximum temperature, I 
find t h a t  a constant gradient of temperature explains very well observed 
results a t  all heights. T h e  difficulty folm~erly was to compute tlie 
diurnal change in refraction. From the diagram i t  is clear that the 
effect is due to  the  low lying layers of air. It is easy to deduceits 
amount, which is found t o  be proportional to the deviation of the 
temperature, dependant on conduction, and also to the 
cotangent of the  angle of elevation. 'l'liis explanation based on the 
temperature law illustrabed, esplains 00°/, of the effect. 

W e  now have something to work on t o  determine the refraction at 
all hours, provicled certain data  as  regards surface temperature, are avail- 
able. It is undoubtedly best to  make observations of vertical angles in 
the  afternoon hours. But ,  on account of clouds, which very often 
obscure peaks a t  these hours, one must  perforce have some observations 
a t  other hours. It is for these t ha t  the  correction for diurnal change 
in refraction is necessary. Unfortunately in many of our height obser- 
vations, surface temperatures are not available, and one can only make 
estimations of t,heir probable values. Before actually applying this to 
the case in hand, I must  give a shor t  statement of the part played b5' 
the  irregular form of the sea level surface. 

The  sea level surface is designated for brevity (<the geoid". I f "  
line is drawn a t  r ight  angles to  the  geoid, this will represent the vertical 
at the  place. It is the direction of the force of gravity there, and ltls 
with reference to  this vertical t ha t  any observing instrument, levelled 
in the ordinary way, is set  up. Now this line is not in Ceaeral at right 
angles to  the spheroid a t  the  corresponding p i n t .  The angle between 
the two verticals is called the deflection of the plnmb-line. 

The  way in which deflections of the plumb-liao are measured, maY 
be briefly explained. Firs t  of all a series of triangtllation is executed 
between two points, alld, assuming tha t  these lie on tlie spheroi(~) i t , ' '  
possible to  comlinte their 1:~titodes and long~to~los.  Tliese qlla~ltl~'~' 
are also observed au t r~norn i ca l l~ ,  atid sliglltlg (lifferont values are fOllnd 

The  differences are the components of pl~lmb-lille dellcction in the tnrO 
directions at  r ight  angles. 
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In figure 3, I have shown diagremmatically the geoid. It is clear 
that before any calculation can be made of height above the geoid, its 
form must be known. It is however easier to compute the height above 
the spheroid, and then, if possible, apply a correction for the d~fference. 
In this way all the several observations from surrounding stations should 
give the same result. 

To do this, i t  is first necessary to modify observed angles of eleva- 
tion, which are with reference to the geoidal vertical, and so express 
them with reference to the spl~eroidal vertical. It will be seen then, 
that it is necessary to know the deflection of the plumb-line a t  all obser- 
ving stations. 

This brings in another uncertainty. Although we know the deflec- 
tions at  some 500 stations in India, this is not nearly enough. I n  the 
case of the observations to Mount Everesl, plumb-line deflection is only 
known a t  a few of the stations, and then only in one component. Until 
these deflections have been observed, me must estimate them as best 
we can. 

From experience elsewhere, i t  is probable tha t  the deflections are 
small at  most of the plains stations involved. 

I have done the best I can with incomplete data, and the results 
areexhibited in table on page 299. The results show a considerable 
improvement on what has formerly been obtained. The outstanding 
difficulties arise : 

(1) mhen the time of observation has not been in the early 
afternoon hours, in the case of observations from plains 
stations. 

( 2 )  mhen the plumb-line deflections are unknown. 
Even so, the agreement reached is good. 

We arrive a t  the height of Mount Everest above the spheroid as 
29,149, with a probable error of 4 . 6  feet,. This is unlikely to be in 
error by more than 15  feet. For Kinchinjunga the case is more favour- 
able. The deduced lleigl~t is 28,287 with 1,robable error of 2.2 ,  not 
likely to be wrong by more than 7 feet. 

Thcse heights are above tha t  spheroid which agrees wit,h the geoid 
in tlie Bctignl plains. JVe call only estimate t,lie rise of t.lie geo~d at 
Ewest ant1 Kincllinjnnga above t,llis sl>heroitl. The heights above the 
Wid arrived a t  \vill be less t.llan the spheroidal heigl~ts by some 
(:17 feet at  Pliallllt) 70 %ntl (i0 feet. I estimate t.liat qnautities 
are liable to be wrong bl- 115 and 5 feet resl~ect~ively. 

Our final result's a re  :- 

262. 
Effect  of  

plumb-l ine 
deflection in 
height deter- 

minat ion.  

263. 
Results o f  the 
investigation. 

264. 
Probable 

error o f  the  
results. 

Everest 29,080, with a possible error of 30 feet. 
Kinchinjunga 28,227, ,, 91 9 , I  12 )) 
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265. It may  seem fanciful t o  some to  worry about the geoida] height, 
Reason for I must  say then t h a t  this  is t he  oldy height which is liable to be the  using geoidal  

he,ghts,  same, when deduced from observations from different sides. It  is the 
height which counts in all practical engineering projects inroIvillg 
levels. It is also t he  measure of effort required by the mountailleerwho 
climbs the  height. 

266. Tn view of this year's assault on Everest it may b~ of interest t o  
Previous give a short s tatement  of previous great climbs. The heights reputed , 

great  ' l i m b s  t o  have been reached must  be accepted with proper regard to their 
liability t o  error. V'hen the  top  of a peak has been reached, i f  this 
p e k  has been fixed by trigonometr~cal observations, it may be 100 feet 
.wrong. Points fixed by barometers may be as much as 500 feet, wrong. 

!a) *About 1860, possibly a few years earlier, a kAaZusi fired 
a pole on Shilla in Spiti. I t s  great height mas unknown 
till the  computations were worked out ;  and it was 
found t o  be 23,050 feet, i t  aroused no interest. The record 
.was lost for about 50 years. It lasted for 4.5 gears. 

( b )  During  surveys of Klngra ,  Kumaun, Kashmir and Latlikh, 
1855-65, no less than  37 ascents were made to over 20,Ol)fl 
feet.  These were all fixed trigonometrically. 

( c )  Amongst these may be mentioned Johnson's claim on E. G I ,  
on the Kbun-lun, in 1865, height 23,8!)0; now proved to 
have been fallacious, for he plotted the point wrongly 011 

his plane-table. 

(tlj The next claim is W.  W. Grallam's on lcabru, in Sikkiln, 
244,002. The  latest authorities, i n c l n d i ~ ~ g  Raeburn al~d Collie, 
believe t ha t  he mistook the Peak ant1 cli~nbed a mr~ch  lo\^ 
one known as "The  Fol-ked Peal< ". 

(e) The next claim is t ha t  of 14'orkman on Pyami(1 
Peak in the Kara-koram region in 1903. The Peak noh 
been triangulated and the heigllt attributed by the clinlber 
is open to  grave doubts. 

(1) Mrs. Bullock W ~ r k m a n ' ~  to ]lave reached the summit 
of Pinnacle Peak in Suru (listrich of Kasl~mir is notclo~lbted~ 
bu t  her estimated height 23,300 has hcrn  proved by tri?"'. 
metrical operations some 500 feet too I~iqli. 

( 9 )  I n  1905, Longstaff wit,h t\vo S\rira gttides nttempt~(l 'I" 
ascent of G rirla &lan(lhata i n  Gn~.h \ \ , ?~ l ;  authorities aRWe 
in estimating the altitude reached tc  be al~l)ro~imateh 
25,000 feet. 

( 6 )  But  the first certain altitude rccorll io  Tndia to beat 'h' 
Shilla M,rloai is Dr. Longsta,ffqs awent of Trisal~ I n  

Garhntil, 24,360. This height bas b n o  triangulated a'"' 
rests on evidence absolutely indcllenr!c~rt of the elimbeis 
eetimate. 

__-/ 
* This table of records was furnished by Bt.  Major K.  Blason, M.C.* R.E' 



(i) Two Norwegians, Rubenson and Monrad have beaten Long- 266. 
staff's Trisul climb by reaching the summit of Kabru in 
the same year. The triangulated height is 241,002. 

( j )  The generally accepted altitude record mas reached by the 
Duke of the Abrrlzzi in 1909 on the Bride Peak, in the 
Kara-koram. The altitude reached, 24,583 by Fortin baro- 
meter has not been checked by trigonometrical operations. - 

( k )  The highest camp a t  which humans have passed a night is 
t ha t  of Mr. C. F. Meade on the north arbte of Kamet, 
Garhmiil. Trigonometrical readings have shown this to be 
a t  23,500. 

( I )  The highest point reached during the reconnaissance of 
Everest ( I  921) was approximately 23,300 ( ? ) ; roughly 
there is another 6,000 feet to go. 

Height of Mount Eveyest and Ki,zchinjungcc 

* I ~ ~ t l l n n t i o n  bnsctl on bcinht of o l~serrer  nbovc ground l r v c l  n11.1 hour of (lay. 
No  tcrnperntnre rentlir~ps nvnilnble. 

t In t e r l>o I~ ted  vnlnc. 
f Rbt~mated.  

Observing station 

Yandnliphn 11960 0 4,'L.l 2828'7 

b --- - - 

Mean .., 29140 28287 

Prohal,lc clrl.or , , . 4 2 . 2  

Name 

Jarol ... 
~\lirzapur ... 
Jsnjipnti ... 

Ladni:~ ... 
H ~ r p ~ i r C  ... 
Baisi ... 

ilinai ... 
~anclar l i la  
Thnkurgnnj 
m ~ i  . 

IIT I,T, 
S T A ' l ' l u ~ s  

Seuchnl . 
Tonglu . 

Alount Everest 

Height 

,- 

feet 
220 
248 
255 

235 
219 
214 

228 
238 
264 
307 

8623 
10098 

Kinchinjunga 

Height 

feet 
29171 
29 158 
29119 

29 160 
29143 

291iO 

29136 

Plumb. 
l ine  

seconds 

2 3 . 0  

Time 

-- 

hours 

1 5 . 0  
1 6 . 0  

1 7 . 4  
9 . 3  
8 . 9  

1 5 - 6  

1 0 . 4  
10 .4  

Time 

---- 
hours 
15 .7  
16 .0  
1 7 . 4  

148.9 
16 .0  

1 5 . 3  

9 . 6  

';:yb. 
seconds 

(lo)? 

( l5 ) t  
(20)$ 

36.6 
42 .1  

Dir~rnal  
c h r g e *  

refraction 

secoitds 

8 
26 
1; 
0 

0 
0 

Diurnal 
change 

I 
refraction 

seconds 

8 

0 

Heigbt 

feet 

28281 
28282 

28312 
2829G 
28287 
28282 

24985 
28287 
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PART I.-NUMERICAL DATA 

Triangulation P a m p h l e t s - e a c h  covering one square degree, g i ~ n D  
descriptions, positions, (1:~titude nnd longitude) and heights of triangulated 
points and other data with chart. The chart shows the plan of triallpulation 
with the position of stations and points. Triangulation dattt falliq in 
11 M sheet are printed in a series of sirteeu parnplllets A to P I r  the 
last pamphlet of every series, a coloured map on scale 1 inch = 16 miles 
approximately is given in addition t o  the chart, to illustrate the toyogral~hi. 
ca1 features of the area covered by the 1/M sheet,. Pamplilets hnviug this 
map are cbnrged Hs. 1-8 extra. An Index chart of the published triangulation 
pamphlets is given a t  page 324. 

Price Re. 1 perpamphlet. Published a t  Dehra Diin. 

Levelling P a m p h l e t s - g i v i n g  heights and descriptions of all 
Bettch marks, fixed by Levellirig of Precision. Each pamphlet embrnces 
an area of 4," x 4' and the numbering is the same as that of the corres- 
ponding sheets of the 1/M lnnp of Iudin. Each is illustrnted by a m n p  
of the area. Published a t  Uehrn Dun. 
(i) Levelling of Precision in India and Burma- 

Pamphlet 

Sheet / Distinctive name of .!beet 

Islancl of Bombay ... 

