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NOTICE. 

Haps published by the Survey of India can be obtained from the l a p  
Record and Issue OfElce, 13, Wood Street, Calcutta. 

I .  T O P O G R A P H I C A L  M A P S  are published on the scalee of 4 MILES TO 1 INCH, 

2 lnLES TO 1 INCH AND 1 MILE TO 1 INCII :- 

(a) THOSE S u n n y ~ ~  A F ~ .  1903 are printed in colours, in sheets24 INCHES x 18 
rncaEs, price Rs. 1-8-0 per copy. 

(b) THOSE SURVEYED pnmon TO 1905 are ~ r i n t e d  in black only or in black with hill. 
in brown, in sheets 40 INCHES x 27 INCHES, price Rs. 1-8-0 per copy. 

(c) 4 miles to 1 inch maps are printed in two editions, ciz., LAYERED and 
POLITICAL, as described in para. 4., price Rs. 1-8-0 per copy. Those from old survey0 

are p in ted  in black and styled P ~ O V I S I O N A L ,  price ONE RUPEE per COPY. 
2. G E O G R A P H I C A L  M A P S  are also obtainable as follows :- 

( n )  SOUTHERN ASIA SERIES, scale 1 : 2,000,000 or nearly 3 2  miles to  I inch, in 
LAYERED and POLITICAL editions, as described in para. 4, size 36 inches x 24  inches, 
price Hs. 3 per copy. 

(h) INDIA AND ADJACENT COIINTRIES, scale 1 : 1,OOO,O0O or nearly 1 6  miles t o  1 
inch, in LAYERED and FOLKTICAL editions, and from old surveys as PROVISIONAL ISSUES, 
size 24 INCHES x 1 9  INCIIES, price Rs. 1-8-0 per copv. 

( c )  INTERNATIONAL MAP OF INDIA, scale 1 : 1,000,000 or nearly 16 miles to 1 
inch, in LAYERED edition (without shading of I~ills), size 30 inches x 26 inches, price 
ONE RUPEE per copy. 

( d )  GENERAL MAPS OP INDIA, scale 32 miles to  1 inch, in sets of 1 2  sheets, 
each sheet 25 inches x 32 inches, in LAYERED and P O L I T ~ A L  (without hills) editions, 
price Rs. 12 per set. Maps of Inclia on various smaller scales and miscellaneous special 
maps illustrating Railways, etc., are also available. 

3. MISCETJLANEOUS maps are also pbl ished as below :- 
(a) PROVINCIAL MAPS, on scales 16  miles and 32 miles to  1 inch. 
( b )  DISTRICT MAPS, on scales 4 miles and 8 miles t o  1 inch. 
( c )  CANTONMENT A N D  TOWN MAPS A N D  OTHER MISCEI.I.ANEOUS MAPS, on varions 

s a l e s  and prices. 

(d) ~ o n ~ s ~  MAPS obtainable only from the OPFICER IN CHARGE, FOREST M A P  
OFFICE, D E H ~ A  DUN. 

4. The styles of printing of 4, miles t o  onc inch and Geographical maps are as 
follows :- 

(a) LAKERED xnrTroru, ~ r i n t e d  in colours with contours and graduated layer tints 
to show altitudes, and shading to emphasize the hills. (Colol~r ribands along boundaries 
cannot be added to this edition.) 

(6) POI.ITICAL EDITION, printed in colours with coloor ribands along boundariea, 
contours to show altitudes and shading to emphasize hills. 

( c )  P~OVISIONAL ISSUE, generally printed in black or black with hills in brown. 
Colour ribands along boundaries arc addcd by  Iland when required a t  an extra cost of 2 
annas per sheet. 

5. M A P  CATALOGUES can be obtained a t  ONE RUPEE per copy. 

6. Maps can be mounted on cloth and folded or mounted on rollers for hanging, 
etc., a t  a small extra charge. 

7. Maps approved for issue to  Government Officials on the PUBLIC SERVICE 
are supplied on ROOK DEBIT. 

Indent forms and rules governing this supply can bo obtained on application. 

All of,ller isllles of printed maps are made on cash payment or b y  V. P. P. 
Cagh payments may be madc hy Money Order, or by  uncrossed cheques (usual com- 

miasion c l ~ a r g ~ a  being added to cheques on Ranks outside Calcuth) .  Crossed chepe8 ,  
Hundis and Receipts f i r  payments in to  Twasuries canrrot be nccepled. 

Postage, packing and V. P. P. charzes are extm. - 
8. THE  MA^ RECORD AND TSSUE OFPICE will be to frec of charge, 

any further information. 
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PART I.-TOPOGRAPHICAL 
NORTHERN CIRCLE. 

$u,nmn,:?/.-Tllis circle was under the superintendence of Lieut.-Colonel R. T.  CriChton, 

C. I. E., I. A,,  up to 7th March 1900 and of Lieut.-Colonel H. L. Crosthwait, R. E., from 
8th March 19.10 to the close of the survey year. I t  comprised Nos. 1, 2 and 3 Tope. 
Parties, No. 3 Drawing Ofice, 3 sl,ecial parties and a detacl~ment. 

During the year Nos. 1 ,  2 a r ~ d  3 Parties completed 9145 square miles of detail survey 
on the +-inch, 1-inch, &-inch and 31-inch scales, and 47 square n~i!es on larger ~ca les .  I n  

connection rnith the survey on tlie smaller scales an area of 1250 square miles was triangulat- 
ed and 14*99 square miles traversed. 

The detail survey consisted of :- 
252 square miles of +-inch revision survey. 
264 ,, ,, ,, a-incll original survey. 

4928 ,, ,, ,, 1-inch revision survey. 
418 ,, ,, ,, 1-inch original survey. 

1516 ,, ,, ,, 1-inch re-survey. 
2G5 ,, ,, ,, 2-inch re-survey. 

1237 ,, ,, ,, 2-inch original survey. 
265 ,, ,, ,, 34-inch espcrimental Aeroplane survey. 

No. 22 (Riverain) lJarty and Sind-&gar Party contin~led special norli  in the Punjab 
for the Local Government. The former carried ant the 11snnl riverain surrey in the Punjab  
and the latter ~.ectangulntiou rvork in tlie Sind-Sigar llorib. 

The Birjand Surveg 1)etachment fornled in June 191 9 continued work in Eas t  Persia 
a n d  returned to India on co~npletiol~ of its progralnme in September when i t  was disballded. 

A sllrvc.J- party designated " the \lTaziristau Survey Par ty"  mas formecl under an 
Imperial olGcer and worked in the North-Western Frontier up to J I a y  and mas disbanded 
in  June. 

No. 4 Party was l)ractically in abeyance throughout the year. 

No. 1 PARTY ( P U N J A B  A N D  U N I T E D  Pl tOVINCES) .  

BY ~ ~ A J O ~ L  H. T. ~~ORSIIE.LD,  D. S.  O., R. E. 
The field head-quarters of the party opened a t  Dehra D611 on 1st  November 1919  

and reopened a t  Mussoorie on 1 s t  M a y  1920. 

The area surveyed consisted of high wooded - 
Ut.-Lt. .Col. A. A .  NcHarg, D. 8. O., n. E., in hills and snowy ranges with low cultivate~l valleys. 

chargc 11th November 1019. 
The health of the party was adversely affect- 

Cap otn H E Hoo~ne, N .  C., R .  E ,  it1 charge from 
20tl1 November 1919 to  16Lh Februnrv 1920. ecl by the epidemic of influenza mhicll raged 

Bt.-Mnior K. Nason, hf. c.. R. E., in c ~ l i r c e  [ram throngho~lt  the Simla H ~ l l s  durina the s l ~ r i n g  of - - .2 

41 11 Nnrch t , ~  10t,l1 Nny 1920. 1920. One surveyor and 3 khalasis clied in the  
Nnjor H. l'. More'lond, D. S 0 9 n. s., i n  c'lf'rge field ; two other surveyors had to be sent on lono 

f ~ o m  10th Mny t,o tit11 A u g u ~ t  1920. n 
leave, their health having broken down from 

CInss IT 0,ficrr.s. 
Mr. G .  J .  8, R I I ~  in cl~nrco from l l t , l ~  t o  20th No. repcotecl attacks of the disease. 

vrmber 1019 snd iron1 lGlh February to  4th Topogral~hy .-No. 1 Camp, under 311.. A .  M. 
nlnrclr 1020. Talat,i, with 1 0  surveyors, from November 1919 

Mr. " * T U e l l " ~  from 1st 1920 rind in to July 1920, rorl<ed on l - inc l l  revision sol.\rey of 
cllnrpe iroln Glli A I I ~ I I R ~  1920. 

Mr. A hl .  Tnlnti. sheets 53 A / 5 , e . n . 1 o . i 2 . 1 3 . 1 4  and 53 E / 3 . 7 . 1 1 . 1 6 ( ~ n r t )  
.. R ,  c. H n l l ~ o n .  and Q-inch revision survey of sheets 53 E / I O , J ~ .  
,, F. J. (irico, from lot June l o  29th Saptember 

1920. No. 2 Camp, unrler Rir. R. C. Hanson with 
,, J .  A .  Ct~Iv~rh fron~ lat Blny 1920. 8 surveyors, was employed from November until 

r j)pw Su b o r d i ~ ~ n t e  Service. 
' the middle of January on the large-scale survey 

Mr. Mllllnmmod Ilusnin I t l~nn From 23rd Apl.il of the citics and environs of Lahore and Feroze- 
1920. pore, wing  blue prints of aerial mosaics. 

,, J*:dredr I'rnsad Vnatnv l o  Zl6t blnrcl~ 1020. 
,, nloI1nn1111nrl I i l~nn.  On rompletion of this.work, the camp moved 

Lotoer Subordi~iats Seroice. into the Silnla Hills and Sirmur State, and 
4 0  Burrc~ora,  R ~ C .  worked until the end of June on 1-inch revision 
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survey of sheets 5 3  E/a and 5 3  P/6.~9.10.i:1.14, also 4-inch revision survey of eheete 
53 E/1~.16(~nrt).  16. 

The total area surveyed during the season amounted to 5,180 square miles; this 
includes 87 square miles of original 1-inch survey, and 252 square miles of 4-inch revision 
survey. The slieets surveyed were 53 A/5.e.g.io.1?.13.14, 5 3  El3.7.a.li.12 16.16, 53 F/5.~.9.10.13.14. 

One surveyor was sent OII special duty to  Dera Ghiz i  KhBn from 6th April to  22nd 
May 1920 in orller t o  survey the area of the new city under the supervision of the Settlement 
officer. The necessary corrections were inserted on the old fair sheet 39 J / I ~ .  

The "-inch original survey of Mussoorie, undertaken a t  the expense, and by the  
reqi~est, of the 3Iussoorie City Board, mas placed under the  executive supervision of 
No. 1 Party from 1 s t  May 1920. The mork is estimated to cost Rs. 10,816 including t h e  
expense of fair-mapping in three sheets. 

Mr.  J .  A. Calvert mas in charge of the field work, with a varying number of 
traversers, levellers and surveyors. Photographic reductions of this survey on the 8-inch 
scale will also be used as the nucleus of a new contoured edition of the Mussoorie and 
Landour guide map, which has long been called for, and which i t  is hopecl to  produce in 
time for the 1921 Mussoorie season. 

The framework of the survey involved 5 . 2  square miles of triangulation, 45 linear 
miles of traverse and 36 linear niiles of levelling; beyond this, no triangulation or travers- 
ing was undertaken by the party during the year. 

Reccss dutres.-A drawing section under Mr.  G.  J. S.  Rae with an average strength 
of 8 draftsmen remained a t  head-quarters throughoat the year and completed the large-sealo 
fair-mapping of Lahore and Ferozepore, as well as the arrears of 14-inch fair-mapping of the 
previous season, v i z .  sheets 43 018, 4 3  P/io.l.r.i~, and 53 R/1.2.3.4.6.7. The above are the only 
new sheets submitted for publication during the year. 

On the retnrn of Nos. 1 and 2 Camps from the field in June and July, a second 
drawing sectlon under hIr. R. C. Hanson with 1 0  draftsmen and pupils mas formed to deal 
with tlie c ~ ~ r r e n t  season's fair-mapping. Thirteen 14-inch and two $-inch fair sheets are 
in  hand and will be completecl during the winter. 

third drawing section under Mr.  P. A. T. Kenny with an average of 8 draftsmen 
was employed, from 1st May 1920, on the fair-mapping on f-inch ar~cl 1;-inch scales of the  
area surveyed by the IVaziristin Survey Party during 1919-20. This included the drawing 
of five new 1:-inch sheets and the insertion of additional mork on four oltl 1'-inch and 
four old 8- inr l~ fair sheets. This ~ o r k  is still in hand. 

A section under Mr. A. JI. Talati, assisted by Mr. F. J. Grice, with 6 pupils was 
busily occupie,l for 3 months in preparing data and planetables in readiness for nest  field 
season. This mork proved extremely laborious and required much trouble and care on the 
part of those concerned ; the reasons for this are set out a t  length in the report of this 
party for last year. 

The Surveyor General inspect,ed the party in recess on 7th September 1920 and the  
S l ~ ~ e r i n t e n d e n t  Northern Circle on several occasions. 

No. '?. Party ( P U N J A B ,  R A J P U T A N A  AND U N I T E D  PROVINCES)  

BY BT.-T,T.-COL. S.W.S. ~I.~JIIL.I .ON, D.S.O., R.13. 

1 .  The detail survey for the Town Guide and Environs maps of Agra, Allahihid, 

PERSOSXK~, .  Beoares, Cawnpore and Lucknow having been 
Class I o f i c e  r .  completed in the previous season, the party mas 

B t . . ~ t  -COI. S. \\-. S. ILsmilton, S.U., R.E, able to return to its rlormal topographical 
in charge from 6th December 1019. programme. 

C1o.s I I  Oficcra .  

M ~ .  11 P.D. Morton in  ellarge to 5th December ,T I his programme mas as follon-R :- 
1913. 

,, l h n i  Cbao(l Fnri. ( 0 )  Original survey on the +-inch scale in sheet 
upper  Subordinale  S e r ~ i c c .  34 A/ 7. 

Mr. Sfuhamrnaal Hoeain. 
,, 1,nbshrni D o l t  Joshi. (b )  Original survey 011 the 1-inch scale in parts 
,, Ohulnm tIwnn. of sheets 54 Eli. Z. 6. 6. 
,, Danlet Rnm Vohra. (c) Re-survey on the 1-inch scale in perts of ,, L ~ 1 t ~ n K h n u , I . D . 1 3 . 3 1 .  

Losw Subordinate  Serc icr .  sheets 54  El i .  2 . 6 . 6  and in sheets 
77 Someyore, etc., and pupila. 54E/9. 13. 14. 



Vol. XV.] T O P O G R A P H I C A L  S U R V E Y ,  
.5 

(d) Re-survey on the 2-ineh scale in sheet 54E/1s. 
(c) Continuation of the original survey of Mount Abu and leased area on the scale of 24 

inches = 1 mile. 
Traversing for (6) above and also in sheets54 E/3. 4.7.  8 for original survey on the  

- - 
&inch scale. 

( 0 )  Classification of the aeroplane survey for Lucknom city guide map carried out  in 1918-19. ." # 

(h) Experimenlal aeroplane survey of sheets 54E/l2. 16 in combination with No. 1 3  Party. 
The count,ry in 54 A/7 was mountainous and difficult of access, being mostly covered 

with heavy low jungle and thick grass, while the remainder was cultivated plains, open and 
easy, -except in a few places where trees were numerous and close, and on the borders of the  
Jumna river where there mas a good deal of broken ground and occasiona.lly high grass. 
The Mount Abu area is situated on a plateau about 4000 feet above mean sea level, the highest 
point Adhar Devi being 4623 feet, and comprises some cultivated and grass lands but  ie 
mostly rocky and intricate ground covered with scrub jungle and trees. 

The head-tquarters opened in the field a t  Agra on the 29th October 1919 and 
re-opened in recess at Mussoorie on the 13th May 1020. The health of the party was excellent, 
except for those employed on the Mount Abu sJrvey amoug whom there was some fever, as 
also amongst those employed in traversing in the earlier part of the season. One soldier 
surveyor died. 

2. Plane-fabling.-Refore the co~nmencernent of the field season the Superintendent 
of the circle decided to attach all the soldier surveyors and pupil surveyors in the circle 
numbering 7 and 39 respectively, to  No. 2 Party for training in field survey, such men 
having had a previous training during the recess season in No. 3 Drawing Office and in 
other parties. 

As stated above the country, except in sheet 54' A/; and for two short isolated low 
rocky ranges of hills in sheets 54 E / l . n ,  was cultivated plain open and easy with just a 
sufficient variat,ion of close and intricate areas, here and there, to make i t  an ideal training 
ground, though i t  was not possible to give any real training in contouring and t,lie depiction 
of hill features. This omission, however, is being made good by distributing those under 
training in their second year among other parties in the circle working in hilly areas. This  
method is to  be followed again in the ensuing year, i. e pupils receive one s e a ~ ~ ~ l ' ~  trailling 
in the  lai ins and one in the hills. The party was divlded into five camps as  glven in the 
teble below :- 

The surveyor instructors, who were ordinary trained surveyors not specially selected, 
were distributed among the camp o 5 c e n  to assist them in training owing t o  the large 
n ~ m b a r  of pupils that  bad t o  be allotted to  each camp and to there being insu5cient  officers 
a n i h b l e  for the purpose. At  first a11 were concentrated for genenl  and individual instruc-: 

No. r3I Name of 
officer' R E  I A R H 8.  I 

Re-survey 

Original 
survey 

and He-survey 

do. 

Re-survey 

Original 
survey 

Numbers O f  

sheets. 

54 1':/9.13 1.1 

548 Eli, 5 

55 E/z, I; 

54, El16 

Mount 
Abu and 

leased area 

No. of 
sul.vegur 

(!nmp 
hencl- of 

snrvey. 

1-inch 

1-inch 

I 

1-inch 

&-inch 

24-inch 

No. of 
~ o l d i e r  

surveyors 
qnnl.ters. instroctors. ar~d  

pupils. 
I 

1 

2 

3 

Mr. D. C. Puri 

Mr. I,. D. Joshi 

Mr. C;l~nlan~ 

Iglis 

Hodal 

5 

I 

2 

3 

8 

I .  u. s. 31. Agra 

Mr. 1). R. Vohra Monnt I Abu 

11 

1 0  

. . .  

2 

'I. 

1% 

10 
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tion a t  their respective camp head-quarters, being gradually allowed more and more latitude 
until each could be entrusted with a separate board of his own. This system was continued 
up  to the  end of January 1920, and the  reports and expenditure thereon have been classed 
ns "under training ". After that ,  however, the majority of the soldier surveyors and pupild 
were capable of turning out work, though still under careful training and observation, of a 
standard sufficiently good to be accepted for fair-mapping. Their work, however, was neces- 
sarily slow and cost-rates have been affected accordingly. After January only one surveyor 
instructor was left with each camp officer, the  remainder of those previonsly employed t o  
assist in training being distributed among camps in order t o  complete to  margin those sheets 
of which the survey had been commenced. The majority of t h e  surveyors employed as  
instructors were not a success, only three out of nine men so employed being of any real use 
for this purpose. 

The RIoi~nt Abu survey on a scale of 24 i n c h e s c l  mile was completed early in  
February. The total area surveyed was 4492 acres a t  a cost-rate of Rs. 1.5 per acre. I n -  
cluding last seasou's outturn, the Mount Aba and leased area totals 5076 acres. The sclieduled 
boundary of the area, which mas very considerably in error, was also corrected. Two of the  
surveyors were brought to  Agra and employed on the ordinary programme of the party while 
Mr .  D. R. Volira and the remainder were ordered to Rfussoorie to commence the  fair-mapping 
of their work under the Officer in charge of No. 3 Drawing Office as explained under the head 
of recess duties. The i-inch survey of sheet 5 4 A/7 which had, throughout the season, been 
directly under the Oficer in charge of the party mas also completed in February and the 
surveyor afterwards assisted in sheets 54 E12.15 in Camp No. 3. The work in sheete 
54 E/I 2 . 5 .  6.9. 1 3  1.1. 1 6  mas based on old Revenue traverse data and in sheets 54 Ell, 2. 6. G on 
additional traverse data  undertaken and completed during the season, including computa- 
tions done in the field, while-the survey in sheet 54 A/? and the Mount Abu survey were 
based on triangulation carried out for the purpose in previous seasons. 

11s regards the  aeroplane survey of Lucknom city, completed during the field season 
1918-19, there mas considerable delay in the supply of the prints required for classification 
due to the Royal Air Force Squadron being transferred to other duties, and i t  was not until 
December 1919 that  the 219 negatives mere sent to the Superintendent of the Trigonometri- 
cal Survey and the necessary prints were supplied by h im;  I8 negatives were broken in 
transit jrom the Royal Air Force. The resulting mosaic left much to be desired, and on 
exam~nation in the field in March 1940 it  was decided tha t  i t  would be uneconomical t o  
proceed further with either the classification or the fair-drawing of a guide map based on 
the aeroplane photographs, and tha t  i t  would be more advantageous to  dram thg guide map, 
from reductions on the 16-inch scale of the llunicipal fiurvey of the city, on the 64-inch 
ecale, then nearing completion. These reductions are still awaited. 

The experimental aeroplane survey of sheets 5 4  E/ 12. is carried out in combination 
with No. 13 Party mas practically confined in the field, to  the provision of personnel for 
purposes of classification, etc. The area so surveyed has been included in the outturn and 
the fair-drawing of both sheets has been done by No. 2 Party. Owing to a late start, due t o  
the aeroplanes and photographic apparatus not being obtainable earlier, and to no heights 
being then available, the few small hills in 54 3 / 1 2  mere depicted by form lines only. 
This w ~ l l  be remedied by running a few triangulated heights during the ensuing field season 
end the sheet mill then be rigorously contoured. Out-turn and cost-rates are given below. 

C'lnqe uf 9 n r v e ~ .  

- 
Original 

Original 

Re-survey 

Re-survey 
- -- 

3. No Triongtrlafion was carried out by the party during the year. 

4. Traversing.-The country traversed consisted of cultivated plaine, open and eary, 
with occaeional iaolatd low rocky hille. The travereing carried out  in sheets 64 E/ I. 2. 6.6 

A r e s  in @quare n i ~ l e @ .  

264 

418 

1,426 

Cosbrnte per squnre mile- 

Iiuper6. 

3 . 5  

19.0 

1 6 . 0  
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for original survey on the I-inch scale, and tha t  in sheeta 54 E; s. 4.7. 8 for original survey 
on the (-inch scale, was eupplemelltary to  main circuit traverses already existing. The  

former was computed in the field to enable the surveyors to  complete these sheets during 
the season. 

The traverse camp was under Mr. Muhammad Husain with head-quarters st 
Bharatpur ; 4 traversers and 3 computers. All new traversing was completed 

in February after which the men were employed in computing and plotting their own work, 
and in the preparation of traverse plot sheets from old Revenue traverse data  required for 
the work of the field seas011 1920-21, Fever amongst the traversers in the earlier part of 
the season, and the fact that  the chainmen were untrained, have affected the cost-rates 
which are as under :- 

Half-inch sheet 54 A/ h-1~. was s~ibmitted in August and sheets 54'A/ xw sw, mill 
be submitted in Oct,oler, part of the typing and the examination of  the latter sheet 
only remainin: to be coml~IetccI ; sheets 53 D/ N \ V  XE,  will not be ready for submission 
till later. These last two are sheets taken over to assist No. 3 Drawing Office. One-inch 
sheets 54, %;/I. 2. 5 .6 .9 .33  were submitted for publication in September 1920, and sheets 
54 E/lz (,,lltlinp .,,l,,. 14. 16 will be completed and submitted for publication in October 1920, 
so that  the party will then have no arrears of fair-mapping. 

The fair-drawing of sheet 5 4 E / 1 z  which was surveyed by photography from 
aeroplane only, classification being carried out afterwards with the photos on the ground, 
has been very laborious and slow. A set of tlie original aeroplane photographs was reduced, 
and a mosaic constructed on the ?-inch scale, in two I~alf-sheets. Tlle outline was then 
inked 111) on these in black, by the aid of tlle photos used for classific~tion in the field on 
the original scde of photography (approximately d k  inches to one mile) and on completion 
were sent to the reproducing office for fair-drawing blue prints on the 14-inch scale. 
The original pltotograp!~~ wele very poor, but there must always be many dark shadows 
in work of t,his nature, which reproduce on the fair-drawing blue prints, and make i t  most 
d i f i c ~ ~ l t  to follow tlie outline as originally dmmn on the mosaic. The rigorons contouring 
of this s l~cet  has yet t,o be completed in the field and it  is hoped to finish and submit 
this for the fair-drawing of the hill sheet by No. 3 Drawing Office early in 1921, 

As sheet 5 4 E / 1 s  had been surveyed by the ordinary method in addition t o  t h e  
experimental aeroplane survey, a differcnt method mas followed. Bank-post reproductions 
on tlie 2-inch scale were corrected, where necessary, from the photographs, errors being 
painted out in Chinese white and corrections added in red, the result being sent to  the 
reproducing office for fair-drawing blue prints on the 14-inch scale in the ordinary manner. 

Include# soldier ourregor8 under t r s i n i ~ ~ g .  

Cost.rnte per lineor milc- 
, 

Rupees. 

1 9 . 2  

Aren in equttre n~i lcs .  Plane-tt~bling. 

I-illell 1 411 

Other G o r s r ~ ~ m c n t  
Dcpurtments. 

Littetir 111i1es ehnining. 

215 

Sheet, on I - i ~ ~ c l r  
scale. 

-- . . 

5' E/ 9. 1s. 14. 

1-inch 1 1,058 

' 
( - l l ~ c h  
ecale. 

G4A/ N rc. s \17. 

of  
Sertlon. 

1 

269 i 1 2 - 4  

5. Recess duttes.-(a) for purposes of fair-drawing the party was dirided into 
four sections as given in the table below :- 

. . . 

. . .  

53 D / N W . N E .  

2 

3 

4 

K B I I I C  of hnttlbrr of 
d l - a f ~ ~ ~ t l e ~ t ,  

bection Uflicer. 1 .LC. 

54 E/ 1.6 1 2 . 1 0  1 

I 

Mr. n. C. Puri 

54. E/ 2. (; 

. . . 

4 

Mr. L.D. Joshi 

J l r .  Ghulam 
Hasan 

Mr. D.R. l 'ol~ra 

Town Guide and 
Environs maps. 

Miscellaneous 

4 

1 .I.* 

3 

I 54 A/ N\T .  
duties. 
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The fair-drawing carried out on Town Guide and Environs maps has consisted of 
certain corrections to  those pertaining to Agra and Allahiibiid, and of the fair-drawing 
of the four-inch map of Lucknow and Environs. The fair-drawing of the 12-inch Tornn 
Guide map of Ilucknow city will be transferred to  No. 3 Drawing Oflice. The fair-drawing 
of the  sheets of the Mount  Abu survey was completed by Mr. Vohra and the drawing 
section scnt with him from the field in February, under the supervision of the Officer in 
charge No. 3 Drawing Office, before the party returned to recess. The cost-rates of fair- 
drawing are given below :- 

(6) A section composed of 6 traversers and computers under Mr. Muhammad 
Husain has been employed throughout the recess in computation and preparation of traverse 
plot charts from old Revenue data required for next season's survey on the 1-inch scale, 
in getting old traverse volumes completed and in order, and in preparing for record the 
triangulation volurnes for sheet 5 4  A. Much other miscellaneous work has been done 
in bringing the party records, etc., up to date in transferring such as were no longer required 
for record in other oflices to whose operatiom they might  appertain, and to the circle 
Records section. 

6. Miscellaneous.-There were no marked physiographical changes since the last 
survey in the areas included in the  programme during the year. 

7. I,r.qpections.-The party was inspected twiceby the Surveyor General, once in 
the field and once in recess, and on numerous occasions by the Superintendent, Northern 
Circle. 

Scnlc of fnir.~t~upping. t 1 4-inch 

$-inch 

24-inch 

No. 3 PARTY ( U N I T E D  P R O V I N C E S ) .  

At  the Leginning of November the  party arrived a t  its field head-quarters a t  Bareilly, 
whence the several camps proceeded to their respect- 

k 'ERSOAN6L.  ive areas, after the projection and plotting of plane- 
Class I Oficers.  tables had been carried out. Field work was com- 

Mr. a. H. B.  anb by, in  chorpe to 14th June. pleted by the middle of May. A small section under 
lit.-Major c G .  Lowis, R. k:., in cl1erge from Mr. Berrill remained in Mussoorie to  carry on 

15th June. arrears of mapping. 

Areu in square nliles. 

2,374 

2,292 

5,076 (acrca) 

Clars I 1  OJcera. 

Mr. B. M, Herrill, to 23rd Junmv.  
,, J .  H.  Johnson. 
,, W. H. Strong. M .  B. E., to l e t  February. 
,, Q. E. R. Cooper. 
,, Moqimuddin. 

Upper Subordinate &'#rvica. 

Mr. Paras Rnm ta 28th August. 

,, A. A. 8. Mntlub Ahmad to 18th September. 

Lower Subordinmte Service. 

83 Buweyorm, etc. 

Cost~rate per eqnure mile. 

Rupees. 
-- 

5.0 

2.3 

0 4 (per acre ) 

The area under survey lay entirely in the 
Kumaun hills, and consist,ed, for the most part, of 
densely wooded hills and cultivated valleys. 

The health of the party was good ; the average 
amount of sickness among surveyors being one day 
in two months. 

Surveyor R a j  Ali died in Bareilly a t  the  begin- 
ning of the field season. There were no deathr 
among menials. 

Mr. Strong was in charge of the Simla Survey 
Detachment, directly under the Superintendent, 
Northern Circle ( vide page lo ) ,  until his transfer t o  

the  Mesopotamian Survey Party in February. 
Plane-fabling.-The progmmme comprised the survey of sheets 53 01s. 6.9. l o .   part). 13. 

The  greater part of the area consisted of reserved forests, of which survey on the 2-inch 
acale was required. The  foresta were irregularly distributed throughout the whole area and 
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fie s u n e y  of the intervening non-foreat lands on the I-inch ~ l e  would have entailrd 
numerous uneconomical changea of acale, consequently the  whole area u n r v e ~ d  On the 
brger Ecale, with the exception of some 90 square miles which contained no forest.. 

The work was distributed in three camps as  follows :- 
Mr. Johnson 5 3  0 1 9  (sooth). lo. 11 (part). 

,, Moqimuddin 5 3  016. 6 ( p ~ ~ t ) .  

,, Paras Ram -53 019 (north). 13. 

The chief feature of the work was the necessity for surveying the  intricate net-work 
of forest boundaries, both exterior and interior, down t o  sub-compartment boundaries ; each 
individual pillar had to be shown and its position compared with the gazetted boundary 
notification. Where serious discrepancies occurred the notified descriptions were amended and 
sent to the Forest Department for acceptance and renotification. 

The total out-turn for the party was 1327 square miles, of which 1237 square miles 
were on the 2-inch scale, and 90 square miles on the 1-inch scale. 

The cost-rate of plane-tabling on the 2-inch scale was Rs. 44.8 per square mile, tha t  
for 1-inch is indeterminate owing to the small ares surrejed on this scale. 

Seven soldier surveyors completed their first period of training a t  the close of the field 
aeason and six returned to their units, one being retained for further training. 

Friazgulotion.-The programme of triangulation comprised sheets 5s N / r .  a. i z .  i s ,  
62 B/4 (sooth), 62 C/I for 2-inch survey. The majority of tlre work was executed by M r .  
Cooper, who, after giving instruction to Mr. Matlub Ahmad in sheet 62 C/i,  carried out  
reconnaissance iu the remaining sheets and had observed in 62 N/4 8 when orders were 
received late in the season to take up the triangulation of sheets 53 J/ iz .  16, the survey of 
which mas urgently required in connectiou with hydro-electric schemes. Mr.  Cooper mas able 
to complete these two sheets but the observation of the remainder of the programme will have 
to  be completed next season. Mr. nlatlub hhmad completed the greater part of sheet 62 CI1. 
111 the higl~er hills, the work was considerably impeded by snow from January onwards. 
Arra~lgements should be made to complete work a t  altitudes above 10,000 feet, by the  end 
of December. The out-turns of t,he two triangulators mere 1000 square miles and 250 square 
miles respectively. The cost-rate, excluding the area triangulated by the officer under training, 
was Rs. 1 1 . 3  per square mile including computations. 

Traversing.-No traversing was carried out during the year under report. 
Iteccss d1rfies.-(a) The fair-mapping was distributed in four sections: 
No. 1, under Captain Glennie (who was attached to the party during the recess 

season), sheets 5 3  0113 N L S. 

NO. 2, under Mr. Johnson, sheets 5 3  0 1 9  s ;  and 5 3  O/io N k s. 
No. 3, under Mr. Moqimuddin, sheets 5 3  O/.i N a; s and 5 3  O/s N 6: s. 

The mapping of one sheet, 53 019 x was carried out under Mr.  Cooper, in charge of 
the computing section. 

The whole of the mapping was done on the 2-inoh-scale for publication on the  same 
scale in two editions, public and forest. Owing to the scattered nature nf the reserves, t h e  
Forest Department require all sheets completed to margin, so as  to  include intervening non- 
forest areas. 

I n  additio~l to current mapping, a large number of arrears sheets remained over from 
last seaso~i. Of thew 5 3  K/s s .a, 53 K/9 x r a, 5 3  K/I ,  N , s, 58K/  14 s r s, slirreyed in 
191.5-16, had heen completecl and only rccl~~ired final eramillation; this wan carried out  by  
Mr. Hanby xvlillr~ on privilege leave. The remaining four sheets of arrears from 191;-18, 
53 011 N s, 53 0 1 2  a ,t s, in various stages of completion, were distributed one to each sec- 
tion, and will Ile submitted for publication before t l ~ e  end of recess. 

The clrlay in siibmissio~~ of these fair sheets is due to a ellanee of yolicJ- last year n. 

r c ~ a r d s  the style of d m r i n g .  Previously the sheets had been dra\m for reproderti0n, h ~ ~ t  in 
191 9 thc Surrryol. Gcacral gavc orders for them to be drawn so as to  be suitable for  redue- 
tion to tho 1-inch scale sllol~ld the necessity arise. This entailed extensire eorrDetions 
throl~ghont the shccts. 

Of the current map1)ing it is anticipated that  all the sheeeta will be completed by  the 
end of recess, with the exception or 5 3  019 N and 5 3  0/11 N a s. The latter two sheets 
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h ~ r e  not been commenced; these contained large areas of &inch survey of 1918-19, special 
prints of which had t o  be prepared for reduct~on to the 2-inch scale. 

I n  order to  cope with the mapping, considerable use was made of overtime work. 10 
surveyors were placed on the overtime list, and i t  is estimated that  four fair sheets were 
completely drawn during the extra time. Two sheets, both outline and hills, were given out 
as contract work, this method proved advantageous as the sheets were always available for 
the  pari pasru examination by the section officer during office hours. 

The out-turn of fair-mapping including arrears was 1290 square miles and the cost- 
rate Rs. 22.9 per square mile. 

(6). The computations of triangulation mere completed in recess under Mr. Cooper, 
except those in sheet 6% C/1, where the field work had not been completed. 

Inn~~ections.-The party mas inspected once by the Surveyor General and several times 
by the  Superintendent, Northern Circle, daring recess. 

S I M L A  S U R V E Y  D E T A C H M E N T  ( P U N J A B ) .  

The detachment took the field on the 1st October for the completion of the large- 
scale survey in connection with the Simla extension 

PBBEONNBL. 
scheme. The field work was completed by the 10th 

17101s IZ Oficer. December and the detachment was then broken up. 
Mr. W. H. Strong, M. B. E., In oharge. 

Topo.qr.aphy.-The total area surveyed mas 1270 
Lower Subordinate Service. acres on the scale of 220 feet to 1 inch, the cost-rate 

10 Surveyon, etc. being Rs. 6.8 per acre. N o  triangulation or travers- 
ing was carried out during the year under report. 

Fair-mappin!/.-Three draftsmen nrere employed in Mussoorie on completing the 8 
sheets of arrears mapping remaining over from the previous year. The current survey com- 
prised 10 sheets the mapping of n-hich was undertaken by No. 3 Drawing office. 

No. 4 PARTY: 

The topographical work of the party remained in abeyance, the o5cer  in charge being 
employed alternately in Nos. 2 and 3 Parties. 

PBRSOXNEL. 
Six pupil surveyors, transferred from No. 2 

Class I Opeerr. Party and two pupil clraftsmen transferred from - - 
~ t . - C ~ , l .  E. A .  T n n d j ,  R. E , in charge  t o  3rd Sincl-Sigar Party, mere employed from 1st June 

Kovember 1919. 
Lt.-Cnl.  R.  1'. C'ricl~ton, 0. I E., 1. A , ,  from 4 t h  t n  

1920 under the officer in charge No. S Drawing 
311th Snvember  1913. Office. ... 

Lt.-1-01. S .  \ V .  6. Elnmilton. D. S. O., I:. IZ., in 
elinrgc from 1st t o  20th I)eceinl)er 1919. Mr. Nahiclad Khan and one surveyor were 

\lojor L. 0. Crostbwnit. I. A, ,  in rltnrze from ~ 1 s t  employed on preparing blue prints of the sheets 
I l e r r o ~ l , e r  1919 to B lb  Jnooary  1!12O. included in the programme, when i t  was decided that  

alnjor H .  1' B I o r ~ h e a ~ l .  D. 9. 0.. R .  R..  in rLnrge 
From [ I ~ I I  J a n u n y  t o  16th Fchroarp  1920 the party sho~llrl not take the field next season. The 

LI , -COI .  H. 1,. Crosthwait .  R. E.. in chnlgefrom necessary p i n t s  of sheets ere, however, ready and 
I;rh F r b r n n r r  t o  14th April 1 9 ? 0 .  

Cnptmin I,. A. Jnckson, I. A,, From 15th April 1920. 
stored so that  they can be used a t  some future 
date. 

Clnrr I l  0 P ; c ~ r .  

Mr Al,llnl Knrlm B. A. [rqtm Ict J1.11 1990. 

(>par S ~ ~ h o r , i , l i n / ~  S e r r ~ c e .  

Mr S a l ~ ~ t l n o l  Khnn from Ict >la! 192 ). 

I Gtcrv  Sn hordinnle Srl ~ I C P .  

1 (jerk. 
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SIND-SAOAR P A R T Y  ( P U N J A B )  

The programme of the party, undertaken in continuation of t h a t  of the last field serson 
in connection with the Punjab Government's 

PE~SONNEL. Sind-Sigar Canal and Colonization project, 
C L ~ S  I Z  Oficars. consisted in the subdemarcation of 4000-acre 

Mr. Dhani Ram Verma, in charge. rectangles into 100-acre rectangles in the  area 
,, J. 0. Leare. comprised in sheets 39 1/15. 16, 3 9  5/13. 14 1 6 ,  
,, Abdul Karim to 30th April 1920. 39  M/2.  3. 4. 7 .  8. 11. 12. 16. 16,  39  N / l .  1. 3. 4. 6. 6. 7 .  

upper Subordinate Setoice. 8 . 9  lo .  11.13, and 4 4  A 1 3 . 4 ,  by  the patwir i  estab- 

Mr. Chuni La1 Kapur. lishment under professional supervision. 
,, Nabidad Khan to 30th April 1920. The locale of operations was the southern 

Lower Sulordinale Ssrvicc. part of the tract, commonly known as  the Sind- 

28 Gurve~ors, etc. 
S i g a r  Doib,  situated between the Indus, Jhelum 
and Cheoib rivers and included parts of Mianwili, 

Bsoenw Establwhmcnt. Jhang  and Muzaffargarh districts in  t h e  
106 NUb-tshsildire, Kinnngos and Patwaris. Punjab. 

The general nature of the country is tha t  of a rolling desert dotted with sand hillock@- 
A large portion is treeless but  parts are wobded, trees generally confining themselves to  t h e  
strips of land between the hillocks. 

The field head-quarters opened a t  Muzaffargarh on the 15th CIctober 19191 and t h e  
recess ofice was opened a t  Mussoorie on the 18th May 1920. 

The health of the party was good throughout the field season. Two l~k~alfisis died of 
pneumonia in the earlier part of the season. 

A t  the commencement of the field season the party was divided into 4 camps, and 
from the beginning of January 1920, into 5 camps as  follows :- 

No. I Camp.-Under Mr. Chuni La1 Kapur with 9 t o  3 traversers laid out  2867, 
100-acre corners on the long sides of 4$000-acre rectangles, embracing a n  area of 1733 .1  square 
miles, in sheets 39 5/14, 16; 39 M / l z .  16 and 39 N/2. 3. 4. 6. 6. 7. 8 . 9 .  10. 11. 13. Two traversers 
were transferred from No. I1 Camp a t  the end of January 1920 to this camp, one of them 
was discharged for inefficiency on 21st March 1920. 

No. I 1  Camp.-Under Mr. Nabidad Khan with 14 to 2 traversers laid out 2420, 
100-acre corners on the long sides of 4000-acre rectangles, embracing a n  area of 2010 .6  
square miles, in sheets 39 1/16, 1 6 ;  3 9  J/13; 30 Ri/3.  4. 7 . 8 .  11. 12. 16. 16. 

Nos. 111, I V  and  V Camps.-According to arrangements made prior to  taking t h e  
field i t  was expected that  the revenue staff would join punctually on 1st November 1919 bu t  
very few men did so. The camp officers having waited for a week proceeded t o  their respect- 
ive areas with as  many men as were then present. The revenue staff mas divided into two 
camps, viz . ,  No. I11 Camp under Mr. J. C. Lears and No. I V  Camp under Mr.  Abdul Karim, 
the latter camp having two divisions in anticipation of the formation of No. V Camp on the 
arrival of more patwiris. No. V Camp was placed under the charge uf Mr.  Chuni La1 
Kapur from the beginning of January 1920, in addition to  his own, omi~lg l o  the paucity of 
officers in the party. After the executive officer's personal representation to the Director of 
Land Records at Lahore on 23rd December 1919 the revenue staff began to arrive a t  
M ~ z a f f a r ~ a r l i  from the middle of January 1920 and continued joining the party till the end 
of the month. As the men had joined on diffe~ent  dates, and the majority were absolutely 
untrsioed, considerable time was lost in training t h ~ m  individually during the  course of 
op~rations. The number of revenue men deputed to the party varied from 42 in November 
1919 to 8 4  in April 1920. These figures do not include 14 patwiris who had rejo;ccd from 
departmental leave. 

The camp tinder Mr. J. C. Lears, assisted by 1 niib-tahsildir and 8 ksnungos, with 
21 pat~vsris laid out 6372,100-acre corners inside the 4000-acre rectangles, embracing a n  area 
of 1263 .6  square miles, in sheets 39 1 /16 ,16 ;  39  M/23.4.7.8.11.12. 1 traverser mas trans- 
ferred from No. I Camp in the beginning of March 1920 and 4 from No. I1 Camp a t  t h e  
end of the n1ont.h to this camp to assist the camp officer in partalling the work of the  
patwriris. On the completion of his camp's work, Mr. Nabidad Khan with 2 traversers was 
attaclietl to this camp after 20th April 1920 for the same purpose. 
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The camp under Mr.  Abdul Karim, a s ~ i s h d  by  1 nkib-tahsildir and 9 k8nungos, with 

17  p t w i r i s  laid out 5484 100-acre corners inside the 4000-acre rectangles, embracing an ares 

of 1100 .9  square miles, in sheets 39 J/ls. 15; 39 N11.2.34; and 39  M / l z . i s .  Two traversers 
were transferred from No. I Camp in the beginning of March 1920 and 3 from No. I1 Camp 
a t  the end of the month to this camp to assist the camp officer in parfalling the work 
of the patmiiris. 

Tlle camp under Mr. Chuni La1 Kapar, assisted by 1 n8ib-tahsildiir and 6 k8nungos, 
with 20 ~ a t w i r i s  laid out 5544 100-acre corners inside the  4000-acre rectangles, 

a n  aren of 118-k.7 square miles, in sheets 39 MI12 14 39 N / 6  6 7 8.9.10.11.13. 4 traversers 
were transferred from No. I Camp from the middle of March 1920 to this camp to assist the 
camp officer in pa~lallrtrv the work of the patwgris. 

I n  the earlier part of the field season draftsmen Hari Singh and Hari Dat ta  were 
employed in recruiting khaliisis in the U. P. and Garhwil.  Very few local men were available 
for enlistment. 

Nature of the co~rtrtry.-The country rectangulated is locally known as the "Thal" 
(sandy desert). The entire t ract  is sandy, studded with hillocks called " fibbas" assuming 
generally a north-east and soutli-west direction and alternating with narrow strips of hard land 
called "lrikr" or "pattis". The eastern portion of the "Thal" which is designated as the 
[ 'High ThalJ' or "Grazing Thal" is distinguishable from the western portion called the 
"ilgricaltural ThalJ' by the nncultilrable and more or less bare sand hills which are higher 
and more numerous. The central portion of the "Thal" is open and the rest is wooded. 
The country along the western edge of the "Thal" in Muzaffargarh district is covered by a 
dense jungle of tall trees and high grass, interspersed with extensive pieces of cultivated 
lands. I n  the interior the "Thal" is sparsely inhabited, the population is mostly pastoral. 
There are scattered patches of cultivation irrigated from wells in the "pattis". The people 
in the "Thal" of Muzaffargarh district are generally trooblesome, and on two occasions they 
attacked the staff. The water 1s brackish and bitter. The main transport is by camels. 

Triangirlation (supplementary) .-This was carried out to relay nine 4000-acre corners 
in the area traversed in the previous season in sheet 39  N/4 ,  the main corner stones and the 
traverse stations having been lost. As the area covered was accounted for in the report for 
191 7-18, its cost h w  now been included in that  of the rectangular survey. 

S~~bdemarcalion.-The programme of the season consisted of two successive operations:- 
(1)  locatiou on the ground of 100-acre corners on the long sides of 4000-acre rectangles; (2) 
breaking down of the 4000-acre rectangles into 100-acre rectangles. 

The 100-acre corners, situated on the long sides of the 4000-acre rectangles, were laid 
out by the traversers by subdividing the long sides into 8 equal parts with theodolite and 
short and long chains and were marked by flat-topped monolith pillars, 6 inches square and 
3 0  inches long, embedded e 0  inches deep in the ground with 1 0  inches, the roughly dressed 
portion, exposed. 5287 such pillars were embedded on the 100-acre corners situated on the  
long sides. 

W i t h  the 100-acre corners thus marked on the1 ground on the long sides, the patwiiri 
eetablishment broke down the 4000-acre rectangles into 100-acre rectangles by sub-dividing 
the cross lines into 5 equal parts by long chain measurement and embedded 17400 flat-topped 
monolith pillars on the 100-acre corners situated within the 4000-acre rectangles. 

The bulk of the revenue staff joined the party very late, as in the previous year, and 
consisted of untrained and new men. More dense jungle and higher sand hills were 
encountered and violent sand storms set in earlier, and were ;more frequent, than in the 
preceding year. The field work was carried on to the end of April when the heat had 
become very intense. The party was able to complete 3519 .1  square miles out of the 
programme laid down for the season, leaving about 750 square miles in sheets 39 M/11.16,16 
snd .IrJ A/3. J for subdemarcation next field season. 

A maximum error of 1 in 1000 was allowed. The average out-turn per man per diem 
w w  3.2 corners. 

Nearly 80 per cent of the interior work was tested by 9667.8 linear miles of partal 
by the superior revenue staff, and nearly 20  per cent by the survey staff with 3482 linear 
milee of partnI with theodolite and double chaining (sbort and long chains), Nearly the  
whole of the subdivisions of the long sides was tested with 1505 linear miles of par la l  by the 
mmp oficere and sllrveyors, with theodolite and double chaining (short and long chains). 
The tobl out-turn of rectangdntion is shown in the annexed table. 
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Mtsrc~1la~reocts.-Special arratigemellts for tlle supply of rations to the establishment 
e~nl)loycd in the fieltl nrerc made through the Depnty Conlmissioner of IIuzaffargarh. I n  the 
interior of the desert ration-depdts mere opened a t  Mnnds, L a d l i ~ n a ,  Patehpur, Chaubiira 

antl Nawnkot by t'lw villagc " panchayets" for the supply of rattions on cash payment. The 
camp ollicers aud n:iib-tahsiltl8rs and kinungos were supplied with extra camels for trans- 
porting rations from the dcpdts to their hcacl-q~larters and from there to their establishments 
scattered ovcr the desert. The>- were providetl wit11 co~intry scales anrl weights for weighment 
of rations. I n  thc Rhakkar " Tllal", the country being more popi~lolls than the Muzaffargarh 
" Thal", rations were generally available from the villages, and special arrangements were 
not neetlecl. 'l'hc resonrceq of tllc adjoining " Kachhi )' (riverain) tracts where there mere 
several large villages were also utilised. 

Inspec/ion.-The Srlperintendent, Northcrn Circle, inspected the party in the field on 
27th November 1919 and on four occasions in recess. The Siirveyor General accompanied 
by the Superi~~tendent,,  Northcrn Circle, inspccted the party in recess on 8 th  September 1920. 

I n c l n d c ~  414  I(l0.nrre corncre on ccrtnin long side6 in the nren leCl over for next ficld seaeon. 

Nature oC work. 

(1) Location of ~ ~ ~ - a c r e  corners on the 
lollg sides of 4.000-acre rectangles. 

(2) snbdemarcation of 4000-acre rec- 
tangles into 100-acre rectangles. 

Total . . . 

TIle average cost-rate of r e ~ t a n ~ u l a t i o n  executed, including computations, works out 
to R ~ ,  11.1 per corner RS. 71 - 2  per square mile or Re. 0-1-9 per acre. The  total 

expenditore of t,he party from 1s t  October 1919 to 30th September 1920 was Rs.  2, 52,731. 
Recess clu/ics.-In recess the party worked wit11 reduced strength. Mr.  Abclul Karim 

and I f r .  Nabidad Khan were transferred to  No. 4 Yarty from 1s t  May 1920 and t h e  
services of three lnen mere lent to the records section of the Northern Circle office from the 
7th Jane 1920. Two of them were returned to the party after a month. 1 soldier surveyor 

and 8 p~lpils were temporarily attached te  the party for instruction in dranring. 
The recess work \\.as clivicled among two sections as follows :- 

i\'o. 1 Sectiorr.-Under M r .  J .  C. Lears with 7 computers and draftsmen was 
employed on the final complet.ion of the rough t r i ang~~la t ion  charts for Degree Sheets 38 P, 
39  I ,  39 M, 39 N, 4.3 D and 44, A which were in hand since 1918 and on the preparation of 
the mannscri1,t lists of data for them. The first two and the last two of them with their 
n~annscri l~t  lists of data havc been sublnittcd to the Superintenclent of the Trigonometrical 
Survey. The remaining t,wo are nearing completion and will be submitted before the  party 
takes the lield. No rough t,riangr~lat,ion chart for Ikgree  Sheet 30 .J has yet  beell prepared. 
As it  does not reqnire much conlpilntion it  is intended to prepare i t  in the ensiling fieltl season 
and sn5mit it  from tlic field. 

Are. 7 Sorlion.--Mr. Ch~llli La1 Kaprlr was in charge of 9 men, all of whom except 
t,ivo were temporary hands entertained toryards the close of the recess 1919 in place of t h e  
trainctl topographical surveyors ml~o  were transferred to No. 3 Drawing Office and t,opo- 
gral~hical parties of the circle. They were brought to recess head-quarters for training in 
drawing, t,yping and computations antl for colnpletion of the Sind-Sigar  records. Mr.  Chuni 
Lal Kapur trained thenl in traversing with a view to their employment on traversing 
in the licld. Thc men nTcrc occasionnlly employetl on rlliscellaneons morlr in connection miell 
the rompletion of the Sind-S;igar rccortls antl the preparations for the proposed extension of 
rectanglllation in the Tlorver Bnri Doib. T l ~ e  section prepared four progress indexes alld two 
stone-dcp0t indexes on the scale of -1. milcs to 1 inch for thc Irrigation and Revenue Depart- 
nlenls. At  tllc request of the Erccatire Engineer, Tllal Survey Division, M i i n w ~ l i ,  4000- 
acre rectangles mere plotted and rulctl n11 on 4.9 ~~obl i shed  one-inch sheets of the Sind-Sigar 
Doib and .1,000 nnd lO(1-acre rectangles on t l ~ c  one-inch sheet,s of the same above latitude 
32'. 

