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This volume gives an account of the levelling operatione carried out  by the Survey of India dwing the  fiftp-two yeare, 
1858-1909. I t  was originally intended to  cover the period 1858-1908 only, but  aadelays ocourred i n  t h e  ~ r i n t i n g ,  the  results 
of 1909 mere subsequently d d e d .  

The possibility of undertaking a simultaneous adjustment af the  levellingset was first considered in  1904, and the  
preparation of the lists of bench-marks was begun, but  the  Punjab circuit had not  then been completed, and the mathematical 
reduction could not be commenced, until the levelling on the line from Chach to Ferozepore had been finished. I n  1905 an investiga- 
tion of the closing errors of circuits showed that the levelling.net was much disfigured by large circuit errors in the Deccan, and i t  
was decided to postpone the simultaneous adjustment, until the levelling from Bombay to  Madras (level-lines numbered 32, 31, 
25,26,22,21,14 and 8) and from Bellary to Karmar (lines numbered 16 and 17) had been revised ; these revisions mere no t  
completed till 1908, and although the preparation of the lists of bench-marks had been continued without interruption, i t  was 
not till 1908, that this volume was written, and its two sequels, volumes X I X A  and X I X B ,  were finally compiled. 

To students of levelling some small contradictions may seem to exist in  this volume. For example, in the  references 

to the magnitude of the error of levelling per mile, the method employed by Colonel Hill, of dividing the total closing error on 
foot - 

s l i m  by the mileage, is occasionally mentioned mith npproval, and yet in chapter V I l I  the formula 0.00hJ miles mas taken to  ex- 
press the relationship between error and distance. I t  mas subsequently realised that  neither of these systems was correct, and 
the formula + J(o.oo~)~M + (0.00034)eM2 wns deduced. The explanation of these changes is, that during the time, when this 
volume mas pnssing through the press, I mas studying Monsieur Lallemand's m r k s  on the Levelling of France, and these threw 
great light upon questions, that had hitherto in India been regarded as doubtful. I also gained many ideas and hints from 
Messrs. Tittmann and Hayford's reports on the Coast and Geodetic Survey of the United States of America, especially from 
Mr. Hayford's instructive appendices on levelling in tbe volumes for 1899 and 1903. 

I t  mas interesting to discover that  on one question the French and the Amerioan authoritiea were at variance; 
Lallemand mas advocating the employment of " orthometric" heights, nnd Hayford gave reasons for  adhering to the uncorrected 
observed values. At the International Geodetic Conference, held in London and Cambridge in 1909, I had the privilege of 
discussing the question of orthometric values of height mith both M. Lallemnnd nnd Mr. Hayford and with Sir George Darwin 
and Professor Helmert. The consensus of opinion mas, that  observed values of spirit-level heights required a correction for 
gravity before any reliable closing errors of circuits could be deduoed, but  opinions differed, as to whether the orthometric or the 
dynamic value of height should be adopted. At tlle advice of Professor Helmert aud M. Lnllemand me have in volumes X l X A  
and XIXB given both the ort11omet.ric and the dynamic height of every bench-mark. On page 369 of this volume are given t h e  
orthometric and dynamic heights of all junction-points and of the nine points, where the  levelling issues from the sea. 

On the permanence and accuracy nf the Indian levelling. 

This volume nnd ita two sequels, volumes X I X A  and XIXB,  contain a record, for the use of posterity, of t h e  elevation 
in 1850.1909 of numerous points of the land surface of India. But  our successors will have to see, that  the bench-marks, which 
are bequeathed to tbem, are maintained, or the Indinn levelling will degenerate into a record on paper only. Although the accu- 
'aCY of the Indian levelling may in places be open to criticism, yet regarded as a whole it is a great geodetic operation, and the  
05cers, who have taken part in the observations in the field, may rest assured, that  they have contributed to  a soientific work, 
that ell continue to be of vdue  and interest for centuries, if only the  bench-marks are preserved. 



Xii PREFACE. 

I n  the long period of levelling, from 1858 t o  1009, there were poeaibly times of decadence, but  one fact stande 
clearly, nud that is thnt in 1858 the Indian levelling wns stnrted upon correct and scientific lines. I feel indeed that  we owe much 
to Gonernl I\'allter, who was the f o u ~ ~ d o r  of I n d i m  levelling, for  the cnre and the thought he bestowed upon the subject, before he 
initiated the field-work. 

Hut no etlifice is perfect, aud it is only t o  be expected, that  after 50 years of accumulated experience the modern 
obaerrer~ nre :tblo to d~scover directions of possible jmprovement. The standards of scientific worlr rise t i t h  time, and as new 
fields of invostigntion nre opolled, we begill to  regret the nbsence of higher standards of accuracy in the  pnst. A perusal of 
this volume will sl~ow thnt ~~istralnental  improvcmcnts nud observational refinements have been introduced t o  bring the levelling 
abreast of lnodern rcquiremonts, but that on the ~vholo the metliods of General Walker have stood the test of time. 

I t  hns been frequently sl~ggestcd that  a e  should incrense our out-turn of levelling a t  the expense of its accuracy, and 
tha t  we should substitute single-levelling for double. The table on page 3G4 shows, that out of all the closiug errors of our 
levelling circuits we hnve only two errors exceeding one foot. I f  we were to substitute single levellin:: for double, we should 
once meet mith closing errors of 5 to 10  feet and more. Engineers set a value now upon our levelling results, because they 
know them to be reliable nnd to rest on a scientific basis. I f  we reduce our standard of accuracy, our levelling will loee not 
only its scientific value but  ita practical value also. 

Future levelling-operations. 

The leeaons, lenrnt from the experience of the pnst, will be of interest to  our aucceeeors. The bench-mnrke a t  the junc. 
tion-points of level-lines nnd a t  tidal observatories should hnve been made more permanent. Rock-cut mnrks are wanted inmnny 
places. K O  embedded bench-mark .s11011ld ever again be placed in a railway st;rtion. I f  a new bench-mnrk comes to be erected 
on the sit0 of nn old one, the fact ehould be noted in the description, or confusion will ensue. I f  nn old bench-mark is found 
by new levellinp t o  have sunk, n note to this effect should be ndded iu the ori,qinal records. The levelling party should keep a 
careful account of 1111 bench-marks, that nre reported to be disturbed, and should take any opportunities tha t  offer of having the 
reports verified. 

New level lines are required from sea to sea nnd from rock to rock. I t  is better t o  s tar t  a new line from rock and to end 
i t  a t  rock and to connect on the way mith old bench-marks, than t o  make the line emallate from and end a t  old marks on 
masonry. Tho level1ing.net of thc future sl~oultl be sol€-contained nud superposed on the level-net of this volume. Mnny lessone 
about levelliug and bacll-marks have been learnt from the revisions of lines, and nothing would do more t o  maintain a high 
standard of accurllcy than the revision of a section of old levelling evcry year. 

I n  connection with staff-compnrisons the  number of decimal places given i n  the tables of chapter I11 is fictitious and 
misleading ; stnff-compurisous should be made, nfter tbe staff has been exposed to the sun, as i t  ie i n  ordinary work, and the index 
error of a staff should be separated kom its grnduation error. 

Preparation of this volume. 

The tnslr of preparing the line-forms wne carried out by Mr.  J. Bond and by Mr. Ollenbnch, and thie taek hne proved 
laborious. For nome years Mr. Bond and Mr. Ollcnbacli hare been copying old records and transcribing new lists of bench- 
marke f1.0111 thcm Mr. Bond's long cxperieuce of Icvclling in tho field proved of great value. Mr. Ollenbach also drew the 
level-chnrtu for \nlumes XIS;\  :~nd S I Y B .  The accurncy of the three nllied rolumcs. X I X ,  XIXA,  and XIXB,  is greatly 
due to the core, wl~ich Mr. Cllle~ibacl~ bcstowed upon them, and to the intcrest which he has tnlren ill this work. 

Thc plates (\'ol. X I S )  were prepared and tho cllarts of lovel-lines (Vole. X I X A  nnd XIXB)  were printed under 
Mr. Nicbol, and I tnke this opportunity of expressing my obligations for the trouble ho hns taken to eliminate inaccuracies. 

The cramination or  proofs was undertaken in a very thorough manner by Bsbu Iahan Chandrn Dev, B.A., to whom I am 
indebted for ~ ; ~ l l ~ a b l e  ruggcstione. The proofs of Volumo X I X A  nnd X I S B  were corrected nnd passed by Mr.  Sham, Mr. Ollenbacll 
and by Unbu Bidl~u Uhushan Sho~ne;  Babu Bidhu Bl~ushan has been very cnreful in checlting the numerical and descriptive details. 

TIIP printing of the three volumes X I X ,  XIXA,  and X I X R  was carried out by Bnbu Sarat Knmar Mukerji, and the 
success of the lluhlication has been largely due to the energy he has shown and t o  the syetematic way he has controlled 
numerous and successive prmfa 

The calculations of the aimultmeoua reduction were made by Bobu Muk~ndensnde  Aehsrys, who performed hu d%cult 
taek rapidly and intelligently. 
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Mr. Erekine, who ia in charge of the Tidal and Lerelllng Party, ha0 kindly gone through all pmofn of Volomm XlX& 
XIXB, and hse given us much help on more than one occasion. As he is about to retire from lndis after 30 y a m  of service, 

I think it right to record my appreciation of the services he haa rendered to Indian levelling during the five years he bar been 
in charge. 
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PART I. 

HISTORICAL AND DESCRIPTIVE ACCOUNTS OF THE 
LEVELLING OPERATIONS. 





OHAPTER I. - 

HISTORICAL SUMMARY. 

In  tliis volunlc tlie results of precise levelling by the  Trigonometrical S ~ r v r y  of India have been 
conipili,d, the metl~ods emplored in  acljustil~g the level net have been explained and the  corleclrd values 
of cleratio~is Lare been t:~bul:~tc,d. Levelling operations were con~menced in India in 1868, a ~ l d  this 
volume gives an account of tlie work performed in  tlre half-century, 1858 to 1908. 

Prom tlrc origin of the Trigonometrical Survey until the year 1865 all l ~ e i g l ~ t s  in India were 
determined hy n1eall.s of vertical angles between statiol~s of the  t.riangulotion. This met l~od is however 
not very reliable. llays of light passing from an object to an obserrrr t~aYcl.se an a t n ~ o s p l ~ r r e  which ia 
subjcct to ruany clianges and the amount by which rays are refracted is variable and uncertain. * 

The lnet,llod of rcjt:iprocal vertical angles is based on the  supposit.ion that  the  \ ~ a c k  and forward 
angles are equ;~lly rcl'l,:lctcd, and t l ~ a t  tlre refractio~r is consctquently eliminated in deducing the angle 
sub~c~rded by tho cscess of the lligher statioll o\;er the lower. Bu t  the anolr~alies and ir~,egt~lari t ies of 
tlrr, t,l.:ljectories of light, in t l ~ e  Io~vcr strata of the alnrosphere, rel~dcsr it h ig l~ly  improbable tha t  t he  
refraction con be cq11a1 ill the bnclc and for\vard obsel.vations. There are i l ~ s t a ~ ~ c e s  on record of o1)servers 
sent to talic s in~ul t~nc~ous  reciprocal cctrtical obser\lat.ions, finding one station to be visible from the  other 
h:llr ;111 llour before t l ~ c  visil,ilily was mutual, so that  the obscsrvntions a t  the  firbt station might have 
Leer1 conll~lctccl before tllis statior~ had been seeu from thc secoud. 

1 1  l h c  rnctlrod of rrciprocnl verl.ical angles was foul~d t.o be particularly unsuitable on the  plains of 
Nortllo1,11 India:  tl~tlse p1:lins arc so flat that  an  csl.ror in I~eight of one or two feet is often of impor- 
tmrcc: to e~~gil~cx;rs, but disc~~cpi~nries Let\rt>el~ tile results by vc,rtic.al angles fl.ec111entIy exceeded ten feet 
1 1  0 c 1  i t  t 'I'l~e surveyol.s lr:~dn~oreover reasons to fear t l ~ a t  even tJ1ese large 
discr(.~):~l~c.ies ~\~c,l,c not tlisclosing the real magnitudes of the errors, ~vliich they believed tended to 
~cculr~rrl:~t,c s~stc~i~nlic:nlly. 

1 1 1  1835 tllc 1ntli:tn Survey commence(1 n serivs of spirit-levels which followed the  line of principal 
tr1:111g~11;~111)11 fro111 li:11;1clli to Attocli aud tlrellce to Dellra Dun ancl Siro~lj .  

F1,onr 186s lo IS76 the levcllil~g opcrat,ions wc3re dcsignec! to satisfy tlrc requirements of parti- 
~11I:ll' ~" 'o\~inc(~s,  Ioc:~litics or c;lnlonrncnts, but  ill 1675 Cicneral IVallier I~rouglrt all t h e  lines of level 
1111() 011( '  :l.(':lt ~c11('111('. l I is  scllcnie consistctl of : I  chain of tidal observatories ext,ending from Karachi 
; l I 1 1 1 <  1 \ 1 1 '  ullol(: c30;1sl o f  111dia and Burma to Moulmein, e a c l ~  ol,srl.vstory fnrnislli~lg a mean-sca-level 
(i;iillm l )~i l l t ,  nlrd t l l(~w (lat,llnl 11oints i'~rnislril>g a basis for great lines of lerels of the highest order of 
ll lc ' ( ' is i l l l l  ~ I I I . ( ' ~ O  ()\.i.l. I JIC ol~tire continent of IntIia ; these g e n t  lines again formiug the basis of t h e  
alLillll'tl.\l of t,lle wl~olc l~idiall t r ia~~aula t ioo. t  

' o n  fhr ?nclbnds q d ~ l r v n l i x i n g  h c i j h l s ,  l,g Qanernl  \\'slLer, Me~,loi~.s R.A.S, Vol. 33. 
i * -!) r,isplt , L , I , , >  I "  L ~ l l ( ~ n  r , i  I cvc l l i rq  i n  11ndin in 1!I04 with ibol. of I'orcigo Snrvegn was published M an Appendix, page 209, pafi 11, 

ilckui,, 1'; Il ,c Illdir~x : , ~ . ~ r v i  CuururiLtce, 1904-IUuG; dso In l'loletaiond l'uper #o. 9, burvcg. of India, 1YOG. 



d HISTORICAL SUMMARY. 

I n  the simultaneous reduction of the level net carried out in 1909 General Walker's scheme wa8 
modified to t,l~is sligltt, ext,ent that the values of mean-sca-level derived from observatories situatd in 
gulfs and straits wcre not included. 

The first lcvcllers were Capt. J. T. Walker, R. E., Lieut. B.R. Branfill and Mr. C. J. Carty; and 
the mean-sca-level of Karachi llarbour was originally adopted as the datum. 

Betwcen 1858 and 1908 eighty-six main-lines have been levelled ; many branch-lines of levels 
have also becn obserrcd, and great numbers of extra bcnch-marlis have been fixed on the flanks of 
the main and ol tlle branch level lines. 

The difference between a so-called main-line and a branch-line is simply this, that the main-line 
forms a part of the precise level net and the branch-line docs not. The branch-line is as accurately 
levelled as the main-line. I n  future many of our existing bl*anch-lines will be extended and will be 
utilized to lorn1 new level circuits. 

T l ~ e  following table shows the eighty-six main-lines of level. Of these the first seventy-seven 
d a r t  from one l~ench-mark ant1 end at  another; the last nine lines start from a bench-mark and end at 
mcan-sen-level as detcrmiued a t  a tide-gauge. 

Tablc I contains an historical summary of the eighty-six main-lines of level. 



TABLE I. 

The &in-Lines of Levelling. 
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LEVELLING OPERATIONS. 

TA BLB I-(Continued). 

The Mnin-Linee of Levelling. 
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TABXB I-(Continued). 

The Main- Littee of Levelling. 



LEVELLING OPERATIONS. 

T.4 BLE I-(Continued). 

The Main-line8 of Levelling. 
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TABLE I-(Continued). 

The Main-Lines of Levelling. 
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LEVELLING OPERATIONS. 

TA BLB I-(Continued). 

The Hain-Lines of Levelling. 
. - . . - . - . 
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2 C. J. Carty Hamchnnd No. 3 Cylindrical No. 4 Cplindricd 

p. 

P 
.- 
9 " 

i 
L m  

= E  
&.! 

G.; 0 . !la 6 

- 2 

s4 
:$ 
a 
tl 

% e  
g o  
g5 u 
wl.4 
c a 

C. Lane 

C. Lane 

Lt. H. Trotter. 
R. E. 

e 

P 
P 

- .A B , , , 
Cs.5 
342  
t o ' &  
$81 

a 

6 8 6 
io;R 
- * a : :  e m n o  
;;:am 
3.z2-4 

m 
"5. 

:.: 

L. H. Clarke 

A. W. Don- 
neuy 

Remchnnd g 

No. 2 Cylindrical 

No. 2 Cylindricd 

No. 3 Cylindrical 

No. 3 Cylindrical 

No. 3 Cylindrical 

No. 2 Cylindrical 



S s ~ o n  

- 
1a64.66 

1868-69 
1869-70 

1869-7O 

1869.64 
1864-66 

1870-71 
1871-72 

1863.64 

1871-72 

1~62- f i 3  
lYS2.83 

1 ~ 1 - 8 2  
1882-83 

1871-i2 

1~00-low 
1001-02 
189.1-!h5 
1883-63 

The Main-Line8 of Leoell*. 

SLavw used Lorela w e d  Obssnsrs  
0 

Ou 

jst ~ ~ ~ ~ l l ~ ~  
- 

L ~ .  H, ~ ~ ~ t k ~ ,  
R. E. 

C. L~~ 

C. Lane 

Lt. H. Tiotter, 
R. E. 

C. L a n e k c a p t .  
T. T. Carter, 

R. E. 

~ t .  H. Trotter, 
R. E. 

Capt. T. T. 
Carter, R. E. 

A. W. Don- 
nelly 

Lt .  H. Trot- 
ter, R. E. 

&J .Bond  

Q. Belchnm 
T. H. Rcndell 

Capt. T. T. 
C b e r ,  R. E. 

1st  ~ c v e l l e r  

NO. 3 ~ g l i n d s i c a l  

No. 2 Cylindrical 

No. 2 Cylindrical 

No. 2 Cylindrical 

No. 2 Cylindrical 

No. 2 Q l i n d r i d  

No. 2 Cylindrical 

No. 3 C~l indr i c r J  
& Rectangnlnr 

Rectangular 
Rectnugnlar 

No. 2 Cylindrical 

J p 
3 0  0 = 
M~ 

,. 
, *s 
2 2  
ng 
4 

z a 

$ a 2  

2 i i  

To 

Allahabad 

Cforakhpur 

~ i l d ~ ~ ~ ~ ~ ~ ~  

0 

3 
-. 

67 

68 

69 

end  ~ ~ ~ ~ l l ~ ~  

~ ~ ~ ~ h ~ ~ d  

A. W. D ~ ~ .  
neuy 

A. W. Don- 
nelly 

Rarnchand 

A. W. Don- 
nelly 

~ a m e h a n d  

A. W. Don- 
n d y  

Rnmchand 
Vinnyek 
Nmayen 

N s r s i n ~  Dasa 
Xnrsing Dass 

A. W.  Don- 
neUy 

I Lepeller 

Nos. F & 

N O ~ .  L Jr Y 

No.. L & M 

Nos. H & F 

Nos. L &  M 

Nos. F & H 

Nos. L& M 

Nos. A & B 
,, 6 & F 

Nos. t & F 
., 6 & F 

Nus. L & M 

I 
No. 2 Cylindrical ' 

No. 3 Cylindrical 

No. 3 Cylindrical 

No. 3 Cylindrical 

No. 3 Cylindrical 

No. 3 Cylindrical 

No. 3 Cplindrical 

No. 2 Cylindricnl 
,, 3 Cylindricnl 

Noa. 3 & 4 c i l i a -  
dricnl 

,, 3 & P  Cylin- 
dricnl 

No. 3 Cylindrical 

.e 
e 

& 

3.: 
" 6 

z g  .-.,. 
!2" 
e, 

From 

cawnpore 

Lucknow 

aornkhpur 

77 Lt. H. McC. 
C o e e .  R. E.. 
J .  P. Unrker, 
E. 11. Corridon 

J .  Bond 
G. Dclcllnrn 

2nd Lcreller 

Nos- E. a* K 
dr L 

N O ~ .  F & K 

Nos. & K 

Nos. E & Q 

Nos. F dr K 

I Nos. E & G 

Nos. F & K 

Nos. E & F 
,, 9 & 10 

Nos. 9 & 10 
., 9 & 1 0  

Nos. F & K 

I 

Howrah 

70 

71 

72 

73 

74 

75 

76 

h m g a n j  

Allnhabad 

Qorakhpur 

Dildarnagar 

Purnea 

Howrah 

Bendtaparm 

Purnea 

Dildarnagar 

Purnea 

Pupanti 

Pirpenti 

Pirpanti 

Howrah 

Pamganj 

2 

2,- 
2 ;a .s 
$2 .  u 
? 3 

. I * b D %  

g 

Nos. 6 & 3 
,, B 1 & B 2 
,, 4 ,k 6 
,, F & 6 

No. 3 Cplicdricnl 
,, 1 Cyl indr i c~ l  
,, 3 Cyliudricnl 
,, 3 Cylindrical 

; 
P1 

d %! 
5 2 

3 toaw 

2 5 ' 
Zille Hmnain 

Vinnyek 
Nnrnyen 

Nusing D w  

Nos. 4 & 13 
,, BS &llz  
,, 6 & 19 
,, g a 10 

4, 2 & 
;, 5 3 
z.1 "32 m - 5  2 

Pg3; E a a  

No. 4 Crlindricnl 
., 4 Cylindrical 

Rectangular 

a :-& g z  
0. 

P:; 

$,_ 
s: 
:B 
6' 

3 : 

ii 1 
4 

U D. 

; 
0 

pl u 
6 8 

$ 
5, .- 

19 

- 
D 



LEVELLING OPERATIONS. 

TABLE I-(Continued). 

2'he Main-Linee of Levelling. 



I nAr. I.] HISTORICAL SUMMARY. 13 

Pile folloaing Table I1 contains an alphabetical list of main-lines and bas been included in order 
to enable tlie number of any particular line to be discovered without trouble. 

Tnllle I11 recolsds the names of levelling officers, and Table IV divides the half-century of lerell- 
iog into decades, and s h n a  the main-lines that were observed in each succesaive decade. 

TABLE 11. 

Alphabetical Lbt of the Main-Jines of Level t ing.  

Mein-Lines 

... Knrachi Knrnchi hIenn- 
... Sen-Level 

... ... ,, Tatta  
KarnchiMean-Sea- 

... ... Level Karachi ... ... Knrwnr Httbli ... " Knrtvar ilfeuu- 
Sen-Level ... 

Knrmnr Mean-Sea- 
Level Rarmnr ... ... 

Katni  ... All:~h:~bnd ... 
v ... Bil:~apur ... . i o n  ... 

IEedgocm . i s 1  ... .. ... JZnlynn ... 

blnin-Lines 

... ... Agrn Cnanpore ... ... nfcerut 
... Sironj ... 

~l ik l~nbad  ... Cnrlll~ore ... 
... Uildarnogur ... 
... K n t ~ ~ i  ... 

Arlto~tam ... Gooty ... 
8 ... Jl~larpet ... 

... M11dms ... 

... Rnnpzloro ... Rellnry 
... Jnlnvpet ... 

Rellary ... Un~~finlore ... 
... Gootp ... 
... Fii1111i ... 1 J! ... H:tichur ... 

Bey pore ... Beypore Diean- 
Sen-Lerel ... 

... Sl~or;~nur ... 
Rejpore Moan-Sen- 

Level ... Beypore ... 
Beznnda ... Gl~l l~arga  ... 

... lfndrns ... 

... I'iragnpntnm ... 
Bilnspur ... Cuttarlt ... 

... Ratni ... 

... liaipur ... 
Rolnbny a * .  ~~~h~ nfilmn. 

Se:\-Level ... 
... K n l y n ~ ~  ... 
... Yirnlngnm ... 

non~hny Mean-Sea. 
Level ... Bombay "' 

Cnnnl)ore ... Agra ... 
... Allnhnbnd ... 
... Lucknow ... 

Cllach ... Ferozel~ore ... 
... nlurgbni ... 

Cocl~in ... Cocl~in Menu. 
sen-Level ... 

... ... Sl~ornnur 
C(1cllin AIean-Sea- 

Lcvol Corl~in ... ... 
Cltttuck ... 13ilnsllur ... 

... liendrnlrnrn ... 
, ... V~ziaun~ram ... 

Diksnl Qtllbnrgn ... ... 
liedg:tou ... ... 

C .  - S 
-; z 
d 

-- 

74 
4:3 

i 4  
17 

SO 

SO 
59 
;8 
GO 
23 

I 3 1  

w .  
o o 
2 Z 

GG 
62 
63 
67 
70 
59 
1.1. 

8 

19 
18 
19 
15 
I6 
23 

81 
12 

81 
21 
20 
80 

58 

70 
32 
51 

79 

GG 
ti7 
65 
56 
55 

82 
13 

82 
40 
4,l 
:jg 

26 
25 

3Iein-Lines 

... ... Dikenl Nirn ... ... 1)ildarnogar All;thabad ... ... ,, Gornlrhpur ... ... ,, P i r ~ a n t i  

... Jnlnrpet ... Erode 
Shornnur ... " "' ... ... I) Trichiuopolp 

False Point  ... Fnlfie Point 
Mean-Sen-Level 

... ... 9 liendraltara 
Falee Point Menn- 

L e e  ... Fnlre Point ... 
Ferozepore ... Meerut ... 

. I u r l ~ a i  ... 
I I  ... Chnch ... 

Arltonnm ... ... Qooty 
Bellnry ... ... ?I 

Knichur ... ... 
.,. ... Gornlihpur 1)ildnrnagnr ... ... I I  Lucknow ... Purnen 

~ u l i i r g o  . d ... "' 

.,. ... lliksnl ... ... 1, Raichur 

Hoarnh ... Rendrnpura ... ... Pirpnnti ... 
Hnnrgnnj ... . 

11uLli ... Bellnry 
,, I r a  "' . .  ... 
,, ... .,. Kirn 

J d O r ~ e t  ... Arkonnm ... .. ... Bn~~gnlore  ... 
... ... Er()cle 

Jorya ... Hnjltot ... 
11 ... Shilinrpur 

(Cutcb) ... 

Balyon ... ... 
,, 

Rombny 
... ... ,, Kedgnon 

Nandgaon ... ... 

6 
3 Z - 
27 
70 
(iD 
72 

7 

G 

88 
42 

80 
61 
57 
56 

1P 
15 
21 
GD 
GY 

i: 
26 
22 

75 
i 4  
7 

:: 
29 

10 
18 
7 

48 

47 

32 
31 
33 

... Nira 
~ e ~ b r n p n m  ... Cut,tnck ::: i :? 

t t  ... False Point ... I 4:! 
I,  ... H o m r ~ h  ... 

Lucknom C n n n ~ n r e  ... ... ... ... I I  G o r a k h l ~ ~ r  
1, ... Meerut  ... 

... Arkonnm ... nlndras ... ... Rezrvatln 

... " bfndrns fileall- 

-- I ;>  

8.i 

, 6b 
6-1 

8 
2 0  

... Sen-Level 
$ 9  . l'nnjore . 

Rlndrne Mean-Sen- 
... ... Le'el nlndms 
... ... Rfeerut Agra i ti2 
... ... 'I Ferc~zepore 61 
. L I I ~ ~ I I O I V  ...I li+ 

~ d i g l l a i  ... Chnch ... 4.) - - 
... ... " Perozepnre 57 

I I  ... Shi!inrl~ur 
... (bind) 

... ... Nnndgnon Knlyan 
,, ... ... Hnip t~r  

... Siron; ... 
~ o v n ; l n r  ... Sh~karpur  

(Cutcll) ... 
P ... Sujajvnl ... 

Negupatam ... Ncgnpatnm 
nlenn-Sea- 

... Level .. ... Tnnjore . . . ,  

54 

83 
3.i 
34 

46 
44 

83 
5 



LEVELLING OPERATIORS. 

TABLE 11-(Continued). 

Alphabeticat? List of the Main-Line8 of Levelling. 

TABLE I I I .  

List of Oflcer-s who have been en~ployed upon the Levelling Operation8 in India. 

11n111-l.iues (2s 6 

. . . . . .  . ~ 

I- 
S r ~ e l i n t n u i  31cnu- 

S e n - L c ~ e l  ... Xc~nlmtnrn ... 
... ... A i r ; ~  Uikpnl 

... 13uI)li ... 

... I\edgnon ... 

Plr1mut.i ... Dildnrt~ngnr ... 
Hon.r:~h ... ... 

BInin-Linea 
-- 

Hnmnnd ... Tnnjore ... 
,, ... Tuticorin ... 

Sliilcnrpur ... J o r y e  ..i 

(Curcll) 
... Nnrnns r  .. 
... ... Virnmgnm ... ... ?ihik;rPur Murghni 

(SiUL') 
... ... Sujnwnl ... ... r l ' n t t~  
... ... Shorauur  Beypore 
... ... p1 Cochin 
... ... Erode 

Sirotlj ... Aern ... 
,, ... I in tni  ... 
,, ... Nnudgnon ... 

Sujnmnl ... Nnvnnar ... 
!, ... Sl~i l (nrpur(Si~id)  

B ... Tat t a  ... 

Tanjore ... ... Mndrns 
,, ... Kegaprtnm ... 
,, ... lintnnad ... 

83 
27 
29 
2s 

52 

Date m f  retiremcml 

g 6 
S - 

1 
2 

47 

4G 
50 
54 

52 
53 
12 
13 
11 
G3 
60 
8.4 
44 
53 
45 

9 
5 
1 

blain-Lines 

l'anjore ... Trichinopoly ... 
'l'ntta ... Kl~rt~cl i i  ... 

11 ... Shiknrl)ur(Siild) 
I . S U I V I  .., 

Trichinopoly ... Erode ... 
I .  Tn~tjore  ... ... . u t i c r i  ... 

... ... Tuticorin H:~tiit~nd 
,, Tricliiuopoly ... ... 

... ... Virnmgam Bombny 

... ... ,, Rnjkot  
,, ... Shiltarpnr 

(Cutcll) ... 
Vizngnpatn~n ... Beznnila ... 

... Vi~ in t in~rn in  ... 
$ 1  TriznSnp:~tnu~ ... 

Nean-Scn- 
Level ,.. 

Viz~ignpntnm Mean- 
Sen-Level ... Tizngnyntnm ... 

... ... Yiziaungmm Cattnck ... Hnipur ... 

... Vizagapntnui ... 

... ~ u r t l e n  . i 
I'i~rnea ... ( ; ~ r a l i l ~ ~ ~ l i r  i 7 1  ... 

Pirl~nllti  ,.. 73 ... 
ltat11;:111j i G  ... 

..' I ... ... Rnicliur nellnry 93 
,.. ( ; ( ~ , t y  . . . I  21 
. i l :  .., ; 22 

Hnl ~ u r  ,.. HII:I-!I~II* ...;:: 
... S ~ I I C ~ < : I ~ B I I  ... 
... \ ' ~ z ~ n l ~ ; ~ c r n a l  ... 37 

Hnjk,>t ... .lur:;l ... 1 4s 
\-1rnu1pn111 40 ... ... 

l < n ~ ~ ~ t . s o j  . 1 :  . .  i i i  
. l u r e  ... , 76  

I 

Date of sn- 
tcl.lna tlte 
Survey of Name 

....... p......--p-p------.----- 

- 
6 

;j z - 
4 

43 
63 
43 
6 
4 
3 
2 
3 

51 
40 

50 
30 
36 

85 

85 
39 
37 
30 

C . ~ , t s ~ n  . I .  r. Walker, 1L.E. ... ... 1858-59 1858.59 1853 
1869.60 1859.60 1884 

. . . - - . .  . 

1.1eu1, B R. BrauGII ... ... 1860-GI 1858-59 1859 
1859.60 
1860-61 

1871-i2 1861-62 1814 
...... - - ..... ..... - 

Period of emplojmsnt  

C. J .  Cmrl J ... ... ... ... , ... 

I 
- .  . -  ~. . 

R . m c ! ~ a n d  ... ... ... ... , ... 

I 
i 

~ r ~ ~ ~ : ~ c ~ e ~ ~ ~  
tl0llQ 

. 

opon Lorelling work 
in t h e  Geld 

1358.59 
1859.60 
18tiU.GL 
1861.62 

- 
1853.60 
1860-61 
I btil-62 
1Sfi2.1;3 
lbB3-64 
18G1-63 
1866.67 

1818 

... 

1869 
- ~ 

Killed by n fall from Ilia hens, 1867. 



,*nap. I.] HISTORICAL SUMMARY.' 

TABLE 111-(Continued). 

x i s t  of O$cevs who have been employed zpom the Levelling Operations in Iadk.  

Date of retirement 

Died in 1886. 

1895 

Died in 1875 

1866 

1878 

1871 

Died nt Bilaspur, 1892. 

- 

1866 

1874 
- 

Died of expomure in the h i g h  Hirnalay~, 
18il .  

1887 

Date of en- 
tering the 
Survey of 

India 

1859 

1959 

1866 

184tl 

1863 

1832 

1864 

1865 

1866 

1856 

- 
1862 

Name 

.. 

... C. Wood ... ... ... 
-- 

Lieut. 11. R. Tlluillicr, R. E. 
-- 

A. \V. Donnelly ... ... .., 

-- 

W. H. Johnson ... ... . . ,  

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

... Lieut. 8. Trotter, R. E. ... ... 

C. Lane ... ... ... - - 

Narsing Dass ... ,., ,,. ... 

--- 
L. H. Clnrke ., . ... ... . . , 

- 
0. B. Xorris ,,, ... ... ... 

- 
\ -- 

C a ~ ) t " ~ ~  J. P. Baserr, H E. 
,., ... 

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

Cnlllsln T. T. C a ~ , t ~ r ,  n, B;. ... . . .  - 

Period of 
-- 

i n  charpe of the 
~eve l l iog  Opera- 

tions 

1889-90 

1862.63 

,.. 

... 

3863.64 
I8U-G5 

ISGG-87 
18di-68 
1BG8-69 
1860.70 
18iU.71 

... 

... 

... 

. 

... 

- ~- ~- 

1871-72 

employment 

npon Levelling 
work in the field 

1861-62 

... 

1862.63 
1868.60 
1869.70 
18i0.71 
1871.72 
-- 

1862.63 

1863-64 
18W.G5 

18FG-67 
l8Gi-68 
181i8.69 
1669.70 
18iU.71 

1866-67 
18i0-71 
1831.53 
1874.75 
IBi5.76 
1876-77 
18ii-78 
18i8-79 
1879-80 
188U-81 
1881-82 
18SP.83 
1883.S1 
1884-86 
1885.86 
1586.87 
lSYi.88 
lHYY.89 
18YR.!IIJ 
1890-91 
1891-92 

186748 
1868.69 

1869-70 
1871-72 
1873-74 

1869.70 

.- 

3811.72 



LEVELLING OPERATIONS. 

TABLE III-(continued). 

Xist  of O$ce~*s who have been enqloyetl upon the Leaelling Operatione in India. 

Name 

Colonel A. W. Bsird, R. E. ... .,, 

LisoL. R. .T. Harmon, R. E. ... ... 
. . -- 

Crpbiiu J. R. UrCullnyl~. H. E. ... ... 
- - .- - -- .- - - - - - - - - -. .. -. .. 

A. U. Drgaon ... ... ... ... 

T. 8.  Bendell ... ... ... ... 

Do~~lodnr R n ~ ~ ~ c h n ~ ~ c l r s  ... ... ... 

C. 1. Xausillo ... ,. . ... ... 

E. J. C o ~ ~ n o r  ... ... ... ... 
-- 

0. Belcham ... ... ... ... 

- - -- 
V ~ ~ ~ s j e k  Sarayen ... ... ... 

- 

Major J. LIIII, B. E. ... ... ... 

Dnte of en- 
tering the 
Snrrey of 

Indla 

1868 

1872 

1869 
-- 

1869 

- 
1864 

- 

1855 

-- 
1866 

1862 

-- 

1874 

1866 

Date of retirement 

1883 

lliccl in 1883 

1895 

1903 

1903 

I900 
- 

1900 

Poriod of 

in chnwe of tho 
Levelling Opern- 

tiuns 

1871-78 
18i3 74 
1874-75 
18i5-7G 
initi-77 
1877.i8 
1878.79 
ln;9.80 
1880.81 
1RS:j.O.i 
l8N4.86 
1W)5-86 

1879.71 

1374-75 

... 
- 

,.. 

... 

... 

1901-02 

1889.00 
1894-95 
1896-97 

... 

1UHl.U'A 
1W4.85 
IUYU.Y7 
18Yi.83 
18!11J.!I 1 
1R91.91 
1892.33 
lu!l3.:i1 
18!)4.95 
1895.YG . 

employmcot 

I 

wurk in  

1874-75 
18i5.76 ' 

18i3-74 

18i4-75 

1874-75 

1873.76 
1876-77 
1 tli7.78 
1880.81 
1881.82 

1876.iG 

1877-78 
18i8-79 

-- 
18i7.iB 

1879.80 
188U.81 
1832.83 
1883-84 
1884-85 
lhHi.63 
l8!13.Y4 

1801-82 
188i-83 
18:11.02 
I ~ : I Z - Y ~  
1894.95 
18!l.5.!16 
18!16.17 

... 

I895 



HISTORICAL SUMMARY. 

TABLE III--(Continued). 

Zirt of O m e r s  w h  hai~e heen employed upon the Levelling Operationr in Ifidia. 



LBVELLING OPERATION& 

TABLE III-(Continued). 

Liet of O f l c e ~ e  toho have been employed upon the Levelling Operatione in India. 

TABLE IT. 

A ChronoZogical I'clble ehozi~ing the severnl Xines of Leuel 
t hut rcere vlreerved respecticely in the five succesaiue 

decadee. 

Deaade 

1868 t o  1868 

Date  of en. 
wring t b e  
Snrver of 

lnd ln  

1901 

1897 

1891 

1891 

1903 

1901 

1903 
- 

1901 

1873 

Ramo 

L ~ r n t .  F H Trllnrd, H. E. ... ... 
. - - - 

... Cnptnlu H. H. Turner, K E. ... 
- - - -  - 

alnlor J 11. Hnrn, R. E. ... ... ... 
-- - - 

... C. F. E n h ~ n c  ... ... ... 

... 0. H. I'oshong ... ... ... 

A \ I  Tnlat~ ... ... ... ... 

-- 

I ' r l ~ n  Sath bnr ... ... ... 
- - - .- - - 

11 H. Lexa ... ... ... ... 

Dhnneln Y~usrekf  ... ... ... 

- 
Date  of retirement 

Died a t  Iiiossooree of tetanns in 1903 

1906 

The Numbers 
of the  Lerel 
Linen uI)s~rv-  
en  in e w h  

I_ 

Levcllins Officers employed 
doring ench decnde 

Period ot employment 

Captain J. T. \Vnlker. R. E, 
L ~ e n r .  tl. R. Uran6U 
C. J. Cnrty 
Remr hand 
C. \Voncl 
A. \V. 1)onnelly 
I\'. R. Johneon 
Lient. H. l'rotter, R. E. 
C. lmne 
Nernng Dnsn 
L. H. Clarke 

in cbnrge of t h e  
~ ~ ~ ~ l l ~ ~ ~  opera. 

tronm 

1902.03 

1902-03 
1909.04 

1901.06 

1905-06 
l90G-07 
190i-08 

... 

... 

... 

... 
---- 

... 

4 Emplujed on connertlng nencb-rnnrkn of reference at T ~ d a l  stations. 
: I'onlon of l ~ n e  rer1w11 IU rlecsde ldlY-V4 cnwlng to sereral b r n c h - m l u  bemg lost. 
Thu lrne nu commenced m onc decade a u d  U c d  m another. 

'POn Levelllng work 
i n  t h e  tield 

--- 
... 

1903-04 
- 

... 

... 
1906-06 
1006-07 
1907-09 

1906-06 
1906-07 
19Oi-08 

1906-07 
1907.08 

1906.07 
1907-08 

1877- 1905 



TABLB IT-(Continued). 

A Ch9*onological Table shozoing the several Lines of Leeel 
that were observed r.espectiuely in the $ue succeosive 

decades. 

Thic liric \VKS conirnencerl in one (lecndc nnd finished in nnotllcr. 
t Thin line mas commenced i n  one decnde, con t~nned  in nl~other  n ~ r d  finished in a third. 
3 I'ortion of liue revised in  d c d e  1689-96 owing to beverd Leuch-ruarlis l ~ e i n g  lust. 

Levelling OlTicere employed 
during ench decode 

1 A. W. Donnelly 

1 C. Lnue 
Nnrfiing Dass 
L. H. Clnrlie 
0. V. Norrir 
Cnptniu J. 1'. Rnsevl. R. E. 1 cap ta in  T. T.. a l c r ,  li E. 

+ Lient. A. W. Iinird. R. E. 
Licut. H. J. H ~ r r n n n .  R. E. 

1 lecdc  

1 
1 

L868to 1879 1 

The Nnmhers 
of the  Level 
Lines observ- 

ed in ench 
decade 

5 9 2 3  

28 29' 33 

34' 35. 46 

47 48 49 
I Lisnt. J. R. YcCnllngh, K. E. 

A. H. U r ~ s o n  

I ) Dhondu l ' iuarek 

[ 
1888 t o  1898 4 

1 
I 

1 
lRDB to 1909 ( 

i 
1 

40 41 43% 

44 45 58 
77t 78 

l: 
23* 25 26 

31 32 52 

56. 59 60 

77t 79 80 
84 

Ner8i.g h s n  
Dhondn Vinnyek 
Q, 14rlcbnm > Vinnyek Narayen 
J. Unnd 1 S i t a m  Yeabxan t  
Ualwsnt Atmnmm 

J 

Dhondu Vinnyek 1 J .  Lieut. Uond H. L. Crosthlrnit, R. E. 

1 J. 1'. llnrker 
Liyed Z ~ l l e  HMnnin 
Licnt. H. 3fcC. Cowie, R. E. 
E. H.  corridor^ 
Cnpt.sin A. kl. T ~ ~ t u e r ,  a. E. 
0. N. l'unbong 
A. MI. T n l n ~ i  
Privn Nntb Sur 

1 
1). H. Luxn 
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The following table shows the principal branch-lines of levelling. The greater number of the 
branch-lines rlepend upon double-levelling, but a few are dependent upon single. Some of the branch. 
lines end a t  tidal stations, the data of ~ ~ h i c h  have been excluded from our determination of mean-sea. 
level for reasons subsequently explained. Separate numbers have not been given to l l ~ e  bmnch-lines; 
they have been allowed to retain t l ~ u  numbers of the main-lines from wbioh they emanate, letters being 
affixed to hstinguisL branch from main, 

The P~g i~ t c ip~ l  Branch-Lines of Levelling. 

d 
z 
a, 
El .- 
J. 

l A  

From 

R a l n n n d  

To 

P n ~ n b a n  
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. 
?nllin nnl? lleran*e it# resnlba were not rcndg in time for  the  n~ljaatmcnt  of the circuit errors. This sdjustrnont cunld not be pustpuucd J e w  

scar' 
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HISTORICAL SUMMARY. 

TABLE 7-(Continued). 

The Principal Branch-Lines of Levelling. 



TA BLB 7-(Continued). 

The Principa E Branch-Liftes of Levelling. 

* Pcrozcrnre-Al~merln1111rl line ip rtnr nf Illr mopt impnrtnnt line8 in lodin:  i t  divide@ n p  the  p e a t  Rnjpotann circnit. It ww not incln'lfn 
m n n p  the mnin-lines of lndin lor the rsnlc rrnson that  l ~ n e  2JA r i l v  l ~ o t  iorlnclc~l, J'ide foot-note t o  line 2JA. t 'This linc aurider np thc Ccnlrnl I 'rorinrcr r~ rcn i r .  I t  was rxclnrlecl lrom the mnin-lines of India for  the enmr reman tbnt lint 24A wnn rxcln*d' 

f Limp 61A. 6IH. 61C. 61U nre tbc olllr Himslnynn l i n c ~  that  hnvc RR vet I I C C ~  ohacrvcd. Tho follolving l l i ~ n ~ ~ l n v n o  l l n c ~  nrc nrsa. pr''lnad 
Filitmri ttb l . lu4hm-i~.  llarclllr l o  Fnini  Tol. Snjill.l;ad to Lnnrtlorne, Uolhalln t o  solon, pntbnnkot t o  Dhnrnmkot. Tlrcne llnra n;e to he ol,rervcd i n  "'" 
that  the n t e ,  a t  which t h e  Hlmnlara nmobtalos are  growing in height, mar  be detcrulined. We can a t  present form no iclen nu t o  ahetller '""' 
m r t h  Ir 1 foot in lVUlO c a r s  or I fw;t in 10 r e a n .  

8 Ijefore the  enrtbqunke of  April 1906. II After the  earthquake d Aprll 1903. )  extension^ from b l o ~ o o r e c  t o  ~ n n f l o n r  an" Hen"i' 
C n d l n ~ ' n  level WK74 nod \Vnlt'a level 1143 have heen n n l j  used w the small brench from Massooree to Banog. Cooke'a level 86z2 beon 
~ J J  d o n  LLe emdl erkneion from Mnedooree ro k l l o ~ .  



HISTOBICAL SUMMARY. 

TABLE 7-(Continued). 

The Pviacipal Branch-Linee of Levelling. 



LEVELLING OPERATIONS. 

Z'BBLE F-(Continued). 

The Prificipal Branch-Lines of Levelling. 
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C H A P T E R  11. 

THE LEVELS. 

The I~vels that have been used by the Survey of India for precise levelling are enumerated 
in the following table :- 

TABLE PI. 

Two ot,l~er American Binocular levels, numbered 6726 and 6727, and a binocular level by T. Cooke 
and Sons are alro in the posrereion of the Trigonometricnl Survey, but these have not as yet been used in 
the field$. 

. The reversible levels have been used principally for the minor branch-lines, which connect l ~ i l l  
stations of the triangulation with the main-lines of levelling. lllese reversible levels are provided with 
foldiag stands suitable for steep ground, r l ~ i c h  has often to bc traversed, before n leveller ran reach a 

-. 

Date of 
introduction 

1860 

1858 

1858 

1858 

1858 

1880 

1888 

1906 

1875 

1875 

1905 

1896 

1906 

1906 

1906 

1906 

The@* lcrrle were used only on Baharsnpur--Musrooree line. 
4 'rhlr level  WM ~ ~ a r d  only on Dcllrn I)~tn-Knlai  line. 

~~ fool-n& to page 21 concerning the employment of Cuabing'e level 8674, of Watt's level 1143 and of Cooke's level 8622. 

Maker'e name 

Troughton and Simms 

Troughton and Simms 

Troughton and Simms 

Troughton and Simms 

Troughton and Simms 

Cooke and Sons 

Cooke and Sons 

Cooke and Sons 

Cooke and Sone 

Coolie and Sons 

Cooke and Sons 

Cooke and Sons 

George N. Saegmuller, 
Washington 

George N. Saegmuller, 
Washington 

George N. Saegmuller, 
Washington 

George N. Snegmuller, 
Wnsllington 

Deacrlption of Level 

Rectangular Level ... 
Cylindrical Level ... 
Cylindrical Level ... 
Cylindrical Level ... 
Cylindrical Level ... 
Cusl~ing's Reversible Level 

Curbing's Reversible Level 

Cushing's Reversible Level 

Dumpy ... ... 
Dumpy ... ... 
Bolton's Reversible Level 

Bolton's Reversible Level 

American Binocular Level 

American Binocular Level 

American Binocular Level 

American Binocular Level 

Dasl~nrliva 
nuulber 

... 
NO. 1 

No. 2 
NO. 3 

No. 4 

NO. 1060 

NO. 1161* 

NO. 8446t 

No. 734 

No. 765 

No. 24* 

No. 82 

No. 2625 

No. 2626 

No. 2697 

No. 2698 

I 



high station of t,he triangulation. The stands in use with the rectangular and cylindrical levelsara 
heavy and rigid and can only be erected on level sites. 

The rectangular and cylindrical levels were the instruments principally used upon main-lines from 
1868 to 1906 and are still in use. I n  1906 the American Binocular levels were first employed in ladis, 

The telescope in the rectangular level has a total length of 24 inclles. The ol~ject-glass has 

Beot.ngulnr level, (oida Plnte 11) 
effective diameter of 2+ iuches and a focal length of 21 inches. There is an 
eye-piece of power 39 and one of b4. 

I n  order t o  secure rigidity, the telescope is enclosed in a prism, the transverse section of which is 
a square of 3-inch side. 

The weight of the instrument is 38 lbs. and that of the stand is 28 lbs. 

There are two levels mounted on the prism, each ]laving an effective length of nine inches, 
Of these the level A has never been used, as it has been considered su5cient to depend upon thereading 
of level B. 

The instrument is levelled very carefully by means of the foot-screws and level-tube-attachment 
Adjustment of the rectnnpdsr screws, until one end of the level reads the same while the instrumcut 

larel. makes a complete rotation round the vertical axis. I n  order that the 
recorder can detect a mistake in reading, i t  is advisable to adjust the bubble-tube so that one end of 
the  bubble always reads about 10 divisions more than the other. 

The cylindrical levels mere originally constructed for the Punjab Canal Department at  the request 

Cylindrical lcrelr, (oidr Plate 111) 
of Field Marshal Lord Napier of Magdala when he mas Chief Engineer in 
the  Puujab. They are very superior to ordinary levellinginstrurneuts. 

The cylindrical levels are numbercd 1,2,3 and 4, and are similar in construction, each having a clamp 
and tangent-screw fixed to the boss of the tribrach. 

The vertical axis of each instrument carries a rectangular horizontal base plate. To this are attached 
two ~ e r t i c a l  collars, in which the telescope is fixed by small screws. Each collar is attached to the l~ori. 
zontnl plate by antagonistic screws, by means of which the distance of the centre of the collar from the 
plate can be regulated. Under the telescope is plqced a compass indicating the bearing of the line 01 
sigllt. 

The level tube on each instrument has an effective length of 89 inches and is carried in a protecting 
case triangular in transverse section. Two sides of this case are of plate-glass to enable t l ~ c  observer to 
read t.he positions of the ends of the bubble. The case containing the tube is mounted on the collar in 
which the telesorlpe is fixed. The mounting is so arranged as to admit of the tube being adjusted vetti. 
a l l y  and laterally. 

The telescoue of the cvlindrical levels cannot be revolved about a horizontal axis. It if, 

Adjumtment of cyl~ndricsl  lerela. therefore, not possible to make the line of collimation coincide with the 
visual axis of tho telescope. It is, however, possible to place the line of 

collimation (that is, the line joining the centre of the objcct-glass and the cross wire) at  right 
t o  the vertical axis of revolution, and as a l l  errors of adjustmeat are cancelled by lhe qnelhod 

adopted ofohseroirzg etaryes equally dietant from the inetrrrment, it is quite suficient to place tht: lineof 
collimation a t  right angles to the vertical axis, in order to ensure accurate work. T l ~ e  above object mal 
be achieved in two ways, (a) by Gauss's method and (b) by the " two-staff method". 

(a) Gauss's method involres the use of two auxiliary telescopes, euch as levels or theodolites fitted 
with horizontal wires. Thrse are always present in the field wit11 a levelling detachment. The allxiliarl 

telescopes ( A  yld B ) or collunatore are set up on firm stands about 20 feet apart and crose levelled, sO 
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THE LEVELB. 

that their abject-glaaes cafi be. mutually directed.ob each other. The cros8 d r e a  of A and B are then 
made mutually visiblo one from the other. 

The level to he collimated is placed midway in the line jninin J the twn collimators. 
It is first 

directed upon A,  and the horizontal wires made to coincirle by means of the fnot-screws. Then tlle level 
is turned through 160* in azimuth and directed on B. If the horiznntal wirw are found to  cnincide, the 
line of mllimatim is a t  right sngles to the vertioal axis of revolution. I f  not, half the deviation i8 
onrrectd by means of the foot-screws and half by the antagonistic screws attaching the telescope to the  
borizoutal plate. 

( b )  The " two-staff methnd" is performed as follows:- 
The instrument is set up at  U (fib. I ) ,  exactly midwag and i n  a line with two staves a t  A and By distant 
two or three chains from each o~her;  

Fig. I. 

it is carefully levelled and t,he difference of readings, x ,  of the staves at A and B found: thia is the true 
value notwithstanding the errors of adjustment, since C is the middle point of AB. 

Tbe instrument is then shifted to E (Fig. z ) ,  which is between the staves, but  much nearer to A 
than toB. I t  is carefully levelled and the difference of readings, z, of t l ~ e  staves a t  A and B found. If z is 
equal to s, the line of collimation of the telescope is perpendicular to the axis of rotation, but if not, z -s 
is equal to bh in Fig. z. 

Fig. 2. 

The point B is determined from the equation 

and the h-kn-mtal wire is made to intersect B by means of the adjusting screws under and near each 
extremity of the liorizontnl plate. This disturbs the bubble of the level, mhich must be corrected by i ts  
own screws. I h e  whole operation is then repeated. 

The principal statistics in regard to the cylindrical levels are as follows:- 

TABLE VII.  

Total length of telescope 

Aperture of telescope 

Focal 1engt.h 

Magnifying power 

Weight of inst,rument 

Weight of stand 

- 

Level No. 1 

24 inclies 

2$ B y  

21 5, 

21 to 43 

23 lbs. 

30 lbs. 

Level No. 2 

24 inches 

2a ,, 
21 ,Y 

26 to 44 

24 Ibs. 

31 lbs. 

Level No. 3 

24 inches 

2 i  ,, 

21 5, 

26 to 44 

23 lbs. 

30 lbs. 

Level No. 4 

24 inches 

22 ,I 

21 3, 

26 to 46 

24 lbs. 

31 lbs. 



88 LEVELLING OPERATIONS. 

The telescope in Cushing's reversible level has a total length of 23 inchee. The ~ b j e c t - ~ h ~  
has an  effective diameter of two inches and a focal length of 21 inches, 

Cu~hing'm Bsvenible  level. 
There are two eye-pieces with an  arrangement for pushing forward a 

dark glass when required : the magnifying power of these is however low, being only about 25. TG 
effective length of the level tube is 6: inches. The weight of the instrument is 16 lbs. and of its stand 
1 7  lbs. The object and eye-ends of the telescope are interchangeable by means of the following 
arrangement :-To the internal tube of the telescope is fixed a gun-metal socliet, turned and ground 
with a short conical fitting and wide flange to receive tlie eye-end with its eye-piece and diaphragm, 
On the opposite end of the outer tube a precisely similar fitting receives the cell containing the object. 
glass, both of the ends being identical as regards the fitting. The eye-piece is attached to the telescope 
by two screws placed 180" apart in the flange of the socket: the screws are not intended to be taken 
out, but corresponding 11oles in the flange of the eye-end allow the latter to be inserted in the socket, 
when a short rotatory motion from left to right will bring it into its proper position against a stop. 
The object-glass has precisely the same kind of attachment, and will, like the eye-end, fit the socket at 
either end of the telescope. 

Instead of threads, lines are finely engraved on a glass disc which fits into a sliding diaphragm. 
The horizontal plate and tribrach are both cast hollow underneath, securing maximum strength and 
rigidity with minimum weight. The attachment of the supports of the telescope is an original design: 
tlie support nearest the object-end is in contact with the plate, but is capable of a slight movement in 
the direction of the axis of the telescope so as to admit of the second adjustment described below, whilst 
t l ~ e  other support is provided with two large nuts for clamping and permanently securing the telescope 
to the plate when this adjustment llas been performed. 

There are three ndjustmellts for this inst.rument :-Jirstly, to eliminate vertical collimation; 
secondly, to make the line of collimation perpendicular to the vertical axis; 

Adjustment of Cushing's level. 
and thirdly, to make the bubble-tube parallel to the line of collimation. 

These are effected as follows :- 

Fi'il.slly.-The instrument is set up on its stand with one foot-screw under the telescope. The 
small screw a t  the top of the object-glass cell is talien out and the cross lines focussed ; the telescope 
is tllcll directed on any convenient object, e. g., a small circular dot on a sheet of paper placed about 
20 feet from tlie instrument, the object focussed and bisected wit11 the horizontal line. The eye-end is 
then carefully turned in its socliet, from right to left, until the holes in tlie flange of the eye-end are 
opposite tbe heads of the scren-s in the socket and removed. I t  is replaced again but in an inverted 
position, care being taken to turn it from left to rigllt until i t  comes to a stop, when the diaphragm ail1 
be in its propcr position. If the point is still bisected the collimation is assumed to be correct, but if not, 
half the de-iiation from the horizontal line is corrected by the foot-screw under the telrscopc, and l~nlf I)y the 
two screws that give vertical motion to the diaphragm. This process is repeated till the ndjustment is perfect. 

S~col1dly.-Tbc ohjcct being now bisected and all parallax eliminatfld, the eye-cnd and the object- 
glass cells are remored from their respective sockets and placed at the opposite ends of the tc'lescope. 
If the ohjcct is still hisectcd on turning the telescope half round, the line of collimation is assunled per. 
pendicular to the verticnl axis ; but if not,, half tile error is corrected by t l ~ e  large clamping nuts at oue elld 
of Ihc horizontal limh, and the other l~alf by the foot-screw under ille telescope. As soon as it is found 
that the object and eye-ends c:rn be reversed witl~out any apparent change in the posit,ion of t l ~ e  oljject 
intrrsected, the small screw sl~ould be returned and tlie object cell made secure. I t  is important in 
changing tho ol~ject-glass from end to end to lieep that l ~ a r t  of the cell which has the small screw bolo 
in it, always uppermost. 

Thirdly.-Tlbe instrument stand is levelled approximntelp hp the Icgs, the telescope is turned 60 

that its axis is parallel to a line joining two foot-screws, and the bubble is L~.ought by means of the latter 
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to tile centn of its ~ m .  If it remains so, on turning the telescope throuzh 1(10°, it isin adjustment; but  
if not, it must he brougllt half way back by the foot-screws over r l ~ i c h  i t  stands, and the otller llalf 
by the two opposiog nuts at  the eye-end of the bubble-tube. The levelling is completed by turning the 
telescope tllrrmgll go0, so that one end of the level is over the third foot-screw by which the bubhle 
must be hrouglit to the centre of its run. The bubble should now remain in the centre during a com- 
plete revolution, and the small cross-lerel can then be adjusted. 

B 0 1 t o ~ ' ~  reversible level is an improved form of the Y pattern l e ~ e l .  The Ys have large bearing 

surfaces and flanges are provided on the telescope tube so that  it can be turned 
Bollon's Rerers~ble lerel. without longitudinal shift. The flanges h a ~ e  lloles in them, through which 

milled headed screms pass, entering corresponding holes in the Ys, thus ensuring the telescope being 
securely clamped, when the adjustments have been performed. 

The aperture of the object-glass is 1.8 inches, and the focal lengt,h 14 inches; the magnifying 
powers are 16 and 22. 

The following description of the adjustments of this level is taken from Mr. T. Bolton's 
Adjustment of Bollon's Rerers~ble ~)~?mplllet, 

levcl. 

I.-To adjast the collb~cition of the telescope :-First some well-defined test object, whicll need not 
necessarily be exactly the same Ileight or level of the instrument, is selectecl. The test object sllould 
not be less than 20 feet away froin the ol~serrer. The instrument is placed on its stand in sucll a manner, 
that when the telescope is pointed towards the object, i t  lies directly over one of the foot-screws. The 
eye-piece is carefully puslred in or out in its tube, until the cross lines are seen as distinctly as possible, 
and the telescope is then focussed upon the test mark. 

After all parallax has been corrected, and the test mark carefully bisected by the cross line, the bind- 
ing pins and screws 11 11ich hold the flanges of the telescope in the Ys are removed, the telescope is care- 
fully revolved through 180" in its Ys, till tlle cross line is again horizontal. If the image is not now 
bis~cted, but fnlls above or below tlle cross line, the error is corrected half by the foot-screw underneath 
the telescope, and l~alf by the antagonistic screw a t  the eye-end of the telescope. The operation must be 
repeated until accuracy is obtained. 

11.-To ~(ljzist the nxis of the telescope, so tha t  it may be exuctly at r igh t  ongles lo the verticcil 
axk upon ~uhich the kutru~nent lzcrns :- 

The telescope is focussed upon the test mark, and the image carefully bisected by the horizontal 
cross line, th(,n tlle telesco~~e is liftcd out of its Ys ant1 rc~ersed, end for end, in them. If on redirecting 
the telescope towards the test mark, the image of the latter is no longer biscctrd by the cross line, the  
error is correctrd half l)y the foot-screw underneath the telescope, and half bp the circular lock-nuts 
all icl l  are placed on the adjustable Y. Tlle abore openltion must be repeated, until the bisection of the  
image i6 as exact as possible, and rtmains quite undisturbed by the reversal of the telescope in its Ys. 

111.-The bubble-tube adjustment is the same as that for the cylindrical levels. 

An account of the Alilerican Binocular lerel was submitted by Mr. 0. H. Tittmann, the  
The Anlrrlcnn D ~ l ~ o r u l n r  level. Superilltentlent of the United States Coast and Geodetic Survey, to the  

(I'ldr p l n l ~ s  1Y oud V) 
International Geodetic Conference that met a t  Copenhagen in 1903. The follon-in: extract has been taken from Mr. Tittmnnn's report to the Conference*:- 

*', ''lo bepinning of l l le rcofon of 19CQ t r o  lirrrirr l ~ r e l r  of n new desipn a l ~ i c l l  11nd rrcentlg twrn c o n s l r ~ ~ ~ t r d  were puL into I I S ~ .  The dis- 
L i n p u i s l l i t l ~  r*ruli~rilie. o f  tLi8 n r .  lgpc of prccitw IerrI, n r  l i t t rd in the renort.to,i)r n ~ ~ i . e i ~ ~ t i m  ill i!~oo, "re, ,%t11nt  it stands vm l o r  nla lllr tripod l ~ r d  ; 
"'" "" leVr1 

18 fixed r~lol ively  l o  the t1~1recc~)~r nncl i8 plnrc~l 1)s near n i  p o ~ s i b l o  lo tlw l i t~e  of collin~ntion, being in roct c c > ~ ~ n t r r s t ~ n k  ;!!to One t~bri-el 
"lc ' c lnc .~r ;  1Il.t the l r l e~cor r  l oe s  not reel in I.. LIIL i ~ ~ s l m d  i~ fq .ponrd  by t r ~ ~ n r ~ i o n s  in  f n n t  

t h o  nliddle and * n nlicronrter s i n .  

' CoV"e8 
&J 8iamcc8 de 10 q u a t a n i h w  canflrmce ginirale dr 1'ArrociaIion GO(od&igr# lnimdio~ialt, ISM, knne& A XI. 
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near ita eye end. T h e  middle br lf  of tbe  telescope, including the level vial, is oompletely ~h ie lded  by s n  metallio tube, ni tbin which it i, tmb ' 
move as constrained by its trunnions and the micrometer ccrew. The  nickel.iron alloy has been u ~ e d  almost entirely in the cnnslruction of the ~alsseop 
and adjacent parts. T h e  device for  reading the bubble frum the eye end agrees in its essential principles with l h s t  used on the Berthelonly lercl. I~~~~ 
design ~t differs ndical ly from it. The  distance between the  eyepiece of the  telescope and that  of the r e d i n p  device is adjuskble to tlt the dklrnes 
between the eyes of the  observer, so that  no movement whatever is necemry to transfer the  attention from the  rod to the bubble". 

The  resnlts wbioh bnve been obtained with this instrument and the simple method of observation used with i t  are  su5ciently rnmsrkIble 
combinstion of rapidity, economy, and sccunry  to be worthy of being cpecially called to the notice of the association. 

Between the  beginning of the season of 1900 and April 9, 1903, a900 kilometers Of con~p lehd  leveling hare been done with these instmrnsnh 
T h e  capnbilities ere  therefore known a t  this dale  86 a matter of experience, not of theory. By rompletrd leveling is meant that  each section of the line, 
usually from 1 kilometer to 1.6 kilometers long, has been leveled at  lellst twice, independently, in the  forward and backward directions. ~f the ant 
tworesulta differed by more t h a ~ 4 ~ ~  JK (in which K is the distance lereled between benoh mnrbs in kilometen), t he  section was releveled in bo& 
directions, or  even leveled a BftL and sixth time if necwsary to secure resulte wit l~in the prescribed limit. 

T h e  avempe rate of progress of a leveling party, consisting of an observer and flve men, for  the  whole 8900 hilometam hos been 106 kiIomekmd 
completed levei~ng per month, the time being counted from the t i n t  to  the last dsta of leveling on each line. Even under the most adverse condilionl 
t h e   umber of completed kilometem per month has seldom fallen below 80. One party leveled for  more t.han seven and one-l~alf molltbs o o n t i n ~ ~ ~ ~ ~ l ,  
at an average n t a  of 197 kilometers of completed leveling per month. During one month of this period 169 kilometers of line were completed. Dllrioll 
this  month the leveling proceeded on twenty.tlve duys, and the tola1 l e n ~ t h  of single line run wns 869 kilun~eters, o r  an  average of 14. 4 kilomebrs pr 
observing day. This feat was not accomplial~ed by erlrenlely l o ~ ~ g  working hours. M s h l n ~  no allownnces whatever for any delays or  inlerrnption~, etwpl 
t h e  s lap in the middle of the day for lunch, the average number of hours of leveling per day wan I f ,  and the arerace speed was therefore for the whola 
month 2 kilometers of single line per hour during the progress of the  leveling. The  average length of sight during this month WM 8a meters. 

On the most remarkable day of leveling another observer n n  26% kilometers of single line, none of which was afterwards found to need reroo. 
ning. The observing woe done in nine ho~ l r s  nnd fort? mloutes, making nu deduction for delays except the dinner hour, or  a t  an  average rate of 2-6 tilo, 
meters per hour. The  total number of il~strurnent stations on this day wns 147. Assuming tha t  the observer moved from station to station on the 
velocipede cars s t  on average speed of 9 7 kilometers per hour the average interval spent a t  each station in al l  manipulations and observations from tho 
instaut Lhe tripod touched the ground until i t  was plcked up was 2'9 minutes. 

These records are  sufficient to show tha t  theinstrument ir cspable of very quioh manipulation and that  the  method of observation isnimplesnd 
tnpid. I t  is important to note that  this rapidity of operation 18 also co~>ducive to accurncy, as  the i ~ ~ t e r v a l  during which the instrument mnp becoma 
distorted by unequal changes of temperature or  other causeh or  during which changes of refraction moy occur, is reduced to a minimum. 

The following description of the American Binocular level is taken from Mr. Hayford's valuable 
note on precise levelling, published as Appendix No. 3 to the Report of the Coast and Geodetic Survey 
for 1903:- 

Tas NSW PBECIEE LBVEL. 

Commencing with t h e  summer of 1900 a new type of precise level wne pn t  into use in  the  C o ~ t  and Oeodetlc Bnrvey, and  a method ol obaer. 
vation was adopted which has remained unchanged except in  unimportant detaile since tha t  time. Three sessons of leveling have furnished s thorongh 
tent of the  instrument a n d  method. The train of evente leadiog up to the change is of little importance now. The jnntification of the present i u @ m  
m e n t  and method must  be found in  t h e  accuracy. rapidity and cheapnese of t b e  recent leveling. Hence. in  tbis appendix, the l rn t  official pllblic~lion 
i n  wbich the  results of these three sersons of leveling appear, i t  is appropriate thnt  detailed iufotma~ion in regard t o  the  degree of sncceea attained in 
t h e  l&eling nince the change waa made should be fully set forth. 

The foUowing dencription of t h e  new instrument  is reprodnced. with a few and unimportant cbanges, from a dencription written by Mr. E.0, 
Fischer, Chief of the  Instrument  Divinion, Coaat and Geodetic survey. and the  designer of the instrument. 

w h e n  i t  became necessary to provide additional instruments for carrying ont  the  geodetic leveling planned for the  season of 1900, oppor~uni~l 
~~~e to embods in  a new denlgn the froits of the  deliberations of the  committee on precise levelinp of 1898-99, whose conclneions hail been tried and 
proven with the  three geodetic levels Nos. 1. 6 and 6, remodeled in the  instrnment shop of tbe  Bnrvey in t h e  spring of 1899 and used in the field doring 
t h e  whole of tha t  newon. A careful study of the  results obtained wirb these instruments proved conclneively tha t  the  use of the  new aUoy of iron 
nickel, which waa firnt applied in their reconstrnction. and the  reduction of the dietmce between the level and the  Une of collimocion were decidedIm' 
provemente and  pract icdly elim~lrnted errors doe t o  temperatore effecte. 

These facte were kept  in view in d e s i p i n g  the  new instruments. As t h e  newly adopted method of observstion obvlated the  use of the reved' 
ble  stride level nod the rotating telescope, the  distance between the  level and  the  line of collimation could be reduced t o  a minlmom by placing the 
former in an  opening co t  into the telescope and  the  latter could be placed within a tube-sbaped support, ~t one end of which two pivot sCrCwR provide 
a horimntal axis around which the telescope csn be rotated and the line of collimation put  into t h e  horizon by means of a tlne motion or micrometer 
screw mounted a t  the  other end. Ilp making the  support for the telescope tubular, i t  was not only given the strongest and lightest form, but itcoo'd 
be mnlie to serve a t  the same t ime aa a protection t o  the level m o h t e d  in the  telescope. The level.reading device, in principle tllc same 08 tba tured 'o  
t h e  rrcon~truct ion of levels Nos. 1 , b  and 6, being mounted a t  the side of the  telescope a t  binocular dialonce from it. offers. with the eXccptlon of 
mirror. which is almost borirontal and fwtened neitber t o  tbe level nor the telescope, no additional surface t o  wlnd preMnre and enables the Obs'n" 
to stand with head nnd body erect  while obners~ng the rod with one eye and the level with the  other. 

A0 baa been done in dwigns of other instruments made for the  Snrvey, the  legs of t he  instrument were pot  as high n p  on the center bearingM 
possible end the  lower part  of t h e  la t ter  d i spo~ed  of within the  bead of the  tripod; thus not  only affording room for  an u ~ ~ o s u a ~ l ~  long andthereUe 
more d m b l e  and rigid center, ho t  alao bringing t h e  center of gravity of t h e  instrument much nearer to the plane of s n p p r t .  

For  all tboae parts npon which depends t h e  constancy of t h e  relation between the  line of colllmstloa and t h e  level-the tel*moPe. Ibe lo* 
inCkn!Z the  level v id ,  t h e  dmr tnbe ,  reticle ring, and t h e  mpporting cylinder-the m s t a ~ i a l  sslected i s  t h e  same M tha t  w e d  in the  recon~trocclon* 
geodetic lev& Nos I, 6 md 6 in the epring of 1899. 





LEVELEING OPERATIONS. 

TUB SUPI'ORTINQ CYLINDER OF TBB TELESCOPE. 

This  is nnickel-iron cnntlng, ns stnted nhove. I t s  length is ?Icm.G, i t s  ollter diameter CCrn 9, i ts  inner  diameter 6"- 4, leaving a t ~ ~ ~ t ~ ~ ~ ~ ,  
wall of 2 m m . 5 .  A t  i t s  middle point is n cylindricnl hoss or  hnb I .  of the  same diameter ~s t h e  Bnnge of the  center, t o  which i t  i s  firmly fmtened bJIoor , 
steel ccrewa. Two logs In. w e  threndcd t o  receive the  pivoting screws n, which are made of nickel stecl,nnd, witb their points 2"m.G below the centerul 
t b e  anpporting cylinder form n horizontnl nxis for t h e  Lclrscope. At  n distance of  ICm' 2 from the  rear  end and b e l o w i s f ~ t e n e d ,  by two screns,the b 
m a d e  of uickel iron. which cnrries the  fine-motion rrr micromctrr screw p. This In1 ter, of 99 thrends per centimeter nearly (100 per inch) andim. dinmctn 1;. 
i~ providrd nt   it^ upper cnd with n smnll t i p  of glnrs hnrd steel, nnd cnrries, below. nn ndjostnble micrometer bend of white  rglonite g, which i s4~ . i  
i n  dinmeter m d  i s  dividcd in to  100 pnrte. A hnrd rubber disk with milled edge, projecting beyond the  micrometer hend, no t  only protects tb, ~ ~ d ~ ~ .  
tion from t h e  fingers, but, by rchson of i ts  1 ~ g c  dinmetcr, fncilitntcs the  set t ing of t h e  sensitive level. An index for  rending the micrometer 
provided. I 

t The nnpporting cylindcr cnrries n removnble eccentric r ing r inkerted in to  ils forward end  of which the  inner dinmeter is such ns to pemitlh0 : 
telerrope pivotrcl betwee- the  screws 11 t o  rotnte slightly wirhout tonching. A sinlilnr r i n g s n t  the renr end. however, is co t  out  sons  to permit the teler. 
?ope t o  nlove up  and rlo~vn. ol>ore nnd below r h e  norlunl or  horizontnl position, by nbont 2"'"', while the  sides of the  r ing permit of no lateral pIng,bol 
form a gnide for  t h a t  amount  of verticnl motion. 

Directly in front  of t h e  micronieter screw i s  fnstened t o  the  knpportinp cylinder a smnll case holding nn eccentric which cnn be rolntedbln 
l c r e r  hnn~l l e  nt t h e  right sirlc of the  instrnment. When t h e  lever handle is tnrnerl n p  the eccentric pushes against t h e  telescope, lifts its wciphtoR~b~ i 
micrk-nrctcr ccrkw, rind p r e s e s  it. ~ e u t l j  ngninst n spriug snnk into the  npper pnrt of the r ing s. I n  this  position the instrnment can he carried withoul 
t h e  risk of jarring t h e  telescope and t h c r c b ~  disturbing the  level ndjnstmcnt. 

A g n l n ~ t  the  hub I, on tho right side of t h e  instrument, is fnsteued n hrncket cnrrying a small nniversal level, myhich i s  fnsily obsemed from tho 
'eye end of t l ~ c  t e l e ~ c o p e  by nlenns of n mirror monnted above i t  nt  nn nngle of 45'. k 

A t  thc  f o m n r d  end of t h r  supporting cylinder and  below is monntcd n post t, r cnch~ng  downward between the  horizontal pointing screw I and 1 
t h e  spring cnsc of t h e  clnmp nrm g. 

The  npper pnrt of the  snpporting cylinder has cast into i t  a r ec tnnp ln r  oponing -pith n frnming r snrrnnnding it. A piece of plate gles , 

fitted into thin frnming by dorctnil grrorrs .  closes the  opening ngninst dnst  or air currents, bn t  can qnickly be moved forward for the  pnrposeof ndjoeG 
i n g  the lercl by lmsening n smnll milled head screw rind turning np n hinged lockin: piece. Over this  opening nnd against the sides of the frnming in  
monnted I,g 1,r.w~ nrtns c the glnss mirror rc. nrrnnged 80 ~s t o  permit of n s m d l  rotnry ndjnstment for the pnrpose of adapting the  level rending device 
t n  in , l i r i r l~~nl  ol~>erve?.r;. I t  may Irc ktntc[l here tha t  the  opening in t h e  nrpporting cylindel' was plnced as near ns possible t o  it8 renr end nud axay from 
t h e  ulldtllc of the  instrnmcnt, 11eonnr;c the level could n t  tha t  place be put  closer t o  the  line of collimntion withont entering the  cone formed by the 
apcrlurcs of the  objective nnd the  reticle ring. 

Smnll crooves aronnd the  ends of the supporting cylinder nfford t h e  menns of fnstcning, by wire rings or narrow metnl bands, the lentber : 
cones 9. They a le  fnstcned t o  the  telescope in  n similnr manner, nnd effectively shu t  ont  dnst  nnd air cnrrents withont in theslightest degree prereol 
i n g  t h e  telescope h o m  =riming the position determined by the  pivoting screws a t  one end nnd t h e  micrometer screw a t  the other end of the soppoai~! , 
cylinc'er. 

TUE TELEEOOPB OF m E  NEW LEVEL. 

The  tnhc witb the  objective hend nnd rimwtabe benrings, forming t h e  telescope, is cnst of niokel iron in one piece nnd bored end tnrned 
i n  the  lnthe. I t s  unter dinmeter hcing l cm.  97 nnd the  inner  4r'1B.U5, gives n t h i c k n e ~ s  o i  n-nI1 uf lnbm.6. Tmmerlintely nt  t h e  eye end and nt nclistnnce 
of 9'" fronl it nre t x n  con.ctrictiona fo rn~ ing  the Iwnrings y for the drewtnhe. A ring r is titted and ~olr l rrcd into the telescope nt  the place where Ibe 
00' p o w ?  14 the pivotin: screws n are bored into i t  ('LtlCrn.9 from the  eye end) for t h e  purpose of strengthening i t  t o  r e s l ~ t  atrnins cnused by ondoe 
t ightcuing of these screws. 

The drnm-tnhe, car t  solicl of nickel iron nnrl hored nnt, is fitter1 closely into i t s  benrinps, and cnnics within nn enlnrgement nt its outer end. 'Jl 
means a l f  four nickel-*tccl scrc\vr;, t h c  nickel-iron reticle ring. Great cnrc wns tnken t o  fit t he  threnrls of thcne screws very tightly t o  insnrr, 33 ninth 
n* pos.ilJc, iurnrinbilitr of the  position of the reticle. One verticnl ant1 three horirootnl apirler thrcnrls of thc  finest p;ulc  obtninnblc nre rnonntfdnp' 
0 1 1  t he  reticle rin:. The hnriruatnl thrcncls nre eqei<lictnnt ~ n c l  tllc IIpI>cr nod lower cn~brtlcc n spnce of  anem nt  ndistnucc of 100"'. Two Stcinheil e!e 
piecca. . i f  I2'""'.6 null !Im".6 (ot~c.bnIf inch nod three-eishths inch), eqn~vnleut  focns, t o  snit different wenthcr conditions, are supplied. The objecliro 
lens IF t11~~1111le~l in n cell cnet of nickel iron. I t  i s  hold in place In$ n slpring rinx, frrstencd with three smnll .scre!m, in soch mnnncr IU to holdi' 
f i rn~ly ill pdtl;itirm. \vil'.lmt rrstrnininn i t  from cxpnnding nnd contrnctinp with cllnr~ges of temperntore. I t  hns a clear npertnrc of 4vm'9 nnrl n f a d  
Icnpth r ~ f  4I"=. s i r ing  n nln?nif!.i11,8 power of R Y  dinnletcra witb tbc II'"'"'.3 nud of 43 clinmcters with the  9"3".5 eycpiccc. The rlmwtnhc is moved 
focal diktnncc in thc n+llnl altg. I,y menns of 3 rack and pinion, and bns snllicicnt rangc t o  ennble the  observer t o  point on nn objcct ns nenr IM 3.6 meterst' 

. Jns t  tvilhiu nr nnclcr tbc Icnther conen r the telcrcnpe cnrries two enlargements or collnrs, which nre tnrned t o  eqnnl dinmetera. and scryethe 
purpnsc nf I ~ ~ I I C I I I L I  thc 188bll~lil~g line into the  pccbmetric nxis of the  telescope. This nrljnFtmcllt i s m ~ d e  in the chop permnncntly. It is done h ~ .  lnling 
t h c  t~!l~~scol~r . \ \ - i th  ~ b e r c  ~.ollarr. rllv8n t,vn mctnl Y supports provide-d with leveling font screws. Pointing on nn ohjecb nnd rotating the t ~ l ~ ~ ~ ~ l ' ~ ~ ~  
t h e  Y.8 rvvexl.; a n  wnnt nf parnllcl~rm betweell t h e  nrie of t h e  two collars nod the  line connecting I.lle intcrsectiou o f t h e  vertical nlidlile 
horinbntnl tbrcntle n n ~ l  tbe optiral ecnter of thc olvjeclive. Thin is corrected by means of the fonr screws holding the  reticle ring. Since the FP~*C' 

thrcscls 111ove n-it11 Ihe ~lrnuiolre ,  i t  nleo mnst lnnve in n line ~ ~ n r r l l e l  t o  the  nsis of thc collnrp, In order t o  prmerve trne colllmntion ill nn? P " ~ ~ ~ ~ ~  
r cqo~rc# l  Iny frncnsinr Ilpr,n the run nt different rlistnnrcr. To insnro this pnrallelium, p e n t  cn1.e tnken in  runking tho telescopes. The ol)~cctirR 

were cel~tcreai a . l r l ~  rl>ccinl cnre. n n ~ l  the  collars a c r e  tnrned trnc nt  the  Enme ~ b o ~ k i l l ~  nuder which the drnwtnbo bearings were bored. hqll'nc" ' i 
ally error of c,lllilnntion elltern illto the  result of levcli~tg only t o  the smnll nmonnt doc t o  differences between back and fore sight#, i t  mnY I'ewd 1 
t ha t  tbcse inr;lromcnts. 35 i a r  ns collimntion error in concerned, are prncticsuy fnnltlcss. i 

I 
I n  thc enme I. .sollportR nbove ~nenrionpd, the :eve1 nttnvhcd t o  t h e  telescope is adjnsted so tha t  i ts  %xis is pnrnllcl to  the  vertical plane cooton' I 

i ng  Cllc Ilue 01 collio~atiun. Thin ndjnstmcnt climinntcs what  is commonly called the "wind"  of the level, nnd can no t  rendlly bC made in lie" 

Thc p*itinn of the forannl  rlrawtnl~c henring and that  of the  micrometer scrcw were @elected with the  view to snfficient rigidity of thnt pnrt 
PI / 

t he  telcecnl.? wblr-11 r e m  npon the micrulnctcr wren .  Tbc point of coninct with t h e  hnrclened t ip  of the @crew is n rmnll hnrdcned ateel PInte 01, fmtened 
iniu thc tolt,=col,e nt  the lnraar,I drnn.tnbe hcnring. Tbc distance hctwrcn the a s i s  of thc micrnmcter Rcrew nnd thc nri8 of rutnlian formed 'Ithe 
~ ~ F I ) ~ I I ' L '  ~.:r( i ~ *  I. i4 l?"".lj nc:irb. wh:ch. with rhc @crew pitcl, of 5:) threatla per centimeter, gives a value of nbont 2".6 per dlvision of micromew' 
b e d .  Phc dlatance between the axis of rotntion of t h e  telescope and the  verticnl center  ia Ycm'B. 

/ 

7 he letters refer to  dingram8 I U  t h e  Arnericnn volnme, which hnve not  been reproduced here. 
t Tue mt romenre  eopylrcd Lo the  Swrcy  of India can be osed up  t o  a minimom distance of i UeUel. 



THE LEVELS. 

THE LEVEL VIAL OF THE NEW INBTBUME?~.  

me level 
w~ .ride by A. Pesaler, emd i s  of the  chambered type. It i s  l l c m . K  long, l c m . K  In diameter, m d  C ~ U  13 ..duUion nee long In 

~h~ length of the bubble used is about 2 6  div.. or  fiCm.0. The value of a divi8ion of t h e  level v i d  i8 I"'(( for  level No. 7 a n d  1.b6 for  
N ~ ,  8, ~h~ monnting of the vial hss been attended t o  with special care, with the  aim of securing t h e  greatest posaiblc c o n s t a n q  of adjolrtment. 
ne g ~ 8  vinl rests *thin a tube of nickel iron upon the ends of four small screw8 b,,  piercing the  tnbe. two  a t  eSch end  of t h e  r i d .  120° a p v l .  A 

tip r,, f,t the end of a flat spring fastened t o  the  tnbe and also piercing i t ,  presses with sumcient force upon the  vial a t  ench end, exactly over 
the Bcrews, M hold i t  firmly in place and yet  permit i t  t o  expand and contrnct independently of t h e  tube. Langitudinally the  vial in 

by t\vo cork rings d,, one a t  each end, whicb, however, leave n small clearance, so t h a t  the  vinl is f ree also in  tba t  direction. This i s  t h e  
iu which all level only t h e  smnller'ones, have been mounted in  the  sbops of the  Snrvey for t h e  psst  thir teen years. The  level 

tubc, ni tb the vial thus snpported, is sccnred t o  the telescope, sunk throngh an  oblong opening close t o  t h e  cone formed by the  aperturea of t h e  
and reticle ring. At  the fomnrd  end i t  is held by a screw holding i t  down t o  n rounded support el, screwed t o  t h e  telescope, upon whicb i t  

an be nloved laterally by two opposing screws for ndjustiug t h e  "wind." The otber end is made adjustable in  t h e  vertical for t h e  purpose of keeping 
the levc) pnrnllel to  the line of collimation. This is t h e  only adjnstmcnt required on t h e  pa r t  of the  observer i n  t h e  field. A sqnarc-bendcd vertical 
screw f,, of shoot 27 threads per centimeter and fitting closely In the  level tube end, ia threaded tightly i n t o , t h a t  pa r t  of t h e  telescope forming t h e  
forward drnwtnbe bearing. Two strong helical steel springs, one  on each side, press t h e  level tube  tightly upward a g d n s t  t h e  shoulder of t h e  screwf,.* 
A socket wreocb, witb a lever a m  7=".6 long, permits of applying rotary force t o  the  screw without excrt ing any other pressure against t h e  instrnment  
and thereby displacing the pointing of the telescope. is the c u e  when nsing a screw-driver or  capstan bar, so t h a t  this  deLicate adjnalment i s  m a d e  -- - -  - 

nod wit11 ease, and seldom requires t o  be repeated. 

As already stated, adjustment of the  reticle is made permanently i n  the  shop, t h e  observer h a ~ n g  n o  m e m a  of test ing it in the field. I t  is 

of great importance, therefore, that reticle ring shonld no t  be distnrbed, bu t  that ,  when ,necesa=Y, t h e  level be moved into pardeliam with 

pointing line. 

rn the instruments as originally the  heads of: t he  fonr screws holding t b e  retfcle  ring were exposed i n  t h e  ordinary manner. NOW 

(1803) the design has been so improved tba t  the hends of lhese screw8 arc completely inclosed i n  a ~ r o t e c t i n g  case and  a re  inaccessible to t h e  
observer in the fieldt. 

~h~ observer, carrying the instrument from station t o  station, readily learns t o  hold i t  i n  snch position as ta prevent any change of t h e  
length of the bubble by establishing cammnnicntion between t h e  chamber and  the  interior of the  vial. I n  t h e  viala osed for  these i n s t r m e n t s  t h e  
openings in the chambers are not a t  t he  bottom, Sot slightly t o  the  side. 

The first of the new instruments t o  be used in  the field was put  in srljnstment a t  Washington and  sent  by express t o n  p i n t  i n  Kentucky. T h e  
observer there, on beginning work witb it,  found i t  still in adjustment and continued t o  use i t  for  one and  one-half months ; dnring which t ime t h e  

between the tnngent t o  level vial a t  its middle point nnd t b c  line of sight defined by the three borizont,al lines never exceeded 3". A t  t h e  end of 
that time the nngle suddenly becnmc 9" and the instrument was ndjusted. Atter constant use for nearlyone and one-half months more t h e  record showed 
the grrntest value of this sngle t o  be 3"%. The mean algebraic value of the angle during this t ime was a little more than 1". This behavior in  t h e  
matter of holding adjostment hns been frequently npproacbcd in ls tcr  work with instruments of this type. The constnucy with which these ins tm-  
menta retain their ndjnatment testifies to the  fine work pu t  npon them, for which credit is doe  to Messrs. C. Jacomini  a n d  0. Storm, instrnment  
mnkers. 

THE LEVEL-READING DEVICE. 

The operation of reading the position of three fine lines, tbe spider tbreadn, projected upon t h e  podna t ion  of t h e  level rod, is a t rying one  nn-  
der the bent conditions, and subjects the  obsemer , wben the air is hnzy or unsteady, t o  severe strains. As i t  is of t h e  highest import,ance thn t  these 
readings be tnken only a t  the iestnnt when the lwei  indicntes horizontnlitp of the  line of  right, t b e  instrnment  shoonld be designed particnlarly with e 
view to the observer's comfort, so ns t o  enable him to observe the rod and the level ns nearly as  possible simultnneously. It is thought  tha t  t h e  level- 
rcnding device provided for these instrnmcnts fulfils all reqoircments, since only the  time required for transferring mentnl  a t tent ion from one object t o  
another need elnpse between the two obscrvations. I t  is n modification of tha t  osed by Uerthhlemy, of Paris, i n  his precise l c v e l ~ ,  whicb consists of two  
ndjastnble prisms mounted upon the  stride level and tbree prisms mounted in a cosing fastened t o  t h e  Y support of the  telescope, with a short  t n b e  

lmmediatcly on tbc side of the lntter rcoching as  far  as  the eyepiece. Uesidesthc objectiounblefeatnre of the  overloaded str ide level, t he  design has t h e  
bol t  of requiring the observer t o  shift his head between observations upon the  rod and  the  level. 

The modified form here described was applied in the  spring of 1899, wben precise levels Nos. 1 ,  6 and  6 were remodeled, and  i t  was amplytest-  
cd in the field during the scanon of thnt yenr. I n  designing pn entirely n e e  instrument  i t  was possible t o  improve g e a t l y  npon t h e  manner  of i t8  
~pplicalion. T W O  cLmp r ingsg,  snpport an  dnminum tube wlth an  eye end reaching hack t o n  point even ~ t h  tbeeyepiece of t h e  telescope 
when focused for nn nverage di~tance.  Against t,his tube is screwed a dovctail bnr Irl upon which move, within t h e  tube, two slides i ,  and  j, cnrrying 

prisms kl nnd I,. Thefie slidcs a re  connected by arpls with n lever mounted npon n stem with a milled hcnd m,, t he  rotation of which moves the 
prism8 eqnnlly toward or flwny from a ccntrnl point hctween them. This motion is provided t o  ndjust the  distance of tbe prisms accuretely t o  the  
lengtll 01 the hnbhle, which, during tbe  dng's work, mug vnry by rcnfion of tempernture cltanges. Those fnces of the  prisms which arc directed toward 

e ~ c  arc gro~]nd t o  snch cnrvatores IIR, witb the ~d of a lens mounted between them nnd the  r Je  end, t o  reduce t o  thnt  of distinct vision of tho  
eye the dlstxnce iron) the  m d  o t  the bubble t o  tbc cye, by tiny of the mirror w, t be  reflecting faces of t l l c  prisms k, and  I,' and  the lens. For 

benefit Of the o b s C r ~ ~ r  r e v i r e d  to use glarsea the eye cap of the level-reading tube is a r r a n g d  t o  hold such a lens as he may to  enable him 
to observe witboot specticles. 

The distance between the levcl.reading tube and the telescope can be changed t o  sni t  ench individnnl observer, m d  provision is made for  t h e  
rotaY ncllnfitrneut of the  prinmn nnd the mirror necessary in connequence of nny snch cbnnge. Thc prisms ore put  in such position by means of t h e  
milled bead in,, t,bnt the end8 of tbe bubble and the grndnntion mnrks ahove them ore brought into view, appenriug ns if t h e  bubble were very short. 

lines forming the pednat ion npop the  level vial arc marked by smnll dots in nnch mnnner tha t  symmetrical liner, o r  lines equidistnnt from t h e  
centre of the paduntion, are rcotlily distinguishsblc, thus relieving the observer of nny strain in gonrdjog agninst mistakes. 

Tbc telescope thronghont, it8 length-with the exception of the eye end of tbc drawtnbe nnd the  two  collnrs t m e d  to equal diameters-the 
8npp0rtiuE r~ l iude r ,  and the level tube were covercd with a heavy coating of cloth d w t  of a blolsh-grsg color. This  coating is po t  on by paint ing t h e  

* The letters refer to dingrnms in the Americnn volnrne, which have no t  b e t a  reproduced here. 
t In lbc instmmenls mpplied to the Snrvcy of lndin tbc bends of the  fonr scrcws holding the  reticle ripg a re  exposed. 
f Page 423 end iuustrntion opposite, in Appendix No. 8, Ileport for 1899, Precise Leveling i n t h e  United States. 
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parts  with n mixtrrre of Jnpnn vnrnish, tnrpentine, nnd linseed oil, which is colored with wbitelend, Inmpblnck, and nltrnmRline blue, to the Rnmc rhn,ll 

a s  thnt  of t b c  cloth dust: the latter is sifted over t h r  f r c sh l j  vnrnibhed pieces through n hair screen m d  prewed in wit11 t.he hnncl. After allo,,.ing il 
~ l r ~  [or two d y ~  nut1 brushing off nll loose clolh dost, a contitnp of n (lilole stvlntio~~ of bleached sheUnc in alcohol is npplied. The fiuish the 
auce  of a tinc qnnlity of cloth, nnd nffords considernble protection ngninst sudden ond temporary changes of temperature. 

Other  pnrta of the  instrnmeut. RR t he  inr trnment  bnsc, mirror Erame, level-rending tobe, etc.. are  finished in  blnck ennmel of the kind iolm, 
dnrerl so r x t c n s i v c l  throngh the  bicrcle indostrg. I t  is henvy, hard though clastic, nnd surpasses iu nppenrauce and darabilitr nay oftbcblu, 
lncquci-s heretofore used in the  nrt of iustrnmcut making. 

The  we ig l~ t  of thc  instrnmeut is 6 ' ~ ? .  No donl>t this can beconridernhly reduced when t n l ~ i n g  mnde of nickel steel in ohtninnble in tbcmsrkrl 
The  tlrictnesf of t h e  cwt  tubing-nbont twice ns grent hs \\.oold be ncces6nry iE wrought metal coirld be snbstituted-is considered as small as isSde l ;  
use i u  v i e s  of the  loosc texture of the alloy. 

The wcight of the  tripod, i 's.2, ie some\vhnt grenter thnn thnt  of stnnds formerly nsed for t h e  Enme clhss of instromcnts. This is doe,othr 
much erenter Icngt'l requirctl i n  order t o  euable the  observer t o  stand erect, which is considered of sn5cient  advnntnge t o  snrrnnt  a small saerifltc 
the  u n t t c r  of welght. 

The American levels were made for the Survey of India by G. N. Saegmuller, andflerD 
tested before despatch in the Office of the Superintendent of the Coast and Geodetic Survey. 

The principal statistics in  regard to the American levels are as follows :- 

Level No. 2698 

18 inches 

1-65 ,, 
16i  1, 

14 to 38 

11 Ibs. 

18 lbs. 

Total length of telescope ... 
Aperture of telescope ... 
Focal length ... ... 
Magnifying power ... 
Weight of instrument ... 
Keight of stand ... 

Level No. 2697 

18  inches 

1.65 ,, 
166 ,, 
1 4  to 35 

11 lbs. 

14 Ibs. 

Level No. 2626 

18 inches 

1-65 ,, 
16+ ,, 
1 5 t o 3 6  

12.6 lbs. 

1 4  lbs. 

Level No. 2626 

18  inches 

1.65 ,, 
16+ ,, 
14 to 35 

11 lbs. 

14 lbs. 
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THE LEVELLING STAVES. 

The Levelling Staves for tbe lrigonometrical Slirvey of India were a11 originally made a t  the  
canal foundry at  Roorhee. At  one time staves, of which those numbered N, and N, are specimens, 
were made hollonr, but the greater number have all been of solid wood. The hollow staves were found 
to vary unduly in length a t  different seasons, and were disliked by levellers. The solid stayes from 
Roorhee have generally been built up of strips of v-ell-seasoned teak : in some few cases alternate strips 
of teak and pine liave been used and in some cases seven strips of teak and two of pine have been 
combined to make one staff, the sections of pine being introduced in  order to reduce warping. As a 
general rule however teak alone has been utilised, each staff being composed of five or seven strips. 

Since 1900 all levelling staves for the Survey have been made a t  the Mathemat,ical Instrument 
Office at  Calcutta : there they are now being constructed and numbered in pairs, for example 10A and 
10B, and 11A and 11B. 

The Calcutta staves are now built up of five pieces of teak wood cut  from well-seasoned old 
beams bought from contractors : the bean~s are taken from the roofs of demolished ]louses. I n  1900 the 
experiment was made of boiling the wood in paraffin wax for the purpose of rendering i t  less liable to 
be affccted by damp. The staves were boiled until no more air was g i ~ e n  off by their wood, and the  
mas was tllcn nllowed to cool until i t  was solid. The staves mere weighed before and after boiling i n  
order that the amount of was absorbed in the pores of the mood might be estimated. Of the four staves 
treated, the weight of one increased by 6 ounces, the weight of another remained unchanged, and tlie 
weight of the two others decreased by 4 and 6 ounces respectively. Tlie treatment in paraffin proved a 
failure; the wax prevented the paint from setting properly. and i t  greatly increased the dificulty of 
graduating the painted surface. I n  the case of staves which have been given black graduations on white 
faces, the black paint is laid on first and the white paint is superposed : the vhi te  paint cannot be given 
many coats, as graduations are made by scraping off the white and exposing the black surface, and the 
machine does not remove successive lagers satisfactorily. 

The levelling staves liave been numbered in a variety of different nays: some have been 
distinguished as No. 1, No. 2, No. 3, etc. ; others as I ,  11, 111, etc. ; others as 01, 02, 03, etc. ; others as 
B 1 and B 2 ; others as 16 A and 16 B ; and others have been named A, B, C, D, etc. If tlie numbering 
]lad heen left to  the levelling officers, a system would ha\-e doubtless been devised, but the  staves were 
given their numbers in the workshops a t  Roorkee and Calcutta. 

Follr different patterns of staves have been designed for the levelling operations in India: they 
are linowu as- 

(1). Walkcr's pattern .., introduced in 1858* 
(2). Con7ie's pattern ... 3 Y 1902 
(3). The Comrnit,tee's pattern ' # 1906 
(4). Single-facer1 pattern ... 

Y V  1907 

6uQffn also n8 the arcat Triganometr icd  Snrvey pattern. 



LEVELLING OPERATIONS. [ C ~ A P ,  Ill, , 

Walker's pattern. 

The staff designed by General Walker was introduced in 1868 and is still in use in 1909. ~h~~ , 

staff was graduated on both sides, one face being painted white with black divisions and graduated / 
to hundredt.hs of R foot from 0 to 10.00 feet, the other face being black, with white divisions, and 
divided from 6.56 to 16-66 feet. I t  was shod and capped with brass,the extreme graduations being laid i 
off on the brass. I t  was supplied with a plummet let into itsside and visible through a glass door, sothat j 
it might be adjusted to within an inch or two of the true perpendicular, and i t  was held in position ; 
ropes attached to a swivel on its summit. General Walker's staff is shown in Plate V I I  and his system 
of graduation is illustrnted in  Plates V I I I  and I X .  

The following explanatory extracts are taken from General Walker's original memoranda:- 

The most probable sonrce of error being in rending the  levelling staves, the  precnntion wos tnken of making n p  stnves specinlly fipred, so81,, 
check the  readings. They werc paintcd and divided on 110th fnces t o  feet, tenths, end hundredths, one  fece baving a whitegrooed*[b black 
divisions, numbered from 0 t o  10, the  other hnring a blnck gronnd, with t ihi te  divisions, unmbered from 8'66 t o  16'56. When such n s tdl  i s ~ ~ ~ ~ ~ , ~ b ,  
r cnd ink  of t h e  blnck nod while faces, as  they nre preseuted in succession t o  the observer, shonld differ by the constant q n a n t ~ t y  6.66. I f  the telPrmp 
wire intersects the commencenlent a t  n foot on one fnce, i t  will intersect the  middle of nn entirely different foot  on the other, and conseqoenllJlot 1 
observer cnnnot he biassed t o  repent, in the second rending, n ruistnke which he mny have mnde in the  first. Any error, in either rendinr,,i 
immediately sho\\.n n p  by the devintion of their difference from i ts  normal nmonnt 5 5 6 ,  or in practice by the  difference in  the resoltingriae, oru! 
obtained from the pnirs of blnck nod white fnce readings, which ought t o  give coincident resnlts. 

The nnits of t h e  lerelling stnrcs must be determined in terms of the  10-foot stnndnrd of t h e  0. T. Survey. For this pnrpose B porlable meld 
bnr on \\-hicl~ the  length of the stnndnrd bar hes been lnid off, is tnken with ench party of levellers. The Rtoves shonld be compared nvith it at leu 
twice dnring the course of the season. vic., nt  the beginuinp and end of t h e  season's work. I t  is nlno advisnble tha t  ndditionnl compnrisons he mur 
every six weeks or two mouths, especinlly if the rise or  fall is nrent, 2nd the vnlne of the  work likely t o  be nffected by the slight varintions in leoglbl~ 
which the s tnres  are linble. As the wood of the  staves hns n tendency t o  shriuk. n partlalseparntion from the  brnss a t  the ends may be csnsed. lnlbli 
r w e  an  eznct fcmob slionld be tnken off, with o benm compnss. from nny of the  intermediate feet  (1 t o  9) all of which are defined by dots on brrvsp~c~ 
l e t  into the staff and the  spot where one end of t h e  corupncs fnlle on the  brms should be marked, the  other end being on the nenrest foot. Tbemslt 
Kill i nd~ca te  the true position of the zero before separation, pnd if i t  is referred t o  when the  staff is compnred with the portable standard, nocona. 
tions for the ecpnratlon will be required. 

I n  choosing staves. nt  the commencement of the field opcmtions, the obcerver mnct be cnrefnl t o  exnrnine t h e  differences between thererosof Ibr 
black ond white fnces of ench staff. I n  most stnres i t  is 6.66, I,nt in some i t  is 6.60 fee t ;  both of n pair shonld have the  same difference in common, 
otherwise the  observer will be perplexed nod delayed by tronblesome discrepancies between the resnlts from black and white fnces. 

The ntnve~rnnst  invnrinbly rest on wooden pins driven very firmly into the  gronnd. A heminphericnl bross brad ~ b o n l d  be let  into the bendof tor5 

pin af ter  it, is driven, to  offer n point, instend of an nncertain nwface, for the  stayes t o  stnnrl op, tha t  they mey be rotated freely. nod cncb Irt 
presented in  auccession t o  the ob~cr re r .  The brad nlso affords a common point of reierence fo r  the  successive observers, whose resnlts mny tbosk 
compnred rigoronsly station by station. 

A sat,isfactory shoe for a staff is most difficult to design. General Wallter's staves were shod aitk 
brass, and their soles were smooth and flat. Tlie makers had difficulty in setting the plane of the sole 
t.ruly perpendicular to the axis of the staff, and in old staves the brnss shoes showed signs of wear. 

I n  different staves the distances of their zeros above the soles of their brass shoes are not 
always the same. In  order to guard a g a i ~ s t  errors arising from this sburce, i t  has since 1900 been the 
practice, when closing on any bench-marl;, to arrange the stations so as to bring on to the bench-mark 
that particular staff, mhicli was placed on the origin. Levellers call this staff their "principal staff", 

The necessity for always placing the principal staff on a bench.marlr may be explained as follows:- 
if h, is the reading of No. 1 staff erected on a bench-mark, and is the reading of No. 2 staff 
on a neiglbouring peg, and if z, is the distance of thc zero of No. 1 staff allove the surface of itsbencB. 
mark and z2 the distance of the zero of No. 2 stafl above its peg then the obseTvcd difference of ]ere' 
will be ( h ,  - A,) ; tbc frne difference of level will be (A, + z,) - (A, + zl) = (A, - Iil) + (zz - 5 ) .  For 
the deduced difference of level between two bench-marks to be correct, the quantity (z,, - r,)  must enter 
i ~ t o  tbe surn1of the differences of elevation Z(h ,  - Jtl + z, - g,) ap many times with the negativesi$' 
as i t  does with tbe positive. 

I n  the early days of levelling operations General Walker recognised how necessary it wag^ t l l ~ t  

the flat brass soles of t l ~ e  staves sl~ould rest upon love1 surfaces, and tllat tho staves themselves 
be free to rotate easily an their aresa as the diflerent faces came to be presented in suc~ession to 
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observer TO attain thego objects General Walker introduced what has been k n o w  in the Survey ss 
the bmd ". The so-called brad was a amall metal hemisphere, one quarter of an  inch in diameter. 
Some brads were made wit11 flat bases, and these were reserved for use upon the level surfaces of bench- 
marks; other brads were given nails projecting from t l~eir  bases, and were intended to be driven and fixed 
into the ]leads of wooden pickets. When a staff was erected upon a picket, the brad formed a permanent 
part, of tile picket and was not liable to produce error. But  the loose brad inserted by the staff-holder 
b&rv his staff, whenever the latter was erected upon a beuch-mark, was not a good design. Although 
precautions were taken in the first instance to secure brads of bard metal and uniform dimensions, yet in 

of years different sized brads varying in diameter from a quarter to three-eighths of m inch came 
into use, and the staff-holders were no longer careful in their choice. These men used to carry several 
brads with them, some of wllich wore new, and otllers very worn, and whenever a stone bench-mark was 
reached, they would produce a brad from their pocket a t  random. The use of a small brad a t  one 
bench-mark and of a larger brad at another has the same evil effect as unequal distances between zeros 
and soles of staves, to which reference has already been made. 

In 1899 Captain Crosthwait raised several questions concerning the construction of levelling 
.taves. Walker's pattern of staff had then been in use for 40 years, and aldlough on the whole i t  bad 
proved a very satisfactory instrument, illaccuracies in the make and i n  the graduation of particular 
staves had been brought to light. Prior to 1899 no staves liad been made for many years, and in tha t  
year Captain Crosthwait found that i t  was necessary to replenish his stock. H e  obtained two new staves 
from the canal foundry a t  Roorkee, but on testing their graduations he came to the  conclusion that the 
Roorkee machine mas no longer sufficiently accurate. He  found errors of 0.004 foot in 10 feet on both 
tl~ese staves, and these discoveries led him to examine some of the older Roorkee staves. I n  the lengths 
of one or two of the latter, errors even of 0.01 foot were discovered. These errors, i t  is true, were 
progl*essive rather than variable, and were to a great extent nullified by the periodical comparisons in 
the field hetween the staves and the standard bar. The Mathematical Instrument Office a t  Calcutta 
examined several staves and reported that the Roorlree graduations had been carefully cnrried out. But  
thc staves had been made many ycnrs before, the Roorkee cutting instrument was now showing signs of 
wear,and Captain Crosthwait decided that modern levelling of precision demanded something better. 

Cowie's pattern. 

I n  1899 Captain H. McC. Cowie, R.E., who was one of the levelling o5cers in Bengal, drew the 
attention of the Superintendent of Trigonometrical ~ u ; v e ~ s  to the difficulty of observing a level staff a t  
sucll a great distance as 12 chains (792 feet or 240 metres). This distance had been considered permissible, 
but Captain Comie pointed out that the white face of the staff was barely readable, and that the  black face 
could not be properly used at  all. Staves were then tested at different distances a t  the Trigonometrical 
Survey Office at, Detira Dun, and Captain Cowie's contentions were confirmed. One fact there mas 
however that required explanation, and that mas, that distances of 12 chains had been employed for over 
40 ycnrs without complaint or comment.* The first esplanation was that men liad been selected to be 
levelling officers on account of the keenness and strength of their sight, and the second was tha t  
distances of 12 chains and over liad only been introduced under exceptionally favourable atmospheric 
conditions. The levellors bad moreover been continually employed upon the same work, and had become 

The stores wcrc often rrcrtrrl in fotmetdnpn nt  dif i tnnrrnf~om the  level rxeee,ling 1 %  chains (7.- 0" f ee t  or  240 metres) : t he  records sho\\.that 
di~tnnccn of I 4  rhnius (!I24 fcct rlr 280 nictrcr;) were commou, nnd that  even I9 choins(lP64 feet or 360metres) and lllore have a t  tilues been introdnced. 

In 1,963 Gencrnl Walker wrote: "The  staves nrc set  np s t  distnnccs of R to  I0 chnins of links, from t l \e  instroment ,  i n  the  morniug, and f o ~ ~ r  
" t n  five ~llninq, latcr in the dny. At  10 cltnins, 0.001 a f  n foot isensilg estimrrl,le, with n power of 40, tvhen the ntmosk,herc is clcnr nnd stmdy.  T ~ v i c e  
::tllnt 'lnnntirp is wit11 diA1~11lty estirnnblc nt  hnlf thc distnncc in t,he l ~ c n t  of the dny, w l ~ e n  the staves nppenr t o  dance, nnil the irrndiatlon of t h e  

(llvisil7ns over the I~lncb, cnoscs I I I I I C ~ I  d~storl ion in tlic BpPcnrnnce of the divisions, nnd grently increases the diflicnltg of r e n d i l ~ ~ .  
" nllrill~ thr rultrrcr of hrc c~perntion-, the linrnchi hnrbour, null severnl lnrgc rivers were croasec\. The  longest distnuce, betr\.cen instrnment nncl 

: :gtn~er ,  
31 cllnins (nf  links), n,hicl~ occurred a t  Iinrncbi; over rivers, t h e  ~listnnccs were rnrely more thnli l i  chains. Thc nniforrnity and  etearliuecs t l ' c  

of t11r nru~oapl~ere, over n largc body of writer, cnnble snt isfnctor~ rendiugs t o  be taken n t  distancel which would be hopelessly 3 , .  Imprnctirnt,lr r ~ e r  lnnd ". 
UII tllc llreci*r levcllin:. of the United States Const Snrvey thc staff clistnnces were allowed t o  "range from 50 t o  150 metres nccordin: t o  t h e  

: : rn"di t l~ln of lllr .c*hrr nnd ntn1nqlhrre". Thc U. S.EnpinccrsfoII~~w the rolc, "theroclshoold a l r a y s  LC nenr enongh t o  L s e m  B i s t i n ~ l y .  I t  !v111 
hc r i lC1m tlln' 1engtlln of sight grent,ur than 110 metre8 can hc t n k ~ n . "  I n  t i c  Prnsi.n Laud S u v e ~  since 1 8 i 9  t h  IeugLll ul  sight h a  nut k e n  

h a e n  Over 60 luclrcs. 1Vrighi.s ddjuslmr~~l 01 Obsurooiiuns, 1st EdiLlon, p. 3i6. 



38 LEVELLING OPERATIONS. [CQAP. 111, 

experienced and dexterous. Mr. Bond, who had worked as a levelling oflcer for many years, sllosed 
also that he could overcome the difaculty of reading the wire against a black graduatio~,-~ di6. 
culty that was greatly intensified on the black face of the staff-by altering the level of the instru. ; 
meut and by thus bringing the wire against a white graduation. L 

C 

1 But all these explanations combined are insuficient; the real reason, that the distance of the  i 
staff has been reduced, is that a bigher degree of precision for spirit-levelling is now demanded than nas I; 

formerly considered necessary, and that this degree is not attainable a t  distances of 12 chains. yhe ' 
maximum distauce now allowed between level aud staff is 5 chains (330 feet or 100 metres), 

The reduction of the maximum staff distance to 5 chains does not retard the progress of the work 
t o  the same extent as had been anticipated. The staff is more easily read by the observer at short 
distances, and the loss of time from the more frequent settings of the instrument is-largely cornpensated 
by the quicker readings.. 

I n  1900 Captain Cowie submitted a new design for a levelling staff : and in 1901 three pairs of I 
staves of this new pattern were made a t  the Mathematical Instrument Office of the Survey of India at , 

Calcutta. The main points of Cowie's design may be specified as follows :- 

TABLE IX. 

Sre Pare .1;G. Wright's Adjurlmenl of Obrrrontions. let Ed~tion : " Uetter work is tobe  looked for, if short slghtu nrc taken. Even a 

"rate tele~cope eiphtu sboold not be taken to exceed 100 metre.". 
t T ~ P  pccond onit nap at first proposed to be 13 i n c h e ~ ,  bat nt the reqoent of the hlnthcmnticel Instrnnlcnt Ofnre !vns rcduccd t o  12-n 
f Mr. 'heakstonc. the Matbcmatical lnstromcnt rnakcr st Calcnttn tested Cowle's originnl a ~ t c m  of vnrlnatio~~. wbicli will he well from I ' l n r r s  

t o  he n c h e v e r  of black and white, and erpreesed his opinion wi follows: "Tlbere sppesrcrl to be far too muny line8 about, rind Llleg rill peemrci lo I' 
running into one another. In grsdnating staves i t  is much eesier to cut a line throngh an2 hare done with it theu to cut to Lhc centre, luoYc "nt 

" J ~ v i s i o ~ ,  nnd then cut k o m  bhe centre". 

(i) 

(ii) 

jiii) 

(iv) 
-- 

(v) 

(vi) 

(vii) 

(viii) 

(ix) 

Cozoie's pattern. 

Both faces white; but for purpose of distinction tlie 
12.5-inch unit face was given a broad red line 
down the full length of the s t d l  on the side re- 
mote from the figures. 

Zero of graduation on both faces the same. 

Unit  of graduations on one face to be the foot, 
that ou the other face to be 12.5 inches.+ 

Zero of graduations on the wood of the staff. 

Graduations were a t  first intended to be made ac- 
cording to the system illustrated in Plate X, but 
owing to the dificulty of cutting the chequer pat- 
tern the IIathematicnl Instrument Office adopted 
the s ~ s t e m  illustrated in Plate XI.$  

Foot numbers inverted on t l ~ e  staff. 

Plummet to be hung between the &foot and &foot 
gmdu n t '  lons. 

The shoe of the staff to be provided with a steel 
projecting pin, 0,665 inch in diameter. 

A small brass cup or socltet to be placed on each 
bench-mark and peg to receive the projecting pin. 

Walker's pattern. 

One face white, one face black. 

Zero of graduation on the two faces differing 
by 5.550 feet. 

Unit  of graduations to be the foot on both 
faces. - 

Zero of graduation on the brass shoe. - 
Graduations according to the system illus. 

trated in Plate IX. 

Foot numbers upright. 

Plummet hung between the 2-foot and 
3-foot gradu :L t '  lons. 

Shoe of staff to be flat. 

A hemispherical brad to be placed on e:lr'' 
bench-mark and peg for the flut shot t u  
rest upon. 
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Coaie's original design of a chequer pattern of graduation was never introduced. The great ad- 
vantage that he claimed for this system of graduation was, that wherever the intersecting wire might 
be, it would always be against some white graduation, and cut  a vertical edge of black ; thie advantage 
m s  llrld to remove t,he difficulty of reading to the 1OOOtlr of a foot, s l ~ i c h  1evellel.s had experiencthd 
wllen usi~rg tlie black graduations of Walker's staff. I n  spite ho~rerer  of this point in ita farour. the 
difticulty of cutting the cbequer was so great as to lend to its abandonment. 

Comic's design for the socket gave rise to differences of opinion. H e  made the upper surface of 

his socket concave or cup-shaped to receive the pin from the staff, and the lomrr surface flat. To those 

sockets intended for use upon pegs he added a pin projecting from below which n as designed to fit 
tiglltly into a hole in the receiving peg. I t  was considered that if the socket pin were fitted exactly 
into the liole of the peg, the levellers might be uncertain whether the socliet were really home upon the 
head of the peg, and it was thought Lest to make the socket pin not only shorter but considerably smaller 
than the hole, so that i t  would fit in loosely and be merely used to prevent the socket from falling off 
the peg. 

Captain Cowie inverted the foot-numbers so that they might appear direct when viewed through 
a telescope. 

Comie placed the zero of graduation upon the wood of the staff, because in dry weather a slight 
parting had been noticed to occur in some staves between the wood and the brass shoe. Three a d ~ a n -  
tages resulted from tbe adoption of this position of the zero: (i) the zero error of the staff remained 
constant: (ii) more accurate comparisons against tire standard bar were rendered possible. (iii) The 
possibility of observations being taken too near the ground was removed. 

The next question that arose was whether the Mathematical Instrument O5ce  a t  Calcutta would 
be able to graduate new staves of Coaie's modified pattern with suffici~nt accuracy. I n  Kovember 1900 
tlie machine was employed to graduate an electrum bar, and the graduations so cut were then compared 
with a new standard 10-foot bar by Troughton and Simms. Throughout tlre first 2.9 feet tire gradu- 
ations were accurate, accidental errors of 0.0006 foot being apparent: belween 2 . 9  and 3 - 0  feet the 

machine divided too long, and graduations that should have been 0 .01  foot, wide mrasured 0.0115. From 
3 .0  feet to 10.0 feet the graduations were accurate inter sc, but carried on the error generated between 
2 '9  and 3.0. The Assistant Surveyor General reported that the machine was not su5ciently accurate 
to be used for levelling staves. 

I t  was then decided to graduate staves by means of a copying machine and to take the 
graduations from off tlie 10-foot standard bar. Tlle leading screw of the copying machine was first 

tested for accuracy against the standard bar and was proved to be trusIwortby. The graduations of 
tile foot unit could be copied directly from the bar, but those OF the 12.8-inch unit required a special 
arrangrnrent. We required u spacc of 12.6 iuches divided into 100 p:,rts, and each part was therefore 
to ~ - 1 ~ ~  iucb aide. The leading scrrrv bad 10 threads to the inch, so that 1 .25 revolutions would 
give tile necessary width to the graduations. 

BY July 1901 the fint pair of stares of  Cowic's pattern had been made hp the Mat~l~emntiral 
1n6trumcut Office, and these were tested against a standard bar a t  Dehra Dun a t  a temperature of 82' F. 
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The following table shows the errors of graduation that were discovered :- 

TABLE X .  

Tlie foot-face of Z staff mas thus found to be accurately gmduat,ed, but thnt of Y staff was hardly 
passable. I n  both staves errors amounting to 0.003 mere focnd on the 12.6-inch faces, and these 
were too large to acoept. The staves mere accordingly rejected. It should perhaps be mentioned tl~al 
these staves were two of those mllich hnd been boiled in paraffin (page 35 ); the paraffin had prevented the  
paint from hardening and had blurred the edges between the white and the black graduntions. 

A second pair of staves of Cowie's pattern mas then made a t  the Mathematical Instrumenl 
O ~ C C  of well-seasoned teak, and the errors of graduation were tested a t  Dehra Dun in January 1901 
by Jlr. Ecoles and Lieut. Tillard, R. E., and mere found to be as follows :- 

Face of Unit numbers 
b t d  I on b t d  

TABLE XI .  

Errors of 
Y stoff 

foo i  

0.0000 
0.0000 
0.0000 

- 0.0006 
-0.0012 
-0.0015 
-0.0011 
-0.0008 
-0.0006 

+0.0004 
+0.0018 
+0.0030 

The Foot 
unit 

The 12.5 
inch unit 

Errors on the true interval from zero. 

Errors of 
Z Stuff 

foot 

0 0000 
0 0000 
0.0000 
0 0000 
0.0000 

-On 0002 
0.0000 
0.0000 

-0.0004 

+0.0004 
+0.0025 
+O. 0030 

a t  1 
at  2 
a t  3 
a t  4 
a t  5 
a t  6 
a t  7 
a t  8 
a t  9 

a.t 3 
a t  6 
a t  9 

Tllr grnrloations of the foot-facer were not considered sufi~iRnt1y accurate, nnd those or 
12.5-inch fnccs 11ad obviously to be rejected. 

A t  nnit 
number 

1 
2 
3 
4 
5 
6 
7 
8 

Tile lIathcmaticr1 Instrument Office then asked that a defloite dewgee of precision dlo.ld ' 
specified for staff graduations; whilst future work, it na. explained, would be out as accurate'! 

No. 1 stuff 
- 

Foot-face 

fuot - 0.00040 
- 0.00032 
- 0.00059 
- 0.00007 
- 0.00139 
- 0.0007tj + 0.00021 
+ 0 . 0 0 0 9 8  

No. 2 staff 

12 G-inch fnce 

Jco! 

- 0.00010 + 0.00035 + 0.00086 
f 0.00087 
+,0.00200 
+ 0-OOXo8 + 0.0034ttl 
+ 0 . 0 0 3 7 4  

Foot.fnce 

f.9, + 0.00032 
+ 0.00055 
- Oa0O029 
- 0.00122 
+ 0.00020 
+ 0.00017 
+ 0.00059 
+0 .00046  

12.6-inch face 

foot 

- 0.00013 
+ 0-00027 
+ 0.00066 
+ 0.00078 
+ 0.00170 
+ 0.00242 
+ 0.00266 
+Oa00375  
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as possible ,lead no superior limit to precision would be fixed, the instrument maker riabed to be 

iMtructed as to the inferior limit, below which all staves would be rejected. I t  became necessary then 
to lay doan a definite limit of error, and as the operation of scrnping paint off B staff is essentially 
rnUchcr than that of engraving a metal limb, i t  was recogised that no unduly refined nor impracticable " 
limit could be fixed. 

Eventunlly it was decided that the distance of any graduation from the zero ahould not be in 
error by more than 0.0006 foot, and this limit has now been generally accepted. 

One very important step in the dividing of a staff is the location of its first graduation. The 
of the first graduation above the lower end of the pin of the shoe sbould not only be the same 

for the two faces of a staff, but should be invariable in different staves. This distance is now obtained 
mechanically with great accuracy. 

A third pair of staves of Cowie's pattern was now made a t  Calcutta, and tested by Mr. Eccles 
at Del~rr Dun against the standard steel bar by means of the comparing microscopes: two of the old 
Roorliee staves were also tested at the same time to see to what extent they conformed to the newly 
fixed standard of precision. Table XI1 gives the results. 

TABLE XII. 

Tile foot-face of the Calcutt~ Staff a raa shown by Mr. Eccles to be practically correct, altho11:h 
CarC witah which it had been graduated had been relaxed after the 8.6 foot had been passed. From 

O.0 to 8.6 feot uo error could be found larger than 0.0006 foot. 

Errors O H  the true interual fi'om zero. 

o,nt t:mber 

fpe! 

0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4#.5  
5.0 
5 . 5  
6.0 , 

6.6 
7.0 
7.5 
8.0 

9.0 
9.5 

10.0 

Purpose of testing the accuracy of staves, the graduation of the steel bar may be accepted 
as its grcatest error exhibited in the Jove table being 0 0002 foot. 

Staves gradoeted at Roorkee 

Steel Standard bnr 

0.0000 
0.0000 
0.0000 

- 0.0001 
0.0000 
0.0000 

- 0.0001 
- 0.0001 
- 0.0001 
- 0 . 0 0 0 ? -  
- 0.0002 - op0002 
- 0.0002 
- 0.000~ 
- 0.0002 
- 0.0001 
-0 ' 0001  

0 ' ~ ~ ~ ~  
0'0000 + O p O O O 1  

St& No. 11 

foot 

+o.oorg 
0.0013 
o.oozr 
0.0024 
0.0028 
0.0028 
0.0024 

0.0026 
0.0031 
0.0033 
0.0035 
0.0042 
0.0042 
0'0041 
0.0042 
0.0041 
o.0044 
0.0040 
0.0043 
o m  0044 

Staff (new) 

p o t  
+o.o008 
omooog 
0.0017 
o.oo15 
o-oorg 
0.0019 
o.oorg 
o*oo18 
0-0026 
o.0027 
0.0035 
0'0035 
0.0040 
0'0041 
0.0042 
0.0042 
0.0056 
o.oosj 
0.00j6 
... 

Staves grndnatcd n t  Calcutta 

fitafl a 

Foot-fnce 

fool 

- 0~0002 
o.oooo 

-0.0002 

- 0.0002 - 0.0001 
+ o.ooor - 0.0001 

oaoooo 
- 0.0001 

00.002 - 0~0003 - 0.0006 
- 0.0006 
- 0'0004 - 0.0005 
+ o.oocr 
+o.o006 + O ' O O ~ ~  + o'oolg 
+ 0.0027 

Staff B 

12%-inch face 
-- 

foot 

o ' 0000 
+o.oooz 
+ O . O O O ~  

+ 0.0005 + 0.0006 
+ o.ooog 
+ o.ooio + o.0011 
+ 0.0012 
+ 0.0014 
+ 0.0014 
+ 0.0016 
+ 0.00~7 + 0.0018 + 0.00~0 
+ 0.0024 
+omooz6 + 0.0029 
$. 0.0030 

. . , 

Foot-fnce 

foot 

oaoooo 
+0.0002 
+o.o007 
+ o-0010 + 0.0013 + 0.0015 + 0 ~ 0 0 2 0  + 0.0024 
+ 0.0025 + 0.0026 + 0.0029 
+ o.oogr 
+ 0.0030 + 0.0032 
+ 0'0037 
+ c.0035 
+o.0032 + 0.0032 
+ 0.0033 + 0.0032 

12.6-lnch fnce 

fool - o*ooor 
- o.oooz 
- o * o o o ~  
+ 0~0002 

oVoooo 
+ 0~0002 
+ 0.0004 + 0.0004 
+ 0.0007 
+ 0.0009 + o.oorl 
+ 0.0013 
+ 0.0014 
+ 0'0017 + o.oo~g 
+ 0.0023 
+oaooz5 
+ 0°0027 
+ O ~ O O Z ~  

. . . 
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Thefoot-face of the Calcutta Staff j3 was fairly correct up to 1.6 feet: then an error of 0.0010 crept 
in, which increased to 0.0020 at 3'6 feet, and to 0.0031 n t  6.0 feet, thereafter remaining constant at about 
0.0038. The foot-face of this staff had clearly not been graduated with the same extreme care and &ill 
as that of staff a. 

The 12.5-inch faces of staves a and t9 both exhibited considerable progressive errors, larger then 
admissible. The graduation of the Roorkee staves was very inferior to that of the Calcutta. 

The excellent results on the foot-face of staff a showed that the Mathematical Instrument office 
possessed the means of graduating staves within the limit of error lnid down. 

The Committee's paltent .  

In  1904, Captain Turner, who was in charge of the levelling operations, found that the levelling 
offioers after trial in the field preferred Walker's pattern of staff to Cowie's pattern and owing to their 
criticisms of the latter he submitted a new design. 

The Superintendent of Trigonornetrical Surveys referred captain Turner's proposals to a committee, 
and the following extracts are made from his order appointing the committee :- 

Dehra Dun, dated 3rd Angnst, 1904. 
Thc following Committee of Ofticem in appointed to consider the design of levellin? staves:- 

Major Lenox Conyngham ... ... President. 
Cnptaiu Prn8er 
Captain Turner 
Captain Wood 

For forty yearn Qenerd Walher'e pattern of staft was In nee in  the Department. I n  1900 i t  arm pointed out tha t  the wire WFLE not clarly 
risible agoinat the black face of this s t d ,  and i t  was decided to  get rid of the blnck face. Captain Cowie then designed a new stnff: he nltcted Ibc 
b d .  the foot, the plnmmet and the form of padnation:  he got rid of Genernl IVnlker'a difference in rcro, anrl substitoted n difference of onil. 
Captain Turner now proposes to alter again the brad, the foot, the plommet and the graduation: he further proposes to get rid of the diflerencenl 
nuit and to go back to  the difference of zero. 

No personal questions are inrolved: d l  the various patterns of staff have some advantnges and some disadvnntngea, and different ohaenere wtll 
weigh the pro8 and cons differently. What fie n rlepnrtment we hare to do ia to make up our minds and to ~ e t t l e  on a stnff. We cnnnot nllos the 
experimental s t q e  to  go on indetinitely. We want to  avoid multiplicity of pntterna, nnd we wnnt to attnin linnlity nnd uniformity. A hlnR ~ a o n l j  
a means to nn end, and the que&ion that tbe Committee has to consider is: how can that end be attained most nccnrately, nnd most cconornicollg. 

The constrnction and graduation of a ntaff is a difficnlt matter: Cuptnin Cowie's staves have been mnde in the Nathcmntirnl ln~trnment Ofice 
under the penonid and almwt dally supervision of Colonel Oorc and Colonel Longe. The Jlnthematicnl Instrument O5ce  has etndled thia pnrticoiu 
pattern, bnt wustant  variauons in pattern will be punling and confusing. 

6. 0. B n a n ~ a n .  

After hearing the opinions of all thelevelling officers the Committee issued the following report,:- 
Proreeding8 of a Conlmillre oppainted by order of the Superintendent lXyonometricnl Surveys, t o  conaider the dolgn o/ 

letel l ing d a r n  to  be wed for lmel l~ng of precirion in  the juture. 

Points for d i r c n s i w  The Committee hnd the following points put before them tor dlscnssion and final decision. 

(i). Alteration to  plnmmet box and to  its position on the stafi. 
(ii). Alterstion to the foot nt the stnff and brnds. 
(iii). The qneniion of change of zero or change of unit on the two faces of the eta6. 
(iv). The nature of the grndnationn. 

The Committee decided that- 

The Plummet. (a). m e  outer aide of the plnmmet box should consiet of a hlnged door, so that lbe plnmmet eonld be e w i l ~  hrndld 
il neceaury. 

(b). T h e  ehnnld have an extrn bole for the hntton of tbe plommct box helow the present two. nt ~ o c b  n i l ip 'non 
h m  the lower of t h e ~ e  that this latter will act as the lower hole 101 the plummet box in its upper position and *Ib'  
upper hole in its lover poeition. 

The b n d l  and bottom of (c). The hottom of the ntnl? to remain lu at prenent with s steel pin, about 1 Inch long and B inch dinme'*' 
a r b  gmjeeting from Ita centre. 

The Committee meire to draw attention to the ndrisability of msl lng  the distance from the end of the pin "Ib' 
of the r t d  exactly cqnd  for all stnves of a set. 

(d). The brrd to be altered in rwrdance with the d a l p  In tho akekh  in the mnr~in ;  (re, 
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The Committee's reasons for altering the  brad are:- 

(1). That the staff pin ehonld rent on a Ent surface, and not in a cnp. 

(2). That Lhe staff pin should be made to rest, ~s nearly n6 possible, always on the  anme point. . , 
(a). That the bottom of the brad should rerit on its outside edge. 

(4). That the brad pinshonld not he longer than + inch, and should fit loosely into s hole in the peg lnrger end . . 

deeper than itaeu. 

changeofnl1itandChange The Committee then dlscussed under the three heading8 n, h, c, the quention as to whcther a chnnge of nnit  on 

of zero. the two faces of the staff was yrefernble to  a change of rero. 

(a). Whether there is bins on nn observer's pnrt. 
The couclusion thnt the Committee arrived nt was, that when there wea a change of rero t h e n  mnst always he n 

liability to bias. On this point therefore the change of unit was preferable to  the chnnge of zero. 

(b). Whether a difference of onit gives rise to  s n  appreciable error in  conversion. 

The Committee decided thnt  any error dne to  conversion was sosmall tha t  i t  might be neglected, and furthermore, 
that such an error was n canceUing error. 

(c). Mrhether a change of unit throws an appreciable nmount of extrs work upon the recorder, whether a n  appre- 
ciable amollnt of ext,ra time is taken up in  the conversion, and whether the conversion might lend to  serious mistakes 
In the eomputations in the field. 

The Committee decided that  none of the above objections was strong enough to  override the  superiority of the  
chnnge of unit over the change of zero. 

Tbc present Icvcllersof the levelling detncllment were thcn q~lestloned. They differed in  their opinions as to the  
relative merits of chauge of zero and change of unit. The Commi~t,ee after considering their evidence upheld their former 
decision, unmely, that  change of onit was better than the change of zero. 

Change in the manner of Thc Committee discussed the subject of change of gmdnaticn, and had several designs prepared, and finally after trial 
gradonling the steff. in the field selectecl the pattern of which a drawing is shown (Plate XII). The most important alteration in this new 

pattern wns Lhe abolition of red, which bad been found to  be more di5cnlt  to  see a t  s distance Lhan black. The other 
alterations were :- 

(1). Stepping the gmdoations so as to distinguish the low decimals from the high. 

(2). Placing a dot in the centre of the staff instead of having one on each side. 

(3). Putting tbc figures denoting feet on the oppoaite side of the graduationsfrom those denoting tenths. I n  order 
to give room for these fignres, the central white strip hns been shilted t inch to  one side of the centre line of the  staff. 
The black divifiions denoting feet cruss the centre white strip of the st&, hot  are broken on each side giving white spaces 
on which interhections can ho made. The d ~ v ~ s i o n s  denoting tenths are carried to the edge of the staff on the side on which 
the correeponding figures are, but are not carried through on clle other side. I n  order toavoid the confnsion which some- 
times arises through the similarity of 6 and 9 Lhe sixth foot to  be numbered in lioulan numerals, thus:-VI. 

(4). The hces  are distinguished by one of them having a black strip + inch wide on the  same side as the foot 
numerals: thin black strip is broken a t  each foot figure. 

Nature 01 Unit. Tho above qnestions having been settled the Committee finally considered whether the units at present in use were 
the most snitable, and came to the conclusion that  they were satisfactory in use nnd easy of mannfacture: furthermore, they 
did not consider i t  neceeaary that  in  addition to the M e r e n t  units the faces should commence their grsdnatious from 
dilereut reros. 

0. P. Lenor Conpgham, Preade~t .  
H. H. Turner. 
H. A. Deuholm Fraser, 1 Membcrr. 
H. Wood. 
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i 
Singlefaced pattern. 

I n  1907 the introduction of the Ame~.icnn binocular level led t o  tlle nhandonment of the 12a5.inrh 
face of the staves. The three inter~ect~ing wires of the American instrument render the second faceof 

t he  staves unnecessary. A triple intersection of one face of tlie staff provides a mean reading as accurale 
as that derived from a single intersection of two faces. Tlio triplication of the intersecting mires isar 
certain a safeguard against mistakes in reading of whole feet or of whole tenths as the use of differenl 
eeros or different units on two faces. The pattern of levelling stafl' that is now being made for the l'rigona. 
metrical Survey of India is single-faced, and is given the Committee's system of graduation, aj 

illustrated in the foot-face drawing of Plate XII. The following table describes the principal featuresin 
the  graduations of the four patterns of staves that have been used a t  different times in India. 

TABLE XIII. 

Comparison8 of Staves in the$eld. 

Eacli levelling detachment cnrries with it a 10-foot Stnndnrd iron bar without which inatm' 

mental equipment would be incomplete. Each staff is compared ~ ~ ~ i o d i c a l l y  with the standard 
and its error of length determined. 

Walker's psttem introduced 1868 Ccwie's pattern introdnced 1903 

The compnrisons are made by two observers, who make independent measures of the differenw' 
in length between the standard bar and the staves by means of finely graduated scales. 
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The folbaing figures have been extracted from levelling records of the season 1900.01, and wiU 
show how the true lengths of staves are determined. 

COMPARISON O F  STAVES (Used Q 1st Leveller). 

Value of 10-foot Standard Bar No. 3 
Edge A=10.0011264 At 620 { ,, B=10.0001801 

Factor of Expansion=O~0000064 per degree per foot. 

TABJE ZIT. 

- ~ A V R E .  
e Correct Mean * -  

correction length of ~ ~ f ~ ~ c e  Mean of of Difference difference 
j 6 ; 2 for tern. et,,~ndard a,,d corrected volucs on of lengrll of length of 

3.:  f z $ pel.tttu~.e to stondnrd ~;L,"~zf on d,fiorel,t bar allen ntave' pnirs 

standard obsorm- bar 

; bar, tions were 
edges. .4 and B. Igof:t, 

2 g  ; 
Froin 

mode. (cl~ff-bar) 10 feet. 
& 0 - 

3 i l Z  C , 
17. foot feet foot feet feet foot foot 

C,qJo3 A 8 1 White +0.0013631 10.oo2qRg6 +o.ool;ooo lo-oo+l396 
10.0037428 

g3., A ,, Block 0.0013696 .oo24960 + 'oooRooo '00.32960 
0 

$3-3 B ,. K h i k  o.oo13hjl  .0021433 + 'oorqooo .oo4j+33 
i ,  I 10'004224; 

2 5 83.5 
B ,, Block 0~0013760 .oo21j61 + . oo~ ; joo  ~0039061 

: +0.0028639 
j : ar 0 B 2 l r l i i h  o . o o n + + o  O O ;  ooooooo '0024i01 
1 2 1 0 ' 0 0 l ~ 1 7 2  

I 82.. A ., Blnck o , o o 1 a ; 6  o o i 4 6 r o  - 0019000 o o o j 6 r o  

ItaVea No' and No. 15 Were also compared with the standard bar at the same plaes nod on fie 
data. 
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LEVELLIRG OPERATIONS. 
[Cm. Ill, a 

The following tables give the results of the comparisons of staves made between 1903 and 1901, 

TBBLB XP. I 
Results of Conzparisom of Staves-Season 1903-04. 

It mill be noticed tha t  the several staves varied in length together. Their lengths respondedslo~ll 
to variations in atlnospheric humidity. 

Reszclts of Conzpa~ison of Staves-Season 1904-06. 

PLACE AID DATE OF COMPAUISOI. 
- -- 

6tuff NO. 04. Staff NO. 05. 

Shaebo, 6tl1 November 1903 

Mndaungllls 15th ,, 
TanpBn 24th ,, 
61tnbnlu 28th ,, 
Plnlha St11 December 

Hawlin 21et ,, 
~ u n t h o  25th ,, 
Mgit~lgk 4th Ju1111nry 1904 

Siugring 11th ,, 
KUIIIP h a d  26111 ,, 
S:t~lidn 3rd February B 

Hunzu 12th ,, )I 

I i ) .xun~yan 22nd ,, 
P?uwbsb 29th ,, 
Sllwrdn 6th Mnrch 

fIngoLtbaik 13th ,, 
Tat,kBn Olst ,, s* 

l'gbkkwe 31at ,, 
Pyinmuna 12th April 

1)ehra Dun 29111 ,, I )  

Rajpur 91h May 

BliuLLa 16th ,, 
ttluesooree 83rd ,, 
hluasooree 31at ,, 

Slsff No 03 

foot 
+ 0'00,79244 

+ '00.32934 
+ '0031.;22 

+ '0029113 

+ .00306j5 

+ ' o o r ; ~ o ~  

+ '002;+;; 

+ '0019974 
+ .0025;80 

+ '0016399 

+ ~0019103 

+ '001.5939 
+ .ooo8011 

+ .0009978 

+ .0007j80 

+ .0002536 

+ '0000243 

+ .oooj260 

+ ' o o o z . ~ ; ~  

+ ~0006098 

- ~000,3842 

- '000.3997 

- .0004;36 

- ~0000689 

foot 
+ 0'0027~9.3 

+ '0021079 

+ .oo16Goa 

+ . o o ~ o j R z  

+ .001;063 

+ ,0016336 

+ 'OOl3930 

+ ~0016020 

+ ~0016140 

+ .0010,336 

+ ~0010046 

+ '001ogz5 

+ ~0001146 

+ '000l j91 

+ .0002;66 

- ' o o o z ~ ) ~ ~  

- 'oooj745 
- .oo00619 

- .0004839 

- .ooooj61 

- '0009712 

- '00077j9 
- .00106;6 

- 'ooo721.3 

Stuff So .  01. PLACE AND DATE O F  COMPARISON. Sluff No. 04. 

Stuff No. 01. 

I- Staff KO. o j .  

Jon1 
- 0'0014103 

- o~ooz9060 

- 0.003;.;~5 

- 0'00447Ji 

- o.oo~io8b 

- 0'004;Jl)7 

- o~oo ,~~ , ld3  

- O~00.(1S,~l 

- 0 ~ 0 0 4 . ~ ~ 6 ~  

- o.o0,;4'6J 

- 0,00464& 

S~~jnwt t l  4th November, 1004. ... 
Mlrpur Bntoro 13th ,, ,, ... 
Bulri 21st ,, ,, ... 
Talldo hluharnnlnd Kban 2nd December, ,, ... 
Tando bIul~umrnad k h a n  8th ,, I, ... 
Urdernbad (Sind) 17th ., ,I ... 
H ~ d s r a b a d  (Sind) 24th ,, I I  ... 
Kotri 3 l e t  ., I ,  . - .  
lillntiun Road 8 th  January, 1905. ... 
Allnhdino Sand 16th ,, ,# .., 
Udero La1 21et ,, , ,  .,. 

Sltnl~dndpur 29Lh ,, ,, ... 

Stuff KO. 03. 

foot - 0'0000224 

- .ooo1.364 

- ~0008j8.3 

- '000.3451 

- ,000j848 

- '001 26.3.3 

- ' 0007ao~  

- '001 I 134 

- ~000;;06 

- ' O O I ; I ) ~ O  

- .0016119 

- '0020411 

- .oor81 I 2 

- '002jl47 

- . O O . ~ O J ~ ~  

- .00,36836 

- '00.3s.3.38 

- 'oojRj.38 

- .003j188 

- . oo j . (~8 ;  

- ,0048974 
- '0049518 

- .ooj2;67 

- .0048682 

/ 

; 
; 
i 

I 
t 

Z 

i 
: 

foot 
+ 0.0016.3.3.3 

+ 0.0014158 

+ 0~0010168 

+ O ' O O O ~ I + I  

.I o.0001773 

- 0~000008.3 

+ 0'0000702 

+ 0'00022;0 

+ o ~ o o o o o r j  

- 0 ~ 0 0 0 5 0 ~ 8  

+ 0~0001090 

- o'oooog57 

foot 
+ o~o007049 

+ o'ooodln4 

+ o'oooqggl 

- o~o001807  

- o.000~322 

- 0 ~ 0 0 0 6 0 j j  

- o.oooj07g 

- O ' O O O Z ~ ; ~ )  

- 0'000469j 

- 0~0008911  

- 0~0008611 

- 0'0009145 

foot 
- 0'002,4r)77 

- 0'0019713 

- 0~0032847 

- 0'0037720 

- 0'0041 jog 

- 0'0044143 

- o'ooqro;g 

- o.0040604 

- o'oo4.31')2 

- 0.0048.319 

- 0.0042.348 

- 0'0044017 

l o o 1  -I 
+ O ' O O O ~ ~ J I  

- 'ooo1106 

- 'OW,;IOJ 

- 'ooo8j14 

- 'w0;8;6 

- 'oo13Jj3 
- 'OOO;JIJ 

- ,0006649 

- 'ooo~o9: 

- 'oo1175j 

- '0017qp 

- ,001p81j 

- ' o o ~ j j ~ r  

- ~0031615 

- ~0032;80 

- .oo3864j 

- .004640,1 

- ~00410~6 

- 'wrlros 

- .0019614 

- .oolg71j 
- .0048)d 

- .OO$O;OJ 

- .0048361 

1 

, 

j. 
j 
[ 



THE LEVELLING BTAVEB. 

TABLE X PI.-(Continued). 

Rcsults of Comparison o f  Staves-Seaeon 1904-06. 

TA B L B  XVII. 

Remlts  of Conzparison of Staves-Season 1905-06. 

8taff fro. 03. 

feel 
- o.co4.3624 
- 0'004i;;o 
- 0.005~940 
- O'OO,;l,<lg 
- o-oo48OjR 
- 0.00;4;62 
- O.OOg4265 
- o~o0624jR 
- 0.0064966 
- O - O O ; ~ ~ I I  

- o.ooi;g80 
- O - O O ; ~ I Z ~  

1 61.. 30. 04. PUCE AND DATE OF COMPAnIaON. 

PLAOB AND DATE OF C O ~ I P A ~ I E O N .  

Bahnrnnpllr 10th November, 1905 

hluroffornnger 17th ,, ,, 
hloerut 25111 ,, ,, 
Bnrvillj 4th Dece~aber ,, 
Lurkr~ow 11th ,, ,, 
Allj~l~~bud 20tll ,, ,, 
Mirzopur 29th ,, ,, 
Bent~rra 3rd Jnnaary, 1906 

Qornlillpur 14th ,, ,, 
Dl~ubri 21at ,, ,, 
Dhubri 30th ,, ,. 
Uatllms Citj 0th February ,, 
hl~~rsnn 16th ,, ,, 
M I I I L ~ ~  26tll ,, ,, 
Ag1.o Fort 6th Mnrch ,, 
D n ~ ~ m o r  16th ., ,, 
Du~~ruor 6111 April ,, - 

Blnff No. 05. 

f e d  
+ 0'000,3219 

- o.oo01084 
- 0'00023j9 
- 0'oOolg;l 
- 0'0000295 
- 0'0004044 
- 0'000.;422 
- 0.0008842 
- 0'001 13.;; 
- o.oo12161 
- o.oo18grj 
- 0.00219jj 

4th February, 1905 ... Lundo 
Is ... Newnbsllah 17th I ,  

Bandhi 26th ,, $I . . .  
611, March ,, ... Pad Tdnn 

Bl~iria Road 12th ., II ... 
18th ,, ,, ... Yuhrnbpur 

25bh ,, I ,  '.. lell~urja 

2nd April ,, . . . Tando Jlmti Klisn 

9th ,, ,, ... Kilsirpur Yirs 

Sukkur 17th ,, I #  ... 
Dmhrn Don 28th ,, ,, ,.. 
R~ljpur 6th May ,, ... 

Sluff So. 01. 

feel 
- 0~~0406.19 
- 0~0042644 
- 0~004.;512 
- 0'0044js0 
- 0'004.3;ll 
- 0-0048,325 
- 0'00;0;19 
- 0~005gobz 
- 0.0056644 
- 0~005816j 
- 0.0066556 
- 0-0069817 

feet 
- 0.0004469 
- 0 ~ 0 0 0 6 1 ~ 7  
- 0~0010861 
- o.000;,;66 
- 0~0008483 
- 0~0012184 
- 0~00111~1 
- 0~0012021 
- 0~0014068 
- O . O O I ~ ~ ; I  

- O ' O O Z ~ I , ~ ~  

- o.ooz8Y81 

6taff No. 03. 

foot - 0'0042281 
- 0'00,3991 I 
- 0'004;723 
- C.004hg4l 
- o.oo49b67 
- 0~0048229 
- o.on.~Rr)~ I 

- o.oojR121 
- 0.0345861 
- o . ~ ~ 4 1 8 . 3 ~  
- O ~ O O , ~ R X J ~ )  
- o.oo9-q-- - 3 ' 3 3  

- o.cojRo41 
- 0.00.;3619 
- o.c0?5169 
- 0.00338j5 
- 0.0041465 

611nE so. 01, 

foo l  - 0.0044159 
- o'ooqoog7 
- o'oo50z2.3 
- 0.00.$2409 
- O'00.?041i 
- 0'0044357 
- o ~ o 0 4 ~ 1 6 1  
- 0'003718j 
- 0'004,3;0i 
- o~o~.;l~,i81 
- o.oo4rzjg 
- 0'00288;j 
- 0'00.13.355 
- 0'00324.33 
- 0.0029361 
- o.oo4o;Rj 
- 0.00.18(183 

611bff No. 04. 

fool - 0~000006.3 
t 0~000261j 

- 0'0004447 
- 0 ~ 0 0 0 l ~ l 9  
- o ' o o o ~ ~ ) ; ~  
- O ' O O O I , ~ ~ ~  

- O ' O O O Z ~ ; ~  
- o~oooo2R7 
- o 0004;65 
- O . O O O ~ ; O ~  
- o ~ o o o g r o ~  
+ 0'0010g27 

t 0-0001017 

t o~oootliH5 

t 0'0008537 

+ o~oooj817 

+ 0-ooo416j 

Staff KO. 0;. 
-. 

f,rol 
t 0~0006091 

+ o~oo12Ro7 

+ o.oooR8gg 
+ O'OOO94g5 
+ o ooo4R6j 
+ o ' o o o ~ , ~ ~ ) ~  
+ 0~0010839 
+ 0~0010969 
+ 0.0005171 
+ 0'0012355 
+ o.ooog~g5 
+ o.o02,3Rg5 
+ 0'0011331 
+ 0.001gi8j 
t 0'0021697 

t o.oo1g189 

t o.oo;zRB~ 



LEVELLING OPERATIONS. [ C ~ A P -  111, 

I n  1699 and 1900 Mr. Eccles investigated the ~ar ia t ions  in the length of a staff follo~~ing upon ' 

variations of humidity and temperature. His results were very interesting and are illustrated in Plate XIVn 
His account is published as Appcndix I of this volume. 

Place H I I ~  dale of C o ~ ~ ~ p u r i r u ~ ~ .  

-- - 

Sl~olupur  8111 Norember, 1001; 

tlulpi 18111 ,, 
T l l n t ~  26th ,, 
liadabgnon 4th December ,, 
I)udl~tli 12111 ., 
Ohn~~gtapur  19t.ll ,, 
Gulbarga 27111 ,, 
Olllhsrgs 3rd Jn l~unry  1907 

\Vodi 10th ,, 
Xnlrar 18111 ., 
Ysdgiri 27th ,, 
Saidnpur 3rd F e b r u e y  ,, 
Iiiat,na 11111 ,, 
Rsic l~ur  24tl1 ., 
Ux~tlrnrri 3 r d b f o r c b  ,, 
Kuagi 9 th  ,, 
Pukni 18th ,, 
Molt01 25th ,, 
Anpar 2nd April ,, 
Mudl~e  8111 ,, 
Uussooree 7th iUsy 

Bsllog 27th ,, 
Bsnog 5111J11ne ,, 

SlnK Xo. R1. 

-- ~ - 

foot 
+ o'oo+gy;.+ 

+ o ' o o ~ o . ; ~ ~  

+ 0'0042210 

+ o ' o o j ~ o j l  

+ o 'oo j j ;o7  

+ o . o o . + o ~ ~ ~  

+ o'oo.;.3~jo 

+ O . O O ~ I ; O ~  

+ o~oo,;#)tlr8 

+ O ' O O ~ I ~ , ~ ~  

+ o ' o o ~ 0 8 0 1  

+ 0~00.3.3.ii~ 

+ o . o o , ; i f l ~ , ~  

+ o.oo,i4619 

+ O ' O O Z ~ I ~ ) ~  

+ o.oo.10410 

+ o .coz6 jz1  

+ 0'002j5;4 

+ 0'0021,~12 

+ O . O O Z O ; ~ Z  

+ o . o o z ~ o j y  

+ 0.002.346.3 

+ 0'00251j5 

bluff No. 4. - 
fool 

+ o . o o l p ~ # ~  

+ 0'00084r)p 

+ 0'001~172 

+ 0~0008106 

+ 0'00o;ol)~ 

+ 0~0009901 

+ 0~000667~ 

+ 0'0013581 

+ 0.0018891 

0~0013056 

+ o,ooo81+1 

+ 0~00087~0 

+ 0~00078r)3 

+ O ' O O O O ~ ; ~  

- 0~0001866 

- 0.0003116 

- o ~ o o o j ~ a 6  

- o'ooojjga 

- O'OOO;+IO 

- o,ooor),q6~ 

- 0~0011389 

- o.0009,;28 

- o.o00;g;6 

StnU S o .  82 .  

- 
foot 

+ 0~0015222  

+ 0.0006494 

+ o'ooo75R6 

+ 0'0003112 

+ o~ooo4R63 

+ 0~0005984 

+ o.oo00610 

+ 0.0007816 

+ 0 ~ 0 0 0 ~ 1 4 1  

+ 0~000;697 

+ o ~ o o o j 8 8 2  

+ o .oooo~R9  

- 0'0000121 

- o ' o o o ~ j j j  

- 0'000325.3 

- o~ooog.~gR 

- 0~000+2 ;8  

- 0.0006645 

- 0'0011205 

- o.0010842 

- 0.0014jgr) 

- 0.0015.3;6 

- 0'0008j74 

Stuff No. 1111. 

fool 
+ o ~ o o 3 5 1 j 6  

+ 0 ' 0 0 1 . ~ 1 1 ~  

+ 0.00~2587 

+ 0'0012399 

+ 0.0008jo5 

+ 0 ' 0 0 2 0 ~ 4 4  

+ 0.0017126 

+ O . O O . ~ Z ~ O ~  

+ 0 '003 j j17  

+ 0~00.30166 

+ 0~0018511  

+ o.oo20g7g 

+ o'colgg55 

+ o ' o o o j z ~ g  

+ 0'0007433 

+ 0~0001946  

- 0~0004684  

- 0'0009535 

- 0 ~ 0 0 0 ~ j 1 2 7  

- o.ooo9joR 

- o.ooo21.3.; 

+ 0~0012470  

+ o . o o l j j 5 1  



C H A P T E R  IV. 

THE BENCH-MARKS. 

I n  this chapter an account will be given of the bench-marks designed and erected by the 
Trigonometricnl Survey during the last 60 gears ; an  endeavour will then be made to collect togetllcr the  
results of our experiences and to ascertain in what directions the procedure adopted i n  the past may be 
improved upon. 

Bench-marks have been classified in different ways a t  different times, but the following list covers 
practically all the bencll-marks mcntioned in Survey reports :- 

( i  Standard-introduced in 1904 only. 
(ii.) Embedded. 
(iii.) Inscribed. 
(iv.) Metal bolts in masonry. 
(v.) Reference and test. 
(vi.) Stations oE the Triangulation (Principal and Secondary). 
(vii.) Revenue Survey stations. 
(viii.) Railway: belonging to the Railway aut.horities : 11eights determined by tlle Surrey. 
(is.) Irrigation : belonging to tlie Public Works Department : heigllts determined 11y the Survey. 
(s.) Road : belonging to the Public Works Dcpartxncnt : heigl~ts determint,d I)y t l ~ e  Survey. 
(xi.) Marine : belonging to the Port authorities : heights determined by tlie Survey. 

Tlie name " Standard" is not altogether satisfactory, in that bench-marks cut  upon ground-rock 
are more lilrcly to be permanent standards of height than many of theso-called " standard " marks tliem- 
selves. 

But thc standard bench-marks mere designed for erection in cities and towns only, where the  
o~crcrontling of population lcnds to thc constant rcmoval of marks. Cities and towns stand generally 
upon u~~collsolid:~tcd ground, aud for these tliickly populated ccntrcs thc standard bench-mar]< is the 

useful typc. If tllcrcforc mc rcgard India as a mliolr, we shall undoubtedly he able to find many 
roclc-(;ut 11cncl1-tlrarks superior as permanent rrcords to thc standard monoliths, but z u i t l i i n  their  olon 
limited n ~ ~ c n s  tlicsc monolitlis are the most reliable records of height. 

Somc of the standard bcneh-marks t1~cmsclvc.s stand upon rock : the one a t  Jodhpur mas built 
mit,\l !?cat cnrc, and it,s sitc nlny bc dcscri1)cd as pcrfcct. 'I'l~c standard bench-marks a t  Dell~i, ??el- 
lor-, ~ r r l l n n p s r ,  Bl~olml, Vizmpatam aud l',aial~nr acrc  also locatccl upon rock a11t1 possess sites of 
Great value. Tlie standard bcnch-mark a t  Attock rcsts upon hard shale, but not on the bcd rock. 
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In  some places the opportunity of founding the standard bench-marks upon ground-rock ru 
unfortunntely lost. A t  Agrn rock sites were not wanting, but the standard bench-mark mas built upon 
soft nlluvium. A t  Minapur  the stnndmd bench-mark was founded upon clayey soil, when rock mu 
in  the neighbourhood. 

The standard bench-mark is o stone monolith two feet squnre in section and three feet high; 
upper two feet of st,ono surface are dressed; t,hc top of the monolith is cut into the form of the frustum 
of n pyramid terminating in a square of three-inch sides. The centre of this square is the point of 
mfcrence. Thc inscription 

G. T. S. 
Standard Bench-Mark 

1908. 

is engraved on one side of thc  monolith, the ycar of construction being the date given. The founds. 
tion for the nlonolith is a bcd of concrete 6; feet square, 23 feet deep. Above the concrete the monolith 
is surrounded with masonry one foot 4igh, and in this masoury Lhere mill be inserted a stone 
slab on which the height of the bench-mark is to be inscribed, thus*:- 

The Height of t l ~ e  top 
of this Pillar is 

941 * 75 feet 
above tlie Mean Level 

of the  Sea. , 

The bench-mark is enclosed by iron railings. 

A full account of the standard bench-marks and a list oE the towns, in  which they have been 
already crcctetl, are given in Appcnrlis KO. 2 of this volume. I t  is to be lioped that many other toffns 
will be presented nit11 similar bench-marks in future. 

Tile monolitl~ic stnr~dard bench-mark came to he adopted as the best type of mark for cities in 
1904, but, many gears bet'orc this, six so-called "standard" bencl~-marl<s had 11ec.n ercctedat sea-portst. 
Tn-o of thrsc old standards are a t  Bombnp ancl co~lsist of Iarqe granite cul,cs; one is at Karachi 
aud is n srnall circular nlnsonry pillart ; one is in  the Survrp ofice a t  Calcutta and consists of a larde 
block of ellunar sand-stoue: the fifth is at  AIodms, nntl is a mark cut on the old ligllt-house$, and 
tlw sirtlr is a t  Rangoon and consists of a grnnitc hlockll. 'rl~cse so-calletl standarrls are inferior n9 

recortls of Iic3igl~t to marks ctit upon ground rock; t l q  mere prohnl,ly called " standards" by our Pre. 
clccc.ssors iu order to indicatc that they were the most permanent marlis t ~ i l h i , ~  their respectite locfllitic8- 

Each stanclard bench-mark, old or new, has placed in the custody of the local authorit!# 
civil or military, a s  the case nlny be. 

f n ~ ~ o w i n g  extract fmm Gcncnl Walker's $on the resnlts d ~ p i r i ~ - & ~ ~ "  
lin: Opcmtions in Indin contains n ilescription of the e m l l ~ l ~ l e d  bencll-mark as originally designed:- 

Thl: :fir 3 n m j  I.orc'. m i r i ~ c  1 1 1  n l t l ~ :  a. qenrrn;:r anrl p~roh?rlelltl,7 nq&nl *% IH,.~i~,lc. cnre has hccn tnkcn to lenre bench-marks* @' 
lan*c- o f  n ' ~ > n t  I!) mi!?. npnrt.  n l o n r  tho ~ l l . . l . .  line. T ~ W P  , ,F, ,~I:J coo. i s~  of s,,licl ,,mmi,lal hlock8 of rtone rreiphing ahont 34 mannda epeb'a 
1!1-: 3 1'3)' i'.-llr a cr,nrcnlc!it I,,:cl ibr 3 rno~cl*'.  The? XP i ~ ~ r n ~ n l > l p  burial fnr  snfcly, t,lwir tops heine left Bosh with t he  V ~ n n < l  Irrel .  A pile 

*f ~ l : I ' l  i. r l . - ~ , l  r l w r  t i t ?  ctnnc. nn, l  three m n n n d c  nrc ercctcrl nrr,nnd to attract the a t ~ e a t i n e  of an, person in s e ~ r c h  fif the lnnrk. '"I Ibe 
Trlr~~n*-~-rr!r...?i rnr r -7  atat ans 6 : l l rn  r-3,-11. nq ~ . . I I  2. 211 o , ~  ~.annl  ~,ench-~a~ks. rind 311 permanent milc-stones, in  the n ~ i ~ l ~ ~ ~ ~ ~ ~ ~  
c f f  II:r I ;>-r?b':, 1.. b ~ r r  h.-n r l n l ? ~  .-,nn.,cr,.,l - - : I l  [ I t ?  mnilL.line of levc lq .  

l h ?  4 o n r  ':a!- hsrc ll*t n; rcr (lili13) I , rco  in.nrtrcl. .R tlie l innl  r n ln r r  of hciZht  hare aot  heen determined. 
f fJ,l*r.ll R r p m l .  S- o f  Imdia, 18.%.86, pnae xxr i  u l  Appendix. The Uon~bsg marks are deeer~hed on p R s X I S ,  S P ~ ~ * . ~ ~ ' ~ ' ~  . . . . . . 

n ~ .  o ..A :I, 8. 77 

1 r:-* . .rnl  R*pnrt.  R n r r ~  n f  r d i n .  193.1-94. p e e  Ir. The R ~ n e h i  ?illar ir  on ror'L, w r  Sp;rif-LmdW Bm:qJla, K m h i  1893-9* pee  "" 
6 f?*rml R - p r l .  R m m v  of I d i n .  lbD2.33. mrp xxxri. TIle e ~ t  the prlnee W.Lcep. m.mrid ,Lope is the  referen- bcnch'mul . . . -  

for  lhr tidal 1v'-.rrrnl.>7, brlt h.s no1 h e w  rsllrd a .tanrl.nl hcnrb-marl .  
I G--r R - p l ,  RmrrT ?f lmdia. lRH6.8i. p e a  x x x r i i i  o l  Appmrlix. 
8 I l n . ~ l r  i m  . S n u l .  IAc h v r n h .  R. IF' P r o r t u r ,  o d  Crmlr,,l Imdia, t c ,  Mny 1862. pane 29. pare 42. , 

a Frn.tnm n l  prraminl, I ?  i-rhe. hi&. I W  i n c h ~ r r l n n m  st hwc ~ n t l  6 or i inchea aqnare el top. In T n h h  Of g6ghe8im Ihr  A'~ob' 
a d  W, L S - i O ,  Ihe dmensloaa given for tAe ham ye 91 i n c h  high, 10 incho sqove pr t a b  and 6 i n k  aq-e at 



CBIP. IV.1 
TBE BENCH-MARKS. 

~b~ aarlieBt 
bench-marks nere  generally inscribed thus  :- 

G.T.S. G.T.S. - or x 
B.M. B.M. 

the lottern being engraved on the spot where the  levcllin: staff was erected. A few old bench-marks, 
a d n d  03 inscriptions at all, have been unearthed in Sind and the Punjab. 

ln 1871 the embedded bench-marks nere described as follows :-' 

1. Each block of stone laid down as a B. M. is the frustum o f ' a  pyramid about 42" 11ig11, 18" 
I I ~ ~ ~ ~ ~  at base and 7" square at  top. The stone is imbedded so that  i ts  upper surface is  8" to  12" 
.~*~oiatlle of the ground, and is covered over r*it,h a pile of earth 2 or 3 feet high ; b u t  as  the  
1.latter is liable to be nashcd away, a p a l a  pillar is built 8 feet from the  block of stone; the  plinth 
"of thispillar being on the samc level as the surface of the B.11." 

The stono B.M. at Dilclarnngar Railway Station is an  exception to this description, i ts  upper 
surface being 2 or 3 inches ctbove ground level. 

In 1909 the embedded bench-mark was described as "a dressed stone 18 X 1 2  X 12 inches. A 

~smnllsqusrc hollow of 6-iuch side mas cut out of the upper surface of the stone to a depth of a quarter 
G.T.S. 

"of an inch to receivc the foot of the lcvelling staff. The inscription B,M. mas cut  upon the stone. 

A. D. 1909 

"The stnne was fixcd upon a bcd of concrete 3 feet square and 2 feet deep, and was then surrounded 
"with brick masonry, tlie upper surfaces of the masonry and of tlie stone beiug flush ". 

The ulq~cr surface of t l ~ c  original type of enlbeddecl hencll-mark mas flush with the ground-level : 
the upper surface of the more reccnt type is generally 2 feet below grouud-level+. 

lll~ecml)mldc~l I)encI~-marI~ is o satisfacto~*y pattern, procided t h a t  its site cctn be recorered. Great  
nnrul)rr~ of our c~uI)rtItlcd I)cncIl-n~:~rlis I I : ~ Y ~  I~cen lost, because tllcre are no means now of discovering 
tllrlr plnccs of burial. Tlrcp rncSle 1:iitl donn at certain distances from buildings, the distances being 
me.lsarc(l ant1 ~~otctl, 1)11t in course of yc*ars the buildings have cllangcd and can no longer be identified. 
Inlllanp caws t l ~  lcttrrs U.JC tvcrcu cut upon the buildings, so that " tlte identification might be "un-  
"rul\tal\e1l)lc"$, I)ot too muclt f',\ith n as ~)I;~ced in thc perlnanence of buildings ; the  latter generally 
pro'c tlsulPOr~~y \trltct~wcs and u n d t q o  rapid cllanges. 

TIlr 11lan of attracting at tctntioll bg lllealls of mounds of eartlr has proved a complete failure ; these 
moll~( l~ (li.lpl)crr in a few yl-ars. T l l ~  sitpa of cn~bsddcd l ) ~ ~ n a l l - l ~ ~ a r k s  on the liue from Agra to Sironj 
lficrem:lykc(l 1 ) ~ '  mou~~ds of cartah, a ~ l d  none m u  be found non7S. 

On lllan~ lines, of rrhicll tlllt, fn)m Sal~annpl l r  to Dcl~rn Dun, and those in  Cutoh, Kathiawar "" G ~ l z c r ~ t  arc csalnl)lcs, tllc site of t,llc eml,eddcd Itlock has bccn rnrrlced by a special masonry pillar 
3 n r r  feat hi~l1 (!rcctcd above gmand very near the bench-mark, But not ouer i l l / .  The inscription 

G. T. S. 
8. M. 1139bmn cut upon the side of tlle pillar facing the b u r i d  block. This system llas proved 

On "le Kholp to be s ~ ~ ~ c s s l ~ ~ l  in that, i t  llas enaMed the sites of the Lloeks to be recovered, but  the  ------- 
h fl:P'rilr'wrlhl nn'.~lov. hnid, iY n o n n m  aml O M ~ ,  laos.;o, seaionvr., pngo 17. s + i r . l . ~ i b d  =eights, A-06. I and 2, Madras Prei- 

+ ,~''n',''lo'L wns rlnll~glrlrd in R ~ o I I I . . ~ o , ~ ~ .  PllbC ,,f nlnronry. 
LIpr, ~ ' 'm' .~ ,~ml )ed  , . 'r'fit4 1 Bod"!,. p r c s  t h o  dop~I1 or the upper s u r [ ~ ~  s t  6 to 12 inches. In trmellera' bungnlom and 7.ilwa~ atatiou 

''Cp'f ' 'lo i* ~mlvrrr ,  ~nndo flush tho p n r e m e o ~  
I',,lr n"~lnal ImtrWlona to I e F r l l r r a ,  

WLl, i,::::: * hnc11.mrh8 eubeUcd  at J a .  h i a p y  mnd okulpu,  wik  on,, be teeevned new by paient of 
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mark-pillnn have been m i s t d e n  a t  times for the  bench-marks themselves, and this has led to con. 
fusion. The fault has lain in  the  inscriptions placed upon the referring pillars : these inscription# 
have not been su5ciently precise*. 

Of recent years the sites of embedded bench-marks, when near railway lines, have been 
marked by upright iron ril-posts, projecting 3 feet above ground level. Thin metal plates bearinr 

T. '. have been fired to the  iron rails. This method may prove successful, if a length the  letters B. M. 

of several feet of each iron post is buried, i f  the plate is securely attached, if the lettcring is inscribed 
and not painted, and if thc post cannot bc mistaken for the mark. But rail-posts are not superior to 
mnsonry pillars, aud are to bc regarded only as occasional altcrnatires suited to special localities. 

Since 1905 the levellers llavo prcpared a site-plan for each embedded mark, and have recorded 
upon i t  the position of the mark with regard to rurrounding points. 

I n  1500-1900 a few lines of single levclling mere carricd out in Bengal by the Survey for the use 
of Railway engineers ; the embedded bench-marks on these single lines were inscribed thus :- 

G.T.S. 
0 

G o  
a 51 

Minor. 
B.M. 

On the long lines of levcls embedded bench-marks havc been constructed at  intervals of 10 miles. 

A11 embedded bench-marlis have been transferred to the safe custody of the local authorities,t 
but  i t  cannot be said that this precaution has bcen efficacious. 

I n  1904 the Committee on Levelling. to mhich reference was made on page 42, called attention to 
the numerous instances in wliich embcddetl bcncll-marlts l ~ a d  proved irrecoverable, and recommended 
that no more should be laid c1on.n. This rccommendntion has not as yct bcen adoptccl, for a bench. 
mark protected from man and weather is of a durable type : i t  is l~oped that t l ~ c  abandonment, of the  
embedded bench-marks will provc to be an unnecessary strp, if pc>rmanent sigunl pillars are erected to 
indicate tlie sites of the buried blocks. Levellers arc expected to pay great attcntion to the question 
of the pcrluanence of the signal posts. 

Inscribed Bench-marks. 

Inscribed bench-marks are marks cut  upon rocks in  sitri ,  upon coping-stones of bridges, upon 
b p s  of mile-stones, upon culverts, and other prominent land marks. I n  thcse cases the inscription 

G.T.S. 
0 

B.31. 

G.T.S. 
- - -  
B.11. 

has hecn cnrretl dcrply into thc stone ; the foot of tllc levclling staff 113s been plnccd within thc circle rhep 
ever a circle lins 1)ccn carvctl, and oyer the letters whcn no circle 1 1 a q  bcen shown:. 

* Tbc d*.r r !pf i .m nf  nn r m b o < l , l e ~ l  hrnrll-r,  nrk, n l l c n  rr~t,lirll,.rl ~n n pnn,l,lll,-t. cqvltntn3 a n o ~ r  of  ~ h r  diat,an,.c nnnl dirrclion or lllr r"iPrnPL 
pillar; no  Pnr  r i s , I ~ . . c  l l > p  <lr.firl].+~.xn nl  nlirlnlrr 1 1 , ~ .  , l ~ ! l n r  for l l ~ c  njnrh. n u t  I ~ e ~ L l ~ l ~ - n ~ n r k ~  nrr  sltomn v l l l r  h l r ~ r  I ~ P I ~ I I I s  llpon n1:11)~, nl'll n u  li0 O'''L''r 
II*.~;. rln h- rntrrr-.I > i y & n  n.*l,.. I I  - 1 . 1  : ~ r =  R T C  , , : I c ~  I ,Ji,.n f l , r  1 1 1 ~  n:"rt.s. ,111~ ~ ~ ( ~ n t l a r ~ l  13 t o  i n c l l r n t ~  11 ~ I C ~ I ~ S  of 1111-  i , ,~cr i / , l inl l ,  lllnf f l l F  rl'lt" 

pbliw 1 .  T ,  t  9 1 , ~  Iwn ; ) . r , , > - k  J t  I. , , > ~ I T O ~ , I P ~ +  f , . r  I ) , O  n,qe"rq 10  ],2r,. { O ~ P  ~pnprr.1 i , , m , - r ~ p ~ ~ , , n  f , ,r ri l lnrs; t l ~ v ?  cnn l ltcn c:brrr I V I I I I  l l l r l l l  ln'cr'bd 

I .  r  r I .  n I I r e  h I .  11 I *  ,ii!:i.->,ll I ~ I , . I . P ~ , , ~ ~  t,, I I , I V r l h ~  1 1 , ~  ?XBC(  y / ~ ( l t l n n  of  CBVII h t ~ r ~ r c l  l>)nrk, hllf I l l c  fvI"'"iTr 
Wvuld nufl:. * ".f t . ,  - 3  rnn3.i - f  1 4 ,  0. T .q. 1 . . 7 * t , * - . -  1wri.d "<or / b j c  p t i lar ' ' .  

t F .r 1 1  . I r l l : l l i r .  . ,n  t l u =  I. , i r : t  e r r  Trr,:,~m.>m,i~ornl .Srr-~,r, ]find-1,. ok, 2nd E<lll lnn. r a c e  2CG. pnrn 43. 
: 1- r T r l r  ' . i+ ' .  ~ ~ ~ ~ ~ ~ ! . s i i c  1 ~ ~ C T I  .I, .  I . ,  1>4;, a d,.t r n .  l i , , - , ~ r r l  I I , P  ccn lre  I I , C  r l r c ~ r ;  m l . t n k r  of 1110 n f i cr .  Xn rlrclcsrn1'** 

~ D I C r i k d  u tcnch.uarL#. For circle w11Loul dot Ice Sp1n4 .Lcrr l l cd  U e ~ g h l r ,  *Yo. 2, Xddror, 1887, sod S o .  4, Madrru, 1833, Pago 7 .  
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In cases, such as the Deaan-i- Am in Delhi fort, or the  Victoria statue a t  Delhi, or Sir 
xenry DUmndls tor& a t  Dern Ismail Khan, where space for the  letters has not been available, the 
bench-marks have been inscribed thus :- 0 

B. OM.  or B.M. or o or m 

In 1881 tile levelling party introduced the system of laying down stone-slabs (9 inches x 9 inches 
x 3 inclles*) with a circle thus :- 

G.T.S. 
0 

B.M. 
A. D. 1881. 

During subsequent years many of these slabs bare  been built into plintlls of obelisks, floorings of 
temples, parapet-salls of bridges, aud otlirr suitable buildings. A t  first tbe l(~rell ing officers seemed to  
ngrdtlleae inlaid slabs as a minor species of en~bedded bmcll-mark, but  of recent years they have 
correctly clnssified t l~e~lz  as inscribed bench-marks. 'l'l~e only difference between the original forul of 
inscribed bel~ch-tuarlc and tlie inlaid slab is, that in t l ~ e  former case tllc I~eight-mark is cut lipon the 
stone of a building, and in tlie latter case i t  is cut upoil an unattached slab, which is subsequently fixed 
to a building. 

As the inscribed bench-mark is tlie commonest form of bench-mark in India, the  following list of 
points, on mlrich these ~narlts llavc a t  different times been cut, may not be witllout interest :- 

An immense boulder appears very permanent., but as a foundation 
for a bench-mark it is inferior to g r o ~ ~ ~ d - ~ . o c l i ,  hc.cause rain and 
we:~t,l~er tend to disintegrate and mnsl~ ont tlie soil, up011 which 
tlie boulder rests. I n  an alluvial country large boulders are ap t  
to be broken u p  for road-metalling. 

l'or~t~on of Ucncl~ .mar l i  

Ground-rock ... ... 

Its \slue irs r rerord of l ~ c l g l ~ t  

The best form of bench-rnnrli, provided that  a siteis cliosen that 
will ;rdlnit of identificl~tion, and that a complete andaccurate 
description is recorded. 

Hernorials and tonlbs ... 

Church, shrine or temple ... 

Boundary pillar . . . ... 

- 

Ancient building . , . ... 

- 

A bench-mark upon any valuccl memorial, such as a statue or an  
obelisk, ~ rh ich  is likely to be carefully preserved, is a very useful 
record. 

The floors of cl~urcbes, sl~rines and temples are good sites : the steps 
of shrines are apt to be worn anny by the tread of pilgrims. 
Places of morsliip arc amoug the works of man that endure for 
long pciiods of t imet.  

A per~i~anent  boundary pillar i s  n good site, if i t  has been solidly built 
up011 Lirnl foundations. Vlllage bountlnry pillars may be niovecl, 
when the scttlement of tlie district is being revised. 

Baildings of arch~ological interest offer good positions for bench- 
inarks. T l ~ e  oltl I)encli-marks placed upon the city gates of 
Lahorc and Dell~i have, however, a11 becn destroyed. 

nln'cnrlonl ldnr, rarlrd S p ~ r ~ f  Lerellrd /Jerqhl~  4 0  d & d r n s  ~ Y P O ,  ' l'cn"l mnrkn lixfll 
*mbnla and L ~ n u  JIlr L n r c l e ~  in 1866 ncre Fouud InLncr 1101. Tbe m u l  on i m b d a  church 18 the onb thaLtoffO, ffhlcb has snrvlved, 
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Posi1,ion of Bench-mnrk 11s v n l ~ ~ e  ns a record of height 

Plinth, or floor of Jail, Post-Office, 
Kacheri. 

- 
Government Offices are liable to frequent change, and thoug\, th 

offer useful sites for bench-marks, the  latter cannot be regardedas eY 
very permanent. 

Travellers' bungalow . . . - 
Very useful position for a temporary bench-mark : inferior in perma. 

nence to a Government Office. 

Tanks and wells . . . ... Liable to subsidence and destruction, but useful as sites for ternpora. 
ry marks. 

Railway Stations and Platforms. 
- 

Bad sites: they are not only very linhle to chance, but they are ex. 
posed to incessant vibration from the movement of trains. Sonle 
inscribed bencll-marks on railway stations are however necessary 
for the present use of en,' o~neers. 

Parapets of girder bridges ... Liable to reconstruction, and subject t,o severe vibration. A bench. 
mark in  such a site is of use to contemporary engineers, but asa 
perpetual record i t  is valueless. 

Coping stones of b~.idgc.s : pedes- 
tals of lamp-posts : plinths of 
culverts : kerb-stones. 

I I I 

Inscribed bench-marks are erected a t  intervals averaging pel-haps miles* ; they are not placed 
in  the custody O E  local autl~orities, and no special steps are talter~ by t I ~ e  Surrey to preserve them. In 
some districts the Public Works Department l ~ a s  arranged for periodical inspections and repairs. 

* The emb~clded boncll-marks nnd a certnin number of the inscribed nre prel,ared  lo^. t,lje Surrey hy tile R ~ i l \ v t ~ y  mnd P ~ ~ b l i c  \ \ r~rks Depnrtmrnl 
s (en  months hrfore the lerelllnz oprnt , iuns nre undor1,nkon. I n  rlle course of the opernub~ons t l ~ a  levullinC officers nro exl)ocLed to a~~pplel l~cnt  1118 blocb 
l~lsrks c o n s l r u c t ~ ~ l ~  hg tlro Public \Vorks I)epnrl,ment; thoy are ulso expcrled ta report i f  llte sit.es sclrctrd by tlla P~lbl ic  Works I)epnrl~nCllL~"~" 
soilable. The Public Works Depnr tm~nt  render mn'rtnnce to the Bursey in tlhs mattu~. of hencb.mnrks, but 111s reslronsibilitg for the s~~ i tnb i l i t~  o[ beorb 
nlnrks snd  of l l l e~r  61tn rpda ul/imnlrl,v upon the Sum? nnd upon the lrrellinP ollicers. Tile following extrncts of correspondence ore given llertlr 
illt~.trnto t.he i ~ ~ s t r u c t ~ o n s  issued nnn~lnllp lo  tllc Rsilwny and l ' ub l~c  Worhs I)rpert~nente:- 

B!)P 
Erll.net froin letter Ab. -doled 1211, July 1907, from the m c e r  in Charge Xo.  25 P a d y  (T ida l  and Leaelling), Dehra Dull, to the ~ a n o g m  41.H 

h'orth.TFesl~rn Rnillnry, Lahore. 
k:n~hcrlde~l  Bench-mnrks iw per rlescription given i n  the  nccompanying note should he bnilt a t  all t he  railany stations from 

Hhatinda ou  t i ru  grooud, where thcy mng he o a t  of thc nphere of t h e  vibrntlons of tbc t rnf ic  nnd nnt  likely t o  I,c ever distorl~erl. 
G.T.S. 

Inscrihcd Bench-marks which consist of n s tone s!=b 9" x 9"x 6" bearing thc  inscription 0 ns per  sketch in  the  mnrgin shonld be 
B.81. 

into t h c  pampcts  of bridges 2nd cnlvcrts a t  s n  nrcrngc distance of shoot  2 milcs apart. I f  no snibnblc bridges exist s t  convenient di8tonccs Ib" 
Bench-rnnrks shonlrl be built in ~ f n n l l  mnsonry Itlocks nboot 2 f ee t  cnhc, with t b c  npper  ~ n r I n c e  of t h e  ~ t o n c  flush with the  mnsonry, near Lhemdb 

PtoncY or ~ha i l lngc  p o ~ t S .  Wllerc tllc parapets of 1,rirIpcs nre I ~ l ~ i l t  of s tone the  nllob-c I lcnch-n~nrks mny b e  cot  on them mnd no R P ~ ~ ~ ~ ' ~ ' ~ ~ ~  
dnbs occd bc used in snch c%5es. T ~ r o  1:encb-~nnrkaof the  nlrove description shonlrl nlso Ile fixed in the copings of  plntforms nt  nll the r@iln'ny r'n'iow 

lfl5.'3 
Estrnct from Ielter Xo. dnled the 2r1d JvLy 1908, froin the OJicer in Clrarge No. 25 P a r / y  (Tidal  and Levellar,g), Debra Dun"o1L 41.H 

Eteeuline Kn,qin~rr. End  Beror Dtriaion, C P .  
'' E o l l ~ e ~ l d e ~ l "  Ilcnch-mnrks per description given in  the  accompanring note ~hnolr l  he hoilt in Toxvns nod Villngcs n l o n ~  Idhe rond ""' 

tnnce of about 10 t o  I b  milcs npart ncru permanent  Stnte  \,oildings or honpco, oiz., I>Bk Rongnlows, I'olice St,ntions, Pntcls' Chnoris, *TailR, Tnllsll'l'n 
Otlices ctc.. or ncnr temples. mnsjlds, tombs etc. They should be bnilt on firm ground and  a t  soch a distnnce from these permanent marknsauod 
likelg t o  bc ever rlietnrhcd. 

10i2 
Ezt ra t t  from letter No. d o l e d  8th July 1908, from tba Oflcer in Charge No. 26 Party  (Tidal  and Leoelling), Dshra Dun, lo l k P  41.11 

n t i c s  Engimerr, Julbulpore. 0.T.S.  
l n s c r i l ~ d  Bench-marks which coneist of a s tone slab 9"x 9"" 6" having t h e  inecription 0 au per  ketch in the  mardn  

hebdl' 

R.M.  ms 
at an  average diptnnce of 2 milea npert, i n to  the  pnrapets of bridgce, cnlrer ts  or  aella, mrwonry plntforrns or  soch paka permenent,site@' 
the bridge.% cdrerLs, wells, etc.. have s tone parapeta t h e  above E a c h - m a r k s  may be cot o n  them and t h e  s tone slabs need not  be lo 

Tops of mile-stones . . . 

These sites are undoubtedly oE present use, but they will all disappear 
shortly, and marks inscribed upon them can only be regarded% 
temporary. 

Marks upon mile-stones may possibly be of use to contemporary en- 
gineers, but  as perpr;tu:~l records they are valueless. 

I 



T H E  BENCH-MARKB. 

Metal beltch-marks. 

~ ~ t ~ l  bench-marks have not been largely used; brass and copper bolts are  liable to be stolen, 
wjlilst iron is unsuilable owing to its tendency to oxidize. Still a few metal bolts, plugs and nails have 
been eml,edded as bench-marks in masonry; and the following lines of levels arnong ot,hera will be 
found t," fllrnisb examples nf such marks :-lines numbered 4.3, 52, 61A, 71 and 73. Iron pluga were 
fixed at Dera Isn~ail  Khan in 1907. 

iron plug fixed a t  Shikarpur (Sind) in  1860 and one fixed a t  the Survey ofice a t  Dehra Dun 
in 1861 were intact in 1909. 

The heigllt of the top of a rail of a railway line has frequently been determined opposite to 
,tation plat€or~us*, but no mark has been placed in such a position. The detcrmination of the height of 
the top of a rail is probably of use to the railway engineers, but as a Survey record i t  is valueless. 

In certain localities iron mile-posts have been utilised by the Survey as bench-marks, and i n  a few 
places the tops of old half buried cannons have been used. 

Tmo or three bench-marks are laid down in the immediate vicinity of every tidal observatory and 
are ~\-itll the tide-gauqe by first-class levelling; they are called bench-marks of reference*. 
They arc eitller cut on :I dock-wall or on some neigl~bouring bl~ilding or on a harbour-revetment, or on 
specially embrdded cubical bloclts. Test bench-marks have also been laid down, generally i n  pairs, 
within s few miles of tidal observatories:. The latter are specially intended for the detection of secular 
changes of tlic relative lcrel I~etneen land and sea. T l ~ e y  are always connected by very careful levelling 
with the neighbouring tide-gauge$. 

For the Cocanada tidal observatory a pair of test bench-marks were embedded near Samallrot, on 
the main-line of lrvrls from IIndras to Vizagnpatam: this pair merc situated 10 and ll+ miles res- 
pectively froln Cocanacln. For tlie Vizagnpatam tidal ~bservat~ory the test bench-marks were embedded 
near Aganau~~pudi, 102 and 99 miles distaut respectively from the tide-gauge. 

For the Cochin ticlal obs~rvatory the test bench-marlrs mere constructed a t  a distance of 22 miles 
from the gauge: for Karmar the distalices were 10 and 112 miles, alld for Ilormugao 17 miles. 

I t  has perhaps been n mistake to treat reference and test bench-marks as belonging to  a sepa- 
rate claw. T l~ry  are as a rule ordinary inscribed or embedded bench-marks ; and i t  is only tlieir proxi- 
mity to o t,irlnl observatory, that enables them to be specially utilised for tlie detection of movements 
of tlw tide-;:~itge, or of secular changcs in the relative lcvcls of 1ar1d and sea. Any sound hench-mark 
would ans\vcr tluc purpose eq~lally well. Marks inscribed for inst:lnce upon ground rock in the  imme- 
diate nc~igl~l~ourliootl of a tidal observatory mould furnish better " reference " or " test " marks than 
bloclts of stIonrb r1111)eddccl in soft soil. Wben s decrense of heiqlit is discovered to have taken place 
bet,mp~n mean sea-level and a neighbouring bench-mark, the  change has to be attributed to settlement 
of the mark, unless the latter is on rigid foundations. 

Marks cnt upon t l ~ c  solid rock round tlle hnrbour of Vizagapatam wollld have been more 
valudle test ma~.l\s t11a11 tile l~locks eml~edded 10 miles inland. The reference bench-mark for Karachi 
is stat,c(l by Colonel Llill to he solidly built upon roclc (i, and is therefore one of our most valuabIe tidal 
marks. 'lllle t ~ v o ~ l d  st,anchrd bencli-marks of Bombay a c r e  presumably intended in  the  first instance 

* SCe lor e ~ n m p l *  t.llr l 1 8 t a  of Survog bencll-rnairkn nlong the G .  I. P, Rnilivug. Scc nlno Qenernl Hepor.t. Q. T. W ~ r r e , ~ .  lSi6-77, page 35a, where 
' hoi~ ' lua  of roil8 on  1110 l B. h P. I, r n i l w ~ g .  nr ,letonrinod by the S11ney. n ~ ~ e c n m ~ ~ ~ n n d  wit11 tile nlmnea obtained by the railwmy engineen. 

t Tri,qolloanefrical Sa~.ur!l Ifm~rt-hook. sos,~n,l cditlot,. 1903, pn1.a 26 ui  p l ~ g o  I(;>, ntld p u n  5.b of yl~go 176. 
: w, t l ' o r i< l~ l  of  I l t r t  h u ~ ~ c h - m a r k s  see Rerlernl Report,  1835.86, Survey of fiadia, pnce xxrii Appendix; General Report, Survey of India, 1886- 

"1 png0 'j Prim. 236 p n i e  xxr i i .  Apllendix; Qelwrnl Report. Snl.lry of  I j d i n .  IBS7SS. pn.0 65, ptrr 8%. and page xx. Appendix 
5 01 leat ~ O I I C ~ I - I I I I I ~ ~ ? ,  p ~ g e  rxrvi i ,  Qerreral Rq,orl ,  Sari-uqy of I,adin, 1890-$b1. 
0 i8 no vi8iWn in  the vicinity. Tl~is brnr11-1~1arh x.8 built h, the Nurvey, but  it rr not in existenceat the l ime  a( the early 

I e V d i n ~  'yrdmna in .orucLi. Spi"t.LereIled Heightm, Earaohi 1895, p g e  VL Q-a1 Repnl 1893-94 p g e  I r  General R e p a t  I W c 9 5  pbge x-i 
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to  be "test" marks, but  they are both erected upon made earth, and are consequently inferioru 
records to marks inscribed upon ground-rock: unfortunately no marks were inscribed upon rock 
i n  Bombay. 

Tlic system of locating " test" bench-marlts at  distances of 8 or 10 miles inland has led to a certain 
want of regard for the  reference bench-marlts in tbc itn~ncdiate neiglibourhood of tidal oI)scrvatories, 
The latter are however tlie initial marLs on dry land from rli ich the liues of level emanate, and they 
indicate tlie relative heights of lancl and sea. Thry sltould therefore be constructed with tlre gre, t es t care, 
Whilst the  so-called test bencll-oiarlis are too far distant for perioclic determinations by levelling, tile 
ralerence bench-marks in the immediate vicinity of an observatory are connected with the tide.gaua 
annually *. 

Principal Stations of the Triangzclation. 

Principal Stations of the Great Trigonometrical Survcy form most valuable bench-marks. when 
the height of any suclt station has been determined by spirit-lcvelling, tlie original trigonometrical 
vahw of htbigbt, obtained from tlie observation of vertical angles, can be corrected, aud 1\1lren the 
errors of tcoo trigonouietrical values ltal-e been discovered, corrections to Ireight can be applied by inter. 
polation to all intermediate stations of the series. Principal Stations are moreover carefully preserved, 
and should last for centuries; they are inspected and repaired annually. 

I t  is difficult to lay down any invariable rule, for the guidanco of levelling officers, tliat all 
Principal Stations mitliin a certhn distance of a line of levels must be connected by spirit-levelling, for 
in  one locality a distance of 20 n~ilcs may offer many advantages and no difficulties, whereas in another 
locality a distance of one mile may be impassable for levelling operations. 

The rule, as i t  stands at  present is- 

" I f  possible, all principal stations of the Great Trigonometrical Survey, in the neighbourhood 
"of a line of levels, should be co~inected by 1)ranch lines. " 

The application of this rule depends entirely upon the interpretation of the words "in t'lie 
" neiglibourhood ", and our records sbow that different levelling officers have interpreted then1 differently. 
I f  a levelling officer keeps in view the aims and the ol,jects of tlie levelling operations,-if his great 
endeavour is to enl~ance tlie value and utility of his observations and results,-he will be unwilling to  
pass a Principal Stat,ion of the Triangulation without connecting it by a branch line of levels. If 
ho\rever his cliief aim is to finis11 his season's task and to cornplrte his line of levelsup to tlie terminal 
point, he will regard tlie Principal Stations on the flanks of his route as nuisances, and lie will observe 
as few branch l i n a  as possible. 

I n  Peninsular India many of the Principal Stations of Triangulation have been founded upon 
ground-rock, and these stations, when connected by spirit,-levelling, constitute bench-muks of the 
highest value. I n  the plains of Nortliern India t l ~ e  Principal Stations stand necessarily upon allnrium, 
and though inferior as perpetual records of altitude, they are as invariable in height as any marks on 
alluvium can be. 

Some of the  principal stations are on hill-summits and are surrounded by precipices; the 
levellers have then to abandon tlie ordinary methods of levelling and to adopt various devices in order 
to determine tho values of height. JYl~en sucll courses have been pursued, tile levellers S ~ I O U ~ ~  be 
careful in future to reFrsin from givinq to tlie values so obtaitted any undue degree of numerical accurnc? 
Whcn i t  is m ~ r r l y  a question of measaring a vertical drop of perhaps 30 feet with a tape, no scnslblc 
error will prol,rhly he iatmduc~:d, prorided the rneasurenient is repeated sevcml times, and prori(led 
the tape is carcfullp tested. But wl~eu  the levelling has to be carried up a succession of very steep 

Por d U I u r h c e a  of r a f e r o n ~ ~  beneh.m.rb n s  M.jor ILUvm repoh on p g e  of osaral ~ ~ ~ ~ ~ f ,  ~~~~y ldio, 1886.87, and cubmequenl 

wort.. 
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810pea, 
a,-, not l-eadily admit of vertical measurements, it is difficult to avoid some diminution 

of accuracy; in these cases the value of heiglrt as obtained will always be useful for the control of 
trigooometri~al values of iieight, but i t  will probably not possess tho scientific accuracy necessary 

g, the determination of movements of the earth's crust. It is difficult to tell from the old records, 
hill-summits have been reached by normal methods, or whether exceptional measures had to be 

taken. 
In Appendix 6 of this volume the errors as determined by spirit-levelling of the trigonometrical 
of height are tabulated. During tlre half century 1858-1908, 434 principal stations of triangu- 

lation have been repol-led as connected by levelling, but  156 of these pmvrd to  be only secondary 
stations. 

Secondavy stations of trialtgulation. 

secondary stations are as a rule well built: although no steps are taken to preserve them, many 
are found to last for a comparatively long time. They are frequerrtly placed upon hill-tops, and i n  

unfrequented spots, a~rd are tllus out of tile way of men. Several secondary stations have been con- 

nectcd by levelling, and have proved to be useful bench-marks. 

Revenue Survey marlcs. 

In the course of the levelling operations in India the heights of Revenue Survey marks have 
been at times determined, but the tot(a1 number so fixed is few. I n  the district of Howrnlr there are  
insta~rces of Rcvenue Survey stations having been made to serve as bench-marks ; these stations con- 
sist of blocks of stone triarrgu1:lr in plan and buried so that the  top is flush with the  surface of the  
grounda ; they are marked thus :- 

There is also an instance on the line between Chinsura and Nadiat, and Revenue Survey boun- 
dary pillars on the Raichur-Bellary line have been connected$. 

I t  is to be hoped tlrat Revenue Survey stations mill be utilised as bench-marks in the future 
to a greater extent than has been done in tho past. The permanent Revcllue Survey station is as n rule 
strongly built on a solid fol~ndation, and i t  is carefully preserved by the district magistrate: i t  is 
situated at a distance from roads and railways and is therefore not lilrely to be in the way of engineers. 
For a perpetual record on stone, a Revenue Survey station is much to bc preferred to a mile-stone. 

The Revenue Surveys of India are now being placed upon more permanent and more systematic 
bases: tlreir perrnancnt stations are likely to be multiplied, and i t  will brhove the levelling officers of tile 
future to see that opportunities of securing sound bench-marks for cultivated areas are not lost. 

Bench-marks of the Rccil~oay and P,ublic Works Depnrt~nents. 

Irrigation officers have creeted many trustwortby marks along thc courses of canals, and these 
haye been in places conneetod with the Survey net-mrl t  : when two such marlis lravc been connectrd 
b9 tile Survey, t,l~el~cights of the intermnliate marks obtained by tlle Irrigation officers can be corrected by 
inter~olation. Tbe heights of irrigation bench-marlcs in many provinces, and especially in the Punjah, as  
determilled by Irrigation officers and acljusted to tlle survey datum, will be of use to topographers, when 
new maps comc to be made. 

' S ~ v r i ( . L ~ . ~ l l r d  Heightr, nrngnl  i'reaidency, IRHI-82-83 pp. 68,59.  

'pirif.hl.elld Ife<?hlr, B ~ n g n l  l'reaidenr:y, 1887.88, p q e  71. Appad s~iril.Leuel~ed I leighlr,  No. 1 Madras, IOti3.85, p i e s  61-65; 8.0 a1.n for Burm  he Ltenerol Reporb, S ~ m y  of India, 1892-93, page 111riii 
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The Siral ik  range of hills has risen to  its present height in  recent times, and the rite of ih  
growtli furnishes a geological problem of interest*; the  Ganges cuts across the  Siwalik range at ~ ~ ~ d .  
war, and a line of levels lias been brought witbin the last few years from h'ojli to Delira Dun t h n d  
the pap in the rango c a r ~ e d  by tbe great river. The head-works of the Ganges Canal ars at Hudwor, 
and t,ho Irrigat,ion officers liave erected many fine bench-marks there. I n  I908 Lieut. Morsheod ,rss 
deputed to connect t l~ese brncll-marks wit11 the Survey line of levels, and thus to obtain accurate values 
of height, which will enable our successors to detect any upward movement of the Siwalik axis, 

The Qurvey lias levelled to great numbers of the bench-marks fixed by Railway engineers: the 
connection of these bench-marks llns enabled all railway lcvels to  be corrected to the Survey datum, 
Bench-niarlis near l i~les  of rail\\ay do not as a rule survive for any length of time, and tlleir 
heights are apt to vary on account of tbe incessant earth-tremors produced by nlovinf trains. The 
hciglits of rail\\ ny bench-lnarlis, except such as have been actually de~~ermined by the Survey, are not 
of the same uso to topogmpl~ers as irrigation bench-marlis are : the railway bench-marks are situate(\ 
in less satisfactory positions, and the railway levellers in determirling heights do not aim for the s;true 
degree of precision as c:~llal levellers. 

Many of the railway benc11-niarks are inscribed on kerb-stones and platforms: some consist 31 

iron rails c-tnl~ctlded in m:isonry pillars, and others of wooden bloclts built into masollry. 
Tlic Sttri-oy deterlriiries the heights of tlie inscriptions of the? rail-heads and of the wooden 

blorks, but ntlds no inscription of its own+. The bench-marks remain Roilnay Department marks : l l~eir  
connection by the S u r v ~ y  does not convert them into Survey bench-marks. 

As mentioned on page 56 the height of the top of ,a rail of a railway line has frequently been delere 
mined for the nso of railway engineers. Such dctcrminations are useful a t  level-ci.ossinga. In 1876-76 
Mr. ltendoll determined the lleiglits of the top flanges of tbe iron girders of all bridges near Viramgam: 
these heights were particularly wanted by the engiueers, and they were not intended to be permauent 
eurvey marks. 

Certain marks, called ' Marine sockets,' wliicli h:~ve been laid down by the Port authorities for [ 
the Hooghly River Survey, liave been connected by IvvelIi~lg to the Survry 1c.vrl net.$ : these sockets 
consist of cast iron pipes about 5 feet long and 6 incl~es diameter, having a 8-inch flange at one end; 
they llare been sunk into the  ground u p  to within a foot of the flange, and tlley are marked with a broad 

A arrow, and a number under the flange, such as 20. The levelling staff was placed on the top of t* 

flange. 

Tllrse JIarino Bench-marks belong to the Port authorities of Calcutta; they have been erected 
to enable tile river surveyors to detect chnnges in the course of the river HoogIily. Tl~ey are as durable! 

deterulined by the Surrey, form valuable bench-marks for the delta of the Ganges. 
as any msrlis can be, on soft, water-logged alluvium. 'l'hose sockets, of wl~ich the heights havebeen 

Bench-marks k n o ~ n  as ' Marine Survey' bench-marks, and which belong to the Marine Survey 
of Indin, have h e n  connected i n  certain places on the coast with the precise level net. There isone 

P1..jrA nf Ih h r ~ , W n ~ l h , v  rlmd Grdr,,qy nf I h r  Zlinnlnrra Rrolo.#lninr nnd TWrl. Pnrt 1, pnpa 30 Rrc nlro third foot.-nole I* page 220f lLis'ol'lm. 
i p  n c l l * i n ~  ~ m r  of O'fl4i  lwt in t h e  Harrlanr-Drhra Dnn-Mnhan levpllinp circnit t TP nrc enrlmvnnrinp to lncnliae thin error. 

t on t h e  Icrel.lincs. Nnnrlyn~~n-l~~i~~nr-Hil~spor.RRlni.Sironj. t he  levellers ~ n s ~ r i h r r l  the lettern J T. 8. B. M. llpcla rnilmY bencb-mnrkr' 
Thin nn inrorrrr l  cr.mrr l o  orlr~pt ; thrae rn i l r ay  1.enrh-mnrks hnd Inecn slrcadr in~rril,crl with rn i l n ry  r n l n e ~  of bcight, derived not IrDm meso 
m - i c v c l  but  h - r n  m rpccir l  n i i r a j  dslum. Steps are I n e l n ~  taken (1900) 10 hnvc the letterp (3. T. W. R. 31. r c n ~ o ~ e d .  

2 
J-;& S~'"f.I.mvll.d B e , g * f ~ ,  80. i, BsnGqy I ' r r r d r ~ ~ ,  p q e  63: heneb-mark No. - 14 bna ioaeribed apoa i t  the rnlae 1014.00, whilst pd' 

minnr' smme~ h c i ~ h l  mnuljnrkd is 937.77: in tbc ess. c4 I-acb-mark No. $ the inscribed height dillera from tbe preliminnv (andlnsted) gOpel " . x 

br mme i 6  f w t .  The f i n d  arljnrtment mll not d e c t  the Purvey vnlner h j  more thnn a fnnt.  
8 p l n l - k l M  D m ~ h * ,  No. fO. Jldro.. p n p s  1~,R,lh6. for hcnch-markr xos. 104 nod 126 the  lnacrihed end Bnrrey heWW dlffetby 

P W  161 10 170 rtf ,hi. Sr ,  10 3 1 n r l n .  pamphlet g ~ v e  norneroma instaneea of inscribed heights dlffer~np horn 8mrvej heigba The W p m c e  
'" k 

d a m  fnr one rnnrk s 1. qr, fr  n r r  n p  

1 Q M E ~  ~ l p ~ r ~ ,  sry pl1d4 laan* 61. i 
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beodl-mark at  Cocanada, one at Bhavoagar, one a t  False Point, one a t  Calicut, one on the  Hooghly 
and others in other places. 

The total number of bench-murler. 

TIle total length of lines of double-levelling observed in  India between 1868 and 1909 amounts to  
17971 n1iles. Of the 17971 miles of double-levelling 1361 miles have bad to  be revised,-that is, about 
8 per cent. 

Betseen 1858 and 1909 the following numbers of bench-marks were connected by spirit-levelling :- 
66 standard 

1559 embedded 
13960 inscribed 

434 stations of triangulation, (278 principal, 166 secondary). 

The average number of bench-marks that a levelling detachment will fix in  one year is between 
200 and 300. 

.The Bench-marks that have been lost. 

Bet\vcen 1858 and 1902 the number of S111,vey bench-marks reported to the Superintendent of 
Trigonolnetrical Surveys as lost was 795, but it is well-known that tlie number actually lost greatly exceeds 
tlic n~11n1,c.r reported. I t  is pro1)able t l ~ a t  the number of bench-marks now existing in  good condition 
is barely Inore than two-tllirds of tlle number originally fixed*. Our reports on losses are derived from 
two sources only, aiz., from local engineers interested in the  subject, and from levelling officers, who 
chalice to be worlii~~g near an  old lcvel line. I n  runny years no bench-marks will be reported as lost. 
In tile year 1904-05 eighteen bench-marks mere so reported; in  1906-07 two hundred and five were so 
reported. The reports are thus fitful and incomplete. 

On one occasion in Ben@ 'thirty-four bench-marks mere destroyed within a length of 50 miles, 
owing to alterations made by engineers to a road. 

Tlic following lett,er contains instructive information :- 
1087 

No. C - , d d l d  Trichinopol~y, P.3lh ,Varch, IS91, froin Ihe Osciating C h i g  Engineer, South Indian Ra~'1umy, l o  the Surrcyor General 
1655 

of Indin. 
SIR.-I llnve t,he hmor to inform yon t b t  ncsrly all the bench-marks pot in by the G. T. Survey on thc bridges and culverts between Maniya- 

clli and T n l i r ~ t t i n  n114 I~rt.weco Aml,nlLnrai alld tbe 323rd mile of this railway cannot now be considered reliable, as t h y  have been di~isplsced con- 
SeqUcut 011 nlrcmt~nt~s to thcac l~ridscs and cnlrerts. 

TLc bench.marl; on the curb-atone of the platform at Tntapar~ Station sank slightly and had to be raise& 

I have the honor to be, 
sir, 

Yonr most Obedient Servnnt, 
(Siguerl) \V. K. STENT, 

F o r  Offg. Chief Xnginrer. 

The nurrll~r of bench-marks thus destroyed between Tuticorin and Maniyachi was 1 7  ; the num- 
ber deshoyed hetween Ambntturai and the 323rd mile mas 9. 

1" many cases the 1)ench-mxrlrs along railways and roads have been removed without notice be- 
l n g  gircn to tIlr Survey, and Mr. Btent's lettor quoted above is n report of damage, such as is aeklorn 
nceired. Whilst tlie damage is to be deplored, a report of i t  is welcome. 

BY 18% all thc 1,ench-marks laid down at Karaclii and Manora in  1859-60 and 1683 hadl 
('sal)~eared with the exception of one at t h  front entrance t o  Karachi Church and tha t  ~m f o ~ d  to 
be sinking+. 
- 

* 'spr Cnlnncl rl~ll's rcport an p~ of the ap(odir of t k  &nmnl R ~ o * ,  8.m) of I d i *  1898.94.' Colonel Hillbreportn are W O . ~ ~ Y  " IUdp 1'7 lew1iinp omcem. 
+ 

R T O ~ ~ ,  Surt'q of Idia, IW.Q4, w e  Ir Who k h i  ~~~~~~~~~~~~~mrk, men~iuned on p g e  66, wdu ereckd iu 
!vm '!mdlng I,, :yw, 
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In  1897 the bench-marks a t  Bushire were destroyed by a mob. I 
I n  1906 thirty-three bench-marks out of 96 were found by a levelling officer to be missing from 

the  Bombay-Poona line ; these losses l ~ a d  not been reported a t  the time of their occurrence. 

I n  1906 Mr. Corridon proceeded to Gwalior to start a level-line for the connection of the nev 
Standard Bench-Mark a t  Jhansi. No one of the old block-stone bench-marks embedded near Gau]ior 
between 1858 and 1862 could be found, and Mr. Col*ridon l~nd  to withdraw 30 miles from Gnalior be. 
fore he could discover a bencli-mark to serve as an  origin for his branch-line to Jhansi*. The nearesl 
bench-mark to Gwalior that Mr. Corridon found in existence mas that on Colonel Sander's monulnental 
Maharajpur. It is significant that a bench-mark on a n~o?sun~e~rt  was the  st discovered: in the 
course of years no erections appear to undergo so little change a t  the hands of man as memorials. 

Of the 20 bench-marks fixed in or near Lahore in  1867, only 2 could be found in 1906t., I 
I n  1907 Mr. Erskine reported that lib9 bench-marks out of a total number of 461 had been lost 

or destroyed on the line between Bo~nbay and Kosgi. These 461 marks had been erected in the yean 
1877 to 1881, and in  37 years one-third had disappeared. Mr. Erskine attributed their loss to tbe ex. 
" tension of railway stations and platforms, the renewal of bridges and culverts, the duplication of railrag 
"lines". I n  the same year Mr. Erskine reported l& bench-marks, fixed a t  Ahmednagar in 1882, tohe 
missing : " the bridge copings", he wrote, " along the railway were either being renewed or recobbled, 
"and mauy bench-marks were found to have been destroyed by this meaus"$. 

I t  was in 1904 tliat we decided to erect monolitl~ic or standard bench-marks in all great cities, 
and i t  is due to tlie necessity of connecting these new monoliths with the riearest existing lines of levels, 
that  the levelling officers have been able to discover many of the losses mentioned above. Numbersol 
the  old lines of levels have not been systematically examined I)y levelling officers, since the originallevel. 
ling was carried out, and nothing is now known of the present cotldition of their bench-marlis. Nor 
that tbe level net is being continually intersected by new branch-lines of levelling, the levellers get more 
frequent opportunities of inspecting old bench-marks tban mas formerly the casc. 

It is satisfactory to know that some bench-marks survive for decades ; tliis may perhaps be 
largely due to chance, but we must be on the watch for cases of tlie survival of tbe fittest, and endea. 
vour to learn from tlieir structure and euviroument what qualities tend to durability. The bench-mark$ 
fixed a t  Mangalore in  1869-72 were found in good order in 1896. 

The first lesson that we have to record as learnt from experience is, that without extraordinor! 
foresight and care the greater number of our bench-marks will disappear in less than a century. It ma! 
be argued that such a lesson is too obvious to require learnin; ; I ~ u t  we have only to study old reports,lo 
find that our predecessors had a stronger belief, than have now, in the durability of their Surve! 
marks. I t  is common to read in old narratives before the t,ilne of Colollel Hill, that hundredsol 
'permanent points ' had been fixed in a season as l~encl l -mark~ : recent experience teacllrs us tlla' 

these so-called 'permanent points' were not permanent, that word #pernlanentY was a rnisnomed, 
Colonel Hill first pointed this out in  1894. 

The only safe and complete information that wc can gain the condition of t'be l)ench' 
marks on m y  old line of levelling is to bc obtained from reports of levelling officers, when they cllanceto 
visit the scene of earlier levelling operations. Levelling officers should therefore endeavour tomak' 
their reports on losses and injuries useful and complete. 

Narmlive Report on Ticlal nnd Lrrclling Opsrntione lor I9nS.Ofi. hy hlr. C. P. R r ~ k i n e ,  pnee 105. 
t N a m l i v e  Report o n  Tidal and Levelling Oporal.ions for 1906.06, hy HI. C. F. Rrskine, pnpo 108. 
f Norrntive Repurt on T ~ d a l  and Levelling Operations for 1906.07, by Mr. C. F. Rrsk~ne,  pbpe 117. 
5 O e n n a l  Rrporl. Suraqy fl I d i n .  l.478-80, pare  43, p s r a  219: "337 por~nanent  points were eonnoclod lor future ra(.renr~." a'm' "' 

8 . r ~ s ~  o/ Indiu: 1080-81, pnpo 4.1, p a m .  193-"268 p e r m m e n &  poirrb o n  t e m p l n ,  parapets, bridgea, elo." See  alao a e r r r a l  x ~ o r l ,  E m r ~ *  "&' 
1886.86, page xrrii, of Appendix. 
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Colonel Hill's reports upon bench-marks published in  the Appendices to the General Report. of 
the Survey of India between 1885 and l8gSi contain much valuable information and advice. For years 
he the inspection of bench-marks by a Survey officer*. 

The relative d~rab i l i t y  of triangulation statbns and of levelling bench-marb.  
eulation is submitted annually 

nport upon the condition OF each principal station of the trian, 
by the local magistrate to the Superintendent of Trigonometdcal Surrrys, and necessary repairs are 
reguladg carried out. But the numbers of bench-marks erected have been so great,, tllat a l t l~ough 
many have been placed under the care of district authorities, i t  has not been possible to obtain perio- 
dical reports upon their condition. 

The processes that endanger tlie lives of stations and bench-marks may be considered as falling 
under three categories :- 

(i.) The mechanical, such as injuries caused by men and animals and by the growth of trees. 
(ii.) The chemical, such as weathering and decay. 
(iii.) Physiographical changes, such as movements of rivers, migrations of masses of sand, and 

encroachments of the sea. 

Movements of tbe solid crust of the earth will also displace stations and marks, both vertically 
and horizontally, but these displacements cannot be regarded as injurious. One of our present objects in  

fixing marks is to ascertain to what extent and at tohat vatc the earth's crust is rising or fallirip or 
changing its form, and if me have been enabled to determine crustal movements, our Survey marks, how- 
ever much displaced, mill have served a scientific purpose+. 

The stations of the Principal Triangulation are generally built upon isolated hills away from the 
habitations of men; levelling bench-marks are generally erected along main roads or railways, and 
their numbers are increased in the vicinities of great cities. T l ~ e  witlening of railways, 'the alterations 
to roads, t l ~ e  construction of canals and the expansion of towns lead to the demolition of many bench- 
marks annually, but these works of men seldom affect the stations of the triangulation. 

The weather and the growtl~ of jungle are the principal causes of the decay and disintegration of 
triangrllation stations, and al t l~ougl~ these causes operate equally against bench-marks, their actions are 
slow, and their effects are less apparent than those of human enterprise. I t  is true, that between 1800 
and 1830 Colonel Lambton covered a great part of the Deccan and of Madras with triangulation stations, 
and that now, 100 years later, me can seldom find one. But these stations of Lnm1)tou's nTtlre never 
inspected nor repaired; the pillars have become disintegrated by weather and jungle-gron-th, and his 
inscriptions on rock surfaces have become so morn and obscure as to be lost amid the marliings of 
nature$. 

The rivers of nortl~ern India by their constant changes of course have in recent times swept 
away many of Everest's aud Walker's principal stations. Encroachments of the  sea have destroyed 
valuable geodetic mark-stones, and movcmellts of desert sand have caused a few to be buried. 

I€ the land surface of t l ~ c  earth is undergoing cllange, whether in  the movements of great rivers, 
or in the migration of masses of sand, or i s  the denudation of hills, or in tile destruction of land by t,he 

the perpetual preservation of Survcy marks is not, possible : sooner or later they must disappear, and 
all the levellers can do is to observe and study the courses of nature, and to erect a few special marks 
having regard to permanence only. 

I , '  
* Qenpral ~ P P O * ~ .  81ir1ry of Indin. 1894.85, pace 86. pnrn. 678: "Colanal Uill su:nestrd it wo~lld be n d v n n t o ~ s a r s  t,o hnre o periodical 

110 Knvo strikin~: instnnrcs ol n I I I I . ~ ~  n ~ ~ ~ n b e r  of important mnrke t.llnt l ~ n d  d~s~rppe~~~.od." It l ~ n s  now (1909) been decided that  
pO'mdicnl i n ~ ~ ~ ~ ~ i o l l n  of I ~ n ~ r l ~ . r n ~ ~ b s  oio i i l i p o n ~ ~ i v o ;  il is l lopd  ~1.o tbnt lemll~nl: oficere will e u b ~ ~ ~ i l  ~ s t e m l t t i c  reporis upao the old bench-uuk* tha( 

ha~rcn to meet * i t I ~ ,  wlion tlleir now work i n t o i ~ o r t s  n n  old 1i11o. 01. WIIEII they tire revising on old lino. 
t see foot.llvle la line G 1  A, Tttblo V, pnge 22 of lllie v o l u ~ n e .  
$ & ~ c r i p l ~ n .  of Lambton's atntiona wero n w t i n g  in do t~ i l  ond precisian, snd ore now insumcient guides. 
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But the Eossee of bench-marks from natuval cause8 are few compared to those that hme lo 
sacl.ificed, as ntan e.ctellds Iris kabitatione and con~ntunicatione. The widening of a road or of arailr 
will lead to the simultaneous destruction of many bench-marks : the incessant alterations and &ition! 
to building, tlmt coutinue without interruption in large cities, cause all bencll-marks witl~in urban 
to tlisappear in two or three decades,-except perl~aps those few that have been inscribed on staluesor 
on carefully preserved memorials. Although i t  is not possible to foretell accurately what the future  
works of marl, constructive or destructive, are likely to be, nevertheless the  durability of bench-marks 
to a certain extent be enl~anceci by the foresigl~t, with which their sites mere selected. Rules may bp 
laid down and instructions may be issued by the superintendents of surveys, but such rules ori~lstructi~~~ 
call be general guides only; they can never take the place of local intelligence and foresight. Some 
be~lch-marks fixed in deserted regions may, if spared by weatllel*, survive for a century, but nonein 
populous places is liliely to endure, unless its site has been carefully considered. 

Parialions in the heights of Survey marks. 

A levelling bench-mark is erected in order that the  height of a particular point of the earth'$ 
crust map 1)e determined and recorded for future use. I t  is a worse misfortune for bench-marksto 
undergo chan,oes of I ~ e i g l ~ t  than to suffer entire destruction. I n  the latter case the record of the lerel. I 
ling work is ol)literated, but in the former case i t  is falsified. As far as rnouemerrls of marlcs rru conc~nd, 1 
stations of the  principal triangulation are less liable to displacements than bench-marks. Trinngulation i 
s t n t i o ~ ~ s  are located upon hills whenever possible, and a large percentage will consequently be founded 
upon  rigid rock, and many will be situated in unfrequented places; but the proportion of bench-marks, 
erected upon rock or away from the lines of traffic, is small. 

The reports of the  Smvay contain so many references to the settlement nod subsidence of benchs / 
marks that it would be useless to compile any complete account. Experience has shown that n o  bench 1 

ii mark erected upon soft soil can be tlsusted to maintain its original height; it is always necessary d e n  , 
working over alluvium to  re-lcvel some miles of old line and to re-determine the relativc heightsol j 

three or four of the old bench-marks, hefore the former value of any one height can be accepted. :' 
I 

I n  lSS5 Colonel Baird reported as follows :- 
'Tlw Tidnl Obserr~~tcrr!- n t  I ' I ~ I ~ P  Pnint wns cnrnlrlelrlg d~s l rnged  hg Ll l e  cyclonic sen wnve r n l ~ i ~ l ~  o e c ~ ~ r r e d  on  Lhe morning of tllo 22nd 3c~trmtr:  

1883. l l t r  I'u1.1 t h u d  CIIF~OIIIS Ufliws t ~ l d  Ihc  w l ~ o l r  rbll~lge of Ilm>tey 'l'olr l ~ n v o  enl.irely distbppet~red. Bonc l~ -u~n& A embedded in  b block of muoD" 
has been nlored n h o ~ l t  100 n r d s  from its sitc, nnd is o t  course perfectly useless as n mnrk of reference. I 

1 

Until a triangulation station is converted in to a bench-mark by levelling, any change in its heighl 
up to a rrliole foot is immaterial, but the rise or tlle subsidence of a bench-mark ta the extent of theone 
hundredth part of a foot is a misfortune. It is the Iro~,izontnl displacement of its mark that destroys the 
utility of a tri:~ngulntion station ; i t  is vertical displacement that renders a bench-mark false. There ii 
hut  little tendency in nature towards horizontal displacement, but the force of gravity is always exertin:, 

The following ext,racts from Colonel Hill's pamphlet an ,5"irii-Jeve)led =eights, Ear+o~hi, 189;' 1 

' 

91, arc taken ant1 re-printed here as being of exceptional interest :- 
The h i g b t  now dctermincd of the  Sooth Eucl of the  Karachi lhse is 46.29 feet  above mean-sen-level. The difference bstween 'sift' 

c!l,tnlned i n  IST,9-lilp nod i n  IS94 of tllc South Fml of the  Knrnchi Bnae is tho8 0.09 of n foot. This in  n o t  nn  sppnrent difference lloc I n  Q""'" 
vsluc; of mean-Fea-lcrel, but 3 r e d  diffcrcnce due to tllc s inking of t l ~ c  haqe.linc tower. which n tnndn  on sanrnlly I:lllcl intersected 119 ~nn ' c rousc rc t t i  

"fir, 

The olliuion of enplnecrs In K n r n c h ~  ia t h a t  nince nl,ont the j e n r  1887, when the Knmclli Wntrr-worltn \vcre completed. t h e  mil 
' 

~lcral,le qnnot i tg  rlf  water  s ~ ~ r l  scvcrsl hoilcliags havc ~ e t t l c d  i n  conaeqnencc. A m o n g  them i n  thc lnf ty  tower (160 feet h igh)  of no17 Trinilg eleprol~' c'oK! 

on u l l C  of t h e  slllncs of \rhich t h e  I>cnch-mnrk n t  t he  f ronl  ent rnnce to the  rhnrch h a  heen inrcribed. Uefore the intrulocLinn of the .dtl+! 

t h i s  Lcnrh.runrk. ~u f o r  ns is k n o n n ,  rhoncd n o  sigus of ~ i o k i n g ,  nnd the rcsnlts obtained by the levcUiug to i t  from Menorn in IS89 wcrecon" 

an influence towards vertical displacement*. Heavy stone bench-marks erected upon tlie soft alluvium 
of the plains are liable to subside vertically in the course of pears; and i t  is for this reason thatrod 
sites for bench-marks should be chosen whenever pssiblc. 

e n # B  *mi! 

* O w i n e  pnrlly to tile fn r t  Illat n trinneulntion alntion is eiren both a n  upper end lower mark-alone and partly to the r 0 m ~ ~ ~ ~ ~ ~ ~  I*,: 
r l i i c h  annllel rppalrs ran be carried ou t  w i lho~a t  nny horizontal dialurbsoce of the ma~.l.nlonea, it 1 ~ ~ 1 s  been poasibk to e n t r y 1  lllese 

' 

enpin*.. . BnL it i. d i f icul l  l o  repnirn  b~nch-nm! i  r i t l ~ 0 1 1 L  a i l e r i n l  it. Leigllk, and it, I ~ n a  been considered b c t b r  to  Iel benchmnrk.  I0 " F'laCe' "" ' 
I I u l )  ello. n tree J ~ a l ~ d  for repairs t o  locnl V I T I C I ~ I ~ ,  -110 do not myprecinte ~ l l e  mccarncy w i t h  wl l ic l~  Ineights .re dulermincd. On O'eoccn'ion'lm ' 
officinl suggr~ led ,  t h a l  he ~l lou ld  giro uew fouudatio118 lo  the b e ~ ~ c l r . m e r l ~  of Ilia dintrict. k 
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emlnenlly enti8kbn (,,;) fiPmtment.l General Reporb for 1883-84, p 4 0  63) and gave a clone agreement between tk v d n e d  mean-nem-level then 
obt.ned .e old of 13fii5. They would howcver have Lcen still more aatisfnctory and conclUive. if bench.mark No. I0 had not then heen 
omiLtnl leve~in,f. I D  In92 the  bench-mark nt tlxe f ron t  entrance lo  the chnrch x u  fonnd by ierclling from bench-mark S o  10 to havesnnk 

half an in& nud in la94 i o i l a r  levelling i t  w u  fonnd that  t h e  settlement had inc reued  to about three qnar ten  of nn inch. Eri-  

dence8 of 
s e ~ ~ l c o l e n t  _re nko plainly ~is ib le  in t h c  church Luwer which in a i u h i n g  had created large cracka b t w e e n  1t8elf and the body of t h e  

cbnr&, *he bench-rnsrk at  t h e  entrance to ihe chnrch hns coasequently been condemned M nseles8. 

?'he efec ts  of earthquakes. 

ln the to Volume XVII I ,  Account of the Operations of the Great  Tr ipnometr ica l  

it "as ~ \ ~ ~ s n  that the differe~~ce of l~eiglit between Dehra Dun and YUSSOOI-ee l ~ a d  beeu 
decreased 5; incIlcs by t l ~ e  great eartllqoalie of 1905. The difference of height beta een Dellra Dun  

~ ~ ~ ~ o o r e e  was re-levelled after the eartl~quake, and a decrease of 6+ inches v as discovered. 
T~ tllose who llad tlie violent vibrations of the ground during the earthquake i t  seemed 

natural to assume that settlement and subsidence had been caused ; the diference between D e l ~ r a  D u n  
and Mussooree lrad been found to be less by 5; inches than heretofore, and i t  was easier to  
imagine that Mussooree had fallen durinq tlie vibrations rather than that Dehra Dun had risen. I n  the 

fo\loning year, 1906, after Volume X V I I I  had been published, 44 miles of old levelling from Debra 
Dun to Saharanpur, in tlie opposite direction from Mussooree, were revised, and the results of this 
revision obl~ged former opinions to be modified. It was now seen that Mussooree i n  the Himalaya and 
Saharal~pur in the plains mere at the same relative levels after the earthquake as before: the inter- 
mediate station of Dehra Dun was higher by 6 inches both mitli regard to Mussooree and to Saharan- 
purt. 'I'liis discovery freed tlle levellin,n hetnreen Dellrn Dun and Mussooree from tile suspicions of 
error mentioned in the preface of Voluine XVII I ,  and indimted the probability of a rise of the Dellra Dun  
bench-marks having been caused by tbe earthqualte rather than a sinlringof tlie Mussooree and Saharan- 
pur marks. The vil>rations tl~emselves must liave tended to produce general sul)sidrnce: during 
vibration tlle force of gravity acting upon enrtli particles tends to increase tlle e x t l ~ ' ~  surface density 
and to decrease its altitude. But this. tendency mas clearly insuacient in  19& to counteract the eleva- 
tion of Dehra Dun produced by horizontal prcssnre. 

No precautions can be taken to avoid the effects upon bench-marks of earthquakes, bnt we can 
distributc bench-marks over areas of seismic disturbance in  order to enable the  effects of earthquakes 
to be measured. 

When large segments of t l ~ e  earth's crust become upraised or depressed, the bench-marks of the  
locality must rise or sink with the cruct on which they stand, and their original values of height are no 
longer trustworthy. Witlt, the exception o.f tlie branch-line of levelling from Saliaranpur to Mussoorer, 
no bencll-marks in India lisve, so far as we can judge in 1909, been disturbed by eartl~quakes : and 
the line, Saharanpur-hfussooree,-the only line which we believe to have been disturbed-has been 
mmpletdy revised, since the earthquake of 1905 mused alterations in  i ts  height$. 

Bailways and reada. 
The vibrations mused 11y mrthquakm are violent but short-lived; those cansed by milway 

trains aro lmr severe but perp.etual. Qeodesistq who ]lare had to observe the reflexions of wires in mer- 
cury, or the oscillatioas of a penclulum, or even the readings of a level, have learnt t o  reo1,ise the di%culp 
ties and ii~accuracies introduced by the proximity of p s s i n g  trains. The vibrations of trains are 
in fact so ol~vious, that delicate instrummts are not necessary to  indieahe them ; they arc perceptible to 
O u '  unrided. senses. The passago of a lreavy train shakes every building in its vicinity. Now if we considor, t l ~ a t  the permanmt way of a roil-road is generally constructed upon made mrth,  and 

it is kept i n  one incmsant state of vibration, year in and year out, by pa.ssing trains, w e  must 
malise that this is not an ideal route for a line oE prrmment benc11-marks§. 

* 
bencll .m~~rk. r l ~ i o l  Colonel Hill n l l n  No, lo, i~ 1110 r o f e r e ~ ~ c e  boncll-mark nienlioned i n  the  flfbh fool-note to  page 65. 

Ocncrnl X P P O ~ ~ .  SUI'UO~ r,J Indin, 1906.07. pnge 30, pnrn 112. 
f 

lo0t.note to l i l l u  61 A ,  ' h ~ b l o  V. p g e  22 of tl,ie. volume. VIIO obeervntion~ of blla Himnlnyn~l level-line8 nenbiov~ed in t11. tllira faot.nale 
Or p e e  '* is now (1909) baing uiidertnkon. 

'"" bcnol l .nmrk~  on 1110 Lnnpoon.llnndnlny r n i l r n y  were l o ~ ~ n d  l o  l ~ n v e  ~ n d e r g o n n  a e r i 0 ~ 8  tllnnge8 between 1893 and I903 (vide .-at 
'"*' " r u ~  d h d l a .  1892-93, A p p e n d ~ x ,  pnge X X X V I I ,  nnd Xzlrnds   fro^ f i n n o t i , r  Reports, l903.W p g c  In pwra~ 4 4 - 4 ) .  I I I .  r r v ~ a i u ~ ~  of the 
Bomhnp'ndrn~ line 01 1eveln hnn n110m l b n I  oerernl k n c l l - n n r l c  Lnre ma,vrd n r L i c i ~ i l y  n. ~ I I I I C ~ I  #IS I ~ Y I I  Crt 1 8 8  :I0 p..rs. 
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W e  have to furnish bench-marks to the railways, and we have to erect bench-marks at the stationlo 
but  these are to satisfy present requirements only. Whilst we recognise the necessity of erectin; 
bench-marks along railways for the use of contemporary engineers, we have also to bear in mind tllnt tilele 
are other needs to be considered. W e  must periodically quit these lilies of disturbance and set Up llench. 
marks a t  safe distances for the use of posterity. The requirements of the  present and the ~ . e c ~ u i ~ ~ ~ ~ ~ , ~ ~ ~ ~  
posterity have to be satisfied i n  different ways. It may for instance be of some immediate use to deter 
mine the height of the top of a rail,-a step that has been frequently taken in India,-but of permancut 
use such a course has none. I n  a year or two the rail gets removed, or the sleepers are raised, or the 
ballast is increased. Experience has in fact shown, that the practice of confining all our bench-markson 
a long line of railway td the immediate vicinity of the rails is essentially bad, and that ~ J O  Inow cbnnlitab/e 

8ite fo,. a pet.ntanent bettcli-naark can be fouud than a p o ~ n t  on the t ~ a c k  of a ~ o i l w a ~ .  

Similarly i t  is useless to construct per~nanent marks a t  railway stations : there is notllingperma. 
nent about a railway station. W e  can inscribe bench-marks on the platform for immediate uses, butit 
is futile to place our permanent marks for posterity in a structure condemned to perpetual vibra~ion and 
change. 

An emhedded bench-mark is one that has been buried in  order to be protected from damage: an 
embedded bench-mark is thus intended to be a permanent ~narlc. I n  well-cl~osen and well-marked 
sites elnbetlded bench-marks are probably the most enduring, and consequently the most useful, tbal 
can be devised. But  to bury a bencli-mark uncler a railway platform or close to railway lines, as hrs 
been often done on the G. I. P. Railway and in Madras, is to expose i t  to incessant vibmf.ion, More. 
over, how is the site to be preserved ? The distances of the 1111rietl mark from the edges and corners 
and malls of the railway buildings may be recorded, but the b~lildings alter arinually, and after the lapse 
of years there is no possible way of discovering the position of tlle mark except by excavating t h e  
whole station. I n  some cases a tablet has been erected and the position of the buried mark clescril~ed 
upon the tablet, but the mall to mllich the tablet is affixed is pulled down, the tablet gets erected else. 
where, and the distances recorded on i t  become erroneous. There i.q no possible may of presenil~p 
a permanent mark, if its site is non-permarlent; railway stations are temporary structures, fittedlo 
receive temporary marks, but permanent bench-marks should never be crccted near them. 

High roatls are somewhat more suitable than railways, but even on roads the tremors caused by 
heavy carts may be unceasing, and roads are liable to be widened. If we erect every bench-mark for100 
miles along one road or along one railway line, and if we omit to take our level line in zig zags acrossit, 
we expose ourselves to the risk of seeing all our work swept away, when the road or railway is widened 
or raised, or if its alignment is altered*. 

If me examine the system, under which hundreds and even thousands of our bench-marks have come 
to be erected along railmay lines, me find that the railway lincs afford the most clirect, the mosl lecell 
atid the most sfcitable voutes f o ~  levelling work. But the most stlitable route .fop. levcllitty is qlollht 

most suitable litie f o ~  bench-n~arks, and although the levelling operations will have to be r~lailll? con. 
fined in the future to the lines of t l ~ e  great roads and railways, the system of erecting occasional 
permanent bench-marks on both flanks of the routes and a t  distances of 2 or 3 miles from the main 
lines will have to bc introduced. 

The upper surface of a rail in position has been found in other countries to be an advant3,8eou3 
position for the levelling staff t : the operation of levelling has been said to be facilitatcrl, vllen Ille 

staff is erected upon the iron rail instead of upon a special peg. But  in such a case tl~e.imn mil i3  

Experience has show= that  rnilc-fitonen do xot rnnkc prrrnnnrnl bench-mark8 : n mile..tonc i~ conapicooos, nnd n l evc l l i n~  mark 
upon I t  may prnl,aLly be of ose to cnginccrs and suwegom: I,ut mile-stones llnve short lives, nod thcy arc lirrl,lc to rernovd when Lbc road i811UP'o 

r d 

or r e - n l l ~ e r l .  No bnrm is clone hy in~cril,ing bench-mnrlie upon occasio~~nl mile-stonen, bu t  i t  is n rni8tnka to plncc nll the bench.mnrks 
""" 

upon  he mile-stoncs. nnd i t  is a mistake to regard the mile-stoues n s  permnnent  crect,ions. 
t M r .  Corridon llaa lried tllc llru of o rail i l l  Indio  ns a slolf.auplrort I U I ~  lion r o n c l ~ ~ i ~ e l j  a l ~ ~ w n .  Lllnt it does noL snawer. "Dll~inC'l'rpaabP 

"of train," Ile writer,  " i t  will  be rcen t h a t  t he  rnils Inoro rvrtirnlly ~ l l r o l ~ ~ l ~  1 o r  2 inchon,  as encll ~ v l ~ c e l  in  t,urn npproncl~en nllcl qlli'' "INr'. 
"Laat Jc.lrr i n  nydrrnbnd 1 gore l l ~ e  ylnn a trial.  The rrslllts showed lnrRe d i ~ r r e p n n c i e ~ ,  wllich I~oworer  cnncelled oot, bocnuse I 

I'lnceda'lPm"' I 

pegs o n  tlle cn~bankmen t  and llle rnila. ITllero a o n ~ o  l e n g t l ~  of levelling 11ns been r u n  along rails, and a train appronch#s suddenly w~~~~~~~~ 
"pegs beine o n  l l ~ c  embankment, tho allolc morning's work n ~ n g  be thrown nwey." 

The 8ucccanrul employment of a rail 88 a ~tnff.support mu& depend upon the construction of tho permanent any. In  Indin tho P ~ ~ ~ ~ ~ ~ ~ ~ '  
u not nulTicientlj rigid. 
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,tiliSed merely as a means of progress ; i t  is not made into a bench-mark ; the leveller works along tbe 
because it is the easiest and quickest mute, but his permanent bench-marka he has to erect at a 

distance. 
Claerijcation of bench-mat-ke. 

On the first page of this chapter we showed that bench-marks had hitherto been classified a8 

follows :- 
(i.) Standard. 
(ii.) Embedded. 
(iii.) Inscribed. 
(iv.) Metal bolts in masonry. 
(v.) Reference and test. 
(vi.) Stations of the Triangulation (Principal and Secondary). 
(vii.) Revenue Survey stations. 
(viii.) Railmay. (Belonging to the Railway authorities). . . 
(ix.) Irrigation. ] (Belonging to the Public Works Department). 
(x.) Road. 
(xi.) Marine. (Belonging to the Port authorities). 

Nom this classification is unsatisfactory, in that i t  is based on no principle. One bench-mark 

has been called 'inscribed', because i t  has been cut ztpora stone, but  anotl~er has been called ' test '  or 
~reEerence', because it is situated near a tidal observatory, and a third 113s been called ' Public Works 
Department', because i t  belongs to that department. 'l'hus one class gets its name from metl~od of 
construction, another class from local~ty, and another class from occne~ship. 

The most important quality possessed by a bench-mark is durability, and durability forms the 
only useful basis of classification. 

In future all Indian bench-marks mill be divided into two great classes, the primary and the  
secondary. 

The primary class mill include all those marks, which are likely to remain uninjured, andundis- 
turbed, and recoverable for a ccntury. 

The secondary class mill include both those that are not likely to survive, and those that are 
not likely to be readily found. 

These two main classes can then be subdivided as follows :- 
r 

Primary Bench-marks 

Sub.divisiou 

1. Rock-cut .., ... 

2. Interred .., ... 

- 

Reasorla for being considered primary 

This kind of mark may always be classed as primary, provided 
(i.) that the inscription is cut upon solid bed-rock, 
(ii.) tlrnt i t  is very deeply cut, or protected from weather by a 

stone-cap, 
(iii.) that its recovery can be ensured hy the prominence of its site 

and thc precision of its description. 

An interred bench-mal-lr may be regarded as primary, provided 
( i . )  that it is in firm soil, 
(ii.) t11at i t  is well-constructed after the design of the ' embedded ', 
(iii.) that it is not s i t u a t ~ d  mit.hin a mile of n railway, nor within 

300 yards of a cart-road, 
(iv.) that its position is rendered permanently recoverable by a 

well-designed signal-post above ground. 
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4. Stnudard ... ... 

Primary ~ehch-marks-(~ontd.) 

Sub-division Hensons for being considered primary 

The monolithic standard bench-marks, introduced in 1904, were 
designed with a view to permanence : they are in the special 
custody of local engineers, and they will be sprcinlly protcbcted 
They sliould tberefore constitute permanent records of heiglrt,- 
as permanent a t  least as i t  is possil)le to providcfo~~gre:~t cities 
founded upon alluvium. A frm of the standard hencll-marks, for 
instance those a t  Jodhpur, Raichur and Dell~i. are actually based 
upon rock. 

3. Engraved ... ... 

5. Principal stations of the Tri- 
angulation. 

Under the heading ' engraved ' are included those marks tllat llave 
been carved with exceptional skill upon marble, or rock of value, 
and wllicll have been p1acc.d upon statues, or memorials, or 
ancient builtlings of archaeological interestY, or upon modern 
buildings of arcl~itectural beauty and importance. In the al,sence 
of grountl-1.oclr an ' engmved ' bench-mark is the most (lurable 
form of surface-mark for a populated or cultivatc~d district 
Asoka's pillars are examples of permanence : his inscriplionsupon 
rock have lasted undisturbed for 20 or 30 centuries : his inscrip. 
tions upon columns have also lasted, althougl~ the columns them. 
selves have been moved. 

These stations are inspected annually and are carefully preserved 
Many of them are on roek, many on alluvium ; those that staud 
on alluvium are prolmbly as invariable in height as any marks on 
alluvium can be. I t  would not llo~vever bo right to includc aup 
principal station as a primary bench-mark, unless its height bad 
been accurately determined (vide ante pages 156, 57)t. 

I Secondary Bench-marks I 
Sub-division 

1. Embedded ... ... 

Rensons for being considered secondnry 

The embedded differs from the interred in one of t,wo wars : eitll~r 
its signal-pillar above ground is not suflicicntly I,errn:~nent,or 
its sitc is not sllfficientlg well-cllosen. 'I'l~c old cml~ctltletl' bench. 
rnnrks that rest in ~~ndist,url,ed localities, ant1 that, possess ml'll. 

designed signal-pillars, can he classed now as intcrrrtl '; but all t l l ~  

embedded bench-marks that have been buried in railway platforms, 
or near railway lines, or that were not given proper sigrlal-pill~rs~ 
sl~ould be kept in the 'embedded' division of tllo sccondnry.class, 
I t  must not be assunled that bcnch-marks embedded along rnlln'8Ye 
havc bcen useless ; in all probabiliby they have been often lltilised 
by contemporary engineers. But they do not deserve to be~1.w~ 
amongst the primary bench-marks of the Survey. 

I I A 

I t  msy he a r p d  that arcbaolopistrr would object to  seeing a bench-mnrk plnced upon on ancient building, bat If  the mark i8artirLicdJ 
engraved, no caception probably wonld be taken. 

t Bpirit-Levelled helghtq which have been determined by tomgh methob,  should not be mscd for any scisntifio porpOn@ a c e p t  tofmlsh4' 
tcctions to ~rigonomecrical Leiyhta A 

I 2. Inscribed ... ... All the inscribed bench-marks of the Survey are liable to disturbance' 
m d  should be classed as secondary. 7 
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Secondary ~ench-~narks-(Coatd.) 

sub-dit ialon 

S, bolts in masonry .., 

of the 
triangulation. 

6 .  Revenue survey stations ... 

6. Railmay bench-marks ... 

7.  Public Worlts Department 
bench-marks. 

8. Marine ... ... 

H~~~~~ for being considered secondary 

~ l l e s e  bolts are seldoln used ; when tllpy are employed tile! arc l)'lilt 
i l l to  tile masonry of temporary structures, and hence can only be 
r e p r d  ed as secondary. 

No special steps are generally taken for the preservation of seeon- 
dClry stations, and they can ouly be regarded as secondary bench- 
mnrlts. 

Revcbniie Survey stations are not all of one pattern : some are less 
built t l ~ a n  others, and some are less carefully preserveti 

t l ~ a n  otlkers. Whilst tlic~ Reveuue Survey station for~trs one of 
the bttst, kinds ol secondary bench-marks, i t  will not be possible to 
cl;~ss i t  as primary, u n t ~ l  some uniform system of construction 
and preservation has been introduced for all provinces. 

- 

'I'hrse \)encll-marks are constructed by the Railway engineers for 
t l~eir  own purposes: it is advantageous that the S ~ l r r e y  shoultl 
c o l ~ ~ ~ c c t  nit11 tlrom, 1)nt they cannot be classed among the pri- 
mary bench-rr~arlts of the Survey. 

Tbc-sc* 1)cncll-marlrs are constrccted By the Irrigation and Road en pi- 
neers for tlieir o n n  Ilul*poses : i t  is advantageous t l ~ : ~ t  the S ~ ~ r s r p  
slroultl connect with tlreul, but the engineers h a m  the right of re- 
rnoring them and re-deterrniuing their heights, and hence they c:m- 
not be classed as primary. 

C~nst~ructed 1)y l'ort antl~orities for their own purposes: tlrep form 
most tlscful bench-marlts for the detection of river encroachments : 
hut tliey cannot be classed by the Survey as primary. 

The officer in charge of the levelling operations sllould not admit any bench-mark into tlle pri- 
maly class n'ithout an examination of its clain~s. Four questions will have to be considered,-tlle questions 
of csn~truction, of material, of site and of preservation. (i.) How llas it been cut  P (ii.) Upon 
what has it beeu cut?  (iii.) In what site ? (iv.) I s  it specially preserved ? W e  do nub want vast 

of primaries, nor do n7e want clusters crowcled into one locnllty. Our present aims mould he 
if could a r r a n p  for one primary bench-mark in every 1000 square miles Aftor having for  

lines of level witllout sueoient regard for tire pcrnlalzcnce of benchmmarks, i t  wou]tl be 
to go to tile 0 t h  extreme m d  endeavour to make all bench-marks primary, Ollr object 

must be to erect great numbers of secondary marks for present uses, and t o  set irp a few primaries lor 
tb use d the f ubuo. 
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1. Embedded. 
2. Inscribed. 
3. Metal bolts. 

Becondary 4. Secondary stations of triangulation. *.. ... 6. Revenue Survev stations. 
6. Railway bencl1:marks. 
7. Public Works Department bench-marks. 
8. Marine bench-marks. 

This will give 13 divisione of bnch-marks instead of 11, as hitherto accepted. Of the former 
11 divisions, one division, viz.  that comprising the leference and test bench-marks, has been cut out, and 
two other divisions, the Irrigation and the Road, have been combined into one, viz .  the Public Works 
Department. This reduces the old number of 11 divisions to 9. But four new divisions havebeen 
created, the rocli-cut, the interred, the engraved and the secondary stations of triangulation making 13 
in all. 

The rock-cut bench-marks have been placed in a division by themselves; the old 'embedded' 
have bcen divided into (i) the ' interred ', and (ii) the ' eml~edded ', according to the relative permanence 
of their sit,es ; and the old ' inscriljed ' have been divided into (i) the ' engraved ', and (ii) the 'inscribed', 
according tp the merits of their sites and iuscriptions. 

T l ~ e  old 'reference' and ' test ' bench-marks, called a t  times also 'tidal', have been eliminated : every 
rock-cut and every interred bench-mark sit,uatc~d laear a t.idal observatory is a reference or tidal bench. 
mark. I t  is obviously necessary to erect primary bench-marks near every tidal observatory, but theiu 
proximity to on observatory is no reason for naming them differently, 

The funduntenla1 bench-mark o r  zero for India. 

Some of the great European surveys have adopted certain particular bench-marks as their 
permanent zeros of hcigl~t, and it has bcen necessary to consider the advisal~ilit~y of selecting a fulldamental 
bench-ruarli for India. Any one of the following bench-marks would have been suitable as a permanent 
zero of reference :- 

(i.) The standard I)encl~-mark at  Delhi. 
(ii.) T l ~ e  standard 1)ench-mark a t  Jodhpur. 
(iii.) The st,andard bench-mark at Raicllur. 

(iv.) Tlie principal station of triangulation a t  Sanichari. 

(v.) The Naubatpahar bench-mark between Bider and Hyderabad, Deccan. 

These bench-marks are a11 on rock : they are situated in regions of geological &ability: they 8% 

811 fairly central : and the levelling obsrrvations, I)y wl~icll they were connected to the level net, were 
everywhere carried out under favoural)le conditions*. Many other l)encb-marks in India however 
could bc enumerated, which would be equally suitable for the fundamental and perpetual zero of 
reference. 

But after consideration i t  has beon decided, tllet no particular bench-mark ought to be &find 
aa the perpetual and fnnclnmcntal zero for India. The adoption of such n bench-mark n.ould,it is 
true, enaldc t l ~ c  zero of the h~i~nllt-scale to be laid d o \ ~ n ;  instcad of ]laving to refer to a varqin! 
datum, sucll a9 mean-sen-lcvcl, we s11ould be able to define the zero for India, as being so many feet Or 

millilnetrcs brlom a certain point of tl:e rock surface of the earth. But this is the only advantage, 
and it is open to question whctller such an advantage is not more apparent than real. 

I n  the first place we arc! in tlouht, mll~ther the rock surface of the earth is not itself liable,to 
conetant movcmrnt; we regard mean-sea-levcl as a rarying datum, brcause its relative hcigbtalth . - 

/ - - -- - .- 

Dy ~ f ~ r n o n h l e  mndltia,nr' i t  ir i n l r n r l n l  Lo r l ~ n n t c  hn lh  ( I )  firm pmnnd, and  ( i i )  I s i r l j  lroel gronnrl. A line of lercls, l ha t  b- lotnrm 

wunpy  p o n d  or 1m.w roil, i. nr.r I l tc l j  to 1.c 8.f t h e  h l s b e ~ r  rlepree of ncenrncy. and levelling operations t o n  bill.snrnmit over rock1 pr&pi@ 
m d  U a  uyaed t~ iMec~rrciu h r n  whrcb norrnd leiellrng u free. 
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ngrd to land is obviousl~ inconstant, but We cannot be certain that the land-surface is absolutely fixed. 
Even the observed variations of mean-sea-level itself may be largely due to earth-movements, Tile 
selection of a fundamental zero-point carries with it  the assumption that the land-surface is immoveable. 
IF we recognise the possibility of the land-surface rising or falling, then its advantage over the sea, as 
a perpetual datum is only one of degree. 

In the second place, whatever care we may take, no prccautions can render a zero-point invio- 
lable. Any bench-mark, however well-chosen, is liable to be destroyed by men, or by meathering, or 
by earthquakes, or by lightning ; the selection of one particular bench-mark as the perpetual zero seems 
to imply that such a mark is indestructible. 

For these reasons we have thought i t  best to adopt no particular bench-mark as the fundamental 
zero. The mean surface level of the Arabian Sea and of the Bay of Benga1,-determined from long- 
continued observations at the tidal stations on our open coasts,-has been accepted as the datum. 

In taking this step me have had to assume that the mean-sea-levels at all our open coast stations 
belong to one and the same level surface, but that is our only assumption*. Having fixed upon a 
particular level surface as our datum, me have determined the heights of all bench-marks above that 
datum, and it would seem to be useless to endeavour to decide now which of the rock-cut bench-marks 
is likely to be the most stable and the most enduring. I f  our successors wish to determine the secular 
changes in the height of the land-surface of India, they will be better able to do so, by re-levelling to 
marly of our existing primary beach-marks and by discussing all the relative changes they discover, 
than by assuming one of the existing bench-marks to be eternally immoveable, and all changes found 
with regard to it to be absolute. 

* This question is discussed more fully in chapter VIII. 
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METHODS OF OBSERVATION. 

A tine of levels and its subdivisions. 

All the main-lines of levels in Indin and the greater portion of the branch-lines are 'simulta. 
' neous double lines' ; some few of the branch-lines are  single lines. 

The description ' simultaneous double line ' is applied to a line of levels, which has been observed 
independently by two observers, who are working simultaneously, one following immediately after the 
other. 

On a 'simultaneous double line' the observations of the two levellers are taken under practically 
identical conditions, and their results are consequently not so independent as on a ' fore-and-back double 
'line ', over which one observer moves througllout the line in one direction and the other observer tra- 
verses the whole line in the opposite direction. The second leveller on a ' simultaneous double line' may 
moreover be biassed, and Iris results may not furnish an independent check upon the leading leveller's 
work. Systematic or cumulative errors are likely t.llerefore to be larger upon a ' simultaneous double 
'line', thnn upon a 'fore-and-back double line', although the probable error deduced from the differem 
between the two levellers mill generally appear smaller. The only advantage of the 'simultaneous double 
' line' i ~ ,  that a check by the second leveller is provided a t  each stage, so that a mistake is generally dis- 
covered ns soon as it is made, and tlle complete revision of a long line becomes very seldom necessary 
From an economic point of view the 'simultaneous double line' is to be xecommended, being more expe- 
ditious ; from n scientific point of view the 'fore-and-back double line ' is superior, being subjected to 
more independent tests. 

On n 'simultaneous double line ' the progress is not continuously in the same direction, for the 
rlirection of work is c l ~ a n g ~ d  daily. There is thus no more probability of error accumulating on account 
of thc sameness of direct'ion than there is in a ' fore-and-back double line '. 

I n  India each line of levels has been divided into sections, the length of a section being from 
1 to 4 miles, and it has been found convenient to make each day's work into a separate section The 
plan of having daily sections becomes, however, impracticable, when adverse atmospheric condition3 
are obliging lerellers to take short sights only. 

Each uection is made, as a rule, to commence from and to end a t  a bench-mark, bench-marks 
being erccted at intervals areraging 1) miles. A section may comprise several bench-marks, and dm 
not necessarily end at the first bench-mark reached. 
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0. line the total length of sections levelled in'tl~e forward direction is made equal to the  
tobl lengtll of sectioos levelled in the backward direction. Levellers endeavour to correct td~e balance 
between tire forward and backward sections a t  every embedded bench-mark, M, that on every twelve 
miles of line six miles have been levelled in  one direction and six in the opposite. 

Each of a line of levels is, as a rule, gobdivided into an  even number of staff-to-staff dis- 

tances-either 10 or 12 or 14 or more. A staff-to-staff distance is the name applied to the length of line 
between tge back-staff and forward-staff : of recent years this distance has never been allowed to exceed 
10 (860 feet,-200 metres,-0.125 of a mile) : formerly levellers would erect their stares 12 chains 
from the level and it chains from one another, or even more. (Chapter 111, page 37). 

The plan of subdividing each section into an even number of staff-to-staff distances has the 
sdvantage that it brings on to the terminal mark the mmc staff, that  was erected on the initial mark, and 
it thus cancels the evil effects of any inequality in the distarrces of the zeros of the two staves above 
the soles of their shoes (vide Chapter 111, page 36). When a staff has been erected upon any mark 
or peg, it remains there until i t  has been observed both from the rear and from the front,-that is, until 
it 11s  served both as a fore-staff and as a back-staff*. 

Tile level is almost always erected midway between the two staves, so that the  length of a level- 
shot, i. e. the distance from the level to eit,ller staff, is equal to half tlre staE-to-staff distance+. I n  the  
passage of a wide river or of difficult ground an exceptional arrangement of level and staves may hecome 
justified. The number of stations a t  which the level is erected ou any one section will as a rille be even. 

The maximum permissible length of a level-shot has been reduced in recent years to 330 fcet 
(vide Chapter 111 page 38): the distn~lce of 330. feet is moreover only employed under favoural~le 
conditions; it is decreased as soon as the levellers find a difficulty in reading staff graduations to 0.001 
foot. The limitation of a level-shot to 330 feet makes fX0 feet the maximum staff-to-staft' distance. 

Steps preparatoay to crbsezwation. 

The methods of testing end adjusting the levels have already been described in Chapter I1 ; the  
necessity for comparing staves against a standard bar has I~een explained in Chapher 111, and t l ~ e  steps 
taken to provide bench-marks in advauce d the  levelling work have been referred to in Chapter IV. 

The valuc of one division d the scale attaclred to the level-tube has to be accurately deter- 
mined; this can be done eitlrer mitli a bubble-tester or with a well-graduated theodolite. IlrL~en the 
value of one division has h e n  discovered, a subtense t:~ble has to be prepared, in wllicll the corrections 

to staff-readings are entered for different amounts of d'islevrlment and for different lengths of shot. IS, 
foremmpk, tlia value of one division of the scale is equal t o  lX.709, the correction to Lhe staff-reading 
for each level division mill be- 

1.709 X sin 1" x a, wlrere I, is the length of shot i n  feet. 

Wheo neither a hubl)lc-tester nor a tlreodolite is available, the subtense table must be prepared 
directly from obscrrations of (Ire staff : the level is directed upon a staff, erected a t  a measured distance, 

the succ~ssive clranges in t b  staff-reading are cowpaled against the corresponding changes i n  the 
dislepekment of the instrument. 

Before taking the field the levellers shonld pmvide tl~emaeTves witla maps of the country which 
their Proposd route is to traverse ; they slrould mark on t h n o  maps all principal stations of t,he triangu- - 

A ' L h O u ~ l  it is the rule In  Lore nu even nt~mhor of wtnlinn. helrrett h e n r h - u r k a  n irrLio~l u ~ ( l  II di5'8 work mn) orcn8ionsll) hnre to be  ended 
'*I n'lmbm or nI"ff.to.81"IT rI i8 lnn~~a Imro been l c v ~ ~ l l e d .  I n  i11.11 rnsen IIP rrmr x~llt hu i n l r a d i ~ r d ,  if tlie on0 nerlivn i8 cloned and 111. next 

relian i, , 
ommenred n l t l ~  the Ram. shdt erertrd.on IItrir j u n r l i o n - p o i ~ ~ t .  111 equnl ie in~ rrct~c ,r~s  lrrellcrs e n d e ~ r o l l r  In hn~lttl~ce le,qihs of lim sncl n o t  

UIemmLpr' nf ' t n n - ( o l a f f  dlslnnrr.. A brw.r,I' ~ e c ! i o n  nny i.o~nprisr ntnrn s t ~ ~ t i u ~ ~ s  L n n  n b i l c l r u r d '  .action; t l i l  in of no r o n n e q ~ ~ e ~ ~ o e .  p n r i d e , ~  "' Wn' 
01 forwnd rct,innGi. r q ~ d  to 11,o totnI I ~ I , ~ L I ,  of ~ , . ~ i ~ . d  . . r ~ i n , s .  

Thp  "vc', thnllcll erpelrd nl ~ I R I  di9tmneey rrom t h ~  Iwn ~ t n r r ~ ,  is -tot. nmlw~n,~~ placed ~ ~ n c l l ~  it\ (lie \ishe j o i u i ~ ~ g  ~IIOII,,  but, ib ia  genemlly vary 
L'nO occur ~ I I L [ . W  U L C ~ ~ I ~ O I ~ L O  UI. rule t b u  LIIW I~VWI-1101 I S I I ~ ~  L ~ I C  .,*0tu*u0 d ~ a u ~ ~ u u .  -- 
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lation within 1 2  miles of their route. Owing to the imperfections of maps i t  is not always possiblefot 
a leveller to decide, whether a branch-line of levels to a principal station is feasible, until Ile has heen 
over the actunl ground ; but tlie advantages accruing from connections between tlie triangulation and 
the Ic~elling are oonsiderablc, and uulcss a leveller notes b(4'0rvl1nnd the exact positions of the pin. 
cipal statio~ls, he may pass them by without being aware of t l~eir  proximity*. 

The levels and their adjustments have already been described in Chapter 11. Detailed instrue. 
tions to levelling officers have beell issued iu tlie Hand-boolc of islie Trigouometrical Survcy. Inhis 
narrative report for 1907-08 Mr. Erskine explained the differeilccs of procedure rendered necessary 
the introduction of the American levels in place of the old cylindrical levels. 

The following is a brief summary of the programme of observation :- 

(1). The staves are erected upon bench-marks or upon n700clen pegs driven firmly into the 
ground: the distance between the staves is not to exceed 660 feet. On soft or sandy ground the legsof 
the level are made to rest upon wooden pegs firnrlg driven. 

(2). Thc staves are made vertical by means of their plummets and are guyed in position. The 
brads or sockets, upon nrl~ich the staves stand, have been describcd on pages 37, 39 and 43. As mentioned 
on page 39 the sockets intended for use upon pegs have pins projecting from below : the sockets made for 
use upon bench-marks have no projecting pinst. Care is taken now to use the same socket on every 
bench-mark throughout a line. 

(3). The distance between the staves having been carefully measured, the level is placed midway 
between them, and, approsinlately on the line joining them$. 

(4). I n  order to relieve the instrunlent of any tendency to settle in one direction, the stand 
should be always placed with one particular leg towards one particular staff: as this staff becomes the 
fore-staff and back-staff alternately, the position of the instrument is reversed a t  each station. 

(5). The iustrument is erected and levelled 9: the staff-readings are taken to the nearest 0.001 
foot, and t l ~ e  position of the bubble during each staff-rending is recorded. 

(6). At every odd-numbered station the baclc-staff is read before the forward-staff, and at eveq 
evcn-numbered station the formard-staff is read before the back-staff. I n  practice this rule can be easily 
followed,if the leveller mill remember that a t  every station one particular staff-man has to show his staff first- 

(7). With Walker's staves the black faces were read before the white : with Comie's and the 
Committee's staves the 12.6-inch faces were read before the foot-faces. 

(8). The instrument is shaded from the direct rays of the sun by means of n canvass umbrella 
during observation. 

(9). The temperature is recorded a t  the beginning and close of work both in the morning and 
evening. 

It is not neccsrsry to love1 to every principal stslion within 12 miles of the route. If a long line of lerolling npproacl~ee witllin On0 ~ t h ~ ~ ~ ~ ~ ~ ~ ~  
of Lljc t.riangulat~oa, llte lattor s l~ould be conncclcd if possible, but if tho levelling passes near 8erornl stntions in one locali~y, i t  will sl~fflco goncrallY, 
are cor~~nrcled. Wn rule I~oaevcr  can be laid down, for tho cllarnotcr of tliu ground intervening bol.wcen Llie lavell~ng lino nnd the principal stnllon '"'lo 
bc curral~lsrcd; in the plains of Wortllern India tllo ground is so flat, that  i t  wol~ld be e for a levellor to omit tho conncclion of any nCnr aLa'ioo' 
crpcrlally s s  trigonomet~ical volurs of heigl~t  nre of no great use in very level country, bu t  in districts i t  would be waste of his tinlo 
desrour to csrr1 levell~ng over rochp prrcipital~s slol,es. 

t TIIC pal lcr~l  of brod with the projreting 1,111 is s l i o w ~  in plate Y I I I ;  the psttern qoithout pin has not been depicted in  the plaho. 
: At endl  htstion thc  magnetic 1,cnrings 01 t he  two stares  were formerly taken in  order t o  ensuro tha t  the  instrnmcnt hod been plncednbu 

t h e  line joining them. The A~nerlran levels arc not provided will1 cnmpnssea. 

6 11 D - dislevelment of inrtrument. then D = ! ? ! - z - % ~ ~ ~  where 0, i s  tho r c a d i n ~  of the object-end of the  level, when the td* 

cope in dircr t rd tn the tirat staff, and 0, is i ts  reading ~ b c n  the tcl:scope ie directed t o  t h e  second staff, and where E l  and E, are  the correspond'' 
readlnb.a 01 the eye-cnd. 

1f is the sol)tenae in dcclrnals of a foot for one diviaion of the  level a t  t he  particnlar length of shot, one staff-reading wiu 
to 

ere=ed bp UV,  nnd the  other  .sM-reading be decresscd by U V ;  the  same r d t  will be at tained by correrting t h e  dferencs of std.rmdings b' 
2 DY. 
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curs. 7.1 

Limits of  diferencee allowed. 

~h~ old rule used to be, that if the two values for the  difference of level, obtained one from the 
,Kte faces aud the othrr from tlre black faces of the  staves, differed by more than 0.005 foot, tlie ob- 
servations were to be repeated. 

TIle intmluction of the American Binocular levels has led to  the abandonment of double-facd 
and there is consrque~itly no longer any comparison bet\veen block a n d  wlrite faces. Bu t  t h e  

levellen are st,ill able to gllard ag:~inst rriistnlies by comparing their reading oE the  centre wire on the  
stafl jYitb tile meau rerldir~g of' :dl three rrires The corrt,ct difference bt:twcen the  reading of the ctbntrs 
wire and t l ~ e  mean reading is now tabulated for various distances, :md when a leveller finds his obncrved 
ditfereuce disagrees with tlre correct diffcrencc by 0.003 foot, 11e repeats the  observations. 

llhe two levellers compare their values for the difference of level, not  only a t  t h e  end of each 
section I,nt at each slutton. If a t  any station the  levellers differ by more than 0.005 foot*, both must  

repeat tlle observations, until their results agree within t l ~ i s  limit?. 

The method by wlrich levellrrs compare their results a t  each station lias the  single advantage, 
that an im~ncdiate cliecli is always provided,-that the  necessity for complete revisions of long Lines is 
rendered less frequent. 

But from a scientific point of view, as has been already pointed out, this economic advantagr, 
does not conlpensate for tlre loss of tlle levellers' independence. TVlren two levellers corllpare notes a t  
every station, t11c.y are mole lial~le to be l~iasscd and more easily able to come to a n  agreement, than if 
their compnrisons are mndc only a t  the ends o f  sections. NOW that  tlie main level nc t  of India has 
been completed, and br:~ncli-lines alone r ~ n ~ o i n  to be observecl, n o t l ~ i r ~ g  woultl be gained by clranging the  
system of comparison, that Iras 1)ec.n in vogue for 50 years; hu t  if in the fnture any of our great sea-to- 
sea main-lines come to 1)c revised for sc ie~~t i f ic  purposes, the  question of substituting sectional compari- 
sons for stational will have to be considered. 

The re-observation of a staff-to-staff distance, rendered necessary by the  appearance of a dis- 
crepancy exceeding the permissil,le limit, is known as ' re-levelling ': t.l~e re-observation of a. complete 
line of levels re~~dered desirable by the appearance of a large closing error is Iinon~n as "revision ". 

The follon.ing table shows tile amount of 're-levelling' that  has had to be carried out during 
the last five years :- 

TAB L E XIX. 

1904-05 310 4'61 9 
1906-06 387 4,958 
1900-07 805 1165-h 
1907-08 972 12094 
1908-09 1067 13528 

Totals for five ycars 3541 46763 

SEASON 

' O r i ~ i n n l l ~  t he  perrnissilrle l imi t  wnn 0.006 foot, me pnge IV, ~ e i ~ ~ / s  i n  R nc I1rollinrrs rind ~ j e n g a ~ .  IRM. 
tlla nlalimurn rlitF~~rcncc pcrn~ir r i t , le  bclwecn two lcrellcrs n t  t hc  cud o l  n ~crtior1 Lnllemnnd givra S m m O  ( t d r  Lr Xir~ * la Lnrq lRcln I', 411 

N i t v l l , , ~ e n t  ,l.- A " P , / P  p r ? c i s i o ~ .  p. 243).  H n ~ f n r d  gircs I 8 " " > V  J I  (uihr l n t r n n l  Kcpor t  Coast und Orodetic 
I W 3  '''1 ullern ; Ieficlll of ~ c r l i n n  i n  k i l o ~ ~ ~ c l r c s  If ~ I I C  l n l i r n  st".-diYalnrc is r n > ~ ~ m c d  t o  be 6liO IeeL or 201, metrcs a111 t h e  

lonL be trnn.~oarrl  illto ~ t s  inctrir rq~iivillcnt. .  Imm.I:I. thc  I~tclinn f t t r n ~ u l n  n1.T I.(. ~ r i t t e n  I " , m i l l  JL. where L = d i s t n n ~ e  .I 
rnetrw, I r  lor I, XvC su!~utit ,ntc li, rllr ~ l ~ r m b c r  ,IF I;ilnm,-trt.a in  t l ~ r  clihtnnrr Irvrllcd, thc lndiau lormnla becomes ln'"'.624 x '.." 4 Or 

oc.0 m u  i r l w c c ~ l  U c  l i l u i ~ s  prcscrihcrl hy Wl.mlud and Hnjlurd. 
L 

Perrentacc 
l e v e l l i n ~  Lh"t 

f""U'l to  
require re-levelling 

Totnl nnmber 
of rnilca 

levclled over 

Total number 
of stntiona 
observed at 

h'nmber of 
stations fronl 

which rc-lerellin,o 
, bp botb levellers 

,,.ns lound necesonry 
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-4 percentage of 2.9 for re-levelling scems to  be low, and it obliges as to  consider the following 
questions :- 

(i). I s  our limit of permissible disagreement fixed too high ? * 
(ii). Have me reduced our maximum permissible length 01 shot (330 feet) more than mp 

really necessary ? 
(iii). Are me unduly reducing our out-turn and rate of progress in  order to avoid the neces. 

sities of re-levelling ? 

Accidental errors mill presumably increase, if the permissible length of shot is increased; tile 
percentage of re-levelling found necessary will ceterispnribus be presumably larger with shots of 660 
feet tlrali with shots of 330 feet. 

The old records however show, that when the length of sllot was allowed to be double what it is 
now, the percentage of re-levelling was actually less than a t  preseut. 

This anornnlous result can only be explained in one may,-the independence of the observers mas 
less complete under the old rules of procedure than under the ne\vt. 

If t l ~ e  smalhicss of the percentage of re-levelling is due to a too higl~ limit of permissible disagree. 
ment, or to t l ~ e  I-eduction of level-shots to 330 feet, we are not at  present disposed to introducc any 
reform. But if the low percentage has been brought about by t l ~ e  sacrifice of ti111e and of out-turn, re 
sliould endeavour to rectify t l ~ e  balance $. I n  all pmbtrbility the lo\vncss of the percent:~,oe is a rcsultof 
our system of stational comparison. The one advantaqe clninled for this system is, that re-levtbllingis 
seldom found to be necessary. If levelling results are compared a t  every s t a t i o ~ ~ ,  the lrngth of re-level- 
ling rendered necessary by the appearance of an undue discrepancy is limited to one set of observ:~tions, 
but if comparisons are only instituted a t  the ends oE sections, a considerable length of line will have to 
be re-levelled, whenever a disagreement is met with. 

It is advisable to keep the pegs of the three stations behind the second leveller in the ground, 
in case it is fount1 necessary to re-level. The khalasi, whose duty i t  is to take out the pegs over wl~ich 
work has been carried, always maintains three stations intact betnreen l~irnself and tlie second leveller. 

No limit has been placed upon the total divergence accurnulat,ecl from tlie starting point betmeen 
the two levellers, nor upon the rate a t  which this divergence accumulates. 

No limit has been placed upon tlie closing error allowed, wlirn a new line of levelling connech 
W-it,h an old bench- nark.§ These closing errors will Ile discussed in a subsrcluent cl~apter, and cornpared 
\vit,li tile prohable errors of the levelling. When, I~owever, closing errors have appeared, which are 
nnexpect,edIy and inexplicably Iarge, the lines of level in~plicttted have been revised througllout. 

Between 1877 and 1881 a line of levels was carried thrc,clgl~ from Bombay to Madras: this 
line was executed with great care and with relial~le in~t~rurnents, bnt it produced circuit errors of a 

In the  2nd footnnte t o  page i 3  we ahowccl tbnt  onr limit of crror approxirnxtcd very closcly t o  LaUemnnd's nnd Hnyford's: but thin 
tllc n<3nrnl,li.8n tlla: l e v ~ l l i  ~g rrrJr8 arc  ~ n r ~ c ~ l ?  nrci~lentnl mnd accnmnlnte with Jh.: if we aqsnme tbn t  levelling errorn nrc mostly sy~ . t cmn~l~  
u:cllUInlntc ,lirci:llp Wit11 ti, then I.allcmnlid'a pcrmissihlc error for 1 kilometre will Ile 3...0. HaJford'w will be 4"=+0, and the Indian p~rDIi~sible  ermr 
,vill l,c ;m'"'li. 

t When the Ic\-ellln!2 t,rrerntions v r r ?  first stnrled iu 18M. the two levellcrn x r r e  instrnctcd t o  t ~ k e  their oboervntions indepcn~lent l~ of On' 

au#hllrr. 111 r ~ ~ ~ ~ m c  or jvare. bo\vcvcr, a srs tcm came into rogme, moder which tlbc nds:ince leveller nn n line meed to Lenve big resnlt 81 cn1.h sletlon 
bioal him lor lllr i~,fnrntaI i~!n ~ v f  tbc rear 1r:vcllcr: the latter came thus to bc il,l, ,rrucrl of big cnllengne's resolt, lleforc he llnd taken ol~scrvnrinoi 
him.clf. 'I'hi. -?.it.lo. whii.l~ rel~drrr,il thc rcxr leveller linllle to  bins, \VR$ nlmli.llcrl in 1900. Since thnt date  no infornlsrion 11%- hcl'n Pvrn bytbe 
nd!-n!lrr Ic\-cl!l.r 11, Ihc rcnr I~~vc l l c r :  the Intter on obtaining a rcsnlt sen* it lor\\-iu.cl ,,rh,v I , ,  the  s~ l rnncc  Icveller, nod i t  is tbe ndvnllcc lcvfller 
rxnlnillr. llle dlr-ereenw. anal who drci , l r i  w l~e tb r r  to  return nod relcvel or nut Tr(70,romelrirnl S,,,-wy Ilnnrl.book, pngc 2G1. parn. 36. ?nd gdiLion' I 

f It lunr I'e hell1 tll*t tbc  princllld ~a r r i i i~ . e  of 0111-torn nrises from n rc,lnctio~l in tbc lengths of shota. nod tbnt i f  tbc lcugtll of ''lot I n  

tvlrltin 330 feel. lltc out- tnrn cnn nclrnil vf no 1nt.rrmc. Tbis nrgnmrnt is cc,rrccb to certnin c x t c ~ t ,  hut .~t iU there nrc other precnntilln*, r l l r l l~m'he 

sv~~lolnu,.r oI nnl;bf~,llrrlll~. nll~!tnqshr.rc. t', rrhich c~lrscrvcrs nlny l)c p b ~ i ~ ~  t ~ o  grcnt, ntlention i l l  their anxiety to prevent divergences of O-wo fwl' 
( . ( ~ ~ ~ ~ i l t i < , t ~ s  o f  work in la~tlin are suchl t b ~  i t  would LIC inmivi.nMe with mr DILsent leveuioe ihqtmmcnt,q a jiocresso thc pcrmisviue lcngtlr 0' 8bu' - 
I ~ ~ ~ o I I ~  Xi0 feet. sill 

Iln?lavnl slnlv. LII:II thc most cvcmnrni#:al a p m l  Is ~ c c o r c d  hy c o l ~ t i n o ~ l l ~  k c e p i n ~  length of eight 8oc4  that  percentnk? of reol)scrvntlon 
bc lrom F tc, 16. l l r  ron*iclera e amdl Irrcentagc to iorlicntc errrpsivc rantion, and llc rcgnr,ls R moclcrnte amonnt of r e m n n i n g  dnc nn rrLb2mpt 

on tile par1 d the ~ ~ l ~ s r r v r r - :  t o  attail, r ~ ~ a r i ~ ~ ~ v r n  q , m l  comiztent with repoisite accnrncy. nnd not to innl~ility to accnrc  ROC^ 01)aervntion8' 
tbd 

no re.ruooine u-onld be nrr*f*nrr. t.;A. .lfr. Irn!,,kl.d'r A p a r n d i r  .Yo. .?. pnrlc 215, A,,,,,,,,[ lltp& JW3 C w i  and Geodelie Survey. U. S. A. 
5 t iu~dr ro l  Y c p r l ,  b u r r y  01 India, lbV3-94 Appeud~r .  p q e  hi". 
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foot upon both its nortllern and southern flanks, and it closed on the mean-sea-level a t  Madras 

.illl emr  of 2.98 feet. The magnitude of the closing errors pnve rise to mucll Bisc~~ssion, and in 
1906 it was decided to revise the whole line. The revision was carried ont he t ,ne~n 1906 and 1908. 
~l~~ of the original and revisionary observations are compared in I'art I1 of this volume. 

Owing to the magnitude of the closing error, 0.93 foot, wliich appeared wllen the levelling 
rnnneotod nlth mean-sea-level at Karrvar, the line connecting Bellury and Karnnr was revised in 
1907-08. 

The following table gives a list of the double simultaneous lines that have been revised :- 

TABLE XX. 

Out of the 17071 miles of double-levelling, observed between 1868 and 1909, 1361 miles, or 
Seven and a half per cent, have had to be revised. 

Precatrtiona against e17ws. 

R e w n s  for revision 

Magnitude of closing error. 

Magnitude of closing error. 

Disappearance of bench- 
marks a t  Dfanora an11 
Karachi. 

To test the effects of the 
eartllqunke of April 5tl1, 
1905. 

To test the effects of tllr 
earthquake of April 5tlt, 
1905. 

To investigate the C~U.~S 
of t,he cllar~ges in height,, 
that had occurred in the 
case of some bench-marks 
at Mandalay and 17ha,zi. 

- 

( i ) .  By the system employed in India of placing the instrument midway, and close to the 

&TO"tb Can bc clim~onted. line joining the two staves, the effects of the following sources of error are 
eliminated :- 

Length in  
miles 

881 

211.0 

16 

44 

19 

161 

Complete Line 

Bombay-Madras ... 
Bellary-Harmar ... 

Karachi mean-sea-level 
-Tatta 

Saharanpur-Dehra Dun ... 

Dehra Dun-Rlussooree . . . 

~~andalay-~yinmana ... 

(a) Collimation error. (The collimation error is determined monthly, and kept smalk). 
(6) Error in the permanent adjustment of the striding-level. 

(c) Error due to the earth's curvature. 

(d) Error due to normal atmospheric refraction. 

Linenomhers  from Seasons 

'l'al,lcs I (pnge 6) 
aud V (page PO) 

Original work Revision 

22,21,1-lq,8, 

i I 
33,31,25,26, 1877-81 1906-08 

16,17. 1873-74 1907-08 

78,43. 1869-60 1893-94 

61 A. 1861-62 1906-07 

61 A. 1903-04 1905-06 

Burma A. 1892-93 1903-01 
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(ii). If the baclr-staff is read first a t  every odd-numbered st.ation and t,he form.ard.sta~ firsts, 
every evt:Ii statiou, tlie errors due to uniformly changing reEraction will tend to cancel*. 

Atmosp1ie1-ic refraction affects tlle re:lclir~gs of levelling staves in four different n7ays:-fiOlg 
when the ntnlosphere is steady and tlle grountl is It-vel, refraction tends to make the reading of 
st,aR s l iyl i t l  too low, but, lcaves t.11e diffvrence between t>he staff-readirlgs correct, if stafl' distallcesare 
equal; scco,~dl!/,  wllen t l ~ e  a l .~~~osl) l~t . re  is steady, :lnd t l ~ e  ground is sloping steeply, ref~,action t ~ ~ , d ~ ~ ~  
raise one staff more than auotht~r and to int,roduce a spstemat.ic el-ror t; thirdly, when the ground isbeing 
rapitll!, heated by t,lie rays of tlre rising SIIU, t l ~ e  lowest strat.um of air becomes in its turn heated 
the grounil, and begills to ROIV upwards; this has the effect of making the readings of the staves appear 
to rise and fall vert,ically, and even to remain for a minute or two in quite abnormal positions; such 
condit,ions are unsuitable for observat.ion ; jourfh ly ,  when the air is bubbling, the staff-gradoations 
appear to dance or vibrate; they are then difficult to intersect, but no systematic error is to be feared. 

(iii). Tlie Ireiglit of t l ~ e  zero of graduation above the bottom of the staff is not the same inall 
staves: but tlie effect of a difference of staff-zrro upon the height of bench-marks can be eliminated. 
if tlie particular staff that 11 as placed on the origin is also placed on each bench-mark: if the number 
of stations between bench-marks is made even, one particular staff will come to be placed on every 
bench-mark. When t l ~ e  lowest graduation is laid off upon the brass, the ~ o o d  of the staves has a ten. 
dency to shrink, and a sepalmation frorn the brass is c a ~ ~ s e d .  A zero error is then i~~trodnced, and this 
must be allowed for in determining the zero of the staff, unless the system of reserving the same stal 
for erection ou all bench-marks is followed. 

(iv). No error will be caused by the irregularities of the axis of the instrument, if the same 
foot-screw is placed always towards the sarne staff: t l ~ i s  system will prevent the instrument from being 
erected in the same position al\\,nys with reference to the line being followed. 

An error may be introduced into a line of levels, iE the peg upon which a day's work has closed, 
rises or sinlts, before work is re-commenced. I t  is therefore always advisableto 

Morementa of pegs. 
close a day's work, where possible, upon a permanent mark, sucl~ as the coping 

of a culvert. If no such mark is avuilal)le, the pegs of' the three last stations should be left in tl~eground, 
and precautions taken to guard them from being disturbed. The ht~igllts of these pegs should be check. 
levelled next day. I t  is possible that a peg may rise or sink in the interval between its sr~pport of the  
forward-staff and its support of the back-staff; any such movement as this should be discovcred, when 
the results of the two levellers are compared. 

No sensible error should be introduced into the results by the actual dislevelment of the instru. 
ment, if this is made small. An instrument cannot be kept exactly level; 

lnr trnmental  dislevelment. 
a small dislevelment is unavoidable. The amount can, however, be deter. 

mined, and the requisite correction applied. 

Each staff-reading must befollorred without any delay by a reading of the bubble, as thedislevel. 
ment of the instrument is constantly cliar~ging. 

On 3 long line of levels the negat,ive level-corrections should be approximately equnl to t,be Posp 
tire. I f  level-c~rrections of one sign greatly exceed corrections with the opposite sign, tb(3 effects 
an error in the value of one division oE the level scale will not be eliminated. The ol)server can ~ ~ t ' v e l l '  

a preponderance of sign in any one direction by giving to his instrument an occasional dislevallnenl 
in the other direetiont. 

~ r i ,  
RtsR resdines ahould l o l l o a  one  nnolher  m i t h n u t  dc lny ,  ro that I l ~ c y  rnnr ho Lnken under  ainli lnr  stmospheric eondilions. The 

pliC8b wires doe8 not allow ol  etaff-rending8 following each other  eo rapidly. n~ with  single wire  readings. 
t Srr A p p c ~ t c l ~ x  S o  4 of  I I ~ I J  ~ ~ l u r n e .  and 
f I t  IIDR been foond tha t  t h e  nnn excrcipcs a constnnt diplevelling rffcct upon in~tr tuments ,  tending to  r a i~c  the  end thxt  in  

itdell and t o  lower Lhe opposite end. See ti(;cnernl IValker '~  pnper i n  Fol. .S.Z-,Il. jllemoirs, Royal drlronomieal Society. ~ i e  iotroducLion " l a d  
Hti9bh i m  aid, the hsmjab, N.W. Protr ince~ and Central Indaa, 1863, is in 1909 still worthy of study. 
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with tho 
and rectangular levels the readings of tlie bubble and staff could not be made 

simultaneously; t h q  were necessarily consecutive, and short as the interval between them was, it a m  
to callse a slight error. With tlie American Binocular levels the readings of the bubble and of 

the staff can be made simultaneously. 

The determination of tlie dislevelrnent will be lialde to error (i.) if the bubllle is bad1 y illuminated, 
(ii,) if tile instrument is disturbed betn-een the obserration of a staff and thc corresponding rca(li11g 

tile lIubb1c. A bubble is surmullded 1)y an apparcnt rim, caused by the adhesion of tlie liquid to the  
glass-tube, this rim frequently laads to a misreading of the position of the bubble, esprcially with 
a stron: ligIlt falling obliquely on the iustrume~it* : uniform illuminat,ion, ivl~icli can genoraII~- he 
,bhLined by reflectors, is thns itnportaut. In onl*r to avoid disturbing the iilrtruolent a t  the critical 
molneut the observer should endibab.our to avoid moving l ~ i s  feet, or transferring his 11-cigl~t from one 
foot to the other, bet~vecl i  his rentlings of tlie staff and of the bul~hle : uo kl~alnsi slloultl 1)e allon ~ ( 1  to 
sta~~d n'itl~ill 1 2  feet of tlie illstru~nent, while observations are in progress, ~v i th  the exception of the 

lroltlir~g the umbrclln. 

El.rors in staff-rearlil~gs may arise either (i.) from the staff h n v i n ~  varied in  length, or (ii.) from 
actual ~naccuracies in estimating the position of the wire as projected against 

Errors In staff-read~ngs. tlie staif'. 

TIle tal,les XIV to XVIlI of Cllapter 111 illustrate t l ~ c  variations iu l e n ~ t l ~  that  staves are IiahIe 
to  Tllesr vnrintions are tlic results oT cl~nnges in atmosplleric l~unlidity, and they constitute 
a vrrg serious qourcc of error. I n  ordcr to ~ninimise tlieir effects the levelling staves arc now comparrd 
against a st:iutlard har not only a t  tlie bcginuing ancl a t  the end of each sc:~son's work, but  tlirtse or 
four tiulcs a month tlirougl~out tho opc~ratlons. I n  former years (1SJS-190:;) the  coi~~parisons of the 
staves 1\1tIi  thc I)ar mtbre leas frequently 111:1de : tlie increased frequency of these comparisons (1903-1909) 
ant1 the reduced leuqth of level-sl~ot (1900-1909) and the freedom of the second leveller from bias 
(1900-1909) are the three principal causcs of tlie superiority of modern levelling. 

It was in order to guard ag:~inst inaccuracies and mistakes in estimating the position of the wire 
against a stat1 t l~at dilfcrences of zvro and of unit mere introduced into tlie stalf-faces: t l~ese  differences 
have, Ilonevcr, non- been allon.ed to disappear from tlie modern siugle-faced staves, as i t  is liopecl that  
the triplication of the wire8 will enable the observers to diminish inaccuracies and avoid mistakes of 
estimation. 

Whcn t l~o  staff-gmduat,ions are viewed through a heated atmosphere and appear to dance u p  and 
dam, the only remedy is to dccrease t l ~ c  distance of the stares from tlie level. 

When a lcngtll of shot cxcec~rls two chains (132 f e ~ t  or 40 met,res) the whole numbers of feet,- 
a9 paintcd on tlic staff,-are visible in tlie telescope, and the triplication of wires sl~ould he a snfficient 
safeguard ayainst in;~ccuracies or lnistaltes of estimation. But when a lcngtll of s l ~ o t  is lrss than one 
c1lain (64 feet or 10 metrcs) n foot-number, as painted on the staff, is seldom risible in  tllc telescope, 

and tllc tllmc wires, wllilst showing the foot decimals, afford no cluc as to tlie tohole ~ i z t l ~ t b ~ ~  of feet. In 
s ~ ~ l l  Cases tile leveller has to take special precautions to avoid fallilq into an  rrror of n ~vbole foot. If 

aIlo\lrc(l sucli nu error to c m p  into his work, i t  would probnl~ly be discuvcrrd by tlie second leveller. 
But in ~mrise lcvelling the first leveller must not trust to his colleague to sarr  him frzm errors of n-bole 
feet: error of a wllole foot is in lcvelling so serious that enell leveller must drrise liis o m  saf~guardr .  
In comtrg short sl~ots of one chain are conlmon, and under these circamstances tbc triplication " 

will not be an adequeto substitute for the  double-faced staves without patient end extra- 
Ordinary l)rccautionst. 

' "rnpr.nl Tlir(krr.'r nlrt l~nrnndn 011 L~s~l l ing O p r o ( i o n r ,  1868. 
I t  lln'IICcn .lccided (I!lO!)) l o  p i l i n ~  Lba n n ~ u l r m  of the whole feet at every 6 inches of iho 8tnEk length; 6ome foot-number W. dmpi then 

be vieible in 
tclesalpc cvcu with 8hota ,,f one chniu, 
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Systematic errors are more serious than accidental : the  results of levelling on many of tbc 
Indian lines show that systematic errors, tending regularly to accumulate, 

GpsLcmatic crrors. 
are to be feared. 

Variations in t,hc lengths of staves mill be liable under certain conditions to pl-oduce systematic 
errors, but tliesc can be controlled by frequent staff comprisons. 

m7hen operations are being carried over a line of country which slopes always in one dilyction, 
either upmnrds or domnwnrds, the rays of light from the level to the up-staff pass regularly nearer to tIie 
ground than the rays from tl\c clown-staff. In  these c;s:ses the effects of refraction are not elimillntcd 
bp tho plan of erectins the levcl midway between the staves, ant1 mill tend continually to accumulate, 
Our kno~rledge of the lams of atmosplleric refrnction is insufficient to enable us to calculate trustmortlly 
corrrctions, and tlic only precaution the lcvellers can talie is to confine their operations to periods, 
thc tclnperaturcs of the air and of the soil are equal, and ml~en the atmosphere seems quiescent.* 

With t l ~ o  American Binocular levels the readings of the bubble sod the staff are talien simul. 
tancouslg, l ~ a t  wit11 the older patterns of levels an interval necessarily occurred between the reading o[ 
thc bti11l)lc and of that of the staff ; this interval mas believed by General Wallier to  be at times the cnusc 
of systematic crror. I l o ~ ~ e v e r  carefully the instrument might be shaded, the action of the sun,hc 
tliouglit,, tended to produce a continual displacement of the bubble in one direction,-a displacement that 
was apt to occur regularly between a bubble and a staff-reading. 

The division of every line of levels into back and, forward sections has probably contributed to 
reduce systematic errors more than any other device. 

Bee, Lowerer, Lnllemsnd'a method of cdculsting the eEects of refrnction, Appendix No. 4 of  this volume. 
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Specinzene of record atad conqtttatiota. 

qyls following is a specimen of tbe field-book, when tbe telescope of the  level is fitted with one 

.ire, R\len double-faced staves are employed. The first pair of' back and forward rvitdilrp are taken 
,, ,,, face of tile staver and the second pair on the other face, as explaiued on prqo 72. Te-o ralucr 

the differenoc of heiglit are tlrus obtained, and from thcx,  when corrected for clislerelment, tlie wl'an 
is Tlie rule for tbe s i p  of the level correction is givcn in  the  Ileading of tbe form. 
jfaln-lrne from Uamukdza to Siliyu1.i. 

G .T .S .  
Bock Srctior No. ( I )  frol)z o emhedLd nt S w a  Railway Stnlion t o  B.M. "C" at Sara Ghat zuith Cylindrtcnl 

u. n!f. 
~~~~l N~~ 3. Value of 1 Division of Scale = lV.S689. Length of Choin = - 66 feet.  

back Rule for Correcting hsleurlment. Consider Object-End leuel-rl-rradinys - f o r  - --tafl E y e - E n d  lwei read. + furruard 
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Tire following is a specimen of tlie field-book, when a level with three wires is used, and rben 
only one foco of each stnff is read :- 

874 
Main-Line Ferozepore to W a u r .  Forward Section No. (19)  0 on citnal bridge near telegraph poat - to 0 on bouRdog 11 

6 7 1  
pillar. brttcrrn ft~le.qraph posts IVtth American Level NO.  3697.  Valueof  1 Division of Scale = lR.49@. L ~ , , ~ , ~  

2u+ * 

of Clrain = GGfeet. 
back 

ltrde .for Correcting Disler~elment. Cottsider Object-End level-readings 3 for - + jorward "of and Eye-End /evd 
# + bn~:k  rrndi~rgs to be - for -- stuf f .  Find the nlgebraic sc1~1 of the lioo Object-End and the ltoo Eye-End venditngs; 

lortt~crl~d 
tlris sire, i s  the q u n n f i / y  ~ c t l h  tolriclc to enter the sublense tnbles. Tltc corrrclion to Irate the same sign os the sunt. horlln 

t o  facilitule t.ecurdin!,, the proper signs have bees pririled i n  columns 3 and i opposile the Back atrd Forward slovrs. 

