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The Sooth Phrasndth and the South Ilaldncha Meridionnl Series, of which the details are given in thie 
volume, form two of the iuternal chains of the South-East Qu~lr i la teral ,  or that  section of the triangulation of 
India which is embraced betneen the parallels of 18' and 24O, nnd hctmeen the meridian of 58' and the East Coast. 
But  as they mere executed in the early days of the Sorvey, n it11 inferior instroments and in a style not  nt nll compar- 
nble wit11 that of the other triangulation of the same Quadrilateral, which, in regard to t h e  character of theinstruments 
employed nnd iu the rcfiuements and rigour atlopted in execution, stands second to none in India, i t  was decitlcd to 
exclude them from the Simultaneous Reduction of the Quadrilrteral but after that bad been effected, to bring them 
into nccordnnce with it. 

l'he same reasons which led to their encl~lsion from the Simultaneous Reduction of the South-East 
Quadrilateral have caused i t  to be decided that they should be removed from the class of Principal Triangulation, 
and that all the details conuected with their finnl reduction together with the data of the secolldary triangulntion 
should be iucluded in one voluine, which should he clnsaed as one of the series of Syuoptical Yolumes. This will 
explain why the present volume differs from others of the same class. A list of tlicse rolumes of which this is 
the tmenty-recoud in order of publication, but is numbered XI11 A for  the purpose of connecting i t  with the 
other Syuoptical Volumes of tho South-East Quadrilateral, mill bo found a t  the eud of this volume. 

The South Pirasnith and the South Mol6ucba IIeridiol~al Series form two connecting chains between the 
CdcuttsLongitudinnlSeriesand the East-Coast Series. When therefore tlie lntter were finally reduced, the sides of 
emanation nnd tei.minntion of the former became fixed in length and position ; and as they were otherwise entirely 
indepe~ident of one another, their fiunl reduction was in ench cnne a sepamte operntion, n-11icl1 resolved itself into 
adjusting each series between its initinl and terminal sides as they mere determined by the final reductiou of the 
South-East Quadrilateral. This has been effected by the method of minimum squares as described in Pnrt I of this 
volu~ne. 

The present volume is divided into two parts. Part  I is devoted to  the reductions of the two series and 
Part  11 gives their details as finally established. The following is a short r&umn& or explanation of their contents. 

Chapter I gires a general nccount of tho triangulation of the South Phrnsnhtl~ and the South Maldnchs 
Bleridionnl Series, ind~cates the depeudeucy on the triangulation of the South-East Quadrilateral of each for ite 
fixed dot*, nnd describes the structure of the Primary Stations, so fur as knonvn. 

Chapter I1 describes the procedure followed in the menaurcment of the horizontal angles : i t  quotes the 
mathematical f~~rmulre, employed in tbe reductiou of the trinngulation, from Volllme I1 of the Account of the Opera- 
lion8 $c., nrllere they nre demonstrnted : it shews how the final adjustment of the trigonomet.ricn1 determinutions of 
height mas performed; and finally i t  indicates the general principles of the simultaneous reduction of each Series. 

Chapter I11 gires full details of the separate reductions as follows :- 

Pirirst. A brief statenlent of the manner in which the details of the final reductions are exhibited. 
Second. A statemout of the iudependent partial reductiolle antecedent to  the  final reduction of each 
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Third. A description of the Reduction Charts whicl~ are given a t  the end of the volume. 

Xo'orrrth A general outliue of the formation of the several Linear nnd Geodetic Equations of Condition- 
4 for mch Rerim-nllicl~ had to be entiaficd, in order to liroduce the requisite consistency in the trinngulatio~lper ae, 
nud betwecu it nod the fixed elemcnts on which i t  depended. 

Biftlr. The nictliod of constructing the co-efficients of tlie Enknown Qun~itities in the Equations of 
Cotldition, shewing tho gcueral notation which mas adbpted for expressing the values of these co-efficients, nnd specify- 
iup erery erceptiou to tlie gcneral form. 

Sixth. A s p o p t i c d  exhibition of the serernl Equations of Condition, shewing nt n g l n ~ ~ c e  the trinngles 
of which the nngular errors enter as Unkuon.n Qoantitics illto each of the 4 equations appertaining to either Series. 

Sererrth. The nu~nericnl values of the Fixed Data ou which the reductions are Ln~ed. 

Eighth. The ralues of the Sides and Angles of tlie so-called Circuit Triangles, ns they stood before the 
FIMI Reductiou of each Series. 

S i a t h .  The Lntitudcs, Longitudes and Azimuths of the Stations on the right hnnd 0nnk of the Cir- 
cuit Triangles ns they stood before the Final Reduction of each Series. 

Tenth. The numerical values of tlie Bbsolr~te Terms in the linear and geodetic equntions of conditiou. 

Eleuerltl~. The numerical values of the ps nnd $3, the geodetic ~iiumatious-exhibited in the table on 
pnge [19]-~bic11 are required in forming the co-e5cients of the Unknown Quantities (the angular errors) in the 
geodelic equntions of condition. 

Tt'lcelflh. The numerical vnlues of t l ~ e  Co-eEcients, f~ nnd C, of the Unknonn Quantities, in the s e w n 1  
liuenr nnd geodetic equations of condition. 

Thirteetlth. The Co-efficients; &3 and a, of the Iodeterminate Fnctors, in the equations i ~ !  which the 
\ d u e s  of the angulnr errors are expressed in terms of those fnctors. 

Fouour.tenlth. l'lie equntions b e h e e n  the Ilideterminnte Factors, s l ~ e m n g  each significant co-efficient and 
absolute term ns i t  stood, first on the formation of the equations, nud secondly after the successive elinii~~ationn 
of individual factors ; finally, the uumeriral d u e s  of the Factors are given. 

Fifteenth. The values of the Errors, x,  y and z, of the angles of each triangle, resulting from encli 
Fiunl Reduction. 

Si.xteer~th. The small Arbitrnry Corrections to some of the vnlues of the nngulnr errors, necessitated by the 
Rcsidud Errors occasioned by reducing the calculated values of the angular arrors from 4 plnces of decimals to 2 
places, as employed in tbc angular and geodetic calculations. 

Seventeenth. The F i n d  Results of each Reduction shewing the residual errors still relnnining unndjusted. 

Chaptor IV gives the dotnils of the reduction of the Noo-circuit Triangles, viz., the triangles excluded 
from the Simulta~icous Reduction, n-llich was needed for t l ~ o  Gl~nl a d j u a t ~ n e ~ ~ t s  of their angles, to satisfy the 
gcou~etrical couditions of t l ~ e  poljgonal figures to which they appertain. 

This portion of the volume gives the full details, grouped sepnmtoly, of the t v o  chains of triangles. 
The follo~ving is n summary of the information aud data of each Series, to which are nddcd n f e n  

eqlnuntory remnrks where ~~eccssary :- 

1. Introduction, 
2. Alphabcticnlly nrmnged List of Primary Stations, 
3. Numerically nrmnged List of Primary Stntions, 
4. Description of Primary Ytntione, 
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5. Observations of the IIorizontnl Angles, 

G. l i edoc t io~~  of the Polygonal Figures, 

7. The F ~ n a l  Values of the Sides aud Allglee of tho Primary Trinngles, 

8. Tho Fiual Values of the Side# nud Anglen of the Secondary Triangles, 
9. The Azimuths of Sur rou~rd i~~g  Stations alld Points a t  Primnry, Primary-Auxilinry, 

n ~ ~ d  Secondary Statlous, 

10. The trigouometrically determilled Differences of IIeight of the Primary Stations, 
and tho Absolute llcight of ench slalion abovo the Men11 Sea Levol, 

11. The Co-ordinates mrd Descriptions of all Ytntions and Poiuts, 

12. Aetro~~ou~icnl  Obserr:~tions for Azimutll and their Reduction. 

13. Addendum to  Description of Primary Stations. 

1. 'I'he Introduction gives n historical sketch of the progrees of the whole of the operations in the 
field,-both Primary nnd Sccoudnry-from year to year, lnetltiol~s the Officers by whom they were conducted, and the 
theod,,l~tes wrth which tho primary m~gles xcru measured, and indicates, wheu the i~lformation i~ forthcoming, the 
work doue by each of the bss~stauts .  It has been found convenient to give tho Introductions to both Series a t  tho 
commencement of Part 11. 

2 and 3. I t  has been found co~ivenient to indicate the Primary Stations by a system of numerals, us n-ell 
as by their names. Consequently, a t  the com~ue~lccme~lt of tlre details of oach Series two list,# are giveu, in the first 
of which the siations are nrrnnged nlpl~nbctically with the numbers opposite the nnmcv, in the second ~~unlerically a.iih 
the uaules 01,posite the uumbers. R ~ I I I ~ I I  uu~nerals have been adopted t l~ rou~l rou t  for the ~~ou~euc la tu ro  of the 
st~ttious which is progresuivo io the order from uorth to south, the Grvt number for each Series being uuity. 

4 needs no remark. 

6 .  111 tho pages which are nllotted to tho observations of the horizontal angles, the observer, the instru- 
ment, aud the ulo~itll nod year iu which the observations were taken are specified a t  the head of the ohserratioua 
at  each station. 

I n  the detnils of tho measures of the angles the reading is given to  wbich the azimuth circle wns sot a t  
the romrne~~ce~rreut of the obaerratious m ~ d  after each cbnuge of zcro. For 1x11 explanatiou of the priuciplos by ml~icl~ 
tile chn~~ges of zero hnvo bren jiorerned, reference should be made to Scctiou 1 of Ch:q)ter I1 of Pnrt I. Below the 
zero s o t t i ~ ~ g s  aro recorded thc lucans 01' tho uleasllrcs on ench ecro, with a s~nnll number below ench indicating the 
number of Inensures of mlliclr i t  is the mean. Folloniug the severd zcro meaus is the geuernl meau of each augle. 

G. Tho Reductious of the Polygonnl  figure^ gire the details for ench group of augles forming an In -  
depeudcut l'rigouor~~etrical Figure, of which the reduction is csl~lnined iu Section 2 of Chapter 11 of Part I. 

Dingrn~us of the Figur.cs art? given in tho Plates, in which the e~rlnll numerals within each of the observed 
angles correspond to tho subscripts of thc geueral symbol, x, which is employed to  iudicate the error of any angle, 
the liumerical subscript deuotil~g the augle. 

7. Tnbular stntemcnt of the Primary Triangles. Tho two first columns of this table give the uunrbor 
adol)ted for each trianglo to designate its plncc in the Series ; tllis nuurber is entored in the first column if tlre 
t r i a~~glo  appertaius to the chain of 8i11#\o t r i a~~gles  for~uiug the circuit whose ~1nsi11g errors nre eliminnted by the 
Simultni~oous Reductioli; it is elltored iu the ficco~ld coluu~n for tho rlo~~-circoit triangles. The triangles which 
enter the circuit are shown ill the Reduction Chart (at the end of this volume) in  firm lines, with their dis- 
tinguishi~~g nurllbers written iu tho ccutre ; thoso which do not cuter the circuit are ~ I I O W I I  in clotted-lines, and their 
numbers nre iudicnted by numerals of a smnllcr 8ize t l ~ a ~ l  tho former, conlmencing with 13 in tho South Yiresuilth 
Series nud 15 in the Youth Bi:~lh~iclln Scries, 12 and 14 bei~rg respectively tho nu~rlbor of the last of the circuit 
trinnglos. The colu~nus ill the tablo I\-hich coutaiu tbe correct io~~s to the obserred angles give, $,*at the correction 
for tho error of the augle, \\.it11 refereuce merely to the triangle or polygonal figore to mlrich it belongs, us 



x P R E F A C E .  

obtained from the primary reduct,ion; nnd ucco~rdly the further correction which hns to be npplied either for the 
apportionment of circuit error, sliould the angle nppertain to tlie circuit, or for the restorntion of consistency 
iu the polygonal figure d t e r  the application of the circuit errors, ahoultl it appertain to a ]IOU-circuit triangle. 
Finally, the corrected plnne angles aud the lengths of the sides nre given, ns computed by the rules of Plaue 
Trigonometry, in accordance with Legendre's theorem; see Section 3 of Chapter 11, Part  I. 

8 and 9 need no explanntion. 

10. The Determiuations of the Differences of Height of the several Primary Stations hare been deduced 
from the measurements of the vertical nnglea, ns explained iu Section 6 of Chapter 11, Par t  I. I n  the abstrnct are 
given the mean of tho mensures of ench vertical angle, the alculated refrnction in each angle and the co-cficieut of 
refraction, the hours of observation, the heights of the signal and of the ob8erver's telescope above the summits 
of tho stations, the diEerences of height of the snid summits, and the absolute heiglit above menu sen level. 

It may be here stated that all trigonometrically determined heights invariably refer to the upper nurfaces 
of the centrnl masonry yillnrs a t  the stations. 

11 needs no explanation. 

12. The details aud reduction of tho Astronomical Observations for Azimuth. No  such observations \\,ere 
taken on the South Pirnsnith Jleridional Series and they \\ere taken only at  two stations on the Soutli blnlli~rcho 
Meridional Series, uiz., a t  Tilabaui and Kalsibhauga: the results of tlie latter are given iu this volume, wliile tliose 
of the former hnve been included with silnilar observations on the Calcutta Lol~gitudillal Series of tlie Youth-East 
Quadrilateral nud published at  page 211-=, of Volume V I  of the Accoz~nt oJ' the Operutions &c. I h e  obeervntious 
nnd the method of reducing them are fully described in Chapter X l i  of Volume 11. For rcasous n-l~ich are 
erplniued in the first section of that Chapter, the results of circum-polar azimuth observations have not bceu used iu 
the general reduction of the trinugulntion, further than to give a more exact menu value of tlie fundnmeutnl astrono- 
mical nzimut,h (at Kaliinpur), thnn the one obtained by the observ;~tions on the epot. A t  tlie end of the detnila of 
the determination of the asimutl~, the ditference between the obnerved vnlue nud the vnlue obtained by calculation 
through the triangulation from t l ~ e  fundamental azimuth is giren. Such differences may be of much vnlue ill future 
investigations of the figure of the earth nnd of the influence of local attraction. 

13. Addendum to  the Description of Primary Stations. This addendum gives the most recent informa- 
tion which has been received up to date, of the condition of the stations. 

The Unit of Length employed in the Indian Surrey is t l ~ o  Ilidinn S t a u d ~ r d  10-foot Bnr A, the relations 
between which m d  the principsl Europeou StnndarJB of Length are given a t  page 2b of Volume I of the Accomt 
of the Operutione &c. 

The adopted Elements of the Figure of the Earth-assumed to be spheroidal-are given a t  page [13] of 
this volume. 

The Longitudes depend on an astronomically determined vnlue of the Longitude of the Madrne Obser- 
r n t o y ,  East of tho Royal Obsemntory a t  Greenwich, which was  deduced about the year 1815. The Longitude 
of the Nadras Observntory hns however been recently re-detennilird, by the Electro-Telegraphic metl~od, by 
obsenntions which were made nt Ureennricb, Noknttnm (in Egypt), Suez, Aden, Bombay and certain stations of 
the tr~angulation in India, and with the following preliminary results ; 

h m  s 
Longitude of Mokattam ... z 5 6.320 East of Greenwich Supplied by Sir G. Airy, from observations taken 
Increnae for Suez ... o 5 6.917 1 in connection with Tramit of Venus in 1874. 

,, Aden ... o 49 4 ~ . 6 ~ 6  19 

,, Bombay ... I 51 19.983 I# 

I, 

By the operations of this Survey; see the 
Annual Report for 1876-77. ,, Madras ... o zy 43.540 

Longitude of Nadraa ... 5 2 0  59.416 1, 

-- 
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This vdue of the Longitude of nlndras is cquivalcnt to 80° 14' 51"; and a8 tho originally adoptcd valnc, 
on which the longitudes of the wl~olo of the stntions of this S o r ~ e y  nrc bascd, is 80° 17'  21"-see page 135 of 
Volume I1 of the Accomt of the Operations &.-the follonfing note may be accepted with considerable con- 
fidcnce ;- 

All the Longitudes require a constant correction, probably of - 2' 30: 

The Ortl~ogrnpby of Indian namcs in the present volume is in strict agreement with the Gazetted List 
for Bcngal-published under the immediate orders of the Governlncnt of India, under date the 20th May 1876- 
wherever the locality has been identified, and conforms to the npirit of tho orders of Gorernment on the subject, 
ns worked out in this m d  other provincial lists, whcre therc is no clear literal authority. As a gencral rulo the 
pronunciations of the vonrcls are as follcws :-a has a sound as in woman, rurnl ; ci us in tartan ; i -a iu bit ; i as i n  
ravino; 21 as in bzrll; ti ns in r r~rn l ;  o as in note; e as n in say;  nu as ou in cloicd; ni as i in ride. When  tho 
populnr spelling of a name hns been accepted by Gorernmcnt, i ts  correct tmnsliteration is giren in parenthesis 
where the name occurs for the first time. 

The four charts that accornpnny this volume are ;-aRcduction Chart and n Genernl Chart of each of tho 
two Series: of the former a description d l  be found in Sec. 3, Chap. 111, Part  I ;  the general charts exhibit 
the  whole of the primnry stations and triangulation, the positions of all the secondary points, and thosc portions of 
the secondary triangulations of which full detnils of the angles, sides aud nzilnulhs are giren. With the nld of the 
charts i t  is hoped that little diEculty will be met with in finding out any of the data required. The descript~ons of 
the secondnry stations are in some cases not as full and clenr as is to  be desired. this arises from thc inadequacy 
of t h e  information entered on the spot by tho Surveyors in  thcir field books; cvery effort has been lnade t o  
supplement the field books whenever i t  mas found pruclicable to do so, in order to facililate the future identification 
of the atntions; all the iuformation which is forthcoming has now been given. 

It now only remains for  me to  notify tho acknowledgments due to  those by whose labours this volumc 
bas been prepared and is now issued. 

Tho introductory chapters forming Part  I were thc work of Mr. W. H. Cole, ar a ,  Deputy Soperinten- 
dont, who iu February 1883 succeeded Mr. Henncsscy in charge of the Computiug Oilice and has therefore generally 
dirccted the conlpilation of the volume. The Introduct~oila to both Series more written by hlr  C. Wood. The 
reduction of the South P6rasnith Dlcridional Scrics wnr cffccted chiefly with the aid of Bnboos Gunga Pershad 
and Madu Narnyan and that of the South Mnliincha BIeridionnl Series nit11 the aid of Baboos Kaly Coornar and 
Shoshee Bhooehan. The ~ o l u m e  like i ts  prcdcccssors has bcen priuted at  tho Tr~gonomotricnl Branch O5ce  a t  
Dcl~ra,  Mr. Peychers and naboo Guugn Pershnd having rcudcred valuable service in the eznmlnation of the press 
proofs generally, nnd Mr. Peychers more pnrticulnrly in regnrd to the uurnerical and mntl~ematicd details nhich 
require the utmost care iu examination and correction to ensure absolute accurncy, and in thls lespect his expcrience 
and assistance here bocn most valuable. 

D ~ n n a  D U N ,  1 C. T. HAIG, COLONEL, R.E., 

July, 1885. j Ofg D q ~ u f y  Wwueyor Qenernl, 

III cAnrgc T~~igu~lomctricnl B~rrncA, Suwry of India. 
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PAGE [20] afler p w n  1 of Section 10, imsert Since tho weiglits of tlie angles nro all t a e n  ns oqunl, the minimum 
which governs tho solution of tho foregoing equations will, whcn x has becn eliluiunted from it, 
becolno 
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PAGE [33] lrrat lino of Bectiou. 10, Symbolical Errors, for ,E, 1E and gE respectively vend ,E, 3E and qE. 

R E F E R E N C E S  

Tho abbrcviatious cmploycd in tho text aro as follows :- 
h.s, denotes hill ~tnt ion (sccoudarg) 
e. ,, stntiou 
t .s .  ,, tower stntion ,, 

Tllese nbbreriotions arc only plnced after the name of tho atations wherc a theodolite has becn ect up  and observa- 
tions tnkcn to surrounding points. 

The lntitudos nnd longitudes of $1 points shown on the gonornl chart of each series a t  the end of the volume 
wllich elllibits both Pr imay  and Secoudnry Trisagulntion wlll be found in the text. Tho lntter exlltbits numerical 
rnlues of triangles only to points of a superior clnss, to which nlono, if exhibited on the charts, lines are drawn ; 
the lines nre either continuous throughout, or dotted for half tho length and continuous for tho other half: tho dots 
indicnte that tho bcnring IVM not observed and in sucll caocs numerical valuos of azllnutl~s nro not givcn. For otlicr 
points, dillicult to  idontify or of compwr\tivcly lcss accuracy, numerical valuo~ of triangles or azimuths aro not given. 

July,  1885. 

W. H. COLE. 

III clturgc of C o s ~ t c l i ~ t g  Oflee. 
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~Yo/r.-'l'l~c largc tloulc in X l ~ i l t i u  Fort  has  Lccu erronconsly 

nan11,tl Ill~:i\r-nl Il:~lt's ttrliil~, \vl~cl.cas it allol~ltl I~n\'e bceli cnllrd Slral~ 
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c ~ ~ t  uut a ~ ~ t l  pastctl uvcr t l ~ x t  g ~ v c u  ill t l ~ c  \ 'u lu~ue.  
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The nbbrcvi;~tious cml)loycd in the t e s t  nrc ns follows :- 
l .s.  dcuotes hill ~ tn t ion  (secondary) 
e. ,, ~tn t ion  
'. *-",A" -*"&;A- 
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SOUTH PARASNATH (PARESHN~TH) MERIDIONAL 8ERIES. 

INTRODUCTION. 

On the approaching completion of the Calcutta Longitudinal Series as originally 
executed between the years 1826-32, the Hon'ble the Court of Directors of the East India 
Company expressed a wish that from certain of the sides of this triangulation series of 
triangles should be carried, jirstly, to connect some isolated sul-veys that had already been 
executed in various districts, and, secondly, to furnish reliable bases for future surveys. The 
then Surveyor General-Captain (afterwards Sir George) Everest, of the Bengal Artillery- 
after ~Liscussing all the preliminaries for giving cffect to the wishes of the Hon'ble Court, and 
making all the arrangements requisite for the undertaking, determined to begin operations 
with the South P6rasnbth Meridional Series, in preference to any of the other series, in order 
that through i t  the stations of a minor triangulation in Cuttack (Katak) and Midnapore 
(Medinlpur)-which had been executcd some years previously by Lieutenant Buxton of the 
Bengal Engineers, and from its detached character had hitherto remained u n a v a i l a b l e  
might be connected with the Great Trigonometrical Survey. 

The South Pdrasnhth Meridional Series emanates from the side Chainpur to Tilabani 
(LV~I-LXI)  of the Calcutta Longitudinal Serics, and extends over a meridional distance of a 
little over 2" or 140 miles: tlie northern half lies in the Manbhoom (M4nbhhm) and 
Singhbhoom (Singhbhm) districts of the Cliota Nagpore (Chhota Nrigpur) Division, and the 
southern half in the mild and mountainous district which constitutes the tract known as the 
Tributary Malrhls in Orissa (Uresa). The stations are without exception located on hills: 
as the viom from several of these in the portion of the Series, north of parallel 22", was 
extensive, the average length of side is there found to be over 26 miles; while in the 
portion to thc south, the average length is reduced to 18 miles. 

The northern section of the triangulation as originally executed consisted of un- 
necessarily complex figures, in the production of which so much time and labour were lost 
that the advancc of the field work was seriously retarded : in tlie reduction of these figures, 
however, the redundant rays have bcen tlirown out, and the computation has been confined 
to two semi-indcpcndent sets of primary triangles wliicl~ h a w  t h e e  sides in common. The 
southern section consists for the most part of single triangles, the exception being at the 
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terminus where, by a disposition somewhat similar to that which prevails in the northern 
section, the triangulation has been made to close on three sides of the East Coast Series. 

The work was begun in February 1832 ; but owing to a series of unfortunate circum- 
stances, hereafter mentioned, no progress whatever was made till December 1836, nor was 
the Series completed till May 1839. An examination of the triangulation disclosed several 
unusually large triangular errors, due partly to the defective instrumental means available 
and partly to the unsatisfactory character of the observations themselves : it was therefore 
decided that the South Pdrasndth Series could not take rank with the Principal Triangula- 
tion of the Great Trigonometrical Survey. The work was, however, so much superior to 
that of the class known as Secondnp-y, that i t  was determined to publish the results in the 
same detail as is adopted for principal triangulation, the triangles of the main series being 
for contradistinction given the nomenclature of primary triangles. 

The instrument used throughout the work was Cary's 18-inch theodolite G*: the 
signals employed were luminous (i.e. lamps and heliotropes) ; and the system of observation 
for the horizontal angles was two measures on each of twelvc zeros. The vertical angles 
are by no means satisfactory, having been taken a t  all hours of the day without the essential 
condition in such cases that the observations a t  the two ends of a ray should be taken a t  one 
and the same hour of the day. 

The work lacks the usual astronomical observations for verification of azimuth, nor 
did the Field party leave any record of the description of the primary stations. The former 
desideratum is partially supplied by the junction of the triangulation with the East Coast 
Series whereby the errors have been ascertained and dispersed : and the latter has been met, 
as well as i t  could be by information gathered from the records of the Ganjam (Ganjlm) 
Topographical Survey, which connected some of the stations, and from the best existing 
maps of the country. 

The operations were originally enti-usted to Lieutenant Western who with the as- 
sistants marginally noted, and a native establishment 

Searow 1831.32 to 1833-34. 

PBASONPHL. 
consisting of 1 liavildtir, 1 nAik, 12 barkanddzes, and 32 

J. &, Engineern, Snd flagmen and carriers, left Calcutta on 1st February 1832, 

A t  j r r t .  
immediately after thc completion of the Calcutta base- 

&, ,st Bub.Asaistnnt. line. Up to the end of March, tlic party was engaged 
,, E. E. Bodenu, 3rd ,, in  reconnoitering the ground and selecting suitable 

Aftenoar&. sites for stations. The season being thus far advanced, 
Mr. T. Tllornton~3rd Clnss Sub-Awisbnt. observations could only be taken a t  one station Gorgd- ,, A. Tornck, ,, 

buru (I), where Lieutenant Wcstcrn was encampcd for 
nearly a month, and the party then retircd to reccss quarters. 

Before the commencement of the next field season (1832-33), the country to thc 
south of Pdrasntith was, owing to thc insurrection of the Kols and Chujrs, in so unsettled 
a condition that the Surveyor General was induced to apply for a military escort of a t  least 

For tho description of this instrument, eoo p. 70 of Appondis No. 2 to Vol. I1 of tho Account of the O p e r o t ~ o m  of the Qraol 
'l%gonometrical Suruey. 
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360 men for the protection of the party. Government, however, considered the county  in 
too disturbed a state to admit of survey operations being carried on thcrcin, and suggested 
tllat tho party should instead be employed in extending the Scries to the north of PBrasdth. 
The entire season mas occupied in the extension of thc triangulation northwards from the 
side Durghpur-Pdrasnith of the Calcutta Longitudinal Series: and although the angles of 
two primary and several secondary triangles were observed, the rcsults of this season's ope- 
rations mere found by the Surveyor General to be " so full of crrors as to entitle them to no 
confidence whatevei.." They therefore stand excluded in toto from the work of the Survey 
Department. 

During the next season (1833-34), the country to the soutli was considered s ~ c i e n t l y  
settled to admit of the party entering it. Nevertheless, when he reached his ground, Lieute- 
nant Western found i t  necessary to apply for the services of o, small military escort; the 
months of Novembcr and December werc spent in inactivity, while awaiting a reply to his 
application. During tllc season, observations mere taken from ten stations ; but on examin- 
ing the work the Surveyor General reportecl to Government that the primary triangles were 
" still so full of large errors as to render them utterly unfit for the Great Trigonometrical 
Survey of India." Tlie portion of the work executed by Lieutenant Western to the south 
of PBrasnBth therefore also stands excluded in  toto from both the manuscript and pub- 
lished results of the operations of this Department. 

I n  September 1834 Lieutenant Westein's services were placed a t  the disposal of the 
Military Depart~nent. 

For the next season (1834-35) the only officer available for the charge of the Series ma9 
Lieutenant P. Bridgman, of tlie Bengal Artillery, who had received a short training in 
trigonometrical work on the Budhon Meridional Series under Lieutenant Roderick Macdonald. 
But this officcr had hardly entered his ground whcn his health completely broke down : he was 
thus obliged to procecd on sick leave to Europe, and died on t l ~ c  voyage. The operations of 
the party mcre therefore suspended ; and although i t  mas now four pears since they had been 
started, there was absolutely no result yet obtained beyond the selection of a few stations. 

The charge of the party was next entrusted to Lieutenant Boileau, who had for some 
Season 1835.3~. time past been associated nit11 the Governor Geneid's 

PE~SONNBL. Agent on a mission in the Western States of Rjjputhna, 
Lie''t. *. H. E. Bollenu~ Engineera* and as the duties conncctcd with i t  mcre deemed by the 1st A~a~stnnt. 
Mr. J. 'l'hornton, 2nd Cloes Sub-~sslstnnt. Government to bc of supc~ior importance, he was unable 
to join the head-quarters of the party at  Miclnapore until the 9th of December 1835. H e  
immediately took tlie field, and commenced observations on tlie 16th January 1836 a t  Tilabani, 
one of the initial stations of this Series. The party kept the field till the 21st of May 
vrlien, owing to tho extent of sickness whereby Licutcnant Boileau himself and more than 
one-half of liis entire native establishment were prostrated, i t  mas obliged to retire to 
Bankoora (Bhnkura) for medial  aid. Five primary stations and one secondary mere visited 
this season: but such was the continued ill luck which attended these operations that an  
examination of the results disclosed such large errors as to render i t  necessary to reject 
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however ret,ained. The cause of these discordant results was trnced to a serious want of 
adjustment in the inst,rument : it was accordingly returned to the Mathematical Instrument 
Maker a t  Calcutta for rectification before being any further employed. 

The instrument having been received after repair, the party took the field in the 
S O ~ O ~  1836.97. latter end of November; and as the stations were for 

PEB~ONNEL.  the most part already selected, observations wcre con- 
Lieut. A. =. P. Boiloau~ Bongs1 Engineore# tinued uninterruptedly from the 7th of December 1836 

1st Aesistnnt. 
a. N. Kallonas, 2nd Cines sub-~ssistant .  to the 2nd of May 1837. During this timc, ten primary 
stations were visited, and the triangulation stood completed clown to the side Bhghmuri-Sbt- 
bakra (VIII-IX) : also, the station of BadampahBr (x) was selected in advance. Thc party 
reached their recess quarters a t  Midnapore on the 8th of May. Lieutenant Boileau's liealth 
had snfFcred so eonsidcrably from the climate that he was compelled to proceed in the latter 
end of July on medical leave for six months. 

As Lieutenant Boileau was not expected till the end of December, Mr. Kallonas was 

Senson 1837.38. instructed to leave recess quarters on the 1st of November 
PERSONNEL. and to lay out an approximate series of triangles in con- 

Lisut. A. H. E. Doilenu, Bongs1 Engineom, tinuation of tlle side Sbtbakra-Badampahbr (IX-x). Mr. 
1st Assistnnt. 

&. K. Knllonas, 2nd C I W ~  sub-~saistnnt. Kallonxs had succeeded in selecting and clearing a few 
,, J. Brown, 3rd ,, B stations by the 23rd December when Lieutenant Boileau 

returned and resumed charge of the Series. But although tho party kcpt tllc field till the 
2nd of April, primary observations were taken a t  only three stations, whereby one triangle 
more was all that was added to the work of the previous scason. A t  this time, sickness 
prevailed to such an extent in camp that more than 62 out of 107 men of the native estab- 
lishment mere eithcr on the sick list or had died, and the two Sub-Assistants and the ilative 
doctor also were too ill to be out any longer. The party accordingly went into recess quarters. 

I n  order to avoid entering the worst part of the ground too soon after the monsoon, 
Scnaon 18~8.39. it was decided to begin operations a t  the southern end a t  

PRPSON~EL. which Mr. Kallonas had selected some stations in the 
&at. lst Ass~atnnt. *. H. E. BoL1cau~ Engineon# previous season. Accordingly Lieutenant Boilcau corn- 
Mr. N. liallonna, 1st C I O ~ O  811b-~8s i~ t snt .  menced operations on 6th December at  Nilgiri (XXIV of 
tile East Coast Series), and by the end of the month following had completed the observa- 
tions at  two stations and measured one angle a t  a third. H e  then made over charge of the 
party to Mr. Kallonns, he himself having shortly before been nominated to the Agency of 
Suspension Bridges and Superintendence of the Calcutta Canals. Mr. Kallonas continued 
the obsemations during the next three months, and by the 30th of May effected the neccs- 
sary junction on the side Badampahsr-Kusumbani (x-XI) with the northern section of the 
triangulation. 

An examination of the results of thc triangulation showed that notwithstnncling the 
adjustments which had been made to the 18-inch theodolite, as before mentioned, there were 
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still such serious defects* in  the instrument-due to imperfect graduation, deficiency of 
telescopic power, inferiority of levcls, &c.-as to vitiate the observations to a not inconsider- 
able extent. A glance a t  pagcs 19 to 21 will show that of the twenty primary triangle8 
which it was decided to r e t a b  after elimination of the unnecessary rays and angles, only 
ten have a triangular error undcr 3 seconds, while of the others there are five errors rang- 
ing from 3 to 6 seconds, three from 8 to 9 seconds, and two from 10 to 16 seconds. A 
comparison of the values as brought down by this Series mith the values furnished by 
the Simultaneous Reduction of the South-East Quadrilateral, necessitated the dispersion 
over this triangulation, between the origin Chainpur-Tilabani and the terminus Megbsini 
(McghA&ni)-Bolpd, of the following errors :- 

... In  Logarithm of the latter side ... + 0~000,041 7,4 = 6 inches per mile. 
... ,, Azimuth Y J  ... + 2"'72 

... ... ,, Latitude of Megbsini ... - o ' 2 2 7  

... ' ... ,, Longitude ,, ... - o 178 

The trigonometrical determinations of the heights of the stations of this Series above 
mean sca level depend in  the first place upon those of the stations Chainpui. and Tilabani, 
as determined trigonometrically between Sironj and Calcutta by the Calcutta Longitudinal 
Series adjusted to the spirit-leveled values of its origin and terminus. A comparison of the 
heights so deduced with the corresponding values of the four obligatory stations of the 
East Coast Series a t  the southern extremity of this triangulation, disclosed a mean error 
of no lcss than 5G feet, the error betwcen two determinations of the height of the same 
station being in two cases over 50 feet: the generated mean error of 86 feet was dispersed 
by simple proportion over the internlcdiate stations ; but as the results were still considered 
somewhat untrustworthy, the final heights will be found given to only the nearest tens of feet. 

The only secondary triangulation accomplished in connection -with this Series was 
executed by the measurement-with the large theoclolitc-of the angles a t  the primary sta- 
tions betn-ccn the surrounding prominent liills. This work was carricd on pnvi passzZ mith 
thc primary triangulation. The requisite numerical details of angles and side-lengths, and 
of latitudes, longitudes, and azimuths for fourteen such hills, also the positions only of two 
other hill peaks, which lie to the north of the side Meghsini-Kimhfra (xxv-XXIII) are given 
in this volume. 

I n  addition to the above the positions of several villages, &c., were determined by 
Lieutenant Boileau, during the prosecution of the Series, by means of an azimuth and 
distance-thc heights too being in several cases dctermincd by vertical observations. The 

I n  noliring thcse, the In to  S t u r r ~ o r  Qcnen~l-Sir A. 8. wnug11-has placed on record that in his opinion t h o  instrument should 
not hr  npnin e l~~plopcd whcn bcttcr means arc arnilnble. Its nolu pcrforlus~~cc is tllerefore in connection with 1110 Sot~tlt P imsni t l~  h[eri- 
diu l~nl  Sc~ies .  
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results so obtained however valuablo they m g  be for geographical purposes-and in the 
case under notice they mere specially so, for the tract of country in which the villages, kc., 
lie was then but little known and had not been surveyed in detail-are not sufficiently 
accurate for acceptance and publication as final. The details regarding them are therefore 
wanting in this volume, but they mill be found in manuscript Volume XIII ,  Part I, of the 
Trigonometrical Survey. 

D E ~  DON; 

December, 1881. 

C. WOOD, 

Surveyo?*, 1st Grade. 



SOUTH MAL~NCIIA MERIDIONAL SERIES. 

INTRODUCTION. 

Tlle Hon'ble tho Court of Directors having, in despatch No. 82 of 2nd August 1844, 
called for an expression of thc Surveyor Gcncral's opinion as to tlie desirability of " comple- 
" ting the blank spacc in triangulation between Ganjam (Ganjbm) and the Calcutta 
"Longitudinal Series", that officer replied that "manifold advantages mould result from 
"the extension of a series of triangulation over the unsurveyed space lying between Captain 
" C. T. Hill's former labours (in tlie Gumsdr tduka  of the Ganjam District) and the Calcutta 
" Longitudinal Scrics, together with the connection of such work with the operations of the 
" Great Trigonomctrical Survey, whereby i t  could have the test of correction applied to it, 
" relieving it of discrcpancics and imparting to the undertaking a character of accuracy and 
" finality not otherwise to be attaincd "; and he added, that the blank space had not failed 
to attract his attention, but that owing to the paucity of officers in  the llcpartment hc had 
been prevented in thc intcrcsts of Indian geography from recommending tho taking up of 
the work. Thc transfer of Captain C .  T. Hill's services to the Survey Departmcnt for the 
prosecution of the work having a t  the same time been applied for, that officer was appointed 
in January 1846; and, after necessary theoretical and practical instruction in the usc of 
large instruments and the n~odus operandi of Principal triangulation, he was appointed to 
the charge of thc South lIallincha Meridional Serics in the Septembcr following, thc trained 
establishment of tho Kar;ira Mcridional Series-rccently completed-bcing placed under 
his orders. 