Nnmber of 
loo-acre rec- 

tangles laid ont,  

. . .  

22,714 

--- 
22,714 

Number of 
Cornera located. 

5,'187* 

17,4'00 

22,687 

Area covered b y  
sohdernercation 
in srlnare miles. 

. . . 

3,549 * 1 

3,549 1 
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No. 28 ( R I V E R A I N )  PARTY ( P U N J A B ) .  

BY MAYA Das Pvnr., RAI SAIIIB. 

The l'unjab Riverain Survey Par ty  mas designated No. 22 (Riverain) Party Eronl the 
1s t  January 1920. 

PERSONNEL. 
The field operations were commenced early 

Clnss I1 Ofleer. 
in October 1010, and were brought t o  a close a t  

Mr. Mays DIIS F I I I . ~ ,  R I I ~  Snl~~b, i n  cl~nrge. 

Upper  Subordit~ats Sovice. 
the end of April 1920. The office of the party 

Mr. Rnm Nnrnynn Hnstlv. remained a t  Lahore throngl~out the year. 

,, Vidya Dhur Cbopm. 2. I n  the field the  party mas divided into 
Lomrr Sebordinnle Service. 3 camps, a computinc section, and a compiling and 

69 Snrvcjors, Trnversers, etc.  plotting section. I n  recess 6 sections were formed 
1 Nirib Tcrhsilddr 

(Settlement estnblishmcnt). 
i. e., 3 for complet'ing the arrears computations, one 
for the current computations, and one for compil- 

ing and enlarging riverain boundaries. For the tirst fonl* months or so, the two Upper Subordi- 
nates ~ n d  one survryol. were each employed in chargc of a camp on detail traversing. They were 
then transferred to  otlicc to assist in plotting and compilation. After about two months the 
two Upper Sr~bordinates were again sent out to supervise the ~ n a i u  circuit along the Sutlej, 
and the C;~~jr;in\v;ila town t,raversing, During recess they assisted in completing the 
computation records. 

Lala Mill ltij, il'iib Tahsildtir rerna.ined i n - c l ~ a r ~ e  of the base-line camp from 2 n d  
January to 1'3th May 1920 and finished the worlr along the Sutlej and the Cheniib in fahsils 
Lodhrin, S11njiih;id ancl R'Tnltin. For the remaining period during the year he carried o ~ i t  
miscellaneons duties. 

3. The party continued the work of traversing and laying clown base-lines. 371 
linear and 429 sclnare miles of main circuits and 2,650 linear and 1,91 square miles of minor 
traverses were executed; 458 theodolite stations of the former ancl 11,590 of the latter in 
1 &!3 villapes mere fixed and 798 corners of 266 squares were clemarcatecl in 883 square miles 

pernlanent mark-stones on both banks of the Sutlej ancl the Cheneb rivers in districts 
?tIozaffarjiarl~, ;\ lottin and Atontjiomery and I3ahft~valpur State, to serve as bases for the 
future srlrvey and demarcation of boundaries and fields in the beds of t!?e rivers. 1,554  lotted 

4.7 1. h3lin:lary rnnri t> ir  (settlement mapping sheets) on the scale of 1/2,640, and 34 four- 
inch sheets, and 2 one-inch indexes were traced and supplied to the Settlement Officer, 
3Iult;in. lT,,lSl pages of field books and 3,314 pages of set-up forming 102 volumes were 
almost completed. Some arrears of computations still remain to be finished as reported 
separately in tletail. Besides these, 305 boundary i t t n r ~ ~ ~ ~ a  wcre partly compiled on the scale 
220 feet to an inch for the next season's n-ork; and 222 miscellaneons traces were prepared 
incl~lding 1 6  traces (scale 4 inches=l  mile) snpplied to the Executive Engineer, Upper Sutiej 
Division, shoming the rivel.ain t,raverse data along the Sutlej and Cheniib, ant1 all the traverse 

marked (luring the year were plotted on 36 forlr-inch sheets. 
T l ~ r r e  mas a general scarcity of transl~ort in the 34ult,;in clistrict and Bahkwalpur State; 

anti a :ootl ,leal oE time was masted on account of stones for base-lines not having been 
snpl)lietl in  t.ime by the Settlement authorities. h111cl1 jungle cntting had to be done along 
the Sntlej. 

.I.. The following tables give full tletails of the riverain work completed rltiring the 

year :- 
I. FIELD WORK. 

J ~ I I N . ( ~ I R T I ~ I ~ Y  
f i I l ~ m l l I  ~ ' R A \ . E H S F  

!  on T)FTAII .  S I I ~ V V T  I l . r n ~ . l ~ r ~ s  

m 

, I /  R .  I I I 22 L A  
District Ialtrin.nnn~), . ... ... ... 09 2 I ,  1 4 3.33 121 415 

,,=, ,,, 2 $ 22 
B n l c  I IS.840. 1 

I Y 0 

Diatrict Moot- 
o r  a d  h i  0 429 nl 46@ ,., . ... ... ... ... ... ... 
rdpurStatQ. 

Clrmdh Riorr. 
nlatrietm MuliAn nnd ... ... 64 280 1,338 6,466 18 4% 145 M8 

---- -------- 
ToUl LB 429 S7l 468 138 491 2.680 Il.5@0 I 4 3  798 S M  @83 ( 

L& 
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11. OFFICE WORK DONE FOR THE CADASTRAL SURVEYS OW RIVERAIN ESTATES, I N  FIELD AND BECE8I 

Number of 
I" index tracrs 
showing the 
arrangement 

of mordvir 
sopplied to  
the Settle- 

ment officer. 

peets traced 
Or 

Bettlement 
On 

"'le inches 
to a m'le. 

Number o: 
4 inches 

sheets on 
which nea 
work was 
plotted. 

16 

20 

Of 
plotted 

+advia show- 
lng 

points' 
~ ~ ~ , , ~ ~  Name of river. 

Number of 
compiled 
m m a v i r  
shoWi,.,g 
riverain 

boundaries, 

Name of district. 

Total 

17  

17 

714 

840 

. 1 1,151 1 474 1 34  1 
2 1 36 

112,640 

112,640 

Sutlej . .. 

Chenib . . .  

1 

1 

241 

233 

Besides these 222 miscellaneo~~s including 16 traces (scale 4. inches=l  mile) supplie 
to the Executive Engineer, Upper Sutlej division, showing the riverain traverse data  alon 
the Sutlej and the Chenib, mere prepared; and 396 boundary rnasivis were partly compile 
for the next season's work. 

111. RECESS wone. 

Completion of Computation Record Volumes. 
(i) Riverain. 

Mult in  . . . 

Multin . . .  
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111. RECESS WORK. 

Completion of Computation Record Volumes. 

(ii) Miscellaneous. 

5 .  T h e  i l l t c l t~n  suburbs trovers~ng was undertaken a t  the request of the Settlement 
officer, Mul t jn  during October 1919, and mas finished in February 1920. It was based on 
the riverain main circuit ran along the Chenab connecting i t  with Multan Fort, and Mul t in  
City Dot~tc*. The stations mere marked with two bricks vertically placed one above the 
other. 1 8  corners of ti squares mere fixed to serve as bases for the future survey. 33 
dressed stones were embecltled on 15 traverse stations, and on 1 8  corners of the  base lines. 
1,114 stations were laid out and 189 linear miles executed in 5 villages covering 20 square 
miles. 95 plotted rnastil-is on the scale 55 feet to  an inch, 134 on the scale 110 feet to  a n  
inch, and one trace on the scale 4 inches - 1 mile were supplied to  the Settlement Officer, 
Multhn. 

Name of 
dint tict  or town. 

M u l t a ~  suburbs . . . 

Gujrinwf~la town. 

District K i n g r a  . . . 

District Gujrgt . . . 

Jhelum city . . . 

6. T h e  Gujrcinruilu town Irnverring was started a t  the request of the President, Muni- 
cipal Committee, Gujrfinwila, clnring February 1920, and mas finished during April 1920 for 
the detail survep of the municipal area on the scale 200 feet to  an inch. It was connected 
with Shahjarnil T S. X X X V I I I ,  Shihdra Blinaret and the Chen~ib riverain main circuit. The 
8tations outside the congestetl area were marked with bricks, and inside with 8-inch long iron 
pegs with round flat tops of 14-inch radius. I n  all 617 stations were laid out, i.e., 507 
stations for the town survep, and 110 for making the three connections. On the connections 
the stations mere marked with ordinary pegs. 145 linear and 3 square miles of traversing 
were done. 11 trace on the scales 8 inches and 1 6  inches=l mile showing the stations and 
copy of the traverse data were slipplied to  the President, Municipal Committee, Gujr inwila .  

7. The  riverain area was, as usual, brbken, full of swamps, shrubs, high grass and 
sand. The Sutlej mas densely wooded. Portions of villages above the high banks were flat 
and generally well cultivated. 

8. I n  the beginning of the season some men suffered from malaria bu t  on the whole 
the health of the party n-as satisfactory. One computer and one old khalasi died of fever. 

9. The main circuits on the Sutlej mere connected with Chiirawhla T.S. 111, Jhiiliin 
T.S. I V ,  Akbar-da-Bunga T.S. V l I ,  AIoni-Dhai T.S. V I I I ,  Kot-Baksha T.S. VI ,  Piik- 
Patan T.S. I X ,  Pir-Ghani T.S. X, Bangar T.S. X X X I I ,  Fatehgarh T.S. X X X I V ,  and Khiii 
Mosque Flag. 

R l r ~ s n s .  

* Ten per coot  final 

Total . . . 1 

Nature 
work. 

Detail 
traversing. 

Main 
circuits. 

Detail 
traversing. 

Road 
survey. 

Rectangle 
survey. 

Detail 
survey. 

8 1 , 6 9 6  1 6, 1 288 ( t o  examinntion be done in remaine 3 ro l -  
umee. 

Field bouki 

I ' 

Number 
of volumes. 

Bet-up 

No. of 
roIumes. Pwes. I 

7 3  

2 7 

3 3  

5 9 

84 

1 2  

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

I 

1 

298 

5 9 

135 

8 3 0  

309 

6 7 
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10. The average errors were as follows :- 
(a) Base lines 

0.37 foot per corner of a baee line as compared with i t s  theoretical valuc. 

11. The total expenditure of the party mas Hs. 1,05,509 as detailed below:- 
Riverain . . , ... . . .  . . Rs. 99,165 
Multin suburbs . . . . .  . . . . .  ,, 3,389 
GujrSnwdla town . . .  ... . . .  ,, 2,955 

Total Rs. 1,05,509 

(b) Main circuits 
Sutlej . . .  . . .  ... 

. . .  Gujrgnmirla town ... 
(c) Minor traverses 

Sut lej  . . .  . . .  . . .  
... Chenib . . .  

Multin suburbs . . .  . . .  
Gujr inwi la  town . . . .  

12. The pwty was i~~spec ted  by the Superintentlent, Northern Circle, on the 25th 
November 191 9. 

3.01  
2 .55  

6 - 9 1  
7 - 0 1  
6 . 0 3  

0 . 2 4  
0 . 1 2  

0 . 6 9  
0 . 7 3  
0 . 8 2  

4 . 5 3  0.61 
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SOUTHERN CIRCLE. 
Summary.-This circle was under the superintendence of Lieut.-Colonel W.M, 

Coldstream, R.E .  up  t o  the 19th October 1913, under Major L. C. Thuillier, I .A. from the 
EOth October to  tlie 10th November, under Lieut.-Colonel E .  A. Tandy, R.E. from 11th 
November t,o 20t'h January 1920 and under Bt.-Lieut.-Colonel C. P. Gunter, O.B.E., R.E. 
from e l s t  January 1920;  i t  comprised Nos. 5, 6, 7, 8 and 20 Parties, the Training Section 
and No. 4 Drawing Office. 

During the year Nos. 5, 6 and 8 Parties completed 11,891 square miles of detail 
surrey, 6 0  square miles mere triangulated by No. 6 Party only. No theodolite traversing 
waF done in the circle for topographical surveys. 

The detail survey consisted of :- 
3383 square miles of 4-inch original survey. 

108 ,, ,, ,, +inch supplementary survey. 
3112 ,, ,, ,, 1-inch original survey. 

360 ,, ,, ,, I-inch revision survey. 
4523 ,, ,, ,, 1-inch oupplementary survey. 

266 ,, ,, ,, 14-inch original survey. 
16 ,, ,, ,, 14-inch resurvey. 
3 ,, ,, ,, 2-inch original survey. 

70 9 ,  ,, ,, 3-inch original survey (military). 
5 0  ,, ,, ,, 3-inch supplementary survey (military). 

No. 20 Party surveyed an area of 14,449 acres in cantonments and military stations. 
Owing to the shortage of supervising o5cers and establishment on account of the 

war the programme of tlie circle was considerably curtailed. No. 7 Party did not take the  
field but  mas emploved on the drawing of 4-inch sheets and in the training of probationers 
for the Upper Subordinate Service in recess quarters a t  Bangalore. 

The Training Section carried out detail surveys on the 14-inch scale in  sheet 57 GIg 
in which there nTas no previous 1-inch survey. 20 pupil surveyors received instruction in 
plane-tabling during the field :season of which 2 were unable to complete their training 
through sickness and mere discharged. During recess 20 pupil surveyors and 2 pupil drafts- 
men were under instruction and 8 probationers for the Upper Subordinate Service were 
transferred to the sectioi~ in the month of May to complete their training. Of these 
probationers, only t'hree mere found suitable for retention a t  the end of the survey year, t h e  
rcTnaining five having been permitted to resign. 

The following work was undertaken in the Photo-Zinco Section of No. 4 Drawiug Ofice:- 
Reproductions ... ... 160 

... Enlargements ... 126 
Reductions ... ... 344 
Number of sheets vandyked ... 187 
Number of prints pulled ... 9023 

No,  j PARTY ( C E N T R A L  INDIA A N D  C E N T R A L  P R O V I N C E S ) .  
BY MAJOR L. C. THUILLIER, I. A. 

This party took the field in full  strength and completed the detail survey on the 
PERSONNEL. 

Class I Oscer. 

alejnr L. C. T h n i l ~ ~ e r ,  i n  charge to  19th Octo- 
her 1919 snql Iron1 11tI1 Norcml~er  1919. 

Cl,tss XI 0ficer.v. 

Mr. V . W .  >lorton to  14th October 1913. 

,, 6. F. Hormnn, ill c l~arge  €rum 20111 Octo- 
ber to l ( N . 1 1  Sorrnlhrr 1919. 

,, I l . j~  Abdul 1{nbi111, K. U. to 31st Octobor 
191:'. 

,, H. U.  S ~ m o n s  from lot, Norclnhcr 1919 l o  

4'h April 1320. 
,. F. C .  Y i i r l ~ ~ r .  

,. F. \\'. Sl~l l lh  frnm 5111 Norrmbar 1919. 
I'pper S ~ , h o r r l , n n / ~  Sr r r i re .  

X f r  P. 8.  Vcn,o~~s\ .nmi 
,. Don~o,lur l ihnd~lknr to  IF^ ,Jn~ly 1920. 

,, Pulin I:el.ari Itoy to Rlut A q ~ ~ i r s t  1920. 
L o r a ~ r  S~bordinara Servrre. 

a0 Surveyors, etc. 

1-inch scale of sheets 55 N/z. 3.4.6.7.  e. l o .  I 1. 12. 16. 16. 

The general nature of the country was in- 
tricate jungle-covered hills and highly cultivated, 
well wooded plains. , 

The field season opened a t  Jubbulpore on 3rd 
November 1919 and closed on 17th April 1920. 
The head-quarters of the party was transferred 
from Jubbulpore to Chhindmiira on 2 1st November 
and remained there tliroughout the field season. 

The health of the party in the field mas on the 
whole very good. A few cases of fever and in- 
fluenza occurred. 

Planr-lahlitrg.-The nature of the country sor- 
veyed varied. To the north i t  consisted of intricate 
jungle-covered hills lying in the eastern end of the 
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S i t p u r l  range, and ending in the Lakhuldon plateau, a well wooded rolling country of alter- 
nate ridges and hollows. Along the  southern aide the c o u n t y  consisted of highly cultivated 
plains interspersed with jungle-covered hills. 

The survey mas carried out by three camps under Messrs. H .  B. Simons, F. C. Pilcher 
end F. W. Smith. Mr. Damodar Khadilkar, Upper Subordinate officer, assisted Mr.  
Simons in instructing the pupil surveyors in his camp. 

The 1-inch survey presented no great difficulties and the 1-inch revision survey was 
carried out by transferring the photographic reductions of previous 4-inch forest survey6 to 
the plane-table section by means of the plotted traverse ~ o i n t s  run round each forest block. 

A programme amounting t o  3,027 square miles mas completed. The total out-turn 

of I-inch original survey and of 1-inch revision survey was 2,667 and 360 square miles, the 
average monthly out-turn per man was 2 3 . 4  and 2 3 . 8  square miles and the  cost-rate per 
square mile mas 2 0 - 5  and 25 .0  respectively. 

Triangulation.-No triangulation was carried out by the party during the year under 
report. 

Recess duties.-The fair-mapping of the party was divided into three sections a s  
under :- 

No. 1 Section.-Under Mr. F. C. Pilcher, sheets 5 5  Nl3. 4.7. 8. 

No. 2 Section.-Under Mr. F. W. Smith, sheets 5 5  N/s .  6. lo. 
No. 3 Section.-Under Mr. P. S.  Vengusvami, sheets 55 N/i i .  12. 1s. 16. 
Sheets 55 N/ z. 3. 4.7.0.11. i s  were sent for publication during the year and t h e  

remaining fair sheets will be sent for publication before the end of the recess. 
There will be no arrears of 1-inch fair-mapping by  the end of recess. 
A total area of 3,027 square miles was mapped by the party for the I-inch scale, 

the cost-rate per square mile being Rs. 11.28.  
Owing to the dearth of officers and computers no work was done on the  preparation 

of data for Triangulation Charts and Pamphlets during the year under report. 

The arrears of Triangulation Charts and Pamphlets consist of the completion of 
Degree sheets 46 0 and 54 L (southern half). The other charts mentioned in last year's 
report have been made over to  the Triangulation Chert  Section for completion. Sheet 55 N 
will now be taken up by this party, the complete sheet having been surveyed. 

The party was inspected during recess by  the Snrveyor General and several times by 
the Superintendent, Southern Circle. 

No. 6 PARTY (BOMBAY, M A D R A S  A N D  HYDERABAD).  

BY J. O'B. DONAGHEY. 
The party completed the detail survey on the +inch scale of sheets 56 D/ 11.12. 16. 16, 

57 All.  2.6.6.9. lo and of parts of 56  D17.0. lo. 14 and 
PBHEONNBL. 57 A/13, on the  1-inch scale of sheets 57 A114 and 

Clars I Oficer. part of 57A113, on the 14-inch scale of scattered 

Mr. J. 0'8. Donaghey, in cbarge. areas of Hyderibid State  reserved forests in  sheets 

Claas I1 Oflcms. 
56  (3116, 56  H/13. 14 and 5 6  L/i, 2,3.6.7.s. 9, lo. 11, 12. 
14. 16, and on the 3-inch scale of parts of sheeta 

Mr. E. A.  Neyer. 56  K/6.7.10.11. The State  Forest areas* surveyed in ,, Muaehi Lnl, B. A. 
,, N. 5. Harilinra Iger. sheet 56 G/ i s  and the a rea t  surveyed on the  3-inch . scale in sheets 5 6  K/s, 7.10.11 had been previously 

Upper Subord~aate Ssrurce. 
surveyed by the party. The  party also undertook 

Mr. K. 0. BInndnnnn. the  triangulation for 3-inch survey of pmrh of ,, Masad Khan. 
,, E. N .  Nntesnn, B. A. sheets 5 6  K/s. 7.10, 11. The reserved forest areas 

consist of wooded bills, the remainder of the  country 
Lotuer S~tbordinate Service. is mostly undulating and highly cultivated. 

82 Surveyore, etc. The field season opened on the 6 th  November 
1919 and closed on the 28th April 1020 except for the 3-inch work which was completed 
by the 16th Jiily 1920. The field head-quarters mas a t  Secunderibid. 

The health of the party was on the whole good, but there was some fever among the 
men working in the forest areas. Towards the close of the field season there were some 
cases of influenza in N o  1 Camp. A surveyor died from the after effects of a n  at tack of 
influenza and there mere two deaths among the menials. 

* 16 .0  ~ q l l n r e  ruilc~. 119.6 sqnare miles. 
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Plane-labling.-The natme of most of the country surveyed is open, undulating md 
cultivated with portions of hilly and somewhat intricate gfound covered with low scrub and 
stones. The reserved forest areas consist of hills more or less densely wooded. N o  special 
difficulties mere experienced in the plane-tabling of the area surveyed. 

The supplementary survey portion of t l ~ e  area surveyed on the 5-inch scale mas carried 
out from 3-inch reductions of No. 20  Party's 16-inch plane-table sections and of the large- 
scale Hyderibid hlunicipal Survey map, aud the portion previously surveyed on the 3-inch 
scale was i~lcorporated in the plane-table sections. The  remaining areas which had been 
previously s~irveyed by the party on the I-inch and 4-inch scales mere surveyed "de nova" 
on the 3-inch scale. 

The work was divided as follows :- 
No. I Cn~ttp, under Mr. Meyer with one Upper Subordinate 65cer  for a short 

~ e r i o d  and 1 5  surveyors completecl, on the +inch scale, the original survey of 56 D/I1. 12, ls. Is, 
57A/s. 9.10 and parts of sheets 56  D/7.8. 10.14 and 5 7  A/i.  2.6.13 and the supplementary 
survey of parts of sheets 57 811 .2 ,  s and, on the 1-inch scale, the original survey of sheet 
57 9 / 1 4  and part of sheet 57 8 /13 .  

No, 2 Can~p, under Mr.  Harihara Iyer  up to the 10th January 1920 and then nnder 
Mr. hIunshi Lal, B. A., with two Upper Subordinate o5cers, Messrs. Mandanna and 
Natesan, B.A., and 1 0  surveyors mas employed on the special survey of scattered reserved 
forests of H p d e r ~ b i d  in sheets 56 (3116, 56 H / I ~ .  14 and 56 L/I. z. 3. 5.7.8.9. lo. 11.12. la, 1s. 

Head-Quarters camp.-Under Mr. Donaghey, assisted for a short period Gy Mr. 
Harihara Iyer and then by Mr. Masud Khan carried out the original and supplementary 
>urvey on the 3-inch scale of parts of sheets 56 K/s. 7. lo. 11. 

A total area of 4,191 square miles mas completed. The out-turn of the a-inch original, 
&-inch supplementary, 1-inch original, la-inch original, 3-inc'h original and 3-inch sup- 
plementary survey mas 3, 383, 108, 298, 282, 70 and 50  square miles respectively, the 
average monthly out-torn per man was 61.6, 55.0, 57.7,  5 .4 ,  4 . 9  and 1 4 . 0  square miles 
respectively and the cost-rate per square mile mas Rs. 7.9, Rs, 10 0, Rs. 7.5, Rs. 96.1,  
Rs. 8 7 . 1  and Rs. 67 1 respectively, Of the total area surveyed 11 L square miles are in the  
Bijipur and Dhirmirr districts of the Bombay Presidency, 170  square miles are in the 
Bellnry district of the Madras Presidency and 3,910 square miles are in Hydergbid State. 

Areas incliicled in the  total area surveyed and which have beeu previously reported 
as surveyed are as follo~vs :-16 square miles previously surveyed on the 4-inch scale 
in sheet 56 G/16, 44 square miles previously surveyed on the 4-inch scale in sheets 
56  KIXm, NE. sm. SE., 56 square miles previously surveyed on the 1-inch scale in sheets 
j(; KINE. ~ l v .  SE. aud 1 9  square miles previously surveyed on the +-inch and 3-inch scales in 
sheets 56  K/KE. sE. 

Trinng,rfataon.-The country is undulating with scattered rocky knolls, boulders 
and ope11 patches of grass and includes - the Secunderibid Cantonment and a portion 
of Hrderibird city areas. Mr. Alandanna completed a n  area of 60 square miles of sup- 
plementary triangulation in parts of sheets 56 K/Nw.  NE. s ~ .  SE. for survey on the 3-inch 
scale. 

The cost-rate per square mile was Rs. 36.4.  The whole area is in the Hyderibid 

State. 
Recess dtcties.-The fair-mapping mas div~ded as follows :- 
NO. 1 Seclion, under Mr.  Meyer +-inch eheets 56 D/xw. SE. and 57 A/am. NE, 

]-inch sheets 57 All3. I J  end the Secunderibid 3-~nch  sheet which is comprised of parte of 
sheets 66 I(/xw. NE. SW. s E .  

No. 2 Sectron, under RIr. Natesau, B.A. ,  for a short period and then under Mi. 
&Innshi Lal, B. A., was employed on the 2-inch special forest sheets and undertook' the 
completiofi of 1 6  sheets surveyed during the year under report and 21 eheets surveyed in 
I,revious Fears. 

The 1-inch sheets 57 ti/13.14 have been submitted for publication, 4-inch eheets 
57 A / s m .  ?;E. mill ehortly be submitted for publication and, as the party is not taking the 
field for the year 1920-21, i-inch sheets 56 D/sw. SE. and all the 2-inch special forest sheeta 
will be ~ u b m i t t d  for publication by the end of December 1920. The fair-mapping of the  
Secunderibid &inch qheet has just been commenced and this sheet should be ready for 
publication in January 192 1. 
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The computations of the supplementary triangulation were completed in the field. The 
arrears of computations consist of sheeta 66  Pi]. 6.9. 1s and parte of sheets 56  P/2.3.4.6.10. 14 

which are i n  hand aud sheets 5 6  0/1.2.3.4.5.13.7.e. 9 . 1 0 . 1 1 .  12.15. 16 which have not yet  been 
taken up. 

N o  triangulation chartg were undertaken. Charts 56.D, H, L, 0 and P will be  

undertaken by the party and charts 47.N and 57.A will be completed as  regards areas 
surveyed by the party;  chart 47.N mill then be handed over t o  No. 8 Party and chart 57.A 
to No. 7 Party for completion when the surrey remaining in these sheet8 has been carried out. 

No. 7 P A R T Y  (MADRAS).  
B Y  MAJOJZ J. D. CANPBELL, D, S. O., R. E. 

This party did not take the field during 1919-20. 
PERSONNEL. Recess Duties.-The ~ r e v i o u s  season's fair- 

class I Oflcer. mapping mas all completed by the end of October 
nlnjor J .  D. Campbell, D. S. O., R. E., in charge 1918, sheets 57  M/10. 12. 13. 14. 16 having been 

from 3rd October 1919. t o  5th  and sent for since the  last annual report. 
2nd Augurrt 1920. Subsequently the party has been engaged on the  

Class I1 Oflcers. arrears of +-inch mapping and triangulation 
Mr. H.B. Simone, in cbaree lo  2nd October 1019. charts of the circle. 
,, S. F. Norman, in charge from 6Lh Nay to 1 s t  

Auguet 1920. The following f-inch sheets have been partly 
,, J. H. S. Wilson. or wholly drawn in this party:-55 C/SE., 
,, C. E. C. French. 55  H/Hw. NE. SW. 6E., 55  G/NIV. Y E .  Sw., 
,, Haji Abdul Rahim, II. B. 
,, F. H .  Grant. 55 I(/Nw. XE., 5 5  L / x m .  sm. SE., 5 6  C/sw., 

Upper Subordi~tntr Service. ~~D/Nw.,~~(;/Nw.,~~~\I/NE..~~N/N\v. NE. SW. SE., 

Mr. Eknath U s ~ t u  to 1st April 1920. 57 O/NW. NE. SW. SE., ~ ~ G / s w . ,  58 H/Nw. 8 ~ .  SE., 
,, K. Narayanasvnmi Ci~et l i .  58 L/sw., 64 B/Nw., 66 A/sw., 66 B/Nw., 66  C/SW. 
,, Damodnr Khndilkor. Of these 34 sheets, 28 have been sent  for 

8 Probstionera. 
publication. 

Lo~oer Subordi7rate Seroice. 
The following triangulation charts have been 

16 Surveyors, etc. taken up :- 48.K, 49.M, 55.D aucl G, 56.M, 
57.H, N and 0, 58.A and B, 66.B and C, of which, 49.M, 56.M, 58.A and B, and 66.B and 
C have been sent for publicatiou. The party comput,ations have been brought up  to date. 

During the fielcl season 8 Upper Subordinate Probationers were attached to the party 
for training. They were given a course of triangulation plane-tlbling, etc., ancl were handed 
over to the Survey Instructor for con~pletion of course in April 1920. 

No. 8 P A R T Y  (MADR,AS). 
BY C. E. C. FIIENCH. 

This party completed the detail survey of sheets 5 8  G/11.12.15.16, 58 H/9 10.13.14; 
PERSONNEL. 5 8  1(/3.~.7.8.11.12.16.16; 5 8  L/l.z.s; atid 58 01 1.2.3.~.7.8 

Class I Oficer. 

Mr.  W. N. Qormnn, in charge t o  Gth hlnp 1920. 

Class I1 Oficers. 

Mr. C. E. C. French, in charge from 7th N a y  1920. 
,, S. F. Norman, t o  6lh J l n j  1920. 
,, N. nlnhadeva hlndnliar, nI. A. 
,, B. T. Wgntt. .. bl. €3. Gsnesa Aiyar from l a t  November 1919. 
., J. C. 6t. C. Pollett, from 10th December 1919. 

L'pprr Sabordinaie Seraice. 

on the 1-inch scale and the  reserved forests of 
hIilavittin and Valliyur on the  2-inch scale. 

The area surveyed compriscd fertile undulat- 
t ing plains devoid of forest with numerous tanks, 
s ~ u a l l  villages and isolated huts clistributed over 
the country. 

The party took the field on the 1 5 t h  
November 1919 at Tinnevelly and arrived a t  
recess quarters Bangalore on the 25th April 1920. 

The health of the party generally mas 

$11. 8. Narasimhsmurti Rno. good. During the early part of the season 
,, Shaikh Muhammad Salik. menials suffered from hunger owing to prevail- 

Lower  Subordinate Service. ing high prices, many being reduced to a state 
of emaciation. Cholera appeared in epidemic 

42 Snrvejor~,  etc.  
form in the area under survey towards the  end 

of the field season, but  owing to the arrangements made the party lost only one man. 
Plane-tabling.-The country surveyed consisted of cultivated plain8 sloping gradually 

eastward to the sea and watered by the Vaippir,  Vaigai and Timpraparni  rivere. The rice 
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lands are well irrigated by canals and the tiled villages and temples in cocoanut palm groves 
stand out like islands and are very nearly on the same level s s  tlie surrounding cultiwtion. 
Palmyre palms are very numerous and are a characteristic feature of the country. Near the 
sea the rain-fall is excessive and the country consists of sand dunes and brackish swamps 
covered with low scrub jungle and palms. The communications are fairly good except in the 
large blocks of cultivation. R i m n i d  district contains the well known Hindu temple of 
Rirmeswaram which is a specimen of Dravidian architectwe a t  its best and is much resorted 
to  by pilgrims from all parts of India, access to i t  having been rendered easy by the 
railway to the western extremity of Adam's Bridge. The eastern half of the  country is 
thickly covered with palmyra palms which necessitated much detail surrey with plane-table 
and chain. The principal towns in the area under survey are Pilamcottah and Ramnad, 
both district head-quarters, Tinnevelly, Sermadevi, Tuticorin, a seaport and terminus of 
the South-lndian Railway, and Kalugumalai, wliicli contains a celebrated rock-cut temple 
ornamented with Jain sculptures and inscriptions and nfhicli is also noted for a large 
cattle fair. 

I t  is interesting to note tha t  Marco Polo risited So~lthern India  in the thirteenth 
c e ~ t u r y  and calls i t  "the greater India and the finest and noblest province in the world". 

The party's work nvas divided into 4 camps as follows :- 

No. 1 Camp, under Mr.  Mahadeva Mudaliar, assisted by Mr. K .  Narayanasvami 
Chetti ( t o  21th November 1919) and later by Mr. B. T. W y a t t  (from 16th January 1 9 2 0 )  
with 1 3  surveyors completed an area of 3 . 0  square miles of &inch original survey of reserved 
forests and 1653 square miles of 1-inch supplementary survey in sheets 58 H/9.10.13.14 and 
58 L/1.2.5. 

No. 2 Cnmp was taken into the field by Mr .  Shaikh Muhammad Salik from whom 
i t  was taken over by Mr. Pollett on 16th January 1920, the form'er remaining as  assistant as 
well as doing some plane-tabling himself. This camp with 9 surveyors completed a n  area of 
1, 173  sqnare miles of 1-inch supplementary survey in sheets 58 G / I I . I z . I ~ . I ~ .  

IYO. 3 Ci~mp,  nnder Mr.  M. S.  Ganesa Aiyar, with 1 0  surveyors completed an area 
of 106G square miles of ';-inch supplementary sorvey in sheets 58 K/3.4.7.8.  

hro. 4 Cnmp, nnder Mr .  S. F. Norman, with 8 surveyors completed an area of 147 
square miles of 1-inch original survey and 711 square miles of 1-inch supplementary survey 
in sheets 58 K/11.12.16.16 and 58 0/1.2.3.r.7.8.  

A tobal area of 4673 square miles was completecl. The out-turns of 2-inch original, 
1-inch original and 1-inch supplementary survey mere 3,147 and 4,523 square miles res- 
pectively, the average monthly out-turns per man per month were 7 - 1 ,  1 7 . 5  and 27.6 square 
miles respectively and cost-rates Rs. 53 .8 ,  1 0 . 8  and 17  - 5 respectively. 

N o  triangulation or traversing mas undertaken hy the party cluring the year under 
report. 

Rece.~a Dufirs.-The fair-mapping was divided as follows:- 
No. 1 Scciion, under Mr. Mi Mahadeva Nndalinr, M.A., sheets 58 H/9.10.13.14 

58 L/1 .2 .5 .  

1Vo. 2 Secfion, under Mr. .J.C. S t .  C. Pollett, eheets 68  G/11 .~2 .16 . l f i .  

No. 3 Section, under Mr. 11. S. Ganesn Aij-ar, sheets 58 K/8.4.7.e. 

No. 4 Seclion, under Mr.  B .T .  Wyatt ,  sheets 5 8  K / 1 i . i z . i 6 . l ~ ;  58 0/1.2.3.4.7.8. 

All fair map0 mill be submitted for publication before tlie party leaves for the field. 
The total area fair-mapped is 4671 srlllare miles a t  a cost of Rs. 7 a 9  per square mile. 
The fair-mapping of the 2-inch reserved forests will he nndertaken by the Forest 

Map Ofice, Dehra n u n ,  as coon as poss~ble after t l ~ e  s~~bmission of tlie current season's 
fPir-mapping in which these 2-inch areas are incorporated. 

J I r .  11. Narasimhamarti Rao n-ith one computer I~roriglit all arrears of computation 
up to date for tlie comlng season'.: recl~~ircmentq. The follominq trianqolation charts, 

5 8  G awl -58 11, 58 K, 38 L, ant1 58 0, form part of the partp'q programme for the season ; 
of these the last two are nearing completion. 38 I1 i q  nnder preparation and 5 8  G and 
56  K cannot be undcrtakeu until these areas are completely surrcyetl. 



Vol. XV.] T O P O G R A P H I C A L  SURVEY.  

