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PREFACHE.

The South Pirasnith and the South Malincha Meridional Series, of which the details are given in this
volume, form two of the internal chains of the South-Bast Quadrilateral, or that section of the triangulation of
India which is embraced between the parallels of 18° and 24°, and between the meridian of 78° and the East Coast.
But as they were executed in the early days of the Survey, with inferior instruments and in a style not at nll compar-
able with that of the other triangulation of the same Quadrilateral, which, in regard to the character of the instruments
employed and in the refinements and rigour adopted in execution, stands second to none in India, it was decided to
exclude them from the Simultaneous Reduction of the Quadrilateral but after that had been effected, to bring them
into accordance with it.

The same reasons which led to their exclusion from the Simultaneous Reduction of the South-East
Quadrilateral have caused it to be decided that they should be removed from the class of Principal Triangulation,
and that all the details connected with their final reduction together with the data of the secondary triangulation
should be included in one volumne, which should be classed as one of the series of Synoptical Volumes. This will
explain why the present volume differs from others of the same class. A list of these volumes of which this is
the twenty-second in order of publication, but is numbered XIII A for the purpose of connecting it with the
other Synoptical Volumes of the South-East Quadrilateral, will be found at the end of this volume.

The South Pirasnith and the South Malincha Mervidional Series form two connecting chains between the
Calcutta Longitudinal Series and the East-Coast Series. When therefore the latter were finally reduced, the sides of
emanation and termination of the former became fixed in length and position; and as they were otherwise entirely
independent of one another, their final reduction was in each case a separate operation, which resolved itself into
adjusting each series between its initial and terminal sides as they were determined by the final reduction of the
South-East Quadrilateral. This has been effected by the method of minimum squares as described in Part I of this
volume.

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

Part 1.

. Chapter-I gives a general nccount of the triangulation of the South Pirasnith and the South Maltncha
Meridionat Series, indicates the dependency on the trinngulation of the South-East Quadrilateral of each for its
fixed data, and describes the structure of the Primary Stations, so far as known.

) Chapter IT describes the procedure followed in the mensurement of the horizontal angles : it quotes the
mathematical (ormul®, employed in the reduction of the trinngulation, from Volume II of the Account of the Opera-
tio.ns &c., where they are demonstrated : it shews how the final adjustment of the trigonometrical determinations of
height was performed ; and finally it indicates the general principles of the simultaneous reduction of each Series.

Chapter ITI gives full details of the separate reductions as follows ;—
First. A brief statement of the manner in which the details of the final reductions are exhibited.

Seri Second. A statemont of the iudependent partial reductions antecedent to the final reduction of each
es.
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Third. A description of the Reduction Charts which are given at the end of the volume.

Fourth. A general outline of the formation of the several Lincar and Geodetic Equations of Condition—
4 for cach Series—which had to be satisfied, in order to produce the requisite consistency in the triangulation per se,
aud between it and the fixed elements on which it depended.

Fifth. ‘The method of constructing the co-eflicients of the Unknown Quantities in the Equations of
Condition, shewing the general notation which was adopted for expressing the values of these co-eficients, and specify-
ing every exception to the general form.

Sixth. A synoptical exhibition of the several Equations of Condition, shewing at a glance the triangles
of which the angular errors enter as Unknown Quantities into each of the 4 equations appertaining to either Series.

Seventh. The numerical values of the Fixed Data on which the reductions are based.

Eighth. The values of the Sides and Angles of the so-called Circuit Triangles, as they stood before the
Final Reduction of each Series.

Ninth. The Latitudes, Longitudes and Azimuths of the Stations on the right hand flank of the Cir-
cuit Triangles as they stood before the Final Reduction of each Series.

Tenth. The numerical values of the Absolute Terms in the linear and geodetic equations of condition.

Eleventh. The numerical values of the ps and ¢s, the geodetic summations—exhibited in the table on
page [19]—rwhich are required in forming the co-eflicients of the Unknown Quantities (the angular errors) in the
geodetic equations of condition.

Twelfth. The vumerical values of the Co-eflicients, b and ¢, of the Unknown Quantities, in the several
linenr and geodetic equations of condition.

Thirteenth. The Co-efficients, 13 and @, of the Indeterminate Factors, in the equations in which the
values of the angular errors are expressed in terms of those factors.

Fourteentk. The equations between the Indeterminate Factors, shewing each significant co-efficient and
absolute terin as it stood, first on the formation of the equations, and secondly after the successive eliminations
of individual factors; finally, the numerical values of the Factors are given,

Fifteenth. The values of the Errors, z, y and 2, of the angles of each triangle, resulting from each
Tinnl Reduction.

Sixteentk. Tho emall Arbitrary Corrections to some of the values of the angular errors, necessitated by the
Residunl Errors occasioned by reducing the calculated values of the angular errors from 4 places of decimals to 2
places, as employed in the angular and geodetic ealculations.

Seventeenth. The Finnl Results of ench Reduction shewing the residual errors still remnining unadjusted.

Chapter IV gives the details of the reduction of the Non-circuit Triangles, viz., the triangles excluded
from the Simultancous Reduction, which was needed for the final adjustinents of their angles, to satisfy the
geowetrical conditions of the polygonal figures to which they appertain.

Part II.

Thie portion of the volume gives the full details, grouped separately, of the two chains of triangles.
The following is a summary of the information aund date of each Series, to which are ndded a few
explanatory remarks where necessary :—
1. Introduction,
2. Alphabetically arranged List of Primary Stations,
3. Numerically arranged List of Primary Stations,
4. Description of Primary Stations,
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Observations of the Horizontal Angles,

Reduction of the Polygonal Figures,

The Final Values of the Sides and Angles of tho Primary Triangles,

The Final Values of the Sider and Angles of the Secondary Triangles,

The Azimuths of Surrounding Stations and Points at Primary, Primary-Ausxiliary,
nnd Secondary Stations,

10. The trigonometrically determined Differences of Height of the Primary Stations,

and the Absolute llcight of each station above the Mean Sea Level,

11. The Co-ordinates and Descriptions of all Stations and Points,

12. Astronomical Observations for Azimuth and their Reduction,

13. Addendum to Description of Primary Stations.

eI Oom

1. The Introduction gives o historical sketch of the progress of the whole of the operations in the
field,—both Primary nnd Sccondary—from year to year, mentions the Officers by whom they were conducted, and the
theodolites with which the primary angles were measured, and indicates, when the information is forthcoming, the
work done by each of the Assistants. It has been found convenient to give tho Introductions to both Series atthe
commencement of Part II.

2and 3. It has been found convenient to indicate the Primary Stations by a system of numerals, as well
us by their names. Consequently, at the commencement of the details of each Series two lists are given, in the first
of which the siations are arranged alphabetically with the numbers opposite the names, in the second numerically with
the names opposite the numbers. Roman numerals have been adopted throughout for the nomenclature of the
stations which is progressive in the order from north to south, the first number for each Series being unity.

4 needs no remark.

5. In the pages which are allotted to the observations of the horizontal angles, the observer, the instru-
ment, and the month and year in which the observations were talken are specified at the head of the observations
ot each station.

In the details of the measures of the angles the reading is given to which the azimuth circle was sot at
the commencement of the observations and after each change of zero. For nn esplanation of the principles by which
the changes of zero have been governed, reference should be made to Scction 1 of Chapter II of Part I. Below the
zero settings are recorded the means of tho measures on each zero, with a small number below each indicating the
number of measures of which it is the mean. Following the several zcro means is the general mean of each angle.

6. The Reductions of the Polygonal Tigures give the details for each group of angles forming an In-
dependent Trigonometrical I'iguve, of which the reduction is explained in Section 2 of Chapter I1I of Part I.

Dingrams of the Figures are given in the Plates, in which the small numerals within each of the observed
angles correspond to the subseripts of the geueral symbol, =, which is employed to indicate the error of any angle,
the numerical subscript denoting the angle.

7. Tabular statement of the Primary Triangles. The two first columns of this table give the number
adopted for each triangle to designate its place in the Scries ; this number is entored in the first column if the
trinngle appertains to the chain of single triangles forming the circuit whose closing errors are eliminated by the
Simultancous Reduction ; it is entered in the sccond column for the non-circuit trinngles. The triangles which
enter the circuit are shown in the Reduction Chart (at the end of this volume) in firm lines, with their dis-
tinguishing numbers written in tho centre; those which do not enter the circuit are shown in dotted lines, and their
numbers are indicated by numerals of a smaller #ize than the formor, commencing with 13 in the South Pirasnith
Series and 15 in the South Malinchn Series, 12 and 14 being respectively the number of the Jast of the circuit
triangles. The columns in the table which coutain the corrections to the observed angles give, first the correction
for the error of the angle, with reference wmerely to the triangle or polygonal figure to which it belongs, us
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obtained from the primary reduction; and secondly the further correction which has to be applied either for the
apportionment of circuit error, should the angle appertain to the circuit, or for the restoration of consistency
inthe polygonal figure after the application of the circuit errors, should it appertain to a non-circnit triangle.
Finally, the corrected plane angles and the lengths of the sides are given, ny computed by the rules of Plane
Trigonometry, in accordance with Legendre’s theorem; see Section 8 of Chapter II, Part I.

8 and 9 need no explanation.

10. The Determinations of the Differences of Ieight of the several Primary Stations have been deduced
from the measurements of the vertical angles, as explained in Section 5 of Chapter 11, Part I. In the abstract are
given the mean of the mensures of ench vertical angle, the calculated refraction in each angle and the co-efficient of
refraction, the hours of observation, the heights of the signal and of the observer’s telescope above the summits
of the stations, the differences of height of the said summits, and the absolute height above menn sea level.

1t may be here stated that all trigonometrically determined heights invariably refer to the upper surfaces
of the central masonry pillars at the stations.

11 needs no explanation.

12, The detnils and reduction of the Astronomical Observations for Azimuth. Nosuch observations were
taken on the South Paraenith Meridional Series and they were taken only at two stations on the South Malducha
Meridional Series, viz., at Tilabani and Kalsibhanga: the results of the latter are given in this volume, while those
of the former have been included with similar observations on the Caleutta Longitudinal Series of the South-East
Quedrilateral and published at page 211, of Volume VI of the dccount of the Uperations §c. 1he observations
and the method of reducing them are fully described in Chapter X1I of Volume II. For reasons which are
explained in the first section of that Chapter, the results of circum-polar azimuth observations have not been used in
the general reduction of the triavgulation, further than to give a wore exact mean velue of the fundamental astrono-
mical nzimuth (at Kalidnpur), than the one obtained by the observations on the spot. At the end of the detnils of
the determination of the azimuth, the ditference between the observed value and the value obtained by calculation
through the triangulation fromn the fundamental azimuth is given. Such differences may be of much value iu future
investigations of the figure of the earth and 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 Survey is the Indian Standard 10-foot Bar A, the relations
between which and the principal European Standards of Length are given at page 26 of Volume I of the Adccount
of the Operations de.

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

The Longitudes depend on an astronomically determined value of the Longitude of the Madras Obser-
vatory, East of the Royal Observatory at Greenwich, which was deduced about the year 1815. The Longitude
of the Madras Observatory has however been recently re-determined, by the Electro-Telegraphic method, by
observations which were made at Greenwich, Mokattam (in Egypt), Suez, Aden, Bombay and certain stations of
the triapgulation in India, and with the following preliminary results ;

L m
Longitude of Mokattam 2 5 6320 Enst of Greenwich) Supplied by Sir G. Airy, from observations taken
Increase for Suez o 5 6917 " in connection with Transit of Venus in 1874.
,, Aden 656
; Bombay ? ;? :;,933 ” By the operations of this Survey; see the
”
) Madras 0 29 43 540 ; Annual Report for 1876-77.

Longitude of Madras ... 5 20 597416 »
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This value of the Longitude of Madras is equivalent to 80° 14' 51”; and as the originally adopted value,
on which the longitudes of the wholo of the stations of this Survey arc based, is 80° 17’ 21"—see page 135 of
Volume IT of the dccount of the Operations &e.—the following note may be accepted with considerable con-
fidence ;—

All the Longitudes require a constant correction, probably of — 2' 30"

The Orthography of Indian names in the present volume is in strict agreement with the Gazetted List
for Bengal—published under the immediate orders of the Government of India, under date the 29th Blay 1876—
wherever the locality has been identified, and conforms o the spirit of the orders of Government on the subject,
a8 worked out in this and other provincial lists, where therc is no clear literal authority. As a gencral rule the
pronunciations of the vowels are as follows :—a has a sound as in woman, rural; ¢ as in tertan; ¢ 2s in bit; 7 as in
ravine; % as in bull; % as in rural; o as in note; ¢ as @ in say; aw as ou in cloud; @i asiin ride. When the
popular spelling of o name has been accepted by Government, its correct transliteration is given in parenthesis

where the name occurs for the first time,

The four charts that accompany this volume are ;—a Reduction Chart and a General Chart of each of the
two Series: of the former a description will be found in Sec. 3, Chap. III, Part I; the general charts exhibit
the whole of the primary stations and triangulation, the positions of all the secondary points, and those portions of
the secondary triangulations of which full details of the angles, sides and azimuths are given. With the aid of the
charts it is hoped that little dificulty will be met with in finding out any of the data required. The descriptions of
the secondary stations are in some cases not as full and clear as is to be desired : this arises from the inadequacy
of the information entered on the spot by the Surveyors in their field books; every effort has been made to
supplement the field books whenever it was found practicable to do so, in order to facilitate the future identification
of the stations; all the information which is forthcoming has now been given.

It now only remains for me to notify the acknowledgments due to those by whose labours this volume
has been prepared and is now issued.

The introductory chapters forming Part I were the work of Mr. W. H. Cole, 3.4., Deputy Superinten-
dont, who in February 1883 succeeded Mr. Hennessey in charge of the Computing Office and has therefore generally
directed the compilation of the volume. The Introductions to both Series were written by Mr. C. Wood. The
reduction of the South Pdrasnith Meridional Series was cffected chiefly with the aid of Baboos Gunga Pershad
and Madu Narayan and that of the South Malincha Meridional Series with the aid of Baboos Kaly Coomar and
Shoshee Bhiooshan. The volume like its predecessors has been printed at the Trigonometrical Branch Office at
Dehra, Mr. Peychers and Baboo Gunga Pershad having rendered valuable servico in the examination of the press
proofs generally, and Mr. Peychers more particularly in regard to the numerical and mathematical details which
Tequire the utmost care in examination and correction to ensure absolute accuracy, and in this respect his experience
and assistance have been most valuable,

Denra Duvw, } C. T. HAI@, CoroxNer, R.E,
July, 1885, Offy. Deputy Swrveyor General,

In charge Trigonometrical Branch, Survey of India.
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ADDENDUM.

PagE [20] after parn. 1 of Section 10, insert Since the weights of the angles are all taken ns equal, the minimum
which governs the solution of tho foregoing equations will, when # has been eliminated from it,
becomo

U={n+al+s’+2°) + o .+ {(+ 2P+ + 27}

CORRIGENDUM.

PaoE [33) lost line of Section 10, Symbolical Errors, for B, ,E and 5 respectively rcad ,E, .Eand E.

REFERENCES.

Tho abbreviations employed in the text are as follows :—
h.s. denotes hill station (sccondary)
8. »  station
t.s. »  tower station ,,

These nbbreviations arc only placed after the name of the stations where o theodolite has been set up and observa-
tions taken to surrounding points.

»

The latitudes and longitudes of all points shown on the general chart of each series at the end of the volume
which exhibite both Primary and Secondary Triangulation will be found in the text. The latter exhibits numerical
values of trinngles only to points of a superior class, to which alone, if exhibited on the charts, lines are drawn;
the lines are eithier continuous throughout, or dotted for half the length and continuous for the other half : tho dots
indicnte that the bearing was not observed and in such cases numerical values of nzimuths are not given. TFor other
points, difficult to identify or of comparatively less nceuracy, numerical valuos of triangles or azimuths aro not given.

W. H. COLE,
July, 1885. In charge of Computing Qffice.



SOUTH PARASNATH MERIDIONAL SERIES

AND

SOUTH MALUNCHA MERIDIONAL SERIES.

ERRATUM IN SYNOPTICAL VOLUME VL
Page 59— 1st Column.
Noyle.—The large dome in Multin Fort has been erroncously
named Bhiwal Jlak’s tomb, whereas it should have been called Shah
Rukhn-ul-alam’s tomh.  The lollowing description is intended to be

cut out and pasted over that given e the Volume.

Multin Tort,
(Multdny  Large dowme of Shali Rukhn-ul-
alam’s tomb in furt.
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ADDENDUM.

PaaE [20] after parn. 1 of Section 10, insert Since the weights of the angles aro all taken as equal, the minimum
which governs the solution of the foregoing equations will, when # has been eliminated from it,
become

U={m+af+n'+27} + . . .+ {0 +2) +9° +47}

CORRIGENDUM.

PaaE [33] last lino of Section 10, Symbolical Errors, for E, ,E aund 3+ respectivoly vead B, ,Eoand ,E.

REFERENCES.

Tlhic abbreviations employed in the text arc as follows : —
h.s. denotes hill station (secondary)
8. ,»  station

P

tamran chntinn
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SOUTH PARASNATH (PARESHNATH) MERIDIONAL SERIES.

INTRODUCTION.

On the approaching completion of the Calcutta Longitudinal Series as originally
executed between the years 1825-32, 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, firstly, to connect some isolated surveys 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 discussing all the preliminaries for giving effect to the wishes of the Hon’ble Court, and
making all the arrangements requisite for the undertaking, determined to begin operations
with the South Parasnith Meridional Series, in preference to any of the other series, in order
that through it the stations of a minor triangulation in Cuttack (Katak) and Midnapore
(Medinfpur)—which had been executed some years previously by Lieutenant Buxton of the
Bengal Engineers, and from its detached character had hitherto remained unavailable—
might be connected with the Great Trigonometrical Survey.

The South Pirasndth Meridional Series emanates from the side Chainpur to Tilabani
(rvrr-1xI) of the Calcutta Longitudinal Series, and extends over a meridional distance of a
little over 2° or 140 miles: the northern half lies in the Manbhoom (M4nbhtm) and
Singhbhoom (Singhbtim) districts of the Chota Nagpore (Chhota Nagpur) Division, and the
southern half in the wild and mountainous district which constitutes the tract known as the
Tributary Maldls in Orissa (Uresa). The stations are without exception located on hills:
as the view 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 the 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 advance of the field work was seriously retarded : in the reduction of these figures,
however, the redundant rays have been thrown out, and the computation has been confined
to two semi-independent sets of primary triangles which have three 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 1835, 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 Secondary, that it 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 (é.e. lamps and heliotropes) ; and the system of observation
for the horizontal angles was two measures on each of twelve zeros. The vertical angles
are by no means satisfactory, having been taken at all hours of the day without the essential
condition in such cases that the observations at the two ends of a ray should be taken at 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 it could be by information gathered from the records of the Ganjam (Ganjim)
Topographical Survey, which connected some of the stations, and from the best existing
maps of the country.

The operations were originally entrusted to Lieutenant Western who with the as-
s 185132 to 1633 sistants marginally noted, and a native establishment
momrns;”t’“sa 34 consisting of 1 havilddr, 1 ndik, 12 barkanddzes, and 32
Licut. J. B. Western, Bengal Engineers, 2ud Asst, 1agmnen and carriers, left Calcutta on 1st February 1832,
immediately after the completion of the Calcutta base-

At first. .
Mr. Murray Torrick, lst Class Sub- Assistant, %me. Up tp tpe end of March, the party was engaged
» E.B. Boilesy, 3rd , ” in reconnoitering the ground and selecting suitable
Afterwards. sites for stations. The season being thus far advanced,
Mr. T Thornton, 3rd Clues Sub-Assistant. observations could only be taken at one station Gorgi-
» o ’ n ”

buru (1), where Lieutenant Western was encamped for

nearly a month, and the party then retired to recess quarters.
Before the commencement of the next field season (1832-33), the country to the
south of PArasnath was, owing to the insurrection of the Kols and Chudrs, in so unsettled
a condition that the Surveyor General was induced to apply for a military escort of at least

* For tho description of this instrument, soo p. 70 of Appendix No. 2 to Vol. I of tho Account of the Operations of the Great
Trigonometrical Survey.
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850 men for the protection of the party. Government, however, considered the country in
too disturbed a state to admit of survey operations being carried on therein, and suggested
that the party should instead be employed in cxtending the Series to the north of Parasnath.
The entire season was occupied in the extension of the triangulation northwards from the
side Durgdpur-Pdrasnith of the Calcutta Longitudinal Series: and althougl'l the angles of
two primary and several secondary triangles were observed, the results of this season’s ope-
rations were found by the Surveyor General to be ¢ so full of errors as to entitle them to no
confidence whatever.,” They therefore stand excluded iz tofo from the work of the Survey
Department.

During the next season (1833-34), the country to the south was considered sufficiently
gettled to admit of the party entering it. Nevertheless, when he reached his ground, Lieute.
nant Western found it necessary to apply for the services of a small military escort; the
months of November and December were spent in inactivity, while awaiting a reply to his
application. During the season, observations were taken from ten stations; but on examin-
ing the work the Surveyor General reported 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.” The portion of the work executed by Lieutenant Western to the south
of Pirasnith therefore also stands excluded iz fofo from both the manuscript and pub-
lished results of the operations of this Department.

In September 1834 Lieutenant Western’s services were placed at the disposal of the
Military Department.

For the next season (1834-35) the only officer available for the charge of the Series was
Lieutenant P. Bridgman, of the Bengal Artillery, who had received a short training in
trigonometrical work on the Budhon Meridional Series under Lieutenant Roderick Macdonald.
But this officer had hardly entered his ground when his health completely broke down : he was
thus obliged to proceed on sick leave to Europe, and died on the voyage. The operations of
the party were therefore suspended ; and although it was now four years 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 1835-36. time past been associated with the Governor General's

PensoNNEL. Agent on a mission in the Western States of Rdjputéna,

Liout. A H. E. Boileou, Bengal Engincers, gnq as the duties connected with it were deemed by the
Mr. J. Thornton, 2nd Class Sub-Assistant. Government to be of superior importance, he was unable

to join the head-quarters of the party at Midnapore until the 9th of December 1835. He
immediately took the field, and commenced observations on the 16th January 1836 at Tilabani,
one of the initial stations of this Series. The party kept the field till the 21st of May
when, owing to the extent of sickness whereby Licutenant Boileau himself and more than
one-half of his entire native establishment were prostrated, it was obliged to retire to
Bankoora (Bdnkura) for medical aid. Five primary stations and one secondary were 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 it necessary to reject
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however retained. The cause of these discordant results was traced to a serious want of
adjustment in the instrument; it was accordingly returned to the Mathematical Instrument
Maker at Calcutta for rectification before being any further employed.

The instrument having been received after repair, the party took the field in the

Season 1836-37. latter end of November; and as the stations were for

PEREONNEL. the most part already selected, observations were con-

Licut. A H. F. Boilow, Dongsl Engincers, ¢inued uninterruptedly from the 7th of December 1836
Mr. N. Kallonss, 2ad Clase Sub-Aesistant. to the 2nd of May 1837. During this time, ten primary
stations were visited, and the triangulation stood completed down to the side Baghmuri-Sit-
bakra (VIII-IX): also, the station of Badampahdr (x) was selected in advance. The party
reached their recess quarters at Midnapore on the 8th of May. Lieutenant Boileau's health
had suffered so considerably from the climate that he was compelled to proceed in the latter

end of July on medical leave for six months.

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

Season 1837-36. instructed to leave recess quarters on the 1st of November

PERSONNEL. and to lay out an approximate series of triangles in con-

Licut. A. H. E. Doileoy, Bengal Engineors, tinuation of the side Sitbakra-Badampahir (1x-x). Mr.
1st Assistnat, . . .

Mr. N. Kallonas, 2nd Closs Bub-Assistant. Kallonas had succeeded in selecting and clearing a few

n J.Brown, 8rd -, " stations by the 23rd December when Lieutenant Boilean

returned and resumed charge of the Series. But although the party kept the field till the

2nd of April, primary observations were taken at only three stations, whereby one triangle

more was all that was added to the work of the previous season. At this time, sickness

prevailed to such an extent in camp that more than 62 out of 107 men of the native estab-

lishment were either on the sick list or had died, and the two Sub-Assistants and the native

doctor also were too ill to be out any longer. The party accordingly went into recess quarters.

In order to avoid entering the worst part of the ground too soon after the monsoon,

Season 1838.39. it was decided to begin operations at the southern end at
PERSONNEL. which Mr. Kallonas had selected some stations in the
Lieat. 4. B. [ Boilea, Dengsl Engineers, preyious season. Accordingly Lieutenant Boileau com-
Mr. N. Kallonas, et Closs Sub-Aesistent. menced operations on bth December at Nilgiri (xx1v of

the East Coast Series), and by the end of the month following had completed the observa-
tions at two stations and measured one angle at a third. He then made over charge of the
party to Mr. Kallonas, he himself having shortly before been nominated to the Agency of
Suspension Bridges and Superintendence of the Calcutta Canals. Mr. Kallonas continued
the observations during the next three months, and by the 30th of May effected the neces-
sary junction on the side Badampahér-Kusumbani (x-x1) with the northern section of the
triangulation.

An examination of the results of the triangulation showed that motwithstanding 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 levels, &c.—as to vitiate the observations to a not inconsider-
able extent. A glance at pages 19 to 21 will show that of the twenty primary triangles
which it was decided to retain after elimination of the unnecessary rays and angles, only
ten have a triangular error under 3 seconds, while of the others there are five errors rang-
ing from 3 to b seconds, three from 8 to 9 seconds, and two from 10 to 156 seconds. A
comparison of the values as brought down by this Series with 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 Megdsini
(Meghashni)-Bolpil, of the following errors :—

In Logarithm of the latter side ... «.. 4+ 0'000,0417,4 = 6 inches per mile.

,, Azimuth 5 e + 27072
,» Latitude of Megdsini ,.. res we — 0 *227
,» Longitude ' we — 0 178

The trigonometrical determinations of the heights of the stations of this Series above
mean sea level depend in the first place upon those of the stations Chainpur 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 at the southern extremity of this triangulation, disclosed a mean error
of no less than 56 feet, the error between two determinations of the height of the same
station being in two cases over 50 feet: the generated mean error of 56 feet was dispersed
by simple proportion over the intermediate stations; but as the results were still considered
somewhat untrustworthy, the final heights will be found given to only the nearest tens of feet.