-4 positire Ict.el correction shoitld be added to a Rise and deductedfront a Fall. A negative level correction sholt/db( 

r l edur l~~d  f/.otn a Hrsr and added lo a f i l l .  

1 1 2  8 9 
- -- 

, , -- 
Lccel.R~nrlin.~,,a, Dirlerelnrent 

and and Cvrreclions 
mean lf 

Readings Slnf 
Correc- Readirgr 

10 1 11 
--- 

~ I p ~ ~ v o r ~ n i n l e  
l~~!krv,tees 
of Lrcrl 

B u t  

1 
Ford: 

1.98 

12 1 13 

Corrected 
D[f~rrnccs 
(f LCI~FI 

0.99 

0 '99 

.4l,~:Sum 

-0.636 

Totals ... (1.904 a's40 l-o'6.?6 c . 

- I ,645  

- 1 ' 1 7 j  

-14'5 

+ IF'C 

+ 0.5 

d :  3.W 1 + 15.0 

I,,.QR 1d1g;Sum - 0.1 --- 
k , 5 0  I -15.2 

F :  3.50 + 14'8 

,~,.,,q .4(,,:,~ttm - 0 . 4  

14 

Leml 

-I - - -  

Rue  1 :li Bur I Fall 
+ 

0'470 

+ 1 ' 1  

+ 14'9 

-14 '3 

+ 0.6 

2 

0'524 

---- 

+ 7.3 
Drrk I 2.00 

a 
f i r , / :  1 2.00 

S,q9 /A/,": Sun, 

k I a p 

Ford: 1.50 

8 :.q!l '.fl,q:Rrr~rz 
-. 

3'2,<3 I 11'740 

3 I28 3'12; 
3.621 - 0'5'4 

-14 '8 3'155 
3.650 3.651 - 0.4 0 4 ' 1 4 4  10'953 

16 

to 

-, .903 

- 1  '923 

-2.016 

-1'121 

0'895 

0'5; 

hark ; g m 1 - 15'2 

+14 '7  

-15 '0 

- o . . ~  

Co~nmeaced work 
on 28tl1 Nore~n. 
brr 1!107 n l  7-10 
n. 11). Y'CIIIII, 45'F. 
Wentller clcnr. 
Unck.stnff NO, 
i l )A,  011 0 cot on 
E. Y~bd of cnn81l 
bridgo lteor T. P. 

874 
No. -. 

14 

o - 

+I - 

0 -- 

2 

"9O.l 

0'021 

0.093 

- 

1 

* 14 '4 2 6.31 9'dHo 

- 1 4 . 1  

+ 15.0 

+ 0.4 
I 

+ 16.3 

+ 0.1 

6 ;e Redrrced 

16 
-- 

.? 
'i 
i 

o - 

'I -- 

+ I  

12 

0'895 

0 

+ I i O  

-14.6 

+ 0.4 
+ 13.6 

-13 '6 

+ 0 ' 3  

- 0.; 

Remnrkr 

li 

E :  
.? 
: 

;$ 

1'9O3 

0'020 

0.093 

.1",',0 

+ 0.8 

1 1  200 

i . 101  
2.263 
2'424 - 
4'005 
4 .167  
4'327 

0 

0 + 0.5 

1 
0.35 1 - I 

+ I 

6.788 
2.263 

4 '166 
12'499 

0 '25 

.3.501 
, ~ 8 , 3 ?  
4 1 6 1  - 
.3,5fl.< 
4 
4,252 
3'531 
3'94.1 
4 ' 3 5 .< - 
2 6 .~6  
3'048 
.3'4<9 

7.261 
3 4  
4'421 
1';qz - 3'370 
.q.t,4j 

11'494 
3.831 

3'924 
11'771 
11.829 
3 '943 

3'048 
0'143 

1 1  .52.3 

3'841 

3'370 
10.109 

0.4; 1 



METHODS OF OBSERVATI[ON. 

R a t e  o f  prOp'e88, 

Between 1858 and 1863 the average daily rate of progress of the levelling party was four miles 
on level gmun(l. '1.11e average annl~al out-turn of work was 354 miles of doul)le line, besidrs occasional 

bnnclles to connect places of importance. The daily duration of operations in the field was rarely 
less tllan llours, often much more. The staves were set up a t  distanccs of 8 to 10 chains (618 to 
660 bet, 160 to 200 metres) from the instrument in the morning, and a t  4 or 5 chains later in the day.* 

TIle avemge annual out-turn remained atmabout 350 miles until 1900, when the reduction of the 
length of sllot from 12 to 5 cl~ains led to a marked decrease in tlle rate of progress. Between 

1980 and 1901 tile average annual out-turn by out: levelling detachment was 260 miles. I t  is expectled 
tllat tile introduction of binoculi~r levels alld of single-faced staves a i l l  in the ncar future raise the  
out-tu1.n considerably, but our e x p i e n c e  is not as yet s115cient to justify any figures 1)c.ing given. 

TIle daily rnte progwss has necessarily varied according to the nature of the country traversed: 
tllepmgn3ss is more r ~ p i d  over level g r o o ~ ~ d  tllan over slopes, and over firm poutld than over soft 
soil t; good roa(l.: are more suit:~l)lr ant1 more accur:~te routes than railways, as the ballast of the latter 
absor\)s much lleat and affects t \ ~ t ~  ;ltlnosl)l~eric stratum in contact with it. 13von in the same region 
of Illdin the daily out-turn has bern fount1 to vary considerably; het\reen Ramnad and Tuticorin i t  was 
hardly more than 24 miles, wl~ere:~s l)et\v~en 'I'ricliinopoly and 'I'aujore it amounted almost to 44 miles : 
in some districts it has been less than 2 miles. 

Bctween 1858 and 1909 there mere completrd in India 17971 miles of double-levelling, of ~ v l ~ i c h  
1361 have had to be revised; the total number of bench-marks that have been cou~~ec ted  is 16981 (68 
standard, 1559 embedded, 13960 inscril~ed, 1 3 L  stmations of triangulalion, principal and secondary). 

TIle average cost of one rnile of completed line of simultaneous double-levelling mas Rs. 53- 
before the maximum permissible Icvel-shot was red~~ced  to 5 chains, and is Rs. 65 now. 

It  \lrould ~ ~ o t ,  Ilowever, be bare to :~ttribut,e tllc increase of cost entirely to the reduction of the  
length of the le\rel-sllot. A short time after the level-shot had been reduced, the scheme for erecting 
monolithic staudartl bench-marks urns introduced, (v ide  Appendix No. 2) and this has increased the cost 
of the levelling operations. 'rhe increased frequency of con~parisons betmcen the staves and the 
standard, and the pli~n for securing the second leveller against hias were also initiated about the same 
time, :IS the level-shot mas reduced. illoreover general averages of cost have to he deduced from widely 
differing figures ; and ono year's expenditure will differ considerably from anotller year's, according to 
the distance of the work from the head-quarter oficc. Long initial and retiir~l journeys ;Ire expensive 
'terns, and the old head-quarters of the levelling party a t  Poona nvre more centrally situated than they 
are at Dehra Dun. The transfer from Poona to Dehra Dun took place vcry shortly before the level- 
shot mas reduced. In  the last five ycars too there has been a gt:neral rise of prices in India. If tlip several 
contemporaneous changcs are take11 into consideration, it will bc found that the reduction of the level 
shotllas perllalls increased the cost of levelling from Rs. 63 to Rs. 65 per mile, and that the additional 

from Rs. 65 to Rs. 85 must be attributed to other causes. 

Levelling over steep g r o t ~ n d .  

It is difficult to maintain the accuracy of levelling operat,ions over steep grollnd, which should 
be avoided if possible. Tho spirit-levelled heigl~t of a. hill-summit, which is difficult of approach, 

in Sind. ( h e  Punjob, N. W. Prouinc~s  ar~d Cr,dral I , d i n ,  IS63 page 27, parn 39. 
t In 1873-74 the lavcllcrn workiog on ~ h c  (looty-Parwnr l inc rcportcil t b n t  the cotton-=oil Fnve tronble owing to its instnbilitynnd Owing to the 
nir above i t  k i n ? :  in n ntntc of n n r c ~ t .  l o  1876-76 t l lc l lnc f rom S h l k n r p ~ ~ r  (Cntcb) lo  Virnmgnm trnverscd the Ran of CuLch. which was 

cavcrcd ''9 
I or 2 f rc l  dccp. UIIIII ibc  lcvrl nnll atnvea lind t,o Irc crcctcil on  IwCs 6 Icct h u g :  the  1,nbl~le had to be rcnd by t.he second 

Lq'?r' wbilU t h e  fint x n ~  rending t l ~ c  rt:tff. I n  1 ~ 1  m uct-work of  creeks h i  t o  be crosseil by i e ~ e l i i n g  near ttic month of t h c  Nnhnnn~ l i  ; 
thi'10ne19 nn'mp o f n b o n t  I 8  milts i n  cnvcrcd r t h  r n t c r  n t  11igI1 ~ p r i ~ ~ g  ticlcn, nnd thc stands uf thc i ~ ~ s t r t t n ~ c n t l  lird f r cq ! t en t l~  to bc re,. n p  in  water "Cfirlp 2 or 3 1 c c i d c c ~ :  t,hc soil sasloosc nncl .lurhy, s p ~ v i n l  ~,recnlltionn hn<l to be ndupted, and Ur. l icudcl l  I ind  to somloou Itis co-ndjnlor, Nnrtling Om' 'rnm'he lenr 

the  hvcl  n l  tlic momant  he u ; ~ s  rending the  8tsva. with t i c  hdeacc~ye. null he hnd Limn Lo rctnru nncl p c r f n m  thc  same 
Nnning 

1. 1wz-YS IevcUing rr curicd wrosn couutv in U u r u n  that  w w  uuder watet, cide para 519, Onera1 Report. S u r u ~  of 1892.93. 
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is never accorded a high weight, because, ahstever care is taken, it is exposed to a $ester liabdityt,, ( 
error than bench-marks in the plains. 1 

I t  has not been possible for the levellers to avoid steep ground altogetl~er, because the principal 
stations of the triangulation are Beque~itly situated on prominent summits, and because the conneetion 
of these summits by spirit-levelling is of great service to the triangulation, in that it enables the 
trigouometrical values of height to be corrected. 

The earliest orders to levelling officers on the subject of steep ground are to be found in tilc 
Hand-book of Instructions for the Trigonometrical Survey, which was published in 1891 ; the followingis 
an extract :- 

A gain supposing a great lengt,h of steep ground intervenes between the summit of n hill station and the lost point lcrelld 
to. I n  this case a staff should he erected over the  last point a ~ ~ d a s e c o ~ ~ d  staff lnid transiersely wit11 one cud resting onaconrellionl 
spot on t,lie side of the slope \\.bile the other is supported by n mall nod raised or lowered till the iodications of n slnnll bubble 
plnced on i t  show ti~nt. i t  is I~orizontal: the reading O I I  the vertical staff corresponding to the lower edge of the t r n ~ ~ s v e r ~ ~ ~ l ~ ~  
should t l ~ e n  be taken several times and the difference of level deduced. I n  this way by a succesaiou of measurelnenta, tIletup 
of the hill will be rcacl~ed nud the differeuce of level fouud. 

The methods here laid down mere evidently not found altogetlier satisfactory, for in 1902 a nerr 
handLboo1~ of  illstructions was issued and the only references to  exceptional methods and tosteep ground 
are the followingf:- 

There a1.e n few cnses which require exceptional treatment. Thua supposing the height of n tower station hns t o b e  
deterrui~~e~l,firstly, when the foot can be levelled up to, and, secondly, wheu i t  c n ~ ~ n o t  be reached. In the first cage t l~ r  lerelliog 
sl~ould I)e carried up to n peg or marlc a t  the foot of the tower nlid n tripe suspcndc(l from n staff lnid I~o~~iao~rtally OII  the summ~l 
01' the tomer nud levelled by menns of a spirit-level placed upon it.  lly this menns n direct ~ ~ ~ e n s u r e m e ~ ~ t  of the ditiere~~ce of 

height between the summit of the tower and the  mark lei~elled to, is obtnined. I n  the second case a levelling atnff sl~ould Lo 
erected on the summit of the tower nud the angular elevation of two divis io~~s,  nenr the top and bottom of the atnff, mrssured 
with n s~nnll tl~eodolite centered over the last point levelled. 'l'he height of the sulnu~it of the tower sbove the eye of the obserrtr 
and cousequently above the levelled point car1 then be readily deduced. 

As already mentioned, when levelling over steep grouud or branch-lines t o  hill stations, Gushing's andBoltou's levels with 
the fo!ding stnuds sl~ould be used. 

I n  the General Report of the Survey of India for 1905-06 the following reference to the subject 
of steep grouud appears$:- 

A system of determinir~g the  heights of points situated on steep p o u n d  by rnear.8 of cross-stares and amnson's levelbr 
been in force in the Lovelliug party for many years past ; i t  was however eo~~aidered nnsatisfnctory and the heiChtn determined 
with i t  were only p~~blished to the nearest foot. During the p:~st fil~l~l seasol1 the ~ g s t e ~ n  was revised and i~nproved A 
wooden bar fitted wit11 a pair of wires at  each end with which to  reul the vertical stnves, and a pair of brnsn slides nrl.ryingnnloff. 
motiou ecrew to hold this bar on the staves wore constructed. Experimental observations were tnlcen with the new nppnratus In 

the  lield and the results obtnined were found to agree ~ i t h i n  very clone limits wit11 those of spirit-levelli~~g of precision. 
T l ~ i s  syatem cau now be used wit11 ndvantage in levelling over steep and intricate ground where the ordinnry levels coono' 

be used. 

I n  his narrative report for 1906-06 Mr. Ersltine gave the following account of Munshi 8yed ziue 
Hasnain's proposed method of carrying accurate l~eight-observations over steep ground$:- 

Dcter~~rinut ion of Heights by the Ho~iron la l  Bar Method. 

A s y ~ t e n ~  of determining l l ~ e  I~ci;hta of points sit,uated on ~ t e c j )  hills by menus of cross-stares nnd mnson's 
been in force in ,he T,PYPII~IIC !)arl,v Inr 111a11y ?ear* past. I t  was resorter1 to only in connecting some of the 0. T SurVeY 
station8 which were found to be i~t:~ccessil~le 1,). ordinary l e i ' e l l i ~ ~ ~  nl)ernti~,l~s. Tile system wns however conaideretl n l l d  lb' 

height3 thus obtained were published to tllo nearest foot. 1)urinq the pant field Reason Munshi Sped Zille Hannnin. ~ 1 1 1 ) - A n n i e t a n t  , . 
Super i l~ tende~~t ,  tl~orou"~ly revised this ~ y a t e ~ n  nnd i11trod11cc11 ~cver :~I  i~nprovelne~lt~ in it to plare i t  on n m b e  Rvielltific bnale'D 

order tllat. the resulto obtair~ed with i t  might compare mom fnrournl~ly with t l l o ~ e  of Ievrllil~g of procision. IIe tlesigllod brR(l 

~ l i d c  carrying a slow-motion screw a~lrl a light wooden horizontal b ; ~ r  fitled wit11 a pair of wires a t  e:~ch end with which to 
vertical staves. The shove design. wilh n detailed procedure of tlle ~ y ~ t e m ,  as improved by M u n ~ l ~ i  Syed Zille Ilnsllnio, "re 
submitted to  the Yuperintcr.dcnt. Trigonometrical Yurveyn, and  net with his apprornl. A I)air of brass slides and hl~rizol"nl b'r 
were prspnred and experimental observations tiere take11 with them in the field. The results obtnined were found to agree 
verv cloae limits with thoue of spirit-levellinc of precision. 

Trigomornrfr'cnl Brrcegr Hond.boot ,  2nd Edition. 1902, pnge 267. parae. 46, 4 6  
+ Page 48, pnra. 230. 
f Ezlrwlr from h-arra1i.c B c p o r l ~ ,  Srraey of India ,  1906-06, page 112. 
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METHODS OF OBSEItVATTON. 

~h~ .bore a n  be m d  with advantage in levelling over p o r t i o ~ ~ s  of steep and intricake p u n d  ocuuionalb met 

with in tlE 
levelling operations where the ordinnry levels cannot bo used. 

detniled uote on the working of this uystem is herewith appended :- 
Inatrumenla reguired 

2 levelliug staves with ropes and plummets complete. 
2 brass slides. 

8pil.it.le,rel mounted on a metal plate containing a fairly rnai t ive bubble with graduations cu t  on i t  (to be ndjudsd 

before use). 
1 horizontal bar (10' x 1"x 1;") made of strong ligllt mood. 
1 measuring tape 5.0'. 

iUetRod of obaercntion. 

(i) plnce tile station pegs, as fur as possible, a t  a uniform dintance of about O+ feet. Mount the #tares and make th rm 
pel+ectly rerlica\ by menus of the plumb-lines aud guy ropes. 

(i;) Fix one of the brass slirles on the hizher staff just a little abnve the peg nnd the other slide on the  lower st;,ff 
A p p r o x ~ l u a ~ e ~ y  on a 1.v.l with the former Put the horiz(~utal bar on tile slides with the mnrlted end of the bar on the back-star  
p!nce tile level in the centre of the bar aud by gently raising or lo\\'eriug one of the slides bring t h e  bubble rougI11y in t h e  centre 
of its run : tI1e11 fir~nly clamp the slides. 

(iii) Ad,iust the bar on the slides so that the centre of the bar may be  equidistaut from the  two stares : this condition 
s i l l  be sntisfied when the two ends of the bar project equally from the two staves as indicated by the number of inch spaces ,.... - 

lnarted nt each eud of the bar. 
(iv) Puttlle level exactly in the centre of the bar with i ts  marlted end tomnrds the mark on the bar. 
(v) By means of the slow-motion screw of one of the slides bring the bubble exactly in the centre of i ts  run. Then read 

the two stnves wIlere they are intcrsectetl by the plaue of the two par:~llel wires fired at  each eud of the h r .  F o r  this purpl+e 
raise or lower  your eye until tho two mires appear to  perfectly coincide wit11 oue auother: then read the stares One observer to  

the bac\<.staf ;und tho other the forward-staff simultane<~usly. 
(pi) Lift the horizontal bar from the slides ; turu the staves 180° I-ound on the pegs keeping t h e  slides intnct ; place t l ~ e  

bar on tllc slides wit11 tho Name end OII  the snme staff. 'lTe other face of the  bnr mill I IOW be touching the atares ;iud uny error 
due to the 1,la11e of each pair of the mires being out  of the horizontal mill thus be eli~uiuated. 

(rii) Adjust the bar as in ( i i i )  nnd place the level turued end for end so that the marked end of the level will now be 
opposite the mark 011 the bar. The bubble mill be fou~ld  to  be very nearly iu the centre  of i ts  run. If i t  is slightly out, bring it 
into the centre by means of the slow-motion scrow of one of the  slides. 

(viii) The observers should now change places and rend the two staves as before. 
(ir) This mill give two values for the station which should not differ by more than 0.005. If theg do, repeat the oboe"- 

v~tions and take a double set again in  the two positions of the lev01 and the bar as before. If the two repented vnlues shorn a 
closer ngreemeut, roject the first two values ; if they differ by about the  same a ~ n o u n t  as the first, accept the mean of all the four  
vnlues. 

(x) The nbove will complete all the obaervntions a t  the firat station. The back-staff should now b e  removed and mount- 
ed ou the next forward peg and the whole prmcss gone through in the  snme manner as detailed nbove. 

(xi) Care should be talten to ltecp the ~onrlted end of the bar nlways on tho same staff throughout the  operations nrld 
every line should consist of no oven nu~nber  of stations. This wi!l clrucel the errors due to  the planes of the two sets of wires a t  
the two ends of bar not being in tho same horiaontnl plnne. 

(nii) The observations uhould be +ecordwl io  the regulnr levelling field book exactly in  the same manner as in ordinary 
levelling, each ntation being numbered consecutively and the two vertical staves being respectively called 'back' and 'forward' 
with reference to the directiou of the liue follouved. 

(xiii) The height so dotermiued should be corrected for the difference of unit of stnves from 10 feet. 
NOTE.-It is sufficient to use only one face of the stnves throughout the operations. 

Levedling over wide expanses of water. 

It  is occasionally necessary to carry a line of levels across a broad river, but as rivers differ so fun- 
dnn1entnlly, it is not possible to lay down any general rule for all cases. 

The Hoogl~ly was crossed successfully by the mptllod of graduated poles : a graduated pole was 
e m t e a  near each bank, the lint! joining the poles being made p~rpendicular to the direction of t h ~  
CY'"nt 'rho $aduntion, intersected by the mter-surfacc, ails rend simultaneously a t  each pole several 
t)mes, and as the Hooghly is n t,idal river, thc ol~serrations a w e  able to be talten a t  both flood and ebb 
"alesand at slack nalrr. Upwards of 300 obs~rvat,ioos extending over four days were taken. A differ- 
ence level of rtenrly 0.17 foot was found betwa~e1) rising md falling tides, but the mean of the two differed 
b 0.0064 foot from the level obtained a t  slack water. On page 66 Oe~zerol Report, Survey of 
" d i a n  1881-82, General Walker stated that "the generalmean may be accepted within half an inch (0.04foot) 
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rr  of t l e  trutb, and is probably much more exact than any result, which might have been &hined bl ( 
" measuring the vertical angles across the river or by any other process". 1 

The tide-pole method wllicli had proved satisfactory in the case of the Hoogbly, was foundb  
! Munshi Zille Hasnain to be unsuitable for the Indus: in the Punjab the Indus coneists of a greatnum. 

ber of separate streams, tending in some places to convei.pe, in others to diverge, and it is not, possiblel, 
determint: thu direction of the current of the river, as a wllole, with sufficient exactitude to ellablellrr 
two poles to be erected in a line pcrpendicular to it. The lndus mas crossed by means of a 
staves, very long shots beiag eltrployed. 

I n  1863 General Walker wrote as follows*:- 
During the course of the operat,ions, the I<nrnchi hnrbor, mid several lnrge rivers mere crossed. The longestdie{aorc. 

between instrriuirnt and stnves, wns 34 chains (of links), which occurred nt Rnrnclli ; over rivers, the distnnces were rarely 
t l ~ n ~ r  17 chnins. The ~luiforlnity nnd steadiness of the stratn of the ntuio~l)here, over n large body of water, enable satisfntlorl 
rendinge to be tnlien a t  distances which mould be hopelessly imprncticable over land. 

I n  1836 the Hirer Cliennb was crossed nt three points, where experiments were made to determine the nmoont of error[,! 
which one is linhle io  referring to the surfnce of n river, a t  the opposite extremities of n section across, vhen the breadthislw 
great, for a staff, on oue bonk, to be rend from tlie other. Sections mere relected nt right nngles to the strenm, and pools ivercdue 
in tne snud on encli side, to obtain nu unngitnted surfnce of wnter for reference. The results, by direct levelling, difTertdlrom 
those relbl-red to tho margin of the stl,e;~m, by 0.0:32, 0.039, and 0,074 feet, respectively, in the  three instances, giving annreqa 
error of ,048, the nvernge breadth of river being 12 chaius. 

I n  1873-74 wide expanses of water had to be crossed in the Ran of Cutch: but as thewatpr 
was only 1 or 2 feet deep, the ordinary methods of levelling were employed ; both the instrument and 
staves were however erected upon large pegs 6 feet long, and the two levellers Lad to work togetheral 
each level, one reading the staff whilst the other read the bubble. 

In 1894 Colonel Hill wrote as followst :- 
Karnclii I~nrbour being 36 c h ~ ~ i u s  wide nt its nnrrowest pnrt, where the c ros~ ing  wae effected, i t  mas not possible to rpld 

directly the grndrintions on the s t n ~ e s ,  but readings were obtnined with the help of sliding metnl indicators nith clnlnps shirb 
worked upon the staves. The back-striff was placed on the bench-tnsrlr a t  IIulnby's Pier, on tlie Manora side of the hnrbour; 111 
instrument being set up on the opposite side of t l ~ e  hnrbour, on the Kimnri Groyne, and the forward-staff being on tl~esaae 
groyne 36 chnins to the ~lortli. 

The sliding indicators, whiclr were pniuted white, mere moved up and doxn,  nccording to signals, by clerks npeciall! 
trained for the worL, until the upper edge of the ilrdicntor coincided with the horizontal wire of the inutrument; the claep v@ 
then tightcued and the rending recorcled by tlie clerk wlro ale0 made a fine pencil line on tlie stnff corl-espondiug to the lcrrl @ I  
the  upper odge of the indicntor, while the observer recorded the level rending. nt the time of observation. I n  this manner 10 
very nccordnnt nnd poti~fnctory vets of differences of height were obtained on two euccessive mornings, 20 sets in all. Tlla i~il. 
cator remained clamped on the stnff after the lnst ohservntion each morning until the obeerving officer exnmined nnd verifiedlbc 
last reading, he the& compared the preceding rending~ recorded by the clerk with the pencil lines drawn on the staff. 

For crossing deep-water the levellers have to adopt one of three courses:- 
(i.) The pole method. 
(ii.) Very long shots with their levels. 
(iii.) Vertical angles measured by tl~eodolites. 

The differences between the second and third of the above are solely instrurnenh1:lo 
each method the shots have to be equally long, and ahnormal refraction caused by sand-banks 
river has to be considered. Wit11 a, level the telescope remains horizontal, and a special sight llastobe 
moved up and down on the distant staff, until i t  is intersected by the wire of the instrument, and1''' 
graduation on the staff can be read : with a theodolite the object to be observed is fixed, and tile ttl@ 
cope is moved in  altitude, until the intersection is correct. The errol-s of vertical angles are due DlorP 

to refraction nnd to intersection than to limb-grnduation, and an observation of an angle of deprrss"'n 
of five degrees can be made as accurately with a t l~eod~l i t r  as an observation of horizonlalifg 
made n i th  a level. On the whole the third metllod of crossing rivers is more convenient instrumenta1'! 
than the sccond, but it can be scldom adopted, because levelling detachments in the field do not 
accurate thoodolit~s ni th  them. Tlle problem illerefore presented by an ullbridged river has, 
to be solved in one of two ways, either by tlle pole method or by very long level-shots. 

some accounts of particular rivcr-crowings are given ill Appendix No. 6 of this volume, and llle 

most advantageous methods for particu1:rr localities :Ire there discussed. A 
-- -- 

Emgl11 IW Snnd. Ihe Punlob, rV If' Pron~nccr n n l  Central Indto. 1fl63, page 27, para 41, 
t S p ~ r J - h e l l d  H w ~ ,  Karacbb a d  h Nsyhborrhood, 1896 page VII. 



C H A P T E R  VI. 

THE METHODS FORMERLY ADOPTED OF DISPERSING ERRORS AND OF PUBLISHING RESULTS. 

In this volume the level net of India is being treated as a whole, corrections for variations in the 
inkosity of gravity are being applied, the circuit errors are being dispersed by the method of minimum 
squares, and the probable errors of the several lines are being extracted. 

For the correction and deduction of spirit-levelled heights the bench-marks of India are being 
classified, both in this volume and in Volume XX, as lines, but  arrangements are being simultaneously 
made to classify by aretls also, for tile uses of engineers and surveyors. The bench-marks are being 
divided into areas of square degrees, and a separate publication will be allotted to each square degree.* 
The particular square degree, i n  which every bench-mark is situated, mill be given in  Volume XX. 

From 1858 to 1903 each line of levels was treated separately, and its results when completed 
were published in pamphlet form. No corrections for gravity were applied and closing errors were 
dispersed in an arbitrary manner. 

For many years the disadvantages of this system have been apparent: pamphlets have been 
publishetl giving the heights of bench-marks in certain cities, such as Agra or Calcutta, and when 
subsequent lines of levels have passed tllrough these cities, the new bench-marlts have had to be shown 
in other pamphlets. No one pamphlet can thus be trusted to give all the bench-marks in  any particular 
locality: the pamphlets deal with routos, not with areas : when an engiuecr wishes t o  obtain descriptions 
of all bench-marks within his district, he must first ascertain what lines of level have traversed the 
district, and he must then procure the pamplllets correspollding to the several lines. 

I t  has moreover not been possible by the arbitrary method to disperse errors completely, and there 
're many cases in which discrepancies between pamphlets are known to exist. 

I t  would, however, be short-sighted and presumptuous to pass any criticism upon the methods 
do~ted;  no other suitable courses could have been devised, save those that have been prlrsued. It 
Would have been impracticable to postpone the publication of results, until the whole level net had been 

the disadvantages, that have been mentioned, mere unavoidable, if results by lines had to  be 
Deparately and successively published. 

Although all former pamphlets and results will be superseded when this volume is published, it 
hubeen thought advisable to place on record here a brief account of the methods adopted by our 
pndece~sors in obtaining values of heights and in treating errors. - 

' B~ Quare degree ia meant the area embraced by one degree of latilude and one degree of longilude. 
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TAe pubJished pamphlets of epirit-levelled heights. I 

Each pamphlet contains lists of bench-marks, and their heights, and pnerally their dihneej 
from an  initial point: an introductory chapter gives the names of the levellers employed, the 
followed by the levelling, and the  designations of the officials in  whose custody the embedded beneb 
marks have been placed. I t  also describes the  methods of observation adopted, and the treatmento[ 
olosing errors. 

To each pamphlet is attached a chart, illustrating the levelling route. 

The following is a list i f  the levelling pamphlets that have been published :- I 
Date of 

publication 

1869-71 
(printed in 

parts) 

TiLle of pamphlet (mbbreviabed) 
Soosona o l  
Levelling 

Tables of Heights in Sind, the 
Punjab, N. W. Provinces and 
Central India 

1858-62 

Tables of Heights in N.W. Pro- 
vinces and Bengal 

Lines of Levela I 

1862-65 

Tables of Heights in the  Punjab, 
N.W. Provinces and Oudh 

(i.) Karachi to Cl~ach (near Peshawar), 
(ii.) Murgllai (uear Dera Chazi Khan) 
t o  Ferozepore. (iii.) Ferozepore to 
Sironj with branch to Dehra Dun. 

1666-70 

Agra to Calcutta. 

(i.) Ferozrpore to Lahore. (ii.) Multan 
to Dera Ghazi Khan. (iii.) Delhi 
t o  Bareilly and Cawnpore. (iv.) 
L u c k n ~ w  to Dildarnagar. 

1872-73 
(printed in 

parts) 

Tables of Heights in N.W. Pro- 
vinces and Bengal 

1684 
and 

1889 

1870-72 

No. 1 Bombay. Spirit-Levelled 
Heights in Cutch, Hathiswar, 
Gujarat and Bombay 

1874-78 

Uengal Presidency: Spirit-Levelled 
Heights in Cuttack, Balasore, 
Snudarbans, Hoogl~ly and Nadia 
districts of Uengal 

1881-M, 
ant1 1887-88 

No. 4 Bombay. Spirit-Levelled 
Heigl~t,s i r l  Bombay Presidency 
and Central India 

1877-78 
and 1883-84 

Spirit-Levelled Heights, No. 1 
Aladras 

1869-85 

1886 

Gornkhpur to Pirpanti, Purnea and 
Sonakhoda. 

1887 

Navanar to Hanstnl and Okha, and 
thrace to Vir:rmpam, Allmedabad, 
Baroda, Surat and Bombay. 

Spirit-Levelled Heights, Nos. 2 
and 3 Bombay 

False Point to Diamond Harbour and 
Calcutta along both banks of the 
Eooghly : also from Calcutb tc 
Nsdia. 

(i ) Kalyan to Sironj. (ii.) ~ l l o n d t (  
Manmad. (iii.) Nandgmn to Ylianrar 

1877-80 

Spirit-Levelled Heights, No. 2 
Madras 

- 
(i.) Madras to Rnicllur, Bellnry 3nd 

Karwar. (ii.) Arkonam to Bnn~alore, 
(iii.) Tuticorin to Cape Comonn, I 

(i.) Boml~ap to Raichur (ii.) xed' 
@on to Hubli. 

1 

Madras to Negapatam and TUticorln 1885-86 
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Spirit-Levelled Heights, No. 3 
Madras 

Spirit.Lerelled  height,^, NO. 4 
Madras 

Spirit-Levelled Heights, No. 1 1892-93 Elephant Point to Mandalay. 
Burma 1 I 

Spirit-Levelled Heights, No. 6 
Madras 

Spirit-Levelled Heights, No. 6 
Madras 

Spirit-Levelled Heights, No. 6 
Bombay 

Spirit-Levelled Heights, No. 6 
Bombay 

Spirit-Levelled Heights, ICarachi 1893-94 Manma to Karachi base-line. I I 

1886-87 

1887-88 

Spirit-Levelled Heights, Calcutta I 1894-95 Details of 19 bench-marks near Calcutta. I I 

(i.) Tuticorin to Erode. (ii.)Sboranur ta 
Cochin. (iii.) Karwar to Mormugao. 

Madras to Vizngqatam. 

1688-89 

1888-90 

1889-90 

1890-91 

Bangalore to Mangalore. 

Bider to Bezwada. 

Navanar to Tatta. 

Rajkot to Bhavnagar. 

Spirit-Levelled Heights, No. 8 1891-92 Bilaspm to Kendrapara. 
Central Provinces 1 1893-94 1 

Spirit-Levelled Heights, No. 7 
Bombay 

Spirit-Levelled Heights, No. 9 1894-95 Cuttack to Vizagapatam. 
Orissa I I 

Spirit-Levelled Heights, No. 10 1 1891-92 1 Vizagapatam to Ahhabad and Simnj, 
Madras 1694-95 

1877-78 
1882-83 
1890-92 

Spirit-Levelled Heights, Bengal 1899-1902 Calcutta to Sonakhoda and Dhubri. 
and Assam 

Nandgaon to Bilaspur. 
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The following table gives the names of the pamphlets in which the details of the ruin. lard, 
lines of this volume were originally published :- 

TABLE XXT. 

Thme l i n a  have been ravimed, since the psmpl\lpta were publihed, bu& ~h~ revhod raulb hare not been publimbed P~mPlllsl lorma 

t h.ro nmror bean published in parnphlel form. 

- 
Pamphlet 

Bengal Presidency, 

Sind. 

No. 6 Bombay. 

NO. 1 Bombay. 

NO. 6 Bombay. 

NO. 1 Bombay. 

t 
Sind. 

Punjab, N. W. P. and Oudh. 

t 
t 

No. 10 Madras. 

t 
Sind. 

Sind. 

t 
Punjab, N. W. P. and Oudh 

t 
t 

Punjab, N. W.P. andoudb. 

N. W. P. and Bengal, 1866- 

Pun jab, N. W. P. and Oudh* 

N. W. P ,  and Bengal, lafi6. 

N. W. P. and Bengal, 

N. W. P. and Bengal, 

N. W. P. and Bengal, 18T3 

N. V. P. and Bengal, laG6 

Bengal Presidency. 
N. W. P. and Bengal, 1873' 

Nu~~ibers  of lerrl-l~nem 
(see p g e s  6 to 12 and 20 to 24). 

1, lA,  2 ... 
3, 41 ... 
3 8  ... 
6 ... 
6 ... 
7, 10, 11, 12 ... 
8' ... 
9 ... 
13 ... 
14* ... 
16, 16*, 17*, 18, 19 

20 ... 
21' ... 
1 7 8  ... 
1YA ... 
229 ... 
2 3  ... 
24 ... 
2 4 8  ... 
25*, 26* ... 
25A ..a 

26A ... 
27, 28,!29 ... 
30 ... 
31*, 32' ... 
23, 34 ... 
35 ... 
36, 37, 38 ... 
39, 3 9 8  ... 
40,41 ... 

Paluphlet 

NO. 2 Madras. 

NO. 3 Madras. 

NO. 1 Madras. 

No. 2 Madras. 

No. 3 Madras. 

No. 1 Madras. 

NO. 1 Madras. 

NO. 2 Madras. 

NO. 3 Madras. 

No. 1 Madras. 

No. 1 Madras. 

NO. 4 Madras. 

No. 1 Madras. 

NO. 3 Madras. 

NO. 6 Madras. 

Nos. 2 and 3 Bombay. 

No. 1 Madras. 

No. 6 Madras, Nos. 2 and 
3 Bombay. 

t 
Nos. 2 and 3 Bombay. 

NO. 4 Bombay. 

Nos. 2 and 3  Bombay. 

Nos. 2 and 3 Bombay. 

NO. 4 Madras. 

Nos. 2 and 3 Bombay. 

NO. 4 Bombay. 

NO. 7 Bombay. 

NO. 10 Madras. 

No. 9 Orissa. 

NO. 8 Central Provinces. 

Numbere of lospl-hnas 
(see pagee 6 to 12 and 20 to 24). 

42 

43 ... 
44, 46 ... 
46, 47, 47A, 48, 49, 

... 60, 61 

... 48A, 48B 

6 1 4  SIB, SIC, 61D 

62 ... 
... 63, 64, 65, 67 

MA, 66 ... 
... 6 6A 

... 57A, 67B 

... 68, 69, 60 

... 60A 

... 61, 62, 63 

... 61A* 

... 61B, 61C, 61D 

,,. 
... 62B 

63A . , . 
... 64,64A, 66 

... 66, 67 

... 68, 69, 69A 

... 70 

7 1 ,., 
... 7 2 

... 73 

... 74 

74A, 74B, 76,76A, 76B 

76 ,.. 
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Td BLB XXI.-(Continued). 

Since 1903 no levelling pan~phlets have been published.$ 

It  was at first intended that all pamplllets should be superseded by this volume in 1906, but  a h e n  
the simulbneous reduction of the closing errors came to be undertaken, the necessity for a ,  complete 
revision of the whole line of levels from Bombay to Madras (900 miles) (lines numbered 32,31,25,26,22, 
21,14,8) became evident, arid this revision was not completed till 1908. 

Pan~phle t  

No. 2 Madras. 

No. 1 Madras. 

No. 4 Madras. 

Bengal Presidency. 

No. 1 Burma. 

t 

Twenty-four levelling pampl~let~s have been published in all :  the first four dealt with lines of 
levels stretching from Karachi eastwards tlrrougl~ the Punjab to Bengal : six treated of tile lines in the  
Bombay Presidency, and six treated of tliose iu Madras : one was reserved for tlie levels from the coast 
along the Hoogl~ly, one for a short line in Calcutta, aud one for Eastern Bengal and Assam. T l ~ e  pamph- 
let treating of the Central Provinces was called No. 8, that treating of Orissa No. 9, and that dealing 
with the line from Vizagapat,aq to Rllallabad was named No. 10 Madras. One pamphlet was printed for 
Burma, and a small pamphlet for Karachi. 

Nunnhers of lovel-lines 
(see pages 6 to 12 nlld 20 Lo 24). 

83 ... 
84* . . . 
85 ... 
86 ... 
Burma A* . . . 

. . . Burma B 

~ ~ ~ , b ~ ~ ~  of larel-litlra 
5 LO 12 and 20 lo 24). 

76A, 77, 77A, 77% 
77C, 77D . 

78 ... 
'79' . 
80,81 ... 
82 . . . 

The original system of serially numbering pamphlets by presidencies seems to have been changed 
in 1896. Before that date pamphlets were numbered No. 1 Bombay, or No. 1 Madras, a separate series 
being reservcd for eacli presidency : but after 1896 the numbering was according to the date of issue. 
'l'hus No. 7 appertained to Bombay, No. 8 to tlie Central Provinces, No. 9 to Orissa and NO. 10 to Mad- 
ras. The pamphlet for Eastern Bengal and Assam received no number. 

Pan~plllet 

Bengal and Assam. 

Karachi. 

Nos. 2 and 3, Bombay. 

No. 1 Madras. 

No. 3 Madras. 

Under the system of publishing successive pamphlets containing values of heights 'arbitrarily 
adjusted, it was inevitable that discrepancies would creep in  : thus in the NO. 6 Madras pamphlet Mr. 
Cole has pointed out that the vn1uc.s given for the heights of certain bench-marlis differad from the 
valups given for the same marks in the No. 1 Madras pamphlet. Si~nilarly in the No. 4 and NO. 5 
Bombay pampl~lets Colonel Baird and Mr. Cole have called attention to other discordances. There are, 
moreover, discordances, which have not been pointed out in any publication. 

The o~.iginat determinations of mean-sen-Zevel. 

In this volume the mean level of the seas surrounding the Indian peninsula has been deduced 
fmm continuous observations a t  several tidal observatories and has been adopted ns the datum for spirit- 
levelled heights. A full account of the tidal observations will be given in Chapter VIII. 

I t  is desirable however to explain in this chapter, how the mean level of the sea was determined, 
when it was made B e  datum for heights in the spirit-levelled pamphlets. 

* Thc8c Ilncs hove ~ C C I I  rcvined, aiurc llrr p ~ ~ m p b l c t r  were pnlIinhed, bnt the r e v i n 1  re8nltr hnve not been pnlliahed in p ~ p h 1 0 t  form. 
t Bcqll'h hnvc ncrer l ~ a e l ~  pr~blisl~orl i n  ~utrul,hlet Iurln. 
t Y p m r * ~  R ~ p o r i ,  S'uruy cf India ,  19W.ur. l p p e ~ l d ~ x ,  p w  YX ; Report of 11. Surue# Crmnitfe?, 1904.05, part 11, page 129, para 10 and 

R8 gm, par. 28. 
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(i). The heights on the level-lines stretching over Nortllern India from Sind to Eastern nenmd I 
D I which were publisl~ed in the four earliest pamphlets, were all referred to the mean-sea-level of K~~~~~~ 

harbour, and this level was determined by tidal observations a t  Manora extending over two semi, 
lunations in 1868. 

(ii). Tlle heights given in the tables of the NO. 1 Bombay pamphlet for the level-lines in catch, 
Kathiamar, Gujnrnt and Bombay were referred to the mean level of the sea, as determined from the analy. 
sis of the observations taken a t  Okha with a self-registering tide-gauge in  1874-75. 

(iii). The heigl~ts given in the Bengal Presidency pamphlet (1 884 and 89) for the level-lines near 
the Hoogllly mere referred to the mean level of tlle sea a t  False Poiut, as determined from the tidal 
observations taken from 1881 to 1883 a t  the Hookey Tola Tidal Station. 

(iv). The lleights given in the Madras pamplllet No. 1 and the Bombay pamphlets Was. 2 ,3  
and 4 mere referred to the mean levels of thc sea, as determined fro111 tidal observations taken at Bom\lag 
from 1877 to 1881, a t  Karmar from 1879 to 1881, and at  Madras from 1681 to 1884. 

(v). T l ~ e  heights in subsequent pamphlets were made to emanate from bench-marks, the heigl~ts 
of whicll hail already been fixed in the earlier pamplrlet,s ; they nrere made to close either on bench-marks 
already fixed in palnplllets or on any new tidal stations that happened to he conveniently situated. Tl~us 
tlic heiql~tsin the No. 2 Madras pamphlet emanated from the 2nd hench-mark of the No. 1 Sladres 
pamplllet and closed on the tidal observatories of Negapatam (open 1881 to 1883), Pamhan (open 1678 
to 1882) and Tuticorin (open 1871 to 1872). The heights on one line of No. 3 Madras pamphlet emanated 
from one bencll-mark and closed on another mark of No. 2 Madras pamphlet. Olher lines of Ko.3 
Madras pamphlet closed on thc tidal stations of Cochin, Mormugao and Karnrar. lllle heigllts of NO 1 
Madras pamplllet originated from a bench-mark of the No. 1 Madras parnphket and closed on the t ~ d d  
stations of Cocanada and Vizagapatam. 

I t  is unnecessary to recapitulate in detail tlle exact methods adophed in every pamphlet: the 
values of height in the earlier pamplllets were generally accepted as fixed starting points for the later 
pampldets, and when y w  tidal observatories came to  be erected, new lines of levels mere made to close 
upon them. 

0% the degree of accm.acg that has been considered lzecessury in the past. 

I n  this volume the prol~able errors of tho several level-lines mill be calculated in Part 11, and 
mill be compared in Part  I11 a p i n s t  the closing errors of tlle circuits. But in the levelling pamplllels 
no probable errors Tere abstracted, and no limit of permissible clofiing error was laid down. Beyond 
the instructions to a leveller regarding the accordance. of his results from different staff-faces, tile only 
accepted rule seems to have been that the two levellers sllould never differ by more than 0,005 foot'. 

On t,he lines in the Pnnjal,, observed hetmeen 1860-1 802, the following terminal differences beta 
ween observers mere noticed: -in 310 miles a differcnce of 0.72 foot, in another length of 301 mile3 
a diffemncc of 0 9 b 2  foot, in anotl~er length of 440 ruiles a difference of 0.209f. 

On the lines b t r e e n  Calcntts and Agra, run in 1862-66, i t  was reported that the termiad 
difference between levellers never exceeded 0.4 foot. 

I n  1881 an error of 3 fcet appeared on the line from Bombay to Madras, and this was considered 
very serious and gave rise to much discussion$. General Haig's investigar,ion of t,hc error has been 
obrtractt-d from the Levelling pamphlets, No. 1 Madras, page ix, and Nos. 2 and 3 Bombay, lage i r1  
and is here given :- 

On closing the linc Bombay, Kern, Raiehur, B O P ~ ~ ,  M d r n ~ ,  r diampnner preamted itself making Maarm menn.@e"'e'd 
appear 3 feet higllcr than thnt at Bombay. A similar comparison grave Karmnr mean.eea-level &out 1 foot higher t l l~~Bon'ba' l  

Chap. V of thip rolnmc. p a ~ e  73. 
t Eri,qhl. in 3hYnd. the Pmnjrrl,, h'. IF. Prorinc~.~, and Cenfrnl In r l in .  1863. 

$ Hcc Up?a?m( Brporf, Surrey of I n d i a .  1890-HI, page 41. "The cloning <liscrepnncy of 3 feet  aL Madrne io msterinUy Venter ti'Bn @' (11 
~ r e v i o m l ~  rucL in Lhe corlrse of the levelling operatione of lbie snrrcy, which have heen carricd over mony thousand milce nnd tasted nt nombcr 

"clo*ing ?oiors and imctruus of circdro. nnd Lavc been coudncLed with special yrccoolions to guard ngninat errors 01 dl kinds, rhetheraccidcDU1" 
" cnrnnlntive". 
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Udra8 menn4mlerd .bod 1 foot hieha than E n m a r .  W i t h  reference to tllew d i s c r ~ a n ~ ~ ~ ~  it to * 
firat i8 m3terially Crenbr-both absoluteb, 

relfitively to the distnnce ievelled from Honlbny-thnn previna'"y 

with in tile coune of tlte levelling operntiolls of this survey, which havo bee11 cnried nvCr Inany t l lOuml ldu  of mi'r0 ul'l 

numbel, of closi,g poillts j u n c t ~ o l l s  of M,)reover, a very silniiar di~crepfillcy, allnost idel1tial in  lign ma.1i- 

tude, is suted to 
been met wilh .t t110 close of the milway le\rels between Mlldraa nlld B0mbi1y. 

It lnigllt be'perhalls suIII)oQCd t h ~  tile diserepanciea are pnrtl? due to  diflerenccs in tile sen-levf'l i for  i t  is well 'Xnorn 
are vnrintiolla i n  the gellenl level of the surface of the ocean a t  different placer. 80 tllat if colllll:lred lith tlle 

or Ot~ler  geometricel figure wllich mmt  closely corroponda to the fi?ure tile earrl1- the *urfam of the wi l l  

in sonc plwes be 
in otllers belo\,, thilt surfnce, orillg to t,lle attractire i~~flueuces of 111.1untrills and to  irregtl1nritiea i n  

the 
or tlliclIuess of the errtll*a crust. n-ON Colonel d .  I t  Clarke. c n ,  11 E . iu Ilia ' Geo(1-Y ' Il:\a imentirated ~~~~l~~~~ 

of this ost,lre, nlld f l l r n i r l l e s  formule for calcuInting the difference of height of mean-sea-level n) differellt Pl;lw8 unde+ certain 

hypotheses; Iris formule may be sliplied in the preeeut imtnnce. 
*lie lille of levels crosses tile Borghat in the Strhyndri range nt n heigllt of 2040 feet, Or 0'4 of a mile i n  distnnce 45 

miles from B ~ ~ ~ ~ J ,  and descende grndl~allj to Mndrao n d i sba~~re  of 595 111ile~ ; the dist:~nces here give11 are lloriaolrtn~. If 
npply tllePe dzlto to Colonel Clarke's formuls nod nssums the density of the earth above the  level of the sen to  be half the  mean 
tl(,naity of the esrtb, we find t l ~ e  mean-see-level a t  Bonlhy  to  be 31 feet higl~ar  than tha t  a t  3f11dr.w. Hut such diferences of 

height, ~ ~ ~ w e v e r  considerable, cannot be recoguised by the spirit-level; for the cnuses which ~ r o d u c e  them must equally atYect both 
the spirit.lerels of tho instruments and the water-level of the ocean A tl~eoretical discrepar~cy would exiat if :I line of levels 

could be arried llorimutally t o  bll~dras t l ~ r o u ~ h  an imaginary tunnel at the ren-leeel ; tha t  ie, there woald be theoretically a 
diferellce betnneen the two values of height at  Madras ns obtailied above nnd below grouad, but  this has nlso k e n  calculated by 
Colonel Clarke's forluulnr nnd been found to be inappreciable aud altogether unrrcognis:lble by the instrunlent. 

Having thus s l~eyn  tlrnt the closiug discrepnncies of the lines of level are- not; to be acmt~nted  for  by the  esisteneo of any 
leRl difference of sea-level a t  the different tidnl slntions, ib follows that they must be due to  errors of observntiou, and i t  is 
desirable to enquire how tl~ese can have arisen. 

I t  seell~ed highly improbable that any gross error could hnve crept into t h e  wort ,  owing to  t h e  precnutions taken-by the 
emplormeut ol' indepeudeut operators and i~~s t ruments ,  and the use of double-f:~cc.il staves-to gunrd agninst R U C I I  errors. Bow- 
ever, there mns one porlion of the route ml~ere such :rn error, if i t  had occurred at all, was to  be expecrcd, i .e.,  the section ovcr 
the Borgl~nt, where the ascents mere very steep and the staves were sornet,imes so close to the levelhng illutrurne~lt, t l ~ n t  the foet- 
marks could not be seen in the field of the telescope; to verify tllis sectiot~ i t  w:~s again levelled ouer; but the resr~l ts  of the two 
measurements sere  prncticnlly identical, the nctunl difference being 0.033 of n foot. Subsequently n second portion d the line 
from Mndrns to Arkon~ln~ was re-levelled, but  with practically identicnl resulta. 

Genernl Walker, late Surveyor General, in esplanstiol~ of the diserepaney a t  h l d r o s ,  rernnrlts as follows :-" But  i t  
"haa long been ltnomn tltnt all ~nirit-levelling Operntions at-e liable to an accumulation of ernall errors which, tl1eoph i~~dividuz~lly 
"SO millute as to be barely npprecinbie a t  nlby si~lgle stntion nrhuce t,l~e instrutnent is net up, hnve a tcndoncy to be repented trt 
"@uccessive stationr, nnd may therefore nttnio n co~isiderable mngnitude a t  the end of n long ~ e r i e s  of levels. I n  111e operntions 
"of this survey it in customary to gunrd, as much as possible, ngainst Q U D ~ I  errors by various expedients-such ns ohserving the 
"bnck.staff first at olle s tnt , i~u a14d the forward-stnff fiast a t  the next, nlternat,ing the direction of opern t io~~  on successive dilys, or  
"fltlenst executiug 11dT the work of n field senson in the direction of tile ter~nimus nnd tho o t l ~ e r  halt. in thnt of the  origin; 
"inv~rinbly set,ting up the staves at  equnl distances from the instrument : ~ t  every st:~tion ; m d  tilting tllc instrumellt oocnsio~aally 
"to bllnrd against the l~eat,ing influence of the sun, or the cooling influence of thc winda, acting on olle ride Inore than nnotller, 

caufiill~ dislevellnents wlticll would be frequeutly repeated if uot cou~~tc~-ac ted ,  nnd t1111s create ntl nccllmula;tion of error. 
,,There is also a liability to personnl misnpprehension in readiug the bubble of the spirit-level which ltlay teud to produce a 
,4conyider.2ble necurnulntion of error on lines of which the genernl direcbion is either towards the  gurl or opl)osite to tile sun. 
,,O1viug to the level being plnred nbove the telescope the observer qets a side view of tlle bubble, refcncted obliquely throltgIl the 
,,thickuesr of the glnss tube, which is not so sItnrply defined ns the look-down \.iew from i~bove. The rim 1.ound the bllbble, cnuaed 

ndhcsion of the liquid to the sides of the tube, becolnas so pro~nillent thnt i ts  extremities may be ~ b s ~ r ~ ~ e d i ~ ~ s t ~ n d  of tllose 
,,Of "le 

When light fnlls obliquely and not verticnlly on t h e  instrument, nnd either e ~ ~ d  of the telescope ia pointed to- 
,,ma!da t''' light, the outer edge of tho rinl nt t.he end of the bubble lo\\.nrds the light is mope clenrlp defit~ed tllnll the  inner, 
,,'lllle n t  the 01)posite 

of tho bubble the inner edge nf the rim is more clenrlp defined ~ ~ H I I  tlte Outer. Consequently therR is a 
mso'ne illutl'ument to be level nrbeu t h e  and townrds tire ligllt is depressed ; though this tendency would 

in  t l l a ~ n i t d e  xvitll differrnt obxrvars, i t  is likely to affect all persolls Inore or less, ~ b ~ i ~ ~ ~ l ~  i t  is ul l in~uenced 
,,by the 

of 0l)erntioll. lhough it disappears r l ~ e l ~ o v e r  the d i r c c t i o ~ ~  is nt fight nnglea to  tha t  of the  IBht .  This 8oPcrsonn1 
tho s~)irit-le\~el and setting the instrument n'ould obviously produce n maximum effect on liues of 

thegc'leenliirectiOn 'a meridiunal, whel1 the speroiions nre earrien ou eg,unlly beblo nlld nooll ; When on betueen Otsun-risenndtnid-dny,m 
Inore ltstlnl in this country, tho direction of the lille of lnasimum efiect would be soutll-enst ,lol.tb- l r m e a t '  'Ire 

nrOuld be n ~ l ) n r ~ l l t l ~  to raise the southern slnlioua relatively to the llorthern ones. No,,. tliis l lns been found Occw in greater 
less degree in many of the lines of levela i n  l o d i n  co,,lleotill g tidal stntions. For  emmple :- 

(l)' I' 'lorn ''lo m o n u - s ~ ~ l ~ v e l  of t,he tidal station of OLIla, a t  t11e entrance to the ~ ~ l f  ol cukh, to that of  ~~,,,h,,~, "there is 
& p ~ ~ e o t  rise of 0;33 foo t ;  lollgth of lille 590 ,,,;Ies, 

" milea. "' "F"m the mean-nerlevel of Bombay to  that of Parwar, there i l  u apparent of 093 f o o t i  length of line 130  

" milea. ltPmm mem'Oen-lavel of t@ that  of Madr.0, there is m nppnrent of 0.92 foot ;  length of line 5~ 
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The a p p r e n t  r im of 3 feet a t  Madrnfl as compared with Bombay ~ 8 s  generated on a line of 730 miles in length ,,. 

"thus materially greater in proporti011 to tho leugth of the line traversed thnu the discrrlmncies met with on tile thrw 
But  us all diserepa~~lcies n1.e in  the same direction, and 1111 agree in raising the 8011thcrll 110ints ~ -c ln t iv r l~  to tile 

"nppenrs possible that nll t l ~ e  operatioue mny have beeu i ~ ~ f l u e ~ ~ c e d  bp oblicllle ill~lminatioll of the bubbles of tile spirit.lercls." 
Sillce these re~nnrlts were made, the line of levels c o n ~ ~ r c t i o g  1 \1~ra~ l1 i  with Bombny 11as been conlpleted, KiYill,,a 

crepancy of 0.62 h o t  in tlw opposite d i r e c l i o ~ ~  to thnt, which should h i ~ t e  rrcrllrred. if Grlleral IVnlker'n ren~ouillg held god,ll 
cases; alld Blt~dras 11ud Beyporn have ulao btwn connected with a similar resul t ;  hence General Walker's wlnarke do not sah 
fwtorily nceoul~t for  the large discrepn~~ey nt hlndrns, nor is i t  possible at pmsent to  explaiu i t  in any other way,* 

In Colonel Hill's report for 1886-87 the closing error a t  Erode was stated to be 0.281 foot, 
the error per mile ' was given for the 700 miles of line as 0.0004 foot+. Colonel Hill reported tha\ 
the " apparent m a n  generated error of levelling in the season's work was 0.0008 foot per miIe."t 

I n  1894 Colonel Hill placed on record his views on the subject of accuracy in levelling; kt 
objected to any system of restricting the permissible error within a limit of so many inches pr mile, 
and 11e expressed the opinion that the close agreement between levellers insisted upon at each level. 
shots had proved a sufficient cl~eck upon accumulation of error. H e  prepared three tables, one sbor 
iug the maximum and terminal differences between the two levellers, another giving the closing errors 
of level-lines a t  tidal stations, and a third containing the closing errors of circuits. I n  his discussiono~ 
accuracy and errors Colonel Hill had a t  his disposal fewer data than we have, and his results will nee@. 
sarily be supersed~d by the investigations carried out in Parts I1 and 111 of this volume, but the 
opinions and decisions of this influential levelling oBcer, who was in charge of the operations from 
1881 to 1895, will be of permanent interest, and have been reproduced here (1:- 

I ahall now add some remarks on the standard of accuracy of the Survey of India spirit-levelling operations. The r i p  
OUs procedure employed in these operationa is described in Colonel Wallter's "Memornnda on Levelling Operations" pullishedin 
t h e  Appendix to the Mnnuul of Surveying fo r  India, 3rd Editiou (Tl~acker, hpink & Co., Calcutta, l875), and in the introduction3 
t o  the several depnrtmental pamphlets ol' spirit-levelled heights. The genercrl eystem, which is gradunlly approaching c~~mpletion, 
consists a t  present of lines of double-levelling extending from tidal station to tidnl station, either by more or less direct roulo 
near the conste, or by crossing the Peninsrlln from Rea to sea ut different latitudes, the lines sometinres interlacing and forming 
circuits. The lines hnve been planned to form jur~ctioua with the p e n t  triangulntion, the heights of which they control, find 10 

follow as much as possible the grent lines of communication along rail-roads, high roads, rivers nnd cannls. Standards of nccurac~, 
such 89 are familiar elsewhere, by wl~ich the error of levelling is restricted wit,l~iu such l in~i ts  as 1 inch per mile, 2 feet or 1 fool 

per 100 miles, e te  , would be uaeless; for  it is seldom tha t  the resulting heigllts can be checked before the lerelling has proceed! 
tbr many hundreds of miles. Thin renders the most rigorous precision imperative ; and n very s~nall n~r~ount  of disagreement 19 

consequently pe~.mitted between the rending8 of the two levellers, who work in concert and with different instru~nente. 
The following table shoivs the maxlmum and terminal differences between the heighta obtained by the tmoleveller~ &Ion! 

six eectious of the liue of levelling from Karachi, vid Calcl~tta, to  Fulse Point:- 

The very high ~ t a n d a r d  of nccurncy pre~erved in the Survey of India ~pir i t - l~vel l ing operatione may be renlised 
inapec' 

tins the following Tables I and II. l'nble I gives eight typical s p e c i ~ n ~ ~ s  of Iincs of levelling connecting tidal stations, 'lid Tnble Ihe 
errors ahown in i t  were calculated on the ~rasumption that the height of mean-sea-level is the same a t  nll the tidal stfitions . 
11 gives five specimens of closed circuit8 taken nt random from the published pnmpl~leta of spirit-levelled heights. In  culcularlog 
the  error, in botll table. eicns were diareenrded, so thnt errors of contrary siEns did not tend to  neutrolise ench other:- - 

YFB pnen G I ,  r11npLer I V  01 Ihls ~0111rno .  
t Q r ~ m l  Rqmrt. Surccy of Indin, Ifi*G-Ri. pace xl. 
f Qrnrrol Rrporf ,  Sun,*y of Indin, I R R C . 8 7 ,  pnge lil. 
( M n x i o l ~ ~ m  wern,i~s~l,le dtacrepancy 0.005 loo1 ; scc page 78. 
U Osurol  Ycporl, luroey o j  I d - ,  183d.94, page 1x1~. 

Torminal difference hetnr'" 
the resull8 obtlllned 

two level8 

feet 

0 . 9 8  
0 ' 9 4  
0.01 
0.15 
0.38 
0.06 - 
... 

Bection 01 line 

Rlaru Pir, Upper Sind, to  Dern Ghazi Khan ... ... 
hlaru Plr, Upper Yil~d, to Karacl~i  ... ... 
L)r.ra Ohmi Khan to  Chach near Attock ... ... 
Cnlcuttta to T~l~crgnrhi ... ... ... 
l'ilingarl~i to Pntka Oerouli ... ... ... 
dgra  to  Patka Gerouli ... ... ... 

Length of Section 

milee 

310 

301 
360 
242 

3 46 
343 

Alnx~~nnm dtfferenco be- 
tween Llno results obtoined 

by l l ~ e  Lao levels 

feet 

0.93 
1'39 

0'35 
0.20 

0.40 

0.15 

Mean maximum difference per 100 miles ... 0.18 



FORMER METHODS. 

Table I. 

Table 11. 

Resullinr error 
100 n~i lea 

feet 

0'07 
0.13 
0' 17 
0.16 

0.07 
0.14 

0.19 
0' 10 

?'he Survey of Indin does not profess to keep the errors of heighte obtnined by spirit-levelling ~ i t l ~ i n  any fixed limit ; 
but prefers tlu.nillg out the very beat morlc possible and discovering nfternvards, ~ h n t  its errors mlly amount to. Spirit-levelling of 
which the error does not exceed 1 foot per 100 miles is genernlly considered t o  be pr~ct i rnl ly  perfoct. I t  will be found that  t h e  
mean error of the great spirit.levelling opernt io~~s dealt with in TnLles I nud I I  is ~rbout 1 foot per 1,000 miles. 

Apparent terrninol difference, 
u,,,,g ~ , , t ~ ~ ~  r,,lups 

~neun.srn.level 

feet 

+1'72 
+1.60 
+0'97 
+0.64 

+0'42 
+0'74 

-0'52 
-0.39 

Closed Circuit 

Cnw~~pore-Meerut-Morndnbad-BnreilIy-LucItnom-Camnpore ... 
... I)ild11rnnger.Cforakl~~ur-Luck11ow-c'nwn~~ore.1~iIdarnngar ... 

Pirpnnti-L)ildar~ln~r-GornI~I~~ur-Purnea-l'ir~nrlti ... ... 
Krdgao~l-Gulbnrga-II~~icl~ur-Gooty-Belly-1 ubli-Kedgaon ... 
~ni~hur-Crooty-Bell~r~-H~icl~ur ... ... ... ... 

Out of t l ~ e  total 17971 miles of double simultaneous levelling, complet.ed between 1858 and 1909, 
1361 miles hare been revised, (see C h q t e r  IV, page 69),-mainly on account of the magnitude of the 
closing errors. 

Lent?Lh of  line of 
levelling 

miles 

2,500 
1,218 
560 
409 

580 
5 30 

269 
391 

F4 
0 Y 

2 % 
, a 2 ;  
2 7 
4 

2 
Y : e 
0 4 u a 

S; B 
u 

; .s 

$ T 

On the methods of dispersing closiltg errors in the past. 

~i~~ of levelling from rnean.sen.level to mean am-level at 
the uoder~nonliol~ed tidul slatlone 

... gRrnChi to False Point oi8 C n l c ~ ~ t t a  ... ... 130mbny to False Point direct ... ... ... I<;trrvnr to Mudrns ... ... ... Beypore to Xadra8 ... 

... ... ... Olthe to Bombay ... ... Uombny to Karwar ... 

... ... Madrns to Negapatarn ... ... ... Msdrns to Cocnunda ... 

LengLh of 
Circuit 

miles 

620 
602 
815 
844 
236 

On the earliest lines of levels no questions of dispersion of error arose, and the observed values 
of the spirit-levelled heights were published in the earliest pamphlets without any adjustme~lts being 
necess~r~ .  But as the levelling operations were expanded, new love1 lines came to be connected in 
places with old bench-marks, the heights of which had already been fired and published. 

The closing errors, that appeared, wera distributed over the most recent lines in order to avoicl 
disturl)anacs of the publislled values. Under this nrlitruy system infinite weight Was given to 

Ihe 
lines, and relatively smaller weights to the later. 

Cloaing ermr 

feet  

0.64 
0'05 
0'78 
I . 13 
0'16 

Error per 100 miles 

feet 

0' ID 
0.01 
0' 10 

0.13 
0'07 
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I n  the present volume the original observed values of height derived from field records ( been talien as data, and all former arbitrary adjustments and dispersions of errors have heen diSregardd, 
AS 11osever such adjustments hnve affected the values of height, hitherto published in pamphletr3 
on maps, a fe\v n o t e  will now be added to illustrate and explain the former procedure. I 

(i). Note by General Walker dated 1869*- I 
The height, above the menu-sen-level of Knrnchi Harbour, of the U. T. 9. Bench-mark at Campore, aal,roqbt do,, 

directly from the Bench-luarlr et Meerut by the main-line of levels, is 

407.75 feet I 
(videpaqe 12 of Tables of Heights in N. W. Provinces and  Ben-qal) I 

The height as brought down from bleerut by the branch-line through Morndabad, Bsreilly, ~ b e h j a h a n ~ u r , a n d ~ ~ ~ ~ ~ ~ ~ , i ~  

407.11 feet. I 
Thus the two doterlninations differ by 0.64 foot, which cannot be considered a material d i~crepnnc~ ,  for the two linU 

of the respect,ive lengths of 290 nnd 330 niiles, forming a circuit of 620 niiles. I 
As the heights on t , l~e mnin-line, as well ns those on the branch-line as far  as Bnrailly, have already been publiabed,ili 

not nt present desirable to alter them, tliough this will l~trve to be done eventually. As a provisional measure, tl~e discrepaor, 
of 0.G4 foot has beeu distributed over the levels between Bareilly Church and the Bench-mark nt Cawupore, the argumoet hi; 
the distance in miles from Bereilly. 

(ii). Note by Captain Cartel: dated 18721.- I 
I n  order to avoid disturbing, for the present, the tables of heights nlrendy printed, the above correction of -0.18 foothu 

been dispersed provisioually along the line from the Bloclr-stone Bench-nzrlr a t  Parsoni near Parsturnan to the Block.stoa 
Bench-mark nt Pirpnnti railway station; the nrgument used for dispersion being the distance inmiles between theee piin~r. 
The length of the circuit lulder considerntiou may be reckoned thus 

From Qornkhpur vicr" Dildarnagnr to Pirpanti Bench-mark 417 miles 

m rid Purnea to ,, 398 ,, - 
Total circuit of 815 ,, - 

(iii). Note by Mr. Cole datt-d 1885f- 
l 'be bench-lnnrlis nt Kalyan and Dhond, from wlrich Series i nnd iv origihnte, appertain to the line of Spirit.lertl1 

which has been carried from Bombay to Rladran. This line ha3 already been corrected for closing errors nt Dfndras nnd elserht~, 
and i t  is therefore necessary to consider the heights of the Knlyan nnd Dliond belic11-marks ns no longer susceptible of rhnn:c. 
From Kalynn bencll-l~la~lr a connection has been effected through Series i,  ii and iii \\,it11 benrh.marks in the neighbourhwl 
of Sironj of which the heigllts had been previonaly determined by spirit-levelling from Karachi. Three points werecoo 
nected with, viz , the S.W. end of tho bare-line, and by n branch-line, b'urantal 11,s. nud Mohnst~ bench-mnrL ; of tllesetbefinl 
appenred to have been tampered with, tlie position even of the lower mark being questionable, but the other t - ~ o  werein!&' 
order. The comp:lrison at  Surantal gave the height ns brought up from lialyan a value 0.247 of a foot in excess of thatbrou;bl 
up from Karachi, and nt Rlollasa 0'280 of a foot in th.e same directio~l. 

Series iv colinects Dhond with Manmnd, n bench-mark in Series i, of which the value by Series iv was 1.033 of ufc4' 
in defect of that by Series i 

The discrepnncies appearing a t  Surantnl and RIohara must of course be considered as errors, as d s 0  that at Mnnmnd; 
has been desirable to disperse t l~ese errors before publisl~ir~g tlie heiKhta ; because of theirlconvenie~~ce which would be occaaiond 
by I~r~v i i~g  to :ie~ig11 dn8'erent brights to the Name bench-rna1.k nccordil~g to the direction from which i t  was reached. An S"'n 
i, ii and iii were levelle,l over by two &servers working indel~enrlently, while k r i e s  iv was levelled over by qne oba~rveron'~,' 
hns been thought best to adjuvt the former first without regard to tlie latter. 

Since the line from haraclli to Sironj llns received no corrections, the errors a t  SurantnI Mohasa sllould be conside" 
as genernted between Iiarnclli nnd Kalgan; but as they are so small, and the levele from Karachi to Sironj were execuledn! 
published mnny years ngo 2nd hnve eince been employed as a basis for Canal and Rnilwny levels, i t  would occnsion considera'' 
inconvenience to make any alterations ill tl1e111 ; i t  hns therefore been decided to distribute the errore between Knlgan nud sunn''l 
only, nnd t l ~ i s  lras Ireen done by assigning corrections in proportion to tlle Fquarerootof the dietnnee from Kal~nll:,. T ~ ~ ~ ~ ~ ~ " ~  
been that Series i hus recei~etl n total correction of 0.123 of a foot. Series ii of 0.084 of a foot, and Series 111 of 0'0400!' 
foot. The ~rnal l  di~crepnncy of 0,033 of a foot between Surnntal and &lolinaa wns disper~ed betmleen these two 1)oints **lerlh' 
adjustment the error nt &It l~mnd be~lch-mark wae - 0.914 of a foot and this wns distributed through Berim iv in~ropor"un 
to  the Equnre root of the distance from Dhund. 

All hrancll.lines hare received only constant corrections due to  the in the adopted height of the 
from which they origiunted. 

/ 

Rciahtm in tlle I'onjnh. North-We.it Prclrince~ and Ondh. 186G-70. psgc (43). 
t Heights  in North.West I'rurinres nod Llengal, 1 8 i l - 7 2 ,  Section IX, page IV. 
f 6piril.Lcuelled Hrighla, NO. 4 Bombay Prm'dency, 1886, page YII. 
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(iv). Note by General Haig dated 1886 on the adjustment of the great Bombay-Madns mar*- 
itnow remaius to shew how the observed heights were treated before publication. As the publicntion of results of 
opernfiOns with the closing error. unadjusted would cause con~ider8~ble inconvenience in t h e ~ r  use, i t  has been the runtom 

to m,,ke adjustment of theseerrore, l e n v i ~ ~ g  m y  final adjuelu~ent  for future conaideratiou when t11e main-l i~~ea of l e \e l  
shdl becompleted I11 the present illstance the error a t  filndrss being so lnrge and the points of junction nnd closing points 
Inore io llumber than usual, the adjustmeut wns made by the aid of minin~ulu squares as will be explained, the m e a n - s e ~ ] ~ ~ ~ l  -.- 

beiug assumed constant. 
~ ~ ~ l ~ ~ t i ~ ~  the small circuit Kedgnon, Diksd, Nira Bridge, and omitting also of necessity the  line Mndras-Benore, 

rind tile iunction betmeen Jalarpet and Bangalore which were not executed a t  the time, the lines of level nfforded four com- --- . 
pariaoIls for determinit~g closing errors :- 

(1). The line connecting Bombay mean-sea-level with Madras mean-sen-level, via Kem, Raichur nnd Gooty. 
(2). Tile line connecting Bombay mean-sea-level with Knrwar meau-se:~-level, vid Poona and Hubli. 
(3). The circuit from Kedgaon, vi8 Gulbargn, Haichur, Gooty, Bellnry and Hubli. 
(4). The circuit from Haicl~ur, utd Gonty and Bellarp. 

Tl~e values of menu-sea-level Eortlicoming a t  the time the adjustment was made, nre given below ; but  as each succeeding 
year's tidnl observations give additional data, from which to obtain more correct values of menu-sea-level, it wns known tha t  they 
mould,from time to time, receive slight eorrectioos. The changes however being very s m d l  might well be dispersed 
without any sensible disturbance of the calculatious. The values of mean-sea-level aa firat employed i n  the cdculetions, and 
since corrected, are gireu by the following data :- 

Above mean-see-level from determinations obtained to 
O.T.S. Bench-marh a t  the  Town 1877, 1881, 

Hall, Bombay ... ... ] 19.859 fee t  ' i 1 9  795 feet. 

Q.'l'.S. Bench-mark at Krrwnr 
Pier . . . . . . . . . . . .  ] 8 61 1879, feet. 8-70 1881, feet. 1' = h 

-00 d 

Bed-plate of Mndraa Tide- 1881, f i e  1884, 
gauge ... ... ... 23 011 feet. 23 123 feet.? 

f 

The closing ascrepancies were, using the earlier values :- 
(1). Bombay mean-sea-level lower t,han Madras mean-sea-level 2.98 feeb. 
(2). Bombay mean-sea-level lower than Karmar mean-sea-level 0 9 3  ,, 
(3). A closiug error in the circuit Redgaou, Gulbargn, kc. + 1.13 ,, 
(4), A closing error in the circuit Itnichur, Gooty, &c. - 0.16 ,, 

For the adjustment of these diacropnncies thel ines of levels were divided into sections as follows, where the differences of 
height of tlie extremities of each sectiou are alao.sLewu, as well aa the  length in  miles :- 

Dlff. of E e ~ g h t  Length of L~ne. 
Bection (a). Bombny medn-sen-level to Eedgaon .,. -F 1776.89 153 tulles. ... 

... .. ( b ). Kedgaou to Qulbargn ... ... - 285 66  200 ,, ... .. ( c  ). Qulbnrga to ltnichur ... ... - 169.69 69 ,, ,, ( d )  Raichur to Gooty ... ... ,.. - 166 '51  9 6  ,, ... .. ( e ). Gooty to Mndras mean-sea-level - 1168 0 5  ... 21;o ,, 
,, (f ). Kedg.wu to Hubli ... ... ... 9 262.64 269 ,, 

( g ). Hub11 to Knrwar mean.sea-level .. ... - 2038'60 ... 113 ,, 
,, ( h ) .  Hubli to Bellnry ... ... ... - 556.39 140  ,, ,, ( k ). Rnichur to Bellnry ... ... ... + 156.89 , ( I ). Bella~y to  Qooty ... ... ... - 323.24 

90 9 ,  

50 ,, 
nepmse*iue the error iu feet of a c h  ~ee t ion  by the symbol a with a corresponding subrcripb, t h e  folloring q u a t i o n #  

reaulted :- 

. . . . . . . . .  $6 - V1 - X I  = - 0 . 1 6  
'0. the solution of these equations the weight of the levelling of ench section was taken 80 inver~ely poogortional t o  the 

O'lWe root of the distnnce.1 
The reeulting values of the errors mere :- 

.$ ' .  
Ptnl.Lpu~lred H ~ i g h h .  Nos. 2 and 3 Bornboy, 1886, page XI. 
'linr Lo the present determinmtio~ of nm.m-love1 b Major Baird. R... eb Madrr, the mlna in rue was that determimd by Cdoncl 

DeHnnlnnd 
oh@ervntions mmde from May to October 1821, and which gave the height of chc bench-ouk fiicd by that officer YEorL St. Gnurpe le* 
m~an-scnJcvel. The vnlne ie now 7.88 feet. Hence d l  high. refemd to Colonel DeHavi1ud.s datum reqnire * connlnn  of 

+"06 Ieet to reduce to the 13. T. sorvey dntum. 

]H,, allearn incorrecb; the weight ahodd be i n r m e l ~  an the  length< 800 Atijurlmt 0J O l u m o t i o u  by, T. W Wright. LA.. New Iurk. 
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The more recent valuea of mean-sea-level all-endy recorded having been teceivdd befom tlm diRperaion d the ,bore emn 
had been etlected, the errors of the nearest nections were chnnged by the diEercnce of wean-sea-level in each thus 

a. became = +0.65, 
x, ,, = +O. ' iB,  

I 
- X# " - 0.00. 

The %rial eorreetion of the individual heights was effeeted as follows, the square root of the distance from o$iak 
tslren as argument :- In! 

Section ( a ) .  Bombny mean-sea-level to  Kedgaon, distanee 163 miles. 
The individual eorrect io~~s to tlie heights were :- 

-0'00 foot, as n constant for the new value of the Bombny r~ean.~ea.level, 
0.65 - -- 

J153 
Jd i s t snce  from Bombay. 

Bection (b). Kedgaon t o  Qulbarga, distnnce 200 miles. 
The individual corrections to  the heights were :- 

- 0.71 feet, brought forward from Section (a), 
0.72 -- J200 Jdistance from Kedgaon. 

The abort line connecting Diksal in this section with Nira Bridge in Section (f), distance 68 miles, was fitted iu 
the corrected value of Diksnl and the vnlue of Nira Bridge, as given aEter the ndjustment of Section Cf). 
The individual corrections to  the  heights were :- 

- 0.99 feet, brought u p  to  Diksnl, 
0'25 +- J3 x J d i s t n ~ l c e  from Diksrrl. 

The brancb-line from Qulbargs to  the Bider Base-line received a constant correction of - 1'43 feet brought up  from 
Sections (a) end (b)  ; and the branch-line from Sholapur to Bijepur, Sholnpur being distant 131 miles from Kedgaon, received, 
eonstant correction of 

- 0'71 feet, from Section ( a ) ,  - - 0.72 X d m  
J F o  

Bection ( c ) .  Qulbargs to  Raichur, distanee 89 milea. 
The individual correotiona to the heights were :- 

- 1'43 feet, brought up from Sections ( a )  and (b), 
0'46 -- 
J& x Jdistance from (3ulbargs. 

Section ( d ) .  Raichur to  Qooty, distance 96 miles. 
The individual correctioue to the heights were :- 

- 1.89 feet, brought up from Sections (a ) ,  (b )  and ( c ) ,  

-- 0 ' 2 6  x J s f r o m  h i c h u r .  Jst; 
Bection (e). Qooty to  Madrns, distance 260 miles. 

The indivirlual corrections to the heights were:- 
-2.15 feet, brought up from Sections ( a )  t o  (d ) ,  

-- 0 '78  x Jdietnnce from Oooty. 
J260 

After the completion of this adjustment the line of levels from Mndrns to  Beypore was received *om the Levelling "fl- 
It nppenred that  the portion Mndrns-Arkonnm h d  been re-levelled with a closing discrepancy of 0.034 foot nt Arkonsol TLi" 
discrepancy being very m a l l  was treated as nn error nod dispersed over the new line between Madras and Arkonnm. The OPW 

values of the bench-mnrkn common to both lines nere accepted. 
3ection (f ). Kedgaon to Hubli, distnnce 269 miles. 

The individual corrections to the heights were :- 
- 0'71 foot, brought u p  from Section (a ) ,  

0.13 . - 
J2tic;S 

x Jdis tance from Kedgaon. 

Bection ( 9 ) .  Hubli to  Karwar, distance 113 miles. 
The correction to  this section should hove been nil; but  RE the abstract hnd been made out in  terms of garwar 

I n e l  with a preliminary vnlue of thc height of the R. 'I1. 9. Bench-mark nt Knrvnr = 8.76 feet, t~ conatant comection -'Oi 

foot had to be applied to  t h e ~ e  recorded values to  reduce them to the datum 8.70 feet. 
Section ( h ) .  IIubli to  Bellnry, distnnce 140 miles. 
The constant correction - 0.06 bob brought up from Karwar through Section ( g )  wns applied throughout, 
Line.-Bellary to Bangalore, distnnce 204 ~niles. 
The cnnstnnt correction at  Be11.m.ry of - U 0 6  foot brought up from Karwar through Section ( , q )  would hnve flpp'id 

throughout. But Bnngnlore b r i n g  aLnin been lcrelled to, uid Jalnrpet, a necond value of tbe hcight of BnngnIore "" fOuDd 

differing 'by + 0.831  from tha t  brought down from Bellary: thi. wae diapersed by simple proportion between Jalarpet andBelW' 
a di~ tance  of 290 miles. 
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 ti^^ (k). Bellary to Rnichur, distance 90 milea. 
The iudiVidunl corrections to the heights were:- - 0.06  foot, brought up from Sections ( 9 )  and (h) ,  

- 6 2 4  + - X ddistnuce from Bellnry. 
J 5  

Section (1). Bellary to Gonb, distnnce 50 miles. 
The individual corrections to the heights were :- 

- 0.06 foot, brought up from Sections (g) and (L), 
-- O '  x Jdistauce from Bellnry. JE 

The heights thus corrected are equnlly referable to the mean-see-level of Bombay, Madras, Karwnr or Beypore. 

The above few notes are typical, and have been selected almost a t  random from the numerous 
instances of adjustment : many other arbitrary dispersions of errors are described in  the several pamphlets. 

The essential difference between the method of dispersing errors, followed in  the pamphlets, and 
that adopted in this volume is, that the earlier level-lines and the earlier tidal observations received in  
the pamphlets greater weights than the later, whereas in this volume weights are scientifically derived 
and are independent of date of observation. 

~~t it is necessary to point out that in the future we shaIl have to relapse again into the  arbi- 
trary methods, that we are now denouncing and abandoning. I n  this volume the circuit errors mill be 
adjusted, and the hei,ohts of all bench-marks erectcd between 1858 and 1909 mill be fixed. Any level- 
lines subsequently ohserved will have to be fitted in to the adjusted level net. The lines forming the  
level net wil l  thus be accorded a greater weight than those observed subsequent to the reduction of the  
level net: from a scientific point of view this is not quite satisfactory, seeing that the future lines 
of levelling, which should be more accurate and more reliable than the old, ~vi l l  be subordinated. But  
me are in the same dilemma as our predecessors, and we cannot postpone publication of results, or wait 
for a finality which is unattainable. Topographers and engineers, who make use of our bench-marks, 
only ask us to eliminate contradictions and to provide them with accordant values of height, such as 
they can regard as final : they deprecate frequent modifications and disturbances of values. 

Tliis volume mill therefore furnish values of heights sufficiently reliable to serve all purposes for 
at least half a century. I n  1958 it mill be open to our successors to reconsider the question and to  
re-adjust the level net of India. By that time there sliould be a second level net super-imposed on the 
first: the second will consist of all lines observed between 1909 and 1958, and mill be attached to new 
open-coast tidal stations, such as Porbandar and Akjab, which have not as yet been connected with 
the levelling network. The second level net (1008-1958) will be a more scientific work than the present 
one (1858-1908). I t  mill then be interestinq to see, what differences in value will occur in the 
heights of those bench-marks that are common to both nets. 



C H A P T E R  V I I .  

THE DYNAMIC AND ORTHOMETXIC CORRECTIONS. I 
The rotation of the earth has given to its surface a spheroidal figure. The equatorial axis is 

I 

longer than the polar, and the intensity of gravity is less at  tlie equator than at  the poles. Ifre 
imagine the earth to be enveloped in water to the height (for example) of the Tibet laltes, or lbOOO 
fect ,  the surface of this envelope will not be paralll.1 to the mean surface of the sea, as it s t  present exisls 
(r,irle fig. 1, plate XV). The two surfaces mill be a t  a maxim~im distance apart at  tlle equator andwill 
converge towards the poles. When therefore the water of any large high-level Jake is in repose, and rl~cn 
its stirface is level, th~ :  height of the surface above the sea is less a t  its northern end than at its southern, 
( ~ i d e  fig. 2, plate XV). 

Geodesists have therefore to consider the three follol~fing qnestims :- 

(i). I s  the whole surface of a large high-level lake to be regarded as  a t  one and the same 
heisht, because its water is in equilibrium ? 

(ii), I s  the northern end of such a lake to be given s smaller height than the southern end, 
hecause i t  is nearer to sea-levcl ? 

(iii). Wllat value of height will be given to the two ends of the  Islie by ordinary spirit-levelling 
operations, emanating from sea-level ? 

If we could measure a vertical distance of 15000 feet upwards from sea-level, both in southernIndia 
and in northern I11di3, the two points reacllrd mould be a t  the snnte height, but they mould not be ontlle 
same level surface; and water would bave a tendency to flow from the northern point to the southern. 

I n  actual pract,ice me judge of relative heights in two ways:- 
Fi~.stky,-by direct vertical m'easurement. 
Secoi~dly,-by the flow of mater. 

If we wish to measure the 11eight of a Slirvey tower above vonnd-Ievel, or the height of 8 tidal 
ol~servatory above sea-level, me suspend :, steel tape o r  a meigllted wire, and we measure the did 
distance. But if we are laying out a canal, or endeavouring to contonr ground, me trust to the evident' 
of water-flow, as indicated by our levels. I n  the former cases me have recourse to actual linear 
mrasurements, in the  latter cases we determine the vertical fall by observing the position of liquid 
a t  rest. 

Two metlmlg of determining heights above sm-level are tl~erefore in recognised use, the One 

depending upon linear vertical mcasuroment, the other depending upon levels and water-flow ; these IRo 
methods lead frequently to contradictol.y results, and nre are t l ~ u s  called upon to introduce as~8telP1 
which will reconcile discordances and furnish consistent values. 
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values of height, that are derived from the observation of water-flow, have been named 'dyna- 
,ic lleightsp, and values denoting actual vertical distance above senlevel have been called orthomet- 

6 ric heights'. 

Tile ordinary field operation of spirit-levelling may be described as being made u p  of two parts :- 
(i.) tile determination of a level surface by means of liquid, (ii.) the measurement of vertical 

dijtance~ on the staves. The operation cannot therefore be expected to furnish either dynamic 
orthometric heights. 

In ordinary levelling, observers assume that all level surfaces are parallel, and that  all points situa- 
ted at any one level surface are separated from sea-level by the same vertical distance. T l ~ i s  assumption 
iotrodllcos an error into their work. I f  me take any two close level surfaces of the earth, they 
are ,lot separated by equal distances, but nt every point of their surfaces the product of the perpendi- 
cular distance separatiug them into the intensitmy of gravity a t  the place is constant . If, in  figure 2 of 
plate XV, h and h' represent the vertical distances DC and PE, and if g and g' represent the intensities of 
gravity at C and E respectively, then g h = g'h'. 

If then me wish to find the height of F above C, and if we correct our spirit-levelling results 
for spllcroidal convergence, we sllall obtain a different vslne for every different route we follow : obser- 
vations along the route CYF will give for F the height h or CD, and observations along the route C E F  
sill give for F the height h' or EF. 

Ordinary spirit-levelling, uncorrected for spl~eroidal conrergence, will also give a different value 
to tl~e hriglit of F for every dilreerent route followed; i t  will moreover fail to furnish either the value 
h or 8' from any one of t l ~ e  routes.* 

The follo~r.it~g extract is from a note by Colonel Goulier on Lea wil:ellen/eals de pdcisiotz t :- 
" 1 1 1  gcomctricnl levelling (see figure 3 of plate XV) we are accustomed to consider the distances 

"A".\, ant1 B'B, to be equal, also the cliat~nnces B"B, ant1 CIC1, and so on. But t l~cse equalities do not 
"exist,, for n7e are able to prove tbnt tho level srwface A1'B' is not parallel to RIB,, similarly B"C' is not 
"pnmllel to  B,C,. T l ~ e  clist,nnccs A,A" and BIB' are ir~verselp proportional to tlle intensities of gravity 
"at the p)int,s A, and B,, and tlie int,ensities increase from tlie equator to the poles. lllle result of t l ~ e  
"iuequnlitg of t.he t.\vo distances, Y A ,  and B'B, is that the spirit-levellecl lieigl~t for the point U expresses 
"not, ns is gl.nc,rnlly t,l~ougllt,, the I ~ e i ~ l ~ t  lIB, of the point I3 above sra-level, but tlle height BB, of the 
"l~oiut B n1)or.e the line A,13,, \vlricl~ is parallel to the level-line AU13'. Tlle spirit-levelled value is 
" tlleruforc in crror by BIB,. 

1 , ~ '  ~m~larly ' hetween B and C the levelling ~enera tes  an error equal to C,C,, so that the spirit-lelrrllt-d 
"llei:l~t of tll(. point C is ill error C,C: + BIB, = C,C,. &tween D and B the  error geueratod is 
"equalto EIF+, and the spirit-levelled value of the height of E is in error by E,E, = ElE2 + DID, 
" + CIC, + BIB;'. 

Wc are now in n position to answer definitely tlte three que~tions propounded above (page 98)- 
(i). I t  is correct to regard the s l l d e  surface of the lake as lying :it one and the same altitude; 

and tile v d u c  of altitude derived under this hgl,ot,hesis is called its bdynamic height'. 
(ii). I t  is also correct to regi~rd tho uortlleru mud of the lake as lower than the  southern end, 

"d vabes of altitude derived under this l~ypotllrsis are cal!ed ' ortl~ometrio heights'. 
(iii). Altllough t\vo diflerent vnloes of l~eiglkt, tho dyhnmic and the nrtbornet~ir, are determio- 

nWeand are equally correct, yet tlla operation of lesrllit~p in the firM produces neither tho one nor the other. 

- 
Eme@t in tba tborcticnl cmo whcn the t o t 4  rise occurs in onc\latitode. 

t C o ~ ~ l f c ~ ~  Rendlo dea S6a.i.urr do I. &&,mi* dm S k i u .  V o l r u o  CV, pngc 270: D l la ro  tmken tile liberty of n u k i n g  a s o n r w l ~ u t  free 
'nnalntion in ol.dcr lo su i t  t i lo I . C , ~ ~ I I V L . I I I U ~ ~ I ~  UI 11118 VVIUIIIU.-5. ti. ~ ~ V I L ~ ~ A B D .  
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From levelling we derive the following successive differences of altitude (vide fig. 3, xy1, 
(AA" - BB') 

+ (BB" - CC') 

+ (CC" - DD') 

+ (DD" - EE') 
= (AA" + B'B" + C ' C  + D'D" - EE' = Z(dh) ,  

where every successive value of dh is measured on a different vertical. If successive leve] gurheeJ 
were parallel, the expression t(dh) mould be correct, but as this parallelism does not exist, we deriys 
from Z(dh) a value of height that has no physical interpretation. 

The theory of levelling has been lucidly explained by M. Charles Lallemand in his Nivellen~eald~ 
saute Prdckion. H e  shows (page 24) that the dynamic diferenne oJ level between two points A and 
B is obtained by adding to their observed ditference of level the following 'dynamic correction':- 

where 

The following equation gives the ratio of the dynamic to the ' field ' difference of height between 
two bench-marks : 

dynamic difference of height - - g a t  station of observation 
field difference of height g on same level surface in latitude 24" ' 

Let gl and g, represent the respective accelerations of gravity, a t  the height of the point con. 
sidered, in latitudes lo and 24"; and let gol and go,, represent the corresponding accelerations at sea-level, 
I n  latitude lo there is a mass of height H between sea-level and the station of observation, but at the 
assumed datum point in latitude 24" there is no solid matter supposed to be standing above sea-level; 

then g, = go, 1 - - ( ",", 

Therefore 
dynamic difference of height - g~ - -  

field difference of height 9% 
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3H 
We hare decided to neglect the Bouguer term 

for two reasons :- 

(1.) because its introduction does not tend to produce greater accordance between observed and . , 

tbearetical values of gravity ; 
(2,) because its omission from the dynamic correction does not affect the  closing errors of levelling 

We therefore get 

g1 x field difference of height. and dynamic difference of height = - 9 2 4  

In the case of India, Helmert's formula for g will have to be written 

$7 = { 1 - 0.00265j (COP. 21 - cos. 4 b )  ] 

Lallemand shows (page 16 of his book) that orthometric heights can be deduced from observed 
heights by adding to each levelled difference of height the correction :- 

- 20 H. sin. 21. dl. 

In order to convert a dynamic height into an orthometric height, i t  is necessary (page 32 of 
Lallemaod's Nivel1erne1,t de Haute Pt.Lcision) to add the follo~ving quantity to the former :- 

P P cH cos. 21 + H y f o r  France) or a H  (cos. 21 - cos. 48') + , d H3 (for India). 

In his Schzoerkvaft im Hochgebirge, 1890, Professor Helmert shows that variations in gravity 
along the lines of level, which form a closed circuit, will give rise to a closing error, and taking the actual 
results of tile Bozen-Innsbruck levelled polygon he separates this closing error from the accumulated 
error of observation. 

He gives - 0.0053 H sin. 21. d l ,  in which H is the mean height of the levelling section above 
sea-level, 1 is its mean latitude and d l  is the difference of latitude of the two bench-marks.* 

The method o f  compziting the cowections f o v  gravity. 

We have reproduced the formula: given by the principal authorities, and we have now only to  
explain the mcthod of comput,ation, by nrl~ich observed spirit-levelled heights have been converted 
in tlris volume into dynamic aud orthometric Iieigl~ts. 

We have converted observed heights, firstly, into dynamic heights, and we have then converted 
the dynamic into tllc orthometric : as both dynamic and orthometric values have their uses and interests, 
We \lave given tlrc, t~vo  side sidc in the tal~les oE bench-marks published in  Volume XX of the 
Account of the Operations of tlre G.  T. Swsvey of India. 

We bave not taken into consideration the departures of sea-level from the spheroidal form, such 
8s are caused hy the varyin: attractions of mountains and by the heterogeneity of the crust.t 

* See also Ilclrnerl's nolo, Dre rcchreh,lta allgemeine konfrrenr der Internotionalen Brdmessung ru London.Carnbridge, published in Vol. 36 
'1 Eribchrin f i r  re~mesmn~atccre., 1909. 

C o m ~ l e d  Rnrndw dcs reancsr ds la puimeiea. wmfcrsncr gb6ralc  & L'Arsociation QCodBtipuc Imlrrnalio~ale, rhmie d Budapeat, 1906. Vol-• 
P%o 160 ro 162. 
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Pendulum observations have not as yet been made a t  a su5cient number of stations in lndirto 
enable us to derive dynamic and orthometric heights from observed values of g. As aprst approsirno, 
tion we have employed theoretical values of g, and from these values we have introduced corrections,o 
the observed heights of all bench-marks fixed during the last 60 years. 

I n  Appendix No. 7 of this volume Mr. J. de G. Hunter has shown that 88 per cent or seven.eigit\, 
of the total error due to gravity has been eliminated by the employment of theoretical values of $, 

If me had employed observed values of g, corrections for gravity would have become applic3ble, 
wliatever direction a line of levels followed; but as me have only taken into account the spheroida\ 
form of the earth, the orthometric corrections will vanish on level-lines running east and west, 
dl = 0 ) .  The orthometric corrections mill be greatest for level-lines that follow a meridional direction, 
Tliey mill be negative on a rising line running from south to  north, and positive on a rising line runin; 
from north to south. 

Preparation of tables for computers. I 
If dh is the difference of elevation observed by levellers between two bench-marks, and B i ( 

this difference corrected for spheroidal convergence and adjusted to the vertical of latitude 24" then 

g .  dh = g,,. dh' 

where g is the value of gravity in the latitude midway between the bench-marks and g,, is the valueia 
latitudc 24". 

Then 

and (A - 1) dh = (dh' - dh) is the dynamic correction. 
Q24 

Professor Helmert's formula of 1884 gives tlie relation between gravity a t  sea-level and latitudt 
as follows :- 

go = 978.00 (1 + 0.005310 sina I). 

I n  1907 Professor Helmert was able, with the aid of new data, to modify the constants of tli 
formula, and he has now given us 

I n  the pendulum operations in India Major Lenox-Conynpham has, however, already been using 
for some years the formula of 1884, and he does not think i t  dvisable for the present I' 
cliangc it.* As the results of pendulum operations are now being accumulated in all parts of tl1eead"l 
the formula connecting gravity and latitude is likely in the near future to constant slight 

cllnnges, and we consider it best to adhere to one formula throughout and to retain d l  results in simlb 
terms. I n  computing tlie dynamic corrections for levelling we have therefore accepted ~elmerh'~* 
mula of 1881.. I n  Appendix NO. 7 Mr. Hunter has compared the formula of 1864 with tbat 
1907. The greatest discrepancies occur in  the southern Indian latitudes and decrease as labitud' 
increases. As regards the levelling correction the two formulE givc practically thc same results: 

the 

discrepancy between tlie corrections found by the two formulie is in latitude 8" less than onesirkedb 
of the correction given by the 1881 formula. 

/ 

Pendd- Operations in India pagc 20. Yonlhlp Notices, B o j d  Astronomical Society, March, 1909, Vol LXIX, PWe 88'. 
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go I g78.oC) (1 + 0-006310 sin21) where 1 = latitude midway betweem two bench-marks, 

then 
go, = 978.00 (1 + 0-005310sin224') 

the dynamic correction is equal to 
1 + 0.005310 sinZl 1 1 + 0.005310 sin2PT - ' ) 

The following table for facilitating the computation of the dynamic correction ha8 been pre- 
pared by Mr. Hunter :- 

The quantity F has been calculated from the formula 

F is therefore the correction to a height of I000 feet in latitude 1 ; the correction F reduces the 
levelled height to dynamic height, with reference to an origin in latitude 24'. 

The value of P has been tabulated for every tenth of a degree of latitude, horn Bi".06 to 34O.06. 

The table can be used as follows :- 

(i). By means of levelling charts and maps eacb line of levels should be divided into latitudinal 
portions,-a separate portion being allotted to each tenth of a degree of latitude. 

(ii). The observed rise (positive) or fall (negative) in height (= dh) shodd  be taken out for 
each of these latitudinal portions. 

F (iii). We have then only to multiply dk by - 1000 ' 
dh P 

(iv). The sign will be that of the product of F a n d  dh, and the quantity - when added algebrai- 
100 

cally to dh will give the corresponding dynamic height. 

Latitode = 1 

8'06 

'16 

' 2 5  

'35 

'45 

'66 

'65 

'76 

'85 

'95 

3'7 11-05 -0.68278 347 

Latitude = 1 

10:05 

-15 

-25 

-36 

-46 
; 

-55 

'65 

-75 

.85 

-95 

Difference 

290 

"93 

%95 

298 

30' 

304 

307 

311 

3'4 

F-1000 (9- 1) 
v24 

-0.77364 

0.77106 

0.76844 

0.76580 

0.76312 

-0.76041 

0.75767 

0'75490 

0'75210 

0.74927 

( 1) 
B--1000 

-0.7161 r 

0'71291 

0.70968 

0.70642 

0'70314 

-0.69983 

0.69648 

0.66310 

0.68969 

0.68625 

~=~ooo(-(I- 1) 
~q14 

-0.74641 

0-74351 

0.74058 

0-73763 

0'73465 

-0.73164 

0.72860 

0.72553 

0.72242 

0.71928 

Difference 

3 z0 

3 23 

326 

328 

33' 

335 

338 

341 

344 

Difference 

~ 5 8  

26 2 

264 

26 8 

271 

274 

27 7 
280 

28j 

Lntitude = l 

9'05 

'16 

-26  

'35 

'46 

-65 

-65 

'76 

'86 

'96 
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TABLE XXII.-(Continued). 1 
Latitude = 1 

11: 05 

-16 

.25 

-35 

-46 

-66 

-65 

'76 

-86 

-96 

12-05 

-16 

-26 

.36 

*46 

.66 

-65 

'76 

-86 

-96 

13-05 

*15 

-26 

-35 

-46 

-56 

-65 

-76 

-86 

-96 

14-06 

E Difference Difference 

3 5 0  

353 

356 

359 

362 

365 

368 

3 70 

373 

376 

380 

383 

385 

388 

39' 

3 94 

397 

400 

403 

407 

409 

412 

4'5 

417 

420 

423 

426 

429 

432 

433 

Lnti tude = 1 

14: 05 

-16 

-26 

*36 

-46 

-65 

-66 

-76 

-86 

.96 

16.05 

-16 

-26 

-35 

-46 

.66 

-65 

-75 

-85 

-96 

16.06 

-16 

-26 

.36 

.46 

.65 

.65 

'76 

*86 

*96 

17-06 
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Td BLB XX TI.-(Continued). 
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TABLE XXl1.-(Continued). 

Cotl~er8ion of Gnamic into o ~ l h m e t , . i c  height8. 

If h' is the orthometric height of a bench-mark above sea-level and h' is the dynamic heigbt,tben 
A". g = Id'. 9% 

A" = 9?. h' 
9 

I n  Mr. Hunter's table 

F =  I O O O ( ~ - ~ )  gn4  

Tllerefow - = I + -  9 1000 and --- = F F - '  
9'4  IX 9 ( 1  + m) 
F -' F 

h' = (1 + ) ji' = I( (1 - --- F' 
00 

F 
The term - (l , ,Oo,.  hag very rarely my appmiahle effect ; the table for P given on pages lo3 

n o  consequently bc utilised for the conversion from dgnamic into orthometric heights, if the*N' 
F 2  

enkred ore rcccrwd. In a few special c a w  the term (10k)2 mill lure to be taken into acc0unf 
1 

Latitude - 1 
.. -- -- 

29'05 

'16 

-26 

'35 

'45 

-56  

'65 

'75 

-85 

-95 

30.05 

-16 

.25 

-36 

.45 

-66 

'65 

'75 

-85 

'95 

31.05 
* 

F= 1000(: - I )  

+om3732l  

0.38108 

0.38897 

0.39687 

0'40479 

+o.qrz72 

0.42067 

0.42864 

0.43663 

0.44464 

$0.45266 

0.46070 

0.46875 

0.47682 

o a ~ 8 4 g o  

+0.49299 

0.50110 

0.50923 

0.51738 

0.52j54 

$0.53372 

Difference 

787 

789 

790 

792 

793 

795 

797 

799 

80 I 

802 

804 

805 

807 

808 

809 

81 I 

813 

815 

816 

Lntitul. - 1 

31'05 

'16 

-25 

'35 

-45 

-65 

65 

'75 

'85 

-95 

32.05 

.15 

-25  

'35 

-45 

-66 

-65 

'75 

-85 

-95 

33.03 

F- lom(1- I)  
g* 

+o'  53372 

0.54191 

0 .5j012 

0.55834 

0.56657 

+0'57482 

0'58309 

0.59137 

0'59966 

0.60796 

+oS61628 

0,62462 

0.63297 

0.64134 

0.64972 

+0.65811 

0.66652 

0'67494 

0.68337 

0.69182 

+0.70028 

Difference 

819 

82 I 

822 

823 

825 

828 827 

a29 

830 

832 

834 

835 

83 7 

838 

839 

84 1 

. 842 

843 

845 

846 

Lntitode - I 

33'05 

'15 

.25 

'35 

'45 

'65 

' 6 5  

'75 

'85 

'95 

34.05 

F ~ I ~ o ( ~ , -  

+ o m  70028 

0.70875 

0.71723 

0.72573 

0'73424 

$0'74276 

0.75130 

0'75985 

0.76841 

0.77698 

+oa78556 

Diflec - 
847 

848 

850 

4 1 

851 

854 

851 

8j6 

151 

851 

I 
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Tablee illzcstrating the magnitude8 of the dynamic correctione. 

The following table gives the spirit-levelled and the  dynamic values of lleigllts of cert.in 
~, ,v~- l ine~ :  it has been prepared to illustrate the eflrcts of gravity upon levelling results. 

TABLE XXIIL 

The following table shows the closing errors of the 29 levelIir~g circuits, before and after the 
dynamic correction has been applied to the  several lines:- 

TABLE XXIP.  

Level-line 

~ ~ t i ~ o r i n - T r i c h i n ~ p ~ l y  ... ... 
~~n~alore-Bellilry ... . . . 
Kaly an-lied gaon ... . . . 
Kalyan-Nandgaon ... ... 
~and~aon-Sironj ... ... 
Sironj-Agra ... . . . 
Agrn-Meerut ... ... 
Meerut-Ferozepore ... ... 
Ferozepore-Chach . . . ... 

Observed 
ditference 
of heighb 

= S 

feel 

+ 267'286 
-1632.189 

+175~'532 

+1529.696 

- 75.346 

- 963.010 
+ 223.044 
- 93.830 
+ 369'743 

Length 

milea 

194.4 

201 '9 

120.0 

146.6 

408.8 

259'0 

133.1 

267.8 

278.3 

r 

Circnit 

I 

I I 

111 

I V  

v 
V I 

V I I  

V I I I  

I X  

X 

Dynamic 
difference 

I 
of height 

= D 

feel 

+ 267.100 
-1631.252 

+1750'957 

+1529.254 

- 75.285 

- 963'149 
+ 223.110 
- 93.896 
+ 369'874 

Length of circuit 

m i k t  

414'9 

581 ' 7 

643' 1 

238'4 

1042'9 

813.2 

115.8 

1905.3 

1010.8 

'396'9 

D - B 

loot 

-0.186 

+0'937 

-0'575 
-0.442 

+o-061 

-0' 139 

+0.066 

-0.066 

+0'131 

Cloaing error when no 
correction for gl.avity 

IS applied 

foot 

-0. I 86 

-0.481 

-0' 791 

+oa087 

-0.226 

+0'517 

+oq 150 

-0.240 

-0' 743 

-0'475 

Portion of cloning error 
doe to grnrity 

foot 

+oao03 

-0.082 

-0.166 

+O.OOI 

-0' 157 

+o. rol 

-0.005 

+0.027 

-0' 279 

-0.049 

Portion of closinp error 
due to observarion 

fool 

-0.189 

-0' 399 

-0.625 

+0.086 

-0.069 

+0.416 

+0' '55 

-0.267 

-0.464 

-0.426 
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TABLE XXIP.-(Continued). 

Circuit 

XI 

XI1 

XI11 

XIV 

XV 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 

xxv 
XXVI 

XXVII 

XXVIII 

XXIX 
i 

Length of circnit 

mile8 

1673'4 

920.0 

351 '0 

2758'3 

613 '4  

1 0 1 7 ' 7  

708'4 

Portion of closing ermr 
doe to observa~ion 

feel 

+0.920 

+0.098 

+0.521 

-1.409 

+o' 151 

+0'474 

+ I  -466 

+0'679 

C'ORing whc" no 
correcliou for gravity 

is applied 

feet 

+0.634 

-0.014 

+om 535 

-0.714 

+om 150 

+0.620 

+ I  -456 

+0.647 

-0' 275 

-0.809 

+0.327 

-0.078 

-0.473 

+0.084 

-0'425 

+oa504 

-0.044 

+oe 125 

-0' 054 

Portion of c l o s i n ~  error 
due to gravity 

foot 

-0.286 

- 0 . 1 1 2  

+oao14 

t 0 . 6 9 5  

-O*OOI  

+o. 146 

- 0 - 0 1 0  

-0.032 

-0.01 7 

-0.012 

+oa  0 2 7  

+ 0 . 2 0 2  

+0.361 

+O.OOI  

- 0 ' 0 7 7  

-0.016 

-0.01 7 

-0.015 

-0.256 

609 . 5 -0.292 
635.3 I 
815.2 

959'7 

561 ' 7 
802.0 

113.1 

701 I 

269.2 

508.6 

374'9 

3001 ' 9  

-0.821 

+om354 

+om I 24 

-0' I 1 2  

+0.085 

-0.502 

+0.488 

-0.061 

+o. 1 1 0  

-0.310 
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MEAN-SEA-LEVEL. 

The mean level of the sea is the zero or datum-surface, from which the  elevations of the  bench- 
marks ,$ India have been measured. I n  1909 a selection hat1 lo 1)e made of tlie tidal observatories. 

nhic\l were to form thebasis of the  levelling net, and w l ~ i c l ~  were to furnish data for the  determination of 
mean-sea-level. There were three alternative courses open, namely :- 

(i). one reliable tidal observatory could have been chosen, and the  height of the  whole level 
net could have been based upon the  mean-sea-level as determincltl a t  this point;  or 

(ii), the values of mean-sea-level, derived fiom all tidal obsvrvatorirs connec t~d  with the  level 
net, could have been introduced into the levellir~g adjustment; or 

(lii). the results obtained from selected tidal observatories could be retained, and those from 
other observatories rejected. 

The first alternative mas not considered satisfactory. The mean-sea-level a t  any point mag be per- 

manently influenced by minds and currcnts; and the tidal observ:~tio~~s may be affected by instrumental 
errors. At no station does the annual determination of mean-sea-lrxrel reproduce t h e  values obtained 
in former years. As these uncertainties exist, it  seemed inadvisable to base the  whole uet  upon t h e  
lllelsurements at one port. 

The second alternativc plan, 11y which all tidal obst~rvatories mere to be included, mas investiga- 
ted and rejected. The level l i~~g operations Ilave sl~onrn that  the mean -sea-level in certain confined places, 
such as the Gulf of C ~ t t c l ~  and tile mout l~  of tlie IIoogllly, is abnormal, and permanently deformed. 
At thcse points the mean water level differs from tilt: u ~ e r ~ n  surface of the open sea by amounts greater 
than tllc probable errors of levelling, and it mas considered incorrect to force t h e  levelling into accord 
"lth the tidal determinations. 

S o  long as tile error of a determination of mean-sea-level is clearly larger t,han t h e  error accu- 
nlulated in the levelling, the rejection of the  tidal result may he cor~sidrred advisable. B u t  in the  casc 
of some tidal obsc?rvatories the evidence is very doubtful. The selrction or rejection of tidal stations 
tllen becomes a difficult question, an11 onc that, can only be settled arl~itmrily.  It must be remembered 
t'lattlle tidal stations arc required to form tlie fonndnt,ions of tlie levelling net,-that they are expected in 
h t t ~  give to the levelling in t,heir respective localit,ies nlore reliablv values of i leigl~t  t l ~ n n  t,he levelling 
eon brillg from any (1ist:lnt tidal ohs(!rvntory. I t  is futile t,l~en to ei~deacour t,o test their reliability by 
n1enn9 of levthlling  result,^, wlrich t,I~eg thc~mselves are intended to cont.rol. W e  must either accept the 
One Or the other as the more correct ; we canuot utilise each in turn as the test of the  other. 
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If the observed difference of elevation between the mean-sea-level a t  different part* 
by levelling, is considerably greater than the error to ~vlrieh levellil~g is ordinarily liable, it 
nssutlled tllat the two sea-levels do not belong to tlie same level surface. But no definite conelusion 
can be drawn, when the observed difference of elexation is very small ; in such a case the two 
]lave not heen proved to belong to one level surface. Tile accordauce of results mag be fortuitous 
and due to the error of the levelling having the same sign and effect as the actual differenceof sea. 
levels, or to the levelling errors having a tendency to cancel the errors of tidal measurements, 

The selection of tidal observat.ories on which to base the levelling net,, has been tllerefore goveapd 
by general ~rinciples, and not by any 01)servcd accordance of results. I t  has been dedded,Ji~sl/~,  toselDrl 
opp,i-coasd stations, a t  ~\~lrich successive annual determillations of mean-sea-level have proved accordao\, 
and secorrdly, to reject tidal ol)servatories situated in channels, gulfs, creeks, or rivers, and those at which 
:~nnual determinations of mean-sea-level appeared discordant. 

Dede~ntinatw~a of Mew-Sea-Level as a basis for the level net. 

I n  the following table a complete list of the tidal observatories that have been maintained 
t,he Indian Survey is given. Those tidal stations that have been accepted as bases of the Indian ]ere\ 
net are sllown in large type. The reasons for their acceptance and for the rejection of others are ex. 
l~lained subsequently. 

TABLB XXP.  

/ 

Tidal o k n m t i o n a  are belng continoed, but no reardte Lster than J~nrrary 1908 hsre been ntilisod for the dednclion of me@n-s*led' 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
1 

i 

No. of yenm 
01 obscrvnt~ons 

from r\h~ch mcno- 
sen-lesel h n ~  
bee11 dcdoccd 

7 

6 

29 

6 

8 

40 

1 

1 

2 

6 

4 

5 

30 

20 

5 

Date of 
clos'rlfi of 
ob6eruo- 

tlons 

1903 

1902 

1910* 

1898 

1901 

1910* 

1875 

1876 

1875 1 
1906 ( 
1902 

1903 

1894 

1910' 

1910' 

1889 

Stations 

Suez ... ... ... 
Perim ... ... ... 
Aden ... ... ... 
Masket ... ... ... 
Bushire ... ... 
Karachi ... ... 
Hnnstal ... ... 
Nnvanar ... ... 

Okha Point ... ... 

Porbandar ... ... 
Port Albert Victor (Kathiawar) 

Bharnagar ... ... 
Bombay (Apollo Bandar) 

Bombay (Prince's Dock) ... 
hIormugao (Goa) ... ... 

Date of 
commence- 

ment of 
obqervn- 

t1ou8 

1897 

1898 

1679 

1693 

1892 

1868 

1874 

1874 

1874 

{ 1904 
1898 

1900 

1889 

1878 

1888 

1884 
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TABLE XXV,-(Continued). 

a 

I 

mem-em-level. 

No. or g e m  
of obaervatlons 

from w h ~ c b  mean- 
nea level ha* 

been deduced 

6 

6 

6 

6 

6 

6 

6 

6 

4 

6 

23 

6 

6 

4 

6 

6 

27 

6 

6 

6 

4 

6 

28 

6 

6 

6 

2 8 

deduction of 

Date of 
closlng of 
oheervs- 

t1on8 

1883 

1884 

1892 

1893 

1896 

1890 

1890 

1696 

1882 

1888 

l o  

1910* 

IS9 1 

1885 

1885 

1886 

1886 

1910* 

1891 

1892 

1899 

1903 

1888 

1910* 

I 
1886 

1886 

1894 

1910' 

been otillsed for the 

Date of 
commeoce- 

ment of 
obferva- 

t1008 

1878 

1878 

1886 

1888 

1891 

1884 

1884 

1890 

1878 

1881 

1880 

11895 

1886 

1879 

1881 

1881 

1881 

1881 

1886 

1887 

1895 

1902 

1880 I 1884 
1880 

1880 

1880 

1889 

1880 

January 1908 hbve 

- 
16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

36 

36 

37 

38 

39 

40 

41 

42 

1 

obser~atlona 

Stations 

Karwar ... ... 
... ... BeyPore 

Cochin ... . 
Tuticorin ... ... 
Ninicoy ... ... 
Galle ... ... 
Colombo ... ... 
Trincomalee . . . . . . 
Pamban . . . ... 
Negapatam ... ... 

Madras ... ... 

Cocanada . . . . . . 
Vizagapatam ... .. . 
False Point ... ... 
Dublat (Saugor Island) ... 
Diamond Harbour . . . . . . 
Kidderpore ... ... 
Chittogong . . . . . . 
Akgab ... . . . . . . 
Diamond Island . .. ... 
Bassein ... . . . 

Elephant Point ... ... 

Rangoon ... ... 
Amherst ... ... 
Moulmein .., .. . 
AIergui ... ... ... 
Port Blair ... ... 

are belog cont~uued, but no results later than 
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Of the 42 tidal observatories the following 20 Were not available, as they Were unconntohdRill 
the Indian level net :- I 

I 
Tidal Station 

Suez 

Perim 

Aden 

Maskat 

Bushire 

Porbandar 

Miniooy 

Galle 

Colombo 

Trincomalee 

I n  Egypt 

On an island in the Red Sea 

I n  Arabia 

I n  Arabia 

I n  Persia 

On the west coast of India : i t  
should be connected with 
the level net a t  an early date 

On an island in  the Arabian 
Sea 

I n  Ceylon 

I n  Ceylon 

I n  Ceylon 

Tidol Station 

Chittagong ... 
Akyab . . . 
Diamond Island ... 

Bassein . . . 
Elephant Point ... 
Rangoon ... 
Amherst ... 
Moulmein ... 
Mergui ... 
Port Blair ... 

Si tontion 

I n  Eastern India 

In  Rurms 

On an island near Cap( 
Negrais 

In  Burma 

In  Burma 

I n  Burma 

I n  Burma 

In  Burma 

I n  the Andaman islanl. 

I n  Burma 

Of the remaining 22 the following nine were selected to furnish base-stations for the level ncl 
(plates I and XVI). 

~ 

Karachi 
Rombay (Apollo Bandar) 

Arabian Sea ... 
Beypore 
Cochin 

Bay of Bengal ... 
Vizagapatam iM:'dras 

( ~ a i s i  Point 

These nine are satisfact,ory except that predictions of time a t  Negapatan~ are liallle to bein 
error, and that False Point is situated at  the mouth of the AUal~anadi. Tile anntpl de te r~n iua t i~~~~ '  
mean-sea-level a t  both Negapataru and False Point are, ho\\rever, very accordant. 

The annual determinations of mean-sea-level for Madrns, Negapatam and Vizagapntam arc morv 
discordant inter ee than the determinations a t  False Point or :tt the ports of the Amhian 
they are, however, in closer agreement than tllose a t  Porl,:lnder, Cocanadn, Dia,nnnd ~ ~ ~ r ~ ( ) ~ ~ ~ ) ~ ~ l l ~  
Burmese porta. Karachi is situated near the delta of the Indus, but its sen-lcucl is ~ p l ) ~ r e l l t ' ~  
dependent oE the changing conditions of that river. 

Two reliable open-coast stations were rejected (plate I ) ,  namely :- 

Bombay (Priuce's Dock) : 
{ Reject,vd because it is situated too nc:ar to the otllsrBo0' 

*" bay observatory, which has been already acceptedd. 
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Mormugao (Ooa) ... ... 

'Rejected because it is only connected with the level net 
by a branch-line from Karwar, and Karwar is already an 
accepted observatory (vide plate I). If Mormugao had 
been accepted, another equation would have been 
formed, but no advantage would bave accrued, for the 
influence of t l ~ c  Morrn~~gao tidal determination would _ not have extended beyond the Mormugao-Karmar line. 

seven tidal stations were rejected because of their situations in bays or gulfs (vide plate I), 
namely :- 

... Hanstal ... 1 Gulf of Cutch ... ... Navanar 

... ... *Okha 1 A t  the mouth of the Gulf of Cutch 

Port Albert Victor (Kathiawar) ... ... Bhavnagar 
"' 1 Gulf of Cambay 

... 'Tuticorin ... ... *Pamban 
"' ] Gulf of Manar 

and the following four were rejected as being under the influence of powerful rivers (vide plate 1):- 
... Cocanada ... near the mouths of the Godavari. 

Dublat (Saugor Island) ... Diamond Harbour 
1 near the mouth of the Hooghly ; in the delta of the Ganges. ... 

... Kidderpore ... on the Hoogl~ly. 

The probable error of the mean determinations of mean-sea-level for each of the selected stations 
is as follows :- 

TABLE X X P I .  

Station 

Karachi .,, ... 
... Bombay ... 
... Karnar ... 

Beypore . . . .  ... 
Cochin ... ... 

... Negapatam ... 

... Madras ... 
Vixagnpatam ... 
False Point ... ... 

Mean ... 
- -  -- - -. 

~ o ~ i ~ ~ ~  lid' p ~ ~ c t i o n @ t  okha, Tuticorin rind Yamban a10 ~ati8iactory, W e  teject these @tations only bccanse their nituaLionB place them nnaer 

:,";if 

40 

30 

6 

6 

6 

6 

13 

6 

4 

... 

'I 

Probable error of mean-sea-lcvel determination 

OF annnnl 
determination 

f o~o489foo t  

f 0.0382 ,, 
f 0.0411 ,, 
f o*oz80 ,, 
f 0'0321 ,, 

f 0'0692 ,, 
f 0.0842 ,, 
i 0.0824 ,, 
f 0.0329 ,, 

f 0.05 ,, 

Of finnl mean 
deteimi~~ntiun 

f 0.0077foot 

f 0'0070 ,, 
f 0'0184 ,, 
f 0.0114 ,, 
f 0.0131 Y, 

f 0'0309 ,, 
f 0'0234 ,, 
f 0.0336 ,, 
-+ 0.0165 ,, 

f 0.0180 ,, 
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The probable error of a final determination of mean-sea-level from six years' observations ,t 

one port may be anid generally to be O2: , or ahout 0 .02 foot. W e  probable error of levelling mqb 
J6 

taken as 0.004 foot x where M is the length of levelling line in miles. When M = 25 miles, the 
yrobnble error of the levelling = 0.004 X a 5  = 0.02 foot: in  other words, the probable error o[ 
levelling a t  the end of 25 miles is as great as the probable error of a determination of mean.sea.lerel, I 

If we regard the errors of levelling as systematic, the accumulated error in feet at the end of 31 
miles may be taken as 0,0007 M. I n  this case, when M = 25, thelevelling will be in error by O80175foo~, I 

I f  then there are two tidal stations situated within 25 miles of one another, it is of little use to 
accept both determinations of mean-sea-level as correct, as the levelling gives a more reliable valueofIbe 
tbifli.g*ef~ce of elevation of t l ~ e  t>wo reference tidal bench-niorlis than the local determinations or uean-sra. 
level give. T l ~ e  distance from the Boml)ay (Apollo Bandar) tidal station to the Bombay (Prinvis 
Dock) tidal station is 3 miles, and it has h e ~ n  considered advisable to accept the mean-sea-level a 
determined a t  Apollo Bandar, the more exposed and the more reliable observatory, and to base all heighb 
c,E bench-marlts upon it, than to endeavour to adjust the levelling so as to fit i t  in between the deter. 
minations of mean-sea-level a t  both observatories.* 

Of the accepted tidal stations those a t  Begpore and Cocl~in are separated by a distance of 113 
miles only. T l~ i s  is the shortest distance intervening bet\veen two accepted stations. The probable 
error of tbe levelling from Beypore to Cocl~ir~ is 0.042 foot.+ 

The probable error of the mean-sea-level determination a t  Beypore is f 0.011, and at Cocbin 
f 0,013. 

The probable error of the  height of the tidal bench-mark a t  Cochin, when determined from local 
mean-sea-level, is f 0.013, and when det,ermined by levellil~g from Bcypore is 

W e  therefore gain in accuracy, if we adjust the levelling between the two determinationsof mean. 
sea-level at  Cochin and Begpore. 

The 1 3  rejected tidal stations have had no influence upon the sim~lltanec~us reductionof the lerel 
net. But when the level net had been reduced and its errors had been disprrscd, tllrn the respectlye 
branch-lines of levelling, connecting the level net with these stations, were bl.ougl~t into I~al.rnong nilllllle 
local determinations of sea-level, ij' tlw discrepancies towe  snlall. The tidal rueasurc~mcnts at the Ylcrt' 
ed statiol~s have therefore not been completely discarded in all cases. hiany oi t l~rnl hare brenallos. 
ed to infll~cnce the branch-lines connecting them, though their influence has been from 

extending to the main-lines of the net. 

In adjosting the levelling of the branch-lines to the local determinations of mean-sea-levrla' 
re,iected stations we have l ~ a d  to exercise arbitrary jllrlgmen+f. 1f 2 (letelmination of m e n n - s ~ - l ~ ~ ~ l  
is ol)viously misleading, its influeuce llas not been alIomt,(l to extentl beyolld titc nearrst benc~~1,P 

rk 

to tile observatory, but in places nllr~rc t11e rnenn-s~~a-le~el appears to belong to the silmc Icvcl-sur'ecP 
as the mean-sea-lerel of open-coasts, the determination bas been adopted and been used to control 
connecting branch-line. 

Harbour engil~pers l ~ a r e  at  times explained that they require lleights of bench-marks t o  be gVen 
J o v e  loco1 mean-sea-le~el, and that if local m e a n - s ~ a - 1 ~ ~ ~ 1  is permanlBlltly raised by winds or curbts - 
. ~ ._ . . ----- - 

Aerolrnl of lhr Oprrotiorta ?f the  (f T Smrrry of rndin, V ~ I .  XVI pnrt 11, 81 nll l l  37 : r l l r  nlCnn.ren.leucl at Prince's nock rshiebfl 

t han  the mean-8m-lcscl at Apollo Hnndnr Ily 0-liio lolit in 1859. I,J 0-099 i n  ISDO, by U Q ~ O  in I ~ V I .  I,? 0 . 1 ~ 1  iu IH!l2. I11 1807 i t  Wos hlp11r rb~0 '0 i91 '~ ,  
t Drtrrntiocll from Lbe ~ c n r r n l  f n r n ~ n l n  n.Pl!l \/a, The acton1 prohahlc error cletprutinrrl f rom ol~errvnt iona  on t b e  I ~ ~ T ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  lln* 

F C. OD I%Cpl.re-Sh~trnlullr = UU246, p. e. on C o c h i n - b l o r r m ~ ~  = & U V Z P ~ ,  p~~L.bIc F ~ I Y ~  tllc IcvcUi~g from u.lPom 

comes t J(3- rn  = i 0.03~.  
t 6.r I'm 111 of this volume. 



G a n .  VIILI 
DAN-SEA-LEVEL. 

the level-surface of the sea, then they are only concerned with thia niaed portion along 
their o,vn coast. A national survey, however, has to consider the  country as a wholeJ and it baa to 
rRfer all heights to one and the same lecel-dzbrface. - - - -  

Tlle system adopted for the determination of a surface-datum for India may now be ~ u m m a r i ~ e d  

as follo~s :- 
i ,  Tile mean surface of the ocean surrounding India has been made the surface of referenceJ- , , 

the zero of the height-scale. 
(ii). Tidal statious, at  which tlie mean-sea-level is believed to be abnormal, have been rejected. 

(iii). Nine tidal stations, situated on open-coasts, have been selected as base-stations for the 
levelling net. 

The detel.miaatio% of the heights of the b~nch-nzarks which are to serve as the issue-points for  the 
levelling from the tzdal observatories. 

Tile folloming bench-marks for levelling are the  issue-points at  the  nine accepted tidal observa- 
tories,-that is, they are the terminals of the nine short main-lines, that  connc~ct the tidal observatories 

the level net. Tiley have been called issue-points, because they are the nine points of the  earth's 
crust in India, for \~llicli heights have been derived directly from the sea. 

At seven ob~ervatories the point of issue is the ordinary reference bench-mark used by tlie tidal 
05cers; but at Bombay and Palse Point the points of issue are not the marks ordinarily employed for 
reference by the tidal officers. 

Karachi.-The principal reference bench-mark for the tidal observatory is the terminal point of 
lines 43 and 78. I t  is a mark on a stone embedded in masonry near the north-west corner of the  Mestri 
quarters at Manora : i t  is 140 yards S.W. of the observatory. It is inscribed 

G.T.S. 
B.M. 
o A  

A.D. 
1880 

The bench-mark of reference is 16.139 feet* above the zero of tlle tide-gauge. The upper sur- 
face of the stone is n loot al~ove grouud-level. Tlie stone is surrounded by a wooden railing. 

The benc11-mark bas been connected yearly by levelling with the tide-gauee, and its heightabove 
thc zero of the gauge has shown no change. 

Bon2bny.-The terminal point a t  Bombay of lines 32,61 and 79 is the bench-mark cu t  on the 
botto~nstep on the north side of the main entrance to theTown-hall. 

I !  lhe ordinary reference bench-mark for the two Bombay observatories is the standard bench-mark 
situated st  the Public Works Secretariat office. Tllis bench-mark is 30.000 feet* above the zero of the  
tide-gauge at Apollo Bandar, and 28.000 feet* abovc the zero of the tide-gauge at  Prince's Dock. 

The ohserved height of tile reference bench-mark a t  Apollo Bandnr above the zero of gauge is 
23.930 fret and tlic height of the Bombay terminal bench-mark a t  the Town-Ira11 is 29.972 feet above the 
"ro of the gauge. 

The licigl~t of tlie Apollo Bandar bench-mark above the zero of the gauge has been determined 
annuall~, and has not heen found to vary. The difference of height between tlie Apollo Bandnr bench. 
mark and the Town-hall bmcl-mark was 6.042 feat in 1817-78 and 6.018 feet in 1906-07. -- - - - -~ 

* Observed, not dguumic Leigbt. 
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Karmor.-The terminal point a t  Karwar of lines 1'7, 17 A and 80 is a mark cut on a graniteblock 
embedded in a pillar of masonry 173 feet north of the T~~avellers'bungalow. This is therefemncebenchnrb. 
mark for the observatory. It is 17.324 feet* nbove the zero of the gauge. 

Beypore.-The principal reference bench-mark for the tidal observatory was made the terminal poiot 
a t  Beypore of lines 1 2  and 81. I t  was a mark inscribed upon an embedded stone, wl~icl~ was siluatd 
about 100 feet east of the front door of the custom-house. I t  was 19.707 feet* above the zero of the 
gauge. 

I n  1909, after the simultaneous reduction of the level net had been taken in hand, this bench. 
mark a t  Beypore was discovered to have been disturbed, and i t  will not therefore be utilised in future, 
The bench-mark, inscribed 

G.T.S. 
B 

B.M. 

and embedded a t  the observatory in the compound of the travellers' bungalow, will now become the 
reference bench-mark and issue-point for Beypore. It is 9.375 feet* in height above the mark, that 
was accepted as the terminal point in Beypore. 

Cochin.-The terminal point a t  Cochin of lines 13 and 62, is the principal reference 11encl1-mark for 
the tidal observatory. I t  is a mark cut  up011 a granite block, which is embedded in the veranda11 of the 
port-office about 60 yards south of the observatory. I t  is 8.936 feet* above the zero of the gauge. 

3egnpatam.-The terminal point at  Negapatam of lines 6 and 83 is the principal reference bencll. 
mark of the tidal observatory. I t  is a mark cut upon a flag-stone in theverandah of the port-ofice, and 
is 11.605 feet* above the zero of the gauge. 

Madras.-Tlie terminal point a t  Madras of lines 8, 9, 20 and 84 is a mark cut upon the west sideof 
the memorial stone laid by the Prince of Wales in 1875 to commemorate the commencen~ent of' the Ilnrbour 
works. It is tlie priucip:~l reference bench-mark for the observatclry, and is 17.970 feet* above the zeroof 
the gauge. I ts  distance from the tidal observatory is 1.4 miles. I t  was connected by double-levellirlg~itb 
the tide-gauge in 1880-81, and agaln in 1894-95, and for a third time in 1907-08 : it 11as also been con. 
nected in intermediate years by single-levelling. No change in its height has ever been observed. 

Pizagupatam.-The terminal point of lines 30, 36 nnd 85 is a mark on a stone em1)edded in 
vernndali of the port-office. I t  is the principal reference bench-mark for the observatory, and is 18'9f~~ 
feet* above the zero of the gauge. 

False Point.-The terminal point of lines '2 and S6 is a mark engraved on a stone embedded 
outer wall surrounding t l ~ e  light-house. The principal reference bench-mark is a Marine Survey mark 
cut  on the south-rest pile of the refuge l~ouse at  Hookey Tollall. 'I.he refensnee bencll-mark is 17.951 fret' 

above the zero of the gauge. The obserued height of the terminal bench-mark above the rckrence bench' 
mark ie 4.509 feet*. 

No cne of the points of issue, which constitute the starting-points of thc Indian levelling upon 
land, llm 80 far been placed upon rock. The erection of nrw primary bench-marks in t l ~ e  

'lap  

bours and ports is now being undertaken ; and several marks will be inscribed upon rock, w~"~'"  
outcrops occur near tidal observatories. 

/ 

Ob.ened, not dynamic height. 
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~ 1 , ~  heidltsof the bench-marks, which consititute the issue-points for the levelling opentiona, ba rs  
been determilled as follows :- 

TABLE XXPII.  

For this table tlie distance of the zero of the gauge below mean-sea-level has been deduced from 
the observations of several years. This distance varies annually. 

Each annual value for mean-sea-level is the mean of the observed heights of the tide above the  
zero of the tide-gauge, the height of the tide being read off the diagram a t  every hour tliroughont a 
year of 369 days 3 hours. The general mean value, derived from all the years of observation, is t l ~ e  
value findly adopted. 

Falrc Point 

4 

1 8 . 5 ~ ~ 8  

3 .462 

22.460 

7 ,559  

14.901 

14.  g98 

v 1 Karachi / Uoobny I liarwar 1 Bcypore I Coriin I ~ r g n p r t a n l  B u l w  lVizagrpm.tam 

In t l~e  following tahle the several annual determinations of the height of the issue-point above 
mean-sea-level are given for each of the nine accepted tidal stations. The variations are due not to 
movements of the bench-mark, but to changes in the height of mean-sea-level above the zero of t h e  
tide-gauge. I t  is rare that any appreciable change in the height of a reference bench-mark above the  
zem of the tide-gauge is discoverecl: tlle difference of lleigllt betwcen the bencll-mark and gauge-zero 
remains as a rule coilstant from year to year, but tlie mean-sea-level fluctuates pontinually between 
tllese two fixed points,-approaching nearer to the bench-mark in one year and rising higher above the 
zero,-receding from the bench-mark in another year and descendin, closer to the zero. 

* Bed-pl~tc of gouge sbore bench-mark s t  Apollo Bsndnr 
6.616 feer. Bench-mark at tom-hell above bench-mark st Apollo Bandar ' 6'042 feet 119 levelling in 1877-78 and 6.018 feet by levelling in 1906-07. 

13 

20.663 

2.693 

17.970 

2.259 

15.711 

15.702 

6 

13.897 

- 5.058 

18.955 

4 .829 '  

14.126 

14.121 

6 

16.691 

- 3 . 0 1  6 

19.707 

5.383 

14.324 

14.314 

5 

14.236 

- 3.088 

17'324 

5'55% 

11'772 

I 1.766 

30 

29.j45 

-0.427" 

29.972 

10.226 

19.746 

19.740 

NO. of years of tidal obser- 
vations. 

of gauge above 
zero. 

~~d-plateabovebench-marl< 

Bench-mark above zero of 
gauge. 

Zeroofgaugebelowmean-  
sea-level. 

Obserret lI~eightof~~ench-  
mark ilbove mean-sen-level 

Dyunmic height of bench- 
mark above mean-sea-level 

6 

12.796 

3 .860 

8.936 

2.364 

6'572 

6.568 

4.0 

18.234 

2'395 

16.139 

7.191 

8.948 

8.949 

5 

12.895 

1.290 

1 1 . 6 0 5  

1 .990 

9 . 6 1 5  

9.608 
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TABLE XXPIII .  

Tern* 

1868 
1869 
1870 
1871 
1872 
1873 
1674 
1875 
1876 
1877 
1858 
1879 
1880 
1861 
1882 
1883 
18S4 
1885 
1886 
1887 
1688 
1889 
1890 
1891 
1892 
1893 
1694 
1895 
1696 
1897 
1698 
1899 
1000 
1901 
1902 
1903 
lY04 
1905 
1906 
1007 

Mean ... --- 
p. e .  of rnenu 

bench-mavk 

Harwm 

I 1.674 
11.783 
11.760 
11.809 
11.832 

11.772 

f o o l 8 4  

f 0.041 I 

p, e. of siuglc 
annual determi- 
nation ... f 0.0489 f 0.0382 

gnrachi 

8.990 
8.848 
8.875 
9 '032 
9.088 
9.060 
8.987 
8 .986 
9 '005 
8.932 
8.808 
8.831 
8.872 
8.960 
9.079 
8.947 
8.941 
8.933 
8 .914 
8.987 
9.006 
8.984 
8.996 
9.025 
8 .896 
8 .936 
8.922 
8.948 
8.949 
8.925 
8.897 
8.947 
9 '074 
8.988 
8.833 
8.857 
8.929 
9.013 
8 . g r j  
8.811 

8.948 

I I 1 
From IS64 Lo IS81 Ihc mrnu-wn- level  for Knrnchi  wsq 

W(YI compn1e.l from Jnnnnry  1st of ench Fcnr. Far Karnnr  the 

Height of 

Bombay 

19.707 
19.788 
19'785 
19.724 
19.778 
19'7 '5 
19.716 
19.668 
19.705 
19.762 
19'723 
19.763 
19.742 
19.816 
19.687 
19.763 
19 '735 
19.770 
19'739 
19.726 
19.640 
19'776 
19'796 
19 .744 
19.662 
19 .651  
19 .781  
19.906 
19.831 
19.784 

19.746 

&o .oo jo  

it 
compnted f m  encb ycnr from Mnr 1 n t  to the  follow in^ Mag l ab :  from '''' oownrda 

mean-sea-level W H  mnnpnted each penr from >Larch I n t ,  for W p o r C  from DecemY 

of issue 

Beypore 

14.322 . 
14.315 
1 4 . z g j  
14.295 
14 .312 
14.406 

14.324 

f 0.01 14 

f o.0280 

1st. for Cochin from .Janunv 25th. for \'iznpp.mtnm f ~ o m  February 3rd. for Pjcpnpnlnm from Dcccmbcr 6 ~ b ,  1831-82 and 1882-03, endfmm'd* 
lBB646. 1886-87. lwi-88: cidr Aceountr of the Operotion. nf lhc  Q. T. Surrey of India, Fol. XVI, ppsgeE 10, 46, 49,83,7& 

t l h  in the mean d values dcriied since the new obmervatcry wul opened 

above 

Cochin 

6 '5 '4  
6.577 
6.629 
6'515 
6.591 
6.605 

6.572 -- 

f o.0131 

mean-sea-leael. 

Negapatnm 

9.609 
9'557 

9 '  794 
9.557 
9 '558 

9.615 

fo ' o3o9  

Madras 

'5'795 
'5 '99% 
15.691 
I 5.670 
15'598 
15.802 
15.688 
15.876 
15.636 
15.666 
15.632 
15.524 
15'676 
--- 

1 5 ' 7 1 1 t  

f o o z 3 4 f  

f 0 . 0 8 ~ 2  

vizngnpntam - 

'3'964 
14.038 
14.146 
14' 143 
14' 142 
14'325 

14.126 --- 
0 '0336f  ---- 

f 0'0824f 

False Pz - 

14'909 
14.863 
14.867 
14-96! 

14 .9~ '  

o'o'6i 
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The variations of Heam-Sea-Level with time. 

When v e  refer to variations of mean-sea-level, r e  mean always variations relative to the leuel 
land ruryace. The movements of tbe earth's crust are of two descriptions,-the gradual and t h e  

sudden; there are, firstly, the slow imperceptible elevations and subsidences of possibly immense area8, 
and, rcondly, the sudden changes caused b earthquakes. -- , 

has been on page 63 (Chapter 1V) the branch-line of levels, 61A, from Sal~aranpur 

topussooree is the only line in India, that has, so far as r e  know, been disturbed by an earthquake. W e  
have monover no evidence that any of our bencll-marks liave been disturbed by slow gradual movements 
of the earth's crust. Iu table XXVII I  on page 115 we have given the annual determinations of mean-sea- 
level made at nine different tidal observatories, and we liave been unable to detect in them any tendency 
c constant change in one direction. The mean-am-level bas been shown, it is true, to vary annually, 
but it seems to oscillate from year to year about one mean position. 

Variations of mean-sea-level may be considered under four headings :- 

(i). Variations caused by changes in the forms of the solid crustal basins, containing the oceans. 

(ii). Variations caused by increases or decreases of the amount of water on the earth. 

(iii). Variations produced by abnormal meteorological conditions, and ocean currents. 

(iv). Variations due to movements of the earth's rotation-axis and centre of gravity. 

(i). The form and dcpths of the ocran hcds arc constantly changing ; subsidences were observed to 
follow the Peruvian and Sicilian eartllqualres, and the Kraliatoo and west Indian eruptions. If the  
oceanic bed is deepened in any one place, o change in mean-sea-level will occur on distant coasts. 

(ii). Although observat,ious of the tides have been made in Europe for many decades, no persis- 
tent change in the amount of water on the earth has been detected. In  some years evaporation 
may perhaps be greater 0vc.r one particular occan than in other p r s ,  and the amount of ice accumu- 
lating at tho poles and on land may at times become abnormally large ; during such periods mean-sea- 
level may be lower t l~au  usual, but i t  will recover, when normal meteorological conditions are establislled. 

(iii). Tl~e determination of rnean-sea-levrl from one whole year's tidal observations mill differ 
at crrtaiu placcs from the grneral mean of :111 the years, if the barometric pressure or rainfall or wind 
direction hare I~een excrptional. Tile pressure of tile atmospliere undcrgoes oscillations of long period, 
and tl~e hvight of r~~ean-sca-level varies accordingly. Tlie dcltas of rivers o c c ~ p y  long portions of 
the coasts of India, and tile llciglrt of lntban-sea-level in the vicinity of these deltas is affected by the 
r a i n f ~ ~ l l  ou t l~e mountni~~s forinins tile s0urcc.s nE the rivers. I t  is probable also that the strength of 
oct'an cul'rcl~ts vnricbs froin year to year wit11 tile force of the monsoon, and the height of mean-sen-level 

bc telqmarily influenced by this cause. 

(iv). llovc!ments of the ~ ~ r t l l ' ~  rotation-axis and of the earth's centre of grmity will cause 
c h m ~ s  in tile bcbi,ol~t of mcnn-sea-le~cl, a n d  as t l ~ c  prriocls of these nloven~ents are longrr than a Fear, 
annt"l ( ~ ~ t c ~ ~ ~ i l ~ a t i o n a  of mean-sra-level will ncccs\nl.iIy dis:lgrre. T l ~ e  nodal tide, r lrich 11:1s a period 

l0 Years, nrill also tcntl to produce differences bettveen annual determinations of mean-sea-level. 

A large area of C11tcl1 is barely elevated a t  all al)ove the mean level of the sea, and is freqllently 
u n d ~ r  mat,, at Iliqll title. Forty years ago it was believecl that t l ~ e  coast of I~rd ia  between Karachi and 
B O m ' ) a ~  1J7ar slowly sul~ddi~lq trith regard to the sea, To test tho correctness of this view tidal obser- 

were nladc in 1874-76 a t  Okl~a,  and tlr: relative heigl~ts of land and sea were determined. 
Aftrr a la139e of 30 years the observatory a t  Okba was re-opeued, and a fresh determination of mean- 
sea-level was matle*, - 

* apnprni R ~ p o r t ,  Sur81.y qf I n h ,  I 8 7 i - i 6 ,  pnge 16, pu.  (4 nod pago 63.. pu.  (18). Z e p r t  tu the  Board ?f Sc iml i f i  Adcice fur 1906-06, 
Me 67' Qeneral neporl ,  Surrey of Irrdia, 1903.05, poge 61. 
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Tile tidal observatory was connected by spirit-levelling, both in 1874 and 1006, with 
bench-marks situated a t  different distances from tlie coast, tlie most distant being 11 miles from 0kha, 
The observations of 1906-06 sliomed that the land was higher with regard to mean-sea-level by O,Oi 
foot tbnn it  was in 1871-76. This result indicated an increase of elevation, and did riot suplart lJ 
theory of subsidence. Having regard however to the annual variations of mean-sea-level exllibited in 
Table XXVIII,  Ive are not justified in accepting tlle observed increase in elevation of the land of cutchU 
real. All tllat me are able to say is that 180 re lal ive  niooettzent of land and sea has bee18 detected. ~h~ 
determination of mean-sea-level from one whole year's observations frequently differs at Karaclli 
m d  Bombay (see table XXVIII) from the general mean value of all the years by more than 0.05 foot, 

I n  1902 thc mean level oE the sea for the whole year mas higher than the average,- 

at  Karachi by 0.12 foot, 

a t  Bombay by 0.08 foot, 

a t  Aden by 0.14 foot. 

At  Madras, however, it was lower than the average by 0.17 foot. I n  1902, therefore, though the 
mean level of the b a b i m  Sea mas unduly high, a corresponding elevation was not observable in the 
Bay of Bengal. 

I n  the following year, 1903, the mean-sea-level was higher than the average throughout Indian 
f aters,- 

a t  Aden by 0.12 foot, 

a t  Karachi by 0-09 foot, 

a t  Bombay by 0.10 foot, 

a t  Madras by 0.08 foot, 

at  Rangoon by 0.03 foot, 

in the Andnmans by 0.16 foot. 

I n  1891 both the Arabian Sea and the Bay of Bengal were low ; the mean-sea-level at Earachi 
was 0.09 foot too low, that a t  Bombay 0.07 foot too low, that a t  Calcutta 0.16 foot, that at Rangoon 0'24 
foot, that at  the Andamans 0.11 foot,-all too low. 

I n  table XXIX we show for 40 tidal observatories in Indian waters :- 

(i.) The mean annunl variation of mean-sea-level from the general mean of all tbe years of dm 
servation. 

(ii.) Tlle maximum variation from the general mean ever obtained from a whole year's o*c*ra' 
tions of mean-sea-level. 

(iii.) The average errors of tidal predictions in both time and height. 
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TABLE XXIX. 

ndd titation 

We note from the t,ahle,- 

6 . )  that the mean-sea-level at riverain ports, such as Kidderpore, Elephant Point and Moulmein, 
'aries widely in different years, 

Errors in prcdictione 

Average errors 

(ii.) that the variations in the Arabian Sea, Maskat to Cochin, are uniformly less than the varia- 
ionsin the Bay of Benpl,  Nogapatam to Port Blair, 

Tidu observnrions are beiog continued 

Qreatestdifference ever 
obtained between two Yenrs of observation nnnlml values of 

sea.leve1 

Between gears 

xean yearly 
varintion Of 

sea.level from 

F~~~ 

Suez ... ... ... 
k'erim ,.. ... ... 
Aden ... ... . 
Mnsknt ... ... ... 
Bushire ... . 
Karachi .. . . 

mean- 

:,"c', 

1900 & 1903 
1900&1902 
1882&19~2 
1895 & 1896 
1892 & 1900 
1872&1878 

1874&1905 

1900&1901 
1900 & 1003 
1890&1893 
1898 & 1905 
1892 & 1905 
1885 & 1888 
1878 & 1882 
1881 & 1SS3 
188G& 1838 
1891 & 1892 
1891 & 1892 
1885 $ 1838 
1886 & 1888 
189181693 
1878 & 1880 
1882 & 1885 

1896 & 1900 

1886 & 1888 
1879 & 1884 
1882 & 1884 
1882 & 1885 
1482 & 1885 
1896& 1891 
18YG & 1888 
1868 & 1880 
1896 & 1897 
1902 & 1903 

1884 & 1885 

1880&1891 
1881&1885 

1883 & 1884 

1889 8 1891 
1886 & 1903 

general 

"4 9 :a 2 
z: 4 
9 2 2  
z u A 

T~ 

Moulmein ... 0.178 
Mergui ... 
Port Blair 0.041 

,.. 0-067 

0.212 

0.119 I 0.236 
0.06j 1897 3 13 8 0.17 0'17 
0'2jS 1900 5 14 29 0'42 0'33 
0.280 1907 36 8 IZ O'Zj 3'17 

o'ojz 1905 I g 1 1  0.33 0.33 

0.070 1901 2 17 11  0'42 0.58 
0.21 I 1903 2 14 16 0'50 0'42 
0.192 1693 3 13 20 0.67 1.00 
0.266 J.907 26 8 8 o'zj 0'2j 
0'40j 1907 16 ro 8 o,zj o.zj 
0.126 1S88 z lo 10 0.25 0'33 
0.1 jS 1883 3 ~j 17 o'zj 0.33 
O'III 188h 4 ZO 24 o'Zj 0.33 
0'115 1891 4 Ij 9 0'17 0'17 
0'113 1892 3 9 9 O'Zj 0'17 
0'095 1593 3 12 13 0'17 0.17 
0.130 1889 2 1 1  1 2  0.17 0.17 
0.172 1889 3 12 12 0.17 0.25 
0'217 1895 3 28 29 0.25 0.17 
0.093 1882 2 29 30 0'17 0.17 
0'237 1887 z 18 40 0.17 o.2j 

0.468 1907 9 9 9 0.17 0.17 

0'334 1890 3 8 8 0'33 0.33 
0'361 1884 4 11  13 0'33 0.33 
O'Ioj 1884 2 15 13 o'zj 0.25 
0.236 1885 2 13 1 5  0.42 0.42 
0'207 1885 z 13 16 0.58 0.50 
1'260 1907 23 18 zj 0.58 0.67 
0'329 1890 3 16 21 0.67 0.67 
0'254 1891 3 8 8 o.aj 0.33 
0,193 1898 2 r4 12 0.33 0.33 
0.207 ... ... ... ... ... . . . 
0.673 1887 3 12 13 0.58 0.58 

0'517 1907 zq 13 15 0.42 0.67 
0.663 1885 3 1 1  16 0.58 1.25 

0.591 1885 3 16 12 0.58 0.67 
0'182 1893 j Ir 14 0.33 0.42 
0.358 1907 24 / g 8 0.17 0.17 

mean 

22: 

7 
5 

29 
5 
8 
40 
z 

z 
4 
5 
30 
20 

5 
5 
6 
6 
5 
5 
6 
6 
6 
4 
5 

13 

5 
6 
4 
5 
6 
27 
5 
5 
5 
z 

5 
a8 
6 

foot 
0,049 
0.035 
0.042 
0,019 
0.061 
0'0jjr 
0.026 

0.035 
o.080 
0.069 
o.044 
0.077 
0.044 
0.044 
0.027 
0.038 
0.044 
0.033 
0.041 
0'044 
0.066 
0'025 

0'072 

0.095 
0.090 
o'od4 
0,037 
o.oj6 
O'OjO 
0.261 
0.106 
0'074 
O'oSj 
o' 104 

0.164 

0,099 
0,157 

1897 
1898 
1879 
1893 
1892 
1868 

1903 
1902 
1910* 
1898 
1901 
1910* 

1906 
1902 
1903 
1891 
1910* 
1910f 
1889 
1883 
188a 
1892 
1893 
1896 
1890 
1890 
1896 
1882 
1888 
1890 
19,U. 
1891 
1885 
1885 
1886 
1886 
1910* 
1891 
1892 
1699 
1903 
1881 
l8B8 
1910C 
1886 

Okhs Point .,. 
Porbnndnr ... . 
Port Albert Victor (Kathinwar) 
Bhsvnngnr ... ... 
Bou~bny (Apallo B~udnr) ... 
Bombay (Prince'sDoclr) ... 
hIor~nugno (Cfon) ... ... 

... ... 

. a *  . 
Cochiu ... .. , . 
Tuticorin .,. . 
Xinicoy ... ... 
Galle ... ... . 
Colo~nbo .. . . 
Trincomnlee ... ... 
Pambnn ... . 
Negapahm ... ... 
Madrs .., [ 
Cocnnndn ... ... 
Yizngnpntnm ... ... 
Falae t'oi~~t ... ... 
Duhlnt (Sau~or  Island) . 
1)ismond Hnrbour ... ... 
Kidderpore ... ... 
Cl~ittagon~ ... ... 
Akynb ... ... ... 
Dinulond Ialand ... 
Bnssein 

... .., ... 
Elephnl~t Point ,., 

9 
1898 
1900 
1889 
1878 
1888 
1884 
1878 
1878 
1886 
1888 
1891 
1884 
1884 
1890 
1878 
1881 
1880 
1195 
1886 
1879 
1881 
1881 
1881 
1881 
1886 
1887 
1895 
1902 
1880 
188.4 

I(nngoon ,., 
Amberst 

... 1880 
nu. ... 1880 





CpLP. VIII.1 
MEAN-SEA-LEVEL. 123 

~t the open-coast station of Karaclli tlie mean-sea-level, derived from obsemations extending 
ovcror tile 11 yean, 1881 to 1891, is 0.081 foot lower than the general mean value, and the level derived 
fro, the 11 years, 1697 to 1907, is 0.028 foot hisher : and variations as large as these are rarely met  
With on the open coast. 

On the diferences in the heQht of the surface of the mean rea at diferent placer. 

me have Jready mentioned (page 109) that the mean lerel of the water in  p l f s  and rivers doe9 
geoerJly accord with the mean level s u l .  of the open ocean. W e  have also shown (page 114) that 

levelling oprations are not su5ciently accurate to detect minute differences between the sea-levels of 
distmt coasts. But it may be of interest to consider the msolts of the Indian lerelliog as a whole and 
to examine, whether me hare any reason for doubting that, the mean sea surface of the  open ocean 
surrounding India is everyml~ere a t  the same level. 

The peninsula of India protrudes from Asia and se~,arates the Arabian Sea from the Bay of Bengal : 
W e  can compare the clevation of the mean sea surface of the Arabian Sea wit11 that of the Bay of Bengal 
bg four trans-peninsular lines of level wlrich are entirely independent and which terminate on each coast 
at exposed tidal stations. (See plates I and XVI). 

TABLE XXX. 

The four determinations of tlie difference of elevation of the two seas all have the same sign, and 
furnish s mean value of 0.999 foot for the difference. 

The probnhle errors of the levelling are very m u c l ~  smaller than the differences of level, and there 
do a P P a r  at first sight some gmunds for concluding that the mean surface of tlie Bay of Bengal is nearly 
a foot 11; :her than the mean surface of the Arabian Sea. But  on further investigation no such conch- 
sion is found to be tenable. 

If for instance we take the line of levelling from Karachi to False Point along a longer route 
than what we have done in table XXX, and if we select it ui8 Chach, Ferozepore, Lucknow and Gorakhpur, 
acOUr" of 3002 miles, RB find that, the sea-level a t  False Point is 0.054 foot higher than a t  Karachi. 
In XXH the sea-level a t  False Point is shown 0.302 foot lower than a t  Karachi. 

error of 
lereUing 

fo .200  

f o. I 20 

f o . 0 9 4  

f 0.075 

Difference of Elevation 

Arabian Sea-Bay of Bengal 

such contradictions between results lead us to assume that the apparent differences of height between 
@l0velsare due toaccumulated errors of levelling, and that the actual difEerences, if any exist, must be 

Linc of Lcvel 

Karachi-False Point ... 

Bombay-Vizagapatam 

Karmar-Madras ... 

Cochin-Negapatam ... 

Observed 
feel 

-0.661 

-0.905 

-1,499 

-0.688 

L ~ ~ ~ ~ d e  

23' 

18" 

14" 

10" 

Lines of Level 

78, 43,53,54,57,61, 64, 
65, 67,7O, 72,74, 75, 42, 
86 

79, 32,31,25,26,24, 30, 
8 3 

80,17, 16, 15, 14, 8, 84 

82, 13, 11, 6, 4, 5 ,  83 

Dpnrnic  
feet 

-0.802 

- 1 '057 

-1.523 

-0.614 

Length 

-- 
B i l e ~  ' 

2494 

907 

552 

348 
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less than the errors of levelling. If this view is correct, it is clear thnt the probable error of lardling mW 
be larger tlian 0.004 J% a t  which we have taken it. The subject of probable errors will ba deab Q 

in Pnrt I11 of this volume. 

We can also examine by the aid of levelling results whether the  mean surface of the Anhian &J 

appears to have the same elevation a t  all exposed tidal stations on the r e s t  coast of India, and nbdlrn 
the mean surface of the Bay of Bengal adheres to the same elevation tl~roughout the east coast. wemu 
test t l ~ e  constnncy of tlie elevation of the mean surfacc~s of the two seas a t  different points by m e a n ~ ~ f  
seven independent coastal lines of levels (Plates I and XVI). 

TABLE XXZI.  

The largest discrepancy +Oe898 occurs between Karaclli and Bombay, but if me follow anotller 
levelling route, namely through Jorya and Rajliot, a total lcngth of 900 milas, the discrepancy ~0'818 
becomes reduced to +Oa327; and i f  a change in the levelling route can bring about such a consitlc~~~l~ 
reduction, the inference is warranted that the ditfereuces of elevation exhibited in table X S x I  are due 
only to errors of levelling. 

Line of Level 

Karachi-Bombay ... 

Bombay-Karwar ... 
Karwar-Beypore ... 

Beypore-Cochin ... 
False Point-Vizagapatam 

Vizagapatam-Madras ... 
Madras-Negapatam . . . 

W e  can make one further endeavour to detect real differences in the elevations of mran-sea-level 
a t  different ports by comparing the closing errors of the 'inland ' circuits with tlle c losin~ errors of 
'land and sea' circuits. By an 'inland ' circuit of levelling is meant a circuit, in \\,llicll tllc lcvcllin: 
commences from and ends a t  the same point and tlirougl~out which t l ~ c  levelling is continaous 2 n d ~ ~ ~ '  

plete. I n  a ' land and sea' circuit the levelling starts from sca-]evcl at  one poiat, mdr st sea-level 

a t  another point. I n  a ' laud and sea' circuit the surface of the sea is assumed to LC at the same eleF" 
t ionat the two points, where i t  is connected with the levclling. 

I n  the two following tables tbe closing errors, firstly, of inland circuits, and, secondl?. of Inndm 
and-eea circuits are exhibited. The circuits, to which the several numbers respectively belong, are 
in plate XVI. 

Lines of Level 

78,43,45,44,46,60,61, 
79 

79,32,31,28, 29,17, 80 

80,17,16,19,18, 7, 11, 
12,81 

81,12,13,82 

86,42,41,39,36, 86 

85,30, 30,84 

84,9,6,83 

llenn 
L~~~~~~~ 

22" 

17" 

13" 

11" 

19" 

16" 

12' 

Length 

Miles 

864 

562 

802 

113 

375 

509 

269 

probable 
error of 
levclliog 

f o. I I 8 

f 0.095 

f 0.113 

f o 043 

f 0.077 

f o-ogo 

f 0.066 

Dinereocc of Elcvstioo 

(Northern Stfition)- 
(Southern btalion) 

Obnerved 
fool 

$0- 889 

+0*124 

-0.112 

f 0.085 

-0.110 

+om061 

-0.488 

Dgnomic 
l oo1  

4-0-848 

-0.07B 

-0.473 

to.084 

-0'125 

4-0.041 

-0'504 - 



TABLE XXXIII .  
Land-and-sea circuits, in which the levelling starts f iom one tidal observatory and ends at another. 
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TABLE XXXII.  

of ieoelling, which are inland and independent of tidal 05seroath~rn. 

Closing errnr 

J l c u g t h i n ~  

foot 

o.oogg 

0.0165 

0'0247 

0.0056 
0'002 I 

0.0146 

0'0144 
0.0061 

0.0146 

0.01 14 

0.0225 

0.0032 

0.0278 

0.0268 

0.0061 

0.0149 

0.0551 

o - 0269 
0'01 1 1  

0.0283 

0.0171 

Circnit number 

XXI 
XXII 
XXIII 
XXIV 
XXV 
XXVI 
XXvII 
XXVIII 
XXIX 

C1$:$,pr 

foot 
o.00046 

0-00069 

0.000g7 

0.00036 

0'00007 

0~00051 

0.00134 

0~00014 

0.00046 

0'00030 

0-00055 
0'0001 I 

o*oo148 

0-OOO~I 

0.00025 

0.00047 

0~ 0 0 2 0 7  

0~0010~ 

0.00045 

0-00099 

Average closing error of inland circuits ... 1 0-00066 

Length of circnit 

miles 

414.9 

581.7 

643' ' 
238.4 
1042'9 

813-2 

I 15.8 

1905'3 
1010.8 

1396.9 

1673'4 
920.0 

351.0 

2758'3 

613.4 
1017.7 

708. 4 

635.3 

609.5 
815.2 

Circuit number 

I 
I1 
111 

IV 
v 
VI 
VII 
VIII 
IX 
x 
XI 
XI1 
XI11 
XIV 
XV 
XVI 
XVII 
XVIII 
XIX 
XX 

Closing error 

feet - 0.189 
- 0'399 
- 0.625 
+ 0.086 
- 0.069 
+ 0.416 
+ O e 1 5 5  
- 0.267 
- 0.464 
- 0.426 
+ 0'920 
+ 0.098 
+ 0.521 
- 1.409 
+ 0.151 
+ O.474 
+ 1-466 
+ 0'679 
- 0'275 
- 0.809 

Closing error 
Jleugtb ~u miles 

Average closing error of land-and-sea circuits - 

C 1 ~ : ~ ~ ~  Closing ermr Length of circuit 

0.00053 

foot 

$ 0.327 
- 0.078 
- 0'473 
+ 0.084 
- 0'425 
+ 0'504 
- 0'04.4 
+ 0.125 
- 0'054 

o-oroj 

miles 

959' 7 
+I ' 7 
802 .o 

I 13' 1 

701' I 

269' 2 

508.6 

374'9 
3001 -9 

foot 
0.00034 

0~00014 

0-00059 

0.00074 

0-00061 

0.00187 

o ' oooog 

0.00033 

0' 00002 

foot 
0.0106 

0.0033 

0.0167 

0'0079 

0.0161 

0'0307 

0'0020 

0.0065 

O ~ O O I O  



1 26 LEVELLING OPERATIONS. 

I n  table XXXIII the lengths given for the land-and-sea circuits are the lengths of levellin 
and do not include the over-sea distances between tidal observatories. 

1 
g on]!, 1 

Tllo errors of levelling appear to be systematic rather than accidental, and we have ~ ~ e p o e p ~ l  
shown here the closing error per mile. 

The average closing error per mile of inland circuit is 0.00066, and of land-and-sea circ~t 
0.00053 : the closing error per mile is actually less in the case of the land-and-sea circuits than for the 
illland circuits. 

The closing errors of inland circuits are due to errors of levelling only. 

The closing errors of the land-and-sea circuits are the aggregates resulting from three eepante 
sources of discrepancy, namely, 

(i). Errors OF levelling, 
(ii). Errors of mean-sea-level determinations, 
(iii). Differences in elevation of mean-sea-level at different places. 

A consideration of tables XXXII and XXXIII has shown us that the average error of levelling 
in inland circuits is greater than the combined result of all three sources of discrepancy, which a h \  
land-and-sea circuits. The conclusion seems therefore fully justified, tbat errors of levelling arerelatirel~ 
large enough to mask both the errors of mean-sea-level determinations and the actual differencesin 
elevation of mean-sea-level. The mean surface of the open sea surrounding the coasts of India is 
everywhere so nearly a t  the same elevation, tbat levelling operations are insufficiently accurate to detect 
differences, if any such exist. The differences of mean-sea-level derived from levelling betweeneast 
and west coasts cannot therefore be regarded as real. 

Though the mean surface of the open sea may be considered to be situated at the same elevation 
on all open-coasts, the figures in the following table mill show that the mean-water-level in gulfs and 
estuaries cannot be equally trusted. 

TABLE XXXIP. 

Xand-and-water circuits in tohich the levelding comzecta tidal observatol-ies on p l J s  or riven. 
- - 

Circuit 

Gulf of Cutch.* 

Okha-Hanstal ... ... ... 

Closing error for gulf ... ... 

River Booghly, 

Diamond Harbour-False Point . .. ... 
Diamond Harbour-Du1)lat (Snugor Island) ... 
Kidderpore-Diamond Harbour ... ... 
Kidderpore-False Point . . . ... 
Avenge closing error for a tidal river ... 

The clasing c m r  (field vmlne) betwccn Nsrnnsr snrl Honstal sppesrn to I I ~  0.093 foot: 11, the O ~ n r r n l  Rrporl Q r d  Trigowm 
of rdi.. )Hij.;G, pago la, mnd Appendix. p e e  17-n, the error in s t  0.193 foot, which H.U pr~k,nt , l~  s nnrne~irsl mietake. 11 he 'ntroduuonu 
Ipirit- level  punpblet No. 1 Bombay, the closing error between OLbe and H m n l  La in001recLIy stated to be 6 inch- 

L~~~~~ of circoit 

milee 

127.3 

... 

nqr.8 
53'4 
28.8 
170.6 

... 

closing 

foot 

0'57' 

... 

0.958 
0' 777 
I '872 
2.830 

... 

Cl~ning error per 
mile 

foot 

o . 00449 

J- 

fwC 

0'0.5~~ 

o.00449 

0.00396 
0.01455 
0.06500 
0.01046 

0.02349 

0.050~ 

/ 

0'061~ 

0 . ~ ~ ~ 3  
0 . 3 4 ~ ~  
0.17~~ 

O' 'la' 

t,,+,l s**v 
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ylla G ~ I I  of Cutch is open to the prevailing south-west rinds, whose influence cannot be elimina- 

ted, me3..sen.level is higher, by 0.671 foot, a t  the head of the gulf than it ie at the mouth.\ 

The following is an abstract of the results of tables XXXII to XXXIV :- 

TABLE XXXP. 

Althougl~ the differences in the elevation of mean-sea-level at different open-coast ports are so 
amall, that the levelling is insufficiently accurate to detect them, yet in gulfs and tidal rivers the changes 
in  t,be elevation of mean-sea-level are so considerable and so rapid, that levelling brings t,hem to light 
vitl~out difficulty. On the Gulf of Cutch the closing error per mile, 0,00449, is more than six times as 
large as the average closing error of the inland circuits of levelling, and on the tidal river Hooghly 
the average closing error per mile, 0.02349, is thirty-five times as large as the average of the inland 
circuits. These great increases in the closing errors are due to actual differences in the elevation of the 
mean surface of the water. 

Average closing errors per mile 

... For inland circuits ... 
For land-and-sea circuits (open- ... coasts) ... ... 
For land-and-water circuits on a ... gulf ... ... 
For land-and-water circuits on a 

tidal river ... ... 

yoor 

0.00066 

0.00053 

0'00449 

0.02349 
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PART 11. 

SECTION (1). DESCRIPTIONS OF ~JNCTION-POINTS AND TERMINALS. 

SECTION (2). BESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

SECTION (3). RESULTS OF REVISIONS. 





Section (I).-DESCRIPTIONS OF JUNCTION-POINTS AND TERMINALS. 

Descriptions of the bench-nat~ks that form the termhala and j u n c t h - p o i n t s  of the 
main-lines of levelliltg. 

xome of tenrinal or junction- 
polnt 

Agra .,. 

... Allahabad ... 

... Arkonam ... 

Bangalore ... ,.. 

... Bellary ... 

. . . . . . .  Beypore 

Bezwada ,,. ... 

Bilaspur .., ... 

Bombay ,,, ... 

Cawnpore ... 
Chach ,,, 

0.. 

Cochin ,., ... 

Cuttack ,,, ... 

Diksa~ .,, 

Dildarnagar 

Description of Doncl~.mnrhn 

c u t  on surface of north side, east end, of coping of platform of goods station 
... ... Agrn. (This bench-mark has been destroyed). ... 

Embedded on top of glncia of north-eastern gate of fort ... ... 

Embedded at  railwq station between railwny mnil service office and plague 
examiuation shed ... ... ... ... ... ... 

South-west end of base-line, upper brass plug ... ... ... 

Cut on a stone of a pnred drnin, which carries the water from the ditch round ... the fort, to the great tnnk ... ... ... ... 

Ernbeddedat the tidal observntory, 100 feet east of the front door of the custom 
house. This was formerly the reference bench-mark for the tidal observatory. ... See page 116, chapter VlII ... ... ... ... 

... Cut on a stone in pavement of eastern verandah of the travellers' bungalow 

Embedded at  south-west corner of aecond pillar of verandah from west of railway 
station ... ... ... ... ... ... 

Cut on bottom etep on north side of main mtrnnce to tom-hall: see page 115, 
chnpter VIII ... ... ... ... .., ... 

Embedded 7 feet south-east of cannl milestone No. 137 ... ... ... 
Youth-west end of Cbach base-line, upper mnrk-stone of pillar, dot on brass ... 
Embedded in the centre of the verandnh of the port-office, about 60 yards south 

of tho tidnl obserentory. l'l~is i s  the reference benchmark for the tidal obser- 
vatory : oee page llG, chapter VlII ... ... ... ... 

Embedded between judge's court and the municipal dispensary ... ... 

Embedded in the railway enclosure near pointsman's housee a t  tbe south-west ... end of the railwny station ... ... ... ... 

Embedded 12 paces kom north-enst corner of railway station .,. ... 

/ lo@cripLian 

x 

(3.T.S. 

B.M. 

G.T.s. 
0 

B.M. 

0 

G.T.6. 
0 

B.M. 

0 A 
B.M. 

Q.T.B. 

B.M. 

B.M. 

Q.T.8. 
0 

B.M. 

None 

None 

Q,T,s.  
0 A 
B.M. 

Q.T.S. 
0 

B.M. 

G.T.8. 

B . Y .  

G.T.S. - 
B.M. 



h'tbnle of ler l i~ insl  or juuclion- 
point Description OF B~ucl~~murkn I 

Erode ... ... 

False Point .., 

Ferozepore ... 

Gooty ... ... 

Gorakhpur ... 

Gulbarga ... ... 

... Embedded a t  railway station, 10 feet from south-west corner of engine-shed 

Engrnved on nstone embedded in outside wall surrounding light-house : see page 
116, chnptor V I l I  ... ... ... ... . I 

Embedded due west of volunteer instructor's house. The sentry box of quarter 
gunrd of old horse artillery liues, near which this mark was originally plnced, 
is in ruins ... ... ... ... ... ... 

Embedded G feet  nnd 32 feet respectively from south-west nnd north-westcorners 
of goods shed a t  the ra~lway station ... ... ... ... 

I Engraved on  second step a t  west door-way of church ... ... ... I 

Embedded in 1906 t o  the east of the &tation building of the rnilway station. This 
mark is 0.650 foot lower than the  bench-mark embedded in 1878 ... ... 

- 
Inacripriop . 

Q.T.8. 
0 

B.Y. 

Q.T.E. 
0 

B.& 

None 

Q.T8. 
0 

B.& 

Q.T.8. - 
D.Y. 

(t.T.0. 
0 

B.Y. 

Howrah ... ... 

Hubli ... ... 

Jalarpet ... ... 

Jorya ... ... 

Kalyan ... ... 

Karwar ... ... 

Katni ... ... 

Kedgaon ... ... 

Kendrapara ... 
+ 

Cut  on east end of 2nd step a t  main entrance to  porch a t  railway station ... 

Embedded in the compound of the  travellers' bungalow, 139 feet from the north- 
east of the stables and 96 feet finom the south-west corner of the kitchen ... 

Karachi ... ... Embedded close t o  and north-west of harbour works rne~ t r i  qunrters nod 140 
y n r d ~  ~oulh-west  of tidnl obaervntory. It im the reference bench-mtrrk of the ... ... observatory : see page 116, chapter V l I I  ... ... 

Embedded 173 feet from the north-went corner of the travellers' bunpxlow. This 
i~ t l ~ e  reference bench-mark for the tidal observatory : aee page 11G, chapter V l I I  

Cut  on eest plntform of East  Indian railway station, in front of telegraph office 

Q.T.B. 
0 

B Y .  

0.T 8. 
0 

B.31. 

Embedded opposite the  south wall of the semaphore tower on the Beypore line 
... ... and in front  of the  station ... ... ... 

Embedded 145 feet w e ~ t  of north-west tower of the t o m  wall of Joryn on which ... ... is the G. T. Survey stntion ... ... ... 

... Embedded in the  northern passenger platform of railway station ... 

Q T E .  
D M  

A 

1890 

Embedded within the railwny enclosure a t  the railway station ... .., 

Q.T.8. 
o 

B.P .  

G.T.B 
o 

B.Y. 

Q.T.8. 
o 

B.Y. 

... ... / Embcddcd in  sub-divimional kachahri compound ... 



ego. 1.1 DESCRIPTIONS OF JUNCTION-POINTS AND TERMINALS. 

hBnla of ter~~nnnl or junction, 
point 

... ~ucknow ... 

Uescription of Bench-mark8 

... ... Embedded 37 feet east of Kalubir's Than (plstform) ..a 

... Madras ..a 

... ... Murghai ... Embedded on high ground between road and canal .,. .., 

Cut  on the plinth, west side of memorial stone laid by t h e  Princeof Walee. Thir 
is the reference bench-mark for  the tidal observatory : eee page 116, chapter V l l l  

... I ~ e e r u t  ... Marked on stone slab opposite north pillar of central westerndoor-way of Meerui ... ... ... ... Church ... ... .., 

... Nandgaon ... ... Embedded near north end of railway station platform ... .., 

... Navanar ... Embedded in centre of the sand hill a t  Navsnsr tidal station ... 

Negapatam ... 

Pirpanti ... ... 1 Embedded nt dorth-west corner of station house of railway s t n t ~ o n  ... 

Embedded in the  port-office verandah opposite custom-office window. This i a  
the reference bench-mark for  the tidal ohservntory : see page 116, chapter VIII 

Nira ... ... Embedded 10 feet nnd 31 feet west of the north-west and south-west corners of ... the travellers' bungalow ... ... ... 

... Purnea ... 

... Raichur ... 

Embedded 40 feet from west wnll of the  joint magistrate's kachahri ... 

Embed~led opposite north wall of the water tank between the  atation house nnd 
eugi~ie elled ... ... ... ... ... ... 

... Raipur ... Embedded in north side of the railway etntion, between windows of telegraph 
ollico nud store room ... ... ... ... ... 

... Rajkot ... 

s h i k a r ~ ~ r  (Cutch) ... Bn~badded 75 feet north of Mnhndeo'e temple 
. a .  .a. ... 

Embedded north of a pnka moll called Parade-ka-bauli. Has  been destroyed ... 

... Ramganj ... 

... Ramnad ... 
North-enst ond of Soualtl~odn base-line, lower mark-atone. The mark is cu t  on  bras^. 

Emhcd~le~l 28 and 7 feet resprctively from south-west and south-east corners of 
('alll~ali'a temple (Puliyarltoil) situated a t  south-east corner of Kenikkarai 

... tnnk ... ... ... ... ... ... 

Shikar~ur  (Sindl . Iron p l q  driven horizontally into north wnll of Shiksrpur knchahri 

Shoranur ,,. ... 

Inscription 

Bone  

+ 

Bone 

Q.T.S. 

B.M. 

G.T.B. 
0 

B.M. 
0 

G.T.B. 
0 A 

B.M. 

G.T.S. 
0 

B.M. 

G.T.S. - 
B.M. 

Q.T.9. - 
I1.u. 

G.T.8. 

B.M. 

Q.T.9.  
B.M. 
0 

Q.T.S. 

B.M. 

0 

G.T.S.  

B.M. 

G.T.S. 

B.Y. 

Iron plug 

G.T.B. 

B.Y. 

0 

En~l~rdilcd near the south-enat corner of tnnk-house nt the  east end of t h e  rail- 
way atation ... ... ... ... ... ... 

Sironj .,. ... - Norlh-cast end of base-line, upper mnrlr-atone ... ... ... 



136 LEVELLING OPERATIONS. [he. I. 

Name of terminal or junction- 
point 

... Sujawal ... 

Tanjore ... ... 

Tatta ... ... 
Trichinopoly ... 

Tuticorin ... ... 

Virarngam ... 

Vizagapatam ... 

Vizianagram ... 

- 
Description of Bench-marks I In8criplioo 

Embedded in front verandah of MukhtyarkCr'e knchahri ... ... 

Embedded in the angle formed by the north wall of the old goods shed nnd the 
east wall of tho goods o5ce at  the milsay station ... .,. ,.. 

Embedded in a mound on which Tatta dhk bungalow is built ... .,. 

Embedded at  rnilway station west of the station house and near north-east cor- 
ner of lamp room ... ... ... . . . ,. . ,.. 

Embedded in the verandah floor of port-office under staircase. Has been destroyed. 

Embedded on foot-path, close to the wall of the t o m  and 10 feet north of it and 
close to the west aide of the door-way of Gulwadi gate ... .. . 

Embedded in the verandah of the port.05ce. I t  is the reference bench-mark of 
the tidal observatory: see page 116, chnpter VIlI  ... ... ... 

Embedded on eouth side of permanent way inspector's quarters ... ... 

Q.T.8. 
o 

B.E 

G.T.E. 
o 

B.11. 

0 

Q.T.9. 

B.M. 

G.T.8. 
o 

B.Y. 

G.T.e. 
0 

B.M. 

"y , 
B.Y. 

G.T.B. 

B.Y. 



section @).-RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line NO, I .  Tanjore to Ramnad. 

- 
Pmbnbls error of the mean result per mile of double-levelling = 0.6145 2/g = 5 0.0043. 

Jzza Pmhable error of the difference oE elevation between the terminal bench-marks = 0.6746 7 = t 0,0465. 

' Bench.mmk No. 1 is the mark a t  Tanjore described on p q e  136, t Bench-mark No. 60 ir the mark at Bmnad described on page 1%. 

feet. 
Length oE line in miles = 11 = 114:81. Zd2 = 0.018978. 

a b ~ ~ ~ g ~ ~ ,  
or  below (-) 

Tanjore 

feet - 16'101 - 46.144 
- 60'362 - 61.183 - 44'486 

- 26'724 - 42.206 - 56'513 
- 29'338 - 5 j .173  

- 57,562 - 34'942 - 47'203 - 56.280 - b9.616 

- 94.154 
- 92.575 
-102.046 
-108'453 
- 1 1 3 ' 4 j 9  

-110.643 
-1.31'471 
-139'209 
-147.280 
-151.753 

-1;0'5;8 
-180.287 
-1R4.640 
- 182'941) 
-18,;'8q8 

-1R;'o84 
- 18R'ogl 
- 1 8 4 . ~ 8 6  
-1R.3.~62 
-187'806 

-186.156 
- 1 8 ~ . 0 8 5  
-185'469 
-178'429 
-178.127 

-1R2.505 
-176.225 
- 1 j 7 . 4 1 2  
-176.135 
-183,134 

- 1 ~ z . 9 4 r  
-177,811 
-172 .611  
-173.418 

- 173.418 

,"o:Z:fn 
deduced fmm 
nlark to mark 

Total from 
Tlrnjoro 

foot 
+ 0 . 0 1 1  

+ 0.0.32 
+ 0'042 
+ 0.043 
+ 0.031 

+ 0.018 
t 0'029 
+ 0'0.39 
+ 0 ' 0 2 0  

+ 0'0.39 

+ o'o4o 
t 0'014 
+ 0'0.33 
+ 0.0.39 
+ 0.062 

+ 0'066 
+ 0.065 
+ 0.071 
+ 0.0;s 
+ 0'079 

t 0.077 
+ 0'093 
+ 0'098 
+ 0 .104  
+ 0.108 

+ 0 . 1 2 1  
+ 0 .128  
+ 0 .131  
+ 0'1.30 
+ o ' r . ; ~  

+ 0.1.33 
+ 0.134 
+ 0.131 
+ o ' r j o  
+ 0.134 

t 0.133 
+ 0 .130  
+ 0 . l . ; ~  
+ 0'127 
+ 0,127 

+ 0 .130  
+ 0.126 
+ 0 . 1 ~ 7  
+ 0'126 
+ 0.131 

+ 0 .131  
+ 0.128 
+ 0.124 
+ 0.125 

Ramnad = 

z:"r",:,",d 
above ( + )  

or below ( - )  
Tanjore 

(men11 result 
by two 

levellers) 

feel 
- 16.112 - 46.116 
- 60.404 - 61.226 
- 44. j17 

- 26.742 - 42.235 
- 56.552 
- 29.358 - 55 'UZ 

- 57.602 
- 34'966 - 47'236 - 56.319 - 89.678 

- 94'220 - 9 2 . 6 ~ 0  
-102.117 
-108'528 
- 1 1 3 . j j 8  

-110.720 
-132.564 
-13')'.307 
-14j..lR4 
-152'RGl 

-170.679 
- 1 8 0 . 4 1 j  
- I R . & . ; ~ I  
- 183'079 
-1B.;.g7g 

-187.217 
-188.225 
-1R4.h17 
-15 .q . z~r  
-187.940 

-186.289 
- 1 8 z . 2 1 5  
-18j .600 
-1;8.556 
-178.254 

- 182.6.q5 
-1;6..351 
-177.5.39 
-176 .661  
- 183.265 

-183.07.3 
-1z7.931) 
-1 ,2 .745  
-173.54.3 

to Difference 

Discrepancy between 
l e r e l l ~ r s  

(Firsl- Secolld levellel') 

From mark 1 ~ ~ t . 1 ,  
to mnrk 
(-4 I 
fool 

+ 0.047 
+ 0.007 
+ 0.009 
+ 0.004 
+ 0.036 

- 0 .001  
+ o.oob 
- 0 . 0 1 5  
+ o . o o j  
+ 0.023 

+ 0.011 
- 0.0.36 
+ 0.026 
+ 0.005 - 0 .014  

- 0.011 
t 0.002 
+ 0.012 
+ 0.013 
+ 0.005 

- 0.008 
+ o . o l j  
+ 0.002 - 0.001 
- 0.006 

- 0.04.3 
o.000 

+ 0.002 - 0.006 - 0,021 

+ o.012 - 0.021 
+ 0.01.3 
- 0 .019  
- 0.003 

- 0 , 0 1 1  
- 0 .017  
+ 0.028 
+ o.002 
t 0.014 

+ 0.011 
- 0.024 
-0.0.36 
+ 0 ~ 0 2 9  
+ o .oo j  

- 0.004 - 0.014 
+ 0.059 
- 0.002 

Distnnce 
from 

Tanjore 

miled 
6 . j2  

1o.l.q 
12 .16  
15.00 
20.21 

22.14 
23.34 
27.36 
29.49 
35.31 

38.47 
46.52 
48 .6 j  
50.10 
53.79 

54.62 
5 4 . h j  
55.84 
56.83 
5 i .82  

58.36 
60.82 
61.81 

, 62.7.5 
63.10 

65.81 
66.63 
68.0s 
68 .18  
68.91 

69.38 
70.39 
7.3.36 
74.99 
i5.55 

77.60 
79.30 
80.71 
8 1 . 5 ~  
81.58 

R.7.81 
84 .91  
95.14 

lo4;72 
1oj.95 

106.26 
111.81 
111.80 
111.81 

dynamic 

~ench.mnrk8 

fromTanjore 

foot 
+ 0.047 
+ 0.054 
+ 0.06.3 
+ 0 .06 ;  
+ 0.103 

+ o . ~ o r  
+ 0 .108  
t 0.093 
+ 0.098 
+ 0 ' 1 2 1  

+ 0 , 1 3 2  
+ 0,096 
t 0.122 
t 0.127 
+ 0 , 1 1 3  

+ 0'102 
+ 0.104 
+ 0,116 
+ 0 ,129  
+ 0.134 

+ 0.126 
+ 0'141 
+ 0.14.3 
+ 0 .142  
+ 0.136 

+ 0.09.3 
+ 0-093  
+ o . o g j  
+ 0.089 
+ 0.068 

+ 0.080 
+ 0.059 
+ 0 , 0 7 2  

+ 0,053 
+ 0.050 

t 0.039 
+ 0 , 0 2 2  

t 0.050 
+ 0.052 
+ 0.066 

+ 0.077 
+ 0.05.1 
+ 0.017 
+ 0.046 
+ o . o j ~  

+ 0.047 
+ 0.0.33 
+ 0.092 
+ 0.090 

Fro111 

2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

2G 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 

3'J 
40 

41 
42 
43 
44 
45 

46 
47 
48 
J9 

height, Tanjore 

To 

2 
3 
4 
5 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
86 
30 

3 i  
38 
39 
40 
41 

42 
43 
44 
45 
46 

47 
48 
49 
6 0 t  

of 



LEVELLING OPERATIONS. 

Line No. 2. Ramnad to Tuticorin. 

Difference of dynamic height, Ramnad to Tuticorin= - 13.161 feet. 

Length of line iu  miles = M = 74.61. Ed' = 0.004540. 

Probable error of the nebo result p r  mile of double-levelling = 0.6745 & = & 0.0026. 

Probable error of tho dilerenee of elevation between the terminal bellrl-marts = 06145 1/$ k m0'2i 

Bench-msrka 

From 1 To 

/ 

* ~ e a c h . r n u k  NO. 1 L t h e  m u k  st Bunnrd described on p e e  1%. + Beneh.mPrk NO, 40 is &e mark a( Totlcorh described 00 P8@ IJ6' 

"?n'Lmic 
l"i~''l 

ubore ( + )  
or l U . 1 ~ 8 ~  ( - )  

~ " " l ~ d  

fret 
+ 1 ,036  
+ 6.hg4 
+ 8.0.31 
+5y.,,n9 
+ 9.355 

+ 3.9.46 
+ I Z . H # ) ~  
+ 14.967 
+ 4.939 - 1 . i j 8  

+ I .C) ;S  
+ I 040 
+ z o . 0 ~ ~ 6  
+ 7 . ~ 1 0  
+ ,?.;;I 

+ 1 0 . 1 1 3  
+ 3,494 
+ 5.116 
t ~ ; . j z q  
+ 9,188 

+ I3',434 
+ 10.12; 
+ t;.q;g 
+z I ' IRR 
t27 .393  

+49.466 
+56 .671  
+f11'2;4 
+ j2.095 
+. loo98 

+ 21'zgz 
+13'663 
+ 5.166 
+ 2 00.3 - 4,605 

- 9.516 
- 1 . ~ 7 4 4  
-14.146 
-13.161 

~i~~~~~~ 
fro111 

Reml~ud 

milea 
1.2;  
R'ao 
R . 1 1  

8 .2 ;  
16.64 

19.40 
21.52 
r.3.Rg 
17.8.3 
31.01 

40.48 
41.05 
4.1'50 
46.61 
47.04 

47.09 
; I . J I  
I 

54'11 
g j .23  

55.69 
55.70 
57'26 
58'1; 
j9.40 

61.28 
62.31 
6 j . j ~  
65.99 
66.83 

67'69 
68'87 
69.88 
70'89 
71.89 

7 
jj'2.3 
; + . g ~  
j4.61 

Ob"rrrd 
elertrliu~h 
.bore ( + ) 

0 1 ( -) 
1tun~~111hd 

( I I ~ ~ H I I  r r ~ u l t  
b y r w  

lerellers) 

feel 
+ 1.03; 
+ 6-6s9 
+ 8.03; 
+ 60.0.34 
+ 9.362 

+ 3'9.39 
+ I 2  904 
+ 1 4 . y ; ~  
+ 4.944 
+ 1 . j61  

+ 1.958 
+ 1.041 
+ r o . 1 1 2  
+ 7.91;  
+ .i';:j 

+ I O ' I ~ I  

+ .?.4y8 
+ 5 . 1 2 1  
+ 17.544 
+ 9 197 

+ 1.3'646 
+ 10.1.37 
+ 17'494 
+ az . ro ;  
+ r ; ' 4 1 6  

+ 49.506 
+ 56 j ~ h  
+ 6 1 . ~ 2 . 1  
+ 31'121 
+ 30.1r.l 

+ r ~ ' r ; o  
+ 13.675 
+ 5.271 
+ 2.907 - 4.60; 

- 9.531 - 13.75.3 - 14.155 - 13.169 

1' 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
15 
18 
19 
20 

21 
22 
23 
21  
Z5 

26 
27 
38 
29 
30 

31 
32 
33 
3 1  
35 

36 
3 i  
38 
39 

"gnnn'io 
~-0rrrc1i~~11 

clrrlllred f ron~  
I I r 

I t o 1  
Kull~nnd 

foot 
- 0.001 
- 0.00,: 
- 0.006 
- 0.045 
- o 00; 

- 0.003 
- 0.010 

- 0 . 0 1 1  
- 0.00.; 

- 0 .003  

- 0.003 - o ooi  - o .o t0  
- o 00; 
- 0.004 

- o 009 
- o 0 0 4  
- 0.00h 
- 0.015 - 0.009 

- 0 . 0 1 1  
- 0 .010  
- 0 . 0 1 j  - 0 .019  
- 0 ' 0 2 . i  

- 0,040 
- 0.045 - 0.049 
- 0'017 
- o . o z j  

- 0.018 
- 0 , 0 1 1  

- 0.006 
- 0'004 
+ o.ooa 

+ 0.006 
+ 0 009 
+ 0.009 
+ 0.008 

? 
3 
4 
5 
6 

7 
8 
8 

10 
11 

12 
13 
1 1  
15 
1G 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28 
23 
30 
31 

32 
33 
B4 
35 
36 

37 
38 
38 
40 t 

1)iscrepnnr.v between 
lerellers 

( ~ i ~ ~ ~ -  ~ ~ ~ ~ ~ , d  ls,.,.ller) 

F r u ~ l ~  lnttrk 
lo n ~ ~ t r k  

( - d )  

fool 
- o . o o r  

3.000 
+ 0.001 

- 0.011 
+ 0.001 

- 0.004 
+ 0.018 
+ 0.008 
+ o 027 
+ 0.014 

+ 0.001 
- 0 .016  
- 0 .013  
+ 0-004 
- o .oao  

- 0'001 
+ 0.017 
+ 0.009 
+ 0.004 
I 0.011 

+ 0 .010  
- 0.001 - o'ooa 

o.000 
- 0 ~ 0 1 y  

+ 0.008 
+ 0.006 
+ 0-00.3 
- 0.007 - o .oor  

- 0 . 0 1 1  

0.000 
- 0,007 
- 0.018 
+ 0.002 

- 0.010 
0'000 - 0 .011  

+ o.001 

TU1uI 
fru111 R U I I I I I U ~  

fool - 0-002 - 0.001 

- 0.001 - 0 . 0 1 1  
- 0.010 

- 0.014 
+ 0.004 
+ 0.011 

+ 0.039 
+ 0.06.3 

+ 0.064 
+ 0.048 
+ 0.0.35 
+ 0-039 
+ 0.019 

+ 0 .018  
+ 0.035 
+ 0.044 
+ 0,048 
+ 0.059 

+ o 069 
+ 0 . 0 6 ~  
+ 0.065 
+ o oh5 
t o . 0 4 6  

+ 0 ,054  
+ 0.060 
+ o . 0 6 , ~  
+ 0.056 
+ 0 . 0 ~ ~  

+ 0 . 0 4 ~  
+ o - 0 4 ~  
+ 0.036 
+ 0 .018  
+ 0.010 

+ 0 .010  
+ 0 . 0 1 0  - 0.001 

0,000 



EESULTS OBTAINED PROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 3. Tuticorin to Trichinopoly. 

Observed Dynamic 
Discre~ancy elevation correction Dynamic 

Beooh-marks levellern above ( + ) deduced from 
Distance (Firat-second leveller) or below (-1 to above ( + ) 
from Tuticorin 

Tuticorin 
or below ( -) 

(mean resulL 
1 f r o  by two T O I ~  from 

TuticOrin 

Tuticorin levellers) Tuticorin 
(-4 

miter foot foot feet foot feet 

1+ 2 0.01 o ' QOO 0.000 - a S I R  + 0.002 - 1.516 
2 3 0.11 + 0.002 + 0.002 - 0.98~ + 0.001 - 0.981 

3 4 0.39 + 0.001 + 0.003 - 0'5;R + 0'001 - 0'5;; 

4 6 1 . ~ 6  + 0,011 + 0.014 + 7.406 - 0.00j + 7'401 

6 6 4.86 + o.010 + 0.024 + 29.328 - 0.022 + a9.306 

16 
17 
18 
19 
20 

21 
22 
23 
2.6 
25 

26 
27 
28 
29 
80 

91 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
4'2 
43 
44 
45 

46 
47 
48 
49 
'0 

62 
63 
64 
66 

SF 
67 
68 
69 
60 

Beneb'muk NO. 1 l a  the mark at Toticorin dcseribed on page 198, 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

33 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 
44 

4G 

47 
48 
49 
" 
6' 

62 
53 
64 

'7 
68 
69 

61 

18.46 
r9.70 
20. jo 
21.28 
6 

24.72 
25.62 
26.95 
28.21 
29.95 

31.11 
52.26 
3.3.10 
33.48 
34.47 

35.51 
36.14 
37.72 
39.50 
40'38 

40.61 
41.24 
41.99 
42-04 
41.gll 

41.16 
44.06 
4;.S9 
47.13 
48.10 

49'51 
50.50 
51'2y 
53.77 
5+.ja 

55'12 
56"7 
56.45 
57'.39 
58.83 

59.86 
60.64 
62.30 
63.74 
64.14 

+ 0.006 
+ 0.018 
+ 0.012 - o.002 
- 0.008 
- 0.01~ 
- 0.009 - 0.014 
- O.O~I 
+ 0.007 

+ oloog 
+ 0.010 

0.000 - 0,006 
+ 0.003 

- 0.001 
o,ooo 

- 0.012 
- 0.030 
- 0.004 
- o.oIz 
+ 0.016 
+ 0.006 
- o.oor 
+ 0-001 

+ 0.001 
- 0.00; - 0.01; 
+ 0.004 - o.ooj 
- o.01.3 - 0 , 0 1 1  
- 0.010 
+ 0.014 - 0.009 
- 0.001 
+ 0.002 - o.01~ 
- 0.001 
+ 0.010 

+ 0'005 
+ o olr 
+ 0.009 - 0.021 
+ o.001 

+ o.009 
+ 0.0.37 
+ 0,049 
+ 0.047 
+ 0.039 

+ 0.026 
+ 0.017 
+ 0.005 - 0.008 - 0.001 
+ O.OOR 
+ o.or8 
+ 0.018 
+ 0.012 
+ 0.01j 

+ 0.014 
+ 0.014 
+ 0'002 - 0.028 - 0.032 
- 0,044 
- 0.029 - 0.021 - o.0~4 
- 0.023 

- o.orz 
- o.0~7 
- 0.04~ - 0.040 - 0.045 
- o.0~8 
- 0.069 - o.o;g 
- 0.065 - 0.074 
- 0.075 
- 0'07,q - o.08; - 0.086 
- 0.066 
- 0.061 - 0.049 - 0.040 
- 0.061 - 0.060 

+ 19;';Rq 
+11j.8;~ 
+27.3';05 
+z18-654 
+210.;85 

+271.866 
+285.8j; 
+300'4;7 
+ 295.483 
+z8j.118 

+293.888 
+.706.935 
+516.:78 
+.3ro.o24 
+.335.081 

+347'603 
+.34.3.7~ 
+334'977 
+jz8.~01 
+ 317.044 
+312.059 
+rg6.oqz 
+zR.p.,326 
+2;8.958 
+16;.207 

+164.126 
+ 6 
+ z.qB.813 
+205.ggB 
+z15.353 

+1~4-6gr 
+ I I ~  ,148 
+21~.689 
+204'4;6 
+zo4.zo4 

+:01.6;2 
+201'400 
+a11.767 
+211.64; 
+242.348 

+231.6,35 
+1,11.437 
+a61.r;o 
+a52.158 
+aj1.158 

- 0'150 
- 0 . 1 6 ~  
- 0'170 
- 0.166 
- 0.168 
- 0.206 - 0.217 
- O.IIR 
- 0.217 
- o 21; 
- 0 2 2  

- o.a.pj 
- o.z,lg - o.24a 
- 0.153 
- 0.262 
- 0.259 
- 0.253 - 0.2~8 
- 0.240 

- 0.2.36 
- o . 1 ~ ~  - 0,214 
- 0.211 
- 0.20~ 
- 0.~00 
- o. 192 - 0,180 
- 0.1s; - 0.164 
- 0.171 
- 0.164 - 0.16.3 
- 0 
- o 

- 0.155 
- 0.1;; 
- 0.162 
- 0.170 
- 0.185 
- 0.177 - 0.177 - 0.199 - 0.192 - o.~ps 

+ 197'439 
+215'708 
+ 21,1':.3S 
+218'488 
+220.617 

+ 271.660 
+zR~.640 
+.300'249 
+ 185.166 
+ 184 901 

+ 19.3'665 
t306.702 
+316.039 
+31g'jR~ 
+35+'828 

+34;'341 
+.i4,3'462 
+ 334'714 
+318'053 
+316'804 

+.311.82.1 
+295.868 
+283'11z 
+278.747 
+267'ooj 

+263'gr6 - 251'969 
+ 236.633 
+105'.#41 
+11j.189 

+ rrq.jz~ 
+ 114.184 
+212.526 
+204'299 
+ 204,047 

+ao1.,97 
+ 201'245 
+z11.605 
+ 121.47: 
+242.163 

+a31.4,<8 
+Z,~I.ZOO 
+ ,62.0;1 
~251.066 
+aj1.~66 



LEVELLING OPERATIONS. 

Line No. 3. Tuticorin to Trichinopoly.-(Continued). 

Benell-marks 

Fro111 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

5; 
76 
79 
80 

81 
82 
83 
84 
85 

86 
6 i  
88 
89 
20 

91 
92 
93 
94 
95 

96 
97 
98 
DO 
100 

101 
102 
103 
104 
0 

106 
107 
103 
109 
110 

111 
112 
113 
I 

~ i ~ t , , ~ ~ ~  
fron~ 

Tuttcurin 

miles 
64.94 
65..18 
67.13 
68.26 
69.41 

;o.,i8 
71'80 
71.85 
6 
73'88 

74'97 
i6.3j 
77.50 
78.84 
79.40 

82'09 
8.3'40 
8j.74 
R7.06 
87'81 

87'88 
88.94 
89'8.3 
gl'g8 
91'51 

94.40 
96.33 
97'00 
97.60 
98'53 

98'79 
99'38 
101'02 
102.22 

1o,l.j7 

104.6.1 
106.17 
loj.H.3 
log.09 
1lO.j; 

111'69 
lll'i4 
1lz.50 
II,~..II 
114.86 

116.oq 
11;.6o 
118.91 
IIO.Z; 

120.66 

1 2 2 . 1 0  

12,3.4,3 
11j.44 
1 8  
126.62 

118..3,3 
130.13 
1jl.03 
1jz.29 
133.64 

l'o 

G2 
63 
64 
65 
66 

67 
68 
ti9 
70 
il 

72 
53 

75 
76 

79 
80 
81 

82 
83 
84 
85 
6G 

87 
88 
89 
$10 
91 

92 
9.1 
94 
95 
96 

97 
98 
99 
100 
101 

102 
10.1 
104 
1115 
106 

I07 
108 
io9 
110 
I 1 1  

112 
113 1 114 
I 

a b ~ ~ ~ ~ ~ ~ ,  
or bclow (-) 
Tutlcorin 

fcpt 
+ ~58.5~8 
+ 160.267 
+ 284.229 
+ 2()7'1,32 
+ ~9j.1~6 
+ 298.554 + .qz8.a1z 
+ 317.327 
+ ~ Z Z . I , ~ Z  
+ 335'728 

+ 354.314 
+ 384.267 
+ 377.454 
+ 354.925 
+ 355.898 
+ gjo.671 
+ ,3iR.i41 
+ 388.660 
+ 392.461 
+ 406.739 
+ qog.Bg8 + 406.352 
+ 424'677 
+ 430'934 
+ 436'543 
+ 461'463 
+ 447.965 
+ 433.603 
+ 431.847 
+ 433'854 
+ 431'111 
+ 441'998 
+ 451'949 + 461'Rgq 
+ 467'659 
+ 482'931 
+ 497'74.3 + 500'910 
+ j12'675 
+ 531.923 
+ 535'666 
+ 537'53.3 
+ 541 658 
+ 556'164 
+ 5;6.562 

+611.732 
+ 646'413 
+ 669'073 
+ 674'618 
+ 6j8.851 

+ i21'201 
+ 777.081 
+ 77i.029 
+ js8'.llo 
+ 848.i.36 

+ 939.598 
+ 988'440 
+ 972'175 
+ 957'ho1 
+ 918'03' 

:zz:: 
nbo.0 ( + 

or below (-) 
Tulicorin 

(menu reault 
by two 
levellere) 

fee.! 
+2j8.74j 
+160.46j 
+a8+.4,5 
+197.358 
+195'461 

+~g8.;i81 
+.3~8'461 
+.327'575 
+322'.376 
+.33j'982 

+354'582 
+384'557 
+377'739 
+355.19,3 
+356.167 

+370'951 
+37g.oz7 
+388.953 
+392.757 
+407'04j 

tqo4~202 
+406.657 
+424'995 
+437'161 
+q36.8jo 

t461.806 
t448.300 
t433.928 
I 

+433'179 

+431'435 
+442.330 
+4j2'188 
+q6z.zoj 
+468,oog 

+ 4 R ~ . ~ q z  
+4qH.11j 
+501'284 
+j1,3.oj8 
+531'320 

+~,36.066 
+ 537'9.34 
+54z.o62 
+5j6.5;9 
+ 5;6.q91 

+612.186 
+6~6,yj1 
+66q.~68 
+675.118 
+6j9.3j4 

+jz1.;,q,3 
+i;:.hji4 
+;;7.601 
+;q4.Rq; 
+849.3j9 

+gdo.zRb 
+qRq.~6,3 
+g72.887 
+qsR.,3oz 
+918.;04 

Dincrepncy between 

115 1 Ill; 

1 ~~"'~~~ 
deduced from 
mark to mnrk 

Totnl fro111 
Tutieoril~ 

foot 
- 0,197 - 0.198 - 0.216 
- 0.226 - 0.225 
- 0,227 
- 0,249 - 0'248 
- 0.244 
- 0'154 
- 0.268 

. - 0'290 - 0.285 
- 0'208 - 0,269 
- 0'280 
- 0.286 
- 0.29.3 - 0'296 
- 0',306 
- 0',304 
- o..3oj - 0.318 - o..lz7 - 0,327 
- 0,343 
- 0..3.3j - 0.31j 
- o ' ~ z +  
- 0 32j 
- 0',324 - 0'3j2 
- 0',339 - 0.346 - o.jjo 
- 0.361 
- 0.3;~ 
- 0'374 
- 0.385 
- 0'397 
- 0.400 
- 0'401 - 0.404 
- 0.41j - 0.429 
-0.454 - 0.479 - 0,495 - 0.500 
- 0.503 

- 0.532 - 0.s;~ 
- 0.572 
- 0.5R7 
- 0.623 
- 0.688 
- 0 2 ,  - 0'712 - 0.701 - 0.6;3 

( ~ i ~ ~ t - ~ ~ ~ ~ ~ d  

From mnrk 
to 
( - d, 

foot 
+ 0.004 
+ 0,oog 
- 0,009 
+ 0.006 
+ 0.006 
- 0.009 - 0.025 

0'000 - 0.025 - o,oor 
+ 0.013 
- o,ooj 
+ 0.007 
+ 0.008 - o.001 
- 0.038 
+ 0.021 
- 0.031 
- 0'018 
+ 0.007 
+ 0'00.3 
+ o.orr 
+ 0.013 
+ o,oor - 0.005 
- 0.022 
+ 0.018 
- o.009 
+ 0.001 
+ 0.014 
- 0'00s - 0.007 
- 0.004 
+ o.ozj 
+ 0.01j 
- o.oot 
+ 0.011 - 0.011 
+ 0.02~ - 0'004 
- 0.00; - 0.002 
+ 0.011 
+ 0.001 
- 0.011 
-0.011 - o.008 
- 0 . 0 1 , ~  
+ 0.01~ 
- 0.016 
- 0.014 - o.02R 
- o.002 
+ 0.007 - 0.012 
- 0.030 
+ 0.005 - o.001 
- 0.016 
+ 0.015 

111; 
Ili 
118 
11:) 
120 

levellers 
leveller) 

Tot111 from 
Tu~icorin 

foot 
- o.oj6 
- 0'047 - 0.056 - o.ojo 
- 0.044 
- 0.053 - o.o;H - 0.078 
- 0.103 
- 0.104 
- 0.091 - 0,096 - 0.089 - 0.081 - 0.083 
- 0 . 1 2 1  - 0.100 - 0.131 
- o'lj9 - o.lja 
- 0'149 
- 0.1.38 - ,o.lrg 
- 0'124 
- 0.119 
- I 
- 0,133 
- 0.142 - 0,141 
- 0'117 
- 0 . 1 ,  
- o.l,qg - 0'14.3 - 0.118 - 0.10.3 
- 0.104 
- 0.09.3 - o.104 - o.081 
- 0'086 
- 0.091 
- 0.093 - o.oHl 
- 0.081 
- 0.092 
-0.10.1 - 0 . 1 1 1  

- 0.124 - 0.106 
- 0.122 

- 0'1.36 - 0.164 
- 0.166 - 0.159 
- I 

- 0.201 - 0 . 1 ~ 6  
- 0.197 - 0 1 ,  
- 0,198 

lli 
118 
119 
I20 
I21 



RESULTS OBTAINED FROP SIYULTANEOUfl DOUBLE-LEVELLING, 

Line No. 3. Tuticorin to Trichinopo1y.-(Continued). 

Distance 
from 

Tuticorin 

Discrepancy between 22:; 
levtlllers above (+) deduced (run 

(Fuat-Becood leveller) I or below ( - )  1 
foot foot feet foot 

+ 0 0  1 - 0 ,188  1 + 9.6'659 I - 0.679 

Dynamic 
l ~ e i g l ~ t  

above ( + )  
or below (-1 

Tuticorin 

feet 
+ 92j '980 
+ 91.5'249 
+ 914.976 
+ 9'4 '794 
+ 907'847 

136 137 
137 13q 
138 139 
139 I40 
140 141 

141 142 
142 143 
143 144 
144 I45 
I 146 

ICG 147 
147 143 
148 14!) 
149 !50 
150 151 

151 152 
152 153 
153 154 
154 155 
155 156 

166 157 
157 158 
15n 159 
150 IIi0 
160 I G I  

I f l  !f2 
I(i2 1F:l 
163 164 
104 
165 IBG 

IGG Ifi7 
1 li7 I1;R 
I C R  1fi9 
1CO I70 
170 171 

l i l  172 
172 l i 3  
173 1;.1. 
174, 175' 

Difference of dynamic height ,  Tuticorin to Trichinopoly = -I- 
Length oE line in miles = nI = 191.37. Xtl? = 0.032197. 

, . 
167 .I00 feet. 

- 
Probable enor of the mean result per mils of double-levelling = 0.6745 2/2; = + 0.0013. 

2.d3 probnble ~ m r  of the dilerenee of elevation betreen the terminal bencll-mnrka = Oa6i45-KT = + 0.0605. - 
L 

* Ben~h.mark No. 176 is the mark at Triehinopolg described on pnge 136. 



LEVELLING OPEkATIONB. 

Line No. 4. Trichinopoly to Tanjore. 

Difference of dynamic height, Trichinopoly to Tanjore = - 80.332 feet. 

Length of line in miles = M = 31.05. Zd" 0.006900. 

Probable error of the mean result per mile of double-levelling = 0,6745 2/g = & 0.0050. 

Ben&-marks 

From 1 T o  

Q2 
Ymbable error of tbe differenre of elevation between the terminal bench-mark = 0.67'45 Ja = f 0'0Bo. 

1' 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
1 8  
19 
20 

21 
22 
23 
24 
25 

26 
27 

.- 

* HensL.mark No. 1 is the mark at Trichinopoly described on page 136, t Bench-mark No, 28 is the  mark at Tanjore described on PV013f 

Dislanee 
from 

Tricl~ino. 
P ~ Y  

miles 
0.06 
1 . 1 2  
2.30 
4 -08  
4 

6.33 
6.91 
7.44 
9 ' 1 4  

10'29 

l r ' 5 7  
13'52 
15'31 
16.37 
16.82 

17-56 
18'92 
20'32 
21'11 
1 2 ' 0 2  

23.38 
24'67 
26.01 
27-29 
29'05 

30.05 
31'05 

2 
3 
4 
6 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28t 

heigllt 
above (+ )  

or below (-) 
Tdchinopoly 

feet 
- o.37z 
- 11.532 
- 7.958 - 
- 51.331 

- 46.754 - 3 9 . ~ ~ 6  - 36.76z 
- 43.613 - 42.823 

- 6.3.918 - 73.703 - 84.967 - 90.9,31 
- 93'069 

- 9 j . 9 ~ 4  - g4.jR1 - 85.416 
- 93.5.34 
- 93.541 

- 99'921 
-105.982 
- , 1 + . 2 # 7  - lor).or? 
- 91'853 

- 80.323 
- 80'332 

! 
nbove ( + ) o r  

below (-) 
l'richinopt,ly 
(meon rcsult 

by two 
lurellers) 

feet - 0.372 - 12.540 - 7.963 - 28.;64 - 51.367 

- 46.7g7 - 39.584 - 36.;88 - 43.644 - 42'8j3 

- 6.3.96.3 - 73'755 - 8j 'oz;  
- 90'99j  - 93.134 

- 95.991 - 94.447 - 83.456 - 9.3.600 
- 93.608 

- 99,992 
-1o6.oj6 
I 

-109'098 - 91.917 

- 80.379 - 80'388 

Discrepancy between 
levellers 

( ~ i ~ ~ t - 8 ~ ~ ~ ~ , j  leveller) 
:::?", 

dedlloed from 
mnvkto merk 

~ ~ t , ~ l  from 
Trichinopoly 

fool . 
0.000 

+ 0'003 
+ 0.005 
+ 0 .020  

+ 0.036 

+ 0.033 + 0'028 
+ 0.026 
+ 0.031 
+ o'ogo 

+ 0'045 
+ 0.052 
+ 0.060 
+ c.064 
+ 0 .06 j  

+ 0.067 
+ 0.066 
+ 0,060 
+ 0.066 
+ 0,066 

+ 0'070 
+ 0'074 
+ o.oRo 
+ 0.076 
+ 0.064 

+ 0.056 
+ 0.056 

Fipmzk 
(=,j) 

foot - 0.003 - 0'001 - 0.024 
- o ' o l j  
+ o ' o l a  

- 0.011 - 0'010 

- 0.006 
- 0.008 
- 0 0 1 4  

+ 0.026 
+ o.002 
- 0'019 
+ 0.010 

+ 0.00j 

+ 0'011 - 0'027 
+ 0.008 
- 0.001 - 0,006 

- 0'004 - 0 .011  
- 0 , 0 2 0  

+ 0 . 0 2 0  
+ 0'009 

+ 0'0.13 
+ 0 ' 0 2 2  

Tobnl from 
Trichinopoly 

foot - 0.00.1 
- 0.004 - 0.028 - 0 .05 j  - 0.041 

- 0.062 - 0 . 0 ; ~  

- 0.078 - 0.086 - 0.100 

- 0'074 
- 0'072 - 0'091 - 0.081 - 0.076 

- 0,065 
- 0.092 - 6.084 - 0.085 
- o'ogl  

- 0.095 
- 0,084 - 0.104 
- 0.084 
- 0'075 

- 0'042 
- 0'010 



REBULTS OBTAINED !FROM ~IhfULTANBOUS DOUBLE-LEVELLING. 

Line No. 6. Tanjore to Negapatam. 
. . - - I I I 1 

Distance 
l r o n ~  

Tnnjore 

Discropnncy between 
levellers 

(Firat-Second levellor) 

From mark 
to mnrk 

( = d l  

Total from 
Tnnjore 

fool fool 
+ 0 ' 0 0 2  + 0 '001  - 0.019 - 0.017 - 0.016 - 0.0.3.3 
- 0'010 - 0'04.3 - 0 ' 0 1 0  - 0'053 

I Observed I n jnnmie  I I 

- 

1 l e e r )  1 ~ a n j u r e  1 I 

elevation 
nbove ( + )  

or I ~ O I O ~ V  (-; 
Tsnjore 

co;recl.ion 
d e d ~ ~ e e d  lrorn 
murktomark 

foot feet 
+ 0.028 - 41'035 
+ 0'0.34 - 50'0.79 
+ 0.036 - 5 r 5 9 1  
+ 0.041 - 59'740 
+ 0.046 - 66'693 

(metin result 
h r  tan 

qzizie 
shove ( +)  

or helow (-) 

nce of dynamic height, Tanjore to Negapatam = - 183.613 feet. 

Length of line in miles = M = 48.29. Zda = 0.005273. 

Total from 
TnnJore I 

- 

Probable e r m  of the mean result p r  mile of double-levelling = 0.6745 4% = k 0.0035. 

Probable ern01 of the difference of elevation between the terminal bench-marks 0,6745 &? = & 0.0!245. - 
* LxL-muk 1 in the mmk Tmjore & * r i b a  0. p e e  U6. t Bench.m~k No, 47 i~ the m ~ k  I N%apatam dencnbed 0. PWe 1%. 



LEVELLING OPERATIONS. 

Line No. 6. Trichinopoly to Erode. 

' Bench-nurk No. 1 u tho mark .t Trichinopoly deleribad on page 186. 

, 
Tricl~ino- 

miles 
0 .06  
0 .31  
1'37 
2 '53  
3 '51 

4 '76 
7 '06  
8.47 
9 '68  

11.86 

14.28 
15'83 
17'82 
18.61 
20.2t  

10.63 
22'91 
lz .qg 
23.66 
25.81 

26.41 
28.73 
28.86 
zg .18  
31.88 

33.77 
35 .33  
35.84 
37.14 
38'47 

39.50 
40.84 
42 .2 j  
43.74 
45.03 

46.09 
46.59 
46.89 
46.94 
47.34 

48.40 
49.74 
51'4.3 
52.80 
~ 3 . ~ 8  

55.15 
56.09 
561.4 
57.64 
58.80 

58.92 
61.01 
62.64 
6.3.54 
6.3.88 

65.88 
67.,3,3 
6 8 . j 8  
69.8.3 
71.26 

B e n o h - m d s  

/ 

l* 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
16 

16 
17 
18 
19 
20 

21 
22 
23 
24 
26 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
98 
39 
40 

41 
4 
a 
44 
45 

46 
47 
49 
49 
50 

51 
62 
63 
54 
65 

55 
67 
68 
51) 
GO 

Diecrepnncy between 

2 
3 
4 
5 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

92 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
35 
86 

37 
38 
39 
40 
41 

42 
43 

45 
46 

47 
48 
40 
GO 
51 

52 
53 
64 
65 
66 

57 
68 
69 
fiO 
61 

levellers 
(%I- l*cond 

From ~nork  
to 11~ark 

( = d l  

foot - 0.003 - 0.004 
+ 0 ,009  
+ 0'0" 

+ 0'004 

+ 0'018 
+ 0 '021  
+ 0'029 
+ 0.015 - 0.005 

+ 0.00.3 
+ 0.008 
- 0.006 
+ 0 .017  
+ 0.028 

+ 0,006 
+ 0.046 

0.000 
+ 0 . 0 0 ~  
+ 0.003 

+ 0.003 - 0.014 
- 0.00.3 - 0.006 
+ 0.019 

- 0'015 
- 0.003 - 0,004 
+ 0'014 
+ 0 . 0 1 1  

- 0.001 - 0.009 
- 0 - 0 1 2  

+ 0.009 
- 0.00.3 

- 0.014 
+ 0.008 
- 0 . 0 0 5  

0.000 - 0.006 

- 0.013 - o 004 
- 0.0.3j - 0-011  

- 0.015 

+ 0.007 
+ o.ooz 

o.aoo 
+ 0 . 0 1 3  
+ o 010  

- o . 0 1 1  
+ 0.023 - 0.010 

+ 0 . 0 1 0  
- 0 . 0 1 0  

+ 0 .010  - 0.004 
+ o . o o ~  
+ 0 , 0 1 1  

+ 0.018 

above ( + )  
or below (-) 

Triollino- 
P O ~ Y  

feet - 0.372 - 1,064 - e,3.224 - 44.R9b - 40.532 

- 41.997 - 35,923 - 31'135 - 2 7 . ~ ~ 8  
- lg'Zg0 

- 12'941 
- 9.169 
+ 4,,324 
+ 5.513~ 
+ 9.743 

+ 11.111 
+ 19,927 
+ 17‘,324 
+ 1 7 . 8 ~ 6  
+ 24'642 

+ 31.250 
+ 4.3.293 
+ 40.157 
+ 4 1 ' 7 1 7  
+ 49,321 

+ 57.039 
+ 62.7.42 
+ j # . ; i l  
+ 68.8.19 
+ 72.880 

+ 84'744 
+ 95,hHR 
+ g.$.4Or 
+ 104 0;6 
+ 107.057 

+ 112'403 
+ 11h, ;82 
+ 1 1 7 ' R o . i  
+ I 14'z.jo 
+ 118.002 

+ 1 .?~ '345  
+ 162.216 
+ z.io':Oo 
+ 2,4b.,3ll 
+ 129'4.35 

t 220'707 
+ i,32..3i() 
+ 1 , i 1 ' 1 2 0  
+ 171'51.4 
+ 149 8 ' 9  

+ 1,S0'05; 
+ 1 g ~ h i 4  
+ 158 60.1 
+ 1,;7'67.1 
+ 1.57'.5°4 

+ 16o'cR.+ 
+ l(J8.6.12 
+ 17'5l.3 
+ 181 50' 
+ 181'7'0 

elevulion 
above (+) 

0;:::;:~) 
P " ~ Y  

(mean 
by I W O  

levollera) 

feet 
- 0.372 - 1 . 0 6 ~  
- 23.240 
- 44'937 - 40 .1 jg  

- qr.oz.5 
- 35'947 - 3 1  ' I  j5  
- 27.zgj  - 19'301 

- 11.948 
- 9'373 
+ 4.390 
+ 5 . j96  
+ 9'753 

+ 11.122 
+ 19'944 
+ 17'339 
+ 17'911 
+ 24.662 

+ 31.27; 
+ 43'326 
+ 40 '188  
+ 41'7.19 
+ 49'358 

+ 57'081 
+ 62.778 
+ ; I  80.) 
+ 68.889 
+ 72-933 

+ 84,805 
+ 95.757 
+ 9.3 j.30 
+ 104.152 
+ 107'1.3j 

+ 112.485 
+ 116 667 
+117 .8R9  
+ 1 8  4'3r.3 
+ 1 1 8 . 0 8 8  

+ 1.3.1.441 
+16z . , i 9z  
+rjo-92.3 
+236 488 
+ 119'j97 

+zzo .863  
+2,32.540 
+ z , l t j R j  
+ 1 7 1  035 
+ 149.926 

+ 1 s o . 1 6 ~  
+ 152 7h3 
+ 15R.;76 
+ 7 ;  
+ 1 j i . 6 1 6  

+ 1 6 0 , 1 q q  
+16R.hsa 
+171.hj6 
+ 1 8 1 . 6 ~ ~ 0  
+ 181.849 

l e re l ln )  

Totnl from 
Tr~ellino- 

poly 

foot 
- 0.003 
- 0.007 
+ 0'002 
+ 0'01.3 
+ 0.017 

+ o ,o , l j  
+ 0.056 
+ 0.085 
+ 0.100 

+ 0 . 0 g j  

+ 0.098 
+ 0 . 1 0 6  
+ 0 .100  
+ 0.117 
+ 0'145 

+ 0.151 
+ 0,197 
+ 0.197 
+ 0.199 
+ 0 ' 2 0 2  

+ 0.20; 
+ 0.191 
+ 0 .188  
+ 0.182 
+ 0.201 

+ 0 . 1 8 6  
+ 0.18.3 
+ o ' l i 9  
+ 0.19.3 
+ 0.204 

+ 0.20.3 
+ 0 .194  
+ 0 , 1 8 2  
+ 0.191 
+ 0.188 

+ 0.174 
+ 0 .182  
+ o . I ; ~  
+ 0 '177  
+ 0.171 

+ 0 . 1 5 8  
+ 0 .154  
+ 0.119 
+ 0.108 
+ 0 .093  

+ 0.100 
+ o .102  
+ 0 . 1 0 2  
+ 0 1 1 5  
+ o . 1 2 j  

+ 0 .104  
+ 0 .127  
+ 0 .117  
+ 0 .127  
+ 0 . 1 1 7  

+ 0-127  
+ o.11,3 
+ o 115 
+ 0.136 
+ 0 .154  

nynnmio 
co~recc~on  

::;:::: 
~ ~ t ~ l  frolll  

Triclbino. 
poly 

foot 
0.000 

+ 0.001 

+ 0 . 0 1 6  
+ 0.031 
+ 0.027 

+ 0.028 
+ 0.024 
+ 0 . 0 ~ 0  
+ 0.017 
+ 0 '011  

+ 0'007 
+ 0.004 - 0.006 
- 0.007 - 0.010 

- 0 .011  

- 0.017 
- 0 '015  - 0 .015  
- 0.010 

- 0,025 
- 0.0.3.3 - o.o.31 
- 0-032 
- 0,037 

- 0.042 
- 0,046 
- 0.052 
- 0.050 
- o . o j 3  

- 0.061 
- 0.069 - o o6H 
- 0.076 - 0.0;8 

- 0.082 
- o.aH; 
- 0 0 8 6  
- 0.08.3 
- O-uRb 

- 0.096 - 0 .116  
- 0-16.3 
- o .  ,137 
- 0.161 

- 0.156 
- 0 .164  
- 0 . 1 O 3  
- 0 ' 8 2 2  

- 0 . 1 0 7  

- 0.107 - 0.109 
- 0.11.3 
- I 

- 0 . 1 1 2  

- 0.114 
- 0 .110  - 0.123 - 0 , 1 2 9  - 0.119 



Line No. 6. Trichinopoly to Erode.-(Continued). 

Difference of dynamic height, Trichinopoly to Erode = + 265.253 feet. 
Length of line in miles = M = 87-02 .  Zd2 = 0.013925. 

Bench-mark8 

Probable error of the mean result per mile of double-levelling = 0.6745 - = + 0.0043.  dz 
Probable error of the diEerence of elevation between the terminal bench-marks = 0.6745 2/7 = & 0.0398. 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
76 

76 

* Bench.murk No. 77 ia the mark at Erode described on page 134. 

62 
63 
64 
65 
66 

67 
68 
G9 
70 
71 

72 
73 
74 
75 
76 

77' 

milrs 
7 7  
i3.8j 
75.60 
75.65 
76.16 

77.42 
78.87 
80.~4 
81.68 
82.64 

84.50 
85.82 
86.83 
86.8; 
86.9.3 

87.02 

foot 
+ 0.169 
+ 0.160 

0.172 
+ 0.174 
+ 0.179 
+ 0.194 
+ 0.200 
+ 0.198 
+ 0.209 
+ 0.206 
+ 0.174 
+ 0.146 
+ 0.145 
+ 0.145 
+ 0.143 
+ 0'151 

foot 
+ 0.015 - o.oo~ 
+ 0.01" 
+ o.002 
+ 0.005 

+ 0.015 
+o'oo6 
- 0'002 
+ 0~011 - 0'003 
- o'o.3z - 0.028 
- 0.001 

0'000 - 0.00~ 
+ 0.008 

fpd 
+182.306 
+ ro6.1~8 
+22~.6(16 
+t20'667 
+221.693 

+z.34..336 
+z43.;1o 
+2+1.718 
+250.626 
+244.547 

+2;2.46j 
+261.670 
+267.849 
+26;.851 
+268.8;9 

+~65'43~ 

foot - 0.129 
- 0.145 
- 0.156 
- 0.155 
- 0'156 

- 0'16.; 
- O . I / I  
- O.I;O 
- 0.176 
- 0.172 
- 0.178 
- 0.184 
- 0.188 
- 0.188 
- 0 . 1 8 ~  
- 0.186 

feet 
+ 182.177 
+ 206~003 
+ 222.530 
+ '20'5~ 
+ 221.53; 

+ 234.171 
+ Z+j'j,lq 
+ 241.548 
+ z50.jjo 
+ 144'3;5 
+ 252.287 
+ 261.486 
+ 267.691 
+ 26;.663 
+ 268.690 

+ 26j.253 



LEVELLING OPERATIONS. 

Line No. 7. Jalarpet to Erode. 