No. 20 PARTY (CANTONMENT).  
BY B. R. HUGHES. 

~~~i~~ the year the p r t y  continued survey operations in the Southern Circle. 
The field season continued throughout t h e  

PBBBONNEL. year. The head-quarters of the  p r r ty  was a t  So- 

Class I Oflcer.  cunderiibid until the end of March 1920, and at 

Mr. U. R. Huglles, in charge from 24th November Bangalore for the  remainder of the year. 
1919. The health of the  party was indifferent. 

Clare II  O f l c e r ~ .  Several of the draftsmen and khallsis suffered from 
Mr. 0. E. C. French, in charge lo  231d November influenza a t  Secunderiib~d. 

1919. Plane-tabling.-The survey and contouring on 
,, -7. H. 8. Wileon, fro111 1 s t  M a y  1920. 
,, 0. D. Jachson. the 16-inch scale of the cantonments and the  mili- 

Upper Subordinate Serurce tary lands in the 9th Division of Secunderiibkd 

Mr. Dharniu. and Boliirum, S t .  Thomas's Mount, Palliivaram, 
,, J.  ~ f .  Mukerjee. Fort St .  George, Cannanore, Poonamallee, and 

Lower Subordinole Service. Velichi military land, and the revision of 57 plans 
26 Burve~ors, etc. of the Secunderiibiid and Bollrum biizirs on t h e  
50-foot to  an inch scale executed in 1908-09 was completed, and m-ellin@on and Bangalore 
on the 16-inch scale 2nd the bgzsrs of S t .  Thomas's Mount, Pallavaram, Cannanore, 

Poonamallee on the 64-inch scale are in progress. 
The survey of certain bizsrs for the Bangalore Rlunicipal Commission on the  scale 

of 50-foot to  au inch is also in hand ; a separate note on this work is attached. 
The accuracy of the survey was tested by 1 1 3 . 8  linear miles of p a r i a l  and 6 2  i n  sill6 

fixinge. The testing in linear mile to  a square mile of ground surveyed was 3 . 6  and 1 3 . 4  
for the 16 and 64-inch respectively and 1 0  linear miles to  a square mile for the  50-foot 
revision. 

The total areas of original plane-tabling on the 16-inch and 64-inch scales were 14,449 
and 441 acres respectively. The average monthly out-turn of 24  working days per man was 
268.2 and 24.8 acres respectively, and the cost-rate per acre mas Rs. 1 . 7  and 1 9 . 6  respect- 
ively. The work was retarded in Wellington and Cannanore owing t o  heavy rain. 

The total area revised of 57 plans on the 50-foot to  an inch scale of surveys executed 
in 1908-09 mas 94*3 acres, and the cost was Rs. 7,492 a t  a cost-rate of Rs. 7 . 9  per acre with 
an average monthly out-turn of 5 5  - 6  acres. 

Triangr~1ation.-Sufficient number of stations and intersected points were' fixed from 
the nearest Great Trigonometrical Series, for the connectiou of the theodolite traversing. 
Mr.  Dharmo, Gokul Chand and Niaz Ahmad Khan were employed on the triangulation. 

The total area triangnlated was 95 square miles and the cost-rate was Rs. 20 - 9  per 
square mile, the daily out-turn being 2 . 4  square miles. 

Au area of 24 square miles mas triangulated partly in connection with the  surveys of 
bizars on tlie scale of 50-foot to a n  inch for tlie Bangalore Rlunicipal Commission. 

Traversing.-The traversing of Fort  S t .  George and military lands, Pallavaram, 
Velichi military district land, Poonamallee, Cannanore and Bangalore Civil and Military 

Station and b lz i r s  comprising a total of 157 a 9  linear miles at  a cost of Rs. 10,681 and a 
cost-rate of Rs. 67.7 per linear mile, was completed. The averace daily out-turn being 9 
station.: and 61 linear chains, a t  an average of 1 3  stations t o  a linear mile of traverse. 
Traversing of the bizars for the Rlunicipal Con~mission for a scale of surrey on the 50-foot 
to an inch mas also completed. The average daily out-turn being 15 stations and 3 8  64 
linear chains, a t  an averace of 31 stations to  a linear mile of traverse. 

Lei-elling.-Levelling was undertaken by Mr.  Jackson in Wellington and in other 
cantonment.: by Niaz Ahmad Khan and 78 bench-marks based on the Great Trigonometrical 
precise levelling were fixed and on which tlie traverse heights were based a t  a total cost of 
RQ. 2,917 for about 5 7 . 5  linear miles. 

flffess Duties.-49 fair sheets of Anrangiibiid, Hos i r ,  Ahmxdnagnr, ~ h g ~ ~ i ,  ~ ~ l l ~ ~ ~  
ant1 hIauorn were srtb~nitted to Delira D i n  for and 3 sheets of Secunder ib~d  
cantonment 77 sheets of Secunderiibiid nnd Bolarum b g z ~ r s  have been b u t  
not. yet sent for publicat,ion. 

Tile total area fair-mapped on the 16-inch and 64-inch scales mere 12,988 and 164 
acres respectively : plans of 1226 acres on the.scale of 50-foot to  an inell have been brought 
"1) to date, at a cost of 11s. 12,630 and a cost-rate of lte. 0.87 per acre. 

I ~ r - ~ ~ ~ ~ c ~ l o n s . - T h e  party mas inspected in the field in March and in recess in  J~~~~ and 
'T ' l l~  by the S~l l~er i~ l ten(~ent ,  Southern Circle, and in recess by the Ofieiatiag surveyor ~~~~~~l 
in August. 
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Note on the ~pecial  survey of Bangalore b&zZrsfor  t l u  Murric+ality of l i e  
Civil and Military station on the scale of 50 feet to  one inch. 

The survey on the scale of 50  feet to  an inch of 4 bhzar areas within the limits of 
the Civil and Military station of Bangilore, which is a n  enclave in  the Mysore State, 
was assigned to No. f10 Party. 

This class of work is not ordinarily within the scope of the  usual cantonment work 
of the party. 

It was decided to pu t  in hand a t  the same time the revision of the 16-inch to a mile 
survey of the Bangalore Civil and Military station area, executed in 1908-07, so tha t  economy 
would be effected, and eo t h a t  the new survey would be available for inclusion within the area 
of the revised 16-inch cantonment map. 

From past experience i t  was anticipated tha t  many old traverse stations mould not be 
available for the  traversing that mas t o  be the basis of the new survey, and before the work 
was undertaken a couut was taken of the old traverse stations now in existence. The number 
reported was, however, so small tha t  i t  mas decided that  traversing of the bizar areas should 
be undertaken " de ~ o v o  ". 

Traversing began in X a y ,  and i t  mas found that  only 85 old stations could be picked 
u p  out of a total number of 825 stations previously fired throughout the area. 

This deplorable loss of stations is a factor t h a t  presents itself as soon as  resurvey is 
taken up, but  i t  is considered tha t  this loss might  have been avoided, if Municipal and 
Garrison Engineers kept the retention of stations in view a t  the time of road repairs and 
other engiueering iindertakings. 

To  meet the complaint tha t  the traverse stations are not shown sufficiently clearly on 
our maps, a new sj-mbol has been introduced (a  small triangle) to  define the location. of select- 
ed traverse stations. 

During t,he course of traversing, as  the bizar  areas mere much scattered, i t  mas decided 
tha t  the best method of combining them t o  the origin of survey as well as to  reduce the linear 
error was t,o iiu points by triangulation to which the traverses shonld be tied up;  this triangu- 
lation mas carried out, and 24 points mere fixed over an area of 24 square miles. 

This method was found to be of great help both in the field work as  well as in the 
computations and forther assistance from their positions being defined on the field sheets will 
be derived by the detail surveyors. 

The points fixed by triangolation were computed out by " Ray-trace "; this system is 
resorted t o  when triangulation is required between two points tha t  may not be intervisible. 
A series of triangles ie run between the  two points, the intermediate stations being generally 
located where traverse stations with heights are required and intersected points are picked up 
in t,hs osual way. For the computation the value of one side is assumed, and, by computing 
the trianyles, a value is obtained for the rlistances between the known points; the ratio of this 
value to the true distance between the points is applied to  every side to  obtain its true length. 
The coordinates of the points can now be computed in the usual may. 

To irnprove the contouring, the pl~pils of the Training Section mere employed on 
levelling alonp roads thereby serving the work with numerous heights derived from the Great 
Trigonometrical bench-marks. 

Traversing of 28.22 linear miles supplied 8.26 sht ions for this work, the angular error 
being 4 . 6  seconds per station and the linear error 1 part in 9, 876. 

The area of survey beiny 524 acres, the traversing provided 1 a6 stations to the acre, 
the average distance between stations being 180 feet. 

The number of holdings is likely to work out a t  45 per acre. 

Wi th  a view to giving Provincial and Upper Sobordinate officers the benefit of re- 
fresher colirses in traversing and the astronomical observations connected therewith, six officers 
of the former and five of the latter were employed during the month of September 1920 on 
this work n-ith satisfactory reslilts; the area allotted in three b iz i r s  was 192  acres, the 
distance traversed 9.S8 linear miles with 231 stations of observation. 
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T R A I N I N G  SECTION.  
B Y  S, S. McA'F. FIELDING. 

The field season of the Training Section for 1919-20, started early in  November, t h e  
section leaving for the field from Bsngalore on 

PERBONNEL. the  12th for Penukonda. 
C/ass I 1  Oficrr8. The area allotted for survey was in  sheet 

Mr. S. F. Nolman, 111 c l~args  till 19thOctober 1919. 57 GI9,  the scale of survey, If inches t o  a mile, 
,, S. S.  McA'F. Fielding, ~u cllarge from 20th aud no previous one-inch survey of the  area 

October 1019. Penukonda mas selected as  the field 
Lower Subordtnate Serrice. head-quarters of the section but, being found 

s B u ~ r e ~ o r s  (Asslstnnt Instructore) ood 20 pop11 llnsllitable as i t  was too fa r  from the mork and  
rurvejors rather inaccessible, a move was made early i n  

December to Hindupur, the head-quarters of the taluk of tha t  name, of A n a n t a ~ n r  district, 
Madras Presidency. Most of the area surveyed lay in t h a t  taluk, a very small  ort ti on of the  
Mysore State falling in the southernmost limit of the sheet, and a small  ort ti on of ~ e n u k o n d a  
taluk (Anantapur district) in the northern limits of the mork. 

The ground selected n-as not the most suitable for instructional purposes for several 
reasons, the chief being the want of numerous and good triangalatiou points. Such points 

as there mere fell chiefly in the eastern portion of the sheet, and consequently on the  14-inch 
scale mere rathe]. too distant for the pupils working in the west. Clinometric heights taken 

from these points were often erratic and incorrect and frequent checking with the help of 
the telescopic clinometer was necessary. The nature of t l ~ e  ground itself mas not suitable 
for instruction in contouring. The hills which esist in the east, bcing mostly shapeless 
masses of rocl; and boulders n~itlioat ~ron l inen t  features or dl.ninage, gave no opportunity for 
sketcl~ing whatever. The western half of the sheet is low undulating groand, again rather 
difficult for a beginner to conto~ir accurately. The reserved forests on the hills in the east 
were open and easy to survey. 

Communications inside the area were confined to two main roads. One a district 
board road running from Hiudupor eastwards to meet tlie more important one from Bangalore 
to  Yellary via Penukonda. Yillage cart tracks mere numerous bu t  rough and difficult. A 
portion of tlie hladras and Southern Rlahmtta Railway, Guntakal Section, passed through the  
western portion of the sheet. The area was generally well populated. There were no very 
important rivers iu the sheet and no great variety of detail. 

The section consisted of 20 11up1ls who were divided into 3 batches each under a 1s t  class 
surveyor as assistant instructor. Of these twenty pupils, two had been entertained i n  
November 1918 and had received a full course of instruction in drawing in No. 4 Drawing 
Office, aud the remainder a t  intervals between June  aud October 1919; three mere entertained 
in Dehra Diiu where they had had some training in drawing before joining in Bangalore in Octo- 
ber, five pupils including the three men from Dehra Dfin 11ad no p~ .e l iminar~  out-door instruc- 

tion in plane-tabling in Bangalore before taking the field. T l ~ e  average time spent by the 
remainder in plane-tabling mas one month to six weeks, the rest of their time 
being spent in drawing in office. 

The preliminary training mas found to be insuficieut and the men reqllired a good deal 
more attention and instruction in the field than in seasons. TIlree months 
minary training in Bangalore is 11ot too much and gives the pupils a certain amount  of 
reliance and confidence in the field. 

The area surveyed by the section mas approximately 170  square miles, or an average 
of 9 square miles per man. This average is lorn, owing chiefly t o  the reason above mentioned. 
But  accuracy in every detail was aimed a t  rather than rapid work. It has been found from 
experience that  the best pupils should be able to  do 10 to 15 square miles of extremely 

accurate work in a season, on the 2-inch or 14-inch scale in not too intricate country. The  
majority of the pnpils were also somewhat handicapped from want of sufficient training 
in drawing. 

Early in December one of the pupils from Dehra D ~ n  mas discharged owing to 
ill-health, and the uumber mas again reduced by one being discharged for the same reason in 
March of this year. Barring theae t,wo the health of the pupils on the whole was good. 
There was a good deal of oickness among the menials a t  the commencement of the hot 
weather, but  all were successfully treated in the local l~ospital a t  Hindupur. 
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The climate was on the whole good, i t  being a particularly d ry  season after the end 

of November. 
The  8eWOn cloeed a t  the end of April when the section returned to recess quarters in 

Ben galore. 
Early in May the pupil surveyors mere drafted out of the  section as folloms :- 
Class A.-6 pupils ready t o  be transferred to  parties for fair-mapping without further 

training. 
Class H .  - 7 pupils, efficient as regards plane-tabling bu t  requiring further training 

in drawing. 

Class C.-5 pupile, not efficient plane-tablers but likely to  become so after Eurther 
training in field work. 

On the 1s t  May 1920 those of class A were transferred t o  parties and those of 
olass B to the Drawing office for further training in drawing and typing. Class B pupils 
were drafted to  parties on the 1 s t  August 1920. 

One pupil of class C was discharged after return to  recess. The remainder of that  
class have undergone further preliminary training in plane-tabling a t  Bangalore and will do 
enother season's training in plane-tabling with the section in camp. 

E igh t  Upper Subordinate Probationers mere transferred to  the section in May to 
complete their training. 

During recess the class consisted of :- 
8 Upper Subordinate Service Probationers. 

20 Pupil surveyors. 
2 Pupil draftsmen. 

Three Upper Subordinate Service Probationers were found unsuitable for the service 
&nd allowed to resign in June  1920. 

The  training of the  remainder was carried on in field astronomy, traversing and its 
oomputations, fair drawing, computation of field triangulation, subtense work, elementary 
levelling and typing. 

I n  August two more of these Probationers were allowed t o  resign as they were found 
uneuitable. 

The 22 pupils completed a preliminary course in plane-tabling a t  Bangalore, the 2 
pupil draftsmen will probably return to No. 4 Drawing Office and the remainder have all  
been found suitable to  undergo regular training in plane-tabling and will form next season's 
training camp in the field (these include 4 who have already done one season's training in 

camp). 
The three Upper Subordinate Service Probationers will be drafted to  parties a t  the  

end of this recess season, after they have completed further training in plane-tabling during 
October with a view to being instructed in 'I sketching in " ground. They will form n small 
a m p  in the vicinity of Kolar where the country is suitable for "sketching ". 
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EASTERN CIRCLE. 

SNmmaly,-This circle was under the superintendence of Lieut.-Colonel C. L. 
Kobertson, C.M.G., R.E., up t o  24th October 1919, of Lieut.-Colonel\V.?d. Coldstream, R.E., 
from 25th October 1919 to 19th April 1920 and of Major E. T .  Ritch, C. I. E., R. E., after 
tha t  date and comprised Nos. 9, 10, 11, 12 and 21 Parties and No. 5 D n r i n g  Oftice. 

During the year Nos. 9, 10, 11, 1 2  and 21 Parties completed 9,428 square m i l a  of 
detail survey, 8,137 square miles of triangulation and 1,597 linear mile0 of t h e d o l i b  
traversing. 

The detail survey consisted of :- 
3,615 square miles of 4-inch original survey. 
5,231 ,, ,, ,, 1-inch original survey. 

20 ,, ,, ,, 1-inch resurvey. 
45 ,, ,, ,, 14-inch revision survey. 

378 ,, ,, ,, 2-inch original survey. 
103 ,, ,, ,, 3-inch original survey. 

36 ,, ,, ,, 4-inch original survey. 

No. 9 Party (BENGAL) .  

BY BT.-LT.-COLONEL R. H. PHILLIMOILE, D.S.O., R.E.  

'rhe party surveyed the following sheets on the one-inch scale; sheets 79 A/12. 15.  16; 
79 B/z. 6 .9 .  I:,. 14. Survey of sheet 79 B/IO wae 

PEBSONNRL. commenced but  could not be completed. 
clans I Oflcer .  The field head-quarters opened at Barrack- 

~ t . . ~ t . . ~ o ~ o n e ~  R. H. Phillitnol.e, D S. o., R. E., pore on November I s t  1919 and closed on May 
in olinrge from 1st November 1019. 16th 1920. 

Class I I  0bi;cers. The country surveyed was absolutely flat and 

Mr. E. J. Bigcie, in charge to 31st October 1919. with and are 
,, A. K.  illltro. generally the ancient beds of rivers whicl~ have 

Upper Sudordinzle Scruies. silted up and changed courses. Towards t h e  
south survey reached the Suudarbans area, wl~ icb  

Mr. A. C. Ghosb. is a maze of tidal rivets and creeks. Sheet 79 U/6 .. G. L. Mitra. 
contains the city of Calcutta and is densely popu- 

Loioer Subordinate Service. lated. 
23 Surveyors, etc.  The whole area is well provided with railwayu, 
but there are very few metalled roads. 

Villages mere large and mostly comprised a number of huts scattered amongst a n  
area densely wooded with bamboos, palms, and gardens. The country is covered with small 
excavated t,anks. 

The whole survey is based on theodolite traverse connected with tower stations of the 
Great Trigonometrical Survey. I n  the more open areas plaoetablers could get  interpolatione 
from prominent trees and points fixed by traversers; bu t  inside the villages and in the more 
congested areas all detailed survey depended on plane-table traversing. 

For the Calcutta area, use mas made of the 12-inch Calcutta-Howrah town guide map 
which has recently been compiled from larger scale surveys. This map was reduced t o  t h e  
one-and-a-half-inch scale and revised on the ground. 

The output of new survey was not as large as i t  might  have been, because four of the 
best surveyors mere kept at field head-quarters to complete the fair-mapping of the 12-inch 
town guide maps surveyed in season 1 9  18-19. 

The work mas divided into two camps as follonrs :- 
No.  1 Cunip, under Mr. E. J. 13iggie with 4 surveyors surveyed sheets 79 B/2. 6. 

Mr. Biggie also supervised the fair-mappirlg at field head-quarters. 

h'o. 2 Camp, under Mr. A. K. Alitra wit11 1-10 surveyors surveyed sheets i 9  A/12.15,1s; 
79 B,'9.13.14 ant1 part of i!) 13/10. 

The total area surveyed on the one-inch scale mas 2,299 square miles; the  ar4s of 
Calcutta revised on l i - inch scale was 45 square miles. 
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For the one-inch survey the average area for each trained man worked out a t  2 9 . 5  
square miles a month and the cost-rate for t,he whole detailed survey comes t o  Rs. 19.9 a 

aquare mile. 
Trnversinq.-The area traversed by tl~eodolite covered sheets 79 B/3.4.7.8.11.12.15,16 

and parts of 79 C/I.  a .  1;. 9. 

Mr. A. C. Ghosh and two surveyors coml)leted 1,083 linear miles of traverse covering 

2,440 square miles. Traverse mas Lased on several tower stations ~f the Great Trigonometri- 
m l  Survey and mas colinected to last season's traversing with satisfactory results. 

The area runs well into the Sundarbans and reaches the sea front a t  1?raserganj. 
This part of Sundxrbans has mostly been reclaimed during the last fifty years, and had not 
been included in the survey of the forest area carried out by No. 6 Party from 1906-08. 

It is intersected by tidal rivers and creeks which are gradually silting up and changing 
their courses. These changes are brought about by the effect on the tides of the bunds hllilt 
for reclamation. The t,ides have lost their natural spill area; their rise and fall is greatly 
increased and their range extends much higher up the rivers than formerly. On the other 
hand silt which was deposited over wide areas during flood tide twice a day, is now deposited 
in the river beds. 

The area reclaimed in the Sundarbans is open and contains very little detail for 
survey beyond the rivers and creeks and the open village sites. Once the original jnngle is 
cleared, it  takes a long time for the land to become sweet, and other trees are very slow in 
growlng up. 

The obstacles to survey are the muddy creeks which are impossible to  cross ~vit~hout 
boats; the water-logged nature of the soil which only dries up  from January to May (paddy 
is not elit till January), and the brackish and unpalatable character of the drinking water. 

Several of the surveyors had their cainps looted during the field season and lost valu- 
able private property. These robberies in a congested area are difficult to  prevent, and inflict 
great hardship on the surveyors. The health of the party mas not particularly good, one 
Upper Subordinate officer was on sick leave for 2 months, one surveyor and one pupil surveyor 
died early in the season. 

Heceas  cork.-None of the sheets surveyed in 1918-19 were completed before the 
party took the field, owing to the number of half-inch sheets which the party mas drawing 
during the recess of 1919. M o i t  of these sheets were completed during the field season, hut  
eheets 79 B / I ,  5 mere completed during recess 1920 and submitted for publication before 
the end of July. 

The 8 sheets con1plete:y survejed during 1919-20, were drawn under snpervisiorl of- 
Mr. E. J. Biggie, sheets 79 B12.6. 

Mr. A. K. Mitra, sheets 79 A/12.15.ls and 79  B / Y . I ~ . I ~ .  
None of these sheets had been completed by October 1st  1920. 
Mr. Biggie also supervised the training of 20  pupils recruited for Nos. !),I2 and 21 

Parties, who were trained in four-inch survey in the neighbourhood of Shillong as well as in 
drawing and typing. 

Traverse computations were supervised by Mr.  A. C. Gllosh. 

Wo. 10 PARTY (UPPER BITRMA). 
BY w. G. J A ~ I B O .  

PERSONNEL. The party conti~illed the detail survey in 

( ins1 I OEcer the JIyi tkyini ,  Putao and Upper Chindwin dis- 

Mr. M.C. Pettem. In rharge to 19th June 1920. 
tricts and a l -o  surveyetl a portion of the Hukawng 
valley which is unadrninisterecl, the total area 

rlars I1 Oficerr.  dealt with extending over sheets 92 C/L. 5 and 
Mr.  W. Q. Jnrbo. in cbarcc from 20tll Juno 1920. parts of sheets 92 C/13, 92 G/i  and 92 E/Nw. BE. 
.. H .  H. Creed. 
.. D. N. nanerji. L. C.  E 

The country under survey ranges in altitude 
frorn 700 feet in the vallev of the Uvu river to 

I r p r r  Jubordinale Srrricr. 12,000 feet on the watersl~ed between the Mali 
Mr. [layat blnhnrnrnad. li. S. Hka and Nmai Hka, being for t,he most part .. 1)hirendrn Xalb 8aba. covered with dense farest which often necessitated 
,. 3am Prnsnd. R. 8 .  

Yanne Pe. A .  1'. B f .  heavy clearing before the plane-table corild bc 
set up. 

Lower Subordinate Serrice. 
The field season opened on the 3rd November 

17 Suneyor8, etc. 1919 and closed about the 8th June 19'20. but 
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a small camp of three surveyors under at1 Upper Subordinate officer remained in Putao 
district during the rainy season. The health of the party wae fair, most of the 6UmeyOrs - 
having ~uffered from malaria occasionally. 

Plone-lab[ing,-The total area surveyed on all scales was 3,239 square miles 
2,179 square miles have been dealt with in another report. 

N ~ .  1 (ramp, under Mr.  M. C. Petters, with three surveyors completed an area I7l 

square miles on the one-inch scale in sheets 92 C/13 and 92  G/1, the survey 
finished by the 15th of March 1920. 

AT,. 2 c,-nnlp, under Mr. D. N. Banerji, with four surveyors completed an area of 337 
square miles on the half-inch scale in sheets 92 E/Nw. 8R.1 comprising a portion of the drain- 
age of the Mali Hka, ranging in altitude from 12,000 feet on the Mali Hka-Nmai Hka 
wabrshed to 1,000 feet at the bed of t,he Mali Hka. There are numeroLls villages along the 
banks of the Mali H k a  and Narn Tisang bu t  very few in the hills. The Mali H k a  in this 

area is noted for its excellent mahser fishing. 
~ 1 0 .  3 camp, rlnder Mr. D. N .  Saha to 4th May and then under Mr.  H. Creed, 

with 6 surveyors completecl an area of 552 square miles on the  one-inch scale in sheets 9 2  ~ / z . s  
portions of the lfyitkyin5 and Upper Chindmin districts and the unadministered 

territory known as the Hukawng valley. The country ranges in height from 700 feet 
in the valley of the Uyo river to 11,000 feet on tlie Kumon Rum range. It is for the most 

part covered with impenetrable forest and sparsely ~ o ~ u l a t e d .  
The out-turns and cost-rates are as follows :- 

I-inch origiual survey 723 square miles at Rs. 5 0 . 1  per square mile. 
&-inch ,, ,, 337 ,, ,, a t  ,, 27 - 2  ,, I p 

The cost-rates for both classes of survey are higher than those of last year which were 
Rs. 3 7 . 6  and Rs. 2 3 6  per square mile respectirely. The increased cost-rate is due in some 
measure to the great distance from lfyi tkyina to  the areas of survey, much time being spent 
in marching, and also to tlie increased rate of mule hire. 

Triangt4lation.-Triangnlation in  aclvance for detail survey on the half-inch scale was 
carried out in sheets 92 B/RIT. NIT. S\V. SIC. and 92  F/Nw. s\v. 

Mr. H. H. Creed tria.ngolatcd an area of 2,200 square miles for det,ail survey on the  
half-inch scale in sheets 02 B/K\v. SIV. and Mr. Ram Prasad, 2,400 Equare miles in' sheets 
92 B/xE,  SE. and 02 F/NW. SW. 'The 2,400 square miles triangulated by Mr .  Ram Prasad 
includes an area of 1,200 square miles in sheets 9 B/NIE. SE. which had been previously 
triangulated but which required to be supplemented by many more points, and the  cost-rates 
per square mile given in Table I11 apply only to 3,400 square miles of new t,riangulation. 

The area triangulated embraced practically the  whole of the  Hukawng valley which 
for the most part is a fertile gently slopina plain surrounded by high mountainous ranges, 
intersected by numerous waterways, tributaries of the Tanai Hka, which stream, after 
breaking through a series of defiles and rapids, enters the plains as  the Chindmin river. 

The valley is peopled by Kachins ant1 Shans in the low lands and by Chin N ~ g i s  
in the mountains on the north-west., their control being under numerous independent 
petty chiefs. Amber mines hare  been worked in the valley. Smoking and eating opium 
are much indulged i n  and the peolde arc very indolent. 

The cost-rate of new triangulation is Rs. 6 . 4  per square mile lvIlich is Rs. 2 . 2  
per square mile less than last year. The cost of the 1,200 square miles of s t ~ ~ ~ l ~ ~ ~ ~ t ~ ~ ~  
triangulation is Rs. 3,753. 

Itecess rluties.-Mr. H .  H .  Creed Was in charge of the fair-mapping mllic]l included 
sheets \rhich had been commenced last year bu t  mere llot completed. 

Owing to Mr. Bauerji and the surveyors who had been in his camp proceeding on 
privilege leave after a field season of 19 months and also to Mr. Saha 3 surveSors 
remailling 011 in the Putao district during the recess to  continue detail survey, i t  was not 
possible cOml'lete the 1)roZmmme of fair-mapping, in spite of the loan of five draftsmen 
from t,he RIa~.lnyo Drawing Ofice, 

The ont-turlls and cost-rates of fair-mapping are as follows :- 
I-incll fair-ll~apping, 605 square miles a t  Rs. 5 . 7  per square mile. 
$-inch 973 ,, ,, a t , , 5 . 4  

9 9 91 

coln~ ' l ta t iOns of the season's t'riangulation were carried ollt by lessrs. ~~~~t 
'fuhammadl K' "1 and Ram Prasad, R. S., and will be completed before the party tokes 
the field, 

The Superintendent,, Eastern Circle, inspected the party during recess. 



RECORDS OF THE SURVEY OF I N D I A ,  1919-20. [Vol. XV. 

No. 11 PARTY ( L O W E R  BURMA).  

BY J. 0. GREIFF. 
The  party was employed as  follows :- 

(n) Continuation of the topographical pro- 
PERSONNEL. gramme on the one-inch scale in the district of 

C I ~ S  I Oflcer. Mergui, Lower Burma. 

Mr. .I. O. Oreiff, in cl~hrgo. (b) Survey on the three-inch scale, for 

Class XI Oflcers. 
military requirements, of about 100  square miles 
on the left bank of the Rangoon river, in the 

Mr. 0. J. H. Herl .  
,, E. hl. Kenny. to 12th Jnne 1920. 

Hanthawacldy district. 

,. H.T.  i l u g l ~ e s .  from l @ ~ l l  November 1 9 1 9  10 (c) The depiltation of a surveyor to  point 
31st A ~ ~ g u a t  1320. 

,, F. C. Sninl., fro111 13611 August 1920. 
out and re-survey a portion of the Burma-China 
boundary in the Koknng district, Northern Shan - 

Upper Svbordinnts Seruice. States. 
Mr. Dslbir Rni, fro111 20tlr Jnnilnry 1920 to  3111- 

( d )  y h e  completion of the triangulation in 
31ny 1920. 

,. P. C. Sen Gupte, B. Fc. the Mergui district. 

Lower  Suhordinnte Reroice. The nature of the country surveyed in the 
Mergui district has already been alluded to in 

96 Surveyors, etc. 
previous reports, and the same dense forests, steep 

rugged hills, mangrove swamps, and absence of roads were met with. The greater portion 
of the area comprised the upper reaches of the Ngawiln stream, ancl tlle lower basin of the 
Lenya river. 

A main range of hills, runrling from south to north, separates the basins of the 
Ngawun ant1 I~et lya,  and formed an ~nconvenient barrier to  easy communication with the 
surveyors employed in the Ngawun valley. The ascent from both sides is steep, rugged in 
parts, and the forest dense. The eastern basin of the Ngawuo is bounded by the main water- 
shed, rising in one point to 4,000 feet in elevation, which forms tlle i~~te rna t iona l  boundary 
between Burma ant1 Siam. From this watershed descend numerous streams, some of con- 
siderable size, through narrow winding valleys shrouded in impenetrable forest growth, which 
make it  almost impossible t o  trace or follow the course af the s t rean~s  from cleared hill tops. 
This d iacu l ty  was atldeil to  by the irregularities of the hill features. The spurs descend in 

series of knolls, the saddles lying from 200 feet to  500 feet below them, and owing to there 
being no marked difference in elevation, it  was impossible, without numerous fixings, and 
much plane-table traversing, to fir the direction of the spurs and drainage. 

From tlie banks of the Ngawun, for a depth of about two to three miles on each side, 
stretches low undulating ground, denseby wooded. Within this area, work could only be done 
by plane-table traversing. Hal-dly a point mas visible and the only safe guide was the 
compass. 

A peculiar and interesting feature along the right bank of the Ngawun is the existence 
of a broken riclge oE lime and sandstone, rising sheer from its base to an elevation ranginq 
from 300 t o  1,400 feet. The serrated peaks of this ridge stand out like conspicuous battle- 
ments and splres in the midst of the forest growth, and form a striking feature. Except in a 

few cases, these outcrops are inaccessible. At the base of most of them are large dwelling 
cares, much used during the rains by the denizens of the forest, as well as by human beings. 

The upper basin of the Ngawnn constitutes the Ngamnn Forest Reserve. The reserve 
t h o ~ ~ g l i  constituted in lbST has never had its boundary demarcated or its growth examined, 
owing to ~ t s  great inaccessibilitj-. I t  contains a plentiful supply of valuable timber, the 
principal being the Pyinma, (Lagerstraernta Kqqr~rn~), the girth of some of tho trees being 
over 13 feet. The whole of this tract of country, extending from the Lenya watershed to 
the Siemcse borclrr is t e r m  rncognila, i t  has not been mapped before or visited by a European. 

Bad as the island tracts are, those along the sea coast may fairly be said to be worse. 
The!- are inacccrsible owing to the thick fringe of mangrove swamp along the bank, and t o  
thew phj-sical dificultieo are adtled swarms nf mosqu~tos and sandflies which make life and 
worli unbearable. It was necessary to supplj- surveyors employed along the coast with 
moqui to  netr to  sleep ancl worli under, when in camp. 

I n  the Archipelago, Kisseraing island and the eastern slopes of Domel island were 
aorveyed. The former has been leased for a large sum to a tin mining company, but so far 
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the prospects of a biz find have not been very hopeful. Bxcept for the central 
the 

rllole island is ,,hiefly mangrove swamp. Between Kisseraing Domel are the 

~~l~~ but  such as there is, i l  of an inferior q ~ a l i t ) .  The Isles are limeatone 

formation, and rise slleer f rom the sen some hundreds of feet. A t  the are lakes 

a t  lor  title +~l roanh  tunnels in the rock. Within t,lle islands are large caves 

witll lligll roofs, t,he home of the edible swift. 

frhe of couutry surveyed in the kIantlmwaddy tlisbrict, 011 three-incll scale, 

for ,nilitary re(4uirelne.t~, lies on tlre left bank of the Raogoo~l  river, bet\veen the  to'vns oE 
Qyriam and g y a l l ~ t e l l ,  yl le  whole of this tract is well inhabited and cultivated, and the 

town of syrialll iml~ortance from the presence of the large refineries belonging 
to the Burma Oil Compallies. T l ~ e  factories cover a l a r ~ e  ares, eml1lo.v a very large staff of 

Europeans Indians, and constitute a busy self.contai11ed town. 

~ l ~ ~ ~ ~ = ; l ~  the centre of this strip of country runs t , l~e Kondan ritlgc, a low laterile spur, 

of the Yoma, \r711ich loses itself in tlre rocks in the H m a w w ~ ~ u  stream. The general 

elevatioll of tllis ridge is about 150 feet. I t  cornmantls t,he l t a ~ ~ g o o ~ l  river and consequently 

the approaclles lo tlle town of 1Caugoon. dilong thc ridge runs the mirin metalled road con- 

necting Syria)* and ICyauktan. The slopes are inhabited and large areas laid out in frui t  

:Llld vegetable garde~ls. 'Yo the n7cst  the^ descent1 in undulating trazts oE scrub junale, 
cultivation, mango topes and orchards, to  the river bank. The area is clraioecl by a fcm large 

tidal streams, the mouths ant1 Lanks of which are fringed wit11 mangrove, cane, and thick 
scrub jungle. 'Yo the west from the hase of the ridge, stretch open cultivated rice fields. 

To judge from the nulllcrorls l)agodns that adorn the crest of tlre uitlqe i t  lnnst a t  one 
tilne have bceu regarded \vitll solne vencrntion. .\ few of the pago;las me  still maintained in 

a state of preservatiou, aud the Kyaiklraui; pagoda foor milcs south of the town of 
Syriam is a laotl marl< for ~ni lcs  ronntl, and is heltl in great sanctitjr. Outsitle the oltl town 
of Syria111 are the rui~rs of tlre walls of the earliest 1311rol)l:an sett'lemcnt in Burma, and oE the  
churclr built in 1750 by the Iirst Vicar :ipostolic of 1311rn1a.. 

Dist~~ibt~l iot~.-TI~e lielcl 11-ork was divided up into three calllps :- 
ivv. 1 Cumn~~.-Mr. Hart  i l l  ellarge, with seven sorvexois, formed the main camp, and 

btirveyecl an area of 910 square ~ni les  i n  sheets DG J/1:3 (part) ,  14, 96 A1/2 .~ ,10 .  Until 
Alr. L)albir liai joined the party in January 1910, this olficcr \ras in charge of all  the detail 
IVOSI~. 'l'hroughout tllc season the main supply dep6t for rations and for rnnles, and the 
hospital were under the direction and control of this camp. 

iVo. .2 C a t ~ ~ ~ . - i \ l r .  DalLir Rni in clrarge, n.it11 six snrvejrors, st~rveyetl an area of 721 
srllla1.0 ~niles i l l  s l~ccts 96 115 (part). (;. f (pnl.l.). !I (l,:lrt). 10. 14.  'I'\vo sr~rvej-ore fronl this camp em- 
plo~,cd in liissurning islaud, were under the i~nmecIiat,e colltrol of tile esecut,ive officer, tlleir 
field \vork only being checlred by the calnp officer. 

hTo. 3 Cat~y)-,.-Mr. I?. C. Sen Ch11)ta in chargr, \vit,h one surveyor, olle coml~l~ter ,  one 
draf ts~nan autl six 1)npil sur~~ca.ors, t r i a n ~ \ ~ l : ~ t e d  ancl s ~ ~ r v c ~ e d ,  on t,he t l ~ r ~ e - i ~ ~ ~ h  scale, 103 square 

lnilcs of country in the I I a ~ r t h a \ \ ~ a J c l ~  district, in parts of !)h Dll. 2. 5 .  6, 

I n  this area it nras orifiinall.v dccitletl to ut,ilise t,lre trarerse clata of the cadast,ral survey 
done betwcrn 18i8-YO, and Iron1 snrronncling triqonomet-ricd ~ t a t i ~ ~ ~ ~ ,  to fix IICiKlltS to  tile 
pcrnlallentl~ nlailrtaillet~ t,ravcrse stat.ions. The data \rcre obtained from the ~ ~ ~ , ~ t ~  
Commissioncl, 1Iantlla\vatldy, nlltl plotted on t,o t,he Iieltl cllarts. J\Tllell testecl, tile 
11ositions \\'cre folllld llot to agrce with t.he positions on the groulld, the difference being from 
four to 'ire cha,ins. lCvitlcntly the Land ltccortls Departnlcnt \\-llell r c n e w i n S  the ,,cumanent 
nlarlis, \Verc llot careful to replace them in thcir ole1 positions. It ,  1)ra.j also follnd, tha t  
for on(' slat,ioll, 3Iia.lljinaon~ NO. 1, of the S r c o n ~ l n r ~  G. T. tria,ngnlntioll, (lone i n  1875-76, 
Ilollr! Or  'hc otll('l' statiolls cotlld be nbilisctl, the st,ations llavillr been clcstro)-ecl pagotlas 
built 01' sit('s. 'rile rrcrut i re  olliccr \vas obliged (0  proreed to sYrialn a t  tllp bg i l ln i I lg  

the to s tar t  alltl la!. 011t the triangnlat,ior~. hIiaujinaong No, 1 station was llsed 
as O n e  a base on which to start work, the ot,ller ell(1 ]leing fixed on a \,,atc~l tower, 
be lon~i l ' j i  '0 tllc Oil Company at  Tl~ila\va, by the tllree-l,oint problem, from 
observatiolls nlaule to distant secondary G. T. yoint,s, S.le i s  being one of 
the poillts ~lsed. The work proved well, ant1 mas completed by the 23rd ~~~~~~b~~ 1919. 
adtlitiO1r 2 7 . 5  nl i l c~  of simple traversing, with heights, was run tllmugll the wort for plans- 
tabling, w i t h  tile ereelltion of one intermediate elms sllrveyor l\lowni hm, tile men employed 
on the work wcre all be,' winners. 
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Tria)~gulalion.-Tria~lgulation was executed in the south of Mergrli clistrict by 
Mr .  H. T. Huglles, in sheets 96 J / I .  2. 6.6; 96 J/9. lo. 11.  13. 1s. 16. The area covered by 
tria.ngulatiot~ is 1,629 square tniles, of which 660 square nliles is sea. For the l e l ~ g t ~ l  of field 
season ant1 work to be done, t , h ~  out-tarn cannot be regarded as satisfactory. RlucIl of the 
work donc will also have to be snp~~lemented with points. I t  was hopetl tha t  the trinnplllatiorl 
in tllc blergui district \voulcl 11a1.e been completed last field season, but an area to  the solltll 
remaills to  be tlone, as well as c o ~ ~ ~ ~ e c t i o ~ l s  with the Siamese triangulation along the bor(ler. 

The country triangulatcd is similar to  that  already described for l~lane-tabling. Below 
lat,itnde 1 B0 the district begins to assolne t,he form of a peninsula, narrowing to only a few 
miles it1 ~vidth nt Victoria Point. 'Through the cent>re r ~ i t ~ s  a main range of hills, the 
on ench side breaking 1111 into a mass of low irregr~lar hills terminating in the sea coast on one 
side, and it1 t,hc Pnkchan river on the other. Thc sont,hern pol.tion of the district has, 
coniparatively speaking, a fair amount of I~abitation, ant1 a fairly good bridle road from Victoria 
Point to Bokpyin iu the north. It is also said to be rich in tin and a large area of tlle 
peuinsala is covered by tin mining leases. The forest growt,ll is very clense and along the 
sea coast t,liere are large stretches of marsh and mangrove swamp. Round Karathuri the 
country is low lying and evident,ly very unhealthy. N o  cattle can exist in this locality, the 
germs of disease being either in the water or the grass. Twenty-five r~lriles contracted 
anthrax here in JIarch, and died before the close of the tielcl season. 

Besides the above, a dramin: office mas maintained throughout the tield season a t  
Maymyo, under the charge of Mr.  E. M. Kenny, to complete arrears of one-inch mapping, antl 
to continue the mapping of half-inch and qnarter-inch sheets. 

A t  the request of the Government of Burma, a surveyor was depntetl to accompany the 
Assistant Superintendent, North Hsenwi State, to  point out and relay from the existing one- 
inch maps, and the report of the Burma-China Boandary Commission of 1898-1900, the 
position of the bonnclary line between certain pillars along the sonth-east limits of the Kokang 
district, disputed by the Chinese. The disputed boundary as well as an area of 1 9 . 6 3  square 
miles in sheet 93 I/l-b mas re-surveyed on the one-inch scale. The re-snrvey brought to light 
certain discrepancies in topographical cletail in the old Borindary Commission maps. A t,race of 
the re-survey was srlp1)lied to the political officer showing the correct posit,ion of the boundary, 
to  enable him to cliscnss and sett,lc the clisprite mitli the Chinese at  the Cl~ief Political Meetings 
to  be held on the frontier in 1920. Tllc cost-rate for t,llis work is Rs. 143.10 per square mile. 

Field se,ison.-The field heatl-qriarters openeil a t  hIcrgui on I lt11 November 1919 and 
closed on the 31st. May 1920. The health of the p ~ 1 . t ~  mas good. A menial was killed by 
accident while felling a tree. 

The cost-rates for the different classes of worlr are as follows :- 
Original one-inch survey ... .. . ... 11s. 70.4 per square mile. 
Original t hree-inch survey.. . . . . Rs. 170.1  ,, ,, ,, 
Triangulatiou .. .. . . . . . .. . . . . . . . . . , R s  42 - 6 ,, ,, ,, 

Tile cost-rate for one-inch detail survey is higller t l~at i  that for the previous >-ear, 
t l longh the average o a t - t ~ ~ r n  per nlsn is higher, being 2 4 . 5  sclnare miles against 30 * 7 square 

This is ilae to the rise in the pay and allowances of the establishment, the big increase 
in the rates paid for mules ant1 equipment,, and to the fact tha t  threc first class stlrveyors did 
not rejoin the party, antl were replaced by second class men who did snlaller areas of survey. 
Mlllea n-ere psid for a t  Re. 40 each per menseln, and werc obtainable a t  Bhamo only. 

For tlle three-inch detail surrey the high cost-rate mas to be expected, clue to the fact 
that  beginner^ were employecl on the work; for the first three mont,hs their progress was very 
slow. 

Tile rate for triangnlation is abnormally high and is attrihrltable to  thc heavy expendi- 
tllre incurred on account of clearing antl boat transport. 

Recesr ,Irttiea.-In recess t,lle ptlrty n-as divided into three sections :- 

iVo. 1 Seclio11, under the charge of Mr.  Hart  comprised the drawing office and current 
one- inc l~  Fair-mapping l)urinz the year under report l , f  9 8 . 9 2  square miles of one-incll 
mapping was done in sheets 95 J/1. 6: 95 P / I .  8. 12: 96 116. 10. 13. 1% 96 M/I.  2. 6.6.9. lo. Of 

tllese slleets, seven have been subrnittetl for and i t  is hoped that  three more will 
be eubmitted before the end of October. I t  is expected tha t  all the fair-mapping of the 
countr!- surveyetl last season will be completed before the party takes the field. 
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4,678.22 square miles of half-inch mapping has aleo been completed, comprised in 
ten half-inch eheetr, 93 O/sw., P/N W. 8W. SE., 95 J/sw.,I 102 D/Nw. NE. BW., G/Nw. BW.. 
which are in various stages of completion. 

Five drafbsmen from the drawing section have been employed during the  recese season 
on the arrears mapping in No. 10 Party. 

No. 2 Sectron, in charge of Mr. H .  T.  Hughes carried out the computations of the  
current triangulation, and continued the  preparation of degree triangulation charts 
95 E,  I, L, 96 I, J, M. Two of these have been completed, and wait only final examination, 
the others have been brought up to date, and will be completed as  lane-tabling progresses. 

No. 3 Section, in charge of Mr. Gupta constituted a traiuing section for pupils, and wae 
on miscellaneous duties, viz the completion of field sections, adjustment of margins, 

preparation of traces and forest boundary plots of the Heinze and Kaleinaung Forest Reserve. 
Ten such plots on the two-inch scale have been completed, and will be despatched before the 
party takes the field. 

The cost-rates for fair-mapping are Rs. 8 . 6 9  and Rs. 1 a03 for one-inch and half-inch 
respectively. 

Miscellaneoics.-The most d i5cu l t  problem in connection with the field work was the  
regular supply of provisions to the several camps scattered over a large area conspicuous for  
the absence of roads. All supplies had to be scnt from Mergui by boats. Not  even paddy 
for mules was available in the district and this had to be sent out from Mergui. The 
organization and arrangements need much forethought and management, as boats are not 
procurable a t  a moment's notice, and delays on account of stormy weather in the Archipelago 
were numerous. Along the coast and on the islands the supply of fresh mater was another source 
of anxiety, water having frequently to be obtained from miles away. There are fishing 
villages along the coast, some of them with a scanty supply of fresh mater, enough t o  meet 
village requirements, others without and obliged to procure their supply from miles away. 
The most inconvenient drawback to work along the coast is the mant of camping ground 
The foreshore is mangrove snFan1p and mud, the fishing villages are built up on platforms 
raised forty to fifty feet above the ground, surrounded by wet and mud, and reeking with the 
odour of decaying fish. To pull up a t  these villages, meant either confining one's surroulld- 
ings to a small country boat, or accepting the hospitality offered in a corner of a bamboo hut,  
devoid of cleanliness and privacy, and exposed to the gaze and curiosity of the  entire village. 

I n  sheet 96 1/14 the Khe Cliaung valley bids fair to become s reputable tin mining 

centre. The greater part of the valley is covered by tin mining leases, and the  extraction of 
tin is already in progress. 

The drawing office a t  Maymyo, and the three-inch work a t  Syriam mere inspected 
by the Superintendent, Eastern Circle, between the 26th February and 3rd March 1920 
and the work of the party again in recess a t  Alaymyo on the 16th and 20th August. 

No. l E  PARTY (ASSAM).  

The party carried out detail survey on the two-inch, one-inch and half-inch scales 

and triangulation and traversing in the districts 
PBRSONNBL. of Lakhimpur, Bi l ipira  Frontier Tract, Khgsi 

C ~ B I I  I Oficer. and Ja in t i i  Hills, Sylhet, C ich i r ,  Nomgong and 

Mrjor F. B. Scott, I. A., in chargo. N A ~ C  Hills. The country consisted partly of 
plains and rar t ly  of low hills, both either densely 

Clarr II Oficerr. 
wooded or very oDen. " A 

Mr. E. Q. Bardinge, to 20th April 1920. 
The field season extended over a period of ,, E. M. Kenny, from 21at June 1920. 

,, Prefulla Chendro Mitrs, B. A. about six months from the 1st of November 1919 
to the 15th of M a y  1920. 

Upper Subordinate Seroice. 
The health of the party was not good. 