Secondary Triangulation.

The only secondary triangulation accomplished in connection with this Series was
exccuted by the measurement—with the large theodolite—of the angles at the primary sta-
tions between the surrounding prominent hills. This work was carried on pa»i passi with
the 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 sidle Megasini-Kimhira (Xxv-xx111) are given
in this volume.

In 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—the heights too being in several cases determined by vertical observations. The

¢ In noticing these, the late Surreyor Genernl—Sir A. 8. Wough—has placed on record that in his opinion the instrument should
Siot hf ggn.m employed when better means are avnilable.  Its solo performance is therefore in connection with the South Piraendth Meri-
onal Sevies.
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results so obtained however valuable they may be for geographical purposes—and in the
case under notice they were specially so, for the tract of country in which the villages, &ec.,
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 will be found in manuscript Volume XIII, Part I, of the
Trigonometrical Survey.
DEmra Dox; } C. WOOD,

December, 1884. Surveyor, 1st Grade.




IX

SOUTH MALUNCHA MERIDIONAL SERIES.

{INTRODUCTION.

The Hon’ble the Court of Directors having, in despatch No. 82 of 2nd August 1844,
called for an expression of the Surveyor General’s opinion as to the desirability of ¢ comple-
“ting the blank space in triangulation between Ganjam (Ganjim) and the Calcutta
“ Longitudinal Series”, that officer replied that ‘“manifold advantages would result from
“the extension of a series of triangulation over the unsurveyed space lying between Captain
“ C. T. Hill's former labours (in the Gumsdr taluka of the Ganjam District) and the Calcutta
¢ Longitudinal Series, together with the connection of such work with the operations of the
“ Great Trigonometrical Survey, whereby it could have the test of correction applied to it,
“relieving it of discrepancies and imparting to the undertaking a character of accuracy and
“ finality not otherwise to be attained ”; and he added, that the blank space had not failed
to attract his attention, but that owing to the paucity of officers in the Department he had
been prevented in the interests of Indian geography from recommending the taking up of
the work. The transfer of Captain C. T. Hill’s services to the Survey Department for the
prosecution of the work having at the same time been applied for, that officer was appointed
in January 1845; and, after necessary theoretical and practical instruction in the use of
large instruments and the modus operandi of Principal triangulation, he was appointed to
the charge of the South Malincha Meridional Series in the September following, the trained
establishment of the Karira Meridional Series—recently completed—Deing placed under
his orders.

The chain of triangles emanates from the side Tilabani to Stsinia (LX1-LXV) of the
Calcutta Longitudinal Series, and extcnding southwards over a meridional distance of 1}°
or 103 miles, it closes on the side Ddntin to S4tpautia (xvi-xvir) of the East Coast Serics : the
northern section lies on the Lills in the easternmost part of the Manbhoom (M4anbhtm) district
of the Chota Nagpore (Chhota Négpur) Division, and the southern passes through the Jungle
Mahils which form the western portion of the Midnapore (Medinipur) district. As the base on
thich the Serics starts is over 27 miles in length, it was necessary in order to preserve symmetry
in the triangles to cut down the length of side gradually before cntering the lower ground :
the average length of the side for the portion of the triangulation lying in the hills will there-
fore be found to be ncarly 20 miles, while in that of the plains portion—in which the view
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from the stations was neccssarily contracted—the average length is only about 121 miles,
As originally instructed, Captain Hill was to have adopted the side Stsinia-Kardsoli
(vxv-Lx1x) for his origin, and to have laid out the chain as a double series of triangles;
but the low undulating and densely-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 ray-cutting; the Series was accordingly shifted westwards and carried down
chiefly as a single chain of triangles.

The work was begun in November 1845, and in two seasons was carried down by Cap-
tain Hill to a station in the immediate vicinity of Midnapore. TFor this portion of the work,
1o better instrument than Troughton and Simms’ 18-inch theodolite No. 2% was available.

The party was then diverted to the East Coast Series which commences at Calcutta ; and
since this latter series did not reach the 87th degree of longitude—the meridian of Malincha—
till nearly six years later, it was not till February 1853 that Mr. J. Peyton, the officer in charge
of the East Coast operations was able to connect the Malincha Series with his triangula-
tion by a chain of four triangles carried northwards from the side Dantin to Sitpautia. The
instrument employed by Mr. Peyton was Troughton and Simms’ 24-inch theodolite No. 1.*

The signals employed were 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.

The 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 asa
Principal Series with other chains of triangulation done elsowhere about the same time
with the 18-inch theodolite ; but standing isolated, as it docs, in the South-East Quadrilateral —
the triangulation of which consists practically of double chains executed with jfirst-class
instruments and all modern refinements—it was not considered desirable to include the South
Maltncha Meridional Series in that Quadrilateral as a Principal Series, but to adjust it to the
finally determined values of its origin and terminus—as derived from the Simultaneous
Reduction of the Quadrilateral—and 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 party composed of the officer in charge and the assistants marginally named,
accompanied by a native ecstablishment consisting of
some 70 flagmen and carriers, 1 ndik and 12 barkan-
ddzes for the protection of Government property, and a

Season 1845-40.
PERSONNEL,
Captain C. Thorold Hill, 27th Madras Infantry,

DA amintunt native doctor, left the Surveyor General’s Ficld Office—
» D. g::r::n T e A then at Allahabad—on the 6th October 1845, and proceed-
. 3 Hnliw-{::::eo!, ey » » ing by ordinary marches along the Trunk Road, arrived

at Réanigan] (within 20 miles of the station of Stsinia)

* For the description of theeo instruments, sco respeetively pp. 62-64 and 38-40 of Appendix No. 2 to Volume II of the decount of
the Operations of the Great Trigoncmetrical Surcey.
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on the 14th November. An examination of the country during the next month proved the
utter impracticability of carrying down the Series from the side Stsinia-Kardsoli; for,
although during this time the sclection of the stations for the first polygon had been cffected;
yet, the adoption of these involved unusually heavy cutting on no less than nine out of twelve
rays through very dense sd/ and blackwood jungle, as well as the erection of not fewer than four
towers, owing to the undulating ground presenting no remarkable eminences to take advan-
tage of. These being circumstances wholly unlooked for and unprovided against from the entire
want of knowledge of the country, the absolute necessity for altering the base to the side
Stsinia-Tilabani was forced on Captain Hill; but this was not of much consequence, as
the eastern flank of the Series could still rest on the meridian of Maltincha. The configura-
tion of the country, however, did not admit of a double series being laid out on the new
base. Immediately after a short reconnaissance for the selection of the advance stations,
Captain Hill returned to Tilabani and commenced on 20th December a double series* of
circumpolar star observations for azimuth, adopting for the purpose the star § Ursee Minoris
which at that season of the year is at its periodic time: these observations were concluded
onlst January. As,however, from the prevalence of haze, the time was unfavorable for taking
horizontal angles on the unusually long side at the origin of the work, Captain Hill moved
southward to examine the country further in advance. He returned in March to Stsinia in
hopes of being then able to continuc the observations; but after a fortnight’s forced inac-
tivity from the persistence of the haze, he was compelled to give up the idea and to move on
to Kunddba (1x). At this station the horizontal and vertical angles were all disposed of by the
12th; but to be able to observe the latter it was unavoidably necessary to call in the aid
of maximum refraction, as the signals were otherwise invisible, and this will account for
the abnormal times of observation entered against this station in pp. 54 and 55. Jalh:dri
(1) was next visited, but the length of rays would only admit of the angles being partially
observed on this occasion. Before the end of the month (April) the angles at Kdema (1v)
were completely disposed of ; and within the next fortnight those at Tura (111) and Hatiari (v).
During the next five days, three of the four horizontal angles at Dhdnsola (v1) as well as
verticals on three out of five rays, were measured. A favorable opportunity having just then
been afforded by a heavy fall of rain which cleared tlhe atmosphere, Captain Hill hurried
northwards vid Jalhdri to Sisinia and Tilabani, and by the 20th of June was able to complete all
the horizontal and vertical angles that had unavoidably remained unobserved at these stations,
The season being then too far advanced for further work the party returned to recess quarters
at Midnapore. Notwithstanding the continued difficulties with which the party had to
contend the scason’s operations brought the Series down to the side H4tidri to Dhinsola
(v—v1), i.e. a distance of one-half of its entire length; four single triangles in advance
further southward and a fifth eastward to connecct Midnapore wero laid out, and the towers
at the stations of the same built.

* As Tilabani is a station of the Calcutta Longitudinal Series, the resulls of these observations havo for convenienco becn incorpo-

ruted in the published results for thab Series and will bo found at pp. 211—p to 213—p of Volumo VI of the Account of the Operations
of the Great Trigonometrical Surcey.
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Owing to a protracted rainy season the party was unable to leave recess quarters
till the 4th of November 1846. Preparing the towers
en route and raising them very considerably in two in-
stances, Captain Hill was not able to begin observations

Season 1846-47.
PEN3ONNEL.
Captain C. Thorold ILll, 27th Madras Infantry,

1st Assistant. or till the middle of January: visiting in succession the
Mr. R Clarkson® 1st Class Bub-Assistant, . ha , i e
TV RN, Tames, Znd stations of Bauljori (vir), Dhénsola (vr), Hatiari (v), and
,, C. B. Nield, 3rd "

Kukurmuri (viir), 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 observed in the previous
season at the stations Hatidri and Dhénsola. The next ten days sufficed for the observations
required at Kaldbani (1x) and Kalsibhdnga (x) north of the side (1x-x). As no further
extension southward of the Series was contemplated this season, it being an object to
take advantage of the time before the rains set in to lay out the 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 (xI) unmeasured for the present, and marched
for Caleutta on the 20th February. As, however, the operations of the East Coast Series
arc independent of the South Maliéincha Series, no details of the former are needed here,
but, so far as they refer to the work of this season, they will be found duly noticed at
pp- Iv—and v—,of Volume VI of the dccount of the Operations, &e.

* _{bsent on leave from 15tk Dec, lo 16th Feb.

Returning to recess quarters at Midnapore in July, Captain Hill completed the
observations 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
dctermined to further the operations of the South Maldn-
cha Series as opportunity offered. He accordingly deputed
his senior assistant, Mr. R. Clarkson, in December 1849 with Troughton and Simms’ 24-inch
theodolite No. 1, to Kalsibhdnga (X) in order to secure circumpolar star observations for
azimuth at that station, while he himself undertook the more difficult and trying duty of
laying out the approximate Series to the south of the side (1x—x) at which the work had
been left in February 1847. Mr. Clarkson—observing to 8 Ursee Minoris, then at its periodic
time—completed a double set of observations on each of twelve zeros between the 23rd and
81st December 1849, 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,
having arranged for the construction of the towers thereat, he proceeded to his own proper
field of work on the East Coast Series. Nothing further was done on the South Malincha
Series till early in the season 1852-53, when Mr. John Peyton, Chief Civil Assistant, then
in charge of the East Coast Series, began observations at Kaldbani (1X) on 1st January 1853.
This officer, thercafter, proceeding successively to Kalsibhdnga, Binsgaria (x11r), Maulid-

khil (x11), Sdtpautia, (xvir) and Déntin (xv1), finally concluded the obscrvations of the South
Malincha Series on the 15th February 1853,

Seasons 1849-50 and 1852-53.

A comparison of the valucs as brought down by this Serics with those furnished by
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the Simultancous Reduction of the South-East Quadrilateral necessitated the dispersion over
this triangulation, between the origin Tildbani-Susinia and the terminus Déntin-S4tpautia,
of the following errors :—

In Logarithm of the latter side ... ... + 0°000,0225,4 = 3 inches per mile.
,, Azimuth s ees vee. — 37122
,» Latitude of Sitpautia ... ... — O ‘064
,» Longitude » ... + 0103

The trigonometrical dcterminations of the heights of the stations of this Series
alhove mean sea level depend in the first place on those of the stations Tilibani and Stsinia
as determined trigonometrically between Sironjand 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 two obligatory stations of the
East Coast Series at the southern extremity of this triangulation, disclosed a mean error
of only about 53 feet—the average differcnce between two determinations of heights of
the same station being under 3 feet. The generated mean error has been dispersed by
simple proportion over the intermediatc stations, and the resulting heights given to the
nearest foot.

Secondary Triangulation.

In the original instructions issued for the execution of this Series, Captain Hill had
been explicitly enjoined by the Surveyor General to take advantage of every opportunity to
fix as many of the surrounding peaks and permanent points as were visible 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 with thick forest, only two of the hill stations Jalhdri and Tura (1 and 111) afforded
the means of fixing secondary stations and points, the positions of 16 of which were deter-
mined by observations with the large theodolite at the Primary stations supplemented at the
Secondary stations by measurements with a 12-inch instrument by Troughton and Simms.
Further south, the lower and cultivated parts were found to be so thickly wooded with large
timber of mango, pipal, makua, tamarind, and blackwood, that it was actually more difficult
and expensive to clear a ray there than in the forests themselves. There was thus practically
no view from the stations except along the cleared rays, and this rendered it impossible
to undertake Secondary Triangulation without very considerable expenditure of time and
money. It thushappencd that between the sides Tura-Kdema (111-1v) and Kalsibhdnga—Gop
(x—x1) only 8 more stations and points could be 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. In 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 at pp. 650 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 (X1 to v11r) ; but as the stations of observation were not marked
in any permanent manner, it is not considered desirable to publish any further details of

them than the latitudes and longitudes of the stations of observation and of the points fixed
therefrom, about 90 in all.
DenrRA DGN; } C. Woop,

January, 1885. Surveyor, 18t Grade.
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CHAPTER 1.

ACCOUNT OF THE TRIANGULATION OF THE SOUTH PARASNATH AND SOUTH MALUNCHA
MERIDIONAL SERIES,

1.

The Triangulation included in this Volume.

The South P4rasnith and South Maltincha 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 which
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 careand refinement
which is characteristic of geodetic operations of the highest class. 'The South Maluncha
and the South Parasndth Series on the other hand were executed with inferior instruments,
and in a style not comparable with the rest of the principal triangulation®*. They were
therefore not included in the general reduction of the Quadrilateral; but it was decided that
after the latter had been finally reduced, these series should be then taken in hand and by
the method of minimum squares, be made to harmonize with the rest of the triangulation.
It was further decided that owing to the inferiority of the triangulation it should be finally
excluded from that classed as ‘principal triangulation’; and that both the primary and secondary

? Colonel Waugl, the Surveyor General, 8o far back as 1848, romarks with regard to the Parasndth Series:—* It must be confeesed
that H(!l“\(‘!‘ the instrumental means employed nor tho style in which it Lne been exocuted, will admit of its being ranked as one of. the firet-
rate geodetical performances of the Great Trigonometrical Survoy of Iudia ™,
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trinngulation should be included in the same volume, which should form one of the series of
Syuoptical Volumes, differing from them however in that it was to contain the details of the
reduction of the primary triangulation.

2.

The Observers and the Instruments employed on the Triangulations.
The South Parasnath Meridional Series.

The South Pdrasnith Meridional Series emanates from the side Chainpur-Tilabani
of the Calcutta Longitudinal Series and follows approximately the Meridian of 86° 25’ till it
meets the East Coast Series at the side Megisini-Bolp4l.

The Series was first commenced in 1832, but owing to various causes no real progress
had been made up to the middle of the year 1836. In 1836-37 eight primary triangles were
completed by Lieutenant A. H. E. Boileau of the Bengal Engineers, bringing the Series down
to the side Bighmuri-Tongro—the latter station was 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 character, the observations having been multiplied
to a useless extent. Colonel Waugh, the Surveyor General, when the triangulation was first
reduced, selected two independent series of large symmetrical triangles, emanating from the
side Tilabani to Gorgaburu and re-entering on the side Bighmuri to Satbakra, all observations
not included in this double series being rejected as unnecessary. From Baghmuri-Sitbakra
to the side Megdsini-Muriri the chain is formed of single triangles, after which it closes in
rather a complex manner on the three remaining stations of the Nilgiri-Megdasini quadrilateral
of the East Coast Series as may be seen on reference to I'ig. 2 in the Plate at the end of the
details of the South Péarasnéth Series.

The instrument employed was that now known as Cary’s 18-inch G., of which a descrip-
tion is given on page 70 of the Appendixes to Volume II of the dccount of the Operations §e.
It was a theodolite of antiquated pattern found in the Surveyor General’s Office at 37 Park
Street, Calcutta, It was subjected to extensive alterations under the Surveyor General's
direction by Mr. Barrow, the then Mathematical Instrument Maker to Government at
Calentta, butafter all it proved far from an efficient instrument. It was not well divided,
was very deficient in telescopic powerand possessed inferior levels, It was never employed
again for geodetic purposes,

The South Maluncha Meridional Series.

The South Maliincha Meridional Series emanates from the side Tilabani-Susinia of
the Calcutta Longitudinal Series, in about mean longitude 86° 50", and trending slightly east-
ward, closes on the side Sitpautia-Dantin of the East Coast Series. It was executed
chiefly by Captain C. T. Hill of the Madias Native Infantry, shortly after he joined the
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Great Trigonometrical Survey from the Madras Topographical Survey, and while he was
awaiting the arrival of a batch of large theodolites, one of which he was to employ on the
East Coast Series. The South Malincha Series was commenced during the field season of
1845-46 and during the early part of the next season was carried as far as the side Kaldbani-
Kalsibhdnga, when it was stopped in order that the party might be transferred to the East
Coast Series, the expected instruments having arrived.

Yor the next three seasons the party was entirely occupied on the East Coast Series,
by which time this had been brought down to near the southern extremity of the South
Maldncha Series. The connection of the two series had now to be made, aud in 1851-52
Mr. John Peyton who was then in charge of the Operations commenced arrangements for
the purpose. Very little was accomplished this season beyond preparing the stations for
observation; but so soon as the next scason commenced, the final operations were proceeded
with and the junction was effected by February 1853.

The instrument employed by Captain Hill was Troughton and Simms’ 18-inch No. 2
and by Mr. Peyton the 24-inch No. 1 by the same makers; descriptions of both these
theodolites will be found in Appendix No. 2, of Volume II of the 4ccount of the Opera-
tions &e.

3.

The Dependency of the Triangulation on the South-East Quadrilateral.

It has been stated that each of the two series of which the details are given in this
Volume, emanates from one series of the South-East Quadrilateral and closes on another.
There is no connection between the series themselves; so that when the South-East Quadrila-
teral had been finally reduced, the reduction of these two series became entirely independent
operations. 'Lhe fixed data for each were the length and position of the side of origin and
the same elements of the closing side.

4.

The Construction of the Principal Stations.
The South Parasnath Meridional Series.

In the case of the South Parasnath Series the Executive Officer gave no description
of the stations. Several of them were visited by the Ganjam Topographical Survey Party
during the field seasons of 1868-59 and 1859-60, and meution is made of platforms with station-
marks being found in many cascs undisturbed. As all the stations were on hills it is
presumed that they were of the same form. ‘There is no evidence of their having possessed
more than the mark at the surface of the platform although there is, at the same time,
nothing to shew that they did not.
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The South Maluncha Meridional Series.

The majority of the stations of the South Malincha Series are Tower Stations, one so-
called tower appears to bave been a mound of stones with mark-stones placed at the top
and bottom, the others consisted of central pillars of masonry, either solid with mark-stones
at top and bottom, or perforated and with 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 at top and bottom, and are surrounded by platforms from 10
to 16 feet square.
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CHAPTER II.

THE MEASUREMENT OF THE ANGLES AND THE GENERAL PRINCIPLES FOLLOWED
IN THE REDUCTION OF THE TRIANGULATION.

1.

Tke Measurement of the Horizontal Angles and their Record.

The method of observing the horizontal angles was that introduced by Colonel Everest
which has been maintained ever since in the Indian Survey. When the instrument had
been set up for use and had been properly centred and levelled, either one of the surround-
ing stations, or a referring mark specially set up for the purpose, was adopted as what is
called the ‘zero-station’, and the telescope was directed to this station and made to read 0°0'.
Observations were then commenced. Either the angle between each 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 which
now read 180° 0. With this zero-setting another set of observations were taken;, the two
settings constituting 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 Pérasnith Series was

o 10 20° 30° 40° 50°
-5 ) S5 T 5 " .
180°" 190°’ 200°” 210°” 220°” 230°

The angles were measured separately to a referring mark and two measures were taken on
each zero-setting. The system of zero-settings was the same for tlie South Malincha 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.

In 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 measures on
each zero are recorded and the number of the measures from which each mean is derived is
given beneath it; the general mean of all the measures of each angle is also given,

The Abstracts of the Observed Angles are given on pages 7 to 14 for the South P4ras.
nfith Series and pages 38 to 44 for the South Malducha Series.

2.

Preliminary Reduction of the Groups of Angles contained in Independent
Trigonometrical Figures.

So long as chains of triangles are treated as independent of one another, the angles
naturally separate themselves into as many groups as there are single triangles and combina-
tions of triangles into single polygonal figures and net-works. Each triangle is subject to
the geometrical condition that the three angles equal 180° plus the spherical excess, and each
group of triangles to additional geometrical conditions, such as that the angles at any central
point should together equal 360°, and that the value of any side as calculated through any
portion of the figure baclk to itself should be unaltered.

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

. cosec 1”
e=absin C x EEPY

in which e is the spherical excess in seconds, e, b and O two sides of the triangle and the in-
cluded angle, and » the radius of curvature for the oblique section of which the azimuth is

45° that is, » = :—i‘; , 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, triangular, central and side. 'The first is as before stated, that the three
angles of a triangle must equal 180°4the spherical excess, the second that all the angles
meeting at a point and completely surrounding it must equal 360°, or when an angle is measur-
ed as a whole and also in parts, the whole should equal the parts, and the third springs from
the condition that the value of any side carried through any portion of the figure back on
itself should reproduce itself. Tle excesses or deficiencies which manifest 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 the
formula
N—28434

in which IV is the number of angles and § the number of stations.

In order to express the equations the observed angles are denoted by X, X,, X, .
the corresponding angular errors by z,, #;, 3, . . . and the absolute terms of the equations
by e with subscripts denoting the equations to which they appertain. The triangular and
central equations will then take the form

o ta,+...=ec

Further if ¢ denote the tabular log. difference of sin X for 1” the side equations will
be represented by

gs!n X . sin Xy ..
sin A, .sin X . .,

G2, — a2 fagrs—an,+ ... =1lo =e.

These geometrical conditions have to be satisfied in such a manner, that the angles
shall receive the most probable of the several systems of correction which present themselves.
This is done by the so-called method of solution by minimum squares, which is now so well
known that nothing need be said regarding it further than it requires the following expression
shall be made & minimum.

in which », u,, iy, . . . are the reciprocals of the weights1wo,, w,, w;, . . . of the observed angles.

Iu the present reductions the weights of the observed angles have been all assumed to
be unity ; hence the reciprocal weights, u;, u,, u;, &c., are also each equal to unity; and the
minimum equation becomes

U=za24+22+2°4+...

The following equations—taken from Section 5, Chapter VIII, Volume IT—express first
the geometrical conditions, secondly their relations with the indeterminate factors, A,y Ayy - . . Ay
by the introduction of which U is made a minimum, and thirdly the most probable values of
the angular errors in terms of the geometrical conditions and the indeterminate factors.

The geometrical equations of condition, #» in number between ¢ unknown quantities
are i—

ey +a2+ . . L Far=e,
b1x1+b2$2+ .« .+b[.‘lf¢=35

mart+mr,+ o .t =e,
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The equations between the indeterminate factors are :—
[ee] Mo 4 [alIN 4+ . . o + [an]\ = e
[ab] N + (081N + . . . + [Bn]N,

(an] N + 0]+ o o o F[me]h=e,
in which brackets [ ] indicate summations, thus '
[aa] = a0, + a0y -+, . . + a0,
The resulting values of the angular errors are :—
=@+ 5M+ . . . +n)\)
o= (A + b0+ . . . + mh\)

€

xl'——(al)\a +bl)\b+ LI +'nt)\u)
and the value of the minimum, U, is
xa € + hl; Cy + O + )\u ey

In the case of a single triangle—one which does not enter with other triangles into
the formation of a polygonal figure—there is only one geometrical equation of condition,
which is simply

4z, tr,=e

and there is only one ‘indeterminate factor’, A, which is therefore

A =2
3
Hence

3.

Calculation of the Sides of the Triangles.

The values of the angular errors having been obtained by the formula of the preced-
ing section, are applied to the observed angles with contrary signs. The corrected angles
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of every triangle are then reduced to plane angles by the subtraction of one-third of the
spherical excess of the triangle from each, and the sides of the triangles are obtained in the
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.

4.

Geodetic Elements of Stations and Sides.

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

Latitude North 24 7 11°26
Longitude E. of Greenwich 77 41 44'75
Azimuth of Station 29 (Sdrentil) 1950 27 5°10

as explained in Chapter XI of Vol. II.

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 Simultancous Reductions
of those figures, any one of these stations may be employed asan origin of co-ordinates when-
ever it happens to be convenient to do so, and its clements may be adopted in place of those
of Kalidnpur. Thus as the South Pdrasndth and South Malincha Series are based on sides
of the Calcutta Longitudinal Series, one of the series of the South-East Quadrilateral, the
elements of those sides bave been adopted as the initial elements of the respective series. As
these series also closc on sides of the East Coast Series, another series appertaining to the

Bouth-East Quadrilateral, the clements of these sides might equally well have been considered
initial elements.

The formul® which have been employed on the successive calculations of latitude,
longitude and reverse azimuth are given below.

If A and B be two stations on the earth’s surface, and the latitude and longitude of A and
the azimuth of B at A be \, L and 4 respectively, the distance between A and B being ¢, and if

A\ denote the difference of latitude between A and B

AL . ”» longitude '

B » azimuth of A at B

Ad = B—(r+4)

e » the excentricity of thespheroid

p » the radius of curvature to the meridian at A

y » the normal to the meridian at A terminated by the minor axis
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then

(

—% cos A cosec 1”7

1 2 .

— L % sin® 4 tan \ cosec 1”
1'2 pw

A= ¢

cos® 4 sin 2\ cosec 1”7

3
+- :3 Pc—vzsinﬂA cos 4 (143 tan®\) cosec 1”
' T.2.3p.