Bench-mYL No. L 

Benoh-marks 

R o m  1 To 

Distance 
fro111 

JalarpeG 

miles 
3.15 
4.98 
5'02 
6.44 
7'76 

9.77 
12.12 

rz'jo 
12.95 
14'21 

15'02 
16.66 
19'31 
19.36 
20'50 

21.30 
21.55 
24.49 
26.0.7 
37.76 

29.16 
29.61 
30.76 
31.08 
33'39 

33.99 
:i4.02 
.35'03 
35'52 
37.02 

,38';2 
4 0 . ~ 2  
41.33 
41.73 
43.33 

I 
40-01 
47.61 
48.01 
48.10 

qR..qR 
50.08 
51.01 
51'74 
53'94 

56.05 
57-50 
58.60 
bo.01 
60-oj 

6 1 5  
62.11 
6.3.08 
64.91 
66.85 

2;::; 
70.9.5 
I 

74.75 

1. 
2 
3 
4 
6 

6 
7 
8 
9 
10 

11 
12 
13 
14 
16 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
93 
34 
35 

36 
3 i  
38 
39 
40 

41 
42 
43 
44 
46 

4G 
47 
48 
49 
60 

61 
62 
63 
64 
65 

66 
67 
be 
69 
60 

b t h o  m u k  nt J.Lrpot 

2 
3 
4 
6 
6 

7 
8 
9 
10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
%& 
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
35 
36 

37 
38 
30 
40 
41 

42 
J3 
44 
45 
46 

47 
a 
49 
60 
61 

62 
63 
64 
65 
66 

67 
68 
69 
60 
Gl 

dwcribed on p g e  184 

Discrep~ncy between 

/ 

(First-Second 

From mark 
to mnrk 

( - d )  

fool 
+ 0.004 - 0.022 - 0.003 - 0.016 
+ 0,017 
+ 0.013 
+ 0.019 
+ o.002 - 0.004 

0'000 

+ 0'012 
+ 0.001 - 0'010 
- 0'00.3 
+ 0.017 
+ 0.006 
+ 0.001 
- 0.007 
- 0.011 
- 0.017 
- o.ooj 
+ 0.015 
+ 0.00.3 
+ 0.007 
+ 0,007 
- 0.007 
+ 0.001 
- 0.016 
+ 0'009 
- 0.004 
- 0'017 
+ 0.012 
+ 0.020 
+ 0'008 
- 0.01 j 

- 0'018 
- 0.005 - 0.016 - 0.008 
+ o.oor 
- 0.001 
+ 0.020 
+ 0.01.3 - 0'004 
- 0'004 
+ 0.017 - 0.005 
+ 0.019 - 0.017 
- 0,003 
- o.018 
- 0.001 - 0.00.3 
+ o.011 - 0.012 
- 0.001 
-0.018 
+ o 004 
+ 0.007 
+ o.ma 

n~nnmio 
lleigl,t 

nbovo (+ )  
orbelow (-) 

J a l a r ~ e t  

- 
f e d  

- 50.143 - 48.941 
- 45.774 - 66.915 - E3.338 
- 73.917 - 78.42z 
- 91 .E97 
- 97.313 
-115.825 

-117.8~0 - go.180 
- 57.894 - ~ 4 . ~ 6 2  - 29.014 
- 5.9f6 
+ 0.848 
+ 0.34.3 - 44.400 
- ;9.474 
-108.810 
-10,3.192 - 81~8:O 
- 59.340 - 26.383 
- 13.823 
- 1.7.150 
+ 9.129 
+ zj'r8z 
+ 73'429 
+ 74'014 
+100.89,3 
+ lo7'qh8 
+ 111'70~) 
+136.9,76 

+ 161.999 
+ 136.717 
+ i6.4~8 
+ h;.gg; + 60.415 

+ 5.3'996 
+ 16'454 
+ 38.Rzj 
+ 70'254 
+ 154'9'7 

+ 122.18.7 
+ 40'347 - 22'123 - 73,949 - 74'074 
-1oR~86B 
-15a.064 
-181'311 
-2.51'421 
-313'945 

-.132'375 
-199'039 
-295'502 
-.713'.398 
-401'084 

~~~,~~~ 
above ( + ) 
or (-) 
Jalarpet 

(mean result 
by two 
levellers) 

feet - 50'174 
- 48.971 - 45'802 - 66,956 
- 83.389 

- 73.963 
- 78.471 - 91.9,:6 
- 97,375 - 115'899 
- 117'92j 
- 90.237 
- 57.931 - 54.99, - 29'032 

- 5.979 + 0.849 
+ 0.344 - 44.428 
- 79.524 

- 108.879 
- 103.2j8 - 81,909 
- 59.379 - 26.401 

- r.3.8.33 - 1.3.160 
+ 9.133 
+ zj.296 
+ 73'47.4 

+ 74'059 
+ 100.95; 
+ loR.o,q~ 
+ 111'7;8 
+ 17joz1 
+ 162.100 
+ ~,;fn-Roz 
+ 76.484 
+ 68-0.36 
+ 60.4j1 

+ 54.028 
+ 16-462 
+ 38'847 
+ 70.296 
+ 155'014 
+ I 

+ 40,370 - 22.141 
- 74.001 - 74.126 

- 108.943 - 152.167 
- 181.~4.7 

levellers 
leveller) 

Totnl from 
Jalorpet 

foot 
+ 0.004 
- 0.018 - 0.021 
- 0.0.37 - 0.020 
- 0.007 
+ o.oIr 
+ 0.014 
+ 0.010 
+ 0'010 
+ 0'022 
+ o.oz.3 
+ 0'01.3 
+ 0.010 
+ 0.027 

+ 0.03.3 
0.034 + 0.027 

+ 0.016 
- 0.001 
- 0.006 
+ 0'009 
+ o.012 
+ 0.019 
+ 0,026 
+ o.otg 
+ o.020 
+ 0.004 
+ o.01.3 
4 0.009 

- 0'008 
+ 0.004 
+ 0'024 
+ 0'032 
+ 0.017 

- 0.001 
- 0.006 
- 0.022 - 0.0.30 
- 0.029 
- 0.030 
- 0,010 
+ o.o0,7 
- 0.001 
- 0'005 
+ 0.012 
+ 0.007 
+ 0.026 
+ 0.009 
+ 0,006 
- 0.012 
- 0.013 - 0.016 
- 0,005 - 0.027 
- 0'028 
-0.oj6 
- 0-052 - 0.045 - 0.043 

::I,",:! 
deduced from 
luarL tomark 

Total from 
Jalorpet 

foot 
+ 0'031 
+ 0.030 
+ 0.028 
+ 0.041 
+ 0.051 
+ 0.046 
+ 0.049 
+ 0.059 
+ 0.062 
+ 0.074 
+ 0.075 
+ 0.057 
+ 0.037 
+ 0'035 
+ 0.018 
+ 0.003 - 0'001 
- 0.001 
+ 0.0~8 
+ 0.050 
+ 0.069 
+ 0.066 
+ 0.05.3 + 0'039 
+ 0.018 
+ 0'010 
+ 0.010 
- 0,004 - 0.014 
- 0.045 
- 0.045 - o'obz - 0.066 
- 0'069 - o'oRj 
- o.101 - o'oRj - 0.046 
- 0'041 
- 0.036 
- 0'0.72 - o.008 
- 0'022 - 0'042 - 0'097 
- 0,076 
- 0'01.3 
+ 0.018 
+ 0'0.q~ 
+ 0.051 
+ 0.075 
+ 0.103 
+ 0'132 

- 251'589 - 324160 
- ,331'595 
-299.137 - 295'697 - ;1,7.6oj - 401.349 

+ o'lb8 
+ 0'315 
+ 0'320 
+o'198 
+ 0'195 
+ 0.307 
+ 0.165 



B.ESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 7. Jalarpet to Erode.-(Continued). 

Difference of dynamic height, Jalarpet to Erode = - 780.606 feet. 
Length of line in miles = M = 110.85. Zdg = 0.012047. 

- 
Probable ermr of the mean result per mile of double-levelling = 0.6145 dg = + 0.0085. 

D ~ i $ c  
above ( + ) 

or below (-) 
Jdarpet 

feet 
-444'723 
-460'270 
-464.408 
-449'424 
-432' j93 

-424'796 
-445'351 
-+97'563 
-534.260 
-537,873 

-506.499 
-483'877 
-456,468 
-,355'2+2 
-353'649 

-396'070 
-441,241 
-441.261 
-445'.300 
-519,989 

-583'654 
-652.312 
- 7 ~ 4 ' 0 , q j  
-808.060 
-792'561 

-7j8.088 
-7i7.07 '  
- 7 8 0 . ~ 0 6  

Probable enor of the difference of elevation between the terminal bench-mata = 0,6745 Z/g = & 0.0370. 
4 

* Benchmark No, 89 in the mark st Erode deaoribed on peg0 134. 

above ( + ) 
or below (-1 

Jalarpet 
(mean result 

by two 
levellers) 

feet - 445,017 
- 460'574 
- 464'795 
- 449'721 
- 431.879 

- 42j.076 
- 445.645 
- 497.R91 - 534,612 
- 538,228 

- 506.8.3.3 - 484.196 
- 456,769 
- 355.476 - 353'882 

- .396.,3,31 
- 441'532 
- 441'552 
- 445'594 
- 520'333 

- 584.041 
- 652'745 
- 7.34.jz.3 - 808.598 
- 793,089 

- 778.607 
- 777'589 - 781,026 

deduced from 
mark tomark 

Total from 
Jalarpet  

foot 
+ 0'294 
+ 0'304 
+ 0'307 
+ 0 '297  
+ 0.286 

+ 0.280 
+ 0'294 
+ 0'328 
+ o .3 j2  
+ 0,355 

+ 0.,3,34 
+ o.,31g 
+ o ' j o r  
+ 0'231 
+ 0,233 

+ 0.261 
+ 0 ,291  
+ 0.291 
+ 0'294 
+ 0.344 

+ 0.387 
+ 0.43.3 
+ 0.488 
+ 0 ,538  + 0 '528  

+ 0.519 
+ 0'518 
+ 0,520 

Distance 
from 

Jalarpet 

miles 
76.15 
77.79 
79.64 
80.7.3 
81.88 

8,3.1z 
84.16 
R;.;J 
87.56 
87.61 

89.08 
89.79 
90.38 
92.78 
94.49 

96.58 
98.27 
98',3,1 
98'37 

100.46 

1 0 2 ' 5 ~  
104.56 
106.92 
108.77 
110.37 

110.70 
I I O . ; ~  
110.85 

Discrepancy botween 
levellers 

(First- Becond leveller) 
Bench-mark8 

Xron I TO F' t" ,mn,~~k 
( = d l  

foot - 0'012 - 0'022 
+ 0.005 
+ 0'018 - 0,008 

- 0.006 
- 0 ' 0 1 1  

- o.018 
- 0.017 
+ 0.002 

+ 0.002 
+ 0.004 
+ o.002 
+ 0.015 - 0.020 

+ 0.00.q 
- 0 ' 0 1 6  
- 0'00,3 
+ 0'001 
+ 0 ,003  

0.000 - 0 ,009  
+ 0 . 0 ~ 5  
- 0.002 

0.000 

+ 0 '003  - 0'001 
+ 0.004 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
17 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
83 

Total from 
Jalarpet 

foot 
- Oo.0j5 
- 00.77 
- 0.072 
- 0'054 - 0.062 

- 0.068 
- 0.079 
- 0.097 
- 0.114 
- 0'112 

- 0.110 
- 0.106 
- 0.104 
- 0'089 
- 0.109 

- 0.106 - o.122 - 0'125 
- 0'124 
- 0 1  

- 0.121 - 0 .130  
- 0'105 - 0'107 
- 0.107 

- 0.104 
- o , l o j  
- 0.101 

62 
63 
64 
65 
66 

67 
G3 
60 
70 
71 

72 
73 
58 
75 
76 

77 
78 
$9 
80 
81 

8a 
83 
84 
85 
86 

87 
88 
89' 



LEVELLING OPERATIONB. 

Line No. 8. Arkonam to Madras. 

Difference of dynamic height, Arkonam to Madras = - 277.274 feet. 

Length of line in miles = M = 44.09. 2%' = 0.002275. 
- 
C dB 

Probable error of the nun result per mile of double-levelling = 0 6145 2/$ = c 0.0024. 

- 

Probable error of the difference of elevation between the terminal bench-marks = 0.6745 Jy = f O80161, 

 is^^^^^ 
fro111 

h k o n u m  

5.06 
6.54 
7 '89 
9 '20  

10.51 

12.36 
15.07. 
16.03 
16.74 
18.57 

20'08 
r z ' o z  
2.3'70 
24'21 
26.00 

26.50 
28.09 
29'72 
30'58 
33.99 

34'53 
35.26 
37 .21  
40'47 
42 '97 

43.80 
44 '03 
44.09 

Bench-msrkn 

F rom I T. 

Beuah-mark No. 1 L t h e  msrk at d rkonsm desoribed on pege 183. t Benoh-mark No. 29 ie t he  mark s t  Madras deaoribed on Page la6. 

Discreppnrj  betaoen 
levellers 

p i r s t  - secolld levellel.) 

1' 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
16 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 

Observed 
elerntion 
n h ~ ~  ( + ) 

01. bcluw ( - )  
Arkol~aln 

(~nenn result 
bg two 

levellers) 

feet 
- 87';27 - 9 4 . ~ 9 ~  
- 10.1.363 - 0 2 2  

- 108.774 

- 125.594 - 1 ~ 9 . z R j  - 134'009 
- 141.299 
- 1 ~ 8 . g l z  

- 160 .41)~  
- 172 89.3 - 170'345 - 6 - 186.686 

- 191.790 - zoi .z6;  
- 2 1 , '  - 219.991 - 24j.02,z 

- z j r . 667  - 2;;.636 
- 260.300 
- 276,611 - z78.8;6 

- 278.oR4 
- 278.521 
- 277.439 

F ~ O I I I  lnnrk 
to 

( - d )  

foot 
- 0.011 
t 0.016 
- 0'004 
+ 0 '019  - 0.010 

+ 0.001 
- 0 .010  
- 0 '001  

- 0.009 
+ 0'007 

+ 0 '003  - o ' o l z  
+ 0 ' 0 2 0  

+ o . 0 0 6  
- 0.010 

+ 0.001 
+ 0.001 
- 0.007 
+ 0.006 
- 0,005 

+ 0,008 - 0.005 
- 0.006 
+ 0'007 
- 0 ' 0 1 0  

+ 0,006 
- 0 '001  
- 0'003 

2 
3 
4 
5 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18 
1'3 
20 
a1 

22 
23 
24 
25 
26 

27 
28 
29t 

Total from 
Arkonam 

l o o t  - 0.011 
+ 0.005 
+ 0 .001  
+ 0 ' 0 2 0  

+ 0.010 

+ o .o r r  
+ 0.001 

0'000 - 0 . 0 0 ~  

- 0 '002  

+ 0 .001  

- o . 0 1 1  
+ 0 '009  
+ 0.015 
+ o . o o j  

+ 0.006 
+ 0 ,007  

0 '000 
+ 0,006 
+ 0.001 

+ 0.009 
+ 0.004 
- 0.002 
+ 0,005 
- o ' o o j  

+ o , o o r  
0 . 0 ~ 0  - 0'003 

C ~ n " n l i ~  
corl.ection 

deduced f r o n ~  
~lrnrk tomark 

T O ~ U I  from 
Arkol~um 

fool 
+ 0'05.7 
+ 0'057 
+ 0.062 
+ 0.062 
+ 0 . 0 6 ~  

+ 0.075 
+ 0.077 
+ 0.080 
+ 0.084 
+ 0.089 

+ 0.096 
+ 0.10.3 
+ 0.101 

+ o . I o . ~  
+ 0.111 

+ 0.114 
+ 0 . 1 2 2  

+ 0'127 
+ 0 . 1 3 1  
+ 0.1J6 

+ o ' l j l  
+ 0.154 
+ 0.156 
+ 0 , 1 6 6  
+ 0,167 

+ 0.166 
+ 0.166 
+ o . 1 6 j  

D ~ n n m i c  
' l e i c l l l t  

o b o ~ e  ( + )  
or below ( - )  

Arkonurn 

p e l  
- 87-674 - 94'2.35 - 
- 1 0 4 . ~ 6 ~  
- l08. jog 

- 1 2 5 . 5 ~ ~  - 129.208 
- 133.920 - 141.215 
- 1 4 8 . 8 ~ 3  

- 1 6 0 . 3 ~ 6  
- r72.790 - I ; O . Z ~ ~  
- 173.453 - 186. j75 

- 191.676 
- ~ 0 5 . 1 ~ 5  
- 2l,3-20h 
- 219.ROo 
- 2 4 4 . 8 ; ~  

- zjz .516 
- z.;?.qXz 
- 260'144 
- 276.44j 
- z78'jog 

- 277.91R 
- z;R 355 - zj7'274 



~ESIJLTS OBTAINED FROM BIMULTANEOUS DOUBLE-LEWLLINB. 

Line No. 9. Madras to Tanjore. 

Bench-murk No. 1 is the mark at Mnclrpa described on page 136. 

D,nnmio 
I,eieht 

(+ )  
or below (-) 
Madm 

feet - 1'081 - 0.701 
- 5'990 - 3'1.36 - 0'997 

+ 8.238 
+ 6.612 
+ 8.848 
+ 16.828 
+ 20'698 

+ 18'416 
+ 20,099 
+ 36.96.7 
+ 51'906 
+,  58.023 
+ 61.616 
+ 67,246 
+ 82.145 
+ 57.609 
+ ,1.09j 

+ 95'394 
+ 97'672 
+ 81.1.1j 
+ 86.162 
+ 95.567 

+ 122'703 
+ 1~5';85 
+ 162.179 
+ 140.136 
+ 126.086 
+ 124'094 
+ 124'764 
+ 129'4.43 
+ 11q.jr4 
+ 111.501 
+ I1a.j6o 
+ 1 3 1 ' 7 1 o  
+ 14.3.267 
+ 1.31.120 
+ 118.567 

+ 93.544 
+ 76.576 + 71.680 
+ 70.116 
+ 60.990 

+ 57.116 
+ 65.091 
+ 69.620 
+ 67.779 + 65,816 

+ 75'353 
+ 86.307 
+ 107.841 
+ 121.440 
+ 1ao.318 

+ 131.075 
+ 145.741 
+ 1 ~ 6 . ~ ~ 7  
+ 119.q,31 
+ 1 1 6 . ~ ~ ~  

22:'. 
deduced from 

to mark 

Totnl from 
Madras 

foot 
+ 0.001 
+ 0'001 
+ 0'004 
+ 0.002 
+ 0.001 

- 0.004 
- 0.003 
- 0.004 - 0.009 
- 0.011 
- 0,010 
- 0.011 
- 0.021 - 0'0.30 
- 0.035 
- 0.096 - 0.039 - 0.048 
- 0,033 - 0,042 
- 0,056 
- 0.05; - 0.047 
- o.ojo 
- o.ojj 
- 0.071 
- 0.086 
- 0-096 
- 0.081 
- 0.073 
- 0.0;~ 
- 0-072 - 0.075 
- 0'066 
- 0.065 
- 0,065 
-0,077 
- o.o8+ - 0.077 - 0,069 
- 0.053 - 0.042 - 6.039 
- 0.038 
- 0.033 
- 0.0.31 - 0,036 
- 0.0.39 - 0,038 - 0.037 
- 0.043 
- o.o;o - 0.064 
- 0.073 - o.oja 
- 0.079 - 0.088 - 0,076 - 0.0;) - 0.070 

, 

above ( +)  
or below(-) 

Msdrns 
(mean result. 

by two 
levellers) 

- fy'082 - 0,702 
- 5.994 - 3.198 - 0'998 

+ 8 . 2 ~ 2  
+ 6.615 
+ 8.852 
+ 16.R.37 
+ ~0.709 

+ 18.426 
+ 20.110 
+ ,q6.q8q 
+ 51.936 
+ j8.oj7 

+ 61.652 
+ 67.285 
+ 81.19,3 
+ 57.642 
+ 72.135 

+ 95.4j0 
+ 97.729 
+ 81.182 
+ R6.211 
+ 95.622 

+ 122.775 
+ 145.871 
+ 2 

+ 140,218 
+ 126,159 

+ 124'166 
+ lz4.Ilj6 
+ 119.508 
+ II.(.;~O 
+ 11z.j66 

+ 11r.625 
+1;1.78; 
+ 14,3',351 
+ 1.31.197 
+ 118.636 

+ 93.597 
+ 76.618 
+ 71.719 
+ 70.254 
+ 61.023 

+ 57.257 
+ 65.127 
+ 619.659 
+ 67.R17 
+ 65,853 

+ 75.396 
+ 86.357 
+ lo7.gog 
+ 1rz.513 
+ 120,390 

+ 132.155 
+ IJ;.Rz~ 
+ la6.6~~3 
+ 119'50,3 
+ 116.860 

Distunce 
from 

Madras 

miles 
o.04 
o.73 
2.2g 
2.55 
3.19 

4.51 
6.82 
7.68 
8.j3 
10.01 

10.11 
10.74 
11.94 
12.60 
13.69 

15.00 
15.h 
17.26 
18.64 
19.63 

20.71 
20.80 
22.27 
24.05 
24.50 

16.40 
28.1.3 
18.80 
30.11 
31.38 

31.41 
32.11 
33.62 
34.79 
36.54 

36.58 
38.04 
39.18 
39.44 
40.48 

41.48 
42.57 
43.98 
44.68 
45.48 

46.75 
817.86 
49.06 
50.08 
50.48 

51.89 
52'95 
54.18 
54.8.3 
56.10 

56.86 
.57'66 
59.61 
60'.37 
61.60 

i s c r  b e  

~ench.rnarh0 

From 

2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 

30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
10 

41 
42 

46 
47 * 
49 
50 

64 
56 

66 
67 
68 

60 

* 

levellorn 
(Eirst-8eeund 

~ ~ m n I ~ r ~ k  
(-4 

foot 
+ 0.00.3 
+ 0.018 - 0.006 
+ 0.001 
+ 0.007 

+ 0.007 
+ 0.021 
+ 0.014 
+ 0.012 - 0.006 
+ 0.001 - 0.006 - 0.010 
+ 0.001 
+ 0.003 

+ 0.015 
- 0.003 
+ 0.014 - o.org 

0.000 

- 0.017 - 0.005 
+ 0.01.1 
+ 0.028 
+ 0,001 

- 0.013 
+ 0.009 
- 0.007 
- 0.018 
+ 0.003 
+ 0'002 
- 0.005 
- 0.007 
- 0.0" 
+ 0.009 
- 0.001 
-0.004 
+ 0.017 
+ 0.005 
+ 0.014 

+ 0.002 
+ 0.011 
+ 0.020 

- o.olz 
+ 0.00~ 

- 0.015 
+ 0'017 
+ 0.011 

+ 0.004 
- 0.005 
+ 0.014 - 0.011 
+ 0.016 - 0.004 
+ 0.001 
- 0.015 
+ 0'003 
+ 0,008 
+ 0'001 
+ 0'008 

To 

2 
3 
4 
5 
6 

7 

g 
10 
11 

12 
13 
14 
16 
16 

17 
18 
19 
20 
21 

22 
23 
24 
26 
26 

27 
28 
29 
30 
31 

32 
33 
34 
36 
36 

37 
38 
39 
40 
41 

42 
43 
4 k  
45 
46 

47 * 
49 
60 
61 

62 
63 
64 
65 
66 

67 

68 

61 

leveller) 

~~t.1 from 
Mudrss 

foot 
+ 0003 
+ 0.021 
+ 0.015 
+ 0.016 
+ 0.023 
+ 0.030 
+ 0.051 
+ o.06j 
+ 0,077 
+ O.O;I 
+ 0.072 
+ 0.066 
+ 0.0j6 
+ 0.057 
+ 0.060 

+ 0.075 
+ 0.072 
+ 0,086 
+ 0.061 
+ 0,061 
+ 0.054 
+ 0.039 
+ 0.052 
+ 0.080 
+ 0.081 
+ 0.058 
+ 0'067 
+ 0.060 
+ 0.042 
+ 0.045 
+ 0'047 
+ 0'042 
+ 0.0.35 + 0.024 
+ 0.033 
+ 0.032 
+o.ozB 
+ 0.045 
+ 0,050 
+ 0.064 
+ 0,066 
+ 0.077 
+ 0.097 
+ o.oR5 
+ 0.087 
+ 0'072 
+ 0.089 
+ 0.110 
+ 0.114 
+ 0.109 
+ 0.12.3 
+ 0.112 
+ 0.128 
+ 0.114 
+ o.1a5 

+ 0.110 
+ 0'11.3 
+ 0.121 
+ 0.121 
+ 0.130 



LEVELLING OPERATIONS. 

Line No. 9. Madras to Tanjore.-(Continued). 

h 
i 

Dis'nnce 
fl.o,ll 

Mndrns 

r w i l ~ r  
6.3-08 
64 .16  
65.7.4 
67 OU 
67.91 

69.52 
i 0 . 1 1  
70 8 1  
7 2 . 1 1  
7.3'10 

74.36 - -  - , 31 
76.61 
7 j . 2 2  
77 '28 

78.51 
5 0 9 4  
~ O . I ) . ?  
61 .09  
8.1' I 4 

83.4.3 
R j .54  
f i i . l l r  
S;.;o 
Sc)'oj 

90.- 
92..;1) 
: I 

t ~ j . l S  
, ) j . ~ t  

CJO ,,I 

,,ti 03  
91) j j  

I O O . ; ~  
~ o o . , + ( ~  

1 o l . 1 7  
10!.4,3 
10.1.94 
lo+ 44 
r o j  2.Y 

10; .47 
1or).o2 
I O Q - ; , ~  

1 l l . j 6  
a l a . q g  

o z  
1 l , j . 06  
I , ; . ~ , ?  
11y0.3 
110 .16  

?'!!:: 
nhore ( + )  

or bclow ( - )  
hludrnn 

f e d  
+ l o ~ . q 3 2  
+ 9 1 . 1 4 8  
+ ;6.,,(, 
+ 90.144 
+ 8,j.j93 

+ l o l . 1 4 i  
+ 1 1 , ~ . 6 ~ 7  
+ I I ~ . ~ ~ , ,  

+ 1zH.,364 
+ 1 ~ ~ 8 . 4 9 0  

+ 161.271 
+ 154.118 
+ 1.3o.gg4 
+ 129'0jJ  
+ 1.30.330 

+ roR.7RB 
+ 117'79.3 
+ 13i',;07 
+ 118 082 
+ 1 4 6 . ~ 7 1  

1 152.216 
+ 134.962 
+ 126.591 
+ 121 .1q3  
+ 113'391 

+ rz; 'j51 
+ I I  4.901 
+ 110.064 
+ 99.669 
+ 104.8Rj 

- 1 1 4 ' 2 ~ 7  
+ 1 ~ 1 . 8 6 2  
+ 121.927 
* 1~5'78.3 
+ 127.513 

+ 1 z z . 8 ~ 0  
+ 1 1 8 . 7 1 6  
+ l l z . z q O  
+ I I Z ' Z O ~  

+ I O I - S ~ O  

i -  95.RRz 
r 1)5.760 
+ 87 ,140  
+ 74'141 
+ 67'973 

+ 66.924 
+ ~ o . o ( ) s  
+ 52.611 
+ 4 9 9 2 0  
+ ~ 8 . 7 4 8  

Obawvcd 
elor~~l.ion 
nbo.0 ( + ) 

ol. (-)  
h l ~ ~ d r n s  

(lnr81n result 
hy t ~ o  

lerellers) 

feet 
+ 108.497 
+ 91.202 
+ 6 
+ 90 .198  
+ 8.3'643 

+ 101.206 
t 115 .696  
+ 111797  
+ 128.443 
+ 1 3 8 . j ; ~  

+ 1 6 1 . 7 1  
+ 154'21.3 
+ 1.30.674 
+ 129'13.3 
+ 130.410 

+ I o B ' R ; ~  
+ 117'864 

1 .3 i . 68~  
+ 12t3.160 
+ 146.361 

+ 152.310 
+ 1 . 3 i . o ~ ~  
+ 126-669 
+ 122.269 
+ 123.468 

+ 12.;'8.70 
+ 1 1 4 . 9 j z  
+ I I O . ; , ~ ~  
+ p9.;,3o 
+ 1 0 4 . ~ 4 7  

+ 114 '297  
+ 121.03;  
+ 1 2 2 ' 0 0 2  

+ 125 861 
+ 1 2 7 2  

+ 122.916 
+ 118 ;Ur) 
+ ~ t z - , j j g  
+ I 
+ 101.952 

+ t j ; . ~ ~  
+ 05 .818  
+ R7.192 
+ 74'185 
+ 68.013 

+ 66.96.3 
+ 60.099 
+ g z . 6 ~ 0  
+ 9 4  
+ ~ R . 7 6 8  

Benoh.mnrks 
Diserepnnc? between 

lerellers 
l'P"'~l"ic 
col.ret.~,jon 

deduced from 
,,,,, nlnl,k 

Tot.nl (rolll 
Mudrns 

f o o i  
- 0.065 - 0 . 0 5 ~  - 0 . ~ 4 5  - o . 0 5 ~  - o , o j o  

- 0.061 
- o.ohr) - 0 . ~ 6 8  
- 0.079 
- 0.08s 

.- 0.099 - 0'01)5 - o.080 
- o.o;g - 0.080 

- 0,066 
- 0 . 0 1  

- o . o ~ 4  - 0.07% 
- 0,090 

- 0 . 9 4  - 0.08.3 - 0,078 
- 0.0;6 - 0.077 

- 0.078 - 0 . 0 7 1  - 0-068 - 0 .061  
- 0 . 0 6 ~  

- 0'070 
- 0 .0 ; s  
- 0.075 - o.o;H - 0-079 

- 0.076 
- o.oj , l  
- 0 , 0 6 9  - o.oh9 
- 0.06: 

- 0.058 - 0,058 - 0.052 
- 0.044 - 0.040 

- 0,0,39 
- 0 . 0 3 4  - 0 . 0 2 1 ~  
- 0 . 0 2 7  - 0 . 0 ~ 0  

F r o ~ n  

61 
62 
63 
64 
66 

66 
6 i  
69 
69 
50 

71 
72  
73 
74 
75 

76 
77 
18 
79 
8 0  

81 
82  
H3 
84  
85 

8G 
87 
83 
88  
90 

81 
!I2 
93 
4 
95 

96 
!I7 
98 
03 

100 

101 
1 
I 0 3  
104 
10.5 

ln6  
I l l i  
I 
109 
110 

(First-Second 

Fro111 n ~ n r k  
to l,,nrk 
(=,+) 

f o o t  
- 0.015 
+ o . o l a  
+ 0.014 
- o.008 
+ 0.001 

+ o . o , ~ +  - 0.011 

+ o - o o ~  
- 0.00,; 
+ 0'009 

- 0.001 

+ 0.009 
+ 0.040 
+ 0.004 
+ o.001 

+ 0.01.3 
+ 0 , 0 1 2  
+ 0 006 - o.002 

0 '000  

- 0 . 0 1 1  
- 0 - O I D  

- 0.022 
- 0 014 
- 0'001 

+ 0.006 
+ 0.004 
+ Q o o ~  
+ o 020 
+ o ooh 

- 0'005 
+ o 00,; 

+ o,oo,{ 
+ 0 0 ;  

- O ' O O , ~  

- 0.010 
- 0.020 
+ a 0 0 7  
- o 004 - o.o1,4 

+ o.018. - 0 , 0 1 2  

- o .001  
- 0.016 
+ o . o o j  

o .ooo 
+ o . o o z  
+ 0 . 0 ~ 4  
+ O . O I Z  
- 0 .017  

To 

62 
63 
6 
1;s 
66 

67 
68 
6:) 
70  
71 

72 
73 
74 --  
l a  

i t i  

i f  
78 
79 
40 
8 1  

82 
4 
84 
85 
86 

87 
64 
8:) 
! 
:PI 

92 
!I3 
4 
95 
! I <  

9 
!IS 
! I  

101 
lUL 

I 
III:I 
4 
It15 
106 

107 
1118 
111!1 
1 1 0  
111 

leveller) 

Total fronr 
Nndrun 

foot 
+ o . 1 1 j  
+ 0 , 1 2 7  
+ 0.141 
+ 0 .133  
+ 0'1.34 

+ 0.168 
+ 0 .15 ;  
+ 0 .166  
+ 0.161 
+ 0 .170  

+ 0.169 
+ o ' I ; R  
+ 0.218 
+ 0 ' 2 2 2  

+ 0.223 

+ 0.236 
+ 0.z4.Y 
+ 0.254 
+ o . z j z  
+ o - z j z  

+ 0 . 2 ~ 1  

+ o 2.31 
+ 0,309 
+ 0 . 1 g j  
+ 0 - 1 9 4  

+ 0 . ~ 0 0  

+ 0-204 
T 0.205 
+ o . z , j ~  
+ o . z j 7  

+ o . z , ~ a  
+ o . z j 7  
+ o 240 
+ 0.24; 
+ 0.242 

+ 0.232 
+ 0 . 2 1 2  
+ o . x t r )  
+ o 215 
+ o 202 

+ 0 . 2 ~ 0  
+ o-208  
+ o 207 
+ 0.191 
+ o . l g 6  

+ 0.196 
+ o . ~ g B  
+ o . ~ ~ ~  
+ 0 . 2 1 4  
+ 0.101 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 9. Madras to Tanjore.-(Continued). 

Dynamic 

nborr ( + )  
orbelow ( -  

f ~ e l  
+ 0.024 - .~'hRz - 2.144 
- 2'217 
- 0'627 

J?G 
127 
128 
in) 
130 

191 
132 
133 
134 
135 

136 
197 
138 
130 
140 

141 
142 
143 
144 
1#6 

146 
147 
1 
I*S'J 
150 

151 
152 
153 
156 
165 

156 
157 
lS8 
159 
160 

161 
lr jp  
lCi3 
l6'4 

IGfi 
167 

J 

150 

171 
1 7 2  
17'' 

176 

nynnlnic 
rorrectlon 

ded~lc.ed from 
,,,,,,.kto 

Total from 
Mudres 

foot 
+ 0.006 
+ o 009 
+ O'OOR 
+ 0.008 
+ 0,007 

Obsrrsed 
c , , , o l ,  

rihusc ( +  ) 
ol.bclow (-  

>I ndlns 
(anrnrt result 

by t w o  
l e ~ e l l e r s )  

feet 
+ 0.918 - 9.691 - 2.152 
- 2225 
- 0.6.34 

127 
128 
I29 
130 
131 

132 
I:i;l 
I34 
135 
lati 

137 
138 
]:{!I 
Idu 
I 

1$S 
113 
1.44 
143 
146 

117 
148 
I 
150 
151 

152 
163 
1 4  
155 
166 

157 
168 
159 
ll;O 
161 

162 
163 
I(;& 
163 
166 

l f i i  
lti9 
ll;n 
l i u  
171 

l i p  
173 
'7) '  
l i 5  

Dietnnce 
11.0111 
Madras 

milea 
1jz.67 
1.34'01 
135'7j 
1.36.35 
136.38 

Diacrcpnnc~ between 
levellers 

(First-~ecolld leveller) 
Bench-mark9 

From I TO 

1.37.6~ 
139.10 
142.11 
14.3.12 
144.63 

1qb.11 
1 4 6 . ~ 4  
1~7.50 
1 ~ 8 . i ~  
149.86 

150.85 
I;I.R+ 
1;2.00 
15.3-86 
1jj.15 

I J ~ . , ~ z  
157.18 
1;7.41 
8 
160.4r) 

161.94 
I 

163.52 
10.3.gh 
164.42 

165.44 
1O7.12 
1fiR.50 
169.76 
171.jj 

172.87 
174.25 
173.70 
175.75 
176.33 

176.95 
177'4.4 
178.06 
179.76 
181.11 

182.26 
3 j 
185.14 
1~s.15 
185.7~ 

1R7.o.3 
1flR.01 
18R.i~ 
r90'0j 
191.62 

Fron~ ~nark 
to rn'rrk 
( =4 

foot 
- 0.005 

o.ooo 
0.000 

- 0.011 
+ 0.001 

121 
122 
123 
124 
125 

T o ~ o l  from 
Yadroa 

foot 
+ 0.118 
+ O.IIR 
+ 0.1 18 
+ 0.107 
+ 0.108 

122 
123 
124 
125 
126 

+ 0.022 
+ o.o,{o 
- 0.018 
+ 0.00,; 
+ 0.002 
+ 0.007 
+ o 00.3 
+ 0.00,; - 0.006 
- 0.010 
+ 0.004 
- 0.010 - 0.002 
+o.ooa 
+ 0.010 

- 0.004 - 0.004 - 0.002 
- 0.016 - 0.023 
+ 0.012 - 0 007 
+ 0.004 
- o.001 
+ 0.015 
- 0.021 
+ 0.001 
+ 0.001 - O.OII 
+ 0.007 
+ o.02R - 0.018 - 0.005 
- 0.008 

' + o.010 

+ o.ooR 
+ 0 - 0 2 0  - 0~005 
+ 0.~05 - 0.015 
+ 0.005 - 0,019 
+ 0.009 - 0.001 

, + 0.007 
- 0.016 - 0.009 
+ 0.009 
+ 0,003 
+ 0.012 

+ 0.1.30 
+ 0.160 
+ 0.143 
+ 0.147 
+ 0.149 

+ 0.1jG 
+ 0.159 
+ 0.164 
+ o.~rR 
+ o.1+8 

+ 0.192 
+ o.14z 
+ 0.140 
t o . 1 4 ~  
+ 0.154 

+ 0.150 
+ 0.146 
+ 0,144 
+ 0.1~8 
+ o.roj 
+ 0.117 
+ 0.110 
+ 0 . 1 1 4  
+ o.11.3 
+ o.lz8 
+ 0.107 
+ 0.108 
+ 0.109 
+ 0.098 
+ o.loj 
+ 0.133 
+ 0.115 
+ 0.110 
+ 0.102 
+ 0.112 
+ 0.120 
+ 0.140 
+ o.ljj 
+ o , ~ q o  
+ 0.12j 
+ 0.130 
+ 0 ' 1 1 1  

+ 0.120 
+ 0.119 
+ 0.126 

+ 0.110 
+ o.,~, 
+ o.lro 
+ 0.11.3 
+ 0,125 

- 1.894 - 0.650 
- 0.806 
- l'hgR - 2.628 

- 2 2  

- 4'613 
- .q.~,;j - 2'g(r1 
- 1.jj6 

+ 1.109 
+ 1.082 
+ 1'9?8 
+ 1.087 
+ 3'481 

+ 2.138 
+ 6 812 
+ 5,560 
+ 4.2.54 
+ 6.561 

+ z.BRo 
+ 3.222 
+ 5.536 
+ 5.400 

'+ 2.877 

+ 1.340 
+ 6.901 
+ 10.276 
+ 11.022 
+ ro.zgj 

+ 14.99.1 + rn.831 
+ jl.420 
+ g0.770 
+ 24.393 
+ t7.ojj 
+ 27.077 
+ 2 9 . 5 5 2 -  
+ 32.0.32 
+ 39.139 

+ 36.913 
+ 40'051 
+ 50.166 
+ jO.ll~ 
+ 47.574 
+ ~ 6 . 6 6 ~  
+ 
+ 51.1.3; 
+ 57.r19 
+ 59.5i7 

+ 0.008 
+ 0.00: 
+ 0.007 
+ 0.008 
+ 0'009 
+ 0.009 
+ 0.010 
+ 0.009 
+ 0.009 
+ 0,008 
+ 0.006 
+ 0.006 
+ 0.00; 
+o.o06 
+ o'ooj 
+ 0.006 
+ 0.00,~ 
+ O.OO+ 
+ 0.005 
+ 0.004 
+ 0.007 
+ 0.007 
+ 0.006 
+ 0.006 
+ 0.008 
+ 0.009 
+ 0.005 
+ o.oo.3 
+ o,oo? 
+ 0.003 

0'000 - 0.004 - 0.011 
- 0.01 1 - 0.007 
- 0.009 
-0.009 

oO.oro 
- 0.011 
- 0.0'6 
- 0.015 
- 0.017 - o.o,q 
- o.oz+ - 0.022 
- 0.028 - 0.024 - o.oaj - 0'02g - 0.030 

- 1'886 
- 0'64.3 
- 0'599 - 1 . 6 ~ 0  - 2.619 

- 2'278 - 4.603 
- 3,446 - 2'9.51 
- r'j48 

+ 1.115 
+ 1.068 
+ l'93,3 
+ 1.09.3 
+ 3'487 

+ 2.144 
+ 6.R1j 
+ 5'544 
+ 4.259 
+ 6,565 

+ a.RB7 
+ .?.a29 
+ 5'541 
+ 5.496 
+ 2.885 

+ 1.349 + 6.906 
+ ~o,z;p 
+ 12,024 
+ 10.~98 
+ 14'994 + 20.827 
+ ,Tl'dOt) 
+ 30.75') 
+ 24,386 
+ 27.0~6 
+ 27,068 
+ 29 542 
+ 3z.021 
+ 39.123 
+ 36.898 
+ 40.034 
+ jo. ~ q r  
+ j0.094 
+ 47.552 
+ 56.6.37 
+ 
+ jl.lro 
+ 57'190 
+ 59.547 



LEVELLING OPERATIONS. 

Line No. 9. Madras to Tanjore.-(Continued). 

Difference of dynamic height, Madras to Tanjore = + 177.923 feet. 

Length of line in miles = M = 219.28. 2 8  = 0.029464. 
- 

Probable error of the mean result per mile of double-levelling = 0.6745452/: = 0.0039. 

Bsncll-nlarks 

- 

Probahlr ermr of the diberenee of elevation between the terminal bench-marks = 0.6145 Jy = & 0.0579, 

l)iatanCe 
froln 

Madras 

rnilrr 
1 ~ 5 . 8 2  
19; l o  
11)8.34 
1tj9 04 
ZOO.;O 

202.1.3 
?o,?.al 
roq.02 
204.08 
204.62 

105.98 
207'14 
zo8 . j4  
209.77 
210.91 

z1z .10  
212 '45 
Z I J - I I  

11.3.15 
214.25 

115 .16  
215 73 
~ 1 6 . 8 9  
118'07 
119.20 

219.28 

-- 

Fro118 

1-91 
182 
1H3 
I84 
186 

18G 
167 
188 
189 
190 

I91 
192 
I93 
194 
195 

196 
197 
I!i8 
199 
200 

201 
202 
20:i 
P O 4  
205 

206 

- 
Bench-mark No. 207 is t h e  mark a t  Tanjore described on page 136. 

To 

182 
I83 
IH4 
186 
In6 

187 
188 
189 
I!W 
1!lI 

192 
)!la 

194 
1115 
196 

197 
I98 
199 
2oU 
201 

202 
203 
zU4 
205 
20t; 

20i* 

Di sc repa~~ry  between 
lorellers 
~ ~ ~ ~ ~ , d  leveller) 

Fro111  nark 
tl, 

( = d )  

joot 
+ 0 , 0 0 7  
- 0.021 
+ 0 . 0 2 ~  

- 0.029 - 0.015 

- 0.008 - 0.004 
+ 0.006 
+ o.001 
+ 0.008 

+ 0 .013  
- 0 ' 0 1 1  

+ 0.010 
+ 0'01.3 
- 0 - 0 0 1  

- 0.014 
- 0'002 
+ 0 ' 0 0 2  

+ o . o o j  
- 0.011 

- 0.007 - 0 ' 0 0 2  

+ 0.005 
- o 'ooz  - 0.008 

- 0.001 

' lpi~I1t  

- 
above ( + )  

or below ( - ) 

feet 
+ 75.197 
+ 68-962 
+ 73.045 
+ 75.791 
+ 8 2 . 8 ~ 4  

+ 92.147 
+ 8 3 . ~ 8 ~  

8 y . ~ ; 2  
+ 88-qz8 
+ 86.676 

+ 89.875 
+ r),q'524 
+ 98.;,30 
+ 101.168 
+ 100.497 

+ 1op.;19 
+ 11r.qE.3 
+ 111.729 
+ 11.3.153 + t11.6.,9 

+ 115.590 
+ 108.294 
+ 125.073 
+ 144.506 
+ 176'555 

+ 177'923 

Tolal f rom 
M s d r a ~  

foot 
4 0 . 1 4 5  
+ 0'124 
+ 0 . 1 4 6  
+ 0.117 
+ 0.102 

+ 0.094 
+ 0.090 
b 0.096 
+ 0.097 
+ o , r o g  

+ 0.118 
+ 0.107 
+ 0 .117  
+ 0'1.70 
+ 0 .129  

+ 0 . 1 0 5  
+ 0.103 
+ 0'105 
+ 0 . 1 1 0  

+ 0.099 

+ 0.092 
+ 0.090 
+ o . o q j  
+ 0.09.3 
i. 0 .08 j  

+ 0.084 

Obgorved "Ynamic 
elevnlion correcl.ion 

above ( + ) deduced .frulll 
or below ( - )  tnarL t u  

Mmdrns I (mean relult 
by two Tornl fro111 

levellwrs) Yndrns 

feet 
+ 75.238 
+ 68.999 
+ 73.085 
+ ij.8.3.3 
+ 82.931 

+ 9 2 ~ 1 0 0  
+ 8.3.627 
+ I 

+ 8 R . ~ ; g  
+ 86.723 

+ 89.927 
+ 93'579 
+ 98.789 
+ 101.228 
+ 1 o o . j j 6  

+ 109.784 
+ r t r . s 5 o  
+ 1 1 9 5  
+ 1 1 3 . ~ ~ 0  
+ 111.715 

+ 1 l j i . 6 ~ 1 )  
+ toR..z58 
+ 11j .049 
+ 144.595 + 176.666 

+ 178'035 

foot 
- 0 . 0 4 1  
- 0.0.37 - o.040 
- 0.042 
- 0 . 0 ~ 7  

- 0,053 
- 0.047 - 0.051 
.- 0.051 
- 0.050 

- 0.052 
- O'Oj5 - o . o j g  
- o .oho  
- o , o j g  

- 0.065 
- 0.067 - o'oh6 
- 0,067 
- 0.066 

- 0.069 - 0,064 
- 0.076 
- 0.089 
- o 

- I 



RESULTS OBTAINED FROM SIMULTANE009 DOUBLE-LEVELLING. 

Line No. 10. Arkonam to Jalarpet. 

17 21.98 - 0.001 + o.o.31 + zhq.zoj - 0.162 + 264.04.3 
18 22.58 - 0.004 + o'oli + 286.67.3 - o I + 286'4q8 
19 22.68 + 0.006 + o 033 + 284.638 - I + 284'~64 
20 24.66 - o.007 + 0.026 + 32.3.022 - 0.197 + 312'825 
21 zb.01 + 0.007 + o.o.i.3 + ~44.813 - 0.210 + 344.603 

22 27.45 + 0.009 + 0'042 + 347'939 - 0'212 + .347'717 
ZR IR-61 - 0.002 + 0.040 + 342',381] - 0'209 + 342.180 
24 29.00 + 0.001 + 0.041 + 341 437 - 0.~0H + ,341,229 
25 30.51 - 0.009 + 0'032 + .3.341 - 0 20; + 3.39'206 
6 31.53 + 0.012 + 0.041 + 3.31 897 - 0.202 + j.31'6yj 

27 33.64 - 0.003 + 0.041 + 352'474 - 0.215 + 352'259 
28 36..35 + 0.04.3 + 0.084 + ,334.901 - 0.235 + .3H4'6f~6 
29 37.81 e 0.00; + 0-091 + 406.915 - 0-2.18 + 406.667 
30 17.92 - 0.007 + 0.086 + 404.16b - 0.246 + 40.3.920 
31 3y.16 + 0 . 0 ~ 6  + 0'102 + qlg'4.30 - 0'2.55 + 419'175 

32 40.51 + o.oo.3 + o.loj + 44.3.11.3 - o.2jo + 442'84.3 
Sd ~l'jg 0-000 + o.105 + 4h2..382 - o 282 + qhz'loo 
34 42.14 + 0.002 + 0.107 -b 468,762 - o-zR6 + 468.476 
35 42'9Z + 0,010 + 0'117 + 472';,33 - 0.288 + 472.445 
36 43.b2 + 0.003 + 0'120 + ,;7'381 - 0'291 + 477'090 
37 45.01 - 0,011 + 0.109 + 492.081 - 0..700 + 491'7R1 
38 46.00 - 0.017 + 0-092 + ~ ~ ~ 7 . 9 9 ;  - O..~OJ + 497.601 
3) 47.99 - 0.018 + 0.0;~ + 50j.zj8 - O'.;OO + goh.069 
40 4R Hj + o 00j + 0.07') + 516.757 - 0',31+ + 516'4~,3 
41 49.87 + o.ooj + o 084 + 527.298 - 0.320 + j26.978 

4'2 58.61 + 0.007 + o'oql + 534.548 - 0.324 + 534.224 
43 32.01 - 0.017 + o'o;, + 557,666 - 0.5.38 + 55;.,3zR 
JI. 33'16 + 0.01.3 + 0.087 + jj6.807 - o ,150 + 5;6'+;7 
45 53.19 + 0.001 + o.oR8 + 5;o.grg - 0.346 + j;o.5R~ 
40 54.44 + o.008 + 0.096 + 582.794 - 0.353 + 582.441 
47 $4.88 - 0,005 + o.091 + 588-1.10 - 0.356 + jR7.774 
4q 50'4.3 - 0.014 + 0 077 + gr)0.2g0 - 0 + 589,933 

~ 7 . R 6  + 0.001 + o.o;U + 604.924 - 0-366 + ho4.558 
60 59.25 + 0.010 + 0.088 + 6.32.779 - o.jR.3 + 632.396 
61 6o.jj - 0.001 + o.oR7 + 632.556 - 0.38.i + 632.173 
62 61.56 + 0.015 + o.102 + 654.428 - 0.396 + 654.032 
63 62.119 + 0.018 + 0.120 + 657.739 - o 308 + 657.341 
6-1 6.3.05 + o.002 + o.112 + 658.004 - 0.399 + 658.5oj 

63'8.3 + 0'01.3 + o'a.3j + 671.426 - 0.407 + 671.019 
64.06 - 0.003 + 0 . 1 3 ~  6;h.jo; - 0.410 + 676.097 

67 66.20 + 0.00~ + 0.141 + 69.3.9R9 - 0,421 + 693.568 68 66.60 0'000 + 0.141 + 7oo.og.a - 0 2  + 699'bzE 
68.R~ + o.008 + 0.149 + 737.618 - o.44R + 7.37.170 60 70.19 + 0-009 + o.lgR + 171.j.34 - 0.469 + 770.96: 
71.07 + 0.013 + 0'171 + 772,825 - 0,470 + 772.335 

I I I I I I I 1 
Bonch-mark No. I is the mark at Arkouom described on page 133. 

nbovr ( + ) 
or below ( - )  

miles foot foot feet foot feet 
o ' 000 0.000 + 1.560 - 0.002 + z.5jR 

o.97 - 0.009 - 0.009 + 14.;97 - 0.009 + 14.~88 

2.66 - 0.006 - 0.015 + 38.8~8 - 0.024 + 38.814 

4..31 + 0.016 + 0.001 + ~ 2 . 7 ~ 6  - O.O,J,T + 5z';6,3 

6 5.56 + 0.014 + 0.01j + 56.184 - 0.03j + 56.149 

Dynnmic 
correction 

deduced fl.oru 
to lunrh 

a o m  
Arkonuln 

Obselred 
elovat~on 
abo~e ( + ) 
or below. (-) 
Artonurn 

(mean result 
by t o  
levellers) 

Dislance 
from 

Arkonam 

JJiscrepnncy between 
lerellers 

(First - 8eco.d leveller) 
~ e n c h . m ~ k ~  

E::,sk 
(-4 

From 
TO,, from 
Arkor~em TO 



LEVELLING OPERATIONS. 

Line No. 10. Arkonam to 3alarpet.-(Continued), 

Difference of dynamic height, Arkonam to Jalarpet= + 1026.341 feet. 

Length of liue in  miles = M = 89.31 Ed3 = 0.010935. 
- 

Pmbhhle error of the mean result per mile of double-lerelliog = 0.6145 l /$ = 0.0036, 
-. 

Pmhahlo error of the d ih rence  uf elevatiot~ between the termin.1 bench-marks = 0.67452/? = f 00341 

- - - --- -- - - 

* bench-mark No. 76 is the mark s t  Jalsrpet described on page 134. 

: 
; 

Distance 
fro1u 

Arkouern 

miles 
72.91 
74.32 
j6 .07 
7R.01 
78'82 

8 0 . 1 6  
R1.40 
8 3 . 5 6  
R4.34 
8 4  

R;.r8 
88.70 
89.,?0 
Ry..31 

Bsnoh-mnrks 

From 

61 
62 
G3 
64 
66 

66 
67 
68 
69 
70 

71 
5 2  
73 
74 

Obser~fed 
s le r s , lo l l  

obore ( + )  
or (-) 

Arkonn~n 
(mcun reault 

by two 
Irvellurn) 

feet 
+ 794.751 + 8 0 6 . 0 ~ 9  
+ 818 .419  
+ 8 ~ 1 ' 5 5 9  
+ 850.260 

+ 858.923 
+ H h 6 . 8 ~ 8  
+ Rc),z.8.;9 
+ 909';54 
+ 938.360 

+ 981.473 
+1008-15,?  
I O  

+lor( l .gbB 

Dy~mmic 
c,,l.,.ect,on 

deduced from 

Totnl froln 
Arbonnn~ 

foot - o.qR4 
- 0.491 
- 0.498 - o . j ~ z  
- 0 .51 j  

- 0'522 
- 0.527 
- 0.544 
- 0'554 - 0 . 5 ; ~  

- 0.599 
- 0 .616  
- 0-629 - 0.627 

To 

62 
63 
64 
65 
6G 

67 
6Y 
GI) 
70 
71 

72 
73 
74 
75' 

Discrepenry between 
levellers 

(Firat-Second leveller) 
n ~ n n m i o  

11aig11t 
nbovo ( + )  

orbalow ( - )  

fret 
+ 7 ~ 4 . 2 6 7  
t Hoi.538 
+ R1;.9zt 
+ 841.0,; 
+ 8 4 9 . ; ~ ~  

+ 857-801 
+ R66.301 
+ 893'315 
+ 909 zoo 
t 937';RH 

t 980'8i4 
+100;'537 
+ 1028.86; 
+ 1ozb. j41 

From mark 
Lo 

( = d )  

fool 
- 0 .014  
+ 0 . 0 1 2  

- 0.011 

t 0.008 
- 0.004 

+ 0 . 0 1 0  

- 0,004 
+ 0-006 
+ 0 .003  
+ 0 . 0 1 1  

- o.012 
- 0.002 
+ o . o o j  
+ o .oor  

Tolnl from 
Arkonnm 

foot 
+ 0'157 
+ 0.169 
+ o.15R 
+ 0.166 
+ 0.162 

+ o . ~ j z  
+ 0.108 
+ o 174 
+ 0,177 
+ I 

+ 0.176 
+ 0.174 
+ 0 . 1 ; ~  

+ 0 . 1 8 1  



RESULTS OBTAINED FROM SIMULTAAEOUB DOUBLE-LEVELLING. 

Line No. 11. Erode to Shoranur. 

Bench-mnrk Na 1 is the merk a t  Erode described on ppge 134. 

- 

D[riyF 
above ( + ) 

01 below (-) 
Erode 

feet 
+ 4 2 ' l j j  
+ 92.486 
+ 1 . q 0 . j ~ ~  
+ 242.921 
+ 3 1 3 ' j H l  

+ 31,3.;~8 
+ .3,34'(134 + , z f ~ f l ' c ~ 2 ~  
+ ,381 HOB 
+ 384.660 

+ .396';79 
+ ,354.;" 
+ 3.12'345 
+ 364 X+o 
+ 4.37 981 

+ 441'121 
+ 424 7.7,; 
+ ~ 1 5 . ~ 8 0  
+ 41z'37,3 
t 412'060 

+ 41o',?,qj 
+ 410.2,3#) 
+ 44<)'254 
+ 44')400 
+ 451 443 

+ 457.777 
+ j R o . l j 2  
+ 484 878 
+go,.lr,38 
+ j 1 1 , i j l  

+ gro.51) 
+ 541'3.34 
+ ~ j 7 . 0 6 ,  
+ 55;'OIl 
+ jOkl.0~18 

+ 580.661 
c 584.0~,3 
+ b i o . 1 4 6  
+ 6.32.3jo 
+ 644.01; 

+ 692.7;~ 
+ bp1.716 
+ 702.005 
+ 7.32.140 
+ 751.474 

+ 767.50' 
+ 742'.1;6 
+ 6;6.4jo 
+ 6 7 0 . ~ 1 1  
+ 627.671 

+ 574.451 
+ 576.;64 + j61.424 
+ 4 9 1 . 1 2 7  

+ .39~.074 

+ 3,35.887 
+ aoi.51,9 
+ llr.98g 
+ r51.;81 
+ ,r.844 

Dpnnrnic 
rol.rre~lull 

cleduu*d fl.otu 
I,,,,l.b to  ulwrk 

Totn l  f rom 
Brado 

foot - 0-028 
- o 062 - 0-088 - 0'096 
- 0'14.3 

- I - 0.15; 
- 0'179 - o 189 
- 0'191 

- 0.199 - 0 '170  
- O'l.;.; - 0'177 
- 0'227 

- 0'129 
- 0.218 
- 0 . 2 1 2  

- 0 2 0 9  - 0,209 

- 0'208 
- 0.208 
- 0 ' 2 J j  
- 0 2.15 - 0.236 

- 0,240 
- 0.255 - o.zgB 
- 0 . ~ 7 2  
- 0'277 

- 0'283 - 0 2  - O.,(OY - O',qOj - 0,316 

- 0',3rj - 0..3*7 - 0.352 - 0,360 
- 0.368 

- 0.401 - 0.400 
- 0.407 
- 0.427 
- 0.440 

- o.q;l 
- 0'4.34 - 0,388 
- ,<n4 
- 0..3jg 

- 0.,318 - 0.319 
- 0.309 - 0.260 
- o . 1 ~  

- 0.15.3 - 0 .  l j 4  - o.o+l 
- 0.016 
+ O.o;l 

O b s c r r ~ d  
clar,rliu,l 

nhovs ( + ) 
or brluw (- ) 

Ywde 
(,,,.,,11 l't.81111. 

by IW,, 

lavellarr) 

f e d  
+ 4z.ro1 
+ 92 54H 
+ 130,812 
+ 24.1 017 
+ , 3 3 2 4  

+ 31.3 801 
+ ; J+ . ;~ I  
+ Jl ' i .102 
+ 382.055 
+ .38+.8j1 

+ ,396.7;R 
+ 3:,4'801 
+ 3.32 500 
+ j b j ' o ~ j  
+ 4.38 20n 

+ 441'350 
+ 424 #j,j.( 
+ 416 I,,: 

+ 412.582 
+ 4 1 2 ' 8 % ~  

+ 410'54.3 
+ 4 4  
+ 44') 4%') 

+ 440'().3.5 
+ 451 6;') 

+ q j 8 . 0 1 7  
+ 480'427 
+ 4Xj  1.16 
+ ~ O + ' C J I O  

+ 512 o l n  

+ 520'797 
+ 541'0.31 
+ 5 5 i ' 3 j 2  
+ 55.;',318 
+ 569 ,354 

+ 580.9R6 
+ 5n4 420 
+ 6 1 0 4 9 8  
+ 6.12 ; l o  
+ 644 j H j  

+ 69,3.1;,3 
+ 6rjr 116 
+ 702.412 
+ 7 5 6 7  
+ 7 j l .91. )  

+ 767.95.3 
+ 742.790 
+ 6;O.RjR 
+ 6;0.50j 
+ 628 027 

+ 574.770 
+ 5j7.08.3 
+ 5ha.j.t.q 
+ 491 ,387 
+ 392.266 

+ ,q,36'040 
+ . l o7 .7 j j  
t 17.3.o.qo 
+ j l o  
+ 11.773 

Distbnee 
from 

Erode 

miles 
I.,35 
2.98 

6.96 
8.97 

9.60 
10.51 
11.80 
12-80 

14.83 
18.77 
20.11 
21.2 ,<  

2.3.z7 

2 3  
?4 1 4  
24.71 
26 or 
27.24 

37.80 
29 ;, 
31.65 
31.69 
6 2 4  

,w.;o 
3; 02 
35.H6 
3 h j R  
3b.71 

.q8'21 
40'1.3 
40.68 
41'BCJ 
42.19 

42.63 
42 9; 
45 .12  
47.08 
47 86 

51.16 
52.62 
s.3.26 
54.93 
57.76 

5R.51 
59.76 
61.59 
62.05 
63.17 

64.47 
64.56 
65.49 
66.90 
(9.33 

7O ' l l  
70.59 
71.34 
7.3'zl 
75.18 

Discrepnnrr between 

~ e n e l ~ m n r k ~  

From 

2 

4 
6 

6 
7 
8 
g 
10 

11 
12 
13 
14 
16 

16 
17 
It) 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

91 
32 
3.8 
31 
35 

36 
37 
38 
39 
40 

41 
42 
39 
44 
45 

46 
47 
49 " 
60 

62 

64 
65 

67 

69 

Ievcllers 
(Firet- Yecolld 

F1"ln ll"'rk 
lll'll'k 

( = d )  

foot - o.oa l  
+ 0.014 
- 0.00.3 - o c o l  - 0.006 

+ 0.008 
+ 0'018 
+ 0.009 
+ o 006 - 0.001 

+ 0.015 
+ 0.0'4 
+ 0 . 0 0 j  
+ 0,009 
- 01.3 

+ 0'002 
0.000 

+ o 009 
+ 0.004 - 0.002 

+ 0.004 
+ o ' o o l  
+ 0 '002 - O ' O O j  

+ o ' o o j  

- o . o ~ h  
+ 0 015 - 0.004 
+ O O I I  

+ 0,001 

+ 0'00; - 0 o f 4  
- 0.002 
+ 0'00.3 
+ 0.015 

+ O . O O , ~  - o o o j  
+ 0.00.3 

0 000 
- o ' o o l  

+ o . o m  
+ 0.016 
- o 021 
- 0.010 - o 006 

+ 0 . 0 ~ 4  
+ 0.019 
+ o 01.3 

0.000 
+ 0,008 

+ 0,001 
+ 0 001 
- 0.024 - 0'003 
+ 0.0'7 

- 0.008 
+ 0.001 - 0.017 
+ 0.002 
- 0.001 

TO 

2 
a 
4 
5 
6 

7 
8 
9 
10 
11 

12 
13 
14 
15 
IB 

17 
18 
19 
20 
21 

23 
2:j 
24 
?5 
26 

27 
2.8 
29 
30 
31 

32 
3 
34 
35 
36 

37 
313 
39 
4 0  
41 

42 
43 
44 
4; 
46 

47 

49 
6 0  
61 

62 

54 
b5 
66 

67 
68 
5% 
60 
61 

leveller) 

'rott\\ from 
Erode 

.fool - o 011 
- 0-007 
- o 0 1 0  - o 011 
- 0.017 

- 0.009 
+ 0 -009  
+ 0.018 
+ 0.024 
+ 0.023 

+ 0.0.38 
+ 0 - 0 5 2  
+ 0'0;; 
+ 0.006 
+ 0 . 0 ~ ~ ~  

+ 0.0;s 
+ 0.0;; 
+ 0.00.j 
+ 0.007 
+ o . o b j  

+ o.ohg 
+ 0 070 
+ 0 . 0 ; ~  
+ 0.067 
+ 0 . 0 ; ~  

+ 0.056 
+ 0.071 
+ o.oh7 
+ o . o ; 8  
+ 0.079 

+ o'o8q 
+ o.o;o 
+ 0,068 
+ O ' O j l  

+ 0.086 

+ 0.089 
+ o-OR+ 
+ 0.087 
+ o,oHj  
+ 0.086 

+ 0.106 
+ 0.122 
+ o 10, 
+ 0.091 
+ 0.08j 

+ 0.099 
+ 0 .118  
+ o .~ ,q r  
+ 0-I.~I 

+ 0.139 

+ 0.140 
+ 0.141 
+ 0 - 1  17 
+ 0 . 1  14 
+ o . 1 ~ 1  

+ O'I2,q 
+ 0.b24 
+ 0.107 
+ 0.109 
+ 0.107 



LEVELLING OPERATIONS. 

Line No. 11. Erode  to Shoranur.-(Continued). 

Difference of dynamic height, Erode to Shoranur = - 441.990 feet. 

Length of line in milee = M = 115.99. f ,d9 = 0.011171. 

Probable error of the mean result per mile of double-levelling = 0.6145 Jg = I O'Oo33, 

Bench-marks 

/ 

ProbaUe error of the diEerenee of elevation between the terminal bench-rnarlrs = 0.6745 2/? = t 

Diatnnce 
from 
Emde 

vnilrs 
76.14 
' 17 .~6  
8 0 . 1 3  
Ro.1; 
80.19 

80.74 
R z . , ; ~  
8.3.67 
84 .94  
85.8.3 

RR.55 
RX.;,, 
88-HR 
89 '66 
91.36 

92.76 
94'3.8 
94.46 
96'39 
98.05 

99'55 
101.29 
1 0 2 . ~ 6  
103.36 
104.97 

1 0 6 . ~ 4  
106.0q 
1oi .qR 
108.61 
10y .94  

111 .q+  
11.3 06 
114.4.3 
115.01) 

From 

61 
62  
63 
64  
GG 

6G 
67 
69 
69 
70  

71 
72 
i 3  
76 
i 5  

76 
77 
i s  
79 
SO 

81 
82 
83 
81, 
85 

8 6  
87 
R8 
89 
90 

!?I 
92  
93 
91 

/ 

* Bench.mark No. 96 is t h e  mark at S h o r n n u  described on page 136. 

T o  

62 
69 
64 
65 
66 

07 
G8 
69 
70 
i l  

72 
i 3  
74  
75 
76 

77 
18 
7!3 
80 
81 

82 
89 
84 
85 
86 

87 
88  
89 
90 
91 

92 
93 
4 
93. 

D~~~~~~~~~~ bdween . 
(Fint-Secol'd 'evellwr) 

From lnnrk 
to 

( = d l  

foot - 0.004 
- 0 . 0 0 6  
+ 0.003 
+ 0.001 

o ,ooo  

+ 0.009 
+ o,ooR 
+ o . 0 1 0  
- 0 . 0 1 2  

- 0 . 0 1 1  

- 0 . 0 5 2  

+ 00.02 
+ 0.020 - 0.009 
+ 0.010 

+ 0,009 - 0 . 0 1 8  
- o 'oo r  

0.000 

- 0.031 

- 0 ' 0 1 9  
+ 0.008 

o . w o  
+ o .oo l  
+ 0.021 

+ o .oo l  
- o 00; 

+ 0,024 
- o oog 

o.000 

+ 0.011 
+ 0.006 
+ o .o l r )  
+ 0 .011  

' J " " ~ ~ Q  
I ~ e ~ ~ l l t  

above ( + ) 
or bclorv (-) 

Erode 

feet 
- 6, . jO5 
- 11~.,3,36 - 1 6 2 . ~ 6 ,  - ~(>z.y,y 
- 1 6 ~ . 0 3 7  

- 167.717 
- 199.814 - 229.620 
- r3;.ooo 
- 247.022 

- z84.;77 - 280.446 
- zRi.5,31 
- 300.7.38 
- 318.850 

- 32.3.8;~ - ,336.262 
- 341.5.35 
- ,347-911 - 363'046 

- 373.R4.3 
- 3gO'bjp 
- .qpR.g;l - 3 9 i ' i z z  - 41 j .042  

- 421'7;5 
- 422-400 
- 42.?';3,3 - ~ ~ 8 . 0 9 5  
- 423'995 

- 426'R;r 
- .140'0.49 
- 442'4Ri 
- J41")90 

Observed 
elerntion 

above ( +)  
or ( -1 

EPUCIB 
(n~e:tn rcaolt 

by I.\\,o 
levellars) 

feet 
- 64.829 
- 113.494 - 1 6 3 . 1 ~ 6  
- 1 6 3 . 1 ~ 1  
- 163.229 

- 1 6 7 . 9 1 ~  - 2oo~o.31 
- 229.R58 
- 3 
- 2 4 2 2  

- zRj.05,3 - zRo.j lq  
- 28;.809 
- ,301.025 
- 319.149 

- ~ 2 4 ' 1 7 5  
- 336.573 - ,341.050 
- I 

- 36.3-376 

- .3;4'181 
- .390'9fl<) 
- a 
- 8 - 417'411 

- 422'127 
- 422 ;;a - 424'106 
- 428.471 
- 424'368 

- 427.226 
- ~40'4z.3 
- 4 ~ 2 . 8 ; ~  
- 442,375 

TotnI fr0111 
Brode 

foot 
+ 0.10.3 
+ o . o r ) - /  
+ o.100 
+ 0 . 1 0 1  
+ 0.101 

+ 0.110 
+ 0.118 
+ o . l r R  
+ o . 1 ( 6  
+ 0 . 1 0 j  

+ o'lo.3 
+ o . l o j  
+ 0 .125  
+ O ' I I ~ B  

+ 0.126 

+ 0.13: 
+ 0.117 
+ o ' 1 1 j  
+ 0 . 1 1 5  
+ 0,084 

+ 0 ,065  
+ 0'07.3 
+ 0.07.3 
+ 0 . 0 ; ~  

+ o . o g j  

+ 0.096 
+ o.oRg 
+ 0.11.3 
+ 0.104 
+ 0.104 

+ 0 . 1 1 j  

+ 0 . 1 2 1  

+ 0.140 
+ 0 ' 1 5 1  

I)yl~,~lnic  
correvl.~an 

rloch~eud ll.on~ 
Ill,,rkLU 

Totnl from 
$rode 

foot + 0.124 
+ o.15R 
+ 0 , 1 9 2  
+ 0 .102  
+ 0.192 

+ o . l g j  
+ 0.217 
+ 0.2.38 
+ 0'24.3 
+ 0 . 2 ~ 0  

+ 0.276 
+ 0.27.3 
+ o.z;R 
+ 0.287 
+ 0.299 

+ 0.30.3 
+ o..311 
+ o ' j r g  
+ 0 . ~ 2 0  

+ 0.330 

+ 0..3,38 
+ 0 '350  
+ 0'356 
+ 0.355 
+ 0'369 

+ 0'372 
+ o ' j i r  
+ 0 3 ;  
+ o'3;6 
+ o'.?i3 

+ 0,375 
+ o',?84 
+ 0',385 
+ o' . l8j  



BEsULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 12. Shoranur t o  Beypore. 

Difference of dynamic height, Shoranur t o  Beypore = - 82.932 feet. 

Length OF line in miles = M = 47.27 .  d d 2  = 0.006284.  

enor of the mean result per mile of double-levelling = 0 . 6 7 4 , 6 2 / g  = + 0.0036.  

Zd prObablc of the difirenre of elevation between the terminal bench-marks = 0.6745 fi. = k 0.0245.  

* LIh'utk No, I the mark at  6horanu ducribcd on p q o  135. + Bench-mart No. O i8 the mark a t  Beyporc d c a i b e d  0. m 133. 

Distance 
frorn 

Slrurnnur 

miles 
0.07 
1.19 
2.31 
3.47 
4.60 

6.24 
7.04 
8.9R 

10.36 
11.13 

1 2 . 2 1  

12.91 
14'54 
15.49 
17'72 

18.49 
18.54 
19.00 
z1 .3 j  
24.12 

25.6j 
26.00 
26.65 
27.87 
27.91 

27.92 
29.66 
31.65 
32.80 
32.87 

34.52 
36.2.3 
37'77 
37.83 
38.47 

40.42 
41'44 
J 2  84 
4.3'56 
45.08 

42.16 
4 6 . ~ ~  
46.61 
47.34 
47. l5  

4 t ' 2 7  

~eoch.rnark8 

h o r n  I To 

Diacrepnneg between ~~~~~~~~ ~ ~ ~ ~ , ~ ~ ~ 1  

luvelle1.8 above ( + )  ~ l c d ~ ~ r e d  lwlnr n9nnmio 
( l i n t - b u l t d  leveller) 

or l,cl,,w ( - )  ktom,,,.k nb;;;;; 
Sllal .nnt~r or below ( - )  

1+ 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
16 

16 
17 
18 
18 
20 

21 
22 
23 
24 
2; 

26 
27 
28 
29 
30 

31 
82 

34 
36 

96 
37 
38 

" 
42 
43 
44 
45 

46 

font 
+ 0.006 
- 0.014 - 0.011 
+ 0.001~ 
+ 0.018 

- 0.006 - 0'002 
- 0.009 
+ o . o ~ o  
+ 0.014 

- 0.006 
- 0.006 
+ O ' o l j  
- 0.010 
+ 0'00.3 

o,ooa 
+ o.ooz 
+ 0.005 
- 0 . 0 1 8  
+ 0,003 

- 0.001 
+ 0'001 
- 0 . 0 1 1  - 0.019 
- o.ooj 

+ o . o o ~  - 0.016 
+ o . o o j  
+ o.oo.3 
- 0.006 

+ 0.029 
- 0 . 0 ~ 1  
- 0.021 
- 0.002 
+ 0.004 

+ 0.009 
- o'oor  
+ 0.00; 
+ 0.018 
+ 0.011 

+ o . o o ~  
+ 0 '001 - 0.004 
- 0.ol.l 
+ 0'002 

+ 0'004 

2 
3 
4 
5 
6 

7 
8 
9 
10 
1 1  

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

X' 
28 
29 
30 
31 

32 
33 
34 
35 
36 

a7 
38 
39 
40 
41 

4? 
43 
4J 
45 
46 

47t 

foot 
+ 0.006 
- o.008 
- 0.019 - 0 ~ 0 1 0  
+ 0.008 

+ o.oor 
0.000 

- 0.009 
+ o . o o ~  
+ o . o l j  

+ 0.009 
+ 0.00.3 
+ 0 '018 
+ 0.008 
+ 0.011 

+ O.OII 

+ 0.01.3 
+ 0 . 0 1 8  

0'000 
+ 0.003 

+ o,oor  
+ 0'03.3 - 0.008 
- 0.027 
- 0.032 

- 0.0.41 - 0.047 
- 0 . 0 4 ~  
- 0.0.19 - 0.045 

- 0.016 
- 0.0.37 - 0.0.;8 
- 0.060 
- o.o j6  

- 0.047 - 0.049 - 0.044 - 0.026 
- 0.015 

- 0.014 - 0.013 
- 0.017 
- o.a jo  - 0.028 

- 0.024 

f 
+ o.,38,3 
+ 12.ho4 
- 3.881 
- , 3 3 2  
- 18.388 

- 27.5R.j . - 9.897 - . q j . o ~ h  - z9 .z j z  
- 31.107 

- 45'258 
- 54.679 
- so's33 - 46'508 
- 58 6 j 7  

- 50.109 
- 54.699 - 58.904 
- 70.153 
- 71.484 

- 73.,3,35 
- 74.942 - 79.n.3 - 80.6.37 
- 80.769 

- 85.802 
- 64.569 
-71 .592  - 7 1 . 4 ~ 6  
- 71.934 

- 66.,396 
- 63.774 
- 59,733 - 66.609 - 66.169 

- 71.529 - ig.001 
- R6.5.34 
- 8j.oi2 - 80.281 

- R ~ . ~ ~ ~  
- R2.yo1 - 
- 7q.251 
- 73.614 

- 82,989 

foot - 0.000 
- 0.008 
+ o o o ~  
+ 0.003 
+ 0'013 

+ 0.019 
+ 0'057 
+ 0.023 
+ o.020 
+ 0.021 

+ 0'0.41 
+ 0'0.37 
t 0 '034  
+ 0 '031 
+ 0'0.31) 

+ 0.0.33 
+ 0.036 
+ 0.0.49 + 0'047 
+ 0.048 

+ 0.049 
+ o ' o j o  
+ 0.053 
+ o . o j +  
+ o.o j4 

+ o . o j 8  
+ 0.04.4 
+ 0.048 
+ 0.048 
+ 0.048 

+ 0.044 
+ o 042 
+ 0'0.79 
+ 0.044 
+ 0,044 

+ 0.048 
+ 0.05.3 
+ 0,058 
+ o.057 
+ 0.0j4 

+ o.oj,g 
+ 0.057 
+ o .o j7  
+ O . O j l  

+ 

+ 0.057 

feel 
+ o-,38j 
+ 1z . j 96  
- 3.878 
- 3.829 
- 18.j; j  

- 27.566 
- g'Rqo 
- 33'02.3 - 29.2.42 
- 31,286 

- 45.227 
- 54'642 
- 50.499 
- 46'477 - 5 8 6 1 8  

- ~o,o ;6  
- 54.663 - 18.86j 
- 70'106 
- 71.436 

- 73,286 - 74.802 - 79.1(30 
- 80,583 - 80.;15 

- 8 j .744  - 64. j26 
- ; r , j 4 4  - 71.398 - 71,886 

- 66.352 - 69.7.32 - 19.694 - 66,655 - 66.125 

- 71.481 - 78.949 - 86,476 - R ~ . ~ ~ ~  - 
- 85.291 
- 82.RJ4 - 82.909 - 7q.100 
- 73.j63 

- 82.931 



LEVELLING OPERATIONS. 

Line No. 13. Shoranur  to Cochin. 

Difference of dynamic height, Shoranur  to  Cochin = - 90.762 feet. 
Length of line in mile = M = 05.74. Ed" 0.007232. = 

Probable error of the menn result per mile of double-levelling = O . G 1 1 ~ l / ~  = + O'OoB' 

Dench-mnrhs 

49 = + o."*. 
Pro1)ahlc error of the difference of elevation between the terminal bench-marks = 0.6745 8 - 

Distnnce 
fro111 

Shorunur 

m i l ~ s  
0',38 
0 '47 
0 .70  
~ ' z j  
2 - 2 j  

4 ' 2 5  
6 .28  
8 . 3 4  
9 .33  

10.32 

I 1.31 
13',31 
4 . 3 1  
I j ' j o  
16.28 

17'29 
18 .28  
11.41 
22.40 
23'41 

24.42 
I 
2h.74 
26.84 
27'85 

zR.Rq 
zg.R+ 
.?o.Hi 
jl 'X.3 
33.82 

,331~2  
, ? j ,H l  
.35.Rz 
j 0 . R ~  
,3;.8z 

38.82 
39 .14  
4 2  
4.3.45 
44 -00  

45.64 
qh.61 
~ i . 1 2  
50-48 
55.28 

57.50 
50.14 
65.04 
6 j . 7 2  
tt; 74 

From 

I* 

3 
4 
6 

7 
8 
9 
10 

11 
12 
13 
1 4  
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
38 
34 
35 

36 
3 i  
38 
39 
40 

41 
42 
43 
44 
45 

45 
47 
49 
49 
50 

// 

Ic l juh.uurk Nu. I is t h e  mark s t  bhorsnur dencribed o n  pnge 185. + Beuch-mark No, 61 i~ t he  mark a t  Cocbin dmribnl  OD 

To 

2 
3 
4 
6 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
26 
26 

27 
28 
29 
80 
31 

32 
33 
4 
35 
36 

37 
3 
39 
J O  
41 

42 
43 
44 
45 
46 

47 
48 
49 
hO 
5lt 

Discrepancy b e h e e n  
lerellers 

Ob"med 
elerulion 

above ( + ) 
or below ( - )  

Sl~oruner  
(nrean result 

by two 
lerellers) 

feel  
- 15.169 
- , 1 .77~  
- 2 .g9 j  
+ 53'442 
+ 43.621 

+ 60.929 
+ 52.550 - 8-304  
+ 29.426 
+ 35.694 

+ 53.206 
- 17 .610  
- 20.12 , .  

- 24'160 
- 47.564 

- 67.476 - i s . 1 7 1  
- jj .zz.3 - 57.044 
- 5 1 . z j 1  

- 20.83.7 
- 40.800 - 72.008 
- 69,285 - 86.407 

- p8.604 
- 57 .414  
- 58'397 - 68.326 
- 71.911 

- 78',35R - 76.260 
- 79.187 
- I 

- 71 '5 j8  

- 86.889 
- R8.937 - 8a.529 
- 8.3.064 - 86.013 

- 9.3.62.3 
- 88.871 
- 9 1 . n ; ~  
- 8 8 . ~ 1 9  
- 90.930 

- 8y 612 
- 8 9 . ~ ~ 7  - 9 3 . ~ 8 0  
- 91,967 - 90.826 

(First-yecoud 

From ~nnrk  
to lllnrk 

( = d l  

foot 
- 0-00.3 
- 0'00.3 
- 0.002 
- 0 , 0 2 3  
- o'ooR 

- O ' 0 ' 0  

+ 0.008 
+ 0.035 
+ 0.006 
- 0.009 

- 0.009 
+ 0 ' 0 1 5  - 0.007 
- 0 '007  
+ 0 '013  

- 0.003 

- 0 '016  
+ 0.006 
+ 0.011 
+ 0'023 

- 0.009 
- 0'019 
+ 0 - 0 1 1  

- 0.00.3 - o.008 

- 0.00; 
+ 0.007 
- 0.01.; 

- o , o ~ j  
+ 0.014 

+ o.ooz 
0.000 

+ 0 . 0 1 9  
- o .oo j  
- 0.009 

- 0.00.j - 0 . 0 0 2  

+ 0-009  
+ 0.012 
+ 0.007 

- 0.006 
- 0.004 
+ 0.008 
+ 0 .017  
+ 0.001 

+ 0.004 
+ 0.006 
- 0 . 0 3 0  
+ 0 . 0 1 0  
i 0 . 0 0 2  

levellor) 

T0t.1~1 from 
Yllorunllr 

foot - 0.003 
- 0.006 - 0.008 
- O'O31 
- 0.0.39 

- 0.049 - 0.041 - 0.006 
0'000 

- 0'00<) 

- 0.018 
- 0'003 - 0 . 0 , o  
- 0 .017  
- 0.004 

- 0.006 
- 0.022 
- 0 . 0 1 6  - 0.00j  

+ 0.018 

+ 0.009 - 0.010 

+ 0.001 
- o.002 - o.010 

- 0.015 
- o.ooR 
- 0-02.3 
- 0.0,38 
- 0.024 

- 0 . 0 2 ~  - 0.022 
- 0.00.3 
- 0 ,008  - 0.017 

- 0 . 0 2 2  

- 0,024 
- 0.015 
- 0.003 
+ 0.004 

- 0.002 
- 0.006 
+ 0.002 
+ 0,019 
+ 0 . 0 2 0  

+ 0,024 
+ O'O,<O 

o , o o o  
+ 0.010 

+ 0.012 

Dynnmic 
rorroel.ion 

deduced from 
murk to lnnrk 

~ o t n l  froln 
Shornl~ur  

foot 
+ 0 . 0 1 0  
+ 0.002 
+ o.ool  
- 0'0,3R 
- c.031 

- 0.043 
- o.o,3i 
+ o . o o j  - 0.021 
- o . o z j  

- 0.0.37 
+ o . o l j  
+ 0 .015  
+ 0.018 
+ 0.034 

+ o.048 
+ 0.056 
+ 0.0.31 
+ 0.041 
+ 0.0.37 

+ 0 .016  
+ 0.0.30 
+ 0 . 0 5 ~  
+ 0.050 
+ 0.062 

+ 0.056 
+ 0 .041  
+ 0.042 
+ 0.049 
+ 0,052 

+ o .o j6  
+ o ' o , ; ~  
+ o.05; 
+ 0,057 
+ 0'058 

+ 0,062 
+ o.06.1 
+ o.ogg 
+ 0.059 
+ 0 ,061  

+ 0,066 
+ 0.06j  
+ o . ~ h g  
+ 0.06.3 
+ 0.064 

+ 0.063 
+ 0.06.3 
+ o 065 
+ 0.065 
+ 0.064 

D ~ " n m i c  
heiellt 

ubovo ( + )  
or bclow (-)  

S1lOra"~r 

feet - 
- ,3.7;l 
- 2-994 
+ 5i.404 
+ 4.3'500 

+ ho.8R6 
+ 5 2 . 5 , 3  
- 8 . 2 9 9  
+ 2 9 . ~ 0 ~  
+ 3j.669 

+ 5.3.169 
- 17.59; 
- 2 0 '  10 ;  

- 24.142 
- 47.530 

- 67 .q2n  
- i n . l l j  
- 4.3.192 
- 5i.oo3 - 5 1 . 2 1 ~  

- 20.817 
- 40.770 
- 71.9j6 
- 69.2.35 
- 8h.,345 

*- 78,548 
- 57.573 
- 58'35.j 
- 68 2;; 

- 71'859 

- ;R,,pz 
- 76'205 
- 79,130 
- 79'664 
- 71'507 

- R6.827 
- 88-874 
- 8 2 . ~ 7 0  - 83'005 
- 8 j . 9 ; ~  

- 93.557 
- 88.808 - 91.786 
- 88,756 - 90.866 

- 80.559 
- 80'4.34 
- 92'415 - 91'902 - 90.762 I 



RESlJLT9 OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLINO 

Line No. 14. Gooty to Arkonam. 

I I I I I I I I 
* Benchnark No. 1 is the m w k  en Booty deecribed on page 194. 

Dyr.omic 

ahore ( + )  
or below ( -  ]  

OootJ 

feet 
+ 26.609 
- 6'291 
- 4j.275 - 81'2jl - 108.269 

Dynull~ic 
corrrctlon 

deduced from 
mark to 

Totul lrom 
Qooty 

foot 
- 0,014 
+ 0.003 
+ 0'024 
+ 0,043 
+ 0.057 

8.45 

Ob~arved 
elevation 
oborr ( + ) 

or ( - I  
Gooty 

(n>ea~t result 
b two 
Iet~eIIer~) 

feet 
+ 26.62.3 - 5'294 
- 4,;.299 
- 81,294 
- 108.326 

- 0.005 - o-ooj 
+ o.oo9 - 0.002 
+ 0.002 

+ 0.006 
+ o-ooz 
- 0-006 
- 0.00~ 
- 0.003 
- 0.002 
- 0.01.3 
- o.004 
+ 0.014 
- 0.011 

- 0.005 
+ 0.003 
- 0.012 
+ 0.017 
+ 0.004 

+ 0.004 - 0.002 
+ 0-003 
+ 0.009 
+ 0.00,~ 

- 0.007 
+ 0.011 
+ 0.002 
+ 0,005 
- 0-003 
- 0-005 
+ 0.005 
+ 0-008 
+ 0-010 
- 0.022 
- 0.00: - 0.011 
- 0.003 
- 0.007 
+ 0.016 
+ 0.001 - 0.016 
+ o.008 
+ o.o~j 
- 0.02.1 
+ 0.01.3 - 0-002 
- 0.007 
+ 0.007 
+ 0.001 
- 0.002 - 0.005 - 0'003 
- 0.01.3 - o.ooz 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

4' 

43 
44 
45 

46 
47 
48 
40 
" 

62 
" 
54 
65 

66 
67 

, 
6.8 

Distonce 
lroln 
Qooly 

miles 
0.8.3 
2'66 
4'23 
5.34 
7.28 

Discrep"""? between 
I C V P I I I ~ ~ J  

(Firel- 6econd leveller) 

I ~ ~ t ~ l  from 

':q$ 1 800ty 

~ench.rnarh8 

From 1 TO 

- 0.016 
- 0.021 
-0.012 - 0.014 
- 0.012 
- o.oo.+ 
- o.oot 
- 0.008 - o.oto 
- 0.01.3 

- 0.015 
- 0.028 - 0.0.32 
- 0.018 
- 0-029 
- 0.034 - O . O , ~ I  
- 0.043 - 0.0~6 
- 0.022 
- 0.018 - 0.020 - 0.017 - 0.008 
- 0.005 
- o.012 - 0.001 
+ 0.001 
+ 0.006 
+ 0.003 

- 0.002 
+ 0.003 
+ o,orr 
+ 0,021 - 0-001 
- 0.005 - 0.016 
- 0.019 
- 0,026 
- 0.010 

- 0.009 
- o.ozj - 0.017 - 0.002 - 0.015 
- 0.012 - 0.014 - o.orl - 0.014 
- 0.013 
- 0.015 - o.oro - 0.023 - 0.036 
- 0.038 

12 
13 
14 
15 
16 

17 
IS 
19 
20 
21 

23 
23 
24 
25 
26 

27 
28 
29 
3 0  
31 

32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 
44 
45 
46 

47 
48 
49 
60 
51 

62 
63 
64 
65 
6G 

57 
68 
69 
60 
61 

foot 
+ 0.004 - O ' O G ~  
- 0'001 - 0.00- 

I* 
2 
3 
4 
6 

12-89 
14.49 
14.53 

15.51 
16-63 
19.74 
20.11 
21.90 

2.3.63 
24.82 
25.2.3 
27-70 
~8.93 

30-97 
31'81 
35-03 
36.35 
36.83 

38.53 
39.77 
41.17 
42-30 
44.10 

46.22 
46.98 
47'55 
48.39 
49-43 

50'72 
53.19 
53'79 
54-54 
57'37 

58.54 
59.87 
61-01 
61.67 
6.3'16 

66.13 
66.17 
67.52 
69.56 
70.97 

12-63 
73.95 
75.35 
7i.41 
78.42 

79'42 
81'2.3 
83.2.3 
84.4~ 
85.65 

food 
+ 0.004 - 0'001 
- 0'002 

0.004 

2 
3 
4 
5 
6 

- 148121 
- 18.3.200 - 21,;.200 
- 258.j7.3 - 257.817 
- ~ 8 3 . 2 ~ 6  
- 304.2.38 
- ,3~,<.340 
- ,746 o z t  

- 3j3.065 

- .38j.o;R 
- ,389.405 
- .1r)1.66(> 
- 416'010 
- 42j.348 

- 429,674 
- 436.543 
- 461.539 
- O h  
- 471.636 
- 466.976 
- 463.575 
- 4R3.229 
- 4q1.793 - 499.442 
- 491.595 
- 477'824 - 491.494 - joo.j36 - 6 
- 514-269 - 495.262 
- 480-981 
- 459,679 
- j04.745 
- 526.324 
- 5j0.312 
- j71.942 - 580.636 
- 597.403 
- 614.248 
- 616.482 - 627.699 
- 648-R.38 - 656.002 
- 658,5;6 
- 6dj.j;o 
- 708.2.3.3 
- 72j 08j 
- 7zg.jlo 

- 73.3.139 
- 7.36.95.3 
- 74b.920 
- 749.336 - 751.0". 

- 0.007 I - o.011 
+ O'o;8 
+ 0.096 
+ 0-118 
+ O'ljj 
+ 0.13j 

+ 0.1~8 
+ 0.159 
+ 0.180 
+ o.rRo 
+ 0.184 
+ 0-201 
+ 0.203 
+ 0-204 
+ 0.21; 
+ 0.222 
+ 0'224 
+ 0.229 
+ 0,241 
+ 0.24.3 
+ 0.24; 

+ 0.245 
+ 0.24.3 
+ o 253 
+ 0.257 
+ 0.261 

+ o.zjj 
+ 0.~50 
+ 0'2,;7 + 0'262 
+ 0.268 
+ 0.269 
+ 0.264 
+ 0.37 + 0.246 
+ 0.2;0 
+ 0.281 
+ 0.294 
+ 0.306 
+ 0.310 
+ 0.319 
+ o.,qr8 
+ 0.3~0 
+ 0.3.35 
+ 0.346 
+ o.3jo 
+ 0.351 
+ 0.~36~ 
+ o.j;8 
+ o..lRi 
+ 0.389 

+ 0.391 
+ o . 3 ~  
+ 0.396 
+ oo.qoo 
+ 0.408 

- 148'043 
- 18.3'104 - 22.ioR2 
- 258'4.38 
- 257.682 

- 283'098 
- 304'079 
- 345.160 
- 3.15'842 
- 352.881 

- ,784'8;; 
- 389'202 
- 391'462 
- 415'793 
- 42j'126 

- 429'450 
- 4,;6'31; 
- 461 298 
- 464.519 
- 471.389 
- 466.731 
- 46.3'332 
- 481 976 
- 491'5.16 
- 499'481 
- 491'338 
- 47;.5;4 - 491'2.37 
- 500.274 
- j1z.248 
- SIJ'OOO 
- 494'998 - 480.;24 
- 459'433 - 504.415 
- 526.043 
- 550.018 
- 572'636 
- 580,326 
- 597.084 
- 61.3.920 - 616.153 
- 627.364 
- 64R.492 - 655.652 
- 658.225 
- 68.3-006 
- 707.855 
- 724.698 - 729.321 
- 73z.748 - 736.560 
- 741.524 - 748.936 - 750.610 



LEVELLING OPERATIONS. 

Line No. 14. Gooty to Arkonam.-(Continued). 

Bench-marha 

From I To 

nistnnee 
from 

Qooty 

m i k s  
86.55 
88.11 
91'.30 
92.00 
92.72 

95.91 
96.01 
y;.;o 
98.79 

101.25 

102.29 
107 .53  
108.88 
109.69 
110.86 

1 1 r . 1 8  
114.36 
115.66 
119.98 
120.29 

121.28 
I z l ' j j  
121.99 
122.79 
124.29 

125.86 
126',3o 
128 R9 
1.31 00 
1.33.CB 

1.35'06 
1.3j.6g 
136.63 
1.78.08 
1 4 o . r l  

141.80 
142.97 
144.18 
144.47 
145.47 

145.82 
147.65 
148.,34 
1 4 8 . ~ 7  
149.06 

150.99 
151.69 
I 

154.49 
155 .13  

158.49 
161.8, 
16 ,1 .6~  
166,,31 
167.30 

1 7 0 . ~ 9  
171.69 
17.3.21 
174.17 
1 ;  

61  
62  
63  
64  
65 

6 6  
67 
6 8  
69 
7 0  

71 
72  
73 
7 4  
75 

76 
77  
7 8  
79  
80 

81 
82 
8 3  
8 4  
05 

8 6  
8 7  
88  
89 
9 0  

9 1  
92 
!)3 
9 4  
95 

9 6  
97 
98  
99  

100 

101 
102 
103 
1 0 1  
105 

106 
I07 
108 
109 
110 

111 
112 
113 
114 
116 

116 
117 
118 
119 
120  

62  
63 
64  
G5 
66 

67 
68 
69 
70 
71  

72  
7 3  
74, 
7 5  
76 

77  
78 
79  
8 0  
81 

82 
8 3  
84  
85  
86 

87 
8 8  
89 
90 
91 

92 
$13 
94 
95 
96  

97 
98  
99  

100 
101 

102 
103 
104 
105 
106 

107 
108 
109 
110 
111 

112 
113 
114 
115 
116 

117 
118 
119 
120 
121 

Disoreptbnry butween 
level 

( ~ i ~ t - ~ ~ ~ ~ , , , j  

FI .OII~ n~nrk  
to I,,al.k 
(= d )  

foot 
+ o.001 
- 0-001  

+ 0 . ~ 0 9  
+ 0.005 
+ 0.00; 

- 0 .010  
+ 0 . 0 0 2  - 0.003 
- 0.011 

+ 0.007 

+ 0 . 0 1 1  

- 0.014 
+ 0.004 
- o.008 
- o.ooq 

- 0.002 
- o .oo j  
+ o . o o 7  - 0.004 
+ 0 ,004  

0 '000 - 0.001 

+ o , o o 3  
+ 0.00.1 
- 0 .016  

- 0.003 
+ 0.005 
+ 0.004 
- o .oo j  
- 0.001 

0.000 - 0.006 
- 0.005 - 0.010 

o.ooo 

+ 0.001 - 0 .001  
- 0.007 
+ 0.001 
- 0.007 

- 0.001 
+ 0.02,3 
+ 0 . 0 0 2  

+ 0.004 
+ o.oor  

- 0.007 - 0.008 
+ 0.012 
- 0.007 - 0.003 

+ 0.002 
+ 0 . 0 1 0  
+ 0.006 
+ 0 ,001  - 0.005 

+ 0.001 
- o.ooa 
+ 0.004 - 0.003 
+ 0.002 

D ~ n n m i c  
1'e'611t 

nbovo ( + )  
or bcluw (-) 

G " o t ~  

feet 
- 756.029 
- 751.0;o 
- ;64.693 
- ;h9.,47 
- 76;.182 

- 747,726 
- 741.243 
- 735,649 
- 6(lo.147 
- 5 3 7 . 8 ( ~ ~  

- ;6j.57i 
- 15r'308 
- 765.427 
- ~ 7 5 , 7 5 6  - (98.938 

- 782.979 
- 730.3j4 
- 7 2 9 . 8 j 1  
- 728.412 - 73~ '031  

- 71,3'j02 - 716.541 
- 716.j87 
- 7.31.217 
- 738'409 

- f j i ' 0 8 1  
- 744'732 - j.31.080 
- 6g8.821 
- 673'657 

- 654'95.3 
- 6.78 508 
- 619,969 - 6 1 1 . ~ 0 1  
- 580.811 

- 559'595 - 553 628 - 568'47.3 
- 564'740 
- 582'517 

- 5R5.410 
- 569.h52 
- 659'025 
- 5;6',3" 
- 564'390 

- 534'49O - 529'640 
- jll ' .<OS 
- 4 f l 0 ' ~ i l  
- 481.646 

- 406.999 
- 539'505 - 598 069 - 64.1'O4' - 668.067 

- i66.613 
- R25's90 
- 8 ~ 9 . 9 4 ~  - 819';08 - 79860' 

Ob"rvO" 
r l r v n l ~ u ~ ~  

n b ~ ~ '  ( . ) 
or below ( - )  

Uuoly 
( I I I ~ ~ L I B  result 

by two 
lavallurs) 

f e d  

- - - 6 .  I >  43.1 
- 751 471 - ;65.101 
- 709.5.<7 
- 767.591 

- 748,124 
- 741,633 
- 7.16 041 
- 680.,<08 
- 538 .152  

- 565 8i.3 - 751.708 
- 76,;'fi.q; 
- 7;6 I ;O 

- 799.365 

- 783'397 - 7.30.74.3 
-7.30.240 - 728,800 
- 731420  

- 71.1'881 
- 716.922 
- 716.968 
- 731'606 
- 738.802 

- 764.483 
- 745'129 - 732 070 - 699.192 - 674.014 

- 655.299 
- 638.845 
- 620.29j  
- 611.522 
- 581 .115  

- 559'887 
- 55.3.917 - 568.771 
- 565.036 - 582.823 

- gRj.718 
- ;69.9j1 
- 500.218 
- 5;6.6oz 
- j64.686 

- 534,769 
- 529.916 
- 511.771 
- 489.524 
- 48z.Hgj 

- 407.204 
- jjg.R;6 - 590.284 - 64.3.jB.3 - 66 t1 .~23  

- 767.026 
- 826.0.37 
- 840.395 - 8.30.157 
- 799.033 

l c ~  
levellor) 

'l'olttl from 
l4oul.y 

foot 
- 0.037 
- o . o . ; ~  
- 0.029 
- 0.014 - 0 . 0 1 7  

- 0.027 - o ,ozg  - 0.028 
- o.o.19 
- 0.032 

- 0 . 0 2 1  

- o .o , l j  - 0.0.31 
- o.o.19 - 0.043 

- 0.045 
- 0,050 
- 0 . 0 4 3  
- 0.047 
- 0.043 

- 0 ,043  
- 0.044 
- 0.041 
- o . o , ~ R  - o . o j 4  

- 0.057 
- 0.052 - 0,048 
- o . o g j  - o . o j 4  

- 0.054 - 0.060 
- 0.065 - 0.075 
- 0.015 

- 0,074 - o 075 ' 

- 0.082 
- o . o R ~  
- 0.088 

- 0 . 0 8 ~  
- 0.0186 
- 0,064 - 0.060 
- o .o j8  

- o.oh5 - 0,073 - 0 .061  - 0.068 
- 0.071 

- 0 . 0 6 ~  
- 0.059 
- 0,053 - 0.051 
- 0.057 

- 0.056 - 0.058 - o . o j 4  
- 0 '0 j7  - 0 ' 0 5 j  

D ~ l l n m i ~  
rol.l.ue~~on 

<Ieduved fl.olii 
lnarkto nlllrk 

Totnl ll.om 
(ioo1.y 

foot 
+ 0.404 
+ 0.401 
+ 0,408 
+ 0.410 
+ 0.409 

+ 0.398 
+ 0'.395 
+ o , . q g ~  
+ o . j h l  
+ 0'283 

+ 0.298 
+ 0.400 
+ 0.408 
+ 0 , 4 1 4  
+ 0.427 

+ 0.418 
+ o.,3Rg 
+ o ' j R g  
+ 0.388 
+ 0'389 

+ 0'379 
+ 0.381 
+ o..q81 
+ 0'389 
+ 0.393 

+ 0.402 
+ 0'397 
+ 0.390 
+ 0.,371 
+ 0 ' 3 j 7  

+ 0 . j 4 6  
+ O'd37 
+ 0 . j 2 6  
+ 0 ,321  
+ 0.304 

+ 0'292 
+ 0.289 
+ 0.298 
+ 0.296 
+ 0.306 

+ 0.308 
+ 0.299 
+ 0.20,3 
+ 0.291 
+ 0.296 

+ 0'279 
+ 0.276 
+ 0.266 
+ 0.253 
+ 0.249 

+ 0 . 2 0 j  

+ 0'281 
+ O', i l5  
+ 0'.341 
+ 0.356 

+ 0.413 
+ 0'447 
+ 0.455 
+ 0.449 
+ 0.431 



B.E~uLTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 14. Gooty to Arkonam.-(Continued), 

Difference of dynamic height, Gooty to Arkonam = - 906.395 feet. 

Length of line in miles = M = 215.38. Zd9 = 0.008571. 

- 
f d' Probable error of the mean result per mile of double-levelling = 0.6715 d& = 0.0021. 

'~,~,~;:lc 

Probable crror of the difference of elevation between the terminal beuch-marks = 0.6745 ,/'? = , 0.03lZ. 

Bench-mark0 

* Beuch.mark No. 148 in the mark at Arkonam described on pngc 138. 

~~~~~~~ 
nbove ( + )  

Discrepancy betaeon 
levellers 

~ ~ , n ~ ~ ~ ~ ~ l  
rlrdulr.ed from 

or b e l r m  ( - )  
Oooty 

(moon reaull 
hp two 
lo seller^) 

fert  
- 783.0,s 
- ;h9.ij3 
- ;jH.toj 
- 6 6  3 3  - 6j9.93 
- h40.100 
- 6R9.8jj 
- I 

- 0 ;  

- 711'632 
- jj1'9R.q 
- 726.4.38 - I 

- ;9;'510 - 804.882 
- 806.038 
- 801.820 
- 890.778 - 918.200 
- 918.259 
- 916.434 - 918.607 
- gj5.1jo 
- 917'034 - 905.204 
- 90.3'203 - 905.8~0 

Dis'nnce 
from 
Qooty 

miles 
1;4.17 
180.07 
180.91 
181.80 
182.99 

184'95 
186.62 
186.86 
188.jR 
189.49 

192.72 
I~.{'Io 
194.40 
196.00 
19;,89 

198.14 
199.13 
ro+.r; 
206.48 
207.29 

207.93 
21o.j~ 
211.84 
21.3'89 
214'60 

215.33 
215.38 

(First-Gecond leveller) 

Frau) 

121 
122 
123 
~ z r  
125 

126 
127 
128 
129 
130 

131 
132 
133 
134 
130 

136 
137 
138 
139 
140 

141 
I42 
143 
144 
146 

146 
147 

lnnrk 

to 'lnrk 
( = d )  

foot 
+ 0.019 
-0'009 
+ 0.006 
+ 0.001 
- 0.002 

o,ooo 
+ 0.005 
+ 0-003 - 0.011 
+ o.ooj 
+ 0.006 

o.ooo 
- 0.002 
+ o.olo 
+ 0.004 

- o.ooj 
+ 0.020 
- o.ooj 
+ 0.006 
- 0.007 
+ 0.001 
+ 0.009 
- o 008 
+ 0'004 
- 0,005 

0'000 

- 0.032 

To 

122 
123 
126 
125 
126 

127 
128 
129 
130 
131 

132 
133 
194 
136 
136 

137 
138 
139 
140 
141 

142 
143 
144 
145 
14G 

147 
148' 

lnorh tomnrk 
( + ) 

or brloa ( - )  

Tolnl From I Totnl from 
~uoly 

foot 
- 00.06 
-0'045 
- 0-0.39 - 0'0.38 - 0,040 
- 0.040 
- o.ojj 
- 0'0~2 
- 0'043 
- 0.038 
- 0~031 
- 0'0.32 
- o'oj+ 
- o'ot+ 
- 0.020 
- 0.02; 
- 0.005 - 0.010 
- 0.004 - 0.011 
- 0.009 

o.ooo 
- 0.008 
- 0.004 
- 0'009 
- 8.009 - 0.011 

- - 
foot 

+ 0 . 4 ~ ~  
+ 0'414 
+ o.,{q; 
+ o-.?;o 
+ 0.j49 

+ o.,?j; 
+ 0.306 
+ o..i;3 
+ 0.,3;7 
+ 0.386 

+ o'.~')I 
+ o.,{BR 
+ o'J;~ 
+ 0,430 
+ 0.434 

+ 0.j3j 
+ 0.43.3 
+ 0.486 
+ o.joz 
+ o'joz 

+ o.jo~ 
* o.;oz 
+ o.j~z 
+ 0.501 
+ 0.494 

+ 0'49.3 
+ 049j 

fwt 
- ;81.626 
- 769'~~') 
- 7.37 XoR 
- 695.91~3 
- 6jg-jH5 

- h,39.;63 - 689.489 
- ;oo").i6 
- joj'j~i - 712.246 
- ;31'592 
- 726.o;o 
- ;11.0.$0 
- pgj.080 
- 804.448 
- 80j.603 
- 801'387 - Bgo.zgz 
- 917.698 
- 917.75; 

- 91 5.93.4 - 918'105 
- 934'638 
- 916.j.33 - 904';10 
- 902'710 
- 90j.jgj 



LEVELLING OPERATIONS. 

Line No. 15. Gooty to Bellary. 

Bench-mark Na 1 in thc m u k  at Ooely described on p q e  134 

Bench-mark8 

From I Ib 
I* 
2 
3 
4 
6 

7 
8 
9 
10 

11 
12 
13 
14 
15 

I6 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
17 
28 
29 
30 

31 
32 
33 
34 
36 

36 
37 
39 
39 
40 

41 
42 
4 3  
44 
45 

46 
47 
49 
49 
GO 

51 
62 
63 
64 
65 

56 
67 
68 
69 
69 

Distance 
lr01n 
Qooty 

miles 
0.08 
0.66 
2.33 
2.83 
4'23 

4'42 
5'38 
6.59 
7.38 
8-38 

8.74 
9.69 
10'43 
11'57 
13.58 

14'23 
14.61 
15.65 
15'74 
16.64 

18.64 
19.64 
20.67 
21.68 
22.69 

23.70 
24.14 
24.69 
25.12 
25'53 

26.54 
26.68 
27'39 
zi.Yo 
28.35 

29.05 
29.39 
.30.,39 
31.,39 
I 

32.48 
.73'.18 
34.38 
35..38 
36.38 

3 7 8  
37.72 
38..38 
39.5~ 
39.61 

40.3', 
40.88 
41.39 
41,,39 
42.84 

, 3 3 9  
44.49 
45.39 
46.3? 
47.40 

S 
4 
6 
G 

7 
8 
9 
10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
2G 

.27 
28 
29 
30 
31 

32 
33 
34 
35 
3C 

37 
38 
39 
40 
41 

42 
48 
44 
45 
46 

47 
48 
48 
50 
51 

5 2  
53 
64 
& 
6G 

67 
68 
69 
60 
61 

Observed 
olar,llioll 
nhove ( + )  

or bul ,,,\. ( - )  
Guoly 

(IIICIIII ~.esolt 
by lao 

levellers) 

feet 
- 40.718 - 26,926 
- 39.184 
- 39.984 - 40 049 

- 45'389 
- 32 94R - 8.502 
+ 41.040 
+ 45'260 

+ 65'435 
+ 5C1.9~2 
+ 66 (,HI 
+ ii.189 
+ 116.~93 
+ 114'2.30 
+ 12.3'~15 
+ 152'745 
+ 1,;j.187 
+ i84.013 
+ 259.032 
+ 290.393 
+ 294 821 
+ 204.W17 
+ 288.223 

+ 277'846 
+ 203.947 
+ 2.35.~95 
+ 214'8~<) 
+ 209'147 

+ 215,657 
+ zzj.950 
+ 232.h76 
+ ~ 3 7 . 6 ~ ~  
+ 251.485 
+ 2 6 1 . 7 ~ ~  
+ zj7'7o2 
+ 225'488 
+ 18R.;,36 
+ 182.8,32 
+ 117.252 
+ 226.074 
+ ~ 2 0 . 9 9 ~  
+ 250.951 
+ 240,842 

+ 244.,338 
+ 202.105 
+ 191.749 
+ 1h6.6~1 
+ 165.077 
+ 1jt.897 
+ 147.235 
+ 1qj.610 
+ I W . . ~ ~ I  
+ 150.4~6 

+ 160.101 
+ 1hj.660 
+ 1Ri.z~8 
+ 202.7AR 
+ 219.615 

Diecrcpnncy ierr~~el-s beLaeell 

("rat- S'uolld 

F ~ O I I I  mnrk 
Il,nl+ 

(-4 

foot - 0.012 
+ 0.019 
- 0 . 0 1 2 -  
- 0.006 
- 0'010 
+ 0'001 
- o 002 
- 0.015 - 0'002 
- 0.001 
- 0~006 
- 0.001 
- o 008 
- 0'010 
+ 0'014 
+ 0'00' 
- 0.00.3 - 0.005 

0'000 
- 0.004 
- 0'009 - 0-005 - 0.008 
+ 0.008 
- 0*001 
- 0.006 
+ 0'00.3 
- 0.016 
+ 0'003 
- 0'002 
- 0-000 
+ 0.001 

0'000 
- 0.005 
+ 0.007 

- 0.004 
+ 0.007 

0.000 
- 0.001 
- 0.004 
+ 0.005 
- 0.00.3 - o.010 
+ 0.007 
+ 0.01j 

- 0.006 
+ 0.009 
+ 0.008 
+ 0.005 
- 0.001 
+ 0'007 - 0-00: 
- 0.006 
+ 0.050 
- 0.055 
+ 0.00.3 
+ o.ooR 
+ 0'001 
+ 0.006 - 0.006 

' 

, 
. 

. 

, 
' 

, 

, 

Dyltallrio 
eor,.eclion 

deduced fro,,, 
l,lurLLonlurk 

Totlll fro,,, 
Oooty 

foot 
+ o'ozl 
+ 0.014 
-t 0.020 
t 0'020 
+ 0.020 

+- 0'02.3 
+ 0 - o 1 7  
+ o.ooj 
- 0.021 
- 0,023 
- 0.0,33 
- 0,029 
- o 0.34 
- 0'0.39 - 0,060 
- o.o~R 
- 0,063 
- o 078 
- o.o;g 
- 0-094 
- 0.133 
- 0,149 
- 0.151 
- 0.135 
- I 

- o.r42 
- 0.135 - 0.120 
- 0 . 1 1 0  - 0'107 
- 0,110 
- 0.115 
- 0.118 
- 0.121 - 0.128 
- 0.133 - 0.131 
- 0.114 
- o.or)g - 0.092 
- 0.110 
- 0.115 - 0.112 
- 0.128 
- 0.123 
- 0,125 - 0.103 
- 0.098 
- 0.085 
- 0.004 
- 0.077 - 0.0;s 
- 0.074 
- 0.071 
- 0.076 
- 0.081 - 0.085 
- 0.095 - 0'10.3 - I 

levellel') 

Totnl frorn 
Gooly 

fool 
- 0.012 
+ 0.007 

oooj 
- O'Opl 
- 0.021 

- 0.020 - o.oa2 
- o 0.37 - 00.3') - 0'040 
- 0.046 
- 0.047 
- 0'0,;j 
- 0.06s 
- o'ojl 

- 0.050 - 0.053 
- 0-058 
- o ojY - 0.062 
- 0'071 
- o.oih - 0.084 
- 0,076 
- 0.077 
- o.oR.3 - 0.080 - 0.096 
- 0'09.3 - 0'095 
- 0.10.3 
- 0 . 1 0 2  - 0.102 - 0.107 - 0.100 
- 0.104 
- 0.097 
- 0.097 
- 0,098 - 0.102 
- 0.057 - 0.100 
- 0 . 1  lo - 0.103 
- 0.088 
- 0.094 - 0.085 
- 0.077 - 0.0;~ 
- o 073 
- 0.016 
- 0.071 
- 0,077 - 0.027 - 0,082 
- 0,079 - 0.071 - 0.0;~ 
- 0.064 
- 0.070 

D ~ n n m i ~  
11ri~1~t 

nbovr? ( + ) 
or below(-) 

GOOLJ 

feet 
- 40.6,)7 - z6.912 
- 3,,.1(,4 
- 39.,)(1~ 
- 40.019 

- 45.3f,6 
- 32.931 
- 8.4,), 

41.9,9 
+ 45.04(, 

+ 65.402 
+ 56.,)13 
+ 66 h47 
+ 77.150 
+ 116.933 

+ 114'1;~ 
+ 123 352 
+ 15~60, 
+ 155.108 
+ 183.911) 

+ z5R-899 
+ 290'244 
+ 294 670 
+ 264,682 
+ 288.0;6 

+ 277.704 
+ 163.R12 
+ 255'175 
+ 214'7.39 
+ 209'040 

+ 215'547 
+ 225.825 
+ 232.558 
+ z.37.701 
+ 251'357 
+ 261.626 
+ 25;'571 
+ 225',374 
+ 1R8.641 
+ 182'740 

4 117'141 
+ 225'959 
+ 220.RR0 
+ 250.823 
+ 240'719 

+ 244'21.3 
+ ~ ~ 1 ' 0 0 2  
+ 191.651 
+ 166'606 
+ 164'993 
+ 151.820 
+ 147.160 
+ 145.5.3~ 
+ 140',3O0 
+ 1jo'dRo 

+ 160.020 
+ ~67'575 
+ 187'16.3 
+ 202.~85 
+ 219'S03 



RESULTS OBTAINED FROM SIMULTAREOUS DOUBLELEVELLING. 

Line No. 15. Gooty to Bellary.-(Continued). 

Difference of dynamic height, Gooty to Bellary = + 281.092 feet. 

Length of line i n  miles = M = 50-68. Zd' = 0.016797. 

Probable error of the mean result per mile of double-levelliog = 0.6745 2/ - = + 0.0061 
41M - 

' 

I'robable error of the difference of elevation between the  terminal bench-marks = 0.6745 = , O O U 7 ,  

Tc::Er 
obo,-e ( + )  

or below ( - )  
(ioOLy 

p e t  
+ 242.723 
+ 266.003 
+ 277'189 
+ 282~384  
+ 281.092 

- - .- 

* Bcnch.mark No. 66 is thc murk at Bellarg described on page L33, 

:::::::," 
oborc ( + )  

orbrlolv (-) 
aoo1.y 

(menn result 
by Lwn 

levellers) 

~eoch-mark0 

From 1 To 

~ , ~ ~ ~ ~ , ~  
rleduerd from 
luurk t o , u o r ~  

Totnl from 
a o o l y  

Diatanoe 
from 

Gooty 

Diserepnnep bctaeen 
lerullers 

(Firsl-secolld leveller) 

foot 
- 0.124 
- 0.1.16 
- 0':JZ 
- 0 .145  
- 0.144 

Froln 1nn1.k 
to m,,rk 

( = d )  

Total from 
Q o o ~ y  

miles 
4R.q1 
49.40 
4nJ.59 
50.23 
50'68 

foot 
+ 0.003 
+ 0.0b8 
- 0.059 
+ 0.00; 

0.000 

61 
62 
63 
64 
G j  

62 
63 

65 
G6* 

foot 
- 0 . ~ 6 7  
+ 0.001 
- 0 '058  
- O ' o j l  
- 0 ' 0 j 1  

feet 
+ 242.847 
+ 206.1.39 
+ 2;;'.131 + 282.529 
+ 281.236 



LEVELLING OPERATIONS. 

Line No. 16. Hubli to Bellary. 
1 I 1 I I A 

Bench-marks 
Diatnnce 

f r o n ~  
Hubli 

From 1 !Co 

Diacrepnnry between 
Ierellrrs 

(Firs t -  ? r r c o ~ ~ d  leveller) 

From mnvk 
to Tot111 ITOIU 

( = d )  
Hubli 

foot foot 
- 0.014 - 0,014 
+ 0'01.3 - 0.001 - 0'027 - 0.028 
+ 0'001 - 0'027 
+ 0'024 - 0.051 

' 
Observed 1 Dvnnn l i~  1 I 

- 

Probable error of the mean reault per mile of doublc-levelling = 0.67'45 l/:$ = f 0'0033, 

Difference 

- 
+ 0.0389- 

Probable error of the diLrence of elevation between the terminal bench-marks = 0.6745 J'i' = - 
-cb-mLTk No. 1 b (ba m u k  .t Bubli described on  pnga t Bench-muk  No, 64 ia t he  m u k  rt D e b r y  de8cdbed On pwC laa' 

Length of line in miles = M = 137.25. xd? = 0.013311. 

?" 
8 
9 

10 

11 
12 
13 
I4 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
35 
35 

36 
37 
3 8  
39 
40 

41 
42 
43 
45 
45 

46 
47 
48 
49 
60 

61 
62 
63 

34'31 
0 0  
40 .83  
4 4 6 1  
57 .10  

67.66 
69.67 
;o -49  
72.12 
76.76 

79.71 
81.71 
03-72 
8 6 . 7 j  
89.75 

91.74 
94'38 
9 5 4 7  
96.80 
97 '80 

98.60 
99 '60 

t o ? . h o  
105 . ; i  
1o j .87  

109.87 
r l o  88 
111 .89  
l l r . q o  
113.90 

1 1 5 . 3 1  
1 1 6 . ~ 1  
1 1 7 . l ;  
117.91 
118.97 

120.93 
124.96 
125.16 
12.:.96 
126.40 

12R.,36 
128.99 
I S O . , ~ ~  
1 j l . 0 1  
13.3.56 

1,34'j2 
13;..37 
1.37.25 

( : 
9 

10 
11 

12 
13 
14 
15 
1G 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
2R 
29 
30 
31 

32 
33 
5 
35 
36 

37 
98 
39 
40 
41 

42 
41 
4 
45 
46 

47 
48 
49 
50  
61 

52 
53 
6 1 t  

of dynamic 

- 0'00' 
- 0 0 1  

- 0 . 0 0 2  

- 0 ' 0 2 1  

- 0.028 

- 0.015 
+ o.o.31 - 0'00.3 
+ 0 .016  
+ 0 . 0 0 ~  

- o.012 
+ o.004 
+ 0.011 

+ 0 . 0 1 6  
- 0 .016  

+ 0.003 
+ 0 ~ 0 1 ~  
+ 0.0.36 
- o . o o t  
+ 0.003 

+ 0 .018  
+ O'oo j  
- 0.006 
+ o.011 
+ 0.002 

- o.oh5 
- 0.01;  
- o.ooa 
- o.oo.3 - 0.004 

- 0 .011  
+ 0.00j 

- 0 . 0 0 6  
- 0'00.3 
- 0.006 

- o . o r o  - 0 , 0 1 2  
+ 0 .001  - 0.009 
- 0.006 

+ 0.002 
0'000 

+ 0 . 0 0 ~  
+ 0,008 
+ 0.006 

+ 0.001 
+ 0.00; 
+ 0.0" 

height, 

- 0'05.3 - 0 0 7 2  - 0'074 
- 0'095 - 0 .123  

- 0 .138  
- 0 . 1 0 7  
- 0 . 1 1 0  

- 0.094 
- 0,090 

- 0.102 
- 0.098 
- 0,087 
- 0.071 
- 0.087 

- 0,084 - o.of!p 
- 0.03.3 - o.o.3j - 0.032 

- 0.014 
- 0.009 - 0 .015  
- 0.004 
- o.002 

- 0.067 
- 0.082 
- 0.084 - 0.087 
- 0.091 

- 0 . 1 0 ~  - 0 . 0 ~ 8  
- 0 . 1 0 4  
- 0.107 
- I 

- I 

- 0.1.35 
- 0 . 1 j 4  
- 0.14g - o . , q g  

- 0.147 - 0.147 
- 0.145 
- 0.1.77 - 0.131 

- o.1,30 - 0.123 - 0.101 

Hubli to 

+ 107'052 
+ 227'552 
+ 1 ; ;  
- 29.086 
- 327.238 

- 420.962 
- 4zj .889 
- 438.801 
- 429.487 - 412.113 

- 412.746 - 420.654 
- 449.056 
- 456.357 
- 464.870 

- 45j .841 
- 488.816 
- .3j8.886 
- 454.034 - 480.146 

- 484.6.;3 
- 465.364 
- 319 .441  
- 239.349 
- z 3 z ' g ~ o  

- 378.198 
- dr)o.g67 
- 431.048 
- 457.924 - 486,767 

- 512.076 
- 520.299 
- 5 1 R . 0 2 ~  
- s l j . 7 0 3  
- 5 1 9  843 

- 4 9 8 . ~ 0 1  
- ~ 8 5 . ~ 6 2  
- 483.072 
- 4 6 9 . ~ 5 7  
- qh8-6b5 

- e76.R70 
- 481.,;54 
- 4 9 5  - 501 . 6 0 j  
- 5.31.399 

- 54R.90h 
- 5.78 50; 
- sjR.Rr)o 

Bellary 

- 0.055 
- 0 6  
- o ' o r ) ~  
+ 0 .01 j  
+ 0.167 

+ 0 . 2 1 j  

+ 0.219 
+ 0.225 
+ 0 . 2 2 0  

+ 0.211 

+ 0.211 
+ 0.215 
+ 0.229 
+ 0.253 
+ 0.237 

+ 0.2.32 
+ 0.249 
+ o.1R.3 
+ o.r.32 
+ o .24 j  

+ 0.24; 
+ 0'2.47 
+ 0 . 1 6 ~  
+ o .121  
+ 0 . 1 1 8  

+ 0.192 
+ o . tgS  
+ 0.218 
+ 0.z.32 
+ 0.247 

+ 0.260 
+ 0.264 
+ 0'26.3 
+ 0'261 
+ 0'264 

+ 0.25.3 
+ 0.246 
+ O . Z J , $  

+ 0 . ~ 3 8  
+ 0.238 

+ 0.242 
+ 0 ,244  
+ 0'25.7 
+ 0.254 
+ 0.269 

+ 0.278 
+ 0'17.3 
+ 0.204 

= - 

+ 1 0 6 . ~ ~ ;  
+ 22;,,6 
+ 1;;.68,; - 29'071 
- 327.071 

- .,30.i47 - 427.670 
- 438 . j i6  - 429.267 
- 411.902 

- 412.535 
- 420.439 - 448.827 
- qj6.124 
- 464.633 

- 455.609 - 488.567 
- .3;8.70~ - 453.802 
- 479.901 

- 48.1..+6 
- 46.<.127 
- 319'z;9 
- 239'228 
- 2.12'822 

- ,178.006 
- 390-;69 - 4.30 W30 
- 457'692 - 486.j20 

- ~ 1 1 . 8 1 6  
- I20 035 - 517'759 
- 515'441 
- 519.579 

- 49R.248 
- 484.916 
- 4S:'817 
- 4f1~1'219 
- 468'41i 

- 4ih 628 
- 461'.710 
- 409'742 
- ;""411 
- 5.1''130 

- 548 628 
- 5 . 1 ~  l.14 
- 5iR'i ') '  

678.596 feet. 



BE~ULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 17. Karwar to Hubli. 

Difference of dynamic height, Karwar to Hubli = + 2047.816 feet. 

Length of line in miles = M = 102.74. Pd' = 0.012950. 
.- 
2 rls Probable enor of the mean result per mile of double-levelling = 0.6715 2/= = f 0.0038. 

' f , ~ : ~ ~ ~  
nb,,re ( + )  
01. hrlow ( - )  

li~'~~". 

feel  
+ 85'10j 
+ 3.510 
+ 13;'4h~ 
+ 2'57.3 
+ .qo.zjR 

+ 8o.014 
+ 00.01 I 
+ hi.Ojq 
+ 1 0 1 . 0 ~ 8  
+ 150 740 

+ 161.223 
+ ~f~j.R,q? 
+ 101)5'80.3 
+1~.19 230 
+1jh,3.683 

+ 13hz.,qoj 
+ 1;9;'134 
- 1;76.1.3Y 
+ I X I . & . ~ ~ C )  
+1156.16q 

+1i21.~38 
+ I;~J'ZOO 
+ 1710 R I O  
+ 1j~8.782 
+ 16Hfl.lj4 

+ 1R46.4g.q 
H16 

- 
Probable error of the d i lrenee  of elevation between the terminal bench-mark* = O.6il5 2/? = + 0.0384 - - 

&nd-mmk go. 1 ie the mnrk at Knrwm duacribed on pagc 134, t Ba&-mark No. 28 is the mark at Hubli described on page 134. 

I)p~~m,mic 
POrrr(.l io l l  

cledt~ocl f1.0ru 
,r,ar~ ,,,,, 

, , I  f r o  
Kurwur 

foot - 0.045 
- 0'002 
- 0.074 - 0.002 
- 0.017 
- 0.04, - 0.033 
- o.o.7; - 0.086 
- 0.081 
- 0.087 
- o.o#)o 
- 0'381 
- 0.76.3 
- o.jj6 

- 0.828 
- o.9ja 
- o 941 - 0.961 
-0,930 

- 0 . 9 1 ~  
- 09.9 - 0.007 - 0 . ~ 2 6  
- 0.8')s 
- 0'9i5 - 1'077 

Observed 
nl i l l , ,  

UIIIIYC. ( + ) 
or ~,~l,,,~(-) 
1;nrwar 

( I I I ~ ~ I ~  rralllt 
,,? I.,"" 

lerellclr) 

fed 
+ 85.152 
+ 3.5" 
+ 137.538 
+ 2.575 
+ 30.2;~ 

+ 80.0j8 
+ 60 044 
+ 67.671 
+ 161.114 
+ 150 821 

+ 161.310 
+ 167 922 
+lo<~h'j(lJ 
+I.&.?<) 99.3 
+ 1464.458) 

+ 156.3'133 
+1;9H'oX6 
+ 17i7'070 
+]HIS 700 
+1;5;'099 

+1522.850 
+ r;j5'139 
I I ;  
+ 1;49.;oR 
+ 1689-169 
+ 184i.468 
+2048.893 

Distance 
fro1s 

Ko~,wnr 

-- 
miles 
o.Hg 
1.90 
3.24 
10-63 
17.56 

19.41 
30.59 
31.74 
33 48 
3j.20 

40.66 
4404 
51.67 
5.3 62 
54.32 

56.~1 
59.74 
59.88 
63.10 
64.79 

66.78 
70.79 
13'2.3 
80'77 
84'07 

90.41 
1oz.j4 

Dincrepnnc~ between 
levc.llc~~a 

(Filxt- second leveller) 
~enoh.mnrk8 

-- 
From 'Yo I Frmn 1 1 1 ~ ~ 1 ;  

to n18tl.k 

( = d )  

I* 
2 
3 
4 
6 

6 
7 
8 
3 
10 

11 
12 
13 
14 
16 

I6 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 

,rotn1 fro", 
l i ~ t r n ~ r  

2 
3 
4 
5 
6 

7 
8 
9 
10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28t 

.foot 
+ 0 019 - 0.006 
- 0.028 - 0.018 
+ 0'003 

- 0.01.3 
+ 0.004 
+ o 021 
+ 0'019 
+ 0.005 
- 0.027 

0-000 
- 0.012 
+ 0042 
+ 0.0" 
+ 0.013 
+ 0'04.3 
+ 0.001 
+ 0,013 
-0.004 

+ 0.002 - o.o.30 
+ 0.026 
+ 0,024 
+ 0'013 
+ 0,056 
+ o.001 

- 0.0.70 
- 0,043 - 0.039 
- 0.018 
+ 0.001 
+ 0.006 
- 0.021 - 0.021 
- 0.033 
+ 0.009 
+ 0.0~0 

+ 0'03.3 
+ O.oi6 
+ 0.077 
+ 0'090 
+0.086 

+ 0.088 
+ 0,058 
+ 0.084 
+ o.loH 
+ 0'111 
+ 0.177 
+ 0.178 



LEVELLING OPERATIONS. 

Line No. 18. Jalarpet to  Bangalore. 

Bench-mark No. 1 is t h e  merk st J d a r p e t  described on pagc 134. 

Observed 
olvvatiou 
fibor0 ( +)  

or belanv ( - )  
Jf~lnvpet 

(1ne11n result 
hy t w o  

levellers) 

feet 
+ 2,385 
+ 50.487 
+ 1 2 6 . 8 ~ ~ 9  
+ 287.864 
+ ~ 1 8 . 6 9 5  

+ 379.797 
+ 496.j4; + 500.856 
c 006 6y2 
+ 675.759 

+ 715'55.3 + 708.792 
+ 729.346 
+ 817.367 
+ 820 291 

+ 852,052 
+ 884.027 
+ 919  604 
+ 920 174 
+ 920.092 

+ 96.3'44,~ 
+ 1 0 ~ 9 . 7 4 j  
+ 1009.415 
+ 11:8.4;1 
+ 1185.782 

+ 1168.786 
+ ~245 .778  
+1275.489 
+ 1260.710 
+ 1258.~112 

+ i ? s 9 . 0 4 6  
+ 12ho.q;g 
+ 1 ~ 7 0 . 0 7 j  
+ 1187.802 
+ 1282.329 

+ r , ~ o 7 . ~ 6 6  
+ 1,(22.73h 
+ 1,3,3').07; 
+ 1,339.9.35 
+ 1 j j j . 5 6 4  

+ r,Tdo,jog 
+ 1.360~.309 
+ 1431.517 
+ 1 4 7 5 . ~ 1 0  
4 1530.620 

+ 1;06.781 
+ 1469.8r1 
+ 1514 .126  
+ 1;R,.j29 
+ 1523.867 

+ 1rq8.010 
+ l h 4 2 . 0 ~ 4  
+ 16ql .qj6 
+ 1 6 ~ j . 0 4 7  
+ 16oa.o;7 

+ r620,.428 
+ 1 6 ~ , . ~ ~ e  
+ 1hzh.060 
+ 1601 . R R I  
+ 1 ~ 6 5 . 1 8 5  

Bench-marks 

Bronr 

l* 

5 

7 

9 
10 

11 
12 
13 
14 
16 

16 
I7 
18 
19 
20 

21 
1 2  
23 
24 
25 

26 
27 
29 
29 
30 

31 
32 
33 
34 
35 

3G 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
5:i 
64 
55 

56 
67 
68  
69 
60 

~ i s ~ f i n c ~  
FI.OIII 

Jnlsrpet  

tnilea 
0.05 
2.59 
4 
7.9.3 
8.54 

9'.i4 
11.37 
12.40 
12.06 
1.i.87 

14.95 
14.66 
15.32 
1 8 . 1 6  
18.87 

19.98 
21.49 
22.07 
22.10 
22.11 

2.7.49 
25.87 
28.01 
29.08 
3 0 . j ~  

30.92 
.32.;5 
j4 .0 ,  
,1;.06 
3 j . 8 0  

~ g . 8 1  
I 

37.39 
,3i.q8 
38.95 

jg .qo 
41.21 
42.17 
4.3.2~ 
43.3.3 

43.67 
44.20 
45.85 
47.28 
48.84 

50.67 
S I . ; . ~  
51.8.3 
5 7  
55.8: 

57.76 
g8.;7 
9 ;  
00.01 
61.20 

hj.a.3 
(34.1.1 
65.78 
Oi.R.1 
69.79 

TO 

2 

4 

6 

7 
8 
9 

10 
11 

1:: 
13 
' 4  
15 
16 

I7 
18 
I9 
20 
21 

22 
2:i 
2.1. 
25 
26 

27 
28 
23 
30 
31 

32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

43 
43 
44 
45 
46 

47 
48 
49 
50 
61 

52 
5:) 
4 
53 
51; 

57 
69 

lj0 
61 

1)~nnn l i c  
c ~ ~ . ~ ~ , . I . ~ ~ ~  

drdured fh,m 
~nurb  to Illfirt 

ToIRI (roll, 
Jullrrpet 

fout 
- o.ooI 
- 0.0.31 
- 0 . 0 ; ~  - 0 180 
- 0 2 0 0  

- 0.238 
- 0.311 
- o.,3;1 
- 0.380 
- 0.423 

- 0.448 
- 0.444 
- 0 . ~ 5 7  - o.;12 - 0.514 

- o-s.q+ 
- 0.554 
- 0.576 - o.j;h 
- o . j76  

- 0.60.3 - 0.650 
- 0.687 - o . j z 4  
- 0.741 

- 0.7.11 - o.7;R 
- 0.796 - o.;81 
- 0.786 

- 0.786 
- o.7R7 
- 0.79.1 - 0.804 
- 0.801 

- 0.81; - 0.826 
- o.R,(6 
- 0.H37 
- 0.835 

- o.R,~fl - 0,850 
- 0.R93 
- 0.920 
- o.9j4 

- o.r)g9 
- 0.916 
- 0.74.3 - 0.9R6 
- 0.949 

- o.r)qq - 1 . 0 2 1  - 1 . 0 2 1  

- I ,019 
, - 0.998 

- 1.009 - 1.030 - 1 0 .  - o.ggR - 0 . ~ 7 6  

A 

I I ~ ~ c I ~ L  
nbore ( + )  

01. below (-) 
Jalsr~eL 

fed 
+ z..3 g4 
+ 50.456 
+ 1 2 ( j . ~ 2 0  
+ ~ 8 7 . 6 8 ~  
+ 3 1 ~ . q 9 5  

+ 379.559 
+ 496.2~4 
+ 560.jo5 
+ 606.312 
+ 675,336 

+ ;I ; .IOS 

+ jo8.348 
+ 728.889 
+ 8,6.855 
+ 819.777 

+ Rj1.518 
+ 88.1.473 
+ 919.028 
+ 919.598 + 919.516 

+ 962.842 
+ I O J ~ . O ~ , ~  

+ 109R.728 
, t157.727 
+ 118j.041 

+ I  168.0.;5 
t 1~45 .000  
+ 1274.693 
+ I , ; I J . ~ ) Z ~  
+12:7.jz6 

+ 1258.260 
+ 12:9.6gz 
+ 1zhg.280 
+ 1~86 .998  
+ 1 ~ 0 1 . j 2 2  

+ 1,10;'149 + 13?1.910 
+ 1,138.241 
+ 1.3.39.098 
+ 1.1.11'729 

+1,?39.467 
+ 1359'459 
+ 14.30.624 
+ 1474'390 
+ 1~29 .666  

+ I S O S . R ~ Z  
+ 14(18,R95 
+ 1j13'18.l 
+ 158.1'743 
+ Is22'l)l8 

+ 1i97.016 
+ 1641.003 
+ 1640.455 
+ 1636.068 
+ 1601'039 

+ 1619'4lr) 
+ 16i2.998 
+ 1h15'047 
+ 1 6 0 0 ' 8 ~ 5  
+1564.109 

- 

Discrepancy between 
levellelr 

( ~ i r e ~ - ~ r c u l l ~  

F1.0111 ~,,nil.li 

Ill,,rk 
( = d ,  

foot 
+ 0.004 
- 0,029 - 0,019 - 0.025 
- 0.013 

- 0,029 
- 0.0.36 - 0 . 0 0 2  

0.000 
- 0 . 0 1 1  

- 0.001 
+ 0.009 - 0'004 
- 0.040 
- 0.00.3 

+ 0.001 
- 0.015 
- 0.007 
+ 0.00; 

0.000 

- o.oog 
- 0 . 0 2 0  - 0 . 0 1 9  
- o.005 
+ 0.002 

+ 0.006 
- 0.011 

+ 0,006 
- o , o ! o  - 0.017 

- 0.002 

+ 0.014 - 0.01; 

- 0.001 

+ 0.007 

- o ,o r8  
+ 0 . 0 1 1  

+ 0.010 
- 0.002 
+ 0 . 0 0 2  

- o.01.~ 
0.000 

- 0.013 
- 0.028 - 0.006 

- 0 . ~ 9  
+ 0.009 - 0,011 

- 0.016 
+ 0.028 

- 0.018 
- o .o j2  - 0 . 0 1 6  - 0 .002  

- 0.001 

- o.oor 
+ 0.001 
+ 0.001 

+ 0 .013  - 0 .011  

leveller) 

n>l131 flolll 

J~rln~.pet  

foot 
+ o.004 - 0,025 
- 0.044 
- 0.069 
- 0.082 

- 0 . 1 1 1  

- 0.147 - 0.141) 
- 0.149 - 0-160 

- 0.161 
- 0.152 
- 0,156 
- o.11)6 
- 0.199 

- 0.198 
- 0.21.3  - 0 .120  

- 0.217 
- 0.217 

- 0.226 - 0 . ~ ~ 6  
- 0.265 
- o .z jo  - 0.268 

- 0-262 
- 0 4  
- 0.268 
- o.r ;8  
- 0.295 

- 0.297 
- 0.283 
- 0.298 
- 0.299 
- 0.292 

- o.,qro 
- 0.299 - 0.289 
- o.2qt - 0.289 

- 0.302 - 0.302 
- 0.315 
- o.jr.3 - 0.349 

- o-,358 - 0..3,9 - 0.360 
- 0.376 
- O.j.18 

- o,,3(16 
- 0.,:98 - 0.414 - 0.416 
- 0.418 

- o r  - 0.418 
- 0 , 4 1 7  - 0.404 
- 0.415 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 18. Jalarpet to Bangalore.-(Continued). 

Difference of dynamic height, Jalarpet to Bangalore = + 1792.023 feet. 
Length of line in miles = M = 85.76. ed" 00.14694. 

SZ Probable error of the mean result per mile of double-levelling = 0.6745 = f 0.004-1 

D{:t:F 
nboPe ( + )  

orbelow ( - )  
Jnlarpet 

feet 
+ 1 j41 .z so  
+1500.005 
+ 1526.661 
+ 1526.917 
+ 1571.457 

+15:4.151 
+1199.359 
+1602.244 
+ 1650.596 
+1050.705 

+1629.571 
+ 16q0.010 
+ 16j2.718 
+ 1699..~59 
+1703.353 

+1699.911 
+ 1792.023 

Ymbrble ermr of the difference of elevation between the terminal bench-marks = 0.67'45 c y  = - + O.OM9. 

Dynnrnic 
correctlan 

deduced lrom 

Tolnl from 
Jnlarpet 

fmt - 0.962 
- 0 . 0 3 7  
- 0.953 - 0.95.3 - 0.980 

- 0 . 9 7 0  - 0.998 - 1-ooo - 1.029 
- 1*019 

- 1.016 
- 1.027 
- 1.0.30 - 1.059 - 1.061 

- 1.059 
- 1.115 

* Bench.rnsrk No. 78 in the nut a t  Bangdore described on page 133. 

Observed 
elevation 

.bore ( + )  
orbelon (-1 

Jolnrpet 
(menn result 

by Lwo 
looellem) 

feet 
+ lg,z.zlz 
+1500.942 
+1527.614 
+ 1 j z i . 8 7 0  
+15j2.437 

+1555.121 
+ 1600..357 
+160,3.244 
+1651.62;  
+ 16 j r .734  

+ 1630.588 
+ 1649.0.77 
+ 1653.748 
+ 1700.418 
+1504.414 

+ 1700.970 
+1793.138 

Di9tnn-s 
from 

Jnlnrpet 

milea 
7 0 . ~ 6  
71.31 
72.20 
72.21 
73.90 

74.26 
75.84 
76.80 
77.95 
77.98 

78.43 
81.28 
82.04 
8 . 3 . 8 ~  
83.83 

83.98 
8j .76 

Discre~nnry 
levellers 

(First-Second leveller) 
~ench.msrks 

F : ~ ~ , , ~ ~ k  
(=a 

foot 
+ 0.003 
- 0 . 0 0 5  
+ 0.013 - 0.00: 
- 0.003 

+ o . o o l  
+ 0.012 
+ 0.00.7 - 0.001 - o-ooq 

- 0.009 - 0.000 
+ 0.007 - 0.014 

0.000 

+ 0.009 
+ 0-016 

From 

01 
62 
63 
64 
65 

66 
67 
M 
69 
70 

71 
72 
73 
74 
76 

7 6  
77 

Tolnl from 
JnllrrpeC 

foot - 0.412 
- 0 . 4 1 7  
- 0,404 - 0.407 
- 0.410 

- 0 . 4 0 9  
- 0 

- 0,394 
- 0.395 
- 0.399 

- 0.408 - 0.416 - 0.409 
- 0-42.7 - 0.423 

- 0.414 
- o - ~ 8 8  

To 

62 
63 
64 
65 
66 

67 
68 
(i9 
70 
71 

72 
73 
7 4  
75 
7 6  

77 
7Bt 



LEVELLING OPEEATIONB. 

Line No. 19. Bangalore to Bellary. 

Bench-mark .Yo. 1 is t h e  mark s t  Bangalore dencribed on psge 183. 

Benoh-marks 

From 

1' 
2 
9 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
16 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
23 
29 
30 

91 
32 
13 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
46 

46 
47 
48 
49 
60 

61 
62 
53 
64 
65 

56 
67 
58 
60 
GO 

Distnnce 
frolr l  

Buognlore 

miles 
1.65 
2.65 

3.65 
4 '39 
4.65 

~ ' 6 ~  
7'65 
8 . 6 j  
8 .h9 
9 ' 4 1  

9.55 
9.6; 

IT 6 j  
11.90 
13'6.1 

1.3.67 
1.3.85 
14-62 
15'6.3 
16.63 

1 i .61  
18.62 
19.18 
19 '61  
10.60 

2 1 . ~ 8  
22-;8 
2 2 ' y j  
2.3.jh 
24.24 

25.54 
16.5.3 
27.93 
,30.56 
3 1 - 0 1  

,qt.61 
2 I 

I 

.qJ-ho 
34 04 

,34.53 
q; 4 
36.5.3 
,?; 23 
38.59 

34.81 
41'59 
2 ,  

qz.;N 
44.68 

4 
46.74 
&;4 
49 ;; 
gl.02 

I ;  

5.3 28 
S;. i6 
9 64 
60 45 

T o  

2 
3 
4 
6 
6 

7 
8 
9 

10 
11 

12 
13 
I 4  
15 
16 

17 
I8 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

:I2 
33 
34 
35 
36 

3 i  
89 
29 
40 
41 

42 
43 

45 
46 

4; 
a 
JH 
611 
h l  

62 
53 
a r  
55 
56 

57 
sn 
69 
li0 
GI 

l e r e l l ~ r s  
( ~ i ~ t - ~ ~ ~ ~ ~ d  leveller) 

or. below ( -  ) 

foo t  
+ 0.019 
+ 0.0.iB 
- 0.016 
+ 0.015 
+ 0 -012  

+ 0.007 
+ 0.02; 
+ 0-00; - o'oo; 
+ 0'001 

- 0.00.3 - 0.002 
+ 0,014 
+ 0.008 
- 0'0.34 

0 '000 - 0'004 
- 0.016 
- 0 ' 0 1 0  
+ 0'01.3 

- 0.007 
- 0'00.3 
- 0 . 0 0 ;  
- 0'009 - 0.018 

- 0,005 
+ 0.001 
- 0'01.7 
+ 0'00,i 
+ 0.001 

- 0 '014  
+ o ' o q  
- 0'0.36 
+ o 00.1 - 0.002 

- o - o v o  
- 0 o,.$ - 0 . 0 1 0  
+ o 002 - o.ood 

+ 0.00') 
+ o 036 
+ o.oo,i 
- 000.3 - 0.002 

+ 0.00; 
0 000 - O . O O L  

+ o,O#,q 
- 0 . 0 1 6  

- 0.004 
0.000 

- 0.016 
- 0.014 
- o.o !o  

+ 0.00.q - 0.00; 
+ O'oJ+ 
+ o 0 1 8  
- 0-006 

foot 
+ 0 .019  
+ 0-0:7 
+ 0.041 
+ o 056 
+ 0'068 

+ 0.075 
+ 0.102 
+ 0 '109 
+ 0'104 
+ O ' I O j  

+ 0.102 

+ o ' l o o  
+ 0.114 
+ 0 . 1 2 2  

+ o.06R 

+ 0.088 
+ 0.044 
+ 0.068 
+ 0.058 
+ 0 '071 

+ o ' o h ~  
+ 0.061 
+ 0.054 
+ o ' o q j  
+ 0.02; 

+ o .c r r  
+ o.oz,q 
+ 0 '010  
+ 0.013 
+ 0.014 

0'000 
+ 0,024 
- o 0 1 2  - 0,009 
- 0 - 0 1 1  

- 0-021  
- 0 o j g  
- o.o;l 
- o 0 ~ 9  
- 0.0;; 

- 0.048 - 0 . 0 4 ~  
- 0 0 3 ~ )  
- 0 0 4 2  
- 0 044 

- o.o,9 
- 0 0,;q - 0-03; - 0 . 0 4 2  

- o 'o jR  

- 0 . 0 6 ~  
- 0.0182 
- o o;X 
- 0 og2 
- o 102 

- 0 . o r ) ~  
- o8o . t  - 0 oh0 
- o . 0 ~ 2  - o-04R 

ferl 
- 62.085 
- 122.401 
- 99..310 - III.R~Z 
- 15h.z;h 

- 196.1*1 
- zRl.gR~. 
- j 1 1 . 4 g b  
- JO.;.;S~ 
- j j f ) . j g j  

- 351.641 
- 3;4.;67 - rRj.,q;z - 272272 - 341.661 

- 2.38'0~7 - I 
- 193.962 
- 1 ~ 8 . ~ 4 3  - 197.561 

- zg7.010 
- 294.756 
- 29R,;75 - 2;.3.;6R - 196.341 

- zrh.948 
- zjG.2,; - I )  

- 3 4 5  - 1 7 8 . 1 ~ ~  

- I ;  
- 6 
- ;2.,3jo 
- 2 2 ; 1  

- z j 5 . 4 0 ~  

- 2 . 4 8 ,  
- I .  
- 300.8.2 
- , 3 r ~ . , 1 4 ~  
- 309.790 

- I 

- ,qq,,.o;~ - 3a16.416 
- 3Rh.150 
- , 3 4 1 0  

- 4,~4.;62 
- 4Ilo.')hl) 
- 4,6.,3>; 
- ~j;.,qzh 
- 485.144 

- q r ) + . i h l  
- 4 9  - 454.062 
- 402.928 
- ,36j.4#4 

- 2 ?  

-4.3:.0?; 
- I 

- j49.;hd - j 

foot 
+ 0.038 
+ 0.0;s 
+ o.obr 
+ 0 . 0 0 ~  
+ 0.096 

+ 0.120 
+ 0.17.; 
+ 0.191 
+ o.18R 
+ 0.221 

+ 0 . ~ 1 6  
+ 0.206 
+ o.1;6 
+ o.16R 
+ 0.149 

+ 0'147 
+ o 1.32 
+ 0.121 
+ 0.100 
i 0.12.3 

+ o.l,;R 
+ 0.181 
+ 0.18.3 
+ o.118R 
+ 0 . 1 2 2  

+ 0.140 
+ 0-14;  
+ 0.111 
+ 0 085 
+ 0.111 

+ 0 ' o R j  
+ 0 o ; ~  
f 0 04; 

0.1;: 
+ o 1 6 ~  

+ 0,176 
+ 0 1 1 ) l  

+ o 184 
+ o 191  
I I 

+ 0.215 
+ o 144 
+ c 242 
+ 0-2.36 
+ 0.229 

+ 0.2hs 
+ 0.290 
+ 0.354 
+ 0 2;H 
+ 0.295 

+ o ,300 
4 0 2V) 
+ o 2 i H  
+ 0'24.4 
+ o .Z i4  

+ O'2h2 
+ ol(9.3 
+ 0.418 
+ 0'450 
+ 0 '455 

feet - 62.04i - 122.g2(, - g9.1,;g - 111 .~0 ,3  - 1 5 5 . 1 8 ~  

- 196.021 - 28r.Ro9 - j11.,1oj - 305 g h ~  - 359 57i 

- 351.42; - 334.561 
- z R i . 1 ~ 6  - zj2.104 - 241,512 

- ,  237.900 - 2 ~ 2  84,; - 193,841 - 158.34.3 - 1g;,q,31) 

- 256.8:~ - 294 57; - zgU',;0z - 273'600 - 196'211) 

- 226.Ro8 - 23b.100 - 1 ; 0 ' . 4 . 3 . ~  
- 13:'373 
- 1;8'013 

- 1,14'8,30 - 1 1 2 . l h ~  
- 72 32.1 - 2;' 006 
- 275 240 

- rRb-.3o; - ,311 i2R 
- ,300 63n 
- .ql.; 148 
- ,;of) 600 

- 316'03l) - ,1118 no8 
- .3#1h I i 4  - ju.;024 
- 3 i 3 ' X i H  

- 4.34'497 
- i ( ' 0 ' f iX r~  
- 410 O7.q 

- 45; 0 4 ~  - 4R4 '49 

- 494 
- 4O.4 ?no 
- 4.;i';R4 - 402 6R.l 
- . 3 h i ' 2 6 0  

- 4.31'9RR 
- 4 . ~ 2 . 7 ~ ~ 4  - il";.'j 
- 7a')',3',i - i 5 i ' O Z 0  



BE~ULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 19. Bangalore t o  Bellary.-(Continued). 

Dzp"hmyic 
ahor" ( + ) 

o r  belr,rr. ( - )  
n8u~alur* 

feet 
- 823 641 
- 8.32 811 
- 9 J l ' I i 0  
- 952'927 
- 959.372 

- g jo .016  
- 982'27.3 - 98,i.44~1 - 961.222 
-1o j i -63 .4  

-1064'255 
- 1077 516 
-1112.474 
-1115.2t).q 
-1 loq .160  

-1099'237 
-1o;1.;6,3 
- 112h ,310 

- 1078 2;s 

- 984.390 

-1081 . r ) j i  
-10;7',3ii 
- 1 1 ~ 6 4 9 ;  
-1122.225 
-1161.581 

- 1 1 ~ 6 . 5 3 8  
-1ogo.i81) 
- I  108 646 
-1o,;'16:, 
- 1oi6.665 

-1126.41.3 
-111j .72.1 
- 1 1  ~ 8 . 6 2 0  
-11,5.514 
-1040 565 

- 1 ~ ~ 5 . ~ ~ , ~  
- 1 1 4 i . 2 4 ~ ~  
-11.35.3;R 
- 1 1 7 4  104 
-12JJ.5.18 

- 12,3.3.872 
- 1 2 3 1 . 2 1 , 3  

- 1 2 1 8 5 5 n  
- 1 2 0 3 -  ,?,3 

- 1211 .386  

- ~ I R ~ . ~ , ~ ~  
-118;.823 
-11# )5 .57 ,~  
- - " ' +95 i  - 12;~.,,)o 

- 1318.,319 
- 1 3 2 1 . 9 3 4  
- I , ~ ~ ~ . ~ ~ ~  
- 12; 2 . 2 2  

- Izi9-z~fi 

-1137.5+3 
- 12J5.(,i2 

- I  1 8 ~ . , 3 1 0  
- I 1 9 0 . 1 ~ ~  

-12i1.4;6 

1)gnnrnic 
rorrretlon 

deduved f rom 
mark t o luarh  

'rota1 f rom 
Bmlbgalore 

.foot 
+ 0.494 
+ 0 '400 
+ 0.556 
+ 0 '569 
+ 0'57.3 

+ 0,568 
+ 0. f i8 i  
+ 0 . 5 8 ~  
+ 0.575 
+ 0.629 

+ 0 '635 
+ 0.643 
+ 0.66.3 
+ 0.665 
+ o 659 

+ 0-656 
+ o h i o  
+ 0,672 
+ 0.645 
+ 0 .591  

+ 0.647 
+ o 644 
+ o f 4 3  
+ o.6hg 
+ 0.691 

+ 0.682 
+ 0.650 
+ o 660 
+ 0.615 
+ o 642 

+ 0.670 
+ o 665 
+ o 681 
+ o RRO 
+ 0.621 

+ 0 . 6 5 ~  
+ o 681 
+ o.h;4 
+ 0.606 
+ 0.730 

+ 0.730 
+ 0 .728  
r 

+ 0 . j l j  
+ o - j 1 7  

+ 0.;05 
+ 704 
+ o . j o 8  
+ 0 7 2 4  
+ 0.i52 

+ 0 .775  
+ O.i,j 
+ 0 . ~ 6 8  
+ 0.750 
+ o.i37 

+ 0 .?,? 1 

+ 0.735 
+ o - 7 0 4  
+ o.70i 
+ 0 .7 j 4  

Observed 
c lerahnn 

above ( + ) 
or below (-) 

Beugnlol.e 
( I I B ~ ~ I I  result 

by two 
lerellers) 

feel 
- 824.135 
- 83,3..310 
- 931.7.35 
- 953.496 
- 9 j 9 . 9 i j  

- 95o.,;R4 
- 982.860 
- 986.0.35 - 961.797 
-1ojj.26.1 

-1064.890 
- 1078.139 
- 111,137 
-1113.958 
-11o4 .819  

-1099.89.3 
- I O ) Z . J O ~  

- 1 1 2 6  082 - 1078 900 
- 984 981 

-1081.604 
-10;8.021 
- 1 1 4 1 8  
-1122'894 
-1162 ' z j z  

- 1 1 4 7 . ~ 2 0  
-1091.1.3') 
- 1109~,~oO 
-1o41';RR 
-1077'307 

- 1127.08.3 
-1118.388 
- 1149.jo2 
- 1146'1q.( 
-1o j1.186 

- 1 1 0 5 . j h o  
-1147 930 
-11.36 0.32 
-I];, Roo 
-12.35'1i9 

- 1234.602 
I 

I 2 

- 1 z o j  g,$, 
- 1 2 1 2 . 1 o j  

-1190.1.38 
- I IRH.sz~  
-1196 231 
-12z5.(,81 
; 

- Ij19.004 
- I ~ ~ ~ ~ . ~ ~ ~  
- 1,305 67.3 
- 1 2 7 2 . ~ ; ~  - 12jo.oo,l 

- 1 2 2  

- 12,f,-~o7 
- I  18,) 014  
-IIOO.R~I 
-1Zq5'210 

~eoch-marks 
Distance 

from 
Bangalo1.a 

DiacrePsncY between 
levellers 

(F i rs t -  fjecond 

Fro ln mark 
" 
(-4 

foot 
o.ooo 

- 0-00.3 
+ 0.008 
+ o 004 
+ 0 009 

0,000 
+ 0.008 
- o 015 
- 0.007 
+ 0.017 

+ 0.006 
- 0.002 
- 0.004 
+ 0.003 
- 0.003 

+ 0 . 0 0 ~  - 0.017 
- 0-005 - 0-017 
- o ' o o ~  

+ o . 0 ~ 5  
o.ooo 

- 0 0 0 5  
- 0.00.3 
- 0.007 

- 0.01.1 
o.000 - o 006 

- o OIO 

+ 0.038 

- 0-020 
- 0.01; 
- 0.002 

+ 0.006 
- o 032 

- 0.00; 
+ 0.006 
+ 0.009 
+ 0.007 
+ 0.009 

- 0.007 
+ o.010 
- 0 0 0 9  - 0 , O l l  

+ 0.003 

- 0.005 - 0 007 
+ O . O ~ , ~  

- 0 001 

+ 0.020 

+ 0.020 

+ 0.008 
+ 0 . 0 0 2  

+ 0.013 
+ 0.00.3 

- 0.00.3 
- 0.007 
- 0,029 
+ 0.004 
+ 0.018 

leveller) 

~ ~ t ~ l  from 
Bangalore 

foot 
- 0.048 
- 0 051 
- 0 04.3 
- 0 059 - 0 ' 0 3 0  

- 0.030 
- 0 022 
- 0.037 
-0 .044  
- 0-027 

- 0 . 0 ~ 1  
- 0.023 
- 0,027 
- 0,024 
- 0.027 

- 0.025 - o . 0 ~ 2  
- 0,047 
- 0.064 
- 0'065 

- 0,040 
- 0.040 
- 0 0 4 5  - 0 048 
- O'Oj5 

- 0.068 
- 0 0 6 8  
- o o;4 - 0.084 
- 0.046 

- 0.066 - o , o n j  
- 0 085 
- 0 079 - 0.111  

- 0.118 
- 0 '112  
- 0.103 
- o 096 
- 0.08; 

- 0.094 - 0.084 - 0-oq3 
- 0 00) - 0.101 

- 0.106 
- 0.11.3 - o ' l l o  
- 0.111 
- 0.091 

- o . ~ ; I  - o oh3 - O'oh l  - 0.048 
- 0.045 

- 0.048 
- 0.05s - 0.084 - 0 080 - 0.002 

From 1 *O 1 
61 
62 
63 
GQ 

65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
g8 

10) 
lV2 
108 

lW 
10% 
109 
'lo 

'I3 

'I5 

'I7 
'I8 
ll!) 

62 
63 
4 
65 
66 

67 
68 
69 
70 
71 

72 
53 
74 
75 
76 

77 
8 
79 
80 
8 1  

82 
83 
84 
85 
86 

87 
88 
89 
90 
91 

92 
93 
94 
95 
YG 

97 
98 
89 

100 
101 

102 
'08 
I()'& 
1''s 
LUG 

107 
lo8 
108 
110 
111 

112 
113 

' I 6  
1 ' 6  

117 
' I 8  
'I9 

lzl 

miles 
61'77 
62.78 
68.76 
69.07 
70.47 

71'73 
1 . 7  
23.50 
, j .75 
75-75 

76.31 
77.95 
79.80 
81.01 
81.72 

82.92 
8,3.;5 
84.41 
85.75 
87.76 

89.76 
9 0 1 5  
9 2 6 4  
93.75 
96.66 

97.29 
97'82 
9.9 70 
99.59 

101.82 

104.21 
104 81 
105 90 
107'80 
III.II 

112.51 
1 1 z . 0 1  

11.3'77 
114.71 
116.76 

I 16 76 
11y .76  
120'40 
2 . 0  
122.85 

123.84 
124 84 
1 2 6 H j  
128.19 
9 4 7  

132.08 
132 82 
1.33.01 
1d6'no 
137.84 

'37.93 
1 . 3 ~ ' ~ ~  
I'io 23 
I4 l . 79  
'4"79 



LEVELLING OPERATIO~NS. 

Line No. 19. Bangalore to Bellary.-(Continued). 

Difference of dynamic height, Bangalore to Bellary = - 1631.262 feet. 

Leugth of liue in miles = M = 201.89. pde = 0.032350. 
- 

Probable error of the mean result per mile of double-levelling = 0.6145 2/% = 0.004-3. 

Ueuoh.marLs 

1'robal)le error of the difference of elevation between the terminal bench-marks = 0,6745 

-- 
.- 

* Uench-mark No. 142 is t he  mark st BeUsry described on page 138 

~ i ~ h ~ ~ ~  
fro111 

Ballgalore 

miles 

144. ;4  
144'79 
145'65 
1 ~ i ' 2 5  
147'78 

ISO.,? .~ 
15,a.ql 
I ~ , , . O +  
157 '87 
159'86 

160.24 
16.3.84 
1 6 q ' i q  
165'36 
166.86 

17.3'17 
174.02 
192.R1 
z o l ' o q  
201.44 

201.89 

Prom 

121 
122 
123 
124 
125 

126 
127 
123 
129 
130 

131 
132 
133 
134 
135 

136 
137 
138 
139 
140 

141 

To 

123 
123 
124 
125 
1213 

127 
123 
1.9 
130 
131 

132 
133 
134 
1:i5 
136 

137 
138 
139 
140 
141 

142* 

Discrepnnry between 
I ~ ~ v r l l r r s  

( ~ , ~ ~ t - ~ ~ ~ ~ ~ d  loreller) 

Obssrrcd 
~ I U I I I I I U I ~  
above ( + )  

or below (-) 
Unngnlc!l.e 

(rnewn ~.esult 
by t,wo 

levellers) 

feet 
-1197.587 
-11gt3.16; 
-112i3.105 
- 1 1 = 8 . 5 1 j  
-1o87.gjb 

-118q.ogq 
-1277.2:1) 
- 1 2 8 1 . ~ 0 ~  
-1jz.q.877 
-1,38.;64 

I 
- 1 ~ z ~ ' z 6 0  
- 1 9 4 ;  
-1426..$00 
- 1427.5;q 

-1564~070 
-1j67.12.3 
-1bho.013 
-1638 9Ro 
-1630896  

-163a '183 

From mnrk 
to  I,,urk 
( -4  

foot - 0 . 0 1 8  
0.000 

+ 0'00.1 
- 0 . 0 2 2  

- 0'01.3 

+ o.oro 
- 0.005 

o.ooo 
+ 0.058 
+ o.ool  

- 0.011 
+ 0.014 
+ 0.001 

+ 0.004 
+ o.ooq 

+ 0'015 
+ 0,005 - o.oho 
+ o , o r g  
+ 0.007 

o.ooo 

Total from 
Uunguloro 

fool - 0.080 
- 0.080 
- o.o;6 
- 0.098 
- 0 . 1 1 1  

- 0.101 
- 0.106 
- 0 .106  
- o.oqR 
- 0.047 

- 0'058 
- 0,044 
- o 043 - 0.031 
- 0.030 

+ 0.015 
+ 0 . 0 2 0  - 0.040 
- 0 . 0 1 5  
- 0.008 

- 0.008 

' ' ~ ~ ~ " n l i c  
uol.rect,ion 

deduced l ~ . o n ~  
lnarb to  nlal.b 

Total frolo 
B n r ~ ~ n l u r a  

foot 
+ 0 .708  
+ o . j o 8  
+ 0.6;o 
+ 0.670 
+ 0.648 

+ 0,702 
+ 0 ,749  + o . j 5 1  
+ 0.827 
+ 0.835 

+ 0.831 
+ o.Rz7 
+ o.1312 
+ 0.R2q 
+ 0.830 

+ 0.901 
+ 0.903 
+ 0-951 
+ 0.940 
+ 0.936 

+ 0'9.37 

D ~ n n m i o  
'"'gilt 

above ( + ) 
or t>nlow (-1 

nnnga'ore 

feet 
- 1 1 ~ 6 . 8 7 9  
- 1 1 9 7 . 4 5 ~  
- 1 1 2 7 . ~ ~ 5  
- 1 1 2 7 . 8 4 ~  
-1086,908 

- 1188.39r 
-1276.510 
-1~80 .558  
-1.,23.ogo 
-1.,37.929 

-1430.600 
- 1 ~ ~ 3 . 4 . 1 3  
- 1393.977 
- 1 4 ~ 5 . 5 i 1  - 1426.749 

-156.3.169 
-1566.220 
-1650.06r 
-16.38-040 
-1bzg'g60 

-1631'a5" 



~ E ~ U L T S  OBTAINED FROM SIMULTANEOUS DOUBLE-1,EVELLINa 

Line No. 20. Bezwada to Madras. 

' Bench-& Na 1 ie tim msrk at 13eewPdp described on page 188, 

Dynnmic 
I, , . ,Cl,t 

nh,,y,. ( + ) 
o r  !~c l t>w ( -1  

Urzwndn 

fed 
+ 0'044 
- 4.140 
+ ,3.49.1 
+ 4'386 
+ 2'214 

+ 4'017 
+ 25'3.55 
+ 40 735 
+ 34 274 
+ 30.987 

+ 31'0,30 
+ 0.795 
+ 4'0.1.3 
+ 7.926 - 3 ' 5 j 9  

+ 27.551 
7 3 j . 8 ~ 5  
+ 411 260 
+ 12'707 
+ 8.465 

+ 1.140 
+ 11.486 
+ 24 1.;0 
+ 2 0 . ~ 0 8  
+ zR.jB8 

+ 25'.184 
+ ,IS 6;2 
+ jg'R22 
+ 44'867 
+ 56'791 

+ 79.263 
+ 82 482 
+ 76',125 
+ 77'657 
+ 98,0.3.3 

+ r o j . ~ l 0  
+ 97'919 
+ 94'853 
+ 77'507 
+ 70.472 

+ 65,385 
+ 45,850 
+ 16.697 
+ 18,,3;8 
+ 49'404 

+ 59.0.36 
+ 50.;37 
+ 5.3.610 
+ zl.3,j 
+ 33.87j  

+ 27.529 
+ 37.2ho 
+ 52.146 
+ s,3.242 

+ 29.135 

+ ,,7.091 
+ 
+ q,.271 
+ 69.506 
+ 83.653 

I?ynat~~ic  
rol.l.r,.~l,,n 

aledntvcd  fro^^^ 
I I I I I I .~LO t1181.k 

rolnl  fronl 
Beaweds  

foot 
0'030 

0.002 
.- 0 001 - 0.001 

0.000 

- 0'001 
- 0 . 0 1 1  
- 0.018  - 0'015 
- 0.014 

- 0'014 
0'000 

- 0 001 
- o . o o j  
+ 0 . 0 0 ~  

- 0 . 0 1 2  

- 0.016 
- o 022  - 0.006 
- 0.004 

- 0'003 
- o . o o j  
- 0 0 1 1  

- 0.009 
- o.01.3 

- 0 . 0 1 ~  
- 0 . 0 1 8  
- o 017 - o , a z l  
- 0.027 

- 0.0.37 - o.o&? 
- 0-0.3; 
- 0'0.36 - 0 . 0 4 ~  

- 0.048 - 0 . 0 ~ 6 ,  
- 0.045 
- 0.0.37 - 0.034 

- 0.0.3~ 
- 0.02.3 
- 0.009 - 0.010 
- 0 ' 0 2 j  

- 0.030 - 0.0.30 
- o.ozg - 0 . 0 l Z  - o . o ~ 8  

- 0.015 - 0.020 

- o.oz7 - 0.028 - o.oc7 

- o.oll 
- o.ols - o.024 

- 0.0.17 - o.oqq 

Observed 
elev,,l ,o,,  

u b o r r ( + )  
or ( - )  

Reznl~dn 
(meall result 

by wo 
levellers) 

feet 
+ 0 '044 - 4 4  
+ 3'494 
+ 4.387 
+ 2.224 

+ 4'018 
+ 25'366 
+ 40';Sg 
+ 3 4 2 8 9  + 31,001 

+ 31'044 
+ 0.795 
+ 4'0.14 
+ 7.1)" - 3.561 

+ 27.563 
+ 35 1141 
+ .1R-282 
+ 12.71,( 
+ 8.469 

+ 7 '143  
+ 11.491 
+ 24.161 
+ 20.417 
+ 2 8 - j o ~  

+ 25.396 
+ 3 R . 6 ~  
+ 35'8.39 
+ 44.8RR 
+ 56.818 

+ 79.300 
+ 82.520 
+ 76.,360 
+ 77.69.3 
+ 9 ~ . 8 7 9  

+103'258 
+ 97'965 
+ 94.89R 
+ 77'544 
+ 70.506 

+ 65.417 
+ 45.87.3 
+ c6.406 
+ 18..368 
+ 49'429 

+ 59.066 
+ 59.567 
+ 53.6.37 
+ 21-jf l ;  
+ 33.E93 

+ 27.544 
+ 37.280 
+ 52.17,3 
+ +,3.z70 
+ z9.1jz 

+ 11.102 
+ 24.528 
+ 4 2 . ~ ~ 5  
+ 69,543 
+ 83'b97 

Distance 
fro111 

Beaw~tdn 

m12e1 
0.14 
o.j6 
1 9  
2 . 1 2  

1.56 

4.23 
5.13 
6.1.3 
6. - -  

6,;; 

7.31 
8 61 

10-56 
l o  65 
11.27 

12.54 
13.54 
1 4 . 5 ~  
16.49 
17.52 

18.50 
19.49 
~ 0 . 3 4  
I ,  
21.98 

22.29 
24.03 
24.97 
25.87 
26.95 

28.17 
~ 8 . 7 6  
29.27 
31.92 
3 1 . 9 0  

33.29 
33.9.3 
34.93 
.3,;.91 
36.27 

3 6 . 9 ~  
37.91 
38.91 
39'9D 
40.9, 

41.77 
41.91 
42.91 
43.92 
44.88 

4 5 . h  
46.89 
47.85 
48.85 
49.85 

50.88 
51.86 
52.85 
54.15 
55 ' r5 

Diacrepnnr~ between 
Bench.merk8 

From 

1* 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
16 

16 
I7 
It) 
I9 
20 

21 
22 
23 
24 
2G 

26 
27 
2n 
29 
30 

31 
32 
33 
34 
as 
36 
97 '" 
39 
40 

41 
4'2 
43 
4L  

4G 
47 
48 
49 
60 

'' 
" 
64 
65 

66 
67 

69 
(iO 

levellera 
(Firat-Secolld 

From mark 
to lnnrk 

( = d )  

foot - 0'001 - 0.012 
- 0'029 
+ o.aoj  - 0.004 

+ 0.011 
+ 0.007 - O . ~ O Z  - 0.018 - 0,012 

+ 0.004 - 0.007 
+ 0.003 - 0.006 
+ 0.001 

- 0.004 
+ 0.005 - 0.007 
+ 0,011 

+ 0,017 

0'000 
+ 0.001 - 0.014 
- 0.001 
- 0.014 

- 0.016 
+ o . o ~ a  
+ 0 ' 0 1 0  
+ 0 . 0 0 ~  - 0.023 

- 0.019  - 0.004 
+ 0.004 - 0.047 
+ 0.015 

0 ' 0 W  
+ 0.002 

+ 0 '007 - 0 . 0 ~ 7  - 0.00.3 

- 0,012 
- 0.008 
+ 0.005 - o ' o o j  
+ 0 001 

+ 0,004 - 0.005 
+ 0'011 
+ 0.00.1 
+ 0'002 

- 0.026 - 0.016 - 0.018 
+ 0.001 - o o s r  

+ 0.011 - 0.009 
+ 0.006 

0'000 
+ 0 '008 

To 

2 
3 
4 
5 
6 

7 
8 
s 

10 
11 

12 
13 
14 
15 
16 

17 
1 8  
19 
20 
21 

22 
23 
24 
25 
2G 

27 
28 
29 
30 
31 

32 
33 
34 
35 
3(i 

37 
38 
39 
40 
41 

42 
43 
44 
45 
4G 

47 
4'8 
49 
50 
6L 

63 
64 
65 
GG 

69 
GO 
G L  

leveller) 

,rotol from 
Bezaudn 

foot - 0.001 - 0.01.3 - 0.0.12 
- 0.0.37 - 0.041 

- 0'010 - 0.00,q - 0.005 
- 0.023 
- o . o j j  

- 0'0,11 - 0.038 - 0'0,l.j - 0.041 
- 0.040 

- 0.044 - 0,039 
- 0,046 
- o 03; - 0.018 

- 0'018 
- 0.017 
- 0 . 0 ~ 1  

- o.o,qz - 0.046 

- 0.062 
- o.o jo  - 0.040 
- 0.0.38 - 0.061 

- o.080 - 0,084 
- 0'080 
- 0.127 - O . ~ ~  

- 0.112 
- 0 . 1 1 0  

- 0'103 - o ' r m  - 0,123 

- 0'1.3s - 0.14.3 - 0.1.38 - o ' l q j  
- 0 ' l ) I  

- 0.138 - I 
- 0.132 - 0 

- 0. i27 

- 0.153 
- 0.179 - 0.197 - 0.q fJ  - 0.208 

- o . 1 ~  - 0.206 - 0.200 

- 0'200 - O' lg2 



LEVELLINQ OPEBATIONS. 

Line No. 20. Bezwada to Madras.-(Continued). 

Bench-marks 

ahovo ( + ) 
01 helow (-) 

From / T o  

61 
G2 
G3 
64 
65 

66 
67 
68 
69 
iU 

71 
$2 
73 
74 
75 

i6 
57 
58 
7!1 
80 

81 
82 
88 
84 
85 

86 
87 
88 

62 
63 
64 
65 
66 

67 
68 
6!) 
70 
5 1  

i 2  
53 
4 
55 
56 

77 
78 
79 
HO 
81 

82 
83 
84 
5 
86 

87 
88 
89 

m ~ l e s  
56.15 
57'01 
57.14 
58.14 
58.40 

59.14 
60.13 
61.04 
62.05 
6.3.06 

64.07 
64.,3j 
65.10 
66.10 
67.11 

68.12 
69.19 
j0.1.3 
71.13 
i 2 .14  

73.15 
74 '11 
75'16 
6 I 

;;'I; 

i8.1; 
78.83 
I 

89 90 
30 9 1  

91 92 

8 0 - 1 6  
8 1 6  

82.16 
83.16 
8, ' 6  
85.16 
86.16 

R7.16 
RR-16 
8 l ) ' l j  
yo 17 

92 
93 
4 
95 

96 
97 

foot 
+ 0.012 - 0'00; 
+ 0.001 
+ o 001 - 0.009 

- 0'018 
- 0.00.3 
+ 0.014 
- o 016 
- 0 ~ 0 2 9  

- 0.011  
+ 0.00.4 
+ 0.01 .3  - 0.00; 

0 000 

0'000 
+ 0.008 - 0 002 
- 000.3 
- 0'012 

- 0'011 
- o 011  
- 0 . 0 1 1  
+ 0.016 - 0.002 

- 0 ' 0 0 1  
+ 0 ' 0 1 0  
- 0 . 0 0 6  

93 
34 
5 
96 

97 
RH 

- 0.01; 
- 0 . 0 1 8  

+ 0.00; 
+ 0-005 - 0.002 
+ o . o l l  
+ 0 o ~ j  

- 0.011  
0.000 

+ 0,005 
- o 025 

~)I.I ;  - 0.00.1 

- 0.014 
+ 0.019 
+ o.on.3 
+ o.006 
+ 0.002 

+ 0.00; 
- 0.00: - 0.011 
+ 0 00; 

- o . o o ~  

0.000 
- o 011 
+ 0-007 
+ 0-00; 
+ 0.001 

+ 0.012 
- o.006 
- o.oo j  
- 0.006 
- 0.035 

foot - 0.180  - 0.187 
- 0.186 - 0.1R.i - 0.194 

- 0.212 - 0.215  - 0.201 - 0.217 - 0.246 

- 0.2;; - 0.254 
- o 241 
- 0.248 - 0'248 

- 0.248 - 0'240 - 0.242 - o 245 - 0.25; 

- 0,268 
- o 279 - o.zr)o - 0.274 
- o 276 

- 0'2;7 - 0,267 
- 0 22.3 

108 
103 
104 
105 

106 
1 0 7  
108 
10!4 
110 

1 1 1  
112 
113 
114 

- 0.288 
- 0 6  

- 0.299 - 0.294 - 0.2,)b 
- 0 , 2 8 5  - o-z;o 

- 0.281 - o - ~ n ,  
- 0.276 
- o . j o l  
- 0.304 

- 0.318 
- o.,qq - 0.266 
- o zRo - 0.278 

- a 
- 0.2;4 - 0.287 - 0.280 
- 0,281 , 

- o.2R1 - 0.2qz - o.a8; - o 180 
- 0 2 7 9  

- 0.26; 
- o.1;,3 - 0.176 
- 0.282 
- 0 . ~ 1 ;  

feel 
+ 115.901 
+ 9 2 0  
+ 96.207 
I 9 0  
+ I l . i 'b96 

+I IO. ;~O - 1,3;.508 
+ I,;2';07 
+ 114,672 
+ 72.241 

+ R7.144 
+ 66 171 
+ 95,,3;6 
+ 94.;;7 
+ 96.74; 

+ 81.688 
+ 9j.5;; 
+ 87.459 
+ 66.578 
+ 70'2;4 

+ 73.668 
+ 45,666 
+ 20-06, 
+ IR 270 
+ 22'3;o 

- 3.70.3 - 11.29q 
- I 

103 
104 
105 
106 

107 
108 
109 
110 
111 

112 
113 
114 
115 

- IR-456 
8 ; 8 8  

- 21.26; 
- 29 559 - 3.3 5"' 
- 1j.o.3; - 3 j . 1 ~ 2  

- 38.091 
- , 3 8 . 8 q ~  
- 16.204 
- 35.456 

92.17 
,,.I 17 
94.20 
94.42 
9 j .22  

96.22 
97.20 
9 8 . ~ 1  
99.21 

100-21 

l O l ' 2 1  
I O I . ~ ~  

I 

IO,.~,, 

- 38 ~ j o  

- ,qz.zzg 
- 41.184 
- 39 104 
- .3;.;6q 
- 41 g y ~  

- ,,g.;q; 
- 44,534 
- 44.537 
- 4; ,)90 
- 45 028 

- q;.;,qg 
- 4 
- 48.203 
- 4 z . R j r  
- 1 ~ 7 6 6  

+ 15,206 
+ 1.251 
+ 3.773 
- a ;  
- I ;  

fool 
- o.og9 - 0.048 
- o.o,;o 
- 0.059 
- 0.059 

- 0.057 
- 0 . 0 6 ~  
- 0 077 - 0.059 
- 0.039 

- 0.046 
- 0.0.36 - 0.050 
- 0.050 - o . o j l  

- 0.044 
- 0,052 - 0.047 
- 0 . 0 ~ 1  
- o 0.39 

- 0.041 
- 0.027 
- o 0 1 4  
- o . o ~ , ?  
- 0.015 

- 0.002 
+ 0.002 
+ 0'004 

1 0 5 q  

106.23 
I ;  
107.26 
108.16 
110.16 

I15 I 1lG 
llG I 117 
Ili 1118 

fed 
+ 1 1 ; . ~ 4 z  
+ 9 2 . 2 ~ Z  

+ 96.157 
+ , ~ . q , ~ , l  
+ 113'63; 

+ 1 1 o . 6 ; ~  
+ 135.430 
+ 152'4JO 
+ 114 fj1.1 
+ 72.202 

+ 8j.098 
+ 66.1.35 
+ 9j.306 
+ 94.i2i + 96 696 

+ 81.644 
+ 97'52; + 87'.?12 
+ 66,541 
+ 70.23; 

+ ;.3.()27 
+ 4;'l~.lO 
+ 20.0;0 
+ 18 ,z j ;  
+ 22.,3jj 

- .~,:qs - I I ' z Y ,  
- I4'.319 

+ o 006 
0 0 0 6  

+ 0.00; 
+ o 011 
+ 0.01.1 
+ 0.014 
+ 0.014 

+ 0.016 
+ o.olh 
+ 0.00; 
+ 0.015 

118 
]I!+ 
120 

- 18.4;o 
I 8 2  

- 21.260 
- 20'548 
- 3.3.548 
- d.<'o2.3 - 3.5'128 

- .lR'OiS - j8-822 
- I h  109 
- 3 i 4 4 1  

+ 0 .016  

+ o'o1.3 
+ o 018 
+ o 01; 
+ 0.015 
+ 0-018 

+ 0 .017  
+ 0 019 
+ o .o tq  
+ 0.0"  
+ o.020 

+ 0.021 
+ 0.020 
+ 0.0" 
+ 0.018 
+ 0'00.5 

- 0'012 

- 0.00; - 0 006 
+ 0'01,< 
+ 0.019 

119 
120 
121 

- 38'134 

- 32.212 
- 4 l ' l h h  
- .30'0R7 
- ,i5'7<4 
- 41.980 

- . j ~ . i i R  - 44'.G1.; 
- 4 4 . 5 1 ~  
- 4; 775 - 45 hOH 

- 47.7'8 - 4 6 ' . 5 ~ 1  - iR'IH' 

- 4 1 . ~ ~ 4  
- 1.?'7f',q 

+ 15"qL 
+ 
+ . 3 ' ; " ;  
- 37"" 
- 4.<'01q 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 20. Bezwada to Madras.-(Continued), 

D ~ ~ l n - ~ ~ a  , + , 
or~,c lou~ ( - )  

feel 
- 47.44' 
- 40'712 
- ,34'jf)1 
- .~IJ',~I; 
- 20.864 

- 3;'614 
- 49'04; 
- 38.202 
- 27'59; 
- 15 63r) 

- 6.56; 
+ 12.85; 
- 7 '00') 
- 5.84,) 
+ 1'958 

- 7,565 - 32.28.3 
- 28.110 
- 32.048 
- 25.206 

- zr.84; 
- ZI.;~~, 

- 25.;16 
- 16..3,qK - 33- j o ~  

- qo.,~;,~ - 40.001 
- 40 882 
- 39.621 
- 4a.181 

- 47'006 - 46.064 
- z q . 2 j 1  
- 49.234 - =0.688 

- 44.784 
- 42'2q.4 - 31.11; 
- 13-,1q3 
+ 

+ 9.6,)9 
- 13'570 
- ,q - I9.,30l 
- ,3.;lH 

- 18.q,q1 
- 1 4 . 6 1 1  
- 143 
- '5'735 
- 17.29,, 

- 601 
- lo gob - 
- 4.8(,o 
- 1.4'409 

- 4";' 
- 8.;o,) 
- 8.61,: - 9.761  - 10.if) j  

, B , " ~ ~ ~ . ~ ~ L ~ ~ ,  
,ledueed (ram 

l.k lo ,,,,,I.L 

ro t01  fl.orll 

Bcz~rodn  

foot 
+ 0'020 
+ 0.01; 
+ 0,014 
+ 0 '016  
+ 0 , 0 1 1  

+ 0.015 
+ 0 '021  
+ 0.01; 
+ 0.010 
+ 0.004 

0.000 
- 0.010  

0 '000 
+ 0 '001 
- 0.004 

+ 0.001 
+ 0 -014  
+ 0.012 
+ 0 014 
+ 0.010 

+ o.009 
+ O.oon 
+ 0.010 
+ 0 . 0 0 ~  
+ 0 .017  

+ 0.018 
+ 0 . ~ ~ 8  
+ 0 . 0 1 0  
+ 0.018 
+ 0.01p 

+ 0.022 
+ 0.021 
+ 0.01: 
+ 0.02.3 

+ 0.008 

+ 0.021 
+ 0 . 0 ~ 0  
+ 0.015 
+ o.ooi 
- o.oo,3 

- o.oo; 
+ o.oo(, 
+ O.OO1 
+ o'oog 
+ 0.".ll 

+ o.ooq 
+ 0 . 0 0 7  
+ O.OOs 
+ o.OaR 

+ o.ooO 

+ o . o o ~  
+ 0.005 
+ 0 . 0 ~ ~  
+ 0.002 
+ o.ooi 

+ o.oo2 
+ o.oo4 
+ o.oo4 
+ 0.005 
+ 0.006 

~~~~~f 
nbova ( + ) 

or t,elo,v (-) 
Bezwnda 

(n~eul t  reai:Il, 
by two 

lorellers) 

fret 
- 41.461 
- 4 0 9  
- 34'Koj - 39..7,33 
- r g . 8 j j  

- '37.629 
- ~ q . o h 8  
- 38.21; - 25.605 - lj '64.3 

- 6.36; 
+ 12.86; 
- ; ooq - ;'8,;0 
+ I 

- ;.j66 
- .z1 197 - z 8 . 1 ? ?  
- 2 0 - ~ 5 . 2 1 0  

- zz 856 
- 2 1  ii2 - 2 2 6  
- I - 8 ;  

- 40.391 - 40.019 
- 40 901 
- 3 ,  0 ,  - 42.200 

- 4 0  
- 46.085 - 0 
- 4 . 2 ,  - DO OpO 

- 44.805 - 4 2 . 1  - I .  
- 13 ,;<)H 
+ 1 . j 5 6  

+ 9.;06 
- 1 , ~ ; 8 ~  - (1 1 2 1  - 3 0  
- 23.,rg 

- 18'qqo 
- 1 ~ 6 2 ~  
- 1 h . 1 ~ ~  
- 
- li.,3c8 

- 1 5 . 6 1 ~  - l o , l  
- 10.601 
- 4 801 - 3.41 6 

- 4.273 - H . ; ~ , ~  - 8 6 , ;  - 9.i66 - lo.801 

Distance 
f1.0111 

Bczwudo 

n t i l ~ s  
11,  26 
112.18 
11,328 
114 27 
Ilp.28 

116.2R 
I 

r18.,33 
I 

120.j3 

120.56 
1 2 1 , d j  
122'3; 
12.4.35 
124.35 

IZ;.,?~ 
126 ,3; 
127.3; 
128.41 
I r # ) . j 2  

1 l 9 . R j  
I ~ O  4i 
1.31'46 
I , I z ' ~ ~  
13.3'49 

134.44 
135 . ;~  
1 . 0  
1.1;';4 
1.38'5.; 

I 

13q)',;K 
140.59 
141'hO 
1 4 z . 6 j  

143.65 
144 05 
1j i .B.5 
146.(lh 
4 6  

148.67 
140'67 
1 50.(~; 
I,<I.(~; 
1 i 2  ;(I 

1,;2.;0 
l s . l ; l  
4 
s 
156.51 

157.69 
I.<$ 613 
I jq.hn 
r00.0; 
160.66 

161.86 
1 
162.57 
lh2 

164.11 

D l s c r e p ~ r ~ c y  between 

~ench-marks 

-- 
F r o ~ n  

131 
122 
11'3 
124 
125 

126 
127 
I28 
129 
130 

131 
132 
159 
131. 
185 

1313 
197 
198 
138 
140 

141 
I.L.~ 
1x3 
I44 
145 

146 
147 
148 
149 
I 3 u  

151 
152 
111 
1.54 
155 

l X  
157 
158 
Is!' 
]tiu 

16' 

1ti.L 
16.5 

1GO 
'Ii7 
I('' 
I( i9  
liL' 

I:' ' 
173 
7 
' 7 6  

176 
I77 
li8 
li9 
lbU 

l u v ~ l l u r s  
(Firat-Secolld 

- 
lnllrk 

lnurli 
( =  4 

foot - 0.006 
- o . o o ~  
- 0.005 - 0.001 
+ o.oo.9 

- o , o ~ R  
+ 0.006 - 0.001 
+ 0.008 
+ 0 '008 

+ 0.008 
+ 0.003 - 0'001 
+ 0.003 
+ 0.004 

+ 0.006 
+ o.oog 
+ 0.003 
+ 0.009 
+ 0.018 

+ 0.011 
0'00.3 

+ 0 '010  - 0 ' 0 1 1  
- 0 '012  

+ 0'008 
- o'oo.$ - 0.006 
+ 0.00; 
+ 0.005 

+ 0.016 
- o.ooh 
+ 0.004 
+ 0.002 
+ 0.025 

- 0.010  
+ o 004 
+ o 0.32 

+ o.oog 
+ 0.007 

- 0.012 
+ o . o l i  
+ 0.004 
+ O O J 2  

+ 0'00.4 

O'OOO 

+ 0 . 0 1 3  
+ O'ool 
- 0.oc.q - o.ooq 

- 0.016 
- 0.005 

0'000 
+ o.oon 
- 0.010 

- 0,001 
+ 0.009 - 0 00H 
+ 0 004 
- 0.00.3 

TO 

128 
 la:^ 
124 
125 

127 
128 
129 
130 
131 

13% 
1:lR 
134 
I:ij 
136 

I37 
138 
1 :  
I 40  
141 

142 
I :  
I 4 4  
145 
146 

147 
1.48 
14:) 
150 
151 

152 
13:i 
15.1. 
155 
1.56 

157 
151 
l5! l  
160 
161 

16% 
l(;:i 
4 
l l i 3  
lu; 

1(;7 

)Ii!) 
170 
171 

l T 2  
173 
l i S  
175 
176 

177 
l i B  
17!' 

181 

leveller) 

~*,t,,l fro"] 
Bcrwada 

foot 
- o ,323 - 0 2  
- 0'329 
- 0.330 - O . , ~ Z Z  

- 0,340 
- O.,;~J 
- 0..3,3j 
- 0..327 
- 0.319 

- 0.311 
- 0 . ~ 0 8  
- 0'309 
- 0.306 
- o . j o z  

- 0 . 2 6  

- o.zg1 
- o 288 
- 0.279 
- 0.261 

- 0.250 
- 0 , ~ ~ ;  
- 0.2.37 - o.z4R - 0'200 

- 0 z j r  
- 0 - 0.261 
- 0 . 4  
- 0-249 

- 0'23.1 - o 2.39 
- o. i , ] i  
- 0.2.33 
- o.zoU 

- o.11R 
- 0'21.1 
- o 182 - 0.177 - o . ~ i o  

- 0.182  
- o-,h5 
- o. I(,, 
- 0 '1 .5~ )  
- 0.155 

- 0'15.5 
- 0 . 1 4 2  
- 0.141  
- 0.150 

- o 15,) 

- 0'1;s - o IKO 

- 0 180 

- o.l;? 
- o. 

- o.I~,4 - 0 . 1 ; ~  - 0.182 - 0.178 
- o.I.gI 



LEVELLING OPERATIONS. 

Line No. 20. Bezwada ta Madras.-(Continuecl), 

Bench-mnrks 

From 

181 
182 

184 
185 

186 
187 
188 
189 
190 

191 
I92 
193 
1 
195 

196 
197 
198 
I99 
200 

201 
202 
203 
204 
20% 

206 
207 
LO9 
209 
210 

211 
212 
213 
214 
216 

216 
217 
21H 
219 
220 

221 
222 
223 
224 
225 

226 
22; 
228 
2.29 
230 

a31 
232 
z3:i 
201 
235 

236 
287 
238 
23:) 
2 W  

Distnnee 
fro111 

Bezwnda 

miles 
163.20 
166.19 
167.18 
1 6 H r 7  
16u.16 

170'15 
171'14 
172.13 
17.3'12 
174'12 

175.11 
176'1.2 
177.11 
178.07 
1 j 9 . 0 9  

180 '08 
181.07 
b82.oj 
183 .01  
183 9 j  

r B ~ . q o  
1 8 5 . ~ 0  
186.46 
186 '9 ;  
I B ; . ~ ~  

bR8.9z 
1h9 '0 i  
190.9; 
191.97 
1n2.97 

19.3.26 
11),3.99 
I9;'oo 
l y 6 , 0 1  
197.01 

193'01 
19q.01 
2oo.01 
201-01  
201.02 

ro.3.02 
2o+ 0.3 
203-02 
1 ~ 6 . 0 2  
207'03 

208 'oj  
208.56 
2 0 , )  LZ 

210.12 
211.12 

212.13 
21.1 1.3 
r l 4 . r +  
r t i . 1 5  
216.15 

117.15 
218 .1 ;  
119.1, ;  
220 ' lb  
121.16 

TO 

182 
'83 

185 
186 

187 
188 
'89 
190 
191 

192 
193 
194 
19: 
196 

197 
198 
199 
200 
201 

203 
203 
204 
PO5 
206 

207 
208 
203 
210 
211 

212 
213 
214 
216 
216 

217 
218 
21:) 
220 
1 

222 
2 :  
221 
225 
2Zt; 

22i 
2% 
2 
230 
231 

232 
233 
23.) 
235 
236 

2 3 i  
2:j8 
233 
240 
241 

Discrepnnej be t r een  
levellers 

( n r s t - ~ e c o n d  

From murk 
to mnrk 
(= d )  

foot 
- 0.001 

+ 0.022 
+ 0.005 
+ 0'01.3 
+ 0.031 

+ 0-004 
+ 0.004 
+ 0'001 
+ 0 ' 0 0 4  
+ 0 . 0 1 0  

+ 0.004 
+ 0.006 - 0.010 

- o.ooa 
- 0.0% 

- o.011 
- o . w r  
+ 0.013 
+ 0.027 
- 0.003 

+ 0.003 
0 '000  

+ 0.006 
+ 0 .003  
+ 0.001 

+ 0,011 
- 0.016 - 0 .010  

+ 0.013 
- 0.004 

- 0.005 
+ 0.005 
+ 0'008 
+ 0 . 0 1 4  
+ 0 .015  

+ 0 . 0 2 1  

+ 0.024 
+ o.002 
+ 0 .017  - 0.006 

- 0.005 
- o . o ~ j  
+ 0.001 
- o.oog 
+ 0 . 0 1 1  

+ s.006 
+ o .ooa  
+ 0.01.j 

+ O . O O I  
+ o.003 

+ 0.010 
+ o O I O  

+ O . W I  - 0.005 
+ 0 . 0 ~ 3  

+ 0.014 
- 0.001 - 0 . 0 1 2  - 0 . 0 ~ 8  
+ 0.012 

Obmer~ed 
e1e~nt1011 

" b o v d  + ) 
or below ( - )  

Brzwndn 
(~nenn  result 

hg two 
levellers) 

feet 
+ 2.831 
+ 25.2.32 
+ 38.123 
+ 5 . 1 5 7  
+ 5.;47 

- 2.736 
+ 5.988 
+ 9.449 + 0.9.71 
- 7.392 

- >.;0,3 
- j0.078 
- .?R.,?~O - 40.261 
- 40.851 

- zt . ,3jo 
- 6.;G5 - 8.175 
- ~ 0 . 7 4 4  - . ~ C . O S I  

- ,30.610 - .3L'OiO 
- zR.8jo 
- 30.480 
- 3 0 . 1 8 ~  

- 34.672 - 17.040 
- 31.667 
- ; 0 . ~ 6 , ~  
+ 13 . j86  

+ 17.Rz3 
+ 25.767 
+ 41.267 
+ 34'50.3 
a 45,003 

+ 1 2 . 7 ~ 9  
+ 9.077 
+ ~ o . h j R  
+ 12.724 
+ l 8 . e j  

+ 24.04.3 
+ z i . 8 0 8  
+ 2 6 . ~ 5 6  
+ 39.70.3 
+ 47.759 

+ 47'2.35 
+ 5 8 . ~ 0 6  
+ q z . H j i  
+ 4 4 . 6 ~ . 3  
+ j ,~.s,qR 

+ ~ R . ~ Q O  

+ , ~ -6oR - 21.056 
- z.l.bi.3 
- a 

- I 

- ,q;.i30 
- 42.745 - 2 

- 44'1.37 

leveller), 

Totel from 
Bezwsda 

foot 
- 0 .181  - 0.160 
- 0.155 - 0.142 
- 0 . 1 1 ~  

- 0.107 
- 0.103 - 0.102 
- 0 . 0 9 8  
- 0,088 

- 0.084 
- o.o;B 
- 0.088 - 0.090 
- 0.094 

- 0 .105  
- 0 . 1 0 6  
- 0.09.3 
- 0.066 
- 0.069 

- 0.066 
- 0 ' 0 6 6  
- 0.060 
- 0.057 
- 0.056 

- 0.045 - 0.061 - 0.07,  
- 0.058 
- 0 . 0 6 ~  

- 0,067 
- 0.062 
- 0,054 . - 0'040 
- 0.025 

- 0'004 
+ 0.020 
+ 0 . 0 2 ~  
+ o 039 
+ 0.0.33 

+ 0.026 
+ 0.01.3 
+ o . 0 1 4  
+ o.009 
+ 0.020 

+ 0.026 
+ 0.018 
+ 0.04.1 
+ o . o . + $  
+ 0.04; 

+ 0,067 
+ o .o i7  
+ o.o;H 
+ o.oj.3 
+ 0.096 

+ 0.120 
+ 0 . 1 1 9  
+ o 107 
+ 0.089 
+ 0.111 

Dynnmio 
correeLlon 

dedoeed from 
murk to murk 

Totrl lronr 
Uezwuda 

foot - o.oo2 
- 0 . 0 ~ ~  

- 0.010 
+ 0 . ~ 0  
+ o . o o ~  

+ o.o12 
+ 0.007 
+ 0.005 
+ o . o o v  
+ 0.01.3 

+ 0 . 0 1 0  
+ o,ozg 
+ 0.029 
+ 0.0.30 
+ 0.030 

+ 0.020 
+ o . o l l  
+ 0 . 0 1 2  
+ o - o z j  
+ 0.025 

+ 0.025 
+ 0'025 
+ 0 . 0 2 ~  
+ 5 .025  
+ 0 . 0 2 j  

+ 0 , 0 2 7  
+ 0,017 
+ o 023 
+ 0 .019  

0.000 

- o.002 
- 0.007 
- 0 ,016  - 0 ' 0 1 2  

- o . 0 1 8  

- 0.005 
+ 0 .003  
+ o . m r  
+ 0.001 
- O . O O , ~  

- 0.007 
- 0.009 
- o.008 
- 0 , 0 1 5  - 0.020 

- 0.020 - 0.026 
- 0 .017  
O R  - 0 .012  

- 0.00.3 
+ o . w +  
+ 0 . 0 1 9  
+ 0 . 0 2 1  

+ 0 . 0 2 ~  

+ 0'025 
+ 0 . 0 2 ;  

+ 0.0.1t 
+ 0'0.31 
+ 0'0.32 

Dyn8mio 

nb!:bg!:) 
or below (-) 

bezwnda 

feet 
+ 2 . ~ 2 9  
+ 2 5 . z 2 9  
+ 38.11,3 
+ s.1,65 
+ 5. i5j  

- 
+ 5.995 
+ 9.454 
+ 0 . ~ 8 ~  
- 7.3i9 

- 2,693 - 30.053 - 38.,;11 
- 40.331 - 40.821 

- zz.310 - 6 . - -  la4 
- 8.263 
- 30'719 - 30.026 

- 30'585 - 31.045 - zR'8110 
- 30'45; - 30.160 

- 34'645 - 17.023 - 31-042 - i0.944 
+ 13'386 

+ 17'821 
+ 25';(10 
+ 41,251 
+ 34'491 
+ 44'88j 

+ 22'714 
+ 9.080 
+ 10'050 
+ 1 2 ' i z i  
+ 18'8;z 

+ 24.9.16 
4 27,799 
+ 26,848 
+ ,39'(38n 
+ 47'7.79 

+ 47'215 
+ ~ 8 ' 4 8 0  
+ 42'810 
+ 4 4 6 2 i  
+ .3.3'526 

+ 18.487 
+ 5 ('" 
- 21'0.'7 - 23'h.32 - 29'150 

- 3l"'" 
'- .35'i03 - 4f 7 ' 4  
- 4"OZ0 
- 44'''s 

' 



RB~ULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 20. Bezwada t o  Madras.-(Continued). 

Difference of dynamic height, Bezwada to Madras = - 49.974 feet. 

Length of lrue in miles = M = 277.07. x d a  = 0.W1268. 

'F7 bobbble error of the meam rervlt pcr mile of double-levelling = 0.6745 l/ii = t O'W10: 

'!:,DY? 
ahor? ( +, 

or  helow ( - )  
BezwBda 

feet 
- 42 '189  - 52'4i.3 
- .31)'8,;; 
- 47'05.3 
- 4.1'591 

- s1..;,30 
- 5~' .3*  - 25.1'58 
- 36'1H1 
- 34'007 

- 23'116 
- 41 87.5 
- 3.3'756 - 4 1 ' 2 ~ 2  
- jo.874 

- 54'.;;9 - ;l.Rqh 
- ~0.91 .3  
- 1803.3 
- 1 j ' 3 . $ j  

- 13.188 - 18.6,:; 
- 21'oRo 
- 20.418 - 18 461 

-  rho - 20, 1.35 - 18.302 
- 1 2 . j j 6  - 2 2  827 

- 21'10.3 
- I; 807 
- 18,.30o 
- 17.2.36 
- 13'1i ')  

- 21.89.3 - 25.846 - 26,640 
- ,38 713 
- 1 7 . z 9 ~  

- 36.04; - 42,221 
- 45 5 7 . 3  
-46.0,,() 
- g*.n++ 

- 49.145 
- 58 409 
- 50..6,R 
- j l . o g j  
- 49.,,74 

- 
hol)ahle error of the di8hrc.n of eIevatioil behreen the terminal bench-marks = 0.6745 2/::' = + ()'0685 

D?nnr~l ic  
rorrPellon 

deduced frow 
I,,srk Inorb. 

Ttr lul from 
B e z w d *  

fool 
+ 0.0.31 
+ 0.037 
+ o.o.30 
+ o'o,{.( 
+ 0'032 

+ 0'0.37 
+ 0.038 
+ 0.022 
+ 0,028 
+ 0 '027 

+ 0.010 
+ O'o,!l 
+ ~ 0 1 6  
+ 0'0.31 
+ 0.036 

+ 0'038 
+ 0-0.16 
+ 0 - 0 1 8  
+ 0 .016  
+ 0 '014  

+ o o l j  
+ o .o l f ,  
+ 0.017 
+ o 017 
+ 0 ,016  

+ 0 .016  
+ 0 . 0 1  j 
+ 0-016 
+ 0.012 
+ 0.018 

+ 0'017 
+ 0.015 
+ 0.015 
+ 0 . 0 1 4  
+ 01.012 

+ 0.01; 
+ w o n 9  
+ 0-020 
+ o 02; 

+ O . O I ~  

+ o . o z j  
+ 0,029 
+ o.o.31 
+ o . o , 3 1  
+ 0.02,j 

+ 0.053 
+ 0'0.34 
+ o ,o j j  
+ 0.0.3.3 
+ 0.032 

- -- - 
* uencll.nlnrk No. 29L is the ~ u n r k  a t  Madros described on pnge 135. 

Obnnl,red 
eleraliorl 
above ( + )  

or below ( - )  
Bezn~ ldn  

(men~t  venult 
bg two  

levefler') 

feet 
- 42.220 - 52.510 
- .39.885 
- 47.087 
- 43.623 

- 51.567 
- 53.405 
- 25.680 
- 36.209 
- 34'034 

- 23.136 - 41.906 
- , 3 7 2  
- qz..qz3 
- jo.910 

- 54.597 
- SI.RXZ 
- zo.q31 - 18.049 
- 1 j ' 3 j ( )  

- I;.ZOI - 1H.Oj1 
- z1.09; 
- 20.445 
- 18 477 

- 18.8 j6  - 20' I j z  
- 1 8 . j l H  - rz 'qh8 
- 2 4  

- 21.120 
- I j.881 
- 18.405 
- 17.250 
- I 

- t a , g r o  
- 25.86 j  - 2 0 ~ 7 1 0  
- 3R.j4o - 
- 36.072 
- JZ.Z.;O 

- 6 
- 4 6 . 1 2 7  
- 32.867 

- 4 9 . 1 ; ~  
- 51.4j.3 
- ;o.6sl 
- 5n'oHH 
- ;o.oo~, 

Distance 
Iron1 

Bezwada 

miles 
221.88 
zzd.rq 
r z 4 . 1 j  
215.16 
226.16 

227.16 
228.17 
229.18 
2.30'19 
231.20 

232.21 
234.22 
2.35.22 
236.16 
2.37.16 

238.16 
239.16 
240.16 
241.16 
242.16 

245.16 
244.16 
244.36 
245-26 
246.26 

247.16 
24R.26 
249.26 
249.44 
250.27 

251'27 
252.27 
25.3.28 
2 j j . z ;  
2 

z s 7 ' r j  
258.24 
l o  
261.24 
262.24 

A3.24 
264.23 
nOy;,zz 
2hhb;  
~ 7 0 . 1 5  

27.3.4; 
275.9; 
2;h'iH 
2 7 7  .o,r 
7 

Disrreponcg bet,,.een 
l e r c l l ~ r ~  

(FirnL-second leveller) 

mark ( ~ ~ b ,  from 

~encb-mark8 

From 1 TO ';:;ik 
foot 

+ 0.016 
+ 0.005 - 0.001 
+ 0.002 - O . O O ~  

+ 0.019 
+ 0.006 
+ 0.002 

0-000 
- 0.019 

- 0,024 
C 0.009 - o-OIG 

0'000 - 0.003 

- 0.003 
+ 0.007 - 0.005 
+ o.020 - 0.007 

- 0 . 0 1 2  - 0.008 - o.002 
+ 0.016 - 0-008 

- 0.001 
+ 0.018 - 0-008 
+ O'OO') 

- o . o o j  

- 0.013 
+ 0.016 
+ 0.027 
+ O . O ~ Z  

+ 0.003 

- 0'00.3 
+ o.002 
+ o.014 - 0-021  
+ o.oog 

- 0.oz.q - o.o,!z 
+ 0.009 
-0 .00 ;  
- 0.004 

+ 0.007 
- 0.010 
+ 0'006 - 0.001 
+ 0.00.3 

241 
2 ~ 2  
243 
242 
245 

24G 
247 
248 
249 
160 

251 
251 
253 
254 
255 

256 
257 
258 
259 
260 

261 
262 
263 
264 
265 

266 
2G7 
268 
261) 
2 i 0  

271 
272 
273 
274 
275 

276 
Z77 
278 
279 
280 

281 
zn2 
28:' 
"" 
2% 

zR6 
287 "' 
289 
280 

~ e z w n d m  

joot 
+ 0.127 
+ 0'1.32 
+ 0 .131  
+ 0'1.3.3 
-b 0.128 

+ 0.147 
+ 0.153 
+ o . ~ j j  
+ o . 1 5 j  
+ 0 '136 

+ 0'112 
+ 0.121 
+ 0.105 
+ 0.105 
+ o . l o t  

+ 0.099 
+ 0.106 
+ 0 . 1 0 1  
+ o.121 
+ 0.114 

+ o . l o z  
+ 0-094 
+ 0.092 
+ 0.108 
+ 0.100 

+ 0-099 
+ 0 ' 1  1; 

+ 0-109  
+ 0 . 1 1 8  
+ 0.114 

+ 0.101 
+ 0 . 1  1 7  
+ 0.144 
+ o . 1 8 6  
+ 0.199 

+ o.186 
+ 0.188 
+ o . n o t  
+ 0 . 1 8 1  
+ o.lgo 

+ 0.167 
+ 0.1.35 
+ o 144 
+ o . l , 3 ;  
+ 0.1.33 

+ 0 . 1 4 ~  
+ 0'1.30 
+ I 

+ o'l,3,; 
+ 0-1.33 

242 
243 
244 
245 
246 

247 
248 
249 
250 
251 

262 
253 
254 
256 
2;G 

257 
258 
259 
260 
161 

262 
263 
264 
P6G 
266 

267 
268 
2139 
270 
271 

272 
276 
214 
255 
2 i6  

277 
273 
279 
281) 
281 

283 
283 
2% 
PXB 
281; 

287 
288 
2H!1 
2!10 
* 



LEVELLING OPERATIONS. 

Bench-mark No. 1 ia t h e  msrk  at Rnichor described on psge 135. 

Bench-mnrks 

Pronl 

1. 

3 
4 
6 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
1 8  
19 
20 

21 
22 
23 
24 
26 

26 
2 i  
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
33 
40 

41 
42 
43 
44 
45 

46 
4 i  
48 
49 
60 

51 
52 
63 
64 
66 

To 

2 
3 
4 
6 
6 

7 
8 
9 
10 
11 

12 
13 
I4 
16 
16 

17 
18 
19 
20 
21 

22 
23 
24 
26 
26 

97 
28 
29 
30 
31 

32 
33 
34 
35 
36 

3 i  
RH 
39 
4U 
41 

4'2 
43 
M 
46 
46 

47 
48 
49 
60 
61 

62 
68 
64 
66 
6G 

D ~ n n l n i c  
h t ' l ~ l l t  

above (+)  
or bolow ( - 1  

' l ~ ~ ~ i ~ l ~ u r  

feel 
- 23 .391  
+ 4 . 3 + ~  - 0'40.3 
- 1 3 . 1 5 q  
- 47.209 

- R ~ . ~ R ,  
- 1Ho.g8a 
- 2 2 5 . ~ , ~ 9  
- 228.210 
- 19j .061 

- 141.394 
- 12q.;o6 
- jz.138 
- ~b 281 
- 29'057 

- 6,559 
- I I  '547 
+ 40'022 
+ 37.565 
+ 35.153 

+ 51.091 
+ 5.3'141 
+ 50 433 
+ 5 1 ' j s ~  
+ jj .697 

+ 91';Oq 
+ 90'7.11 
+ 1 ~ 6 ' 2 0 0  
+ Ij()';OO 
+ 1H,i'58() 

+ 1;,i'h;7 
+ zoo'l2.5 
+ 22J'Oli 
+ 21.1'5" 
+ 234'025 

+ 291'990 
+ 2 4 . 3 ' 4 ~ ~  
-1 2H ' IS l  
+ 2.30'0i2 
+ l(l2 51; 

+ 109'10.1 
+ 101'fi;'l 
+ I O I ' ? ~ ;  

+ 4h'5hf' 
+ 31'757 

+ 4'9"; - I .zj6 
- I9 i24  
- 2 4  ii.1 - 3i'20'J 

- J R ' o "  
- -0  n.1.1 
- i 1 . 4 5 '  
- 9 0 ' ~ ' ) '  
- 7"4vn 

Gooty. 

L)Jllnlllic 
col.reu~loll 

ded~~ce t i  il.~nb 
mark to ll,or!. 

~ ~ t ~ 1  E ~ ~ ~ ,  
ltnlchor 

fool 
+ 0 ' 0 1 1  

- 0 . 0 0 2  

+ 0.005 
+ 0.007 
+ 0.02.3 

+ 0.041 
+ 0.08; 
+-  0.109 
+ 0.110 
+ 0.09, 

+ 0,068 
+ 0.062 
+ 0.034 
+ %.0'17 
+ 0.013 

+ 0.002 
+ o'oo,< - 0 . 0 ~ 1  
- 0 .019  
- 0 . 0 1 8  

- 0.026 - 0 . 0 2 ;  

- 0 . 0 2 ~ )  

- 0 ' 0 2 7  
- 0'030 

- 0 . 0 4 7  
- 0.04; 
- 0.070 
- 0.082 
- 0,094 

- 0,089 - 0,107 
- 0 .  1 1 4  

- 0.109 
- 0.120 

- I 

- o 125 

- 0 .114  
- 0 . 8 1 9  
- 0.084 

- 0.057 
- o 053 - o.o;g 
- 0.025 - 0 ' 0 1 ;  

- : 
+ 0.00,) 

+ 0 ' 0 ' 2  

+ 0'017 

+ 0.024 
+ o .o jq  
+ 0.0'; 
+ 0 .04 ;  
+ 0.0.38 

Line 

~ i ~ t ~ ~ ~ ~  
from 

H~r lc l~ur  

miles 
1.55 
2 
4 .26 
5.01 
6.85 

11.22 
17.66 
20.81 
21 .,3.l 
23.48 

25 .13  
26.48 
28-99 
30.44 
32 .14  

33.28 
34.86 
j7.39 
37.51 
37.8; 

42.67 
46.05 
46.,34 
46.4.3 
48.78 

50.29 
52'02 
55.16 
56.12 
5 8 . 6 j  

51.8') 
6 1 . 1 4  
65.78 
69.,36 
70 -16  

70.97 
6 
; j . o j  
j5 .74 
78.59 

Ro.27 
Ro.59 
80.67 
81.99 
82.69 

83 -90  
R i . l ;  

85 '04 
X ; ' , l R  
86.,30 

8;.g1 
8 9 ' 1 1  
8 9 . R ~  
9o.Rg 
92.59 

to 

Ohservrd 
elerul.ion 

n b o ~ e  ( + ) 
or below ( - )  

Hnichur 
(mean result 

by  PO 
levellers) 

feet 
- 2.3'402 
+ 4'.350 
- 9 ,498  - 1.3.166 
- 47.2.32 

- 84 ,828  - 1Ro.660 
- 2 2 ;  948 - 228.320 - 195.155 

- 141.462 
- 12g.;b8, - 2 1 2  

- 96.209 - 29.070 

- 6'561 
- I 

+ 40.943 
+ 37.784 
+ 3 j . 1 7 1  

+ 51.117 
+ 5.3'168 
+ ~ 6 . ~ 6 2  
+ 5 1 ' 7 8 1  
+ 57.727 

+ 91.556 
+ 90.778 
+ 136.2;0 
+ 1,<q'R;2 
+ 18,i.680 

+ 1ig.766 
+ 209.z32 
+ 223 1.31 

+ 21.3 6,<1 
+ 234.145 

+ 292.109 
+ 24.3.551 
+ 2 ~ 1 . z h ;  
+ i , l o . t j ~  
+ 162.601 

+ 109.160 
+ I O I  , 9 1 2  
+ I O I . , ~ J O  

+ 46.591 
+ ,31.;7, 

+ 4.910 
- 1'2,;6 
- l , ) ' ;d ,~ 
- z,.;H.; 
- , 34 .1~6  

- 4 8 . 0 ~ 2  
- ;6.R;2 
- I 

- 0 8  
- 72.5.36 

No. 21. Raichur 
@ 

D i s c r e p n ~ i r ~  hetree11 
Irvcllcrs 

( ~ i ~ ~ t - ~ ~ ~ ~ ~ ~ d  

FI .~ I I I  111a1.k 
to 
(=,j) 

foot 
- 0'011 

+ 0.010 

- 0.004 
+ o 0 1 4  
- 0 '032  

+ 0'02.3 - 0'0,;l 

- o . o o j  
o ooo 

- 0'011 

+ 0'007 
+ o.ooh 
+ 0,035 
+ 0.019 
+ 0 ' 0 1 0  

+ 0.009 
- 0 - 0 2 ;  

+ 0.006 
0'000 

- 0.006 

+ 0'00; 
+ 0 ' 0 2 ;  

+ o 0 0 2  

+ o ' o o 4  - 0.015 

+ o ' o ~ o  
- 0'00s 
+ 0 .0a6  
+ 0'009 
+ 0 .021  

- 0 . 0 0 1  

0'000 - 0.007 
- 0-015  
+ 0.008 

+ 0.006 - 0 .006  
- o'ooz 
- 0 . 0 0 3  
- 0.003 

+ 0.004 
- 0.002 

- 0.004 
- 0 . 0 0 ~  

- 0.005 

- 0.004 
- o oo+ 

0'000 

* 0.00.; 
- 0-001  

+ 0.009 
0.000 

- 0.005 
- 0.014 
- 0 .010  

leveller) 

T o t ~ l  from 
llnicllur 

foot 
- 0 . 0 1 2  

- 0'002 
- 0.006 
+ o.008 
- 0.024 

- 0.001 
- 0;o.q~ 
- 0'0.37 
- 0 .037  
- 0,048 

- 0 '041  - o.o.3.; 
0'000 

+ o0.o1q 
+ 0.029 

+ 0.038 
+ 0 '013  
+ 0 '019  
+ 0 . 0 1 9  
+ 0.013 

+ o .o ro  
+ 0'047 
+ 0 . 0 4 ~  
+ 0 ' 0 5 3  
+ 0 ,038  

+ o . o 4 8  
+ 0.04.3 
+ o.05,) 
+ 0.008 
+ 0.089 

+ 0 ,088  
+ o 088 
+ 0.081 
+ o.ohh 
+ o o j 4  

+ 0.080 
+ o.o;+ 
+ o . o j 2  
+ 0 . 0 6 ~  
+ 0,066 

+ o.o;o 
+ 0 . 0 6 ~  
+ o of,+ 
+ 0.06, 
+ 0,057 

+ o 'o ; ,~  
+ o.04,) 
+ 0 041) 
+ 0.054 
+ 0.053 

+ 0,062 
+ o'oh2 
+ 0 . ~ ~ 7  
+ o . o i j  
+ 0.033 



mSlJLTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 21. Raichur to Gooty.-(Continued). 

Difference of dynamic height, Raichur to Gooty = - 110.375 feet. 

Length of linc in miles = M = 96.45. sd" 0.008632. 

Probable ermr of the mean result per mile of double-levelling = O.GilB 2/g = 0.0032. 

n ~ ~ B ~ ~ ~ c  
nbovo ( + ) 

orhelorv ( - )  
lhiclrur 

. - . . . - . - 

feet 
- I O ~ . Z , ~  

- 1 0 8 . j l a  
- 1 o j . ; 8 j  
- I I O . , ~ ; ~  

- 
Probable error of the difference of elevation between the terminal icucll-marks = 0.0745 2/':: = + 0 - 0 : l l ~ .  

- 

* eench.mark No. 60 ia t h e  mark a t  Gooty deecribed on psEe 134. 

Diserepnnry betweon 
levollrra 

(Fir8b-Second lovellor) 

Haicllur 
(mean resul t  

by  t w o  
levollora) 

- 

fept 
- I O O . , ~ , ~ O  - 108.56;  
- 105-84.3 - 1 r o . 4 ~ ;  

Bench.mnrk8 ~~~~~ 
o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l ~ ~ ~ ~  

Tolal lronl 
Roicllur 

- - . . . - . - 

foot 
+ 0.057 
+ 0.05;  
+ 0.056 
+ o . o j 8  

Diatnnm 
from 

Ruichur 

Fro111 To f rom 
Hnichur 

.- 

t n i l ~ s  
94.97 
05.95  
96.27 
9 6 ' 4 j  

56 
67 
68 
59 

67 
58 
GD 
GO* 

foot 
- 0 . 0 0 , ~  
- 0'004 
- 0.003 - 0.00; 

foot 
+ 0.050 
+ 0 ' 0 2 6  
+ 0.02.i 
+ 0 , 0 1 6  



LEVELLIN@ OPERATIONS. 

Line No. 22. Gulbarga t o  Raichur. 

Difference of dynamic height, Gvlbarga to Raichur = - 179.382feet, 
Length of line in mile = M = 89.86. t@ = 0.013329. 

q-, 
Probable error ot the mean result per mile d double-levelli~lg = O . h i 4 5 d E ~  ? +'OOL1 

Bench.marks 

2/7 = e-03ay 
l'~ol,.nlric cwor of 111e tliffrrrnre of elevation between the terminal \)e~rch-mn~ks = 0.6745 

1 

Distance 
from 

Gulbarga 

mides 
0 . 1 5  
0 .65  
2 . 4  
4"7 
6.33 

8.47 
9 '57 

1 1 - 0 7  
1 2 . 2 2  

16.51 

16.59 
17'2.3 
0 
22.96 
13.07 

24.46 
27.37 
28.28 
28'84 
29.89 

31'57 
1 1  '43 
37 '41  
39 ')4 
42'45 

43'79 
45.92 
46.07 
47.06 
4 7 ' 1 0  

qj .20 
54.09 
55-84 

. ~ i . 5 5  
60.30 

61.54 
6 r  64 
66.80 
68.74 
70-88 

74'32 
74.5.5 
76.46 
7 8 ' 5 j  
79.80 

I* 

6 

8 

10 

l1 

l3 
14 
16 

16 
l7 
18 
19 
20 

21 
22 
23 
24 
25 

26 
O i  
28 
29 
30 

31 
32 
33 
34 
36 

36 
3i 
38 
39 
40 

41 
42 
43 
44 
45 

- 
- - - --- -- - -- - . - - --_ .-_-- 

- -- 
-- 

HI oclt u i r r l  50. I u l l e  mark a t  h l b r g a  d e ~ c n b e d  on page la& + Lkntb-mark No. 61 I. t k  i a r L  mt Uvchv d ~ ~ l ~ ~ ~  n'wL 

2 

6 

' 
!t 

11 

12 
l3 
l4 
15 
16 

17 
la 
19 
20 
21 

22 
23 
24 
25 
26 

21 
28 
29 
90 
31 

32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
41 
44 
45 
4G 

Discrepancy 
levellers 

Observed 
elevnbion 
above (+  ) 

or below ( -  ) 
Gulbnr~n  

(lnenn result 
by LWO 

levellers) 

feet 
+ o.g49 - 12.67; 
- Zi.79; + 36,109 
- 3 . 2 7 5  

- 68.091 
- 104'40j - 122'999 
- 1 ~ 6 . ~ 6 1  
- I B ~ . ~ ~ ~  

- 180.868 
- 186,505 
- 189.140 
- 84.2.44 
- 84.23; 

- 114.ogr  
- 18.3..ir7 
- 147.99, 
- 1.37.843 
- 163.93.3 

- 164.600 
- 168.306 
- 191.10.3 
- 235.724 - 243.167 

- 255.756 - 294.519 
- 299 o j j  - 21)4.4,;5 - 1 2 1  

- zg1..360 
- 2R1.266 
- 2R4.73R - 284.175 
- 2 7 0 . ~ ~ 6  

- 2 6 0 . 9 ~ 8  
- zh1.0.32 
- 317.464 
- r7g . so j  
- 312'725 

- 351'481 
- 350.419 
- 357.447 - 308 .~ .?8  
- 3 1 7 . 2 ~ 0  

(Firet- second 

From mark 
to mark 
(-4 

fool - 0.001 
- 0.004 
- 0.003 
- 0.013 
- 0.007 

- o'028 I 
- o'022 
+ 0,003 
+ 0.010 
+ 0.026 

- 0.002 
- 0.018 
- 0.013 
+ 0.010 
+ 0.002 

- o.0.i; - 0.005 
+ 0.019 
+ o'oo7 
- 0,007 

+ 0.016 
+ 0'002 
+ 0 ,018  - 0'044 
+ 0.003 

+ 0'012 
+ 0.0.3g - o 'oo l  
+ 0.004, 
+ 0'004 

- 0'004 
- o.ooj  
+ 0.024 
- 0.002 
+ 0'017 

+ 0.014 
+ o.oor  
- 0 '012  

o 'ooo  
+ 0 '010  

+ 0'042 
+ O'OO! - 0.01; 
- 0.016 
+ 0.006 

leroller) 

T ~ t , n l  from 
Gulbnrga. 

foot 
- 0 ,001  - 0'005 
- 0-008 
- 0'021 
- 0.028 

- 0'056 - 0.078 
- 0.0i.j 
- 0 . 0 6 j  
- 0.o;~~ 

- 0.041 
- O'o jp  - 0.072 - 0 ,062  - 0.060 

- 0.097 - 0'102 - 0.083 - 0.076 - 0-083 

- 0.067 
- 0.065 
- 0,047 - 0.091 
- 0.088 

- 0'076 
- 0.0.3; - 0'0.38 
- o'o,i+ - 0.030 

- 0.0.34 
- 0.0.39 - 0.015 - 0 . 0 1 ;  

o .ooo 

+ 0-014 
+ o . o ~ j  
+ 0'00.i 

+ 0.00.3 
+ 0.013 

+ 0.05s 
+ o . o j 6  
+ 0'0.39 
+ o.or.3 
+ 0.019 

Dynamic 

deduaed front 
mark to mnrk 

T O ~ O ~  from 
Gulbargn 

jPiot 
0.000 

+ 0 . 0 0 ~  
+ 0.01 1 - 0.016 
+ o.ooI 

+ 0,028 
+ 0.043 
+ o . o j ~  
+ o.060 
+ 0.0;4 

+ 0 . ~ 7 ~  
, + 0.076 

+ 0.077 
+ 0 . 0 3 ~  
+ 0.033 

+ 0.046 
+ 0.0;s. 
+ 0.060 
+ o .o j6  
+ 0.087 

+ 0.067 
+ 0.069 
+ o.o;() 
+ 0.098 
+ 0.101 

+ 0.106 
+ 0.11.3 
+ 0.125 
+ 0 . 1 2 j  

+ 0.122 

+ 0 . 1 2 2  

+ 0 , 1 1 8  
+ 0 . 1 1 9  
+ 0 .119  
+ 0.113 

+ 0.109 
+ 0.109 
+ 0 ,134  
+ 0 .117  
+ 0'132 

+ 0.150 
+ 0.149 
+ 0.152 
+ 0 .129  
+ 0.133 

D~"nmie 
Ilei~llt 

nbovo (+ )  
or below ( - )  

Gulbarga 

feet 
+ o.349 - l z . ~ 7 2  
- 27.786 
+ 38.093 
- 3 . r i4  

- 6R.063 
- # 0 4 . , ~ 6 ~  - lzr .948 - 146.401 - I ~ o . , q 7 0  

- I,go.;91 - 1 8 6 . ~ 2 , ~  - 1f19.063 
- R ~ . ~ ~ ~  
- 84.204 

- 114,046 
- 183.252 
- 14;.9,34 
- 13i.787 - 163.866 

- 164.53.3 - 108 z j i  
- 191 084 
- 1.i5.626 - z ~ j . 0 6 6  

- 255.650 
- 294.396 
- zg8'gZr) 
- 204.332 - 291'149 

- z r )~ .z jR  - 281.148 
- zRj.619 
- 184.056 
- rj0'2R.i 

- 260.819 - z6o.glg 
- 317'3.30 
- 2;9.,iR6 
- .312'59,3 

- 361'331 - ,350'280 
- 357 295 
- 308.309 
- 3li.097 



BEsULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LmELLINB 

Line No. 23. Bellary to Raichur. 

l l e ~ ~ c L w k  Nu. L ia tLe t m ~ L  at Ue1l;u-y dwribad c~npnge b'U. 

1)ynamie 
eorrert lun 

d e d u e ~ d  from 
olark to n ~ n r k  

Tota l  from 
h l l u r y  

foot 
- 0.001 
+ 0 '012  
+ 0'01.3 
+ 0'0.39 
+ 0 '041 

+ 0-085 
+ o ' o S B  
+ 0 . 0 8 ~  
+ 0'008 
+ 0,054 

+ o , o 7 1  
+ 0-061 
+ 0.0.30 
+ 0.023 
+ 0.018 

- 0.011 
- 0.019 
- 0 0 1 9  
+ 0.0.70 
+ 0'040 

+ m - 0 7 1  
+ 0.081 
+ 0.072 
+ 0.061 
+ 0.077 

+ o.oRj  
+ 0.079 
+ 0-074 
+ 0.064 
+ 0 .0 j9  

+ 0.06; 
+ o . a 6 8  
+ 0 0 6 z  
+ o ohz 
+ o . o j 6  

+ o 'ogj  
+ 0.045 
+ 0'044 
+ 0.041 
+ 0.090 

+ 0 . 1 0 2  

+ 0 . ~ 1 4  
+ 0.129 
+ 0.1.32 
+ 0.131 

+ 0.134 
+ 0.1.38 
+ 0.157 
+ 0.164 
+ 0'162 

+ o .1h9  
+ 0,175 
+ 0.182 
+ o.1R8 
+ 0.184 

+ 0.199 
+ 0 . 2 0 ~  
+o. .21,< 
+ 0 ' 2 l o  
+ 0.199 

Observed 
elerlrtion 

obosr ( + ) 
or below (-1 

Bellury 
(meun result 

by two  
levellers) 

feet 
+ 1.29.4 
- 24.4h4 - 25.320 
- 7.5'351 
- 79.346 

-16g.o;h 
-170.,324 
-161.184 
I 
-1Oj.172 

-138'116 
- 1 1 1 8  
- 73'562 - 42'859 
- 33.367 

+ 24.612 
+ 41.060 
+ 4 0 ' j 1 8  
- 74.971 - 77.462 

-139'530 
- 1 ~ 0 . 0 1 2  
- 1+1.302 
- 1 1 9 . 1 j 9  
- 1 j o . 2 ; ~  

-166,929 
-155.926 
- 1 ~ 6 . 1 4 1  

' -12 j .356 
- 1 1 j z 7 o  

-118.,311 
-1.33.iOr) 
- I  

-119-628 
-106.529 

-104';02 
- 84-087 
- 81'909 
- 7 6 . ~ 5 2  
-175 .711  

-201~072  
-zz6-040 
-257.219 
-262.545 
-2bo .bz i  

-265.791 
-2;,3-00,3 
-,31,;-bg 
- 8  
-324 826 

-j j8.9;8 
-352.195 
-366 ;!r 
- J ; ~ . ~ u o  
-3;l .n)6 

-402.874 
-409.f i8 
- 4 j 0 1  
-SZj'#;7 
-402.281 

D1;'~irt!C 
Ilbure ( + , 

or helow ( - )  
Bdlary 

feel 
+ 1 '292  
- 24'451 
- z j ' , 3o j  
- 75.31" 
- 79'305 

-164'991 
- r jo 'z ,3h 
-161 .101  
- 131.615 
- l O j ' l l 8  

-1.38.10; 
- 119.121 
- 73.324 - 41.836 
- .l,j.,w 

+ 24.601 
+ 41 .041  
+ . $ o . q g g  
- 74.932 
- 77'422 

-c3')'.159 
-158 7.31 
- I  4 0  ,230 
- 119 .oy l l  
- 1 j o . 1 9 j  

-166.844 
- I - - .  .-3 847 - 146.oh7 
- I Z . < . ~ ~ Z  

- L I ~ . ~ I I  

- 1 ~ 8 . 2 4 6  
- I ~ , I ~ Z O I  

- 11y .860  
-I 1 t ) - j 6 6  
- 106 473 

- 104-6,; 
- 84.042 - 81.865 
- 7h.2t1 
-175.621 

- r o o . ~ ; o  
-225.920 
-257,100 
-262.41,3 
-260-qy6 

-265.6;7 
-27j.46; 
- j t j . 6 5 1  
-jzH.z;o 
-324.664 

- ~ , 3 8 . 7 8 ~  
-352.020 
- j66.559 
-.q;g.j;? 
-372 ,112  

-4or.675 
- ~ ~ ~ . 6 ~ ;  
-4,34.i9b 
- 4 ~ 4 . ~ ~ ;  
-402-082 

Diatsncs 
from 

Bellnry 

milea 
0.45 
2'39 
4.44 
6.60 
7.60 

10.38 
1 1 . ~ 7  
16.58 
18.5.3 
19.54 

21.63 
22.63 
44.64 
25.50 
26.50 

28.63 
29.54 
31.33 
3.7.j.3 
35'58 

36.86 
38 69 
.~r) .o l  
99.69 
40 '18 

40.70 
41.14 
41.70 
43.77 
44.48 

44.83 
46.49 
4 7 3 1  
48 07 
48.45 

48'51 
49.09 
S o j a  
50'82 
53.68 

54'1B 
55'69 
57'57 
gR.;o 
5y II 

59.70 
60.71 
61.96 
62.72 
63 .01  

h . 4 ~  
64-7.3 
6.; 88 
(17.74 
68 40 

6 - 8 9  
7 0 . 2 ~  
70.67 
7 l .95  
72 g6 

Discrepnncy between 

Bench-marks 

From 

1' 
2 

4 
6 

6 
7 
8 
g 

10 

11 
12 
13 
14 
15 

16 
1; 
18 
19 
20 

21 
29 
23 
24 
26 

26 
27 
28 
29 
3 0  

31 
33 
33 
M 
36 

36 
37 
38 
39 
40 

41 
48 
43 
44 
45 

I 

46 
47 
4.9 
a 
W 

6 1  
6 2  
6s  
64 

66 
57 
h8 '' 
" 

levellers 
(First-Yec0.d 

F ; ~ ~ , ~ r ~ k  
( = d )  

foot 
0 ' 000 
0'000 

- 0 . 0 ~ 0  
- 0,015 
- 0.01.3 

+ 0,012 
+O.OZI - 0.0- 
- 0.004 
- 0'010 

- 0 . 0 0 ~  - 0.006 
- 0.011 
+ 0 .011  
- 0.002 

+ 0.001 
- 0 ' 0 1 9  
- 0 ' 0 1 9  
+ 0 '018  * O ' O I i  

+ O ' O I Z  - 0.002 
- 0.001 - 0.012  
+ 0 002 

- 0'001 
+ 0'005 
+ 0,009 
- 0.01.3 
+ 0 ' 0 1 1  

- 0'015 
+ o ' o o 0  
- 0 . 0 0 6  
+ 0,008 . - 0.003 

- 0.004 
- o 00; - o'oolb 
+ 0.004 
+ o , o o j  

+ o ' o b 2  
+ 0.001 
+ 0 . 0 1 7  
+ 0.025 
+ 0,006 

+ 0.004 - 0'002 
+ 0.004 
+ o oo l  

o ' o w  

+ 0.009 
- o . o o z  
+ 0 . 0 ~ 1  
+ 0.002 
- 0'002 

+ 0'00,$ 
- 0'007 
+ o . o o . ~  
- 0 
- o ' m j  

TO 

2 
3 
4 
5 
6 

7 
8 
9 

10 
1 1  

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

29 
23 
24 
26 
26 

27 
28 
29 
30 
31 

32 
33 
34 
36 
36 

37 
39 
39 
40 
41 

42 
4'8 
44 
45 
46 

47 
48 
49 
60 
61 

55 
63 
54 
65 
W5 

67 
58 
MI 

" 

lereller) 

~ o t d  From 
B e l l s r ~  

foot 
0.000 
o.ooo - o.020 

- 0.0.35 - 0.048 

- 0.036 
- 0 . 0 1 5  - 0.019 
- 0.023 
- 0'033 

- 0 - 0 3 5  - 0,041 
- 0.052 - 0.041 
- 0.043 

- 0-042 
- 0.061 
- 0 ' 0 8 0  
- o 061 
- 0'035 

-0.02.3 
- o ' o 2 j  
- 0 '026  
- 0.0.38 
- 0'0.36 

- 0'037 
- O . O , ~ Z  
- 0.02.3 - 0.036 
- o ' o z j  

- 0'040 
- o . o j ~  
- 0 . 0 4 0  
- 0.032 
- o . o j j  

- 0.039 - 0.046 
- 0 , o j z  
- o . q t J  
- 0.04.5 

- 0 . o j l  
- o,o,jo 
- 0-01.3 
+ o.012 
+ o . o ~ l l  

+ o o r t  
+ 0.020 
+ 0 -024  
+ o 02; 

+ o - m j  

+ 0-0.34 
+ 0.0.32 
+ 0.043 
+ 0.045 
+ 0.043 

+ o 046 
O'Oj9 

+ o o ~ z  
+ 0 0.40 
+ 0 o r j  



LEVELLING OPERATIONS. 

Line No. 23. Bellary to Raichur.-(Continued). 

Difference of dynamic height, Bellary to Raichur = - 170.803 feet. 

Lengtlr of line iu miles = M = 91.19. Td2 = 0.008242. 
- 

Frohable error of the mean re~ul t  per milo of double-levelling = 0.67'45 dg = f 0.001?. 

Prubrl,lc error of the difFerenae of elevation between the terminal bcoeh-marka = 0.6745 j/:: = f ".(l:!fl6. 

~ i ~ ( n ~ ~ ~  
from 

Bellary 

miles 

73.97 
5 1 5  
75.99 
j 8 . 0 0  
79.01 

8 0 . 0 ~  
80 .17  
Rz.04 
BR-lo 
81 .11  

90.81 
9 1 . 0 5  
91.11) 

Uench.mnrks 

* Ucuch-msrk No. 74 is t h e  mark a t  Baichnr described on  page 136. 

From 

G I  

64 
65 

66 
ti7 
68 
69 
70 

71 
72 
73 

Discrepnn,,! l l o ~ ~ e o n  
IcvcII~rs 

( ~ i ~ ~ - ~ ~ , . ~ , , d  lurrller) 

0b0erv9d 
elwntion 

nbove ( + ) 
or  below (-) 

H a l l ~ ~ r y  
(nir~ln ~.rslllt 

by two 
lovellers) 

f erl 
-378,864 
-,377.,360 
- . ~ ~ ~ . o X J  
- 3 5 5 . 1 ~ 7  
-328.20; 

- . ~ o s . q l j  
-.300'002 
-2R3.296 
-1z6..,07 
- I Z ~ . L I Z Z  

-155'609 
- 170'070 
-170.893 

T o  

GS 
63 
6 
65 
66 

67 
6H 
U!) 
70 
51 

72 
73 
74* 

Fro~u merh 

(-4 
-- 

fool 
+ 0.0" 
- 0 . 0 0 4  
+ 0.00: 
+ 0.019 

0 ~ 0 0 0  

- 0.01.3 
- 0.004 
+ 0.00.3 
+ 0 ,009  
+ O,OO.; 

- 0.017 
+ 0.004 
+ 0.005 

'rotel [ram 
Bullury 

fool 
+ 0.054 
+ 0.050 
+ 0 037 
+ 0 ,076  
+ 0 .076  

+ 0.06.3 
+ 0 . 0 ~ 9  
+ 0,062 
+ 0 - o ; ~  
+ 0.074 

+ 0.057 
+ 0.061 
+ 0.006 

l'Y"elnic 
correction 

dedllced from 
umrk to 113nrlr 

Total from 
Bellnry 

foot 
+ o.lRE 
* O - l 8 7  
+ 0.18.3 
+ 0 ,176  
+ 0 '163  

+ 0.152 
+ 0'150 
+ 0 . 1 ~ 2  
+ 0,068 
+ 0.070 

+ O . O R Z  
+ 0.089 
+ o.o()o 

nynnnlic 
'loifillt 

nbovo (+)  
or below (-) 

Bel 'ar~ 

fed 
-378,676 
-3;7.17,3 
-368.901 
-354.961 
- 3 2 8 . 0 ~ 4  

- ~ o s . z h j  
-29g.851 
-2Wj.1jq 
-126.239 
- l z 9 , ; 5 2  

- 1 5 ~ ' j z ;  
-16q.gR1 
-1;o'803 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 
1 

Line No. 24. Gulbarga to Bezwada. 

Dcnch-mark No, 1 is the mark nt Gulbnrgs described on page la4, 

- 
Dgnan~ic 

n h , f ~ ~ ~ t + )  
orl,el<tw (-)  
Ctulburgu 

feel 
+ 17.125 
+ 59.367 
+ 61 '019 
- 32'928 
+ 7.3.660 

+ 8.5'518 
+ 11;'(196 
+ 1 3 j . j ; o  
+ 585017  
+ 424'426 

+ 358'925 
+ 424'562 
+ 424.189 
+ 675'398 
+ 618.862 

+ 595'659 
+ 565'351 
+ 551..3,31 
+ 559.9H1 
+ 506.27; 

+ 534'737 
+ 5.31'5H8 
+ 497'3;y + 480'570 
+ 4;<)'022 

+ 543'802 
+ j3,3..389 
+ 515.p8.j + 4 j z .041  
+ 438.003 

+ 469.912 
+ 436.865 
+ ~ j 4 . 0 4 0  
+ 558.055 
+ 551.389 

+ 5 ~ 2 . 1 7 2  
+ 635.286 
+ 715.144 
t 713.435 
+ 657.554 

+ 560.430 
+ 543.216 
+ 519.566 
+ 464.791 
+ 350.498 

+ 346.850 
+ 415.360 
+ 368,878 
+ 345.249 
+ 2R5.444 

+ 158.279 
+ 2;0.;91 
+ 315.077 
+ 274.104 
+ 278.535 

+ ~ 6 R . 8 3 ~  
+ 248.597 + ZOI.;SL 

+ 2j1.009 
+ 1 ~ 8 . 7 2 ~  

I)gl~!t~ni#:  
c,,rl.a.c.~ 

c led~~ut .~ l  ~ I ' U I I I  

,un,~kLo,,,,,r~ 

To,ttll from 
Gulburga 

fool - 0'007 
- 0.024 
- 0 . 0 ~ 5  
+ 0'01.3 - 0.029 

- 0'0.34 - 0.047 
- o 0,;3 
- o 230 - 0.16; 

- 0 '141  
- 0.167 
- 0 . 1 6 7  
- o . z b j  
- 0.243 

- 0,234 - 0 ~ 2 2 2  

- 0.216 
- o 2 2 0  

- 0,234 

- 0.211 
- 0'210 
- 0 

- o 190 - 0.189 

- 0.214 
- o 210 - 0.20.3 - 0.186 
- 0.173 

- O.IRS 
- 0.172 
- 0 , 2 1 7  
- 0.21g 
- 0.216 

- 0.212  

- 0 . 2 ~ 7  
- 00.77 
- 0 , 2 7 6  
- 0 . ~ 5 5  

- 0.218 - I - 0.206 
- 0,181 
- 0.1.37 

- 0.1.36 - 0.163 
- O ' l q j  - 0.1.36 - 0.11.3 

- 0.102  - o.ro7 
- I - o.108 - 0 , 1 1 0  

- 0.106 
- 0.008 - 0.080 
- 0.01)~ - o.o;9 

Dislnnce 
I ~ V I I I  

Gulbnrga 

miles 
1.55 
l . n ~  
2.09 

1.3.75 
zo.r.3 

11.92 
22.3; 
z ,q. j j  
2f1.51 
28 5; 

31.04 
31.69 
g2.70 
35 73 
36.73 

38.34 
38.74 
39 40 
39.72 
40'14 

41,jR 
41.80 
43.93 
q i  0 1  
46.91 

47.61 
4n 61 
48.84 
49.55 
50 94 

51.96 
56.98 
60.21 
62.34 
64.10 

66-00 
67.75 
71.39 
71.89 
75.09 

81.92 
8.3.gR 
86.06 
89.79 
97.17 

97.18 
100'79 
10.3 84 
lo4.10 
105.10 

106.10 
106-51 
l o i . 5 4  
lo8.10 
lo9.10 

l l o ' q g  
l l 1 . 1 3  
114.1.4 
115'1.3 
116.41 

Bench-murk8 

From 

1" 
2 
3 
4 
6 

G 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
3% 
33 
34 
35 

36 
31 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 

49 

61 
52 
'3 
64 
5G 

67 
6B 
b9 

Oi,arrrrd 
<,,, 

nl,uve ( + ) 
or brlow(-) 

( i u l b ~ ~ r g n  
 loon ra.sult. 

by l tvu 
levellera) 

fed 
+ 17'732 
+ 50.391 
+ 61 og+ 
- 32.941 
+ 7.3 bSg 

+ 85.552 
+ I 
+ 1 3 j ' q ! j  
+ ~"i.47 
+ 424'59.7 

+ 359.066 
+ 424';!9 
+ 4:4 j j b  
+ 6;,;-l,h,3 
+ 619.105 

+ 595.89.3 
+ 3 6 j . ~ ; , ~  
+ I ;  
+ 500.201 
+ j y 6 ' j o y  

+ 534'94R 
+ ~ j l . ; g X  
+ 497'570 
+ 480 760 
+ 4 j 9 . 1 1 1  

+ 543,916 
+ 533 j 9 9  + 51O.1Hh 
+ 472 227 
+ 438 176 

+ 470.097 
+ 4.37.0.37 
+ 554.257 
+ 558 274 + 5;r.6oj 

+ 542.384 
+ b.qg.gj.3 
+ 715.421 
+ 71.3.711 + 657.809 

+ 5Go.64R 
+ 543.427 
+ 5 2 9 . 7 ; ~  
+ 464.972 
+ 350.635 

+ 346.986 
+ 415 523 
+ .369'02,3 
t 345 ~ 8 5  
+ 285,557 

+ 268.381 
+ i;o 898 
+ ,31j.z01 
+ 274 212 
+ 278.665 

+ nhR.94; 
4. ~ 4 8 . 6 ~ 5  
+ 2 0 1 . 8 3 ~  
+ 2.32 001 

+ 198.808 

D i a c r e w n r ~  hrtxvwn 

TO 

2 
3 
4 
5 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
I t )  
19 
20 
21 

22 
23 
24 
25 
%ti 

27 
28 
09 
30 
31 

32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 
44 
45 
46 

47 
48 
49 
50 
51  

62 
63 
64 
66 
6(; 

57 
58 
69 
80 
61 

I r ~ v r l l ~ ~ v s  
(F i r s t - t i ee~ l l n  

F ~ l , , ~ ~ k  
(=4 

.foot 
0 0 0 0  

+ o 001 - o.oro 
0 '000 

+ 0.026 

+ 0'002 
+ 0.011 - 0.001 

+ 0.058 - 0.006 

- 0.024 
+ 0.022 

+ 0.005 
+ 0,096 
+ o . o o j  

- 0.010 
- 0.019 
- 0.01; 
- o.007 
- 0'001 

- o.oo.3 - 0.004 
- 0'023 - 0'029 
+ 0.001 

+ 0.025 
+ 0.017 
- 0.016 
- 0,017  
- 0.013 

- o.015 
+ o 041 
+ 0 . 0 3 6  
+ 0.003 
+ 0 ~ 0 0 . ~  

- 0.019 - o.org 
+ 0.022 
+ 0.009 
+ o.oo.3 

+ 0,003 
+ 0.015 
+ 0,011 

- 0,006 
+ 0,004 

0.000 
+ o.012 - 0.017 
- o oor 
+ 0.007 

+ 0,017 
+ 0,011 

+ 0,019 
+ 0.004 
- 0.004 

- 0.001 
+ 0.001 - 0.006 
+ 0'014 
+ 0 '007 

leveller) 

Totld from 
G l ~ l b t ~ r g a  

foot 
0.000 

+ 0 - 0 0 1  - o 009 
- 0.009 
+ 0.017 

+ 0.019 
+ 0.040 
+ o 029 
+ o.oR; 
+ 0.081 

+ 0.057 
+ o.o;g 
+ 0.084 
+ o . ~ X o  
+ 0.195 

+ 0.1;s 
+ 0 - 1 3 h  
+ 0.1.39 
+ 0 .132  
+ 0.131 

+ 0,128 
+ 0.114 
+ 0 l o1  
+ 0.072 
+ o.oj.3 

+ 0.098 
+ 0.115 
+ 0.099 
+ o 082 
+ 0.069 

+ 0.054 
+ o.oq5 
+ 0 . 1 3 1  
+ 0'13.1 
+ 0.137 

+ 0.118 
+ o.og.3 
+ 0.115 
+ 0 . 1 2 4  
+ 0.127 

+ 0.130 
+ 0.145 
+ 0.1 j 6  
+ 0.150 - 0 . 1 j 4  

+ 0.154 
+ 0.166 
+ 0.149 
+ 0.148 
+ 0.155 

+ 0.172 
+ o 18.3 
+ o.roz 
+ 0.206 
+ o.zo= 

+ 0'201 
+ o . ro r  
+ 0.196 
+ 0.210 
+ 0'217 



LEVELLING OPERATIONS. 

Line No. 24. Gulbarga to  Bezwada.-(Continued). 

Distance 
from 

Qulbarga 

miles 
117.64 
rao.lo 
120.38 
rzr.1.3 
122.13 

12.3'13 
~lj.t.3 
127.10 
12;,5.3 
1a8.1r 

129'76 
1.31'14 
131'73 
13.3'15 
136'66 

136.71 
138.13 
139.38 
140.38 
141'38 

142.38 
14.3'38 
144'.37 
14b.37 
147'36 

148'36 
149'57 
149.58 
150.00 
150.21 

1.io.j.8 
150.59 
151.26 
Ijr.yl 
152.52 

152.;0 
154'80 
154.88 
155.6; 
157.49 

157.82 
159.22 
160.22 
161.22 
161.22 

16.3.21 
1hq.z~ 
165.22 
166.23 
167.08 

167.09 
167.27 
168.17 
I jo.28 
1j1.18 

1;2.28 
173.29 
I ;  

174.31 
175.32 

D~nnmic 
LoilllL 

nboro ( + )  
or below (-) 
Gulburga 

f ~ e l  
+ ,61.778 
+ z17.604 
+ 250.029 
+ 2,3z.286 
+ 2jj.611 

+ ~49.~67 
+ 2 4 1 . ~ ~ ~  
+ ~ 4 4 . 6 ~ ~ 6  
+ as-.- 53 579 
+ z j q . 4 ~ ~  
+ 2~4.76~ 
+ 249-,313 + ~75.128 
+ 309.27j + 348.031 
+ 344.093 
+ 342'522 
+ 381.1jg 
+ 446.023 + 491'661 
+ 458'729 + 388'419 
+ 321.237 
+ 278'005 
+ 255.724 
+ 2.17'806 
+ 243'414 
+ 243,,327 
+ 215.632 
+ 226.519 

+ 217'945 + 221'037 
+ 206.709 
+ zo6,61,3 
+ 211'788 
+ 208.842 
+ 1.33'733 
+ 141'953 
+ 110'399 
+ 138'808 
+ 148'79.3 
+ 138'502 
+ 171'645 
+ 198405 
+ 230'475 
+ 216.156 
+ 198'343 
+ 182'6n7 
+ 142'5.31 
+ 124'382 

+ 116.415 
+ rl4'71ff 
+ 140'407 
+ 1 ~ ' 0 5 ~  

- 4.3'34(' 

- 52'h63 
- "9'0°.3 - 151'18l 
- 135'~~' - 111'3l5 

Observed 
olevntion 
above ( + ) 

or below (-) 
Gulbarga 

(mean result 
by two 

levellers) 

feel 
+ 261.882 
+ 217.691 
+ zjo.129 
+ 232.37') + 2jo.713 

+ 249,567 
+ 241.192 
+ 244'7.34 
+ 255.681 
+ 154.526 
+ 224.654 
+ 249.413 
+ 275,238 
+ .309'.399 
+ 348.172 

+ 344'231 
+, 342.6jq 
+ 381'291 
+ 446.201 
+ 491'857 
+ 458'912 
+ 388'574 
+ 321.365 
+ 278,116 
+ rjj.826 
+ 237.901 
+ 243'511 
+ 24.3'424 
+ 215.718 
+ 226.609 
+ 218.o.za 
+ 221.1zj 
+ 206.791 
+ 106.695 
+ 211.872 
+ ~ o 8 . 9 ~ ;  
+ 133.786 
+ 1.$z~oog 
+ 120.446 
+ 138.862 

+ 146.851 
+ 138.556 
+ I 
+ 198.484 
+ 230.567 
+ 216.342 
+ ~98.422 
+ r8r.760 
+ 142.589 
+ 124.432 
+ 126,466 
+ 114.764 
+ 1~0.464 
+ 22,061 
- 43.364 

- 52.68; - 119.052 
- 152.3~4 
- 135.,378 
- 1aa.366 

Dinarepnoy between 
Benoh.mslk8 

From 1 To 

nSnamic 
correction 

deduced from 
murk bomarlr 

~ 0 1 . ~ 1  lrom 
Gulbnrgs 

f m l  
-0.804 
- 0.087 - 0.100 
- 0.093 - 0.102 
- 0.100 
- 0.097 - 0.098 - o- 102 
- 0.102 
- 0.090 - 0.100 - 0,110 
- 0'124 
- 0'140 
- 0.138 
- 0.1.47 - 0.152 
- 0.178 - 0'196 
- 0'183 
- 0.155 
- 0.128 - 0.111 
- o.102 
- 0.09j - 0.097 
- 0.097 - 0.086 
- 0.090 
- 0.087 
- 0,088 - 0.082 
- 0.082 - 0,084 
- 0.083 
- 0'05.3 - 0.056 
- 0'047 - 0,054 
- 0.058 
- 0.054 - 0,068 
- 0.079 - 0.092 
- 0.086 
- 0.079 
- o.o;,q - 0'05; - 0.050 
- 0.051 - 0.0~6 
- 0'057 - 0.009 
+ 0.018 

+ 0'022 
+ 0'049 
+ 0.06.4 
+ 0.056 
+ 0.051 

levellers 
(F~~JL- second 

F:z\~yk 
( - d )  

fool 
-0-012 
+ 0.020 
+ 0.004 - 0.006 
+ 0'004 
+ 0'010 - 0.011 
+ 0'016 
+ 0.004 
+ 0.006 

+ o.010 
- 0.006 
+ 0.003 
- 0'011 
+ 0'047 

0.000 
O'Ooo 

+ o'ooj 
- o-oor 

0.000 

- 0,007 
+ 0'012 

+ 0'022 
+ 0.063 
+ o.020 

0.000 
+ 0'024 
+ 0.w~ 
- 0.004 
+ 0.004 
+ 0.011 - 0.005 
- 0-006 - 0,011 

- 0.0~1 
- 0.005 
- 0.010 - 0.001 
+ 0.004 
+ 0.041 

+ 0.003 - 0.001 
- 0,006 
+ 0.008 
+ 0.wj 
- 0.002 - 0.004 
+ 0.015 
+ 0.002 
+ 0-004 

0.000 - 0.007 
- 0.01 I 
- 0.00; 
+ 0.0.3; 
- 0.~09 
+ 0,036 
+ o.o#a - 0.010 
+ 0.010 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
98 
95 

96 
97 
98 
90 
100 

101 
102 
103 
104 
105 

106 
107 
108 
109 
110 

111 
118 
113 
114 
116 

116 
117 
118 
119 
la0 

leveller) 

Total from 
Gulborga 

foot 
+ 0-205 
+ 0.225 
+ 0-229 
+ 0.213 
+ 0'227 
+ 0.237 
+ 0.226 
+ 0.242 
+ 0.246 
+ 0'252 
+ 0.262 
+ 0.256 
+ 0.259 
+ 0.148 
+ 0.295 

+ 0'295 
+ 0.2g.j 
+ 0.300 
+ 0.298 
+ 0.298 
+ 0.291 
+ 0.303 
+ 0.323 
+ o.,?RR 
+ 0,408 
+ 0,408 
+ o.+,?a 
+ 0.4.37 
+ 0.4.33 
+ 0,437 
+ 0.448 
+ 0.443 
+ 0.437 
+ 0.426 
+ 0.405 

+ 0.400 
+ 0',390 
+ 0.389 
+ 0.,39,] 
+ 0.4.5 

+ 0.437 
+ 8.436 
+ 0.4.30 
+ 0 . ~ 3 8  
+ 0.443 
+ 0.441 
+ o.j.3.1 
+ 0.448 
+ 0,450 
+ o.4jq 

+ 0.4,;~ 
+ 0.447 
+ o 4.36 
+ 0 . ~ 2 9  
+ 0.466 

+ 0.457 
+ 0.493 
+ 0.505 
+ 0.495 
+ 0.505 

62 
63 
64 
66 
66 

67 
68 
69 
70 
71 

72 
73 
74 
75 
76 

77 
78 
79 
80 
81 

82 
83 
84 
85 
86 

87 
88 
89 
90 
91 

92 
93 
94 
95 
96 

97 
98 
99 
I00 
101 

102 
103 
104 
105 
1OG 

107 
108 
109 
110 
111 

112 
113 
114 
115 
116 

117 
118 
119 
120 
121 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLIN& 

Line No. 24. Gulbarga to Bezwada.-(Continued). 

Discrepancy belneen ~~~~~~~ 
levellers ubors ( + )  

Distnnce (First-Becond leveller) ,,,below (-) 
lro111 Qulbargn 

Qulburgn (1nea11 result 
F ~ ~ ' ~ ~ ~ k  ToLal from by two 

Gulbargrr levellere) (-4 

eorrectlon 
dedllred lronl 
~unrbbomnrk a ~ : ~ ~ ~ ~  ) 

orbelow (-) 

T a l ~ l  from Gulbarga 

Ciulborga 

miles fool 
175',;4 - 0.001 

1i6.33 - 0 . 0 1 2  
I - - .  I 2 - 0.021 
178.34 + 0 - 0 1 7  
179'34 + 0 ' 0 ~ 9  

feet - 98.012 
- 46'419 
+ 20'192 
+ 0.933 - 22'707 

fool 
+ 0'041 
+ 0 ' 0 2 0  

- 0.00; 
+ 0-001 
+ 0'011 

feel 
- 97'971 - 46,399 + 20.185 
+ 0.9.34 - 12.696 



LEVELLIKG OPERATIONS. 

Line No. 24. Gulbarga t o  Bezwada.-(Continued), 
- 

tlenoh.mnrks 

F rom 

IR2 
183 
18J 

187 
188 
I s 9  
190 

191 
102 
193 
1514 
195 

196 
197 
198 
199 
200 

201 
202 
21'3 
204 
205 

206 
207 
208 
209 
210 

211 
212 
213 
214 
215 

216 
217 
218 
219 
2'20 

221 
22% 
223 
224 
225 

226 
227 
228 
229 
230 

231 
232 
239 
234 
235 

236 
2.17 
238 
289 
240 

nistnneo 
f r o ~ t ~  

Gulbargs 

t r ~ i l t . ~  
229.55 
230 '5 j  
231.55 
2.32',45 
1.33'55 

2.34'55 
2.33.55 
233.71 
2.46.00 
~ 3 6 . ~ 8  

23f.58 
2.38.j8 
239.60 
240.58 
241'59 

242'59 
24.1~.59 
244 j 6  
245.54 
246.76 

247.76 
248.76 
249.76 
2 j o 7 5  
251'93 

252.00 
253.00 
2 j i . 0 0  
255 oo 
256.00 

257'00 
258 00 

2.59.00 
z6o.00 
260..35 

261.15 
263.15 
264.15 
265.15 
166.15 

267.15 
268.15 
269.10 
270.09 
271.09 

272.08 
272.56 
272.64 
273.15 
274.14 

275.14 
z7h.14 
277'14 
279.12 
280 -10  

2R0 .~5  
281.17 
2Rz.17 
28.3.16 
284.15 

- 

To 

182 
la' '  
18-h 
1% 
180: 

187 
I 8 8  
IS!) 
130 
191 

I 9 2  
193 
194 
195 
196 

197 
198 
1!19 
200 
201 

202 
203 
204 
206 
206 

207 
2118 
209 
210 
211 

212 
213 
214 
215 
216 

217 
218 
219 
220 
221 

222 
223 
224 
225 
226 

227 
228 
229 
2;iO 
231 

232 
233 
231 
2 
236 

237 
238 
230 
2 W  
241 

Diserr),nnlrr I , c ~ . a ~ o ~  

(F i rs t -  bre,,,,,( 

Kr,,1,1 ,,,,,rk 
t l ,  ,HI. 

( = d )  

foot 
.+ 0.020 
+ 0-02.3 
+ 0 022 
+ 0 '011 
' 0.007 

+ 0'005 
- 0.006 
+ o . o o r  - o.ooK 
+ 0.003 

+ 0.007 
+ 0 ooy 
+ 0 -008  

0'000 - 0.007 

+ 0 '007 
+ 0 0 1 0  

0 -000  
+ 0 ' 0 2 j  
+ 0.017 

+ 0'011 - 0.015 
+ 0.021 - 0.006 
+ 0 '033 

+ 0.005 - O ' O O j  

+ 0.027 
+ o 009 
+ o.001 

+ 0'002 
+ 0.012 
+ 0.019 
+ 0.008 
+ o.ooz 

- 0.026 
+ 0.008 
+ 0.007 - 0.007 
+ 0.019 

+ 0.009 
+ 0.017 
+ 0.008 
+ 0.021 
+ 0 .011  

+ 0.004 
+ 0.006 
+ 0.002 - 0.001 
+ 0.008 

+ o . o l r  
+ 0.013 

0.000 - 0.005 
+ o . o ~ o  

+ 0.005 - o 004 
-0.oo.q 
+ 0.02.q 

0.000 

D.vnnmi~ 
111'l:llt 

1 1 1 1 r w r  ( + ) 
~r below ( - )  

Gulburgu 

feet 
- ,2.15 

- c)25.4iB - 9r4.828 
- 933.8 j5  
- 902 5 j 7  

- 9,3;.149 
- 918.971 
- 9,~.o i l  
- 9 2 3 . z j z  - 926.6i3 

- 896.3.35 
- 875.3f,6 
- $86.382 
- B 4 4 . 9 4 ~  
- 874.351 

- 890.47~ 
- 9th  6,qj - 9,38.864 
- 949 0 1 2  

- 970 j + r  

- gR7.o;j 
- 1ooz .2~7  
-1001 590 
- 1 0 2 0  701 
-1004.12; 

-roo7.RgR - 10,35.669 
-1ojz .z86 
- 10i4'409 
-1o,j4'1j1 

-102i '52 j  
-1054'997 - 10fb4'019 
-1094 051 
-1092 80.3 

-1124.874 
-1142,687 
-1142.631 
-1144'515 
-1164.614 

-1186.4.17 
-IZZR 96.3 
-12, iO 16.3 
- 1 ~ 1 5 ' h 4 1  
-1248'621 

- I Z ~ R ' ~ R ~  
-1291'908 
- 1 z q 4 . 1 ~ 6  
-130H'46+ 
-1166'114 

-1270'21'J 
- 1 2 J 9 ' 5 ~ ~  
-1142'94.I 
-1179'799 
-"09'019 

-f2.38'9Z1 
-124.3'~'59 
-125(".343 
- lzHh . 3 ' ~  
-1293'173 

oh""pcd 

PICPIIIIUII 
HI 'u~ ( + ) 

01. Iwluw ( - )  
I I 

(~nbvt~tb I ?9111t, 
by I.N-" 

levellere) 

I feet . 
- 942.548 - g 2 5 . 6 6 ~  
- 945 220 
- 934.262 
- 902 931 

- 935.537 
- 919 j j z  
- 916  451 
- 92.3.6.35 
- 927.027 

- S96.706 
- 875 728 - 8R6.749 
- 8 4 j ' r y g  
- 874.713 

- 890.840 
- 91; 01.3 - g.lg'Zj.1 
- 949'405 - 970.144 

- 987.482 
-1002 6,z 
- 1 0 0 2  005 
-IOZI.IZJ 
-1004'j43 

-roo8..<16 
- 10,36.099 
-1042. j l o  
- 1044 843 
-1oj4.581 

-1027'9$2 
-1055.495 
-1064.461 
-1094'506 
- 1 o g j . z j 8  

-1125..342 
-114.3 163 
-1143.110 
-1IJ4'992 
-116j .099 

-1186.931 
-1229 475 
-12.30.675 
-1~16 .11 ;  
-1249.141 

- 1 r 8 8 . 8 ~ 6  
I - 129+.665 
-13og.oor) 
-1266.641 

- tz7o. i4R 
- I Z , ~ O . O ~ , ~  

- r~+ ,q .qho  
-~,Ro.zRr) 
- 1 z o g . 5 1 ~  

- 2 4 9  
-1244.177 
-12,;bRb; 
- ~ ~ 8 6 ~ 9 0 1  
-1193'713 

I~vt.I/,.rs 
laupller) 

'Tot111 frt31n 
C;~~~UIII-:.IL 

frct 
+ 0.768 
+ 0.791 
+ 0'81.3 
+ 0.814 
+ 0.817 

+ 0.822 
+ 0.816 
+ o 818 
+ 0 . 8 1 0  
+ 0 81.3 

+ 0.820 
+ o 829 
+ 0.8.37 
+ 0.8.37 + o'b.10 

+ 0'8.37 
+ 0'847 
+ 0.847 
+ 0.872 
+ 0.889 

+ 0.900 
+ o 885 
+ o 906 
t o goo 
+ 0,933 

+ o.q,~R 
+ o.I),<,I 
+ o.gho 
+ 0,969 
+ 0,971 

+ 0.973 
+ 0-985 
+ I.OO+ 
+ I.OIZ 

+ 1.014 

+ 0.988 
+ 0.996 
+ 1.00.3 
+ 0.996 
+ 1.015 

+ 1.014 
+ 1.041 
+ 1.049 
+ 1.070 
+ 1.081 

+ 1.085 
+ 1.091 
+ 1.09.3 
+ 1.092 
+ 1.100 

+ 1.112 
+ 1.125 
+ 1.125 
+ 1.120 
+ 1.130 

+ 1.1.15 
+ 1.r.31 
+ 1 . 1 2 8  
+ 1.151 
+ 1.151 

I)gl l l l l ) l ic 
r,,vv ,.,., ,<,, 

~ledl tcrd lrvn, 
I l , , , r .~tO ,,,,, l.b 

, , 
C;ulbargs 

foot 
+ o.391 
+ o 38, 
+ 0 .,,,)2 
+ 0 . ~ 8 ;  
+ 0 . j 74  

+' 0.388 
+ O.,,HI 

+ 0 . ~ 8 ~  
+ 0 . ~ 8 , ~  
+ 0.384 

+ 0'371 
+ o.jh2 
+ o . j 67  
+ o.,i;o 
+ 0.362 

+ 0.369 + 0.380 
+ 0.381) 
+ o', lqd 
+ o . 4 0 ~  

+ 0.409 
+ 0.415 
+ o 41 j 
+ 0.42.3 
+ 0.416 

+ 0.418 
+ 0.430 
+ 0.4.3.3 
+ 0'434 
+ 0.430 

+ 0'427 
+ 0.4.38 
+ 0.442 
+ 0.455 
+ o . 4 j 5  

+ 0.468 
+ o 476 
+ 0.476 
+ 0.477 
+ 0.485 

+ 0.404 
+ 0.512 
+ 0,512 
+ 0.506 
+ 0.520 

+ 0'5.37 
+ 0.5.39 
+ 0.531) 
+ 0'545 
+ 0.527 

+ 0'52,) 
+ 0.511 
+ 0.517 
+ 0'490 
+ 0'50.1 

+ 0'51h 
+ O"5111 
+ o , 5 2 4  
+ 0.537 
+ 0'540 



RESULTS OBTAINED FROM SIMULTANEO'US DOUBLE-LEVELLING, 

Line No. 24. Gulbarga to 6ezwada.-(Continued). 

Difference of dynamic height, Gulbarga to Bezwada = - 1422.383 feet. 

Length of line in miles = M = 319.89. Sd" 0°063811. 
- 
Cd2 Pmbable error of the mean result per mile. of double-levelling = 0.6745 dZx = + O.W43. 

- 

-- 

C d" ermr of the ditlemoa of elevation betneen the terminal bench-marks = 0.6715 d% = + 0 ' 0862. 

qzicC 
nborr ( +  , 

or helurr ( - )  
Gulbargn 

feet 
-128q';;t 
- 1 3 1 o ' o o j  
-1~ ,q~ ' f10 .3  
-13.30.88: 
- 1 3 4 ; ' ~ R l  

-1350'124 
- 1 3 ~ + , 0 7 8  
- l , ; j g ' l o o  
-13+9 .611  
- 1 j 7 z . o j +  

-1,380.R41 
-1,139'239 
-1,316.006 
-1.3.qb.286 
- 1 . ~ 6 3 ' 3 ~ ~  

-1,369'ojo 
- 1363.2911 
-138z.422 
-1.3;j'R;o 
-1397.813 

-I ,v) . ; '~ .?I  
-1,383 608 
- 1 . ~ ~ 8 ' 0 ~ 8  
-1401.871 
-1410'j17 

- 1 ~ 0 4 ' 1 2 ' )  
-1406'124 
- 1 4 0 8 ~ 8 6  
-1414'664 
- 1 q 1 j . 9 3 1  

-1421.160 
- 1 ~ 2 1 ' ; 4 2  
-1423'49.3 
-1424,539 
-1423.109 

-1422.112 
- 1421.33; 
- 1 4 t z . j j 5  - 1422.383 

* Denhmark No. 280 is the msrk at Bawoda described on page 13a. 

1)~nllmic 
co r ru r t io~~  

dedhaced from 
ulnrk ton~ork  

Told  from 
Qulbarga 

foot  
+ o.;,3r) 
+ 0 ' 5 4 8  
+ 0.561 
+ 0 . j57  
+ 0'565 

+ 0'566 
+ 0'559 
+ 0.gh8 
+ 0.566 
+ o . j ;6  

+ o ' j 8 o  
+ 0'562 
+ 0 . 5 . ; ~  
+ 0 . 5 6 1  
+ 0.573 

+ 0.575 
+ 0.57.3 
+ 0.581 
+ 0 ' ; j8  
+ o.jRR 

+ 0'587 
+ 0.542 
+ 0.588 
+ 0.590 
+ O'j9.3 

+ 0'590 
+ o . j 9 1  
+ 0'592 
+ 0 . j 9 5  
+ 0'596 

+ 0.597 
+ 0'597 
+ 0'598 
+ 0.599 + 0.598 

+ 0.597 
+ 0.597 
+ o . j 9 7  
+ 0'597 

Ohsl.rved 
elevntian 

above ( + ) 
or below (-) 

Gillburga 
(menn reault 

by two 
levellers) 

f ~ p r  

-1lqo.,311 
, -1310 ' - -*  

- 0 6  
-1.3q1.442 
-1.348..346 

-1350.690 
-1334.6.4; 
-1,qgj';68 
- 1.a50.177 
-1372'610 

-13R1.421 
-1,339.801 
- I  

- 1 3 H 4 7  
-1303.917 

-1,369.hl j  
-1,303.871 
- ~,qH;.oo,z 
-1.1;6.43; 
I 

-1.396'018 
- 8 j o  
-1398.666 
-1402.461 
-1411'110 

-r404' ;19 
- 1 4 o ; . j 1 j  
- 1401)'438 
- 1 4 a j . 2 5 9  
- 1 ~ 1 8 ' j z ;  

-1421.757 
-142?'j,qg 
-1124'091 
- 1 8  
-1423';07 

-1422.70') 
-1422.9.14 
- 1 4 2 1 . 9 ; ~  
- 1422'980 

~ench-marks  
~ i b l a n o e  

from 
Gulbarga 

Diacrepnncy 
levellers 

(Fimt-aecOnd 

F;:::rk 
(-4 

foot 
+ 0.017 
+ o ' o o j  
+ 0.010 
+ 0.006 

o.ooo 

+ 0.003 - 0.009 
+ 0.008 
- 0.006 
+ 0.015 

+ 0.009 
+ 0.013 
- o.oo.3 
+ O . O I ~  
+ o .02 j  

- 0.004 
+ o.002 
+ 0.006 
+ o . o z R  
- 0.008 

- 0.016 
+ 0.002 
+ 0.011 
+ 0.001 

+ 0.028 

+ 0 .015  
+ 0.009 
+ 0.009 
+ O . O I ~  

+ o . o o j  

- 0.001 
+ 0 . 0 1 7  - 0.003 
- 0 .010  
+ 0.002 

+ 0.009 
+ 0,009 
+ o . o o ~  
+ 0.003 

lcvclJer) 

Total from 
Oulbarga 

feet 
+ 1.168 
t 1'17.3 
+ 1.183 
+ 1 , 1 8 9  
+ 1.189 

+ 1.192 
+ 1 . i8g  
+ 1.197 
+ I 
+ 1.206 

+ 1.215 
+ 1.228 
+ 1.225 
+ 1 . 2 3 8  
+ 1'26.3 

+ j 
+ 1 . ~ 6 1  
+ 1.267 
+ 1.21~5 
+ 1.2117 

+ 1'271 
+ 1.279 + 1.284 
+ 1.285 
+ 1'313 

+ 1'328 
+ 1.337 
+ 1,946 
+ 1..361 
+ 1'364 

+ 1'363 
+ r'.qBo 
+ 1'577 
+ 1'3h7 
+ 1'369 

+ 1'378 
t 1,,387 
+ 1 . j88  
+ 1.391 

From I TO I 
241 
2.12 
21-3 
244 
245 

246 
247 
258 
249 
Y50 

261 
252 
253 
254 
255 

256 
257 
258 
259 
260 

2G1 
262 
163 
2G4 
265 

266 
267 
268 
2G9 
270 

271 
272 
273 
274 
275 

276 
277 
278 
279 

24% 
243 
2.14 
245 
246 

24.7 
2I8 
249 
250 
251 

252 
253 
254 
255 
256 

257 
258 
259 
260 
261 

262 
2(i3 
2fi4 
265 
266 

267 
268 
2fi9 
270 
271 

273 
273 
274 
2i5 
Ziti 

277 
278 
2i!) 
280' 

miles 
285.16 
286.17 
2s;. 18  
288.18 
289.18 

289.51 
290.21 
291.22 
292.2.3 
293.24 

29+.26 
rg;.rR 
zq6.ztl 
'97.29 
298.29 

291).29 
299.59 
300.37 
.301.,37 
302.57 

303.37 
304.38 
,qoj.38 
3o6.,3R 
307'38 

308.36 
.309..qj 
310.34 
311.3; 
3 1 a . j 6  

513.36 
.314.37 
315.36 
31637  
317..36 

.318.,35 

.319.;4 
3 1 9 8 8  
319.89 



LEVELLING OPERATIONS. 

Line No. 25. Kedgaon t o  Diksal. 

Difference o f  dynamic height, Kedgaon t o  Diksat = - 118.224 feet. 

Length of line in miles = M = 30.64.  Xd9 = 0.003679. 
- 

I'rolmble error of the mean result per mile of double-levelling = 0.6745 2/:112 = & Q , W l ) i  

Bmoh.marks 

From I To 

- 
L'ro\x~blc rrror of the d i k r r o e e  of elevation between the terminal bench-marts = 0.6i15 d2j = i. O'UNi 

~ i ~ h ~ ~ ~  
from 

bedguon 

milss 
0.65 
a ' o l  
7 
9 '21  

10, ; I  

12'8.1 
12'96 
1.3-56 
14 '40 
17.46 

19 '01 
20.,37 
21.65 
24.40 
26.35 

16.74 
2 8 . 1 8  
29 8 1  
30 '64 

1. 
a 
3 
4 
6 

6 
7 
8 
I, 
10 

11 
12 
13 
1 4  
15 

16 
li 
18 
19 

-- --- 
Uunch.marl: KO. 1 is the mark at  Kedgaon described on pnge 134. t Bench-mark No. 20 is the mark at Diksnl descril~cd ou P W  

2 
3 
4 
6 
G 

'7 
8 
9 

10 
11 

12  
13 
1 4  
1s 
16 

17 
18 
19 
W 

Observed 
r l e r u l i o ~ ~  

above (+)  
or bolow (-) 

Kedguon 
(moan vesult 

by two 
levellers) 

f e ~ t  
- 1 1 0  

- 36.358 - 64.76O 
- 78,996 - 64.40.3 

- 91.8.38 
- 90..1.39 
- 83.666 
- 98 306 - 104'936 

- 62'.389 - 44'514 - 64.721 
- 89-642 
- 64'584 

- 67.779 - 8 8 ~ 2 9 j  
-110 .3 jz  
-118'267 

D~llanl io 
correction 

dcduccd from 
mark to mark 

Tot111 from 
Kedgnun 

fool 
+ 0.004 
+ 0.013 
+ 0'02,q 
+ 0.028 
+ 0.023 

+ 0.03.4 
+ 0.033 
+ 0.0.31 
+ 0.0.46 
+ 0.0.38 

+ 0'03.3 
+ 0.017 
+ 0.024 
+ 0.0.3.3 
+ 0.024 

+ 0 . 0 ~ 5  
+ 0.032 
+ o 'o jo  
+ 0.043 

Disereponey between 
levellers 

( ~ i ~ ~ t - ~ ~ ~ ~ ~ d  leveller) D ~ n n m i o  
'loiglr~ 

above (+ )  
or hclow (-) 

Kedgaoll 

feet - 
- ,36.3q5 
- b4.;4J - 78.968 
- 64.380 

- 9 1 . 8 ~ 5  
- 90,306 
- 83.63s - 9B.zjo 
-104.898 

- 62.,366 
- 44.497 - 04.69; 
- 8 9 . 6 0 ~  
- 64.560 

- 67.754 - 88.261 
-110 ,312  
-118.zzq 

- 

 bran^ murk 
l o  

( = d l  

food - 0.008 
- 0.02.3 - 0'00.l 
- 0'008 
- 0.011 

- 0.0.31 
' 0'000 

+ o ooz 
+ 0.006 
- 0.030 

+ 0.008 
+ 0.009 
+ 0 .016  
- 0.021 
+ o'ooz 

+ o.002 
+ o.oo.3 
- 0 . 0 ~ 0  

- o . o o j  

Tolal from 
liedgaol1 

foot - o.008 
- 0'031 
- O'o,lj - 0.043 
- 0'054 

- o.oR5 
- 0'085 
- 0.08.3 - 0'077 
- 0.107 

- 0.099 
- 0.090 
- 0,074 - 0.0,): 
- 0.093 

- 0 . 0 ~ 1  - 0.088 
- 0-098 - 0.103 



BESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 26. Diksal to Gulbarga. 

mile6 fool foot feet 
a.99 + o . o o j  c o.oo,; - 24.089 
4 .16  - 0 . 0 1 4  - 0-009 - 23'5R5 
6.16 + 0 .009  0.000 + 7'999 
7.27 + 0 . 0 0 ~ ~  + 0.009 + 0.882 
7 - 0.003 + 0.006 - 8.64.3 

11.35 - 0.022 . - 0.016 - 28.011 
l " j 1  + 0'002 - 0 ' 0 1 4  - 31'579 
12.39 + 0 ' 0 0 9  - 0 . 0 0 5  - qS.149 
1 - 0.008 - O ' O I j  - 37'445 
18.87 - 0.012 - o e o r j  - 52.969 

19.02 0.000 - 0.025 - 53'230 
19.62 - 0,008 - 0-0.33 - 57'341 
20.85 - 0 .006  - 0-039 - 34.692 
21'74 + 0'002 - 0-037 - 3'.331 
zj.9.z + 0.012 - 0 - o z j  + 71'366 

24'80 0.000 - 0.025 + 101.126 
25.09 + 0.001 - 0.024 + brb.060 
28.85 - 0-010  - 0.0.34 + 60'8.32 
~ 9 . 5 5  + 0.005 - 0.029 + qj '21.3 
z P 9 4  o.ooo - 0-029 + 40.980 

I - o,ooR - 0.0.37 + 32'166 
3 1 . 9 6  - 0.006 - 0.043 + 42~12R 
33.71 - O'Ol.3 - 0.056 + 30'5'9 
35.94 + 0.019 - 0.037 + 96'965 
39'20 + 0'011 - 0.026 + tZj'j7.3 

39.41 - 0.005 - 0'0,31 + lrg'.;9fl 
40.26 - 0.00.3 - 0.0.34 + r57.986 
4n'H7 o.ooo - o . o j 4  + 166..306 
43.87 - 0.026 - 0.060 + 118.660 
44'3.3 + 0'002 - 0.058 + 117'412 

45'57 - 0.010 - 0.068 + 89'185 
47.38 + 0-006 - 0.06a + 55,632 
47'61 - 0.001 - 0-06.3 + 55'2.37 
50.35 - 0.007 - 0.070 + zq'8z.i 
50.48 + 0.001 - 0.069 + 23'3j.3 

51'00 + 0.006 - 0.06.3 + 17.180 
j 1 . 8 5  + 0.004 - 0.059 + 3.569 
53'52 - o ' o o j  - 0 ,064  - 39.478 
54.43 - 0.014 - 0.078 - 37 .918  
57 '61 + O.OZE - 0.050 - 67,778 

68.88 - 0.008 - 0.058 - 1jo.06.3 
6 0 ' 8 ~  - 0.01.7 - 0.071. - 144.948 
iR.08 - 0.02.3 - 0.094 - 175.575 
R R - , V J  + 0 .014  - o.060 - 198.5.36 
89.55 - o . o l a  - 0,092 - rg1.639 

90 '31 - 0'009 - 0.101 - 198'602 
92 '76 - 0.005 - 0.106 - 14.3 1 2 0  
IH-a4 - o'OB4 - o . r m  , - 1.#2-6.3g 
9 5 ' 1 j  - 0 '004  - 0 '124  - 172.;,ql 
9 6 , o j  + 0.006 - 0 . 1 1 8  - 1 ~ 9 . 1 4 j  

98.64 + 0'004 - o . 1 i 4  - 189..307 
99',3,1 + O.012 - o.102 - r7b.hR4 

- 9 1 0 .000 - 0 .  102 - 165.0H1 
100'17 - 0'001 - 0.104 - 16~. ,3R5 
1 0 1 ' 1 0  + 0.008 - 0 . 0 ~ 6  - l,08.8go 

foot feet 
+ 0.008 - 24.081 
+ 0,008 - z.z.577 
- 0.003 + 7,9176 

0.000 + o.RIz 
+ o ' o o j  - 8'640 

+ 0 .010  - 28.001 
+ 0.011 - 31'568 
+ 0 '014  - 4 1 ' I J j  
+ 0.01.3 - 37'4.32 
+ 0.018 - j r . g j 1  

+ 0.018 - 53-212 
+ 0'011) - 57'322 
+ 0.011 - 34'681 

0 '000  - 3'332 
- 0'027 + 71-339 

- 0.0.38 + ro1.188 
- 0.042 + I I I '018 
- 0 ,024  + 60-808 
- 0.018 + 45.195 
- 0.017 + 40,913 

- 0.014 + j z - 1 5 1  - o,orH + 42 ,110  
- 0-017 + 39'502 
- 0.038 + 96-927 - 0 . ~ 8  + 1 2 5 . j 2 j  

- 0 '049  + 1291.549 
- O.Oi9 + 157'927 - 0.062 + 166'244 
- 0.048 + 118.612 
- 0.014 + I 17. j68 

- 0.034 + 89.151 - 0 . 0 ~ 2  + 55 '610  
- 0 ' 0 2 ~  + 5j .215 - 0-011 + 24.814 
- 0 . 0 1 1  + 23'343 

- 0 . 0 0 9  ' +  17-171 - 0,004 + 3'565 + 0.008 - 29'470 
+ 0'011 - 37'907 
+ 0 . 0 ~ 2  - 67.156 

+ 0.046 - 130'017 
+ 0 . 0 ; ~  - ~ 4 4 . 8 9 6  
+ 0.064 - 175 . j11  
+ o.oi.3 - 198.46.3 + 0.076 - 191-563 

+ 0'079 - 198'523 
+ 0,057 - 143.063 

, + 0.057 , - t42.578 
+ 0.069 - 17z.Ohr 
+ 0.075 - 189.066 

1 + 0 - 189 .gg  
* 0.070 - l i f i . 8 1 ~  
+ 0.066 - 165 .91 i  
+ 0,065 - 162..31~ 

~ E : F ~ ~ ~  
( + )  

or  below (-) 
Dik8s' 

I I I I I I I I I, 
Bench-mark So .  1 ir  Lhc mnrk J D&ad  described on pnge 133. 

2::z.L 
dccltlced from 
Il,urktomurk 

Tolal from 
Dihaal 

~ ~ g , ~ , : ~ ~ ~  
aborr  ( +)  

or below (-) 
I)~kaal 

(meon reault 
by Lno 

lcvelkers) 

Distance 
from 

Diksal 

Discrepnnry between 
levellers 

(Firat-Seeolld leveller) 
~ench.mark8 

F ~ ~ ~ ~ ' ' k  
( = d )  

From 
Total from 

UiLsaL TO 



LEVELLING OPERATIONS. 

Line No. 26. Diksal to Gu l barga.-(Continued). 

Difference of dynamic height, Diksal to Gulbarga = - 168.800 feet. 

Length of line in miles = M = 170.56. Z b  = 0.015823. 

Probable error of the mean reault p r  mile of double-levelling = 0.6745 d g  = 0.0033, 

- 

Probable error of the diEereoece of elevation between the terminal bench-mark. = 0.6745 Jy = k o'0'2r' 

---- 

Bench.muk No. 97 is the mark at Gdb . rgs  dcacribcd on page 139 

Distance 
fro111 

Dikaul 

mile8 
102.08 
l o b . j o  
l07'.Z9 
loi'N.3 
107.97 

I o R . . ~ ~  
109.5.3 
100.61 
109.72 
111-8.3 

115 .44  
115.,<3 
1 2 2 . 2 ,  

122.2g 
122.80 

129.55 
1.30.96 
131.66 
136.42 
139'17 

139.;R 
I .%~.RB 
140.67 
141.40 
143.58 

145.49 
145.60 
149.76 
153.91 
15j..34 

156.51 
1;j.Rj 
162.97 
16*.65 
170.41 

170.56 

Benoh-marks 

F r o n ~  

-- 
61 
62 
63 

65 

66 
67 
68 
63 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

8 1  
82 
83 
81 
sj 

86 
87 
83 
89 
9 0  

91 
92 
93 
94 
95 

96 

Observed 
elevntion 

above ( +) 
or b * l o ~  (-) 

I)ikmul 
(mcun reault 

by Lso 
levellers) 

D?'nomio 
correction 

dcdllced from 
murk to mark 

Totnl from 
Dik9.l 

To 

G2 
63 
6J 
65 
66 

(i7 
68 
69 
70 
71 

72 
73 
74 
75 
76 

77 
78 
79 
8 0  
81 

83 
83 
84 
85 
86 

87 
88 
89 
W 
91 

92 
93 
94 
96 
96 

95* 

Diaorcpancg bet,ween 
l r rc l l r rs  

(First- ~~~~~d leveller) 
D ~ n n m i c  

bcigllt 
ubovu (+)  

or below (-) 
Diksnl From l l~nrk 

to lwrk 
( =,J) 

feet 
- I17.i3g 
- 1 ~ , ~ . 2 ~ q  
- 175.615 - 180.i60 - 1 ~ 8 . ~ 7 6  

- 16,5.493 - 128.7j9 - 114.23z 
- 124 .17 i  - rjq.618 

- 189.935 - 189.982 - 18z.8jo 
- 177 .75  - 166,807 

- l z j . 6 6 ~  
- 1 ~ 0 . 1 1 3  
- 256.354 
- 121.282 
- 184.246 

- 181'253 
- 1jo.027 
- I ? R . Z Z Z  
- 96.766 
- r j3 ' 516  

- 1R5.0.36 - 18 j .101  
- 205'959 - 219.800 - 209'.378 

- 148,186 
- 90.430 - 160,9;4 
- 100.896 
- 168.451 

- 168.800 

Total from 
Uiksal 

foot 
+ 0 .009  - 0 ' 0 2 3  
+ 0 '004  
- 0'007 

0.000 

- 0'00.3 
+ 0.001 
- 0.004 
- 0.005 
- 0 '01 ;  

+ 0.006 
+ 0.001 
- o.001 
+ 0 .00 ,  
- 0.010 

- 0.02.3 
+ 0.008 
- 0.038 
+ 0.029 
+ 0'0" 

+ 0.004 
0-000 

- 0'004 
+ o.001 - 0.034 

+ 0.002 
0.000 - 0.015 - 0.008 

- 0.002 

+ 0.006 
+ 0 .001  - 0.050 
+ 0.004 
+ o . 0 ~ 1  

+ o.001 

foot 
- 0.043 - 0.066 - 0.061 - 0.069 - 0.069 

- 0.072 
- 0.071 - 0,075 
- 0.080 - 0.097 

- 0.091 - 0,090 - 0 ,092  - O.OC,l - 0.101 

- 0.124 - 0 .116  - 0 . 1 5 ~  - I - 0'104 

- 0.100 - o ' l o o  - 0.104 - 0.103 - 0,137 

- 0.135 - 0.135 
- 0.150 - 0 .158  - 0.160 

- 0.154 
- 0'15.3 
- 0.20.3 - 0.199 - o.1;8 

- 0 .177  

feet - 127.790 
- 19,1'353 - l i 5 ' j o h  - 180.833 
- 178,648 

- 165.560 - 128.R.3~ - 1z4.28,? 
- 1 2 4 . 2 2 8  
- 154.681 

- 1 g o . 0 1 ~  
- 190.0:9 - 182.904 
- , 
- 166.875 

- rz.z.714 
- 140.170 
- 256.458 - 221.372 - 184.321 

- I 
- 170'096 
- 1 2 R . 2 7 ~  
- 96.805 
- 1j3. j7R 

- 1 R j . 1 1 1  

- 185,236 - 206 .043  - 219.890 
- 209.464 

- 148.247 
- 90.467 
- 1 6 r . c ~ o  - 100.937 
- 168.510 

- 168.869 

foot 
+ 0 . ~ ~ 2  

+ 0,078 
+ 0.071 
+ ,0.073 
+ 0.072 

+ 0 . ~ 6 ;  
+ 0.053 
+ o . ~ ~ ~  
+ 0.051 

+ 0'06.3 

+ 0.077 
+ 0.077 
+ 0.074 
+ o.oi2 
+ 0.068 

+ 0.051 
+ o . o j 7  
+ 0.104 
+ 0.090 
+ 0.0;s 
+ 0.074 
+ 0,069 
+ 0.052 
+ 0.039 
+ 0.062 

+ 0.075 
+ 0.075 
+ 0.084 
+ 0.090 
+ 0.086 

+ 0.061 
+ 0.0.37 
+ 0.066 
+ 0.041 
+ 0,069 

+ 0.069 



ssc 2 I 
~ E S U L ~  OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 27. Diksal to  Nira. 

Difference of dynamic height, Diksal to Nira = + 135.912 feet. 

Length of line in miles = M = 52.94. Ct12 = 0.010399. 

Probable ermr of the mean result per mile of double-levelliog = 0.6745 d z  = + 0 . 0 0 1 .  - 

Dzi{yF 
( + ) 

orbe loa  ( - )  
Diksnl 

feet 
- ,39'038 
- 44.080 
- 41.747 - 45'124 - 27'8jo 

+ 168.362 
+ 79'381 
+ 82.2.34 
+ 121.416 
+ 95'875 

+ 108.8.31 
+ j8.011 
+ 84 ' j55  
+ 100.612 
+ 138'424 

+ 1,3j.;46 
+ 10.3'5,;l 
+ 1 l l . 1 8 9  
+ 120'0;l 
+ 108.253 

+ ~ o o . j R j  
+ 145.612 
+ r j1 .141  
+ 186 .zzo  
+ 144'653 

+ 1.3q.601 
+ 15.3'917 
+ 141.766 
+ j j g .o j8  
+ 142'86r 

+ 13j .911 

Pr~ll;lhle error ol the difference of elevation between the terminal bench-marks = 0.6745 = & 0.0311,. 

~~~~~~ 
d e d ~ c c d  lrom 
l,,ark to 

Toto1 From 
Diksul 

foot 
+ 0'014 
+ 0.016 
+ 0'015 
+ 0.016 
+ 0 '010  

- 0.061 
- 0'029 
- 0.0.30 - 0.044 
- 0.035 

- 0'040 - 0'029 
- 0.0.31 
- 0,037 
- o ' o j ~  

- o . o j o  
-0.0.38 
- 0'041 - 0'044 
- 0.040 

- 0.0.47 
- o , o j j  
- 0.052 
- 0.063 
- 0.053 

- 0.051 
- 0,056 
- 0.051 
- 0.059 - o .o j3  

- 0,050 

- ~. ~- -. 

' Ucucb.lllark No. 1 is the mark a t  Diksal described on page 133, t Bench-mark No. 32 is the mmk at Nua dcscribd on IWC 135. 

nborc (+ ) 
or below ( - )  

Dihsal 
(mean rcaull 

by two 
lcrcllors) 

feet 
- 39'0,;2 - 44.996 - 42.761 
- 4 j .140  - 27.860 

+ 168.42.3 
+ 79.410 
+ 82.264 
+ 121.460 
+ 95'910 

+ 108.871 
i 78.040 
+ 84.586 
+ I O G . ( P ~ ~  
+ 138.475 

+ 135.;96 
+ roj . jXq 
+ I I I ' Z , ~ ~  

+ 120 '115  
+ 1 0 8 . ~ ~ 3  

+ 100.622 
+ 1qi.66.j 
+ r 4 1 . r y . ~  
+ 186.288 
+ 144.706 

+ 1.39.65~ 
+ 15.3.9j3 
+ 141 .818  
+ 160~0,3; 
+ 142'914 

+ 135.962 

Bench-marks 

From I TO 

Diatanco 
tronl 

D i h d  

Discrcponcy botweeo 
levollera 

(First- second leveller) 

F~~n:zk 
(= d )  

foot - 0 0 0 4  
- 0.002 
- o.010 - 0'001 
+ 0 . 0 2 0  

- 0.076 
- 0.030 - 0.003 
- 0.014 
+ 0.005 

- 0.004 
+ 0.001 
- 0.003 - 0.007 
- 1.006 

+ 0.018 
+ 0,004 
+ 0 ' 0 0 4  
+ 0'00.3 
+ 0.009 

+ o.011 - 0.017 
- o . o l t  
+ 0.007 
+ o .o lo  

- 0 . 0 2 1  

4 0.020 - o . 0 1 2  
+ 0'00.3 - 0.007 

- 0.026 

Totel from 
Dikssl 

fool 
- 0.004 
- 0,006 
- 0.016 
- 0'017 
+ 0.003 

- 0.07.3 - 0.103 - 0.106 
- 0 . 1 2 0  

- 0 1  

- 0 .119  
- 0.118 
- 0.123 
- 0.1.30 
- 0.1.36 

- 0 .113  
- 0.114 
- 0 . 1 1 0  - 0.107 
- 0.098 

- 0,087 
- 0.104 
- 0'115 - 0 .108  
- 0 . 0 ~ 8  

- 0.119 
- 0.099 - I - 0.108 
- 0.115 

- 0.141 

I* 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
58 
29 
30 

31 

miles 
2 1 1 6 9  
3 2.00 
4 
5 
6 

7 
8 
9 

10 
11  

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
26 
25 
26 

27 
28 
29 
30 
31 

32t  

2.69 
3 '71  
4.54 

11 .19  
18.53 
1 8 . j q  
1 0 . ~ 8  
20.57 

21.56 
22'09 
22.56 
23.56 
24.54 

25.55 
26.55 
26.80 
q 1 ' 5 s  
27.63 

27.83 
30.37 
I 

32.69 
33.14 

35.19 
39.90 
42.50 
43.49 
50.23 

52.94 



LEVELLING OPERATIONS. 

Line No. 28. Kedgaon t o  Nira. 

Difference of dynamic height, Kedgaon to Nira = + 17.843 feet. 

Length oE liue in miles = M = 32-33. s d b  O"007571. 
- 

Probable error of t l r  mean m n l t  per ~ l a e  of double-levellbg r 0.6745 l /g = 5 0'0052. 