Tho chain of triangles cmanates from the side Tilabani to Slisinia (LXI-LXV) of tho 
Calcutta Longitudinal Series, and extending southwards over a meridional distance of lg 
or 103 milcs, it closcs on tlic sitlc D6ntim to SBtpautia (XVI-XWI) of thc East Coast Scrics : tho 
nortlicrn section lics on the llills in thc eastcrnmost part of the I\fanbhoom (Mhnblidm) district 
of the Chota Nagpore (Chhota N6gl)nr) Division, and the southern passes througll thc Jungle 
Mnhiils mllich form the wcstcrn portion of the ltidnaporo (Medinipnr) district. As 111c base on 
which the Scrics starts is ovcr 27 nliles in length, i t  was necessary in order to prcserve symmetry 
in the triangles to cut down tho lengtli of side g r a ~ l ~ ~ a l l y  before cntcring tllc lowcr ground : 
the averagc Icngtli of thc sidc for thc portion of tlic triailgulation Iging in the hills will thcrc- 
forc bc found to bc ncnrly 20 miles, whilc in that of thc plains portion-in which thc vicw 
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from the stations mas necessarily contractcd-thc average lcngth is only d ~ o u t  129 miles. 
As originally instructcd, Captain Dill was to have adopted the side SGsinia-Eariisoli 
(LXV-LXIX) for his origin, and to have laic1 out the chain as a double sel,ies of triangles ; 
but the low undulating and dcnsely-wooded nature of the country southwards did not ad- 
mit of either onc or the other condition being adopted without the aid of lofty towers and 
extensive my-cutting; the Series mas accordingly shifted mestm-ards and carried down 
chiefly as a single chain of triangles. 

The work was bcgun in  Novembcr 1846, and in two seasons mas carried d o n  by Cap- 
tain Hill to a station in the immediate vicinity of 3Iidnapore. For this portion of the work, 
no better instrument than Troughton and Simms' 18-inch tlleodolite No. 2* mas available. 

The party was then diverted to tho East Coast Series vhich comrncnces a t  Calcutta ; and 
since this latter series did not reach tlle 87th degree of longitude-the nzeridian of Mallincha- 
till nearly six years later, i t  was not till February 1853 that Mr. J. Peyton, the officcr in  charge 
of the East Coast operations was able to connect tlle Mallincha Serics with his triangula- 
tion by a chain of four triangles carried northwards from the side DBntlin to SBtpautia. The 
instrument employed by Nr.  Pcyton mas Troughton and Simms' 24-inch theodolite No. l.* 

The signals employed mere luminous (i. e.  lamps and heliotropes) ; and the system 
of observation adopted for the horizontal angles was two measures on each of twelve zeros. 
The vertical angles were, with a few unavoidable exceptions, taken about the time of mini- 
mum refraction, and four measures of each angle were usually observed. 

Tho Series does not lack the usual verificatory observations to circumpolar stars for 
azimuth, nor is the character of the work such as would dcbar its taking equal rank as a 
Principal Scries with other chains of triangulation done elscwhcre about the same time 
with the 18-inch tl~codolitc ; but standing isolated, as it docs, in the South-East Quadrilateral- 
the triangulation of n-hicll consists practically of clozible chains executed ni th  Jirst-class 
instruments and all modcrn refincments-it was not considered desirable to include thc South 
Bfal~jnclla 3Ieridionnl Scries in that Quadrilateral as a Principnl Series, but to adjust i t  to the 
finally dctcrmined values of its origin and terminus-as derived from the Simultaneous 
Reduction of thc Quadrilateral-and to publish thc results in the same detail as is adopted 
for principal triangulation, the triangles of the main series being for contradistinction 
given the nomenclature of primary triangles. 

T l ~ o  party composed of the officcr in charge and thc assistants marginally named, 
accompanied by a native cstablisl~mcnt consisting of 

Season 1WE-4G. some 70 flagmen and carriers, 1 nhik and 12 barkan- 
Psasoxsz~.  

Csptain C. Thorold E l l ,  27th Madme Infantry, dlizcs for tho protection of Government propcrty, and a 
2nd Asa~stnnt native doctor, left the Snrvryor General's Ficld Officc- 

Mr. R. Clnrlrsun, Lruor let Class 8ub.Asaistnnt. 
,, D. I i ~ r ~ n n ,  2nd ,, thcn a t  Allahabad-on the 6th October 18i85, and procced- 
,, W. R N. Jamer, 2nd ,, I 

,, J. n. L ~ ~ U C O ,  3rd ,, ing by ordinary marches along tho Trunk Road, arrived 
a t  R6niganj (within 20 miles of the station of Sbsinia) 

For the description of tl~cao instruments, aco rcspcctively pp. 61.64 and 38-40 of Appendix No. 2 to Volumo I1 of tho ACCOUII~ of 
IAr Operatiow of tL Great Trigo~wmstrical Surrey. 
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Owing to a protracted rainy soason the party was unable to leave recess quarters 
till the 4th of November 1846. Preparing the towers 

Season l e a  47. ew route and raising them very considerably in two in- 
P K ~ S O X N E L  

CsFtnin C Tllorold lI111, Pith Modrns Iufanty, 
stances, Captain Hill mas not able to begin observations 

 IS^ Asslstnnt till the middle of January: visiting in succession tho 
Mr R Clt~rbso~r,* 1st Clnas sub  Aas~stnnt. 
,, >I' n HN. Jnmrs, 2nd ,, ,, stations of Bhuljori (m), Dhdnsola (vr), HbtiBri (v), and 
,, C Y Xlcld, 3rd ,, ,, 

* d b r e ~ ~ t  o,r leace from 15th Dee, lo 16th Feb. Kukurmuri ( w r ) ,  he was able by the 8th of February 
to complete both the horizontal and vertical angles at 

them, including the remeasurement of the southernmost angles obscl~ed in the previous 
season at the stations Hritihri and Dhlnsola. The next ten days sufficed for the observations 
required at Kalbbani (rx) and KdslbhSnga (x) north of thc side (IX-x). As no further 
extension sozrthzuavcl of the Series mas contemplated this season, it bcing an object to 
take advantage of the time before the rains set in to lay out tho series of triangles 
which were to be carried down next season from Calcutta along the Coast, Captain Hill 
determined to leave the observations at Gop (x) unmeasured for the present, and marched 
for Calcutta on the 20th February. As, however, the operations of the East Coast Series 
arc independent of the South Maldnclla Series, no details of the former are needed herc, 
but, so far as they refer to the work of this season, they mill be found duly noticed at 
pp. IT-,and v-,of Volume V I  of tho Account of the Opercctiolzs, PC. 

Returning to reccss quarters a t  Midnapore in July, Captain Hill completed the 
obsemations at Gop, in the immediate vicinity on the 13th of that month, and so closed the 
work of the Series for a time. 

During the season 1849-50, while prosecuting the East Coast Series, Captain Hill 

Seaaonr 1849.50 and 1852-53. 
dctermincd to further the operations of the South Malfin- 
cha Series as opportunity offered. Ele accordingly deputed 

his senior assistant, Mr. R. Clarkson, in December 1849 with Troughton and Simms' 24-inch 
theodolite No. 1, to KalsibhSnga (x) in order to secure circumpolar star observations for 
azimuth at that station, while he l b s e l f  undertook the more difficult and trying duty of 
laying out the approximate Scrics to thc south of tllc side (IX-x) at which the work had 
been left in February 1847. Mr. Clarkson-observing to 6 Ursz &Tinoris, then a t  itsperiodic 
time-completed a double set of observations on each of tmelvc zeros between the 23rd and 
31st December 18.49, and then returned, to his duties on the East Coast Series. Captain 
Hill early succeeded in laying out four triangles by the selection of as many stations, and, 
h a h g  arranged for the construction of tllc towers thcreat, he proceeded to his on- proper 
field of work on the East Coast Serics. Nothing further mas done on tho South Msllinchn 
Series till early in the season 1862-63, whcn Mr. John Peyton, Chief Civil Assistant, then 
in charge of thc East Coast Series, hcgan observations at Kalhbani (IX) on 1st January 1853. 
This oacer, thercaftcr, proceeding successively to Kalsibllhnga, Blinsgaria (XII), MauliS- 
kh61 (XII), Sbtpautia, (X~I I )  and Dbntlin ( x v ~ ) ,  finally concluded thc observations of the Soutll 
Malhcha Scrics on the 16th February 1853. 

-4 comparison of thc valucu as brought down by this Bcrics with those furnishcd by 
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t b  Silnultancous Reduction of tlie South-East Quadrilatcral necessitated the dispersion over 
this triangulation, bctween the origin TilSbani-Shsinia and the terminus Diintlin-BBtpautia, 
of the following errors :- 

I n  Logarithm of thc lattcy side ... ... + O ~ O O O , O Z Z ~ , ~  = 3 inches per mile. 
... ,, Azimuth . . . . .  ... - 3"-122 
... ,, Latitude of Stitpautia ... ... - o '064 
... ,, Longitude ,, ... ... + o '103 

Tlle trigonometrical d~tc~minat ions  of the heights of the stations of this Series 
above mean sea levcl depencl in tlie first place on those of the stations TiliLbani and Shsinia 
as determined trigonometrically bctwecn Sironj and Calcutta by the Calcutta Longitudinal 
Series adjusted to the spirit-leveled values of its origin and tcrminns. A comparison of 
tho hciglits so deduced with the corresponding ralurs of the two obligatory stations of the 
East Coast Series a t  tho soutllern extremity of this triangulation, disclosed a mean error 
of only about 64 fcet-thc avcrage diffcrcnce betnrcen t~w-o determinations of hcights of 
the snn~e station being under 3 fcet. The generated mcan error has been dispersed by 
simple proportion over the intermediate stations, and the resulting heights given to the 
nearest foot. 

Secol~dcwy Triangulation. 

I n  tlie original instructions issued for the execution of this Series, Captain Hill had 
been explicitly enjoined by the Surveyoi. General to take adrantage of every opportunity to 
fix as many of the surrounding peaks and permanent points as were risible from his Primary 
stations, and otherwise to determine the position of as many of these as possible without 
interfering with the progress of the Primary Triangulation. But owing to the undulating 
character of the country, without any hills or remarkable eminences and for the most part 
covered wit11 thick forcst, only tn-o of thc hill stations Jnlh6ri and Tura (I and 111) afforded 
tlie means of fixing sccondary stations ancl points, the positions of 16 of which were deter- 
mined by observations with tllc large thcorlolite a t  the Primary stations supplemented a t  the 
Secondary stations by measurcmcnts with a 12-inch instrument by Troughton and Simms. 
Further south, thc lowcr aud cultiratccl p u t s  werc found to be so thickly wooded with large 
timber of mango, pipnl, ~ltuhttn, tamarind, and blaclcwoocl, that i t  was actually more difficult 
and expensive to clcar a ray there than in tllc forests themselves. Therc was thus practically 
no vicm from thc stations oxcept along tllc cleared rays, and this rendered i t  inlpossible 
to undcrtalcc Secondary Triangulation wit,hout w r y  considcrable expenditure of time and 
moncy. I t  thus llappcncd tliat bctn-cen tllc sicles Tura-KBema (111-IV) and Kalsibhhnga-Gop 
(x-XI) only 8 more stations and points could bc similarly added, a point in Midnapore being 
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one of those so determined. Later on, Mr. John Peyton fixed the position of Jagannathpur 
by observations with the 24-inch theodolite. I n  addition to the co-ordinates, the requisite 
numerical details of the angles, side-lengths, and azimuths, in reference to the majority of 
the secondary stations and points, will be found a t  pp. 60 to 53. 

Besides the foregoing, in season 1846-47, Mr. W. R. N. James, using a 7-inch 
theodolite by Troughton and Simms, carried a minor series along the valley of the Kusai 
river from Gop to Kukurmuri (XI to 1711) ; but as the stations of observation were not marked 
in  any permanent manner, i t  is not considered desirable to publish any further details of 
them than the latitudes and longitudes of the stations of observation a.nd of the points fixed 
therefrom, about 90 in all. 

C .  WOOD, 

#uvveyor, l e t  Ovade. 



PART I, INTRODUCTORY. 

T H E  F I N A L  R E D U C T I O N S  
OF THE 

SOUTH PARASNATH MERIDIONAL SERIES 

AND OF THE 

SOUTH MALUNCHA MERIDIONAL SERIES 

SOUTH-EAST QUADRILATERAL. 





CHAPTER I. 

ACCOUNT OF THE TRIANGULATION OF THE SOUTH PARASNATH AND YOUTH MALUNCHA 
MEXIDIONAL 9ERIE8. 

The Triangulation inclzcded in this Pokcme. 

The South PltrasnBth and South Mal6ncha Meridional Series form two of the internal 
chains of that section of the triangulation of India, known as the South-East Quadrilateral, 
which embraces all the principal triangulation between the Parallels of 17" and 24" and 
extends from the Meridian of 77" to the Western Coast of the Bay of Bengal. 

The South-East Quadrilateral was the second of the five large Sections into wtricli 
the principal triangulation of India was divided for reduction. With the exception of the 
two series included in this volume it consisted of modern work executed with large theodolites- 
having azimuthal circles of 24 and 36 inches diameter-and with all the care and refinement 
\\rliich is characteristic of geodetic operations of the I~ighest class. The Soutl~ Malilncha 
and the Soutli Ptirasnhtli Series on the other hand mere executed wit11 inferior insbruments, 
and in a style not comparable nlitli the rest of the principal triangulation*. They were 
therefore not included in the general reduction of the Quadrilateral; but it \\.as decided t l ~ a t  
after the latter had been finally reduced, these series should be then talien in hand and by 
tire method of minimum squares, be made to harmonize with the rest of the triangnlation. 
I t  was further decided that owing to the inferiority of the triangulation i t  should be finally 
excluded from that classed as 'principal triangulation'; and that both the primary and secondary 

' Colonel Waugll, tlro Surrcyor Gcncrnl, ao fnr back IU 1W3, rclllnrLs wit11 regard to the P k w n i t h  Series:-" I t  must be ronfe~scd 
Lllnt ncither tho instnmicntnl tnunns cnrplojcd nor tllu style in a h i c l ~ i t  hns been axccuted, will admit of ite being rnnkcd as one of the Brat. 
rntc goodetical pcrformences of thc (trmt Trigonomctricnl Y w o y  of I~rrlia". 
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trinngulntion sl~ould be included in the same volume, which sl~ould form one of the series of 
Syl~opticnl Volumcs, differing from them however in that it was to contain the details of the 
reduction of the primary triangulation. 

Z'he Observers n l~d  the Itisti.zintent8 ewtployed on the TI-iaagulatione. 

The South Paraenath Meridional Seriee. 

The South Phrasnhth Meridional Series emanates from the side Chainpur-Tilabani 
of the Calcutta Longitutlinal Series and follows approximately the Meridian of 86" 26' till it 
meets the East Coast Series at  the side Meghsini-Bolptil. 

T l ~ e  Series mas first comn~enced in 1832, but owing to various causes no real progl.ess 
had been made up to the middle of t l ~ e  year 1836. I n  1836-37 eight primary triangles were 
cnmplcted hy Lieutenant A. H. E. Boileau of tlie Bengal Engineers, bringing the Series down 
to the side Blighn~uri-Tongro-the latter station mas afterwards rejected-and the remainder 
of the Series was executed during the next two years partly by Lieutenant Boileau and partly 
by Mr. Kallonas, one of the Sub-Assistant Surveyors attached to the party. As originally 
executed the Series was of a very complex cl~aracter, the observations having been multiplied 
to a useless extent. Colonel Taugh,  the Surveyor General, when the triangulation mas first 
reduced, selected two independent series of large symmetrical triangles, emanating from the 
side'l'ilabani to GorgSburu and re-entering on the side BBghmuri to SAtbakra, all 01)st.rvations 
not included in this double series being rejected as unnecessary. From BBghmuri-Shtbaltra 
to the side IIeghini-Murtiri the chain is formed of single triangles, after which i t  closes in 
rather a complex manner on the three remaining stations of the Nilgiri-IfegAsini quadrilateral 
of t l ~ e  East Coast Series as may be seen on reference to Fig. 2 in the Plate a t  the end of the 
details of the South PlirasnGtl~ Series. 

The instrument enlployed mas that now known as Cary's 18-inch G., of which a descrip- 
tion is given on page 70 of the Appendixes to Volume I1 of the Account of the Operatio~is 9 c .  
I t  was a tl~eodolitc of antiquated pattern found in the Surveyor General's Office at  37 Park 
Slreet, Calcutta. I t  was subjecled to extensive alterations under the Surveyor General's 
d~rection by 3Ir. Barrow, the then Mathematical Iustrument Maker to Goverument a t  
Calc~~t ta ,  butaFter all it proved far from an e5cient instrument. I t  mas not well divided, 
was very deficient in telescopic power and possessed inferior levels. It was never employed 
again for geodetic purposes. 

The South Maluncha Meridional Seriee. 

The Soutb Iialdncha Neridional Series emanates from tlie side Tilal~ani-Sbsinia of 
the Calcutta Longitudinal Series, in about mean longitude 86" 60', and trending slightly east- 
ward, closes on the side Sktpautia-Dhntiln of the East Coast Series. I t  mas executed 
cl~ietly by Captain C. T. Eill  of the hlad~as Native Infantry, shortly after he joiued the 



THE CONSTRUCTION OF THE BTATIONB. [ €I 11 
Great Trigononietrical Survey from the Madrm Topographical Survey, and while he was 
awaiting the arrival of a batch of large theoclolitcs, one of ml~ich 11e was to em1)loy on t l ~ e  
East Coast Series. The Soutli nfalhncha Series was conlwenced during the field season of 
1815-46 and during thc early part of the next season was carried as far 8s the side Kalhl~ani- 
Kttlsibllhnga, wl~cn i t  mas stopped in order that t l ~ r  party might be transferred to the  East 
Coast Series, the expected instruments having arrived. 

Por the next three seasons the party was elltirely occupied on the East Coast Series, 
by mliich time this had been brougl~t down to near t l ~ e  soutl~ern e x t r ~ m i t y  of the South 
Mxlhncha Series. Tlie connection of the two series l i d  now to be made, and in 1861-62 
Mr. John Pttyton ml~o  n as then in charge of the Operations commenced arraugements for 
the purpose. Very little was accomplishetl this season beyond preparing the stations for 
observation ; but so soon as the next scason commmced, the final operations were proceeded 
with and the junction was effected by February 1853. 

The instrument employed by Captain Hill \ \as  Trougl~ton and Simms' 16-inch No. 2 
and by Mr. Peyton the 24-lnch No. 1 by the same n~akvrs ;  descriptions of both these 
theotlolites mill be found in Appendix No. 2, of Volume I1 of the Accouut of the Opera- 
tions &c. 

I'he Dependerlcy of the 2'riawgitlcttio~c on the So~ th -Eas t  Qtcadvilnternl. 

It  has been stated that encl~ of the two s ~ r i e s  of m11ic11 the details are given in this 
Volume, emanates from one scrips of tlie South-East Quadrilateral and closes on another. 
l11lere is no connection between the series tl~emselves; so t l ~ n t  ml~en t,he South-East Quadrila- 
teral h:~d been finally reclr~ced, tbe reduction of tl~ese two series becarne entirely independent 
oprratious. The fisc~rl data for each were the length and position of the side of origin and 
the same elements of the  c l o s i ~ ~ g  side. 

The Co~zst~.ztctio~t of the Pi.i~lcipal S t tc l io )~~.  

The South Parasnath Meridional Series. 

I n  the case of the Soutl~ PArasn6tli Series the Executive Officer gave no description 
of the stations. Several of Iliem Jrcrc. visited I,y the Ganjnm Topograpl~icnl Survey Party 
during tlie ficltl se:tsons of 1868-6'3 and 185!)-GO, mid n~ention is n~atlr  of platforms with station- 
marks being found in ninny casvs undist,urbcd. As all the stations were ou l~il ls  i t  is 
p~.esumed that they mere of the same form. Tl~c~re  is no evitle~icca of their having poseessed 
more t l~nn  the mark at  the s~lrlace of the platfor111 although there is, a t  tlie same time, 
nothing to shew that tllcy did not. 
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The South Maluncha Meridional Seriee. 

The majorit,y of the stations of the South M:tltincha Series are Tower Stations, one so- 
called tower appears to l~ave been a mound of stones with mark-stones placed at  the top 
and bottom, the others consisted of ce~it,ral pillars of masonry, either solid with mark-stones 
at top and bottom, or perforated and wit.h mark-stones in the basement. These pillars were in 
all cases surrounded by a mass of stones and earth, or sun-dried bricks, to the level of the 
surface for the observatory tent to rest on. The Hill Stations consist of central pillars of 
small altitude with mark-stones a t  top and bottom, and are surrounded by platforms from 10 
to 16 feet square. 



CHAPTER 11. 

THE MEASUREMENT OF THE ANGLES AND THE GENERAL PRINCIPLES FOLLOWED 
I N  THE REDUCTION OF THE TEIANGULATION. 

The Measul-ement of the Horizontal A~zgles and their Record. 

The method of observing the horizontal angles was that introduced by Colonel Everest 
wl~ich has been maintained ever since in the Indian Survey. When the instrument had 
been set up for use and had been properly centred and lerelled, either one of the surround- 
ing stations, or a referring mark specially set up for the purpose, was adopted as what ie 
called the 'zero-station', and t l ~ e  telescope mas directed to this station and made to read 0'0'. 
Observations were tben commenced. Either the angle between eacli station and the R.M. 
was measured independently twice or thrice, or two or more rounds of observations were made 
to all the stations. In  each case, so soon as the first measures were completed, the telescope 
was turned over in altitude and brought round in azimuth to point to the zero-station wliich 
now read 180" 0'. With this zero-setting anotlier set of observations mere t aken ;  the two 
settings constit.uting a pair, F.L., or face left, and F.R., or face right. The instrument was 
then shifted an arbitrary quantity in azimuth and the telescope made to point to the zero 
station, and observations were again taken on F.L., and F.R., and so on. 

The system of zero-settings employed for the South PiirasnLtlr Series was 

The angles mere measured separately to a referring mark and two measures were taken on 
each zero-setting. The system of zero-sett.ings mas the same for the South &fallincha Series; 
but the more modern method of dispensing with a referring mark and observing to the 
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stations in rounds was adopted ; the measures on each zero-setting were generally two in 
number but when these did not prove sufficiently accordant more measures were made. 

I n  the Records of the angles the name of the observer and the instrument employed 
and the date of the observations are given, and below these the means of the nleasures on 
each zero are recorded and the number of the measures from \vhicll each mean is derived is 
given beneath i t ;  the general mean of all the measures of each angle is also given. 

The Abstracts of the Observed Augles are given on pages 7 to 14 for the South PBras. 
niith Series and pages 38 to 44 for the South Mnllillcha Series. 

Prel imi~~nry  Reduction of the Groups of Angles contained in Independent 
Trigo~zometrical Fbures. 

So long as chains of triangles are treated as independent of one another, the angles 
naturally separate tllernselves into as many groups as there arc single triangles and corr~bina. 
tions of triangles into single polygonal figgllres and net-works. Each triangle is subject to 
the geometrical condition that the three angles equal 180" plzcs the spherical excess, and each 
group of triangles to additional geometrical conditions, such as that the angles at  any central 
point sl~ould together equal 360°, and that the value of any side as calculated through any 
portion of the figure baclc to itself should be unaltered. 

The formula which has been enlployed for calculating the spherical excess of triangles 
in this volume is 

cosec 1" 
r = u b  sin C x -- 

2 7.2- 

in which r is the spherical excess in seconds, a, b  and C two sides of the triangle and the in- 
cluded angle, and r the radius of curvature for the oblique section of mlich the a ~ i m u t h  is 

2P" 46", that is, r = p+v, p being the radius of curvature to the meridian and v the normal on 

the axis minor for the mean latitude of the triangle. 
The geometrical conditions connecting groups of angles divide themselves generally 

under three heads, Irinngulcc~., central and side. The first is as before stated, tllat, thc three 
angles of a triangle must equal 180°+tbe spherical excess, the second that all the angles 
meeting at  a point and completely surrounding it must equal 3G0°, or when an angle is measur- 
ed as a whole and also in parts, the wl~ole should equal the parts, and the third springs from 
the condition that the value of any side carried t l~ rougl~  any portion of the figure baalc on 
itself should reproduce itself. The excesses or deficiencies which n~ar~ifest  themselves in these 
comparisons either form the right-hand members of the equations amongst the angular 
errors furnished by the conditions, or they furnish the means for finding them. 
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The number of equations for each independent trigonometrical figure is given by t l ~ e  
formula 

N-28+4 

in mliich N is the number of angles and S the n~umber of stations. 

I n  order to express the equations the observed angles are denoted by X i ,  X,, X,, . . . 
t l ~ e  corresponding angular errors by xl ,  x,, x,, . . . and the absolute terms of tlie equations 
by e with subscripts denoting the equations to which tliey appertain. The triangular and 
central equations will then take thc form 

Furtl~cr if cc denote the tabular log, difference of sin X for I" the side equations will 
be represented by 

sin lY, . sin . . . nixl-a,x,+n,s,-w,.z.,+. . . = l o g  . = e. 
sln 4 . sin X ,  . . . 

Thesc geomctrical conditions have to be satisfied in such a manner, that the angles 
shall receivc thc most probable of the several systems of correction whicli present themselves. 
Tl~is is done 11y tlie so-called method of solution by minimum squares, wllich is now so well 
known t l ~ a t  nothing need be said regarding it further than it requires the folloiving expression 
sl~all be ruadc n minimum. 

in which u,, u,, I ! , ,  . . . are tlic reciprocals of t l ~ e  n?eiglits lo,, zu,, fu,, . . . of the observed angles. 
I u  the prescnt reductions tlle n-eights of the observed angles have been all assimed to 

be nnity; hence the reciprocal weights, I!,, u,, zc,, kc., are also eacli equal to unity; and the 
miuimum equation becomes 

u = . T 1 2 + + ~ + x ~ +  + . . 
The following equations-tnlren from Section 5, Chapter V I I I ,  Volume 11-express first 

thc gconletricnl conditions, sccondly their relations with tile indeterminate Eactor~, A,,, A*, . . . A,, 
by the introduction of \\rliich U is made a minimum, and thirdly the most probalde values of 
t l ~ e  augular errors in terms of tlie geornctrical conditions and the indeterminate factors. 

The geo~netrical equations of condition, n in number between t unknown quantities 
are :- 

ul xi + a$ x2 + . . . + C I ~  .T, = e, 
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The equations between the indeterminate factors are :- 

. . .  [a,] A,, + [ah] Ad + + [an] A, = e, 

[ah] A, + [bb] A* + . . .  + [bn] A,, = ea 
. . . . . . . . . . . . . . . . .  

[an] A,, + [hn]  Ah + . . .  + [nn] A, = e,, 

in which brackets [ 1 indicate summations, thus 

[na] = a,a, + n , a , + .  . .  + atat. 

The resulting values of the angular errors are :- 

x1 = (a,  A,, + bl A b  + . . .  + n1 A,,) 

. . .  x2=(n,A,  + b , A b +  + n2A,,) 

and the value of tho minimum, U, is 

I n  the case of a single triangle-one which does not enter wit11 other triangles into 
the formation of a polygonal figure-there is only one geometrical equation of condition, 
wbick is simply 

x, + x2 + x3 = e 

and there is only one 'indeterminate factor', A, which is therefore 

Catculalion of the Side8 of the Triaftgles. 

The values of the angular errors having been obtained by thc formulz of the prcced- 
ing scction, ore npplicd to thc obscrvcd anglcs with contrary signs. The corrected angles 
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of every triangle are then reduced to planc angles by the subtraction of one-third of the 
spherical excess of the triangle from each, and the sides of the t,riangles are obtained in t l ~ o  
ordinary manner. The angular corrections furnished by the figural reductions, besides being 
the most probable, in so far as the conditions to which they have been subjected are con- 
cerned, render each figure or net of triangles consistent, so that the ratio of any one side to 
any other side is the same by whatever route it is calculated. 

Geodetic Elentents of Slations wnd Sides. 

The origin of co-ordinates, which has been adopted for the Indian triangulation is 
Kalibnpur, Station I of the North-West Quadrilateral, the initial elements a t  which are 

Latitude North 2 4  7 1 1 3 6  
Longitude E. of Greennicll 7 7 41 44 '75  
Azimuth of Station 29  (Siu.entlil) 190 27 5'10 

as explained in Chapter X I  of Vol. 11. 

But since the positions of all the stations of the North-West, South-East and North- 
East Quadrilaterals are regarded as having been finally fixed in the Simultaneous Reductions 
of those figures, any one of these stations may be employed as an origin of co-ordinates when- 
ever it happens to be convenient to do so, and its clements may be adoptcd in place of those 
of KaliAnpur. Thus as the South Plirasnhth and South IXalhncba Series are based on sides 
of the Calcutta Longitudinal Series, one of the series of the South-East Quadrilateral, the 
elements of those sides have been adopted as the initial clernellts of the respective series. As 
these series also closc on sides of the East Coast Scries, another series appertaining to tllo 
Bouth-East Quadrilateral, the elements of thesc sides might equally well have been considered 
init id elements. 

The formula which have been employed on tho successive calculations of latitude, 
longitude and reverse azimuth are given below. 

If A and B be two stations on the earth's surface, and tlie latitude and longitude of A and 
the azimuth of 8 a t  A be A, L and A respectively, tho distance between A and B beiug c, and if 

A A denote the difference of latitndc between A and B 
A L  31 J) longitude 9 )  

B ,, azimuth of A at B 
A A  = B - ( a + A )  
e ,, tbc cscentricity of tlic spheroid 
p ,, the radius of cnrvoturo to tlie meridian at  A 
v ,, the normal to tlic incridian a t  A tcrminated by thc minor axis 
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(-S cos A cosec I "  

-- - sin" tan A cosec 1" 
1 ' 2  p.u 

AA = 

I ez -3 X - cos" sin n A cosec 1" 
4 p.u I - e 2  

I + i  sin2 A cos A ( I  +g tan2*) cosea I" 
I -2.3 p . 9  

C "11 a cOSeO 

u cos A I - -  

and 

A & =  . 

(-t sin A tan A cosec I" 

I c2 sin z A tan A cOSec ,, +-- 
1 - 2 9  COSX 

r c3 ( I + 3 tana A) sin 2 A cos A cOSec I,/ --- 
1.2.3 u3 cos A 

I -e2 
B = s + A +  

-? ( 5  + tan")% sin ZA cos A cosec 1- 
9 6 

I+&';s.~A t a n A ( ~ + z t a n ~ A )  cosec I "  

For tlre derivation of thcsc formulx, and also for the mnnner in mllich they l~ave bern 
nrranged for calculation, see Chapter IX of Volurne II., also the Azcsiliary Tables to fncili- 
tale the Calculations of the Survey Depart~nent  of I2tdia. 

The values of the elements of the Figure of the Earth which have been employed in 
the calculations are those known as "E-ierest's Constants, 1st set", and are :- 



DETERMINATION OF IIEIGHT. [l31 

Semi-axis major, a = 20,922,932 feet, Log = 7'320 6225 4 

8emi-axis minor, I )  = 20,853,375 feet, . 

from which p and v are found by the well known formula. 

Reduction of the Vertical Angles for the Determination of Diferencee of Height 
a d  Co-eficie~hts of Refraction. 

The relative heights of the principal stations of this Survey are determined in  almost 
all instances by measuring the reciprocal vertical angles. The heights so obtained are control- 
led, wherever possible, by connecting the stations of the triangulation with those of lines of 
Spirit Levels, which are executed by this Survey, and occasionally with Tidal Stations on the 
coasts of the Peninsula, a t  which direct determinations of the mean sea level have been made. 
The formula that was employed for many years in the calculation of differences of height ie 
due to Coloncl Everest, and is as follows :- 

If h be the difference of height of two stations A and B, D' the depression of B at A 
and D that of A a t  B, Z? the height of A above mean sea level, c the distance bctaeen A and B 
at that level, and 1. the radius of curvature corresponding to the mean latitude of A and 8, 
then the angle subtended a t  the lower station by the excess of height of the higher, or the so- 
called sz~btelzded angle, is &(D-D'), and the height of B above or below A is given by the 
expression 

sin +(D - D') 
h = c ( I  +3 cosD 

according as the result is plzls or  winu us. If either of the angles is an elevation instead of a 
deprcssion its value lnust be employed with the opposite sign to that here given. 

I n  order to use this formula i t  is first necessary to correct the observed angles for the 
heights of the observing instrument and observed signal. A 111uch less laborious process is 
to employ the uncorrected vertical angles, and the11 reduce the result thus obtained to the 
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levels of the stations by an algebraical combination of the heights of the instruments and 
signals. This procedure is as follows :- 

I f  in ,  6 the heights in feet of the theodolites a t  A and B respectively 
a,, 8 6  93 9 )  signals Y )  Y Y  

D., Dg the observed vertical angles, both assumed to be depressions, 

and we put 

then 
H sin+(Db - D,,) 8 

h = c ( 1 + ; )  cosDb +;. 
This formula though not absolutely rigorous, holds good for all cases that have hitherto 

occurred or are likely to occur in this Survey.* I f  either of the angles is an elevation in- 
stead of a dcpression, its value must be employed with the opposite sign to that here given. 

For r, the radius of curvature, the same formula is employed as in the calculation of the 
spherical excess, see page [ 8 1, p and v being here taken for the mean latitude of the stations. 

I n  tlie preceding formula i t  is assumed that the reciprocal sngles are equally affected 
by refraction, and in order that this may be as nearly the case as possible, the vertical angles 
in d l  the more modern operations are generally measured between the hours of 1 and 4 p.m., 
when the amount of refraction is usually a minimum. But in the earlier operations of tlie 
Survey i t  mas thought t l ~ a t  the lengths of the sides of the triangles should always be consi- 
derable, even in the plains, in order t l ~ a t  the number of triangles in each series might be as 
few m possible ; thus the stations were occasionally chosen a t  sucli distances from one an- 
other as to be only mutually visible when the amount of refraction mas very considerable. 
The custom then was to take the observations a t  any time mhcn mutual visibility obtained, and 
frequently during the night, when the refraction is usually greatest; reciprocal vertical angles a t  
nny two stations were generally measured a t  the same hour, as nearly as possible, of the day or 
night ; and i t  wns assumed that the refraction a t  both stations was then the same. This rule 
however does not seem to have been very closely adl~ered to in the case of the South PQrasnQtli 
Series : in the more modern South Malfincha Series there are also irregularities in the times of 
observation. 

The reciprocal angles are also employed to determine the co-efficient of refraction, to 
be used in reducing unreciprocated vertical angles ; for, putting C for the arc between the 
stations A and B or the co?itui~red arc aa i t  is usually called, and +,, $6 for the refraction a t  
the  respective stations, me have 

- -  - - - ~- -- -- 

H 
The cslculstions are pnrfomed logsrithmically and log ( I  + F) ia replaced by Modulus ; which Iss been tobulatod in the 

Au+iliary Tublrr for e r e q  degree of lntilude fmur 6' ta aG'. 
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in  which expression 
- 8. + ;a - 86, 

P=  c sin I" 

Thus the mean refraction, +, is givcn by the expression 

+ = g { C -  ( D 0 + D 6 )  + P I S  
+ and 3 gives the terrestrial refraction in decimals of contained arc-or in other words the CO- 

eflcient of ~.efi.actiot~-for each pair of reciprocated observations. From the several values 
of the co-efficient thus determined, those which are deemed most suitable are selected for 
employment in the reduction of the vertical angles to secondary points, a t  which reciprocal 
observations have not been taken. 

The formula for calculating the contained aq9c is 

The Final Patues of Height. 

The heights of tlie initial and terminal stations of the South PBrasndtll and 8011th 
Malhncha Series having been finally determined at the time of the reduction of the South- 
East Quadrilateral, were available for employment for obtaining the h a 1  heights of these 
two series. After the heights of each series had been calculated in terms of the initial 
stations which lie in the Calcutta Longitudinal Series, the discrepancies, which shewed them- 
selves at  the closing stations in the East Coast Series, were dispersed throughout each series 
by simple proportion. 

As the results in the case of the South PkasnAth Series mere in many cases discordant 
and there was no information as to the height of signal, i t  has been thought sufficient to give 
the final values to the nearest 10 feet only. The heights of the South Malhcha, Series Lave 
been given finally to the nearest foot. 

The Deterntinatiort of Azintzcth fiy A~sh~onoeical  Obseruatioit. 

No astronomical azimutll was determined in the course of the South Pdrasnfith opera- 
tions and but onc was observed on tho South Malhncha Series, viz., a t  Kalsibhdnga. 

Obserrations for azimuth consist of measures of the angle between a circumpolar star, 
when near either elongation, and a referring mark, which u e  m d e  in accordance with the system 
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followed in observing the horizontal angles as regards the changes of zero, but with a large 
number of repetitions on eacll zero, as the observations are individually liable to greater error. 

Tlle time of each iiltersectian being carefully noted, tlie azimuth of the star is subse- 
quently calc~~lated and applied to the observed angle between the referring mark and the 
star, and thus a measure of the azimuth of the referring mark is obtained. 

The formula employed for the caloulation has been 

SB = ( 2  sin2 t S P. cosec I") tan A cos2a 
I - (2 sint a. sin" S P )  f (cot P. sin SP)* 

in which A is the azimuth of the star a t  elongation, P the corresponding hour angle, a the 
North Polai. Distance of the star and SA tlie difference in azimuth for the time S P  before 
and after elongation. The last term of the denominator is positive when the star is below 
and negative when above the position of maximum elongation. 

A t  each station where the azimuth is observed the angle between the referring mark 
and one of the contiguous stations of the triangulation is also observed, just as any other 
horizontal angle; and the several measurcs are gcnerally given in the Abstract of the Princi- 
pal Angles. I f  omitted there they follow the Abstract of the Azimuthal Observations. 

final Reduction of the Trinngutation. Preliminary Remarke. 