(_c sin 4

cosec 1”7
v Cus A

+Lc_”sin2A tan A

1.2 2 COos A

cosec 1”7

AL =
1 c®(143tan®)\) sinz2 4 cos 4

1.2.338 cos A

I f 2 sin® A4 tan?\
1.2.343 cos A

cosec 1”7

cosec 1”

+

and

,

c . p

——sin A4 tan \ cosec 1”
1 4

2 4 2
S .
+L°_“{x+ztan2)\+e € ")\} sinz A cosec 1”
407 e

1 —

c® 5 tan A\
Ry A + 2 =" si ”
3 ( tan A) sin 2.4 cos 4 cosec 1

3
+2Lf,—ssinu tan X (142 tan®A) cosce 1”
-3

For the derivation of these formulw, and also for the manner in which they have ber‘lll
arranged for calculation, see Chapter IX of Volume I1., also the duxiliary Tables to facili-

tate the Calculations of the Survey Department of India.

The values of the elements of the Figure of the Earth which have been employed in
the calculations are those known as * Everest’s Constants, 1st set’’, and are :—
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Semi-axis major, @ = 20,922,932 feet, Log = 7°320 6225 4
Semi-axis minor, ) = 20,853,375 feet, . =T31917634
: a->b _

intici = =_ = 352171968
Ellipticity, C = 25080 o 3
a
2
2 az - b _
€= _—5—=0"0066378 , = 382202718
a
| —€ = 0'9933622 _ . = 19971076 |

from which p and » are found by the well known formule.

.

Reduction of the Vertical Angles for the Determination of Differences of Height
and CQo-efficients 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, at 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 is
due to Colonel Everest, and is as follows :—

If % be the difference of height of two stations A and B, D’ the depression of B at A
and D that of A at B, I the height of A above mean sea level, ¢ the distance between A and B
at that level, and » the radius of curvature corresponding to the mean latitude of A and B,
then the angle subtended at the lower station by the excess of height of the higher, or the so-
called subtended angle, is (D —D’), and the height of B above or below A is given by the

expression
) sin }(D—D’)
h=ec ( L+ H) cos D

according as the result is plus or minus. 1If either of the angles is an elevation instead of a
depression its value must be employed with the opposite sign to that here given.

In order to use this formula it is first necessary to correct the observed angles for the
heights of the observing instrument and observed signal. A much less laborious process is
to employ the uncorrected vertical angles, and then 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 :—

If 4,, 4y the heights in fect of the theodolites at A and B respectively
84y 85 » " signals » »
D,, D, the observed vertical angles, both assumed to be depressions,

and we put
8=sa—86+ia_ib

then

_ H\ sin}(Dy—D.) , 3
h_c(x+7—‘) cos Dy +32°

This formula though not absolutely rigorous, holds good for all cases that have hitherto
occurred or are likely to occur in this Survey.* If either of the angles is an elevation in-
stead of a depression, its value must be employed with the opposite sign to that here given.

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

In the preceding formula it is assumed that the reciprocal angles are equally affected
by refraction, and in order that this may be as nearly the case as possible, the vertical angles
in all the more modern operations are generally measured between the hours of 1 and 4 p.m,,
when the amount of refraction is usually 2 minimum. But in the earlier operations of the
Survey it was thought that the lengths of the sides of the triangles should always be consi.
derable, even in the plains, in order that the number of triangles in each series might be as
few as possible ; thus the stations were occasionally chosen at such distances from one an-
other as to be only mutually visible when the amount of refraction was very considerable.
The custom then was to take the observations at any time when mutual visibility obtained, and
frequently during the night, when the refraction is usually greatest; reciprocal vertical angles at
any two stations were generally measured at the same hour, as nearly as possible, of the day or
night ; and it was assumed that the refraction at both stations was then the same. This rule
however does not seem to have been very closely adhered to in the case of the South Parasnath
Series: in the more modern South Maltincha Series there are also irregularities in the times of
observation.

The reciprocal angles are also employed to determine the co-cflicient of refraction, to
be used in reducing unreciprocated vertical angles; for, putting C for the arc between the
stations A and B or the contained arc as it is usually called, and ¢,, ¢, for the refraction at
the respective stations, we have

C=Da+¢n+Db+¢b_B

® The calculations are performed logarithmically and log (1 + g) is replaced by Modulus};zwl.u'ch Les been tsbulated in the
Avziliary Tudles for every degree of latitude from 5° to 36°,
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in which expression
B_i,,—a.,+i,—ag.
- ¢ sin 1”

Thus the mean refraction, ¢, is given by the expression

$=3{C—(D.+ D) + 8}

and % gives the terrestrial refraction in decimals of contained arc—or in other words the ¢o-

efficient of refraction—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, at which reciprocal
observations have not been taken.

The formula for calculating the contained arc is

¢
C'= 5 cosec 4

6.

The Final Values of Height.

The heights of the initial and terminal stations of the South Pirasnith and South
Maléncha Series having been finally determined at the time of the reduction of the South-
East Quadrilateral, were available for employment for obtaining the final 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 P4rasnith Series were in many cases discordant
and there was no information as to the height of signal, it has been thought sufficient to give
the final values to the nearest 10 feet only. The heights of the South Malincha Series have
been given finally to the nearest foot,

7.

The Determination of Azimuth by Astronomical Observation.

No astronomical azimuth wasdetermined in the course of the South Pdrasndth opera-
tions and but one was observed on the South Maltéincha Series, viz., at Kalsibhdnga.

Observations for azimuth consist of measures of the angle between a circumpolar star,
when near either elongation, and a referring mark, which are made 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 each zero, as the observations are individually liable to greater error.

The time of each intersection being carefully noted, the azimuth of the star is subse-
quently calculated and applied to the obsewed 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

5S4 = (2 sin® } 8.P. cosec 1”) tan 4 cos’a
1 — (2 sin® @. sin® § 8 P) + (cot P, sin 6 P)*

in which A4 is the azimuth of the star at elongation, P the corresponding hour angle, & the
North Polar Distance of the star and 84 the difference in azimuth for the time 8P 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.

At each station where the azimuth is observed the angle between the referrmg mark
and one of the conmtiguous stations of the triangulation is also observed, just as any other
horizontal angle ; and the several measures are generally given in the Abstract of the Princi-
ral Angles. If omitted there they follow the Abstract of the Azimuthal Observations.

8.

Final Reduction of the Triangulation. Preliminary Remarks.

So far the triangulation has only been made to fulfil those geometrical conditions
which apply to single triangles, polygonal fizurcs and net-works; it now becomes necessary
to apply such conditions as will make the closing points of each chain take the positions
already assigned them by the gencral reduction of the South-East Quadrilateral. In 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 solution to become practically impossible. It has therefore been the custom to select a
chain of single triangles only from each series, choosing those, where a choice existed, which
were most symmetrical, and to subject this chain to the required conditions, By this means
the number of figural equations is reduced to one for each triangle of the simple form

z+y+z=o0

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, Thus the number of equa-
tions to be solved is eventually reduced to the number of new conditions to be satisfied, or
in other words to the number of what are here called circuit equations, which are furnished
by these new conditions. These conditions in the present case are :—

® The portions of the formula withiu brackets bave boon tabulated within the limite P = 30"‘ and @ = 10°, and ore given in the
duziliary Tables.
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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 denlateml Reduction, 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 with the values previously

determined.

After completing the Simultaneous Reduction of the chain of single triangles in each
instance, the angles appertaining to the portions of the polygonal figures and net- works which
had Dbeen excluded are corrected in such a manner as to restore the consistency of each
figure, without altering the values of the angles which have already been fixed.

9.

The Final Reduction of the Triangulation. Formation of the Circuit Equations.

The Simultaneous Reduction of each of the two series, the South Parasndth and South
Maltincha, was an independent operation, but the process was the same for each and may be
generally described as follows :—

The triangles are numbered consecutively from north to south. The angle opposite the
flank side of each triangle is known as X, that opposite the side of continuation as ¥, and
that opposite the base as Z, each being further distinguished by a numerical subscript, the
same as the number of the triangle: 2, y, 2, with similar subscripts are the symbols employed
to represent the errors of these angles, of which the most probable values that will satisfy
the equations have to be found. 'These equations are respectively termed, Linear and Geo-
detic, the former taking cognizance of the errors in the ratios of the sides of the triangles,
which arc met with at the terminations of the chains, and the latter expressing the errors
in latitude, longitude and azimuth at the closing stations.

It is unnecessary here to repeat the deduction of the analytical expressions for the
circuit equations. This lias already been demonstrated in Volumes II, VI and VII of the
Account of the Operations of the Great Trigonometrical Survey of India, to which reference
can be made if necessary, it will be sufficient now to give the expressions themselves.

I. Linear Equations.

Denoting for brevity the tabular difference (t. d.) of log sin ¥ for 1” by 8 and of log
sin Z by y, and by E the error in the logarithmic value of the closing side of the chain, then

E=Byy—na+Bye—v:%+ . o o+ Balin— Ynin
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m being the number of triangles in the chain. As in this equation E as well as Band y
represent quantities in the 7th place of decimals, it is convenient to treat them as if both sides
of the equation were multiplied by 107, by which means F, 8 and y
become respectively the number of units in the 7th place of decimals.

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

E= :I:ﬁy —yz].

II. Geodetic Equations.

The diagram in the margin represents the commencement

TR of a chain of triangles in which station 1 is assumed to be the
+ \ origin of geodetic co-ordinates, and 2, 3, . . . stations on the
5 ! ;\ most direct route—indicated by the dotted line running parallel
}zi TR to the sides on one flank of the chain—which connects | with any
L, \ 2 f station in advance. The side ¢ is the side of origin of the chain,
1/ 1 \\ / and its azimuth at | the fundamental azimuth of the chain.
N

T Nyt The following symbols are reqnired to denote the differ-
\"ga ences of latitude, longitude and azimuth, the length of side, and
the forward and back azimuths from station to station along theright flank of the chain:—

For the side 1 to 2; AN, AL,, A4,, ¢;, 4, and B,
»w ntomd1; A\, AL,, A4, c., 4,and B,.
The errors in latitude, longitude and azimuth at the closing station, the (z-4-1)¢4, are
denoted by dAusys dLns,, dB,.

Now writing p and ¢ for certain functions of AN, AL, A4 and 4 as exhibited in the
Table of Substitutions which follows, we have a general expression for each of the geodetic
equations in which E represents the error in latitude, longitude or azimuth, as the case
may be, at the closing station, and B and y have the same signification as in the linear
equation, while a stands for t.d. log sin X for a change of 1”:—

"E=4+ W B =) N +(—mrn—9¢) 2
+{(p—p) s+ B+ o}y + (o = 1) ag — 1y 7o+ $o} 2
4 {(mo = p2) g +pg By + b} ys + (g — o) a3 — iy 7s + b3} %

+ (13 By — &3) ¥s F (=7 — ) %
4+ . ...
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in which the us and ¢s take their subscripts from the flank numbers of the stations and ,
B and vy from the triangles. v

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

First,—If the pth triangle have no side in the line of traverse, but only an angle at
the station m,

(Bn B — $n) Yp + (= tin ¥ — Ba) 2.

Secondly.—If the gth triangle have a side in the traverse between the stations #
and » + 1,

{(fnsr = pn) @p + P By + 0} ¥, + {(ner = ) 0g = pn ¥y F Puii} 2.
Exceptions will appear to present themselves at the commencement and end of chains
owing to the non-existence of some of the co-efficients. In all instances however it will
be found that ¢, enters the co-efficients of all the errors at station m, and p, enters the
co-efficients of the other angles of the same triangles, with a plus sign if looking from
station s, the angle is the left-hand one of the triangle, and a minus sign if the right-hand.

The substitutions for s and ¢ to render the general equation applicable to either lati-
tude, longitude or azimuth are given in the following table.

Table of Substitutions for p and ¢.

Latitude. Longitude. Azimuth.
For F 17 W ALy dB,
» B AF’ LF' A.’L
» ¢ h¢ L(I’ A¢
" 1 » 1 1
N ) I: t.d.JogAX ] + . [ t.dlogAL ] + \ [ t.dlogad ]

i :[WJ

T

s Han +

t.d.log A\,

+ [vamgsz)

I

+ t.d.log AL,

+ [tamgaz]

1

+ t.d.logA4a

t.d.log cos 4 [ t.d.log sin 4 "~ t.d.logsin 4
wde |+ [ t.d.dog AX ] + [ tdlogal ] =+ [ t.dlogAad ]

t.dlogecos 4 *r t.d.Jog sin 4 t.d.log sin 4
A [ t.dlog A + [Sdtgaz + [diogad ]
b |+ t.d.Jog cos 4, + t.d.log sin 4, - t.d.log sin 4,

t.d.dog ok,

t.dlog AL,

t.d.log AAdn



[20] SOUTH PARASNATH AND SOUTH MALUNCHA MERIDIONAL SERIES.

The values of the absolute terms # 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 Reduoction of the
South-East Quadrilateral ; and if the subscripts f and ¢ denote the final and traverse values
at the closing station

E)‘: )\[— )\f
EL=L1—Lf
EA=.B[—.Bf

10.

The Solution of the Equations.

If we assume that the number of triangles entering the reduction is £ and that they
furnish » circuit equations, the latter may now be briefly written in order thus:—

.lb1y1+ Sa4+ . o o+ by e = F
My +ahea+ . 0 byt 5= 0E

Ayt atad . oAby = aE

in which equations the left-hand subscript in ‘old face’ type corresponds to the number of the
equation and the right-hand subscript in ordinary type gives the number of the triangle.

The symbols employed for the indeterminate factors are A, .A, 34, &c., and the
equations between them are*

;[,b B4 ,QI],A+2|:,II B4o.Clat . .. +'1[,b B 40, 8]A= F

t ) ¢ t
1[,b,13+,c ,@],A+l[,h,as+,c ,OI],A+. ) .+l[,b,ﬂﬁ+,c ,,@],,A:,E

;[,h B4 0 ,QI],A-{-II[,,IJ B4l . +i[,,h B 40 &A= .E

* Tn these equations, slthough the corresponding co-efficicnts on opposite eides of tho diagonnl appear to differ, Lheir values arein
reality identical in cach termn of the summation. Both forms, however, have been made use of us o clicck on the culculations ; and for o
like reagon the diagonol co-efficiente have been obtained also by the formuln

g :[(b2_hc+t2)]
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in which
B = :;(gb—t) and @ = ;_(zc_n)xr

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

!/,z = Iasp lA + 2’3[1 IA + LA + nmp nA,
z, = ,QII, A+ z@ﬁ A4 4 thp nils
@, = — (Yo + %)

t As the factor — enters all the co-effcients of all the equations its omission from the actual calculations can have no effect on the
final values of the angular errors z, y and #; it was accordingly omitted.
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CHAPTER III

THE DETAILS OF THE SIMULTANEOUS REDUCTION.

1.

Preliminary Remarks.

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

2.

The Figural Reductions Antecedent to the Final Simullaneous Reductions.

The South Pirasnith Series consists of 6 single triangles and 2 compound figures,
containing in all 59 observed angles.

The South Malincha 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 so simple a form as not to require special exhibition, but will be found 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 Pirasnith
Series 29, and for the South Malincha Series 19. The weights employed in the figural
reductions were, as has been previously stated, in all cases unity.

The Reduction Charts.

The Reduction Chart at the end of the details of each series exhibits the whole of
the Principal Triangulation in that series: where this triangulation is double, that is, does
not consist of only a single chain of triangles, a portion of the angles are not introduced
into the final reduction; but where the chain consists of single triangles the whole are
introduced. The fixed data for the final reduction of each series are the lengths and positions
of the sides of the Calcutta Longitudinal and East Coast Series on which cach abuts. These
sides are shewn on the charts by double lines, terminated by two concentric circles.

The so-called circuit triangles—the errors of whose angles are the unknown quantities
in the reduction, and are all investigated simultaneously—are indicated by continuous lines.
The non-circuit triangles, or those which are excluded from the simultancous reduction,
have their sides indicated by broken lines.

Along the flank on the right-hand side, looking south, of each chain a dotted line
runs parallel to the sides of the triangles; this is the line of the traverse.

The principal stations are indicated on the charts by small circles, with their names
and the serial numbers by which it has been found convenient to distinguish them for
reference in the course of the reductions. These numbers are in Roman character and are
progressive from north to south.

All the principal stations which 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 numbered in the South PArasnAth Series Chart from 1 to 12,
commencing {rom the side Chainpur—Tilabani, and the non-circuit triangles are numbered
in succession in smaller type from 13 to 20. In the South Maldincha Serics the circuit tri-
angles are numbered from 1 to 14 commencing fromn the side Tilabani-Stusinia, and the
non-cireuit triangles are numbered 15 to 17 in smaller type.

Where polygonal figures or net-works occur, these are distinguished by figural
numbers as Fig. 1, Fig. 2, and these distinctions are continued in the diagrams and reduc-
tions of figures,
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4.

General Outline of the Formation of the Linear and Geodetic Equations of Condition.
The South Parasnath Series.

The triangulation having been first made consistent so far as all figural conditions
were concerned, the linear calculations were commenced from the side Chainpur-Tilabani
and carried southwards, through the circuit triangles only, until they closed on the side
Megisini-Bolpal. The calculations of geodetic latitudes, longitudes and azimuths were then
carried along the western flank of the chain, commencing and terminating with the linear
calculations. The errors which form the absolute terms of the equations are the differences
between the two sets of linear and geodetic values of the side Megdsini-Bolpdl and at the
station Megdsini, as obtained by the calculations just described and as already given finally
by the Simultaneous Reduction of the South-East Quadrilateral. Thus there are four equa-
tions which may be symbolized as follows, if we employ S to denote the sum of the terms
on the right-hand side of the linear equation—page [17]—and of the geodetic equation—page
[18]—with the subscripts ¢ to denote the linear, A the latitudinal, Z the longitudinal, and
A the azimuthal equations; while £ with -the corresponding subscript denotes the absolute
term :—

(1) .S = .E
(2) AS = .\ E,
(3) 28 = LB,
(4) 4S = LE.

The South Maluncha Series.

This Series having in like manner been first made consistent so far as the figural
conditions were concerned, the linear caleulations commenced from the side Tilabapi-Sdsinia
and closed on the side Sitpautia—Dantun, the geodetic calculations being carried along the
western flank. The errors are the two sets of values at the closing side Satpautia~Déntin and
at the closing station Sitpautia. The equations may be symbolized as before.

o.

Formation of the Co-efficients of the Unknown Quantities.

On page [20] the equations of condition are represented by a form of which the follow-
ing may be taken as a general illustration :—

”blyl+mcl:1+mb2y2+mt222+ o= F
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the left-hand subscript denoting the equation-number and the right-hand subsgript the num-
ber of the triangle to which the errors appertain, and b and ¢ being the co-efficients of y and 2

respectively.

For the Linear Equations we shall have generally, see page [17] ,
b, = + B, = + t.d. logsin ¥, for 17,

t, = — 3y, = — td. logsin Z, ,,
For the Geodetic Equations we shall have, see page 18],

bp = + (l“’ :BIJ - ¢’)!
fp = — (e % + 4’!)’

or

bl’= + {(,u'l+l - F’l) ap+l"‘l+l .Bp + ¢l},
cI’= + {(F”"‘I_F'l) a’P_I“'IYP+¢I+| })

the former pair being applicable to any, the pth, triangle when it has only the angle .Y in
traverse at station [, and the latter when it has the side opposite X in the traverse and lying
between the stations { and {41,

Ezceptions to the General Expressions for b and ¢.
The South Parasnath Series.
Equation 1 has no exceptional co-efficients, but in equations 2, 3 and 4
by = — mpan + &; th = — g (an + 70)

with the exception of ¢;; in Equation 4, in Azimuth, which needs the addition of unity to carry
the calculations as far as the side Megdsini-Murdri; and the same equation has two extra
co-efficients

b= —1and ¢, = — 1

to carry the calculations to the closing side Megdasini-Bolpal.

The South Maluncha Series.

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

by = — mray + ¢i; Ci3 = — my(ms + %)
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with the exception of r g in Equation 4, in Azimuth, which needs the addition of unity to
carry the calculations as far as the side Satpautia—Bdnsgaria; and the same equation has
two extra co-efficients

b, = —=1and ¢, = — 1

to carry the calculations to the closing side Sdtpautia-Déntdn.

6.

Synoptical Exhibition of the Several Equations of Condition.

For the sake of brevity let us put ,k, for ,.b, v, + ¢, 2, or, in other words, for thesum
of the errors y and z of the angles ¥ and Z in any, the pth, triangle, respectively multiplied
by their co-efficients b and ¢ in any, the mth, equation of condition; and further, let us put

-k |q 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 Parasnath Series. The South Maluncha Series.

12 14

(1). Linear. k| o .0 =.E (1). Linear. k| . . . =.E
1 1
n 13

(2). Latitude. k| =,E (2). Latitude. k| . . . =,E,
1 1
u 13

(3). Longitude. ;k| . . . =,E, (3). Longitude. ;k| . . . = ,;E,
1 1
. 12 14

(4). dzimuwtk. k| . . . =, ,E. (4). dzimuth. k| . . . =, B
1 1

7.

The Numerical Values of the Fized Data on whick the Simultaneous Reductions of the South
Pdrasndth and South Maliincha Meridional Series are separately based.

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. VI of the Account
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of the Operations, &c.; but for the geodetic elements a third place of decimals of seconds
has been obtained by reference to the calculations of the South-East Quadrilateral. The
data are as follows:—

South Parasnath Series.
Volume VI page 160__ :—

Station of origin Chainpur or LVIII; side of origin Chainpur or LVIII to Tilabani
or LXI.

At Chainpur.

Latitude North .. 23° 33 16”512,
Longitude East of Greenwich ... 835 53 46 408,
Azimuth of Tilabani ... 281 56 37 "17,

Distance Log. Feet 5°3792092,2.

Volume VI pages 118__ , and 119__ ,:—

Closing Station Megasini or XXV ; closing side Megésini or XXV to Bolpil or
XXVIL

At Megésini.

Latitude North e 21° 37 547°997,
Longitude East of Greenwich .. 86 23 29 '590,
Azimuth of Bolpal ... 837 42 5§ "10,

Distance .er Log. Feet 5-0171495,6.

South Maluncha Series.

Volume VI page 160_,:—

Station of origin Tilabani or LXI, side of origin Tilabani or LXI to Stdsinia or LXV.

At Tilabani.
Latitude North .. 23° 24 59”-866,
Longitude East of Greenwich .. 86 35 41 ‘815,
Azimuth of Sisinia .. 272 58 26 -gbo,

Distance Log. Feet 5°1624568,7.
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Volume VI page 118__ :—

Closing Station Sitpautia or XVII; closing side Sitpautia or XVII to Déntén or
XVI.

At Sitpautia.

Latitude North . 21° 56 277662,
Longitude East of Greenwic . 87 7 14 ‘305,
Azimuth of Dintin .. 271 27 16 ‘040,
Distance Log. Feet 4-8286693,6.

8.

The Sides and Angles of the Circuit Triangles.

The 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 cach Series in this
volume. The final data will be found to contain three columns of angular corrections,
which are respectively headed by the words ‘Figure’, ‘Circuit’ and ‘Non-Circuit’,—‘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 appliecd, with the spherical excess, to the observed
angles, in order to obtain the figurally corrected plane angles; those in the second column
are what have been derived from the Simultaneous Reduction ; and those in the third column
are what have heen computed to satisfy the geometrical conditions of figures containing non-
circuit triangles, which have to be adjusted to the fixed circuit triangles; the application of
the 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.

In order that it may be readily ascertained—without reference to the Reduction Chart—
whether any angle is a ‘flank angle’ or an ‘angle of continuation’, a column is inserted in
the table which gives the symlolic error of the angle, either z, y, or z, but without the
numerical 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 chain are those at which
the 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 performed, as
well as by their Serial-numbers.

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

the angle.

South Parasnath Series.

Sides and Angles of Circuit Triangles.

-E E Station Numbers § L h c g E Station Numbers E .
2 rﬂ . Corrected Plane E 'ognnt mo. z ;g Corrected Plane f I'.ogarlthm crf
R 2 Angle El side-length in | o | = - Angl il side-length in
W | 2 Serisl g & £ Feet ® | 2 Serial g gle g F
9| g g 3 5|8 ria H § et
E|l& = & E | @ &= &
e 1 " " o ! " "
y LVIII 1 46 16 17748 | 2-40 | 523897600 Y VIII 4 | 59222012| 1°24 | 51368950,3
1l = LXI 47 19 18 14 ) 2°41 | 524645250 ) 7| = IX 70 46 2982 | 1°25 | 51772254,3
z I 2 [ 862424738 241 | 5°3792092,2 z X 5 | 4951 10°06| 124 | 50854616,8
LXI 76 329795 1°53 | 572638996,5 X 49 32 56°25 | 1707 | 5°0503694,1
2|, I 2 | 3732 5°02| 1°53 | 50616755,2| 8| ,, X 5 62 12 50°04 | 1'08 | 5'1158004,0
II 66 24 25703 | 1-53 | 52389760,0 X1 68 14 1371 | 1'08 | 51368950,3
I 2 | 69311021 1'31 | §5°2430002,7 X 5 | 274159°43| 042 | 4'7183783,3
31, II 31 4 591 | 1-30 | 498405729 9 , X1 65 33 56'59 | 042 | 501032480
IV 3 | 79244388 1-31 1 52638996,5 XI1I1 6 | 8644 3798 043 | 50503694,1
IT 38 33620/ 1°46 | 5°0532883,1 XI 73 47 12°36 | 0°24 | 4'8277232,4
4|, 1v 3 [6g2056°83) 1°46 | 5234522571101 ,, XII 6 | 575530737023 | 477341354
v 72 35 26797 | 1-46 | 5'2430002,7 XIII 481717727 | 0723 | 47183783,3
s 1v 3 [625428-20| 121 | 5'1526244,4 XI1 6 [ 6943 418|041 | 4°9363297,7
" v 7159 657°33| 1°21 | 51813047,5 ¢ 11 | ,, XTII 63 21 26°76 | 0* 41 | 4°9153791,7
VIII 4 |45 53447 1720 | 5°0532883,1 XXV 46 55 29°06 | 0" 41 | 4'8277232,4
v 5158 49° 12| 1719 | 50854616,8 X111 34 29 32° 6 '
) ) 52| 063 | 5°0171913,0
6 | ., VIII 4 |61 9307261720 51315287,9 | 12 | XXV 117 28 2766 | 0763 | 5'2122049,6
IX 66 51 40°62 | 1720 | 5 1526244,4 XXVI 28 2 2482|063 | 49363297,7

“ In calculating these valucs 7-}?lnce Logarithm Tables were employed, the Bth place here shewn being obtained by interpolation,
Nors.—LVIIl end LXI appertnin to the Calcutta Longitudinal Series, ond XXV and XXVI to the Eaat Coost Beries.
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SIDES AND ANGLES OF CIRCUIT TRIANGLES.