48 (Qon) 
49 (('nlicut) 
*52 ( I,eIi) 
5 :  (Dellii) 
.54 (Agra) 

0 0 

64-68 
64-68 
69-72 
68-72 
... 

68-72 
65--78 
72-76 

72-76 

72-76 
72-76 
72-7ri 

0 0 

28-32 
24-25 
32-36 
28- 32 
. . . 

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

28-32 

24-28 
20-24 
16-20 

34 
35 
38 
39 

40 
41 
43 

44 

45 

(Quetta) . 
(Karachi) . 
(Riibul) . 
(hlultan) . . . 
Addenclum to 39 ... 

(Hyderiibad, Sind) .. . 
(Kfijkot) ... 
(Yrinagar) . 
Addendum to 4 3  . . . 
(Lahore) . . . 

(Ajmer) ... 

I916 
1911 
1912 
1913 
1916 

1911 
1913 
1913 
191 5 
1926 

1911 
1912 
I912 

46 I (Bi~rodt~) ... 
'67 / (Boulbap) . 

Addenclum to 4.7 

Rs. 2-0.1) 
Hs 2-0-0 
Rs.4-0-0 
Bs. 2.0-0 
Hs.2-0-C 

Hs. 2 0.0 
Rs. 2 0-0 
R s  2-0.0 
H.s. 2.0-0 
Hs 3.0-0 

Rs. 20.O 
Its 2 . 1 ) ~  
Its. 2-0-1, 
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Levelling Pamphlets-(Cojztinlled). 

f i i l  I,crcllil~p of P1.ccisio11 in RIcsopotna~in- 

l)escriptlions and heights of bench 111arl;s in ; \ f e . ;opo ts~~~in  in one 
~)arnl)l~let,, lx~bl ished a t  llehra, l ) u n ,  1!).':3. Price lis. 3. 

Pamphlet -I Lal.itude Lo~~gitude lishcd 1 1 p L 1 t ) -  1 price 
Sheet I>istinct,ive name of sheet 

Tide-Tables- - 
Since 1851 Titla] preclict,io~ls based on the  observations 01 tile S L ~ ~ ~ P J '  

of Inllia have been publislietl nnnns l ly  hy the Intlia Oi!icr. Lonc!ot?, 111, 

till t .1)~ year 1922. PI.Olll I !).':J :.lip prrtli<:lio~l n~ltl ]~rll)lic:%t~icll 
]lave I,entl unclertnlicn at, DeIlra l>fin hy the Sn~,ve!- c-lf Intlia. Tlle 
tables give the and, heights of high sn(l low n ~ a t e r  for every in 
the year for 37 ports, ant1 are pablishetl early ic the previous year. 
Tile!. are p~iblished as follows :- 

5.5 
56 

67 
58 

62 
63 
64 
5 
66 

72 

79 

74 

i 8  
79 
83 
84 
S5 

92 
93 
94 

Its. 2-0-0 
Rs. 2-0-0 
R s  1-0-0 
11s. 2-0-0 
Ks. 2-0-0 

l t e .  1-0-0 
I ~ s .  2-0-0 
l i s . 2 - 0 - 0  
Rs. 2-0-0 
Its. 2-0-0 

Its. 2-0-0 
Re. 2-0-0 
l{s. 2 .0-0 
1i.s. 2-0-0 
Iis 2-0-0 

Its. 2-0-0 
KR. 2-0-0 
Its. 2-0-0 
Its. 2-0-0 

(NBgpl~r)  ... 

Addendum to  56 . . . 
(Hyderabid, Deccnn) ... 

(Mysore) ... 
(Ootaca~nund)  

( XlB~~as,zrowar) .. . 
(Alli~hiibLrl) ... 
(Kai1)urj . 
(lTizagnpntain) . . .  
( M:id~.ns) . . 

( I \ '~ t~nBnd u . . .  
Adrlrnduin to 72 ... 
(Cuttack) ... 
Addelldurn to 73 . . . 
(I'urij . .  

(Darjeelingt ... 
( ( 'a lcut~n)  ... 
( D i b ~ . u ~ : ~ r h )  ... 
(hlrynb) . . .  
(Prome! 

76-59 1!)19 
O 0 1  2;-2i 

... 
16-20 

12-16 
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 

76-80 

76-80 
76-80 

SO-94' 
80-Si 
80-84 
YO-84 
80-84 

81-88 

84,-88 

84188 

88-92 
83-92 
9'2-9(i 
92-96 

1912 
1919 
1919 
1914 

1922 
1923 
1912 
1913 
1912 

1012 
I919 
3913 
1920 
IS13 

1923 
1934 
1912 
1918 

Its. 2-0-0 

Its. 2-0-0 
Bs. 2-0-0 

]is, 2-0-0 
93 1 (Merpui) 

. .  

( B~IRIIZO) ... 
(Mand11I:t~) 

1 (!<,:LII~QOII j 
12-16 

1917 

1918 
1917 

l g l G  
96-100 

16-?01 92-96 

24-28 
20-21 
16-30 

96-100 
96-100 
9(;-160 
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Tide-Tables- (Continu~d t . 

( i )  -4 single volume styled "The Major Series'' co1.pri8in: 
Tide-Tables for the  following ports : - 

Suez, Aden, Busliire Tcnrachi, Olrha Point & Bet Harbour,  hi^. 
nagar, Bombav. Cochin, Tuticorin,  Piilnhan Pass. Cololnbo, Mndrns, Tlra. 
gnpntn~n, Dublat,  Diarnond Ilnrbonr, K~dderpore ,  Cliittagong, Elephant 
Poiut and ltangoou. Prlce Rr. 81- 

(ii) Combined Pamphlets ns below :- 
(Olrha Point and Bet Harbour (Mou5h of the Gulf ot'cutch) 4 Forbandar  

o r t  Albert  Victor (R5thi;twZr) 
(BhZvnagar Pr i c~  Rs. 1-8. 

Marmngno 
RZrwiil. Price Rs. 1-2 
Dublat (SIgnr Island) 

(r) IIin~nond Harbour I Hooghly River 
(Kidderpore  (Calcutta) Price Rs. 1-8 
( Amherst Moulmein River 

t d )  Monlmein } Price Rs 1-2. 
T ut icor i l~  
I'Zmban PINS ( Tslnnd of l~lmesvnr~am) Price Rs. 1-2. 

I Colo~llbo 
(f) G d l e  ' Ceylon 

T~.incolnalee j Prirr Rs 1-8. 
Dininond Island 2 Bassein Rival. 
Rasseiu Price Rs. 1-2 .  
Elel)liant Poirlt Llar~goon River 

(") Ran, ~ O O I ~  ] Price Rs. 1-8. 

(iii) Separate par~iphlets for each of the following port8 :- 
Suez, Aden,  Basrich, B,rsliire, Rnr%clii, Bo~nbny, Beypore, CocIlini 

Nogapatam, Madras, Cocnnatla, Viz:~~ap:\t ; lrn.  IcnIse Pollit, Chittago%'I 
Akgab, Mergui,  n l ~ d  Port Blni r. Price of each pcimpl~let i s  Ae 12. 

Everest's Great Arc Book. 
1. An account of tile Mennrll-elnent of an At-,: o f  the Meridin11 be' 

tween the pamllela of 18" 8 24' 7'. I)v ('ni,tain (3eol9ge Everegt 
Exst lndia Colnpany, London, 1880. ( O u t  oE'p~-int) 

2. An account of tlle Mwgul,emc~nt of  t ~ t ,  ncctionr n f  the ~ ~ l ' ~ ~ ~ ~ l " '  

Avo of India. bou~~t led  bg t,lle p;Ll-r]lelr of 18'' 3' 15". 244" 7' 11" 
29' 30' 44 . Lt.-Colo~ieI 4. Irolegt,, n.s .  F.:,rt India 00111pnnJ'. London' 
1847 (Out  of print). 

3 Engrwinge to illustrate above. I . o n d o ~ ~ ,  l S h 7 .  (OutoE print" 

G.T.8 V o l u m e s - d e s c r i b i s g  t h e  o p e r a t i o ~ ~ s  of tlie areat  Trigono- 
metrical Survey. 
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G.T.S. Volumes-(Continued).  
Vol. I-Standards of Measure nnd Bacre.Lines, also rill I n t r o d ~ ~ c t o r y  

A ccour~t of the  e a r l y  operi~tions of the S ~ ~ r v e y ,  r i l l  ring the period 
of 1800-1830. Dehrn Dull, 1870. ( O u t  of print) .  
Appendix No. 1. Description of t he  rl~el.llod of comparing, and t h e  

al'p1tratu4 employed. 
Apper~dix No. 2. C o ~ ~ ~ p n r i s o n s  of t he  Lengths of 10-feet Standards 

A r ~ n d  B. t ~ n d  drt .er~ninationaol the D~fference of their  
Exp;~nsionc. 

Appendix No. 3. C o ~ ~ ~ p a r i e o ~ ~ s  betwecn t , l~e  10-feet Slandtlrds I g  lg find A. 
.4ppendix Eio. 4. Compnrisons of the 6-inch Brass Scalee of t he  Con]. 

per~srcted Microscopes. 
Appendix No 6 .  Determit~~~t . ion  of t l ~ e  I ,el~gtl i  o l  t.he Incll [7.8] on 

Gary's 3-foot. Brass Scale. 
Appendix No. 6. Colriprtrisons hct,wren t l ~ e  10-feet S ~ H I I ~ B I . ~  U I ~ ~ F  19 and 

A for d e t e ~ , ~ ~ ~ i n i n , o  I.l~e Expnllsion of bar A.  
Appcndir No. 7. Fir101 dete~.minnt . io~~ of the  Differel~res in Length  be -  

t w e e ~ ~  t l ~ e  10-feet Stundnrds I B  IS nnd A.  
Appendix Ko. 8. On t l ~ e  ' l ' I~e~*n~on~e te r s  cnlployed with t he  Standards 

of I~engt.11. 
Appendix No. 9. Drlerinir~ntion of the  Lerlgl,hs of the Sub-divisions of 

t l ~ e  1r1cl1 [a .b] .  - - 

Appendlx No. 10. Report of1 t l ~ e  Prsclicnl Errors of the  Meosurement 
of t l ~ u  Cape Conlorill Base. 

Vol. IT--A History nnd General Dcscriptio~i of t,he Reduction of the 
Principnl Trinngalntion. DeI11.a L)iin, 18'79. ( O u t  of print) .  
Appendix KO. 1. Inves t~gat ions  applying to  t he  Indian Geodesy. 
Appendix No 2. The i\licro~nct,er BIicroscope Theodolites. 
Appendix No. 3. Ou Observatiol~s of 'l'errestrial Ilefraction a t  certain 

statious si tuated ou t h e  pllril~s of the  l'onjab. 
Appendix No. 4. On the  Periodic Errors of G~.adnoted Circles, kc.  
Appentlix KO. 5 .  011 certain Rlodilicntious of C:olouel I':verestls system 

of o b s e r v ~ l ~ g  irit,roduccd to meet t he  specinlit.ies of 
pnrticaln~. iustroments. 

Appentlix No 6. On l'idal Obser \~nt ic~~ls  a t  linriichi in 1855. 
Ap!~cndix No. 7. An nlt c ~ n n t i r e  Al(.thotl of o l ~ t n i u i n ~  the  Formula: 

in CL~nl~ters V I  11 nut1 S V  cl~rl~loyrtl  i l l  t h e  liednction 
of 'I'ria1rjir11ntion.-Adtlitioual Yormulz and Delrrons- 
trnt,ions. 

r \ppendix No. 8. On thc  J)is)~el.sion of Circuit ICrror~ of 'l'rlangulation 
after t,hc Angles hnvc becn corl.ectei1 fur  Figoral 
c o ~ ~ d i t i o ~ ~ s .  

Appendix No. 9. Col,rcc>tic~ns lo  nzin~uthnl observations for imperfect 
Jns t rnmc~l t~nl  A d j t ~ s l n ~ e ~ ~ i s .  