SO far the triangulation haa only been made to fulfil those geometrical conditions 
mhich apply to singlc triangles, polygonal figurcs and net-works; it now becomes necessary 
to apply such conditions as mill make the closing points of each chain take the positions 
already assigned them by the gencral reduction of the Soutli-East Quadrilateral. I n  doing this 
all the angles of each chain should be treated simultaneously ; but in the large general reductions 
which have hitherto been made this would have been so laborious an undertaking as to cause 
the solation to become practically impossible. I t  has therefore been the custom to select a 
chain of single triangles only from each series, clioosing those, where a choice existed, mhich 
mere most symmetrical, and to subject this chain to the required conditions. By this means 
tho number of figural equations is reduced to one for each triangle of the simplo form 

which permits of the elimination of one of the unknown quantities in each triangle, and 
thus enables all the triangular equations to be dispensed with. Tlins the number of equa- 
tions to be solved is eventually reduced to tho number of new conditions to be satisfied, or 
in other words to the number of what are here called circuit equations, which aro furnished 
by these new conditions. Thcsc conditions in the present case arc :- 

The porliono of L k o  Iomuln nithiu iumckcta hnro b o o ~  Lnbulnted wil l in  tho l i m i t s  dP = dom and a - lo", nnd are given in the 
dun'liary Tablu. 
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1. That the length of the closing side of each series should agree exactly with the 
length already fixed by the Sonth-East Q~ladrilaternl Rerluction, and 

2. That the latitude and longitude of one of the closing stations of each series and the 
azimuth of the closing side at  that station should also agree exactly wit11 the values previously 
determined. 

After completing the Simultaneous Reduction of the chain of single triangles in each 
instance, the angles appertaining to the portior~s of the polygo~lnl figures and net-works which 
liad been excluded, are corrected in si~cli a manner as to restore the consistency of each 
figure, witliout altering the values of the angles which have already been fixed. 

I'he Final Redzrction of the l"t.inngz~lation. For~?zation of the Citsc?cit Xqttntions. 

The Simultaneons Red~lction of each of t l ~ e  two series, thc South P6rasnfLtl1 and South 
RIalbncha, was an iud(.perldrlit operation, but the process was the same for each and may be 
generally described as follo\vs :- 

Tlie triangles are nurnberrd consecntivelp from north to south. The angle opposite the 
flank side of each triangle is known as 9, tliat opposite tlie side of continu:~t,ion as Y, and 
that, opposite t l ~ e  Inso as 2, each being further distinguisl~ecl by a numerical sul)script, tlie 
saloe as tlle numbrr of the triangle: x, y, z, wit,h similar subscripts are the synibols employed 
t,o represent t,lle errors of thcqc angles, of wl~icli the most prohable values that will satisfy 
tlic equations have to bc fouud. These equatio~is are respectively termed, Linear and Geo- 
detic,  tlie former talting cognizance of the errors in the ratios of the sides of the triangl~bs, 
which arc met with at  the terminations of the chains, aud the latter expressing the errors 
in latitude, longitude and azimutli at  t l ~ c  closing st~~tions.  

I t  is unnecessary here to repeat the dcdnction of the analytical expressions for the 
circuit equations. Tliis I~ns already been demonstrated in Volumes 11, V I  and VII of the 
Accorcirt of' t l ~ e  0pet.rclions o f  the Giseat T ~ . i g o t ~ o ~ ~ ~ e t r i c n Z  Stdruey of India,  to mllich reference 
can be made if necessary, it mill be sufficient now to give the expressions themselves. 

I. Linear Eqtbatiolls. 

Denoting for brevity the tabular difference (t. d.) of log sin Y for I" by P and of log 

sin Z by y, and by E the error in the logarithmic valiie of the closing side of the chain, then 
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m being the number of triangles in the chain. As in this equation E as well as P and y 
represent quantities in the 7th place of decimals, i t  is convenient to treat them as if both sides 

of the equation mere multiplied by lo7, by which means B, ', and y 
become respectively the number of units iu the 7th place of decimals. 

If me employ brackets to denote summation the equation 
may be briefly written 

Y '  

/= -' E = '[& - yi]. 
-' 8 $ 5  1 

IT. Geodetic Eqz~ationa. 

The diagram in the margin represents the commencement 
of a cbaiu of triangles in wlricll station I is assumtd to be the 
origin of geodetic co-ordinates, and 2,  3 ,  . . . stations on the 
most direct route-indicated by the dottcd line running parallel 
to the sides on one flank of the chain-n I~ich connects I with any 

, ': 7 station in advance. The side c is the side of origin of the chain, 
and its azimutli at  I the fundamental azimuth of the chain. 

\ 
, ! 

c- .. 5; The following symbols are required to denote the differ- 
ences of latitude, longitude and azimuth, the length of side, and 

the forward and bnck azimuths from station to station along the riglit flank of the chain :- 
For the side I to 2; AA1, A&, AAl, cl, B l  and B, 
. . . . . . . . . . . . . . . . .  

,, n to n+ I ; AX., AZ., AA., c,, A, and B.. 

The errors in latitude, longitude and azimuth at  the closing station, the (n+ ~ ) t h ,  are 
denoted by dA.+,, dL.+,, dB.. 

Now writing p and 4 for certain functions of AX, AL, AA a n d B  as exhibited in the 
Table of Subetitrctions which follows, we haye a general expression for each of the geodetic 
equations in which B represents the error in latitude, longitude or azimuth, as the case 
may be, a t  the closing station, and P and y have the satne signification as in the linear 
equation, while a. stands for t.d. log sin X for a change of I" :- 
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in whicll the ps and 9 s  take their subscripts from the flank numbers of the stations and a, 
/3 and y from the triangles. 

The general forms for the co-efficients of y and z are :- 

First.-If the p t h  triangle have no side in the line of traverse, but only an angle a t  
the station m, 

( ~ m  P p  - 9J YP + (- pm YP - 9 n )  ZP 

Secondly.-If the qth triangle have a side in the traverse between the stations n 
and fi+ I ,  

{(Pn+n - Pn) Qq + Pm+x B g  + 9 " )  YQ + I(Pm+r - Pn) (Ig - PIS YQ + $.+,I Zg. 
Exceptions mill appear to present themselves at  the commencemellt and end of chains 
owing to tlie non-exist,ence of some of the co-efficients. I n  all instances however it will 
be found tllat 9, enters the co-efficients of all tlie errors at  station nt, and pm enters the 
co-efficients of the otller angles of the same triangles, wit11 a plus sign if looking from 
station nz, the angle is the left-hand one of the triangle, and a minus sign if the right-hand. 

The substitutions for p and 9 to render the general cquation applicable to either lati- 
tude, longitude or azilnutll are given in the followillg table. 

For B 

9 ,  P 

9, 9 

Latitude. 

dk,, + 1 

Table 

I 
+ t.d.log Ah. 

" t.d.loq cos A + a [31i---] . .ogAX 

+ t.d.log cos An 
t.d.log AX, 

of Substitutions for p and 

Longitude. I dL.+, 

I 
+ t.d.lag A d .  

I " t.d.log sin A I 
t.d.log sin A 
t.d log A L  1 

t.rl.10~ sin A ,  + ---- - 
t.d.log A L .  

Azimuth. 

dB. 

t.d.log sin A I 
t.d.log sin A I 

t.d.log sin A. 
t.d.log A A. 
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The values of tlie absolute terms E  for the geodetic equations are the differences 
between the values of latitude, longitude and azimuth at  the closing station as obtained by 
the calculation along the traverse and the final values as given by the Iled~lction of the 
South-East Quadrilateral; and if the subscripts f and t denote the Jijsal and t~.wverse values 
a.t the closing station 

B*= A t -  A f  

E L = L t - L f  

B A = B t - B f  

The Soltttiofa of the Bquutiolls. 

If we assume that the number of triangles entering the  seduction is t and that they 
furnish n circuit equations, the latter may now be briefly written iu order thus :- 

in mhicli equations the left-hand snhscript in 'old face' type corresponds to the number of the 
equation and the right-hand subscript in ordinary type gives the number of t l ~ e  triangle. 

The symbols employed for the indeterminate factors are 4, ,A, ,A, &c., and the 
equations between them are* 

* In thrrc eqnntions, s l thouel~ the corl.r.sponcling co-efficicnts on oppo~ita oidrs of tho diagonal ~ppcur to differ. Iltcir r n l ~ ~ r s  n r l  in 
reality idrnlienl in ench tenn ot  the rummetion. Both forms, however, llurc be011 mudo use of us chcck on the culculstions ; uud fur 
like reaaon the ~lisgonnl co.ellicients have  been obtained also b j  tlie formula 
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I 
W = - (zb - c )  and & = ( 2 ~  - b ) . t  

3 3 

These equations having been solved, the values of the angular errors are given by the 
formulae 

y,, = nwp IA + lup ZA + . . . + nw,, A, 

2, = + =ap 2A + . . . + A, 

3,) = - (yp + zp). 

t As the fnclor enters nll the co.ellicirnts of nll the equntions its o~uission from the nctttsl ralculationr I . ~ I I  ]lore no effect on thc 

final r:alr~es of the n n g ~ ~ l o r  c m m  z, y and r ;  it ~ a a  accordingly omitted. 



CHAPTER 111. 

THE DETAILS OF THE SIMULTANEOUS REDUCTION. 

Prelinzinary Remarks. 

The general principles followed in the reduction of the triangulation, as described in 
the preceding chapter, apply equally to the South Pdrasnhth and South Malitnclla Meridional 
Series ; but in the present chapter which deals wit11 the details of the reductions, i t  mill be 
necessary, as the reductions are entirely independent, to keep these details apart, while it will 
be convenient to include them in tho same sections. Where possible the same preamble for 
ench section mill be made to apply to both reductions, the details themselves being headed 
by the name of the series to which they belong. 

The Figtcral Redttctione Antecedent to the Final Simultaneoue Reductions. 

The Sout,h Pdrmnbth Series consists of 6 single triangles and 2 compound figures, 
containing in a11 69 olmrved angles. 

The South Malhncha Series embraces 11 single triangles and 2 quadrilaterals and has 
49 observed angles. 

The figural conditions and reductions-excluding those of the single triangles, which 
are of 80 ainlplc a form as not to require special exhibition, but mill be for~nd in the general 
data of the triangles-are given for each series, immediately after the Abstracts of the Ob- 
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served Angles; a diagram of each figure is also given in the plates for each series. These 

together afford the means of readily following the calculations appertaining to each figure. 

The total number of geometrical equations of condition are :-for the South PArasnlt11 
Series 29, and for the South Maldncba Serics 19. The weights employed in the figural 
reductions were, as has been prcviously stated, in all cases unity. 

The Redzlction Charts. 

Thc Reduction Chart at  the end of the details of each series exl~ibits the wl~ole of 
the Principal Triangulation ill t l ~ a t  series : mherc this triangulation is doublc, that is, does 
not consist of only a single chain of triangles, a portion of tlre angles are not introduced 
into t l ~ e  final redrlction; but where the clrnir~ co11sist.s of single triangles the whole are 
introduced. Tlle fixc~I data for the final reduction of each series are the lengths and positions 
of the sides of the Calcutta Longitudinnl and East Coast Series on which cach abuts. These 
sides are shewn on the charts by double lines, terminated by two concentric circles. 

Tlre so-called circuit triangles-the errors of wl~osc angles are the unknown quantities 
in the recluction, and are a11 invcstigated sir~iultaneously-are indicated by continuous lines. 
The ~ Z O I L - C ~ I ' C Z I ~ ~  triangles, or tl~ose wl~ich are excluded from the simultaneous reduction, 
liave their sides indicated by brolten lines. 

A l o ~ ~ g  the flank on the right-hand side, loolting south, of each chain a dotted line 
runs parallel to t l ~ e  sides of the triangles; this is the lilce of the traverse. 

The principal stations are indicated on the charts by sn~all  circles, with their names 
and tlle serial nur~lbers by mliicli it has bccn found conveuient to distinguisl~ them for 
reference in the course of the reductions. These numbers are in Roman character and are 
progressive from north to south. 

All tlic pritlcip:rl stmations wliicli fall on the lines of traverse have an additional number 
in block type assigned to them, called their traverse number, these numbers commence from 
the initial station. 

The circuit triangles are numl~erccl in tlic Soutl~ PbmsnAth Series Chart from 1 to 12, 
co~nrnencing from tlie side Cliai~ipur-Tilabani, nud the non-circuit tria~iglcs are numbered 
in successio~~ in smaller type from 13 to 20. I n  t l ~ e  South Itnl6ncl1a Serics t l ~ e  circuit tri- 
nnglcs are nunibcred from 1 to 14 coni~nencing frorn the side Tilabani-Sdsinia, and the 
non-circuit triangles arc numbered 15 to 17  ia smaller type. 

Wlicre polygonal figures or net-works occur, these are distinguished by figural 
numbers as Fig. 1, Pig. 2, and these distinctions are continued in the diagrams and reduc- 
tions of figures. 
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Cfewelmal Ozctlil~e of the Formation of the Liaear and Geodetic Equations of Condition. 

The South Parasnath Series. 

The triailgulation having been first made consistent so far as all figural conditions 
mere concerned, the linear calculations were commenced from the side Cl~ainpur-Tilabani 
and carried southwards, tllrougli the circuit triangles only, until they closed on the side 
MegAsini-Bolphl. Tlie calculations of geodetic latitudes, longitudes and azimutlls were then 
(married along the western flank of tlie chain, commencing and terminating with t l ~ c  linear 
calculations. The errors wliicli form the absolute terms of the equations are the differences 
between tlie two sets of linear and geocletic values of the side MegLsini-Bolp61 and at the 
station MegBsini, as obtained by the calculations just described and as already given finally 
by the Simultaneous Reduction of the South-East Quadrilateral. TLius there are four equa- 
tions mliich may be symbolized as follows, i f  we employ S to denote the sum of the terms 
on the right-hand side of the linear equation-page [l7]-and of the geodetic equation-page 
[la]-with the subscripts c to denote the linear, A the latitudinal, L the longitudinal, and 
A the azimuthal equations; while E with the corresponding subscript denotes the absolute 
term :- 

( I )  e S  = c E ,  

(2) A S  = AE, 

The South Maluncha Series. 

This Series having in like manner been first made consistent so far as the figural 
conditions mere concerned, the linear calculations commenced from the side Tilabani-Slisinia 
and closed on the side Siitpauti*DBnti~n, the geodetic calculations being carried along the 
western flank. The errors are the two sets of vdurs at  the closing side ShtpautiaiD4nth and 
a t  the closing station Siitpautia. The equations may be symbolized as before. 

Formation of the Co-~ficients  of the Uizknomn Qun~ztitics. 

On page 1201 the equations of condition are represented by a form of which the follow- 
ing may be taken as a general illustration :- 
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the left-liand subscript denoting tlie equation-number and the right-hand subscript the num- 
ber of the triangle to which the errors nppertain, and b and r being the co-efficients of y and z 
respectively. 

For the Lineal. Equations we shall have generally, see page [I?] , 
bP = + p,, = + t.d. log sin Y, for I", 

c, = - y,, = - t.d. log sin Zp ,, . 
For the Geodetic Equations we shall have, see page [la] , 

C,, = + {(Pl+. - PI) a p  - PJ YP + $ I + I  1, 

tlie former pair being applicable to any, the pth,  triangle when i t  has only the angle B i n  
traverse a t  station I ,  and the latter when it has the side opposite X in the traverse and lying 
between the stations 1 and I +  I. 

Exceptions to the General Expressions for b and C. 

The South Parasnath Series. 

Equation 1 has no exceptional co-efficients, but in equations 2, 3 and 4 

witli the exception of c,, in Equation 4, in Azimutli, which needs the addition of unity to carry 
the calculations rts far as thc! side Megiisini-Nurdri; and the same equation has t~vo  extra 
co-efficients 

= -  10 I and e,, = - I 

to carry tlle calculations to tlie closing sidc Megbsilii-Bolpil. 

Tho South Maluncha Series. 

Equation I has no exceptional co-efficients; but in equations 2 ,  3 and q 

6 = 13 - + $7 ; C l 9  = - P7 ('~13 + ~13)  



[261 THE EQUATIOKS OF CONDITION 

with the exception of r,, in Equation 4, in Azimuth, wllich needs the addition of unit,y to 
carry the calculations as far as the side Shtpautia-Bhosgaria; and the same equation has 
two extra co-efficients 

L14 = - I and c,, = - I 

to carry the calculations to the closing side Shtpautia-DSLnt6n. 

Synoptical Exhibition of the Several Eqr~ntions of Condition. 

For the sake of brevity let us put ,k, for ,Lp yp + ,cp zp or, in other words, for thesum 
of the errors y and z of the angles Y and Z in any, the pth, triangle, respect,ively multiplied 
by their co-efficients !I and c in any, the n ~ t l ~ ,  equation of condition; and further, let us put 

,k to represent the sum of the terms ,k for a series of triangles of which the first term 
P 

is , k ,  and the last ,k,. 

The equations will then be expressed as follows :- 

The South Paraanath Series. I The South Maluncha Series. 

 linear. ,ky . . . = , E ,  ( I ) .   ine ear. ,k l i  . . . = ,E, 
1 

( 2 ) .  Latittcde. , k l /  . . . = ,E, ( 2 ). ~ n t i t u d e .  k . . . = ,E, 

11 
( 3  ). Longitude. ,k 1 . . . = E ,  

1 

me Numerical Values of the A x e d  Data  on wl~ich. the Sinrultaneo~cs Reductions of the Sot~th 
Pdramdth and Sozcth dlalzincha Meridional Series are separately based. 

13 
( 3 ). Longitude. ,k I . . . = ,E, 

I 

( 4 ) .  A z b u t h .  ,klf . . . = ,E. 

Both series emanate from the Calcutta Longitudinal Series and close on the East 
Coast Series. The fixed data furnished by these series are given in Vol. V I  of the Account 

( 4 ) .  Azimuth. , k l /  . . . = ,E. 
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of the Operntions, 
has been obtained 
data are as follows 

&c. ; but for the geotlet,ic elelnents a third place of decimals of seconds 
by reference to the calculations of the South-East Quadrilateral. The 
.- 

South Parasnath Series. 

Volume V I  page 160,:- 

Station of origin Chainpur or L V I I I  ; side of origin Chainpur or L V I I I  to Tilabani 
or LXI. 

... Latitude North ... ... 23" 33' 16".512, 

Longitude East of Greenwich ... ... 85 53 46 -408, 
Azimuth of Tilabani ... ... ... 281 56 37 . I ,  

... ... Distance ... Log. Feet 5 3792092,~. 

Volume V I  pages 118-, and 119-,:- 

Closing Station Megjsini or XXV; closing side MegAsini or XXV to Bolp6l or 
XXVI. 

... Latitude North ... ... 21" 37' 54"'997, 
Longitude East of Greenwich ... ... 86 23 29 '590, 

Azimuth of BolpAl ... ... ... 337 42 5 '10, 
Distance ... ... ... Log. Feet 5 '01 7 14956. 

South Maluncha Seriee. 

Volume V I  page 160-,:- 

Station of origin Tilabani or LXI, side of origin Tilabani or L X I  to 86sinia or LXV 

At Tilabani. 

Latitude North ... ... ... 23' 24' 5gV.866, 

Longitude East of Greenwich ... ... 86 35 41 '815, 
Azimuth of Susinia ... ... ... 272 58 26 '960, 
Distance ... ... .. . Log. Feet 5.1624568,7. 



[281 THE NUMERICAL VALUES OF THE FIXED DATA. 

Volume V I  page 118-,:- 

Closing Station Siitpautia or X V I I ;  closing side Shtpautia or X V I I  to Dhntlin or 
XVI. 

... Latitude North ... 
Longitude East of Greenwich ... 

... Azimuth of Dhnthn ... 
... Distance ... ... 

21' 56' 27'"662, ... 
.-. 87 7 '4 '305, 
... 271 27 16 .040, 

Log. Feet 4.8286693'6. 

The Sides mad Angles of the Circuit T~iungles.  

Tlie values of the Figurally Corrected Angles, and the logarithms of the side-lengths, 
computed (in feet) with these angles in terms of the fixed sides of origins furnished by the 
Calcutta Longitudinal Series, are exhibited in the following table. The given angles are the 
corrected plane angles, obtained by deducting the sum of the spherical excess and the figural 
error from the observed angles. Should it be desired to trace the formation of any corrected 
plane angle, reference must be made to the Abstract of the Observed Angles and to the 
final data of the Sides and Angles of the Triangles, which are given for each Series in this 
volume. The final data mill be found to contain three columns of angular corrections, 
which are respectively headed by the words 'Figure', 'Circuit' and 'Non-Circuit1,-'figure' 
being here taken to include single triangles as well as polygons and net-works ; the corrections 
in the first column are what have been applicd, with the spherical excess, to the observed 
anglcs, in order to obtain the figurally corrected plane angles ; those in thc second column 
arc \\-hat have been derived from the Simultaneous Reduction ; and those in the third column 
are what have been computed to satisfy the geometrical conditions of figures containing non- 
circuit triangles, which have to he adjusted to thc fixed circuit trianglcs ; the application of 
tlie correction in the second or the third column, as the case may be, to the figurally corrected 
plane angle gives the finally corrected plane angle. 

I n  order that i t  may be readily ascertained-without reference to the Reduction Chart- 
~rhethrr  any angle is a ' flank angle' or an ' angle of continuation', a column is inserted in 
the table n-hich gives the symbolic error of the angle, either x, y, or z, but without the 
uumerical subscript, as that may be inferred from the number of the triangle in the contigu- 
ous column. And since the stations on the right-hand flank of each cliain are those a t  which 
thc angles are the data for the formation of the values of the forward azimuth, and the side- 
lengths are the distances which were employed in the calculations of latitude, longitude and 
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back azimuth-see the next section-these stations are indicated by numbers in block type, 
shewing by their sequence the order in which the geodetic calculations were pel-formed, as 
well as by their Serial-numbers. 

The logarithm of the side* opposite any angle is given in the same horizontal line as 
the angle. 

South Parasnath Series. 

Sides and Attgles of Civczcit T~*inngles. 

In calculating thcse rnlucn 7.plnce Logarithm Tables were employed, the 8th place l~crc ehcwn being obtained by interpolation. 
XOTB.-LVIII and LXI nppertsin to the Calcutta Longitudinal Series, and XXV and XXVI to the Es l t  Coant Beries. 

Logarithm of 
side-length in 

Feet 

5,1368950~3 
5'1772254,3 
5'0854616,8 

5.0503694~1 
5.1158004,0 
5'1368950,3 

4.7183783,3 
5.0103248,o 
5'0503694,1 

4 . 8 2 7 7 2 3 ~ 4  
4'773413534 
4.7183783~3 

4 . 9 3 6 3 2 9 7 ~  
4 9153791~7 
4 . 8 2 7 7 2 3 ~ ~ 4  

5'0171913~0 
5.2122049,6 
4 , 9 3 6 3 ~ 9 7 ~ 7  

1 1 w : 4 ? I a  2 C 

1 
* 

'E 
il 
a 
V1 

1 ' 2 4  
1 ' 2 5  
1 . 2 4  

I ' 0 7  
1 . 0 8  
1 . 0 8  

0 ' 4 2  
0 . 4 2  
0 ' 4 3  

0 .24  
0 ' 2 3  
0 . 2 3  

0 .41  
0 . 4 1  
0 . 4 1  

0 ' 6 3  
0 ' 6 3  
0 . 6 3  

' 
u 'c 

1 e 
m 

2 . 4 0  
2 . 4 1  
2 .41  

1 . 5 3  
1 ' 5 3  
I ' 5 3  

1 ' 3 1  
1 ' 3 0  
1 .31  

1 ' 4 6  
1 .46  
1 .46  

1 . 2 1  
1 . 2 1  
1 . 2 0  

1 ' 1 9  
1 . 2 0  
1.20 

"-cte""ne 
Anglc 

0 1 '1 

46 16 1 7 ' 4 8  
47 19 18 .14  
86 24 24.38 

76 3 29'95 
37 32 5 '02  
66 24 25.03 

69 31 l o ' 2 1  

31 4 5.91 
79 24 4 3 ' 8 8  

38 3 36 .20  
69 2 0  56 .83  
72 35 26.97 

62 54 2 8 . 2 0  
7 1 5 9 5 7 . 3 3  
45 5 3 4 ' 4 7  

51 58 49.12 
61 9 30 .26  
66 51 40 '62  

8 n 

I 
; 
M s 
3 

1 

2 

3 

4 

5 

G 

i; 

7 

8 

9 

10 

11 

12 

Corrected Plane 

Angle 

0 1 (1 

5 9 2 2 2 0 . 1 2  
70  46 29 .82  
49 51 1 0 . 0 6  

49 32 5 6 ' 2 5  
62 1 2  5 0 . 0 4  
6 8  14 13 .71  

27 41 59 .43  
6 j  33 5 6 . 5 9  
86 44 3 ' 9 8  

73 47  1 2 . 3 6  
57 55 30 '37  
48 17  1 7 ' 2 7  

6 9  43 4 ' 1 8  
63  f l  26.76  
46 55 29.06 

34 29 32 .52  
'117 28 2 .66  

28 2 24.82 

Logarithm of 
. i h . l  in 

Feet 

5'2389760,o 
5.2464525,1 
5 .3792092,~  

~ ' 2 6 3 8 9 9 6 ~ 5  
5 '061675j~2 
5'2389760,o 

5'2430002,7 
4 ' ~ 8 4 0 j 7 2 ~ ~  
5'2638996,s 

5 0532883~1 
5.2345225,7 
5.2430002,7 

5.1526244,4 
51813047,5 
5.0532883~1 

50854616,8 
5.1315287,9 
5.1526244,4 

Gtstion Numbem 

Serial i i a 

y 
x 
5 

,, 

,, 

, 

,, 

,, 

* 

w 

2 
n 

E, " 

y 
z 
z 

,, 

,, 

,, 

,, 

,, 

VIII  
Ix 
X 

I X  
X 
X I  

x 
XI 
XI1 

X I  
XI1 
XI11 

XI1 

XXV 

XITI 
XXV 
XXVI 

4 

d 

5 

5 

6 

6 

6 

Station Numbcm 

Serial 1 i 
LVIII  
LXI  
I 

LXI 
I 
I1 

I 
11 
IV 

I1 
Iv 
V 

IV  
v 
VIII  

V 
VIII 
I X  

1 

2 

2 

2 

3 

3 

3 

4 

4 



SIDES AND ANGLES O F  CIRCUIT TRIANGLES. 

South Maluncha Series. 

Sides and Angles of Ci?.czcit Triangles. 

Preliminay Latitudes, Longiltcdes and Azimuths of the Stations on the Line of the maverse. 

The following table gives the Geodetic Latitudes, Longitudes and Azimuths which 
have been obtained for all the stations and sides on the line of traverse by applying the 
values of the difference of latitude, longitude and azimuth-computed by the forlnulce of 
Section 4 of the preceding chapter-first to the elements of the station of origin which 
are given on page [27] and then to the deduced elements of every subsequent station 

Norl.-LXI and LXV spprtuin to lhc CalcuLla LongiludjnDl Sene,, nnd XVI snd XVII to the Erst Conat Senel. 

a 

5 - M 

.% 
i; 

8 

9 

10 

11 

12 

13 

14 

~orrcctcd plane 
Angle 

0 , ,I 

57 36 26 .19  
72 56 53 .62  
49 26 40 .19  

33 7 5 5 . 5 1  
74 17 51 .96  
72 34 1 2 . 5 3  

73 8 3 9 ' 8 4  
37 15 3 0 . 4 4  
6y 35 49.72 

51 49 3 4 . 1 5  
46 17 35 .42  
81 52 50 '43  

78 33 50.81 
44 o 1 1 . 5 7  
57 25 57 .62  

58 55 8 . 0 9  
40 o 21 .97  
81 4 2 9 . 9 4  

51 7 4 0 . 0 7  
50 7 7 . 2 3  
78 45 1 2 . 7 0  

O 

1 6  
Z 
0 

Z = 
2 

1 

2 

3 

4 

5 

6 

7 

Corrected P l ~ n e  
Angle 

0 1 * 

59 26 39'22 
51 38 35 .56  
68 54 45 .22  

50 3 18.07 
5 0 4 1  3 9 ' 4 3  
79 I j 2 . 5 0  

65 14 1 2 . 2 0  

6 4  42 3 . 8 3  
50 3 4 3 ' 9 7  

6 4  1 3  25 '98  
85  38 4 2 . 8 5  
3 0  7 5 1 ' 1 7  

53 42 5 .34  
52 16 2 . 6 3  
74  I 52 .03  

76 59 3 ~ 9 0  
47 52 5 2 . 8 9  
55 7 3 4 . 2 1  

45 46 4 8 . 8 5  
57 36 48 .06  
76 36 23.09 

L 

u 
2 

d 
E 
2 

y 
x 
z 

,, 

,, 

,, 

,, 

,, 

,, 

Slotion Nu~nbers 

Serial 1 j 

c 

g w 
2 a 
L " 

Y 
5 

z 

,, 

, 

,, 

,, 

,, 

,, 

m 
(Y 

FJ. 
'Z ,-. a 
rn 

1 . 7 7  
1 . 7 7  
I ' 7 7  

1 . 1 3  
1 . 1 4  
1 . 1 4  

0 . 4 2  
0 . 4 2  
0 . 4 2  

0 . 4 1  
0 . 4 0  
0 ' 4 1  

0 . 3 6  
0 . 3 6  
0 .36  

0 . 3 4  
0 . 3 3  
0 . 3 4  

0 . 7 7  
0 . 2 7  
0 . 2 8  

LXI 
LXV 
1 

LXV 
1 
11 

I 
11 
111 

I1 
111 
lv 

I I1 
Iv 
V 

IV  
v 
VI 

V 
VI  
VI I  

B 

2 .- 
2 a rn 

0 ' 2 0  

0 . 2 0  
0 . 2 1  

o .  14 
0 ' 1 5  
0 '  15 

0 . 1 6  
0 . 1 6  
0 '  1s  

0 ' 3 7  
0 . 3 8  
0 ' 3 7  

0.45 
0 . 4 4  
0.45 

0 ' 4 2  
0.41 
0 . 4 2  

0 . 4 1  
0 ' 4 1  
0 . 4 2  

Lognrit\lrn of 

sidc.lengtl~in 
Feet 

5.2083171~8 
5.2622471,6 
5.1624j68,7 

4 9 6 6 3 7 6 9 ~ 9  
~ . Z I Z Z I Z ~ , ~  
5.2083171,8 

4'9754441.9 
4.7765654.2 
4'9663769,9 

4 .8753188,~  
4'8388S86,0 
4 '9754441~9 

4,9409064~7 
4.7914116,5 
4 .8753188,~  

4 8 7 8 8 9 ~ 6 ~ 1  
4.7543195~2 
4~9409064.7 

4 '7785985~5 
4.7723205,2 
4 8788926,l 

1 

2 

2 

2 

3 

3 

3 

4 

4 

4 

5 

Logarithmor 
8ide.lengtLin 

Feet 

4.74377~8~6 
4.7031074,~ 
4.77859Sj~ 

4.6360647~9 
46400770,9 
4'7437728,6 

4'7095234,4 
47076274,7 
4'636064;,9 

4'9633234,l 
5,0075840,o 
4'709523484 

4.8867188~3 
4.87852~3~0 
4 9 6 3 3 ~ 3 4 ~ 1  

4.961396986 
4.8429483,o 
4 8867188,3 

4.8296919,o 
4'8999479,9 
4.9613969~6 

Station Numbers 

&Ad i 

VI 
VI I  
V l I I  

TTI I 
TTIII 
1X 

TI11 
1Y 
X 

IX 
X 
XI1 

X 
XI1 
XI11 

XI1 

XVII 

XITI 
XVII  
XI-I 

5 

5 

6 

6 

6 

7 

7 

7 
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in the order of succession which is indicated by the Traverse-numbers. Each station is thus 

regarded, first as tlie ' Deduced Station B' and afterwards as the ' Fixed Station A'. 

I n  order to ascertain the differential values given by the geodetic calculations on which 
tlie tabulated elements are built up, we hare for any, the ath, side on the flank of the chain 

Ah, = (A, + , - A,) ; ALa = (La+, - Lo);  

AA. = B. - (a + A.) ; 

where A. stands for the forward azimuth at  ' fixed station' A. of ' deduced station' B. and 
B, for tlie back azimuth of A, a t  B,. 

The three differential ralues depend on the length c. and forward azimuth A. of the 
side a, and also on the latitude A,. The lo,o,aritlumic length is given in the preceding Section, 
011 tile same llorizo~ltal line as the angle at  the Serial station which enters, in the table, between 
tile stations numbered in hlock type a and (a + I ) .  The forward azimuth of the side a may 
be decluced by adding all the spherical anglcs a t  a, as giren in the table, to the back azimuth 
B,- , .  Thus the logaritlimic length of flank-side 3 in the Soutli Pdrasniith Series is 
5 .  1 8 13047.5 ~vliich occurs in triangle 6 on the same line as Serial station V, entering between 
the flank stations 3 and 4 ; and the forward azimuth of this side is equal to the back azimuth 
of 2 a t  3 and the sum of the spherical angles at  3 ,  which occur in triangles 3, 4 and 6 ,  the 
respective values of which are 79" 24' 45'" 19, 69' 20' 58".29 and 62" 54' 2gV'41, together 
amounting to z I I "  40' I 2". 89. 

South Parasnath Series. 

Geodetic Elenhents of Traverse Stations. 

Fired station A 

.5 g ; 1 Azimuth of B 

2 ; 

Deduced Station B 

1 

2 

3 

4 

5 

6 

.c C 
2 

2 

3 

4 

5 

6 

o I ,I 

328 12 57.05 

341 47 16.45 

13 a9 35'32 

359 4 38'12 

318 50 50'15 

353 17 57'35 

Lntitude North 

o r n 

23 8 30.013 

22 53 22.578 

22 28 59.603 

22 4 9.410 

21 51 24.814 

21 37 54'770 

Longitude Enst 
of Greenwich 

o I " 
86 lo 21.907 

86 15 44.132 

86 9 26.392 

86 g ~ " 1 4 4  

86 21 47.620 

86 23 29.412 

Azimuth of A 

O ,  r 

148 19 31.59 

161 49 22.43 

193 27 9.63 

179 4 4788 

138 55 17.75 

173 18 35.06 



PRELIMINARY LATITUDES AND LONGITUDES OF STATIONS. 

South Maluncha Series. 

(feodetic Elenheets of Traverse Sta,tions. 

Nunterical Palzces of the Abaolute Tevms in the Pvimary Eqications of Cortditios. 

The Lengths and Azimuths of the sides of the triangles, and the Latitudes and Longi- 
tudes of the Stations on the traverse flank of each chain, having been computed-as set 
forth in the two preceding sections-the values of the several Absolute Terms in tlie Primary 
Equations of Condition are indicated by the discrepancies between the computed values as 
here obtained at  the junctions with the East Coast Series and the corresponding values given 
in Volume VI, and quoted in Section 7. The closing linear cliscrepancies are expressed 
logarithmically and the 7th place of decimals is treated as unity. 

Fixed Station A 

The Absolute Terms will now be particularized. 

Dedoced Station D 

." 
a i 

1 

2 

3 

4 

5 

6 

7 

South Paraenath Seriee. 

Azimuth of B 

0 ,  n 

330 34 54'920 

347 34 28.993 

2 2 39.623 

330 36 31.139 

331 5 37.054 

359 17 35'945 

338 41 8.932 

Equation I ,  Linear. Between the sides Chainpur-Tilabani and Meglsini-Bolp41. 

g Latitude North 

5 L  I 

Log. computed length Megbsini-BolpB1 by Triangle No. 12 . . . . . . . 5 o 17  1 g I 3 , O  

Log. final value from East Coast Series ; see page [27] . . . . . . . . 5 '01 7 I 4956 

Longitode East 
of Greenwich 

0 1 1 

86 51 43'357 

86 54 0.860 

86 53 37,299 

86 58 47'178 

87 2 32.099 

87 2 45'449 

87 7 14.408 

2 

3 

4 

5 

6 

7 

I E  = + 417'4 Logarithmic Error + .oooo4 I 7,4 

Azimuth of A 

0 I 1 

150 41 13'673 

167 35 22,493 

182 2 30'519 

150 38 30.104 

151 7 2'955 

'79 '7 41.002 

158 42 49.818 

0 I I 

22 58 40.278 

22 49 1.750 

22 38 49'139 

22 30 17,916 

22 23 59.122 

22 7 10'739 

21 56 27.598 
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Equations 2 to 4, Geodetic. Terminal St,ation, MegLini. Terminal side, BIegLsini-BolpB1. 

Latitutle. Longilade. Azimuth. 
0 1 11 0 J ,, 0 r rr  

Computed values . . . . 2 r 37 54'770 86 23 29.412 337 42 7'82 
Final values; see page [27] 2 I 37 54'997 86 23 29.590 337 42 5 "  1 0  

Errors . . . . . . . ,A' = - 0.227 ,B = - 178 ,E = + 2 . 7 2  - 
South Maluncha Series. 

Equation I, Liftear. Between thc sides Tilal~ani-Siisinia and SQtpautia-Drintdn. 

Log. computed length Sbtpautia-DLint6n by triangle No. 14 . . . . . . 4.8286919,o 
Log. final value ; see page [28] . . . . . . . . . . . . . . . . 4' 8286693,6 

- 

, E =  + 225'4 Logalithnlic Error + 0000225,4 

Equations 2 to 4, Geodetic. Terminal Station, Biitpautia. Terminal side, SBtpautia-DLntiin. 

Lofittide. Longitude. Azimuth. 

Computed values . . . . 2 I 56 27 ' 598 87 7 14'408 271 27 12.918 
Final values ; see page [28] 2 I 56 27.662 87 7 14'305 271 27 16.040 

Errors . . . . . . . ,B = - 0.064 ,E = + 0. 103 3E = - 3.122 - 

Nzmzevical Pnltces of the p s  and 4 s .  

The Table of Substitutions at  pnge [19] shews the general form of the factors p 
and 4. The numerical values are tnl~nlatecl in this section : thcy were constructed in the 
opposite order to that in which they are now recorded, commencing a t  the closing side of 
the chain.* 

The vnl~lcs of the tnbo l~r  lag. diffurcnccs of tlic lint tormo of A h ,  A L  and A A ,  in the sxpreaeiona for them on page [la] 
were employed lor t.d. log A h ,  t.d. log A L  and t.d. log A d .  



NUMERICAL VALUES OF THE ps  AND 4 s .  

South Parasnath Series. 

Nt~nte~.ical Values of the ps and $8. 

South Maluncha Series. 

Numerical Paluee of the pe and 48 .  