South Maluncha Series.

Sides and Angles of Circuit Triangles.

-é E Station Numbers § L o of -E E Station Numbers §
t " .
iz, ‘:‘ o Corrected Plane E .;gnl: mlu., ; f o | Corrected Plune i Ijognnthmo[
rRE 3 Angle 3 side-lengthin | 5 | 3 ] Angle 3 side-length in
E“ 4 Serial % 5 Feot E" g Serial s B Feot
E| & & 5 E % & &
Q 1 " " o 1 " "
y LX1 1 57 36 26°19 77 | 5'2083171,8 y Vi 59 26 39722 | 020 | 474377286
1| = LXV 72 56 5362 77 1 526224716 | 8| =« VII 5 5138 35°56 20 | 47031074,2
z 1 2 | 4926 40 19| 177 | 51624568,7 z VIII 68 54 45°22 | 0°21 | 477859855
LXV 33 755'51| 1713 | 496637699 VII 5 |50 31807 014 | 46360647,9
2|, 1 2 | 741751°9g6) 1714 | 521221289 9| ,, VIII 50 41 39°43| 0" 15 | 464007709
1I 72 34 12°53 | 114 | 5'2083171,8 1X 6 | 7915 2'50| 0715 | 474377286
I 2 |73 83984 042 | 4797544419 VIII 65 14 1220 | 0716 | 4'7095234,4
3, I 37 1530744 | 0°42 | 477656542 1 10 | ,, 1X 6 | 6442 383|016 | 470762747
111 3 | 693549 72|04z | 49663769,9 X 50 343797 | 0'15 | 463600479
II S1 49 34°15 | 041 | 487531882 IX 6 | 64132598 0°37 | 4°9633234,1
4 |, 111 3 | 46173542| 040 | 4°83888860 |11 | ,, X 85 38 42°85| 038 | 570075840,
v 81 52 50°43 | 0"41 | 4'9754441,9 XI11 7 (30 751717 0°37 | 470952344
i} 111 3 | 7833 50°81| 036 | 4°9409064,7 X 53 42 5°34| 045 | 488671883
5, Iv 44 o11°57|0°36 | 4'7914116,5 |12 | ,, XI1 7 52 16 2-°63| 044 | 487852230
v 4 | 572557°62|0°36]| 487531882 X111 74 152°03| 045 | 49633234,
IV 5855 8-09| 034 | 48788926,1 XII 7 76 59 32°90 | 0°42 | 4°9613969,6
6|, v 4 | 40 021°97|0°33 | 475431952 | 13| ,, XI1I 47 52 52°89 | 0°41 | 484294830
VI 81 429°94| 034 | 49409004.7 XVII 55 7 34°21| 042 | 488671883
v 4 |51 74007| 027 47785985,5 X171 45 46 4885 | 041 | 482869190
71 . YI so 7 7-23| 027 | 477232052 | 14 | ,, XVII 57 36 48°06 | 0" 41 | 4'8999479,9
VII 5 78 45 12°70 | 0°28 | 4 8788926,1 XVl 76 36 23-09 | 0-42 | 496139696

Preliminary Latitudes, Longitudes and Azimuths of the Stations on the Line of the Traverse.

9.

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 formule of
Sectio_n 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

Nors.—LXI and LXV appertain to the Calcutta Longitudinol Series, and X VI and X VII to the East Coast Series.
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in the order of succession which is indicated by the Traverse-numbers. Each station is thus
regarded, first as the ¢ Deduced Station B’ and afterwards as the ¢ Fixed Station A’.

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

AN, = (A,”., - )\a); AL, = (La+| - -La);
Ad, = B, — (7 + 4.);

where A4, stands for the forward azimuth at ‘fixed station’ 4, of ‘deduced station’ B, and
B, for the back azimuth of 4, at B,.

The three differential values depend on the length ¢, and forward azimuth A4, of the
side @, and also on the latitude \,. The logarithmic length is given in the preceding Section,
on the same horizontal line as the angle at the Serial station which enters, in the table, between
the stations numbered in block type ¢ and (¢ + 1). The forward azimuth of the side ¢ may
be deduced by adding all the spherical angles at @, as given in the table, to the back azimuth
Ba—,. Thus the logarithmic length of flank-side 3 in the South P4rasnith Series is
5 1813047,5 which occurs in triangle b 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 at 3 and the sum of the spherical angles at 3, which occur in triangles 3, 4 and 5, the
respective values of which are 79° 24’ 45”' 19, 69° 20" 58”29 and 62° 54° 29”* 41, together
amounting to 211° 40" 12" 8q.

South Parasnath Series.

Geodetic Elements of Traverse Stations.

Fixed Station A Deduced Station B
5 g s B .
g 5 Azimuth of B S 2 Latitude North Longitude E.Jnat Azimuth of A
S 2 2 of Greenwich
= z 3]

o ] " o ! ” ° ] " o [ "

1 328 12 §7°05 2 23 8 30-013 86 10 21°907 148 19 31°59
2 341 47 1645 3 22 53 22°578 86 15 44132 161 49 22743
3 13 29 35°32 4 | 2z 28 s59°603 86 9 26392 193 27 963
4 359 4 381z 5 22 4 9410 86 9 s52:144 179 4 4788
5 318 50 s50°1% 6 21§51 24814 86 21 47620 138 55 17°75

6 353 17 57°'35 21 37 54°770 86 23 29'412 173 18 35°'06




[32] PRELIMINARY LATITUDES AND LONGITUDES OF STATIONS.

South Maluncha Series.

Geodetic Elements of Traverse Stations.

Fixed Station A Deduced Station B
g £ 5B
g Longitude East .
5B Azimuth of B S B Latitude North ongituce LB Azimuth of A
z£ iz B of Greenwich
5]
o ! ” o L " o t i o ! 't

1 330 34 547920 2 22 58 40°278 86 51 43°357 150 41 13'673
2 | 347 34 28993 [ 8 | 22 49 1'750 | 86 54 o'860 | 167 35 22-493
3 2 2 39623 4 22 38 497139 86 53 377299 182 2z 30519
4 330 36 317139 5 22 30 17°916 86 58 477178 150 38 30-104
5 33t 5 377054 6 22 23 59°I122 87 2 32°099 IST 7 27955
6 | 359 17 35°945 | 7 | 2z 7 10°739 | 87 2 457449 | 179 17 417002
7 338 41 8-932 21 56 27°598 87 7 14°408 158 42 49-818

10.

Numerical Values of the Absolute Terms in the Primary Equations of Condition.

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 the 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 discrepancies are expressed
logarithmically and the 7th place of decimals is treated as unity.

The Absolute Terms will now be particularized.

South Parasnath Series.
Equation 1, Linear. Between the sides Chainpur-Tilabani and Megésini-Bolp4l.

Log. computed length Megésini-Bolp4l by Triangle No. 12 . v« . . 5§5°0171913,0
Log. final value from East Coast Series; see page [27] . . . . . . . . 5'01714956

B= 44174 Logarithmic Error 4 0000417:4

i



SOUTH PARASNATH AND SOUTH MALUNCHA MERIDIONAL SERIES. [33]

Equations 2 to 4, Geodetic. Terminal Station, Meg4sini. Terminal side, Megésini-Bolpal.

Latitude, Longitude, Azimuth.
Computed values . . . . 21 37 54°770 86 23 29°412 337 42 7°82
Final values; see page [27) 21 37 54°997 86 23 29' 590 337 42 §5'10

Errors . . . . . . . 2F=—o0227 L= — 178 LE=4 272

South Maluncha Series.
Equation 1, Linear. Between the sides Tilabani-Sisinia and Satpautia~Déintin.

Log. computed length Sitpautia—Dédntun by triangle No. 14 . . . . . . 4°'8286g19,0
Log. final value; seepage (28] . . . . . . . . . . . . . . . . 4°8286693,6

a3

E = 4 2254 Logarithmic Error + ‘0000225,4

Equations 2 to 4, Geodetic. Terminal Station, Sitpautia. Terminal side, Sdtpautia~Déntin.

Latitude. Longitude. Azimuth.

o ’ ” -] ’ ” o ’ ”
Computed values . . . . 21 56 27508 87 7 147408 271 27 12°918
Final values; see page [28] 21 56 27662 87 7 147305 271 27 16°040
Errors . . . .. .. E= —O'CE} 2B =+ 0103 B = — 3122

11.

Numerical Values of the ps and s.

The Table of Substitutions at page [19] shews the general form of the factors u
and ¢. The numerical values are tabulated in this section: they were constructed in the

opposite order to that in which they are now recorded, commencing at the closing side of
the chain.*

* The vnlues of the tabular log. difforences of the first terms of AA, AL and A, in the expressions for them on page [12]
were employed [or t.d. log AA, t.d. log AL and t.d. log 6 4.
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NUMERICAL VALUES OF THE us AND ¢s.

South Parasnath Series.

Numerical Values of the ps and ¢s.

g 8 Latitude Longitude Azimuth
z: aH @ 1t ® M K
1 — 15917 | —-o081 4+ 4131 | — ‘0362 + 1598 | + -g8s59
2 12492 36 1805 283 681 ‘9890
3 10409 21 1064 236 389 19909
4 7031 38 1934 159 728 "9939
5 3606 38 1874 81 705 9969
6 1852 6 235 42 88 ‘9984
South Maluncha Series.
Numerical Values of the ps and $s.
Ee Latitude Longitude Azimuth
it
4.
PERINC K M P o K
1 — 12227 | — '00go [ + 4365 | — 0z79( + 1704 | + ‘9892
2 8591 46 2143 195 Brg 9926
3 7258 39 1826 165 696 9938
4 5850 39 1880 133 77 "9950
5 4674 25 1166 106 442 ‘9960
6 3797 14 648 86 246 9967
7 1471 12 617 33 234 "9987




SOUTH PARASNATH AND SOUTH MALUNCHA MERIDIONAL SERIES. [35]

12.

Numerical Values of the Coefficients b and ¢ of the Unknown Quantities y and z.

The following table gives the numerical values of the coefficients b and ¢ of the un-
known quantities ¥ and z in each equation of condition. Should it be desired to reproduce
any one of these coefficients, as the value of b, in the gth equation, it is first necessary to
ascertain by reference to pages [25] and [26], whether the coefficient is one of those of an
exceptional form for which symbolical expressions are there given. When not found in this
list it will be understood to take one of the general forms on page [25].

Eaamples.

(1). To find the values of b; and ¢; in equation 1 of the South Pdrasnfith Series.
This is a linear equation, and the forms of the coefficients are normal,

B, = + t.d. log 62° 54" 28" = + 11

W& = — td. log 45° 5 34" = — 21
(2). To find the values of b; and ¢; in equation 3 of the South Pdrasnéth Series.
The equation is longitudinal and the forms of the coefficients are normal,

b=+ f (s — i) @y + g By + 1y}

+ {870 x ‘0vo0007 + 1934 x ‘ooocorr — -0236}

= — ‘0209

36 = + {{ e — zie) @ — s + 2%}

= + {870 x 0000007 — 1064 x ‘co00021 — 0159}

— o175
(3). To find the values of b, and ¢;, in equation 4 of the South Pérasnéth Series.

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

4"11 = = 4Hean + 44’0

— 88 x -ooooorr + -9984

+ *9983

& =1 = Ly (ay + 9y)

1 — B8 (roocoor1 + ‘0c00001g)

+ °9997.
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NUMERICAL VALUES OF THE COEFFICIENTS.

South Parasnath Series.

Numerical Values of the Coefficients.

§ B Cocfficients of y and ¢ .gg Coeflicients of y and « EE Coeflicients of y and = .gz Coeflicients of y and &

Sy 5 g Cg 58

EE b ¢ Eﬁ b ¢ ie b ¢ b b :

z % z 2z

1st Tquation. Linear. |2ad Equation. Latitude.| 3rd Equation. Longitude.| 4th Equation. Azimuth.
1 + 20 | — 2 1 —0°0266 | + 0 0061 1 —0'0370 | — 0°0335 1 +0°9856 | + 09870
2 9 2 10026 ‘0148 2 + *0292 | + 0267 2 — 9887 | — 9896
3 4 3 10046 *0102 3 | — ro300 | — 0269 3 + 9883 | + ‘9896
4 26 7 4 10250 0094 4 | + o264 | + o229 4 | — 9899 | — 9912
5 11 21 5 10074 10205 5 — ‘0209 | — 0175 5 + 9919 | + :9933
6 17 9 6 +0082 o101 6 + "o1gz | + ‘o142 6 | — ‘9927 | — 9946
7 13 18 7 ‘0058 ‘o116 7 | — ro135| — ‘o116 7 + 9948 | + 9956
8 18 8 8 *0027 10067 8 | + ror15| + ‘o066 8 | — 9956 | — 9975
9 40 1 9 *0094 *0016 9 | — +0088 | = ‘oobo 9 + 9967 | + ‘9977

10 6 19 10 *0005 ‘ooq41| 10 + roo43 | + o0038] 10 | — -9983 | — 9986

11 8 19 11 + -ool4 ‘o055 11 — 0045 | — rooco7] 11 + 9983 | + 9997

12 31 40 12 | —1'0000 | — 10000

South Maluncha Series.
Numerical Values of the Coefficients.

g ) Coefficients of y and s Ei Coeflicients of y and z g 2 Coeflicients of y nnd = E’i Coeflicients of y and ¢

o3 S < 2

515 b ¢ zoa b ¢ ; b ¢ éH b ¢

1st Equation. Linear. |2nd Equation. Latitude.|3rd Equation. Longitude.| 4th Equation. Azimuth.
1 + 13| — 18 1 —o'0177 | + o 0199 1 —0°'0267 | — 0'0290 1 +0°98g7 | + 0'9889
2 33 7 2 0238 +0106 2 | + ‘0266 | + o180 2 | — '9899 | — 9932
3 6 Vi 3 10053 0058 3 | — ‘o193 | — ‘0189 3 | + 9927 | + 9929
4 17 3 4 *0084 *0061 4 + ‘o196 | + -otbo 4 — 9926 | — 9940
b 4 14 b 0032 0093 5 | — ro156 | — -o138 5 | + 9941 | + 994




S0UTH

PARASNATIL AND SOUTII MALUNCHA MERIDIONAL SERIES.

South Maluncha Series.

Numerical Values of the Coefficients— (Continued).

(87]

q, Coeflicients of y and z 'ég CoefEicients of g and z ‘_?;3 Coeflicients of y and z ?, 5 Coefficients of y and £
36 B ¢ 3¢ B ‘ pe b ¢ bt b
1st Bquation. Linear. |2nd Equation. Latitude.|3rd Equation. Longitude.| 4th Equation. Azimuth.
+ 13| ~ 3 6 —0'0037 | + 0’0057 6 400157 | + o'o127 6 —0°'9941 | — 079952
17 4 7 +0098 ‘0018 7 | — rora5 | — co126 7 | + 9953 | + 9952
13 8 8 +0036 0062 8 | + o121 | + ‘0097 8 | — '9954 | — 9964
18 4 9 *co78 10020 9 — ‘o103 | — ‘ol0co0 9 + ‘9961 | + ‘9962
10 10 18 10 10024 *0082 10 + ro009z | + -0074 10 — +9965 | — ‘9971
11 10 36 11 *0024 *0130 11 — +ocBo | — o056 11 + 9969 | + -9978
12 16 6 12 *0012 *0021 12 + ‘co43 | + rooz2g 12 — 9983 | = -9988
13 5 151 13 + ootb ‘o050 | 13 — ‘0045 | — ‘0021 13 + 9983 | + °9992
14 21 5 14 — 10000 { — 1°0000

The Coefficients of the Indeterminate Factorsin the Values of the Unknown Quantities.

13.

On refercnce to the cquations on page [10] it will be scen that the general cxpression

for the error #, of any angle X, appertaining to a trigonometrical figure, is, when the weight

is unity,

Ty = (ap Arl + bp )\b +

so that the coefficients of \,, \;,

on page [21].

o

+ 7, \.)

\,, the indeterminate factors, are the coefficients
of z, in the several absolute gcometrical equations to which the indeterminate factors are
respectively related. But one of the three unknown quantities appertaining to every
triangle having been climinated, as a preliminary to the simultaneous reduction of each
series, the cocflicients of the indcterminate factors take a more complex form which is given

The expressions arc :—

l”]l A + JB,, A + .

= lmlr A+ JQTI) A+

+ MB[I wiA
+ /l@p MA
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where, see note to page [21],
B, = (2.8, —.0,); B, = (2.8, —.0,); e
@y = (247, — b)) i@, = (2.5, — b)),

the left-hand subscripts indicating the number of any one of the equations into which the
errors ¥ and z of any, the pth, triangle happen to enter.

The values of b, and ¢, for each equation into which the y, and #, enter, are given in
the table in the preceding section.

Ezxamples.
From the South Parasnath Series.

By = (2.8 — £)) = (2 X — 00082 — o0'0101) = — 00265
28 = (2 6, — 3b) = (2 X + o'o101 + 0°0082) = 4+ 0-0284.

The following table gives the values of the significant cocfficients I and € of the indcter-
minate factors ,A, .A, ;A and (A for the y and z of every triangle in cach serics scparately.

South Parasnath Series.

Numerical Values of the Bs and @s.

No. of Circuit
Trinngle

1

*9905
*9909
"9925
9947
*9965
"9964
*9994
"9987
"9489

E E N
B e R T e £2 | m ¢ 5| m
“ ] i
1st Equation. Linear. |2nd Equation. Latitude.| 3rd Equation. Longitude.| 4th Equation. Azimulh.
+ 42 | — 24 1 —0'0593 | + 0'0388 1 —0°0405 | — 00300 1 +0°9842 | + 0°9884
19 23 2 10200 *0322 2 + o317 | + o242 2 — 9878 | ~
20 16 3 ‘0194 ‘0250 3 | — ro331 | — ‘o238 3 | + ‘9870 +
59 40 4 10594 10438 4 [ + o299 | + ‘o194 4 | — 9886 [ —
43 53 5 0353 10484 5 — 0243 | — -o0141 5 + 9905 | +
43 35 6 10265 r0284 6 + o242 | + ‘0092 6 [~ 9908 | —
44 49 7 *0232 *0290 7 | — ro154 | = ‘o097 7 + 9940 | +
44 34 8 *o121 co161 8 + o164 | + ‘o017 8 - 9937 | —
81 42 9 *0204 ‘0126 9 — o116 | — ‘0032 9 + ‘9957 | +
31 44| 10 *0051 *o008% 10 + roo48 | + 0033 10 — ‘9680 | —
35 451 11 0027 "oogh | 11 — ‘o083 | + ‘0031 11 + ‘9969 | + 1°ocll
102 111 12 —1°0000 | — 1°0000




SOUTIL PARASNATH AND SOUTH MALUNCHA MERIDIONAL SERIES. [39]
South Maluncha Series.
Numerical Values of the Bs and @s.

2" o o 5"

1st Equation. Linear. |2nd Equation. Latitude. | 3rd Equation. Longitude.| 4th Equation. dzimuth.
1|+ 44| 49| 1 | —o'0553 | + 00575 1 | —oto244 | — 0'0313 1 | +o'9905 | + o-9881
2 73 47 2 *0582 10450 2 | + o352 + 0094 2 | — 9866 [ — -g965
3 19 20 3 *0164 *0169 3 | — o197 | — ‘0185 3 + 9925 | + ‘9931
4 37 23 4 *0229 *0200 4 + o232 | + -ol24 4 — *9912 | — 9954
5 22 32 5 ‘0157 roz218 5 — ‘0154 | — ‘0160 5 + ‘9942 | + 9939
6 29 19 6 ‘o131 ‘o151 6 | + 0187 | + -o097 6 | — r9930 | — -9y63
7 38 25 7 T0214 ‘0134 7 — ‘o124 [ — ro127 7 + ‘9954 | + 99357
8 34 29| 8 "0134 o160 | 8 | + ror45) 4+ o073 | 8 | — 9944 |-— "9974
9 40 26 9 *0176 0118 9 | — o106 | — -0097 9 | + ‘9960 | + 9963
10 38 461 10 *o130 o188 | 10 | + o110 | + 0056 | 10 | — 9959 | — *9977
11 56 82| n 0178 ‘0284 | 11 | — rorog | — o003z | 11 | + -gybo | + 9987
12 38 28] 12 10045 ‘oos54 | 12 | 4+ o057 | + roo15] 12 | — ‘9978 | — 9993
13 25 351 13 *0018 ‘o084 ] 18 | — ro069 | + rooo3| 13 | + '9y74 | + 10001
14 47 3t 14 | —1'0000 | — 1°0000

The Equations between the Indeterminate Factors, and their Solution.

14.

In the equations between the Indeterminate Factors, the coefficients of the factors

arc summations of terms of the form (088 4 ¢@), such as are exhibited in the equations on

page [20].

the smth cquation, and may therefore be expressed either as

t {
l[mbp l%p + mr'p I@p] or as l[Ib,: me + ,I:l. mmp]

The cocfficient of the mth A in the /th equation is equal to that of the /th A in

in which expressions the summations are taken for all the values of p, from 1 to ¢, corrcs-




[40] EQUATIONS BETWEEN THE INDETERMINATE FACTORS.

ponding to the numbers of the triangles whose angular errors enter the mth and the Ith
cquations as the case may be.

The coefficients of the Indecterminate Factors, and the Absolute Terms, in each of
the 4 equations which were presented for simultaneous solution by either series are here
given in a tabular form.

The table following each group of equations between the Indeterminate Factors, gives
the first of each group of equations between certain of the indeterminate factors which
remained after the other factors had been eliminated. These are the equations which were

used in obtaining the numerical values of the factors by successive substitutions backwards
from the last to the first.

South Parasnath Series.
The Equations between the Indeterminate Factors expressed in Natural Numbers.

§ Tae INDETERMINATE Facrors aAND THEIR COEFFICIENTS

5, Tue AssoLutE
5]

- TerMs

s A A 3A 4A

1 + 21438°0 — 8-2691 — 0°3439 + 238608 + 4174
2 - 8-2691 + 00073 * 0004 — o©o-oo28 - 0227
3 —_ 0°3439 + 10004 0090 - *3722 - *178
4 + 23" 8608 — ‘0028 - 3722 + 23°7118 + 2'72

The Equations between the Indeterminate Factors after the Successive Eliminations.

E. Tae INDETERMINATE FacTors aAND THEIR COEFFICIENTS

5,. THe ABSOLUTE
=1

] TERMS

s A A 3A 4A

1 + 121438°0 — 8-2691 — 0°3439 + 23°8608 + 417°'4

2 + oroo41 + 10003 + o©o'o064 - 0- 066

3 + 0090 - 3723 - *1665
4 +  Bra2744 - 45291




SOUTH PARASNATII AND SOUTII MALUNCIA MERIDIONAL SERIES.

South Maluncha Series.

[+1]

The Equations between the Indeterminate Factors expressed in Natural Numbers.

.E. Tne INDETERMINATE Facromrs anp tnein COEFFICIENTS

5 Tne AssoLuTE
T TErMs

<o

e A A A A

Z

1 + 156046°0 — 8-2327 + 1°9686 97°2513 + 2254
2 - 8:2327 + oroob1 — o0‘'ool0 o'o160 - 0'064
3 + 1°9686 — 'ool0 +  -oobo *3428 + ‘103
4 - 97°2513 + or1bo —  *3428 277385 - 37122

The Equations between the Indeterminate Factors after the Successive Eliminations.

.§. Tre INDETERMINATE Facroks aNp THEIR COEFFICIENTS

]

2, THE ARsOLUTE
=

- TERrMs

s A A A A

1 + 15646°0 — 82327 + 179686 97°2513 + 225°4

2 + o'oc18 0°0000 0'0352 + 0°0546
3 +  -oo38 *3306 + <0746
4 7°6014 + 35989

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

South Parasnath Series.

Nunmerical Values of the Indeterminate Factors.

Factor Numecrical value
' + o0-o147
: ~ 1272439
A = 4171444
A - 05474




[42] THE ANGULAR ERRORS.

South Maluncha Series.

Numerical Values of the Indelerminate Faclors.

Factor Numerical value
A + 00332
A + 396111
3 + 39°8448
A + 04735
r’
15.

The Angular Lrrovs x, y and z.

The following table gives the values of the crrors of the angles of every triangle,
the crrors y and < having first been deduced for any, the pth, triangle by the formulw.

¥ = I’Bp A+ pr A+
2z = IQIp A+ z@p A+

the crror x, was simply determined by finding the value of its cquivalent, — (7, + 2,).

South Parasnath Series.
The Angular Errors.

€% ek
6.8 x Y z °§ x Y z
%8 = |

4 ” ” ” ” ”
1 - 2°34 | + 2'47 | — ©0'13 7 + o'22| + 1'02 | — 1°24
2 + 1'43 ) — ©'24| — 1'19 8 — o422 | + o066 | — o024
3 - 121 | + 1°35| — o114 9 | — o8|+ 137~ 1719
4 + o'51 | + og1| — 142 10 — o0'53| + o8By | — 034
5 - o8| + 152 — 134 11 + 113 + 034 — 147
6 + o0'20| + ©'50| — ©0'%0 12 — o098 | + 207 | — 1°09




SOUTIL PARASNATII AND SOUTH MALUNCHA MERIDIONAL SERIES.

South Maluncha Series.

The Angular Errors.

?’E;D x Y z EED z Yy
AE 25
” ” ” ” ” ”
1 + 1'36) — 1°22 | — O't4 8 | — o19| + o51|— o052
2 — 1°17| 4+ 106} 4+ o011 9 — ©0'37 |+ o750 — o033
3 + o'59| — o0°32|— o27] 10 | + o032 | + o0'72| — 104
4 — 08|+ o079} + o007 11 + o004 4+ 1722 | — 26
5 + o40| — o0'02| — o038] 12 | + o029 + o0'8 | — 13
6 — o0'6o| + o093 |— o0°13 13 — o062+ 098 | — o0°36
7 — 006 | + o0'gqo | — o©0°34 14 + o'gr | + 11t | — ‘52

16.

Arbitrary Corrections.