~ i ~ t a ~ ~ ~  
fr0111 

I iedgroa 

~rlilvs 
0.48 
1.21 
1.49 
2 '49 
~ ' j o  

4 . 5 0  
5.50 
6.51 
7 '51 
8 .52  

9.53 
1 0 . 2 j  
10.65 
1 1 . 6 5  
1 r .65  

13.65 
14-63  
15.65 
16.20 
16.71 

17.72 
18.73 
10 .74  
20.;+ 
11.76 

z t . j h  
23.77 
2 ;  

25.77 
l q . 4 1  

32.31 
32'3.3 

Denoh.marhe 

- 
Probable error d the difference of elemtion between the terminal bench-marks = 0.6715 JF: = * 0'0293' 

DLrrepnnry betseell 
levellers 

( ~ i r s t - ~ e e o l l , j  lerolkr) 

From 

1' 

3 

6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17  
18 
10 
2 0  

21 
22 
23 
? b  
25 

26 
2 i  
23 
29 
30 

31 
32 

__-- - 
-- 

B e ~ r b - u k  No, 1 is Ih. merk && Kadjnon described 0. p-e 134, t 8ench-..k &. 33 ia the m u k  nt NU. de3crib.r On p g e  

O b ~ e r v ~ d  
elev~~lion 

I L ~ O ~ O  (-b ) 
or below ( - )  

I<cd:.uon 
(11leo11 result 

by two 
lerrllers) 

feet 
+ 4.305 
+ z g . j 1 7  
+ ?j.,TjO 
+ 103.6;() 
+ 1 2 1 . p 6  

+ 76 .918  
+ 1 , 3 5 . ~ 1 6  
+ 142.,T00 
+ 184.849 
+ 293.916 

+ 333.313 
+ ~70o.coo 
+ 302'7.36 
+ 290~736 
+ 271,716 

+ 275'861 
+ z .38 '8 ;~  + 236.613 
+ 244.923 
+ z5o.qRp 

+ 267.4.77 
+ z 9 4 . ; 2 ~  
+ ~ 4 8 . 4 5 7  
+ Z I F ' ~ O Z  

+ z13.8j.3 

+ z j a . 1 8 j  
+ 198.8,<7 
+ ~ 5 2 . ~ 8 2  
+ 216.181 
+ 24.757 

+ 16.292 
+ 17.845 

lirom nwrk 
to 
(= d )  

food 
o ' 000 

+ 0'009 
+ 0.008 
- 0'0.34 - 0.007 

+ 0 ' 0 0 . ~  
+ 0 ' 0 0 2  - 0'001 
- 0'023 - o O o l o  

- 0.006 
- 0.012 
+ 0.012 
+ 0.007 

0.000 

+ 0 , 0 1 6  
+ 0.007 
+ o . o r o  
+ 0 . 0 1 0  
- 0.017 

- 0,015 - 0 . 0 1 3  
+ 0.00.3 
+ 0.026 
+ 0.013 

o.000 - 0.004 - 0 . 0 1 6  
I + 0.001 

+ o .o+8  

- 0.0" 

+ 0.007 

TO 

2 
3 
4 
6 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
1G 

17 
18 
19 
21) 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 

' 31 

32 
3?t 

Tot111 from 
liedgnon 

feol 
o ' o m  

+ 0 .00~)  
+ 0.01; - 0.017 
- 0,024 

- o . o r r  
- o ' o t q  - 0 . 0 2 0  

- 0,045 
- 0 - o j j  

- 0.061 
- 0 ~ 0 7 3  
- 0.061 - 0.034 
- o .o j+  

- 0.038 
- 0.031 - o 'oz r  - 0 . 0 1 1  

- 0.028 

- 0.043 
- o . o j 6  
- 0.05.3 - 0.027 
- 0.014 

- 0.014 
- 0 .018  - 0.034 
- o.o,q,~ 
+ 0 - o l j  

- 0.006 
+ o.001 

Dyllalnic 
corrcc~.ioo 

dedllred from 
n ~ ~ ~ r t  to lllark 

~ ~ t ~ l  fl.om 
Kedgeon 

foot - 0.001 
- 0.008 - 0.008 
- 0.03j  
- 0.041 

- 0.026 
- 0.046 
- 0.049 
- 0.064 - 0.102 

- 0.116 
- 0.104 
- 0.105 - 0 . 1 0 1  - 0,094 

- o.oqj  
- 0.082 - 0.081 
- 0,084 - 0'086 

- o.oqz - 0.102 
- 0.085 
- o ' o j 2  - 0.073 

- 0.087 
- 0'067 
- 0.086 
- 0.077 - 0'004 

- 0.001 - 0'002 

D ~ n n m i o  
11"i~llt 

ubove (+)  
or below (-) 

hedgnon 

feet 
+ 4.so4 
+ 25.709 
+ 25 .32z  
+ lo,3 04+ 
+ I Z I . 2 7 j  

+ 76.892 
+ 13j.170 
+ 1 ~ 2 . 2 ; ~  

+ 184.785 
+ ar)j.824 

+ 333.197 
+ .3oo.o96 
+ 302 .6~1  
+ zqo 6.35 
+ 271.622 

+ 275.766 
+ 238-792 
+ 230.532 
+ ~ 4 4 , 8 4 1  
+ ~50 .403  

+ 167.345 
+ 294.h21 
+ 248'371 
+ 211'4.30 
+ 213'780 

+ r51'ogR 
+ 198.790 
+ zj2.1q6 
+ zz6.10+ 
+ 24.753 

+ 16.291 
+ 17'84.7 



BE~TJLTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 29. Nira to Hubli. 

Bench-mark No. 1 ia tlrc mark at Nira described an page 136, 

~oncL.anrh8 

From 

1' 
2 
3 
g 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

a1 
32 
33 
34 
36 

36 
37 
38 
39 
40 

41 
4P 
43 
44 
46 

41; 
47 
48 

60 

62 
63 
64 
65 

67 

€-?I 

TO 

2 
9 
4 
5 
6 

7 
8 
9 

10 
I 1  

12 
I:! 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
2 
25 
26 

27 
28 
9 
80 
31 

38 
3:i 
34 
35 
36 

37 
38 
39 
40 
4l 

42 

44 
45 
46 

47 
48 
4Y 
6u 
61 

62 
53 
64 
55 
66 

57 
68 

GO 
61 

Disrreponry helnccn 
Ohserved I ) y ~ ~ n l l l i c  

1 o ~ r l l t . r ~  
~ l e %  s l#on  correcl lol l  

H ~ O V C  ( + ) drcluced II.OI~I D{:lyp Distnnce (FirsL- Secolld levellel.) or belo,v (- I ,,,, rk t,, lnal.h 
( +) lr<nln Air11 

H i r a  (~tleou I es11l1 or below (-1 
Nits 

wiles 
0 . 3 1  
, 
2.49 
3 
4.30 

5.21 
6.1; 
6.2; 
2 

8.22 

9.35 
10.13 
0 
lo a,, 
11.,3,3 

12.36 
1 . 1 ,  

C 1.3.4.1 
14.25 
14.91 

15.37 
1 0  $3 
I ;  

I;.;X 
1B.39 

19.33 
21.36 
2 1  ;o 
22.,;4 
2.3'.i4 

23.53 
25'.3b 
20-36 
2 3  
z7 55 

2R.35 
29'35 
.40..:5 
,3o 8s 
,11.35 

3 
32.41 
,32 '7 , i  
~ 2 . 8 4  
3 1 . R ~  

,3,3.36 
,q1.00 
34 3.1 
.34'49 
.14.ljj 

,3;'()~ 
.36 'h~  
,Ii.RO 
.18'(5 
38.93 

39.63 
~ 9 . 7 ~  
4o 'hh 
41.0.5 
qr'39 

foot - 0.004 - 0.017 
+ 0.00. 
+ 0.016 
- O'OlC, 

- 0.004 - 0 . 0 1 1  

- 0.004 
- 0.01.3 - 0,OObl 

- 0,016 - 0.002 
+ 0.001 
+ 0.019 - 0-OLQ 

- 0.053 
+ 0.004 - o 001 - 0'014 - o o t r  

- 0.001 
+ 0.011 

+ 0.025 
+ 0.004 - 0.017 

- 0.0" 
+ 0.024 - 0 005 - o.ooH 
+ 0.004 

+ o - O O J  

0.000 
+ 0 . 0 9  

+ 0.010 
+ 0.001 

+ 0-005 - 0,005 
+ 0 . 0 ~ 0  
+ 0.015 
- 0 . 0 0 7  

+ 0 ' 0 1 1  

+ 0'003 
+ 0 004 - 0-003 
+ 0.00.1 

- o-o,ql 
0'000 

+ 0 .012  

+ 0'00.3 

+ 0-002 

+ o'OIS - o-c l2  
+ o'o:l  
+ o . o s R  - 0.003 

- 0.003 - 0'005 
+ 0.017 - o . o ~ 6  
+ 0-016 

foot - 0.004 - 0 . 0 2 ,  

- o.o r8  - 0.002 - 0.021 

- 0 . 0 2 j  - 0.0.36 - 0'0.40 - 0-05.1 - 0-061 

- 0.0;; 

- o.o;9 - 0-078 - 0.05~) - o.o j5  

- 0.128 - 0.124 - 0 .  t z j  - 0 1 . 9  - 0.150 

- 0.1;' - 0.140 
- I - 0.111  
- O I Z  

- 0.140 - 0 - 1 1 6  - 0.111 

- o.12r) - I 
o - 0 . 1 2 2  

- 0.092 - 0.082 - 0.081 

- 0-076 - 0.081 
- 0.055 - 0.040 
-0.04;  

- 0.036 
- 0 . 0 ~ 3  - 0,029 - 0.0.32 - 0.029 

- 0,060 - oho(30 
- 0.048 
- 0-045 
- 0-04.1 

- 0.029 
- 0,041 - 0.020 
- 0 - 0 1 2  - o . 0 1 ~  

- 0-018 - 0'02.1 
- 0.006 - 0.012 
+ 0.004 

feet 
+ 6 . 2 , ~  
+ 60.719 
+ 102.196 
+ 9 8 . ~ 0 0  
+ 14j.646 

+ 188.465 
+ 205.850 
+ 2 0 2 . 1  7; 
+ 244.126 
+ 307.571 

+ 346.455 
+ 9 j j . 469  
+ 390.336 
+ 4111.~11; 
+ 462.048 

+ 665.843 
+ ;oy.4911 
+ ;OI . 3 S ;  
+ i5.7.fl89 
+ 836.795 

+ R55.6;o 
+ fl.31. l.sj 
+ 181.46; 
+ ;.?J.o~; 
+ 7j6.28.3 

+ 6 8 0 . ~ 7 1  
+ hh3.805 
+ 661..963 
+ 641.530 
+ 626.2j5 

h596 .340  
+ 448'4.33 
+ ,467 2.10 
+ j1+.,4+ 
+ 299.067 

+ 326.771 
+ ~Rj.q,qH 
+ ~ ~ o . h o 4  
+ z j l . l . 3 ~  
+ 311'2fl9 

+ 344.680 
+ ,363 ;84 
+ ,~Ht.q,;,a 
+ . ~ , ; . 8 ? 6  
+ ,3Sg.,q8j 

+ 519.753 
+ 51 j .580  
+ 491.1#,5 
+ $78. jog 
+ 4jo.y30 

+ qO9.ft55 
+ 345.461 
+ 288.lo,3 
+2j r ) .RRg 
+ 172.05.1 

+ 26R.003 
+ + j Z ' i Z O  

+ 277.059 
+ 31 t .g j7  
+ 252.194 

feot - o . w 2  
- 0 . 0 ~ 2  
- 0.0.3; - o . o j j  - 0-052 

- 0-068 
- 0.074 
- 0 07.3 
- 0.089 
- O ' M 2  

- 0-126 
- 0.138 - 0,146  
- 0 . 1 5 ~  
- 0'169 

- 0-246 
- 0-zh.1 - 0.260 
- 0.280 
- I 

- O-,?lg 
- o..q~o - o . z g ~  
- 0.273 
- 0.281 

- 0.~52 - 0.246 
- 0.145 
- 0-2.31 - o.z,qt 

- 0 . ~ ~ 0  
- 0 ' 2 0 2  

- I 
- 0-150 
- I 
- 0.156 
- 0.179 
- 0-153 
- o.l.q4 
- 0 . 1 4 9  

- 0,163 - 0-160 
- 0 . 1 ; ~  

- 0.181 
- o.l;g 

- 0.2.30 
- 0 . 2 1 ~  - 0 . 2 1 ~  

- 0.214 - o . r l l  

- 0.187 - o.rh2 - o.l,o 

- o . ~ , ~ ~  

- o.13r 
- O.),JJ - 0 . ~ ~ 6  
- o.l jo - 0 . 1 ~ ~  

feet 
+ 6.228 
+ 60.697 
+ 101.1.5() 
+ 98.1bj  
+ 145,544 

+ 188.39; 
+ 105-j76 
+ 202.104 
-t 244.037 
+ 307'459 

+ 346.329 
+ 377.338 
+ 399.190 

416..3,35 
+ 461.859 

+ 665-59; 
+ 709'2.i.3 
+ j01.127 
+ i53.609 
+ 836'483 

+ 8 3 5 . ~ 5 1  
+ 830.645 
+ 781.176 
+ 733.822 
+ 7j6.002 

+ 680.019 
+ 6(13.559 
+ 661.718 
+ 6+1-293 
+ 6 2 6 . 0 ~ 4  

+ 5 g 6 . r 2 ~  
+ 448.2.31 
+ ,167.059 
+ . ~ I Z . Z ~ J  
+ 298.922 

+ 326-615 
+ 387.759 
+ 3~0 .451  
+ 2jl.oo4 
+ 311.140 

+ 344.518 
+ 163.615 
+ 3Rl.;;; 
+ 393.h45 
+ 3~g . ro4  

+ 519.723 
+ 5,;-3sl 
+ 491 .066 
+ 4;R.49, 
+ 470.719 

+ 409.66R 
+ 34s.300 
+ 28i.963 
+2;9.iS1 
+ 

+ 26,.871 
+ 1 7 ~ . ~ 8 6  
+ 276.913 
+ 3 1 1 . 8 0 7  
+'15z.067 

, 

, 

, 

. 



LEVELLING OPERATIONS. 

Line No, 29. Nira to  Hubli.-(C~nt~inued). 

Bench-marks 
Distance 
frnm 
Nira 

n~ilrr 
4.3'70 
44'09 
46.77 
48.72 
48'77 

49.87 
50'78 
51.45 
51.X4 
52.36 

52.86 
53.74 
53'8.3 
5.5'00 
55'31 

55'96 
56,zj 
~ 6 . ~ 9  
57'59 
58.00 

59.02 
59.40 
60.04 
61.05 
61.49 

h1.61 
6.3-59 
7 
66.15 
71.40 

7 1  
74.58 
78.18 
84-61 
87..$8 

90.04 
90.50 
91.51 
91.51 
94.58 

98.90 
99.28 
103.j~ 
104.43 
105.99 

108.~1 
109. jg 
114.06 
114.48 
115.26 

116.22 
116.~~0 
117.48 
118.48 
rl9.00 

119.48 
120.47 
llO.sj 
111.46 
111.46 

@' 

63 
64 
65 

66 
F7 
ti8 
69 
70 

71 
72 
73 
74 
7G 

76 
77 
78 
i9 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 

100 

101 
102 
103 
104 
105 

106 
107 
108 
109 
110 

111 
112 
113 
114 
116 

116 
117 
118 
119 
120 

62 
63 
GJ 
65 
66 

67 
68 
69 
70 
71 

72 
73 
74 
75 
76 

77 
78 
79 
80 
81 

82 
83 
8 
85 
86 

87 
88 
89 
90 
91 

92 
93 
94 
95 
96 

9 i  
98 
99 

100 
101 

102 
103 
I U S  
106 
106 

107 
108 
109 
110 
111 

113 
113 
114 
115 
Ill; 

117 
118 
119 
1 ~ )  
121 

Discrepnncy between 
levellera 

(First-Second 

Froln mnrk 
lo 
(= 4 

foot 
- 0.017 
+ 0'004 
- 0'0°3 
-0.006 
- 0,004 

- 0.004 - 0.004 
+o-or8 
- 0.004 
+ 0.015 

0.000 

- 0.016 
+ 0.004 
+ 0.018 

0.000 

- 0.062 
- 0'010 
* 0.018 
+ 0'010 
4- 0.007 

+ 0'0.31 
- 0'oo.q 
+ 0.0.14 
+ 0.004 
+ 0.008 
- 0.004 
- 0.03.3 
+ o.011 
- 0.007 - 0.00~ 
+ 0.017 
+ 0.032 - 0.016 - 0.006 
+ 0.004 
- 0,025 
+ 0.001 
+ 0.002 
- 0.004 
+ 0.005 

- 0.022 
-0,009 
+ 0.034 - 0'01.3 - 0.008 
- 0,012 - 0.011 

+ 0.003 - 0.011 
+ 0.018 

+ 0.00.3 - 0.002 - 0.010 
- 0.001 
- 0.015 
- 0.009 - o.olo 
- 0.007 - 0.011 - 0.009 

D~nemic 
Ilelglll 

obove (+ )  
or below ( - )  

Nim 

feet 
+ zi9.476 
+ 265.829 
+ 313.921 
+3,31,h68 
+ 330.579 

+ 406.796 
+ 433.1S0 
+ 441.228 
+ 470.837 
+ 451.791 

+ 456.q93 
+ 516.717 
+ 522.196 
+ s61.488 
+ 566.295 

+ 7f1.79fi 
+ 804.173 
+ 765.211 
+ 744,922 
+ 716.144 

+ 6h4.872 
+ 656.79j 
+ 625.712 
+ 597.335 
+ 586'398 

+ 58;'Bog 
+ 563.655 
+ 554'05.3 
+ 58j.4.38 
+ j1z.592 

+ 468'572 
+ ,3;3.208 
+ 329'723 
+ 2;')';~') 
+ ~51.490 

+ zRh.5gh 
+ 285.460 
+ 279.1jO 
+ 246'914 
+ 199'525 
+ 130.826 
+ IJZ'Z~J 

+ 5.3.(175 
34'703 

+ 46.761 

+ 1Bl.32 
+ 160.71 
+ 104.562 
+ 81.612 
+ 82.214 

+ l)2,115 
+ 94'420 
+ 140.30H 
+ 181'~;0 
+ 192'0('.3 

+ 190'6qo 
+ 185'459 
+ 186'187 
+ 19.1'do2 
+ 107'115 

Observed 
elrvut,ion 
"bov" ( + ) 
or below (-) 

N~rs 
(I~CIIII result 

by two 
levellere) 

feet 
+ 2;9.614 
+ 265.962 
+ 314,073 
+,3,31.8*; 
+ .qjo.7.38 
+ 406.985 
+ 433.349 
+ 441'430 
+ 471.051 
+ 451.998 
+ 456.502 
+ ~'h.949 
+ ,522'4.30 
+ 561.737 
+ 566.j46 

+ 772.128 
+ 804.518 
+ 765.540 
+ 745'24.3 
+ 716.459 
+ 665.161 
+ h57.081 
+ 625-986 
+ 597'598 + 586.657 
+ 586.064 
+ 56.3'905 
+ 554'299 
+ j8j.696 
+ 512.821 

+ 468.7R.3 
+ ,379,380 
+ 329.H77 
+ 259.874 
+ ng1'61~ 
+ 286.732 
+ zXg'sg6 
+ 279.884 
+ 247.044 
+ 199.02j 

+ 1go.89; 
+ 142.359 
+ 53.714 
+ 34.7.34 
+ 46.7y7 

+ 18.156 
+ 16.054 
+ 104.612 
+ 81.662 
+ 81.264 

+ 9t.1hq 
+ 94.475 
+ 140.382 
+ 181.741 
+ 192,158 

+ 190.785 
+ 18j.551 
+ 186.380 
+ 193.398 
+ 107'317 

leveller) 

T0tnl froln 
Sire 

foot 
- 0.013 
- 0,009 - 0.012 
-0.018 
- 0.022 
- 0.026 
- 0.0.30 
- 0.012 
- 0.016 
- 0-001 
- 0,001 
- 0.017 - 0'013 
+ 0.005 
+ o.ooj 

- 0.051 
- 0.067 
- 0,049 - 0.039 
- 0.032 
- 0.001 
- 0.004 
+ 0.030 
+ 0.0.34 
+ 0.042 

+ 0.0.38 
+ 0,005 
+ 0.016 
+ 0.009 
+ 0.006 
+ 0.02.3 
+ 0.055 
+ 0.039 
+ o.oj.3 
+ 0.037 
+ 0.012 
+ 0.013 
+ o.olj 
+ 0.011 
+ 0.016 
- 0.006 
- 0.015 
+ 0.019 
+ 0.006 
- 0.002 
- 0.024 
- 0.0.35 - 0.0.32 
- 0.043 - 0.025 
- 0.022 
- 0.01~ 
- 0.0.14 
- 0.035 
- 0.050 

- 0.059 
- 0.079 
- 0.086 - 0.107 
- 0.116 

Dyl~amic 
correction 

deduced from 
II,,,~~ to nlnrb 

Totnl from 
Nire 

foot 
- 0.138 
- 0.1~~3 - 0.1 jz 
-o.159 
- 0.159 
- 0.189 - 0.199 
- 0.202 
- 0.114 
- 0.207 
- 0.209 
- 0.232 
- 0 2.34 
- o.z~g - o.zj1 
- 0.332 
- o.,3jj 
- o.jrg 
- 0',3zl 
- o'jog 
- o.zR9 
- 0.286 
- 0.274 - o.zh.3 
- 0.259 
- 0.259 - 0.250 - 0.246 
- o'z58 - 0.~29 
- 0.211 
- 0.17~ - 0.154 - I 

- o . 1 ~ 2  
- 0.136 
- 0.136 
- 0.1.34 - o.120 
- 0.100 

- 0.071 
- 0.076 
- 0.039 - O'OJI 
- 0.036 
- 0.024 
- 0.023 
- 0.060 
- 0.050 
- 0.050 

- 0.054 
- 0.0i5 
- 0.074 - 0.091 
- o.oy5 

- 0,095 
- 0.09.3 - 0'01).3 - 0.096 - 0.102 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 29. Nira t o  Hu bli.-(Continued). 

Dynnrnir 
correction 

doduccd  l r o m  
luilrk tonlnl.h 

Totn l  f rom 
N i r o  

fool 
- 0.092 
- 0 . 0 8 5  - 0.062 
- 0.060 
- 0.034 

- 0.0.31 
- 0'019 - 0 ' 0 1 4  
- 0 ' 0 2 2  

- 0'0.31 

- 0'0.36 - 0'0.36 
- 0.049 
- 0'079 
- o.a8 j  

- 0.102 
- 0.107 
- 0.106 - 0'110 
- 0.067 

- 0'065 - o.ozq 
- 0.005 
- o 01.3 - o.008 

- o.008 
- 0'035 
- o ' o j f ~  
- 0.0.49 - 0.059 

- 0.089 
- 0.109 
- o.11g 
- 0.1  l o  
- 0,076 

- 0.084 
- 0,092 
- 0,080 
- 0.069 
- 0 . 0 ; ~  

- 0,095 - 0.123 
- 0.117 - 0.0;8 
- 0,066 

- 0.040 
- 0.029 - o.o,n 
- 0.016 - 0.026 

- 0.021 - 0.001 - o.oo4 
- 0.0.31 

- o.03j 

- 0.042 - 0.021 
- o.oo8 
- o.oll - o . 0 2 ~  

Obscrred 
elerntion 

IL~OPC ( + ) 
or below (-) 

N i r n  
(mean result 

by two  
levellers) 

p e t  + 184.76; 
+ 16tl.gr),3 
+ 6 
+ 11o.063 
+ 49'447 

+ 42.h49 
+ 6 
+ 2'194 
+ 20'4j; 
+ 40.146 

+ 52.104 
+ 5.3'201 
+ 63.488 
+ 15,3'.342 
+ 166-o j8  

+ 206,049 
+ 217.0.3; + 213.891 
+ 222.;59 
+ 126.0 j8 

+ lzo.512 
+ 37'844 
- 1 5 . ~ 8 0  
+ ,321; - 8 

- 8.0;o 
+ gj.;64 
+ 55 '381 
+ 63'5.31 
+ 109,342 

+ 177.622 
+ rz3.R68 
+ 2.1i..i61 
+ 226 ;oq 
+ 149.224 

+ 166.947 
+ 18.3,;58 
+ 156.4;1 
+ 13a.1Rj  
+ I 

+ 188..~?.3 
+ 252.902 
+ 2.39'008 
+ 150.201 
+ 1 2 2 . 1 1 0  

+ 62,169 
+ 3R.(180 
+ 37.469 
+ I I . . ~ ~ R  
+ 33.199 

+ 2g,zt8 
- 2 9  - ; 
+ 44.767 
+ 52. j93  

+ G8.054 
+ 11.894 
- 
- 1.469 
+ y j .865  

D,$iric 
( + , 

u r  below (-) 
"" 

feet 
+ 184-6;,; 
+ 168'908 
+ 116.408 
+ 11o.oo.3 
+ 49'41.3 

+ 42.618 
+ 14.606 
+ 2'180 
+ 20'435 
+ 40.115 

+ 51'068 
+ ,:,3'165 
+ 8.3'4.49 
+ 153'26.3 
+ 165,973 

+ ZOg'94; 
+ 216 9.40 
+ ?1,1.;86 
+ 222'649 
+ 125.971 

+ 120.4.17 
+ 37 '815 
- 15'985 
+ 3.204 - 8.230 

- 8.078 
+ 5.3'729 
+ 5 5 . 3 ~ j  
+ 65.492 
+ l o g ' z 8 j  

+ 17i.5.33 
+ 223.j59 
+ z j i . 2 4 2  
+ 216.599 
+ 149,148 

+ 166,863 
+ 18.4.666 
+ 156.391 
+ 1.30.116 
+ 14j.044 

+ 1RR.2~8 
+ z 5 z . i j 9  
+ 238.R91 
+ 150.12,3 

+ 1 ~ z . 0 4 4  

+ 62.129 
+ 38.651 
+ 3;.441 
+ 11.132 
+ 33.~;3 

+ 23.217 
- 2 1 . ~ 9 6  - 14'771 
+ 4 ~ . ; ~ 6  
+ 5 z . 5  58 

+ 6 ~ . ~ ~ ~  
+ Z I . ~ 7 3  
- i .RG.z - 1.474 
+ 35.837 

Distnoce 
from 
H i r n  

milrs 
1zj .05 
12.3.4; 
IZ,..,; 

124.54 
125.43 

125.R~ 
126.80 
1 2 8 - i ~  
130.11 
130.53 

130.70 
1,31.,5 
1 j z .16  
1.33.16 
133.80 

134.16 
1,14.~6 
1.34.54 
135.18 
136.19 

136.90 
137.84 
1.39 45 
140.46 
141.44 

141.46 
142.01) 
142.,)4 
14.3.24 
144.24 

145.24 
146.24 
146.s? 
14i .24 
IJR.IO 

1jR.25 
148.Rr) 
I 

149.40 
150.01 

150.2; 
1 ~ 1 . 2 6  
I 

152.03 
1 j 2 ' 2 ;  

153.2; 
I 

3 
153.74 
154.14 

154',3,3 
155.34 
I ~ S . ~ I  
15°'95 
1j8.2.3 

160.81 
161.i6 
162.63 
16.3.11 
165.16 

Discrepnnc? between 

~enoL-marks 

From 

121 
123 
123 
124 
125 

126 
127 
1 3  
129 
130 

131 
132 
133 
131 
125 

136 
137 
1,'i~ 
130 
140 

141 
142 
143 
I 4 4  
145 

146 
147 
148 
149 
150 

151 
152 
153 
154 
1.55 

156 
157 
l f i8  
159 
160 

161 
162 
IG3 
It:b 
165 

' G G  
IG7 
168 

li2 
1v3 

l75  

]v8 
17' 

(First- Yeeond 

F r o m  mark 
to lnHrk 

(-4 

foot 
+ 0.001 
+ O . O O J  - o . o ~ ;  
- 0.00.3 
+ 0'01; 

- 0.001 
+ 0.011 
- 0.034 
+ 0'00.3 
+ 0.006 

+ 0.006 
+ 0.003 
+ o.ooz 
- o ' o z j  
- o.011 

- 0'008 
- o.004 
+ 0.004 
- 0'011 
+ 0 ' 0 1 0  

- 0.00; 
+ 0.006 
+ 0 ' 0 1 2  - 0.001 
- 0.018 

0.000 - o.009 
+ 0'001 
+ o 006 - 0'018 

- 0.028 
- 0.013 
- o.ozR 
- o.oo; - 0,001  

- 0.006 
- 0.024 
+ 0.004 
+ 0-001) 

- 0.006 

- 0 , 0 1 6  
- 0.001 

- 0.001 
+ 0.029 
+ 0.003 

- 0.008 
+ o.oo.3 
+ 0 . 0 0 2  - 0.001 - 0'002 

+ 0.001 
+ 0'0.3.1 
+ 0.008 
+ 0'007 - 0.009 

- 0.015 
+ 0.015 
+ 0.029 
+ 0.013 - 0.011 

To 

122 
143 
1 
12,j 
126 

127 
128 
129 
130 
191 

132 
133 
134 
195 
l3G 

137 
13s 
I:! 
I40  
141 

142 
143 
144 
145 
146 

117 
148 
149 
150 
161 

152 
153 
15.1 
15.5 
156 

167 
158 
159 
1(;0 
161 

162 
I(;:{ 

I(;; 
l l i 6  

167 
1I;H 
'1;:' 

170 
lil 

172 

174 
IiS 
176 

I 7 7  
I f 8  
179 

levellers 
leveller) 

Totnl from 
N ~ r u  

fool - 0.115 
- 0 . 1 1 1  
- 0.128 - 0.1.31 - 0'114 

- 0.115 
- 0.104 - 0.138 
- I - 0.129 

- 0'123 - 0.120 
- 0.118 
- 0'14.3 - 0.154 

- 0.162 
- 0,166  - 0.162 
- 0.173 - 0.16.3 

- 0 ' 1 7 0  - 0.164 
- 0.152 - 0.153 - o.l;r 

- 0.171 - 0.180 - O ' l j l )  

- o.l i .3 - 0.191 

- I - 0.232 - 0.260 
- 0.267 
- 0,268 

- 0.274 - 0.208 
- 0.294 - 0.285 
- 0,291 

- 0.307 
- 0.308 
- 0.309 - 0.280 
- 0 2 ;  

- o,zRg - 0.282 - 0.280 
- 0.241 - 0.283 

- 0.582 - 0.249 
- o.z41 
- 0'2J4 - o . ~ ~ ~  

- 0 . 2 ~ 8  
- 0.243 - o.214  - 0.201 - 0 2 1 2  



LEVELLING OPERATIONS. 

Line No. 29. Nira to Hubli.-(Continued), 

Diecrepnncy bet.ween oh'erred D~r ' n l l ' i c  
elavnl.ion c t ~ l . ~ . e ~ . r i o ~  

,,iecance ( ~ i ~ ~ ~  - seeolld leveller) filbove ( + ) deduced ~ Y O I I B  'ynnmic 
~r0111 or below ( -  ) rl~srk to U I I I ~ ~  ' l r i ~ ' l t  

nbura ( + )  
urbeluw ( - )  

miles foot foot - 0 2.30 
- 0'245 - 0.244 - 0.z8y 
- 0.288 

feet 
+ 128.691 
+ 181.476 
+ lR.3'715 
+ 657 901 
+ i65.3'5 

201 202 190.29 - o ' o o l  - 0.204 + 411.542 - 0 .196  + 4 1 1 . ~ ~ 6  
202 203 190.38 - 0.001 - o rag + 4 l l ' o t ) z  - I + 410 .8~6  
2U3 2U4 I O I . ~ ~  - 0.029 - 0.2.34 + 500'8,Ol - o.zjH + 500~600 
204 2(15 1114 h3 + 0.027 - 0.207 I 3O6.888 - o 175 + ,466,713 
205 206 195.26 - 0.013 - 0 . 2 ~ 0  + 429 1.28 - 0 204 + 428.934 

206 207 1 ~ 6 . 2 ~  - o.012 - 0.232 + 464'4.39 - o . 2 ~ 1  4- 464.~18 
207 208 197.49 - 0 . 0 1 6  - 0.248 + 622 326 - 0.296 + hrz.030 
208 209 2ol.00 - 0'0.3j  - 0.283 + 824 1 7 1  - 0 . ~ 9 2  + 823'779 
2U9 210 206 29 - 0 .021  - 0 .304  + 638,792 - 0.,303 + 638.489 
210 211 209.48 - 0.030 - 0 .334  + 7 8 6 . 9 0 ~  - o 374 + 786-531 

211 212 Z J J . ] , ~  + 0.022 - o..312 + 679.083 - o.gzz + 678-761 
212 213 I - 0.007 - o 319 + 6 8 4 . ~ 9 ~  - 0.325 + 684.168 
213 214 217.61 + 0,028 - o 291 + 822.018 - 0 . 9  + flz1.636 
214 215 223.17 + o . o < l  - 0.240 + 4 1 5 ' ; ~ ~  - 0 . 3 7 ~  + 415'350 
216 216 123.19 - 0.001 - 0 . 2 4 ~  + 407.073 - 0.368 + 406,705 

216 217 228.05 + 0.012 - 0.229 + 369.995 - 0.350 + 369'645 
217 218 2 ~ 8 . 8 ~  + 0.023 - o , z o h  + 31 1'852 - 0.3" + 311'5.30 
218 219 129.,35 + 0.003 - 0.203 + 290 8.39 - 0 2  + 290.521 
219 220 231.61 - 0 .017  - 0 . ~ 2 0  + 395'h62 - 0.363 + 395'299 ' 
220 221 234.58 + 0.0'8 - o . a c z  + ,64.600 - 0.597 + 464 203 

221 222 "6.55 - 0 . 0 1 1  - 0.113 + 544.326 - 0.496 + 543 890 , 
222 EL3 2.38 9.3 + 0 .005  - 0.208 + 587.07; - o 457 + 5R6.6~0 

, 223 214 2.49 zg + 0.005 - 0.20.3 + 6 1 7  64; - 0 . 4 ; ~  + 617'17,{ 
224 225 24.3 99 + 0 .017  - 0.186 + q67.0, \h  - o.,gqR + 466 6.38 , 
2 2 5  2% z+4'99 - 0.004 - 0.190 + 583.018 - 0 . 4 ~ 6  + 582.561 , 

I I 

226 227 248.80 + 0.040 - 0.1go + 459.5" - 0.39: + 459'129 1 1 227 228 2 ~ 0 . 8 , ~  - 0.001 - I + 47;.stS - 0.404 + 477.114 
228 229 252.qH - 0.017 - 0.168 + 50;,5;h - 0.419 + S07'15i : 
229 230 ~ , < 4 . ; 4  - 0.006 - o . I ; ~  + 516  6,lR - 0.424 + 510 '214 ' 
230 231 zjR 24 - o . 0 ~ 2  - 0 . 1 ~ 6  + 590 897 - 0.461 + 590'456 ! 

-ence ot dynamic height, Nira to Hubli = + 266.721 fee*. 
Length o f  line in miles = M = 271.33. xd' = 0.060468. 

p + . m i l  
I 'ro\rnl)lr error of the mean result per mile of double-levelling = 0.6745 a = - 

- 
+ 0.0829. 

1'; vrblr error of the d i f f r r r n c r  of e l e v a t i o n  b e t w e e n  t l l o  t c r o ~ i l l a i  b e l l o h - m a r k 3  = O'G45 l/'i' = ;-/ 
. . - . - ~  

a I:c,~tctt-u~urk bo .  236 ra tLu mark st tlubh dencribd on p g e  la4. 
A 



EESULTJ OBTAINED FROM SlMULTANEOUI DOUBLE-LEVELLING, 

Line No. 30. Bezwada to  Vizagapatam. 

Bench-mnrk N& L in the mark st Ilezwndn dcscribad on pug0 133. 
., 

npnomic 
i,elkl,t 

ab3,ve ( + ) 
or below ( - )  

Urzmndn 

feel 
- o . s i 6  
- 3 '942  - 5'608 
- 9.998 
- 12'728 

- 14.846 
- h 654 - 18.028 
- 1 9 J j 4  - 21';38 

- 14'751 
+ 1 3 -  jg6 - o'.ih4 
+ 8'24.3 
+ 2'34.3 

- 7'q9h - 17.708 
- 15 q1,3 - 1.3 R92 - '3  O j O  

- lB'0.31 
+ 3 442 - l o  ,167 
- 9'463 - 6.011 

- 0.375 - 3'  106 
- II.8.34 
- l r . 6 2 j  - 23 612 

- 21.774 - 23 911 - 31 .2 j4  - .qa.84(~ 
- -30'76: 

- 3.3'207 - , 3 1 ' o o ~  
- 32.153 - 3 3 ' 8 . 3 ~  
- 32'374 

- j o . joo  
- JO 616 - 33 8;o 
- 22'059 
- ~ + . 4 0 6  

- g ~ . o ; o  - 3 1 . 5 ~ 8  
- 34.054 - ,3z.Ahg 
- 31.,330 

- 33'214 
- .33.1,)4 - a9 R4o 
- rR.qql 
- 18.81.3 

- 31.R64 - :3t,80s 
- 19.865 
- 30.394 
- 27'738 

I )gn~~n~i t :  
eovrretlnn 

deduced from 
I,,sl.h 1.0 nmrk 

T ~ I S I  from 
Be~wedn  

foot 
0-000 

+ O'Ool  

+ 0.002 
+ 0-004 
+ 0.005 

+ 0,006 
+ 0.002 
+ 0.007 
+ 0.008 
+ 0'009 

+ 0.005 - 0.008 
- o . o m  - 0.006 
- 0.003 

+ 0.001 
+ 0.007 
+ o 006 
+ 0.ooj  
+ 0 '005  

+ 0 '004  - O ' O O Z  

+ o 004 
+ 0.003 
+ o 002 

0.000 
+ 0.001 

+ 0.005 
+ o.010 
+ 0 .010  

+ 0.009 
+ 0 010 
+ 0'01.3 
+ 0 - 0 1 4  
+ o.or.3 

+ 0'014 
+ 0 . 0 1 3  
+ 0 . 0 1 3  
+ 0.014 
+ 0.013 

+ o . o ~ z  
+ 0 ' 0 1 2  

+ o'o1.3 
+ 0.000 
+ o 0 1 3  

+ o.org 
+ 0.012 
+ 0.01.3 
+ 0.01.3 
+ r o l a  

+ 0'013 
+ o 0 1 3  
+ 0 . 0 1 ~  
+ 0.011 

+ 0.012 

+ o.ot.3 
+ 0 .013  
+ o . o l r  
+ O . O I Z  
+ 0.011 

Ohserved 
r l ev~ l iun  

above ( + )  
or brlrlw ( - )  

Uezwmdrr 
(menn res11lL 

by two  
levellern) 

feel 
- 0.576 - d'94.3 - 5 610 
- I; 002 
- 12 73.3 

- 1 4 . 8 ; ~  
- 6 656 
- I8 0.15 - 6 
- 22'747 

- t4 .756 
+ 1.3.8od - 0.362 
+ 8 . 2 d 9  
+ 2,346 

- 7'498 
- 17 715 - I '  

- 13 R97 - 13'055 

- 0 
+ 3'444 - 10.971 
- 9 4116 - 6.013 

- 0.375 - .3'1,07 - 11'8.1()1 
- 2 5  
- 2 2  

- al.'7*7 
- 1.3'911 - 31  267 
- 32.860 - 3 o ' ; b  

- 33'221 - ,31'016 
- . 3 ~ ' 1 6 6  
- 33 85.3 - 32.387 

- 30 712  
- .30~Oz8 
- .3,3'RR,3 
- rz .067 
- 34'409 

- 13.063 - I - I 
- 32 878 
- ~ 1 . 3 4 1  

- 3.3'227 
- 33.207 - 29 '85 t  - rq-00.3 
- 28 825 

- g1.Rj7 - 31.R76 
- n).%i; 
- qo.qo6 - 

Dislance " 
miles 

o . z 4  

5.34 

6..3q 
7 .91  
8 31 

9.,30 
l o  30 

11.,36 
1 2 . ~ ~  

14.4,3 
15.42 
1 6 , ~ t  

17.39 
18  ,38 
1 ~ , 3 6  
20.35 
21.34 

22.3s 
22.89 
2.3.,31 
++ ,3c 
25.30 

16.29 
z 6 R j  
34.19 
35.57 
36.66 

38.86 
39.75 
41.14 
41.00 
42.40 

42.87 
43 89 I 

44.97 
q g g ?  
47.17 

4R.59 
49..3.$ 
50.55 
51 84 
53.10 

S4.09 
gj .08 
56.07 
57 of, 
57.58 

59.05 
60 04 
6 1  .05 

61.9R 
63.41 

64.01 
65.01 
65.80 
66 oo 
67.00 

r 
Diaerepellrl between 

levellers 
(First-Second leveller) 

Frllm lnlkrb ~~~~l from 

~ench-marks 

From 1 TO 
2 
3 
g 
6 

6 
7 
8 
9 

10 

11 
' I n  

13 
14 
16 

16 
17 
18 
19 
20 

21 
12 
23 
24 

' 25 

26 
27 
2U 
29 

, 30 

31 
32 ' 33 
34 

1 85 

36 
37 
38 
39 
40 

41 

J9 
4,4. 
45 

4G 
47 
48 
49 
60 

5 2  
6:i 
54 

G6 

S9 
€0 

.'':''? 1 
3 
4 
6 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20, 
21 

22 
23 
24 
25 
26 

27 
28 
29 
80 
31 

a2 
83 
34 
35 
36 

37 
38 
39 
40 
41 

42 
49 
44 
45 
4G 

47 
48 
4:) 
50 
61 

52 
63 
6 &  
65 
6G 

87 
68 
69 
60 
61 

fml - 
+ 0-004 

o.ooo - o 008 
- 0.0 '4 

+ 0.005 
+ 0 .015  - 0-004 - o 006 
+ 0-008 

+ 0 . 0 1 0  - 0.008 
.- 0 .022  

- 0 . 0 1 2  
+ 0 . o 1 1  

+ o.ofi3 
+ 0.007 
+ 0.006 
+ o 007 - 0.004 

+ 0.004 
0.000 - 0.008 

+ 0.018 
+ 0.023 

f 0-019 
0'000 - 0.0.30 - 0.013 - 0 . 0 0 ~  

- 0 . 0 0 ~  
+ 0 . 0 0 2  - o 0 1 6  
+ 0.005 
+ O.OEI  

+ a-oo+ - 0.016 
+ o 008 
- 0 - 0 0 5  - 0.029 

- 0-006 
+ o 014 
+ o-OIR - 0.004 
- 0.010 

+ 0.006 
- o.002 
+ 0.005 
- o.ozo 
- 0.007 

+ 0.010 
- o oop - 0 . 0 0 1  - 0-005 
+ 0-013 

- 0'00.3 - 0.018 
+ 0.015 
+ 0'005 
+ 0.009 

food - 0 . 0 1 1  - 0.007 - 0.007 
- 0 . 0 1 5  - 0'029 

- 0.024 
- 0.009 
- 0.013 - 0.019 
- 0.011 

- 0.001 - 0.009 
- 0.031 
- o 043 - O.o,3r 

- 0 .019  - 0 . 0 1 2  - 0.006 
+ 0.001 

- 0.003 

+ 0'001 

+ 0 . 0 0 1  - 0,007 
+ 0.0" 
+ 0.034 

+ 0.053 
+ 0'05.3 
+ 0 , 0 2 3  
+ 0 . 0 1 0  
+ 0.007 

+ 0.005 
+ 0'007 
- 0.009 
- 0.004 
+ 0.007 

+ 0.009 
- 0,007 
+ 0.001 
- 0.004 
- 0.033 

- 0 . 0 , ~  

- 0 . 0 ~ 5  
- 0.007 
- o.011 
- 0 . 0 ~ 1  

- 0.020 
- 0 , 0 2 2  

- 0.017 - 0.037 
- 0.044 

- 0'0.34 
- 0.043 
- 0.044 - 0,049 
- 0'0.36 

- o ' o j g  - 0.057 - 0.042 
- 0'0.37 - o.02R 



LEVELLING OPERATIONS. 

Line No. 30. Bezwada to Vizagapatam.-(Continued). 

Dinbnee 
fro11, 

Bezandu 

v l i l ~ s  
68.00 
68.49 
68.96 
69 .81  
69.95 

70.87 
71.95 
72.95 
7.1.95 
74'94 

i5 .92  
76.39 
77 89 
78.87 
79.87 

80.7.3 
8 0 . 8 6  
8 1 . 4 7  
82 .92  
83 .90  

84.88 
85.86 
86.85 
87.22 
88.08 

88.54 
88.Oo 
90.71 
9 0 - 8 1  
91 .76  

92.73 
93.71 
94 '70  
94.87 
9 j ' ; o  

96.70 
97.70 
98.69 
99.68 

100.18 

1OO';O 

101.69 
102.69 
10.3.68 
104.66 

10;.67 
106.66 
10;.65 
108 .6 j  
109.64 

~ 1 o . 6 j  
1 1 1 . 1 2  

I 11 .65  
112.65 
11.3.64 

1 1 4 . 6 ~  
115 .63  
116.64 
117.56 
118.55 

Benoh-marks 

Fronr 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
7'4 .- 
1 3  

76 
m -  r r  
58 
79 
80 

81 
82 
83 
64 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 
102 

101 
102 
103 
104 
105 

I06 
107 
109 
10!J 
110 

111 
112 
113 
114 
115 

116 
117 
118 
119 
120 

T o  

62 
63 
6.b 
65 
66 

67 
68 
69 
70 
71 

72 
73 
74 
75 
76 

77 
78  
79 
80 
81 

8 2  
83 
84 
85 
8 6  

87 
8 8  
89 
90 
91 

92 
93 
94 
95 
96 

97 
98 
99 
1 W  
101 

102 
103 
4 
105 
106 

107 
108 
109 
110 
111 

112 
113 
114 
115 
116 

117 
118 
119 
120 
121 

~i~~~~~~~~~ between OI'nerved 
elerntion 

above ( + ) 
or Irelow (-) 

Uerand~ .  
(niean resi~l t  

by two 
levellers) 

feet 
- 30.543 - 29.141 
- 29 859 
- 23.616 
- 29.095 

- 28.384 
- 29'O.Jl - zj .ogo 
- 29.5c~5 - 2 9 . 1 1 8  

- 28.273 
- 27.840 
- 26.448 
- z3..1,31 - 27.26.3 

- 25.890 
- 28.592 - 27.221 
- 2 5 ' 3 3 j  
- 24.632 

- 22.405 
- 17'099 
- 9.076 - 25.230 
- 24,971 

- 6.903 
- 1 l . 8 2 0  - 9.659 - rz.708 
- 18-940 

- 19.744 - 20.,1,;5 
- 2j .741 

2 6 1  
- 2 3 ' 1 1 j  

- zq.1,31 
- 26..060 
- 25.875 
- zj .572 
- 27'915 

- I 

- .3.3'506 
- 36.039 - .35.~92 - 36 .818  

- 36.106 
- ;o..q51 - 42.082 - 42 .191  
- 42.00; 

- 45,104 
- 46.674 
- 49.930 - ,5o.oo3 - j1.910 

- 51,246 
- 51:9;3 
- 55 1 1 0  - 54.162 
- 5 6 . 0 ~ 1  

( ~ i ~ t - s ~ ~ ~ ~ , d  

b'root lilnrk 
to I,,n,,k 

( = d )  

foot 
+ 0.009 
+ 0.005 
+ 0 .012  
- 0.007 
+ 0.003 

- 0.004 
+ 0 '018  
+ 0.001 
+ 0.006 
- 0.007 

- 0.009 - 0.002 
+ 0.022 
+ 0.00.3 
- 0.008 

- 0 .010  
- 0.006 - 0.006 
- 0.00; 

+ 0.003 

+ 0 . 0 1 9  
+ 0.001 
+ 0.026 
+ 0.001 

- 0.014 

- 0-00.3 
+ 0 . 0 0 2  

- 0 . 0 1 9  
+ 0 . 0 1 6  
- 0.010 

- 0.006 - 0.0oH 
- 0'006 
+ 0 .001  - 0 .001  

+ o.oog 
+ o - o o j  
+ 0.010 

- 0.00.3 
- 0.009 

+ 0.002 - 0.007 
+ 0.021 
+ 0 .010  
+ 0 ,014  

- 0.oo.q - o.02; - o.060 
+ 0.0.33 
+ 0.013 

+ 0.00.3 
+ 0.004 - 0 . 0 0 ~  

o.ooo 
+ 0 . 0 0 ~  

- 0 . 0 0 9  
+ 0,006 
+ 0.015 
+ 0.006 
+ 0.007 

I 

levellers 
laroller) 

T o h l  from 
Bezwtida 

foot 
- 0.019 - 0 .014  
- 0.002 
- 0.009 - 0.006 

- o.010 
+ 0.008 
+ 0.009 
+ 0 . 0 1 5  
+ 0 .008  

- o ' o o ~  
- 0.003 
+ 0 .019  
+ 0.022 
+ 0.014 

+ 0.004 
- 0.002 
- 0.008 - 0 '015  
- 0.012 

+ 0.007 
+ 0.008 
+ 0.0.34 
+ 0.0.35 
+ o.ozr 

+ 0 .018  
+ 0 . 0 2 0  

+ 0 , 0 0 1  
+ 0.017 
+ 0.007 

+ 0.001 
- 0.007 
- 0'01.3 
- 0 . 0 1 2 -  

- 0 .013  

- 0 . 0 0 ~  
+ 0-001  
+ 0 . 0 1 1  
+ o.008 
- 0.001 

+ 0'001 
- 0.006 
+ 0-023  
+ 0 . o . j ~  
+ 0.047 

+ 0.044 
+ 0.017 
+ o.007 
+ 0.040 
+ 0.053 

+ 0 . 0 ~ 6  
+ 0.060 
+ 0.058 
+ 0 . ~ ~ 8  
+ 0.062 

+ 0.053 
+ 0.059 
+ o . o i +  
+ 0.080 
+ 0.087 

I 

I ) y ~ i t ~ ~ n i c  
corrertion 

deduced from 
lilnrk to lnnrh 

Totnl from 
Dezrvodu 

foot 
+ o . , , ~ ~  
+ 0.011 
+ 0 . 0 1 1  
+ 0.009 
+ 0 . 0 1 1  

+ o.011 
+ 0.011 
+ o .o ro  
+ 0 .011  
+ 0.011 

+ 0 . 0 1 1  

+ o .011  
+ 0 .010  
+ 0.009 
+ 0.011 

+ 0 . 0 1 1  

+ 0.012 
+ 0.012 
+ 0.011 
+ 0.011 

+ 0.010 

+ 0.000 
+ o . o o j  
+ o ' o ~ n  
t 0 . 0 1 2  

+ 0.004 
+ 0.006 
+ 0.005 
+ 0.006 
+ 0.008 

+ 0.008 
+ 0.008 
+ 0'010 
+ 0.009 
+ 0.009 

+ 0.009 
,+ 0.010 

+ 0 ,010  

+ 0.010 
+ 0 011 

+ 0.013 
+ 0'01.3 
+ 0.014 
+ 0 .014  
+ 0.014 

+ 0'014 
+ 0 , 0 1 6  
+ 0.017 
+ 0,017 
+ 0.017 

+ 0.018 
+ 0.019 
+ o 020 
+ o . o r o  
+ 0'021 

+ 0'0" 

+ 0'011 
+ 0 . 0 1 2  

+ 0 . 0 2 1  

+ 0.013 

Dynnnric 
""'~'lt 

nburr (+)  
or below ( - )  

Bczwudn 

feel 
- 30.331 - z9.1,30 
- 1 9 . 8 ~ 8  
- 2 3 . ~ ~ 7  
- 29.08, 

- ~ 8 . 3 7 ~  
- 29.020 
- z,.o,o 
- ~ 9 . 5 8 ~  
- 29.107 

- 28.262 
- 27.829 
- 26,438 - 2.3.422 
- 2j2252 

- 25.879 
- zB.gRo - 27'209 
- 25.324 - 24'621 

- 22.39j - 17'091 - 9.071 - z j ' z 1 8  
- 24'ggy 

- 6.899 
- 11.814 
- 9'654 
- I z . j o l  
- 18.932 

- 19.736 - 20'147 - Z5'7.11 - 22'682 
- 2.3'104 

- 24.122 - 26'0.50 
- 25'Rflj - 25.562 
- 7.7'004 

- .34'lzR 
- 33'49.1 
- 36.025 
- 35'5iH - 36.804 

- 1 6 ' 0 9 ~  
- 40'3.35 - 42'ohd 
- 42 ' J74  - 4"9'J0 

- 45'oR6 
- 4*'6.<5 
- 49'910 - 49"lR3 - 5 1 . ~ 9 9  

- S ' " ~ S  
- 5'"732 - 5 ~ ' ~ ~ '  
- 54"4O - 56'01R 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 30. Bezwada to Vizagapatam.-(Continued). 

Obser - ' - I 
Dincrepnncy betweon 

I 
~ench-mark0 levoilers 

(First - Boeond leveller) o:k;:: 

From I- 
frum 

Btzwndn 
Prom mark 

t o  nrnrk 
( = d )  

Total from 
Bezwada 

ved I u ~ n n n i l c  I I 
ion correction 
( + )  dedurvd from '{::-:: 
F(-)  n ~ u r k t o n ~ u r h  ,,bore ( + )  

tlezwnda orbelow ( - )  
(mean result 

by two ~ o t n l  from 
BBZWada 

fool 
+ 0 ' 0 2 2  
+ 0'022 
+ 0'02.3 
+ 0'01.3 
+ 0 ' 0 2 3  



LEVELLING OPERATIONS. 

Line No. 30. Bezwada to Vizagapatam.-(Continued). 

I i d  I 

Distance 
from 

Ilczrvlrdn 

197 200.26 
IPH 201.26 
19!l 202'2; 
2 n 0  ao3.28 
201 204.29 

Discropnnry between 
le~cllcrn 

(First- Secunrl leveller) 

foot feel 
- 0'00.Z + 0.278 - 0.009 + 0.269 
+ o.ooR + 0.277 
+ 0.006 + o.1~.3 
- 0'014 + 0.269 

Observed 1 nvnnmin 1 I 
eIevat.iun coFIZiin 

aboro ( + ) dcdllccd fronr 
or belorv ( - )  n~n1.k to 1nur.h 

Uez\vudn C aboro ( + )  
(~nenn ~.rsnlt or brlo~s, ( - )  

by bwo Totill f ~ , o n ~  

feel foot 
- .1,3'0Zl) + 0.004 
- 37'1;; + 0'014 - 30'214 + 0'011 - 21.661) + 0.008 
- 2 + 0'00g 

feel 
- I.7'025 - 3i'16,3 
- 30'203 
- 21.661 
- 24.26 

- --- .. . 
I I - -  1 , , I + o.oo4 1 + 0.,ql.3 1 - :5;.5.,0 1 + 0.019 1 - s ~ ~ s 1 9  1 

Difference o f  dynamic height, Bezwada to Vizagapatam = - 61'5'' feet' 

Length of line i u  miles = M = 229.87. 

@? = + @..139 
I'rohn1,le error of the mcan result per mile of double-levelling = 0'6745 4~ - 



sic. -1 
RESULTS OBTAINED FROM SIMULTANEOUb DOUBLE-LEVELLING. 

Line No. 31. Kalyan to Kedgaon. 

UeuuL-~unr.Li Xu. 1 is tbe mark a t  lialynn dcsoribed on page 134 

, 

, 

' 

I 

' 

1)ynnmic 
correction 

ded~nced from 
malk to mnrk 

Tobol from 
Kulgnn 

foot 
- 0 . 0 0 1  
- 0-005 
- o-0.30 
- 0.020 
- 0.017 

- 0.013 
- 0.013 
- 0.014 - o,oa;  
- 0.0.30 

- 0 .033  - o . o j z  
- 0.029 - 0'029 
- 0.032 

- 0.038 
- 0.045 
- m.041 - 0.040 
- 0.042 

- 0.045 
- 0-053 
- o . o g i  - 0 .064  
- 0.066 

- 0.06; 
, - 0.276 - o.gRb - 0.862 
- 0.657 

' - 0.657 
- 0.656 
- 0.653 
- 0.651 - o . 6 j a  

- 0,649 
- 0.655 - 0 . 6 6 ~  - 0,662 
- o . 6 j j  

- o.hq.3 - 0 6  
- 0.64.4 - 0.64; - 0 .641  

- 0.6,15 
- 0.628 
- 0 60; - o.;gh 
- o.sg,$ 

- o .591  
- o . ; ~ , ~  - O . ~ R , ~  
- o.;$+ - 0 ,589  

- o . ~ ~ ;  
- o . ( , l o  
- o . ~ , 1 9  - - 0 . 6 ~ ~  

Observed 
elevntion 

ubovc ( + )  
orbe lo~v  

Kalyun 
(mean resull 

by I,WO 

levellers) 

feet 
+ 1.700 
+ 1.7.ggg 
+ 98.387. 
+ 6 j .148  
+ 56.463 

+ 44.6;; 
+ 4 3 . 4 ~ 6  + 46.624 
+ 81.30; 
+ 96.245 

+ 105.61'6 
+ 10,3.,qrg 
+ 93.098 + 92'322 
+ ~o.$.qr)g 

+ 121'323 
+ 1 ~ 3 ' 6 ~ 5  
+ 1 3 1 - s g 2  
+ I 
+ 135'381 

+ 144.628 
+ 16(j.z15 
+ 18,3'ooS~ 
+ 204'96; 
+ 210.144 

+ 207.071 
+1;,;4';06 
+176;';13 
t i 0 1 2  6 h j  
+1999 '1  j+  

' +1997.789 
+lgr)+.o;S 
+ 198+';;4 + 19jB.482 
+ I r ) i 5 ' g j z  

+19?4.38; 
+ I ;  

+ r o j 4  989 
+ z o 1 2 - 6 . ~ 0  
+ 1 9 g 1  -901  

+Ir);7'046 
+ 1804 721 
+1y, j7 .261 
+ 19;0.43+ 
+ 1g j1 .022  

+ 1 9 3 1 . 9 ~ 6  
+ I ~ I I . O Z H  
C 181.0.hq4 
+ 1 9 1 q  he,,< 
+ 1810.0,~ 

r I ~ o . 3 . 9 2 0  
+ 1808 8;s 
+ 1j8o.o;o 
+ l i H l  .;;h 
+179 j .984  

+ u R ~ i . g a r  
+ ~ R , ; ; . , ~ S I  
+ I R H ~ . ~ R ~  
+tRj6.626 
+ 1841.194 

Dynnmic .;;:::: ) 
orbelow (-) 

K a l ~ n n  

feet 
+ 1'708 
+ 13.9q) 
+ 98.3;; 
+ 67 '128  
+ 56,446 

+ 44.644 
+ 4.3'403 
+ 46,610 
+ 81.282 
+ 96.215 

+ I O ; . S R . ~  
+ r o j . z q i  
+ 9.3.069 
+ 92,293 
+ 10.3.46; 

+ 121'285 
+ 143'580 
+ 13t .511 
+ ~tr).;;o; 
+ 135',339 

+ 14j'I.R.< 
+ 169-  162 
+ 1 8 2 . 9 ; ~  
+ 204.901 
+ z1~o .o j8  

+ 207.000 
+ 17;,3.9,~0 
+1;6+.9,~, ;  
kao12.00,l 
+ 1 ~ ~ 8 . 4 9 ;  

+ I ~ ) ~ , . I R Y  
+ 1993.402 
+ 1984.101 
+ 1 9 7 7 . 8 ~ 1  
+ 19i5 '30Z 

+197.4.7,38 
+ 199z.,qa? 
+ r o 3 4 . j z o  
+ z o l ~ . g h R  
+ 1991.2,O 

A 1 9 ~ 6 . ~ 0 . 3  
+ 1894.oqq 
+ 19;6.61R 
+ 196<).;8j 
+1950..381 

+1931.311 
+ I ~ I I . O O O  
+ Ifl;o.oR; 
+ 1819.09; 
+ 1809.449 

+ I ~ o ~ . , 4 2 , ,  
+ 1808 282 
+ lii9.J(,7 
+ I ; 8 , .  
+ 1795,395 

+ 1 ~ 1 7 . , 3 2 j  

+ 1 8 j 6 . i 4 1  
+ Iss,3.(,h9 
+ 1836.02,1 
+ 1840.jg0 

Distnnee 
Ironi 

Iiulyan 

miles 
O . ~ j  
1 .04 
6.34 
7-70 
8 . 1 5  

8 . 6 9  
1 2 . 1 ;  

1.3.10 
14.29 
14.69 

15.09 
18 'og 
1R.j.4 
19.36 
20.29 

20.86 
~ 1 . 9 1  
23.87 
25.96 
28.05 

28.94 
30.88 
35.94 
j j . 4 5  
37.66 

37.72 
42.99 
43-72 
45.92 
48.22 

50.27 
52.01 
53.25 
j4 .52 
55.88 

55.93 
57.58 
5R.90 
61.15 
62 .% 

h g . 4 ~  
h7..3; 
6 9 . ; ~  
70.37 
j1 , . 18  

7 
77 2') 

7,< .,o 
i(1.28 
78.08 

Ro ' j+  
82-.3; 
8.3'43 

5-4.72 
Rg.43 

16 .14  
86 .77  
87 .66  
QO.67 
q2'.?h 

Discrepnnv between, 
Bench-marks 

h o r n  I TO 

leveller8 
(First- Second 

From niurk 
to  

foot - 0.001 
+ o 00.3 
- o ,ozo  
- 0 . 0 1 ~ -  
+ 0.001 

+ 0.006 - 0.016 - 0.004 
+ 0.004 
+ 0.006 

+ 0 ~ 0 0 5  
+ 0,007 - 0.00.1 
+ o . o o j  
+ 0-003 

+ 0.004 
+ 0 .00s  
+ 0.004 
+ 0.015 
+ 0.00.3 

- 0.004 
+ 0.009 
- Q.QOZ 
+ o ' o l j  
+ 0.001 

+ 0.001 
+ 0.067 
+ 0.00,3 
+ 0.023 - o.02; 

- 0.009 
- 0 .009  
+ 0 .002  

+ 0,008 - 0.007 

- 0 , 0 0 1  
- 0 , 0 1 1  
+ 0 .012  
+ 0.002 
+ 0.004 

- 0 . 0 2 2  

+ 0-00; 
+ o . 0 1 8  
+ o 0 0 2  

+ o. 004 

+ 0.001 
- o 002 
- 0.01 1 

+ 0'00.3 - 0 '012  

- 0 .02 j  
+ J 00.4 
- 0-007 
+ 0.008 - 0.008 

- 0'00.3 
- 0.005 
+ o . o l ;  
- 0 016 
+ 0.005 

I* 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22  

, 23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

42 
4:) 
44 
45 

4'i 
4J 
49 

60 

52' '' " 
65 

" 
" 
" 

lercller) 

~ o i a l  irom 
Kulyan 

foot 
- 0.001 

- 0.002 - 0 . 0 1 8  
0.0.30 

- 0.029 

- 0.02.3 
- 0-039 
- 0.043 - 0.0.49 - 0.033 

- 0.028 
- 0.021 
- 0.022 
- 0'017 
- 0.014 

- 0.010 - 0 . ~ 0 9  
- 0.005 
+ O'o lo  
+ 0 , 0 1 3  

+ 0'009 
+ 0 . 0 1 8  
+ 0 . 0 1 6  
+ 0.029 
+ 0.030 

+ 0'031 
+ 0.098 
+ 0'101 
+ 0 ' 1 2 4  
+ 0.099 

+ 0.090 
+ 0.081 
+ 0.08.3 
+ 0.091 
+ o'08+ 

+o.oR.3 
+ 0.072 
+ 0-084 
+ 0 .086  
+ 0.090 

+ 0.068 
+ o.oi .3  
+ 0.091 
+ 0-09.3 
+ 0.09;  

+ o.oq8 
+ o.oq6 
+ O ' O % ~  

+ o o R R  
+ o-o;h 

+ o , o g r  
+ 0 .054  
+ 0.047 
+ 0.0s;  
+ 0'04; 

+ 0 .044  
+ 0.039 
+ o . o j 6  
+ 0 . 0 4 0  
+ 0.045 

2 
3 
4 
5 
t j  

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18 
I 9  
20 
21 

22 
2:3 
2 
25 
2G 

27 
28 
29 
30 
31 

32 
33 
34 
35 
36 

37 
39 
3:) 
40 
41 

42 
49 
1 
45 
46 

47 
4s 
"!I '* 
6' 

62 
':I '' 
66 

'' 
' 8  

'(' 
" 



LEVELLING OPERATIONS. 

Line No. 31. Kalyan to Kedgaon.-(Continued). 

Difference of dynamic height, Kalyan to Kedgaon = + 1750.957 feet. 

Length of line in miles = M = 119.98. Cd' = 0.011771. 

Zd? 
Probable ermr of the mean result per mile of double:lerelliog = 0 . 6 7 4 5 d a  = + 0.0033. 

- 

Probal~lr error of the diEerenre of elevation between the terminal bench-marks = 0 - 6 7 4 5 4 y  = f 00366, 

-- 
* Bench-mark No. 80 ia the mark  at Kedgaon described on  page 134. 

Bench-mark8 

From 1 To 

Dinlnnce 
fro111 

ha lynn  

miles 
94 '85 
97 '16  
98'3R 

100'36 
I O Z . J I  

1o4'.31 
l04',;1 
105'59 
106 .7 j  
1 0 8 , j t  

110.67 
111.01 
112'.34 
11a.87 
113.53 

1 1 j . 2 9  
115.49 
119.6.3 
119.98 

D~n"ic 
beiglll 

above ( t )  
or below (-) 

""J~~ 

f ~ e l  
+17R3.hj0 
t 1:~8.;33 
+ 1 7 7 7 . ~ ~ 6  
+ 1 j l 6 . j ~ ~  
+177,.oz9 

t 1 7 7 j . 2 ~ 7  
+'777.9j9 

t 1 7 j 8 . 8 ~ 0  
+1783.975 
+ 1779.710 

+ 1800.,365 
+1795.618 
+ 1;r)6.552 
+1784,825 
t 1 7 9 r 9 0 0  

t 1 8 1 1 . 8 6 ~  
t 1 8 1 1 ' g h j  
+1761~ooG 
+17j0 '9j7 

Obnervcd 
elevntion 
above ( + ) 

01. below (-) 
Knlynn 

(nienn rcsult 
by two 

levellers) 

feet 
+ 1784'2.35 
+17.39.303 
+17jR,g;r) 
+1776.954 
+1771.6oy 

+177;'81R 
+1778.541 
+177Y'J22 
+ 1 7 8 4 , 5 j g  
+178o.rr).3 

+ 1800.955 
+1796 ' zz7  
+ ; 9 ; 1 4 1  + 178j'410 
+ 1793,488 

+1812.458 
t 1 8 1 z . 1 6 0  
+ I ~ G I ' ~ R J  
+ 1 1 5 l ' j 3 2  

(il 
G!! 
63 
C4 
66 

66 
67 
68 
69 
70 

71 
72 
73 

5; 
70 
77 
78 
79 

DY"'nlic 
correction 

dedllred from 
rnmrkto mtLrk 

Total l r o ~ n  
Kolgnn 

foot 
- o.jR.5 
- o . ~ j o  
- o.gR.3 - 0.5Rz 
- o. jBo 

- o , j 8 1  - 0 ' 5 8 z t  - 0.582 
- o ' j84  
- 0.583 

- 0.590 
- 0.589 - 0.589 
- o . j R j  
- 0.568 

- 0.59j  
- 0,595 - 0.578 
- O ' j 7 j  

62 
63 
64 
65 
6ti 

67 
60 
(59 
70 
71 

72  
73 
74 
76 
76 

77 
78 
79 
808 

Dincrepnncy between 
levellers 

( ~ i ~ ~ t - s ~ ~ ~ ~ d  leveller) 

From Inark 
to mark 

( = d )  

fool 
- 0'009. - 0.016 
- 0.003 
- 0.001 
+ 0 . 0 0 2  

+ 0'01.3 
+ 0.001 
- o , o o j  
- 0.013 
- o ' o r o  

+ o . o o j  
- 0.004 
+ 0.0Oj 
- 0.005 - 0.001 

- 0.007 
+ o.001 - 0'014 
- 0.004 

Totnl from 
Enlyan 

foot 
+ o.03h 
+ 0 . 0 2 0  

+ 0 .017  
+ 0.016 
+ 0.018 

+ 0'0.31 
+ 0.032 
+ 0'027 
+ O ' o l j  - o . o o j  

0.000 - 0,004 
+ 0'001 - 0'004 
- 0'00j 

- 0.012 - O . O I I  - o ' o z j  - 0'029 



sac 2 I 
RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 32. Bombay to Kalyan. 

Difference of dynamic height, Bombay to Kalyan = + 5.399 feet. 
Length of line in miles = M = 34.54. x d 2  = 00000712. 

Probable error of thc mean result per mile of double-levelling = 0.6145 2/g = - + 0.0015. 

npnnmic 

- 
Pmbabl ermr of the difference of elevation between the terminal bench-marks = 0 . 6 7 4 5 d Y  = 0.0090. 0 

l )y l~nn~ic  
c o r r e r ~ i o n  

deducrd from 

BcncL.111nrk No. 1 is the murk a t  tlombny described on page 133, t Bench-mnrk No. 21 is the  mark at Knlyan described ou &,age 134. 

Obsrrvod 
rlevollon 

nbove ( + ) Benoh-marks 
Diacreponry between 

lerellc~.r 

(-) 
~ < , ~ ~ ~ b ~ y  

(met~n ~ e ~ ~ u l r  
by two 

l~vollern) 

fret 
- j ' 3 ? 1  
- 1 1 . 0 0 0  
- 5.2oH 
- I 

- 7'249 

- 9.874 - 3 6  
- 7 
- 0',30j 
- 4',391 

+ 1.~R.3 
+ 6.1ti2 
+ 1q.;q8 - z ' J ;~ )  
+ 18.022 

+ 1.426 
+ 3.0Ho 
- I ,692 
+ 16.211 
+ 5'39c) 

murk to 

Total fronu 
Uoulbny 

foot 
+ 0.002 
f o . 0 0 4  
+ 0.002 
+ 0.00.3 
+ 0'00.3 

+ 0.004 
+ 0.002 

+ 0 ' 0 0 , ~  
+ 0'001 

+ 0'002 

0.000 
- o'ool  
- 0,005 
+ 0 ' 0 0 2  

- 0.004 

+ 0.001 
0.000 

+ 0.002 
- 0.00.3 

0'000 

nbt;:;;;, 
or he la^^ ( - )  

Bolubay 

fert 
- j ' ,qIq 
- 1 1 . 0 5 6  
- 5'206 
- b 140 
- 7.246 

- 9,870 
- 3.734 
- 7'849 
- 0'306 
- 4..389 

+ I . i R , ,  
+ 6 . 1 8 1  
+ 19';9,3 
- 1'437 
+ 18.018 

+ 1.42; 
+ ,~ .gRo 
- 1'000 
+ 10 .?08  
+ j . 309  

Distanco 
f ron~  

Bombuy 

tniles 
3'90 
I 
0 .86 
7.09 
7'20 

10.56 
11 .06  
1 1 . H ;  

I 
16.80 

I 
n . o o  
22.64 
2 

24.73 

25.33 
26.60 
27'7.3 
3l.4.1 
3 4 ' j 4  

(Firat-Second lovelier) 

I* 
2 
3 
4 
5 

G 
7 
8 
! 

10 

11 
12 
13 
14 
15 

16 
17 
l n  
19 
20 

. 
""l nlarb- 

l'"Lrk 

( = d )  

fool 
+ 0.00.3 
- 0 . 0 0 8  
- 0.002 
- o.oo,1 

o 'ooo 

- 0.017 
- 0 .001  

+ o 006 
- 0.009 

0.000 

+ Q.001 

+ o.008 
+ o-00;  - 0 ' 0 0 2  

- o.oog 

- 0-00.3 
+ 0.00.3 - o 00.3 

o.ooo 
- 0.107 

2 
3 
4 
5 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
10 

17 
18 
19 
20 
21t 

To101 from 
Uolllbmy 

fuot 
+ 0-00.1 
- 0 . 0 0 5  
- 0.007 
- o.ouo 
- o ' o l o  

- 0.027 
- 0.028 
- 0 . 0 2 2  

- 0'0.31 
- 0.031 

- 0 . 0 , ~ O  

- 0.022 
- 0.015 
- 0,017 
- 0.022 

- o ' o ~ i  - 0.022 
- 0-025 
- o.02; 
- 0'0.32 



LEVELLING OPERATIONS. 

Line No. 33. Kalyan to Nandgaon. 

bench.mark No. 1 Ls rhc mark at Kslgsn c i a r i b e l  oo p ~ g c  184. 

Dinorepsncy between 

D~nnmic 
height 

ahove ( + )  
or below (-) 

Kslyun 

feet 
- 1.556 
+ 11.,,96 
+ I 2 . 2 d  
+ 14.2j8 
+ 2t).028 

+ 18.gj7 
+ 12.,371 

+ a6.7dj  
+ 2 7 . y ~ 7  
+ 30.003 

+ 33.878 
+ 36.694 
+ 43.i6# 
+ 66.j9(1 
+ 53.18; 

+ 76.173 
+ j4.26.+ 
+ 74.243 
+ 109',313 + 162 .56~  

+ r n , ~ 6  
+ 217.468 
+ r14.oR3 
+ 321'6.40 
+ 344'437 

+ 364.198 
+ 452'00LI 
+ 449'773 
+ 457.554 
+ 499'773 

+ 541'193 
+ 578'764 
+ 679-6.33 + 688.617 
+ 124'412 

+ f23'009 
+ 711'206 
+ 693.214 
+ 714'033 
+ 80,3';83 

+ 8'9'97' 
+ 854.464 
+ 8~9 ' ,1 i8  
+ 924 .50~  
+ 914'98' 

+ 7 3 9 . 0 ' ~  
+ 800.189 
+ 839,615 
+ 947'Id0 
+ 942'lbB 

+1088'3 '9  
+ 1214'781 
+ 12~5 .846  
+ 1.340'i04 
+ 1580.08~ 

+ 1 6 7 3 ' 5 ~ ~  
+17.37'477 
+ 1 ; 6 9 ' ~ ~ 3  

tR51'49 
+ 1 8 9 6 ' 2 7 ~  

Observed 
a l e r n t i o ~ ~  

above (+)  leyoller) 

Tolnl from 
Kalynn 

foul - 0 002 
- 0'006 
- o.ooR - 0'011 
- 0.016 

- 0.025 
- 0'01;  - 0 ,019  
- 0'018 
- 0'024 

- 0.040 
- 0.0.78 
- 0.037 
- 0 0.19 
- o.oj.3 

- o . o j ~  
- o . o j l  
- 0.047 
- 0'05; 
- o ' o j o  

- 0.063 
- 0.060 
- o.ojR 
- 0.058 - 0.066 

- 0.054 - 0.028 
- 0.0.40 

, - 0.046 
- O ' O j 1  

- 0'060 
- 0.05.3 - 0.061 

, - 0.066 
, - 0.061 

- 0.061 
- 0.06.3 - 0.065 
- 0.040 - 0.063 

- 0.06.1 
- 0.045 
- 0 . 0 ~ ~  

' - 0-055 
, - 0 . o j 4  

- 0.04, 
- 0.049 
- 0.054 
- o.oi.3 - 0.075 

- 0 . 9 0  

- 0.126 - 0 

- o . I ; R  
- 0.16.3 

- 0.172 
- 0-158 
- 0 .161  
- 0.l86 
- 0-310 

Bench-marks levelle~a 
Distnnce (Fht-Secolld 

f r o n ~  
Knlysn 

From mnrk 

1)ynsmie 
eorreclion 

deduced from 

1' ' 
' 
fi 

6 
9 
10 

11 
12 
13 
14 
16 

16 
17 
18 
19 
20 

21 
Td 
23 
2 1  
25 

26 
2 i  
23 
29 
3 0  

31 
32 
38 
34 
36 

36 
37 
38 
39 
JO 

41 
42 
43 
44 
46 

46 
47 
49 
49 
60 

61 
62 
53 
4 
65 

GC 
87 

or bu,ow (-) 
Iinlynn 

(rne~~n roault 
by LWO 

levellers) 

fog* 
- 1.557 
+ 11.9gq 
+ 1 ~ ~ 2 . ~ 8  
+ I 

+ 28-036 

+ 18,961 
' + ~ z . j l +  

+ 26,742 
+ 27'1)#)4 
+ 30 .01  r 

+ 3.3.887 
+ 36-704 
+ 4.3.580 
+ 06-41: 
+ gj .zoa 

, + ~ 6 ' 1 9 5  + ,q . rRj  
+ i4.204 
+ 101)'.344 + 162.608 

+ z r l . z ;g  
+ r17.5.70 
+ 214.144 
+ j 2 2 ' 7 2 2  

+ 344.j.35 

+ .364.402 
+ 4 j r  1.3; 

' + 4 ~ 9 , 9 0 1  
+ 457.684 
+ 499.915 

+ 541'347 
+ sjR.yz9 
+ 679.817 
+ 688.814 
+ 724,619 

' + 7a3.216 
' + ; I I . J I O  

+ 693.413 
+ j14.2.3P 
+ 804.013 

+ 830.209 
+ 854.708 
+ 89#,.6,3j 
+ 97.4'770 
+ c)15.24r 

+ 739.238 
+ 800,518 
+ 8.19-855 
+ 947.410 
+ 9+2.436 

+ 1088.627 
+ 1 ~ 1 5 . 1 1 4  
+1aRh.r09 
+1,341.oRa 
+ I  580.530 

+ 1673.9;8 
+ 1737,965 
+ l ; b p . ; ~ o  
+ l R $ l  ,3$ 
+ 1896.810 

2 
a 

6 - 
9 
10 
11 

12 
la 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
?B 

28 
29 
30 
31 

32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 
.H 
45 
46 

47 
49 
49 
50 
61 

62 
53 
64 
65 
66 

h i  
68 

1 !l 

~ ~ t ~ l  fro,,, 
K ~ I ~ ~ ~  

foot 
+ 0 . O O l  

- o.ooj 
- o.ood 
- o.004 
- 0.008 

- o.oo5 
- o.oo.3 - 0 . 0 ~ ;  
- o.oo7 
- 0 . 0 ~ 8  

- 0 . 0 ~ ~  
- 0 . 0 ~ 0  

- 0.012 
- 0 . 0 , ~  
- 0.015 

- 0.022 
- 0 . 0 2 1  

- 0.021 

- 0.031 
- 0 . 0 ~ 6  

- o.06.~ 
- 0,062 - 0.061 
- 0.092 
- 0.098 

- 0.104 
, - o. lag - o.128 
' - 0.130 
- 0.141 

- 0.154 
- 0.165 
- 0.194 
- 0 . 1 ~ ~  - 0'90; 

' - 0.z07 
- 0.204 
- 0 .199  - o . r c i  
- 0 . 2 ~ 0  

- 0.2.37 
- 0.244 
- o .25 ;  
- 0.264 
- 0,261 

- 0.212 
- 0.219 
- 0.240 
- 0.270 - 0.268 

- 0.308 
- 0 . 4  
- 0.363 
- 0.378 
- o . k 4  

- 0-470 
- 0.4R8 
- 0.497 
- 0'510 
- 0.53' ! 

mile; 
0 0 2  
3 .30 
7 
3 
3 .90  

4 '00  
5 .50  
6 . ~ 0  
6.80 
7 '30  

10.10 
12.40 
1.3'01 
14.40 
1 j . 7 0  

16.40 
16.40 
16.60 
17'70 
18.70 

90.10 
r o . r o  
20.70 
22.90 
23.30 

2.3.80 
26.10 
26.10 
26.80 
28-.lo 

19.Ro 
.IO.IO 

33.70 
31.84 
33.68 

33.69 
34.1; 
~ 4 . 5 7  
36.15 
38.15 

38.77 
40.,75 
41.31 
41.0) 
42.51 

43.35 
4.7.60 
43.76 
44.26 
45.30 

47.,36 
47.90 
48.10 
48.40 
49.35 

5o.ro 
50.96 
51.20 
51 M 

to 
( = d )  

foot - 0.002 
- 0.004 
- 0'002 
- 0'00.3 
- 0'005 

- 0'009 
+ 0.008 ' 
- 0'002 
+ 0'001 

- 0.006 

- 0.016 
+ 0.001 

+ 0-001 - 0.002 
- 0.014 

+ 0.001 
+ 0.001 
+ 0.004 
- 0'010 
+ 0'007 

- 0.01.3 
+ 0.00.3 
+ 0-001 

0.000 
- 0.008 

+ o . o l r  
+ o 026 
- o.ooa - 0.016 
- 0.006 

- 0.008 
+ 0.007 
- 0.009 - 0.004 
+ o .oo j  

0'000' 

- 0.002 
- 0 . 0 0 2  

+ 0 . 0 l j  - 0.023 

0.000 
+ o . 0 1 8  
+ 0 . 0 0 ~  
- 0.013 
+ 0'001 

+ 0.010 
- 0.005 
- 0.005 
- 0 .019  
- 0.0- 

- 0.015 - 0.036 - 0.019 
- 0.01.3 
- o . o q  

- 0.009 
+ 0 .014  
- 0.00j 

- 0.025 
53.0' - 0.024 



sac. 3.1 
RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE.LEBELLINB. 

Line No. 33. Kalyan to Nandgaon.-(Continued). 

~ ~ ~ p " ~ "  
above ( + )  
or holow (-) 

Ka'~nn 

feet 
+189,3'.797 + 1894'100 
+ 189;'16.7 
+18;9'6;4 
+1871.844 

+1879'119 
+1869,622 
+18i1.088 
+1860.516 
+1861'57j 

+1864.oj.3 
+1941'193 
+ 1862.446 
+,86.7.*786 
+1863'338 

+1865.141 
+ 1836.62.7 
+ 181o.Rzo 
+1Ra6.827 
+ 18$2'8;4 

+~R;g.Blj 
+185i.i63 
+ 1818.,qgj 
+ 180.3.623 
+1801.653 

+1803.394 
+ 181~1.010 
+ 1814.948 
+1816.204 
+ r815.133 

+ I ~ z ; . o ~ J  
+1R55.,316 
+ 181 1.951 
+1836.1;9 
+ 18~2.86j 

+18,34.251 
+17H6.~35 
+1;84.5j7 
+ 1;82 019 
+1;8z.~jj 

+1,77.414 
+li;2.c33 
+ l;6,3.981 
+ I;82.r94 
+1i8j.oj6 

;7~.c,5 
+17i9.424 
+1806.j2j 
+1817 6;" 
+18,3;.59(, 

+ 1~87.z74 
+19,8.346 
+191f, 815 
+1')14.5',, 
+1914.25,, 

+19,;.849 
+ IYq~.;74 
+20i,.267 
+19q,q.150 
+ 19,i1 ..,,? 6 

2!i:::n 
decluced frum 
lnsrk~ln,,rk 

l'otal from 
Kulyan 

fool 
- 0'5.31 - 0'531 - o.j.32 - 0'527 
- o'jr5 
- 0.527 - 0.514 - 0.524 - 0.521 
- 0,521 
- 0.522 
- 0'544 - 0.521 
- 0.522 
- 0'522 
- 0.523 
- o.j15 
- 0,508 
- 0.512 - 0,514 
- 0'527 - 0.511 
- 0.510 - 0.506 - 0.jo5 
- 0,506 - 0.509 
- O . ~ I O  - 0.510 
- 0.510 

. - 0.513 
- 0.521 - 0.510 
-0,516 - 0.518 
- 0.516 
- 0.503 - 0.50s 
- 0.501 
- o.jol 
- 0.SOO 
- 0.4~9 
- 0.49~ - 0.5~2 
-o'joa 

- os501 - 0.501 
- 0 . ~ ~ 8  

' - 
' - 0,516 
- 0 . ~ ~ 8  
- 0.~,36 
- 0.~,,6 - 0-5.,j - 0.5.35 
- 0.5~6 
- 0.~56 
- 0.s76 
- Ob5.L$ 
- 0.5~8 

~~~~~~~~ 
above ( +  ) 
or be lo,^ (-1 

Kulyun 
(man11 result 

hy two 
lesollers) 

feet 
+180.7'928 
+ 1Sfj4.631 
+ 180i.695 
+ 1880.201 
+18;3.369 

+1879.646 
+ 18jo'lqb 
+ 18j1.612 
+1861.037 
+1862.096 

+1864.57j 
+1944'737 
+ 1R6z.g68 
+ 186.3.goB 
+1863.860 

+1R65.664 
+ I R ~ ~ . I J R  
+ I R I I . . ~ ~ ~  
+1827',q3g 
+18.3.7'388 

+18Ro..402 
+ I R ~ R . Z R ~  
+1818.903 
+ 18o4.1~9 
+1802.1j8 

+ 180.7'900 
+181.3.519 
+1815.4;8 
+1816.714 
+1815.64.3 

+1Rrg.s87 
+ 1855.8,i7 
+ I R I ~ . ~ ~ I  
+1R.36.6g5 
+1843.38,3 

+1834.767 
+ 1;8h.g.~8 
+r;8g.oig 
+ I7Rz.jz0 
+178z.9;6 

+17i1.914 
+ri;,q.o,72 
+ I;GJ.~~R 
+ 1;Rz.i~6 
+1;8.3'558 

+ 1778.~~6 
+ 1 ; q 2  
+1807-2,~; 
+ I R I X . I ~ I  
+18,38.112 

+ I R ~ ~ . R ~ ~  
+lqll).oR2 
+1917.,j5~ 
+1915'079 
+19'4.794 

+ I ~ I R . J R ~  
+1()99.1,qo 
+zo70-R13 
+199,;'704 
f lg,31.8iq 

'~eneh.marLs 

From 1 TO 
Distnnco 
fro111 
Kulym 

miles 
53.10 
54.18 
54.24 
jj.28 
57.26 

57.65 
59'95 
59.96 
61.77 
62.57 

63.47 
66.17 
67.86 
68.65 
69.69 

69.70 
71.45 
73.25 
74.60 
7j.p 

76.92 
78-18 
80.06 
81.07 
82.08 

83'57 
84.72 
85.60 
85.62 
85'76 

86.11 
R7-66 
89'45 
90.20 
92'60 

93.48 
96.58 

, 97.16 
97'2; 
98.20 

loo.20 
IO~'10 
101.55 
Bol'57 

. 104-jl 

10S'09 
105'12 
107.68 
lo8'(lo 
109'64 

111'31 
".3.97 
I1i's2 
115.54 
116.03 

Il8'45 
lzl'Rj 
4 
126.54 
128'64 

61 

(is 
64 
66 

66 
67 
68 
69 
90 

71 
12 

75 

16 
77 
78 
79 
80 

81 
82 
83 
84 
86 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 

100 

101 
Ion 
Io3 
lo' 
105 

Iofi 
lo' 

lo' 
'I0 

'I1 
'I2 
'I3 

116 

'I7 
'la 
''9 
Iz0 

62 
6 3  
64 
65 
ti6 

67 
G8 
69 
70 
71 

72 
i3 

iG 

77 
78 
79 
80 
81 

82 
83 
84 
8h 
86 

87 
88 
89 
90 
91 

92 
93 
4 
95 
96 

97 
98 
99 

101 

102 
lo:+ 

Io5 
106 

Io7 

lU9 

'I2 
'la 
'I4 
115 
116 

'I8 
'I9 
120 
lzl 

Diecrsgonc,y hetwoen 
Ie~elltlre 

(Firat- Second 

Frolll 'lark 
lo mllrk 

( = d l  

foot 
+ 0'003 - 0.007 
+ 0.003 - 0.020 

0.000 

+ 0.010 
+ 0.039 
+ o.002 
+ o.orj 
+ 0.001 
+ 0.011 
+ 0,004 
+ o.oaz 
+ 0.009 
+ o,oor 

- 0,006 
+ 0.017 - 0.014 
+ 0.001 - 0,006 
+ o.oro - 0.008 
+ 0.002 
+ 0.014 

o.000 

- 0.014 - 0.016 
- 0,017 
+ o.oor - 0.003 
+ o.ooa 
+ o'o12 - 0.010 
-0.oo4 - o,oor 
- o.012 
+ 0.007 
+ 0.006 
+ 0'002 
+ 0.007 
- 0.001 - 0'00.3 
- 0'00% 
- 0'008 

0'000 

+ 0'002 
- 0.001 
+ 0'010 - 0.004 - 0.014 
+ 0.008 
+ o.020 
+ o'002 
- 0.001 
- 0.01.3 

- 0.015 
+ 0'02.7 - 0.022 
+ o . ~ ~ , ,  
+ o'ooa 

leveller) 

Total from 
Kul~nn 
I 

foot - 0.207 
- 0 . 2 1 ~  - 0.21 I - 0.2.31 - 0.231 
- 0.az1 - 0 . 1 8 ~  - 0.180 - 0,165 
- 0.164 
- 0.15.7 - 0.149 
- 0.157 
- 0.128 - 0.1~6 
- 0.132 
- 0.115 - 0.119 
- 0.128 
- 0.134 
- 0'114 - o.lrz - 0.120 
- 0.106 - 0.106 
- 0'1.30 - 0,146 
- 0,163 - 0.161 
- 0.16j 
- 0.16.3 
- 0.151 - 0,161 
-0.165 - 0.166 
- o.I;R 
- 0.171 - 0.165 
- 0.163 
- o.1j6 
- 0.157 - o.r6o - 0.162 
- 0.1;o 
-0.170 

- 0.168 
- 0.169 
- 0 . t ~ ~  

- 0.16.3 
- 0'17; 

- 0.169 
- 0 4  
- 0,147 
- O"4R 
- 0.161 

- 0.176 
- I 
- 0.175 
- O'liZ 
- 0,170 



LEVELLING OPERATIONS. 

Line No. 33. Kalyan to  Nandgaon.-(Continued). 

Difference of dynamic height, Kalyan to trlandgaon = + 1529.254 feet. 

Length of line in miles = M = 146.60. Cd' = 0.0374.33. 

Probable error of the mean result per mile of double-levelling = 0 6 7 4 5  Z/g = & O.0OSi 

Prohahle error o l  the ditterence of elevation Letreell the terminal hc~lch-mahs  = 0.4745 fl$ = 0'01fi 

Dielnnce 
from 

K u l p n  

miles 
1.3o.g.q 
1.30 q j  
134.20 
1,30..31 
1.36.60 

139..36 
1 4 0 ' 1 8  
142.41 
143.,31 
144.67 

146.29 
1 ~ 6 . 5 7  
146.60 

Bench-mnrke 

From / l o  

- 

* Bencll-mark So. 134 is the mark a t  Nandgaon described ou page 135. 

l)iscn.p,,ncg between 
levellers 

(Firs l -  Second lerellrr) 

121 
181 
123 
124 
135 

126 
127 
If8 
129 
130 

131 
132 
133 

Observed 
elaru~ion 

above ( + )  
or ,,,,, (- )  

l i t t l ~ u ~ t  
(IIX.II n rr.s111t. 

by t w o  
levol l r r~)  

f e d  
+ o F ; ~ - g ; j  
+ 18;4.6,30 
+ I R I O . ~ R I  
+ 1 i ; ~ ' 8 1 i  
+ 1 i b q , 1 3 ~  

+ lj38.60; 
+ I ; Z ~ . Z R I  
+ 1659'36q 
+ 16.34',3.$0 
+ I  j86.842 

+15.3.3 8q2 
f l j 2 8 . 1 5 4  
+ 1 j29  696 

From mark 
to 

( = d )  

foot 
+ o . 0 0 6  
- 0.006 
- 0.01.3 
+ o 01.3 

0.000 

+ o'ooR 
o . o w  

- 0.c1.3 
- 0 .001  
+ 0.0" 

+ 0.001 

+ 0'004 
+ 0.004 

122 
123 
124 
125 
126 

127 
128 
129 
130 
131 

132 
133 
3 4  

Totnl from 
KUIJUD 

fool 
- 0 . 1 6 4  
- 0 . 1  70 
- 0'18.3 
- o , ~ j o  
- o . l ; o  

- 0.162 
- 0.162 
- 0 , 1 7 5  
- 0.176 
- 0 . 1  jo 

- 0.149 
- 0.145 
- 0 . 1 4 1  

J)!.nnnlic 
r o r r e r t ~ o ~ ~  

deduced lrom 
tomorb 

Totnl fro111 
lislgun 

.foot 
- o . g r +  
- o ' g r +  
- o.gog 
- 0,501 
- 0 ' 4 9 9  

- o ' jgz  
- 0'489 
- 0,473 
- o.qL7 
- 0.456 

- 0 4 ,  
- 0,442 
- 0.442 

D ~ n n l l l i c  
I1eight 

nbore ( + )  
arhclow (-) 

""J'~ 

feet 
+ 1 8 ; ~ , 4 4  
+ I R ~ J . I O  
+ 1 8 o g . q 7 ~  
+1; i3 .31 
+1 ;bd '6 ,~ j  

+ I ~ . ~ R . I I S  
+ I ; Z . ~ . ; ~ Z  
+ 1658 896 
+1b,3j.Ri.3 
+ 1 j 8 6 . ~ 8 6  

+ 1533'449 
+ 1 j z i . i 1 2  
+ 1jz9.254 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

foot - 0'008 
+ 0 .03 j  
+ 0.048 - o.008 - 0'001 

+ O'OZ?. 

+ 0 '021 
- 0'013 - 0.005 
+ 0 '021 

+ 0.004 
- 0.009 
- o 006 
+ O ' O L O  

+ 0 ~ 0 0 8  

+ 0.018 
- 0.009 
- 0'01.3 
- 0.00,; 
- O ' O l j  

- o '00.3 - 0'007 
0 '005 

- 0 '00.3 
+ 0.016 

- 0'015 - 0'001 
- 0.018 
+ 0.008 - 0.018 

+ 0.005 
- 0 '010  
- 0'00.3 

0 '000 
- 0'011 

+ 0.004 
+ 0'0,;l 
+ 0'00.3 
- 0'001 
+ 0.010 

+ 0'01Z 
+ 0 ' 0 1 ~  
- 0'018 

0'000 
- 0'021 

0'000 
- 0 '001  
+ 0 '008 
- 0'00.3 
+ 0.00; 

+ 0 '006 - 0'009 
- 0'007 
- 0.006 
+ 0.003 

- 0.004 
+ 0 '009 
+ 0'014 
- 0'002 
- 0'00.3 

Line No. 34. Nandgaon to Sironj. 

joot 
- 0,008 
+ 0 '027 
+ O'o;.; 
+ 0,067 
+ 0.066 

+ 0.088 
+ 0'110 
+ 0.097 
+ 0.092 
+ 0.113 

+ 0.117 
+ 0.108 
+ 0'102 
+ 0'112 
+ 0 '120 

+ 0. 1.38 
+ 0.129 
+ 0.116 
+ 0 '111 
+ 0.096 

+ 0'09.3 
+ 0-086 
+ 0.091 
+ 0 ~ 0 8 8  
+ 0.104 

+ 0.089 
+ 0.088 
+ 0'070 
+ 0.078 
+ 0,060 

+ 0.065 
+ 0'053 + 0'052 
+ 0-052 
+ 0.041 

+ 0.04.; 
+ 0 -096  
+ o'oqq 
+ o.oq8 
+ 0.108 

+ 0 '110  
+ 0'1.35 + 0'117 
+ 0'117 
+ 0.096 

+ 0.096 
+ 0 Ol)+ 

+ 0'102 
+ 0.099 
+ 0.106 

+ 0'112 
+ 0'10.3 
+ 0.096 
+ 0 '090  
+ 0'09.3 

+ 0 ~ 0 8 9  
+ 0 ~ 0 9 8  
+ 0 '111  
+ 0 '110 
+ 0'107 

feel 
+ 4 ' I q h  
+ 78.;8(> 
- 86.354 
- 82.154 
- 20R.1,~O 

- 16j.850 
- 149'9.30 
- 71',372 
- 94'870 
- 96.199 

- "6'557 
- I j 1 .ooo 
- rjo',326 
- I j4 ' ; oo  
- 1.;6.138 

- 16z.r)oo 
- 1j.z.516 
- 258.591 
- zRh.8yo 
- 300'657 

- 283'Rz(t 
- 261 .896 
- 260.R13 
- 211.962 
- 193'204 

- 355 '71 i  
- 403'969 - 4.55'411 
- 49.3'518 
- 526,oRj 

- 6.55.054 
- 684.331 
- 6R8'67.3 
- 6 9 2 . 6 ; ~  
- 708'135 

- 708.667 
- 621.414 
- 650.,3,31 
- b i b - 8 9 2  
- 700'44.i 

- 736'71R 
- 757.818 
- i i 8  990 
- 781..;45 
- 742'741 

- 763.748 
- ;;7z81 
- ~RG'Iso - 811.984 
- 864'928 

- 887'940 
- 913'69.3 - 9.38.956 - 961'27; 
- 98.1' '87 

- 986.991 
- '03Jo43  - 1052'I.;,3 
- ~05.3'.3,3.3 
- 1065.401 

foot 
- 0'001 
- 0'019 
+ 0.019 
+ 0 018 
+ 0-04; 

+ 0.0.38 
+ 0.0.34 
+ 0-017 
+ 0 '009  
+ 0 0 2 1  

+ 0.026 
+ 0.034 + 0'0.32 
+ 0 -035  
+ 0'0.3j 

+ 0.036 
+ 0.038 
+ 0 -066  
+ 0-062 
+ 0 . 0 6 j  

+ 0.061 
+ 0.056 
+ 0.056 
+ 0.046 
+ 0'042 

+ 0.0;6 
+ 0.086 
+ o'oy; 
+ 0.105 
+ 0'112 

+ 0,139 + 0'145 
+ 0,146 
+ 0.14; 
+ 0.150 

+ 0 '  I j O  

+ 01.33 
+ 0'139 
+ 0.144 
+ 0.149 

+ 0.156 
+ 0.160 
+ 0.164 
+ 0.165 
+ 0 ' 1 j 8  

+ 0.162 
+ 0,157 + 0. 166 
+ 0'173 
+ 0.181 

+ 0.185 
+ 0 ' 1 9 0  
+ 0'195 
+ 0 '199 
+ 0 ' 2 0 j  

+ 0 '204 
+ 0'21.3 
+ 0'216 
+ 0.216 
+ 0.218 

Dynamic 
corrvctlon 

deduced l ro ln  
rllar~ to  

. 

Total frolo 
Nlrndgaon 

Obsowed 
e l s r a ~ ~ o n  
sbure ( + ) 

or below ( -1  
Nandgnon 

(n~ean result 
by two  

levellers) 

I '  I I I I 

* Bench-mark No. 1 is  the mark at Nnudgaon described on page 136. 

nl:tz 
( + , 

or  b e l n ~  ( - )  
Nandgnon 

Di3'r'panc~ 
lerel lers 

(F i rs t -  gecond leveller) 

From I Tota l  from 
lo 'lirrk I N n ~ ~ d g - n  

( = d )  

~ench-merkd 

From 1 TO 

feet 
+ 4'195 
+ 78.567 
- 86..3.3.5 - 82. 1.36 
- ~08.18.3 

- 167,812 
- 149 '90 j  
- 7l',355 
- 34.861 
- 96.177 

- 113'531 
- 151' j72 
- 140.294 
- 154 '66 j  
- 1 j6.10.i 

- 162-864 
- l i . 3 ' 4 j 8  
- ? s R - s j g  
- 2X6.818 
- 300. j92 

- ~R,3.;6j 
- 261.840 
- 260-;j7 
- 211 .916  

- 
- 155.641 
- 403'883 
- 455'314 
- 4'43'41.3 
- 5'5'973 

- 654.915 
- bR4.186 
- 688.52; 
- 692,525 
- 707'985 

- 708.517 
- 621.281 
- 650'9.3 - 676- i+H  
- j'00'294 

- 736.561 
- 757.658 
- 7;8.8~6 
- 781.3Ro 
- 742.584 

- 76.3.5R6 
- 7.37'124 
- i95'9X.l 
- 8:1.811 
- 864.747 

- R R 7 ' i ~ j  
- 9l.3'503 
- 938.761 
- gh1.o;R 
- gR..gH+ 

- r,86,;87 
-1033.R30 
- 1052-017 
- 10.53' r 17 
-106j.18.3 

Dietance 
lrurn 

Nnndgnon 



LEVELLING OPERATIONS. 

Line No. 34. Nandgaon to Sironj.-(Continued). 

Bench-n~arks 

From 

61 
6.2 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
YO 

91 
92 
93 
94 
95 

96 
97 
98 
99 
100 

101 
103 
103 
104 
105 

106 
107 
109 
109 
110 

111 
112 
113 

. 114 
115 

116 
117 
118 
119 
120 

T o  

62 
(;3 
64 
65 
66 

67 
6s 
69 
i0 
71 

72 
73 
4 
7 5  
i 6  

7 
58 
?!I 
80 
81 

82 
83 
84 
85 
66 

87 
88 
89 
90 
91 

92 
93 
9 4  
95 
36 

9 i  
98 
90 
100 
101 

102 
103 
1 0  
IOR 
106 

107 
ItlY 
103 
110 
111 

112 
113 
114 
115 
116 

117 
118 
119 
120 
121 

nistnl lce 
fro111 

Nandgaon 

miles 
;1)'.38 
85.69 
86.69 
87'(19 
88 -69  

89.68 
90'68 
91 '39  
I 

93'6.3 

9.3'97 
o(1.66 
07..31 
9 8 . h ~  
99.06 

100.07 
I O I . , ; ~  

101.65 
102.65 
I O ~ ' Z I  

104.68 
105.63 
106.63 
107 63 
107.63 

111.0, 
112.01 
113.f,o 
11 j .04  
I 

116.R.3 
118.09 
1 w . 1 5  
121.14 
I Z P . L , ~  

I r , q . l z  
124.12 
125.09 
1z6.08 
I O  

128.07 
I , ~ O . O , ~  
1.31 o l  
I 

1.34.48 

1.35.4; 
1,1j.~,h 
137.0,) 
1.q8.02 
r,?g.oz 

140.91 
142.02 
14.3.89 
145.30 
145.98 

1 ~ 6 . 3 5  
147.0.3 
148 01 
1 ~ 8 . 3 9  
149 . jo  

Dpnnmia 
'lc1€llt 

nbo~e  ( + )  
or below (-)  

Nnndguon 

feet 
-,056 .343 
-lojo.395 
- 1 o t 8 . 1 0 ~  
- 994.(,oR 
- 947.144 

- R ~ ~ . ~ ~ ~  
- 852.010 
- R ~ ~ . ~ ~ ~  
- R ~ ~ . ~ R ~  
- 874.71J 

- 
- i74.34j  
- j33.365 
- 817.181 
- 8,4,272 

- 769.1i3 
- i23.8h4 
- j10.969 
- 680 .8~6  
- 609.239 

- 5i5.31; - 475435 
- 3~2.832 - R7.620 
+ ~16 .429  

+ rrg.R.31 
+ 57'419 
- ro'Rq; - jz.267 
- 179.48.1 

- 22;'013 
- 263'800 
- z94'2~)6 
- 342'7.14 
- 390'024 

- 4,37'728 
- 471'8i4 - 530'480 
- 520.58.7 
- 544'4.12 

- 555'4l4 
- 671'6.47 
- j10.42h 
- 751'952 
- ; i 2 . 6 ~ 8  

- RfS'OTO 
- 8.16.4Ri 
- 8 ~ 3 ' ~ 5 '  
- 846.849 

1 3  76 - R- - '  

- R ~ 5 ' 5 7 ~  
- R.1.1'87' 
- R22 'ho l  
- 894'4.36 - 9""" 

- 926'.'i0 
- 945.9'9 
- 9i9'.307 - 979'aR4 - 9 ~ 7 ' ~ "  

Obs""cd 
clrvntion 

l ~ b ~ ~ v r  ( + ) 
or ~PIOIV (-) 

X~III~~IIOII 
(III~ILII result 

hy two 
levellers) 

feet 
-10;6.;59 
- 1 o j o  OoG 
-1os8,,31z 
- 9 9 4 8 1 .  
- 947.34, 

- 890,492 
- 83z. lgo 
- 877,439 
- R Z ~ . ; ; ~  
- 874.897 

- 832.440 
- I 

- 73.3'524 
- 8 1 4  
- 814'4.1) 

- :Cq',3.37 
- , ~ ~ . o z o  
- j 1 1 . 1 2 3  
- 681,045 
- f10g. j j6  

- 575'448 
- 475'549 
- . 322.921 
- 8; 67, 
+ 216.427 

+ r15.81.3 
+ 57'.p2 
- 20'9.35 
- 2 ,  

- 1 7 5 4  

- 227.086 
- 2h,3.qh9 
- ~ 9 4 . ~ ~ 0  
- 342.8215 
- 390'122 

- 437.833 
- 471.9R4 
- 5.30.599 - 520.j0.1 
- 544'553 

- 555'537 
- 671.77; 
- I 
- i ~ z . 1 0 3  
- 7 2 1 2  

- 8 1 j . 2 1 0  
- Rjh.(~;o 
- 8;,3.+16 
- 847.013 
- 875,898 

- R~;.7,3; 
- 8,{4.033 
- Rzz.ih4 
- Rg4.0ah 
- 921976  

- 6 ;  
- 946.08; 
- 9,59.487 - 979.667 
- 987.;84 

Disorepnncy hetween Dynalllie 
c , , ~ ~ . ~ ~ L ~ ~ ~  

d r d ~ ~ e e d  f r o ~ ~ i  
mari t o  I ~ I I ~ L  

~ ~ t ~ l  rroln 
~ n l l d ~ ~ ~ o  

foot 
+ 0.216 
+ 0 . ~ 1 1  

+ 0.209 
+ 0.20; 
+ 0.197 

A 0.187 
+ 0 . 1 8 ~  
+ 0.184 
+ 
+ 0.184 

+ 0,185 
+ 0.166 
+ 0 ' 1 5 9  
+ 0'1i.3 
+ 0 ' 1 7 2  

+ 0,164 
+ 0 '156 
+ 0,154 
+ 0.140 
+ 0.137 

+ 0'131 
+ o. I 14  
+ 0.080 
+ 0.051 
+ 0.002 

+ 0.018 
+ 0'027 
+ 0-040 
+ 0.048 
+ o 0 6 j  

+ 0.073 
+ o.o;q 
+ 0 . 0 ~ 4  
+ 0 091 
+ 0.098 

+ 0.105 
+ 0.110 
+ o . !19  
+ 0.117 
+ 0'121 

+ 0'113 
+ 0.140 
+ 0.14; 
+ 0.151 
+ 0.154 

+ 0.160 
+ 0.16.3 
+ 0.16; 
+ 0.164 
+ 0.168 

+ 0.165 
+ 0,162 
+ 0.160 
+ 0.170 
+ 0.174 

+ 0.175 
+ 0.178 
+ O'lRo 
+ 0.lR3 
+ O' ln4 

levellers 
(First-seeOnd 

F I . O I ~  l ~ i l i r k  
t o  Il,nrk 
(=  4 

foot 
- 0.018 
- 0 . 0 1 1  
+ 0 - 0 1 0  
+ 0.025 
+ 0.007 

+ 0 ~ 0 1 9  
+ o.oo.1 
+ 0.006 
+ 0.015 
- 0.031 

- 0.011 
+ 0'01,? 
+ 0.012 
- 0.029 
+ 0.003 

+ 0,006 
- 0.002 
+ 0.001 
- 0.001 
+ 0.033 

+ 0 . o o j  
- 0'003 
+ o 'ono 
+ 0.018 
+ 0.022 

- o.o;o 
- 0.020 
- 0.010 
- 0.004 
- 0.031 

- 0.007 
- o 006 
+ 0.0,15 
- O'Oj8 
+ 0.009 

- 0.008 
- 0.003 
+ o.012 
+ 0.005 
- 0.006 

+ 0.012 
- 0-008 
- 0.012 
+ 0.020 
+ 0.0,7 

- o.oo j  
- o.010 
- 0.019 
+ 0.006 
+ 0.001 

- 0.001 
+ o . o l z  
+ 0.022 
- 0.00.1 
+ 0.014 

- 0.002 
+ o . o o j  
+ o .o r l  
- o.012 
+ 0.005 

leveller) 

Tottt l  f r o n ~  
Nnndgron 

foot 
+ 0 ' 1 2 j  
+ 0,114 
+ 0.124 
+ 0'149 
+ o . l j 6  

+ 0,175 
+ 0.178 
+ 0.184 
+ o ' 1 9 r ~  
+ 0.168 

+ 0.157 
+ o ' l i o  
+ 0.182 
+ o ' l j , 3  
+ 0.156 

+ 0.162 
+ 0.160 
+ 0 .161  
+ 0.160 
+ 0'19.3 

+ 0.198 
+ 0 -195  
+ 0.205 
+ 0.22.3 
+ 0.245 

+ o.1q3 
+ 0.175 
+ 0.165 
+ 0.161 
+ 0.1.30 

+ o.rz.1 
+ o .  I 17 
+ 0.152 
+ 0.114 
+ 0 . 1 2 j  

+ 0.115 
+ 0.107 
+ 0.119 
+ 0.124 
+ 0 . 1 1 8  

+ 0.130 
+ 0.112 
+ o . l l o  
+ 0.130 
+ o.147 

+ 0.144 
+ 0.134 
+ 0.115 
+ 0 . 1 2 1  

+ 0 . 1 2 2  

+ 0 . 1 2 1  

+ 0.1.3.3 
+ 0.1;; 
+ o . t j 2  
+ 0.166 

+ 0 . 1 6 ~  
+ 0.16; 
+ 0.178 
+ 0.166 
+ 0.171 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 34. Nandgaon t o  Sironj.-(Continued). 

( + )  
or below ( - )  
Nn"dgnon 

fcet 

- 9 ~ 7 . ~ 6 4  
- 9no.j45 
- r ) ( 1 9 ' ~ 1 8  
- 965'592 
-1016.160 

- 1 o . l ~ ' ~ 1 6  
- 1ozR.471 
-1ozj '5;q 
-1002  4 j 8  
- 98.3'845 

- 966'724 
- y4;'141 
- 868.254 
- 8.34.joR 
- 81.3.jo6 

- ipo.020 
- 744.419 
- 669.4.75 
- jflg.q.31 
- 110.j97 

- 1o;'14; 
- 64,347 
- 108.608 
+ 2'448 
+ 247.101 

+ 261,.055 
+ 288.747 
+ 3.lo.jRo + gqz. 151 
+ 359:256 

+ 385-280 
+ ;0j.1:6 
+ ~ $ 7 . 7 6 9  
-k 469-225 
+ 4 2 7 . R ~ ~  

+ 4.3.3:867 
+ .3f,o'$li 
+ ~ 5 0 . 5 2 8  

348'5.17 
+ 308 00.) 

+ go;.o65 + ,302'832 
+ .3ao.io1 
+ 6 4 3  227 
+ j6z.o.30 

+ 350.652 
+ ,314.p60 
+ 289.646 
+ Z j l ' 7 g l  
+ z jp.073 

+ 25t.432 
+ 252.399 
+ z j1 .400  
+ ,i,3.240 
+ z j2-721 

+ r48.,349 
+ ~ I R . ; , ~ ~  
+ 208.1.36 
+ ,9) .q34 
+ 2 1 q  fit,(, 

J ) ~ n n l n i c  
rorret.l.icl1 

d r d w e d  from 
III,,l.~ to ,lll,rk 

Tabnl l r o m  
Su~tdenon 

foot 
+ 0.184 
+ o '1R4 
+ 0.142 
+ 0 .144  
+ o.18Y 

+ 0 ' 1 9 1  
+ 0 - 1 0 0  
+ 0 '190  
+ o.IR; 
+ 0.185 

+ 0.183 
+ 0.180 
+ 0.171 
+ 0,167 
+ 0.164 

+ 0 -161  
+ o . l gh  
+ 0.148 
+ 0.1.39 
+ 0.086 

+ o'oR5 
+ o.080 
+ o.oRg 
+ o 073 
+ o 047 

+ o . o ~ j  
+ 0,042 
+ o 0.37 
+ 0.031 
+ 0.034 

+ 0.0.31 

+ o .019  
+ 0.02; 
+ 0-023 
+ 0.027 

+ 0.026 
+ 0'03.3 
+ o.o.~+ 
+ 0'0.44 
+ 0.038 

+ 0.0.39 
0 0.39 

+ o 0.48 
+ 0,035 
+ o - o g j  

+ 0.034 
+ 0-0.37 
+ o . o j q  
+ 0.041 
+ 0.042 

+ o .04 ,~  
+ 0'04.3 
+ 0.043 
+ 0.0,3 
+ 0,045 

+ 0 . 0 4 ~  
+ 0.047 
+ 0.04R 
+ o.04,) 
+ o.04i 

0 b . s ~ ~ l . r ~ ~ '  
c l ~ ~ ~ ~ c ~ l i o n  

nhovc ( +  ) 
1,(.1,,,,. ( -) 

S ~ l ~ t d ~ n o t u  
( ~ t ~ e n n  rcsulL 

hp two 
I )  

p e t  
- 98;.648 
- ~ ~ 8 0 . ~ ~ 9  
- qh0.500 
- 9Hs.;;6 
-1016 948 

-1036.10; 
- 1028 661 
- 1 o q  
- 1 0 0 2 . 6 ~ 5  
- 984.030 

- 966 .~07  
- 1)45.321 
- 868.425 
- 8.44 6;j - 81.3.6;o 

- 790.181 
- 7 
- h h i ~ . ~ H , ~  
- 5qo.o i0 
- 110.68.3 

- 1 2 . 2  

- 64.427 
- 108,6q,3 
+ 2.375 
+ 24;.oj4 

+ 261.010 
+ 2RR jog 
+ 3.30.5+.1 + .?gz-120 
+ 359.222 

+ 385.249 
+ 504.1.47 
+ 447'744 
+ 461j.202 
+ 427.815 

+ 4.3.3.841 
+ 360',344 
+ ,350 ~ ( j 4  
+ ,448.sO.3 
+ 307.965 

+ ,303.026 
+ 302'703 
+ 3 1 0  (16,; 
+ , I  

+ 361.997 

+ 350.61R 
+ ,31~.023 
+ zR9.607 
+ 0 
+ r j q . 0 3 1  

+ r;1.,3R9 
+ asz.,lsh 
+ 251.,357 
+ ?;,<.I,,; 
+ 232.676 

+ 248.,305 
+ ~ l ( l . 4 8 8  
+ loR'oR8 
+ I,,j.jRg + I 

Diatonee 
fl-aln 

6nlldgnun 

m i1p.v 
1 j 0 . 9 9  
152 0.3 
I ~ ? . R R  
153.99 
15j.47 

15i.03 
158.g; 
9 9  
IOI '9.3 
162.92 

163.91 
I(,.+.~o 
160.1~,i 
167-R8 
16g.i.3 

170-R5 
171.85 
1 ;zR i  
174.29 
1;6.Bo 

177'79 
178.79 
I 

I ;  
181.43 

I R I . ~ ~  
1Rq.23 
18.7.97 
IR; Rg 
186.89 

188.87 
190.84 
191.78 
1q2.8.3 
19.1.82 

194.81 
105 i 9  
196.64 
1'47.28 
198.17 

198.67 
1 ~ ~ 0 . 2 3  
200'57 
201.74 
203.11 

20.3.54 
2 0 5 . 1 4  

206 94 
207';O 
208.6j 

209.R9 
2 , o  1s 
2 1 o . j I  
211.45 
21.3'23 

2'4'2.3 
~ 1 f 1 ' 1 9  

' 216.7R 
218.16 
r19 '15  

Ulscrepnncy be,accn 

- 
1erellrl.s 

(First-Soeolld 

- 
lllnrk 

t,n "'"'.' 
( = (1) 

fool + 0,009 
+ o . ~ ~ i  
+ 0.017 
- 0.016 
+ 0.017 

+ 0.010 
+ 0.014 
+ 0,ooq 

o ooo 
- 0-017 

+ o.012 
+ O . ~ O ~  

- 0.004 
+ 0.01.3 
- o.008 

- o.004 
- 0 . 0 1 3  

o.000 
+ 0.011 
- 0 . 0 0 9  

- 0.018 
+ o.ozH 
- 0.002 
t 0.01 j 
- o . o l j  

+ 0.009 
+ 0.030 
+ o oor 
- 0.017 
- 0.041 

+ 0.007 
+ 0.005 
- 0 021 
+ 0.002 
+ 0,002 

+ 0.001 - 0,014 
- 0.016 
- 3'002 
- 0.007 

- 0-002 - o.ooI - o.o?R 
- 0'009 
+ 0.017 

4 0 .010  
- 0.008 
+ o 0 1 1  
+ 0 -004  
+ a.017 

+ 0'001 
0.000 

+ 0.006 
- 0.012 
- 0.014 

+ 0.014 
- 0.014 

o'ooo 
+ 0.02. 
- 0.003 

~ench.rnnrks 

From 

1 2 ~  
122 
129 
1% 
125 

126 
127 
12s 
119 
130 

131 
132 
133 
134 
135 

1.16 
13'7 
138 
139 
I4U 

141 
IS2 
143 
1.44 
115 

146 
147 
1.18 
1%) 
150 

Is1  
1% 

155 
155 

156 
157 
158 

161 
1 ;  
16' 
16L 
lG5 

lfic 
16' 
IGR 
I('' 
170 

17' 
, 172 

173. 
174 

176 
177 
178 
179 

leveller) 

- 
Totltl from 
I ,  

foot 
+ o . ~ R o  
+ 0.10; 
+ 0.204 
+ 0.188 
+ o , r o j  

+ 0 . ~ 1 5  
+ 0.229 
+ 0-2.38 
+ 0 . 2 ~ 8  
+ 0 .221  

+ 0.233 
+ 0.2.35 
+ o . ? j ~  
+ 0.24.~ 
+ 0.236 

+ 0.227 
+ 0 .214  
+ 0.214 
+ 0.22.5 
+ 0.216 

+ 0.198 
+ 0.226 
+ 0'224 
+ o.2.1y + 0.224 

+ 0.233 
+ 0.103 
+ 0.205 
+ o.18R 
+ 0,147 

+ o 154 
+ o , ~ s r )  
+ O'I,38 
+ 0 . 1 4 0  
+ 0.142 

+ 0.141 
+ 0.127 
+ o . 1 1 1  
+ 0.109 
+ o . l o z  

+ 0.100 
.k 0OI)l j  
+ o - o ; ~  
+ 0.062 
+ 0.079 

+ 0.089 
+ 0.081 
+ o 092 
+ o'ol)(I 
+ 0.113 

+ 0.11.1 
+ 0,114 
+ 0.120 
+ o.1oR 
+ o.og+ 

+ 0.108 
+ 0.094 
+ 0 '094  
+ 0.118 
+ 0 11.3 

TO 

1?2 
128 
124 
1125 
6 

127 
128 
129 
I:<O 
131 

132 
1x1 
1:14 
I 
I36 

137 
138 
la!) 
140 
141 

14.2 
143 
14.4 
I45 
I46  

167 
148 
1-19 
150 
151 

152 
15:+ 
154 
155 
156 

157 
'58 
159 
160 
I G l  

!G2 
I63 

166 

187 
( 4  

171 

Iir 
' 174 

175 
liG 

17' 
l i n  
1fKI 
lR1 



LEVELLING OPERATIONS. 

Line No. 34. Nandgaon to Sironj.-(Continued). 

Difference of  dynamic height, Nandgaon to Sironj = - 76.286 feet* 
Leneth of line in miles = M = 408.83. Zda = 0.073551. - 

Probable error of the mean reault per mile of double-levelliug = 0 . 6 1 4 5 J g  = k 0'0w6' 

Donc11.1nnrks 

From 1 TO 

. - - 

Probal,le error of tbc difference of elevation betreen the terminal beodl-mark8 = 0.6715& = * 0'0913' - 
Bench-mark No. 2a7 ia the m.rk at Bimnj de8cribed on page 186. A 

Dist,snce 
from 

Snndgnlon 

i s  
3 
2 2 2 ' 1 4  
223.28 
2 2 J - 0 8  
5 

226.08 
228.16 
2 2 9 ' 0 4  
2.30'03 
2.31'39 

231.78 
2.34.71 
235.60 
2.36'4.3 
'37.47 

238.98 
239.49 
141.78 
242.34 
2 .  

243.44 
247.09 
248'7.3 
250.27 
251.26 

252.69 
2;3.24 
254.59 
255'34 
256'25 

267.4.3 
z i 7 . 6 1  
290.72 
290. i4  
303 '54 

I 
,325.26 
,330.gl 
j , ~ j . o 4  
341.57 

,349'17 
350.90 
J ~ ; . O J  
359.66 
361 .16  

361.36 
364.32 
367.52 
369.36 
377.64 

39 j .70  
3 g g . j l  
400.50 
401.61 
405.79 

408.83 

Is' 
lR2 
183 

lgO 

191 
192 
Ig3 
'5'4 
19' 

196 
l n 7  
198 
190 
200 

203 
2U3 
204 
205 

206 
207 
208 
209 
210 

I 
212 
213 
214 
215 

216 
217 
218 
219 
220 

221 
222 
223 
224 
225 

226 
2 2 i  
229 
229 
230 

231 
232 
233 
234 
236 

236 

IBP 
IR3 
184 
1 8 j  
181i 

I97  

191 

I 
194 
'95 
lSG 

197 
15'8 
199 
200 
201 

202 
203 
204 
205 
206 

2 0 i  
208 
2 ~ 9  
210 
211 

213 
213 
214 
216 
216 

217 
218 
219 
220 
231 

222 
223 
224 
225 
226 

427 
228 
229 
230 
231 

232 
233 
234 
235 
236 

237* 

Diserrpnnry betwoeti obsel'vpd 

elernlion 
"I""0 ( +  ) 

or below (-) 
Nundeoon 

(men. result 
bg LVFO 

lavcllers) 

fczet 
+ 172.3,<9 
+ 169.484 
+ 14;-aoo 

+ 138.94q 
+ 1 1 1 . 0 ~ 8  

+ 1 q i . 8 ~ 6  
+ 172.207 
+ 187.90; 
+ 17z . iR6  
+ 202.380 

+ 2.30~450 
+ 2r9 '357  
+ 216.554 
+ 182 845 
+ 172.902 

+ 128,826 
u 120.296 
+ 61.670 
+ 48.650 
+ 36,065 

+ 15'7.17 
+ 15.917 
+ 37.318 
- 4.8~11 
+ 2.995 

- 0 . 1 1 9  
+ 20.894 
+ 44.1.35 
+ 59.570 
+ 61.431 

+ go.zor 
+ 52.105 
+ 55.30; 
+ j7.;98 
+ 62.479 

+ 135'408 
+ I ~ , I . R ~ z  
+ 51).?11() 
+ 53 .1o j  
- 56.124 

- 111.8,qo 
- 124.509 
- 171.600 
- 16<,.81y 
- 1flg.461 

- 194.841 
- I 
- 1R4.5so 
- t76.450 
- 1 9 6 . ~ 0 3  

- 38 .011  
- 0 8  
- 39.591 
- 25.2.5.3 
- 76.456 

- j5.,346 

(Fir&-Yccolld 

From uiwrk 
Lo ll,nl.k 

( = d )  

foot 
+ 0.009 
+ 0 .019  
+ 0.010 
+ o ' o l z  
+ 0.004 

- 0.015 
+ 0.015 - O'ool 
- 0.002 
- 0.002 

- 0.023 
- 0 . 0 2 0  

- 0 0.34 
+ 0 .006  
- 0.004 

+ 0 '019  
- 0.005 
+ 0 .013  
- 0.007 
- 0'002 

- 0 . 0 2 2  
+ 0 ' 0 2 3  

+ 0.016 
- 0 .010  
- 0.019 

+ O . O I Z  
0 .000  

+ 0'01.4 
- 0'007 
- 0.007 

+ 0.045 
- o.040 
+ 0 .010  
+ 0.004 
- 0'075 

+ 0.032 
+ 0.05; 
+ 0 ' 0 0 2  

- 0.004 
- 0.028 

- 0'014 
+ 0.028 
+ 0.028 
+ 0'01.3 
- 0.0,37 

0.000 
- 0.004 
- 0 . 0 1 5  
+ 0.018 
+ 0.058 

- 0.033 
+ 0.004 
+ o . o j h  - 0.008 
- 0.025 

- 0.022 

larellurs 
leveller) 

Tot411 from 
Nundgllon 

fool 
+ 0 . 1 2 2  
+ 0 '141  
+ 0.161 
+ 0.17.3 + 0.177 

+ 0.162 
+ 0.177 
+ 0.176 
+ 0.174 
+ 0 . 1 ; ~  

+ 0.149 
+ O' I29  
+ 0.095 
+ O . I O I  

+ 0.097 

+ 0.116 
+ 0 , 1 1 1  
+ 0.124 
+ 0 .117  
+ 0.115 

+ 0'09.3 
+ 0.115 
+ 0 . 1 3 1  
+ 0 . ~ 2 1  
+ 0.102 

+ O . I I J  
+ 0'114 
+ 0 , 1 2 7  
+ 0 . 1 2 0  

+ 0 . 1 1 3  

+ 0 , 1 5 8  
+ 0 . 1 1 8  
+ 0,128 
+ o.1,12 
+ 0.057 

+ 0,089 
+ 0 ,146  
+ 0 , 1 4 8  
+ 0.144 
+ 0.116 

+ 0.102 
+ 0-1.30 
+ 0 .158  
+ 0.171 
+ 0.134 

+ 0.1.34 
+ 0.130 
+ 0 . 1 1 5  
+ 0.1j .3  
+ 0 . 1 9 1  

+ 0.138 
+ 0.142 
+ O . I R R  
+ 0.180 
+ 0.155 

+ 0.13.3 

D~nnn l i c  
e o r r e e ~ i ~ ~  

dedlleed from 
to n l n r k  

~ ~ U C L I I  froIl1 
~ n n d ~ ~ ~ ~ ~  

fool 
+ 
+ 0 . ~ ~ 1  
+ 0.049 
+ 0 . 0 ~ ~  
+ 0.052 

+ 0 . ~ ~ 9  
+ 0 . 0 ~ 7  
+ 0.046 
+ o.047 
+ 0.045 

+ 0.043 
+ 0.044 
+ 0.044 
+ 0.046 
+ oo.047 

+ 0.050 
+ 0 .0 j1  
+ 0.055 
+ 0.056 
+ o . o j 7  

+ 0'0g8 
+ 0.058 
+ 0.056 
+ 0.059 
+ 0 . 0 ~ 8  

+ 0.058 
+ 0-0,;b 
+ o .o ; j  
+ 0.054 
+ 0.054 

+ 0,052 
+ 0.055 
+ 0.0,;s 
+ 0.055 
+ o ' o j g  

+ 0'051 
+ 0.051 
+ 0.055 
+ 0.0;s 
+ 0.060 

+ 0.062 
+ 0.00.3 
+ 0.065 
+ 0.065 
+ 0.006 

+ 0.066 
+ 0.065 
+ 0,065 
+ 0.065 
+ 0.065 

+ 0'061 
+ 0.062 
+ 0 . 0 6 2  
+ 0'062 
+ 0.061 

+ 0.061 

2 

D ~ n a n l i ~  
1loi:llt 

rbovs ( + )  
01. bclom (-)  

Nnndgnon 

feet 
+ 172 .410  
+ 169.535 
+ lJi.9,39 
+ 138.994 
+ I l l . l o o  

+ 146.945 
+ 172 .254  
+ 187.951 
+ 1 7 2 . ~ 3 , 1  
+ 202.425 

+ 230.493 + 219'401 
+ 216.598 
+ 182.n9, 
+ 1;z.g4y 

+ I I R . B ~ (  

+ 120.347 
+ 61.725 
+ 48,726 
+ ,36.122 

+ lg.805 
+ 15.9;j 
+ 37,374 
- 4,832 
+ 3.053 

- 0.061 
+ 2q'gjO 
+ ~ 4 . 1 9 0  
+ 5y.624 
+ 61.4flj 

+ 90.25.1 
+ S Z . I ~ O  
+ 55.362 
+ 57 853 
+ 62.534 

+ 1.35'459 
+ 14.3.89.3 
+ 50.324 
+ 5.3.160 
- 56.064 

- 111 . i68  
- 124.446 
- 171.615 
- 160.iS4 
- 189'395 

- 194'77s 
- 174'714 
- 184'485 
- 176.385 
- 196.238 

- 37'049 
- 39'OZ0 
- .19'f29 - 25"9' 
- 56.395 

- 75'2R5 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 35. Nandgaon to Raipur. 

* Bench-mark No. 1 is t h c  mark nt Nnndgaoo described on page 135. 

T ) ~ ~ , ~ ~ ~ C  
RhoPo ( + 

or below ( - )  
NB'ldgl'ol' 

f pet 
- 2,366 
- 40.496 
- 5.3'868 
- 07,705 - 8 8 ~ ~ 2 0  

- 96.rq.3 
- 12j .620 
- 1 4 2 . 1 ; 2  

- 1 6 4 . 1 s j  
- 161.884 

- 18o.g;l 
- 186'2;q 
- 177.726 
- 212.869 
- 282.024 

- 33.3'242 
- 338.8h.3 
- 346'449 
- .?i.3 0.35 
- 3;9.6jo 

- 411.618 
- 411.51h 
- 414.,340 
- 45.3.635 
- 468.752 

- 477.599 
- 47.3'475 - 477.257 
- 479.14; - 499.887 

- 525.260 
- 552.747 
- 557.414 
- 5i0.29.3 
- 587.385 

- ;B,q.RRo 
- 18.1.880 
- ~ I + . ~ R R  
- 626 (>OR 
- 644.6h.j 

- 661 ,601  
- 6 ~ 1 . ; 8 7  
- 64o.qz6 
- 6 3 i . z h 1  
- 640.034 

- h66.96R 
- 694.651 
- 697.78; 
- 697.7.48 
- 725.973 

- ;,;q.,q66 
- 7 ~ 5 . 1 0 7  
- 757.,374 
- 758.720 
- ; j 8 ' g ~ j  

75.29 - 0.007 - 0.197 - Bjo.(kio + 0.191) - 870.481 

Obaerred 
tllevlrliull 

nbore ( + ) 

nynnrnic 
correctinn 

deduced lrom 
Distance 

from 
Nandgeon 

tniles 
2 . 2 7  
3.i3 
5 . 4  
7.74 
8.,3q 

8.75 
10.85 
11.58 
12.73 
12.74 

1 4 . o j  
1 j . 1 3  
15.69 
16.84 
18.84 

20.48 
z1.1,q 
22..38 
23.71 
24.27 

26.06 
26.0; 
26.08 
27.68 
28.;8 

29.38 
0 

.q~ .Rs  
31.83 
32.55 

33.55 
34.60 
35 60  
36.51 
37.54 

37.89 
37.90 
39.75 
41.11 
43.05 

45.51 
46.85 
47.32 

' 47..i4 
47.35 

49.69 
5.3'32 
5.3'93 
5.3.94 
55.22 

57.6.3 
.S9'39 
61.74 
63.06 
63.07 

D i ~ c r e p a n c ~  between 
~encb-marks  Ir~.cllrrs 

(First- Second 

From n1n1.b 

( = d l  

foot 
+ 0.0.31 
+ 0.0" 

+ 0.017 
+ 0 .01 ;  
+ 0.000 

- 0.00.3 
+ 0-009 
- 0.001 

+ o . o o 8  
+ o - 0 0 1  

+ 0.002 

+ 0.014 
+ 0.007 
- 0 . 0 1 6  
- 0.033 

- 0.011 
- 0.004 
- 0.007 
- 0 . 0 1 , ~  
- o . o o j  

- 0.002 
+ o.001 
- 0 .001  
- 0.042 
- 0.005 

+ 0.005 
+ 0 . 0 1 s  
+ 0.002  

- o . 0 0 ~  
- 0.004 

- 0.008 
- o.002 
- 0.00,3 
- 0.004 
+ 0.013 

- 0.009 
+ 0 . 0 0 2  

- 0.031 
- 0.020 
- 0.025 

+ 0'01.3 
+ 0-009 
- 0.003 

0 000 
0.000 

+ 0.029 
- 0'00.3 
- 0.00;  
+ o.ool  
- O'o jo  

- o.018 - 0 .018  
+ 0.009 
- O . O I +  
- 0 . 0 0 1  

Frolo 

1' 
2 
3 
4 
5 

G 
7 
8 
9 

i O  

11 
12 
13 
I S  
15 

16 
17 
18 
19 
20 

21 
2 
23 
2J 
25 

2c 
27 
28 
Z!J 
30 

32 
33 
3J 

3C 
37 
38 

* 
41 
" 
43 
44 
45 

46 
47 
JI1 

to 

62 
: 
64 
66 

or (-) 
Naudpauo 

(mean renull 
by two 

levellere) 

feet 
- z.,qh; 
- 40.506 
- 53.881 
- 67.811 
- 88.241 

- 96 .216  
- 125.650 
- 142 206 
- 164.194 
- 161.922 

- 1 8 0 . 8 1 ~  
- 186 .318  
- 1;7';h8 
- 212919  
- ~ 8 n . o r ) o  

- . . 2 0  
- j.48 942 
- ,346,530 
- ,173.122 
- .qi1~.7,38 

- 4 1 1 7 1  
- J I I . ~ I I  
- q14.4,36 
- 453.740 
- 468,861 

- 4 i i ' i 1 0  
- 47.3'585 
- 477..368 
- 479.257 
- 5oo.oo.j 

- 5t.j.383 
- 552.876 
- 557.544 
- 570.426 
- 587.522 

- 5R4.016 
- 584.016 
- 61;.1,31 
- 626 ,814  
- 644.813 

- 661.753 
- I ;  
- 6 4 1 . 0 ~ 6  
- 6.37.410 
- 6 4 0 . 1 8 ~  

- 6 6 7 . 1 r ~  
- 694.813 
- 697.948 
- 697.921 
- I 

- 759.542 
- ;;;'282 
- 757.549 
- i5R.Rgg 
- o 

leveller) 

Total 
Nondpnon 

foot 
+ 0.031 
+ 0.057 
+ 0,074 
+ 0.091 
+ 0.097 

+ 0,094 
+ 0 . 1 0 3  
+ 0 . 1 0 2  

f o . 1 1 0  
+ 0.111 

+ 0 .113  
+ 0 .127  
+ 0.134 
+ 0 .118  
+ 0.085 

+ 0.074 
+ o.070 
+ 0.06.4 
+ 0.050 
+ 0.045 

+ 0.043 
+ 0,044 
+ 0.04.1 
+ 0.001 
- 0.004 

+ 0.001 

+ 0.016 
+ 0 .018  
+ 0 .016  
+ 0.012 

+ 0.004 
+ o.002 
- 0'001 - 0,005 
+ 0.008 

- 0.001 
+ 0.001 

- 0.0.30 - o,o;o 
- o . o i j  

- 0,062 
- 0.0,i.q 
- o . o j 6  
- 0.056 
- o . o j 6  

- 0.028 
- o.o.31 
- 0.038 - 0.037 - 0,067 

- 0,085 
- 0'10.3 - 0 .094  
- 0 .108  
- 0.109 

To 

2 
3 
4 
5 
6 

7 
8 
9 

10 
I 1  

12 
13 
14 
15 
10: 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
3; 
36 

37 
38 
39 
40 
4 L  

42 
43 

45 
46 

47 
49 
gc, 

52 
" 
" 

5G 

to mark 

T o l d  from 
Nnodgaoo 

foot 
+ 0.001 
+ 0 '010  
+ o'o1.3 
+ 0,016 
+ 0'021 

+ 0'02.3 
+ 0.030 
+ 0.034 
+ 0 . 0 3 9  
+ 0 ' 0 3 8  

+ 0'043 
+ 0.044 
+ 0.042 
+ O.O;O 
+ 0.066 

+ 0.0;8 
+ o'o;?  
+ O ' O R I  
+ 0.087 
+ 0'088 

+ 0'09; 
+ o ' o q j  
+ 0.096 
+ 0'105 
+ 0 .109  

+ 0.111 
+ 0 ' 1 1 0  

+ 0 . 1 1 1  

+ 0 ' 1 1 2  
+ 0.117 

+ 0.123 
+ 0'129 
+ O'l3O 
+ 0.1.33 
+ 0.137 

+ 0.1.36 
+ 0.1.36 
+ 0.14.3 
+ 0.146 
+ o . l j o  

+ 0 ,154  
+ 0.150 
+ 0.1;o 
+ 0 .149  
+ 0 .150  

+ o .  156 
+ 0.162 
+ o.16.1 
+ 0.16.3 
+ o 169 

+ o . 1 ; 6  
+ 0.175 
+ 0 ' 1 ; s  
+ 0 , 1 7 5  
+ 0 . 1 7 j  



LEVELLING OPERATIONS. 

Line No. 35. Nandgaon to Raipur.-(Continued), 

1)islnnce 
from 

Nendgnou 

Bench-marks 
D i s c r c p n n ~ ~  between 

levellers 
(First - second leveller) 

F rom 

rrliles foot 

Observed 
elernt.ion 
above ( +)  

or  below ( - )  
H a ~ ~ d g a o n  

(~nenn rosult 
by two 

levallern) 

Fro111 ulnrk 
to 
(-4 

T o  

i 8  
79 
80 

81 
82 
8 3  
84 
85  

8 6  
87 
8 8  
89 
90 

91 
92 
93 
9 1  
9 

96 
C l i  

98 
99 1 
100 

101 
102 
103 
lU4 
105 

1 1 l G  
In7 
108 
109 
110 

111 
112 
113 
114 
115 

116 
117 
118 
119 
la0 

Total from 
f i a l ld~oon  

D ~ n o m i o  
correction 

dedblced fro", 
mnrk to  mnrk 

 TO^,,, froln 
E H ~ ~ ~ ~ ~ ~ ~  

79 
80 
81 

82 
83 
8 4  
85 
8G 

87 
88 
W 
90 
91 

92 
93 
94 
95 
96 

97 
98 
99 
100 
101 

102 
103 
104 
105 
10G 

107 
108 
109 
110 
111 

112 
113 
1 1  
115 
11C 

117 
118 
119 
120 
121 

- 
D~nnmio  

I~eigl~t  
nbova ( + )  

or below (-) 
Naudgaon 

98.4G 
~ 9 ' 2 0  

101.58 

102.86 
10.3'93 
105.48 
1oh',37 
106.38 

1o i .08  
1 o 8 . 1 a  
109.07 
I I O . , ~ ~  
111.26 

112.16 
113.37 
114.4.3 
1 1 j . 2 7  
1 1 6 , j o  

117.29 
I I ; . ~ O  
118.45 
119.59 
120.47 

121.26 ' 
121.46 
123.86 
124.01 
1 2 4 . j l  

126 'oa 
126 6 j  
127.92 
129.10 
129.56 

129.57 
1.30.40 
1.31'9.3 
1j.3.27 
13.3.94 

1.~5 '1 .7  
1~36.01 
1 ~ 6 . 6 1  
1.3j.88 
138.24 

- 0.002 
- 0.015 
4- 0.009 

- 0.008 
0'000 

+ 0.0.i8 
+ 0'01.3 

0.000 

- 0.002 
- 0.008 
+ 0.003 
+ o . o t ~  
+ o . o a 6  

+ 0.009 
t 0.0.36 
+ 0 . 0 ~ 3  
+ 0 . 0 ~  
- 0.003 

- 0 . 0 0 4  
0.000 - 0.006 

+ 0.00.3 - 0 . 0 1 9  

- 0.004 - 0.002 

- O . O Z , ~  
- 0.008 
+ o.002 

0,000 
+ 0.016 - o .oo l  
- 0.010 

+ o.002 

- 0.001 - 0.004 
+ o ' o 1 5  - 0 .018  
+ 0.023 

0.000 - 0 . 0 2 1  

+ 0.001 - 0.006 
+ 0.006 

- 0 . 2 2 0  

- o.2.3j - 0.226 

- 0'2.34 
- 0.234 
- 0 .196  
- 0'18,i 
- 0 . 1 8 3  

- 0.185 
- 0.19.3, 
- o ' l g o  
- 0.179 
- o . r j j  

- 0.144 
- o 108 
- 0.005 
- 0.073 
- o . o j 6  

- o . o R o  
- 0.080 
- 0.086 
- 0.08.3 - o . ~ o z  

- 0.106 
- 0 .108  
- 0.1.31 
- I 
- 0.137 

- o.t.37 
- 0 , 1 2 1  
- 0 . 1 2 ~  
- 0 . 1 ,  

- o.1.30 

- 0.1.32 
- 0 . 1 ~ 0  
- 0 . 1 2 1  

- 0.1.39 
- 0 .116  

- 0.116 
- 0 , 1 3 8  
- 0 . 1 3 7  
- 0.14.3 
- 0.137 

- 875 .218  
- 876,355 
- 861.873 

- 8.38'309 
- 844.595 
- 819.5'); 
- 8 2  
- 829.007 

- 822.054 
- 818'08;  
- 809.408 
- 6 
- 74j.30; 

- i1.1'156 
- h6j.347 
- ' ~ z z . ~ ) J  
- 588'315 
- j75.323 

-59.3'694 
- 593.076 
- 6 ~ 3 . 0 4 1  
- 6jo.z.15 
- 647,809 

- 668.154 
- 681.258 - 711.3q2 
- 714'2R4 
- 723282 

- i,38.nfr7 
- 53.3.883 
- 6 
- j.30.883 
- 736164 

- 735.809 
- j43.249 
- 747.845 
- i . $ . ( . ~ i S  
- 733.654 

- 725.R10 
- 740.198 
- 543.940 
- 739.619 
- 736.410 

+ o.201 

+ 0 .201  

+ 0.198 

+ 0'19.4 + o . t 9 +  
+ 0.189 
+ 0 . 1 9 1  
+ O . I ~ ) I  

+ 0 . ~ 0 0  
+ 0.189 
+ 0.187 
+ 0.180 
+ O . I ; J  

+ 0 . ~ 6 8  
+ 0.158 
+ 0.149 
+ 0.142 
+ 0 ,139  

+ O . I J , I  
+ 0.143 
+ 0.149 
+ 0 . 1  50 
+ o . t j q  

+ 0.158 
+ 0.161 
+ 0.169 
+ o ' k j o  
+ 0 ,170  

+ 0.17.1 
+ 0 , 1 7 2  

+ 0 .170  
+ O . I ; I  

+ 0.172 

+ 0.172 
+ O ' I j 4  
+ 0.17.; 
+ 0.174 
+ 0 ' t ; l  

+ o.l;O 
t 0'17.3 
+ 0.174 
+ O'li.3 + 0.172 

- ~ 7 S . 0 1 1  
- Rj6.1gq 
- 861.67j 

- 838.116 
- 844.401 
- 819.406 
- 828.934 
- 828,816. 

- 821'8hq 
- 8 1 7 . 8 ~ 6  
- 809.221 
- ij6.067 
- 7 , j . l . ~ ~  

- 712'988 
- 665 189 
- hzz.,39; 
- ~ 8 H . 1 7 3  
- 5j5'184 

-593 '551  - 593.833 
- 622.R92 
- 630'095 
- 647'655 

- 667,996 - 681.097 - 721'223 
- ;24'"4 
- 723'112 

- ;38'09l 
- 7,33'711 
- 7 ~ 3 . 8 5 ~  
- ;s0'il2 

- i J j . 99 '  

- 735.637 
- 745'O75 
- ;4i 'h i0  
- 744'281 
- 733'4" 

- i25'640 - 74O'"5 
- 74.3'i66 
- 7 ~ 0 . 4 ~ ~  
- 136"38 



sro. 2.1 RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLINO 

Line No. 35. Nandgaon t o  Raipur.-(Continued). 

( + , 
or below (-)  

NnndgnOn 

fee t  
- 734'847 
- ;.37';08 
- 737..364 
- 752.266 
- 732 '6 j9  

Dynomic 
correction 

d u d u c ~ d  fronl 
tomurk 

Total from 
hn~ldgaon 

fool 
+ 0.172 
+ 0.17.3 
+ 0.17.3 
+ O.I;6 
+ 0.172 

Obaervcd 
elertrtion 

altave ( + )  
ol. bolo,,. (-) 

Eimndgnon 
(menn ~.eault 

I 0 

l o ~ ~ l I ~ . ~ . e )  

feet 
- 7.75'019 
- i . j j .681 
- j 
- 2 
- 732.831 

Dintanee 
from 

Nondgnon 

milen 
198.5j  
139.29 
139.87 
141'1,3 
142.28 

Discrepnncy between 
levellers 

(First-Second leveller) 
Bench-mark8 

F r o m  1 T O  F ; ~ ~ ~ " ~ k  
( = d )  

foot - 0'002 
- 0.005 
+ 0.006 
+ 0'001 

- 
121 
I22 
123 
124 
125 

~ o t u l  from 
Nandgaun 

foot - 0.139 
- 0,144 - 0.138 
- 0.13; 

122 
123 
I24 
126 
126 + 0.015 I - 0 . 1 2 1  



LEVELLING OPERATIONS. 

Line No. 35. N a n d g a o n  to Raipur.-(Continued). 

Dintanee 
from 

Nandgnon 

miles 
189.87 
189'88 
191.13 
192.17 
193.48 

194.54 
1 ~ 6 . 0 0  
1 ~ 6 . 5 4  
~ ~ ~ ' 4 8  
197.88 

200.49 
ZOI.J.? 
101.71 
103'59 
ao4 .18  

105.19 
106.07 
106.57 
208 . j1  
200.32 

208.60 
109.18 
2 1 0 . j 6  
111.51 
113.06 

z1,3.,~4 
214.09 
214.85 
215.84 
216.09 

116.;3 
118.1.3 
1 1 8 . 4 1  
219-0;  
r z o . l l  

120.69 
211.05 
211.49 
zzz.ho 
1<l~.31 

12.3.99 
114.,38 
a 
115.,;5 
116.81 

227.80 
azR.04 
128.9, 
118.9; 
219.48 

130.00 
rj1.0.3 
r,31.;R 
1 . 3  13 
1.34 41 

134.4, 
z.is.51 
1 ~ 6 . 1 1  
I 
1 ~ 8 . 3 0  

Bench-msrh  

From I To 
~i~~~~~~~~~ betHeen 

181 
18% 
183 
1- 
1% 

IB6  
187 
188 
I n 9  
190 

191 
192 
1 9 '  
194 
195 

196 
197 
198 
199 
200 

401 
282 
203 
204 
105 

MG 
207 
208 
209 
210 

211 
212 
213 
214 
215 

216 
217 
218 
219 
220 

231 
222 
223 
224 
225 

216 
227 
228 
229 
230 

231 
232 
2.<3 
234 
235 

23fi 
237 
238 
239 
UU 

levellen 
( F i r s ~ - ~ e c o l l d  

Fro111 ninrli 
to Ill,,rk 

(-4 

fool 
+ 0.017 
+ o.001 - 0'011 - 0.012 - 0'001 

+ 0.012 
+ 0.001 
+ 0'003 - 0.006 - 0.001 

+ 0.007 
+ 0.010 - 0 ' 0 1 1  - 0.040 - 0'018 

- 0.005 - 0 ,Ooj  
+ 0.004 
+ 0,007 
- 0'001 

- 0.018 
- 0.018 
+ 0.016 
+ 0'00,i - 0.014 

- o'oop 
+ o.ooh 
+ 0.008 
+ 0 . 0 1 2  

- 0.005 

+ 0.004 - 0.008 
- 0.008 - 0.007 
- 0.011 

- 0.009 
+ 0.001 

- 0.001 - o.oo.3 - 0.001 

+ 0.007 - 0.010 

+ 0.007 - 0 .013  
+ 0.019 

+ 0.019 
A 0.015 
- 0 . 0 2 1  

+ 0.004 
- 0-004 

- 0.00.q 
- 0.001 
- 0.00.3 
+ 0.019 
- 0,033 

+ 0.00.3 
+ 0.006 
+ 0 . 0 ~ 1  

+ 0.030 
- 0.0.37 

1R2 
183 
I84 
185 
186 

187 
188 
189 
190 
191 

192 
193 
4 
1% 
196 

197 
398 
199 
200 
101 

202 
203 
204 
203 
206 

207 
208 
2 ( D  
210 
211 

212 
313 
214 
215 
216 

217 
218 
219 
220 
2'" 

222 
223 
224 
22.5 
226 

227 
228 
929 
230 
231 

232 
233 
234 
235 
236 

237 
2.113 
239 
240 
241 

l )~nnn l i c  
Ilel,Cllt 

nbore ( + )  
or helow (-)  

Nnndgnon 

feet 
- 586.616 
- 58".943 - 618-oo2 
- 62j.464 - 628.449 

- 5 9 ~ . 4 0 0  
- 5;:.803 - 564.005 
- 5 9 1 . . ~ 5 ~  
- 5 8 5 . 1 ~ 4  

- 593.42; - 605.70p, 
- 601.85J - f 0 ~ 8 . 6  
- 613.797 

- 611.667 - 6 1 1 . 0 ~ ~  - 604.589 
- 5h4.6;5 
- 564,664 

- 571.239 - s80.;4J 
- g6;.618 
- 555.480 - 591'534 

- sq1.;95 - 56R.394 
- 567.203 
- 592.815 
- 595.621 

- 601.22R 
- gRz.081 
- 585.127 
- ;7,1.628 - 580.116 

- 594'157 - 596.640 
- 590'54; - 5R6.062 
- 567.599 

- 544.855 - 546.277 
- ;5R.7°5 - 561'h47 
- 537'450 

- 512'243 
- 5 0 4 . ~ 5 ~  
- 4 i " 0 5 '  
- 4 6 ~ ' 9 ~ '  - 4 8 1 ' 7 3 ~  

- 5°0"11 
- 5 1 ~ ' " ~  
- b 9 ' 2 ~ R  
- 4('4'53' 
- 456.~4.3 

- 456"41 
- 4ln'49.3 
- 41' .3" 
- 4 0 ~ ' ~ ~ '  
- 4 ~ 9 . ~ 7 7  

'3b~"'.~ed 
rlrrntion 

~ h o ~ c  ( + ) 
or hplow (-) 

N u ~ ~ J g o o n  
(nienn result 

by two 
levellers) 

feet 
- 586.754 
- gH~,.o81 
- 628.148 - 625.609 
- 628.595 

- 598.540 
- 578.029 
- 564.138 
- 591.492 - 585.332 

- 593.565 
- 605.851 
- 6 0 1 . 9 ~ 6  
- 608.768 
- 613'941 

- 611.811 
- 611.185 
- 604.7.32 - 564 .8 ,0  
- 564.799 

- 571'375 - 580.881 
- ;65.753 
- ;55.61,3 - 591.675 

- 591'7.56 - 5b8.5.30 
- 567.339 
- 592.956 
- 595.763 

- 601.,371 - 5 8 z . 8 ~ 0  
- ; ~ ~ . a h 6  
- 573.76; 
- 580.,314 

- gqq.zgR 
- 59.3.781 - 590.b85 - 586.201 
- 56;.73q 

- ~ 4 4 . ~ 1 5  - ~ ~ 6 . 4 0 7  - ,;58.8qR 
- g61. ;81 
- 537.588 

- 51a.,367 
- 504.780 
- q ; 1 . 1 6 6  
- 468.036 
- 481.R49 

- ~oo.z .3a 
- I 

- 489.,3.57 
- 464.645 
- 456.,355 

- 4 5 6 . 1 ~ , i  
- 428.509 
- O h  
- 408 ,JR,( 
- 419.9R.i 

leveller) 

~ o t s l  from 
Nslldgnon 

foot 
+ 0.0132 
+ 0.084 
+ 0'071 
+ 0.050 
+ 0.048 

+ 0'070 
+ 0.071 
+ 0.074 
+ 0.068 
+ 0.067 

+ 0.074 
+ 0.084 
+ 0.073 
+ 0'033 
+ 0.015 

+ 0.010 
+ 0.005 
+ 0.009 
+ 0.016 
+ 0.015 

- 0.003 - 0 ' 0 2 1  

- o . o o j  
- 0.002 
- 0 ,026  

- o,o.i5 - 0.029 - 0 . 0 2 1  

- 0.009 
- 0.014 

- 0 . 0 1 0  
- 0.018 
- 0.026 
- 0.0.53 - 0.044 

- 0.05.3 
- 0.051 
- 0.052 
- 0.055 - 0.056 

- 0.049 
- 0.059 - 0.052 
- 0.06,; - 0.046 

- 0.027 
- 0 . 0 1 2  
-0.0.3.3 - 0.029 
- o.oj.3 

- 0.0.36 
- 0.0.1; 
- 0-040 
- 0.021 
- 0.054 

- 0.051 
- 0.04,s 
- 0 .03 j  
- o .w .3  
- 0.040 

1)yn111nic 
correelion 

deduced from 
mark to 

Totul from 
Nnndgllon 

fool 
+ 0 ,138  
+ 0.138 
+ 0 . 1 ~ 6  
+ 0.145 
+ 0.146 

+ 0.140 
+ 0.1.36 
+ 0.133 
+ 0.1.39 
+ 0.138 

+ 0.140 
+ 0.143 
+ 0,142 
+ 0,  143 
+ 0.144 

+ 0,144 
+ 0.144 
+ 0.143 
+ 0.135 
+ 0 ' 1 3 j  

+ 0.136 
+ 0.138 
+ 0 . 1 3 5  
+ 0.13.3 
+ 0 .141  

+ 0,141 
+ 0.136 
+ 0.136 
+ 0 . 1 4 1  
+ 0.142 

+ 0.143 
+ 0.139 
+ 0.139 
+ 0.117 
+ 0.139 

+ 0'141 
+ 0.141 
+ 0.140 
+ 0.139 
+ 0.1.15 

+ 0.130 
+ 0.130 
+ 0'1.33 
+ 0.134 
+ 0'119 

+ 0'124 
+ 0 . 1 2 2  

+ 0 ' 1 1 5  
+ 0'114 
+ 0.117 

+ 0 . 1 "  

+ 0.12.3 
+ 0 .119  
+ 0.114 
+ 0 . 1 1 1  

+ 0.111 
+ 0 .106  
+ 0.101 

+ 0 . 1 0 1  

+ 0.106 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 35. Nandgaon to  Raipur.-(Continued). 

D{!:~:iC 
( + 

o~.hc lon (-) 
Hul'dguoll 

fed 
- 4,1,3.6~1 
- 400.6.30 
- 441..10H - 4j2.05.1 
- 43U'j47 

- 431.511 
- JZO'i3.5 - 420'412 
- 455.329 
- 431.765 

- 463.357 - 48o.oY1 
- qg2.410 
- 405.306 
- 498.964 

- 470.900 - ~;O.(I.~O 
- 504.H07 
- 498 074 
- joB'qo6 

- joz..751 - 498.105 
- 545.5.18 - 527'022 - j22.5;4 

- 5.19'271 - 5i6.243 - 570.486 - 576.360 
- 592.586 

- 611.487 
- 624.182 
- 632.962 
- 621.027 
- 617.978 

- 651.08; 
- b,;.44R 
- hfvj.349 
- (~81.577 
- 67 j .762  

- hRg.~gz 
- 677.418 
- 6;6 9:o 
- 676 762 
- 667.816 

- 66R.r48 
- 651.525 
- ,j20.i4~ 

- 611.8jR 
- 607.203 

- 619.,38,3 
- h ~ 7 . ~ , q ~  
- 64(,.;63 
- 62(,.i,,2 
- 645.0,,o 

- 6 s ~ .  
- 6(jj.j;7 
- C,R3.0j,3 
- (,(,4.11 

- 664.0#I 

z:::Fn 
dcduecd from 
Illark t,, Illark 

Tatn l  f rom 
Snndgoun 

foot 
+ 0.107 
+ 0.100 
+ O'IO~) 
+ 0.111 
+ 0.108 

+ 0.10; 
+ o.107 
+ 0'107 
+ 0.113 
+ 0.108 

+ 0.115 
+ 0.119 
+ o. ~ z z  
+ O.IZ,? 
+ 0.124 

+ 0.118 
+ O.IIR 
+ 0.125 
+ 0 '124 
+ 0 . 1 ~ 6  

+ 0.125 
+ 0,124 
+ 0.1.34 
+ 0'1.30 
+ 0.129 

+ 0.133 
+ 0.141 
+ 0,141 
+ 0.141 
+ 0.144 

+ 0.148 
+ 0 . 1 5 1  
+ 0.15.3 
+ 0.1 j0 
+ 0 -149  

+ 0.156 
+ 0.155 
+ 0.159 
+ 0.10.3 
+ 0.162 

+ o.1fi5 
+ 0.162 
+ o.1(,2 
+ 0,162 
+ 0.160 

+ o . ~ h o  
+ 0 . 1 ~ 6  
+ o.14g 
+ 0 ,147  
+ 0 -146  

+ 0.149 
+ 0.153 
+ 0.155 
+ 0 .131  
+ O.l55 

+ 0.158 
+ 0 .  15,) 
+ 0.10.3 
+ 0 . 1 ~ ~  
+ 0 . 1 ~ ~  

Distance 
f rotn 

Nandguon 

miles 
238-;R 
z40.2R 
2 4 z . o ~  
242.67 
z(.l.;o 

244.08 
244'00 
ZJJ' lO 
245.16 
246.34 

247.80 
248.,30 
248.66 
z4R.gg 
2 j 1 . z ~  

zgr.17 
252.19 
~3.3.67 
2.54.71 
z j s - 2 8  

z55.Rq 
~ ~ 6 . 1 1  
zgj .89 
259'05 
259.54 

z6o.og 
261.38 
~(12.43 
262.49 
26.3.01 

263.90 
204 RI 
~ 6 5 . 5 ~  
166 64 
266-87 

2bR.47 
z(18.R.l 
2 7 0  20 

z j1 .05  
271.79 

n:r.,3,3 
1;j.R1 
4 2  
274..17 
274.88 

274.89 
z;~.;q 
276.79 
277.29 
277.49 

2 ,  
2 ; .  
280.19 
281.4.1 
282..37 

28z .R~  
2n.i' I 9  
lR.1 94 
284 07 
284.68 

~ench.rnnrh8 

Prom 

241 
2 ~ 2  
~ $ 7  
244 
245 

246 
247 
24% 
249 
250 

251 
252 
2.53 
254 
255 

256 
257 
258 
269 
260 

2G1 
268 
2(;Y 
264 
265 

2GI; 
267 
268 
269 
2 i 0  

2 i l  
273 
2 i3  
274 
276 

276 
2i7 
2 i8  
279 
280 

281 
283 
2H:j 
284 
2% 

2%; 
2s; 
2nF3 
2H!J 
2!1u 

291 
2!12 
2a3 ''' 
'95 

2nfi 
207 
"" 

299 
300 

~~~~~c~~ 

above (+ )  
(-) 

H~rndqnto~~ 
(rueur~ result, 

by ~ . w u  
l c~~c l l o rs )  

fee l  
- 433.jR8 
- 400.730 
- 441.417 
- 452.164 
- 498.655 

- 431'618 
- 429'84' 
- J29' j lQ 
- 455'442 
- 431.873 

- 463.452 
- 480.200 
- 4 9 ~ 5 5 2  
- 495.429 
- 4yy.oXtl 

- 471.02; 
- 470.768 
- go+,g,32 
- 40#'11)8 
- j09.0.32 

- 502,476 
f 498,229 

543.672 
- 2 2  

- 522.7oj 

- 5.39.404 
- 5 ; 0 ' 3 8 ~  - 5;6,627 
- 576.501 
- 59~. ;30 

- 611.6.35 
- 624..33,3 - 6.3.3.115 - 621.177 
- 618.127 

- 651.24.7 - b4;.60,3 - b(14.go8 
- 681.740 
- 675.924 

- 690.017 
- 6;j.gHo - h;;.o$z 
- 6;6.924 
- 667.976 

- 668.,108 - 6 1 1  - hzo.8gj 
- 6lz.00; 
- 607.349 

- 610'~,12 
- 637.5HR - 046.917 - 62O.RR.3 
- 645.185 

- h18.,,,8 
- hb;.;,36 
- hR,\.2lh 
- 664.270 
- 6h4.240 

Discrrparley beheen  

T o  

242 
2.~3 
244 
8 ~ 5  
246 

"7 
248 
.',L!) 
?:,O 
251 

2.52 
2.59 
264 
255 
256 

257 
238 
269 
21;U 
261 

262 
2(;3 
?ti4 
265 
2 l x  

267 
2G9 
2l;9 
2 i 0  
271 

272 
273 
27.1. 
l i 5  
7 

2 i7  
278 
279 
280 
281 

253 
288 
4 
2% 
286 

287 
289 
?P!l 
210 
291 

?!I2 

2!15 
2!16 

297 
21'H 
2!'!' 
'jtx) 

(Firat - second 

From to nl,,rk rnn1.k 

( = d )  

foot 
- 0.005 
+. 0.010 
+ 0.02.1 
- 0.004 
+ 0.026 

- 0.007 
o.ooo 

+ 0 0 0 1  
- 0.004 
+ 0,006 

- 0.02.3 
- 0 . 0 2 2  

- o ' o l o  
+ 0.002 
+ 0.007 

+ 0.005 
+ o.002 
+ 0.017 
+ 0.015 
- o ' o l j  

+ 0.006 
+ 0 .017  
+ 0.006 
+ 0.020 
t 0.003 

- 0.010 
- 0.012 
+ 0.006 
+ 0.003 
+ 0 . 0 1 ~  

- o,oor  
- 0.011 
+ 0.01.3 
+ 0.01.3 
+ 0.001 

- 0 . 0 1 2  

- 0-004 
- 0.0.31 
+ 0.010 
- 0.00.3 

+ 0.009 
+ o.oro 
+ 0 ' 0 1 . 3  
- 0.006 
- 0.005 

- 0.001 
+ o 016 
+ 0 . 0 1 0  
+ o 009 
- o 002 

- 0 . 0 1 ~  
- o 021 
+ 0 00h 
+ 0.025 
+ 0.004 

- o.or.3 
+ 0'001 
- 0,002 
+ 0 '010  
+ 0'001 

levellers 
lovelier) 

Total from 
K a ~ ~ d g a o n  

foot 
- 0.045 - 0,026 
- 0'00.3 
- 0.007 
+ 0.019 

+ 0.012 
+ 0.012 
+ 0 . 0 l g  
+ 0.009 
+ 0,015 

- 0.008 
- 0.0.30 - 0,040 
- 0.0.38 
- 0.031 

- 0.026 
- 0.024 
- 0.00; 
+ 0.008 
- 0'007 

- 0.001 
+ 0 .016  
+ o . 0 ~ 2  
+ 0.042 
+ 0 . 0 j j  

+ 0.035 
+ 0.02.q 
+ 0.029 
+ 0 . 0 ~ 2  
+ 0.044 

+ 0.042 
+ O.O,~I 
+ 0,044 
+ 0,057 
+ 0.058 

+ 0.046 
+ o 042 
+ 0 . 0 1 1  
+ 0.021 
+ 0.018 

+ 0.027 
+ 0.047 
+ 0.060 
+ 0.0.54 
t 0.041 

+ 0.048 
+ 0.064 
+ 0.074 
+ o.oR.3 
+ 0.081 

+ 0.06.3 
+ 0.034 
+ 0.040 
+ 0.065 
+ 0.069 

+ 0 . 0 ~ 6  
+ 0,047 
t 0.045 
+ 0'0,~5 
+ o .o j6  



LEVELLING OPERATIONS. 

Line No. 35. Nandgaon to Raipur.-(Continued). 

Beno l~marks  
Dialance 

fro111 
Nandgaon 

tni lra 
~ ~ 5 . 8 8  
2&;'0,3 
1 

288.26 
288. ; I  

289.86 
290'1)fl 
201 ' 84  
292.68 
~ g j ' j l  

29,~..3j 
21)4,2j 
295.01 
296.35 
1 9 7 ' 1 j  

2 9 8 . 3 ~  
299.25 
3 9 ' 8 3  
,300.61 
.fo1'50 

301'96 
~ 1 . 9 7  
301.98 
302.54 
3 0 3 3 8  

.3a+.tr 
304.8; 
joj .gR 
306.89 
308.17 

.?or).rl 
309.41 
310.56 
3 1 0 7 0  
311-.69 

112'4.3 
3 1 3 . 1 4  
,113.85 
315.56 
316.6; 

317.56 
.718.69 
,3191 .  
310.05 
I 

311.61 
3za .16  
92.1.10 
.3zj.R8 
31 j .13  

3 2 5 . 6 8  
j l b . 1 8  
I 

.718.,33 
319.18 

,7,qol, 
3,,I.19 
33 r .15  
j , l r . f , s  
335.36 

301 

304 
305 

306 
307 

309 
910 

Dll 
:)I2 
313 
314 
31.5 

311; 
317 
318 
:JIP 
320 

321 
321 
323 
3.!4 
325 

326 
327 
328 
329 
330 

3 
332 
332 

303 
3u2 
304 
305 
306 

30': 
308 
301) 
310 
311 

312 
813 
314 
315 
316 

317 
318 
319 
320 
321 

322 
323 
324 
325 
326 

327 
328 
321 
Y:iO 
331 

332 
333 
33-L 

Diacrepnney bebreen 

3 3 
3:i.j 336 

33,; ' 3 1 7  

Obnervcd 
elernti011 
above ( + ) 

01. brlow (-) 
Nnnd:non 

( o ~ e u r ~  r e s u l ~  
bg two 

levellers) 

f i t  - i 01 .219  
- 6i7.,;9~ - 6;6.246 
- 684.342 
- 693.749 

- 712.371 
- h97.188 - 668 nib - 6.30.612 - 618.689 

- 619.328 
- 6.p9.666 - 6j9.559 
- 6R,3'j50 - j10.461 

- 790.002 
- 756'520 - 749'311 - 7,5.390 - ; ~ 6 . 2 0 g  

- , 9 7 9  - 725.970 - 724.101 
- ; - ; ~ 4 ' 0 ; 6  

- 71, H J Z  
- ;07'j85 - i o r . 1 5 8  
- i 10 .954  
- 1 4  

- 9 2 9  - ; 4 r . h 1  
- i 
- 6 ;  - ; ~ ~ . r b o  

- ;,;9,08, - ;45.,318 
- ; ~ ; . 7 1 3  - 724.480 - 708.643 

- 691.862 
- 690.741 - 697.806 
- h ~ j . 5 8 ~  
- 6 ;  

- 649.696 
- 6 
- 681.;2,, 
- (r9fl.,3Rj - 680.68; 

- 674.846 - 664-550 
- 641.5.3R 
- hoq. ,7~4 - sg6..14o 

- 58 ,~ ' IOl  
- ~ R R . . ~ I R  
- 60,3.,769 
- 586.50.3 
- 584.251 

levallers 
(F i rn l -~eeond  

Fro111 111ark 

( - d )  

fwl - 0 .014  
+ 0'008 
- 0 . 0 0 4  
- 0.009 

0 '000  

- 0 , 0 1 8  
- 0.00: 

+ 0.00; 
+ 0.022 
+ 0,004 

+ 0.005 
- 0 .014  
+ 0.016 
- o.ora  
+ 0.002 

- 0.011 

- 0.005 
+ 0 . 0 1 1  

- o.009 
- 0.008 

+ 0.004 - o . o o r -  
o 'ooo 

- o.oo.3 
+ 0.002 

+ o . o l a  
+ 0.002 
+ 0,001 - 0.016 
- 0.045 

- 0.020 
+ 0.004 
+ o.004 - 0 0 0 1  - 0.005 

+ 0 0 0 1  

+ 0.010 

- o.oo.3 
+ 0.001 - 0.010 

+ 0.016 
+ o . o o j  
+ 0.00.3 
+ 0 .014  
+ 0.008 

+ 0.00; 
+ o o o ~  
- 0 . 0 ~ 4  - 0.008 
+ 0.005 

+ 0.006 
+ 0.m; - o . 0 1 2  - 0 . 0 1 ~  
- 0.001 

- 0.015 - 0.010 - 0.015 - 0 . 0 ~ ~  
- 0 . 0 ~ 1  

31i 
3.18 
sau 
3 W  

341 
343 
343 
4 

le.eller) 

Total from 
Nanclg~ion 

jbot + 0.042 
+ 0.050 
+ 0.046 
+ 0.037 
+ 0'0.37 

+ 0 .019  
+ 0.017 
+ 0.024 
+ 0.046 
+ 0.050 

+ 0.055 
+ 0.041 
+ 0.05; 
+ o .04 j  
+ 0'047 

+ 0.0.36 
+ 0.0.91 
+ 0.042 
+ 0.03.; 
+ o.ol- j  

+ 0.019 
+ 0.028 
+ 0.028 
+ 0.025 
+ 0.027 

+ 0.040 
+ 0.042 
+ 0.04.3 
+ 0.027 - 0.018 

- 0.0.18 
- 0.034. 
- 0.0.30 - 0.011 
- 0.036 

- 0.035 
- 0.015 - 0.018 
- 0.027 
- 0.0.37 

- 0 . 0 2 1  

- 0 . 0 , s  - 0 .015  
- 0.001 
+ 0.007 

+ 0.014 
+ 0 .016  
- o.ooR - 0.016 
- 0 .011  

- o .oor  
+ a - o o z  - o - o r o  
- 015 - 0.026 

- 0,041 
- 0.061 
- 0.076 - 0.079 
- 0.090 

338 
339 
340 
341 

342 
343 
311  
345 

n ~ n n m i o  
correction 

deduced from 
ll,urkto mark 

Totnl from 
Nondgaon 

fmt 
+ 0 . ~ 6 ~  
+ 0 . ~ 6 ~  
+ 0 . ~ 6 2  
+ 0 . ~ 6 ,  
+ o.rG6 

+ 0 .170  

+ 0.167 
+ 0. 161 
+ 0.15.3 + 0. l - jo  

+ 0.150 
+ 0.~.;6 
+ 0 .156  
+ 0 . 1 6 . ~  
+ 0 . 1 6 ~  

+ 0.173 
+ 0 . l ;~ )  
+ O'l;8 
+ 0 . ~ 7 7  
+ 0 .  t;j 

+ 0.172 
+ 0 . 1 j 2  
+ o'v72 
+ 0 .174  
+ 0'1.74 

+ 0 .109  
+ 0-168  
+ 0.167 
+ 0-169 
+ 0 , 1 6 9  

+ 0.175 
+ 0.176 
+ 0 1 7 9  
+ 0 .179  
+ O . I ; R  

+ 0.179 
+ 0 ,176  
+ 0".76 
+ 0.176 
+ 0.173 

+ 0.169 
+ 0.169 
+ 0.170 
+ 0.167 
+ 0 .166  

+ O . I ~ O  

+ 0.16,9 
+ 0.166 
+ 0.169 
+ o .16 j  

+ 0,164 
+ 0.162 
+ 0.157 
+ 0.151 
+ 0.148 

0.P45 
+ 0.146 
+ o.r49 
+ 0.146 
+ 0.146 

D ~ n n m i c  
heigllt 

nbore ( + )  
or below (-) 

Nmd~mn 

feet 
- 701.052 

- ( 7 7 . m q  
-676.0fj4 
- ~ 8 ~ . ~ ~ 8  
- 693.j83 

- 7 1 z . 1 0 1  

- (,97.111 
- 66B.og5 
- 6 3 0 . ~ 6 ~  
- 618,539 

- 619.178 
- 649 510 
- 6,9.403 
- GRj.j87 - 710.1g2 

- 729.829 
- ~ ~ 6 . 3 4 1  
- 749.133 
- 745.213 
- 736'034 

- 72.3'807 
- 725'7911 - 71.3'919 
- 733.064 - 73.3'902 

- 711,673 
- ;07'217 - ;01.991 - 710.785 - 711.264 

- 738,954 - 742,625 
- 757'543 - 757.460 - 7 5 4 ' d l  

- i58'908 - 745.142 - 745'537 - 7'4'304 - io8'470 

- 691'693 - 690'57' 
- 697'6.16 
- hR.3'415 - 67i.206 

- 649'5.16 - 664.059 
- 681.357 - 6qR.216 
- 6s0'S" 

- 674'6R2 - h64'.lR8 - h4r ' 3R1  - 
- 596"9' 

- s " ' . ~ ~  - qRR'rir - bo3"38 - ~ ~ ~ ' 3 5 1  - S84"05 

34,; 1 316 
I 

346 
317 
1+3 
34!1 
a50 

351 
3.52 
I 
a54 

1 7  
313 
33-) 
330 
3.51 

352 
353 
s.54 
:is5 

356 

3 
3-57 1359  
358 1 3.59 

361 

, I 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING). 

Line No. 35. Nandgaon to  Raipu r.-(Continued). 

Dynamic 
correction 

dodueed l r o ~ n  
markto Inark 

Tot,al f r om 
Nnl~dguon 

foot 
+ 0'1.38 
+ 0,133 
+ 0.130 
+ 0.146 
+ 0.145 

+ 0.144 
+ 0.139 
+ 0.14.7 
+ 0.1.38 
+ 0.138 

+ 0.138 
+ 0-139 
+ 0.145 
+ 0.145 
+ 0.14; 

+ 0.147 
+ 0.150 
+ o " 1 ~ j 2  
+ o.150 
+ 0,152 

+ 0.1,53 
+ 0-151 
+ 0.155 
+ 0.156 
+ 0.1.53 

+ 0.153 
+ 0.154 
+ 0.153 
+ 0 . 1  j 6  
+ 0.1.51 

+ 0.1.51 
+ 0.151 
+ 0.151 
+ 0.152 
+ 0.1.57 

+ 0.157 
+ 0 . 1 ~ ~  

+ o.1;0 
+ o.1;8 
+ o.l.56 

+ 0.150 
+ 0 . 1 , ~  
+ 0 . 1 5 1  
+ o . r g l  
+ 0 . ~ 5 4  

+ 0.156 
+ o.15; 
+ o -  15h 
+ 0 . 1 ~ 5  
+ 0 . 1 ~ ~  

+ 0 . 1 ~ 7  
+ 0.149 
+ o. ,(,o 
+ 0.158 
+ 0.102 

+ o . 1 6 7  
+ o .  10; 

Obeerved 
eIcr~t t ion 

rbo ro  ( + )  
orbelow (- ) 

Ntrndgoon 
(mean result 

by Lvo 
I r ~ c l l c r s )  

fee6 

- 339'951 
- 5.$1'272 
- 546.007 
- 581.574 
- j j 7 . 0 ~ ;  

- 572.612 
- 548.323 - 56g.zqj 
- 5 ~ 1 . 1 8 '  
- 541.276 

- 541.289 - 546.111 
- 57v.026 
- 575'134 - 586,218 

- 58j .308 
- 601.888 
- 614.2.35 - 6 0 6 . 2 ~ 1  
- 617.631 

- 624.426 
- 6 1 4 ~ 0 0 ~  
- 6.3.3.05 
- 6.37.989 - 620.326 

- 620.147 
- 616.050 
- 628,848 
- 63.3.606 - 608.070 

- 607.454 
- 605.743 
- 607,505 
- 6 1 2 7 4 1  
- 638.861 

- hgg.970 - 6 5 0 . 0 ~ 5  
- 649 856 
- 646.037 
- 638,466 

- 606,554 
- 5 9 0 . 4 ~ 5  
- 6oH.jRj 
- 608,476 
- 624.775 

- 6.15.094 
- 6,3H.,346 
- 6,(,3 ;;,, 
- 6 
- 630.540 

- I 
- 647.,300 
- 65r.490 
- 6 4 0 . 2 1 ~  
- 665,675 

- h9,.679 
- h91';30 
- 786 45(t 
- 7 1 4 . 4 1 4  
- ;19.316 

D{::$F 
( + )  

orbelow (-) 
Nandgeon 

feet 
- 5.39'813 
- 541'134 - 545'868 - 581,428 
- 5;6,882 

- 572,468 
- 548'184 
- 569.150 
- 541'044 
- 541.138 

- 541.151 
- 545.974 
- j i 0 . 8 8 ~  
- 574.989 - 586.0;1 

- 585.161 
- h01.738 
- 614.08.3 
- 606.101 
- 617.479 

- 624.273 
- 6 1 3 . 8 ~ 1  
- 63,3.770 
- 6.37.23.3 - 620.173 

- 619.994 
- 625.896 - 628.69.3 
- 6.3.3-470 
- 607.919 

- 607.~30.3 
- 605.592 
- 607.344 
- 612.589 
- 638.704 

- 6.39.813 
- 649.S96 
- 649.h97 
- 645.879 
- 638..310 

- 606.414 
- 59q.296 
- 60R.zjz 
- ho8..325 
- 624,.621 

- 6,44.g36 
- 6.38.18~ 
- h,3,3.hl 
- hlR.816 
- 630.39j 

- ( 5 ~ 8 . ~ 6 8  
- 647 .14 ,  
- 652.3,30 - f i ~ o . ~ ; ~  , - 4 1 . 3  

- (,92.;12 

- 6 ~ ~ 1  56.3 

Distonco 
l rom 

Nandgoon 

miles 
334.60 
334.63 
334.9+ 
j.36.21 
337.65 

.3,39.1,3 
339.86 
341.16 
341.98 
342.04 

342.05 
34z.74 
~ ~ 3 . 7 7  
945.32 
g j j . 2 0  

345.35 
346.51 
.347.20 
349.10 
349.95 

3 5 0 . z ~  
350.1.3 
351.44 
351.98 
352.97 

353.19 
353.97 
354.52 
355.98 
356.93 

357.24 
357.25 
957.26 
357.71 
359.6; 

360.92 
362.05 
,361.96 
36.3.55 
364.18 

665.31, 
366.45 

369.68 
370.96 

37"O5 
,373'22 
.??.Z.RR 
374'35 
3 7 ~ 3 6  

374.94 
375.93 
376.,3,3 
.?77'lii 
178.62 

jRo.62 
,~Ro.hx 
3R1.61 
.3Rz.42 
.384'4~ 

Dimreplinc~ beLween 
~enoL.rnarks 

From 

361 
362 
363 
364 
365 

366 
367 
:4E8 
369 
370 

971 
3 i 2  
373 
374 
375 

376 
377 
378 
3 i 9  
380 

381 
3R2 
3tl3 
3NJ 
385 

38G 
337 
388 
389 
390 

391 
3!)2 
393 
394 
395 

396 
397 
398 
399 
400 

.lnZ 
403 
404 
405 

406 
407 
409 

'I2 
413 

'Ifi 
417 

410 
420 

luvellcrs 
(First- second 

Fr,,:~k 
(=4 

fool 
+ 0.023 
+ 0.001 
- 0.001 

- 0.059 
- 0.007 

- 0-001 
+ 0.013 
- 0-004 
+ 0.014 
+ 0.004 

0.000 - 0.005 
+ 0.006 
+ 0.005 
+ 0 . 0 ~ 0  

+ 0.005 
- 0.005 
- 0.003 
+ 0.01.5 
+ 0.008 

- 0.012  

+ 0.004 
- 0.006 
+ 0.009 - 0.009 

+ 0.001 

- 0.013 - 0.004 
+ 0.025 
+ 0.008 

+ o.010 
+ 0.001 
+ 0.001 
- 0.003 
- 0.009 

- 0.021 
+ 0.010 
+ 0.002 
- o,oor  
+ 0-001. 

- 0.002 
- 0.010 
+ 0.006 
+ 0 . 0 2 ~  

+ 0.007 

- 0.009 
+ 0,008 
+ 0.006 
+ 0 . 0 0 2  

+ 0 '001  

- 0'011 
+ 0 . 0 0 ~  

+ o . o l o  
+ 0'oo,5 
+ 0.007 

+ O'OO? 
O - o O o  

+ O.oo.$ 
- 0 . 0 0 ~  
- 0.015 

T O  

362 
383 
364 
365 
366 

367 
368 
869 
3'70 
371 

372 
373 
9 i 4  
376 
376 

377 
378 
979 
380 
381 

382 
383 

'384 
385 
386 

387 
388 
363 
300 
391 

392 
393 
39.1. 
395 
396 

397 
3% 
399 
400 
401 

402 
403 
406 
405 
*6 

407 

.lOD 
410 

412' 
4 '3  
414 

'I' 
418 
419 

421 

+ a.17,  
+ 0.171 

+ 0 . 1 7 2  

leveller) 

Tal,al f rom 
Nur~d~mur l  

foot - 0.067 
- 0,066 
- 0,067 
- 0.126 
- 0.133 

- 0.134 
- 0 . 1 ~ 1  
- 0.125 - I 
-0 .107  

- 0'107 
- 0.112 
- 0.106 
- 0.101 
- 0.081 

- 0.076 
- 0.081 
- 0.084 
- 0.069 
- 0.061 

- 0.073 - o.06R 
- 0.074 
- 0.065 
- 0.074 

- 0.073 
- 0.08h 
- 0.090 
- 0-065 
- 0.057 

- 0.047 
- 0.046 
- 0.045 
- 0-048 
- 0.057 

- 0,078 - 0.068 
- 0.066 
- o.06R 
- 0.067 

- 0.069 
- o.o;q 
- 0 . 0 ; ~  
- 0.051 
- 0.044 

- 0'05.3 
- 0,045 - o.o,lq 
- 0'0.37 
- 0,036 

- 0.047 
- 0 . 0 , ~  

- o.ozq 
- 0.024 
- 0.017 

- 0.01; 
- 0.015 
- o.011 
- 0 . 0 1 ~  

- 0.034 

- 7,6.,~j 
- 
- 7,0 ,  154 



LEVELLING OPERATIONS. 

Line No. 35. Nandgaon to Raipur.-(Continued). 

Benoh-marks 

Front 

421 
422 *'" 
424 
425 

426 
427 
4% 
429 
430 

431 
439 
433 
434 
435 

436 
437 
438 
439 
440 

441 
442 
4.1:) 
414 
445 

846 
447 
449 
449 
450 

451 
462 
453 
454 
455 

456 
457 
8 
459 
460 

461 
461 
463 
464 
465 

466 
467 
468 
469 
4 i 0  

471 
4 i 2  
473 
474 
475 

476 
4;7 
4714 
479 
480 

Dielnllee 
frol l t  

Sal~dgoon 

miles 
.385'5,3 
.385.54 
' 2  
j88.02 
388.77 

,389.54 
,790'05 
3q l .10  
391'83 
jg1.8.4 

,3g~.Rg 
312.39 
391.28 
394.5; 
396.33 

,797'17 
398.91 
399 9; 
qo1.08 
402.74 

404.18 
qo4..38 
404.79 
406.40 
409.71 

410.81 
4 w . 0 0  
41.3'22 
413.82 
414.82 

415.9, 
41G.qR 
417.rj8 
419.17 
411j.97 

421.06 
I 

412.39 
42z.;8 
422.80 

42.3.49 
424.84 
425.26 
4 ~ 6 . ~ 4  
427.47 

428.48 
429.88 
4?0'  14 
430.15 
4.3o.jq 

4.31.61 
4.33.86 
434.q1 
4.35.7~ 
436.76 

4,36.;9 
437.1R 
4.48.59 
4,49.57 
4 4 0 . 4 ~  

T o  

422 
#13 

425 
4% 

427 
4" 
*29 
'130 
431 

432 
433 
4 
435 
436 

437 
438 
,439 
440 
441 

442 
413 
444 
445 
446 

447 
448 
9 
450 
451 

452 
453 
454 
455 
456 

457 
458 
459 
460 
461 

462 
463 
464 
465 
466 

467 
468 
469 
470 
4 i l  

4 i 2  
473 
474 
475 
476 

477 
478 
479 

481 

(First- Secolld leveller) 

foot 
- 0.01.3 - 0.002 
+ 0'014 
- 0.01.~ - 0'002 

- 0 . 0 ~ 9  
- 0.018 
- o.oo,z 
+ 0'01.3 - 0'002 

- 0.00.3 - 0'001 

+ o 005 
+ 0 '009 
- 0.003 

+ 0'00" 
+ 0.007 
+ 0.002 
+ 0.001 - 0.016 

- o.ooq 
+ 0.004 - 0.009 
- 0,046 

o.ooo 

+ o.oro 
+ 0.014 
+ 0.001 
- 0.007 
+ 0.006 

+ 0,011 
- o.oo,l 
- 0.017 
+ o 009 
+ 0.003 

- o.001 - 0.012 

+ 0 .006  - 0.006 
+ 0.002 

+ 0.002 - 0.016 
- 0.005 
- 0.008 

0,000 

+ 0.006 
+ 0.025 
- 0.00,; - 0.001 

+ 0.015 

+ 0.017 
+ o.o,3,3 
+ 0.020 

+ 0.006 
+ 0.006 

+ 0.001 - 0.00.3 - 0.01.3 - 0.012 
+ 0 . ~ ~ 5  

feet 
- 0'0.47 
- 0.049 
- 0'0.35 - 0 ~ 0 4 8  
- 0.050 

- 0.059 
- 0.077 
- 0.080 
- o.oh; 
- 0.069 

- 0.072 
- 0.07.3 
- 0.068 
- 0.059 
- 0.062 

oooho 
- 0.05.3 
- 0.051 
- 0.050 
- 0.066 

- o.o;o 
- 0.066 
- 0.075 
- 0 . 1 2 1  

- o.1 r1  

- 0 . ~ 1 1  
- 0.007 
- 0.096 
- 0.103 
- 0,097 

- o.oRh 
- 0.089 
- 0.106 
- 0.097 
- 0.094 

- 0.095 
- 0.107 
- 0.101 
- 0.107 
- o . l o j  

- 0.103 
- 0,119  
- 0.124 
- 0.132 
- 0.13, 

- 0.126 
- 0.101  
- 0 ~ 1 0 4  
- 0.105 
- 0.090 

- 0.07.3 
- o 040 - 0.020  

- 0.014 
- 0.008 

- 0.007 
- 0.010  
- 0.ozg 
- 0.0.35 - 0.020 

f e d  
- 710.951 
- 710.,3;9 - hgh.810 
- 6145.7~8 - 684.hZ3 

- 687. j74 - hgl.;hh 
- 6 - 691.405 
- 692 120 

- 691.334 
- 694,543 
- 6 8 8 . f 1 ~ 1  
- h8A.79; 
- 6gz.h9o 

- 667.427 
- hR4.;2,3 
- 6R5.005 
- 6j4.471 
- 6 6 1  

- 646.313 - 644.568 
- 6 4 H ' ~ j o  
- 6 2 , 3 4 1  
- 7 9  

- 578.461 
- 346.492 
- ; ~ O . J R ~  
- 531.541 
- 53j.57; 

- 543'428 
- 55R.6RR 
- j ~ 8 . 5 ~ 7  
- 527.6;; 
- 532.012 

- 524.656 
- ~ j z . ; 6 8  
- 5,<q.Rq1) 
- 5.31'007 
- 5.3z.i~; 

- 545.4,qo 
- 5 5 z . 5 ~ 7  
- 5 5 6 . 1 9 ~  
- ;,34.981 
- 525.347 

- 5.3.3.012 
- 527.;9; 
- 534.632 
- 5 3  1 

- 5. jh. r jh  

- 514.433 
- 53r.014 
- 546.785 
- 54h.305 
- 531'499 

- 53.3'440 - s.30.2q4 
- 529'.381 
- 543.8.5" 
- 539.928 

foot 
+ 0.170 
+ 0.170 
+ O'lbR 
+ 0 . ~ 6 8  
+ 0.166 

+ 0.167 
+ 0,168 
+ 0.168 
+ o.lh.8 
+ 0.168 

+ o.16R 
+ 0,169 
+ 0.168 
+ 0,168 
+ 0.169 

+ 0.165 
+ 0.168 
+ 0,168 
+ o.1h6 
+ 0,165 

+ 0.161 
+ 0 .161  
+ 0.1h2 
+ 0.158 
+ 0.150 

+ 0.150 
+ 0.145 
+ 0.146 
+ 0,149 
+ 0.150 

+ 0.151 
.+ 0 . 1 5 ~  
+ 0.149 
+ 0.149 
+ 0 ' 1 j 0  

+ 0.149 
+ 0.150 
+ 0.151 
+ 0'150 
+ 0.150 

+ 0.152 
+ 0.1.5.3 
+ 0'154 
+ 0.1 jo 
+ 0.148 

+ 0.149 
+ 0.148 
+ 0.149 
+ 0.149 
+ 0.149 

+ 0.145 
+ 0 . 1 4 ~  
+ 0.151 
+ 0.15' 
+ 0.149 

+ O"49 
+ 0 . 1 4 ~  
+ 0 . ~ 4 ~  

0"s '  
+ 0.150 

feet 
- ilo.i~I - 7 1 0  

- 696.f,42 
- 6g5.6,30 
- 1 j 8 ~ . ~ ~ ;  

- 68i.607 
- 691.508 
- h90.gR5 - 691.2j7 
- 691.952 

- 691.166 
- 694.,374 
- 688 413 
- 6 8 8 . ~ 1 ~  
- 692.521 

- 667.262 
- 684.555 
- 684 Rlr; 
- 674.305 
- 668.968 

- h16'15t  
- 644'407 
- 648 378 
- 62.3.483 - j77.828 

- 578 ,311 
- 5.16..347 
- 550'338 
- j.11',3qz 
- 535427 

- 543.27; 
- 51;s 531 
- 5zH.408 
- 52;'528 
- 531.872 

- 514'507 
- 532""R 
- 5.19'748 
- 5.;1'7.57 
- 532571 

- 545"i8 
- 5.51'404 
- 55h'040 
- 5.34'RJ1 
- 525'199 

- ~ . l ~ ' ~ ~ . 3  
- S27'449 - 534"83 
- s . ~ ~ " ~ ~ ~  
- 5.1""; 

- 5'4'3°R - 5.'0'"~ 
- 546'6.14 
- 5 ' " " ~ 4  
- s.31'.350 

- 533 '?0 '  
- s 3 0 ' 1 4 6  - 52'"2.'3 
- 5'.5'701 
- 539'778 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 35. Nandgaon to Raipur.-(Continued). 

Zp"? 
( + , 

or heloa (-) 
- NnndgnOn 

feet 
- 544'039 
- 530'449 - 529,527 - glR';08 
- 500',309 

- 500'80.4 
- 484'722 
- 4i8.470 
- 441'84(' - 406.540 

- .3;6.2j7 - .3,30.904 
- 314'54.3 
- ,31,3'9,3.3 
- 2- 14 ' -  137 

- 26.3.2;; - 2 6 6 . 4 8 ~  
- z,jz.z89 
- 2.32'560 
- 1.33.898 

- 1 2 9 ~ 3 6 0  
- 265.396 
- 348'984 
- 395'8;o 
- 405.811 

- 393'0.39 - 411'192 - 414'988 
- 41.4'329 
- 414'317 

- 428.750 - 460'825 
- 486.749 - 488.151 
- 490.837 

- 502.119 
- j04.075 - 506.820 
- 527.965 
- 534.643 

- 518.922 
- 518.769 
- j19.445 
- 539.420 - 54.3.306 

- ~ j 6 . . t ~ z  
- 543.00.3 
- 543.985 
- 543.463 
- j 5 7 . j ~ j  

- 575,556 
- 5jt.zo.3 
- s i z . i i 3  
- 5.31.438 - ~ , ~ ; . ~ ; j  

- 5 ~ 6 . 4 5 5  
- 5 2 h . 1 ~ ( r  
- 568.443 - 5H,3.718 - 610.652 

i!:,",zFn 
deduced from 
mark tomark 

Total f rom 
N a l ~ d g ~ n  

foot 
+ 0.151 
+ 0'148 
+ 0 '148  
+ 0.146 
+ 0 '143  

+ 0.143 
+ 0'140 
+ 0'1.39 
+ 0'13.3 + 0.126 

+ 0 . 1 2 1  
+ 0.113 
+ 0 . 1 1 0  
+ o ' l l o  
+ 0.103 

+ o ' ro1  
+ 0 . 1 0 2  

+ 0.096 
+ 0 ,096  
+ 0.096 

+ 0'095 
+ 0.102 
+ 0'117 
+ 0.126 
+ 0.128 

+ 0.126 
+ 0.129 
+ 0.1.30 
+ 0'1.30 
+ 0 '130  

+ 0.133 
+ 0.139 
+ 0 .144  
+ 0.144 
+ 0 ' 1 4 j  

+ 0 .147  
+ 0 .147  
+ 0 . 1 4 8  
+ 0.152 
+ 0.153 

+ 0 .150  
+ 0.150 
+ o ' l j o  
+ 0.154 
+ 0.155 

+ 0.154 
+ 0 . 1 ; s  
+ 0.155 
+ 0 .1 ; ;  
+ 0 .158  

+ 0 . 1 6 1  
+ 0 .160  
+ 0 . 1 6 0  
+ 0 .152  
+ 0.15.3 

+ 0.151 
+ o . ~ ~ ~  
+ 0.1,;q 
+ 0.162 
+ 0.167 

eq::;:,"," 
above ( + ) 

or below (-) 
Nandpnon 

(mean resull 
by two 

levellem) 

feet 
- 545'090 - 530'597 
- 5 ~ 9 . 6 ~ 5  - 518.144 - 500.451 

- 500.946 - 464.862 
- 478.609 
- 447'919 - 406.666 

- ,356..3;8 
- 331.107 
- 314'653 
- 314'04.3 - 274.840 

- 263.378 - 266.586 
- 232',385 - z.3z.hj6 
- 233'994 

- 229'455 - 165.498 - 349'101 
- 395'996 
- 405'939 

- 393.165 - 411'321 
- I 

- 413'459 - 414'447 

- 418.883 
- 460.964 - 486.893 
- 488 . r c )~  - 490'982 

- 502,266 
- ~ O J . Z Z Z  

- 506.968 - 8 1 ;  
- 5.34.796 

- 5 9 0 7 2  
- j18.911)  
- 519'595 - 539.574 
- 5 j j . 4 6 1  

- 536.4;6 - 543.158 
- 543.540 - 543.618 
- 557.693 

- ,;;5';1; - gj2.36.1 
- 572.03,) 
- , 1 9 0  - 537.728 

- 526.606 
- 516 . ,~ ,~7  
- 56R.602 
- 58.3.880 - 610,819 

~ e n c h . m a r k ~  

Fmm I TO 

Distance 
from 

Naudgnoo 

niiles 
q41,3g 
442.5x 
44z.66 
414.u 
446.02 

4 4 6 . ~ 3  
446.;3 
448.03 
q40.21 
450.26 

451.14 
452.38 
45,3.08 
453.09 
4 j ~ . 5 8  

4 5 5 . i j  
q56.,30 
457.84 
~ j ; . 8 j  
4j7.86 

459.06 
459.99 
40z. jo  
464.49 
465.23 

466.25 
467'78 
467'98 
468.28 
468.29 

469.04 
470'87 
472'39 
473'44 
474'39 

475.69 
416.25 
477'20 
478'15 
479.14 

480.84 
481.62 
4R.3.01 
48.3'76 
484.91 

486.35 
487.65 
487.66 
487.99 
488.39 

489.37 
491 88 
49.3'09 
495.35 
496.66 

496.96 
416.98 
408.49 
500'00 
501.50 

481 
432 
483 
484 
485 

486 
487 
488 
439 
490 

491 
492 
493 
494 
495 

496 
497 
498 
499 
500 

601 
602 
503 
604 
505 

606 
607 
508 
609 
610 

611 
612 
613 
614 
616 

616 
617 
618 
619 
520 

621 
622 
623 
524 
626 

526 
527 
523 
529 
630 

631 
632 
533 
634 
635 

6% 

638 

- 

482 
483 
484 
485 

497 
488 
489 
490 
491 

492 
493 
494 
496 
496 

407 
498 
499 
500 
501 

502 
503 
504 
605 
506 

607 
508 
509 
510 
611 

512 
513 
514 
616 
616 

517 
518 
619 
520 
521 

622 
523 
524 
526 
626 

627 
S23 
529 
630 
531 

632 
60.1 
634 
635 
636 

537 
5:'3 
5''0 
530 

Discrepancy between 
levellers 

(First- second 

E::%:T~ 
( = d )  

foot 
+ 0.024 
+ o.011 
+ 0.004 
+ 0 . 0 1 1  
+ 0.028 

- 0.002 
+ 0.007 
- 0.02.3 - 0.013 
- 0 , 0 1 2  

- 0 . 0 2 ~  
+ 0'020 
+ 0.004 
+ 0'003 
- 0.017 

+ 0.033 
+ 0 .016  - 0 . 0 1 2  

- 0 ' 0 0 2  

- 0.003 

+ 0 ' 0 2 1  

+ 0.00.l 
+ 0 '0% 
+ 0 ' 0 2 0  

+ 0 ~ 0 0 2  

+ 0.002 - 0 '001 

- 0.001 
0.000 - 0'001 

- 0'007 - 0.023 
+ 0'004 
+ 0 ' 0 1 4  
+ 0.019 

- 0.008 
+ 0'002 
+ 0'009 - 0.015 
- 0.004 

+ 0 .012  
+ o.oo.3 

0'000 

- 0 ,007  
+ 0.002 

+ o.00.3 - 0.012 
+ 0.001 
+ 0.004 
+ 0.001 

- 0 . 0 2 0  

- 0.065 
+ 0.007 
4- 0 . 0 1 2  - 0 . 0 1 8  

+ 0.007 
+ 0 .001  
- 0.015 - 0.029 - 0 ' 0 1 2  

leveller) 

Total from 
Nnndgaon 

foot 
+ 0'004 
+ O'Olj  
+ 0.019 
+ 0.036 
+ 0.064 

+ 0.062 
+ 0.069 
+ 0.046 
+ 0.033 
+ o . o r l  

- 0.002 
+ 0 . 0 1 8  
+ 0 '022  
+ 0'025 
+ 0.008 

+ 0.041 
+ 0.057 
+ o .oq j  
+ 0 '043  
+ 0.040 

+ 0.061 
+ 0.064 
+ 0'092 
+ 0'112 
+ 0 ,114  

+ 0.116 
+ 0 . 1 1 5  
+ o . l r j  
+ 0'114 
+ 0 . 1 1 ~  

+ 0.105 
+ 0.082 
+ 0'086 
+ o.100 
+ 0 .119  

+ o . r l r  
+ 0.11.3 
+ 0 - 1 2 2  

+ 0.107 
+ 0.10.3 

+ 0.115 
+ 0 . 1 1 8  
+ 0.118 
+ 0 . 1 1 1  

+ 0.11.3 

+ 0.116 
+ 0.104 
+ 0.10s 
+ 0.109 
+ 0 . 8 1 0  

+ 0.090 
+ 0.087 
+ 0.094 
+ 0.106 
+ 0,088 

+ o . o r ) ~  
+ 0.096 
+ 0,081 
+ 0.052 
+ 0.040 



LEVELLING OPERATIONS. 

Line No. 35. Nandgaon to Raipur.-(Continued). 

EGG ~ 2 6 . 9 2  
567 1 s?8..31 1 
6W 5'9.67 
I W  I Sip  529'68 , 

: 

Bench-mnrks 

-- -- - 

o m  1 To 

I 

p o t  feet 
+ 0.053 - 610..34.3 
+ 0.053 - 610.396 
+ 0'0.34 - 615.58.3 
+ o 'ozz  - 615.523 
+ 0 ,046  587.686 

+ 0.046 - 587.69.3 
+ 0.054 - jBr.1R8 
+ O O4.1 - 594'193 
+ 0'067 - 597.65; 
+ o . ~ o a  - j j j  486 

f 0 '100  - 53.3'70; 
+ 0 '093  - 557'7.44 
+ 0 ' 0 9 j  - 55.3'876 
+ 0'09.3 - 554'0b7 
+ 0.085 - 57h.777 

+ 0.092 - 56;'677 
+ 0.095 - 5RG 242 
+ 0.098 - 594,';.30 
+ o.o@ - 616'576 
+ 0.087 - 617'015 

+ 0 ,086  - 617.223 
+ 0.075 - b28.002 
+ 0.074 - 6.77.651 
+ 0'073 - 637.684 
+ 0.07.3 - 638,275 

+ 0.090 - 610 231 
+ 0 '070  - 599'4.30 
+ 0 ,062  - 594'R58 

fm* feet 
+ 0 . ~ 6 1  - 610.176 
+ 0.167 - 610.229 
+ 0.168 - 6 1 5 . ~ 1 5  
+ 0 .168  - 6 1 5 . ~ 5 j  
+ 0.163 - 587,523 

+ 0.16.3 - 5R7. 530 
+ 0.162 - 582.026 
+ 0.164 - 594.329 
+ 0 ' 1 6 j  - 597.490 
+ 0'157 - 553'329 

+ 0'157 - 55.3'5SO 
+ 0'1.58 - 557'576 
+ 0'157 - 55.3'719 
+ 0 ' 1  57 - 553'860 
+ 0.160 - j ;1 ,617 

+ 0.1.59 - 567'518 
+ 0.162 - 586.080 
+ 0 . ~ 6 4  - 594.366 
+ 0.168 - 616.408 
+ 0'168 - 616.84; 

+ 0.108 - 617.05; 
+ o . ~ ; o  - 627.832 
+ 0 . ~ 7 2  - 637'479 
+ 0 .171  - 637.512 
+ 0.172 - 638.10.3 

+ 0.167 - 610.064 
+ 0.165 -599 .265  
+ 0.164 - 594'694 
+ 0,164 - 594'722 

D ~ m t n ~ ~ c e  
trom 

Nnndgaon 

Difference af dynamic height, Nandgaon to Raipur = - 694.722 feet. 
Lcugtb of line in miles = 1C[ = 529,,68. 2 2  = 0.098759. 

T& 

Probable error of the mean result pen mile of double-levelling = 0 . 6 i l S Z / %  = & fO.ooG. 

P~.obable crror of the atTerence of elevation between the terminal bench-marks = 0.6745 
2/5 = O.1060. 

- 
I l ~ n r ! i - m a r l  So. 6 i 0  i n  the mark at Raipnr  described on page 136. 

Discrepnnq bslweee 
luvcllo~s 

( F ~ r e t  - Second lereller) above ( + ) 
or (-) 

Nundgnon 
(meon result 

by lmo 
levellers) 

F : ~ ~ , ~ ~ k  
( = d )  

Total fmm 
Nandgnon 

2:~:'~ 
deduced from 
ularkLo 

Totnl fronl 
Nnndgaon 

D ~ n n m i c  
I n c ~ ~ h t  

above (+ )  
or below (-) 

WnndgaOn 



X ~ U L T ~  OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 36. Vizagapatam to Vizianagram. 

Distance 
from 

Vlznga- 
patorn 

Observed 
Discrepancy between elerolion 

levellers obove (+ )  
(First -Second lovelier) or below (-1 

Vizagnpotam 
(mean result 

prom mark ~ o t a l  from by two 
lo n'nrk Vizngopatom lerellurs) 

( = d )  

1 Dynamic I I 
correction 

deduced from 

I I I or below (-) I 

1 I I 

of dynamic height, Vizagapatarn ta Vizianagrarn. = + 1,76.597 feet. 

Lengtbof line in miles = M = 40.16, Zd2 = 0.003SGL. 

h h b k  error of the m e m  m u l t  p r  mile of double-levelling = 0.8145 .$"% = 0-003.. 

pmh*le of the Allcrence of elevntioll betrcro the terminal bend-marks = O,*6711 fl? = + 0.0201. 
---- - .- 

* '' ' ad& iv I Is Lbr v u ~ k  at V~mgnpatau i lucrded  on p q c  1.6, t Ucnc1.1na6 No. 61 is thc m u k  at V ~ ~ h o y r n n  l a o r ~ b a l  ou p a n  I36 



LEVELLING OPERATIONS. 

Line No. 37. Vizianagram to Raipur. 

Ucoch-~uark Xo. I is the mark at Virinnngram deacril~ed ou pnge 186. 

.. 
Bench.msrLs 

lrom 
Vizinna- 

Di rc repnnr~  betweon 
levellers 

(First- Second leveller) 

rniles 
O.15 
0.49 
0.96 
'"9 
2 '18 

3 . 1 ~  
4 . ~ 8  
5.18 
6 ' 1 ;  
7'17 

7.59 
10.16 
10'8.3 
11.19 
1a.65 

13 '38  
1 s . 2 1  
19.05 
19.25 
19.61 

10.81 
Z I . ; ~  
2 3 ' 1 0  
2.3'76 
25.28 

25.59 
27.20 
28.31 
28 '6 j  
29.31 

29.91 
g1'o.q 
31.92 
32.79 
32.86 

34.66 
34.76 
35.42 
35.75 
36.12 

36.39 
37.14 
37 '7 '  
j 8 . 1 j  
39.51 

40.2; 
40.90 
41.05 
41.36 
41.68 

42.41 
42.87 
43.25 
53.8') 
M . 1 8  

4+.R9 
45.29 
45.89 
46.8; 
4h.92 

l* 

3 

ti 
'I 

lo 

12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
33 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
% 

46 
47 
48 
49 
50 

51 
6 1  
53 
64 
55 

56 
57 
58 
69 
60 

Ob~erved 
elevnlion 

( + ) 
or below ( -) 
Viz~nnngrnm 

From mark 
to 

( = d )  

foot 
+ 0.004 
+ 0'002 

o'ooo 
+ 0'017 
+ 0 ' 0 2 0  

+ 0.055 
+ 0.048 
+ 0.0.16 
+ 0 . 0 0 2  

+ 0.007 

+ 0.008 
- 0.015 
- 0.005 - 0.004 
- 0.003 

+ 0.005 
+ 0.011 
+ o , o r r  
- 0'004 - 0'002 

- 0 .014  
- 0.005 
+ 0.008 
- 0.009 - 0 ,013  

- 0.002 
- 0'00.3 
+ 0.011 

+ 0,004 
- 0.008 

+ 0.006 
+ 0.006 
+ 0 ~ 0 0 7  
- 0.008 
+ 0 . 0 0 ~  

+ 0.003 
+ 0.004 
+ 0.006 - 0,001 - 0.003 

- 0.002 
+ 0 .015  

o,ooo - 0.005 
+ 0 . 0 1 1  

- 0.005 
+ 0.003 - 0.00.3 
+ o . o l j  
+ 0.019 

- 0.024 
+ 0.028 
+ 0.029 
+ 0 ,ooq  
+ 0 . 0 1 2  

+ 0.0.11 
+ 0.006 
+ 0.018 - 0 . 0 ~ ~ ~  - 0.002 

= 
4 

' 
lo 

l2 
l3 
14 
Is 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 
44 
46 
46 

47 
48 
49 
60 
61 

52 
63 
54  
5;  
66 

5 i  
68 
5!3 
60 
61 

(nieun result 
by two 

levellers) 

feel 
+ 5.408 
+ 1.975 + 26.616 
+ 47'193 
+ 68.682 

+ 1.39.985 
+ 91.541 
+ 128.638 
+ 1 0 0 . h ; ~ ~  
+ 42.141 

+ 14.575 
+ 7 1 . 4 6 ~  
+ .3.3.224 
+ 27.525 
+ 42.637 

+ 2 9 . 4 ; ~  
+ 62.251 
+ 74.985 
+ 81.936 
+ 94.470 

+ 117 .641  
+ 153.638 
+ 204.626 
+ 238.506 
+ 2.35.480 

+ 22j 'o73 
+ 23H.557 
+ 301j.0~2 
+ 292.293 
+ 291'876 

+ 256.126 
+ r H 0 . 9 ~ 8  
+ 295.386 
+ 19j .452 
+ 292.216 

+ 2j6.617 
+ 284.4.74 
+ .3~3',317 
+ ,31;.13o 
+ .319.4,; 

+ 329.614 
+ 3.1H.gB.3 
+ 388.9.31 
+ ,lr)j.z,36 + 415.605 

+ 439.365 
+ 456.,3.30 
+ 504.j96 
+ 613.962 
+ 7ro.h66 

+ 94,3.G92 
+ 1o,)r.;g6 
4 1215.37q 
+ 144,3.h51' 
+ 1 j 3 4 . 7 ~ ~  

+ 1758 976 
+ 1 j.1;'500 
+ I j 9 
+ I 702  nqo 
+ 1697.456 

Total from 
Vizinnogrulll 

foot 
+ 0'004 
+ 0.006 
+ 0.006 
+ 0.033 
+ 0.053 

+ 0.108 
+ 0.156 
+ 0.192 
+ 0.194 
+ 0.201 

+ 0.209 
+ 0.194 
+ 0 .189  
+ 0.185 
+ 0.182 

+ 0.187 
+ o . lgS  
+ o-209 
+ O'zoj  
+ 0.203 

+ 0.189 
+ 0.184 
+ 0.192 
+ 0.18.3 
+ 0.170 

+ 0.168 
+ 0 .165  
+ 0.176 
+ 0 .180  
+ 0.172 

+ 0.178 
+ 0.184 
+ o . ~ ~ ~  
+ 0.18.3 
+ 0.185 

+ 0.188 
+ 0.192 
+ o.19R 
+ 0.19, 
+ 0 ,194  

+ 0.192 
+ 0,207 
+ 0.207 
+. 0.202 
4 o.zl.3 

+ o.zoR 
+ 0 . 2 1 1  

+ 0 . 2 4  
+ 0.22.3 
+ 0.242 

+ o . r ~ R  
+ 0.246 
+ 0 2 ;  
+ 0.284 
+ 0 . , ~ 6  

+ 0.32; 
+ 0',3,3,3 
+ o ,351 
+ o.,qzR 
+ 0.,326 

Dynnmic 
correc~ion 

deduced from 
n~nrk to mark F?T:~ 

nbove ( + )  

Total from 
Visinnsgram 

fool - 0.002 - o.ooI 
- 0.010 - 0.017 
- o.025 

- o.ogr 
- 0.034 - o.047 
- 0.037 - 0,016 

- 0.006 - 0.027 - 0.013 - 0.011 - 0.016 

- 0.011 
- 0.013 - 0.027 
- 0.029 
- 0.933 

- 0.041 
- 0.054 
- 0.072 - 0.084 
- 0.08.3 

- 0.079 
- 0.084 - 0 .109  
- o ' t o j  - 0.103 

- 0.090 
- 0.099 - 0.104 - 0.104 - 0'103 

- 0.098 
- 0.101 
- 0 ,114  - 0.112 
- 0'113 

- 0 .116  
- 0.119 
- 0'136 
- oS13R 
- 0.145 

- 0.153 - 0'1.59 
- 0'176 - I - 0.14(1 

- o',326 
- 0.377 - 0 .419  
- 0'497 - 0.528 

- 0'60.5 - 0'59* 
- 0.599 
- o..sRh 
- 0.584 

or below (-) 
V i z i a ~ o p n i  

feet 
+ 5.406 
+ 2.974 
+ ~ 6 . 6 ~ 6  
+ 47.136 
+ 60.bj7 

+ 139.934 
+ 91.507 
+ 128.591 
+ 1 ~ 0 . 6 ~ 6  
+ 4 2 . 1 2 j  

+ 14.56') 
+ 71.430 
+ 33.2" 
+ 17.514 
+ 52.621 

+ 29.461 
+ 62.22R 
+ 74.qj8 
+ 81.90; 
+ 94.437 

+ 117.600 
+ I.j.?..jH+ 
+ 204'554 + 23H.422 
+ 23j.397 

+ 224.994 
+ 138.473 
+ 308'03.3 
+ 292'190 
+ 292';;3 

+ 256.036 
+ 280'8j9 
+ z q 5 . 2 8 ~  
+ 195348 
+ 92'11.3 

+ 276.519 
+ 2H+'.?.?.? 
+ .1z.3'z03 
+ 317 .0~8  
+ 319.334 

+ 329'498 
+ .33n'464 
+ 3n8'795 
+ 395"Tn 
+ 415'540 

+ 439'112 
+ 4sh"7' 
+ ~ ~ l ' ~ ~ ~  

+ 613'749 
+ 710'420 

+ 94.3'3'" 
"1092'419 
+ + " I 4  
+144.3"5') 
+1534.z1'5 

+175H'371 
+ 1;,31'")02 
+'7.1') .';' 
+ I T o z  .To' 
+ I ~ ' ) " ' ~ ; ~  

- 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLELEVELLING. 

Line No. 37. Vizianagram to Raipur.-(Continued). 

D ~ n a l l l i ~  
CorreCllOn 

deduced fro111 
mark to  murk 

Toln l  f rom 
Viziunugmm 

foot 
- 0.606 
- o.bo.5 
- 0'6.30 
- 0.634 - 0.708 

- 0 . 7 ~ 6  
- 0.802 - 0-802 
- 0.845 
- 0.901 

- 0.976 
- o'qR4 
- 0-984  - 0.yr)l 
- 1.024 

- I'OZQ 

- 1'082 
- 1 ' 1 2 j  - 1.026 
- 0'977 

- 0,951 
- 0.957 - 0.958 
- o 949 - 0,941 

-0 '9 ,34 
- 0.9 j z  
- 0'942 - 0'929 - 0.920 

- 0.924 
- 0 . 9 ~ 2  - 0,921 
- o.g12 
- 0.934 

- 0'9.37 - o.9z.3 - o.1~48 - 0.960 
- 0.927 

- 0.956 
- o 932 - 0.9.j.3 - 0.9.;~ 
- 0.934 

- 0.745 - 0 . 9 0 ~  
- 0.942 
- 0.9.30 - o 6 

- 0.897 
- o 808 
- 0 . 9 0 6  
- o I - 0.923 

- o.gzo 
- 0,909 
- 0.017 - 0.92) - 0.929 

Obrerved 
elevulion 

abore ( + )  
or below (-  ) 
V ~ e i r t a t ~ ~ r a m  
(uleall ~.eauit 

by bwo 
lsrcl lcrs) 

feet 
+ 1j62.517 
+ rj;R.;o') 
+ 18.31.418 
+ 1845.626 
+ 2060.690 

+ 2 1 4 2 . 5 7 ~  
+z,?34'  j68 
+ 2 j ~ 4 . 2 ~ 8  
+ z460.0H1 
+ 261~'118 

+ 1 8 4 4 . ~ 1 6  
+ 2Ht6.81 I 
+ 280j.9.14 
+zHA6 945 
+zg83.qo5 

+2997.615 
+.;154'054 
+,3285.;9.3 
+zgqH.gc); 
+2845.427 

+2;69.8,38 
+2;86.829 
+ I ; H U . ~ ~ ~  
+2;62.2;6 
+2739'520 

+z719.677 
+2;;1.650 
+2741.871 
+2703'768 
+2677.211 

+2688.098 
+27lO-g47 
+ 2678.2.31 
+z65,3.117 
+2;18.359 

+z;26.7;5 
+ 26flh. j65 
+ z j h . < . ~ 1 5  
+2;98 921 
+2698.;?0 

t 2786.2113 
+2712 . .+61  
+ r ; 1 6 . 4 ~ 0  
+271z,zHc) 
+2719 '4 j7  

+ ~ 7 ~ 1 . 1 8 ' )  
+zUoz.159 
+2741 ,469 
+z;o6~000 
+269+.069 

+2604.902 
+ 260h'461 
+2601 jRR 
+2646 69.3 
+ 2682.319 

+1674.844 
+1640.971 
+ 2663.5.39 
2 1  I 

+ I . ;o I~ I~  

D[:~yF 
( + ) 

o r  below ( - )  
'izl"lugn'n' 

feel 
+ l;bl.911 
+1738'104 
+ lH.31.in8 
f lR44.942 
4 2oj0-982 

+ 2 1 4 1 ' 8 ~ 6  
+23.4.3.7t'6 
+2.;.13 406 
+ 2i5~~'236 
+2h2,;'217 

+2843'540 
+ 28~~;'827 
+ 2Rfi4'93o 
+~RRb'oo4 
+2982'381 

+2996'586 
+.31;2'1);2 
+3184.4hb 
+zg8;';;1 
+2844'4j0 

+z ihRUR7 
f 2785.R;~ 
+1;8;.5.39 
+ 2761 307 
+2;38.579 

+271R.74,3 
+2;70'698 
+2;qo'gzg 
+ Z;OZ.HJ') 
+2676.291 

+ 2iR7'17.4 
+ ~ ; I o . o I ~  
+26;7.310 
+zO;z.zo~ 
+ "17.445 

t2725.838 
+ 268.5.443 
+ z76z.367 
+ 2797.961 
rz697.843 

+z;Rj.262 
+ Z ~ I I . S Z ~  

+ z j 1 ; . ~ 0 7  
+zj11.,357 
+ 1718.52.3 

+ 2750 .~44  
+ lUo t .197  
+ 2;4o.;r7 
+ 2;og.o;o 
A ~ 6 ~ ~ ~ . 1 4 3  

+ z 6 0 4 . 0 0 ~  
+260; 56.3 + 206o.H;z 
+ zh4g.jt lz 
+ 2681 . j g 6  

+~67,~.92,  
+ 2640.062 
+ ~ ( ~ 6 2  621 
+26g,;.s84 
+2700,487 

- - 

nistance 
f r n ~ n  

Vlziana- 
grum 

ntilrs 

47'87 
48.40 
49.84 
49.92 
50.86 

51.17 
52.52 
32.86 
5.3.85 
~ 4 . ~ 6  

j6.,34 
56'64 
56 66 
56.84 
j 7 . 8 j  

58.84 
59.41 
5 9 . 8 ~  
61.16 
61.85 

62.90 
63.61 
6.4.86 
64.91 
6 j .94 

66.39 
66.91 
67.91 
68,.34 
68.58 

68.92 
69'94 
70.94 
71.42 
71'96 

;2'97 
73'41 
73'99 
74.99 
i S ' 4 I  

75.99 
76.57 
~ 7 . 0 0  
,7.96 
78.02 

;g.o.3 
79'54 
80.04 
Ro,Rj 
8 1 . 0 ~  

81.09 
8.3 06 
R4.06 
85-06 
87.09 

8R.09 
R8.27 
89'12 
90.96 
91.15 

~ench-marks 

Froni 

61 
62 
6Y 
6~ 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
*- ,a 

56 
77 
78 
79 
80 

81 
62 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 

101 
102 
10~3 
104 
lo5 

106 
1°7 
108 
109 
110 

111 
112 
113 
114 

'IG 

'I8 

I2O 

Discrepencg 
lerellcra 
Second 

F r o m  lllurk 1 ~~t,,,l flon, 
TO 

62 
ti3 
64 
65 
66 

67 
rj.8 
ti9 
70 
71 

. 72 
7.3 
74 
75 
76 

77 
58 
79 
80 
81 

82 
83 
86 
85 
86 

87 
88 
80 
90 
91 

92 
93 
96 
95 
96 

97 
98 
99 
100 
101 

102 
10.4 
104 
105 
106 

107 
108 
109 
110 
111 

112 
113 
114 
115 
l l G  

117 

'I8 
I2O 

nllLrk 1 
( = d )  

foot 
o . o o ~  

+ 0.009 
+ 0 . ~ ~ 7  
+ 0.002 
+ 0.079 

+ 0.020 
+ 0.01 j - 0-005 
+ 0.009 
+ 0.028 

+ 0.063 
o.ooo 
o.ooo - 0.004 

+ 0.031 

+ 0.013 
+ 0 ' 0 1 8  
+ 0.007 
+ 0.025 
+ 0.018 

- 0 '013  - 0.004 
+ 0 -002  
+ o o r 4  - 0 011 

- 0 ' 0 0 2  
- 0 Ooq 

0'000 
+ 0 002 - 0'001 

- 0'00.3 - 0.006 
- 0'007 
+ 0'002 
+ 0'002 

+ 0'008 - 0.005 
+ 0'00.3 - 0.022 
+ 0 '003 , 
+ 0.010 
+ 0.009 

I ;:::: 
+ 0.004 

- 0.006 
+ 0'00.3 - 0.008 
- 0.00.3 
+ 0 '002 

0'000 

- 0.001 - 0.009 
+ 0.001 - O'O08 

+ O'Ofo 
+ 0 'oo2 
- 0'013 - 0.014 
+ 0.004 

~~z~,~, , , ,grurn 

fool 
+ 0,,326 
+ 0.,33.< 
+ 0.342 
+ 0.,3.14 
+ 0.42.3 

+ 0.44.3 
+ 0.458 
+ o.qs.3 
+ 0.462 
+ 0.490 

+ o.~;,? 
+ 0.55.j 
+ 0.55.1 
+ 0.541 
+ 0.586 

+ 0.599 
+ 0.617 
+ 0.624 
+ o 04g 
+ 0 -667  

+ o .6 j4  
+ o . ( ~ j o  
+ 0,652 
+ 0,6;6 
+ 0,665 

+0.66,3 
+ 0-654 
+ 0,654 
+ 0-656 
+ o.65j  

+ 0.632 
+ 0 . 6 ~ 6  
+ o.b.39 
+ 0.641 
+ 0.643 

+ 0.651 
+ 0.646 
+ 0.649 
+ o 62; 
+ 0.630 

+ 0 . 6 ~ 0  
+ 0.649 
+ o 641 
+ o 6.3.3 
+ 0.637 

+ 0.631 
+ 0.634 
+ 0.626 
+ 0,623 
+ o . 6 2 j  

+ o.f12j 
+ 0.624 
+ 0.61; 
+ 0.616 
+ 0.608 

+ 0.618 
+ 0.620 
+ 0.607 
+ O ' j r ) ,~  
+ 0.597. 



LEVELLING OPERATIONB. . 

Line No. 37. Vizianagram t o  Raipur.-(Continued). 

Bencl~.rnnrka 

From 1 To 

from 
Vizi~na- 

nlilrs 
92.1 1 
92'61 
9.3'10 
93.61 
94.11 

95.11 
96.13 
9 1 4  
9;.54 
yK.14 

98.72 
99.1 j 
1 0 1 . ~ 5  
1oz.15 
1o3.1j 

104.54 
10;-oo 
106.19 
107.73 
113.65 

11j.44 
131.64 
135.89 
1~2.16 
160.05 

163.98 
170.44 
171.16 
173.24 
173.86 

176.46 
177.35 
185.33 
188.10 
188.54 

188.61 
19,q-og 
195.91 
107.67 
210.05 

112.36 
"4.79 
224.55 
226.87 
r3o.51 

136.29 
6 
t,o..i7 
z44.2o 
245.37 

~ ~ 7 . 2 6  
249.00 
251.64 
2sd.~h 
258.26 

260.29 
260.97 
?ha.,3+ 
2hz.95 
265.66 

1'21 
122 
123 
124 
125 

176 
127 
128 
I 
130 

131 
132 
1:+3 
194 
12.5 

13ti 
J37 
13s 
13!l 
14U 

1-11 
I c y  
144 
I 
145 

141; 
147 
14.3 
1 b9 
150 

151 
152 
153 
154 
155 

l X  
157 
158 
159 
160 

161 
162 
163 
164 
I65 

166 

128 
123 
124 
12.5 
1% 

127 
128 
123 
130 
131 

I 
133 
134 
135 
136 

137 
138 
133 
140 
141 

142 
143 
144 
145 
146 

117 
148 
149 
150 
151 

152 
153 
I54 
1 5  
I5G 

157 
168 
159 
160 
161 

162 
163 
1G1 
165 
166 

Disoreponcy between 
levellers 

(First-Second leveller) 

167 / jii 168 
169 1 1711 
170 I Iil 

171 172 
172 1 173 
lia ' 174 
174 1 175 
175 , 176 
7 7 
177 j I ~ B  
178 li!J 
li3 
]@J ) ::: 

Obserred D~namio 
~l~vation correction 
above ( +) deduced from 
or below (-1 
Vizinnngrsrn 

prim 1 , (u~eon result 
to ma,,k 
(= 4 

font 
- 0.001 
+ 0'016 
- 0'001 
- 0.007 - 0.006 
- 0.006 
- 0.031 
+ 0.009 
+ o'oo+ - 0.02, 
- 0.02.3 
- 0.015 
-0.oj7 
- 0.01.3 - 0.028 
-0,007 
- 0'002 
- 0,020 - 0.016 
+ 0'007 

- 0.008 
+ 0.051 
+ 0.005 
+ 0.015 
- 0.021 
+ o'o~o - 0.004 
+ 0.003 
+ 0.019 
- 0.006 

+ o.012 
+ 0.008 
+ 0.040 - 0.016 
- 0.003 

- 0.001 
+ 0.021 
- 0.0.30 - o.ob8 
- 0,006 

- 0.024 
- o.oa8 
- 0,036 
-0.037 
+ 0.001 
- 0.01.3 
+ 0.003 - 0,018 
- 0,042 
+ 0.006 

- 0.m; 
+ 0,008 
+ 0 . 0 ~ ~  
- 0.01h 
+ 0.008 

- 0.004 
o.ooo 

+ 0.003 
+ 0,005 
- 0018 

Total from 
Vizionngram 

foot 
+ 0.596 
+ 0.612 
+ 0.611 
+ 0.604 
+ 0.598 
+ 0.592 
+ 0.561 
+ 0.570 
+ o'ji4 
+ 0.553 
+ 0.530 
+ 0.515 
+ o - q j 8  
+ 0.445 
+ 0-417 

+ 0.410 
+ 0.408 
+ o.,388 
+ e.3;z 
+ 0.379 

+ 0.j71 
+ 0 . ~ ~ 2  

+ 0.42; 
+ 0.442 
+ O-,ZI 

+ 0.4.31 
+ 0.427 
+ 0.430 
+ 0.449 
+ 0.443 

+ o.4j5 
+ 0.~63 
+ 0.509 
+ 0 . ~ 8 ~  
+ 0 . ~ 8 4  

+ 0.46,~ 
+ 0.504 
+ 0.47~ 
+ 0.406 
+ 0.400 

+ 0,376 
+ 0.348 
+ 0.312 
+ 0.275 
+ 0.277 

+ 0.264 
+ 0.267 
+ 0.249 
+ 0.207 
+ o.21,~ 

+ 0,206 
+ 0,214 
+ 0.2~8 
+ 0.242 
+ 0.250 

+ 0.246 
+ 0.246 
+ o.zqg 

0.254 
+ o.iC 

by two 
levellere) 

feet 
+ 274a.9;8 
+zR4j.;1; 
+278b'l90 
+2;42 586 
+2721';67 

+2666'240 
+274;'423 
+263a.566 
+~603'488 
+z601.jgr 

+2584'973 
+3571'918 
+ao88.871 
+ 1856..364 
+ 18jo.?p 
+1;41'88z 
+1747'jj2 
+ 1757.616 
+ 1j';5'01j 
+ 1720.j17 

+ 1721.229 
+ t678.229 
+ 1;,~2'9j3 
+ tj'j.za9 
+ 1766 147 
+ 1738.209 
+ 1801.169 
+ 1801.379 
+ 1824.589 
+ 18jo.681 

~1Hjz.zr4 
+ 1831.377 
+1943'122 
+19;j.931 
+ 1960.049 
+ 1960'.387 
+ zoo4.jhz 
+ 1gbj.z52 
+ 1 8 ~ 6 . 2 ~ 8  
+1832.6;3 

+ 166~.R69 
+ 1620.~18 
+ ~zi1.393 
+1.?,3,3.866 
+lzjl.095 

+1247.971 
+ 11,34.,326 
+ 1149.810 
+ I I Z J . O O ~  
+ r116.490 

+104,.Rjz 
I 
+1125'424 
+ l o  
+ 8Ej'.129 
+ 894.554 
+ O 1 ~ . o i l  
+ 887.01; 
+ 918.~86 
+ 870055 

Vizianogram 

foot 
- 0.94.3 
- 0.977 - 0 . ~ ~ 6  
- 0.943 
- 0.~36 

- 0,918 
- o'gqj 
- 0.907 - 0.89; 
- 0.896 
- 0.890 - 0.886 
-0.729 - 0.653 
- 0.6~1 

-0.616 
- 0.618 
- 0.621 
- 0.620 
- 0,609 
- 0,609 - 0.596 - 0.612 
- 0,610 
- 0-622 
- 0.614 - 0.632 
- 0.6.32 
- 0.6.38 
- 0.645 

- 0.651 - 0.640 
- 0'6j0 
- 0'6;9 
- 0,675 

- 0.6;s 
- o.hR6 
- 0.hi6 
- 0.658 
- 0,642 

- 0.602 
- 0.590 
- 0.506 
-0'495 
-- 0'494 
- 0.498 
- 0 
- 0 
- 0.469 
- 0.467 

- 0'4JO 
- 0'47fl 
- 0'4('~ 
- 0-457 
- - 0 5  

- 0'4'7 
- 0.4aa 
- 0.415 
- 0.422 
- 0.4" 

feet 
+2742.03j 
+1844.i40 
+2780.234 
+2741.643 
+z~20.831 

+ 266j.322 
+2746.4i8 
+ ~ 6 ~ ~ . 6 ~ ~  
+ ~ b o z . 5 ~ ~  
+2600.69f, 

+2584.083 
+2571.032 
t z 0 8 8 . ~ ~ ~  
+ 1 8 ~ j . 7 ~  
+ 1 8 ~ 9 ' ~ 8 ~  

+17.+1.266 
+1746.934 
+17~6.995 
+1;j4.395 
+1;19.908 

+1;~0.620 
+16;7.633 
+1732.,341 
+1724'619 
+176j,52j 

+1737'j9j 
+1800'j37 
+ 1800'747 
+ 1823'951 
+ 1850'042 

+1R71'5if 
+1830'737 
+1942'452 
+1gjj,2j2 
+1959'374 

+1959'i12 
+2003.8;6 
+1966'576 
+189j.640 
+1832'031 

+1669'26? 
+1619'818 
+l~i0.887 
+12.13'3i1 
t1230'601 

+ 1247'47.3 
+I133851 
+ 1140'315 
+1'1.1'53~ 
+ 1116'0'3 

+1°44'4" 
+"59"97 
+11'4'95' 
+10i6'742 
+ 8B4'914 

+ 894'1.17 
+ 918.~49 
+ 886'60z 
+ 918'164 
+ 



~ E B u L T S  OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLINC). 

Line No. 37. Vizianagram to Raipur.-(Continued). 

Difference of dynamic height, Virianagram to Raipur = + 767-629 feet. 
Length of line iu miles = M = 317-80. Zd9 = 0.066204. p "robable e r r o r  oE the mean rcrult pr mile of hubk- leve l l ing  = 0-6745 4x = a 0 ' m & .  

~ ' r o ~ ~ n l ~ ~ ~  cr,,, ' of the difference of elevation b e t ~ -  the terdml lie~~ch-marks = 0.6745 - -- 
' uouduui 3.. 236 b thenauk .I P u p u r d u c i b * l  - page ~ a &  

Di:~,F 
ohore ( + )  

or below (-) 
Vizian'grsm 

- 
feet 

+ 860.362 
+ 855'157 
+ 859'277 
+ 856'637 + 851'714 

+ 850'488 
+ 855,829 
+ 861-080 
+ 8 ~ 6  047 + 852'098 

+ 846'806 
+ 847.007 
+ 8.19'097 
+ 8.35'556 
+ 841,757 

+ 841'007 
8.48'852 

+ 83.3'656 
+ 8.38 291 
+ 845'202 

+ 838.808 
+ 842'478 
+ R4j.469 
+ 837'289 
+ 82j .381 

+ 837.610 
+ 817'817 
+ 8z1'78.i 
+ 823'328 
+ 821,872 

+ 822.1.36 
+ 837,401 
+ 849'501 
+ 86j .904 
+ 869'454 

+ 8i5.036 
+ 861,802 
+ 860,468 

, + 8.39.214 
+ 8.35.690 

+ 854.565 
+ 8z5.397 
+ 8 ~ 5 . 6 1 3  
+ H16.;99 
+ 801-852 

+ 004.106 
+ ;8,3;2j6 
+ i ~ 3 . j 2 3  
+ ii3.0,32 
+ ;68,958 

+ 80rj.;191 
+ 802.610 
+ 791.703 
+ i8r.9zo. 
+ 774.96L 

+ is3.298 
+ i61.619, 

Dynomic 
correction 

deduced from 
mark to mark 

T O ~ ~ I  from 
V~zinnngr~&m 

foot 
- 0.409 
- 0.409 
- 0.409 
- 0 . ~ 0 8  
- 0'407 

- 0.407 
- 0.408 
- 0.409 
- 0 . ~ 0 8  
- 0.407 

- 0.406 
- 0.406 
- 0.404 - 0'40.3 
- O.JO+ 

- 0.404 
- 0 .404  
- 0.40.3 
- 0.404 
- 0.40j 

- 0'404 
- 0.405 - 0'406 
- 0.404 
- 0'402 

- 0,404 
- 0.400 - 0 .401  
- 0.401 
- 0.401 

- 0.401 
- o'qo4 
- 0 ,406  
- 0,409 
- 0.410 

- 0.411 
- 0 . ~ 0 8  
- 0.406 
- 0.404 
- o-40% 

- 0,407 
- 0.401 
- o 401 
- 0.399 - 0,396 

- 0 . ~ ~ 6  
- o 392 
- 0 . ~ ~ 2  
- 0.390 
- o..3t19 

- 
- o jr)j 
- 0 . ~ ~ ~ 3  
- 0.,391 
- 0 . ~ 8 ~  

- 0.38s 
- 0.~388 

Observed 
Jion 

above ( + )  
or below (-) 
Vizianagram 
(mean resull 

by two 
lercllera) 

feet 
+ 860.771 
+ 855.565 
+ 859'686 
+ 8 5 7 . 0 4 ~  + 8 jz .121  

+ 8 5 0 . 8 ~ 5  
+ 856.237 
+ 861.489 
+ 856.455 
+ 8 jz . jog  

+ 847.212 
+ 847.413 
+ 8 3 9 ' j o l  
+ 635.759 + 841.161 

+ 841'.111 
+ 839.2j6 
+ 8.34.ojg 
+ 838.695 
+ 8.15.607 

+ 8.39'212 
+ 842.883 
+ 845.11;s 
+ 8.37.69.3 
+ 825'583 

+ 8.38.014 
+ 818.217 
+ 822.186 
+ 8 2 j . 7 2 ~ )  
+ 812.2j.3 

+ 822'737 
+ a37'80j  
+ 849'907 
T hK6.,?1.3 
+ 869.864 

+ 875.447 
+ 862.210 
+ 860.876 
+ 8.39.618 
+ 830.093 

+ 854.972 + 8,:,.;08 
+ 826.014 
+ 817 .198  
+ 8 o i . r ~ B  

+ 804.502 
+ jRj.628 
+ ;8.1.91 j 
+ 773.411 
+ ;(Iy.,3.&7 

+ Ro7.187 
+ Ho3.005 
+ 792-096 
+ iRj.381 
+ 775.350 

+ 75,3.68,3 
+ ;68.017 

~enoh.rnrrLs 

From 1 TO 

~i~~~~~~ 
from 

Vizinnn- 
grnm 

Discrepnncy between 
leveller8 

(First-6econd levellel) 

FE;T' 
(= d )  

106 
187 
188 
189 
190 

191 
192 
103 
104 
195 

IRG 
197 
198 
IR!i 
200 

201 
202 
203 
201. 
205 

206 
207 
208 
209 
210 

211 
2 1 2  
213 
214 
216 

216 
217 
2 1 H  
2'9 
220 

221 
222 
?23 

225 

22(i 
227 
22R 
Z20 
230 

'" 

~ ~ t ~ l  from 
Vizinnsgrsm 

187 
188 
189 
190 
191 

I92 
193 
194 
195 
196 

197 
198 
199 
200 
PO1 

202 
203 
204 
205 
206 

207 
208 
209 
210 
211 

211 
213 
214 
216 
216 

217 
218 
219 
220 
221 

222 
223 
224 
225 
226 

227 
2z8 
229 
230 
231 

232 
23:' 
234 
235 316'49 

316.93 

247 t I7.59 
i17.80 

272.08 
27.3'08 
274.07 
275.07 
276.07 

277.07 
278.07 
zi9.07 
280.07 
281.06 

282.06 
28 j .o j  
284'07 
28j.07 
286.06 

287.07 
288.06 
289.07 
290.07 
291.07 

rpz.07 
293.08 
294.02 
~ 9 4 . 0 8  
295.09 

~ ~ 6 . 0 9  
297'0g 
298.09 
299.09 
joo.08 

3o1.08 
302.08 
;03.08 
~ o q . 0 8  
305.09 

d o 6 . q  
do;.ot) 
.?oR.lo 
808.53 
309.11 

.3ro'll 
,311'11 
312.11 
B'3.11 
.314'11 

3 I J .90  
316.01 
316'34 

- 0,004 
- 0.008 

- 0 ,007  
0.000 

+ o 'Z l9  
+ 0 . 2 1 1  

+ 0'204 
.k 0'204 

+ 0.004 
o.ooo 

- 0 . 0 0 2  

- O.OOL 
- 0.006 

+ 0.021 
- 0 . 0 1 3  
- 0'001 
- 0.001 
- 0.004 

- 0.009 
+ 0.003 

0.000 
- 0.003 
- 0.006 

+ 0-014 
+ 0 . 0 ~ 3  - 0.012 
- 0.00.3 
- 0.002 

+ 0,013 
- 0.00' 

+ o.010 
- o.ool  
- 0.004 

+ 0.014 
- 003 
- 0.008 
- o.003 
+ 0.007 

+ 0.012 - 0.026 
- 0.015 
- 0.020 
- o.007 

+ o.0113 
+ o.ooa 
+ 0.00.4 
- 0.009 - 0.00.3 

+ 0'004 
- 0.011 
- 0 '010  
+ 0.01H 
+ 0-001  

+ 0.017 
+ 0.005 
- 0'00.3 

+ 0.226 
+ 0.226 

0.224 
+ 0.223 
+ 0.217 

+ 0.2.38 
+ o . 2 2 j  
+ 0.224 
+ 0.223 
+ 0.219 

+ 0 . 2 1 0  

+ 0 ,213  
+ 0.213 
+ 0.210 
+ 0.204 

+ 0.218 
+ 0.241 
+ 0.229 
+ 0-226 
+ 0 . 2 ~  

+ 0.237 
+ o.2,qh 
+ 0.246 
+ 0.245 
+ 0 ,241  

+ 0 . 2 j 5  
+ o . 2 j z  
+ 0 . ~ 4 4  
+ 0.242 
+ 0.249 

+ 0.161 
+ 0.235 
+ 0 . 2 2 0  

+ 0.200 
+ 0.193 

+ 0 . ~ 1 1  
+ 0.213 
+ 0.216 
+ 0.207 
+ 0.204 

+ 0 . ~ 0 8  
+ 0 .19 ;  
+ 0 .187  
+ 0.205 
+ 0.206 

+ o.r+,I  
+ 0.226 
+ 0 . 2 2 ~  



LEVELLING OPERATIONB. 

Line No. 38. Raipur to  Bilaspur. 

Bench-mark No. 1 is the mark at Baipur described o n  pnRe 1%. 

Benoh-mark, 

"',<9., + 0'001 
- I 1'5')' 

~ i ~ t ~ ~ ~ ~  
from 

Rnipur 

From 'ro 

Diacrepn~~ep betweell 
1e.rellers 

( ~ i ~ ~ t - ~ ~ ~ ~ ~ d  lercller) 

Ohserrc'd 
elevulion 

nbove ( + ) 
or below ( - )  

Ruip111. 
(~nunn rebult 

by ~ a o  
lerellcrs) 

Fro111 nlnrk 
to 

( = d )  

T o t d  from 
Itulpllr 

Dynnlrlic 
e o r r e e ~ ~ ~ ~ ~  

r l e d n ~ r e ~ ~  troll, 
lnurh tol,,,,I.k 

T O ~ ~ I  fl.on, 
lZnipuv 

D ~ n n l l l i ~  
I lc i~Jl t  

ntbuve ( + )  
or helow (-) 

Ruiyur 



ssc. 2.1 RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 38. Raipur to Bilaspur.-(Continued). 

Difference of dynamic height, Raipur to Bilaspur = - 75.308 feet. 
Length of line in miles = AI = 68-89. xd2 = 0.008816. 

- 
Zd2 Probable error of the mean result per mile of double-levelling = 0.67452/= = 0.0038. 

- 
Probable error of the difference of elevation between the terminal bench-marks = 0.67452/? = ? 0.0317. 

Obscrved 
elevation 
above ( + ) 

or below (-) 
Rnipur 

(mcnn resl~lt, 
by two 

levellers) 

feel 
- 64.983 - 7.3'020 
- - R . - - -  , , 

- 78.036 
- 78. ;19 

- 77.974 
- 0 
- 7 5 ' 3 2 6  

Dpnnrnic 
correcLlon 

deduced from Di:irlc l,,ark to 

* Bench.mark No. 69 M the mark at Bileepw described on page 133. 

Total from 
Raipur  

foo? 
+ 0.016 
+ 0'017 
+ 0 ' 0 l 8  
+ o . 0 1 8  
+ 0 .018  

+ 0 .018  
+ 0 . 0 1 8  
+ 0.018 

Distance 
from 

Xaipur 

miles 
69.87 
0 4 . 2 '  

65.1j  
66.14 
66.49 

67.44 
64-87 
68.89 

( + 

or below ( - )  
RDipUr 

p e t  

- 64.967 
- 7.3'00.3 
- iB'j.37 
- 78.018 
- 78.701 

- 77:960 
- 75 142 
- 7j .308 

Diacrepnncg bclween 
levellers 

(First- Yccond leveller) 

Total from 
Rnipur 

Bench-mark0 

Prom I h 

fool 
+ o . o l o  
+ 0'02.3 
- 0 . 0 ~ 2  
+ o.011 
+ 0'001 

+ 0'009 - 0,021 
+ o.oor  

61 
63 
63 
GJ 
66 

66 
67 
G.9 

foot 
+ 0.066 
+ 0'089 
+ 0 . 0 6 7  
+ 0.088 
+ 0-089  

+ 0.098 
+ 0'077 
+ 0,078 

62 
G3 
64 
165 
66 

67 
68 
69* 



LEVELLING OPERATIONS. 

Line No. 39. Cuttack to  Vizianagram. 

B e n c h - m r k  No. 1 ie the mark st Cuttack described on page 138. 

Distance 
from 

Cultnek 

milps 
0.88 
1 .66  
2.64 
3.49 
4 . 5  

4 ' 65  
4 .99  
6 . 0 0  
;.zR 
8 .04  

9.31 
0 .82  

11.09 
1 1 . 1 8  
12.1.3 

I 

1 4 ' l j  
14.43 

, I I 
16.18 

17.19 
18.20 
19 '22 
23.2.3 
20.;4 

21.25 
22.26 
23.27 
24.28 
14.55 

7.5'30 
16..31 
1;'Og 
27'31 
27.34 

28.30 
28.41 
a9 .41  
30.41 
31.41 

3a.41 
33 .41  
34 '41 
3.q.41 
36.41 

37.41 
38.41 
~ 9 . 4 1  
40.41 
41.41 

42.41 
q j .41  
44.41 
45.41 
46.41 

47.41. 
48 .41  
49 '41 
50.41 
5 h . 4 1  

Benoh-marks 

o m  1 To 

Discrcpnncg bobween 

I* 
2 

4 
6 

6 
7 
S 
9 

10 

11 
12 
13 
15 
15 

16 
17 
1s 
19 
20 

21 
42 
28 
25 
25 

26 
27 
28 
20 
30 

31 
32 
38 
34 
35 

3G 
a7 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

5 1  
62 
53 
55 
65 

56 
57 
GR 
69 
GO 

Observed 
clrmt,ion 

above ( + ) 
or below (-) 

Cutt,,bck 
(me~tn result 

bg two 
levellers) 

feet 
+ 9.542 
+ ;. 180 
+ 13.474 + 1 2 . 0 1 1  

+ 10.261 

+ 7.9.32 
+ 11.01.3 
+ 8.805 
+ 24',356 
+ 9'633 

+ j2 '4jZ 
+ 90.7,40 
+ 76.640 
+ 65'0qY 
+ 47'963 

+ R1.151 
+ 69 691 
+ 69'547 
+ 10,;'037 
+ 102'41b 

+ lo8'6gl 
+ 11; ' .3f l  
+ 101.556 
+ ; ; 'z j l )  
+ 6 j .821  

+ 86.998 
+ 51 '515  
+ 61.653 
+ 73';yH 
+ 83'919 

+ 34'124 
+ 24-018  
+ , 3 4 4 7  
+ 41 ,352 
+ 42.904 

+ 64.030 
+ 72.519 
+ 1o j .430  
+ gH 005 
+ ;3.194 

+ 57'105 
+ I Z , ~ . S O ~  
+ 135.592 
+ 5;.504 
+ ~ 4 . ; 8 6  

+ ,? 'I59 
+ 9 .039  
+ 43.773 
- 9 9  
- I 

+ ,3.,Rh 
+ 25.,351 
+ 2 2  

+ ,q,)~520 
+ 79.745 

+ 5 7 . ~ ~ 6  
+ g~. ,zc , i  
+ ,?.7;4. 
- 7.735 
- 11'389 

levellers 
(li'irsl-Secolld 

From ntnrk 
to mllrk 

( = d )  

j on t  
+ 0.008 
- 0 ,007  
+ 0.003 
+ 0'004 
- 0 009 

+ 0 .004  
- 0.007 
- 0.005 
+ 0 - 0 1 2  

+ 0 - 0 1 2  

- 0 . 0 ~ 6  
+ 0 .005  
+ 0 .Ooj  

0 -000  
- 0.016 

+ 0.00.3 
+ 0 .004  
- 0 '@04  - 0 ' 0 1 1  

- 0 . 0 0 2  

- 0'00,3 
+ 0,011 

- 0 01.3 
- 0.008 
+ o . o o j  

+ 0.005 
- 0 ' 0 1 0  

+ 0.007 
- 0.021 
- 0 ' 0 0 2 -  

+ 0.015 
+ o . 0 1 1  
- 0'001 
- 0.001 

- 0 . 0 0 2 -  

+ 0.019 
+ 0.004 
+ 0.001 

+ 0 .010  
+ 0.00') 

- 0.007 
+ 0 .003  
- 0.009 
- 0.0'" 
+ 0.010 

+ 0'01,3 
- 0.00.3 
- 0 .002  - 0.012 
- 0.003 

+ o.ooz 
- 0 . 0 1 0  
+ 0 .0 , ;  
+ 0.005 
- 0.002 

- 0.004 
- o , o o f  
- 0.001 

+ o.ooR 
- 0 .012  

2 
3 
4 
5 
6 

" 

9 
10 
11 

12 
13 
1-b 
15 
16 

17 
18 
19 
20 
21 

22 
28 
24 
25 
26 

27 
28 
29 
30 
31 

3% 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 
44 
45 
46 

47 
48 
49 
50 
5 1  

52 
53 
64 
53 
56 

57 
50 
69 
60 
61  

laseller) 

?'otal from 
Cultnck 

fool 
+ 0'008 
+ 0.001 

+ 0.004 
+ 0.008 - 0.001 

+ 0 ,003  
- 0 . 0 0 4  
- o 'ooY 
+ 0.003 
+ 0.01 j 

+ 0'009 
+ 0'014 
+ 0 . 0 1 ;  

+ 0'017 
+ 0.001 

+ 0'004 
+ 0.008 
+ 0.004 
- 0.007 
- 0,009 

- 0 0 1 2  
- 0.001 
- 0'014 
- 0 ' 0 2 2  

- 0 .018  

- 0 '013  
- 0.02.3 
- 0'016 
- 0.0.17 

0'0.39 

- 0'024 - o o l g  
- 0.014 - 0'01.; 

0 '017 

+ 0 .002  

+ 0.006 
+ 0-007 
+ 0.01; 

+ 0.026 

+ 0 . 0 1 9  
+ 0.022 
+ 0'013 

0.001 
+ o.011 

+ 0.024 
+ 0.021 
+ 0:olr) 
+ 0 007 
+ 0 .004  

+ 0.006 
- o .oo+  
+ 0.01.3 
+ 0 .018  
+ 0.016 

+ 0 . 0 1 2  
+ o .01 ,  
+ 0 .010  
+ 0.018 
+ 0.006 

Dynamic 
eolrePtion 

deduced from 
to 

1 7 ~ t n l  froln 
Cu~ taok  

fool 
- o-ao2  
- o.ooz 
- 0.003 
- O.OOJ 

- 0.003 

- 0.00,3 
- 0.004 
-0.00.3 
- o.ooi 
- o.oo4 

- 0 . 0 ~ ~  
- 0.02,3 
- o -020  

- 0 . 0 1 7  
- o.o13 

- 0 2 1  

- 0.014 
- o.olH 
- o .027  

- 0.026 

- 0 . 0 2 ;  

- 0.029 
- 0.015 
- o . ~ t , ,  
- o . ~ ~ ;  

- 0.022 
- 0.014 - 0.016 
- 0.019 
- 0 - 0 2 2  

- 0.009 - 0-006 
- 0.008 - 0 ~ 0 1 0  - 0.010 

- 0.015 - o . o ~ ;  - 0.025 
- 0.02; 
- 0.016 

- 0'012 
- 0 . 0 ~ 9  
- 0.03.3 - 0'013 - 0.005 

0 '000 - 0.002 - 0.011 

+ O ' O O l  

+ 0.008 

o.ooo - 0.006 - 0'005 - 0.015 
- c.0"  

- 0'014 - 0.008 
0'000 

+ 0'003 
+ 0.004 

D ~ n n m i o  
Ilriglrk 

nboro (+)  
or below ( - )  

Cuttack 

feet 
+ 9'540 
+ 7.1;B 

+ l ,3 .4j l  
+ l 2  OOg 
+ 

+ ;.,,29 
+ 11.909 
+ 8-no2 
+ 24 ..3,g 
+ 9.629 

+ 72.433 
+ 90.i07 
+ 76.626 
+ 6 j . ( , ~ I  
+ 47.9jo 

+ R ~ . ~ ~ ~  
+ 69.6;,3 
+ 69.520 
+ l o 5 ~ o l o  
+ I02.,;g0 

+ 1 ~ R - h 6 ~  
+ I I ; .3( ,9  
+ r o l . ; ~ ~  
+ 77.240 
+ 67.804 

+ R6,9;6 
+ 51'701 
+ 61'637 
+ 73';;9 
+ 83.897 

+ 34'115 
+ 24.012 
+ 33'439 
+ 41'342 
+ 42'984 

+ 64.015 
+ 72'502 
+ 105.405 
+ 97'982 
+ 72.178 

+ 67'093 + 123.4;6 
+ 137'.<59 
+ 57.49' 
+ 24.78' 

+ 3'l,<9 
+ 9.03; 
+ 43'762 - "99' 
- 17.i83 

+ 3'466 
+ 25'1.5' 
+ 22 '814  
+ 59'5'4 
+ 79'7'5 

+ ~ 7 ' ~ . 3 '  
+ 35'3'7 
+ 3'774 - 7'7.3' - 11'385 



BESUI,TS OBTAINED FROM SIMULTAIPEOUS DOUBLE-LEVELLING. 

Line No. 39. Cuttack to Vizianagram.-(Continued). 

D ~ ~ l ~ ~ ~  
ohoru ( + ) 
or helow (-)  

z:~::, 
decluc.ed from 
nlurh to murk 

Total from 
Cultnck 

Dinlance 
from 

Cut~.uek 

~eneh-mark8 

Fro111 

~~~;~~~ 
ttbure ( + ) 
or I , ~ I ~ W  (-) 
Clrltuck 

(meull resulL 
by two 
levcllc~~s) 

-- 

Uiscrepnnrg between 

TO 
-- -- 

(First-Sec0nd 

Fronl rn"rk 
to lllirrk 

( = d l  
- -- 

levellers 
leveller) 

Total frqm 
Cu~tnck 

- 

61 
62 

64 
63 

(jj 

66 
67 
68 
69 
io 

71 
i2 
73 
i4 
5 

7G 
77 
76 
:!I 
80 

81 
82 
8% 
82 
85 

R'i 
87 
83 
89 

' 90 

91 
!I2 
$13 
9-b 
55 

96 
97 
98 
99 
100 

101 
109 
Io3 
164 

106 
107 
Io8 
log 
1'0 

111 
112 
113 
114 
116 

1'6 
'I7 

'I9 
120 

* 

feet 
62 
63 

6,; 
64 

66 

67 
68 
69 
70 
il 

i Z  
73 
54 
75 
76 

77 
78 
70 
80 
81 

82 
83 
84 
86 
86 

87 
88 
49 
90 
91 

92 
93 
91, 
95 
96 

07 
98 
99 

100 
101 

I02 
103 
104 
10; 
luG 

107 
108 
'09 
110 
ILL 

112 
113 
114 
116 
116 

117 
118 
119 
120 
121 

+ - 
- 
- 

22'3,:1 - 14.252 

+ 1'88s 
+ 11,675 - 15'0n2 
+ 7'693 
+ 39.754 

- 1o.813 
- 28'91.5 
- 48.825 
- 4.3.104 
- 34.562 

- 28.874 
- 49'10: - 6.356 
- ~0'2,~j 
- bo-9.3.3 

- 64.830 
- 59'518 
- 48-800 
- gj.qj.3 + 0.194 

+ 14,865 
+ 18'410 
- 49 917 - 62.4;,1 
- 37.733 

+ 2.086 
+ 4.592 
- 45,736 
- ~z.665 
+ 105.434 
+ 4,l'4,3.3 
- 9.750 
- 41.472 
- gR,gh+ 
- 20'152 

+ 0.136 
- 1.3.660 
- ll'gzo 
- 29.586 

, - 51.882 

- ;z.ygz 
- 60.6.32 
- 8 7  
- 60.807 
- 60.564 

- I 
- 2.3.9~2 
+ lq.900 
+ q.;~.i + 32,612 

+ 1 . 6 ~ 6  
+ 93.318 
+ 58.745 
- 9.819 
- 33.725 

foot 
+ 0'003 
+ 0'015 

+ 0'019 
+ 0.017 

+ 0'026 
+ 0.02; 
+ 0.010 
+ o'oot 
- o.o~(i 
- 0,011 

- 0.009 
- 0.0,; 
- 0.039 
- 0.026 
-0,026 

- 0.022 
- 0.039 
- 0.047 
-0.041 
- 0.034 
- 0.02.3 
- 0.025 
- o.ojz - 0.031 
- 0-024 

- 0.029 
- 0'0.33 
- 0.042 
- 0,032 
- 0.024 

- 0.017 
+ 0.030 
+ o.019 
+ 0.011 
+ 0.002 
- 0.010 
+ 0.01.3 
+ 0.021 
+ o.021 
+ 0.0~; 

+ 0.027 
+ 0.021 
+ 0.020 
+ o 018 
+ 0-013 

+ o..ooq 
+ 0.022 
+ 0'020 

+ 0.027 

+ 0.040 

+ 0.05.3 
+ 0.054 
+ o.opg 
+ 0.058 
+ 0.058 
+ 0.076 
+ 0.057 
+ 0.063 
+ 0.05.q + 0.040 

milts 
g2.00 

52.J+ 

j4.44 
s3'H 

j5.44 

56.44 
57.44 
4 4  
5q.44 
60.44 

61-44 
62.45 
6.3 4 j 
64.4j 
6j.20 

65.44 
66.44 
67.44 
68.44 
69.44 

7o.M 
I 

jz.qq 
73.54 
74.gj 

75.45 
75'84 
76.93 
77.8H 
78-88 

79.88 
80'88 
82.03 
83.51 
84.39 

Rg.14 
87-94 
88.55 
88.84 
90.86 

91.86 
92.86 
93.90 
94.87 
95.87 

96.30 
98.H8 
99'04 
100.09 
102.~8 

103.48 
104'48 
105-49 
105-86 
106.50 

107.51 
108.5" 
109.52 
11o.g.3 
Ill.5j 

foot 
+ 0'00,q 
+ 0'006 

+ 0'003 
+ 00.02 

+ 0'007 

- 0.001 
- 0.01 j 
- 0.009 
- 0.017 
+ 0.005 
+ 0.002 
- o ooR 
- o ooz 
- 0.007 

0000 

+ 0.004 - 0.01; 
- 0,008 
+o.006 
+ 0,007 

+ 0.011 - 0-002 
- 0.007 
+ 0.001 
+ 0.007 
- 0.005 
- 0.004 - 0.009 
+ o.ojo 
+ o.008 
+ 0.007 
+ 0'047 - 0.011 
- o.008 - 0.009 
- 0.012 
+ 0.02.1 
+ 0.008 

o.ooo 
+ 0.006 

o,ooo - 0.006 - 0.001 
- 0.002 - 0.005 
- 0.004 
+ o.ot.3 - 0 . 0 0 ~  
+ 0.007 
+ 0.013 

+ 0.01.3 
+ 0.001 
+ 0.005 
- 0.001 

o.ooa 

+ a.o~R - o.019 
+ 0-006 
- 0.010 - 0.013 

- 0'002 
-0.004 

- 0.008 
- O'OII 
- 0.004 - 0'010 
- 0.019 

- o.ooj 
o.ooo 

+ 0.00; 
+ 0.00.3 
+ 0.001 
- 0.001 
+ 0 004 
+ 0-008 
+ 0.007 
+ 0.008 

+ 0.009 
+ o'ooY 
+ 0.005 
+ 0.00; 
- o.003 
- 0.012 
- 0.01.3 
+ 0'006 
+ 0.010 
+ 0.00.3 
- 0.008 
- 0.009 
+ 0.005 - 0.001 
- 0.0.3; 
- 0.019 
- o 005 
+ a.004 
+ 0,009 
- 0'002 

- 0.010 
- o.oo.3 
- 0'004 
+ 0.001 
+ O . O O ~  

+ 0.007 
+ 0.009 
+ 0.010 
+ 0.009 
+ 0.009 

+ 0.007 
- 0.002 
- 0.013 
- 0.014 
- 0,018 

- 0.010 
- 0.036 
- 0.026 
- 0,006 
+ 0.00, 

11'210 

- zz'.3;3 
- 1j.zj6 

+ 1.8Ro 
+ l1.66.1 
- 15'086 
+ 7'68.; 
+ 39,735 

- IQ.RZO 
- 28.915 
- 48-820 
- 43'101 
- 34'j61 

- 28.875 
- 49'10.i 
- 63'518 
- 59,248 
- 60.92j 

- 64.821 
- 59.520 
- 48.795 
- 55.966 + 0.186 

+ 14.853 
+ 18.39; 
- 49'911 - 62.463 
- j7.;30 

+ 2.078 
+ 4'583 
- 45.7.31 
- 22.666 
+ loj.;gl 
+ 41'414 
- 9,764 - 41.468 
- 58.955 - 20.154 

+ 9.126 
- 13.h6.3 - I I '91.4 
- 29.58j 
- j1.875 

- ;z.;8; - 60.62.3 
- 6.3.869 
- 60.798 
- 60.555 

- 55.162 
- 23'944 
+ 14.88; 
+ 19,519 
+ 32'594 

+ 7.646 
+ 9.3.281 
+ gR.719 - 9 ~ 8 ~ 5  - 33 



LEVELLING OPERATIONS. 

Line No. 39. Cuttack to  Vizianagram.-(Continued), 

Observed 
elernt,ion 
nhove ( + ) 

or below ( - )  
Cultock 

(lnonn result 
by two 

levellers) 

feet 
- 14,633 
+ 21'950 
+ 10.468 
- 6.098 
- 39.151 

- 13.096 
+ 4.544 - 1.090 
- 9.510 - 9.402 

- 13.489 
- 24.990 
- 19 '153  
+ l g - o r ) ~  
- 9.993 

+ 5'415 
+ 7.965 + 11.309 
+ 0 . 1 6 0  - 26.027 

- 41.840 
- 5.7'254 
- 49.179 - .74'575 
- 41.654 

- 14.2,;o 
- 34.239 - 42.195 - 42.147 - 41.688 

- 19.366 
+ 6.2,78 
+ 21.480 
+ 19.209 
+ 42'735 

+ 49,967 
+ ,i9.993 
+ 69 976 
+ 70.412 
+ 39 .210  

- 7.629 
- 39.718 - 4 j . R 9 3  
- 37.005 - 34.804 

- 30.518 - 18.B71 
- 11.641 
+ az .o .3~  
+ 17'441 

+ 26.110 
+ 61,457 
+ 78.530 
+ 95.741 
+ 113.996 

+ 98.38.1 
+ 54.688 
+ 14.8.33 
+ 6.02.3 - 16.551 

Distance 
from 

Cuttnck 

tnilea 
112.53 
113.01 
11.7.56 
114 .2 j  
115.73 

116.94 
118.05 
118.23 
1 1 9 ~ 0 8  
119'19 

119.20 
120.08 
120'77 
113'09 

1 114.32 

115.37 
:26.24 
127.69 
127.89 
128.72 

130 ,o j  
1.30..39 
130.56 
131'44 
133.40 

1.34'.76 
1 ~ j . 1 1  
136.15 
1.37'10 
1.78.0j 

138.53 
140..71 
141.21 
142.18 
143'60 

144.22 
144.78 
145.40 
145'55 
146.64 

148.25 
149.50 
150'65 
151.50 
152'46 

153.30 
154.31 
155.42 
156.48 
157.16 

r j7 .45 
158.51 
159.19 
160.25 
161.31 

162.19 
16.3.47 
164.82 
165.19 
166.50 

Discrepnncy levellers 
Bench-marks 

From 

121 
122 
123 
134 
125 

126 
127 
128 
129 
130 

131 
132 
133 
134 
135 

136 
137 
138 
139 
140 

141 
142 
143 
144 
145 

146 
147 
14.9 
149 
150 

151 
152 
153 
154 
156 

156 
157 
158 
159 
160 

161 
162 
163 
164 
1G5 

166 
167 
168 
169 
liO 

171 
172 
173 
174 
176 

176 
177 
158 
170 
180 

Dynornic 
correction 

deduced fronj 
to 

T O ~ B I  from 
Cuttack 

foot 
- 0-005 
- 0.016 
- 0'015 
- 0.007 
+ 0'003 

- 0,005 
-0 .010  

- 0.008 
- 0.006 
- 0.006 

- 0'005 
- 0.001 
- 0'003 
- 0.01.3 - 0.006 

- 0 ' 0 1 1  - 0.012 
- o 013 
- 0.010 
- 0.002 

+ 0.003 
+ 0.006 
+ 0.005 

0 '000 
+ 0'002 

- 0 . 0 0 6  
0-000 

+ 0.002 
+ 0 '002  

+ 0.002 

- 0.002 
- 0.01.7 - 0.018 
- 0.020 
- 0'024 

- 0'026 
- 0.029 
- 0'032 
- 0.0.32 
- o . 0 ~ 2  

- 0.007 
+ 0.003 
+ 0.005 
+ 0.002 
+ 0.001 

0 '000 
- o.001 - 0.006 
- 0,017 
- 0'019 

- 0 ,019  
- 0.0.71 
- 0'0.37 
- 0 '043  
- 0.04') 

- 0.044 
- 0'0.30 
- 0.017 
- 0.014 
- 0.003 

(Fink - second 

From mark 
to mnrk 
(-4 

I fool - 0 '003  
+ 0'012 - 0.006 
- 0.007 - o'oor  

+ 0'018 
- o . o r r  - 0.001 - 0.00.3 
+ 0.004 

0'000 - 0.005 - 0'003 
+ 0 ,019  - 0.006 

+ 0.008 
+ 0.003 - 0.004 
+ 0.002 
+ o'ooz 

0.000 
+ O'ooj 
- o.ooR - 0.006 
+ 0 ' 0 1 0  

- 0.006 
- 0.007 - 0 .017  
+ 0 ' 0 0 2  

+ 0.005 

- 0.009 
+ 0.014 
+ 0.00; 

+ 0.005 - 0'023 

+ 0.003 
+ 0 .013  
+ 0.0" 

0.000 
+ 0.016 

+ 0.005 
- 0,014 - 0.027 - 0.016 

0.000 

+ 0.005 
+ 0.006 
+ 0.006 
+ 0 . 0 0 2  

+ 0.004 

- 0.002 
- o , o o j  - 0.002 
+ 0.004 
+ 0.007 

+ 0.004 - 0.00.3 
0.000 
o ,ooo  - 0.011 

T o  

122 
123 
124 
126 
126 

127 
128 
129 
130 
131 

132 
133 
131 
135 
136 

137 
138 
139 
140 
141 

142 
143 
144 
145 
146 

147 
149 
149 
150 
161 

152 
153 
154 
155 
156 

157 
168 
159 
160 
1G1 

162 
163 
164 
165 
166 

167 
168 
1G9 
170 
171 

172 
173 
174 
175 
176 

177 
178 
159 
180 
181 

D ~ n n m i c  
I , ~ , u I , ~  

sbov~? ( + )  
or below (-) 

CuLtock 

feel 
- 14.638 
+ 
+ 
- 6.105 - 39.1.,8 

- 13'101 
+ 4.534 
- l.09fl 
- q ,516  
- 9.408 

- 13'494 
- 24.991 
- 19.156 
+ 13.081 - 9.999 

+ 5.404 
+ 7.95.7 
+ 1 1 . 2 ~ 6  
+ 0.1jo 
- 26.029 

- 41'837 
- 53.248 
- 49.174 - 
- 41'652 

- 14'256 
- 34'239 
- 42.19.7 - q2'14j  
- 41,686 

- 29'368 
+ 6.215 
+ 21.461 
+ 19 .189  
+ 42'711 

+ 49'941 
+ 59.964 
+ 69,944 
+ 70.380 
+ 39.188 

- 7.636 
- .79'715 
- 45.R88 
- 37.003 
- 34,803 

- 30.518 
- 28.672 - 11.647 
+ 22'015 
+ 27,423 

+ 26'091 
+ 61.426 
+ 78,493 
+ 9.;'699 
+ 113'947 

+ 98',3,39 
+ 54,658 
+ 14.816 
+ 6.009 
- 16'554 

l e~e l l e r )  

Total from 
Cuttsuk 

fool 
+ 0,037 
+ 0.049 
+ 0.04.3 + 0.036 
+ 0,034 

+ 0.052 
.ko .040  
+ 0.039 
+ c.036 
+ o.040 

+ 0 ,040  
+ 0.035 
+ 0.0.32 
+ o . o j l  
+ 0.045 

+ 0'05.7 + 0.056 
+ o o j z  
+ 0.054 
+ 0.056 

+ 0.056 
+ 0.061 
+ o 05.3 + 0.047 
+ o .o j7  

+ O.O,;I 
+ 0,044 
+ 0.027 
+ 0 ,029  
+ 0,034 

+ 0.025 
+ 0.049 
+ 0.056 
+ 0.061 
+ 0.038 

+ 0.041 
+ 0.054 
+ 0,066 
+ 0.066 
+ 0.081 

+ 0.087 
+ 0.07.3 
+ 0.046 
+ 0.030 
+ 0.030 

+ 0'0,35 
+ 0.041 
+ 0,047 
+ 0.049 
+ o .o j , ?  

+ 0.051 
+ 0.046 
+ 0.044 
+ 0.048 
+ 0.055 

+ 0.059 
+ 0.056 
+ 0 .056  
+ 0,056 
+ 0,044 



B E ~ Q L T ~  OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 39. Cuttack t o  Vizianagram.-(Continued). 

a b ~ ~ g ~ t +  ) 
o r  brlovs (-) 

1)ynamic 
correction 

deduced from 
Illark to mark 

~ o t s ~  from 

Observed 
e l e r ~ t i o ~ ~  

o b u r e ( + )  
or  I , ~ I ~ \ ~ ( - )  

Cutlrrck 
(n~eon result 

by two 

Bench-merks 

levellurn) 

Distonce 
from 

Cultaek 

DiscrepnncY between 

CulLnck 

miles 
l(17'09 
lb8. ,1  
168.89 
1 6 ~ . 2 1  
I jo.42 

171.43 
I ; Z . Z I  

172 '8i  
174.41 
1;4'86 

176'05 
176'91 
1 i 8 . 0 j  
l j 9 .30  
180.28 

181 .23  
182.41 
182.90 
1R4.14 
1 8 5 . ~ 1  

186.17 
187 62 
189.0.3 
189.74 
190 '7 j  

191.21 
193.00 
19.3.66 
194.65 
195.36 

197.34 
197.79 
1p8.24 
198.67 
198'78 

199.R.7 
201-1.3 
202'42 
203.90 
204.70 

205.65 
106.55 
207.,36 
207.Oj 
208.69 

210'31 
210.42 
210.59 
2l0.99 
211'40 

r ~ r . R z  
213.89 
114',35 
214.5; 
114.76 

2l j ' , i1  
215.94 
216.74 
218.81 
r l r ) . . ?~  

levellevs 
(First- Second 

F ; ~ n , ~ r ~ k  
( = d )  

foot 
o ,ooo  

+ 0.003 
+ 0.005 
- 0.007 
+ 0.00.3 

- 0 .001  
- 0.009 

o.ooo - 0.016 
- 0 . 0 1 1  

0.000 
- 0'001 
- o.002 
+ 0.020 
+ 0 . 0 1 5  

+ 0 .017  
- 0.009 - 0 . 0 0 ~  
- o . o o j  
+ 0.001 

+ 0.007 
+ 0.017 
- 0 . 0 0 2  
+ 0.009 
- o.001 

- 0.007 
- o.oo,q 
+ 0-008 
+ 0.013 
- 0.006 

- 0'00.3 
o,ooo 

+ 0.005 
- 0.018 

0.000 

- 0 - 0 1 9  
+ o.oob 
- 0.019 
+ 0.008 
+ 0.004 

- 0.011 
- 0 . 0 1 0  
+ 0.004 
+ 0.007 - 0 .016  

+ 0.00, 
- 000.3 
+ 0.005 
- 0.002 
- 0.004 

- 0 . 0 1 ~  - 0.006 
+ 0.004 
+ 0.005 

0.000 

+ 0.004 
+ 0.007 
+ 0 ,010  
+ 0.007 
+ 0.006 

Prom 1 To 

leveller) 

~ ~ t ~ l  fro.l 
Cu~ tack  

/ oa f  
+ 0 0 4 4  
+ 0.047 
+ 0 ,052  
+ 0 04,; 
+ 0-048 

+ 0,047 
+ o.ojH 
+ 0.0.38 
+ 0 . 0 2 2  

+ 0 ' 0 1 1  

+ 0.011 
0'010 

+ 0.008 
+ 0.028 
+ 0.043 

+ 0.060 
+ o ' o j l  
+ 0.047 
+ 0,042 
+ 0.043 

+ 0.050 
+ 0.067 
+ 0 . 0 6 5  
+ 0.074 
+ 0'073 

+ 0.066 
+ 0.06.3 
+ 0.071 
+ 0,084 
+ 0.078 

+ 0.075 
+ 0'0;s 
+ 0.080 
+ 0.062 
+ 0.062 

+ 0.043 
+ 0.049 
+ 0 OJO 

+ o 0.38 
+ 0.042 

+ 0.030 
+ 0.020 
+ 0.014 
+ o 0.31 
+ o . 0 1 5  

+ 0 .019  
+ 0.016 
+ 0.021 
+ 0.019 
+ 0 . 0 1 j  

+ o.oo4 
- 0 . 0 0 2  

+ o.001 
+ 0.007 
+ 0.007 

+ 0 .011  

+ 0 .018  
+ o 028 
+ 0.035 
+ 0.041 

181 
182 
183 
184 
185 

186 
187 
188 
189 
19" 

191 
192 
193 
194 
195 

I96 
197 
198 
199 
200 

201 
202 
203 
20.h 
205 

306 
207 
208 
209 
210 

211 
212 
218 
214 
215 

211; 
217 
218 
219 
220 

221 
222 
213 
224 
225 

?2'; 
"Pi 
22* 
229 
230 

2Rl  
282 
283 
P34 
235 

2RG 
237 
238 '" 
lX, 

182 
188 
184 
185 
lt)6 

187 
188 
189 
190 
191 

192 
193 
194 
195 
196 

107 
198 
199 
200 
201 

203 
203 
204 
105 
206 

207 
208 
209 
210 
211 

212 
213 
214 
215 
216 

217 
218 
219 
220 
2'1 

222 
223 
234 
225 
226 

?.'7 
228 
229 
290 
231 

232 
233 
2a4 
zr5 
536 

237 
238 
230 

241 

(pel f ~ t  lpct 
- . . 3 l l i O  / - 0 0 0 1  - '11.471 - 2 2 0  
- 4 
- .3Z.?ot) - l r ' j 8 K  

- 7 8  
+ 16 '2 j z  
+ 34'269 
- 10'550 
- l j . 1 2 2  

- I .  - 40-.321 
- 4 ; ' " ~  
- 54',3'~.i 
- 5 3 . 8 ~ 6  

- 47.644 
- 62 '12 j  
- 62'0.33 
- 60'867 
- 56.870 

- 55'406 
- 33 '891  - 48,136 
- 44'740 - 29'224 

- 13 '2 j6  
- 6'086 
+ 4'952 
+ 11.303 
+ 17'221 

+ 58'275 
+ 71.370 
+ 59'723 
+ 67,404 
+ 63'0.38 

+ 27'955 
+ j - 3 6 0  
- 1.3'252 
- 7 4  
- 10.362 

- 19'606 
- 15'877 
- 8.94~6 
- 8.033 
+ 1'474 

+ 27'1.33 + 27.140 
+ 25.101 
+ 23 882 
+ 10 '6 j8  

- 12.884 
- 9.296 
- 4.288 
- 5 '920  
- 5 '675  

- g.8;8 
- 5..342 
- 3.647 
+ 26.748 
+ 39.971 

+ 0.002 - 41'218 
+ 0.003 4 j - 1 5 8  
- 0.00'1 1 1 ,32.210 
- 0 0 0 8  

- 0 . 0 1 1  
- 0 .018  
- o ' o r q  
- 0 . 0 0 9  
- 0.008 

- 0.002 

0 '000 
+ 0 . 0 0 2  

+ 0 .004  
+ 0.004 

+ 0.002 
+ o.007 
+ 0.00; 
+ 0.007 
+ 0.006 

+ 0.005 
- 0.002 
+ o . o o 3  
+ 0'002 
- 0 ' 0 0 3  

- 0.008 
- 0 .010  
- 0 '014  
- 0.015 
- 0 .018  

.- O'O.7l 
- 0.036 
- 0.039 
- 0'095 
- 0.0.34 

- 0 . 0 2 2  

- 0 . 0 1 4  
- 0,007 
- 0.006 
- b.005 

- 0.005 
- 0.006 
- 0.008 
- 0.008 
- 0 . 0 1 2  

- 0.021 
- o o l l  
- 0.020 
- 0 '020  
- 0 .019  

- 0.007 

- 0.008 
- 0 . 0 1 0  

- o 'oop  
- 0'009 

- 0.008 
- 0.010 
- 0 . 0 1 1  

- 0.022 
- 0.017 

- 1 2 j 9 6  

- ,3'7,39 
+ l(1.154 
+ 34.245 
- l 0 ' 5 j 9  - r j . 1 3 0  

- .z,3.165 
- 4O',3Zl 
- 47.271 
- ~ 4 . ~ 6 1  - ~ , ~ . 8 ~ z  

- 47.642 
- 6z.21R 
- 62.026 
- 60.660 
- j h .870  

- 55.401 
- 3.3 89.3 
- 48.13.3 
- 44'738 - 29'227 

- 1.3.264 
- 6.096 
+ 4'938 
+ 8.288 
+ 17'204 

+ 58'243 
+ j1.,3.34 
+ 79.684 
+ 6;.369 
+ 63.004 

+ 27.9.3.3 
+ 5.346 - 1.3.2.59 - l j ' j z 8  
- 20.367 

- 19,611 
- 15.883 
- p . 0 0 ~  
- 8.941 
+ 1 . ~ 6 2  

+ 2 7 . r l r  
+ 2 7 . 1 2 5  
+ 25.081 
+ 13.862 
+ 10,659 

- 1 2 . 8 9 1  
- 9.,304 - 4'291 
- s , 9 r 9  - 5.684 

- 9 . 8 ~ ( ,  
- 5. ,352 - 3.658 
+ 26 .726  
+ 39.944 



LEVELLIh'Q OPElZATIONS. 

Line No. 39. Cuttack to  Vizianagram.-(Continued). 

Difference of dynamic height, Cuttack to Vizianagram = + 116.811 feet, 

L e n g t h  of l ine i n  miles = M = 253.46. Zdg = 0.02.1.468. 

Prubrbic e r r o r  of the mean r e s u l t  p e r  mile of d o u b l e - l e v e l l i n g  = 0'6745l/:g = k O'Oo3'' 

Benoh-marks 

- 
I + 0 n;?# 

P r o l ~ a l ~ l r  arror of t l ~ c  d i h r e n e e  of e l e v a t i o n  b e t w e e n  the t e r m i n a l  b o n e \ ) - m a r b  = 0.67112/'4 = 
_ __--- 

- - 

* Beuch-mmrk No. 288 in the m a r k  st V la ianngmm dmcr i bed  on pnge 186. 

Dis lnncc 
fr0111 

C u t ~ ~ ~ c k  

miles 

219 77 
219.88 
219.91 
2 2 0  49 
221'.34 

221.90 
223.54 
224.0.3 
225.h6 
ZIG.O; 

226.48 
??;'OH 
z ! x  - 6  
220'06 
219.90 

2)1';8 
232.41 
0 
2 
2 . 5 5  

2.36.50 
2.36 HI 
2.{;.,30 
2.38'13 
1.39.86 

241 
242 
243 
244 
245 

242 
243 
244 
245 
246 

246 I 3.17 
247 ! 248 
248 240 
249 1 2 5 0  
2 5  1 2 1  

251 25? 
252 
25R ! i.2: 
254 , 255 
255 5 

256 2 n  
257 , 253 
258 I 250 
25!1 1 2(;0 
260 ! 261 

261 / 2G2 
262 
333 264 
261  3(;5 
265 2G6 

+ 0.077 
+ 0 . 0 ; ~  
+ 0 ' 0 ~ 6  
+ 0.064 

+ 0,048 
+ 0.057 
+ 0.047 
+ 0 0 1 q  
+ 0.04.3 

+ 0 .04 j  
+ o.o,~(D 
+ 0.0.q; 
+ 0.0; ; 
+ 0 . 0 ~ 4  

+ 0.04h 
+ 0.041 
+ O.O,~, 
+ 
+ o . ~ ~ ;  

+ o.a;,q 
+ 0.048 

D i s c r e p e ~ ~ o ~  between 
levellers 

+ 1,3r).H.&; 
+ 1 j 9 . 8 ~ 0  
+ I,ll)'H48 
+ 112.661 

+ 72.714 
+ 48.500 
+ 49.1,'d 
+ 51.2c)a 
+ 5 2 . 1 , ~  

+ J<J.I 1 9  
+ 44.642 
+ 4.3'400 
+ 4 1 .~3 .1  
+ 5, ; .6~1 

+ 66.61; 
+ 10,;.8,1,( 
+ l l n . 5 ~ , ~  
+ 121.22; 
+ 1 t 9 . 8 3 ~  

+ la2.2;H 
+ 116 .861  

0 ~ 0 0 0  
0.002 
0.00,; 

~~~~~~d 

F r o m  Inark  
to nrart 

( = d )  

foot 
+ 0.005 
+ 0.004 
+ 0.001 
+ 0.007 
- o ' o O ~  

+ o 004 
- 0 01.3 I - o co.3 
+ o OII 

+ O.OO,~ 

+ 0,006 
+ 0.00; 
+ 0 . 0 ~ 4  
+ o OOCJ 

+ 0.002 

+ 0 0 1 1  

- o 00.3 - 0 . 0 1 8  
- 0.00; 
+ 0.001 

- 0.010 
+ 0 . 0 1 0  
- 0.006 
+ 0'002 
- 0 . 0 1  I 

0 .001  

D~namio 

above (+)  
orbclow (-) 

Cuttack 

feet 
+ 43.985 
+ 47.342 
+ 44.001) 

+ 35.448 
+ 42.183 

- 54.31,J 
+ 62.0~3 

Obsel'ved 
elern1 ion 

n b o ~  ( + ) 
o r  below (-) 

Cuttnuk 
(mean resu l t  

by t,wo 
levellers) 

feet 
+ 44 013 
+ 47.951 
c 44.0.37 
+ .qs.l;j + 41.210 

+ 54.350 
+ 6.;,01; 

leveller) 

To ta l  f r om 
C l ~ t t a c k  

foot 
+ 0.046 
+ 0.050 
+ 0.051 
+ 0.058 
+ O'O~I  

+ 0.055 
+ 0.042 
+ 0'0.39 + o,o;o 
+ 0 . 0 ~ ~  

* 0,059 
4 o.oOh 
+ o . o ~ o  
+ 0 0 0 9  
+ 0.101 

+ 0 ' 1 1 2  

+ o .  10,) 
+ o - o c ) ~  
+ o'oH4 
+ 0.08; 

+ 0.0;s 
+ 0 . ~ 8 ;  
+ o . o ; ~  
+ 0 ' 0 H l  
+ o O;O 

+ o . o ; ~  - o.05R 
- o 058 
- 0'05f l  - O'OJH 

- o 'o ,+~  
- o ' o z j  
- 0.025 
- o.o:O 
- o . o ~ b  

- 0'025 
- 0.02.q 
- 0'02.3 
- 0.02.1 - 0.027 

- 0.0.32 - 0.045 
- O.O;O 

- 0.051 - o . o j l  

- 0.052 
- 0.050 

$71 1 272 
Xi2 273 
273 27.4 1 5 
"5 , 2 i l j  

276 / 277 
277 1 2iH 
i 1 2 
ni!l I X W J  

230 ' P H I  
! 