Mr. Qirijs Sonker Bsgclli. Nearly all the surveyors whose work lay in the 
Lower Subordinate Seruiss. foothills; and the adjoining plains suffered from 

30 Burreyon, ete. malarial fever, and large numbers of menials were 
also affected. 
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Plane-tabling.-The country surveyed in the Lakhimpur district mas a flat plain, 
covered partly by a dense jungle of trees, cane, : ~ n d ,  grass, and partly. cleared for culti- 
vation and tea gardens. A densely wooded belt of low hills runs along the northern 
boundary of the district. The plains area is largely under water in the rainp season. 
The portion of the Sylhet district lying in the programme was similar to  the Lakllimpur 
district. The Khis i  and Ja in t i i  Hills and C i c h i r  districts consist of an undulating 
grassy  latea ail of an average elevation of about- 4,000 feet. The southern slope of the 
plateau, where i t  drops to  the level of the plains of Sylhet and Cachgr, is steep and densely 
wooded. The plateau is intersected by deep and precipitous gorges, increasing in depth to 
the south. Coolies are the only means of transport, the villages are small, and supplies 
difficult to  obtain. 

The party mas divided into three camps :- 
No. I Camp, under Mr. E. G. Hardinge till the 8 t h  February 1920 and then under 

surveyor Allah Ditta, with eight surveyors surveyed 605 square miles of original survey on the 
half-inch scale, 45  square miles 0.u the one-inch scale and 193 square miles of reserved forests 
on the two-inch scale in sheets 83 C / s w .  *E. 

No. 11 Camp, under Mr. G.  S. Bagchi with four surveyors and four pupils surveyed 
492 square miles on the half-inch scale, 200 square miles on the one-inch scale and 26 square 
miles of reserved forests on the two-inch scale in sheets 8 3  C/sw. and 8 3  Clc. 8. 

No. III Camp, under surveyor Amrit Ram with five surveyors surveyed 162  square 
miles on the one-inch scale and 37  square miles of reserved forests on the two-inch scale 
in sheets 83 113.4. The total area surveyed was 1,099 square miles on the half-inch scale, 
407 square miles on the  one-inch scale and 256 square miles on the two-inch scale, the 
cost-rates being Rs. 18 .5 ,  Rs. 4 5 . 5  and Rs. 96 .7  respectively. 

A special survey of 8 . 0  square miles of the Barpiini reserved forest was carried out 
for the Forest Department at a cost-rate of Rs. 4 3 . 7  per square mile. 

Triangulation.-Triangulation was carried out by Mr.  P. C. Mitra in sheets 83 
C/NW. NE, and 83 G/Nw. The country was mostly densely wooded hills rising to about 
4,000 feet. A large amount of jungle clearing was necessary, and labour and supplies were 
unobtainable over part of the area. Coolies were the only means of transport. Smoke haze 
in February and rain in March interfered with the observations and Mr. Mitra was also 
delayed by a change of programme. An area of 1,801 square miles was triangulated a t  
a cost-rate of Rs. 7 7 per square mile. 

~r~vets ing.-Traversing mas carried out along the boundaries of reserved forests 
in sheets 83 I/a , 83 C/J. 8 and 83 CINE. BE. The boundaries ran for the most part along the 
foothills in most unhealthy country, the steep sided gorges and dense jungle making 
the work both slow and laborious. All the traversers suffered from malaria and enlarged 

spleens. The out-turn is consequently small and the cost-rate very high. 232 linear miles 
were traversed, covering a n  area of 173 square miles. Five traversers were employed. The 
cost-rate waa Rs. 9 7 . 0  per linear mile for topographical surveyr, Rs. 76 .5  for forest 
boundary surveys and Rs. 2 5 . 3  for the special forest survey of the Barpini  Reserved Forests. 

Recess duties.-The fair-mapping was divided into three sections :- 
No. I Section, under Mr. P. C. Mitra, till the 20th June, then under Mr. E. M. Kenny, 

with ten surveyors and one draftsman carried out the fair-mapping of parts of sheets 83  
c / ~  , I/4 on the one-inch scale and sheets 83 C / s ~ v .  JE.    arb) on the half-inch scale from 
original surveys, and half-inch sheets 83 FIRE. and 94 I/Nw. compiled from one-inch sheets. 
Of these sheets No. 8 3  114 has been submitted for publication. 

No. I !  Section, under Mr. G. S.  Bagchi, with seven surveyors and one draftsman 
carried o l ~ t  the fair-mapping of par& of sheets 8 3  C/8 , 113 on the one-inch scale from original 
surveys and sheets 93 O/ab;. and 95 J/se. (pt~rt,) compiled from one-inch sheets. 

No. I11 Section, under surveyor Amrit Ram, with four surveyors carried out the 
typing of fair-sheets :tnd plane-table sections. An area of 481 square miles for publication 
on the one-incl~ scale from original sllrveys and of 2,892 square miles for ~ublicat ion on 
the half-inch scnlc from oriqinal surveys and compiled from one-inch published sheets was 
fair-mnl,l>~cl a t  n cost-rntc of lis. 1 l . 8  ancl Its. 2 . 5  I)cr sqrlarc mile respectively. 

hIr. P. C. ;\litla with four computers ant1 trnvcrsers completetl the computations of 
the trinn,onlxt,ion antl traversing clone during the fieltl season, antl the four-inch boundary 
plots of artificial boantlaries o l  reserved forests, and also   re pared the triangulation charts end 
paml~hlets of sheets 83 B and 8 3  F. 
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Miscellaneou8.-All field work was stopped for about a fortnight in March by heavy 
and continuous rain. Malaria as mentioned above, was responsible for the lose of e large 

number of working days. One k l a l i s i  was accidentally killed by an arrow shot from a game 

trap set by Daflis near Dulihet  tea garden in sheet.83 Ells. A large number of similar 

traps were discovered and confisaated tinder the orders of the Political officer, Rilipirra 
Frontier Tract. Another khalisi was mauled by  a bear in the Saipung Reserved Forest in 
sheet 83  C/SE. but made a complete recovery. A large area north of the Narpuh Reserved 
Forest in sheets 85 C/sw. SE. mos deserted by the villagers on account of the number of 
men killed by a man-eating tiger, and the surveyors working in this area were hampered 
by being unable to  obtain coolies or supplies. 

No. 21 ( B U R M A  FOREST) PARTY. 

This party coiltinued forest survey operations in Upper Burma atid the Southern 
S l ~ a n  States. 

PEESOSNEL. The cotintry over which operations were 

Class I Ofleer. carried out consists of well-moocled hills. 

Mr. H.\V. Biggie. The field season closed on the  8 th  June  1920. 
During tlie field season most of tlie members 

Class 21 Oflcers. 
of the nartv suffered from ~eriodical  attacks of 

L .' 
Mr. iV. Q. Jsrbo, up to 19th June 1920. malaria from which there were two deaths among 
,, C. 0. Picard, from 25th October 1919. 
,, C. 13. Sexton, up to 27th June 1920. menials. A single case of cholera, a Kachin 

coolie, a t  the lieaclquarters camp a t  Banmaiik in  
ZTpper Subordi,~a/e Service. the K a t h i  clistrict ended fatally. 

Mr. Bhnmba Ram. Plane-tabling (a). (Sorrthern Fo~ea t  Circle).- 
Lower Stibordirlafe Service. 'Chis was carried out in sheets 9 3  D/5,g.7 in 

9 Sarreyors, etc.  wooded hills rangiug in altitude from 1,000 to 
5,000 feet on either side of the district boilnclary 

between Meiktila a1111 tlie Southern Slian States. 

The work was under Mr. Jarbo with four unclassified surveyors ancl one pupil who 
was discharged as uiisatisfactory. T h e  out-turn was 6 7 . 6  square miles of detail survey on 
the 2-inch scale, of wliicli 8 2 . 4  square miles lie in the Rlyittha, Pyinyaung, and Yebokson 
(east and west blocks) reserves in the Meilctila Forest Divisioli and the Magwe reservein 
the Southern Shan States Forest Division, and 5 . 2  square miles in adjoining non-reserved 
land. 

The cost-rate per square mile is Rs. ,258 -'9. 

(6). (Norlhrrrr Forest Circle).-This was carried out in sheets 8 3  P/o.~o.ls in well- 
mooded hills fringecl on tlre east by tlie hlinmun range starting from the  estreme northelm 
limit O F  Kathi ,  east of tlie Taungthonlon hill, and running down the centre of the district 
to its southern boundary. The scenery is attractive and interesting, and the area is well 
provitlell with forest rest-houses n~liich are a great convenience. The people are mostly 
Shans \\rho are ~)lexsinq ant1 agreeable, &nil ready to give assistance. 

'lllie work was untler hlr.  Sexton with blr. Bliamba R a ~ u  and three surveyors. Tho 
ant-tnrn mas 35 50 square miles of detail survey on the 4-inch scale, and the whole area, 
excepting - 7 9  of n square mile in atljoining non-reserved land, lies in  the Nensiaung, 
Cliaangqyibya and blode reserves in the RSansi Forest Division. 

The cost-rate per square mile is Rs. 665 - 6. 

Tria~~n~~lat ion. -Subsi t l iary  t,riangulation was carried out by Mr. Picard in the 
Cliannggyitya., Nansianng, IIwelit,, and Modo reserves in the I i ans i  Forcst Division and the 
Mezabya reserve of tlie Kathii Forest Division. 37 points mere fixed and cleared, as  the 
triangulation previously completed in this locality by No. 1 0  I'arty was not found to give 
suficient poitits for detail survey 011 the scale of 4 inches to  one mile. N o  area can be 
given and, as the points mere treated by the three-point problem and were provided to enable 
the closing of cllai~l and compass traverses, details cannot be given rtncler the main heading 
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uTriangulation'J in Table 11. The cost of the subsidiary triangulation is merged with 
the cost of traversing done in the same area. 

Traversing (a). (Sotrfhern Forest Circle).-The area traversed lies in sheets 
93 D/1.6.6.10 and comprises the  country described under "Plane-tablingJJ in this circle, and 
the pine-clad plateau in and around the station of Kala~v  in the Southern Shan States. 

The work was under Mr.  Jarbo with two traversers and one pupil surveyor. 178 3 
linear miles of t,raversing, iucluding 14.7 linear miles of revision was carried out, covering 
a n  area of 116 square miles in the Yupadaung reserve of the Meiktila Forest Division and the 
Magme, Wetpyuge and Kalam reserves of the Southern Shan States Forest Division. 

The cost-rate per linear mile is Rs. 69 ~ 7 .  

(6). (iVorfhet.rt Forest C'rt.cle ).-The area traversed is the same as that  described 
under "Plane-tabling" in this circle. 44.4 linear miles of traversing was carried out, covering 
an area of -h4.3 square miles in the Hwelit, Motle, and Mezabya reserves. The total cost, 
which includes tlie cost of the subsidiary triangulation done by Mr. Picard is Rs. 12,164. 

The combined cost-rate per linear mile is Rs. 110.4 for t,raversing done for detail 
survey on the ?-inch and 4-inch scales in the Soi~tbern and Northern Circles respectively. 

Recess dlclies.-(a). The fair-drawing of the party for which credit has been taken 
consists of 10 .6  square miles on the 4-inch scale of the Nansiai~ng reserve in sheets 83  P/lo.la 
and 5'3 square miles on the 2-inch scale of ' the Myittha, Pyinyaung, and Yebokson (east 
and west blocks) reserves in sheets 93 D15.6. All outline and contour drawing was done 
by transfer from hand traces made from the field sections. Contours were transferred to 
blue prints of the outline sheets. 

The work mas under Mr.  Bhamba Ram with five surveyors of whoul only three could 
be entrusted with fair-drawing. 

The combined cost-rate per square mile is Rs. 62 - 3  for both scales of fair-drawing. 

The total area of fair-drawing in hand is 1 7 4 . 2  square miles and this will be 
completed by the middle of November next. 

( b ) .  Otber recess duties included the computations under Mr. Picard with two 
surveyors and five pupils. The work comprised the compi~tations OF the subsidiary triangu- 
lation and of 159 linear miles of traverses in  the Southern and Northern Forest Circles. 

The cost-rate per linear mile is Rs. 25.7. The combined cost-rate per linear mile 
for traversing aud  computations is Rs. 136' 1; 

M~scellaneous.-The cost-rates for all classes of work are abnormal and cannot be 
accepted as standards For tlie cost of special forest surveys. The year under report is tho 
first complete year since the formation of the party and is burdened with the heavy initial 
expense of sul)plying i t  fully with tents, tarpaulins, furniture and various other items OF 
equipment too numerous to mention. Freight, shipping and other dues on a large supply 
of instrumenls, tarpaulins and other items were payable from Calcutta to Maymyo or Indam 
Railway Stat io~i  in the Katha district, and on qh packages of tents occupying tho full space 
OF all I I-ton :roods wagon, from (hrvnl~ore t o  Inclaw, wherice they were transported by cart 
to Uan~n:tnk ovcr a clistar~ce of 2'3 m~les.  

The party was n.orlri~~g \\,it11 :L poorly cloalified stafF oE Iio~ver Subordinates. l'oar 
pnrcly temporary Indians engraged when the n ~ ~ c l e u s  of the party was for~ne(l in Deccn~Lcr 
1318, t u r ~ ~ e c l  out to be unsatisfactory, and all have now been discharged. The parly mas 
weaker th~oughout  the year under report than when it csisted as a detachment. 

I n  the annual v o l ~ ~ n l e  of the Records 1'318-13, it was stated tha t  "a schemc for 
training U ~ ~ r r n a r ~ s  a3 surveyors is a t  prescnt under consi,lcration." This scl~erne is now ill 

operation and a survey school untler a Burmese instructor, lent by the Government of J lur~n:~,  
was startctl in hiayrnyo on the 1st  July 1920 and now comprises 12 Burman and 4 Indian 
pupils. 
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The new office building for the party is now ready and will be occupied before the 
recess closes. 

I am greatly indebted to the Chief Conservator and the officers of the Forest Depart- 
ment for the ready assistance which they have always accorded to further the work of 
the party. 

Inspections.-The Superintendent, Eastern Circle, inspected the party during the 
recess season. 
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TABLE I. 

OUT-TURNS OF PLANE-TABLING 1919-20, 

(a) By trained snneyorr. ( b )  BY pnpila. 

Sarle 

+-inch 

+-inch 

I,-inch 

1-inch 

1-inch 

1-inch 

1-iuc11 

1 t.inch 

14-inch 

It- inch 

2-inch 

2-inch 

3-inch 
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No. 6 

N o . 2  

No. 6 

No. 10 

No. 12 

No. 1 

No. 6 

NO.  2  

NO. 5 

Ko. 6 

No. 6 

NO. 8  

No. 0  

No. 10 

No. 11 

NO. 12 

No. 2  

NO. 3 

Nn. 11 

N o . 1  

S o .  5 

No. 8 

No. 6 

No. 6 

No. 9  

No. 3 

No. 8 

No. 12 

No. 2 1  

No. 2 

No. l l  

Class of survey. 

Originnl 
Surrey  

Revision 
Survey 

Supplementary 
Survey 

Original 
S ~ ~ r v e y  

Re-surrey 

Revision 
Survey 

Supplementary 
Survey 

Oririnal  
Survey 

Re-survey 

Revision 
Yurvey 

Origin:~I 
Survey 

Re-survey 

Original 
Survey 

square 

Average 
per man 

per month 
of 24 

workins 
~ I L J S .  

5 9 ' 8  

] 61.6  

73.1 

59 .3  

1 2 l n O  

5 5 . 0  
( a )  

31.4 
(a) 

16.8 
2 3 ' 4  

1 5 7 . 7  

17.5 

2 9 . 5  

1 7 ' 3  

24.5 

1 6 . 7  
(a) 

2 8 . 8  
( b )  

1 7 . 7  

3 5 . 5  

31 .5  

58.6 

2 3 ' 8  

27.6 

2 6 6 ] 5 . 4  

2 . 3  

1 1 . 1  

7 . 1  

8 . 7  

2 . 8  

9 . 4  

3 . 4  

AVe"ge 
Brings per 

I n  ~ i l u  (by 
resection). 
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... 

0 . 4  

1 . 7  

0 . 4  

... 
( a )  

14 .0  
( 6 )  

1 0 . 0  
10 .9  

... 
2 . 0  

8 . 2  

1 . 1  

1 2 
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1 2 . 8  
( b )  

1 

5 . 4  

4 . 1  

2 . 4  

7 . 3  
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... 

15 

1 6 ' 6  

... 
2 . 6  

a . 5  

1 8 . 1  

13.9 

Ootturn,  
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Locnlit~.  Circle. 

S 

N 

S 

E 

E 

N 

S 

N 

5 

S 

S 

E 

1 

N 

N 

N 

8 

3 

E 

N 
8 

E 

N 

E 
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... 
0 . 9  

0 .3  

1 . 7  

( a )  
0.6 
( 6 )  
2 . 5  
4 ' 4  

. . . 
25 .1  

13 '0  

6 . 4  

5 .5  

18 '9  
(a) 

4 ' 2  
( b )  

9 . 6  

... 

... 

1 ' 8  

13':) 

7 ' 5  

.., 

18 

1 ' 8  
... 

24 '4  
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7 ' 6  
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Bombay 
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E j p u t i n a  ... 

Hyde~%bi .d  (Deccnn) 

Uppar  Burma 

Assnm 

Uni ted  Provinces 

Bombay 

H i j p u t i ~ ~ n  

1 
CentrnlP1.orinces 

Madras 

I Iyde r ib id  (Deccan) 

BIadrns 

Bengal 

Uppe r  Burma  

Loner  Burma 

Assam 

i Punjnb & United 
Provinces 

U ~ l i t e d  Provinces 

N8,rtl)eru Shan 
Stotes .., 

Unitedprovinces  

Central  Provinces 

hIadr;~e 
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United Province8 

Madrna 
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Upper  Burmn 

United Provincee 

Lower Burme 

264 

3 

3,380 

2,516 

1,099 

292 

108 

1 

303 
2,667 

l iO 

128 

147 

2,299 

723 

1,631 

578 

305 

1,031 

90 

20 

4,928 

360 

4,523 

16 

45 

1,237 

3 

290 

88 

266 

103 
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TABLE I.-Concluded. 

OUT-TURNS OF PLANE-TABLING 

go.le. 

1919-20.-Concluded. 

of sorvoy. 

OufrtUm, 
miles. 

70 

50 
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36 

35 

ncrefi 
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1,943 

1,685 

1,682 

459 
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Survey 
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Survey 
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S 

S 

h' 

E 

N 
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N 

S 

S 

N 
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PART 11.-GEODETIC AND SCIENTIFIC 
OPERATIONS. 

TRIGONOMETRICAL SURVEY. 

ASTRONOMICAL L A T I T U D E S .  

N~ latitude mere carried out during the year under report. The personnel 
of this party mas employed a t  the  Head Quarters 

PEREIONNEL OF NO. 1 3  PARTY. office of the Trigonornetrical Survey for t h e  
Class I Of icers .  greater part of the year bu t  during February and 

~ t . . ~ ~ j o r  C. G. Lewis, R,  E., i n  charge up to  March 1920 was employed on Air Photo Mapping 
14th June  1920. a t  Agra and surrounding area. This work was 

Dr. J. de Graaff M. ''. D.b F. '., carried out under the superintendence of Rt.-Major 
incharge  from 15th 1 1 ,  30th J u n e  1920. 

Captain G. Lennox, I. A,. i n  charge f rpm 1st T~ewis assist,ed by Bt.-Major E. 0. Wheeler, M. C., 
J O ~ J -  1990. R. E., and Captains E. A.  Glennie, D. S.  O., R.  E., 

Lower Subordinalr Service. 
and H. G. Salrnond (late R. A. F.). These three 
officers were lent by the Trigonornetrical Survey 

I Computer, etc. office. 

Reports on this work by Ht.-hlajor Lewis and Captain Salmond hare been published 
as a Professional Paper. 

P E N  D U L U h l  OPERATIONS.  

No pendulum operations were carried out during the year under report and the personnel 
of t , l~is party mas reduced to a minimum and 

PPREONNEL OF NO. 14  PARTY. err~l~loyed in miscellaneous work. 
Class I Oficers. 

Major C. M .  Thompson. I .  A, ,  i n  charge up t o  30th 
November 1919, from 210t January 1920 to 
30th January 1920 and from 4th February 
1920 to  20th February 1920. 

Bt.-Lt.-Colonel C. P. Gnnter, 0. B. E., R. E . ,  in 
chnrge from 1st December 1919 t o  PClth 
January 1920. 

Lt..Calonel G. A.  Beazeley, n. S. O.,  R. E., in 
cllarqe from 31st January 1920 t o  3rd February 
1920. 

Major R. B. Thomas, D. S. 0.. n. E. ,  in c l~arge  
from 21st February 1020 t o  4th April 1920. 

Major E.T. Rich, C. I. E.,  R. E. in charge from 
6th April 1920 to  19tl1 April 1920. 

Captain E. A. Glennie, I). S. 0 ,  R. E., in charge 
from 20th April 1020. 

Lower Sabordinnlr Service. 

1 Clerk, etc 

T R I A N G U L A T I O N .  

The party did not take t h e  field during field season 1919-20. 

~ ' ~ R ~ O N N E L  Ol r  S O .  I5  PARTY 

Major R. n. 'l'homns. D. H. 0 ., 1;. E.,  i u  chnrgc up  
t o  15th hlny Inso. 

Cnptnin 0. Plater, M. 0.. R. 8 . .  in  chnrge from 
16th blng I920 to  30th Septcmher 1920. 

L ~ e u t .  C.S.  JlcTnnea. from 1st Octobcr 1019 to 

16th .T~lly 1920. 

6 Compote r~ ,  e tc  
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T I D A L  OPERATIONS.  

P B B B O ~ E L  o r  NO. 16 PABTY. During the year under report, the registm- 

Clara I Oflcsr. tions of the tidal curves by means of sell-registering 
tide-gauges were continued a t  the follow- 

Mr. 0. C. Ollenbach in charge np to  9th Decrmbrr 
1919. and from ~ b t h  June 1920. ing ports :- Aden, Karichi, Bombay (Apol10 

Bandar), Bombay (Prince's Dock), Madrae, 
Clarr I1 Oflcers. 

Kidderpore, Rangoon, Moulmein and Port  Blair. 
Khan Bahib Syed Zille Hasnain in cllarge from These operations were conducted under the direc- 

10th December 1919 np to 201h May 1920. tion of this department, the immediate control of Mr. D. H. Lnxn in chnrge from 21st May 1920 up 
to 9th June 1920. all the observatories being entrusted to  the  local 

officers of the ports concerned. 
Lo~oer Subordinate Service. 

I n  addition to  the above work, the predic- 
20 Computers, &c. 

tions of the heights and times of high and low 
water for the year 1919 at the following ports :-Bhaunagar, Chittagong and Akyab, 
were compared against the actual observations of the heights and times of high and low 
water as supplied by the Port officers of the above ports. These readings were taken during 
day-light on tide-poles throughout the year. The object of the above comparisons mas t o  see 
whether the predictions which were based on tidal observations taken many years ago, still 
maintained the required degree of accuracy. 

T I D A L  OBSERVATIONS AT BASRAH.  

Hourly readings on an ordinary wooden tide-pole mere carried out at Basrah by  the  
military auth(lrities; these readings mere taken during day and night, and copies of these were 
supplied meekly throughout the year to  this department by the Director, Inland Water  Trans- 
port, Mesopotamia. The readings for the year commencing 1s t  January 1919, were recluced 
by the method of harmonic analysis, and the constants thus deduced, were used in the compu- 
tations of data for the Basrah tide-tables 1921. These data, mere forwarded on the 18th 
December 1919 to the Director, National Pl~ysical Laboratory, Teddington, England, for  the  
preparation of the tide-tables with the aid of the tide-predicting machine. 

The tide-tables for 1921 have not as yet  been received. 

L I S T  OF T I D A L  STATIONS.  

The following is a, complete list of the ports at  which tidal observations have been 
carried out from the commencement of the tidal operations in  1874 up t o  the present time. 
The permanent stations are shown in ihalics : the others are minor stations which were closed 
after a few years on the completion of the requisite registrations. 
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List of Tidal Stations. 

0 
a 
d m .- 
b 0 

m 

- 
1 
2 
3 

4 
5 

6 

7 
8 

9 

10 
10A 

I 1  

1 I A 

1 
I :3 
I4 
15 
16 
17 
18 
19 
20 
21 
2.1 
23  
24 
25 

26 

2 7 
28 
29 
30 
31 
32 
33 
34 
35 
36 

37 

38 
39 

40 

41 
42 
43 

Date of 
commencement 
of observations 

1897 
1898 
1879 

1898 
1892 

1374 
1874 

{ E ? a r t e d  
1904 
1893 
1898 

1881 

1900 
1889 
1878 
1888 
18H4 
1878 
1878 
1866 
1888 
1801 
1884 
1884 
1890 
1878 
1881 

1880 

1886 
1879 
1881 
1881 
1861 
188 1 
1886 
1887 
1695 
1902 

{ E i r t e d  
1880 
1880 

{ kt::arted 
1909 
1889 
1880 
1916 

Stal ions 

-- 

Suez ... . . 
Perim . , , ... 
Aden . . .  . . .  

Maskat . . .  . . .  
Bushire . . .  . . .  

. . .  K n r i c h i  . . ,  

. . .  Hanstal . . .  

. . .  Navsnar . . .  

Okha Point . . .  

. . .  l'orbandar 
Porbandar . . .  

Port Albert Victor 
( K ~ t h i i m i r ) .  

Port  Albert Victor 
(K%t,hi%m%r). 

Bhaunngar . . .  
I(ontl,lly ( d p o l l o  B n t ~ d ~ r r )  
Honrl,ay(PrincelsDock) 
3Inrrnagxo (Goa) 
Ksrwi r  , . .  . . .  
Beypore ... . . .  
Cocliin . . .  . . .  
Toticorin . . .  . . .  
Alinicoy ... . . .  

. . .  Gnlle ... 
Colombo . . .  . . .  
Trincomalee ... 
Ptimban Pass . . .  
Negapatarn . . .  

Lllod~.as ... . . .  

. . .  Cocanida . . .  
Vizagapatam . . .  
False Point ... 
1)ublat (S%gar Island) 
1)iarnond Harbour 
h'ir lt ierpore ... 
Chittagoug ... 
t\kyab . . .  ... 
Diamond Island 
Ba,ssein (Burmo) 

Elephant Point 

Rangoon . . .  ... 
. . .  Amherst . . . .  

iUoirlmein ... 
Mergui ... ... 
Porl Blair .., 

... B~arah . . .  

Date of 
closing 

of observations 

1903 
1902 
Still  

Working 
1898 
1901 

Still Working 
1680 

1875 
1876 
1875 

1906 
1894 
1902 

1882 

1903 
1894 

Still Working 

1 g89 
1883 
1884 
1892 
1893 
1896 
1890 
1890 
1896 
1882 
1688 

1890 
Still 

Working 
1891 
1885 
1885 
1886 
1886 

Still Working 
1891 
1892 
1899 
1903 

1688 
Still Working 

1886 
1886 

Still Working 
1894 

Still  Working 
1 J 

Automatic or 
Personal 

obaervntions 

Automatic 
JJ 

i 1 

11 

JP 

,J  

9 t 

I J 

>I 

Perso~ial 
Automatic 

Personal 

Automatic 
) 1 

j, 

1 3  

J) 

IJ  

I) 

I J 

I I 

11 

I J 

J J 

9) 

J) 

11 

11 

J ) 

#I 

11 

1) 

J 1 

1 J 

9 1  

s J 

11 

J 1 

19  

1 1 

PI 

1 J 

11 

1) 

Peraonal 

.U -a 
0 -  g 
C. 0 . -  

, g m z  
3 2 
" " 2  

7 
5 

41 

5 
8 

*::} 52 

2 
1 
2 

1 

4 
5 

4(2 
32 

5 
5 
6 
6 
5 
5 
6 
6 
6 
4 
5 

RBMAEXE 

-- 

.Small 

working 
t :ae .g l~g .  

Tid;-t;rle~ 
]lot 

publihhed. 

1904.05 is 
excluded. 

Years 
1898,1H09 
& 1'202 are 
exclnded. 

Year1 1883 
to 1885 are 
excluded. 

5 
6 
4 
5 
5 

39 
5 
5 
6 
2 

6 

40 
6 

Year 
1880.01 i n  
excluded. 

11 
6 

40 
4 Obaer. 

vetionn 
tsken on s 
trde-pole. 
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WORKING OP THE OBSEILVATORIES. 

~h~ tidal observatories a t  Rangoon and iMoulmein were inspected jointly Meserr* 

0. C. Ollenbach and D. H. Luxa. 
M ~ .  0. C. Ollenbacll visited Tavoy and inspected the proposed site for tidal observ- 

there, but  this site was found to be unsuitable and as no other mitable site was located 
in its neighbourhood, tire Burma Government decided to hold this matter in abeyance for the  

present. 
Khan Sahib Syed Zjlle Hasnain inspected the observatories a t  Bombay ( ~ ~ 0 1 1 0  

Bandar), Bombay (Prince's Dock), Madras, Aden and Karichi. 

Mr. D. H. Luxa inspected the tidal observatories.at Port Blair and Kidderpore. 
The inspection of each observatory was carefully carried out, special attention being 

*aid to  the following points :- 

( )  Checking the working zero of the tide-gauge, and comparing the  same with 

the true zero. 

( 6 )  Testing the stability of the tide-gauge, by check-levelling between its bed 
plate and the bench-mark of reference. 

( c )  Testing the zero of the graduated staff with reference to the zero of the 
tide-gauge. 

( d )  The cleaning and overhauling of all instruments thoroughly and getting 
them in perfect working order. 

(e) Final adjustment of the tide-gauge aud the working zero, after cleaning t h e  
whole apparatus. 

(f) Examination and cleaning of the observatory well and the inlet hole, and 
securing free communication between t,he sea and the well. 

(g) General examination of the observatory cabin with the object of get t ing any 
repairs done, if necessary. 

Re.marks regard~ng the working of each observatory inspected :- 
~den.-The inspection of this observatory was carried o r ~ t  in January 1920, i t  was 

previously inspected in December 1917 and mas then found to be in a most unsatisfactory 
condition, but a t  the present inspection a vast improvement all round was noticed. The tide- 
gauge has worked very well during the past 2 years, and the tidal registrations have been 
continuous without a single break. Tlie periodical reports, retorns and tidal diagrams, were 
posted regularly from the observatory to the ofice of the Tidal operations. 

Karrichi.-During the past year the interr~iptious in the tidal registrations a t  this 
observatory, due to the temporary blocking of the inlet hole, have been quite as frequent as in 
the preceding year. Tlie duration of these int,errupt,ions has however been considerably 
decreased, due to the services of a diver having been placed a t  the disposal of the tidal observ- 
atory clerk, who as soon as he noticed any interruption in the tidal regist,rat,ion, was able to  
have the inlet hole examined and cleaned up by the diver, Most of these iuterrulltions nrere 
found to have occurred during the winter months, an'd to be less frequent betmeeu March and 
September; in order to be able to overcome t,hese interruptions, the tidal obtiervatory clerk has 
been advised to use a brass plug containing a one-inch liole from October to February, and 

one wit,h a $-inch hole from RIarch to September. Both these brass plugs are kept. in the 
observatory for this purpose. Except for these temporary breaks in the registrations of the 
tidal curves, the tide-gauge has worked satisfactorily. 

B o ~ n h o y  ( ~ ~ ~ o l l o  Hrrndar).-The tidal registrations a t  this observatory have been con- 

tinuous and sal.isfactory since its last inspection in December 1918. Since when the well has 
heen clcaned twice, viz. in May and November 1919. 

U0rn6u.~ (Prince's  Dock).-The tide-gauge a t  tlris observatory has worked without a 

brealc d ~ l r i ~ i ~  the past year. This is an excrptional record in the history of this observatory, 
as thcre used to be frequent interr~~ptions in the titlal registrations for various reasons. The 
well oE this observatory was cleaned in hIay ant1 November 1919. 

~Madrtr.c.-The registrations of t h ~  tidal curves at. this observatory have continued to  

be tlloroug1lly satisfactory, not a single break in the regist,rations having occrlrred.  hi^ is 
chiefly due to the clre  and attent,ion bestowed by the observatory clerk on his work. 
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Kidderpore.-There was only one break in the registration of the tidal curves st this 
observatory, and this was occasioned by t,he stoppage of the clock a t  10.36 p. m. on the 4th 
March 1919. Except for this single interruption, the tide-gauge has worked very well during 
t'he past year. 

Rangoon.-The tide-gange at this observatory has worked without a single break 
throughout the past year. 

Motrlmn'n.-Since the last inspection of this observatory, only one break in the regis- 
trations was fo~irid to  have occlirred. The tide-gauge has worked well during the  past year. 

Po r t  Blair.-The tidal registrations a t  this observatory have continued to be very 
set.isfactorily carried out. There was not a single interruption in the registrations of the tidal 
curves during the past year. The tide-gauge and the auxiliary instr~iments mere all found to 
be working well and in good order. 

All the computations of the past year's work have been completed and there is nothing 
in arrears. The tidal observations at the nine working stations for the year 1919 have been 
reduced by harmonic analysis. I n  addition, t h e  observations taken at Basrah on a tide-pole 
erected by the JIilitary authorities, and supplied meekly to  this department by the Director, 
Inland Water  T r a n s p r t ,  Mesopotamia, for the year 1919, have been similarly treated. The 
tidal constants, deduced from the above reductions, are shown in the attached tables. 

These tables give the amplitudes (R) and the epochs (() at Basrah and the nine work- 
ing stations, they also give the values of H and K, which are connected with R and (, 
through the various astronomical involved in the positions of the  sun and the moon, 
in such a ma>-, that  if the tidal observations were consistent from year to  year H and K 
would result in being the same for each year's reductions. 
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The following data  were prepared and rupplied to the  Director, National Phyeicd 
Laboratory, Teddington, England, during the year under report :- 

(a) Values of the tidal constants for PO ports for the tide-tables for 1923, ready for 
use for the tide-predicting machine. 

( b )  Values of the tidal constants for the tide-tables for Basrah for the  year 1921. 

(c) Actual heights and times of high and low water during 1918 a t  1 2  stations. 
These include nine stations a t  which regular tidal observations by self- 
registering tide-gaugee were carried out,, and three stations a t  which the 
times and heights of high and low water-readings were taken during day-light 
on watches and Bide-poles respectivelp. 

(d) Comparisons of the above against predicted values for 1918, the errors being 
tabulated in such form, as to be of use in improving the predictions, if poesihle. 

The predicted times and heights for high and low water for the year 1919, as given 
in the tide-tables, have been compared against tlle actual values obtained from tidal observ- 
ations a t  the nine stations now working, and a t  the three other stations where tidal re- 
gistrations by self-registering tide-gauges were stopped, but  at  which the times and the 
heights of high and low water were noted by a watch and read on a tide-pole respectively, 
during day-light. The errors of the predictions thus determined, are tabulated in the 
6 tableelherewith appended. 

No. 1. 
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No. 2. 

Parcmtager and amounts of the error8 i n  the predicted times of low water 

at the various tidal stutions for the year 1919. 

No. 3. 

Percentages and amotints of the errors in the predicted heights of high 

tooter t r t  the va?*iolcs tidal e ta t io~~a jor the year 1919. 
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Bot~tk,aj  [ ,P . 

r ~ n c e ' r  Dock) 

3 lsdrs r  . . . 
Kidderpore . . . 
Clit tmgong ... 
A k p b  ... 

Ilmngnon ... 

Moulmein 

6.7 

9 3 

31.4 

13.8 

18.9 

3.1 

11.7 

13.8 

8 .3  

16.4 

12.7 

0 . 6  

P o r t  Hlair 

40 

34 

Auto. 

'Y.Y. 

Auto.  

,. 

T . P .  

Anto.  

P e r  c e n t  

3 

2& 

34 

17 

32 

16 

27 

26 

20 

30 

27 

' I) 

P c r  c e n t  

0 7 

7 I 

64 

79 

63 

83 

36 

4 1 

7 3 

6 4 

90 

81 

i 0 6  I 40 9 

E r r o n  over 
15 minuten 
and under 

PO minuter. 

P e r  c e n t  

5 

11 

0 

8 

1 I 

13 

If 

12 

0 

Port  Uleir ... 

14 

12 

Per  Cent 

0 

6 

2 

4 

I8 

I 

20 

14 

7 

I8 

19 

0 

4 

Erron  over 
20 mlnutem 
and under 
30 minutom. 

p e r  c e n t  

6 

1 a 

0 

6 

14 

18 

11 

18 

0 

P e r  c e n t  

0 

0 

0 

0 

1 

0 

18 

20 

0 

8 

18 

0 

1 

Prrors 0.01 
10 minutel. 

P e r  cent  

8 

7 

0 

4 

0 

10 

6 

14 

0 

12 

19 

4 

16 
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No. 4. 
Percentages and amounts of the e w o r s  in  the predicted height8 of low water 

at  the various tidal stations for  the year 1919. 

- - 

No. 5 .  
Table of azjerage errors in tl /ep?.etlicfed fit~zes cold I~e ig l~ts  of Itigh and 

lozo watel- at the sezel-nl tidal sfctfions.fot~ the yen). 191 9, 

S T A T I O N S .  

Open cua.3:. 

. . . . . . . . .  Aden 

. . . . . . . . .  Rarirhi 

Hhaunagnr . . . . . .  

(Apollo Hnudnr) 
Holnbay 

(rrince's Dock) 

. . . . . . . . .  Mndras 

. . . . . . . . .  Akynb 

Port Iilnir . . . . . .  

a enernl Ilenu 

Rit~etni11. 

I(ill11erpol.e . . .  

. . . . . .  C l ~ i l t n ~ o n g  

l(nllgooo . . . . . . . .  

hlt3nlmein . . . . . .  

Antornotic or 
tide.yole 

observntiuns. 

Aato. 

T. 1'. 

Auto. 

T.P.  

Auto. 

... 

Anto. 

T.1'. 

Auto .  

Bleau r n u ~ e  
at  sprillgs 

iu Ieet. 

GcnrrmI blrau 

Average Errors 
- - - 

of tiule I of I ~ c i ~ l r t  
in terms of in minutes. the range. 

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

of h e i ~ l ~ t  
in inches. 

... ' I "' 

6 . 7  

9 . 3 

31.4 

13.9  

13,Y 

3 . 6  

8 .3  

6 .6  

11.7 

13.3  

16.4 

H . W .  

2 

a 

4 

. 3 

6 

3 

3 

2 

3 

8 

7 

6 

7 

13 / 16 0 .043 1 0 0 4 7  

L . W .  

2 

3 

4 

3 

4 

2 

4 

2 

3 

6 

9 

8 

7 - - 
7 8 

10 

12 

4 

9 

10 

15 

3 

3 
-- 

9 

13 

I f  

9 

12 

I 
H . W . L . W .  

9 

12  

5 

10 

1 2  

16 

3 

9 

! 

12 

17 

I? 

H . R .  L . .  

0.025 0.026 I 
0.027 1 0 . 0 2 i  

0 .011 

0.01R 

0.030 

0 , O i l  

0.030 

0.026 

0.030 

0.057 

0.011 

0.01R 

0,024 

0.048 

0.040 

0.026 1 ---- 
0.027 - - -  

0.043 

0.064 1 0.056 

I 
0,036 i 0.041 
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No. 6. 

Summary fov 1919. 

COUP.~RISOSS OF T H E  PTIEDICTIONS 1:OR THE YEAR 1919 WITH THOSE FOR THE 

PllEVIOUS YElR. 

On comparing the ticlal predictions a t  the nine working stations for the  year 1919 
against those for the year 1918, i t  was seen tha t  the ~ r e d i c t ~ o n s  of times for 1919 a t  
Aden had improved, while those for Madras had deteriorated in accuracy since the previous 
year. The predictions of times a t  the other stations, and of the heights at all the stations, 
except a t  (Apollo Bandar) Bombay mere practically of the same standard of accuracy as 
those for the year 1916. 

The greatest difference between the actual and predicted heights of low water for 1919 
a t  the rirerain ports was as f o l l o n ~  :- 

or stPtionB. Predictinus teeted I by 
I 

Kidderpore . . . B feet 2 inches on 10th August 1919, actuals being lower. 

Hangoon ... 2 feet 11 inches on 28th September 1919, actuals being lower. 

hionlmein . . .  2 feet 1 0  inches on 14th August 1919, actuals being higher. 

PEHcENTAaP OF PRODICTIONB. AT ElGH AND LOW WATRP WITBIN 

.- 

6 Open coast  

2 ,, 

3 R i ~ e r a i n  

I ,. 

The tide-tables for the year 1920 for the Indian Ports as also for Basra.11 mere received 
from England on the 6th and 12th January 1920 respectively, and mere immediately clis- 
tribut.ed to the various Port authorities and other oflicials. 

Y .  R Tide-gange 

Tide-pole 

S. R.  Tide-gauge 

Ti de-pole 

The tide-tables for the year 1021 have not, as yet been received from England, they 
mill be despatched to the various authorities as soon as they are received. The printing of 
the tide-tables for Basrab for 1920 was discontinued a t  the office of the Trigonometrical 
Survey. Dehra Dun; these tables were printer1 by Messrs. Neil1 and Co., Ltd., Eclinbnrgh, the 
printers of tide-tables for the Indian Ports. 

16 minutes of actonls. 

High. I Low. 

The amount realiserl on the sale of tide-tables daring the year ending 30th September 
1920, was Rs. :35!)9/3/9 inclusive of Rs. GOO which was outstanding from the previous year 
for the sale of the 1919 tide-tables. 

78 

100 

74 

57 - 

8 inches of nctunls. ons.tenth of mean range 

Higb. I Low. I High. I Lon. 

One computer diet1 d r~r ing  the year r~nder report. 

75 

100 

65 

55 

Tidal observations (luring the coming field season will be continued a t  the 9 observ- 
atories still working. 

06 

96 

70 

66 

97 

99 

93 

9 1 

97 

9 7 

G9 

55 

98 

100 

92 

86 
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L E V E L L I N G  

Y E R ~ O N N R L  O F  NO. 17 PARTY. 

Claaa I Oflcel.. 

Bt,.Major K. blsson, >I. C.,  R. 1. iu chnrge from 
11th blsy 1920. 

Glass II  Oflcers. 

Mr. H. 4. *haw, retired: in temporaly employ 
in charge I I ~  to 10th Nay 1920 

,, 0. N .  Pushong. 

*, K. S. Gopnlnchari, U. A .  
,, N. N. Chnckerbulcy, L. C. E. 

Uppet- S~rbordinate Serc~ce. 

Mr. K.  K. l)as, B. A. 
,, S. C. Mukerjee. 

Lorue,. Sl~bo~~di~late Service. 

10 Computers. 
1 Recorder. 
1 Clerk. 

I. The party comprised two field detachment0 
and a small head-qrlarters. It closed its 0 6 ~ 0  

a t  Mussoorie on the 16th October 1919 and opened 
a t  Dehra Diin on the 20th October 1919. 

Detachments left for the field between the  
6th and 9th November 1919 and returned t o  recess 
quarters a t  Mussoorie between the 19th and 28th 
May 19.70. 

11. Field Detnch~nents .  The two double 
detachments tha t  took the field were composed as  
follows :- 

No. 1 DE'P.\CH\IENT. RIr. Chuckerbutty (in 

cl~arqe); second leveller, Mr.  Mukerjee. D'uring the  
"fore and back " work, the  f o r n ~ e r  hacl charge of 
detachment 1 (A), the latter 1 (R). 

No. 2 DETA(~HIII:NT. Mr. Pushong (in 
charge) ; second leveller, Mr.  Gopalachari. 

I l l ,  P ~ . o g r a m m ~ .  The programme was allot- 

ted to these two detachments as follows :- 

( a )  In tAc P I O I ~ Q ~ .  Revision of the line from Ferozepore $:in hIoaa and Jagraon 
to Ludhiina along the Ludlliana-Ferozepore road. (Par t  of line 6 1 ). 

( h )  In the Punjn6.  New line from Amritsar uim Jullundar and Phillaur to  
Lr~dhiiina along the Grand Trunk road. (New line 66 P). This is part of line 197  of tbe 
New Level Net,. 

(c) alrd (d) Jtz-the S i d - S Z g a r  D o ~ b .  New line from Shrihpur T. S ,  v ia  Leiah and 
Khair in~i la  to Slrorkot Road railway station. New line from Khairiw.ila via  Jandiinwila 
to near Winbhacliran railway station. 

No. 2 DT;TI(.II\IKN~T. 

( e )  tlild ( f )  111 Assrrjn avd Bc,lgnl. Revision of the line from Silchnr rsdn Karimganj  
to Comilla. (Line 77 H ancl part of 77 F). 

( g )  I I L  the  U . P .  Revision of the section T3areilly t o  Lacknow. (Par t  of line 6-k). 
IV. Systc~rrs qf Levelling. Lines (a) and ( b )  were levelled on the "fore and back" 

system; (c), ( ( I ) ,  ( c )  ancl (,I,) by tlie siniultaneoos donble levelling n~etlrod; while (y) was 
levelled on a modified form of the "fore ancl back" system. 

Y .  I n s l r r ~ m e ~ ~ t s .  The instl.uments used were in all cases Binocular Precise Levels; 
staves were of the Snrvcy Committee pattern. Ureekly co~nparisons were made in the field 
against 10-foot standard tapes in order, as nearly as possible, to  determine the variation of 
the length of IIIC stavrs d r ~ e  to hnmidity changes a t  the time of otserration. 

rf .  Or&!-ltcr.~r. The out-turn consisted of:- 
( a )  ancl ( b ) ,  1 8 h i i l c s  of levelling of high precision in the Punjab; the heights of 

4 primary and 155 serontlnry bench-marks were determined. 

(c) and ( d ) ,  228 miles of new secondary levelling of prccision in the Siud-Srigar Doiib, 
for the Pnnjab Irrijiation D~partment.;  tlre heights of 80 secondary bench-marks were 
determined during this levelling. 

( P )  and C f ) ,  196 niiles of revision levelling of precision in Assam, to  investigate the 
effects of seis~nic tlisturbancr! due to tlie Srimangal eart,hquake of 8th July 1918. 5 primary 
and 122 seconilary bench-n~arks were connecte? by this line. 

( 9 ) ,  176 nriles of revision levelling of high precision in the U.P., undertaken owing 
to tlle loss of old bench-marks. The heights of 7 primary and 177  secondary bench-marks 
were determined doring this levelling. 
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The total out-turn is therefore 358 mile@ of primary levelling of high precision and 
4114 miles of secondary levelling of precision; the details of this will be found in  table 1. 

1'11. River Crossings. I n  line 56 F, Arnritsar to Luclhiiina, the Beas and the Sutlei 
were crossetl by the main bridges on the  Grand Trunk road. 

I n  line 55  F ,  between Shorkot and Jancliinwila, the ChenSb was crossed by a long 
'shot' of 7 chains. 

17111. Probnble accidentnl nnd syslernnlic errors. 

(i) The probable and meall accidental and systematic errors for the 'fore and backr 
lines according to the forrnulz* 

are as hbulated below : 

The lnasimum errors in each class permitted by the International Geodetic Association 
in  order t,~) admit  the classification of the work as "Levelling of high precision" are 
also shown. 

It mill be seen from the above table illat lines ( a ) , ( b )  and (g) fulfil the conditions 
reqi1ired for classification as "Primary levelling of high precision". 

(ii) The probable error of the mean result per mile of simliltaneons double levelling 
for the wllole of Intlia according to the formillat 

1.ine 

Tlle probable errors of lines (c) Shorkot Itoad railway station to Jandirnmhla, (d) 
Khair iwiln to Shihpur T.S., (e) Karimganj to Silchar and ( , f )  Karimganj to Comilla are 
+ 0.00242 ft., ~ 0 . 0 0 2 5 2  ft. ,  +0.00!264 f t .  and +0 .00215  f t .  respectively. - 

I X .  Henl tA.  The health of hot11 the detachments remained good on tlle whole 
tbrougl~out  the  season. 

X .  Disczlsaion of' Rra111ts. 
A. 2 % ~  1;trr.v 12rrozq101.f. to 1~~1llliinrt. nnd Antritscrr to Lutlhicina. 
( 1 )  Hi.doty.  The line Ferozepore-Ludhiina-*\rnbila, a section of line 61 (Ferozepore- 

hleernt), was originally levelled in tlle years 18130-61-62. I n  the season 1905-06 t.ht 
standard bench-mark a t  Lodhiina was connected to this old line frclm the bench-111ark a t  
Dorilla. The values published to date are those derived from these two levellings which were 
ernplo?-ed in the atlj~istnlent of the old level net of India. 

I n  1913-14, the line Bmbilla-Ludhigna mas relevelled. 
Accepting the latest adjusted value a t  Ambilla, this revision showed a rise of 0 .301 f t .  

a t  T)orilla comparetl \vit,lr the 1860-62 work, while tlle section Dori~ha-Ludhiiina showed but 
little discrepxncy from t,hat done in 1905-06. 

This discrepancy of nearly four inches in 67 miles coilld not be explained by falllts 
in levelling, ant1 it was decided to holtl the publication of t , l~e res~llts of this line in abeyance, 
pending the revision of the line Ferozepore-Ludhiina and the levelling of the new line 
An~r i t sa r - I~~dhie ina .  

The levcllin,n of thecle two lines mas completed dr~ring last field season, and ehoma that  
the section Ferozepo~.e-Jagraon is on the whole unaltered since the early levelling of 1860-62. 
-- - -.~ . - - .. ~. -- . - - - --- --- -- . . .- -. . 

V e p r n r ~ ~ r ~ ~ ~ ~ l a l  Pnprr iio. G, pnee 18. P ~ , r n ~ ~ i l a  lal. and 2nd (n). 
t F n - ~ s  B i 6  n l ~ d  S i 7  of O.T.9. Volurna XIX. 

Probahla 
accidental 

error. 
Ft. per mile 

AInximuln 
perYU.iblc 

(a) dolritsnr I 
f 0'00416 

k0.00416 

f 0.00416 

to 
L u d h i i l ~ n  

( b )  Fcrawpol.e 
to 

I , n d h i k ~ l n  

( g )  Bnreill)- 
to  

Menn 
nccidentnl 

error 
Ft. per mile 

f 0.00287 

(&0.00245 

f 0~00131 

f 0'00368 

f 0.00311 Luckno\r &O.UO2Oi 
I 

Prohnble 
> ln r imou~  systernntic 

p e i s s i l e  , error. 
Ft. per mile 

i Menn 
Nnrimum egstsmntic 
permissible , error. 

Pt .  per mile 

f 0.00624 

10.00624 

f0 00624 

Maximurn 
permis~ible 

f 0.00032 

f 0.1)0059 

f 0.00040 

f O  00169 

f 0.00159 

f 0,00169 

f 0.00106 

f0~00106 

f 0'00106 

f0.00048 

f 0'00089 

k0'00060 
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(2)  Adjzlslment qf diso.epnnci~s. The three lines from Ludhigna to Ambila, to 

Ferozepore, and to Amritaar have now been readjusted from the results of 1913-14 and 
1919-20 as follows :- 

The standards a t  Amritsar, 1Terozepore and Ambila  are accepted from their most 

recently adjusted and published values as the basis of adjustment. 
The section Ferozepore-Jagraon is accepted from the old levelling, with the exception 

of one emberlded bench-mark a t  Verozepore which a1)pears to have suffered local subsidence, 
and for which a new value has been assignecl. The heights of new bench-marks on this 
section have been made accordant with the preceding and succeeding old bench-marks. 

Three values are now obtained for the bench-mark a t  Doriiha, vir.- 
from Ambiila, 843.552 feet. 
from Jagraon, 843 -331  feet. 
from A~nritsar,  843.3 13 feet. 

A new value for this bench-mark, B.M.l /53 B, now designated 11 0(11/53B llas been 
adopted from the mean of these three values (848.399 ft.). 

Accepting this new value a t  Doriha and the published standard a t  A m b ~ l a ,  the error in 
the Dor~ha-Ambila  section has been distributed in direct proportion to the distances between 
the bench-marks. The discrepancy between the new and old heights of B.M. 19/53 B and 
B.M. 35/53 B is inappreciable and their old heights are retained; B.M. 15/53 B is assigned a 
new value and designation (B.RS.113(1,,/53 B). 