Appendix Fo .  10. 1:ctlr1c,ti1111 of l l ~ c  N.\\'. Qnnclrilntcr:~l-the Nor~~Circui t ,  
' l ' ~~ in [~g lc s  au(t t l ~ c i r  1;i11nI I('igt11,:11 ~ \ ( l j ~ ~ s t m e u t & .  

Appendix No. 11. 'l'llr ' I l~c~oi~clical  IC~I.OI.S 01'  he 'Jri :~n~nI:rt iou 01 t l ~ c  
x~~ . t .L~- \ \ . c s t ,  Qnntlr~l:~ter:fl. 

Appeutllx No. 12. $ ~ I I I U ~ ~ R I I C O I I S  I i e t l ~ i c ~ i o l ~  C I ~  t l ~ e  N.  1,V Qut10rilate1.1~1 
--Ill(: C'uml~ut.nt,lons. 

Val. 111-North-West Qontlrilntcrnl T l ~ o  1 1 i 1 c i : I  ' l 1 l ~ i n n g u i : ~ t i o ~ ~ ,  the 
B n s e - L i n e  Scigul,es, t , l ~ c  l i i ~ r - i c l l i  L t r~ rg i tu t l i nn l ,  N.\V. t i i~rl?. lnjn,  
aud tho Cf rez t  I r~clue Sc~.ies. Da l r r a  Dun, 1573. (Out, of p r i ~ ~ t j .  
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GOT* S. V 0 l l l m 0 ~ - ( ~ o r t c i n u e d ) .  
vol. IV-North-West Qun~1rilaterl-Tlle Plillcipnl ~rinl,gulntion, the 

Q r e d  A rc-seetion 24'-30'. Rahiiu,Q urh&oarh and JOgibi.~iill  

nleridional Series nnd the Sutlej  series, Dehrn ~b~ 18,6, 
P!-ice Rs. 10.8. 

Val. IVA-N~rth-West Qundrilnternl-yhe Ppi,,cipR1 ~ ~ i ~ ~ ~ , , , ~ ~ ~ ~ ~ ,  the 
Jodhpur and t h e  Enstern Sind M e ~ . i d i o n a l S ~ ~ i ~ ~  with thedelnile 
of their Keduction and tile Pillal R,esults. l)ehrR ~ f i ~ ,  1886, 

Price RE. 10.8. 
Val. v-Pendulnl11 Operations of Cnptains J. P. Basevi alld W, J, 

Henviside, ~rud their  Iteduction. Dehrn nlld Calcuttnl 
1879. Pries Rs. 10.8. 

Appendix No 1. Accorrnt of t h e  Remeoer~t.ement OF the Lengtll of 
Kater's Pendulum a t  the Ordnance Surrey Ofice, 
Soutl~nmpton. 

Appendix No. 3. On t h e  Relation between the Indian Pendulum Opere. 
tione. a n d  those wllich have been conducted elsewhere. 

Appendix No. 3. On t h e  Theory, Use and History of Lhe Converlible 
Pelidulum. 

-4ppe11dix No. 4. On t h e  Length O F  t he  Seconds Pendulunl determineble 
from Materials now existing. 

Appendix No. 5. A Bibliogl.aphical List of Works relating lo Pendulum 
Operatione in connection with the Problem of  thc 
F igure  of t h e  Earth.  

Vol. VI-Soath.E~st Qnndrilnternl- l lhe  Prillcipal Trinngulntion and 
Si~nul taneous Reduction of the following Series:-Great Arc- 
Section l B O  t o  2P0, the  Enst Coast, the  Clnlcuttn nnd the Bid~r 
Lol~gituclinnl, the  Jubbulpore and the Bilaspur Meridio~l~I@. 
Dehrn Dun,  1880. ( O u t  of print.) 

Vol. VII-North-East Qondrilnternl - General Descript,ion and Simul- 
t n n e o u ~  Reduction. Also details of the following fiveaeries:: 
North-East  I,ongitndinal, the Budhon Rle~,idionrtl, the RWlr 
Mel-idional, t h e  A ~ n u a  Meridionnl, nnd  the I{n~.Lrn ~el-idional, 

Debra Dun,  1882. P ~ i c e R e . 1 0 - ~ *  

Appendix No. 1. The Details of the Sephrate E e d ~ ~ c t i o n  of the Budban 
Meridional Series or Series J of tile ~ o l " ' ~ ' ~ ~ ~ ~  
Quaclrilnteral. 

Appendix No. 2. Reduction of the  North-lin?t. ql1ntlrilatera1, The 
circuit l r iangles  and their Final ~ i g u r a l  Adjnstmeots' 

Appendix So.  3. On the  Tllcoretical 1ln.ors gcTl~l '~;cd refipectively !' 
Side, Azimuth, Latitude auti l.c~llgitn(le in a Chxln  
of Triangles. 

Appendix No. 4. On the  T)ispersion of t.hc I?c?ill!'nl Errors of a 9im11'. 
teueous Heduction of ecvcrnl !'!llins of Triang'es' 

V.1. VIII-North-Enst Quadrilateral-Detailr of t l ~ r  following eleven 
ueries :- 

Ranv%l~i  Dleridionn], Gor% Meridinl~;ll, ITIII ii501lg ~er id inn~l ,  
Chendwlr Me~.idiollnl, North  P:lrnq~l%tll  hloridionnl, Nor'" 
Mal i~oehn M e r i d i 0 ~ ~ ~ 1 ,  CRICll t t~  M ~ r i d i ~ ~ l n l ,  CfllcuttA 
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G.T.S. Volumes-(Continued). 
Longitudinal, Brnhmnputra Mcridional, Enstern P r o ~ ~ t i e r -  
Section 23'-26O, aud d~sa111  Loi~gitudilrnl. Dehra Dun, 1882. 

Price Rs. 10-8. 
Vol. IX-Telegral~hic Longitudes-during the years 1875-77 nnd 

1880-81. Dehra Uiiu, 1883. Price Rs. 10-8. 

\ 
1. Determination of the  Geodetic Elements of Longitude Stations. 
2. Descriptions of P o i ~ ~ t s  used for Longitude Stations. 

Appendicee 
to Pert I. 3. Comparison of Qeodetic with Electro-Telegraphic Arcs of Longitude. 

4. Circuit Errors of Obscrved Arcs of Longitude. 
5. Results of Idiometer Observations made during Season 1880-81. 
1. Situations of the Longitndc Stations a t  Bombay, Aden and Suez 
2. Survey Operations a t  Aden. 
3. Results of the Triangulation. 
, 4. Right Ascensions of Clock Stars. 

Vol. X-Telegraphic Longitudes-during the  years 1881-82, 1882-83, 
a ~ ~ d  1883-84. Dehra Diin, 1887. Price Rs. 10-8. 

i 
1. Determination of the Geodetic Kloments of the Longitude Stations. 
2. Descriptions of Stations of the Connecting Triangulation and of 

those a t  which the Longitude Observations were taken. 
3. On the Errors in  aL caused by Armature-time and the Retardation to Part I. 

i of the Electl-ic Current. 
4. On the ltejection of some doubtful Arcs of Season 1881-82. 
5. On the probable causes of the Errors of Arc-measnrements, and on 

thc Nature of the Defects in theTransit Instruments which 
might produce t,hem. 

Vol. XI-Astrono~nical Latitudes --dunng the period 1805-1885. Dehrn 
Dun, 1890. Price Rs. 10-8. 

Vol XII-Southern Trigen-General 1)escriptiou nnd S imul tn~~eous  lie- 
duction. Also details of the following two series :-Great 
Arc-section 8O-18OI nnd Bombay Longitudillal. D e l ~ r a  Dun, 
1890. Price Rs. 10-8. 

Vol. X11I-Southern Trigon-Details of the follomiug five series :-South 
Konknu Coast., l lnngi~lore  Mel-idional, nladraa M e ~ * i d i o ~ ~ n l  
nnd Const, South-Hnst Coast, and M a d ~ - ~ a  1,011~it11di11al. 
Dehra Diin, 1890. Price  Rs. 10-8. 

Vc! SLV-Soath-West Qnadrilntcr~l-Delxi Is of IJrincipnl 'l'rinngulnt ion 
and Silnultaneous lieduction of its co lnpone~~t  series. 
Dehrn Lliin, 1990. Pvice 3s. 10-8. 

Vol. XV-Telegraphic L~ngi t~~~des-from 1885 to 1892 aud t l ~ e  Revised 
Results of V a l ~ ~ u i a s  I X  ant1 Y : ~ l s o  t,lie Sirnultnneor~s 
Reductior~ and F i ~ ~ n l  ltesr~lts of  tl1c4 wliule 0 l1er :~ t i~)ns .  
Dehrn I)iin, lS!I;<. lJ~.i,~(: jis !c 8 
Appendix No.  1. Drle~.~ninntio~~ nT t l ~ ~ !  C:c.o~lcl.~c 1Slc111r11ls of t h e  

Ilon~.itt~de Slnt~ot~s. 
Appendix No.  9 .  O n  Kcln,r~lal. ion. ( A  ! I I I I I ~ , ? I ~ I C . L ~  111is1fl!<c W H ~  111a11e 111 

I 111s 111)pel>dix 1 1 1  1 I I C  I Y I I I V , , I . " . O I I  I I C  11 ~ I , : . I I I I I ~ : L  f~ 0111 

k~lol~~rt~.rs  t,o ~ ~ ~ i l ~ x s :  t l ~ r ?  c . ? ~ ~ ~ . l ~ : k i o ~ ~ a  dl.aw11 c a ~ ~ l i o t  
t ,t~,>~,,,r,)r~ bc I I ~ I I I ~ I ~ I ) .  

Val. SVI-Tidal Obscrvntin~~s- f'voln 187'3 l n 1893, n n t l  t !~? ?Tet!iotlr: o f  
Reduction. Del~l-a D i ~ u ,  1901. T r i p 0  I<(. .lZ-S. 
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G.T. S. Volumes- (Co~ttinued). 

Vol. x VII-Telegrnpliic Longitudes-during the yenl-a 1801-95-96. TIle 
Indo-European h13cs from Kar%chi to Greenwich. 
Dehrn Dun, 1901. Price Rs. 10-8. 
Appendix No 1. Drsrript~ions o f  Poir~tq used for Lon,oit,ude Slotion8. 
d p p e ~ ~ d i x  No. 2. The Longit,utle of Rludras. 

Vol. XVIII-bstronomieal Latitudes-from 1885 to 1905 n~ld the  deduced 
values of Plumb-line L)eflectiol~s. Del1l.a L)iin, 1906. 

Price Rs. 10.8. 
Appendix NO. 1. On Deflections of (.he Plumb-line in India 

A p p e n d ~ x  No. 2 I)eterrninalion 11f t l ~ e  Geodetic Elements of the 
I d ~ ~ t ~ l u c i e  Stl~tions o i  Ih~jurnara, Baliuk, Lambaluch 
and K~dn~,lzltntn.  

Appentiix No. 3. On the  (N-S) D~ffrrence ex l~~b i t cd  by Zenith Sector 
No. 1 .  

A p ~ e r l d i x  No. 4. 011 the Value of the Nicrometer O F .  the Zenitl~ 
Telescope. 

Apper~dix  No. 5. On t , l~e  Azimut.11 Observ~~t ions  oE the G I - ~ I I ~  Trigono. 
~net r ica l  Survry of Indin. 

Appendix No. 6 A (J~l t r~logne of t l ~ e  I'~ihliot~t,ions of the Great l'rigo. 
110111eLricnl Survey of Illdin. 

Appendix No. 7. On t h e  combination weights eniployed. 

Vo1. XIX-Levelling of- Precision in lndirl- f 1858 to 1909. Dehrn Dull, 
1910. Price Rs. 10-8. 

Appendix NO.  1. IExperilnent t o  tes t  t h e  chauges, due to Moisture and 
' remperatnre,  i n  the I,en,oth of a Levelling Staff. 

Appendix No. 2. On the  erection of st,audard Leuch marks in India 
dnr ing t h e  years 1904-1910. 

Appendix No. 3. ble~norandum on t h e  steps t;~licn in 1905-1910 to 
ennhle rnovement.s of the lS:~rtb's crust to be detected. 