2x1 I 282 
282 ! 2W:l 

D ~ n a l l l i c  
eor~.ert ,011 

deduced from 
murk t o  mark 

~ o t ~ l  from 
Cuttnck 

foot 
- 0.028 
- 0.029 
- 0.028 
- 0.025 
- 0,027 

- o.o.3l 
- o 0;4 

+ 1,3q.;H; 
+ 1.i0'782 
+ IJIJ'59o + 112.614 

+ i2 .680 
+ 48'4i.s 
+ 49 128 
+ 51'26(1 
+ 52.122 

+ 49'094 
+ 44 'G19  
+ 4.1'437 
+ 4.3'9.40 
* 53.394 

+ 66'58.3 
+ 1 0 3 . i ~ ~  
+ l lS.51H 
+ 121"5f' 
+ 119 ' iS i  

+ 1 2 2 ' 2 ' 0  

+ 1 a 6 ' 8 1 1  

243.88 
244.8; 
ZJS.:I 
24j 'HZ 

245.97 

246.4.3 
246.81 
247.19 
248.00 
148.84 

1 4 9 . ~ 5 ~  
251.05 
251.4j 
25z.80 
z j 2 . ~ 9  

253.22 

253 '46 

283 
284 
P U S  

281; 
287 

+ ;q ,{h4 
+ IZO-03; 
+ 1jb.8,z 

+ 1 3 8 . 2 ~ 8  
+ 1 4  
+ 18.3 <n4 
+ 1 3  
+ 211.503 

+ ?4;'2;0 
+ 250 ;4R 
+ 240 60; 
+ 23o'l,),) 
+ 230.91 j 

+ 242-00, 
+ 2J;.HR; 
+ zj;.oo; 
+ 212 ;,IH 

0.012 

- 0.016 
+ o.oo,) - 0.010 
- 0.008 
+ 0.004 

0.000 
- 0.007 
+ 0.001 
+ o . o l 8  - o.oll 

+ 0.002 
- 0 . ~ ~ 5  
+ O . O O j  

o.ooo 
+ o.ool 

+ 0.006 
- 0.005 

ZRJ 
2% 
2% 

287 
SUR* 

- 0,040 i + iq .324 
- 0.05; 12X.qRo 
- o.oho + 1 3 b . ; ~ 2  

- 0.060 + 138.168 
- 0 0 0  + 14+ .8H~  
- 0.0;s ! + l~,l.oo,J - OO;CJ ' + 9 4 . 3  
- O . O S ~  + 211.418 

- O'Oq; 1 + 24:'182 
- o . o f ) ~  ' + 250,649 
- o.ogH 
- o.oc)a) 
- 0.004 

- 0 . 0 0 ~ 6  
- 0 '094  
- o.oc~4 1 - 0,085 

+ 1 0 . l . ; ~ ~  I - o . o h i  , + 10 j .0H1 

+ 246.50; 
+ 250-loo 
+ 236.821 

-r ~42 ,808  
+ 2.1; 793 
+ ~ . ~ O ~ ~ J I . !  - 2 I Z ' ; l , !  

+ 141.g0o - o 0.59 + 141.~).31 





LEVELLING OPERATIONS. 

Line No. 40. Bilaspur to  Cuttack.-(Continued). 

Observerl 
elevntion 
abov~ ( + ) 

01. below (-)  
Uilnspor 

(menn result 
by tn.~ 

lerellars) 

feet 
- 1zj.562 
- 1z+.j64 
- 135'105 
- 136'096 
- 124.06j 

- 99.625 
- 91,184 
- 98.925 
- 98.480 
- 104'195 

- 104'448 
- 116'29.1 - 12106 
- 128,470 
- 138'3.33 
- 116,,336 
- 108.6.3j - 1o;.zH4 
- 1 0 8  
- 1 3 1 0 1  

- 156.813 - 1 7 1 . ~ 0 6  
- 1 0  
- 1i8'523 
- 179'jBz 

- 163.025 
- 153411 
- 145.596 
- 155'551 - 1.1.3'zjo 
- 148.418 
- 1 1 3 1 1  
- 1 2 1 6  
- lj1.954 
- 137.651 

- 1 3 1 . 1 0 ~  
- 11j.098 
- 72'04.i 
- .31.559 
- 27.693 

- 48,386 
- 36.814 
+ 36.073 
+ 7'240 
+ 4.170 

+ 5,359 - 8 256 
- 51.903 
- 65.077 - 101.781 
- 101.423 
- n18.1.31 
- 1.37.540 
- 125.~23 - 119.1j1 
- 1~1.458 
- 135.014 
- 142,665 
- 210.199 - z18.51j 

Bench-msrks 
~ i ~ t ~ ~ ~ ~  
from 

Bilaspur 

milts 
68.02 
68.zt 
68.87 
69'13 
70.09 

70'93 
71'34 
71.92 
72.85 
73'8j 

74'18 
75.49 
75.87 
76.70 
77.38 

78.09 
78.85 
79.36 
80.02 
81.28 

82.1.3 
81.54 
83.0.3 
8.3.69 
84.92 

Rg.81 
86.21 
87.40 
88.19 
89.39 

90.20 
91.16 
91.82 
92.52 
9.3.61 

94.29 
94.08 
95.84 
96.64 
99.7.3 

loo.52 
102.65 
104.2.3 
105.89 
106.15 

106.41 
106.90 
107.75 
108.59 
109.71 

I I O . , ~ ~  
I I I  , ~ j  
113.1; 
11.3 58 
11,3.j6 

114.65 
115.1~ 
115.70 
11o.oj 
111.39 

61 
GZ 
63 
64 
6 5  

66 
67 
68 
69 
'io 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
SO 

91 
92 
93 
94 
96 

96 
97 
98 
99 
100 

101 
102 
103 
104 
105 

106 
I07 
108 
109 
110 

111 
112 
113 
114 
115 

116 
117 
118 
119 
120 

D ~ n a m i ~  
correction 

deduced froin 
lnsrkto 

~ ~ t ~ l  lronl 
Bilnspur 

foot 
+ 0.012 
+ 0 . 0 1 2  

0.01,~ 
+ 0.013 
+ 0.011 

+ 0.008 
+ 0.007 
+ 0.008 
+ 0.008 
+ 0.009 
+ 0.009 
+ 0.011 
+ 0.012 
+ 0'01.3 
+ 0.014 
+ 0.011 
+ o'olo 
+ 0.010 
+ 0.010 
+ 0.013 

+ 0.017 
+ 0-019 
+ 0'020 

+ o~ozo 
+ o.020 

+ 0.0:~ 
+ 0'017 
+ 0.016 
+ 0.017 
+ 0'015 

+ 0.016 
+ O'OIUJ 
+ 0 . 0 1 ~  
+ 0.016 
+ 0.014 
+ 0.013 
+ 0.018 
+ 0'005 - 0.001 - 0.001 
+ 0.001 
- 0.001 
- 0.011 
- 0.007 
- 0.007 

- 0.007 - 0.005 
+ 0'001 
+ 0'00.3 
+ 0,008 

+ 0.008 
+ 0.010 
+ 0 01.3 
+ 0~011 
+ 0.010 

+ 0.010 
+ O'OIZ 

+ 0-01.3 
+ 0.013 
+ 0.024 

62 
63 
64 
66 
66 

67 
66 
69 
50 
71 

72 
73 
74 
75 
76 

17 
78 
79 
80 
81 

82 
83 
84 
85 
86 

87 
88 
89 
90 
91 

92 
93 
94 
95 
9G 

95 
98 
99 
100 
101 

102 
103 
104 
105 
10G 

107 
108 
109 
110 
111 

112 
113 
114 
116 
110 

117 
118 
119 
120 
121 

Ileisll~ 
above ( + )  
or bclow (-)  
Uilaspur 

feel 
- 124.550 
- 12+.45z 
- 135.092 
- 1 ~ 6 . ~ 8 ~  
- 12+.oj4 

. . 
- 99.f,17 
- 91.177 
- 98.917 
- 98.472 
- 10+.186 

- 104.439 
- 116,283 
- 121.053 
- 128,qjj 
- 1;8,319 

- 116.,3z5 
- 108.625 
- 10j.274 - 107'174 
- 131.002 

- 1;6.;96 
- 171,387 - 1;0'o89 - 1;8.503 
- 1jg.j6z 

- 163.007 
- 153'.!94 
- 1.15'580 
- 15j.5.34 - 143.235 
- 140.402 
- 171,292 
- 171'197 
- 151.9.38 
- 137'637 
- 131'089 
- 11i.oR7 
- 72'040 
- j1'5ho 
- 27.617 

- 4R..385 - 30'815 
+ 36.062 
+ 7'233 
+ 4'Ib3 

+ 5'352 - 8.261 
- S1.9O2 
- 65'074 - lOl'773 
- 101'415 
- 118'12' 
- 13i527 
- 1 2 5 ' 4 ~ ~  
- 119'2J1 

- 121.44~ 
- l.35'0'2 
- 14~'('5~ 
- 210'1?6 
- 218.49' 

Discrepnncy between 
levellers 

( ~ i ~ t -  second 

F ~ ~ l ~ , " ~ k  
( =S) 

foot 
+ 0.013 - 0.005 
- 0.015 
- 0.002 
+ 0.013 
+ 0.003 
- 0.012 
- 0.017 
- 0.017 
- 0,014 
+ 0.002 
- 0.004 
+ 0.002 
- o.oo.4 - 0.012 
+ 0.004 
+ o.002 
- o.002 
- 0.004 
- 0.012 

- 0.015 
+ 0.010 
+ 0.008 
+ o.001 
+ 0.001 
- o.012 
+ o.004 - 0.00; 
+ 0.010 
- o O I Z  

- 0.013 
+ o.otq 
- 0.00.3 
- 0.022 
- 0.009 

+ 0.011 
- 0.006 
+ 0'008 
- 0.014 
- o.oj6 

+ 0.012 
- 0.02.3 

o'ooo 
+ 0.013 
- 0-001 

+ 0.005 
- 0.010 
- 0.008 
+ 0.004 
+ 0.010 

- 0.008 
+ 0.006 
+ O . O I , ~  
+ 0.001 
+ 0.004 

+ 0.016 
+ 0.001 
+ 0.003 
- 0-065 
+ 0.015 

leveller) 

TotnI ir0111 
Biluspur 

foot 
- o 084 
- 0.089 
- 0.104 
- 0.106 
- o.og.3 
- 0.090 
- 0.102 
- 0.119 
- 0.1.16 
- o'ljo 
- 0.148 
- 0'1j2 
- 0.150 
- 0.15.3 
- 0'165 

- 0.161 
- 0.151 
- 0.161 
- 0.165 
- 0,177 
- 0.192 
- 0.182 
- 0,174 
- 0.17.3 
- 0.172 

- o.1R.1 
- 0.180 - 0.185 
- 0,175 
- 0.187 
- o.200 
- 0.166 
- 0.189 
- 0.211 
- 0.2~0 

- 0.209 
- 0,215 
- 0,207 
- 0,221 
- 0.177 
- 0.265 - 0,288 
- 0.288 
- 0.275 - 0,276 
- 0.271 - 0.181 
- 0.289 - 0.18s 
- 0.275 

- 0.28,~ 
- 0.277 - 0,264 - 0.16.4 
-0-259 

- 0.2.1.1 - 0.242 
- o.zj9 
- 0.304 - 0-289 



B.ESlJLTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLINQ. 

Line No. 40. Bilaspur t o  Cuttack.-(Continued). 

q~::? 
nhare ( + ) 

or below ( - )  
Bilnapur 

feet 
- 218.436 
- zz0 862 
- 1.(,3';61 
- I ~ I I D ~ ~ , ~ ~  - 1.(r)'q2H 

- 142,313 
- 126.164 
- 12.i~17.3 
- I 3 Y 3 4 0  
- IsO' i7 ;  

- 20,?.304 
- 112'492 
- 211'323 
- 181.763 
- 1;,3'219 

- 192'176 
- 112'645 
- 21.1505 
- 21.3'491 
- ~ z i . 1 0 6  

- 210'819 
- 11)3'8?4 
- z l g ' g 6 j  
- 119'423 
- 21o' j43 

- 172,746 
- Z H ? . H ~ S  
- 313.261 
- 329.543 
- 331 824 

- 337.828 
- 348'214 
- 350'5.33 
- 3;,;.1),31 - jb6.800 

- 372.406 
- 364.000 
- 381.2.12 
- ;;0.46~ 
- 420.087 

- 379.669 
- ,34,j.G.<0 
- 353.466 
- 341.166 
- ~z j . , ?o r )  

- .341.187 
-.3;1.073 
- 411.122 
- 4 1 8 . j z 9  
- 434.043 

- 446'204 - 502.726 - j12.960 
- 51,3.;oj - 499.539 

- 507.653 - 5,8.;33 
- 511.594 - 5z3.j26 - 530.2j5 

1)gnnmic 
co~.ruction 

d c < l ~ ~ r s d  f~.on> 
In tul,,l,r~ 

'i.ntnl Iron, 
B i l u s p ~ ~ r  

foot 
+ 0.024 
+ o 025 
+ 0 0 2 7  
+ o 0 2 0  

+ 0 '014  

+ o . o r 3  
+ 0 . 0 1 1  
+ 0.011 
+ 0 '013 
+ o - o l j  

+ 0.012 
+ o 02.3 

4- o o  
+ 0.018 
+ 0.017 

+ 0.010 
+ 0.02.3 

i 0.02.3 

+ o'oz,? 
+ o ' o z j  

+ 0.012 
+ 0.019 
+ 0.02,3 
+ 0 ' 0 2 ~  
+ 0.024 

+ 0 . 0 3 ~  
+ 0.0.34 
+ 0 . 0 ~ 9  
+ 0.043 
+ 0.0.1.3 

+ 0.044 
+ 0.046 
+ 0.048 
+ 0.050 
+ 0.049 

+ 0.050 
+ 0.049 
+ 0.052 
+ 0.030 
+ 0 ' 0 j 8  

+ o.~;I 
+ 0,045 
+ 0.047 
- o . o + ~  
- 0.042 

+ 0.045 
+ 0.047 
+ o .o jH  
+ 0.059 
+ 0.062 

+ 0.064 
+ 0.075 
+ 0,077 
+ 0,077 
+ 0 . 0 7 ~  

+ 0.076 
+ 0.0i8 
+ 0.079 
+ o.079 
+ 0.080 

Observed 
rIoroI~cvn 

ahore ( + ) 
ort,clow (-1 

U i l t t s p ~ ~ r  
( I ~ ~ U I I  re81111 

hg t.-u 
Icl.eIIcl.s) 

feet 
- 218 460 
- z~O.YX; 
- ZJ,?.;RH - 
- 149.942 

- 1 . 6  
I 

- 123.1R4 
- I - 1 j o . j q 2  

- zo,l. j?h 
- 2 1 3 1  - Z I Z . , ~ ~ ~  

- 181.781 
- 6 

- 191.196 
- 211.00S 
- 214.524 - 213.514 
- 2 2 ; 1 1  

- 210.841 
- 1q,3.84,? 
- z15.gNH 
- ~ ~ 9 . 4 4 8  
- 220.367 

- z:z.i;8 - 282.qz9 
- O I  

- 3 2 9 8 5  - 334.867 

- 3 3 1  - 348.160 
- 359.581 
- 373.981 - 366.849 

- 371.456 
- ,364.0~0 
- 3 8 1 . z ~ 4  
- 3j0.519 
- ,120'145 

- 3;9.720 - 4.3 G 
- .3.i3.j1.3 - 3 4 1 1  
- 2 ,  

- 341.232 
- , 3 5 1 . 1 2 0  

- 411.180 - q18.388 
- 4.34. ~ o j  

- 446.268 
- 502 801 
- 513.0.l; 
- 513.782 
- 499.613 

- 507.i29 - 5 1 8 . ~ l l  
- 521,673 - j13.605 
- 530.335 

Bench.marks 
Dinlance 

Il.om 
Biluspur 

DiacrcPnncY between 

(First- Second 

'lurk 

to mnl'lr 
(-4 

foot 
+ 0.011 - 0.009 
- 0.006 
+ 00.007 
+ 0.018 

+ 0,006 
- 0.010 

o.ooo 
+ 0.011 
+ o . o o j  

- 0.01; 
+ 0 ~ 0 0 1  
+ 0.004 
+ o.oo+ 
- 0.012 

- 0.010 
+ o . o o ~  
+ 0'00.3 - 0.017 
- 0.016 

+ o.ooj 
- 0.00,; 
+ 0.006 
+ 0.006 
- 0.028 

+ 0.003 
- 0.005 
- 0.00.3 
- 0.011 
+ 0.003 

- 0.008 
- 0.007 
+ 0 '004 
+ 0 ~ 0 2 0  
+ 0.001 

+ 0.00.3 
0-000 

+ o.002 
- 0.001 
- 0.004 

- 0.002 
+ O - O Z ~  

- o.oo9 
+ 0 ~ 0 0 9  
+ 0.007 

+ o . o r l  
- 0 . 0 0 1  
- 0.078 - 0.037 
+ 0.007 

- 0'001 
+ 0.015 
+ 0.0.36 
+ 0.0.31 
+ 0.007 

+ 0.002 
+ 0,007 
+ 0.007 
+ 0'001 
+ 0'002 

levellers 
leveller) 

~ ~ t ~ l  fl.om 
U~Iusyu r  

foot 
- o ?;R 
- 0,287 
- 0.29; 
- o.zX6 
- 0.268 

- 0.262 
- 0 . 2 7 ~ -  
- 0.272 
- 0'261 
- 0 ' 2 5 6  

- 0 . 2 ; ~  - 0.272 
- 0,268 
- 0.26, 
- o 276 

- 0 . ~ 8 6  - 0 . ~ 8 5  
- 0,242 
- 0 2  

- o , j ~ j  

- o.310 
- 0.,315 - 0.309 
- 0.303 
- 0.931 

- 0.,328 
- 0.3,j.i 
- 0.,3,36 
- 0.347 
- 0.314 

- 0.352 
- o.,q59 - O.,q55 
- 0.33j  
- 0,334 

- o.j,31 
- 0.331 
- o , j ~ r )  - o.,?jo 
- 0.334 

- 0.,336 
- 0.311 
- 0..320 
- O.,+II 

- 0.304 

- 0.193 
- o . z q ,  
- 0.372 - 0.409 
- 0.402 

- 0.40.1 
- 0,358 
- 0.322 
- 0.391 
- 0.284 

- 0.28% 
- 0.275 
- 0.268 - 0.267 - 0.265 

Imu 1 TO I 
tlail~s 

111-07  
122.24 
123.38 
125.19 
126 ,g j  

1~6.;8 
127.44 
117.47 
1zX.28 
1>8.07 

131.06 
1,;2.67 
I , ~ ~ . R I  
13,{.8o 
~ j j  9.3 

1.37.13 
1,3;'67 
1.38.00 
1 j g ' 6 o  
140.j4 

l 41 .60  
14z.qR 
~q ,~ . ,?q  
I ;  

14 j .91  

147.62 
147.Rf~ 
148.12 
149.49 
149.92 

151.66 
152.14 
I52'.39 
153.57 
154.66 

155.97 
1 5 0 . 4 ~  
9 7  
157.64 
158.97 

159.62 
l(11.1.3 

163.11 
164 -10  

165.10 
165.20 
171.12 
1R1.62 
188.98 

1Ro.88 
208.24 
2 l 3 . 0 0  

21;.~3 
215.38 

215'1)4 
116.38 
217'03 
218.04 
219.05 

1 ~ 2  
123 
124 
5 

126 
127 
128 
120 
130 

131 
132 
133 
134 
135 

136 
137 
13R 
139 
140 

141 
142 
143 
144 
145 

146 
147 
148 
149 
150 

151 
152 
153 
154 
155 

' 5 6  
157 
15n 
151) 
lGO 

161 
'62 
1ti3 
I 6 4  
165 

167 

IGD 
liU 

I7l 
172 
173 
I 7 4  
17' 

176 
17' 
17' 
17' 

122 
129 
124 
123 
1 

127 
IPS 
I?!) 
130 
131 

132 
133 
I 
135 
136 

I37 
138 
139 
140 
141 

14,2 
141 
141 
145 
146 

147 
148 
140 
150 
161 

152 
153 
IG* 
165 
166 

157 
158 
169 
I( i0 
161 

162 
163 
164 

166 

'67 
168 

'70 
I 7 1  

IT2 

I 7 4  
I75 
li6 

177 

I 7 9  



LEVELLING OPERATIONS. 

tine No. 40. Bilaspur t o  Cuttack.-(Continued). 

Benoh.mnrhs 

From 1 T o  

Dintnnee 
from 

i3ilnspur 

mrlps 
220.05 
221.06 
22.;.07 
224'07 
21 j .05 

22;.R4 
2 2 h . z ~  
227 1 2  

zzY.2; 
229.27 

23o.,Zj 
2 , ;~  ,,5 
2 3  7 

235.59 

2.35.67 
2.36.77 
23q.Lfl 
z39 . f~9  
240.69 

241.64 
242.64 
243.73 
244.74 
24 j . 87  

246.92 
247.80 
248.90 
249.91 
250.70 

251.55 
252.31 
2 j2 .56  
253.55 
2 j6 .63 

z j7 .61  
258.57 
z:r). j~ 
200.94 
162.08 

263.13 
I ~ J ' I I  

266.12 
267.16 
~70 .21 ,  

I 

7 ,  
H 
273.43 
274.44 

275.55 
276 6 
t i i . 5 ;  
278.58 
179.6i 

zRo.6.+ 
2Bo.R.3 
181'7.3 
182.74 
283.73 

182 
183 
184 
185 

186 
187 
lR8 
189 
I 9 0  

191 
192 
193 
194 
195 

1% 
197 
198 
199 
200 

201 
202 

, 203 
204 
206 

' 206 
207 
208 
203 
310 

, 211 
212 

, 213 
214 
215 

2 l G  
217 
218 
219 
420 

221 
212 

, 223 
224 
225 

' 226 
227 
228 
229 

' 230 

231 
232 
233 
234 
2aa 

23G 
237 
288 
939 
240 

. 

I a 2  
183 
184 
185 
186 

187 
188 
In9 
190 
191 

192 
I9:3 
194 
l!)5 
9 

197 
198 

"00 
201 

202 
203 
2 
""5 
206 

207, 
208 
209 
210 
211 

212 
213 
1 
2 
216 

217 
218 
219 
220 
221 

222 
223 
224 
225 
22% 

227 
228 
229 
230 
231 

282 
233 
284 
235 
236 

237 
28r) 
239 
2.10 
W 

Discrepnnr j  between Observed 
eloral ion 

above ( +)  
o r  I ~ O I V  (-) 

Ui l r~apur  
(rnctrn result 

by I.WO 
lorellere) 

feet 
- 522.451 - 517.103 
- 5.31.4j8 - 555.474 
- 539.;94 

- 5 u . 2 1 3  - 524.931 - 529 801 - 524.11q 
- 536.0~8 

- 536.697 - 544'84B 
- 5zt .RIq - j,j6.r)b2 - 518.- jo j  

- 519.1qq - j 1 6  858 
- ;36-29,z - j6.3.6.34 

j j j2 '100 

- 568.059 
564.4"; 

- 58g.881 
- 589.,3;3 
- 596.809 

- 602.520 
- 599.,;~0 
- 600.370 
- 6oz .911  
- 610.949 

; - 6 1 3 . 9 9 ~  
- 611.061 - 621.186 
- h18.~0( ,  
- 6 ~ 2 . 3 8 ~  

- 632.570 
- 628.208 
- I 
- 64;.,3r),; 
- 6 4  

- Odj.h4z 
- h j i . , ) p6  
- 6 
- ;Hz.o4,3 
- h3r).9,3; 

- 649.325 
- b,qq.;,!a - 6 4 5 . z ~ ~ p  
- 650.87; 
- 6 4 7 . 6 ~ ~  

- 6 7  - 6h6.578 
- 6b7.j9.3 
- 6j9.741 
- 6j,,3.015 

- 634.982 
- 6 5 0 . 5 ~ 6  
- 6 6 0 . 2 ~ 2  
- 6.36.1~6 - 646.803 

lere l l r rs  
(FirSt-~OCUlld 

F ~ m m  ~ n n r k  
to mark 

( = d l  

foot 
i 0.002 
+ 0.004 
- 0.010 
+ 0.00,; 

- 0 - 0 2 2  

- 0.017 
+ 0.006 
- 0.004 
- 0.015 
- 0 . 0 1 0  

+ 0 .022  
0 .030 

+ 0.00"  
+ 0.009 - 0.00j 

- o.oo.4 
+ 0 .012  

+ 0,006 
- 0.009 
- 0 . 0 0 9  

- 0.004 
+ o.ooq 
+ 0.008 
+ 0 .011  
+ 0.004 

+ o .oo j  
+ 0.002 - o . o r a  
- 0.001 
+ 0.001 

- 0,006 
+ 0 .020  

+ 0.007 - 0.004 
- 0.018 

- 0.015 
- w o o 7  
- 0.007 
- 0.016 
+ 0.007 

0.000 
- 0.00) - 0.013 
+ 0.008 
- 0.002 

- 0.011 

- 0.005 
- 0.002 

- 0.001 

+ 0.007 

+ 0 . 0 1 ~  
+ o.oob 
+ 0.007 
- 0.00,; 
+ 0 . 0 ~ 5  

- 0.006 
+ 0.005 

0.000 - 0.013 
+ 0.4 

leveller) 

To fn l  f rom 
Bil irspur 

fool 
- 0.26.3 
- 0.259 
- 0,239 - 0.284 
- 0.306 

- 0..32.3 
- 0.317 
- 0.321 
- 0..]36 
- 0.346 

- 0.324 
- 0.324 
- 0,323 
- o.,;14 
- 0 . 3 ~  

- 0.322 
- o.,3to 
- 0..304 
- o.,q1.7 
- 0 . 3 2 2 -  

- 0.326 
- 0 . 3 2 ~ -  
- 0,314 
- o.,?o.I - 0.299 

- 0.294 - 0-212  

- o.,~o+ - 0.305 
- o.30+ 

- 0.310 
- 0.290 
- 0.28.3 
- o.zR7 - o . g o j  

- 0.320 
- 0--317 
- 0.3.14 
- o . j s o  
- 0.343 

- 0.34.4 
- 0.14; 
- 0.,360 
- o . ,? ;~  
- 0.354 

- 0.36; 
- o.,~;o 
- o-,q;2 
- 0.373 - 0 . ~ 6 6  

- 0.~341 - 0.341 
- 0 .  
- o j,,q - o. ,324 

- 0.330 
- 0.92; - 0.,325 
- o..338 - 0.332 

Dynamic 
corl.ec~ion 

doduced from 
~ ~ , ~ , ~ k t ~  

Tota l  from 
Uilaspur 

fooa 
+ 0.078 
+ 0.077 
+ 0.080 
+ o . o ~ j  
+ o.082 

+ 0.08,~ 
+ O.OiO 

+ 0 . ~ 8 ~  
+ o . o ; ~  
+ 0-062 

+ 0.082 
+ 0.084 
+ O.O;O 

+ o . 0 8 ~  
+ 0.0 j8  

+ 0.078 
+ 0.078 
+ 0.082 
+ 0.088 
+ 0 '090 

+ 0.089 
+ 0.088 
+ 0.09.3 
+ 0.093 
+ 0.094 

+ 0.095 
+ o . o ~ +  
+ 0.094 
+ 0.09s 
+ 0.097 

+ 0.098 
+ o.or); 
+ 0.099 
+ 0.099 
+ 0.100 

+ 0.102 
+ 0.101 
+ 0.103 
+ o-10; 
+ o . ~ o j  

+ o.lo,; 
+ 0.106 
+ 0.101 
+ o.091 
+ 0.104 

+ 0.106 
+ 0.104 
+ o.10; 
+ o.108 
+ 0.106 

+ 0.106 
+ 0 . 1 1 0  
+ 0.110 
+ 0.104 
.?- 0 .10 ;  

+ O'IO,? 
+ 0.106 
+ o.108 
+ O.IO,~ 
+ 0.105 

D~nnmio 
11eight 

above (+ )  
or Ilelow (-) 

n i laspul  

feet 
- 522.373 
- .i17.026 

- 5 3 1 . 3 7 ~  
- 555.389 
- 539.712 

- j44.130 
- s24.852 
- 5 2 9 . 7 2 1  

- j 2 + . 0 4 ~  
- 5d(,.~16 

- 536.615 
- 544.764 
- jzl.;90 
- j j6 ,Bt lo  
- j18.427 

- 519.066 
- j16.;8o 
- 536.211 
- 5b3.546 - j j 2 . 0 1 0  

- 567.970 
- 564.377 
- gR9.788 
- jRg.280 
- 596.715 

- 602.415 
- 599.446 
- 600.276 
- 6~2.816 
- 610'852 

- 613.899 - 610.964 
- 621.087 - 618.80; 
- 622.185 

- 632.468 - 028~107 - 636.070 - 617.288 
- 645.669 

- 643'5.3; - (>47'21)0 - 626.818 
- 581'052 - h39 .8~1  

- 649.219 
- fi,39'-Izh - 645.1f41 
- (136.7~7 
- 647.543 

- 646,986 
- h66.468 
- Ohi'08.1 
- c5.:9'h.37 - (151'908 

- 6.44'879 
- biio'430. - 660'164 
- h36.oa.l - 64fi'"9'' 



BESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLINQ. 

Line No. 40. Bi,laspur to  Cuttack.-(Continued). 

aas 

n ~ ~ i ~ ~ ~  
above ( + )  

or helaw (-) 
Bilaapur 

feet - 664.561 
- 669'940 
- b59.976 
- 673.9'42 
- 6j7.361 

- 662.533 
- 649,621 
- (158.4.5i 
- 679-86.3 
- 651.583 

- 672.832 
- f~;~..367 
- 656.816 
- 686';39 
- 682.003 

- 693.413 
- 690.154 
- 699.874 
- 689.224 - 698,246 

- i01.133 
- 698.063 
- 699.927 - 7o j . jo1  
- 675'497 

- 678.985 
- 6q9-588 
- 639-070 - 681.772 
- 69.3.215 

- 688.269 
- 688.754, 
- 671-706 
- 71 j . j o 8  - iz0.936 

- 716.311 
- 725,731 - 717,.3,33 
- jz9.53; 
- 7 2 n . i ~ . 3  
- 727'61~1 
- 7.31.812 
- 725.378 
- i22.069 
- ~ 2 1 , ' 0 4 ~  

- 621.259 
- 616,917 
- 6 6 1 . ~ ~ 6 5  - jo6.676 
- 734.51 I 

- 745.500 - 744.043 - j42.6z6 
- 756.443 - 728.855 

- 750.568 
- 754.085 
- 758.251 - 7(,1 . 2 i j  - 7 5 6 . 6 ~ ~  

zz,fn 
deduced from 
n,sl.h to 

Totd from 
l l~lsspor  

foot 
+ 0.109 
+ 0 . 1  10 

+ 0 . 1 0 8  
+ 0.111 
+ 0.107 

+ o.108 
+ 0.105 
+ 0'107 
+ 0 ' 1 1 2  

+ 0.106 

+ 0.111 
+ 0 .108  
+ 0.107 
+ 0 . 1 1 4  
+ 0.11.3 

+ 0.116 
+ 0 . 1  15 
+ 0 . 1 1 7  
+ 0.114 
+ 0 . 1 1 6  

+ 0.117 
+ O .  I 1 6  
+ 0 .  1.16 
+ 0 . 1 1 8  
+ 0.11.1 

+ 0 ,112  
+ 0.105 
+ 0.10.3 
+ o.11.5 
+ 0 .116  

+ 0 .115  
+ 0. 

+ O . I I I  
c 0.12, 
+ 0 . 1 2 2  

+ o.121. 
+ 0.123 
+ 0 , 1 2 1  

+ 0.124 
+ 0.124 

+ 0.124 
+ 0 . 1 ~ ~  
+ 0 ,124  
+ 0.129 
+ 0 . 1 ~ 3  

+ 0.099 
+ 0.098 
+ 0.109 
+ o.lao 
+ o . ~ a q  

+ 0'1.30 
+ 130 
+ 0 . 1 ~ 0  

+ 0 . 1 ~ 3  
c 0.126 

+ 0.131 
+ 0.1.32 
+ 0.1.3.3 
+ o . I j 4  
+ 0 .  133 

~~~~~~ 
obore ( +)  

ol. below (-)  
Biluspur 

(mesn r e a ~ ~ l t  
by Lwa 

levellers) 

feet - 664.670 
- 670.050 
- 660.084 
- 6;4'103 
- 6j7.468 

- 662.641 
- 649.726 
- 0,iR';h.t 

,g ) , j  - 6- - 1 -  

- 6j1.68r) 

- 672.943 
- 659.475 
- 656.923 
- 686.8j.5 
- 682.116 

- 69.3.529 
- hc,o-zbr) 
- 699,991 
- 689,338 
- 698'362 

- ~ O I ' Z ~ O  

- 698.179 
- j00.04.i 
- 707'619 
- 67j .608,  

- 679'097 
- 649.693 
- 639'173 
- 681 .88 j  
- 693'331. 

- 688.,384 
- 688 869. 
- 6 
- 715 629 - 721.ojS 

- 716.463 
- 725.854 
- 717.454 
- 6 - 7 z t l . 9 ~ i  

- 527.7.35 - 731.937 
- 725.50' 
- 72a.192 - 6 

- 621.3j8 
- 617.015 
- 661.474 
- 506.796 
- 73~ .638 .  

- y35.630. 
- 7 4 4 . ~ 7 3  - 742.756 
- 756.576 - 728.981 

- 760.699 - 754:2<7 
- 758.3R4 
- 761.409, 
- 756.788 

Dislsnce 
from 

Bilaspur 

miles 
2R4.,34 
2 8 4 . j ~  
~ 8 + . ~ &  
285.79 
2 8 6 . 8 ~  

287.82 
288.85 
2R9,26 
289.99 
291.01 

292.02 
29.1.45 
29.3.5; - 
294.06 
2 9 6 . ~ 2  

297.k.3 
298.14 
~ g g . 1 4  
299.34 
300r1S 

g02.'21~ 
30.3.22 
304.22 
305.23 
306.14 

3 0 7 . ~ 4  
3 o R . z ~  
308.46 
.309,27 
310.27 

311'27 
I 

:i12'41 
313.19. 
314.30 

/15..30 
317.18 
,117.53 
318.31 
319.31 

319.41, 
320.06 

i:::;;, 
3 u . 9 9  

.32.1.oa 
324.5: 
325'0.3 
326.04 
327;Ob 

32g.03 
.328,.68 
,329'30 
361.31 
332.31 

331.81 
3.14'.32 
.3,1!',14 
.<.3h.34 
337'.16 

Diwxepnney belaeen 
~soch.mnrke 

From 1 TO 

levellers 
(First- Second 

From mnrk 
lo  Innlk 

( = d )  

foot 
- 0,019 
+, 0.007 - 0,004 
+ 0.003 
- 0.005 

- 0.009 
- 0 . 0 2 1  

+ 0.002 
+ o . o ~ &  
+ 0.002 

- 0 . 0 1 2  

+ 0.031 
+ 0 . 0 0 ~  
+ 0.015 
+ 0 . 0 0 2  

+ 0.008 
- 0.005 
+ 0.019 
L o , . o ~ j  
- 0,013 

- 0.015 
- 0.001. 

- 0.020 
+ 0.003 
+ 0'005 

- u.005 
- 0.004 
- 0.000 
+ 0.008 
+ 0.006 

- 0.003 
+ 0.007 
- 0.001 
+ 0.007 
- 0.013 

- 0,009 
+ 0.009 - 0 ~ 0 0 9 .  
+ o.ooa. 
+ o.ol., 

- 0.001. 
- 0 . 0 0 ~  

- 0 . 0 1 0  
+ 0.004 - 0 - O O L  

- o.oal  
- 0,006 
- 0.00, 
- 0,005 
- 0-008. 

o'ooo 
+ 0.004 - 0.006 
- 0.004 

0'000 

+ o . o ~ o  
+ 0 . 0 1 1  

- 0.006 
- 0 . 0 0 2  

- 0 . 0 1 2  

241 
243 
243 
244 
215 

246 
247 
218 
249 
250 

261 
252 
253 
254 
255 

256 
257 
258 
250 
260 

' 261 
262 

' 263 
264 
265 

2GG 
, 267 

268 
269 

' 270 

271 
, 272 

273 
274 

' 271 

276 . 277 
278 
279 
280, 

2t)2 
283 
284 
285 

287 
288' 
2H9 

201 
'!I2 
29:' '"' 
295 

29G 

"' ''!' 
300' 

9 

leveller) 

~ o t o l  from 
Ull,rspur 

fool - 0.361 
- 0.354 - o..j,j8 
- 0 ,355  - 0.360 

- 0.369 
- o.,3r)1 
- 0,389 
- o..ljr 
- o..309 

- o.g81 
- 0.349 
- 0.,347 
- 0.3.32. 
- 0.930 

- 0.312 
- 0.327 
- 0 8  - 0.293 
- 0.306 

- 0,321 
- 0 . j ~ ~  

- 0 . ~ 4 2  
- 0'.339 
- 0'334 

- 0,339 
- o . j ~ j  
- 0.351. 
- o'j4.3 
- 0.337 

- 0.340 
- 0.393 - 0.334 - 0 

- 0,340 

- 0.349 - 0.340 
- o.,qqg 
- 0.347 - o . 3 3 ~  

- 0.387 
- 0.840 
- o..lso - 0.344 
- 0'345 

- 0,366 
- 0.373 - 0.380 - 0.385 
- 0'39.3 

- o ' , ig ,~  - 0..38g 
- O ' a ~ j  

- 0-399 
- 0'399 

- 0.389 
- 0-,378 
- 0.,38+ 
- o.jRh 
- 0.398 

242 
213' 
2$1 
245 
246 

247 
2+9 
249 
250 
251 

252 
253 
254 
2.55 
256 

257 
258 
259 
260 
2GI 

2G2 
263 
264 
266 
266 

267 
268 
269 
250 
271 

2i2 
273 
274 
275 
276 

277 
2i8.  
279 
286 
WL 

282 
283 
284 
285. 

28?. 
2n8 
289' 
290 
mL 

2%. 
2L13 
28'L 

296. 

29t 
298. 

SOO' 
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RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 41. Cuttack to Kendrapara. - 

Difference of dynamic height ,  Cuttack to Kendrapara = - 53.285 feet. 

Length oE line in miles = M = 41.50. CdP = 0.003864. 

TZ Probable error of the mean rewlt per mile of double-lesellin~ = 0.6745 4% = + 0.0033. 

EdP PmhaYe error of the difference of elention hetween the terminal bench-mats = 0.6745 & = 
Oq0210. __ _- 

' Loch"-"' No- I in the mark a t  Oult~ok dedcribed OD pste 138, t Bench-nuk  NO, 61 n the nark a t  Kondnpen described OD I 8 n v  134. 
t - 

Dynnmic 

nd;:t[bf, 
or helow (-) 

Cuttack 

feel 
+ 5.680 
+ 4'428 
+ 9 ' 2 ! j  
+ 3'91.3 
+ 3.190 

- 14'j29 
+ 1'725 
+ 0.615 
- 4,059 - 2.981 

- 0,519 
- 4'509 
- 3'436 
- 8.976 
- 5 ' ~ ~ ~  

- I I . ; O I  

- 15,107 
- 1j-Rz4 - 11'277 
- 20.416 

- 25.,3;1 
- ~ ; . g q h  
- 19.13; 
- 20.58: 
- 21.132 

- 21.660 
- 22.630 
- 23.7;,3 
- 25.486 
- 27.241 

- 29.048 
- 30.951 - 34.4.39 
- 32.599 
- 3j.120 

- 36.592 
- 40.339 
- 37.299 
- 38.427 
- 44.671 

- 44.710 
- 48.514 
- 4R.591 
- 56.R25 
- 51.j29 

- j1.gR8 - 50.860 
- 54.410 - 54.601 
- 53.285 

Diatnnce 
from 

Cu1tnch 

miles 
0.75 
1.01 
1.24 
2.78 
1.92 

3 ' 8 j  
5'77 
8.13 
8.88 
9.14 

10.13 
11.13 
12.1.3 
1 2 . 2 0  

12.24 

13.15 
14'16 
15.16 
16.12 
I 

18.16 
19.15 
20.15 
21.1.5 
21.98 

22.16 
23.19 
24.08 
2,C.l.q 
26.12 

27.13 
28.14 
28.50 
29.15 
,31'15 

32.15 
32.39 
.72.qo 
33.18 
34.61 

35.61 
.36.,38 
3i.26 
38.17 
38.27 

39.26 
40'27 
40.77 
4l.49 
41.50 

~~~~~~~ 
nbove (+ )  

(-) 
Cuttack 

(mea~l roault 
by two 

levellers) 

feet 
+ 5.681 
+ 4.429 
+ 9'7.17 
+ 3.914 
+ 3,191 

- 14.7,qr 
+ 1.726 
+ 0,616 
- 4'0.59 
- 2.981 

- 0.518 
- 4.509 
- 3.436 
- 8.977 
- 5.891 

- 11.702 
- 15.109 
- 15,826 
- 11.278 
- 20.419 

- 25.375 
- 17.598 - rg.139 
- 20.597 - 2 1 4  

- 21,662 
- 22.632 
- 23.715 
- 25.468 
- 27.244 

- 29.ojo 
- 30,953 
- 34.442 
- 32.601 
- 3j.124 

- 36.596 
- 40.344 
- .37'.303 
- 3R.4.31 
- 44.676 

- 44.715 - 48.520 
- q8.;g8 
- 56.8.3.3 
- j1. j , j6 

-st.s,-,j - 50.807 
- 54.418 
- 54.609 
- 53.293 

Di~crepnncy betwoen 
lerellerd 

(Firel- Second leveller) 

mnrk ( Total from 

Bensh.msrks 

F m  I TO 
1 ~~~~~~n 
deducedfrom 
mark to 

Totnl from 
Cuttack 

fool 
- 0.001 
- 0.001 
- 0'002 
- 0.001 
- 0.001 

+ 0.003 
- 0.001 

- 0.001 
0.000 

0.000 

- 0.001 
0.000 
0'000 

+ 0.001 
O'OOO 

+ 0'001 

+ 0.002 
+ 0.002 
+ 0.001 

+ 0.003 

+ 0'004 
+ 0 .002  

+ 0.002 

+ 0.002 
+ o.ooz 

4- 0.002 
+ 0.002 
+ 0'002 
+ 0.002 
+ 0.002 

+ 0.002 
+ 0.002 
+ 0.00.~ 
+ 0.003 
+ 0.004 

+ 0.004 
+ 0.005 
+ 0.004 
+ 0.004 
+ 0.005 

+ 0.005 
+ 0.006 
+ 0.006 
+ o.008 
+ 0.007 

+ o . 0 0 7  
+ 0 .007  

+ 0.008 
+ o,ooR 
+ o.008 

t k  

foot 
- 0.001 

o ooo 
- 0'002 
- o.ooj 
+ 0.002 

- 0,005 
+ 0'001 
+ 0.011 

- 0.014 - 0,005 

+ 0.005 
+ 0 . 0 2 j  - 0.005 
+ 0 . 0 0 ~  

0.000 

+ 0.012 - 0.006 
- 0.006 
+ o.001 
- 0,006 

- 0,022 
+ 0.006 
+ 0.007 - 0.005 - 0.008 

+ 0.002 - 0.018 - 0 . 0 1 ~  
- 0.018 
+ 0.003 

- 0.013 - 0,006 - o.004 - 0.001 
+ 0.009 

- 0.001 
- 0'01.3 

0'000 
+ 0.007 
+ o.ooj 

- 0.006 - 0,008 
+ 0 . 0 0 ~  
+ 0.015 
+ 0.00.3 

+ O . O O ~  - 0'00.3 
- 0 ~ 0 1 2  
- 0'00.3 
+ o.002 

l* 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
16 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
'9 

31 
32 

34 
35 

36 
37 
XI 

41 
42 
43 
44 
46 

46 
47 
48 
49 
60 

Cuttnck 

foot 
- o.001 - 0.001 
- 0.003 
- 0.008 
- 0.006 

- 0,011 
- 0.010 
+ 0.001 
- 0.013 
- 0.018 

- 0.013. 
+ 0.011 
+ 0.007 
+ 0.009 
+ 0.009 

+ 0 , 0 2 1  

+ 0.015 
+ 0.009 
+ 0.010 
+ 0.004 

- 0.018 - 0.012 
- 0.005 
- 0.010 
- 0.018 

- 0.016 
- 0.034 
- 0,046 - 0.064 
- 0.061 

- o.o;q 
- 0.080 - 0 . 0 ~ 4  - 0.085 
- 0.076 

- 0.077 - 0.064 - 0,064 
- 0.051 
- o.o jz  

- 0,058 
- 0.066 
- 0,064 
- 0.049 
- 0.046 

- 0 . 0 4 2  
- 0.045 
- 0.057 - 0.060 
- 0.058 

2 
3 
4 
5 
G 

7 
8 
9 

10 
11 

12 
13 
14 
16 
16 

17 
18 
19 
20 
21 

22 
23 
24 
26 
46 

27 
28 
29 
30 
31 

32 
33 
34 
35 
3G 

39 

42 
43 
4J 
45 
4G 

47 
48 
49 

61t 



LEVELLING OPERATIONS. 

Line No. 42. False Point to  Kendrapara. 

Difference of dynamic height, False Point to Kendrapara = + 6.849 feet, 

Length of line in miles = M = 30.37. Edg = 0.001366. 
- 

Probable error of the  mean m u l t  per mile of damble-levelling = 0-6745 d$ = & 0'0023. 

Bench-marks 

From 1 T o  

Probable error of the di8crenre of eleration between the termbod bench-marks = 0.67'45 fl$ = f. 0'012;. 

I* 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
1 3  
14 
15 

16 
17 
18 
19 
20 

21 
2.2 

-- 

Em&-mark No. 1 i s  the mark st  h l a a  Point described on. pnge 1134 ) Bench.-k Xo, 23,is the mark st Kendrsparade~orib~~o~P~~~~' 

Diafnnce 
f ro l l~  

Fulso Point 

rnilrs 
10.54 
I 
12.54 
13.54 
14.54 

15.54 
16.54 
17-54 
18.5.) 
19.5.) 

20'g.I 
21.74 
z ~ . r j j  
za.gh 
23'56 

13-90 
24.56 
25.6; 
6 7  
n) .Bj  

30.36 
30.37 

2 
S 
4 
6 
6 

7 
8 
9 

10 
11 

l a  
13 
I4 
I5 
16 

17 
18 
19 
20 
21 

22 
23t  

D{:t:F 
nbovo (+)  

or below (-) 
"lee Point 

feet 
- 3.013 - 1'37.1 - 2.137 
- 1.157 
- 1 . 7 ' ~  

- 1,471 - 1 . 8 ~ 8  - 0.242 - 0.114 
+ O'g(0 

+ 0.180 
+ 0'587 
+ 6-615 
+ 4.599 
+ 5 , 5 1 0  

+ 5.809 
+ 5.421 
+ 6,972 
+ 7'471 
+ 14.964 

+ 4'520 
+ 5.849 

0h8c"ved 
elerntion 

( + ) 
0.; below (-) 
Iiltlso l'olnl 
( I I I C I I ~  result 

by two 
lorellera) 

feet 
- 3.014 
- 2.322 - 2'1g8 
- 2 ,158  
- 1.720 

- 1'472 - 1.819 
- 0.243 
- 0 .315  
+ 0 .939  

+ 0.179 
+ 0,586 
+ 6.615 
+ 4'598 
+ j . j o 9  

+ 5.808 
+ ~ . J Z I  

+ 6,971 
+ 7.470 
+ 14.965 

+ 4.511) 
+ 5.848 

Dieorepnncy between 
lercllcrs 

(First-Yeeoud lcvcl lc~~) 

D ~ n n m i o  
eorreclion 

ded'rced 
mnrk to  mark 

T o l d  from 
False Point 

foot 
+ 0.001 
+ 0.001 
+ 0.001 
+ o.001 
+ 0.001 

+ 0.001 
+ 0.001 

+ 0.001 

+ 0'001 
f 0'001 

+ 0'001 
+ 0 .001  

0.000 

+ o ' o o ~  
+ o.001 

+ o.001 
+ 0'001 
+ 0.001 
+ 0.001 
- 0'001 

+ 0.001 
+ 0-001 

F ; ~ , , ~ '  
( = d)  

foot 
+ 0-015  
- 0.017 
+ 0'00.3 
+ 0.007 
+ 0.006 

- 0,011 

- 0.003 
- 0.001 
- 0.006 
- 0 .00 j  

+ 0 '010  
+ 0 ,006  

0-000 

- o . o o j  
- o .o r5  

- 0.006 
+ 0.002 

0-000 
+ 0.00.3 
- 0.011 

- 0.001 
+ 0-003 

Totnl from 
Fslse Point 

foal + 0.015 
- 0.002 
+ 0.001 
+ 0'008 
+ 0.014 

+ o'oo,? 
0.000 

- 0 , 0 0 1  
- 0.007 
- O ' O S Z  

- 0.002 
+ 0,004 
+ 0.004 
- o . o o l  
- 0'016 

- o . 0 2 ~  - 0 . 0 ~ 0  

- 0.020 - 0 . 0 1 7  
- 0.028 

- 0.029 
- 0.026 





LEVELLING OPERATIONS. 

Line No. 43. Karachi to Tatta.-(Continued). 

Difference of dynamic height, Karachi to Tatta = + 29.824 feet. 

Length of line in miles = M = 67.65. Cd2 = 00.12901. 
- 

Probable error of the mean result per mile of double-levelling = 0 . 6 1 4 5 2 / %  = + OW-ti  

Prohal,le error of the dieerence of elevation between the terminal bench-marks = O674 I  2/=? = i 00383. 4 

~~~~f~~~ 
nbove ( + ) 

or ~ r ~ o , l ,  ( _ )  
ICnrnc111 

(n~enn result 
b ~ .  two 
lwvullers~ 

.- 

feet 
+ 1;'191 
+ 16.2,qj 
+ 17.260 
+ 18.860 
+ 18.035 

+ 62.383 
+ 21.401 
+ ~g'Rz.1 

Beucl~~marka 

F r o  1 To 

* Ueuch-mark No. 64 ie t h e  mark a t  Tat ta  described on pogc la6. 

Distance 
from 

Knrncl~i  

miles 
60',37 
61.32 
61.28 
63.21 
64'17 

65.16 
6 7 ' w  
67-65 

66 
67 
58  
59 
GO 

61 
61 
63 

:::::", 
decllicod from 
I,lark to 

Totnl horn 
Karnchi 

foot 
+ 0'001 
+ 0.001 
+ 0'001 
+ 0 .001  

+ 0.001 

+ 0.003 
+ 0.001 
+ 0'001 

67 
68  
59 
60 
61 

62 
63 
64s 

D ~ n n l " i c  
h c ~ g l ~ t  

nboro ( + )  
or below ( - )  

K"nclli 

- 

feet 
+ 15.192 
+ 16.236 
+ 17.261 
+ 18.861 
+ 1R.oj6 

+ 62.380 
+ z1.402 
+ 29,824 

Discrepnncy botweeu 
lorellors 

(First-Yecolld lovelier) 

From mark 
to 

( = a )  

fool 
- 0 ' 0 1 1  

+ 0'015 
- 0'00.3 
+ 0.007 
+ 0.008 

+ 0 ,003  - 0 ' 0 1 7  
+ 0.001 

Totnl from 
Knrnchi 

foot 
+ 0.015 
+ o.o.30 
+ 0.027 
+ 0.0.34 + 0.042 

+ 0.045 
+ 0.028 
+ 0-029 



RESULT9 OBTAINED FHOM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 44. Navanar to Sujawal. 

I I I I 
1)ynnmic 
correction 

d e d ~ ~ c e d  from 
murk to ninrk 

Total from 
Kavanar 

foot 
0'000 

- 0 ' 0 0 2  

- 0'00.3 
- O ' O O i  

- 0.006 

- 0.009 
- 0'010 
- 0.01.3 - 0.015 
- 0 ,014  

Distance 
Iron1 

N nvnner 

Dynnrnic 
hetght 

nbove ( +)  
orbelow (-) 

Navnnur 

feet 
+ 1'29.3 
+ 24'95.4 
+ 30'912 
+ ~ i ' 4 8 . 3  
+ 74.283 

+ 117.88.3 
+ 1:4'990 
+ I jO'l00 
+ 195'5.;8 
+ 188.268 

+ 2'9'543 
+ 2.39'076 
+ 450'2.55 
+ 4j; '~X(l  
+ 4.3.3'210 

+ 411'3R9 
+ 4?9 '73 i  
+ SI2.5S9 
+ 4')').108 
+ 56.4.0.3; 

+ fil0.088 
+ j o i z h ;  
+ i6a .698  
+ jOO.jl4 
+ 413.316 

Fro113 n~nrlr 
(rncan result 

to n,l,rk 'Totnl from by 1.wo 
Nuvnnur levellers) 

( = d )  

Dincrepnncy botween 
levellers 

(First-Sccot~d leveller) 

- 

miles font 
5 . 6 2  - o . o . ? ~  
9 '43 + 0,025 
9.04 0'000 

I l ' 2 j  - 0'001 

12.70 - 0'007 

~ ~ : ~ ~ Y ~ ~  
above ( + ) 

or below (-) 
Ir'nvunar 

foot fret 
- 00.38 + 1.29.4 - 0'01.3 + 24.955 - o'ol.3 + .{o'grs 
- 0 .014  + 5,;'5H8 
- O ' O Z L  + 74'289 

I I 
* Bcnch-mcuk No. 1 is thc mark fit Navanar described on page 185. 



LEVELLING OPERATIONS. 

Line No. 44. Navanar to Sujawa1.-(Continued). 

Difference of dynamic height, Navanar to Sujawal = f 19.113 feet. 

Length of line in miles = M = 208.50. f 8 = 0.034346. 
- 

Probable error of the mean result per mile of double-levelling = O . B 7 4 5 l / Z  = 0.0043. 

J'" 
Probable error of the difference of elevation between the terminal beoch-mark3 = 0,6745 = 5 0'0625. 

Distnnee 
from 

Narenor 

miles 
I 2 O . j O  

124.49 
142.01 
142'02 
163.89 

6 3  
I ~ . z ' H I )  
186.51 
18Y.lo 
188 '5 j  

189.52 
189.6.3 
192'47 
193.27 
195'97 

196.01 
1 ~ 7 . 4 1  
198'42 
200.51 
201'59 

2oz ' jo  
20.3'81 
205.26 
206.01 
206.7j 

207.04 
208.50 

Beneh-msrlrs 

From I To 

Benoh-mark No. 88 ia t h e  mark rt Sujewal deecribed on page 136. 

Discrepnory between 
levellers 

(Birst-Second leveller) 

61 
6'2 
63 
64 
66 

66 
67 
ti8 
69 
i 0  

71 
72 
73 
74 
75 

76 
77 
7 8  
79 
80  

81 
82 
8 3  
84  
85 

86  
87 

Observed 
elevution 

nbovO (+) 
or hclorv (-) 

Navnntrr 
(mean result 

by two 
Icvellers) 

fed 
+ .38.198 
+ 2;.130 - 0.682 
- 0.433 
- 4.038 

- I 

+ 12.685 
+ 8'7.35 + 11'481 
+ 7 ' 5 6 j  

+ j.9C3 
+ 11'385 
+ 10.258 
+ 10,744 
+ 11.178 

+ 11.g69 
+ 11'329 
+ 12';93 
+ 16.105 
+ 14.173 

+ zl.215 
+ ,8.046 
+ 23.768 
+ 2.3'999 
+ 2 2 . 2 ~ 3  

+ 16.218 
+ 19.130 

Fronl murk 
to 

( = d )  

foot 
+ 0'00.3 - 0'008 
- 0.007 
+ 0'002 
+ 0,007 

+ 0'05.3 
+ 0'032 
+ 0.010 

- 0 '003  
+ 0 . 0 1 2  

- 0'011 
- 0.00.3 
- 0'007 
+ 0.005 
+ 0.016 

+ o'ooa 
- 0'001 

- 0,007 
+ 0 . 0 1 2  

- 0.010 

- 0.009 
+ 0.009 
+ 0.017 
- 0,005 
+ 0.007 

- 0.005 
- 0.008 

62 
63 
6 
65 
66 

67 
G8 
69 
70  
71 

72 
73 
74 
75  
76 

77 
78 
79 
80 
81  

82 
83 
84 
85 
8G 

87 
W* 

Totnl from 
Nuvnnar 

fool 
+ 0'0.34 
+ 0.026 
+ 0'019 
+ 0'021 
+ 0.028 

+ 0.081 
+ 0 .113  
+ 0.123 
+ 0 ' 1 2 0  

+ 0.132 

+ 0'121 
+ 0.118 
+ 0 . 1 1 1  

+ 0.116 
+ 0'132 

+ 0'134 
+ 0'153 
+ 0.126 
+ 0.1.78 
+ 0.128 

+ 0'119 
+ 0.128 
+ 0'145 
+ 0.140 
+ 0.147 

+ 0.1.12 
+ 0.134 

i 

correction 
deduced from 
1nark tomark 

Totnl from 
fiuvnnar 

fan! 
- 0.017 
- 0.017 - 0.017 
- 0,017 
- 0.017 

- 0.017 - 0.017 
- 0.017 
- 0 ,017  
- 0.017 

- 0.01, 

- 0.017 
- 0'017 
- 0.017 
- 0.017 

- 0.017 
- 0.017 
- 0.017 
- 0.017 
- o . 0 1 7  

- 0.017 
- 0.017 
- 0.017 
- 0.017 - 0.017 

- 0.017 
- 0'017 

Dynnmic 
Ileight 

nbore (+)  
or below (-) 

N a ~ n n a r  

fret 
+ 38.181 
+ r7.113 - 0.699 
- o.450 
- 4'055 

- 
+ 12.(68 
+ 8 . 7 1 8  
+ 11.464 
+ 7.54g 

+ 7.94f, 
+ 11.368 
+ 10.241 
+ 10.727 
+ 11.161 

+ 1 l . 9 ; ~  
+ t1 .312 
+ 12.776 
+ 16,088 
+ 14.156 

+ 21.198 
+ 1 8 . 0 ~ 9  
+ 23'751 
+ 2.3'982 
+ 22.276 

+ 16.201 
+ 19'113 



mSULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 45. Tatta to Sujawal. 

Difference of dynamic height, Tatta to Sujawal = - 10.036 feet. 
Length of line in miles = M = 21.10. x d 9  = 0.002002. 

Probable error of the mean result per mile of double-levelling = 0.6745 

n ~ ~ , $ c  
above ( +  ) 

or below ( - )  
"ltn 

.- 

feet 
- 8.422 
+ 31.562 
+ 27.165 - I -086 
+ 1 . 6 j 6  

- 4.963 - 2.872 
- 7'519 - 2.690 
- 2.346 

- 5.158 
- 4.975 
+ 0'935 - 1O..Z29 
- 10.483 

- 10.036 

- 
Probable ermr of the difference of elevation between the terminal bench-marks = 0.6745 1 / % 1  = 0.0151. 

. .-. 

* Hcncll.lnnrk No. 1 is the msrk a t  TnlLo described on psge 136, t Benoh-mark No. 17 is the msrk at Bujawd described on pnge 136. 

aborc ( + ) 
or below (-) 

l 'alla 
(meun rcsull 

by two 
levellera) 

-. 

feet - 8.422 
+ 31- jho 
+ 27.16.3 - 1'087 
+ 1 . h 5 j  

- 4.964 - 2.87.3 - i . j 2 0  - 2.691 
- 2 . 7  

- j . l j g  - 4.976 
+ 0.934 
- 10',3,3o 
- 1o.qR4 

- 10.037 

2:~::~ 
deduced lrom 
n,,,rb 

Tolal from 
Tatts  

- 

foot 
0'000 

+ o.002 
+ 0 .002  

+ 0 .001  
+ 0.001 

+ 0.001 
+ 0.001 
+ 0.001 

+ o.oor 
+ o.ool  

+ o.001 
+ 0.001 

+ 0.001 

+ o ' o o ~  
+ o.001 

+ o.001 

Dietance 
from 

' Tntlo 

miles 
0.55 
2.49 
3 . ro  
3'38 
4.98 

5 .12  
6.75 
7.00 
7'9.3 

10.62 

11.68 
lr..?r 
12.99 
16-88 
21.09 

Discrepancy betweell 
level lcrs 

(First-Second lereller) 

lnnrk Tolal from 
to n'nrk TLLI.LO 

( = a )  L 

- 
~enoh.rnark8 

L o r n  1 
foot 

- 0.001 
+ 0-017 - 0.006 - 0'009 
- 0.008 

0.000 
+ 0.01.3 - 0'001 
- o.ooz 
- o.012 

+ 0.015 
- 0.005 - 0'001 

- 0.001 
+ 0.031 

0.000 

-- 

2 
3 
4 
5 

G 
7 
8 
9 

1 0  

1 1  
12 
13 
14 
15 

fool - 0.001 
+ 0 .016  
+ o.olo 
+ 0'001 - 0.007 

- 0.007 
+ 0.006 
+ 0'005 
+ 0'00.3 
+ 0.009 

+ 0.006 
+ 0.001 

0 -000  
- o . o o ~  
+ 0.030 

+ o ' o j o  

2 
3 
4 
5 
G 

7 
8 
9 

1 0  
11 

12 
13 
14 
16 
16 



LEVELIaING OPERATIONS. 

Line No. 46. Navanar to Shikarpur (Cutch). 

Difference of dynamic height, Navanar to Shikarpur = + 44,021 feet. 

Length of line in miles = M = 87.49. Sde = 0.006047. 
- 

Probable error of the mean result per mile of double-kvelling = 0.6145 2/$ = ? 0.0028 
- 

Prohnble error of the diffe.renae of elevation between the terminal bench-marks = 0.6145 d$f = f O,026?.  

Distance 
from 

Xavnnnr 

miles 
5.53 
9 '18 
9 '39  

14'54 
19'45 

24'42 
27.5; 
30 .41  
38.68 
38'79 

41.99 
43.88 
46.79 
52.91 
64 '48 

72'36 
75.72 
19.53 
R 3 . 6 9  
87.49 

Bsnoh-marks 

. -. 

* Bench . s s rk  No. 1 in t h e  mark s t  Narmnsr described on psge 186, t Dench-msrk No. 21 is t he  mark a t  Bhikarpur described on P V r  1% 

D i s c r e ~ n l l c ~  betaoeu 
lcvrllers 

(rirst - ~r,.olld leveller) 

From 

I* 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
1 2  
13 
14  
15 

16 ' 

17 
1 8  
19 
20 

Observed 

above ( + 
or below ( -  ) 

N n r u ~ ~ a r  
(111eun rea~llt 

by two 
luvellora) 

feet 
+ 1.378 
+ 25.016 
+ 30 1);8 
+ 84.122 
+ 124.520 

+ l g j . 451  
+ 187.974 
+ 186.252 
+ 193.619 
+ I g j ' 1 2 j  

+ I % O . ~ ) O I  

+ 101.768 
+ 79.701 
+ 70.385 + 129.031 

+ 58'713 
+ 50'821 
+ 105.443 
+ 73'371 
+ 44'026 

FVOIII ~nnrk  
to m n r k  

( = d l  

foot 
- 0.023 
+ 0'028 
+ 0'005 
+ 0'021 
- 0'009 

+ 0 '009  
+ 0.0.30 - 0.005 
+ 0.025 
- 0.004 

- 0.006 
- o'ooq 
- 0'014 
+ 0 .019  - 0'0.31 

+ o ' o z ~  
- o 002  - 0'017 
- 0.021 

0-000 

To 

2 
3 
4 
6 
G 

7 
8 
9 

10 
11 

12 
13 
1~ 
15 
16 

17 
18 
19 
20 
2 l t  

Total f r o s ~  
Reranor  

fool 
- 0.023 
+ o , o o j  
+ 0'010 

+ 0 ' 0 . 4 1  

+ 0 ' 0 2 2  

+ 0.031 
+ 0.061 
+ 0.056 
+ o.081 
+ 0'077 

+ 0.071 
+ 0'062 
+ 0.048 
+ 0,067 
+ 0.036 

+ 0.057 
+ 0'055 
+ 0'0.38 
+ 0'01; 
+ 0'017 

Dynamic 
correclion 

deduced front 
llrnrk to u~urk 

T o ~ o l  from 
Novsaur 

foot 
0.000 

- 0 . 0 0 2  

- 0 .00 .~  
- 0'007 
- 0.010 

- 0'015 - 0.014 
- 0 . 0 1 ~  

- 0,014 
- 0'014 

- 0.010 

- o.009 
- 0.008 
- 0-007 - 0 . 0 1 0  

- 0.006 - 0.006 
- 0'009 - 0'00; 

- 0.005 

D ~ n n m i c  
' ' ~ ~ ~ l l t  

ubore ( + )  
or below ( - )  

'avnnar 

ffrt 
+ 1.~378 
+ 2j .014 
+ ,30.gi5 
+ 84.115 
+ 114.510 

+ 195,436 
+ 1R7.960 
+ 1R6.238 
+ 1g3.6oj 
+ Igj.111 

+ 120.891 
+ 1ot.j;9 
+ 79 
+ jo.j;8 
+ 129.021 

+ $3.707 
+ 50.815 
+ 105.434 
+ 73.364 + 44.021 



RESULTS OBTAINED FROM SIMULTANEOUB DOUBLE-LEVELLLNQ, 

Line No. 47. Shikarpur (Cutch) to Jorya. 

Difference o f  dynamic height, Shikarpur  t o  Jorya = - 34.573 feet. 
Length of line in miles = M = 74.83. Cd2 = 0.015897. 

- 

Probable error of the mean result per mile of double-levelling = 0.6745 2/2 = & 0.0019. 

D~::$F 
sbovo ( + ) 

or below(-) 
Bhiksrpur 

jeet - 36.042 
- 44.817 
- 44'5i7 
- 39.648 - 22'519 

- 9'499 
- 15'112 
- 36.467 
+ 0.321 
- 24';;6 

- 27.732 
- 44'552 
- 44'155 
- 44.67; 
- 39.187 

- 40.175 
- 39'454 - 34'573 

- 
I1robablr error of the dibrence of elevation between the terminal bench-marks = 0.6745 d y  = 0.0425, 

be,d,"e",:Fn 
deduced From 

tomark 

Total lrom 
Sliikarpur 

foot 
+ 0.002 
+ 0.002 
+ 0'002 
+ 0.002 
+ 0'001 

0'000 
0'000 

+ 0.002 
- 0'001 
+ o.001 

+ 0'001 
+ o ~ o o r  
+ 0'002 
+ 0.002 

+ o.ooz 

+ 0.001 
+ o'ooz 
+ 0'001 

* BeotL.rnark No. 1 b the mark at Bhikarpur described on page 135. t Bench.merk No. 19 ie the mark a t  Jorya described on pngo 134. 

Distance 
from 

Shiksrpw 

mikr 
8.7.1 
5 
7'67 

1 0 . j ~  
12'94 

10.88 
25.96 
30.85 
40.21 
44.82 

46.35 
5 9 ' 1 j  
59'21 
59.59 
63.91 

67.1j 
70.81 
74'83 

~ench.mark8 

Lom / To 

~~~~~~~ 
above ( + ) 

Or (-1 
Shiharpur 

(mean result 
by two 

levellers) 

ject 
- 36.044 
- 44.819 
- 44'559 
- 39'650 - 21'520 

- 9'499 
- 15 '112 
- 36.469 
+ 0.322 
- 24.777 

- 27'733 
- 44.554 
- 44'157 - 44'679 
- 39.289 

- 40'177 
- 39.456 
- 34'575 

Discrepancy between 
levellers 

(First- 0eeond leveller) 

1' 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
16 

16 
17 
18 

- 
Fpm:gk 

( = d )  

foot - 0.006 
+ 0.005 
+ 0'001 - 0 . 0 0 ~  - O ' O I j  

- 0.041 
+ 0.006 
- 0.010 
- 0'014 
- 0,016 

- 0'002 
+ 0'102 
- 0'031 
+ 0'013 
+ 0.017 

+ 0.008 
- 0.031 
- 0.003 

2 
3 
4 
6 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
1G 

17 
18 
19t 

Total from 
Slirhsrpur 

foot - 0.003 
+ 0 . 0 0 ~  
+ 0'003 
+ 0.001 
- 0'014 

- 0.056 
- 0.050 
- 0'060 
- 0'074 
- 0.100 

- o'loa 
o,ooo 

- 0'031 - 0.018 
- o.001 

+ 0.007 
- 0'024 
- 0.027 



1;EVELLIKG OPERATIONS. 

Line No. 48. Jorya t o  Rajkot. 

Difference of dynamic height, Jorya to Rajkot = + 385.715 feet. 
Length of line in miles = M = 43.40. xd? = 0.004544. 

- -- 

Probable error of the mean result per mile of double-levelling = 0.6715 2/:: = - + 0.0034 

I1oigllt 
nbovo ( +  ) 

or below ( - )  
J o r ~ a  

fed  
+ 11.23b 
+ zj.61)1 
+ 19.277 + 60.1,~6 
+ 174'697 

+ 2;;.339 
+ 18 ; ' 1~8  
+ ~ z l . q z o  
+ 144.686 
+ 317.9.14 

+ 319.204 
+ 300',108 
+ 385'715 

F'robable error of the difference of elevation between the  terminal beuch-marks = 0.6745 4 - 
.- 

* Bench-urL No. 1 is the nut at Jorys described on page 134. t Cench-mark No. 14 is the mnrk at ILGjkot described ou P:c13;. 

Benoh.muL8 

From ( T o  

l* 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 

=ietanee 
from 
Jorya 

milea 
1.86 
3 '81  
6 .28  

11 .88  
18 .15  

aa.oo 
27 '19 
30.13 
32.52 
34.96 

3; .6 j  
1 

43.40 

2 
3 
4 
6 
6 

7 
8 
9 

10 
11 

I2 
13 
14+ 

:::z:: 
n b o v ~  ( +  ) 

or below (-) 
Jorga 

(meun result 
by two 

levollors) 

feel 
+ 11.137 
+ 24'693 
+ 29.179 
+ 60.241 
+ I 

+ 2,;3.36.1 
+ 1 8 5 ' 1 i j  
+ Z Z I ' ~ J I  

+ 24J ' i IO 
+ ,317,966 

+ 319'2.36 
+ jgo'gqR 
+ ~ U j . 7 5 4  

z:z!& 
deduced from 
nlarktomarb 

Total from 
Joryo 

foot 
- 0'001 
- 0'001 
- 0 . 0 0 ~  
- 0.00; 

- 0'017 

- o . o z j  
- 0'017 
- 0.011 

- 0.024 
- 0.032 

- o.o.3~ 
- 0.040 
- 0'039 

Discrepsnoy between ' 
levellers 

( ~ ~ ~ t - p , ~ ~ ~ ~ , j  leveller) 

nlnrk 
murk 

( = d )  

foot 
+ 0 . 0 2 0  

- 0.011 - 0.015 
- 0.001 

- 0.003 

+ 0.015 
- 0 '019  
+ 0,026 
- 0'042 
+ 0 . ~ 0 6  

+ 0 . 0 1 0  
- 0 .02 ;  

+ 0.001 

Total from 
Joryo 

foot I 
+ 0 - 0 2 0  

+ 0 .009  
- o.oob 
- 0.007 - o.010 

+ 0.005 
- 0.014 
+ o . 0 1 ~  - o.o,;o 
- 0.024 

- 0 . 0 1 4  
- 0'0.39 
- 0.0.35 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 49. Rajkot to Viramgam. 

Difference of dynamic height, Rajkot to Viramgam = - 315.256 feet. 

Length of line in miles = M = 105.15. C d L  00.14337. 

P- Yrl~lrrhk W K I ~  ot the m n o  result per mile of bublc lere l l ing = O.Bi l5  Ja = + 0-0039. 

q 3  hol)dllp error of the diEercoce of elevation betreen the terminal bench-mark. = 0.6745 d y  = k 0 O-kOI. 

Dynamic 
eorrrrl,on 

dcdured (ran) 
nrarkto llrark 

'lbLal from 
Rojkot 

moot + 0.003 
+ 0'003 - 0.006 
- 0.008 
- 0.01 j 

- 0 '014  
- 0.001) 
- 0 .316  - 0 , 0 2 3  - 0.028 

- 0 ' 0 2 ;  

- 0.0.30 - 0.024 
- 0.024 
- o 023 

- 0.015 - 0.009 
- o .oor  

0 ~ 0 0 0  
+ 0'00.3 

+ o-ooq 
+ o . 0 1 2  
+ 0 .012  
+ o.ot.3 
+ 0 ,015  

+ 0 .016  
+ 0 . 0 1 ;  

+ o . o ~ g  
+ 0 ' 0 1 9  
+ 0.020 

+ 0 . 0 2 2  

+ 0.024 
+ o . o z +  
+ 0 . 0 2 ;  

+ 0.026 

+ o . 0 2 j  
+ 0.025 
+ 0.014 
+ o 02.3 

Observed 
clevlltion 

above ( + ) 
orbelow (-) 

Rajkot 
(mean result 

by Lwo 
levellers) 

fcet 
- 25.4h6 
- z j . 2 ~ 3  
+ 55'6.35 
+ 70'0.45 
+ 1.3z.061 

+ 122'224 
+ 76-2.3.3 
+ 141.495 
+ 202.482 
+ 251.15; 

+ 2,38'409 
+ ~ 6 2 . 6 3 1  
+ t ~ ~ . o H R  
+ 1t)8 930 
+ 19+.,3;8 

+ 1 1 l . z R 8  
+ jo.OHj 
- j , i . ~ o i  
- 44 .713  - -- .  , 3  42,; 

- 139.580 
- 4 6  
- I ;  

- lug R4t 
- 211.141 

- 22g.6.3.3 
- 242.022 
- zO+-80; 
- 16H..;.34 
- 281.985 

- 303.;;6 
- 3 a g . j ; ~  
- 3 2 7 1 1 9  
- 3,34.;.:2 
- j ;~ .c)oz 

- 336,895 
- ,~ ,~O.gR6 - 2 6 2  
- 315.279 

\ 
- * 

No. 1 la the mark at Rejkot dcscribed on p q e  195. ) Bench-mark No. Ul iie the mark a t  V i r m g e m  described on p . ~  1:ifi. 

n{:t~f 
ni,ove ( +  ) 

orbclaw (-) 
RajLOt 

feel 
- 15.463 
- 25'2.1; 
+ 55'629 
+ 70'0.37 
+ 132.046 

+ 122'210 
+ 76.224 
+ 1 4 l . J j 9  
+ 202'459 
+ 2j1.129 

+ 2.38.3R2 
+ 2 6 2 - ~ I O I  
+ 199'064 
+ 198'906 
+ 194'355 

+ I 11'2;3 
+ 50.h;b 
- 35'108 
- J J ' ; I ~  - - - .  1.3 420 

- 139.571 
- 1 ; 4 ' j j j  - 172'220 
- 1Rg.818 
- 212.127 

- 229.617 
- 242.005 
- +64';86 
- 26R.g1j  
- 2111'965 

- ,303'554 
- 329.729 
- . p ; . og j  
- ,334.50; 
- 3j1.876 

- 3.36.R;o 
- j j 6 . 5 6 ,  
- .32.+.gjB 
- 3 1 5 . ~ 5 6  

frokn 
Rajkot 

milea 
0.40 
0.55 
q..34 
5.07 
9 .99  

10.88 
14.93 
18.27 
21.26 
24.24 

28.79 
29.45 
3 1 . 5 8  
3.3'4; 
3.3.60 

37.95 
42.0; 
50.26 
g z . l j  
56.33 

61.13 
65.72 
65.77 
68.48 
7.3'01 

74,;s 
jb .46 
2 ;  

i 9 .30  
8 1 . 4 1  

84.14 
fih.;o 
86.81 
Xi.Ul 
9 1 ' 6 j  

95.,12 
9,5',74 
q8.93 

1 o j . 1 j  

D iec repanc~  bemeen 
levellers ~ench.marks 

Prom I TO 

(First-Second 

F;:yn~,"k'k 
( = d )  

foot - 0.006 
+ 0.001 
+ 0.026 
+ o,oo,? 
+ 0.036 

- 0'008 
- 0 . 0 2 0  

- 0.015 
+ 0.025 - 0.004 

+ 0 . 0 2 0  - o . o o ~  
+ 0.003 
- 0'021 
+ o.oo+ 

- 0.046 
+ 0.009 
+ 0.040 
+ 0.0.12 
+ 0.005 

- o . o o ~  
- 0.02,) 
+ 0.006 
- 0.007 
+ 0 . 0 1 0  

- o.011 
+ 0 . 0 1 ;  
- 0,026 
+ 0,001 

- 0,024 

+ 0 . 0 1 2  

- o . o ~ g  
+ 0 .001  
+ 0.021 
- 0 . 0 2 ~  

+ 0.004 .- 0.005 
- 0.033 
+ o .oo j  

1* 
2 
3 
q 
6 

6 
7 
8 
9 
10 

11 
12 
13 
14 
I5 

16 
17 
18 
10 
20 

21 
22 
23 
24 
25 

26 
27 
213 
29 
30 

31 
32 
33 
34 
35 

37 
38 
39 

leveller) 

ToLal from 
Rnjkot 

f w d  - 0.006 
- 0.005 
+ 0 .021  
+ 0.024 
+ 0.060 

+ 0'052 
+ 0.032 
+ 0.017 
+ 0'042 
+ 0.0.38 

+ 0.058 
+ o .o j7  
+ 0.060 
+ 0'0,qq 
+ o . o q j  

- 0'003 
+ 0.006 
+ 0.046 
+ o.o;R 
+ 0.083 

+ 0.082 
+ 0.053 
+ 0.059 
+ 0.052 
+ o.oO2 

+ o ' o ; ~  
+ o.oh8 
+ 0.042 
+ o . 0 4 , ~  
+ 0.019 

+ o.o.31 
+ 0 . 0 1 2  

+ 0 .013  
+ O.O.,., 
+ 0 .012  

+ 0 .016  
+ 0 . 0 1 1  - 0 . 0 2 ~  
- 0 .017  

2 
3 
4 
5 
6 

7 
8 
9 
10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28 
20 
30 
31 

32 
33 
4 
3.5 
36 

37 
38 
39 
QOt 



LEVELLING OPERATIONS. 

Line No. 50. Shikarpur (Cutch) to Viramgam. 

Difference of dynamic height, Shi karpur to Viramgam = + 35.366 feet. 

Length of line in miles = M = 127.63. f,d9 = 0.043551. 

p - + ,,-c",62. Probable error oE the mean result per mile of double-levelling = 0.6745 - - 

Probable error of the difference of elevation between the terminal bench-marks = 0.6145 2/7 = k '070' 

Distance 
from 

Bhiharpur 

rnilea 
12 '99  
I2.ol  
23'09 
25'43 
29.41 

31 '64 
34 '31 
,36'29 
99.06 
48.84 

62.38 
7.3'34 
86.R1 
98 '84  

109.94 

110'40 
110.63 
110.90 
111.31 
111.61 

112.77 
114.2.3 
115.50 
u 5 ' ; 4  
117.54 

1 1 9 . ~ 0  
119.32 
1zo.oj  
120.71 
I 

122'15 
122'76 
123'33 
12.3'80 
124.82 

125.61 
127.63 

Baoch-marks 

I r o n  I To 

-- 

* B e n c h - ~ a r k  NO. 1 in t he  mark at Shikarptu dmcnbed  on page ' a ~ .  + ~ ~ ~ ~ h . ~ ~ ~ k  N ~ .  a~ la (he mark a~ Ylramgnm daerlbcd 0" Pa[' 13' 

Diecrcpnncy between 
lurellers 

(pirst- second leveller) 

I* 
2 
3 
4 
6 

6 
7 
8 
1) 

10 

11 
l 3  
13 
14 
15 

16 
17 
18 
11) 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

3G 
37 

Observed 
elerntion 
above ( + ) 

or below (-) 
Sl~ikarpor  

(mea~i  result 
by two 

lerellors) 

feel 
+ 2.3.jrg 
+ 35.952 
+ 34.954 
+ 67,035 
+ 57.536 

+ 18.263 
- 39.485 
- 35'947 + ,3.oz8 
+ 15.001 

- 18.040 
+ lO.007 
+ 13.912 
+ 1 0 ~ 2 2 0  
- 9,612 

- 11.718 - 10.740 
- 10.006 
- 8.30.3 
- 7.207 

- 4.674 
- 0'244 
+ 3 . 3 1 5  
+ 4.284 
+ 17.761 

+ 1r),;68 
+ 23.851 
+ 23.832 
+ 25.491 
+ 28.274 

+ 29'724 
+ 32 ,911  
+ 33'772 
+ 34'2.37 
+ 36.31j  

+ 37.969 
+ 35.36s 

F~.oni lnnrk 
to ninrk 

( = d )  

foot 
' o.oRo 
- 0.08.3 - 0.006 
+ 0'001 
+ 0.031 

+ o.007. 
+ o . o r j  
- 0 . 0 0 3  
- 0 , 0 1 1  
- 0.089 

- o . o h ~  
+ O ' O l i  

+ 0.078 
- o . o R ~  
+ 0.048 

- 0.009 
0.000 

- o.002 
+ 0.011 

- 0 . 0 1 ~  

+ 0.016 
+ 0.014 
- 0 . 0 1 ~  

- o,o0,3 
+ 0.004 

+ 0.007 
- 0.002 
- 0.006 
- 0 . 0 1 ~  

- 0.003 

+ 0.00.3 
- o . o ~ ,  
+ 0'001 
+ 0.005 
- 0.004 

+ 0.006 
- 0.006 

2 
3 
4 
5 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18  
19 
20 
21 

22 
23 
21  
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
35 
36 

37 
38t 

from 
Bhikarpur 

foot 
+ 0.080 
- o.co.3 - 0.009 - 0.008 
+ 0.023 

+ 0.025 
+ 0.050 
+ 0'047 
+ 0.036 
- 0,053 

- 0.114 - 0'097 
- 0.019 - 0.100 
- o .o j2  

- 0.061 - 0.061 
- 0,063 
- 0.052 
- 0.064 

- 0.048 - 0'034 - 0,046 
- 0,049 - 0 .04 j  

- 0.0.78 
- 0.040 
- 0.046 - o . 0 ~ 8  
- 0.061 

- 0'058 
- 0 . 0 7 5  - 0,074 - 0.069 - 0.073 

- 0.067 - 0.073 

D ~ n a n l i c  
correction 

deduced from 
mark Lo mark 

ToLnl from 
Sbikarpur 

foot 
- 0.001 
- 0.001 
- 0.001 

- 0.001 
- 0.002 

- 0.001 
+ 0.001 
+ 0.C01 

0.000 
0.000 

+ o.oor 
0.000 
0.000 
0'000 

+ 0.001 

+ 0.001 

+ 0'001 
+ 0.001 
+ 0.001 
+ 0 .001  

+ 0.001 

+ 0'001 
+ 0'001 

+ 0'001 
0.000 

0.000 
0.000 
0.000 
0,000 
o,ooo 

0.000 
o.ooo 
0'000 
0.000 
0,000 

0.000 
0.000 

n ~ n a m i c  
haighL 

nboro (+)  
or belam ( - )  

s h l k a r ~ w  

feet 
+ ~ 3 . 5 ~ 8  
+ 35.9s1 
+ 34.953 
+ 6 7 . 0 3 ~  
+ ~ 7 . 5 ~ ~  

+ 18.162 
- 39.4B4 - 35.946 + 3,028 
+ l j .001 

- 18.0.3~ 
+ 10.007 
+ 13.912 
+ 10'220 
- 9.611 

- 11'717 
- 10,739 - 10,ooj 
- 8.302 
- 7'206 

- 4.673 
- 0.243 
+ .3'316 
+ 4.285 
+ 17.761 

+ 19,768 
+ 23.851 
+ 23'832 
+ 2g'.lc)l 
+ 18'274 

+ 29'724 
+ 32'911 
+ 3.3.772 
+ 34'237 
+ 36'.325 

+ .i7'969 
+ 35,365 



BESULTS OBTAINED FROY SIMULTANEOUS DOUBLE-LEVELLINB. 

Line No. 61. Viramgam to Bombay. 

Bcnch-mark No. 1 M the mark st Virsmgnm described on page 136. 

1 

9:p"F 
( + ) 

or below (-) 
viramgnm 

feel 
+ 4'338 
+ 6'759 
+ 12.106 
+ 13'252 
+ 19'823 

+ 20,983 
+ 25'097 
+ 30'360 
+ 44.751 + 45'818 

+ 41..371 
+ 64.815 
+ i0.296 
+ 72.602 
+ 84 .o jo  

+ 91.014 
+ 97.699 
+ 77'803 
+ 85.589 
+ 77'234 

+ 78'140 
+ 45'289 
+ 36'596 
+ 31'368 
+ 32'909 

+ 3+.hg6 + 26.891 
+ 99'429 
+ 25.747 + ~ 1 . 5 6 0  

+ 24.082 
+ az.4.35 
+ 13'328 
+ 1.3.618 
+ 17'526 

+ r 1 . 1 2 5  
+ 29,668 
+ 26.773 
+ 26.850 
+ 31.823 

+ 32.499 
+ 34 '70 j  
+ 35.311 
+ .35.565 
+ 42'572 

+ 43'199 
+ 43.713 
+ 51.365 + 51 .1oo  
+ 47,780 

+ g j .923  
+ 46.802 
+ 47.394 
+ 44.246 
+ 41.175 

+ 33.733 
+ .3.3.065 
+ 1,..3r8 
+ 32.236 
+ 35.535 - 

Dynnmic 
correction 

dsdtlccd from 
mark t,,lnur!, 

Total from 
Viramgam 

p o t  
0.000 
o,ooo 
0.000 

0.000 
0.000 

0.000 
0 '000 
0.000 
0 '001 - 0'001 

- 0.001 
- 0.003 
- 0.003 
- 0.00.3 
- 0.004 

- 0'005 
- 0.006 
- 0.005 
- 0.006 
- 0'005 

- 0'005 
- 0.00.3 
- o'ooz 
- 0.002 - 0'002 

- o'ooz 
- 0.001 
- 0.001 - 0 , 0 0 1  
- 0.001 

- 0'001 - 0.001 

- 0.001 
o.ooo 
0.000 

o 'ooo - 0.001 

- 0.001 - 0.001 
- 0.001 

- 0 . 0 0 2  - 0 ' 0 0 2  - 0.002 - 0.002 
- 0'003 

- 0.003 
- 0.003 - 0.004 - o.004 - o 'ooa  

- 0.005 - 0.004 
- 0 . 0 0 ~  - 0,004 - 0.004 

- 0.003 
- 0.00.3 - 0.001 - 0.003 - 0.00.3 

Observed 
elevation 

above (+ )  
or below ( -  ) 

Virnmgnrn 
(mean result 

by two 
levellern) 

feet 
+ 4.338 
+ 6.759 
+ 12.106 
+ 13'252 
+ 19.823 

+ 20'99.3 
+ 2.5'097 
+ 3 0 ' 3 ~ 0  
+ 4 4 ' 7 5 2 -  
+ 45 .819  

+ 41'.372 
+ 64.818 
+ 70,299 
+ 72.60, 
+ 8 4 ' o j +  

+ g1.019 
+ 97.705 
+ 77.808 
+ 8 j , g g g  
+ 77'139 

+ 78.145 
+ 4j'zc)a 
+ 36'598 
f 31.350 + 32'911 

+ 34.698 
+ 26 892 
+ 29'430 
+ 25.748 
+ 21.561 

+ 24.08.3 
+ 22.436 
+ 23.329 + 1.3.618 
+ 17.526 

+ 21.125 
+ 29.669 
+ 26.774 + 26.851 
+ 31.815 

+ .32'5ol 
+ 34'707 
+ 35.313 
+ .35.567 
+ 41'575 

+ 4,3'202 
+ 43.716 
+ 51.369 
+ 51.1oq 
+ 47.784 

+ 55.928 
+ 46.806 
+ 47.398 
+ q j . z j o  
+ 42.179 

+ 33,736 
+ 33.068 
+ 14.329 
+ 3 ~ 2 3 9  
+ 35.538 

~eoah.rnarka 

From I TO 

Dishnee 
f roul 

Visalugam 

miles 
0 . ~ 8  
I 

5 . 2 9  
7.73 
8.39 

11.82 
1.4.90 
19.00 
22.26 
23.25 

2.3.26 
28-ob 
29.19 
30.49 
3 r .20  

33.81 
36.20 
.37.;6 
38.50 
40.86 

40.96 
48.00 
50.23 
51.45 
51'49 

51-50 
53.;6 
54'97 
57.47 
57'93 

58.51 
58.61 
58.62 
63.68 
65.73 

67.21 
69-65 
69.67 
69.92 
I 

73'94 
75.91 
7 6 . j ~  
76.80 
78.87 

79'40 
80.26 
81.02 
81.04 
81.07 

82.92 
85.07 
85.81 
87.21 
88.02 

90.68 
90.71 
g r ' oo  
94.1.3 
95.71 

10 
2 
3 
4 
6 

6 
7 
8 
g 
10 

11 
12 
13 
14 
16 

16 
17 
18  
19 
20 

21 
22 
23 
24 
26 

26 
27 
28 
29 
30 

81 
32 
33 
34 
36 

86 
37 
38 
39 
40 

41 
42 

4,4 
46 

46 
47 
48 
49 
60 

62 
63 
64 
65 

66 
67 
68 
69 
80 

2 
3 
4 
6 
6 

7 
8 
9 
10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
35 
36 

97 
38 
39 
40 
41 

42 
43 
44 
45 
4G 

47 
48 
49 
50 
61 

62 
63 
64 
55 
66 

67 
68 
59 
60 
6L 

D i s c r e p ~ c ~  between 
lerollers 

(Firat- Second 

- 

F ~ ~ ~ ~ ~ k  
(-4 

fiat + o.011 
+ 0 '010  
- 0 . 0 1 j  

- 0 ' 0 1 1  

+ 0.006 

+ 0 . 0 2 0  

- 0 .013  
+ 0.029 
+ 0,008 
+ 0.011 

- 0,006 
+ 0.006 
- 0.00,~ 
+ o 009 - o.ooz 

- 0'012 
+ o 00.3 
+ o.002 
- o.004 
- 0.019 

- o ' o ~ o  
- 0.046 
+ 0.014 
+ o.oo.\ 

o'ooo 

+ 0.005 - 0 . 0 ~ 2  

+ 0.009 
- 0.002 - 0'001 

o.ooo 
+ 0.003 

0 '000 
+ 0.066 
+ 0.003 

+ 0.009 - 0.015 
+ 0'001 
+ o.004 - 0.013 

- 0.019 - 0'001 

+ 0.004 - 0.008 
- 0.014 

- 0.014 
- 0.00.3 
+ 0.001 
+ o.oor 

0'000 

+ 0,008 
+ 0.001 

+ 0.007 
+ 0 - 0 1 2  

+ 0.007 

- 0.015 
- 0 .001  

+ 0.007 
+ 0.001 - 0.017 

leveller) 

Total from 
Viramgsm 

foot 
+ 0 .011  

+ 0 ' 0 2 1  

+ 0.006 
- O ' O O j  

+ 0.001 

+ 0.021 
+ 0'008 
+ 0'0.37 
+ 0 . 0 ~ 5  
+ 0.056 

+ o . o j o  
+ 0 . 0 ~ 6  
+ 0.0j.3 
+ 0.062 
+ 0.060 

+ 0 . 0 ~ 8  
+ o . o j ~  
+ 0.05.3 
+ 0.049 
+ 0 . 0 j o  

+ 0.020 
- 0,026 
- 0 . 0 1 2  

- 0.009 - o'oog 

- 0.004 
- 0.026 - 0.017 
- 0.019 - o.020 

- 0.020 - 0.017 
- 0.017 
+ 0.049 
+ 0.052 

+ 0.061 
+ 0.046 
+ 0.047 
+ o.051 
+ 0.038 

+ 0.019 
+ 0.018 
+ 0.022 
+ 0.014 

o 'ooo 

- 0.014 
- 0.017 - 0 .016  
- 0.014 - 0,014 

- 0.006 
- 0.005 
-1- 0.002 
+ 0 . 0 1 4  
+ 0,021 

+ 0.006 
+ 0.005 
+ 0.012 

+ o.01.1 - 0.004 



LEVELLING OPERATIONS. 

Line No. 51. Viramgam to Bombay.-(Continued), 

Denoh-mnrks 

h o r n  I To 

~ i ~ b ~ ~ ~  
fronr 

Viremgnm 

miles 
97'19 
97.66 
98.03 
98.44 
99 '39 

101 .04  
102'33 
10.3'09 
103.18 
103.66 

105'14 
106.56 
107,;o 
lOt)'41 
1 1  1 '89 

112 '39 
114.20 
114'34 
114.,47 
r ~ j ' j o  

117'58 
117'j.z 
1 1 8 ' 9 8  
12o,o8 
111.55 

121.,i9 
121'94 
123.75 
125 .8 j  
128'71 

129'21 
130'91 
1.71'06 
I 

133.9; 

1.15'65 
1.77'18 
138'68 
1.q9.2+ 
13y .z j  

139.6j  
142.54 
1 4 4 . 1 6  
145.80 
146.;9 

146.82 
146-90 
1 4 7 . o j  
147 ' ;9  
l j 1 . 3 1  

I s 1  4 1  
152.33 
153.14 
150 4; 
157.80 

I ~ B ' R I  
1;H'Rz 
160.23 
161.37 
161'37 

61 
62 
6 3  
6 4  
65 

66  
57 
68 
69 
70 

71  
72 
73 
74 
75 

76 
77 
78  
79 
8 0  

81 
8 2  
83 
84  
85  

8 6  
87 
8 8  
89 
90 

91 
92 
93  
! 
95 

96  
97 
9 
99 

100 

l o 1  
102 
103 
104 
105 

106 
107 
108 
109 
110 

111 
112 
113 
I I J  
116 

116 
117 
118 
119 
120 

62 
63  
64 
05 
66  

67 
68 
69 
70 
71  

52  
73 
74 
75 
56 

77 
5 8  
79 
80 
8 1  

8 2  
8 3  
8 5  
85  
86 

87 
BY 
8!l 
90 
91 

92  
93 
94 
95 
96 

97 
98 
99 

100 
101 

102 
103 
104 
105 
lUG 

107 
108 
10.1 
110 
111 

112 
113 
1l.L 
110 
111; 

117 
118 
1 1 9  
120 
121 

Discrepancy between Observed 
elernlion 

n b o ~ e  ( + 
or  below (-) 

Virnmgutu 
(rneun reault 

by t,wo 
levellars) 

feet 
+ 36.2.33 
+ 34.912 
+ j r . 9 2 6  
+ .71'.723 
+ 1q.414 

+ 19.703 
+ ~ 4 . 6 0 0  
+ 22  386 
+ a+ .  105 
+ 23.120 

+ 1 8 . 8 ~ 3  
+ 14.021 
+ 6.h40 
- 1'.142 
- 5.857 

- 5.668 
- 2 .917  
- 3.04.3 - I 

- 9 

- l o . 1 4 ~  
- q.873 
- 10.;65 
- 6.415 
- o ' s j 5  

+ 1.983 
- 3.992 - I 

- 5 .312  
- 4.974 

- 4.248 - 10 o j 3  
- 7.948 
- 7',345 
- 16.654 

- 22.015 
- z,<'gBo 
- 2 4 . 9 ~ 9  
- 24.860 
- 25.281 

- 2 0  
- r4.562 
- 25.568 
- ,qo 124 - j6 . ;88 

- 32.100 
- ,76.,368 
- 38.671 
- 4 I 
- 41 021 

- j l . 047  
- .,2.32.1 - 0 2  - 6 
- 4.877 

+ 0.427 
+ 1.709 
+ ,7'b44 
+ 14.981 
+ 15.086 

( ~ i ~ ~ t -  sccoud 

lo  l""rk 
( = d )  

fool 
-.0.008 
- 0.009 
+ 0.004 

0 '000 
+ 0 - 0 1 1  

- 0,006 - 0 . 0 1 0  
- 0.004 
+ o 002 
+ o .oo j  

+ 0 . 0 1 2  

+ 0 ~ 0 0 9  
- 0.004 
- 0.00; 
+ 0'00.3 

+ o.001 
+ 0 .010  

+ 0 '006  
+ 0.004 
+ 0.007 

+ 0.006 
+ 0'004 
+ 0'027 
+ 0.001 
+ o 0 1 1  

+ 0.001 
- 0 . 0 0 ~  
+ 0 . 0 1  4 
+ 0-009  - 0.009 

- 0.001 

+ 0.007 - 0.001 
- 0.006 
- 0.037 

+ 0 ' 0 1 6  
+ 0.014 - 0 - 0 1 4  
+ o 005 
- o.002 

+ 0 . 0 1 0  
+ 0.034 
- o .019  
+ 0.02.3 
+ 0.004 

- 0 . 0 0 1  
- o .001  
+ o.002 
- 0.007 
+ 0.002 

- O ' O O l  

- 0 00.3 
+ 0 . 0 0 ~  

+ 0 . 0 1 1  

+ 0.005 

- 0,007 
+ 0.005 
+ 0 .014  
+ 0-004 

0.000 

levellers 
lereller) 

Tolnl from 
Virnlngnlr~ 

foot 
- 0 - 0 1 2  

- o 0 2 1  - 0.017 - 0.017 
- 0.006 

- 0 . 0 1 2  - 0.022 
- 0-026 - 0,024 
- 0 . 0 1 9  

- 0.007 
+ o .oor  - o 0 0 2  

- 0 .009  
- 0.006 

- 0,005 
+ o . o o j  
+ 0.01 I 

+ 0 . 0 1  5 
+ 0.022 

+ 0.028 
+ 0 ~ 0 , ~ ~  
+ o 059 + 0.060 
+ O.O;I 

+ o.o;r 
+ 0.068 
+ 0.082 
+ 0 - 0 9 1  
+ 0.082 

+ 0 .081  
+ 0.088 
+ 0 087 
+ o 081 
+ 0.044 

+ 0.060 
+ 0,074 
+ 0-060  
+ 0.065 
+ 0.06.1 

+ o.oi,q + 0 .107  
+ o O R *  
+ o I I I  

+ 0.18.j 

+ o 114 
+ o I 1.3 
+ o 11.5 
+ 0 . 1 0 ~  
+ 0.160 

+ 0.108 
+ 0 .105  
+ 0 .107  
+ o . 1 1 8  
+ 0 . 1 2 ~  

+ 0.116 
+ 0 - 1 2 1  

+ 0.1.15 
+ 0.1.39 
+ 0.1.39 

I)Ynanlic 
correrlion 

deduced f r o n ~  
t ~ ~ n r k  to mnrk 

T ~ I ~ ~  frolll 
V i r n n ~ ~ a m  

foot 
- o .oo j  
- o.oo,q 
- 0.00.7 - 0'00.3 - 0.003 

- 0 . 0 0 , ~  - 0 . 0 0 ~  
- 0 .002  

- 0 . 0 0 ~  
- o.ooz 

- 0.002 

- 0.001 
0-000 

+ 0'001 
+ 0.002  

+ o.002 
+ 0.002 
+ 0.002 
+ 0'002 
+ 0.002 

+ o.oo,? 
+ 0 . 0 0 , ~  
+ 0.003 
+ o.ooz 
+ o ' o o ~  

+ 0.001 
+ 0.002 

+ 0.002 
+ o.002 
+ 0 . 0 0 ~  

+ 0.002 
+ 0'00.1 
+ 0,003 
+ o'oo,( 
+ 0.004 

+ 0.005 
+ 0,005 
+ 0.00,; 
+ 0.005 
+ 0.005 

+ 0.005 
+ 0.005 
+ 0.005 
+ 0.006 
+ 0.007 

+ 0.006 
+ 0.007 
+ 0 .00 ;  
+ 0 . 0 1 1  
+ 0'007 

+ 0.00,; 
+ 0 005 
+ 0.005 
+ o.Oo,? 
+ 0 . 0 0 1  

o.000 
o ' m o  
o . o w  

- 0'001 
- o . o o r  

D ~ n n m i o  
11e1611t 

nbove ( + I  
or below (-) 

Vi""lgam 

feet 
+ 36.230 
+ J4.909 
+ 31 .923  
+ 3 1 . ~ 2 ~  
+ 29..,ll 

+ 29.700 
+ 24.598 
+ zz.,q.9, 
+ 2 4 . 1 0 ~  
+ z j .118  

+ 18.891 
+ 1 4 . 0 ~ 0  
+ 6 840 - 1'341 
- 5 . 8 j j  

- 5.666 
- 2.915 
- .7.041 - 3' ; l r  
- 4.963 

- 10.139 
- 9'870 
- lo'i(nz - 6.4 '3  
- o' j54 

+ 1.988 
- 3'990 
- 4'908 
- 5.310 
- 4.971 

- 4.246 - 10'050 
- 7'945 - 7'342 
- 16,650 

- 2Z'olO 
- 23'975 - 14'994 
- 24 855 - zj'"6 

- 25.196 
- 24'55i - ~ 3 . 5 ~ ~ 3  
- . 3 0 ' 1 ~ ~  
- .76-781 

- 32'004 
- 3(' .3h1 
- 38 "4 
- 64.40' 
- 41 '014  

- 3"OJ2 
- .31'3"' - 30"~"  - lh"9' - 4-'7' 

+ 0'417 
+ 1'709 
+ 3.644 
+ '4'979 
+ 1 5 ' 0 ~ 4  



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLINQ. 

Line No. 51. Vi ramgam to Bom bay.-(Continued). 

n ~ ~ ~ ~ ~ c  
above i + )  

or helow (-) 
V1ramgnm 

feet 
- 50.139 
- z9.8.31 
- 34'000 
- .41'115 
- 32'320 

- 31,277 
- 28'758 
- a7.429 - 28'653 
- 35'949 

- 33'934 
- 34'510 
- 33,663 
- 32'242 
- 33'5jZ 

- 36'494 - ,q)'4;9 
- 4 1 . 1 1 9  
- 54.288 
- 45'450 

- 47.587 
- j6 .958 
- 47'980 
- 52.934 
- 48.472 

- 51'4JI  
- 53.532 
- 5.3.1 I I 

- 56.59, - 49.4y6 

- 47'430 
- 50.956 
- 58 8 4 j  
- 66.572 
- 55'308 

- 56.379 
- 3o . jgo  - .qr).g68 - j 6 . 4 1 1  
- 4 j , 9 q ;  

- .qR.jRh 
-- 4.3.22j 
- 4( , .o~,9  
- j z . 1 6 , ~  
- 50.451~ 

- 60 ,)z5 
- h6.;09 
- h1.9;; - 60.1,30 
- 57 . i89  

- 5 ~ . 9 0 4  
- 43.009 
- 4 7  ,,s2 
- ~ j . 8 ~ 7  
- 44.435 

- 4 ~ . R 6 4  
- 46.8,;o - 36.692 
- 3g.;91 - 45.336 

,"::,",~2~ 
deduced from 
n , a r ~ t o  nrsrk 

Tofnl from 
Viramguu~~ 

fool 
+ 0.006 
+ 0.006 
+ 0-00;  
+ 0.006 
+ 0.006 

+ 0.006 
+ o . o o j  
+ o .oo j  
+ 0.005 
+ 0.006 

+ 0.006 
+ 0.006 
+ 0.006 
+ 0.006 
+ O.OO(I 

+ 0.007 
+ 0.007 
+ 0 ' 0 0 8  
+ o o ~ o  
+ o'oo8 

+ 0.008 
+ o OOR 
+ 0.008 
+ 0 009 
+ 0.008 

+ 0'009 
+ 0 . ~ 0 9  
+ 0.009 
+ 0.010 
+ o.oog 

+ 0.009 
+ 0.010 

+ 0 . 0 1 2  

+ 0.014 
+ o ' o ~ r  

+ 0 . 0 1 2  

+ 0,011 

+ 0-009  
+ 0.010 

+ 0 .010  

+ 0.008 
+ 0.009 
+ O . O 1 o  
+ 0.011 
+ 0.011 

+ o . o ~ 3  
+ 0 .014  
+ 0 . 0 1 ~  

+ o . ~ , , ~  
0.013 

+ o.ol,3 
+ Ola 

+ o . o l l  

+ 0 . 0 1 1  
+ 0 .010  

+ 0.01, 

+ o . o l l  

+ 0'009 
+ o.oop 
+ 0 . 0 1 ~  

~ ~ : e u ~ ~ ~ ~  
above ( + ) 

ol.below (-) 
Vil.nmgan~ 

(mean rosult 
hy two 

IeseIIsrs) 

feet 
- .30.lqj 
- 29.837 - J4.007 
- ,31.121 
- 32.gn6 

- ,31'283 
- 28 .76 j  
- z7.4j.t 
- 18.658 
- 3 j ' 9 j j  

- 3.7'940 
- 34'516 
- 33.669 
- g r - 2 4 8  
- 3.3.5j8 

- .36.501 
- 34.466 
- 4 1 . 1 2 7  
- 54.298 
- 45.4jR 

- + ; . s ~ s  - 4 6  
- 4 i .968  
- 52 94; 
- 48.480 

- gl'4,;O - 5.3.;,1 
- 53 1 2 0  

- j h . 6 0 ~  
- 49.jog 

- 47,430 
- 50.966 
- ;8.R57 - Id1.586 
- j j . 3 2 0  

- 6 9 
o 
- 39 977 
- 4 6 , 4 2 1  
- 46.005 

- .38..394 
- 4.tvz.14 
- 46.079 
- 5z.174 
- 50.467 

- 6 0 . 9 ~ 8  - b h ' ; r j  
- (~1.950 
- 60 143 - 5j .802 

- 58.917 - 43 019 
- 4 ; . j q j  - 47'858 
- 44'465 

- 48,875 
- 46.R61 
- 3 6 . 7 0 1  - , ~ R . ~ o I  
- 45.346 

Dinlance 
from 

Viramgam 

miles 
166.38 
1 6 ~ . o 1  
16B.34 
168.64 
168'67 

167'95 
174.89 
1j4.90 
175.88 
178.31 

179.71 
180.85 
181.18 
181.58 
183.04 

18.3.37 
18.3.45 

. 1 6 j ' l g  
185.49 
1R6.36 

1Rj.Rz 
188.90 
189.36 
190.40 
191.34 

192'01 
1r,z.,38 
192 ,qp 
19.3.0.3 
196.03 

196'3; 
106.36 
198 29 
200.01 
201.55 

201.64 
202.33 
20.3.29 
20;'30 
206.73 

207.89 
z10.1r) 
210.69 
211.39 
r11 .41  

212.16 
211.89 
11.3'R4 
214.65 
314.68 

215.47 
216.91 
217 78 
217.99 
218 61 

219.19 
219.61 
220.36 
a,.,.$., 
228.55 

Dincrepnney between 
~encl~.rnnrka 

~ r o r n  1 TO 

lev r l l e~ .~  
(Firat- Srcood 

msrk 
ta "lark 

( = a )  

foot 
+ 0.007 
- 0.00.3 
+ 0'002 
+ 0 .001  
- 0.002 

o 'ooo 
- 0.003 
- 0 0 0 2  

+ 0'001 
+ 0.011 

- 0'013 
+ 0.004 
- o . a o l  - 0.006 
+ 0.001 

+ 0.00; - 0'001 
0 '000 

+ 0.027 
+ 0.005 

- 0 .014  
+ 0.001 
- 0.004 
+ 0 '006  
- 0.001 

+ 0 '006  
+ 0 ' 0 0 2  

+ 0.00.3 
- 0.009 
- 0.002 

- 0'003 - 0 .001  
+ 0 . 0 1 1  
+ 0.003 
+ 0.016 

- 0.002 
+ 0.009 - 0.006 
- 0.006 
- 0.006 

- 0.005 
o 'ooo - 0.002 

+ 0.00.3 
0.000 

+ 0.004 
+ 0.00; 
+ 0.001 
+ 0.002 - o . o ~ i  

+ 0 .001  - 0.017 
+ 0.00; 

0'000 

0'000 

0'000 
+ 0.005 
+ O . O O ~  

0'000 

+ 0.006 

121 
122 
123 
124 
1x5 

126 
127 
129 
119 
I30 

131 
192 
133 
134 
135 

13G 
137 
138 
139 
I 4 0  

141 
1J2 
143 
l4L 
145 

14.G 
14; 
148 
14B 
160 

151 
15.2 
5 
151 
155 

156 
167 
158 
16:) 
164 

161 
162 
lli3 

166 

IGG 
lti7 
lGH 
IGn 
'70 

1 7 '  
'72 
li3 
174 
l i b  

176 

lie 
179 

loreller) 

l.otnl lroni 
Virrrngnm 

foot 
+ 0.146 
+ 0'14.3 
+ 0.14; 
+ 0.146 
+ 0 .144  

+ 0.144 
+ 0 . 1 4 1  
+ 0'1.39 
+ 0'140 
+ o ' l j l  

+ 0'138 
+ 0'142 
+ 0.141 
+ o.1.3; 
+ 0 ,136  

+ 0'143 
+ 0.142 
+ O ' l 4 2  
+ 0'169 
+ 0 '174  

+ 0.160 
+ 0 . 1 6 1  
+ 0 - 1 ; ;  

+ 0.163 
+ 0.101 

+ 0.168 
s 0 .170  
+ o 173 
+ o . ~ f ~ q  
+ 0.162 

+ 0.159 
+ 0'158 
+ 0 , 1 6 9  
+ 0.172 
+ 0.188 

+ o.1R6 
+ 0 . 1 9 5  
+ 0 , 1 8 9  
+ 0'18.3 
+ 0.177 

+ 0.172 
+ 0 .172  
+ 0 . 1 7 0  
+ 0 . 1 7 3  
+ 0'17.3 

+ 0.177 
+ 0,182 
+ O ' I 8 j  
+ o . ~ H j  
+ 0-18.4 

+ 0.184 
+ 0.107 
+ 0 . 1 7 4  
+ 0 '174  
+ 0 .174  

+ 0,174 
+ 0 .179  
+ o . 1 8 6  
+ 0 . 1 8 6  
+ 0.191 

122 
123 
124 
I25 
186 

127 
IS8 
199 
130 
191 

132 
139 
I 34  
I35 
136 

137 
l Y S  
139 
140 
141 

1x2 
143 
I44 
I 
4 

147 
118 
Id!) 
150 
161 

1.52 
153 
154 
155 
156 

157 
158 
160 
160 
1b1 

162 
169 

165 
160 

167 
IG8 
I(i9 
lio 
17' 

li2 
173 
' i 5  
156 
1 6  

177 
'78 
I79 
180 



LEVELLING OPERATIONS. 

Line No. 51. Viramgam to Bombay.-(Continued), 

Benoh.msrks 
Di8tance 

fro111 
Viran~gam 

mile8 
22.3.05 
225-00 
225.98 
226.01 
1 ~ 6 . 0 2  

127.43 
228.7.3 
230.61 
2.30.94 
231';O 

2.32.43 
2.3z.4; 
z j . v j j  
234.83 
r jq .84  

2.36.08 
2.37'24 
238'30 
239.55 
240.22 

z q z ' l r  
242.15 
242.18 
243.,30 
244..33 

244'75 
246.28 
247.38 
248.61 
2 4 9 . 1 ~  

249.13 
z j0 .27  
251.18 
2 5 1 . ~ 1  
253.86 

~ ~ 6 . 2 6  
256.30 
256.78 
7 1  
zjg.90 

2 6 1 . ~ ~  
2h2,;6 
264.16 
26j.35 
265.37 

266.57 
268.00 
170 .16  
270.64 
271.3, 

, j 2 . Z 2  

272.27 
a74.g; 
2;7.28 
279 44 

zflo.jg 
a81.50 
zRj.46 
r85.60 
aBj-64 

181 
182 
183 
184 
185 

186 
187 
188  
189 
130 

191 
192 
193 
194 
195 

196 
137 
198 
199 
200 

201 
202 
203 

205 

206 
207 
208 
209 
210 

211 
212 
213 
214 
215 

216 
217 
218 
219 
220 

221 
222 
223 
214 
225 

226 
227 
228 
2?9 
230 

231 
2.32 
233 
284 
235 

236 
287 
238 
239 
UO 

182 
183 
184 
IS5 
186 

187 
188 
189 
190 
191 

192 
I93  
104 
193 
106 

197 
198 
199 
200 
201 

202 
203 
404 
205  
206 

207 
208 
209 
210 
211 

212 
213 
214 
215 
216 

217 
218 
219 
220 
221 

222 
223 
224 
226 
226 

227 
228 
229 
230 
231 

232 
233 
234 
285 
23G 

237 
238 
2:l9 
~ Q O  
241 

Discrepancy between Observed 
e l e raho~ i  

above (+)  
or ,,elo,v ( - ) 

V i r a ~ n ~ u n i  
( m n u ~ ~  result 

by two 
levellars) 

feet 
- 49.416 
- j j .3 .11 
- 49.487 
- 47.302 
- 46.925 

- 44.482 
- 36.418 - i 4 . a 7 7  
- 47'171 
- 36.680 

- 45.778 
- 4.3.fl91 
- 47.446 
- 3j.96.3 
- 35.547 

- 27.912 - I 

- 37'103 - .30'877 
- 20.528 

- 2'113 
- 5.692 
- 3'352 - 18.0.14 - 26,589 

- 29'340 - 13.722 
- 10.254 
+ 3.262 
+ I l ' g j 4  

+ 9'060 
+ 15.047 
+ 5'4.10 
- 2 . ~ 0 9  - 25.641 

- 41.154 
- 39.621 
- 46.96~3 
- 40'212 
- 27.696 

- 2 0  
- 5 0 . 8 ; ~  
- 48.321 
- 58.90j  - 56,274 

- 56.158 
- 62.708 
- 48.sR6 
- 49.456 
- 5O.381 

- 61 .168  
- 0 1 .  
- 74.346 
- 75.2.15 
- 69.013 

- 85.45') 
- 48.hs6 
- 46.049 
- 40.603 
- 43.275 

levellers 
(FiraL- Sscond 

F 1 . o ~  mark 
to 

( = d l  

foot 
- 0.023 - 0.005 - 0.011 
+ o.002 
- 0.003 

+ 0.007 
- 0.002 
+ 0.018 
- 0.008 
+ 0.005 

+ 0.001 

- 0.001 
+ 0 . 0 1 3  - 0.006 
- o.002 

- 0.006 
+ 0'002 
- 0.017 
- 0 '004  
- 0.005 

+ o.010 
- o.005 
+ 0'006 
- 0.104 
+ 0.00.3 

- 0'018 
- 0.004 
+ o ' o o j  
+ 0.001 
+ 0'002 

+ 0.003 
- 0.001 
- 0.004 
- 0 . 0 1 1  
+ 0 ,026  

+ 0.010 

+ 0.001 
- 0.004 
+ 0.006 
+ 0.009 

+ o . ~ , ~ o  - o.004 
- o.002 
- 0.008 
- 0.004 

+ 0.001 
+ 0-006 - 0.011 

+ 0.007 - 0.008 

- O . O 1 l  

+ O . O O , ~  
+ 0,006 
- 0 .012  
- 0.002 

- 0.005 
- 0.004 
+ 0 . 0 1 4  
- o . m 9  
+ 0.001 

leveller) 

Total from 
Viranlgalll 

foot 
+ 0.169 
+ 0.164 
+ 0 . 1 ~ 3  
+ 0.155 
+ 0 .1 jz  

+ 0.159 
+ 0.157 
+ 0.175 
+ 0.167 
+ 0.172 

+ 0 ,174  
+ 0 .173  
+ 0 .186  
+ 0.180 
+ 0.178 

+ 0'172 
+ 0 , 1 7 4  
+ 0.157 
+ 0.153 
+ 0.148 

+ 0'158 
+ 0.153 
t 0,159 
+ 0.055 
+ 0.058 

+ 0'040 
+ 0.036 
+ 0.041 
+ 0.042 
+ 0.044 

+ 0'047 
+ 0.046 
+ 0'042 
+ 0.0.31 
+ 0.057 

+ 0.067 
+ 0.068 
+ 0,064 
+ 0 . 0 ~ 0  

+ 0 . 0 ; ~  

+ o . ~ ~ ~  
+ 0 .105  
+ 0.10.3 
+ 0.095 
+ O.O,,I 

+ 0.092 
+ 0-098 
+ 0.08; 
+ 0.094 
+ 0.086 

+ 0 . ~ 7 5  
+ 0.078 
+ 0.084 
+ 0.072 
+ O.O;O 

+ o . o h j  
+ 0.061 
r o . o i i  
+ 0.066 
+ 0.067 

n ~ n n m i c  
eorl.ec~ion 

deduced froln 
to nlark 

T O ~ ~ I  from 
Virauigatu 

foot 
+ 0.011 
+ 0 . 0 ~ ~  
+ 0.011 
+ o.011 
+ 0.011 

+ 0.011 
+ 0.009 
+ 0.011 
+ 0.011 
+ 0.009 

+ 0.011 
+ 0 . 0 1 0  

+ 0 . 0 1 1  
+ 0.008 
+ 0.008 

+ 0.006 
+ 0.008 
+ o . ~ ~ ~  
+ 0.008 
+ 0.006 

+ 0'002 
+ 0.00.3 
+ o'ooz 
+ 0,006 
+ 0.008 ' 

+ 0'009 
+ 0.005 
+ 0.004 
+ 0.001 
- 0'001 

0 '000 
- 0.001 
+ 0'001 
+ 0.003 
+ 0.009 

+ 0'019 
+ 0 .013  
+ 0 .015  
+ 0.01,q 
+ 0.010 

+ 0 . 0 1 2  

+ 0 .015  
+ 0.014 
+ 0 - 0 1 ;  
+ 0.016 

+ o . o l h  
+ 0.018 
+ 0.014 
+ 0.014 
+ 0.016 

+ O.OIR 
+ 0 . 0 1 7  

+ 0.02 '  
+ 0.0" 
+ 0.019 

+ 0.015 
+ 0.01.3 
+ 0 .011  
+ 0'010 
+ 0.0" 

, 

D9nami~ 
~ ~ ~ i ~ l , t  

above (+ )  
or below (-) 

VlraWam 

feel 
- 49.405 - 5j .329 - 49.476 
- 4 i . 291  - 46.914 

- 44.471 
- 36.409 - 44.866 - 47.160 
- 36.671 

- (15.767 - 43.881 
- 47.433 
- 35.955 - 3 5 . 5 ~ 9  

- 27,906 
- 35'15.3 - 
- 30.869 - 20.522 

- 2'111 - 5'689 
- 3'350 - 1 f l . 0 ~ 8  - 26.581 

- r9',331 - 1.3.717 
- ~ o ' z ~ o  
+ 6.263 
+ 11'953 

+ 9.060 
+ l~ ' 0 .16  
+ 5.431 - 2.506 
- 15.632 

- 41'141 
- 39'608 
- 46.954 - 40'199 
- 27-686 

- 37.228 - 50,859 - 48',307 
- 58.888 
- 56,258 

- 46.14' 
- 62.690 
- 48'571 - 49'4d2 
- 16.365 

- 62"S0 
- 60'1:6 
- 74'3'5 
- 75.2'4 
- 68.994 

- 55'4J4 - 4R'643 
- 46'0.37 - 4"'593 - 43'164 



- 
error of tbc difference of elevation bctreen the terminal bench-m*rks = 0.6745Z/? = f 0.0707' 

-Bench'mark NO. 299 io the mark st B o m b ~ y  debcribed on page 133. 

m s U ~ ~ ~  OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

70.118 feet. 

Line NO. 51. Viramgarn to Born bay.-(Continued). 

Length of line in miles = M = 350.~0. x d e  = 0.042992. 

Probable error of the mean result per mile of double-levelling = 0.6745 - d z  = 0.0038. 

Dynamic 
correcLlon 

deduced from 

Observed 
elevation 
above ( + )  ~ench.marke 

Dynemi' 
Discrepancy between 

levellers 

a b ~ : ~ ~ ~  ) 
or below (-) 

VirBmgam 

feet 
- 58.564 
- 56,125 - 6.3'380 - 6 6 . ~ 4 9  
- 57'868 

- .37'061 
- 3 9 ' J 2 5  - 40'681 
- 49.968 
- 54.639 

- 59.829 
- 61.051 
- 71.346 - 7 1 . ~ 2 8  
- 73'577 

- 74.984 
- 6 ~ . 7 1 1  
- 64'903 - 68.550 - i l ' l l 4  

- 76,923 
- 76.Ro.3 
- 75,9+1 
- 77.716 
- 68.339 

- 69.048 
- 70'091 
- i z .980  
- 63'305 
- 53'962 

- 43.017 - 41'141 
- 49,244 
- 46.81)o 
- 45.91; 

- 5.<'001 
- 54.808 
- 56.905 
- 60.680 
- 69.217 

- 73.240 
- 77.163 
- 80'529 - 78,592 - 80.363 

- 77.031 
- 79.256 
- 80.023 
- 82.0.36 
- 83.024 

- 83.957 
- 83.2;7 
- 80.402 
- 82.579 - 8 1 . 9 ~ 8  

- 73.67.3 
- 76,158 - 70. 

= - 

or below ( -  ) 
Virnmgara 

(mean result 
by two 

Levellera) 

feet - 58.579 
- 56.1.39 - 6.3'396 - 66.466 - 57.883 

- 37'070 
- 39'4.15 
- 40.691 
- 49'981 
- 54'653 

- 59.845 - 61.067 
- 71..36j 
- 71,947 
- 73'597 

- 75.004 
- 6 . t . 7 ~ 8  
- 64.920 
- 68.508 
- 71.133 

- 76.944 - 76'R14 
- 75'961 
- 77.738 
- 68.358 

- 69,067 - 70 '110  
- 73'000 
- 6.3'322 
- 53'976 

- 43'028 
- 41'151 
- 49.256 - 46.901 
- 45.928 

- 55'015 - 54,822 
- .~6 .920  
- 60.696 
- 69'246 

- 73,260 
- 77'184 - 8 0 . 5 j 1  
- 78 613 
- 80.385 

- 77.052 
- 79.178 
- 8 o . o ~ ~  
- 82.059 
- 83.oq7 

- 83.980 
- 8.3.300 
- 80.424 - 82.602 
- 81,971 

- 73.694 
- 56'1Ro 
- 70. 138 

to 

Distance 
from 

Viremgam 

miles 
287.03 
288.38 
28~,.26 
290.26 
290.92 

292.61 
~ 9 2  64 
294.95 
295.91 
296.29 

298.70 
299.5.3 
301.68 
0 2 0  
302.61 

303.84 
305.11 
306.14 
311.78 
j11.81 

313.75 
316.49 
316.81 
316.84 
3zo.08 

321.40 
321.88 
321.89 
325.86 
326.66 

3 ~ 7 7 . 4  
317.76 
~ 2 9 . 3 ~  
330.48 
331.18 

333.69 
. 3 j ~ . z j  
3.3.5.24 
33j .97 
337.95 

338.95 
339.74 
,340.80 
340.83 
341.51 

342.39 
342.48 
.343'.30 
JJ4.05 
345'57 

346.17 
547.14 
347'55 
,347.66 
347.87 

d49.86 
349.R6 
350 60 

dynamic 

to mark 

~ o t a ~  from 
Viramgam 

foot 
+ 0.015 
+ 0'014 
+ 0'016 
+ 0'017 
+ 0'015 

+ 0.009 
+ 0'010 

+ 0 ' 0 1 0  

+ 0 '013  
+ 0 ' 0 1 4  

+ 0.016 
+ 0.016 
+ 0.019 
+ 0.019 
+ 0 ' 0 2 0  

+ 0'020 
+ 0'017 
+ 0 .017  
+ 0.018 
+ 0.019 

+ 0 ' 0 2 1  

+ 0.021 
+ 0 . 0 2 1  

+ 0 . 0 ~ 2  
+ 0.019 

+ 0 ,019  
+ 0'019 
+ 0 ' 0 2 0  

+ 0.017 
+ 0 .014  

+ o . o l r  
+ 0 .010  
+ o.012 
+ 0.011 
+ 0.011 

+ 0 '014  
+ 0 .014  
+ 0 .015  
+ 0 .016  
+ 0,019 

+ o.ozo 
+ 0'021 
+ 0.022 
+ 0.021 
+ 0 . 0 2 2  

+ O . O ? I  

+ 0.022 
+ 0.022 
+ 0.02.3 
+ 0.023 

+ 0.023 
+ 0.023 
+ 0.022 
+ 0.02.3 
+ 0.02.3 

+ 0.0" 

+ 0'022 
+ 0.020 

Bombay 

(FksL- Geeond 

Fzy,:ryk 
( = d l  

foot - 0 . 0 ~ 8  
- 0.002 
- 0.005 
+ o.031 
+ 0.012 

+ 0.007 
+ 0.005 
+ o.ooU 
+ 0.017 
+ W O I I  

+ 0.015 - 0,007 
+ 0.017 
- 0.014 
- o , o o j  

+ 0.009 
+ 0.001 
- 0.002 
- 0.002 
- 0.004 

+ 0 .019  
- 0.008 
- 0,009 
+ 0.004 
+ 0.015 

+ o , o r o  - 0.003 
+ 0,006 
+ 0.014 
- 0.006 

+ 0.or.q 
- 0.005 
- o.001 
- 0,007 
+ 0.009 

+ 0.002 
- 0-00.3 
+ 0.003 

0.000 
- 0.025 

- o . 0 0 ~  
- 0.009 

0.000 - 0.003 
+ o.004 

+ 0 . 0 0 ~  
+ 0.005 
- 0,009 
+ 0.008 
+ 0.001 

+ 0.01.3 
- 0 . 0 o j  
+ 0.003 
- 0.002 
- 0'002 

+ 0.001 

0'000 

+ 0.008 

height, Difference 

leveller) 

~ ~ t ~ i  from 
Viramgam 

foot 
+ 0'049 
+ 0.047 
+ 0.042 
+ 0.073 
+ 0 .08 j  

+ 0.092 
+ 0'097 
+ 0.105 
+ O ' I P Z  

+ 0.133 

+ 0.148 
+ 0.141 
+ 0.158 
+ 0.144 
+ 0.139 

+ 0.148 
+ 0.149 
+ 0.147 
+ 0.145 
+ 0.141 

+ 0.160 
+ 0.152 
+ 0.14.3 
+ 0 .147  
+ 0.162 

+ 0.172 
+ 0.169 
+ 0.175 
+ 0.189 
+ 0.183 

+ 0.196 
+ 0.191 
+ 0.190 
+ 0.183 
+ 0.192 

+ 0.194 
+ 0 .191  
+ 0.194 
+ 0.194 
+ 0.169 

+ 0.167 
+ 0.158 
+ 0.158 
+ 0.155 
+ 0.159 

+ 0 . 1 6 1  
+ 0 , 1 6 6  
+ 0.157 
+ 0 ,165  
+ 0.166 

+ 0.179 
+ 0.174 
+ 0.177 
+ 0.175 
+ 0.173 

+ 0 ,174  
+ 0.174 
+ 0 . ~ 8 2  

Viramgam 

241 
242 
253 
244 
245 

246 
247 
248 
249 
250 

251 
252 
253 
254 
255 

266 
257 
258 
259 
260 

261 
262 
26% 
264 
265 

266 
267 
268 
269 
270 

271 
272 
273 
274 
275 

276 
277 
278 
279 
280 

281 
282 
283 

285 

286 
287 

292 
293 
294 
295 

296 
297 
208 

242 
243 
244 
24j 
246 

247 
248 
249 
250 
261 

232 
253 
254 
255 
256 

257 
258 
259 
260 
261 

262 
263 
264 
265 
266 

267 
268 
269 
2i0 
271 

272 
273 
274 
Pi5 
276 

2i7 
278 
279 
280 
281 

282 
283 
284 
283 
2.86 

2R7 
288 
2R9 
200 
291 

2!)2 
293 
20.L 
295 
2g6 

297 
208 
299' 

of 



LEVELLING OPERATIONS. 

Line No. 52. Sujawal to Shikarpur (Sind). 

Bench-mark No. 1 in tho mark st Bnjawal deecribed on psge 186. 

Denoh-marks 
Disoropnnry between 

lorellera 

l* 

3 
4 

10 

11 
12 
13 
14 
15 

16 

Is 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
a 
44 
45 

46 
47 
49 
49 
50 

61 
62 
6 1  
64 
65 

66 
67 
68 
69 
60 

3 
4 
5 
6 

7 
8 
9 

11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
36 
36 

37 
2fl 
39 
40 
41 

43 

16 
4(; 

47 
h? 
49 
50 
51 

52 
h:l 
S L  
5.5 
6,; 

57 
68 
69 
GO 
61 

Observed 
elevatiol~ 

nynnmio 
correction 

D~nnmio 
Iloigllt 

above (+)  
or below (-) 
Slliawal 

feel 
+ 6.004 
- o.7'7 
- o.4,30 - o.441 
+ zo.694 

+ 
+ 3.+19 
+ i.642 
+ R . ~ ~ ~  
+ 7.361 

+ 6,910 
+ 9.507 
+ 12.63~ 
+ 16.65~ 
+ 1z.729 

+ 12.850 
+ 14.019 
+ 25.771 
+ 16.051 
+ 19.166 

+ 19'174 
+ 19,282 
+ 19,824 
+ 28,353 
+ 31.117 

+ 28'154 
+ 27'308 
+ 27'781 
+ 27.499 + 37,181 

+ 28.940 
+ 3.1'822 
+ .31'.396 
+ 31'411 
+ 31'440 

+ 93'374 + .36'1rR 
+ 35.076 
+ .46.951 
+ 38'249 

+ .76.,186 
+ 38'2ZO 
+ 49'3S0 
+ 40.040 
+ 4t3'0 

+ 40'72.1 
+ 40.918 
+ 41.87' 
+ 41.53~ 
+ 5 ~ ' ~ ~ '  

+ 44.804 
+ 4 ~ ' ~ ~ '  
+ 5.3'2R3 
+ 4.3'R02 
+ 43.78' 

+ 4 ~ ' ~ ~ "  
+ 4 ~ ' . ! "  
+ 4R'R07 
+ 5O.q.l.' 
+ i4'630 

Dist~nce (First-Second leveller) mbove ( +) deduced from 
from or brlorv (-) tomark 

Bujawel 611jnaul 
(men11 result From ni~~rk 

miles 
0.09 
1.69 
3.36 
4'75 
9.21 

13.39 
15'04 
16.11 
l9'31 
22-38 

26.49 
28'65 
30.11 
51.42 
32'46 

3.3'27 
35'33 
37'51 
38'20 
39-64 

41'11 
4z.j~ 
44'04 
49.13 
49'76 

51'00 
51'40 
52.14 
53 28 
53.61 

55.26 
55.66 
57.78 
58.58 
59 53 

60.11 
6.3'54 
64.35 
65.54 
68.16 

4 2 6 . S 8 . 8 0  
70.40 
71.50 

?.?:gh ,, , 3  

i6.58 
I ;H.117 

80 4.1 
81.ha 
82.11 

R,~.hq 
85.9, 
8; nG 
R; 64 
R9.5~ 

9v.15 
92.99 
93.51 
p,l.;6 
9j.79 

foot 
+ 0.002 
+ 0,006 
+ 0.002 
+ 0.006 
- 0.018 

- 0.002 
+ 0'01.3 
+ 0'007 
- 0.007 
- 0.003 
- 0.00.3 
+ 0.007 - 0.004 
+ 0.020 
+ o.ooj 

+ 0.003 
+ 0'004 
+ 0.012 
+ 0.001 
+ 0.001 
+ o.ooj 

0.000 
+ 0.009 
+ 0.013 
+ 0.001 

- o'oor 
- 0.003 
+ 0.002 

+ 0.001 - 0.006 
+ 0.009 - 0.003 
+ 0.007 - 0.004 
+ 0.006 
- 0.001 - 0.004 - 0.006 
+ o 007 
+ 0.014 

+ 0.001 
+ 0.007 
- 0.001 - o.ooj 
+ 0.003 

+ 0-010 
- 0 001 
+ 0-007 

0~000 

+ 0.004 

+ 0.006 
o.ooo 

- 0.00.3 - 0.007 
- 0.009 

+ 0.001 
+ 0.011 
- 0.002 
+ 0.002 

- 0.009 

foot 
+ 0.002 
+ 0.008 
+ 0.010 
+ 0.016 
- 0'002 

- 0.004 
+ 0.009 
+ 0.016 
+ 0'00() 
+ 0.006 

+ 0.00.3 
+ 0-010 
+ 0.006 
+ 0,026 
+ 0.0.31 

+ 0.034 
+ 0.038 
+ 0.050 
+ 0.051 
+ o.ojr 

+ 0.057 
+ 0.057 
+ 0,066 
+ 0.079 
+ o.080 

+ 0.078 
+ 0.075 
+ 0.077 
+ 0.078 
+ 0.072 
+ o 081 
+ 0-078 
+ o 083 
+ o 081 
+ 0.087 

+ 0,086 
+ 0.082 
+ 0.076 
+ 0.08.3 
+ 0.~97 

+ 0 . 0 ~ 8  
r 0.105 
+ 0. 10, 
+ 0.097 
+ 0 loo 

+ 0,110 
+ 0.109 
+ 0.116 
+ 0.116 
+ 0.120 

+ 0.126 
+ 0.126 
+ 0.12.3 
+ 0. I 16 
+ 0.107 

+ O.IOR 
+ 0.119 
+ 0.117 
+ 0 . 1  19 
+ 0.110 

by two 

feet 
+ 6.00~ 
- 0.76; 
- 0.430 
- 0'441 
+ 20.693 

+ 7 
+ 3'419 
+ 5.647. 
+ 8'424 
+ 7'361 

+ 6.910 
+ 9'507 + 12.63.( 
+ 16.655 
+ 12.jzg 

+ 12'8jo 
+ 14.019 
+ 25,770 + 16'051 
+ 19'166 

+ 19.174 + 19.282 
+ 19'824 
+ 28.352 
+ 31.116 

+ 18'153 
+ 27.307 
+ 27.780 
+ 27'498 
+ 37.180 

+ 28.939 
+ .qj.Rza 
+ 31.394 
+ , I I , ~ o ~  
+ 31'498 

+ 33'372 
+ 36.126 
+ .?s.a7~ 
+ 36.349 
+ 38.247 

+ ~ 6 . ~ ~ R 4  
+ 38.218 
+ 49,347 
+ 40-6.38 
+ 42.308 

+ qo.;,~ 
+ 40.916 
+ 41.8h9 
+ 41.534 
+ 51.858 

+ q4.Ror 
+ 45.806 
+ gj.zRo 
+ 4.3.800 
+ 43.779 

+ 45.664 
+ 49.,310 
+ 48.805 
+ so.q.11 
+ 44.629 

19~tol from 

foot 
0'000 
o . ~ ~ ~  
0'000 

0'000 
+ 0'001 

o.000 
0.000 
0.000 
0.000 

0'000 

0.000 
o'ooo 
o'ooo 
o.000 
0.000 

0.000 
0.000 

+ 0'001 
0.000 
o.ooo 

0.000 
0.000 
0'000 

+ o'ool 
+ 0.001 
+ o'oo~ 
+ 0.001 
+ o~ool 
+ o.oor 
+ 0.002 
+ 0.001 
+ o,ooz 
+ 0.002 
+ 0'002 
+ 0'002 

+ 0.00~ 
+ 0.002 
+ 0.002 
+ o 002 
+ 0.00a 

+ 0.002 
+ 0 ~ 0 0 2  

+ 0'003 
+ 0.002 
+ 0'002 
+ 0.002 
+ 0.002 
+ 0.002 
+ 0.002 
+ o,OOJ 
+ o OO? 
+ a 0 0 2  
+ 0.00.1 
+ 0-002 
+ 0.002 

+ 0.002 
+ 0.001 
+ o 00' 
+ 0.002 
+ 0.001 



RESULTS OBTAINED PROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 52. Sujawal to Shikarpur (Sind).-(Continued). 

D[:t~F 
nbore ( + ) 
or below (-) 

sUJnwal 

feel 
+ 50'7.33 
+ 44.969 
+ 51.602 + 51'002 
+ 43.655 

+ 46'740 
+ 48'735 
+ 50'196 
+ 51.764 
+ 50'490 

+ 51.788 
+ 53.196 
+ 50'917 
+ 54,464 
+ 57'073 

+ 58.110 
+ 53'470 
+ 53,396 
+ 56'118 
+ 61.191 

+ 62.410 
+ 61.468 
+ 61.214 
+ 59.122 
+ 64'118 

+ 65.055 
+ 61.378 
+ 61.585 
+ 65,979 + 67.968 

+ 70.142 
+ 68.439 
+ 71.345 
+ 71'538 
+ 72.396 

+ 69.166 
+ 72.849 
+ 76.800 
+ 79.259 + 82.165 

+ 83.355 
+ 80.608 
+ 82.546 
+ 84,864 
+ 88,597 

+ 89.546 
+ Rg,8;1 
+ 88.087 
+ 89.861 
+ 91 .384 

+ 97.966 
+ 99.301 + 96.480 
+ O,).l,l; 
+ loo.2i4 

+lo4.5p8 
+ 102'481 
+ roj~oog 
+ '08.786 
+ 

2::; 
deduced from 
mnrk to m.rk 

Total from 
Bujswel 

fool 
+ 0'002 
+ 0.001 
+ 0.002 
+ 0.002 
+ 0.001 

~~~~~~~ 
above (+  ) 
or below ( - )  
Sujuwal 

(menn reaull 
by two 

levellers) 

f@l 
+ 50'731 
+ 44.968 
+ 51.600 
+ ~1'000 
+ ;3.6j4 

+ 46.739 + 0.001 

Dishnco 
from 

Bujawal 

m i l a  
97'70 
99.50 
1oo.10 
101'41 
103.25 

Discrepancy between 

Bench-mark8 

From I TO 

levellers 
(Fir~t-Becond 

Fz",;:' 
( _  d )  

foot - 0.007 - 0.003 - 0.010 
0.000 - 0.004 

61 
62 
63 
64 
65 

103.56 

leveller) 

Total from 
Sujawnl 

foot 
+ 0'10.3 
+ 0.100 
+ 0.090 
+ 0.090 
+ 0.086 

+ 0.002 

62 
63 
64 
65 
66 

66 + 0.088 67 
10.3'81 
loj26 
107.35 
108'72 

110.82 
11z.21 
114.09 
115.50 
1lj.7j 

116.42 
118.40 
1 2 0 ~ 0 2  

1~1.86 
124.26 

124.50 
125.65 
I 
129'02 
130.64 

130.88 
1.31.08 
131.20 
134.14 
135.42 

137'89 
140.08 
141.56 
141.63 
141'87 

14.3.11 
145.11 
14j.13 
149.14 
1d9.65 

149.90 
lfi1.14 
153'l5 
155.16 
157.41 

157.65 
1,;8..3~ 
160.16 
162.16 
164.16 

166..31 
1hh.56 
166.94 
~hR.;(l 
rbv.cl4 

l7l.so 
li1.59 
,ii.Z4 
1!7'91 
1i9.56 

+ 0'002 
- 0'004 - 0.00~ 

0.000 

- 0.007 
+ 0.00.3 
+ 0.004 
+ 0.013 

O'ooo 

- 0.001 
- 0'00s 
+ 0.003 
0.000 

+ o.001 
-0.003 

0.000 

+ 0.015 
+ 0.007 
+ 0,003 
- 0.001 
- 0.004 - 0.006 
+ 0.001 
- 0.003 

- 0'014 
0.000 

- o.oo.j - 0.004 
+ 0'003 
+ 0.005 
- 0.015 
- 0.00.3 - 0.005 
+ 0.006 
+ 0.003 - 0.001 
- 0.004 
-o.ooR 

0'000 

0.000 

- 0.001 - 0.002 
- 0.006 
+ 0.004 
+ 0.012 
+ 0.001 

0'000 - 0.014 - o,oor 
-0.002 
- 0'001 

0'000 

- 0'007 
+ 0.003 

67 

69 
70 

71 
72 
73 
74 
7G 

76 
77 
78 
79 
80 

81 
62 
83 
84 
86 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 
100 

101 
162 
lo:' 
104 
106 

106 
107 
loH 
lo9 
11° 

113 

llrr 
li7 
118 
'I!' 
lZ0 

68 
69 
70 
71 

72 
73 
74 
75 
76 

77 
78 
79 
80 
81 

82 
83 
84 
85 
86 

87 
88 
R9 
90 
91 

02 
93 
94 
OB 
96 

97 
98 
99 
100 
101 

102 
103 
1°4 
105 
10G 

107 
108 
109 
110 
111 

112 
113 
114 
115 
116 

117 

119 
12' 
"1 

+ 0.090 48.734 + 0'001 
+ 0'086 I 50.19( 1 + 0'001 

+O.OOI 
+ 0'001 
+ 0.001 
+ 0.001 
+ 0'001 
+ 0.002 

+ 0'002 
+ 0.002 
+ 0'001 
+ 0.001 
+ 0'001 
+ 0.002 
+ O . O O ~  
+o.ooz 
+ 0.002 

+ 0.002 
+ 0'003 

+ 0.003 
+ 0.002 
+ o.ooz 
+ 0.00,~ 
+ 0'003 
+ 0.003 
+ 0.003 
+ 0.004 
+ 0.004 
+ 0.004 
+ 0.00.3 
+ 0.004 
+ 0,005 
+ 0'005 
+ 0.006 
+ 0.006 
+ 0.005 
+ 0.00; 
+o-oot, 
+ 0.006 

+ 0.006 
+ 0.00; 
+ 0.005 
+ o.ooj 
+ o.ooj 

+ 0.006 
+ 0.006 
+ o.ooj 
+ o,och 
+ o.oo6 

+.,.oo7 
+ 0.007 
+ 0.008 
+ 0 . 0 ~ ~  
+ 0.010 

+ 0,084 
+ 0.084 
+ 0.077 
+ 0.080 
+ 0.084 
+ 0.097 
+ 0'097 
+ 0.096 
+ 0.094 
+ 0.097 
+ 0,097 
+ 0.098 

+o.ogg 
+o.ogg 
+ 0.110 
+ 0,117 
+ o.120 

+ 0.119 
+ 0.115 
+ 0.109 
+ 0.110 
+ 0.107 
C 0.093 
+ 0.09.3 + 0.088 
+ 0.084 
+ 0.087 
+ 0.092 
+ 0,077 
+ 0.074 
+ 0.069 
+ 0.075 
+ o.o;8 
+ 0.077 
+ o.oi.3 
+o,obj 
+ 0.065 

+ 0.065 
+ 0.064 
+ 0.062 
+ 0.056 
+ 0.060 
+ 0.07~ 
+ 0.013 
+ 0'07.3 
+ 0.059 
+ 0.057 

+0.0;5 
+ 0'05q 
+ 0.054 
+ 0.047 
+ 0.050 

51.723 
+ 50.,09 

+ j1.787 
+ 53.195 
+ 50.~16 
+ ~ 4 . ~ 6 2  
+ 57'071 

+ 5R.108 
+ 53.469 
+ ;,~.3q5 
+ 56.117 
+ 61.189 

+ 62.408 
+ 61.466 
+ 61.212 
+ 59 1 2 0  

+ 64.115 

+ 65.052 
+ 61.376 
+ 61.58; 
+ 65,976 
+ 67.965 

+ 70.139 
+ 68.436 
+ 71.,341 
+ 71.534 
+ 72.391 

+ 69.16~ 
+ 72'84j 
+ 76,795 
+ 19.254 
+ 82.159 

+ 83.349 
+ 80 603 
+ 82.543 
+ Rq.859 
+ 88.591 

+ 89.540 
+ 85.866 
+ 88.08~ 
+ R9.R56 
+ 91 .37,) 

+ 97.960 
+ 99.293 
+ 96'475 
+ ,,9.sJt 
+ Ioo.26n 

+,04.5q, 
+ 102.474 
+ ~oj'oo~ 
+ 108.;77 
+ ll1.9qo 



LEVELLING OPERATIONS. 

Line No. 52. Sujawal to Shikarpur (Sind).-(Continued), 

Benoh-marho 

From 1 To 

123 
124 
125 

1% 
127 
128 
129 
130 

131 
132 
133 
134 
155 

136 
137 
138 
139 
140 

141 
142 
1 
141 
145 

146 
147 
148 
149 
160 

151 
152 
163 
164 
155 

166 
157 
158 
159 
160 

161 
162 
l&? 
161 
166 

166 
167 
168 
169 
170 

171 
li3 
173 
174 
176 

176 
177 
178 
179 
180 

Distbnee 
from 

Bujawal 

miles 
179.61 
181.11 
183.r1 
lHs.45 
187.~8 

189.74 
191.93 
19.3.60 
195.35 
197.73 

200.09 
202.04 
203'9.3 
104.10 
20j.64 

107.6j 
209.89 
1 1 1 ~ 7 0  
I :  
214.11 

n15,Ra 
117'64 
217.91 
a2o.00 
211.59 

rlr.a5 
214 07 
"5.30 
117..31 
231'01 

231.18 
rj1.1r 
134.13 
136.00 
137.99 

139.:5 
rjp.81 
240.05 
141.15 
144.16 

046.15 
247.31 
148.1~ 
050.06 
252.13 

154.08 
256.88 
257.80 
058.55 
>60.06 

161.96 
r6r.01 
163.~7 
165.~7 
066.0~ 

~ 6 7 . ~ 4  
~ 6 ~ . 1 9  
273.05 
173.86 
~75.51 

122 
123 
124 
125 
126 

127 
128 
129 
130 
131 

182 
133 
134 
135 
136 

137 
138 
189 
140 
141 

142 
143 
144 
145 
146 

147 
148 
149 
150 
161 

152 
153 
15.) 
155 
156 

167 
I68 
159 
160 
161 

162 
163 
16.) 
165 
166 

167 
168 
169 
170 
lil 

172 
173 
174 
176 
176 

177 
178 
179 
180 
181 

:::::yzf 
abovO ( + ) 
or below (-) 
Sujawal 

(mean result 
by two 
lerellere) 

feet 
+ 112.162 
+ 111.65~ 
+ 113.06~ 
+ 108.542 
+ 116..363 
+ rrg.819 
+ 116.80~ 
+ 121.884 
+ 114.859 
+ 112'225 
+ 126.174 
+ 129.005 
+ 115'559 + 12g~ol2 
+ 116.610 
+ 118.131 
+ 131.604 
+ 1.32'114 
+ 135.40~ 
+ 133,464 
+ 134,871 
+ 1.14'140 + 139.064 
+ 138.816 
+ 139 831 
+ rq4.117 
+ 147,264 
+ 14.3.967 
+ 144.867 
+ 15a.401 
+ 152.156 
+ 151.338 
+ 151'420 
+ 149.233 
+ 15r.813 
+ 162.451 
+ 161.50.3 
+ 156.954 
+ 162.84; 
+ 163.529 

+ 163,354 
+ 164.525 
+ 16.3.597 
+ 1h,1.,325 
+ 168.oj3 

+ 172,645 
+ 192.4;s 
+ 1i7.086 
+ 172.852 
+ I ~ O ' I O O  

+ 171.635 
+ I ;  
+ 171'009 
+ 169.195 
+ 170.651 

+ 168,646 
+ 1b8.820 
+ I 
+ 164.817 
+ 166,638 

Diacrepnnry between bend::'''??: 
dedlleed from 
mark to mark 

Total from 
Gujawol 

foot 
+ 0,010 
+ 0.010 
+ 0.010 
+ o , ~ ~ ~  
+ 0.011 
+ 0.011 
+ 0.011 
+ 0 ~ 0 1 1  
+ 0.013 
+ o.o~a 
+ o.o1,3 
+ 0.014 
+ 0.013 
+ 0'014 
+ 0.014 
+ 0.014 
+ 0.015 
+ 0'015 
+ 0.016 
+ 0.01j 
+ 0'015 
+ 0.015 
+ 0.016 
+ 0.016 
+ 0.016 
+ 0.017 
+ 0.018 
+ 0.01; 
+ 0.017 
+ 0,019 
+ 0.019 
+ 0.019 
+ 0,019 
+ 0'018 
+ 0'019 
+ 0.021 
+ 0.021 
+ 0 . 0 ~ 0  
+ o.ozt 
+ 0.0" 
+ 0.022 
+ 0'021 

+ 0 . 0 ~ ~  
+ 0.021 
+ 0.023 
+ 0'014 
+ 0'029 
+ 0'025 
+ 0.014 
+ 0'02.3 

+ 0.02.3 
+ 0.01.3 
+ 0.02.3 
+ 0.012 
+ 0.021 
+ 0.011 
+ 0.011 
+ 0.0" 
+ 0.010 
+ o.oat 

(First -8eeoud 

From n~ork 
to nlorlr 

( = d )  

foot 
+ 0.001 
+ 0'004 
- 0.003 
+ 0'008 
- 0'009 

+ 0.008 
- 0.016 
+ 0'011 
+ 0.009 
- 0'008 
- 0'002 
+ 0.006 
- 0'020 

0'000 - 0.003 
- 0'011 
+ 0'00.3 

0'000 

+ 0'009 
- 0.009 
+ 0.001 
- 0'009 
- 0.001 - 0.010 
+ 0.001 
- 0,004 
- 0.011 
- 0.006 - 0.006 
- 0.029 
+ 0.004 
+ 0.00.3 - 0.010 - 0.014 
- 0-003 
- o.002 

o.ooo 
+ 0.001 

o.ooo - o.oIr 
- 0.006 
+ 0.006 - 0.007 - 0.013 
+ 0.010 

+ 0.004 
- 0.003 
+ 0.014 
+ 0.009 
+ 0.014 

+ 0 . ~ 9  - O.WI - 0.015 
+ 0.009 
- 0.001 

+ 0.006 
+ 0.008 
- 0,006 
+ 0.00.3 
+ 0.001 

abovo ( + )  
or below (-) 
6Ula~al 

feet 
+ 112,172 

+ III.664 
+ II,3.0i9 
+ lo~.551 
+ 116.374 

+ r15.830 
+ 116.820 
+ 121.8~6 
+ l14.giZ 
+ 1 2 ~ . ~ ~ ~  

+ 126.187 
+ 129.019 
+ 1 2 ~ . 5 7 ~  
+ 129.016 
+ 126.63~ 

+ 1~8.145 
+ 1.31.619 
+ 1,31.119 
+ 135.418 
+ 133.479 
+ 134.886 
+ 1 3 4 . ~ 5 ~  
t 1.39.080 
+ 1.38.8.32 
+ 1.39.8~8 
+ 144,144 
+ 14i'z8z 
+ 143'984 
+ 144.884 
+ 151.410 

+ 151.175 
+ 151'3j7 
+ 151'439 
+ 149'2.51 
+ Ijr841 
+ 161.473 
+ 161.5~4 
+ 156 9;4 
+ 162.869 
+ 163.551 
+ 16,3.,376 
+ l(p4.547 
+ 163.619 
+ 16.3'347 
+ 168.076 
+ 170.669 
+ 191.S04 
+ 1 i l ' I l I  
+ 171'876 
+ 170'12.3 

+ 1 7 1 . ~ 7 ~  
+ 171.374 
+ 171.03' 
+ 169'1 
+ 170.674 
+ 168,667 
+ 168,841 
+ 171,494 
+ 1 ~ 4 . ~ 3 7  
+ 166.659 

A 

lavellsrs 
leveller) 

Totnl from 
84awal 

fool 
+ 0.051 
+ 0.055 
+ o,oja 
+ 0.060 
+ 0'051 
+ 0.059 
+ 0.043 + 0'055 
+ 0.064 
+ o'oj6 
+ o.oj4 
+ 0,060 
+ 0'040 
+ 0'040 
+ 0'037 
+ 0.016 
+ 0.019 
+ 0.019 
+ 0'028 
+ 0.019 
+ 0'020 
+ 0'011 
+ 0.010 

0.000 
+ 0.001 

- 0.003 - 0.014 - 0.020 - 0.016 - 0,055 
- 0.0% - 0.048 - o.og8 - 0.071 - 0.075 
- 0.077 - 0.077 - 0.076 - 0,076 - 0.088 
- 0.094 - 0,088 - o.opj - 0.108 - 0.0~6 
- 0.091 - 0.095 - 0.081 - 0.071 - 0.058 
- 0.049 - 0.051 - 0.066 
- 0.057 - 0.058 
- 0.051 - 0.044 - 0.050 - 0.047 - 0,045 

-~ 



RESULTS OBTAINED FHOM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 52. Sujawal to Shikarpu r (Sind).-(Continued). 

Difference ot dynamic height, Sujawal to Shi karpur = + 166.226 feet. 
Length of line in miles = n1 = 282.21. Zd" 0.010103. 

- 
hobable error of the mean result per mile of double-levelling = 0.6745 2/g = - + 0.0020. 

Dl:i?tic 
(+ )  

or below (-) 
8UjnWBL 

feet 
+ 166.711 
+ 172.590 
+ 167.464 
+ 165.216 

- 
Probable error of the diBrence of elevation between the  terminal bench-marks = 0 . 6 7 4 5 2 / r  = + 0.0339. 

-- 
* Bench-mbrk No. 185 is the mark s t  Sbiksrpnr described on page 136. 

elrrut,ion 
a"O'e ( + )  

or beluw ( - )  
811,jow"l 

(metin result 
by ~ w o  

levollers) 

feet 
+ 166,690 
+ 172'567 
+ 167.44.1 
+ 165.206 

'ynnmic 
correct,ion 

dedllced from 
ntnrk to mork 

Totnl from 
8ujawnl 

foot 
+ 0.021 
+ 0.02.4 
+ 0 . 0 2 1  

+ 0.020 

Diatnnce 
from 

Yujnwnl 

miles 
276,;j 
2 0 1 ' 0 ~  
282.92 
182.21 

Discrcpnncy bdtweon 
levellers 

(Firsl- Sccotld leveller) 
nu~~ch.rnnrks 

From 1 T o  
Fro111 lrinrk 

to 
( -4  

foot 
+ 0.005 
- 0'014 
- 0.009 
+ 0.002 

181 
182 
183 
184 

Totnl from 
Yujtrwal 

foot 
- 0.040 
- 0'0.54 - 0.063 
- 0.061 

182 
183 
186 
185* 



LEVELLING OPERATIONS. 

Line No. 53. Shikarpur (Sind) to Tatta. 

Bencb.mnrk No. 1 in the m u k  st Sbikerpur described on p.ge 186. 

Distance 
f rom 

Shikarpur 

milra 
1 '44  

39'77 
'25.14 
168';5 
176.58 

l 7 i ' j 6  
liR'.% 
179'54 
180.5.3 
181.51 

182'51 
183.50 
1R4.50 
~ R j ' s o  
186.50 

1Rj .54 
188.5; 
189'58 
190.57 
191.61 

192.65 
Ig.1'6a 
194.69 
IO,: ' ;~ 
1g~6.71 

1 9 i ' f l  
198.09 
zoo.00 
201'01 
201.06 

20.1.oR 
204.11 
205.12 
206.1.3 
207.13 

208.12 
209'1.1 
110.16 
a11.16 
212.16 

21.3'19 
21.3'74 
Yl4'aO 
2 I S . 2 1  

a1b.21 

2 

113.12 
219'2.1 
2 ~ 0 . 2 ;  
221.25 

222.19 
2 

1 4  
2 ~ j . 4 ~  
~ 2 6 . 5 1  

22;.50 
21W.48 
1lr)'44 
2Jo.4; 
r.11.4; 

Bench-marhe 

f i o m  

I* 

4 
6 

6 
7 
8 
9 
10 

11 
12 
13 
14 
16 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
23 
80 

31 
32 
33 
34 
35 

36 
37 
38 
30 
40 

41 
42 
43 
44 
45 

46 
4 i  
48 
40 
60 

61 
52 
63 
64  
65 

KG 
67 
68 
69 
60 

Discrepnnc between 
lerelfers 

T o  

2 

4 
6 
6 

7 
8 
9 
10 
11 

12 
13 
14 
I5 
16 

I 7  
18 
19 
20 
21 

22 
23 
2.1 
25 
26 

27 
?Y 
5)  
30 
31 

32 
33 
a r  
35 
36 

57 
38 
39 
40 
41 

42 
43 
4.1 
45 
46 

47 
49 
49 
6 0  
61 

53 
.-13 
.5L 
i,j 
56 

ST 
69 
69 
fi0 
GI 

Ob8crved 
elevution 
 hove ( + ) 

or b o l u ~  ( -) 
S l~ i ku rp l l r  

(menn r e s ~ ~ l t  
by two 

lerellars) 

feel - Z'I;O 

- 38.573 
+ 9.030 
+ 74.685 
- 79.333 

- 81.28, 
- 8.3.012 
- 85.740 
- 79.733 - 81.909 

- 82'369 
- 83.206 
- 84'908 
- 9 0 . 0 6 ~  
- 83'878 

- 87'047 
- 83.734 
- 8 3 ~ 8 0 8  
- R~.,s64 - 84 'hb j  

- R6.349 
- 8f~.,qH,a 
- 88.102 
- HH.OIO 
- 87'746 

- 88'6.31 
- 91.910 
- 9 2  
- Rj .z16  
- 8j.8;, 

- 90.67, 
- q1.,3oh 
- 03'201 
- 92'4.10 - 92.788 

- 9 2 1  
- Q.I.~)~z 

- 94.158 
- gh.576 - 98.748 

- 98.751 - 1og.;o9 
- 9 , ;  - o h  
- g8.09 j  

- q3.30: 
- 99.,:95 
- 104 606 
- 106.7,31 - 105'103 

- 106.2Ro 
- 106.454 
- 107.015 
- no6.o;~ 
- 1oj.R;4 

- ~og.gRq 
- 1o i .819  
- I ;  

- 1 1 1 . 8 ~ 8  - 113.031 

(First-Seoond 

F r o m  ~ n n r k  
to mark 
(= d )  

foot 
+ 0.001 
- 0'087 
- 0'023 
- 0'141 
- 0'010 

+ o.028 
+ 0.017 
+ 0.010 
+ 0,009 
+ 0'034 

+ 0.022 
+ 0 .010  
- o 'oo r  
- o 021 
- 0.008 

+ 0.006 
+ 0 . 0 l j  
- 0,023 
- 0,017 
+ 0.009 

+ 0.001 
- 0,004 
- 0'029 
+ o ' o o j  
- 0.01; 

- 0.01; 
+ 0.0'5 
+ 0.018 
+ 0'002 
- 0.0.;~ 

- 0.011 
- o.o,lr 
- 0 . 0 2 7  
- 0.013 - 0.006 

+ 0.002 - 0.01; 
- 0.033 - 0.0.31 
- 0.006 

+ 0 . 0 ~ ~  
0.000 

- 0.003 
+ o . o r j  
+ 0.029 

- 0.002 
- 0.0.33 - 0.014 
- 0.012 
- 0.001 

+ 0.008 
- 0.00, 
- o.oor) - 0.01; 
- 0.007 

- 0-003 
+ 0.001 

0.- - 0.010 
+ 0,016 

leveller) 

Tot01 from 
Ql l ikn lp l l r  

foot 
+ 0.002 
- 0.08j 
- 0.108 - o.a49 
- 0'159 

- 0,231 
- 0,214 
- 0'104 
- 0.195 - I 
- 0.139 
- 0.129 
- o ' l , ? ~  
- 0 . 1 5 ~  
- 0,160 

- 0,154 
- 0'1.39 - 0'162 
- 0'179 
- 0'170 

- 0,169 
- 0.173 
- 0.202 
- 0.197 
- 0.210 

- 0'227 - 0'202 
- 0.18, - o . I R ~  
- 0.214 

- 0.226 
- 0,257 
- 0 . 2 ~ 4  
- 0.29; 
- 0',303 

- 0.301 
- o . j l R  
- o.,3,;1 - o.,3Rz 
- 0.388 

- 0',3R,3 
- o.$3,3 
- o.,qHG 
- 0.,361 - 0.331 

- 0.,334 
- O.jh; 
- o'.391 
- o.qo,l 
- 0.404 

- 0.,3~6 - 0 . ~ 0 0  - 0.409 
- o..+z(B 
- 0.433 

- 0.4gh 
- 0.435 
- 0 . ~ , ~ 5  
- 0.445 - 0,429 

D y n ~ m i c  
oorrection 

doduced from 
unnrh t oo~nrk  

froln 
s l ~ i t ~ ~ ~ ~ ~ ~ ~  

font - 0 . 0 ~ ~  
- 0 . ~ ~ 1  

- 0 . 0 ~ ~  
- o.oli 
- o.016 

- 0.016 - 0 . 0 ~ 6  
- 0 . 0 1 ~  
- 0 . ~ ~ 6  
- 0 . 0 ~ ~  

- 0 . 0 ~ ~  - 0.017 
- 0.01; 
- 0 . 0 , ~  
- 0.01; 

- 0.008 
- 0,017 
- 0.08; 
- o ' o ~ i  
- 0.01; 

- 0.01; 
- '0'017 
- 0.01; 
- o 017 - 0.017  

- 0.01; - 0.018  
- 0.018 - 0.017 
- 0.01;  

- O.OIR - o . o ~ R  
- O . O I R  

- o.018 
- 0.018  

- 0.018 - o 018 - 0.018 
- 0.018 
- 0.018 

- 0.018 
- o . o l q  
- 0,018 - o.olR 
- 0.018  

- 0'01; - o.01H - 0-019 
- o.01~)  
- 0'01t) 

- 0.019 
- 0.019 - 0.019 - 0.019  
- 0.019 

- 0.019 
- 0 . 0 1 ~  - 0.019 - 0'019 - 0.019 

D~nnmiO 

hei~l l t  
above ( + )  

orbcluw (-) 
Slliksrpur 

fee t  
- 2'171 
- 38.584 
+ 9.029 
- 74.700 
- 79.3j, 

- 81.300 
- R ~ ~ . ~ ~ B  
- 85.i57 - 79.ijo 
- #2.926 

- R l ' j l h  
- 8,1.22,3 
- 8,.925 
- 90.0~l 
- 8j.89j 

- 87.065 
- 83.;51 
- R,~.RII; 
- 8q.gR1 
- 8, 682 

- Rh-366 
- ~ h . 4 0 0  
- 88,119 
- R4,030 
- 87.j6.3 

- RR'6jr) 
- 9 1 . 9 ~ 8  
- R9.747 
- 8+'2,3.3 - 85'891 

- 90'69.5 - ~ I ' , ~ z J  
- 9.3.119 - gr .~qR 
- 91.806 

- 92'729 
- 94'010 
- 9+.1;6 
- 96 594 
- 98.766 

- 9R.i69 - log ' iz8 
- 99'3q2 
- lOl'3R5 
- 98.913 

- 95'3" 
- 99'41.? 
- 104.6'5 - 106'iSo 
- lo.;'2z2 

- 106'299 
- 106'4i.l - 107'034 
- 106.09' 
- 105'.89.3 

- 1 0 6 ' 0 0 ~  
- ' 0 7 . ~ 3 ~  
- 110. i46 - 111'9'7 
- 11.3'05~ 



mSULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 53. Shikarpur (Sind) to Tatta.-(Continued). 

' ) { ~ l ~ ~ ~ c  
( + ) 

or bc.low ( - )  
Sll iknrpur 

feet - 114'1.39 - 11,;'Ib; - 113'gRi 
- 118.j8.3 
- 119 . j62  

- 119.105 
- 119'816 
- 120. j60 - 1za.90; 
-117,6;3 

- 117'882 
- 121'242 
- 122.198 
- 121.858 
- 1~6. ;65 

- 122.616 
- 127.4.36 
- 124.915 
- 12;..36H 
- 12;.24j 

- 1 2 6 . 1 ~ 5  
- 12; 682 
- 020'95,; 
- 1.3o.qog - 128.656 

- t22.05; 
- IIJ'O,;~ - 110~067 
- 108.892 
- 1 1 4 . ~ 6 1  

- II;.~;I - 128,7.j, 
- 1.3~.;;9 
- 1.39-985 
- 1,4;,~56 

- 143.389 
- 137.919 
- 1,18.4;2 
- 142.179 
- 148.133 

- 1.3s-588 
- ,.3O.?,Z - 1 ~ 0 . ~ 0 0  
- 116.39.3 
- 1 0 6 . 8 1 j  

- 1 1 2  012 
- 146 6c j  
- 147.41.3 
- ,13.,,4i - 100.j6.3 

- ho.P?, 
- I(B,  i ; 5  
- llfj.012 
- 1 ~ 5 . 6 5 ;  - 1 5 1 . 1 5 1  

- 149.463 
- 148.909 
- IC,.28, 
- I j O  .;35 
- 150.i31 I 

n g ~ ~ n t ~ ~ ~ i a .  
c,,, rp,: 

deduced l ro l t l  
mart ",ark 

Toln, 
Shikurpur 

foot 
- 0'01y 
- 0.019 
- o.019 
- 0.019 
- o 019 

- 0.019 
- 0.019 - 0.019 
- 0 . 0 1 9  
-0 .018  

- O'OIR 
- 0.018 
- 0.018 
- 0.018 
- 0,019 

- 0.019 
- 0.020 
- 0 '020  
- 0 ~ 0 2 0  
- o 020 

- 0.020 
- o.020 
- 0'0 '0  
- 0.020 - o 0 2 0  

- 0.019 
- 0.018 
- 0.01; 
- 0 '017  
- 0.018 

- o.018 
- o . o l g  
- 0.020 
- 0.020 
- 0.020 

- o.021 
- o.020 
- 0 . 0 2 ~  
- 0.020 
- 0.021 

- o 020 
- 0.049 
- 0.019  
- o.olU 
- 0.01; 

- o.ol; 
- 0.014) 
- 0.019 
- o.ol; 
- 0.016 

- o.o13 

- 0.01; 
- o . o l ~  
- o.020 
- 0.020 

- o.o ro  
- 0.020 - O . O z O  

- 0 020 
- o.O1o 

' ~~~,~~~~ 

nboru (+  ) 
or below (-) 

n l l i k u r p ~ ~ r  
(meom r e s l ~ l t  

two 
levullera) 

feet 
- 11.$'120 
- 115148 
- 11.3.968 
- I 1 8 . j 6 ~  
- 1 4 3  

- 119.036 
- 119.j9; 
- 120.541 
- 1zz.888 
6 

- 117.864 
- !21'224 
- 122.180 - 121.840 
- 1rb . ;~6  

- 2 2  
- 127.416 
- 1 2 4  
- 12;.,448 
- 1 2 ;  

- 1 2 6 3 5  
- 2 

- 129'93.3 
- 1.30'889 
- 128.536 

- 1 2 2 . 0 ~ 8  
- I 147.39 
- IIO.O;O 

- IOR 8;s 
- r l j '44.4 

1 1 - . 1 -  - , - 3  
- 1 2  

- 1 . 3 5 ;  
- l.qH.965 
- 1.ji.236 

- 143.,368 
- ~:;.Xgg 
- 158.432 
- 142.159 
- 148112 

- 1jR.568 
- I j 0 . 2 2 , l  

- I ;  

- 1 . 3 ;  - ~ob.;gY 

- I,,.oO; 
- 146 h40 
- 14;.39 
- lI;. ,Jo 
- 1oo.54; 

- 60 811 
- 116 758 
- 12;.9q4 

- 155.637 - 151131  

- 1 4 9 . 4 1 ~  
- 1qR.889 
- 1 . 6 ~  
- 1;0,1; 
- 1 5 0 . ; ~  

Diacrepaucy betmeeli 
~encL-rnnrke levellers 

Sl~ ikurpur  

61 
6.8 
63 
64 
( i j  

66 
67 
68 
(in 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
89 
83 
8.1 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
55 

96 
97 
98 
99 

lol 
102 

104 
lo5 

Iv7 
1°8 
lU'J 

'I1 

'I3 
'I4 
11= 

116 
'I7 
'I8 
119 

62 
C9 
64 
6,; 
ti6 

67 
68 
69 
50 
71  

i 2  
i3 
74 
75 
7 

77 
73 
751 
tl0 
81 

92 
83 
84 
83 
I)(; 

S i  
68 
N!J 
'JU 
Dl 

!)2 
!I3 
! -  
!I3 
96 

97 
98 
!'!I 
100 
101 

102 
It13 
104- 
IOb 
106 

10i  
1ut3 
109 
'10 
111 

' I2  
11: )  

' I 5  
llti 

117 

'I!+ 
120 
I2l 

I 

miles 
232.50 
233.51 
234'51 
2.3;.5j 
238.55 

139.55 
Z io . j q  
241.5.j 
~ ~ z . j . 3  
243.53 

244.5, 
?45'5+ 
246. j4  
z+;.j4 
?48.j, 

249.53 
230.54 
151'55 
252.65 
253.69 

~;q.;o 
255.54 
z;;.Ro 
2 j6 $8 
257.92 

259 03 
260-1.3 
~ b l . 0 4  
~01.07 
263.10 

264.14 
267.10 
168.08 
269.0.4 
269.98 

2jo.94 
271.90 
2;2.46 
273.84 
274.80 

2 i . i ' i s  
( 

277.64 
27X.65 
2;9.56 

280.50 
281.4g 
2112.45 
zs,,..lt 
284.36 

285.40 
2n11.3! 
28 i .2h 
l R R ' 9 4  
389.15 

zq0.11 
291.10 
292.04 
a9a.9g 
293.96 

foot 
- 0 '01  4 
- 0'01.3 - 0.010 
t 0.021 
+ 0.010 

+ 0.019 
+ 0'008 - 0.022 

- 0.011  
~ 0 . 0 0 3  

+ 0.014 
+ 0'01.3 
t 0.004 
+ o.011 - 0,025 

- O'OOR 
- 0 ' 0 0 1  
- 0.025 - 0.006 
- 0'00') 

- 0.028 
+ 0.004 

0 '000  
+ o'oo.; 
+ 0'005 

+ o oog - 0.004 
- 0.01; 
t o,ozg - 0.012  

- 0-01; 
t o 0.31 
+ 0 . 0 ~ ~  - o , o ~ t )  
- 0.002 

t 0.002 
- o a10 
+ o.oag 
+ e.oo; 
- 0 . c o i  

+ o,oo,, 
- 0'OO.l 
- o oo? 
- a'oz, 
- o 0 8 ;  

- 0.00; - 0.002 
- 0.009 
t o.oo,, 
- 0.000 

- 0,003 
+ 0-OOj 
+ 0 -ooq  
+ 0.008 
- 0 001 

o 'ooo  - 0 003 - o.oob 
- o.oob 
+ 0.00.3 

Shlkarpur 

foot 
- 0 
- 0'4,;6 
- 0.466 
- 0.445 
- 0.4, j j  

- 0.416 
- 0'408 
- 0.4.30 
- 0.441 
- 0 . 4 3 8  

- 0.424 
- 0 4 1 1  
- 0.407 
- 0'396 
- o.;z~ 

- 0.429 
- 0.4.10 
- 0'4.i.j 
- 0.401 
- 0'4;o 

- 0,498 
- 0 . 4  
- 0 494 
- o 489 
- 0.484 

- 0.4;s 
- o-4;g 
- 0.494 
- 0 . 4 6 ~  
- 0 . ~ 7 7  

- 0.492 - 0.461 
- 0.447 
- 0.460 
- 0.468 

- 0.466 
- 0.4;6 
- 0.46; 
- 0 . 4 6 ~  
- o..~hrj 

- o.4ho 
- o.ih,3 
- o . q h i  
- o '4yo  
- 0.507 

- o.,;,~ 
- 0.,;#4 - 0.52J 
- 0.520 
- 0.526 

- o.,:zg 
- 0 2 
- 0.51; 
- o ' g o j  
- 0.508 

- 0';oR 
- 0.511 - 0.517 - o.., 

3 . 3  - 0,520 



LEVEL1,INQ OPERATIONS. 

Line No. 53. Shikarpur (Sind) to Tatta.-(ContinuAd). 

Difference of dynamic height, Shikarpur to Tatta = - 166-039 feet. 

Length of line in miles = M = 310.05. s# = 0.055322. 

Probable error of the mean result per mile of double-levelling = 0.6145 2/g = 0.0046. 

Prohable error OF the difference of elevation between the terminal bench-marks = 0.6745 4 - 

Bcncll.mnrk No. 1U) is the mark at Tatta described on page 136. 

1)istnnce 
fro111 

Sl~iknrpllr 

m i k s  
294'89 
295'87 
296'77 
297'71 
298'65 

299'66 
300.61 
,301.51 
302 '50 
302.99 

.30.3'45 
J04'.39 
305.34 
306.26 
307'20 

308.17 
309'11 
309'99 
j I O ' O j  

Bench.mnrks 
Di@crepnncy between 

levellers 
(Firat -Secolld loreller) 

From 

121 
122 
123 
144 
125 

1 2 6  
127 
128 
129 
130 

131 
132 
133 
134 
135 

1% 
137 
138 
139 

Obsorved 
e]ovntioll 
nbove ( + ) 

or below ( - )  
S l ~ ~ k t h r p ~ ~ r  

(laenin result 
bg two 

levellers) 

feet 
- 152'465 
- 153.645 
- 142.9.37 - 140.084 
- 1.31.j30 

- 121.390 
- 133'030 
- 122'054 
- 119.748 
- 6 

- 165,161 
- 1 6 j . j 6 1  
- 16z.qjg 
- 160.16.3 
- 158.799 

- 15g';gR - 1 6 o . j j 8  
- 158.427 
- Ig j 'O lg  

Fro'11 lnsrk 

to nlnrlr 
( -4  

foot - 0.018 
- 0'001 
+ 0'012 
+ 0 ' 0 0 j  
+ 0'013 

- 0'00.3 - 0.012 
0 '000 
0.000 

+ 0'010 

+ 0'001 
- 0'00.3 
- 0 '004  
+ o , o o j  
+ 0'001 

- 0'007 
- 0.008 
- 0.002 
- 0.001 

To 

122 
123 
124 
125 
126 

127 
128 
129 
130 
131 

132 
133 
134 
136 
136 

137 
139 
139 
1JO* 

Totnl froln 
Sl~ikorpur  

fool - 0.5.38 
- 0.539 - 0'527 
- 0'512 
- 0 ,509  

- 0.512 - 0'524 - 0.524 
- 0.524 - 0 , 5 1 4  

- 0.51.3 - 0'516 
- 0'520 - 0 .515  
- 0 .514  

- 0 '511  - 0.529 
- 0'531 - 0.53, 

Dynamic 
correction 

deduced from 
~nnrb  tomurk 

~ ~ t ~ l  from 
Sl~iknrpur 

foot 
- 0 . 0 2 0  

- 0.020 - 0.019 
- 0.019 
- 0.018 

- 0.017 
- 0 . 0 1 8  - 0'017 
- 0 '017  
- 0.019 

- 0.020 
- 0 . 0 2 0  

- 0°020  
- 0.020 
- 0.020 

- 0.020 
- 0 . 0 2 0  

- 0.020 
- 0'010 

D ~ n n m i c  
I ' e i ~ l l t  

nboro ( + )  
or below (-) 

Yhiknrpur 

feel  
- 152.,85 
- 15.3.66~ - 1 4 2 . ~ ~ 6  
- 140.103 
- 1 3 1 . ~ ~ 8  

- 1a1.,107 
- 133.048 
- 122'071 
- 119.765 
- 151.935 

- 165.18, - 163.581 
- 162.499 
- 160.183 
- 158 819 

- 159.758 
- 160,478 
- l j 8 . 4 ~ 7  
- 155'039 



RESULT~ OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 54. Shikarpur (Sind) to Murghai. 

Difference of dynamic height, Shikarpur to Murghai = + 99.802 feet. 
Length of line in miles = M = 130.60. Sd' = 0.023139. 

- 
Probable error of the mean result per mile of double-levelling = 0.6745 Jg = = o 0.0014. 

D:::;i,c 
aboPo ( + ) 

or helow (-) 
Yhika'Tur 

feet 
+ 9'592 
+ 19,435 
+ 46'879 
+ 5z.igo 
+ 59,330 

+ 76.949 
+ 82.906 
+ 9 y b 2  

- 
Probable error of the difference of elevation between the terminal bench-marks = 0.6145 2/?$ = t 0.0113. 

i:;:Fn 
deduced from 
luorL to mark 

Tatnl from 
Yhikarpur 

* Bench.marli No. 1 is the mark s t  Shiknrpur doacribed on pnge 135. t Bench-mark Xo. 9 i s  the  mark a t  Murghni described on pnge 135. 

Bench.markn 

From I TO 

Dietance 
from 

Shikarpur 

~ ~ : ~ ~ ~ f  
above ( + )  

or 
Sltikurpur 

(moan result 
by two 

levellers) 

Diecrepancy betwoen 
lovellrrs 

(Firat- boconrl leveller) 

miles 
17.61 
28.51 
6i,54 
7.3 5X 
80.16 

99.35 
114.8.3 
6 0  

From murk 
to nlnrk 

( = d )  

18 
2 
3 
4 
6 

R 

Totnl from 
S l ~ ~ k n r p u r  

fool 
+ 0'098 
- 0.031 
+ 0.060 
+ 0'031 
+ 0.037 
- 0.016 
+ 0'002 

2 
3 
4 
5 
6 

7 

foot 
+ o.ogR 
+ 0'067 
+ 0'127 
+ 0.2oR 
+ 0'245 

+ 0.229 
+ o.rgr 8 

9t 

foot 
+ + 0.003 
+ 19.429 
+ 46.864 
+ 52'773 
T 59'311 

+ 76.924 
+ 8z.U;') 

- 0.028 I + 0.203 I + 99.769 

+ 0.006 
+ 0.015 
+ 0'017 
+ 0'019 
+ 0'025 
+ 0.027 
+ 0033 



LEVELLING OPERATIONS. 

Line No.55. Murghai t o  Chach. 

Difference of dynamic height, Murghai to Chach = + 721.369 feet. 

Length of line in miles = M = 427.44. Z 8  = 0.244622. 
- 

Probable error of the mean result per mile of double-levelling = 0 . 6 7 4 5 2 / %  = + 0.0081 

Ben&-msrkn 

From I To 

- 
?rollhhle error of the diflerence of elevation between the terminal bench-marts = 0.67'45 1/? = f 0,1668. 

~ i ~ t ~ ~ ~ ~  
from 

Murghoi 

miles 
14.29 
29.68 
4a.11 
55.11 
72'53 

79'51 
86.52 
100.0; 

142'46 
268.26 

27j.61 
291.35 
299.04 
308.75 
323.44 

333'67 
3,7.66 
397.49 
417.4.4 

I* 
2 
3 
4 
6 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 

Bench.mnrk No. 1 is the mark st Murgbsi described on pnge 135. t Bench-mark No, 20 is the mark at Chsch described on PBge 

2 
3 
4 
6 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20t 

Discrepsnoy between 
levellern 

( ~ * t -  second leveller) 

Observed 
oleraLion 

above ( +  ) 
or below (-) 

hlurghlti 
(moon result 

by two 
levellers) 

fed + 11.262 
+ 17,999 
+ 44.368 
+ 54,989 
+ 79.276 

+ 92.699 
+ 101.013 
+ 115,974 
+ 180.7.37 
+ 362.375 

+ ,371,788 
+ 393.487 
+ 38o'jrr 
+ 456.097 + 763.640 
+ 549'71,q 
+ 64.3.746 
+1418.0.;4 
+ 720.938 

F~mmy::ra;L 
( = d )  

foot 
+ 0.078 
+ 0,047 
+ 0'027 - 0.024 
- 0.035 
- 0'0.34 
- 0.024 
+ 0'077 
+ 0'220 - 0.041 
+ 0.028 
- 0,008 
+ 0,009 
+ 0.025 
- 0'086 

- 0.007 
- 0.072 
- o.,qjj 
+ 0'207 

Total from 
Murghei 

f o d  + 0.078 
+ 0.12j 
+ 0'152 
+ 0.128 
+ 0'093 
+ o.oj9 
+ 0'035 
+ 0.112 
+ 0'332 
+ 0.291 

+ 0.319 
+ 0.,311 
+ 0'320 
+ 0'.34j + o.rjg 
+ 0.252 
+ 0.180 - 0.165 
+ 0,042 

correction 
deduced from 
marktomark 

Total from 
Murghoi 

foot 
+ 0'004 
+ 0.011 
+ 0.018 
+ o.023 
+ 0.034 
+ 0.040 
+ 0.044 
+ 0.051 
+ 0.08.3 
+ 0.200 
+ 0.206 
+ 0 . ~ 2 1  
+ 0.212 
+ 0'264 
+ 0.477 
+ O',327 
+ 0.394 
+ 0.968 
+ 0.431 

D ~ n n m i c  
IleiL!ht 

obore ( + )  
or bclow (-) 

hIurgLai 

+ ?Cf266 
+ 2g.olo 
+ q4.g86 
+ 55.012 
+ 79.310 

+ 92.739 + 101.oj7 
+ 116,ozj 
+ 180.820 
+ 362.575 

+ ,371,994 
+ 393.708 
+ 380.7.34 
+ 456.361 
+ 564.117 
+ 550.040 
+ 644.140 
+1419.022 
+ 721'369 



~ ~ U L T B  OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 56. Ferozepore to Chach. 

* Bench-mark No. 1 is the w k  at Farompore deecribed on page 134. 

D{:~:F 
( +)  

orbelow (-) 
Ferozepore 

f e d  
+ 7'6.35 
+ 4'238 
+ 6.0.30 
+ R'88j 
+ 8.683 

+ 8.521 
+ 9.568 
+ 11'252 
+ 9'076 
+ 9,371 

+ 8.894 
+ 8,561 
+ 8.752 
+ 28.472 
+ 27.061 

+ 25.446 
+ 7.7'351 
+ 34'845 
+ 4.3'430 
+ 43.235 

+: 44.049 
+ 44'102 
+ 43'477 
+ 44,242 
+ 44'654 

+ 42.514 
+ 45.063 
+ 49.313 
+ 55.;13 
+ 45.902 

+ 44.644 
+ 47'520 
+ 40.075 
+ 47.940 
+ 47.743 

+ 52,637 
+ 51'770 
+ go.104 
+ 48.66; 
+ 51.110 

+ 56.932 
+ 51.584 
+ 52.796 + 52.612 
+ 53.419 

+ 56,840 
+ 58.769 
+ 67.106 
+ 58.307 
+ 60.441 

+ 47,216 
+ 49.8.39 
+ 40.559 
+ 58.584 
+ 59.933 

+ 6 0 . 8 2 ~  
+ 51.446 + 61.671 
+ 51..300 
+ 51-510 

Dyoamic 

d e d ~ ~ r e d  from 
mark 

Total from 
Forozepore 

foot 
+ 0,004 
+ 0.002 
+ 0.003 
+ 0.005 
+ o.ooj 

+ 0.005 
+ 0,006 
+ 0'007 
+ 0.006 
+ 0.006 

+ 0.006 
+ 0.006 
+ 0.006 
+ o.017 
+ 0.016 

+ 0 . 0 1 j  

+ 0'016 
+ 0.020 
+ 0'015 
+ 0 . O Z j  

+ 0'026 
+ 0'026 
+ 0.026 
+ 0.016 
+ 0.026 

+ o'oag 
+ 0.026 
+ 0.028 
+ 0.031 
+ 0 ' 0 2 j  

+ 0 . ~ 2 4  
+ 0.026 
+ o.oa2 
+ 0.027 
+ 0,027 

+ 0.0.30 
+ 0'029 
+ 0.028 
+ 0.m;  
+ 0.028 

+ 0.031 
+ o.orR 
+ 0.029 
+ 0.029 
+ 0'030 

+ 0.0.32 
+ o.o.q.3 
+ 0.0.38 
+ 0.0.13 
+ 0.0.34 

+ 0 , 0 2 7  

+ 0,029 
+ 0.024 
+ 0.0.34 
+ 0.035 

+ 0.036 
+ O . O , ~ I  

+ 0.0.36 
+ 0.030 
+ 0,030 

Observed 
elevation 

above ( + )  
orbelow (-1 
Ferozepore 

(mean result 
by lwo 

lerellere) 

feet 
+ i'h.31 
+ 4.236 
+ 6.027 
+ 8.87R 
+ 8.678 

+ 8.516 
+ 9,562 
+ 11'245 
+ I , . O ~ O  

+ 9.36j 

+ 8,888 
+ 8.555 + 8.746 
+ 29.455 
+ z;.oqj 

+ 25.431 
+ zj.,3,qj 
+ 34'825 
+ 43,405 
+ 43'210 

+ 44.02.3 
+ 44'076 
+ 43.451 + 44.216 
+ 44'628 

+ 4a.489 
+ qs.o.3f 
+ 49.285 + 55'682 
+ 45.877 

+ 44.620 
+ 47.494 
+ 40.053 
+ 47'913 
+ 47.716 

+ 52.607 
+ 51'741 + 50.076 
+ ~ 8 . 6 ~ 0  
+ 51.082 

+ 56,901 
+ 51.556 
+ 52.767 
+ 52.583 
+ 53.389 

+ 56.808 
+ 58.7.36 + 67.16R 
+ 58.274 + 60.407 

+ 4 7 . 1 4  
+ 49.810 
+ 40.535 
+ 58.550 
+ 99'918 

+ 60.788 
+ 52.415 
+ 6 1 . 6 ~ 6  
+ 51.290 
+ g1.480 

Dintonce 
from 

Ferozepore 

miles 
0.82 
1.79 
j ' i 6  
3.73 
4.69 

5.70 
9.19 
9'89 

10.87 
11.85 

2 

1.3.79 
14'77 
15.20 
1j.63 

15'77 
1 6 . 5 ~  
17.73 
18'74 
19'73 

20'71 
21.69 
22'67 
23'64 
24.62 

24'73 
25'11 
25.65 
26.22 
26.62 

07.60 
28'57 
28.92 
29'55 
30'52 

31'47 
33'44 
33'64 
35.41 
36'38 

38'33 
38.92 
40.29 
40'55 
41.28 

42'25 
43'22 
43'97 
44.2'3 
45'43 

46.00 
46'15 
47'1.3 
47'91 
49'50 

19'73 
5"39 
52.67 
54'65 
54'71 

Diecre~aOCY '''ween 

~ench.msrke 

From / TO 

(pirat- Becond 

Fz:,zlk 
( = d l  

foot 
+ o.oo.3 
+ 0.018 
+ 0.016 
+ 0.006 
- 0.004 

- 0.007 
- 0.062 
+ 0.025 
+ 0.001 
+ o.010 

- 0.002 

- 0.00.3 
- 0'Oo1 
+ o.002 
- 0.009 

+ 0.002 
+ 0-001 
+ 0.002 
+ 0.011 

0'000 

+ 0.002 
+ 0'02.3 
- o.oj7 + 0.012 
+ 0.002 

+ 0.006 
- 0.009 - o.oor 
- 0.005 - 0.004 

+ 0.004 
- 0.009 
+ 0.002  

+ 0.004 
+ 0.002 

+ 0.014 
- 0.015 
- 0.001 
+ 0.010 
+ 0.002 

- o.w.3 
- 0.004 
+ 0.007 - 0-006 
- 0'002 

- 0.00.3 
+ 0.00.3 
+ 0.002 
- o.oo.3 - 0.004 

- 0.002 
+ 0.007 
+ 0.004 
+ 0.003 - 0.011 

- 0.004 
+ 0.001 
+ o.oor - 0.005 - 0.003 

1' 

3 
4 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 

, 35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 

49 
60 

61 
52 
53 
64 
66 

67 
68 

60 

levellere 
leveller) 

Tolal from 
Ferozepore 

foot 
+ 0.00.3 
+ 0.021 
+ 0.0.37 
+ O.OJ,? 
+ 0,039 

+ 0.0.32 
- 0.030 
- 0.005 - 0.004 
+ 0.006 

+ 0.004 
+ 0.001 

0.000 
+ 0.002 
- 0.007 

- 0'005 
- 0.004 
- o.oor 
+ 0.009 
+ 0.009 

+ 0.011 
+ 0'0.34 - 0.00.3 
+ 0.009 
+ 0.011 

+ 0.011 
+ 0.008 
+ 0.007 
+ 0.002 
- 0 . 0 0 ~  

+ o.ooa 
- 0,007 - 0.005 - 0.001 
+ 0.001 

+ 0.015 
0'000 

- o.oor 
+ 0.009 
+ 0.011 

+ 0.008 
+ 0,004 
+ 0 . 0 1 1  

+ 0.005 
+ o'ocg 

o.000 
+ 0.00.3 
+ 0.005 
+ o.ooa 
- 0.002 

- 0.004 
+ o , o o j  
+ 0.007 
+ 0.010 - 0.00, 

- 0.005 
- 0.004 - 0.00s - 0.007 
- o a o l o  

2 
3 
4 
5 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 
44 
45 
46 

47 
48 
49 
60 
61 

62 
63 
54 
66 

67 

69 
60 
61 



LEVELLING OPERATIONS. 

Line No. 56. Ferozepore to Chach.-(Continued). 
[ h a  r 

Benoh-marks 

horn I To 

61 
62 
63 
6 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
96 

96 
97 
98 
99 
100 

101 
102 
103 
108 
106 

106 
l W  
108 
109 
110 

111 
112 
113 
114 
116 

116 
117 
118 
119 
120 

-- 

Dista~lce 
from 

Perorepore 

milea 
55'07 
55'51 
56'83 
64'47 
66.13 

66.24 
67.28 

: 
74.07 

76'15 
78'74 
78.87 
84.81 
86.95 

88.49 
89.23 
90.71 
91.39 
92..37 

96.67 
98.6j 
to1..3; 
101.47 
102.18 

103.73 
106.03 
109.65 
111.65 
119.19 

120.03 
120.14 
126.~0 
119.16 
130.50 

131.74 
131.82 
133.13 
1.34'57 
136.34 

138.73 
140.76 
141.26 
141.36 
141.55 

144.08 
147.41 
147.~6 
149.71 
150.99 

152.31 
152.44 
157.75 
157'9~ 
158.51 

160.65 
16.3.09 
163.24 
16.3.35 
167.07 

62 
63 
64 
66 
66 

67 
68 
69 
70 
71 

78 
73 
74 
75 
76 

77 
78 
79 
80 
81 

82 
83 
84 
85 
86 

87 
88 
89 
90 
91 

92 
93 
94 
95 
96 

97 
98 
99 
100 
101 

102 
103 
104 
105 
106 

1 W  
108 
109 
110 
111 

112 
113 
114 
115 
116 

117 
118 
110 
120 
121 

Obaerved 
olerutio~i 
above ( +)  

or beloxr ( - )  
Parozepo~.e 
(u~ean result 

by two 
lerallers) 

feet 
+ 48.668 
+ 46.627 
+ 51.811 
+ 60.~60 
+ 6 ~ . 8 ~ 2  

+ 63.732 + 60.~31 
+ 64.258 
+ 64.645 
+ 75'027 

+ 76.;69 
+ 84.580 
+ 84,490 
+ 91'349 
+ 95.942 

+ 97'427 
+ 98.127 
+ 99.011 
+ 102.245 
+ 101.758 
+ 107.610 
+ 1o8'0.30 
+ r11.630 
+ I 
+ 108.937 
+ 110.9jg 
+ 113.010 
+ 110.786 
+ 108.043 
+ 116'640 
+ 122.449 
+ 1zr.87a 
+ 150.255 
+ 171.211 
+ 1 8 1 . ~ ~ 7  
+ 191.525 
+ 1 8 6 . ~ 2 ~  
+ 198.752 
+ 197.792 
+ 212.~56 
+ 241.471 
+ 295,645 
+ 31.3.275 
+ ,313'7J9 
+ 310';5') 
+ 371.429 
+ 228.613 
+ 2~8.200 
+ 129'048 
+ 124.458 
+ 121.415 
+ 121.377 + ~ 5 6 . 9 ~ 6  
+ 265.267 
+ 290.341 

+ 287..;z9 
+ 253.964 
+ 258.945 
+ 258.947 
+ 372.307 

Discrepancy between DJ'nnmic 
correction 

deduced from 
 nark to mar!, 

Total from 
Perozepore 

foot 
+ 0.0~8 
+ 0.027 
+ 0.030 
+ 0.035 
+ 0.037 
+ 0.037 
+ o.o.qj 
+ 0.0.37 
+ 0'0.37 + 0'043 
+ 0,044 
+ 0'049 
+ 0.049 
+ O'Oj3 
+ o.oj6 
+ o'ojl 
+ 0.057 
+ 0.058 
+ 0'060 
+ 0.060 
+ 0.064 
+ 0.064 
+0.066 
+ 0'066 
+ 0,064 
+ 0.06; 
+ 0'066 
+ 0'065 
+ 0'063 
+ 0.069 
+ 0'073 
+ 0.07.3 + 0.091 
+ 0.105 
+ 0.112 
+ 0.119 
+ 0.116 
+ 0.124 
+ 0.123 
+ 0.133 

+ 0.153 
+ 0.190 
+ 0'202 
+ 0.202 
+ 0-200 
+ 0'241 
+ 0.143 
+ 0.143 
+ 0.075 
+ 0'072 

+ 0.070 
+ 0'070 
+ 0.164 
+ 0.170 
+ 0'188 
+ 0.186 
+ 0.163 
+ 0.167 
+ 0.167 
+ 0.246 

(l?irst- ~ ~ ~ ~ ~ , j  

F f ~ l ~ , ~ : ~ k  
( = d )  

foot 
+ 0'00.3 
+ 0'011 
+ o'o~j 
+ 0'004 
+ 0.001 
+ 0.001 
- 0.003 
+ 0.014 

0'000 

+ 0,008 
- 0.007 

0.000 
0'000 

+ 0.0.37 + 0.016 
+ 0'010 
+ 0.003 

0.000 

+ 0.004 
+ 0.003 
- 0.001 
- 0.001 
-0.oz8 - 0.001 
- 0'013 
- 0.006 
+ 0.005 
+ 0-015 . 
- 0.00.3 - 0.032 
+ 0'004 
- 0.003 
- o'ozq 
+ 0.024 - 0-001 
+ o.oo.$ 
- 0.006 - 0.001 
- 0.009 
- 0.016 
- 0.00~ 
+ 0.014 - 0.001 - 0.001 
+ 0.003 
- 0.004 
- 0.008 

o.ooo 
- 0.022 
+ 0.014 
- 0.008 
+ 0.001 
+ 0.049 

o.ooo 
0.000 

- 0.016 
- 0.017 - 0.006 - 0.002 
+ 0.024 

Dynnmic 
beik!llh 

above ( + )  
or below (-) 
Ferozcpore 

f e d  
+ 4s.696 
+ 46.6j4 
+ 5 1 . 8 ~ ~  
+ 60.995 
+ 63,869 

+ 63.7b9 
+ 60.~66 
+ 1 5 4 . ~ ~ ~  
+ 
+ 7 5 . 0 ~ ~  

+ 76.n33 
+ 84.bZ9 
+ 8.(.s39 
+ 91,402 
+ 9 5 . ~ ~ 8  

+ 97.484 
+ 98.1R4 
+ 99.069 
+ IOZ.,~O~ 
+ 101.818 
+ 107,674 
+ 108,094 
+ 111.696 
+ 111.;67 
+ 1og.001 
+ 111.024 
+ 113'076 
+ 110.851 
+ 108.106 
+ 116.709 
+ 122'522 
+ 122'945 
+ 150.346 
+ 171.316 
+ 181.509 
+ 191.644 
+ 187'040 
+ 198-R;6 
+ 197'9l5 + 212.489 
+ 241.624 
+ 295'835 
+ 313'477 
+ 3'.3'95' 
+ 310'959 
+ 371.~70 
+ 228,756 
+ 218.343 
+ 129'12.3 
+ 12J'530 

f 1 ~ l . 4 ~ 5  
+ 1z1'447 
+ 257'14O 
+ 265.437 
+ 290'529 

+ 287'515 
+ 2S4'127 
+ 259'112 
+ 259'114 
+ 37a'553 

lerellars 
leveller) 

Toknl from 
Ferozopore 

foot 
- o'oo7 
+ 0.004 
+ 0.019 
+ 0.023 
+ 0'024 
+ 0.0z.j 
+ 0'022 
+ 0.036 
+ 0'0.36 
+ 0.044 
+ 0'037 
+ 0'0.37 
+ 0'037 
+ 0'074 
+ 0,090 

+ 0.100 
+ 0'103 
+ 0,103 
+ 0.107 
+ 0.110 
+ 0.109 
+ 0.108 
+o.o8o 
+ 0.079 
+ 0.066 
+ 0,060 
+ 0.065 
+ 0.080 
+ 0.07; 
+ 0.045 
+ 0.049 
+ 0.0~6 
+ 0.022 
+ 0.046 
+ 0.045 
+ 0.049 
+ 0.043 
+ 0.042 
+ O'og3 
+ 0.017 

+ 0.013 
+ 0.027 
+ 0.026 
+ 0.025 
+ 0.028 
+ 0.024 
+ 0.016 
+ 0.016 - 0.006 
+ 0.008 

0'000 

+ 0.001 
+ 0.050 
+ 0.050 
+ o'ogo 
+ 0.034 
+ 0.017 
+ 0.011 

+ 0.009 
+ 0.033 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 56. Ferozepore to  Chach.-(Continued). 

D ~ ~ $  
above ( + ) 

or below (-) 
F"roceporo 

feet 
+ .@t..30,3 
+ 4 1 7 . ~ 0 6  
+ 467'26; 
+ 487'472 
+ 518'097 

+ ~ 4 6 ' 0 2 5  
+ 546.288 
+ 486.288 
+ 460'40.3 
+ 429'938 

+ 482.685 
+ 5;j'4.31 
+ 575'384 
+ 6 ~ 6 . ~ 1 8  
+ 711.796 

i iRj .279 
+ 785'214 
+ ;8j '334 
+ 796',380 
+ 819.735 

+ 878'525 
+ RBj.j62 
+ 808.h.v.3 
+ 848.891 
+ 8i6.242 

+ R;6,116 
+ 871'674 
+ 8o j . zo8  
+ $04'409 
+ 8oj .334 

+ 860,260 
+ 860'34.3 
+ 990.198 
+1064.849 
+1120.812 

f11.30.068 
+111z.890 
+105,3.~83 
+ 1 0 5 ~ . 4 ; 7  
+10;8.74; 

+ I I Z ~ . Z J ~  
+1184.5()1 
+1179.216 
+1118 .412  
+1118.438 

+1og8.667 
+ 103,3.?56 
+ 941.746 
+ 872.547 
+ 872.392 

+ 861.r) jo  
+ R;o.~o7 
+ $99.7,38 
+ 929.514 
+ l o l 8 ~ 0 ~ ~ 1  

+ I O O J . ~ ~ ~  
+ l o l l  . 149  
+ 1009.049 
+ l o l l . 3 2 O  
+l076 ' ;30 

Dynamic 
correction 

deduced from 
mar~tomart  

Total from 
Ferozepore 

foot 
+ o . z j 4  
+ 0.277 
+ O . , ~ I Y  

+ 0..326 
+ 0 '354  

+ 0.367 
+ 0.367 
+ o . ~ z j  
+ 0'307 + 0.186 

+ 0.32.3 
+ 0.,3?8 
+ 0.388 
+ 0,425 
+ 0'485 

+ 0'557 
+ 0.537 
+ 0'537 
+ 0.545 
+ 0,561 

+ 0 ,603  
+ 0.608 
+ 0.55.3 
+ 0.581 
+ 0.600 

+ 0.600 
+ 0'59;  
+ 0,550 
+ 0,549 
+ o . g j o  

+ 0.590 
+ 0.500 
+ o.68q 
+ 0.738 
+ 0.779 

+ 0.786 
+ 0.774 + 0 ,731  
+ 0.731 
+ 0.749 

+ 0.785 
+ 0.826 
+ 0 . 8 2 ~  
+ 0,777 
+ 0.777 

+ 0,762 
+ 0.714 
+ 0.647 
+ 0.596 
+ 0.596 

+ 0 . ~ 8 8  
+ 0.594 
+ 0 . 6 1 6  
+ 0.638 
+ 0.704 

+ 0.694 
+ 0 . 6 ~ 9  
+ 0.697 
+ 0.703 
+ 0.747 

Observed 
ele~at ion 

above ( + )  
or below (-) 
Ferozepore 

(mean result 
by t.wo 

levellers) 

fed + 384.049 
+ 417.129 
+ 466.9sj 
+ 487.146 
+ j27.743 

+ 545.658 
+ $45.921 
+ 485.96.3 
+ 460,096 
+ 429.652 

+ 482.362 
+ 575.044 
+ 574.996 
+ 626.493 
+ j 11 .311  

+ 784.742 
+ 784'677 
+ 784.797 
+ 79j.835 
+ 819'174 

+ 877.922 
+ 884.754 
+ 808.080 
+ 848.310 
+ 875.642 

+ 87s.516 
+ R71'o;f 
+ 804.658 
+ 803.860 
+ 804.784 

+ 8 j9 .670  
+ 859.753 
+ 9 8 9 . 5 1 ~  
+ I O ~ ~ . I I I  
+1120.03,3 

+ 1 1 ~ 9 . ~ 1 1 2  
+1111 .116  
+ 1052.652 
+ 1052.746 
+ 1077.ggR 

+11a7.)48 
+ 118.3.765 
+1178.394 
+ 1117.8.35 
+ 1 ~ ~ 7 . 6 6 ~  

+1og7'gog 
+ l o j z . 5 ~ 2  
+ 941.099 
+ 871.951 
+ 871.796 

+ 861..34a 
+ 869.61.3 
+ 8 9 # ) . 1 ~ 2  
+ 928.876 
+1017'327 

+1004'251 
+ 1010.450 
+ I O O R . , ~ ~ ~  
+ 1016 .617  
+ l 0 7 j ' 9 8 j  

Distance 
from 

Ferozcporc 

milzs 
16;.,30 
167.9.3 
169.06 
169.58 
170.34 

I 

171.55 
173.00 
173.53 
174.44 

176.10 
178.26 
1;8.31 
I 
181.16 

18.3.25 
18.3.34 
183.45 
183.90 
184.49 

1R5.54 
186.14 
187.8.3 
168.66 
189.32 

t 8 g . j ~  
189.;; 
190-98 
191'04 
1 9 1 ~ 2 j  

195-06 
195.20 
197.80 
200.63 
201.j3 

202.01 
202.4j  
203.;3 
203.84 
206.17 

207.10 
208.70 
209.99 
211.94 
212.08 

~ 1 2 . 8 2  
214.22 
216.52 
r l 8 . o a  
218.13 

118.20 
218.60 
219.70 
221.18 
"5.33 

227.06 
22R ' l , 3  
228 '18 
228'8.3 
230'47 

D i a c r e ~ a n c ~  between 
~ench.rnark0 

From 

121 
122 
123 
124 
125 

126 
127 
128 
129 
130 

131 
132 
133 
134 
135 

136 
137 
138 
139 
140 

141 
I42 
143 
144 
145 

146 
147 
148 
149 
150 

151 
162 
153 
154 
155 

156 
157 
1% 
169 
160 

161 
162 
lG3 
164 
165 

166 
167 

lti9 
170 

17' 
173 
174 
175 

176 

17' 
17' 

levallera 
(Filst- Secood 

( = d )  

fool 
+ 0.006 
+ 0 . 0 0 ~  
- 0.003 
- 0.009 
- 0'005 

+ 0.005 
+ 0.001 - 0.002 - 0.004 
- 0.027 

+ o.002 
+ 0.016 

o.000 - 0.004 
+ 0.013 

- o . o ~ j  
+ 0.004 
- 0.001 
- o.oot  
+ 0.001 

+ 0 .012  - o , o o a  
+ 0.001 
+ 0,014 
+ 0.010 

+ 0.005 
+ o.004 
+ 0.001 - o.002 
- 0.006 

+ 0.00.3 
+ 0.007 
+ 0.01.3 
+ o.oop 
+ 0.005 

+ 0.008 
- 0.002 
+ o.002 
- 0.00.3 - 0.007 

+ 0,006 
+ 0 . 0 1 4  
+ 0,010 

- 0.008 
+ 0.003 

+ 0 .010  

- 0.016 
- o.002 
+ 0.008 

0 '000 

- oeooa - 0.003 
+ 0.003 
+ 0.00j  
+ 0'011 

0'000 - 0.001 
- 0.002 - 0.006 
+ 0'004 

To 

1?2 
123 
124 
125 
126 

127 
128 
I29 
130 
131 

132 
133 
134 
135 
136 

137 
138 
139 
;40 
141 

142 
143 
I 4 1  
145 
146 

147 
148 
140 
150 
151 

152 
153 
151 
155 
156 

157 
158 
159 
160 
161 

162 
163 
164 
165 
166 

167 
168 
169 
170 
171 

172 
173 

liG 

177 

li9 

lovelier) 

Total from 
Ferozepors 

foot 
+ 0.039 
+ 0.041 
+ 0.038 
+ 0.029 
+ 0.024 

+ 0.029 
+ 0.030 
+ 0.028 
+ 0.024 
- 0.00.3 

- 0.001 
+ 0.015 
+ o . o l j  
+ 0 .011  
+ 0.024 

+ 0.009 
+ 0 . 0 1 3  
+ 0 .012  
+ 0.011 
+ 0 .012  

+ o.ozq 
+ 0.022 
+ 0.023 
+ 0.037 
+ 0.047 

+ 0.052 
+ 0.056 
+ 0.057 
+ 0.055 
+ 0.049 

+ o ' o j r  
+ 0.059 
+ 0.072 
+ 0.001 
+ 0.086 

+ 0.094 
+ 0.092 
+ 0.094 
+ 0.091 
+ 0.084 

+ 0.090 
+ 0.104 
+ 0 .114  
+ 0.106 
+ 0 . 1 0 ~  

+ 0.119 
+ 0.10.3 
+ 0.101 
+ 0.109 
+ 0'109 

+ 0.107 
+ 0 . ~ 0 4  
+ 0.107 
+ 0.113 
+ 0'12.3 

+ 0'12.3 
+ 0 . 1 ~ 2  
+ 0 . 1 2 0  

+ 0.114 
+ 0'118 



LEVELLING OPEHATIOXS. 

Line No. 56. Ferozepore to Chach.-(Continued). 

Distance 
I1.on1 

Forozepor 

milrr 
232'20 
2.13'41 
236.78 
2.36.95 
239'59 

246.44 
148.00 
250'25 
2-  ..- > I  J J  

29.3'48 

254.89 
2.i6.8,; 
2Si'.a8 
2.57'47 
262.43 

264.07 
164 '21 
1h6.00 
168-69  
269.19 

269.24 
269. 38 
rjo'I13 
t72 '8z  
274.98 

275'93 
277'95 
278.29 

(mrnn result 

Disereponc y between 
levellen, 

(Firat-Seeo~~d leveller) 

foot 
- 0 '001  
+ 0.019 
+ 0 '007  
- 0'002 
+ 0'001 

~~~~~~ 
Bbovc (+  ) 

foot fert 
+ 0.117 +1165'773 
+ 0.136 + 1 i s 5 . 1 8 6  
+ 0 .143  +1348.420 
+ 0'141 +1354'101 
+ 0 ,143  + 1238'795 

o r  I!elow (-) 

nynnmic 
correction 

deducocl fror 
murk to u~a r l  

- 

Totsl from 
Ferozoporo 

-- 
foot 

+ 0'739 
+ o.;R.3 
+ 0.876 
+ 0.880 
+ 0'793 

+ 0.667 
+ 0,648 
+ 0'575 
+ 0'542 
+ 0'512 

+ 0.486 
+ 0.480 
+ 0.468 
+ o 46; 
+ 0'535 

+ 0'117 
+ 0'315 
+ 0-310  
+ 0'341 
+ 0 , 3 6 1  

+ o.,q61 
+ o..348 
+ O.ZIJ9 
+ 0 . 2 0 1  

1 + 0.158 

+ 0'136 
+ 0 . l l j  

! + 0.131 

Dynnmio 
l le l~ht  

.bore ( + )  
or below (-1 
Ferozoporo 

feel 
+ 1166,512 
+ 112j.969 
+ 1349'296 
+ '3.54'981 
+ 1239.588 

+ lOi3'992 
+ 1048.joR 
+ 952 '54 + qoU.079 
+ 868 688 

+ 835'188 
+ 8 ~ 6 , 9 1 8  
+ 810 842 
+ 809.9;; 
+ 637'600 

+ 614.056 
+ 610 734 
+ 604.559 
+ 645'102 
+ 670 59; 

+ 670'606 
+ 6 ~ 1 . 6 1 9  
+ ~ 8 9 . 4 2 ~  
+ 460 88; 
+ 404 5'2 

+ ,375'944 
+ ,348'904 
+ 369.874 

Difference of dynamic height, Ferozepore to Chach = + 369,874 feet. 

Length of line in miles = M = 278.29. 2 8  = 0.027605. 

Probable error of tbe mean rnu l t  per mile of double-levelling = 0.61452/a ii 
OnO033. 

Probable ermr of the difirence of eleration between the terminal bench-mark. = 0 . 6 7 4 5 T f  = f o'0560, 

Bench-mark No. W*) ir tbe mark at Chseh dcacribed o n  page 133. 



RESULTS OBTAINED FROM S~MULTANEOUS DOUBLE-LEVELLING. 

Line No. 57. Murghai to Ferozepore. 

Difference of dynamic height, Murghai to Ferozepore = + 351.969 feet. 

Length of line in miles = M = 311.97. Cd8 = 0'108066. 

c 2  Probable error of the mean result per mile of double-levelling = 0.6745 2/& = 0.0062. 

q$p"b"tic 
above ( +)  

or below (- ) 

feet 
+ 1'403 
+ 1 '830  
+ 11'855 
+ 33,432 
+ 54.425 

+ 73'493 
+ R1.356 
+ 96.443 
+ 125.1.37 
+ 141'31j  

+ 158'633 
+ 170.863 
+ 18R.261 
+ 198.818 
+ 216.960 

+ 226.8R3 
+ 255.180 
+ 261.449 
+ 277.196 
+ zg1';83 

+ 292.660 
+ 295'225 
+ .319'982 
+ ,3,31';98 
+ 342'712 

+ .351'969 

l'robable error of the difference of elevetion between the terminal bench-marks = 0.6745 
- = & 0.1109. @: 

nynnmic 
eorrn:ction 

deduced from 
mark to marL 

Total from 
Murgbai 

foot 
0 '000 
0 '000 

+ 0.004 
+ 0'012 
+ 0'0.20 

+ 0.027 
+ 0.0.30 
+ o 036 
+ 0.048 
+ O ' O s j  

+ 0.062 
+ 0'067 
+ o .o j5  
+ 0.080 
+ 0.088 

+ 0.09.3 
+ 0.106 
+ 0.109 
+ 0 . 1  16 
+ 0.12.3 

+ 0'124 
+ O ' l z j  
+ 0.13; 
+ 0'143 
+ 0.149 

+ 0'154 

- 
- 

' Bench.marL No. 1 is the mark a t  Yurghsi described on page 136. t Bencb-mark No. 27 is the  mnrk a t  Feroaepore described on page 134. 

Observed 
elevation 

above (+)  
or below (-) 

Murgbai 
(mean result 

by two 
levellers) 

feet 
+ 1'403 
+ 1,830 
+ 1 1 ' 8 j r  
+ ,33'420 
+ 54.405 

+ 73'466 
+ 81.326 
+ 96'407 
+ 125'089 
+ 141.260 

+ 158.571 
+ 170'796 
+ 188.186 
+ 198,748 
+ 116.872 

+ 226.790 
+ z;5.074 
+ 262~.340 
+ Z ~ ; . O R O  
+ 291'660 

+ 292'536 
+ 295.loo 
+ 3 l g . R ~ ~  
+ 331'655 
+ 342.563 

+ 331'815 

~ench-mark8 
Distance 

from 
Murghei 

miles 
5'05 

15.35 
31-34 

: 
86.5.3 
99.08 

112.91 
137.63 
150.68 

161.73 
171.19 
106.34 
195.44 
208.48 

219.03 
232.81 
245.34 
253.82 
262.51 

266.61 
270.93 
28.3.66 
297.06 
3 0 z . 4 ~  

311.97 

From 

I* 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
16 

16 
17 
I8  
19 
20 

21 
22 
23 
21 
2 

2G 

TO 

2 
3 
4 
5 
6 

7 
8 
9 
10 
11 

12 
13 
14 
15 
16 

17 
18 
10 
20 
21 

22 
23 
24 
25 
26 

27t 

Discrepncy between 
levellers 

(First-Beeond leveller) 

F;z:zk 
( - d )  

foot 
+ 0'041 
- 0 . 1 7 9  
- o.o,qq 
- o .018  
- 0.018 

- 0.030 
- 0.004 
- 0.051 - 0.064 
- 0,072 

+ o.010 
+ 0.055 - 0.015 
- 0.070 
+ 0.00.3 

+ 0'002 
+ 0 .001  
- 0 .001  - 0.016 
+ 0 .018  

- 0'003 
+ 0.055 
- 0 .016  
- 0.028 
- 0.032 

0'000 

Total from 
Murg l~s i  

foot 
+ 0.041 
- 0 ' 2 3 8  - 0'272 
- 0'290 
- 0.308 

- 0.338 
- 0.342 
- 0.393 - 0,457 - 0'529 

- 0.519 
- 0.464 
- 0.479 
- 0.54') - 0.546 

- 0.544 
- 0.543 
- 0.544 
- 0.560 
- 0.542 

- 0.545 
- 0,490 
- 0,506 
- o ' 5 . q ~  
- 0,566 

- 0.566 



LEVELLINQ OPERATIONS. 

Line No. 58. Bilaspur t o  Katni. 

Bench-muk No. 1 is the m u k  at Bilupur dacrlbed on prge 188. 

Benoh-mark? 

From 1 To 

Distance 
from 

Bllasper 

milea 
0.8.3 
9 '41 
9 '9 '  
9 '98 
9 '99  

10.04 
10 '5s  
11.29 
11.80 
12.49 

14.18 
1 5 ' 1 5  
15'70 
17.31 
18.23 

19.20 
19.45 
19 ' i J  
19.78 
19.79 

19'85 
20.08 
' 0 1  

2.3.16 
1.3'91 

14 '44 
15.85 
17 '34 
18.0.3 
18.73 

19.46 
29.51 
19 -60  
.30'13 
3 1 1 9  

31'90 
3a.8.3 
3.1.70 
34.35 
3 5 . ~ 0  

36.08 
36.59 
.37.03 
,ql.ij 
38.99 

39'39 
40.14 
40.77 
40.81 
4 0 . 8 ~  

40.R9 
41.80 
4.3.50 
45'34 
45.84 

46.R4 
49.29 
49.50 
49.71 
50.44 

1' 

6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
3 i  
38 
39 
40 

41 
42 
43 
4 
45 

46 
47 
48 
49 
60 

61 
5 2  
63 
64 
65 

Sfi 
67 
68 
69 
60 

2 
8 
4 

6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
35 
36 

37 
38 
30 
40 
41 

42 
43 
44 
&5 
46 

47 
4~ 
49 
50 
61 

52 
53 
54 
55 
66 

57 
58 
69 
60 
61 

Discrepancy between Observed 
elevation 
above ( + )  

or  below (-) 
Biluepor 

(mean renull 
by two 

levellers) 

feet 
- 0.9.3,, + 49.688 
+ 53.841 
+ 5.3.565 
+ 54'006 

+ 54.090 
+ j5'.39,3 + 62,;51 
+ 62.746 
+ 7o . jo r  

+ 84.441 
+ 95'050 
+ 95'474 + 108.568 
+ 127.015 

+ 15q'13h 
+ 164'.315 + 167.501 
+ 167,041 
+ 167.621 

+ 167.742 
+ 169.188 
+ 196.635 
+ rol .271 
+ 19.3'607 

+ 195.686 
+ 169.900 
+ 195.062 
+ 196.678 
+ 106'398 

+ 203.154 
+ 10.3'145 
+ 203.~1.3 
+ 2 o j ~ o h l  
+ z l j . 8 R j  

+ 111.227 
+ 2,39.889 
+ zg8.079 
+ 274.996 
+ 306 .713  

+ 306.790 
+ ,316.841 
+ ,409.465 
+ 1 9 3 . 1 h g  
+ 324.117 

+ .329'072 
+ 317.519 
+ 335.045 
+ . 3 3 ~ . ~ 9 z  
+ ~ ,35 .031  

+ 335.057 
+ 3.44.840 
+ ~ 4 R . 7 8 6  
+ 4.37.441 
+ 464.369 

+ 517.440 
+ 6a7.906 
+ 638.3R7 
+ 650.598 
+ 691.691 

levellers 
(First-Seco1,d 

F : ~ ~ l ~ ~ ~ k  
(-4 

foot - 0.010 

+ 0'067 - 0'001 
- 0'00.3 - 0.001 

0'000 
o'oOO 

+ 0'015 - 0.008 
- 0'007 

+ 0.026 
+ 0.014 - 0 '001  - 0 '019  - 0'010 

+ 0'015 
- 0'004 
+ 0'00.3 
+ 0.001 

0.000 

+ 0.001 
- 0'010 
+ 0'001 - 0.006 
- 0.004 

+ o'oat  
0.000 - 0'007 

+ 0.008 - 0.006 

+ 0'003 
+ 0'001 
+ o.ooa 
- 0.005 - 0.00; 

0'000 
- 0.00.3 
+ 0.001 
+ 0.007 
- 0.001 

- 0.009 - 0.008 
+ 0.004 
k o . 0 1 . 3  
+ 0.008 

0.000 
- 0.004 
+ 0.006 
+ 0.001 - o , o o r  

+ 0.001 
+ 0.0.36 
+ 0.007 
+ 0.007 
+ 0.008 

+ 0.010 
+ 0 . 0 1 5  
+ 0.00.3 
+ 0.005 
+ 0 ,001  

leveller) 

Tolnl from 
Bilnspur 

foot 
- 0'010 

+ o 'og i  
+ 0.056 
+ 0'05.3 
+ 0.051 

+ 0'052 
+ O'OS1 
+ 0 ,067  
+ 0'059 
+ o .o ja  

+ 0 '0 i8  
+ 0 ' 0 9 1  
+ 0.091 
+ 0.071 
+ 0.062 

+ 0.077 
+ 0.07.3 
+ 0.076 
+ 0.077 
+ 0'077 

+ o.o;8 
+ 0.068 
+ 0.069 
+ 0.063 
+ 0.059 

+ 0.060 
+ 0.060 
+ 0.053 
+ 0.061 
+ 0,055 

+ 0.058 
+ 0.059 
+ 0'061 
+ 0.056 
+ 0.049 

+ 0.049 
+ 0,046 
+ 0'048 
+ 0.055 
+ 0.054 

+ 0.045 
+ 0.0.37 
+ 0.041 
+ o . o , s q  
+ 0.061 

+ 0.062 
+ 0 . 0 ~ 8  
+ 0.064 
+ 0-066  
+ 0.064 

+ 0.066 
+ o.101 
+ 0 .109  
+ 0.116 
+ 0. l a )  

+ 0.134 
+ 0 , 1 4 9  
+ 0 . 1 5 ~  
+ 0.157 
+ 0.158 

Dynamio 
correction 

deduced from 
luarh to 

~ ~ ( ~ 1  flOnl 
Bilnspur 

foot 
0.000 - 0.007 

- 0.007 - 0.007 
- 0.007 

- 0,007 
- 0-007  
- n . o o ~  
- 0.008 
- 0.009 

- 0 ,011  
- 0 0 1 2  

- 0'012 
- 0.01.3 
- 0 . 0 1 j  

- o 019 - o.020 
- 0.020 
- o'ozo - 0.020 

- 0.020 
- o.020 
- 0.02.3 
- 0,024 
- 0.013 

- 0 . 0 2 , ~  
- 0,020 
- 0~01.3 
- 0.023 
- 0'024 

- 0'024 - 0.024 
- O . O Z +  

- 0.024 - 0 . 0 2 j  

- 0.026 
- 0.028 
- 0'0.70 
- 0.0.31 - 0.033 

- 0'03s - 0 0 3  
- 0.035 
-0.0.3.3 - 0.0.36 

- o'o. l i  - 0.03; 
- 0.038 - 0.038 
- 0.038 

- o.o,qR 
- o.o,\R 
- 0.0.19 - 0.048 
- 0.050 

- 0.055 
- 0.056 
- 0,057 
- 0.0jR - 0.061 

D ~ n n m i o  
I1eig11t 

nbove ( + ) 
or helow (-) 

BiIn~pur 

feet 
- ,9,33 
+ 49.hsl 
+ 5,3 835 
+ 5 3 . 5 5 ~  
+ 53.999 

+ S4.08,3 
+ 55.386 
+ b2.74J 
+ b2.i38 
+ io.,9,3 

+ 8J.4,30 
+ 9 5 . 0 , : ~  
+ r)i.4(,r 
+ lo8.555 
+ 12i.ooo 

+ 
+ I(,+.,3o; 
+ 1 ~ , 7 . 4 ~ 2  
+ 0 2 2  

+ 11,; 001 

+ t 6 i . i 2 1  
+ Ihq.lf,8 
+ 19( , .6~2 
+ 104.247 
+ 193.584 

+ rr),s.h6,~ 
+ 16~ .880  
+ 1gg.039 
+ 1 9 h . 6 ; ~  
+ 206,374 

+ ao,3.aj0 
+ 20.3'121 
+ 20.3.289 
+ ro,3'0,37 
+ 215.860 

+ 222~201 
+ zqo.fi61 
+ r g R . o ~ g  
+ ~ ~ 4 . 0 6 4  
+ ,306.67R 

+ joh.;i; 
+ ,316.Ro; 
+ 309.430 
+ rq ,3 .136  
+ 324.081 

+ 320'035 
+ 3 2 7 . 4 n 2  

+ j j j ' oo7  
+ .3.35.C54 
+ 3.14.993 

+ 33s'oll) 
+ 334'80' 
+ ~4R.747 
+ 437'.19.1 
+ 4 6 4 . ~ ' ~  

+ 1 7 ' 3 ~ 1  
+ 627'fl5" 
+ 638..3.10 
+ 650'540 
+ 691'619 



RESULT9 OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING). 

Line No. 58. Bilaspur to Katni.-(Continued). - 
D{&yF 

( + )  
orbelow ( - )  

frel 

+ 712'745 
+ 735.518 
+ 752'504 
+ '363.441 
+ 872'960 

+ 9.30.116 
+ 9.34'498 
+ 934'9.48 
+ 934'786 
+ 935.036 
+ 936.056 
+ 964.771 
+ 998.665 
+ loog'846 
+1036'446 

+ 1070.7~6 
+114j'354 
+ 1145.669 
+1145'438 
+1145'345 

t 1 1 3 6 . 1 2 ~  
+1093';8j 
+ 1063'200 
+ 1020'457 
+ 978.639 
+ 911.829 
+ 911.709 
+ 911.480 
+ 9 0 . 3 . ~ ~ ~  
+ 856.133 
+ 879.102 
+ 8i8.ggz 
+ 886.838 
+ 865.368 
+ 833.174 
+ 853.816 
+ 851.861 
+ 807.270 
+ 806.970 
+ 796.04; 
+ 677'853 + 702.390 
+ 702.45.3 
+ 701.768 
+ 698.418 
+ 731-575 
+ 703.148 
+ 733'148 
+ 738'423 
+ ;32.4j1 
+ jo2.:6o 
+ 68.3.571 
+ 672.020 
+ 649.285 
+ 681.7,)~ 

+ 708.0~8 
+ 708.1~1 
+ 7 0 ~ . o ~ ~  
+ 707.4g8 
+ 659.;30 

above (+)  
or below ( - )  
kl~lnspur 

(menn rcsolf. 
by t a u  
levellers) 

feet 
+ ;l2.80g 
+ 73j.58~ 
+ 752'572 
+ 86.3 519 
+ 873.039 
+ 930.300 
+ q.34.5;Z 
+ 935.021 
+ 934.870 
+ 935'120 
+ 936.1~0 
+ g64.R5R 
+ 998.755 
+1005.9,37 
+10~6.540 

+1070'8z3 
+1145'457 
+114j.7;2 
+114j.j41 
+1145'448 

+1136.224 
+109.3.884 
+ 106,3,rg7 
+ 1010~5~1 
+ 978.7.30 
+ 911.915 
+ 911,795 + 911.566 
+ 903.j.34 
+ 856.315 
+ 879.186 
+ 879.076 
+ 886.92.3 
+ 865.451 
+ 853.256 
+ 853.898 
+ 851,r)q.3 
+ 807.349 + 807.049 
+ 790.125 
+ 677'924 
+ 702.463 
+ 702.526 
+ 701.841 
+ 698.491 
+ 731.650 
+ 703.121 
+ 1.3.3'22.1 
+ 738.498 
+ 732.526 

+ 702.8.33 
+ 68,4.h4j 
+ 672.01)1 
+ 640.~~55 
+ 681.870 

+ 7oR.112 
+ 70R.215 
+ 708.10.3 
+ 707.572 
+ 659.802 

~ench.m.srh8 

From 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
86 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
g9 
100 

101 
lo2 
Io3 
Io4 
105 

lo6 
lo7 
108 
lo9 
110 

112 
119 
114 
'I6 

116 
'I7 
'1' 

Diatnnee 
Il.0," 

~ , l ~ ~ ~ ~ ~  

miles 
50.~6 
j1.33 
j1.69 
53.79 
53.95 

55.08 
55.47 
55.51 
jj.5.3 
55.58 

55.79 
56.85 
57.93 
58.46 
59.26 

60'47 
61.57 
62.61 
62'6.3 
62'68 

63'18 
64.38 
66.66 
69.01 
70.37 

74'2.3 
74'25 
74'26 
74.85 
76.82 

77.74 
78'41 
79.25 
80.05 
80.54 

81.50 
82.81 
84.6.3 
85.1.3 
85.70 

92.51 
93'59 
93.64 
93'90 
94.31 

96.91) 
97.93 
99.16 
?oO'OO 
101.06 

101.48 
10.7'24 
10.3.59 
104.61 
los'62 

106.88 
106.89 
1 0 6 . ~  
107.21 
108'7b 

~~~~~~ 
deduced (ram 
n,orh to mnrb 

'Iotnl lrom 
B~laspur 

foot - 0 . 0 6 ~  - 0.066 
- 0.068 
- 0.078 
- 0'0;9 

- o'oR4 
- 0.084 
- 0'084 
- 0.084 - 0 . 0 8 ~  
- 0.084 
- 0.087 
- 0.090 - 0.091 
- 0.094 
- 0,097 
- 0'103 
- 0'10.3 

' - 0.103 
- 0'103 
- 0.102 
- 0.099 
- 0.097 
- 0.094 
- 0.091 
- 0,086 
- 0.086 
- 0.086 
- 0.08j 
- o.08a 

- 0,084 
- 0.084 
- o.oRg 
- 0.083 
- 0.08~ 
- 0.082 
- 0.082 
- 0.079 - 0.079 
- 0.078 
- 0.071 
- 0.073 
- 0.073 - 0.073 - 0.073 
- 0.075 - 0.073 
- 0'075 
- 0.075 
- 0.075 
- 0.073 - 0.072 - 0.071 - 0.070 - 0.072 
- 0.074 - 0.074 - 0.071 - 0.07~ - 0.072 

TO 

62 
G 
64 
65 
66 

67 
68 
69 
70 
71 

72 
i 3  
74 
75 
76 

77 
78 
79 
80 
81 

82 
83 
84 
85 
86 

87 
88 
89 
90 
91 

92 
93 
4 
95 
9G 

97 
98 
99 
100 
101 

102 
1°3 
104 
105 
106 

107 
108 
109 
110 
111 

112 
113 
114 
116 
llG 

117 
'IR 
119 
lZ0 
lZ1 

D~ecropnney between 
levollara 

(Firat-secolld 

P ~ ~ m ~ r ~ k  
( -  d)  

foot 
+ 0,014 
+ 0.016 
+ 0.011 
+ 0.049 
+ 0.00.3, 

+ 0.008 
+ 0.009 
+ 0.001 
+ 0.002 
+ 0,001 

+ 0.006 
+ 0.013 - 0.003 

0.000 
+ o.010 

+ o'ooz 
+ 0.011 - o,ooq 

o.ooo 
0,000 

+ 0.001 
- 0.024 
- 0.005 
+ 0.00.3 
+ 0'003 
- 0.006 
- o.oor 
+ 0.00.3 - 0.001 
- 0.007 
+ 0.012 
- 0.00.3 
+ 0.004 
- 0.004 - 0.008 
- 0.022 
- 0.003 
- 0.005 
+ 0.005 
- 0.009 

0.000 
+ 0'004 
+ o.001 - 0.001 
- o'ool 
+ 0.005 
- 0.001 
- 0.007 
+ 0.008 
+ 0.004 

- 0.016 
+ 0.009 
+ 0,006 
+ 0.005 
+ 0.006 

- 0.006 
- 0.002 
+ 0.002 
+ 0'002 - 0.011 

leveller) 

Tots1 from 
Bilnspt~r 

foot 
+ 0.172 
+ 0.188 
+ 0.200 
+ 0.249 
+ 0.2jz 
+ 0.260 
+ 0'269 
+ 0.270 
+ 0.272 
+ 0.273 
+ 0.279 
+ 0.291 
+ 0.289 
+ 0.289 
+ 0.299 
+ 0.301 
+ 0..312 
+ 0.308 
+ 0.308 
+ 0.308 
+ 0.309 
+ 0.285 
+ 0.280 
+ 0~28.4 
+ 0'186 
+ o.~Ro 
+ 0.278 
+ 0.281 
+ 0,280 
+ 0.2:~ 

+ 0.285 
+ 0.281 
+ 0.286 
+ 0.282 
+ 0.174 
+ o.rSz 
+ 0.249 
+ 0.144 
+ 0.249 
+ 0.140 
+ o.>40 
+ 0.144 
+ 0.245 
+ 0.243 
+ 0.242 
+ 0.247 
+ 0.246 
+ 0'2.39 
+ 0.247 
+ 0.151 
+ 0'2.35 + 0.244 
+ o.rjo 
+ 0.255 
+ 0.161 

+ 0.253 
+ 0'25.3 
+ 0.255 
+ 0.257 
+ 0'146 



LEVELLING O P E B X l l I O N B .  

Line No. 58. Bilaspur to Katni.-(Continued), 

Denoh-murk8 
Dislnnce 

from 
Illluepur 

miles 
108.99 
101)99 
110.71 
111.11 
111.76 

112.66 
114.71 
l l f i ' 07  
118.48 
11g.o.3 

120 '19 
120'88 
I 
121.85 
122.90 

12.3.10 
12.3.97 
124'(19 
125.06 
126.05 

126.,30 
127.14 
127.99 
128.40 
129'08 

129.44 
129.76 
1.30.19 
I.IO.R; 
111.75 

131.97 
132.21 
132.60 
132.91 
133.18 

133.56 
1.34.51 
134.82 
195.23 
136.44 

136.64 
6 
138.30 
139.36 
142.04 

144.01 
144.46 
144.72 
1 ~ 5 . o '  
14j.6.3 

146.82 
147.54 
r d i . 8 1  
149.19 
~ j o . o +  

150.71 
151." 
151.61 
1 j2 .62  
1 j3 .15  

121 
122 ( 
123 

125 

126 
125 
128 
129 
130 

131 
138 
133 
134 
136 

13G 
137 
138 
139 
140 

141 
142 
143 
1U. 
145 

14G 
147 
148 
149 
150 

151 
152 
153 
164 
155 

156 
157 
168 
159 
160 

1G1 
162 
163 
1C4 
165 

166 
167 
168 
169 
l i 0  

171 
173 
173 
174 
176 

1iC 
177 
178 
I i 9  
180 

122 
123 
124 
12; 
126 

1 2 i  
12s 
129 
130 
131 

132 
138 
134 
135 
136 

137 
138 
139 
140 
141 

142 
143 
144 
145 
146 

147 
148 
149 
150 
151 

152 
153 
154 
155 
166 

157 
158 
169 
160 
161 

162 
163 
164 
165 
166 

1G7 
l1i9 
169 
170 
171 

172 
173 
4 
175 
176 

177 
1 7 M  
1 
IW 
181 

l)iecrepnllcy butwoen Observed 
elernlion 

Q ~ O Y U  ( + ) 
or hrlc,w (-)  

Uiluspur 
(moan rcsslt 

h~ two 
lurellara) 

levellere 
(First-Yeeoll,j 

FI.OITI lltnrk 
Lo mnrk 

(=d)  

leveller) 

Totul f r o ~ n  
Bilnspur 

foot 
+ 0 .006  
+ 0 0 0 1  
- 0'001 
- 0'01.3 
+ 0 .009  

0 . 0 1 1  

- 0'004 
+ 0 ' 0 2 1  

+ 0 008 
0 ' O o 0  

- 0'012 
- 0'002 
+ 0'010 
+ 0'004 
+ 0.002 

- 0'002 
+ 0'004 
- 0'00.3 - 0.001 
+ 0.005 

+ 0'004 
+ 0.004 - 0 .001  
+ 0 .006  
- 0'001 

- 0.001 - 0 .003  
+ 0.007 - 0'007 - 0.016 

+ 0.009 - 0'001 
+ 0 . 0 1 ~  

- 0.011 
+ 0.004 

+ 0 . 0 1 2  - 0.016 - 0.006 - 0.00; 

+ 0.006 

+ 0.007 - 0.015 - 0.010 

- 0.002 - 0.001 

- 0.005 
+ 0.009 - o . 0 1 ~  
+ 0.011 

- 0.006 

+ 0.001 
- 0.009 - 0.010 
- 0.005 
- 0.005 

+ 0'003 
- 0.008 
- o.ocr, 
+ 0 . 0 0 2  

- 0 . w ~  

Upl~rlnic 
correction 

d ~ d l ~ e ~ t l  from 
I I , . ~ ~  tunlark 

~ ~ ~ , ~ l  from 
~41f i tppur  

D ~ l L n l n i ~  
bciglbt 

ubove ( + )  
or helow (-) 

Diluepur 

-- 

+ 
+ 
+ 
+ 0'239 
+ 0.148 

+ 0.250 
+ 0 . 2 5 5  
+ 0.276 
+ 0 ,284  
+ 0 ' 2 8 4  

+ 0.272 
+ 0 ' 2 7 0  

+ 0.280 
+ o.2R.1 
+ 0.2S6 

+ 0.284 
+ o.2HR 
+ 0.285 
+ 0.234 
+ 0.289 

+ 0.293 
+ 0.29; 
+ 0.296 
+ o ,301 
+ 0.301 

+ o . j a o  
+ 0.297 
+ o.,304 
+ 0.297 
+ 0.281 

+ 0.290 
+ 0.28,) 
+ 0.303 
+ 0.292 
+ 0.296 

+ 0,308 
+ 0.292 
+ 0.286 
+ 0.279 
+ 0.285 

+ 0.292 
+ 0.277 
+ 0.2h7 
+ 0.265 
+ 0.263 

+ 0.258 
+ 0.267 
+ 0 . ~ 5 5  
+ o . r h 6  
+ 0.260 

+ 0.26.3 
+ 0.254 
+ 0.24) 
+ 0.1.39 
+ 0.234 

+ 0.137 
+ 0.119 
+ 0 . 1 2 0  

+ 0 . 1 2 1  

+ 0.221 

+ 6.31.081 
+ 646.853 

+ 679.620 
+ 728 .441  
+ 
+ 642.970 
+ 6.34.698 

+ 6 1 ~ , 7 2 8  
+ 620.313 
+ 614.7R9 
+ 60~)  842 
+ 644.908 

+ 645'501 
+ 6 h 1 . 0 1 j  
+ 668.4511 
+ 690.216 
+ 705.510 

+ 695.921 
+ 727.302 
+ 7.37.704 
+ 758.824 
+ 789.758 

+ Ro8.590 
+ 826.172 
+ R49 .07~  
+ 83,3.48,3 
+ 806,491 

+ 806.894 
+ 805-841 
+ 79R.262 
+ 791.616 
+ 796,633 

+ 811.429 
+ 781.650 
+ 772.27j 
+ 761-263 
+ i30.667 

+ 723.,344 
+ 683.458 
+ 657.527 
+ 638.594 
+ 626.173 

+ 584.001 
+ 56R.873 
+ 561.264 
+ 573.1R8 
+ 5516.256 

+ 600.747 
+ 575.677 
+ 566.6.5.3 
+ 5R2.881 
+ 562.157 

+ 584'253 
+ 6z4.q6r 
+ 63h.140 
+ 1,,36.04~ 
+ 644.653 

- 0.071 
- o.072 

- 0.074 
- 0 . 0 j 6  
- 0.072 
- 0.072 
- 0'072 

- 0.071 
- 0.071 
- o ' o ; ~  
- 0'071 
- 0'073 

- 0.07.3 - 0.074 
- 0.074 
- 0,075 
- 0.076 

- 0 . 0 7 j  
- 0.077 
- o.ojR 
- o'o;? - 0 '081  

- 0,082 
- 0.083 
- 0'084 - 0.083 
- 0.082 

- 0.082 - 0,082 - o.oRz 
- 0.082 
- 0.081 

- 0.083 - 0.081 
- 0.082 - 0 . 0 8 ~  
- 0.081 

- 0.081 
- 0.079 - 0.078 - 0.077 - 0.076 

- 0.074 
- 0.073 - 0.073 
- 0'074 - 0.075 

- 0.075 - 0'074 - 0.074 
- 0.075 
- 0.074 

- 0.075 - 0'077 - 0.078 - 0.078 - 0.078 

+ 631.010 
+ 646.781 

+ 679.546 
+ 72~ .3( ,5  
+ 6 4 7 . ~ l f i  
+ h41 .n , ,~  
+ 63q.62(, 

+ 615.fi5; 
+ 6z0.241 
+ 6 , . , . ; , ~  
+ 6o9,7;& 
+ 644.335 

+ 645 428 
+ hflo.94~ 
+ 6h8.,3H4 
+ (,go.,41 
+ ; o j . q j4  

+ 69j.R46 
+ 72;,28: 
+ 737 026 
+ 758 7.15 
+ 789.677 

+ 808 ,~oR 
+ 826.089 
+ RqR,991 
+ 833'400 
+ 806.409 

+ R o 6 . 8 1 ~  
+ 805.759 
+ 798'180 
+ 791'534 
+ 796'551 

+ 811.146 
+ 781'568 
+ 772'193 
+ 763.1R.i 
+ 730.586 

+ 72,3,16,3 
+ 683'179 
+ 657.449 
+ 638'517 
+ 6 ~ 6 . 0 9 7  

+ ~Rd'9'7 
+ 568'800 
+ 561.191 
+ 573'114 
+ 596.18' 

+ 6 0 0 ' 6 7 ~  
+ ~ 7 5 . ~ 0 1  
+ !vb6'579 
+ 18Z'807 
+ i61'083 

+ ~ ~ 4 " "  
+ 634'3'5 
+ 636'061 
+ h3j 'g6i  
+ 644'575 



se. ?.I RESULTS OBTAINED m 0 M  SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 58. Bilaspur to Katni.-(Continued). . 

~ ~ : ~ ~ ~ , d  
above ( + )  

or below (-  ) 
Bilnspur 

(mean rcsult 
hy two 
levellera) 

feet 
+ 67.3'534 + 666.513 
+ 654.si0 + 644.R1R 
+ 624.682 

+ 608.468 
+ 61;.~1o 
+ 6j6.952 
+ 637.057 + 612.418 

+ 604.674 
+ 580.442 
+ 6jj.z~; 
+ 624.235 
+ 574.946 

+ 589.871 
+ j90.054 
+ 566 072 
+ 536.886 
+ 537,189 

+ 500.898 
+ 441'887 
+ 438,757 
+ 439'277 
+ 430'485 

+ 419'507 
+ 394'606 
+ 387.647 
+ 396.099 + 407,408 

+ 467,397 
+ 476.393 
+ 495.477 
+ 494'1.33 
+ 473'590 

+ 475.j10 
+ 486.501 
+ 492'508 
+ 482.777 
+ 462.989 

+ 467.37.3 
+ 482.456 
+ 486.26.3 
+ 500-763 
+ 4R6.893 

+ 483.392 
+ +gh.v19 
+ 473.662 
+ 465.04.3 
+ 456.608 

+ @j.528 
+ 455.697 
+ J,IZ'R,1,3 
+ ,383,874 
+ 363,865 

Dietance 
from 

Bilaspur 

mile8 
155.6.3 
155.98 
156'50 
1~6.86 
157.50 

158.48 
159.61 
160.39 
160.40 
161.52 

162.06 
162.58 
164.46 
164.82 
165.85 

166.46 
166.70 
167.42 
168.19 
168.59 

169.54 
171.63 
172.09 
17r.1o 
172.51 

173'31 
174'30 
174.63 
1~4.99 
1~5.87 

177'47 
178.16 
179.23 
179'53 
180.~8 

180.71 
181.13 
181.31 
181.78 
582.28 

182.57 
183.54 
18.3.68 
18j.s; 
1 8 5 . ~ ~  

18-.R4 
1~i-90 
lH7.6.3 
18R.z~ 
188.60 

1Rg.15 
1Hg.60 
Il)0'21 

1r)2.,6 
195.34 

Discrepanay between 

Bench-mark8 

From I TO 
~~~~~ 

deduced from 
mnrk to mark 

Totnl from 
Bilnapur 

foot 
- 0'079 
- 0.079 
- 0.079 
- 0.079 - o'o;8 
- 0.077 - 0'077 
- 0.078 - 0'078 
- 0'077 

- 0'077 - 0.076 - 0'078 
- 0.078 
- 0.0~6 

- 0'076 
- 0.076 - o,ojj 
- 0.074 
- 0'074 

- 0.073 
- 0'072 
- 0.072 
- 0'072 - 0.072 
- 0'072 - 0.071 
- 0.0;' - 0.071 
- 0'071 
- 0'071 - 0.072 
- 0.072 - 0'072 
- o'ojr 
- 0.072 - 0'072 
- 0.072 
- 0,072 
- o.oj2 
- 0.072 
- 0.072 
- 0.072 - 0'072 - 0.072 
- 0.072 
- o.oj2 
- 0.0;~ - o.07~ 
- 0.072 

- 0.072 
- 0.072 - 0'072 
- 0.071 
- o.071 

leveller6 
(Fusb- second 

F't",mmpiL 
( = d l  

foot 
+ 0.026 
+ 0.005 

0.000 

o.ooo 
+ 0.007 

- 0,017 - o.020 
+ 0.007 
- 0.00.3 
+ 0.004 

+ 0.005 - 0.001 
- 0.013 - 0.002 
+ 0.005 

- o.002 
+ 0.007 
- 0.002 
- 0.011 
- 0,003 

- 0.004 
- 0.005 
- o.008 

o'ooo 
+ 0.005 

- 0'010 
- 0.002 
+ o.oor 
+ 0.00.3 
+ 0.00.7 

+ 0'016 - o.011 
- o.olj 

0'000 
o.ooo 

- O.WI 
+ 0.006 

0.000 - 0.00; 
+ 0.007 

- 0.009 - 0.011 
- 0.001 

o,ooo 
0.000 

- 0'002 
- o 002 
- 0.002 
+ 0.003 - 0.006 

0.000 - 0.015 
+ 0'002 
+ 0-010 
+ 0 . 0 1 2  

181 
182 
183 
184 
186 

186 
187 
188 
189 
190 

191 
192 
193 
194 
195 

196 
197 
I98 
199 
200 

201 
202 
203 
204 
205 

206 
207 
20.1 
2U9 
210 

211 
212 
218 
214 
216 

216 
217 
218 
211, 
220 

221 
222 
223 
224 
225 

22'i 
227 
223 
229 
230 

231 
232 
233 
294 
235 

above ( + ) 
or below (-) 
Bil*pur 

feet 
+ 673'455 
+ 666'444 
+ 654'491 
+ 644'7.39 
+ 6z4'604 

+ 608'391 
+ 617.233 
+ 636'874 
+ 636.979 + 612.351 

+ 604'597 + 580.~66 
+ 635.149 
+ 624'157 
+ 574'870 

+ 589,795 
+ 589.978 
+ 565'997 + 536'812 
+ 537'115 

+ 500.825 
+ e(t.815 
+ 438.685 
+ 439'205 
+ 430'413 

+ 419.435 
+ 394.535 
+ 387.576 
+ 396.028 
+ 407.337 

+ 467.325 
+ 476.321 
+ 495.405 
+ 494.061 
+ 473'518 

+ 475.438 
+ 486.42~ 
+ 492'436 
+ 482'705 
+ 462'917 

+ 467.301 
+ qRn.z64 
+ 486.191 
+ 500.691 
+ 486.821 

+ 48.3'320 
+ jg6.Rlj 
+ 47.3.590 
+ 464.971 
+ 456.536 

+ 445:~j6 
+ 4,3g.hzg 
+ Jil'j6l 
+ 38.3.80.3 
+ 363.794 

- 

leveller) 

~ ~ t ~ l  from 
~ilaspur 

foot 
+ 0.247 
+ 0.252 
+ o'tjr 
+ 0.252 
+ 0.259 

+ 0.242 
+ 0.222 

+ 0.229 
+ 0.226 
+ 0.230 

+ 0.2.3j 
+ 0.2.34 
+ 0.221 
+ 0.219 
+ p.224 

+ o.222 
+ 0.229 
+ 0.227 
+ 0.216 
+ 0'213 

+ 0.209 
+ 0.20~ 
+ 0.196 
+ 0.196 
+ o.zo1 

+ 0.191 
+ 0.189 
+ 0.191 
+ 0,194 
+ 0,197 

+ o.21.q 
+ 0.202 
+ 0.18j 
+ 0.185 
+ 0.185 

+ 0.184 
+ 0.190 
+ O.IOO 
+ O.IRI; 
+ 0.192 

+ 0.18.3 
+ 0.172 
+ 0.171 
+ 0.171 
+ 0.171 

+ 0.169 
+ 0.16; 
+ 0.165 
+ 0.168 
+ 0.162 

+ 0.162 
+ 0.147 
+ 0.149 
+ 0.150 
+ 0,171 

182 
183 
184 
I86 
186 

187 
188 
180 
100 
191 

192 
193 
194 
195 
196 

197 
198 
199 
200 
201 

202 
203 
204 
206 
206 

207 
208 
209 
210 
211 

218 
213 
214 
216 
216 

217 
218 
219 
220 
2x1 

222 
223 
224 
225 
226 

227 
n2H 
2'':' 
290 
231 

232 
233 
2:'4 
235 
236 



LEVELLING OPIUATIONS. 

Line No. 58. Bilaspur to Katni.-(Continued), 
- - 

Difference of dynamic height, Bilaspur to Katni = + 369.723 feet. 

Length of line in miles = M = 196.45. frdg = 0.022857. 
- 

Probable error of the mean result per mile of double-levelling = 0,6745 Z/g = 0-0037. 

Benoh-marks 

From 1 To 

-.- 

Prub.blc error of the difference of elevation between the terminal bench-marks = 0.6741J3: = 5 0.0510, 

896 
237 
238 

* Bench.nruk No. 289 in the mark a t  Kstni deecribed on page 134 

DisL~nce 
from 

Bilnspur 

~ ~ I O S  

1 9 j . 9 j  
196.09 
196.45 

137 
238 
231- 

-a 

( + )  
or below (-) 

u i l a s ~ u r  

feet 
+ 364.150 
+ 365.735 
+ 369'7a3 

Observed 
elevntion 

(+ )  
or below (-) 

Bil"@~' l r  
(mean result 

by two 
levellers) 

- 

feet 
+ 364.121 
+ 365.806 
+ 369.794 

Disorepnncy between 
levellera 

(First-Second lovelier) 

correclion 
deduced f rom 
mark to mark 

Total from 
Uilnspur 

foot 
- 0.071 
- 0,071 
- 0.071 

F ~ ~ , ~ ~ k  
(=  d )  

foot - 0.009 
- 0.001 
- 0 ,006  

Total from 
B~laapur 

foot 
+ 0.162 
+ 0.161 
+ o ' r j g  



RESULTS OBTAINED FROM SIBlULTANEOUS DOUBLE-LEVELLINCt 

Line No. 59. Katni t o  Allahabad. 

Beach-mark No. 1 Is the m u k  st h t n i  described on psge 134. 

D ~ n n m i c  

or below (-) 

/ e f t  
- 0.048 
- 2,1'90° - aa.,;R6 
- 11'434 - r.3.8jr 

+ 11.867 
+ 18'70: 
- 3.132 
+ 1o..19o 
+ 39'654 

+ 49'319 + 25'302 
+ 18.831 
+ 12'@3 
+ 10'239 

+ 8.144 
+ 3'791 - 4.546 
- 11'775 
- 18.570 

- 28.220 
- 34'.775 - 38.664 
- i3.b76 
- 43.982 

- 46.313 
- 42.664 
- 44'904 
- 4,3.985 
- 52.699 

- 62.806 
- 68.638 - 67.006 
- 70.713 
- 77.j66 

- 84.602 - 82.161 
- 80.709 
- 8z.501 
- 84.937 

- 80.315 
- 89.458 
- 98.944 - 101.44; 
- roj.368 

- 107.,362 - 1 1 1 . ~ ~ 6  
- ~ 0 3 ' 8 0 9  
- 109.51.1 - 147.~08 

- 161.;go 
- 161.81.7 
- 142.605 - 12z.3.38 
- 114.157 

- 11.3.344 
- 78.461 
- 75.520 - 77'219 - 1 ~ 6 . ~ 8 8  

~ ~ : ~ ~ ~ , d  
above ( + ) 

or below (-) 
Ketni 

(mean re~ul t  
by two 

levellers) 

fed - o.oq8 - 2.3.900 - 22.586 
- 21'454 - 13'851 

+ 11.Rh7 
+ 18.;0,3 
- I 

+ 10'390 
+ 39,654 

+ 49.319 
+ 25.302 
+ 18.831 
+ 12,963 
+ 10'239 

+ 8.144 
+ 3'792 - 4'546 
- 11'775 - 18,570 

- 2 8 . ~ 2 0  - 34'375 - 3H.664 
- 43,676 - 43'982 

- 46'313 - 42'664 
- 44'904 - 43,987 - ja.699 

- 6a.806 
- 68'6.78 - 67.006 - 0 7  - 77'j66 

- 84.602 - Ra.161 - 80.709 - 8a.501 - 84.937 

- 80..32~ 
- 80.458 
- 98.944 - 101'4J7 - 1og.jb8 

- 107.362 - 111.496 - 108.809 
- 109.51.3 
- 14i.307 

- 161.789 - 161.812 
- 142.604 - 121.337 
- 114.146 

- 1 1 4  - 78.461 
- 75.520 - 77'279 - 116.387 

~ ~ ~ , " ~ ~ ~ n  
deduced from 
mark to 

Total from 
Katni 

foot 
o.ooo 
0.000 
o'ooo 
0'000 
o,ooo 

0.000 
o.ooo 
0'000 

o,ooo 
0.000 

0'000 
0'000 
0.000 

0.000 
0'000 

o'ooo 
0'000 
0'000 
0'000 
0.000 

0.000 
0'000 
o,ooo 
o,ooo 
o'ooo 

o'ooo 
o.ooo 
0'000 
0'000 

0.000 

o'ooo 
0.000 
o'ooo 
0.000 
0.000 

o'ooo 
0.000 
0.000 
o.ooo 
o . w o  

0.000 
e.ooo 
0.000 
o'O0o 
0.000 

0.000 
0.000 
o ' o w  
0.000 - 0'001 

- 0.001 
- 0.001 - 0.001 
- o.001 - 0.001 

- 0'001 
0.000 
0.000 
0.000 - 0.001 

Distance 
from 
Ketni 

milpa 
0.06 
0 2  
1*73 
z.06 
3.35 

4.55 
6.31 
7.89 
8.86 

10.24 

10.71 
11'99 
12.54 
15.52 
1.3'94 

14.13 
14'95 
15.86 
16.71 
17.41 

18'56 
19‘28 
10.06 
21.01 

21'94 

22.45 
21.83 
22.89 
2 3 . 2 ~  
23'94 

94.68 
25'42 
26'81 
27'65 
a 8 . j j  

29'47 
30.16 
30.77 
30.96 
33'16 

34'56 
35'31 
36'30 
37'40 
38'21 

38'75 
39'01 
d9.15 
39.25 
40.44 

41.44 
43'50 
44'51 
45.51 
46.51 

45'59 
49.51 
50.24 
50.91 
52.54 

Discrepancy between 
~enoh.mnrka 

From I To 

levellern 
(First-Second 

mark 
to mnrk 
(-4 

foot - 0.003 - 0 ' 0 2 1  

+ 0.00' - 0'009 
- 0.011 

+ 0 . ~ 8  
+ 0.015 
- 0'009 
+ o.oor 
+ o.oao 

+ O'W2 - 0'001 
+ 0.013 - 0.015 - 0'007. 