Between BM.4/44N (Jagraon) and BRI. I/.jSB (Dorlilla), (now cleaignated 13.51. 110(1)/ 
53B), acljust~nent has been made to conform with the publishecl height of Jagraon and the new 
height of Dorsha, obtaiued from tlle mean of the three values specified above. A11 the old 
bench-marks a t  Ludhiina and between this place and Dorgha have thus obt,ained new height 
values. 

The new bench-marks between Amritsar and Ludhiiina are adjusted to conform with 
the published standard a t  Amritsar and the new value a t  Lndhiina, obtained from the section 
Jagraon-Ludhiina-DorIha. 

(3) Hemarks. The above has seemed the most suitable method of provisionally dis- 
tributing the discrepancies a t  this Ludhilina link. I t  seems fairly certain tha t  the bench- 
marks in the A m b d a  district have settled, since the last adjustment to the  net. This sappo- 
sition can however only be proved by check-levelling a. series of radiating lines from A m b ~ l a ,  
to  more stable Standards. A t  present there is no prospect of this being done and i t  has been 
considered advisable to distribute the errors over these lines as described above, with a view 
t o  bringing the results into general accordauce, and to aroid further delay in 

Sketch showing Amritsar-Perozepore-Ambala level link. 

(Not  drawn to scale). 
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B. Levelting in the Sind-Sagar Doib .  
The two new lines mentioned in 111, (c) and ( d )  have been set up as  follows :- 

(1) Line 55  F. Shorkot Road railway station via Khairiwiila to  Jandinwila;  the 
portion from near Jandinwi la  to  near Winbhachrirn railway station is treated as a branch-line. 

(2) Line 55  G .  Khair iwila  via Leiah t o  Sh ihpur  T.S. 

As regards line 55K, the discrepancy between the old and new heights a t  the terminal 
be~ich-marks, 19/44B (Shorkot) and 15/38P ( J a n d ~ n w i l a )  was -0 .419  f t .  in 132 miles. 

The old heights of the terminals are accepted and the  heights of the intermediate 
bench-marks burdened with this discrepancy distributed proportionately t o  distances. 

I n  considering the line 55G, the height of Khair iwila ,  BM.l62/39N, was adopted 
from the line 55F, adjusted, and the heights of all bench-marks to  Shahpur T.S. taken direct 
from the new levelling. The accepted height of Shahpur T.S. disagrees with tha t  now ob- 
tained by -0 .176  f t .  It was considered advisable to give Shihpur  T.S. a new value, not 
only on account of this discrepancy, but  because check-levelling executed between the three 
tower stations, Shihpur T.S., 1Tarow;ila T.S., and Sukhiwila T.S. gave discordant results. 
All these three have therefore been given new height values accordant with the new levelling; 
these values disagree with the old by + 0 . 1 7 6  ft., -0 .153  f t .  and + 0 .290  f t .  respectively 
and indicate irregular disturbance. 

C. Silchar to Comilla (Srimcinyc~l ea~.tlrqrcake area). 

Work  was commenced at Silchar on 25th November 1919 and closed a t  Comilla on 
the  16th Febrnary 1920. 

The line was originally levelled in 1911-1 2. Revision was undertaken in the winter of 
1919-20 to investigate whether any disturbance had taken place during the earthquake of 8th 
J u l y  1018, the epicentre of which was reported in the Records of the Geological Survey of 
India, Volume X L I X ,  Par t  111, 1918* t o  be in the Bil is i r i  Hills near K i l i  G h i t  34 miles 
south of Srimangal railway station. It is to  be regretted tha t  the mark-stone of Churn- 
mani H.S .  which was connected by spirit levelling in 1'311-12, and the location of which can- 
not liave been a quarter of a mile from the epicentre, was destroyed by the earthquake and 
the pillar razed to the ground. Thus no comparison of this point was possible. The knoll 
on which the 1i.S. stood and the spurs immediately ~011th of i t  bore deep fissures zigzagging 
down the hillsides. 

The G.T.S. bench-marks north of and within a quarter of a mile of Srimangal railway 
station which was practically destroyed by the earthquake show no subsidence, nor is there any 
evidence of regular disturbance west of Srimangal until the low range of hills 6 miles west of 
i t  and lying between Sit,gaon and Rasidpnr is crossed. Three qrlarters of a mile north of 
Rasidpur railway station, a tree bench-mark at Kamaichara shows practically no alteration ; 
a mile and a half west of this the >ettlement of all bench-marks begins. The settlement 
varies from 1 4  inches to 9 inches according to the nature of the soil and type of benchmark 
and continues uninterruptedly past Mirpur dak t~ungnlow, Shiistaganj and Shahaji B i z i r  
up  t o  a railway hriclge Y O  miles from Srimangal near telegraph post No. 149114 which shows 
practically no alteration in height (see table next page). Thereafter settlement is occasional 
but  very s ~ n a l l  to Kanialas.igar beyond which no appreciable disturbance has taken place. The 
bench-marks that  have settled include two ot the emhedcled type, but unfortunately none on 
rock which is situated some distance beneat.h the a l l ~ ~ v i a l  soil. 

Comparing results with 1,late TI of the Report in the Geological Survey of India Records, 
\-oltlme X L I X ,  Part 111, 1918, as far  as can be ascertained by precise levelling no settlement 
took place in the epice~itral area N.E.  of the epicentral axis, but in t,he area between the 
epicent,ral area arid Isoseist No. 2, west-south-west of the former, settlement up to 9 inches 
occurred. Those bench-marks sit.uated on masonry above ground have ~ e n e r a l l ~  bee11 'dis- 
turbed more than those ernbeddecl in the soil; the latter however show distinct settlement. 

The following table shows the beneh-marks disturbed in the area between Kamaichara 
and the railway bridge near telegrapl~ post No. 140,'16 mentioned above. 

- - - - - -.-- 

The Report of th~m earthquake contained in this Voln~ne of the Oeolngicel Survey Ilecords. should be 
a ~ n d i e d  for a full appreclatton of the value of the levellirlg eridcnre.  See also t l ~ e  Me~noira of tlle Qsolo~icul 

H m e p  of India. Vol. SLVI. Part I. dealind with Srimangal earthquakc pnblished in 1920. 
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Discrepnt,cirs betseen the old a t ~ d  xew heights ?t ,feflcd-#nflrka. 

Be'nrks. 

Pieerenee 

;G$,"$:bE$e 
that the height 
w a s  greater rroc~ 

Observed heirhte above (+)  or 
be!ow (-) t h e s h r h  hench.ruark. Dench.lnarks of tha  origillal Tdevclliug thnt were 

canllecte~ durjug the reriaioaarp operntions. jj 01 d 

i 2 

earthqnake. The Geological Survey had already pointed o ~ ~ t  the probable existence of a 
fault in the neighbourhood of and parallel to  the m:~jor epicentral axis. The levellillg 
appears to  confirm this and to point to the cause of the earthqualie as being a crustal slip 
on the fault-plane. A large portion of the crust west-south-west of tliis fault-plane appears 
to have subsided to an esteut varying from two to nine inches, wl~i le  that  portion lying on 
the other side (E.N.E.) of the fault remained stat,ionary*. 

D. B~o.cil/!y f o  l~~icktrotu. 
- Work commenced a t  Lucknow OII  6th March and closed a1 Uareilly on 6th May 1920. 

The country m ~ s  1)ractically level but tlie approach of the hot weather made levelling 
operat,ions diflicult. 

The line w;~s  origioalls levelled in the seasons 1867-68-69 and was relevelled mainly 
onring to t!le loss of old bench-marks. Revision, which \\,as a modified form of the 'fore and 
back' system, disclosed no cl~angcs of interest or worthy of cliscussion. Mile-stones, bridges, 
etc., are all either new or rrpaired so that  mith tlie exception of the bench-marks at Bareilly, 
S h ~ h j a h a n ~ ~ u r ,  S i t ~ p u r  ant1 I~ucknow, no comparison with old values is fair. A few old 
bench-marks which mere identilied mith certainty and which showed small b u t  decided 
alterations, and those which were considered doubtful have been assigoed new values. It is 
to be regretted t ' l~at  in a few cases the officials who mere entrusted mith the cons t r~~c t iou  of 
bench-marks did not adhere h the plans and designs supplied by this department. 

X I .  Gerrernl ?lotea; , fultlre prqgramnre n,ld research. 

( 0 )  Syalenrs qf ler.rlli~rg. I n  1913-11, the new system of "fore and back d o ~ ~ b l e  levelling 
of high precision" on the lines laid down by the 17th General Conference of the International 
Oeocletic Association on the 25th September 1912 mas 6 s t  adopted by this department. 

* r i l l e  Meruoi1.s of Lhe Ctecrlogical Surrrg of India. Vol. XLVI, Purt I, Calcutta, 1920. 
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This rnetliod is unnecessarily refined for much of the  levelling required in India and 
it lias been decided that  in fnture our work ehall consist of :- 

(i) Levelling of high precision on the "fore and back" system. 
(ii) Levelling of precision on tlie s im~~ltaneoi ls  system. 
Tile lirst mentioned system will be employed for all levelling for tlie new geodetic 

level net of Iiidia, a programme for whicli has been drawn up. I t  is intended that  this net 
be Icvelled with the ritrnost precision having in view the elimination of all possible 

sources of crror ancl that  it  shall be worked inclepenclently of, and superimposed on, the old 
level ,let, whicli will eventually be reatljusted to  the new net. According to the present 
programme, which may undergo modification in course of time, tlie new net consisting of 
ebollt 13,300 miles of levelling sllould be co~nplete in 1938. As far  as  practicable tile new 
net will be levelled mesh by mesh beginning at tlie north-mest of India  and ending in tile 
extreme south. 

The following table shows the programme for the new level net:- 
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Table ahowing programme for New Leoal Net.-( Concld.) . 

Length of level net 15,302 miles; l,%!20 miles completed; 12,082 miles remain for 18 
seaBons ; average 67 1 miles per season exclusive of branches to  G. T. Stations. 

All work not required for this new level net will be done on the old system of sirnul- 
t a ~ ~ e o u s  double levelling. I t  is intended by this rneans to  take 1111 much more levelling for 
the departments of Irrigation and Public Works than has llitherto been possible, provided t h a t  
funds are available for t,he work from these clepart,ments. This levelling will be of different 
degrees of rafinenlent according to the rcquirement,~ of each case and having in view the rise 
in c o d  due to the illcrease of precision. It mill be adjusted a t  once to  the present level net  
of India and published during the same year; and i t  will be readjusted to the new net on i ts  
completion in or about 1938. 

( h )  Systematic errors. A recent publication by the Survey of E g y p t  has called 
attention to t l ~ e  systematic error caused by the rapid change in refraction near the ground 
due to rapid change of temperatl~re in the morning. This has given rise to  an alteration in 
the practice in Egypt ;  observetions are now taken ae follows :- Station I, back staff, 
forward staff, forward staff, back staff. Station 11, forward staff, back staff, back s taff ,  
forward staff. It is interesting to note that  the same practice was introduced into Indian 
levelling some twenty years ago. I t s  adoption mas due to two reasons; the systematic error 
due to (1) refraction effects** and (2) unequal lighting on the two staves where radiation effecte 
are apparent earlier and to e greater extent on the illuminated staff than on the shaded one, 
mnd hence a systematic error might  be introduced into the levelling on this account, parti- 
cularly in the case OF long "shots". I t  was partly also for this reason tha t  the staff distance 
wa8 retlnretl to 5 chains?+. 

R I ~ A B I ~  

* Inclndes brench- 
line to Bombay 
(ApolloBendnr) T.O. 

t Inrlndes brnnch- 
line to V ~ z a g t , \ ~ ~ t a m  
T . O .  

--.. -- - 
'* 0 .  'I'. Sllr-ep ol Indin, Vnl. X I X ,  p. 76. (ii), 
t t  Hepal-dm of l l ~ *  Sllrr.. n f  l..rl:- n-I . .r .~.n . A  - a -  

Beeson's 
or z.fB 

total 

7 

I 
}I353 

i 
I 
}I385 

I 
J 

"zp. 
- 

116 

23.5 

290 

110 

220 

11° 

2 3 2 J  

3 3 6 )  

358' 

286 

255 

]Got 

$ Incl t~des  bronrh- 
line t o  Fnlse Point 
T. 0. 

5 Inclndes 100 miles 
to Kirwitr T. 0. 

11 Inclndes line8 to 
NegupaC~~m T.O. and 
Pimban T.O. 

@ Includes lines 
t o  Cochin T. 0. and 
Beypore T.O. 

1933-35 

,, 

,, 

,, 

1936.37 

,, 

,, 

,, 

1937.38 

, 

1929-31 

, 

, 

,, 

, 

, 

, 

1931-33 

,, 

, 

, 

, 

'To ~ i l e n  

124 

126 

127 

130 

129 

134 

131 

1:13 

132 

135 

144 

145 

146 

149 

147 

118 

121 

117 

122 

123 

128 

12G 

Ruipur 

Iihadrakli 

Ili~tnigiri 

Widi  

Koll~Opur 

blnng~~lore 

Hi~jali~nnl~drg 

Iladros 

Mangalore 

Ij~ungulore 

Shrnietip~~r 

Sa1ni5tipnr 

Pirratipnr 

BylheL 

Pirvntipur 

Poridnha 

C n l c ~ ~ t t a  

Rnipur 

Surat 

Akol81 

Hp-leribid 

Vizinnagram 

... 

... 

... 

... 

... 

... 

Dobhi 

Pirrntipnr 

Hooghly 

Qaohiti  

Qauhriti 

Gylhet, 

Uhndrakh 

116 

235 

230 

110 

210 

220 

232 

Bl~ndrakh 

Rutnigiri 

Hyderibid 

Rijuhmnndry 

Hijnhmundry 

336 

348 

286 

255 

160 

... 

... 

... 
... 

... 



RECORDS OF THE SURVEY OF INDIA, 1919.20. [Vol. XV. 

A point which does not seem to be mentioned by the Egyptian levellers is the danger 
of levelling in the very early morning or late evening immediately after the sun bas risen or 
before i t  has set. I n  India new levellers have to be warned against this danger. 

Owing to the irregular heating of the atmospheric layers near the ground when the 
Bun is near the horizon, refraction causes the staff graduations to appear to ''hang" steadily 
for some seconds in an abnornlal position. To  an inexperienced leveller the object appear6 
r h d y  and normal, and unless warned, a large accidental error may be generated. 

111 connection with the question of systematic errors, the question of refraction is an 
important one, particularly in the case of mountain levelling. 

A curious discrepancy of + 3 f t .  between the very carefully triangulated height 
of Mussoorie from Dellra Dun and the spirit levelled height of the same point has been 
known for some years to  exist. Colonel Sir S.G. Burrard put forward the theory* that  this 
discrepancy mas due to.the fact that  the triangulation is based on the adopted spheroid while 
levelling fplloms the geoid; and that  this discrepancy therefore was a measure of the separation 
of the two surfaces a t  hlussoorie. This point has been fully discussed by Dr. J. de G. Hunter, 
in a recent Professional Paper t on the basis of observed deflections of the plumb-line between 
Debra Dun and Alussoorie. Briefly summarised, his conclusions prove that  approximately only 
1 .4  f t .  of this 3 f t .  discrepancy is explained by Col. Burrard's theory. There still remains 
1.6 f t .  to  be accounted for and i t  appears tha t  this must be an accumulated systematic error 
due to  refraction during the levelling. 

It is proposed to investigate this question as soon as levellers are available in the 
following way. Three levellers will level the section by different methods. The first will 
adopt the ortl~nary method of high precision levelling taking all modern precautions against 
the accun~t~lat ion of errors. The second leveller will follow closely but  will observe and 
correct for temperatures during the observation "shots". The third leveller will follow tlle 
sacond and wlll level with a theodolite to  a staff mark a t  the same height throughout, equal 
to tlie trunnion height of the instroment, thereby ensuring that  the rays are as near as 
possible parallel to  the slope. 

It may be recorded here that  the spirit levelled heiglit of Reban H . S .  in the valley 
of Kashrnir shows a discrepancy of 5 It. from the triangulated height of the same point, 
end though the level circuit is not yet  closed, and the triangulation has not beell so repeatedly 
checked, it  seems possible that  the same causes that  are a t  work in the case of the Mussoorie 
discrepancy have been in action here, since in both cases the triangulated height exceeds the 
spirit level value. It must however be noted that  no plumb-line deflections have yet been 
observed along this line into Kashmir ancl therefore the separation between the geoidal 
and adopted spheroidal surfaces cannot yet  be determined. It is hoped before long to com- 
plete this level circuit by a line over tlie Baoihd pass to Reban H . S . ,  to  connect bench-mark6 
of this line to  the l'rimary Series in its neighbourhood by theodolite observations, and t o  
observe the plomb-line deHections at selected points. 

(c) Yubliculions.  The following new editions of, and addenda to, pamphlets mere 
published during the year:- 

New editions of ~ a m p h l e t s  44, 53 and 57. 
Addenda to pamphlets 56, 63, 7.' and 73. 
The following irew publications are now in the press (September, 1920) :- 
Addenda slip to latest edition pamphlet 38. (Sincl-SAgar). 

Addenda slip to addenda pamphlet 39. ( S i n d - S ~ g a r ) .  

S e w  44 (Sind-Sftgar and Ludhiftna, Ferozepore and Amritsm 

districts). 
Addenda slip to latest edition pamphlet 53 (Ambftla and Bareilly districts). 

New edition of pamphlet 54 (Shihjahanpur district). 

Addenda slip to ntldenda pamphlet 63  (Lucknow district). 
Correction slips to addenda 72,73,78,70 and 83 (Silchar to  Comilla; 

Brimangal earthqueke effects). 
- 

Q . T .  Scrrey of India, VuI S I X ,  Appendix No. 8. 
Eorrsy of India Profemmionel Paper No. 14. Alronpheric B~fraef io~App,prndit .  
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TABLEeII.-CHECK-LEVELLINO. 
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TABLE III.-RI~vI~IoN LEVELLING. 

Diacrepmcier between the old anti new heights of bench-marks. 
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0 .64 -10 '820  
- 17,281 
- 21.399 
- 5.236 
-19 '8201 
- 24,505 - 21.949 
- 17,256 
- 22.934 
- 24.849 , -  22'666 

0.000 0.000 
- 7.6141 +0.001 

33.2 
31.9 
3 2 . 9  
3 3 . 4  

R, , l . j .~~ . r i~~ ?f '  ]-'nrf ?f br~nch-/ine X o .  77F  (Gnrrhit i  / ( I  conr;lln nnd Chil/fl,qoj1g). 

0.000 
-0.029 
-0.002 
-0.005 
+0.056 
+0.037 
+0.054 
+0.186 
$0,187 
-+0'168 
+0'195 
+0.199 
+0.191 
+0.174 

17.4 1 -  7'527 
19.3 I -  20.049 

- 6'090 - 7.540 + 2.015 
- 10'871 
- 17'334 
- 21'428 
- 5,214 
- 19'839 
- 24.568 
- 21'096 
- 17.447 
- 22'981 
- 2$'892 

+ 75,866 ,, 
- 25.7941 ,, 
- HO':i,YG: ,, 
- 34.421) ,, 

- 24.038 -0'044 
- 25.114,l -0.033 
- 27.299' -0.0-lG 
- 29.9241 -0.112 
- 25.5211 -0.061 
- 19'560, -0.033 
- 35'856' -0.086 

+0'002 
-0'009 
-0'001 
-0.051 
-0.053 
-0'029 
$0'022 
-0'019 
- 0 '063 
-0'047 
-0.191 
-0'047 
-0'043 

21.4 - 23.9891 ,, 

- 22.628' -0,062 
- 7.5621 -0,035 
- 20.185, -0.136 

22.8 
24.1 
24'4 
25 '  1 
28.2 
:+0.2 

" ' O  I 0.0001 1911-12 
. & . t i  + 8 on:' ,, 
l i ( i  + 9 2111 .. 

3,; I 83 U 
37 1 ,, 
39 , 

0~0001 0.000 
+ U'07h1 -q :()I9 + 9.199 -( 012 

- 25'081' ,, 
- 27.2531 ,, 

1 -  28,812; ,, - 25.560' ,, 
- 19.527' ,, 
- 35.7711 ,, 

E~~iln-~lt l~vl .  I<nrinlganj .. 
Urialcc. ... 
('rllvt3rt ,.. + 1'21.9 

- 9 . 6 l i  
- 10.8l( l  
- 6.634 
- 12.237 
- 10.962 
- 9'1.58 
- 10.166 

40 / ,, 
42 I ,, 
4:1 1 ,. 

41 ,. 
Iqj j .. 
46 , 9 .  

47 1 ., 

-0'111 
-0,049 
-0.051 
-0.01.4 
-0.222 
-0.039 
-0,081 
-0'040 

I 48 I , j Hail henrl in pillar 

Hoot nf free ... 3.1 ,+  1 3 ;  , 
Hail I i ~ n a l  in pillar 
E n l h d l ~ d .  1.rt11 N.8. .. . 
Iiail litbad ill pillnr ... 

% .  ., , ,  ,, . . . 
. ,  .. , I  t. 

Culwrt 
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TABLE 111.-REVISION L E v E ~ ~ ~ ~ ~ . - ( C o n t i n w e d ) .  

Discrgancien belween the old und new Ireiyl~ts of bench-mnrkr. 

Ilitlerenee 
(Revision- 
Originnl). 

'Phe sign + 
denoten 
that  t h e  

height wae 
grenter a114 
t h e  sign- 

less in  1919.20 

::>:,"IT; 
Icvellr,l 
- -- 

Feet 

?! Ileuch-marks of the original 
levelling that were c o n n e c ~ r l  0 .  i 4 

during the revisionnry opel~ntlolln *I - 0 

I f $  
. - -  - - - -  ~ 

2 u 

Dilierence between orthometric 
heights nbove (+) or below ( - )  

the'sturting bench-mark 

. 

0 

5 
e 

-0'029 
-0 '021  
-0.001. 
-0.022 
-0'025 
-0'042 
-0'033 
-0'026 
-0'026 
-0 .021  
-0'064 
-0.040 
-0'024 
-0'021 
-0.030 
-0,075 
-0 '027 
-0.034 
-0'013 
-0'070 
-0.144 
-0.060 
-0.018 
-0'16.3 
-0,04,2 
-0'015 
-0.131 
-0.037 
-0.065 
-!1.035 
-0.093 
-0 '021  
-0.025 
-0.051 
-0.095 
-0.132 
-0.182 
-0.761 
-0.536 
-0.299 
-0.147 
-0'113 
-0.192 
-0'203 
-0'028 
-0'058 
-0.075 
-0.093 
-0.078 
-0.051 
-0'094 
-0.073 
-0.104 
-0'196 
-0,075 
-0'074 
-0.128 
-0'216 

F~~~ 

r ~ ~ ~ 8 " 1 ~ ~  
( ~ ~ ~ ~ ~ j ~ , ~ ~ ~ , l )  

Feet 

Fmm 
p ~ ~ b l i s h e d  

heights 

Feet 

82 
La 
8" 

---- 

ui e ; ajt 
Date of 

Origillal 
levelling 

1)escriptiolt 

- 

atrd 

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

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

;; 

h l ~ l e s  

Chittagong).-Colrt11. 

- 5'054 
- 7'936 
- 6.130 
- 3.682 
- 6'799 
- 5'226 
- 8'267 
- 1.917 
- 16.292 
- 12'855 
- 13'900 
- 12.229 
- 13'097 
- 13'379 - 7'742 
- 1.2G2 
+ 9'501 + 1.649 
+ 7.188 
+ 10'547 
+ 5:834 
- 0'404 
+ 3.051 
+ 6'269 
+ 13'573 
+ 9'801 
i- 12'274 + 74.516 
i - 8 3 . 9 6 1  
- 10.159 + 6.296 - 11'259 
+ 81.940 + 4'336 
- 15.103 - 13,263 - 17. i05  
- 15'065 - 17.360 - 20.469 - 24'845 - 3.806 
- 4'991 
- 6'270 
- 12,863 - 21'530 
- 23'255 
- 14.671 
- 25.396 
- 16'332 
- 18.624 
- 18'700 
- 21.593 
- 14'953 
- 11.792 
- 15'422 
- 29'201 - 20,392 

(Gauhuti  

1 7 . 5 -  
18 .2 -  
1 8 ' 6 -  
19.8 
21.1 
24 .7 -  
25.6 
2 7 ' 0 -  
29 .4 -  
23.6 
82.6 
34 .6 -  
36 .1  
37 .2 -  
38.2 
39 .6 -  
4,3,4 
45'8 
4,5.9 
45.9 
47.1 
49 .4 -  
4S.8 
50.3 
52 ' 4  
69'6 
54.5 
60 '8 

65'4. 
65 '8 
70.9- 
'71.8 
77.6 
79.0 
80.2 
80'2 
82.6-  
84 .4 -  
8 5 ' 1  
86.8-  
89.7 
90.6 
93 .1 -  
9 5 ' 9 -  
98.3 

101.6 
103.2-  
103.9- 
104.9- 
108.2 
108.7 
110.6 
112'1 
112.9 
112.9 
120.3 

oJ Part qf b,.anch-line No. 77F 

Culvert ... 
Nail head in pillar ... 
ltoot of tree ... 
Embedded, Barleltha R.5. ... 
Root of tree ... 
Station verandah ... 
Boot of tree ... 
Bridge ... 
Embedded, Jtri 1t.S. ... 
Bridge ... 
Hoot of tree ... 
Hail head in pi1la.r ... 
Root of tree ... 
Embedded, Rulauri ... 
Rail head in pillar ... 
Koot of tree ... 
Dispensary verandah ... 
Embedded, TilSgaon H.S. ... 
Rail head in pillar ... 

1 Station veranda11 ... 
lloot of tree ... 
Hoot of tree ... 
Root of tree ... 
Railway boundary stone ... 
BunLlalow verandah ... 
Embedded, Shamshernaga,r I. B. 
Bridge ... 
Culvert ... 
Rail head in pillar ... 
Embedded, Srimnngal ... 
Statiou veranda,h ... 
Root of t.ree ... 
Bungalow verandah .. 
Root of t.ree ... 
Hridge ... 
\Yell, Mirpur I.B. ... 
Embedded, Mirpur I.B. ... 
Bridge . ... 
Bridge ... 
R~rn~alow verandah ... 
Bridge ... 
Railway boundary stone ... 
Embedded, Sha11a.ji Bltair . . . 
Hoot of tree ... 
Bridge ... 
Bridge ... 
13ridge ... 
Rridgo ... 
Embedded, Ma.utala ... 
13ridge ... 
Station veranda11 ... 
Bridge ... 
Bridge ... 
Bridge ... 
I$mbedded, Mukrindapur .., 
Hailway signal base ... 
Embedded, Alrhnurfi R.B. ... 
fJt,ation verandah ...I 

Revision 

49 83 D 
50 1 .. 

to Cou~illa 

5.025 
7 '911 
6'129 

- 3 '660 
- 6'774 

5.181, 
- 8.234 

1 '891 
16.266 

- 12'831 
- 13.836 

12.189 
- 13'073 

13.358 
- 7.712 

1'187 
+ 9.528 
+ 1'683 
+ 7'201 
+ 10.617 
+ 5.978 

0,344 + 3'069 + 6'432 + 13.G15 
+ 9'816 + 12.405 
+ 74'553 

6 2 . 3 + 8 4 ' 0 2 6  
- 10.118 
+ 6.388 

11'238 
+ 61.965 
+ 4'390 
- 15'008 
- 13.131 
- 17.623 

14.304 
16'824 - 20'170 
24.698 

- 3.693 
- 4 799 

6.067 
12.836 

- 21.472 
- 23.180 

14.678 
25,318 
16.281 

- 18.630 
- 18.627 
- 21.489 
- 14.763 
- 11.717 
- 16.348 
- 29.075 

120 ' 6 -20 .176  

51 
52 
53 
56 
57 
68 
59 
60 
62 
63 
64 
65 
67 
68 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
38 
41 
42 
43 
44 
48 
49 
50 
51 
62 
68 
64 
55 
66 
57 
58 
60 
61 
62 
63 
64 
65 
66 
67 
69 
70 
1 
2 
3 
4 
8 
9 

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

78 P 
,, 
,, 
. 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
, 
,, 
,, 

7 i ' ~  
,, 
,, 
,, 

,, 
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TABLE III.-REvI~IoN L ~ v ~ ~ ~ ~ ~ a . - ( C o n t i n l l e d ) .  

Discrepancies between the old and new heights n$' bench-marks. 

Reconnected in 1M)5-OG, value depending on Bitipur church. 

Bemch.mnrks of the orlgnal 
levelling that were connected 

during the  revisionary opemtions 

- 

Ilescription 

i 

-r ' 
3 
2% 
8 z 
i P 
d a 
m 0 

'3 
-- 

hliles 

Rel'ision of Part of bva~rcA-line No. 77P ( G a u l i t i  lo  Camilla Chi//agong),-Co?L/d.  

Uinerence 
(Ilevision- 
~ i y i n a l ) .  
l-he 

denotes 
tbnt t h e  

heirhf nus 
Greater and 
the sign- 

less in 1918.2 

;"::.::;" 
levelled 

Feet 

Difference between orthometric 
heights. aboye (+) or below ( - )  

the s ta r t~ng bench-mark 

Ftoln 
published 
heights 

Feet 

123'1 
124.7 
126 '4  
127 .2-  
128.3 
1 3 o . l -  
130 '2 -  
1:3:3.4 
181.4 
132.6 
134'5 
136 .1-  
137.6 
137.6 
l:i9.0 
141.9 

4 -  
146.9 
148.3 
151.1 
1 
151.2 
151.3 
151.6 
151.7 
151.7 
153.7 
153.0,- 

10 1 79 &I ,i Bridge ... 
1 I 
12 
13 
14 
15 

- 11,9021 1911-12 
- 25.0:33 ,, 
- 29.58:) ,, 

18,930; ,, 
- 2Y':i00i ,, 

17.718, ,, 
17.094,. ,, + 108.264( ,, 

R e ! . i s i o ~ ~  o f  Port of ~nnin-liue ilTo. 64 ( i l lee~rt t -Li~ck~toio) .  

Date of 
Original 
levelling 

- 11.938 
- 25'170 
- 29'723 - 19.00-1 

- 23.061 
- 1!)'336 
- 23.073 

24.925' 
- 22.554 
- 29-208 
- 26.987 
- 24.161 

5 9  
- 19,087 
- 20.522 
- 16.9titi 
- 1 1  
- IG.GH:! 
- 19'2(j9 
- 18,886 
- 19.505 
- 21.265 
- 19,277 

-24.'464 

F r o ~ u  

r ~ ~ f ~ ~ $ ' ~  
(Unadjusted) 

Feet 

-0,036 
-0'137 
-0'140 
-0'074 

,, 
,, 
,, 
, 

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

0.000 
+0'00im 
t 0'008 
- O . U o l  
-0 '@07 
-0.007 
-0'017 
jO,O22 
+ O ' O I B  
+ 0 , 0 3 1  
+0 '063 
+0,0!)5 
+0,1120 
+0 ,075  
+0.081 
+0.09-5 
+0.(;18 
+ 0 .120  
-1-0. 12:) 
t 0 . 1 2 4  
+ O , l l g  
+0'1:12 
+0'02!) 
-+0.1%1 
+O,092 
+~'o!): j  
+()'(lo3 

+O'098 

96 
Y 

97 
7 

99 
6 

43 
41 
30 
36 
85 
34 
33 
32 
30 
'L!) 
28 
27 
26 
9 
22 
21 
20 

19 
17 
16 
14 

- 23.344; -0.044 
- 17." 1 3 ,  ' 0.019 
- 17.1 131 I 0 . 0 1 9  
+10H, 193 -0.071 
- 23,974 -0'018 
- 19.344' -0.003 
- 23'0X9i -0'016 
- 24.942, -2'017 
- 22.595: -0.U41 
- 29.2421 -0.034 
- 27.083 -0.09G 

, -  2-6.205' -0.044 
- 25.94.5 -0.010 
- 19.092 -0.005 
- 20.5:318 -0'0U9 
- 16.020' -0.054 
- 14'6141 -0 '053 
- 10,725' -0.04.3 
- 19 .311  -0.0.1.2 
- 18.915 --0.029 
- 195i01  -0.065 
-- 21'33YI -0 .071  
- 19.318 0,041 
- 2h.528) 1 0 . 0 6 1  

BridNe ... 
l { a i l ~ - a ~  bounilrtry stone ... 
Rridxe ... 
I{ailmay bou~~dnry  stone ... 

16 
17 
1s 
10 
20 
21 
22 
23 
24 
26 
27 
28 
30 
31 
32 

,, / Station ver:~ndah ... 

... 
,, church ... 

35 , ,, ,, collector's court ... 
,, District Boxrd office ... 
,, jail ... 
,,  tati ion verandah ... 
,, diilc bungalow ... 

,, ' Embecldecl, I(amalasigar ... 

0.000 
- 9'8GCi 
+ 6,855 
- 30 .0 i9  
- 27'317 
- 2H.695 
+ 25.136) 
+ 24'55:j 
+ 4 0 , 0 ( ; ~  
+ 4'L62:i 
+ 33.709 
+ 42.2116 
+ 39.564 
+ 49.491 
+ 45.709 
+ 51.02-1 
+ 51..!1;6 
+ 58.031 
+ 84.838 
+ 5:1.4.17 
+ 5k.114 
+ 5-1.~185 
+ 55.858 

+ 7 7 8 6 5  
+ 68'  14i  + 69.331 
+ 79.572 

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

68 B ; 
,, 
,, 
,, 
,, 
, 

63 A 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
, 
,,, 
,, 
,, 
,, 

,, 
,, 
,, 
,, 

Barjatua G.'ll. 11.~. ... 
Bridge ... 
Culvert ... 
Bridge ... 
Bridge .. 
Itailmay sigual base .. 
Embedded, Nayanpnr ... 
Itoot of tree ... 

! BridCe ... 
Ifoad boundi~ry pillar 
Bridge ... 
Uridze ... 
Comilln post office ... 

0 . 0  
0 . 1  
0 . 2  
1 . 3  
1 . 5  
2 . 8  

2 2 . 9 +  
25.2 
3 4 . 6 +  
41.H+ 
4 3 , 7 +  
44 .8  
4 4 . 9 +  
47 .5  
5 0 . 2  
5 1 . 0  
... 

5 7 . 2  
67 .0  
5 6 . 9  
56.4 
55 .8  
57.3 

68.7 
61; . 4  
6 6 . 5  
75.3 

Standard. Luclrnow ... 
I';mhedded, Lucltnow ... 
Hailw:~y l)ridne ... 
C h ~ i ~ t . 8  cllurdl ... 
RI.3. So .  2 from iron arch bridge 
dud:c's court (old museum) ... 
I3rid:e No. 24 ... 
J3111bcdde11, A tiiria ... 
l3riilgtl SO, 29 ... 
Bridge No. 51 ... 
Bridce KO. 53 ... 
Ijridge No. 55 ... 
Embedded, .Ialrilpur ... 
Hridce No 59 ... 
H r i d ~ e  K O .  66 ... 
I3rid.e S o .  $0 ... 
13ridce No. 72 ... 
Stone p r i s~u  ... 
Standard, hitiipur ... 

I Collec~or's knclrahri ... 
('ulrcrt 30. f ... 
I q r u l u u m r ~ ~ t  ellarch, Sitbpur ... 
A bl~as  Llcg'~ wficll ... 
Simaia T.S. ... 
L'mhcdderl. Gnddi - l t a -pma ... 
('ulvert. (ta~ltli-ha-puma ... 
l)ar%wal 'l'.Y. ... 

,, I Comilla circuit house . 

0'000 
- 9 .870  
t G.8-1,i 
- 30.07% 
- 27.310 
- 28.G90 

25.155 
+ 24.531 

40.022 
42.502 
33,616 

+ 42.111 
30.546 

+ 49,419 
+ 45.628 
F 53.9" 
+ 5-k.35i 
+ $2.91 I 
+ 5-b.215 
+ 53.2!)3 
+ 51,'OL',; 

1909-10 
1867-69 
1903-06 
18Gi-69 
1905-06 
1867-69 

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

190;-06 
,, 

1867-69 
1905-0(i 

+ 5,1.16:11 1867-69 
{ :5.5501 ,, " .467+ 

+ 77.77:Il ,, 
-t 63.054 ,, 
+ 69.331 
+ 79.572 

,, 
,, 
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TABLE I I I . - R E ~ I ~ I ~ N  L ~ v ~ ~ ~ ~ ~ a . - ( G o n c h d e d ) .  

Discrepaucier between the old and new heights of bench-markr. 

* Appertains to Bareilly to Hiithrna liue. 

Bench.rnarks of the original 
levelling tbnt were connected 

during the revisionary operstionn 

-. - -. -. .. . 

Description 

- - . - - - - 

-. - --- 

id 

0 ' 8 
0*d - U 
cY EI 
88 
Q bD 

Revision of Part of mailt-line No. 64 (illeerrrt-Lr~cknozo).-Contd. 

greater the sign- end 

prom l e ~ i n  1910-20 Date of re6sion tban when 

- 
Peet Feet 

-- -. -- -. - - - 

Diflerence between orthometric 
heights above (+; or below (-) 

tbe'starting beneh-mark 

--- 

DlEereaos 
(Bedsion- 
Origuel). 
The sign+ 

denotes 
that the 

height ras 

90.896 
73.3+76.209 

+ 81.19; 
+ 93,048 
+ 96.485 
+ 109.593 
+111.748 
+112'i72 
f115.568 

110.4,+113.205 
+ 11H. 75s 
+ 112.0:42 
+ 100.327 
+ 106.213 
f172.543 
+17o.H93 - l(i9.731 
+ 16S.0116 
+ 166.020 

168'3+168.779 

13 
11 
7 
4 
1 

14 
12 
7 
11 
10 
41 
6 
3 
2 
68 
57 
56 
54 
53 
?84* 

6 3 A  
,, 
,, 
,, 
,, 

54 M 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

6 3 ) ' ~  
,, 
,, 
,, 
,, 
,, 

ParserT.S. ... 
])in Uayil's well ... 
Trijunction pillar ... 
Trijunction pillar ... 
Trijunction pillar ... 
Bridge in marrra Bhitiira ... 
'I'rijunction pillar ... 
Bullan Shall's tomb ... 
Standard. Shiihjahlnpur ... 
('hurch, Sllrihjnh?inpur ... 
General mile pillar, Sl~fihjall%npur 
Bridzo S o .  3Ci ... 
Well in 9nnuza Banthara 
Bridge in mauza Gurgia-Firozpur 
Comn~issioner's office, Bareilly ... 
Standard, I3areilly ... 
Well near sornbjee'sshop, Bnreillj 
Ornaments1 well, Bareilly ... 
Cantonment church, B n ~ . e ~ l l ~  ... 
Culvert No 4 near Itoynl Artillery 

lines, Bareilly ... 

1867-69 
,, 
,, 
,, 
,, 
,, 
,, 

19;;-06 
1HG7-09 
1905-06 
1867-69 

,, 
,, 

1905-06 
,, . 

1867-69 
1905-06 
1867-69 

1914-15 

80a1+ 

79.8 
91.1 
95.6 
104.2 
108.4 
109.1 
110.3 

I 10.6 
111.1 
1 17.7 
120'3 
!59.5 
159.0 
158.8 
157.9 
157.6 

+ 90.951 
+76.242+0.033 
+ 80'969 
+ 93.188 
+ 96.568 
+ 109.894 
+111.902 
+112.982 

+0.055 

-0'236 
+0.110 
+0,083 
+0'096 
+0.154 
+0'210 

+115.750l +0.182 
+1!3.:3961 +0.101 
+113.928 +(I. 173 
+112.14:3! +0.111 
+100.339 +0.012 
+106.361 +0,148 
+ 172.711 +0.,6~ 
tl'il.043 1 +i).i-18 I 
+ 160.827 
+ 1CiY .1:34 
+ 166.181 

+168*908 

+ O  ,096 
f0.128 
+0.161 

+OS129 
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TABLE IV. 

Lwt of Great  gon no metrical Survey stations connected by Spirit-levelling Season 1919-20. 

Name of atat,ion 

Difference 

An-New 

Feet 

Remarks 

Hcight above menn.sen-level 

Eastern Frontier Series-Section 230-260. 

Churimani H.  S .  . . . 1 280 1391 . . . 1 282 -0001 + 1 8611 Ground ioos  mark-stone 

GurhZgarh Bferidional Series. 

New spirit- 
levelling 

Feet 

Soclhimila T.  S. . . . 
Tamirlwile T. S .  . . . 

Daraoli T .  S. . . . 

Dhire Kot T .  S. ... 
-- 

Old ~pirit -  
levelling 

Feet 

Triangn- 
lntion 

Feet 

Ground floor mask-stone 

,, ,, ,, ,, 

,, ,, ,, ,, 

,, ,, ,, ,, 

Great Itidris Series. 

692.0.3.4 

703.668 

738.50-1. 

786.901 

693 - 000 

703 -000  

739 000 

789.000 

. . . 

. . . 

. . . 

... 

- 

Shirhpur T. S .  ... 

Sulrhiwnla, T .  S. . . . 

Faromfila T .  S .  ... 
- 

+ 0 .956  

-0 .668  

+ 0.4'96 

+ 2 - 0 9 9  

- 0 - 176 

-0 .289  

+On153 

I 

Ground floor mark-stone 

1, ,, ,, ,, 

,, ,, 9, 

- 

504.244  

490.SG? 

470 .874  

Minor s t n t i o ~ ~ s  of Sind-SCgar Series qf 1917-15. 

- - - - -- - 

Sobhim,ila 8 .  . . .  

Soh;igf~nmila s.  ... 

Josiwila  8.  ... 

Rangpur Baghur 8. ... 

S h ~ h ~ % n w i l l i  8.  ... 

Miru 8. ... 

504.068 

4'90.173 

271.027 

. . 

... 

. . .  

3.94.Gli 

523,450 

537.0-k.4 

623.684 

635.229 

658 ,066  

. . .  

... 

... 

. . .  

... 

... 

,.. 1 . . .  1 Topmost mark 

9 ,  

11 

11 

9 9  

P I  

526.000.  + 2 - 5 5 0  

539 .000  

6-1.5.000. 

640.000 

665 ,000  

+ 1 . 9 5 6  

+ 1 .316  

+ 4 . 6 7 1  

+ 6 . 9 3 4  
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M A G N E T I C  SURVEY. 

, BY E. C. J. BOND. 

P B ~ B o N N B L  OF NO. 18 PARTY. The present report on the work of the  mag- 

Clasr I I  Oflcers. netic party in 1919-20 comprises:- 

Mr. E. C. J. Bond, V. D., i n  charge. 
I.-An account of the work during the 

,, N. R. Mazumdl~r. field and recess seasons. 

,, R. B. Matl~ul., B. A., up  t o  19th September. 11.-A note on each of the observatories. 
Upper S~rbordinate Service. 

Lower St~bordinale Ser~rice. 
2 blagnelic Obserrers. 
12 Computers, elc.  

111.-Tables of the mean values of the mag- 
netic elements, dates of magnetic dis- 
turbances and hourly means and diur-  
nal inequality of the magnetic elements 
a t  observatories in 1919. 

I.-WORK DURING TIIE FIELD AND ILECESS SEASONS. 

1, work during i h r j e l d  season.-The field season opened on the 7th October 1919 

and closed on the 1st  hfny 1920. 
rphe field season's programme comprised observations a t  all the repeat station6 in 

India, Burma and Ceylon; and the usual annual observations for the c o n ~ ~ a r i s o n  of instru- 
ments at the Uehra D i n  and Toungoo observatories, as well as  a t  the Alibig and ~odailcfinal 

mhich are under the control of the Rleteorological Department. 
Since the magnetic elements undergo very appreciable changes from year to  gear and 

i t  is not to forecast rvith any degree of accuracy what the annual changes mill be, 

even in a few yearsJ time, i t  becomes necessary to  observe a t  short intervals at  repeat stations 
in order to obtain reliable values of the annual changes. Five years mas decided upon a s  

being a suitable i~lterval and the 75 repeat stations ~vliich were last visited in 1914-15 mere, 
therefore, again ob~erved a t  during the field season of 1919-110. The 75 repeat stations were 

permanently marked in 1914-1.5, as experience had shown that  i t  mas very essential to observe 
a t  exactly the same site when observations are repeated, so as to  ensure that  correct values 
of the magnetic elet~~elits are obtained for an accurate determination of the annual changes. 
In addition to the 75 repeat stations referred to  a b o ~ e  5 new stations mere ~ e r n l a n e n t l ~  
marked and observetl a t  this year, two of tl~ese being in Upper Burma, one in Bengal alld 
one in Assam: these 5 extra stations were much needed for cleter~nining the true course of the  
lines of equal annual change in these particular localities. 

Three detncli~nents were eml)loyed in carrying out the field season's programme, one in 
Northern India, one in Southern I n d i : ~  including Ceylon, and oue in hssam, Burlna aud a t  
Port  Blair in the Andaman Islands. 

Each of the 8 0  repeat stations was observed at on two consecutive days and double 
sets of declination, dip and horizontal force observations were taken on each day. The object 
of observing a t  each of the stations for t,wo clays mas to obtain the best results and to make 
sure that  extra observations monld be available if any of t,he results happened to be uneatis- 
factory offing to ally magnetic distnrbance cluring an observation. 

Since a hospital mas built within a few feet of the pillar marking the site of tlle 
Manmid repeat stat'ion it  mas necessary to  relilove the pillar t o  a more suitable posit,ion: this 
was done cluring the field season and complete sets of obser\~atiot~s were takell bot,ll at  the 
old antl the new sites. 

2. IF0t.k d1~j.in.q the ~ecess.-The computations of the field obserrations takell during 
the year under report and the reduct,ion and tabulation of the values of declination, clip and 
horizontal force for the t'liree observatories (Dehm Dun, Toungoo and Kodailrinal) for 1919, 
derived from t,he measurement of traces of all available days, excluding those of great distur- 
bance, are given in the table a t  the cnd of this report. 

Publicfllion of tile resltlts of the mnfltletic suwey to  epoch.-It is to be regretted that 
there mill be further delay in 1mblisliin!: the results of the magnet,ic survey to epoch, bfajor 
R. Tholl1as, D. S.  0 . 9  R. E.,  Su~erintendent  of t l ~ e  Trigouometrical Survey, mas 
formerly in Charge of the party and had adjusted the magnetic constants used in tile 
putations of tile horizontal force hefore he proceeded to Ellrope on military dllty in  1914, has, 
on his return t'o the department, cousiderecl it  advisable to  revise the constants of all the 

instrumellts eniployed in t.he magnetic survey by utilizing the aclditional data has 
accnmulate(l since, and it has now been decided to recompute the observations greater 
refinelnent and t o  extend antl publish the values of all the elements up to 1920, ~h~ revisecl 
data for tile final reduction of the observations of horizontal force are now the 
computations ere being proceeded with. 
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Re,duction qj ' the drtai l  snruey.-The recomputations of the observations a t  the detail 
surrey stations necessitated by the revision of the constants referred to  above will next be 
h k e n  in hand and the values of the magnetic oomponents in the disturbed areas will then be 
studied to ascertain whether the results in these areas will disclose any  prominent magnetic 
features. The observations in the disturbed areas, however, are very conflicting and do not 
seem t o  point to  the esistence of any definite sources of attraction bu t  appear to  indicate that 
tlie disturbances are of a purely local character and are probably due entirely to  the unequally 

rocks or iron ore hidden close below the ground surface. 
There is no doubt tha t  in many instances the clisturbances are produced by the 

presence of iron ore; but, there is no means of ascertaining in which of the areas the disturb- 
ances are chiefly due to  this cause. Even where the iron ore is known to exist in certain 
areas, such for instance as the Ta ta  Iron Fields in Central India, i t  is not possible to locate 
wood and morkalle ore with the aid of the magnet, for i t  is only where the ore is of inferior 
3 

q ~ l a l ~ t y  ant1 is of no economic value that  i t  seems to influence the  magnet most: this will be 
understood from the following statement received in 1910 from the  Director of the Geological 
Survey of India:-"Only certain iron ores are magnetic. Thus magnetite (Fe,O,) is highly 
magnetic whilst hematite (Fe,O,), one of the commonest of iron ores (in India), is as a rule, not 

although, at times, feebly so. Thus a large expanse of hematite hidden under 
might perfectly well escape detection through observations based on magnetic 

qualities only, whilst, on the other hand, certain igneous rocks, which contain more or less 
magnetite as one of their primary constituents, although not in sufficient quantity to be of 
any economic value whatsoever might have considerably more effect on the magnet than an 
extensive and valuable mass of hematite". This is  practically borne out by some of the 
members of the staff employed a t  the Ta ta  Iron Fielcls iu Central India whose experience is 
that  the compass neetlle is not affected in any of the  localities producing rich iron ore but 
is much disturbed in places where the ore is of very inferior quality and is practically 
unworkable. 

3. Proqrommr for 1920-21.-During the ensuing field season observations will be 
taken for the comparison of instruments a t  the Dehra Dirn and Toungoo observatories. The 
Alibng and Kodaikanal observatories, under the Meteorological Department, will also be 
visited for the same purpose. I n  addition i t  is proposecl to take observations at six evenly 
distributed repeat stations (most of these are ~ I L  ?.oufe to the observatories) with the object 
of controlling and making a careful study of the actual cl~anges which the magnetic elements 
llndergo annually in different parts of India. 

11.-THE O B S E R V A T O R I E S  I N  1919-20, 
D e h r a  Dun O b s e r v a t o r y .  

1. The nlagnetoyraphs have worked satisfactorily cluring the year. 
The mirror of the vertical force magnet had deteriorated from the effects of damp in 

the  underground room and the lines on the magnetograms were in consequence very faint. 
A new mirror was therefore substituted for the old oue, and this seems to have affected the 
sensitiveness of the balance which was adjusted ten days later on the 20th October 1919. 
The trace, hon,ev@r, had shifted up to~rrarcls the edge of the photographic paper and the 
magnet was again adjuster1 on the 1s t  November 1919. Since then i t  continued to work 
satisfactorily until i t  became necessary to reacljust i t  on the 26th June 1920, on account of 
a further shift  of the magnet lines towards the edge of the paper. 

New thermometers, Nos. 44 and 909, were introduced for the magnetometer No. 17 
st this observatory as i t  mas thought that  some inconsistencies notlced in the horizontal force 
observations mere due to  incorrect registering of temperatures by the thermometers previor~sly 
in use. There is, however, no evidence of any change by the introduction of these new 
thermometere. 

The thatching and parts of the wooden framework over the roof of the observatory, 
which had rotted from aqe, were renewed this year before the monsoon set in. 

The untlerground room of the observatory, which was free from inundation during 
last pear's rains, mas flooded this year in the middle of August, owing to continuous heavy 
rain. The pump that  is connected to the passage in the observatory and was believed to be 
capable of pumping out the water c~uicker than i t  could acc,lmulate in the passage failed 
this year to  expel the water quick enough, as i t  was flowing into the passage more rapidly 
than i t  had ever done in previous years. It was necessary, therefore, besides working the 
pump, to  employ coolies night and day to bail out the water. This process wrts continued 
for a week until the flow of the water into the paasage subsided. N o  further difficulty Wac 

experienced after the  cessation of the heavy rain which fortunately lasted only a week. 
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There is no doubt that  the walls of the observatory ere  becoming weaker yeer after 
year and may be less able to  resist the high pressure of the sub-soil water during h e ~ q  rain 
in  the future, hence the need for a new site for the observatory is a matter which requires 
consideration and early attention. 

2. Mean values of tAe Declination and If. F. cons1ants.-The table below gives the 
mean monthly values of the magnetic collimation, t,he distribution constants P1.2 and P2.3 
and the accepted values of 1) and q osed in determining the values of the distribution factor. 
The values of m are also given, as deterlnined by tbe revised distribution factor and moment 
of inertia used for the c o m p ~ t a t i o n s ' f o ~  1915. 

The values of nc in the table were derived from the vibration observatiot~s with t h e  

3. Mean base line volr~es.-The table below gives the mean monthly observed and 
accepted values of the Declination and Ilorizontal Force base lines: the accepted values have 
been used to compute the values of these elenients for 1919. Tlie H. F, base line valoes 
have been derived from H as determined with the monlent of inertia and distl.ibiition factor 
used in the computations for 1915. 

Hnse lil,cl f~nkles  qf magne lo~~rc~phs  i~ 1.919. 

h I o ~ r a 8 .  

Jnonary ... 
Fehrrinry ... 
March ... 

April . ,  

M a~ ... 
Jane ... 
July ... 
AuuuaL ... 
Sept,einber ... 
Ootober ... 
November ... 
D~cn~i lber  . 

DLCLINAIION. H O ~ ~ Z O N T A I .  t'oac-E. 

Mean 

0 t 

1 3 1 . 4  

1 31-6  

1 3 1 . 1  

1 1 ' 3  

1 1 . 6  
1 1 . 6  

1 1 . 6  

1 1.6 

1 1 . R  

1 2 - 0  

1 2.6 
1 2.8 

0 ,  

I 31.4 

1 81 6 

1 32.1 

1 1 . 3  

1 1 . 6  

1 1 .6  

1 1 .6  

1 1 . 6  

1 1.9 

1 2.0 

1 2 . 6  

1 2 . 8  

Up to  10h. 6m, on 
l e t  April 

From 1Zh. 011 lat 
April. 

C. G .  S. 

,32682 

.32692 
,32685 

,32683 

,32684 

.32688 
,32688 
-32687 
,32635 

.32(j92 { 
'32701 
.32895 

C. G .  S. 

.32GS2 
.32682 
.32686 

.32683 

a 32684 

-32688 
-32688 
.32687 
* 82685 

'32683 
'32700 

.32701 

.32696 

To 16th 
From 17111 
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4. Mean scale valires and tempernlure range.-The mean scale values for 1919 for 
a n  ordinate of 1/25 inch are :- 

Horizontal Force 4.39 gammas. 
Declination 1 . 0 3  minutes. 
Vertical Force 3 - 0 9  t o  9 . 5 3  gammas. 

The mean temperature for the year was 25O.6 C., with maximum and minimum 
monthly values of 25O.1 C., and 26O.3 C. The temperature of reduction is 2y0.0 C. 

5. Menn ~nonthly values and anrucal changes.-The following table shows the mean 
monthly values of the magnetic elements for 1918 and 1 9  19 and the annual changes for that 
period: the annual changes for H. F. are deduced from the values of H corrected for the 
moment of inertia and the distribution factor used in the computations for 1915. 

Annual chan,ges at Dehra Dzin in 1918-19. 

Toungoo Observatory. 
1. The magnetographs worked satisfactorily throughout the year. During the month 

of March 1920 the drum of the V. F, magnetograph stopped revolving on a few occasions ; 
this was due to  its axis being out of the vertical. The axis was adjusted but  went out of the 
vertical in June  1920, when it was again adjusted. The drum has since worked satisfactorily. 

The burner of the V. F. instrument lamp had become worn and the lamp burned 
badly, causing some loss of trace. When the defect became known a new burner was indeut- 
ed for from the Mathematical Inst,rument Office, Calcutta. N o  further trouble was 
experienced with the new burner. 

A chronograph, obtained on loan from No. 1 4  Party, was taken to Toungoo when the 
observatory was visited this field season. I t  was used in the ~ ibra t ion  observations to  obtain 
accurate ralues of the moment m of the observatory magnet and also to determine the moment 
of inertria with the Surrey gilt bar. Similar observations a t  the observatory mere last taken 
with the chronograph in 1913. 

The chuck formerly in use with the magnets of the observatory magnetometer had 
lost its from wear and the opportunity was taken, while a chronograph was a t  the observ- 
&tory, of substituting a spare chuck and determining the moment of inertia of the collimator 
magnet.  A set of observations with the old chuck mas completed on the 8th June  1920 and 
observations with the new chuck were commenced on the following day. There wae no 