C 
o o 'J E 
2 9 

," E 
0 r 

1 

2 

3 

4 

5 

6 

Latiludo 

;.""'I I A +  

Longitude 

LP 1 .d 

E 0 0 

'3 g 2 : 
, I  
0 e 
f .' 

1 

1 

3 

4 

5 

6 

7 

Azimuth 

AP 1 A+ 

- 159x7 
12492 

10409 

703 1 

3606 

1852 

+ 4131 
1805 

1064 

1934 

1874 

235 

+ 1598 
681 

389 

728 

705 

88 

-.oo81 

36 

I I 

3 8 

38 

6 

- .0362 

283 

236 

'59 

81 

4 a 

Latitude 

Ap I 
Longitude 

. 1 9 

-- 

+ '9859 
,9890 

'9g09 

'9939 

'9969 

,9984 

- 12227 

8591 

7'58 

5850 

4674 

3797 

IJiI 

Azimuth 

AV I A+ 

+ 4365 
2143 

1826 

1880 

I 166 

648 

617 

- ,0090 
46 

3 9 

3 9 

25 

14 

1 2  

I 
+ 1704 

819 

696 

717 

442 

246 

'34 

- ,0279 
'95 

165 

133 

I 06 

86 

3 3 

+ ,9892 
,9926 

,9938 

'9950 

'9960 

,9967 

,9987 
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12. 
Nunzerical Palues of the Coeficients 6 and c of the Unknown Qtcantitiea y and z .  

The following table gives the numerical values of the coe5cients b and c of the un- 
known quantities y and z in each equation of condition. Should it be desired to reproduce 
any one of these cocfficients, as the value of $ in the qth equation, i t  is first necessary to 
ascertain by rcference to pages [25! and [26], whether the coe5cient is one of those of an 
exct.ptiona1 form for wliicl~ syiu1)olical expressions are there given. When not found in thie 
list it will I)e understood to take one of tho general forms on page [26]. 

(1). To find the values of b, and r, in equation I of the South PBrasnith Seriem. 

This ia a liuenr equation, a ~ ~ d  the forms of the coefficients are normal, 

,b, = + t.d, log 62" 54' 28" = + I I 

,c, = - t.d. log 4 5 O  5' 34" = - 21 

2 To find the values oE b, and C, in equation 3 of the South PHrasuith Seriem. 

The equation is longitudinal and the forms of the coefficients are normal, 

j t 6  = + { ( # 4  - &) - + 1$4]  

= + {870 x .ooooooy - 1064 x .OOOOO:I - ,0159) 

= - '0'75 

(3). To find the values of b,, and c,, in equation 4 of the South P6rasnith Series. 

The equation is azimuthal and the forms of the coeficients are exceptioual, see page [25]. 



NUMERICAL VALUES OF THE COEFFICIENTS. 

South Parasnath Series. 

ATtimericnl Palues of tice Coeficients. 

South Maluncha Series. 

Nzclnerical Pullcecr of the Coeflcients. 

Coellicientm of y snd s 

I C 

- .- 
5 c 

.5 To i )  F 

w .- 
0 c 
d  z 

a 

' 2 .- UI u a 
u. ;E 
7, 

& 

6 2 
% .2 
d z 

CoeEcicnts of y and r 

b l  
- .- 
$ q 
5 2 
w .4 
0 * 
6 el 

Coofficientn of y nnd r 

) I  

C'oeCicirntn of y and r 

b I  
3 ;. 1 I Coeffirirntn of y rind. 
ij ,M 
0 C 
.el b  I r 
!4 

Coefficient8 of y and 

1 s t  Eggcation. L k e a r .  

. - 5 = 
i; a 
*- .C 
0 * 
d  k 
b 

r 

$2 
- a  0 F: 
d U  
'2 

3rd Eqzcatiou. Lolzgitrccle. 2nd Eqzcation. Latitude. 

a 

2 zn 
u. .d 
0 * 
d h  
Z 

CocEcicotn of y nnl  r 

b l c  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 

2 

3 

4 

5 

6 

7 

8 

1 9  

10 

11 

2 0 -  2 

9 

4 

7 

21 

9 

18 

8 

19 

19 

40 

0 b I  
4th Xqzcatio~t. AzinzutA. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Cocfficienh of y and 8 

b l c  
1st Equntion. Linear.  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

+ 
5 
8 

26 

I I 

17 

13 

18 

40 

6 

8 

31 

2nd Zqzrntiotc. Lntittcde. 3rd Eqt,crtiolz. Longittide. 

-0.0370 

+ .o29z 
- '0300 
+ .0264 
- '0209 
+ .or92 
- '0135 
+.or15 

- -0088 
+ ,0043 
- -0045 

-0.0266 

.0026 

.0046 

'0250 

'0074 

.0082 

.0058 

.0027 

'0094 

0005 

+ -0014 

18 

7 

7 

3 

14 

1 

2 

3 

4 

6 

1 

2 

3 

4 

6 

4th Eqfcntion. Azimfith. 

1 

2 

3 

4 

5 

- 0'0335 
+ .o267 

- .0269 

+ '0229 

- '0175 

+ ,0142 

- ,0116 

+ .0066 

- -0060 

+ .oo~Y 

- .0007 

+ 0.0061 
-0148 

-0102 

'0094 

.0205 

.OIOI 

.o116 

-0067 

.oo16 

.0041 

'0055 

+0.9856 

- .91187 
+ .gH83 
- '9899 
+ '9919'+ 
- '9927 
+ .9948 

-.9956 

+ .9967 
- '9983 
+ .9983 
-I~OOOO 

+ 1 3 -  

33 

6 

17 

4 

+ o.9S70 
- 
+ 
- ,9912 

'9933 

- -9946 

+ .9956 

- '9975 

+ '9977 

- '9986 

+ .9997 

- 1.0000 

-0.0177 

.0238 

a 0053 

.0084 

.0032 

+ 0.9889 
- '9932 

+ '9929 

- '994O 

+ ,994" 

1 

2 

3 

4 

5 

-0.0267 

+ .0266 
-.or93 

+ ,0196 
- .orgCi 

+ 0.0199 
-0106 

moo58 

-0061 

-0093 

+0.9897 

- ,9899 
+ '9927 

- a9926 
f '9941 

- 0~0290 
+ .o180 

- '0189 

+ .0160 

- .o~jH 



SOUTH r,UtAsNATIx AND SOUTH nI-kLuNcIrd MERIDION.UA SERIES. ~ 3 7 1  

South Maluncha Series. 

Numerical Palues of the Coeficie7ats-(Continued). 

The Coeflcieuts of the Indeternzinate Factors b the Pcilzces of the Unktwtun Quantities. 

On rcfercnce to tlic cquations on pagc [lo] it mill bc sccn that the general expression 
for the error xp of any angle Xp apl~crtaining to a trigonometrical figure, is, when the weight 
is unity, 

Coelficients of y and r 

6 I C  

so that the coefficients of A,, A h ,  . . . A,,,  thc indctcrlninatc factors, are the coefficients 
of x,, in thc scveral absolutc gco~netrical equations to \\liich tlie indeterminate factors are 
respectively related. But one of tlic tllree unknown quantities appertaining to every 
triangle having becn climinatcd, as a preliminary to the simultaneous reduction of each 
series, the coc5cients of t l ~ c  indeterminate factors talic a more complex form which is given 
on page [21]. The cxprcssions arc :- 

'2 q 
5 F , .e 
6 
c .& 

z 

Coetlicients of y and r 

) I  
.j c 
$2 
L .l 

0 0 5 z 

CoeEcienCa of y ond z 

b l c  
4th Bqztation. dzimulh.  

.i c 
U . L a  c 
c .l 
o dH c 

z 

8% " j' 
o 
2 

3rd Bqzcution. Longitzcde. 1st Equation. Linear. 

CoeEcicnts of y and. 

6 1 c  
- 0'9952 
+ -9952 

- '9964 

+ '9962 

- '9971 

+ .9978 

- ~9988 

+ '999% 
- I '0000 

6 

7 

8 

9 

10 

11 

12 

13 

14 

6 

7 

8 

9 

10 

11 

12 

13 

2nd Eqlcution. Lcrtitude. 

f3 

7 

8 

9 

10 

11 

12 

13 

14 

-0.9941 

+'9953 

- '9954 
+ '9961 
- '9965 
+ -9969 
- a9983 
+ '9983 
-1.oooo 

+0'0157 

- - O I Z ~  

$ .orzr 

- '0103 
+ .009z 
- ~oo8o 
+ .c043 
-'0045 

+ 0.0057 
.oo18 

.0062 

.ooze 

-0082 

.or30 

.OOZI 

'oojo 

G 

7 

8 

9 

10 

11 

12 

13 

+ 
17 

13 

I 8 

10 

10 

I 6 

5 
21 

+ 0.012: 
- .or26 

+ eoo97 

- -0100 
+ -0074 

- .0056 

+ .0029 

- .0021 

-0-0037 

.oogR 

.0036 

ec078 

.0024 

.0024 

-001 2 

+'oot6 

1 3 -  3 

4 

8 

4 

18 

36 

6 

15 

5 



P8] NUMERICAL VALUES OF TIIE % S  ARID S. 

nhcrc, scc note to pagc [21], 

I%p = (2 IbP - ItP); asP = (2 dlP - at0) ; . . . 
1 = (2 C P  - I , , )  a Q p  = (2 ,Cp - 8)); . . . 

the left-hand subscripts indicating the number of any one of the equations into which tile 
errors y and z of any, thcpth,  trianglc happen to enter. 

The valucs of b,, and tP for each equation into which thc y,, and z,, cnter, are given in 
thc table in thc prcccding section. 

Exnn/ples .  

From the South Parasnath Series. 

as,, = (2 ,bG - 2 ~ 6 )  = (2 X - 0.0082 - 0-0101) = - 0,0265 
.ao = (2 ,CG - IbC) = (2 X + O.OIOI + 0.0082) = + 0.0284. 

Thc follon.ing tnblc givcs tlic values of the significant cocfficieuts and of t l ~ c  in(lrtcl*- 
ruinatc factors Ih, ,A, ,A and ,A for the y and z of evcry trianglc in cach scrics separately. 

South Parasnath Series. 

.s 
'3 .z % 
v 0 
1 . 3  
c - 
h 

Z 

8 a 

l e t  Eqltutiolz. Li~teccv. 3rd Eqlcution. Longilzccle. 211d Bqlcalion. Lnt i t l~cle .  

a . + 

u g 
u c 
.*  % 

.,.? 
0 - 
6 H 
Z 

24 

16 

40 

53 

35 

49 

34 

42 

44 

46 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

4th Zqzcalion. Azin~zclh. 

I +  

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

- 
'2 a 3% 
u .= 
0 * 
3 

R 

.s .- 
ii U k - .- 50 
U 3 
u .3 
c. * 
6 
b 

8 

12 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

+ 0.0388 

'0322 

'0250 

'0438 

.0484 

.0284 

.oz90 

eo16r 

,0126 

.oo87 

,0096 

1 

q 2  

3 

4 

5 

6 

7 

8 

9 

10 

11 

4 2 -  

19 

2 0  

59 

43 

43 

44 

44 

8 1 

3 1 

Pj Qt 

-0.0593 

'0200 

'0194 

'0594 

'O3.53 

-0265 

.0232 

'01  21 

' 0 ~ 0 4  

'0051 

.ooz; 

-0.0405 

+ '0317 

- '0331 

+ '0299 

- '0243 

+ -0242 

- - 0 1 5 4  

+ a0164 

- '0116 

+ -0048 

- 'ooH.3 

a 8 

+0.9842 

- '9878 

+ '9870 

- .9886 

i . ' 9 9 0 j  

- -9908 

+ '9940 

- -9937 

+ '9957 

- ' 9 9 ~ 0  

+ .9969 

- I  .oooo 

- 0.0300 

+ -0242 

- .ozgR 

+ , 0194  

- '0141 

+ .0092 

- '0097 

+ -0017 

- .0032 

+ '0033 

+ ,0031 

a 

+ 0.9884 

- '9905 

+ '9909 

- -9925 

+ '9947 

- ,9965 

+ -9964 

- '9994 

+ '9987 

- '9989 

+ I ' O O I I  

- 1~0000  



SOUTII PAR~SSIZTII AND SOUTII M.\LUNCIId BJ33RIDIONAL SERIES. c3O1 
South Maluncha Seriee. 

N~~nze?-icnl  Pcilz~cs of the 96s nncl a s .  

The Bqztcilio~~s lretluee~t the I~zcEetevnaiaate Pcictors, ajtd their Solatiou. 

I n  the rql~ations 1)ctwccn tllc I n d ~ t ~ r m i n a t c  Factors, tlle cocfficicnts of the factors 
arc summations of tcrms of t l ~ c  form (b.13 + ra), sucli as are cxl~il~itcd in tlio equations on 
page [20]. Tltc cocfficicnt or tllc n~t11 A ill tllc ltll ('quati011 is equal to that of the lth A in 
tlic m t l ~  equation, and may tlicrcforc bc esprcss~d citllcr as 

i n  which cxprcssions tllc sulllruations are takcil for all thc values of 11, from I to 1, corrcs- 



[a01 EQUATIONS BETWEEN THE INDETERMINATE FACTORS. 

ponding to t l ~ c  numbers of tllc triangles whose angular errors enter the nzth and the lth 
cquations as thc case may be. 

Tllc coefficients of the Indeterminate Factors, and tlie Absolute Terms, in each of 
the 4 equations ~ h i c h  were presented for simultaneous solution by either series are here 
given in a tabular form. 

The table following each group of cquations between the Indeterminate Factors, gives 
tlie first of each group of equations between certain of the indetermiiiatc factors which 
remained after tlic other factors had been eliminatcd. These are tlie equations wllich were 
used in obtaining tlie numerical values of thc factors by successive substitutions backwards 
from the last to the first. 

South Parasnath Series. 

D L ~  Bqtcntions bettoee~a the Indetevnli~zute Factors expressed ia Nutzcrctl Nzcnzbers. 

TJI~ Equations betzoeen the I1sc1eter)~zi~zute Fctctors ufter the Sitccessive Elim.inatione. 

z .- 

t 
W 
.A. 

d z 

I 

2 

3 

4 

THE ABSOLUTE 
TERMS 

+ 417'4 

- 0.066 

- -1665 

- 4'5291 

TEE INDETERIIINATE FACTORS A N D  T H E I R  COEFFICIENTS 

n A  l a A  I j A  1 1  A 

+ 23,8608 

+ 0.0064 

- '3723 

+ 8'2714 

+ 21438.0 - 8.2691 

+ 0,0041 

- 0'3439 

+ ,0003 

+ 'ooyo 



SOUTII PAR.ISN1TII AND SOUTII MALUNCLIA AfER1L)IONAL SERIES. 

South Maluncha Series. 
The Equations between the Iizdeterntittcite Faclors expressed in  Nnttwal Ntimberr. 

The Zqantions betzueeic the Iizdetevnli~aale Faclor.s rrflei. the Szcccessive Bliminrrtions. 

The following table gives the valuesof the factors to 4 places of decimals as deduced 
from the solutioll of the equations. 

South Parasnath Series. 
Nz~it~ericnl  Valzies of the Ii~detcr.t i~iuate  factor.^. 

I .- 
a 
U 

d 
Pi 

I 

2 

3 

4 

THE INDETERMINATE FACTOKS AND THEIR COEPPICIENTS 

1A 

Fnctor 

- 

I A 

,A 

3 " 

4 " 

+ 15646.0 

Numcrrcnl voluo 

+ 0'0147 

- 12'2439 
- 41'1444 
- 0'5474 

- 8.2327 

+ 0-0018 

+ 1.9686 

o a 0000 

+ -0058 

- 97.2513 

- oeo3j2 

- '3306 

+ 7.6014 

+ 225.4 

+ o.oj46 

+ '0746 

t 3.5989 



'MIE ANGULAR ERRORS. 

South Maluncha Series. 

Ntcmericnt Pn2rces of the I~adeteratinate Factovs. 

The Bngi~lar  lhSror8 x, y amd z. 

Factor 

I A 

A 

3n 

,A 

Thc following tablc givcs thc values of thc crrors of the nnglcs of cvcry t,rinnglc, 
thc crrors y and ,- having first bcen deduced for any, the pth, trinnglc by tlie formulm. 

Nomericnl raluc 

+ 0.0332 

+ 39.6111 
+ 39'8448 

+ 0'4 735 

thc crror x,, was simply cletcrmhcd by finding tlic valuc of its cquivnlcnt, - (yi, + +/,). 

South Parasnath Series. 

' I  1 Ot'8. The dtigular E .  . 

h 

* M 

P 

- 1 ' PI) 

- 0.24 

- 1.19 

- 0.34 

- 1'47 

- I 'oy 

?/ 

, 
+ 2'47 1 

Z 

M 

- 0'13 

M 

+ 1'02 

+ 0.66 

+ ''37 

+ 0.87 

+ 0.34 

+ 2.07 

I, 

- 2.34 7 

9 

10 

11 

12 

0.24 - 1.19 

3 - 0.14 

1 . 4 1  

, 
+ 0'22 

1 -  
0.42 

- 0.18 

- 0.53 

+ 1.13 

- 0.98 

5 

G 

- 1.34 

- 0.70 

- 0.18 

t 0.20 

+ 1.52 

+ 0.50 



SOUTII P,1RdSNATII AND SOUTH MALUNCHA MEBIDIONAL SE11IES. ~ 4 3 1  

South Maluncha Series. 

' I  ? o m .  The Angalar E . .  

The values of the angular errors merc first obtaincd to 4 places of dccimals and 
then reduced to 2 places by rejecting tllc 3rd mcl 4th and increasing the 2nd placc if the 3rd 
was not lcss than 5 .  This introduced certain closing errors, to climinatc which small arbi- 
trary corrcctions had to bc maclc : these are shewn in tllc follo~ving table :- 

SOUTH P,~R,ISNATH SERIES 
I 

SOUTH R P A L U N C R . ~  SERIES 

Y 

Subecript 
- 

... 

... 

... 

... 
12 

A 

z 
-- 

Corrcction 

... 

... 

. . .  

. . .  

+".oz  

SllbscripL 

3 

4 

7 

n 
12 

1/ 

Corrcction 

N 

+ . 0 4  

"'4 

'01 

. O Z  

'01 

Subscript 
-p-pppp 

1 

2 

3 

4 

6 

G 

7 

R 

9 

10 

11 

12 

13 

1 1. 

Z 

Correction 

+ . O I  

'01 

'01 

'01 

' 0 1  

'91 

'01 

'01 

'02 

.or 

-01 

.oz 

.oz 

.02 

Subscript 

1 

2 

3 

4 

5 

G 

Correction 

+ .or 

'01 

'01 

'01 

' 01  

'01 

'01 1 0 1  

9 '02 

10 

11 

12 

13 

14 

'01 

'01 

' 0 2  

'02 

'02 



FINAL RESULTS OF TIIE SIMULTANEOUS REDUCTION. 

The Final Results of the Simultaneous Reduction. 

The errors above shewn were severally applied with changed signs to the values of 
the figurally corrected angles ~lrllich are given in Scction 8, and corresponding corrections 
were obtained to the logarithmic lengths of the sides of the circuit triangles which are 
given in that section. Tlie corrcctions to thc sides and angles were then introduced into the 
several geodetic calculations from which the values of latitude, longitude and =imuth for 
the stations on the line of traverse had been obtained, as given in Section 9. 

After all the corrections had been applied the residual differences were as follows :- 

South Parasnath Series. 

Latit,ude North ... ... ... - 0~002 
Longitude East of Greenwich ... ... - ' 004 

Azimuth of Bolpiil ... ... ... '00 

Distance in the 7th place of logs. ... + - 3  

South Maluncha Series. 

Latitude North ... ... ... + 0.002 
Longitude East of Greenwich ... ... + -001 

Azimuth of DBntGn ... ... ... - -02 

Distance in the 7th place of logs. ... ' 0  



CHAPTER IV. 

TIIE NON-CIRCUIT TRIANGLES AND THEIR FINAL FIGURAL ADJUSTMENTS. 

O~ily a single chain of triangles having been selccted from each series for reduction 
i t  followed that when each reduction mas cornpletcd the remaining, or ?ton-circuit triangles, 
liad to be brought into accord nrith the reduced trianglcs, all the elements of the latter being 
maintained unaltered. This was effcctcd in the same ma~lller as the figural reductions, pages 
15 and 45, the only difference being that 

1. The sums of certain angles had to be made equal to fixed quantities. 

2. The ratios of certain sides had to be maintained as given by the circuit reductions. 
3. The algebraical sum of the corrections to each ?ton-circuit triangle had to = o. 

I n  certain eascs it happened that a non-circuit triangle had two sides and the included 
angle already dctermined by the circuit trianglcs and the unknonn quantities were the errors 
of the otllcr two anglcs. Conditions 2 and 3 furnished two equations for determining these 
two unknown quantities, and the equations mcre solved as ordinary dgebraical simultaneous 
equations. 

Thc details of the reduction of thc nola-circuit triangles here follow :- 



[&I TllE NON-CIRCUIT TRIANGLES AND TIIEIR FINAL FIQUR.4L ADJUSTMENTS. 

South Parasnath Series. 

Sides and Alzgles of tlce ATo?z- Cirscuit Tviangles. 

Firtcrl Figural Acljicstnze~zts of tlce No?z-Circuil Triunyles. 

Fig1o.e 1 .  

Triangles 13 to 18. 

Constai~ts (from poges 19 a n d  20). 

Cor~tained Angles. 
LXI to I Log feet 5'2389710,4 ... c + 12 ... 1 0 7 O  3' 15"'19 
1 J J  IV 4'Y8*55515 1 . 11+18+21+26 ... 1 1 1  40 1 1  -00 
IV I ,, 5'1Srnyr6,9 

27 + 33 ... 106 15 8 -17 
VIII ,J IX  11 5.0854453,8 1 

+ 

Nono.-1. Rtstlon LhI ~ p p e r l n ~ n *  to the Cnlrr~tln T.nnptll~dt~~nl Rcnss. 
2. Rtntlons S X I I I ,  S S l V  nnd X I T I  npprrttlln 1 0  t l ~ e  Enet Const S~rirn. 
9 The r~ulbul o hcro drnotea on nnglr! of Lhc Bnat Coaat Sene4 sln.sdy heel by the B i m d t a n e o u ~  Reduction of tho 

0euth.Eut Qun&~lDto~I. 



SOUTH PARASNATH AND SOUTH MALUNCHA MERIDIONAL SERIES. [a73 
South Parasnath Series. 

Final Figul-al Ad'uslments of the hTon- Civcuit Triangles. 

Figure 1-(Co~~tinned). 

* In I l l r  tnlllcs of  tllr cq~lnlinns Ircl\vcm IIar rncln~n l l ~ r  c n ~ r l l i r i ~ ~ n l s  of Htr Irr!n@ hrlarv 1 1 3 0  alingonnl nrc omitted Cur conrenicnce, 
t l ~ c  co-cmcirnt of t l ~ o p l h  lerur In 1l1c qlh l i u e  bcirlg a l n ~ ~ j s  Wie snuc as Llle co.cfficiuut 01 Lhr gill tcrul in tllc y t l ~  line. 

Equatiolls to be satisfied. Factor 

... ... ... ... x, + x6 + X,, ... - el = .oo, XI  
- 

... ... ... xl0 + xl, + x12 ... ... - e2 = '00, % - 
... ... ... - e, = '00, % ... XI, + X17 + X18 -. . - 

... ... ... ... X1o + XZO + X g l  ... - e, = -00, A, - 
... ... ... ... - e, = '00, A5 Xgi + X9a + XZ7 

- 
... ... ... ... Xsl + Xsz + xss ... - e, = '00, AO - 

... ... ... ... Xe + Xis ... ... - - e, = + 2.78, h, 

... ... ... X l 1 + X , , + X , , +  x,, ... - - e ,  = + 1.89, X, 

... ... ... X'7 + XS3 ... ... ... - - e p  = - 4 )C, 

... ... ... ... ' 5 %  - x, + 25 xlo - 6 xI1 = el, = - 32.2, AIO 

~ x ~ ~ - z ~ x ~ ~ + I ~ x ~ ~ - z x ~ ~ +  7 ~ ] ' ) - 1 3 1 ~ ~ +  X26-17x17 = e l l =  S115.4 ,  A,, 

22xg6 - xpi + 7xSl - 1 6 ~ ~ ~  ... ... ... ... - e,, = + 30.5, XI, - 

Equations between the Factors 

Co-eficiel~ts of 

a1 X, X, A4 A, A6 X, h, X, A10 XI, A1 2 

+ 3  . . . . . . . . . . . . . . .  + I  . . . . . .  + I 4  ... ... 
+ 3 . . . . . . . . .  ... + I  + I  ... 4 - 1 9  - 17 ... 

+ 3  . . . . . . . . . . . .  + I  ... ... + 16 ... 
+ 3  . . . . . . . . .  + I  ... ... ... - 6 

+ 3  . . . . . .  + r  + I  ... - 16 + % I  

+ 3  . . . . . .  + I  ... ... - 9 

+ 2  . . . . . .  ... + 8 ... 
+ 4  ... - 6 ... + 2 2  

+ 2  ... - 17 ... 
+887 - 625 ... 

+I525  - I 

+ i 90  

No. of Value of e l  
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

-- 

.oo 

-00 

'00 

'00 

-00 

'00 

+ 2.78 

+ 1 . 8 ~  

- 1-14 

- 32.2 

+115 '4  

+ 30'5 



[48 ] THE NON-CIRCUIT TRIANGLES AND THEIR FINAL FIGURAL ADJUSTMENTS. 

South Parasnath Series. 

Fi~znl F i p r n l  Bdjz~'11stments of the Non-Cilqcuit Tvin?tgles. 

Figure I-(Continued). 

Triangle 19. 

Constants (Erom pages 21 and 111- *). 
C 

Contained Angle. 
XIIT to XXVI Log feet 5 -21  21684,g 
XXVl ,, XXII I  ,, 5.01176711~8 ) 23O 55' 12"'93 

Equatious to  be satisfied. Adopted Errors. 

x, + X6 
- - - - - + 4"'68 

22X, + 9X6 - - + 53" - - 5 '77 

Vnlues of the Fnctors 

A, = -Oa993 = +1'942 

= - '894 = t o . 9 9 3  

A, = - . R j z  A, = + '277 

A, = - ' 136 A,, = + '074 

A, = + '031 A,, = + .098 

A, = - '064 A,, = + ,010 

Triangle 20. 

Constat~ts (Erom pages 2 1  and 11 

Containcd Anglc. 
XI11 to XXVI Log feet 5'2121684,9 
X n ' I  I) XXIV I) 5.0396168,6 } .'. s t "  630 3" 2 X ' 4 ~  

Equations to be satisfied. Adopted Errors. 
x7 + x, - - - - - + 1".61 

25 s7 - 5 x9 - - + 53'7 - - - 2 '70  

- 
Adopted Errors 

1, = +O".IO x,, = +0".89 X26 = +oW'09 

x, = - 1 . 0 7  x,, = - I  - 03  Xs0 = + I  '23 

xe = + o  -97 XI, = $ 0  a14 x*, = - 1  '32 

x,, = - 1  '47 "I, = + o  '53 xg1 = -0 '02  

x,, = -0 '34 xlo = -1 '39 xJ2 = - ' 17  

x,, = + 1 .81 Xl l  = + O  '86 x33 = + '19 

V O ~ I L I U C  T'l of (LC d c c o n ~ ~ t  o j  the Opernlion.~, .f.e., EsaL Cooal Scrica. 
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South Maluncha Series. 

Sides and Angles of the Non- Circzcit Triangle8. 

Final Figzcrul Adjustments of the Non- Circtcit Triangles. 

Figure 1. 

Triangle 15. 

Constants (from page 48). 

Contained Angle. 
I to I1 Log feet 4.91563750~0 
I1 ,, I V  4'  8388883,7 ] ... 4  . .  890 5' 4 . 0 4  

>, 

Equations to he satisfied. Adopted Errors. 
X3 + X, = - x3 - - "'87  - 

z8x3 - lgx, = - 16 .5  ' 1 X, - - - . 5 1  

S 

> 

1 

Figure 2. 

Triangle 16. 

0 

i % 4  2 

z ' z ;  : 
3 5 %  
Z S G  

1.5 

I Constants (from pnges 48 and 49). 

0 
to 

c O 

3 
I t 5  

G 

Contained Anele. 

Nu~nhor of 
Gtntion 

I 
I1 
IV 

" 
111 to IV Log feet 4'87531,55,9 
IV ,, V I  ... 4 + 5  ... I 0 l 0  55' 1 9 ~ ' 2 3  

>, 4'75431 7 2 , 3  

Currectcd 
Plnno Angle 

Eqnations to be satisfied. Adopted Errors. 
X3 + X, = - - - - "-61 

3 3 %  - ZIX,, = - - ' 5 2  - 

0 2 
2 % :  G 5 - 4  

Logarithm iZ u+ 8 
ofside.lcngt 2 .3 

in Fen : T  

4 
; o 

.I 
- V) a 

Number of 
Station 

37 2 4'57 '50 4'8389887,l 
89 5 4'91 '51 50j90224.1 
5:52' p"52 '5149661769,9 

111 
IV 
VI 

2 

Logarithm 

of Sida.length 
in Feet 

Correctrd 
Plane Angle 

4'7543195~1 
j.01598~8,8 
4.8753188,~ 

0) 

? 
.s : 
a a 
m 

0 , I 

32 14 50.58 
102 55 20.03 
44 49 49'39 

16 

' I  

'33 
.33 
'33 

3 
4 + 5  

6 
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THE DETAILS OF TIIE OBSERVATIONS 

A S U  

THE F I N A L  R E S U L T S  

THE S. PAIRASNATH MEIEIDL. SEItIES 

AXD 

THE S. MALUNCHA MERIDL. SEnIES 

O F  

THE SOUTH-EAST QUADRILA4TERiiL. 





S O U T I I  P A R A S N A T I I  M E R I D I O N A L  S E R I E S .  

ALPIIABETICAL LIST OF PRIMARY STATIONS. 

Amjhoii . . . . . .  

Bxlulsmpal16r . . . , .  . , .  
BAglmwi . . . . .  
Bhi . . .  
Bhandiri . . , .  . . . . 
Bolpil . . .  . . .  
(01 tho East Conat Serics). 

Cl~ninpur . . .  
(01 thc Cnlculto Longitudi~~ol Scrics). 

D a h  . . . . . . . . . 
Gorg6l)uru 

Rimhira 
(Of tho Enst Cowt Scrics). 

XII.  

9. 

VIII. 

111. 

VI. 

XXVI. 

LVIII. 

IV. 

I .  

XYIII. 

Eusumbani . . . . . XI. 

Leddshl . . . . . V. 

Mrghsini ( H ~ g h h n t z i )  . . XXV. 
(Of tho East Coast Scrles). 

illurhri . . . . . XIII. 

Nilgiri . XXIV. 
(Of the Ennt Coost Scricb). 

Parhsa . . 11. 

Shtbalira IX. 

Sidcshar . . . VII. 

Tilnl~nni . . . LXT. 
(01 tho Celculta Longiludinol Scries]. 
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NUMERICAL LIST OF PRIMARY STATIONS. 

LVIII Chainpm. 
(Of tho Cnlcotto L o n g l t ~ ~ d ~ ~ l a l  Ser~ea). 

LXI Tilabani. 
(Of tllc Cdcutto Longilud~nul Yenen). 

I . . Gosgbburu. 

I1 . . PrtrBsa. 

111 . . . Bhi .  

IV . . . . Dalma. 

V . . LcdAshl. 

IX . , . .  Sdtbakra. 

X . . . . . BadampaliBr. 

X I  , . . . . . Kusumbani. 

XI1 , . . .  . . . Amjhori. 

XI11 . . . . . Muriri. 

XXIII . . . . .  Kiml~ira. 
(Of the Enst Cooat Ser~es). 

XXIV . . . . .  Nilgiri. 
(Of the Ennt Coast barlea). 

V I  . . . .  . . Bhanddri. I XXV . . . . .  Megtisini. 
(Of the Eunt Coont Yerice). 

VII . . . .  Sideshar. 

VIII  . Bighmuri. 
XXVI . . .  Bolphl. 

(Of bhe Ennt Coast Ycricn). 



DESCRIPTION OF PRIMARY STATIONS. 

No descriptions of the primary stations of this Series having been furnished by the Executive ORcer, 
endeavours have been made to supply this deficiency by means of the y~proximate descriptions which follo\v ; in 
these howcver the usual detailed information regarding the structure of the pillar and platform, and the numl~er 
and position of mark-stones cannot be supplied ; but as the stations are all situated on hills it may be assunled 
that they mere marked by platforms with a mark-stone at the top and one or more marli-stones placed mithin 
the structure. In  some cases the stations mere subsequently visitcd by the Canjam Topograpllical Survey 
Party, u~hose descriptions of the localities are accordingly hereafter adopted, supplcmcnted n liere practicable 1)y 
the bearings and distailces of surrounding villages from the Ganjam Topographical Suruey Maps, aud a statement 
of tlie condition of tllc stations at the time of the last risit. Por the rest of the stations, their descriptions 
with the bearings and distances of tlle s~wrounding villages have been obtained from the Map of \Vestern Bcngal 
Sheets Nos. 13 and 14, compiled in the Surveyor General's Office, Calcutta, respectirely in March 1871 and 
October 1871. I n  general some of tlie details, such as t l ~ e  name of a village or pargana within mlich a station is 
situated, have been extracted from tlle returns furnished by the civil authorities to whose care the stations ham 
been committed. 

LVII1.-(Of the Calcutta Lnngitudianl Series). Cllainpnr Hill Station, lat. 23" 33', long. 85" 6k'- 
observed at  in 1829, 1834, 1836 and 1867-is on tlie northern exthemity of at1 exteusive range of densely 
wooded flat hills running north and south; pargcma Pala~nom, district Lohardugga. 

The pillar is solid and contnins two marks, the llpper 2.88 feet al~ove the lower wllich is engraved on the rock in sitd,  
having been plnced there in 1829. T l ~ e  stxtion \rns revisited ill 1834 aud IF36 for the purpose of or ig in;~t i~~g  t l ~ e  Soutl~ Pdras~~Ath 
Meridionnl Series, but no record exists of ally alteration in its col~>tr~lrtiol~ at those tilncs. On agail~ visitill6 the s t a t i o ~ ~  in 1867 

upper rnn~,k-sto~~e of 1829 appeared ulldistlll.l~ed, but it diverged 4 i ~ l c l ~ e s  to the uorth. A new pillar way built to the same 
heigllt as before. Tile village of Cl~aiupur lies about 4 miles N. E., that of Pitarbhr about 2.6 miles N., and Kkarkata about 
1 mile N. 

LX1.-(Of the Calct~tta Longitt~dinal Series). Tilabani Hill Station, lat. 23" 25', long. 86" 36'- 
observed at  in 1829, 1834, 1836, 1837, 1846, 1846 and 1867-is on the eastern and higher of two isolated 
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n a r  the boundary between the Singhbhoom district and the Mayurbhanja estate; pargam Dhalbhum, district 
Singhbhoom. 

This station mas visited hy  the Ganjarn Topograpl~ical Survey Party in  the field season of 1858-59 when the  platform 
with its mark-stone was fo~lnd ond is t~~rbed .  T l ~ e  hearings and approximate divtances of the surroundil~g villagea are as  follow^ :- 
Pitamolluli N., 24 miles; Thidau S.E., 4 miles; Sano Bata S.\V., 44 miles. 

X. Badampalthk Hill Station, lat. 22" 4', long. 86" 10'- observed at in 1838 and 1839-is on a range of 
Ilills lunning N.E. and S.W; pargana Eninsari of the Mayurblranja estate. The high road from Midnapore to 
Sambalpur winds round the south-eastern side of the rangc, but tlre most easy approach to the hill is from 
Aharband village to the north about 4 miles in a direct distance. 

This station was visited by the Ganjam Topogrnphicnl Survey Party in the field season of 1 8 5 9 4 0  when the upper rnnrk- 
stone mas f o u ~ ~ d  u~~tl is turbed.  'l'l~e bearings and approxin~ate distances of the surroundiug villages are  as follows :-Govindapur 
N.W., 4 miles; Jamkasar S.W., I, miles; Noag i ro~~  E. by S., 44 nriles. 

XI. Kusrlml~ani IIill Station, lat,. 21" 67', long. 86" 28'-obscrvetl at in 1838 and 1839-is on the N.W. 
extremity of tlle Ilrghbsur hills in the Mayurbhanja estate. The villagc of Kusumbani is right out in the 
plains on the north side and the road from it goes through a pass to BSmankundi Ghat, from whence there is an 
easy road of about 7 miles to the summit. 

This station was visited by the Ganjarn Topograpl~ical Survey Party in the field seaaon of 1858-59 when the platform 
with the centre mark-stone was found rlntlisturl~ed. T l ~ c  bearings and al~pronilnate distances of the surrounding places are as  
follo\vs :-Bamangaou N.W.,  7 m ~ l e s ;  Uudl~abalanga river W., 2 n~i les ;  Sinllipal~br S. by G., 8 miles. 

XII.  Amjlrori nil1 Station, lat. 21" 51', long. 86" 22'-observed at in 1839-is on a ridge lying be- 
tween the two confluents of the Puljera nadi, in the Mayurblianja estate. 

The hearings and approximate distauces of the surrounding villages are  as follows :-SimlipahAr E., 4 miles; Amjhori 
TIr. by N., 4 miles; Baro Knsariir aud Sano Kasaria nearly the salue d i ~ t a r ~ c e  W. by S. 

XI I I .  Mul-Lri Rill Station, lat. 21" 49', long. 86" 33'-observed at  in  1839-is on the Meghbnr range 
of hills, about 10 miles Mr.  by N. of tlie village of l f u d r i ;  pnrpana Kllunta Karltachia of the Mayurbhanja 
estate. Tlle hill is ascended from Gobai Ghdt ~vliich is directly below it on the eastern side. 

Thin stntion was visitcd 1)y the Galljam Topograpl~ical S ~ ~ r v e y  Ynrty in the field season of 1858-59 when the  platform 
with tlre station mark was found ru~disturbed. Satputia village lies a t  about 7 miles a.  by S. 