- 0.004 
+ 0'008 
+ 0.010 - 0'013 
+ 0'0" 

- 0.015 
- 0'002 
+ 0.009 - 0,008 
+ 0'001 

+ oeoor 
- 0'004 - 0'001 
- 0.006 
- o'008 

- 0'007 
+ 0'010 
+ o'ooj 
+ 0'007 - 0.017 

+ 0'015 
+ 0.007 - o'ooz 
+ 0.001 - 0 . 0 0 ~  

0.000 - 0'006 
+ 0.015 - 0.006 
- 0.010 

- 0.008 - 0.001 
0'000 

+ 0.005 
- 0.005 

- o'ooa 
+ 0.024 - 0.00.4 
+ 0.008 
+ 0.001 

+ 0'01,3 
+ 0.017 - 0.007 

0'000 
0'000 

1* 
2 
3 
4 
5 

6 
7 
8 
g 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
94 
35 

36 
37. 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
60 

62 
6a 
64 
66 

67 
68 
69 
60 

leveller) 

Total from 
bntni 

foot 
- 0,003 
- 0'024 - 0 . 0 2 ~  
- 0'031 - 0'041 

- 0.0.34 - 0.019 - 0,028 - 0.026 
- 0.006 

- 0.004 - 0'005 
+ 0'008 - 0.007 - 0'009 

- 0.013 - 0'005 
+ 0.005 - 0'008 
+ 0.004 

- o'orr - 0.013 
- 0'004 - o'ola 
- 0'011 

- 0'009 - 0'013 - 0'014 
r 0.020 - 0.028 

- o.03j 
- 0'025 - 0 . 0 2 1  - 0'014 
- 0.031 

- 0.016 - 0.009 
- 0.011 

- 0.010 
- 0.012 

- 0.012 
- 0.018 
- 0.00.j - 0.009 - 0.019 

- 0.027 - 0.028 
- 0'028 
- 0.023 - 0.028 

- 0.030 - 0.006 
- 0.009 - 0.001 

0'000 

+ 0'02.3 
+ 0'040 
+ 0.033 
+ 0'03.3 
+ 0'033 

2 
3 
4 
6 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
44 
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 
44 
45 
46 

47 
48 
49 
60 
61 

62 
63 
6J 
65 
68 

67 
68 
69 

61 



LEVELLING OPERATIONS. 

Line No. 59. Katni to Allahabad.-(Continued), 

Di~tmoee 
from 
Kslni 

mileu 
5.3'55 
55.55 
57'55 
58'5.3 
59'56 

60.67 
61.57 
62.57 
64.95 
65.59 

66.45 
67-09 
6i.60 
68.39 
68.61 

6 9 ' ~ ~  
70'62 
70.70 
71.94 
;2'98 

7.320 
5 
;,3.95 
74.64 
75.4; 

75.8; 
i(1.09 
ih.51 
76 ng 
77.70 

78'54 
78.6.; 
7 . 4  
9 
80.,3~ 

80.72 
81..30 
81.72 
82.74 
8.3.07 

84.41 
84.74 
87.76 
YR-31 
68.75 

88.81 
8 9 - h +  
91.04 
4 0  
95.60 

96 SR 
,16.01 
r)H f ~ l  

09.78 
101.,36 

loj.~; 
104 $4 
to6.,3j 
~o;.o; 
107.56 

Benoh-marks 

From I TO 
61 

63 
64 
65 

GG 
'7 
68 
69 
' O  

71 
T2 
73 
74 
75 

76 
77 
78 
y9 
a0 

82 
83 

85 

86 
87 

85 
90 

B1 
92 
93 
94 
95 

96 
Ui 
98 
99 
100 

101 
102 
I03 
104 
106 

106 
IU7 
108 
lo!) 
110 

1 1 1  
112 
1 :  
114 
115 

116 
117 
llH 
119 
1ZU 

! 

~ ~ ~ : ~ ~ ! ~  
nbo~o ( +) 
or below (-) 

Kstni 
(menn result 

bg two 
lerellars) 

fed 
- 116.491 
- 91.893 - 112.940 
- 134.317 
- 1 0 8 . ~ 8 ~  

- 106.911 
- 124.740 
- 77'122 
- 97'2.34 - 102.087 
- 131.343 
- 13.3.494 - 1la.6,<7 - I 46.08; 
- 14o.oj+ 
- 147.349 - I 

- I ; .  - +8+.026 
- 177.224 
- ~;z.oqo - 16~,286 
- 180.924 
- 186.916 
- rg3.133 
- 193 680 - zoj.008 
- al3'jro 
- Z J , ~ . O I ~  - 259.560 
- 2j8 82; 
- zjtl'9z.j - 274,002 
- aij.521 
- 3lj.n4 
- a;6.447 
- a;,3.406 
- 261.gf19 
- 247 W O  
- 241.882 

- 220.585 
- 108-,387 
- pic. 707 
-161.180 - 159.794 
- 164 4.37 
- 195.364 - 234.117 
- 2.34.88~ - 235.689 
- 240.935 - ~37.1Rz 
- 4 1  
- ~ 1 7 . ~ 7 7  
-a01.305 

- ~6~.,751 - z - 204.281 
- 197.;65 - 204.878 

J';;,"Zocn 
deduced from 
nuark bnlurk 

~ ~ t ~ l  from 
~ i ~ t ~ ~ i  , 

font 
- o.oel 

O.OOO 

O.ooO 
o.ooo 

+ o.ool 

+ o.ool 
o.ooo 

+ 0,001 
o.ooo 
0.000 

- 0.001 
- o.ool 
- o.ool 
- o.ool 
- o.ool 

- o.ool 
- 001 - 0.001 
- 0 . 0 ~ 2  
- O.OO1 

- 0.002 
- 0.002 
- 0.002 
- o.002 
- 0'002 
- 0.002 
- 0.002 
- 0,002 

' - 0-00.3 - 0,004 
- 0.004 - 0.004 
- 0.005 - 0.005 
- o.007 

- rn.005 - 0,005 - 0.005 
- 0.004 
- 0.004 
- 0.00.3 - a.002 

o.000 
0.000 
0'000 

o,ooo - 0.001 
- 0.009 
- 0.00.3 - 0.00.j 
- 0.009 
- 0.00,3 
- 0.003 - 0.001 
-0,004 

- 0 ° 0 4  
- 0.002 

0.000 
0.000 
0~000 

Disere oncp beLween 
Per ellera 

62 
63 
64 

66 

67 
68 
69 
70 
71 

72 
73 
74 
75 
76 

77 
78 
79 
80 
81 

82 
83 
84 
85 
86 

87 
88 
89 
90 
91 

92 
93 
94 
95 
96 

97 
98 
99 
100 
101 

102 
I 
104 
IU5 
106 

I07 
l(l8 
103 
110 
111 

112 
113 
I I4 
115 
116 

Ili 
IIR 
119 
I',O 
121 

I 

y?5t: 
above (+)  
or below (-) 

KBtni 

f ~ e f  
- 116.492 
- 93.R9,3 - l12.946 
- ,34.31 - 108.081 
- lo6.910 
- 124.740 - 77'221 
- 97.234 
- 10z.087 

- 131.344 
- 3.3. ,,,,: 
- ,32. h58 
- I 46.0n8 
- 140.055 

- 14i.400 
- 152.8,,~ 
- 1;3.352 - I ~ 4 - 0 2 ~  

- li7.226 

- I;2.092 

- 16,.2~8 
- 1Ro.gz6 
- 186.~28 
- l93.l35 
- 193.682 
- 204.010 
- 21.7'522 
- 233,019 - 259.564 
- 258.82g 
- 256.927 
- 274,007 
- 275.526 
- 315.231 
- 2;6,4j2 
- 173'411 
- 169.974 
- Z.(i'OJ+ 
- 241.886 

- 220.588 
- 208'389 - 1;0';07 
-161.180 - 159.794 
- 164.837 
- 19.; ,365 - z.14.1.V - zj4.RRR 
- 2,3j.692 
- 24o.r)?R - Zgi'lR; - 242'z22 
- 217'2i9 
-261.3~9 

- 265.955 
- 214'i25 - 2a4'2n2 
- 197'5's - '04.~7~ 

(First-Beeond 

From murk 
to 
(-4 

foot 
+ 0'004 - 0'005 
- 0.006 
+ 0'004 
+ 0.015 
- 0'00.3 
- 0.011 
+ 0.012 
+ 0.019 
+ 0'00.3 

0.000 - 0.004 
+ 0'005 
- 0'00.3 
+ 0.00; 

- 0'004 
- 0.004 

P'OOO 
- 0'025 
+ 0'007 
+ o'Ot2 
- 0'00.3 
- 0 005 
- 0.004 
+ 0'002 
+ 0.002 
- 0'003 - 0'002 
- 0.005 
- 0.01~ 

- 0.003 
0'000 

+ 0.002 

+ 0.008 
- o 009 

- 0.001 
- o.011 
+ 0.010 
+ 0.008 
- 0.004 

+ 0.004 
+ 0.010 
+ 0.058 
- o . o o ~  
- c'oog 

- 0,001 
- o'olo 
- 0.014 
+ 0.0, I 
- 0-007 

- 0.013 
+ 0.005 
+ 0,004 
+ o.ool 
-0.010 

+ 0.007 
+ o.004 
+ o.o~r - 0.014 
+ 0.001 

lereller) 

Total from 
KaLni 

foot 
+ 0.037 
+ 0'0.32 + 0.026 
+ 0.030 
+ 0.045 
+ 0'041 
+ 0,031 
+ o,043 
+ 0.061 
+ 0.065 
+ 0.065 
+ 0.061 
+ 0.066 
+ 0'06.4 
+ 0-070 

+ 0.066 
+ 0.062 
+ 0.061 
+ 0.0.37 
+ 0,044 

+ 0.056 
+ 0.05.3 
+ 0.048 
+ 0.044 
+ 0.046 
+ 0.048 
+ 0.045 
+ 0.04.3 
+ 0'0.38 
+ 0.026 
+ 0.02.3 
+ 0'02.3 
+ 0.0'; 
+ 0.033 
+ 0,024 
+ 0.023 
+ 0.012 

+ a.022 
+ O.c.30 
+ 0.026 
+ 0.0.30 
+ o oqo 
+ 0.098 
+o.ogq 
+ o.oRg 

+ 0.088 
+ 0.078 
+ 0.064 
+ 0.076 
+ 0,068 

+ 0.055 
+ 0,060 
+ 0.064 
+ 0.066 
+0.056 

+ 0.06.3 
+ 0.067 
+ 0.079 
+ 0.065 
+ 0.066 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 59. Katni to Atlahabad.-(Continued). 

' 

Dhp,"l"ptt" 
above ( + )  
or below (-) 

feel 
- 18j.922 - 186.1R.3 
- 182.9~0 - 1;I';Oj 
- 171.019 

- 144.407 - 135'RjR - 114.882 
- 1.11'647 
- 1qj.;86 

- 127,;Rj 
- 1.3;'38,3 - 87'184 - 119.560 
- 24;~108 
- 919'656 
- 923'675 
- 92.1'584 - g19.6Rj 
- 914..721 

- 897.522 
- 895.620 
- 901,756 
- 9 ~ 8 , 1 3 4  
- 933.740 

- 148.829 
- 94h.7R9 
- 945.609 
- 9~1.ogg 
- 935'882 

- 9.34'408 
- ~).I~.;RI 
- 9.75, 18.3 
- 934.029 
- 936.4.34 

- 940.192 
- 942.228 
- 943'305 
- 94.3.101 
- 944.428 

- 9q4.7j2 
- 941.742 - 943.97, 
- <,,4.186 
-9.,6.1z5 

- 94r.672 
- 939.ooq - g+d.~ro 
- 942.023 
- 913.37j 

- 9h0.158 
- 9j5.419 
- 953.897 
- 952.000 - 9fi2.;64 

~~~:~~~ 
above (+ ) 

or below (-) 
Katni 

(mean result 
by two 
levellers) 

feet 
- 185.923 
- 186.184 
- 182.911 
- 171.707 - O I  

- 144.411 
- 1.35'86.3 
- 114'888 - 131.65~ 
- 14j.790 

- 127.790 
- 1.37'387 - 87,192 
- zrg.j58 
- 247'205 

- 919'606 
- 923.625 
- 92.3.5.34 
- 919.6.45 
- 914.2;1 

- 89;'4;3 
- 8 , 5 5 7  - 901';06 
- 91U.oR2 
- 933.60.9 

- 94R.776 
- 946.7,36 
- 945,636 - 941.041 
- 935,829 
- 934'355 - ()j~.;zR 
- 9.35. t.30 - 9 3  
- 936.,381 
- 940.139 
- 9 1  
- q4,7.252 
- yq,3.0J8 
- 944.37j 

- 944.609 
- 941'689 
- 943.918 
- I 
-g46.1;l 

- 9 2 1 9  
- g,qR.gj~ 
- 943.0j7 
- 941.970 - 943.3~+ 
- 969.102 
- g;,;.~;~ 
- 9s3.R4n - 9,<2'84j - 961,;0fl 

~~~~~1 

deduced trom 
mark to 

Tolal from 
Katni 

fool 
+ 0.001 
+ o.001 
+ 0.001 
+ 0'002 
+ 0.002 

+ 0'004 
+ 0,005 
+ 0,006 
+ o'ooj 
+ 0'004 

+ 0.005 
+ 0'004 
+ 0.008 
- o.oor 
- 0.003 
- o.050 
- o.ojo 
- 0.050 
- 0.050 
- o.ojo 
- 0.049 
- 0.049 - 0.050 
- o.ojz 
- 0.052 
- 0,053 
- 0.05,q 
- o-oj.3 
- 0.05.3 
- 0.053 

- 0-053 
- 0.05.7 
- o.og.3 
- o.oj.3 
- 0,053 

- 0.053 
- 0.053 
- 0'053 
- 0.053 
- 0.053 

- o.ogj 
- 0'053 
- 0.053 
- 0.053 
-o.oj3 

- 0.05.3 
- 0.053 - 0.053 
- 0.0j.q 
- o.oj3 

- 0.0~6 
- o.055 
- o.05j 
- 0.055 
- 0 . ~ ~ 6  

Distance 
from 
Katni 

mile8 
108.94 
109.60 
110.40 
lI1'9j 
I 

113.48 
115.64 
116.61 
1rR.35 
118.95 

119'33 
121'53 
Irz.Io 
123.01 
114.17 

128.30 
129.89 
131.31 
132.76 
133'00 

134.05 
134.84 
136.00 
136.53 
1.37.00 

138.17 
139.01 
139'7.7 
140.26 
142'01 

142.60 
143.20 
144.05 
145'05 
146.16 

147.32 
148.31 
149'04 
149.67 
150.04 

1jo.8~ 
lj1.04 
152.05 
153.05 
153.88 

154.65 
155..36 
156.06 
157.07 
157.20 

157.95 
lj9.15 
159'79 
159.81 
160.36 

Discrepnncy between 
Xienah-msrks 

Pro0 I TO 
levellers 

(Fust-6econd 

Fzmmzk 
( = d l  

fool - 0.001 
- 0.004 
+ 0.00.3 
- 0'00j 
+ 0.003 

+ 0.004 - 0.014 
+ 0.00h 
+ 0.003 
- o.oo,3 

o~ooo 
+ 0.003 - 0-001 
- 0.0.31 - 0.009 
- 0.052 - 0.010 
- 0.001 
+ 0.004 
+ 0.001 

- 0.002 
- 0'007 - 0.004 
- 0.011 - 0.0~5 
- 0.018 - 0.004 
+ 0.004 
+ 0.007 
- 0 009 

0.000 
+ 0.004 - 0,005 
+ 0.005 - 0.016 
- 0.011 
+ 0.005 - 0.004 
+ 0,005 - 0.002 
- 0.001 
- 0'002 
+ 0,OOj 
- 0.014 
- 0.00; 

- 0,001 
+ 0.001 - o.002 
+ 0'002 
+ 0.002 

- 0'004 
- 0.00; 
+ a.ool 

0'000 
+ o'ooj 

121 
122 
129 
124 
126 

126 
127 
12@ 
129 
130 

131 
132 
133 
134 
135 

136 
137 
138 
130 
140 

I41 
142 
143 
144 
I46 

146 
147 
IJB 
149 
160 

151 
1152 

154 
156 

156 
157 

15'J 
lco 

162 
lti9 
l G 4  
Iti5 

166 
lR7 

16' 
170 

171 
17' 

I74 
17' 

leveller) 

Totnl from 
Katni 

foot 
+ 0.065 
+ 0.061 
+ 0.064 
+ 0'059 
+ 0.061 

+ 0.066 
+ 0'042 
+ 0.048 
+ 0.051 
+ 0.048 

+ 0.048 
+ 0.051 
+ 0.050 
+ 0.019 
+ 0.010 

- 0.042 
- 0.05~ - 0.053 
- 0,049 
- 0,048 

- 0.050 - 0.057 - 0.061 
- 0-072 
- 0.~77 

- 0.095 
- 0.090 
- 0.095 
- o.oR8 - 0.09; 
- 0.097 
- 0.093 
- 0-098 
- 0 09.3 
- 0.109 

- a.120 
- 0.115 
- 0.119 
- o-1r4 
- 0.116 

- 
- 0'119 
- 0.114 
- o.1r8 
- o.ljj 

- 0.1.16 
- 0.195 
- 0.137 
- 0.135 - 0.133 
- 0.137 - 0.142 
-- 0.141 
- 0'141 
- 0.136 

122 
123 
2 
125 
126 

127 
128 
129 
130 
131 

132 
133 
134 
136 
136 

137 
138 
139 
140 
141 

142 
143 
144 
145 
146 

147 
148 
149 
150 
151 

152 
163 
154 
155 
156 

157 
168 
159 
160 
161 

162 
163 
lG4 
165 
'66 

187 
160 
169 

1'2 
li3 
174 
175 
7 



LEVELLING OPERATIONS. 

Line No. 59. Katni to Al lahabad.-(Continued). 
- 

Difference of dynamic height, Katni to Allahabad = - 956.019 feet. 

Length of line in miles = M = 161.54. Zd2 = 0.019223. 
- 
Id' 

Probable error of the mean result per mile of double-levelling = 0.6145 = O.WJi,  

Probable error of the difference of elevation between the terminal bench-marks = 0 . 6 1 1 5 2 / p  4 = - + 0.0468 

~ i ~ t ~ , , , , ~  
from 

Kstui  

milea 
161'30 
161'46 
1 6 1 . j ~  
161'54 

Bsnch.marb 

From / To 

* E ~ u c h - m a r k  No. 180 in t h e  mark at Allshabad described on page 133. 

Disc repanc~  beLueen 
levellers 

( ~ i ~ t -  ~eeo l ,d  leveller) 

176 
177 
176 
179 

Obaorved 
e,evaLion 
above ( + 

or below (-) 
Katni 

(mean result 
by two 

levellers) 

feel 
- 969'145 
- 9 6 5 ' 6 5 '  
- 956',310 
- 955'963 

'::k,","th 
(-4 

fool - 0.010 

+ o . o o . 3  
+ 0 ' 0 0 2  

0.000 

177 
178 
179 
180' 

Total from 
Katni 

fool 
- 0.146 
- 0 . 1 4 3  - 0'141 
- 0'141 

Dynamic 
correction 

deduced from 
mark to mark 

T O ~ I  from 
Katni 

foot 
- 0.057 
-0 .057  
- 0'0;6 
- o 'o j6  

v 

D~"Bmic 

orbelow(-) 
Katni 

feet 
- 969.30z 

- 9 ~ 6 . ~ 6 6  
- 9 5 6 . 0 ~ ~  



RESULTS OBTAINED FROM SIMVLTANEOUS DOUBLE-LEVELLING. 

Line No. 60. Katni to Sironj. 

Uench-mark No. 1 is the mark st Kotni described on pnge l a l .  

l leigllt  
aboro ( +) 

orbelow (-) 
Kat"i 

feet 
+ 1'027 - 2'76h 
- 1 5 . ~ 6 0  
- 14'58.3 
- 8.949 

- 4'27.3 
+ 22.251 + 8.0,;l 
+ 23.orl  
+ 40'098 

+ 23'952 - 4.461 - 1'441 - 1'684 
+ 3,278 

+ 7.447 
+ 20.j.19 
+ 27.187 
+ .31'320 
+ 37'384 

+ 41.795 
+ 43'709 
+ .32,6oR 
+ 58.476 
+ 7 z ' j t z  

+ 82.82.3 
+ 91.,310 
+ 1 r j . 8 ~ 8  
+ 133.644 
+ 143'469 

+ 143'701 
+ 132.831 
+ 126.737 
+ 126.776 
+ 126.oj4 

+ 150.474 
+ 
+ 145'799 + 138'5;o 
+ 140.590 

+ 133.467 
+ 133.490 + 156.z;r) 
+ 1 6 8 . ~ 7 2  
+ 141.251 

+ 1 5 8 . 5 4 ~  
+ 160.747 
+ 140.065 
+ 160,302 
+ 1;3.ojo 

+ 1Ar,.,q9z 
+ 207.508 
+ 1 9 9 . 9 ~ 1  
+ 167.298 
+ 1 ~ 9 . 6 1 , ~  

+ 116.,q02 
+ 83.019 
+ 50.5oj 
+ 14.795 - 10.71; 

2:::; 
dcduued from 
ul.rk to mark 

ToLal from 
Katni  

foot 
o'ooo 
0'000 

0.000 
0'000 

0'000 

0'000 
0.000 

8 . 0 ~ a 0 ~ o o o  
o'ooo 
o 'ooo 

0'000 
0.000 
o 'oco 
0'000 
0'000 

0'000 

0.000 
0'000 

0'000 

0'000 

0'000 
o'ooo 
0'000 
0'000 
0.000 

0.000 
0'000 

0.000 
0.000 
0.000 

0'000 

0'000 

0.000 
0.000 

0.000 

0'000 
o 'oeo 
0'000 
0.000 
0.000 

0.000 

o.ooo 
0,000 
0'000 
0'000 

0.000 
0.000 

0 '000 
o.ooo 
0.000 

0.000 
0.000 
0.000 
o.ooo 
o.ooo 

o.ooo 
o.ooo 
0.000 
0.000 

0'000 

4 ~ ~ ~ ~ ~ , "  
nboro ( +  ) 

orbcluw (-1 
Kut.111 

(mean reault 
by Lwo 

levellers) 

feet 
+ 1 027 - 2,766 
- 1 ~ . 5 h o  
- 14,583 
- 8'949 

- 4'173 + ~ Z . Z , ; I  

+ 
+ 2,3'0!1 
+ 4o.og8 

+ 2.3'952 - 4.461 - 1'441 - 1.684 
+ 3'278 

+ 7:447 
+ zo j49 + 27'187 
+ 31'320 
+ 37'384 

+ 41'795 
+ 4.3'709 
+ 32-608 
+ 58'476 
+ ; z . j l a  

+ 82.823 
+ 91.310 
+ 114.84H 
+ 133'644 
+ 14.3'469 

+ 14,3';01 
+ I ~ z ' B ~ I  
+ 126.737 
+ 126.776 
+ 126.054 

+ 150'474 + 1 5 ~ . 3 ~ 2  
+ 1.45'799 
+ 138' j ;o  
+ 140. jgo 

+ 133'467 
+ 133.490 + 1j6.279 
+ 168.472 
+ 141 .a j1  

+ 158.544 + 160,747 
+ 140.06j  
+ 16o.,3oz 
+ 17.3.0jo 

+ 18g..3gr + 207.5oR 
+ 199.911 
+ 169.298 
+ 1 1 9 . 6 2 ~  

+ 116..301 
+ R,q.o~g 
+ 50.505 
+ l a , j 9 j  - 10';17 

Dietnnoe 
fro111 

K d ~ i  

d e r  
0.66 

. I +  
1.72 
2.04 
3.05 

3'49 
, ~ . o j  
4.61 
5 .o j  
5.81 

6-42 
7.83 
8.03 
8 '62  
8.90 

9'18 
9'91 

10.42 
10'47 
11'06 

12-06 
13'06 
14.31 
15.35 
16'43 

17'36 
17'92 
19'03 
19.33 
19'82 

19.86 
20.36 
20.67 
2 1  '07 
21.26 

23'07 
23'37 
24'07 
24'77 
25'42 

27'08 
27'28 
18.37 
29.41 
30'47 

61'43 
31'46 
31'51 
33'34 
33'85 

14.39 
35.14 
35.9.3 
36.52 
,37.18 

,3;.5R 
38.16 
38-76 
39.42 
40.13 

Okcrepnncy betweem 

r 

Bench.msrke levellers 
(Fil.st-aecond 

Flolll mnrk 
to l na rk  

(-4 

foot 
+ 0,003 
- 0.010 

- 0.008 
0.000 

+ 0.001 

- 0'00.3 
+ 0.001 - 0.00.3 
+ o.001 - 0.001 

+ 0.005 
- 0.014 
+ o.001 

0.000 - 0.016 

+ 0'002 
+ 0.004 
+ 0 . 0 0 ~  
+ 0'001 
+ 0 ,008  

+ 0.002 - 0.003 
+ 0.004 
+ 0.009 
+ 0.319 

+ 0.007 
- o.oot 
+ 0.010 - 0.001 - o'ooz 

+ o.004 
+ 0.004 
- 0.001 

0'000 
+ o . ~ 0 2  

+ 0.016 
- 0'003 
+ 0.001 
- 0.009 
+ 0'006 

+ 0.006 
+ O . W I  - 0.001 

- 0,005 
- 0'003 

+ 0.006 
0,000 

+ 0'00.3 
+ 0.007 - 0'003 

+ 0.005 
+ 0,003 
- 0,002 - o.014 - 0.613 

- 0.001 
+ 0.06.3 
- 0.017 
- 0 .010  
- 0.002 

1' 
2 
3 
4 
6 

6 
7 
8 
g 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
26 

26 
27 
28 
29 
30 

31 
32 
33 
34 
a5 

36 
37 
88 
39 
40 

41 
42 
43 
44 
46 

46 
47 
48 
49 
60 

61  
62 
63 
64 
66 

66 
67 
68 
69 
60 

leveller) 

T ~ L ~ ,  from 
Katni 

fiat + 0'00.3 - 0.007 - 0.015 
- 0.015 
- 0.014 

- 0'017 
- 0.016 - 0 .019  - 0,018 - 0.019 

- 0,014 
- 0.028 - 0.026 
- 0.026 - 0.042 

- 0.040 
- 0.0.36 
- 0.0.34 
- 0'03f - o . o z j  

- 0.023 
- 0.026 
- 0 .022  - 0.013 
+ 0.006 

+ 0.013 
+ 0.011 

+ o , o r r  
+ 0.011 
+ 0.019 

+ o.or.3 
+ 0.027 
+ 0.026 

o.ooo 
+ o . o l ~  

+ 0.044 
+ o.041 
+ 0.043 
+ 0.0.34 
+ 0.040 

+ 0.046 
+ 0.047 
+ 0.046 
+ 0.041 
+ 0.038 

+ 0.044 
+ 0.044 
+ 0.047 
+ 0.054 
+ 0.051 

+ 0.056 
+ 0.059 
+ o.o,:j 
+ 0.03.3 
+ 0 .020  

+ o . o ~ g  
+ 0.022 
+ 0.005 - o . o o j  - 0.00; 

2 
3 
4 
6 
G 

7 
8 
9 

10 
11  

12 
13 
14 
16 
16 

17 
I8 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31  

32 
33 
34 
ab 
BG 

87 
a8 
39 
40 
41 

42 
43 
44 
46 
4G 

47 
48 
49 
60 
61 

62 
63 
64 
66 
66 

67 
GR 
69 
60 
61 



LEVELLING OPERATIONS. 

Line No. 60. Katni to Sironj.-(Continued). 

Observed 
elortrtio~~ 
ubove ( + ) 

or beluw (-) 
lin1.11i 

(nienn reeult 
hp t.wo 

levallors) 

feel  
- 22 218 
- j4.622 
- 78.521 
- 105.779 - 104.q6 
- 107'.353 
- 1t2.691 
- 101'07B 
- 84.11.3 - 78.295 

- 78.042 
- 70.407 
- 57'2j1 
- 9.('211 
- 117.724 
- 174'906 
- 172'995 
- 168.269 
- 1 7 2  168 
- 170'202 
- 16p.g.17 
- I X ~ ' J ~ J  - 116.491 
- 116'640 
- r23.600 

- 125.5.39 - 126.qWz 
- 1r6.hzj 
- 115 677 
- 123.625 

- 105.78j 
- 6 
- 65.708 
- gh. 708 
- i9.804 

- 19.577 - 19.766 - z6.hR6 
- .qyz77 
- 45.938 

- sz.,l4R 
- 51.,336 - 6 
- 9 
- 73.758 

- 74.717 - a2.~E9 
- 84.R4.3 
- 40.480 
- 42.331 

- 64.8;7 
- 66.728 
- 68.:~; 
- I 

+ 3.059 

+ 1.2.13 
+ I 

+ 41.294 
+ h9.541 
+ 1o8.05.~ 

Bench-muks 

From 1 To 

Distance 
from 
Kn111i 

miles 

40.34 
40.94 
42.13 
42'.i9 
42'87 

42.88 
46'9.1 
44'51 
45.06 
45'46 

47.08 
48.17 
40.,35 
50'17 
j0.70 

5a'oz 
SZ'J; 
52.98 
52.99 
53'59 

54.04 
56.00 
57'00 
57.20 
58.j6 

59.26 
59.59 
60.19 
60.55 
60.90 

6 2 4  
63.81 
64 a 2  
64.79 
6j.44 

66.59 
67.35 
67.94 
68.23 
68.53 

69.1; 
69.10 
69.24 
69.87 
70.68 

~1.17 
, , 3 1  

7.3.87 
76.78 
77.41 

79.18 
79.42 
Ro.76 
84.50 
85.5.3 

Rg.;R 
lJ7.07 
R7.,37 
R8.3.q 
89.88 

61 
62 
63 
64 
05 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83. 
84 
85 

86 
87 
88 
89 
90 

91 
93 
93 
94 
Y5 

96 
97 
98 
99 
100 

101 
102 
103 
104 
105 

106 
107 
108 
100 
110 

1 1 1  
112 
113 
114 
116 

llfi 
117 
118 
119 
120 

D~nnrnio 
col r e c ~ i u n  

deduced from 
Inark to ,nark 

I 
xntni 

foot 
0.000 
0.000 
o.ooo 
o.ooo 
0.000 

0.~00 
0.000 
0.000 
0.000 
o,ooo 

o.ooo 
0.000 
O,OOO 

o'ooo 
0.000 

+ o 001 
+ o OOI 
+ 0.001 
+ 0.001 
+ 0.001 
+ o'oo~ 
+ 0.001 
+ 0.001 
+ 0.001 
+ 0.001 
+ o.001 
+ 0.001 
+ o.oot 
+ 0.001 
+ o.001 

+ 0.001 
+ 0.001 
+ 0.001 
+ 0.001 
+ 0.001 

+ 0.001 
+ 0.001 
+ m.oo~ 
+ 0.~01 
+ 0.001 
+ 0'001 
+ 0.001 
+ 0-001 
+ 0.001 
+ 0'001 
+ 0.001 
+ O.OO1 
+ 0.001 
+ 0.001 
+ 0'001 

+ 0.001 
+ o.001 
+ 0.001 

0'000 

0'000 

O.OCO 
0,600 
0'000 

0.600 

0.000 

62 
63 
64 
65 
66 

67 
68 
69 
50 
71 

72 
73 
74 
75 
76 

57 
78 
59 
80 
81 

82 
63 
84 
85 
86 

87 
88 
89 
I)U 
91 

92 
93 
94 
95 
96 

97 
DY 
99 
10U 
101 

102 
103 
104 
105 
106 

10i 
IUY 
100 
110 
111 

112 
113 
114 
115 
111; 

117 
11.3 
I19 
120 
111 

D~nnmic 
lleigl~t 

nhore ( + )  
or below (-) 

gntni 

feet 
- ,E.21R 

- 54.hyr - i0 j21 
- lo 3 .... 189 
- lo4.296 
- loi.3s3 - 112.6,,, 
- lo~.~;p, 
- 84.11,a 
- 78.y95 

- 70.041 
- 70.40; 
- 57.271 - 9 4 . z I ~  
- 117.724 

- 174.~05 
- 172.994 
- 168.16R 
- 172.167 - 170.101 
- 169.946 - I Z S ' ~ ~ ?  
- 116 490 
- 116-hjg 
- 1~3.599 
- 1~6.s.38 - 126,481 
- 1x6'62~ - 12s 676 
- 1~.3,624 

- 10j.784 
- 75.643 - 65,707 - 56.707 
- 39.803 

- 19,576 - 19.765 - 26,685 
- ,aS"76 
- 45'967 

- 51'347 
- St'335 - 51.325 
- 62,693 
- 7.1'757 

- - 4 . 7 ~ ~  
- i2.188 
- 84.84' 
- 40'479 - 42'331 

- fWRsh - 66.7'7 
- 6 8 . 7 ~ ~  - 
+ .l'O59 

+ 1'13s 
+ 34'q6' 
+ 41"9~ 

69'54' 
+ '08'0s3 

DisorepnncJ between 
levellers 

(lirsl-gecond 

Fro111 mark 
to 
(-4 

fool 
- 0.003 
- O'ooj 
+ o.oor - 0.017 
- 0,007 
+ 0.004 
- O'ooj 
- 0'002 
+ 0.006 
- 0.009 
+ 0.014 
- 0.011 
+ 0.002 

- 0.00.3 - 0.008 
- 0.01 5 
- o.004 
+ 0,004 

o.ooo 
+ 0.001 
- 0-005 
- 0.013 

0.000 

+ 0,001 
- 0.002 
+ o.oo.3 
+ o 006 
+ o.ooj 
+ 0,006 
+ 0.004 
+ O . O I ~  
- 0.001 
- 0.00.1 
+ 0.004 
- 0.007 

+ 0.004 
+ 0.006 - o.oor 
+ 0.001 
+ 0.004 
+ 0.001 
+ 0.001 - 0.001 
- 0.004 
- 0.016 

- 0,008 
, O.OOO 

+ 0.00~ 
- 0.02.3 
+ 0.007 

+ 0.017 
- 0.009 
- o . ~ ~ ~  
- 0.006 
+ 0.010 

- 0 .005  
+ 0.004 
+ o.ooj 
+ 0.019 
- 0,- 

leveller) 

Tolo, from 
Iintni 

foot 
- 0.010 
- 0.015 - o.014 
- 0.0.31 
- 0.038 

- 0.034 
- 0.037 
- O'Ojg 
- 0.0.3.~ - o.oja 
- 0.028 
- 0,059 
- 0.0.37 - 0 040 
- 0,048 

- 0,063 
- 0.067 
- 0.06.1 - 0.06.3 
- 0,062 
- 0'067 
- 0.080 
- 0.080 
- 0.078 
- o'o8o 

- 0.077 
- 0,071 - 0,066 
- 0.060 
- o.oj6 
- 0.044 - 0.045 
- 0.048 
- 0.044 - 0.051 
- 0.047 
- 0.041 
- o.oqj 
- 0,042 
- 0,038 
- o.oj! - 0.030 
- 0.037 
- 0.041 
- o.oj7 

- 0306j - 0.06j 
- 0.6, - 0.086 
- 0.079 
- 0.062 
- 0.071 
- 0 . ~ ~ 2  

- 0.078 
- 0.068 
- 0.07.3 
- 0.0% - 0.06, 
- 0.045 - 0.054 



BESULTS OBTAIEED FROM SIMULTANBOUS DOUBLE-LEVELLING. 

Line No. 60. Katni t o  Sironj.-(Continued). 

. 
I 

Dynamic 

( + )  
or below (-) 

Katni 

feet 
+ 107.720 
+ 115'974 
+ 1.16.788 
+ 123.671 
+ 116.905 

+ 112.681 
+ 10,i.3~8 
+ 120.436 
+ b41.581 
+ s27';35 

+ z4y9R6 
+ 251,'617 
+ 21)0'03j 
+ 312.106 
+ 32.3'639 

+ . z j o - 6 5 ~  
+ 346.369 
+ .3.37.8:6 
+ . ~ J ~ ' Z O I  
+ .361..381 

+ ~)+..?35 
+ 360.64R 
+ 378.244 
+ ;g8.0~8 
+ 424,712 

+ 4,38'042 
+ 450'172 
+ q60.r)gR 
+ 471 849 
+ 472.712 

+ 4i0.986 
+ 473,584 
+ ~ 7 7 . ~ 1 3  
+ 476.051 
+ 45k885  

444'4.31 
+ 446.214 
+ 441.470 
+ 419.501 
-+ 444. 19' 

+ 430.626 
+ 3 9 ~ . 9 0 2  
+ 391.887 
+ 40.3.066 
+ 422.153 

+ 43r.8613 
+ 4,?0.507 
+ 401.600 
+qo0,:q9 
+ 383'51.3 

+ 381.657 
+ ,qH3.9,30 
* 285.,349 
+ jR.3.916 
+ 382.577 

+ ,381,891 
+ ~81.06,3 
+ 366.305 
+ ,lqo.g55 
+ 344.92j 

l)).nttn~ie 
iou 

deduurcl h.om 
lo lllur~ 

Total f rom 
K u t ~ ~ i  

f d  
0'000 
0'000 
o,ooo 
0.000 
0.000 

o.000 
0.000 
0.000 
0.000 - 0.001 

- o.001 - 0.001 
- 0'001 
- 0.001 
- 0.001 

- o.001 
- 0.001 - 0.001 
- o 001 
- O'OJI 

- o.001 - o . o o ~  
- 0.001 - o.001, 
- o 001 

- o.001 
- 0 0 0 1  
- 0 . 0 0 1  
- 0,001 - 0.001 

- 0-001 
- 0.001 - c.001 - 0.001 
- 0.001 

- 0'001 
- o'oon 
- 0'001 - 0.001 
- 0 . 0 0 ~  

- 0.001 
- o.cor 
- o.oo l  
- 0.001 
- 0.001 

- o.001 
- 0.001 
- 0.001 
- 0 . 0 0 1  
- 0 '001  

- 0.001 - w o o l  - 0.001 
- 0.001 
- o OOI 

- o.001 
- 0.001 - 0 - 0 0 1  
- o.001  
- 0.001 

Obwrved 
, , I  , I  

ubosu ( + ) 
,or below (-) 

Kutlni 
(n~eun result 

hy t,wo 
lerellers) 

J ~ e t  
+ 107.720 
+ 115'974 
+ ~ 1 6 . 7 8 8  
+ 1 2 , 6 7 1  
+ 126.905 

+ r1z.681 
+ 1o5..?3R 
+ 120.436 
+ 1 ~ 1 ' j 8 1  
+ 227,736 

+ 249'987 
+ ~ 5 1 ' 6 1 8  
+ 290'034 
+ J I Z . I O ~  

+ .313'3JO 

+ .3;o,hj5 
+ 346.370 
+ 3,3;-3;7 + 347.202 
+ 361'382 

+ 372.,!,30 
+ .36,).649 
+ ,?iR,z43 
+ 3oH.03~) 
+ 424.72.3 

+ 4jR.oq.q 
+ 450'17.3 
+ 460.959 
+ 471'850 
+ 4j1'71.3 

+ 470'9R7 
+ 473,585 
+ 477.414 
+ 476'052 
+ 456.886 

+ 444'440 
+ 446.215 
+ 4 4  
+ q r g . 5 0 ~  
+ j i+ '1<)3 

+ j . 1o .6~ ;  
+ 394.903 
+ 301.88H 
+ 40.3.061 
+ 4 r z . 1 5 ~  

+ 431.869 
+ 4.30.jotl 
i. 4 0 2 ~ 6 0 1  
+ 4 n g . 6 0 0  
+ 38.3 524 

+ 381..658 
+ 383.931 
+ a R y 3 j o  
+ 3Rj.917 
+ ,382,578 

+ 381.Aq1 
+ 3 8 2 . 0 6 ~  
+ :3116 366 
+ ,340'05b 
+ ,744 916 

Distunce 
from 

K u l n i  

miles 
90.58 
91.86 
9z.85 
93.45 
9.3.58 

* . l o  
94.46 
g j :og  
96 27 
99.56 

100.36 
100.58 
102.16 
102.97 
103'37 

104.37 
105.73 
106.36 
107.20 
107..78 

1 o 8 . 3 ~  
1oR.3.3 
1 ~ 8 . 8 7  
109.55 
1 1 o . 5 j  

111.06 
1 1 1 . g ~  
111.92 
112.98 
"3.83 

114'64 
1 1 5 . 1 ~  
115.42 
116.19 
116.57 

117'1.3 
117.11 
117'4.5 
118.80 
1zo.04 

121.14 
122.17 
112.8.3 
113.14 
123.87 

1r4.R.3 
125.65 
126.71 
IZ;.IO 

1 2 8 ' l j  

118.66 
IZR 76 - 1 2 8 . 8 ~  
118,RR 
129.18 

1 2 9 . ~ 8  
1 2 9 . 0 ~  
1.10.5.3 
, , 

133.94 

DiservnDcJ between 
~encL.marh8 

From / TO  

levellers 
(First- Bcuond 

(-4 

foot 
+ 0'005 
+ 0'00.3 
+ 0.001 
+ 0.004 
+ 0 . 0 0 ~  

- 0.001 
+ 0.003 
+ 0.010 
+ 0.019 - 0.009 

+ 0.014 
+ 0,006 
+ 0.027 
- 0.007 
+ 0 '004 

+ 0.011 
+ 0.00.3 
+ 0.007 
+ 0 '009 
+ 0.004 

+ o .oo t  
+ 0.002 
+ 0-012 
.I 0.001 
+ o .oo j  

- o ' o o . ~  
+ 0'005 
- 0.009 
+ 0.009 
- 0'015 

- 0.021 
+ 0 . 0 0 ~  
- o.ooa 
+ 0.004 
- 0'002 

0.000 
+ 0.003 
- O'COg 
+ o.004 
+ 0 . 0 0 ~  

- o.ooz 
- 0.010 
+ o.ooz 
- 0.007 
- 0.001  

+ 0.016 
+ 0 . 0 1 0  
+ 0.001 
- o . o o H  
- 0 0 1 1  

- 0.013  
+ 0.006 
+ o.oor - 0'002 
- 0.002 

+ o o o ~  
+ 0.004 
- o on; 
- O'o'J 
- 0.03.1 

121 
122 
123 
2 4  
125 

126 
127 
128 
129 
130 

131 
132 
133 
134 
135 

136 
137 
138 
139 
140 

141 
142 
111 
144 
14.5 

146 
' 4 
' 148 

149 
150 

, 161 
152 
163 

, 154 
, 165 - 156 

157 
158 
159 

, 160 

. 161 
16% 
I63 
164 
1G5 

166 
'67 
168 
169 
liO 

171 

'73 
174 
176 

'76 
177 
178 
179 
180 

leveller) 

Tothl from 
K u t n i  

foot 
- 0.049 
- 0'0.16 
- 0.045 - 0.041 
- 0.039 

- 0.040 
- o 037 
- 0.0~7  
- 0 ~ 0 0 s  - 0.017 

- 0.003 
+ 0.003 
+ 0'0,~o 
+ o r2.3 

+ 0'027 

+ 0.038 
+ 0,041 
+ 0.048 
+ 0.057 
+ 0.061 

+ 0.063 
+ 0.06j 
+ 0,077 
+ 0.078 
+ 0.083 

+ o.oRo 
+ 0.085 
+ 0.076 
+ 0.085 
+ 0.070 

+ 0.049 
+ 0.053 
+ 0.051 
+ 0-055 
+ o.oj.3 

+ 0'05.3 
+ 0.056 
+ 0.051 
+ o 032 
+ 0.061 

+ o.o;9 
+ 0.049 
+ 0.051 
+ 0.044 
+ 0,043 

+ 0.059 
+ 0.069 
+ o.o;o 

, + o o f , z  
+ 0.051 

+ o . o j g  
+ o 045 
+ 0.046 
+ 0.044 
+ 0.041 

+ 0.04.q 
+ o:o47 
+ 0.041 
+ 0.0.39 
+ 0.006 

122 
123 
124 
125 
126 

127 
Ir8 
129 
130 
131 

132 
I33 
134 
133 
136 

137 
138 
139 
140 
141 

142 
I43 
144 
145 
146 

147 
148 
149 
160 
151 

152 
153 
154 
155 
156 

157 
168 
169 
160 
161 

162 
1133 
164 
165 
166 

167 
168 
189 
170 

172 
173 
174 
175 
156 

177 
I78  
li!l 
180 



LEVELLING OPEICATIONS. 

Line No. 60. Katni to Sironj.-(Continued). 

Difference of dynamic height, Katni to Sironj = + 224.696 feet. 
Leneth of line in miles = M = 192.97. Ssl = 0.017248. - -- 

Probable error of the mean result per mile of double-levelling = 0.6745 &$ = + o'0032, 

Bench-marks 

Probable error of the difference of elevation between the terminal benoh-marke = 0,6745 - 
Bench.mnrk No. 284 in the mark s t  Gironj dcecribed on  page 196. 

Dislance 
fro111 

lisLni 

From T o  

Discrepanrg b ~ t ~ ~ ~ ~ ~  
Jevelle~s 

(First-second leroller) 

Fro111 murk I I,,ark 'lolol from 

( = d l  
l iutni  

132 
lS3 
184 
185 

186 
187 
188 

190 

191 
192 
103 
194 
195 

196 
197 
198 
199 

201 
202 
203 
204 
206 

206 
207 
208 
209 
210 

211 
212 
213 
214 
216 

216 
217 
218 
219 
220 

221 
222 
223 
224 
225 

226 
227 
228 
229 
230 

231 
232 
233 

miles 1 1 . 3 1  
183 1.34'06 
ln4 1.35'98 
185 1.36'96 
18G I3 i . 59  

137 1.38.39 
188 138.97 
189 139.02 
190 1.39.96 
191 141.04 

192 141.47 
193 1.11.85 
194 144..ro 
195 146.13 
196 147.91 

197 149.25 
198 150.14 
199 150.20 
200 151 .65  
201 15,3'01 

202 151.37 
208 I 
204 1i.5.26 
205 156.82 
206 158.06 

207 159.74 
208 160.68 
209 161.28 
210 162.64 
211 163.73 

212 16j.,37 
213 165'95 
214 169.46 
215 1fj9.49 
21G 1 6 ~ . 5 6  

217 170'55 
218 171.56 
219 172.56 
220 173.54 

2 2 1  l ; 4 . ~ l  

222 174.51 
223 175.36 
224 1 ~ 5 . 6 6  
225 177.35 
226 1;8.37 

227 179.36 
226 180.,36 
229 1 8 1 ~ 3 6  
230 I R z . , ~ ~  
231 18.3.70 

282 18.5.10 
283 187.71 
231* 192.97 

Ohwelrud 
olevstiun 

flbovu ( + ) 
or. below ( - )  

K t h i  
(nleel~ rrsult 

by two 
levellers) 

foot 
+ 0,004 
+ 0.001 
+ O ' o O j  - O'OOZ 

- 0'010 

+ o.oo.3 - 0.001 

+ 0.00.3 
+ 0.006 
- 0.013 

- 0'009 - 0.008 
- o.021 
- o .oor  
- 0 . 0 2 ~  

- 0.014 
- 0.007 - o.001 
- o.oo+ 
- 0.008 

+ 0'001 
- o.ooR 
- 0 .019  
+ 0.005 
+ 0.019 

- 0.015 
+ 0.008 
- 0.003 - 0.004 
- 0,011 

- 0.017 
- 0 .002  

+ 0 ,004  - 0.001 
- 0.004 

- 0.017 - 0.012 
+ 0.004 
- 0.003 
- o . o ~ j  

- 0.001 

+ 0 . 0 0 ~  - 0.006 
- 0.003 - 0.009 

- 0.011 
+ o , o r z  - 0.008 
+ 0.007 
- 0.001 

- o.008 
+ o.010 
- 0 . 0 0 ~  

foot 
- 0 0  

- o.ooI 
- 0 . 0 ~ ~  - 0,001 - 0.001 

- 0.001 
- o O o o l  - O.OO1 

- o.001 - o.001 

- o.001 
- 0.001 
- 0,001 
+ 0.001 - 0.001 

- 0.001 
- o.001 - 0.001 
- o.001 
- 0 001 

- 0'001 
- 0.001 - 0.001 
- 0.001 - 0.001 

- o'ool  
- 0'001 - 0.001 - 0 '001  

- o'oor 

- 0'001 
- 0.001 

- 0.001 
- 0.001 

- 0'001 

- o . o o ~  
- O ' O O I  - 0.001 
- 0.001 
- 0.001 

- 0.001 
- o.002 
- 0 . ~ 0 2  

- 0.002 
- 0 . 0 0 ~  

- 0.002 
- 0 . 0 0 2  - 0.002 - 0 .002  

- 0.002 

- 0.002 
- 0'002 

- 0'001 

feet 
+ 13hi.l 
+ 339 .4J l  
+ 3j4.5g7 
+ 6 7 7 . 5 2 j  
+ 368.80j 

+ *8.892 
+ j80.1111 
+ .3i9.171 
+ a97.701 
+ 3jo.052 

+ 3 2 g . ~ 3 0  
+ 30.y.021 
+ 20;.411 

+ 181.110 
+ 160.zjg 

+ 1 7 4 . 8 6 ~  
+ 102.9;1 
+ I , , I . A H ~  
+ 176.081 
+ li , .;j3 

+ 159.993 + 1 ~ 6 , 1 6 6  
+ 138.755 
+ 115,388 
+ 119.191 

+ 127'277 
+ 138.133 
+ 133.564 
+ 11.3'111 
+ 98'983 

+ 77'158 
+ 76.851 
+ 76.992 
+ 78.385 
+ 71'454 

+ 78';oR 
+ 61';52 
+ j6.127 
+ 54.669 
+ j j . 2 1 6  

+ 54'575 
+ 8'58; 
+ 45'605 
+ ;7'260 
+ 102'8i7 

+ 120'303 
+ l 1 2 ' " . ~ 1  

+ l,l.i'0.~9 
t 1 j 1 . 9 ~ 3  
+ 1 j 9 . 6 ~ 3  

+ 156'oR~ 
+ 147'434 
+ 114 '59~  

n ~ n a n l i c  
corraclion 

dcducerl I ~ O I I ,  
ulallktU IU,,I.~ 

Total from 
IIptni 

+ 
+ 0.011 

+ 0 , 0 1 6  
+ 0,014 
+ 0'004 

+ 0.007 
+ 0.006 
+ 0.009 
+ o . o r j  
- 0.008 

- 0.017 
- 0.025 - 0-046  - 0.048 
- 0.070 

- 0.084 
- 0,091 
- 0 . 0 9 ~  - 0.096 
- 0.104 

- 0.10.3 
- I i 

- 0.1.30 
- 0.125 
- 0.106 

- 0.!21 - 0.113 - 0.116 - 0.120 - 0.131 

- 0.148 
- 0.150 - 0 . 1 ~ 6  
- 0 , 1 4 7  
- 0.151 

- 0.168 - 0.180 - 0 ,116  - 0.179 
- 0.184 

- 0.185 - 0.181 
- 0.187 - 0.190 - 0.199 

- 0.210 - 0,188 
- o,1,,6 - 0.189 - 0.190 

- 0.198 - 0.188 - 0 , 1 9 0  

D ~ n n m i c  
lleigllt 

nbow ( + )  
or below (-) 

Katlli 

+ ~39.4.32 
+ 354.5H8 
+ 3 i i . 5 1 6  + 368.806 

+ 308.893 
+ 380.412 
+ .379.1;2 

+ 397.703 
+ j 5 o . o j j  

+ 315.8.31 + .308.021 
+ 207.413 
+ 181.111 
+ 1 6 0 ~ 1 6 0  

+ 174.864 
+ ~ q ~ . y j z  
+ I ~ I . , { H ~  
+ liO.oRz 
+ 1;1 '7j4 

+ 159.994 + I j 6 .  16; 
+ 138.;56 
+ 115'389 
+ 119.29.1 

+ 127.278 
+ 138'234 
+ 13.3'565 + 113 '112  
+ 98'984 

+ 77'159 
+ 76'852 
+ 76.99.3 
+ 79.386 
+ i1.455 

+ 78.709 
+ 61.75.1 
+ 76.128 
+ 5 ~ . 6 ; 0  
+ j j . 2 1 7  

+ 54.576 + 8'589 
+ 45.697 
+ 77.261 
+ 102.8;9 

+ 120.305 
+ 121.053 
+ 1.35.061 
+ 151.905 
+ 159.665 

+ 156.085 
+ 147.4.36 
+ -4.597 



RESULTS OBTAINED FROM BIMULTANEOUB DOUBLE-LEVELLING. 

Line No. 61. Ferozepore to Meerut. 

Difference of dynamic height, Ferozepore to Meerut = + 93.896 feet. 

Length of line in miles = M = 267.76. Sd9 = 0.049203. 

Probable error of the mean relult per mile of double-levelling = 0.6715 Jg = _+ 0'0oM1 

zp"Eio 
( + )  

or below (-) 
FerOzepOre 

PmbaMcerror of the diEerence of &vation betreen the terminal bench-mark8 = 0.6145 fl = _+ 0.0748. 

2~::~ 
deduced from 

tomark 

Total from 
Ferozepore 

* Bencb'muk NO. 1 is the msrk at F=olepore deacfibed on page 134. t Bench-mark No. 32 is the mark at Meernt dencribad on pago 136. 

i::::? 
above ( + )  

or below (-) 
Fororepore 

(mean result 
by two 

levellers) 

~anch .muks  

From / To 

Dinlance 
from 

Forozepore 

milea 
2.18 

15.34 
20.78 

feet 
+ 
+ 

fool 
+ 0.012 
+ 0 . 0 0 2  

- o . m 8  
+ 0.0.34 
+ o . o 8 j  

+ 0.069 - 0'012 
+ 0.013 
+ 0.029 
+ 0.044 

+ o . 0 ; 9  
+ 0.037 
- 0.025 
- 0.075 
+ 0.019 

+ 0.085 
+ 0'006 
+ 0.002 
+ 0,075 
+ 0.014 

- 0'003 
+ o.or.3 
+ 0'00.3 
+ 0.017 
- 0'00.3 

+ 0 , 0 2 1  

+ 0,032 
+ 0.0.39 + 0 ,044  
- 0.002 

+ 0.001 

6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
16 

16 
17 
18  
19 
20 

21 
22 
23 
24 
26 

26 
27 
28 
29 
30 

31 

+ 
+ 
+ go,ogR 

+ 110.;09 
+ 119.413 
c 150.656 
+ 160-781 
+ 1 9 8 . ~ 1 9  

+ 218.16.3 
+ z rg .148  
+ 218,843 
+ 24z.gj; 
+ zj6.1.38 

+ 273.782 
+ 178'044 
+ 260.574 
+ 250.976 
+ 2 6 1 ' ; ; ~  

+ 257.259 
+ 186.465 
+ 151',394 
+ 144'530 
+ 156.499 

+ 146.240 
+ 144.346 + 121 .135  
+ 88.981 
+ 89.990 

+ 93.830 

fool 
+ 0'012 

0,014 
+ 0.006 
+ 0.040 
+ o . ~ z j  

+ 0.192 
+ 0.180 
+ 0 ,193  
+ o , z z r  
+ 0,166 

+ o ' 3 4 5  
+ 0.382 
+ 0.357 
+ 0.282 
+ 0.301 

+ 0.386 
+ 0.392 
+ o..qgq 
+ 0'469 
+ 0.483 

+ 0'478 
+ o . j o ~  
+ 0'504 
+ 0.521 
+ 0.518 

+ 0.539 + 0.571 
+ 0.610 
+ 0.654 
+ 0.652 

+ 0.653 

Discrepancy batween 
levellers 

(Firat-Becood leveller) 

From mark 
to 
(-4 

6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
2 1  
25 
26 

27 
28 
29 
30 
31 

32t 

+ 0 . 0 4 7  

+ 0.058 
+ 0'0h2 
+ 0.078 
+ 0-08.1 
+ o . l o a  

+ 0 .111  

+ 0.116 
+ 0.118 
+ 0.115 
+ 0'131 

+ 0.139 
+ 0.141 
+ 0.133 
+ 0'129 
+ 0'134 

+ 0.132 
+ 0.102 
+ 0'088 
+ 0.085 
+ 0'090 

+ 0.086 
+ 0.085 
+ 0'076 
+ 0.064 
+ 0.064 

+ 0.066 

Total from 
Ferozepore 

17.12 
40.12 

47.20 
51 '89 
63.60 
74.77 
87.16 

101.44 
111.05 
122.17 
132.96 
143.13 

165.7.3 
173.90 
179.00 
188.08 
195.44 

199.26 
~ 1 9 . 8 4  
2.31'12 
z.qg.14 
238'14 

245.88 
~48.4.3 
~ 5 0 . 9 8  
267'69 
267.71 

267.76 

+ 90.105 

+ 110';67 
+ 119'475 
+ 150'7.34 
+ 160.864 
+ 198.311 

+ 21R.275 
+ 225.264 
+ 218,961 
+ 243.082 
+ ajb.169 

+ Z ; , ? . ~ Z I  
+ 27R.185 
+ 260'707 
+ 251'105 
+ 261,906 

+ 257'391 + 186.567 
+ 151.482 
+ 144.615 
+ 156'589 

+ 146.326 
+ 144.4.31 
+ I Z I . Z I I  
+ 89.045 
+ go.oj4 

+ 93.896 



LEVELLING OPERATIONS. 

Line No. 62. Meerut to Agra. 

miles 
5'6.2 

12'56 
20'15 
22.56 
30'38 

44'41 
44'42 
48'44 
.i4'67 
65 .53  

67.66 
70.37 
81.79 
81'81 
86.54 

92 '5 '  
9 5 ' 1 8  
95'50 
99'47 

I 0 2 ' j l  

109'44 
I 10.45 
"9'45 
11.3'47 
'J.3'1 1 

Bench-marks 

From T o  

Dvnnmic 1 I 

foot feet 
- 0.002 - 6'518 - 0.009 - ~ ~ ' B O I  
- 0.016 - 4f,.384 - 0'015 - 44'197 - 0'020 - 5 8 . 8 0 ~  

- 0'022 - 65.621 
- 0'023 - 68'551 
- 0'027 - 80.227 - 0'030 - 91'579 - 0'034 - 103.096 

- 0.038 - 117.038 - 0'037 - 114'587 
- 0.041 - 129'460 
- 0'041 - 133'495 - 0'043 - 136 939 

- 0.046 - 146.965 
- o ' o + ~  - 150'149 - 0'048 - 152.175 
- 0.048 - Is1'314 - 0'049 - 153'343 

- 0.052 - 164.190 
- 0 . 0 5 ~  - 164'949 
- 0.056 - 181'857 - 0'057 - 184.465 
- 0.066 - 113'110 

Dietsnce 
lrom 

Yeerut  

Difference of dynamic height, Meerut to Agra = - 223.110feet. 
Length af line in miles = M = 133.11. 2da = 0'007974. 

Diacreponcg bolween :::,": levellers 
(First-Secottd leveller) o:zi;l, 

Meerut 
From mark (menn reault 

to Tots l  from by two 

( = d )  
Meorut le~el lera)  

Probable error of the mean remlt per mile of double-levelling = O S 6 1 4 5 1 / 2  = 0.00%. 

Probable error of the difkrence d eleration between the terminal bend-muka = O S 6 7 4 5 2 / T  = f O'Oso1. 

Bonch.rnsrk No. 1 is the msrk s t  Meerut deso r ibd  on  psge 1s t ~ ~ ~ ~ h . ~ k  N ~ .  26 ir the  mark Agrs detcribed on page 13% 



RESULTS OBTAINED FROM BIMULTANEOUS DOUBLE-LEVELLING, 

Line No. 63. Agra to Sironj. 

Difference of dynamic height, Agra to Sironj = + 963.149 feet. 
Lengtl~ oE line in  miles = M = 2f3.48. Pda = 0.021830. 

x z 3  Probable error of the mean result per mile of double-leve1,ling = 0.6745 2/= = 0-0030. 

D{,"i"p~t" 
above ( + )  

or  below (-) 
Agra 

feet 
+ 98'645 
+ 34'790 
+ 3.3'450 
+ 42'451 
+ 70.941 

+ 50'564 
+ 57'205 
+ 71.659 
+ 298'147 
+ 431.638 

+ 596.16.3 
+ 59.3'414 
+ 821.619 
+1ooz..368 
+ 9R5.368 

+ 976.122 
+ 1024'9(18 
+ 1 0 8 1 . 6 8 1  
+ 1210.301 
+ 1 1 2 3 . 3 5 ~  

+ 1186.073 
+101,3'243 
+ 962.039 
+ 963.149 

279 ProhrLle ermr of the diflerenee of elevation between the terminal bench-marks = 0*6745dT = 0 0498. 

Z;P,:& 
deduced from 
mark to 

Totol from 
Agm 

foot 
+ 0.009 
+ 0.008 
+ 0'008 
+ 0'010 

+ 0 .016  

+ 0 ' 0 1 2  

+ 0'01.3 
+ 0 . 0 1 6  
+ 0.051 
+ 0'071 

+ 0,094 
+ 0'094 
+ 0 .118  
+ 0'13.3 
+ 0.1.31 

+ 0.1.31 
0'1.34 

+ o . I ~ ;  
+ 0.142 
+ 0 .142  

+ 0 .143  
+ 0.140 
+ 0.1.39 
+ 0.139 

Bench.msrk No. 1 ie Lhe mark at Agra described on  page 193. ) Bencb-mruk No. 25 is the rnsrk at Bironi deecribed on page 136. 

I 

Distance 
from 
Agro 

milus 
9.64 

21.89 
35.62 
43'38 
51.08 

60.68 
69.82 
79.20 
97.21 

106.20 

11j .79 
134'87 
153.67 
176.10 
185'49 

195'50 
205',34 
215.68 
227.93 
238.04 

248.67 
261.27 
265.44 
268.48 

~ench-mark0 

From 1 'J!o 

~ ~ ~ : : : o ~  
sbore ( +)  

or (-) 
Agra 

(mean result 
by two 

levellerc) 

Diecrepancy between 
levellers 

(First- Second lovelier) 

1+ 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 

F ~ ~ ~ k  
( = d )  

2 
3 
4 
5 
6 

7 
8 
9 

10 
11 

12 
13 
14 
1.5 
1G 

17 
18 
19 
20 
21 

23 
23 
24 

Total from 
Agrs  

foot 
- 0.011 
+ 0'01.3 
+ 0'030 
- 0 '001  

+ 0'007 

- 0 . 0 1 2  

+ 0.025 
- 0'001 - 0.022 

- 0.003 

- 0.014, 
f 0.028 - 0.025 
+ 0.092 

0.000 

+ 0'054 
+ 0,034 
+ O . O Z Z  
+ 0'051 
+ 0.028 

+ 0,008 - 0 ' 0 1 2  

- 0.025 - o.or2 25t 

foot I +et 
- 0.011 
+ 0 '002  

+ 0'0.32 
+ o'0,il 
+ 0.038 

+ 0.026 
+ 0'051 
+ 0.050 
+ 0.028 
+ 0.025 

+ 0 . 0 1 1  
+ 0,039 
+ 0,014 
+ 0 .106  
+ 0.106 

+ 0'160 
+ 0.194 
+ 0 . 2 1 6  
+ 0.16; 
+ 0,295 

+ o.3u.3 + 0.291 
+ 0.266 
+ 0'244 

+ 38,656 
+ 34.782 
+ ,33'442 
+ 42'441 
+ 70'925 

+ 50.552 
+ 57'192 
+ 7 1 . 6 ~ 3  
+ 298.096 
+ 431'567 

+ 596.069 
+ 593'320 
+ 821 .511  
+1oor .235 
+ 985.236 

+ 9;5.9q1 
+ 1024'R64 
+1081.544 
+ 1 z r o . 1 ~ 9  
+1223~210  

+ 12Rg.9.30 
+ 1 0 1 3 ~ l o , 3  
+ 961.900 
+ 963.010 



LEVELLING OPERATIONS. 

Line No. 64. Meerut to Lucknow. 

Bench-muk No. 1 L the mark at Mserut described on page 186. 

Benoh-marks 

From 

1' 
2 
8 
4 
6 

7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

91 
32 
33 
34 
36 

36 
a7 
38 
39 
40 

41 
42 
43 

% 

46 
47 
48 
49 
60 

61 
52 
63 
64 
66 

66 
67 
68 
69 
60 

~ i ~ t , , ~ ~ ~  
from 

Meerut 

mile8 
0'81 
1.24 
1.98 
3.85 
4.21 

4'91 
5 '94 
6.35 
6 '47  
6.98 

8 . 0 1  
9 .01  

8o.or 
11.05 
11'45 

11.94 
12.94 
1.3'3" 
1.3.94 
14 '94 

15'34 
15.94 
16 .96  
17.98 
7 6  

18.98 
19 30 
19.99 
20.60 
20.99 

2 1 ' 1 0  

21.98 
12.98 
2.7.98 
24.99 

26.01 
27.01 
28.02 
nR.;o 
29.03 

29.56 
34.89 
35.12 
36.12 
37'10 

37'1.3 
37.89 
3 8 . 1 4  
38 '64  
3 g . r j  

40.15 
41 .15  
41.58 
42.16 
43.16 

44.16 
45.17 
46.17 
,7.17 
47.27 

To 

2 
3 
4 
6 
6 

8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

.27 
28 
29 
30 
31 

32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 

44 
46 
46 

47 
4.9 
49 
60 
61 

52 
63 
64 
65 
66 

67 
68 
69 
60 
61 

Discrepencj between Obnerved 
elevation 

above ( + ) 
or  below (-) 

Meerut 
(nicon ~.esult 

by two 
e v e  

feet - 6.657 
- 4 3 4  
- 12.120 
- 15.784 
- 14.485 

- 15'061 - 14.676 
- 1 9 . 0 ~ 2  
- 17'009 
- 14'732 

- 14'902 
- 14'555 
- 13'967 - I - 17'371 

- 16.831 
- 19.989 
- 17'242 - 21'360 
- 26'824 

- 27'472 - 26.291 - 16,079 
- 7 
- 2 0 7 9 4  

- 26.692 - 13.728 
- 27'84.3 - 26.712 
- 28'268 

- 22.102 
- 29'792 - 31.618 
- 33.6,<3 - 3 6 . 8 ~ 1  

- 40.507 
- 3 9 . ~ 7 3  
- 30.582 
- 37.925 - 44'954 

- 80.909 
- 75.138 - 7 7 9  - 79.204 
- 74.004 

- 73.8.3.3 
- 69.97h 
- ij .9.36 - 7 1 . 7 0 1  
- 62.69b 

- 5 5 . 2 1 6  - 55.280 
- gj.g6R 
- 5 1 . 1 0 9  
- 50.686 

- 48.548 - 48.094 
- 43'956 - 45.811 
- 46.469 

levellere 
(lqrst- ~~~~~d 

From mark 

1y zik 
foot 

+ 0.004 
+ 0'00.3 - 0.014 
+ 0.001 
+ 0.005 

0.000 
0 '000 

+ 0.006 - 0.002 
+ 0.006 

+ 0.007 - 0.001 

- 0.007 
+ 0.001 
- 0.003 

+ 0.00.3 
+ 0.016 

0.006 
- o.oor  
+ o'ooz 

' 0'003 
- o.ooz 
- 0 ,004  
- 0.006 
- 0,015 

+ o.002 
- 0,005 
+ 0.005 
+ o , o o 8  
- 0.006 

0'000 - 0.004 
+ 0.009 
+ 0.003 
- o.ooj  

+ 0.004 
+ 0.006 
+ 0 . 0 0 1  - o 006 
- 0.00; 

0.000 
+ 0.014 
+ 0 . 0 1 0  
+ 0.002 

0 '000 

o.ooo - 0.001 

+ 0,006 
- 0'002 
- 0.003 

- 0.007 
+ 0 . 0 1 0  
+ 0.003 
+ 0.005 
+ 0.006 

+ 0.018 
+ 0.007 
+ 0.014 
+ 0.002 
+ 0.001 

loreller) 

TZL:zm 
fool 

+ 0.004 
+ 0'007 - 0.00; - 0.006 
- 0.001 

- 0 '001  - 0.001 

+ o . o o j  
+ 0.003 
+ 0 ,009  

+ 0.016 
+ 0.015 
+ 0.008 
+ 0.009 
+ 0.006 

+ 0.009 
+ 0,025 
+ 0.019 
+ 0.017 
+ 0.019 

+ 0 .016  
+ 0.014 
+ 0 .010  
+ o.oo+ 
- 0.011 

- 0.009 
- 0.014 
- 0.009 
- 0.001 

- 0.007 

- 0.007 - 0.011 
- 0.002 

+ 0.001 - 0.006 

- 0.002 
+ 0,004 
+ 0.005 
- 0.001 

- 0.008 

- 0.008 
+ 0.006 
+- 0 . 0 1 6  
+ 0.018 
+ 0.018 

+ 0 . 0 1 8  
+ 0.01; 
+ 0.023 
+ 0.011 
+ o.018 

+ 0.011 
+ 0.011 
+ 0.024 
+ 0.029 
+ 0.035 

+ 0.05.3 
+ 0.060 
+ 0.074 
+ 0.076 
+ 0.077 

- 

D~nnn l io  
curreelion 

deduced trom 
mark to 

Tolnl from 
...rut 

fool - 0,003 
- 0 ' 0 0 2  

- 0'005 
- 0.006 
- 0.006 

- 0.006 - 0.006 
- 0'007 - 0.006 
- o .oo j  

- 0'005 
- o.ooj  - 0.005 - 0.006 
- 0.006 

- 0.006 
- 0.007 - 0.006 
- 0.007 - 0.009 

- 0'009 - 0.009 
- 0.005 
- 0.007 
- 0,006 

- 0.008 
- 0.00.3 
- 0.008 - 0.008 
- 0.009 

- 0,007 
- 0'010 
- o.olr  
- 0.012 
- 0.013 

- 0'014 - 0 . 0 1 ~  - 0 '011  

- 0'014 
- 0'017 

- 0.030 - 0.028 
- 0.029 
- 0.029 
- 0'027 

- 0.027 
- 0.026 
- 0'02') - 0 . 0 2 7  

- 0.024 

- 0 . 0 ~ 1  - 0 ' 0 2 1  

- 0 . 0 2 1  - 0.020 
- o.ozo 

- 0'019 - 0'019 - 0.018 - 0'019 
- 0.019 

D ~ n n m i o  
I18igllt 

nbova ( +) 
or below (-) 

Meerut 

feet - 6.660 
- 4.,326 - 1 2 . 1 2 5  

- 1 5 . ~ ~ ~  
- 14.491 

- 15.067 - 14.682 
- lg.029 - 17.015 - 1 4 . 7 ~ 7  

- 14'907 - 1 4 . ~ 6 0  
- 1,3 '97~ 
- 17.178 
- 17.377 

- 16,837 
- 1 9 . ~ ~ 6  
- 17'248 - 21.367 
- ~6.83.3 

- 27'481 
- ~ 6 . 3 0 0  
- 16.084 
- zz.364 - 20.800 

- 26.700 
- 13.;31 
- 27.851 
- 26.720 
- 28,277 

- 22'109 
- 2tJ';42 
- .31.629 
- 33'665 - 36,854 

- 40'521 
- 39'087 
- 30'593 
- 31 939 
- 44'971 

- 80,939 
- 75.166 
- 77'987 
- 79'233 
- 74'0.31 

- 73'860 - 70'001 
- 77'965 
- 71.728 
- 6a';20 

- 55'2.77 
- 55'301 
- ~ 5 . 3 ~ 9  
- 51'2lq 
- 50.706 

- 4R'567 
- 48"1.3 
- 4.3'974 - 4.;'830 - 46'488 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 64. Meerut to Lucknow.-(Continued). 

:!::Yo: 
ubore ( + )  
or (-) 

Yeerut 
( m a n  resull 
by two 
levellers) 

feet 
- 36.292 
- ;h.gz~ 
- 44,283 - 4h'50+ 
- 49.508 

- 50'355 
- 49.824 - 50 8.30 
- 49'910 
- 55.849 

- 5,7'9qZ - 51.RH2 
- 52'550 
- ,51.,32j 
- 53.3;j 

- 53.659 
- 61.102 
- 59.964 
- 59';05 
- 60.927 

- 63.752 
- 61.8;8 
- 67.035 
- 68.976 
- 73.735 

- 74.358 
- 74.572 - ;6.;62 
- 82.123 
- 90,961 

- 96.100 
- 97'867 - 98.803 - IOI.~+. 
- 101.801 
- I O I . S O ~  
- 100.939 
- 105'750 - 102.848 
- 98'918 

- j 
- 97'657 - 114.024 - 116.419 
- 1og.16~ 
- 119.475 - 118.600 
- 118.897 
- 120.990 
- 120.55; 

- 119.520 
- 118'375 - 2 1 0  - 123,693 
- 111.622 

- 123.285 
- 124.9.45 - 123.800 
- 115.249 
- 127'934 

~~~~~ 
deduced from n[:zp murk to 

Totnl from 
Yeer~~t 

foot 
- 0.015 - 0.019 
- 0.018 - 0.019 
- 0.020 
- 0'020 
- 0.020 - 0.020 
- 0'020 
- 0 ' 0 2 2 -  

- 0'021 - 0.020 
- 0'020 
- 0'020 
- 0.021 
- 0,021 
- 0,024 
- 0.024 - 0'024 
- 0.024 
- 0'025 
- 0.014 
- 0.026 
- 0.027 
- 0.029 

- 0.029 
- 0.029 
-- 0'0.30 
- 0.032 
- o.ojj 

- 0.037 
- 0.038 
- 0'038 - 0,039 
- 0,039 

- 0,039 
- 0.039 
- 0.041 
- 0'040 
- 0'039 

- 0'038 - 0'039 
- 0'04s - 0,046 
- 0.043 

- 0.047 
- 0.047 
- 0.04; 
- o.0~8 - 0,048 
- 0.048 
- o.048 
- 0.049 - 0.050 
- 0.049 

- 0.050 - 0.051 - 0 . 0 ~ ~  
- 0.051 - 0.051 

Distance 
from 

Meerut 

milor 
47.47 
47.62 
.48.]9 
49.19 
50.20 

51.08 
5 1 . 2 ~  
51.6.3 
52.21 
53.21 

5.3'52 
54.22 
54.83 
55'22 
55.39 

~ 6 . ~ 2  
57.23 
57.96 
58.22 
58.51 

59.2.3 
~ 9 . ~ 6  
6234 
63.24 
64.13 

64.25 

66.25 
66.8.q 
67.26 

6i.49 
68.26 
68.47 
69.z7 
69.55 

70.10 
70.27 
70.76 
70.91 
71.~5 

72.04 

7R.37 
78.~0 

80.6~ 

81.8, 
8 1 . ~ 1  

82.11 
u2.bg 
83.60 
8,3.75 
g4.57 

84.99 
85.14 
88.80 
89'90 
90.99 

Diacrepancy between 

( + , 
or below (-) 

feel 
- 36,307 - 46.340 
- 44.301 
- qh.5l.q 
- 49.528 

- 50'375 - 49.844 
- 50.850 
- 49.930 

55,871 

- 54'013 
- 51'902 
- 52.570 
- 51'345 
- 5.3.396 

- 5,3.680 
- 61.126 
- 59.988 
- 59.729 
- b0'9jl 

- 6.3.577 - 61.902 
- 67.061 
- 60,003 
- i3.764 

- 54,387 
- 74.601 
- 76.791 
- 82'155 
- 90.996 

- 96.137 
- 97.905 
- 98.841 - 101.g81 
- rol.840 
- 101.544 - I O O . ~ ; ~  
- 10j.791 
- 103.888 
- 98,957 

- 95.~65 - 97.696 - 114~069 - 116.465 
- 10g.207 

- 119.jz2 
- 118.647 
- 118.944 - 121.046 - 120.605 
- 119.~68 
- 118.~23 - 12r.ljg 
- 1z.3.74.3 - 121.671 
- 12.4.3.35 - 124.~86 - 12j.8gr 
- 125'300 - 127.986 

Benoh.merh8 

*om I TO 

62 
63 

Ievello~~n 
(Firat- Gewlld 

F ~ ~ , , ~ ~ k  
( _  d )  

foot 
- 0.003 
+ 0.004 
+ o.006 
- 0.008 
+ 0.008 
- 0.007 
+ 0.005 - 0.002 
+ 0.014 
+ 0.019 
- 0'004 
- 0.003 
- 0.00~ 
+ 0'003 
- 0.003 

- 0.00.3 - 0.002 
- 0.008 - 0'00; 
+ 0.005 
- 0.0" 
- 0.004 
- 0.024 
+ 0.016 

o.000 

+ 0'003 
+ 0.008 
+ o.oo+ 
+ o.001 
+ 0.002 

- 0.005 
- 0.012 
+ 0'005 - 0'008 
+ 0'001 
- o'oo~ - 0.001 - 0'004 
- 0'001 
- 0.004 

- o.oor - 0'004 
- o'olo 
+ 0.005 - 0'002 
- 0.011 
- o'oo.9 - 0.006 
- 0.008 

0.000 

+ 0.004 
0.000 

+ 0.014 - 0.00' 
0'000 

- o.002 - o'oog 
+ 0.018 
- 0'004 
+ 0'007 

66 
67 
68 
69 
70 

71 
72 
73 
74 
76 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 
100 

101 
102 
103 
104 
105 

106 
107 
108 
109 
110 

112 
113 
114 
116 

116 
lI7 
118 

lZ0 

leveller) 

Tot01 Trom 
M eerut 

fool 
+ 0.074 
+ o.o;8 
+ 0.084 
+ 0'076 
+ 0.084 
+ 0'077 
+ 0.082 
+ 0.080 
+ 0'094 
+ 0.113 

+ 0'109 
+ 0.106 
+ 0'104 
4- 0'107 
+ 0'104 
+ 0.101 
+ 0.099 
+ 0.091 
+ 0.084 
+ 0.089 
+ 0'077 
+ 0,0;3 
+ 0.049 
+ 0.065 
+ 0.065 
+ 0.068 
+ 0,076 
+ 0.080 
+ 0.081 
+ 0'08.3 

+ 0'078 
+ 0.066 
+ 0.071 
+ 0.063 
+ 0.064 
+ 0.063 
+ 0.062 
+ 0'058 
+ 0'057 
+ 0'053 

+ 0'051 
f 0'047 
+ 0'0.37 + 0'042 
+ 0'040 
+ 0.029 
+ 0'026 
+ 0'020 
+ o.011 
+ 0.011 
+ 0.016 
+ 0.016 
+ 0.030 
+ 0.028 
+ 0.028 
+ 0.026 
+ 0'02.3 
+ 0.041 
+ 0,037 
+ 0.044 

64 
65 
66 

67 
68 
69 
70 
71 

72 
73 
74 
75 
76 

77 
i8 
79 
80 
81 

82 
83 
84 
85 
8G 

87 
88 
80 
90 
91 

92 
93 
94 
95 
96 

97 
98 
99 
100 
101 

102 
103 
104 
105 
106 

107 
108 
109 
110 
111 

'12 
113 
114 
116 
116 

117 
118 
119 
lZ0 
121 



LEVELLING OPERATIONS. 

Line No. 64. Meerut t o  Lucknow.-(Continued). 

Discrepnncj between 

L 

Obnerved 
elerntion 

above ( + )  
or below (-) 

Ncerut 
(nlenn result 

hy two 
levellere) 

feet 
- 1.30.560 
- 1.30.386 
- 141.415 
- 151.786 
- 1 5 6 . ~ ~ 2  

- 155.805 - 155.141 
- 1 ~ 7 . 3 1 0  
- 158.112 
- 161,367 

- 161.274 
- 167.989 
- 16j .928 
- 169.571 
- 171.go6 

- 6 8 1 7 9  
- 1;6.846 
- 1j7.60;  
- l i S ' j 2 0  
- 177.564 

-1;8. ; ; ,  
- I ;  

- 176 .81~)  
- I 

- 180..390 

- ) - - .  / r  12.3 
- 18.3.031 - 181.028 
- I 
- 8 7 2  

- 187.717 
- 184.813 - 188.8oh 
- 184,796 
- 1 8 j - 5 5 1  

- 1Rr).R6o 
- 184.393 
- 1 0 2  
- 1 ~ 0 . 0 7 3  
- 1 9 2 . ~ 6 1  

- I ~ ) . , . o ~ , ~  
- 6 - r92.158 
- 188-,37c) 
- 190.529 

- 1fij.615 
- 183.44: 
- 17.3.156 
- 175.;27 
- 1;7:266 

- 179.752 - I B ~ ~ . R ~ ~  
- , 8 o 4 4 o  
- 1 8 2 . 4 ~ 6  - ,86.80; 

- 187.178 
- 18R.72; - 1 8 j . 0 4 ~  - 1 8 9 . ~ 6 6  
- 1119.950 

lereller) 

l'otnl from 
Xre ru l  

foot 
+ 0.038 
+ 0.034 
+ 0.0-39 
+ 0.c.q~ 
+ 0.042 

+ 0.050 
+ 0.04; 
+ 0.048 
-I- 0.05.3 
+ 0.051 

+ 0'0:2 
+ 0.068 
+ 0.072 
+ 0.074 
+ 0.092 

+ 0.092 
+ 0 , 1 0 9  
+ 0 .117  
+ o . l 1 0  

+ 0.109 

+ o . 1 0 6  
+ 0.126 
+ 0 , 1 2 2  

+ 0.124 
+ 0 ,124  

+ 
+ 0.129 
+ 0 . 1 ~ 8  
+ 0 . 1 ~ 6  
+ 0.151 

+ o .148  
+ 0.144 
+ 0.141 

+ 0.1.37 
+ 0 . 1 ~ 3  

+ 0.146 
+ 0 ,145  
+ 0 . 1 ~ 6  
+ o . 1 4 1  

+ 0 . ~ 4 4  

+ 0 . 1 4 5  
+ o . ~ ~ ~  
+ 0 . ~ ~ 6  
+ 0 . ~ 6 6  
+ 0 . 1 6 ~  

+ 0 . ~ 6 ~  
+ 0 . ~ 6 1  
+ 0.171 
+ o . 1 7 0  
+ 0 . ~ 7 ~  

+ 0 . 1 ~ ~  
+ o. ,81 
+ o.lg.8 
+ 0 .  1 7 9  

+ o . l ;8  

+ 0 . ~ 7 1  
+ 0 . ~ 6 0  
+ 0 . ~ 6 , 3  
+ 0.165 
+ 0.168 

Bench-marks levellers 
Dietonce (First-Becond 

from 
Meerut 

to llrPrk 

12' 
l Z 2  
123 
124 

127 
123 
113 
130 

131 
133 
133 
134 
135 

136 
137 
138 
139 
140 

141 
142 
143 
144 
145 

IJG 
147 
1 4 s  
149 

Dynamic 
correction 

deduced from 
n~urk to mnrk 

~ ~ t ~ l  from 
Meerut 

foot - 0 . ~ 5 ~  
- 0 . 0 5 ~  - 0.057 - 0.060 
- 0 . 0 6 ~  

- 0.062 
- 0 . ~ 6 ~  
- 0 . 0 6 , ~  
- 0.063 
- 0,064 

- 0 . 0 6 ~  - 0.066 
- 0 . 0 6 ~  
- 0.066 
- 0.06; 

- 0.006 - o oh9 
- o,ohc) 
- 0.068 
- 0.069 

- 0 , 0 6 9  
- 0.07r 
- 0 . 0 6 ~  
- 0.070 
- o . o j o  

- 0.069 
- 0.071 - 0.070 
- 0.071 
- 0.072 

- 0 . 0 ; ~  
- 0.071 - 0.072 
- 0.071 
- 0.071 

- 0.072 ' 

- O.O;O 

- 0.072 
- 0.072 
- 0.07.3 

- 0.0;; 

- 0 . 0 7 1  
- 0.073 
- 0-072 
- 0.073 

- 0.072 - 0.071 
- 0 068 - 0.069 
- O.O;O 

- 0'0;l - 0.072 - 0.0;s - 0.071 
- 0.073 

- 0.073 
- o 074 - o.oi.3 
- 0.074 - 0'074 

heigllt 
abovo (+) 

or below ( - )  
Mcerut 

feel - 130.613 
- 1,30.439 
- 141 .472  - 151.846 
- 1j7.05, 

- 155.86; - lj5.203 
- 157.373 - 138.17s 
- 161.431 

- 161.338 
- 168.ojg 
- 16j.pp,3 
- 16~ .637  
- 1 j 1 . 5 7 ~  

- 16R.24: 
- 176.915 
- 17j.676 - 175.j88 - 177.633 

- 1 i 8 . 4 ~ 3  
- 18.;.~6; - 1jb.RR8 
- I R O  54; - I H O  466 

- 177.391 - 183,101 - 181.098 
- 184,443 - 187'704 

- 187.789 - 184.884 - 1R8.878 - 184.867 
- 18j.622 

- 189.932 
- 184.463 - 190.454 - 190'145 
- 192'5.i4 

- 19.3.166 - 1R6.8oj 
- 191'3.31 - 188,451 - 190.60~ 

- 187'687 
- 183.Sl.l - 173'2'3 
- 1 7 5 . 7 9 ~  - 1 7 7 . 3 ~ ~  

- 1i9'R23 
- 1n.3'97l - 180'49' - 1 8 2 ' ~ ~ '  - lf16'880 

- 187"5~ - '88'801 
- ' R i ' l l s  - ln9'3d0 - 190'0'4 

'22 
123 
134 
325 
lZG 

Iz8 
129 
130 
131 

132 
139 
134 
135 
136 

137 

13:' 
140 
141 

142 
143 
144 
1J6 
146 

147 
148 
14:) 

( 160 

miles 
91.45 
91 '89  
96'6.3 

100.52 
101.28 

102.60 
l03.06 
lo.3'2; 
10.3'56 
105.16 

105.53 
l o j ' o 4  
107.60 
loR'20 
109'64 

109.87 
110.73 
111'94 
112.45 
112.61 

113.60 
111'49 
114.86 
115'42 
1 1 j . 5 6  

116'47 
117'56 
119'25 
110.49 

150 161 

161 I152 
152 163 
1.53 1 15L 
164 1 %  
155 / 156 

156 1 157 

(=  4 

foot 
- 0.006 
- 0.004 
+ o , o o j  
+ 0.005 
- 0.002 

0.008 
- 0.003 
+ 0.001 

+ o .oo j  
- 0.002 

+ 0 .001  
+ 0 .016  
+ 0.004 
+ o.002 
+ 0 . 0 1 8  

0.000 
+ o 017 
+ 0.008 
- o.oo7 
- o.ool  

- 0 . 0 0 3  
+ 0 . 0 2 0  

- 0 . w ~  
+ 0.00,  

o .ooo 

- 0.004 
+ 0.009 
+ 0.009 
+ 0 .008  

110.78 

1 2 0 . 1 0  

120.41 
12o.jR 
120.86 
121.66 

111.76 
122.18 
122 ' ;6  
123.76 
124.76 

125.06 
1zs .78  
12 j .89  
126.68 
126.78 

126.93 
1 7 . 2 5  
127'94 
128.51 
128.60 

129.74 
r , ~ . , ? o  
1 . 4 1 . 0 1  

1.32'44 
1.13'39 

135.20 
1.36.66 
1.48.20 
138.87 
1.39'13 

15; 
153 
I t 9  
160 

161 
162 
l t i3 
I 
165 

IGC 
11;; 
1(;Y 
Il;!l 
170 

171 
172 
173 
174 
li5 

176 
177 
li8 
I59 
180 

- -  

+ 0 . 0 ~ ~  

- 0.003 
- 0.004 
- 0.003 
- o.004 
+ 0 . 0 ~ 6  

+ 0 .00 ,~  
- 0.001 
+ 0 . 0 ~ 1  
- o.ooj 
+ 0.oo.q 

+ o.ool 
+ o.oo7 
+ 0 . ~ 0 ~  
+ o o l o  
- 0 0  

- 0 . 0  

- 0 .002  

+ o . w 9  
+ 0.008 

0 . ~ 0  

+ 0 . 0 1 ~  
- o.oo9 
- o.oo,3 
+ 0 . 0 ~ ~  
- 0 . 0 ~ ~  

- 0.007 

- o . o l l  

+ o.oo3 
+ 0.002 
+ 0.003 

1Gn 
! 
160 
1b1 

ICY 
163 
164 
16.5 
166 

167 
168 
169 
170 
lil 

l i 2  
173 
174 
l i 5  
176 

177 
178 
179 
IRO  
181 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 64. Meerut to Lucknow.-(Continued). 

:!:::,"," 
above ( + )  

or below ( - )  
l leerut  

(men11 result 
b j  two 

levellen) 

feet - 1 9 3 2  - 190.507 - 191.610 
- 197.125 - 196.889 

- 197.703 - 200'127 - 200..378 - ~ 0 2 . 5 0 8  
- zoo.q;5 

- 205'219 - 210.572 
- 208.949 - z o ~ . 4 7 1  
- z14 .1 ig  

- 212.,351 
- 215.737 - 215.279 
- 214'923 - ~ 1 4 . 0 1 0  

- 219.021 
- ~ 1 9 . 1 j 6  - 220.243 
- 217.484 - 217132 

- 227.181 
- z.qg.559 - 245.445 - 250.452 
- 248.218 

- 233.740 
- 234.024 
- 239.501 
- 2.35.974 - 249.287 

- "9'127 - 2j2.724 
- 249.913 
- 259.330 
- 264.577 

- 274'1.34 
- ~ 9 5 . ~ 6 , ~  
- 272.4,7 
- 27.3.408 
- 276.441 

- 8 
- 284.691 - sgo.zl,q - 292,186 
- 234.240 

- 2 n # . 4 1 9  
- 2 1 4  

- 2()1'84,3 
- .300.144 - .30;.70z 

- 296..15,3 
- 306.228 
- ,303.661 - .312.~26 
- 303.160 

2:~::~ 
deduced from 

to mark 

Total lrom 
Meerub 

foot 
- o'oy5 
- 0.074 
- 0.074 - 0.076 
- 0.076 

- 0.076 - o ' o j i  
- 0'077 - 0.078 
- 0.07; 

- 0 '0 i8  
- O-ORO 
- 0'079 - o . o j 9  
- 0.081 

- 0.080 
- 0.081 
- 0.081 
- 0'081 
- 0.031 

- 0.08.3 
- 0'08.3 
- 0.08.3 - o.oRz 
- 0.082 

- o . 0 8 ~  
- 0.089 
- 0.091 
- 0.09.3 
- 0.092 

- 0.088 
- 0.088 - 0.090 
- 0.089 
- 0.094 

- 0.094 
- 0.095 
- 0.094 
- 0.096 
- 0.097 

- 0'100 
- 0 . 1 0 6  
- 0.100 

- 0.100 
- o . l o t  

- 0.10,  
- 0.10.3 
- 0.104 
- 0.105 
- 0 . 1 ~ 6  

- 0.105 
- 0.105 
- O ' l O j  

- 0.10; 

- 0.109 

- 0.106 
- o . lo r )  
- 0.108 
- 0 . 1 1 0  

- 0.108 

abl;;$ti) 
o r  below (-) 

lteerut 

feet 
- 19.3'201 
- 190.581 
- 191.684 
- I9 i . 101  
- 1 ~ 6 . 9 6 5  

- 197'779 
- 200'204 
- 200'455 
- 202.586 
- 200.552 

- 205.197 
- 210.652 
- 109.028 
- 208.550 
- 214.260 

- 2 1 2 . 4 ~ 1  
- 215.818 
- 215.360 - 215'004 
- 214'091 

- ~ 1 9 . 1 0 4  
- 219.219 
- 210.326 - 217'566 - ~ l 7 . 2 l q  

- 227.266 
- 239.648 
- 245'536 - 250'545 - a48.310 

- 233'818 - 234.112 
- 239.591 
- 236.063 
- 249.381 

- 249'221 - 252'819 
- 250.007 
- a j9 .426  - 264,674 

- 274.234 - 296.069 
- 272.517 
- 27.3'508 
- zj6.542 

- 277.819 
- 284.794 - z r ) o . ~ 1 7  
- 292.291 
- 294.346 

- 291.524 
- 291.520 
- 291.948 - 300.251 
- 307'811 

- 296.459 - ,306,337 
- 303,769 
- 312'2.36 
- 303.288 

Distance 
from 

Meerut 

m i l d  
140.12 
140.92 
1 4 1 . 1 1  
1 4 2 . 6 ~  
143.01 

143'36 
144.17 
145'10 
1 2  
146.11 

147'10 
I 
148.09 
1 4 9 . ~ 8  
1 jo .08  

150.99 
151.44 
151.93 
152.09 
153.08 

153.09 
1j.3.58 
153.63 
155.62 
r j6 .61  

162.01 
16h.1.3 
168.68 
169.59 
174.47 

175.44 
17i.45 
178.50 
181.56 
190.26 

19.3.66 
194.49 
19h.50 
202.;8 
206.14 

211'30 
214.22 
215.07 
218.42 
2 1 9 , z j  

219.29 
214 81  
128.50 
228.90 
229.46 

130.24 
252.95 
2.34-02 
235'.37 

' 2 ~ 7 . 8 9  

238.00 
240.68 
240'8.1 
241.94 
144 '2 j  

Discrepancy belween 
levellerr 

(FirsL-Second Leveller) 

'lorn mnrk I Total from 

Bench-mark8 

';::ik 
foot 

- 0.017 
+ 0'001 
+ 0.001 
- 0 . 0 1 8  
+ 0.006 

- 0.009 
0.000 

+ 0 .014  
- 0.008 
- o.001 

+ 0'001 
+ 0.009 - o.007 
- 0,007 

+ 0.007 

- 0.004 
+ 0.002 
+ 0 . 0 0 ~  
+ 0.004 
t 0 .001  

+ 0.004 
- 0.004 - 0.148 
+ 0.013 - 0.003 

+ 0.023 - 0.009 
+ 0.007 
+ 0.015 
+ 0.00; 

- o'oot) 
+ 0 ~ 0 0 2  
- 0.005 
+ 0.01.3 
+ o.003 

- 0.007 
- 0.001 

+ 0.005 
+ 0 .018  
+ o . 0 ~ ~  

+ 0'022 
+ 0 . 0 1 2  - 0.011 
+ 0.025 - 0.009 

- 0 .001  

- 0.019 
+ 0.001 
+ o . 0 0 ~  
+ 0.003 

- 0 .002  

- 0 , 0 0 7  
+ 0.015 
+ 0.016 
+ 0.004 

- 0.006 
+ o . 0 1 1  
+ 0.003 
+ 0 .014  
+ o.of.3 

181 
182 
18) 
184 
185 

18fi 
187 
188 
189 
190 

191 
192 
193 
191 
I95 

196 
197 
198 
199 
200 

201 
202 
203 
204 
205 

206 
207 
208 
209 
210 

211 
213 
213 
214 
215 

216 
217 
216 
219 
220 

221 
222 
2?9 
224 
225 

22G 
227 
228 
22q 
230 

?31 
232 
233 
234 
235 

2s6 

438 
439 
B40 

I u e e r u t  

f w t  + 0'151 
+ 0'152 
+ 0.15.1 
+ 0.135 
+ 0 . 1 4 1  

+ 0.132 
+ 0'132 
+ 0'146 
+ 0.1.38 
+ 0.137 

+ 0 .138  
+ 0.147 
+ 0.140 
+ 0.13.3 
+ 0.140 

+ 0,136 
+ 0.138 
+ 0.140 
+ 0'144 
+ 0,145 

+ 0.149 
+ 0 .145  - o.oo.3 
+ o . o ~ o  
+ 0.007 

+ o.030 
+ o . 0 ~ 1  
+ 0.028 
+ 0.04.3 
+ 0.050 

+ 0.041 
+ 0.04.3 + 0.038 
+ 0.051 
+ o . 0 ~ 4  

+ 0.047 
+ 0,046 
+ 0.051 
+ 0.069 
+ 0.09.3 

+ O . l l j  
+ 0.127 
+ 0 . 1 1 6  
+ 0.141 
+ 0.1.32 

+ 0.131 
+ 0 . 1 1 2  

+ o.lv,q 
+ 0.11;  
+ 0.118 

+ 0.116 
+ 0.109 
+ 0.114 
+ 0.140 
+ o .14q  

+ 0.1.38 
+ 0.149 
+ 0.152 
+ 0.166 
+ 0.179 

182 
183 
184 
185 
18G 

187 
188 
189 
190 
191 

192 
193 
194 
195 
196 

197 
198 
199 
200 
201 

202 
203 
204 
205 
206 

207 
208 
209 
210 
211 

212 
213 
214 
215 
216 

217 
218 
219 
220 
221 

222 
223 
224 
225 
221; 

227 
2Y8 
229 
230 
231 

23? 
P33  "' 
235 
23G 

2R7 
238 
2:'g 
244J 
2-L1 



LEVELLING OPERATIONB. 

Line No. 64. Meerut to  Lucknow.-(Continued). 

Difference of dynamic height, Meerut to Lucknow = - 355.763 feet. 
Length of line in miles = M = 284.82. Zdg = 0.040015. 

Pmbable error of the mean result per mile of double-levelling = 0.6745 1/g = O.OMI. 

- 

Pmbable error of the Merence of elevation between the terminal bench-mark8 = 0.67452/$ = f 0.0675, 

ObaerVcd 
elovllion 

nbove ( + ) 
or belaw ( - )  

Meerut 
( u ~ e n n  result 

by In-o 
levollel.~) 

feel 
- 906805  
- 304'12.3 
- 305'750 
- .?14.640 
- 321'241 

- 320.948 
- 0 6  
- .qz2'594 - 337'615 - 3 ~ 5 ' 1 0 2  

- 3 7 3 ' 5 ~ 3  
- 362.366 
- 376.9j4 
- 3;5,8jo 
- 355'642 

Bsnoh- mark^ 

From 1 To 

* Bench-mark No, ZS6 in the muk at Lucknow deacribed on pnge 186. 

Distance 
from 

Meerut 

miles 
244. jo 
246.81 
z j0 .91  
254.88 
260.13 

261.70 
261.54 
26j.32 
27.3'31 
275'87 

2 8 1 . ~ 7  
zRz.48 
283'53 
zR3.7a 
184.82 

241 
242 
243 
244 
215 

246 
247 
248 
249 
250 

261 
252 
253 
264 
256 

D ~ n a l n i c  
eorracl.ioa 

drdtlced from 

Totol from 
Uoerut 

y o n 8  
- 0 ' 1 0 9  
- 0 .108  
- 0 .108  - 0.110 
- 0 1 1  

- 0.112 - I 

- O ' H J  
- 0.116 
- 0 '118  

- 0'124 
- 0 . 1 2 ~  
- 0'125 
- 0'11s 

- 0 . 1 2 1  

242 
243 
244 
245 
246 

247 
248 
249 
250 
251 

252 
253 
254 
255 
256, 

D ~ n a m i o  
height 

nbove (+)  
orbeloa (-) 

Meerut 

feet 
- 3 0 6 . ~ ~ ~  - 304.231 
- .qoj.858 
- 3 1 4 . 7 ~ ~  
- 311,353 

- 321.060 
- ,320.729 - j22.707 
- 337.731 
- 34j.110 

- 373.657 - 3 6 ~ . ~ 8 8  
- 3ij.079 
- 375.975 
- j . - .  6 3 3  7 3 

Diaerepanry between 
levellers 

(First-Becolld leveller) 

Ft:,zk 
( = d )  

fool 
0'000 

- 0.007 
+ 0'0.34 + 0.018 - 0.001 

+ 0'004 
0'000 

+ 0.012 
+ 0'016 
- 0.002 

- 0'003 
+ o.020 
- 0'008 - 0.001 

- 0.018 

Totnl from 
Maerut 

foot 
+ 0.179 
+ 0'172 
+ 0.206 
+ 0.224 
+ 0 .22 ;  

+ 0.227 
+ 0.227 
+ 0,239 
+ 0.255 
+ 0'253 

+ o ' r ~ o  
+ o . z j o  
+ 0.262 
+ 0'261 
+ 0.243 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLIRG. 

Line No. 65. Lucknow to Cawnpore. 

Difference of dynamic height, Lucknow to Cawnpore = + 23.443 feet. 
Length of line in miles = M = 49.40. ZdP = 0.003439. 

- 
Probable ermr of the mean result per mile of double-levelling = 0.67451/'s = - + 0.0028. 

' 

- 
Probable error of the diEerence of elevation between the terminal bench-marks = 0.6745 2/? = + 0.0198. 

D~:;ric 
aboPO (+, 

or below (-) 
LUcbnOw 

feet 
- 10'112 
+ 1j.612 
+ 15.984 
+ J j . 1 8 2  
+ 14,goo 

+ 19.049 
+ 19 ,148  
+ 18 ,539  
+ 23.443 
+ 22.455 

+ 10.518 
+ 26.101 
+ 22'505 
+ 22.055 

, + 16,531 

+ 1 1  ,238 
+ 24'148 
+ 23.443 

* Benchmuk No. 1 is the m u k  st Luoknow dewfibed on page 136. t Bench-muk No. 19 is t he  mark at Cswnpon, desoribed on p y e  1%. 

~~~~~~~ 
above ( +) 

or below (-) 
Lucknow 

(mean result 
by two 

levellers) 

feet 
- 20.208 
+ 15 ,609  
+ 15.981 
+ 1 5 ' 1 7 9  
+ 14'897 

+ 19'045 
+ 19 .144  
+ 18'535 
+ 23.438 
+ 22.450 

+ 20.51.3 
+ 26.095 
+ 21'500 
+ 22 '0 jo  
+ 16.527 

+ 1 1  '235 
+ 24 '14 ,~  
+ 23'430 

z,?t::n 
deduced from 
mnrh to mark 

~ o t n l  from 
Lueknow 

foot ' 

- 0.004 
+ 0 ,003  
+ 0.00.3 
+ 0'003 
+ 0.003 

+ 0.004 
+ 0.004 
+ 0.004 
+ 0.005 
+ o ' o o j  

+ 0'005 
+ 0.006 
+ 0'005 
+ 0.005 
+ 0.004 

+ 0.003 
+ o ' o o j  
+ 0,005 

Distance 
from 

Lucknow 

miles 
1.10 
3.15 
3.70 

12.60 
17.04 

24'90 
25.10 
26.40 
28.60 
30.03 

32 ' jo  
34.70 
37.20 
38'70 
42.80 

4.3.70 
49.04 
49.40 

Diserepancj between 
levellem 

(Firs t-hcond leveller) 
~enoh.marb8 

From I TO 
mark 

to 
( = d )  

fool 
+ 0.018 
+ 0.006 
+ 0.010 
+ 0.030 
+ 0.02a 

- 0'033 
+ 0.002 

- 0.009 
+ 0.004 
+ 0.004 

- 0'010 
- 0.004 
+ 0.001 
+ 0'003 
- 0.013 

+ 0'00.3 
+ 0.007 
+ 0.006 

I* 
2 
3 
4 
5 

6 
7 
g 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 

Total fmm 
Lucknow 

foot 
+ 0 .018  
+ 0 '024  
+ 0'034 
+ 0.064 
+ 0,086 

+ 0.053 
+ 0'055 
+ 0.046 
+ 0,050 
+ 0,054 

+ 0.044 
+ 0.040 
+ 0.041 
+ 0.044 
+ 0.031 

+ 0'0.34 
+ 0.041 
+ 0.047 

2 
3 
4 
6 
6 

7 
0 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18 
19t 



LEVELLING OPERATIONS. 

Line No. 66. Agra to  Cawnpore. 

Dench-mrk No. 1 ie the mark at Agra deecribcd on pose 138. 

Dinlnnee 
f I.OIII 

Agra 

nrilrt 
0 . 1 6  
2 - 0 1  
6 '74 

12.74 
13'01 

13.09 
1.3- l j  
22'9.3 
2 3  1.4 
2.l.16 

27'15 
28.12 
2 0 ' 1 1  

6 7  
38 .7 j  

40'71 
41.69 
44 6.3 
~ 5 . 6 1  
46'59 

47.56 
4 0 ' ~ z  
50.50 
52'30 
I 

53.49 
gh 41  
58 19  
j K . 5 1  
60.46 

6.3.40 
0 0 ,  
O(r.i8 
63.3; 
70 3 1  

i r ' zc )  
4 
2 

i j . j . 1  
;r) 11) 

Ro.16 
Ho 7.9 
R1.10 
8 j - 1 j 
8+.12 

R i  1 1  

8; OR 
8;26 
30.4; 
qz.o.1 

93.01 
9.3. 18 
cjh 97 
98.,,4 

~ o o . g o  

102.20 
102.00 
lo,%.HH 
1ob.81 
1oi.;8 

Bench-mnrks 

F r o m  

I 
l* 
2 

4 
6 

G 
7 
8 
9 

10 

11 
11 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
2 b  
25 

26 
27 
28 
25) 
30 

31 
3:! 
3:3 
3 .  
35 

36 
37 
:!r 
39 
40 

41 
42 
J:! 
4.1 
45 

4G 
47 
49 
JD 
60 

61 
62 
63 
6 4  
63 

6C 
67 
69 

Diacrepnnry bo t reen  

T o  

2 
3 

6 - 
9 

10 
11 

12 
13 
14 
16 
16 

17 
18 
l!) 
0 
21 

22 
P:i 
24 
25 
26 

27 
28 
2 
30 
31 

33 
3:I 
: 
:I: 
31; 

37 
39 
::o 
I 
41 

4': 
.&,I 
SL 
. 
qri 

47 
2W 

-111 

60 
, 5 1  

52 
53 
5 L  
6 3  
I 

57 
SR 
63 

! 
nhOve ( + ) 

or below(-) 
A I.' 

(n~enn ~.esult 
by two 

lerel~ers) 

feet 
- 5'343 
- 3'590 
+ 3j .902 
+ j2.397 
+ 3 2 ' 1 o j  

+ j5.71.5 
+ 31'2;S 
+ 23'426 
+ 27.416 
+ 24.132 

+ ZO'ig7 
f 19'122 
+ 17.81; 
+ 25.800 
+ 11.;60 

+ lo.,3!1 
+ 8,972 
+ 9 '976 
+ 19.j;; 
+ 5.984 

+ 8.9Rz 
+ 5'80,j 
+ 9,486 
+ 7 7  
+ y-114 

+ 8.5;s 
+ 5.jRg 
+ 15.451 
+ 9.294 
+ 6.012 

+ 4.291 
+ 7.034 
+ o . 0 j 1  
- o.54R 
- 1.889 

- 4.595 - 8.16; 
- 1o.Rg2 
- , 7 9 8  
- 14.610 

- I ~ . J , ~ R  - 8.851 
- I J . ~ + I  
- 17'702 
- 19.4.13 

- I~).JRI - 21.508 
- I - 9 4  - 2 0 ~ 1 ~ 0  

- zR.,qhg - zz.h4,1 
- 0 
- 2 

- 37.023 

- .32.9h.l 
- 41.177 
- 4 3 . ~ 2 6  
- q4.9hO 
- 46.040 

lrvullers 
( F i r a ~ - ~ e e o n d  

F ron l  ll1n1.k 
n"'rk 

( = d )  

foot 
0'000 

+ 0 ' 0 1 0  
- O'04l  
+ 0'0.3.4 
+ 0.004 

- 0'001 
- 0-001  
+ 0.006 

0'000 
- 0,003 

+ O 'W7 
+ 0.002 

0'000 
+ 0 001 
- 0.016 

- 0'002 
i. o 001 - 0.015  
- o.ooY 
+ 0'001 

+ 0'007 
- 0'006 
+ o . o o ~  
+ 0 001 
+ 0.001 

+ 0.006 
+ 0 .011  
+ 0.034 
+ 0.004 
+ o.0o.i 

- 0.001 
+ o 004 
+ o.ooz 
- 0.007 
- o 004 

+ 0.007 
- o.000 
+ 0.00.3 
+ 0-000 
+ o . o o j  

+ 0-008 
+ o.005 
- 0.007 

- o'oog 
- o.oo7 

- 0.007 
+ o.002 
- 0 0 0 4  
+ 0 . 0 s ~  
- 0-005  

+ 0.011 - 0.005 
- 0,034 
+ 0.006 
+ 0.016 

- 0.002 
- 0.001 - o , o o j  
+ 0.005 - 0.001 

leveller) 

fl.Om 
Apra 

foot 
0'000 

+ 0 . 0 1 0  
- 0'0.41 
+ 0.002 
+ 0.006 

+ 0'005 
+ 0.004 
+ 0.010 
+ 0 '010  
+ o 007 

+ 0.014 
+ 0.016 
+ 0 . 0 1 6  
+ 0.017 
+ 0,001 

- 0'001 
0 '000 - 0.015 

- o.oz.3 - 0 . 0 ~ 2  

- 0.015 
- 0,021 
- 0.020 
- O'oec) 
- 0.018 

- 0.012 
- 0.001 
+ o.oo,q 
+ o.ao; 
+ 0 . 0 1 3  

+ 0 .01  1 
+ o 015 
+ 0.017 
+ o.040 
+ 0.006 

+ 0.01: 
+ 0.007 
+ o . o l o  
+ 0 .010  
+ 0.019 

.+ 0,017 
+ o . o , l ~  
+ o 02; 

+ O'o lb 
+ o - w g  

+ 0.002 
+ 0.004 

0'000 
+ 0.012 
+ o oop 

+ 0.020 
+ 0.01 j 
+ 0 . 0 1  I 
+ 0.017 
+ 0.0.3.1 

+ 0.0.31 
+ o.o,jo 
+ 0.025 
+ o.o,,o 
+ 0-019 

,",~:,"z,"~ 
ded~leed l rom 
,nark lolllnr~ 

Totn l  from 
dgrD 

for t  
- 0'001 
- 0.001 
+ 0.008 
+ 0.007 
+ o . ~ ~ ~  

+ 0.008 
+ 0,007 
+ 0.005 
+ 0.006 
+ o . ~ ~ ~  

+ 0'004 
+ 0.004 
+ 0 . 0 0 ~  
+ o.oob 
+ 0.003 

+ 0.00.3 
+ 0'003 
+ 0'00.q 
+ 0.005 
+ 0.002 

+ 0.003 
+ o.002 
+ o.oo,l 
+ 0.00j 
+ o .oo j  

+ 0.003 
+ 0.002 
+ o.oo+ 
+ 0.003 
+ o.002 

+ 0'002 
+ o ' o o j  
+ o.002 
+ o.ooa 
+ 0.001 

+ 0'001 
o.ooo - o.ool  
o.ooo - 0.002 

- 0'001 
- 0.001 
- 0 002 
- 0'00.3 
- 0.003 

- 0'00.3 
- 0.003 
- 0 0 0 2  

- 0.003 - 0.004 

- 0.004 
- o.00.1 
- 0.005 
- 0 006 - 0.006 

- 0.005 
- 0.007 
- 0.007 - 0.007 
- 0.007 

D~nnmio 
l le ig l~t  

nbow ( + )  
or bolow (-) 

fw, - 5.344  - a's91 
+ 

+ 32.404 
+ 32.rlo 

+ 35.123 
+ 31.281 
+ 
+ 27.4,z 
+ 24.137 

+ ~ 0 . 8 ~ 1  
+ 19.116 
+ 17.821 
+ z5.Ro6 
+ 11.763 

+ lo.32+ 
+ X.g75 
+ 9.97,) 
+ 1 9 . 3 ~ 2  
+ 5.qf16 

+ 8.9.95 
+ 5'8,,; 
+ y-489 
+ 1j.,j;7 
+ 9.227 

+ 8.558 
+ 5.58; 
+ ~ j . + j j  
+ 9.297 + 6.014 

+ 4'293 
+ 7'037 
+ 0.673 - 0.546 
- 2.088 

- 4.594 - 8.167 
- 10.89.3 
- 5.798 - 14'b72 

- 15'440 
- 0.851 
- 14.543 - 17'705 
- 19.436 

- 1 9 . 4 ~ ~  
- 21.511 
- 15'733 
- 19,167 - 26'184 

- 28'373 
- 21'64(' 
- ,31'10+ 
- 35'0.1' 
- 37'029 

- ~ ~ ' 9 ~ ~  - 41.1'4 
- 4.1''33 
- 44'913 - &'047 

J 



EESULTS OBTAINED FROM BIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 66. Agra to  Cawnpore.-(Continued). 

Difference of dynamic height, Agra to  Cawnpore = - 108,631 feet. 

Length of line in miles = M = 167-95. Cda = 0°.007?71. 

Cd' fiolrnble error of the mean r e d t  per mils of d o u i e - l e r r l l i o ~  = 0.61162/& = 
0.0022. 

D I ~ , ~ ~ ~ O  
~ ~ b o r c  ( + ) 

or below (-)  
*gra 

feet 
- 39.044 
- 47.7,3,3 - 49'8;6 
- 44.307 - 51';20 

- 46.574 - s ~ . z , ~ H  
- 57 '9O3 
- 58.1 i9  
- g j . 1 6 j  

- 61.674 
- 61.09j 
- 6.3.69.3 
- 6.3'026 
- 57.664 

- 64.649 
- 66 689 
- OR,~IO 
- 67.401 
- 70'158 

- 71.027 
- ;4 688 
- i6.655 
- 70980  
- ;rd;4 

- 79.607 - Ro.786 
- is.609 - Rz.737 - 84'529 

- 77.607 - 85'225 
- 85.224 
- 8Y.Ol8 
- S6,;j8 

- 84.131 
- 9 0 . 8 ~ 9  
- 91'4gS 
- 8 6 . 9 ~ 0  
- 91.564 

- 88.og.q 
- 94.981 
- 92.588 - 99,895 - 100.318 

- 10.1.363 
- 1 ~ 6 . 6 1 3  
- 108.j31 

error of the difference of eleration Ltrneen the terminal bench-marks = 0.6746 - 4 

' BePch-mark No. 109 Lethe mark at Oaaopore deecribed on page 1 3 1  

O h s c ~ ~ e d  
clevnl i011 

nbure ( + )  
( - )  

Agrn 
( r n e s ~ ~  res11l1 

by L a o  
levellers) 

feet 
- ~9.0,38 
- 47.i25 
- 4,J'nbS 
- q4' ,3o~ - 2 

- 46.567 - g z ' r j o  
- 5;.8yq - 5 8 ' 1 7 0  
- 53'157 

- 61.664 
- 61.04,; 
- 6 
- 6; 01; 
- j 7 . b j +  

- 6+.6,3R 
- h6.6;H 
- 68.499 
- 67.48.3 
- 70.146 

- I 

- ; 6 - j h  6 , ~  - 0 8  
- jz'462 

- 79.594 
- 80. ; :~ 
- 75,hB; 
- H ~ . ; Z +  
- 8 4 . j l b  

- 77.59; - 85.211 
- 85.z1o  
- 88.003 
- 86.723 

- 84. 117 
- g0.8.34 - ~ I ' J ~ o  

- R6'0,36 
- 2 4  

- 8R.o.qr) 
- 94.966 
- 9 ~ 7 . 1  
- gq.Riy - 100.30~ 

- 1o,3.;~6 - 1 0 5  
- 108'51.3 

I ) y n a ~ ~ ~ i c  
~ 8 8 1  I ~ V C I  1 1 3 1 1  

dedllred II.OIB~ 
,,,,, l.k I,,Ol.k 

l'olnl l r o m  
Agru 

-- 

foot 
- 0.006 
- O O ~  

- 0.008 - 0'007 
- 0.008 

- o.007 
- o.ooX 
- 0 009 
- 0.00,) 
- 0.003 

- 0.010  
- 0.010 
- 0.0, I - 0.01  I 
- 0.010 

- 0 - 0 1 1  
- 0.01 I 
- o 011 
- O ' O I I  

- 0.012  

- 0 . 0 1 2  

- o'o1.9 
- o 01.1 
- o . o ~ z  
- o.012  

- O.OI,I 
- o.ot.3 
- o-012 
- o.ot.3 
- 0.01.1 

- 0,012 
- 0.014 - 0.014 - 0.01; 
- 0.015 

- 0.014 - 0.01; 

- 0 . 0 1 5  
- 0.014 - o 015 

- o . o t 4  
- o 01; 

- 0 015 
- 0.016 
- 0.016 

- 0.017 - o . 0 1 8  - 0.018 

Dialnnce 
fl.ont 
Agrm 

rtiles 
108.47 
loy-15 
1 1 8 - j o  
11.3.56 
11.3.68 

II.<.SS 
118.01 
12o'gg 
121.6Y 
I 

122.59 
12,3.~8 
124..<6 
1z j .55 
1r0. i ;  

118.36 
~ r r ) , ; j  
130.5.3 
I , ~ I  j z  
; 3 r 5 1  

134.48 
1.17 41 
I,:A 41 
1 j q . H ~  
I~I 'RS 

IJZ.,~R 
I .  
144.50 
4 . 3 5  
r46..<+ 

146.45 
147..?3 
1iR..32 
149'.11 
1 jo .30  

1;3.60 
153.26 
155.24 
1;;.,16 
1j6.2.1 

157.64 
IF9.19 
161 .6,3 
~ h g - o i  
166.21 

166.91 
167.49 
167.9j 

Disrrepo,,cg between 
larellers 

1 

~ench.mal,ta 
(First-Second 

FI.OIII I~ IL I ,~  

( = a )  

foot - O . O O , ~  - 0.002 
- 0.008 
+ 0.00.1 
+ 0'002 

+ 0.001 
+ 0.003 
+ 0,012 
- 0'002 
- 0.007 

- 0.00' 
+ 0.006 
+ 0'00.3 
+ 0 '001 
+ 0'oo.i 

+ o % o j  
0.000 

+ 0.005 
- o.000 
+ O 'OO~J  

+ 0 '005 - 0.002 
- o.oo,~ 
- o ' o o r  
+ 0'002 

- 0.006 
+ 0.006 - o'oo,q 
+ 0.009 - 0.008 

- 0.004 
+ 0.011 
- 0.001 
+ 0 034 
+ 0 ~ 0 0 ~  

- 0.002 
+ 0 '001 
+ 0 0 0 3  
- 0.002 - 0-001  

+ 0.019 
+ 0.006 
- 0.011 

0.000 
+ 0.013 

- o.oo.3 
- 0.020 
+ 0.004 

From 

61 
62 
63 
64 
65 

6G 
67 
63 
G I  
50 

71' 
72 
73 
74 
55 

76 
77 
78 
79 
80 

81 
82 
83 
81. 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 

9Y 
99 

101 

1 :  
164 
105 

I o 6  

leveller) 

Totn l  from 
Aprn 

foot 
+ 0.026 
+ 0.024 
+ 0 . 0 1 6  
+ 0 ' 0 1 9  
+ 0.021 

+ 0.022 
+ 0'025 
+ 0'0.37 
+ 0.05; 
+ 0.0zY 

+ 0.026 
+ 0.0,32 
+ 0.03j  
+ o 037 + 0.040 

+ 0'045 
+ 0'04; 
+ 0,050 
+ 0.0.11 

+ o . o j o  

+ 0.055 
+ 0'05.1 
+ o . o j o  
+o.o,r) 
+ o . o j ~  

+ 0 . 0 ~ 5  
+ o,o,jt 
+ o 'o iR  
+ 0.057 
+ o'o+r) 

+ 0,045 
+ o.o;G 
+ 0.055 

0.0;') 
+ 0.008 

+ o,ohh 
+ 0 ' 0 b i  
+ 0 ' 0 7 0  
+ 0.068 
+ 0,067 

+ o.os6 
+ o ' o g l  
+ 0 .081  
+ 0'031 
+ 0.094 

+ 0.091 
+ 0 .071  
+ 0.0;; 

TO 

62 
(;a 
64 
65 
ti(; 

67 
GY 
ti9 
70 
71 

7 2  
73 
74 
75 
76  

7 i  
78 
7!1 
80 
81 

8.2 
hii 
S-b 
8: 
86 

87 
89 
*!I 
!I0 
!I1 

92 
!I3 
9 1  

96 

97 
$18 
9:) 

100 
101 

IwJ 
10:) 
I l l4 
1% 
106 

107 
108 
109' 



LEVELLING OPERATIONS. 

Line No. 67. Cawnpore to Allahabad. 

Bench-muk  No. 1 in t h e  mark at Cew~lpore described on  psge  188. 

Bench-marks 

rrom / T o  

from 
C~rwnpore 

rnilca 
0.06 
1.05 
' ' 7 5  
l . 3 4  
3 '77  

4 '79  
6 ' 5 4  
7 . j4  
8 ' 55  

1 0 . ~ 6  

I 1 ' j 7  
12.58 
13.35 
13 '58 
14'59 

15.59 
17 '62 
18.62 
19.63 
20'64 

12.65 
2.3'66 
24.66 
26.68 
26'95 

27.70 
29.71 
30.53 
31.60 
34 '68 

36.64 
37.65 
38.66 
40'04 
41 '44 

43.71 
5 0 . ~ 4  
51 .65  
53.67 
5 j . 6 9  

56.70 
58.73 
59.74 
60.74 
64.78 

65.79 
66.80 
67.81 
68.81 
69.83 

71.85 
72.85 
74.87 
76.89 
77.90 

18.9' 
R ~ . ~ ~  
8.3.87 
85.98 
86.99 

1' 

6 
7 
8 
9 

10 

11 
12 
13 
14 
16 

16 
17 
18 
19 
20 

21 
2Z 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
4 
96 

36 
37 
38 
39 
40 

41 
42 
43 
44 
46 

46 
47 
48 
49 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
60 

2 
3 
4 

7 
8 
9 

10 
11 

12 
13 
14 
16 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 
33 
36 
35 
36 

37 
38 
a9 
40 
41 

42 
43 
44 
46 
46 

4'1 
48 
49 
60 
61 

62 
63 
64 
66 
66 

67 
68 
69 
60 
81 

Dieorepnncj between Observed 
elevntion 
above ( + )  

Cuwnpore 
(~neun result 

by I.WO 
levellers) 

feet 
+ 1.918 
+ 5.167 
+ 8 .210  
+ 14'67.3 
+ j .421 

+ 5'5.36 
+ 2.597 
+ 0.,28 
+ 0,966 
- 9 .710  

- 4.985 
- 2.048 
- 4.964 
- 5'604 
- 2.614 

- ' 4 . 7 ~ 1  
- 5.760 
- 9.oj.3 - 11'76.3 - 12,049 

- 18.376 
- 2j .786 - I 1 ,488 
- 1z.212 
- 15,337 

- 12.978 
- 9.870 - 12.649 - 14 '75 j  - 12'29+ 

- 1 5 . j 1 6  
- 17.381 - 17.881 
- 20.317 
- 22'32.1 

- 24 .6 j1  
- 35 .169  - 4 2 ' 5 1 9  
- 40,677 - 34.894 

- 3 6 . ~ 6 ~  - 38.260 
- 4 1 . 6 8 ~  - 40,185 
- 47.812 

- 50.054 - 50.386 
- 51.572 - 50.471 
- 50.621 

- 55.674 
- 53.512 
- 55.675 
- q6.579 - ko.106 

- 62.396 
- 60.128 
- 57.941 - 61.347 - 64.186 

From mark 
to 

( - d )  

foot 
+ 0'071 
+ 0.020 
+ 0'00.3 - 0.007 
+ 0.007 

- 0.006 
- 0.005 
- 0.002 
- 0.001 

+ 0.007 

+ 0'004 - 0 .012  - 0'003 
+ 0.002 
+ 0.004 

+ 0.018 
- 0.013 
+ 0 .003  
+ 0.005 
+ 0.004 

- 0'009 
- 0.005 
+ 0.010 

+ 0.003 
- o . o o j  

0.000 - 0,006 
- 0.005 
+ 0.001 

- 0.007 

- 0.005 
+ 0.010 

- o . o o ~  
+ 0 ,008  
- 0'004 

+ 0.009 
+ 0.01; - 0.005 
+ 0.010 
+ 0.007 

+ 0.009 
+ 0.00.3 - 0.004 
+ 0 . 0 0 ~  
+ 0.005 

- 0.008 
+ o.oo.3 - o . o l o  
- 0 . ~ 0 5  

o.ooo 

- 0.00.3 
- 0'00.1 
- 0.00.1 - 0 .002  - 0.008 

+ o.OOI 

+ 0.008 - o.002 
- o.oo.3 
+ 0 . ~ 0 4  

levellera 

Total from 
Cuwnpore 

foot 
+ 0.071 
+ 0.091 
+ 0.094 
+ 0.087 
+ 0.094 

+ 0.088 
+ 0.08.3 
+ 0 .081  
+ 0.079 
+ 0.086 

+ 0.090 
+ 0 ,078  
+ 0.075 
+ 0,077 
+ 0.081 

+ 0.099 
+ 0 .086  
+ 0.089 
+ 0.094 
+ 0.098 

+ 0.089 
+ 0.084 
+ 0.094 
+ 0.097 
+ 0.092 

+ 0.092 
+ 0.086 
+ 0.081 
+ 0.082 
+ 0,075 

+ 0.070 
+ 0.080 
+ 0.079 
+ 0.087 
+ 0.083 

+ 0.092 
+ 0.109 
+ 0.104 
+ 0.114 
+ 0.121 

+ 0.130 
+ 0.13.3 
+ 0.129 
+ 0 .131  
+ 0,137 

+ 0.129 
+ o.1,3r 
+ 0.122 
+ 0 .117  
+ 0 . 1  17 

+ 0.114 
+ 0 .111  
+ 0.108 
+ 0.106 
+ 0 . 0 ~ 8  

+ o . ~ ~ ~  
+ 0 . ~ 0 7  
+ 0 . ~ ~ 5  
+ 0 . 1 0 2  

+ 

Dynnmio 
col.reetion 

deduced fro,,, 

Total from 
C.wllpore 

foot 
o.ooo 

+ o.ool 
+ 0.002 
+ 0.00.) 
+ 0.001 

+ o.ooI 
o.000 
0 . 0 0 ~  
0.000 - 0 . 0 0 ~  

- 0.001 
0.000 - 0.001 

- o . o o ~  
0.000 

0.000 
0.000 - 0.001 

- o.001 - 0'001 

- o.oor  
- 0.00.3 - 0.001 
- o.001 
- o.002 

- 0 . 0 0 2  

- 0.001 - 0.001 - 0.001 
- 0.001 

- 0.002 
- o.oor  - 0 .002  - 0'002 
- 0'002 

- 0.002 

- O*OOJ - 0 ' ~ ~ 5  
- o . o o j  
- 0.004 

- 0'004 - 0.004 
- 0.004 - 0 '004  
- 0'005 

- 0'005 - 0'00.5 
- 0'005 
- 0.005 - 0.005 

- 0.006 
- 0 . 0 0 6  - 0.006 - 0.006 
- 0.006 

- 0.006 
- 0'006 - 0.006 
- 0.006 
- 0'006 

D~nnmio 

above (t ) 
orbelow(-) 

Cnwnpore 

feet 
+ I . 9 l8  
+ 5.168 
+ 
+ ,4.676 
+ S . 4 2 2  

+ 5. j37 
+ 
+ o .128  
+ o.9(,6 
- 9.71a 

- 
- 2.048 
- 4.96j - 5.605 - 2.61, 

- 4.751 - 5.760 
- 9.oj4 
- 1 1 . 7 6 ~  - 12.0jo 

- 18.378 
- 25.789 
- I I .489 - 11.213 
- 15'339 

- 12.980 - 9.871 
- 12-6 jo  
- 14'756 - 1a.295 

- 1j.518 
- 17'383 - 17.863 
- 20'319 - 22.325 

- 24.653 - 35'173 - 42'614 - 40'681 
- 34898 

- 36'568 
- 38.264 
- 41.691 - 4 0 ' 1 ~ 9  - 47.8'7 

- S0'O59 - 50 .39~  - 5l.577 - 5 0 . 4 7 ~  - 5 0 ' ~ ' ~  

- 55.680 
- 5 3 . 5 1 ~  - 55'681 
- 56'585 - 60'111 

- 62'40' 
- 60'134 
- 57'948 - 61'353 - 64"9' 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 67. Cawnpore to Allahabad.-(Continued). 

Difference of dynamic height, Cawnpore to Allahabad = - 109.033 feet. 

Length of line in miles = M = 128.98. s d b  0°.009551. 

S@ Pmbable error of the mean result per mile of double-levelling = 0.6745 4 = 0,0029. 

D{:i:F 
( +  ) 

ol.belon (-) 
CaWnPOr' 

feet 
- 60.696 
- y 8 . 8 7 ~  
- i 1 . ~ , 8  
- 63.209 
- 62.403 

- 67.914 
- 6 j .550  - 64.778 
- 75.304 
- 70.926 

- 72,141 
- 73.071 - 79.409 
- 74.908 
- 93'073 

- 77.984 - 74,827 - i9 .181 
- 94'948 - 78.389 

- 77'580 
- 8 1 . 9 1 ~  
- 77.109 
- 83.924 - 85.701 

- R I ) . ~ I ~  
- 91,566 
- 91'706 
- 88.154 - 118.789 

- 109'375 
- log.033 

- 
Proh81lle ermr of the diEerenee of elevation between the terminal bench-marks = 0.6745 2/? = & 0.01130. 

~~~~~n 
deduced From 

tomark 

Total from 
Cawnpore 

fool - 0.006 - 0.006 - 0.006 
- 0.006 - 0.006 

- 0'007 - 0.007 - 0'007 - 0'008 
- 0'008 

- 0,008 
- 0.008 
- 0'009 
- 0 . 0 0 8  
- 0.010 

- 0.008 
- o.008 
- 0'008 
- 0'010 - 0.008 

- 0.008 - 0.008 
- 0.007@ 
- 0.008 
- 0.008 

- 0.008 - 0.008 
- 0.008 
- 0.008 - 0.011 

- 0.010 
- 0'010 

\ 

Hcnch.mark No. 98 is the mark at Ahhobad deeoribed on page 183. 

Distance 
from 

Cswnpore 

miles 
88.00 
88.19 
89.01 
90.02 
91.0.3 

93.04 
95.06 
96.06 
98.07 
99.08 

1 0 0 ~ 0 9  
lo1.10 
101.47 
102.11 
10.3'14 

104.11 
106.14 
107.14 
109'15 
110.16 

111.17 
113.18 
114.84 
116.71 
117.70 

120.92 
1a.3.76 
124.76 
125'7.3 
113.90 

128.96 
128.98 

Benoh-muk8 
:::::,"," 

sbore ( + ) 
or below(-) 

Cawnpore 
(mean result 

by two 
levellers) 

feet 
- 60.690 
- 58.866 - 61.442 
- 63.203 - 62.402 

- 67.907 
- 65. j43 - 64.771 
- 75'296 - 70'918 

- 72'13.3 
- 73.064 - 79.400 
- 74.900 
- 93'063 

- 77.976 
- 7 4 8 1  
- 79'173 
- 94'938 - ,8.381 

- 77.571 - 81.906 
- 77.102 
- 83.916 
- 85'693 

- R9.805 
- 91.558 
- 91'698 
- 88.146 
- 118'778 

- 109'365 
- 109'023 

Discrepancy between 
levellurs 

(Fmt- Seco~ld leveller) 

From 

61 
62 
63 
& 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
76 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 

Fpm:,"k'k 
( = d )  

foot 
0.000 

- 0.00.3 
+ 0.007 - 0.001 
+ 0'011 

+ 0.011 
- o.ooz 
- 0.011 
+ 0.009 
- 0 . 0 0 ~  

- 0.004 
+ 0.007 

0.000 
- 0 . 0 1 0  
+ 0'001 

+ 0.008 
- 0,004 - 0.007 
+ 0,009 
+ 0'008 

+ 0.006 - 0'014 
+ 0'003 
+ 0.005 
- 0.001 

+ 0.002 - 0.016 
- o.002 
- 0.004 

0.000 

- 0.002 
0'000 

TO 

62 
63 
64 
65 
66 

67 
68 
69 
70 
71 

72 
73 
74 
76 
76 

77 
78 
79 
80 
01 

82 
83 
84 
85 
8G 

87 
88 
89 
90 
91 

92 
93. 

Total from 
h w n p o r e  

foot 
+ 0.106 
+ 0.10.3 
+ 0.110 

+ 0.109 
+ 0.120 

+ 0.1.32 
+ 0.1.30 
+ 0.119 
+ 0 . 1 ~ 8  
+ 0.126 

+ 0 . 1 2 2  

+ 0.129 
+ 0.123 
+ O . I I O  
+ 0'120 

+ 0.128 
0 . 1 ~ 4  

+ 0'117 
+ 0.126 
+ 0.134 

+ 0.140 
+ 0.126 
+ 0.129 
+ 0.134 
+ 0.133 

+ 0.135 
+ 0 '119  
+ 0.117 
+ 0.113 
+ 0.113 

+ 0.111 
+ 0 ' 1 1 1  



LEVELLIN@ OPERATIONS. 

Line No. 68. Lucknow to Gorakhpur. 

miles foot foot feel food 
1.10 - 0.018 - 0,018 - lo.208 - 0'004 feet 

- 20'212 
1'29 - 0.001 - 0.019 - 2 1 . 1  - 0,ooq - 21.316 
2'.34 - 0.008 - 0'027 - 6.714 - 0.001 - 6.725 
4'87 + 0.028 + 0.001 - 18'077 - 0.003 - 18.080 
6.88 + 0,014 + 0'015 - 2.034 0'000 - 2'034 

9.41 + 0'002 + 0.017 - 0'480 0'000 - 0.480 
10'72 - 0'004 + 0'01.3 + 1.427 0'000 + 1.427 
12.06 - 0.008 + 0.005 + 5'296 + 0.001 + 5.297 
13.72 - 0.012 0.007 + 7.317 + 0.001 - + 7,318 
14'05 - 0'003 - 0'010 + 6,506 + 0.001 + 6.50; 

14.60 + 0.009 - 0.001 + 7.562 + 0.001 + 7.563 
15'81 - o.007 - 0.008 + 1'138 0'000 + 1'138 
18.23 + 0.010 + 0.002 + 2'688 0'000 + 2.688 
~g'oj - 0'002 0.000 - 6.252 - 0.002 - 6.254 
19'11 - 0.001 - 0~001 - '5'724 - 0'002 - 5.726 

19'73 + 0'002 + 0.001 + 3'zoa 0.000 + 3.203 
20'45 0.000 + 0.001 + 4'652 0.000 + 4.652 
11.04 + 0.006 + 0.00: + 2.235 0'000 + ~'2.5~ , 
21.37 - 0.001 + 0,006 + 5'167 + 0'001 + 5.168 
za.58 + 0'002 + 0.008 + 5.913 + 0'001 + 5'914 

23'02 + 0.009 + 0.017 + 4.548 + 0'001 + 4'549 
2.3'83 + 0.004 + 0'021 1 303 + - .-  + O.002 + 7'595 
24.99 - 0.007 + 0.014 + 0.925 + 0.001 + 0.926 
z.j.51 - 0.011 + 0.00,~ + 5.114 + o.002 + 5'116 
26.98 - 0.010 - 0.007 - 0.846 + 0.001 - 0.845 

28.1j - 0.013 - 0.020 - 1.285 + 0.001 - 1.284 
' 

28'96 + 0.00~ - 0.018 - 10.416 - 0.001 - 10.417 
29.30 + 0.00 - 0.01 I - 8'508 - 0'001 - 8,509 
30.16 - 0.04 - 0.015 - 4.290 0'000 - 4'290 
30.0.3 - 0,015 - 0.0jo - 9.024 - 0.001 - 9'025 

32.13 + 0.016 - 0.014 - 3'978 0.000 - 3,978 
.32'91 - 0.007 - 0.021 - 10.312 - 0'001 - 10'313 
j4,zq - 0'008 - o'ox) - 10.954 - 0'001 - 10'955 

+ 0-004 - 0.0~: - 15.820 - 0.002 - 15,822 : + 0.007 - 0.0~8 - 14,459 - 0.00~ - 14.461 
37.87 - 0.006 - 0.024 - 15.759 - 0.002 - 15.76% 
3c,.H5 - o'ool - 0.025 - 18.738 - 0.00.3 - 18'741 
41.83 - 0.012 - o.oj7 - 26.249 - 0.005 - 26.254 
4j.19 + 0.008 - 0.029 - 22.163 - 0.004 - 22'167 
43.46 - o.007 - 0.0~6 - 26.791 - o.ooj - 26'796 
43.80 + 0'001 - 0.035 - I - 0.006 - 31.169 
44.43 + o'ooz - 0.03.3 - 30.616 - 0.006 - 3 0 . ~ 2 ~  

45.80 + 0.001 - o.ojr - 24.498 - 0.005 - 24'50.3 
47.77 - 0.029 - 0.061 - ~ 7 . ~ 6 2  - 0.006 - 27.468 
49.75 - 0.023 - 0.084 - 26.312 - 0.006 - 26.318 
I + 0.002 - 0.082 - 32.150 - 0'007 - 32'2S7 
53.71 + 0.029 - 0.05.3 - ~ J . I J J  - 0'007 - 33'I6l 
55.70 - 0.010 - 0.063 - ,31.829 - 0'007 - 
56.41 - o.009' - 0.072 - 32.167 - 0'007 - 52'l74 
j7.80 - 0.006 - 0.078 - i9.859 - 0,008 - 39'8b7 

~ 8 . ~ ~  - 0 . ~ ~ 7  - 0.085 - 41.~56 - 0.008 - 41.4~4 
59.41 - 0.~06 - 0.~91 - 43,648 - 0.008 - 43.('s6 
59.58 + 0~001 - 0.090 - 49.234 - 0.008 - 4f'242 
6 1 . ~ 6  + o.oo] - 0-089 - 4g.zr)l - 0.008 - 4J'299 
62.75 - 0.001 - 0.0~1 - 4j.402 - 0'008 - 45'41° 

Benoh-muk Na. 1 u the mark fit Lnoknow described on page 186. 



RESULTS OBTAINED FROM SIMULTAKEOUS DOUBLE-LEVELLING. 

Line No. 68. Lucknow to Gorakhpur.-(Continued). 

Difference of dynamic height, Lucknow to Gorakhpur = - 129.605 feet. 

Leugth of line in miles = M = 162.36. Cd9 = 0.010539. 
- 

Probd~Ie error of the mean result per mile of double-levelling = 0.6745 dg = 0.0027. 

4- - * 0-0346. ''mbable C r m  of the diffennce of elevation between tbe termin81 bench-marks = 0.6745 
7 - 

~ ~ ~ ~ : ~ ~ , "  
above ( + )  
orbclow (-1 
Luchnaw 

(mean result 
by Lno 
levellers) 

feet 
- 51'746 
- 51.297 - 51.916 
- 62'635 
- 52.643 

- 52.863 
- 54.853 - 48.175 
- 58.046 
- 55.411 

- 74'920 
- 78.j.38 
- 7;.j61 
- 8o.gjg 
- 8.3.010 

- 81.539 
- 89.562 
- R,].o61 
- 91.918 
- 87.226 

- 89.343 
- 91.030 
- 9 7  
- 88.566 
- 94.j4; 

- 91.457 
- 91.751 
-. 93.084 
- 9R.478 
- 93.504 

- 92.416 
- 92.981 - 92,613 
- 97,982 
- 104.5~0 

- 104.~97 
- 103.264 
- 118.061 
- 117.549 
- 119.255 

- 1 2 9 . 5 ~  
- 130.319 
- 116.686 
- 134.j88 - 136.161 
- I 

2::: 

-- 
' B~n~b.msrk No. 107 is Lhe mark at aor&hpnr described on page 13.k 

deduced lrom 
to 

~ o t o ~  from 
Lucknow 

foot - 0'008 
- 0.008 - 0.008 
- 0.010 
- 0.008 

- 0.008 
-0.008 
- 0.007 
- 0,009 
- 0.008 
- 0.012 
- 0.013 
- 0.013 
- 0.014 - 0.015 
- 0'015 
- 0.017 
- 0.016 
- 0.018 
- o.oli 

- o.o~j 
- 0.01; 
- o.o~; 
- 0.017 
- 0.018 

- o'o~j 
- 0.017 
- o'cl; 
- 0.018 
- 0.017 
- 0.017 
- 0.017 
- 0,017 
- 0.018 
- 0.019 
- 0.019 - 0.019 
- o.oza - 0'022 
- O'OI? 

- 0.024 
- o.orq 
- 0.023 - 0.025 
- 0.025 
- 0.024 

Distnnce 
lro111 

Lueknow 

miles 
72.64 
73.6.3 
74.61 
77:63 
79 14 

79.8.3 
79'67 
80.81 
83.10 
85.09 

8j.31 
87.58 
89.96 
90.9~ 
93.6j 

98.04 
I O O . ; ~  
102.84 
103.50 
105'30 

107.26 
107.69 
loR.;~ 
1og.35 
110.52 

lra.15 
114.20 
115.66 
119.11 
119.61 

119.75 
119.80 
I Z O . ~ ~  
la;.~R 
130.96 

132.22 
133.65 
141.58 
141.4s 
143.46 

146.96 
I 

154.54 
1~6.01 
160.86 

162.36 

D{tt~p 
( +) 

orbelow ( - )  
Lucknow 

feet - 51,754 
- j1.305 - 51.924 
- 62.645 - 52.651 

- 52,871 
- <4.861 
- i8.182 
- 58.055 
- 55'4'3 

- 74.932 
- 78.jg1 
- 77'575 
- 80,569 
- 8.z.ozg 

- 81,554 
- R1).5;9 
- 83,077 
- 91.936 
- 87'243 

- 89.360 
- 91'047 
- 88.944 
- 8tI.jR.1 
- 94.j65 

- 91'474 
- 91,768 - 93.101 
- 98,496 
- 93'511 

- 92.433 - 92.998 - 91'630 - 98.000 
- 104.529 
- 1oj.516 - 103183 
- 118'083 
- 117.571 
- 119.277 
- 129.545 - rgo.343 - 116.709 
- 134.813 - 136.186 
- 129.505 

Discrepancy bslween 
levellnrs Benchmsrb 

(Firat-  second 

Irro~n rnnrk 
to nlnrk 
(=dl 

foot - 0.014 
- 0.012 
+ 0.006 
- 0.018 
+ 0'001 

+ 0.00.3 
- 0.003 - 0.001 
- o . 0 1 ~  
- 0.025 

0'000 
- 0.001 
+ 0'001 
- o.olr 
- 0.008 
- 0.010 
- 0.007 
+ 0.001 
- 0.007 
+ 0'010 
+ 0.010 
- 0.006 
+ 0.004 
- 0.006 
+ 0.004 
- 0.006 
- 0.002 
+ 0.005 
+ 0.006 - 0.002 

o,ooo 
- 0.001 
- 0.~01 
- o 017 
+ 0.003 

+ 0.00.3 
+ 0.003 
+ 0.007 
- 0.015 
- 0'00.3 

- 0.009 
+ o.0~1 
+ 0,009 
- 0.010 
+ 0.002 
+ 0.004 

61 
G2 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
54 
76 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
$12 
!l:j 

95 

96 
97 
98 
99 

I w  

101 
102 
l03 
'('4 
' ( ' 5  

'olj 

lereller) 

TEd~lfrZ 
foot 

- 0.086 
- 0.098 
- 0.092 
- 0.110 
- 0'109 

- 0'106 
- 0.109 
- 0.110 - 0.121 
- 0'146 

- 0- 146 
- 0.~47 
- 0.146 
- 0.157 
- 0.165 

- 0,175 - 0-182 
- 0,181 
- 0,188 
- 0.178 

- 0.168 - 0.lj4 
- o. I jo 
- o.1;6 
- 0.171 
- 0.178 - 0.180 
- 0.175 
- 0.169 
- 0.171 
- I 

- 0 . 1 7 ~  
- 0.173 - 0.190 
- 0.187 

- 0.184 
- 0.181 
- 0.174 
- 0,187 - 0.190 
- 0.199 - 0.168 
- o.t,qg - 0.169 
- 0.167 

- 0.163 

62 
63 
64 
66 
66 

67 
68 
69 
70 
71 

72 
73 
74 
76 
76 

77 
78 
?9 
80 
81 

82 
83 
84 
85 
86 

87 
88 
89 
90 
91 

92 
9.1 
9 
95 
96 

97 
98 
99 
100 
101 

101 
103 
104 
105 
106 

107, 



LEVELLING OPERATIONS. 

Line No. 69. Gorakhpur to Dildarnagar. 

Bmmh-muk No, 1 L the mark at bmkhpw daoribed on p.ge 184. 

Banoh-IM~B 

Fmm 1 To 

1' 
2 
3 
4 
6 

6 
7 
8 
9 

1 0  

11 
12 
13 
14 
15 

16 
17 
1 8  
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

81 
a2 
33 
34 
a5 

36 
a7 
38 
39 
U) 

41 
42 
M 
M 
16 

46 
47 
a 
a 
60 

61 
62 
63 
64 
66 

66 
67 
68 
yg 
#o 

* 

f roln 
Qornkhpur 

miles 
3.25 
4.61 
7 ' .u  

10.82 
14 ' jo  

15'79 
16.45 
I 
22.26 
Zj.19 

17.14 
30.68 
31 '83 
.?j'oB 
36'31 

43.06 
44.24 
47.65 
49.66 
50.66 

51-67  
52.68 
55.09 
55.50 
56.69 

58.60 
60.70 
61.55 
61.69 
63.10 

63.40 
6,,.75 
6 6 . J j  
67 . j8  
68.34 

70.49 
7.3.31 
76.,30 
76.75 
78.30 

a 
19 '37 
80.,30 
81.69 
8.1.29 

8 j .80  
84.29 
06.98 
8 , -98  
88.99 

g.3.00 
94.00 
95.1.3 
95.99 
96.33 

96.87 
g7.,q7 
97 '85 
p.g.8,3 
P9.13 

2 
8 
4 
6 
6 

7 
8 
9 

10 
11 

12 
13 
14 
16 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 
44 
6 
46 

47 
U) 
49 
60 
61 

52 
63 
64 
66 
66 

67 
6.9 
69 
60 
61 

J 

Obnerved 
elerntion 
above ( + ) 

or below (-) 
Gorekhpur 
(mean result 

by two 
levellera) 

feet 
- 3.918 
- 6 . ~ 4 ~  
- 5'512 
- 5-317 + 0.132 

- 1'085 
- 4'748 - 2 1  

- 1.3'873 - 11'677 

- 16.083 - 17.916 - 14.411 - 1.3'661 - 15'404 

- 15-254 - 15'768 
- 14'191 - 9'696 - 8 

- 8.5.38 - 8'508 - 
- 7'868 
- 6 '816  

- 6.065 - 1 ' 1 ~ 5  
- 5'697 - 8,461 
- 8 1 3  

- 8'511 
- 8'406 
+ 1.865 
+ 0'341 
- 1.800 

- 2'373 - 5.919 - .3.415 - 2.406 - 6.023 

- 7.340 - 6.911 
- 10.79,; - 11 .681  
- 12.387 

- 8 . ~ 1 0  - 13.146 
- 4 
- 14'767 - 17.419 

- 19.100 
- 21.909 - 24.012 
- 24.961 - 12'715 

- 15.488 - 1.3'818 - 25.470 - 16.063 
- 17.863 

Discrepnncy between 

( ~ i ~ t - ~ ~ ~ ~ ~ d  

From mark 
to mark 

( g d )  

foot 
+ 0.013 
+ 0,004 
+ 0.029 
- 0.003 - 0'007 

0.000 - 0.010 
+ 0'001 
- 0'002 
- 0'010 

0.000 
+ 0'001 
- 0'003 
+ 0'017 - 0'008 

+ 0'011 
+ 0.00% 
+ 0'015 
- 0'003 
- 0 . 0 1 1  

- 0.002 - 0.001 

+ 0'001 

+ 0'005 
- 0'009 

+ 0.001 
+ 0.008 
+ 0.004 
+ 0,003 
+ 0.003 

- 0.006 - 0 .001  
- 0.001 

- 0 '015  
+ 0.0" 

+ 0'013 
- 0.007 
+ 0.016 - 0.013 
- 0.017 

+ 0'006 
0.000 

+ 0.005 
- 0.001 
- 0.008 

- 0.001 
- o.002 
- 0.005 
+ 0.001 

0,008 

0.000 
+ 0,001 

+ 0.001 
+ 0.00, - o.00.3 

- 0.007 
+ 0.001 

0.000 - 0.015 
+ 0.001 

D~nnmio  
correction 

deduced from 
m.rk to mark 

T O ~ ~ I  from 
Qorukl~pur 

foot 
- 0.001 

- o.001 - 0.001 
- 0.001 

0.000 

0-000 
- o'oor - 0'001 - 0'003 - 0.003 

- 0.004 
- 0,004 
- 0'00.3 
- 0'004 - 0.003 

- o'oo.3 - 0.003 - 0'003 - o.oor - 0.00s 

- o.ool  
- o.ooa - 0.003 
- 0.002 
- o.002 

- 0.002 
- o.001 
- o.oor 
- 0.002 
- o.002 

- 0.002 - 0 '002  

- 0.001 

- 0'001 

- 0.001 

- 0'001 - O ' O C Z  

- o ' o o r  - 0.002 

- 0,003 

- 0'00.3 - 0.00.3 
- 0'004 
- 0.004 - 0'004 

- 0.00.3 - 0'004 
- 0'004 - 0'004 
- 0'004 

- 0'004 
- 0.004 
- 0.004 
- 0'004 
- 0'004 

- 0'004 
- 0.004 
- 0 . 0 0 4  
- o.W4 - 0.003 

lavollers 
leveller) 

Totnl from 
Gorukl~pur 

foot 
+ 0.013 
+ 0.017 
+ 0.046 
+ 0.043 
+ 0.0.36 

+ 0'0.36 
+ 0.016 
+ 0.027 
+ 0.025 
+ 0'015 

+ 0.015 
+ 0.016 
+ 0.013 
+ o'o.30 
+ 0 . 0 2 2  

+ 0.033 
+ 0'035 
+ 0.050 
+ 0.047 
+ 0.035 

+ o'ogg 
+ 0.032 
+ 0.033 
+ o .o j8  
+ 0.029 

+ o-ogo 
+ 0,038 
+ o.041 
+ 0.045 
+ 0.048 

+ 0.042 
+ 0.041 
+ 0.040 
+ 0 . 0 ~ 5  
+ 0.037 

+ 0.050 
+ 0.04.3 
+ o .o j9  
+ 0.046 
+ 0.029 

+ 0.0.35 
+ 0.0,35 
+ 0.040 
+ 0.039 
+ 0.031 

+ o,o,po 
+ 0.028 
+ o . o z j  
+ 0.024 
+ 0.032 

+ 0.0.31 
+ 0.0.33 
+ 0'0.35 
+ 0.069 
+ 0 . 0 ~ 6  

+ 0,029 
+ O , O , ~ O  

+ 0'030 
+ 0.015 
+ 0.016 

Dynnmio 
hoi&!bt 

abovo ( + )  
or below ( - )  
QoraLbpur 

fed 
- 3.919 - 6 .250  
- 5.513 - 5.318 
+ 0.132 

- 1.085 
- 4.749 
- 4 . ~ ~ 3  - l3.a76 - 1 r . 6 8 ~  

- 16.007 
- 17.930 - 1 4 . 4 ~ ~  - r.3.66j 
- 15.407 

- r5.257 - 15.771 - 14'194 - 9.698 
- 8.174 

- 8.540 
- 8.510 - 11.620 - 7.870 - 6.818 

- 6,067 - 1.126 
- 5'699 
- 8'46.3 
- 8,115 

- 8'51.3 
- 8.408 
+ 1.864 
+ 0'340 - 1.801 

- 2'.374 
- 5.921 

3'417 - 2,408 - 6.026 

- 7.343 
- 6'914 
- 10'799 - 11,686 - 12'391 

- 8'9'3 
- 13.150 - '4"4' 
- 14.77' 
- 17'42,3 

- 19.104 
- 21'91.3 
- '4.0'' 
- 24'9hS - r z ' j 19  

- 
- 2.3'R12 - 15'474 - 26'067 - 1 7 " ~ ~  



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLINQ. 

Line No. 69. Gorakhpur to Di1darnagar.-(Continued). 
- - 

Difference of dynamic height, Gorakhpur to Dildarnagar = - 29.735 feet. 

Length of line in miles = M = 142.05. Xd' = 0.006396. 
-- 

Probable error of the mean result per mile of double-levelling = 0.6745 Jg = f; 0.0023. 

Y~p"h",~' 
( +  ) 

or bolow (-) 
Qorakhpur 

fee1 
- 27'274 
- 23.47; 
- 29'895 
- 29'999 
- 28.810 

- 2 6 . 0 l j  
- ~ 4 . 9 8 ~  
- 16.87.3 
- 16.888 
- 16,227 

- 22.800 
- 20'277 
- 32'436 
- 29.735 

- 
Probable error of the di8erenee of elevation between the terminal bench-marks = 0 . 6 7 4 5 J y  = 00.270. 

Dynamic 
correction 

deduced from 
tomark 

Total from 
Qorakhpur 

fool 
- 0.004 
- 0'004 
- 0.005 
- 0.005 
- o .oo j  

- o .oo j  
- o .oo j  
- 0.004 - 0.004 
- 0 . 0 0 4  

- 0.005 
- 0 '00j  

- 0.006 
- 0 ,006  

* Bench.mark No. 75 is the mark a t  Dildarnagar described on page 133. 

Observed 
.levation 

above (+  ) 
or (-) 
Qorskl~pur 

(olrnn result 
by two 

levcllere) 

feel 
- 27'270 
- 2.3'4j.3 
- 29-890 
- zg'gg+ 
- 28.815 

- zfi.010 
- ~ ~ ' 9 7 7  
- 16.869 
- 16.88, 
- 16.223 

- 22'795 - 2 0 ' l j ~  
- . ~ z ' J ~ o  
- 29'729 

Dinlance 
from 

Qorakbpur 

milea 
100.84 
101.94 
10.3.12 
106.02 
107.10 

111.07 
11.3.11 
115.11 
116.11 
116,54 

120.72 
121.37 
125'14 
142.05 

. 
Discrepnncy between 

levellers 
(Firat-aecond leveller) 

Beoch.marks 

From Inark 

to (=d) mark 

foot 
+ 0'004 
+ 0.023 
- 0'001 

+ 0.011 
+ 0.009 

+ 0.009 
- 0.004 
- 0.018 
+ 0.001 

- o'oor 

- 0.016 
+ 0'013 
+ 0 '023  
+ 0.006 

From 

-- 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 

T o h l  from 
Qornhl~pur 

foot 
+ 0 ' 0 2 0  

+ 0'04.3 
+ 0'042 
+ 0.05.3 
+ 0.062 

+ 0.071 
+ 0'067 
+ 0.049 
+ O . O ~ I  

+ o ' o j o  

+ 0.034 
+ 0'047 
+ 0.070 
+ o.o;G 

TO 

62 
63 
64 
65 
66 

67 
68 
69 
70 
71 

72 
73 
74 
76* 



LEVELLING OPERATIONS. 

Line No. 70. Allahabad to  Dildarnagar. 

Bmch-muk No. A i~ tha mark at Ahhabad deaerib J on pogo 1311. 

Benoh-mark8 

From / To 

Distance 
from 

Allshabsd 

miles 
1.1.5 
2.60 
1'91 
2'95 
3'53 

4'54 
5'55 
6 5 5  
8.56 
9'59 

10.60 
11.61 
13.66 
14.64 
15'65 

16.66 
17'64 
1U.6j 
19.65 
20.65 

11.66 
1 2 ' 8 j  
1.3'86 
24'87 
aj .88 

26.45 
26.48 
~ 6 . ~ 0  
27.90 
28.91 

29'91 
31.73 
32'93 
33.94 
34'94 

35'95 
36'95 
,?;'go 
38.02 
39.02 

40'03 
41.04 
41'04 
4.7'05 
4.1.45 

44'05 
44.29 
45.06 
46.07 
41.07 

48.08 
49.10 
5 0 . ~ 0  
51.10 
53.09 

54.08 
55.06 
56.0; 
57.05 
58.04 

1' 
a 
3 
4 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

1G 
17 
IS 
19 
20 

21 
22 
23 
24 
2 

26 
27 
28 
29 
30 

31 
32 
33 
34 
85 

aG 
37 
38 
39 
40 

41 
43 
43 

45 

46 
47 
48 
4!4 
60 

51 
52 
63 
64 
65 

60 
67 
68 
69 
80 

2 
3 
4 
6 

7 
8 
9 

10 
11 

12 
13 
14 
16 
16 

17 
18 
19 
20 
21 

22 
23 
21 
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
35 
36 

37 
88 
Xq 
40 
41 

42 
43 
44 
45 
46 

47 
48 
49 
60 
51 

62 
63 
54  
p& 
F6 

67 
69 
69 
fro 
61 

Disorepnncy betweed 

above ( +) 
or below (-) 

Allabsbad 
(menu result 

by two 
levellers) 

feet - 11.152 
- 6.019 
+ 4.817 
+ 1.859 
+ 8.462 

+ 10.184 
+ 5.880 
+ 9.188 
+ 7.442 
+ 8'375 

+ 6.075 
+ 7.997 + 9.181 
+ 3'875 
+ 5'491 

+ 1.173 
+ 5.036 
+ 4.438 + 1,968 
- 3,679 

- 1.292 
+ 1.067 
- 3.488 - 5'960 
- 5'770 

- 6.969 
- 8.197 - 4'010 
- 4.060 
- 4.951 

- 6.017 
- 6.856 
- 6.917 
- 1+.3;8 
- 10.%34 

- 12'300 
- 12.l04 
- 9'132 
- lo ' lgo  - r6.009 

- r5.956 
- b4.361 
- 1j.148 - 15'150 
- 16.957 

- IS'23L - 14.900 
- 16.40; - 17.031 - 17.841 

- F9.mo 
- 16~106 - 10.888 - at.182 
- 14.658 

- 25.870 - 16.808 - 1.5'j12 - 26.518 
- 17.397 

(First- Second 

From ~uark 
to mRrk 
( - d )  

fool 
-0.00.3 
+ 0.003 
+ 0'010 
+ 0'001 
- 0.004 

+ 0.012 
+ 0'004 
- 0.005 
- 0.009 
+ o.002 

- 0.001 
+ 0.001 
- 0.004 
- 0.006 
- 0.001 

+ 0.001 
+ 0.004 - 0.004 
- 0.001 

0.000 

- 0.001 - 0 . 0 9  

+ 0.007 - 0.007 
+ 0,003 

t 0.010 
- 0.00.7 
+ 0.009 
- o'ooj 
+ 0.008 

+ 0.012 
- 0.023 
- 0'014 
- 0.00j 
- 0'004 

+ 0'010 
. - O . O O ~  

+ 0.001 
+ 0.005 
- 0.011 

- 0.001 
+ 0.005 
- 0.001 
- 0,013 
+ 0.001 

+ 0'001 
+ 0.004 
- 0,005 
- 0-00.3 
+ 0.006 

- 0.003 
+ 0.001 
- 0.003 
+ 0.0'4 
+ 0.009 

o.obo - o.003 
+ o'ool - 0.001 
- 0.005 

levellen, 
l o ~ e ~ ~ ~ )  

Tolal from 
Sllollabad 

fool 
- 0 . 0 0 3  

0.000 
+ 0'01o 
+ o ' o ~ r  
+ 0.007 

+ 0.019 
+ 0.023 
+ 0.018 
+ 0.009 
+ 0 , 0 1 1  

t 0.010 
+ 0.011 
+ 0'007 
t 0'001 

0'000 

+ 0.001 
+ 0.005 
+ 0.001 - o.001 - 0.001 

- 0.002 
- 0.006 
+ 0.001 
- 0.006 - 0.003 

+ 0.007 
+ 0.004 
+ o . o l j  
+ 0.008 
+ 0.016 

+ 0.028 
+ o.ooj 
- 0.009 
- 0.014 
- 0.018 

- 0.008 
- 0 . 0 1 1  
- o.o lo  
- o.oog 
- 0.016 

- 0-017 
- 0.012 

- 0 ' 0 1 3  - 0.026 
- 0.015 

- 0'024 - 0,010 
- 0.015 
- 0.028 - 0.011 

- 0.025 
- 0.023 - 0.026 
- 0.011 
- o'ooj 

- o,oo,q - 0.006 
- 0'005 - 0.006 
- 0.011 

2:~;:; 
deduced from 
luerk bo mark 

Tots1 from 
Allababad 

fool 
- 0.002 

0.000 
+ 0.001 
+ 0.001 
+ 0'001 

+ 0.002 
+ o.ooz 
+ o.001 
+ o.oor 
+ a.ool 

+ 0.002 
+ 0 . 0 0 ~  
+ 0.002 
+ 0.001 
+ 0'001 

+ 0.001 
+ 0.001 
+ 0.001 
+ 0.001 

0'000 

oaooo 
o.omo - o.oor - o'ool 

- 0'001 

- o ' o o ~  
- 0.001 - 0.001 
- a.001 - 0'001 

- c.001 
- 0.001 - 0'001 
- 0'002 - o . 0 0 ~  

- 0'002 - o.oor 
- 0.002 - o'ooz 
- 0.003 

- 0.003 - 0.00.4 
- 0.00.3 - 0.00.1 - 0.003 

- 0'003 - 0'00.7 - 0.003 
- 0.00.1 - 0'003 

- 0 ' 0 0 3  
- 0'00.7 - 0.003 - 0'003 
- 0'00.3 

- 0.003 - 0'00.3 - o.ao3 
- O*Ood 
- 0.003 

D~namiO 
Il~igbt 

above ( + ) 
or below (-) 
Alldabad 

feet - '1.154 
- 6.019 
+ 4.818 
+ I . tbo  
+ 8.464 

+ 10.186 
+ 5.882 
+ 9.190 
+ 7-444 
+ 8.,377 

+ 6.077 
+ 7.qO9 + 9 . 1 8 ~  
+ 3 ~ 8 ~ 6  
+ 5'492 

+ 2.174 
+ 5.037 
+ 3.439 
+ 1.969 
- 3.6i9 

- 1'292 
+ r.067 
- 3 . 4 ~ 9  - 5.961 
- 5'771 

- 6.970 
- 8.298 - 4'021 - 4'061 
- 4'951 

- 6.018 
- 6.857 - 6.918 
- 11',780 - 10.236 

- 12'302 - 1r.ro6 
- 9'234 - 10'192 
- 16'011 

- 15'9,:9 - 14'364 - 15'ISl 
- 15'153 
- 16.960 

- 15'1.34 
- 14'903 - 16'4'0 
- 17'054 - 17.~45 

- 1q'203 - l8'I09 - ) 0 ' ~ 9 '  - " ' 1 ~ 5  - 
- r ~ ' 8 7 3  - 2 h ' @ 1 1  

- zr'72.q - '6'i3r - '7'w0 



RESULT9 OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLINCt. 

Line No. 70. Allahabad to  Dildarnagar.-(Continued). 

Difference of dynamic height, Allahabad to Dildarnagar = - 73.926 feet. 

Length of line in miles = M = 126.59. Cd2 = 0.003851. 
- 

Prol~ahle elror of the mean result per mile of doublederelling = 0.6145 l /g = 0.0019. 

D ~ ~ " , ~ ~  
above (+)  

or bolow (-) 
*'lahabod 

feet 
- 18.304 
- 27'049 
- 28'414 - 20'291 
- 33'543 

- 34.225 
- 34,585 
- 34'197 
- 36.790 
- 36'284 

- 35.602 
- 37,828 
- 39'885 
- q l ' 0 2 j  
- 40.092 

- 41'875 
- 47.071 - 4.3.396 - 48.812 
- 3j.955 

- 43'758 
- 60.223 
- 50';;; 
- 52.210 
- 52.629 

- 56.363 
- 73.925 

- 
Prilhahle error of the difference of elevation between the terminal bench-marks = 0.6745 2/? = & 0.0209'. 

oe,"::e",,Fn 
deduced from 
morktomerL 

Total from 
Allahabod 

foot 
- 0.003 
- 0.003 
- 0'00.3 
- 0.003 . - 0.003 

- 0'00.3 
- 00'0.3 
- 0'00.3 
- 0,003 
- 0'003 

- 0.003 
- 0.003 - 0'003 
- 0'00.3 
- 0.003 

- 0.003 
- 0.004 
- 0.004 
- 0'005 - 0'00.1 

- 0.00; - 0.007 - 0,006 
- 0.006 
- 0.006 

- 0.006 
- 0.008 

~ e u c h ~ m t u l i  No. 88 is the msrk at Dildsmogor described on p e e  139, 

::,BZ::: 
above ( +)  

or (-) 
Allshabad 

(mean result 
by LWO 

lovsHerr) 

f e d  - 28.301 
- 27.046 - 2 8 . 4 ~ 1  
- 29.188 
- 33'540 

- 3 4 ' r r z  
- ,q4'582 
- 34'194 - ,36.787 
- 36.281 

- 35.599 - .37.Rzj - 39.882 
- 41'022 
- 40.089 

- 41.872 
- 47'067 
- 43'392 
- 48'R17 
- 35'951 

- 43'75.3 
- 60 ,216  
- 50.769 
- 52.204 
- 52'623 

- 56.357 
- 73,917 

Distaoco 
from 

Allshabad 

m i h  
59.03 
60.01 
61.01 
61.96 
62.95 

63'94 
6 9  
65.92 
66.91 
67.90 

68.89 
69.87 
70.86 
71'53 
71.85 

72.84 
73.94 
75'18 
76.26 
76.56 

83.47 
89.44 
90.6.3 
93.27 
94'79 

100~06  
126.59 

Discrepney betwoen 
level lere 

(First- Second leveller) 
~ e n c h - m u h ~  , 
From I TO F~mmzk 

( = d )  

foot 
- 0.005 
+ o.001 
- 0.00.3 
+ 0.006 
- 0'003 

- 0'002 
+ o.oor 
+ 0.004 
+ 0.001 
+ 0.014 

- 0.005 
- o.001 
+ 0'002 
+ 0'002 
+ 0.004 

+ 0,005 
- 0'004 
- 0.008 
+ o.ooj  
+ 0'001 

+ 0.021 
+ 0,009 
+ o.oo,z 
+ 0,008 
+ 0.002 

- o.006 
- 0.007 

61 
62 
63 
64 
G5 

66 
67 
6H 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 

Total from 
Alluhsbad 

fool - 0.016 
- 0,015 
- 0.018 
- 0 . 0 1 2  

- 0 .01  j 

- 0 0 ' 1 7  
- 0.016 
- 0.012 
- 0.010 
+ 0.004 

- o.001 
- o.002 

o.ooo 
+ 0'002 
+ 0.006 

+ 0 . 0 1 1  
+ 0-007 - 0.001 
+ 0.004 
+ 0,005 

+ 0.016 
+ 0.0.35 
+ 0.038 
+ 0.046 
+ 0.048 

+ 0.042 
+ 0 .03 j  

62 
63 
64 
66 
66 

67 
68 
69 
70 
71  

72 
73 
74 
76 
76 

77 
78 
79 
80 
81 

82 
83 
84 
85 
86 

87 
88* 



LEVELLING OPEBATIONB. 

Line No. 71. Gorakhpur to Purnea. 

Benoh-mark No. 1 in the rnuk mt Oonkhpur  dworibsd on pegs 184. 

Benoh-rnds 

From 

I* 
2 

9 
10 

11 
12 
13 
14 
16 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
36 
36 

36 
37 
3 8  
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
60 

61 
62 
63 
64 
65 

66 
67 
6 8  
69 
80 

Distance 
from 

Gornkhpur 

mile6 
2 

1.91 
3.29 
7 '24  

11.19 

11.69 
1.3'31 
16.03 
18 '64 
21.9.3 

28.19 
29.44 
36.g0 
43.29 
43'95 

61.51 
67 '89  
81.67 
8 j .00  
90.41 

94.11 
96'19 
9 9 ' j 5  

102.56 
105.86 

109.89 
121.72 
115.39 
126.48 
127.24 

146.78 
149',31 
155'69 
158.00 
165.94 

167 '93 
168.77 
175.68 
117.44 
1 ~ 7 . 8 1  

181.81 
181.60 
183.41 
184.51 
186-86  

188.86 
180.86 
192.87 
193.8; 
197.92 

199.01 
200.02 
201.0.3 
202.06 
203.06 

203.14 
205.10 
206.10 
207.10 
~ 0 8 . l l  

T o  

2 
3 

7 

10 
11 

12 
13 
14 
16 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 
44 
45 
46 

47 
48 
49 
50 
51 

62 
63 
64 
55 
66 

67 
68 
69 
60 
61 

Discrepancy between Ob'o'ved 
eleval.ion 

- above (+) 
or below (-) 
Gorakhpur 

(mran result 
by two 

levellers) 

feet 
+ 4.812 
+ 5.305 
+ 4.535 + 6.484 
+ 6.809 

+ 16.117 
+ 17.730 
+ 25'3.33 
+ 29.291 
+ 24.585 

+ 30'801 
+ 29'237 
+ 29.057 
+ 28.132 
+ 23.773 

+ 39.296 
+ 29,752 
+ 8'667 
+ 9'017 
+ 0 . 1 6 j  

- 13,482 
- 5'587 - 17.741 - 18.202 
- 21.558 

- 25'853 
- 33.610 
- 37'737 
- 36'131 
- 39.631 

- 53'426 
- 54'721 
- 58. j76 
- 65.471 
- 69.478 

- 73,926 
- 74,029 - ;8'411 
- 74.104 
- 77.490 

- 81.484 
- 74.771 - 7 ; .  
- 81.068 
- 81.072 

- 84.21" 
- 86,249 
- 88.723 
- 88.447 - 89.006 

- E9.673 - 91.244 
- 91.355 
- 89.969 - 91.670 

- 91.167 
- 91.694 - 90.418 - 89.612 
- 91.815 

levellers 
(First-Secolld 

From mark 
to 

( = d )  

foot 
- 0.018 

o 'ooo 
+ 0'024 
- 0'001 

- 0.020 

- 0 '009  
- 0 .010  
- o 'Oo l  
- 0 '015  
+ 0 .010  

+ 0'009 
- 0 . 0 1 1  

+ 0.027 - 0.006 
+ 0'012 

- 0.079 
- 0 ' 0 0 1  

+ 0.022 
- 0.028 
- 0'002 

+ 0'014 
+ 0.009 
+ 0.018 - 0.016 
- 0 .015  

+ 0.040 
+ 0 . 0 1 6  
+ 0 ,009  
+ 0 ' 0 1 9  
- 0.017 

+ 0.017 
- o or ;  - 0.041 
- 0.005 
+ 0.010 

+ 0.009 
- 0.007 
+ 0.00; - 0.029 
+ 0.012 

- 0.009 
+ 0 .011  - 0 . 0 0 2  

- o.010 
o 'ooo 

+ 0.006 
- 0.003 
+ 0 , 0 2 0  

- 0.004 
0'000 

+ 0.015 - 0 . 0 0 1  

+ 0.009 
+ 0.007 
- 0.002 

- o,oo,3 
+ 0.023 
- 0 . 0 0 ~  

+ 0.001 - 0.006 

leveller) 

Total from 
GorakJ~pur  

foot - 0.018 - 0 .018  
+ 0,006 
+ 0.005 - O'OI5 

- 0'024 
- 0'0.34 - 0'03.G 
- 0 '050  
- 0.040 

- 0'031 
- 0 .041  
- 0 ' 0 1 5  - 0.021 
- 0'009 

- 0.088 
- 0.081) - 0 ,067  - o a o 9 j  
- 0.097 

- 0.08.3 
- 0.074 
- 0 ,056  - 0.072 
- 0,087 

- 0.047 
- 0.031 
- 0 . 0 2 2  

- 0.00.3 - 0 . 0 ~ 0  

- 0.003 - o . o r o  
- 0.061 
- 0.066 
- 0.056 

- 0.047 
- 0 ,054  - 0.049 
- 0 ,078  
- 0,066 

- 0.075 
- 0 . 0 6 ~  - 0,066 
- 0 . 0 ~ 6  
- 0.0;6 

- 0.070 
- 0.07.3 
- 0.05,i - 0.057 
- 0.057 

- 0.042 
- 0,043 
- 0.034 
- 0,027 - 0.029 

- 0 .0 .3~  - 0.009 - 0.011 - 0.010 

- 0.016 

nynnmic 
corl.ec~.ion 

deduced from 
~nurk to olnrk 

Toto] from 
Gornkllpur 
- 

foot 
+ o.ool  
+ o , ~ ~ ~  
+ 0.001 
+ 0,001 
+ 0.001 

+ 0.00.3 
+ 0.00.3 
+ 0,005 
+ 0.006 
+ o . o o j  

+ 0,006 
+ 0.006 
+ 0.006 
+ 0.006 
+ o .oo j  

+ 0.008 
+ o.006 
+ o.002 
+ 0.002 

0.000 

- o.oo.3 
- 0.001 
- 0'00.3 - 0.003 - 0.004 

- 0.005 
- 0.007 
- 0.008 
- 0.008 
- 0.008 

- 0.011 
- 0'011 
- 0.012 
- 0.013 - 0.014 

- 0.015 - 0.015 
- 0.016 
- 0'015 
- 0.016 

- 0.017 - 0.016 
- 0.016 - 0.017 
- 0.017 

0.018 - 0 ,018  
- 0 .018  
- 0.018 - 0 .018  

- 0.018 
- 0,018 - 0.018 
- 0.018 
- 0.018 

- 0.018 
- 0.018 - 0 ,018  
- O'Ol8 - 0.018 

D ~ n ~ m i c  
Ilei~llt 

above ( + )  
or below (-) 
Go'aklpur 

feet 
+ 4.823 
+ 5.306 
+ 4.536 
+ 6.485 
+ 6.Blo 

+ 16.120 
+ 
+ 25.338 
+ 29 .297  
+ 24.590 

+ 30.8~7 
+ 
+ 29 .06~  
+ z~ .1 ,38  
+ 23.778 

+ ,39.,304 
+ 29.758 
+ 8.6b9 
+ 9,019 
+ 0.165 

- 1.3.485 - 5. j88 
- 1 ; . ~ 4 5  
- 18.20; 
- 21,561 

- 25.858 
- 33'615 
- 37'745 
- 38.139 - 39'639 

- 53'437 - 54'7.32 - 58'588 
- 65.484 - 69.492 

- 7.3'941 - 74'044 
- 78'427 - 74'119 
- 77.506 

- 8 1 . ~ 0 1  
- 74'787 
- 77'5.39 - 81'085 
- 8 1 . 0 8 ~  

- 84'2.10 - 86.267 
- 08.741 
- 88'465 
- 89'0'4 

- 89.691 - 91'161 
- 9l.373 
- 89.9'7 - 9 1 ' ~ ~ ~  

- 9 1 ' 1 ~ s  
- 9l.7" 
- 90.44~ - 89'660 
- 9 1 . ~ 3 3  



RESULT8 OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 71. Gorakhpur t o  Purnea.-(Continued). 

:!::;Y:: 
above ( + ) 

or below ( - 
Qorsbhpur 
(mean result 

by two 
levellera) 

feet - 88.31~ 
- 91.787 
- 93'985 - 91.367 - 88.315 

- 91'.34z 
- 90'959 - 91.,3,77 
- Br).o.iq - 89.316 

- 91,673 
- 84.575 
- 88.959 
- 86.79.3 
- 90.399 

- 90'352 - 90'083 - 89,284 
- 90.803 
- 93'475 

- 91'477 
- 94'725 
- gz,zjg 
- 89.305 - 89.131 

- 87.471 
- 91'.329 
- 9j.260 
- 91.972 
- 96.321 

- 95.618 
- 99.679 - 100.765 
- 101.751 - 1oq.rg6 
- 10*.66o 
- 109.684 
- 107.611 
- 109.843 
- 103.4jo 
- ror.Ro~ 
- 10j'oij 
- 101.67j - 102.690 
- 81.092 

- 62.300 
- 59.596 
- 50.749 
- 54.60j 
- 41.445 

- 41,655 
- 74.915 - g8.812 
- 100.097 
- 104,847 

E',","e:Fn 
deduced from 
mark to mark 

Total from 
Qorskhpur 

fool - 0'017 - 0'018 
- 0'018 - 0'018 
- 0'017 

- 0'018 
- 0'018 - 0'018 - 0'018 
- 0.018 
- 0.018 
- 0'017 - 0.018 
- 0.018 - 0'019 
- 0.019 - 0.019 
- 0,019 
- 0'019 
- 0'019 
- 0'019 
- 0.020 
- 0.020 - 0.019 - 0,019 
- 0.019 - 0.020 
- 0.021 
- 0.021 - 0.022 
- o.oir - 0.023 
- 0.02j - 0.023 
- 0.023 
- oUoa3 
- 0.024 
- 0.024 - 0.024 
- 0.023 
- 0.023 
- 0.023 
- 0.01.3 - 0.02.7 - o.020 
- 0.017 - 0.017 
- 0.016 
- o.ol7 
- o.olj 

- 0.015 - 0.020 
- 0.014 - 0.024 - o.ozj 

Dhg:kF 
( + 

or below (-  ) 
QOrBkhpur 

feet 
- 88'.3.71 
- 91'805 
- 94'W3 
- 91'385 - 88'j~r 

- 91.360 
- 90.977 
- 91.355 - R9.052 
- 89.334 

- 91'691 
- 84'592 - 88'977 - 86.811 - 90.418 

- 90.371 - 90'102 - 89.303 - 90.812 
- 93'494 

- 91'496 
- 94'745 
- 92.279 - 89.324 - 89.150 

- 87.490 
- 91..349 - 95.281 - 92.993 - 96.343 

- 95.650 - 99.702 - 100.788 
- 101.774 - 104.319 
- 104.68a - 1op.io8 
- 107.635 
- 109,867 
- 103.493 
- 1oz.814 
- 10.1.098 - 101.698 - 101.713 - 81.11~ 

- 62..317 
- 59.613 - 50.76j - 54.622 - 41.~60 

- 41.670 
- 74.935 - 98.836 - roo.121 
- 104.872 

Diatance 
from 

Qorskhpur 

mile8 
109.14 
209.64 
111.14 
113.14 
113.10 

116.24 
117.13 
218.27 
219.27 
120.30 

221.32 
222.38 
123.4~ 
124.42 
125.43 

2 ~ 6 . ~ ~  
227.43 
228.46 
229.46 
129.93 

230.47 
2.31.50 
23z'50 
z.33.51 
z3q.j~ 

235'58 
136.57 
238.60 
240.60 
241.66 

942.71 
14.3.78 
245.88 
246.89 
247.92 

148.9.7 
249.95 
250.98 
sj1.21 
159.49 

1 6 1 . ~ ~  
97.7'64 
276.45 
2i6.85 
187.66 

296.84 
199.15 
303.01 
j04.29 
311.49 

311.75 
329.18 
3.77'56 
337.74 
343.05 

Discrepaacj between 
Benab-m81h~ 

From I TO 
 leveller^ 

(First- second 

From mark 
to 
(-4 

foot - 0.020 
+ 0.004 - 0.012 
- o.012 
- 0.007 

- 0.013 
+ 0.001 
- 0.002 
+ 0.009 - 0.007 
- 0-001 - o.008 
+ 0.001 
- 0.009 
+ 0.005 

+ 0.009 
+ o.ooj - 0.002 - 0.005 
- 0.004 
- 0.005 
+ 0.004 
+ 0.006 - o.002 

o,ooo 

+ 0.004 - 0.009 
+ 0.010 - 0.0.31 
+ 0.012 

+ 0.014 - 0.015 
+ 0.006 
+ 0.005 
+ 0,007 

- 0.01a 
- 0.002 
+ 0.006 - 0.009 
- 0,011 
+ 0.004 
+ 0'117 
- 0.006 
+ 0.008 - 0.034 
- 0.025 - 0.014 - o.009 
+ 0.009 - 0.006 
- 0.004 
+ 0.046 - 0.054 

o.ooo 
+ 0,033 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
96 

96 
97 
88 
99 

100 

101 
102 
103 
104 
106 

106 
107 
108 
109 
110 

111 

lI3 
114 

leveller) 

~ ~ t . ~ l  from 
Qorskl~pur 

loot - 0.036 
- 0.0.32 
- 0'044 - 0.056 - 0.063 
- 0.076 
- 0.075 
- 0.077 
- 0.068 - 0.075 
- 0.077 - 0.085 
- 0.084 
- 0.09.3 - 0.088 
- 0'079 
- 0.074 - 0,076 
- 0.081 
- 0,085 

- 0.090 
- 0'086 - 0.080 
- 0.082 
- 0.082 
- 0'078 - 0'087 - 0.077 
- 0.108 
- 0.096 
- 0.082 
- 0.097 - 0.091 - 0.086 - 0.079 
- 0.091 - 0.093 - o.oB7 - 0.096 
- 0.107 
- 0.10.3 
+ 0.014 
+ 0,008 
+ 0.016 - 0.018 
- 0.043 - 0,057 - 0,066 - 0.057 - o.ohj 
- 0.067 - 0.011 - 0.075 - 0.075 - 0.041 

62 
63 
64 
65 
66 

67 
68 
69 
70 
71 

72 
73 
74 
75 
76 

77 
78 
79 
80 
81 

82 
83 
84 
85 
86 

87 
88 
89 
90 
91 

92 
93 
94 
95 
96 

97 
98 
99 
100 
101 

102 
103 
104 
105 
106 

107 
108 
109 
110 
111 

112 
113 
114 
115 
116 



soa LEVELLING OPERATIONS. 

t ine  No. 71. Gorakhpur to Purnea.-(Continued), 

Difference of dynamic height, Gorakhpur to Purnea = - 134.710 feet, 

Length of line in miles = M = 361.65. zb = 0.047982. 
- 

Probable error of the mean result per mile of dooble-levelliog = 0 . 6 7 4 5 l / g  = & 04039 

Bsnoh.marks 

Prolmble error of the d ih renee  of elevation between the terminal beneb-marks = 0.6145 fl; = 0.0739, 

~i~~~~~~ 
from 

Ctorahhpur 

milpa 

,351'88 
15.3.35 
355.01 
,359'61 
361.87 

361.6j  

F1.0111 

-- 

116 
117 
118 
119 
120 

121 

Bench-muk No. 122 in the nrprk d Pmer described on  page 136. 

TO 

117 
118 
119 
120 
121 

122s 

Discrepancj between 
lerellem 

( ~ i ~ ~  -second leveller) above (+ )  
or below (-) 
Qornhbpur 

(mean result 
by two 
lurellers) 

f cot 
- 119.437 
- 119.158 
- 124'472 
- 133.213 
- 1 1 9 . 3 ~ 7  

- 134.681 

From mnrk 
to mnrL 

( = d )  

fool - 0'041 
o.000 

' - 0'011 

+ 0.026 
+ 0 '018  

- 0,005 

Total from 
Qonrkhpur 

foot 
- 0'08.3 - 0.083 - 0.095 - 0 ,069  - 0.051 

- 0.056 

E::'!! 
dedllced from 
mark tomark 

Tolal from 
Qornkhpur 

foot 
- 0.027 
- 0.027 - 0.028 
- 0.029 
- 0.028 

- o . o q  

Dlnnmio 
height 

above (+) 
or below (-) 
Q~raLhpur 

Jeet - l19.464 - 119.185 
- 1 2 4 . 5 0 ~  
- 1.33'242 
- 129.355 

- 1 3 4 . 7 1 ~  



REBULTB OBUINED 8mULTAmOU8 DOUBLE-LEVELLIN(3. 

Line No. 72. Dildarnagar to Pirpanti. 

* Bench-mark No, 1 L the m u k  & Dild.hrmg~r dwcribed on p w  leOL 

D{:iyp 
above ( + ) 

orbelow(-) 
Dildomagar 

- %462 
- 24.168 
- 17'989 
- 20.170 
- 20.810 

- 2 j ' o I l  
- 3'128 - 2.742 
- r-56j 
- 2.7'248 

- 28.429 
- 29'014 - zr'o77 - 33'829 
- 34'151 

- 31'05j - 2,308 
- 2'338 
- 35'104 - 46.071 

- 49'710 
- 49'573 
- 56'aqa - 55.115 - 56.891 

- 48.098 - 57'001 
- 59.609 - 57.712 - 65.315 

- 7t.73.3 
- 79.568 - 75'800 
- 79.409 - 81.467 

- 92'010 
- 94.748 - 7b.886 - 100.448 
- 97.711 

. - 96.010 
- 93.658 - 91,514 - 98.716 
- 78.429 

, - 78'774 - 75'41.3 
- 104.016 
- 107.096 - 108.771 

- 1og.828 
- ~03.934 - ~ 4 . 0 5 1  
- 62.773 - 96.917 

~~~~~ 
deduced from 
mark to mark 

~ o t a l  from 
Dildarnagar 

fmt - 0.001 
- 0'003 
- 0'002 
- o,ooa 
- o'ooz 

- 0.001 
0.000 
0.000 
0.000 - o,ooz 

- 0.003 - 0.003 
- o'ooa 
- 0.003 
- 0'003 

- 0 ' 0 0 3  
0.000 
0.000 - 0.004 

- 0.005 

- 0'005 
- o.005 - 0.006 
- 0.006 
- 0.006 

- 0.005 - 0.006 
- 0.006 - 0.006 - 0.007 

- 0.008 
- 0.009 - 0'009 
- 0.009 
- 0,009 

- 0'010 
- 0.010 
- 0.008 - 0.010 - 0.010 

- 0.010 - 0.010 
- 0.010 

, - o.olo 
- 0,008 

- 0.008 - 0'008 - o.011 
- 0.011 
- o.orr 

- 0.01, - 0.011 - 0.011 
, - 0,007 - 0.010 

::::::: 
abovo (+ )  

or below (-) 
Dildarongar 
(mean result 

by two 
levellers) 

- <246U 
- 24'16j 
- 17'967 - 20.168 
- 20.808 

- z j 'o ro  - 7.128 
- ;.741 - 1.565 - 23.246 

- 18'426 - 29.011 
- z1'075 - 33'826 
- 34.148 

- 31'052 - 2,308 
- 2'3.78 
- . 75'100 , - 46,066 

- 49.705 
- 49'568 - 56.136 
- 55.109 - 56.8Bj 

- 48.093 
- 56.995 
- 59.603 
- 57.;06 - 6j.308 

- 71.725 
- 79.559 - 75'7i)r 
- 79.400 - 81.458 

- 92'000 
- 94.738 - 76.8;8 
- 100,438 
- 97.701 

- 96.000 
- ( ~ . 6 4 . #  
- 9i.504 
- 98.706 
- ; B . J ~ I  

- 78-766 
- 75.405 

, - IO,.OOS 

- 107.oR5 - 108.760 

- 105.817 
- 103.92.3 - ro~.oqo 
- 61,766 
- 96.937 

Bench-msrkn 

From / TO 

~i~~~~~~ 
from 

Dildor- 
nagar 

mile, 
19.28 
21.57 
23.44 
24.32 
26.0; 

32'66 

::::: 
3 6 3 9  
40.31 

45'06 
5.3'70 
56.99 
69.81 
69.91 

71.99 
78.42 
79.06 
83.j9 
qz ' jo  

94'18 
96.68 
99.89 

100.88 
103.18 

106.07 
108.8; 
113.55 
115.7% 
127'98 

138.98 
156.46 
156.47 
156.53 
175'05 

193'02 
105.15 
206.14 
21.3'34 
116.13 

217.65 
212.94 
228.~9  
228.63 
243'49 

243.61 
243.80 
256.06 
256.11 
256.36 

261.56 
16w.01, 
2hr.16 
fi6.50 
169.50 

l* 

4 
6 

0 
7 
8 
I) 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
2 0  

21 
23 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
97, 
38 
39 
4.0 

4 2  
43 

45 

46 
47 
48 
49 
60 

5 1  
62 
68 
64 
6b 

2 

6 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
26 
26 

27 
28 
29 
30 
31 

32 
33 
34 
35 
$6 

97 
38 
39 
40 
41 

48 
43 
QQ 

45 

47 
48 
49 
60  
61 

62 
63 
64 
D6 
66 

Discrepaney between 

From ma'' 
to mnrk 
( -  d) 

foot 
+ 0.039 
+ 0.006 
- 0.009 
+ o,ooz 
+ 0.011 

+ 0.042 
+ 0.006 
- 0.001 
+ 0.00.3 
+ o.olr  

+ 0.005 
+ 0,037 
- 0.001 
+ 0.024 

o.ooo 

- 0 ~ 0 0 6  
- 0.009 
+ 0'014 
+ 0.011 

+ 0.008 

+ 0'004 
- 0.008 
+ o.002 

0,000 
+ o.oor 

- 0.009 
o.ooo - 0.006 - 0.022 

+ o.018 

- 0.038 
+ 0.038 

0'000 

0.000 
+ 0.006 

+ 0.064 - 0.062 
+ 0.032 
+ 0.018 - o.001 

+ 0.009 - 0.017 
+ 0.007 
- o.ooz 
+ 0.009 

- 0.001 
+ 0.097 - 0.051 
+ 0.005 - o.o1,3 

-r 0.016 
+ 0.008 
+ 0.001 - 0.011 

+ o . o d  

levellers 
leveller) 

~ n t s l  from 
Diklarnagar 

food 
+ 0,039 
+ 0.045 
+ 0.036 
+ 0.038 
+ 0.049 

+ 0.091 
+ 0,097 
+ 0.096 
+ 0,099 
+ o . r m  

+ 0.115 
+ 0 ' l j z  
+ 0'151 
+ 0.175 
+ o.17j 

+ 0 , 1 6 9  
+ 0.160 
+ 0,174 
+ 0.185 
+ 0.19.3 

+ 0.197 
+ 0.191 
+ 0.193 
+ 0.193 
+ 0,194 

+ 0.185 
+ 0'185 
+ 0 . ~ 7 9  
+ 0.157 
+ 0.168 

+ 0.137 
+ o.1.6LI 
+ 0.168 

' + 0.168 
+ 0.174 

+ 0.238 
+ 0.176 
+ 0.208 

, + 0.216 
+ 0 . 2 ~ 5  

. + 0.234 
+ 0,217 
+ o.aa+ 
+ 0.211 

+ o . z j r  

+ o.z,qo 
+ 0.327 
+ 0-176 
+ 0.181 
+ 0.268 

+ 0.184 
+ o.zga 
+ 0.193 
+ o.zRt 
+ 0.310 



LEVELLING OPERATIONS. 

Line No. 72. Dildarnagar to Pirpanti.-(Continued), 

Difference of dynamic height, Dildarnagar to Pirpanti = - 69.977 feet, 

Length of line in miles = M = 274.55. Xd' = 0.032176. 
- 

Probable error of the m u n  result per mile of double-levelling = 0.6145 Jg = 0°.0037, 

Bench-rnnths 

Probable error of the difference of elevation between the terminal bench-marks = 0.6745 = 080605. 

66 
67 
68 

Bench-mark No. 69 is the mark at  Pirpnnli described on pnge 185. 

fro,,, 
Dildar- 
nagsr 

miles 
2 7 3 . 7 8  
214.48 
2 7 4 ' 5 5  

67 
68 
69' 

D ~ " m i ~  
he~ght 

above ( + ) 
or below (-) 
Dildsmsgar 

feet 
- 78.998 - 
- 69.9i7 

~ ~ ~ d ~ ~ ~ ' ! &  
above ( + )  

or below (-) 
Dildsrnagar 
(mean result 

by two 
levellers) 

feet 
- i8 .990 
- i3 '0r~7 - 69.970 

Diaorepancy between 
levellern 

(First-Second leveller) deduced from 

Totnl lrom 
Dildsrnngar 

fool 
- o.ooB - 0'007 
- 0.007 

F ~ ~ , ~ r ~ '  
( =  d) 

foot 
0'000 

- 0.006 
+ 0.004 

Total from 
Dildsrnngnr 

foot 
+ 0 . 3 1 0  
+ 0,304 
+ 0,308 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 73. Purnea to Pirpanti. 

Difference of dynamic height, Purnea to Pirpanti = + 36.807 feet. 
Length of line in miles = M = 36.75. So? = 0.006173. 

- 
Probable error of tbe mean re~ul t  per mile of double-levelling = 0.6145 1/% = 0.0043. 

~~~~~~" 
oboru ( + , 

or bolon ( - )  
P"ncn 

f e d  
+ 2 . j j o  
+ 2 ' ; ; ~  
+ I -667 
+ 0.999 
- 0. j l 0  

+ 1 , 1 7 2  
+ 0.70;  
- 0.926 
+ 0.475 
- 3.420 

- 9'339 - 2'141 
- 2.780 
- 10.3h.3 
- 4,917 

- 6.646 
- 9'921 - 8.094 
- 5.S4R - 9 ,761  

- 9.651 
- 7.7.38 - 8.363 - 9'517 - 8.671 

- 10'010 
- 10'972 
- 8.81;  
- 10'10.3 - 10.413 

- 1 5 . 7 6 ~  
- 16,478 
- 8.04; 
+ 35.807 

- 
Pmbable error of  tbr diEerence of elevation between the terminal beuch-marb = 0.6745 d F  = + 0,0265. 

- - 
- 

Eencbmsrk NO. 1 is the mark a t  P u r s e ~  described on page 186. t Bench-mark No. 36 in the mark at Pirpsnti described on pnge 135. 

~~~~~ 
ohore ( + ) 

or below (-) 
I'urncn 

(nlean result 
by two 

levellers) 

feel 
+ 2.770 
+ 2 , ; s ~  
+ I 6h; 
+ o.cj99 - o ' j l o  

+ 1 ' 1 7 2  
+ 0.70; - 0,926 
+ 0.47.5 
- 3.410 

- 2',3,;9 - 2'141 
- r . )Ro 
- 10.,3hz 
- 4'91; 