A!lpendix So .  4. D y ~ ~ a m i c  nod Orthoniet,ric correct.ions to the Himi. 
lnynn lcvelIing I i~ les  nut1 ci rcui t ;  and a consideratjon 
of t h e  order of mngnit,l~tle of !>ossible refrrctloD 
errors. 

Apuendix S o .  5 .  ' b e  pasqngc o f  rivers I,y t.he 1,rvelling Operations. 

Appendix No. 6. 'l'be Errors o f  t h e  'L'riponoll~ctricd valrles of Heights 
o f  s ta t ions  of the  principal t,rinngaluti~n. 

Appendix Xo. 7 .  The  efft,ct on  t,he spl~croi, lsl  co~,rection of ea~lo?'  
ing Theoretical instearl ot  Ok~nstrved va l~es  of Grayit? 
2nd  a rliscnssion of tl~li'el.c.n(, EOL.II I~IIX? giving variation 
of G~.nvir y with I,at,it n<it, n111l Ilcight,. 

Vol. XTXA-Bench Nnrkn 01) the Sont,ller~l lJillt:s o f  I .  I>t?lll'a ucn1 
: 910. P~icr! Rs. 5 .  

Val. XIXB-Bench Nnrks on tilt: Sorthcl.ll J , i  I l c s  o f  J,rrpl] lllg llellrn Dun- 
1910. P1-ice Rr. 5 
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PART 111.-HISTORICATJ AND G E N E R A L  REPORTS 
Nemoirs. 

1. A Memoir on t h e  Indian Sarvej-s, by C. R. Marltharn, India  
Office, London, 1871. Price Rs. 6 

2. A Memoir on t,he Indian Surveys. (Second Edition), hy C.R 
Marlrhsm, c . B . ,  rr.lt.s., India  Office, London, 1878. 

Price R.Y. 5-8. 
3. Abstract of the  Reports of the  Surveys and of other Geographical 

operations in India, 1869-78, by  C. It. Marliham and C. E. D. 
Black, India  Office, London. Publisliecl annually between 1 8 7 1  

and 1879. ( O u t  of l ~ r i n t ) .  

4. A Memoir on the  Indian Sarveys, 1875-1890, by  C. E. D. Black, 
Ind ia  Office, London, 1891. Plaice 3 s .  5-8. 

"Notes of the Survey of India " nre issued monthly. Price As. 2. 

-cia1 Reports. 
l iel~orts of the  Revenue Hrnnc11-1851-1877. (1551-67 and 1869-70, 

out of pr int) .  P vice Rs. .3. 
Ditto Topogrnphicnl Rmnc11-1860-1877. ( O u t  of print) 
I)itto Trigonon~etrioal Bmnch- 1861-1878.-(1861-71, out  of 

print). Price Rs. 2. 

111 1878 the  three brnncl~es \verc? allinlgam~ted,  id fro111 tha t  dnte 
onmnrda annu:iI reports in single volumes for the  \\fhole department, were 
publiehed as follows : - 

f fro111 lS'i7-191)O (1877.79. 1887-85, 1895-96 and 1897-98, 
out  of print) .  Price  Rs. 3 pel- voHu.)~ta. 

Gel~ernl Reports f O l  1900-1922, ( 1902-04 and L9O6-OP, ou t  of pr int) .  

Price! Rs 2 per volume. 

1'1.oln 1900 onnnrds tile I<el~ol-t was inslled :~ll~lclally i l l  the fol.m 
of a corldeusetl stalelllellt Iillo\vn a s  ( (1  ) the 'G(+eneral Report" sul)ple- 
merited by fuller rel)ort,s, wllicll \yc.l.e cnIle(l ( b )  "Estrncts fro111 Narrntive 
Reports'' 11p t,o 1909, rind ~i~1c.e il len lultil 1!)21 Ilnve been styled ( c )  "Records 
of the Slrrvey of Illdin ... 

F130m 1922 the n ~ l ~ ~ r l ; l l  ~ . tb l>~~- t s  : I ~ C  ~)t~l)l isl l t '~I in t'hree sepnrate volumea 
o~octavo :;ize, tqiz., ( a )  (;ellera1 Itaport n-llicll is 12o1lfilled tc,repol-til~g thesurvey 
nl)eratio~~n of the ordin;ll.J- l i tbl i l  ,l;lrtic,s ;111,1 (Ietnc.11111~uts only brief nbs- 
t,l'acts of geodetic ()pel.lltic~lls, f i l : l I ,  I 1 l ~ I ) I j c . ; ~ t i ~ ~ l l  ant1 OIIi(,c. nol.lz Published 
n 1 ~ 1 1 i n l l ~  ppicc R ~ ,  2 1 n1:11) 1~111)1irntior1 nntl Orj'icc, Work report which 
c011ta.ills rill tho Illclt.s Rlal,s alrl)\\.icll: t]lc L'ro-~,(.ss oj' hI;l 1) ~'11l)lic:~tioII On 
all sralo,~, witl) l,cl)Or[s i,*:ltioll ; I  I I ~ I  iss11v. l ' ~ ~ i ~ l i s l ~ ~ , \  Z I I I I I I ~ ] ] ~  

I~cginllill!: ,l-;tll year 1924, p,.icf. 1 .  ( c )  (:roelct,ic I:cport \vllicll illcludes 
hll d(lt:lils o f  ,qc- ien,;f ic .  \y,,l.Ii ( , I '  t,llct (:(\l\~l,,ti(. IFI.:IIIC~I~, H I I I - V O ~  O E  111di:k 
p ~ ~ l i l ( l i ~ ~ x  t,lle lvC,rl< (,[ tile, 1 )c:!ll.;l l)l,;LTj-iilc ( )llicta :111(1 J'ul.)lici~t ~ ! I I I  ( )f!ice. 
0 1  1 of t i  i s  c O v C l s  , ,  , I I S  1 9 - 2 5  Prier .ZZs. 6.  
Subseqncnt volullles will llllll]islled n ~ l n ~ ~ n l l y .  'I'hcro mill bo iu additis9 
oecaaiollal Itecords voluiiies. 
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Annual Report s.-(Cov~ti~rued) . 

These fuller reports are available :LS f'ollows :- 

( b )  Extracts Volames. 
1900-01-ltecent Inlprorelnents in P1loto-Zincograplly. G,  T, llrlnll- 

gulntion in Upper Buroln. Latitude Operations. Exl)erimentnl BRse Men. 
surelnent with Jaderin A ppnratus. Ml~gnetic Survey. Tidal Levell. 
ing. 'I'opogrnphy in Upper Burinn. Cnlcuttn. 1903 (Out of print). 

1901-N-G.'l1. Trinngulntiolr in Upper Burma. Lntitllde Operntlons, 
Magnetic Survey. 'l'idnl and  Levelling. Topograp l~~  in Upper Burma. 
' I ' ~ . ~ o ~ r a p l ~ y  in Sind. Topography in  the Punjab. Cnlcuttn, 1904 (Out of 
p r ~ n t ) .  

1WZ-03-Principal Triangulation in Upper Burlna. Topograplry in 
Upper Burma. 'l'opography in Yhnn States. Survey of SBrnbl~nr Lnlte. Lat~. 
tude Operations. Tidal nnd lev ell in^. Magnetic Hurvey. Illtroductionof 
the Contract System of Payment in 'l'raverse Surveys. 'I'raversing with the 
Subtense Bar. Compi lntion and Reproduction of TI12na Maps. Calcutta, 
1906. Price Re. 18. 

1003-04-Magnetic Survey. Pendulum. Tidal and Levelling. Astro- 
nomical Azimuths. Utilizatioll of old Travel-se Data for Modern Yurveys 
in the United Provi~~ces.  Identification of Snow Pe:~lts in Nepal. 'I'opo- 
grnphicnl Surveys in Sind. Notes on town and Mul~ ic i~a l  Surveys. Notes 
on Rivernin Surveys i n  the Punjnb. Calcutta, 1906. Price Rs. 1-8 

1904-05-Magnetic Survey. Pendullill1 Operatiol~s. 'l'idrl and Levell- 
ing. 'l'riangulation in Baluchist%n. Survey Operatious with the ~ o m i l i -  
land Field Force. Cnlcutta, 1907. Price Rs. 1.8. 

190S.06-Magnetic Survey. Pendr~lum Operat ions ~ i d n l  and Levell. 
ing. Topography in Yhr~n States. Calcutta, 1908. Price Re 1-8. 

1906-07 -Magnetic Survey. P e n d u l u ~ ~ ~  Operations. 'J'idrl and Levell. 
jng. Triangulntion i n  Bnluchist&n. Aatronomicnl 1,atitudes. T O ~ O E F ~ ~ P ~ Y  
~n Shan States. Calcutta, 1909. Price Re. 1.8. 

1907-08-Magne tic Survey. Tidill and Levelliug. ~stronomical Latl. 
tudes. Pendulum Operations. Topography in Slli~n Stntcs. Cnlcuttn, 1910- 

Price R8 1 - 8 8  

lm8-09-R.lagnatic Survey. Tidnl nnd Levelling Pendulum opern' 
tions. T r i a ~ ~ ~ u l n t i o n .  Calcutta, 1911. price Rs. 1.8. 

(c) Records of the Survey of India. 

V.1, r-l909-10 -Typographical Survey. Trinni.~rlrtio.. T~dnl and Levell. 
I I I ~  O p ~ r : \ t ~ o n ~ .  f3eodetlc Surrey ( s o  Intitudes alld 

penrluli~m observi~tions). Macnetie S I ~ ~ V P ~ .  Calcrits. 1912. 
Price RS 4- 

11-1910 11 -Toporlrl~l~ical Surrey. T I . ~ ; I I I ~ I ~ ; I  1:,111. Tidal md 
Levelling Operations. Geodetic Sr1l.rc.y. Jlnglletic Surre?- 
Cnlcuttn. 1912. Price Rs 4 

I I I - 1 9 1 1 - l ~ - T o p o g r ~ l c ~ l  Sllrrev, : i  Tidal md 
I ~ e v e l l i n ~  Operations GFotletic Sltrr.,'~ V ~ n e t i c  S~l~\ 'J.  
Calcutta, 1913. Price Re, 4. 
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Annual Reports.-( Continued). 

Vol. IV-1911-1:j- Explorations oil the North-Jhst Frontier-North Burma, 
Mishmi, Abor and Miri Surveys. Calcutta, 1914. Price Rs.  4. 

Vol. ~--1912-13-Topographici1l Survey. T~~ialtgulatioll. Tidnl nnd Le- 
velling Operatiolls. Geodetic Survey. Mngl~etic Survey. Note on 
the relntionsllip of the Hilnilayas to the Indo-Gangetic Plnin. 
Calcutta, 1914. Price Rs .  4 .  

Vol. VI-1912-13-Link coitnecti~ig the T~.iangulations of India aild Russia. 
L.ellrrt D i n ,  1914. Pricrl Re. 4. 

Vol. VII-1918-14-Topographicd Survey. Triangulation. Tidnl and Levell- 
ing Operations. Geodetic Survey. Magnetic Sul.\.ey (Annual 
report nlid Governlnel~t Committee's report). Note on Scales 
and cost rates of Town plaos. Calcutta, 1915. Price Rs .  4.  

Val. n11- { ::!:::: Ft:i I: ] Explo,wtiolts in Tibet and netgbbour*btg re,qions. 

Dehrn D i n ,  1915. Pvice of each part Rs. 4 
Val. V I l I  (A)-1914-E~~plorations in the E a s t ~ r n  Kara-Loram and the uppel. 

Y6rka?zd Valley,  b y  Lt.-Colonel H .  Wood aE., 
De11r:i Dil l  1922. Price Rs. 3. 