(43]

The values of the angular errors were first obtained to 4 places of decimals and
then reduced to 2 places by rcjecting the 3rd and 4th and increasing the 2nd place if the 3rd
was not less than 5. This introduced certain closing errors, to climinate which small arbi-
trary corrcctions had to be made: these are shewn in the following table : —

Soutrn PArAsNATH SERIES

Sourn MALUNCHA SERIES

Y z y z
Subscript | Correction | Subseript | Correction | Subscript | Correction | Subseript | Correction
” ” ”
3 + 04 1 + 01 1 + o1
4 ‘04 2 ‘ol 2 *ol
7 *02 3 ‘ol 3 ol
8 ‘02 4 ‘o1 4 ‘o1
12 +”7-02 12 ‘ol 5 o1 5 ‘o1
6 ‘o1 G ‘o1
7 ‘o1 7 ‘ol
8 rol 8 ‘ol
9 ‘02 9 ‘02
10 ‘o1 10 ‘o1
11 e 11 ‘ol
12 ‘o2 12 ‘02
13 ‘o2 13 ‘o2
11 e}) 14 ‘02




[44] FINAL RESULTS OF THE SIMULTANEOUS REDUCTION.

17.

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 which are given in Section 8, and corresponding corrections
were obtained to the logarithmic lengths of the sides of the circuit triangles which are
given in that section. The corrections to the sides and angles were then introduced into the
several geodetic calculations from which the values of latitude, longitude and azimuth 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.

At Megasini.

Latitude North — 0'002
Longitude East of Greenmch — -oo4
Azimuth of Bolpal ... ‘00
Distance in the 7th place of lotrs + -3

South Maluncha Series.

At Bitpautia.

Latitude North +4 o002
Longitude East of Greenmch + roo1
Azimuth of Dintin ... — ‘oz

Distance in the 7th place of lo"s )
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CHAPTER 1V.

THE NON-CIRCUIT TRIANGLES AND THEIR FINAL FIGURAL ADJUSTMENTS.

Only a single chain of triangles having been selccted from each series for reduction
it followed that when each reduction was completed the remaining, or noz-circuit triangles,
had to be brought into accord with the reduced triangles, all the elements of the latter being
maintained unaltered. This was effected in the same manner 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 non-circuit triangle had to = o.

In certain cases it happened that a non-circuit triangle had two sides and the included
angle already determined by the circuit triangles and the unknown quantities were the errors
of the other two angles. Conditions 2 and 3 furnished two equations for determining these

two unknown quantities, and the equations were solved as ordinary algebraical simultaneous
cquations. :

The details of the reduction of the noxr-circuit triangles here follow :—
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South Parasnath Series.

Sides and Angles of the Non-Circuit Triangles.

2 ] )
TR 2 NERE .
w . 3 8 .
; = g Number of Corrected _‘j Lo-gnrll o T & ° Number of Corrected = Lo.gnnthm
= 2 | =& Slation Plano Angle | £ ofS.nlo-lougn. ; “E 2 Station Plane Angle E of Side-length|
£l 5| F g in Foet S| 203 5 in Feet
5|8 |5 < HRE =
|z | & & Al | & &
o [ " " o ! L "
4 | LXI 55 44846 1°23|5°1540069,9 26 | IV 42 58 54°20| *g5|5°0155803,8
1118316 (I 3915 2°52 1°23|s70414257,5| 1 | 17 | 25 | VII 86 5319 25| "96(5'1813049,7,
6 | III 8540 97021 24152389760,0 27 | VIII 50 746°55| ‘95/5°0670219,8
121 67 48 13731 [1-01|5°1420242,4] 31 | VII 7030 12° 28| *83|50854617,1
» | 14 ] 10 | 11X 40 330°36(1°0049840572,9] ,, | 18 | 83 | VIII 56 718-80| "83|50303019,3
11 | 1V 72 B 16°33(1°01/5 1540009,y 32 | IX 53 22 28-92| *82|5°0155803,8
16 | 111 48 47 5821 -82|50197199,3 4 | XIIX 44 817°19| '64/5°0877129,6
w15 ] 18 |1V 453151°33| "81|4'9967381,4 2 |19 | 5 | XXVI 23 5513°39| '63/48528156,1
17 | VI 85 4010746 | *82/571420242,4 6 | XXIII 111 56 29" 42| *64(5°2122049,0
19 | VI 7059 427 19| *75/5'0670219,5 7 | X111 40 39 56 161 26(5°0396587,0
» |16 | 21 |1V 51 1 7°52| "7314'9819825,3] ,, | 20 |5+a| XXVI 6331 2°32|1°20/5°1775054,5
20 | VII 57 59 10729 "75/5°0197199,3 8 | xx1v 7549 1°52{1°26/5'2122049,6
Final Figural Adjustments of the Non-Circuit Triangles.
Figure 1.
Triangles 13 to 18.
Constauts (from pages 19 and 20).
Contained Apgles,
LXI to IV Log feet 5'2189710,4 6412 oo 107° % 15”29
I » 1 » 479°40555:5 } 11418421426 ... 211 40 11 ‘0O
iv. , Vil ” 571812916,9 27433 5 8
+ .. 106 1 ‘2
Vi ,, IX » 5°0854453,8 5 ’

Notzs.—1. Btation LXT appertnina to the Calcutta Longitudinal Beries.
2. Stations XX1I1, XX1V and XXVT appertain (o the Enst Const Series. 3
3. The symbol a hero denotes an angle of the Kast Coast Serics, already fized by the Bimultancous Reduction of the
Boutl-Eest Quadrilateral,
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Final Figural Adjustments of the Non-Circuit Triangles.

South Parasnath Series.

Figure 1—(Continued).

(47]

Equations to be satisfied. Factor
X + X + X . =€ = 00, A
Xp + X+ X . =€ = * 00, Ay
X + Xy + Ty =€ = *00, A
X9 + Xy + Xy =€ = * 00, A
Xg; + Xy + Xy =€ = * 0o, A
¥+ X+ Xy = e = ‘00, A
Xg + Xy =e = + 278, p
I+ X+ I+ Xy =€ = + 18y Ay
Xy; +  Xgg = g - 1'14, Ay
15%, — X +25%, — 6%y =€ = — 32'2 At
8%y —25%), +18%;5 — 2%, + 7% —13%y + Xy —17Xy =e; = 1154, An
22Xy — XKy + 73Xy —16%y, =e€; = + 30.5 Az
Equations between the Factors
No. of | Value of Co-efficients of
€ RS TEE STE "R VRN VI SR S P P My
1 ‘00| +3 - +1 + 14 .
2 00 +3 +1 41 4+ 19 = 17
3 ‘00 +3 +1 + 16
4 00 +3 +1 - 6
5 *00 +3 +1 41 - 16 4+ a1
6 100 +3 +1 -9
7 |+ 278 +2 + 8 .
8 [+ 189 +4 -6 + 22
9 |- 114 * +2 -
10 |— 322 +887 — 625
11 [+115°4 +1525 — 1
12 |+ 30°5 + 790

* In the tables of the equations between the factors the co-cfficients of the terms below the dingonnl are omitted for convenicnce,
the co-cficient of the pth term in the gth line being always the same us the co-efficiont of the qth terw in the pth line,



[48]

THE NON-CIRCUIT TRIANGLES AND THEIR FINAL FIGURAL ADJUSTMENTS.

South Parasnath Series.
Final Figural Adjustments of the Non-Circuit Triangles.

Figure 1—(Continued).

Values of the Factors Adopted Errors
A\ = —0°'993 Ao o= +1942 x, = +0”10 X, = +0"89 X5 = +0”'09
A = — 84 Ay = +0°993 5 = —1°097 iy = —1 703 Ry = +1 *23
Ay = = 852 AN =+ 277 Xg = +0 '97 X3 = +0 14 Xy = —1 '32
A= — 136 Mo =+ 074 S = —1 747 Xy = +0 53 X3 = =0 02
Ag =+ o031 M=+ -og8 X = —o0 "34 Xy = —1°39 Xgp = — 17
Ay = =— ‘064 Ay = <+ ‘'olo X, = +1 81 X, = +o0 86 X3 = + ‘Ig
Figure 2.

Triangle 19.

Constants (from pages 21 and 111_0*).

Contained Angle.
XIIT to XXVI Log feet 5°2121684,9

XXVI ,, XXHII 5-0876711,8 s 8 23° 55" 127°93
Equations to be satisfied. Adopted Errors.
5+ X = — 109 \ X, = + 4”7-68

22%, + 9% = + 531 Xg = - 577

Figure 2— (Continued).
Triangle 20.
Constants (from pages 21 and 111_ ,*).
Contained Angle.

XIIT to XXVI Logfeet 5:2121684,9 o it m
XXVI ,, XXIV 503961686 oo sre 637 310 24
Equations to be satisfied. Adopted Errors.
X, + X = - 1'09 ‘ X, = + 1”761
25% — 5% = + 537 X, = —~ 12 50

* Voluwe VI of the Lecount of the Operations, &r., East Consl Scries.
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South Maluncha Series.

Sides and Angles of the Non-Circuit Triangles.

[49]

) = » © =
in | E o~ e Logurithm | i5 a o ‘_:‘] Logarithm
w | g ; Number of Corrected = o Side-tlengtid 5 | S : Number of Corrected = lof Bide-length
& el = Station Plono Angle | € i & 5 S| A Btation Plane Angle 2 gt
2 2| = & in Feet 2| 8| = 5 in Feet
15| & 2 505 E £
- z ;E"D n = z &” /)
o 1 " " o " "
3|1 37 2 4°57|°'50(4'8388887,1 3 (1 32 14 50°58| "33 (4'7543195,1
115 |4+5| 11 89 5 4'91|°51/503590224,1} 2 | 16 [4+5| IV 102 §5 20°03| "33 |5°0159823,8
6 | IV 5352 50°52| '50{4'9663769,9 6 | VI 4449 49°39( 33 4'8753188,2
Final Figural Adjustments of the Non-Circuit Triangles.
Figure 1.
Triangle 15.
Constants (from page 48).
Contained Angle.
I to II Log feet 4°9663750,0 o s u
I, 1v ” 4°8384883,7 4+s ... 89° 5 4704
Equations to he satisfied. Adopted Errors.
X3 + Xy = - 138 Xy = - "8z
28 x, — 15X, = — 16°3 ' Xy = - 51
Figure 2.
Triangle 16.
Constants (from pages 48 and 49).
Contained Angle,
IIT to IV Log feet 4°8753155,9 .
v 2 VI ” 4°7543172,3 4+5 ... 102° 55 19"23
Equations to be satisfied. Adopted Errors.
X3 + Xq = ~ 1713 , X, = — "6
33%, — 21X, = - 95 Xq = - 52
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SOUTH PARASNATH MERIDIONAL SERIES.

ALPIIABETICAL LIST OF PRIMARY STATIONS.

S O C———
Amjhori. e e e XII. Kusumbani
Badampahdr e e e X. Ledésal
Bighmuri e e e e VIIL Megasini (Meghdsani)
(Of the Enst Coast Scries).

Bari S .o . . I11. . ’

at Murdri .
Bhandari e . . VI. Nilgiri .
BOlprﬂ L. L. XXVI. (Of the Kast Const Serics).
(Of the East Coast Series). Pardsa
Chainpur AN oo . LVIIL
(Of the (I])ulcuttn Longitudinal Scries), Satbakra
Dalma e e e IV. Sideshar
Gorgéburu . . . . . L Tilabani

(Of tho Calculta Longitudinal Series).

Kimhira . | . . ! . XXIII.

(Of the Enst Coast Scries),

XI.

XXV.

XIIL.
XXIV.

1I1.
IX.
VII.



SOUTH PARASNATH MERIDIONAL SERIES,

NUMERICAL LIST OF PRIMARY STATIONS.

S OO

Lvizr . . . . . . Chainpur. IX . . . . . Sétbakra.

(Of the Calcutta Longitudinal Series).
xr . . ... Tilabani, | X » - . Badampahir
(Of the Culcutta Longitudinal Series). XI . e Kusumbani.

. . . . . rgiburu.
I Gorgiburu. | ¢y e Amjhori.
1 S Parsa | rmr Ce Murdri,
11 o Bar | xxam Ce e Kimhira.
iv ) . . . . . Dalma. (Of the East Const Series).
. . . . . Nilgiri.
v Ce e e e Leddsal. XXV (Of the East c°ascls§.1:s).
VI - . . . . Bhanddri. XXV . . . . . Megisini.
(Of the Enet Const Serics).
VII . . . . . Sideshar. XXVI ' Bolpil.
VIII . . . . . Béghmu.rl. (Of the Enst Const Serics).




SOUTH PARASNATH MERIDIONAL SERIES.

DESCRIPTION OF PRIMARY STATIONS.

No descriptions of the primary stations of this Series having been furnished by the Executive Officer,
endeavours have been made to supply this deficiency by means of the approximate descriptions which follow ; in
these however the usual detailed information regarding the structure of the pillar and platform, and the number
and position of mark-stones cannot be supplied ; but as the stations are all situated on hills it may be assumed
that they were marked by platforms with a mark-stone at the top and one or more mark-stones placed within
the structure. In some cases the stations were subsequently visited by the Ganjam Topographical Survey
Party, whose descriptions of the localities are accordingly hereafter adopted, supplemented where practicable by
the bearings and distances of surrounding villages from the Ganjam 'T'opographical Survey Maps, and a statement
of the condition of the stations at the time of the last visit. For the rest of the stations, their descriptions
with the bearings and distances of the surrounding villages have been obtained from the Map of Western Bengal
Sheets Nos. 13 and 14, compiled in the Surveyor General's Office, Calcutta, respectively in March 1871 and
October 1874. In general some of the details, such as tlhe name of a village or pargana within which a station is
situated, have been extracted from the returns furnished by the civil authorities to whose care the stations have
been committed.

LVIIL.—(Of the Calcutta Longitudinal Series). Chainpur Hill Station, lat. 23° 33’, long. 85° b4'—
observed at in 1829, 1834, 1836 and 1867—is on the northern extremity of an extensive range of densely
wooded flat hills running north and south; pargana Palamow, district Lobardugga.

. The pillar is solid and contains two marks, the upper 2:883 feet ahove the lower which is engraved on the rock in sitd,
having been placed there in 1829. Tlie station was revisited in 1834 aud 1836 for the purpose of originating the South Pirasnith
Meridional Series, but uo record exists of any alteration in its construetion at those times. On agaiu visiting the station in 1867
the upper mark-stone of 1829 appeared undisturbed, but it diverged 4 inches to the north. A new pillar was built to the same

?eig_lllt :_'1\? before. The village of Chainpur lies about 4 miles N. E., that of Pitarbdr about 23 miles N., and Klarkata about
mile N.

LXI1.—(Of the Calcutta Longitudinal 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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peaks, about 1 mile N. W. of the village from which it derives its name; pargana Ludurka, district Man.
bhoom,

The pillar is solid and contains two marks, the upper 2-00 feet above the lower which is engraved on the rock in sizf
having been placed there in 1829, The station was revisited in 1834, 1836 and 1837 for the purpose of originating the Soutl;
Pirasuith Meridional Series, and in 1845 and 1846 for the purpose of originating the South Malincha Meridional Series, but na
record exists of any alteration in its construction at those times. On again visiting the station in 1867 the upper mark-stone of
1829 appeared undisturbed, and its height was adopted for the new station. The village of Kolabani lies about 1'5 miles S.E.

Y. 'Gorgéburn Hill Station, lat. 23° 9, long. 86° 10'—observed at in 1832, 1834, 1836 and 1837—is
near the southern extremity of a range of hills which terminates near Matha; pargana Matha, district Man-
bhoom.

The bearings and estimated distances of the surrounding villages are as follows :—M4tha S.W., 31 miles ; Gherua
S. I, 34 miles; Ajudhia N., 4 miles.

II. Parisa Hill Station, lat. 28° 7', long. 86° 43'—observed at in 1836 and 1837—is on a detached hill
to the B. of Kasai river; pargana Bardhabhum, district Manbhoom.

The hearings and cstimated distances of the surrounding villages are as follows :—M4nbazar S. by W., 4 miles;
Dhanaranghi L., 3} miles ; Poucha N. by W., 34 miles.

ITI. Biri Hill Station, lat. 23° 7', long. 86° 36'—observed at in 1836—is situated to the W. of the road
from Purulia to Mdnbazar; pargana Bardhablhum, district Manbhoom.

The bearings and estimated distances of the surrounding villages are as follows :—Mutulia E. by N., 1} miles;
Maragara N.W., 2 miles ; Kadma 8.W., 4 miles ; Manbazar 8.E., 7 miles.

IV. Dalma Hill Station, lat. 22° 53°, long. 86° 16’—observed at in 1834 and 1837—is on a hill about
5 miles N. of Subarnrekha river; pargana Barihablhum, district Manbhoom.

The bearings and estimated distances of the surrounding villages are as follows :—R4mgarh W. by S., 4 miles; Gondua
S.E., 4 miles; Amjhor N. by W., 5 miles.

V. Leddsdl HiHll Station, lat. 22°41’, long. 86° 31'—obscrved at in 1837—is on the broadest and highest
part of a small range of hills running north and south; pargana Dhalbhum, district Singhbhoom.

This station was visited by the Ganjam Topographical Survey Party in the field season of 1858-59. The bearings and
distances of the surrounding villages are as follows :—Rajabas W., 1} miles; Borbil and Jorsa W., 24 miles ; Tikri 8.E., 13 miles;
Kalajhori S.W., 2 miles.

VI. Bhanddri Hill Station, lat. 22° 51, long. 86° 34’—ohserved at” in 1834 and 1837—is on a hill to
the W. of the road from Purulia vid Barahablium to Phulkusama ; pargana Bardhabhum, district Manbhoom.

The bearings and estimated distances of the surrounding villages are as follows :—Chunagura N.W., 14 miles; Ghagra
S.E., 3 miles; Sinradih N.I., 6 miles.

VII. Sideshar Hill Station, lat. 22° 37, long. 86° 26 —observed at in 1834 and 1837—is on a detached
peak about 3 miles 8. of the large village of Mahilia; pargana Dhalbhum, district Singhbhoom.

This station was visited by the Ganjam Topographical Survey Party in the field season of 1858-59 when the platform
with its mark-stone was found undisturbed. The bearings and approximate distances of the surrounding villages are as follows :—
Kendadih S.E., 2 miles; Nitira W., 1 mile; Ghitsila ou E. bavk of the Subarnrekha river, S.E., 6§ miles.

VIII. Bighmuri Till Station, lat. 22° 29, long. 86° 9'—observed at in 1837—is on range of hills forrp-
ing the boundary between the Singhbhoom district and the Mayurbhanja estate; pargana Dhalbhum, district
Singhbhoom. 'I'lie hill is approached from Barapalsa village situated about 3 miles to the south.

This station was visited by the Ganjam Topographical Survey Party in the field season of 1859-60 when the mark-stone
was found undisturbed. "The bearings and approximate distances of the surrounding villages are as follows :—Raghundthpur N.W.,
14 miles; Siling N.E., 3} miles; Kadam S.E., 3} miles.

IX. Sithakra ITill Station, lat. 22° 19", long. §6° 28'—-obscrved at in 1837 and 1838—is on .th(;: high-
est of a number of peaks rising out of two ranges of hills running nearly at right angles to cach other, and is situated
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near the boundary between the Singhbhoom district and the Mayurbhanja estate; pargana Dhalbhum, district
Singhbhoom.
This station was visited by the Ganjam Topographical Survey Party in the field season of 1858-59 when the platform

with its mark-stone was found undisturbed. The bearings and approximate distances of the surrounding villages are as follows : —
Pitamohuli N., 24 miles; Thidau S.E., 4 miles; Sano Bata S.W., 4} miles.

X. Badampahér Till Station, lat. 22° 4/, long. 86° 10'— observed at in 1838 and 1839—is on a range of
hills running N.E. and 8.W ; pargana Kainsari of the Mayurbhanja estate. The high road from Midnapore to
Sambalpur winds round the south-eastern side of the range, but the 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 Topographical Survey Party in the field season of 1859-60 when the upper mark-
stone was found undisturbed. The bearings and approximate distances of the surrounding villages are as follows :—Govindapur
N.W., 4 miles; Jamkasar S.W., 5 miles; Noagaou E. by S., 4} miles.

XI. Kusumbani Hill Station, lat. 21° 87, long. 86° 28'—observed at in 1838 and 1839—is on the N.W.
extremity of the Mceghdsur hills in the Mayurbhanja estate. The village of Kusumbani is right out in the
plains on the north side and the road from it goes through a pass to Bimankundi Ghat, from whence there is an
casy road of about 7 miles to the summit.

This station was visited by the Ganjam Topographical Survey Party in the field season of 1858-59 when the platform

with the centre mark-stone was found undisturbed. The bearings aud approximate distances of the surrounding places are as
follows :—Bamangaon N.W., 7 miles; Budhabalanga river W., 2 miles; Simlipahdr S. by B., 8 miles.

XII. Amjhori Hill 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 Mayurbhanja estate.

The bearings and approximate distances of the surrounding villages are as follows :—Simlipah4r E., 4 miles; Amjhori
W. by N., 4 miles; Baro Kasaria and Sano Kasaria nearly the same distance W. by S.

XIII. Murari Hill Station, lat. 21° 49, long. 86° 33"—observed at in 1839—is on the Meghdsur range
of hills, about 10 miles W. by N. of the village of Muriri; pargana Khunta Karkachia of the Mayurbhanja
estate. The hill is ascended from Gobai Ghat which is directly below it on the eastern side.

This station was visited by the Ganjam Topograpliical Survey Party in the field season of 1858-59 when the platform
with the station mark was found undisturbed. Satputia village lies at about 7 miles L. by S.

XXIIT.—(Of the East Coast Series). Kimhira Hill Station, lat. 21° 40’, long. 86° 41'—observed at in
1839, 1853 and 1854—is on a low detached rocky hill in an excessively wild and jungly tract, and takes its
name from a remarkable rock at the top of the hill having the shape of an alligator; pargana Khunta
Karkachia of the Mayurbhanja estate.

) The station is marked on the rock in sild and a platform has been built around it. The azimuths and perambulated
distances of the circumjacent villages are :—Guidie 133° 43’, miles 1-277 and Bilijora 154° 52/, miles 1-454.

XXIV.—(Of the Last Coast Series). Nilgivi Hill Station, lat. 21° 28’, long. 86° 49’—observed at in
1838, 1853 and 1854—is on a well known hill about 11 miles west of Balasore, immediately at the southern foot
of which lies the town of Nilgiri; pargana Nilgiri of the Nilgiri estate.

The pillar is solid and conteins two marks, the upper 2:02 feet above the lower which is engraved on the rock in sitd.

XXV.—(Of the East Coust Series). Meghdsani Till Station, lat. 21° 38’, long. 86° 23'—observed at in
1839 and 1854—is on a lofty range of mountains of that name, clad with gigantic primeval forest in which the
mango and jack abound; pargana Podadia of the Mayurbhanja estate. 'Fhe station is approached from the
village of Podadia lying at the eastern foot of the hill and about 8 miles from the station.

The station is marked on the rock in sifd and a platform has been built around it. Pat4émunddi Rock is S.E. by E.
about 64 miles. ’
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XXVI.—(Of the East Coast Series). Bolpal or Barpil Hill Station, lat. 21° 22', long. 86° 30’—obsery-
ed at in 1838 and 1854—is approached from the village of Jugjuri which lies about 1% miles east; pargana
Nilgiri of the Nilgiri estate,

The station is marked on the rock in siti.

J. 8. N.
October 1878. B. N. HENNESSEY,
In charge of Computing Office.




SOUTH PARASNATH MERIDIONAL SERIES.

PRIMARY TRIANGULATION—OBSERVED ANGLES.

At LVIII (Chainpur)

December 1836 ; observed by Lieutenant A. H. K. Boilean with Cary’s 18-inch Theodolite, G.

A Seconds of Observed Angles at each Zero

ngle °©

between General Mean
180° 0° 190° 10° 200° 20° 210° ao° 220° 40° 230° 650°
" " " " " " " ”n " n " n

LXI &1 20°19 13°850 16°67 23°33 1017 19°50 18'00 2883 17°50 25°33 15°33 26717 46° 16 19”71
2 2 2 9 2 ) 2 2 2 2 2 2

At LXI (Tilabani)

January 1837 ; observed by Licutenant A. H. E. Boileaw with Cary's 18-inch Theodolite, G.

Angle Seconds of Obscrved Angles at each Zero

between General Mean
180° o° 190° 10° 200° 20° 210° 30° 220° 40° 230° 80°

” ” " " " " " " " " " n

I1 & RM. 6 g 6 . - . . . . . . . o ’ ",
14:67 A7 617 515 7150 783 9,00 6233 7,00 1333 6150 8goo 106° 49" 8733

I &I P . Crw . . . . .. . . . . ,
50,50 4517 4917 41733 §8'17 4983 50:67 4750 47°v7 56717 46:67 5267 55° 4 49"67

1& RM. 1o . ‘8 8- . . . . . - . . i,
31,00 35:33 3083 3800 32:83 37°17 41733 39°67 39717 3700 33:00 37°50 | 30° 45’ 36707

Nork.—Stations LVIII and LXI appertain to the Caleutta Lougitudinal Serics. K. M. denotes Referring Mark,
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At LXI (Tilabani)—(Continued).