- 6 ,646  
- 9'921 
- 8.094 
- 5'R,R 
- 9.761 

- 9 ,651  
- 7';jR - 8'363 
- 9 .511  - 8.671 

- 10'010 
- 10.972 
- 8.827 
- 10.10.3 - 10.413 

- 15.764 
- 16.477 - 8.047 
+ 3 j .803  

~~~~~~n 
deduced from 

to mnrk 

~ o t o ~  from 
Purnee 

foot 
0.000 

. 0'000 

0'000 

0.000 

0.000 

0,000 
0.000 
o.ooo 
0.000 
0.000 

0.000 
0 ~ 0 0 0  

o,ooo - 0.001 
0.000 

o.ooo 
0.000 
0.000 
o.ooo 
0.000 

0.000 
o 'ooo  
o.ooo 
0.000 
0'000 

o 'ooo 
0.000 

o.ooo 
0'000 

0'000 

- 0'001 

- 0.001 
o.ooo 

+ 0.004 

Distance 
from 

Purnoa 

miles 
0.65 
1.69 
3.74 
q'6R 
5'68 

g.gr  
6 .68  
7 .6s  
8 .69 
9.69 

10'26 
10.69 
11.69 
12.66 
12.76 

13.76 
13.92 
14'76 
15.76 
16.76 

16'95 
17.76 
18.59 
18,;6 
19.76 

20.76 
21.78 
z r , iR  
23'78 
24.17 

26.25 
26.57 
34.46 
36.75 

Discrep~ncy between 
levellorn 

( ~ i ~ ~ - S a c o l l d  leveller) 
 eno oh-mark8 

From lnnrk 
to nlnrk 
(-4 

foot - 0.002 
+ 0 . 0 1 ;  - 0.01" 

- 0 ' 0 1 ;  

- 0.008 

- 0 , 0 0 1  

- 0 ,008  - 0 . 0 0 1  
+ 0,006 
+ 0,005 

0.000 

- 0.004 
t o.01.3 
- 0 .016  
- 0.003 

- 0 . 0 1 0  
+ 0.001 

0'000 
+ o.002 - o.007 

- 0.005 
+ 0.004 
- 0'006 
- 0.001 - 0.006 

+ 0.006 
+ 0 .010  
+ 0.00.3 
+ 0.0.71 - 0,001 

+ 0 ' 0 1 1  
- 0.021 
- 0.054 
- 0.009 

From 

l* 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
IS 
15 

16 
17 
1 8  
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
YO 

31 
32 
33 
34 

- 

from 
P ~ l r u s n  

foot 
- 0.002 
+ 0.01.3 

0.001 - 0 ' 0 1 4  
- 0 '022  

.- 0.02.3 
- 0 .0 j1  

- o.o.3r 
- 0.026 
- 0'021 

- 0'021 - 0 , 0 ~ , j  
- o.012 
- 0.028 
- 0.0.31 

- 0.041 
- 0,040 
- 0 . 0 4 0  
- 0.0.38 - 0,045 

- 0.050 
- 0'046 
- 0.052 
- 0.053 
- 0.059 

- 0'053 - 0.043 - 0,040 
- 0.009 
- o.010 

+ 0.001 - 0 . 0 2 0  

- 0.014 
- 0.083 

TO 

2 
3 
4 
5 
6 

7 
8 
9 

1 0  
11 

12 
13 
14 
16 
16  

17 
1 8  
19 
20 
21 

22 
23 
24. 
45 
26 

27 
28 
29 
30 
31 

32 
33 
34 
35t  



LEVELLING OPERATIONS. 

Line No. 74. Pirpanti to Howrah. 

Bench-mnrk No. 1 is &be m u k  st ~ i i r n l i  described on p.ge 1 s  

Distance 
from 

Pirpanti 

miles 
4.20 
6 .26  
7'57 
8.81 

11.76 

14'54 
14.56 
19 .22  
n3',32 
37.88 

.3;'92 
4.3'10 
4 8 - 1 1  
49'56 
55'55 

64.12 
68.37 
69.24 
70'84 
72.43 

7.7'99 
74.83 
77.81 
79'17 
80.57 

82.67 
87.19 
87.71 
87 '73 
92.34 

9.3.50 
96.49 

1oo.58 
104.24 
109.00 

113'47 
113.67 
121.87 
127.91 
133.74 

1.33'80 
1,3,3.80 
1,38'45 
145',47 
145.43 

157.41 
I 
1 h o . 1 0  
161.10 
163.09 

164.or) 
16; or) 
t b b . r o  
166.12 
168.11 

169.11 
1i6.06 

18.3.00 
1 m . 9 6  

Bench-marks 

Fronl 

I 
l* 
2 

4 
5 

7 
8 
9 

10 

1 1  
12 
13 
14  
15 

16 
17 
1 8  
19 
20 

21 
2'2 
13 
2-1 
25 

2G 
27 
28  
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
44 
40 
60 

51 
52 
53 
54 
65 

56 
67 
6 8  

T o  

2 
3 
4 
6 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 

17 
18 
10 
20 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 
33 
3s 
33 
313 

37 
38 
29 
40 
41 

4 9  
43 
4J 
45 
46 

47 
48 
49 
50 
51 

52 
53 
64 
65 
66 

57 
68 
59 

Ob"ered 
elerntion 

aho'e ( +) 
or helow (-) 

l'lrpnnti 
(mean result 

by two 
levellers) 

feet - 72'910 - 45.6,41 - 41.582 
- 36.553 - 36.104 

- 40.363 - 42,174 
- 3 4 9 2  
- 54.700 - 43.952 

- 48.701 - 7.301 - 4 7 4  - 57.982 
- 57'141 

- 48.089 - 64.156 - 71'071 
- 65.551 - 52' ;13 

- 49'043 - ,q j . j06 - 55'175 - 48 .814  - 53'547 

- j r . g j 4  - 2 - 20.566 
- 23.1.33 - zj .221 

- 18.989 - 35.672 
- 35.,387 - 14'446 - 3.827 

+ 16.204 
+ 1 j . 8 , j  - 1 8 , 2 7 1  
- 12.255 
+ 9.263 

+ ~ . I . ( J  
' + ~ o . l , ~ i  - 2 0 . 2 1 4  - 44,298 
- 41.975 

- 30.645 - 30'94.3 
- 34.~9.3 . - 38.,377 - 46.342 

- gr.8oa - 54.563 - 57.804 
- 54.413 - 55'6.31 

- 57.171 - 77'710 - 82.760 - B B . I I ~ )  
- 91.136 

Diserepnncg between 

. 

' 

, 

Dynamic 
correction 

deduced from 
n~nrk  to mark 

~o t .1  from 
Pirpnllti 

fort - 0'003 - 0.004 - 0 . 0 ~ 4  - 0 . 0 0 ~  

- 0.003 

- 0.003 
- 0.003 - 0.002 

- 0.004 
- 0.003 

- 0.003 
0.000 - 0 . 0 0 , ~  - 0°.004 - 0.00) 

- 0.004 
- 0.005 - 0.005 
- 0.005 
- 0.004 

- 0'OO.I - 0'003 
- 0.004 - o ~ o o ~  
- 0.004 

- o-003 
- 0,003 
- 0.00.3 - 0.003 - 0'003 

- 0'00.3 - 0'003 - 0.00; 

- 0'00,q - 0.003 

- 0.003 - 0.00.7 - 0,003 - 0.00.3 
' - 0.003 

- 0'003 
- 0 0 0 , ~  - o 002 - 0'001 - 0.001 

- 0 . 0 0 ~  - 0'002 - 0'002 - 0 . 0 0 ~  - 0'002 

- 0 . 0 0 2  - 0.002 - 0.001 - 0'002 - 0'001 

- 0 . 0 0 2  

- 0.001 - 0'001 - 0.001 - 0.001 

(First- Second 

Fro111 mark 
to Il,,,,.k 
( = d )  

foo t  
+ 0.0.71 
+ 0.007 
- 0,017 
- 0,031 
+ o . o j s  

- 0.005 
+ 0.005 
- 0.006 
- o.ooa 
+ 0.032 

+ 0.026 
- 0.026 
- 0.009 
+ 0'02.I - 0 '042  

+ 0.008 
- 0.015 
+ 0'001 

+ 0.002 - 0.006 

- 0 ' 0 3 0  
+ 0.010 

- 0,006 
+ 0.012 - 0.002 

- 0 . 0 1 0  
+ 0 . 0 0 ~  

- 0.007 
+ 0'002 
+ o.oo2 

- 0.008 
+ 0.001 

- 0'007 
+ 0 006 
- 0.006 

0.000 
- o 00; 

- 0 .016  
- o 00- 

- 0.008 

- 0.00; 
- 0.001 
- 0.008 
+ 0.018 
- 0.004 

- 0.001 

- 0.005 
+ 0.007 
+ 0.00.3 - 0.020 

- 0.01 I 
+ o.011 
+ 0.019 - 0.004 - 0 .010  

- 0.007 
+ 0.024 
- 0 . ~ ~ 6  
+ 0.021 
+ 0.016 

?:,";P: 
above ( + )  

or below (-) 
P i r ~ a n t i  

fpct 

- 32'913 
- 4j.635 - 41.566 
- 36.jj6 
- 36.107 

- 40.366 
- 4 2 . 1 f 7  
- 34.194 - S4.io4 - 43.9j j  

- 48.70r - 7.301 
- 4 9 . 1 7 7  - ~ 7 . ~ 8 6  
- 5 7 . 1 ~ 5  

- q8.093 
- 64.)b1 - 71.076 
- 65,556 
- 52.717 

- 49'047 
- 37,509 - 55.179 
- 48.818 
- j j ' j 5 1  

- 32.9;; 
- 21.196 
- 20.569 
- 23.136 - 25'224 

- 18'992 
- 3j.675 
- ,35'39o - 14'419 - 3'830 

+ 16.201 
+ IS'BJO 
- 18'274 - 12.258 
+ 9.260 

+ 7.141 
+ 10'1.31 - 20.216 
- 44'299 
- 41.916 

- 30'6.17 
- 30'945 
- 34'.39S - 38.379 - q6'3.14 

- 52'804 
- ;4's65 - 57'806 
- ~ 4 . 4 ~ 5  
- ~ 5 . ~ 3 3  

- Si"7.' - 77'7" 
- 8 2 ' 7 6 1  - 8B' l ro  - 92"J7 

A 

levellers 
leveller) 

Tot111 from 
PlrpnllLi 

foot 
+ 0.0.31 
+ 0.0.78 
+ 0.021 - 0 . 0 1 0  
+ o.o)a 

+ 0'0.37 
+ o.o.Ia 
+ 0,036 
+ 0.0.34 + 0.066 

+ o.oga 
+ 0.066 
+ 0,057 
i 0 '081  
+ 0'039 

+ 0'047 
+ 0~0.72 
+ O . O J , ~  

+ 0.0.45 
+ 0.029 

- 0'001 
+ o'oor) 
+ 0.00.7 
+ 0.015 
+ 0 .013  

+ 0.00.7 
+ 0.005 
- o.002 

0.000 

+ 0 '002  

- 0,006 - 0.005 - 0 . 0 1 ~  
- 0 , o o f ~  
- 0 . 0 1 2  

- 0 . 0 1 ~  
- 0.017 
- 0 0 ,  

0,003 
- 0.043 

- 0'050 
- 0 .051  
- 0,059 - 0.0.11 
- 0.045 

- 0.046 
- 0.051 
- 0.044 - 0.041 - 0.061 

- 0,072 - 0.061 
- 0.042 - o . o ~ h  - 0.056 

- 0.063 
- 0.039 
- 0.045 - 0.024 
- 0.008 



RESULTS OBTAINED FROM BIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 74. Pirpanti t o  Howrah.-(Continued). 

Difference of dynamic height, Pirpanti to Howrah = - 135,363 feet. 

Length of line in miles = M = 251.09. Zd9 = 0.021773. 
- 

Probable error of the mean result per mile of double- lediog = 0-6745Jg = 0.0032. 

Z d  P~olal)le error of the diaerenee of e l ev t im b n r ~ n  the terminal bench-marks = 0 . 6 7 4 5 G  = + 0.0196. 

~~:~~~~~ 
above ( + )  

or below (-)  
Pirpnnli 

(menn re811lL 
by two 

levellers) 

22;: 
deduced [rom Dz:iiyt' 
Inark to 

( + 

_ -  

' UcnChmark No, 102 in the mark a i  Howrrl~ ~lescribed OD page 184. 

~sncb-marks  

From I TO 
Total Crom 

l'irpanri 

Diet,ance 
from 

Pirpanti or below ( - )  
P1rpanti 

Diacrepnnry hrtween 
levellers 

(First- Second 

F~mU1", ' r~k 
( = d )  

milea 
190.90 
1 ~ 2 . 2 0  

193.88 
194.88 
196.88 

1g8,R8 
199.88 
202.87 
203.88 
ro5.81) 

ao7.90 
zog.Rg 
a11.87 
211.86 
220'13 

rz.q.93 
226.01 
226.91 
z z 8 . g ~  
229.88 

230.88 
231.88 
232.87 
233'87 
a34.85 

136.83 
241.59 
241.8,3 
24a.51 
~ 4 ~ . 0 6  

246.15 
246.46 
246.89 
241.49 
248.30 

148.61 
249'Jo 
249.89 
25o.zq 
250'25 

251.09 

leveller) 

Total from 
Pirpanli 

.foot 
+ 0.0" - 0.001 

- 0.005 - 0 ~ 0 0 2  

- 0.003 

+ o . o o ~  
+ 0.00.3 - 0.015 
- 0.006 
- 0'019 

+ 0.019 
+ 0,004 
+ 0.006 
- 0.00.z 
+ 0,004 

+ 0.038 
- 0.013 
- 0 .010  
+ 0 '012  
+ 0.009 

o'ooo 
- 0 . 0 1 . ~  - 0.015 - 0 '016  
- 0.011 

- 0'027 
- o.012 
- 0.011 
- 0.007 - 0.006 

- 0'0.75 + 0,007 
- 0.003 
+ 0-016 
+ 0.006 

- 0.001 
- 0-004 
+ 0.009 
- 0.001 

+ 0.002 

+ 0,001 

61 
@Z 
63 
64 
65 

66 
67 
68 
69 
50 

71 
72 
73 
7 4  
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 

99 
loo  

0.000 
0.000 
0.000 
0 '000 

0.000 
0.000 
0.000 

o,ooo 
0.000 

0'000 
+ o'ool  
+ 0.001 
+ 0 .002  

+ 0'001 

+ o'ooz 
+ 0.00.l 
+ 0.003 
+ 0.003 
+ 0.003 

+ 0.00.3 
+ o ' o o j  
+ 0*00,3 
+ 0'002 
+ 0 ' 0 0 2  

+ 0 . 0 0 ~  
+ 0.005 
+ 0.00.3 
+ o'oo.7 
+ 0.003 

+ 0.006 
+ 0.003 
+ 0 .002  

+ 0'003 
+ 0.003 

+ 0'00.3 
+ 0.00.7 
+ 0.003 
+ 0.00.3 
+ 0.003 

+ 0.003 

62 
63 
6.4 
6; 
GG 

67 
ti8 
6R 
70 
71 

72 
73 
74 
75 
76 

77 
78 
79 
80 
81 

82 
RJ 
84 
85 
86 

87 
88 
89 
90 
91 

92 
93 
94 
95 
96 

S i  
98 
99 

100 
101 

102* 

- 104'458 - 1 o ~ . l g l  
- 106..321 
- 11  I .734 

- 1 1 3 , 1 5 8  
- 1 1 ; ~ ; l o  - 1 2 0 . 2 ~ 8  
- 12.3'565 - 121'043 

- 117.295 - 124'056 
- 1 ~ 2 . 2 6 2  
- 127'900 
- 127'033 

- 1~5. .317 
- 1.34.113 
- 13.$.293 - 131.5.12 
- 130.61j 

- 1.l1.089 
- 133,505 
- 1.14'691 
- 129'49.7 
- 131'341 

- 1.31.2.55 
- 164.086 
- 136.761 
- 137.064 
- 135.136 

- 161.267 
- 131.094 
- 125.991 - 1.3j.141 
- 134,509 

- 13j'jBG - 155'523 - 1 , 3 ~ ' 8 j 8  - 1.18.9~8 
- 138.16.3 

- 133.363 

foot I feet 
+ 0.00.3 
+ 0.001 

- 0'003 
- o .oo j  - 0.008 

- 0.007 
- 0.004 
- 0.019 
- o . o z j  
- 0.044 

- 0 .0~-5  - 0'021 
- 0.016 - 0.018 
- 0'014 

+ 0.024 
+ 0.011 
+ o . o o ~  
+ O . O I , ~  
+ 0.022 

+ o'oza 
+ 0,009 
- 0.006 - o.oaz 
- 0'033 

- 0'060 
- 0.072 
- o . 0 8 , ~  - 0.090 
- 0.096 

- 0.131 - 0.124 
- 0'127 - I 

- 0.105 

- 0.106 
- 0'110 
- 0 . 1 0 1  

- o.Ioa - 0.100 

- o . 0 ~  

- 10.1'910 
- 104.4;8 
- 1og.191 - 1o6.,311 
- 111.73.1 

- I - 117'f,ro - 1 2 0 . ~ 4 8  
- 1zg.;6; 
- 122.00 

- 117.295 - 1a4.037 - 122.263 
- 12;.902 
- 117'03j 

- 1zg.319 
- 1.34.116 
- 1.q4.296 
- 1 , 3 1 5 4  - 130.618 

- I O  

- 1.3.3';oR 
- I - 129,495 
- I 

- 1.31'257 - 164.091 
- 1.36.564 
- 137.067 
- 135.139 

- 6 - 131'09; 
- 1 ~ 5 . 9 9 3  - 135'14, - 134.512 

- 135.389 
- 135'526 
- 1.3.1.881 
- 1.38.951 - 138.166 

- 135.366 



LXVELLING OPERATIONS. 

Line No. 75. Kendrapara to Howrah. 

foot foot feel foot 
-0.003 -0.003 - 0'000 - feel 1 '330 - 0.018 - 0.011 - 2,1,i6 '130 

0'000 - 2. l;fj - 0'01.3 - 0'034 - 6,286 + o.ool - f,.28j 
+ 0'018 - 0.016 - 7,725 + o.ool - -,. 1 124 
+ 0.018 + 0.00~ - 5.882 + o ~ o o l  - 5.881 

+ O.007 + 0'009 - 6.779 + 0.001 - 6.;;8 
+ 0.006 + 0.015 - 3.457 0'000 - 3.457 + 0.004 + 0'019 + 14'182 - 0 . 0 ~ ~  

+ I,.17g - 0'009 + 0.010 + 8,917 - o.003 
+ - 0'004 + 0.006 + 10,224 - 0.00~ + 

+ 0'001 + 0.007 - 1,184 - o.ool - l.185 - 0'014 - 0'007 + 12'750 - 0.004 + 1 2 . ~ ~ 6  - 0.024 - 0'0.31 + 17'663 - 0.005 + l;.658 - 0'010 - 0'041 + 2,;.5,qj - 0.007 + zj.5a,g - 0.002 - 0'043 + 23'626 - 0.007 + 23.619 

- 0'031 - 0'074 + 35'411 - 0.009 + ~ S ' J O ~  - 0.028 - 0.102 + 36.825 - 0.009 + 36.816 
+ 0'003 - 0'099 + 37'551 - 0.009 + 3;.,;42 + 0'008 - 0.091 + 38.312 - o'oo<, + 38.303 - 0,007 - 0.098 + 37'681 - 0.009 + j1.672 
+ 0.005 - 0.093 + 28.989 - 0'007 + 28.982 

0'000 - 0.093 + 28.859 - 0.00; + z8.8jz 
- 0'001 - 0.094 + 24'5.37 - 0.006 + z.$.g,q~ - 0.002 - 0,096 + 29,567 - 0.00; + 29-560 
- 0'004 - 0'100 + zfl.8.33 - 0'00; + 28.826 

+ 0.003 - 0.097 + zfl.910 - 0,007 + 28,903 
- 0,009 - 0.106 + 27.940 - 0.007 ' + 27'933 
+ 0.00; - 0.101 + 28.584 - 0.007 + z8';;7 - 0,004 - 0.105 + 30.896 - 0.007 + .30.889 
+ 0'003 - 0'102 + 32,591 - 0'00; + sz'j84 
- 0'002 - 0.104 + 34'499 - 0'007 + 34.492 
+ 0.010 - 0.094 + 33.813 - 0.007 + 33.806 
+ 0'017 - 0.077 + 37.925 - 0.008 + 37.017 
+ 0.006 - 0.071 + .32.181 - 0.007 + 32'175 
+ 0.013 - 0.058 + 31,816 - 0.007 + .?r.Rog 

- 0.007 - 0.065 + ,41.315 - 0.007 + , ~ I . ~ o R  - 0.004 - 0.069 + ,32.570 - 0.007 + 32.566 
+ 0.001 - 0,068 + 30.772 - 0.007 + j0-765 - 0.007 - 0,075 + ,q,q.org - 0.007 + 33,008 
+ 0,014 - o.oj~ + 36.846 - 0,008 + 36.R.38 
+ 0,001 - 0.050 + 29.,345 - 0,006 + 29'339 
+ o 004 - 0.046 + 26.85R - 0,005 + 26.85.3 
- 0.00.3 - 0.049 + zj,qoo - 0.004 + 24.396 - o.002 - 0.051 + 18,635 - 0'003 + 18'6.32 
- 0.001 - 0.053 + 22.214 - 0'004 + 21'zlo 

+ 0.007 - 0.046 + 17.284 - 0.003 + 17.28~ 
+ 0.020 - 0,026 + 14.468 - o.002 + 14.46~ 
- 0.015 - 0.041 + 16,661 - o.ooz + 16.659 
-o.oc,; - 0 . 0 ~ 6  + lz.zoj -o.ool + 11'202 - 0.009 - 0.055 + 19.976 - 0.003 + 19'973 

I I 

Bench-mark No. 1 is the mark at Kcndrnpnrs denoribed on page 184, 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING, 

Line No. 75. Kendrapara to Howrah.-(Continued). 

Dl:~r! 
( + )  

or below (-)  

feet 
+ ,3.3.111 
+ 41'257 
+ 40'985 
+ 40'585 
+ 40.316 

+ .32.186 
+ 29.8qg 
+ 27'837 
+ 28.29.3 
+ 32,033 

+ 3.3.83.3 
+ 28 617 
+ 28.672 
+ 22'530 
+ 24.688 

+ 32'747 
+ 46.237 
+ 44 ,176  
+ 51 '940  
+ 48.23.3 

+ 40.777 
+ . ~ 8 . 4 9 1  
+ 38'505 
+ 22-6.38 
+ 11.613 

+ 1.418 
+ 7'881 
+ 5'846 - 2'918 
+ 2.539 

+ 1 ' ~ , 3 5  - d.064 
- 1.365 
- 1.706 
+ 1.503 

- 3.343 
- 3.729 
- 1,010 

- 1'791 
- 0.961 

+ 3.129 
+ a'oog 
+ 6.846 
+ 0.553 + 6,603 

+ 4',391 
+ 8.921 
+ 4.505 
+ ; ' I 40  
+ 6.744 

+ 6.776 
+ 9.684 
+ 15'.37,3 
+ 21',335 
+ az'6aa 

+ 14.626 
+ 21.579 
+ 21.806 
+ 20.995 
+ lo .nrq 

2:~::~ 
deduced from 
n1n1.k to  n1nt.k 

Total f ron~  
K e ~ ~ d r a p n r n  

foot - 0.006 
- 0.008 
- 0.008 
- 0.008 
- 0.008 

- 0.007 
- 0.007 - 0'007 
- 0 . 0 ~ 7  
- o.008 

- 0.008 
- 0.007 
- 0,007 - 0.006 
- 0.006 

- 0'007 
- 0.009 
- 0.009 
- 0 .010  
- 0,009 

- 0'008 
- a.008 
- 0'008 
- o - o o j  - 0.003 

- 0.001 - 0.002 
- 0 . 0 0 2  

- 0.001 

- o.002 

- 0.002 
- 0.001 

- 0.001 
- 0.001 
- 0 . 0 0 2  

- o . o o ~  
- 0.001 
- 0.001 

- 0'001 

- o.001 

- o.002 
- 0'002 
- 0.00.3 
- 0.002 
- o.oo.7 

- 0'00.3 
- 0.004 
- 0.00.3 
- 0.00.3 
- 0.00.3 

- 0.00.3 
- 0.00.3 - 0.004 - 0.00,; 

- 0'005 

- 0.005 
- 0.004 
- 0.004 
- 0 . 0 0 ~  
- o.002 

2:: 2::: 
above ( + )  

or below (-) 
Kendrapors 
(mean result 

by two 
levellers) 

feet 
+ 3 3 ' 1 1 8  
+ 41.265 
+ 40'993 
+ 40.593 
+ 40.324 

+ 32.19.3 
+ 29.856 
+ 27'844 
+ 28.300 
+ .qz.oqr 

+ 33.841 
+ 2R.624 
+ 28'679 
+ zz ' j36 
+ 24.694 

+ 32'7j4 
+ 46.246 
+ 44'18j  
+ 51'950 + 48.242 

+ 40'785 
+ 38'499 
+ .18'513 
+ 22.643 
+ 11.616 

+ 1'419 
+ ;'88,3 
+ 5'848 
- 2 - 9 1 ;  
+ 2 . j41  

+ 1'3.77 
- .1'oh.3 - 1 ' 3 h j  -  jog 
+ 1 . jo5  

- 2 - 3.728 - 1.009 
- 1.790 - 0.960 

+ 3.1.31 
+ 2.007 
+ 6.849 
+ 0.555 
+ 6.611 

+ 4'394 + 8.925 
+ 4.508 
+ 5'24.3 
+ 6.747 

+ 6.779 
+ 9,687 
+ 15',377 
I 

+ p2.627 

+ 14.631 
+ 2 6  
+ 21.810 
+ ao.q<)q 
+ 1 0 ~ 1 t 6  

8 

Benoh.msrks 

From 1 TO 

~i~~~~~~ 
froln 

Kendra- 
para 

miles 
73.88 
74.86 
7j.16 
75.44 
76.60 

77.96 
78.84 
79'8.3 
80.86 
81.81 

8z.50 
83.66 
84-80 
85.80 
P6.49 

87.80 
88.81 
89.81 
90.81 
91'06 

91.79 
91'88 
91 '89 
92 '91 
93.36 

93.91 
94.91 
96-2.3 
96'94 
97'9.3 

99.04 
99'1)s 

100 .10  
uoo.iJ5 
102.38 

103-09 
1o4.08 
10; 03 
10b.08 
1oj .07 

107.67 
108'07 
1011'07 
100'57 
1 1 0 ' 2 7  

111'27 
111'94 
113.16 
115.25 
115 .51  

116.24 
117'24 
118 '2 , ?  
110.16 
110.21 

I za . r+  
123.06 
1a4.18 
125.92 
127.91 

61 
62 
6.1 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
7G 

76 
77 
78 
79 
80 

81 
82 
83  
84 
86 

8G 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 

100 

101 
102 
103 
104 
105 

106 
107 
108 
109 
110 

111 
112 

114 
116 

116 
117 

119 
120 

i 

62 
63 
64 
65 
66 

67 
68 
69 
70 
71 

72 
73 
74 
75 
76 

77 
78 
79 
80 
81 

82 
83  
84  
85 
86 

87 
88 
89 
90 
91 

93 
$13 
nr 
95 
96 

97 
93 
99 

100 
101 

10.2 
103 
104 
105 
loti 

107 
108 
109 
110 
I l l  

112 
113 
l I 4  
115 
116 

117 
118 
119 
120 
121 

Discrepanoy betaaon 

(First-Second 

F ~ m m ~ ~ ; f h  
( = d )  

foot - 0.007 
+ 0,008 - 0 '002  - 0.004 
+ o.ooj  

+ 0'004 
+ 0.027 
+ 0'010 
- 0 . 0 2 1  

+ 0.003 

- o.005 
+ 0.003 - o.ooh 
+ 0,005 
+ 0.001 

- 0.008 
- 0,006 
- 0.017 
+ o.001 
+ 0.006 

+ 0.004 
- 0-002 - 0.003 
- 0 ' 0 1 0  
- 0 .011  

+ 0.004 
+ 0.008 
+ 0.035 

0'000 - 0,006 

- 0.00; 
- 0 . 0 1 1  

0'000 

0.000 
+ 0.008 

- 0 .011  - 0.010 - 0.000 
+ 0.002 
+ o.ooj  

- 0.006 
- o.ooj  
+ 0.007 
+ 0.00.3 
+ 0.00.3 

+ 0.001 
+ 0'002 - 0.002 

+ 0 ' 0 1 1  - 0 . 0 ~ 6  

- 0.009 
+ 0.005 
- 0'007 
+ O . O I O  - 0.017 

+ 0.0.39 - 0.008 
+ 0.008 
+ 0.008 
- 0.008 

levellem 
leveller) 

'l'olal from 
Kendropare 

foot - 0'050 - 0.041 
- 0,044 - 0.048 
- 0.043 

- 0.039 
- 0 . 0 1 2  

- 0'002 
- 0.02.3 
- 0.020 

- o . o z j  
- 0 . 0 2 2  

- 0-028 - 0.02.q 

- 0.022 

- 0.030 
- 0.036 
- 0.05.3 
- o , o j z  - 0.046 

- 0.042 
- 0.044 
- o.o+;  
- 0'057 
- 0.068 

- o-oh4 - 0.056 
- 0.021 
- 0'021 - 0.027 

- 0.034 
- 0'045 
- 0.04j  
- 0.045 
- 0,037 

- 0.048 
- 0-058 
- 0.049 - 0.047 
- 0.042 

- 0.048 
- 0 ,053  
- 0.046 
- 0.043 
- o.040 

- 0.039 
- 0.037 
- 0.030 - 0.028 
- 0.0.34 

- o.oj.3 
- 0.0.38 - 0'04s 
-0.0.15 - 0.052 

- 0.01.3 - 0.021 - 0.013 
- 0,005 
- 0.01.3 



LEVELLING OPERATIONS. 

Line No. 75. Kendrapara to Howrah.-(Continued), 

Dis,nnce 
from 

K c l ~ d r s -  

miles 
130.29 
131.45 
1.32.29 
132.gj  
134.65 

135.75 
135.87 
1.37.86 
139.22 
140.26 

141, ;o 
143'65 
144.54 
146.76 
148'87 

150'41 
154.20 
155'83 
156.73 
160.18 

160.68 
161.58 
163.99 
168'4j 
171.06 

171.26 
174.34 
176.10 
177'51 
180.04 

182.97 
187.22 
190.56 
193.83 
194.88 

197.98 
201.71 
zo,3.21 
203.40 
203.94 

104.89 
205,go 
206.51 
208.37 
108.93 

209.41 
I 
~ 1 1 . 8 6  
r l a . 1 2  
213.36 

a1.3'54 
11.3'61 
11.3.6.3 
214.17 
216.05 

116.86 
2 1 8 . j r  
1 1 8 . ~ ~ 8  
119.91 
$21'45 

Bonch-marks 

Prom I To 

Discrepancy between 

121 
122 
123 
124 
125 

126 
127 
128 
129 
130 

131 
132 
133 
134 
135 

136 
137 
138 
139 
140 

141 
143 
143 
144 
145 

146 
147 
148 
149 
150 

151 
152 
153 
164 
155 

166 
167 
158 
169 
160 

161 
162 
163 
164 
165 

166 
167 
168 
169 
170 

171 
172 
173 
174 
176 

176 
177 
178 
179 
180 

~ ~ : ~ , ? ~ ~  
above (+  ) 

or below(-) 
Keodrnpara 
(mean result 

by two 
levellers) 

f e d  
+ 8.731 
+ 12,367 
+ 12.,39,3 
+ 11.489 
+ 11.879 

+ 12'085 
+ 10.306 
+ 7'365 
+ 8'395 
+ 5'780 

- 1.278 
- 9.391 - 9'050 
- 10,656 
- 9.308 

- 10'393 - 10.460 
- 7'0.31 
- 5'828 - 8.032 

+ 1;'018 
- g .o j8  
- 9'935 - 8.5jq 
- 6,876 

- 8'335 - 7.004 
- 4:947 
- 7 09.3 - 1.947 

- 3'719 
- 7.631 - 5'103 
- 4'201 
- 4'517 

- 4'740 
- 4.906 
+ 0.079 
- 0.308 
- 8.392 

- 0.874 
- 0.130 
- 5.195 
- 4.466 
- 4.382 

- 5.405 - 3.508 - 0.657 
- 4.179 - 2.053 

- 
- 3.8,s 
- 1.438 - 8.629 
- 1.973 

- 4.160 
- 10'949 
- 8.789 
- 4 . 0 ~ ~  
- 7'914 

levellers 
(First- second 

Froln mark 

to ( = d l  mark 

foot 
+ 0'004 
+ 0'021 
- 0'010 
- 0'010 

+ 0.006 

+ 0.008 
+ 0'009 
- 0.013 
+ 0.024 
- o . w j  

- 0.008 
- 0'00.1 
- 0'020 
- 0 .013  
- o .oo j  

0'000 
+ 0.015 

0.000 
+ 0.006 
+ 0 .014  

+ 0.007 - 0.019 
+ 0.019 
+ 0.020 
+ 0 . 0 1 ~  

+ 0.028 
- 0 .002  

0.000 

+ 0'020 
- 0 .018  

+ o . o o j  
+ 0 .013  
+ 0.04.3 - 0.036 - 0 ,009  

+ 0.012 
+ 0.033 - o.001 
+ 0.003 
- o.007 

+ 0.005 - 0.004 
+ 0.006 - 0.011 

- o.002 

- 0.011 
+ 0.008 - o.oaz 
- 0.005 
- 0.008 

a.ooO 
0.000 - 0.002 

- 0.006 
+ 0.016 

+ 0.005 
+ 0.001 
+ 0.001 - 0.016 - 0.008 

123 
123 
124 
125 
126 

127 
128 
129 
130 
131 

132 
133 
134 
135 
136 

137 
138 
139 
140 
141 

142 
143 
144 
145 
146 

147 
148 
149 
150 
151 

162 
i53  
154 
165 
156 

157 
158 
159 
160 
161 

162 
I63 
164 
1 6  
166 

167 
I68 
169 
170 
171 

172 
173 
174 
175 
176 

177 
178 
179 
180 

leveller) 

Tot61 from 
Kendrnparn 

foot 
- 0,009 
+ 0 ' 0 1 2  

+ 0 . 0 0 2  

- 0.008 - 0.002 

+ 0.006 
+ 0.015 
+ 0 ~ 0 0 2  
+ 0.026 
+ 0 . 0 2 1  

+ 0.013 
+ 0.009 
- 0.011 

- 0.024 - 0.029 

- 0'029 
- 0 .014  
- 0.014 
- 0.008 
+ 0.006 

+ 0'013 
- 0.006 
+ 0,013 
+ 0.033 
+ 0.045 

+ 0.073 
+ 0'071 
+ 0.071 
+ 0.091 
+ 0'07.3 

+ 0.078 
+ 0.091 
+ 0.1.34 
+ 0,098 
+ 0,089 

+ 0.111 

+ 0.144 
+ 0 .143  
+ 0 . 1 ~ 6  
+ 0.139 

+ 0.144 
+ 0'140 
+ 0 .146  
+ 0.135 
+ 0.133 

+ o . Iza  
+ 0.1,30 
+ 0 .128  
+ 0 ,123  
+ 0.115 

+ o.115 
+ 0.115 
+ 0.11.3 
+ 0.107 
+ 0.11.3 

+ 0.118 
+ 0.12l) 
+ 0.130 
+ 0'114 
+ 0,106 

2,";;;" 
deduced from 
mark tolnark 

~ ~ t ~ l  from 
Kendrnpara 

fool 
- 0,002 
- 0.003 
- 0.003 
- 0.003 - 0.003 

- 0.003 - 0.003 
- 0'003 
- 0.003 
- 0.003 

- 0.002 
- 0.001 
- 0'001 

- 0'001 
- 0'001 

- 0'001 
- o ' o o ~  
- 0.002 
- 0.002 - o.002 

- 0,006 
- 0.002 

- 0 ' 0 0 2  

- 0'002 - 0.002 

- 0.002 - 0.002 - 0'002 
- 0'002 
- 0'003 

- 0'003 - o.002 - 0.w2 - 0.002 
- 0'002 

- 0'002 
- 0.002 - 0.003 
- 0'003 
- o.ooa 

- 0.003 - o ' o o j  - 0 '002  - 0'002 
- 0.002 

- 0'002 - 0 ' 0  
- 0'002 - 0'002 
- 0'001 

- 0.001 - 0.002 
- 0.001 - 0.001 - 0.00' 

- 0.w' - o'OO1 - 0.001 - 0."' - 0.00' 

D ~ n a m i ~  

nbEeigy+) 
or below (-) 
Kendmp~ra 

/eel 
+ 
+ 12.364 
+ 12.390 
+ 1 1 . ~ 8 6  
+ 11.g76 

+ 12.08z 
+ 10.303 
+ 7.362 
+ 8 . ,39~  
+ 5.777 

- 1 . ~ 8 ~  
- 9.392 
- 9.051 
- 1 0 . 6 ~ ~  
- 9.309 

- 10,394 
- 1 0 . ~ 6 1  
- 7,033 
- 5.830 
- 8.034 

+ 17'012 
- 9-060 
- 9.937 - 8.561 - 6.878 

- 8'337 - 7,006 
- 4'949 
- 7'095 - 1'950 

- 3,722 
- 7'633 - 5'105 - 4'203 
- 4'519 

- 4'742 
- 4'908 
+ 0.076 
- 0'311 
- 8.394 

- 0'877 
- 0,133 
- 5'197 
- 4'468 
- 4'@4 

- ~ ' 4 ~ 7  
- .?'5" - 0 . ~ 5 9  - 4"" 
- I'O55 

- 2.751 
- 3'847 - "44O - 8'630 - "975 

- 4 . 1 ~ '  
- 10'950 - ''790 - 4'0" - 7 . 9 1 ~  

.' 



RESULTS OBThZNED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 75. Kendrapara to Howrah.-(Continued). 

Difference of dynamic height, Kendrapara to Howrah = - 2.688feet. 
Length of line in miles = M = 250.98. CdP = 0.030666. 

- 
Probable error of the mean result per mile of double-levelling = 0.6745& = + 0.0037. 

Probable error of the d ierenee  of elevation between the terminal bench-mark8 = oe6745452/$ = + 0.0691. 

Bencb.marks 

From / To 

* Bsnch.mark No. 206 is the mark at Howrnh described on page 134. 

above (+)  
or below (-) 
Kendrapare 

feet 
- 6.317 
- 7'773 
- 4.945 
- 4.978 - 10,132 

- 5'020 
- 3'991 - 4'355 
- 4'697 
- 5.666 

- 4'897 
- 6.438 - 6.240 
- .3'738 - 7'984 

- 7'633 
- 4'977 
- 2.034 - 1 .516  - 6.607 

- 10,775 
- 1.767 
- 4,694 - 4'094 
- 2,688 

Observed 
elorntion 
above (+)  

or below (-) 
Kendrnpnra 
(menn result 

by two 
levellers) 

feet 
- 6.515 
- I 
- 4'943 
- 4'976 - 10.131 

- 5'018 
- 3'989 
- 4'353 - 4'695 - 5'664 

- 4'895 - 6.436 - 6.238 
- 3'736 - 7'982 

- 7'6.31 
- 4'975 - 2.0.32 - 1'514 
- 6,606 

- 10'774 
- 1'76s 
- 4.632 - 4'092 - 2.686 

~ i ~ t ~ ~ ~ ~  
from 

Kendra- 
para 

milea 
223.06 
224'94 
226.27 
227.26 
228.24 

228.92 
229.28 
229.78 
229.91 
232.80 

233.99 
234.55 
zj5.08 
2.3j.37 
237.15 

2.38.06 
240.07 
240'91 
241.90 
244.01 

244',39 
246.2j 
247'65 
249.98 
250.98 

181 
182 
183 
184 
185 

186 
187 
188 
189 
190 

191 
192 
103 
194 
195 

196 
197 
198 
199 
900 

201 
202 
203 
201, 
205 

Dynamic 
eorrcetion 

deduced from 
mark to mark 

Total lrom 
Kendrapara 

foot 
- o'oor  
- 0'002 - 0'002 - 0'002 

- 0.001 

- 0.002 
- 0.002 
- 0 ' 0 0 2  

- 0.002 - 0.002 

- 0'002 - o.ooz 
- o ,oor  - 0 . 0 0 ~  
- o,ooz 

- 0 ~ 0 0 2  - 0 '002  

- 0'001 
- 0'002 
- 0.001 

- 0.001 - 0 ' 0 0 2  

- 0'002 
- o.002 
- 0.001 

182 
183 
184 
185 
18G 

187 
188 
189 
190 
191 

192 
193 
194 
195 
196 

197 
198 
199 
2M) 
201 

202 
203 
204 
205 
206' 

Discrepnnc~ between 
levellers 

From mark 
to 
(-4 

foot 
+ 0.015 
+ 0.009 
- 0'010 - 0.006 
+ 0.016 

- 0.003 
+ 0.004 - 0.004 

0.000 

+ 0.004 

+ 0'022 
+ 0.004 
+ o.001 
+ 0.011 - 0 ,015  

- 0.012 
+ 0 '0 .3~  
- 0.001 - o.azz 
- 0.005 

+ 0'008 
+ 0.029 
- o.004 
+ 0,009 
+ 0 . 0 2 2  

Total from 
Kendrnpara 

foot 
+ 0 . 1 2 1  

+ 0'130 
+ 0'110 
+ 0.104 
+ 0.120 

+ 0.117 
+ 0 ' 1 2 1  

+ 0.117 
+ 0.117 
+ O . I Z I  

+ 0'14.1 
+ 0.147 
+ 0,148 
+ 0.159 
+ 0.144 

+ 0 . 1 3 ~  
+ 0,164 
+ 0.16.3 
+ 0.141 
+ 0.136 

+ O'l44 
+ 0.173 
+ 0.169 
+ 0'178 
+ 0.200 



LEVELLING OPERATIONS. 

Line No. 76. Purnea to Ramganj. 

Bench-mark No. 1 L tho m u k  at P m u  described on p y e  186. 

B a n o h - m u h  
Di8 t .n~  

from 
P w n e a  

m i l .  
0.78 
1 -65  
3 '68  
4.68 
5'68 

6.68 
7.68 
9.68 

10.68 
11.68 

12.68 
13.68 
14'17 
14.69 
15.69 

16.69 
17.70 
19'71 
10.75 
21-79 

24.66 
15.66 
16.66 
27.66 
28.66 

29.66 
30.65 
31.65 
32.64 
33'64 

34.63 
35.61 
36.61 
37.61 
38.60 

39.60 
40.59 
41.59 
41.58 
43.57 

44.59 
,5.56 
46.55 
47.93 
48.53 

49.57 
SO'S7 
51.56 
51'4.3 
51.56 

53.55 
5 4 . ~ 0  
56.53 
57.51 
58.52 

59.5,  
59.94 
60.59 
61.52 
61.51 

I* 
2 

' 
lo 

l1 

13 
14 
16 

16 
l7 

19 
20 

21 
88 
33 
2-4 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38  
39 
40 

41 
42 
43 
44 
46 

46 
47 
48 
49 
60 

61 
62 
63 
64 
66 

66 
67 
68 
69 
60 

2 
3 

6 

7 

lo 
l1 

l2 
l3 
14 
1 5  
16 

17 
1 8  
l9 
20 
21 

2.2 
23  
24  
25 
56 

27 
28 
29 
30 
a1 

32 
33 
34 
35 
36 

37 
38  
39 
40 
41 

42 
43 
44 
45 
46 

47 
48 
49 
60 
61 

52 
63 
6 4  
66 
66 

67 
68 
69 
60 
61 

Disorepancy belasen :::~tf 
above ( +  ) 

orbelow (-) 
Pornen 

(mean result 
by two 

lo~el lers)  

f ee t  
+ 5'359 
-. a.o27 
+ 7.330 
+ 5.748 
+ 6.959 

+ I 

+ 5.998 
+ 8.63.3 
+ 7.600 
+ 6.102 

+ 6.883 
+ 8.574 
+ 2.630 
+ 9.483 
+ 8.471 

+ 10.613 
+ 9.743 
+ 9'4.39 
+ 9.732 + 5.841 

+ 6,117 
+ 7.144 
+ 11.077 
+ 11.741 
+ 13,070 

+ 14.099 
+ 13.616 
+ 16,490 
+ 17.443 
+ ~ 0 . 5 0 4  

+ 21.574 
+ 23.811 
+ zj..3,31 
+ 14';,14 
+ 25.25j  

+ 19.066 
+ .qz.g81 
+ 36.187 
+ 67.080 
+ 42.133 

+ 39.643 
+ 46.441 
+ 49.059 
+ 51.652 
+ 54.899 

+ ,~1.6R9 
+ 60.199 
+ 6r.7h9 
+ 6 1 . ~ 8 8  
+ 65.604 

+ 70.135 
+ 69.975 
+ ?6. ,3r j  
+ 79.574 
+ i8.707 

+ R1.6a6 
+ 85.274 
+ 92.565 
+ 97.2,lR 
+ 101~080 

(Fir8t- Becond 

~ o ~ ~ ~ k  
( = d l  

foot 
0'000 - 0.002 

+ 0'008 
+ 0 . 0 0 ~  

+ 0.004 

- 0.001 - 0.024 
- 0.005 
- 0.018 
- 0 . 0 0 2  

+ 0.003 
- 0.001 
- 0.004 - 0-005 
- 0.003 

- 0.003 - 0.001 - O'OU 
- 0.010 
+ 0.004 

0'000 - 0 .014  
0'000 
0'000 

+ o.01.3 

+ 0.002 

+ 0.007 
- 0.009 
- 0.015 
- 0,006 

- 0.006 - o . o l a  - 0.007 
+ 0.026 
- 0.004 

- 0.010 
+ 0.017 
+ 0.014 
+ 0.013 
- 0 .002  

- 0.010 

+ 0.005 - 0.004 
+ 0.017 

o.000 

- 0.0" 

o 000 

+ 0.008 
- 0.017 
- 0.00l  

- 0.011 
- 0.011 
+ 0.009 
+ 0.007 - 0.003 

+ 0 . 0 1  - 0.004 
+ 0.005 
+ 0.004 - o.m.9 

levellers 
levsller) 

T o l d  from 
Purnes  

foot 
O'oOo 

- o.ool 
+ 0.006 
+ 0.008 
+ 0.012 

+ 0,011 - o'o1,3 - 0.018 
- 0.036 - 0.038 

- 0.035 
- 0.0.36 - 0,040 
- 0.045 
- 0,048 

- 0'051 
- 0.053 - 0.064 
- 0.074 - 0.070 

- 0.070 
- 0.084 - 0.084 
- 0.084 - 0.071 

- 0.069 - 0.062 
- 0.071 
- 0 . ~ 8 6  
- 0.092 

- 0.098 
- 0 , 1 1 0  

- 0.117 
- 0'oc)l 
- o.ogj  

- 0.105 - 0.088 
- 0.074 - 0.061 
- 0.063 

- 0.07.3 
- 0.06tl - 0,072 
- 0.055 
- 0.055 

- 0.076 
- o.o;h - 0.068 
- 0.08s - 0.087 

- 0.098 
- 0.109 - 0.100 
- 0.09.1 - 0 . 0 ~ 6  

- 0,095 - 0.099 - 0.094 - 0.090 
- 0.09.3 

z:z;:n 
deduced from 
mnrkto mark 

T O L ~ ~  from 
Purnes 

foot 
+ 0'001 

o.ooo 
+ 0.001 
+ 0.001 
+ 0.001 

+ O . w l  

+ 0.001 
+ 0.001 
+ 0.001 
+ 0.001 

+ 0.001 
+ 0.001 

0.000 
+ 0.001 
+ 0.001 

+ 0.001 

+ 0'001 
+ 0'001 
+ o.001 

0.000 

o,ooo 
0.000 

+ 0'001 
+ 0.001 
+ o.oor 

+ 0'001 
+ 0.002 

+ 0'00,  
+ 0'001 
+ 0'001 

+ 0'001 
+ o.001 
+ 0'001 

+ 0'001 

+ o.001 

+ o.oo2 
+ 0'00.3 
+ 0.004 
+ 0.004 
+ 0.005 

+ 0.00,; 
+ 0.006 
+ 0.006 
+ 0.006 
+ 0'007 

+ 0.007 
+ o,ooR 
+ 0.008 
+ 0.008 
+ 0,Oag 

+ 0.010 
+ 0.010 
+ 0.011 
+ 0.011 

+ 0'012 

+ 0'013 
+ 0.014 
+ 0.015 
* 0.016 
+ 0.017 

'{:$: 
above ( + ) 

orbelow (-) 
Purnes 

.feet 
+ 5.360 - 1'027 
+ 7.331 
+ 5.749 
+ 6.9(,o 

+ 5.122 

+ 5.999 
+ 8.634 
+ 7.601 
+ 6.103 

+ 6 . 8 ~ ~  
+ 
+ 2.630 
+ 9.484 
+ 

+ 10.614 
+ 9 . 7 ~  
+ 9.440 
+ 9.733 
+ 5,841 

+ 6'117 
+ 7.144 
+ 11.078 
+ I I . ; ~ Y  

+ ~ j , o j r  

+ 14.100 
+ 13.618 
+ 16'499 
+ 17,444 + 20'505 

+ 21'575 
+ ~ 3 ' 8 2 1  
+ 2j.331 
+ 24'5.35 
+ 25.156 

+ 29.068 
+ 3 ~ 9 8 4  
+ 36.191 
+ .li.oR4 
+ 42.138 

+ ,19'648 
+ 46 447 
+ 49.065 
+ 6 1  658 
+ 5 4 . 9 0 ~  

+ 5.1.Q6 
+ 60'207 
+ 61'777 
+ 61'!.96 
+ 65.615 

+ 7°'14,: 
+ hq0'87 
+ ih'.12s 
+ i9'sR6 
+ iR '7 '9  

+ R"h39 
+ 85"RR 
+ 9 ' ' ~ ~ ~  
+ 9i"54 
+ 1°1'097 



RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING; 

Line No. 76. Purnea to  Ramganj.-(Continued). 

Difference of dynamic height, Purnea to Ramganj = + 112.060 feet. 
Lengtli of line in  miles = M = 68.81. Ed2  = 0.006060. 

Probable error of the mean result per mile of double-levelling = 0 . 6 7 4 5 J z  = - + 0*003!2. 

~ ~ ~ ~ ~ i c  
( + ) 

or below (-) 
PUrnoa 

feel 
+ 102'204 
+ 102.819 
+ 108.076 
+ 107.638 
+ 107.642 

+ 102.914 
+ ~ o g ' o j ~  
+ 112.060 

Probable enor of the difference of elevation between the terminal bench-marks = 0.6145 2/? = t 0,0263. 

nynnmic 
correc~jon 

deduced from 

Total from 
Purnea 

fool 
+ 0.011 
+ 0,017 
+ o . o ~ R  
+ 0 .018  
+ 0.018 

+ 0.017 
+ 0'018 
+ o.org 

* Hench.mlrrk No. 69 is the  mark at Earuganj described on page 135. 

Observed 
c,e,."tjon 

abovo (+  ) 
or bclo,v 

Purnes 
(menu result 

by tn.0 
levellers) 

feet 
+ 102.187 
+ 102.802 
+ l o B . 0 ~ 8  
+ 107.620 
+ 107.624 

+ 102'897 
+ 1og'o3,3 + I I Z . O J I  

Benoh.mark8 

l ? o  1 To 

Dinlaneo 
from 

Puroea 

miles 
62.73 
63.51 
65.51 
66.4.5 
67.48 

67'94 

: 

61 
62 
63 
64 
65 

66 
67 
68 

62 
63 
64 
65 
66 

67 
68 
69* 

Dieerepaney between 
levellers 

(First- second leveller) 

F:z:zk 
(-4 

fool - 0'007 - 0 .012  - 0'004 
+ 0,006 
- 0.00.3 

+ 0'001 

+ 0'019 
+ 0'001 

Totnl from 
Purnes  

foot 
- 0'100 
- 0 ' 1 1 2  
- 0'116 
- 0.110 
- 0'113 

- 0 ' 1 1 2  - 0'093 
- O'Ogl 



LEVELLING OPERATIONB. 

Line No. 77. Howrah to Ramgan]. 

Bench-mcuk No. 1 u the mark at Honbh deacribed on pege 184 

b 

Banoh-muka 

From 1 To 

Diatance 
from 

Bowrsh 

miles 
0 . 8 1  
0.84 
1 . 1 0  

1.36 
1.71 

2.29 
"99 
3 ' 3 '  
4.07 
4.86 

5.32 
5.90 
5.93 
8 .19  
8.23 

16.46 
17'85 
18.50 
zo..35 
23.29 

24.68 
2h.87 
28.12 
29'25 
3 0 . 6 ~  

32.30 
34.64 
35.75 
36.16 
36.66 

38.19 
j o ' l o  
40.98 
42.37 
43.99 

45.74 
46.61 
47.76 
48'75 
50.40 

52.14 
54.68 
56.52 
58.1.3 
59.54 

61.21 
62.85 
64.1.3 
09-6.3 
70.48 

;6.;6 
jR.,37 
78.41 
8.3.59 
8 5 . 1 5  

R6.R; 
8 j . j Y  
88.86 
90.73 
92.47 

1. 

3 

ti 
7 

10 

11 
12  
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34  
35 

36 
37 
38 
39 
40  

41 
42 
41 
a 
45 

46 
47 
48 
49 
GO 

61 
6 2  
63 
64  
65 

5G 
57 
58 
59 
CQ 

2 
3 
4 
5 
6 

7 
8 

lo  
11 

12  
13 
14 
15 
16 

17 
18 
19 
20 
21 

22 
23 
24 
25 
PG 

27 
28 
29 
30 
31 

32 
33 
3 1  
3.5 
3G 

37 
38 
39 
40 
41 

42 
43 
44  
45 
46 

47 
48 
49 
50 
61 

5 2  
63 
6.L 
5.5 
6G 

GI 
68 
6 9  
6 0  
61 

Discrepancy between Obaewed 
eleralion 

above ( + ) 
or bulow (-) 

Howrsh 
(mean result 

by two 
levellera) 

f - 1.800 
- , 3 .5n j  
- 1'118 
- 3'686 
+ 0.469 

- 0.153 
- 0~011 

+ 0.865 
+ 3,151 
- 1'015 

+ 1.584 
+ 0.340 
+ 0.044 
+ 4'542 
+ a . 5 4 ~  

+ 0.033 
+ 1.534 
- 1.6.38 - 0..382 
- 0.876 

+ 1 . 6 ~ 5  
+ 10.269 
+ 1.347 
+ 4'263 
+ 5'536 

+ 8'186 
+ 13'519 
+ 8.82.3 
+ 10.277 
+ 5'778 

+ 6.308 
+ 7'941 
+ b4.329 
+ 13.196 
+ 15.496 

+ 17.601 
+ 1 6 . ~ 0 ~  
+ 11'92j  
+ 10.3.31 
+ 14.724 

+ 13'492 
+ 9.364 
+ 1~.,3,36 
+ 11'551 
+ 1 1 . ~ ~ 6 3  

+ 11.952 
+ 12,416 
+ 11.819 
+ 13.2.37 
+ 11.614 

+ 1.3.36,~ 
+ 21.8,37 
+ 20.,346 
+ I O . O S , ~  

+ 18.167 

+ 2.3.2.36 
+ 26.605 
+ r , j ' / 18  
+ 1 0 . ~ 9 0  
+ a 0 . ~ 8 ;  

levellera 
(First - Second 

From mark 
to mark 
(-  d )  

foot 
- 0.001 - 0.002 

0'000 

+ 0.008 
+ 0.004 

+ 0.015 - 0.012 
- 0'001 
- 0-001  - 0.004 

- 0.007 
+ 0.018 

0.000 

+ 0.00; - o.001 

+ 0.026 
+ 0.004 
+ 0'002 

0'000 

+ 0'026 

+ 0.019 
+ 0 ,016  - 0.002 
+ 0'008 
+ 0 .012  

+ 0.009 
+ o ' o z j  
+ 0'01.3 - 0.005 

0.000 

- 0 . 0 0 4  - 0.001 
+ 0.002 - 0.009 
+ o .oo j  

+ 0.015 - 0.004 - 0.604 
- 0,007 
- 0.007 

+ 0.008 
+ 0.005 
+ 0.007 
+ 0.005 - 0'003 

+ 0'004 
+ o.001 - o .o ra  
+ o.010 - o.008 

+ 0.0.37 - o . o o j  
+ 0.001 - 0 .021  - 0.004 

+ 0.002 

o ,ooo - 0.009 
- 0 .01  I 
- 0.009 

leveller) 

, 

T o ~ a l  from 
Howrah 

fool - 0.001 
- 0.003 - 0'00.3 
+ 0.005 
+ 0'009 

+ 0'014 
+ 0 ~ 0 1 1  
+ 0.011 
+ 0.010 
+ 0.006 

- 0.001 
+ 0 ' 0 1 7  
+ 0.017 
+ 0,024 
+ 0.023 

+ 0,049 
+ 0.053 
+ o ' o j j  
+ 0.055 
+ 0.081 

+ 0 .100  
+ 0.116 
+ 0 .114  
+ 0.122 
+ 0,134 

+ 0.143 
+ 0 .168  
+ 0 , 1 8 1  
+ o.r;h 
+ 0.176 

+ O . I ; Z  
+ 0'171 
+ 0 . 1 7 3  
+ 0 ,164  
+ 0.169 

+ 0 ,184  
+ 0.180 
+ 0.176 
+ 0.169 
+ 0'162 

+ 0.170 
+ o.1;5 
+ 0.182 
+ 0 .187  
+ 0.184 

+ 0.108 
+ 0.109 
+ 0.177 
+ 0.187 
+ 0.179 

+ 0.216 
+ 0 . 2 1 1  

+ 0 .112  

+ 0.191 
+ 0.187 

+ 0 .189  
+ 0.189 
+ o.180 
+ 0.86') 
+ 0,160 

Dynamic 
correction 

deduced from 
to mark 

TON from 
Howroll 

foot 
0.00 
o.ooo 
0.000 

0 . 0 0 ~  

0 . 0 0 ~  

0.000 
0'000 
0.000 
0 . 0 0 ~  
0'000 

0.000 
0,000 
0 . 0 0 ~  
0.000 
o.000 

0.000 
0 '000 
0.000 
0.000 

0,000 

0.000 - o.001 
0'000 

0.000 

0'000 

0.000 

o,ooo 
0.000 
o.ooo 
0'000 

0.000 
0'000 
0.000 
0.000 
0.000 

o.ooo 
0.000 
o.ooo 
0.000 
0'000 

0'000 

0.000 

o.ooo 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 

o . w o  
0'000 

0'000 

o .ooo  
0.000 

0.000 
0.000 
0,000 

0.000 
0'000 

D ~ n n m i ~  
11eigbt 

nbove ( + ) 
or below (-) 

Howrab 

feel 
- 2,800 

- 3.585 
- I . l l 8  
- 3.6R6 
+ 0.469 

- 0.153 
- 0'021 
+ o,86j 
+ 3.151 - 1.015 

+ 1.584 
+ 0.310 

+ o.944 
+ 4.j42 
+ 

+ o.033 
+ 2.534 
- 1 . 6 ~ 8  
- o.,381 
- 0.876 

+ 1.635 
+ 10,268 
+ 1.34; 
+ 4.163 
+ 5.536 

+ 8.186 
+ 1,3.5zr) + 8,Hzj 
+ 10.27; 
+ 5'778 

+ 6,308 
+ 7.942 
+ I . $ ' J z ~  + 13'196 
+ 15,496 

+ 1i.601 
+ 16.90j 
+ 11'925 
+ 10'331 
+ 14'724 

+ 1.3'492 
+ 9.364 
+ 11'3.16 
+ 11'551 
+ 11.363 

+ 11'Os2 
+ 12.416 
+ 11'819 
+ 13'237 
+ ~ 1 . ~ ~ 4  

+ 1 3 . 3 ~ 3  
+ 11'837 
+ 10 .34~  
+ 1 0 ' ~ i . l  
+ 1 8 . 1 ~ 7  

+ 2.3"36 
+ 26'60s 
+ 1.3'7" 
+ aO'.%'JQ 
+ a0'487 



pJ?HWl"S OBTAINED FROM BIMULTANEOUS DOUBLE-LEVELLING. 

Line No. 77. H o w r a h  to Ramganj.-(Continued).  

~ench-msrkn 

From ( To 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
78 

76 
77 
78 
79 
80 

81 
82 
8a 
84 
85 

86 
87 
80 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 
100 

101 
102 
103 
104 
105 

IOG 
107 
100 
109 
110 

111 
112 
113 
114 
l15 

116 

118 

laO 

. 

miles 

94.65 
95'54 
9 i . 6 4  
99.48 

103.55 

105';s 
106.61 
108 .3~  
110.20 
113'15 

121.01 
1~,3,,36 
r z j . 1 5  
129.68 
130'0.3 

1.31'31 
1 ~ 2 . 1 3  
136.48 
138.47 
139.87 

144'43 
147'49 
149.02 
150.15 
152.63 

154'16 
155.16 
156.83 
1 j j . 9 4  
159'58 

1 6 1 . 9  
163'78 
166.05 
167.41 
168,;o 

169.88 
I 

173'57 
175.49 
178.14 

178.84 
179.77 
182.7,~ 
183.53 
189.83 

rg1'7H 
194.08 
1 9 6 . ~ 6  
ZOO'S7 
ro3.41 

20.5'14 
207.1.3 
zog)'go 
2 1 1 . g ~  
213.53 

115.73 
217.47 
l t g ' z 8  
22l.02 
222'81 

GB 
63 
G4 
65 
66 

67 
68 
69 
70 
71 

72 
78 
74 
75 
76 

77 
78 
79 
80 
81 

R2 
83 
84 
85 
86 

87 
88 
89 
90 
91 

92 
93 
94 
95 
96 

97 
98 
99 
100 
101 

102 
103 
104 
lW 
106 

107 
108 
lo!' 
110 
111 

112 
llP 
114 
116 
116 

117 
118 
119 
120 
121 

fool 
+ o.ooj  

0.000 
+ 0 '012  - 0.001 
+ 0.010 

- 0.017 
- 0'014 
- 0'005 - 0.015 - 0.013 

+ 0'013 
0.000 

+ 0.009 
+ 0.006 - 0'00.3 

0.000 
- 0.008 - 0.02; 
- 0.034 - 0'012 

- o'oj.3 
- 0'035 
+ 0-009 
+ 0.002 
+ 0 . 0 ~ 0  

- o.008 
0.000 
o'ooo 

+ 0.010 
- o ' o o j  

+ o.011 
+ 0.010 
+ 0.008 
- o.oag 
+ 0-009 

- 0.007 
+ 0.006 
+ 0.006 

0.000 - 0.010 

+ 0'004 
+ 0'021 - 0.006 - 0.009 
- 0.020 

+ 0.020 
- 0 . 0 0 2  

+ 0 . 0 2 ~  
+ O ' O O j  

+ 0.005 

+ 0.001 
0.000 - 0'002 

+ 0.007 
+ 0-010 

+ 0.01.3 - 0.009 - 0.022 
+ 0.015 
- 0'012 

fool 
+ 0.165 
+ 0-165 
+ O ' l j 7  
+ 0,176 
+ 0.186 

+ 0.169 
+ 0'155 
+ 0.150 
+ 0.135 
+ o.12a 

t 0.135 
+ 0.135 
+ 0.144 
+ 0.150 
+ 0'147 

+ 0.147 
+ 0.139 
+ 0,114 
+ o,oRo 
+ 0.068 

+ 0'0.15 
0.000 

+ 0.009 
+ 0.011 
+ 0.031 

+ o.or3 
+ 0.023 
+ 0'02.q 
+ 0'0,qj 
+ 0 . 0 ~ 0  

+ 0.041 
+ o .o j z  
+ 0.060 
+ 0.055 
+ 0.064 

+ 0.057 
+ 0.065 
+ 0 . 0 6 ~  
+ 0.069 
+ 0.05g 

+ 0.06.3 
+ 0.08) 
+ 0,058 
+ 0.069 
+ 0,049 

+ 0 . 0 6 ~  
+ 0.067 
+ 0.089 
+ 0.094 
+ 0.099 

+ 0.100 
+ O ' I O O  

+ o-090 
+ o . ~ o j  
+ 0.115 

+ 0.128 
+ 0.119 
+ 0.097 
+ 0.112 

+ 0.100 

feet 
+ 21'4 j7 
+ 21.474 
+ 22'134 
+ 22.238 
+ 37'554 

+ 31'340 
+ 24'44.5 
+ 15.046 
+ 1R.z.32 
+ 28'555 

+ 30'975 
+ 33.958 
+ 2j.182 
+ 30.065 
+ 31'473 

+ 33.608 
+ 35'518 
+ 36.259 
+ .?z'oY: 
+ 34.118 

+ 33'709 
+ 37.008 
+ 3 j . g ; ~  
+ 36'311 
+ 34'650 

+ 45'747 
+ 34'17.2 
+ 32'999 
+ 45'750 
+ 31'177 

+ 3a.890 
+ 3.3'552 
+ ,?,?.q85 
+ 33.681) 
+ 33.707 

+ 34.710 + .34.111 
+ .~,1.886 

33.770 
+ 33.774 

+ 33'543 
+ 33'221 
+ .35,040 
+ 35.878 
+ j j . 920  

+ 50,953 
+ 41.567 
+ 42.335 
+ 47'705 
+ 50.154 

+ 5,3.928 
+ s(lzzz 
+ b o . ~ i R  
+ 62.0.30 
+ 63.280 

+ 66,532 
+ 66.826 
+ 67.292 
+ 7 4 . 8 ; ~  
+ 76.772 

font 
o'ooo 
0 '000 
0'000 
0.000 
0'000 

0'000 
o.Wo 
0'000 
0'000 
0.000 

0 '000 
0.000 
o'ooo 
o'ooo 
0'000 

o.000 
0'000 
0.000 
0'000 
0.000 

0'C-m 
0.000 
0.000 
0 '000 
0.000 

0'000 
o 000 
o 'ooo 
0'000 
0 '000 

0.000 
0.000 
o'ooo 
0'000 
0.000 

a ' m o  
0,000 
o'ooo 
0'000 
0.- 

0.000 
0-OW 
0.000 
0.000 
O 'WO 

+ 0.001 
0.000 
0'000 
0.000 
0.000 

0'000 
0 0 0 0  
o.ooo 
o ooo 
0.000 

0.000 
o.ooo 
o'ooo 

+ o.ooI 
+ 0.001 

fept 
+ 21'457 
+ 21'474 
+ ZZ'IJ4 
+ 22.138 
+ 37.754 

+ 31.340 
+ 24'44.5 
+ 25'096 
+ 18'232 
+ 28'555 

+ 30'975 
+ ,3,3'958 
+ z,;'rRz 
+ 3 0 . 0 6 ~  
+ 31'473 

+ .3,3.608 
+ 35'518 
+ .36.259 
+ 32'095 
+ 34'118 

+ 3.3'709 + 37'008 
+ .35'9;8 + 36.31 I 
+ 34.670 

+ 45.747 + ,,J'IZZ 

+ 32'999 
+ 45,750 
+ 32'17; 

+ 32.890 
+ ,~.3'552 
+ 33,985 
+ 9.3.689 
+ 33.707 

+ 34.710 + 34.111 
+ 33.886 
+ 33,770 
+ 33.774 

+ 33.543 
+ 33'221 
+ ~ 5 . 0 ~ 0  
+ 35.858 
+ 37.920 

+ 50.974 
+ 41.567 
+ 42,335 
+ 47'705 
+ 50.154 

+ 5.3.928 
t 56.222 
+ bo.118 
+ 62,ogo 
+ 63.280 

+ ~ b . j g r  
+ 66.826 
+ 6 7 . 2 9 ~  
+ 74 .875  
+ 76.773 



LEVELLING OPERATIONS. 

Line No. 77. Howrah to Ramganj-(Continued), 

Difference of dynamic height, Howrah to Ramganj = + 213.082 feet- 

Length of line in miles = M = 351.69. 28 = 0.032052. 

Z d s  
Probnbls error of the mem result per mile of double-levelling = 0 * 6 1 ~ l / ~  a k 0'ma2' 

Bench-marks 

From I To 

B c ~ c h . m u k  No. 171 u the m u k  a& h m g s n j  described on page 116. 

Distance 
F~.onl 

Howrah 

r n i l ~ r  
225.16 
226.94 
227'R.i 
229'20 
230.91 

232.36 
2.36'82 
r.18.o.z 
2 ' ;  
242.26 

I 
24H.46 
249.9; 
251.50 
25.3.24 

255.78 
r;;.~; 
261.45 
267'24 
269'57 

274'0.3 
278.61 
280'37 
zRj.40 
286.74 

z88,.3j 
290.39 
294'12 
298.88 
302.53 

303.74 
gOj.92 
310.26 
315.81 
317.44 

.319.18 
322.74 
325.37 
326'59 
332.41 

533.76 
jjq.61 
336.31 
.340'70 
j41.50 

343.05 
346.20 
350.68 
351.66 
j51.6t3 

121 
122 
123 
124 
125 

126 
127 
128 
129 
130 

131 
132 
133 
134 
135 

136 
137 
138 
139 
140 

141 
142 
143 
1 
145 

146 
147 
148 
149 
150 

151 
152 
153 
151 
155 

166 
167 
16.9 
159 
160 

161 
162 
163 
164 
166 

166 
167 
16.9 
169 
170 

--- 

122 
133 
1 4  
1% 
126 

127 
128 
10!) 
130 
131 

132 
133 
134 
135 
136 

137 
138 
139 
140 
141 

142 
143 
145 
145 
146 

147 
148 
149 
150 
151 

162 
153 
154 
156 
156 

167 
158 
169 
160 
161 

162 
163 
164 
166 
166 

167 
163 
169 
170 
1718 

Discrepenry between 
lerellers ~~~~~~~ 

nbove ( t ) 
or I,clolr ( - )  
Huwrol~ 

(ulettll result 
by I.WO 

lovellu~~s) 

feet 
+ 79.673 
t 80.210 
+ 82.09.3 
+ 83.906 
+ 87.521 

+ 86.389 
+ 94.535 
+ gj.099 
t 95-058 
+ 96.917 

+ 105.514 
+ 108.pH8 
+ 112.18U 
+ 116.j16 
+ 120,393 
+ 128.~60 
t 126.Rh.l 
+ 137.689 
+ 149,042 
t 1jo.p.30 

+ 162.30~ 
+ 173.194 
+ 1i9.724 
+ 191'479 
+ 199'356 
+ 206'741 
+ 213.28; 
+ 221.40j 
+ 235'388 
+ 248.~40 
+ 251,609 
+ 262.151 
t 276'953 
t 299.741 
+ 312'938 
+ 324.548 
+ ,349'873 
+ 364.941 
+ ,3;5'281 
t 326.760 

+ 314.850 
+ I 

t ,3or.8sj 
t 275'91~ 
t 272.696 

+ 271'454 
t 261.660 
+ 220,.349 
t 210.0~6 
+ 213.060 

(First-Secolld 

From murk 
to nlnr,, 

( = d l  

foot 
0.000 

- 0.021 
- o.01.3 
+ 0.003 - 0.010 
+ 0.00.3 
+ 0'015 
+ 0.017 
- o.008 
t 0.009 

+ 0.01.3 
+ 0.00; - 0.012 
+ o,oo,3 
+ 0.012 

- o.009 
+ 0.004 
t 0.005 
+ 0.006 
- 0.018 

+ 0.010 
+ 0.00.3 
- 0.012 
+ 0'034 
- 0.002 

o,ooo 
- 0.00.3 
+ 0.009 

o'ooo 
t 0.031 

+ 0.007 
- 0.003 
+ 0.015 
t 0.001 
t 0.001 

+ 0.021 

+ 0'002 

t o.008 
- o.o~o 
- 0.086 
- 0.00; 
+ 0.007 
- 0,006 
+ 0.002 
+ 0.001 

+ 0.011 
+ 0.006 
t 0.018 - o.o,31 
- 0.003 

leveller) 

l'otol from 
Huwluh 

fool 
+ 0'100 
t 0.079 
+ 0.066 
+ 0.069 
t 0.059 

+ 0,062 
+ 0.077 
+ 0.094 
+ 0.086 
+ 0.095 
+ 0.108 
+ 0.115 
+ 0.103 
t 0.106 
+ 0.118 

+ 0'109 
+ 0'11.3 
+ 0.118 
+ 0.124 
+ 0.106 

+ 0,116 
+ 0.119 
+ 0.10; 
+ 0,141 
t 0.139 

+ 0.139 
+ 0.136 
+ 0.145 
+ 0.145 
+ 0.176 
+ 0.183 
+ 0.180 
+ 0.195 
+ 0.196 
+ 0.197 
+ 0 . ~ 1 8  
t 0.220 
+ 0.228 
+ 0.218 
t 0.131 

+ 0.127 
+ 0'1.34 
+ 0.128 
t 0.130 
+ 0'131 

+ 0.142 
t 0.148 
+ 0.166 
+ 0.1.35 
t O.I,~Z 

2::::: 
clcdldeed froIll 

to urllrk 

Total from 
Howruh 

- 
foot 

+ 0.001 
+ 0.001 
t 0-00, 
+ o.001 
+ o.001 
+ 0.001 
t 0.002 
t o.002 
+ o.002 
+ 0.002 
+ 0.00.3 
+ o.oo.3 
+ 0.003 
+ 0.00.3 
+ 0.004 

+ 0.005 
+ 0,005 
+ 0.00; 
+ 0,009 
t 0.009 

t 0.011 
+ 0.01.5 
+ 0.014 
t 0,017 
+ 0'018 

+ 0,019 
t 0.020 
+ 0.021 
+ 0'024 
+ 0.026 
+ 0.027 
+ 0'029 
+ 0,032 
+ 0,036 
+ 0'039 
+ 0.041 
+ 0.046 
+ 0.549 
+ 0.051 
+ 0.042 
t 0'040 
t 0.0.39 
t 0.0.38 
t 0.033 
t 0.031 

+ 0.032 
+ 0.030 
+ 0'023 
+ 0.011 
t 0,012 

lloi:ht 
above ( t ) 
or hclow (-) 
Hoarah 

feel 
+ 79.674 
+ 80.211 
+ g2.094 
+ 8,3.90i 
+ 87.522 

+ ~ 6 . ~ ~ ~  
+ 9+.j3i 
+ 9j.lo, 
+ 95.060 
+ 96.919 

+ 105.j~; 
+ 1oR.99~ 
+ 112.1~j1 
+ 
+ 120.3~; 

t 12R.26; 
+ 126.86~ 
+ 13i.69b 
t 149.051 
+ 150.939 
+ 162.31.3 
+ 17.3.zo; 
+ 1;9.;38 
+ 191.4cj6 
+ 199'3;d 

t 206.760 
+ z13.30; 
+ z21..(14 
+ 231.412 
+ 248.266 
t 251.636 
t Z ~ Z ' I W O  
+ z;b,gBg 
+ 299'777 
+ 312'977 

t ,324'58') 
+ 319'919 
+ 364'990 
t 375'332 + 326.802 
t 314.890 
t 310'151 
+ 301'893 
t 175'945 
+ r7~';20' 
+ ~71.48~ 
+ 261'(ll)o 
+ ZJo'JiZ 
+ 210'067 

+ 213.08' 



no.  51 RESULTS OBTAINED FROM SIMULTANEOUS DOUBLE-LEVELLING. 

In the following table are given the results of the nine short Lines of levelling, that connect the 
level.& with the accepted tidal stations :- 

Dynamic 
height above 

the mean 
level of t he  

nee 

fret 
+ 8.9.19 

Dynamic 
correction Observed 

- 
~i~~~~~~~~~ 

feet 
+13.704 

+ 19.746 

~ i n e  No. 79. Mean-Sea-Level to 
Bombay 

between 
levollers 

(Eirnt- second 
leveller) 

foot 
o.ooo 

Level line 

Line ~ ~ . , 7 8 ,  Mean-Sea-Level to 
Karach~ 

n ~ ~ ~ $ ~ ~ n .  deduced to mark from 
seo.leve~ 

(menn result from 
by two 

mel","v',"y 

b f e r e n c ~  
bench.mark 

Apollo Bendsr 

Bencl~.mnrk nL 
Town Hnll, 

Bombuy 

Mean.~ea-le~el  

Reference 
bencl~.nlark 

Apollo B:rndar 

feet 
+ 8.948 

foot 
- 0.004 

- 0.006 

Line NO. 80. Mean-Sea-Level to 
Karwar 

foot 
+ 0.001 

feet 
+13 '7oo  

+ 19.740 

mile 
0.00 

0.75 

Mesn.seo.level 

from 
the Yea 

mile 
0 '07  

Fmm 

Yean.rea.leve1 

foot 
o'ooo 

+ 0'003 

To 

Karachi reference 
bencl.mark 

foot 
o,ooo Knrwnr relorence 

b ~ n c h - U I ~ I ~  

Line No. 81. Mean-Sea-Level to 
Beypore 

feet 
+11.766 

mile 
0.06 

f e d  
c r 1 . 7 7 2  

feet 
+14'324 

foot 
- 0.006 

- Mean.sea.level 

Line No. 82. Mean-Sea-Level to 
Cochin 

foot 
0.000 Originnl reference 

bencl~.mnrk for 
Baypore 

Mean.sea.leve1 ~ o c l ~ i n  rofercnce 
bench-mark 

foot 
0.000 

.. 

mile 
0.02 

foot 
- 0,004 

mile 
0 .05  

feet 
+ 6.572 

Line No. 83. Mean-Sea-Level to 
Negapatarn 

feet 
+ 6.568 

Mcnn.sen.levol 

- 

Line No. Mean-Sea-Level to Madras 

feet 
+ 9.608 

foot - 0.007 

Meon.sea-level 

Negnpatnm 
reference 

bench.mark 

mile 
0.21 

foot 
O , O O O  

feet 
+ 9.615 

Mndrn~  reference 
bcncl~.mn~b. 

P r i ~ ~ r o  or Walea 
hlcruoriul 

miles 
I I 

foot 
+ 0.008 

feet 
+ 15.71 I 

foot 
- 0'009 

feet 
+ ,703 



a18 LEVBLLINQ OPERATIUNB. [Or. 2. 

Level line 

Line No. 85. Mean-See-Level to  
Vizagapatam 

To 

Vizsgopehm 
reference 

bench.mnrk 

From 

Muen-sea.lerel 

Distnnce 
from 

the See 

mile 
0 .20  

jooi 
o'oOo 

- 0'0.85 

Line No. 86. Mea-Sea-Level to 
False Pomt 

~i~~~~~~~ 

P,","::,": 
(:i:tna 
levetler) 

foot 
0.000 

Ref~renee  
bench.mark 

Bonch-lnerk a t  
Light Houao, 

False Point 

Meen.sea.level 

Refnrence 
benchmnrk 

miles 
0 ' 5 9  

9 ' 0 5  

feet 
+lo '392 

+ 14.901 

Ob~erverl 
eloration 

above 
8ee.lcrel 

((menn result 
by two 

levellom, 

fed 
+14.116 

foot 
- 0.001 

- 0,003 

D ~ n n m i ~  
CotreoLion 

deduced lrom 
"nrk tm n~nrk ----- 
Total from 
rnenn.mn. 

lovel 

foot - 0.005 

- 
fit1 

+lo .spo 

+ 14.~p8 

- 
D~lmir 

l l ~ l ~ h ~ n t m ~ ~  , man 
"Tel of Lbo 

aes 

jed 



Section (3).-BT$SULTS OF REVISlONB. 

Line No. 32. Bombay to Kalyan. 

* Thin m a ~ k  eppem to have been mined dnoe it wss created in lW7. 

Difference in 
hcigl~t  (Revised - 
Original). The 
+ sign denotes 
that  the height 
was greater, and 
the - eign l e a  in 
1906.07 t l ~ a n  i t  
wse in 1877.78 

foot 
0'000 

- 0'014 ' 

+ 0'012 

- 0'077 
- 0.099 
- 0.013 
- 0.070 
+ 0.005 
+ 0.435. 

- 0.017 
- 0.036 
+ 0-015 
- 0.029 
+ 0.061 ; 

+ 0.017 
+ 0.006 

I - 0.011 

Bench-marks of the original levelling 

that were connected 
Dietance 

from 
Bombay 

m i l a  
0'00 

1.71 

5-10 

6.81 

7'09 
l'lo 

10.56 

11.85 

16.80 

17.13 

19'75 

""04 

13'34 

24.13 
a6.60 

31.43 

34'54 

during the revisionay operations 

Description 

Bombay town-hsll ... ... 
. . . Cut on coping ... 

Cut on mnnony block ... ... 
Embaddad a t  Wdar  ... ... 
I)sdnr 0. T. 8urvey Btalion ... 
Cut on bridge pnrspet ... ... 
Embedded at  Kurla ... ... 
Cut on bridge parspet ... ... 
Cut on bridge pnrapot ... ... 
Cut on bridge parapet ... ... 
Cut un bridge patapst ... ... 
Embedded s t  Tbaoa ... .., 
Cut on bridge parepet ... .., 
Cut on bridge parspet ... ... 
Cut on bridge psrapet ... ... 
Cut on bridge parapet ... ... 
Embedded a t  Kalyan ... 

Nomber 

1 
c - 
1 
a - 
3 

- 1 
6 

6 

7 
9 

11 

12 
D - 

12 
a - 
16 

16 

18 

rn 
n 

Observed height above (+ )  o r  

below (-) Bombay 

asdetermined in 

1877-78 1906.07 

e I feet 
O'OOO 

- 9,004 

- 9'471 

- 8.857 

- 8.044 

- 7'136 

- 9'804 

- 7'857 
- 4'816 

+ 1.500 

- 1.178 

+ 4'315 
- ~'430 

+ 17'960 
+ 3'963 
+ 16.105 
+ 5'411 

0'000 

- g'or8 

- 9.460 

- 8.934 

- 8.143 

- 1'149 - 9'874 
- 7.851 

- 4'391 

+ 1.483 

- 1-314 

+ 4'330 

- a.459 

+ 18.orr 
+ 3'980 

+ 16.r11 
+ 5'399 



LEVELLING OPERATIONB. 

Line No. 31. Kalyan to Kedgaon. 

Distance 
from 

Kalyan 

miles 
0.00 

0.05 

1'04 

7'70 
8.15 

10'53 
12.17 

13'10 

14'69 

1 j .09  

18.05 

10.86 

21.91 

23.34 

25.96 

28.05 

28.94 

37'72 

40 . j6  

43.28 

43.72 

46.33 

50.27 

50.96 

54.51 

61.91 

62.95 

64.54 

70.37 
71.18 

71.78 

75.45 

81.70 

88.11 

88.92 

90.67 

91.21 

91.36 
100.36 

101.51 

been railed by 
1877. 

Bench-marks of Lhe original levelling ~ i f i ~ ~ ~ ~ ~ ~  in 
height (Revised- 
Originnl). 
+ sign deaotw 
tllot the l~ei~l t t  
WUgreaLer, ulid 

tho - sign lea in 
1906.07 than it 
was in 1817.78 

fd 
0'000 

+ o.053 

+ I . ~ ~ ~ *  

+ o.04j 

t1 .558.  

+ 0.967' 

+ 0.067 

+ 0 . 0 6 ~  

+ 0.090 

+ 0.049 

+ o,r4gm 

+ o , o l ,  

+ 0.060 

+ 0.066 

+ 1,537. 

+ 0.166 

+ 0,086 

+ 0 '101  

- 0'002 

- 0'010 

- 0 ' 1 0 2  

- 0.074 

- 0'007 

- 0 ' 0 2 0  

- 0 ' O o 1  

- 0'042 

- o ' o ~ '  

- 0'062 

- '"97 

- 0 . ~ ~ 6  

- O.Oj4 

- O'O44 

+ O'"7 

- 0'061 

- '"49 

- 0'088 

- 0'068 

- 0'0R4 

- 0'418t 

- O'O9O 

ereoted 1Q7' 

that  were oonnected during the 

revisionary operations 

Description 

Embedded a t  Kalyan ... ... 
Cut on ra i lwy  platform ... 
Cut on bridge parapet .. 

Do. ... ... 
Do. ... ... 

L' 
Do. ... ... 
Do. . . . ... 
Do. ... ... 
Do. ... ... 
DO. ... ... 
DO. .., ... 
DO. ... ... 
Do. ... ... 
Do. n. ,  "' 

Do. . . . ... 
Do. ... ... 

Embedded a t  Karjat ... ... 
Embedded a t  Kampuli ... ... 
Cut on pillar . . . ... 
Cut on step ... ... "' 

Embedded st Khandale ... ... 
Cut on bridge parapet ... ... 

Do. ... ... 
Cut on rnilwoy platform ... ... 
Cut on bridge parapet ... ... 

Do. ... .., 
Do. ... ... 

Embedded a t  Talegaon ... ... 
Cut on railaog platform ... ... 
Cut on bridge parapet ... ... 

Do. . . . ... 
Embedded at  Chiochvad ... "' 

Embedded s t  Kirkee ... . . . 
Cut on bridge parnpet ... . . . 

Do. ... ... 

Do. ... ... 
Do. . . . " '  

Do. . , . ... 
Do. ... ... 
Do. ... ... 

Theme mnrk,, cut on bridge,, appear 
t T h i ~  mark eppesn  to have been 

Obsemed h i &  above (+) or 

Number 

1 

2 

3 

6 

6 

a - 
7 
8 

9 

11 

la 

13 

1 7  

18  
a 
la 
20 

21 

22 

27 
a - 
27 
n 
218 

29 
- 
32 
a - 
82 
36 

a - 
40 
41  
a - 
41 
45 

46 

47 
a 
a 
a - 
62 
- b 
69 
c - 

69 

60 
B 

G 
61 

65 
b 
- 65 

to have 
lowsred since 

' below (-) 

as 

1877.78 

feet 
0'000 

+ 1 ' 6 j 6  

+ 12'48i  

+ 67'10.3 

+ 54'905 

+ 39.485 

+ 43'349 

+ 4 6 . 5 ~ 7  

+ 96.155 
+ 105.567 

+ 103.080 

+ 121.246 

+ 143'565 

+ 141'685 

+ 128.210 

+ 135.215 

+ 144.542 
+ 2 0 6 . ~ ~ 0  

+ 1278.919 

+ 1748.020 

+ 1765.615 

+ 2010.553 

+ 1997.796 
+ 1996.868 

+ 1978.483 

+ zol l .oh8 

+ 1991.963 

+ 2000.,315 

+ 1970.531 
+ 1951.085 

+ 1932.000 

+ 1846.531 

+ 1811.9;6 

+ 1885.679 

+ 1862.327 

+ 1836.714 

+ 183.9.7.16 

+ 1841.270 

+ 1777.381 

+ 1771.061 

ra i l s sy  engineen, 

Kalyan 

delermined in 

lS06.07 

f e d  
0 ' 000 

+ 1.709 

+ 13,999 
+ 6 7 . 1 ~ 8  

+ 56'463 

+ 40'452 

+ 4.3.416 

+ 46,624 

+ 96.245 
+ 105,616 

+ lo3. ,3~9 
+ 121.323 

+ 143'625 

+ I 

+ 129'747 

+ 135.381 

+ 144'628 

+ 207.071 

+ 1278.917 

+ 1748'018 

+ 6 

+ 2010'479 

+ 997 ,789  

+ 1996,848 

+ 1978.482 

+ z01.z.026 

+ 1991.901 

+ zooo.25.3 

+ 1970'434 
+ 19j1.022 

+ 1951.946 

+ 1846.486 

+ 1812'193 

+ 1885'610 

+ 1862.278 

+ 18.36'626 

+ 18.38'660 

+ 1841.194 

+ 1776'954 

+ 1171'972 

h o e  they were flrlt 



RESULT8 OF REVISIONS. 

Line No. 31. Kalyan t o  Kedgaon.-(Continued). 

* This bench.msrk, cut on bridge, appears to have been raked by Rsilway Engineers, eince it m a  tirat erected in 1877. 

Difference in 
height (Rerised- 
Original). The 
+ sign denotes 
that  the h e ~ g h t  

was greater, and 
the- sign leas in 
1906-07 than it 
was in 1877-78 

feet 
- 0.209 

- 0.071 

+ 1.465* 

- 0.074 

- o-106 

- 0.095 

- 0.065 

- 0.078 

- 0'085 

- 0.062 

- 0'087 

Distance 
from 

Kalyan 

miled 
104'31 

106.75 

111 .01  

111.36 

"2.31 

112.87 

115.29 

116.99 

118.39 

119.63 

119.98 

Obaerred height shore (+)  or 

below (-) Kalyan 

8s determined in 

Bonch.morlrs of tho original levelling 

tllat were connected during the 

revisionary operations 

1877-78 

feet 
+ 1776~027 

+ 1784.630 

+ 1794.762 

+ 1790.4jo 

+ 1796.951 

+ 1;8j,505 
+ 1812.513 

+ 1805.344 

+ 1769'882 

+ 1761.646 

+ 17j1.619 

Description 

Embedded s t  Uruli ... ... 
Cut on bridge parapet ... ... 

Do. ... ... 
Do. ... . . . 

Cut on railwaj platform ... ... 
Cut on bridge psrapet .., ... 

Do. ... ... 
Do. ... .., 

Do. ... ... 
Do. . . . ... 

Embedded a t  Kedgson ... ... 

1906.07 

feet 
+ 1775'818 

+ 1784.559 
+ 1796.227 

+ 1790.356 

+ 1796'845 
+ 1;85'410 

+ 1812.458 

+ 1805.266 

+ 1769'797 
+ 1761.584 

+ 1751.532 

Number 

67 
70 

73 
- ,a3 
b - 
73 
75 

77 

-:, - 

- 78 
b 

79 
BO 



LEVELLIBO OPEBBTIOBS. 

Line No. 25. Kedgaon to Diksal. 

Thin bench-mark ban been raised, sinm i t  WM origin all^ erected. 
t Tho embedded beoch-nwk nt Dhond sppm b have wnk half r foot, oinw i t  wes &a erected. 

L 

~ e ~ o h - m a r b ~  of the original levelling 

&at wero connected during Lhe 

revisionary operstlona Dietanm 
from 

Pedgson 

miles 
0.00 

0.65 

a.01 

6.36 

7.39 

12.96 

13.56 

19'85 

11.65 

22.74 

26.74 

18.63 

29.81 

30'64 

Dewriplion 

Embedded a t  Kedgson ... ... 
Cut on parapet of bridge ... 
Cut on bridge . . . ... 
Embedded s t  Pates ... ..a 

Cut on bridge p r s p e t  ... ... 
Embedded a t  Dhond ... ... 
Cul on platform ... ... 
Embedded s t  Boribyal ... . . . 
Cut on bridge psnpek ... ... 

... Do. ,.. 

Cut on bridge parapet ... ... 
... Out on bridge parepet ... 

Do. ... ... 
Embedded at Dihsl . . . ... 

Number 

1 

2 

3 
a - 
S 
c - 
3 

8 

9 
a - 

12 
14 
a - 

14 

17 

- 
19 

P 

Obrorved h e i ~ b b  above (+)  OP 

below (-) Kedgaon 

as determined in 

~ i b ~ ~ ~ ~ ~  in 
height (Revised- 
Original). ~ h ,  
+ nlgn doootss 
tllat the helRbt 
woe greotm, and 
the - a~gn kn in 
1906.07 lhan it 
wus in 1878.70 

fed 
0'000 

+ 0.035 
+ 0.069 
- 0.111 

+ 1.75~m 

- 0'497t 
- 0.073 
- 0'044 
- 0,084 
- 0.091 
-0.084 

- 0.099 
- 0.080 
- 0.084 

1878-79 

feed 
o ' 000 

- 11'636 

- 36.427 

- 43'253 

- 60.886 

- 89.842 

- 83'593 

- 54,955 

- 64'637 

- 65.351 

- 67'695 

- 98.314 

- I I O . ~ ~ Y  

- 118'183 

d 

1906.07 

feet 
0.000 

- 11.601 

- 36.358 

- 43.364 

- 59.117 

- 90.339 
- 83'666 

- 54'999 

- 64.721 

- 65'442 

- 67.779 

- 9.413 

- rlo.jsa 
- 118.a67 



Line No. 26. Diksal t o  Gulbarga. 

Difference in 
heiglxl (Ilevieed- 
Originnl). The 
+ sign denotes 
that  the bcight 
wns grenler, nnc 
the - eign less il 
1906-07 tllan i t  
wlrs in 1878.80 

Distnnce 
from 

Dikssl 

miles 
0'00 

z'zj 

4.16 

4.95 

7.17 

7.64 
11'51 

12'39 

13'55 

17-14 
18.87 

19.02 

19.62 

21'74 

24'38 

25.09 
18.85 

ag'zj 

29.94 

33.71 

35'94 

,79'1o 

39.10 

47.61 

50.10 

50.53 

51.3j 

52.38 

53.53 

55.53 

56.71 

57.62 

59'70 

60.41 

61-35 

63.38 

65'00 

65'80 

rere 
te b r a  ~ d ,  

~ ~ ~ ~ h . m n r k e  of the origins1 levelling Observed height above (+ )  or 

below (-) Diksal 

as  determinod in 

1878.80 1 1W-w 

~ h ~ t  wore connected during the 

rerisionnry operations 

Description 

... Embedded s t  Dikanl ... 
Cut on bridge parapet ... ... 
Cut on bridge coping ... ... 
Embedded at  hatrnj  ... ... 
Cut on bridge parapet ... ... 

Do. ... 
En~betlded s t  Pomnlvadi ... ... 
Cat on bridge p~brspet ... ... 

... Cut on bridge sbutment 

Cut on bridge parapet ... . . , 
Embodded s t  Wnshimbe ... ... 
Cut on bridge pnrepet ... ... 

Do. ... ... 
DO. .a, .., 

Cut on bridgo nbutment ... "' 

Embedded s t  Pophlnj ... ... 
Cut on bridge parspet ... ... 
Ernbeddod a t  Jeur ... ... 
Cut on bridge purepet ... ... 

DO. ... ... 
Do. .,. ...' 

Embedded s t  Kern ... ... 
Cut on milwny platform ... ... 
Cut on bridge psrspet ... ... 

Do. ..a ..I 

IEmbedded sL Bani Road ... "' 

Cut on bridge perspet ... ... 
Do. ... "' 

Do. ... ... 
Do. .,. "' 

Do. 5 . .  ... 
Do. .. . ... 

Cot on onlrert ... ... 

Embedded mt Madha ... ... 
1 Cut on oulvert .., "' 

Cut on bn'dge puapet  .., ... 
DR ..a "' 

Do. ... "' 

Theno bench.msrbs hare been 
Tbr e m b a d  b e ~ h . m k  

feet 
0'000 

- 23.031 

- 14.oj6 

- 17714 

+ 0.019 

- 8.591 

- 31'435 

- 41'744 

- 34'333 

- 55'7" 

- 52'919 

- 54'408 
- 58'982 

- 4'775 

+ 88.038 

+ III'IIZ 

+ 60,884 

+ 50'337 

+ 41.047 

+ 38.106 

+ 95.601 

+ 124'rgo 
+ 125'6.31 
+ 53'266 

+ 15'962 

+ 19.834 
+ 1.340 

- ; . o w  

- 19.133 

- 46'759 

- 62.040 

- 67.506 

- 8'311 

- 89.980 

- 87'917 

- 1a8.ggB 
- 117'107 
- I 

orilliodb emc+.& 
ieor it rrw b~ 

Number 

1 
8 - 
1 
3 
e - 
8 

6 

6 

8 
9 
m - 
Y 

b 
i8 
11 

12 

13 

16 

B 

is 
18 

19 
B - 
19 
2 1  

24 
a5 
n 
3 
26 

84 

B - 
34 
n 
3 
98 
m 
3% 
39 

m 
G 
b - 
4U 
41 
n - 

41 

- d 
41 
e 
TI 
f - 

41 
R 
6 
11 
6 

mined. ainoe 
h i  ~ p p m  

fed 
0'000 

- 23.065 

- 23'585 
- 18'031 

+ 0'881 

- 8.643 

- 31'579 

- 41.149 

- 33'870 

- 55'192 

- 52'969 

- 53'230 

- j7.341 

- 3'332 

+ 88.010 

+ 111'060 
+ 60.832 

+ 50.181 

+ 40.980 

+ 39'519 

+ 96'965 
+ 124'050 
+ 1~5,573 
+ 55'137 

+ 16.545 

+ 19'559 

+ 3'569 
- 6'066 

- 29'478 

- 46'451 

- 60'758 

- 67.778 

- ~0.694 

- 90'567 

- 88'176 

- 1a7-457 
- 1~6.5a8 

- 135.1~7 

o r n u  



LEVELLING OPERATIONS. 

Line No. 26. Diksal to GuIbarga.-(Continued), 

Thra batch-nurb h r o  b a n  nirod, h w  tb8y ware -1 rrwbd 

Bench-marks of the original levelling 

Dist,8nce 
from 

Dihasl 

miles 

66.35 

66.79 

67-11 

67.60 

68.8% 

69'89 

73'48 

75 ' 70 

76.33 

77'- 

78'08 

79.13 

79'21 

80.80 

80.98 

8 1 - 1 8  

82.53 

83-52 

84'76 

86.54 

8 l .24  

88'39 

09-55 

89 '91 

90.31 

91'46 

92.76 

94.24 

95 '15 

98.63 

93.6) 

99.33 

99.91 
loo.:, 

101.10 

that  were oonnected during the 

nviaionwy optat ions 

Delrriptiou 

Cut on oulvort ... ... 
Cut on bridge parapet ... ... 
Cut on culvert .,. .a .  

Cut on bridge paropet ... ... 
Embedded s t  Angnr ... . 
Cut on bridge parupet ... . 
Cut on culvert .,. ... 

Do. ..a . . . 
Cut on bridge p s n p e t  .., ... 

Do. .,a ... 
Cut on eulvert ... ... 
Embedded at Moho1 ... ... 
Cut on plstform coping ... ... 
Cut on bridge pnrnpet ... ... 
Cut on culvert ... ... 

Cut on bridge p u r p a t  ... ... 
Do. ..a ... 
Do. ... ... 

Cut on culvert ... ... 
Cut on bridge parapet ,.. .., 

Do. .m. . a .  

Do. ... ... 
Do. ... ... 

Embedded a t  Pnkni ... ." 
Cut on bridge p.np& ... ... 

Do. ... ... 
Do. ... ... 
Do. ... ... 

Cut on culvert . . . ... 
Cut on bridge abutment ... ... 
Cot on bridge pnnpt ... ... 
Cut on bridge abutment ... ... 
Bmbdded  at Bbolapnr ... ... 
Cot on bridge pnpat ... ... 
Cut on e b m h  l t sp  ... ... 

Number 

i 

$ 
41 
.l - 
L 
41 
1 
cl 
42 

45 
B - 
43 
b 

Gi 
0 - 
43 
d - 
43 

44 
B - 
44 
b 
3 
e - 

44 
€ - 
44 

E - 
44 
h 
3 
j - 
44 
L 
3 
m - 
44 

n - 
44 
45 

46 
a 
& 
47 

a 
z5 
48 

49 

60 
8 - 
61 

6Z 
6a 
64 

b6 

58 

 if^^^^,.^ in 
IleighL (Revisad- 
Original). 'rllO 
+ sign donotea 
that tl~a hckht 

a s s  g*aaIrr, and 
lllo - sign lea# in 
1906.07 tllnll it 
was in 1878.78 

feel 

- 0.316 

- 0.311 

- 0.301 

t 1.6781 

- 0.377 

t z,j5o9 

- 0.418 

- 0,405 

t rn8o6* 

t 1.063* 

- 0,604 

- 0.490 

+ 1*8;8' 

- 0.511 

- 0'296 

- 0'557 

- 0'539 

- 0'559 

- 0'591 

+ 1.096' 

t 0'493' 

- '3'S19 

+ 0'*9 
- 0.561 

+ 1'30'* 

- 
- 0 . 5 9 ~  
- 0'606 

- o.6ro 

- 0'6'8 

- 0 . ~ 5 '  

- 0 . ~ 3 ~  
' 0'6'6 

- 0'6'' 

' 0'59' 

-. 

Observed height above (+) or 
below (-) 

ns determined 

1879.80 

feet 

- 115'603 

- 125'774 

- 127.613 

- 146.483 

- 129.686 

- 147'298 

- 146.196 

- 156'166 

- 166.513 

- r5a.roq 

- 174.971 
- 170'168 

- 168.873 

- 165'691 

- 1 1 4 8  

- 185.749 

- 185'aao 

- I 

- 8 

- 180.395 

- 1 8 6 . 6 ~ 8  

- 198.017 

- I 

- 190'873 

- ,99.903 

- I 

- 1 4 r ' ~ z 4  

- I 

- I ~ ~ ' I I I  

- 205.820 

- 188.655 

- 17~ .050  

- 165.355 
- 161'763 
- 

Dikaal 

in  

l906.07 

feet 

- r z j . 9 ~ 9  

- 126.085 

- 1 ~ 7 . 9 1 4  

- 144'805 

- 130.06.3 

- 144'948 
- 146.614 

- 156,671 

- 164.707 

- 151-141 

- 175'575 
- 170'658 

- 166.995 

- 166.203 

- 171.783 

- 186.306 

- 185'759 

- 173.340 

- 179'31: 

- 179.299 

- 186'155 

- 198.536 - 191.639 

- 191'4.34 

- 198'602 

- 173.999 
- 143'120 

- 142.635 

- 171.731 

- 206.448 

- 189.307 

- 176.684 - 165'9R1 

- 16r.385 - 108.890 



RESULTS OF REVISIONS. 

Difference in 
lleigbt (Revised. 
Origitlnl). The 
+ sign denotes 
that  t l ~ e  height 

was greater. and 
the - sign leas i~ 
1906-07 t l ~ n n  it 
was in 1878.80 

feet - 0,616 

to  

Distance 
from 

Dtkaal 

miles 
101.18 

101.78 

10.1.07 

103.85 
105.08 

106.70 

107.39 
107.83 

108.37 

109'53 

110'31 

111.83 

I12 '4 j  

11.7'66 

116.48 

111.73 

122.24 

1 1 1 ~ 1 9  

130.96 

132.18 

134.66 
136.41 

139.17 

1.39'56 

139.58 

139.88 

140.67 

141'40 

151.95 

153.91 

155.34 
156.51 

157'85 
1 6 0 . ~ 1  

161.97 

164.65 

165'91 

167'78 

169.41 

170.41 

wem ori#innlly 
,incs lbey 

Gulbarga.-(Continued). 

Obaened height above ( + )  or 

Line No. 26. Diksal 

~ ~ ~ ~ b . ~ ~ ~ k ~  of the original levslling 
below 

as 

1878-80 

feet - 117'.737 

- 114'36% 

- 92.677 
- 118.465 

- 1 1 ' 1  

- 193.394 
- 175.016 

- 178'9j4 
- 164.871 

- 118-148 

- 115'534 
- 154.016 

- 172.301 

- 151'5j5 

- 21r..331 

- I 

- 181.301 

- 177'1.43 
- 139.286 

- I 

- t j 5 .604  

- 210.617 

- 183.611 

- 177,696 

- 180'461 

- 169.360 

- 117'597 

- 96,143 

- 180.058 

- I 

- 208'149 

- 148.763 

- 89.491 

- 154,191 

- 160.104 

- 100~108  

- 114.686 

- 180.901 

- 6 8 0  

- 167'781 

were originally erected. 

thnt were eonnoeted during 

rerieionsy operationm 

Damription 

Cut on bridge psrapct ..o ... 
Do. 3 , .  *.. 

Do. ... ... 
Do. .., ... 
Do. .., ... 
Do. ... ... 

Cut on culvert ... ... 
Cut on bridge parapet ... ... 

Do. ,., ... 
Embedded a t  Hotgi ... ... 

Cut on bridge parapet ... ... 
Do. .., ... 
DO. ... , ,  

Do. ... . . . 

Do. .,. ... 

Do. .., ... 
Embedded at  K a d a b w n  ... ... 
Cut on tailway plntform ... ... 
Cut on step ... ... 
Cut on bridge parnpet ... ... 

Do. ... ... 
Do. ... ... 
Do. ... ... 

Cut on railwag platform ... ... 
Embedded at Dudl~ni  ... ... 
Cut 00 bridge parapet ... ... 

Do. ... ... 
Do. .. . ... 
Do. ... . . . 

Embedded at  Qhangnpur ... ... 
Cut on bridge pnrnpet .,. ... 

Do. ... ... 
DO. ... ... 
Do. ... ... 
Do. ... ... 
Do. ... ... 
Do. ... ... 
Do. a , .  ... 
Do. ... . . . 

Cnt on aulbargn milway platfo,~,, ... 

hench.mnrks ham bran m i d ,  ' beneh-marhm appear 14 have 

(-) Dihsal 

determined in  

1906.W 

p e t  - 117'953 

- 114'950 

- 93'2.10 
- 119'049 

- 117.790 

- '93'351 
- 175.706 

- 180.833 

- 165.560 

- 118.831 

- 116.161 

- 154'681 

- 171'275 

- 151'100 

- 111.997 

- 181.869 

- 181~904  

- 177'813 

- 140'170 

- 181.609 

- 156.458 

- r r 1 . 3 7 ~  

- 184'311 

- 178.117 

- 181.317 

- 170'096 

- 118.174 

- 96'805 

- 179.817 

- 119.890 

- 109.464 

- 148.247 

- 90.467 

- 155 .1a j  

- 161.040 

- 100'937 

- 115.436 

- 182.131 

- 169.001 

- 168.520 

the 

Number 

67 
a 
67 
69 

60 

62 

63 

64 

66 

67 

68 

a 
r0 
71 

b - 
7 L  

5 
74 

76 

78 

6 
79 
80 

81 

- 8l 
b 

82  

88 

84 

86  
- 
90 

91 

9a 

98 
a 
ti 
94 

95 
R 

3E 
b - 
gb 

9% 

rince they 
besn lowered 



LEVELLING OPERATIONS. 

Line No. 22. Gulbarga to Raichur. 

Thm bench.msrb sppeu to l u r e  been r d d ,  rince they were origindly erected. 

Bench-marka of tbe original levelling 

Distnnce 
f rotn 

Qulbarga 

miha 
0'00 

0.65 

2 . 3  

4.17 

6.33 

8'47 

9.02 

9'57 
11'07 

12'12 

13.58 

15'98 

16.59 

16.59 

17'23 

17 '98 

20.57 
22'91 

22.96 

24.46 

27'37 
28.28 

28.84 

29.89 

31.45 

31.43 

33 '08 

35'42 

37'41 

39'14 

42.43 

43.79 

45.92 

46.07 

47'06 

41.16 

47.78 

49'18 

50.56 

51'11 

that  were connected during the 

revisionary operations 

Description 

Embedded a t  Qulbarga ... ... 
Cut on bridge parbpet ... ... 

Do. ... ... 
DO. ... ... 
Do. . . . ... 

Cut on bridge abutment ... ... 
Cut on culvcrt ... . 
Cut on bridge pampet ... . . . 

DO. a . s  ... 
Do. ... ... 

.. , Do. "' 

Do. ... . . . 
Embedded a t  Shsbabsd ... ... 
Cut on rnilway pletform ... ... 
N l e - d o n e  ... ... 

Cut on bridge parapet ... ... 
Do. ... ... 

Embedded a t  Wadi  ... . . . 
Cut on reilasy plotlorm ... ... 
Cut on culrert ... ... 
Cut on bridge parapet ... ... 
Yile-stone ,.. ... 
Cut on bridge abutment ... ... 
Cut on bridge parapet ... ... 
Cut on railway pletform ... ... 

Embedded aL Nalvar ... ... 
Cut on bridge parnpet ... ' . . . 

Do. ... ... 
Do. ... ... 
DO. .. . ... 
DO. ,,, ... 
Do. . . . ... 
DO. .. , ... 

Cut on bridge pier ... ... 
Bmbedded a t  Ysdgiri ... ... 

... Cut on n i l a n y  plstfonn ... 
Cot on bridge parspet ... ... 
Cot on bridge abulment ... ... 
Cut on bridge panpet ... "' 

Do. ... ... 

Numbor 

1 
3 

4 

5 
6 

7 

- a 
7 
8 
9 

10 

a 
13 
b - 
10 
1 2  
a - 
12 
13 

a - 
13 
14 
s - 
14 
15 

17 

1 8  

19 

20 

21 
a - 
21 

23 
a - 

23 
b - 
23 
24 

25 

26 

a? 
ee 
29 

30 

0 - 
31 

i, - 
b 
32 
c 
a 
d - 
3 1  

Observed height above (+) or niasrencs in 
Ileight(Reriscd- 
0ri;inul). yhe 
+ nign dcnoles 
Lllat lllc height 
Wu~,!7nfller. nnd 
llle - sl~lb /car in 
1906.07 tlleo it 
wu in 1877.78 

feel 
0.000 

- o.olo 

- 0'037 

- o.025 

- 0'095 

- o.241 

- 0.251 

- 0,265 

- 0.25' 

- 0.247 

- 0.161 

- 0.181 

- 0'320 

- 0,308 

+ 1'469' 

- 0'371 

+ 0'8"' 

- 0.j63 

- 0'174 

- 0'379 

- 0'404 

- 0'791 

- 0,360 

- 0 . 4 0 ~  

- 0'411 

-0,495 
- 0,401 

- 0'440 

- 0 ' 4 3  

- 0.540 

- 0 ' 5 ~ 5  

- 0'59' 

- 0,676 

- 0.691 

- 0,656 

- 0'357 

- 0.697 

- 0'708 

' o ' ' ~ '  

- 0'7s' 

below (-) 

as determined 

1877.78 

feel 
o ' 000 

- 11.867 

- 27'760 

+ 38.134 
- 3.180 

- 67'849 

- 91.732 

- 104'140 

- 121.747 

- 146.214 

- 169.534 

- 196.169 

- 180.548 

- 100.324 

- 187.974 

- 197.301 

- 189'951 

- 89.010 

- 84.060 

- 113.713 

- 182'923 

- 147.103 

- 13?.~8.3 

- 163.527 

- 1 6 ~ . 4 4 4  

- 1 6 7 . 8 1 1  

- 160.555 

- 147'150 

- 190.708 

- 135.184 

- 2 4 2 . 5 8 ~  

- ~ 5 5 . 1 5 8  

- ~ ~ 3 . 8 ~ ~  

- 298.363 

- a93.799 

- ago, jJ6 

- 291.01s 

- 191.819 

- 292. j r 8  

- .rgl 
6 

Qulbargs 

in 

1906.07 

feel  
o ' 000 

- 12.877 

- 27.797 
+ 38.109 

- 3.275 

- 68.091 

- 91'983 

- ro4'qog 

- 122'999 

- 146.461 

- 169.596 

- 196.450 

- 180.868 

- 180.632 

- 186,505 

- 197.673 
- 189.140 

- 89.57.3 

- 84,234 
- 1 1 4 . 0 9 ~  

- 1S3.,327 

- 147.994 

- 1 3 7 . 8 ~ ~  

- 163.933 

- 1 6 ~ , 8 6 5  

-168.306 

- 160'9j7 

- 147'59O 

- 191.163 

- 235'714 

- 143.167 

- 255.756 

- 294.519 

- 299'054 

- 294'455 

- 190'893 

- 191'72a 

- S91.517 

- 194.136 

- 1 0  



RESULT8 OF REVISION9. 

Line No. 22. Gulbarga to Raichur.-(Continued). 

t Theas bench-marka appesr to  Lave been lowered sincs bhey were origiuslly ereoted. 

Difference in  
'leiellt(Re'iaed- Original). The 

+ aign denotee 
t l ~ n t  the heigbb 

was greater, and 
tho - sign lea8 in 
1906.07 t l ~ a n  i t  
was in 1877-78 

. 

Dietonee 
lrom 

Qulbarga 

Observed height above (+) or 

below ( -1 ~ ~ l b ~ ~ ~ ~  
~ ~ ~ ~ h . m n r k e  of the original levelling 

that were eo~~neeted during the 
ae determined 

1877.78 

revisionary operations 

Description 

... Cut on bridge parspet ... 
Do. ... ... 
Do. ... ... 

. . . ... Do. 

Do. ... ... 
Embedded at  Saidapur ... ... 

... Cut on bridge parapet ... 
Do. .., "' 

Do. ... ... 
Do. . . . ... 
Do. ... ... 

Cut on railway platform ... "' 

Cut on etep .. . ... 
Cut on milway platform .. ... 

Do. ... ... 
Blile.stone ... ... 
CuL on pillar of viaduct ... ... 

Do. ... ... 
Cut on bridge parapet , ... 
1ile.stone ... ... 
Cut on nilway platform ... "' 

Embedded at Chiksugw ... ... 
Cut on rnilaay platform ... ... 
Cut on bridgo obulment ... ... 
Cut on bridge pornpet ... ... 

Do. ... ... 
Do. ... ... 

Embedded at  Ilaiehur ... ... 

in 

1906-07 Number 

33 

34 

35 
. R - 
35 
36 

a - 
36 
a 
33 
b 
s 
39 

40 

41 
a 

Z i  
b - 

41 
42 
B - 
48 

43 
a - 
43 
b - 

43 
14 

45 
n 
5 
b - 

45 
46 

47 

48 
R - 

49 
50 

61 

milea 1 P e t  f e d  1 f" 
54.09 

55.84 

57.55 

58.44 
60.30 

61.53 

62.85 

64.88 

66.80 

68'74 

70.88 

14'29 

74.31 

74'32 

74.32 

74'55 

74.84 

75'46 

76.46 

78.55 

79.61 

79.64 

79'80 
80.85 

83'96 

86.70 

88.,31 

89.86 

- 281.266 

- 284.738 

- 284.175 

- 264'354 

- 270'396 

- 263'467 

- 181.714 

- 310.560 

- 317.464 

- 2;9'ja3 

- 312 .72 j  

- 351'404 

- 353'161 

- 351.481 

- 351'452 

- 350'429 

- 346'286 

- 346.249 

- 357'447 

- 308'438 

- 316.896 

- 318'925 

- 317.230 

- 348.326 

- 268.680 

- 2 ~ 2 . 7 6 3  

- aor.8ga 

- 1n .450  

- 280.516 

- 283'920 

- 283'362 

- 264'990 

- 269.596 

- 161.602 

- 281'910 

- 309'508 

- 316'546 

- ~ 7 8 ~ 6 5 9  

- 311'8.30 

- 350'461 

- 352'163 

- 350.538 

- 350'477 

- 349'425 

- 315'375 

- 345.364 

- 356,529 

- 307'086 

- 315'842 

- 317'503 

- 316'097 

- 347.292 

- 267.702 

- 221.836 

- r o 1 ~ 9 t o  

- 178'348 

- 0'750 

- 0.813 

- 0 . 8 ~ 3  

+ 0.636 

- 0.800 

- 0.865 

- 0.804 

- 0.962 

- 0.918 

- 0.844 

- 0'6'95 

- 0'943 

- 0'998 

- 0'943 

- 0'975 

- 1.004 

- 0.911 

- 0.935 
- 0'918 

- 1'352t  

- 1'054 

- 1 ' 4 z r t  

- "133 

- 1.034 . 
- 0.978 

- 0'927 

- 0.9- 
- 1.101 



LEVELLING OPERATIONB. 

Line No. 21. Raichur to Gooty. 

Tb.u bench-wb m p p u  to bra bwn mid mince the? were originally &d. 

J3enoh.muh of the original levelling 

Distance 
from 

Baichw 

miba 
0.00 

4 ' d  
5-01 

6'37 
6.85 

9-35 
11'2s 

1.3'47 

13'85 

13.85 

15-55 
17'66 

~ 0 . 8 1  

r f . 3 3  

13.48 

15.13 

25.63 
16.48 

28.68 

18'99 

30.44 

31'14 

3.1.18 

34.86 
36.18 

37.51 

37.87 
40.10 

41.01 

4r.47 

41.67 

44.48 

46.01 

46.03 

46.05 

46.43 

47.51 

48.78 

that re re  oonneoted during the 

m v ~ i o n u y  opmtionm 

Dworipiiao 

Embedded at Baiehw ... ... 
Cut on bridge par+ ... ... 
Out on culvert ... ... 

Do. ... ,.. 
DO. ..a ... 

Do. ..a ... 
Cut w bri@e p.npe( ... ... 

... Do. .a. 

Embedded at Matmwi ... ... 
Cut on n i l n y  p h t h m  ... ..I 

Cut oa  culrert ... ... 
Do. ... ... 

Cut on n i l r a y  platform ... ... 
Cut on bridge pmnpek ... ... 
Cul on culvert ... ... 

DO. a.n ... 
Cut ou bridle p n p t  ... ... 

Do. -. ... 
Cnt on culvert ... . . . 
Embedded at Iomgi ... ... 
Cut on culvsrt ... ... 
Cut on bridge panpet ... ... 
Cut on cnliert ... ... 
Cut on bridge mbutmnt ... ... 
Cut w culimt ... .,. 

Do. ... ... 
Cut on bridge pler ... ... 
Cut on culiert ..a ... 

Do. ... .,. 
Do. ... ... 

Cnt on paring  lone ... ... 
Cut on bridge panpet ... ... 

Cut on culisrt ... ... 
Do. ... ... 
Do. ... ... 

E r n b d d d  mt Adod ... ... 
... Cut on mliert  ... 

Cot on bridle mbntrnmt ... ... 

Number 

1 

4 

6 
a - 
6 
6 

8 - 
6 
7 
a - 
7 
b - 
7 
e - 
7 

d - 
7 
8 

9 

10 

11 

12 
a - 
12 
1s 
a - 
1 s  
14 

16 

16 

I? 

18 
a - 
18 

20 

21 
b 
fi 
C - 

21 
d 
ii 

22 
a - 
21 
b - 
sa 
c - 
22 
2-3 

86 
a 
P 
'26 

~ i f i ~ ~ ~ ~ ~ ~  in 
height (Ravined- 
Onlind). TIIO 
+ own de~~otss 
that the height 

W M  grealsr, and 
the - sign lea8 in 
1906.0'1 lllnn it 
WM in 1871.78 

p e t  
o'mo 

+ o.3Jo 

+ 0.103 

+ 0'110 

+ 0.074 

+ 0 . 0 1 ~  

+ 0.015 

- 0.061 

t 0.019 

- 0'031 

- 0.048 

- 0.061 

- 0,063 

+ 0'010 

+ 0.y4' 

+ 0.041 

+ 0'053 

+ 0'131 

+ 0.098 

+ 0'171 

+ 0'171 

+ 0'199 

+ 0.19~ 

+ O"4' 

+ 0'150 

+ o"'O 

+ 0 . ~ 8 ~  

+ O'"9 

' 0-4' 

+ 0'439 

+ 0 . ~ ~ 7  

""02 

+ 1 ' 3 9 8 *  

+ O'"' 

- O'"O 

+ O . ' R O  

+ 0'r68 

C 

Observed height above (+) or 
below (-) 

as determined 

1817.78 

feet 
0'000 

- 9'81% 

- 13'.310 

- 45.101 

- 47'341 

- 70.847 

- 84.901 

- 97'44' 

- 1oo.8jg 

- 100'414 

- 154.551 
- 180.611 

- 115.887 

- 218.1j7 

- 195.165 

- 141.986 

- I 

- 119.811 

- 87.171 

- 7a'z70 

- 36.471 
- rg.241 

- 6.760 

- 11.748 

+ 18.816 

+ 37.53) 

+ 34.891 

+ 99.015 

+ 50.805 

+ 51'450 

+ 50'688 

+ 49,391 

+ 51.391 

+ 50.866 

+ 51.946 

+ 51.911 

+ 75.111 

+ 57.459 

Roichur 

in 

1906.07 

feet 
0.000 

- 9'498 - 13'166 

- 44'998 

- 47.131 

- 70'17.3 

- 84'828 

- 97'417 

- 100.917 

- 100.385 

- 154'583 
- 180.669 

- aaj.g&4 

- 118..320 

- 195'155 

- 141.461 

- 142.660 

- 119'768 

- 87'039 
- 71.172 

- 36.199 
- ~ 9 ' 0 7 0  

- 6.561 

- I 

+ 19.067 

+ 37'784 

+ 35.171 

+ 99.301 

+ 51.054 

+ 51'698 

+ 51'117 

+ 49.659 

+ 52.594 

+ 51.164 

+ 53.168 

+ 51.781 

+ 75.391 

+ 57'737 



RESULTS OF REVISIONS. 

Line No. 21. Raichur to Gooty.-(Continued). 

Tltia bench-mnrk appears to \rave been raised mince it wns originally erectod. 
t Tllia bench.mork oppesn to l~nve been lowered since i t  was originally erecled. 

Difference in 
l le l~l l t  (Revised- 
Original). The 
+ s ~ g n  denotcs 
that  tho I~eight  
was ~ l r e a l e r ,  nnd 
t l ~ u  - sipn lean in 
1006.07'tl~nn i t  
was in 1877.78 

feet 
+ 0.282 

+ I .70.3* 

+ 0.269 

+ 0.317 

+ 0.335 

+. 0.379 

+ 0.376 

+ 0 .41 j  

+ 0.3jz 

+ 0.351 

+ 0.372 

+ 0.447 
+ 0'4% 

+ 0 . 4 j j  
+ 0.419 

+ 0.168 

+ 0 .4 j8  

- 0'454 

+ 0'373 
+ 0.281 

+ 0.345 
+ 0,279 

+ 0.281 

+ 0'281 

+ o ' z j q  

- 1 . 1 j 1 t  

+ 0,247 

+ 0.273 

+ 0.045 

+ o ' o j o  

Distance 
from 

Rnichur 

miles 
50.29 

51.04 

gz'oz 

55 '16 
56.12 

56.63 

55'89 
61.14 

6.3.24 

65.25 

66.8.3 

69,,36 
70.16 

70.97 

72.76 

72.81 

75'46 

75.74 
80.27 

80'59 

80.67 

82.69 

83.90 

85.38 
86.30 

87'51 

90.89 

91'59 

96.27 

96.45 

Obscrvod height above ( + )  or 

below (-I Raichur 
Bencll.mnrks of Llle original Ievelling 

that wero co~~ncctcd during the 
an detor~ninod 

1877-78 

feet 
+ 91'7.74 

+ 66.485 

+ 90'509 

+ 135.953 

+ 159,537 

+ 180.524 

+ 173.390 
+ 208.817 

+ 171'825 

+ 205'349 

+zo.3'23z 

+ 213.184 

+ 233,659 
+ 231.6jq 

+ 143'132 

+ 242'303 

+ 227.417 

+ 230.625 

+ 108~781  

+ 101.631 

+ roo 'ggj  

+ 31'495 
+ 4'629 

- 25'066 

- 34.480 

- 46.891 

- 91'18j  

- 72'809 

- 105.888 

- 110'483 

revisionary oporotions 

Doscription 

Cut on culvert ... ... 
. . . Cut on bridgo porapeL ... 

Cut on culvert ... ... 
Cut on brldgo abutment ... ... 

Do. ... ... 
Cut on culvert ... ... 
Cut on bridgo abutment ... ... 
Cut on cu l re~ t  ... ... 
Cut on bridgo abutment ... 

Cut on mile-stone ... ... 

Cut on bridgo obutmcut ... . . . 
Do. ... ... ... 

Cut on culvcrt ... ... 
Cut on bridge abutment ... ... 
Cut on railway plotform ... ... 
Embedded nt Nnncharla ... . . . 

Cut on bridge abutmont ... ... 
Cut on mile-atone ... ... 
Cut on br~dgc pal.apet ... ... 
Cut iin railway plotform ... 
Elnbodded nt Timn~onocherln ... 
Cut On bridge pnrnpet ... ... 
Cub on bridge nbutment ... ... 

on bridge pnrnpot ... ... 
Cul on bridge abutment ... ... 
Cut on culrert . , . ... 
cut  on bridge pnrnpet ... ... 

Do. ... . . . ... 
Cut on rnllwny plnlfurm ... 
Embedded at  CtootY ... ... 

in 

1906-07 

feet 
+ 91.5j6 

+ 68.188 

+ 90.778 
+ 136.270 

+ 159'872 

+ 180.903 

+ 173'766 

+ 209'232 

+ 172.177 

+ 205'700 

+20.3.604 

+ 213'631 

+ 234'143 
+ z.3z.109 

+ 243.551 

+ 241'471 

+ 217'875 

+ 230.171 

+ 109.160 

+ 101'912 

+ lo1'.34o 

+ 3"774 
+ 4.910 

- 24.785 
- 34'226 

- 48.042 

- 90'938 

- 72'536 
- 1oj.843 

- 110'433 

Number 

27 
a - 
27 
28 

29 

30 

a - 
30 

32 

33 

a - 
3 3  

b - 
33 

n - 
36 

36 

36 

37 

38 

n - 
38 

u - 
39 

40 

42 

43 

4 1  

46 

47 

60 

61 

62 

55 

66 

69 

GO 



LEVELLING OPERATIONS. 

Line No. 14. Gooty to Arkonam. 

Tbns bench-mark8 s p p a r  lo hmre been ransen since they were orieinally erected. 
t ThL bench- ma^ a p p u n  to have beon lowered ainaa it WY origiudlp ereoUb 

Benoh.marka of t he  original levelling 

Distnnoe 
from 

Qootp 

milan 
0'00 

1.96 

3.06 

1..30 

1.80 

0 .83  

1 .66  

4'2.3 

5 '34 
10.03 

ra .89 

14.49 

'4'53 

15.57 
20' I I 

~ 4 . 8 2  

26.03 

28.9.3 

29.53 

31.81 

33'27 

85 '03 

36.R.3 

38.53 

39'77 

41'17 

41'30 

44'10 

46.93 

46.98 

47'7.; 

49'43 

5 0 ' ; ~  

5.3'19 

53.79 

54'54 

55 '99 

27'67 

58.54 
61 '01 

t h a t  were connected during the  

revisionary operalions 

Description 

Emboddsd a t  Oootp ... ... 
... Cut on  step ... ... 

... Do. ... ... 
Do. ... ..a ... 

Cut on embedded @tone ... ... 
Cut on bridge parapet ... ... 
Cut on  bridge abutment ... ... 

Do. ... ... 
Do. ... ... 

Cut  on oulvert -.. ... 
Cut on cap of bridge ... ... 
Embedded st Rsyalcheruru ... 
Cut on railway platform ... ... 
Cut on cap of bridge ... ... 
Cut on culvert ... ... 
Cut  cn  cap of bridge ... ... 

Cut on bridge puropet ... ... 
Cut on bridge abutment ... ... 
Cut on milway platform ... ... 
Cut on cap of bridge ... ... 

... Do. ... 
Do. ... ... 
Do. ... ... 

Cut on culvert ... ... 
Cut on cop of bridge ... ... 

Do. ... ... 
Do ... ... 

... Cut on bridge parapet ... 

Embedded a t  Kondspunm ... 

... Cut on n i l r a y  platform ... 

... Cut on cap n l  bridge ... 

... Cul on d r s ~ n  p a n p e t  ... 
Cut on bridge parapet ... ... 

DO. ... ... ... 
Do. .. ... ... 

... Do. ... 
... Cut on cap of hndgs  ... 

Cut ou b r~dge  abutment ... 
Do. ... ... 
Do. ... .. 

Number 

1 
1 - 
1 

l a  - 
1 

I b  - 
I 
2 - 
1 

a 
3 

4 
6 

8 

9 

I 0  

11 

1 2  

1 5  

1 8  

a 

21 

a - 
21 

23 

s - 
43 

24 

26 

n 
28 

29 

30 

31 

- 

33 

34 

36 

37 

38 

39 

40 
m - 
40 
41 

42 

44 

nifiranes in 
( h i r e d -  

Ori~innl). TI,., 
+ sign denotes 
Lhst the lloilht 

greater, nod 
the - sign /err in 

1906.07 tilnn it 
WM in 1877.78 

feel 
O'WO 

+ o.174 

+ o.093 

+ 0.186 

+ 0.186 

+ 0 . ~ ~ 8  

+ 0.196 

+ 0'171 

+ 0.166 

+ 0.091 

+ o . 0 ~ 8  

+ 0~062 

+ 0.064 

+ 0,076 

+ 0.074 - o.oal 

- o.oa8 

- 0.006 

+ 0'039 

- 0.046 

+ 0'009 

+ 0'Ol1 

+ 0,036 

+ 0.043 

+ O'O" 

+ 0'039 

+ 0.006 

+ 0'030 

- O'OSi 

- o ' ~ ' ; +  

+ 

+ 0'053 

+ 1.50" 

+ 0.091 

+ O'Oqi 

+ 0 . ~ 9 ~  

+ 0'5400 

+ 0'0R9 

+ O"Od 

+ 

# 

Observed lleigl~t above (+) or 
below 

as 

1877-78 

feel 
0'00 

- 21.261 

- 18.711 

- 7.746 

- 31'851 

+ 26'40j 

- 5'490 

- 45'470 
- 81.460 

- 183'297 

- 225'298 

- 258.635 

- 257'881 

- 283.322 

- 346,096 

- 389.378 

- 400'002 

- 425.342 

- 416.129 

- 436.497 

- 454.846 

- 461'560 

- 4 7 1 6 2  

- 4 6 7 . 0 ~ 9  

- 463.599 

- 48,3.268 

- 491 .;99 

- 499.772 

- 480.82,3 

- 47i .197 

- 491.561 

- 512.569 

- 51.5'771 

- 495'35.3 
- , u l  .oi8 

- 459.777 

- 4j6.307 

- 504.834 

- 51h.,r4 

- ;;,q.o3R 

(-) Oootp 

determined in  

lg06.@7 

feet 
0'00 

- 21.087 

- 18.618 

- 7.560 

- 31.66j  

+ 16.623 

- 5'294 

- 4j .299 
- 81.294 

- 183.200 

- 225'200 

- 2 5 8 . 5 7 ~  
- 157.817 

- 183.246 

- 346.022 

- 389.405 

- 400'030 

- 425.348 

- 416.090 

- 436,543 

- 454'837 

- 461'539 

- 6 

- 466.976 

- 46.1'515 

- 483.229 

- 491.i9.I 

- 4 9 ' 7 4  

- 480.880 

- 477.824 

- 491.494 
- 5 1 2 . 5 ~ ~  

- 514.269 

- 4 9 ~ ' ~ "  

- 480.981 

- 459.679 

- 475,767 

- 504'745 

- 5ah',il4 

- 7 9 4  



RESULTS OF REVISIONS. 

Line No. 14. Gooty to  Arkonam-(Continued). 

Benoh.marks of the original levelling 
that  Were connected 

during the revisionary operations Distance 

Gooty 

Description I I 
a ... Embedded at  Muddanuru ... - 
4& 

Cut on rnilwny platform ... ... 45 

Cut on bridge abutment ... ... 46 

Do. ... ... 60 

Do. ... ... 51 

Embedded s t  Yerraguntla ... 
Cut on drain abutment ... .., 

Do. ... .., 
Out on bridge abutmenl ... 

Do. . . . 
Do. ... ,. . 

Cut on bridgo pnrapet ... 

miles 

61'67 

61'67 

63.16 

69'56 

70'97 

Observed height above ( + )  or Difference in 

below (-) Qooty 
height (Revised- 
Original). The 

I asdetermined in + ilpn denotes 
t l ~ t  the l le~ght  

I was oreoter, and 

feel 

- 581'973 

- 580'636 

- 597'403 
- 648.838 

- 656.002 

1906.07 

Cut on railwaj plnlform 
b 

Cut on bridge p s r a p t  ... 

the -sign lea8 ir 
1906-07 than i t  
was in 1877-78 

Cut on bridge abutnlent ... ... 60 

Cut on culvert 
L ... ,.. - 

w 
Cut on bridge abutment ... ... Ga 

Cut on brirlgo pnrnpet ... ... 63 

Cnt on railmy plaL(orm ... Gi 

Out on cap of drain ... ... 66 

Cut on bridge pnrapet ... ... GG 

Cut on bridge nblrtn~ent ... LL . . . - 
(i(i 

Embedded at  Cuddaph  ... ... 67 

Cut on stone ... ... 63 

Cut on cap of drain ... 
Do. ... . . . 

Cut on bridge parapet ... "' D 73 
Cut on cap of drain ... ... 71 

Cet on bridgo pempeb ... a ... - 
72 

Cut on cap of dinin ... . . . b - 
71 

Da ... ... 73 

Cut on bridge psrapet ... ... 74 

Embedded at Vontirnitta ... ... 76 

CllL on cap of bridge ., , ... 77 
Cut on culverb ... ... 78 

Do. . . . ... 70 

Cut on bridge penpet ... .. 80 

Embedded a t  Nsndslur ... ... - n 
8 1 

Cut on bridge abutment ... ... 83 

I I I I 
t Thore bench-mub n p p r u  to have been lowered aiwe timy were O I ~ ~ ~ M U J  ereold& 

feet 

- 0.129 

+ 0'038 

- I .280t  

+ 0 ' 0 2 1  

- 0'277 



LEVELLING OPERATIONS . 

Line No . 14 . Gooty to  Arkonam-(Continued). 

t T h u  bench-marl appean  to ha re  been lowered since i t  was originally erectsd . 

Dench-marks of the original levelling 

Diatanco 
from 

Goocy 

miles 
121.99 

122'79 

124.76 

125.86 

128 '89 

1.31.60 

133'68 

133.64 

1.15'69 

136.63 

1 j 8 . 0 8  

141'80 

lq j 'R2  

147.65 

148.34 

. 149'06 
151.69 

153.27 

155.13 

155.94 

161.84 

163.63 

165.10 

166.51 

168.58 

170.19 

172.94 

173.22 

173.99 

174.17 

1 7 5 . ~ ~  

177.37 

179.17 
180.07 

181.80 

184.93 
186.86 

187.Rg 

188..38 

189.49 

19,. 7 2  

195.4.3 

197.89 

tha t  were connected during the 

revisionnry opernl.ions 

Description 

... Cut on bridge abutment ... 

... Cut on bridge pornpet ... 
Cut on cap of bridge ... ... 

... Cut  on bridge pornpet ... 
... Do . ... 

Cut on bridgo nbutment ... ... 
Cut  on bridge pnra~pet ... ... 

... Elnbedded nt Reddipslle ... 
Cut on rui l rny plntform ... ... 

... Cut on bridge parnpet ... 
... Do . ... 

DO . ... ... 
Cut on cap of bridge ... ... 
Cut on bridgo parapet ... ... 
En~bedded nt Koduru ... ... 
Cut on bridge parapet ... ... 

Do . ... ... 
Cut on bridge abutment ... ... 

... Cut on bridge pnrapet ... 
Cut on bridge nbutment ... ... 

Do . ... ... 
... ... Cut on cap of bridge 

Embedded nt Mamnnduru . , . 
... Cnt on bridge pnmpot ... 

Cut on bridga nbotment ... ... 

... Cut on bridge pnrnpet ... 
Do . ... ... 

... Do . ... 

... Embedded nt Renigunta ... 
Cut on  bridge parapet ... ... 

Do . ... ... 
Do . ... ... 

... D o  . ... 
Do . ... ... 
Do . . , . ... 

,.. DO . ... 
Do . ... ... 
Do . ... ... 

... Embedded s t  P u t t u r  ... 
Cut on bridge parapet ... ... 
Cut on drain p e n p e t  ... ... 
Cut on  bridge p a n p e t  ... ... 

Do . ... ... 

Number 

84  

85  
- 

87 

8 9  

90 

91 
a - 

93 
93  

94 

95 

97 

102 

103 

104 

106 

108 

109 

111 

113 

114 
a - 

114 
115 

t6 
117 
- 
119 

120 

- 
121 

123 

123 

125 

129 
n - 

121) 
130 

131 

132 

k4 
136 

. 
~i~~~~~~~ in 

lleigbt (lerimd- 
Oriyinnl) . ~l~~ 
+ 91~11  dcnoce~ 
that the lleigll t 
wnsgrealer. ond 

tile - n i p  la8 in 
1906.07 lllnn i t  
"ne in 1877.78 

foot 
- o.091 

. o. lo4  

. 0.10; 

. 0'113 

. 0'13; 

. . 141 

. 0.155 

. 0.484 

. o.898t 

-- 0.180 

. 0'173 

. 0.18; 

. 0.184 

. 0.179 

. 0.191 

. 0.187 

. 0'204 

. 0.226 

. 0.188 

. 0.183 

. 0.180 

. 0 . ~ 8  

. 0.181 

. O'U1 

. 0'162 

. 0.1 jg 

. 0.060 

. 0.169 

. 0'234 

. 0 " ~ 5  

. 0 . ~ ~ 7  

. 0'173 

. 0.168 

. 0"7d 

. 0.148 

. O' I4 '  

. 0'149 

. 0'1.31 

. 0 . 1 1 1  

. 0,148 

. 0'171 

. 0. 187 

. 0'234 

Observed lloigl~t nbove (+) or 

belo\v (-) 

as 

1877.78 

feel 
- 716'877 

- 7 3 ? ' j o z  

. 735.640 

. 754'370 

. 731.933 

. 699 ,o j r  

. 673.859 

. 643.237 

- 6.37'947 
. 620.11j  

- 611.349 

- 5j9 '702 

. 585'534 

. 569'772 
-- 560.027 

. 564.499 
- 529.712 

- 511'545 
- 482.707 

. 460. 573 

- 539.696 
. 599.066 

. 630.644 

- 643.172 

. 71j .468 

- 766.871 

. 840.014 

- 840.226 

. 8.34.000 

. 829.992 

. 804.800 

. .98.R60 

- 782.880 

. 769.500 

- 696.215 

. 639.956 

. 701.180 

- 724.375 

. 707.811 

. 722'490 

. 731.81, 

. 7 6 7 2  

. 804.648 

Oooly 

determined in 

1906.07 

feet - 716.968 

- 731'606 

- 735. 745 

- 754. 483 
. 732'0;o 

. 699.192 

. 674.014 

- 643.721 

. 6.381845 

. 620.295 

-- 611.522 

- 559.887 - 5Rj.718 

. 569.951 

. 560, 218 

. 564.686 

. 529'916 

. 511'771 

-- 482. 895 

- 460.7j6 

. 539.876 

. 599.284 
-- 630.825 

. 643'383 

- 715.630 

. 767.026 

- 840.174 

. 840.395 

. 834.134 

. 830.157 

. 804.967 

- 799'0.13 
. 783.048 

. 769.733 

. 696.363 

. 640.100 

. 701'629 

. 724'506 

. 707'921 

. 7"'631 

. 7 3 1 . 9 ~ 5  

. 767'409 

. 8 0 4 ' ~ ~ '  



RE8ULTS OF REVISIONS. 

Line No. 14. Gooty to  Arkonam.-(Continued). 

t These bench.marks appear to have been lowered since they were originally erected. 

Difference in 
IlrigI11 (Revised- 
Original). The 
+ sign denoles 
that  t l ~ e  l~elpllt. 

was grenlar,  mnd 
the- sign less in 
1906-07 lllnn it 
w3s in 1877-78 

I 

fool 

- 0'24; 

- 0.228 

- 0.198 

- 0.164 

- 0 ' 1 5 4  

- 0'154 

- 0 '389 t  

- 0.153 

+ 0'041 

- 0 ,446 t  
- 0'159 

Distance 
from 

Gooty 

miles 

198.13 

1 g 8 ' r j  

200'25 

20j.78 

206.48 

207'29 

207.33 
208.71 

211'84 

215.33 
215.38 

Obaerved height above (+)  or 

below (-)  Gooty 

as determined in 

~ench-marks of the original levelling 

that were connected during the 

revisionary operntions 

1877-78 

feet 

- 801.593 

- 805.810 

- 774'019 

- 911.626 

- 918'046 

- 9 1 8 ' 1 o j  

- 916.045 

- 9 ~ 1 . 4 1 7  

- 9 j 5 . 1 9 1  

- 902'757 

- 905'731 

Description 

Cut on railway platform ... . . . 
Embedded at  Nagari ... ... 
Cut on bridge parapet ... ... 
Cut on bridge nbutment ... . . . 
Cut on briage parapet ... ... 
Embedded at  Tirultani ... ... 
Cut on railway plntform ... ... 
Cut on bridge parnpct ... ... 
Cut on bridge abota~ent  ... ... 
Cut on rnilrsay platform .. ... 
Embedded nt Arkonam ... ... 

190G-07 

fee t  

- 801.840 

- 806.038 

- 774'217 

- g1 i .7go  

- 918'200 

- 918.259 

- 916.434 

- 921.570 

- 935' 150 
- g03'20j 

- 90j.890 

Number 

- 
137 

a - 

- 
140 

141 

142 
- 
144 

147 

148 



LEVELLING OPERATIONS. 

Line No. 8. Arkonam to Madras. 

t Theae bench-markn appear to have been lowered eince they were originally erected 

that  were connected during Lhe below (-) Arkonam The + migo denotes  hat thellaiehruu 
Disbnce se determined in 

greater, nod the-algn 
in 19,,08 revisionary oporntions 

from 
i t  ww in 1880.81 8nd 

Arkonam 

Dewription Number 

... Embedded s t  Arlonsm ... 
Cut on cap of bridge ... ... 

.., Cut on bridge parapot ... 

... Do. ... 
... Cut on railany platform ... 

Cut on bridge pnrnpet ... ... 
... Cut on bridge abutment ... 
... Cut 011 bridge parapet ... 
... Embodded a t  TiuvnUvr ... 
... Cut on bridge abutment ... 

Do. ... ... 
... Cut on cap of bridge .., 

... Cut on bridge s b u h e n t  ... 

... Embedded at  Avndi ... 

... Cut on cap 01 hridge , 

Embedded a t  verandah oE Bembian 
Polico Station. 

Embedded nt Pemmbnr . . ... 
Cut on eLep ... ... . . 

... Out on meolorlnl stone a t  Madree 

1 
n - 
I 
b - 
1 
2 

3 

4 

6 

8 

10 

B - 
11 

12 

15 

17 
19 

21 
1 

ln - 
24 
28 

29 

milea 
0'00 

3.35 

4.29 
5 '06 

6.54 

7.E9 

9'20 

1 j . 0 ~  

16';4 

19.60 

20.08 

24'21 

16. 50 

29.72 

33.99 
40'86 

43.78 

44.05 

44'09 

feat 
0'000 

- 54.460 

- 74'457 

- 87 '7 j8  

- 94.321 
- 103'360 

- 104'135 

- 129.235 

- 141'2.35 

- 154'513 

- 159.611 

- 173.501 
- 191.723 

- 21.3'207 

- 344.343 

... 

... 
- 278.417 

- 277'325 

feel 
0'000 

- 54'430 

- 74.4'7 

... 
- 04.264 
- 103'265 

... 
- 129'172 

- 141'155 

- 154'424 

- 159.540 

- 1;.3'.393 
- 191,619 

... 
- 144.297 

- 273.179 

- ~ 8 2 . ~ 9 ~  

- 278.432 

... 

feet 
0'000 

- 54'454 

- 74'433 

- 87'727 
- 94'292 
- 103.365 

- 104'122 

- 129.285 

- 141'299 

- 154'573 

- 160.492 

- 173'5j6 
- 191.790 

- 11.3'333 
- 145.023 

- 273'560 

- 282.533 

- 27B.jz1 

- '77'4.19 

fool 
0'000 

+ 0.046 

+ 0'050 

... 
+ oe0 j7  

+ 0.095 

... 
+ 0.063 

+ 0.080 

+ 0'089 

+ 0'072 

+ 0.114 

+ 0.104 

... 
+ 0.046 

... 

... 
- 0.015 

... 

fool 
0.000 

+ o.olr 

+ 0.034 

+ 0.011 

+ 0.039 

- 0.005 

+ 0'013 

- 0.050 

- 0.064 

- 0'060 

- 0.880t 

- 0.049 

- 0.067 

- 0.126 

- o.68ot 

... 

... 
- 0.104 

- 0'114 

fool 
O .OOO 

- 0.03, 

- 0 . ~ ~ 6  

,,, 

- o.or8 

- o.loo 

... - o . ~ ~ ~  

- 0 . 1 ~  

- 0.149 

- 0.9jlt 

- 0.16~ 

- o 171 

... 
- o.;16t 

-0.181 

- 0 3 4 1  

- 
... 



m U L T S  OF BEVISIONS. 

Line No. 17. Karwar to  Hubli. 

This bsnoh-mark nppeare to have been rnised since it was or~pinnlly erected. 
t TLip benchmark appous to  here bee" luwured dnoe i t  WM originrllp erected 

Difference in 
heigllL (Hevl@cnd - 
Origjnal). T l ~ r  
+ rlEn denotes 
that  the height 
wns greater, und 

the - sign lprr in 
1907.08 thnn i t  
wna in 1853.74 

foot 
o.000 

- o ' o j ~  

- 0'028 

- o ' o j g  

+ 0'346* 

- 0 '012 

- 0.103 

- 0.047 

- 0.018 

- 0'010 

- 0'017 

+ 0.03J 

- 0.185 

+ 0.041 

- 0 '513 t  
- 0'100 

- 0.004 

+ 0'100 

- 0 . 1 1 0  

+ 0'104 

+ 0 '011  

+ 0 .016  

+ 0 .010  

+ 0.681 

+ 0 ,693  

DinLance 
from 

Karwar 

milea 
0.w 

0'14 

0.89 

1'25 

I .go 

1'14 

3 '24 

6.80 

10.63 

12.34 

15'08 

23'55 

24'53 

24.81 

17.56 

19-41 

31.74 

37.94 

38'14 

38'3; 

4"01 

44'04 

46-70 

59'88 
102.74 

~ ~ ~ ~ b . m a r k s  of the original levelling 

that were connected during the 

Observed heigl~t  above (+ )  or 

garwar 

revisionary operations 

Description 

... Embedded at  Kerwar ... 

... ... Cut on rock 

... Cut on mile.ston.0 ... 

... Cut on rook ... ... 
Cut on mile.etone ... ... 

... Cut on boulder ... 

... Cut on rook ... 

... Do. ... ... 

... Do. ... ... 

... Uo. ... ... 
Cut on bridgo pier ... ... 
Cut on bridge wing wall ... ... 

Cut on bridge abutment ... ... 
... Cut on rock ... ,, .  

Cut on bridge abutment ... ... 
Cut on bridgo parapel ... ... 
Out on culvert ... ... 

Cut on rock ... ... ... 
Cut on bridge relurn.wal1 ... 
Cut on rock ... ... 
Cut on bridge abutment ... ... 

Do. ... ... 

Cut on bridge parepet ... ... 
Cut on culvert ... ... 
Embedded s t  Hubli ... ... 

na 

m3.74  

feel 
0'000 

- 1.105 

+ 85'180 

- o r  

+ 3'175 
+ 21.546 

+ 137'641 

- 0..318 

+ 2'593 
+ 2.800 

+ 4'741 

+ 99'538 

+ 58.688 

+ 55.135 
+ 30'788 

+ 80.158 

+ 67.675 

+ ~ ' 6 1 3  

+ 101'487 

+ 87.403 

+ 1 ~ 0 ~ 8 o o  

+ 167'906 

+ 168-578 

+ 1776,398 
+ a o 4 8 ~ r o o  

Numbor 

1 
B - 
1 
2 
a 
7 

S 
a - 
3 
4 

a - 
4 
6 
a - 
6 
C - 
6 
- e 
B 

h - 
6 
- i 

G 

7 

9 

I, b - 

- ;, 
d 
IT 
b 
ii 
13 

19 

28 

determined in 

1907.08 

feet 
0'000 

- 1'156 

+ 8j .152 

- 0.780 

+ 3'521 

+ 21'524 

+ 137'538 

- 0.365 

+ 2'575 
+ 2.790 

+ 4'724 

+ 99'562 

+ 58.503 

+ 55'176 

+ 30*27 j  
+ 80 .0 j8  

+ 67.671 

+ 9 7 . 7 ~ 3  

+ 101'377 

+ 87'507 

+ 150.811 

+ 167.gaa 

+ 168.588 

+ 1777'0i9 
+1048'893 



LEVELLING OPERATIONS. 

Line No. 16. Hubli to Bellary. 

T h a n  bench.rnarls appear Lo bare been raised since tliey were orisinally erected. 
t Tbac bath-mark appsar to  hare bean lowered nincr they were onglnnlly erected. 

Bencll-marks of the originnl lorelling 

Distnnce 
fro111 
Hubli  

mil- 
0.00 

24.38 

25.01 

31'28 

32';8 

33'45 

40'0.3 

40'84 

43'65 

44.61 

45.98 

53.85 

54'11 

59.30 

60.96 

6 3 . 6  

66.30 

67.66 

69.6; 

70.49 

72.12 

76.76 

79.71 

80 .51  

81.71 

85.79 

86 .75  

8~7.60 

89.75 

90.94 

9 z . o j  

92.74 

96.80 

99.60 

l 0 r . 6 ~  

that  were conneoted during Ll~o 

revislonnry operations 

Description 

... Embedded s t  Hubli ... 
Cut on bridge capstone ... . . . 

Cut on pillar ... ... 

... Cut on rock ... ... 
Cut on bridge parapet . . . ... 

Do. ... ... 
Cut on atone pillar ... ... 
Cut on culvert yarnpet ... ... 

Do. ... . . . 
Cut on bridge panpe t  ... ... 
Cut on culvert parnpet ... ... 

Cut on stone pillar ... ... 
. . . Cut on boundary stone ... 
... Cut on rook ... ... 

Cut on boundnry stone ... ... 

. . . ... Do. 

Cut on boulder ... . . . 
Cut s t  bane of mile-atone ... ... 

Do. ... ... 
Cut on boulder . . . . 

Cut on stone pnremmnt ... ... 
Cut on stone built in m ~ o n r y  pillar 

Cut on milo.atone ... ... 
Cut on rock ... .., . . . 

Cut on milp-atone ... ... 
Cut on culvert parapet ... . . . 
Cut on mile.stone ... . .  

Cut on rock ... ... ... 
Cut on rnile.atone . . . . 
Cut on boulder . . . . . . 

Do. ... . . . 
Cut on mile-ntone ... ... 

Do. . . . ... 
Do. ... ... 

h t  on aulvert p n p e t  ... . . . 
out a b u e  of mile-otonr ... ... 

Number 

1 
f - 
6 

- k? 

6 
- 
b 
b 
6 

8 

9 
b - 
9 

10 

- 

- d 
10 
e - 
10 
R - 
11 

- b 
11 
0 - 
1 1  
f - 

1 I 
12 

13 

14 

16 

16 

17 
n - 
17 
18 
a - 
19 
20 

a - 
20 
21 
a - 
21 
b - 

2 1 
22 

45 

28 
a 
28 
29 

~i~~~~~~~ in 
height (Rorised - 
Oripinol). rile 
+ sign denote8 
that tho helpllt 

W M  grcnlcr, and 
Lllo - eign l e a  i n  
1907.08 than i b  
WM ia 1871.74 

feet 
0'000 

- 0 . 9 1 ~  

- I - I O !  

- 0.814 

- 0.841 

- 0'835 

- 0'790t 

- 0'933 
- 0.9'5 

- 0.873 

- 0.960 

- 0'909 

- 0'9'9 

- 0'954 

- 0.982 

- 1'009 

- 0'990 

- 1'537t 

- o.66at 

- 0'995 

- 0 .9~9  

- 0'943 

- o ' ~ ~ ~  

- 0'950 

- "O.l0 

- " o ~ '  

+ I " ~ "  

- "OJO 

- 0'997 

- 0'974 

- 0.961 

- 0 90.; 

- 1 . a a 1 t  

- 1'15.l 

- "05' 

+ 1"41* 

A 

Observed height abovo (+)  or 

bolow (-) 

M determined 

1873-74 

feet 
0'000 

- 35'088 

- 5'235 

+ 164.250 

+ 123.425 

+ I I Z . I O I  

+ 228'342 

+ 178'707 

+ 7.133 

- 18.213 

- 71.386 

- 250.467 

- 257'428 

- 339'694 

- 349,191 

- 441.745 

- 389.327 

- 413.08j 

- 4.10'177 

- 437.806 

- 428.518 

- 411.170 

- I I 8 

- 420.90j 

- 419.624 

- 457.8- 

- 457.549 

- 4 7 3 . ~ 6 3  

- 46.3.873 

- 451.976 

- 455.344 

- 454.936 

- 452'813 
- 464.211 

- 339.755 
- 3 ~ ~ . 9 8 1  

Hubli 

in 

1907-08 

feet 
o ' 000 

- 36.001 

- 6.342 

+ 163.436 

+ 112.584 

+ 111.266 

+ 227.jj2 

+ 177'774 

+ 6.208 

- 29.086 

- 72.346 

- 251'376 

- 158'357 

- 340'648 

- 3jO.173 

- 419.754 

- 390.,317 

- 6 

- 430'939 
- 438'801 

- 429.487 
- 411'113 

- 412.746 

- 421~855 

- 420.654 

- 458.880 

- 456.357 

- 474.393 

- 464.870 

- 452'950 

- 4 ~ 6 . 3 ~ 5  

- 455.84' 

- 4.54'034 

- 465..164 

- 340.808 

- 3m.141 



RESULTS OF REVISIONS . 
Line No . 16 . Hu bli t o  0ellary.-(Continued). 

t Theae bench-marks appoar to hove beeu lowered. mince they ware originnlly ereoted . 

Difference in 
height (Revised . 
Original) . The  
+ sign d ~ n o t .  en 
t l ~ n t  t l ~ e  height 

wae greater. nod 
the - sign leas in 
1907. 08 tllnn i t  
was in 1873-74 

feet - 0.989 

- 0 ' 7 9 j t  

- 1'039 

- 1 .191 t  

- o ' s 4 4 t  

- 1.014 

- 0'729 

- 1.318t 

- 0'9.15 - r .zzgt  

- 0'969 

- 1.160 

- 1'124 - 1'040 

- ~ ' r o q t  

- 1'041 

- 1.044 

- 1.041 

- 1.085 

- 1 ' 4 j 8 t  

- 1.588t  

- 1'195 

- 1.130 

- 1.116 

- 1,010 

- 1.143 

~ ~ ~ ~ ] l . m a r h e  of the original levelling 

1. llat were counectod during the 
Distnnce 

from 
Hubli 

miles 
105.52 

105'87 

108.61 

109'87 

110.88 

111.89 

I l z ' 90  

113.90 

116.91 

11j .17 

117.91 

"8 .  9; 

1m0.93 
123.16 

124'96 

125'16 

125.96 

126.40 

"6.99 
128.99 

130'39 

I 

132.95 

1.33'14 

133.56 

7 1 

revisionnry operations 

Description 

Cut bn drain nbutment ... ... 
Cut on mile.stone ... ... 

... Cut on culvert parapet ... 
Cut at base of mile.stone ... ... 

... DO . ... 
Cut on milo.slone ... ... 

Do . ... ... 
Do . ... ... 

... Cut nt base of mile.atone ... 

... Cut on gunrd.stone ... 

... Cut at  bnse of mile.atone ... 
Cut on rock ... ... ... 
Cub on milo.atone ... ... 

... Cut on rook ... ... 
Cut on milo.stono ... ... 
Cut on stone ... ... ... 
Cut on rock ... ... ... 

Do . . . .  ... ... 
Cut on stone ... ... ... 
Cut at bnae of mile.stone ... ... 
Cut on furlong.stone ... ... 
Cut at base of niile.stone ... ... 
Cut on culvert parapet ... ... 
Cut on stone ... ... ... 

Do . . . .  ... ... 
Cut on drain nt Bellary ... ... 

Number 

30 

31  
a 
5i 
32 

33 

34 

35 

36 

38 

39 

40 

41 

42 

- 
43 

44 

45 

46 

:6 - 
48 

49 

60 

5: - 

50 
b - 

51 

64 

Obsorved height above (+ )  or 

below (-) Hubli 

aa determined 

1873-74 

feet 
- 238.360 

- 232'145 

- 331'145 

- 379'537 

- 393'343 

- 430.024 

- 457'195 

- 485'439 

- 522'734 

- 516.  797 

- 518'174 

- 5 1 8 6 8 j  

- 497'377 

- 469'495 

- 483'958 

- 481.031 

- 466.413 
- 467.623 

- 419'39.3 
- 483.196 

- 498'407 

- 503'960 

- 514.697 

- 514.760 

- 530.379 

- 577.:47 

in 

1907.08 

feel 
- 269.349 
- 232'940 

- 331'184 

- 380'728 

- 393'887 

- 431.048 

- 457'914 
- 486'767 

- 523'669 

- 518 .o :~  

- 519'143 

- 519.84.3 

- 498.501 

- 470'5.15 

- 485.162 

- 483'072 

- 469.457 
- 468.665 

- 480.478 

- 484.654 

- 499'995 

- 505.155 
- 515.817 

- 525'886 

- 531.399 
- 578.890 



LEVELLING OPERATIONS. 

portion of Line Burma A :  Pyinmana to Mandalay*. 

Bench.marks of the original levelling 

ths t  ware connoctad during the 

revisionary operotions 

Description Number 

Distnnce 
from 

Pyinmana 

Embedded st Pyinmana Railway Stn. 

Cut on plotform coping of Railway Stn. 

Cut on girder bridge ... ... 
Cut on drnin coping ... ... 
G. T. S. Intersected Point,Pyinmana ... 

Obaerved height above ( + )  or 

below (-) Ppinmsna 

as determined in 

I 

& 
243 

244 
n - 

244 
-1 
244 

feet 

0'000 

+ 0'345 

+ 4'694 

+ '9 '33' 

feet 

+ 0'000 

+ 0.429 

+ 4 ' i91  

+ '9'443 

Difference in height ( ~ ~ ~ i ~ ~ d  
Original). 1'he + sign denole 
thaL tile lleiel~t wne qnnter ,  rind 
the - sign 1-8 is 1903.0~ 1lIan 

it woe in 1892.93 

On the nseunlptlon lllel 
P~inmana blondolor 

bencll-mark has 
remeined 

foot 

0'000 

+ 0.084 

+ 0.097 

+ 0'111 

+ 0.130 

benelt.mnrh ha! 
remalnrd 

foot 

- 0'376 

- 0.291 

- 0'1;9 

- 0.265 

- 0'246 

Cut  on culvert psrapet ... ... 
Do. ... ... 

Cut on girder bridge ... ... 
DO. ... ... 

Cut on culvert parapet ... ... 
Cut on railway platform coping ... 
Embedded a t  Kyidaunggan Railway Stn. 

Cut on girder bridge ... ... 
Cut on bridge ... ... 
Cut on girder bridge ... ... 

Do. . . . ... 
Cut on culvert parapet ... ... 
Cut on girder bridge ... ... 

Do. ... ... 
Cut on culvert pnrapet ... ... 

Cut on girder bridge ... ... 
Cut on culvert parnpet ... ... 
Embedded a t  Bhwomyo Rnilwaj Btn. ... 
Cut on culrert parapet ... ... 
Cut on girder bridge ... ... 

Do. ... ... 
Do. ... ... 

Cut on the base of diatant eignal ... 
Embedded at  Totkon Railwny 8tn.  ... 
Cut on railway platform coping ... 

Cut on culvert abutment ... 
Cut on drain . . . ... 
Cnt on culvert parapet ... ... 
Cut on girder bridge ... .,. 

Do. ... ... 

Do. ... ... 
Cut on railway platform coping ... 
Embeddsd s t  Piynunglun Railway Btn. 

Cut on culvert pmrapet ... .. . 
Cut on girder bridge ... ... 

* The portion of thir line botween 

unchanged unchnnprd 

I 

245 

246 

247 

243 

249 ' 

250 

&, 
251 

252 

253 

254 

255 

256 
a 

257 

n - 
267 
258 

259 

260 

261 

a - 
2til 
2@3 
5 
262 
263 
- 
263 

264 

265 

266 
a - 

266 
267 

268 

269 

269 
270 

271 

BBogoon 

'l.97 

4 '46 

5.89 
7'22 

8.88 

10.17 

10.29 

10.49 
11 '71 

12 '77 

13.46 
r j . 2 2  

16.52 

17 '93 

19'28 

2 0 ' 2 0  

21'24 

21.75 
22.58 

24.04 

25.64 

26.51 

28.00 

28.34 

18.38 

29.30 

31.05 

32.05 

33'34 

34.33 

35.58 

36.41 

36.45 

37.98 

39.14 

Tidal Obervatorp 

- 9'132 

- 10.109 

- 0.18s 

+ 29'008 

+ 64'966 

+ 77'731 

+ 77'587 

+ 76'171 

+ 67'142 

+ 7 0 ' u 1  

+ 77.462 

+ 72.594 

+ 89.074 

+ 9 5 . ~ 0 6  

+ 92'072 

+ 103'9.30 
+ 103.688 

+ 114'6j7 

+ l r r ' j 9 7  

+ 136.810 

+ 161 .40~  

+ 164.082 

+ 170.928 

+ 172.908 

+ 173.049 

+ 164.517 

+ 176.932 

+ 197.569 

+ 204'250 

+ 226.013 

+ 227.628 

+ 239.933 

+ 239.428 

+ 258.451 

+ 269.984 

and Pyinmans 

- 9,044 
- I ~ . ~ ~ ~  

- 0' 1 0 2  

+ 29,136 

+ 65.120 

+ 77.052 

+ 77'718 

+ 76.336 
+ 67.284 

+ 70.2j j  

+ 77'636 

+ 72'798 
+ 89,269 

+ 95'613 

+ 92'248 

+ 104'09.3 

+ 10.3.849 
+ 114,691 

+ 121'766 

+ 136'989 

+ 161.641 

+ 164.266 

+ 171 '314  

+ 173'345 

+ 173'364 

+ 164.745 
+ 177'156 

+ 197,827 

+ 204'477 

+ 226.2oj 

+ 227'887 

+ 240.219 

+ 239.672 

+ 258.730 
+ r70.17l 

is being resLed s t  

+ 0.088 

+ 0.104 

+ 0.083 

' + 0.128 

+ 0.134 

+ 0 ' 1 2 1  

+ 0,131 

+ 0'165 

+ 0'142 

+ 0.134 

0.174 
+ 0'204 

+ 0.195 

+ 0.207 

+ 0.176 

+ 0,163 

+ 0,161 

+ 0'034 

+ 0.169 

+ 0,179 

+ 0.237 

+ 0.184 

+ 0.386 

+ 0.437 

+ 0'315 

+ 0.128 

+ 0'224 

+ 0'258 

+ 0'127 

+ 0.191 

+ 0'259 
+ 0,186 

+ 0'144 

+ 0 ' 2 7 ~  

+ 0 " ~ 7  

tbe prelent tim' 

- 0.188 

- 0 . 2 ; 2  

- O"93 
- 0'248 

- 0 ' 1 4 2  

- 0'255 

- 0.145 

- 0 '211  

- 0.334 

- 0.241 

- 0 ' 2 0 2  

- 0 '172  

- 0.181 

- 0,169 

- 0'200 

- 0'213 

- 0 ' 9 1 5  

- 0'342 

- 0.207 

- o'q7 

- 0'139 

- 0.191 

+ 0'010 

+ 0.061 

- 0,061 

- 0.148 

- 0 '152  

- 0'118 

- 0'149 

- O . l R 4  

- 0.117 

- 0 ' 9  

- 0.132 

- ow$ 

- 0.089 

# 

(lm'lO)' 



REBULTS OF REVISIONS. 839 

portion of Line Burma A : Pyinmana to Mandalay.-(Continued). - 
Difference in height (Revised - 
o r i c i n n ~ ) .  ~h~ + s i p  denoha 
tlint the height w e s , ~ ~ c a l f f ,  end  

Dietance 
from 

Pyinmana 

mile8 

40.50 

41.73 
41.21 

43.06 

43.28 

44.24 

45.50 

46.96 

47.58 

49.50 

49.58 

50.64 

51.76 

56.65 

57.25 

57.43 
58.18 

59'29 
60.05 

60. j3 

62.39 

62.44 

63.69 

64.44 

65.52 

66.88 

67'78 

G7'E3 

68.09 

70.38 

71.91 

73'oB 

74.08 

74'12 

75.11 

76.2.3 

77'84 

79'50 

80.79 
80'91 

Oboervcd lleight nbovo (+) or ~ ~ ~ ~ h . ~ ~ ~ k ~  01 the original levelling 

the - [ear 
it woo in 

On t l ~ a  
Pyinrnans 

bench-msrk 11as 
remo~ned 

unchenped 

foot 

+ 0.326 

+ 0.326 

+ 0'329 
+ 0.431 

+ 0,386 

+ 0'34.3 
+ 0.346 

+ 0.386 

+ 0.367 

+ 0.037 

+ 0.313 

+ 0,448 

+ 0.412 

+ 0.330 

+ 0'349 

+ 0.337 

0'331 

+ 0 ,326  

+ 0.332 

+ 0.291 

+ 0.347 

+ 0'434 

+ 0'34; 
+ 0.360 

+ 0.363 

+ 0'325 

+ 0 ' 2 2 0  

+ 0'455 

+ 0'529 

+ 0.369 

+ 0'319 

+ 0.250 

+ 0.218 

+ 0.246 

+ 0.289 

+ 0.312 

+ 0.31 I 

+ 0'373 
+ 0.217 

+ 0.355 

below (-) 

na determined 

1892.98 

feet 

+ 277.739 

+ 288.853 

+ 300'214 

+ 318'442 

+ 319'668 

+ 3.36.127 

+ 344.707 

+ 356'447 

+ 356.571 

+ 3 4 1 . 7 9 ~  

+ 341':96 
+ 340'832 

+ 333'396 

+ 360.510 

+ 361'391 

+ 360.380 

+ 360'190 

+ 350'430 

+ 34.4'813 

+ 340.390 

+ 324.113 

+ 324.586 

+ 317.789 

+ 323 627 
+ 317'884 

+ 305'546 

+ 290'789 

L 290.880 

+ 261.362 

+ 247'009 

+ 234.436 
+ 232.202 

+ 22g'lp3 

+ zr0.889 

+ 228.624 

+ ~ 2 0 . 7 2 2  

+ 219'945 
+ 21.3'852 

+ a15'808 

+ 116.221 

tllst were connected during the 

reriaionarg operations 

Dracription 

Cut on culvert ... ... 
Do. . .a  

... 
cut on girder bridge ... ... 
cut  on rsilway platform coping ... 
cut on base of Home Semnphore 

Cut on barrel drnin ... ... 
CUL on irrigaLion pipe ... ... 

... Cut on culvert ... 
Cut 011 girder bridge ... ... 
~mbeddcd at Ynmetliin R a i l m ~  Btn. ... 
Cut on rnilwny platform coping ... 
Cut on girder bridge ... ... 

Do. ... 
"' 

Do. . . . ... 
Cut on milway platform coping ... 

Embeddedet Sliwedo Railway Btn. ... 
Cut on girder bridge ... .- 

Do. ... ... 
Do. ... 
Do. , . . ... 

Embedded nl Pysvvbwe Reilnny Stn. ... 
Cut on roilway platform coping ... 
Cut on culvert ... ... 

Do. ... ... 
Cut on bnrrol drain ... ... 
Cut on parapet of rnil opeuing . 
Embedded nt SLanywn Railway Btn. ... 
Cut on rnilany p ~ n t ~ o r m  ooping ... 
Cut on bnrrcl drpin ... ... 

Do. ... ... 
Do. .. , ... 

Cut on girdor bridge ... ... 
Embaddcd nL Nyeungynn Railway Str. 

Out O n  r n i lwo~  plntform eoying ... 
Cut on girder bridge ,,. ... 

Do. ,.. . - .  
110. ... ... 

Cut on culrert pnrapeb ... ... 
Embeddodot M e i k t i l ~ R o a d ~ b ~ l w o ~ s t ~ .  

On roilway platform coping ... 

. 

in 1!l03-04 tllsn 
1892.83 

nsa~~nnptlon Lnnt 
Mondalng 

bencli.niork h~ 
remained 

nncheneed 

foot 

- 0,050 

- 0,050 

- 0'047 

+ 0'055 

+ 0'010 

- 0'0.33 
- 0.030 

+ 0 '010  

- 0.009 

- 0'339 

- 0 ,063  

+ 0.072 

+ 0.046 

- 0.046 

- 0'027 

- 0'039 

- 0'045 

- o ' o j o  

- 0.044 

- 0.084 

- 0.029 

+ o . o j 8  

- 0'029 

- 0.016 

- 0.013 

- 0'051 

- 0. I j6 
+ 0.079 

+ 0.153 

- 0.007 

- 0'057 

- 0.126 

- 0.158 

- 0.130 

0.087 

- 0.064 

- 0'065 

- 0.003 

- 0.159 

- 0'011 

Pyinmans 

in 

1903-04 

feel 

+ 2i8.065 

+ 289'179 

+ 300'543 
+ 318,873 

+ 320'054 

+ 336.470 

+ 345'133 

+ 356.833 

+ 356.3.38 

+ 3 4 1 . ~ 3 5  

+ 342.109 

+ 341'280 

+ 333.818 

+ 360.840 

+ 361.740 

+ ,360'717 

+ 360.521 

+ .350'756 

+ 344'145 

+ 340.682 

+ 324.460 

+ 3 a 5 . 0 ~ 0  

+ 318'136 

+ 323'9.97 
+ 318'247 

+ 305'871 

+ zg1.009 

+ 291'.335 
+ 261.8g1 

+ 247'378 

+ 234'755 
+ a;z'qgr 

+ 229'411 

+ 230.135 
+ 228.913 

+ 221'0.34 

+ ~ 2 0 . 2 5 6  

+ ~ 1 4 . 2 2 5  

+ 216.025 

+ 216.576 

Number 

e - 
271 
272 

273 

274 

274 

275 

276 
n -- 

276 
277 

278 

279 

280 
n 

b - 
280 
281 

2% 
281 
282 

283 

285 

& 
285 

286 

287 

288 

289 

2- 
289 
290 

291 
- a 
291 
293 

293 

294 
R 
294 
205 

296 

297 

298 

299 

300 

3w -!L 



340 LEVELLING OPERATIONS. 

Portion of Line Burma A : Pyinmana to Mandalay.-(Continued), 

!!h benoh-muk * p p m  k~ hare been nued, since i t  w u  originslly ereoted. 

Distance 
from 

Pyinulnua 

miles 
82.48 

83 '66 

84.57 

85'6.3 

86.33 

87'51 

88.59 

89'8.3 

90'3.3 

90.38 

91.68 

92.56 

93.59 

94 '39 

95.53 

97'00 

97'89 

99'29 
100.56 

101.73 

102.63 

103'94 

104.89 

107.29 

107'9.1 

110.18 

113.56 

I 16'42 

116.46 

117'67 

119.60 

121.33 

122.18 

125.08 

127.48 

"7.54 

129.26 

131.76 

1 ~ 1 ' 8 0  

I j4.09 

Benoh.marLn oE the original levelling 

that  were connected during the 

revisionary operations 

Desoription 

Cut on barrel drsin ... ... 
Do. ... ... 

Cut on culvert ... ... 
Cut on barrel drain ... ... 
Cut on girder bridge ... ... 
Cut on culvert ... ... 
Cut on girder bridge ... . . . 
Cut on culvert . . . ... 
Cut on railway plntform coping ... 
Embedded st Hanza Railway Stn. ... 

Cut on girder bridge ... ... 
Cut on barrel drain ... a ... 
Cut on irrigation pips ... . . . 
Cut on barrel drain ... ... 
Cut on girder bridge ... ... 
Embedded a t  Thedaw Bailway 6tn. ... 
Cut on culvert ... ... 
Cut on irrigation pipe ... ... 

Do. ... ... 
Cut on girder bridge ... ,.. 

Cut on culvert ... ... 
Embedded a t  Barnon Bsllway Etn. ... 
Cut on girder bridge ... ... 
Cut on irrigation pipe ... ... 
Cut on girder bridge ... ... 

Do. . . . ... 
Cut on irrigalion pipe ., ... 
Embedded s t  Kume Road Railway 8tn. 

Cut on railway plabform coping ... 
Cut on girder bridge ... ... 

... Do. ... 

... Do. .,. 
Cut on bsae of Home Bemaphore ... 
Cut on girder bridge ... ... 
Cut on bale of Home Bemaphore ... 

Embedded a t  Minzu Railway 8tn. ... 
Cut on girder bridge ... ... 

Do. ... ... 
DO. . . . ... 

Embeddd  s t  K y a u b r  Railway Etn. ... 

Obnervcd height above (+)  or 

Niunber 

301 

302 

903 

304 

305 

306 

307 

308 

309 

- 3:9 

b 
309 - 
a10 

a - 
310 
311 
s - 

311 

312 

313 
a - 

313 
314 

315 

916 
a - 

3 , 6  
317 

3y7 - 
318 

319 

321 

322 

823 

324 

325 
326 
- 
3:F 
b 

3PG 
3.27 

- , 
328 

329 

830 
- 3io 

bolow (-) 

an determincd 

1892.93 

feet 
+ 210'740 

+ arg'511 

+ 213'630 

+ 213.417 

+ 213.658 

t I 

+ 209'027 

+ 203'324 

+ ~0.3 '279 

+ 202.838 

+ 181.029 

+ 164.288 

+ 145'863 

+ 135'24'2 

+ 128'785 

+ 129'447 

+ 1ar'.37j 

+ 108'553 

+ 97'150 

+ 89'972 

+ 83'474 

+ 70,320 

+ 53.117 

+ 38.822 

+ 3 9 h u 9  

+ 23'718 

+ 6.768 

+ 4 .819  

+ 5.389 
+ 0.307 

+ 3.1.19 
- 0.282 

- 6.598 

- 15.768 

- 4 

- 20.404 

- 21.966 

- 14.577 

- 27.691 

- 30,189 

Diferonce in lleiglll ( ~ ~ , i ~ ~ d  - 
Originel). T ~ I C  + mCt, , I ~ , , ~ ~ ~ ~  
tllat t,llc h e i ~ l ~ t  was l lrPn,rr and 
Lho - sign lcsa ill l j ~ ~ ~ . ~ ~ l ~ , ~ ~  

Pyinn~ann 

in 

190a.04 

feet 
+ zlr .oq7 

+ zrgaggg 
+ 214.059 

+ 213.679 

+ 21q.oor 

+ 211.738 

+ 209.595 
+ 203.629 

+ 20.3.669 

+ ~ 0 3 . 2 2 4  

+ 181.323 

+ 164.509 

+ 146'146 

+ 135.535 
+ 1rg.151 

+ 129'867 

+ 122.659 

+ 108.886 

+ 97'357 
+ 90.260 

+ 83,805 

+ 70'772 

+ 53,386 

+ 39.146 

+ 39'309 

+ 23'977 

+ 7.444 

+ 4'479 
+ 5'601 

+ 0'542 

+ 3.364 
- 0.028 

- 6.347 

15'511 - 
- 19'689 

- 20'175 

- 21.720 

- a4.322 

- 27.138 

- 29'939 

it wns in 

011 tllo 
P~illmnnn 

beneh.~~~orb boa 
runioined 

uncllnwed 

foot 
0'307 

+ 0'488 

+ 0'429 

+ 0,262 

+ 0'344 

+ O'527 

+ 0'568 

+ 0.305 

+ 0'390 

+ 0.386 

+ 0.294 

+ 0'7.21 

+ 0.283 

+ 0.193 

+ 0.366 

+ 0'420 

+ 0.284 

+ 0'333 

+ 0'207 

+ 0,288 

+ 0.331 

+ 0'452 

+ 0'269 

+ 0'324 

+ 0.190 

+ 0'2j9 

+ 0 ' 6 i 6 *  

- 0'340 

+ 0'7.12 

+ 0.235 

+ 0.225 

+ 0'254 

+ 0'251 

+ 0'257 

+ 0"53 

+ 0.129 

+ 0,246 

+ O"55 

+ 0'253 

+ 0"50 

1892.93 

assuatp~~~, ,  thlll - 
b l n ~ l d , ~ i ~ ~  

benell.nsrk bu 
ren,nined 

unc1101,~~d 

foot - 0.069 

+ 0 ' 1 1 2  

+ WOjJ 

- 0.114 

- 0.031 

+ 0.151 

+ 0.191 

- 0'011 

+ 0.014 

+ 0'010 

- 0~081 

- 0'155 

- 0,093 

- 0'08j 

- 0'010 

+ 0'044 

- 0.91 

- o'odj 

- 0,169 

- 0.088 

- 0'04j 

+ 0,076 

- 0,107 

- 0 ' 0 ~ 1  

- 0.186 

- 0.117 

to'.i0o 
- 0,716 

- 0.164 

- 0.141 

- 0'151 

- 0'111 

- o'Ir5 

- 0'119 

- O'llj 

- 0'147 

- O'ljO 

- 0.111 

- o.1r.l 

- 0 . d  



RESULTS OF REVISIONS. 341 

Portion of Line Burma A : Pyinmana to Mandalay.-(Continued). 

ncncll.marks of tho original levelling 

tllnt were connected during the 

Difference in height (Revinecl - 
~ ~ ~ ~ ~ ~ ~ l ) .  y h e  + denotes 
tha t  Lbe h e i ~ h t  waagreatrr, and 
tbo - sign less in  1903.04 tbnu 

Distnnce 
f l.om 

Pyinmnnm 

tniler 
134.09 

1.35'04 

138'33 

138.41 

140.89 

142'74 

143'9j 
145.01 

146.91 

1 j 1 . 0 9  

151.53 

152.28 

151'31 

1 j6 .94  

157'98 

I 58.00 

'59'5.3 

160.43 

160.74 

161.48 

162.51 

162.52 

162. j7  

162.61 

162.74 

revisionn~y operntiona 

Description 

cl l t  on base of Homo 3emnphoro ... 
Cut on girder bridge ... ... 
c u t  011 bode oE Homo Sernnphore ... 
Bnlbeclded at Belin R n i l ~ v ~ y  6ln. ... 
cut  01, wingwall of girder bridge ... 
Cut on girder bridge ... ... 
Cut on bttso of Home Semaplioro ... 
Cut on girder bridgo ... ... 
Cst on bridge over u canal ... 
Cut on girder bridge ... ... 

Do. ... ... 
Cut on bnso of Homo Semaphore ... 
En~bcddod nL Jlyitnge Railway Stn. ... 
Cut on girdur bridge ... ... 
Cut on plotforn~ coping opposito Home 

6emuplloro ... ... 
Cut on the hose of Home Semnpl~orc 

Cut on relurn-rmll of girder bridgo ... 
CuL on b ~ s o  of water-column ... 
Embedded at Mandnlny Railwny S tn .  

Cut on slono plinth of railway gate ... 

Ell~bcddrd nt Blililnry Police supply 
Uupul., Shore ... ... 

P.1V.D. Bancb.mnrk ot Fort Dufforin 

])Oh[ o ~ ~ ~ b ~ r l d e d  in lnnsonry pillar a t  
Furl VdTur~n ... , ,  

Cut on Ll~e plint.11 of rerontmont wall 

Embndded at Marine Transport o ~ ~ i c e ,  
0110ro .,. . . . . . . 

it  wns in 

On tlte 
Pyin~nano 

bencl~.mnrk llua 
r e n ~ n ~ n e d  

unc11nn:ed 

p o t  
+ 0,257 

+ O ' Z ~ I  

+ 0.265 

+ 0 ' 0 1 0  

+ 0.287 

+ 0'209 

+ 0 ,306  

+ 0 .319  

+ 0.354 
+ 0.309 

+ 0'374 

+ 0 ,386  

+ 0.965 

+ 0.297 

+ 0.467 

+ 0'4.39 

+ 0'341 

+ 0'455 

+ 0.376 

+ 0.216 

+ 0'241 

+ 0'2.33 

+ 0.336 

+ 0.305 

+ 0.198 

Number 

331 

332 

334 

- 
3.y4 
335 

336 

337 

338 

339 

340 

. 
341 

341 
343 

344 

345 
a - 

34C 
b - 

34h -!L 

344 3 

na 

c2 - 
34C 
c, 

344 
- 

"1 

,,, 
346 
- 

1892.93 

assllnlpll~n l l ~ a t  
Mandnlny 

bench-niark llus 
remuinrd 

ut~rlnl~ncerl 

foot - 0 - 1 1 9  

- 0'105 

- 0 ' 1 1 1  

- o 366 

- 0.089 

- 0.167 

- 0.070 

- 0 057 
- 0.022 

- 0,067 

- 0'001 

+ 0'010 

- 0'011 

- 0'079 

+ 0 '091  

+ 0 ,063  

- 0,035 

+ 0.079 

o ~ o o o  

- 0 .160  

- 0'135 

- 0.143 

- 0,040 

- 0.071 

- 0.078 

Observed lleigbt shove (+) or  

below (-) Pyinmsna 

as 

1892.03 

feet - 29'815 

- 36,497 

- 4.3'5'3 

- 44.5'50 

- 48'595 

- 55'950 

- 59.766 
- 62.019 

- 52.S.38 

- 66.139 

- 65.969 

- 61 .o j9  

- 61.8j8 

- 65'377 

- 63'757 

- 63.024 

- 6.3'945 

- 64.169 

- 62.388 

- 62.395 

- 79'09.3 

- 64.721 

- 66.509 

- 72.734 

- 87'399 

determined in  

3903.04 

feet 
- 29.558 
- 36.126 

- 43'258 

- 44'550 

- 48.308 

- 55.741 

- 59.460 
- 61.700 

- 52'484 
- 65.830 

- 6 j .595  

- 60.673 

- 61,493 

- 65.080 

- 6.3'290 

- 6 r . 5 8 j  

- 6.3'604 

- 63'714 

- 62.012 

- 62'179 

- 58.852 

- 64,488 

- 66,173 

- 72'429 

- 87.101 



LEVELLING OPERATIONS. 

Line No. 61A. Saharanpur to Mussooree. 

Benoh-rnark~ of the original levelling 

Distanoe 
from 

Soharsnpur 

m i l u  
0.00 

30'9' 

40'96 

43'06 

47.7' 

4 i . 7 3  

47.80 

48'65 

49.24 

50.65 

51 .73 

52.06 

53.05 

54.zj  

57'99 

58.86 

59'10 

59.48 

59.68 

59.91 

60.08 

60.26 

60 . jo  

61 '19 

62.98 

63.11 

6.7.44 
6.3.80 

64 .16  

64.59 

64.R8 

65.15 

65.31 

65.46 

65.59 

, 65.61 

h5.81 

6 j .84  

that  ware conneoted 

dwing  the reviaionary opernlionn 

Deaoription 

Embedded a t  lshnrnnpur ... 
Embedded a t  Mohan ... ... 
Embedded a t  Mohabawsla ... 
Colonel Ererest'a upper mark s t  E. End 

of Debra Duu Ewe-line ... 
0 on Bell platform of Trigo~aometricnl 

Brsncll Office ... ... 
Iron plug a t  the Trigonometricsl 

Branch Office ... ... 
Cole'e Sntellile Station, eu~a l l  solar 

obaervstory ... ... 
Cut on elone on Rnjpur road ... 

Do. ... ... 
Do. ... ... 

Cut on mile-atone on Rejpur road ... 
Cut on atono on Rajpur road ... 
Cut 011 stone a t  Fhjpur  ... 
Cut on plinth of a llouse nt Rejpur bszar 

Cut on rock s t  "Kolu-Kl~et" water works 

Do, abore"Kolu~h l~r~"waterworks  

Do. below Bhatta rillage ... 
... Do. ... ... 

Do. ... ... ... 
Do. ... ... "' 

... ... DO. ... 
... Do. ... ... 

DO. ... ... ... 
Cut on d n i n  E .  of Bhal ts  rlllage ... 
Cut on rock 8. of " Oakdenen ... 

Do. nbore " Oatdene" ... 
Do. ... ... ... 
Do. ... ... ... 
Do. below "Falron's Nest" ... 
Do. ahore "Fnlcoo's Seat"  ... 

Cut on rernndnl~ of ~ I u ~ r o o r e e  Librnry 

Cut on step a t  C h r ~ s t  Church, Jln~aaooree 

Cut on rock a lilllenboretlneChn~rcln ... 

Do. ,"Fincrnt'm Hill " ... 
Cut on " Y u ~ # o o r a e  Dome Obnervntary " 

Cut on "Eagles Keel" ... ... 
Cut on rock near "Dunsererick" ... 
Cut on r e n n d a h  of "DunmerericL" ... 

Number 

1 

19 

37 

2 
38 

1 
46 

47 

? 
46 

48 

49 

60 

60 
51 
a - 
6 1 
62 

53 

53 
64 

65 

56 
a 
6% 

57 

58 

69 

60 

62 

63 

64 

66 

66 

67 

68 

69 
a 
63 
s 
68 
i l  

b - 
68 

e 
68 
d 
El 

Dinerenre in 
Ineight (Revised- 
original). Tile 
+ sign denotes 
that the heigllt 
wna grcatcr, 
the - nign h a  in  
1905.07 /Inn it 
was in 1861.62 

and 1903.04 

0.000 
foot 

+ 0.327 

+ 0.363 

+ 0.390 

+ 0.444 

+ o . ~ ~ ~  

+ 0.443 

+ 0,460 

+ 0.431 

+ 0.414 

+ 0.405 

+ 0.394 
+ 0.366 

+ 0'315 

+ 0.21; 

+ 0'171 

+ 0'l;o 

+ 0'149 

+ 0'159 

+ 0'16' 

+ 0 '160  

+ 0'159 

+ 0"j1 

+ 0'113 

+ O.OR.' 

+ o ' o ' ~  

+ O'OS.1 
+ 0'061 

+ O ' O ~ ~  

+ "'05' 

+ 0 ' 0 s 6  

+ 0 '051 

+ 0'04' 

+ 0'0S4 

O ' O S 1  

+ 0'030 

+ O'O'n 

+ O'O'J 

Observed height above (+)  or 

below (-) 8aharanpw 

as determined in 

1861-62 
and 1 jg1~.06.w 

1903-04 

feet 
o ' 000 

+ 582'153 

+ 1189.311 

+ 1 0 ~ 1 ' 8 ~ 3  

+ 13'3 '~90 

+ 1321'88j  

+ 1330.105 

+ 1375'755 
+ 1431'426 

+ 1609.196 

+ 1787'346 

+ 1842.166 

+ 2015.560 

+ ~ ~ 1 6 . 0 6 7  

+ 3195'268 

+ 3519'372 

+ 3590'9j5 
+ 3670. i81 

+ 3724.527 

+ 3783.013 

+ 383.7.070 

+ 3R67.523 

+ 3 9 3 1 . ~ 0 j  

+ 4230.598 
+ q911.ool  

+ 4964.781 

+ 5095.587 

+ 5240.1.7j 

+ 5375.157 

+ 5551.361 

+ 5 6 7 1 . 6 7 1  

+ 5 i39 .h j6  

+ 5834.041 

+ 6003.856 

+ 6028,712 

+ 6016.914 

+ 6116,578 

+ 6212.068 

feet 
0'000 

+ 582.480 

+ 1189.674 

+ 1051.213 

+ '324'334 

+ 1312'326 

+ 1.330'548 

+ 1376,215 

+ 1431'857 
+ 1609.620 

+ 1787'749 

+ 1842.560 

+ 1015.926 

+ 2416.392 

+ 3295'495 

+ 3519'549 

+ 3591'125 

+ 36i0.931 

+ 3714'686 

+ 378.3.175 

+ 38.33.230 
+ 3867'682 

+ 39.71.456 
+ 4230'711 

+ 4911'084 

+ ~964.R66 

+ 5095.640 

+ 5140.197 

+ 5375.226 

+ 55j1'415 

t 5 6 7 1 . 7 2 7  

+ 5id9.iO7 

+ 5834.081 

+ 6003.890 

+ 60~8.i6. i  

+ 6016,944 

+ 6216.606 

+ 6rla'oR1 



A DISCUSSION OF THE RESULTS OF LEVELLING REVISIONS. 

I. 
The following table gives a list of the double simultaneous lines that have been revised :- 

On pages 319-343 we have exhibited in  a series of tables the differences between the original and 
revised values of I~eight for all surviving bench-marks on the revised lines. W e  had a t  one time looked 
forward to deriving valuable information concerning the laws governing the errors of levelling from the 
co~~arisons of original and revised values of height, but in this research me have failed and for two 
reasons :- 

(i). The original levellers were unaware of the advantages of having bench-marks upon ground 
rock, aud frequently omitted to place bencll-marks upon ground rock, even when rock was out-cropping 
On their routes. The revisionary results that numbers of the masonry bench-marlis ]lave been 
raised or lowered by considerable amounts since they wcre first erected : this fact gives rise to doubts as 

wllethcr other masonry bencll-marlts may not have been moved by s m d  amounts sufficient to vitiate 
scientific deductions; in fact the stability and permanence of no masonry bench-mark can be accepted 
as unquestionable. 

Approximate 
I e n ~ t h  in 

miles 

881 

240 

16 

161 

44 

19 

(ii) .  The only lines of levelling that have been revised are those, that closed mith abnormally 
large ermr8,-errors so large as to arouse suspicions, t h d  actual mistakes mag possibly have been made 
by levellen; it will not he from rejected lines such as tllese, tllat we shall gain information concerning 
tllr larrs of error of scientific levelling. I f  revisions are required to tlrron light upon general questions 
Of the lines to be revised should be selected for their merits and not for their defects. 

Complete line 

Bombay-Madras ... 
Bellary-Rarwar ... 
Karaclri mean-sea-level 

-Tatta 

Mandalay-Pyinmana ... 
Saharanpur-Dehra Dun ... 
Dehra Dun-Mussooree ... 

Line nnmhers from 
Tables I (pnge 6) 
and (page 

32,31,25,26, 
28,21,14,8. 

16,17. 

78,43. 

Burma A. 

61 A. 

61 A. 

Seasons 

i n a  o r  1 Revi6ian 

1877-81 

1873-74 

1869-60 

1892-93 

1961-62 

1903-04 

1906-08 

1907-09 

1893-94 

1903-04 

1906-07 

1906-06 



344 LEVELLING OPERATIONS. 
Pet. s. 

The following table r a n  prepared, in order to show whether any connection existed betneen lb, 
differences, that Lave been discovered between original and revised values of levellint 

the ences, tllat appeared between the first and second levellers. For each revised line the terminal dihnne 
of height betreen original and revised levelling is given ; and then the following data arc added :, 

(i). terminal differences between levellers on each original and each revis4 line. 

(ii). maximum difference between levellcrs on each orginal and each revised line, 

(iii). probable errors generated in the original and revised lines of levelling. 

I n  showing the error accumulated per mile, we have merely divided the total error at the ad ,,, 
any line 1)y the length in miles : this method presupposes the whole error to be systematic 3 to be 
accumulat,iog at  an uniform rate per mile. Such an assumption is known to be incorrect, buttlle law ,,f 

accuutlulntion of error and the relationship between error and distance are too complex to be iutroduced 
into discussions of discrepancies, and we are obliged to have recourse to rough approximations. ~ j , ~  

average systematic error may be taken to be 0'0005 per mile. 

The great differences between original and revised levelling occur on the following lines :-Diksal. 
Gulharga, Gulbarga-Raichur, Karwar-Hubli, Hubli-Bellary, Pjinmana-Mandalay, Saharanpur.Dehra 
Dun, Dehra Dun-Mussooree. 

-3 
Probable e n o r  deduced from dincrepmciea (1) between the  two  levellem q - 0 .  b46 # 

f 

2 I l 
2, 

Line 

Bombny.Kslyen . . . 
Kal~nn.Kedgeon ... 
Kedgson-Diksal ... 

D 1 1 1 s l - G u l b n ~ g ~ p l n l h . .  

G~llbnrgaplotform-Kaichur 

Discrepnncy in the 
vlhlue~ of lleight of 

terl~rillnl bench- 
l e v ~ ~ ) n r k  (Revised 

e l l ~ u g - O r ~ ~ i n n l )  

I Tol.1 per mile 

~~~~~h 

miles 
34'5 

120.0 

30.6 

1 j 0 . 4  

89 .9  

foot 
-0'012 

-0.08; 

-0.084 

-0.738 

-1.102 

+0.050 

-o.15() 

-0.114 
-- 

-2,246 
--- 

+0'69,< 

-1.143 

+ ~ . j i b  
-- 

+0'141 

- 0 . ~ ~ 8  

96.5 

215.4 

44 '1 

8 0 1 . ~  

I 

137.3 

160.7 

4 7 . 7  

18 .1  

foot 
-0.0003 

-0.000; 

-0.002; 

-o.oo(,? 

-0.0123 

+ O . O O O ~  

-O.OOO; 

- 0 ' 0 0 ~ 6  

- 0 . 0 0 ~ 8  

+o'oo6; 

- o . o o ~ g  

+ o.oo2,, 

+O'oo')z 

-o.02.36 

Difference genernted bchveen the 
two levellers at  the cnd of line 

I 
. 

original Eeviaed 

Total I per milo 1 Totnl I per 

f 1 Rnicbur-Goot~ ... 

i 
t 

5 !?I 2 9 

2 $ 

5 ;  [ 

5 2 1 2" 

~~~i~~~ 
differenec 

between levellcrs 

foot 
-0.037 

-0.034 

+o.o26 

-0.086 

+O.OI ;  

+o.o;o 

-0.061 

+0.035 

-0.070 

-0.004 

+o.070 

------ 
+ ~ , ~ j ~  

- 
-0.152 

+o .220  

Ctootp-hkonsm ... 

Arkonem-bladres ... 

Tola le€orBon~bny~Yndms  

Karwsr.Hubli ,,, . 
Hubli.Bellary ... ... 

Pyinmsns-Yendalny ... 

Sabarsnpur.Dehnr Dun ... 

D e h n  Dun-hlu88ooree ... 

l'robahle error' 
of lllr rl~lTrrenr~ol 
elesol~os Irlnetn 

{ ~ ~ ~ c ! ~ ~ ~ ~ ~ ~ $ ~  

milel= 

foot 
-0.104 

- 0 , 2 2 1  

+ O . O ~ O  

-0.118 

+0 .08 j  

+o .og l  

-0.158 

+0,0;6 

+ 0.02; 

+ O . I ; B  

-- 
+ O . I ~ J  

-0'19J 

+ o . n 9  

foot 
-0'0011 

-0.oo0.3 

+o.oooB 

-o.oooj  

+o.oool  

+o.ooo; 

- o . o o o ~  

+o.oooB 

-o.oool 

o,oooo 

+ o ~ o o o 5  

+ o . ~ ~ ~ ~ ~  

-0.0032 

+o.ol,7 

fool 
-0'032 

-0.029 

-0.103 

-0 .1 j8  

+0.05,3 

+o.o16 

-0.011 

-0.00.3 
----- 

-0.287 
--- 

+ o .  178 

-o . lo l  

+ o. 219  

--- 
- 0 . 0 6 ~  

-o.19fj 

OriCinnl 
linc of 
1 1  
-- 

fool 
*0'0196 

ko.0431 

*o.ol;q 

i o . 0 ~ 8 1  

io.035.1 

k0.0184 

fo.O.it9 

*o"Jl8i 

-- 
*O'O'ld 

*"'oj60 

/- 

*O'O4'4 

----- 
*0'06" 

*0'0'93 

fool 
-0.032 

+o . l iq  

-0.10; 

-0,103 

- o , ~ o r  

+o.oRg 

-0.089 

co'ozo 

+0' l iB 

-0.149 

+ 0'"; 

- 0 . 0 ~ ~  

-0.196 

foot 
-0.0009 

-0.oo02 

-0.oo34 

- O . O O I O  

+ O . O O O ~  

+o.oooz 

-0.0001 

-o.oool 

-0.0004 

+O.OOI; 

-o.ooo; 

+ o , ~ ~ ~ 4  

-0.0014 

-0.010.9 

Reri.td 
l l n o o l  
*.I. 

fonf 
f 0 . q  

*0.0)66 

*OQIO!  

tOoklk 

*0'0189 

fQ'"S1l 

*o0ll1 

f0.016' 

*0 '0~"  

*"'oJ'9 

*o'oioi  

i0016 '  

*"'o"l 



Err. 9.1 A DISCUSSION OF THE RESULTS OF LEVELLING REVISIONS. 346 

We will now examine the eight main-lines, that constitute the connecting link between Bombay 
M&~s, and endeavour to see if any light has been thrown upon the error of 2.98 feet, that ap- 

Pea 
red in 1880 between the mean-sea-levels a t  Bombay and Madras. 

The following considerations will help US to understand the meaning of the differences that have 
rppnred l~et~veen the revised and original levelling, the original values being always subtracted from 
the revised :- 

(i). A large isolated negative difference denotes that the bench-mark, a t  which it appears, haa 
settled or been lowered in the interval between the old and new levelling. 

(ii). A large isolated positive difference denotes that the bench-mark has been raised. 

negative 
(iii). A constant posilive difference appearing a t  a number of successive bench-marlis denotes 

subsided 
either. that the whole ground along the route has ,.isen , or that some initial error in  the old or the  

new levelling occurred at  the first bench-mark of the series, or that the height of the first bench-mark 
of the series mas altered between the dates of the arrival of the levelling and its continuation beyond.* 

(iv). A difference persistently increasing and always with the same sign, whether the level-route 
is ascending or descending, denotes either that tihe levelling observations, original or revisionary, were 
being affected by systematic error, or that the earth's crust was undergoing some vertical movement or 
tilt during the levelling operations. 

(v). A difference persistently increasing and always n-ith the same sign, so long as the level- 
route continues down-hill, and which begins to decrease and change sign, when the level-route changes 
to up-hill, denotes that erroneous values of length have been given to the staves. 

In attempting to interpret the meanings of the discrepancies we shonld in the  first place en- 
deavour to separate those that are due to levelling errors from those due to movements of bench-marks. 

Line No. 32. Bopnbay to Kalyan, (see page 319j. 

The values of height for the embedded bench-mark a t  Dadar differ by 0.077 foot and those for 
the embedded bench-mark at  Kurla by 0.070 foot, but after Kurla the discrepancies get less, and no 
appreciable error was discovered at  Halyan. 

Line No. 31. Kulyan lo Kedgaon, (see page 320). 

In the first 37 miles the valnes of height nere a11 greater in 1006-07 than in 1877-78. Beyond 
Kampuli they nere less, except in t]le case of the bencli-mark embedded at Kirkee, which, being in 
rail\rap station has presumably been disturbed. 

In tile first 37 miles the levelling-line rose 207 feet, and in the last 73 miles it fell 269 feet. 
But htlveen the 37th and 47th miles i t  rose suddenly 1803 feet. 

~- 

\Vbcn work is closed for the aeason some months mey intervene between the connection of n bench.mark and the continuation of levelling 
bc90nd. On return of the levellers after the intervnl the po~itions of the lnst bench-mnrkn fixed should he tested. In April 18i9 the levelling 
ended at Kcm- and in the follotving November tlie relntive heigllts of two bench-ninrkn in the rnilwny stntion were redetermined. Also when work 
wn3rec0mmenced Raicbnr in November 1880 the reliaive hsights of two marks in the rnilwng stntion were redetermined. Experience hes shown, 
"" Ihc rcdcterminatlon 01 two msrks sitnotcd c l o ~ e  together ou s railway platform is  an insu!licient test of stabrllty. 
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During the filst 37 miles, a l ien the rise was moderate, the original levelling appnrs to too 
lor throughout, but tlie difirence between revised and original can hardly be said to be systemalimlly 
increasing over tbis lel~gth, for the total difference generated in 37 miles is 0.101 foot, andhalf thisamounl 
occurs at tlls first bench-mark from Kalyan. Still the error over this length averages 0.0027 fmtpamila 
nLicll is too great an avenge rate to be passable. I n  tlie last 73 miles the differencebetween nvisld and 

values changes from - 0.074 to - 0.087-0 change per mil0 of 0'0002-and this is rillin 
the  limits of permissible error. 

I 

Tile chief error however on the Kalyan-Kedgaon line was accumulated between tile 37th 
47th n-hen the difference (revised - original) changed from + 0.101 to - @074-a e ~ a l l g o l  
0.175 in 9 miles, or 0.0194 a mile. 

The fact,, that, an abnormal error appeared during the rise of 1803 feet, and that itnasnot 
visible when the levelling-line mas ascending a gentle gradient, ,rather tends to throw sasl,iciou on tll,, 
staves. It' a discrrpnncy oE - 0.175 foot in a rise of 1803 feet is to be attributed to the staves then the 
adopted length of the four (ten-foot) staves must have been in 1877-78 in the mean too snrall by ahour 
0f)Ol foot, i.e., by 0'0001 foot per foot. 

On the ascent, from Rnmpuli to Hhnndala the gradient exceeded 250 feet a miIe, and tl~edi&~~lti~ 
of levelling mere very great. We are not able tl~erefore to ascribe discrepancies with ally certainly 
to errors of the staves. The total error of levelling generated may well have been due to tllen~void~bl~ 
di5culties of observation or1 a mountain road.* 

Between Enlyan and Kedgaon the error generated in the original levelling appears toaverage 
0.0007 foot per mile, and nt this rate the total error accumulated between Bombay and Madras mould 
b considerably less tlian 1 foot. 

It will thus be secn that no appreciable portion of the extraordinary error of 2.96 feet, t,hat ns 

accumulated between these two places in 1877, can be attributed to the Kalyan-Kedgaon line. 

Line A-o. 25. Kedgnoj, to Diksal, (seepage 322). 

I t  is difficult to understand n hy the first two bench-marlts, like the first bench-mnrlig on the 
KJyln-Hrdgaon nod on other lines, should appear to ]lave risen unless they have been aetl~allg lnorrd 
I t  map be that the Kedgc~ou bench-mark itself has sunk. The bench-marlts embedllctl at l'alas 

and Dllol~d both appear to hare sunk, since they were erected: the differences ohtaillet1 bct\\ecIl tbe 
revised and t l ~ c  oricinal l r w ~ l l i n ~  a t  Patns and Dhond are larger than at  the enlhetldnl l)f~ll(sl l-nl~lh 'oi  

Boribyal nnd Diksnl. Bvt,w-een l<edyaon and Diksnl the error in the oriji~nnl lev~llln~ ~l'l'e"" 

to he 0 081 foot :~nd  to average 0 0023 foot per mile. An average error of 0 00% foot pt'r mill' I' ''' 
large, and if i t  pcrrided from Bnml,ay to AIadras, it would cause a discrepancy between ~ o ~ ~ l l ~ ~ ~ ~ ~ ~ ~  
actual ralues of height at  AIadms exceeding 2 feet. The great Bombay-Madras error may tl1e1'~~~~ ' 
said to  have conu.aenccd to accumulate between Kerlgaon and Diksal. 

Line No. 26. Dikrral to Ottlbargn, (see p q e  323). 

On tlic Dikrol-Gal l~ar~a line a difference of - 0 738 foot was pneratrd in 170 miln I" 

arwn:c of 0f)0.&:3 foot per nlllc. If thir rate of accumulation fmrn Bomhny to J[adr''8 
/- 

p~~ 
- .  

* 1. 1 '4qI111 thc l c r r l l i n ~  n l  [hi. steep n v e n t  ru reriq.(, nn.1 no error i n  t h e  1 3 j i . 7 ~  rmdU vnq detected. T ~ ~ ~ ~ ' I ~ ~ ~  

b.r r m  M C ~  io lbc0-81 rs In l*i;-78: the s tavea  u ~ r l  in 1877.78 were No& 6 ,  6 ,  7, 9, sod 1881.82 Has. 6, 9, 10 wd F. 
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diareprucY exceeding 3: feet mould appear a t  Madras. The accumulation of the Bombay-Madrm 
nmr commenced on the Kedgaon-Diksal line. It was undoubtedly continued on very 
serious scale throughout the Diksal-Gulbarga line. 

~ t i s  dimcult to discuss the cause of an accumulation of error between Diksal and Gulbarga, 
because the bench-marks (10 not appear to possess adequate stability.. Numbers of them have been 
obviously moved, and many more arc under suspicion. I f  me examine the results obtained at  the 
,,rnbedded bench-marks only, We see how widely t h e  differences jump, and how irregular the accumula- 
tion of error is. At Katraj, 5 miles from Diksal, a difference of - 0.317 foot appeared : a t  Pornalvadi 
tllis was reduced to - 0.124. At Poplai it mas  - 0.052, and at Jeur - 0.056. A t  Kern it mas - 0.140 
and at firsi road - 0.275. At 50 miles from Diha l  the difference was in fact less than i t  mas at  5 
miles. 

In the 10 miles beyond Barsi road tlle difference jumped from 0.275 to 0.587 a t  Madha-the rate 
of nccumulation being 0.03 foot per mile ; but in the nexb 8 miles it decreased again to 0.377 a t  Angar, 
&owing that the embedded bench-mark at  Madha has sunk. 

From Angar to Hotgi there is a continuous increase of error a t  the rate of 0-007 per mile. 
After Hot$ it decreases to Kadnbgaon. At Dudhni the difference is a t  a maximum (for embedded 
U&S), 0.866, and it thcn declines to 0.767 a t  Gliangapur. 

Tlte errors on the Diksal-Gulbarga line are so extraordinary, that we a t  first suspected the lengths 
of the staves. 

The following table was constructed to shom if the accunlulation of the error of levelling 
raried according to whether the level-line was ascending or descending :- 

The error, which is gencmlly negative from Bolllbay to Madras, increased in five sections, and 
decreased in tlic Inst. If tllis negative error had been mainIy due to erroneous staff-units or to erroneous. 
stagle@ll~, it should bavo decreased whentllcroad ,.ore IromV7a.s1limbe to Kem. But on this ascending 
w~tion of road tho ncgative error continued to incrcasc. The total fall on the line Dilisal-Gulbn~~ga is 
168feet, and if tho error O F  0.738 foot gcnaratcd on the line is to bc ascribed to* tho erroneous staff-lengths 

0.738 01 1878. then the b u r  d a ~ c t  must have been on the average too long by 767 foot, tllat is, 0 .044  
Thiq amount is too p o l s  to be admitted as possiblr, and thougll the staff-length may have beem 

a contributory source of error, it n . 3 ~  ob~iously not the main source. 

Aver.yc  n c c o m u l n t ~ o n  
of error per m ~ l e  

foot 

- 0.0026 

- 0.0046 

- 0.0088 

- 0.0068 

- 0 .0060  

+ 0.0043 

Scct~on of Lne 
feet per rude 

- 3 

+ 9 
- 7 

flat 

flat 

flat 

Diksal to Washimbe ... 
Wasliimbe to Kern ... 
Kem to Moho1 ... 
Moliol to Bholapur ... 
Sliolapur to Dudhni ... 
Dudhni to Gnlbarga ... 

19 

2 0 

40 

20 

40 

3 0 
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A comparison of the results of the old with the new levelling shows that no 
not the embedded-are stable or reliable. This in fact is the only ~ ~ n ~ l ~ ~ i ~ ~ ,  that 

disputabl-no one of the bench-marks is sufficiently steady for scientific purposes. ~ b ,  lenwtb 
a 9 of the shves may not have been determined with sulscient frequency, but if any error hu been inkroduced 

into the levelling by variations in staff-lengths, i t  is now completely masked by the movements oilhe 

bench-marks. 

L i n e  No. 22. Gulbarga to Raichur, (see page 326). 

The dzerences between the origihal and revised levelling for the heights of the embeddad be Po^, 
marks are as follows :- 

feel 

Shahabad - 0.320 

Wadi - 0.663 

Nalvar - 0.496 

Yadgiri - 0.656 
4 

Saidapur - 0.866 

Chiksugur - 1.422 

Raichur . -1 ,102  

I n  this line there was evidently a large persistent error vitiating the original levelling. Tha 
error discovered amounts to - 1.102 in  90 miles-0.0122 foot per mile. The normal accumulatioo of 
error of leveliing in India works out a t  0'0005foot or 0.0006 per mile; the error on theGulbarga-Raicharlinc 
accumulated at  a rate twenty times as great as the normal rate of accumulation. At the same time ~ I I P  
accumulation on Gulbarga-Raichur does not appear to have been uniformly steady. Betwcen Vadi and 
Nalvar and between Chiksugur and Raichur the accumulated error actually decreased. As is tbe a% 
on other lines, the difficulties of investigating the causes of this obscure error are greatly increaser1 bg 
the unrelinbility of the bench-marks. The bench-marlis on bridges and mile-stones cannot be trusted, 
and some of the embedded benoh-marks seem to have moved by large amounts. 

The following table was constructed to show whether the error of levelling accumulated a t 3  
different rate on ascents and descents. 

Aremge 
s c c u ~ ~ ~ ~ ~ l s t i o n  

OF error per mile 

foot 

- 0-0200 

- 0.0105 

- O *  0039 

- 0-0149 

- 0,0035 

- 0.0131 

Bection of line 

Gulbarga to Shahabad ... 
Shahabad to Wadi . . . 
Wadi to Yadgiri ... 
Yadgiri to Saidapur ... 
Sddapur to Bridge ... 

Bridge to Raichur ... 

Length in 
mile. 

16 

6 

24 

1 4  

16 

1 4  

A v e n g e  chnnee of 
elevntion in feet 

per mile 

- 11 

+ 15 

- 8 

4 - 2  

- 6 

+ 13 
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The error is always increasingly negative, but during ascents the rate of increase is greater than - 
oscen ts 

during descents. If wo were to a t t r i h t e  the error accumulated on desceuts to the adoption of errone- 

,,, lengt,hs for the staves, we should have to assume that in the mean the four ten-foot staves were 
too ~ o n i  by 0.02 foot 

too short by 0 ' 008 foot 

The observations on ascents and on descents lead therefore to contradictory results and the 
deduced valnes for tbe error of the length of the mean-staff are too gross to be accepted: only one 
conclusion is possible-the bench-marks are not sufficiently stable. Not only is i t  probable that the 
lleights of numerous bench-marks have cl~anged between the original and revisionary operations, but 
tllere is evidence that many bench-marlts were actually settling cluring the original operations, and 

also during the revisionary operations. 

Of tlie whole levelling from Bombay to Madras the worst portion is between Gulbarga and 
Raicllur; the total Bombay-Madras error amounted to 2.98 feet iu 601 miles, or 0.0037 foot per mile. 
Between Gulbarga and Raichur an error of 1.102 feet was accumulated in 90 miles, or 0.0122 foot per 
mile. Whatever may have been the cause of the Bombay-Madras error, its effects are more clearly 
visiblc between Gulbarga and Raichur than on any other section of the route. 

Line No. 21. Raichzcr to Gooty, (see page 328). 

The differences between the original and revised levelling for the heights of the embedded bench- 
marks are as follows :- foot 

Matrnari - 0.062 

Kosgi + 0 ,098  

Adoni - 0.140 

Nancherla + 0.168 

Tilumauacherla + 0.345 

Gooty + 0.050 

Between Raichur and Gooty tlie accumulation of negative error that had previously been SO 

persistent ceased, and a positive discrepancy began to appear. 

On the Raichnr-Gooty line there is some evidence forthcoming that the adopted lengths for the 
staves were in error. 

The following table gives a summary of the evidence available :- 

?- 

Soction of lino 

Raichur to Bridge . . . 
Bridge to railway platform at 

Nancherla. 

Nancherla platform to Qooty 

Lencrl l  in 
miles 

2 1 

61 

24 

A T O ~ R E C  r l ~ n n ~ e  of 
rlrrntio,,  in 

fcet per mile 

- 11 

+ 9 
- 15 

Avernpe nrc~~mnlnt ion 
o f  error per ulilo 

foot - 0.003 

+ 0.009 

- 0.016 
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w e  l~avg used the bench-mark a t  Nancherla platform in preference to the embedded mQk, 
because the latter seems to have moved. Several bench-marks about Nancheda 

the samt discrepancy as t h  platform mark, but no discrepancy agrees with that of the embedded mark. Bhid. 
ever bench-mark r e  take at  Nanclierla, the  following statements hold good-(i) in the first 2L lniles 
from Raichur, when the line descends 228 feet, the discrepancy between old and new levellinbsenr 
decrease in tile positive direction and to increase in  the negative : (ii) from the lowest point nucll,,dn 
the descent the line ascends 471 feet to Nancherla, and throughout this ascent the discrqaucr tends (, 

increase positively : (iii) after passing Nancherla, wbicll is a t  the top of the rise, tile lini desCmd, 
353 feet, and the discrepancy then tends to decrease positively. The minimum and maximum rrluer la 
the discrepancy occur a t  the points of minimum and maximum elevation on the line. These are noc~laucc 
coincidences : on former lines there mere reasons for suspecting the Staves, but tbe evidence rasmaskecl 
by t,he instability of the bench-marks. On the Raichur-Gooty line the evidence against the stalesis 

corroborative. The error in the adopted length of the mean staff may be deduced as folloas,- 

foot 

On the first 21 miles ... . .. 0.003 too long 

On the next 51 miles ... . .. '010 too long 

On the last 24 miles ... . . . -010 too long - 
Mean ... 0.006 too long - 

The sole argument against the acceptance of these figures is that they are too gross. If this 
view is adopted, then the discrepancies must be attributed as before to movements of bencll-marks. 

Line No. 10. Gooty to d~konawa,  (see page 33P). 

The line commences with a very large initial positive discrepancy + 0.174 : the disc~epanq 
then has had a tendency to decrease, and eventually to become negative. Tlie first cliscrepnnCYlr 

+ 0.174 and the last is - 0,169. The discrepancies immediately follo~ving the first are in st1fficient 

accord with i t  to lead us to think that tile embedded benchmmark a t  Gooty, the startin?-poillt of tl l r  

line, must have settled about 0.174 foot between 1880 and 1907. On tbe Raichur-Goolg lillc I l l r  

accumulated errors of levelling in the old values of lleights for the bench-marks nun~llcrd 4 6 . 4 7 1 ~  
61, 65 and 56 made the bench-marks too l o r  by 0.279, 0.281, 0,281, 0.286, 0.217,O 273, r*spcctire': 
The accordance of these values shows that in the original levelling an error had been ~enerr t f l l~~~ 
1lad affected several heights to nearly the same extent. The same discrepancy does not no\v a~p'rrl 
Gooty itself, because the embedded bench-mark ha, sunk since 1880, and bccausc it l l ~ l r  d 
assumed, by the aid of settlement, a position near to the one given to it by the origind levcllcrSe 

At Ltondap~lrarn the original levellers of 1880 had generated'an error of nbollt 0'1' fOOt lSnd  

r e r e  makin: tlleir bench-mark8 too low. And in tile firat instance the l~eigllt of ~ ~ n ~ ~ ~ p ~ ~ ~ ~ ~ ~  
prd)ablp detrrnlilled too low. But since t l an  tile ljencll-mark itself has subsidc(1, and its prcrn' 
position the or i~inal  I~eigbt for i t  of 480,828 feet belolv Gooty is too gr?at. In this insbn8 

the Yinking of the bcnch-mark has more than cancelled the original error of levelling. 



A DISCUSSION OF THE RESULTS OF LEVELLING REVISIONS. 

ee discrepancies appearing at  the embedded bench-marks of the Gooty-brkonum line are aa 
f o l l o ~ s  :- font 

Rayalclieruvu + 0.062 

Rondapuram - 0.057 

Muddanuru - 0.129 

Yerraguntla + 0.008 

Kamalapuram - 0.290 

Cuddapah - 0.040 

Vontimitta - 0.048 

Nandalur - 0.223 

Reddipalle - 0.464 

Koduru - 0.191 

Mamanduru - 0.181 

Renigunta - 0,234 

Puttur - 0.111 

Nagari - 0.228 

Tirutani - 0.154 

Arkonam - 0.159 

There is no regularity of increase or decrease : the discrepancy a t  each mark is probably built u p  
of two principal components-an error in the original determination of height, and a movement of 
tl~c mark itself. 

On the Gooty-Arkonam line, as on other lines, many of the railway platform bench-marks have 
been obviously disturbed since they were first inscribed : in certain instances the embedded and inscribed 
bench-marks at a railway station have been moved by the same amounts, as though the whole station had 
sunk. The Gooty-Arkonam line falls 769 feet in the first 92 miles ; it then rises 231 feet in 9 miles, 
and falls again 246 feet in 11 miles ; i t  then rises again 323 feet in 43 miles, and falls 446 feet i n  the  
laat 60 miles. In  these successive rises and falls me cannot trace any signs of an error in the adopted 
lengths of the staves; if such an error existed, its effects have been masked by those of more serious 
errors. During tlie fall of 769 feet in the first 92 miles a negative discrepancy of - 0.039 mas gene- 
rated, but during the fall of 446 feet in the last 60 miles a positive discrepancy was generated of + 0,024. 
If the lengths of the staves mere the dominant cause of error, the discrepancy would persist with one 
sign on ascents and with the opposite sign on descents. 

Line No. 8. df.konana to Madras, (seepage 334). 

This line has been revised three times, A discrepancy of 0.104 foot between the original work 
in 1880 and the first revision in 1684 was generated in 26 miles-at the rate of 0.0011 foot per 
mile. such a h$Ii rate slloas that an e r c e p t i o ~ l  cause of error oras sfiecting the results O E  either the 
OnC or t,lle otller scries of operations. The most recent revision in 1907 leads US to think that the 

levelling was superior to the work of the first revision. 
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10. 
On the cazdse of the error that was generated in 1677-81 on the levelling from Bombay to aadtar 

The Bombay-Madras line of levelling was observed in 1877-81 as follows :- 

1877-78-Bombay to Kedgaon. 

1878-79-Kedgaon to Kern. 

1879-80-Kern to Raichur. 

1880-81-Raichur to Madras. 

The corrections adopted for 10 feet for pairs of staves were as follows :- 

1877-78 Bombay to Poona ... 

1877-78 Poona to Kedgaon ... 

1878-79 Kedgaon to Diksal ... 

1878-79 Diksal to Kern ... 

1879-80 Kern to Sholapur ... 

1879-80 8holapur to Gulbarga ... 

1879-80 Gulbarga to Raichur ... 

1880-81 Raichur to Adoni ... 

1880-81 Gooty to Madras ... 

I n  1880-81 between Gooty and Mad- 
ras the following lengths mere ad- 
opted from bench-mark 75 to Arko- 
narn. 

Btnvea 

5 & 6 
7 & 9  

6 & 6 
7859 

6 & 6 
7 & 9  

5 & 6 
' 7 &  9 

5 & 6 
9 & 10 

6 & 6 
9 8.5 10 

6 & 6 
9 & 10 

5 & F 
9 & 10 

6 & F 
9 & 10 

5 & F 
9 & 10 

Correc t~on per pnlr 

+ 0.001012 + 0.001426 

- 0.001001 - 0.001212 

+ 0.001020 + 0.002361 

+ 0.001020 
+ 0.002361 

+ 0.000222 
+ 0-000485 

+ 0.000222 
+ o.oooass 

+ 0.000222 
+ 0.000485 

+ 0.002129 
+ 0.003158 

+ 0.002186 
+ 0.001562 

+ 0-002129 
+ 0.002168 
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After a lapse of 30 years i t  is not possible to state definitely tlie cause of the ~omb~y-Madras  
levelling error, but the following memorandum contains a discussion of the question. 

Memorandum by the Szcperintendent of Trigonometrical Surveys, 
dated Dehra Dun, March 17th, 1910. 

(1). During the last month I havc been examining the results of the levelling 
revisions between Bombay and Madras, and have been trying to trace the cause of tlie 
levelling error of 2.98 feet that appeared in 1880, when the levelling from Bombay 
connected a t  Madras with mean-sea-levcl. At the time General Walker attributed the 
discrepancy to observational errors, but the resclts of the recent revisions shorn, that the 
error accumulated a t  a rate greater than can be possibly attributed to observational 
inaccuracies. The normal rate of accumulation of systematic levelling error in India is 
0.0001 foot per mile: on the Bombay-Madras line the accymulation is systematic and a t  
the average rate of 0.0037 foot pcr mile. 

(2).  The Bombay-Madras error is however not steadily cumulative. I t  mas mainly 
accumulated on the sections, Diksal-Gulbarga and Gulbarga-Raichur. The discrepancy 
on Diksal-Gulbarga was 0.738 foot in 170 miles,-at the rate of 0.0043 foot per mile: 
the discrepancy on Gulbarga-Raicl~ur mas 1.102 feet in 90 miles,-at the rate cf 0.0122 
foot per mile. The total systematic discrepancy, generated on the 260 miles between 
Diksal and Raichur, was 1.840 feet: two-thirds of the whole discrepancy therefore occur 
in one-third of the line. 

(3). The total error generated in 1878 between Diksal and Raichur probably exceed- 
ed 2 feet, but as the revisionary levelling of 1907 has also generated a certain error in  
the same direction, the total error is not revealed in the discrepancy between original and I 

revised results. 

(4). An accumulation of systematic error a t  the rate of 0.0122 foot per mile is too 
gross to be attributed to observatiolial inaccnrscies. And as the gradient of the line 
from Gulbarga to Raichur is gentle, the accumulation of 0.0122 foot per mile cannot be 
ascribed to error in the adopted length of the mcan staff. 

( 6 ) .  There is evidence to sl~ow that erroneous values for the lengths of the staves 
were adopted, and that the levellers did not detc,rmine the variations of the staff-lengths 
with sufficient frequency, but error of staff-length is not tlie cause of the Gulbarga- 
Raichur levelling error. 

(6). At first i t  seemed possible, that this extraordinary error might have been 
caused by movements of the earth's crust. If tho bench-marks connected mitli Bombay 
sea-level wcre affccted during the levelling operations by gradual crustal subsidence, a 
positive closing error a t  Madras sea-lcvcl would llavc been rendered inevitable. But there 
has been no independent evidence of crustal niovcments or of seismic disturbances in the 
Deccan, and there has been no sign at  Indian tidal observatories of any change in the 
relative level of land and sea, and unlcss the supposed movements mere confined to a 
very small area, recent lines of levcl mould have closed upon the older lines of Southern 
India with larger circuit discrepancies than liave actually appeared. 

(7). A consideration of thc results of tlle rcvisionary levelling has led me to the 
conclusion, that tlic error of 2.98 feet at  Madras was cnuscd by the constant snbsidence 
of bench-marks durhzg 'the levelling operations of 1877-1880. The levellers frequently 
had to close work at  a bench-mark, perhaps for a d ~ y  or two, or pelshaps for a week, or 
perhaps for six months. All the bench-marks were placed close to a railway line, and 
moat of the marks were on railway platforms, bridges or culverts. Throughout every 
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pause in the operations the bench-marks were heing incessantly shaken ,, 
heavy trains and were slowly but steadily subsiding. The levellers were assuming 
their bench: marks were fixed and unalterable; tlris assumption was nmng. *fter an intcml 

six months tlie levellers did as a rule clleclr the position of their last bencll-mark 
a levelling from i t  to a neighbouring marli, but tbis relevelling was generally conSned to 

the  precinct,^ of one railway station, and was insufficient. UTben a whole plat. fom] is sup1)orted on a made embankment and is suffering from continual subsidence, 
the mark c u ~  on ils edge and the mark embedded under its floor both sink togt~lcr, 
nothing is gained by relevelling from one to tlre other. 

(8). The chief lessons to be learnt from the Bombay-Madras ermr a n  thefollowinl:- 

(i.) Railway platforms and lines are unsuitable localities for bencll-n,prks, 
(ii.) Embedded bench-marks, though less liable to destruction by tllPn 

surface markspare not more stable or more permanent, if placed near railways, 

(iii.) No opportunity should be lost of placing bench-marks upon rock, 
(iv.) The system of double simultaneous levelling, hitherto followed in ~ ~ d i ~ ,  

is inferior t,o the system of fore-and-back doul~le levelling, in that errors due to the 
subsidellce of bench-marks have less tendency to cancel. 

(9). The system of levelling, by which alternate sect.ions of every line are levelled 
in opposite directions, one leveller aln.ays following immediately after t,he otller, 
introduced into India iinder the imprrssiou, that tlre alternation of direction on successire 
sections was as protective against error as the sgst,em, under n,liicli one observer Ierels 
throughout the line in one direction, and the other observer in the opposite direction'. 
I f  we consider tile errors arising from the subsidence of bench-marks during c/rroI 
leve1li)lg observations, the I~rdian system of levelling is as accurate as the fore-and-l~rcb: 
system. But in the case of crrors that arise from the sdbsidence of bench-rnarksdrivi~~g /he 
pauses bctn-een periods of observation, the Indian system is inferior to the 'fore.and-back' 
system. The intervals between work are necessarily very mucli longer in the courseof a 
year than t,he periods of actual work: and in considering the quc~stion of subsidence,re 
may onlit the periods of observation and confine our attention to tlre intervals of rest. 

(10). Bombay A B C D Madras. 

If we level througll from Bombay t.o Madras, and the bench-marks A, B, C1 Dale 

slowly sinking in the intclrvals, that occur hetween their connectioil bp levellins from 
Bombay and the continuation of the levelling Madras-wards, each subsidence will iniro' 
duce an error tending to make Madras too high. If for instance me make t h e ~ ~ ~ ~ g l ' ! ~  
A 100.-1.71 feet,, and before me ]lave continued the levelling, tlle bench-mark at * srlbs'p 
0.005 foot, n-e ascril~e to A wllen we recommence levelling the llcigllt of 100'471 'l'ld 

is too great by 0.006 foot, and tbis error will make our iieiglkt of B too great ) Y  0'0"5iml' 
To counteract this evil i t  is of litt,le use to level the first section from Bombay to "' 
tlie second in the opposite direction from B to A. If the A mark llas sunk in 

1,et~veclr t,he first arrival of the levelling from Bcmbny, a d  the continuation 'Iwt lprrl' 
lingtowards Madras, the height of B will be made too great, whether the levellingon 'I' 
second scction is from A to B or from B to A. 

(11). Out of 66 main lines of levelling in India, 41 make tile last 
the line too high, and 25 make it too low. (By the last bench-mark I 

it11 repd 
was reached by the levelling, or in otlrer words the terminal point of the line ' 
to t,lre direction of ~nork). On the 41 lines that hare given heiglrts too g r e n t l c  

&Od urdrrhJhl 
* t i e =  Isst pnrsgrsph of page 78. K h e o  Lhis pnragrsph was wriLtoo, the resulls of the levelling rolioiona Bomb*y 

been sxmrn~ncd. 
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error per line as determined by the simultaneous adjustment of circuit errors ia 0'206 
foot: on the 25 lines that have given heights too small, the average error per line is 0'167. 

(12). The average error accumulated on those lines of levelling, that have followed 
railnay lines is considerably gealer  than the average error accumulated on those level-lines, 
that have followed roads*. 

8. BURURD. 

Line No. 17. l iarwar to Hubli, (seepage 336.) 

This line is interesting, because several of the marks are upon rock: in these cases the dis- 
c~pancies that have appeared may safely be attributed to errors of levelling, and movements of bench- 

a 
marks may be disregarded. Between rock-cut mark 1 and rock-cut mark 4, a discrepancy of -0.062 

foot was generated in 3 .1  miles. 
a 

Between mark and mark 19 an immense error of + 0.6'71 was introduced ; neither of 

tllese bencIi-marks is however upon rock. ,. That this discrepancy of 0.671 is not due to any recent 
disturbance of tile bench-mark 19 is shonrn by the reappearance of a similar error at Hubli itself. 

large error occurs during a sudden rise of road from 168 to 1776 feet in a length of only 13 miles : 
if it \\.ere to be attributed to error of staff-lengt,h, me should liave to assume that the mean 10-foot staff 
in the original levelling rras too long by 0.0042 foot. Studies of the staff-comparisons and of the 
accuniulations of the levelling error on the minor ascents and descents of this same line show, that 
tile four staves could not have l~ad  an error of 0.0042 foot in their mean length, and i t  is therefore out 
of the question to ascribe the great error of $0.671 to staff-length. This error must be due either t o  
some mistake made by the levellers, or to an exceptional accumulation of error on a very steep 

a 
ascent,, or to some bench-mark or peg between marks and 19 having risen, whilst the original opera- 

tions mere actually in progress. 

12. 
Line 30. 16. Eubli to Bellary, (see page 336.) 

On tile Hubli-Belhry line too many beocll-marks mere placed upon mile-stones, and too few 
upon rock. Some of the mile-stones havc been moved through several feet, and have had to be 
eniirely rejected as bench-marks : many otl~ers liave been shifted by smaller amounts. This is not the  
o n l ~  lioe llpon wllicl~ evidence has been forbl~coming, that mile-stones form very unsuitable positions for 
bncll-marlts. There mere no cmbedded bench-marlrs on the original line of levelling. 

The tal)les on p a p  336 and 337 mere prepared in the head-quarter o a c e  of the Trigonometrical 
8urlr~p, hut their correctness 118s been questioned by the levelling officers. The controversy has 
illllqtl.ntetl thc difficulties of abstracting results from old records. The tables on pages 336 and 357 show a 
(Ii~rrrpnncy of approximately a whole foot, running throughout the line, between the results of 1873-74 
and tllose of 1907-1908 ; t,llc levelling o5cers liave maintained that this discrepancy of a foot has been 
incorrectly derived. The facts of the case are as follonrs :- 

W e n  the tables on pages 336 and 337 were being prepared, i t  was diffic~dt to find a common 
startilla-point :kt Hubli, from wllich to compare the levelling of 1873-74 with that of 1907-08. The 
first I)enclr-marlc on the list of page 336 was not laid dourn till 1878. 

* Tllo mtbtement in tha last footnote or paEe 139 tllot 8overd bencll.marlrs have moaed two feeb i s  incorrect. There bre instanes~of  movernenta d 
'let nlore, but I l ~ c s e  n>nr~n~onts hare boon due to tho deliberat0 action of maaoos displacing tb stonea. Subsidences of 0.26 foot are commoI& 

"" ur O L  foot are oceuiuoully u t u ~  
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I n  1878 this bench-mark was connected by levelling with an arrow-headed benCh.rnark, all had 
been fixed and observed in 1873-74. The arrow-headed bench-mark was however not Connected in ~90,.r 

- .  ""I 
The first bench-mark of the list was adopted as the commnn starting p in t ,  

forpurpma of comparison i t  was connected with the levellin,o of 1873-74 by means of the ~ b s e r r ~ t i ~ ~ ~  taks fmmi l  
in 1878 to the arrow-headed mark. The tables on pages 336 m d  337 are therefore in enor to 
,,=tent, that the observations of 1873-74 have been supplemented by a measurement made in 1878 

The levelling officers have however pointed out, that in 1878 the arrow-headed beneh.mark ,, 
found, when compared with two other bench-marks in Hubli, to bc 1.153 feet higher than it wasin 

1873-74. The arrow-headed bench-mark had been cut on the upper surface sf the upper 
Of entrance to the verandah of the Travellers' Bungalow at Hubli, and it is difficult to account n o w  for 

change of 1.153 feet in its height. As this bench-mark at  Hubli formed the basis of the comparisons 
made on pages 336 and 337, the rise in its height may be regarded as the cause of the discrepancies sllo,rn 
between the results of the old and nem levelling. If a correction of + 1.163 feet be applied through. 
out the table, the discrepancies a t  the rock-cut marks will be :- 

Bench-merk Diatonce in miles Disrre~nncv 
8 " W foot + 0.339 

Line No. 43. K a ~ a c h i  to Tatta. 

The south-end of the Karachi base-line was shown to have sunk 0.09 foot, see page 62. 

Portion of Line Burma A. Pyinmccna to Mandalay, (seepage 338). 

The two terminals of the Bombay-Madras line both end at  mean-sea-laveI, and our discucsion 
of the discrepancies was facilitated by the certain knowledge, that mean-ser-l~:uel has not dted h'' 
tween 1877 and 1909. But when we come to the Burma line, we find that we have no fixed Cr" 
whatever. The line runs from Pginmana to Maodalay : if we assume that the l'piomnna mdi'''! 
remained undisturbed from 1892 to 1904, all the discrepancies become positive : if s c  a v u m c  t i l l t  

Mandalay mark has remained undisturbed, the discrepancies become mostly negative. Wc llrVc 

no sea-level to start from. 

The level-line from Rangoon tidal observatory to P yinmana is actually being revised at 
I" 

sent time, so that any discussion of the discrepancy on the northern section, Pginmana " Uand8'3y1 
will be premature and inconclusive. 
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The variations in the discrepancy between Pyinmana and Mandalay are as follows :- 
Diacrepnncy bctwecn 
original nnd reviaed Chango per 

levelling in foot mile 
fon t  

At Pyinmana 

At one mile 

At 23 miles 

At 39 miles 

At 40 miles 

At 107 miles 

At 117 miles 

At 135 miles 

At 147 miles 

At 163 miles 

The above values have been taken from localities, in which several discrepancies appear to be 
in close accord. A solitary individual discrepancy is probably due to the movement of one particular 
mark, but when many successive discrepancies appear constant in amount, we have to seek for some 
cause affecting the whole locality. 

I t  is difficult to avoid the conclusion that the embedded bench-mark a t  Pyinmana has sunk from 
0.160 to 0.350 foot, since it was erected. But as there is no reliable rock-cut mark in the vicinity, 
it mill be difficult to determine the exact amount of subsidence, even when the revisionary levelling 
from Rangoon to Pyinmana has been completed. 

The discrepancy at the embedded bench-mark at  Shmemyo is out of harmony with the three 
preceding and the two succeeding discrepancies : the evidence goes to show that this Shwemyo mark 
has sunk, and our assumption, that the Pyinmana mark has sunk from 0.160 to 0.350 foot, leads to 
theconclusion that thc Shmemyo mark has sunk from 0,116 to 0-316 foot. 

The three bench-marks at  Tatkon railway station all appear to have risen together ; two of 
them are inscribed and one is embedded, and i t  is difficult to account for their common movement. 

By rejecting exceptional movements of individual bench-marks, and by accepting only those 
~nepancier, that appear to be constant a t  successive bench-marks, we arrive a t  the following table :- 

~ ~ ~ ~ h . ~ ~ ~ ~ ~ k  

Pyinrnana 
1 - 
244 
245 
a - 

281 
a1 - 

, 344 

Height nbovo 
Pyinrnenn 

feet 
0 

+ 107 
- 9 

+ 360 
- 87 

Lorolling discro. 
pnncy rol,rectod by 
-0.160 foot lor tho 
auppo8t.d sioking 
of tlie Pyinrnana 

bench-mark 

foot - 0.150 
- 0,020 
- 0.062 
+ 0.187 
+O.l48 

Variation in the 
diecreponcg 

foot 

+ 0.130 
- 0.042 
+ 0.249 
- 0.039 

Vnrintion in the 
per 

foot of riae or fall 

foot 

+OaO012 

-0.OOO.E 

+0.0006 

-0.0001 
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On each occasion that the line is ascending, the levelling discrepancy increases, and on aeh 
occmion the line is descending, the levelling discrepancy decreases: the evidence is therefore 

strong that the disorepnncies are in some measure due to errors in the adopted lengths of the starea 
on the original levellingor on the revisionary work or on both. The mean variation io the disnepancy 

per foot of rise or fall is 0.00055. If then we assume that the mean staff on the original levelliogF;I 
too long by 0.00058 foot per foot*, the discrepancies, that still remain unexplained, will be r sbm 
in the following table :- 

One interesting fact brought to light by the Pyinmana-Maodalay revision is thd Qe c.llejdpd 
bench-marks, which llnro hitherto been regarded as very permanent and above criticism, are evenir' 
reliable than the inscribed. 811 the inscribed bencb-rnarks on botll of Shaern~o ~ b o ~ p ~ ~ ' ~ ' "  

discrepnncies of + 0.16 or + 0.17, and the levelling is clearly in error here by about 0'16;t 
Dnl 

the embedded bencll-mark shams a discrepancy of +0.034, whicll is out of accord wit11 311 tlled'lnr 
\vltbin ~ C S S  than 7 n~iles tllcre is another embedded bencll-mrrk a t  Tatkon, and the discrrfanc! ""'' 
is +0.13i, also out of accord ni th  n e i g h b ~ r i n ~  marks. The diserepancier at the embeddpi 
a t  Sllanyrs, and Meiktila show t l ~ a t  the mrrlis hare sunk over 0.10 foot with regard to  nel~"bn"rln' 
nlarks : tllc embedded mark at  Belin appears to have sunk relatively over 0.20 foot. 

The ernbcddd 

marks at Thcdnw and Snmon npprnr now to be consi(l~ra1,ly higher than forrnclml~. 
-/ 

Tbr rre~~ l t s  rill be t h e  nanic, II  r e  aasuane the mean ah6 on the rs~lslonsry lerclllng to be too shorl by 0 0 0 0 3  foot 
loot 

t B~1nm.n. belag hhen .# hhe rdrrenc. datum. 

Bench-mark 

Pyinmana 

1 - 
244 

245 

249 

256 

265 

276 

287 

295 

n - 
810 

326 

337 

5 
344 

Discrepnncy. 
On the nssumption tllnt 
Pyinmnnn lnnrk l ~ n s  not 

sunk nnd tllut etnff length 
woe correct 

fool 
0.000 

+ 0.130 

+ 0.088 

+ 0.134 

+ 0.195 

+ 0.224 

+ 0.346 

+ 0.347 

+ 0.246 

+ 0.283 

+ 0.254 

+ 0.306 

+ 0.298 

Discrepnncy correctctl by 
-0.350 foot for sinking of 

Pyinmnnn mark and 
correcled nlso for 

erroneoea stnff4encth 

foot 
- 0.350 

- 0.279 

- 0.257 

- 0.253 

- 0.204 

- 0.214 

- 0.193 

- 0.162 

- 0.219 

- 0.140 

- 0.096 

- 0.013 

- 0.003 

Discrepnncg correrted by 
-0.180 fool for eillhina of 

Pyinmnnn lr~nrk and 
correcled ~nlso lor 

erroneous atnff.length 

foot 
- 0.160 

- 0.079 

- 0.067 

- 0.053 

- 0.004 

- 0.014 

+ 0.007 

+ 0.038 

- 0.019 

+ 0.060 

+ 0.104 

+ 0.187 

+ 0.197 
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AS the whole Burma line is now under revision in the field, new and valuable reaulta will shortly 
bed our disposal. As far as we have been able to judge from the limited data of the PYinmana-Man- 
dnlsy of this line, the discrepancies between the old and the new Burma levelling may be 

to four causes :- 

(i). Sinking of the embedded bench-mark a t  Pyintnana, since the original levelling was 
completed. 

(ii). Considerable errors in staff-lengths. 

(iii). Movements of bench-marks both during and aftel* the work of original levelling. 

(iv). Errors of levelling observation. 

The revision of tlie Burma line has shown that variations of the staff-lengths were not originally 
measured with sufficient frequency, and that the bench-marks were not erected with sufficient care. 
The level lines traverse a rocky country, and it is much to be regretted that the opportunity was not taken 
to cut bench-mnl-ks on the bed-rock. Railway-lines in Burma have proved unsuitable sites for permanent 
bench-marks, aud the erection of embedded marks under railway platforms has been shown to be an 
useless cxpense. In  many localities an embedded bench-mark has been tlie only mark erected with 
any consideration of permanence throughout a wide area, and tliis mark has been placed in the railway 
ststion, which was the worst position that could have been chosen. 

Line No. 61d. Saharanpuv to Illzdssooree, (see page 342). 

The revisionary and the original levelling on the Saharanpur-~Iussooree line give practically the 
same value of height to Mussooree : there has therefore been no accumulation of error generated on this 
line. Furthermore half tlle bench-marks of tliis line hove been engr:ived upon rock, and there is there- 
fore no question of local subsidence or individual disturbance. The whole level-line runs free from 
railways, and its embedded marks are situated in unfrcquented places. A few of the marks are a t  the 
nffice of the Trigonornetrical Survey and these have been carefully preserved. The levelling of line 61A 
is therefore most reliable: both the original and the revisionary operations were carried out on scientific 
plinciples : the route was favourable, and the bench-marks are trustworthy. The line crosses the Siwa- 
lili range of mountains near Mohan, and ascends the Lesser Himalaya between Rajpur and Mussooree. 

The three Siwalik bench-marks a t  Mohan, Mohabawala and Dehra Dun base appear to have 
risen + 0.327, + 0.363 and + 0.390 respectively. The bench-marks in Dehra Dun appear to have 
risen + 0,441. The evidence tends to sllom that these rises are real, and that they cannot be attributed 
to errors of levelling, or to local disturbances of bench-marks. The discrepancies between the old and 
new levelling are not irregular like those on thc Bombay-Madras and on the Bulrna lines. All the 
heights of the Siwalik and Dehra Dun bench-marks were uniformly greater in 1906 than they were in 
1904. Tlicse changes in height have been attributed to the great earthquake of April 6th, 1905 
ahich is supposed to have elevated the whole of the Dehra Dun region by about 0.4 foot.* 

The only other explanation that we can offer of the large discrepancies in the middle of the line and 
of the absence of discrepancies at  Qe two terminals, is that an error of 0.4 foot was generated between 
Sahmnpur and Debra Dun, either tile old or new le~elling, and that a similar error but with an oppo- 
site sign was gencrated between Debra Dun and Mussooree. 

Tho rise from Saharenpur to Mussooree exceeds GOO0 feet, and ahy error of staff-lengths would 
hare a c ~ c ~ L  cumulative effect a t  Mussooree; but there does not appear to be any reason for suspecting 
the staff-lengtlis in this instance. The lovol l in~ on tho ~nharanpor-Debra Dun section was completed 

in 1861-62, and was revised in 1906-07. The atares used on the revisionary work were - 
' Accoun( ?f fhr Opcraf,nns, 0 .  T Sarury of Indam, Val. xrIzr, preface, pegs V. 
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dseren t  Imm those used on the original. But on the Dehm Dun-Mussooree aection the 
rBtr, N ~ ~ .  04, 06, 01, and 03, were used in  1904 on the original work and in 1906 on the revision, 

the discrepancy a t  Dohra Dun of 0.9 foot is to be ascribed to an error of staff-length on the aahann. 
pur-Dehm Dun section, we shall have difficulty in explaining the cancelmeut of this error on the 
Dehra Dun-Mussooree section. Not only were the same staves used between Dehra Dun and M~~~~~~~~ 
on both the original and revisionary work, but both operations were carried out in the same month of 
year, the former in  May 1904, the  latter in  May 1905. Whether the height of Mussooree has I , ~ ~ ~  
given correct or not, is a question that we are not now considering, but the discrepancies betreen the 
original and revised results can hardly be attributed to staff-length, when the same four identical stares 
were used during both operations and a t  the same season- 

As the Dchra Dun-Mussooree line is very steep, the greater portion of the line mas levelled for 
a third time in October 1906. The maximum discrepancy a t  any mark between the second and [hirr[ 

levellings mas 0.06 foot. 

The questions now a t  issue are the following :-Is the rise of 0.4 foot at Dehra Dun a real ocar 
rence and an effect of the earthquake of 1905, or is it apparent only, and due to the unavoidable erroa 
of levelling over steep ground ? We cannot answer these questions, until we have deduced some bt. 
mula to represent the probable error of levelling, and me propose to postpone consideration of the reli. 
ability of the spirit-level values of height in Dehra Dun to Part 111 of this volume.* 

* P u t  III, Chspter IL 
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C H A P T E R  I. 

THE SIMULTANEOUS REDUCTION OF THE LEVELLING NET-WORE. 

The positions of the various lines, forming the level-net to be adjusted, are shown on plate XVI. 
These lines have k e n  called the main-lines of levelling, (vide pages 5 to 12 of this volume). 

On pages 20 to 24 is a list of the principal branch-lines of levelling. These emanate from main- 

lines and the greater number end after a short distance without having any further connection wit11 
the level-net, vide plate I. A few of the branch-lines, however, completely bisect main circuits and 
connect with bench-marks a t  both ends. 

A comparison of plates I and X V I  will show that lines 24A, 57A, and 608 divide large circuits 
of the level-net into smaller ones. They could not l~owever be included among the main-lines of India, 
because they mere not completed till 1909, and their results mere not available, when the simultaneous 
reduction was undertaken. 

The levkl-net is tied to sea-level a t  nine tidal stations, Karachi, Bombay, Karwar, Beppore, 
Cochin, Ncgapataln, Madras, Vizagapatam and False Point. Tlle reasons for the acceptance of these 
nine stations and for the rejection of other tidal stations are fully explained in chapter V I I I  of this 
volume. An account of t l ~ c  tidal observations, from which the  height of mean-sea-level a t  the  nine 
acceptcd ports has been deduced, is also given in cl~apter VI I I .  

Before tlie simultaneous reduction mas undcrtalren, the question of the meigl~ts to be assigned to 
the diffcl.cnt main-lines was considered ; and i t  mas decided to make the  weights of levelling rrsults 
proportional to tllc reciprocals of the lengths of the lincs. The reasons for this decision are set forth 
in the Disc~cssiola o j  leoel/i)c,q e).vors. in chnptcr I1 of part I11 of this volume. On page 114 Ire llnve 
shown that the prohablc prror of a determinntion of nlean-sca-level is 0.02 foot, and as t l ~ i s  is small 
comp"t>(l with tlic prol)al)lc errors of IcvcIling ncc~~mulatccl 011 the long main-lines of India, we have 
given iufinitc weight to tllc nine determinations of mean-sen-level. 

I n  tbe lcrel-net of India t,llere are 66 main-lines of levelling, and these form 29 closed circuits. 
One of tllc circuits is necess:lrily rc(lwnd:lnt, for owing to the insularity of the  Indian level-net 
th(!('losin: ccrror of any onc of tho circuits is cqu:ll to the snm 01 the closing errors of the remaining 
28 circuits. 

Of tllc 29 circuits, 20 arc inland and in(1cpcndent of tidal observations, ant1 9 are land-and-sea 
circuits, ill wl~ich tlic levelling starts from one tidal observatory and ends a t  another. 

Tllc closing crrors of circuits llavc been deducc(1 on tlie nswrnption that  tile nlean surface of the  
a t  ]Camclli, Uoull~ay, Barmar, Beypore, Cochin, Ncgnpatam, Madras, Vizagapatam, and False P o d t  

is at tho same cleyation. 
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The olosing errors of the 29 circuits are shown in  tho following table :-. 

P'A BLB XXX PI.-Cloeing Errore of Circuits. 
F 

gk!tr 

I 

I1 

I'II 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XI1 

XI11 

XIV 

XV 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

XXIlI 

XXIV 

XXV 

XXVI 

XXVII 

XXVIlI 

XXlX 

The 

* + 8ign for the olosing error indicates that the elevation as computed mund the circuit in cOunterr.c'Ockr" 
d i d o n  is too great. 

The length8 given for oircuits, of which the rea forrrm one side, do not include over-@en dintance'. 

Numbers of 
linen tl~at. form 

the oircuit 

I, 9, 9 4 

4, 6, 7, 8, 9, 10 

10, 14, 16, 18, 19 

16, 21, 23 

8, 14,20, 21, 22,24 

16,22,23, 26, n,29 

26, 27, 28 

24, 25, 26, 30, 31, 
33, 36, 36, 37 

37, 38. 39. 40 

34, 35, 98. 58. 60 

40, 41, 58, 59, 70, 
7a, 74, 75 

69, 60, 63, 66, 67 

47, a, 49, 60 

32,33, 34,44.46,60, 
61. G2. 54, 57, 61, 

62, 6:i 

45, 62, 53 

65, 56, 57 

73, 74, 76, 77 

62, 64, 65, 66 

65, 67, 68, 69, 70 

69, 71, 72, 73 

43. 44. 45. 46. 47, 
48, 49, 61, 78, i 9  

17, 28, 29, 31, 32, 
79,80 

7,11,12, 16, 17, 18, 
19, 80. 81 

12, 13, 81, 82 

1, 2, 3, 6. 6. 11, 13, 
82, 83 

6, 9, 83, 84 

20, 30, 84, 85 

36, a9,41, 42,85,86 

12, 43, 63, 64, 55, 
51;. GI, 64, fi8, 71, 
75, 76, i7, 78, 80 

29th circuit is 

C I B O U I T  

Rnmnnd-Tanjore-Tricllinopoly.Tuticorin-Rnmnnd . . . . . . 
l ' r i c l ~ i n o p o l y - T a n j o r e ~ M n d r a ~ ~ d ~ k o n n m J a i c h i n o ~ o l ~  

Jnlnrpet-Arkonn~n~Gooty~Bellnry-Ba~~gnloreJalnr~t ... ... 

Dellary-Gooty.Rnicl~ur.Bellar~ ... ... ... ... 
Q o o t y . A r h o n a m - M n d r n ~ ~ B e z w n d n ~ G u l b a r ~ ~  ... 
Hubli~Bellory~Rnichur~GuIbsrgaDikasl-Nira-Hubli ... ... 
Nira-Dihanl.Kedgaon-Nira . . . . . . ... ... 

Gulb~r~n-Bezwndn-VizngapntnrnmVizianngramRaipur~nndgnon.Ka. 
ynn.Kedynon-U~ksul-UuIbnrgn. 

Rnipur~YizinnagrnmOuttack.Dilarpur.Roipur ... .. . ... 

Nandgaon-Rnipur-Bilespur.Knlni-Sironj.Nandgon ... ... 

B i l n a p u r ~ C u t t a c k - K e n d r a p n r ~ - H o w r n h - P i r p ~ l l a h a b n d .  
Katni.l(ilnspur. 

Kntni-Allnl~nbad.Cawnpore.Ag~n-Sironj-Kntni ... ... 
Jorys.Rajkot-Viramgam-9hikarpur (Cu1ch)-Jorya ... ... 
B o r n b n y ~ K a l y a n - N a n d g a o n - 9 i r o n j ~ A g r a ~ b l e ~ e p o r e M u r g l 1 n i .  

Sl~ihnrpur (Sind)-Sujawol-Navansr.Shiknrpur (Cntcl~).Virnrngnrn- 
Bombny. 

Tatta-Sujawnl-6hihsrpur (Sind).Tattn ... ... ... 
Chach-Murgllai-Ferompore.Claeb ... ... ,.. ... 
Purnea-Pirpanti-Howrab-Fhrngnnj-Purnen ... ... ... 
Meerut-Agrn-Cnwnpore.Luck~~ow~Afeerut ... ... ... 
Luchnow.Cawnpore~Allnhnbad-Dildarnngar.QokhpurLuckno ... 
Gorakl1pur-Didarnagar-Pirpanti.P11rnea~QornL11p~ ... . 
See level-Bombny.VirnmgnmmRnjkot-Joya.8hikarpu (Cutcl~).Nnvanar 

. S u j o \ v a l - ' l ' n t l n - K 4 i . h  level. 

Sea level.Karwar-Hubli.Nira-Kedgson.Kslysn.Bombay.Ses level ... 

8es l e v e l - B e n o r e - S h o r a n u r ~ E r ~ d e ~ J s l . r p e t ~ H u b l i  
Karwnr-Yea level. 

Sea level-Coahin-8hornnur-Beypore.6~~ level ... . . . ... 
Bra lovel~Negnp~tnm~Tanjore~Rnrnnad-Tuticori~TrihinopolErode 

8l~oranur.Cochin-Sea level. 

6ea level-h[adrnn-Ta~ijors-Negapatam.8ea level ... .., 
See level-Vizngapslsm.Bezaod..Madr~-8ea level ... ,,. 

Ben levol-Falae Pnin~.Kendrap~ra-Outtack-Vizinnnpm-Vizagapnts. 
See Isvel. 

Sea level-Knrnrhi.Tattn.Shitnrpur (Sind)-M~r~hoi-Chach~Ferozeporepore. 
h l r . a r u t . l r ~ ~ c k ~ ~ o w W O o r a k I ~ y u r - P u r n ~ -  
Fnlse Point-Sea level. 

redundant, and its closing error is equal to the aum of the 

Leng1.11 of 

mile8 
4l4.9 

581 .7 

64.3'1 

' ~ ~ ' 4  

'041.9 

8l3.1 

115'8 

190j.3 

1010.8 

1396.9 

1 6 7 ~ . ~  

910'0 

351.0 

1758.3 

613.4 

1017.7 

708.4 

635.3 

609.5 

815.2 

959.7 

561.7 

8ol.o 

0 1  

,(j9., 

508.6 

374.9 

3001'9 

28 other 

Clo8ing srmr 
circuit 

kilomdru 
667.7 

936. 

1035.0 

383'7 

1678'4 

1308.7 

186.4 

3066.3 

1626.7 

1248.1 

2693.1 

1480.~6 

564'9 

4439.0 

987.2 

1637'8 

1140.0 

1022.4 

980.9 

1311.9 

1544.5 

904.0 

1290.7 

181.0 

"'8.3 

4.33.' 

818'5 

603'3 

4831'0 

closing 

of - 
feel 

- o.1a9 
- 0.399 
- 0 . 6 ~ ~  

+ 0.086 

- 0.06~ 

+ 0.416 
+ 0.15~ 

- o.,c7 

- 0.46~ 
- 0.426 
+ 0.910 

t 0,090 

+ 0.511 
- 1.409 

+ 0'151 
+ o'q;q 
+ 1'466 
+ 0.679 

- O"i5 
- 0.809 

+ 0'327 

- 0'078 
- O.473 

+ 0'0fl4 

- 0'425 

+ 0'504 

- O'O44 
+ O'"' 

- 0'054 

elrcult 

- 0.0J8 
- o,II1 

- 0.190 
+ o.016 

- o.oll 
+ o.lri 

+ o.04i 

- 0.081 

- o.141 
- o.lJo 
+ o.180 

+ 0.030 
+ o.15p 
- 0.119 

+ 0,046 

+ o . 1 ~  
+ 0'44; 

+ O'lOl 

- 0.~44 
- O'l4i 

+ 0"00 

- 0'014 

- 0'1" 

+ O'O1b 

- O"'O 

+ O"" 

- 0'01' 
o'oJ8 

- 0'016 



THE SIMULTANEOUS REDUCTION OF THE LEVELLING NET.WORK. 36 3 
cars 1.1 

For the simultaneous reduction of the levelling net-work by the method of minimum sqnarea, the 
difference of elevation pn each line furnislles an equat io~~ of observat,ion : there are thus 86 
of observation, and the elevations of the 58 junction-points of the net form the several 

hdependent unknowns. 

The following table shows the equations of observation :- 

U B L E X X X ~ I I . - E Q U ~ ~ ~ O ~ S  of observation, and lhecorrectwna furnished by the simulta~zeous reduation. 

1 

2 

3 

4 

6 

9 blodros ... ...I Tanjors ... ... 1 149 

6 

7 

8 

Tanjore ... ... 
Ramned ... ... 
Tulieorin ... 
Tricl~inopoly ... 
Tnnjore ... ... 

1 I4 I Arkonnrn ... 

Triel~ioopoly ... 
.Tnlorpet ... ... 
Arkonnrn ... 

10 

1 1  

12 , 18 

Rnmnnd ... ... 
Tuticorin ... 
Trichinopoly ... 
Tanjore ... ... 
Negapatam ... 

Qooty ... # . .  

Q00Ly ... ... 
Hubli ... ... 
Kerwar ... ... 
Bangalore ,.. 

Bellnry ... ... 
Yodras ... ... 
Qooty ... ... 
Oulbnrgs ... 
Rnichur ... ... 
Bezwada . , . 
Diksal ... ... 
Oulborga . .. 
Niru ... .., 

Nira ... ... 
nubli ... ,.. 
Viznpnpntom ... 

I Kedgson ... 

137 

138 

139 

142 

143 

Erode ... ... 
Erode ... ... 
Madma ... ... 

Arkonam ... 
Erode ... ... 
Sl~oranur ... 
Shornnur ... 

' I6 

16 

1 17 
18 

19 

20 

21 

22 

23 

24 

26 

2C 

27 

28 

29 

- 

Observrd 
dlffc~.ence 
~f (lpnnniic 

Ileigl~t 
wlLllout 

sign 

144 

146 

148 

Bellnry ... , n o  

Bcllnry ... ... 
Hubli ... . . . 
Jnlorpat ... . . . 
Hangrrloro ... 
Bozwsda ... 
Rmic1111r ... ... 
Rniclll~r ... ... 
Bellnry ... ... 
G~~lbnrga ... 
Kedgson ... 
DikanI ,.. ... 
Diksnl ,.. ... 
Kedgeon ,.. 

Nirn ,,, . . , 
Bezwnda . . . 
Knlyan ,,, 

,,% 

feet 
'73'418 

13.161 

267' loo 

80,332 

183'5'3 

265,253 

780.506 

277'274 

'77'9'3 

1 0 ~ 6 , 3 4 1  

44 1 '990 

82.9.32 

90.762 

905'395 

281 ,092 

578.596 

2047'816 

1792'023 

1631'252 

49'974 

1'0'375 

179'382 

170'80.3 

1422';8.3 

1 1 8 ' 2 ~ 4  

168,800 

13j.912 

17'843 

265'721 

51.511 

1 '750'957 - 

Jolarpet ... ... 
Shoranur ... 
Beypore ... ... 
Cochin ... ... 

foot 
+ 0.041 

+ 0.026 

163 

166 

167 

158 

Corrected diffcrenre of 
djnallnir I \ ~ i k l ~ t ,  showing 

lorotion +, or depression- 

feet mctrea 
- 173.459 - 52'869 

- 13'187 - 4'019 

+ 267.031 + 81'390 

- 80.385 - 24'501 

- 1R.3.6j; - 55'978 

+ 263'370 + 80.885 

- 780.461 - 2.37'880 

- 2;7'401 - 84 .5 jo  

+ 177.561 + 54.120 

+1026.377 + 311.8.34 

- 441'788 - 134'655 

- 82,919 - 25.273 

Length of line 

kilo- 
milea m e t r r ~  

114.8 184.8 

74'6 120.1  

194'4 312.8 

31'1 50'1 

48 '3 77'7 

87 '0  140'0 

110.9 178.5 

44'1 71 '0  

219.3 352'9 

89.3 143'7 

116.0 186.7 

.17'.3 76.1 

65.7 105.7 

215.4 346.6 

50'7 815'9 

'37'3 2"'O 

102.7 165'3 

85 '8 138.1 

201.9 324'9 

277'1 445'9 



LEVELLING OPERATIONS. 
[Csra 1, 

TABLE ~ ~ X ~ I I . - E q u a t i o n s  of observation, and the correctio.8 farnkhed by tk hllslra8 
reduction.-(Continued). 

Pnge on 
w l ~ i c l ~  
dalails 

olobenr- 
ration 

are givel~ 

F m m  

Xnlynn ... 

Knlynn ... 
Nnndgnon 

h'andgnon 

Vizinnngrem 

Virianngram 

h i p u r  ... 
Cuttack ... 
Blllupur ... 
Kendrnpana 

hendrnpnna 

Karacl~i  ... 

I i a ~ o n a r  ... 
Sujnanl ... 

Naveoar ... 
Shikarpur (Cutcl~)  

Jorya ... 
Rajkot ... 
Virnlugnm 

Viramgnm 

Sujawsl ... 
Tatte  ... 
Blukarpur (81nd) 

Yurgllsi ... 
Chach ... 
Murgllni ... 
Bilaspur ... 

Kntoi ... 
Kntoi ... 

Ferozepore 

YeeruL ... 

1 
Aprs ... 
Meerut ... 
Lucknow 

To  

Cswnpore 

Cawnporw 

Lueknow 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

Bombay ... 
Nnndgnon 

Sironj ... 
Raipur ... 
Vizngnpalam 

Rnipur ... 
Bilnspur 

Vizinnogram 

Gutlack ... 
Cuttack ... 
False Point 

'l'ntte ... 
Sujannl ... 
Tnlta ... 
Sl~iLarpur (Culch) 

... 

.., 

... 

... 

... 
.. 

,., 

.., 

. . . 

... 

... 

. . . 
,., 

... 

... 

... 
. .. 

... 

... 

... 

... 

Correclion by simul. 
taoeoue reduction 

= 3 

Ohserred 
difference 

of dgnsmin 
l ~ e i g l ~ t  

wit l~out  
sign 

-. 

feel 
5'399 

1529.23* 

7 j . 1 8 j  

594'72' 

176.597 

767.629 

75'308 

116.811 

808,668 

j.3'lRj 

5'849 

29.824 

'9 '1 '3  

10.036 

44'021 

34'513 

.38j'715 

315 '2 j6  

'36.5 

70.118 

165,216 

155'0.39 

99.802 

7" '369 

369,874 

351.969 

369.723 

956,019 

224.596 

93.896 

213'110 

96.3.149 

355'763 

1.3'443 

108~531 

l0l)'O.I.l 

129'505 

Rnjkot .. 
Virnmgnm 

Sh~karpur  (Cate11) 

Uornbay ... 
Shiharpur (Siod) 

Sh~liurpur (Sind) 

l Iurgbni  ,.. 
Cbnch ... 
Ferozepore 

Ferozeporo 

Kntni ... 
Allnl~abad 

Sironj ,,. 

Meerut ... 
Agrn ... 
Sironj ... 
Lucknow 

Cnwoporo 

A R ~  ... 

Allnhnbad 

Qonkhpur 

Corrected difference of 
dyllnmic I~eigllt, showing 

elevation + , or depression-: 

- 



mu 1.1 
THE SIMULTANEOUS REDUCTION OF THE LEVELLING NET-WORK. 367 

FABLE XXX7II.-Equation8 of ohaeroatwn, and the corrections fwrniehed by the eimultaneoue 
reduction.-(Continued). 

A $ sign affixed to a difference of height indicates that the elevation of the last bench-mark 
of the line is greater than that of the first. 

The weights assigned to the various lines are, as mentioned above, proportional to the reciprocals 
of the lengths of tlie lines in miles. 

Tlre value of a given after eacll eqnation of observation is the correction resulting from the 
~imultaneous adjustruent ; it lias been S ~ O \ V D  botll in decimals of a fcmt and in centimetres. 

Length of line 

As the lines of level, mbicll connect, t,lle nine tidal bench-marks with the sea, are short, it was a t  
first intended to assign to tllem infinite in tile simultaneous reduction and to accept correct 
tllc (l~llamic heigllt,~ given on p g e  117. Evcnt,unlly, however, i t  was decided to make no difference 

t,lle t,reatme,~t of tllese sllort lines and that of the long main-lines of levelling, and weights 
"ere assigned to all, proportional to the reciprocals of tlieir lengths. 

To 

Dildarnagar ... 
Dildarongar ... 
Purnea ... ... 
Pirpnnti .., ... 
Pirpanti ... ... 
Pirpanti ... . 
Howrah ... ... 
Ramganj ... 
Ramgnnj ... 
Karachi ... ... 
Bombay .., a * .  

Knrwar ... ... 
Beypore ... ... 
Coclrin ... ... 

Negapatam ... 
Madras ... ... 
Vizngupatarn ... 
False Point ... 

P 

5 
c 
2 - 
O 

70 

71 

;2 

13 

74 

76 

70 

77 

i8 

79 

80 

81 

82 

83 

81 

85 

86 

miles 
141.1 

126.6 

361.7 

274'6 

36.8 

251.1 

151'0 

68.8 

351'7 

0'1 

0 . 8  

0 '1  

0'02 

0 . 1  

0 . 2  

1 .4 

9 ' 1  

Pnge on 

a",",'?!: 
obeor. 

rution 
nre given 

296 

298 

300 

303 

305 

306 

308 

312 

314 

317 

v v  

8 ,  

,, 

8 ,  

I ,  

,, 
318 

, 

From 

Gorakl~pur ... 
Allnbsbnd ... 
Qorabhpur ... 
Dildarnynr ... 
Purllea .. ... 

Bowrnh ... ... 

Kcndrnpara ... 
P~lrnen ... ... 
Bowmh ... ... 
Yean.sen-level ... 
Mean.sea-level ... 
hlenn.sca-level ... 
3lean.sen-level ... 
lesn.80~-level ... 
Menn.seo.lere1 ... 
Meu~~.aeo.le~el ... 
leun.seo.lerel ... 
~enn.sen.level ... 

kilo- 
metres 
228.6 

203.7 

501.0 

441.8 

59 '2 

404.0 

403'9 

110.7 

566.0 

0 '16 

1.29 

0.16 

0 '03 

0 .16  

0.32 

z . z j  

0 . ~ ~ 3 2  

14'64 

Corrected difference of 
dynamic heigl~t, showing 

elevation + .or deprerrsion - . 

Obserred 

$ l f ~ ~ ~ ~ ~ c  
118ight 

a i t l ~ o u t  
- sign 

-- 
feet 

zg.7, l j  

73.925 

134.710 

69,977 

35.807 

1 j j . 363  

2.688 

112.060 

213.082 

8.949 

19'740 

11.766 

14.814 

6.568 

9.608 

15‘702 

14.121 

14.898 

feet 
- q 9 6 9 j  

- 73.838 

- 135.101 

- 69.711 

+ 35.695 

+ 135'887 

- 2.660 

+ 112.196 

+ z11..308 

+ 8.949 

+ 19.737 

+ 11'766 

+ 14'314 

+ 6.568 

+ 9,608 

+ 15'704 

+ 14.121 

+ 14.909 

m c f r u  - 9 '0 j1  

- 22-505 

- 41.178 

- 21'248 

+ 10.880 

+ 41'418 

- 0.811 

+ 34.197 

+ 64.735 

+ z ' i 2 8  

+ 6'016 

+ 3 . j86  

+ 4'363 

+ 2.002 

+ 2.928 

+ 4'786 

+ 4.304 

+ 4.544 

Correction by simul- 
taneoun reducLion 

= z 

foot - 0.040 

- 0,087 

+ 0.391 

- 0.266 

- 0.112 

+ 0.514 

- 0.018 

+ 0.136 

- 0.694 

0.000 

- 0.003 

0.000 

0.000 

o.ooo 

o.ooo 

+ o.ooz 

o , w o  

+ 0.011 

cenfimdree - 1.219 

- 2.6jz 

+ u . 9 1 8  

- 8.108 

- 3.414 

+ 15'971 

- 0 ,853  

+ 4.145 

- 21.15.3 

0.000 

- 0.091 

0.000 

o 'ooo 

o'ooo 

o.ooo 

+ 0.061 

0.000 

+ 0'335 



368 LEVELLING OPERATIONS. 
[GRIP. 1, 

I* the following table we show the heights of the tidal bench-marks, Jirstly, as 
~bserped, and seondiy, as corrected by the simultnneous reduction. With the exception of False Point the eombionr 

furnished by the reduction are so minute, that the results hardly differ from 
ahat theg h r e  been, had we assigned infinite weight to the short lines of level connectiq 

with the sea. 

TABLE XXX PIII. 

Tidal Station 

Karachi ... 
Bombay ... 
Karwar ... 
Beypore ... 
Cochin ... 
Negapatam ... 
Madras ... 
Vizagapatam ... 
False Point ... 

Obserred vnlue 
of  dynnrnic 
height from 

page 117 

feet 

8.949 

19.740 

11.766 

14'314 

6.568 

9.608 

15.702 

14. I 2 I 

14.898 

Correction 
furnislbud by 

the simol~nneous 
reduction 

foot 

o.ooo 

- 0.003 
0.000 

o'ooo 

0.000 

0.000 

+ 0'002 
o-ooo 

+ 0.011 

Adopted vnlue 
Of dyllnlnlc 

lIeighr, 

feet 

8.949 

19.737 

11.766 

14'314 

6.568 

9.608 

15-704 

14.1~1 

14.909 

Distance 
from l l ~ e  sea 

m i l e s  

0.1 

0'8 

0.1 

0'0% 

0.1 

0.2 

1.4 

0.2 

9.1 



cer r  1.1 THE SIMULTANEOUS REDUCTION OF THE LEVELLING NET-WORK. 869 

From the simultaneous reduction of the level-net, the following values of elevation were obtained 
for the 49 junction points of the net, and for the 9 tidal bench-marks. 

TABLE xXXIX.-Corrected elevations of 49 junctiolt bench-marks and of 9 ticlal bench-marb 
above mean-sea-leoel. 

The cormt elevations of tile junction points and of the terminals of lines being given, the 
to tile observed heiglrts of intermediate bench-marks on the main-lines nere interpolated 

between the terminal points. I n  tho interpolation on any particular line the corrections nere  
assumed to Vary at au uniform rate along the line. 

dynamic for all i~ench-marks in Indin r e r e  computed. 

Dynamic 
hcight 

above ~nean-  
sco-larel 

f m t  
1775.857 

20,796 

38.3'064 

I 5.704 

7.78'645 

193'409 

1554'007 

9 8 0 9  

9.608 

1793.643 

154'023 

118.328 

1309.396 

9j8.747 

404'913 

230'524 

19'807 

53.909 

193.798 

97'233 

1478'358 

28'733 

193.266 

38,766 

273.6j1 

6.620 

89'53; 

14 '121 

190'78j 

levelling-net, the 

Nnme of the jonction or  
tidal bencll-mark, tidal 

lnnrks being printed 
in itulica 

Kedgnon ... 

Kendrnpsro ... 
Lnckoow ... 
Madrm ,.. 
Meerut ... 
Alurghni ... 
Nondgnon ... 
Narnnnr . . . 
Negapalo,n ... 

... ... 
Pirpanti ... 

Purnen ... 

::;;I ... ... 
Rnjkot ... 
Rulngnnj ... 
I l a ~ ~ n n d  ... 
Sl~iknrpnr (Cutch) ... 
Bl~iknrpu~. (Sind) ... 

Sllornnur ... 
Sironj ... 
Sujnwnl ... 
Tonjoro ... 
Tattn ... ... 
Trichinopoly ... 
Tuticorin . . . 
Virnnignla ... 
ri:agnpatnm ... 
Virianagrnm ... 

of the 

Hnmeofllle jnnction or 
~id.1 be,lel~.mnrk, tidal 

n,nrka  being pinlcd 
III itnl~cs 

Agrn ... ... 
~llnl~nbod ... 
Arkona~n ... 

Banguloro ... 
BeIlury ... 
Deypore ... 
Dcznodn ... 
Uilnrpur ... 

Bo~nboy ... 
Csnnpore ... 
CII~CII ,, ... 
Cochin . . . 
Ct~ttnck ... 
D~ksal ... 
Dildnrnagor ... 
Erode ... ... 
Falsc Poird . . . 
Fcrozeporo ... 

Qooly ... ... 
Qornkl~lmr ... 

Qulbnrga ... 
Hawral~ ... 
Eubli ... ... 
Jalurpct ... 
Joryn ,,, ... 
Kul~sn ... 
Karachi ... 
Kanoor ... 
Kstni ... ... 
- 

On the 

D~nnmic  
llcigllt 

above mean. 
eea.lerel 

feet 
515'317 

297'572 

293'1Oj 

3111.501 

1480.~54 

14'314 

65,844 

88.3-441 

19'737 

406.578 

1014'846 

6. j68 

74.128 

1657'6j3 

'23'734 

539'021 

14'939 

645'017 

1199'0.31 

253'429 

1488.i14 

18.1.36 

2059 286 

1319'482 

19.2jo 

25'032 

8,949 

11.766 

1253'513 

completion of 

Orthometric height sbore 
mean.aes- lerel 

OrLhometric height nbove 
me~~n-sell-level 

feet 
1ii6.468 

20.801 

382.986 

15.7 '4  

738'37' 

293'303 

1 554'377 

9.810 

9'615 

li94'.300 

I j4 '009 

118'31.3 

13ro.ooj  

958,920 

404.961 

230'486 

19.822 

53'9" 

193.682 

97'300 

1478'343 

28.732 

19.3'400 

38.764 

273'840 

6 .62 j  

89.542 

14.126 

190.855 

corrected 

feet 
S15"99 

197'542 

293'28.3 

3113.399 

1481.o16 

14'324 

65,874 

883,556 

19'743 

406.507 

1014.06.3 

6.573 

74.145 

1658.240 

rr.3'712 

539'384 

'4'91.7 

644'6;9 

1199.648 

25.1'579 

14R9.322 

18.138 

2050.327 

1320.,308 

19'252 

25'040 

8,949 

1 1 ' 7 ; ~  

1253 '5~ ;  

the simllltaneous 

r~etrer  
541.463 

6.340 

116.733 

4'790 

21j 'Oj4 

89.39'3 

473'770 

2'990 

"93' 

546.898 

46.942 

36.061 

399'286 

rgr'1;6 

123'431 

;o"j" 

6.042 

16.432 

59'034 

~ 9 . ~ 5 7  

450'595 

8.757 

58.948 

11 .81 j  

83 ' 466 

2.019 

27'292 

4'306 

58,171 

values of 

~nelres  
1g i .031  

90.690 

89,392 

948'955 

4j1.410 

4'366 

20.078 

169.305 

8 

1 2 . 3 ' 9 o z N i r a  

309,084 

z'oo,3 

m . 3 9  I 
505'427 

68. I R ;  

164.403 

4.545 

196'496 

36 j '649 

77'229 

453,941 

5'528 

62;.982 

402,416 

5,868 

7.632 

2,728 

3'588 

382.072 

reduction 
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For any branch-line, that terminates without a second connection with a main.1ina or nith 
sea. level, a constant correction was applied throughout, equal to the correction applied to the h,,jbt of ib 

junction-point with the main-line. 

For branch-lines, such as 248 and 57A, which start from nod close upon a mnin.lioe, the ,,losing 
error a t  the terminal point was distributed throughout the line, corrections to heightr being 
proportional to distance from starting point and being obtained by interpolation. Line 211 firm 
Dbond to Manmad was a line of single-levelling, and as its closing error was unduly large, tile ro,,lb 
of t l ~ e  wliole line were rejected. As there is a new standard bench-mark at Ahmednagnr, line 
will have to be revised a t  an  early date. 

The folloi~fing table shows the circuit errors of those branch-lines, which have e1o.d 
bench-mark of the main level-net :- 

TABLE XL.-The closing errors  of braftch-lines. 

The branch-lines 61A, 61B, 61C form a circuit 116.2 miles long, vhish is independent nf f l l e k t  
net, aide plate I. y l ~ e  closing error of this circuit 0.161 was distributed uniformly around the circultl 

corrections being made proportional to distance.* 

Branch-line 

2JA. Hyderabad-Wardhe 

256. Dhond-Menmsd 

BiA .  Perozepore-bhmed- 
ubed 

WA. Kstni-Sngpur 

(6lA. Snl~aranpur- 
I 1)rhm DGn I < F i R .  h'ojll-Enrdwar } 
I (;LC. Hnrdsnr-Dehre I 

Uljll J 

I n  addition to the nine tidal observatories ahid, form the base-stations of tho level-net, therera  
13 tidal observatories connected the net,1 ~t four of these 13 (namely at ffUticorin, C O C ~ ~ J ~ ' ~  

Ksranar and Hanstal) the tidal bench-marks are bench-rnarks of main-lines. At Bombay 
Dock) the tidal bencb-mark is an  extra bench-mark of line 32. At Pamban, MormuB~ OLlr 
Bllavnagar, Port Albert Victor, Dub]&, Diamond Harbour, and g i . r J e r ~  the tidal b43acb*m3b 
are connected bv branch-lines. 

as 0,347 1001, lM " 

I n  the lirst loot-note on page 58 i t  wan slated, tllst tho closing error of l l ~ e  linrdwer-Dehra DGn-Mollnn circuit 
~b~elfl Wen mdca.ouring hy revinions of  l a v e l l i ~ ~  to lacalise this rllicll unduly lnrle. WhillL t l~ia  V O ~ I M @  llna been P ~ ' ~ ~ ~ ~  tbmyL "'IC1 

lml.take of a Tvbolo foot & I.he origirral computations an8 dincovered by the lerelling oficers carrying out  th8 revi*on. The clO'l* OrWr " 
reduced from + 0.847 foot Lo - 0.163 foot, and L L i s  latter again hsr been changed to - 0.161 loo& 

Point. o r~g ln  of 

B.M. 88of line 
21 

B. M. 8 of line 
25 

B M. 27of line 
57 

B. If. 1 of line 
60 

These three 
hrnncl~.lines 

form o c i rcu~ t  

Ty:F1 

B. M. 309 of 
line 35 

B. M. 123 of 
line 33 

R. M. 22 of 
line 61 

B. br. 372 of 
line 35 

... 

Length 

miles 

283.7 

154.1 

708.5 

221.6 

1 2  

Height of terminal 
poi11t occordil~g to Lhe oEelevuLioll 

bnLween 
origin ~ n d  
tern~innl  

feet 
- 846 

+ a13 

- 477 

- 241 

... 

silnullrne- 
ous reduc- 

tion 

feet 
885,616 

1898.889 

167.714 

ro1z . jo8  

. . . 

Error dispend "01. 

fornrly alotlg IEt 
bra~~cb.lios 246. 

Owin~lolarearlnrinr 
error ll~c bnnch.l~r.r 
25A bna bran rt]rrlcJ 

Error disp~nrd (In1. 
torndy ~nlonu ~ b r  
brsncll-lins 5i.L 

Error dlvn@d 
for~nlg ~ l t l n e  Ibt 
brsncl~.linn 60.4 

Error d~spnd ua', 
formlg round Iht t*I, 

wit. 

br~$eell 

feet 
88j .681 

1897.816 

1 6 6 . ~ 1 9  

l o l a . j g z  

... 

Clor i~~g  error 
01 brancl.li,~e 

Total 

feel 
+ 0,065 

- 1.073 

- o.7r)j 

- 0.176 

- 0. 

Per mile 

foal 
+ o.oooz 

- o.ooio 

- o . o o ~ ~  

- o.oooB 

- o.ool j  
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Tidal determinations a t  the ports mentioned in the following table were not allowed to influence the 
acwpted values of heights of bench-marks*. The discrepancies between the tidal and spirit-levelled va lua  
of heights mere ascribed to permanent inequalities of mean-sea-level. The correction given by inter- 
polation on 3 main-line, such as 47, to tbe elevation of the starting-point of its brancb-line 47A, 11aa 
been continued throughout that branch-line. The closing error a t  Hanstal is only - 0,016 foot, but i t  was 
,,t considered advisable to accept Hanstal and to reject Okha, and both were rejected. (See 
page 126). The tidal determinations a t  Hanstal and Navanar were based upon one year's observations 
only (see page 110)- 

TABLE XU.-Tidal  determinations of mean-sea-level which were not allowed to it,$ue~rce the 
branch-lines of leaelling. 

I I I 

I At entrance to the Oklia ... Reforenco bench.mnrk is connected by brench.line 478 I 11.7 
Gulf of Cutell. (Joryr.Oklia) to level.net. 

Reference bench-n~nrk is bench.mnrk No. 40 O F  main.line 
2, No. 1 of mnin.line 3, No. 1 of branch.line 3 8 .  

A1 mouth of the Go. 
darnri. 

Opcn const, Arnbinn 
Sen. 

I In the Gulf of Cutch Nnvnnar ... Refercnce bench.mnrk is the initial bench-mark of tlio 0.0 

two moin.lines, 44 nnd 46. 

miks 
0.0 

11n the Qulf of Cutch I Hnnatal ... I Reference bench.marb is bench-mark No. 14 oE mein.li~wt 47. 1 0.0 

Cocanode ... 

Bombny, Prince's 
Dock. 

I Gulf of Carnbny ... Bhornngor ... Reference beneli-mark is connected by brnnal-line 4 8 8  109.6 
(Rujkot-Bhuvnagnr) to  level-net. 

Relcrcnce benchmark is benchmark No. 127 of main-line 
30. 

Reference bencli.mnrk is conneeted by a short minor brench. 
line to n~nin.line 32. 

I Nror lllr mouth of Dublst ... Refrrrnre bench-mnrk in connected by hronch.line i 4 B  99.5 
the Hooghly. (Kidderporc-Uublat) to 1evel.net. I 

0.0 

0.3 

Reference bench.rnnrk is connected by n pnrt (Rnjkot- 
Snnoshrn) of brnncll-line 488 (Rnjkot-BI~nvnn~nr) und by 
brn~~ch. l iae  4811, (SnnonhrePort Albert Viclor) to leval.net. 

I Near 1110 mollth o f  Dinrnond ... Reference bench.mork is connected by brnnch.lioe 748 1 8 . 8  
Il~o Hoogltly. Ilnrbour. (Kiddorporo-Diamond Ifarbour) Lo love1.net. 

147.0 

ngnnmic 
height of reference 

beoc11-mark 

1 on tll. ~ o o d l l ~ ,  ... I Kidderpore . .  I Reference bencll-mad is conoecled by n minor brnnch-line 
to n ~ ~ ~ i n . l i n n  77. 

I . I  

feet 1 feet 
6'933 6.620 

by tidnl 
observa- 

tions 

Cloaing errol 
o f  levelling 

by level. 
ling olmer. 

vnlion, 

Eeicl1ts of reference bonch-marks were determined from tidal observntions ne follows:- 

Tuticorin ... 
Cocnnnd~ ... 
B o ~ l ~ l m ~  

(Plinae's Doob) 
... 

Okllo ,.. 
Nnvnn~r . . 
IInnatnl 

' 

npnnmic 
cor,ecLion 

- o . o o j  

- 0,003 

- 0 . 0 0 6  

- 0.001 

- 0.001 

- 0.001 

O.T. S. Vol. XVI 

Dynnmia 
I~eight  

fret 
6'9.3.3 

5.958. 
19:6R8 

57 
90 

37 

2s 
19 

21 

Bhnvnngnr ... 
Port  Albert V icb r  

Dublnt ... 

:be$"," 
mean.scn- 

lorol 

feel 
(1.938 

5.961 

19.694 

10.424 

9'9.31 

9.701 

1 0 ' 4 9  

9.930 

9 0  

Dynrbn~ic 
lieigltt 

fent 
20.663 

10.666 

8.R36 

Dynnmic 
correction 

- 0.003 

- o . o o t  

- o.001 

Q. T. S. Volk XVI 

28 

25 

102 
The height of the hench.mnrk at Dublat, as given in Vol. XVI, is too s m d l  

by r.ese 

Haebif;: 
menn.sea- 

level 

feet 
20.666 

10.668 

8.8.37 

Diolnond Ilnrbour 

Kiddarpore . .  
106 1o.94j  - o.001 I l 0 . r ) ~ ~  

110 1 1.7.004 / - 0 0 0 1  1 13.00.3 
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~ h o  error of levelling between mean-sea-level a t  Okha and mean-sea.ler* at ~ , n s t a l i s  
0.604 - 0.015 = 0.589 foot, and between Nilannar and Hanstal is 0.121 -- 0.015 = 0.106fOot on par, 
126 these errors were statcd to be O'G71 and 0.093. Tlre discrepancies betweeo pa,e 12g 
table xLI  are due to the fact, that the simultaneous reduction of the circuit errors llas given sma,l 

to the levelling results. The figures of page 136 are results uncorrected for the simultnocou 
slljastment, those of table XI41 are corrected. The discrepancies between the figures for  ~ i d d ~ ~ ~ ~ ~ ,  
Diamond Harbour and Dublat,, as given on page 126 and in table XLI, are due to the same 

~ l ~ ~ ~ ~ - ~ e a - l e v e l  a t  Hanstal a t  the 11ead of the Gulf of Cutoh is 0,589 fcot (= 0.180 
higher tllau at  Okha at  the entrance to the Gulf ~f Cutch. This difference of sea-level has llilhcrto 
been ascribed to a permanent elevation of tlle water in the gulf above tile level of the open sea produced 
by south-west winds. Table XLI sliows this explanation to be incorrect: the lerel of tl~e ]lead of the 
gulf Hanstal is almost identical wit11 the level of the open sea. Instead of the Banstal level being 
too lligll, it now appears that the sea-level a t  Okha is 0'604 foot (= 0.184 metre) too low. 

A t  Bhavnagar and Port Albert Victor the sea-level is also lower than the surface of the open seal 
by 0.446 foot, ( = 0.136 metre) and 0'503 foot ( = 0.153 metre) respectively. At Dublst, Diamond 
Harbour and Kidderpore the mean level of the water is higher t l ~ a n  the surface of the open sea by 0.432 
foot (= 0,132 metre) and 1.180 feet (= 0.360 metre) and 3.170 feet (= 0,966 metre) respectively, 

The tidal determinations of mean-sea-level a t  the two following ports were accepted,+ s h e n  the 
elevations of bench-marks over the branch-lines connecting the ports with the level-net were being 
deduced. 

TABLE XLII . -T ida l  determinations of mean-sew-level, which toere accepted as consect, and zchich rere 
utilised to  adjust the heights on the bl-anch-lines of levelling. 

When the corrected dynamic heights of all bench.marks had been deduced, the correspondin! 
ortllometric heights were computed. Complete lists of bench-marks with descriptions md c0rxctd 
elevations, both dynamic and orthometric, were then prepared, and are now being puYishd in 
volumes XIXA and XIXB. 

* 'Phc following table sbows t h e  discrepnnoies. 

Branch-line of levelling 
connecting ob~ervotory wit11 

level.net 

lA .  Ramnad - Pamban ... 
178. Karnor-Mormugno ... 

LenCtll of 

% ~ ~ ~ ~ ~ ~ t ~ : ~  
,sith 

miles 
2 7 . 8  

5 6 . 9  

Tidal observatory 

Polition 

Gulf of Yanar ... 

Open coaat, Arnbian 
Sen. 

r 

Pamban ... 
Morrnugao ... 

t Heights of referonoo beneh.merk0 aer0 
tidal ob,ermtions as follows:- 

nynanric 
height of reference bench.mnrk 

Diamond Hnrbour.Falme Point 

1)ianlond Hsrbour-Dublat ... 
Kidderpore.Diaa~ond Harbour 

Kidderpore-False Point ... . 

error " 

by lido1 
observntions 

feet 
7'465 

1 2 . 2 9 7  

- 
mnbL"" 
Gclt''' 

/ 

p1 
;.Oi 

11'14; 

foot 
- 0 . 1 j 1  

+ 0,219 

by lerrllinfi 
observt~tions 

feet 
7 '334 

11.516 

nrnnrnlr  
e~rreetlon 

- O.W(, 

- 0,006 Pnmban . 

Pern~ilral 
brsncll-llor 

foal 
o'wrl 

O ' W J ~ ~  

D:,":,"dp,",". 
to simul- 
tnl~eoua 

adjuslmenl 

foot 
0 ' 2 2 2  

0 . 0 2 9  

o .  118 

0.340 ~ ~ ~ u g o o  ... - 

C 1 O n i n ~  given On 

page 371 
0. 'I'. S. Vol. S V I  

f ee l  
0 . 9 5 8  

0 . 7 7 7  

I , 8 7 2  

2 . 8 3 0  

pogo 

76 

41 

feet 
I . 1 8 0  

( 1 . 1 8 0  - 0.432)  = 0 , 7 4 8  

( 3 , 1 7 0  - 1.180) = 1 , 9 9 0  

3'170 

-- - 

Bct~rht 
nlrasa 

,e,,n.ww 
level --- 
feel 
7 ' 4 i 1  

12'3'3 
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It was at first intended to give a complete catalogue of bench-marks with their descriptions and 
in tlie present volume, but this plan had to be abandoned, when the great bulk of such a cata- 

lodue came to be realised. The total number of bench-marks exceeds 15000, and i t  was found more 
to publish the descriptive lists separately. 

In the present volume XIX we have shown how the levelling observations have been taken, and 
how the results have been computed ; the final values of height resulting from these operations are 
about to be published in volumes XIXA and XIXB. Volume XIXA will describe the bench-marks on 
tile southern levelling lines, 1 to 42 ; and volume XIXB mill give details of the northern lines, 43 to 
77. The few bench-marks of the nine short lines, 78 to 86, to tidal stations are common to other lines, 
nlld these nine lines have consequently been excluded from volumes XIXA and XIXB. The boundary 
line between volumes XIXA and XIXB will run from Bombay through Sironj, Nagpur, Bilaspur to 
False Point. 



C H A P T E R  1 1 .  

A DISCUSSION OF THE LEVELLING EBRORS. 

The principal sources of error in levelling and the precautions taken to eliminate their effects 
have been already described in  chapter V, Part  I. 

W e  now propose to examine the results of the levelliq,, and to endeavour to ascertain the fom 
and magnitudes of the errors that in spite of precautions have crept into the levelling work. 

When the adjustment of the level-net, as described in this volume, was first taken i n  hand, the 
subject of levelling errors had not been investigated, and the relationsllip between accurnulationol 
error and length of level-line had not been determined. The uncertainty, wl~icl~ had existed for years,is 
reflected, not only in the earlier survey reports and pamphlets, but in  this volume itself. 

I n  the last foot-note of page 73, errors are assumed to be accidental and to accumulate with thesquare 
root of the distance. I n  the first foot-note of page 71 i t  is suggested that errors may be systernaticaudma~ 
accumulate directly with the distance. On page 92 Colonel Hillys estimate of the rate of acc~lmulationof 
error is given as 0,0008 foot per  mile, and on page 93 as 0.0010 foot per nlile. On page 114 two succe~si~e 
assumptions are made, when levelling and tidal results are being compared. I t  is, firstly, assumed Illa1 

the proballle error of levelling a t  the end of Y miles is JL and then it is supposed that the pnbablp 
fmr 

error is 0.0007 M. 

I n  tables XXX and XXXI, pages 123, 124, the probable error of levelling is derived from Ihe 
fmt 

f ~ r m u l a  0.004 J a ,  but on page 124 this formula is stated to give too small results. On Pa~e12"hp 
closing errors of tables X X X I I  and X X X I I I  have heen treated, firstly, as if the accumulation Of 
mere proportional to M, and, secondly, as if i t  were proportional to JM. 

I t  may be argued that the preparation of tiis volume should have been po9t~oned, until 

uncertainties had been cleared up. But the simultaneous adjustmmt the closing errora of the'eve" 
net was urgently required, and i t  was not practicable to postpone this work, until 
~ c ~ u m u l a t i o n  of error had been discovered. The investigations, described in the present cbapkr' " feet thr 
made after the simultaneous reduction of the circuit errors llad been rnmpleted, and are'n 
sequel of that reduction. 



A DISCUSSION OF THE LEVELLINQ ERRORS. 

Moreover rough and ready comparisons have frequently to be made in discussions of rcsdts,  
comple~  formula is then not s115cienlly convenient. I n  the examination, which was mads 

in (3) of Part 11, pages 343-360, the discrrpancies between the original and revised levelling 
oplsation~ were continuallp considered, as thougb tlley bad increased directly with the  distance : this may 
not \lave been striclly correct, i t  mas a convenient approximation, and answered its purpose. 

~t is very necessary, even after tlie simultaneous reduction has been carried out, that  we should try 
and obtain some idea of tlle of error. Before wc can accept any apparent changes in  the elevation of 
landas real, we must find tlie limit of accuracy, beyond n,hich our levelling cannot be trusted. Wha t  is tht: 
pobable error of the difference in height of two points one mile apar t?  Wha t  is the probable error of 
the spirit-levelled height of any bench-marl< in India ? These are questions we must endeavour to answer. 

The aims of the discussion proposed for this chapter may then be stated as follows :-(i.) to 
discover the law of accumulation of error of levelling in India, (ii.) to obtain a definite numerical 
measure of the accuracy of spirit-levelled Iieiglits. 

The data at  our disposal may be classed as follows :- 

(i). the discrcpancics (d) between levellers a t  successive bench-marks ; 

(ii), the discrepancies (s) betwcen levellers, as accumulated a t  tlie ends of level-lines; 

(iii), the closing errors of levelling circuits. 

Revisions of levelling have taught 11s the causes of gross errors, vide section (3) of Part  11, 
pages 343-360, but they mill not help us to ~lnderstnnd the nccumulatior~ of minute errors, because in  
Iudia me have so far revised only those lines, that are obviously in error by large amounts. For 
revisions to be instructive me must revise lines on nhicll accuu~ulation of error has been small. 

Beduction of the probable accidenlnl error of levelding per  nzile f rom the discrepancies 
bet?uce~k k?vellc?.s. 

(1). At the foot of eacli table on paqes 137-316 me have already computed for each line the 
probable error of one mile of levelling from the formula*- 

where d is the discrepancy between levellers a t  any bench-ma& 

Cd2 mill bc too large, if there exists ally systematic cause of discrepancy between levkllers, such 
as a n  mror in the length of one staff. On t.1)~ other hand f t l '  is generally apt to  be too small on s i~uul-  
taneous double-levelling owing to the bias of the second leveller in favour of the first leveller's result. 

Tlle quantity el is deprndent upon the rassumption that levelling error increases with the square 
root of the distance. 

(2) .  We cnn also deduce tile probaMe crror of levelling fmrn the ctiscrepancy accomulated between 
lhe two ~~~~~~~~s at  the terulinal bencb-marl- of enell l i~ lu :  thus i t  s is the total discrepapluey between 
--_ 

* \ v l l ~ l l L ' ~  Twnlisr on 0)s  A d j t ~ s l n ~ ~ , a l  of Ol,rrr~~ntio,,s.  1s t  rdltion, pngo 376. W e  I~:,re not dcd~iecd l@ s l~ . ir t ly  e o r r e e l l ~ :  IcP el\onld be llae 
Of Iha r i i n ~ r e ~ n n c i e s  nl every psb~i t  lur u l ~ ~ r l ~  llte lcrrl \v,,r crerlrd : r e  I~uve mudo it Ihs s u ~ n ~ i ~ t ~ l i u ~ i  of dii:,~.epn~icies nt bench-nlurkr only. But 

"' *"n''bln rr'or 'lm8 been ~ntrodu~,. ,d. .a 8 ah any b c a c l - w r k  = d: + d:' + di1  + . . - , where dl ,  d?, d ,  are the  dinorepmcien ut  Llio pegs erected 
beoeb.lusrks. 
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levellers a t  the terminal bench-mark accumulated over the whole Line, the probable emr, 
8 difference of elevation between the first and last bench-marks will be f 0.6'745 x -. 

~ h ~ - ,  if 2 2 e the probable error of one mile of levelling, 

The ,quantity e,, Like e,,  is dependent upon the a~~Umpti0n that levelling errors are =ho]b 
dental. 

I n  the following table me compare el and e,  :- 

TABLE XL III . -Probable errors o f  levellin,g per  mile deduced from the internal evidence 
furnished by the leuellin,g obseroalions on each line. 

1 

Line 
No. 

1 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
1 8  
I D  
20 

21 
22 
23 
24 
26 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

3G 
37 
38 
39 
40 

41 
42 
43 
44 
45 

Line 

Tnnjore.Ramnad ... ... 
Ran~nud.Tt~ticorin . . . ... 
'1'ut.ieorin-'l'rirI1i~~opoly ... ... 
Tricllinopoly-Tnnjore ... . . . 
Tanjore-Negepatnm ... ... 

Tricl~inopoly-Erode ... ... 
Jnlsrpet-Erode ... .., 
Arkonan i . l l ad r~  ... ..a 

Mndrnn-Tnnjore ... ... 
Arkonsm.Jalarpet ... ... 
Erode.Shonnur . . . ... 
Sllorn~iur-Begpore ... ... 
Yhoranor.(:ochin ... ... 
Ar!ionam.GooLy .,. . . . 
Bellary-Booty .., ... 
Bells y - H u b l i  ... ... 
Hubli.Karwer ... ... 
.lttlnrpet.Bangalore ... ... 
Bnngnlore.Bellnry ... ... 
Uezwads.Mndrss ,.. ... 
Rnichur-Qooty ,. a em. 

Roicbur-Qulbarga .., ... 
Bellbry-Rnicltur ... ... 
Golbnrps-Bezwads ... ... 
Kedgnon-Dlhsl  ... ... 
llikssl-Qulbargs ... ... 
n i l s a l - K i n  ... ... . . . 
Kedgnon-Nirs . . . ... 
Nira-Hubli ... ... ... 
Becwads-V~zsgapstsm ... ... 
Knlysn-Eedgson ... ... 
Kalp*n.Bonibay ... ... 
Ealpnn.Nandgaon ... ... 
Snndgnon-Slronj ... ... 
Piat~dgaon.Ksipur .. . ... 
Virinnnersm-Vizngnpat.m ... 
V~z~nn~zram.Rnipur  ... ... 
BII IPI I~ .HI IRIPU~ . . . ... 
C111Lsck-Vlzionagrnm ... ... 
~ l ~ a n p u r ~ C u t t a c k  ... ... 
Kondrnpsrn.CutlaeL ... . . . 
Krndrnpara-Falae Point ... ... 
lisrach~-'Pslta ... ... 
Narnnnr.8ujawd ... ... 
Bujs ra l -Ts tb  . . . ... 

Lnngth 

m i l a  
115 
7 5 

194 

$ 
87 

111 
44 

219 
89 

1 16 
47 
66 

215 
51 

137 
10.3 
86 

202 
277 

97 
90 
91 

320 
31 

11: 
5.3 
32 

271 
230 

120 
1 5  

147 
409 
5.30 

40 
318 
69 

254 
371 

41 
.30 
68 

209 
2 8  

el 
per mile 

foot 
f 0,0043 

0.0026 
0'0043 
0'0050 
0'0035 

+ 0.004.3 
0.00.35 
0.0024 
0.0039 
0,0036 

* 0.0033 
o .  00.36 
0'00.35 
o'oozr 
0.0061 

f 0'00.33 
0.0038 
0.0044 
0.0043 
0.0040 

f o.0032 
0.0041 
0.0032 
0.0048 
0'0037 

f 0'003.3 
0'0047 
0'0052 
0'0051 
0.0039 

f 0'00.33 
0.0015 
0.0037 
0,0046 
0.0046 

f 0'0032 
0.0048 
0,0038 
0'00.33 
0'0041 

f 0.00.33 
o 'oor3  
0'0047 
0,0043 
0'0033 

1)iRercnce of 
e l e r ~ ~ t i o ~ ~  of 

tel.lnina1 
be~~ch.rnarks 

feet 
- 173 - '3  + 267 - 80 
- 184 

+ 165 - 781 
- 27; + 178 
+ 1016 

- 442 
- 83 
- 9' 
+ 905 - 281 

+ 579 - 1048 
+ 1792 
-1631 
- 50 

- 110 
+ '79 - 171 
- 1 4 r r  
- 118 

- 169 
+ 136 
+ 18 
+ 266 
- 52 

+ 175' - 5 
+ 1529 
- 75 
- 595 

- '77 
+ 768 
- 75 + 117 
- 809 

+ 5.3 
- 6 
+ 30 
+ '9  + 10 

49% 
per luile 

foot 
f 0'0018 

o'oooo 
0.0040 
0'0012 
0'001 I 

f 0.0055 
0'00.32 
O'OOOL 

0.0019 
0,0065 

f 0'0047 
0'0012 
o.oooj 
o 'oooj  
o'oozq 

f 0'0029 
o 'ooj9 
0.0141 
0'0002 
0.0028 

f o ~ o o o S  
0'0019 
o'ooz.3 
0.0261 
0.0063 

+ o.ooq6 
0,0065 
0'0001 
0'00.30 
0,0070 

& 0 ~ 0 0 0 9  
0.0018 
0'00.39 
O ' W Z Z  

o.ooog 

o.oo12 
0'00.39 
o 'oojz 
00010  

0'0074 

* o . o o 3 ~  
0.0016 
0.0011 
0'0031 
0 ' 0 0 1 2  

el 
per kilolnelre 

centimelre 
0.104 
0'064 
0.104 
0' 1 2 2  

0.08j 

* 0'104 
0,085 
o.ojR 
o'ogj 
0.085 

i 0.079 
o,oRj 
0-08j  
0'0.52 

0'  146 

& 0.079 
0.092 
0.107 
0'104 
0.098 

i 0.076 
0.098 
0,076 
0-116 
0.08U 

f 0'079 
0'113 
0.12g 
0 ' 1 2 2  

0.095 

k 0'079 
0'0.47 
0,088 
0'110 
0'110 

i 0.076 
0.116 
0'092 
0.079 
0.101 

f 0.079 
0.055 
O'IIJ 
0'104 
0'019 

- 
el 

pel kilomala 

caniimrlrr 
f 0 . 0 6 ~  

O ' W O  

o'ogn 
0.011 
0.011 

i o I J I  
0.0;6 
0,006 
0.046 
0.156 

f O ' I I J  
0.011 
0.011 

0 . d  

o.oj8 

f O'olo 
0'141 
O'JSP 
0 . 4  

0.61 

f 0'011 

0.046 

0 '  Oj! 
0.631 
O ' I S J  

"'"O 
0.ljh 

0'00s 

0'0i.l 
0,lU 

* O ' O l 1  

0'041 

o'Wj 
0-Ojl 

0 011 

* "oll 

0'0); 
0 076 

0.011 

o'lil 

* 0'011 

0 040 

0-011 
0'O;J 
o'ojl 



A DISCUSS10N O F  THE LEVELLING ERRORS. 

TABLE X&III.-Probable errors of levelling per mile deduced from the internal eaidence 
.furnished by the levelling observations on each line.-(Continued). 

F- 

Line 
60. 

I 

feet 
+ 44 - 3 5  
+ 386 
- .3 1 ,< - 35 

Length Line 

61 
5.2 
53 
51 
55 

el e2 e ,  I e,  
per mi le  / per m11e 1 per k 1 1 u r n r  r I C ~ I  ~ 

1)iffrrence o f  
e lrvnt~on oE 

t o ~ m i ~ ~ a l  
b e n e l l . ~ n ~ ~ r k s  

miler 
88 
7 j  
43 

10.5 
128 

46 
47 
18 
49 
60 

Viramenrn-Bombay ... 
,?,~~jn~ml.Sl~iknrpur (Sind) 
TaLtwSl~iknrrpur ( S i d )  ... 
Rlllknrpur (Slnd).Murgbai ... 
hlurgl~ai-Cl~ncl~ . . . 

foot 
i' 0 . 0 0 2 8  

0 . 0 0 4 9  
0 ' 0 0 3 4  
0'00.39 
0 .006 ,  

Nnvnnnr.Shiknrpur (Gulch) ... 
Sllikorpur (Cutcb).Jorys ... .., 
J a r y ~ ~ l ! j k o t  ... ... ... 
Hnjkat-Virnrngnm ... ... 
Vllnn~~nrn.Ghiknrpur (Cutch) ... 

- - 

For all India 
el = 0.0042 foot per mile, or f 0.101 centimetre per kilometre, 
e, = & 0.0062 foot per mile, or f 0.149 centimetre per kilometre. 

&an length of line = 166 6 miles = 266.6 kilometres. 

The value of el for all India has been derived from a combination of the values of e ,  for the 
several lines ; thus 

2/m el for India = - 
[ 1 1  

For each successive line the value of el2 is multiplied by the length of the line, and the sum of 
the products is divided by the sum of the lengths of the lines. 

Similarly 

e, for India = 

The value of e,  for India .is -f 0.0042 foot, and of e, is f 0.0062. 

Deauctbn of the syatevuatk error of leoellthg from the discrepancies generated between levellerr. 

If the divergence betreen tile levellers is due to accidental errors only, e, will be equal to e l ,  but  
the &vergence is dua to systematic e m r ,  e, will be greater than e,. If e, is sensibly greater than e ,  



878 LEVELLING OPERATIONS. 
[Ow. n, 

i t  is s pmof that there was existing some systematic cause of discrepancy, pmm table XLIII , 
that el and e, are generally in agreement, but the following discordances are indicatiana of 

edrleox ef systematic error :- 

Line No. 

18 

61 

24 

Line 

Jalarpet-Bangalore ... 
Ferozepore-Meerut ... 
Gulbarga-Bezwada ... 

Between Jalarpet and Bangalore the ground rises 1792 feet, and the large value of %, 0.0141, 
was probably due to errors of staff-length. As the observations on the line Jalarpet.Banga]orehnPe been 
shown by the sitnnltaneous adjustment to be free from sensible error, it appears probable, 

oneof 
the levellers adopted too small values for his stares and the other adopted too ]arge, and ~~t rlBiou~h 
the discrepancy between them const,antly grew, their mean result continued correct, ylle line 
Ferozepore-Meerut traverses flat plains, and me cannot account for the appearance of a sgs~ematie 
difference between levellers. Between Gulbarga and Bezmada on line 24 (see pages 181 to 185) a most 
extraordinary divergence between levellers occurred : in the first 50 miles it  had nccllmulated to 0.069: 
a t  100 miles it  was 0.166 : at 200 miles it  was 0'657 : and at 319 miles it mas 1.391. * 

* The divergence betn7een the  levellers on t h e  Gnlbnrgn-Bezxvada line was so extraordinary, tha t  the originnl records hove been recen111(1914 
anbmitted t o  experts  for examinntion. The observations were taken partly in  1880, alld pnrtly in 1689. Whether thc divergence n(tmele,j mocb 
a t tent ion a t  the  time, u-e cnnnot now tell, bu t  n o  reference t o  i t  is t o  be found in  pnblished reports. I t  w ~ s  n question in 1009, wbc~berlbellot 
Gnlhargn-Bezwadn t;honld no t  be rejected and revisecl. I t  was, however, accepted eventunlly as  one of the main-lines of the neb. It formed psr~ 01 
t he  circuits V and V I I I ,  the closing errors of which were 0.069 foot nnd 0,267 Foot. After the sirnnltaneoos reduction had been complete&hnocb. 
l ine 24A closed on the  Golharga-Beswada line nt  Hydernbad (see plate 1) with no error of 0-066 foot. 

Ez t ra r l  from a leller from iUv. C F. Erskine, in charge of the levelling operations, to Colo~~el Bsrrard, dated May llth, 1910. 

(I.) I d o  not think i t  possible t o  nttribote the  I n r ~ e  closing difference on the line Golbarga-Hezwadn wholly to srora of staff cornprim!. If 
this closing difference is t o  he so explnined, we shnll have t o  assnme, tha t  stnff comparisons were in error by 0.01 foot, and this would menu 1bcmdlh 
of  one whole grndnntion. The levellers mnrcover did not  complnin of their  staves. 

(2.) The zero of  old staves \\..as a t  the  foot  of the bras?. When in use the staff rested on n small br.us brad only, and therefore the entire @!a 
of tbe shoe wonld not  ha re  been likelp to wear away 0'01 foot evenly. 

(3.) \\'hen t h e  wood of staves shrinlrn, and  n slight separation from the  brass occurs, t h e  position of the  zero of the staff beforesepmtiooi 
marked ou thc l l r ac~  for uae during the  stnE compnrisoos. 

(I.) Tbc <liscrepnn<,y between levellers might have been pnrtially, if not  wholly, due t o  the employment of n wrong value for a lerel sesle. On 
t h e  line Gnlbarpa-Uezwnda no a t t empt  was made t o  cancel the level corrections. On all other lines precautions have h e n  taken, in a c ~ o r d ~ ~  
with Gcueral Walker's instrnctions, t o  prevent occnmulations of level error. 

( 6 . )  On t he  line Qnlbargn-Uezwada t h e  orders restricting the  greatest permissible difference bcLween levellers at  each station ta@@ifd 

appear lo hnve been totally ignored, nod this  has naturally cansed a large divcrgence. On opening the  field-hooks a t  ranrlom, I find d8creneaof 
OIWD and 0.011. 

l i r l r ac l  from a letter dated May 19th, 1910, from Captain Co~uie, R.E., to Colonel Burrard. 

I find the detnila connected with the  Gnlbarga-Bezwnda line are  ss follows:- 

e 1  

foot 

f 0.0044 

0.0046 

0.0048 

e2 

foot 

f0.0141 

0.0136 

0.0262 

I h a r e  comlinred t h e  discrepancies between levellern with the chnnges in the  height nf the  l i n e  Between hcnch-mark8 I md'Ot'be rt!! 
erepsncies vnriod similnrly to  the  height: betweom heach-muks 40 and $80, the discrepnneiea varied inversely with the Tb'onghou''be 

line nn ermr of s taff- lensth sppearc t o  have been canaiog t h e  discrepancy between levellers t o  accomnlate. 
Ue t re rn  Unlbnrza and Bider a discrepnncy of 0 , l l l  foot corre#ponded to n height of 676 feet. These f i tFes  

* 
r e l ~ t i o n  between the two mean ntaven t o  be ahont  0'00198 foot. 9 l d  

Beta-een Bider and  Hezwadn the  error in t h e  relation between the  lengths of the  two menu strives worka to 001764 
rlrw of (La 

These vdnes  sre bnsed upon the  amamption, tha t  t h e  discwpmcg between levellere was wliolly due t o  error of Otnff-length ilblccm', 
mretcd h j  Mr. Erskine tha t  t h e  levellern did not  a t t empt  t o  cancel errors of dislevelment, and tha t  they habitoall7 excceded 
we nhonld not  he jnnti6ed in nsrribing the  r h o l c  dYcropancy between IeveUem t o  error, of . U v a  The ~ B C ~ ~ P . O  w ~ ~ r o b ' b '  

OP 

csm of which e n o r  01 stall-length wse one. 

Staves used by 

Datee of observation 

Feb.  13 th  t o  ~ 8 r c h  Bth, 1880 

Y a y  6 th  t o  J n n e  1 6 t h  1889 

Nov. 2nd t o  l k c .  2 4 t h  1889 

Section 

G d b s r g n  t o  Bider 

Birler t o  EIyderabad 

- 

Hyderabad t o  Bezwada 

D a t a  of staff rompui@nm Bench-marks 

1 t o  10 

40 t o  99 

99 t o  280 

2nd 

6 ,  F 

,, 3 

4, 3 

0, 10 

9, 10 

I), 10 

1880, Feb. 11 mdMnll --- 
1889, April 10 and Juoeia --- 

1889, NO,. 1. Dffi.It Dee'' 
/ 



Ceu, 11.1 
A DISCUSSION OF THE LEVELLING ERRORS. 

The value of e, has been deduced from the formula 

and for all India it equals f 0.0042 foot. 

and for all India it The value of e, has been deduced from the formula f 0-6745 x - 
2 a  

f 0.0062 foot. 

The discordance between e, and a, for all India is due to the fact that e, has been more seriously 
affected by the systematic errors of levelling than e,. I t  has been shown by Lallemand that the errors 
tllat go to produce the successive values of cl, from wl~ich e, is derived, are mainly accidental, but if there 
are systematic errors tending to separate the results of the two levellers, they enter into e,.* 

If c, = probable error per ntile = f 0'0042 foot, then the probable error of the terminal result of 
a liue of levelling = E, = e, Ja = f 0°'0042 where M = length of line in miles. 

In section 2 of this chapter we regarded e, as accidental, but as we have now shown reasons for 
believing that e, is partly systematic, we may write 

e: = eae + e,2, wliere e, is the accidental component and e, the systematic component. 

For table XLIII we derived e,, (being the probable error pel. n~ile), from the equation 
S 

e? = & 0.6745 X If then E, is the probable error of the fertninal result of a line of levelling, 

And E, (for all India) is equal to f 0.0798 foot over a line of the average Iength of 166.6 miles. 
If E, is the accidental component and E, the systematic component of the probable error of the terminal 
result at the end of a line 166.6 miles long, dB," + E ; L  & 0°.0798 foot. 

As El is mainly accidental, we may write E, = E,. 

We thus get two equations- 

E, = El  = f O ' r n 4 2 ~ 6  

J E ~  + E;= E, = f 0.0798 

E . 9  EE," = 0.0063GSO4 

but E: = (0.0042)"- 166.6 = 0.00292118 

Cherefore E,? = 0'00344686. 

XI = jz 0.05871 = probable systematic error accumulated at the  end of a l'ine 166.6 miles long. 
0.05871 

e , = -  M - 
165.6 - f 0,00036 foot = probable systematic error per mile of levelli~g, 

e, = f 0.0042 foot = probable accidental error per mile. 

The law governing the accnmulstion of error may thus be represcntcd by the formula 

de," M + e , M  = 4(0-00h2)2 M + ( 0 . 0 0 0 8 b ) ~ 2 .  

* fiiofillrcrent de hauls precision, par  Charlcr Lallemand, 1889. 



LBVELLINQ OPEPATIONS. 
[hl. n. 

It is hardly conceivable that all sources of systematic error arecovered by the expreaeion *0.0003,.p 
We are justified in assuming thnt the systematic errors, which tend to separrte tie qaesult8 ,,,- 
are represented in f 0.00035 M. But there may be systematic errors, affecting the results of b o ~  level. 
lers, and these exercise no influence upon the values of 5 or of e,. 

The formula for the law of error J(O-OO~~), M f (O.OUOOG)~Pz has so far been derived from 

internal only,- namely from the individual discrepancies and from tine accumulated direrELnaJ 
between tile two levellers. The external evidence will now be considered, but before this is done, it 
not be out of place to show the relationships of El and E, to both J&f and to M. 

I n  the following table we show the values of El and of E, for level-lines of various lengths, 

If we calculate the probable errors of the terminal results of lines, and if we group tliese ~ r o b a h l ~  . ~--.- 
El for a short line Jlength of the $Lor\ line errors according to the lengths of the lines, we find that -- 
El for a long line - Jlengt~l of GG~ 

but that no such simple ratio seems applicable to E,. 

On page 379 E,, the probable error of the terminal result of a line, was derived from the formula 
El = e ,  JE. But El can be derived directly from the discrepancies, and independently of a, - 
On pages 137 to 316 the value of El for each line has been obtained from the formula El = 0-6741@! 

4 
8 

Similarly for each line E, can be obtained independently of JP from the formula E, = 5 0.6746 x 
I n  the following table the average values of E, and E, are given for lines of different lengths. They are then 
divided in the table by Jz, and finally by M. The fourth column of the table shows that E, is  

-n 
5 

distinctly greater for long lines than for short ; the sixth column shows that has a fairly conshnt 
J M  

E 
ratio for lines of all lengths ; the eighth column shows that becomes smaller, as M increaseg, 

El appears therefore in actual practice to vary with and not with M. Thc last column 
of the table shows that the increase of E, is more obscure; it is in fact not clear whether in practice 8: 
varies with d% or with M. 

T A B L E  XLIT7.-Relation between the probable error of levelli~tg and the lenglli of line. 
- 

R, - 
31 

'WJ 

'OW4 

.Om3 

'Do01 

.@I 

'@I 

- EI 
M 

-------- 

.m5 

.- 

.ow3 

.ma 

' m . 1  

,ow, 

'-3 

.-, 

-- E1 

d x  

'0020 

'0033 

.00,3, 

'WJP 

'0015 

'0041 

.OllB 

' '0035 

'-3 .Wl, 

EI 

4 
-0107 

'0340 

'039.3 

'0441 

'0545 

'0596 

,0906 

'07" 

E' . 

'o~rf 

'0193 

.0360 

'oj15 

.0,371 

,0678 

2170 

.a670 

El 

'0034 

'00.39 

'00.35 

'm33 

'0037 

'0036 

,0051 

.wg9 

Mean 
Length Y 

37.9 

76.8 

114.5 

1781 

215'0 

169'1 

315'0 

359.7 

Linen 

Under 60 mil- in length ... ... 
Between 60 a d  100 m i k r  in length ... 
Between 100 a d  150 m i l u  in length ... 
Brlreen 1.50 and a00 m i l u  in length ... 
Bctween 3a) and 250 mile. in length ... 
tlntwcen 250 amd 300 m i l u  in length ... 
Belwecn 300 and 350 mibr in length ... 
Batween 350 a d  Un m&r in length ... 

'1114 .on63 

Number 
of line8 

14 

15 

14 

7 

6 

11 

4 

4 

' 0 0 5 7  455'3 H~cwdisg UM nilu in Isa(llh ... 
* 

a 



A DISCUYSION OF THE LEVELLING ERROM. 

The law of errov as deduced froill the closing errom of circuits. 

Monsieur Lallemand in his Nivellement de Haz6le Precision attaches great weight to his deductions 

of tbc error from the quantity 8. We confess a t  first to having placed no reliance upon the 
,pantiby s.* It seemed only too probable that the value of s had been influenced by certain systematic 
errors only, and that other systematic errors had been affecting the results of both levellers alike. No 
great faith was therefore placed upon the value 0.00035 obtained for e, on page 379, and it mas cousidered 
advisable to deduce independent values for both e ,  and e, from the data furnished by the circuit errors. 

The extraordinary agreement between the results obtained from the circuit errors and those 
obtained from the discrepancies and divergences between levellers came as a surprise; it seems to 
indicate illat the value of s affords a better clue to systematic error than had been supposed. 

In the following table me give the closing errors of the 28 circuits, and the probable accidental 
errors of closure calculated for the several circuits from the formula 

TABLE XLP.-(ilt foot-miles.) 

A comparison of the probable errors of closure, rn deduced from discrepancies belzoeelt 
levellers, with the actual closing errors. 

\ 

* In lhe  l orP l l in~  two lorellrrs work Lo~eLhor, one immedintely ~ I t e r  the other. The value of r is therefore 1s.m uaelul than on tho Pmnch 1s'e11108v where (be losellerm work in oppos,le direelions, 

, 

C - E, 

p o t  + 0.0120 
+ 0.0593 
- 0.0068 
+ 0'2710 
+ 0.2727 
+ 0.0030 
-I- 0.0419 
- 0.0650 
- 0.0469 
+ 0.1678 
+ 0.0818 
- 0.0022 
+ 0'3521 
+ 0'3151 

Circuit 

XXIV 

VII 

IV 

X X v I  

XI11 

XSVIII  

I 

XXVII 

XXII 

I1 

XIX 

XV 

XVIII 

111 

Prohnble errors 
of  closure - El 
= 0 0042 J E  

foot 

0.0447 

0.0452 

0.0648 

0.0689 

0.0787 

o.0813 

0.0856 

0.0947 

0.0995 

0.1013 

0' 1037 

o.104o 

0.1059 

0.1065 

Length 
of circuit 

= hl 

miles 

113.1 . 

115.8 

238.4 

269.2 

351.0 

374'9 

414.9 

508.6 

561.7 

581.7 

609.5 

613.4 

635.3 

643'1 

Closing error 
of c ircu~t  x 0.6745 - C 

fool 

o.oj67 

0.1045 

0.0580 

0.3399 

0.3514 

0.0843 

0'1275 

0.0297 

0.0526 

0~2691 

.oe1855 

0.1018 

0.4580 

0.4216 



LEVELLING OPERATIONS, 

TABLE XL 7. - ( in  foot-miles).-(Continued). 

A conjparison o j  the probable errors of closure, as deduced from discrepanc~~ betmecr 
levellers, with the actual closhzg errors. 

We mill now repeat Table XLV substituting centimetres and kilometres for feet and miles. Tht 
probable necidcntal errors of closure are now calculated for the circuits from the formula 3, = 4  fi 
= 0'101 JK, where K is the length in kilometres. 

Circuit 

xxv 
XVII 

XXIII 

VI 

XX 

XI1 

XXI 

IX 

XVI 

V 

X 

XI 

VIII 

XIV 1 XXIX 

Length 
of clrcuit 

= M 

miles 
701'1 

708.4 

802.0 

813.2 

815.2 

920'0 

959'7 

1010.8 

1017.7 

1042.9 

1396.9 

1673-4 

1905'3 

2758'3 

3001'9 

Probnblo errore 
of c los~lre  = El 
= 0.0042 ,hi 

foot 

0'1112 

0.1118 

0.1189 

0.1198 

0-1199 

0'1274 

0' 1301 

0.1335 

0' 1340 

o. 1356 

o' 1570 

0.1718 

0.1833 

0.2206 

Closing error 
of errcult x 0.6745 

= C 

joot  
0.2867 

0.9888 

0.3190 

0.2806 

0'5457 

0.0661 

o m  2206 

0.3130 

0'3197 

0.0465 

o m  2873 

0.6205 

0.1801 

1 

c - E, 

foot 

+ O"755 
-I 0.8770 
+ 0.2001 
+ 0.1608 
+ 0.4258 
- 0.0613 
+ 0.0905 
+ 0' 1795 
+ 0.1857 
- 0.0891 
+ 0.1303 
+ 0'4487 
- 0.0032 

O 0  I 
+ 0.7298 
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TABLE XL PA.-(h metree). 

A compa&on of the probable errors of closure, as decluced fivorn dbcrepanciee between 
levellers, with the actual closing erro9.8. 

' 

; 

, 

- 

Circuit 

XXIV 

VII 

IV 

XXVI 

XI11 

XXVIII 

I 

XXVII 

XXII 

I I 

XIX 

xv 
XVIII 

111 

XXV 

XVII 

XXIII 

VI  

xx 
XI1 

XXI 

IX 

XVI 

V 

X 

XI 

VIII 

XIV 

XXIX 
d 

Closing error 
of circuit r 0.6745 - c 

Cenlimdrea 

1.7269 

3.1866 

1.7680 

10.3615 

10.7110 

2.5698 

3.8856 

0.9046 

1.6036 

8.2029 

5'6536 

3.1043 

'3.9593 

12.8491 

8.7374 

30.1389 

9'7242 

8'5524 

16.6319 

z-0147 

6'7227 

9'5392 

9'7448 

1.4185 

8.7580 

18-9139 

5'4891 

28'9670 

C - El 

C e n t i m d r r a  

i- 0'3643 
+ 1.8078 

- 0.2104 

+ 8.2593 

+ 8.3105 

+ oso8go 

+ 1.2758 

- 1.9850 

- 1.4331 

+ 5.1127 

+ 2.4903 

- oao6gr 

+ '0.7~9~ 
+ 9.5998 

+ 5'3448 

+ 26.7287 
+ 6.0956 

+ 4.8986 

+ 12'9737 
- 1.8716 

+ 2'7534 

+ 5'4656 

+ 5'6574 

- 2.7193 

+ 3.9692 

+ 13.6725 
- o. 1037 

+ 92.2378 

1,onctll 
of cireuil - K 
Eilomelres 
182.0 

186.4 

383'7 

433.2 

564'9 

603.3 

667.7 

818.5 

904.0 

936.1 

980.9 

987'2 
1022'4 

1035~0 

1128.3 

1140.0 

1290.7 

1308.7 

1311.9 

1480.6 

'544'5 

1626'7 

1637-8 

1678.4 

2248- I 

2693.1 

3066.3 

4439.0 

4831.0 

Probable orrors 
of clouure =-El 
= 0.101 J K  

C e n t i m e l r ~ s  

1.3626 

1.3788 

1.9784 

2'1022 

2.4005 

2.4808 

2.6098 

2.88516 

3'0367 

3'ogoi 

3.1633 

3 '  '734 

3'2295 

3.2493 

3'3926 

3.410~ 

3'6286 

3'6538 

3.6582 

3.8863 

3'9693 

4.0736 

4.0874 

4.1378 

4.7888 

5.2414 

5-5928 

6.7292 

I 
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Plate No. XVI shows that there are 29 circuits in the level-net, but as has been 
ined on p a p  363, chapter I ,  Part 111, one of these circuits is redundant. It is therefore necessary to 
OIlc and we have tllougl~t it advisable to reject circuit XXIX. The closing error of this 

0.054, and this is abnormally small. T l ~ e  length of the levelling in the circuit is 3001.9 milec; a,.,( if 

ward tile closing error 0.054 foot as systematic, i t  must have been accumulated :it the rate of 0.0000~~ imt 

per mile. On the ot.her hand if we regard the closing error as accidental, it has been rccumulabed 
the rate of 0.001 J&i. A systematic error of 0.000018M is one-twentieth of the normal, 

accibo. tal error of 0.001 JbX is one quarter of the normal. It is evident that in circuit XXIB an e ~ t ~ ~ ~ d i ~ ~ ~  
cancelment of errors must have taken place. 

I f  E, was a correct measure of error, it should be less than C in as many circuits a it is more, 
~ u t  out of 28 circuits, there are only 7 in  which El is greater than C ,  and table XLV shorscon. 
elusively that El is not a fair measure of the probable error of levelling in India. Not only does the 
number of positive values o€ (C  - E,) exceed the number of negative values, but the magnitude of the 
positive v:rlues surpasses that of the negative. El is evidently too small, and it is clear that the 
of circuits must be affected by other errors than those that tend to produce the quantity d, (8ee 

375). What are bhese other errors? Are they accidental, or are they systematic? 

If the closing errors of circuits are mainly accidental, the probable error of one mile of 
levelling can be deduced from the circuits thus : 

where cl = circuit error in feet of circuit I, c, of circuit 11, etc. 
m, = length in miles of circuit I, m, of circuit 11, etc. 
n, = number of circuits. 

Then e, = f 0.0128 foot. 

If the closing errors of circuits are mainly systematic, the error on the line will tend to vary 
directly with the length of the line and not with the square root of the length, and the probable error 
of one mile of levelling will be 

= f 0'00054 foot. 

If we adopt e, as the probable error, and take 0,0128 JH as 
the law of accumu' 

lation, we shall find that, as a rule, i t  will give a larger value than the actual for the closing erronof 
short circuits and a smaller value than the actual for the closing errors of long 

If On the other hand we adopt e. = f 0*00054, as the probable error, and if as take 4 X if' lbe 
measure of ;lccum~lation of error, we shall find that the pmb d l e  closing errors of 1006 ~ i l ' c u i ~  

'Ow 

be given larger than the actual closing errors, and that the probable closing errors of sllort circ" dl 
be given too small. - 

The following table illustrates our meaning; the circuits have been arranged in order of thcirleng 
ths, 

and the circuit error per mile has been shown for each circuit, firstly, on the s~ppodtion that tbe'aw e x 8  
of acc~mulation ia X M, and, secondly, on the supposition that the law of aocumdtIti~n 
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TABLE XJ 71.-The circuit errors exhibited according to lelzgtha of cit'cuile. 

C i r c ~ ~ i t  error 

JicGLL 

fool 

0.0079 

0.0144 

0.0056 

0' 0307 

0.02 78 

0.0065 

o ' 0093 

0~0020 

0'0033 

0.0165 

0.01 I I 

0.0061 

0.0269 

0.0247 

0.0161 

0.0551 

0.0167 

0.0146 

0.028j 

0.0032 

0.0106 

0.0146 

0'0149 

0-0021 

0.01 14 

0.0225 

0.0061 

0.0268 

0.0138 

o-0174 

lengtll 

fool 

0'00074 

0.00134 

0.00036 

0.00187 

0.00148 

0- 00033 

0-00046 

0- 00009 

0~00014 

0~00069 

0.00045 

0.00025 

0~00107 

o.ooog7 

o .ooo6 I 

0~00207 

0'00059 

o.ooo51 

o-ooogg 

0~00011 

0.00034 

0.00046 

0' 00047 

0~00007 

0~00030 

0.00055 

0'00014 

0.0005 1 

0.00073 

0.00055 

Circuit 

XXIV 

VII 

IV 

XXVI 

XIII  

XXVIII 

I 

XXVII 

XXII 

I1  

XIX 

XV 

XVIII 

111 

XXV 

XVII 

XXIII  

VI 

XX 

XI1 

XXI 

IX 

XVI 

V 

X 

X I  

VIII 

XIV 

XXIX 

Average of the 14 

Average of the 14 longer circuits ... 

c ~ ~ ~ ~ t ~ ~  

milea 

113.1 

115.8 

~ ~ 8 . 4  

269.2 

35"O 

374'9 

414.9 

508.6 

561.7 

581'7 

609.5 

613.4 

635-3 

643' 1 

701' I 

708.4 

802.0 

813-2 

815.2 

920.0 

959'7 

1010.8 

1017.7 

1042.9 

1396'9 

1673.4 

Igo5.3 

2758'3 

3001'9 

shorter circuits 

I 
circuit error 

fert 

0.084 

0.155 

0.086 

0'504 

0'521 

0.125 

0.189 

0.044 

0.078 

0.399 

0,275 

0.151 

0.679 

0.625 

0'425 

1.466 

0'473 

0.416 

0.809 

0.098 

0.327 

0.464 

O.474 

0.069 

0.426 

0.920 

0.267 

1 '409 

Oa054 

... 
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1f we divide the cirouit errors by the lengths (= MI, we find that the average mr p,milE 

the d o r !  is 0.00073 and of the loug circuits is 0'00055. This shows that is too largea and tllat tho error of levelling accumulates more slowly than M. I f  we divide the cbcuit 
a; ,/a, the average error of the short circuits is 0'0138 and of the long circuits is 0.0174.   hi^^^^^^ 

that ,/a as a divisor is too small, and that the error of levelling accumulates more rapidly than a, 
IU the one case the short circuits give the larger error, in the other case the long 

*. a e the larger error. The conclusions may be drawn, that a portion of the circuit errors is accidenbl and 
increases with JN, and that the remaining portion is systematic and increases with &I. 

Let i t  then be assumed that the probable error per mile of levelling is made up of two parts and 
is equal to 

J e , , W  + e,%M", 
where en and e, are two constants to be determined. 

we can determine the values of the constants en and e,  from the circuit errors, either by treating 
the latter by the metllod of minimum squares, or more simply by arbitrarily selecting certain of tlleru 
as typical and representative. As a fair ttype of short circuit we can take the sholtest of all, X X I \ ~ ;  a s a  

type of long circuit me can select XIV. I n  both circuits, XXIV and XIV, the accidental and  stel ell la ti^ 
errors appear to conspire, ~rhereas the closing error of circuit XXIX is extraordinarily small and is e r i  
dently due to abnormal cancelment. 

From circuit S S I V  we form the following equation* :- 
4 

e,P x 113.1 + e,2 x (113.1)2 = <0'084)2 x - 
9 

and from circuit X I V  we get 

e. = 0,00033 
and e, = 0,0037. 

The values of e, and e, deduced from discrepancies between levellers were 
en = 0.004.2 
e, = 0.00035 

The mean value of e, is 0.0040 foot,-and of e, is 0.00034 foot. 

The formula expressing the relationship between the probable error of Indian 
levelling and the distance levelled may thus be written 

E = J (0.004)" + ((0000341)~ M2. 

On page 381 we computed the probable error per mile e,, on the supposition that the cinuit ermr' 
Were ~ccoruulations of accidental error, and we found that e, rvas equal to f 0-0128. w e  now find 

pml~shlc accidental error per mile is equal to 0f)Ob. The difference is due to the fact lhat 
srstcmatic componcnt of thc probable error was included in r3 with the accidental component. 

On page 384 we computed the probdde error per mile s, on tile supposition that 
circuit '*On 

Ve nor 
were accomulations of systematic error only, and we found that e. was equal to 0'00054 foot. 

. 

find that the probable systematic error per mile is 0.00034 foot ; the discrepancy is due to the inc'uuon 
of the accidental componrnt on pace 384. / 

Tho (probable error)' ra made equal Lo (t = sclunl orror)'. 
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In the following table the actual closing errors of the circuits are compared with the probable 
errors of closure, deduced from the formula, which me obtained above. 

TABLE XL PII-(in foot-nzilee). 

W e  probable errors of circuit-closure, deduced fronz the formula J (0.004)" + ((0.011034)~~~ 
concpared with the actztal closing ervovs of circuits. 

C - E  

foot - 0.0006 
+ 0.0462 
- 0.0439 
+ 0'2273 
+ 0'2105 
- 0.0649 
- 0.0354 
- 0.1653 
- 0.1606 
+ 0.0490 
- o.0441 
- 0-1291 
+ 0.2196 
+ 0.1806 
+ 0.0259 
+ 0.7255 
+ 0'0237 
- 0.0185 
+ 0.2459 
- 0.2694 
- o. I 284 
- 0'0534 
- 0'0491 
- 0.3309 
- 0.2106 
+ 0.0285 
- 0.4908 
- o.0107 - 

LenCtll 
circuit = 

# n i l c ~  
113.1 

115.8 

238-4 

269.2 

351.0 

374'9 

414.9 

508.6 

561.7 

581.7 

609.6 

613.4 

635'3 

643'1 

701.1 

708.4 

802.0 

813.2 

815'2 

920.0 

959'7 

1010.8 

1017'7 

1042.9 

1396.9 

1673.4 

1905.3 

2758'3 

Circuit 

XXIV 

VII 

IV 

XXVI 

XI11 

XXVIII 

I 

XXVII 

XXII 

I I 

XIX 

XV 

XVIII 

111 

XXV 

XVII 

XXIII  

VI 

XX 

XI1 

XXI 

IX 

XVI 

v 
X 

XI 

VIII 

XIV 

Cloning error of 
cmcuit x 0.6745 

= C 

jooL 

0.0567 

0.1045 

0.0580 

0'3399 

(''35'4 

0'0843 

0'127j 

0.0~97 

0.0526 

0.2691 

0.1855 

0.1018 

0.4580 

0.4216 

0.2867 

0.9888 

0'3IgO 

0.2806' 

0'5457 

0.0661 

0.2206 

0.3130 

0'3197 

0.0465 

0.2873 

0.6205 

0 ~ 1 8 0 1  

0.9504 

Probnble error o f  
lerelling circuit = B = 

J (u  U O I ) ' M  + (~-00034)'~H~ 

foot 

0'0573 

0.0583 

0.1019 

0.1126 

0' 1409 

0' 1492 

0' 1629 

0.1950 

0.2132 

0' 2201 

0.2296 

0.2309 

0.2384 

0.2410 

0 -  2608 

0.2633 

0'299j3 

0.2991 

0 -  2998 

0'3355 

0' 3490 

0.3664 

0.3688 

0'3774 

0.4979 

0.5920 

0.6709 

0.961 I 
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TABLE XL 7IIA.-(ira metres). 

The probabb errors of circuit-closure, deduced f?om the formula J (O.U04)2M + ( o . ~ ~ ~ ~ ~ ) ~ ~ ;  
compa~~ed with the actual closing errors of circuits. 

Circuit 

XXIV 

VII 

IV 

XXVI 

XI11 

XXVIII 

I 

XXVII 

XXII 

I1 

XIX 

xv 
XVIII 

I11 

xxv 
XVII 

XXIII 

VI 

XX 

XI1 

XXI 

IX 

XVI 
v 
X 

XI 

VIII 

I XIV 

Lenglh of 
circuit = E 

Closing error OF 
cirouit r 0'6745 

Probable error 
of levelling 

cirruit = E = 

J(O.IO~YK + (0 0064)'K2 I C - E  
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out of 28 circuits 17 show their actual closing errors (when multiplied by 0'6745) to be lese 
than the tllcoreticd probable errors of closure. Eleven show their closing errors (multiplied b 0.6746) 
to be greater than the probable errors. 

1f we mere to reduce the value of E to J(0.004)2 M + (0.00030)WIM2, then (C-E) would be posi- 
tive in 14 circuits and negative in 14 circuits. But this reduction cannot be justified. Altllough the 

number of negative instances of (C-E) in table XLVII is 17, and of positive 11, yet the sum of the 
sq,,,m of the negative values of (0-E) is 0.5686, and of the positive is 0.7702. The positive though 
fewer in number give the larger sum. 

If now we were to reduce the co-efficient of M2 from 0.00034 to 0.00030, we should equ:~lisc the 
numbers of positive and negative values of (C-E), but the sum of the squares of the positive values of 
(c-E) would become increased to 0.8762 and that of the negative values would be decreased to 0.4070. 

If we take the values of (C-E) as they stand in table XLVII the difference between t l ~ e  sums 
of the sqilnrcs is 0,2016. If we mere to reduce the co-efficient of N3 from 0.00034 to 0'00080, the differ- 
ence between the sums of the squares would become 0,4692. 

The arguments that can be advanced in favour of the formula- 

probable error of levelling = J ( O . ~ O A ) ~ M  + (0 .00034)~2,  

may be summarised as follows :- 

(i). This for~nula is in accordance with the internal evidence derived from the discrepancies, 
d and s, between the two levellers. 

(ii). This formula is in accordance wit11 the external evidence, and satisfies simultaneously the 
closing errors of tlie very short circuit XXIV and of the very long circuit XIV. 

(iii). This formula furnislres probable errors of closure, that agree generally with the actual 
errors of closure. 

The evidence, supporting the formula, is therefore very strong. 

On tlre other hand, it is hardly conceivable tliat ali kinds of systematic errors are to be detected in 
tlie discrepancies bctaeen the two levellers. T l ~ e  sinking of I~cnclr-marks,-to take one instance 
only,--lrns been frequently known hy expericnce to affcct the results of hot11 levellers similarly, 
d l e n  tlicy have been morliing simultaneously in tlie samc dil;cct,ion, and this source of system :i t '  LC error 
affects the accuracy of the mean result of the levelling, but lcnves the discrepancy between tlie two 
levellers untouched. 

Tlrc deduction of the same value of syste~natic crror from the circuit errors, as lint1 already been 
derived from the discrepancies between levellers, was quite unexpcctctl. I t  llad been ~onfident~ly predicted, 
that the circuit errors would display a larger accumulation of systenlntic error than had been found in  
the discrepnncics. 

The ullcxpectcd agreement may perhaps be esplaincd by the follo~ring consitlcrations :- 

(i). Tlicrc undoubtedly exist systematic errors mhich tend to incrcase closing errors of circuits, 
but ~llicli do not affect the divergcnce between levellers. 

(ii). But tbcre arc also systcmntic errors which tend to iucrease the divergence between levellers, 
but which have no influence upon circuit errors. 

A-n examplc of an crror affoct,ina circuit closnres, but which has no influence upon divergence 
levellers, we have only to conceirc that tllc last two or three bench-ularks fired by levelling at  

Ihc close of a scason suffer gradual subsidence during the summer whcn the operations are in abeyance. 
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On the return of the levellers a t  the commencement of the following season an error 
at map into their work; this error will &ect their Circuit clos~res,  but will cause no di~erbencebOtnon 

their results. 

AS an example of an  error which has no effect upon Circuit closures, but which would pmduR 
dirergellce bctaeeu levellen, we have only to imagine one leveller adopting too large 

lor length of his staves and the second leveller adopting too small a value. 

I t  may be argued, tliat if erroneous values for staves were adopted throughout a whole cireuil 
levelled colltinuously in one direction, the divergence between levellers, however it might increasetlurinn 
ascpnts or descents, would disappear a t  tlie closing point; but in practice circuits are ]lot ]evcllrd eon: 
tinuously in ouc direction, and the divergence between levellers is calculated not for whole ciNuihl 
but  for separate lines, wlrich are portions of circuits.* 

Although then there are syst,ematic errors, which affect ciwuit closures, but mhicl~ ]lave noeffect 
on divergenccbs between levellers, there are also other sources of systematic error, which tend to produee 
divergeqce orb litles, but which liave no effect upon circuits. 

The fact that tlie same formula E = ~Tu.ou$)'X + (0.00034)'M2 has beenderived, (Islly)from 
the divergence between levellers, and (dndly) from the closing errors of circuits, is an intIicatioll tllnt 
the systematic errors of levelling in India, whicli have tended to produce divergence between Iercllers 
witl~oot llaving effect on circuit closures, liave on the whole been equal in magnitude to tl~ose syste. 
matic errors, \vhich have tended to produce circuit closures, but which have been without effect on the 
d i v ~ r g ~ n c e  between levellers. 

I f  tlie levelling circuits had all been observed continuously in the same direction many errors 
of levelling inight have cancelled at the points of closure, and the fear miglit now liave been enter. 
hined, that the closing errors of circuits were minima, and that greater errors mere existing at  inter. 
mediate points on the circuits tlian a t  the terminals. But the Indian circuits are all made up  of seved 
component lines, observed some in one direction, some i n  another, sonle in one year, some in ~ n o t l ~ e r ,  
some with old staves and standards, some with new ; and if we take these varying conditions into con. 
sideration, we shall see, that no great tendency has existed for errors of levelling to cancel at the 
closing points OF circuits. 

Although the divergences between levellers may be unaffected by certain sources of 
influencing the lerelling as a whole, yet on the other hand, as we have already pointed out,, divergences 
are apt to occur, even whetr the meat, levellin9 ~ c s u l t  is errorless. W e  consider thercfore that the formula 

m q  be accepted as representing the relationship in India between accumulation of error 
length of 

line, and tllat it gives a fair general idea of the  accuracy attained by the Indian levelling during be 
century, 1858 to 1908. 

The effect tcpon the ptobable error of c h a ~ g e o  in elmatioff. 
ol 

I n  the last section we bave s1101m the rclntionship brtu~een the prol~ablc error and thelen~th 
. ,..- ,b 

us muppore, for example. tbs t  r e  start from both restem and emtern coasts. .n,i level to B high point in l n d l a  
*' Irnm'. 

wenem C O M .  ermn 4 itra.leo@be n n e e  a n  increuing divergence irrrern lere1lm amilnr divergence i8 ul~d. * *cc""~" rJnrdlm" *eLdt' 

mast. 11 r e  r ~ l l n n l  tbe two lines nn one continoonn line from conrt to coat. the eccnmolaterl divergeocer will cancel ~ o c b ~ ~ ~  :("thicb + 
&tedh ~-4llnl ullai l l lC.  Hot if =a regsrrl t h e  western l i n e  w one complete line, end the enatern line Ran second ~ ~ ~ n l ~ l ~ ~ \ l ~ ~ ~ ~  
u hyh P'Jbt mkn4 6 divergence between levellen rill apmplnhe on both lineq md ewh of b e  two valuer of 8 d be mrjmm 
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line, w e  XIOW wish to ascertain whether there is any connection between the probable error and the 
diffennoa of elevation between the terminals. wi l l  the probable error of a line of levelling, M miles 
ill langtll, be the same, whether the terminal p d u t  is a t  the same elevation as the starting point, or 
1000 feet higher ? 

when we measure a horizontal base-line with 10-foot compensation bars, the uncertainty of the 

W l ~ e n  we measure a vertical difference OF elevation by means of ten-foot staves result may be 600,000. 
nllrl  a Icvel, the method of zueasure~uent is inferior to that of the base-line, and we cannot expect to 
atlain tllc same degree of accuracy. 

Lallemand's formula* for the probable error of levelling is 8 = f 2/ TzL + s* 9 + D: in 

rldc]l is the probable accidental error per kilometre, L is the length of line in kilometres, s is the 
accomulated discrepancy between the levellers, D is t l ~ e  difference in elevation in metres between the 
first 2nd last bench-marks, h is the probable error per metre of the mean length of the staves. 

Lallemand lias been able to calculate the value of 6 for each individual line of French levelling 
fron~ the internal evidence furnished by the observations. 

We have only to examine pages 343 to 360 of this volume to realise that variations of staff- 
lengtl~ may become a serious source of error in levellin,o. 

If staves havc been given erroneous lengths owing to some error of standard or of comparison, 
all d{ f f~~ .ences  of elevation, D, measured with them will be proportionally incorrect. The closing errors 
of circuits and the closing errors between sea and sea may not however be affected, because in  these 
case5 D = 0. 

An endeavour was made a t  Dehra D6n in March 1910 to determine the probable error of the 
length of a staff as determined by comparison with a field standard. The results may be stated as 
follo\\s :- 

Probable error of L q t h  of n ten-foot staff on account of errors of observation during the 
J"1 mllllrnrtrr 

comparisons = f 0.00026 (= f 0.0762). 

Probable error per foot of staff on account of errors of observation during comparisons 
fml mi l / ,n , l l , - e  

= f 0.000025 (= 0.0076). 

Probable error per foot of the mean of four staves, (on account of errors of observation during 
l m l  m ~ l l i n d v a  

comparisons) = A, = & 0.0000125 (= f 0.0038).t 

Pnyc 69. Le N i ~ ~ ~ I I ~ m e n t  Dink01 de In Fronre, pni. Chnrlea Lallemnnd. 
t 'lbr r o l l ~ e  f 0.001HllY3 nm clecl!~ced from considcrntiona of numerous comparimm m d e i n  the field, nnd horn epecial experinwars in Dehra 

~ l r u h t s  01 ils arcnrnry wcre still fclt, Alnjor Oosth\vait d Csptein Cowie were asked to make a u  indepmilent  determination; the  following 
note sbows their coocl~~s~ons:- 

1. From oh<rrrntions m d r  in April 1910, the p.c. of thc  length of one edge of the ficld standard. derived from compnrisons 
wit11 n stnndnrd bar nndcr favou~nble cod i t ions  of temperature, mb when compnring microscopes are oae4 is nbont * 0.000FJ"92 foot. 

1. The p.c. 01 thc lcngth of one fncc of n at& i n  t e r m  of w e  ec@ of thc  freld s tnudm4 m deduced h m  a considerntion 
of p.e. of ol~servatiol~, p.e. of temperature; p.c, of correction for temperntare, is dt least A 0900107 foot ( in  this tbe  temperature 
errorn are p111 very low). 

3 R o m  abnre the  p.c. of m m n  face of n t d  h terms of the standard bar, derived by meane d cbmpuiwn  with menu 
d g e  of field slanrlnrd will IIC .bout * 0~00011 foot. 

4 With adverse tcmpernture condition prevailing i n  t h  &Id, say 10' m o o &  dnriog compminons between fleld standcud 
sod stan, p.e. might Ite as high ns * 0.000fi without mnch diffmulty. 

6. I f  the c o m p ~ r i n n ~ ~ s  o[ staff with staudnrd arc not mnde under working conditious, uamcly, ill the son, nn error of 
.bout + (1'(10(11; foot muy be iu t rodued ,  he. t he  staff when in ose m y  be &out + 0.0006 Loot longer Lhan when the a c t n d  
C ~ P f U i s o u  arc d e  
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From the accumulated data of the Indian survey the probable error of a sts$.fo0t due to vui8. 
foot m i l l i m r h r  

tions in its length with time was then deduced as A, = -+ 0.000017fi (= 
0.005~ JT) 

I in which t = time in weeks elapsed since the comparison mas madc. 

Then the total probable error per foot of staff-length at  t weeks after comparison 

From this formula the following values are given :- 
. f m t  m i l l i m t r s  

if t = 1 week, A = 0.000021 (= 0.0064) 

if t = 4 weeks, A = 0.000036 (= 0.0110) 

if t = 13 weeks, A = 0-000063 (= 0.0192) 

The probable errors of levelling due to staff-length may then be deduced, by way of rough 
example, firstly, for the ascent of 2000 feet from Bombay to Lonauli, and secondly for the ascentof 
4700 feet from Dehra Dlin to Mussooree. 

Probnhle error a£ the levelling 
from Bo~nbny from I)ellm D l o  

to Lonauli to hlussooree 

fool fool 

If comparisons are daily ... .. . 0.025 f 0,059 

I f  comparisons are weekly ... ... 0-034 08080 

I f  comparisons are monthly ... ... 0.048 0.113 

I f  comparisons are quarterly ... ... 0.076 0.179 

If comparisons are half-yearly ... . . . 0*100 0.235 

If the number of staves is multiplied, the probable error of the mean staff due t o  errors of 
comparison is decreased, but multiplication of staves does not decrease the probable error duelo 
variation, because staves va~ry in length together. 

I n  the following tnhlc me have endeavoured to see whether the values of e,, or of e,, or o f t f f o r  
the lines of India, tend to be larger on those level-lines, which rise or fall considerably, than on tho$ 
wllicll traverse flat ground. e, and e, are the probable errors per milc deduced from the direr:eflCe3 
between levellers; x is tlle correction shown to be necessary for a level line by the sim~~ltnneous 
reduction. 

If the length of one of the first leveller's staves is in enor, his results will differ c0nslnt!! 

from those of the second leveller, whenever the route is ascending or descending. The valucsof dnl' 
be large and with them e,.  

But if the ascents and deseenis are approximately eqoal, the final discrepancS, 8. villremao 
unaffected b the presence of the incorrect staff, and e, will not thereby have becn increased. 

Sta*s, however, may be correct a t  the commencement of a seasonland may c o n s t ~ n t l ~ ~ ~ ~ ~ ~ ~ :  
they grow shorter when the air is dry, and they ]cn$,bcn during rainy periods, 

~ P P ~ ~ ~ " ~ ~ ~ '  

These variations may throw the lcvclling out, and they mag produce circuit errors, although tbeldoJ 
increase the values of d ,  8, el or e2. 
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In table XLVIII el and e ,  were classified by l~eights in order to show whether erroncous and 
discordant values for lengths of staves have been employed on Indian lines. The values of x a e r c  dmi -  
l3,.ly classified in order to indicate whether atmospheric changes bave tended to alter the  lengt l~s  of 
staves during work, so that all four staves have been in error together. 

' 
, "-3 A were included in the table to furnish evidence concerning compUrisone 

D J 5 D d 1 ,  
x x 

laopted lengths; =- and -- were included to furnish evidence concerning changes in length dtr,ing V D  
t0ol.k. 

TABLB XL PI1I.-The relalionsh$ betzoeen the accumulated errov of levelling and the diference 
of elevnlion between fhe terminal points. 

el 

foot 
f 0'0040 

f0'0040 

f 0,0033 

f 0.0037 

*0'0031 

~0.0047 

i0'0045 

&0'0042 

rc_0'00~0 

* 0'0042 

Arerngc 
d~ffercnro 

of rler,,tio,l 
of l e l . r n ~ ~ ~ n l  

bench-mnrka - D 

Linee upon wl~ich  t,lle dime~ence 
of elrrolion of tcrlrlinnl 

bencl~.rnnrkm 18 

Less than 50 feel ... ... 
Bclneen 50 and 100 feet ... 
Belwecn 100 nad I50 feet ... 
Belneen 160 a1ul200 feet ... 
Bctwccn 200 aad 250 feet ... 

Bclneen 250 and 300 feet ... 
Helneon 300 old 400 feet ... 

Belrrecn 400 and 700 feet ... 
Relncen 700 a ~ ~ d  1100 feet ... 
Excecdi~~g 1100 fcrl ... ... 

foot 
0'00012 

o .oooo8 

0'00002 

O'OOOO~ 

0'00002 

0'00001 

0'00002 

0'00000 

0'03001 

0'00001 - 

N ~ ,  ,,E 
li,lcs 

fool 
0.08j 

O'IC,j 

0.168 

0.129 

0'387 

0.104 

o. 185 

0'392 

0'231 

0' "9  

15 

12 

10 

I) 

3 

6 

6 

3 

8 

G 

The results of this table are very peculiar. It will, firstly, be secn t811nt neither e ,  nor e ,  tends 
to increase at all, either wit11 D or wit11 JL)- The values of e, and e,  are no greater on lines tllat rise 700 
feet than on lines that traverse flat plains. ~ r c s t  cllanges in elevation have not, i t  appears, tended to 
product larger divergences between lc\cllels tl1an ordinarily occur on level lines. The table s l ~ o n ~ s  that  
ef'l'oneO?LS vctlzces for stcrfl-le~r~th httoe not beell errlployed to ccny cyq~reeictble ~x!e?l t  Of2 Ind ian  2eucllrt1(/. 

24 

76 

121 

172 

220 

27 I 

358 

538 

866 

1696 

T ~ C  table XLVIII further sl~oms,-and t i ~ i s  is Inore extraordinary still,- that  the value of rc. is no 
greater for lines, on wllicl~ 1> is great, tllan for lines, on ~ohich i t  is small. Tbc value of x secn-rs to 11e 
quite indcpeudcnt of D, and i t  ~ ~ r o u l d  t\lus appear, t,hat in spite of the probable errors of statf-con~~lari- 

and in spite of the variations of staff-lengths, thc systelnatic errors of Indian levelling cl~nnot he 
attributed to the staves. 

If i t  is desircd to deterlnine the pro\,al)le error of lev~l l ing  between two bench-marks, the  dis- 
tance apart of nrhich is M miles, and betlTeen Ivhich the diflerence of elevation is D leet, the following 
formula may be used* :- 

Jm~l + ( o ~ o u u s ~ ) : ~ \ l ~  + (o oOO021)2D2. 

Buttlle inclusion of the term involving b Rill be an arbitmry precaotion, and one that  cannot be 
justified by eaporiencc. For mollnhillous ollnt,ry i t  may advisable to include the term involving D, but  

a rule the formula , / ( O b 0 ~ ~ ( 0 . o ~ 0 : ~ - ~ ) ~ 1 \ 1 ~  vi l l  sufice for t,lle probable error. 

Tllc fo l lo~vin~ table gives a nulnc.:ricnl'iden of the vall~es of proba1)le errors obtained from the  
formula J lo ,ou . ry i \~  + (0oo"ar)'fil. + (u-ousl)'~' : D has been made equal to 7 . M ,  where 1. is the 

rise or fall of the line in fcct per mile. 
___5_ 

f o u l  " = O'ooooal, if - 1 week, ree psga 302. 
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TABLE X Z I X . - P a l u e  of d(0.004)'M + (0.00034)M + (0~000021)~ (r&jp, 

T h e  method o f  conzputing the probable error  of the adopted heights of bench-marks. 

I f  it is required to find the probable error of the difference of elevation between two given bench- 
marks, the first step necessary will be to measure along tlie levelling lines of Platc I the distance in 
miles betwecn them. If this distance is called M, and if the levelling route was over normal around 
and gradients, the probable error can be computed from the formula J(0.00b)"I + ( 0 ~ W 0 3 ~ ) ' ~ ~ ' ~  

If the probable error of the absolute height of any particular bench-mark is requircd, tl~edistsnceM 
will then have to be measured along the lines of Plate I from t l ~ e  nearest issue-point. The nine issue- 
points, a t  wllich the levelling issues from the sea, are Karachi, Bombay, Karmar, Beypore, Cochin, 
Negapatam, Madras, Vizagapatnm, and False Point. 

For example if tlre probable error of the height of a bench-mark in the Punjab is required) 
Karachi is the  nearest issue-point ; if by measuring along the lines of Plate I we find that this bench. 
mark is 800 miles from Karachi, me can calculate the probable error of its height as follows :- 

f d  
f dm)" 800 + ((0 00084)" (800)" f 0.29. 

When attempts are being mado to detect actual movements of the earth's crust, a knowIc(lrlod~ 
the accuracy of the levelling oprrations is vory necessary. In  tllc Dl~~rmsa la  earthquake of April 
190% Debra Dlin and the Sinalik range were sIrown by levelling to have been upraised by 0'4foot 
reference to the two extremities of the level line, Saharanpur and Mussooree*. 

1s t,llis quantity 0.4 foot real, or is it an enor  of obPerrdion? Tllcse are y u e ~ t i ~ ~ ~ ,  that 
now endeavour to answer. 

We will begin by calculating the total probable error of the height of Debra DBn, a9 determined 
from Saharanpur, firstly in 1862, and secondly in 1907. / 

PP.  359.3W. ~ P P .  3, Purl 11. TIto ~ ~ S C ~ O ~ R ~ I C ~ P R  between original sncl levelline st  lfirssooror, as hrolldlt Irnm Bnhnnnp"r' 

+ 01111 ru*. * YMU. + u .m~ ,  + w~a: YO m. Y + uosl. Ti,. d ~ r e p r ,  UeLm YID . d I Y h ~  from ~ ~ w s n p ~  u U" 

t o m  M w ~ o r e e  u 0.410. 
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Owing to the difficulties of levelling up steep slopes, it will be advisable, in  order to arrive 
It large a pmbability of error as possible, to include the term involving D (mde page 393). 

Dollra nSn stands 1322 feet above Sallaranpur : tlre value of D is equal to 1322 feet, the value 

of 
for the levelling operations of 1862 may be taken a t  0.000063, and for the revisionary operations 

of 1907 at 0,000021 (vide page 392). 
Tile probable error due to distance must be taken the same in both cases, and derived from thc 
formula ~ o ~ u o L ) ' ~ ! !  + (0WJ031)2YZ rl lere M = 48 miles. 

We then get probable error due to distance = f 0.032 foot. 
probable error due to Ireight in 1862 = f 0.083 foot. 
probable error due to height in 1907 = f 0,028 foot. 

Total probable*error in 1862 = y ' ( 0 . 0 3 2 ) +  ((0.053)' = f: 0'089 foot. 
Total probable error in 1907 = J(O.OU)J + ((0.028)" f: 0.082 foot. 
Probable error of the tliscrepancy between tlie original and the revisionary results, Saharnnpur- 

Debra D6n = 1/c(0TV + (.089)L = f 0,099 foot. 
This is the probable error of the discrepancy, 0.441 foot, found a t  Dehra DGn between the original 

and reviscd levelling from Sallaranpur. 

We mill next deduce the probable error of the height of Dehra Dlin below Mussooree as deter- 
mined, firstly, in 1904, and secondly, in 1905. 

I n  this case I) = 9707 and A = 0.000021, in both original and revisionary levelling. M = 18 
miles. Then- 

Probal~le error due to distance = f 0.019 foot. 
Probable error due to height = f 0.099 foot. 

Total probable error of the levelling, both in 1904 and in 1005 = J(0.019)'+ (0,099)" *0.101 foot. 
Probable error of tlre discrepancy between the two results = 0.101 X 2/2 = f 0.142 foot. 
This is the probable error of the discrepancy, 0.410 foot, found at Dehm Diru between the origi- 

nal and revised levelling from Mussooree. 

If ~lom me combine both the Saharanpur-Dehra Dh and the Mussooree-Delira Dim levellings, 
the probable error of the mcan discrepancy 0.126 between the old and the new values for the height of 

Thc o b s e ~ ~ v ~ c l  discrepancy at Dehm DGn is 0.426, and as this is nearly five times the probable 
error, 0,087, of the discrcpancy, i t  may be attributed with fair certainty to a real uplift of the earth's 
crust*. The rise of Uehra I)h and the Sin-alili range must have occuxred in the earthquake of 1905. 

7. 
01. flte ~ c e i g l ~ t s  tltctt knuc 6cc18 nssig~~ecl to the 8evcral littcs of leueltillg. 

In the simultaneous ndjnstmel~t of the circuit errors of levelling, weights were assigned to the 
several level-lincs, inversely proportional to the lengths I f  w = weight, and RI = length in miles, m 

1 was takcrl cqual to -. 
nl - - 

As the weight varies inversely as the square of the probable error, the assumption 

m = l  
Ill 

implies, that the probable error of levelling varies as ,/a. 
In the following taMe the corrections furnished by the simuItaneous adjustment to the results of 

the several linrs nrr comparrrl with the lengt,hs of the 1ines.t 
%-._- 

' An.ol-dll% lo tllo Ian of probnbilily of error only olio resldunl in  a Lliolmnd is fire tlnles as great oe Lila p:obuble error. 

t Tnlllc L lurnishes n cluem to r rh id~ l ineao f  love1 oro of n high stondnrd and as to wllieh ors infmior. If 5 ia s m d l ,  ~belsrebfineia~.eliable; if ff 
bl M is l o r ~ " 1  lllc lev@1.lino is ]wohnhly inferior. Rniehor.Qooly (96.6 n~i les)  ia  n lirsl.clsss line, b ~ ~ t  Arkonnrn-Gootr (216.4 nlilce) is inferior. The lines Hoarah- 

Rs'n~nni (351 7 milts) nlnd Ho~v~.nI~.I'irpnnbi (251.1 mile,) n1.0 nn~on: t l l u  rrorst; 11s t~ lso  nn1.a ~ i l m ~ , ~ 1 ~ ~ . ~ u t ~ t t c ~ ( 3 7 0 ~ t i  ~uiles)ttnd l i~ I I~r r -B11bl i (137 .~  miles). 
'ill' JI~II.:II.I-CIIIICII ( c~ i . .~  1 1 1 1 1 ~ ) ~  C I I ~ I ~ I L - F C ~ O Z C ~ ~ I T  (2if38 I I U I ~ ~ ) ,  R~I(I T ~ l ~ I t ~ Y l n k n r p ~ r  ( ~ e 1  ~ i k ~ )  are long lime8 of grset bccunre,. '~'b lines 

Jelarpet.Bnngslore (85.U ullss) uud Uuuglllore.Bellary (201.0 milee) &re smouget tho best. 
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TABLE A.-The c m e c t w w  to level-lines, fuvniehed by the ohultaneoue reduction, tabulated 
according to the lengths of the lines. 

Line 
No. 

45 

44 

25 

4 

28 

32 

73 

36 

11 

49 

8 

12 

5 

65 

15 

27 

13 

53 

i 6  

33 

2 

47 

18 

6 

46 

10 

22 

23 

91 

17 

49 

7 

1 

11 

31 

70 

50 

67 

64 

Line 

Sujnwnl-Tatla ... 

Kendmpnnr.False Point 

Kedgmn.Diksnl ... 

'I'ricbi~~opoly.Tn~~jore 

Kerlgnon-Nira ... 

Knlpnn.Bumbay ... 
Parnea-Pirpnnli ... 
Vizinnngrsm-Vizngo 

P H I I I I I I .  
Ke~~dropnra-Cuttack ... 
Joryn-Rnjkot ... 

Artonnn~.Madras ... 
Shorn~~or -Be jpore  ... 
Tenjore-Aegepntnn~ ... 
LucLnow.Cswnpore ... 
Dellary-Qooty ... 

Dihsnl-Nirs ... 
Sl~oranur-Cochin ... 
Karochi-Tnlta ... 

Purnea.Rnmgnnj , ,  

Rnipur-Bilospur ... 

Ranllnad-Totirorin ... 

Sbikurpur(Culcl~).Juryn 

Jnlnrpt-Unngnlors  ... 
' l 'ricl~~nopuly-Erode ... 
Xamnnr-Shikarpur 

((;t,l~l,). 
Arlotaa~n.Jolarpet ... 
Hs~cl~ur.Gulbnrgs ... 
Bsllsry- l l r ic l~ur  ... 
Reiehur.Qooty ... 
Hebli-Karwnr ... 

Hajkot-Vimmgam ... 
JnlarpeL-Erode ... 
T.njore.Rnmnsd ... 
Emde-Shorsnur ... 

6sly.n-Kdgaon ... 

Allsl~sbad.Dildaraagar 

virnmpnrn-BhiLnrpur 
(CUICI,). 

Cawnpure-Allallnbsd ... 
Bhikarpur(Jind).Mur- 

gbai. 

2' 

o.oooo 

0'0014 

o ~ o o o +  

0.0018 

0'00.32 

0.0108 

o .012 j  

o , o o ~ j  

0 . 0 0 ~ ~  

o . o o z j  

0.0161 

0.0002 

0.0107 

o.oojo 

0.0172 

0.0061 

0'0094 

o.oooo 

o . 0 1 8 j  

o.oooo 

o.ooo; 

0.0074 

o.oooo 

o.01.3; 

0.0062 

0 . 0 0 1 ~ ~  

o . o o + ~  

o,oo,,o 

0-0001 

o.oR76 

0.0149 

o.ooro 

0.001; 

o.oqoR 

0 . 0 1 ; ~  

o.ooi6 

0 0 6 9 2  

0.0007 

o . 0 1 7 ~  

Line 
No. 

62 

1G 

69 

33 

69 

GB 

66 

?6 

GO 

3 

5 8  

19 

44 

14 

9 

30 

75 

74 

1 ; 
G3 

29 

72 

20 

5G 

52  

64 

53 

57 

37 

44 

51 

57 

71 

40 

34 

56 

' 36 

x' 1 
o.ooooo 

o ,oooo j  

o . o o o o ~  

0 ~ 0 0 0 0 9  

o .ooo lo  

o.oooj l  

0 ~ 0 0 0 3 4  

o.ooo11 

o.ooooj 

o.oooo6 

0.00037 

o.ooooo 

0~0004 ;  

o . o o o ~ o  

o.00034 

o . o o o l r  

0.00014 

o.ooooo 

o.oo02; 

o,ooooo 

o.ooool 

o , o o o ~ o  

o.ooooo 

0.00016 

o,oooo; 

o.00001 

o.ooooi 

o .oooo,~ 

0.00000 

o.ooosg 

o . o o o l j  

o.ooooz 

0-ooool  

o . o o o j j  

0 .00014 

o.oooo6 

o.oooj4 

0~00001 

0 .0001 .~  

Length 
of line - M 

21 .1  

30.4 

30.6 

31.1 

2 . 3  

34.5 

36.8 

40.2 

41.5 

43.4 

44 .1  

47.3 

q 8 . . ~  

49 .4  

50.7 

52 9 

6 - .  , - , 
67.7 

68.8 

68 .9  

74.6 

i 4 . 8  

85.8 

87.0 

87.5 

89..3 

89.9 

9 1 . 1  

96. j 

1 0 2 . ;  

1o j .2  

I 10.9 

114 .8  

116.0 

120.0 

116.6 

117.6 

119.0 

130.6 

CorrecLiun 
l u r ~ ~ i a l ~ r d  
hy Lhe cir- 

cuil. sdjust-  
lllenl = r 

- 0.00.3 

+ 0'038 

- o.oao 

+ 0'053 

- o 'o j ;  

- 0.104 

- 0 . 1 1 2  

+ 0.067 

+ 0.04; 

- 0.050 

+ o.12; 

- 0.01.3 

+ 0.144 

+ 0.071 

+ 0.131 

+ 0.078 

- 0.09; 

- 0.00; 

+ 0.136 

- 0.002 

+ 0.026 

+ 0.086 

0-000 

+ 0 .  I I ;  

+ 0.079 

+ 0 . 0 ~ ~ 6  

- 0.064 

+ o .o jg  

- 0 . 0 1 0  

- 0.296 

+ o.121 

- 0.045 

+ 0.041 

- o . a o z  

- 0.1.32 

- o.oRi 

+ 0 . ~ 6 , ~  

- 0 . 0 ~ ;  

- 0.131 

Line 

Mrerut-Agro ... 
Uellnry.Hubli ... 
Qornlrhpur.Dildnrnogar 

Knlynn-Nandgaon ... 
Kntni-Allnhobnd ... 
Luckno~v~Gorakhpur  ... 
Cawnpore-Agrn ... 
Dihsnl.Qulborgo . 
Katni-Sironj ... 
Tuticorin-Tricl~inopoly 

Bilespur.Kntni ... 
Rangnlore.Bellnry ... 
Nnvnnnr.Sujnma1 ... 
Arkonom.Gooty ... 
b1ndrns.Tnnjore ... 
Bezwoda.Vizngnpntom 

Kendrnpara-Howrnh ... 
Honrnl~-Pirpnnt i  . 
Cuttnck-Vizinnngrnm 

Forozcporo-Meerut ... 
Agro-Siroaj ... 
Nirn.Hubli . . . 

Dildnrnngnr-Pirpsnli , 
B~rrrn~la .blndrns ... 

Chocll-Ferorepora ... 

9nj~~rrnl.Sluiknrpor 
(Sll ,#l) .  

3lccrul.Lechnow ... 
Tnt~n-Sl~iknrpur  (Sind) 

JlurBl~mi-Ferozeporo ... 

Vizinnngrm~rn.Rnipc~r ... 
Gnlbnrgn.Bez~rndn ... 
V ~ r n t n ~ a n ~ - U o m b s y  ... 
Aowrnl~.Rn~ngnnj ... 
Gornkhpnr.Purnes ... 
Ililnnpur.CuttncL .-. 
Nandgaon.8ironj ... 
Jlul-gl~ni.Cllnrlt ... 

Nnndgnon.Hnipur ... 

Length 
of line 
= M 

133.1 

157'3 

142.1 

146.6 

161.5 

162.4 

168.0 

170.6 

193'0 

194.4 

196.5 

201.9 

208.5 

215.4 

119 .3  

~ 2 9 . 9  

1 j l . o  

1 

2 j3 .5  

167.8 

268.5 

. 

274.6 

. 
278.3 

282.1 

284.8 

310'1 

312.0 

317.8 

319.9 

350.6 

351.7 

361.7 

.370'(1 

408.8 

427.4 

529'7 

Corroclion 
furl~ished 
by the cir. 

ouit ndjus~. 
nlollt = 2 

+ 0.218 

+ 0.456 

- o.040 

- o.279 

- 0 . ~ 7 8  

+ 0 . 1 ~ ~  

+ 0 . 2 ~ 8  

+ 0,139 

+ 0.149 

- 0 . 0 6 ~  

+ 0.349 

- 0 . 0 0 1  
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- 0.361 

+ o.212 
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+ O'j2.l 
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- 0.268 

- 0.108 

- 0.0;s 

- 0,266 

+ 0,166 

- 0'045 

- 

- o " ~ ~  

- 0 . 0 ~ 7  

- 0 . 3 ~ '  

+ 0'33.1 

+ 0 . 4 ~ ;  

- 0'd18 

- 0 . ~ 9 ~  

t 0 ' J 9 1  

+ 0 . ~ 4 5  

+ 0 . 3 ~ ~  

+ 0'06R 

+ o.i38 

$ 

o.o,i5 

0.190, 

o.oo16 

o.o,;8 

o.oo61 

o.0169 

0.043J 

0 . 0 ~ ~ ~  

0.0620 

0.0048 

0.1218 
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o.28ao 

0.1303 

o 'oW~ 

O ' W ~  

0.2i16 

O'"37 

o'oiln 

0-0117 
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o'o;08 

o.ot;b 

O'W'O 
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0'0J3' 

O'W" 

0"30d 
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0"01' 

0'4816 

0 '15 '9 
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0'1'1' 
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O.Wool 

o.ooo3 
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o.woal 
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0 ~ 0 1 i  
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I[ x,, x2, x3 ' . . . are the corrections furnished to the several level-lines, l , ,  l,, 1, . . . . - ,  
x1 

and if M,, M,, M, . . . . are the lengths in miles of the lines, then the value of wx3 or -should M not 

be persistently different for long lines from what i t  is for short lines. 
x2 

The results in table L show, however, that - is distinctly larger for the long lines than for M 
the short. A comparison of the first 25 lines of table L with the last 25 lincs yields the following 
resulk :- • 

z'= 
Number of vnlues of Fire1 25 Lost 25 lines lines 

Exceeding 0,0010 foot ... ... 0 ... 4 

Between 0.0006 and 0.0010 ... 0 ... 3 

Between 0.0002 and 0.0005 ... 6 ... 8 

Less than 0,0002 ... . . . 19 ... 1 0  

In 19 out of the first 25 lines the value of is less than 0.0002, wbereas i t  is less than 0.0002 
M 

in only 10 of the last 25 lines. I n  the first 25 lines the largest value of ff is 0.00013 ; in the last 25 AX 

lines four values of exceed 0-00100. This table furnishes distinct evidence that !f tends to be 
M M 

1 larger for long lines than for short. The reason of this discordance is that the equation, w = -, has given 
M 

too large a relative weight to long lines and too small a weight to short lines. 

The first result of this unfairness in the assignment of weigllts is, that the ~ a l u e s  of xQave been 
given slightly too small for long lines, and slightly too large for short lines. But this tendency for ~ " 0  be 

1 too small on long Lines has been more than counteracted by the tendency of, w = -, to be too large, 
&I 

and though z2 by itself may be slightly too small, f!! is clearly too large on long lines. 
M 

1 Table L has in fact shown that the assumption, w = -, is not correct. 
M 

When the simultaneous adjustment was carried out, our knowledge of the errors of Indian 
levelling was less than it is now, and we followed the system that is generally recommended in treatises, 

1 and made w = -. 
M 

We did not then know, whether accidental or systematic errors predominated. If accidental 
1 errors were largely predominating, it would have been correct to adopt w s= -; and if systematic errors 
M 

1 
were largely predominating, the relation between weight and distance should have been m = ,. M - 

1 1 I t  seemed to us that to take, w = -, was probably more correct than to take w = -. 
M M'z - 

From the analysis of the errors, which we made on pages 379 to 310, it would now appear that 
therelationship between weight and length of line could be best expressed as f o l l o ~ s  : 
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The question has had to be considered, whether the simultaneous adjustment should be 

and we have decided against repetition. W e  recognise that the relation, w = A 
MI has given too 

great \veiglits to tlie longer lines, but for reasons me will now expldn, we doubt whether any 
syst,em of weights could be devised. We have therefore thougllt i t  inadvisable to go to the labour and 
expense of rc-ndjusting tlie closing errors, until me see our way more clearly to definite improveluent 
gain. and 

The formula, E = J(o.ooJ)' a + (0.00U3t)2M2, is a generalisation for the Indian level. 
ling as a co/~ole.  But the level-lines of India have been observed under varying conditions, and it is 
doubtful if this formula could be utilised with much adrantitge for the derivation of weights of N~~~~ 

~ b e a .  I n  Lallemand's formula,-probable error = f Z/+L + C + h'D2,-the systematic emor on 
9 

each line is derived directly from the results of that line, and not from a wide generalisation.* 

I n  India the subdivision of circuits into lines has been carried out somewhat arbitrarily, 

Lines have been made to terminate a t  junction-points for the convenience of computers. From 
an observer's point of view a junction-point is not necessarily the line-terminal, and at timeshemag 
think i t  more correct to regard even a whole circuit as consisting of one line. The severalsectionsof 
the circumference of a central levelling circuit enter into neiglibouring circuits, and these sections have 
been made into separate lines. Any section, that forms part of the circumferences of two circuits, has 
been regarded ns a separate line. If a long observed line of length Lo is arbitrarily divided into two parts 
of lengths, L, and L,, so that L, = L,  + L,, and if wo, w,, w, equal their respective weights, then 
1 1 1  -should be equal to - + - . otherwise me cannot justify the arbitrary subdivision. ~ u t  this 

m'o w1 '5'2 ' 
relation will only hold, if the weight varies inversely as the length. 

Jt may seem absurd to collect masses of evidence, all of mhicli go to prove that weigllts do not 
vary inversely with tlre length, and then to adopt a sys,tem, uuder which weights are made to vaq 
inversely mith the length. 

It may seem absurd to deduce n lam, showing that errors acctumulate both wit11 the length and 
with the square root of the length, and then to base our weights on t,he assumption that errors accumu. 
late with the square root of the length only. But we have to deal mith accomplished facts. 

If me could now commence the Indian levelling afresh, with all the knowledgo we have g incd  
from it, me should design i t  differently. But we have to accept the data and results tlint are before us1 

and we have to recognise, that our so-called lines are mere arbitrary lengths, determined not by Ob' 

serrations in the field, but from the diagram of circuits ; any len,otll of levelling, that enters iu to tno  
neigl~bouring circuits, becomes from that diagram a finite li~ie. Though then it may not be correct lo 

make our weights inversely proportioilal to lengths, such a course is an approximation to truth, andis  
under the circumstances the nearest approximation to truth we chn make.+ 

I n  the following table LI the ratio of the adopted weights to the true scights is exhibited:- 

Lallrrn~lnd introrlnres a tor," dependent on the diflcl.rnec o f  clorntion hetwoen tlla firat, nnrl Inst, hrnrll.rnnrk4 01 rllrll linr- T~"rcr"llrorl'd'd 
XLVIII on P e e  3% llnre 11vI t~ the c ~ n c l t i + ~ o n  I l ~ . ~ t  lllc wripl~t3 of lineo in Inditt sllould bu il,rlnl~cndcnl, t , f  lltc d!ff~.rallco 01 l'lc'ntlo"' ,!~gntd frnm 

t I t  might p ~ r l l n p s  be orgued Ll~at u nrnrcr spplr,riointioo to lrutli c o ~ ~ l d  l ~ ~ s o  becll I~ttnined, if rvoighla Ilnd hcen orhltrarllJ ol 
penern1 ronnid*mlinns. 8,1rl1 a col lno ros lc l  llsre hmd the odrantnge, tllat w e  collld 11nvc tnkun inlo nccount l l ~ e  chnncrl of l1 lC Inr ruaa 

unbridcd r i r m .  are Appendix S o .  6. T l ~ o  Inrgc correction, z = o 694, furnisllod by the simllItnneo~ts rcrl~rction to 
line, 1rovrn11'Rnn'enn~:41,f~, 

douhls as t o  ncrunr?.. wltll wl~tclt l l ~ e  l e r c l l ~ ~ ~ ~  cropserl Lllo CtanCcs at D a ~ n t ~ k d i ~ .  The resu]ta o l  the s i~ni~l toocot~s  redllclion l"ld gcnernll"" ~ ~ i ~ l l l l  dtvd 
k- show, that srbitrnry trcigl~ts 11big11t bo vcrj ~ i ~ i ~ l c n d i n ~  Obscrrcre ore frequently mistallen pe to the relstise merils of diEorenLlioe'. 
fro* CI would too be mol l  umuitsble for simullaneous double line& 
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TABLE LI.-The extent to which adopted weights may be in error. 

The weight of a line of 200 miles in length has been taken as unity. I t  will be seen from the 
last column that the weight assigned to a line of 20 miles is only half what i t  should have been, and 
that the weight assigned to a line of 500 miles is twice mllat i t  should have been. To this extent then 
our aeigbts have been in error : our shortest line bas been given a weight equal to half of what was its 
correct due: our longest line has been given a weight twice as great as it deserved. 

We said above that the system pursued had been an approximation to truth. This is now 
evident, for if m e  had declined to assign any weights at  all, me should have been giving equal weights 

Ratio of 8dopted 
weigl~t to true 

m 
weig'lt -. w, 

CP 5 

0.6 

0-7 

1.0 

1.4 

1.7 

2.0 

to all lines. .In that case our shortest line would have received a weight equal to I t h  of what was its 
20 

correct due, and our longest line nrould have received a weight five times as great as i t  deserved. The 

Relative weigllb as given 
by the formula W, = 

(0.004 )PM +1(".00034)zy2 

21.3 

7.2 

2.8 

1.0 

0.5 

0.3 

0.2 

Distance in miles 
= M 

- 
20 

50 

100 

200 

300 

400 

600 

1 1 system adopted has thercfore raised the weight of the short line from -th to - of what it should be: 
20 2 

Relativo wcigbts 
as adopted 

1 
W. = 

10.0 

4.0 

2.0 

1.0 

0.7 

0.5 

0.4 

and it has lowered the weight of the long line from five times to twice what i t  should be. 

We have derived the probable error of levelling, firstly, as e,,-from discrepancies between level- 
lers, secondly, as e,,-from the total discpepancy accumnlabed on each line, and thirdly, as e,,- 
from the circuit errors. We can now derive i t  in a fourth way, as e,,-from the corrections 
",, x2, 2, . . supplied to the several Lines by the simultaneous adjustment. 

where x,, x ~ ,  ... = residual el-rors of lines 
MI, M,, ... = lengths of lines in miles 
* t  = number of lines 
*a = number d stations. 

Then we get 
e, = f 0'0178 foot. 

Bumarising the four values of the probable error of levelling per mile, we get for all India 

el = f 0'0042 foot. ] vide page 377. 
e, = f 0.0062 foot. 
e, = f 0.0128 foot vide page 384. 
e, = f 0-0178 foot. 
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The values of e ,  and e, depend upon the internal evidence furnished by the level.lineg, tbenluu 
of e, and e, depend upon external evidence, namely, the circuit errors and the corrections 

0 lines by the adjustment of circuit errors. Tile values of e, and e, are so much 
than those of e, and e,, that internal evidence must be regarded as defective. 

~b values of e, and e, cannot be maintained, because they are both based upon the issumplion, 
that errors of levelling are all accidental and increase with d z  The excess of e, over c, is 
to the fact, that the corrections to the level-lines, x,, x2 . . . ., from which e, is deduced, have bPendefiVed 
from an adjustment, in which the weights of lines have been made to vary inversely with length, hlo 
r,  the erroneous assumption, that probable ermr increases with Jdistance, has only entered once; inlo 

1 e, it has entered twice,-firstly, in the hypothesis that w = -, when the values of x,, xZ , , , , ,,,, 
M 

derived, and secondly, in the formula by which e, itself was derived. 

The tendency of levelling is to make elevations too great. 

There is a tendency in levelling to make elevations too great. I f  we level from A to B, the chances 
are almost two to one, that the height of B with regard to A will be given too great. If B is hi;herthan 
A, the difference of elevation will probably be given too great : if B is lower than A, the difference 01 

elevation will probably be given too small: in each case B will probably be placed too high. 

Let us consider the main level-lines of India, and divide them into two classes :- 

(i.) those on which the final bench-mark of the line was placed by levelling obscrvatious too 
high. 

(ii.) those on which the final bench-mark of the line was placed by levelling observations too lorn. 

I n  deciding whether the terminal bench-mark of any line has been givcn too great or too small 
a height by the observations on that line, we accept as our tests the corrections to the lines furnished by 
the simultaneous adjustment of the closing errors of circuits. 

Of the 86 main-lines of India, lines 78 to 86 may be omitted as being too short; of the remainin: 
77 the following may be omitted as having been levelled partially in one direction and partially in the 
other :- 

Nos. 14, 15, 43, 53, 70. 

The following lines may also be omitted as having been revised, the original and rerisionarl 
results being contradictory :- 

Nos. 8, 21, 22, 25. 

The followin: lines may be omitted, as the simultaneous adjustment bas furnislled them 
corrections less than OS005 foot (see tables XXXVII  and L), and no conclusion can be drawn 
small quantities :- 

Nos. 18, 19, 38, 45. 
o l  

w e  have now left 6% lines, which are available for our investigation of the generd 
levelling. W e  do not expect to prove that levelling invariably makes all bcncll-mark9 

big''' lhe 

operation of levelling is liable to many kinds of errors, and when any particulnr ermr,-let " mask, for 
instance that arising from staff-length,-is allo~ved to become large, it may 

time, any smaller though persistent tendency. Proof of a persistent tendcncy canmt thu8 
upon a few lines, but a large number, such as 64, may be expected to furnish evidence. 
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The simultaneous adjustment of closing errors shows that on the following lines the levelling 
observations made the final bench-mark too high :- 

Nos. 1, 2, 8, 4, 5, 9, 23, 24, 26, 28, 29, 30, 3 1  (twice), 32 (twice), 33, 34, 36, 36, 37, 39, 40, 41, 
44,47, 46, 49, 62, 64, 66, 67, 61, 62, 63, 66, 68, 71, 72, 73, 77. 

On the following lines the levelling observations made the final bench-mark too low :- 

Nos. 6, 7, 10, 11, 12, 13, 16, 17, 20, 27, 42, 46, 60, 51, 56, 56, 59, 60, 64, 65, 67, 69, 74, 76, 76. 

On 26 lines the final bench-mark has been made too low : on 39 lines, or rather on 41, if we 
include th? two measurements of lines 31 and 32, the final bench-mark has been made too high. 

For those lines, on which the final bench-mark has been given too high, the aggregate of the 
fert 

errors determined by the simultaneous adjustment is 7.985,-and this aggregate excludes t,he errors of 
the original measurements of lines 31  and 32. For those lines on which the final bench-mark has been 

feet 

given too low, the aggregate of the errors is 3.936. 

For those lines, on which the final bench-mark has been found to be too high, the average 
correction furnished by the sitnultaneous adjustment is 0.205 foot : and for those Lines, on which the final 
bench-mark mas too low, the average correction is 0.167. 

The evidence may be summed up as follows :- 

These figures show that there has been a persistent tendency throughout the levelling operations 
of India to make elevations too great. I n  all probability this tendency arises from the gradual sinking 
of bench-marks during levelling work*. The fact that the average length of thosc lines, mllich make 
heigllts too high, is 193 miles and that the average length of those, which make heights too low is 151, 
indicates that the tendency, thougll persistent, is more likely to be masked on short lines than on long, 
and that it requires a certain length to make its influence apparent. 

The comparative suitability of railways and vonds as levelli~tg routee. 

Lines 
tending 
too low 

26 

164 miles 

3'936 feet 

0.167 foot 

Number . . . ... 
Average length of line ... 
Sum of the errors = S [ x ]  ... 
Average error per line (x) ... 

Of the 77 main-lines of India, 43 were levelled either wholly or partially along railway lines : 34 
lines have been levelled along roads and hare had no contact with milwayst. 

Pago 353. 

Linea 
tending 
too high 

41 

193 miles 

7.986 feet 

0.206 foot 

t folloaing lerol.lines pnsaed along railwaya :- 
Rol* a to la  incluaivo, 14 to 18, 21 to 23, 26, PC, 91 to 36, 38 to 40, 43, 49 to 62, 66,SB to 60, 66, 67, I? 74,17. 

The fnlloaing level-linesndl~ered to r o ~ d s  :- 
None I, 21 la ,  1% PO, 24, 27 to 80, 37, 41, 42, 44 to 48, 68 to 65, 67, 61 lo  66,158 to 71, IS, 76, 76. 
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On the 43 level-lines that followed railways, the average error per line allotted b the 8hd, 
fbor taneous adjustment was 0.198 : on the 34 level-lines that adhered to roads the average error per li 

f.at ne 
was 0.131. 

The average length of the 43 railway-level-lines was 162 milee, and of t b  34 rmd.lad.ha 
was 171 miles. 

In the simultaneous adjustment of circuit errors railwag-lines and road-lines rleired an 
average approximately the same weight.* The results of the adjustment show that a rwd.lho qlea,# 
deeerves ttoioe the weight of a r a i l w a y - h e  of levels. 

The following table shows the values of x, of e, and of e, for the railway-lines and the road.lines:, 

TABLE LII. 

The results of this table are of considerable interest. 

Level-lines 

43 railway-lines ... 
34 road-lines ... 

The mean value of x for the railway-lines is distinctly greater than for the road-lines, and its 
marked excess warrants the inference that the levelling along railways. has persistently generated 
greater errors than along roads. On the other hand the values of el and of e, are smaller for railvaY3 
than for roads, and this shows that the discvepancies between levellers tend to be less on railways t'ban 
on roads. Although then the results of levelling over railways are inferior to those over roads, the actor. 

dance between the levellers is superior. Whatever then may be the cause of the inferiority of levelling 
dong railways, i t  is a cause that does not tend to separate the results of the two levellers. 

One 0 t h  point in table L I I  is deserving of notice. I n  the case of railnay-lines the valu@ofe1 
and e, are the same : in the case of road-lines e, is almost twice as great as e,. This difference denoh 
that on railway-lines any existing cause of systematic error is affecting both levellen in exnctb 
same way, but that on road-lines tLe systematic error is affecting the two levellers uneq~lall~. 

If we take the law of error for levelling t~ be generally J(60002M + (o.uoo~~)?M', andirr 
assume that accidental errors are 8imilar on railways and roads, and that the difference in the 
2 for railways and roads is due to tho sgstern3tic errors, we find that the accumulation of error On 
may be represented by the formula 

- 

J(o.od4)., M + (0.00028)Wd 

%::f: 
line 

miles 
162 

1 7 1  

and that the accumulation on railways req~ures thc formula 

Mean 
correction by 
simultnneous 

reducLion - z 

foot 
0.198 

0.131 

Probable error per mile 

deduced from 
mark to lnnrk 

dlfferrnres 
between levallern 

= el 

foot 

f 0-0037 

f 0.0046 

deduced from 
fi~l l~l  d~iferences 

bctwoon looellers 
accumulaled 

= e9 

font 

f 0.0037 

f 0.0083 
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In the general formula J e 2 M  + e."M2 it would indeed appear, that the co-efficient of M9 in the 
second term is dependent more upon the character of the ground, over which the levelling passes, than 
upon else: over solid rock the co-efficient may fall below 0'0002, and on a hard road it will not 
be as high as 0,0003. But on a made embankment or over loose soil or swamps i t  may rise to 0.0006. 

The simultaneous adjustment has sllown that roads have proved more suitable routee for levelling 
than so far as accuracy is concerned. But we ought not on this accollnt to abandon all railways 
in future. A railway may be the easiest, the straightest and the cheapest route, and these advantages 
cannot be wholly disregarded. And as for accuracy the difference may be simply this, that levelling 
along a railway requires more care and greater precautiow than levelling along a road, owing to the 
instability of railway embankments and to the vibrations caused by trains. 

Although railway level-lines do not on the whole compare favourably with road level-lines, yet 
there are a few instances of railway lines yielding excellent results. The line from Jalarpet to Bangalore 
is 86 miles in length, and followed a railway the whole way. Between Jalarpet and Bangalore the line 
rose 1792 feet, and the simultaneous reduction of closing errors showed no correction to be required to 
the Jalarpet-Bangalore line. 

In discussing the relative merits of railways and roads we have also to take into accoiint the 
requirements of the country traversed. As a rule the levels of a railway have been already determined, 
and to carry levelling along i t  enables us only to correct heights previously measured : but when we leave 
the railway-lines, we gain the opportunity of erecting bench-merks in unsurveyed localities and of fixing 
heights, where none are known. 

On the dzrerences between the elevations of mean-sea-level a t  dif'erent placee. 

In chapter VI I I  Part I, we gave a complete account of the determinations of mean-sea-level, and we 
explained, horn nine tidal observatories had been selected as the base-stations of the level-net, and how 
other tidal observatories had been rejected. To that chapter we have but little to add ; we can, however, 
now that the simultaneous adjustment of circuit errors has been effected, show the apparent variations 
in mean-sea-level round the whole coast of India. And we can examine again, whether the discrepan- 
cies between determinations of mean-sea-level are real and due to actual variations of sea-level, or 
whether they are unreal and due only to errors of levelling. I n  chapter VIII,  pages 126 and 127, 
we calculated the errors of levelling from two rough approximate formulie,- 

(i.) Probable error = 0.004 a 
and (ii.) Probable error = 0.0007 M 

We oan now utilise the formula which we have deduced on pages 377 to  390, 

In  the following table L I I I  we have shorn the variations of mean-sea-level, as found from level- 
ling oPerations,-firstly, with regard to the mca-sea-surface adopted for the adjusted level-net, and 
secOndl~, with regard to mean-sea-level pt Bombay (Apollo mndor). We also give in table LIII the pro. 
bable errors of the levelling. 



Column 11 shows the variations of mean-sea-level, with regard to the mean-sea-surface adOpY 
as the basis of the level-net. The basis of the level-net was the mean.sea-level at Karachi, Bombay 
(Apollo Bandar), Karwar, Beypore, Cocbin, Negapapatam, Madras, Vizagapatam, False Point. At 
9 Ports the mean-sea-level was assumed to be a t  the same elevation. The levelling errom on "' 
work, connecting these ports, were then adjusted and distributed, and the results in column l1 
been derived from the adjusted net. Certain tidal stations, such as Tuticorin, Cocanada, H'nstdl 
Navanar, were tied directly to main-lines of the level-net : other tidal stations, such as O k h ,  ~or rnU@ 
Panban, were connected to the level-net by special branch-lines of levelling. - - 

Column 12 shows the variations of mean-sea-level with regard to mean-aea-level 
The numbera in this column hsve been derived from the unadjusted levelling; no a s 9 u m ~ ~ ~ ~ ~  

inated ing mean-sea-level hae here been made, and no levelling errors have been distributed Or 

derived from levelling results, wluch hare been sdjuated by Lbr simultanroua reduction, oidr pages 866.372. 
t A# d@dred fmm l e r e b g  r e ~ d t s ,  whioh hsve not been adjusted, vide pegel 865.a72. 
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The essential difference then between columns 11 and 12 is that the former has been founded 
upon the nine base-stations and the adjusted levelling, and the latter upon a single tidal station and 
upon tile unadjusted levelling. We have now to consider,-to what extent are the variat,ions, as 
,bomn in columns 11 and 12, due to real changes in  the elevations of the sea, and to what extent are 
they due to errors of levelling ? 

.In order to enable these questions to be answered, the numbers in columns 3 to 10 have been 
compiled. 

Columns 3, 4, 5 deal with the probable errors of the branch-levelling, which connects any tidal 
observatory with the level-net. If the probable error of the branch-levelling is required for comparison 
with the figures in column 11, - for the purpose of testing whether t l ~ e  figures of column 11 are real 
or unreal, - it will be found in column 6, having been derived from the formula, 

E = d(0 .004)~  M + (0.U0034)%f2, M being given in column 3. 

This method of deriving the probable error of the levelling is based upon the assumptions, that 
the level-net, as adjusted, is errorless, and that the only levelling errors remaining are those on the short 
branch-lines connecting the level-net with mean-sea-level. As these assumptions are not clearly justi- 
fied, me have added columns 6, 7 and 8. I n  column 8, the probable error of t l ~ e  connecting levelling 
is exhibited, having been derived from t l ~ e  same formula as before, E = J(o.00~)" + (0.000x)"M", 
but with a different value of M. The value of M now adopted, is that given in column 7. 

Columns 5 and 8 both contain estimates of the probability of error, and these estimates are 
intended to be tests of the reality or unreality of the figures in column 11. The diiference between 
columns 6 and 8 is this :-the figures of column 6 are dependent upon the assumption that the 
simultaneous reduction of the level-net renders the levelling results of the net free from error. The 
figures of column 8 are dependent upon the assumption, that the simultaneous reduction of the level- 
net introduces no improvement iut,o the accuracy of the levelling results. These assumptions are two 
extremes, and neither is correct. The truth lies between the two. The simultaneous reduction un- 
doubtedly increases the accuracy of results, but i t  does not render results errorless. 

The probable errors, as shorn  in column 5, are too small ; but, as shown in column 8, they are too 
large. Column 8 is nearer to the truth than column 5, and i t  mill be advisable to adopt the probable 
errors from column 8 as the tests of column 11. 

Columns 9 and 10 have been added, in order that the reality or unreality of tlie figures of column 
12 may be tested. 

Column 8 is therefore the test for column 11, and column 10 for column 12. 

Karachi.-From column 11 the sea-level a t  Karachi appears to be 0.848 foot higher than at  Bom- 
bay. The probable error of the levelling is shown in column 10 to be f 0.3164 foot. The observed dis- 
crepancy of 0,898 is thus only twice tile probable error, and we are consequently not able to state with 
auY certainty that the mean-sea-level a t  Karachi is actually higher than at  Bombay. On page 124 we 
sbwed that if we follow an alternative line of levelling, the discrepancy of 0.848 becomes reduced 
lo0'327. We attribute the discrepancy of 0.848 foot to errors of levelling. 

The discrepancies a t  Hanstal and Navanni. are clearly due to errors of 
HamiaZ levelling; the mean-sea-level at  Okha nlny possibly be slightly lower 
fiavanar 4 than at  Bombay or I<arachi, but we are unable to state definitely 
Okha i that i t  is so. Thc discrepancy of - 0.004 foot may be due to 

errors of levelling. ( In  this connection read page 372). 
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Port  d l k r t  Victor The discrepancies a t  the cambay ports are chiefly due to erron of 
Bhaonagar levelling. 

There may be a very slight difference in the elevation of maan.sea.l,e, 
Bon~bay (Prirrce's a t  the two Bombay tidal stations, as the ~ b ~ c r v a t o r ~  at f i n c c l s  D~~ 

Dock) is sheltered, but the discrepancy shown in table LIII is maialy do, 
to errors of levelling. 

Norntngao (Goa)  
Ea9ronr I The discrepancies a t  these open coast stations may safely be ascribed to 
Beypore errors of levelling. 
Cochiib 

i The probable error of the levelling from Bombay to the two Manar T~iticorifa 
Pambatr ports exceeds 0.4 foot, and the observed discrepancies of 0'81dand 

0.977 foot are almost entirely the results of levelling errors. 

(The average discrepancy between sea-level at these five stations in fit 
Bay of Bengal and sea-level a t  Bombay exceeds a whole foot, and 

Negapntam I there appear, a t  first sight, some grounds for concluding that tho m. 
Nadt.as I surface of the Bay of Beogal is nearly a foot higher than tka man 
Cocn?zocln surface of the Arabian See. But, as we have already pointed o ~ t  on 
;Pi,-agcrpn&at,~ I page 123, this conclusion cannot be upheld. The discrepancy of 3 

False Poiut foot is due to the errors of levelling accumulated on long lines,oide 
section 8, chapter I1 of Part  111. 

Dtrblnl (Snugor 
Islor/d) 

Diamond Bat.bour 

'Dublat and Diamond Harbour are situated in the delta of tl~eGanges, 
and are under tile influence of the river Hooghly. It mould nol 
therefore be surprising to find, that the mean-sea-level at both 
places is sliglltly too high. Thc probabi1it.y of the error of leredin: 
is 0.1500 foot a t  Dublat, and this prevents us from ascribin: the 
obscrved discrepancy of 0.432 foot to actual risc of sen-level. 
Diamond Harbour the probable error of levelling is 0'131G foot ;  
the observed difference of 1.180 feet, being eight times larger, murt 
bc considered as real.* 

fKidderpore is on the IIoogllb, and there is no doubt at all tl1.t 
lbr 

I observed difference of 3.170 feet is due to tlie mean level 
lbr 

river a t  Ridderporc being actually higher than the mean level 
of Ihr 

Xidderpore sea.* The difference, given in the laat column of td)lc~111) 

I 4.761 feet) betseen t l ~ c  mean water levels at Boml)ay andlii('drrpn 
is due partly to errors of levelling, but mainly to the rirervatcr 

[ dcrpore k i n g  l~iqlrcr illan the ruran sca surface i l l  Dom')ny 
I~nrbolIr 

t ~ 1 1 i c l 1  f c  
Diamond Harbour and Kidderpore arc tlie only two tidal observatories in India* . 

proved that ~ \ I C  mcnn rratcr lcl-cl is Il igller  than tllc mean level o[ the sen. 
yhe o ~ ~ s e r r ~ t l  dljl'p 1 

pancics a t  all other tidal stations ]lave to be attributed to errors of levelling. 

' Bcul p.ge a 7 1  



A DISCUSSION OF THE LEVELLINQ ERRORS. 

11. 
values of height of certain inland points, as clerivedfi.om diferent tidal baae-stations. 

In this section we have taken three points near the central back-bone of India, and have corn- 
puted their heights through level-lines connecting them with the sea. 

We have not, lrowever, complicated the matter by introducing any disturbed elevations of mean- 
sea-level, such as have been suspected in the Gulf of Cutch and found in the Hooghly. If the levelling 

computations had been made to start from sea-surfaces differing in elevation, the several values of height 
of tile central points would have necessarily been discordant. But the discordances mould not have been 
instructive ; they mould merely have reflected the discrepancies between the different sea-surfaces, from 

the levelling took off. 

We have, therefore, in calculating the heights of the central points, followed only those lines of 
level, mhicll emanate from reliable tidal stations, a t  which the mean-sea-level appears without any doubt 
to be at the same elevation as the mean surface of the open seas surrounding India. 

TABLE LIP.-The height of Sirbnj. 
(Latitude 2d0, Longitude 770; vide Plates I and XTrI). 

Final corrected value of dynamic height, derived from the simcltaneous reduction, 
= 1478.368 feet = 450.599 metres. 

P. e. = J ~ J J ) ~  hI + (~.00(134)1W + ( O ~ U U U ~ I ) ~ U ~ ,  vide page 393. The probsbililj of 81101 a110uld be compared ogninst two-third8 of 
Lhe sclunl J ~ r c r c p n n r ~ .  

Discrepsncy f rom Slnrting point of 
levclllng 

= moon.sen.level 
n t  

Karachi ... 

Bombay ... 

Falsepoint ... 

Vizagnpatam 

1478 358 
Eeot 

feet 

+ I  '31 I 

+oa750 

-1-339 

-I '000 

Route followed 
by l e ~ o l l ~ n g  

level-lincs 

78,43,45,52, 
68,57,61, 
62,63. 

79,32,33, 
31. 

86,42,41, 
410,68,60. 

85,36,37, 
68,60,38. 