XXIT1.-(Of the Bast Coast Series). Kimllira Hill Station, lat. 21" 40', long. 86" 41'-observed a t  in 
1839, 1853 and 1854-is on a low detached rocky bill in an excessively ~vild and jungly tract, and takes its 
name from a r~markahle rock at the top of tlie hill liaving the sllape of an alligator; pargana Khunta 
Karkachia of the Magurbhal~ja, estate. 

The station is marked on the rock in sild and a platform has been built around it.  The azimuths md perambulated 
distances of the circ~~mjnc,cnt vill;lges are :-Gliditr 133" 43', miles 1.277 and Bilijora 154" 52', miles 1.454. 

XXIV.-(Of the R((st Const Serirs). Nilgiri Hill Station, Iat. 21" 28', long. 86" 49'-observed at in 
1838, 1863 and 186-1-is on a well known llill about 11 miles west of Balaaore, immcdintely at  the southern foot 
of which lies the tolvll of Nilgiri; pargana Nilgiri of tlie Nilgiri cslate. 

The pillar is solid nr~d contains two mnrlts, the upper 2.02 feet above the lower which is engraved on the  rock in sit& 

XXV.-(Of the Zust Coast S'evies). M~,gliAsani Hill Station, lat. 21" 38', long. 86" 23'-observed at in 
1839 and IS5.lS-is on n lofty range of mountains of t l ~ a t  narnc:, cl,td with gigantic primeval forest in which the 
mango and jack aborlnd ; pargnna Podadin of the Rfayurl)liat~ja estate. T l ~ c  station is approached from the 
villagc of Podndia lying at tlie eastcrn foot of the hill and about 8 miles from the station. 

Tlle station is marked on the rock i l l  silt1 and a platform has beell built around it. PatlmundLi Rock is S.E. by E., 
about 6.4 rnilcs. 
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XXV1.- (Qf  the East Coast Series). BolpAl or BarpS1 Hill Station, lat. 21" 22', long. 86" 30'-observ. 
~d at in 18:18 and 1854-is approached from the village of Jugjuri which lies about If miles cast; pargalla 
Nilgiri of the Nilgiri estate. 

The station is marked on the rock i n  sit<. 

October 18i8.  
J .  8. N. HENNESSEY, 

fit charge oJ Coinputin9 Ofice. 
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PRIMARY TRIANGULATION-OBSERVED ANGLES. 

NOTE.-Stntions LVIII uud LXI nppcrt:~iu to thc Calcutta Lougitudiual Serics. It. &I. denotee Referring Mark. 

At LVIII (Chainpur) 

Decenzbel* 1836; obscflued by Lieutsaagat A. H. 3. ~oi lcozc  with Cory's 18-kclb Tl~eodolite, G. 

General Mean 

46' 16' 1g".7r 

Angle 
between 

Seconds of Obserrcd Angles at each Zero 

180' 0" 190' 10' ZOO0 20' 210' 300 220' 40" 230" 60" 

At LXI (Tilabani) 

Janntavy 1837 ; observed by Liczcte~la~~t A .  Z. E. Boilenlc with Cary's 18-irtcl Theodolite, G .  

General Mean 

- 

Angle 
bctlveen 

Seconds of Obscrvcd Angles nt e ~ c h  Zoro 

180' 0" 190" 10' 200' 20' 210' 30' 220' 40' 230' SO0 

.- 

,I , I ,  I ,  ,, I, I ,, ,I I ,  

11 & R.M. 

II1 $ I 

~ ~ ~ b r .  

14;67 8 

50;jo 45p17 49 17 49983 50;67 4i;50 47;17 5Gi17 46  67 52;67 5 5 O  4' 4g1"67 

31;oo 35;,33 38;oo 32;8? 37117 41;.3.3 39;67 39;17 37900 33;oo 3 7 ; ~  1 30' 45' 36".07 
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Sor~.-Stations LVIII and ELI appcrtaiu to the Calcutta Longitudinal aeries. R. N, denotes Referring Nark. 

At LXI (Tilabani)-( Contigtzbed). 

A n ~ l e  
betscen 

Seconds of Obserred Angles nt each Zero 

180" 0' 100" 10' 200' 20° 210' 30' 220' 40' 230' 50" 

Qencral Kean 

160 33'44"'31 

At I (Gorgiburu) 

Janrcnry and Febrzcary 1837 ; obserced by Lieutenaat A. H. E. Boileafb with Cary's 18-inch Tl~eodolite, G. 

A ~ l ~ l e  
between 

Seconds of Obsemed Angles nt each Zero General Mean 

I 1 0 O o  Oe 190' 10' 2W 20' 210' 30' 220' 40' 230' 60° 

L X I k I t . l f  8 8 3 I a ; 6 7  I I 5 1 2 0  r4;so 6 33;17 1 37° 8' 4z1'.18 

R.31 k  11 / 20:67 29;83 2 0  6 7  31;17 1 9 : ~  2 22;17 28 

R . J I . & I I I  

R.31. &IT '  

11;33 16933 23.17 30 '83  10.50 19 '67  z r ' j o  2 9 ~ 5 0  8 .83  24 '67  20 .50  27;17 
1 3 9 I I I a 

1 8 ; m  30 '83  47;50 55i50  2 0  00 30.50 45.17 41.17 33.50 39 '50  37 '33  37917 
P 2 ? 2 2 ? 2 

z0 6' 2oN.58 

690 54'36".35 

At I1 (Parha) 

Xarch 1837; observed by Lieutenant A. IT. BE. Boileau ~oi th  Cary's 18-irzch Theodolite, G.  

Gonernl Monn Angle 
between 

Seconds of Observed  angle^ at each Zero 

1.90' 0' 190° 10- ZOOo 20. 210' 30' 220° 40° 230° 60' 

T & T I  / 2 3 i 3 3  2<oo 31r:j0 z3;m <33 ,;oo 2<50 2;so 2 < 5 0  

VI & IV  1 8 7;" 3:m 11  33 9;50 9117 15;50 10 17 12433 l1;67 l o  6; 1 34 55' ~ 0 " . 1 4  

Y I  b I 1 25;67 18;67 23;67 17;17 18 8.3 10'50 1 8 . 5 9  19667 19950 24.00 18 83  1 65' 59' 19".76 

-a & LXI 
- 

4 7 ' 8 3  5 + ' o o  4 5 ' ~  44;jo 5 7  S3 46.67 52'83 42.00 48.33 45 .17  48 '50  41 .67  
9 9 9 1 

13z0 23'47"'86 



P R I R ~ L ~ R Y  TRIANGUTJATION-OBSERVED ANGLES. 8 

At I11 (BAri) 

Apri l  1836 ; obsevved by Licute7zn.nt A. IZ. E. Boileuu zuitlz C c ~ y ' s  18-inch Thcoclolile, G .  
I I 

At I V  (Dalma) 

Angle 
betwee11 

Febrz'ury 1637 ; observed by Liezitenant A .  H. E. Boilea~c with Crwy's 18-irrch Z'hcodolile, G. 

Secoudn of Obscrvcd Angleu at each Zero 

220' 40' 230' 60C 240' 60' 250' 70' 2G0° 80' 270' 90' 

dlavch and Apri l  1837 ; observed by Lienltennnt A .  II. E. B o i l ~ n u  with Gary's 18- imh Theodolite, B. 

acnornl Meen 

Anglo 
bctaeon 

Reronds of Observed Angles nt ench Zoro General Mean 
180" 0' 190' 10" ZOO0 20" 210" 30" 220" 4Go 290' 60' 

I , - I 

Nor~.-8tntion LXI appcrtnius to the Cnlcutta Lollgitudiual Seriea. 11.M. deuotcs Reforring Mark. 

Seco~iila of Observed Angles at each Zero 

180° 0' 190' 10' 200' 20' 210' 30' 220' 40' 230' 50D 

General X c s n  
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iUora.-1I. A l .  dcuotca Hill Jlnrk. 

At V (LeclBs61)-( Cojttijzz~ed). 

Anfile 
bctrcco 

Seconds of Observed Angles at ench Zero 

1.90' 0' l9o0 10' 200' 20° 210' 30" 220' 40' 230' 60' 

Gcnoral Meon 

'3" 3" 5 ~ " ' ~ ~  

66'32' 5$"'~s 

6" 2' 33M-63 

I V a V I  1 5 3  4 5 ;  5 5 3  5 7 3 3  9 7 5 7  7 

V I A 1 1  3 3 ; ~  3 1 ; ~  31i33 36;17 37;17 35600 39;33 3 3 ; ~  34;33 34;oo 29;67 29;oo 

At V I  (Bhandiri) 

dinrch, 1837 ; observed by Liezitetznnt A.  H. E. Boileau with Cary's 18-inch Theodolite, G .  

General Mean Anglo 
between 

Secouda of Ob~erved Auglcs at ench Zcro 

180° O0 190° 10" 200' ?OO 210' 30' 220' 40' 230' 60' 

70' 59' 47'"06 

I V $ I I I  8 .33 11.00 5'67 11'83 17283 1z;b7 15 
9 9 

At V I I  (Sidesliar) 

Apri l  1837;  observed by Liclitozaut A. H. 3. Boileau ~oitlt  C(6l.y'~ 18-inch Theodolite, G .  

A I I ~ I O  
brtwcen 

Seconde of Observed Auglea at each Zero 

180° 0' 190° 10' 2OO0 20' 210' 30' 220' 40' 230' 60" 

General Mean 

17 51.50 75.17 61:33 80;oo 60;67 73;)) 73;67 
70" '9' 69"'18 

' " I 
V I I I  & I V  18'67 21'50 15;50 16.17 19217 20 

9 P 9 a 9 
00 18;33 21'67 21.33 2 2  

w a r 1  ( 18;33 9 3  S o  1 5  1 5  I I ; S ~  0 1 0  9 67 12;m ,;SO 1 570 59, 12.72 

At V J I I  (BBglunuii) 

April 1837;  obse~~ced  by Lie~llcnnill A .  X. E. Boileuz~ with Cory's 18-inch Theodolite, Cf.  
- - - -- - . . . .- -. - . - -. 

Gencrd Mcsn Anple 
br .1~  ern 

5' 5' 35'"10 

Sccunda of Obuer\.cd Anglcn ut cach Zcro 

18o= w 100- 10" mo 20" 210" aoO 220" 40" 230" soo 
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At VIII (BBg1imuri)-(Cofztinzced). 

A n ~ l e  Srcondu of Obaerved Anglm at each Zero General Mean 
bet~vecn 

180' 0' 190° 10' 200' 20' 21U0 911° 220' 40' 230' 50. 

*Hay 1837 o?zd tFehruary 1838 ; observed by Liezctena?l.t A. IT. E. Boi1ea.u with Cavy's 18-illch Theodolite, G 

At X (13arlampali;ir) 

Febvzcavy 1938;  observed by Lieute~~rrnt A. 17. E. Boileafc toilh Cary's 18-inch Th~odoli te ,  B. 

Angle 
between 

A n ~ l o  
betwcon 

Recondo of Ollserrcd Aaglcn n t  cncl~ Zero Q c ~ ~ e r n l  Jlenn 
O0 180' lo0 innD ?o' zoo" :<o0 zlo0 400 r?oo so0 2a0° 

Seconds of Observed Angles at ench Zero 

1800 oo 190' 10" ?noJ 20" 1 0  300 2200 400 23n0 500 

Qenersl Mean 
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Sul~.-S~aLiuu SXV nypert;tiuu to the E u t  C u u t  Scriee. 1t. 31, douute~ Rrferriug Uark. H. N, denotes Ilill AIark. 

At X (Bar1amphhr)-(Co~~th~zced). 

*Fehebl.ttcrry 1838;  observed by L i e t r f ~ ~ r n i ~ t  A. IT. E. Boilertz~ with Gary's 18-inch Theodolite, G. 
t i t f c ~ y  1639 ; observed by Bi-. 1V. A7c~llo~icis zoith Cnry's 18-il~clr. I'l~eo~lolite,  G .  

Angle 
bctseen 

Seco~lds of Observed -411gles nt each Zero 

0' 180' 10' 190" 20' 200' 30' 210' 4Q0 220' KOo 230' 

Qrnerol Mcnn 

/ 21' 47' 1 6"47 9:83 17;33 7 

t 
Tree & XI 

t 
!bee& 111 

z l ' j o  26.17 25.00 27;33 19.50 25;50 2 2 ~ 6 7  24;83 17 83 26;33 13i83 33i83 
a 9 

23 ' jo  28.50 21.50 32.00 14;50 261.33 12.67 25.67 I Z  cm 30'00 14;17 25;33 
3 P 9 3 2 

47' 23".69 

490 29' 22".18 

At XI  (Kusumbani) 

SXa,rclr 1838;  oBse7aed by Lietifelznt~t A .  IT. E. Bvilentc wi th  Cc~1.y'~ 18-ilich ?'lieorlolite, G. 
$iUr,y 1839;  obse~.uecl by MI- .  ,V. X(d lo i~c~s  with Ca1.y'~ 18-ir~ch Il'lieoclolite, G .  

A n ~ l e  
belweun 

Seconds of Observed Angles nt each Zero 

0' 180' lo0 100' 20' 200' 30' 210° 40' 220' 50' 230' 

Qencrnl Mcsn 

9 
X I l B X  I 51 50 56633 5\17 51:83 53;67 40;83 5 7 , ~  57i00 55ijO 58i00 

73' 47' 1g'06 

65' 33' 55"'64 

33 zY;oo 28;oo 27 83 3 3  28;m z8:63 ( 86' 14 28".72 

f 
E.N. & I S  48.53 48.33 49633 4 S ; p  47 49;83 53.17 42;50 44;66 43;50 44;16 39;66 I ?  4 

1 5 4 ~ 2 8 ' 4 6 " . 6 2  

At XI1 (Anijhori) 

Ap*il a,zd H(t!, 1830;  obsrrved by 11711,. N .  Kctllorl~c8 zoitk Cri7y'e 1 8 - b c 1 ~  Tl~eodolile,  U. 

Ar~sle 
bctrccn 

S C C O I ~ ~ ~  of Observed A ~ ~ g l e s  at each Zero 

00 180" 10' 190' 20' 200' 30' 21U0 40' 2'20' 60' 230' 
-- 

Qoncml fifeon 

83 27'83 28.,83 28.67 27'jO 21.17 31 83 26.17 2j;50 
! -  

I l l  1 . 1 ,  I , 3 3 ; S 3  2S.67 31.17 30.17 27'50 23.1; 23'(17 3'7.33 2.;;03 31433 27'33 38'00 
1 

167' 40' 29'"60 

l ) l l l k i  1 1  31. 
,,(I. 1 7  6 , . , :3  ( ,1 . i3  64;17 6 1 . j 0  fic3'q3 j7.;$3 57;33 60 00 62. jo 6 2 6 7  6 l . m  / "so 35' 611'.65 a S I I I  ? ,  

1 ) u I k l  I 1  > I .  0 . s 3  l c , m  
b S S V  , 1 

9 ' ~  1 0 ~ 0 0  8 .17 5 6 5 3  2 '17  1 1 ' ~  3i17 8'17 1 I7 1 4 i 0 0  I 2950 19' 7"'43 
1 9 a a P P - I 



PRIMARY TRIANGULATION.-OBSERVED ANGLES. 13 

1 fibruary and Xnvch 1839 ; olsos;ed by dl?.. N. Kccllonar coitJi Cary'r 18-inch Theodolite, G .  I 

Fehricai.y 1839 ; obseg*ved by N r .  N .  Iiallonns wi'th Cary's 18-inch Theodolite, G.  I 

A ~ ~ g l e  
bctrvccn 

Seconds of 0bsel.ved Angles at each Zero Qencrsl Meon 

Oo l0Oo 10" 190' 20° 200' 30" 210' 40' 220. 60' 
2300 I 

I 

At XXIV (Nilgiri) 

Dece?rl.ber 1838;  observecl by LLiezcteriniit A .  H. I?. Boileatc with Crc~y's 18-irtch Theotlolite, G .  

Secol~ds of Observed Angles at eac l~  Zero 
bctwccn I i 0' 1.90' 10" 190' ?OO 200" SO0 210' 40' 220' 60. 230' 

Seeol~du of Ob~crred B~lglcv n t  cncl~ Zoro 
bebaer~l Qenernl Menn 

180' 0" I lo" 200' 20' 210" 30' 320' 40° 230' 60' I I 

Qeneral Moan 

Nor~.-Stutluus X I I I ,  XYI\ ' ,  SYV aud S X V 1  appcrtuln to the Enst Coast Series 1t.N. dcuutcs Eclerring JIi~rlr. 



14 SOUTH PdRbSNrlTIl MERTDIONAL SERIES. 

Nur~.-Statious YXIII, XSIV, SYV and YXVI appertain to  tho Enst Coast Series. R. M, deuotes Referrill:: BInrli. 

At X X V  (Megiisini) 

'Jatlnary 1S39; t X n r c h  and April 1839; observed by dlr. N. Knllonas loitlh Cartj's 18-iuch Tlieodolite, G. 

J. 8. N. HENNESSEY, 

In chniye of C'ont?~rcti~ly Oflce. 

-- 

Anglo 
betnee11 

t 
XI1 $ R.M. 

t 
SIII a R,.l\I, 

YYIVLR. 

Seconds of Obser~ed Angles at cnch Zero 

0' 100' 10' 190' 20' 200" SO0 210' 4Qo 220° 60' 230° 

Ge~ierul Mean 

At X X V I  (Bolpil) 

Dcce,nber 1838; observed by *Lieutenad A. H. A'. Boilenu and +Mr. N. Knllonns with Cnry's 
18-iqich Tlieodolite, G. 

" I I 

;7;17 5 6 ~ 1 7  80.00 63 67 76.33 64.17 72;67 61;jo 7.5:33 5 7 ; ~ o  80;17 60.00 "9' '5' 68"'72 
'I ': I 

Ocncrnl Mean 

114' 27' 57"'59 

Anglr 
betacon 

41'00 33'00 43'00 35'00 42.00 30'33 50 '17 30'67 44'17 28.1; 50 
a I a P 

67 28.67 

26150 8.63 02.33 11.17 25 83 15'00 22.8.3 9;17 24;50 11.00 22 83 12.17 
Y 1 9 2 

t STII  ,k R,n[ ,  i 32i83 19'33 32.1; 12  83 31:17 18'83 32.00 18 00 31.G7 I S ~ , ~ O  3,316; 16.33 86" 25' 24"'53 
2 I !  

t XXII l  ~ R , ~ ~ ,  ( 6 R ~ ~  6ii.33 7 J i i l 7  71:83 6 2 ; ~  69i3.3 5 ~ 8 3  75;00 63;,3.3 0 0  6 62' z9' 67'1.10 

Seconds of Observed Angles at ench Zero 

0" 180' lo0 190' 20' 200' 30' 210" 40' 220' 50' 230' 

720 30' 38".0i 

o0 42' 17".68 

. I I1 I I ,I I, I ,  I, I ,  I ,  , ,I 

X S V & R . I \ I . ,  70.6; 49p83 s;;I; 38 33 62;oo 3 9 2 0  55217 39;3+ 31;50 56i67 8 z ; l i  59i1; 
8 9. 



SOUTH P A R A S N A T H  M E R I D I O N A L  S E R I E S .  

PRIMARY TRIANGULATION. REDUCTION OF FI6URES. 



SOUTH PdRASNATH blEItIDIONAL SERIES 

Figure No. 1. 

Observed Anglest 

No. Value 

0 I r ,  

23 45 5 35'07 

24 62 54 29'21 

25 86 j3  ~ 0 . 0 0  

26 42 j8  54'54 

27 50 7 47'50 

28 51 58 51-21 

29 66 51 43'29 

30 61 9 30'33 

3' 70 30 9.18 

32 53 22 25.26 

33 56 7 17.90 

No. Vnlne 

0 , I ,  

I 76 3 32.26 

2 66 24 28-10 

3 3 i  32 7'78 

4 55 4 49.6; 

5 85 40 9'33 

6 39 15 2.76 

7 3l  4 9'63 

8 79 24 46.26 

9 69 31 10'7.5 

10 40 3 30' 17 

I I 72 8 16.65 

Equntions to be satisfied Factor 

... ... ... XI + sg + s, . . .  ... - e l  = + 3 ' 5 5 1  XI 
- 

... ... ... ... + "; + I, ... - 
XI - e p  = - "941 X, 

... ... ... ... 1 7  +I, + XQ ... = e, = + 2.72, kg 

... ... ... ... + "11 .., - 
1 1 0  - e ,  = - 0'441 X4 

... ... ... ... +"I. +XI; . a .  

- 
'13 - e b  = - 2.87, 

... ... + XIS . a .  
. , . ... - 

XIO + "17 - e, = + 4-40, a, 
... ... ... ... IIO +I, +%I . , . = e, = + 8.23, A, 

... ... ... ... ... + S, + %r - 
1 9 2  - e g  = - 2'27, kg 

... ... ... ... ... + '36 + xt7 - 
l o r  - ep = - 0.82, & 

... ... ... ... ... I js + X:Q + X, = e l o =  + 1.24, XIO 

... ... ... . a .  
- 

XSI + s 9 9  + "as ... - ell = - 10.14, All 

... ... ... xs - 1 0  + so - 119  ... = el, = + o'or, XI, 

+ X I &  + x, - ... I 8  -%I -SIR - "91 -xS, - e l , = +  o.01, XI, 

... ... ... 19s -137 +I,  -I35 ... = el* = 0.00, XI( 

+ 5x1 - 9Xg + 2 X a  -15x4 ) ... ... ... - el, = + 94, - 
+35 4 - 4Xe + 7 Xl1 -25Xlo ) "' 

XI 6 

+ -35 1 7  + 25 X l n  - 9 XIS + 27 X l n  - 6 "14 
"17 ] ... = el, = -302, 

9 +13Xpo - 7 + 7 % ~  2 +17Xn 
XI, 

-Xas 

+ 11 9 .  - 7 Is + IPI ... ... ,.. = el, = - 17, 
+16r, - 9 x ,  +lrSx,, - a x , ,  

A11 ... 

No. Value 

0 , " 

12 67 48 15.76 

'3 38 3 33'99 

14 72 35 28.78 

15 69 20 58.74 

16 48 48 2-36 

17 85 40 12.17 

18 43 31 52-32 

I9 70 59 47'06 

20 57 59 12.72 

2 I 51 I 10.69 

2 2 7' 59 57'07 



PRIMARY TRIANGULATION. REDUCTION OF FIGURES. 17 

Equations between the fnctore 

' No. of 
e 

I 

2 

3 

4 

5 

6 

7 

8 

9 

lo  

rr 

I 2  

13 

14 

15 

16 

'7 

Value ol  
e 

-- 
+ 3.55 

- 1.94 

+ 2'72 

- 0'44 

- 2'87 

+ 4.40 

+ 8.1.3 

- 2.27 

- 0.82 

+ 1.24 

- 10.14 

+ 0'01 

+ 0'01 

0.00 

+ 9 4  

-30, 

- '7 

Co.eOiciente of 

hl A, A~ A, A7 As *O A10 ~ I I  A11 Ara AIS A I T  A17 

. . . . . .  + 3 :.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  + 1 - 4 . . . . . .  

. . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  + 3  I 
- - 13 

. . . . . . . . . . . . . . . . . .  ... + 3 . . . . . .  + I  + I  + 31 - 27 ... 
... . . . . . . . . . . . . . . . . . . . . .  ... + 3 - I  - I  - 18 + 16 

. . . . . . . . . . . .  . . . . . . . . .  + 3 . . . . . .  ... + I  + 1 1  

1 3  . . . . . . . . . . . .  . . . . . .  I . . . . . .  - IS ... - 
. . . . . . . . . . . . . . .  . . . . . .  ... + J  - 1  + 6 

. . . . . .  . . . . . .  ... + 3 + I  + I  - I 4 

+ 3  - I  - I  + 16 - 12 . . . . . . . . .  ... 
+ 3  . . . . . .  ... + I  .. ... + 7 

+ 3  . . . . . .  I ... ... + 8 - 
+ 4 . . . . . . . . .  + 17 ... 

+ 7 ... - 1 1  ... + 34 

+ 4  ... - 38 ... 

+ ar50 - 1 8 j o  ... 

+ 4110 - 50 

+ 1357 

Vdues of the Factors 

hl = + 1'054 

A, = - 0'811 

A, = + 0.028 

A, = + o 517 

A5 = - 0'3;8 

A6 = + 1'011 

A7 = + 3'164 

b - 0'777 

A, - - 0.308 

AIo  - + 1.262 

= - 4'115 

"11 = + 0.175 

A13 = + 0.829 

A14 = - 1'386 

A M  = - 0'05.4 

A16 = - 0.1 11 

A,, - - 0'013 

Angular errors in eecolids 

XI  = + 0.78 xl, = + 1'44 xa = - 0.60 

x, = + 1'54 I,, = - 3.6; I,, = - 0 '20  

x3 = + 1'13 11, = + 0'35 IS = - 0 ' 2 1  

1, - - 0.01 Ila = + 0'45 XU = - 0.61 

1' ' - 0.93 XIS = + 3'33 I 0 '00 

Is = - 0.99 I,, = + 0.89 xl = + 0.90 

1, = + 2'42 1,. = + 0.18 In = + 1.47 

Is + 1'07 XL9 = + 4'11 I* = - 1.13 

1 9  = - 0 . 7 7  I, = + 1.68 '11 - - 3'93 

xl0 = - 1.19 '21 = + 1'43 X n  - - 4.48 

xll =' - 0.69 xn = - I '  47 a= = - 1.73 

[WS3'11j'04 

I" the t?blnn of the Qvslions between the fnrlors  he co.alrienta of the trrrna below the disgond are omitted for can~eience, the co.efficienl of tkepth term 
in the !Ith line baln$ ~ F ~ J I  Lhe lsme w ths oo.cbicnt of ~ h s  pth term i,, the plh hnr, 



SOUTH PriB-4SNdTII IlERIDIONdL SERIES. 

fi!/rrre A'o. 2 

t l'hr llrrd data her? C~TFII .re o b t ~ i n r d  fro111 Tria11gIe8 AOS.  238, 239 and .lL6 of the Esat Cosal Seriea, oi& p8ge lll-c, 01 Vol. VI ol  the Account fl Ib 
Oprrolionr, qc.  t f l ~ a e  sre Lreatod with rpral r e i g h b .  

J. 8. N. HENNESSEY, 
Dmmlrr 18iB. 

In charge of Computing OPM. 

Olrw~\r t l  Ang1e.i: 
- - . - - - - - - - 

No. J - ~ l n e  

- 

0 ,  I 

I 34 29 36.49 

2 51 48 20.39 

3 28 2 33.06 

4 44 8 17.81 

5 23 55 17'43 

6 111 56 27.19 

7 40 39 57'5' 

8 75 49 8.15 

\'nlues of the Factors 

A, = + 4.187 

h, = - 4'493 

A, = + 4.486 

= + 3'419 

& = + 0'203 

X, = - 0.176 

Fixed data t 
Log Hntio of side A to A (see diagrnm) = - '0705216,2 

, I ,  A t o C  ,, = - .0224673,0 

A~rgle nt XXI'I 1)etwren XYIV and XXIII = 39' 35' 49".56 
,, SXVI ,, XXIII ,, XXV = 51 57 39 .47 
,, XSV ,, XXT'I ,, XXIV = 45 39 46 .78 

Equations to be satisfied Factor 

... XI + X 1  + x$ = el = + 14.83, A1 

'4 + *, + s6 ... - - e8 = + 0'52, 'Xp 

X6 + x, + a, ... - - e, = + 8.87, X, 

Xs + s, ... ... - - e, = + 11.02, A4 

-31  s1 I +zzx, +ex, = e, = -169.7, A, 

-3 I x1 - I I X ,  +25% -5xg - - e, = -170.8, A, 

Equations betwee11 the factors 

No. of 
e 

I 

2 

3 

4 

5 
6 

Angular errors in seconds 

X l  = + 3'34 X6 = + 3'41 

s, = + 3.88 x, = - 2.87 

x, = + 7.61 x, = + 0.09 

X1 = - 0'03 '8 = + 5-37 

[ITS'] = 132.83 

Vslue of 
e 

+ 14'83 

+ 0'52 

+ 8-87 

+ 11 .02  

-169.7 

-170.8 

Co-eficients of 

A1 x, x, A4 A6 A, 

1 + 3 ... ... + I  - 4 2  - 4 2  

+ 3  + I  4 - 1  + 30 ... 
+ 3  + I  ... + 20 

+ 2 ... * ... 
+1630 + 1082 

+ 1732 



S O U T H  P A R A S N A T V  M E K I D I O N A L  S E R I E S .  

PltIMAltY TRIANGULATION. 'I'lLIANGLES. 

NOTE#.-I. Tllr vnl~~ca of the side nre ~ i r r n  in the anlnr line wit11 t.ho opporito nnglo. 
1. Btaliona LVIII and LXI nppcrtn~n to tho Culculta LungiLudit~sl Scrics. 

KO. of Triangle 

I 

Corrceterl P l n ~ ~ e  
A ~ ~ g l o  

0 I ,I 

46 16 I, ; 'OI  

+; 1y ?0.48 
86 24 2 + ' , 5 l  

- 
2 :: 
'2 o 
g l Station 

LVIII  
LXI 
I 

Corrcclio~\s Lo Ohsrrrcd Al~gla I)isln~ice 

2 

3 

Figure 1 Circ~iit 1 rE::it 1 Totttl 

' 
0 

+2'51 
+ '.3r -. 

- 

Ill, :. rcl.t 

,5',i3yi10,+ 
,5.24(>4.;fiv,8 
5'3i91OY1,2 

'3 

1 4  

7'2? + .52 180 0 0.00 I 

LYI 
I 
I1 

I 
I1 
IV 

LXI 
1 
I11 

3 ' i o  

I 
111 
1.V 

Fret bfilrs 

1 . 0 1  

I ' C O  

1 . 0 1  - 
.Z'OZ 

17,7368.9 1 ,3z.83< 
1;6383'1 
239.146'9 

-1'81 T;':; 1 1 +1'47 
+ ' 69  + '14 - - - -- - - -. - - . - 

.3,j.400 
45.350 

67 48 I I ' , ~ O  

40 3 31'83 
;a 8 16'6: 

180 0 0.00 

-3'15 
+2 ,66  
+ I ' O J  - 
+ '4+ 

~ . I ~ z o I ; ~ , I  
4'98435;5,4 
5.1540017,6 

138681.1 
96395'1 

142561.3 

26.265 
18.257 
27 '000  
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No. of 

circuit 
Ststion 

nishhnce 

Log. feet Nilen 

Currcctiuna to Observed Angle 

Fi-0 I Cirn~iit I :::, 
Trinnglr 

!?it, 

- 
C 2 ,- 

t 2 z 

6' 
Corrected Plnno 

d~igle 

-- 

4 

5 

6 

7 

8 

9 

10 

11 

I1 
lv. v 

15 

l6 

17 

18 

0 I * 

38 3 35 '29 
69 2 0  56'32 
72 3.5 28'39 

190 o 0.00 4.38 ' 
5'0~327jp.3 
j 'z3+g1+z, ;  
5'2429932,2 

+ 2'76 
- .96 
+ 1 ' 0 7  

+ 2'87 

5.15:6095,8 
5 ' 1 8 1 ~ 9 1 6 ~ 9  
j.o;32;;9,3 

5 '0197111~4 
4'9967306~6 
5.1423172~1 

4'9819704,B 
5:c6;0110,2 
5 O I ~ ; I I I , ~  

5'0155642,8 
1 8 1 ~ 9 1 6 , i  

::06~orro,z 

5'085445.3~8 
5'13151.30~6 
5'1526095.8 

5.0854453~5 
5:030z8iz39 
5 015564,~,8 

.5'1368752,6 

1 V 1 . 2 1  

V I VII I  

,3 '61 

111 '89 
I V  '14 
VI  1'0.3 

1130.51'9 
1;15yP'8 
1j4981.9 

- r e : =  I 62 54 26.68 
+ 1.65 7 1  59 -57.51 
+ 1.94 45 5 ,35.81 1 180 o 0.00 

I V  
VI 
VI I  

IV  
VI I  
VI I I  

V 
VTII 
Ix 

21'411.  
32.590 
33'141 

142105.1 
151807'0 
113351.9 

104643'2 
992.50'0 

138681'1 

9593.3': 
11668.3 '~ 
104643.2 

103648'8 
15180i.0 
116683.9 

121743'4 
135367'1 
I 

121743.4 
107122'3 
103648'8 

1,370~8'8 

- 4'" 
- '32 
+ ' 1 4  

- 4'40 

- 3 ' 1 9  
- 4'65 - '29 

- 9'13 

- .62 + '12 

+ I 

+ '82 

- I .40 + '93 
- '77 

- 1'24 

+ 3'95 + 1.54 + 4'65 

+10'14 

Ix 
X 

26.914 
28,751 
21.4" 

19'819 
18.797 
16'265 

18.169 
22'099 
19 '819 

19'630 
i 8 ' i 5 1  
22.099 

23'0.57 
25'638 
26'914 

23'057 
20.307 
19'630 

25'956 
1j0385.8 
121743'4 

112291.9 
1305j1.a 
137048'8 

51281'9 
102400'9 
11azg1 '9  

672.50'5 
59345'4 
5 ~ 2 8 1 ' 9  

86.357'2 
8 2 2 ~ 0 . 0  
67150'5 

48 47 5;',qa 
45 31 51 .19  
85 40 11'49 

180 0 0'00 

51 I 6 '66  
70 59 41'66 
57 59 1 1 ' 6 8  

180 o 0.00 

42 58 52.97 
86 53 19.16 
o 7 7 

180 o 0 . 0 ~  

51 58 48'62 
61 9 3 0 . 0 6  
66 51 41',32 

180 0 0.00 

70 30 12.30 
56 7 18.61 
53 22 29.09 

180 0 0'00 

2.45 1 
'74 - 2'43 - '86 - 4.12 - '5.3 
: j ; - 1 ~ 8 I  I + 1'39 

2.24 1 

- '36 70 46 29.60 5.1772067~2 + 1 . 1 1  ' 49 51 ' [ . l o  5'08.54453~8 
28.482 
23'057 

21.267 
24'726 
25'956 

9'902 
19'394 
21.267 

13.737 
11'24O 
9'902 

16.356 
1.5.585 
12'737 

- 1.16 59 a i  19.10 

'95 
-96 
'95 

2'86 

VI I  + '01 

TI11 - '19 
I X  + '17 

+ '61 - 1.2.3 
+ ' 2 1  I 1- '09 

'0° + I 

V ~ I  

I I 3'73 1 

1 . 1 9 -  ' y o -  '50 
1 . 2 0  + 1.13 
I 1- I ;  1 : 1 

7) 
- 1 . 0 2  

49 32 55'59 
62 1 2  50'46 
68 14 11'9.i 

180 o 0.00 

27 41 58'06 
65 33 56.77 
86 44 5 . 1 7  

180 o 0.00 

73 47 11.49 
57 55 30'90 
48 17 17'61 

180 o o 'oo 

69 43 3 '84 
6.3 1 1  25'6.3 
46 5.5 10'5.3 

- 6 1  
- 2.54 

Ix 1 . 0 7  1- 2.96 1- .66 5.0503482,6 
5.11si809,1 
5'1368752,6 

4'7183514~8 
5.010qo.36,1 
55.05~3481,6 

4.8276952,' 
4'7733867.8 
4.7183514~8 

4.9362986,4 
4.9153~;0,8 
4.81;6952,1 

1.23 

X 

- 1'55 190 0 0.00 

1.08 - 2'96 + '41 
- -- 2'73 

- 8.89 

- '01  

+ 1'5.5 + 2'56 

+ 4.10 

- 213.3 - 
- 93 

r ' l i  

- 4.38 

- 1'53 - 3'31 
+ '29 

X I  I .o8 - 2'97 + '24 

0.211 
X 
X I  
XI1  

X I  
XI1 
XI11 

XI1 
XI11 
XXV 

XI 
'24 
'2.3 
-23 

'70 

.41 
'41 
'41 

- 1.46 - 
- 1'46 I+ ::: I 
- 1-46 + '34 

- 1.19 
- 1.18 1: I::; 1 
- 1'18 + 1.47 
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NOTE.-Stations XXIII, XXIV, XXV and XXVI appertain to tho Eaat Coast Scriee. 

December 1878. 
J. 8. N. HENNESSEY, 

111 charge of Computing Oflce. 

Dislnnce 
- - .. . - -. - 

 LO^ feet 1 PCOL I Miles 

Corrections to Obsrwed Angle 
-- 

F i p m  / Circuit / cfz:; 1 Total 

- d rn 
2 ; 
I n 
aa 
m 

5'017149,5,9 
5.2121084,9 
4'9361986,4 

5'08;6711,6 
4'8527788.5 
5'2121684,y 

5'0396168,5 
5'1;74664.1 
5'2121684,9 

Corrected Plnne 
Anglo Stntion 

No. of Trinnglc 

Circuit 

10403i'8 
162992.8 
86357'2 

122368.9 
71249.0 

162992'8 

109551.1 
1 ~ 0 4 ; . ~ ' 7  
162992.8 

XI11 
XXV 
XXVI 

XI11 
XXVI 
XXIII 

XI11 
XX\?I 
Xxlv 

c[l::i 

12 
19.702 
.30.8;0 
16'356 

23.176 
13.494 
30.8;o 

20.748 
28.499 
30'870 

I '89 -14.83 180 o 0.00 

19 

20 

'64 
'63 
'64 

+ '02 

- 3 ' 4 1  
+ 2.87 

----- 

180 0 0'00 
-- 

40 39 54'55 
6 3 8 1  1'2.3 
75 49 4.22 

180 o 0.00 

1'91 - 
1.16 
1.26 
1'2.6 

3 ' iB  

- 4'68 
- 1'09 
+ s';; 

- '09 
- 3.41 
- 5'3;  -- 

- 4'66 
- 4'50 + 8.64 

- 
- 6 
- 1 .09  
+ 2.70 - 

- 

- 

44 8 12'51 
2.3 5.; 12'30 

1 1 1  56 3.5'19 

- 3 2  - 
- 0 

- 4 ' 5 0  
- 2.67 - 
- 8.87 



< 

1)JJll 5 m , - " - - - m - - - .. - - .. - 
'W!lol~~all,T, 5 - - 
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S O V T H  P A R A S N A T I I  f i I E R I D I O N A L  SERIES. 