Angle
between

180° o° 190°

Seconds of Observed Angles at each Zero

10° 200° 20° 210° 30° 220° 40° 290° 50°

Gencral Mean

3 " "

RM. & LVIIT| 43-33 49:50 4533

" " " " ” " " " n

45°83 4750 46°33 46700 45'67 42717 38:83 43°83 3684
2 2 2 .2 2 2 2 2 2

16° 33" 44”31

At I (Gorgiburu)

January and February 1837 ; observed by Lieutenant A. H. E. Boileaw with Cary’s 18-inch Theodolite, G.

b?t'::elsn Seconds of Observed Angles at each Zero General Mean
180° 0° 190° 10° 200° 20° 210° 30° 220° 40° 230° 50°
. o L L " " " " " " ” " o Iz ° 2’ 68[}.
LVIIT & RM.| 75°50 70°83 63°33 64°s0 76°33 59°83 7217 67°00 76°0c0 74°33 67717 §8°'50 3 3 79
2 2 2 2 2 3 ? ) ) 9 2 2
LXI&RM. | 55:83 4383 32,83 35.17 5217 43°67 35717 33717 51°00 5450 35°67 33717 | 37° 8 42”18
RM &IX 20°67 29°83 20;67 31°17 19°00 32°33 22°17 2850 15'67 30°s50 22'83 33°83 o° 23’ 25”60
H 2 2 2 2 2 2 2 2 2 2
R.M. & I1I 11°33 16°33 2317 3083 10°50 1967 24°50 z29°50 8°83 24°67 20°50 27717 2° 6 20”38
3 9 2 H 3 2 2 2 3 2 2 2
RM. &IV | 1800 30583 47,50 55.50 20,00 3050 45:17 41°17 3350 39'50 37'33 3717 69° 54’ 36™35

March 1837 ; observed

At II (Pardsa)

by Lieutenant A. H. E. Boileau with

Cary’s 18-inck Theodolite, G.

bg:\'fel:n Seconds of Observed Angles at each Zero Goneral Mean
180° 0° 190° 10° 200° " 20° 210° 30° 220° 40° 230° 50°
" " " " " " " ” " " ” " ° , ”
V&VI 2333 22°00 31°350 23°00 17°50 21°33 1900 28°50 20750 25°50 125°67 28-33 3° 8§23 85
2 2 2 2 3 2 2 2 2 2 2 2
YI &IV 11;83 7;00 9;50 3;00 112'33 9;50 92'17 15;50 10;17 12;33 11;67 10;67 34° 55 10714
V&l 25;67 18;67 13;67 17;17 18;8_; 10;50 18;50 19;67 19;50 24;00 18;16 22;83 65" 59’ 19”'76
VI & LXI 47;83 54;00 45;00 44;50 57;83 46;67 52;83 41;00 48;33 45'917 48'250 41;67 132" 23’ 47786

Nore.—Stations LYIII and LXI appertan to the Calcutta Longitudinal Series.

R. M, denotes Referring Mark.,




PRIMARY TRIANGULATION—OBSERVED ANGLTS,

At IIT (Biri)

April 1836 ; observed by Licutenant A. H. E. Boileau with Cary’s 18-inch Theodolite, G.

Angle Seconds of Observed Angles at each Zero
between
220° 40° 230° [ 240° 60° 250° 70° 260° 80° 270° 90°

General Mean

” " u ” 7 " ” " " " " "

VI & R.M. 54;83 65;00 48;83 64;50 5500 632'67 51,00 57°33 6183 s9:50 5750 55,00

85° 3" 57783

IV & RM. 51;67 59;67 54.50 6450 49;67 560'67 5450 5(10'17 483‘17 57 00 559’33 57°33

36° 15" 55747

RM. &1 42°67 26°00 33°33 30°00 30°67 34°33 38'00 39'00 35750 28:83 3584 42;17
2 2 B 2 2 0 . 2 2 2

3° 47 34770

RM. & LXI | 45:83 39700 50'17 39'33 42:50 45:00 4383 47 50 41:83 44'83 40°50 48-00

890 271 4411_03

At IV (Dalma)

February 1837; observed by Licutenant A. H. E. Boileau with Cary’s 18-inch Theodolite, G.

b:;:‘l:!::n Seconds of Observed Angles at each Zero General Mean
180° 0° 190° 10° 200° 20° 210° 3o° 220° 40° 230° 50°
" " " o " " " " ” " " " ,
o ",
RM. &I 567 17°00 2267 2117 11°00 4°17 19°83 g'so 14°17 850 22717 g-oO 6:° 9" 13774
2 2 2 o e 2 2 2 2 0 2 2

RM. & 111 18;33 25°50 39;83 4133 16°00 29°50 33°50 41783 21°67 26733 36°83 34700

133° 17 30”39

RM &1L | 4983 5917 69:00 7483 s50°00 54-83 64:50 67°33 5133 51-67 69:67 57 83

140° 33" 60”00

RM. & VI n;so 16°83 33;00 26°50 11°17 14°83 33°s0 27°50 22°00 16717 34767 2483
2 2 e 2 2 2 2 2 H H

22”71

VI&V 4183 34°83 36750 36°33 39'50 3567 36:17 35750 30°50 41700 3050 3400
2 2 2 2 2 e 2 2 2 2

36703

VII & R M. 38;50 3167 19'183 20;83 33'217 251'83 2267 22°50 37°33 2583 2000 21°00
b e 2 2 e H ]

w

130° g’ 26”60

VIII & R.M. 40;33 25717 25'83 20'50 41717 31°00 30°83 26733 36°83 42767 32°00 32700
2 2 2 2 92 2 9 2 2

87° 10’ 32”06

At V (Ledisal)
March and April 1837 ; observed by Lieutenant A. H. E. Boileau with Cary’s 18-inch

Theodolite, G.

Anglo Seconds of Observed Angles at ench Zoro
between

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

General Mean

y
d " v " " " " " " " " ”

IX&VI | 4750 35:33 44717 4183 3867 55:33 30'33 43700 4ico 45°83 37.5C 5167
2 2 2 2 2 2 2

190 31" 43743

Nore.—Station LXI appertains to the Calcuttn Longitudinal Series. 1.M. denotes Reforring Mark.




10 " SOUTH PARASNATH MERIDIONAL SERIES.

At V (Leddsil)—( Continued).

b:t’;\g::n Seconds of Observed Angles at each Zero Genoral Meon
180° 0° 190° 10° 200° 20° 210° 30° 220° 40° 230° 60°
" " n " " n » " n " " " ° , ”
VIIL& VI | 50'33 53:67 44:33 51-83 55000 5717 46:67 55:33 53:67 57.83 48,33 s52 00 138” 327 52722
IVEVI | 5433 49750 53:50 52700 5633 56:33 52:17 55:33 59'83 6167 5017 60'67 | 66° 32" 55”15
Visln 33;50 31°00 31°33 36717 37717 35'00 39°33 33700 34733 34700 29°67 29:0c0 6° 2’ 33763
2 e ) 2 2 B 2 2 2 2 2 2 2

At VI (Bhandiri)
March 1837 ; observed by Licutenant A. H. E. Boileau with Cary’s18-inch Theodolite, G.

bﬁ{\‘ﬂzn Seconds of Observed Angles at each Zero General Mean
180° 0° 190° 10° 200° 20° 210° 30° 220° 40° 230° 60°
" L " L " " " " " " L " ° , ”
VII &IV 46;67 45:33 48;17 43717 46;33 39°67 46717 47733 4367 522'83 49,'83 54750 70° 59" 47706
IV & 111 8-33 1100 567 11°83 17'83 12°67 15°50 12°83 14733 11°33 17717 7°50 85° 40" 12”17
2 2 Q 2 2 2 2 2 2 2 2 2

At VII (Sideshar)
April 1837 ; observed by Licutenant A. H. E. Boileau with Cary’s 18-inch Theodolite, G.

Angle Seconds of Observed Angles at each Zero General Mean
between
e 180° 0 1%0°  10°  200° 20° 210°  30°  220°  40° 230°  G0°
L4 o o " " " " " " " L " ° , .
IX & VIIT | 75°17 66°67 77733 66°17 69°17 st°'50 75'17 61°33 80°00 60;67 73,33 73°67 70° 29" 69”18
2 3 2 2 2 2 3 2 2 2
VIITI & IV 1867 21°50 15°50 1617 19°17 20°00 18°33 21°67 21°33 22°67 23°67 19°33 86° 53’ 20”00
9 3 2 3 2 2 a 3 2 2 2 2
IVEVI | 18 ‘33 18 : ‘83 1183 7 ~ 67 12° “s0 16° ° 59" 12”72
1 5’.'53 9233 1 950 ‘5233 15:| 3 “2 3 725O l3250 9, 7 lzgoo 4250 1 233 57 59 1277
At VIIT (Bighmuri)
April 1837 ; observed by Lienlenant 4. H. E. Boilean with Cary’s 18-inch Theodolite, -G.
Angle Scconds of Observed Angles at each Zero General Mesn
between
e 180° o 190° 10° 2000 20°  210° 30° 220° 40°  230°  50°
S " " " " " " p p " " " " o i 210
Dhoba HAL | 39,17 41,59 27,33 3083 w017 37750 35767 33717 3367 3467 29°50 guoso | 5 5 35

Nore.—1L. M. denotes Il Mark.
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At VIII (Bighmuri)—(Continued).

Angle Seconds of Obgerved Angles at each Zero General Mean
et 180° i 190° 10°  200°  20°  210°  9u°  220°  40°  230°  BO°
" " " o " " L4 " L ” L " ° , ”. o
IVeV 41217 43350 28°17 36700 32°00 33'50 34°50 3333 33:83 3183 40/50 32750 45" 5 35707
2 2 2 2 2 2 2 2
IV &VIL | 4800 55.83 45717 4883 46:50 4550 46-33 49:67 5267 39'83 51583 39;83 50° 7 47”50
Dh"b"'lg'M'& 32'.',67 30;67 35,00 3017 30;83 24;66 32750 26'933 29'283 29'283 32;66 28'250 101° ¢ 30”30
Dhoba H.M. & 57,00 5433 51:33 58167 47:00 5383 53:17 45.17 5166 43.00 54716 5233 160° 31" 51780

At IX (Sitbakra)

* May 1837 and tFebruary 1838; observed by Licutenant A. H. E. Boileau with Cary’s 18-inch Theodolite, G-

Angle Seconds of Observed Angles at each Zero General Mean
between
180° 0 190° 10 200° 20° 210° a° 220° 40° 230° 50°
+ ” " " " ” " " " " [ " " ° , ”
XI & R.M. 53°67 53°50 5650 60;83 54’00 6017 61'co 66'00 62°00 60°83 61'“17 58°33 16° 10" 59700
+ ”
R.M.&X 52°83 70°00 53°83 6567 5583 71°33 61°83 63°s50 35850 s56°350 58717 67733 330 21” 61728
2 2 2 2 2 2 2 2 b H] 2 by E
R-M. & VIIL| 28717 3083 37.50 3250 39,17 35717 36733 3367 35700 3567 23733 2083 | 104° 8 32735
»
VIIL & VII 3(;00 32°50 21°50 25°50 22°00 21°83 19°83 19°33 25'00 16°50 35733 3283 53° 22" 25726
2 2 2 2 2 2 2 2 2 2 2
-
VIIT&V | 47:33 52733 36°50 47°33 36717 35:67 41233 41°83 50°83 36°00 45767 4850 | 66° 51" 43”29

At X (Badampahir)

February 1838; observed by Licutenant A. II. E. Boileau with Cary's 18-inch Theodolite, G.

39,17 33:67 34733

Anpt ser
be:“gcgn Seconds of Observed Angles at each Zero General Mean
0° 180° 10° 190° 20° 200° 30° 210° 40° 220° 50° 230°
" " " " " " " " ” " A "
o g .
VIILS RM. | 44:17 49717 49:33 46167 50:67 46'67 5317 §0°33 s52'33 45783 5883 4133 | 997 167 49704
o 2 L] B 2 9 2 2 s 9
IX & RM.

32;83 51717 31017 40°83 31700 435700 33767 46°00 32750
2 2 2 2 2 2 2 2

40° 25" 37761

Nore.—H. M. denotes Hill Mark. R. M. denotes Referring Mork.



12 SOUTH PARASNATH MERIDIONAL SERIES.

At X (Badampahdr)—(Continued).

* February 1838 ; observed by Licutenant A. H. E. Boileau with Cary’s 18-inch Theodolite, G.
tday 1839 ; observed by Blr. N. Kallonas with Cary’s 18-inch Theodolite, G.

Angle Seconds of Observed Angles at cach Zero

between General Mcan

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

" ” ”n " n " " " u " ” "

RM."& X1 15:17 15733 16°17 17°17 13°83 22'00 13°§0 22717 9°83 17°33 7733 27°83 21° 47" 16747
2 9 2 3 P 2 2 2 g 2 2

*
T X . 26" . . . . . . . . . . , ",
ree & XI 21°50 6217 25900 27233 19550 25250 22267 24283 17283 26233 13283 33283 21° 47" 23”69

1
Tree & X1I 23'50 28°50 21°50 3z°00 14'50 26733 12°67 25°67 12°00 30°00 14717 25733 49° 29 22”18
e 2 2 2 2 3 2 2 ] 2 2

At XTI (IKusumbani)

YMarch 1838; observed by Lientenant A. H. E. Boileaw with Cary’s 18-inch Theodolite, G.
May ; observed by Mr. N. Kallonas with Cary’s 18-inch Theodolite, G.
§May 1839; ob 1 by Mr. N. Kall ith Cary’s 18-inch Theodolite, G

b?tlﬂzn Seconds of Observed Angles at each Zero Gencral Mcan

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

" " " o " " " " " " " "

§
XTII & X11 10'83 1683 633 14°83 1300 19733 14717 15'00 18'67 12'00 17°'84 ¢°83 73
2 2 L] 3 2 2 2 2 2 2 2

47" 14706

S
X1 &X 57,17 51267 6z'50 56:33 57°17 50°83 53°67 49:83 57:00 §7'00 55'50 $8:00 | 65°

9 2

33 55764

U

RM &X 26'83' 32717 29717 35°33 23°83 27°33 2800 28°00 27°83 29°33 2800 28:83 86° 14 28”72
2 2 3 3 2 ] 2 2 2 2 ] 2

1
RAM. &1IX 48;83 48;33 49;33 48'“50 47°C0O 49;83 53;17 42;50 44;66 43;50 44;16 39;66 ;54° 28’ 46”-62

At XII (Amjhori)
April and May 1839 ; observed by Mr. N. Kallonas with Cary’s 18-inch Theodolite, G.

Angle Seconds of Observed Angles at each Zero
between

Goneral Menn
(14 180° 10° 190° 20° 200° 30° 210° 40° 220° 60° 230°

Dolki HM. & X| 28c0 23°83 27°83 28
2 2 R

3

o ’ ”,
83 28:67 27°s50 21717 31°83 26'17 25°50 26°00 2167 8o 56 2642
2 2 5 H 2 2

[

Delld M| 5055 28767 31717 30017 27750 2847 23707 30733 2500 3133 2733 38700 | 167° 40" 29”60

& X1 | 2 .
Dalki WM. 5 6400 61°83 64717 6150 60783 5783 57733 60°00 62750 62°67 61°00 225° 35" 61765
& NI ' : 2 2 2 2 2 2 2 2 2 2 R
Dolki 11 M. i 6°83 1000 goo 10000 817 550 2°17 11°00 317 817 1717 14700 l 295° 19" 7743
& XXV 3 1 2 H 3 2 2 2 a 2 N 95 19

Nuse.—Stativn XXV appertains to the East Coast Scries. . M. denotes Referring Mark., H. M. denotes il Mark.



PRIMARY TRIANGULATION.—OBSERVED ANGLES.

February and March 1839; observﬂ by Mpr. N. Kallonas with Cary's18-inch Theodolite, G.

At XIIT (Murdei)

Angle Seconds of Observed Angles at each Zero Qeneral Mean
between 0°  180°  10°  190°  20°  200°  30°  210°  40°  220°  60°  230°
i " " ” " " I " " " " ” ° , ”.
XXIII &Rock | g 17 14750 6;67 17°33 11°33 15°67 13°67 9733 15;67 13750 16;33 15°83 49" 52 137725
2 2 2 2 e 2 a 2 2
XXIV & Rock| §1°00 4483 49183 4750 55717 4950 61750 47 50 61.67 5300 62717 5183 46° 23" 52796
2 2 2 p) : 2 2 [ 9
XXVI&Rock] S+17 48.67 59133 5483 53750 S717 55017 54,67 57.83 58:33 58°83 52°83 57 43" 55744
Rock & XXV | 39717 45’50 39'33 51700 42700 43717 34750 4!;83 34;67 45767 32717 43750 | 28° 45" 41704
Rock & XII | 67°33 74:50 67 50 7683 58 50 7433 6250 75,17 64:17 73,17 62 50 7617 | 92° 6 69739
Rock & XI | 2600 33-00 3o'83 3083 29:00 3500 2350 2583 21700 33717 16:33 3567 | 140° 24 28733
2 2 2 2 2 2 2 2 2 2
At XXTII (Kimhira)
February 1839 ; observed by Mr. N. Kallonas with Cary’s 18-inch Theodolite, G.
b/l:;:l\\g:in Seconds of Obserred Angles at each Zero General Mean
0° 180° 10° 190° 20° 200° 30° 210° 40° 220° 650* 230°
X " " n " " " " " " " " " ° , ",
XXIV&XXVI| 27:50 17°33 26:67 21:83 26'83 23°co 26°50 30°84 23°33 26750 11°67 2534 617 28" 2395
2 2 2 2 2 2 2 2 2 3 2
XXIV&XIT| 50700 s0°50 48750 49°83 56°17 53°83 48'50 58°67 42767 54767 4117 59°17 | 173° 24 51714
2 2 2 2 2 2 2 2 2 2 2 2 3

December 1838 ; observed by Licutenant A. . E. Boilean with Cary’s 18-inch Theodolite, G.

At XXIV (Nilgiri)

Anclo Seconds of Observed Angles at cach Zero
bobween General Mean

180° 0° 190° 10° 2007 20° 210° 30° 220° 40° 290° 50°
" " I " " " " U " " " "

XXVI& RM. $2733 31717 53713 3117 43750 35133 52717 33700 52700 38750 47783 32°67 1320 17' 4[:/.92
2 3 2 2 ol 2 ? 2 2 3 2 2

XTI & R . . . . aer- .. - . . . .. . ’

& R 38284 2500 39200 21733 39,00 169\-,0 53,9 17 232 00 522 00 249 50 462 50 24134 56° 28 33”'77

Note—>Stations XXIIT, XXIV, XXV and XX VI appertain to the East Const Serics.  R.ML denotes Referring Mark.
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SOUTH PARASNATH MERIDIONAL SERIES.

At XXV (Megisini)

*January 1839; +March and April 1839; observed by Mr. N. Kallonas with Cary's 18-inch Theodolite, G.

b:tl\‘\'g::l] Seconds of Observed Angles at each Zero Genorul Mean
0° 180° 10° 190° 20° 200° 30° 210° 40° 220° 60° 230°
* " Y " L " LJ " " " " " " °
XII & RM. | 57:17 56;17 80-00 6367 76:33 6417 72:67 61750 75733 5750 80’1 60-00 119° 25" 68”72
* . . . . . . . i . . p o . e ’ ”
XTIT & R. M. 41200 33200 43200 35goo 41200 30233 502 17 3026, 44217 1821, 50267 2826/ 720 30 33 07
-
. 650 8°83 a22° 11°17 25°83 1500 22°8 : : : '8 : ° a2 17"
XXIV&R. M. | 29,5 ;83 2333 1117 2583 15 ,83 9,17 24750 1100 2283 w2y o° 42" 17768

At XXVI (Bolpsl)

18-inch Theodolite, G

December 1838 ; observed by * Lieutenant A. H. E. Boileau and +Mr. N. Kallonas with Cory’s

+ .
XXIII &R. M. | %833

67:33 71217

Ancle Seconds of Observed Angles at each Zero
betwgeeu General Mean
0° 180° 10° 190° 20° 200° 30° 210° 40° 220° 50° 230°
- " " " " " ’ u " " " " " "
XXV&RM.| 7o:67 49:83 57:17 38;33 62:00 39°00 55°17 3034 81°50 §6:67 8217 59,17 114° 27" 57759
,'_ ! o] ’ o
. oag . — . . . . . . e . . .
X111 & R.I\U 32e83 19233 3;21, 11283 31217 18283 32200 18200 31267 152_,o 332;, 162_,3 ' 86° 25" 2453
57,17 7383 62°50 69°33 5983 7500 06333 75 00 62;33' 62° 29’ 6710

Norte.—Stations XXIII, XXIV, XXV and XXVI appertain to the East Coast Series.

November 1878.

R. M. denotes Referring

DMark.

J. B. N. HENNESSEY,
In charge of Computing Qffice.
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SOUTH PARASNATH MERIDIONAL SERIES.

Figure No. 1.

Observed Anglest

No. Value No. Value No. Value
o v ” o s " o ”
1 76 3 32726 12 67 48 1576 23 45 5 3597
2 66 24 28-10 13 38 3 33799 24 6‘2 54 29°21
3 37 32 778 14 72 35 2878 25 86 353 20°00
4 55 4 49767 : 15 69 20 5874 26 42 38 5454
5 85 40 9733 16 48 48 236 27 50 7 47°50
6 39 15 2°76 17 85 40 12717 28 51 58 5121
7 31 4 963 18 45 31 52°32 29 66 51 43729
8 79 24 46°26 19 70 59 47706 30 61 9 30'33
9 69 31 10°75 20 57 59 12°72 3 70 30 918
10 40 3 30'17 21 51 1 10°69 32 53 22 2526
1 72 8 16765 22 7L 59 37707 33 56 7 17°90
Equations to be satisfied Factor
I, +x; +x4 =€ = 4+ 3'55 M
X, +x; + x4 =€ = — 1'G4, Ay
X, +Xg +x9 =€ = + 2'72 Ag
X, +xy + Xy o =€ = — 0'44, Ay
X +xy, + x5 =g = — 28y g
X168 +xy7 + x5 =€ = + 4'40, Ag
X + x5 + x4 =e = + 823 P
b P + x5 + x5, =€ = — 227, Ay
b M + Xy +xy =¢ = — o0°'82, A
) ¥ + Xy + Xgo =€, = + 124, Ao
a1 +Xg9 + Xgg = e, = — 10°'14, M
X4 ' —Xq +x, —Xjs = e, = + o001, Ay
b ¥ -Xp + x5 —Xp —Xy +xy, —Xg = ey, = + o0°'01, A3
X3¢ bt ¥7) v +xy — Xy e = e, = 000, Ay
+ 5x — 9x 27X —-15%
+3.55 ‘; = :‘: : 7’:1 _Zix:o} = o= Tk e
ISR R R
1 -— —_—
DY P il e T

1 These are treated hereafter with ejwal weights,
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Figure No. 1—(Conlinued).

17

Equations between the factors

Co-efllicients of
No. of| Value of
° ¢ T A Ay A Ay Ag Aq Ay Ay L Ao An Ayg A Ay A Ais Az
N I T T B ‘ ‘ ot -4
2 | — 194 + 3 . ' -t S
3|+ 22 + 3 + 1 + 1 + 3 = a2y
4| - o4 + 3 . -1 -1 — 1B + 16
s | — 28 + 3 . . . + 1 . + a1
6 + 440 r 3 . “ -1 - 18
7 + 823 + 3 . -1 + 6
8 |~ 22 + 3 + 1 + 1 . - 14 + 4
o | - o8z + 3 v . -1 -1 + 16 — 23
10 | + 1'24 + 3 + ot b + 7
| - ro1g + 3 -t + B
1z | + oot » + 4 - + a7
13 + o'or + 7 - u + 34
14 0'00 + 4 - 38
15 + 94 +2:50 =—1850
16 —302 +4120 ~ 5o
7 |- + 1357
Values of the Factors Angular errors in seconds
N =+ 17034
Ay = = 0811
Ay = + 0'028 X = + o8 Xy = + 1'44 Xy = - o'bo
Moo=+ o1y I = + 1°34 Xy = — 367 Iy = — 0°20
A = — o 18 X3 = 4+ 1°23 Iy = + 035 XI5 = — o0°'21
A = 4 1'011 I = — o'oz X, = + 0°45 Iy = — 061
A =+ 3264 I, = — o093 e = + 333 I3 = e
A = = opy X = — 0°99 X; = + 089 Xy = + 0'go
Ay = =— o0°308 I, = + 2°42 X = + 018 Ip = + I'47
Mo = + 1°262 I = 4+ 1°07 Ip = + 412 Xy = — 1°13
Ap o= = 4t I = = 077 Ip = + 1°68 Xy = — 393
My o= 4 ee1ug X = — 1°19 o= 423 T = = 448
i Az = + o8y x = — o6y Iy = — 147 Ig = — 1'73
Ay = = 2°386
As = = o'0s54 [wx®]=115"04
Ay = = o'122
Ay = = o0°'o23

. ® Tn the tables of the equations between the factors the co-
in the gth line being alwaye the same as the oo-cflicient of the qth

efficients of the terms below the di 1 are omitted for conv

) the co-efflicient of the pth term

term in the pth line.
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SOUTH PARASNATH MERIDIONAL SERIES.

Figure No. 2

Observed Anglest Fixed datat
e e ] Log. Ratio of side 4 to B (see diagram) = — ‘0705216,2
» » Ato C » = — -0224673,0
No. Value Angle at ZXVI between XXIV and XXIII = 39° 35 49”56
»  XXVI . XXIII ,, XXV = 51 57 39 ‘47
» XXV »  XXVI ,, XXIV = 45 39 46 78
. . , Equations to be satisfied Factor
1 34 29 36749 n +x +x4 = e = + 1483 M
Xy +x; +Xg =€ =+ o0'52 Ay
2 71 48 20739
X5 +x +3 =¢ = + 88 A3
3 28 2 3306 Xg +x; = e = + 11°03, A,
. " 8 1781 —-31x, —11Xy +22x, +8x, = ¢ = —169'9, A
—31x —11% +25%, —5Xg = ¢ = —170'8, Mg
5 23 55 17743
Equations wetween the factors
6 nr 56  27°19
Co-efficients of
7 40° 39 57751 No. of Value of o-ettielents o
e e
A A A A
5 s a Bs ) A * . ‘ ’
1 + 1483 + 3 +1 - 42 - 42
2 4+ o'52 + 3 + 1 + 1 + 30
3 + 8-87 + 3 + 1 + 20
4 + 11°02 * + 2
5 —169°7 +1630  +1082
6 —-170'8 +1732
Values of the Factors Angular errors in seconds
N o= 4+ 40187
n=+33% X = + 3741
AN = = 4493 Xy = + 388 X = — 287
A = 4+ 47486 x, = + 761 x = + o'09
N = + 3419 X, = — o002 =+ 3537
R.‘ = <+ 0203
X = — o176 [7x7] = 132°83

t The Axed data here given are obtained from Triangles Nos. 238, 239 and 426 of the East Coast Series, vide page 111_,
3 Thcse are Lreated with eqwal weights.

Operations, .

December 1878.