appreciable change in the moment of inertia between the two sets of observatione. 

The meteorological observatory which mas formerly in the compound of the old hospital 
at Tor~nzoo has now, with the approval of the Surveyor General of India, been removed to a 
site sor~ th  of the Magnetic Observatory compound. A t  t,he request of the Director General of 

Indian observatories the nieteorological instruments, which will shortly be installed, will be 
in charge of the J1aqnetic Observer and will be read daily by him or his Recorier who will 
subndt the meteorolo~ical reports according to directions. 

2 .  ,I[P~~N vill~lr.~ i!/'fhr I)rrll'~r,~fl.o,~ and If. F. conrtnnfs.-The table below gives the 
mean monthly values of the magnetic collimation, the dietribution constants and Pa., and 

Moarae. 

January ... 
Frbrosry ... 
March ... 
April ... 

... 
June . 
July ... 
August ... 
September ... 
Oclober . . .  
Norember ... 
December ... 

DECLINATION 

Eost. 

Annual 1918. 1 1919. ( E,,, 

E~RIZONTAL FORCE 

-32000 C. G. S. + 

Annunl 1 9  1 1 1 
2  8 . 6  

2 3 ' 3  

2  

2  2 . 6  

2 2 . 0  

2  1'3  

2  

2  0 . 8  

2  0 . 4  

4  0 3  

1 5 9 ' 4  

Y 
994 

989 

988 

982 

a92 

994 

992 

981 

971 

963 

968 

951 

hleaos . , . I  980 

U I ~  

N.440 + 
--- 

1918. 1 1919. I :=! 

7 
956 

960 

967 

962 

965 

980 

978 

964 

943 

951 

975 

967 

962 

O ' O '  

168'5 

1 6 8 . 4  

3 . 0 1 5 8 ' 1  

1 6 7 . 2  

1 5 6 . 7  

1 5 6 ' 0  

1 . 0 1 5 5 ' 6  

1 5 6 ' 2  

1 6 5 . 1  

1 6 4  3  

1 6 9 ' 8 1 6 4 . 1  

1 5 4 . 1  

2 1 . 4 1 6 6 - 1  

VERTICAL FORCE 

.32WO C. Q. S. + 

Annual 
1918. 1 1910. 1 chn nge. 

7 

-38 

-29 

-31 

-20 

-37 

-14 

-14 

- 2 7  

-28  

-12  

+ 7 
+ 16 

-19 

- 6 . 1  

- 4 . 9  

- 4 9  

- 5 ' 3  

- 5 ' 3  

- 5 ' 3  

- 5 . 5  

- 6 . 6  

- 5 ' 3  

- 6 ' 0  

- 5 . 7  

- 5 . 1  

- 5 3  

+ 6 . 8  

+G.4 

+ 6 . 4  

+ J . 8  

+ 6  6 

+ 4 . 5  

+ 4 . 5  

+ 6 . 1  

+ 4 . 8  

+ 5 - 8  

+ 4 . 6  

+ 4 ' 2  

------ 
r 5 . 2  

Y 

729 

744 

760 

761 

757 

780 

790 

800 

811 

808 

820 

820 

782 

, 
46 .2  

4 7 . 2  

4 8 . 1  

48 .4  

47 .8  

48 .8  

49 .5  

50 .6  

51.G 

51 .9  

53 .3  

6 3 . 2  

4 9 6  

5 3 - 0  

52.6 

63.5  

53 .2  

5 4 . 4  

5 3 . 3  

64 .0  

56 .7  

5 6 . 4  

57.7 

56.9  

5 7 . 4  

54 .8  

Y 

822 

818 

831 

832 

848 

851 

862 

872 

874 

908 

917 

916 

863 

' Y  

+ 93 

+ 74 

+ 71 

+ 71 

+ g l  

+ 71 

+ 72 

+ 72 

+ 63 

+ l o 0  

+ 9 7  

+ 96 

+El  
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the accepted of p and q used in determining the values of the revieed dietribution factor 

and moment of inertia used for the computations for 1915. 
There has been a rapid rate of decrease in the moment of thie observatory magnet  ~s 

compared with the magnets of the other observatories and i t  is, therefore, proposed to replace 
it, during the ensning f i ~ l d  season, by magnet No. 20 whicli was previoumly used a t  the 

3. Mean base Line caliies.-The following table gives the mean monthly observed 
and accepted base line values of the Declination and H. P, magnetographs: the accepted 
ve.lues have been used to compute the values of these elemelits for 1919. The H. F. base line 
values have been derived from H as determined with the moment of inert,ia and distribution 
factor used in the computations for 1915. 

Base line values of mngnelo~qrnphs i n  1919. 

MONTAB. 

-. - . - - .. 

January . . . . . .  
February ... . . .  

Marc11 . . ,  . . .  

April . . .  . . .  

May . . . ... 

June . . .  . . .  

July . . .  . . .  

A11g11st . . .  ... 
Sept'cmber ... ... 
October . . . ... 
Novcmber . . . ... 
December ... ... 

DECLINATION. H O ~ I Z O N T A L  

Mean 
value of 

Bnse line 
- - 

C. G .  S. 
38699 

.38699 

.YY68J 

.38688 1 

-38690 

.38690 

-3H689 

.38685 

- 38682 

-38682 

-38680 

.38684 

Mean vnlue of 
Hnse line 

0 , 
-1 16.3 

-1 1 5 - 8  

- 1  15.7 

- 1  15 .8  

- 1 1 5 . 7  

-1 15.3 

-1  15.3 

-1 15.4 

- 1  1 5 - 4  

--1 1 5 . 2  

-1 1 5 . 1  

-1 15.1  

FORCE. 

Haye line 
accepted 

- 

C. G. S. 
a 38699 

-98699 

.3868 1 

.38688 

-38690 

e38690 

.38689 

.38685 

m38682 

-38682 

-38680 

m38684 

Usse line 
accepi ed 

.- .- . . ~ ~  . . 

0 

- 1  16 .3  

- 1  15 .8  

-1 15.7 

- 1  15.8 

- 1  15 .7  

-1 15 .3  

-1 15.3  

-1 15.4 

-1 1 5 - 4  

- 1  15 .2  

-1 15 .1  

-1 1 5 . 1  
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4. Mean scnle values nnd len~perature ~ange.-The mean scale values for 1919 for 
a n  ordinate of 1/25 inch are :- 

Horizontal Force 5 - 35 gammas. 
Declination 1 .O4 minutes. 
Vertical Force 5 69 gammns. 

The mean temperatilre for the year mas 89O.3 Fahr., milh maximum and minimum 
monthly values of 8g0- 1 Fahr. and 90°. 1 Fahr. 

The temperature of reduction is 89'. 0 Fahr. 

5. .Wean rnoltth1!1 r.nlues and iz~r~ruul clrn~rges.-The table below gives the mean 
lnonthly values of the magnetic elements for 1918 and 1919 and the annual changes for illat 
pried: the values of annual change are deduced from the values of I-I corrected for the 
~nomelrt of inertia and the distribution factor used in the computations for 1915. 

Anrriral than-ges al Toungoo in 1919-19. 

Kodalkanal Observatory. 

W. 0" + N. aO+ .16U00 C. Q. 9. + 
Morrsn. 

1 .  This observatory is under the control of the Meteorological Department, but  the 
absolute observations and the records of the self-registering inst.ruments aro forwarded periodic- 
ally by the Director of the observatory for computation and for record in the party. 

The lr.F. magnetograph has worked satisfactorily. The clock which is common to 
110th the Declillation and H.F. magnetographs is reported to have etopped very often during 
the year and to have given mucll trouble. 

I n  the ret,i~ros from this observatory it. is stated that  the slit and lens of the H.V. 
ruqoetogruph were cleaned on the 6th May; the focus adjusted on the 16th June and the 
~nirror. lens and clock of the instrument cleaned and the hour flag adjusted on the 17th Junr .  

The Decli~iation magnetograph is reported as being unsettled and the frequent adjust- 
ments made throughout the year unsatisfactory. I t  has in consequence been di5cul t  to  decide 
llpon the base lines for the periods between the frequent interruptions. 

It is also stated that during the latter part of June 1990 all the instruments hnd to It? 
readjusted. 

When the observatory was visited in December 19 19, for taking the usual annual 
observations for the comparison oE instruments, observations mere also taken with the Survey 
gilt brr  for tletcrrnirling the moment of inertia of the observatory magnet. 

2. ~ T I I V ) I  r r i l r r t . *  of the Beclinntiorr and 1f.F. ccnslanls.-The table below gives the 
mean monthl~-  valr~m of the magnetic rollirnetion, revised distribution constants and moment 
m am determined wit.h the distribution factor and moment of inert.im used for the  computation^ 
in 1915. Tho values of m in the table ere all derived from vibration obrervations ns deter- 
mined with the chronogrol:l~. 

-- 

J a n n q  ... 
Febronry ... 
Marc11 ... 

April ... 

M np ... 
June ... 

Ju ly  . . .  

Allgnat . .  

8 1  

8 . 4  

8 . 7  

8 G 

8 . 6  

8 .3  

8 .9  

8 . 4  

8 5  

8 . 3  

5 1  

8 7  

Means ... 'r; 

' Y Y  

686 

690 

697 

G98 

700 

690 

695 

t i O i  

6 

(;!I9 

698 

iO1 

7 

63 

66 

64 

67 

70 

73 

73 

i O  

7 

- 2 8  

+35 

+ 7 

+22 

+16 

+43  

+ 4 5  

+ 2 4  

-25  

+25 

+37 

+5(1 

--- 

8 ' 5  

8 . 1  

8 . 3  

8 . 4  

e .6  

7 . 6  

7 .8  

5 9 

8.7 

8 .8  

8 0  

B 0  

7 

81 

90 

71 

89 

86 

116 

118 

9 &  

September . ( 66 

October 71 

lo re ! l~br r  1 7 

1)ccamber . .  ( 68 

- - -. - 

-- 

19.0 

18.9 

19.1 

19.6 

19.9 

19.8 

20.1 

20.6 

21.1 

21.3 

21.5 

22.0 

14.7 

15.3 

15.4 

16.0 

16.0 

16.5 

16.8 

16.9 

17.3 

1 7 . 4  

l i . 8  

18 .4  

+ 0 ' 4  

-0.3 

- 0 . 4  

-0.1 

0 .0  

-0 .8  

- 0 . 4  

+ 0 . 6  

0 

+ 0 . 3  

-0 .2  

-0.7 

703 

701 

696 

i05  

7 

705 

7L9 

713 

709 

714 

711 

i l 2  

91 

96 

116 

118 

10.2 + 3 7  B L  8 .3  -0.1 696 1 707 + l l  

- 

+4:3 

+ 3 , 6  

+ 3 . 7  

+3.6 

+ 3 9  

+S 3 

+ 3 . 3  

+:1.6 

+ I 0  

+3 .9  

+ 3 7  

+ 3 . 6  

97 / +30 

7 

+ 1 7  

+ 1 1  

- 1 

+ 7 

+ 6 

+ 9 

+ 1 4  

+ ' G  

+13  

+ I 6  

r l 3  

+ l l  

1 6 5  
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Mean values qf the constants o f  ntr~gnet No. 16 an 1919. 

3. Mean base line values.-The following t,able gives the mean monthly observed and 
accepted base line values of the Declination and H.F. magnetographs: the accepted values 
have been used to compute the values of these elements for 1919. 

The H.F. base line values have bee11 derived from H as determined with the  niornent, 
of inertia and distribution coefficient used in the computations for 1915. 

Moarrs. 

. . . Jaquary 

February ... 
March 

April ... 
May ... 

... June 

July ... 
August ... 

September 

October ... 
h'ovember . . . 
December . . . 

Hnse line vnlues of mngneiogrnj~hs in 1919. 

DECLlNATlOR I H. F. CONSTANTS. 
CONBTANTS. 

Mean 
mnguetic 

collimution. 

9 ,, 
- 3 25 

- 3 26 

- 3 21 

- 3 24 

- 3 23 

.- 3 2 3  

- 3 23 

- 3 23 

- 3 22 

- 3 21 

- 3 22 

- 3 19 

HORIZONTAL FORCE. 

Monthly mesa d u e  
of Base line. 
-- 

MONTES. 

-- 

MEAN VALVEB or m. 

Monthly 

881.47 

881 - 26 

881.88 

881. i3 

881 66 

831.83 

881.68 

881 66 

881.73 

081.90 

881.88 

881.92 

Dle+nlsuTron FACTORB. 

January ... 
Febr~~ary  ... 

... 
blnrcb ... 

... 

April ... 
... 
... 
... 

nlny ... 
... 

J n i ~  c ... 
.I 11 l y ... 

... 

Allgn~l ... 

~ ~ ~ 1 ~ 1 ~ ~ ~ 1 0 ~ .  

-- - - -  
Menu 

vn111e of / n lqe  line I Bcmntks. 

Accepted 
m. 

881 '74 

Bass line. nccel'ted 

I .  1 P2.3 

. . .- 

Aecopted 

P 
-. 

m 
0 - #- 

6.13 

6 . 1 0  

6 .13  

6.14 

6 07 

6 00 

0.06 

6.00 

6.10 

6.13 

6 .13  

6 19 

0 I 

2 32.9 

2 33.5 
2 32.4 

2 3 4 . 2  
2 43.8 

2 6 2 . 9  
2 51.5 
2  5 5 . 6  
2 57.3 , 
3 2.3 
3  3 7 

I 2.8 

3  3 . c  
3 0.1  

valuee. 

'l 

- 
w 

I 

8.56 

0.65 

8.47 

8 .30  

8 40 

8 .44  

8 .50  

8.20 

8.49 

8.38 

8.29 

8 . 4 9  

0 ,  

2 32.9 

2 33 .5  
2 32.4 

2 3 3 . 2  
2 43.8 

2 62.9 
? 51.5 
2 5 5 . 6  
2 67.8 

3 2 . 3  
3 3 . i  

:i 2 . 8  

3 3 . 6  
3 0 . 1  

... 1 ,37362 
i 

from 1st to IOh on 18111 
from l l h  on l8tl1 lo 27th 

from 3rd to 21st ,37362 
lrom 29t 11 lo 31st 

fl.om i.ct to 5ki1 ,37362 
fro111 9th to lhtll 

for 21sl  ... 
fl.0111 28th Apl.11 I l r  8th Nay 

for 23rcl 
from 2Sbh May to 10I1 on 2211d June 

from l l h  011 22nd to 30th June 

from let, to 1011 on 7th 
f1.0111 I 1 1 1  on St11 to 2itl1 

fronl 211d to lot11 
from 13th to 17tl1 
[rum 18lh to 29111 

from 4111 to 18th 
from 21st to 29th 

from 7th to 3ls t  

... 
. . . 

I 11.2 
3 1 3 6  

3 8 . 2  
3 9.4  

. ( I 1 1 2  

... 3 13.1; 

,37362 

,373 8 
... 

.3i3GS 
. . , 
. . . 

.3735(3 
. . . 

,373iB 

'3i362 

'37354 

I I 

Srptcrnlrcr ... 
.. 

3 9 . 1  

3 8 2 
3 9 . 4  

Ort,i,l>~.r ... 
Snvcn~hpr . 
Drccniher ... 

3 8 . 5  3 8 5 

3 R.9 3 8.9 

3 9.0 , R 9.0 
I 
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4. Mean rcole valltes and temperature rurrge.-The mean scale values for 1919 for 
an ordinate of 1/25 inch are :- 

Horizontal Force 6 - 90 gammas. 
Declination 1 .OS minutes. 
Vertical Force 7 18  to 7.44 gammas. 

The mean temperature for the year was 17O.3 C., with maximum and minimum 
monthly values of 1 6 O . 5  C. and lSO.O C. The temperature of reduction is 19".0 C. 

5. Mean rnor~lhly r:ctlurs a r ~ d  nnnunl chnnues.-The table below gives the mean month- 
ly vsl~les of t . l~e magnetic elements for 1918 and 1919 and the annual changes for that 

: the annual cl~arlge values are deduced from the values of H corrected for changes in 
the mo~ncnt  of inertia and distribution factor used in the computations for 19 15. 

I I I . - T . ~ L E s  OF RESULTS. 

Mean values of the magnetic elements at obseruatories in 7919, 

I ~ O R I I O S T A L  FOHCE I)BCLINATION DIP 

.3irW C. G. s.+ W. ID + N. 4 O  + 
Moares. -- - 1  

1918. 1919. Anne.l 1918. 1810. An"un1 chrulge. chnnge. 

VDHTICAL FORCE 

Jsnnnrj ... 
F e b r n ~ r ~  ... 
11 WCII ... 
A p r ~ l  ... 

Mny ... 
Jnne . .  
Jnl J ... 
Angnrt ... 

September ... 
October ... 
November .. 

-- 

1818. 

7 
953 

Oy9 

961 

961 

969 

973 

972 

977 

973 

971 

080 

- 
984 

9 6  

U l ~ ~ e r v s t c r y .  

- 

7 
68'2 

677 

684 

647 

9 

s97 

69:) 

8!19 

FQS 

Lat~lncle 2nd 
I.q,ngitnde. 

0 1 V 

Ihp. 

0 1 

N.4454-8 

R. 2:j 8 . 3  

N. 4 3 3 . 5  

'02000 C. 

1019. 

--- 
Y 

086 

989 

993 

1000 

1002 

I011 

1016 

1031 

1013 

1020 

1025 

-- 
1029 

1010 ?lean$ 

Decl~nation. 

E. 1 5 6 - 1  -32962 ,32863 

W. 0 2 0 - 2  -39097 -16707 

W . l  4 1 . 5  -37753 .03010 

0.  S.+ 

Annunl 
ohange. 

v 
+ 33 

a0 

32 

39 

33 

3. 

46 

64 

40 

49 

46 

- 
46 

+ 40 

Decemher ... 

7 
732 

739 

735 

749 

7 

766 

766 

749 

I 762 

Dellra Dln 

I 

l 9  l9  
8 3 19 E.]  

701 769 

7013 iiJ 

I 
-- 

T o ~ ~ n g o o  , 

K d a l k i n a l  ... 

701 l i i 2  

-I 
+ 60 

62 

6 1  

{b! :j 'i i:] 
10 13 50 N. j i i  Z i  16 E . )  

56 1 40.9 
I 

G6 41.6 

I - 
. 1 C9l ! 753 i + 59 1 39.2 

I 

51 41.4 

i 

36'8 

37.0 

37.4 

G2 38.3 
1 

50 38.4 

69 1 39.1 

67 39 -3  

61 33 8 

54 40.3  

46.4 

-6.7 

44.6 

4 7 . 4  

41'7 

42.2 

43.8 

43'5 

43'7 

44.3 

44.1 

41'8 

46.2 

6 . 6  

6 .2  

+ 1 . 3  

8 . 0  

+ 4 .9  

6 .2  

5 4 

5.2 

6 3 

6 2  

4 8 

6 . 0  

ti 9 

30.4 

31.2 

3 0 3  

31.6 

28 9 

2 9 5  

29.6 

29 6 

30.2 

30.6 

30 6 

31.0 

30.6 

i l4 .4  

34.7 

33 .6  

6 0 

3 . 6  

35.1 

31.6 

31.8 

33.1 

+ 3.2 

3 .6  

+ 2.6 

2.3 

2 6 

i12.7 

32.9 

3 3 6  

34.2 

35.6 

33 8 

3.1 

2 7 

2.9 

3.7 

4 .6  

3 .3  



30 19 19 N. ... D - Dehra Diin 1 t'b:, is 19 E, 

T = ~'oungoo ... $46 ls 5;  17 45 3 S E. 
Classification and dates of Magnetic disturbances m 7070. 

d a 
C  - Calm. 8- Slight. M =Moderate. G - Qreat. V.O. - Very Qreat. - -Trroe lout. 

1919 Jenuary .  February.  Mnrch. April. May. June. Ju ly .  Auguet. September. Oclober. Nuvember. 1)ecember. 

D T K D T B D T K D T K D T K  

1  ... S S M U h I S S S C C C S S S  C  8 -  C  C - J I  h I -  C C C C C C  
S S S C C - Q Q ( ; C C C C C U  

... S Y S S S - G Q O C C - C C C  

... 

... 5  
6  ... 
7  ... 
g ... G S ~ ~ C C C C C ~ ~ ~ ~ S C ~ C C C ; C ~ S S S S S C C C ~ ~ ~ C C C C C C  
g ... S C C C C C C C ? ~ S C S S S Y ~ : S S S S S ~ S S S M M S ~ ~ S S C  

... I0 C C C C C C  C C Y S S S S S S b S s S S C C c * S H S 8 6 C C C C C C  

... 11 C  C  C C C  C  8 / C C b S C C C C S Y S 8 S S Q Q ~ S S S ~ B S S t i S C C C  
12 . . C C C C C C  S S ~ S S S S S S S S -  O C G O G C C C C C C ~ M ~ C C C  
13 ... S S ~ . Z ~ S C C C S S C ~ Y S ~ S ~ S ~ c c c ~ ~ ~ C C c c c ~ C c c C  
14 . &I u 31 .. S  S  - C C S S X C C E ~ C C - C C S s S C c C C C C C C C  
15 ... S S S d S S 8 6 C C C C S S S S s S C C C S S S . S C C s S 8 C C C M M B f  
16 ... S S S M S S S R S M S S S S S C C C C ~ C S J ~ S ~ S ~ ~ ~ ~ ~ C C M M M  
17 ... ti 9 S d S  S S  S  S b I  b 1 A I -  s S S ~ S C C C b s S ~ S c s y ~ M M s C C C  
10 ... s s 9 s s s c c C M A I -  - s ~ C C S ~ ~ ~ S B C C ~ S ~ M M M ~ ~ S J C C C  
1 9  ... S  S S C C C s  3 -  s b -  - J C C C U S S C S S S S S S C C C S S C ~ C C  

< 

20 .,. 
21 ... 
22 ... 
23 ... 
24 ... 
25 ... 
26 ... 
27 ... 
23 ... 
29 ... 
30 ... 
31 ... 

C  ... 
* S  ... 
hI ... 
G ... 

V.G. 
T r u e e l o ~ t  

s 

12 
14 

s 

S S  
C C C  
O G G  

13 
13 

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

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

S 

14 
1% 

S 

9 
13 

2 2 1 1 1 1  

6 

. . . . . . . . .  

. . . . . . . . .  ......... 
9 

14 

- M & I -  S  S - -  S S C C C S C S ~ S ~ M ~ ~ M S S S C C C C C C  

9 
15 

......... . . . . . .  . . . . . . . . . . . .  ... ...... ...... 2 l... 3 B . . .  2 . . .  I... 1 3 l . . .  1 

8 
16 

b S S  

9 
15 

3 3 4 5 4 1 7 7 4 5 4 2 3 3 4  

10 
15 

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

6  
18 

C C C G G G N U C C C C C S S S S C C C C  

. . . . . . . . .  

7 
19 

11 
14 

S S S S S C C S C C C  

8 
13 

C C S  

S 
1s 

3 2 1  

C C C S S S C C C ~ S S M A I M ~ ~ ~ - S S S C C S ~ ~ -  

S B S S ~ S C B S S S C C S  

5  
21 

-------------------------------- 
1 1  
19 

. . . . . . . . .  

11 
19 

. . . . . . . . .  
9 

21 

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

S ~ S N M - a 1 u ~ 1 s s ~ ~ 1 a l C c C ~ s s s s ~ ~ s s s s s c c c : s c c  
S S Y J I J I s J l J l ~ S ? , S ~ G c C C c c c S S c s C S J 1 ~ M 8 6 S S S S  
S S C M J 1 S S A Y S S S S S b S S ~ ~ S b C C ' C s S S M W M S r l C b 8 8  

c C C C c C S C C S S S ~ S h S S S S S c S ~ s ~ ~ ~ S C C C C ! C c C C C  
C C C C C C C C C C C C ~ ~ S S ~ S C C C ~ C ~ ~ S ~ C O C C C C C C C  
C C C S Y ~ ~ ~ ~ ~ S S C ~ ~ S C C ~ C C C S Y ~ S C M M C C C C C C  

12 
16 
1  

14 
17 

18 
13 

S S C C C C  

9 
19 

. . . . . . . . . . . . . .  
14 
15 

2 2 2  

14 
14 

8 
20 

. . . . . . . . .  

12 
16 

. . . . . . . . .  

10 
16 

S C S C C S C C C C C C C C C C C  

7 
13 

8 S S  

7 
14 

2 2 1 6 6 6 a S l  
4 4 4  

C C C C C S 8 S C C C C C C  
S ~ C C C S S ~ C C C C C C  

7 
14 

19 
8 

. . . . . . . . .  

20 
7 

S B C C C S C C  

21 
7 

21 
8 

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

C C C  -- 
21 
6 

2 2 8  

26 
4 
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Hourly Means of Verfical Force in C. G.S. units (corrected for temperature)  at Toungoo in 1919,. from all aanilnbls da,,r. V..rtieaz K ~ ~ ~ =  *16(MJO C,CJ.S, +taluzar 

7 

Ueana i l l  711 711 711 ---------- 

C 

Diurnal  Inequality of the Wertical Force a t  Toungoo in 1919, deduced $.ow [lie above Tab/. . 



Hourly Means o f  the Dip at  Tounqoo in 1919, mermfn~d h o r n  0 7 1  nva i lnb l~  d ~ y s  D i p = N .  2.1't tabular. qrian/ifu. 

Diurnal 1ne9uality of the Dip a t  Toungoo in 

+0'.7 +0'.6 +0!6 +0:4 +0!4 +0'.2 -d.4 - l t 3  -2'.0 -2l.0 
+0 .8  +0.8 +0 ,8  +0 .8  t 0 . 6  0.0 -1.0 -2.0 -2 6 -2.4 
+0.8 i 0 . 8  +Os6 +0 .8  ~ 0 . 6  0 .0  -1.0 -2.0 -2.5 -2.4 

+0.6 +0.6 + 0 , 6  +0.6 +0 .5  -0.2 -1.1 -1 .9  -2.2 -2.0 
+0.7 +0.6 +0 .6  +0.6 +0 .4  -0.1 -0.7 -1.5 -1.8 -1.4 
+0 .5  +0 .5  + 0 . 4  +0.8 +U.l 0 .0  -0.4 -1.0 -1.5 -1.5 ---------- 
+0.7  +0.6 +O-6 + 0 . 5  +0.4 0 - 0  -0.8 -1.6 - 2 . 1 )  -2.0 -- ---- -- 

April +l.O +0.9 +0.9 +0 .8  +0.8 +0 .8  +0.9 + 0 . 8  0.0 -1.2 -2.1 -2.7 -2.6 pry + 0 8  +0.8  +O.8 rO.7 +O-6 +0.7 t l . 0  + 0 7  -0.1 -1.4 -2.4 -2.7 -2.1 
$ June +0.9  + 0 . 8  +0 .8  tO.8 +0 .9  + 0 . 8  +1.1 +0 .7  -0.1 -1.1 -2.0 - 2 4  -2.4 

2 July +0.7 +0.7 +0.7 +O.C +0 .6  +0.6 +0.8 +O-6 -0.1 -1.0 -1.8 -2.3 -2.2 

' i Aug. +0.8 +0.8 +0.7 +0 .7  +0.7 +0.8 t O . 9  +0.7  -0.2 -1.2 -1.9 -2.1 -2.1 
Bep. + 0 , 8  +0 .8  +0.8 +0.8 +0 .7  +0.7 +1 .0  + 0 . 9  +0.1 -1.3 -2.1 -2.5 - 2 .5  ---------- ---- 

Means , +0.9 +0 .8  +0.8 +0 .8  +0.7 + 0 8  4.1.0 +0 .8  0.0 -1.2, -2.0 -2.4 -2.3 
I I I 

hOr~.-When the b~gu w + the hip IS grentcr, 

1919, deduccd f rom the above Table .  

-1'6 -0'8 -0.2 +0.1 +0 .1  +0.2 +0!4 +0'6 + 0 ( 6  +0'.8 +0!6 +0:6 
-1-4  -0.5 +0.1 +0.3 + 0 . 2  +0.3 +0.5  +0.6 +0 . i  +0.7 + 0 . 6  +0.7 
-1.7 -0.7 -0.1 +0.2 +0 .3  +0 .4  +0.I.: +0 .7  t 0 . 8  +0 .8  +0 .8  + 1.U 

- 1 . 2  -1.1 
-0.3 -0.9 9 +0.2 +0.4 oyo +0.2 2 + 0 , 5  + 0 . 3  +0 .6  

+0.6 +0 .7  +0.7 + 0 . 1 t 0 . 7  +0 .8  +0 .7  +0 .8  +n .7  t 0 . 7  - 
-1.2 -0.7 -0.2 +0.2 +0.2 +0.3 +0 .5  +0 .6  +0.6 +0.6 +0 .7  + ' . 7  - - - - - - - - 
-1.4 -0.7 -0.1 +0.2 +0.2 +0.3 +0 .5  +0.6 + 0 . 7  +0 .7  +0.7 +O. i  -- - .- I 

U 

-1.8 -1.0 -0.2 +0.1 +0 .4  +0.4 +0 .5  +0.6 +0 .8  +0 .8  +0 .7  +O-8 
-1.6 -0 .9  -0.2 t o 4  +O.i +0 .5  +0 .5  + 0 * 5  +0.6 +0 .7  +0.7 +0.7 
-1.9 -1.1 -0.4 +0 .4  +0.7 +0 .7  tO.5 +0.6 +0 .7  +0 .8  +O.Y + V . 9  

-1.7 -1.2 -0.5 +0 .3  +0 .5  +0.7 +0 .4  +0.6 +0.6 +0 .7  +0 .7  40.8 
-1.7 -1.1 -0 .4  +0 .1  +0.4 +0.4 +0 .4  +0.5 +0 .5  +0.6 +0 .6  +0.7 
-1.7 -0.9 0 - 0  + 0 . 4  +0.4 +0.2 +0 .4  +0.4 +0.5  +0.6 +0.6 + ' ~ . 8  
-- -- - - - -  

-1.7 -1.0 -0.3 -0 .3  +0.5 +0.5 +0 .5  +Om5 +O.ti +0.7 +0.7 (  + O . 8 - -  

lurl when - I& 1s lea ~hun the mean. 
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r Jan. 
Feb. 

N ov. 
I. Dec. 

?deans 

y Means of the Dip at Kodaikanal in 1919, determined from all available d a p .  D ip=N.  4"+tubulnr qwnt i ty .  

(Apri l  
r Nay 1 1 June 
3 4 ; 1 , J I J I ~  

1 Ang. 
[Sep. 

M eana 

Diurnal Inequality of the Dip at  Kodaikanal in 1919, deduced ,from the  abocr Table. 

4 1  5 1 6 1 7 1  8 1 9 1  10 I 11 I N o o n l  13 1 1 4  1 1 5  I 1 6  I 17 ( 18 1 1 9  

(Dec. 

(April 

dog. 
Sep. 

Means - 

+ 0 . 8  + 0 . 8  + 0 . 8  +0 .8  ---- I l l  

Mid. IYeBnB 

32.3 31.5 
32.6 31.8 
33.1 32.1 

35.2 34.4 
85.2 34.7 

84.0 33.3 

33.6 32.7 
84.0 32.4 
84.2 33.6 

84.8 34.2 
36.3 35.6 
85.1 33.8 

84.7 a3.8 

20 1 21 1 22 1 23 

ltor~.-When Lhe aigu & t rue Dip w g~cater, MU nnu - i r  IS 1- LIAU b e  mean, 

31.9 
32.3 
32.6 

35.0 
35.0 
5 

33.7 

33.0 
33.3 
33.7 

34.4 
35.8 
34.6 

-------- 
34.1 

29.6 
2 9 . N 0 . 1  

30.1 
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3 8 . 3  
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3 5  
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BASE LINE. 

No or base line work was undertaken by this party during the yesr under 
report. From March 3rd the Officer in charge 

P I B ~ ~ ~ R E L  01 NO. 19 PABTY. was placed on special duty in Calcutta in charge 
Chrr I Oflerrr. of the Map Record and Issue Office. 

Mnjor C. M. Thompson, I. A., in charge np to 11th 
December 1919, from 21st Febrnnry t o  2nd 
March 1920 nnd from 29Lb June t o  30th Sep- 
tember 1920. 

Major H. J. Coucl~rnnn, D. S. O., M. C., R. E., in 
ellargo from lPth December 1919 to 20th 
Febwary 1920. 

Major 0. 8. B. Trenchard, R. B.. in ehergs from 
3rd March to 23th June 1920. 

Lower Subordinate Servicr. 

1 Olerk, etc. 
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THE C O M P U T I N G  O F F I C E  

BY J. de QRAAFF HUNTER, M. A., Sc. D.,, F. Inst.  P. 

Cornpi~tatiovs.-The following computationr 
were carried out during the year :- 

Major C. M. Thornpaon, I. A,, i n  rhargs t i l l  20th ( a )  Tables bearing on the subject of rectangu- 
February 1920. lar coordinates were computed. 

Dr. J. de Qranff Hunter, M. A., SC. D., F. Inat. P 
in charge from 30th April 1920. (b) Altitudes of the sun a t  different hours 

Class 11 Oflcrr.  
from 8 A. M. to 4 P. M. on different dates from 
November 1919 to Februarv 1920. . . 

Mr. Hanumnn Praead, in chnrge Workshops k 
stores. 111 cllnrge Computing Office from ~ 1 s t  (c) Nunkun Peaks by combining Major 
February to 29tl1 April 1920. Mason's observations of 1911 with the old observa. 

Upprr Subordinate Service. tions of 1858-60. 

Mr. Bernt Kumnr Mukel.ji, in charge Printing ( d )  G r ~ t i c ~ l e s  for No. 2 Drawing Office. 
Section. (e) Fundamental equations were solved for the 

Computii~g ofice.  eimultaneous reduction of magnetic observations 

Head computer. 
by No. 18 Party. 

Bal Bahib Iahnn Chnndrn Dava, B. A. 
For detecting errors in the traverse line 

B.bu 8. C. Guhn, B.A., officiating from 28th June Ganges Difira No- 1 (Purnea) of 1905-06 and 
to 30th September 1920. Rfijshihi-h1Blcla traverse of 1915-16, which was 

11 Senior k 6 Junior computers. asked for by the Director of Bengal Surveys as their 
Printing Section. junction points disclosed an error of 7 chains. 

1 proof reader, 23 compositors, 6 dirtributerm, (y) For Auxiliary Tables Par t  111 (5th Edn.). 
6 presamcu, 1 stereotyper and 8 book-binders. rn cos n 0  rn sin n0 

(h) Values of --- and --- 
Workshopr. 

for the 
In I. - 

1 Bead Artificer, 28 fittere and carpenters. adjustment of minor triangulation. 

,4dji~cdtt~ei~f.~.- 

(a) RIawkmai Series and IJong H s r t  Series in hand. 
(6) Heights of North Baluchistin and K a l i t  Series completed (in terms of Great 

Indus Series). 

( c )  Kashmir Series and Russian triangulation taken up. 

( d )  Adjustment of trig. heights of all lndia  is under contemplation. 

(e) Corrections have been applied to some of Burma degree sheets. 
Miscel/a~teorrr.-(n) Revised barometric and hypsometric heights near Turfan for 

Sir  Aurel Stein. 

(b) Compiled requisite loformation for the combined chart 42 (South) and 43 (North). 

(cj Prepared and submitted a report on Sir Aurel Stein's mork and examined Gilgit 
triangulation. 

( d )  Examined and checked Tide Tables for 16 Party and Traverse by 22 Party. 

( e )  Submitted report on the mork of Rai Sahib Ram Singh and Ilai Bahadur Lal  
Singh in Central Asia. 

( f )  Checked forms designed by Major Morshead. 

( g )  The remodelling of professional forms is in progress. 
Triangrrlntion Pany14lets.-1.6 pamphlets were printed and issued during the year, 

includ~ng 14 sheets for the East Persia Party, which were vandyked. About 40 sheeta 
were compiled and compared of which 25 mere supplied to  the Superintendent Eastern Circle. 
Beoides the above some compilations were made from explorations in Persia. 

Levelling.-The following have been published :- 

fa) Second edition of levelling pamphlets 44 and 53. 

(b) Addenda to Levelling Pamphlets 63, 72 and 73. 

(c) A reprint of the Levelling Pamphlet 5k having been called for on accoont of im- 
portant revisions in that  sheet, a corrected 3rd edition has been prepared and will be ready 
for publication early next year. 

Recision .- 
(a) The revision of the Auxiliary Tables of the Survey of India is in hand: Part  111, 

6th edition is in course of printing. This part will be mainly devoted to tables required for  
the computPtions of topographical survey. 
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(6) Chaptar I11 ( 1  914) of the Hand Book of T o p o g n p b  is u n d a  reviaion and  will 
be reedy for publication by the end of this yeer. 

Reqa&tiom.-I 65 requisitions for data  were received from departments1 and non- 
dapartmental official~. I n  some cases theme requisitions w e n  met by the supply of ~ r i n t d  
publications : in  i t  was necessary to extract the required information from manuscript 
records. All the requisitions from Eastern Circle, which were considerable, for triangulation 
data in Burma had to be copied and supplied. 

Research Work.-The question of the adjustment of minor trisngulation has been taken 
up. It will be seen that  in this case i t  is essential that  a much shorter process than t h a t  
which may rightly be followed in the case of geodetic triangulation must be devised. Failing 

this, owing to the enormous mass of minor triangulation, the work of adjusting i t  would be 
impracticable. Tha t  the work should be adjusted in  some cases is most desirable ; otherwise there 
is ap t  to  be great confusion when publication is undertaken. It is possible to  suggest t h a t  t h e  
adjustments may be performed by applying corrections which change a t  a uniform rate be- 
tween two points of closure. But  in practice there are generally several more points of closure, 
so that  this method cannot be applied a t  all easily. Moreover, i t  takes no account of the  
azimuth and side closures, which are inter-related with the changes in latitude and longitude. 
Such a process only renders the lack of adjustment less apparent : while i t  exists, probably in  as  
localised a form as before, the so called adjustment has sometimes been made : and the results 
arrived a t  have not been mutually accordant. 

Considerable progress has already been made in finding a short method, which leads t o  
consistent results. It is possible thereby to satisfy any  number of closing conditions. The  
solution is not the most probable adjustment, bu t  does not differ greatly from it. It is a 
development of Chap. VI, Prof. Paper 16. The method has been applied to  two degree 
eheets, and i t  appears tha t  perhaps about a fortnight's work would suffice to  adjust a sheet, 
after the method has become standardised. 

The above work has so far been only in the hands of Dr. Hunter,  bu t  there is no reason 
to suppose that  i t  mill offer difficulty to  the Computing office staff. 

Dr. Hunter has also prepared a long note on the specifications of microscope theodo- 
lites, in view of certain developments in glass graticules and other details. This has been 
sent to the Director General of Stores, India Ofice, by whom i t  mas called for. 

PRINTING SECTION. 
The following were printed in the course of the year :- 
Volume X I V  (1918-19) of the Records of the Survey of India; Triangulation 

Pamphlets of which some mere final editions, complete with topo. data;  Levelling Pamphlets 
44, 53 and addenda to 63, 72 and 73;  Atixiliary Tables, Par t  I (reprint); Hand  Book of 
Levelling ; Catalogue of library books ; Topo : Hand Book Chapter I11 ; Air-Photo Surveying ; 
Waziristsn Report and English Indent. 

A second Wharfedale Machine has been installed and was started in February 1920. 
I n  the Book-binding Section the work dealt with comprised 2500 copies of trianguln- 

tion 600 copies of Levelling pamphlets, and 3450 copies of miscellaneous publica- 
tions including angle books and library books. The binding of the Records Volume X I V  
(350 copies) is in hand. 

WORKSHOPS. 
During the year 191 9-20 the following work waa done in the  workshop :- 
Fitting the new Whal-fedale machine and installing motor for running the same; 

making alterations in Photo Zinco Office presses ; frame for the 1arge:reflecting mirror; maling 
woodwork verandah for Photo Zinco Office duffers; making almirahs and cabinets for the 
library; pecking field presses, etc.; making tables and stools for Drawing Office and Printing 
Office; making parts of signals for Sind S i g a r  Party and other miscellaneous work. 

OBSERVATORIES. 
(1) Seismography and Meteoro10,qy.-The Omori Seismograph was i n  operation 

throughout the year and the usual daily meteorological observations were made. From 
1st to 21st September in addition to the usual observations, readings were recorded of 
the barometer and hygrometer a t  8, 10, 12, 1 4  and 16 hours for investigation purposes in 

connection with tho expedition of Dr. Kellas and Major Morshead to Kamet. The  Photol 
helio observatory continued its work as in past years. The following statements show the  
earthquakee recorded and the number of days on which solar photographs were bken.  
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1. Statement of earthquakes recorded during the year 1919-20. 

W. R. meens dsily Weather Report published s t  Eimls. 
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2. Statenzent &hozoing the ?lumber of day8 on which solar photographe 
roere taken during the pear 1919-20. 

Month e n d  Date Duration 

8" Negts. 12" Negte. i g O s  z' 
M0nth. 1 , 1 , I which I Monkh. 1 

Good. Bad. Good. End. sBzy:, 
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(correcled) 

8" Negts. 12" Negte. E;; % , 1 , / which 
B u n  wan aood. Bnd. Good. ~ n d .  b~s ib le  
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October 1919 

November,,  
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M u c h  .. 
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41 
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slight intensity. 
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miles 
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280 
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I n 1 i rn 

21-12-19 

21-12-19 

3- 2-20 

27- 2-20 

3- 5-20 

3- 5-!?O 

8- 5-20 

8- 5-20 

5- 6-20 

11- 7-20 

21- 9-20 

21- 9-20 

29 

29 

23 

22 
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30 
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APPENDIX I. 
(Rcad of the H .A .S .  Gcop?iysical Neeling on ,Ifor. 6, 1920.) 

THE E A R T H ' S  AXES AND FIGURE. 

1. mTllell the expression "The  Earth's Axes " is used i t  is generally intended to refer 

to the axes of that  ellipsoid which agrees most closely with the mean sea-level e~~uipotent ial  
surface of the ear th;  and much more often tharl not this ellipsoirl is considered to be one of 
revolution round the polar axis and is briefly named the " spl~eroid ". 

I6The F ~ g u r e  of the Earth" implies the actual mean sea-level equipotential surface 
which is called the "geoid". This is the reality of nature. The spheroid has certain uses and  
may for some purposes be used instead of the  geoid. I do not think i t  has ever been r ~ g i d l y  

defined. 

2. I n  the early part of the 19th century d~screpancies between geoid and a selected 
spheroid were uniforn~ly ascribed to either olserl ation errors or t o  the selected sphero~d being 
of incorrect dimensions or locatioll ; and the view seemed to h rev ail that  if a spheroid were 
correctly selected i t  should coincide n i th the geoid. 

3. Results which became available later made i t  quite clear tha t  there cannot be 
coincidence between geoicl and spheroid, and i t  seems necessary t o  consicler whether any  
precise meaning is impl~ed by the name "spheroid ". For over 200 years various determina- 
tions of the spheroid have been made. TWO methods have been emplo~ecl by geodesists :- 

(i) Rfeasurements of arcs of triangulation, with terminal measurements of latitude 
and longitacle or both, 

(u) Pendulum observations, which may be applied to Clairaut's equation to find the  
ellipticity. 

I n  the first of these methods there is no reason why the n-ork should not be satisfac- 
tory, if proper precautions are taken, even though the geoid is widely different from the  
spheroid. I n  the second method, since Clairaut's equation is deduced for a spheroid, it ie 
only an approximation when applied to the geoid. 

4. A solrltion by (i) making the residaal deflections of the plumb-line a minimum 
over any area-even over the whole earth-will not lead to precisely the same spheroid as t h a t  
whose ellipticity is determined by (ii). It appears then tha t  there is no uniquely defined 
spheroid in the minds of present day geodesists. 

5. There is a spheroid which n-ould be a possiblo form of equilibrium for the earth 
if it behaved as a fluid ; and no doubt the earth does in a great portion of its mass ac t  practi- 
cally as a fluid nronld. But  the external portions do not act as a fluid, and so thie 
hydrodynamical equilibrium spheroid has no special significance. I n  latter years Hayford 
brought in corrections, on account of isostasy, t o  his work to determine the axes and ellipticity 
of the spheroid. This results in a modified spheroid which I think amollnts to  much t h e  
same as the hydrodynamical spheroid just alluded to. 

6 .  Now the determinations of Helmert and Hayford are :- 
a b 1 I€ Hayford 1906 6378.283 + .03S km. 6356.868 krn 297 .8  + 0 . 9  

Eelmert 1907 6378.200 6356.818 298 .3  
Hayford 1009 6378.388 + .018 6356.909 2 9 7 . 0 + 0 . 5  

which may be compared wit11 the determinations of 
Everest 1850 6377.276 6356 -075 300 .80  
Clarke 1880 63378.301 6356 871 293.47 
Everest's axes are distinctly too small. Clarke's are intermediate to those of Hapford 

and Helmert. n u t  as regards the inverse of the ellipticity Everest is large and Clarke small 
compared with Hayford and Helmert. Clarke however is in good accord with values of 
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inveree of ellipticity derived from lunar theory (E. W. Brown 293.7 0 . 3  ; Cromme]in 
294.4 + 1 - 5). Darwin derived 296 - 4  by astronomical means, which is intermediate to  these 
and Hayford. 

Clarke in 1878 also solved for three unequal axes getting 6378.431 in longitude 80 15' 
W, (revised values) 6377.966, and 6356.439; and as far  as I am aware thie is the last deter- 
mination of its kind. 

7. Now, with no very precise definition of the spheroid, what are its uses 7 T~ my 
its chief value is as a reference figure, and for this purpose i t  is not necessary to find 

a rigid definition for it. For s n y  one survey a spheroid is selected and all results, whether 
topograpl~ical or geodetical, can be correctly expressed in terms of it. Such a splleroid 
aclmits of the formation of relatively simple formulae for calculating all ordinary survey 
operations; i t  serves as a reference figure in relation to  which the form of the geoid may be 

and i t  gives a basis for a formula for gravity, which should approximate to the 
actual geoidal value. It has a value in giving approximate bases for astronomical purposes, 
for it is simple t~ calculate the distance apart of any tmn points on the spheroid, and this 
gives tho  lear rest possible approximation to the actual geoidal distance. It is only an 
rpproximation, less precise than what is possible after continuons survey joins the points. 

H. It is most important that  existing geodetic surveys should be fully linked up 
as soon as possible. Suppose by some means the axes of tlie spheroid most closely approxi. 
mating to the geoid over the whole earth were accurately known, and consider what use 
could be made of i t  by the  surveyor. H e  can determine at any point of his area, which 
he  selects to  use as origin, the direction of the axis of rotation of the earth. This will enable 
him to direct Iris spheroicl properly. But  after he has found his latitude and longitude 
nstronoliiicnlly and his Ileight by spirit-levelling above some mean sea-level a t  a tidal station, 
be does not know to what point on the spheroid his origin corresponds; for the geoid at his 
o r i g ~ n  may be tilted to  the splleroid and raised above it. I n  other words he has no means 
of locating hin~self with regard to  the centre of the spl~eroid. H e  must make the best 
assunll~tions f o r  this that he can, e.  g. that the mean deflections in meridian ancl prime vertical, 
over 111s area, are zero ; and that  the mean geoidal rise above the spheroid is zero. Obviously 
tire larger his area the more satisfactory will his assumptions be. 

I am just pointing out the difficulty of expressing results of a geodetic survey in 
ternis of a o~~iversa l  spllcroid, even of given xxes. The point I want to make is that the 
p r e s z i ~ ~ y  fnrther iu the effort to determine n~llnerical values of tlie axes of a hypothetical 
el1heroltl is not very useful. L e t  us rather t ry to get all results into terms of one reference 
~~)heroicl-either EIa~fortl  or Helrnert's will serve quite well and eclually well-by linking up 
euistinq surveys as far as possible. 

9. I t  may be thought that I am insisting too much on the difference of the geoid 
from any ~ ~ I i c r o i d  wllic11 has been or niight be proposed. To give an idea of the deviation 
liable to be met \vith, I have taken out the figures for meridian 77O.7. I have not had time 
to go nlorr f ~ ~ l l y  into tlre geoidnl form, cven in India, for tllc present discussion. I n  1916 I 
apl)lic.(l a similar 1,rocrss to the mlrole of the Indian survey, and this single meridian may be 
consitlrretl tyl)~cal.  The procrss folloirccl now is to take tllc mean of all observed meritlia,n 
deflections for c n ~ h  srlnnrc tleqrec of latituile bet\vcen longitudes 77' and 7H0, and also the 
mean lntit~lilcs ant1 I11n~it.rltlcs of the stations. These drtlections are then plottetl against, 
latitrltlc am1 n cllrve dl.n\vtr tlrrongli tho lloints, from wl~ich the nrenn deflection of each 
dccrre of latitntle is read off. The mean of all the dellcctious in each dcgree between 
latitr~(lc So ant1 29' is found ant1 rcmorccl, leaving resitl~lal deflections on tlie basis of a 
deHcc(ior1 of amount ~ ( ~ l l a l  to the nlmn, ba t  of opposite sign, a t  the origin (Kalianpnr). 
Thew nmor~nt to 1 . " 7 i  and -E."OS, corresponding to a shift of the ccnt,re of the spheroid of 
tS anll IRA ~nctrcs parallel to the meridian a t  the origin i n  the cases of the Evcrest and Hel- 
mcrt sl)l:eroi~ls rcspectivcly. The deflections in seconds multiplied by a factor give the rise 
of the gcoid in tlic corresponding degree; and the summation of these separate quantities give 
the risc of rroi,l a t  any point in relation to the starting point. This process has been carried 
out  lor deflections expressed in terms of both Evcrest's and IIelmert's spheroids, and the 
rwults are shown by curves. 
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De$ectiour of  the pl i~mb-line and Rise o f  geoid i ) ~  longibde 77'- 7 

10. The tleviat,ion of jicoid from either spheroitl is ~mal fcompa led  with tl.edirnensions 
of thc sl,heroid. A rise of :'O ~nct,res in comparison nitl'; a radins of over 6000 km.  is less than  
1 in !.100,000; hut the  deviatio~l carrietl over tllc ~vhofe globe may  a t ta in  to  consitlerably 
greater amonnt,, ant1 C ln~~ke ' s  z-axes ellipsoid indicates a deviation of 25 t imes this amount.  
1 do not say tha t  Clnrlir's fiji~i~.es arc  a e c ~ i ~ a t c ;  Lut I feel Illat deviations of amoun t  even 0.5 
kin, ha,ve  lot j.et I)cel~ pi.oc.c.t/ not  to  exist,. At prcsent 1110 tlcviatio~ls can only be traced i n  
areas of c o n ( i n ~ ~ o n s  survey, arid cannot be ~vcl l  estimated beyond sue11 limits. 

I I .  .\n inspection of the curves reveal t o  my mind the  fac t  t h a t  there is not a g rea t  deal 
to choose Letmccn thrse t ~ o  sl~l~croicls a s  reprcse~lting meridian 7 7 O . 7  E in I n d i a ;  and  t h a t  in 
this S I ) C C ~ I ~ I C I I  case Rverest's sl)lleroid of 1830 is not much less satisfactory than  Helmert'e 
q)lreroitl of 1907. The deviation of the  geoid at  lati tude 91" does not allow us to  form much 
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idea of the geoidal form in and beyond the Himalayas. Had the mean deflection not beRn 
removed, the cl~oice wonld have been in favour of Everest's spheroid for, then, the deviation 
must be measured from the sloping lines in the diagram, which show a rise of 42 metres 
(Everest) agai~is t  64 metres on Helmert's spheroid. The point I wish to make is not that 
Everest's sphero~d is as near to the geoicl as Helmert's-I have no such opinion-but that 
neither spllrroiri j itu /he geoid, and that  the geoid differs from any spheroid by easily appreciable 
nnlounts, of magnitude perhaps as great as the two spheroids differ ifrter se. The two 
spheroids used differ by nearly 1 k ~ n .  in semi-major axis; and their ellipticities are 1/300.8 
and 1/298.3. Everest's spl~eroid was mainly determined from results on this very meridian 
and Helmert's from all available values of "g"  througholit the world. 

Form of GEOIL) along meridian 7 7 O . 7  E. between latitude 6' and 31°. 

Rend ord~nntes  from s l u p ~ n g  11ne.i to get  rise OF p e o ~ d  In  metres In terms of no deflection n t  origin (Kalianpur) 

Ordinates from l ~ n e  00 girr o;eoid in terms of mean deflections at Kalienpnr 1."77 9 for Everest Spheroid 
4.08 8 for Helmert Spheroid 

12.  Hayford has also obtainetl values only slightlj- different from Helmert's, from 
results iu the U. S., using his metliotl of introducirlg the theory of isostasy in a practical form. 
This forni of isostasy when applied to India went some way to account for deflections there; 
and Sir Siclney Rurrard's extension of it, which takes acconnt of anomalies of crustal density, 
gives, apparently, a complete explanation. I n  this work Burrard has (ler.ivet2 values of depth 
of anomaloas clensity, which will explain observed tleflections; ancl I submit t,hat if he had 
sought for a solr~tion of dettections mith regard to Everest's spheroid, he would have been able 
to  obtain it  mith different values of the depths. 

13. Each separate gravity survey and each individual n1easrlreof gravit.y not forming 
part O F  a comprel~ensive survey, nlakes a separate assumption of the local height of the geoid 
above the spheroitl of reference; that  is, all can assume a spheroid of eqr~al size and direc- 
tion of polar axis, brlt cannot assure identical location in each case. Ilayford's method 
applietl to  India shows the mean form~ila values for gravity to be too small by .011 dynes 
preciselj- the same as the free air h~pothesis  yields. I submit that the .011 dynes might be 
accounted for by the mean deviation of the geoid in India from the spheroid, derived from 
whole morlcl resrllts, being 36 metres below t,he spheroid. Clarke's ellipsoid gives 230 metres 
del>recsion brlom the spheroid : and this is derived from triangulation arcs, but, determination 
of lonqitude ol' major axis is very weak ranging from 41' 4' E (Schnbert) to 8' 15' W 
(Clarke). 

14. Brit it appears to me that the theory of isostasy, in trying to explain icily the geoid 
d i f f c ~  from a ?;pl~eroitl, causes attention to be withdrawn from the fnndamenta.1 reality, viz. 
tht ,  ,zv/nnl.f l ,r , / ,  , ! / ' / A t ,  !leoi,l. There are two important problems,~first to determine the actr~al  
form of the  aroitl, and r ~ ~ t . o ~ t t l .  to esl>lain why it is that form, and thereby derive information 
ae to  the crl~st:rl distribution of mat.ter, as Uurrard has done. 

1 . .  Each srlrvry s l~o l~ ld  prorll~ce a conto~ired map showing the form of t l ~ e  geoid with re- 
lation to a selected spheroid. Necessary data is u~ua l ly  scant ;  its scantiness might be reduced 
when reolised but some idea of the form conltl he obtainetl. I f  the geoiclal contours are drawn 
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in this way for two sepana surveys, they are  essentially in different terms. This muat be E0 

until the two surveys are linked by a comprehensive geodetic survey; and all tha t  can be 
assured before this, is that the selected spheroid has the  axes of the same lengths and the same 
direction of polar ..is. TO locate its position in space three conditions are  recpired, derivable 
from assumptions a t  the origin of latitude, longitude and height. 

As an example suppose that  the meridian 7 7 O . 7  E shown on the slide was expressetl in 
terms of two distinct surveys with a gap between latitudes 24' and 25". I n  fitting the geoid 
t o  either q i t e  different values of deflection a t  origin would be deduced : and both 
portions would give evidence of a smaller spheroid even than Everest's. 

16. It may be suitable to  refer a t  this stage to  an alternative way of tracing geoitlal 
deviation. I n  the one used above the objection is tha t  observations are not sufficiently freqtwnt 
to admit of reliable values of the deflection being interpolated. The alternative is t o  make 
use of vertical angles with triangulat~on for determining heights. These angles have to be 
freed from the effects of plumb-line deflection, as  well as  of refraction. The heights then 
resulting are in terms of the adopted spheroid. Spirit  levelling'will give the heights of the 
same points above the geoid ; and the difference of the two heights is accordingly'the separa- 
tion of spheroid from geoid. Atmospheric refraction has not hitherto been dealt with in a 
way which is satisfactory for this purpose, and triangnlated heights have generally been 
adjirsted on spirit levelled heights. Such a course has been unavoidable owing to the paucity 
of deflection results; and the deflections have been ignored. The following equation re- 
lates observed angles of elevations, plumb-line deflections and refractions a t  two stations :- 
o, + o,=E, + E, + x - + a,, x being angle between spheroidal verticals at the two stations. 
To compute refraction o i t  has been customary to assume i t  equal a t  both stations, and neglect 
deflections 6. As these are liable in hilly country to  be of the same order as the  refraction, 
highly erratic values of the latter have been obtained. Hecent research indicates t h a t  