PRIMARY TRIANGULATION. IIEIGIITS ABOVE MEAN SEA LEVEL. 

The following table givcs, first, thc usual data of the ol~scrved vertical angles and thc hcigllts of the signal ( ~ ~ l ~ c r c  fortll- 
coming) and instrument, kc., ill pairs of Ilol.iront;~l lines, the first lint of \vhicll gives thc data for tllc 1st or tlle fisctl statiol~, :uld 
the sccond line thc dntn for tllc 2nd or the dcrlncctl station. This is follo\red by t l ~ c  arc contnined betn-ccn the two stations, all(1 
then by the terrestrial reErnction; and the height of the 2nd station above or below thc Ist, as computed from t l ~ c  vertical angles 
in tlle usual manner. This difference of height applied to thc givcn height al~ove mean sea levcl of the fixctl station, givcs that of 
the dcdnced station. Usually thcre arc two or three independent vall~es of the lleigl~t of the detluccd station; thc dctails are so 
arrangcd as to show these consecutively and thcir mean in the colurn~ls of "Trigonomctrical Results". The mcan resnlts thus 
obtained nre however 1ial)lc to reccive coirectio~~s for the errors gcneratcd in the trigonomctrical operations, wl~ich are shown up 
by thc spirit leveling operations, whenever a junctiol~ hetween the tno  has been effected. The spirit lcvelcd dc l c rn~ in~~ t io~~s ,  w11e11 
availal~le, we  always acccptcd as final, ant1 the trigono~uetrical l~eights of stations, lyiug betacell otl~cr stations fised by the levcli~~g 
operations, we  adjusted-usually by simplc propoi-tion-to nccord with the latter. 

Tho heights of thc Sontl~ PRrnwRth >rcridional Series llavc been adjusted hetween the final volues of Cllainpllr mld Tilabani, 
the fixcd points oE thc Calcutta Longitntli11;11 Series, and tllosc of the fisctl stations of Kiml~ira, Nilgiri, Megisilii and Bolpil 
of t l ~ c  Enst Coast Scries. Thc heights of the fiscd poil~ts arc as Eollo~us :- 

L r 1 ,  C a i u r  . . . 2085 
LSI, Tilabaui, ,, 

L 3 P L ) }  feet above Mean Sea Lcvcl as 11rnught B)WII from I<afilcl~i~ 

XSTII, Ki~nhira . .  . 582 
XXI V, Nilgi1.i . . . 3788 II as tlctcrminctl at Balalk~ngarl~i ant1 Vizagnpntanl Tide 
XXV,  fileg~isini . , 3 
XXVI, Uolpiil ... 1652 

Excepting the nhove fixed points, t l ~ c  heights in the column " Finn1 Rcsult" arc givcu only to thc ncarcst tenth foot, hccallse 
these results are not more trustwortl~y on t l~ i s  series. 

Astronomicnl Dnte 2 Hcigl~t in feet 
i n 1  ' 
Rclrnction .- o 

-2 IIcigl~t in feet of 2nd Slntion ' 
t H" 

nborc Mcnn Sen Level 

Observed 3lmn of glnlion . 
1836.3, 

01 obsrr- 
ratio11 

1 )  

, 

R 
- 

1b 111 
0 I 'r feet 

Dec. 9 z o LVIII  D o to 50 .I 
Jan. 18 a 43 I D 0 15 5.5 4 5'5 , 

3 a a i 6  LSI I ,, 31 o 46 I 

6 4 53 LXI 
Par. 13 a 53 11 

Jan. ?G a lo I 
Mar. 1,l , o 5.3 I1 E o 1046 5 '5  



PRIMARY TRIANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL. 27 

The mean or ob~orrrl iu~u tskeu ou r l h  uod 7111 Maroh 1s;;; BL Y1' rz.'s nnd sb"Y',, roq.ocli\ely. 

0 .- 
A 

! 
Height in feet or 2nd SLstion 

Torreatriul 
Hol~ .uc t  ion 

hfeall O r  

vution 

t ' 
R 

TIsight in ket Astronomical 1)ate .- 
g 
a - - 

E 
b 

5 
2 

I- 

feet 

tm 
. - 
$ u c 

~l $ 
Y 

2 

Level 

Final 
Result 

- 
U above Mean Sen 

" 
Btntion Trip,oornrtrical 

Resulls 

730 

3060 

I;ZO 

1460 

1460 

1 0 2 0  

"00 

N d e d ~ . t i o n  

,I 

--- 

7%' 

1.11. 3 2 2  26 / LxI 
1856 

dpr. 19 5 3O TI1 
1637 I 

Jau 22 , 3 8 1 

1897 

E o l o 4 7  

D 0 46 24 
E o z 5  6 

E o 2 2 3 7  

D o 3 7  15 

D o 2 i 4 0  4 ::: 1087 47 

0 19 49 
D o 5 3 2 4  
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Xorm.-Stmtio~~e XHIII. XXIV, XXV snll XSVI n p p r i n i n  10 ~ l i c  Enst Const Rrries.  (1) Tile mean of obrewationa tabon on 25th bfercl~ 1863 nnd 1714 
10th F e b m r j  1854. (2) 1110 r u w  of oblerlatiolu b k e n  on 30&, B1.t March 1869 snd 6tb, i t h ,  10th Februsrg 1864. t Merk cut on the rock in #it& 

J. 8. N. HENNESSEY, 
dfoy 1879. 

In charge of Computing Om. 

Astronomical h t e  * Height in fret 'J'errralrinl 
~ t c f r ~ ~ c t i u n  g 5 

g - BeighL in feet of 2nd Rtotion .- .- Bo - 0 

4 S sbors Meall 9 e s  Level t 
hlenn d Btstion 

Obsrrrad - - .- 
2 

LZ B i n ~ l  3 % By each Rea111t 3 

1837 

9 o 49 IX 
,, 24 0 5 2  9 

0 1 " 

E o  4 2 1  
D o 2 7 5 8  

E o  7 2 0  
n o 2 8 5 4  

E o 23 20 

D o 4 5 1 4  

E o  9 3  
D o 2 6 3 7  

E "  I 9  I3 

D o 3 4 3 6  

E o 1 2  7 
D o 1 8 5 9  

D o 1 5 3 9  
$ 0  5 5 3  

1) o a6 18 
I3 0 14 41 

E o  4 2 0  

D o 1 7 5 3  

E o z o  8 

1) 0 33 19 

D I I ~ I ~  

E o 4 5 

D 2 1 2  38 

E 1 5 7  29 

D o 3 8 5 9  
E o a r  3 

D o 4 2 4 1  
E o 19 58 

D o 5 6 4 1  

E 0 3 4 4 3  

1 0  
Ma?. 24 

Fcb. 27 
Mnr 23 

1839 
N n y  

t 2 

,, 29 
I) 2 

20 

Z 

4 
4 

4 
4 

4 
2 

4 
4 

4 

4 
4 

4 
4 

4 
4 

4 
4 

4 
4 

12 

8 

4 
4 

8 
8 

4 
4 

la 

, I 1  

I 34 1 IX 
23 58 , XI 

;"' 1 " 9 4 1 0  

I 
E o 46 16 ! 11 i 2 '9  5 ' 1  
D 0 5 7 . 5 8  1 1 8 1  1.1 5.1 

I 

J 59 

1 15 
I 58 

I l j  

Mar. 10  JJ XI11 
I n n .  1 3  I a 3  o XXV 

c . - 
2 
1 
w 
Y 

g 

1 . 1  

1.1 

1'1 

1 '1  

! 1.5 
1.1 

911 

9 1  
XI1 

91  

1854 
Feh.2?,23,21 
Mar 1.2 

1839 

1083 

795 

2 8 XXV 
1 16 1 X I V I  

I 

5 '5  

::: 
'" 
5 ' 5  

5 '5  
5 ' 5  

5 '5  
5 '5  

5 ' 5  

5 ' 5  

'" 
5 ' 5  

5 ' 5  
5 '5 

5'5 
5 ' 5  

5" 
5 ' 0  

5 '5  
5 ' 5  

5 ' 0  
5 . 1  

" j  

5 '5  

5 .1  
5 ' 1  

73 

50 

3Iar. 14 4 45 
Feb. 5 1 3 5 

1851 1 
DIar. 1.2 1 1 28 

1486 

1354 

,290 

1110 

1012 

517 

586 

665 

813 

853 

1018 

704 

1209 

148; 

1513 

9111 
XSIII 

1 XSVI 

'06) 

'064 

1Y39 
hlnr. 

43 

38 

- 3 

38 

56 

i 4  

20 

I 

14 

44 

66 

-87 

74 

69 

103 

+ 135 

+lnoq 

.029 

0 2 8  

'003 

'034 

.055 

'143 

'033 

. O O I  

'017 

.o$a 

.o64 

'123 

.061 

.047 

'068 

1736 

r ia2 

+ ; 0 8  

+ 7" 

+I302 

+ 5.92 

+ 801 

+ 236 

- 186 

- 4 0 1  

+ a66 

+ 671 

-2170 

-2594 

-1069 

-1371 

-1036 

d o t i ~ ~ c t i o ~ ~  

2702  

2693 

3273 

3280 

3499 

3513 

3 ~ 9 1  

3105 

3772 

3369 

1601 

504 

532 

1727 

1735 

a698 

3277 

3506 

3098 

377' 

1601 

518 

1730 

2730 

3390 

3550 

3150 

3853 

1652 

58% 

1788 

(Y 
-9 - 

feet 

2 . - 
$ 
e 
0 

W 

g 
Z 

t 

t 

t 

2 



S O U T H  P A R A S N A T H  M E R I D I O N A L  S E R I E S .  

CO-ORDINATES AND DESCRIPTIONS OF ALL STATIONS AND POINTS. 

The following tahle gives the co-ordinates of all the stations and other fixed points, arranged i n  alphahetical order, and 
re fe rc~~ccs  to the ~ l r c r e r l i ~ ~ g  pages w11ere the t lc~cri~~tiol la  of the primary stations are giveu. III certain i u s t a ~ ~ c e s  nl~rnllrrs are 
added ml~ich hare r c i c r e ~ ~ c e  to t l ~ e  p i v c ~ ~  dnt:r oT the triangles by wL~clr the statiou or  poiut has bee11 fixed; w11e11 these uumbcrs 
are oniitted i t  is to be u~~dera tood  that I IO  triangles are glveu. 

Note.--X stands for Latitude Nor th ;  L for J~o~~gi tuc le  East  of Greenwich; H for Height of station in feet ahove mean 
Ben level determined tripo~~omctricallp, and h for I j e ig l~ t  ol'station tower or  pillar. The t r igo~~o~ue t r i ca l  I~e ig l~ t s  always refer tc~ the 
upper m a r k - a t o ~ ~ e  or to the upper surface of t l ~ e  ~ ] i l l ; ~ r  on whicl~ t l ~ e  theodolite stootl. For  visited s t a t i o ~ ~ s  R I I ~  for other p n i ~ ~ t s  of 
superior accrll,acy thc ralur* of h a1111 L are p i e e ~ ~  to two places of decimals; for well determi~~ct l  ol)jects to oue place, ; I I I ~  for the 
rernaiuil~g p o i ~ ~ t s  to t l ~ e  uearest second. Pr i~nary  stations are  d i s t i~~guishcd  by the Roman ~ ~ u m e r a l s  I, 11, kc. The names iu 
italics ;we t l~ose oC the territories, states or districts in nhiclr tlre s t a t i o ~ ~ s  or  p o i ~ ~ t s  are situated. 

Name of station, dirtriel, description, 
co.ordinotcs Cc. 

~imjl lor i ,  XlI .  
(Tide  page 5 )  

0 1  n 

X 2 1  51 24.98 
L 86 21 47.78 
H 3.i.iO 
h Not jorllrcoming 

No. 16 

Iladampahbr, X. 
( r i 'de  yqqr 5) 

A 22 4 9 ' 5 1  
L 86 y 5 2 ' 3 1  
H 1730 
h Nol for thcomi~~g 

No. 13 

H!lphmuri, VIII. 
( I l d e  p o p  4 )  

A 22 18 59.64 
L 86 9 26.51 
H 2020 
h A'of forthcoming 

Nos. 7. 10 

of the Emt Smlol. t 01 Lbe Calcults Lo~~gitudiuul Yeriea. 

Nan~e of ~tation, district, dsacription, 
co-ordinutes be. 

Uar:igaon Hill Mark. 
(~Uayurbha,ga E d a l e )  

0 ,  I 

A 21  51 23.24 
L 116 9 2~1 .56  

No. 38 

IIAri, 111. 
( r i d e  pngc 4)  

A 23 6 49 '84  
L 86 35 4 5 ' 5 5  
H 730 
h Not forthcoming 

No. 4  

Hl~nnclRri, 1'1. 
(I'ide pmqr 4 )  

A 22 .50 30 '54  
L 8 6 3 4  7 ' 7 0  
H 1460 
h Not forlhcoming 

No. 8 

Name of station, district, description, 
co-ordinates be. 

Bolpbl, XXVI*. 
( l l d e  pnga G )  

0 , " 

X 21 22 0.94 
L 86 30 27.25 
13 1 6 j z  
h o 

No. 18 

Chainpur, L V I I I t .  
( T i d e  page 3 )  

A 23 33 16.51 
L 85 53 46.41 
H no85 
h 3 

No. 1 

Dnlma, IV.  
(Tide pagr 4)  

A 22 j 3  22.59 
L 86 ~j 4 4 . 1 ~  
H 7060 
h ~ o t  forthcoming ' 

Nos. 3, 6 
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S O U T H  M A L U N C H A  M E R I D I O N A L  S E R I E S .  

ALPHABETICAL LIST OF PRIMARY STATIOKS. 

. XIII.  

. .  VII. 

. . . . .  Dhnt,hn(DBnt,an). XVI. 
(Of the Ewt Coast Qerieu). 

Dhhusola . . . .  . . VI. 

. . . . . .  Gap XI. 

. . I. . . . .  
. IV. 

Kalibani . . . . . . IX. 

Kukurmuri . . .  VlII.  

Maulihkhhl . . . .  . XII. 

Shtpautia . , . . . . XVII. 
(01 the Enst Coast Serien). 

S6sinia . . .  Lxv. 
(Of t l ~ c  Cnlcuttr~ Longitudinal Series). 

. . . .  Tilabani L x I .  
(Of the Cnlcutto Loogitudinnl Cleric#). 

Tura . . . . . .  111. 



B O U T H  M A L U N C H A  M E R I D I O N A L  S E R I E S .  

ETUMERICAL LIST OF PRIMARY STATIONS. 

L S I . .  . . . .  Tilabani. VIII . 
(Of the Calcutta Longitudinnl Series). 

I11 . . . . . .  
I V .  . . . . .  
v . . . . . .  

LXV . . . . .  Shinia. 
(Of tho Cdcutts Longitudinal Seriea). 

V I . . . . . .  

V I I . .  . . . .  

IX . 

Tura. 

Khma. 

Ilfitiiri. 

. . . . .  Kukumuri. 

. . . . .  Kalhbani. 

XI1 . 
XI11 . 
XVI . 

BSuljori. 

. . . . .  Gop. 

XVII . 

, . . , . Dhnt6n (Dhntan). 
(Of the East Conet Series). 

Sitpautia. . . . . .  
(Of the East Cant Berien). 



S O U T H  M A L U N C H A  M E R I D I O N A L  S E R I E S .  

DESCRIPTION OF PRIMARY STATIONS. 

Tlie Primary Stations of this Srries, when on llills or h ig l~  mounds, consist of circular masonry pillars 
for the largc tlicodolites to rcst on, surrounded 1)y a platform frclnz 10 to 16  feet square on mhicl~ the ol~serra- 
tory tent was pitched. Beills almost invariably on t,lie highest acccssibl(, points they rarely required to be 
raised more than 2 or 3 feet. Tlic pillars cont,ain mark-stones placed ~er t~ica l ly  over one anotl~er, tlie uppermost 
being gc:rlarally flus11 with tlie surface. TVllen i11 t,llc plnins, and mounds wc-re not arailal)le, towers l ~ a d  to be 
built ; thcse in some cascs consist,cd of a solid, central pillar of masonry, with rnark-stonc,s a t  top and bottom, and 
in other cases of perforated pillars of masonry rril.11 m:~rk-stones placctl in the b:~senicnt; in both cases tllt>y 
were surrou~~dcd I)y 3, mass of eitl~cr stoncs and c~arl~li or su~ld~.icd bl.icks to the lerel of t l~e i r  surface for the ob- 
serratory tent to rest on. Access lo  tile grountl lei-el mnrli in tllr pcrforatcd pillars was o1)tained a passage 
collstructc:d lor t,l~e purpose : for a full description of such towers, see pages 44 to 46 of Volume I1 of the Ac- 
courhl of the Operntiolls, &c. 

T l ~ c  follon~i116 descriptions have hccn cornpilcd from those given 1)p the Officers who executed the S e r i e ~ .  A fern details, 
such RS t he  niune of a s~l lagc or p:lrgnnlr w i t l ~ i ~ ~  w l ~ i c l ~  a st:ttic~r~ is situated, have been obtained from the returus furnial~ed by the 
civil autLor~tics to trahose charge the stations have been commirted. 

LX1.-(Of the Colcutto Longitadinn1 Swics). Tilahani Hill Station, lat. 23" 25', long. 86' 36'-ob- 
serlrcd a t  in 1820, 183 I., 1896, 1837, 1 Y l,5, 18-1.6 a ~ ~ d  16(j7-is on the ra-tern a l ~ d  l ~ i g l ~ e r  of tn-o iso1:lted peaks, 
about 1 nlile N.\V. of tlie village frolu rnliicli it  derives its name ; parg:Iria Ludurlta, district Nanbhoom. 

The pillar is solid and contains two marks, the nl,l,cr 2.00 fcr t  above the lower which is engraved on the rock in  sitli ,  
hnvillg hccn placa.11 there ill 18%. 'I'lle station was rcvisitcrl i l l  1834., I H : ~ ( ;  ant1 1 ~ 3 ;  for tllc- 1)urpose of oripir~ating the Sonth 
PAl.nsllbtl1 hferidion~l Scrirs, and in 1H4,5 and I84,f for the p ~ ~ r p o s e  of o~.igi~tating the So11tl1 hlallincl~a hleritlional scrics, but 
no rccrlrtl exists of any alteratiou in its construction a t  t l~ose timcs. 011 again visiting t t ~ c  station in 1867. the upper mark-stone of 
18.29 appeared uudisturbcd, and its height was adolbtcd for the new station. The rillagc of Kolabani lies nbout 1 4  miles to S. E. 

LXV.-(Of the Colozitlrr Longituditsrcl S~ries). SGsinia IIill Station, Iat. 23" 24!, long. 87" 2'-observ- 
ed a t  in 1830, 1846 aud 1867-is on tLc highest poiut of a long isolated hill, about a mile 111 extent, a t  the base 
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of which to the S.W. are extensive quarries of sandstone belonging to the Burdwan Stone Co.; pargana 
CIih&tna, district Bankoora. 

The pillnr is solid and contains two marlcs, the upper 2.00 fect above the lower which is engraved on the rock i n  sjld, 
having heen plaretl there in 1Y30. Thc station was rcvisitcd in 1846 for the pl~rposc of originating the Solltll Malrinchn R!eridionol 
Srries, but 110 rcrc~rd exists of nny nltcration in its construction at that timc. The station wos 11g:lin visited in 1867, when upper 
mnrk-stone of the stntion of I830 wns folind ~nidist~~rl)cd,  but the rna1.k sns  not trulyin the normal of that below. Anew pillar wa; 
built to thc same height as before. The \.illage of Slisinia lies about 3 of a mile to W. 

I .  Jnlhhri Rill Station, lnt. 22" 59', long. 86" 52'-observed at  in 1846-is about 1 mile 9.W. of the 
rillage so called ; pargana Supur, district RIanbhoom. 

The pillar is solid and contains two marks, the upper 1.5 fcet above the lower which is engraved on the rock in si td .  
Khatra villnge lies 2 ~niles to E. 

11. Kundril~a Torrer Stration, lat. 22" S'i', long. 87" 8'-observed at in 184'6-is on a slight elevation 
in the jungle, about 1: miles N.E. froin the little village so called; pargana RBipur, district Manbhoom. 

There is n mound of stones 12.6 feet high with mark-stones at top and bottom. 

111. Tura Hill Station, lat. 22" 49', long. 8(i0 54'-obsrrted at  in 18It6-is on a lov hill 1.88 miles 
S.W. of tlie rillage of Sonagma; pargnna Shy6msundarpur, district Manbhoom. The ascent to the station is 
easy autl practicable for bullocks or camels. 

l'hc pillnr is solid nnd isolated. I t  is 1.83 feet high and has a mark-stone at top and another at bottom. Shyimsundar- 
pur village lies %$ nlilcs to S. E. 

IV. Ii:irma Tower Station, lat,. 22" 46', long. 87" 7'-olmerved at in 1846- is on a sligl~tly elevated spot 
in the jungle, about f a mile S.E. of the little village so cnll(d ; pargutla Riipur, district Manblloom. 

The pillar is solid and isolated. I t  is 1 1  fret high and has a mark-stone at top, another at  the surface of the ground 
and a third 8 inchcs below the latter. S a r i n p  village lics 3 miles to I\'. 

V. IIBtiAri Hill Station, lat.. 22" 39', lonq. 86" 54'-observcd at  in 1846 and 18 t,7-is on a lorn hill or 
mound about $ a 111i1t' S.E. of the villngc of IIijrn; pargana Jhatibnni, district Midnapore. The little river 
Tarayini flows at the nortllern base of t l ~ c  hill. 

The pillar is solid and 2.84 feet high with mark-stones at top nnd bottom. Silda village lies about 4 miles to W. 

VI .  DIiAnsnla Tower Stntion, lat. 22" 37', long. 87" 7'-n1)rervrtl at in 1846 and 1847-i~ on a sliqlit 
elevation in tlliclr tree jungle, about 14 miles S.W. of I he village so called; I)al-gan:l Salinkulia, district Jlid~lapore. 

Thc pillar is solid and isolated. I t  is 15.48 feet high and llaa a n~arlc-stme buvicd in the grorlnd, another at the 
murface of the ground, a third at the height of 8.57 fcet and n fourth at the top. Lhlgnrh village (the residence of the z;ullindir) 
is about 3 miles to S. W. 

VI I .  BSuljori Tower Station, Iat. 22" 30', long. 86" 69'-01)scrverl at in 1847-is on a ridge of juilgly 
ground about f of a mile N. of the village so called; pnrgann Jambani, district Midnapore. 

The pillar is solid and isolnted. I t  is 12.5 fcet high and has mark-stones at top and bottom. 

V I I I .  Kukurmuri Tomr  Stntion, lat. 22" 20', long. €17" 8'-o1)servc.d at in 1847-is on the S.E. corner 
of the em1)aukment of a tank about f of a mile X. of tlic little villngc so called; pargana Bahhdul-pur, district 
Midnapore. 

The pillar is solid and 42.46 fert high with mark-stones at top and bottom. The large village of Dherua lie8 1 mile to N. 
sod the river Kosi flows about of a mile to \V. 

IX. Kalihsni Tower Station, lat. 22" 24', long. 87' 3'--ohserved at  in 1847, 1852 and 1863-is on a 
sligl~tly rlevatcd ridge in very tllick high jungle, about a mile 9.W. of the village so called; pargaua Jhargrhm, 
district Midnapore. 

The pillar is solid and 18.6 feet high with mark-stone8 at top and bottom. Jhargdm village (the resideuce of the R6ja) 
lien 24 milea to N. E. 
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X. Kalsfbl~dnga Tower Station, lat. 22" 20', long. 87" 11'-ohsemed at in 1847, 181,9-50, 1852 and 
1853-is on slightly rising ground near the edge of the jungle, + a mile N.E. of the village so called; pargana 
Digparui, district Xidnapore. 

n e  pillar is solid and 24 feet high with mark-stones at  top and bottom. The road from Slidnapore to Niigpur passes 
about 34 miles to N. 

XI. Gop Tower Station, lat. 22" 25', long. 87" 19'-observed at  in 1846 and 1847-is on a spur of the 
ridge of high lan(1 in1mc~c1iatcl~- alrore the Kosi river and a few yards W. of the northern entrance to Gop house ; 
pargana Bl~ar~jnhl~um, district ilIidnapore. 

No tlcscril)ti~,n of thc col~struction of the pillar is forthcoming. The village of Lepura lies about f of a mile to  9. W ; 
Jansol, about the samc distance to N. ; and the Collector's Kachahri at hlidnapore, about 2 miles east. 

XTI. Mnuliilt1161 Tower Station, lat. 22" 'i', long. 87' 3'-ohserved at  in  1853-is on the densely mod- 
ed ridge wllicll skirts tile S~~l~nrnrelcl~a ril-er on t l ~ e  S. and is named after a stream about a mile N. of the 
station; pargana NayagrBrn, district Midnapore. 

The pillar is perforated n~rd 25 feet in height. I t  has a mark-stone in the ground floor. The village of Chandbela lies 
about 24 miles to S . ;  and the secolldarq- station of Jngann6thpur about 34 miles to  N. 

XIIJ. Rhnsgnria Tower Station, lat. 22" 9', long. 87' 16'-observed at  in 1863-is near the small 
village of this name ; p:lrgana NhrApngnr, district Midnapore. 

Tllc ~ ~ i l l a r  is 32,4,2 fcct high having its upper portion prrforated, so as to  admit of plumbing over the station mark 
which is imhclldetl al~out  I!) fvct :~ho~re the hasr. ' ~ I I I :  aziln~rtl~s nud distances of the circumjacmt villages are as follows :-Drogaria 

44', mile 0.40!3 ; Relagaria 63' 51', mile 0,431 ; BPusgaria No. 1 280" 1 I', mile 0.129 ; and ULnsgaria No. 2 329' 5', mile 0.209. 

XV1.-(Of the East Coast Series). DAnt6n or Dintan Tower Station, lat. 21" 66', long. 87" 19'-ob- 
served at in 1652 and 1853-is on the hank of a tauk at the southern extremity of the large villagc of Dintan, 
on the lligli road from hfidnapore to Ualasorc ; pargana Dintan, district illidnapore. 

The towcr is solid, 30.00 fcct I~rgh, and has n central pillar of ma.onry in nhlc-h the mark-stones hare heen placed. 
The arimutlrs and pcran~br~latcrl distances of the circnnljnrent rillagcs are .-Chnulin 248' 13', mile 0.743 ; Gund~lria  306" 34', 
mllcs 1.363; Jamua 326' 25', n~lles 2 024; Tiliillagar 19' 30', mile 0.975,  and Ueucha-Bkara 97' 25', m~les  1.253. 

XV1I.-(Of fhe Errst Coasf Sc~.ies). Sitpnutin Ton-cr St:~tion, lat. 21" 56', long. 87" 7'-observed a t  
in 1853-4s situalcd ou tllr thicl~ly 11-oo(1t.d fl:~ts to t l ~ c  n cst of the Sul)arln.ekha river and 0.67 of a milc east of 
the well known tcmple of Shstnrni, wl~erc a religious fair is held nnn~~olly. Chandrekhaqnrh, a well knonn 
ruined fort, lies about 2 miles N. of the station. I t  is in pargana Nayagr,h, clistrict Midnapore. 

Thc pillw is pe~foratcd, 35.17 fcet lrigli, and lrns a mnrli-stone at thc ground level. The azimuths and perambulated 
distances of thc circumj:lcc~rt rillngcs arc :- Sitpnntia !)lo 4', milc 0,489; Bislrn-:u~hthpur 101' 6', miles 1.614; Chandrekhogarh 
133" 3.1,,' miles 1.578 ; SLtarui  138' 33', mile 0714; and Neguria 168" 23', milc 0.898. 

May 1879 J. B. N. HENNESSEY, 

I t r  charge of Conputi?~g Oflea. 



S O U T H  M A L U N C H A  M E R I D I O N A L  S E R I E S .  

PRIMARY TRIANGULATION-OBSERVED ANGLES. 

~ o ~ ~ . - 8 t n t i o n a  LSI and LXY appertain to the Calcutta Longitudinal Series. U.M. denotes Ileferring Msrk. 

At LYI (Tilabani) 
*December 1846; and t June  1 8 i 6 ;  observed by Captain C. T. Hill zoith T~oughtott and Sintms3 18-inch 

TI~eoclolite No. 2. 

Angle 
belaeen 

R . M . & L X V  

t 
R.11. & I  

Seconds of Observed Angles at each Zero 

OD 1800 10' 190" LO" ZOO0 30" 210' 40' 220" 60' 230' 
Qeoersl bleao 

At LXV (Shsinin) 

Jtine 1846 ; obeerued by Cnptain C. T. Bill  zoitl~ Troughton ant2 Simm'  18-inch l1heodolite No. 2. 

30;87 31279 36;94 31;79 37697 26642 32 31 36;91 35;35 38 

.59;64 61 81 62'67  65'73 63'62 59'50 6.3'56 61'79 63i07 58.58  6 0 . 1 8  59175 
P I 2450 1W'77 

Angle 
between 

330 7'56".24 

8 1 0  2 2 0 1 72' 56' 54.'71 

Second. of Observed Anglea at each Zero 

0' 180' la 190. 20" 200' 30' 210" 40' 220. 60" 230' 

Qenernl Meon 



NOTE.-Stations 11x1 and CXV nppcrtain t o  1110 Oolauttn Longit.udins1 Series. 
f This raluo should bo 8.13; lhe error we0 not detected ulltil oficr colnpletion o f  the cslculstione. 

At I (Jalhliri) 

*April; (Llld f j f a y  1846; obse,+ved by C'optair C. T. nil1 tc;ill~ T r * o l / g l ~ l o n  a r t d  S ~ I ) L I ~ ~ Y '  1 8 - i 1 1 c h  Theodolile A70, 2. 

Angle 
brtweeu 

t 
LXI & LXV 

LXV*&III 

- 
I 
I 

Seconds of Observed Angles at escl~ Zc1.o 1 aeneni 1k.n 

0" 1800 lo0 1 9 ~ "  zoo 200' 30" 210" 40' 290' 60' 

-- - - - 

41;4z +0;97 38;35 36;14 41;46 41;67 41;09 41;68 38i9o 44 i i+  42:6+ 

38.62 39.25 41.29 36.93 35i.32 39.07 31 i18  31 60 36i.35 3\70 
I 

iIk111 1 4 7 5 0  I 2 ;  2 ;  2 2 3  0 5  6 4 0  2 0  3 0  

14;' 26' 3 jN'3 j 

36' 6'37'"07 
t . 

I V & I I I  34;45 35279 40;'; 401.35 35 02 38 i9 j  32i30 41229 37;07 37i.59 35;05 35185 

At 11 (Kundziba) 

April 1846; observed by Captain C. IT. Hill with T r o ~ ~ g l ~ t o u  orul Silnms' 18-inch Theodolite No. 2. 

Qe~~ern l  Y e s n  
Anglo 

betirecr~ 
Seconds of Obser~ed Allgles at  each Zero 

0' 180' 10' 190" 20" 200" 30" ,210" 40" 220' SOC 230" 

-- 

I v k I  I 9 ; 8 7  6r;io 6 ~ ; 3 9  50 58 64'04 5 j i07  6;;;7 69 

Iv & l X V  I 16;13 6 1  16:10 11;74 11:5o IJ 

At I11 (Tnra) 

May 1846; observed by Cnplaia C. T. Hill with T t ' o t ~ g h l o n  and Sinznts' 18-inch Theodolite No. 2. 

A n e ~ n  
betwecn 

I &I1  

'I ' IV 

Seconds of Observed Angles at each Zero 

0" 180' 10" 190' 20" 200' 30" 210" 40' 220' KO0 230' 

41i87 49;54 55;if 48290 St;?; 51;oo .54;29 sr;9o 53;8p s1;46  SO;^= 51;6. 

Qenernl Meno 

69' 35' ~1'"92 

35i29 35i8.5 291197 36207 39 60 34'90 33'62 39.15 35610 34 



,4t 111 (T~~rn)-(Col~l in~rc. t l ) .  

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

Arlzln Scccl~~~ls  of Ol~scrved d ~ ~ g l v s  at C:IC~I Zero 
L e t l s c c ~ ~  

0' 1.80' 10' 130' 20' 200' 30' 210' 40' 220' 60' 230" 

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

Grnernl Y e n ~ ~  

-- 
I In I !  I I )  ! I  I8 ! I I  

Ir k l .1 I do's4 /I:*: I l : I9  5 ~ : 0 6  4 i ;Z l  4 8 ~ 0 4  J1:;P I P : ; ~  5 ' 3  s>;~c 
9 

I 2  
TI I' 60.05 6 1 . ~ 3  6.3;~s 5 , ; s .  6.;:46 59.00 ji:,:; ~ 8 . 1 2  jg:j. 56:' 55:;~ 61;;9 

I 
46° 181 59Y-36 

At I V  (I;;ic~lln) 

A p ~ - i l  1S6G ; obscl.ccr2 hy C,y!ni~l  C .  T.  D:I1 zc;i/l~ !L',.oc/!/lc/o)~~ ( o ~ d  SI'IILIIIS' l s - i l~ch  l'heodolite ATo. 2. 
-- - -- .- - - . - . -. -- -. 

Anzlo 
bctnccn 

- 

Fcconrls oE Ob.crved An;::.s ;LL c:li.h Zcro 

0' 160' 10' l!!Un .lllbO 210' 40' 2 0 '  60' 230' 

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

V L I I I  / l 2 . 2 j  1 1 . ~ 0  11.19 1 2 . ; ~  8 .62 217.33 14,:s 12.89 s:19 pi99 Pi73 q 1 7  1 4 4  0' 1 1 ~ ~ 7 7  

~ I I L L I  1 511.41 5 ; : ; ;  61iY6 5.3."; ( ( 1 1  5 ; ;  61.57 (14;3,3 60.90 61.02 62.80 61.84 

Qeneml Moon 

I &  11 54'45 45;;; 44;95 53.87 52'2; 5 1 . 9 ~  44.79 4;;89 49;12 5o;io 46;;8 4 7 ; ; ~  s30 5z149" .zo 

At V (116tikri) 

*Xuy 1SE6 ; arrtl tJ(~ccllrrci~.y 1s-17 ; obsel*aed by Cnpt,lairr. C. T. Hill zoit?~ Trougktou and flinhrns' 18-imh 
Theodolite No. 2. 

-- ~. - -. . 

Anrle Serol~ds of Ohscvrcd Angles at ench Zero 
bctacca 

0' lROo I d  190' 25' 200' 30' 210' 40' 220" 60' 230' 

- -  

Qenernl Blcan 

~ -- ' I ,  I, , 
02 5.q;oS 56.7, 57' 25' 57"'38 1 . 1  ., 

I 

' : I  
I 1 1 0 0  I ;  19 19;,;2 10;63 19 '97 24;03 2 2  92 2 0  6 5 1 40' 0' ~ 2 ~ ' 1 1  

T I ~ V ~ I  1 40,;;o 4?:'29 3f1;80 41:59 ;;;?; 3f i i6 i  3fli13 4.3i2.5 4ziz3 40 

t 
1-16 \ - I 1  j ;.~:o,; ;;;41 4 1 . q  iS.03 , Z ~ . J O  3.i.23 41.82 38 

51' 7 ' 3 8 . 8 1  



At VI  (Dl~rinsoln) 

$,lucly 1846 ; cold § Julttcnry 1847 ; observed by Ca1)taita C.  1'. Hill  toith Tt*oughton wld Simms' 18-inch 
l'heodolite 1Vo. 2. 

- .. - -. -- -. - 

Seconds of Obserrcd Anglca at each Zcro Qsnonl Mesa 
Irutseuu 

0. 1800 100 190" 20' 200. 30" 210" 40. 220' 60- 230' 

. .. . -- - 

9: 
V I ~ & V  62.58 61.70 65'75 j0 .18  64'80 68'07 71.50 68'84 69 

2 I 9 2 2 I 2 2 
59 63'77 7 1 ; ~ ;  67.85 

2 

% 
VII & T T  6j .80 65.52 61'60 59'12 64'73 59 '66 67';s 63'6; 67'69 65'45 68'60 67.62 

9 1 2 2 I 1 2 

+ 
~2111 42.19 4 t . 1 3  42;d.s 41147 34;63 4 0 2 7  37164 40 46 36' 14' 4oJf.83 I 

111 2 I V  -1 joi68 49;74 50i39 .S';l' 5';'Z 54:' 547O 4V;P-l 4.5i6-I 46169 50;06 4 8 2 3  44' 49' 501"33 

At V I I  (Riiuljori) 

Janzln9-y 1947 ; observed by Captain C .  2'. Bill roith I'rozcghlo~t and S ~ ~ L I I L S '  18-inch Theodolite No .  2. 
-- 

Anblo 
bel5ree11 

l' & T I  

V & V I  

I 

Seconds of Obscr~cd Angles at cnch Zcro 
I 
I Qonrrsl M e a n  

0' 1.90" IOo 1 W  20' 200' 30' 210' 40. 220' 60' 230' ( 

14.01 8.43 16'36 5;19 11';s 1 0 . ~ 6  10'27 5;22 10.97 12'80 l z j ~ q  18;94 
!2 I 1 3 3 I B 

n &vIII 1 30i91 3 4 5  36;12 3,3;68 3 37:80 32.25 31:s 3 1 2 1  35;' j 3 7 2 5  I 51' 38' 34*'1 1 

78' 45' I ~'"44 

VIII  8; 1 s  

16;;; 11194 12;64. 5;45 Y;OO 10.69 r z . g j  10;35 8 .82  14.,$4 1 1 . 0 7  
2 1 3 i i 7  I 

15;64 18 67 16'88 20.42 20;34 1.3;14 20;97 1g;39 16 3 18.09 17:25 20.32 
2 2 2 

500 3' 18".17 

At V I I I  (Rukurmuri) 

Jrrfcuary and Febrz~ary 1.847 ; obserced by Cuptain C .  T .  Hil l  with Troughto?, atld Simms' 18-itich 
Theodolite No.  2. 