. of Vol. VI of the Account of the

J. B. N. HENNESSEY,
In charge of Computing Qffice.
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No. of Triangle = Corrections to Observed Angle Dislance
. 2 ) Corrected Plane
Station _E 8 x Angle
Circuit c?:::;_b ,}?k‘ Figure Circuit c:r::i.t Totnl Log. fect Feet Miles
" " " L " o ' "

LVIII 2740 | + 17 | —2747 —2°30 | 46 16 15701 § 52387104 | 1775689 | 32°835
I LXI 2741 | + t17 | La34 +2°51 | 47 19 20748 | 524645060,8 | 1765831 | 33°406
I 241 | + 18| + 13 + ar 86 24 24°51 [ 53792092,2 239446°9 | 45°350

722 + 52|18 o o'o00
LXI 53| — 98| 4 a2y — 54| 76 3 30719 | 526389374 | 183608-g | 34°774
2 I 1°33 [ —1°23 | —1°43 —2°66 37 32 3°59 5061665359 115256°5 21829
II 1°53 | —154 ) +1719 — 351 66 24 26°22 5'2389710,4 1733689 | 32°833

1759 —3°55] 180 o o'00
1 3|+ c77 ) —1035 — 's8] 69 31 8'86 | §5'2420032,2 17468179 | 33" 141
3 II 130 | —2742 | 41721 —1'21 | 31 4 7712 4'9340555,5 953952 187257
v 1°31 | —1°07 | + 14 — 93| 79 24 44°02 52038937,4 183608°9 | 347774

3°92 —2'72 ] 180 o o'0o0
LXI 1°23 [ + ‘o2 — ‘1o | — o8| 55 4 4836 | 515400176 | 142561°3 | 257000
13 I 1'23 | + 99 — 97| + o2 | 3915 153 504141820 1100065 [ 20°83%
111 oy | 4+ 93 +r1°07 | +2700 85 40 10709 52389710,4 173368'9 | 32°835

3'70 +1°94 | 18 o o000
T 1'o1 | —1'44 —1°81 | —3°25 67 48 117350 5'1420172,1 1386811 26263
14 IT1 1'co ) +1°19 +1°47 | +2°66 | 40 3 31°83 +9840555,4 963052 18287
Iv 1'o1 | 4+ ‘69 + 34 | +1°03 72 8 16°67 5'1540017,6 142561°3 17°000

3702 + ‘44! 18 o o000

Notres.—1. The values of the side are given in the eame line with the opposite angle.
3, Ptations LVIIT and LXI appertain to tho Culcutta Longitudinul Series.
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SOUTH PARASNATH MERIDIONAL SERIES.

No. of Triangle Ea Corrections to Observed Angle Distnnce
Station s & Corrected Plane
Circuit | NO™ A | ® Cironit | Jom Avgle ;
circuit @ igure irouit oircuit Total Log. feet Feet Miles
" " L] L] " o ! "
I 146 |+ 3°67 |= ‘ot + 2756 | 38 33529 | 5705327703 | 113051°Q | 217411,
4 1V, 146 (— 45 |— 51 — 96| 69 20 56732 | 5°2345142,7 | 1715988 | 327500
v 146 = 35 |+ 142 + 1707 | 72 35 2839 | 5°2429932,2 1749810 | 33° 141
4'38‘ + 287 | 180 o o-oo
v 1021 |+ ‘20 (— 1°532 — 1'32 ' 62 54 26°68 | 5 1526005,8 142105°1 | 267914
5 v 121 |+ 1747 [+ "iB + 1765 | 77 59 §7°51 | §r 18129169 151807°0 | 28741
VIII 1'20 |+ 60 |+ 1734 + 1794 | 45 5 35781 | 5°0532779.3 1130519 | 207411
3°62 + 227|180 o o'oco0
I1I ‘82 |[— 3°33 — 89 |— 422 48 47 57°32 | 5 o197111,4 104643°2 19°819
5 Iv ‘81— 18 — ug|— 32| 4531 51719 | 4799673066 | 9925070 | 18-797
VI ‘82 [— “-8g 1°03 1+ 14| 85 40 11749 | 5714201721 1386811 | 26°265
2°45% — 4°40 | 180 o o'00
v 74 |— 2743 — 86 |— 329 | 51 1 6°66 | 4798197048 95933°5 | 18°169
16 VI 75 |— 4712 — 53 |— 4'65| 70 59 41°66 | 5°c670110,2 11668379 | 22°099
VII ‘75 |— 1°68 + 1°39 (— ‘29| 57 59 11°68 | 5°0197111,4 104643°2 | 19°819
2°24 — 823|180 o o000
v 95 |[+ 61 — 1'23 |[— 62| 42 5B 52797 | 5'0155642,8 | 103648°8 | 19°630
17 VII ‘96 |+ ‘21 — o9 [+ 12| 8633 19716 | 5-1812016,7 | 15180770 | 28-751
VIII 9% "00 + 1732 |+ 1732 | so 7 47'8B7 | 5-0670110,2 | 116683°9 | 227099
2°86 + 82| 180 o o'oo0
vy 1'19 |— ‘9o |— “'50 — 1740 | 51 58 4862 | 5°0854453,8 1217434 | 23°057
6 VIII 1°20 |+ 1713 |— 20 + 93| 61 ¢ 30706 | 5713151306 13536771 | 257638
X 1'20 [— 147 |+ 70 — 77| 66 51 41°32 [ 5'1526095,8 1421051 | 26°914
3°59 — 1'24 | 180 o o0'00
Vi1 ‘83 |+ 3793 + o2 [+ 3°95| 70 30 12730 | §70B54453,5 | 12174374 | 23°0§7
18 VIII ‘83 [+ 1°73 — 19|+ 153 | 56 7 18-61 | 5 0302852,9 | 107222'3 | 20°307
IX ‘82 |+ 448 + 17|+ 4°65] 5322 29709 | 501556428 [ 103648°B | 197630
2°48 +10°14 | tBo o o'00
VIII 124 |— ‘14 |— 1702 — 116 | 59 22 19°10 | §5°1368752,6 | 1370488 | 25°9¢6
7 IX 1725 |— 14 |— 22 — ‘36| 5046 29°60 | 5 1772067,2 | 150385°8 | 28-482
S 124 |= 13+ 1724 + 1700 |49 51 11730 | 5roBsa4s38 [ 121743°4 | 237057
3'73i — ‘41| 1Bo o o000
9.4 1707 |— 2°96 |— 66 — 5°62 | 49 32 5559 | 5-0503482,6 | ri22091°9 | 217267
8 X 1'08 |— 2°96 |+ 42 2°54 | 62 12 50746 | 5-1157809,1 13055172 | 247726
XI 1°08 |— 2797 [+ “24 — 2°73 | 68 14 13°95 |5 1368752,6 | 137048'8 | 25°956
3723 — 889 | 180 o o'o0
X ‘a1 |+ 1036 |— 1737 — ot | 27 4u 5806 | 471835148 5328179 9°902
9 X1 ‘42 [+ 1737 |+ 18 + 1755 | 65 33 56°77 | 5:0101036,1 | 102400°9 | 197394
XII 43 |+ 1°37 |+ 119 + 2°56 | 86 44 5717 | 5°0503482,6 | 1129179 | 217267
1°27 + 4710 | 1Bo o o'00
XI ‘24 |[— 1746 |— 87 — 2°33 | 73 47 11°49 | 482769521 67250°5 | 12°737
10 XI1I 23 |— 1746 [+ 53 — '93| 57 55 30°90 | 477733867,8 59345°4 | 11240
X111 23 |— 1°46 [+ ‘34 — 113 48 17 17761 4°7183514,8 5228179 9°'9o2
‘70 — 4'38 1180 o o'oo0
XII1 41 |— 1719 [— 34 — 153 | 69 43 384 | 4-9362086,4 863572 | 16°356
11 XIII 41 [— 71B j— 1713 — 3°31| 63 21 2563 | 4°9153470,8 822900 | 15°585
XXV 41 (= B 4 17 + 29 | 46 55 30°53 | 4°82;6952,1 6j250'5 | 127737
1°219 — 3'65 | 180 o o'oo

Nots.—Station XXV appertaine to the East Const Serion



PRIMARY TRIANGULATION. TRIANGLES. 21
No. of Triongle I Corrections to Observed Angle Dislance
— _ Station '?’ 8 . Corrected Plane e
= Angle
Circuit cili:ol:‘i; &4 Figure Circuit Lﬁ:::l‘t Total Log. feet Feot Miles
" " ” " " o 13 ”
XTII 63 [— 334 |— 2707 — 5°41 | 34 20 30°45 | 5°0171495,9 | 104025°8 | 19 702
12 XXV ‘63 |— 3798 [+ ‘o8 — 290 | 117 28 3764 | 5721210849 | 162992°8 | 30'830
XXVI 63 |— 7761 1+ 1709 — 6°52 | 28 2 25°91 | 4°9362986,4 863572 | 16°356
189 —14'83 | 180 o o000
XIII ‘64 |+ ‘o2 4°68 |— 4°66 | 44 8 12°51 5°08;76711,6 122368°9 23°1%6
19 | XXVI 63 |— 3741 1'09 |— 4°50 | 23 55 12730 | 4°8527;88,5 7124970 | 137494
XXIII 64 |+ 2787 5777 |+ 864 | 111 56 3519 | 5 2121684,9 | 162992°8 | 30°870
1791 — '52 [ 180 o o'00
X111 1°26 |— ‘o9 1'61 [— 1770 | 40 39 §4°55 | 5°0396168,5 | 100551°1 | 207448
20 | XXVI 126 |— 3°41 1709 |— ¢4°50 | 63 31 1723 | 5 1774664,1 | 15047577 | 287499
XXIV 126 |— 5'37 2770 |— 267 | 75 49 4'22 | 5°21216B4,9 162992°8 | 30'870
378 — 8'87 | 180 o o000

Nore.—8tations XXIII, XXIV, XXV and XXVI appertain to the Enet Const Series.

December 1878.

J. B. N. HENNESSEY,

In charge of Computing Qffice.
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SECONDARY TRIANGULATION. TRIANGLLES.
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TERSECTED POINTS.

AZIMUTHS OF STATIONS AND IN
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SOUTH PARASNATH MERIDIONAL SERIES.

PRIMARY TRIANGULATION. HEIGIITS ABOVE MEAN SEA LEVEL.

The following table gives, first, the usual data of the obscrved vertical angles and the heights of the signal (where forth-
coming) and instrument, &c., in pairs of horizontal lines, the first line of which gives the data for the 1st or the fixed station, and
the sccond line the data for the 2nd or the deduced station. This is followed by the arc contained hetween the two stations, and
then by the terrestrial refraction; and the height of the 2nd station above or below the 1st, as computed from the vertical angles
in the wsual manner, This difference of height applied to the given height above mean sea level of the fixed station, gives that of
the deduced station. Usually there are two or three independent values of the height of the deduced station; the details are so
arranged as to show these consecutively and their mean in the columns of “Trigonomctrical Results”. The mean results thus
obtained are however liable to reccive corrections for the errors generated in the trigonometrical operations, which are shown up
by the spirit leveling operations, whenever a junction between the two has been cffected. The spirit leveled delcrminations, when
available, are always accepted as final, and the trigonometrical heights of stations, lying between other stations fixed by the leveling
operations, are adjusted—usually by simple proportion—to accord with the latter.

The Leights of the South PArasnith Meridional Series have been adjusted hetween the final velues of Chainpur and Tilabani,
the fixed points of the Caleutta Longitudinal Series, and those of the fixed stations of Kimlira, Nilgiri, Megisini and Bolpil
of the East Coast Scries. The heights of the fixed poiuts are as follows:—

r . 0NRE
%‘\}’I%lﬁlﬁle‘fmr 'igﬁ;} fect above Mcan Sea Level as hrought down from Kardchi.

XXIII, Kimhira ... b82

XXIV, Nilgiri ... 1788 " » as determincd at Balardmgarhi and Vizagapatam Tide
XXV, Megisini ... 3823 Points.

XXVI, Bolpil ... 1632

Excepting the above fixed points, the heights in the column ¢ Final Result” arc given only to the nearcst tenth foot, because
these results are not more trustworthy on this series.

. . Terveatrinl L
Astrouomical Date 2 | Height in fect . g @
E & Refrnction '% Teight in feet of 2nad Station é
3 2 @A above Mean Sea Level b
5 < o s 7 >
o - = o8
Mcan of Station Olbserve(l 5 - % E % :q i l,'g"{ é
1836-37 Titmes Vertical Angle | 5 ;g‘, E 2 2 "g' ?_:’ é 3 E| Trigonometricnl E
of obacr- E 7] & 8 a é 3 é Results Final §
vation 5 2 4 A 5 - B ! Result &
5 ¥ ench Mean =
= S deduction =]
h om °e " Seet
Dec. 912 of LVIII Do 1o 50 4 55
) 17 76 ‘o 130 221
Jan. 18| 2 48 | I Do1g 53 . 55 . 743 / +3 +s 5
& | 2211 2220 o0
3 L] E 8 ‘3 5
” 13 26 | LXI O 4 4 E 3 1713 | 197 | ‘062 | + 8;8 2207 -g
" 3lio046 |1 Doggo o | 4| 2 55 S
E =
" 6|4 53 LXI Dozrs; | 4| S | 55 3g | 41 | 036 | — 424 gos E
Mar. 13,2 53 | 1T Eo 341 ;| 4 2 55 M o
1 g7 | 910 |8
Jan. 26310 |1 Doj3;ss | 4 5°5 X
! . 1814 97 ‘054 —1301 ["1{:)
Mar. 14,053 |11 Eoro46 | 4 | 55
! |




PRIMARY TRIANGULATION. HEIGHTS ABOVE MEAN SEA LEVEL,

(-]
-3

Torrestrinl

Astronomical Date § Toight in feet Relruction -g Height in feet of 2nd Station
£ g n above Mean Sea Level
& - © 5.
Mean of] Btation Obgerved 2 2 E’ ] s < :_E T s
Pimes Veitical Angle | 5 | @ g g £ =g 358 Trigovometrical
1836-37 o ) s < g R g2= goua c
of obger- ,é @ s 3 3 5 g2 5’ Results Final
- a = o
vulion = -~ = a2 Result
g Sl E || e
1837 B om o "
Jan. 22 26 | LXI Doz2j40 | 4 55 .
Apr. e 19! 530 11 Eoioy47 | 4 55 o871 ¥ o] — 6 ™
1837 731 730
. 2213 8|1 Do4624 | 4 55
. 1836 1| s g0 | 11T Boas 6 4 5 1409 73 052 —1483 728
1837
Feb. 913321 Eo2237 | 4 5’5 . o052 | + 8 o5t
" 19 21 25 | IV Do3yis | 4 55 952 | 49 5 o 395
Mar, 14 21 40 | I Eo2949 | 4 55
Feb. 95122 o IV Dossz24 | 4 55 1729 | 163 °95 +aul 3085 sodt 3ofo
1836 I
Apr. 19| 530 [IT Eo4713 | 4 5’5
Fob. o anl 1 44| LV D18 5|4 s's 470 & °49 | 2316 1 3047
Mar. 1302 g2 | IT Eo 241 | 4 55
" 31 4|V Do2933 | 4 55 1696 | 49 29 1 + Bos 1
1696 1720
Feb. 16 4 15| IV Dosg18 | 4 55 . o8 68 !
Mar, 280616 |V 03325 | 4 575 iz 9 = 1360 1081
183G
Apr. 19| 5 30 | IIT Eoi1y12 | 4 0 | §'5
e ar| * | VI Doszig | 4 _E o 981 | 48 049 | + 715 1436
S 1438 1460
Teb. 16|32 42 | IV Di oo 4| g 5% o6 P .
Mar. 2|2 42| VI Eoy4458 | 4 2 55 10341 73 °09 | —foee tad!
Feb. 2201 1y | TV Dossat | 4 | = 5'5 8 )
Apr. 3| 48| viI Eo3833 | 4 oy | 1sa| 8| ern | —ises | n47
. 1437 1460
Mar. 222 | VI Do 5358 55 g 160 .
Apr. 3| ;38| VIL Do 510 575 94 152 ~- 1427
Teb, 21123 49 | IV Do3s33 | 4 573 ‘o8
Apr. 1013 16 | VIII Eois18 ' s 1500 | 120 o80 —1056 1985
" 122 35{ V Do 212 4 30 s
53°5
» 10 |23 16 | VIII Do18 8 | 4 5°5 r4o4 | foe | rort + 39 2015 1994 2020
" 315 38| VII Eo 956 | 4 55 . -
» 10 23 16 | VLII Doas38 | 4 s | 1O | S2 | TosT| t o536 1T
Mar. 281442 |V Do 2 e
Ma 1 ! 7 4 5°3 1338 8< ‘063 + 30 2001
y 112 | IX Doi1737 | 4 35 > 5
Apr. 5 38| VII Eo 8 8 :
: R 4 55
May 1112 |IX Dozg36 | 4 G | 159 46 | toq4 | + s1t 1948 1951 2000
Apr. 14 22 31 | VIII Do 931 4 5735
May 1{112|IX Do 8 8 | 4 o 1203 [ 71 L resg | — 31 1963

E: l Height of Pillur or Tower

Not forthcoming

s T .
The mean of obsorvations takeu ou 4th und 7th March 1557 sl £ 22 pnd 24 9™ respectively.
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Astronomical Date = Height in feet ’Jl's’l:rest.rinl g &
£ Refraction k= Height in feet of 2nd Station | %
E s &.‘n’ above Mean Ses Level T
a °8 . Nt
I ke IR oW & 3| F |2 |35 238 E
7—80 Times ertical Aungle | ‘g =2 B 3 H %? ‘553 Tri trioal [
& 1854 of obser- E E" ,E, 5 g g:;f Fﬂ'é lg‘i?(::‘ﬁanm Fizal s
vation £ E ° S 5‘5 a S - z
z: S 3 By each Result _En
« deduction Mean =
1837 ° " feet
Apr. - 15| 2 14 | VIII Eo 422 4 55 . ’
Feb. " 24052 X Doays8 4 55 1486 43| e + 708 2702
2698 2730
» 9049 IX Eo 720 | 4 5% ’ n
" 244|052 | X DoabBsy | 4 55 1354 38| r028 | + 722 2693
" 10 1 34 | IX E o023 120 4 55 .
Mar. 24| 58 | XI Dous iy | 2 I o i e I L
3277 3320
Feb. 2T 1re9 | X Eoog 35 | 4 55 | 4, 8- + 8 8 &0
Mar. 230 XI Do263; . 1o °34 582 [ 3380 g
1839 54 20 37 4 » 5’5 g
May 9410 X Eoigry | 4| § | 55 . <
R 2| 4 59 | XII Do3ss6 | 4 E o5 1012 56| ‘o3g + 8o 3499 E
£ 3506 3580 -
» 29| 1 15| XI Eo12 7 | 4| & 5's N P
» 2| 1 53 XII Do 18 59 4 ‘zs 5% 517 74 143 + 236 3513
" 20) 1 15 | XI Doi1539 | 4 55
Mar. 10 |22 55 | XIII Eo 5353 4 55 586 20 | ‘o33 - 186 3091
' 3098 3150
May 2|18 XII Do2a618 | 4 53 .
Mar. 10 22 55 | XIII Eor1g41 | 4 55 865 Tlreer| T 3105
May 2158 |XII Eo 420 | 4 575
Apr. 2 22 58 | XXV Doi17s53 | 4 5':; 813 4| 017 | + 266 3772
3771 | 3823 |t
Mar. 10122 55 | XIIT Eoz 8 | 4 55 .
Jan. 13123 o | XXV Do3s 19 55 853 44 o5 )+ O 3769
1854
Feb.22,2324 (3 8| XXV Ditwgry |12 | 1'1r | 51
Mar. 12! 2 16| XXVI Eo 45 8 S 1028 66 | *064 —2170 1601 1601 1652 t
1839
Mar. 131 4 45| XIII Dar238 | 4 55 .
Feb, 5|3 5| XXIII E15729 | 4 55 704 | =87 | "raz ) —250 so4
1854 ) 518 58z | ¢t
Mar. 1,212 28 XXVI Do38s9 | 8| 1'2a | 50 .
Feb. 17,18 3 42 | XXIII Eoar 3 | 8| 11 ] 51 1209 74 | o6t | —1oby 532
1839
Mar. 1649 45 | XIII Dog2 41 | 4 53
1838 5 . . - -
Dec. 15| 4 35 | XXIV Eo1958 | 4 53 1487 69 | to47 137 1727
1854
Feb.22,23,24 | 3 21 ! XXV Dosg6yr 13! 15 | 5°1 <068 6 .
. 89101 2 38 | XXIV Eoj3443 2| 170 | 51 513 ) 103, 70 T3 1735 68
1730 15 2
Mar. 1212 40 | XXVI Do 343 | 8 | 172} 50 8 I 216
Feb. 89,10 2 32 | XXIV Doizi1z |12 | 171 | §°1 1e83 73| 07 | 23S 173
m 2 39 . XXIII Eo4616 |12 279 | §5°1 . . .
(2) 1 49 | XXIV Dogys8 {18 1°1 | 571 785 50| o6+ | Hiso4 1
l

Nors.—Stations XXIII, XX1V, XXV and XXVI appertnin to the Enst Const Beries. (1) The mean of obrervations taken on 25th Mareh 1869 and 17th,
18th February 1854.  (2) ‘dhie mean of observations tuken on 30th, 3lst March 1853 and 6tb, 7th, 10th February 1854. ¢ Mark cut on the rock in sitd.

J. B. N. HENNESSEY,

Alay 1879.
In charge of Computing Office.
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CO-ORDINATES AND DESCRIPTIONS OF ALL STATIONS AND POINTS.

The following table gives the co-ordinates of all the stations and other fixed points, arranged in alphabetical order, and
refevences to the preceding pages where the descriptions of the primary stations are given. In certain iustances numbers are
added which have reicrence to the given data of the triangles by which the station or poiut has been fixed ; when these numbers
are omitted it is to be understood that no triangles are given.

Note.--x stands for Latitude North; L for Lougitude East of Greenwich; H for Height of station in feet ahove mean
sea level determined trigonometrically, and & for Height of station tower or pillar. The trigonometrical heights always refer to the
upper mark-stone or to the upper surface of the pillar on which the theodolite stood. For visited stations aund for other points of
superior accuracy the values of A and L are giveu to two places of decimals; for well determined objects to oue place, and for the

remaining points to the nearest second.

Primary stations are distinguished by the Roman numerals I, 11, &e.

italics are those of the territories, states or districts in which the stations or points are situated.

The names in

Name of stution, district, description,

co-ordinates &e.

Name of station, district, description,
co-ordinates &c.

Nauwe of station, district, description,

co-ordinates &e.

Amjhori, X1,
(T'ide page 5)

[+] ’ "
A 21 51 24°98
L 86 21 4778
H 3550
h Not forthcoming
No. 15
Badampahir, X.
(Tide page 5)
Y 22 4 951
L 86 9 52-31
H 2730
k Not forthcoming
No. 13

Baghmuri, VIII.
(Fide page 4)
A 22 28 59°64
L 86 ¢ 26°51
H 2020
A Not forthcoming
Nos. 7, 10

Bardigaon Hill Mark.
( Mayurbhanja Estate)
o

A 21 51 2324
L 86 g9 20°56
No. 38
Béri, TII.
(Fide page 4)
A 23 6 49°84
L 86 35 45°55
H 730
h Not forthcoming
No. 4
Bhandé4rn, VI,
(Vide page 4)
A 22 50 3054
L 86 34 770
H 1460
A Not forthcoming
No. 8

Bolpil, XXVI*,
(¥ide page G)

(-] ’ ”
by 21 22 0°'94
L 86 30 27°25
H 1652
h o
No. 18
Chainpur, LVIIIt.
(Tide page 3)
b 23 33 16°51
L 85 53 46°41
H 1085
Rk 3
No.1
Dalma, IV.
(Fide page &)
b 22 53 22°59
L 86 15 44719
H 3060
A Not forthcoming
Nos. 3,6

® Of the East Coast Serios. ¢ Of the Calcutta Longitudinul oriea.
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Name of station, distriot, description,
co-ordinates &o.

Name of station, district, description,
co-ordinates &o.

Name of station, district, description,

co-ordinntes &e.

Dhoba Hill Mark.

( Singhdhoom )
(-] ’ L4

A 22 42 7°03
L 86 14 11°22
Nos. 33, 34

Digédi Hill Mark.
( Mandhoom) On higher peak.
A

23 7 39°26
L 86 8 2507
Noe. 29, 30

Dolki Hill Mark.
( Mayurbhanja Estate)
A 21 47 45°07
L 86 15 31-42
Nos. 40, 41

Ddmarbera Hill Peak.
( Mandhoom )

A 23 12 24°1
L 86 15 478
Noa. 25, 26

Ganpati Hill Mark.

{ Maysrbhanja Ertate)

A 21 43 49°64

L 86 19 21'99
Nos. 42, 48

Gorghburn, 1.
(Vide page 4)
23 8 30'cr
86 10 21°94
2220
Not forthcoming
No. 1

Hill Mark No. 1.
( Midnapore) On smasl) pesk.

o

A 22 37 12°87
L 86 47 8-23
No. 87

Hill Mark No. 2.
( Maywrbhanja Estate) West stalion,
A 21 49 2841
L 86 14 11°21
No. 39

Hill Peak No. 1,
( Mandhoom ) Counical.

A 22 55 37°5
L 86 16 46°7
Nos. 31,93
Hill Peak No. 2.
{ Manbhoom )
A 21 51 10
L 86 42 15

Hill Peak No. 3,
( Singhbhoem ) Low.

’ »
A 22 41 49
L 86 37 12
Kimhira, XXIII*,
( Vide page )
A 21 39 34°01
L 86 41 10°16
H 582
A o
No. 19
Korochia Hill Mark.
{ Manbhoom }
A 23 20 5°9I
L 86 29 2391
Nos. 21, 223
Kusumbani, XTI,
( Vide pags 5)
A 21 57 2701
L 86 28 25°01
H 3320
h Not forthcoming
No. 14
Ledésal, V.
( Vide page 4)
A 22 41 130§
L 86 3t 113
H 1720
h Not forthcoming
No. 6

Meghsini (Meghisani), XXV*,
( Jide page 5)
A

21 37 55'00
L 86 23 29" 39
H 3823
h °
No. 17

Megi«ini N. Hill Mark.
{ Mayurihanja Estate)
A

21 38 51-48
L 86 24 9-33
No. 44

Murirn, X111
( Vide page 5)
A

21 48 48-08
L 86 13 21700
H 2152
h Not forthcoming
No. 16

Nilgiri (Nilgirf), XXIV*,

( ¥ide page 5)

>

L
H
h

Parisa, I1.
( ¥ide page 4)
A
L
H
h

Rajpati Hill
{ Mandhoom )

: A
L

o ’, ”

21 28 2372
86 48 32-40
1788
2

No. 20
23 7 14°64
86 43 7755
920

Not forthcoming
No. 2

Peak.
23 14 5177

86 15 57°0
Nos. 23, 24

Rangfimati Hill Mark .