Val. I X - 1 9 1 4 - 1 6 - . T 0 ~ o ~ 1 ~ ~ ) l i c a l  Survey. TI-iangulation. Tidnl and 
Levelling Operations. Mapletic SUI-vey. Criterion of stl-engtl~ 
of lndinn G e ~ d e t ~ i c  Trii~ngulation. A tlb:i\retnse sigl~al for Cit.y 
Surveys. " The plains of Northern Ind i i~  nud their lelntionahip 
to the HilllBIi~ya Mountains" an address by Colonel S. G. 
Burrnrd, F R.S. Report on 'I'u~*co-Persia11 Frontier Colnmission. 

Cnlcutta, 1916. Price Rs.  4. 
Val S-191G-1G-T0~o~1~n~li icnl Surrey. Tidal and Levelling 0pel.a. 

tions. Magnetic Surrey. Mechanicnl Integratoln for calculating 
Attt.act,ions ( i l lust~~ated) .  T~.nverse Survey of the boundary 
of 1mj)eriaI Dellti. Dellri~ Dun, 1917. Price Rs. 4. 

~~-191G.17-T0~og1~n~)l1ical  Surrrey. T ~ - i a l ~ ~ u l a t i o n - ~ ~ s e  of  I]iKh 
trestle for st:~tions nlld 100-feet u1:lst ~ignals .  Tit1:rl a ~ l d  
Levelling Ope~*ations. Magnetic Sul.vey. Note (111 Basevi's 
Pendulum Operations nt Mo1.O. Pl~olo-Lit110 OIlice-New 
l~lethod of preparing Layer l)lntes-T?c?velopl~~e~~ta : ~ n d  Iw- 
1)rovetnents ill prel)nrilig Tint-l~lntes. 

Dellrit Dun, 1918. Price Rs. 4. 

yo]. XI?-Notrs 0 1 1  Slrl.l.p!l ?f I,l,/icr. J[ops o , i t 1  flr r I I I O ~ P T ~ ~  Ir'ecqr!Lyl?uc31~i (:f 
Inrlin?t, Crcj.toclral~ky, by Lt.-Colol~cl \\'. R!. Coidstl,ea~n, a.E., 