Anpls 
between 

- -- 

Seconds of Obsrrvcd Angles at each Zero 

0' 180' 10' 190' 20' 200' 30' 210' 40. 220' KOD 230' 

--_----p 

14;97 1 7 2 2  17;29 16'1.9 20;45 11.25 1 4 2 4  14;89 ,4945 13;52 10923 gj18 
1 I 

Oonerd M a  

56' 57' 14"'45 



42 SOUTII RlALUNCHl NERIDIONtlL SEBIES. 

At VIII (9ukurmuri)- (Continzled). 
I I 

Secoiids of Observed Anglos at each Zero 
Qcuernl Mcnn 

0' 180' 10' 190" 20' 200' 30' 210' 40' 220" 50' 230' I 

*Febrtrnry 181.7; observed by Coptrrin C .  T .  '.ill with Tro7rghton nncl Sinzgns' 18-inch Theodolite Avo. 2. 
t Jai~unry 1883 ; obsereed by -1h.. J .  Peytorb with Trozrghton atzd Sirn~us' 24-illch T/teodolite ATo. 1. 

At X (Kalsihhinga) 

1 FeLrncrt.y 1847 ; ohserved by Cuptuitt C. T .  Hill  with Trozrghton ccnd Sinam' 18-imh T/~eorlolite N O .  2. 
EJonzlnry 1853 ; observetl by X I . .  J. Pey tor~  with Trorrghton and Siq~infis' 24-i1zc/b T/~eodol i te  No .  1. 

I 

Qenerol Mean Anglo 
between 

- - - - -  

Second~ of Obscrved Angles nt each Zero 

0" 180° 10" 190" 20" 200° aoo 2100 40' 2200 60" zsoo 

Qenernl Mcnn Angle 
betaren 

Seconrls of Observcd Anglcs at each Zero 

0" i.aoo 10" 190" 200 200" aoo zioo 40" 220° 600 230" 



PRIMARY TR1.A N(4ULATIO N-OBSERVED A NG'LES. 43 

NOTE.-Stulioun XVI n ~ ~ d  Y\'11 uypertzin Lo tlie bust Co:ut Sc~zcrr. l1.X. druulcrr Rolcrlir~p Murk. 

At X (JCalsil11~6nga)-(Con/i~tzred). 

Jalzual.y 1850; obeal.ved by XI. .  R. Clarkson iaith T r o ~ y A t o n  aud Simnle' 24-inch Theodolite No.  1 .  
-~ 

Anglo 
between 

Seconds of Obeerved tingles st each Zero 

0 180' 20° 200' Mo 2.'0' GO' 2.10' ROO 2GOo 100' 280" 

Qcnernl Mean 

.- 

I ' ' ' ' ' 1 " " ' 
I & 1 .  5910.3 ,;j;91 61;06 j9;53 66.54 j9 .69 6 1 2 0  59.4.5 60:;' 59.,61 6 1 3 7  60.29 49' 50' o'''56 
- 

At XI (Gop) 

' 1 
J~r ly  18b7 ; obser.vet1 hy Coptaijt C .  7'. B i l l  lo ill^ ?'roughton nn,d Sin12n.s' 18-incl~ Theodolite ATo. 2. 

Angle 
bctwepn 

X & VII: 

- -. - - -- - - 

Seconde of Obeer~cd Angles at each Zero 

0' 180' 10° 180' 20' 200' 36' 210' 40' 320' 5U0 230' 

I# 

1 2  8 '32  8i.45 6 . 4  9;00 i I ; 'a , j  z i p  4 1,; 
P 

At XI1 (JlauliBkhhl) 

Jantiary 1863; observed by d f i .  J .  Pcyton with T/.otighton alirl Sltnmu' "&-inch 7'heodolite No. 1. 
-- 

Qenernl Hsnn 

~- -. 

. 
49' 0' 6".5 j 

Ancls 
bcltveun 

- -- --- 

Second~ of Observed .4ngles nt each Zero 

0" 180" lo0 i!roO ?oO snom no0 21u0 o ??oo so0 z30° 

- 

Qcnsl.nl llcan 

-- - --  .- - -- - 1 9 9 7 .  . 5 . 3  8 , 5 2 7  1 .4.1ij iZ 9 0 I I 30' 7' 52"'09 

O j  67.00 65'92 ,57',yz 60'83 66 I ;  66;3 I 5 9 2 9  6.4 

x r I 1  XT'Ir 3iii.5 30 4.4 3.4'90 30 '20 29'1.4 3 ; ; ? 2  ~ 1 . 2 0  ,35:,17 31.06 3,;;oo 3.4 57  ,? 1;" 
3 i[rO cjg' 33"'99 

At X I 1  I (1kinsgnl.in) 

Jrtwrcnry 1853 ; ob.9e1-vecl by Mr. J. Peytor~ ~oitlr 25-01ryhlo1~ ntttl Siuznta' 2 1.-inch Theotlolite iVo. 1. 
. 

Angle 
betrrnn 

XV1 & 

- - .- _ ... _ 
~ 

Sctson(le of Observed .\nplcm nt cnl.11 Zero 

6' l8co 10' 190' 3,' 200' lo0 210" 40' 220' 60' 23C.O 

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

-- 

Qenernl Mean 

, 

JZb' i1  J.52.34 4r .11 4,i0'oz J.4i9.4 44: 2.3 46: I i  4.3;flg 42;.l,j 43 rr.4 1 93' 39' 43“'7 5 
I 



44 BOUTR MALUNCHA MERTDIOX'AL SERIES. 

NOTE.-Stutious XVI and XVlI appertain to the East Casat Yerier 

Nay 1879. 

At XI11 (B<ksgaria)-( Contit~i~ed). 

J. B. N. HENNESSEY. 

In charge of Cornpuling O$im 

- -. 

A n ~ l e  
b~trroo l l  

S V I I & S I I  

8ecouds of Observed Angles at ern11 Zero 

0' lSOo 10' 190" 20' 200' 30' 210' 40' 220' SO0 230' 

" 
5 i i35  57i.17 50;97 54617 5 l i97  56i37 54j.19 55i45 5 6 2 7  52i38 50;92 5 0 2 5  

I l l a x  / 56 i j2  53;65 7 50;72 5 50;30 51i6.5 5.3;lO 49i.O 5 5  52; l i  $ 4 2 7  1 741' 1' 5 f l .1 )  
I 

At XVI (Dkntlin) 

Febrtrary 1853; observed by Mr. J.  Peyton with Troughton and Sintnts' 24-inch Th.eodolite N o .  1 .  

General Mran 

47' 52' 53'"97 

An,ole 
between 

Seconde of Observed Angles at each Zero 

0' 180. lo0 190' 20° 200° 30' 210' 40' 220. 50' 230' 

General Mean 

At XVII (Shtpautia) 

Janfsnly and February 1853; observed by dl?.. J. Peylota with T~.oicqhton and Sinz~ns'24-inch Theodolite NO.  1 .  

Angle 
between 

Seconds of Obaerved Angles at each Zero 

0' l w  loo 190" 20' 200' 30" 210" 40" 220' KOo ?SO0 

General Msm 

X I I & Y l - I  24'45 15;75 23485 22.48 22.09 23;37 21;90 2 2  67 27;63 25iO7 25;64 16;56 
9 2 3 

55' 7'35"'30 

I 12' 44' 24"'29 I 



S O U T H  M A L U N C H A  M E R I D I O N A L  S E R I E S .  

PRIMARY TRIANGULATION. REDUCTION OF FIGURES. 



46 SOUTH MA CUNClIA BlERIDIONA L SERIE3. 

Observed Anglrst 
. -- - - - - - - - - 

No. Vslne 

0 

1 69 35 jl'Y2 

1 36 6 37'07 

Figure No. 1. 

Equations to be sntisficd Factor 

Equntious brtwcen tlie lhctora 

L 

4 37 '5 31 53 

j 51 49 32.64 

6 53 5% 49.20 

7 27 59 59'04 

8 46 17 35.23 

Valuea of the Factora 

, = + 1.834 
X, = - 1.161 
X, = - 0.756 

A, = + 0.007 

In !he I *b l * *  of rql-ll*,, hr1w.m - ln QUI l u ~ e  b*rllu m ~ = y m  lloc uunr u :br cu .Llrnu~ u l  rlhr q b ~ ,  lrrm IU 11vr y t l t  l ~ u s  1 lbcao are Lreutrrl h o r d t s r  WILL epaol melghta. 

No. OF 
e 

Vnlrlc of 
e 

-- --- - 

Co-etlicients oE 

-- --- 

XI x, % A4 

+ 4 + 2 - 22 

+ 4 + 2 - 8 

+ 4 + 3' 

+I173 

I 

Angular errors in secouds 

--- 

I, = + 1.78 x, = - 1.91 

I, = + 1.88 I, = - 1.81 

I, = + .5a I, = - .78 

I, = + 67 xB = - .60 

[ a x ?  = '5'41 

111. I.vlon thr m emclrnlm of ~ h r  lrrntr brlor  I ~ P  rlmennml mrr omblted for conr.mmwnrr. Ihs eo efficient of Lb8 9' 

I 

1 

3 

+ 4.8; 

- 2'55 

- 5.12 

4 , -45 9 



Observed Anglcst 

No.  Value 

PRIMART TRIANGULATION. REDUCTION OF FIGURES 47 

Figure No. 2. 

Values of tlie Factors 

Eqnations to be satisfied Factor 

I 
t There nro trrsled hcrcnfter wit11 q u a !  wriglib. 

June 1879. J. 8 .  N. HENNESSEY. 



S O U T H  M A L U N C H A  M E R I D I O N A L  S E R I E S .  

PRIMARY TRIANGULATION. TRIANGLES. 

Norns.-I. T h e  rnltlrs n l  t l ~ n  SICIR nrp gircn in tho enme line with thr opposite onqle. 
2. Btsriono U I  slid LXV nppcrhin to t l ~ o  Cdculla L o ~ ~ g i t u ~ l i ~ ~ n l  Ycrlcm. 

- 

- e 2 .- 
L 8 
E n 
=w 

1'77 
1'77 
1 ' 7 ;  

5 '31 

Btntion 

L x I  
LSV 
I 

LXV 
I 
I1 

I 
11 
111 

I I 
111 
I v  

No. 01 Wangle 

15 

circait 
-- 

1 

2 

3 

4 

1 ' 2 2  

I 
11 
IV 

1 + 2 . 5 , ~  1 180 o 0.00 -- 

Euit 
Corrected Plane 

Anglo 

0 1 " 

57 36 27.41 
72 56 52'26 
49 26 43.33- -- - - - - - 

180 o 0.00 

Dista~~co Corrections to Observed Anglo 

5 

33 7 54.45 
74 I ;  53.13 
72 34 12.42 

180 o 0.00 

73 8 40.16 
37 15 29'85 
69 .15 49.99 

180 o 0.00 

51 49 31.36 
46 1; 36.28 

- 81 52 50',36 

Figure 

, 
+ '67 + '67 + '66 

- '66 
+1 '58  

-- + '.?o 

3 '4 '  + 1 . 1 2  

Miles 

30'597 
35'643 
27'531 

17'528 
30'673 
30'597 

1j .898 
11 ' .?22  

17.518 

14.213 
1,3'069 
1 7 . 8 ~ ~  

Log. feet 

5.2~8318.5,5 
5.2612460,4 
5'1624568,7 

4.9663750~0 
~ . Z I Z Z I ~ O , J  
s'zo83185,5 

4'9:<4422,2 
4'776561.5~9 
4.9663;50,0 

4.87511.55.9 
4.8,38888;,7 
4'9754412.2 

----- 
'41 -1'40 + '32 
4 '  / - 7 1 - 5 9  / 
.42 -1 '78  + '27 

.36 1 3 6  
'g6 

I 
- 

I 1.08 

+ z ' o o  

Circuit 
----- 

+ 1 ' 1 2  

-1'36 
+ ' 1 4  

Foct 

161554'3 
182913.6 
145964.0 

92549'7 
16301o..? 
16155.1'3 

9 4 5 0 2 ' ~  
59780'8 
92549.7 

7.5041'9 
69006.1 
91501.3 

-2.08 
-1.26 
- 5  

& i t  

I '26 

'41 
'40 
4 1  

+ '58 + ' 02  

+ 6 4 o l  
+ .f>o + ..?R 

Total 

+1'89 - '69 + '80 - 

,-- 

I -4.8.5 -- 
+1'92 - '79 1 + I ' J 3  
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S O U T H  , M A L U N C H A  M E R I D I O N A L  S E R I E S .  

PRIIIARY TRIANGULI~TION. HEIGHTS ABOVE 11EL4N SEA LEVEL. 

The following table gives, first, the nsunl data of the ol!scrrcd vertical a n ~ l e s  and thc heights of the signal and inst~~rment, 
Ar., in 1):lirs oE I~oriaontal lines, the first line of which gives t l ~ c  tlatn For the 1st 01. tlrc fixed statiotl, ant1 the scconrl l i l~e  thc data 
for tlre 211d or  the dt.tlocactl st:ttiol~. This is follo\vcd Ily tllc arc co11t:tinctl 1)etaeen the two stations, and then I ) J  t l ~ c  terrestrial 
refmctiol~, a11d the 11ci:'lrt of the 2nd station nl)ove or I)clow tllc Ist, as cornl)utcd fronr t11e vrrtical angles ill the ~rsunl m:unncr. 
T l ~ i s  ditl'crencc oE height applied to tlrc givrn I l e i ~ h t  al~ovc lncan sra Icvcl of the tiscrl rt;ltiol~, gives tlrat of t l ~ c  dctl11cc11 station. 
IJs11a11y thcre are two or t l ~ r e c  in~lcprnrlcnt val~res of the I~cigllt of t l ~ c  t l r~l l~ccd station ; the tlct:~iln are so arranged as to sl~ow thcse 
ro~r rcc~~t ivc ly  and thcir mean in the c o l ~ r m ~ ~ s  of " Trigonomctric~nl I(cs11lt ". Tllc nicatl rc ,s~~lts  t h ~ r r  ollt:lined are Iloacvcr lial)le to 
rcreivc corrections for thc crrors gcncratcd ill the tri:onomt.tric:tl operations, wlliclr arc. s11ont11 1111 11y thc spirit levcling opcr;~lions, 
wlle~icvrr a junctiou bet\\.cen the tn.o l ~ a s  ljecn cffectrtl. T l ~ c  spirit levclctl tlctcrrni~~ntions, ~vlle~r irvailal~le, a1.c always nc~reptcd as 
final, a~rtl t l ~ e  trigonornetricnl 11c.igl1ts of stations, lying betwccl~ o t l~cr  stations fixcd by the I c ~ ~ c l i ~ ~ g  opcratiol~s, arc adjustcd- 
usually by siulpla proportion-to accord wit11 the lattcr. 

Tllc brights of the Sonth lIal611rha ;\Ieridional Scrips have I)ern adjusted I)ctwrcn tlle final ~ralnes of Tilahani and Silsinia, 
tlre fi\ctl points of the Cnlcrrtta Lon,vitutlll~:~l Perles, mrd those of the fixed s ta t~ons  of l)intlili (Dintall) and Siitllautia of t l ~ c  Eiut 
Coast Scr~cs.  The lrergl~ts of the fiicd poiuts arc as folloss :- 

1~x1, Tilabani . . 
LSV, Sl i s i~~ia  . . it:!::] feet nbovr Mcan Sea Level as 1,mught down born KaricY. 

XVI,  D6ntGn (Di i~~tan)  113.8 
ns dctcrmiued itt Kcjiri (or BedFord Station) and Bsln. xvll. Silpilutir . . 219 5 1 riu,&,rlli l;;ints. 

A@tronou~irnl Dnta 'I'ervesl rinl Urill~t i n  
h t  / E 0 

3 llelr~wtio~~ .- - 
2 .- - I I c i ~ l ~ t  in Get of 211d 3tntion 

nbore Menn Sen Lcrcl ; 

Stnlion 

z 
-- 

h nr 1 O ' I I  

o 26 20.1 4 4.50 5'43 
-411ril 15 8 3 7  I 36.2 5.30 1596 89 .056 - 691'; ;6z'1 T62.1 i63 

June 16 1 g 44 LSI D O  1.3 39'4 
Yny 2 4 3 1 1 ~ 1  1) o 3 56.3 

4 
4 

n 0 . 3 ; 4 0 . 9 [  4 

j 4 
11 o 23 19.0 1 
E 0 9 1.3'4 1 4 

-1'50 
1 ' 1 . 1  

I i 

1.11 
"03 

1.03 
1.17 

5 '38 
:'.?o 

; . 4 3  

5'40 

5.30 

.i'JO 

1807 

1611 95 

914  44 

109 

'059 

0 4 8  

.o60 

-1116'3 

- 138.0 

- 552'9 7 7 6 . 1 ~  

317'5 

37.41 

520.8 322 13 
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Btntion 
Obsorvcd 

Verticul Angle 

p~ 

Astronomicnl 

le4' 

April 14 
May 3 

April 11 
May 8 

April 23 
May 3 

,, 
April 24 

,, 1' 
,, 29 

May 3 

April 22 

May 
1, 1 0  

April 25 
May 11 

I, 18 
# 11 

11 

lr 16 

April 25 
May 18 

,, 11 
,, 
1847 

Jau. 24 

v lG 

1, 

I ,  16 

$ 9  22 
Feb. 1 

Jan. 1 G  

11 

0 19 
h b .  13 

I 
I11 

I1 
I11 

I V  
111 

I 
IV 

J I 
I V  

111 
I V  

I11 
V 

I V  
v 
VI  
v 
TI1 
V I  

I T  
V I  

V 
V I  

v 
V I I  

VI  
V I I  

VT 
V I I I  

VJI  
V I I I  

V I I  
IX 

Date  

Mean o r  
Tiruee 

of obser- 
vation 

-- 

1. nt. 
8 48 
4 4 

8 3 
3 6 

3 5 
3 1 9  

2 3 3 2 1  

3 23 

8 14 
3 '5 

3 1 9  
3 5 

3 3 4 4  
3 34 

3 I 

2 58 

3 18 
3 18 

3 4 2  
3 3 8  

3 34 
3 35 

3 18 
1 8 3 1 8  

3 46 
3 50 

2 2 3 2 1  

3 3 1  

3 35 
3 J~ 

3 l4  

3 1 3 1 0  

3 3s 
3 40 

Height in  leot 

1 2  

Tll@so llrights are 10 be coll~billed sill1 l~rgnt i rs  wgne, becnuna Llle pillar at V1 L a d s  p ~ r m s n e l ~ t  n d d i t i o ~ ~ o f  6.02 feet mad8 to i t  8ubsequcnll$ 

.. 

? 
BD .- 

WJ 

1 . 1 1  

"05 

1 ' 1 1  

2.61 

1.11 

4'63 

4'98 
4'69 

1 ' 2 %  

"'5 

4'63 
1 .11  

4 '59 
2 ' 1 0  

1'03 

4'63 

4'5' 
*2'33 

'5.68 
2.10 

*2.21 

4'63 

* z ' j 3  
4'52 

"27 

3'17 

' '17 
1'61 

2'7O 

4'73 

1.03 

"27 

24'57 
"39 

f 
i: 
L 

L - - 
E 
u 

e - 
M 

ti 
-- 

feet 

2 

I I 

3 

' 5  

'3 

42 

'9 

E 
2 
% 
0 - 

5'30 
5'37 

5.40 
5.3 j 

5 ' i 8  
5.37 

5 '30 
5 '78 

5'40 
5'78 

5.37 
5 ' j d  

5'37 
5 ' 3 9  

5 '78 
5.39 

*1'53 
5.39 

5.37 

cj.ia 
*1.53 

5'39' 
* I  '53 

5 '45 
5'33 

5 '39 
5.33 

5 '39  
5'42 

5 '33 
5 '42 

5'33 
25'13 
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XOTB.-Stnliom XVl  nnd XVlI opperlain to the Enat  Conrt Bcries. 
(1) Tho mcan of abret~~ntious L~ken on 9th kbbruory 1847 nod 31st Deeornber 1852. (2) The mean of observations tokcn on 18th F e b 1 u ~  1847 ma 6th 

Jnnunrp 1853. t Not lurtllcoruing. 

J .  6. N. HENNESSEY, 

III clrargt of Computing Oflee. 



S O U T H  M A L U N C H A  M E R I D I O N A L  S E R I E S .  

CO-ORDINATES AND DESCRIPTIONS O F  ALL STATIONS AND POINTS. 

The follomi~~g table gives the co-ordinates of all tlre stations and other fixed points, arranged in alphabetical order, also 
the descriptions of the secondary and iutersccted (or nnvisited) points, and refere~~ccs to the preceding pages where the dcscrip- 
tions of the primary statio~ls are  give^^. I n  certain i ~ ~ s t a ~ l c c s  numl)ers are added which have reference to t l ~ c  given data of tlre 
triangles by which the statiou or point has bccu fixed ; wlie~i these numbers are omitted i t  is to be uuderstood that no triangles 
are given. 

Note.-x stands for Latitude North;  L for Longitude East of Greenwich; H for Height of station in feet ahove mean eea 
level determined trigonometrically, a~ltl B for I-Ieight of station toner or pillar. For visited stations and for other points of superior 
accuracy the valuer of A a~ ld  L are giver1 to tmo places of decimals; for well detcrmiued objects to  one place, and for the rcmain- 
ing poiuts to the nearest secoud. Primary s t a t i o ~ ~ s  arc disti~lguished by t l ~ c  Itoman numerals I, 11, &c.; secondary stations hy 
the letters h.s., s, nud t.s. The names in italics arc those of the territories, states or districts in nhielr the stations or  points are 
situated. 

Name of stntion, district, description, 

co-ordinstea Be. 

.- 

Blampur !hce Flag. 
(~idnl l ]~orc)  In  cc~ltre of village. 

0 ' 11 

h 22 26 36 
L 87 10 r z  

Anidal~i s. 
(illidnopurr) N. of rilloge ; pnrgnnn Dhnrindnh. 

A 22 24 45'44 
L 87 '7  23-67 

BmdaI~i Trce Flag. 
(Afidnaporr) On high trce in N. W, corner o l  ril- 
logo. 

A 22 24 28 
L 87 1 7  I I  

dmgmlri s. 
( ~ u i ~ / ~ ' f l ~ a r r )  On s ~ l i p l ~ t l p  elrrnted q o h  in tllc 
j v ? l o  a h o ~ ~ t  nmile N.W. of 1110 rillage of that I I ~ I I I ~ ;  
pargnnn Bul~Bdurpur. 

h n? 29 50.46 
L 87 9 50.43 

No. 35 

Name of station, district, description, 

co.ordinotes Be. 

dnd;ipkl Tree Flag. 
(Afirlvnl~ore) 011 nlllgll round tree in centre of ril- 
lage. 

0 1 1, 

X 22 24 53 
L 87 19 7 

dndl~krirol Pillar (heliotrope). 
(,ui,lue,,ore) 

A -2 22 32.50 
L 87 0 39'97 

No. 33 

Bstorn Trce Flag. 
(.Uidr~npore) Ou o l~igll mango tree in 3.W. corner 
01 rillngc. 

A 22 25 44 
L 87 12 16 

Dhinp~~r  Scaffold (hcliotrope) . 
(Alidnapore) 011 t.rec in N.W. corner of villnge. 

A 22 34 53'77 
L 84 57 42-20 

No. 34 

Name of station, district, description, 

co-ordiuntes kc. 

Riinpnr s. 
(~Uidrrnpor~) On N. W. bund of tank close to m d  
W. of rillage ; pnrgllnn Sildnh. 

0 ' .  

A 22 35 0.16 
L 84 57 27'72 

No. 31  

RBlgornn Palm Tree. 
(Xidnapore) In  village. 

A 22 25 48 
L 87 1 1  19 

BLmtia s. 
(,u;,~l,nporr) 6. W. of p n m s  Bahidur. 
P ". 

A 22 24 43'29 
L 87 15 5.81 

Biimunipahlr h.8. 
(Ma1,lhoonr) 

A 22 53 6'37 
L 86 50 3.81 

No. 18 
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N m e  of stntion, dietrict, desoription, 

co.otdinntee kc. 

ChLndibna Tree F l o g .  
(M~dr~apors)  8. of villngo. 

0 1  " 
X 22 29 18 
L 87 9 41 

Cl lAndra  Tree F l a g .  
(Nidnapore) S.W. of village. 

A. 22 27 38 
L 87 11 24 

C h h n g h a r i r  s. 
(Xid~~apor,e) 

X 22 28 18-11 
L 87 lo 14-52 

C h h n g h n r i a  Tree Flag. 
(?Jidnaporc) On n large pipol tree N. of road run. 
nlng through the villago. 

X 22 28 5 
L 87 10 14 

C h h o l 4 d h i n  8 .  
(~llidnaporr) 

A 22 27 7'90 
L 87 9 50'87 

C h i l g o r a  Tree F l n g .  
(rllidnnpure) I n  centre of villnge. 

h 22 28 4 
L 87 10 56 

C h r t b k a  8. 
(~liidnapore) 8.W. of pillnge ; pargann B s b i d w  
pur. 

h 22 23 59-28 

L 87 14 11-37 

D f i n g A m  Tree Flag No. 1. 
(Xidnapore) 111 centru of rillage. 

A 22 24 57 
L 87 10 4 

DBngdm Tree F l a g  No. 2. 
(Afanbhoom) On s pipal tree in village. 

h. 22 48 I 

L 86 53 23 

DAnt l in  ( D i n t a n ) ,  XVI.* 
(Vide page 37) 

A ZT 56 10.27 
L 87 19 10'07 
FI 116 
h 30 

No. 17 

D e u l i d h g a  Tree F l n g .  
(Midnapor) On s oolitav mango lree nOD? tho 
Ind~go  factory vats. 

h. JZ 28 20 
L 87 10 4 

Name of stntion, district,, dewription, 

w.ordiualce kc. 

B 6 n s g n r i a ,  XIII. 
(Vide page 37) 

0 1 W 

A 22 9 0.51 

L 87 16 16.36 
EI 182 

11 3 2 
No. 15 

B L n s o l  s. 
(AVllidnnporr) About 2.05 milos S.E. of K6chenril. 
lnge which lies on the W. bank of the river turn. 

h 22 26 58.51 

L I 87 lo q3'" I 

Binsol Tree Flag. 
(Midnapore) On n conspicuous pipnl tree in S . W .  
corusr of rillage. 

A 22 26 51 
L 87 10 28 

Bbrnk~u . in .  V i l l n g e .  
(Midnnporr) 

A 2'2 25 24 

L 87 10 6 

B i r e ~ i u i  s. 
(Yid,oaporr) On W. bend o f  tnnk nhout 80 yards 
h'. of 11hcligu rats; pergnnn Bahldurpur. 

X 22 zj 29. 16 
L 87 12 31.70 

B i i r g a o n  Honse. 
(Jf~r~~lihoom) Westcro of two thatched ho~~ece in 
rdngc. 

A 2255 I 
L 86 53 I J 

Xu. 25 

Name of stntion, district, description, 

co.ordiuatcm Bo. 

RhBtsAsni Village. 
(Jlidnapore) 

0 ,  I )  

X 22 25 46 
L :  87 11 34 

B h i k u n p u r  Tree F l a g .  
(Midnapore) In centre of villnge. 

X 22 27 59 
L 87 9 31 

B h o r i r h a n i  Tree Flag. 
(illidrtapore) I n  centre of village. 

A 22 25 57 
L 87 10 38 

B l ~ l ~ t i d u n g r i  h.s. 
(,Uanbhoor~) 

X 22 52 22.59 

L 86 54 22.44 
Nos. 22,23 

B i n p ~ t r  s. 
(illidnapore) 8.W. of villnge on the road to 
Uirnkur~n ; pargnt~a B~hlidnrpur. 

h 22 27 24'36 
L 87 10 11.14 

B i n p u r  Tree Flag. 
(.Uidnuporr) On s high conepicuoua mnngo tree on 
tho Y. side of village. 

X , 22 27 25 
L 87 10 29 

1 B i r b i r i n  Tree F l a g .  
(rllidnnporr) In contre of villnge. 

Basmtapur 8. I h zz 27 j R  

(Yidnapore) X. of rillnpc ; pnrgnnn Tlharindsh. 
A 22 24 2.86 

L 87 18 54'36 

B n a n n t a p u r  Tree No. 1 .  
(Jlidnapovc) Flag, in N.W. romrr of rillage. 

x 22 23 57 
L 87 18 52 

R n s m t a p u r  Trec No. 2. 
(.lfidnnprr) Trl~nL of rcmnrknble tree at  baud on 
~ e t t  bvnk ul  Kinsi i  rirer. 

X 22 24 22 

L 87 18 43 

BLul jo r i ,  VI I. 
(1-idc page 36) 

A 22 30 1 7 . 9 2  
L 86 58 47'13 
H 313 

h ' 3  
KO. o 

L 87 9 59 

R r i d d h n k o l a  s. 
(Xididnapore) 

X 22 25 32'99 

L 87 1 1  45'86 

B r i d d h a k o l a  T r e e  F l a g  No. 1. 
(illidnapore) I n  cenlre uf village. 

h 22 25 25 
L 87 12 2 

B r i d d l ~ a k o l a  Tree F l n g  No. 2. 
(Midnapore) On a hi611 mnngo tree in tops. 

X aa 25 3 1  
L 87 '2 7 

C h a i y u r  T r e e  F l n g .  
(Nidnnporc) In ceutre of village. 

X 22 28 16 
L 87 9 30 
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Nnme of etalion, district, description, 

co-ordinates kc. 

J o l ~ a  Tree F l a g .  
(dlidnapore) On the higher of two mmgo trees in 
villogo. 

0 r r r  

X 22 26 o 
L 87 1' 57 

K G c h o r a  8 .  
(. l l idan/~orc) On a rise in jungle, + of a mile W. of 
villogc; pargarin Bghich~rpur. 

A 2% 26 2.60 
L 87 8 30.88 

K h c m a ,  IV. 
(l'ide page 3G) 

A 22 46 7.86 
L 87 7 0'67 
H 3.59 
h I I 

Nos. 4, 6 

KnlBl)ani ,  IX. 
(l'ide pay? 36) 

A 22 23 59.13 
L 8; z 32'04 
I3 35' 
h '9 

No. 11 

Knls i l )hAt~gn ,  X. 
(17de pn.qc 37)  

h nz 20 23.80 
L '37 1c 46.37 
H 303 
h 24 

No. 12 

I < n n c l ~ i a  Tree Flag. 
(,Uidsaporr) 011 li. side of rillngc. 

A 22 2j 21 

L 87 12 56 

I<nnltnl)nt i  Trcc F l a g .  
(.l l i , i  , n p , r . r )  O n  tllc I I I I I I I C ~  01 two tnmnrind trees 
ill 1,illuge 5 .  rido o l  rood 1,) Sli:.l,~~r. 

k 22 24 51 
L 87 '7 55 

~ l ~ ~ t ~ ~  T~~~ ~ 1 ~ ~ .  
(Xalnnbhao,rt) Iu rillngc. 

A 21- 5s 47 
L 86 53 45 

K; l i imArn  S. 
( ,Ubl ,~al ,~r .r )  

h. nz 26 36.44 
L 87 I I  29.90 

Nsme of etot io~~,  district, description, 

co.ordinntes Bc. 

D l ~ k d k i  \'illqe. 
( U i d ~ ~ a y o r e )  0 , ,, 

A. 22 26 26 
L 87 " 49 

D l ~ h s o l n ,  VI. 
( t ? d e  page 36) 

A 22 36 45.08 
L 87 6 53'87 
H 325 
h '5 

Nos. 7.8 

D l 1 a r m a d 6 n g a  Village. 
(Xidnnpore) 

A 22 26 2 

L 87 10 58 

D i s t a n t  Pcak. 
( . U J , I ~ ~ O O W L )  

A 22 48 48 
L 86 5i 4 

Di1dh i i l t l16 l i  9. 
( i / o )  011 n l~e ig l~ t  in tho jungle 8.W. of 
r~llugu ; pnrgnno Ual~irdurp~~, .  

A 22 28 44.21 
L 87 1 1  2.57 

No. 36 

Dll?lrp:itia Vi l l age .  
( X i  d110p01.~) 

A 22 2.5 41 
L 87 1 0  35 

F n r i d c l ~ n k  Tree F lag .  
(.Uidnn]~uI'r) Iu cclltru of ri:lngc. 

A 22 24 58 
L . 87 13 5 

Go: i ld ; i r~gn  Trec Flag. 
( z l l i d ~ ~ a p o r ~ )  111 coutrc or ~iIlng0. 

A. 22 26 5 
L 87 1 0  I I  

c o p ,  XI. 
( I  ' ~ d e  p , q e  ST) 

A 22 25 10.77 
L 87 19 2j.20 
H 211 
h ATot fortlrcot~~ing 

[No. 13 

Cur,rr~irApRI a. 
(,l",ill"l,ore) Hol I s  mile 'A'. of villngc; pnrgnnn 
IluI~Gdurpur. 

A 22 25 36.46 
L 87 ' 4  45.55 

Name of station, district, dewription, 

w-ordinates LC. 

H i t i k r i ,  V. 
( T i d e  page 36) 0 n ,, 

A 21- 38 49.15 
L 86 53 37-26 
H 434 
h 3 

No. 6 

Hill East Pcak. 
(dlanllroom) 

A '2 58 35 
L 86 55 18 

11Ll1ani Village. 
(.Uid~~apol.e) 

A 22 26 o 
L 87 1 1  57 

J n g n n n k t h p u r  t.s. 
( d l i d ~ ~ a p r c )  

A 22 9 0.46 
L 87 I 59'36 

Nos. 38, 39 

J n l l ~ i r i ,  I. 
(I.ide p ~ g e  36)  

A 22 58 40.28 
L 86 5' 43'34 
H 
18 

743 
2 

No. 1 

J n l h k r i  P c a l r  Tree. 
( . I I n r t b k ~ o ~ ~ r )  Ou \V. tcrn~inntion of thc Jnlhiri 
rallgo. 

X 22 57 32 
L 86 49 34 

J k m n i  s. 
(.llirl,tnpore) On n rim, E. of rillnge; pnrgmoBo- 
111idr1r.llur. 

A 22 26 21.50 
L 87 12 I j.59 

J i l m n i  T'illnge. 
(JliJ>rnporej 

A 22 26 24 
L 87 12 4 

J d ~ n q n l i  s. 
(.llil,rnlmrr) Ahout .t of n inilr W. of rillogc i l l  

l l ~ c  j~~ t lg lc ;  pnvp~tllo Y I I : ~ I ~ ~ , ~ I I I L L \ I ~ I .  
A 2 2 - ' . I  -3 .43  
L 87 1 6  57.66 

J I I ~ I I I ~ I I I ~ I ~ ~  T r c c  F l a g .  
(.lftr/,,rr/,ovr) 081 n conspic~lous tommind trec N.  
ol  villugr. 

A 22 16 40 
L 8; 1 1  12 
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> 

Name of station, disbrict, description, 

co-ordinates b. 

&I u j r6pRl  Tree Flag. 
(Midnapore) At N. extremity of rillogo. 

0 1 X  

X 22 24 33 
L 87 16 30 

Naxargnnj s. 
(dlidrrnpoie) On the Indigo fn0101~ (Mr. Yo11n~'s 
I~ouuc-) belonging to tllo fir111 of Covlrrrcll b; Co. Tllc 
centre mark is on the western psrt of roof. 

h 22 24 14.49 
L 87 21 18'47 

NO. 87 

N i c h i n t R p u r  n e e  F l n g .  
(Midnapore) Ln cculrc ol  rillqe. 

h 22 26 .+g 
L 87 '0 9 

N i m d R n g r a  Tree Flag. 
  id,^^^^^^) ~t Y.E. of rillqo. 

X 22 25 25 
L 87 14 5 

P a r l i m a  Tree F l a g .  
(Bidenpore) In ccntre of rillnge. 

X 22 26 38 
L 87 1 2  z 

P l i i r n g n r i  Tree F l a g .  
(A/i<l*o,~orr) At  t l ~ e  rustelm cxtreniity of rilloge on 
W. bank of ~ h o  Kinsi i  river. 

A. 22 28 6 
L 87 7 39 

P a l S s h h a n i  T r e e  F l a g .  
(Illidnapow) In ceutre ol  village. 

h 
L 87 10 18 

22 27 4.5 

Por:~ h.s. 
(Illanlhoorn) 

h 22 57 23'87 
L 86 51 44'73 

Nos. 19, 20 

P l i r n a p k n i  Tree Flag. 
(Yidnaporr) In  villnge. 

A 21 57 54 
L 87 8 28 

R n a h n n k t h p u r  Tree F l a g .  
( j l ; ,~, , , ,~~~~) IU rillnge, on tnmnrind tree on bbnk 
01 river. 

X 22 25 I 
L 87 17 21 

RAmg-nr H i l l  Mark (heliotrope). 
(itfiiidnnport=) 

h, 22 40 22'04 
L 87 7 36.55 

NO. 90 

Name of station, distrirt, dcscriplion, 

co.ordinntca kc. 

K r t k ~ ~ r m n r i ,  VI11. 
( 1 X e  page 36) 

0 , P* 

X 22 28 32-44 
L 87 8 27-30 
H 191 

h 42 
No. 10 

K n k n r m ~ i r i  Tree F l a g .  
(Jf idnapor~) In centre of rillngs. 

x 22 28 zz 
L 87 8 41 

K1ind6116, 11. 
(Tide pagp 36) 

X 22 57 28-57 
L 87 11 10.7j 
H 322 
h '3 

No. 2 

L ~ p n r a  Tree F l a g .  
(AUidnopor~) Ou higl~est tree in 9.W. p u t  of vil- 
iogc. 

X 22 24 23 
II 87 18 32 

Lod11:isRi a. 
(Yirlnnl,or~) On hcigLt N. of villnge; pnrgsno 
Ylin~~jablrum. 

h 22 26 1'70 
L 87 17 45'82 

L o d h b s B i  Tree F l n g .  
(.lIidnnporr) On rolton trrr nbont the centre of 
rlllagr ; pnrgene U1iu11jallh11111. 

X 22 2j 20 

L 87 17 41 

L o l ~ R t i l i r i  s. 
(Yidrro,lo,.r) d t  Ihc W. extrrmit.v of rilloge, nenr 
OII. huot><lor>- nncl 0-1 of o milo Y. of Silkin b u m ;  
p n r p ~ ~ n  Ul~n~~jnb l~um.  