~~~~~l~ line Probnblo error of 
levelling* 

450 599 
metres 

foo t  

+oa400 

+oS229 

-0'408 

-0.305 

milos 

1483 

591 

841 

817 

loot 

f 0.528 

f 0.225 

f 0'310 

fo.302 

Height of Sironj 

kilometres 

2386.6 

951.1 

1353'4 

13 14.8 

metro 

f om 161 

f 0.069 

f 0.094 

j=o-o92 

feet 

1479'669 

1479.108 

1477.019 

1477'358 

metres 

450.999 

450'828 

450'191 

450.295 
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TABLE LP.-The height of Gulbarga. 
(Latitude 1 7 O ,  L o n q i t u d e  77-, vide Plates I and XVI) .  

Final corrected value of dynamic height derived from the simultaneous reduction 
= 1488.714 feet = 453.756 metres. 

TABLE LPI.-The height of Bangalore. 
(Latitude I?, Longifude 780, vide Plates I and X V I ) .  

Final o o ~ e c t e d  value of dynamic height derived from the simultaneous reduction 
= 3111m505 feet = 948'378 metres. 

BtarUng point of 
lerel l~ng 

- 
a t  

Bombay ... 
Knraar ... 
Viza,oapatam 

Madras ... 

Route followed 
by levelling 

level-linm 

79,32, 31, 
25, 26. 

80.17,16, 
23, 22. 

85,30, 24 

84, 8,14, 
21, 22. 

h n g t h  of line Probable error of 
levelling* 

metre 

356 

421 

5 j o  

447 

f 0.146 

f 0.168 

f 0.212 

f 0'177 

r 
$lortin? point of 

levelling 

me'n-sea-lovel 
st  

Knrwar .-. 
Beypore 

Cochin 

Nega~atam 

h f a h s  

Discrrpanq from 

oil* 

572.9 

677'5 

885' 1 

719'4 

f 0.045 

f 0'051 

f 0'065 

f 0'054 

Height of Qulbargo 

f e e  I me~res 

noute followed 
by levelling 

level-line, 

80,17,16,19 

8112117 
18. 

J 

18. 

8'3,6,4,6,7, 
18. 

84,8,10,18. 

3131.505 
feet 

Soor 
$0.733 

$0.260 

$0'344 

-0 '27c 

-0'165 

1489.072 

1489'565 

1488.015 

1488.128 

- 
Di~orepunel fmm 

1488714 153-766 
feet 1 

98 3;s 
n~elrrl  

J M ~  

$0.223 

+o'oig 

t 0 ' 1 0 1  

-0'0~' 

-O'O~O 

of line 

453.865 

454.015 

453'543 

453'577 

Jooi 

t 0 . 3 5 8  

t o . 8 5 1  

-0'699 

-0.586 

milea 

442 

360 

378 

363 

221 

- 
+Elo9 

-0.113 

-0.179 

Probablo error of 
levelling* 

kilometres 

71 1 .3  

579'4 

608.3 

584.2 

355.7 

foot 

f o m  184 

f om 158 

f 0.164 

f o m  153 

f o e n 6  

Height of Dongolore 

feet ) molrcs metre 

f 0.056 

f 0.048 

f 0.050 

f 0,048 

fo .035 

3 1 1 2 ~ 2 ~ 8  

3 H I - 7n5 

31 11 

31 I 1-235 

3 1 ~ ~ 3 4 0  

948.601 

948.457 

948.483 

948.296 

948.327 
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In all the thirteen cases the probable error of levelling is less tl~all the discrcpancp mct with a t  
the central station, but the discrepancies are, nevertheless, almost certainly due to errors of levelling. It 
millbenoticed that the seven operations of levelling, which connect the central stations mitli tlie west coast 
of India, all make the central stations too high, whilst the six operations of levelling, whicli connect the 
central stations with the east coast, all make the central stations too lorn. This difference is, perhaps, 
partly due to the tendency, which Indian levelling has, to produce too high values of elevation (aide 
section 8, pages 400-401). The lines of level joining thc west and east coasts were mainly levelled 
though from west to east, and their tendency was to make the centre of India too high with rcgard to 
the west coast, and to make the east coast too high with regard to the centre. But me do not regard 
this explanation as complete. The lines connecting Bangalore with the west coast were run from east 
to west, and yet they make Bangalore too high. It is certainly peculiar that out of 13 lines of levelling, 
the seven from the west coast all make the centre of India too high, and the six from the cast coast all 
make the centre of India too low. From this general accordance of results i t  might bc argued, that tllc 
mean surface of the Bay of Bengal is about a foot higher than the mean surface of tlie Arabian 
sea. On the other hand, as we have repeatedly stated before, i t  is very doubtful, if t l ~ c  levelling is snffi- 

ciently accurate to bring to liglit an average difference of one foot between the two scas. If tllerc Iiad 
been a persistent difference of 2 feet, we should have been able to pronounce it to be real, but one foot 
is very near the border-line of tlie possibility of error. We are not now discussing short level-lines, of 
40 or 50 miles, as me did in the case of Dehra Dlin on page 395 ; the line from Karachi to Sironj exceccls 
1400 miles, that from Sironj to False Point exceeds 800 miles, and on these very long lines consi- 
derable levelling ei.ro1.s may accumulate. 

Whilst therefore the levelling operations of 1858-1900 have proved that the mean surfaces of 
the Arabian Sea and of the Bay of Bengal are very nearly a t  the same elevation, they have also gi\-en 
rise to a suspicion, that the Bay of Bengal may be perhaps sliglltly the higher of thc two. I t  is l ~ n t  n 
suspicion : the accuracy of thc levelling does not warrant us in pronouncing thc divergence to be proved. 
It will be for our successors to show by means of future lines, whcther the suspicion is well-founded, 
or whether the divergence is a result of levelling errors. 
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No, 1, 
EXPERIMENT TO TEST THE CHANGES, DUE TO MOISTURE AND TEMPERATURE, 

I N  THE LENGTH OF A LEVELLING STAFF. 
BY J. ECCLES, ESQ., M.A., 

In charge of t h e  Comp~ling Oflee. 

The stnff selected for  the experiment wna No. 11 of the ordinnry pnttern n t n f f  used in the levelling of precision. It is 
r beilt-up slaff consisting of seven strips of tenlc and two of some soft mood which looks like pine. It was not treated in any way 

to make it impervious to moisture. 'l'wo fine dots s e r e  engraved on its brnsa term~nnls npprosimntely 10 feet npart. 

The experiment was commencetl on 30th Norember 1899 and was carried on till 7th llecclnber 1900, but unfortunntely 
the record wns broken for two ~nouths, April and Mfiy 1900, owing to the ~~ecessi ty  for removing the microscopes used in the 
exl~cril~ent, ns they were required with tho Jiiderill base-line nppnmtus. Iucomplote ns i t  is, the record 18 of great interest and 
18 sufficient to show the need of Erequent comparisous of stnres with standards. 

The stnff was placed on two "cnmols" on the table used for bar compnrisons nnd tlle stnndnrd 10-foot steel bnr I s  wns placed 
on two other "camels" beside it. The stnf and the bar mere brought nlternately under the microscopes G and H of the base-line 
aoparatua nnrl tho differences of the distnllces bet,n.een the two engraved dots o r  the stnff nnd the corresponding grnduationo of 
the bar were measured in micrometer divisions nnd afterwards converted iuto decimals of n foot. 

The compnrisons mere made approximately once a week. 

A vet  a t~d  a dry bulb tl~ermometers mere close to where the comparisons mere mnde and were read a t  the time of 
the comparisou. The rolative humidity was computed by the usual formula :- 

Relative Humidity = .f" 
Tension of vnpour a t  temperature of dry bulb ' 

where f ', the teneion of vnpour a t  the temperature of dew point, is given by 

f' being tho tenaion of vapour s t  the tempernture of ernporntion as given in Guyot's Meteorolo;icnl nnd Physical  table^, 

the difference of the reedings in degrees Fnhrenheit between the dry and s e t  bulb thermometers, aucl h the lleigllt of the 
barometer in inches. 

The following tsble gives the c~mparieon and it8 results in the variation of the staff and ale0 the relative h u m i ~ t y  and 
temperature of the air :- 
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Comparisons of Levelling S t a g  No. 11 with 10-A. Steel Standard B~~ 18,r 

Lengtb of 18 - 10-00020414 feet. Prof. Vol. I. p. (20). 
The value of 1 diriaion of Micrometer (3 = 0.0000034584foot. 
1 diri~ioo of Mlcrometer H - O %086 dirioinn of Micrometer 0. 
&polion of the Btsndnrd lor l08. - 18 411693 diriume of Mioromeler 0. 

Date 

Btandord Bar 8bff Air Lem 
- 

persl~~re 
in Fnllr. 

' 

ahioh 
red- 
i o ~  is 

- 

30tlr 
NOV. 

1819 

8th 
Uec 
1899 

15th 
Dm. 
1819 

2?nd 
1)ec. 
1832 

29111 
Drr. 
1899 

5th 
Jon.  
1900 

12~11 
Jan. 
1933 

19111 
JHII.  
l3uO 

Yuln of Excess Micro read- Excess 

motor ing8 i n  Value of excess 
Ler,,Is SLand. in decimnl. 

i11g of mic: :$ i! Q 

11licro- 
111et,er 
read- 
ing 
- 

of 
Bur 

Cor- 
reeled 
IIIWII Ob- 

Tempern1111.e 
Stnndard 

Correc- 

365.9 

388.1 

'15'0 

451.5 

152'3 

334'6 

263'3 

923'5 

163.8 

416.1 

'94.9 

394'5 

163.2 

,345'6 

310'5 

296.8 

Ju~n of 

ings 

:,","I","; 
~ X P ~ I I -  
siou tln11- 

per. 
nture ) 

64'33 

... 

59.26 

57'49 

57'94 

58'45 

57'19 

.;5'90 

54'.77 

iu terllls of 
mirroscope Q 

lion 

-0'62 

-0.53 

. . . . . .  

. . . . . . . . .  

-0.67 

-0'62 

. . . . . . . . .  

. . . . . . . . .  

-0'70 

-0.63 

. . . . . . . . .  

. . . . . . . . .  

-0.69 

-0.63 

. . . . . . . . .  

. . . . . . . . .  

-0.69 

-0.62 

. . . . . . . . .  

. . . . . . . . .  

-0.69 

-0.63 

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

-0.66 

-0.Q 

. . . . . . . . .  

. . . . . . . . .  

-0.66 

-0.61 

. . . . . . . . .  

. . . . . . . . .  

O 

H 

I3 

H 

G 

H 

G 

H 

C)  

H 

G 

H 

Q 

H 

0 

H 

0 

H 

G 

E 

U 

H 

G 

H 

Q 

R 

G 

H 

0. 

H 

0 

H 

641.7 

648.8 

573.8 

574.1 

573.1 

574.0 

595'3 

595.7 

,sewed 

64.8 

65.0 

59'8 

60.0 

58.0 

58.3 

58'5 

58.7 

59.0 

59.1 

57'7 

58.0 

... 

56'5 

56'6 

54.9 

55.1 

- 42'9 

- 42'9 

3 ~ 7 ' ~  
584'2 

215.0 

309.6 

290'9 

291 '6 

176.8 

324.1 

241.0 

'79'6 

'73'9 

117.1 

345.3 

416.5 

109'0 

386-6 

242.1 

599'8 

605.9 

+ Gj.4 

+ 65.4 589'1 

557'6 

555'7 

542.8 

548'9 

.- 

617.3 

619.2 

248.1 

340.6 

328'3 

252.0 

364.5 

'97'0 

257.4 

309'~ 

361.7 

180.0 

ar9.8 

,319'8 

402'7 

,361. I 

495 ' 1 

266.0 

649'6 

654.5 

121.8 

399'8 

20j.9 

3O9 ' 5 

+ j0.4 

+ 50'4 

124'8 

370'5 

211.8 

277'3 

212'2 

309'0 

235'8 

28j.o 

106.8 

400' I 

185.6 

,312'0 

j75.5 

570.4 

553.8 

jjj.1 

534.7 

536.7 

749.7 

750.9 

624.1 

624.5 

+ 88.6 

+ 88'6 

506'o 

503'3 

646.1 

644.3 

480'8 

479'2 

509.1 

509.6 

491'1 

48j.4 

- 74.1 

- 84.1 

- 91.4 

- 89.2 

-110.4 

- 124.5 

- 8.1 

- 8.8 

+ 8.3-0 

+ 83'0 

- 93'8 

- 102.6 

6j6.2 

6j7.0 

+112..3 

+11r'3 

- 143'4 

-145'3 

-147'1 

- 147'4 

-178.9 

- 18j.1 

-0~0002561 

Bleetl 

-0'00029oR 

-0~000,319j 

Meon 

-o.ooo308+ 

-0~0004l6.! 

Moen 

-0.00043oj 

-0.ooo0180 

Menn 

- 0 ~ o o 0 0 ~ 0 ~  

655,1 

661.1 

-0'0003244 

Mean 

-0'0003548 

+ 74'8 

+ 74.8 

-0.0004959 

Mcen 

-0'0OOj02j 

-0'0oojo87 

Meon 

-0'0005097 

-0'0006187 

Mean 

-0-oo06+01 

9'9999479 

9.9999306 

9'9999133 

9.9998846 

9.999890' 

9.9998957 

9.9~9787~ 

9,9997807 

9.~99773~ 

10.00017~~ 

10'00Oli49 

10'0001737 

670.1 

670'5 

+140'j 

+140.5 

9.9998797 

9.9998645 

9.9998493 

757.8 

759'7 

9.9997082 

9'9997049 

9'9997016 

9,9996954 

9,9996949 

9'9996944 

g.g9gj8j.( 

9'9995747 

9.99~5640 

61 .6 

59.0 

60.1 

ST. I 

0 

66'5 

f~l.6 

59'8 

61.2 

54.2 

50.1 

48.3 

so. 

" 
56.3 

/ 

51.4 

51.8 

51.0 

0,616 

0.5~9 

0.414 

0.6.18 

11';' 

'i.j6 

I 
';';I 

-- 
l i R 1  

0 . 5 ~ ~  

- 
bda 
li,BB 

0.499 

O'jB] 

0.496 

11.4 

11.61 

11'69 
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Com,ariaom of  Levelling Bloc$ NO. 11 with 10-Pi. Steel Standard Bar 1s.-(Continued). 

I 

Bsm- 
nieter 

I n e h m  
27'68 

Relative 
Humidity 

0.758 

H 

Ternprat,ure of Standard Bar Staff 

0.6z.z 

0.687 

0'581 

0'580 

0'563 

0.474 

0.459 

Air 

~n 

Dry 
bulb 

0 

56.7 

27'82 

27'69 

27.61 

27.69 

27.58 

27.71 

teltt. 
pereture 

Bul~r. 

Wet 
bulb 

0 

jz.4 

stnndord Bar 
End nt  
wli1c11 

Dnte reed- 

at 620 
read- Lernls Stan- taken tion tern. reed. 

per- i l l  lerru>s uP ing OF mie: d$ ;,' 

1 

58.8 

61.3 

63'8 

65.8 

67'0 

69'2 

76'; 

VB'ueof excQ8a 

i:fd::z'a 
I 

+0'000~302 

Mean 

+o.ooo5278 

26th 
Jan. 
1900 

6th 
Feb. 
1900 

9111 
Fob. 
1900 

16th 
Feb. 
1900 

23rd 
Frb. 
1900 

27.58 

51.7 

jj'z 

55'1 

j6.8 

57'4 

57'0 

62.6 

Lengt.hin 
Feet 

lo~ooo7~43 

1o.ooo73.31 

ro.0007319 

+o.ooogr97 

Mean 

+o'ooog473 

+o.o011614 

Meac 

+0~0011780 

+o~oo11811 

Mean 

+0'0011700 

+o'oo10970 

Meun 

+0'0010974 

1o.oo11338 

I O ~ O O I  1426 

I O ' O O I I ~ I ~  

10~00136j5 

1o.oo1j738 

10~0013821 

1o.oo1.3852 

10.001.~;87 

IO.OOI,~;~I 

I O ~ O O I . ~ O I I  

10~0013013 

10'001301,j 

o 

H 

Q 

H 

Q 

H 
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Cba.ot-ian, of Levelling Staff No. 11 with 10-F1. Steel Standard Bar 18,-(c~ntinusd) 
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Comparkonr of Levelling S t a f  No. 11 with 10-Ft. Sleet Standard Bar I*,-(continued~ 
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~o~par*onr of Levelling Staf No. 11 with 10-Ft. Sleel Statzdard Bar 1s.-(Continued). 

Tlre results hnve been plotted in t l ~ e  first three diagrams in P l l~ te  XIV,  and n casual glance will show that tlre variation 
iu t.he length of the staff follows pretty clovoly on the change of humidity, but  does not seem to have much connection with the 
chauge of temperature. 

The greatest variation in length is about 0,006 of a foot: i t  occure between June and September, and corresponds to n 
cl~angc of 0.46 in humidity: the other grent change between February nnd June is about 0.003 of a foot and corresponds to a 
ch nnge of humidity of 0.30. 

Barn 
lnetor 

Inrhea 
2 7 . 7 0  

2 7 ' 7 4  

From this i t  appears that tlre numbers representing the change i n  lerrgth of the stnff in feet and the  change in the 
relative l i u ~ n ~ d ~ t y  are r o ~ ~ l ~ l y  ill the ratio of 1 to  100. Accordingly the values of the relative humidity have been reduced in this 
ratio and plotted side by side with the variations in the length of the staff. I 

Relative 
Humidity 

0.600 

0.527 

The result is exhibited in the fourth d i a ~ r a m  of Plate XIV and appears t o  show that change of temperature bas little 
effect in tlie nlterntioii of the lcngtli of this particular staff. 

Tlris is not in accorda~lce with the experiments of Colonel Gonlier mentio~ied by M. Lallemand a t  pnge 112 of his 
"Nivelle~~~e~its de Haute P,.ecisio,t", but i t  is a matter for  congratulation that i t  is so, since in Indin the h~imidity nnd the tcru- 
perature effects do not alw;rys tend to caucel, tlie greatest humidity occurring a t  n time when the teniperature is very !>igh. 

Air tem- 
pernt.u~.e 
in  Fahr. 

During tlre worlring pnrt of the year; November to April, the greatest pcxlsible error ~vlricl~ could be introduced nt one 
atation of observntiou from tlre expansion of two such staves would be 0,003 of a foot, thnt is if the top of one stiiff and the  
bottom of tlie otl~er were rend, while if work were carried on during the rains nn error of 0 0 0 5  of a foot might be introduced. 
Qclrernlly speaking error8 half the size of the above might be expected, a s  i t  is seldom that the whole length of tlie stuff is 
uscd. 

Drp 
bulb 

0 

66.4 

62.5 

8taff 

I t  must bowever be remenibered thnt these errors are to a great extent guarded ngainst by the system of comparing the  
staves ngninst standard vtwl bars, but as tire total correction for the varintion in the leligths of tlre st:rves depends on the :rlgebrai- 

auIll of the rivea and £;ills, i t  follows that in a long line of levels, or even in n sliort one in hilly couutry, a very nl)preciable 
error mnv be introducsl rulleus carefill compnrisous nre frequently made. An exnmple of this occurs in the liue froin Hnll:.:llore 
to bl.lnllgalore whicl~ i a  22.4 miles lollg wit11 a difference of level of about 3000 feet :  i t  was found thnt the total correction for 
tho expnusiolr of the stneos was as much ns 0.6YY of a foot. I t  is to  be feared that in the oldel. lines of levelling the llecessity 

lr@qlleut compnrinoa w:ts to some extent overlooked, and that the comparisons mere not as carefully conducted na they might 
been, but of late yetlrs grent attelllion lins been pnid to this point. 
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I t  cnnnot be too strongly impressed on levellers that they ought to compare their stavee against stnndnrd bars very 
frecluontl~ and very cn~-el'~~lly, and further, iu view of the investigation under discussion, tliat all extra comparison 8hould be 
medo not Inore than n week after any great change in the weather either from dry to  wet or from wet to dry. 
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ON THE ERECTION OF STANDARD BENCH-MARKS IN INDIA DURING THE VEARS 1904-1910. 
BY C. F. ERSKINE, ESQ., 

In charge of ihe Tidal a d  Leuelling Operations. 

I n  1901 the Superintendent Trigonometrical Surveys brought to  the notice of the Surveyor General of India, tha t  
to the great and unforeseen loss of bench-marks which had been gradually going on for over 40 years, indeed cver eince 

lerelling operations were first commenced in India, there were rcasons to fear that a very large proportion of what were intended 
to be substantial nnd enduring records had been either lost or disturbed from callsee mlrich were beyond the power of the  
department to prevent, such as the expnnsion of cantonments and cities, the doplication of rnilwny lines, the widening of roade, 
theextensiou of rnilmny stntions and platforms, the renewal of culverts and bridges etc. I n  most cases bench-mnrks had been cut  
ou bridges, culverts, rnilway plntfoms and mile-stones, and i t  mas believed that almost all those inscribed on mile-stouee, numbering 
in the aggregate nbout 3,000, had been displnced. Colonel Burrard proposed, that staudard bench-marks of a new pattern 
should be erected in all purts of India, and this proposill mas accepted. 

The urgency of the subject being thus recognised, the question arose ns to  the ways and means of securing their 
preservation. And, nfter due deliberation, i t  Jvna decided that new bench-nrarlts of some distil~ctly defined and prominent design 
allo~~ld be erected all over India, and connected with existing be~~clr.mnrks that  had been previously levelled to, such to  be 
considered as standard bench-marks, bearing the followiug chnrncteristic features :- 

( 1 ) Architectural design. 

( 2 ) Sites for them carefully chosen in public places, haring due regnrd to  certain conditions mentioned elsewhere 
under the heading "Sites for stnndard bench-marks ". 

( 3 ) Solidity of construction ensuring comparntive inderrtructibility. 

I n  order to advance the ~cheme,  the various Governments had to  be consulted. a 

The iden wns to  grndunll~ erect permanent stnudard bench-marks in all the ~rincipnl  towns in India, those of one 
province being completed before those of auother proviuce were commenced, and that a commencement should be made in the  
United Provinces of Agrn and Oudh. 

A specimen benclr-mark was erected a t  Dehra 1)6n, complete with slab (on which is to be inscribed the height of the 
bench-mark) nnd railings. 

The locnl Governments were requested to sanction tho erection of the standard bench-marks and to invite the co-operation 
of municipalities nnd district authorities, who were asked to provide sites, to undertake the preservation of the marks, and to bear 
the cost of repairs. 

Tile Government of the United Provinces of Agrr and Oudh was first approached. A progrnmme mas submitted by 
nI"jor Burn, lt.E., officer in charge of the Tidnl and Levelling, to Colo~rel llurrard, who then nddressed the Goverllment on 
behelf of tho scheme. 

The following are a few extrncts from the letter to the Government of the United Provinces of Agrn and Oudh :- 
"For nearly half n century the Trigonometricnl Survey hns been ~.unuing lines of level of great accurncy across India and 

"connecting wit11 tidal stations nt many points of the const. Of recent yenrs i t  has bceu brought home t o  us tlrnt JVO nve grndllally 
"losing our bench-marks rill over the country, and that  unless me take some steps, nine-tenths of them will soon have disappeared 
"Or heve been disturbed", r c r 
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11 Having fired these bench-marks a t  grent coat, we feel tllnt it is immnhent upon us to idopt aeuoron for 
preservntion, both for t I ~ e  use of engineers nnd for  the scientific purposes of posterity, who will in future 

denire the verticnl mo\fe~nents of the enrth's crust". * * * 0 Meat&,, 

u ~b~ large towns derive considerable permanent benefit from the possession of accurntel~ fixed bench.morkan, 

~l~~ p r o p ~ ~ a l s  ~ e t  forth in  the  application here referred to  were readily sanctioned by the Q~~~~~~~~~ 

warm approvnl of the scheme. 1 0 erpread 

~t now becnme the duty of the  officer in  charge of the Tidnl and Levelling Party to arrange 
local olcialnand ellnillrers, for  t,he nectiorl of the ~tnnrlnrd bench-mnrks. They were ronsolted ns to  the moat suitable sitee for tl 

'em, Itlentinn beillg dlawll to  t l ~ e  u~nin  point^ to be considered in the selection of sites, namely, that  the locnlitiea clloueu, should bo nu li t t le 
linblo to ;nterrllption nud to sul)si(leuce ns possible. A plnn and elevation of npproved design was enclosed ~ ~ i t , h  tbia communi, 
cat,ion, I f  stoue suitnble for the monoliths was not procurable locdlp, the o5cer  in chnrge of the par$ n,ould nrrlllge to 
scud the u ~ o ~ ~ o l i t h a  direct from n selected quarry to the officers concerned in the erection of the bench.lllnrka, ~h~ oecers 
nd(tl.crsed wore illformet1 that  though t l ~ e  Survey of India mould pay for  the erection of the bencl~.msrl;~, tlleir future main, 
tenal l re  would I - C J ~  with the local authorities. Site plans and estimates of cost were cnlled for and 011 their 
oficar in chnrgo decided upon the most suitable sites. H e  then colnlnuuicated his approval to the local engineers, nlld re,,uoaled 
that the work of constroction might be immediately taken in hand, a t  the same time pointing out the importn~~ce of hrviuglbe 

work completed nrell before l evc l l i~~g  opcrntious were uudertnlten, so that the bench-marks might fully settle into perusneb, 
po3ition before being connected with the ndjncent lines of levelling. 

I n  lilre manner other ~)rovinccs mere communicated with, nnd bench-marks were erected, ns opportunities nrole, andu 
finances permitted. Tlre operations were gradually extended, tuitil the whole of India and part of Burmn have heen proridedfor, 

I n  the case of cantonments, nrrnngements were made through the Director Qenernl of Military Works, Simla,forlbs 
erection of the bencll:marks. 

The selectiou of n suitable stone was a very importnnt matter. Marble, grnnite orsome hard snndstone ~eretbou~htof~ 
beiug the best available stone from which to choose a suitable one. It mas ascertained that in Jubbulpore, specimens of nll  three 
were to be seen, and Major Burn went there to investignte the subject. H e  soon found ample evideuco of the kind of stooc that 
would best suit tbe purpose. The marble weathered badly; the granite was out of the question, ns the cost mns yrohibitiro, and 
i t  was difficult to procure blocks of the dimensions required ; but a stone was found which was used for innumernble buildin; 
purposes, and which would answer nll our requirements ; this wns the Chunor sandstone, obtnined from the quarries in tho 3 1 i r ~  
pur district, being ol~tlying crops of the solid rock wl~ich forms a portion of the grent Viudhy;rn range. 

Before deciding finally upon tho ncceptauce oE a choice of stone for the bench-marks, Major Burn noughtthe opinion 
of Sir Thomas Holland, Director of the Geological Survey. Sir T h o m ~ s  Hollnnd ~r ro to  as follows :-"after f ~ ~ r t l ~ e r  e~nminalion 
"of tho samples of b u i l d i ~ ~ g  stone in our collection, nnd after c o ~ ~ s u l t a t i o ~ ~  1vit.h my collea:ues, I urn of opinion tllnt year 8 ~ 1 ~ .  

" tion of Chunnr sandstone fur the monoliths required in Northern 1nd:a appear# to be the beal, thnt could be made. The Pi. 
" tion of the quarries permits of easy distribution, and the remnrlrable uuifor~nity of the stone mill ensure tllc pro~ll~lion~l 
" mouoliths whose stability can be relied on without expert inspection oE ench s to~le.  T l ~ e  use O F  sin~ilar stone for de'icat9m' 
" vings on the exposed part,n of many buildings in Central and Northern 111dia is an illustration of tho goner31 con6deuco 
"durability, and the freshness of carvings on the old Buddhist atrcpns, lilce thoso of S a ~ l c l ~ i  nnd Barl~ut, shows that, rf1er30 

"exposure of 2,000 years, them enndstones a re  practically unnffected by the weather." 

O n  reoeiving this expert evidence of the imperishable nature and ornarnent:tl properties of Chunar aflndntonep "lo' 
Burn nt once decided to  utilize i t  for all the etnndard benc]l.marks in the United Provinces. 

I n  dealing wit11 the question of sites for stnndard bench-marlrs in towns nnd cnntonments, i t  ans con8idered 
'' 

moat farournble localities would be publio gardens, gardens of lam courts, post nnd telegraph otlices, or of churches 
~t ru 

obviously desirable to obtniu sites, which mere not lilrely to be b u ~ l t  orel. when offices were extended. 

I n  expre.ssing his opinion ns to the kind of sito whioh s1,ould be selected, Colouel Burrnrd wrote:- 

" As to  tile most suitable site for n bench-mnrk, i t  should be chosen where i t  is loast likely to ~uf fe r  (1atl~) from 

n a t d  
d r d  

" moremellts, (2ndly) from disturbance by living creatures. The most natural movement thnt talres place is sub8idencet 
" is  conscqltently safer lmsis than s l lur io~n.  The other natural wovelneuts, that  we 1:nve to guard ngaiunt, arise lrom "$' 

" g r ~ ~ t h ,  ~ ~ O I I I  floods and defectire drainage." 
I t  is very difficult to  say what sites are  likely to  be moat undisturbe(l by men nnd nnimnla: rods and nwV 

"cons ta~ t ly  being widened, nnd offices enlarged, so thnt any bonch-mnrk. in their vioinity are sure in time 
be 

*'The ~ " u n d  level of ohuroh~ards it3 liable t o  subsidence. Public gnrdena g n r b n a  ~urrounding church'' '" 
" fnvourable voeitions." 

Tho d u i g n  for the s t andod  bench-mnrlrs was not an easy one t o  frame. The queotion IVY fdll go!@ 

opinions were oalled for from varioun ereoutive officere before finality could be obtained. 
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The following is e description of the design finally npproved end adopted for all the etandard bench-msrla :- 
"Tile bench-marl~ will consist of a tnonolith 2 feet square a t  base nnd 3 feet high, 2 feet of the upper portion being 

,,dressed, the remainins lower portion of one foot being left undressed. Tbe upper four inches of the stoue is shaped to  the 

oforrn of frustru~n of a pyralnid, terminatiug a t  the top in a square of 3-inch sides. On  one fncc of the monolith the words 

8 0 1  0y.3. ~tnndard Bench-Mark I and the year of construction are engraved. The stone rests on a bed of concrete, 6a feet 
I 

usquare 2; fret in depth, the upper fiurface of the stone being 2 feet above ground level. A space is left in the brick ~ o r k  

uSur roundi l~~  the monolith, for a stotle slab on which the height of the bench-mark above mean-sea-level will hereafter be inscribed, 
will be laid in cement with a slight slope to allow the raiu to drain off." 

.The inscription on the lnonolith is engraved nt the quarry, before the stone is placed i n  po.sition. It would be inadvis- 

able to postpone the engraving, until after the mo~~ol i th  Lad been erected. 

The structure is enclosed by iron railings. 

For the bcnch-marks constructed in 1904.05, the monolith was dressed to  a depth of 14 inches below the top ; so that  
.lien the bloclr wns erected, n large portion of  the undressed stone was left exposed. I n  1905.06 an alteration in this feature 
of the deaign mas ~nade, aud tbe dressed portion increased to n depth of 2 feet below the top: consequently, when the monolith 
is in positiou, only the dressed portion is now left exposed. 

Twenty-seven bench-marks of the former description have been erected, mostly in the United Provinces. 

The weight of a monolith is about 2,000 Ibs. 

The cost of a monolith, dressed and inscribed nfter the latest approved design is RE. 16 and annae 8, st Chunar Railway 
S tntion. 

Tlle coat of erection of standard bench-marks varies considerably in different parts of India, and i t  is not poseible to  
give my accurate estin~ate of the average cost of construction of a single bench-mark. 

The slnb, referred to above, i~ a piece of Axra stone of the dimensions, 2 feet x 1 foot x 2 inches, on which is cut  an 
iuscriptiou iudicating the height above sen-love1 of the standard beuch-mark. The inscription is arranged in the manner shown 
below :- 

T H E  H E I G H T  O F  THE T O P  

OF T H I S  PILLAR IS 

F E E T  

ABOVE THE MEAN LEVEL 

O F  T H E  SEA. 

On the back of ench slab is engraved the name of the place, where the bench-mark, t o  which the height refers, hiw been 
erected. The dabs mill be forwarded to their respective destiuntions, nud the local engiueer~ will hnve them embedded in 
nlasonry nt the foot of the mouolitl~s. 

'J'lle slabs have been prepnrod by the Tidnl and Levelling Party nnd the grmtest cnre will be taken that the proper stones 
are sent to the correct sites. 

The lleight inscribed on tho slnb is not the  height of the bench-mark os deduced directly from observations in the field, 
but is tile height assigned to i t  after nll circuit errors llnvo been elimiuatd in the process of grinding. 

The standard bonch-mnrks hnre been connected either wit11 existing bench-~narlrs 011 the main-lines previously executed, 
Or wit11 new levelling, in which lal.ter case they have been connected paripossu with the levelling. 

TAc top o f t h e  n~onolith is in every case the  p o i n t  of refereurn The levelling to  the bench-mnrks has in all cases been 
elecutod by two levellers work ill,^ independent1 y with first-class imtruments, and the methods employed were in every senae the  
""" an those adopted for the mnin-lines of levelling. 
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Complete list of standard bench-mwke connected by levelling up to date :- 
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Compleb list of etandeard bench-marka connected by levelling up to date.-(Contd.). 

List of standard bench-marks List of stnndnrd bench-marka 
erected but not yet connected by under construction. 
levelliug. 

Numb81 

69 

70 

71 

72 

13 

74 

75 

76 

77 

18 

19 

80 

81 

plumber 

89 

90 

91 

02 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

Nulnbar 

1 

2 

3 

4 

6 

6 

7 

Standard Year in which 
Name of town beoc11-marke connected I I 

Nlunber 

1 

2 

3 

4 

Name of town 

Ahmednagar ... 
Bnrisal ... 
Daccn ... 
Comilln . . . 
Cbittngong . . . 
Dhubri .. . 
Gauhnti ... 

Name of lown Standard Year in wbich 

Mussooree ... 
Sukkur ... 
Hyderabad ... 
Karachi ... 
M ~ O W  ... 
Jacobabnd ... 
Surat ... 
Godhra ... 
Dhulia ... 
Bahnmnlpur ... 
Rajkot ... 
Kbanpur ... 
Sadikgnnj ... 

Iinme of town 

Mprnensingh ... 
Sylhet ... 
Silchar .. . 
Dibrugarh . . . . 

-- 
Bezwada ... 

1 Barodd. 

... 
83 Muzuffernagar ... 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

84 

85 

86 

87 

88 

beoc11-marks 

1 1908-09 

1909-10 

1909-10 

1909-10 

1909-10 

1909-10 

1909-10 

1909-10 

1909-10 

1909-10 

1909-10 

1909-10 

1909.10 

1909-10 

1909-10 

1909-10 

1900-10 

1909-10 

1909-10 

1909-10 

Remnh ... 
Ba~~ltipore ... 
Berhampore (Madras) 

Vizngapatam ... 
Cocannda ... 

I I connected 

Nellore ... 
Motihnri ... 
Bhagalpur ... 
Burdman ... 
Purnea ... 
Dinajpur ... 
Cuttnck ... 
Bnlasore ... 
Rangoon ... 
Pegu ... 
Toungoo ... 
Mandalny ... 
Shmebo ... 
Meiktila ... 
Magme ... 
Myitkyinn ... 
Wuntho ... 
Bhopal ... 

1 

1 

1 

1 

1 

1 

. 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1909-10 

1909-10 

1009-10 

1909-10 

1909-10 

1909-10 

1909-10 

1909-10 

1909-10 

1909-10 

1900-10 

1909-10 

1909-10 

1909-10 

1900-10 

1900-10 

1909-10 

1909-10 

1909-10 
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~h~ ~ ~ r e m m a n t .  of E e ~ t m  Bengal and A r m .  and of Burma have mggMed that atandera bench.mrb 
erected in  the following town8 :- 

Tho cordiality with which the stnndard bench-mark Bcheme has been received by the wrioue locnl ao~ernmcotg In'"' 

deuce of its popularity. Everywhere the demands for these bench-rnnrks have been in excess of the originnl programme 
pmposed i UE a uflique i ~ ~ t a n c e  it mny be mentioned t11.t the Govsm.ent of Burma risked for no 1.. than 'tanis' 

bench-marks in excess of the number originally provided for by the Tidal and Levelling Party. 
sssislao@ 

Apart from the results to be naturally expected from a well appointed system, the friendly attitude nod r e R d ~  
acc0rd.d by oficinls with whom it hr been neceeaary to ]lare denlinp,  ,lave h e n  molt hclnful m a n s  of b"n~nk! 'Or  aucce'3ru' ol 
..ll.in.tio. a project of very grent utility to tllo public, o m  ii. bidliy couducive to the dvaucement of the 
Geodesy. 

The execulire officers in charge of the levelling Operations, who hem t d e o  part, in the origin, the dml0prnrnt Ud'ho 

extension8 of the etandard bench-mark scheme, have been :- 

Major J. M. Burn, R. E., for one yeer, 1904-06. 

Mr. C. F. Emkine, for five years, 1905-10. 

Circle Number 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

a1 

32 

a3 

34 

35 

36 

37 

38 

30 

Number Town 

1 

2 

3 

4 . 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Town 

EASTERN BENQAL AND ASSAM. 

... Silchnr ... 
... Sylhet ... 

Dibrugarh ... 

BURMA. 

Bhamo ... 
Thabeitkyin :: 

... Sngaing ... 
,, , Mandalay. 

Maymyo ... 
Hsipaw ... ... 
Lnshio ... ... J 

... Akyab ... 7 

Tavoy ... ... I 
Maritime. 

Mergui ... 
Sandoway ... J 
Yamethin ... 
Thazi ... 
Kyaukae ... ... 
Myingynn ... 1 Chindwin. 

Pakokku ... 
Monywa ... .,. 
Thayetmyo 

i ... J 

- 
Cimle - 

BUEMA.-(~ontinue~, 

Theton ... ... 1 

Pa-an (Thaton District) 

Kyaikto ... ... 
Moulmein 1 TOIUIEOO. 

Kalaw ... 
Taunggyi ... ... 

... ... Loilem 
". I 

J 

... ... Insein 7 

... Taikkyi ... I 
... Kyauktau 

... ... Twante 

... Tharrawaddy 

... ... Zipon 

... Prome ... 

... ... Henznda 

Ifangoon. 

Myanaung 

... ... Danubyu 

Myaungmya 

I 
I 

... ... Mn-ubin J 
"' I 
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M~~~ yem before the present scheme of erecting atnndard bench-marks in all parts of India h d  been evolved, marks. 
Ecopi8ed , .tudard bench-mark@ had been cons t rudd  at the ports of Karachi, Bombay, Madru,  Calcntta and Banpon 

being to hare reliable bencll-mnrks of tidal referencw a t  those Indian ports where tidal operationm were to  be carried 
on r e r m m n ~ ~ y  They were sr constructed and placed as to render them practically imperishable. They are not of uniform 

nDd anfib the pattern thnt has now been adopted. They have all been connected by double levelhng of ~rec idon .  

ne following are descriptions of the old standard bench-marks of tidal reference :- 

KaPachi. 

 hi@ bench.m&rk ww accepted by Colonel G.  A. Laughton, I .A . ,  of the Bombay %venue Survey, 80 defining the datum 
of his survey of Karachi made in 1874-75 and all levels in Enrach~ are referred to it. 

~t is situated iu the south corner of the compound of Holy Trinity Church and consists of a circular masonry p~llar ,  2 feet 
2 inches in diameter, risiug 2 feet 9 incl~es above ground level. I t  is plastered with Portland cement, and ~ t s  top is cnpped by a 

thick horiaontal slate. An iron pin 2 inches in diameter, fixed in the pillar, passes through a perforntion nt the centre of the 
slste, end projects slightly above its surface, the top of the pin being the point of reference. The slate is inscribed as follows :- 

G. T. 9. 
BENCH MARK 

ACCEPTED HEIGHT ABOVE 
MEAN SEA LEVEL 27.65 

A.D. 1862. 

This pillar is protected by n substantial iron railing. 

Bombay. 

(1). At Public Works Secrctarid. 

This bench-~uark consists of a block of granite, 3 feet cube, resting on a masonry fm~ndation. The top eurfece of this 
block is on exnctly the same level as the bench-mark on the Town Hall etepe. The following inscriptions have been cut 
on this stone:- 

North face- 
Standard Bench Mark 

for 
Bombay 

Erected 1885" 

"The top eurfam of this stone is 19773 feet above the mean level of t h e  sea as marked on  t h e  granite stone let  into 
the south side of the north entrauce to the Prince's Dock." 

East face- 

"']'he top surface of this stone is 19 773 feet above the mene level of the see as  determined by Uajor A. W. Baird, R.E. ,  
in chnrge 'Wnl and Ifivelling Operai~ons, Survey of India, from observations with a aelf-registering tide-gnuge at  ~ ~ ~ l l ~  
Baudnrl extending from Jauunry 1878 to Janunry 1885. During this period the highest recorded high water wns 10.71 feet, rnd 
the loweet recorded low mnter wns 29 39 feet." 

West face- 

" The top surface of this stone is 100 feet above the plane of reference hitherto known as Tom Hall Datum." 

Bombay. 

42). At Prwtca'~ Dock. 

Rie bench-mark consists of a notch cut i n  a largo block of granite let  into the south side of the north entrance to the 
The bottom surface of the notch corresponds to mean-se~leoel, and is 19.773 feet below the stnndnrd bench-mark oppo- 

tile Public Works Secretmiat, or 80 227 feet above the Town &oil Ddum. The follow~ng insariptionj hae been cut on 
the block :- 

"The bottom, s u r f m  of bhis notch. 
80227 nbovo T. H. D. 
Mean Level of the Sea, 

1885 " 
Note.-Tbo Town Hell Dntnm, w l ~ i e l ~  is so imoeinary liuo.100,[aet b,elom Lhe benoh-marton the Towa Hsll atepa, is the datum to which lerela 

loo* sutPepd 8 .  Bolubsp lor moo) years, Lava been referred. 
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G. T. 8. 
The benchmark on the  Town Hd step8 is a n  inscription 0 cut  0. the bottom s h p  on the no&h ide of mhin 

B. M. 
entrance to the TOW,, Hall a t  Bombay. It is a few inches 8011th of the iron railing and imm@%ately above the 

bed lbc, wae the original bench-mark. 

Madras. 
G. T. 8. 

Thin bench-mark is a n  inscription 0 c u t  on  the north-east corner of the plinth of the old light.house sd is 
B. N. 

ebndard bench-mark for Madras ns accepted by the  Government of Madras in  their &solution No. 737 in the pubfie worts 
Department, dated 21th March 1885. 

The point of reference is within the  circle. 

Calcutta. 

This bench-mark consists of a solid block of Chunar sandstone embedded 6 inches in a maaonry foundation, the pohon 
of the block exposed being a 3-foot cube : the foundation is 5 fect deep and 4 feet 7 inches square, having its top surfMeafeA 
inches nbove the ground so as  to form a plinth or step round the block. 

It wae originally placed in the compound of the Matl~ematicnl Instrument ofice' (Survey of India), Wood Street,io 
front of the centre of the outer wall of the portico; but in 1909 the M. I .0 ,  buildings were extended and the bench.markwra 
removed and re-erected in the compound of the  Surveyor General'n o l c e  i n  t h e  angle between Wood Street and Short Street. 

The following inscriptions were originally cut  on metal plates let into stone :- 

"Standard Bench Mark 
for 

Calcutta 
1896." 

"The level surface enclosed within the circle engraved on the metal plnte inserted in the upper face of this stooei~ in 
the plane of reference, and is 18.80 feet above mean-sen-level a t  Fnlse Point, as determined by spirit-levelliug and nutomatic hdal 
observalions, the latter extending continuously from May 1881 to  May 1185, and both undertalcen in the courae of the Tidrland 
Levelling operations ~f the Survey of India Department." 

"The plane of reference is 26.83 feet nbove the level of the sill of Kidderpore old Doclc, the datum adopted bg the 
Burvey of India Department for the Kidderpore Tide Tables and by the Marine Survey of India and the River Yurveyorafor 
their c h a r b  of Kidderpore rind l)ia~nond I-larbour. It is also 15.85 feet above mean water-level at Kidderpore, ns determloedb 
the Survey of India Departmeut Spirit-Levelling and Automatic Tidal Observations, the latter extending co~~tlnuousl~from 
Marcb 1881 to December 1894, during which period the highest recorded High Water  a t  Kidderpore mas 2.7 feet, nud bbe]ortct 
recorded LOW Water  was 24 G feet below the plane of reference." 

{'The plane of reference is 18.G9 feet above mean-sea-level a t  Dublat, Saugor Island, as determined by the,8urrelot 
India Department Spirit Levelling and Automatic Tidal Observations, the latter extending continuously from April 1381'a 
April 1886. It is also 9.88 feet above a beucb-mark embedded in masonry, about 630 feet south of the site of tbe ~ u b l n ~ ~ ~ ~ ~  
Observatory a t  the foot of the main embank~nent  ". 

After the re-erection of the bench-mark in 1909, the  old inscriptions were removed, and the date engraved on the 
plate altered to  1910. 

Rangoon. 

This bench-mark consids of a 8-foot cube of polished granite, resting on a masonry foundation, erected in 
Cu'm 

House Bag-staff enclosure, a few feet away from the time gun. Thc,top surface of the stone is the plane of refemnee* 

The following inscriptions have been cut  on the stone :- 

North ride- 
" Standord 

Bench-mark 
for 

Bangoon!' 
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south ride- 

"The top surface of the atone is 16.69 feet above mean water-level a t  Latter Street and Brooking Street Wharves, a r  
determined by Spirit Levelling. and Automatic Tidlll Observations, the latter extending continuously from 1880 to 1892, and both 
undertaken in the course of the l'idnl and Lcvelliufi Operations of the Yurvey of Iudin Department : during this period the 
highest recorded High Water was 5 68 feet, alld thc lowest recorded Low Water was 27.05 feot below the top aurfnce of thig 
stone." 

Eaet side- 

"The top surface of this stone is 26.97 feet above Graham Smith's Datum. The datum adopted by the Survey of India 
Department for the Bsngoon Tide Tables and by the Marine Survey of India, and the River Surveyors for their charts of 
~ ~ n g o o n .  The zero of the Tidal graduated staff a t  Brooking Street Wharf also corresponds with Graham Smith's datum." 

West ride- 

"The top surface of this atone is 3.90 feet above the bench-mark inscribed on the base of the Obelisk at Elephant 
Point, and 292.43 feet below the permanent bench-mark embedded a t  Mandalay Bailway Station, aa determined by the Levelling 
Operations of tho Survey of India Department." 

Debra D h ,  

1st June, 1910. 





No. 3. 
MEMORANDUM ON THE STEPS TAKEN I N  1905-1910 T O  ENABLE MOVEMENTS OF THE 

EARTH'S CRUST T O  BE DETECTED. 

BY COLONELS. (3. BURRARD, R.E.. F.R.S.. 

Superinfcndent of Trigonomelrical Suwya. 

The rate, a t  which mountains rise in altitude, is generally considered to  be too slow t o  be obaerved, but  this view restm 
upon no sound basis. Tidal mensuremente in India have not, i t  ie true, brought to  light any decided relative movements of land 
6ndsea,* but reliable observations have been made during short periods only, and have not been sufficient to warrant any con- 
clusion upon the question at  issue. It would moreover be unsnfe to  assume that  no n~ovements of the earth's crust llnd occurred 
in the interior of continents, because none had been detected a t  tidal observatories. Slow movements, persistent but  imperceptible 
to man, may be taking place, and may be altering the relative le\.els of different places in India. 

Iu the Knngra (Dharmsnla) earthquake of 1905, the Siwalik range was apparently rnieed 0 4 f o o t  in a few seconds.t This 

earthquake had disastrous effects over n wide Himalayan area. Middlemiss states that the shock was due to a sudden rupture 
among the Sub-I-Iimnlaynn formations, "where the strain was specinlly great owing to  resistances to  the well established forward 
"rnarclr of the overthrusting foot of the Himalayan range."$ I n  this case tllerefore i t  was the shock, tha t  alarmed the population ; 
the rise of the Siwalik mnge wae an unnoticed effwt of the shock and would have remained unnoticed, had i t  not been subse- 
quently brought to light by levelling observations. 

If we assume that the Himalayn have been upheaved by successions of Bevere earthquakes, and if me take 0'4 foot to  be 
the average rise, produced by a eingle severe Himalaynu earthquake, thon a mouutain, like Everest, 29,002 feet high, must have 
experienced some 70,000 such enrthqunlres, since i t  first emerged from the  sea. Severe shocks nre experienced in the Himalaye 
about two or three timea in a century. The effects however of a single shock nre confined to a small area, and if the  elevation of 
the whole Himnlayn is to be attributod to the lit'tiug force of earthquakes, we shall hare to asaurm the occurrence uot  of 70,000 
severe shocks but of 70,000,000. W e  are not able to  disprove this theorp, but  i t  does not appear to nccord with t h e  observed facts 
of geology; those facts lead us to believe that the rise of ~~iountnins is due, more to the contiuual pressure of a lloriaontnl force 
acting upon the outer crust, than t o  the pel.iodic ruptures caused by the force. Sxperience in mines shows Bhat the rocks of 
the enrtll's crust will chauge their shape under comtilnt pressure; nnd n horizontal force, that  is sufficient to produce occasional 
fractures of the crust, is sufficient to overcome its rigidity, nnd gradually nod iwperceptibly to  create folds in i ts  susfnce. 

In  the Himalayo mountains India possesses a series of rnngea of comparatively recervt growth, and in t h e  Siwalik 
mountains me hnvo the most recent range on the face of the earth. No rises of the Himaln~-an or Siwnlilc ranges hnve 80 far 
been noticed by mno, and i t  mny be conceded tlllet the growtla of these mountains is not progressing a t  s suf i i en t ly  rapid rate 
to attrtact the attention of residents. But  what rate ot' growth would nttrnct the atteutiorv of ~ r i c u l t u r a l  nlld pns to r~~l  POPU- 

lations? Would the growth of a foot in 100 ymrs be perwived wit11ot1.t the nid of instruments and mmka? W e  w e  convinced 
that it would not be. A growth of even I foot in 10 rears might pa= unnoticed, if i t  took place grndually, and if i t  affected a 
"id0 oren The walls of houses would be craclred ocmsionally, mads and pipe-lines would b e  found t o  require periodic repairs; 
but the damage woukl be attributed t o  subsidence or rainfnll. 

I f  the Himnln~yn are growing at  the rate of 1 foot in 100 years, i t  will tmke leas than three million years for peak to  
rise from sen-level to the height of Mount Everest Provided hliable m r k s  are now placed upon rod[ iru Himlmynn localitiee 
accessible to lereiling operations, an average rise a t  the rate of 1 foot in 100 years will be detected by levellers before the lapee of 
a Century. 

Tile heights of penks fit M u ~ a o o r ~ ~  nud visible front lhl.ssoorce, wcre first determimd trigonomebricnlly between 1830 
lsj0. 111 1803 I thought t l ~ n t  i t  migllt prove of intcrost, i f  n rcdot,ormillnt,ion wore m ~ l e .  Rut  i t  a t  once became evident 

that  CfJmparisous of results would bo obtninablc. Tba trigonometricnl determinatioua, made between 1830 and 1850, were 
6aci0ntl~ accwntc to give vnlrles of height witllitl probfiblj 30 or 50 fect of the truth for eno~.~)enl ts ,  and within 5 or 10 feet Of 
the truth for pcake on ~ I I R  onter mnce.s, but tlloy \vere not ~uEcieutIy nccrlrnte to enable vnrintions in l~cighb to be detected. It 
" poaaiblo t h n t  the decrc.o oE nccnracy, neccssnry for t l ~ c  dotccl.ion of vnriatious, is n ~ ~ n t t ~ ~ i n n b l e  iu trigor~omctricnl obsorvntions ; - 

* Page 120 of l l ~ i s  rolome. 
t 63, 359 and a95 of this V O ~ ~ ~ ~ ~ .  
1 Kongra Barthpuake o j4 lh  April, 19N1 by Middlernisc, pwe 349. Memoir8 Qcologied Survey of Indio, Vol. E2iXVLl1, 1910. 
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whether this may prove t o  be the case or nott, We cannot a t  present tell. W l a t  We do know i8 that trigonoaet~cal ob~bhhia, 
of the higllest attainable nccurncy were not taken between 1830 and 1850, and uutil such measurementa 
poeaible with spirit-levelling) hnve been mnde and repeated a t  long intervals of time, we shall possess no grounda hi whelerer 

which lo base discussions of variations of height. 

F~~ the detection of changes in the outer mountnins spirit-levelling operations a n  evidently required, and in 
,,now.pe&8, iunccessible to levellers, long series of trigouornetrica1 obael~vations are Decea&ary. If a trigonOmelrica, Ilue 
height for  a dietnut snow-penlr were all that we mere seeking, i t  would be best to  observe i t  from 10 or 12 different 

eve. ting two days to each. The cl~nuces of co~istnnt error nod the effects of abnormal re f r r t ion  become cancelled, if 
of obaervaCion are ~ l l u l t i ~ l i e d ;  a good menu value o l  heislit is then obtained. But when variations in height 

thehim oloul  
rerrenrcues, we need ]lot eudeavour to  cancel stational errors, for we are no longer seekiug an exact absolute value, ~h e best plan 

is to mnke a long series of observntious from one fixed point throughout ditfereut seasons and ditierent yeare; we th  ereby 
attain a c o u t ~ ~ ~ o ~ s  record, and if tbe  observations be repeated 100 years hence, data mill be obtained upon which diacuesiool 
of variations may be based. 

W e  have tllen a t  present no data for such discussions. W e  can make observations, but we have no earlier obserrsfioos 
which to compnre. The only course open to  us ie t o  take such eteps now, as will possibly enable our successors lo 

detect variations iu height. 

The steps, thnt  have been lately taken, and that  are  still in progress, may be classified under three heade :- 

(i.) The determination by spirit-levelling of heights of rock-cut marks in  all parts of India. 

(ii.) The observntion of several Himalnynu lines of spirit-levelling. 
(iii.) The series of trigonometrical observations to  Himalayan stations and perks carried out by Mr. H, Q, 8hP,a 

I will now give a ehort account of these three classes of observations. 

( i ). The deternzination by spirit-levelling of the heights of rock-cut mnrka over India. 

Unconsolidnted ground is useless as a foundation for bench-mnrlte tha t  are intended to be perpetual. A bench.mlrk 
erected on alluvium may settle and sink into the ground; n chnuge in its height does not necessarily denote a movementof 
the crust. 

The extensive plains of Northern India, consisting of alluvium deposited bg the Himalayan rivers, possess no oulcropaol 
rock except along their borders. The peninsula of India exhibits numerous outcrops of rock, nud offers suitable site8 for  rock.co~ 
bench.marlts in all directions, but  even in the peninsula, rocky tbough i t  be, there are large nreas of riveraiu alluvium, uponwhichno 
perpetual marks can be founded. 

The Indian rnilway-lines hnve as n rule been carried along the flat alluvial tracts, nnd have only been tskenorer 
muuntainous nreas, where the latter were unavoidable. The lines of spirit-levelling have to a considerable extent f~llo~edlle 
lines of railway. 

The spirit-levelling operations mere originally intended to  he of use to  engineers, and the work of engineera ismrioll 
confined to the regions of population and fertility. 

Wheu  therefore in 1903 the lists of bench-marks came to be exnmined, the  number of mnrks that had been @nPrld 
upon ground-rock was fouud to  be ertremeiy small. During certain periods of levelling the present and prnctical use3 of 

marks appear to have been regarded to the entire exclusion of t b s  future and scientific uses. I n  many instances mflrkabarebeen 
inscribed on unstable culvert%, bridges and railway platforms in preference to ground-rock in the vicinity.t For gcieolise 
purpose@ marks on culverts, bridges nnd plntforms are useless. 

Since 1908 the levelling officers have been devoting much attention to  the question of rock-cut marks, 
mshing every endenvour to  obtain perpetual records of height in a11 parts of the couutry. 1 

0 1 1  Page 69 the quesl.ion of n fundamentnl bench-mnrk was di8cueaed, and five bench-marks were mentioned. 
O"O' 

which would hnve been suitable to be a p e r m n ~ e n t  bet~ch-mark of reTerellce fo r  India. It woi~ld be easy to 

For Mr. Show's I~eiglits of snow.penha, see profoco to Synopticnl rolu~ne XXXV, G.  1'. Gurrey of  India. trn~fb 
t Two lines of  lercl ascend tile ghouts from Bombay, the southcral leading to Poonn, the norlhern to Nnaik. For man7 mile9 bnLhli"ra B~rnbJ ld 

lolid rock. In 1877.78 the levellers from Bombay to Poone, (119 miles) placcd no mark upon this rock : in the same year tlleIerellera.'rom ,,ro~lk 
A.aih (121 milea) placed four mnrhe upon rock; those four marhs woro too few, hut they Ilnre sufficed to make lhe Nmlk lins8upor'orM 
opention to the P o o ~ ~ a  line. Fresh marks upon rock are nbout to be added to these two linea. 

The following few instance8 msy bo quoted to servo as ~llualrationa of r ~ c k - ~ u t  mnrka:- 
6 

. 0pjanbJ 
v.1 XtxA, *go 17. benchmark pages 125.141, Knrwnr.Bellary. Bee .la ?dhow, Bhopal, Dhulim on line 34. 

CoI~''nM' 

(De~oan) W a d h s ,  Kalyan Kedgaon, 1)iksal to Qulbarge, Ctooty to Arkonam, on which rock-cut marks bare been erected. 
.ol. m, 6'68 &obi. B u k k ~ ,  L j k o t ,  (todhn. H ~ d e n b a d  (Sind) ; 8.0 al l0  l trel . l ino~ h o s e p o r e  to OhWbn 

lo OW ' 
060lUli. 
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In t ,,,any equa lb  nuitnble marka, b u t  nothing would be p i n e d  by  the  inclusion of ~ u c h  a lint h e n ,  am all t h e  rock-cut 
bench-marks Of Iudia will be found fully dencribed i a  rolumes S I Y A  and YIXH. These two volumes a re  aequela of t h e  p r e ~ e n t  
volume XIX; tiley have been bound separntcly in  order l o  11n1it the  bulk of t he  latter.  

jf,,lly statious of t he  triaugulation cousiat of marka engrarcd upon rock, and several of theae have been cull- 

llected by level l i~~g. t  But principal  station^, even \ V ~ I O I I  their marks nre upon grou~~tl-roclc,  cannot be rrcccpte~i as  p r i~na ry  
Bt;ludn,.dy of height without exn~niuation of ~ l ~ e  field-books. Mauy of these stations a re  on precipitous hills, unsuited for  level- 
ling operntion~, hnd tbe determinations of height are  couaetlueutly uot  always reliable. I n  certain cases, too, t he  heights of t h e  
rocl(.cut marks hnve not been determined, t he  levelling having clooed upon t h e  upper surfaces of t h e  brick pillars built  over t h e  
marks. 

The principal station of Sanichari may be quoted ns nu instance of a satisfactory rock-cut mark, the  height of n i ~ i c l ~  
wm determined by spirit-levelling. 

~t 111e principnl stations of Gurramlrouda, Thikri, Ongole, and Ror the  elevntions of t h e  upper mark-stones were rleter- 
mined by levelling; but as  the  heights of t he  pillars above the rock-cut marks were also recorded, t h e  elevations of t h e  rock-ctrt 
marby themselves are deducible. 

Gldgnrh, Ninlamari and Hnltibetta are  i~lstancee of stations, where t h e  pillars were couuected by spirit-levelling, but n t  
which the heights of the roclc-cut marks tl~ernselves c;unuot be deduced with certeiuty. 

I t  is iuteuded to engmve many more bench-marks on grouud-rock in  different pnrts of Ind ia  within t h e  next  few 
geora; and in order to ensure that  these marks a re  not all obliterated by cllemical change or by growth of vegetation, some of 
them  ill be protected by pillars. $ 

( ii ). The Hinrnluyun l i ~ t e s  of spirit-levelling. ' 

Seven scientific lines of simultaneous double-lorelling hnve been recently carried, or a r e  about  t o  be  carried in to  t h e  
Him~layn. These lines all follow main roads suitable for  levelling, and nll will hnve many bench-marks engraved upon grouud- 
rock. 5 

The Himalayan liuea of level a r e  :- 

Mountain line 

Rnjpur to Mussooree, 
Tibbn, Banog. 

Siliguri t o  Tiudharin 

Knthgodam to Naini Tal 

Kotdwnra to Lansdomne 

Pathankot to Dhnrmkot 

Knlka to Solon ... 
hwalpindi to Murree 

I Number of rock-cut I bench-mnrks 1 
Length Conuecting link nilh level-net 1 i n  1 n 1 c 8  1 Totnl 1 ~~$~~ 1 

Lal- 

... 

about to he a t  cverg 
completed 5 miles I I 

22 

19 

-- 

43 

8 

14 

26 

49 

not  ye t  
complete 

- 

Saharanpur-Rajpur . . . 
~ 

15 

2 

2 

5 

11 

6 

c o n ~ ~ e c t e d  a t  Siliguri . . . 
Bareilly-Knthgodnm . . . 
Hardwnr-Kotdwaro ... 
Lahore-Patbankot . . . 
Ambala-Knlka ... ... 

co~lnected a t  Rawnlpindi ... 

. .  I t he  proposal to extend frotn Murree into Knshmir is under 
cons~de ra t~ou .  

Dote of 
observnlion 

0. N. Puahong j T. /. P i t c l ~ e n  
0 .  N. Pushong 
1'. F. Ki t c l~en  
0. N. Pushong 

[l'. I?. Kitchen 
A. M.  Tulati 
0. D. Jackson 

C I I I 
' Wll rn  volull1o XIX wns erst undcrtnken, the intel~bion wns to I ~ I I ~ ~ P  ~t i ~ ~ c l ~ ~ d o  011 lists of  be~tcI~-nln~.ks. Tltrse llsls I~on,crvr PI .OIP~ lonc~ 

"inn lln'l bean nlll.iciplltcd, nnd it wns fo~tnd ncccssnry to devoto eepnrnlo v o l t ~ j ~ ~ e  to t l~rnt;  t,110 Iutte~ wou ill t l~e  first. irmtnnce nulnbo~.e<l XS, ail 
Pn:ca H5 nl ld  101. ullt w o n  t h i n  volun~o proved to be too h u l k v ,  alld  it,^ fut.tllcl. sljl,-d~risio~~ into t\vo p~trts becn~lte (Ic-si~tible. Instcnd Illen t l k  numberir 
''la Lcrelllnk? r"llllne XIX, nnd tllo two vol~uue~ col~tnining'llsts of be~~~.l~.l~iurks YS nnd XXI, we have IIUI decided to 11111uber tllelt! re~[~ectiroI 
XIXs X l S A  and XIXI4 ~~. .  . 

t Tllo I""'ciplll st.mtions will be found enl~morntcd in nppendir G of t,llls s o l ~ ~ m c .  Thsy \pill bo found drscribod in vol~~~ocs  Y K ~  nnd XLXB. 
1 A Prul~ccting plllnr for rock-cot beneh.nlnrks wns introduced by 511.. Prsk~ne in 1909. The plllnr 19 or masonry, 2 feot sqo:rle, with a holl0 

conLro incllcs s¶llnre. The llollow aL the top of Lhe pillnr is closed by n s~one.slnb. w l ~ i o l ~  bears tho inscription 
Q. T. S I I T V ~ ~  - 

U 
Uppcr 111nrk Tllo slnb is no Rxod.  hot the circle inscrihod on it is rorl~ienlly above tbl. cirrle cut on  the rock i n  silu. 

In lDOD.10 fort,~.llino sooh pillntrs wore boilt over rock-cut bcnc I~ .~~~~~r l ; r ,  ,,l'rur Lllo tn:lrhs had boelt cc,l~nectad by levelling. Two of tllese pillar8 
"O K n r n c l l i  

n l  Sllkkur, one at Hnjkot, one st D l~~~ l in ,  on0 nt Vizngnpu~um, one UL Hyderabnd (Yind) : there are 41 of theae pillera on the Hima- In9an line8 of  i c r c l ,  
5 see pHre 342. 

I1nm 61 A, 61 8, 61 0, 61 D, on psgo 2.2 : ree slao pngoe 3J2, 369, snd 396 
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T* renulta of the levelling from 8aharanpur to  Musaooree. La1 Tibba rind Banal will be publi~h* in voll,,,IIIIB, 
the .rulta the o t b r  Himnlnyan level-linos will not  be available i n  t i u e  for inclu~ion iu volume XIXU, which i8  ,,lnadyin C 
p r i ~ ~ b r ' a  hands. 

Other bmnnch-lines of level nre being projected into tho rnoantnins, soutl1 of Allnl~nbnd and Bangs], 
n8tof Ismnil nbnu ,  80 thut tlle rock of the Vindhyns nod of the Sulimnn rnllges m* be tied by levelling to t l l3  

the ~ i ~ ~ ~ ~ ~ ~ ,  

( iii). The trigonornetrical observations by Mr. H. (3. Shaw, 1905-1909. 

Mr. S11aw had five stntions of observation :- 

Station I Mussooree (Sham's Station). 

,, I1 Dehrn lh in  (Sbnw's Station). 

,, I11 Nojli (Shnw's Sht ion) .  

,, I V  Nojli Tower Station, upper mark. 

,, V Nag Tibbn l~i l l  stntion. 

Two stations mere poryosely introduced a t  Nojli, one 50 feet higher then the other, as we wished to eompsrOthO efecb 
of atmospheric refraction nt ground-level with i ts  e5ects nt nu altitude of 50 feet above the ground. 

Mr. Shnw'a trigonometrical observntions consisted of the following series :- 

The following descriptions of Mr. Sham's five stations will, i t  is hoped, enable the sites to be identified 6 hundred fern 
hence. The aht ions are a t  present being carefully preserved. 

Firet Series ... . . . 

Second Series ... . . . 

Third Series ... . . . 

Fourth Series ... ... 

Fif th Series ... ... 

Sixth Series ... ... 

Seventh Series ... ... 

Domr 
Station I. niu~sooree (Yhaw's Station) is 25 feet -st,  and 178 feet south or 80 faat 9. E, of a1u3800we 

Obnrvntory Jlation (Evelyn Hall) (v ide Synoptic31 vol~~rne of tho Great b r c  Meridionnl Jeriss-Re~ti"n 2g-3°0, Rlth  We m "EL' nonulnJ 
I t  is n pnkkn pillar 3 feet in diameter nnd 1 foot 9 inches in height, upper surfnoe b m n g  flush with ground love', 
4 inrhea in width. The spirit-lerellcd orthometric lleisht of ~ u s ~ o o r e e ,  shnn'. Jtntinn, is 69299 feet and of Muuara 
Ob-rvntory (0. T. 8 .  Hill Station) is 69:Ki.O feet, the difference between the two stntious bein: 5.1 feet. A 

O b s e r r n t i o l ~ s  of verticnl nnglea 

From I to  11, and from I1 to I 

From I t o  111, m d  from I11 to I 

From I to  IV,  and from I V  to I 

From I to  V, nnd from V to  I 

From 1 to  the I-Iirnn.lt~yan yenks of Bnndarpunch, 
SriLanta, Jnonli and lcedarnath. 

From 111 to  the FIimnlnynn penka of Bendnr- 
punch, Yriknnta, Jaonli nnd Kednrnath. 

From V to  the E-Ii~nnlayan penks of Bnndarpunch, 
Sriknnta, Jnonli and Kednrnath. 

in U*onl 

MnnJ' r0ck.cuf. n l a r i s  will be  f o u n d  in  volorne X I X B  o n  l i n e  61A b e t r e e n  h j p u r  a n d  Mua800ree, follr in Musooree itnell"hne 
w r e n  b e t r e e n  Muaso,nree a n d  Danop. thro~lb'~' 

1- Llelll. 3 l o r r l ~ ~ ~ n d ,  RE., levelle<l t o  t h e  cmnnl bench-rnnrhs e t  Aerdwnr, wllich nre s i t ~ ~ n t c d  in  t h e  gorge cut "I1' dnr ln 1910 P' 
elrmllk n n r e .  A. Illere marks were nnssnnry erwl ionr .  Lieutenant* Bell s n d  Haaon,  R.E., levelled to a rock.cut bench.1nsrh "(h ", Lh8 .wJ 
Osnu0 i* r o ( t l n ~  nCro88 tile s l i l  of  tbs Siwsllk m n p e  s t  Harrlwar, and it, w i l l  be ,,f inhereat observe, whether t h e  futnre ,p hl~btFI 
rna.e d r c m a *  in t h e  river', ~ r d i r n t  .bore H s r d w n r .  n o d  a n  increme of p d l P n ~  below. T h e  erosive power of t h e  anngc' I' !'"'',i,j tbar*d 
will p m b - h l ~  be able  lo rnm~ntr in  i b  cnuras B e r w  t h e  range, however t h e  latter grow. me have no gmundn for bslla'lo" mtr(U~ orlf ;'' 

E i i ~ d l k  r u g s  ever been 1 5 e i e n l l y  rmpid b d a m  t h e  Oangss, b u t  i t  hal probBblg st times been s serious obabele to 
In 

Jumb.  
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Station II. Dehra DBn (SII&W's Stntion) is 10 feet west and 21) feet ~ o u t h  of the Dehra Dhn (Haig Observatory) 
~ ~ ~ i ~ ~ , j ~  statiol~ (Cowio'~ Statioll) (vide C f .  '1'. S. Val. X V I I I  page (39)). I t  is 79 feet 8 inches east of the Dehra DBn Longi- 
tude station ( s t r d ~ a n  and Uurrnrd'n Station of 18S.j) (uzda (3. T. 9. Vol. X V  Appentliz ,,age ( 5 )  nnd Vol. X V I I I ,  page (59)). 

It iu  l , a l t lLn  pillar 3 feet in dinlneter all(1 3 h o t  irlchea in hei:.lit, the upper surface beiug flush with ground level with a n  
aon,llus 3 irlcllas in widlh. 'The spirit-levelled orthometric heigl~t is 223L.3 feet. 

Slatiorb III. Nqjli (Sham's Station) is 7 feet enst and 19 feet south or 20 fccl; 8. E. of (!olnncl Campbell's Idatitude 
station, 63 feet from S. E. corucr and GY feet from N. E. corner of Nojli 1'. S. I t  is a pnltlta pillar :3 feet in diameter and 2+ 
bet in ~ , , , i~~ , t  u1)per surface of tvllich i@ flush with ground level, with an annulus 3 inches in width. A stone 6 x 6 w 9 with the 

(t.T 8. 
letters 0 inscribed on i t  has been embedded in the centre of the pillar, upper surface of which is on a level with top of the 

D.Y. 
pillar, The spirit-levelled orthometric height of Nojli (Sllnw's Station) is 886.7 feet and of Nojli Tower Station upper 937 o 
feet, the diffcrcuce being 50 3 feet betweell the two stations. 

Il? Nojli Toner Station, upper-mark, is a principal station of the Grent Arc Meridional Series of triangu- 
lation, sectioo 2h0 to 30.' It is situated about half a mile 9. of the villngc of the same name and about 3 miles S, E. of Bsli& 
bheri Railway Station, 0 and R. Railway. 

Sintion V. Nag Tibba 11.8. A circle and dot inscribed on the upper surface of a stono embedded centrally in a circular 
luaeonry pillar 40 inches in ~l ia~neter  and 2 Feet in hoiglit. Vertically below this upper mark, 2 other stones similarly inscribed 
fire embedded 111 t l~o  ce11tl.e and in the foundatiou of tho pillar respectively. Around this pillar, a circular mnsonry ring has been 
built one Soot th~ck  nut1 of the salne height as the pillar leaving a concentric space 3 inches wide, and surrounding this n platform 
of enrt,h rind stones 14 feet square has been built. It is on the sum~nit  of tho highest of three peaks locally known as Nag Tibba. 
Tho l ~ i l l  cau be appronched f r o r ~ ~  hfussooree in 2 marches by several differeut paths all of which are very steep in places. There is 
nsite for good camping ground ou the spur runningvlorth from the station, and water is found on the north side of the main ridge 
to  the eaet. 

A pillar of stone covering a mnrk-stone sunk in the ground wns found on thia point, the mark-stone was not disturbed 
and it formed the lower mark-stone over which the pillar was built. 

The followi~g table shows the distnnces in  miles of station I from Mr. Sham's other stations. 

Distance of I 

trtilea 
9 454 

45 927 

45,951 

9'886 

The following tnble shows the  distance^ in milea.of the four snow-pealrs from Mr. Shaw'o s t ~ t i o n h  

Mr. qhaw'l observations have been considered from bhree different nspects :- 

(i.) An fllmishing determinations of the heighba of anow-pesks,. vide preface to Synopticbl. volume XXXV of the 
T. Survey of Indie. 

From 

I 

111 

V 
I 

Distnnce of 

Bandorpunch 

mi1r.r 
47 129 

92 923 

37,370 

Srihnots 

mites 
65.414 

99 800 

46,405 

Jaonli 

miles 
54'062 

96 961 

45.814 

K e d m s t h  

miles 
63.759 

104.148 

56'435 
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(ii.) Am hmiah ing  information concerning ntmospheric refraction, which will be dealt with in a BepmQ ppoblila 

(iii,) As indicating the relative heights of stations and peaks in  1905-1909. 

this nppOndir we nre only concerned with the third aspect,-tl~e relntive heights of various points in 1935.1909, vo 
,,-illl now to  record the relative heights, as determined in 1905-1909, in order that tLey m q  be rvnilnble for  eonyari4 sIlb 

future mensurement~. 

as of relntive Leights, the observed rerticnl u11gler ore more useful n11d f~rruisll ailnpler data than daluladi16 

lleigbt in feet, Tile rerticrl nngles are derived directly from obaersrtiou, nud they cru be repafed 
ol ,h ground at time. Differeuces of heigllt in feet hnve to be ~lcdoced fi.0111 tile vertical al~glca by tile nid of rouio 

co.efficient of refraction. As permnnent records of dnta, obtained in 1908-1009, the observed vertical nngles have 
in the following tables. 

RsSst Series. 

PejlticaZ angles between Stations I and II. 

Bimulkneou~ reciprocal ob~errnt ioru;  

I iour  of obsorrnlion 

5 n. m. ... 
10 a.  m. ... 
Noon ... 
IIinimumrefrnction 

4. 30 p. m. ... 

Height of instrument 
nt I. 

Height of instrument 
nt 11. 

lIeig11t of signal a t  I 

Height of signal a t  I1 

Hour of observation 

S 8. m. ... 
10 n m. ... 
Noon ... 
Minimum refraction 

4. 30 p. m. ... 

From Station I to Station I1 (angle of depression) 

KOT. GI11 KO.  

to  l l t h  1 of 
190; dnys 

5' 26'+ 

* 
10.90 

17'00 

1 9 ' 5 0  

2 0 ' 5 5  

1 8 . 2 7  

3  

3  

3  

6  

3  

From Station I1 to Btntion I (nngle of elavntion). 

feet 

4 ' 9  

4 . 9  

2 . 5  

2 ' 5  

k::i:O K O  
2611, 1 o f  
1906 dugs 

OCt. KO. 1 of N&i''h dnys 

5O26'+ 

1 6 ' 8 0  

1 7 ' 5 0  

2 0 ' 8 2  

2 1 ' 7 8  

21'82 

:\pl.il 8th SO. 
to  3 r d  of 

1907 days 

5'26'+ 

1 5 ' 5 7  

1 8 . 4 1  

2 1 . 3 3  

2 1 ' 1 7  

21 '71  

1 2  

3  

3 

1 2  

3  

s 0 2 6 ' +  

14 .00  

1 7 ' 1 2  

2 0 . 5 3  

2 1 ' 1 4  

20.75 

~ c ~ . ~ ~ ~ ~ !  No' 
to 3lst of 
1908* dlS 

53 'S'+ 

53'" 

45.38 

4 3 3 i  

3  

47'" 

I l n r .  so 
End 101 ,( 

8''. 

1 5  

11  

8 

1 2  

4  

feet 

4 ' 9  

4 ' 9  

2 ' 5  

2 ' 5  

l o  

8  

8  

7  

5  

~ c t  21rt NO. 
to 8 1 of 

1907 dnys 

__-/- 

j"19't 

""' 
i 4 S i J  

"." 

4 h B  

feet 

4 ' 9  

4 . 9  

2 ' 5  

2 ' 5  

feet 

4 . 6  

4 ' 6  

2 ' 5  

2 ' 5  

5' 26'+ 

7 

1 6 ' 6 5  

1 7 ' 5 0  

2 1 . 3 0  

2 2 . 3 0  

20 .72  

' 
' 
' 
' 

' ' ' l ' ; ~ l l  NO. 

A d  1 

9  

8  

7  

10 

4  

~ n r .  0t11 SO. 
to 2 0  1 ol 

19V8 dnys 

-1 

'St+ 

" 
5 5 . 3 7  

46 .68  

43"4 

4 3 . 3 0  

46 .47  

Nor. 7th No. 
lo 14tl1 1 , !  

feet 

4 ' 6  

4 ' 6  

2 ' 5  

2 ' 5  

5' 26'+ 

13 .25  

17 .58  

19 .43  

19 .68  

20 .34  

4  

4  

4 

5  

3  

j " 1 8 ' t  

56 .16  

4 7 . 7 4  

4 2 . 8 8  

I 

45 .96  

Mar. 4th No. 

t;9:y1 1 ,$ Oct' 2BtL KO No:03rdI dg 
1005 

7  

6 

5  

6  

3  

0~1.  2?11d~ hO,  
to 3 1 3  
1908* dog# 

3  

3  

3  

6  

3  

5"18'+ 

" 
5 7 . 4 1  

50 .49  

47-02 

4 5 . 7 6  

4 8 . 4 9  

5' IS'+ . 
5 j . 9 0  

4 7 . 8 6  

45 .2)  

4 3 9 0  

5 0 2 6  

feet 

4 ' 9  

4 ' 9  

2 ' 5  

2 ' 5  

5' 26'+ 

6.74 

9.94 

11.72 

12.36 

10.95 

hpri16,11; 
11. ., 

lg(n dal! 

j"z6f+ I 

Jlnr. l a b  No. 

' 1 
4  

4  

4 

4  

3  

3  

3  

3  

6  

3  

7  

7 

7 

9 

7 

1 3 . 8 ~  

1 6 . 3 ~  

18.46 

1 7 ' 3 2  
- 

501S1+ 

6 0 . 1 9  

50 .19  

4 4 . 4 9  

4 4  

4 6 2 9  

Oct  24th No. 
to 29th , 1 d B  

feet 

4'9 

5  '0 

I '6 

3" 

1 

6 

8 

1 

3  

3 

3  

5  

3  

j018 '+  

5 1 . ~ 8  

4 1 . 9 5  

4 1 8 0  

4 2 . 4  

46 .66  

/& 
4 '9 

4 ' 9  

2'5  

2 . j  

5  

5  

5  

6  

4  
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Second Serieu. 

Pertical angles between Stations I m d  III. 

- 
From Station I to Btalion 111 (angle of depression) 

Hour of observation Oct . 31st 1 2. 
to Nov. 8th 

1906 doye 

I0 42' + 1' 42' t 

8 n, m. ... 38.62 

10 a. m. ... 37.41 

Noon ... 46.91 

Minimum refraction 54.25 

4 . 3 0 p . m .  ... 52'86 

6 

4 

5 

4 

2 

April&" 2 
to 23rd 
1907 daya 

Hour of obaervation 

8 a. m. ... ... 
10 n. m. ... ... 
Noon ... ... 
Minimum refrnction ... 
4. 30 p. m. ... ... 

Apri16th I "0. 
to 16th of 

1909 clnpe 

I0 42' + 

41'41 

45.56 

58.35 

63.41 

62.57 

1' 42' + 

45.04 

j6.24 

59'74 

61.87 

61.50 

8 

8 

4 

5 

4 

Height of instrument n t  I ... 
Height of instrument a t  I11 ... 
Height of signal I . . . 
Height of signal I11 . . . 

From Stul.ion 111 to Stetion I (ungle of elevation) 

8 

6 

5 

6 

I 

f e d  
4.6 

4.6 

1.6 

1.6 

feet 

4' 9 

4'9 

1.6 

1.6 

Dec. 1st 
to I 1 2' 
1906 days 

feet 

4'9 

4'9 

I .6 

1.6 

feet 

4'9 

4'9 

I .6 

1'6 

1'8' + 

168.61 

82.47 

40'22 

29.84 

feet 

4'9 

4'9 

1.6 

r .6 

8 

8 

7 

7 

Unr. 8111 
to l t l l  1 
19OG dnys 

no observations 

Nov. 22od 
to 1 . c  ,111 1 2' 

IOOG dnys 

I" 8' + 

100.53 

51.31 

32'89 

26.90 

39'47 

Mer. 18th 
to 3 1 2' 
1907 days 

t08'+ 

150'21 

63'94 

32'15 

25'38 

38'80 

6 

7 

5 

4 

4 

to 8' + 

96.74 

44'55 

a5.96 

23'92 

39'74 

Mar. 8th No. 
to 12Ll1 1 of 

1909 dugs 

2 

5 

3 

4 

3 

4 

4 

3 

z 

1' 8' + 

112.87 

54'19 

23.07 

19.94 

27.51 

3 

4 

4 

3 

2 
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Third Seriee. 

7ertical angles between Stations I and IP. 

Hour of observaLioq 

8 a. m. ... ... 
10 a. m. ... ... 
Noon ... ... 
Minimum refraction ... 
4. 30 p. m. ... ... 

... Height of instrument nt I 

... Height of instrument at I V  

Height of eignal at I ... 
... Height of signal at I V  

H o w  of observation 

... 8 a. m. .., 

... 10 a. m. ... 

... Noon ... 
Minimum refraction ... 
4. 30 p. m. ... ... 

From Stntion I to SLnlion IV (angle of depression) 

April lgth 
lo  25t,h 

1906 -- 
l o  41' + 
63\g 

78.21 

81'47 

83.75 

82.99 

N ~ ,  
days 

3 

3 

2 

3 

3 

feel 

4'9 

4'9 

1'6 

2'4 

feet 
4.6 

4.6 

1.6 

3.2 

April 8th 
p ~ ~ ,  Of to TJrd 1 

1907 

feet 
4'9 

4'9 

I $6 

3'2 

tT;6:;h 
1909 

l o  41' + 
58'33 

70.28 

75.30 

76.68 

78'63 

lo 41' + 
60!'33 

62'18 

75'53 

80.41 

80'59 

From Station IV to Stnlion I (nngle of elerntion) 

No, of 

8 

7 

4 

7 

3 

7 

8 

5 

5 

4 

No,ot 

2 

3 

3 

3 

3 

Yarrh 13th 
to lClh 

1909 

lo 7' + 
143~~63 

78.65 

50'90 

44'83 

46.48 

Mnrcl~ 17th 
to 22nd 

1906 

1" 7' + 
1 1 2 : ' ~ ~  

64.69 

47-47 

45'44 

46.62 

No, 
days 

z 

3 

4 

4 

2 

IInrr11 25th No ,oE  
to 26th 

I907 1 
lo 7' + 
120'78 

74'79 

48'99 

45.97 

47-11 

4 

4 

4 

3 

3 
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Fourth Seriee. 

Vertical angles between Stations I and P. 

Hour of observation 

Height of signal at I 

Height of signal at V 

Hour of obserrstion 
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Ayth Series. 

Pertical angles from Station I to four snow-peaks; taken in the afternoor 
at the time of niinimum refraction : (height of instrument = 6 feet). 

Sixth Series. 

Pertical aptgles from Station III to four snow-peaks; taken in the afternoon 
at the tinhe of nzininzum refraction : (height of instrument = 5 feet). 

November 6th to 14th, 1905 ... 
April 12th and lBth, l9OG ... 
October 31bt to November 8th, l9OG 

April 8th to 23rd, 1907 ... 
October24th toNovember 22nd,1907 

... Dlarch 10th to April 18tb, 1908 

... October 21st to 31st, 1908 

April 8th to 29tb, 1909 ... 

Bandarpunch 

Elevation 

o I or 

2 52 20 

2 52 5 

2 52 14 

2 52 5 

2 52 I 8 

2 5 2  7 

2 52 27 

2 5 2 1 2  

December 7th, 1905 ... 
Dlarch 16th, 1906 ... 
December 4th nnd Sth, 1906 ... 
March 23rd, 1907 ... 
January 14th to 26th, 1909 ... 

- 

Kedarnath 

Srikanta 

Number 

o: 
obaer~ed 

6 

2 

7 

I 

lo 

6 

8 

I 

El0lation 

0 I *  

,,. 

... 
1 38 

. , n 

3' 

Elevation 

0 1 1  

2 13 24 

2 13 6 

2 1 3 2 1  

2 I3 15 

z I; 30 

2 1 3 1 5  

2 13 39 

2 13 19 

ii"rnhf 
of dajl 

oorh~rl l  
obrand 

' 

Bandarpunch Sri kanta 

Number 
,, Of d"ys 

observed 

9 

8 

5 

11 

5 

9 

2 

Jaonli 

Elevation 

0 I  ' I  

1 4 4  9 

I 43 48 

I 44 19 

... 
I 4 4 2) 

Jaonli 

Elorotion 

0 1 1 

... 

... 

... 
I 28 30 

I 2 8  24 

Elevation 

-- 
0 I 8, 

2 37 26 

2 3 7 9  

2 3 7 2 0  

2 37 16 

2 37 23 

2 37 14 

2 37 39 

2 37 20 

- 
Kedarnath 

Number 

o ~ , " ~ ~ l  

observed 

I 

I 

2 

... 
3 

Elevation 

0 I *  

... 
I 43 16 

1 43 34 

... 
I 43 56 

Number 

oonf:;::,I 
observed 

... 

... 

... 
I 

3 

Number 

o ~ f , " ~ ~  
observed 

5 

I 

8 

3 

12 

6 

9 

I 

Elevation 

0 1 "  

2 18 lo 

.,. 

2 1 8 0  

2 17 53 

2 18 6 

2 17 51 

2 18 2 1  

2 17 59 

Number 

o ~ , d l f ~ ~ l  
obaervcd 

... 
1 

I 

.,. 
3 

Number of dl,& 
On sh~rh 
obaa~rtd 

0 

I 

9 

r 

6 

I 
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Seventh Series. 

Pertical angle8 from Station P to four snow-peaks; taken in the afternoon 
at the time of mitiinturn refraction : (height of instrument = 5 feet). 

The horizontal angles between the four snow-peaks of Bnndnrpunch, Srikantn, Jaonli and Kedarnath observed a t  various 
times are ns follows. 

Horizontal angles betweel& the fozcr snow-peaks. 

Kedarnath 
.- 

October 9th to 16th 1908 ... 
May 5th to loth, 1909 ... 

Jaonli 

Elevation 

0 1 .  

2 7 5 5  

2 7 3 0  

Elevation 

0 1 "  

2 30 36 

2 30  13 

Srikanta 

Nurnher 

:,zi::h 
oh~rrved 

t 

I 

ObsorTed llorizontal 
angles 

0 1 8, 

4 65 31 

9 62 47 

21 13 6 

11 20 19 

10 21 44 

15 9 59 

13 2; 19 

19 50 54 

35 47 59 

6 25 35 

22 22 40 

15 57 6 

S t a t ~ o n  dl observnt~on 1 0110 1 t e e n  t o  p e a  of 

Number 

o ~ f , $ ~ ~ h  
obeerved 

4  

I 

Bandarpunch 

Elevation 

0 I ' I  

z 5  2 1  

2 4 5 6  

Birond H.5. 

Ghungti H,s. 

Mabegarb H.5 

Cfhandial H.9. 

* 

Elevation 

0 I "  

2 5 4  4 

2 5 3 4 6  

Humber 

~ ' ~ ~ ~ L 1  

obaerved 

3 

3 

N ~ ~ m b e r  

oOnf,$$, 
obscrved 

I 

2 

1851 

1850 

1860 

1842 

... 

. . . 

(Kednrnath . . . 

I Jaonli ... 
Eednmath ... 
Bnndnrpunch ... 

1 Jnooli ... 
(Bandarpunch ... 

(Rednrnnth ... 
... 1 JaOnli 

... 
[k%lirP;nch . 

(Kednrnatl~ ... 
Jnotili ... 
Rcdnrnnth ... 
Sril~nutn ... 

1 Kednrnnth ... 

i Bnndnrpunch ... 
Jnnnli ... 
Srikenta . . . 

i .Tnonli .. . 
Baudorpunch ... 
Srilrnntn . . . 

(Bnndnrpunch ... 



Debrn D6n, 

July 22nd 1910. 

APPENDIX. 

Horizoatul angles between the four snow-peake.-(Continued). 

Station of obaewstion 

Bnnog 11,s. 

Ranigarh 

- 

Nng Tibba ','. 

[I, G, BunaABb 

O b n ~ r v e d  h~~ izonta l  
nnglos 

0 I r r  

7 58 52 

15 36 33 

28 66 52 

7 37 41 

20 58 0 

13 20 19 

17 37 26 

31 3 65 

13 26 29 

8 4 7  1 

18 15 42 

35 7 28 

9 2 6 4 1  

26 20 27 

16 61 46 

Date 1 Between the l e i .  of 

1842 

OE:","' 
by 

B. R. Hughes 
and 

H, Yham 

(Kedarnath ... 
Jnonli .,. 
Kednrnath ... 
Srikanta ... 

I 
I Kednrnath ... 

Bandarpunch ... 
{ 

Jnonli . . . 
Sriknnta ... 
Jaonli ... 
Bandarpunch ... 
Srikanta . . . 

(Bandnrpunch ... 

[gt:zith ... ... 
Kedsrnath . . . ( Bandarpunch . .  

I sriknnta . . . 
(Bandarpunch ... 

(Kedarnath . . . 
Jsonli ... 
Kedarnath . . . 

( Srikanta ... 
Kedsrnstll . . . 
Bsndarpunch ... 
Jnonli I . . . 
Srikanta . 
Jaonli . . . 
Bandarpunch ... 
Sriknnta . . . 

(Bandarpunch ... 
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NO. 4. 

Q ~ N A M I C  AND ORTHOMETRIC CORRECTIONS T O  THE HIMALAVAN LEVELLING LINES 
AND CIRCUIT; AND A CONSIDERATION OF THE ORDER OF MAGNITUDE OF 

POSSIBLE REFRACTION ERRORS. 

BY J. DE GRAAFF HUNTER. M.A., 

Mathemalieal Ezpert, Survey of India. 

I n  the following pages the first ten sections are taken up with an investigation of the corrections, due to the lack of 
psrnllelism of the level surfaces a t  and above mean-sea-level, which should be applied to  certain Himalayan level lines where 
grnrity is greatly perturbed from normal value. Sections 11 to 17 deal with errors in levelling up a steady slope which are due 
to refraction. 

Orthometric and Dynamic corrections. 

The lines of levelling here under coneideration are shown on Plate XVIII, and are as follows :- 

(1) Saharanpur ria Debra Dun to  Mussooree, with a branch line t o  Nojli. 

(2) Dehra Dun to Hardwar. 

(3) Hardwar to  Nojli. 

They hare especial interest ns regards the dynamic and orthometric corrections as they run where gravity is much dis- 
turbed by the closely adjacent Himnlaya. The values of gravity have been observed a t  eight stations close to  the levelliug lines. 
A secoud point of interest is thnt heights of points a t  Mussoorce have beeu computed f ro~n  vertical angles observed both a t  Nojli 
and at Delirn Dun;  and so for the consideration of atmospheric refraction i t  is important to  know with as mucll accuracy as 
possible the ortho~netric heights of M.ussooree above both Nojli and Dehra Dun. 

Further, the relative heights of points on the lines under consideration appear to be changing, possibly on account of 
geological uphenvals and depressions*. To investigate this in  the  case of n circuit, i t  is necessary to  previously rid the circuit of 
any error doe to the couvergeuce of the successive level surfaces. I t  then remains to co~lsider whether the residual error is 
probably nccounted for merely by errors of observation, and other causes, or whether actual changes in the  heigbts of the  various 
points, with time, have taken place. 

The dates ak which tho sections of the circuit were levelled are :- 

(1). From Nojli 18tli April 1907 renching Debra Dun 16th May 1907. 

(2). From Nojli 20th January 1908 reaching Hardwnr 6th March 1908. 

fa). From Hnrdwar 28th March 1909 reaching Dehrn Duu 9th April 1909. 

It will be seen that Nojli, Dehrn Dun and Hardwar mch were visited on two ocmioos a t  intervals of 9 23 a d  121 
month~res~cctirelg. A questiou yet to be answered is, has the level of one or more of the stations Nojli, Debra Dun  or 
Hardwar appreciably changed in these intervnle ? 

* Tho height of Debra Dan doduced From levelling to both Bnhnrsnpur end Musaooree spprrrentlg changed by 6) inches as reatilt of the 
"~hquako of 1006. 
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 he height of Dehra D u n  + above Nojli wna found by line (1) of section 2 to  be 1341.956 feet, htdw8p 

above Nojli by line (2) 58.819 feet. Dehra Dun above Hardwar by line (3) 1292'955 fee t  Thus from tho lathr two h.gh,8 

we deduce tllnt Dehrn Dlln is l34l.8M feet above Nojli. This vnlue differs from the other by 0,152 foot. 
the length the 

circuit is 115 2 mile8, Accordingly the cloaing error is lnrger thau the probable error of obncrvntion lead8 
t, expect (W section 9 below). 811 the circuit wna double-levelled and the discrepnucies be tmen  the two liuos according to the two 

eets 01 observntion8 mere between Nojli, B.M. 9t,  Dellra L)un*, Hardwar:, Nojli 0'029, 0'058,0'023,0'003 foot respectively, ~~h~~~~~~~ 
all of the same sign we get  the total diacrepnucy between the two sets of observntions to  be 0'113 foot--smoller tb,, theelosinD 
error. 

The stetions near the levelling lines where gravity has been observed are Nojli, Mohan, Aeorori, ~~h~~ D~~ 
Rajpur, Mussooree, Hnrdwnr and Roorkee. The particulars of values obtnined are  given in Table 1 of ~ ~ ~ ~ ~ d i ~  N ~ ,  ,: 
F o r  values a t  intermediate poillts on the levelling lines the method of simple linear interpolation has been followed. ~ ~ ~ ~ ~ d i ~  
No. 7 section 6 reference is made as to  the justi6nbility.of this method. 

The dynamic correction may be conveniently divided into two parts; firet, the correction due to the re9lar 
change of g with intitude, na given by the formula g = 978.00 (1 + 0'005310 sin2 1 )  : and second, tbe correction due to irreKular 
change of g, tha t  is, the  discrepnncy between the formulo vnlue of nnd the observed value multiplied by the quanhtg 

211 (1 + R), where h is the npproxiuinte height of the station, to  reduce t o  sea fevel value (see Appendix No. 7 section 3). -- 
This discrepancy i s  denoted by dg. The first correction is easily got by use of the tables for Fprepared for the purpoae and 

dh 
giren on pnges 103 to  106 of this volume. The second correction is dg . -, where g,, denotes the etandard vdue of g in letitude 

g24 
2P, nnd dh is t h e  rise i n  height i n  t h e  neighbowhood t o  which dg applies. Denoting by BLwefind thefollorring 

g, 
values for P' (Table 1). 

Table I .  

1 
m e  proceed now to  the computations. A s  we have divided up the  circuit into latitude-intervnle of %th of a degree' 

i t  is neceesary to  interpolate between the values of 3 lo  Table 2 we give fire columns, hsded  11. Ps '' 
F. dh 3' dh respec. 

respectively: dh is the rise i n  height in any latitude-interval, and 0, Cl are the two corrections, nnd are --and 1OuO - 1UJo 

tirely. I n  most cases the i n t e r d s  hare been chosen according to iatitude, but  two intervals nre those between DehmUunlR'iPYr 
and DIussooree. I n  tbe same way Nojli has been chosen as the end of an interval. 

--/- 

The nctual point nt D e h n  Dun is an iron plug let into the north wall of the 13. T. omce main building. 
Nojli 

RPfmction Btalion. 
t B. M. 9 ir the junction or the Nojli brnnch line with tbe Sahsranpur.Yu~aooroe line. 

Tllin 1108 H r d r ~ r - N o j l i  w u  &erred backward and forward by one ob8erv.r and by urn. i n ~ r u m e r ~ l  
fi~Y. Oms mren''hoCI 

d i m ~ p n ~ ~  between the two neb of oberrabon~ .  

- 
F' 

+ 0.109 

- 0.017 
- 0'085 
- o.080 

Nojli . ... 

Mohen ... 
Asnrori ... 
Dehrn D u n  ... 

- 0.066 

- 0.050 
- 0.028 
- 0'052 

Museooree ... 
(Mean of Camel's 
Back and Dunse- 

verick) 

Rajpur ... 
Hardwar ... 
Roorkee ... 
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Table 2. 

Table 2 we get by simple addition the two corrections (regular and irregular) to the obeerved heights above Nojli 
"""~a them to dynamic height. above the level surface thmugh Nojli. Them nre given in Table 3 under heading8 20, xcl 

+ PO1. In thu table are also given the o b ~ e n e d  height. and the dynamic height#. 

F.ah Cl = - 
lo00 

foot 

- 0.00~8 
- 0.0004 
- 0.0030 
- 0.0038 
- o.orro 
- 0.0236 
- 0.0193 
+ 0,0075 
- 0'0093 
- 0.0383 
+ 0.1498 
+ 0'0927 
+ 0.0033 
+ 0.0383 

+ 0.0010 
- 0.0008 
+ 0.0006 
- 0'0059 

- 0.0029 
- 0.0139 
- 0'0153 

- 0'0099 
- 0.0067 
- 0.0216 
- 0.0083 
- 0.0064 

station or Latitude 

... Nojli ... 

... B. M. 9 ... 

... Latitude 30'00 ... 
,, 30.05 ... ... 
,, 30'10 ... ... 
,, 30'15 ... ... 
,, 30.20 ... ... 

s 
,, 30.25 ... ... 

u 
g ,, 30'30 ... ... 

Dehra Dun ... ... 
... Rajpur ... 

Mussooree Library ... 
Banog ... ... 
La1 Tibba ... ... 
9haw's Refraction Stntion 

from Muesooree Library 

Nojli ... ... 
Latitude2gP85 ... ... 

.. 29.85 ... ... 
,, 29'90 ... ... 

Hardwar (B. M. Mayapur 

: canal bungnlow compound). 

' Latitude 30'00 ... ... 3 ,, 30'05 ... ... 
2 1, 30'10 ... ... 

r ,  30.15 ... ... 
.. 30.20 ... ... 
8 ,  30.25 ... ... 
.. 30.30 ... ... 

Dehra Dun ... ... 

d l  

feet 

+ 42 

+ 7 

+ 50 

+ 67 

+ 203 
+ 471 
+ 508 
- 192 
+ 186 
+1094 

+3256 

+ 8j1 
+ 30 

+ 352 

- 15 

+ 1 1  

- 8 

+ 71 

+ 35 

+ 176 
? 208 

+ 143 
+ 101 
+ 354 
+ 145 
+ I Z I  

F  

+ 0.4426 
+ 0.4477 
+ 0.4507 
+ 0.4547 
+ 0,4587 
+ 0.4627 
+ 0.~667 
+ 0'4707 
+ 0'4733 
+ 0.4789 
+ 0'4829 
+ 0.48j5 
+ 0'4855 
+ 0.4855 

+ 0'4376 
+ 0.4346 
+ 0.4386 
+ 0'4426 

+ 0'4467 
+ 0,4507 
+ 0'4547 
+ 0.4j87 
+ 0'4627 
+ 0.4667 
+ 0.4707 
+ 0'4738 

F1 

- 0.064 
- 0.062 
- 0.060 
- 0'057 
- 0,054 
- 0'050 
- 0.038 
- 0'039 
- 0.050 
- 0.03j 
+ 0.046 
+ 0.109 
f 0.109 

+ 0.109 

- 0'068 
- 0'074 
- 0'080 
- 0.083 

- 0'083 
- 0.079 
- 0'074 
- 0.069 
- 0'066 
- 0.061 
- 0'057 
- 0'053 

F.dh 
C=- 1000 

p e t  

+ 0.0186 
+ 0.0031 
+ 0.0225 
+ 0.0304 
+ 0'0931 
+ o'z18o 
+ 0.2371 
- 0'0904 
+ 0'0880 
+ 0.5229 
+ 1,5723 
+ 0,4132 
+ 0.0146 
+ 0.1708 

- 0.0066 
+ 0.0048 
- 0.0035 
+ 0.0314 

+ 0.0156 
+ 0.0794 
+ 0'0945 
+ 0'0655 
+ 0.0467 
+ 0.1653 
+ 0'0683 
+ 0.0574 
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Table 3. 

I n  Table 3 i t  will be noticed that two dynamic heights are given for  Dehra Dun. These correspond to the two nql 
of approaching Dehrs  D u n ;  either directly from Nojli along the  Saharonpur road, or via Hardwar. I n  Section 3 it mns pointd 
out tha t  the levelled heights failed to agree by 0.152 foot. W e  now see that  the dynamio heights do not agree so well, differin: 
by 0.178 foot; and tha t  this change is chiefly due to  the correction for irregulnrity of g. 

Plaoe 

... Nojli ... 
Debra Dun  ... ... 
Hajpur ... ... 
Mussooree Librnry ...- ... 
Banog ... ... 
Lnl Tibba ... ... 
Shaw's Refraction Station (Mussoo- 

ree). 

Nojli ... ... 
Hardwor ... ... 
Dehra Dun  ... ... 

Now t h e  differences d between levellers on the  level lines of Indin have been taken out, m d  from these it haa betn 

deduced that  the probable error el, of the mean result of the double-levelling ou a line whose length is M miles is 0.001 JR 
foot Here M = 115.2 so that  the probable error is f 0 043 foot. I t  has been remarked above t l ~ a t  the discrepnncy beAetn 
two sets of levels in this circuit is only 0 113 foot. No account hitherto hns been takeu of the posaible effects ofrefrnction 
in this circuit. One would naturally expect the refraction effects to cancel in a circuit like this in which (rouglllg speakin:) 
t he  menu gradient is nil, when me consider both upward and downward slopes. I t  bas not beeu poesible to apply av 
refraction correction to this case as temperature rendlngs mere not taken. I n  Sections 11 to 17 an estimate 113s been made o f  
the  probable magnitude of the refraction correction in the line from Dellra Dun  to  Mussooree: and the result is found 
less than one quarter of the orthometrio correction. 

W e  may fuirly certainly conclude iu the case of this circuit Nojli-Dehra Dun-Hardwar-Nojli that the refraction 
oorrection will be smaller than the orthometric correction. 

Accordingly we conclude tha t  the closing error of this circuit cannot be  acoounted for by the dynamic correctionor 
the refraction correction. 

The quantities involved, however, are  too small to  show without doubt any change in level of any parts of the circat' 

lo* 
W e  now give in Table 4 the orthometric heights for comparison with the uncorrected levelled heights for a 

of points On the circuit and the  Mus~oor re  bra~ichos. Here again we bare to npply to the dynamic height both the 
and irregular corrections; but  this is done in olle operation. Failing more vnlues oE g a t  different poiutsnt tblusroorPo' 

we have considered 4 to  be col~ataut t l ~ e r e  (from Banog to  La1 Tibba). dcconlingly tllaro is no correction from 
heighh of aevcral points near Yussoorce above the Library to  obtain the orthometric lriglits n h o  

Lil'rrr' 0 $7 

The correction is 5 ' times the dynamic height : and a t  Mussooree g = 979,443 also g,, = 978.859,80 ktor is - @ 
.Y 

F. d k  
A mom dehiled determinationof LhepurutiLy Ilu beon mode by Lieu.. Bell and Ma~on,  R B., r110 find 

following due'rnrU 

d~nmrnio correo1ion:- 
Nojli Lo Dehra Don oio Bfollnn + 0.6185 foot. 
Nojli to Hardwar + 0,0257 foot. 
Nojli to Dehra 1)nn vim Hnrdwnr + 0,6193 foot. 

whl* Elre a cloning a r m t i o n  lo the oircuit .L -0- foot agaiml quauhty + O m l 6  fnt found &ore. Tho b a p l ~ c ,  18 ~ ~ l n ~ l ! O  
-hioh u of @mdl  account. 

Observed 
height 

above Nojli 

f e e t  
o"mo 

1 3 4 1 . 9 5 6  

2 4 3 6 . 0 2 2  

5 6 9 1 . 3 5 7  

6 5 4 2 . 6 7 6  

6 5 7 2 . 2 8 4  

6 0 4 3 . 3 6 0  

0'000 

5 8 , 8 4 9  

1341.804  

I C  I I Correction - I C + E C' 

j eet ... 
+ 0.555  

+ 1 . 0 3 9  

+ 2 . 7 6 1  

+ 3.267  

+ 3.285  

+ 2 . g t o  

... 
+ o ' o z r  

+ 0 ' 5 2 9  

fee6 
... 

+ 0'6204* 

+ 1 . 1 4 3 3  

+ 2 . 7 1 5 6  

+ 3 . 1 2 8 8  

+ 3 ' 1 4 3 4  

+ 2 .a864  

... 
+ o'o261* 

+ 0 . 6 1 8 8 *  

~~~~~i~ 
height 

feet ... 
r 3 4 2 . S 1 1  

~ ~ 3 7 . ~ 6 ~  

5694.118 

6545.943  

~ 5 5 7 5 . ~ 6 ~  

6 0 ~ 6 . ~ ~ ~  

... 
~ 8 . 8 7 ~  

1342.333 

foot ... 
- 0.0657 

- 0 ' 1 0 4 0  

+ o ' o 4 5 8  

+ 0 . 1 3 8 5  

+ 0 ' 1 4 1 8  

+ 0.0841 

... 
- 0.0051 

- O ' O ~ O I  
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Table 4. 

We thus see that correction to levelled heights of points st Mussooree above Dehra Dun and Nojli are - 0.392 and 
- 0.638 foot respectively. These corrections are to be applied to all levelled points a t  Mussooree. W e  accordingly ge t  Table 5, 

g i i n g  the corrected orthometric heights above Dehra Dun and Nojli of tlre several Mussooree pointe. 

Table 6 .  

The heights given in Table 5 are directly comparable with those deduced from vertical nngles a t  Nojli and Dehrn Dun, na 
the comput~rtiou form for vertical nngles gives the ottlmr~~etric height of the observed poiut above the level surface through 
the point ofobservation. As the line from Nojli to Dehra Dun mas levelled two years Inter tlrnn that from Dehrn Dun to  Mussooree 
there is a possibility of a variation in the height of Dehra Dun during this intervnl, partly vitiating the  result^. 

Correction 

feel 

- 3'399 

- 2.598 

Orthometric 

feel 

5690.719 

4349'009 

~ ~ i ~ l ~ t  of Yussooree Library 
above 

( I )  Nojli* ... ... 

(2) Dehra Dun (Iron plug) ... 

Point 

Library . . . ... 
Dome Observatory H S. ... 
Sham's Refraction station ... 
La1 Tibba ... ... 
Bnnog H.S. . . . ... 

Now briefly coneider the question of refraction ns i t  applies to  levelling up n elope, where the slope per- 
sists in the eeme direction. M. Ch. Lallematld has investigated formulae for refaction (see Contptes-Rendus des SLancea de In 
ammiss ion  permonente de L'Asaociotion Qiod6siqlce Inte,.nationnle, 1896). His fuudarnental forlnula has been criticised on 
llle pourld that in the limiting case of a ray starting horizontally in air nrranged iu horizoutnl layers of equal density (and con- 
"quontly equnl refrnctive powcr) a finito a~nount  of refraction is obtained; wliich a t  first sight rnny appenr unnatural. The 
reason of this lnny be most easily understood by considering whnt occurs to  light which grazes n glass-air surface. I f  r, V' are the 
~11,~les at which a ray meets and leaves a glass surface, the ordinary law of refrnctiou gives cos r = pcos 1.'. When the light grazes, 

1 '' = o,no that C 0 3  r' = - , and rl is an angle of finite size. This is llle cnse in mbich the direction of tbe incident light is 
/' 

pnrnllel to tlre layers of equal refractive power; and yet  tlre light is refracted by a definite amount townrds the 
of grcnter refractive power. Also Irere there is n sudden change of  reEractive power and only a portiol~ of the incident 

li:lrt is refracted, the retnninder being reflected. 11) the case where tlre change of reErnctive power is grndunl, the whole of 
light is refrncted and none i n  reflected. This latter is the cnse of light passing through nir arranged in plane strata, s u c l ~  

~trntum is of oue density thl.ougbout, and the change of density from one s t r a t u r ~ ~  to another is continuous. 

I have worked out n formula for refrnctiou quite independently, and by a different method; and this wrees with 
Lallernand'e Formula, 

Levelled 

feet 

5691.357 

4349.401 

Dynamic 

feel 
5694.118 

4351 '607 

* IlciRllt8 above Nojli nre froln sllnn'. Relrnc(ion and tnkoo from the levelling line from Nojli along the Bel~nrnnpllr road. From 
(0 blunaooroo \ma lovelled bclaeen April 28, 1005 nnd YUJ 29, 1905. 

t 'l'llo IleiRllta nbore Dolirn Dun bore are from Sllas's Refr~otion station, which ie 5.771 feet higher thsn the "iron plug" from whiohthe 0 t h  
in tbl@ appendix ore mewsurod. 

Orthometric height above 

(I) Nojli* 

feet 

5690.719 

6047.755 

6042.722 

6571'646 

6542'038 

(2) Dehrn DGnt 

feet 

4343,238 

4700'274 

4605.2~1 

5224'16j 

5194'557 
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For the onw when the level is placed half way between the two levelling staves M. frallemnnd obtrins 

B L9 E = -0.-0,,108- -33- - 
O'm76 (l  + I) '(') 

where E is the O R O ?  

B is the barometric pressure in metres of mercurv 
r,, t9, t, am the tempraturea in degnea centigrndi of the air at  points 0. the ray where it meets the front ,,m, 

cope and back staff respectivelv 
D is the differeuce in reading on the back and front staff 
L is the distance between the staves 
a is the co-e5cient of expnnsion of nir = 0.00366 
t7 is the mean of the three temperatures t l ,  ta, tS. 

p- a- 106 ( 1 - 8 )  - 1 
4(6) = 1 + 8  26 

log - 
1 - 8 

where p = 0,434 (modulus for converling Naperian to ordinary logarithms) 

and r - t s - t ,  = - loe ( 1  + 8 )  
ta - log (1 - 6). 

The last equation defines 8 in terms of the three temperatures t,, t,, t3. 

This formula is based on the ordinary physical lams and the assumption that the temperature of the sir in conetnntat 
a given height h above the ground, and is given by the formula t = a + 6. log (h + c) which, M. Lallemflnd statee,ia tb 
most suitable empirical relation between t and h. The co-e5cients a, b, c are to be determined by observations of tempetabre~l 
three levels. The quantity #(S)'ranges in vnlue from zero when 7 = o, to a maximum value 0'066 rhen 7 = 0.27, and thenlo 
zero again when r  = 1. Other values are given in Table 6. 

M. Lallemnnd nhowa that 
1, - t9 = c. log (1 + 6) 

and t ,  - t ,  = - C. log (1 - 8)  
D 

when 8 = z, and h i8 the height of the instrument above nome plane parallel to and below the ~urfflce of the groundmll: 

position of this plane depends on the temperature conditions. Taking the temperature conditions the name an consided b~ 
I. Lallemand in Section 11 of his article referred $0 above (Section 111, the data are D = Zm2, L = 15ornm tp  - = 

4 - = 0O.35. We have to  find the corresponding vnluea for t, - 1, and ts - tp for different values of D and L, aV 
remembering that C and h are the same in both cases. 

Bolving 
log (1 + 8 )  r = - -  
log ( 1  -6) 

we find with 8 = 0.66 r  = 0.470 

and with 6 = 0.65 7 = 0.477 
3 5 

so that for r  = 2 = 0.467 75 
we may take 6 as approximately 0'66. 

Hence 
Dl Dl6 

@ - - - - .  
- 2 h -  I) 
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0 .66  
Therefore 81 = Dl - = O.aD1 

2 . 2  
whence we can find r1 from 

4 = - log (1  + 8') 
log (1  - 6') ' 

and then I$ (8') from Table 6. 

Now coneider the Debra Dun-Mueaooree line, dividing i t  into two portions Dehra Dun-Rajpur and Rnjpnr-Musaooree 
(Librnry) in each of which the slope may be considered more or less uniform. The computations of the refraction erroru are  
performed iu Table 7, which requires no explnnatioll further than that avernge values of some of the quantities are taken out, which 
ill merely treating the lines ae of uniform-slope and the successive intervals between the staves ae equal ; also a mean value for  
the whole line is deduced for the factor which contains the barometric pressure and temperature. Heights and distancee have 
been turned into their metre-equivalents to suit the formula. 

Table 7. 

Flajpur to Mueeooree Library 

17088 metres 

993 m 

458 

2m.17 

3 P . 3  

0 '  0008 

0 '651  

0 . 4 8  

0 '051 

1 . 0 7  

Omrn. 025 

-lZm".S = - O'O42foot 

-10- x 7mm.49 

Length of line = A 

Rise = C 

Number of epane = n 

C 
Average D = - = Dl 

A 
Average L = - = L l  

Average value of K or 
B 

0mm'00108 "m .7G ( 1  + a @)2 

6' = 0.3D' 

log (1 + 6') = - . -  
log (1-61) 

4 (6') from Table 6 

t~ s - 11 1 - - 1 . 5 9 { ( 1 0 ~ ( 1 + 6 ~ )  -log (1-61)) 

L: - I3 = K ( t l S - t l l )  4 (81) 

U E  

Error per metre 
> 

Debra Dun (Iron to 
Hejyur 

A 
10515 metres 

333 m 

150 

2rn. 22 

70m.1 

0'0008 

0 .666  

0 .47  

0 '052  

1.11 

Omm, 102 

-15mm'3 = - 0'050 foot 

x lmm,46 
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~t is inetructiv~ here to note that, for the two lines in which the elopes are 1 in 31.6 and 1 in 17.2, the enm 
latD 

i., ,,ticnay twice great in the line of smaller s lop -  in the other The rewon is that though the refraction w o u l ~ n ~ t , , d b b  
greater for  the greater slope, other things being equal, it is counteracted by the necessary intervals between the level atarea beis* 
eborter on the steeper line than on the 0 t h .  

L 

Now the time at  which temperature conditions are similar to those taken above is in the early morning ; and 
conditionll only extend through half of an ordinary levelling day. During the other half of the day it is probable ti: 
correction bas the oppoeite sign to that found above ; and i t  is doubtless of smnller amount. For this reason the of E 
*bore doubtless be too large, were it not for the fact that possibly both ts-t ,  and C ( 6 )  have lnrger values tllnll hare 
taken, On the whole there seems little doubt thnt the values found above are certainly not less than the true eorreetiool, 

~ ~ k i ~ ~  t,llem to be correct, we see that the total correction for refraction between Dehra Dun and Mus#ooree is -0.00? fw,, 
TIle ortllomctric correction on the same line is -0'393 foot. The ratio of the refraction correction to orthometric eorreethn 
rccordingly is less thnn one-fourth. 

As regards the ordinary circuits of India in which a line, sometimes rising, sometimes falling, is followed, it seem, 
pract~cally certain that the refraction correction is extremely smnll; and it may be expected to be about of theeameorder,la 
the geueral case, that part of the dynamic correction not taken account of when formula values of g are used. 

Dehra Dun, 

February, 1910. 
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No. 5. 
THE PASSAGE OF RIVERS BY THE LEVELLING OPERATIONS. 

BY 0. C. OLLENBACH, ESQ., 

Suwey of India. 

During the course of levelling operations the lines of levels have had to  be taken acroes many of the large rivers, 
which when uabridged, presented formidnble obstacles, as ordinary levelling could not be adhered to, owing to the depth nnd 
great expanse of water. I n  all these cases the levellers have had to resort to  special methods, a brief account of which is given 
in the tnble that follow8. 

Though a wide unbridged river is a formidable obstacle to  IeveUing, yet extrnordinary precnutions are taken t o  effect a 
crossing without appreciable error, and Colonel Burrard decided to  make no reduction, on account of river passages, in the weights 
assigned to the several levol-lines in the simultaneous reduction. 

Line No. River croesed I Method adopted ~ a r n e s  of Levellers 
of allot and season 

G. D .  Cusson 
Narsir~g Dass 

1887-88 

20 Kistna at  Bezwadn 

I Godnvnri nt Baber- 
Lnnka village. 

GI.. D. Cusson 

Ordionry levelling along the anicut. Level equidia- 
taut  from staves. 

Ordinnry levelling along anicuts. Level equidistant 
from stavm. 

43 

- 
55 

G. Belcham 
1893-94 

Cnpt. Walker 
C. J .  Cnrty 

1889-60 

ohsln = 66 feet = m. 117 matrer 

Manora ... As the distance was too great to read n staff with 
nny degree of accuracy, two indicator clamps, painted 
white, were nttached to the stnves. These clamps 
were moved up and down, according to pre-arranged 
signals, till the wire of the telescope of the level 
came nu a level with their upper sorfnces, when they 
were clamped and their rendings recorded. Ench rcad- 
ing was marked on the staves nnd verified after the 
observations were completed. The observations Inst- 
ed two days, five sets of readings being token each 
day, nnd the mean of the ten s&s being accepted as 
the difference in height, which worked out t o  + 0'438 
foot. The bnck staff was on Humby's Pier and the 
forward staff on Kimari Groyne. 

Indlls near Dera The ordinary method of levelling was dop ted .  
Ghmi Khan. AS the river was split up into several chanflela, the 

instrument hnd to  be set up nine times. These 
nine stntions were observed forward and back and 
the mono of ench pnir of observations accepted. The 
width of the mnin channel was found to be 17.47 
chains and that of the river nbollt 1) miles. During 
these observations the staves were always equidis- 
taut from tho iustrument. 



462 APPENDIX. 

Line No. River croseed Method adopted ( ?:"R,","b"t ( NU L,~,; 
of shot and sewn 

I I I I \ 

By Levelling ... 0,926 foot. 
By " Tide-pole " ... 1'197 feet. 
By " Vertical angle " ... 0.919 foot. 

Indue between Dar- 
ya Khan and Dera 
Ismail Khan. 

Indus near Mitban- Method of crossing main channel not known, the 28.20 
/' 1 kot. distnnce being 28.20 chains. Five sets of obaerva- 

tions were made and the menu accepted. 

Ordinary metbod adopted. The instrument being 
set up on long pegs driven firmly into the sand on 
islands a t  conveuieut distances apart. Five stations 
were observed at in crossing the river, the longest 
shot being 7.47 chains and the terminal difference 
between the two levellers was 0.004 foot. Previous 
to this the crossing was made by the "Tide-pole" and 
"Vertical angles " methods, the results showing the 
diference of height between the two banks beiug as 
follows :- 

c h a i n s ~  
7.47 

Ganges between 
Meerut and Morada- 
bad. 

Ganges at Malakka 
Junction, Allahabad. 

C. Lane 
H. L. Clarke 

1861.68 

I staves. 

Ordinary method adopted, the longest shot being 
11.75 chains. Sixteen sets of observations were made 
and the mean accepted. Level equidistant from 

69 

11.75 

Ordinary method adopted, the longest shot being 
13.31 chains. The mean of two sets of observations 
was nccepted. Level equidistant from staves. 

Ganges at  Dildar- 
nagar. 

C. Lane 
A. W. Donneby 

13.31 

Ordinary method adopted, the longest shot being 
21'35 chains. The mean of ten sets of observatione 
accepted. Level equidistant from staves. 

I 

21'35 

H. Trotter 
Ratnchrnd 
1863.M. 

Ordinary method adopted. The longest sbot 
was 16.60 chains. Tbe mean of eight sets of observs- 
tions accepted. Instrument equidistant from staves. 

16.60 
. 

Ganges at  Mirza- 
pur. 

15'20 H. Trotter 
b m c h n n d  
1864.65. 

19'02 

1861.65. 

C. Lane 
A. W. Donnellg 

1869.70. 

Ordinary method adopted, tbe longest sbot being 
15.20 chains. The mean of two sets of observations 
accepted. Instrument equidistant from stnves. 

Ganges a t  Bnlwab 
Ghat. 

Ordinary method adopted, the longest shot 
being 19.02 chains. Six ~ e t s  of ob~ervations were 
made and the mean accepted. Instrument and 
back eta8 on same bank and forward staff acroae 
river. Instrument equidistant from staves. 

70 

71 

' 

1 chain = 66 feet - 20.117 metre#, 

Ganges at  Jusi Pa- 
rao, Allababad. 

P 

Cfandak at  Balwa, 
between Qorakhpur 
and Bettiah. 

Ordinary method adopted. Inetrument equi- 
distant from staves. 

Ordinttry method adopted, the longest shot being 
15 79 chalns Eighteen set8 of observation8 were made 
and the mean accepted. lnstrument equidistant from 
staves. 

7'82 

15'79 

------- 
8, Trotter 

~ n m c h a n d  
1864-65, 

---/ 
C. Lane 

A, W, ~ ~ ~ o e l l y  
1869.10. 



APPENDIX. 453 

Qangee a t  Karngola 
Ghat. 

Hooghly river a t  
Samalbariu villuge. 

q::,:i:t Name8 of Lerellers 
bletl~od ~~dvpted 

- 
Line No. 

Rnaulpur river near 
Contni. 

I 0I.b"t I nnd season River crorscd 

The diatnnce beinz too grent for  nn ordinnry s t a r  
t o  be read, n foot, measured on pilper and divided into 
tenths and hnlf tenths, wns attached to the  staves, bu t  
even these division8 could with difficulty be rend with 
any degree of nccurney, except i l l  the  early morning 
and townrds sundown, a t  whicl~ times the  refraction is 
greatest. Ug multiplying the  number of observntiuns 
and taking morning and evening sets on two consecu- 
tive days, alteruating the  order of observations on the  
second day, the difference of level between t l ~ e  banks 
was found to be, by Capt. Carter (1ne11n of 54 observa- 
tions) 3.380 feet by Mr. Dor~nelly (~nenn  of 54 obser- 
vations) 3 338 feet. The distance ncross the  river was 
30.83 chains. 

The level. were taken acrose by simultaneous 
tidal observntions on either bank. Pens 6 feet 
long were driven into the  bank, on either s ~ d e ,  about 
10 feet below high-water msrlt. 'J'hese mere con- 
nected to other pegs I~ig!ier up or1 the  s l~ores  
t o  tes t  if ally settlement took placo during ob- 
servations. Gauges were erected on the pegs cnp- 
able of being read to  0 01 of a foot, and simulta- 
neous observat io~~s were taken nt both gauges by 
means of pre-nrral~ged ~ignnlu, and the time of each 
noted by watches, se t  just bef111.e observat io~~s com- 
rnenced. Si r  sets of observations were tnlten a t  
ditierent times, two a t  rihing title, two a t  r a l l i ~ ~ g  tide 
and two nt high tide, giving a total of 3i0  readings 
for ench gnujic. The means of these readings were 
accepted nnd n difference of 1 823 feet cleduced. T l ~ e  
N .  bank was fouud to be I~igher that1 the  S.  bank. 
I n  this case the  distnnce across the  river was not 
found by mensuring :L base and by observing the  
anglee 11s is usually doue, bu t  i t  npyenrs t o  he cousi- 
dernbly over a mile. 

The ordinary ~ n e t l ~ o d  was ndopted, bu t  the  staves 
used were graduated on one side o ~ ~ l y ,  the  vnlue of 
each diviuion being 0.020 foot. ' r l ~ e  instrument was 
ulnced midway bet\veen the staves, and ou the  snme 
bnnlc on wl~ich the  forward staff was, while the  
back staff was OII tho opposite or W. bnnk. The 
mean of 26 sets of obuervntions was ncceuted. 

Captain Carter 
A. W. Donnelly 

1871-72 

T. H. Rendell 
Naraing Dues 

1882-83 

T. H. Hendell 
Narsing Dasa 

1881-82 

T. H. Rendell 
Xnrsing Yase 

1882-83 

75A 

7GA 

* 1 chain - 66 feet - 20.117metroa. 

- 
Rnldi river a t  Ba- 

suli chnk. 

Rupnnrnin river 
near Qcwankhali. 

I n  this case the  ordinary method was adopted, 
but  t he  staves used were those of Colonel Strange's 
pattern, grndu:~ted to tenths 11nd two l~undred t l~s  of a 
foot. The instrunlent and forward s t ~ ~ f f  mere O I I  n 
sand island nnd back staff on left bank, t he  distnnce 
between level and stnves being equal. Sixteeu sets 
of observations were tnkeri nnd the  mean nccepted. 
T l ~ e  distance from level t o  back stnff wns f o u ~ ~ d  
by trinngulntion. From the  snud ialnnd to  the  right 
bank, nnother channel 14.00 chains wide, had to  be 
negotiated, but  i t  did not nppenr t o  offer any diffi- 
culties, as Q. '1'. pattern stnves were used. 

The nietl~od ndopted for  crossing this river wns 
the  snme 11s that  for t he  I-Ioogl~ly river, in line -74B, 
the  stnves used being Colonel Ytrnnge's pattern, grn- 
duated to tenths nnd two hundredt l~s  of a foot. The 
observations were cnrricd out  on five consecutive 
dnys, 3rd to 7th I\lnrcli 18H3, during which period 483 
observations were tnlion 011 eithor bnnk, the  greatest 
difference betmeen the uevernl results obtained from 
different stntes of tho tide being about i, of a foot. 
The distnuce ncross h o m  bauk to bnnk was found t o  
be 48 c l ~ n i ~ ~ a .  
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Line KO River rm,rrd I Metl~od ndoptcd 

- 
Qrentrat 

la11~l11 
of shot 

chains. 
14.00 Ordinary method ndoptod. The level was plneed 

midwny between the staves on a sand islnud. The 
length of shot was 1 4  chains. - 

Some doubt haring been cast on the " Tide-polew 
method of crossing large rivers, the  experiments a t  
Dnn~ukdia Ghat  mere carried out in  order to  prove 
which method wns the  best, and a t  the same time to  
teet, whether tho supposition, that the heights of t11e 
surfnce water a t  two banks were identical, is correct. 

For  this purpose throe different methods were 
adopted viz : 

(a) By  " Vertical angles ". 
(b)  By  Levelling. 
(c) By " Tide-pole ". 

(a) Verticnl angles were talren with two 24-inch 
tl~eodolites, placed on isolated masonry pillars, and 
the  signals obscl.ved t o  were discs on similar pillars 
and firmly clamped a t  a lrnown lieigl~t. 

Observations n-ere conducted on three different 
dnys, a t  time of ri~inirnum refrrlction and undertaken 
c;imultaneously ou both banks by means of pre- 
arrauged signals. 

The results wcre in w r y  good accordance. 
(b) For  tliiu method t l ~ e  levels were placed on 

isolnted masollry pillars. The fran~eworlr which 
held the discs xns erected on the same pillars which 
held the discs for  the verticnl angles obser\'ations. 
These discs were about 1 0 2 ' 5  chains from the levels, 
the back staves being 6 chnius distant from the 
instruments. 

When the telescope mas brought on to t,he disc, 
the latter wns lowered below the line of sight and 
then sloivly raised till the white line painted on i t  
was intrrsected by the horizontnl \$fire of the level. 
So soon nu this wns effected the disc operntor re- 
ceived a s i ~ n a l  a r ~ d  immediately clamped it.  

The hcight of the  ceutre of the disc was measur- 
ed nnd recorded. 

The Rnme observation was repeated, tho disc 
being lowered to the intersecl.ing point this time. 

Obsrrrationa mere conducted on four days, giving 
a tot:~l ot' 116 obnervatio~ls on cacl~ l)anlr, and the 
menn difierence deduced was 2.133 feet, the Sara side 
being higher. Illhis difference is very near that 
given by the vertical angles method, thouah the 
results varied considernbly on different days without 
any appnrent reason. 

(c) " Tide-pole " method. Two old stnves were 
bolted to  piles driven into the bed of tho river just 
below wnter level, aud simultnneous rec~dings were 
tnkcn on either side on two calni daya. The zeros 
of the stares were connected with the two bench- 
marlts on tho pillars on which the discs were erected. 

The results obtained by the three direrent 
metlioda nre nn  follow^ :- 

(n) 13y " Vertical anglesw ... 2'139 feet 
(b) By Levelling ... 2' 132 ,, 
(c) By " Tide-pole " ... 2 ,212  ,, 

Wit11 regard to  the result8 Captnin 11. L. Cros- 
tl~wnit R.E., remarks :- 

"These experiment~ neem to  me to  prove that 
"in the cnse of a well selected ~ i t e ,  where current 
"nud cl~nnnel nre fnirly symmetrical, there exist8 no 
" great difference of level between the ~ n t e r  on the 
"t\vo sides of a river. I n  this case the diference of 
"level between the bench-mnrks as obtninod by tho 
"Tide-pole' metllod and the mean of the other two 
"methods, arnounts to  only 0 .080  of 3 foot or 0.912 
" o f  nn inrhn. t  

t Prof. pnpon 1908, ~er is l  KO. 7, pegs 11. 

, 

I Damodar river 

77 

I 

Qanges river a t  
1)nmukdin. 

--- 
1 chs~n = GO Iect = 20 .1  17 mslrcs. 
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In lS5G the Chenab river was crossed at  three points in order to  determine the amount of error to which one is liable in 
referrin: to t l ~ c  surfece of a river, nt the o~poe i te  extremities of a sectiou across, when the breadth is too great for a staff on one 
b d t ,  to be rend from the other. Sections were selected at  right nngles t o  the stream, and pools were dug in the sand on each 
side, to obtnln an unagiteted surface of water for reference. 

The results, by direcl levelling, differed from those referred to the  margin of the atream by 0.032, 0'039,0'074 foot 
renpectively, in the t111.c.c insl.unces, giving nn average error of 0.048 foot, the average width of tbe river being 12 chlrir~s. 

Names OF 1.erellers 
and sesaon 

E. H. Corridon 
0. N .  Pushong 

1905-06 

-1. Rond 
Vioaynk Narnin 

1892-93 

Lieut. H. Wood R. E. 
Lieut. I?. B.  Tillnrd 

1002.03 

E. 11. Corridon 
M. Zille Haanain 

1902-03 

The values of the difference of height obtnined by the three methods nt the crossings of the Indus a t  Dera I ~ m a l l  Kban 
and those of the Ganges a t  Dnmultdia Ghat nre :- 

Iudus-By " Tide-pole" ... ... 1.197 feet 
... By " Verticxl nngles " 0.919 foot ... 

By Levelling ... ... 0'92G ,, 

Greatrst, 
lcng,h 

of allot 

chains* 
31'00 

22.20 

48'34 

52.00 

Gsnge8-By " Tide-pole " . , . ... 2 212 feet 
... Bp "Vertical nnglee * ... 2'139 ,, 

Dy Levelling ... ... 2.132 ,, 
Chennb-croased by means of tide-poles nod by direct levelling, the direrenee being 0.048 of a foot. 

Method adoplcd 

The "Tic1e.polen method was adopted, the chnn- 
nel being 31 chnins wide. Simulta~~eous readings of 
the water on the gradunted poles mere taken 011 

three  day^ nnd the height of the  referriug pile on 
the opposite (F11kirga11,j) bnnk deduced. 

Ordinary method ndopted. Instrument equidistant 
from staves. Five sets of readings talten and the 
meall nccepted. Back stuff on left bank, instrument 
n~ld fo~.wurd atnff ou right bank. 

Here thel'Vertical nngles" method mas adopted. Two 
12-incli tl~eodolites were set  np on isolated masonry 
pi1l;~rs. the objects observed to being the object 
glagers of the telescopes. Observatious were carried 
ou for four days, the observers changing places on 
the 3rd dny. 'l'he distance across wns found by 
triaugulation to be 48.34 chains. 

The o r d i n ~ ~ r y  method of lerelling was ndopted. 
The two le\rellers set 111) their ins~ruments  on nn 
island in mid-etreau~, the plnres being on piles driven 
into the two banks. Eirty-four P R ~ V  of obfiervnt,io~~a 
were tnken, 30 setn by the 1st leveller and 3 6  sets by 
t l ~ e  211d, the general laleans of f 1 1 c .  reaultu obtained by 
both lcrellera differedOonly by 0 004 of n foot. The 
levela were placed u~idw:iy hetwoen the staves, the 
dieti~uce bring 2G ~ I I ; L I I I Y  either may. 

Line S o .  

77 A 

B~~~~~ A 

Burma A 

Burma B 

The difference between reaults by " Tlde.poleM and by levelling is thua .- 
011 ('henab (18SG) 0.048 of n foo t  
,, Ganges (1000). 0 050 ,, ,, 

River crossed 

Brnhmnputra a t  
Dhubri. 

Hengoon river ... 

Irramnddy st Sagaing 

Irrnwaddy a t  Magwe 

,, Indue (1906) 0.272 ., ,, 
while the difference between the results by levelling nnd bg " Vcrticul nnnles" is :- 

On Ganges + 0.007 of a foot 
,, l n ~ l u s  - 0'007 ,, ,, 

1 chain - 66 feet - 2 0 - u 7  molres, 
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ne at,ore figurer meem to estnblish the s~lpcriority of the " Vertical ~ n g l e s  " method over tbeuTide.palets 

be regarda the bestlmethod of carrying levels of precision acroaa n wide river, Captain H. L. Cra8thrnit 
,,[ 

the metl,cd of vertical snglea is far preferable to  that  of levelling. . . . . i t  is very difficult to makeesatisrascto 
'I 

6, intersection of a dintant object when the object itaelf has to  be moved. The operation is very trying to the eyes, and 
&, 

,, uncertain. 1~ the one0 of vertical angles, where the telescope is moved, i t  ie comparatively simple to get 

., section, ~ ~ k i ~ g  into consideration the  facts tha t  there is no great difference between tho results by the tllree methodaaod 
that there is neerly elwnys a great difficulty in getting n suitable site for observations with water gauges, I would recommend 

, ,for future work the employment of two 12-inch theodolites with good levels, as being the best and moet expeditiouanletbodol 
., carrying linen of levels across large rivers." (Vide Prof. papers 1903, Serial No. 7, POYO 11). 

Dehra D i n ,  

August Citb, 1910. 
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No. 6. 
THE ERRORS OF THE TRlGONOMETRlCAL VALUES 0 F HEIGHTS OF STATIONS 

OF THE PRINCIPAL TRIANGULATION. 

BY 0. C. OLLENBACH, ESQ.. 

Sumey of India. 

The trigonometrical difference of height between any two e:ntions of triangulation, the height of one above mean-sea- 
level being known, is determined by a well-known formula, first introduced by Colonel Everest, from aimultaneoua mutual 
vertical observations of the stations; but owing to the complex distribution of heat in  the lower strata of the earth's atmosphert* 
this method, which presupposes that both of the angles nre equally refracted at  the time of observation and that tLia refraction is 
consequently eliininated in deducing the angle subtended by the excess of the higher station over the lower,* does not often yield 
satistictory results. I n  hilly or mountniuous regions results of a high degree of accuracy may be obtaiued by this procedure, but 
in the plains the rays of light-passing from the object to  the observer undergo considerable refrnction before reaching their final 
dentinntion. Much relinnce cannot therefore be placed upon the heights thus obtained. The following extract is taken from 
Volume 11, Accoutbt of tha Operations of tL Oreat !&igonornetiical Survey of India, page 15-1, by General J. T. fValker, C .  B., 
R.E., F.R.S. :- 

" I n  a country where the trigonometrical stations can be erected on hills, or on points of su6cient command to  permit 
"the mutual rays of light to pasa freely through the air, a t  some distance above the surface of tho ground, the method of vertical 
" angles is susceptible of n high degree of accurncy, provided the observations are talren during the time of the day when the 
"rofrnction is n minimum. I n  a hilly country determinatione of height may probably be thus wade wit11 a degree of nccuracy 
"which will not fall far short of that of good spirit-levelling in the plains, and will be superior to ~vlint could be expected fro111 
"the Iaborious process of levelling over the steep slopes and rugged ground which nre met with a t  every step in n lnountainoue 
"region. But in n very flat country the trigonometrical metbod is beset with many difficulties from which that of spirit-lev ell in^ 
,I ' 

1s compsrnti\vely free ; the rays of light mutually passing between the stations frequently graze the surfnce of the ground, and 
"alwnys traverse the loweel strata of the atruoapere, which are occasionally dense and heavy with moisture, end a t  other time8 
"rarefied by the hent which is rndiated from the surface of the ground whenever the sun shines out powerfully". 

By spirit-levelling on the other hand the final heigbt of a station is determined by a series of peg stations whose 
differential elevntious are obtained by placing the instrument midway between stations and by taking the readings of brick and 
forward stnvee simultaneously. Spirit-level values of height are tberefore quite independent of refraction and their reliability 
is without question. This conatitutes the principal reason why trigonometricd measurements of height are inferior to those of 
apirit.levelling. Tbe errors of trigonometricel values of height can be determined by means of comparisons with spirit-level 
values. 

The following table ehows the errors of the trigonometricsl values of height of several of the principal stntione of 
trisnplation of Indin :- 

V i h  psge 8 of this volume. 
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Srrird of P r in~ ipn l  
T I ~ ~ U I I ~ I I ~ I I ~ I U I I  

The Great Iudurr Series 

Numhcr  of 
Sy ~ropl  it.nl 

Volunio 

Names snil distinguishing nun~bers of Prillcipvl 
6hLione of Triungulntion which are also 

Bpirit-level bench.msrke 

... Abbaemala, CVIII  .a. ... 
Ahmnd Sindi, CXXXVI ... ... 

... Bakar, CXXXII ... ... 

x- i of i 5 t 
i fief Line 55 + 1 

g i< of Line 55 - 1 

I Chandia Khan, XXIX ... 1 3 of Line 51 1 + 2 ... 
Dera Din Panah, CXII  

Dorata, C ... 
Farowala, C S V I I  ... 
Go14 LXXV a,. 

Hairo, XIV ... 
Hatidarn, XLI I  ... 
Jalbani, XXXII  ... 
Jangal-pahora, XLV ... 
Jhnrkil, CXXVII ... 
Kandkot, XLIX ... 
Knrohar, XXI  .,, 

Kaaain, CXXX ..; 
Easmor, L V I I I  ,,. 

... 
I.. 

I.. 

... 

..I 

a,* 

+of Line 55 
1 

-of lIi~le 55 8 

&of line 55 

2 of Line 57 

4 of Liue 53 

5 of Line 54 
1 

of Line 58 

2 of Line 54 

of Line 55 

of Line 5 1  
3 + of Line 53 

f - of Line 55 
10 
1 of Line 54 

Lakhe, XXVI ... 
... Laluwali, LXXXIV 

... Lanjiwar, LXXXI 

... Litan, XLVII  

Mahimala, CVlI  ,,, 

... Mari, XXXVIII  

... Maru Pir, X X  

Mir-ka-kube, XVI  ..# 

N r  Khan, X I 1  ,.. 
Mohammad Shah, CXXV 

Pari, CXLVIII ,,* 

... Babnr Khan. X V I I I  

..a ... of Line 53 

2 .., ... - 3 of Line 57 

1 ... , - of Line 57 3 

.I. , 3 of Line 54 

... .a* 
b 9 of Line 56 

*I. .., 1 2 of Line 5 3  

.a. .I. 

: 3 o[ Line 53 

... .a@ ?of 3 Line 53 
. . 
a,. .I. 

a 4 of Lil~o 83 

d ... ... - 10 of Line 51 

.I* . . # 
d 18 of L i e  55 

d . . , ... ,f Line 53 
3 / 
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series of Principal 
Tria~~gt~lsLion 

Great Indus Series 
(Contd 

The Qreat Arc Meridional 
Series-Section 24' to 30 

The Knrnchi Longitudin~ 
Series. 

The Gurhagarh Meridion1 
Seriee. 

The Rahun Meridional 
Series. 

The Jogi-Tila Meridional 
Series. 

The Sutlej Seriea 

The North-Went Himalay 
Series. 

Number of 
Bynoptieal 

Volume 

Names and diatinpuishin~ numbers of Prineipsl 
BtaLions o l  'I'ri~ngulmtion w l ~ i c l ~  are also 

Spir~t-level bencL.ularks 

Geodetic numbers 
unsiglled to the  

ntatio~na sa levelling 
bench.marks 

Ermr of 
Trigonometr 
height - T I  
value - Bpl 

level ralu 

Vol. I1 

Sakwala, CXV ... 
Saudi, CXXXVII  ... 
Segra, CXXXIV ... 
Shahpur, L X X I I I  ... 
Shahpur, C X X I I  ... 
Sojm, X X I V  ... 
Sukhimala, CXX ... 
Tamnn, CXLV ... 
Yusuf, X X X V I  ... 
Begarnzpur, X L V I I  

Boolandshahar, X X X V I I  

Dliolpur, X X  . . . 
Nojli, L I l I  ... 

Kanad, C I  ... ... ... 

There are no bench-marks ... .., 

Kado, LXXXV ... ... ... 

1 0  of Line 55 

&of Line 55 
h 

of Line 56 
l a  3 of Line 57 

fi of Line GB 

b 
%of Line 53 
b 

of Line 55 
1 I? of Line 55 
b 
j- of Line 53 

d 
%of Line 6 1  
1 
-g of Line 62 

1 
-of Line 63 (i 
6 5 of Line 61A 

a 
of Line 52 

&of Line 61 

feet 
0 

0 

0 

+ 1 

+ 1 

0 

- 1 

+ 1 

+ 4 

Vol. V I I  

' K o u .  X L I X  

Chnnikhan, V 

Dntekhan, X I  

Kandani, I 

Khnnbelrc, I1 

Mngreja, 111 

Nurknnch, I X  

Pnphrn, 1 V  

Pirbnr, V I I  

Jaoli, XXXVIII  

... 

... 
I.. 

... 

... 

. t l  

... 

.., 

.. . 

2 K~ of Line 6f 

1 r of Line 67 

l c  
7 of Line 57 

arc - of Line 57 3 
1 

-of Line 57 
4 

:of Line 57 

;of Line a 
l a  a of Line 67 
1 n 
-g of Line 67 

3 - lBt( of Line 56 
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Series of Principal 
Triengulstion 

!he Great Arc Meridional 
Series--Section 18" to 24' 

rhe Jabalpm Meridional 
Series. 

Phe Bider Longitudinal 
Seriee. 

Phe Bilaepur Meridional 
Seriee. 

The Calcutta Longitudinal 
Yeriee. 

The East Cosst Eerie8 

Number of 
Synoptical 

Volume 

Vol. V I I I  

Vol. IX 

Vol. X 

Vol. X I  

Vol. XI1 

Names'snd dist,in(uishinp numbers of Principal 
Btetions of Triangulation which ere elso 

Bpirit-level benoh-marhe 

... Bedali, X X  ... ... 
Bider barre-line, E. End, XLV ... ... 

W .  End, XLI I I  ... ... . . . .  
Qidgarh, 1V ... ... ... 

... Sbilapali, XLVII a,. ... 
Wirur, X X I  ... .I. ... 

7 
-0fLinea5 237 

z o f L i n e 2 4  2c 

Khara, X I X  ... ... ... 
Lspeta, 1V ... ... ... 
Sitapar; X X  ... ... ... 

fM 

+ 5  

,a 

3 of Line% 

2&, of Line 34 

1 - of Line 44 
1 

2 ~ 6  of Line 35 

... Bore Qnttu, I11 ... ... 
... Parads, XLV ... ... 

- 
- 
- g 

+ 2 

2 4x of Line 35 
1 

of Line 60A 
2 zo of Line 35 

Bhalua, I1 ... .., .,, 

... Bodri, XV ... ... 

... Delea, XI1 ... ... 

... Gathaura, XIV ... ... 

- 2 

- 6 
t 1 

2 36. of Line 24A 

1 
2 j  of Line 30 

Hathbena, XLI I I  ... ... ... 
... ... Hirapur, XLV ... 
... Kotgarh, XVI  ... ... 

Sirai, L I I  ... ... -.. 

I ... ... Snugor, V 

t 6 

0 

1& 
1 ~ 4  of Lice 58 

5 of Line 88 
62 
1 of Line 58 

LO 

13 of Line 40 

... Amua, XVII  ... ... 

... Chinaura, LXXXI ... ... 

... Lore, XVI  ... ,,. 

... ... Salnia. XIV ... 

- 10 

t I 

t 1 

- 1 

1 K7 of Line 37 

a - of Line 37 
149 
1 
19 
- of Line 40 

E of Line 37 
144 

f 8 

f 1 

- 4 

- a 

1 - of Line 69 
lti 
b - of Line 74 
75 
1 - of Line GOB 
16 
1 - of Line GO 
60 

B a i  X X X I  , ,  , ,  . Ff L '  1 

- 
- '2 

- 

O 

- of Line 36 ... Bor, LXI I I  . .. a,.  

L of Line 99 ... ... Chandikho, XLIII  85 ... 

- ' 
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r p l i v f ~ ~ ~ e % n l  
heig'lt - 'l"Ic 
"Iue - 'pirit- 

level value 

j'eet 

- 1 

+ 1 
- 4 

- 1 
- 1 
- 4 

+ 2 

+ 6 
+ 1 
+ 2 
- 1 

0 

+12 

- 1 
+11 

+ 3 

- g 

-25 

-31 

-14 

+ 1 

-10 

0 

0 

-12 

-10 

- 3 
+ 2 

+12 

0 

aeOdetic 
nasigned t o  the  

stntiulls ms levrIIing 
b e n e ~ l . m o r ~ s  

G 3% of Line 75 

1 
of Line 40 

a 
of Line 75 

- 171 of Line d9 
1 

1 
1.77 of Line 75 

- l;ti of ~ i n e  75 

- 24:3 of Line 39 
1 

1811 of Line 75 

- a of Line 74A 

x4 1 of Line 75 

; ~ i  1 of Line 36 
1 

of Line 36 

2 of Line 66 

30 - 100 of Line 64 

1 10 of Line G6 

1 a 7 of Line 61 
1 

of Line 66 
1 

of Line 64 
1 
6~ OE Line 66 

&* of Line 64 
1 7 of Line 67 
> - 

of Line 59 
3 Lz of Line 64 

- 22 of Line 64 
1 

l a  
of Line 59 

2 
- of Line 67 
63 
1 
- of Line 67 55 
2 - 1 7  of Line 68 
1 30 of Line 68 

- of Line 68 
2 
19 

Names and dialitnguisl~in~ nnmbers of Principnl 
Ytntio~~a o l  ' I ' r ~ a n g ~ ~ l a l i o ~ ~  w l ~ ~ c l l  nre also 

Yp~rit.levrl beoch.mnrks 

... ... Chandipurl "' 

Cuttack, XXXV ... ... ... 
Kudi, X I  ... t'. .a. 

Idal, L I  ... ... ... 
Mirznpur, I ... ... ... 
Patno, X V  ... ... ... 
Pindi, L X  ... ... ... 

... ltamnagsr, I V  ... ... 

Yariea, I1 ... ... ... 
S a u t i ~ ,  XI11  ... ... ... 
Viengapntam base-line, N. End, L X V I I I  ... 

Vizngapatam base-line, 9. End, L X X  ... 

Barngaon, X X I I I  ... ... ... 
Bhntnuli, X L I I  ... ... ... 
Firozabad, X X I I  ... ... ... 
Sirsa, XL ... ... ... 

Bisungarh, X X  ... ... ... 
Fatehganj, X X X I  ... ... ... 
Kalsan, X I X  ... ... ... 
Darnmal, X X V I I I  ... ... ... 
Jajmno, X V I I I  ... ... ... 

Maihnr, I ... ... ... 
Parser, X X X  ,,. ... . . , 
Sirwain, X X I X  ... ... ... 

Burwa, V ... ... ... 
Karrn, X VI ... ... ... 
Majilgoou, X V I I  ... ... ... 
Peanr, X X X  ... ... ... 
l'urkani, X X X I  ... ... ... 
Utismno, X X X I I  ... ... ... 

Number of 
S g n o p t i c ~ ~ l  

Volu~ue 

Vol. XI11 

vol .  XIV 

vol. xv 

Vo]. ~ V I  

vol. XVI 

- 

aeries of Principal 
priongulutiou 

~h~ ~~~t Coast Neriea 
(Contd.) 

The Budllon Meridional 
Series. 

The Rnll~ir Meridional 
Series. 

Amua Meridional 
Series. 

The Kamra Meridionnl 
Yeriea. 
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Beriel of Principal 
Trian~ulation 

Pbe Qurwani Meridional 
Series. 

rhe Qorn Meridional Series 

The Hurilaong Meridiona 
Series. 

The Chendwar Meridione 
Beriea. 

The North Parasnath 
Meridional Series. 

The North Maluncha 
I Bferidionrl Series. 

Number of 
Sy noptical 

Volulue 

Vol. XVJI  

Vol. XVII  

Vol. XVI I I  

Vol. XVI I I  

Vol. XIX 

Vol. X I X  

Beripur, V I I  ... ... .., 

Ganeepur, V I I I  ... ... .., 

Kumeria, XXV ... ,.. ... 
Ornjar, XXIV ... .a.  

1 ... I of Line 68 I + 2 

1 = of Line 70 
1 
iij. of Line 70 

1 
% of Line 68 

Bahet, X X I I  5 ... ,.. ...I gotLilu6Bl - 2 

fie!- 

- 10 
- 7 

- 3 

Baleriaganj, X V I I  

Baninpar, X V I I I  

Barhani, V l I I  

Barhanpur, X 

Chit Biaram, XIV 

Hirdepur, I X  

Kanaon, X I 1  

Katwar, X X I I  

Rajabari, XXVI 

R~jgarh ,  XX 

Snmendq XV 

Saraia, .XXIV 

... .. . 
.a. .,, 

... ... 
I 

... . a 1  

111 111 

I.. .a. 

... I.. 

... *.. 

... . . . 
. . a  ... 

Nuaon, XV ... ... ... 
Petjirwe, XXVIII  ... ,.. 

Harpur, X X I I  ... ... ... 
Peladpur, XXI  ... ... ... 
Phulweria (Fulharia), XIV ,.. 

Bawejpur, X X I I I  ... ... .-. 
Baaantpur, XV ... ,a0  ... 
Chotaipati, XVI I  ... ... ... 
Harpur, XVI I I  ... ..I ... 

la 5 of Line 69 
1 

of Line 69 
3a 

of Line 69 
8 
5 of Line 69 
1 

42 of Line 69 
1 - of Line 70 85 
1 

of Line 69 
1 g of Line 69 

1 7 of Line69A 
l a  - of Line 69 
8 
1 
- of Line 69 35 

1 
105 of Line 68 

1 - of Line 71 - 3 
38 

t 4 

- 2 

- 6 

- 2 

t 3 

- 6 

- I 

- 2 

t 3 

+ 3 

- 2 

- 3 

1 - 11 of Line 72 

2 - 20 or Line 71 

- 1 

t 8 

d 41 of Line 71 

1 - 80 of Line 72 

2- of Line 71 
40 

Barari, XI1  
1 .,. 0 . .  

I Ti of Line 72 - 1 

- 5 

0 

- 3 

2s - of Line 71 66 
1 - of Line 71 

68 
1 - of Line 71 

78 

' 

+ ' 
- $ 
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T ' t i ~ ~ ~ ~ ~ i c d  
Trig' 

- 'pirib 
level value 

jaet 

+ 1 

+ 18 

+ 4 

... 

+ 3 

- 2 

+ 2 

- 3 

- 3 

0 

+ 1 

+ 3 

+ 3 

0 

0 

- 2 

+ 1 

0 

- 3 

- 1 

+ 1 

+ 2 

- 2 

+ 1 

- 2 

0 

0 

a ~ ~ ~ ~ ~ ~ ~ ~ m  
abtions as levelling 

bench.msrhl 

1 65 of Line 74 

1 23 of Line 77B 

1 
%of  Line 77D 

... 

1 r8 of Line 77 

18 
of Line 77A 

2 
x o f L i n e l 7 A  

4 
- of Line 29 78 
1 7 of Line 27 

- 1 of Line 1 5 
2 
- of Line 1 6 
1 96 of Line 0 

2 
- of Line 1 26 

10 of Line 1 
2 - 12  of Line 1 

2 - 180 of Line 9 

43 of Line 1 
1 - of Line 1 
14 

45 of Line 1 

of Line 2 2 + of ~ i n e  5 

1 - of Line 2 7 
1 - 44 of Line I 

G of Line 4 

5 
xof Line 1 A 

A o f  ~ i n e  1 A 
11 

- 0 f L i n e 1  1 A Y 

Names and distinguilhing n u m h  of P r i n c i p l  
Btstions of Triangulation whirh are almo 

BpiriL-level beocll-marks 

... ... ... Nial, 11 

Ramchandpur, X X X V I I  ... ... 
Khmkhsnapur, V I I I  .. . ... 

... There are no bench-marks ... 

Chilahati, I V  ... ... ... 
Dhubri, X X I V  ... ... ... 
Pil, X V  ... .,. ... 

Aundh, V I  ... ... ... 
Kalas, I ... ... ... 

Kakkrilkota, X X X I I  ... ... 
Kallakota, XXXV ... ... 
Knllnpat, V I  ... ... ... 
Kansd, XLIV ... ... ... 
Karakkurchi, X X X V I I  ... ... 
Kulamangalam, X L  ... ... 
Kumbakonam, X X I I I  ... ... 
Nambudalai, X L I X  ... ... 
Pallathivayal, X L I I  ... ... 
Poragudi, L I V  ... ... . 
Rarnnad, L V I  ... ... ... 
Enramntiraikcka, X X X  ... ... 
Tanichnnthni, L X I  ... ... ... 
Urannankudi, L I  ... ... ... 
Uttorakoshamangai, L V I I I  ... ... 
Qendhsmanfl, L X X X I I I  ... ..a 

Marnkoyarpatnsm, L X X X I  ... ... 
... Ramasvami Madnm, L X X I X  ... 

fleriee of Principnl 
Triaogulalion 

~h~ calcutta Meridional 
Yeriea. 

The Brallmaputra Meri- 
diooal Series. 

 he E I R ~  Calcuttn Longi- 
tudinnl Series and the 
Eastern Frontier Series, 
Section 23' to 26". 

'Che A~nam Longitudinal 
Series. 

The South Konkau Coast 
Series. 

The Mangalore Meridional 
aeries. 

The South-East Coast 
Series. 

Ceylon n r ~ n c h  Series 
the Youth-East Coast 

aeries. 

Number of 
Bynoptical 

Volume 

Vol. X X  

Val. X X  

Vol. X X I  

Val. X X I I  

Vol. X X I I I  

Vol. X X I V  

Vol. XXV 

VOI. xxv 
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Series of Principal 
Triangulation 

The Bombny Longitudinal 
Yeriee. 

The Madres Longitudinal 
Yeriee. 

The Madran Meridional 
and Coast Series. 

me Great Arc Meridiond 
Beries-Section 8' to 18'. 

Numbor of 
9 noptical 

%olume 

Vol. XXVI 

Vol. XXVII  

Vol. XXIX 

Anandalamalai, XXXI  ... 
Ballemale, I V  ... ... 
Haltibetta, XV ... ... 
Kurumkota, XXXII  ... 
Mangalore, I1 ... ... 
St. Tbomes'a Mount, XLIV ,.. 
Tirumani, XXXVIII  ... 
Yerrakondr, XX ... ... 

Names and distinguishing numbers of Principal 
Btations of n~iangulation wl~icli are also 

8pirit.level bench-marks 

... Bori, X X I I  ..a ... 

... Kern, X V I I  a,. 9.. 

... Wapla, XVI  ... ... 

Anantagiri, I .., ... .., 
Aupad, LVI I I  ... ... .., 

Bandalduru, XXXIV ' ... ... 

... Chintalnp~d, LXXII  ... 

... Qurramkondn, XXXVII ... 
Eappakonda, XLVI ... ... .., 

Nialamari, I1 ... ... ... 

... ... Ongole, XVI I I  ... 

... Palnparu, X I 1  ... ... 

... Bettambedu, XLIV ... .,. 

Geodetic numbers 
assigned to tile 

stsliona as lerolling 
bench.msrbs 

In 
x o f  Line25 
1 

%of Line26 
2 

-of Line 26 42 

f i i g a o ~ m ~ ~ ~ ~  
heiig~t . T " ~  
qmlue 

lael I ~ I U ~  

K- 

-: 

1 
- of Line 10 18 
1 

K60f Line 188 
3 

%of Line 18d 
1 -2- of Line 8 

1 
- 20:3 of Line 18A 
1 
- of Line 9 
11 
1 - of Line 9 a9 
1 ijg of Line 18 

- 3 

- 2 

- 3 

+ 2 

+ 2 

0 

0 

+ 1 
1 

2j6 of Line 24 

2 
of Line 30 

2 of Line 20 
1 

2~ of Line 24 
1 

216 of Line 20 
1 

1 ~ 6  of Line 30 

l c  ... ... Adoni, XXI I  ... I Zb of Line 21 / + 1 1 

- 3 

+ 3 

+ 5 

+ 2 

+ 1 

- 1 
1 

~'jg of Line 24 

1 - of Line 20 
99 
2 -- of Line 20 
52 
1 2T2 of Line 20 

... Bangalore base-line, N. E. End, L I I I  

... Bangalore bnse-line, Y. W. End, L I I  

... Cape Comorin ba~e-line, N. End, C 

... Cape Comorin base-line, 9. End, CI  

... Chennimnlai, LXIX . m a  

... .,. 
Qoraigat, I . 
IIonnur, I X I X  ... 

- 2 

- 1 

0 

t 2 

1 - of Liue 18 ( t 1 
70 

78 of Line 18 

65 of Line 3 A  

56 of Line 3 A  

2 - of Line 11 
10 

t 

0 

t 

- 

R of Line la  
- ' 

1 
1 - of Line 24 

48 
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Error of 

Number of Nnmee and diatinRlli@hing nu~nbers  of Prirlcipal aeodet'ic l 'rigonorn~trros~ 

series ol Principal 6gnoptir.nl BtnLio~~s of  l ' v ~ ~ ~ n : . ~ t l s l i o n  w11irl1 ore also orsigned to the 
Triaogulnlion Bpirit-level beirclh-marke s tnt~ons  Ire levelling ' l " ' ~ l ' L  = "'r'*. 

Vulullle bc , ,c l , .n lar~ .  ' n l U e - H ~ i r l L -  
lere l  value 

- 
Jeet 

... Kottnpalle, XV - l b  of Line 22 . a .  ... 4 1 
0 

... Kutiparai, LXXXI I.. ... 1 
7 of Line 3 
a9 

- 10 

In ... Maliabad, XIX ... ... - of Line 21 
6 

0 

1 ... Morur, LXVII ... . a .  
- LiO of Line 7 - 2 

Naikal, XVII  ... 1 ... ... - of Line 22 - 1 28 

Hangaemamibetta, XLIII  ... 1 ofLiue18A - 1 ... 
Tirthapalli, XLVI ... 1 ,a. ... - of Line 18 

55 
0 

Yettimalai, LXX ... 3 . a ,  ... - of Line 6 + 1 55 

... Ingrodi, XXX - of Line 49 

Jinjhar, S V I I  ... - 1 of Line 51 + 2 ..a ... a 1 

Khoraj, XXlV ,.. .., 1 ... - of Line 51 + 1 8 

Snnand, S X I I  ... 1 ... ... - of Line 51 + 1 10 

Sola, XXI 1 ... ... ... - of Line 51 + 1 17 

Vaetral, XVIII  ... #.. ... of Line 51 + 3 22 

1 
- of Line 34 + 13 

a 
Dhanvar, XXJV ... ... ... of Line 35 + 13 

I 
Singarchori, XV ,.. ... of Line 31 - 4 ... 

1 
i p 2  of Line 31 - 2 

6 
Vnlvndi, X S I I I  ... ... ... - of Liue 35 + 1 4  41 

I1 
Sidhpur, XXIII  ... ... .., x i ) f L i n e ~ l ~  + 4 

1 1  
Sinnar, XXXVII ... ... - o f  Line 33 - 4 ..a 9 0  

1 
- - of Line 46 - 2 

1 
Charnlsda, VI I I  ... .., .,. 11 of Line 46 0 

Domani, XLIV ... A of Line 45 - 3 ... . . , 3 

Qnda, XXXIX .,. 
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Scries of Principal 
il'rlnngelatlon 

Phe Cutch Coaat Series 
(Contd.) 

l'l~e Knthiawar Meridionel 
Series. 

T~IG North-East Longitudi 
unl Series. 

Number of 
Synopbical 

Volume 

- - 

Vol. XXXIII  

Vol. XXXIV 

Vol. XXXV 

Names nnd diatinguiahine numbers of P r i n c i d  
Bhtions of Trinnpl~lution wl~icll are ulao 

Spirit-level bonch.ulurke 

Hathria, XVI  ... ... 
Lnkhp~t,  XXV ... ... 
Mod, XXXI  ... ... 
Mogl~ul Bhin, XXXVII ... 
Saiyid Ali, X S V I I  ... .,. 
Sugaodia, XXVI ... ... 
Sukhpur, VI  ... ... 
Vikia, X L I I I  ... ... 

Chitalin, XXIX ... .. . ... 
Knnmer, X ... ... ... 
Khakhana, XXVI ... ... . . a  

Malie, XVI  ... ... .. . 
Manabe, X I 1  ... ... .., 
Pata-i-Shah, V I I I  ... ... .,, 

Tarkia, XXV .., ... .,, 

Vandhin, XIV ... ... 

Atarin, X I  ... ... 
Bnkws, LXIX ... ... 
Bhermi, L V I I  ... ... 
Diwangenj, CII  ... ... 
Oharbaria, LVI I I  ... ... 
Qhibn, CIX ... ... 
Kdianpur, X I I I  ... ,.* 

Latona, C I I I  ... ... 
Purenn, LV ... ... 
Ramganj,CXXII ... ... 
Ramnogar, CVII ... ..I 
Rupdi, LXXIX ... ... 
8onakhoda, CXXI ... ... 
Umra, XV ... ... 

1 
3 of Line 44 + 2 

n 
62 of Line 44 + 2 
1 

of Line 44 0 

R of ~ i n e  M + 1 68 

of Line 41 +11 65 
l b  - of Line44 0 
ti5 
1 - of Line 46 0 
15 
7 
- of Line 45 - 1 
16 

1 
of Line 47 

1 
- of Line 50 1 
1 
- of Line GO G 
1 - of Line 49 
13 
1 3O of Line 46 

1 of Line 64A 

1 -of Line 71 
18 

16 of Line 698 

1 5 of Line 48 

1 -2- of Line 50 

1 - of Line 49 7 

1 - of Line 71 
108 
1 -5- of Line 696 

t 1 

t 1 

- 1 

-of Line 11 

- of Line 71 

-of 59 Line 10 

-of 61 Line 64A 

i b  =of Line 71 

1 a of Line 64A 

1 -of 106 Line 71 

2 of Line 696 

69 of Line 76 

- 
' 
' 

-lo 

' 
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Wherever lines of level8 are connected with tlie triangulation, the spirit-level values of height for the stationa con- 
nected are adopted ; the trigonometrical heights of unconnected stntiona are determined by referring the differential heighte, 
derived from the triangulation, to  the stations whose heigl~ts have been fixed by the levelliog operations. 

Trigonometrical values of height have repeatedly emanated from spirit-level values in all parts of Iodin. It is 
therefore impoavible now to discover what errors in trigonometrical heights would have beell generated, if triangulation had been 
kept always independent of levelling, and if no connections between the two had been ioetituted. 

T $ ~ ~ ~ ~ i c a I  
Trig' 

value - B~iri t -  
level value 

feet 

+ 3 

- 4 

- 1 

- 3 

+ 2 

0 

+ 3 

- 2 

+ 4 

+ 9 

+ 6 

+ 1 0  

Dobra Dun, 

August 6th, 1910. 

- 
g8riea of Principal 

Trinngulnlion 

The Bose.line figure0 

The Burma Coast Series 

The Mandolay Meridional 
Series. 

Nanen md l intin~uiahing numbcrn of Principal 
Btatioss of Trinngulation w l ~ ~ c h  are nlao 

Bpir~t-level benoh-mark8 

..# ... Banog, (X) ... 
Bhaorasa, (V) ... ... ... 
Chach base-line, S.W. End, ( X I I I )  ... 

Dehra Dun  base-line, E.  End, ( IX)  ... 
Kamkhera, ( IV) ... ... ... 

Karachi base-line, 5. End, (XX) ... 
Sironj base-line, N.E. End, (11) ... 
Surantal, (111) ... ... ... 

... ... Myayabengkyo ,,a 

... ... ... Sheinmega 

Taungpila ... ... ... 
Toungoo ... ... ... 

Number of 
6ynopl.ice.l 

Volume 

... 

... 

... 

G ~ $ ~ ~ d n ~ ~ ~ ~ m  
atations as levelling 

,,eoch.msr~s 

Bb 
G80fLine61A 

1 
-of Line 60 224 

2 0 9 o f L i n e 5 6  

2 
s o f L i n e 6 1 A  

1 
m o f  Line 34 

12 of Line 43 

237 of Line 34 

3 s  
m ~ f  Line 34  





THE EFFECT ON THE SPHEROIDAL CORRECTION OF EMPLOVlNG THEORETICAL lNSTEAD 
OF OBSERVED VALUES OF GRAVITV AND A DISCUSSION OF DIFFERENT FORMULE 

GIVING VARIATION OF GRAVITY WITH LATITUDE AND HEIGHT. 

BY J.  DE GRAAFF H U N T E R ,  M.A.. 

Malal~rnatical Erpcnt, Suroy of India. 

I n  introducing corrections to  observed heights in  levelling operations, to  tnke nccount of the spheroidal form of the 
sea-level surface nnd the whole series of outer level surfaces, i t  is possible to  proceed in either of two mays :- 

(I) To introduce corrections such that  the corrected value of the height of n point is the a c t w l  distance measured 
along a verticnl between the point and the sen-level surface; this quantity being called the "orthometric height ". 

. (2) To introduce corrections such thnt tho corrected value of the height of n point is the distance measured along 
a verticnl nt some staadard latitude betwceu the level surfiice through tho point nud the sen-levol surfnco; the derived quantity 
bein: cnlled by its originnl investigntor M. Lnllemnnd the " c6te dynnmique ", which perhaps mny be trnnslnted "dynamic epui- 
volmt height" or more briofly, though less explicitly, simply "dynomic height ". 

I n  ndopting the second of these methods (which has great ndvnntnges in the actual computntions, as well ns being 
scientifically prefernble) i t  is necessnry to still further define grnvity nt our standard latitude. W e  take i t  to  be an idel11 value 

a t  wa.Iev.1. and to vnry with height according t o  the qu.ntiQ ( 1 - y), w h e n  H is the height above sen level and R i3 the  

mean radius of the earth. 

One of the Erst points of difference tha t  arisea between the  use of observed values of grnvity nnd of the thooroticul 
valuc~ is, thnt, ns we level aloug any parallel of latitude rising to a height h, with theoroticnl v n l ~ ~ e s  there is correction 
proportional to h to get tho dynamic he ig l~ t ;  and no correction at all to get the ortl~ometric height. On  tho otllar hnnd, with 
obeerved vnlues of 9 corrections to  both dynamic and orthometric lleights mill in exist. This is merely bccnuse the 
sea-l~vel eurface differs from a true surface of revolution about the polar nxia. 

Let us now consider strictly the formula, which occur. 

Let P h  (8ec figure 1, plate XVII) be any point on the enrth's surface, Po the point on the sen.levcl surrnce on tile vertical 
curve* through Ph; thou PI, Po (= h )  is the orthometric height of PI,. L e t  values of g r a ~ i t y  nt PI, and Po be rvl, ~ 9 0  
ree~ec t 've l~ .  Further let 8, be tho idonl reference ~ o i u t  ou stnndard latitude nt sen-level ; nnd let level sllrfncc throo:ll P h  cut 
v8rticn' Cur70 through So nt Su. Then Sa &(= H )  is the dynamic height of PI,. Let  the ideal gravity nt So be Qo rind that a t  
C be a,. 

The T e t l i ~ b l  cannot be considered no n strsigl~t line. It is n cune cutting the sueeosairo lorol mcfaccs orllro~onnll~. 
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Taking adjacent level eurfnces me have 

d jnamic height of Pb 
2 E  1-- B 

2 8  i n c e  Q= = ( I. - z ) ~ w  

NOW ,p, is strictly epeaking the observed value of gravity a t  the point A. If then we take tb ~&md 
b 

multiply it by the factor ( 1 - g)-'to reduce i t  to eea-level, 

siuce 

aud since (a - h) is emdl and can Be neglected compnred with B, we get 

dynamic height of PI = f 2 d l .  

It is to be noted thnt in mnking use of the okervsd vake  of g, i t  is poritively incorrect to  m&e use of any redoehot 
other than that for height as above-the Bouguer term nnd orographic term do not come into the expression ntnll. On tb 
other hand, when making use of a theoretical sea-Ievel value these corrections might be employed (if prnctieable) to rnekelis 

tl~eoretical value accord more closely with the value taken above. It would be feasible to apply the Bouguer correct~onh 
tlleoreticnl vdues of g ;  the orogrsphical correction could hardly be dealt with except in very special cases. In such taw 

n-here the orogrnphical correction is large i t  is nccordingly preferable in practice to make use of observed raluesntherlhm 
tileoretical vnlues of g, if such vnlues are available. An example of this has boen given in Appendix 4. 

I t  is of interest a t  this point to enquire whether the Bouguer or any other correction for height doen im~mro 
tile accordance between values of g given by the best available formula and values given by obeervation. Profwr 
Helnlert's formula of 1894, g = 978 (1 + 0.005uo sinql), is found to enit India better than hianem formula of lM1 
g = 978.03 (1 + 0 005302 sin2 2 - 0.000007 sine 21). 

As the object is to Bt the actual values of g as well as possible, there ie no doubtr that the first formu18 shouldbed 
for levelling corrections. I n  the next section the two formulm are in relation to the levelling correction. 

Tnble 1, 8t the end of this section, has been prepared to the  difference^ between tho vnluea of Y 
formuln and those found by actunl observation with the new half-seconde pendulums b~ought out by Major henox Conpi ba 

I n  thie toble tbe follow~ng quantities aregiven :- 

(1) Name of station. 
(2) Latitude. 

(3) Approximnte height above sea-lever = H. 
(4) Obeerved value of gravity corrected to see-revel = g (1 + 2hlR). 
(5) Theoretical value of gravity = 978 (1 + 0.005810 sing 1 )  = y. 

(G)  Diqcrepnncy = g (1 + 2hlR) - y = 8g. 
(7)  Difference between theoretical value and theoretical value a t  latitude 24'1 A9 = 7 ' n" 

,o the 
:OW if a chnrt is prepared in which Sg is plotled again& height, r e  6nd that the point. lie below lnd qluri i 

] I n e  to falrb equal eltent. suggesting that there is no betwan g nnd h, An inspection of lhs tab'e 
Ieads 10 unmo conclusion This seems to be au&ient r a son  for neglecthg the B o u ~ u ~ ~  

theOretlcd 

at l-t far 8a levelliug corrections are concerned. 
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Table 1.-(Continued). 

y, = 978'859 

Name of BtaLion 

Dehra D m  ... ... 
Quettn ... ... 
Bangnlore ... ... 
Fatehpnr .,. ... 
Bllichpur ..* ... 
Nojli ... .*- 
Khimdwa .a 1 

Dnrjeeling .,, ... 
Dera Ghazi Khen ... ... 
Roorkee ... ... 
Badnur ... ... 
Hardwar ... ... 
Asirgnrh ..1 ... 
Jnlpniguri ... ... 
Colaba .., ... 
Edgar Bhaft ... ... 
Sibi ... ... 
Blussooree (Cbmel '~ Back) ... 
Terc rud  ... ... 
Musaoorse (Dunseverick) ... 
Simls ... ... 
Siliguri .,I ... 
Pathankot ... ... 
hodnikanel ... ... 
Sandakphn .,I ... 
Ootacnmund ... 

Latitude IApc;::te/ g (1 + !!) V 

979.3'4 

979'314 

978'263 

979'333 

978'685 

979'290 

978'714 

979'074 

979'303 

979'288 

978.724 

979'394 

978.694 

979'035 

978'545 

978.160 

979.262 

979'335 

978.217 

979.334 

979.386 

9 7 9 . 0 ~ 8  

979'481 

976.164 

979.078 

978.203 

979'273 

979'366 

978'316 

979'279 

978 ' 740 

979'225 

978.787 

979'147 

979'229 

979'210 

978'803 

979'2" 

978'778 

978.947 

978.634 

978'351 

979'159 

979'442 

978.326 

979'444 

979'497 

978'923 

979'338 

978.358 

979'296 

978'424 

0 I 

30 19 

30 1 2  

I 3  I 

30 26 

21 18 

29 53 

21 50 

27 3 

30 4 

29 52 

2 x 5 4  

29 56 

21 28 

26 31 

18 54 

1 2  56 

29 33 

30 28 

11 47 

30 27 

31 6 

26 42 

32 17 

10 14 

27 6 

11 25 

feet 
2239 

5520 

3118 

1434 

1314 

879 

I014 

6966 

397 

867 

2103 

949 

2077 

268 

3 4 

2945 

434 

6924 

4493 

71 29 

7043 

387 

1088 

7665 

11766 

7395 

g ( l +  ?1) B -., A g ' ~ - h  

5 g =  I 1 
- 0'051 

+ 0'052 

+ 0'053 

- o.ogq 

+ 0.055 

- 0'065 

+ 0.073 

+ 0'073 

- 0'074 

- 0'078 

+ 0'079 

- 0'083 

+ 0,084 

- 0.088 

+ 0.089 

+ 0.091 

- 0.103 

+ 0.107 

+ 0.109 

+ 0 .110  

+ 0 ' 1 1 1  

- 0.125 

- 0'143 

+ 0'194 

+ 0.208 

+ 0.221 

+ 0 . ~ 6 ~  

+ 

- 0 . ~ ~ 6  

+ 0'474 

- 0.17( 

t 0,431 

- 0,145 

+ 0.21j 

+ 0'444 

+ 0,429 

- 0.135 

+ 3'4lj 

- 0'165 

+ 0'176 

- 0.314 

- 0'599 

+ 0'403 

t o'di6 

- 0 . 6 4 ~  

+ 0'471 

't '3.5'7 

+ 0"s9 

+ 0,621 

- 0.69j 

+ 0 '219  

- 0'656 

# 
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me now turn to consider the different effects on levelliug results according am we use the 1884 or 1907 formula 
hrI, ~ ~ ~ l i ~ ~ ~  o ~ I y  with sea-level values, if g is the value of gravity at  any latitude and gN the value a t  the mtandard latitude 

the dpnlnic correction per foot rim along a line of leuelliug is E = '2, .Qlr g being given the value appropriate to tho latitude 

where the takes place. Let sutlixee 84 and 07 denote values obtained from the two form~~lm. 

0.005310 (sin21 -sill2 24') 
Then EM = 1 + 0.003310 sin¶ 24' 

- - A - B (say). 

Now A is obviously less than 

0.005310 (sin' 1 - sina 24') { 0.000008 sins 24' + 0.000007 sina 480) 

which is less than 0.005310 cost 24' (0'000002 + 0.000004) 

or 0.26 x lo-', 
which corresponds to a correction of 0.001 foot in a rise of 40,000 feet. Thia is quite negligible. 

Again B is numerically alightly less than, but is practically equal to 
0.000008 (sin9 I - sinP 24') + 0'000007 (sing 21 - sine48') 

= 0 '000004 (cos 48' - coa 21) + 0.0000035 (COB 96' - cos 41). 

As 1 increases from zero this expression decreaeea to its absolute minimum, when I = 45O. Accordingly its extreme 
ralues in India are at the extreme Iildian latitudes. 

Taking these as So and 32" respectively, we find 

Similarly B3, = 0.0000027. 

Hence greatest discrepancy is  a t  latitude 8'; and a t  this point it in lesa than 0'0046 foot per thousand feet of riae. 
This is of no practical importance. 

As soon as one contemplates abandoning the theoretical values of g in favour of locally observed values, one is faced 
with one considerable dltliculty. I f  g mas known at all points along a level line the difflculty would disappear. But as g has been 
observed at a comparatively small number of places ouly in India, these places are usually at considerable distanrsa apart. The 
lueation then arises, how can values be assigned to points intermedinte to those a t  which g has been observed? Unless the 
poillta are fairly c lo~e  together, end there are no big local irregularities in the values of g, any method of interpolation is 
subject to considerable criticism. 

As a test case to get Borne idea of the order of the correctione, which are taken no account of in any formula 
giving in terms of the latitude as the only variable, three lines of levels meeting in  a central point (Jalnrpet) have been 
selected in south India. The other extremities of the lines are Madras, Bangalore and Salem respectively (eee figure 2, plate 
XVII).  Gravity hae been observed s t  four stations on or close to these lines; namely a t  Bungalore, Edgar Shaft (surface statioll. 
Kolar Gold Pielde), Madras, Salem; and the observed differ from theoretical values, according to the 1884 formula, b!- 
amountR +0'053, +0.091, +0.015, -0.008 respectively. The dynamic correction hse already been applied to these line*. 

far 80 the t1leoretical value of g permit ; i t  remains to oonsider the residual corrections due to t,he discrepancies of observed 
9 from the formula values. 
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f i e  lines aelected have aeveral epecial features:- . 
(1) One stnrts from sea-level at Madras. 
(2) This with nnother goes to a height of over 3000 feet, running practicqlly along a parallel of latitude, 

(3) The third lille runs due south througli normal country to a height of 919 feet. 
(4) The irregularity of g is exceptionnlly large a t  Edgar shaft;  in fact it is larger thnn at he otb p,lu nl,l 

o h w e d  at  in India, excepting a few hill stations and stations close to the foot of big mountains. 

first we muat somehow get a hypothetical value of g for Jalarpet; and to do this an entirely nrbitrsq melbd 
h~ been used. I f  A, B, C are the values of 6g at Edgar Shaft, Madras, Salem, and the direct distances from these 
t o  Jalarpet are 0, b, c, the ralue for Jalarpet has been tnken to be 

I n  the case under consideration 
A = +0,091 
B = +0.015 and a: b: c = 3 ' 4 :  12 '3  : 7'1 
C = -0.008 

so that the above expression is found to be 0.044. For intermediate point8 along the three lines from this common p i i t  re 
wign values as follows : from Salem to Jnlarpet 69 chnngee from -0'008 to +0.044. At a point distant a from adernand1 

- 
0'009P +0'044a; and similarly for the other lines. from Jnlarpet on this line, me take the value of Sg as 

a + 

Having thus arrived at  values for Sg, the appropriate corrections are easily found. The correction to a rise in blight 
S 

dh in the neighbourhood of a point is & dh as accurately as we require. Thus the multipliers of dh at the sesersl poi019 

Madras, Salem, Jalsrpet, Edgar Shaft, Bangalore are f 0.015, -0.008, +0.046, +0.093, +0.054 feet reapectively per tbourwd 
feet rim. 

The linea am now divided into convenient intervals, as shown in figure 2, XVII; the meen irlueof tho 

mdtipl ia  of ah is interpolated from values given in Section 10, and the value. of dh taken from the lenl~ng bwk~ Tk 
f i g ~ r s 8  me given below .- 

Mndns to Jalsrpet. Jalarpst to Edgar Ohah. 

foot fool 
1 0  + 16 x 102  =+0.0016 

lo-. 1 
+ 54 X 709 ~ t 0 . 0 3 8 4  

+ 19 x 53 0'0010 + 6 5 x a 1 r  0'0137 + 23 x 123 0 . 0 0 ~ 8  + 86 x 416 0'0358 
+ 26 x 125 0.0033 -- 
+ 2 9  X 2 1 5  0.0052 T0td ,, t0'0879 
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Edgar Shaft to B&ngalors. 

* Total +0'0290 + 46 x 49 +0'0023 

Total = -0.0005 

The to bring observed hoight to  dynamic height, using only the  formula for g, are now given with the r . l w  
found in lnst section owing to 89. 

Table 2. 

(Note thnt sign of correction must always be changed if we go dong  n line in  the oppbeite direction. For in  this cane 

We change increese of height into decrease). 

Line 

Mndras to Jalnrpet ... 
Jalarpetto EdgarShnft ,.. 

Edgnr Sbnft to Bangalore 

Jnlarpet to Salem ... 
Mndrna t o  Bangnlore ... 
Madras to Snlem ... 
Snlem to Bnngalore ... 

The above figures show that  by far the most important part of the correction had been taken eccount of by using aimply 
the formula for g. The uncorrected pert is eome lo0/, of the complete correction. 

As mentioned nbove the interpolntion of values for g is open to criticism. This is clearly if we t ry  to deduce t h e  
value at  Edgnr Shaft from the values a t  Bangnlore, Madras nnd Snlem. However there is an immedinte reaeon for the large value 
at Edgar Shrift. The density bonoath this place is abnormally high. This isnot  the case a t  Jnlarpet, sothat  onehas a fair chance 

getting afnirly near value by the method of 'interpolation employed. A t  d events, it may be safely assumed that tb 
obtained nbove are not very fnr from the truth. 

Correction forAg1Corrrni.n for 6g 
( A s  - r - nJ (89 = s - Y )  

I 

We hove 80 far coneidered the effect of the irreplnrity of gravity on n epeeid line of levels. I n  Appendix 4 another 
line, meending to the retnarkable height of over7400feet above sen-level hns been coneidered. Thie I a t b r  ie a most uauaual 

Cme~ and at preaent we ere concerlled with forming an estimate of the uncorrected errors in levelling due to irregularity of 

feet - 0,792 
- 0.838 
- 0'277 
+ 0.304 
-1.907 

- 0'488 
- 1.419 

foot + 0'042 
+ 0.088 
+ 0'029 
+ 0'001 
+0'159 

+ 0'043 
+ 0.116 
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Il".ity, in o rd imv  oonn* nbsn levelling operations nre ordinarily carried on. Let un now consida the 
,,f inruul 

&J genernl way Denoting gu - goM by A.q. We connider - 8. living a good idea of the relative valuu of the len l l ing  
A? 

corrections due to  the irregular and regular changes of g ; that 18, of the portion of the correction taken no account of to th 
I t  taken full account of when we uae the formula for g . As n mean for Indin therefore conaider the ratio, + / A ~  for the poioh 

grnVity ha8 been observed in India, with the exception of the following places omitted on nccount of their being bll 
ststions close to the foot of big ranges; h j p u r ,  Darjeeling, Sibit Mussooree, Yercrud, Simln, SiIiguri, pathantat, 

Kodaikn~lal, Sandakphu, Ootacmund. 

The values of A.g and 69 can be taken from the table and taking the sums for the 46 remaining sbtione re find 
2~~ = 15'294, = 1'755 ; and the ratio of these quantities gives 269 = 11.47°/0 of TAg. 

An alternative way of evaluating the mean Ag is to take the formula 978 X 0.005310 (eingl - singan) andfind tis 
mean value, irrespective of eign, between latitudes 8' and E2'. This ia done as follows :- 

J 2 4  sing 
Mean value of sin9 Z - 

between limits 24' and 32' - P 32 x 9.78 ~ 0 . 6 3 1  

J 2 4  

where 24P and 32' are given their values in radians. 

PI- 
sin dl + f 9  ( 1  - cos 28 

a h  2 lg - sin 2 1, 
= * - t  

12 - 11 
Now 29 - 2, = 8' =0.1395radians, and ein 64' - ein 48' =0.15565 ; and from 8' to 2P 2, - 1, = 16' = 0'2780 

and s h  48' - sin 16" = 0.46750. 

Hence mean from 24' to 32' is 0.221, and from 24O to 8' ia 0 . 0 8 0 ;  also sing 24O = 0.166. Therefore the 
sin9 2 - sinP 24' between 24' and 32" is 0.055, and between 24" and 8" is -0.086 ; and of these two numbere the arithmetic 
is 0.071. 

Then mean Ag is 978 x 0.00531 x 0.0,1 = 0.369, and mean Bp i8  1.755/46. The ratio required inacO1'Dlh 
1.755/0'369 x 46 = 0 1035. That is, mean 69 is 10.35 '1, of mean Ag. 

I n  conclusion taking into account the aeveral determinntiona of this ratio we may suppose it. value to be nnd''2r' 
or one-eighth. Thnt is to any, if we correct level lines for grnvity, using the tI~eorsticaI value of J (1884 or 1W7 formu'8'w' 

may fully expect to have introduced at  leset seven-eighths of the true correction. 

Nms-The computrtions hare been made chiefly by menna of a 50 em. slide rule, and nccodingl~ a l l l h t  

"I' 

Occur in the laat place of decimale in mome cases.   hue errors a n  too small to be of appr0einbie amoud in 
"I" 

obtained. 

Dehrn Dun, 

January, 1910. 
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ON THE DISCREPANCY BETWEEN THE TRIGONOMETRICAL AND SPIRIT-LEVEL VALUES 
OF THE DIFFERENCE OF HEIGHT BETWEEN DEHRA DUN AND MUSSOOREE. 

BY COLONEL S.G. BURRARD, R.E., F.R.S., 

Superintendent of Trigonotnctrical Surueyr. 

One curious fact brought to ligllt by Mr. Sham's observations between Dehra Dun nnd Mussooree is that the trigono- 
lnetricsl difference oE he~gllt, determined from rcc~procal vertical angles, is ~ystemntically larger than the spirit-level value of the,  
aifferellcr. The orthonletric difference of height determined by spiril-levelling is 4605.6 feet (= 14:J1'2 metres) : the trigono. 

determiurrtion alv:~ys exceeds 4696'0 feet (= 1431'0 metres). 

Table showing excess iu feet of the trigonometricnl determination of the height of ill~cssooree above 
D e h w  Dun OVe7' the spirit-level detenlti~zation. 

The mean excess of the trigonometricnl determinatiou is 3.0 feet (= 0 . 9  metre). 
I do not tlliuk thnt the difference between the trigonometricnl and spirit-level vnlues can be attributed to  errors of 

observation. As the above table shows, trigonomelrical obscrrntions have been carried out for yenrs nt different times of day 
and during different seasons, aud have always given nccordnnt results, whatever instr~lrncut has been e~nployed. I f  any one is 
unaillillf to nccept tho levelli~ig results, he should study pages 342, 350 and 395 of this volume, and be will realise how 
unjustifinble it would be to attribute an error of even oue foot to the levelling. 

The diurnal variation of the difference is small, and seems to  denote thnt the difference is not n phenomenon of re- 
fraction. Detailed cnlculations support this view, nud show that refraction is uot the primary cause. Le t  us, for instance, 
euppoee that nIussooree ie rnisod by refraction, when viewed from Dehra Dun, through x feet ; and that Dehra Dun i8 raised by 
refroction, when viewed from hlussooree, through feet. Then the discrep:bncy betaeeu the trigonomotrical and spirit-level values 
"ill be feet. W e  have therefore to  p u t  x+ equal to 3 feet, and o - y = G feet (= 1.8 metres). 2 

8 a  n1. ... ... ... 
... 10 n. m. ... ... 
... Noon ... ... 
... .. 3 p . m  timeofminilnumrefraction 

4-30 p. m. ... ... ... 

Now let rl be the co-efficient of refraction a t  Debra Dun nnd r2 a t  Mussooree : then from Mr. Sbam's observations me have 

the meen refraction = e2 = 0.056. And we have to assume that  the difference (r,  - r,) is such, that Mussoorec is raised 
2 

rofl'nction 6 feet higher when viewed from Debra Dun, than Dehra Dun is raised, wllen viewed from Mussooree. W e  can then 
deduco 

7, = 0.081, 

r, = 0'031. 

Yarrh 
Aprll 
1007 

feet 

3 ' 7  

3 . 1  

3 . 1  

3 . 1  

3 . 3  

But then0 rnluee ara contrary to  all experience; and in the face of numerous independent determinations of refraction 
we ahOuld not be justified in nccepting such a large co-eficient ae 0.081 for Dehre Dun  or euch e smell CO-efficient an 0.081 for 
M~booree. 

October 
Pioren~ber 

1906 

feet 

3'2 

2 . 7  

a . 6  

2 . 7  

3 . 2  

Ortohcr 
holcl~nl,vr 

1905 

feet 

3 ' 0  

2 . 8  

2 . 8  

2 . 8  

3 . 2  

March 
Apl.11 
1906 

pp 

feet 

4 . 3  

3 . 2  

2 . 9  

3 ' 0  

3 . 2  

1!109 

--- 
jeet 

3 ' 8  

2.8 

2 . 9  

2 . 8  

3 ' 0  

ortoher 
Igo8 

feet 

3 ' 1  

2 ' 5  

2 . 4  

2 . j  

2 ' 8  

October 
Picnr~mbrr 

1907 

---- 
/eel 

3 ' 8  

2 . 9  

2 . 8  

2 . 9  

3 ' 0  

Meon 

feet 

3 ' 5  

2 . 9  

2 . 8  

2 . 8  

3 ' 1  

Morrll 
A p r ~ l  
1908 

jket 

3 ' 2  

2 . 8  

2 . 6  

2 . 6  

3 ' 0  
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fhe effects of refrnction upon the  levelling between Debra Dun  m d  Mueeooree mey he neglected. 
1 in Appendir N, arr Hunter ha8 shown that  the  total correction for  refraction to 8pirit-levelling between Dehrn D~~ 

Y , , . , ~ ~  i8 - 0'092 foot. 

TIle d i e c r ~ p n c y  betweeu the trigor~ometrica~ and spirit-level rnlues of height can~lot be attributed to our emploJ41 
of erroneous vnlues of g in the formulm for  deriving the  ortliolnetric corrections for sl)irit.Ie\rel ~ ~ ~ i ~ l ~ ~ ~ ,  

ge 1001. I. ~ ~ ~ ~ ~ d i ~  NO. 4 of this volume, Mr. Hunte r  has shown that  if o b ~ e r \ ~ c d  vnlues of g. (corrected for heigllt only,, 
used for the deduction of the orthoinetric correction from the formulro of cllnl)ler VII,  the observed value of the sl,irit.~evel . 

Mnasooree above Dehra Duu will receive n correction of oidy - 0.392 foot. lelght of 

Grsnt differences of opiilio~i a t  present prevail nmongst geologists and geodesists on the sllbject of the B~~~~~~~ lernl 

in the redoction of pondulum obser\~ntions. Professor Suess has recently expressed distrust of tile resulta of Ileuduluol 

observntions, nud of the theory of isost,nsy +. Mr. Ti ttmann and Mr. $layford have recently questionetl the corrrctnesa of our 
orograp~icnl correctio~is for p e ~ ~ d u l u n i  observations, and hnve put forward a theory of complete isostasgt. 

uut I do not think thnt our neglect of the  Bouguer term in the deduction of the ortl~o~netric correction for spirit 
levelled heights (see page 101) can be the cause of the discrepancy betweeu the trigonolnetriccil and spirit-level determinaIion, 
of the Himnlaynn difference of height. The following are the several values of gravity :- 

It ia difficult to see how any theory of isost:~tic compensation can so modify the aclopttxd values of g, as to bringnboul 
an additioiinl correction of + 3 feet to the hpirit-levelled height of Munsoorec~. If observed jnlues of grn\ity are 11re11, ~ r ~ t b o u l  

any correction nt nll for Iicigllt or mass, the correction to  t l ~ e  spirit-levelled Ile~ght mill be less than + 0 ' 7  foot. 

. 

The only expl:~~:ation thnt I can offer of the discrepancy of 3 feet betweeu the trlgonoinetrical and ~p~rit.lrrel ?dues of 
t l ~ e  height of Mus~ooree  above Dehra Dun is t h e  following :- 

(i.) The plumb-line irr deflected a t  Dellra Dun about 30" towards the north:  the observed nngle of eleration of 

Eit~rssoorce from Debra Dun is thus about 30'' too smnll§. 

Observed valuea ... ... 
Observed vulues corrected for  

height only . . . ... 

Observed vnluerr corrected for  
I~eight, nod for mass (Bouguer) 

Observed values correoted for 
height, and for Inass (Uonguer) 
and for  oi-ography ... ... 

Theoretical vnlues from Holmertll 
formula ... . . . 

( i i  ) The pl111nb-line is deflected nt  Dluesooree also about 30" towards the  norlh; and the observcd anflr of ~ I e ~ r e s ~ i ~ ~  
of Dehrn D u n  from'b~ussooree is thus nleo 30'' too small. 

(iii.) Both the baclc and forward vertical angles being 30" too emall, and the horizontal distn~leo be twn I ) Q ~ ' ~ ~ ~ ~ ~ '  
and Mussooree being 9 . 5  miles, the trigonometrical value of the tlifferenm of height 1i.s been given about 7 feet tooann'' 

"imerrnce 
( I ) F L v R  1)un- 
M lissooree) 

m. + 0 . ~ 7 0  

- 0.169 

- o.ooj  

- 0'027 

- 0'0" 

a1 Dehrs Dun 

- 
cm. 

979.063 

979'273 

979.194 

979'198 

979'524 

(ir.) Bu t  the npirit level vnluc of this difference of re i fh t  is 3 feet smaller than the t r ipouom~l ic~ l  v'llir. 311'1 as "" 
latter is i feet too small, the soirit-level vnlue m u ~ t  be 10 feet too nmall. 

~ t t  Mussooren 
(Cn,,lel,s BnoL) 

- 

cm. 
978'793 

979'442 

979.199 

979'22j  

979'335 

( v )  CnIculrtions of trigonometrical Ilcighta nre hascd 11po11 n ipllcrnitlal figarc for the enrtli ; t l l ~  *~ir i l -1er~~l~~):  'J'o's 

this hllrfnce of the geoid. Tlls ~ u r f a c e  of the ~ e o i d  mul t  be, I think, 10 feet Iligher a t  Muunnree :tllo\'* t,lle s~llernido' 'urr'cp 
: I  i t  is 1 D l  I .   parati ti on of tho two ~ u r f n c e ~  would affect the levcllinp to the extcnt llf 10 fret. 

-- - ~- 

J-ide, The Face of the Earth, Volumo IV, page 610, Sollaa's trnnslation d Dnr .rnflil: d r r  Xrllr.  
t Repod Coad o u l  Ondelic Survey, U S A ,  1909 Report In(o~~~ationol (ieodri* Cofifrrnnr, Budn)rd, 190-5. RrFnrl L'"~"~"*' ad''" 

Can~ercncc. London, 1909 rm mllh' 
f The mout~tain line or  levelling lrom n e l l r ~  Dun to BIussoorne il the  only line i n  India, upon rrhicl~ ti10 neb'lect,ol Ihe  Bollgllar ' 

.Bert Lhe ortl~omalric ialues of height i n  the  flrst plnco of deeirnnls of n lout. 
5 For deflectionr nee PSilwopAical Tranraelionr of the Royal Society, Val. 206,1905, p .  803. 
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i ,  ~f the deflectiou of the plumb-line is 30" both a t  Museooree v d  Dehra Dun, i t  may be argued that thin represents 
the inclination of the geoidal to the spheroidal sllrface. and in 9 . 5  miles this inrlination'would only produce a of 7 
feet, yhis argument would be correct, if the deflection of the plumb-line continued lo  be :70" Ilrroryhout the lilre from Debra Dun 
to Mueaooree. But nt Rajpur, midwny between 1)chrn Dun and Musaooree, the deflection of the plumb-liue is 10' greater than 

~~h~~ Dun or Mussooree. The surfnco of the geoid is thorefore not rising a t  an unifo1.m angle of 30' thnBughout the line. 
the two ertremitiea of the line i t  is inclined 30" to  the spheroid ; a t  the centre of the line itr inclination r lpreaP w.' 

M 

A Spheroid 

M = Mussooree; R = Raipur : D = Dehra Dun. 
Dillerenceol height between Mussooree and Dehra Dun :- 
Above Spherold . . . . . . . . . . . = H, = MA - DB. 
& d e t e r m ~ n e d  trigonometrically = H,, = MC - DE. 

, , by spirll levelling = H, = MF - DE. 
H, - HL = + 7 leer. 
H, - H, = + ( 0  .. 
n. -H ,=  + 3 .. 

Dehra Dun, 

July 1311, 1910. 

* Tlnu adoplod deflections of t h e  plwn~h.lino ore t l~ose ,  which l l s re  been delprmined in t h e  plnne of t.hc meridian. T h e  l ine  joinine Dehra  D u o  
and ~ I I I R R O O ~ ~ ~ O  IS some 6 d ~ : ~ r c e n  In nzimul.l~ cnst of north. I n  Che ~e1.ticn1 plane, p n n e i n ~  t l ~ r o u g h  Dellra Dun nnd hIun~100ree, t h e  detlections a r e  pro. 
hably 2" Creillrr ot hot11 plnces tltnn in  tltr  meridionnl plnne. T11e course moreover of lhe  spirit . lorelling does not follow tile s t rn ight  line, b - ~ t  zig-zags 
lo 111-1 cnel usd l o  Ll~c west of it .  These considernt~onn prercnt  la8 f rom cln i~ning nnp I ~ i p h  degree of nccurncy tor  o u r  eatimnte of t h e  depar ture  of t h e  
gooidal (ronl Iho spheroids1 oorlace, but  they d o  not sffect t h e  genernl principlca u o d e r l g i ~ ~ p  Lhe erplnnnlion. See  preface to Synoplical Volurnr XXXV, 
0.  1: Survey of India. 
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Pol. XXI I I .  The  South Konkan Coast Sevies, of1 Sevies C of the Southern Tvigon. Dehra Dlirc, lR9l. 

Pol. X X I P .  The Mangalore Meridionul Series, 07. Series D of the Sozcthern Tvigoa. Deltr-(6 Dri11,1631. 

Pol. XXP.  The South-East Coast Series, or Series F of the Southern Trigort. DeAra D b ,  1891. 

Pol. X X T I .  The Bonzbay Longituclinul Series, or Series B of the Soulkern T~igon.  Delru Dlirh, 1892, 

7 o l . X X P I I .  The  Madras Longitudi~zal Series, or Series G of tAe Soz6tltern Trigon. Dehra Durr1ln9? 

P o l . X X P I I I .  The  Madvas Met.idiona1 and Coast Series, or Series E of the Sozcthertb l ' ~ i ~ o 1 1 ~  
Deltra D ~ L ,  1892. 

701. X X I X .  The  G r e d  A r c  Meridional ~eries-section 8' to I@, or fievies A of the Southern Tj'i~oll- 
Dehra Dzilz, 1899. 

701. XXX.  The Abu Meridional Series, or Series I, and the Glljajdt Longitzcdirtal Series, or Serie81 
of the Sozith- Wes t  Quadrilute~.al. Dehra D i n ,  1892. 

701. X X X I .  The Klldntpiaura Mep*idiona( Series, or Series o f  the South-We8t QradrLkmi 

Dehra Dzin, 1893. 

701- X X X I I .  The  Sirzgi dleridioraal Series, or Series H o f  the South- West ~ ~ ~ d " i l ~ ~ ~ ~ ~ ' ~ "  
D e l ~ r a  Dlirt, 1893. 

701. X X X I I I .  The  Cutch Comt Series, or Series 5 o f  the Sout?i- West ~ u u d ~ ~ ~ ~ ~ " '  
Dehra Dzin, 1893. 

701. X I x I P .  The Kdthidzodr Neridional Series, or Series J o f  the Sotbth- r e s t  
Qnudr.ilflleJ'ol, 

Dehva Dzi7t1 1894. 

JGo~. X X X P .  The North-Bust .Longiladirnl Series, or Series I $ the ~ o r t h - B ~ s t  QuadriLaBra" 
Deh1.a D d n ,  1909. Price $five rupees. 



nescl-Gjiiolls sad heights of all the b e ~ l c h - m a ~ k ~  falling withilt the foZ1orui~zg sheets will be publiehed in 
pan~phlet fornt in the C07lTSe of the year 1911. 

Professional Papers of the Suruey of India. 

Professiottal Paper No. 1. On the pl-ojection fop. a Nap of  It~dirc alld Ac/~?~ceitt Coziatries on the 
Scale of 1 : 1000000. Seco~ld Edition, Del~7.a Dlite, 1903. 

Sheet Limi t s  
Yo. I 

#I  ,, No. 2. Method of wteastcvitzg Geodetic Bnses by uceuns of Metccllic Wives By 
M. Jiic1e1-ill. (Translatetl from Jfe'~t~oi~.es Pt.c;set~te's Par Diaers Savalrts 
A L'acadLmie Des Sciejzces De  L ' i~ l~t i t lc t  De  Ft*ance). Dehrcc Diin, 1899. 

Bhcct  
No. I  limit^ 

38 ,, No. 3. Metltod of ~neaslcring Geodetic Bases by ntean.s of Colby's Conqensated 
Bars. Dehra Dzin, 1900. 
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18 ,, NO. 4. Notes 072 the Calib~.atio~~ of Levels. DeA1.a D h z ,  1900. 
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ss , XO. 6. The Attractiojz of tlce Hin~cslnya 2llozcntnins zlpon the Pkcnzb-Line in  
India*. Considelutions of recent dnfa .  Debra Blitz, 1901. Price Two 
Rupees. 
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)I ,, NO. 6. Accozc~zt of a Detcrnri~zatiol~ of tlte Co-eficie~tts of Expansion of the zaires 
of the Jade9.i~ Base-Line Appag.atlcs. lIeA1.a Dtin, 1902. 
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#D ,, No. 7. Miscella~zeozis. Calcz~tta, 1903 :- 
P I - ~ C P  one Rupee, or olle Shillit~g S ix  Pence. 

( 1 )  OIL the valries af Lot~gitzcde elnployed i n  maps of the Szcrvey of India. 
(2) Levelling across the Ganges at Da~),~cEclin. 
(3) Expeviu?ent to test the increase in  the lengtl~ of cc Levelling S ta f f  due 

to wcoistzcre and ten~peratlwe. 
(4) Descril)tio)t of a S~bt~-cZial tbsignecl for  zcse with tide gazrges. 
(6)  Nickel-Steel alloys ccnd their applicatw?l to Geotlesy (T~.artslated fions 

tlte Fverzch). 
( 6 )  l ' l~eory of electric projectors (Tt.anslated ft-on, the F ~ ~ e n c h ) .  

Nntorc, Val GB, NO. 1621 of Nng 22, 1902, 
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~ ~ ~ f e ~ ~ h n a l  Paper No, 8. E x p e r b e n t s  n o d e  to determine the Temperature Co.efkien18 
I al80n'~ ~ a ~ n e t o g r a p h ~ .  Calcutta, 1906. Price one Rupee or one ahillkg ei5 

I, 9,  
NO. 9. A n  Account o f  the Scied$c wot'k of the Survey of India and c ~ , , ~ ~ ~ ~ ~ ~ ~ ~  

of its progress with that of Foreig~z Surveys. Prepared far tIbe u8e o/ 
Stbrvey Conmhittee, 1905.* Calcutta, 1905. Price one Rupee 01. ore ~ h i l l ~  

six Pence. 

1) 
,, No. lo. The Pendulum operations i n  India, 1903 to 1907, by Major G.P. Leaax c ~ , , ~ ~ ~ ( .  

Aant, R.E. Dehra Dzin, 1908. Price TWO Rupees Eight Anna$. 

Hand-books for  the  use of  Surveyors. 

Hand-book of General Instrzbctions for the Survey of fitdia Department. Third ~ ( l j l i ~ , , ,  
Calcrctta, 1907. Price Three Rupees or 4s. 6d. 

Hand-book of Professional Instt.uct,ions f07' the '21)-igonometrical Branch, Survey of India D,oparl. 
ment. Second Edition. Calcutta, 1902. Price Three Rupees. 

Hand-book of Professional Instructio~ts for the Topograpkical Branch, Survey of India. fi ird 
Editio~s. Calcutta 1906. Price Three Rupees. 

Auxiliary Tables to facilitate the calcz~lations of the Survey of India. Fozmth Edition. 
Revised and extended. Dehra D h z ,  1906. Price P'wo Rupees. 

Special Publications on Scientific subjects. 

Report on the Exploratio~zs i n  Great Tibet and ~ o n g o l i a  made by A-K in 1879-82. Dehro 
Dlin, 1891. 

Catalogue of 249 Stars for the epoch January 1 ,  1892, fi.om observations by the Great Trigo. 
nometrical Survey of India. Dehra Dzin, 1893. Price Two Rupees. 

Report on the Recent Determination of the Longitude of Madras. Calcutta, 1897. 

Report on the Trigonometrical Results of the Eurthquake i n  Assam. Calcutta, 1898. 

The Total Solar Eclipee, January 2 2 4  1898. Dehra Dzin, 1898. 

( 1 )  Report on the observations at Bu~nruon. 
( 2 )  Report on the observations ut Pulgao~a. 
( 3 )  Report on the obseroutions at Sakdol. 

Report orr the Identifieation and Nog,renclature gf the Hinhalayan Peakr U S  seel~fras Kol'a"dll' 
Nepa1.t Calcutta, 1904. 

A Sketch of the Geography and Geology of the Himalaya Moz~ntaius atid l ' i b f l b q  
S .  G .  Barrard, R .E . ,  P.R.S., Superintendent, llrigoaontebical Surveys ond a. a H* 

B'd'' 

F.G.S., Superintendent, Geological Survey of India. Calcutta, 1907-08. 

Part I.-The high Penke of Aein. 
Part 11.-The Principal blountain ranges of Asia. 
Part 111.-The IIivers of the Himalaya and Tibet. 
Part 1V.-The Geology of tho Himalagn. 

Price Re. 2 par part. 
/ 

' 1'da Nature Vnl. 71. No. 1917 of .Jnly 26, 190fi. 
t r'i& Nature Vol. 71 ,  Noa. 1828 and 1830 of November 10th and 24th, 1904. 



Genera/ Reports on The Operations of the Great Trigonometrical Suruey of lndia from 1881 to 1877. 
General Reports on the Operations of the Suruey of lndia from 1878 to 1009. 

Extracts from Narratiue Reports of the Suruey of lndia. Price Rs. 7-8 or Two Shillings and 
three pence. 

1900-01. Recent improveelents in Photo-Zincography. G. T. Triangulation, Vpper  Burma .  
Latitude Operations, 1900-01. Experimental Base Measurenzent with Jaderin Apparatus. Magnetic 
Survey. Tidal and Levelli?tg Report for 1900-01. Topography, Upper Burma.  Calcutta, 1903. 

1901-02. G. T. Tt.iangulation, Upper But-ma. Lati tude Operations, 1901-02. Magnetic Survey. 
Tidal ancl Levelling Report fops 1901-02. Topography i n  Upper Burma. Topography i n  Sind. Topo- 
graphy in the Pulljab. Calcutta, 1904. 

1902-03. Principal Triangulation, Upper Bzwma. Topography, Upper Burma. Topography, 
Shan States. Szcrvey of the SLialbkar Lake .  Ln l i t t~de  Operatio~as. Tidal and Levelling Operations. 
Nagtretic Survey. Introduction of the Contract System of payment iw Traverse Szcrveys. Traversing 
with the Subtense Bar .  Conzpilatio~z and Reproduction of Thdna maps. Calcutta, 1905. 

1903-04. I'lte lllagnetic Sicrvey of India. Pendfcl~cm Operations. Tidal  and Levelling Opera- 
tions. Astronontical Azimuths. Utilisalion o f  old Traverse data for modern Surveys in  the United 
Provinces of Agra and Otcdh. Identgcation o f  Sitow Peaks in Nepal. I'opographical Szrrueys i n  Sind. 
Notes on Tozon aad dZu~zic@al Surveys. Notes on Riverain Surveys in the Punjab. Calcutta, 1906. 

1904-05. The Magnetic Szcrvey of India. Pendulum operations. Tidal and Levelling opera- 
tiows. Triang~lation in  Baluchistan. Szcrvey operations with the Sonhalilandjeld force. Calczctta, 1907. 

1906-06. The Mugthetic Survey of India.  Pendzclzcm operations. Tidal and Levellivrg operations. 
E.rtract from Narra,tive Report of No.  11  Party.  Calcutta, 1908. 

1906-07. The Magnetic Survey of India. Pendulum operations. Tidal  and Levelling opera- 
tions. Triangulation ir, Balzichistan. Ast~.ono~nical Latitndes. Topographiccsl Surveys in Xarenni. 
extract sf ion^ the Nut.rafive Report of No.  11 Party.  Calcutta,, 19119. 

1907-08. The Magnetic Survey of Atdia. Tidal attd Levelling operatiotrs. Astronomical laii- 
fsrdes. Pendulun~ operations. Extvacts f rom the Narrative Report of No.  11  Party.  Calczctta, 1910. 

Aeeozcnts of the progj.es8 of Indian Cfeodesy toere submitted to the Ifiternational Oeodetic 
Conferences that met at  

Stuttgart i n  1898, 

Copenhagen in  190.3, 

Buda Pesth in  1906. 

and toere ptchlished in  the reports of the Conferences. 

Accounts of the progrese of Geodesy and Geography in India were published in the Annual  
Re~orta ?f the Board oJ Scknt$c Advice from 1906 to date. 



on Himalayan dttvactian s lupub lkhed  in the Month* Notices of the Royal A ~ ~ , , ~ , , , , , , ~  
cat Society, Jaltua ry 1902. 

S,'~,~ntaries of the progress of Geodesy if, India toe7.e pfbblished in  the following numberr of Ihc 
Philo80phkal Tramacliow of the Royal Society of LonClon :- 

Series A, Pol. 186 (1896) pp. 764-81 6. 

Series A, Pol. 206 (1906) pp. 289-318. 
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Plate X IV  

Variation in the length of the Levelling Staff 
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To iUnatrate 

the EFFECTS o f  VARIATIONS 
OF GRAVITY 

upon Levelling Results 

Fig. 2 
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A A A A  is the spheroiahJ f irm assumed by the w & p e  o f w a t e r  

15000fidl, above ssea M. 
BU BB is tlu! sphvoidaC form ~ ~ S S I U ~  by& s u .  
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Plate XVlll 

To i l l i~s trate  Appendix No. 4 

Himalayan lines of level 
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