Snpcrintendcllt, At:, , )  Publicn.tiol1. Cnl(*utt:~, 1219. Yvict:  ~'?s. .?. 

~~~~.XIli-1917-1A-Topo~~:rI~l~icnl Survey. Tillnl :1!1t1 L~rcllill:: O!)cl~a- 
tiona, Magnetic survey. Pl~oto-Lit110 oHic::-the Pontlt-I, ?I . : )C?VS.  

Probleln of tllp Hillliiln!.:~~~ nlld G:111gc>l ; c  ' i ' l ~ u r ~ ~ . r l ~ - R ~ ~ v i ~ ~ ~ ~ ~  
bp Dr. A. Morlcy Dn\ric)s 1 1  : I  I 1 Pr8cc1 d ,  

Vol. XT~i7-191R-19-Tol,ogI~nI,lli,~:~~ S111-y~~ .  Tit::rl n11d I:p;cl!il,y L?i'~~.:liik)l!:.. 
Levelling in Mc~sol)otn~iiin Mng~c t i c  S I ~ I ~ V ~ ~ ~ .  

Dell]-a Piin, 1920. P;.~c? J?S. 4. 
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Annual Reports.-(Ccgltinued). 

Yol. XV-1910-20-To~)oK~-a~h~c~l Survey. Tidnl \~ol.k Levelling-pro. 
posed new level net .  Mngt~t~ t lc  Survey. Tl~eEarth's Axes rind 
F ~ g u r e ,  by J. do Graufi H ~ l l ~ t e r  (11 paper read at the R. A, 3, 
Geophys~c.nl Mee t~ng )  lieport 011 the expedition to K:\alet, 
Note on the Topograpl~y of the E u n  KUI I  M~~ssif in Lrdikh. 

Dehra Dun, 1921. Pfice Rs. 4. 
V O ~ .  ~~1-19BO-S1-'l'o~~ographical Survey. Tidal work. Levell~ng and 

Milgnelic Survey. High Cliu~bs In the Ilimiilayn prior to the 
Everest Expedi t~on.  Mt .  Evelest SUI-vey Drtirchme~lt ljeport, 
1921. 'I'r;iverse S ~ ~ r v e y  of r\ 1l:ihitbitd city. Settleu~ent of 
Boundnry between Mysore and Soutli linnnra. 

llehra L)iin, 1922. Price RE. 4. 
Val: X V I I - 1 9 9 3 - M e 1 1 l o ~ r  0 1 2  JIctps o f  Chiaese TurX.,istdn wnd Kaclnse 

f rom the Surveys made during Sir A. Stein's Explor~toins, 
1900-02, 1906-08, 1913-15. Delira Dull 1923, Pricc Rs. 12. 

Val. XVIII-l9S1-39-T0~ogr:~~~1iicnl SI~I -vey .  ' l i i 1 1  worlr. Levelling and 
M : ~ g ~ ~ e t i c  Survey. 'l'raverse Su~,ve? nf Allnl~Sbiid city. Settle- 
ment of Bourldnry bet\vee~i Rlysore and Soutl~ I<nnnl-il. Notes 
on Revision Sn~.vey i l l  t l ~ e  neighl)ourIiood of Poolla 

Dehl-n D ~ I I ,  1933. P19ica Rs. 4. 

Val. XIX-l001-20-Tlie M n g ~ ~ e t i c  Survey, by Lt.-Colonel It. H. Thomas, 
D . s . o . ,  R . E . ,  n ~ ~ d  X.C. J .  Roucl, V . D .  

Dehrn. U ~ I I I  1025. Price 88. 4, 
Val. XX-1914-90-'l'he CVnr Kecord. L)elll,;~ l1ii11 1925 Price R8 3- 
V(11. XXI- l ! )SS-23- )?4 - I ,  Ail* S u r - ~ f : ! ~  i n  t he  Irritlrtrtl,ly Delta 1923-26, by 

M:~jor C.  (4. Lewis, R E., and 
I I .  R e c o ~ ~ r 2 n i s s ~ t ~ u r e  ~ ' ( C T I I E , ~  i ) ~  B l ~ , t ~ f a t ~  and South Tihcf 

19.22, by C : L ~ ~ ; L ~ I I  11. I t .  (2. Jleatlc, I . A .  
Uelll$n I )fill 1935. Price Rs. 1.8. 

(a) Gcodctic 1tel)arts. 
Val. I-l!)PS-S.i-( . '~~~~l,~Itt i l t t i~~lls n l l l i  l(rsenl~cll,~r. 'lli,lnl worli. 'rime ~ l l d  

hlilznctic ol,servn.tions, ~ , : t t i t , ~ ~ l c  : L I I , I  I ) C I I ( I I I I U I I ~  obserrntiolls 
in 13il1%1., Assn.~n :111tl I<aslllllT~*. I . ~ ~ ~ e l l i ~ , g .  L~fict~rr,e on "'l'llr 
lleigllt of A l o u ~ ~ t  Evcrest i111tl otl~c~.I'e:~Its ' I .  

l )c l l r ;~ I)uu 1928. Price R+. 6, 

PART IV.-CAT,~LOC;UI~S t \ ~ ~  ~ N S T R ~ ~ C T I O N S  

Departmental Orders 

P r o m  1878 to  1885 tile S I ~ ~ ~ ~ ~ ~ ~  (icncl~;l,]'5 orllcrs were allissllcd 
as " CL~' ( * IL~(L I .  Orders ". Since tllcn tllcJ- have l,a:ll cl:rs~~liirl as f~llo\vs :- 

/ 1-Uavcrn111rnt of 111,li:~ O~.,lrl., (c:llletl "Circrll"' 
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Departmental Orders.-(Continued). 
In  1904 the various orders issued since 1878 were reclassified as 

follows :- 
Nunrber to  dale. 

1.-(fovernnlent of India Orders.- 829 
2.-Circulnr Orders (Administrative).- 419 
3.-Circular Orders (Professional).- 196 
4.-Departmentnl Orders. (appointmeuts, promotions, transfers, etc.) 

These are numbered serially and had reached the above numbers 
by December 1927. Government of India Orders and Circular Orders 
(Administrative) are bound up in volumes from time to time, as shown 
below, while Circula~. 0rde1.s (Prrfessionnl) are gradually incorporated 
in the Survey Hand-books. Besides the above, temporary orders have 
been issued since 1910 in the form of " Circalar Memos ". These either 
lapse or become incorporated in some more permanent form, and are 
therefore only numbered serially for each year. Bound volumes of orders 
are available as  follows :- 

1. "Government of India Orders (Departineutnl) 1878-1908.- 
Calcutta, 1904. 
Ditto ditto 1904-1908,-Calcutta, 1909. 

(Out of print). 
Ditto ditto 1909-1913.-Calcutta, 19 15. 
Ditto ditto 1914-1918.-Calcutta, 1920. 

2. "Circular Orders (Administrative) 1878-1903. -Calcutta, 1904. 
Ditto ditto 1901-1908.-Calcutta, 1900. 
Ditto ditto 1909-1913.-Calcutta, 1915. 
Llitto ditto 1914-19 1s.-Calcutta, 1920. 
Ditto ditto 1919-1924.-Dell1*a Dun, 1926. 

3. "Regulntions on the subject of Laugunge Examinations for 
Officers of the Survey of India. Calcutta, 1914. 

4. *Map Publicatioli Orders 1908-1914 (Superintendent, Map 
Publication's Orders.)-Calcutta, 1914. 

5. Specimens of papers set at  Examinations for the Provincinl 
Service.-Uel~ra Dun, 1927. Price Re. 1 .  

Catalogues and Lists. - 
1. Cntalogl~e of Maps l~ut>lisl~cd by the Survey of India. Corrected 

to 1st July 1924#, Calcutta, 19241. Price Re. 1. 

Lints of ])em maps l~uhlislled diiring bnch rnolltl~ npl>rar in the tnotlll~ly 
NOTES ob' !:UleVBy 01' 1 N  L)lA. Tl~rsc. 111olltl11y liyts :\re also 
lasued ~ ( ~ ~ ) a r m t ( ~ l y .  

2. (:ntnloglle of Maps of tlte Boinbny l ' resi~tcl~c~,  ( ' n l c~~ t t :~ ,  19 i3. 
l 'r tce 11s. 4. 

3. Cntnlogus of Mnps of Bar~na. C;~lcutt:\ 1025. 
Price As 8. 

4. llist of the publicntiu~~q of the Sllrvey or llrltlirt (l)ubl~slle~t :III  11 11i10y) 
1)rllr.t 1)un Oratrs. 

6. Prico List of ~ ~ t l l ~ l t l ~ t i ~ i l l  T I I ~ ~ ~ I I I I I C I I ~  Oflico Cnlcr~tl,~, 1921. 
Grat~s. 

6. Catnlog~~e of Boolrs in  the headquarters Library, Calcutt:~, 1901. 
(Out of p r~n t ) .  

- .- - - - - pp - - - - . . - - 

Hor Departmental use only. 
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Catalogues and Lists-(Cor~tinue~~).  

7. Catalogue of Scientific Books and Subjects in the Library of tile 
Trigonometricnl Survey Office. Ilehra D i n ,  1908. Prict! Re. 1. 

8. Clnssified Cntalogue of the  Trigonometrictzl Survey Library, ])ehla 
D i n ,  1921. Qrntis. 

9. Green Lists-Part I-List of officers in the Survey of India 
(annunlly t o  date 1st  January), Cnlcutta. Price As. 12. 

Par t  11-History of Services of Officera ill the 
Survey of India (aununlly to date 1st July), Calcutta. 

Price Rs. 1:12. 
10. Blur! Liste-Ministerial nncl Lower Subordillate Estnblishme~~ts 

o f  the Survey of Inclin. 

Par t  I-Headquarters and 1)ellrn Duu offices (pub- 
lished a ~ ~ l ~ u n l l y  to date 1st April), Cnlcuttn. 

Price Rs. 3-8. 
Part  11-Circles and parties (published annunlly to 

date 1st  January),  Calcuttn. Price Rs. 4-4. 

Tables And Star Charts. 
1. Aorilinry Tables-to f:~cilitate the cnlculations of the Survey OF 

India. Fourth Edition, Dehra Dun, 100G. (Out of print). 
5. Anxilinry Tables-of the Survey of India. Fifth Edition, 

(revised and extended), by J, de  (iraatf Hunter, ~ I . A . ,  SC.D., F. INW, P. 
In parts- 

Par t  I-Graticules of Maps, (reprinted). Dehm 
Dun,  1926. &ice Re. 1 .  

Pnrt 11-Matlrernaticnl Tables, (reprinted with nddi. 
tions). De l~ ra  L ) ~ I I ,  1924. Price RI. 2. 

Part I I I-Topogmphicnl Survey 'Fables, (reprinted 
mit,h additions). Dehrn L ) ~ ~ I I ,  2928. Price RE 1-8. 

3.  Tnbles for Graticules of B1nl)s. Extrncts f o r  the use of Explortrg. 
Dehrn Dun,  1918. P ~ i c e  As, 4 .  

4. " Metric Weights and Measures nn,l ot l~er  tal,les. ~hotn-I~itllo 
Office. ( ' i~lcutta,  1889. (Ou t  of p r i~r t . )  

5 .  Lognrithtnin Yilres nild Cosines to .j l)laces ot'declirnnls. l1ehl.a L)un1 

1896. ( (  )11t of print). 
6.  I~ognritl~rnic 8i ~les,  Cosines, 'l':Lngellts : L ~ ~ ( l  C O ~ ; I I I ~ O I I  ts to 5 ~)l:lce$ of 

decimnls. I l e l~ra  Dun.  1015. ( ( jut  of  print) 
7.  Common Logarithms to 5 places deciln:\ln, 11?S5. (Out of 
8. Table for deter~ni~l ing IIeigllts in 'J'rav<>r,si~~~, 1)~11ril ] ) f i l l ,  18", 

P1.ice dr. 8. 

9. Tnbles of distances in C l ~ j l l ~ ~  aud Linlts c o r r ~ ~ ~ , o l i d i l l ~  t o  "'"I" 
tenee of 20 feet. Delirn Diin, 1389 price A' 4 

10 + n l t t o  I ~ I ~ I , ,  1 0  l c c l  Cnlc~ltth 1913 
11. * Ditto ~ l l t t o  '7 1 1  c i  I h t t ~  
12. F ~ e l d  traverse t nb l e~ .  I p ~ r p t ,  R , ~ I ~ I O I I  ( I  11 the preqs) 

- --  - - .  

* For L)epa~tmrn(nl llse ol~lj. 
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Tables and Star Charts . - (Cont inl~ed) .  , 

13. Star Charts for lntitude 20' N., by Colonel J.R. Hobday, 1.8.c. 
Calcutta, 1904. Price Re. 1-8. 

14. Star  Cl~nrLs for latit 11c1e 30' Pi., b y  Irk-Colonel 5. G. Burrnrd, B.E., 
~ . n . s .  1)elira Dun,  l9OG. Price Rs. 1-8. 

15. Catalogue of 210 Stnrs fol- epoch 1 s t  Jnu .  1892, frotn observatione 
by the Survey, IJehrs Dun, 1803. Price Rs. 2. 

16. llninfall, m:~simum a n J  ~ninimum temperatures, frotn 1868 t o  
1926, recorded a t  the  Survey Office Obsel-vatory, Dehra Diin. (in the press). 

Old Manuals. 
1. A Mauual of Surveying for India, detailing the mode of operations 

on the ltevenue Surveys in Bengal, and the North-Western Provinces. 
Colilpiled by Captnins It. Smyth, and H.L. Thuillier. Calcutta 1851. 
(Out of pr int . )  

2. Ditt,o Second Editiou. Londou, 1855. (Out  of print) .  
3. A Bla~iual of Surveying for India, detailing the mode of operations 

ou the 'I'rigounmetrical, 'L'opogra~lrical and lievenue Surveys of India. 
Compiled by Colonel H. L. 'l'l~uillier, C.8.1., F.R.s., and Lt.-Colonel 
It. Smgth. 'rhirii Edition, revised nnd enlarged. Calcutta, 1875. (Out  of 
print.) 

4. Ha.nd-Boolr, Revenue Branch. Calcutta, 1893. Price Rs. 2-8. 

Survey of India Hand-Books. 
1. Hnnd-Book of (:cnernl Instructions, (in 2 vols.) Fifth Edition. 

1927. 
2. Hand-Book, Trigonornctricni Brnnch, Second Edition. Cnlcu t ta  

1902. (Out  of print). 
3. Hnnd.Book of Trigono~tietricnl Ins t r~~c t ions  -Third Edition. Par t s  

i n  pa111l)hlet forms- 
P a r t  V-'l'he 'l'ides. Third Edition, revised, Dehra Dun  1926. 

Price Rs. 2. 
P a r t  \TI--I,ev~lli~lg Third Editiou, revisecl, 1927. 

( i3  the press). 
4 Hnnd-Rook Topogl-nphicnl Rrn11ch,-Tl1ir~1 Eclition. Cslcuttn, 1905. 

(Out of print.) 
5. Hnnd.B ook or Topogrnl111y.-JTourtll 1Sdi ti011 Cnlcutln, 191 1. 

Chapters, in  pamphlet fornns- 
Cllnl>ter I-Introductory,-repl.intcd with ndditions, 1921. 

Pg.ice AF. 6 
11-Con.stil ~l t ion nntl Orgn~niznliou of a Surrey Party. 9 7 

-~-cl)l.inted wit11 additions, 1933. Price :is S 

,! T I I - l l r i ; ~ ~ ~ g ~ ~ l ; ~ ~ i ~ ~ i ~  and its Co~npr l tn t io~~  -rerised 1953. 
Price Re. I .  