~ r o b a b l ~  in many cases the refraction may be computed from terminal measurements of 
te~nperature, pressure and temperature gradient. This mill open up a more accurate nvay of 
tracing the form of the geoid. 

17. Every effort must be made to 1ink.esisting surveys. Sir  David Gill initiated the 
Cape to Cairo triangulation, and this has now progressed over many degrees of latitude. It is 
not quits so complete* geodetically as might be desired, bile this could be remedied. Fifteen 
months ago I put  up a proposal to the Surveyor General of India for geodetic work from 
India to  the Mediterranean and Europe. I f  t , l~is and Gill's project were completed we could 
find out much more of the geoid as well as the spheroid. 

IS. Practically all existing triangulation of tlie old world would then be connected. 
Even this covers but a small portion of the land area; and a correspondingly smaller pro- 
portion of the whole globe. 

The sea areas offer advantages as regards accessibility. B u t  metl~ods suitable for these 
arc not of the same precision as the land methods. The sea, however, dispenses with the need 
or  spirit levelling. 

19. Hecker has already made determinations of gravity a t  sea-I am not prepared to 
saj what precision of result is available. I n  1914 Duffield tried an apparatus for tlie snme 
purpose on the voyages to  and from Australia for the B.A. meeting there. I have not heard 
of this work passing beyond the experimental stage. But  with isolated values of gravity, 
anomalies due to unknown local irregularities of density must occur, and I do not think that  
t, l~e actual form of the geoid-i. c. its height above any reference spheroid-can be derived 
from them. 

20. A few months ago I llad tlle pleasure of meeting Captain Douqlas, C.RI.G., 11.N., 
of the Hydrographic Department, Admiralt,y, who, I understand, introduced a. system of sonnd 
ranging at  sea. Positions of points up to 100 miles away were fixed by means of the tl~ffer- 
ehces of time a t  which sound waves, emitted from tlie point by explosion of a depth charge, 

A iull gcodotic progrnmrne, lo  d i . l e ~ m ~ n c  the Bignro of tllp Earth, ehould comprise:- 

(I) 'l'riangnlntion. wit11 ndditionnl bases I I I I ~  1,nplnre etations. 
(2)  I~eflcctions of  tllc pluml~-line in meridian nnd prime vv~.ticnl, a t  all trisngtrlation stations; or rrt 

lenfit coUlinnr~ne1y along n 6erire of int,rrvisible stntic,ns. 

( 3 )  Vrrtlrol nnclo* and neccsstnrp observnlion~ for slurlying and computing refraction. 
(4) ('ontinoons s p i r ~ t  Irvclling, conncrtcd to tidal ftatious. 

I t  i~ a180 most dcq~rnble that " g  " shc~uld be ol,eervrd a t  frequent intervals and for its proper rsduction 
r o ~ ~ ~ ~ ~ o r r d  tol~ogrnpbicnl maps of the neighboorhood are necesrnry. 
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and transmitted t l~rough the water, reached three coaet stations. I f  wireless signals were 
emitted s i m u l h n e o ~ ~ s l y  with the sound, only two land stations would be necessary-the work 
would be simple trilateration. I f  forward stntions were recording simultaneously, their 
positions could also be fixed, and the interval covered would be doubled. I do not know what 
intervals co~~lc l  be spanned in this way or the precision attainable. Sound travels about 1 mile 
per second in water, or about tiO1' of arc. l'erhaps the timing could measure less than 1" of 
arc. Again sound t,ravels 3600 knots, so that  the effect of currents could be considered. I f  
positions could be fixed to about 1" of arc in this may, combined with the ordinary astronomic 
observations they would yieltl highly satisfactory values of the deflect~ons in meridian and 
prime vertical. 

Cotrc.lrcsioii. 

The conclusion that  I draw may be briefly put : - 
(1) The spheroid as recently determined by Hayford and Helmert gives a good 

approximation to the figure of the earth in various districts. When such a spheroid is applied 
to any geodetic area so placed as to  fit as well as possible, the deviation of the geoid from it 
may well not exceed 20 metres. But  there is no assurance that  spheroids thus placed for 
each survey are coincident in position. 

( 2 )  It is most important that  areas of :eodetic survey should be linked up as far as 
is feasible, so that  larger areas of the geoid could be placed in a single set of terms. Until 
this is done little further progress can be expected from geodesy in the determination of the 
figure of the earth as a whole, or of the tlimensions of the ellipsoid most closely approxi- 
mat,ing to  it. 

(3) An important aid to  the stlldy of the geoid will result if atmospheric refraction 
is studied and brought within the compass of accurate computation. 

[ S )  Sound ranging through water may possibly be of su5cient  precision and scope to 
permit of the study of the geoid across certain oceans from island t o  island. 
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APPENDIX 11. 
(Pq~blished ilt the R.Z. Joitrnal, April, 1921.) 

R E P O R T  O N  T H E  E X P E D I T I O N  T O  KAMET,  1920. 

BY MAJOR H. T. MORSHEAD, D. S. O., R. E. 

INTRODUCTION,  P R E V I O U S  ATTEMPrl'S O N  K A M E T ,  O R I G I N  AND, 
SCOPE O F  T H E  P R E S E N T  E X P E D l T I O N .  

The mountain known in India as Kamet and to the Tibetans as Kangmed* or 

Abi Gamin-the 30th in order of magnitude of the known high peaks of Asia and of the  
world-is situated in latitude 30' 55' and longitude 7 9 O  36') in the Garhwal district of the 
United Provinces just south of the Tibetan border. Rising to a height of 25,445 feet, 
it forms the culminating point of the Zaskar Range-a northern bifurcation of the Great 
Himalaya-and, though forming a conspicuous landmark from the Tibetan province of 
Ngari Khorsum on the north, yet  from the south, owing to its position behind the Great 
Himalayan Range, its appearance is so modest that  till 1849 i t  remained unnoticed and 
unmeasured, though but 250 feet lower than the King  of the Kumaon Himalaya, Nanda 
Devi. t 

The earliest attempted ascent of Kamet was made in June  1856 by the brothers A. 
and R. Schlagintweit who reached a height of 22, 240 feet on a mountain which they called 
Ibi Gamin, and believed to be identical with Kamet. Subsequent investigatim has however 
tended to the belief that  the mountain on which they actually climbed must have been the  
satellite known as E .  Abi Gamin or Strachey's peak (24, 180 feet). 

During the succeeding half century, the only recorded adventurers on the mountain 
were the members of the Great Trigonometrical Survey who triangulated and mapped the  
area in the years 1872-75. I t  was near here in t.he latter year that  the late Mr. I. S. Pocock 
made what remains to  this day one of the world's highest planetable fixings-setting up his 
board a t  22,040 feet.$ 

I n  recent times, numerous attempts have been made on the mountain. The 
approaches both from the east and the west were reconnoitred in July and August 1907 
by Messrs. Bruce, Longstaff and Mumm, but  serious climbing was prevented by  the onset 
of an unusually violent monsoon. C. F. Meade, accompanied by Alpine guides made three 
strenuous efforts to conquer the mountain, in 1910, 1912, and i913.  On the latter occasion 
approaching via the Raikane valley he succeeded in reaching the col ("Meade's saddle," 
23,500 feet) between Kamet and E .  Abi Gamin, when his party succumbed to mountain 
sickness just as success seemed within its grasp. 

The late Capt. A. L. Slingsby twice attacked the mountain unsuccessfully from the  
western side, while Dr. A. M. Kcllas of Aberdeen, the well known mountaineer, also 
reconnoitered the western approaches in 1911 and again in 1 9 1 k t h e  expedition in the 
latter year, which had for its special object the scientific investigation of the effects of high 
altitude on the human body, being sunlmarily cut  short by the outbreak of war. 

On the conclusion of peace the Royal Geographical Society, recognising the desir- 
ability of collecting further datka regarding the physiological effects of high altitude, 
~ersuaded  Dr. Kellas to  resume the experiments cut  short in 1914. They further arranged 

K ~ i n g ~ ~ ~ c d - ' .  1.11e ~ C I W P I  81mw8." ne dibtingllial~ed from Ihe higher enow6 of 1 1 1 0  Iinllua Ranee, c ~ ~ l n ~ i n a t -  
ink  in l l t .  (31lrls a l n n d l ~ i ~ a  100 miles tll Lhe E. S.  E, The nnme Ilus. I ~ h ~ r l k  erroneousIy, been spelled gongmen 
in N .  Fronlier f"  blleel. No. 9 N. B. and on the R. 0. 8.  nlnp of Tibet. 

t I311rrnrll 1 1 1 1 t 1  Hnyllt-n. A sketch of t h e  Qe0yraph.y and Oeolo.7.y of the H~mala.va Nounfains. Garnet now 

s l ~ a r c ~  t,l115 3O1h plnce i n  tl11: Wo Ill's ligt of high p c ~ k a  with Namchu Ilnrira. the monntain identical heipht 
overlooki~~:. thc I~ix  bcl~tl o l  t l ~ r  l ' s x n g ~ ~ o  River in the Aasnm Ulmnln)-a, which was d1600vered during t h e  a b o r  
and hlisl~rni Expeditions of 1912.13. 

f Qrneral I lrparr  oil the Operotrons of the Q. 2'. S u r a a ~  of India dtrring 1874-i5. I h n ~ e  searched the 
originnl plnneLsble sect~onm of thls nres In vmin Lhe hope of discovering the exact ~ i t e  of this firing. 
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for the  loan of oxygen cylinders and other scientific apparatus from the Medical Research 
Committee in England, for its despatch t o  Bombay through the agency of the India Office 
Stores Department, and for the assistance of the Survey of India in taking delivery of 
the  apparatus in Bombay and transporting i t  by rail and coolie via Kathgodam to the base 
of the mountain beyond the extreme Himalayan village of Niti. 

I was fortunate enough to be deputed for the latter task, together with Mr. La]tan 
Khan I. D. S. M., Sub-Assistant Superintendent, Survey of India. 

The objects of the expedition may thus briefly be summarised as follows :- 

(1) To study the physiological effects of high altitude on the human body, with 
special reference to the problem of acclimatisation. 

(2) To  obtain further information regarding the altitude to  which ascent is possible 
without resort to artificial means of respiration, and to record the temperatures, wind 
velocities etc., prevailing a t  extreme altitudes. 

(3) To experiment with the use of different forms of oxygen apparatus. 

(4) To make as complete a revision as possible of the 1" to  1 mile reconnaissance 
Survey of 1872-75 in the Kamet area. 

The scientific observations contemplated by Dr.  Kellas fall under five main heads, viz :- 

(1) Comparative records a t  different altitudes of t,he pulse-rate, respirations, lung. 
pressure etc. of a number of selected subjects, on similar lines to the tests for physical 
fitness devised by Col. Flack for use in the Royal Air Force. 

(2) Comparative measurements of the haemoglobin content of a measured quantity 
(20 c. mm.) of peripheral blood at different altitudes. 

(3) I\~Iicroscopic estimation of the number of red corpuscles in a measured quantity 
(5 c. mm.) of peripheral blood a t  different altitudes. 

(4) Est,imation of the amount of skin-evaporation by means of Hill's apparatus, 
known as the " kata-thermometer." 

(5) Analysis of the alveolar air (i. e. air from the ultimate ramifications of the 
longs) for oxygen and CO? content, by means of Haldane's apparatus for gas-analysis. 

These observat,ions, if commenced near the level of t,he plains at Kathgodam and con- 
tinued as far as the highest point reached, might, i t  was hoped, yield valuable information 
recprding the rate and degree of acclimatisation to altitude. 

The oxygen apparatus, which was provided by the Oxygen Research branch of the  
Medical Research Committee, consisted of :- 

(1) 3 sets of oxylith portable breathing apparatus, manufactured by Messrs. Siebe 
Gorrnan and Co.; these each consisted of a large rubber bag holding a su5cient supply of 
oxygen for 15 or 20  minutes consumption-the oxygen being generated on the spot by the 
chemical combination of oxylith and water. 

(2) 60 steel cylinders of compressed oxygen, each weighing 15 lbs. when charged, 
and holding 280 litres of gas a t  0' and 760 mm. Web belts and straps were provided for 
enabling these cylinders t o  be carried on the back, also a flow-meter for regulating the flow 
of gas to the face-maak a t  1, 2, or 3 litres per minute as desired. 
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N A R R A T I V E  ACCOUNT O F  T H E  E X P E D I T I O N .  

It was hoped that  the apparatue might  have arrived from England by the end of Junq 
so as to enable Niti to be reached by easy stages on about 7th August. This would allow of 

the remainder of the month of August being devoted t o  laying out advanced dep8ta of oxygen 
cylinders, firewood, etc., as far  forward as climatic conditions admitted, with a view to utilie- 
ing the first fine weather after the monsoon for the final climb, before the arrival of the  winter 
snow. These plans mere unfortunately frustrated by a very serious delay in the shipping of 
the oxygen c y l i n d e r s a u e ,  apparently, to the unexpected decision of the  shipping authorities in  
England to classify the cargo as '' high explosives ". Consequently i t  was not int i1  early 
August tha t  the kft reached Kathgodam-whence, after hastily repacking the cylinders into 
loads suitable for coolie transport, the expedition started in pouring rain on 8 t h  August. 

This unfortunate delay at the start involved the complete abandonment of Dr.  Kellas' 
*laus for comparative observations OII acclimatisation en route, and the  paramount consider- 
ation now became t h a t  of pushing forward mith all possible speed in  the endeavour t o  reaich 
the high ground before the onset of winter conditions; leaving the comparative observations 
or the return journey. Travelling via the rolling hills and fertile stuffy valleys of Kumaon, 
we reached Josbimath on 22nd August, and Nit i  five days later. Here we halted for a day  
to arrange for food supplies and for permanent coolies and yaks for our further progress. 

Resumiug our journey on 29th mith a retinue of 24 yaks and 4,0 coolies, we encourter- 
ed our first obstacle on the following day in the shape of the unfordable Dhauli River which 
separeted us from the Raikane valley, a t  t,he confluence of the latter river. This necessitated 
a day's halt while the coolies constructed a cantilever bridge, the timbers for which had t o  be 
fetched from the tree-zone below Niti.  

The foot of the Raikanc glacier mas reached on 1st September. Dwarf juniper scrub 
(bhitaru) grows plentifully in this neighbourhood and forms an excellent fuel, which can be 
plied up by hand by the roots without the use of an are ,  and burns with a pleasant aromatic 
odour. Above this point no further fuel occurs, nor is the valley passable for yaks. We, 
accordingly made this our base camp (15,380 ft.) and determined on a brief halt, in which 
survey operations and scientific observations could be carried on, while the coolies collected a 
reserve of fuel for our needs on the mountain. The yaks meantime returned to Niti  for fresh 
supplies of provisions. 

Marmots abound in the Raikane valley, and some excitement was caused on our first 
arrival a t  the base camp by one of my khalasis catching a tailless "mouse-hare" (La,go,nys 
Roylei) in his hat. The alpine flowers on the hillsides made a striking and memorable display 
in their brief autumn glory,-edelweiss, fleshy-leaved saxifrages, blue cranesbill, yellow and 
orange ranunculus and dwarf primula being among the commonest. and most conspicuous. 

The thermometer at this a l t i t~tde usually registered 6 or 8 degrees of frost each night,  
while the morning spectacle of a powdering of fresh snow corering the hillsides down to 
16,000 or 17,000 f t .  served to remind us that winter was a t  hand, and tha t  our sojourn on 
the higher slopes must perforce be brief. 

From the Raikane base camp our route was ident,ical mith tha t  of C. F. hleade in 1913 
and led over the moraines am1 crevasses of the E. Kamet glacier for a distance of 1 0  miles. 
Frequent and terrific a~alanches from the steep S. and W. faces of the valley are a feature of 
this portion of the route, and form a danger to incautious travellers. Safe camping sites may 
be found however Itere and there on the opposite side of the valley. W e  mere fortunate in  
having with us some of Meade's old coolies whose knowledge of previous camping grounds 
etc., proved invaluable, and I am glad to take this opportunity of acknowled,' rnlng our 
indebtedness to his gallant pioneering. Profiting, however, by hIeade's experiences of 
mountain sickness after a series of long and rapid marches, we decided on adopting a 
programme of short and easy stages with frequent days of halting for acclimatisation; which 
latter incidentally enabled the coolies to return for further supplies of much-needed fuel and 
provisions. Advancing in this manner, on 10th September we reached a camping ground a t  
18,460 ft., beyond which the route leaves the main glacier and ascends a steep side-valley. 

The only incident worthy of mention in this portion of the trip, wa. the loss of two 
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live sheep by slipping through the thin mantle of snow which cdncealed one of the numeroue 
large crevasses of the glacier. Two and a half days later we managed to lower a coolie by a 
rope 40 feet into the crevasses, whence he succeeded after half an hour's work with an ice-axe 
i n  releasing the two sheep, which were hauled to the surface-one still alive, and one reduced 
t o  frozen mutton. 

O n  11th ISeptember we advanced a further 2 miles and pitched a light camp on rock 
st a height of 20,620 f t .  The majority of the coolies showed signs of distress and complained 
of violent headaches on arrival a t  this altitude; we accordingly sent them back to the last 
camp, keeping only two as  guides for the 600 f t .  of rock climbing which lay ahead. After a 
day's halt for acclimatisation we successfully reconnoitred the rock-face on 13th, finally 
emerging a t  the top on to a smooth dome of glassy ice which we had time to cut  45 large 
steps before returning to camp-a delightful day of real mountaineering. 

Next  morning the thermometer recorded 2 8  degrees of frost, while the small patch of 
rqck around our tents was white with freshly fallen snow. Both Kellas' and my own servants 
were a t  this period completely "hors de co~nbat" from the effects of the cold, and \re had the 
greatest difticulty in preparing ourselves any cooked food. The daily convoy of provisions 
and tirewood ceased to function in the absence of responsible superintendence a t  the various 
posts on our line of communications, and this in turn re-acted on the spirits of our coolie 
guides who became extremely despo~lclent regarding the prospects of any further progress a t  
this late season of the year. 

Our position was manifestly too precarious to  warrant any further advance pending an 
overhaul of the line of communication, and this I accordingly undertook a t  once. Retracing 
m y  steps down the valley on 15th, I installed my own private servant, who now showed signs of 
convaIescence, as commander of the Raikane base camp, with orders to institute a regular 
system of cirrillitrs or invoices uotifying the daily number of loads of fuel and stores despatched. 

Dr. Kellas' Lepcha servant took charge of the forwarding arrangements a t  No. 1 camp 
(16,914 ft,.) and Mr.  Laltan Khan a t  No. 2 camp (18,460 feet). 

This accomplished, I rejoined Dr. Kellas a t  camp No. 3 on September 17th, and forllld 
t h a t  he had meanwhile got his 2 coolies to complete the 35 more ice-steps required to negotiate 
the difficult ice a t  the head of the rock-cliff. After w a ~ t i n g  one day, to  ensure the arrival 
of the minimum necessary reserves of supplies, we advanced with very light ki t  and pitched 
our small single-fly tent  on snow a t  22,000 f t .  Owing to sickness the number of was 
now reduced to 8, who consequently had to descend again for the night to camp N ~ .  3, 
returning next day with a second tent  (for themselves) and a small supply of ready-cooked 
food. It was impossible to ge t  firewood carried up the difficult rock-face which separated us 
from the camp below; both we and our coolies were dependent on food sent up ready cooked 
from below, aided by such cooking as could be done by a spirit stove in the shelter of the tent. 
The  thermometer next morning registered a minimum night temperature 15' below zero 
(47O of frost) on t h e  surface of the snow, and our blankets mere as stiff as boards where one's 
breath had congealed on them. Rising from our beds on the snow mas conseque l~ t l~  more 
than the work of a moment. However, after heating ourselves a tiu of soup on the spirit 
stove, and thawing sufficient snow to fill the thermos flask with bovril, we started forward a t  
9 a. m.-our two selves and three coolies on the rope. Taking the lead in turns, and steering 
a winding course to  avoid the giant crevasses, we gradually emerged on to the wide flat valley 

separates Kamet from E. Abi Gamin. On our left, the summit of Kamet showed clearly 
2000 f t ,  above us, connecting with the valley by means of two well-defined are"tes of easy 

either of nllich must have been easily climbable had ,time permitted. It was now 3 
m, however and our coolies were dead beat, so after a brief halt for food and a round of 

photo~raphs,  we had to turn regretfully homewards from Neade's col, in order to avoid being 
benighted. The view from this col is magnificent-comprising the whole Tibetan portion of 
the Sut lej  valley to the north, while 100 miles to  the E. S. E. the stnpenrlous mas~ifof  Gurla 
Mandhsta towered head and shoulders above the intervening army of lesser ranges. 

It was interesting to  observe that  mild life by no means ceases, even a t  these great 
heights. For  our approach disturbed a pair of ravens who kept hovering round the rocky 
crannies of the saddle, seemingly reeentful of the unexpected disturbance of their nesting 
operations ; while overhead-so distant US to be scarcely distinguishable without the aid of 
glasses-a huge lammergier* circled and soared. 

The bearded vulture (Gypatua Barbalur), eaid to menanre 9 feet from tip to tip of outstretched wings. 
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Had we been able to induce the coolies to carry our camp one march further forward 
to the  flat open nive' near Meade's col, i t  is hard to  believe tha t  anything could have prevented 
our reaching the summit. Lack of properly cooked food, combined with the intense cold, had 
however undermined the stamina of the coolies, who' absolutely refused to carry forward 
any further loads. M y  period of deputation had nearly expired, and realising with regret 
tha t  the season was now too far  advanced for further efforts, I reluctantly bade goodbye t o  
Dr. Kellas on September 22nd and turned my steps towards home, reaching Dehra Dun by 
double marches on October 15th-precisely two months from m y  date of departure. Dr. 
Kellas, with Mr. Laltan Khan, remained a further month in Garhwal, and succeeded in corn- 
pleting the essentials of his scientific work, which will Eorm the subject of a a e p r a t e  report. 
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C O N C L U S I O N S  A N D  RESULTS.  

A few remarks may not be amiss in conclusion regarding the  results of the expedition 
from the purely layman's point of view. 

( a )  Physiological.-The fact tha t  neither Dr. Kellas nor myself suffered the slightest 
discomfort at any time from mountain sickness, seems to indicate t h a t  our method of attack 
by  a process of gradual acclimatisation is correct. That  i t  is es~ent ial  also to  avoid undue 
fatigue is shown by the fact t h a t  our coolies who were carrying daily loads suffered consider- 
able discomfort from the effects of altitude. The reasons for this i t  is beyond my province 
to discuss, I am merely concerned with observed results. 

(6) Mountaineering and practical.-Under this heading, it may be profitable 
discuss briefly the reasons of our failure to  reach the summit of the mountain. Undoubtedly 
the first and foremost cause, was the lateness in the  year, due t o  the unfortunate and unfore- 
seen delay in the arrival of the oxygen cylinders from England. 

X second cause lay in the  failure of the Survey khalasis, recruited from the middle 
Himalayas, to  stand the climate and altitude of the higher ranges. I had enlisted a dozen 
strong Garhwali khalasis, with the double object of forming a corpus vi!e for the scientific 
observations of Dr. Kellas, and of providing a corps d'klite of porters for the higher 
altitudes. W i t h  the latter object in view they had been lavishly equipped with warm clothing 
on the "arctic" scale. Unfortunately, one half of their number succumbed to mountain 
sickness a t  15,000 feet while the other half proved so extravagant of our precious firewood 
tha t  they had t o  be sent back to the base camp as "hewers of wood and drawers of water ", 
and their places taken by  the hardier " Bhotia" men of Niti  and the neighbouring villages. 
The provision of boots and warm clothing for the latter on the spur of the  moment was 
however a matter of diEculty, and proved a direct contributory cause of our failure. 

A third cause of failure must be traced to the inadequacy of our arrangements for 
cooking a t  the higher altitudes. I was unaware until too late t h a t  the large Primus stove, 
on which I had been relying, would not work in the rarified atmosphere of 20,000 feet, beyond 
which point methglated spirit is the only possible fuel; while Dr. Kellas had only one small 
spirit stove, which took an hour to  thaw sufficient snow t o  fill a teapot. Had our equipment 
included a dozen large spirit stoves, and two or three 2-gallon petrol-cans full of methylated 
spirit, both our own and the coolies' cooking would have been assured. 

I have nothing bu t  praise for the Bhotia coolies of the higher Himalaya. On rock 
they can climb like goats, while on ice they readily learn step-cutting. It appears very 
doubtful if the present-day expense of importing Alpine guides can ever justify their employ- 
ment in future Himalayan exploration. 

The following table may be of interest as showing a few of the highest climbs recorded :- 
Duke of Abruzzi ... ... 1909 Karakoram 24,600 
W . W . G r a b a m  ... ... 1886 Kabru 23,970 7 
W. H. Johnson ... ... 1865 Pk . l /d lA 23,890 ? 
Rubensen & Monrad Aas ... 1908 Kabru 23,800 
C. F. Meade . . . ... 1915 Kamet 23,500 
A. M. Kellas and H. T. Morshead 1920 do. 23,500 

Nos. 2 and 3 on this list are doubtful. 

(c) Oxygen, npparatus.-This will form the subject of a separate detailcd report by 
Dr. Kellas. Neither of us felt the slightest need for artificial stimulants in the form either 
of oxygen or alcohol up  to the highest point reached, and my impression is that  one could 
have gone several thousand feet higher without distress of breathing, had other conditions 
admitted. 

On the  other hand the  handicap of 1 5  Ibs. additional weight on one's back, supported 
by a system of t ight  belts and straps, proved more than I for one could cope with. 

( d )  Surveys.-I obtained a special blue print on drawing paper on the old 1"=1 mile 

Sheet No. 19. This was mounted on a light 20" x 20" planetable for Laltan Khan's use. 
0 considerable 116 sq. miles of country were revised and contoured in modern otyle, disclosin, 

diecrepancies in the old reconnaissance surveys. Roads, etreams and watershede were 
found sometimee as  much as 2 mile in error, while the  original surveyore had evidently never 
visited the upper portione of the Raikane and Kamet 
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The oxygen apparatus is being temporarily stored in the office of the Trigonometn'crl 
Survey a t  Dehra Dun pending further occasion for its use, which i t  is to be hoped may soon 
be forthcoming. 

The total expense borne by the Survey of India budget on account of the expedition ir 
Rs. 17,826 which is made up as follows :- 

Salaries etc., of Survey of India personnel ... . . . ... 4,800 

Coolies, tents, warm clothing, railway freight and other contingent expenditure 13,026 
17,826 

It only remains to express my gratitude a t  being privileged to serve my apprenticeship 
in mountaineering under so experienced a hand as Dr. Kellas. Failure is often more 
instructive than success, and I can only hope that this expedition, on which I shall always look 
back with feelings of pleasure, may be the prelude to other more successful future efforte in 
the same genial company. 
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APPENDIX 111. 
( R q r i u t e d  bypermissioj~ from the Geographical Jo l~r ,~n l  Vo l .  L YI, 1920). 

A NOTE ON THE TOPOGRAPHY O F  THE NUN KUN 
MASSIF IN LADAKH. 

After the early reconnaissances of the Nun Kun in the sixties, little attention was 
devoted to the region for many years; only the lower valleys around the base of the massif 
were visited by sportsmen. I n  1898, however, l l a jo rs  C.G. Bruce and Lucas climbed the 
lower slopes of the Ganri glacier, and the former crossed the Sentik L a  on t o  the Barma1 
glacier, and followed i t  down to the Bhot-Khol.* I n  1902 Dr.  A. Neve and the REV. 
C. E. Barton ascended nearly tile nllole length of the  Shafat glacier lying to the east of 
the massif, and during the same year they crossed the basin of the Barmal glacier from 
Tongul, t z a "  the Sentik La, descending south-n-&nards into the ralley of the Bara Zaj  N a i . t  
I n  1904 Dr.  Neve again crossed this !glacier.f a 

I n  1903 Dr .  Sillem, a Dutch mountaiueer, explored this region, and reached and 
photographed the high snow plateau crowning the massif. I n  1006, Dr. and Mrs. Bullock 
Workman visited the district, claimed to have discovered Dr. Sillem's plateau and made a 

complete tour of the mountain knot. Unfortunately their work was not based on the few 
trigonometrical p o ~ n t s  fixed in the region ; their results led t o  much controversy, and some of 
them mere not accepted. Since those days a certain amount of evidence has been collected 
on the points of difference raised by them. 

The pealts referred to by various travellers are here summarized in tabular form with 
the accepted values of latitude, longitude and height, deduced from the triangulation of 
1859 -60 : 

I t  nil1 be remembered tha t  in her published account,ll Mrs. Bullock Workman claimed 
to have ascended to 23,300 feet,, to the summit of a peak which she named Pinnacle Peak, 
and which she persistently referred to  as " t h e  second highest peak" of the group. H e r  
heights and this statement mere a t  variance with previously triangulated values, and a review 
of her r e s ~ ~ l t s  (published in the P i o n r ~ r  of 14% Feb. 1910), pointed out the view of the  
Sui-vey of Intlia, namely, that  Pinnacle Peak was the third highest and Kun, (or Mer), was 
the second highest peak of the district. 

This was answered by Mrs. Bullock Workman in the Pioneer of 6 May 1910; 
she claimed that  her hypsometric height obtained a t  the summit of Pinnacle Peak and 
compared wit'h simultaneous observations a t  Dras, was more accurate than the Survey 
height. 

New number 

Plr. I - 
52 c 

6 2  I3 

P'. 
52 U 

rk. 
43 U 

! !  
43 0 

Pk, 39 - 
43 N 

Height 

feet 
23,410 

23,250 

22,810 

- 
- 

19,830 

Nnme or old nun~her  

Nun, Nana, or Ser ... 
KUII, Kana, or Mer ... 
Pinnacle Peak ... 

Snowy Peak "D 41" ... 
Snowy Peak "D 4'2" ... 
Snowy Peak "No. 10" ... 

Latitude 

0 1  * 
3 3  58 5 5 . 8  

34 0 0  47 .6  

3 4  01 22 .0  

3 3  58 4 4  

3 3  50 07 

3 4  00 22.2 

Longitude 

0 , .  

76 0 1  3 1 . 1  

76 03  22.4 

7e  04 5 0 . 1  

75 58 0 3  

75 55 4 1  

75 50 30 
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The question of the height of Pinnacle Peak relative to others of the neighbourhood 
was decided by the retriangulation of the peaks in 1911, though in 1910 Dr. A. Neve again 
visited the region and took some observations with a clinometer lent him by the Survey for 
that  purpose. These observations of Dr. Neve were worked out a t  Dehra Dun and indicated 
that  K u n  was approximately 480 feet higher than Pinnacle Peak. 

The original triangulated values made K u n  approximately 440 feet higher than Pinnacle 
Peak, which was therefore believed to be the third highest peak in altitude. 

The retriangulation of the peaks in 1911 from different stations aud from a different 
series than the original one gave the following completely independent values for the three 
peaks : 

Nun 33' 58' 47".5 76' 02' 05".6 23,506 feet. 
K u n  34' 00' 52".6 76' 02' 56Ij.2 23,114 feet. 

Pinnacle 34' 01' 22".2 76' 04' 4gN.8 22,741 feet. 
The triangles from which these results were obtained were ill-conditioned, especially 

for the longitudes of the peaks, and the new observations for position were now computed in 
conjunction with the old. Almost perfect triangles of observation were obtained, and the 
resulting co-ordinates of the three peaks became :- 

N u n  33' 58' 56Ir.3 76' 01' 30N.d 23,357 feet. 
Kun 34' 00' 37".8 76' 03' 22Ij.6 23,220 feet. 

Pinnacle 34' 01' 2BN.2 76' 04' 50N.1  22,742 feet. 

Here we see that  Kun is 478 feet higher than Pinnacle Peak. I n  fact, in every case, 
Pinnacle Peak is several hundred feet lower than Kun. These last values agree very 
with those hitherto accepted, abd although they may be nearer the troth than the older ones, 
the objections to  making changes in accepted values of heights, when fresh evidence produces 
unimportant variations, are so serious tha t  the original values have been retained in all Survey 
of India publications. The old height of Pinnacle Peak (22,810 feet) was deduced with a co- 
efficient of refract,ion 0 . 0 5 ,  while that  used with the modern observations is 0 .07 .  B y  using 
the latter coefficient (0 .O7), for the early observations, the height (22,810 feet) becomes 22,738, 

closely agrees with the new height, the weighted mean becoming 22,741 feet, using 0 .07  
f o r  all observations. Similarly the old heights of Nun and Kuu are in excess of those 
obtained above, owing t o  the coefficient 0 . 0 5  being used instead of 0 . 0 7  and the old observa- 
tions give heights closely in accordance with the later ones, if 0 .07  is used. The point a t  issue 
is, however, the relative values of the three peaks and is unaffected by any adopted coefficient 
of refraction. 

Another point brought out in the review of Mrs. Bullock Workman's book was one 
noted by Major C. G. Bruce after his expedition in 1898, and raised by Dr. A. 

xere after his jouriley in 1902. The old survey map showed the Barmal glacier rising in a 

nlountainor~s cirrjue south of Snowy Peak No. 1 0  (34" 00"22", 75' 50' 30"), flowing east- 
wards, bending north-eastwards immediately west of Peak D 42 (33" 59' 07", 75' 55' 41")) 

finally draining into the great bend of the Suru river near Tongul. Dr.  Neve pointed out 
tha t  the glacier rose in a rocky cirque south of D 41  (33" 58' 41", 76" 58' 03"), flowed west- 
wards, sor~tll of and past D 42, and, a t  a point almost due south of Snowy Peak No. 10, i t  
cllanged direction north-westwards and joined the Bhot Khol glacier. H e  established 
the connection of Peaks No. 10,  D 42, and D 4 1  by a rocky wall, asserted that  the Barmal 
glacier mas the Upper Bhot Khol, and, perhaps rather loosely, referred to the whole extent 
of ice as the "Great western glacier of Nun Bun". No new edition of the Survey map was 
pablished, but Dr.  Neve's amendment was admitted by the Survey to be probably correct, 

i t  mas sllpported by Major Bruce's account in the Alpr'xe Jorrrnal. 
The Workmans rlriring their visit in 1006, made some notable ascents on the western 

outliers of the massif, but  they did not follow the Uarmal glacier down to its tongue, as had 
been done by IIajor  Bruce. Yet in their published account, they accused Dr. Neve of 
lierasing7' the rocky wall south-west of Snowy Peak No. 10, "correctly charted by the 
Survey1', in order to show the Bllot Khol-Barmal connection; and they maintained tha t  
D r .  NeveYs "assertious were not in accordance with fact", and that  the Barmal glacier drained 
in to  the Bara Zaj Nai ;  their map was drawn accordingly. 

The Survey of India review, mentioned above, referred to  the undeserved reprimand 
of I)r. Neve, pointing out that  a t  any rate the travellere agreed as to the main course of the 
glacier, though they differed as to the actual hill-stream into which i t  drained. Dr. Neve, 
however, was determined to prove or disprove the correctnese of his topography, end in 1910 
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again visited the district. In  a letter from Dras, dated 25 September 1910, he wrote : "f e 

ascended tbe Barmal glacier from the Bhot Khol and took photos and observations from a 
p i n t  due south of No. 10 . .  .... I then made a complete circuit round No. 1 0  vid Bhot 
Khol, Suru, and then up the Tongul-Scntik route; camped a t  17,500 feet on the Barmal 
glacier, and climbed D 41  in spite of the fresh snow. It was cloudless to  the west, north, 
and north-east, and I got a circle of compass bearings.. . . . . A t  the bend of the Barmal glacier 
south of and west of Peak No. 10 ,  I have three photos showing the continuation of thc 
range on the south and south-west side (Bara Zaj  Nai)." This is the range erased by the 
Urorkmans. I n  his book, "Thirty Years in Kashn~ir", Dr.  Neve gives a detailed account 
of this journey. H e  mentions that  during his early expeditions to these parts he was not 
aware of Major Bruce's journey of 1898, a n  account of which had been published in the 
Alpine Joiwnal of 1899. But  the conclusions of their two expeditions were identical. I n  
"Buenty Years in the Himalaya", Major Bruce gives his account of the Barmal glacier to  
the Bhot Khol, and on p. 99, be says : "In front of us lay the only question of the t ramp : 
cz large a d  broken icefall (see photo)," Opposite p. 100 is the photo referred to. This is 

Sketch-map 01 the Nun Kun Masoif 

almost identical with the photo in tllc Workmans' book on page 1 4 8 ;  here, however, this 
icefall is singularly described as a "glacier-covered nloutltain wall separating i t  ( i . e .  the Bhot 
Khol) from the Barmal which lies on the south of the wall. This is the wall erased by Dr.  
Neve from the Survey map to indicate the junction of the Barmal and the Bhot Khol". 

Major Bruce descended this icefall. Dr. Neve both ascended and descended it .  The 
Workmans only saw it  'in the distance. Dr. Neve has not only proved t h a t  the Barmal is 
the Upper Bhot Khol glacier, but his photographs also show that  there is no drainage outlet 
from the Barmal into the Bara Zaj Nai, which was the contention of the Workmans. 

Dr. Neve also maintained his assertion that  the Barmal glacier came "all the way 
from Nun Kun" was justified, since i t  rises in the cirque formed by D 41, the Barmal 
ridge, and Mount Nieve Peuitente, the mesteru boundary and buttresses of the Nun Kiln 
massif. 

I n  addition to this, Dr. Neve, from the summit of D 41, found Null almost due east 
of D 41, as originally showu on the Survey map (lat. of D 11, 3 3 O  58' 44"; Iat. of 
Nun, 33' 58' 56"). The Workmans had stated that  I) 41 was a mile too far  south on the 
Survey map, and had therefore displaced this fixed point to another position west-north-west 
of Nun. 

It is ditlicult to place moch reliance on maps that  have been based on the shifting of 
triangulated points : probably tllc ouly advance iu topographical knowledge gained from this 
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expedition of the Workmons mas tlie indication of a route up the "North-west Nale" from 
the F a i l b a d  Nlrla to  the Barmal glacier; and even here the enclosing of a glacier in an 
amphitheatre of mountains with no outlet for drainage tends to  shake confidence in the topo- 
graphical details of the map. 

To  sum lip : the alteretio~is which should be made on the map of this district, 
published by the Workmans are as follows : 

(1). Pinnacle Peak should be 22,810 feet and not 23,300 feet high. 

(2). D 41 and probably tlie whole glacial basin of the Upper Barmal should be 
placed a mile further south, as  indicated by Dr. Neve. 

(3). The connectior~ of the 13armal glacier with the Bara Zaj  Nai  should be erased, 
(proved by Dr. Seve's photographs), and an icefall connecting the Barmal and Bhot Khol 
glaciers in place of the mountain ridge should be shown a t  the bend of the Barmal glacier 
south and south-weet of Snowy Peak No. 1 0  (proved by Najor  Bruce and Dr. Neve inde- 
pendently). 

(4). The drainage of the glacier south-east of Mt.  Nieve Penitente should be 
connected with the "North-west Nala". 

From a mountaineer's point of view, the fact emerge0 tha t  the height reached by Mrs. 
Bnllock Workman was not so great as 23,000 feet. 
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A-HISTORY AND GENERAL REPORTS. 
(Oltainuble jrotn the drcper in ter~de~~t ,  illup PrClicalton, 13, Wood Slrect ,  Culculla). 

MEMOIRS. 
1. A Alernoir on the  Indian  Survcys. By C. R. Markhonc, Ind ia  Office, London, 1871. 

PYLCC Hs. 5 or  10. 
2. D i t to  (second etlitiol~). By C. R. Marklratn, C. I ] . ,  F.R.S., 

India  Office, London, 1678. Pr ice  12s .  5-8 or lls. 

3. Abst rac t  of t h e  l teports of t h e  S o r v e j s  a n d  of other 
Geographical Ol~era t ions  in India,  1869-56. By C. Ii. 
~Wurkhal - ,~  clnd C. E .  I). Uicirli, I ~ i d i a  Office, London. 
Published annually between I S71 and  1879. ( O u t  

of print). 

4. A Memoir on the  Incl~au Survcys, 1Si5-1890. By C.E.D. Block, 

India  Office, London, lS!)l. Pr ice  IZs. 5-8 or 1 1 3 .  

ANNUAL REPORTS. 
Iteporte of the Revenue Branch. 1851-1877.-(lS51-67 nnd 1669-70, o u t  of print) .  

Price Rs. 3 or 68. 
])itto Topographical Branch , 18(iO-l877.-(Oot of print) .  
~ ; t t o  'J'rigonometrical Branch . l%l-1678. -(18til-7 1, ou t  of [ ~ r i n t ) .  

Pr ice  Rs. 2 or 4'. 
Ill 1878 the  three branclles were a ~ ~ ~ ; i l ~ a r n a t e d .  H I I ~  f ~ . o ~ n  tha t  dnte o ~ l a a r d s  nnnuiil repor ts  

in single volumes for t l ~ e  WIIOIR depnr t~nent ,  a r e  i~vailnhle a~ f'ollows:- 
fro111 1877-1900 (1877-79, lb87-88, 1SO.5-96 and 1897-98, out  of priut)  

General Reports f at Rs. 3 or  6. per I , I I /YV I I .  

( f rom 1800-1920 (1902.04 and 1906.08, ou t  of print)  at Rs. 2 0 r  4 ' p e r  
volr~ine. 

1"rom 1900 o n w n ~ ~ d s  t , l~e  I{eoort l~an  been issued i ~ n ~ ~ ~ ~ a l l y  in t he  form of a c o n d e u ~ e d  
e t a t e m e ~ ~ t  Itno\vn a s  tlre "General Report" qul)pleu~ented by fuller r rpor t j ,  wl~ich were 
called "Extracts from Narrative Reports" up t,o 1900, aud 8inc.e then 11:rve been styled 
"Records of the Survey of India. " 'l'hese fuller rc l~or ts  are  avail;rble as  fo1lowtl:- 

(a) "Extracts" Volumes at 12s. 1.8 or .YJ  ST V U I I L ~ ~ Z C  
1900-01-l{ecent Iml)rove~neuts in Photo-Zinc.ogrnl'I~y. G. '1'. Tria~lgulnt,ion in  U p p e r  

R u r n ~ : ~ .  Lati tude O l ~ e r a t i o n ~ .  Esperimeutnl I3nse Measuren~ei l t  with d$de~.in Apparll t l~s.  
M:lgnetic Survey. l'idal a l ~ d  Levelling, l'opogr;cpl~y in Upper  B u r u ~ n .  C i ~ l c ~ ~ t t a ,  1903. 
(Ou t  of !~r in t ) .  

1901-02-6. T. Triangul:rtion in Upper  13ur111a. L~ i t i t ude  Operiitions. Magnetic Survey. 
Tidal and Levelling. llopogrn.pl~y in Upper  B u r l ~ ~ n .  l 'opogrnpl~y in  Sind. Topograpl~p in  t h e  
Yunjnb. C ~ ~ l c u t t : ~ ,  1904. ( O u t  of p r ~ ~ l t . )  

1902-03-Princil)aI Triangulation in Upper  Hurn~n,  Topograpl~y in Upper  Burmn. 
'I'opogrnpl~y in Shan S t n t e ~ .  Survev of S5111bllnr Lake. Lati tude (.)perations. Titlal nntl Levelling. 
Mag11ctic Survey. Iiltroduction of t he  Contrnct System of Payment in 'llrnvel.ae Surveys. 
l ' r a v e r ~ i ~ ~ g  with t he  Subtense Unr. Co~npilation and Reproduction of Thiiua &laps. Cal(,utta, 
1905. 

1903-04-BIngnet)ic Survey. Pendul~rm.  Tidal and Levelling. Astronomicnl Azimuthe. 
Ut,ilizntion of old 'L'rav~rae l h t a  for Moderu surveys in the  United P rov i~~ces .  l t l e ~ ~ t i f i ~ ~ t j ~ ~  
of Snow I'eliks in P;el)iLl. l'o~)ograpIlicnl Survey8 io  Sind. Piotee on town nnd Rluuicipal Surveys. 
Notes on Itiverain  survey^ in the  P u ~ ~ j r b .  Cnlcuttn, 1906. 

1904-05-Magnet ic  Survey. l'ur~dulum O p e r a t i o ~ ~ s .  Tidal nnd Levelling. ' l ' r i a r ~ g ~ I ~ -  
tion iu I3aluchistin. Survey Operatione wit11 t h e  S o u ~ n l i l s ~ ~ d  Yield Force. C'nlcutta, 1907. 

1905-06-Magl le t ic  S11rve.y. Pendulum Operahions. Tidal a l ~ d  Levelling. ToPo- 
g rap l~y  in Yhl~n Sta,tes. Calcrltti~, 1908. 

1906-07-Magne t i c  Survey. Pendulum Operntionrr. 'I'idnl ant1 L e v e l l i l ~ ~ .  Triaugu- 
lation in ~nluchie t i in .  Astronomicnl Latitudee. Topography i n  Shan Sta tes .  CalcuttA, 1909. 

1907-08-Magnet ic  Survey. Tidl11 and Levelling. Astronomical Latitudes. Pendulum 
Operatione. Topography in Shnn States. Cnlcuttu, 1910. 

1908-08-Mnguet ic  Survey. l'idrrl snd  Levelling. Pendulum Operntious. TriPl)gUII- 
tion. Calcutta, 1011. 
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ANNUAL REPORTS -(Continued). 

( b )  "Records of the Survey of India" a t  Rs. 4 09. 8I per  volume, crcept where 
otherloise rtatad. 

Vol. I-1909-10-Topogrnphicnl S~irvey. Tr inng~~lnt ion .  Tidnl and Levelling Operntions. Qeo- 
detic Sllrver (Astronomicnl Intitudes and pendulum observ~\tions). 
Maenetic Survey. ... ... ... Calcl~t ta ,  1912. 

11-1910-11-Topogr~~pliicnl S ~ ~ r v e v .  Trinngr~lation,  Tidal nnd Levelling Operations. Gro- 
detic Survey. Magnetic Surrey.  ... ... Calcuttn, 1912. 

III-19:1-12-Toporrnphic:1l Survey. Trinngulntion, Tidal and Levelling Operations. Qeo- 
detic S n r v e ~ ,  Magnetic Survey. ... ... Cnlcl~tta,  1913. 

1'7-1911-13--E~pIoration~ 011 the ATorth-Xast Frontier-No~t7~ BZLTJII~ . ,  Niahnii, Abor and 
N i r i  Sq~rvsyw ... ... ... ... Calcutta, 1914. 

~ - 1 9 1 2 - 1 3 - ~ o ~ o ~ r n ~ h i c n l  Survey. Tr inng~~lnt ion ,  Tidnl m ~ d  Levelling Operations. Geo- 
detic S ~ ~ r v e y .  Mngnetic SI I~VAJ.  Note on the  relntionsl~ip of t he  Him- 
alnyne to  thn Indo-Gnngetic Plain. ... ... Calcutta, 1914. 

'71-1912-13-Link connecting the Triangulations of Ind ia  a t ~ d  Russia Ilellra Dun, 1914. 

VII-1913-14-Topographirnl Survey. Triangulation. Tidal anrl Levelling Operntione. Geo- 
detic Survey. Magnetic Sr~rvep (Annual report nnd Government 
Committee's report) .  Note on Ycnlos nnd cost rntes of Town plans. 

C a l c ~ ~ t t a ,  1915. 

VIII- { 1865-79-Part I ) E.rplorntio~~n in T ~ b e t  am1 1)ehrn Dun,  1915. 
1879-92-Part 11 j serghlouriv~g regions { Price  of each pa r t  Rs 4 or 8. 

IX-1914-15--Topopr~l1iral Surrey. Triangi~lation,  Tidnl and lev ell in^ Operatio~ls. 
Magnetic Survey. Criterion of strength of Indinn Geodetic Triangu- 
Intion. A traverse signal fhr City Surveys. The  plnins of Northern 
Tndin and their relationship to  the  Himalaya Mountains by Colonel 
S .  G. Burrnrd F. R. S. Report  on Turco-Persian Frontier Co~nrnission. 

Colcuttn, 1916. 

X-1915-16-Topogrnphicnl Surrey.  Tidnl nnd Levelling Operntions. Magnetic Survey. 
Mechanical In tegra tor  for ca l c~~ ln t ing  Attrnctions (illustrated). Tra- 
verse Survey of the bounrlary of Imperial  Delhi ... Dehrn Dun, 1917. 

XI-l9l6-17-TopographicnI Surrey. Triangnlation-use of h ig l~  trestle for  stntions alrd 
100 fee t  mnat  signal^. Tidnl and Levelling Opernti t jn~. M a p e t i c  