X 22 25 19-80 
L 87 I j 52.00 

L o h R t i k r i  Tree F l a g .  
(,Uidnnporr) 011 the E. boundary of village; pnr- 
gnna BhanjsbLum. 

A 22 25 9 
L 87 16 39 

M n d l ~ R d b n g a  a. 
(dlidnrrpore) A t  the N.E. exlrcmity of village; 
pugans Ynhidurpur. 

A 22 25 18.45 
L 87 9 56.71 

M k g - ~ ~ r i a  Tree F l a g .  
(Jl~dwaporr) I n  Y.E. rorncr of village. 

A 22 2j 3 2  

L 87 13 ' 9  
-- - -- - - 

Nnme of stntion, dislriet, description, 

co.ordinntcs h. 

Aialirsl~pl~r Tree F l a g .  
(Yidnupore) 111 centre of village. 

0 ,  # 

X 22 26 26 
L 87 ro lo 

M;i l ikhk l  9. 
(Mid,~apore) 

h a?. 25 23' j7 
L 87 I 0  40'04 

RlRlikhSI Village. 
(Mid,~ayor~) 

h 22 25 I 0  

L 87 1 0  44 

M n n d h o  Tree Flag. 
(Niduayore) 011 o remsrkuble tree on S.E. aide of 
villnge. 

X 22 24 43 
L '37 14 1 

Masa lc  H i l l  Tree. 
(Nanbhoom) 

x 22 58 34 
L 86 55 '7 

h i i l t ih l a  Fac to r? ,  
(Nanlhouel) Chimney. 

h 22 56 4.1 
L 86 52 49'6 

No. 24 

Ifa11l iSkh61,  XII. 
(I-ide pngc 37) 

h 22 7 10.78 
L 87 2 45'37 
H 3O7 
h 25 

NO. 14 

I I a y d k d l i n g a  Vi l lnge .  
( A u i ~ h a p o r ~ )  

h 22 25 17 
L 87 9 56 

R I i d n a p o r e  P a r k  Honse (he l io t rope) .  
(dlirlwnporr) .]'lie residence or tho judge, Ur. h ikes .  
The CellLre mark ' 8  on roo1. 

h 22 24 45'01 
L 87 21 12.18 

No. 36 

MujripAl a. 
(Xllidnoporr) N. of rillnge ; pargnns Dhuindnh. 

A 22 24 39'85 
L 87 16 27.72 

- -  - 





S O U T H  M A L U N C H A  M E R I D I O N A L  S E R I E S .  

PRIMARY TRIANGULATION. AZIMUTEAL OBSERVATIONS. 

A m  s 
Lat .  N. 22" 20' 23".80 ; Long.  E. 87" 10' 46"-37 = 5 48 43.1 ; Height above Mean Sea  Level, 303 feet. 
December 1849; observed by  Mr. H. Clnrlison with Troughton and Simms' 24-inch 'rlnodolite No. 1. 

S ta r  observed 6 U r s z  Minoris (East and West)  
Ilea11 Right  Ascension 1849.0 ish z l rn  
Mean  Nor th  Polar Distance 1849.0 30 2 4  I ?".H3 

Local  Mean  Times of Elougation, Dec. 23 Eastern 20" 
Western 6 l r  

k 
FACE 

: , 
Ref. $; 

Redllcpd Ob~ervnlion 
ncf. 3lnrk-Slnr 

a t  Elollgntion 

o I II 

- 18 43 15'23 
14'33 
15.23 
13'66 

- 18 43 18.12 
18.14 

17'49 
14.81 

- 11 21 63'54 
60.62 
65'61 

60 ' 83 

- 18 43 16.75 
1 1 . 1 1  

18'78 

I I .96 

- 18 43 15 ' i6  
13'55 
12'9.3 
12'29 

LEFT 

Redortion in 
Arc to Time of 

Ebngnt iou  

I I I  

- I 42.59 
123 '71  

0 15'93 
025.23 

- o 31.69 
o 20.89 
o 1.09 
o 0.00 

+ 2 24.9; 
2 11'65 

o 20.6; 
o 30.37 

- I 40.36 
I 21'60 

I 8 '06 
I 39.9; 

, - o 41.23 

I[ori::,~r2 : 
Rc,,dinCr 

R e t i d a r k - S t a r  

O I I I  

- 18 42 41.17 
42 5O.43 
43 '4 '34 

43 13'66 

- 18 41 24',3,3 
41 47'87 
43 6'00 
42 56'44 

- 11 zz 45'94 
22 g1.94 
2% 6.06 

z2 O.94 

- 18 42 50.60 
42 53'56 
43 18'77 
43 11.26 

- 18 40 ,36.90 
40 59'47 

43 6 '90 
43 1 '84 

Doc. 23 

,, 24 

,, 

,, 25 

,, 26 

Rrrluced Obserrntion 
Kcf. >lurk-Stnr 

s t  Elo~lgntion 

o I 11 

- 18 43 10.05 
12.;8 

13 '36 
I3 '97 

- 18 43 17'69 
13.96 
17'62 
16'27 

- 11 zr  ; z . ~ o  
63'45 

65'56 
67'70 

- 18 43 18.1.3 
'3'97 
16'89 
16'0.3 

- 18 43 19.79 
1.5'8; 

140 4 19'0.5 
17'07 

FACE 

.z c c 
= ! ,z - .- - 
t , i o  

g:z 

m s  

1 6  29 
13 43 

2 40 

o 9 

30 9 
26 5 1  

9 33 
1 2  5 

18 2 1  

1.5 46 
I 54 

0 55 

rq 26 
1 1  50 
o 14 
z 21 

39 
32 44 

6 55 
9 7 

RlOIlT 

R e d ~ ~ c t i o n  in  
Arc to Time of 

Elollgubion 

r n  

- o 34'06 
0 2.3'90 
0 0 '89 

o 0.00 

- 1 ,53';9 
I 30'27 

0 "'49 
0 18'37 

+ o 42.40 
o 31 '32 
o 0.45 
o 0'11 

- o 26'1.5 
0 I i .55  
o 0 .01  

o 0 . 7 0  

- 2 38.86 
2 14'08 

0 6 .01  
0 1°'45 

E. 

E. 

?8'nr\.'. 

E. 

E. 

O I I I  

- 18 41 27.46 
41 49'07 

42 57'43 
4 2 4 3 ' i 4  

- 18 42 46.00 
42 53.07 
43 16.5; 
43 16.27 

- 11 24 3j.47 
24 15.10 

2 2  26'23 
2 1  38'0; 

- 18 41 .qi.;; 
41 52.37 
42 8 . 8 ~  
41 36'10 

- 18 42 38.56 

o I 

o I 

8; 
180 I 

ao z 
&. 

200 2 

40 3 
S; 

7.20 3 

40 3 
L 

2 2 0  3 

60 4 
& 

m s  

28 38 
25 51 
11  15 
14 9 

15 54 
12 54 
z 57 
o 6 

03 56 
32 20 

12 50 
15 j +  

28 19 
2 ;  31 

2.3 15 
28 l o  

18 8 
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Abstract of Ash-o~~oniical  ilsirnutli ohserrccl a t  X (I(nls ibh: i~ign)  1840. 

1. By E:~ctc , rn  E l o ~ ~ g n t i o l l  of 6 Ursae M i n o r i s .  

F,wo L H. L It L It L 11 I. li L 1t 

Zero O0 180' 20" 200" 10" 2"0° GO0 210' 80' ?GOo 100' !YO0 
-- ~ - 

Date Decc~t~bcr  23 Dece~nbrr 24 J)ccc~~~bcl. 23 December 26 L)cce~nbcr 2 i  Yeccn~bcr 28 

O I I A P ~ T C ~  lliffercnce 10'05 1 ' 2  I ~ " 1 2  18'!1.7 1 6 ' ' ~ ~  1ci9 1 c i 6  1$,50 I 2090: 15':61 
of ('irclr- I l c n d i ~ ~ ~ a ,  1 z ' i S  IJ ' . i3 1.3'96 1 I 1 1 ' 1 1  15.87 1,3',;5 18.90 13'6.3 Jy ' . i9  12'37 

I k f .  31.-Stnr 1.3'36 15'13 17.62 1 7 . ~ 9  1 6 . 8 ~  18 , ; s  19.05 1 2 . ~ 3  17.98 1 i . 9 1  19.8+ 1.3'26 
rcd~~re t l  to 13lo11~n~ion 13'97 1.3'66 16.2; 14.81 1 0  11.96 1 7 ' 0 7  1 ~ 2 9  14.91 14'98 18 'z+ 12'6; 

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

Moni~s 12.54 14.61 9 I 6 14'65 17'95 13.63 17'83 15.91 19.14 13'48 

0 1 1. 

Mrnlin of both fmas - 18 *,J 13 . 5 ~  16.;7 r.;'jh 
J.5'79 16:'88 16'3 I A s .  of Stnr fr S., by W. 18.3 .lo 15 36'0.5 36'.38 36.70 3 i '  '9  37 '46 A t .  of Il~sf, 11. ,, I,,+ 5 7  22.20 19.28 2 0 . ~ 2  20'91 20 '31 21'15 

H O r i , " , ~ ~ ~ ~ , C l e  : 
nir, of APndings 
ReL binrk-Stnr 

0 I I ,  

- 11 2 2  2 0 . 2 0  

22 10 '84 

22 0.94 
22 2'93 

- 18 42 18.33 
42 29'6.3 
4.3 11.17 
43 12'3; 

- 11 23 0 .10 

2 2  45'60 

22  28.14 
2 2  34'50 

- 18 42 38.00 
4244 '86  
42 1 2 . 1 ~  

41 56'60 

- I I  2 2  0.03 
2 2  3 '60 

2 2  20.44 
ii 17.37 

- I I  az 14.10 
2 2  11'56 

2 2  5 8 . ~ 7  
13 I 

- I I  31 35.7.3 
2 1  , ~ i ' ~ i  
241.3'50 
24 2.5'13 

0 L 
.a 0 - FACE LBZT 

' 

PdCE Pl(irIT 

U o ~ i ~ ~ ~ ~ ~ ( ! , E I c  : 
Dif. of Rending8 
ReI.Mork-Ylnr 

O " 

- 11 23 25.17 
23 5 '50 

e .- 
a 
i 

Dec.27 

,, 27 

,, 28 

,, 28 

,, 29 

,, 30 

8 ,  31 

- 

Reduction in 
Arc to Time o l  

~ l ~ ~ , ~ ~ t i ~ ~  

1 I1 

+ 121 '14  
o 57'72 

e : e  

zci 

111 8 

25 23 
21 25 

Reduced Ohwrv~tion 
Hcl. b l ~ r k - S t a r  

n t  Elongntion 

a ~ =  

; ,; .{ 
:, ) ;o 
:: 2 

w 3 @l 

Reduced Ol)8err~tion 
Eel. bfbrk-Star 

at ~ l ~ ~ ~ ~ t i ~ ~  

0 I I, 

- 11 21 63'0.3 
67'78 

ReducLiot~ in 
Are L ~ B  ' l ime ol 

Elol~gutio~~ 

z z 

W. 

E. 

W. 

E. 

TV. 

W. 

IV. 

64.03 

- 18 

911. 8 

1 2  28 
9 50 

3 2 

5 33 

21 39 
18 44 
7 20 

4 33 

2 2  30 
19 26 

14 27 
16 44 

17 19 
1 4 4 8  
2 2  2 

24 35 

4 58 
2 1 1  

I I 29 
14  9 

11 48 
9 16 

2 1  31 
23 o 

0 57 
2 59 

32 I 

34 3 

2 Q 
~ z . 5  

gs 

0 I 

80 6 
& 

260 6 

80 5 
& 

260 5 

loo 6 
& 

280 6 

loo 6 
& 

280 6 

o z 
. &  
181 2 

zo z 
6r 

200 2 

60 4 
& 

240 4 

43 12.36 
43 4'06 

- 1 1  2 2  16.60 
2 2  8'36 

22 4.24 
22 4 '50 

- 18 43 18.63 
43 19.30 

43 8'87 
43 1.90 

- 11 2 2  52.26 
2 2  3.5'93 

2 3 3 1 ' 4 0  
23 46.20 

- r l  2% 4.80 

2 2  4 .13  
2 2  19'13 
2 2  26'80 

- 11 zz 1.3.;; 
2 2  19'6.j 
2 2  57'23 
23 3'00 

I I ,  

+ o 19'56 
o 12'19 

o 1'16 
0 3.87 

- 0 5 8 ' 8 0  
o 44'00 
o 6.75 
0 2'61 

+ I 3.79 
o 47'54 
o 26'19 
o 35'16 

- o j i . 6 1  
0 2 7 ' 5 1  

I 1'13 
1 16.07 

+ o 3.10 
o 0 '60 

o 16',j; 
o 25 '13 

+ o 17.5,; 
o 10.80 

0 58.07 
111.18 

+ o 0 . 1 1  

o 1 ' 1 1  

2 8 '23 
2 24'9'  

o 5.62 
o 10.87 

+ 0 12.47 
o 7'26 

o 0'32 
o 1 ' 7 1 .  

6 41 
9 18 

9 57 
7 36 

I 36 
3 4 1  

3 1 3  
o gc 

fi 5 4  
11 24 

18 55 
15 58 
26 8 
28 30 

2 4 

o 34 
1 0  33 
1 2  57 

9 51 
1 1  58 
2 0  .JO 

0 , I ,  

- 11 21 60'64 
58'65 

59'iR 
59'06 

- 18 43 17'13 
13'6.3 
17 '92 
14'98 

- 11 21 56.51 
58'06 

61'95 
59.3-l 

- 18 43 15'61 
13.37 
13'26 
12.6i 

- 11 2 1  56'93 
6.3 .oo 

63'87 
6a ' 24 

- I I  21 56'5.5 
60'76 

60.90 
59 '3l  

- I I  2 1  55'62 
.;b.ob 
65'2; 
60.22 

17'98 
'4 ' 93 

- 11 21 64'13 
61 . l o  

6.3.92 
62.79 

- o 1.44 1 - 18 43 20 .0 ;  

o 0 '09 

0 9 '9;  
o 16'34 

+ o 45.05 
0 32' 1 2  

r ~ g ' . j j  
I 41.66 

+ o 0.54 

o 0.04 
0 14.20 
o 21'03 

+ o 1 2 . 2 0  

o 17.99 
o 52'67 

19'59 
18.84 . 18.24 

- 11 21  67'21 
63'81 

65.86 
64'54 

- 11 2 1  64.26 

64'09 

64 'y3  65';; 

- I I  31 61.57 
61 '64 
64 '56 
~ 8 . 5 7  
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Abstract of Astronoinical Azimutll observed at  X (Ralsibhhnga) 1849-(Contbued). 

2. Bp West,ern Elongation of 6 Ursz Minoris. 

Fnce L R L R L  R L R L H  L R 

Zero 0° lSOD 20' 200' 40' 320' GO0 2-10' 80' 200' 100' 280° 

Date Deceu~bcr 59 Deccmber 30 December 25 December 31 December 27 December 28 

I 1  

Ob.i.rve11 c1i Rerenre 6;.21 56.93 64.26 56.55 72.50 63.54 61.57 55.62 63.0.3 60.64 6 4 . 1 ~  56.31 
of Circle-Ecnrli~~ga, 63'31 63'00 64'09 60'76 63.45 60'62 61.64 56.06 67'78 58'65 61.10 58.04 

Hef. A[.-Star 6.5'86 6.3.87 64'93 60'90 6j.56 65.61 64'56 65.27 i0.02 59'78 63'92 61.95 
reduced to Elongation 64'54 62'24 65'7; 59'32 6;'jo 60'83 58'5; 60.22 64'03 59'06 61'79 59.34 

IIcnns 65'36 61.51 64.76 59.'38 67.30 61.65 61.59 59'29 66.22 59'53 62'99 .58.92 

0 1 1 

31cans of hot11 faces - J I  22 3'44 2.07 ~ ' 9 8  0'44 2.88 0.96 
A z  of Stnr fr.  S., by W. 176 19 22.25 21'94 23'78 21'49 1.3 '01 a2'69 
Az. of lief. N. ,, 164 5; 18.81 1 9 . ~ 7  18'80 21.0; 20'13 21.73 

by Eastern Elongation ... ... .,. 

Astronomical Azimuth of Refei~ing Ifark by TVeste1.n ,, ... ... ... 
Mean ... ... ... 

Angle Referring Mark and IX (Ral6bani) see pngc 43 ... ... .., . . . 
Astronomical Axioiuth of Kalhbani by observatioll ... ... .., ... ... 
Geodetical Azimuth of ,, by calculation from that adopted (701. 11, page 141) a t  

Ilnliiinpur, see page 53 nt~le . . . . ,. . . . ... ... ... 
Astronomical-Geodetical Azimuth at X (Kalsibhinga) *.. a.I ... ... 

June 1879. 
J. B. N. HENNESSEY, 

In e lwgs  of Computing Oflcc. 
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XOTE TO CHART. 

~ Q 1 ~ ~ b e t i c n l  List of Statiolls and Poilzts olllilted in the Chul-t f o ~  zoard of space ott zohiclr to project Ikct~t. 

J. 8. N. HENNESSEY. 

In clrn,ge of Computing Oflcs. 

~nc1;ipiil Trce Fla:. 
Uiilgoina Palm Tree. 
Bii11so1 Trce Flag. 
Btlri3sini s. 
Bliill tsiisld Village. 
B l ~ i l i l ~ n p ~ t ~  . Tree Flag. 
13110r~~l)a1ii ' ,, 
B i n p ~ ~ r  s. 

Yo. Trcc Flag. 
Birliiria ,, 
Bridtll~nkols s. 

Yo. Trec Flag KO. 1. 
Do. do. KO. 2. 

Cl~aipnr Tree Flag. 
Chkntlra ,, 
Chl~aql~aria s. 

Yo. Tree Flag. 
Chl1016dhbn s. 
Chilgora Trce Flag. 

DiingrArn Trec Flag KO. 1. 
Yeulidiinga Tree Flag. 
Undl~pQtia Village. 
Jlinlni s. 

Do. Village. 
Jl~unjhuni Trce Flag. 
Jobn ,, 
Kancl~ia ,, 
1Canltnl)ati , I  

liilibrnbr,z s. 
ICnkurmuri Tree Flag. 
Lepara ,, 
Lol~htiliri s. 

Do. Tree Flag. 
11adll;idinga S. 

MQgnria Tree Flag. 
Rfnl~esl~pur ,, 
AItilik1161 s. 

Do. Village. 

1\IaydlidAnga Villagr.. 
Nu,jrLpbl s. 

Do. Tree Flaq. 
NichintApur 3 9  

l'adilua Is  

PalAshbani 9 8  

Raghunhthpur 9 ,  

Renr6pB1 8. 

Do. Tree Flag. 
SAlpatra 9 8  

Shanka 3 ,  

Shihpur s. 
Do. Tree Flag. 

Sl~yimkishorpur Palm Tree. 
Do. s. 

Simlo Tree Flag. 
Sukll jors, 
Upardrings viiiosc. 







SOUTH PARASNATH AND SOUTH MALUNCHA MERIDIONAL SERIES. 

ADDENDUN TO DESCRIPTION OF STATIONS. 

NOTE.-Consequent on modern alterations of district and other boundaries, the sites occupied by the stations are in aome 
instances now included in civil divisions of territory which differ from the district, pargana, or village, recorded in the descriptions 
of stations, given on pages 3 to 6 and 35 to 37 : a complete list of all the primary stations of the two series incladil~g a suitably 
modified statement of the altered sub-divisions in question is accordingly given in the following table, and is derived chiefly from 
the annual reports, up to 1884,, made by the Civil Officials to whose care the stations have been committed. The statement also 
gives additional information as to position and condition of certain of the stations ; where no entry regarding preseut condition 
is made against a station it is to be assumed that when last reported on by the district Official it was in good order. 

The spelling of names is in accordance with that given in the lists of more important places in Bengal published by the 
Govemmcnt of India in June 1876. 

SOUTH PBRASNBTH MERIDIONAL SERIES. 

* Of tho Cnlrutts Longitr~dinal Sorios. 
NOTE.-P, shuda for porgano, Th6. for Lh6ns, ond K. for killah. 

No. 
of Station 

LVIII* 

LXI* 

I 

11 

I11 

I V  

V 

V I  

V I I  

V I I I  

1X 

X 

name 

Bulbul 

Tilabani 

. . . 

. . . 

... 

. , . 
Lodhashol Pahfir 

, . .  

Sidasir Pahirr 

Bkghmuri Palikr 

Satbakhra Pah6r 

Badam PahSr 

District 

Lohardugga 
(Lohlrdlga) 

Manbhoom 
(Mknbhdm) 

1) 

1)  

11 

11 

Singl~bhoom 
(Singl~bhdm) 

Manbhoom 

Singhbhoom 

II 

II 

Balasore 
(BQleshwar) 

Remarks 
on the Condition of 

the Station 

Reported in 1884. "Tl~e  pillar 
is out of repair." 

Reported in 1875. " Greatly da- 
maged." 

Reported in 1878. " Greatly in- 
jured." 

Pargana, &c. 

P. Palamow (Paldmu), TIIA. 
Daltouganj 

P. Ludurlta, T116. Pumlia 

P. Mdlltn, T11k. BQghmundi 

P. and Tllfi. Barlbabl~lim 

P. Barkhablrlim, Thi. Mkn- 
bazar 

P. and ThS. BardhabhGm 

P. Dhalbhdm, Th&. Kaikapur 

P. and Th6. Barkhabhlim 

P. DLalbhlim, Thk. Kkliknpur 

P. DLalbhlim, Thk. Ghdtsila 

I I  II 

K. Mayurbhanja, Zillah Kai- 
sari 

Village in which 
the Station 

lies 

Chaiupur 

Tilabani 

Doasaka 

Buudi 

. . . 

Bundi 

Bfilikapur 

Jabuagarh 

Kdlikapur 

Bighmuri 

Kklikapur 

Badam Pallkr 



SOUTH PARdSNATR NERIDIONAL SERIES. 

SOUTI-I MALONCHA MERIDIONAL SERIES. 

No. 
of Station 

X I  

XI1  

XI11 

XXIII* 

X XIV* 

XXV* 

XXVI* 

... 
Ambjhnri 

Bkligarl~ 

-. .. . 

L S l t  

L X V t  

I 

11 

I11 

1V 

V 

\'I 

Y I I  

V l l I  

1X 

X 

l'nrgnnn, kc. 

K. hfnyurbhnnja 

II 

K. Mayurbhn~~ja,  Zillah 
Khuuta Karltnchia 

K. Mapurbhanja, Zillah 
Khunta Knrkachia 

K. Nilgi1-i 

K. Mayurbl~anjn, Zillah 
Porbdihn 

K. Nilgiri 

District 

Ilnlasore 

II 

I I  

Tilnbnui 

Shushunia 

. . . 

. . . 
Jura  

... 
Etnlia 

Dhkusola 

Bilijori 

Kukurmuri 

Kal Abari 

Kalshibhirnga 

Tilabani 

Shlrshuuia 

... 

... 
Jura  

. . . 
Etalia 

Dbinsola 

Bkli jori 

Kukulmuri 

Kalirbari 

KalahibhCnga 

Reported in 1884. "The pillar 
is out of repair." 

Reported in 1884. ' I  Partly broken 
dom~~." 

Reported in 1875. " Greatly ill- 
jured." 

1 Reportcd in 1883. "Partly fallen 
don~l." 

J 

Reported in 1870. " In  a totally 
ruined state." 

II  11 

Village in which 
the Stntion 

lies 

. . . 

. . . 
Dklignrh orMu- 

r i r i  

. . . 

Nilgiri 

Mcghiisa~~i 

Guds~~h i  

Kimbhiria 1 I I  

Sunichot 1 

Remarks 
on the Condition of 

the Station 

Reported in 1871. "Present 
height of the pillar is 5 feet." 

hfeghksan 

Boulpfil 

Manblroorn 

Bnnkoora 
(Hiinkurn) 

Bankooro 

#I 

I)  

J I  

Rlidnapore 
(AIedinipur) 

II 

II 

II 

I I  

I) 

Afnywbhnuja 

II 

P. Ludnrlta, Th6. Parulia 

P. CIihAtna, Tl~ii. Bankoora 

P. Supur 

P. aud Thd. Riiipur 

P. Rkipnr, Thi.  Khatra 

P, ant1 Tllb. Reipur 

P. Silda, Thk. Binpur 

I P. Rsrngar, Thk. Rinpur 

P. Jambani, ThA. Jhargrbm 

P. Bahkdurpur, Thk, Mid- 
napore 

P. nnd TIIC. Jl~argrkrn 

)I 



ADDENDUM TO DESCRIPTION OF STATIONS. 60 

* Of the Enst Coost Sorics. 
NOTE-P. stands fur porgnna null Tlib. for thlua. 

Jnit2cnry, 1885. 
W. H. COLE. 

In charge of Conputing OJce. 

No. 
Statioll District 

3lid11apore 

)) 

)) 

)) 

91 

Local name Pargalla, &c. 

P. and ThB. Rlidnnpore 

P. Nayagrlm, ThB. Gopi- 
ballabhpur 

P. and Th6. NBrilyangarli 

P, and Thl. Dbntan 

P. and Thb. Gopiballabl~pur 

XI 1 Gop 

XI1 

XI11 

XVI* 

XVII* 

Village in which 
the Station 

lies 

G ~ P  

Chaudbela 

BAnsgaria 

Near BidyB- 
dhari tank 111 

Sarai bazar 

SBtpatia 

Chandbelo 

BBnsgaria 

Bidyidl~ari 

SBtpatia 

Remarks 
on the Conditiou of 

the Station 
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List of Pzcblished TPorks of the Great Trigononaelricnl Sw.v~y of India. 

An Account of tlle Measurement of an Arc of the meridian between the parallels of 18" 3' 
and 24v7 ' ,  being a continuation of tlic Grand Meridional Arc of India as 
detailcd by the late Lieutenant-Colonel Lambton in tlie Volurncs of tlie 
Asiatic Society of Calcutta. By Captain George Everest, of the Beugal Artillery, 
F.R.S., &c. London, 1830. 

An Account of thc nfcasurement of two Sections of the Meridional Arc of India, bounded by 
tllc parallels of 18" 3' 6" ; 24" 7' 11" ; and 29" 30' 18". By Lieutenant-Colonel 
Everest, P.R.S., &c.,late Surveyor General of Illdia, and his Assistants. London, 1647. 

Account of the Operations of the Great Trigonometrical Survey of India. 

Volume I. The Standards of Measure and the Base-Lines, also an Introductory Account 
of the early Operations of the Survey, during the period of 1600-1830. 
13y Colonel J. T. Wallcer, R.E., l'.R.S., &c., &c., Superiutcndent of the Survey. 
Dclira Dlin, 1670. 

DO. 11. History and General Description of the Principal Triangulation and of its 
Reduction. By Colonel J. T. Walker, C.B,  lt.E., P.R.S., kc., &c., Su~veyor General 
of India and Superintendent of the Survey, and his Assistants. Dehra Dlin, 1879. 

Do. 111. The Principal Triangulation, thc Base-Line Figures, the Karhchi Longitu- 
dinal, N.W. Himalaya, and the Great Indus Series of tlie North-llTest Qua- 
drilatcral. By Colonel J. T. Tlralkcr, R.E., F.R.S., &c., &c., Superintendent of the 
Survey, and his Assistants. Dehra Dlin, 1873. 

Do. IV. The Principal Triangulation, the Great Arc (Section 24°-30"),Rnlibn, Gurhdgarh 
and Jogi-Tila Meridional Series, ant1 the Sntlcj Series of the North-West 
Quadrilateral. By Colonel J. T. Wallter, R.E., P.R.S., tc . ,  &c., Soperiutendent 
of the Survey, and his Assistants. Delira Dhn, 1876. 

Do. V. Details of t l ~ c  Pendulum Operations by Captain J. P. Basevi, R.E., and 
W. J. Hcaviside, R.E., and of their Reduction. Prepared under the directions 
of Major-Gencrnl J. T. Walker, C.B., RE . ,  F.R.S., &c., k c ,  Surveyor General of 
India and Superintendent of tllc Trigouomctrical Survey. Dehra D h  and Calcutta, 
1879. 

Do. VI. The Principal Triangulation of tlie South-East Quadrilateral including the 
Great Arc-Scction 18" to 2.k0, the East Coast Scries, the Calcutta and the 
Bider Longitudinal Scries, the Jabnlpur and the Bilhspur lferidional Series, 
and the Details of their Simultaneous Itcduction. Prepared under the direc- 
tions of Major-Genernl J. T. Walker, C.B., R E . ,  F.R.S., kc., k c . ,  Surveyor General 
of India and Superintendent of the Trigonometricnl Survey. Dehra Dhn, 1680. 



List of Published Vorks of the Oreat Trigotzometl.ica1 Survey of India--(Covati~azied). 

Account of tho Operations of the Great Trigonometrical Survey of India-(Contilznced). 

Volume VII. General Description of the Principal Triangulation of the North-East Quadrila- 
teral including the Simultaneous Reduction and the Details of Five of the 
Component Series, the North-East Longitudinal, the Budhon Meridional, 
the Rangir hleridional, the Amua Meridional, and the Karka  Meridional. 
Prepnred under the directions of Lie~~tenant-General J. T. Wallcer, C.I3., R.E., F.R.S., 
&c., kc., Surveyor Geueral of India and Superilltendent of the Trigonometrical Survey. 
Dehra Dfin, 1882. 

Do. VIII .  Details of the Principal Triangulation of Eleven of the Component Series 
of thc North-East Quadrilateral, including the follon4ng Series; the Gur- 
mini Mericlional, the Gora SIeridional, thc Huriliong Meridional, tlle 
Chendwhr Mcridional, the North Parasnhth Meridional, the North Mallin- 
cha Meridional, the Calcutta Meridiond, the East Calcutta Longit~~dinal, 
the Brahmaputra Meridional, the Eastern Frontier-Section 23" to 26", and 
the Assam Longitudinal. Prepared under the directions of Lieut.-General J. T. 
Walker, C.B., R.E., F.R.S., &c., kc., Surveyor General of India and Superintendent 
of the Trigonometrical Survey. Dehra Dhn, 1882. 

Do. IX. Electro-Telegraphic Longitude Operations execuled during the years 1875-77 
and 1880-81, by Lieut.-Colonel W. M. Campbell, R.E., and Major W. J. 
Heaviside, R.E. Prepared under the directions of Lieut.-General J. 1'. U'i~lker, C.B., 
R.E., F.R.S., &c., &c., Surveyor General of Iudia and Superintendel~t of the Trigono- 
metrical Survey. Dehra Dhn, 1883. 

Synopses of the Results of the Great Trigonometrical Survey of India, comprising 
Descriptions, Co-ordinates, &c., of the Principal and Secondary Statious and other Fixed 
Points, of the Several Series of Triangles, as follows ;- 

Volume I. The Great Indus Series, or Series D of the North-West Quadrilateral. BY 
Colonel J. T. Walker, R.E., F.IL.S., &c., &c., Superinteudent of the Survey, and his 
Assistants. Debra D h ,  1874. 

Do. 11. The Great Arc-Section 24O to 30°, or Series A of the North-West Quadrilateral. 
By Colo~~el  J. T. Walker, R.E., F.R.S., &c., &c., Superintender~t of the Survey, nnd Ilia 
Assistants. Dellra Dlin, 1874. 

Do. 111. The Karachi Longitudinal Series, or Series B of the North-West Qnadrilateral. 
By Colonel J .  T. Walker, R.E., P.R.S., &c., &c., Superintendent of the Survey, a ~ ~ d  his 
Assistauts. Dehra l)fin, 1874. 

Do. IV. The Gurhhgarh Meridional Series, or Series F of the Nortli-West Quadrilatcl.al. 
By Colonel J. T. Walker, R.E.,'F.H-.S., &c., &c., Superintendent of the Survey, and his 
Assistants. Dehra Dfin, 1875. 

Do. V. The Rahfin Mcridional Series, or Series E of the North-West Quadriletcral. 
By Colonel J. T. Walker, R.E., F.R.S., &c., &c., Superintendent of the Survey, and his 
Assistants. Debra Dfin, 1875. 

Do. VI. The Jogi-Tila Meridional Series, or Series G, and the Sutlej Series, or Series JT of 
the Nortli-West Quadrilateral. By Colorlel J. T. Walker, R E . ,  F.R.S., kc., kc., 
Superinteudent of the Survcy, and his Assistante. Dellra Dfin, 1875. 

Do. VII. The North-West Himalaya Series, or Series Cof the North-West Quadrilateral, 
nntl the'l'riangulation of the Kashmir Survey. By Major-Ge~ieral J. T. Walken 
C.11., R.E., F.IL.S., kc . ,  &c., Surveyor General of Indiaand Superinteudeut of the Survey, 
and bin Aesistants. Dehra Dhn, 1879. 



Zist of Published Wo?.ke of the Cfrent Trigonometrical Survey of India-(Continued). 

Synopses of the Results of the G. T. Survey of India, &c.-(Continued). 

Volume VIII .  

Do. IX. 

Do. X. 

Do. XI. 

Do. XII .  

Do. XII I .  

Do. XIV. 

Do. XV. 

Do. XVI. 

Do. XVII. 

Do. XVIII. 

Do. XIX. 

Do. XX. 

Do. XXI. 

The Great Arc-Section 18" to 2 4 O ,  or Series A of thc Soutll-East Qnadrilateral. 
By Colonel J. T. Walker, C.B., R.E., F.R.S., &c., &c., Superintendent of the Survey, 
and his Assistants. Dehra Dhn, 1878. 

The Jabdpur Meridional Series, or Series E of the South-East Quadrilateral. 
By Colonel J. 1'. Walker, C.B., R.E., F.R.S., &c., &c., Surveyor General of India and 
Supcrintcndent of the Survey, and his Assistants. Dehra Dlin, 1878. 

The Bider Longitudinal Series, or Series D of the South-East Quadrilateral. 
By Major-General J. T. Walker, C.B., R.E., F.R.S., &c., &c., Surveyor Gcneral of 
India and Superintendent of the Survey, and his Assistants. Dehra D h ,  1880. 

The Bilispur Meridional Series, or Series F of the South-East Quadrilateral. 
By Major-Ge~~eral J. T. Walker, C.B., R.E., F.R.S., &c., &c., Surveyor General of 
India aud Superintendent of the Survey, and his Assistants. Dehra Ddn, 1880. 

The Calcutta Longitudinal Series, or Series B of the South-East Quadrilateral. 
By Major-General J. T. Walker, C.B., R.E., F.R.S., &c., kc., Surveyor General of 
India and Superintendent of the Survey, and his Assistants. Dehra D h ,  1880. 

The East Coast Series, or Serics Cof the South-East Quadrilateral. By Major- 
Gcneral J. T. Walkcr, C.B., R.E., F.R.S., &c., &c., Surveyor General of India and 
Superiutendent of the Survey, and his Assistants. Del~ra Dhn, 1880. 

The Budhon Meridional Series, or Series J of the North-East Quadrilateral. 
By Lieutenaut-General J. 1'. Walker, C.B., B.E., F.R.S., &c., &c., Surveyor General 
of India and Superintendent of the Survey, and his Assistants. Dehra Dlin, 1883. 

The Rangir Meridional Series, or Series K of t,he North-East Quadrilateral. 
By Lieutenant-Genera1 J. T. Walker, C.B., R.E., F.R.S., &c., &c., Surveyor General 
of India and Superintendent of the Survey, and his Assistants. Dehrn Dlin, 1883. 

The Amua Meridional Scries, or Series L, and the RarBra Meridional Series, 
or Series 211 of the North-East Quadrilateral. By Lieutenant-General J. T. 
Walker, C.B., R.E., P.R.S., &c., kc., Survcyor General of India and Superiutendent 
of the Survey, and his Assistants. Dehra Dhn, 1883. 

The GurmBni lleridional Series, or Series N, and the Gora Meridional Series, 
or Series 0 of the North-East Quadrilateral. By Lieutenant-General J. T. 
Walkcr, C.B., R.B., F.R.S., &c., &c., Surveyor General of India and Superintendent 
of t l ~ e  Survey, and his Assistants. Dellra Dhn, 1683. 

Thc RurUong Meridional Serics, or Scries P, and the ChendmLr Meridional 
Series, or Series Q of the Nortll-East Quadrilateral. By Lieutenant-General 
J. T. Walker, C.B., 11.E., F.R.S., kc., kc., S~~rveyor  General of India and Superin- 
tcndcnt of the Survey, and his Assistnuts. Dehra Dhn, 1883. 

The North Phrasn6th Meridional Series, or Series R, and the North Maldncha 
Meridional Series, or Scries S of the North-East Quadrilateral. Prcpared 
by J. B. N.  Ilcnnesscy, Esq., M.A., F.R.S., kc., &c., Offg. Dcpaty Survcyor Gcneral, 
in charge of Trigonometrical Surreys, nnd his Assistants, aud publibhed under the 
orders of Colo~lcl G. C. DePrGe, S.C., Offg. Surveyor General of India. Dehra 
Dlin, 1883. 

The Calcutta lfcridiond Series, or Series T, and the Bral~maputra Meridional 
Scrics, or Scrics P of the North-East Quadrilat,eral. Prepared by J. B. N. 
Hcnnesscy, ICsq., M.A., P.R.S., &c., &c., OFg. 1)rputy Survcror General, ill charge of 
Trigonoructricnl Survcys, and his Assistants, and prlblisllcd uutler the ortlcrs of Colouel 
G. C. DcI'rdc, S.C., Offg. Surveyor Geueral of India. Del~ra Dun, 1683. 

The East Calcutta Longitudinal Series, or Series U, and t l ~ e  Eastern Frontier 
Series-Section 23" to 26", or Series 7P of t,he Nortli-East Quadrilateral. 
Prepared by J. R.  N. IIennessey, Esq., M.A., F.R.S., kc., kc., OFg. Deputy Surveyor 
General, in chnrge of Trigonometrical Surveys, a l~d  his Assista~~ts, and pnl~lislled 
nndcr the orders of Colollel G. C. DePrde, S.C., Offg. Surveyor General of India. 
Duhra Dlin, 1883. 
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