1 \~-'IIII<~,,,l,,litp 'l11.n\,crsiug-Third Etliticn 1927. 
9 9  

f'ricc Re. 2 .  

~ ? - ~ ] n l l o . t n l ~ l i n g . - T I ~ i ~ ~ t l  15tlition 1926. Price I?" 1. 
-~.- - . .-- --- . - ~. -~ - . - - -. -- - - - -- 

* F I ~ I .  I>cl'al.tuieutnl nsc 01111. 
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Survey of India Hand-Books.-(~~ntinu~d). 

Chapter VI-Fair Mapping.-reprinted with additions and re. 
vised 1922. Price Re. 1,  

9, VII-'l'rfins-frontier lteconnnissnnce. TIlird Edition, 
1924. Price .As. 8. 

,, VIII-Surveys in time of wnr, 1926 Price As. 8. 
9 9  IX-Forest Survoys nnd Mnps.-reyised, 1925, 

Price As. 8. 
I, X-Mllp Reproduction. Second Edirion, 1.91P. 

Price As. 8, 
,, XI-Geographicnl maps. Second Edition, 1926. 

Price As. 8. 
6. *Photo-Litho Office, Notes on Orgnnizrrtion, Methods and Processes, 

by Miljor \V. C. Hetlley, R . E .  'l'hird Edition Cnlcutta, 1924. 
7. The Reprod~letion (for the guidance of other Depnrtments), of Mnys, 

Plans, Photogrnphs, Diagrams, nnd Lino Illustrations, Calcuttn, 1914 
P~ice Rs. 3. 

8. Survey of India Copy Book of Lettering. Cnlcuttn. 
Price RR, 3-8. 

Notes and Instructions. 
Drawing and pnyer. 

1. *Notes on Printing Papers suitnble for Maps, and on Whatmnn 
Drnming Paper, by Major W. M. C'olclst~~enm, R.E. Calcutts, 1911. 

(Out of print). 
Printing nnd Field Litho proceeses. 

2. "lieport on Rubber Offset Printing for Mnps, by Major m. 
Coldstream, R.E. Cnlcuttn, 1911. 

3. *Notes o n  the "Vnndy ke" or Direct Zinc Printing Process, wit11 
details of Appnratus and Cllenlicnls required for n slnaI1 section. ~omyiled 
i n  the Photo nnd Lit110 Office, Survey of India. Ci~lcuttn, 1913. 

(Out of print). 
4. *Report on the Working of the Light Field I,itl~o Press (exl~eri. 

mentnl) in November, nr~d December 1910, with ~~)pendicee ,  by Lieut, 
8.8. Chase, R.E.  Calcuttn, 1911. 

( i )  Notes on some of the  Methods of Reprocluction suitable for 

the Field. 
(ii) Suggested Equipment Tablea for the Light Field Lithe p*081 

(experime~~ tal.) 
6. *Ileport on n trial of the equipment of the 1st (Prince of wnlea' 

Own)  Snppers and Miners, for reproducing nlapr in the 
by Lieut. A .  A. Char?e, R.E. Cnlcuttn, 1912. (Out of priut,). 

Base Lines and Magnetic. 
6. *Notes on use of the JLderin Bnse line Appnratus. Debra Dun' 

1904. (Out of print,). 
7. *b1iaeellnneoue Papers relating to the illearure~u.~t of ~ e ~ ~ ~ ~ ' ~  

Bneea by Jaderin Invar Apparatus. Dehra Dun, 1912. 
8. *Iustructious for taking Maguetic Observatious, by J. Eccles, *.*' 

Dehrn Dun, 1996. (Out of print).  
. -------- 

* For Departmental use only. 
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Notes and Instructions-(Contilitled). 
g. Rectang~~lar  Coordinates.-On n Simplification of the Computatio~~a 

relating to, by J. 15ccles, M. A .  1)ehra Dun, 1911. Price Re. 1. 
10. "For Explorers.-Notes on the use of  thermometer^, Barometers 

and Hypsometel-s with Tables for the Compirtation of Heights, by 
J. de Graaff Hunter, M.A. Dehra Dun, 1911. (Out of print). 

11. "Amended Instructions for the Survey and Mapping of Town Guide 
Maps. August 1919 

12 "Notes on boundnry ribands on nlaps of the Survey of India, by 
Major F. Praser Hul~ter ,  ~,s.o., I.A. Calcutta, 1922. 

13 +Notes on the mnp of Arabia and the L'ersian Gulf, with n genernl 
iudex of place names on the map, 1905-08, by Captaiu F, Frnser Huoter, 
I , A ,  Calcutta, 1910. 

PART V.-MISCELLANEOUS PAPERS 
Unclassified Papers. 
Qcography. 

1.  A Sl(etc11 of tlle Geography and Geology of the Himalaya Moun- 
tnins and 'l'ibet (in four parts), by Colonel S.O. Hurra~-d, R.E., F.B a,, Supdt., 
T~~i~ouometrical Surveys. and 13 E-I. Hnyden, I I .A . ,  F.a.s,, Supdt., Geological 
Survey of India. Calcutta, 1907-08. 

Part I.-The High Pealrs of Asin. 
,, 11.-The Principal Mountain Rauges of Aeia. 
,, 111.-The Rivers of the Hin~alnya and Tibct. 
,, 1V.-The Geology of the Himalaya. 

2 "Report on the Identification and Nomenclature of the I-lim8layan 
Penlts as seen from Katmandu, Nepal, by C'aptilin H .  Wood, R.E Calcutt:~, 
1901. 

3, Routes i n  the Western-HimBlnyn, T<ashini1:, etc.,  by Lt.-Colonel 
T. G. Moutgomerie, R.E., F.R.s., F.R.Q.S. Dehrn Dun, 1909. (Out of print). 

4.. Routes in tho Weutern-Himilnya, I<ashinir, etc. with which are 
included Montgomerie's Bout,es. Volume I .  Punch, Iis3llmir a,ud LadBkl~, 
by Ma.jor Mason, M.c . ,  R.E., First Edition, Dehra D t u ,  1935. Price Rs. 6.  
Explorntion. 

1. #Account; of the Survey Operatious in conl~ectiot~ with the 
Mission to YF~rltand and Rashgar in 1873-74, by Cnptain IIeiiry Trotter, R.E. 

Calcutta, 1875. (Out of print). 
2. Report on the Trans-I-Iiinalayau Explorations during 1869. (Out of 

print). 
3. Ijeport on the Trans-Himalayan Esplorntions dul.iug 1870. Dehra 

D h ,  18'71. (Out of print). 
4. Report on the Tranu-1Ii1nrtln~a.n Kxplorntions during 18i8.  

Cnlcutt~, 1880. (Out of print). 
Npecinl  report,^. 

1. * lteport on the nIussool*ie and Landour, Kumnun aud Gnrhi*:%l, 
RiniIrI~et nnd T<oai Vnllep Surrepu, extended to  l'eslln~vnr a.11(1 La::llitn 
TrianKu~ntion during 1869-70, by M:ljor '1l.G. Moutgomc~*io, R.E.  (Out of 
print). 

2, lleport on the Recent Deter~ninntion of the Lollgitude of lladrns, 
by Captniu 5,  (3. Burrard, R.E. Cnlcntta, 1897. ( o u t  of print). 
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Unclassified Papers. -( Continued). 

3. *eport on the Observations of the  Total Solar Eclipse of 6th ~ ~ ~ i l ,  
1875 a t  Cnmorta Nicobar le la~lds,  by Colonel J. Waterhouse, Calcuttn, 
1875. (Ou t  of print).  

4. "The l'otnl Solar Eclipse, 22nd January, 1898. Debra l>tu, 1898, 
(1) l ieport 011 the observations a t  Dumraon. 
(2) Iteport on tlre observations a t  Pulg:~on. 
(3) Iteport 011 the observat io~~s a t  Snhdol. 

5. "Report on Locnl Attr-action in Indin, 1893-94, by Cfiptain 
S.G. Burrnrd, R.E. Calcutta, 1895. (Out  of print). 

6. "Heport on the Trigonometrical Results of the Earthquake in 
Assnm, by Captnin S .G.  Burrard. Cnlcuttn, 1898. (Oiit of print). 

7. *Notes on the  Topographical Survey of the 1/50,000 Sheets of 
Algeria by the  Topographical Section of the " Service Geographique 
de  1'Arm6ew, by Captain W.M. Coldstream, R . E .  Calcutta, 1906. 

8. "'lllle Simla Estates Boul~dar-y Surrey OII  the scale of 50 feet to 
1 inch, by Captain E.A. Tandy, R.E. C:rlcutta, 1906. 

9. "A note on the stage reached by the C4eocletic 0pe1,ations of the 
Survey of India i11 192G, by L t . -Co lo~~e l  H.RlcC. Cowie. n . ~ ,  Tl~e JIagnet,ic 
Survey of India ,  by Alajor 11. H. 'l'homas, D.s.o., R.E. aud a note on the 
present levelling policy, by Major K. Rlason, N . C  , R.E. Dehra Diu, 1922. 
(Ou t  of Pr in t ) .  

Geodesy. 
1. Notes on the Tile01.y of Errors of Obser\.ation, by J. Eccles, NJ. 

Dehra Dun,  1903. P I ~ C C  AS.  8. 
2. *Noto on n Change of the Axes of the Terrestrial ~~lreroid in 

relation to  the  TI-iangulation of the G.'I1. Srrrvey of Intlia, by J. cle G r a d  
Hunter ,  m.a.  Dehra D i n .  (Out  of ~ r i n t ) ,  now incorporated in 
Profesvionnl Paper No. 16. 

3. lieport on the  Treatlneut, and use of Invnr in  measuring flaodetic 
Bases, by Captain H. El. ' l 'u~.ne~-, R.E. Lo~rdo~ i ,  1907. Price As. 8. 

Projections. 
1. 011 the projection used fo r  the General &lnl)a of India. Debra 

Diiu, 1903. (Ou t  of print). 
2. "On the defor~nation resulting fro111 t !~e method of co~lstrllctln~ 

the  Il~ternationol Atlas of  the  Worlcl 011 the scale of ollc t o  olle millioal 

by Ch. Lollernand, J1rnnslated by J. Eccles, M . A . ,  trigetl~t>l' ~ i t h  tables lar 
the  pro,jection of l / M  Rlal),q on the In te r~~nt ionnl  w~stc~ll.  L)ehvfi Dul'j 

1912. (Out of print). 
Mapping. 

1 .  "A Nnte on t h e  different metllorls by \vlricl~ Ilills call be rel)reSel" 
ted upon maps, by Colonel S (4. Rurrard, c .s  I . ,  n.E., F.R.~.I SnrveJ"" 
General of India. Simln, 1912. 

2. "A Note on t l ~ e  representation of I~ills, 1 , ~  Rlnj(l l -  Cn L. 
c .M.o. ,  R.P. Dehrn Dun, 1912. 

3 *A Note on the reprere~ltalinll  of llillr ~ I I  t l ~ c  nrllls of llldi'lf I" 
Mnjor F. W. Pirrie, I . A .  L)ehrn, Dun, 1912. - - 

-. _ . . - 
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Unclassified Papers.-(Coqatinued). 
4. *A consideration of the Collt,our intervals, a t ~ d  Colour Scales, best 

suited to  Indian l / h l  maps, by Ci~ptain M.O'C. 'l'andy, n . ~ .  Calcutta, 
1913. (Out of print). 

Professional Papers. 
No. l-Projectioll-~n the Projection for a Rfap of India, and adja- 

ceut Countries, on the scale of 1 : 1,000,000, by Colonel 8t. G. C. Gore,  it.^. 

Second Edition. Dehr :~  Diin, 1903. Price Re. 1. 
No. 2 "Base Lines-Aletl~od of mensuri~lg Geodetic Bases by means 

of Metallic Wires, by RI. Jiiderin. (Translated from Memoires PrEsentEs 
par Divers. S n v ~ n t s  5, 1' AcatlE~nie des Sciences de 1' Institute de France). 
Dehra L)iitl, 1899. (Out of print!. 

No. 3-Base Lines-Method oE measu~aing Geodetic Bases by meana 
of Colby's Compensated Uat,s, compiled by Lieut. H. McC. Comie, a. E. 
i)ehra Iliiu, 1900. (Out  of print). 

No. 4-Spirit levels-Notes ou the Calibration of Levels, by 
Lieut. U. A. 'l'andy, n. E. Dehra Diiu, 1900. (Out  o i  print). 

No. 5-Geodesy-The Attractioti of the Himalaya Mountains upon the 
Plumb-Liue in India, cousiderations of recent data, by Major S. G. 
Burrard, R.E. Second Edition. Dehra Lliin, 1901. Price Rs. 2. 

No. 6-Base Lines-Account of a 1)etermination of the Coefficients of 
lCxpausion of t h e  JYil.es of the Jiide1,in 13a.se Line Apl)aratus, by Captain 
G. P. Lenox-Conyugllnm, R.N. Dehra Dun, 1902. ( b u t  of print). 

No. 7-*Xiscellnneou~. Cnlcutt:~, 1903. 
(1) On the values of Longitude employed in maps of tlie 

Survey of India. 

(2)  Levelling across the Ganges at D5mukdia. 
(3) Experitnent, to test the increase in the length of a 

levelling staff due to moisture and temperature. 
(4) 1Iescril)tion of a Sun-dial designed for use with tidegauges. 
(5) Niclrel-steel :~lloys and their application to Geodesy. 

(Ti.anslated fro111 the Frouch). 

(6)  Theory of electric projectom. ('l'rauslat~ed from1 the French). 
No.  8-Magnet,ic-Ezl)eri1l~ents made to determine the temperatulse 

c0effificient.s of Watson's RIa,g~letogrn;)ltu, by Captain H. A .  Denholm, 
Fmse r r t .~ .  Calcutta, 1905. Price Re. 1. 

No. 9-Geodesy-An Account of tlte Scientific work of t l ~ e  Survey 
of India. c~ncl a C'oml,nriso~~ o f  its progress \\it11 that of k'oreign Surveys. 
Prel)al,,d fat. tllo ast: of t l ~ c  S U I ~ I  cy Colnmit t r~ asselllbled in 1905, 
hy Ill,.-('olonel 8 .  (f, 1:111-r:~t,tl, r:, s., Y. JL,  s. C'alcr~ttn, 1905. Price Re. 1. 

No. ~ ~ - P ~ I ~ ~ I I I I I I I I ~ - ' ~ ' I I ( :  I'cncl,ill~ltl Ol~cr:ttiotls iu India, 1903-1907, 