Slirvey. Note on Basevi's P e ~ ~ d u l u m  Operations ot  More. Photo 
Litho Office--New method of preparing Lnper plates-Develop- 
menta nnrl Improvements in preparing Tint-plates. Dehra Dun,  1918. 

XII-Notes on S l l r ~ e y  of Ind ia  Blnps and the  modern deve l~pmen t  of I Cnlcuttn. 1919. 111dian C:trtogrnpliy. B,y Lt.-(201. W.X. Coldarrran~, R.E. ,  ns. or 6,, 
S~cperintendent, H a p  Plcblication. 

XIII-1917-18-Tol~ogrnphical Survey. Tidal and Levelling Operations. Mngnetic Survey. 
Pl~oto-Li tho office-the Powder Process. Problem of the Hi~nalnyan and 
Gnngetic Trough-Review by Dr .  A. Morley Davies. Dehrn Dun,  1919 

XIV-1918-19-Topogrnphical Survey. Tidal and Levelling Operations. Levelling in Mesopo- ... ternin. Magnetic Surrey.  ... Dehrn Dun,  1920. 

SV-1919-20-Topographical Survey. Tidnl work. Levellinc-proposed new level net .  
Mngnetic Survey. The Enrth'n Axes and F i g ~ l r e  by Dr.  J. de  Graaff 
Hun te r  (a paper read a t  the R. A .  8. Geophynical Meeting). Heport 
on the  expedition t o  Knmet.  Note on the  Topography of the 

... K u n  Mnssif in Ladakh ... ... Dehra Dun,  1921. 

"Notes of the Purvey of India" are used monthly. (Stocked in the  Surveyor General's 

Office, Calcuttn). Price an 2 or 3'. 

B-GEODETIC WORKS OF REFERENCE. 
(Obtainable from the  Stcper in tend~nt  nf the Trigonornelrical Survey, Dehra  D i n ,  U.P.) 

EVEREST'S GREAT ARC BOOK. 
1. An nceo~~n t ,  of t he  M e a ~ ~ r ~ . e ~ n e n t  oE an  Arc of the  Meridian between the parallels of 

18' 3' and 21.O 7'. B y  Copt. George Eucrest. E a ~ t  India C o ~ ~ ~ p a n y ,  IAont lo~~,1830.  ( 0 1 1 t  of print). 

2. An account of  the  nlra~~rrernc.nt  of two 8ections of t he  M e r i d ~ o ~ ~ a l  Arc of Tndis, 
bounded hy the  pnrnllela of 18" 3' 15'. 2L" 7' 11" nnrl 29' 30' 48'. By Lt.-Col. Q. Evtr r r t ,  

F. R. 8. East India Company, Idondon, 1847. (Ou t  of print). 
3. Engrnvingr t o  i l l l~r t rn te  t he  above. London, 1847. (Ou t  of print) .  
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Q.T.S. V O L U M E S - d e ~ c r i b i n ~  t h e  O p e r a t i o n e  of t h e  G r e a t  ' I ' r igonometr ical  Buwey. 
P r i c e  Rr. 108 o r  21' p e r  volusre, r s c e p t  rohere o t h e ~ w i a e  s l a t ed .  

Vol. I-Sta11dard8 of Measure and Base-Lines, a l s o  a n  I n t r o d t ~ c t o r y  Account of 
the e a r l y  O p e r t ~ t i o n s  o f  t h e  S u r v e y ,  d u r i n g  t h e  pried of  1800-1830. 

D e h r a  D u n ,  1870. ( O u t  of  p r i n t ) .  

~ ~ ~ ~ ~ d i ~  N ~ .  1. Description of t he  n~et.hod of comparing, and the  apparatus e m p l b ~ ~ d .  

~ ~ , , ~ ~ ~ d i ~  N ~ .  2. ~ o ~ l ~ p a r i s o n s  of the  Lengt,l~e or lc).feet St,u~ldards A and 8, and demrmina- 
(.ions or t.l1. Dlffere~lce of their Expunsionr. 

Appendix No. 3. Con>pariso~~s betweell t l ~ e  10-feet,Ylnnd~~rds Ig l a  nnd A. 

A l l l l r ~ ~ d l x  No. 4. Comllnrisons O F  t l ~ r  6-inrh R~.ass Rralee n f  t-lle C o ~ ~ l ~ r n a n t e d  Microreapem. 

Appendix No. 6. D r t , e r m i ~ ~ ~ ~ t i o n  of I.11e 1,eltgLh or the  L I I C ~ I  [7.8 j on CaryVe 3-fool Urn11 bc&. 

Alll>endix No. 6. Cornpnrisons t~cbween the 10-leet Standard t )nn l a  and A for delsrmini~lg 

I.lle Expnnsion of bnr A. 
Appcndir No. 7. Pir~ol rlelerminmt,ion of Ll~e Differences in Length between t l ~ e  10-feet Btnn- 

dl~rds  I B  IS and A.  
Appendix No. 8. On the  T l ~ e r r n o ~ ~ ~ e l e r s  employed with Ihe Standards of Length. 

APpelldix No. 9. Drt.ermi~~ation of the  Lenpt,lrs of the Sub-diviaioon of tile 111el1 [a.bJ. 

Appaldix No. 10. Report, on t l ~ e  Prac~ical  Errors of the Mensuremeot of  the Cspe Comorln 
B ~ s e .  

11-A History and General Description of the Reduction of the 
P r i u r i l ~ a l  T r i a n g u l n t i o n .  ... D e h r n  D u n ,  1879. ( O u t  o f  p r i n t ) .  
Appendix So. 1. Investigations applying to  t be  Indian Geodesy. 
Appendix No. 2. The blicronieter hIic~.oscope l'heodolites. 
Appendix No. 3. On Observations of 'J'errestrial Refraction a t  certain stations situated on 

t.he pl81i11e of i t ~ e  Pnnjab. 
Appcndir No. 4. On the  I'eriodic Er~.ors of Graduated Circlcs, kc. 
.Appendix No. 6. Ou ce~.tnin hloditications of Colonel Ererest's hystem of Observing intro- 

duced to meet, the  specialities of par t~cnlar  instruments. 
Appendix No. 6. On Tidal Observations a t  Knrracbee in 1855. 
Appendix No. 7. An alternative hlrtbod of ohtaioinc the  Pormnlz in  Chaptere V I I I  and 

XV e~~lplopt-d  I I I  rbe liednccion of 'I'riangn1ation.-Additionnl l iormnle  
and Demonstrations. 

Appendix No. 8. On the  Ilisperaion of Circuit Errors of 'I'r~nngnlation after t he  Angler 
haves been correct.ed for Bigu~ al conditiol~s. 

Appendix No. 9. Correctirms to  azimuthal Observations for imperfect Instrnmental Ad- 
jnstments. 

Appendix No. 10. Rednction of t.he N.W. Qnadrilateral-the Non.Circnit Triangles e n d  
their Final Figural Adjnktments. 

Appendix No. 11. The 'l'heoretical Errors of t h e  l'riangnlation of t he  North-West Qoadri. 
lateral. 

Appendix No. 12. 6imoltaneous Reduction of t he  N.W. Qnadrilaternl-the CompnI.ation~. 

Bol. 111-North-West Q u a d r i l a t e r a l . - ' l ' h e  P r i t ~ c i p n l  T r inngu l ; t t i on ,  t h e  B n ~ e - L i n e  

F i g u r e r ,  t l ~ e  K n r i c h i  L o n g i t u d i n a l ,  N .  W. H i n ~ B l a g n ,  n n d  the (;reat I n d u n  

S e ~ , i e a .  ... ... ... D e l ~ r n  Dun, 1873. ( O u t ,  of p r i n t . )  

IV-North-West Q u a d r i l a t e r a l - T h e  I ' r i l ic ipnl  'I ' r inrigulntion, t h e  G r e a t  Arc -  
S e c t i o n  24'-30°, R n h u n ,  O u r h B g a r h  n n d  J u g i - T i l n  R le r id iona l  S e r i e a  md t h e  

S u t l e j  Se r i eu .  ... ... ... D e h r : ~  I)iin, 1876. 
IVA-North-West Q u a d r i l a t e r a l - T h e  P r i n c i p a l  T r i n n g l ~ l a t i o n ,  t h e  J o d h p o r e  

a n d  t h e  E n s t e r ~ ~  S i n d  M e r i d r o n : ~ l  S e r i e s  w i t h  t h e  de tn i l a  o f  t h e i r  R e d u c t i o n  and 
t h e  F i r ~ a l  Reuu l t s .  ... ... ... Drhra D u n ,  1886. 

V-Pendulum Operations of  Cnpt,nina J. P .  Bnsevi  and W. J. Henv ie ide ,  

n ~ i d  t h e i r  I { e d r l r t i n ~ ~ .  D r l ~ r n  Dun : ~ n d  C n l c u t t n ,  1879. 
Appendix No. 1. ArrounL of  t he  Remens~~rernent  of bhe Length of Kater's Pendulum at 

tho O r d n n ~ ~ c e  Surrry  Office. S o ~ ~ t l ~ n ~ ~ ~ p l o n .  
Appendix No. 2. On tho Rrlation between the Indian Pendululn  operation^, a n d  tllole 

which hnve bven rond l~ r t rd  elsewl~ere. 
Appendix NO. 8. On t11n 'l'brory, Usr and History of [.he Converlible Pend~l l l~rn .  
Appel~dix No. 4. On the  I,el~gth of t he  Seconde Pendulum deternlinuble from Mnterid. 

now existing. 
Appendix No. 6. A I{~hlingrnpliical List of Works relating to  Pendulum Operalion@ in 

co~lnection wit11 the Problem of tlie F i g ~ ~ r e  of t h e  Earth. 

V I - S o u t h - E a s t  Q u a d r i l a t e r a l - T h e  P r i n c i l ~ n l  T r i n n g u l n t i o n  a n d  SirnuI tnneour  

R e d u c t i o n  of t , l ~ e  fo l lowing  Se r i e s : -Grea t  Arc-Sect ion 18- t o  2-bO, the  East 
Conut,  t h e  C n l c ~ l t t n  n n d  t h e  R i d e r  L o n g i t u d i n n l ,  t h e  J ~ i b a l p u r  a n d  the Bil&apur 

Mer id ionn l s .  ... ... D e h m  Dull, 1880. ( O u t  of p r in t . )  

V I I - N o r t h - E a s t  Q u a d r i l a . t e r a 1 - O e n e r n l  D e s c r i p t i o n  n n d  SirnuI tnneoua Reduc- 

t i o n .  A l ~ o  de tn i l s  of t h e  Ibl lowinz f ive s e r i e s : - N o r t h - E a s t  I , o t ~ ~ i t ~ d i ~ ~ l ,  the 
B u d h o n  M e r i d i o n a l ,  t h e  R n n g i r  M e r i d i o n a l ,  t h e  A t ~ ~ u a  Meridional ,  Rnd t h e  
K n ~ , i r n  M e r i d i o ~ ~ a l .  ... ... ... D e h r a  Dk, 1882. 
Appe~~d ix  No. 1. T11s Drtailn of I.hr Sephrntr Rrdnc-tion of Ibe Budhon Meridiond Ssrirr 

or Series J of t h e  Norlh.F;art Q~lsdrilat~eral. 
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Q.T.8. V O L U M E S - ( O o n t i n u e d ) .  

A p p e ~ ~ t l ~ x  Xo. 3. Itctluct~ou of Lhe North-linst Quadrilateral. The Kon-circuit Trisnalu 

and their Finnl E'iyural Adjustments. 
w 

Appendix S o .  3. On the  'I'heorcticnl Nrrore generated respectively in  Side, Azimuth, 
Latitude n111l 1.ongitude in n Chnin of 'I'rinngles. 

Appendix So. 4. On the  I~islwrsion of the  I<esidunl Errors of R Simnltnneous Reduction 

of aevernl Clinins of 11.iangles. 

V o l .  FIII-North-East Q u a d r i l a t e r a l - D r t n i l a  of t h e  fol lowing e l even  series :- 
Q u r \ v i i ~ ~ i  R le r id ion :~ l ,  ( i o r n  I \ le t* idio~~;r l ,  Huri l ; long RIeridionil],  Chel ldwBr Me& 
dional .  N o r t h  P B r a * l ~ i t h  hlcr id inni t l ,  N o r t h  Rlal6nch:r R l e ~ . i d i o r ~ ~ l ,  C ~ r l ~ ~ t t ~  

Mer id ionn l ,  1Snrt C ' c~ lcu t t a  I i o ~ ~ ~ i t ~ ~ d i l l n l ,  Br:iI1ln:rputr.z RIeridionfil, Eastern  Pron. 
t ier-Sect ion 23'-2G0, all11 .A rsnln L o ~ ~ ~ i t , u d i ~ ~ n l .  .. D e h r r  b u n ,  1882. 

IX-Telegraphic L o n g i t u d e s - ( l u r i n g  t h e  yea rn  1875-77  a n d  1880-81. 
D e h r a  D u n .  1883. 

1 
1. nctern~inat iou of t hc  Geodetic Elements oE Longitude Stations. 
2. I ) r s c r i ~ ~ t i o r ~ s  of Points used lor Longitude Stations. 

Appendicer to Par t  1. 3. C'omparison of lieorlatic with Electro-l'clegraphic Arcsof Longitude, 
4. (:lrcuit Errors of Observed Arcs of Longitude. 
5.  Ilesults of Idiolneter Obsrrrations made during Season 1880-61. 

1 1. Situations oi  t.he Longit,ndc Stntious a t  Bombay, Aden and sue r .  
2 Fur\-cg Operatious a t  r\dcn. 

Appendice' t o  Part 'I' 3. Results of the 'J'riangulatio~~. 
4. Right Asceusions of Clock Stars. 

X-Telegraphic L o n g i t u d e s - d r r r i n : :  t i l e  y e a r s  1881-82 ,  1882-83, a n d  1883-84. 
D e h r a  L)iin, 1887. 

I 1. I~eterrniurrtiou of the Geodetic lllements of the  Longitude Stations. 
2. 1)escriptions of Stations of tlie Couuecting 'I'rinnculution and of 

those a t  which the  J.onzitude Obnervntious were taken. 
Appeud~crs  t o  Part I. 3. On the Errors in A L  caused by Armature-time and t h e  Retardation 

1 of l l ~ e  lilectvic Currrnt.  
4. On the L!ejectiou oE some donbtfnl Arcs of Season 1881.82. 
5 On the  prol)nhle Cnuscs of t he  Srrors of Arc-mensnreu~euts, and on 

the  Nature of the Defects in the'l'rausit Instruments which 
might produce them. 

Vol. XI-Astronomical Latitudes-during t h e  pe r iod  1805-1895 .  n e h r n  D u n ,  1890. 
XlI-Southern T r i g o n - ( d e n e r a 1  D e s c r i p t i o n  ~ t n d  Y i r n u l t i r ~ ~ e o u ~  I ( e d u c t i o n ,  A l so  

d e t a i l s  of t h e  fo l lowing  t w o  ee r i e s  : -Great  Arc-Section 8 O - 1 8 ' ,  a n d  B o m b a y  

... ... ... L ~ ~ n c i t ~ ~ d i ~ ~ a l .  ... U r l ~ r : i  I h i n ,  1890. 
Xlll-Southern T r i g o n - I . ) e t n i l ~  O E  t l ~ r  foIIo\ving five sorien : - S o ~ ~ t h  I < o n k ~ t n  Coast ,  

RlnnKtrlore J l e r ~ d i o n n l ,  R l n d r . 1 ~  R l e r i d i n ~ ~ e l  :lnd Coilst ,  S o u t h - H ; ~ s t ,  Coas t ,  a n d  
... ... M a ~ l r r r r  L o l ~ p i t u t l i n n l .  ... 1 ) e h r a  D u n ,  1890. 

XIy-South-West Q u a d r i l a t e r a . 1 - l ) e t a ; I s  of' P r i r ~ c i p n l  T r i n g u l n t i o n  a n d  S i l ~ ~ u l -  

( R I I ~ I , U S  I{eductiorl o f  i t s  c o ~ r ~ p o r ~ e r ~ t  s e r i e s .  ... L)el~r;r I ) u n ,  1890. 
X V - T e l e g r a p h i c  L o n g i t u d e s - f r o ~ ~ ~  1885 to 1 8 9 2  n n d  tire Heviued R e s u l t s  of 

\ 'olu~tres I 9  n n d  9 : a l s o  t l i e  N i ~ n r r l t a n e ~ , ~ ~ ~  H e t l u c t i o ~ ~  nnd P i ~ ~ a l  Iteeult .  of t h e  

... ... whole  O p e r a t i o n e .  ... 1 ) e h r a  l h n ,  1803 .  
APpenrl~x N o  1. Deterrrrirrut~o~~ of the G~oclclir Elenl~ntn of the Longitlldo St~~t .~ons .  
Apprndlr No. 2. On Hrlnr<l*t.ion. (A  1111111er1rnl ~btistnke W H O  n181cIe ~ J I  l,l~is ~11j)elldix in Ihe 

ro~ l rv rz i t l~~  t , f  rr 1or1111111t 1'10111 k ~ l u ~ ~ ~ e t r e ~  to lniles: 111e conc~llsiollsdr~wn 
callnot, t.l~errlnrr he ~ ~ p l ~ r l c l ) .  

XVI-Tidal o b s e r v a t i o n s - l ' r o t n  I 8 7 3  t o  1892, a n d  t h e  RIe thods  o f  R e d u c t i o n .  
D e l i r n  D u n ,  1901. 

xVII-Telegraphic L o n g i t u d e s - d u r i n g  t h e  years 1894-95-96 .  T l l e  11ldo-F:uropeno 

Arc8  f r o m  Karfichi t o  (+ reenwich .  ... n e l ~ r n  u i n ,  1901. 
I No 1. Drsi,riptions of I'oint. nsad for Lonptlldr? Btulione. 
A p,nmt(l~x No. 2. Tllc Lonpit lrde o f  Bj~~rlrns 

~ V I I 1 - A ~ t ~ o n ~ m i c a . l  Latitudes lion1 1 8 8 5  t o  1 9 0 5  n n d  the 1)edlrced Va lucn  o f  

P ~ I I ~ , \ ) - ~ I I I ~  O ~ f l e c t i o l l s .  ... ... ... D e l ~ r a  b u n ,  1906. 
No. 1. 0 1 1  Drflrctinnr nf Ihr Plr~nth-line in Indin 

A l , l > e ~ ~ ~ l ~ r  Kt,. 9 I ) e l c r ~ n ~ r ~ n l ~ ~ , n  t ~ f  1111. Gt. ,~<lr~i,:  E l e ~ t ~ r n t s  O F  the Lnt.it,utle Rtationm of 
Hs,i:tmnra~, I jn l~sk,  1.11rnh~I114.h nnnl R~clnrk~~nln.  

AI>I 'P I~ZI~X 511. 2, o n  lha. (x-4) I )~ f f r r* l~ re  r x l ~ ~ l , ~ l c - d  by Z r n s l l ~  hrrlor NO. 1 .  

A l ~ p ~ ~ n d l ~  NS,. 4 0 1 1  lht. V a l ~ ~ r  of' t l l p  . \ I I ~ ~ ( I I I I P ~ P ~  nt  OIC Zen1111 'l 'clrar~<t~~n. 

A l , p e ~ t < l ~ r  No. 5 On 111c AZII~NIIII I  O l ~ ~ e r v ~ ~ t ~ o ~ ~ s  o f  l l ~ e  Grrnt, T I . ~ Y ~ I I I , I I I P I ~ ~ P R ~  S I I ~ V F J  of India. 

, ,  . 6 A ( ' n lob lop~~~  I I ~  I I I C  r u~h l~vn l~ t ,n s  0 1 :  he (;real. 'I'~I~~IIIOIIB~I.I.II;II~ X~lrvey or Illdim. 

Appenrlix s o .  7. On rlie cornhinati~m wrighls c.n8l1lnyrti. 

XIX-Levelling of Precision i n  Ind ia  fro111 1x53 t o  1 9 0 0 .  De111.n 1'6~. JRIO .  

Ap[teullix h'o. 1. Ax[,erir~sent tn test the  ehnllpcu, due to Moiabure end Temperature, ~n t he  
1,rngth of a 1,evcllin:: h lnff .  
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G.T.S. VOLU MES-(Oor'linued). 

Appendix No. 2. On the  erection of Standard Bench-Marks in  India  during t b e  years 
1904-1910. 

Appendix No. 3. Memorandum on t h e  step8 taken in 1905.1910 tn cnable movements of t h e  
Earth's crust to be detectccl. 

Appendix No. 4. Dynamic and Orthometric corrections to t he  Himi lnym levelling lined 
and circuit;  and a consideration oE the  order of magnitude of pomibb 
refraction errors. 

Appendix No. 5. The passage of rivers by t h e  Levelling Operations. 

Appendix No. 6. The Errors of t he  Trigonometrical values of H c i ~ b t s  of station8 of t h e  
principal triangnli~tion. 

Appendix No. 7.  The effect on t h e  spheroidal correction of employing l 'heoretical instead 
of Observed values of Gravity and a diicnssion of different f o r m n b  
giving variation of Gravity with Latitude and  Height.  

Appendix No. 8. 01) the  discrepancy between t h e  Trigonometrical and  spirit-level values of 
 he difference of height between Dehra b i n  and  blussooree. 

~ 0 1 .  X I X A - B e n c h - M a r k ~  on the Southern Lines of Levelling. Dehra Dcn, 1910. 
Price Rs. 5  or loJ .  

~ I X B - B e n c h - M a r k s  on the Northern Lines of Levelling. Dehra Dun, 1910. 

Price &B. 5 or I@. 

SyNOpTICAL VOLUMES-giv ing  charts, descriptions of stations, and full synopees of 
coordinates aud llcjghts of all stations and points fixed by Principal and Secondary Trian- 
g u l a t i o n , *  Price Bs.  2  ov 4" per volume utrless otherzuisc stated. 

Italic$gu.res are in chronological order am? reJer to  the  I ~ t d e z  Chart of the G. T. Surcy. 
North-West Quadrilateral 

Val. I-The Great Indus Series (32) .  Dehr:~ Dun. 1874. 
11-The Great Arc-Section 24"-30' ( 6 ) .  Dehra Dun, 1874. 

111-Tl~e Karachi Lonyitudinal Series (25) .  Dehra Uiin, 1874. 
IV-The Gurhigarh Meridional Series (23) .  1)ehra Dun. 1875. 
V-The ltahiin Meridional Series (33). Dehra Dun, 1875. 

TI-The Jogi-Tiln Meridional Series (37). a~:d tlle Sutlej Meridional Series (45). 
Debra Dun, 187 5. 

VII-The N. W. Hilnllayn Series (22) and the Triangulation of Kashmir (36) .  Debra 
Dun, 1879. 

VIIA-The Jodlipore Meridionnl Series (62) and the Eastern Find Meridjonnl Series 
(64) .  1)ehra Diiu, 1687. 

South-East Quadrilateral 
Vol. VIII-The Great Arc-Section 18'-24' (8). Dehra Dun, 1878. 

IX-The Jabalpur R'leridioual Series (53) .  Dehra Diin. 1878. 
X-The Bider Longitudinal Series (43) .  Dehrn Dun, 1880. 

XI-The Billspur Meridional Series ( 56 ) .  Dehra Diin. 1890. 
XI1-The Calcutta 1,ongitudinal Series ( 5 ) .  Dehra Dun, 1880 

XIII-'She East Coast Series (24) .  Uehrn Uiiu, 1880. 
XlIIA-The South Piras~litlr  ( 1 )  and the S o ~ ~ t l l  R1:lliiucha bleridional Seriee (17). 

Dehra Dun, 1885. 
North-East Quadrilateral 

Vol. XIV-The Btldl~on Rleridional Series ( 2 ) .  Dehrn Diin, 1883. 
XIr-The ltnngir Rleridior~al Series (4). Dehra Dur~,  1S8:3. 

XVI-'l'he Amua Meridional Series ( 3 )  and the G:~rt?ra bleridio~ral Series (12) .  Dellre 
1)iin. 1883. 

XVII-Tbe Qu~,nlLni Meridional Series (19) and the Gora bleridional S e r i e ~  (15) .  
1)ehrn Lhu,  1883 

XVIII-The Huriliong Rleridional Series (21)  :\lid the (:hendwiir Meridionr~l Seriea (Id). 
Deh1.a Dun, 1883. 

XIX-The Norlh I'irnsniith (27)  and the Nurth RIalfil~cha ~Ieritlionnl Seriee (13). 
Dehra Dun. 1858. 

XX-The Calc~ltla RIe~idional (16) and the Brahmnpiitra Rleridional Series (56). 
Ilehra I)iir~, 188.7. 

XXI-Tho 1Sast Clalrutla Longit.udinol (48)  nnd the Eastern Frontier Series- 
Section ?3'-26' (44). Debra Dun, 1883. 

XXII-The Asanm Valley Triangulation, E. of Meridian 92" (55) .  Dehrn Duo, 1891. 
(Out of print.) 

XXXV-The North-Ea~t  Longitudinal Series (20) with the volume of charte. Debra Dun, 
1909. Prirr R.7 5 or l@.  

- -  - . .___ _ . _ ._ 

Special charts cnn be sopplied of thosa series for which no Sgnoptical Volumes are  available, r iz .  :- dl 
Burma. Chittngong and Unlnrh~etin triangulation, the  Assam Longitudinal, t he  Sombalpnr Meridional. and  the  
Qilgit beries, wi1.h a few recent rccondary series in India. 
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SYNOPTICAL VOLUMES-(Continued). 
Southern Trigon 
Vol. XXIII-1-6 South Konkan Coast Series (11). Dehra l)iin, 1891. 

XXIV-The Mnngalore Meridional Series (49). Debra Dun, 1891. 
XXV-The South-Enst Coast Serios (63). Dehrn lhi~i, 1891. 

XXVI-The Bornbny Longitudi~inl Series (7). Dehra Lhin, 1892. 
XXVII-The Mndras Longitudinal Series (54). Dehrn Diin, 1892. 

XXVIII-The Madras Meridionnl and Coast Series (46). Dehrn D i n ,  1892. 
XXlX-The Great Arc Meridionnl Series-Section 8'-18' (9). Dehrn Dun, 1899. 

South-West Quadrilateral 
Vol. SXX.-The Abu Meridionnl Series (26) nnd the GujnrLt Longitudinal Series (29). 

Dehra Dun, 1892. 
XXXI-The Khanpisurn Meridional Series (IS). Dehra Dun, 1893. 

XXXII-The Singi Rleridional Series (10). Dehrn Dun, 1893. 
XXXIII-The Cutch Const Series (35). Dehra Dun, 1893. 

Addendum to the Cutch Const Series, Indus del ta,  (separnte pnmphlet). 
Dehrn Dun, 1902. 

SXSIV-Tbe ti%thilwir Meridionnl Series (28). Dehm Dun, 1894. 

T R I A N G U L A T I O N  PAMPHLETS with charts, are now being issued for every 
squnre degree, giving the results of all minor triangiilntion, as well ns that shotvn in Synop. - - 
tical Volumes. Price R e .  1 or 2s per pamphlet. V ide  page 131. 

L E V E L L I N G  P A M P H L E T S - g i v i n g  heights and descriptions of nll Bench-marks, 
fixed by leve~liug of Precision in India and Burmn. Each pamphlet embraces an area of 
4 O  x 4' and the numbering is the same ns that of the corresponding sheets of the 1/M map 
of Indin. Each is illustrated by n mnp of the nren. Price  Rs. 2 07 43 per pamphlet 
ezcept w h e ~ e  othei.zcise stated. 

Pamphlet Nos. Lntitucie. Longitude. Published Pnn~pl~let Nos. Latitude. Longitude Published. 

l ud ia  34 2SC-32' G4'-68' Dehrn D i n ,  1916. India  44 28'-32' 72"-76' Dehra Din, l92Ot. 
&j 2.IO-28" (;4O-68O , 1911. ,, 45 24'-28" 72'-76" ,, 1911. 
38 32" - 315" [;So- '72" , 1912. ,, 46 20"-2.b0 72'-76' ,, 1912. 

, 39 28"-32' !'8'-72' , 191 3. 47 16'-20' 72'-76' ,, 1912. 
.. Addentlum ,, 1916. ,, ,, *Addendum ,, 1915. 

4 0  21°--8= csD-;2= ,, 1911. ,, 48 12"-1G' 72"-76" ,, 1912. 

,, 41 20"- 24' 68" - 71" , 1913. ., 4:). S O - ~ Z '  7y-760 ,, 1911. 
a 32"- 36" 7s0-- t o  ' O  , 1913. ,, 62 32"-3G" 7G0-80" ,, 191%. 

.. Alcleridnm .. 1915. . 63 28'-32" 761-S00 , 1912. 
5 4  2 r'- 2s' it?-80' .. 1914.: ,, 5 8  24"-28" 88"-92" , 1912, 
5s co-- - .? 1 0  -80' ,. 1012. ,, ., *Addendum ,, 1916. 

, 6 2 0  itto-80" ,, 1912. ,, 7 9  20'-24" 68"-92' ,, 1912. 
,, aAddrndn.r~ ,, 1919 ,, ,. Addendum ,, 1916. 
, 57 12"- It? 76"-SO" , 1919.: ,, 88 34°-2S" 92'-96' ,, 1912.0 

6s a"- I 2' ;(;--som .. 1914. 
,. 63 2L"-2s' POn-84' .. 1911. Burma 84 20"-2.1' 92'-96" ,, 1918.11 

,. Addendam , 1920. 
, G l 2 0 ' - 2 1 "  80"-84' ' ,, 1912. , 85 16"-20° 02"-96' ,, 1917.(1 

&j 11;~-1'0^ SO"-$lo , 1913. .. 9 2  24°-2€i0 96'-100" ,. 1918.11 
, 66 12'-16' SO'-8.1" , 1912. ,, 93 20"-24" 96'- 10O0 ,, 1917.11 

72 ?C -29" $4 - 88 ,, 1912. 

" I 
9 4  16'-20' 96"-100' 

.. Aridendurn , 1!120. ,, 1916.11 
;3 2o"--,- 3.1"- AS-  , 1n1:c. ,, 95 i ~ - ~ c *  sfin-rooe 
.. 4c~denduin , 1920. 

, 74 I(;'- 20- S L'-Hr: ,, 1913. 

Lp7elling of Precision in Mrmpntamia- 
Description+ ant1 1,ri:hte of bencl1-marks, Dehra Dun: 1019. Yricc Rs. 3 07 G I .  

TIDE T A B L E q  - 
Sloce ! \ \ I  7'1d:tI rbrrtl~rtions h:~*ccl on thc oLs~rl.ntionc of the Survey of India have 

&n prl1,lisherl annually I)!- t he  India OIGce, London. Thc tnl~les give the time and hciglit of 
biRh ant1 low watclr for cvcrj- daj- in thr )-car nt cxch porl, ant1 are published early in the 
previous yr:lr. Currrnt taLlrs are arnilnble for t l ~ c  following 11 ports :- 

Western Ports- 
~ { I V Z  ( K~rpt)-~n~nh-Prri~~~-A~len-hlaskat-Ril~l~ir~-Kar~c1~i-OI~hn Point nnd Bet 

Harbour ((;ull' o f  ( ' l~ichj-Porb:in, l~r-Port  Albert T'ictnr (K;7thii~ir)-Hhaur1agar-Bombay 
( ~ ~ o l l t t  T ~ ~ I I ~ I : I P ) - ~ ~ ~ , I I I ~ ~ ~  (1'ri11ce7s Dock)-filorrn~~~no (Goa)-Xjrair-Beypore (near 
C s l i e ~ ~ t ) - ( : o c l u i ~ ~ - 3 1 i ~ ~ i ~  (Indian Ocean)-Tuticorin-Fihban Pnas (Jsloncl of lt5rneswaram). 
--.- - ~- ~ 

Price Rc. I or 2 t 2nrl E:diti,mn. : 2nd Edirion (rcv~rcd and errlarpetl). $ l l r ~ g l ~ t e  on pages 45 & 46 

revised in 191e. :: Be~gl~tr revlrcd. 
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TIDE TABLES-(Continq~cd). 

Eastern Ports- 
Qnlle (Ceylon)-Trincomnlee (Ceylon)-Colombo (Ceylon)-Negnpatam-Madras- 

Cocanida-Vizng~tpatnm-False-Point-Dublat (Yaugor 1slnnd)-Diamond Harbour-Kidderpore 
(Calcutta)-Cbittagong-Akyab-Diamond Island (6urmn)-Baasein-Elephant Point (Burma) 
-Pangoon-Amherst-Moulmein-Mergui-Port Blair. 

The Tide 7ablea are issued i l l  the following forms :- 
( i )  Combined Volume-including all the above ports-Price Ra. 4 or 8 8 .  

(ii) Part I and Part 11-including Western and Eastern ports respectivsly- 
Xach part  Rs. 2 01. 4J .  

(iii) P a m p h l e t s - g i v i u g  separately the tables for individual ports or for ems11 
local croope of ports-Price varying jrom As. 8 or lJ  to Be. 1-8 or 8 s  per 
pan~phlet. 

C-CATALOGU ES AND INSTRUCTIONS. 
(Obtainable ,from the Superi~rtendent, Map Publication, 13, lPood Street, Calcutta). 

DEPARTMENTAL ORDERS.- 
Prom 1878 to 1885 the Surveyor General's orders were all issued as " Circular 

Orders. " Since then they have been classified as follows :- 
( I - G o v e r n m e n t  o f  India Orders (called "Circular Orders" 

Frorn 1885 to 1904 as 1 up to 1S98.) 
%-Departmental Orders ( A d m i n i s t r a t i v e ) .  

(3-~eoartmental  Orders ( P r o f e s s i o n a l ) .  
I n  1904 the various orders issued since 1878 were reclassified as follows :- 

Xu'un~ber to date 

1 . - G o v e r n m e n t  of India O r d e r s  - 742 
2 . - C i r c u l a r  Orders ( A d m i n i s t r a t i v e ) . -  390 
3.-Circular Orders ( P r o f e s s i o n a l ) . -  196 
4 . - U e p a r t m e n t a l  O r d e r s .  (appointmel~ts, promotions, transfers, etc.) 

These are numbered scrially and had reached the above numbers by September 1920. 
Governme~z1 of India Ordrrs nrid Circlrlnr Or11er.v (Admi~r i s t~ .n l i i - r \  are bound up in volumes 
from time to time, as sho~vn below, n~hile Ci~i~ulnl .  Orders (Prof>ssiono/)  are gradually incor- 
porated in the Survey Iiand-books. Besides the above, temporary orders have been issued 
since 1910 in the form of "Circular Memos." These eitl~cr lapse or become incorporated 
in some more perrnancnt form, and are thrrcfore oulj- numbered serinll!. for each year. Bound 
volumes of orders are available as follon.s:- 

1. +Govert~mc?nt of India 01,drrs (Dc.p:~rtrnr~ltnl) 1878-1903.-Calcutta, 1901.. 
1)itto dit,to 1904-190s.-Calcutta, 1909. (Out  of print), 
Ditto ditto l!)O9-1913.-Calcutta, 1915. 
D i ~ t o  ditto 1914-1916.-Calcutta, 1920. 

2. *Circular 01,ders (t1dministr:ltive) 1878-1903.-Calcuttn, 1904. 
1)itto dltlo 1904~-19OS.,-C'.z~cr1tt:l, 1909. 
Ditto ditto 1909-1~~1.?.-Calzutta, 191:. 
Ijittn ditto 1914-1918.-C:~lcntta, 1920, 

3. * I l e n u l a l i ~ ~ ~ ~ s  on t l ~ n  xulljcct of Language Examinstioos for Oacsrs  of the Survey of 
I~>cli:~. (':~lcr~l t :~ ,  1914. 

4. + ~ I : I ~ )  l'ul~lic;it,io~~ Orders 190s-1914 (Slcprr.i~lie~lde~d, Nap Publication's Orders.)- 
Cnlcultn, 191 4. 

6. Sl)ecifinclln O F  p:lpers set, at  Examinntinus for the Provinci:il Service.-Dellra Dtn ,  
1903 -(Ortl, O F  11ri11l). 

C A T A L O G U E S  AFJD LISTS. 
I .  C a t a l o w u e  ot' Maps pulllislled by the S l l r \ - r  of I t~tlin. Correctod to 1st October 

1917 Calcr~t.tn. 1918. P1.1rr Rc. I or 2'. 
Pu'O'l'1$.-List,s are issned qi~arlrrlt .  o f  II(.\V maps publirl~e~l tlnrinc earl, quarter, 

: I I I I ~  ~ i tni l :~r  1isl.r Vor c,ncl~ rnnntll appe:lr iu t l ~ c  ~nonthly NOTES O F  

'I'llE SUlbVb:T O P  INI)T.\. 

3 Catalogue o f  M a p s  (11' tile l30rnb:ly I'rc?iitleuc\-, (':tlcuttn, 19i:l. Price As. 4 or 6J. 
3. L i s t  o f  t .he publications of the survey o f  1ndia (publislied nnnunlly)-Debra 

Dun. Q ~ a l i r .  

4 P r i c e  List o f  M a t h e m a t i c a l  I n e t r u m e n t  Office. Calcuttn, 1913. Gratis. 
5.  Cat ;~ l l~~l ln  11f I h o l t n  I I I  tllc I lc.ltl-Qunrters Library, Cnlcutti~, 1901. (Out of print). 
- - - 

Por brpur~l~nel~lul use u r ~ l y .  
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C A T A L O G U E S  AND L1STs-(Cot~t i i~~~e(Z).  

6. Cat~rlogue of Scientific Books and Subjects in 1l1e Library of the Trigonometrical Surrey 
O l c e .  Dehra Dun, 1008. P r i c s  R e .  1 or P. 

7. Cntnlogue of Books in the Library of the Trigonometrical Survey Office. Dehrn DGn, 
1911. (Out  of print.) 

8. Green Lis t s -PART I-List of officeru in the Survey ( i ~ n l f y e a r l y  to dafes  1st January 
and  1st Julg)-C;tlcutt;~. Price As. 6 or Yd. 

PAKT 11-History of Services of Officers of the Survey of lndia 
(annlcally to (rate 1 s t  July)-Calcutta. Price  As. 8 o r  1". 

9. Blue Lists-Ministerial nud Subordinate Establishments of the Survey of India. 
PART I-Head quarters and l)el~r;r Dun ofices (published al~l~unl ly  to da te  1st 

April)-Calcutta. Price Re .  1 or 21. 
PAR'L1 11-Circles and p:trties (publisl~ed :innually to date 1st January).-Calcutta. 

P t i c e  h%. 1-8 o r  3j. 

(Nos. 8 aud 9 are stocked in the SurtJegor (;eneralls Office, Cnlcutta). 

TABLES AND STAR C H A R T S .  

1. Auxiliary Tables - to  facilitate the c;llculations of the Surrey of India. Fourth 
Edition, revised. Debra Dun, 1906. Price  Rs. 4 or Ss in cloth and culf ,  or R s .  2 or 4s in pdper  and 
boards. 

9 .  Auxiliary Tables -of  the Survey of India. Fifth Edition, revised and extended by 
d .  tle Graaff Hunter, R1.A. 1 1 1  pnrts- 

PrlnT I-Gmticules of Maps. De l~ra  Dun, 1916. Price  Re. 1 01. 25. 
PAKl' 11-Rlatl~ematic:~l Tables Dehl-a L ) ~ I I ,  1918. P r i c e  Re. 1 or 2J.  

3. Tables for Grnticules of Maps. Extracts for the use of Explorers. Del~rn D i h ,  
1918. Price As. 4 or tSd. 

4. *Metric Weights slid measure* and other Tables. Photo-Litho Office. Calcutta, 
1889. (Out  of print.) 

5 .  Lognritbmic Sines and Cosines to 5 places of decimals. Dehra Dun, 1886. (Out of print). 
6. Logarithmic Siues, Cosines, 'l'angents and Cotangents to 5 places of decimals. Delrra Dun, 

1915. (Out  of print) 
7. Common Logarithms to  5 places of decimals 1S85. Price  As. 4 or 6 d .  
8.  Table for determining Heights in Traversing. Dehra L)iiu, 1808. Price ds. 8 or IS. 
9. Tables of dic;tnnees in Chains and Liults corresponding to n subtense of 20 feet. Dehra 

Dun, 1889. Price  As. 4 or Gd. 
10. + l ) ~ t t o  ditto 10 feet. Calcutta, 1915. 
11. * bi t to  ditto 8 feet. Ditto. 
12. Stnr Charts SOT 1:rtitude 20' N. B.y Colunel J .  R. Hobdrry, I . S . C .  Calcutta, 1904. 

Price Rs. 1 - , S  or .?s. 
13. Stnr Charts for latitude 30' N. E y  Lt . -Cot .  B ~ ~ r i , a r , d ,  B.E.,  F . B . S .  Dehra Dun, 1006. 

Price  Rs. 1-8 or 35. 
14. 'Catalogue of 24,9 Stara for epoch Jan .  1, 1392, from observations by the Survey. 

Debra Dun, 1893. Price  Rs. 2 or 43. 
15. * Hainfall, maximum a r ~ J  minimum tetnperatures from 1SG8 to  1920, recorded at  the 

Survey Office Ol~servstory, Dehra Dun. (Bevised.) 

OLD M A N U A L S .  
1 .  A Manual ol: Surveying for India, detailing the mode of operntions on the Itevenne 

survepe in Rengal ant1 the North-Western Provinces. Compiled 1,y Captainr R. S1131jth arid H .  L. 
Thuil l ier .  Calcutta 1851. (Out  of print.) 

2. Ditto ditto ditto. Second Edition. London, 1855. 
(Out of print). 

3. A Manual of Surveying for Intli:r, detailing Ll~e mode of oper:rtiona on the Trigonnmet- 
rical, Topographical and lievenue Surveys of India. Cot~~piled by Colonel H. I, .  Thuil l ier ,  C S . 1 . .  
P . R . S . ,  and Lieutenant-Colonel R. Snlyth. 'l'hirtl Edition, rovised and enl:irged. Calcutt:~, 1875. 
(Out of print.) 

4. Hand-book, Revenue Branch. Calcutta, 1 ~ 9 3 .  Price  a. 2-8 or 5' 

RURVEY O F  INGIA HAND-BOOKS. 
1. Hand-book of General Instructions, Fourth IEdition. Calcutta, 1914. Prics  

B g .  3 or 6' 

2. Hand-book, T r i g o n o m e t r i c a l  Branch, Second Edition. Cslcutta 1902. 
(Out of print.) 

- - --. 

F o r  Uepe~.lrnentul use only. 
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3. Hand-book of ' F r i g o n o m e t r i c a l  I n s t r u c t i o n s . - T h i r d  Edition. chaptern, 
in pamphlet forms- 

Ch:lpter Vl-Levelling of Precision. Drhrn D I I ~  1920. Price Re. 1 or 2 a. 

4, Hand-book, Topographical Branch, Third Edition. Calcntta, 1905. (Out of 

print.) 

5 .  Hand-book o f  Topography.--Fourth 1l:tlition Calcutta 1011. Chal~tere, in 
pamphlet forms- 

Ch:\pter I-Introductr~r~.-reprinted with additions. 1917. (Orlt of print). 
11-Constitut,ion nlld Organization of a Survey Party.-reprinted, 1913. 

Price As. 4 or 6". 
111-Triangulation and its Cou~pr~tatiot~.-reprinted,  1914. Price A s . 8 ~  1' 

,, IV-Traversing and its Computation.-reprinted, 1913. Price As. 8 or 1 8 .  

V-Plalle-tabling.-rep~.inted 1915. Price As. 8 or 1 8 .  

,, VI-Fair Mnppi11g.-rel~rinted 1917. P ~ i r e  As. 8 or 1". (011t  of print.) 
VII-Trans-frontier lieconn:~iesance.-reprillled 1911. Price An. 4 or fid. 

(Out of print.) 

, VIIT-Surveys i n  time of mar (not ready). 

,, IX-Forest Surreys :tnd AInps.-rel~rirlted 1014. Price As. 4 or 6d. 
,, X-R1:lp l{eprodnct~io~~.-rel~rinted 1019. Price  As. 4 or 6 d .  
.. XI-Geographic:~l maps.-1917. Price As. 4 oi. Gd.  

6. +Photo-Lithe Office, Notes on Orgn~~ization. filethods nnrl IJrncessc~~ RI/ d i i jor  
W. P.G. Hrdlry ,  R. E. He\-ised ;ti,d :rmplified hy Ca,pt. S. W. S. Ho,,niltolt, R. E. C'nlcult:~. 1914, 

7. The Reproduction (for the guidance of other D e p a . r t m e n t s ) ,  o f  filnps, 
Plans, P h o t o g r : ~ ~ , l ~ ~ ,  Ui:~gr:rms, and Lille Illostratiol~s. Calcut,tn, 1911, P ~ . i c e  Hs. 3 or 61. 

NOTES A N D  I N S T R T J C T I O I V  S 

D r a w i n g  and Paper. 
1. "Sotrs 011 Pyitltiug Papers s~~i t : lhle  for nlaps, and on TVhatmnn Ljmwing Paper. By 

Major W. 112. Coldstrea711, R. E. Calcutta, 1911. 

Printing and Field Litho processes. 
2~ #ltrport on Itribber Offset Printillg for J l a ~ ~ s .  By ~Uaj , l r  W. B. Cotd~tream, R. E. 

Cnlcuttn, 1911 

3. *Notes on tho "TT:~ndyl<e" or 1)lrec.t Zinc Printing Process, with details of Apparatus 
and Chrlulcals rrql~iretl for a slnnll section C o ~ n l ~ ~ l e d  In tlle Photo nnrl L ~ t l ~ o  Office, Survey of 
Indin. C:~lcuttn, 1913. 

4. *l<el)ort OII the Working of the Light Field 1,itho Press (esperiment:~l) in November 
and December 1910 with Appendices. By L1e7rtc~ratrt A.  A. Clrase, R. E., C:tlcuttn, 1911. 

(1) Koteu on solne of the 3Ietllods of Ileproduction suitable for the Field. 

(2) Suggested Eqriil~~neut, 'I'ables for the Liglrt Field Litho Press (experimen- 
tal). 

6. *lteport on n t,l.i;~l of the eq l~ ipn~ent  of the l r t  (Prince of males'  n w n )  Snppers and 
Miners for rel)rc~d~icing malls in the field. By Lieatenant A.  A.  Chase, R. E. Cnlcuttrr, 1912. 
(Out of pri~lt). 

Base Lines and Ma.gnetic. 
6. *i\iotes on use of the Jaderin Base-line Appnratus. Dehra Dun. 1904. (Out  of print). 

7. *Mi~cellnneous Pnpera relating to the Aleasurement of Geodetic Bases by Jaderin Invar 
Apparatus. Uellra l)un, 191 2. 

8. *Inst,ructiol~m for t,alring Magnetic Obsermtio~is.  By J. Eccles, di. A. Del~ra Diin, 1896. 
(Out O F  p r i ~ ~ t ) .  

9 .  Rectangular Coordinates --On a Simplific:ition of the Colnputntions relnting to- 
By ./. Ecclrs, N .  A Delirit J)un, 1911. Pvtce Re. 1 ol. Zs. 

10. * F o r  Explorers -Notes on the nse o f  'l'l~ermnrnetwrs, Bnrometers and Hypsometers 
with '!';lblrn f o r  the (.'o~nputation of Heights. By J. de QraaflHunter,  N. A.  1)ellra Dun, 1911. 
(Out, of print). 

11. Amended Instr~lctions for the Survey and Mapping of Town Guide Maps. Auguet 1919. 

For Dspartrnental rue o n l ~ .  
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D-MISCELLANEOUS PAPERS. 
(Obtairrnhle from the &upcrintmdent, Mnp Publ icn / ion ,  13, r o o d  Stree t ,  Calcuito). 

UNCLASSIFIED PAPERS. 
Geography. 

1. A Sltetch of the Qeogrnpl~y and Geology of the Himiltrya Mountnins and 'I'ibet (in four 
p r t s ) .  B y  Colonel S .  Q. llurrard, R. E.,  E: R S . .  supdt . ,  Y'ri,qqoi~omslrical Surveys, and H.  8. 
Haydea, 4. A . ,  P. Q. S., Strpdt., Qeologict~l Survey of India. Ciilcuttn, 1907-08. 

Pnrt 1.-'J'l~e Higl~ l'enks of Asin. 
, 11.-'J'he l'r~l~cipnl hlout~tnin Ranges of Asia. 1 ,, 11 1.-The llivers of the Himilnya and Tibct. Price RE. 2 or 4' per part. 

,, 1V.-'l'lle (3eology oE the hi~nalayn.  

2. 'Report 011 the ldentifici~tiou ilnd Nomenclature of the H i ~ n i l ~ ~ y a u  Peake as reen from 
Kitmfilldu, Nepal. B y  Cnyt. H. Wootf, R. E. Calcuttil, 1904. 

3. Routes ill the Western H i r n i l l ~ y ~ ~ ,  I<~~hl l l i r ,  etc. By zieut.-Colonel T. Q. Montgoaleri8, 
B. E., E R. S . ,  E'. R. G .  S .  l'hird Edition, revised and corrected. Delirn Uiin, 1909. (out 
of print.) 

Exploration. 
1. 'Account of the Survey Operations iri connection with the Miasion to Yirlcond rind 

Knahghar in 1873-74. By Cfcptnrn Henry Tj.otter, R.E. Calcutt,a, 1875. (Out  of print). 

2. Report on the l'rans-Hilnilayan Exl)lorntions during 1869. (011t  of print). 

3. Report on the Trn~~s-kli~niliryan Explorzt io~~s during 1Y70. Dehra Uiin, 1871. 
(Out of print). 

4. Report on t l ~ e  l ' r i ~ n s - H i ~ ~ ) i l : r a n  Explorntio118 during 18i8. Culcuttn, 1880. (Out 
of print). 

5.  Exl~lorntiol~ in the Eastern Knrnkornm and Upper Yii~.krind Valley. (Report of the 
work of the Surley of Illdin Detncl~~nent  wit11 the L)e Filippi Scieutific Expedition of 1913-14). 
B y  Lt-Col.  H. Wood R.E. Dehrn Dull. (In the press). 

Special Reports. 
1.  'I(eport on the Mu~aoorie and Lnndour, Kumaun m d  Cfarhwd, Rinikhet and Koai 

Valley Surveps extended to Fesl~iwar a u ~ l  KhigBn Triangul~ition during 1869-70. B y  Major 
T. Q. Yontgomoir,  R.E. (Out  of print). 

2. Report on the Recent L)etrru~inntion of the Longitude of Mndrns. B y  Capt. 6'. Q. 
Burrard,  R. P. Cnlcutta, 1897. (Out  of print). 

3. .Iteport on the Observntion of the Total Solnr Eclipae of 6th April 1875 a t  Camorta, 
Kicob~rr Ihln~~dn. By Colonel J. Waterlrouse. Calcuttn, 1875. (Out  of print). 

4. ''l'he 'l'otel Solnr Eclipse, January 22, 1898. Dehra L)iin, 1898. 

(1) Iteport on the observatione a t  Dumraon. 

(2) Ijeport on the obuervetions a t  Pul:i~on. 

(3) Report on the observationn a t  Sahdol. 

5. 'Report on Local Attrnction in India, 1893-94. B y  Captain 8. 0. Burrard, R.B. 
Calcuttn, 1895. (Out of  print.) 

6. 'Heport on the l'rigonometricnl Results of the Enrthquake in Asrnm. B y  Captain 9. Q. 

Burrard. Cnlcuttn, 1898. (Out of print.) 

7. *Notes on the 'l'opographicnl Survey of the 1/50,000 Sheets of Algeria hy the Topo- 
grnphical Section of the "Service Qeograpl~ique de 1'Armie". B y  Cuplain W. Mu 
Coldatream, R.E.  Calcutta, 190G. 

8. ''l'l~e Rimln Emt,ntee T3oundnry Hurvey on the wale of 50 feet to 1 inch. By Captain 
E.A. T a i ~ d y ,  R.E. Cnlcuttn, 1906. 

Geodesy. 
1. Notrm on the Theory of Errorr of Observation. By J. Reeler, MA. Dehra [)fin, 1909. 

Priee Ar. 8 or 1'. 

2. 'Foto on n Change of the Axen of the Terre~trinl Spheroid in relation to the Trirn- 
gtllation of the (3.1'. Survey of Indis. By J .  de Q7mf Huntrr, M.A. Uehre D i n .  
(Ont of print.) Now incorporated in Professional Pnper No. 16. 

3. Ifeport or1 the Treatment and une of Inrar  in rnensuring Geodetic Barer. By Capl. 
H .  H. Turner. R. E. London. 1907. Price Ar. 8 or 1'. 

For Depmrtmentnl use only. 
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U N C L A S S I F I E D  P A P E R S - ( C o n t i n u e d ) .  

Projections. 
1. On the projection used for the General Maps of India. Dehra Piin, 1903. (Out of 

print). 

2. *On tlle cleformation resultin.. from the method of conatri~ctinq the Internntionsl 
Atlas of the World on the wale of ono to one million. By Ch.  Lallemand.  Translated 

by J .  Eccles, M . A . ,  together with tables for the pro,jection of 1/RT Bfaps on the 
International ~ystem. llehre L)iin, 1013. (Out of print). 

Mapping. 
1. *A Note 011 the different ~nrt l~odn hy which hills can be repreoented upon mnps. 

By Colonel S . Q .  Bz~rrar t i ,  C . S . I . ,  R . R . .  F . R . S . ,  S ~ r v e , ~ o r  Qeirer.al qf India.  Simla, 1912. 
2, *A Note on t l ~ r  representation of hills. B? l i a j o r  C. I;. Robertson, C . M . G . ,  R.E. 

Dehrn Dun, 1912. 
3. *A Note on the reprepentation of hills on the RIaps of India. Ry B n j o s  F. W. P i r r i e ,  

I .A .  1)ehra Dun, 1912. 
4. *A consideration of the Contol~r  interval^ nrlci C:olour Scales beet suited to  Indian 

1/8i maps. By Captnin dL O'C. T a n d y ,  R.E. Calcutta, 1913. (Out of print). 

PROFESSIONAL P A P E R S - P v i c e  Rupee 1 or 2' per volume, ezcept where othertoiss 
s tated.  

No. l - P r o j e c t i o n - o n  the Projection for R Map of India nnd adjacent Coi~ntries on 
the ac:~le of 1 :  1,000,000. B y  Colonel S t .  Q. C .  Gore,  R.E. Second Edition, 
Dellrn Uiin, l80:3. 

No. 2 * B a s e  Lines-nretllod of measnring Geotletic Rapes bp 1ne:lnn of Bfet,nllic 
Wires. Hy ill. Jiderin.  ( T r n i ~ s l ( ~ t e d  f ro~n N<nloii.rs PrZsenta  p a r  Divers 
Snutrizts ri I'dcndc'iirie drs Sciences dr: l'ltzstit7rt do France) .  Dehra Dun, 1899. 
(Out of print.) 

No. 3-Base Lines-hfethod oE measuring Geodetic Rases by rnesns of Colby's 
Compensated Rnrs. Compiled hy Lieutenant H. rUcC. Cozuie, R. E. Debra 
I l i in ,  1!400. (Out of print.) 

No. 4-Spir i t - levels-Notes  on the Calibration of Levels. B y  Lieutellant E. A. 
Yirndy, R. E. Dehra Dun, 1900. (Out of print.) 

No. 5-Geodesy-The Attraction of the Himalaya Blountnins upon the Plumb-Line 
in India. Considerations of recent data. B y  d lo jor  S. Q .  B u r r a r d ,  R. E. 
Second Edition, Dehra L)iin, 1901. Price  Bs. 2 o r  4s  

No. 6-Base  Lines-.4ccount of n Determination of the Co-efficient8 of Expan~ion 
of the Wires of the Jiderin Ziaee-Line Appnratu~. B y  Cnptain Q. P.  Lenox- 
Conyngham, R .  E. Dehra Dun, 1902. (Out  of print.) 

No. 7 - w M i s c e l l a n e o u s .  Calcntt,a, 1803. 
(1) On t.he vnlues of Longitude employed in mnps of the Survey of India. 
(2)  Levelling ncross the Ganges at  Damukdin. 

(3) Esperirnent to test the incrense in the length of a Levelling Skiff due to  
nioisture nnd temperature. 

(4) Description of a 81111-dinl designed for uRe xith tide g ~ u e e s .  
(5) Nickel-fiteel nlloye and their npplicntion to Geodeay. (Tronskatedf iom 

the A w n c h . )  
(6) Theory of electric projectors. (Translated front the Prenclr.) 

No. 8-Magnetic-Esperiments mndo t o  determine the temperature ~ o - ~ f f i c i ~ ~ t ~  of 
W n t ~ o n ' s  Rlagnetogrnphs. B y  Captain H. A. Denholm F r a . ~ e r ,  R. E .  Calcutta 
1905. 

No, g--Geodesy-.4n Accoilnt of the Scientific work of the Survey of India nnd a 
Coml)ari~on of its propeps with thnt of Foreign Surveys. Prepared  f o r  th 
rise o f  the  Sltraey Cornmittno assembled i n  1905. By Lieutenant-Colonel S .  G, 
.B?ivrard, R. E.,  F. R. S .  Calcutta, 1905. 

No. l o - P e n d u l u m s - T h e  Pendulum Operntions in Tndia, 1903-1907. By Major 
G .  P .  Lenox-Conyngham, R .  E. Dehrn Diin, 1908. Price R s .  2-8 or 5 3 .  

KO. 11-Refraction-Observations of A tmos~heric  Refrnction, 1905-09. By 8. Q, 
Shazu, S t~roeq  of Ind ia .  Dehrn Dun, 1911. (Out of print.) 

No. 12-Geodesy-On the Origin of the Hirniilayn Mountnine. By Colonel a. 0. 
BurrarrZ, C. S .  I. ,  R. E., P. R. S. Cnlcnttn, 1812. 

No. 1 3 - 1 ~ 0 ~ t a s  J-Investigation of the Theory of Isostasy in Tndin. By Major H. Z. 
Crosthtcait, R.E. Dehta Diin, 1913. (Out  of print.) 

- - -- - - - 

For Dnpnrtmentnl use only.  
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P R O P E d S I O N A L  P A P E R S . - ( C o n t i n u e d ) .  

fio. 1.l-Rdfraction-Porululm for At~nospheric Refrnction and their application to 
l'erretltrial ltefractiol~ and Geodesy. By J. de QraaXHwntes,  a. A. Dehre 
Dun, 1913. Price Hs. 2 or 4'. 

No. 15-Pendulums-'l'l1e I'endulurn Operations in lndia and Burma, 1908.13, 
B y  Captain H .  J. Couchrnau, R .  E. Dehra Dun, 1915. 

No. 16-Geodesy-'l'l~e Earth's Axes nnd Triangulation. B y  J. de Graa f  Hunter, dI.A. 
Dehra Dull, 1918. Price R s .  4 or SJ. 

No. 17-Isostasy-Il~vestigatio~ls of 1sost:tsy in Him2laynn and Neighbouring Hegione. 
B y  Colonel Sir S.  Q.  Burrard,  h-. C. S. I., R. E.. F. R. S.  Uehrn Uiin, 1918. 

No. 1 8 - I s o ~ t a s y - A  criticism of Mr. R. 1). Oldhrtm's memoir "'J'he R ~ I ' u c ~ u ~ ~  of the 
IIl~nnlayns nitd of the Gaugetic Pliriu ". B y  Linut.-Colonel H .  McC. Colcrie, R.E. 
( a t  prrss). 

KO. 19-Aer ia l  P h o t o g r a p h y - E x p e r i m e n t s  in Aeroplane Photo Surveying. By 
Xajor  C. G .  Lrlc9is. R.E., artd C'aptatn H.G. Salnrond (La te  R.A.F.). ( a t  press). 

D E P A R T M E N T A L  PAPERS SERIES. (For  departmentuL use only.) 
Pio. 1-Type-A consitleratio~~ of the most suitable forms of type for uee on m a p .  

bu Cicptartr X. O'C. Tantly. R. E. Dehrn Dun, 1913. 
Pio. '2-Symbols-A review of the Boundary Symbols used on the maps of veriour 

count1,ien. B y  Caplaill X. O'C. Ta t~dy ,  R. B. Dehrs Dun, 1913. 
No. 3-Maps-Extract from "'l'he Eew nlnp of lialy, Scale 1 : 100,000." By Luig; 

Ciiannitra/~anl. i?rnri*lated from the Ilaliaib by dlajor W. Z. Coldstream, R.E. 
1)ehru Uun, 1913. 

n o .  4 - T o w n  S u r v e y s - A  report or1 the practice of Torvn Surveys in the United 
Kin~dorn nnd its application to111dia. By dlajor C. L. Robertaot~, C.U.Q., R . E .  
1)eIlr;i l ) i ~ n ,  1913. 

S o .  5- S te reo-p lo t te r -TI re  l 'ho~r~pson Stereo-pli~tter arid i t s  use, ~ c i ~ t h  notes on the 
Jieltl work. B y  Lielitenant K. illaro~r, R .  E. Ilehra Dun 1913. 

KO. 6-Levelling-Levelliug of High Precision. By Ch. Lnllenrand. Translated 
j i u ~ t r  tlre French bay J de Q r a a f H u n t e r ,  r1l.A. L)ehra Dun, 1914. 

No. 7 - S t a n d a r d  Bars-u: l r  Cou~p;~risous of 1907-08. By dlrljor H ,  dlcC. Cowie, 
R. E. D e l ~ r ; ~  l)uo, 1915. 

h o .  S-Helio-zincography-Iceport on Rubher Off-set Flat bed Mncl~ine Printing. 
B.y C u p t a i ~ ~  S. FV. Sackuille H a ~ ~ ~ i l t o n ,  R . E .  Calcutta, 1915. 

P R O F E S S I O N A L  FORMS. 
A large number of forms for the record and reduction of Survey Operations are stocked 

st Dehra Dun. A list of these can be obtained from the Superintendent of the Trigonometri- 
cal Survey, l)ehra Dun ,  U. P .  
EXTRA-DEPARTMENTAL P U B L I C A T I O N S .  

(Oblaisahle f r o m  ille.~.urs Dulaic 4 Co., 37, Soho Square ,  Lortdon, W., or Messrs, 
Harrison $ Sous, St. ~ l l u r l i ~ r ' s  Lane,  Lot~rlon, or t he  Royal Society clt Bur l ington  House, 
Lontlori.) 

1. Pl~ilosol)hicnl Trnn~actions, Serirs A .  Volume 186, 1895. Indin'e Coutribution to 
Geodeep, by General J. 1: Walker. R . E . ,  C.B., F.R.S., LL.D. 

9 .  Philosophical T~.a.nsactions. Series A ,  Volume 205, pages 289-318, 1005. On the Inten- 
sity nnd Dirrction of the Force of Gravity in lndiu, by Lieutenant-Colonel 
S .Q.  Burrard,  R.E., F,R.S. 

3. Proceedings, Series A ,  Volume 90. pages 32-10, 1914. On tlie effect of the aangetic 
Allaviuln on tlie Plumb-Line in Northern India, b,y R. D. Oldham, R.R.S.  

4.  proceeding^, Series A ,  Vo111o1e 91, pnges 220-238, 1915. On the origin oE the Indo- 
Gangetic trough, comrnonlp called the IlimSlnyan E'ovedeep, by ColonelSir S. Q. 
Burrard ,  B . C S . I . ,  R.E., R .R .S .  

(Obtai~tahle  fro,^ Cll l~rle.~ R o C ~ r t  J o A ~ ~ s o n  a l  the oflccs c f  " E t ~ ~ z ~ ~ e e r i t ~ ~ g " ,  35 and 36, 
Bedford Street, f i / r a ~ r ~ / ,  f ,o~~tlon Ip-. c.) 

5. EnKineerillg, Bug. 20, Aug. 27, Sep. 3, 1915. Three cornprel~en~ive nrticlee on 
"Coln,mrntors for the lndi ;~u Government" from a report by Major H. bl. Cowie, 
R. E . ,  Btcruey of  India. 

(Obtainable from 111esssr. Taylor 9. Francis, Red  L ion  Coitrt, Fleet Street, London W. C.) 

6. The Observatory. May 1920. A lecture on the Earth'r Axes and Pigure by 
J, de &a. Hunter, M.A., Survey of l nd io .  
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AGENTS FOR THE SALE OF INDIAN OFFICIAL PUBLICATIONS. 

LONDON. 
A. CONBTABLE & CO., 10, Orange Street, 1,eices- 

ter Square, W.C. 

P. S. K m a  & SON, 2 and 4, Great Smith Street, 
Westminster, S.W. 

68, Carter Lane, E.C. 
13. QUA~ITCH, 11, Grafton Street, New Bond 

Street, W. 
~ IENRY s. KING A CO., 65, Cornhill, E.C. 
G B ~ D L A T  & Co., 54, Pirrliament Street, S.W. 
'1'. F I S ~ E R  UNWIN, LTD., 1, Adelphi Terrace, 

W.C. 
W. ' I ' n a c ~ ~ a  & Co., 2, Creed Lane, Ludgate 

Hill, E.C. 

LUZAC & Co., 46, Great Russell Street, W.C. 
EDWARD STANFOUD, LTD. (for maps only). 

12-14, Long Acre, W.C. 

CAMBRIDGE. 
 EIGHTON ON, BELL & CO., LTD., Trinity Street. 

ON T H E  CONTINENT. 
ERNEST L ~ n o u x ,  Rue Bonnparte, Parie, France. 
M A ~ T I N U S  NIJHOFF, The Hague, Holland. 

IND1 A. 

THACKEII, SPINK & CO , NO. 3, E~plannde, East, 
Calcutta, and Simla. 

NEWXAN & Co., h'o. 4, Dalhousie Squnre, 
Calcutta. 

LAL CHAND $ SONB, NO. 76, Lower Circular 
Road, Calcutta. 

M A N A C ; ~ ~ ,  THE INDIAN SCUOOL SUPPLY DEPBT, 
No. 309, Bow Bazsr Street, Calcutta, and 
Dacca. 

RAI SAUIB ;\.I. GULAD S m o n  & SONS, Labore. 
T H A C K E ~  & Co., LTD., Bombay. 

DUBLIN.  

E. PONSONBY, LTD., 116, Grafton Street. 

OXFORD. 

B. H. BLACKWELL, 50 and 51, Broad Street. 

EDJNBURGH. 

OLIVER A N D  BOYD, Tweeddale Court. 

RIuasoorie. 
CURATOIL. GOVEUNMENT BOOK DEPBT, BUBMA, 

Kaugoon. 

C o c ~ s u a a s  AGENCY, Srinagar. 
BURMAN & Co., Muzaffrcrpur. 

I). B. ~ ' . L ~ , \ P ~ ~ E v A L A .  SONS I% CO., Bombay. 
H ~ o o r a o o ~ n ~ ~ t s ,  LTD., Madras. 
P~oPRIE'I'ou, MAFABILITE PRINTING WOEKE,  
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