by 1\Iajo1* (+. 1'. Lenox-C,~~1~11gl~a~ll,  s. E, 1)ellra L ) ~ I I ,  1!)OS. I'rice Rs. 2-8. 

No. 1 I-Refrnction-Ob~~l.rntiolls of' A tmosl)l~eric lCefr:~ction, 1905-09, 
h y I I . C f ,  S I ~ n . ~ v , S ~ ~ ~ ~ e ~ o f  Itltlia., I ) c ~ l 1 1 ~ a D ~ n , 1 9 1 1 .  ( O ~ l t o f  print). 

No. 12-G~odcsy-~)~~ tl10 ()rigill ~ t '  1110 Hiu1l1n.a l l oun tn in~ ,  
by Colonel S. (f. Rnrrnl.(l, c .  8 .  r . ,  n. n., v ,  R, 3. C;~Ictltt:~, 1912. Price Re, 1. 

N o .  1 , 3 - I ~ o s t o s ~ - T ~ ~ ~ ~ ~ t i ~ n ~ i 0 1 1  of the 'l'l~eory of 1 S O S ~ , ~ I S ~  in India, 
Major 11. L .  Crostll~vnit, IL. ~ c .  I)cl~rn, Dull, 1912. (Out of pr int) .  

_ _  -- 

* For Dcpartmcntal  rlse only. 



330 GEODETIC REPORT 

Professional Papers.-(Continued). 

No. 14-Refraction-Forlnuls for Atmospheric llefrnctiou, and their 
application to Terrestrinl Refraction and Geodesy, by J ,  de Grrnff 
Hunter, M.A. Dehra Uuu, 1913. Price Rs, 2. 

No. 15-Pendulums-The Pendulum Operations in lndia and RurmR, 
1908-13, by Captain H.  J. Couchmatl, R.E.  Dehra Dun, 1915. Price Re. 2.8, 

No. 16-Geodesy-Tlle Earth's Axes and Triangulation, by J. de Qrnnff 
Hunter, X.A. Dehrn Duu,  1918. P,rice Rs. 4. 

No. 17-Isostasy-Investigations of Isostasy in Hinnilnynn n~ld neigh- 
bouriug ~Vegions by Colonel Sir S.G. Burrard, K.c.s.I., R.E., B.R.S,  Dehre 
Dun, 1918. (Out of print). 

No. 18-Isostnsy-d CI-iticisln of Mr. R. D. Old11:1m's lnenloir "The 
structure of the IIirn5,layns n11d of the Giingetic Plain", by Lt.-Colonel 
H. McC. Comie, B.E. Dehrn Dun, 1021. Price Re. 1.8. 

No. 19-Aerial Photography-Experiments in Aeroplane Photo Sur 
veying, by R/Ia.jor C.G. L e w i s ,  R.E., and Cirptain 1I.G. 8al1noud, (Late R.A.F.). 
Dehr~ ,  D i n ,  1920. Price Rs. 1-8. 

fYo. 20-Keconnnissnnce Survey from Aircraft, by Lt.-Colonel 
B.A.  Berrzeley, D.s.o., R.E. Dellrn D i n ,  1927. Price Rs. 1-8. 

No. 21-Irrigation and Settlement surveys 1926, by Rlajor J. D. 
Campbell, D.s.o., R.E. Dehrn Diin 1927. Price Re, 1-8. 

Departmental Papers Series.* 
E o .  ~ - T Y P ~ - - A  consideration of the most suitable forms of type - - 

for  use on maps, by Captain M. O'C. T i ~ ~ d y ,  R.E.  Debra Lliin, 1913.- 
No. 2-3ymbols-A review of the Boundary Symbols used on the maps 

nE various countries, by Captnin M.OIC. Taudy, R.E. Dehra Diin, 1913. 
No. 3-Xnps-Extract from "The Mew Mnp of  Italy, Scale I :  

100,000 ", by Luigi Giannitrnpa~ii. Translated lrom the Italian by 
Major W.M. Coldstrea~n, JLE. Dehrn Diin, 1913. 

No. 4-Town Surveys-A report or1 the practice of Town Yurvey~ in 
the United I<ingdo~ll and its application to India, by Major C.L. Robertson, 
c.M.a., R.E. Dehra Dun, 1913. 

No. 5- Stereo-plotter-'llhe Thompsoll Stereo.plotter and its use, with 
notes on the field work, by Lieut. I<. Mason, R.E.  Dehra D i n ,  1913- 

No. 6-Lerellin~-L.evelIi~g of High Precision, by Ch. ~jallemand- 
Trnnsln ted from the French by J. de Gr~~aff  Hunter, M.A.  Uehrn DGn, 1914, 

No. 7-Standard Bars-Bar Comparisons of 1007-05, by Major H-McC- 
Cowie, R.E. 1)eIirn I j i i n ,  1015. 

No. ~ - H e l i o - ~ i n c o g r n p l ~ y - R ~ ~ ~ ~ ~ t  on ]{ribber Off-set Flat bed Mnclline 
Printing, by C:lptain S .  W .  Sacl~ville Hamilton, I C . ~ .  Cnlc~lt~ta, 1915. 

No. 9-Stereo-beto-Plotting-A, tl.nllslstion of F n u l  Corbin's French 
Yt6r6o Antogrnmlndtrie, by Lt.-Colonal l l . b l e O .  Uowio, n.Et Debra 
D i n ,  1922. 

Professional Forms. 
A large number of forms for the recon1 and reduction of S(lrvey 

Operat'ions are stocked a t  Dehra Dun. 
- - -  - - - -- .. -. 

' For 1)epartmental use only. 
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Extra-Departmental Publications. 
1. XIudin's C o ~ ~ t r i b u t i o n  to  Qeodesv. by Genernl J. 1'. Walker,  a.r., . ,  d 

c.a., F.R.H., LL.D. (Phi1osol)hical Transactions, Boyal Society, Series A, 
lTolume 186, 1895). 

2. *On the  l l~te t ls i ty  and Direction of the  Force of Gravity i n  Indiu, 
by Lt.-Colonel S. G. Uur~.at-d, R.E, F . ~ . s .  (Philouophici~l Trausactions. 
Noyal Society, Series A,  TTolume 205, pnges 289-318, 1905). 

3. *On t h e  effect of the  Galtgetic Alluviuttr on the  Plumb-line i n  
Northern ludirt, by I { .  L). Oldhntn, F.II.S. (Proceedings of t h e  Royal Society, 
Series A, Volume 90, pages 32-40, 19 14). 

4. *Or] the  origill of the  I ~ ~ d o - G n l l ~ e t i c  trough? corn~nonly called t h e  
Himalayan k'ot-edeep, by Colonel Sir S. G. Burrard, K.C.S.I , E.E. ,  F.R.8. 
(Proceedings of theltoyal Society, Series A ,  \ l o l u ~ l ~ e  91, pages 220-238,1915). 

5 .  ?Three comprel~eosive articles on " C o ~ ~ ~ l ) a r a t o r s  for  the Indian 
Govet-ntnent" from n report by Mi~jor  II. McC. Cow~e,  1t.s. ( ISi~giueerilrg, 
Bug. 20, A u g .  27, Sept .  3, 1915). 

6. $ Identificatio~l of lJealts i n  the  Idi~nllaya with notes, by Colonel 
Sir S.G. Ulrrrard, K.c.s.I., n . ~ . ,  F.U.S. (Geogrltphical Journi~l ,  September 
191 8). 

7. $Geological intel-pretatiol~s of Georletic ltesul ts, by Colonel Sir 
5. G.  Burrard K.c.s.I., R.E. ,  F 1t.s. (C*eogl.aphical Journal,  October 1918). 

8. $ W a r  Surveys in  Rlesopot,amia, by Colorrel F. W. Pirrie, c M.c+., 
1.A. (Geographical Jour~ la l ,  December 1918). 

9. $ Air l'hotography i n  A t.chaeology, hy Lt.-Colonel G .  A .  I{eaz~ley, 
D.s.o., R.E. (Geo::raphical Jour l1~1,  Blny 1919). 

0 .  $Mapping f ~ , o n ~  -4ir l'hototrraphs, by I,t.-Colol~el Rl. 5 .  AlncLeod, 
R.E. (Geographical Journa,l, June  1 9  19). 

11. $lZeminisceuces of the  Blsp of Ara\)ia i11td I'c!t.sian Gulf, by 
Lt,-Colonel F. I?. Hunter ,  D.s.o., I.A. (~;eoKraphic;~l  JOUI.II:L~, 1)ecember 
1919). 

1 .  JCeutrnl Rnrdistan, by Major K. M:rsot~, n ~ . ,  R.E. (Geo- 
graphical .Journal, December 1910). 

1 fSulaveys in  nlesopotalllia during t,lie 1173.1., by Lt -Colouel 
G. A .  13e:~zeley. D.s.o., R.E. (Geo;r,zphica,l .Jou~,llal, F e b t ~ u a l - ~  1920 J.  

1.1,. $12 lecture 011 t,he Earth's Axes n ~ ~ d  l i i ~ u r e ,  by J.  tle Gra,aff 
Hullirr, M.A. (The  Observatory, 34 ay 1920 ).  

15. f A brief review O F  t,lle evirlence u l , o ~ ~  n.liich t'lie 'I'heotSy of 
Isostasy llas bttell barsea, 11.v C'oloi1c:l Sir S. G l3111.rnl-tl, K.C.S  T., H.E., F.H.S. 
(Qeogr:lphica.l Jour~ la l ,  July l!)'JO). 

1 6  f A 11,1t,e oti  tlle topogr:~pl~y of tho K11n l i u ~ t  hl:~ssif ill IJndkltll, 
by M:!ior 6. Mason, M.c. ,  R 1,;. ( ( ; e o g r i ~ ~ ~ ~ l ~ i c ~ i ~ l  . l o ~ ~ r t ~ : r , l ~  A I I C I I S ~  1920). 

17. f Kotes on the  Calla1 Systenl iiud A ~ ~ ( , i c n t  Sites ot' 13;1h~lot1ia it1 t,he 
t,im@ . ~ f  Senophot~ ,  by Mn,iol. I < .  ~ I : I s o I ~ ,  M . C  , K . E .  ( ( ; o ~ ~ r a l ) l ~ i c i l ~ l  ~Jou~'11~1, 
l)ecc~l~l~f>r 1 920). - - . . . - . . _ _ _ -- - . -  --- -- 

* Ol)t,:li~,al,lo Fronl hlrwrs IIlllnll k C ~ D . ,  37, S o l ~ r ~  Sc[nnl.e. L o r l t l ~ ~ u .  iv., 01' 
l f e 9 ~ r s .  ITnrrisnn ,k Sons,  St. blayrin's I.nnc. L,,~,t lon, :)r 1.l1e ]lo2-nl Socier.1 111. ~ { l l l l i ~ ~ g l o n  
l~onnc, I,<,ntIon. 

t Ol~t.aill:al)lr from Cl~nl.lc-; I:,,l~vrl .Iollr~sr~n ~ r t  f l ~ n  ol1il.c'. " l ':~~~ri~~eeril%", 
mtl  3(;, Rerlforrl St,rnet St,mnd. I . o~~c lc~~ , .  \\:. ('. 

T O l ) t ~ ~ ~ n a l ) l e  troll1 t,\lc I ~ , > ~ , I I  ( ; ~ v ) ~ I . R P ~ ~ c R I  S I S C I P L ~ ,  F;e~~sin~I.on G~lrl,,Lon(lont 
S,W. 7 .  
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ExtrsDe~artmentaI Publicstiona-(Co~ttinlce,~). 
18. "Topo~raphicnl Air Survey (with plates mapR), by 

Lt.-Colonel G .  A. Be:~zeley, D.s.o., R.E. (Royril Engineers J,jurnal,  
February 1921 r .  

19. "Projection of Maps.-A review of some Investigations ill tile 
theory of hldp L'rojection, by A. E. Young. nnd Colonel Sir 8. G. Burnrdl 
K.c.s.I., R E., F.H.S.  ( I(oya1 Engineers Journal, March 1921). 

20. +')'he Circulation of the E:~rth's Crust, by Lt.-Colonel 
3:. A. Ttindy, R E .  (Geographical Journnl, May 1921). 

21. f Johnson's Suppressed d s c e ~ ~ t  on t3 61., 'by Major K. Mason, 
M.c., a . ~ .  (Alpine Journal, Noveniber 1821). 

2 .  tYtereographic SUI-vey. 'I'he Autocartograph, by Lt.-Colonel 
B1.N. MacLeod. D.s.o., R . E .  (Geographical Journal, April 1922). 

23. *The " Canadian" photo-topographical method of Survey, by 
.Captain and Bt,. Mi~jor  E. 0. Whreler; M.c., 1t.E. (Itoyal Engineers 
Journal, April 1922). 

24. f'l'he Survey of Mr. W. H. Johns011 in the IC'un L u n  in  1865, 
by Major I<. Mason, M.c.. R.E. (Alpine Journal, Noverrrber 1922). 

25. §G~-:tvlty S~irvep, by J .  de (+ranif Hunter, M.A., SC.D., F. INBT. P. 
( A  Dictionary of Applied Pl~ysics, Vol. I1 1). 

26. §Trigonometric;~l Heights and ,Itmospheric Refraction, by,J. de 
Grn~f f  Hunter, M.A., s c . ~ . ,  F. INST. P. (A  Dictionary of Applied Physics, 
Vol 111). 

27. Geodesy, by Colonel Sir G. P. Lenox-Convn~hnm, I<t.. R.E.. F.R.8. 

and J. de Graatt' Hunter, M.A., ~ c . D . ,  F. INST. P. &c. Brit. 12th Edition, 
Vol. XXX I, 2922). 

28. +The proposed I)ete~.mi~~ation of Primary Longitudes by Inter- 
niitional Cooperation, bp Colonel Sir ( 3 .  P. Leuos-Conyn,oh:im, Kt., R.E.1 

F.R.S. (Geographical .Journal, February 2923). 
29. +Recent Developments of Air. Photography.- (1)  'I'he adjustment 

of Air Photographs to Survey points, by Lt.-Colo~~el b1, N. MacLeod, 
D.S .O,  R . E  (Geographical J o u r ~ ~ a l ,  June  1923) 

80. t Kishen Sing11 and the Indian Explorers, by Ma,jor K. Mneon, 
M.C., R.E. ((;Feo,o~-aphical Journal, December 1923). 

31. 11 Electrical reei@tration of heiqht of water a t  any time in Tidn1 
Prediction, by J. de Grmff Hulltor, r.*.. s c . ~ , ,  F. INST. P. (JOurndof 
Ycientific Instruments, Vol. I ,  No. 8, May 1924). 

32. TGraphicrl rnstllodl of plotting from di r  ~ h o t o ~ r f l p h ~ f  by 
Lt.-Colonel L. N .  F. I. Kin$, o . B . B . ,  n . ~ .  

33. Georle~y, by J .  de Granff Hunter, M.A., sc.D., INEZ 
(Ent. Brit .  13th Edition, Pjem Vol. ii 1926). 
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- 

* Obtainable from The Institution of Royal Enginee:::, Chatham. 
t Obtainable horn the Royal Geographical Society, Kc osingtoll @ore, London' - - 

S.W. 7. 
$ Obtainahla from Alpine Clnb, 23 S ~ v i l e  Row, Lontlon. w. 1.  
$ Obtainable from Measrs. Mac Millan & Co. Limited., St. Martin's 

London, W.O., Bornhay. Colcntta, Madree, hlelbonme. 
11 Obtainable from the Institute of Pbysica, 90 Grent  Rnsaol Btroet, IflddOD' 

W.C. I. 
7 Obtainable from A.M.  Stationary omce, i\d.stral Pi0,nao. KiopwaYf 

W.C. 2, 28, Abingdon atreet, London, S.W. 
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Extra-Departmental Publications-(Continued). 
34 "The Dernnrcnt,ion of the Turco-Persian Boundary in 1913-14, 
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