( Singhbhoom )
A
L

Séathalkra, IX.

( Vide page 4)

Calle-d i d

22 40 17°36

86 20 2°87
Noe. 35, 36

22 19 0°75

86 28 12°86

2000 °

Not forthcoming
Nos. 11,12

Sideshar, VII.
( Vide page 4)

B <kd

22 36 35-80

86 25 5730

1460

Not forthcoming
No. 9

Siringi Hill Peak.

( Manbhoom)
A
L

Tilabani LX
( Fide page 8
A

L
H
h

23 8 17°6
86 13 518
Nos. 27, 28

I+.

)
23 24 5987
86 35 41-82
1329
2

No. 1

® Of the East Coast Beries.
Aoy 1879.

+ Of the Culcutts Longitudinel Series.

J. B. N. HENNESSEY,
In charge of Computing Office.
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Binsgaria
Bauljori

Déntin (Déntan) .
(Of the East Coast Series).

Dhdusola .
| Gop .
.Hflti(l.l‘i
VJ alhdri .
Kéema

Kaldbani .

SOUTH MALUNCHA MERIDIONAL SERIES.

ALPHABETICAL LIST OF PRIMARY STATIONS.

. . . . . XIII. Kalsibhinga . . .

. . . VIIL Kukurmuri . .
. . . . XVI Kunddba .
. . . . . VL Maulidkhdl .
. . .  XI. Sdtpautia . . .
(Of the Last Coast Series).
. . . V . . .
Susinia . . .
1 (Of the Calcuttn Longitudinal Series).
Tilabani . . .
. . . . . IV. (Of the Calcutta Longitudinal Beries).

. . . . . IX. Tura

33

. VIIIL
II.

XII.
. XVII

LXYV.

. LXI

. IIL
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LXI

LXV .

11
III
v

VI
Vil

SOUTH MALUNCHA MERIDIONAL SERIES.

NUMERICAL LIST OF PRIMARY STATIONS.

—eo——
. . Tilabani. VIII .
(Of the Caleutta Longitudinal Series).
. . Otsinia. IX
(Of tho Calcutta Lovgitudinal Series).
. . . Jalh4ri. X .
Kunddba. XI .
Tura. XII
. . Kéema. XIIT .
Hitidri. XVl
. . . Dhénsola.
Béuljori. XVII .

. Kukurmuri,
. Kalsbani.
Kalsibh4nga,

. Gop.
. Maulidkhal.
Bénsgaria.

. Déntin (Déntan).
(Of the East Coast Series).

. Sétpautia,
(Of the East Coast 8eries).
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SOUTH MALUNCHA MERIDIONAL SERIES.

DESCRIPTION OF PRIMARY STATIONS.

The Primary Stations of this Series, when on hills or high mounds, consist of circular masonry pillars
for the large theodolites to rest on, surrounded by a platform from 10 to 16 feet square on which the observa-
tory tent was pitched. Being almost invariably on the highest accessible points they rarely required to be
raised more than 2 or 3 fect. 'The pillars contain mark-stones placed vertically over one another, the uppermost
being generally flush with the surface. When in the plains, and mounds were not available, towers had to be
built ; these in some cases consisted of a solid, eentral pillar of masonry, with mark-stonces at top and bottom, and
in other cases of perforated pillars of masonry with mark-stones placed in the basement; in both cases they
were surrounded by a mass of cither stones and earth or sundried bricks to the level of their surface for the ob-
servatory tent to rest on.  Access fo the ground level mark in the perforated pillars was obtained by a passage
constructed for the purpose: for a full description of such towers, see pages 44 to 46 of Volume IT of the Aec-
count of the Operations, §e.

The following deseriptions have heen compiled from those given by the Officers who executed the Series. A few details,
31_1c}1 as the name of a village or pargann within which a stution is situated, have been obtained from the returns furnished by the
civil authoritics to whose charge the stations bave been committed.

LX1.—(Of the Calcutta Longitudinal Series). Tilabani Hill Station, lat. 23° 25°, long. 86° 36'—o0b-
served at in 1829, 1834, 1836, 1837, 1815, 1846 and 1867—is on the castern and higher of two isolated peaks,
about 1 mile N.W. of the village from which it derives its name; pargana Ludurka, district Manbhoom.

) The pillar is solid and contains two marks, the upper 2:00 fect above the lower which is engraved on the rock in sitd,
hz}vmg heen p]z}cvd there in 1829, The station was revisited in 1834, 1836 and 1837 for the purpose of originating the South
Pérasnith Meridional Series, and in 1845 and 1846 for the purpose of originating the South Malincha Meridional Series, but
no record exists of any alteration in its construction at those times. On again visiting the station in 1867, the upper mark-stone of
1820 appeared undisturbed, and its height was adopted for the new station. ‘Lhe village of Kolabani lies about 14 miles to S. E.

. LXV.—(Of the Calcutta Longitudinal Series). Stsinia Hill Station, lat. 23° 24, long. 87° 2'—observ-
ed at in 1830, 1846 aud 1867—is on thc highest point of a long isolated hill, about a mile in extent, at the base
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of which to the S.W. are extensive quarries of sandstone belonging to the Burdwan Stome Co.;

argana
Chhdtna, district Bankoora. parg

The pillar is solid and contains two marks, the upper 2-00 fect above the lower which is engraved on the rock in sitd,
having been placed there in 1830. The station was revisited in 1846 for the purpose of ongm'\tmg the South Malincha Mendmmﬂ
Series, but no record exists of any alteration in its construction at thattime. The station was again visited in 1867, when the upper,
mark-stone of the station of 1830 was found undisturbed, but the mark was not truly in the normal of that below. A new pillar was
built to the same height as before. ‘I'Le village of Stsinia lies about 2 of a mile to W.

I. Jalbdri Hill Station, lat. 22° 59, long. 86° 62'—observed at in 1846—is about 1 mile 8. W. of the
village so called; pargana Supur, district Manbhoom.

The pillar is solid and contains two marks, the upper 1'5 feet above the lower which is engraved on the rock in sitd.
Khatra village lies 2 miles to L.

II. Kundiba Tower Station, lat. 22° 57', long. 87° 8'—observed at in 1846—is on a slizht elevation
in the jungle, about 1} miles N.E. from the little v1llaf'e so called ; pargana Raipur, district Manbhoom,

There is 2 mound of stones 12:6 feet high with mark-stones at top and bottom.

III. Tura ITill Station, lat. 22° 49', long. 86° 54'—observed at in 1846—is on a low hill 1:88 miles
S.W. of the village of Sonagara; pargana Shyamsundmpul district Manbhoom. 'The ascent to the station is
easy and plachcable for bullocks or camels.

The pillar is solid and isolated. It is 1'83 feet high and has a mark-stone at top and another at bottom. Shyimsundar.
pur village lies 2} miles to S. L.

IV. Xfema Tower Station, lat. 22° 46’, long. 87° 7'—observed at in 1846— is on a slightly elevated spot
in the jungle, about § a mile S.E. of the little village so called; pargana Rdipur, district Manblicom.

The pillar is solid and isolated. Tt is 11-0G feet high and has a mark-stone at top, another at the surface of the ground
and a third 8 inches below the latter. Saringa village lies 3 miles to W.

V. Haitiari Hill Station, lat. 22° 39", long. 86° 54'—observed at in 1846 and 18.47—is on a low hill or
mound about } a mile 8.E. of the village of Hl)m pargana Jhatibani, district denapore The little river
Tarapini flows at the northern base of thc hill.

The pillar is solid and 284 feet high with mark-stones at top and bottom. Silda village lies about 4 miles to W,

VI. Dhinsola Tower Station, lat. 22° 37, long. 87° 7"—observed at in 1846 and 1847—is on a slight
elevation in thick tree jungle, about 13 miles 8.W. of the village so called ; pargana Sakakulia, district Midnapore.

The pillar is solid and isolated. It is 13-48 feet high and has a mark-stone buried in the ground, another at the
surface of the ground, a third at the Leight of 857 feet and a fourth at the top. Lélgarh village (the residence of the zamindar)
is about 3 miles to 5. W.

VII. Bduljori Tower Station, lat. 22° 30", long. 86° 59'—ohscrved at in 1847—is on a ridge of jungly
ground about # of a mile N. of the village so called; pargana Jambani, district Midnapore.

The pillar is solid and isolated. It is 12'5 feet high and has mark-stones at top and bottom.

VIII. Kukurmuri Tower Station, lat. 22° 20’, long. 8§7° 8—obhserved at in 1847—is on the 8.E. corner
of the embankment of a tank about : of a mile N. of the little village so called ; pargana Bahidurpur, district
Midnapore.

The pillar is solid and 42-46 fect high with mark-stones at top and bottom. The large village of Dherua lies 1 mile to N.
and the river Kosi flows about § of a mile to W.

IX. XKalibani Tower Station, lat. 22° 24, long. 87° 3'—observed at in 1847, 1852 and 1853—is on a

slightly elevated ridge in very thick lnrrh jungle, about 3 a mile 8.W. of the village so callcd pargana Jhargrim,
district Midnapore.

The pillar is solid and 18'5 feet Ligh with mark-stones at top and bottom., Jhargrém village (the residence of the Réja)
lies 24 miles to N. E,
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X. Kalstbhdnga Tower Station, lat. 22° 20°, long. 87° 11'—ohserved at in 1847, 1849-50, 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 Midnapore.

The pillar is solid and 24 feet high with mark-stones at top and bottom. The road from Midnapore to Nagpur passes
about 3} 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 land immediately above the Kosi river and a few yards W. of the northern entrance to Gop house ;
pargana Bhanjablium, district Midnapore.

No deseription of the construction of the pillar is forthcoming. The village of Lepﬁra lies about } of a mile to 8. W;
Jansol, about the same distance to N.; and the Collector’s Kachahri at Midnapore, about 2 miles east.

XTI. Maulidkhal Tower Station, lat. 22° 7, long. 87° 8'—observed at in 1853—1is on the densely wood-
ed ridge which skirts the Subarnrekha river on the 8. and is named after a stream about a mile N. of the
station; pargana Nayagrdm, district Midnapore.

The pillar is perforated and 25 feet in height. It has a mark-stone in the ground floor. The village of Chandbela lies
about 2} miles to S.; and the secondary station of Jagannithpur about 24 miles to N.

XTIT. Bénsgaria Tower Station, lat. 22° %, long. 87° 16'—observed at in 1853—is near the small
village of this name; pargana Nariayangar, district Midnapore.

The pillar is 3242 feet high having its upper portion perforated, so as to admit of plumbing over the station mark
which is imbedded about 19 feet above the base, The azimuths and distances of the circumjacent villages are as follows :—Deogaria
5° 44/, mile 0-409 ; Relagaria 62° 51°, mile 0'431 ; Bansgaria No. 1 280° 11", mile 0-129 ; and Bdnsgaria No. 2 326° 5°, mile 0-209.

XVI.—(Of the East Coast Series). Dintun or Dantan Tower Station, lat. 21°56', long. 87° 19'—ob-
served at in 1852 and 1853—is on the hank of a tank at the southern extremity of the large village of Déntan,
on the high road from Midnapore to Balasore; pargana Dintan, district Midnapore.

The tower is solid, 30-00 fect high, and has a central pillar of masonry in which the mark-stones have been placed.
The azimuths and perambulated distances of the circumjacent villages are :—Chaulia 248° 13, mile 0:743; Gunduria 306° 34,
miles 1':362; Jamua 326° 25, miles 2:024; Tikinagar 19° 30', mile 0'975; and Bencha-Bigara 97° 25, miles 1:253.

XVIL.—(Of the East Coast Series). Sitpautia Tower Station, lat. 21° 56, long. 87° 7T'—observed at
in 1853—is situated on the thickly wooded flats to the west of the Subarnrekha river and 0-67 of a mile east of
the well known temple of Sdstarni, where a religious fair is held annually.  Chandrekhagarh, a well known
ruined fort, lies about 2 miles N. of the station. It is in pargana Nayagrim, district Midnapore.

The pillar is perforated, 35'17 fect high, and has a mark-stone at the ground level. The azimuths and perambulated
distances of the circumjacent villages are :— Satpautia 91° 4’, mile 0489 ; Bishwandthpur 101° 6’, miles 1-614; Chandrekhogarh
133° 34," miles 1'578 ; Sistarni 138° 3%, mile 0-714; and Neguria 168° 23, mile 0-898.

May 1879, J. B. N. HENNESSEY,
In charge of Computing Offies.




SOUTH MALUNCHA MERIDIONAL SERIES.

PRIMARY TRIANGULATION—OBSERVED ANGLES.

At LXI (Tilabani)

Theodolite No. 2.

* December 1845 ; and tJune 1846 ; observed by Captain C. T. Hill with Troughton and Simms' 18-inch

Beconds of Observed Angles at each Zero

b:t:;'z::n General Mean
(14 180° 10° 190° 20° 200° 30° 210° 40° 220° 60° 230°
- ¥ " ” " ” " " " ” " " "
RM & LX‘V .8 . 6. . . . . . . . . - o ’ 7,
30,87 3279 36004 3279 3797 2642 3231 3691 3535 3805 3502 3740 | 187° 38" 34”48
*-
RM. &I 59,64 63 81 6267 6572 6362 59,90 03,56 6179 63.07 5858 6018 50°75 | 245° 157 1777

At LXV (Sdsinia)

June 1846 ; observed by Captain C. T. il with Troughton and Simms’ 18-inck Theodolite No. 2.

Seconds of Observed Angles at each Zero

Angle General Meon
between
o° 180° 10° 190° 20° 200° 30° 210° 40° 220° 60° 230°
L4 L4 L] L4 ” " ” " " " L3 "
X . . . P .- . ‘B -8 8- . . . o ’ ”,
Imsl s1.95 5175 6113 537 5877 5680 59 Bo 57 Bt 5887 5567 5291 57720 33° 77 56724
- . . . .- B . . . . . . o ’ ",
1&LXI 57,61 6061 5197 §5:07 5274 887 52:62 5538 51703 49:27 5442 57.08 | 72° 567 54772

Note.—Stations LXI and LXY appertain to the Calcutta Longitudinal Series.

18. M. denotes Referring Mark,




PRIMARY TRIANGULATION--OBSERVED ANGLIES,

At T (Jalhdri)

* April ; and +May 1846 ; observed by Captain C. T. ILill with Troughlon and Sinns' 18-inch Theodolite No. 2.

Angle

Seconds of Observed Angles at each Zero

Genersl Mean

between
0 180° 10° 19¢° 20° 200° 30° 210° 40° 220° 50’ 230°
1, L " " " " " il ’.I l'l "I i :l i) ) o 6 , " :
LXI & LXV 4142 40797 38735 36714 41746 41767 41209 41°68 38°9o 443,4 42°63 46° 30 49° 206" 41730
2 2 2 2 2 2 2 E) 2 2
LXV'& I | 3862 39725 41729 36793 35°32 39'07 3118 31°83 30'i0 31'260 3635 32770 | 14%° 26" 35735
2 2 2 2 2 2 2 2 a 2 2
1 % . “ e . o ’ ”,
II & 111 4750 49717 42754 42793 42722 42/23 40 45 36,09 4009 4202 43'70 4243 | 73 8 42766
t . o U ”
IV & 111 34°45 35.79 40717 4035 3602 3895 32:30 41:29 37.07 37.59 3505 3585) 36° 6 37707
At IT (Kundiba)

April 1846 ; observed by Captain C. 1. Hill with Troughton and Simms’ 18-inch Theodolite No. 2.

Seconds of Observed Angles at each Zero

Angle
between General Mean
0° 180° 10° 190° 20° 200° 30° 210° 40° 220° 60° 230°
" o " " " " " " " " " "
IV & I11 32732 31715 38707 32°57 34°51 31°04 34°88 31718 31766 32795 33799 26750 51° 49' 32” 64
2 ? o 3 2 2 0 2 2 2 2 2
IV&I 592'87 6:;30 63;89 59;58 64;04 55.07 67"277 69;:0 67'225 67;48 66;85 68'902 89° 5 4717i
I . . . . . “a . . . . . e -] ! 7
V & LXV 16213 14261 16210 13374 21250 15 2 19251 10966 21925 18205 1458( 1626_, 161° 39" 17743

May 1846 ; observed by Caplain C. T. Hill with Troughton

At TII (Tura)

and Simms’ 18-inch Theodolite No. 2.

A Sec a ac

bezl:vil:u econds of Observed Angles at each Zero General Mean
0° 180° 10° 190° 20° 200° 30° 210° 40° 220° §0° 230°
" " " " ” " " " " " " "

TOIL | 4887 49.54 5573 48,90 53135 51700 54730 53790 53:89 $146 soisz 5161 | 69° 35" 51”ga
2 3 2 2 3 2

11 & 1V 35,29 35,85 29°97 3607 39:60 34-90 38762 359°15 3510 34°88 32°56 30770 | 46° 17" 35722
2 e s 2 2 2 2 2 2 a 2 2

Note.—Stations LXT and LXV appertain to the Caleutta Longitudinal Series.
1 This valuo should bo 4'19; the error was not detected until after completion of the calculations.
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SOUTIT MALUNCIIA MERIDIONAL SERIES.

At ITT (Tura)—(Continued).

Ancla Scconds of Observed Angles at cach Zero
belween General Mean
0° 180° 10° 190° 2¢° 200° 30° 210° 40° 220° 50° 230°
: R .
' " " " " " " " 14 " " " "
IV & VI { 5084 5i74r 51719 52706 4i-24 48704 SIT30 40°39 52795 s2°3c 56745 51°s0 | 32° 147 51723
- ! - .
VI& Y | 60;0; 0:_"03 63”'98 5582 6_;;40 _".();oo 57723 53'“:1 5932 56'“61 55°75 6|'279 46° 18’ 59”-36

At IV (Idicna)

April 181G ; observed by Cuptain C. T. Il with Troughton

and Sitmins’ 18-inch Theodolite No. 2.

o So ] rerved Ansles al cach Ze
b‘:t.:;:zu Sceonds of Obrerved Anales al each Zero General Mean
0° 1680° 10° 100° 20° 200 S0° 210° 40° 220 50° 230°
" H " " " " r” 1" " 1 " "
VYi&V xz:':S 5_'62 10°37 910 1422 54 S;u 8;:5 1150 8;92 8';15 92'76 530 55» 9”.33
V&I 12;:5 u;So 1:;19 12238 s-;(.z :o'::z 14"_'8 12;89 8;19 9;99 9;73 92.17 440 o 11:,.77
1
I &1 ’ 562"41 57.57 61;86 5_;;(:_; 400 52y 6|2 ar (14:'53 602'90 6(2'02 67.2'80 612'84 27° 59" 59”04
I&1I $4,45 4337 44195 53:87 52727 51792 44779 4589 49712 so'jo 46738 47.72 | £3° 527 49720

AtV (ITdtidri)

Theodolite No. 2.

* Uy 1816 5 and tJannary 1847 ; observed by Captain C. T. Hill with Troughton and Simms’ 18-inch

b‘:lr:\l':l:n Seconds of Observed Angles at ench Zero General Mean
0° 180° 10 190° 20° 200° a0° 210° 40° 220° 50° 230°
» ‘I L " " " " n " ” n " " "
(-] ’ ”,
NI &1v |8 STer 57 o5 G008 iy sk Gug sy 6ol 5368 5677 | 57 25’ 57738
* |
IV & VI | 20740 17719 19752 20762 18797 24709 22762 24757 21°9z 22730 26'4 25,77 40° o 22”11
! e 2 2 2 2 H 2 o ] 3
- |
VI & VII | 40730 417cg 34°8o 41°59 37°27 36767 3813 4325 4223 4077 43,95 39 09
T - - - - - - - 51° 7' 38781
VI & VIl | 33705 5740 41759 35702 3840 35723 4382 3845 33707 3690 3247 3777




PRIMARY TRIANGULATION--OBSERVED ANGLES.

11

At VI (Dhinsola)

$May 1846 ; and §January 1847 ; observed by Captain C. 1. Hill with Troughton and Simms' 18-inch

Theodolite No. 2.

b““g]o Seconds of Observed Angles at each Zcro Genoral Mean
cheen 0° 180° 10° 190° 20° 200° 30° 210° 40° 220° 60° 230°
§ " " " ” " ” " ” " N " ”
VIIT'& VIT | 34136 4264 44755 44353 3984 33,96 36,60 3800 32:87 3945 32709 34,17 59° 26" 37776
§ .
] . i 76 4018 G480 68 ‘50 (8°84 69° 637 1'27 6783
VII &V 62:58 G170 6575 jo18 G4Bo 6807 7175 34 69:59 6377 7127 6785 e
i 500 7 5797
VII&V 65'80 65°52 61°60 59712 64773 59'566 67'275 63'267 67'269 65"45 68'260 67'261,
2 2 2 2 2
ry
V & III 42'213 44713 42745 4147 34;_63 40°07 37‘264 40712 41°53 41799 41713 42;66 36° 14 40™83
I
II &IV 50'268 49'2,4. 50'239 51'27: 51‘212 54'311 54'270 49;94 45'264 46;69 50;06 48'203 44° 49' 50"-33

January 1847 ;

At VII (Béuljori)

observed by Captain C. T. Hill with Troughlion and Simms' 18-inch Theodolite No. 2.

b:::f::,, Seconds of Obscrved Angles at each Zero General Mesn
0° 180° 10° 190° 20° 200° 30° 210° 40° 220° 50° 230°
" " " " " " " " " " " “
V&Vl 14°0r B-43 1636 §'1g I11°55 10°c6 10727 §°22 10'gy 12°80 12744 18794
2 + 2 s 2 3 3 2 4 2 3 2 o ’ ”.
78% 45" 11744
V&VI 16773 11'294 12°64 - §5°45 9’00 10°69 12795 10°35 8'82 14°54 11°07 13°%7
2 2 e 2 2 2 2 2 2 2 2
VI & VIII 30°91 34°'25 36°'32 ‘68 3270 780 32° 6 ‘o1 ‘00 36723 ) ° ’ e
QO 3425 3632 33,08 200 3780 32745 3165 31091 3sieo 36725 37705 | 51° 38 3471r
VI & IX 15764 18°67 16°83 10°42 20734 13714 20°97 19°39 16°9: 18'09 17°25 20°32 50° 3 18717
2 2 2 2 2 2 2 2 < 2 2 2

At VIII (Kukurmuri)

January and February 1847 ; observed by Captain C. T. Hill with Troughton and Simms' 18-inch

Theodolite No. 2.

Angle
between
0°

Seconds of Observed Angles at each Zero

180° 190° 20° 200° 30° 210° 40°

220°

50°

General Mean

XI&X

14°97
F

” " " " ” " " "

17°02 172 161 20° . . '8 .
R 7a9 93 24-5 “925 14204 ’429 14245

13°52
9

16723
8

560 57r 14”.45
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At VIII (Kukurmuri)— ( Continued).

Angle Seconds of Observed Angles at each Zero
between General Mean
0° 180° 10° 190° 20° 200° 30° 210° 40° 220° 50° 230°

" " "

X&IX 12745 1778
2 2

:, " " " " "

. . . . 8- .
11°07 1092 7290 1923 197 12:24

" " "

7°22 I14'54 16°22 12723
2 2 2 2

650 I4I 12//,57

IX & VII 7°46 34°62 g0° 16 26 . 6 ‘42 40° 8 ‘8 : ° ’ ag”
37,46 54:62 40797 41:63 42:69 3494 45169 4142 40712 3821 358 4004 | 50° 417 39754

VII & VI 4787 50722
2 2

. . - . Com . . . . . o .
42,87 4339 37,87 43.15 4537 43:62 44736 43717 4190 41:50| 68° 54" 4377

At IX (Kalfbani)

*February 1847 ; observed by Captain C. T. ILill with Troughton and Simms’ 18-inch Theodolite No. 2.
t January 1853 ; observed by Alr. J. Peyton with Troughton and Simms’ 24-inch Theodolite No. 1.

Angle

Seconds of Observed Angles at each Zero
between

General Mean
0° 180° 10° 190° 20° 200° 30° 210° 40° 220° 60° 2380°

. 4 " " " " " " " " " "
VII & VIII 61°57 6553

65,90 67°68 64:93 6275 5743 6750 5872 634r §7°35 5i4s | 79 157 2760

L E
VIII & X 70733 682'39 63;97 65"94. 61;48 59;69 652'07. 66;94 59;79 58;50 66'212 64;“ 64° 42 4”20

f
X & X1I 25°83 2748 27°66 27711 30°23 26°85 23°53 24794 28°70 27714 28717 25717 64° 13’ 26”-90
4 4+ 4 3 4+ 4 P 4 + 3 5 3

At X (Kalsibhénga)

. »
{ February 1847 ; observed by Captain C. T. Hill with Troughton and Simms’ 18-inch Theodolite No. 2.
§Janvary 1833 ; observed by Mr. J. Peyton with Troughton and Simms 24-inch Theodolite No. 1.

b:t:vgleo Seconds of Observed Angles at each Zero ) Generol Menn
een
0° 180° 10° 190° 20° 200° 30° 210° 40° 220° 60° 230°
§ " " ” n " " " " " " " "
XIII & XII 897 238 513 403 4°04 618 o2
3 2 2 3 p

52 554 6 4 6o §3° 427 5745

v
w

X11 & IX ‘ 421'62 43790 42;80 42704 46:"48

44705 4384 4524 43770 4560 5187 42337 85° 38 43779

X . . - . 6 0% . . ‘8 1 ‘8o o- 1°02 oo ’ ”, 2
IX & VIIL | 42/92 43737 47,90 44 15 4607 40 42 5009 41 81 41:50 4380 4oi55 §10 50 3 4473

+
VI & XI 41765 45717 36733 4345 43750 4732 37.54 43709 40,67 45109 39,15 4173 | 747 2 42713




PRIMARY TRIANGULATION—OBSERVED ANGLES.
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At X (Kalsibhinga)—(Continued).

January 1850 ; observed by Mr. R. Clarkson with Troughton and Simms' 24-inch Theodolite No. 1.

Seconds of Oblserved Angles at each Zero

General Mean

Angle
betwcen
g 180°  20°  200°  40°  220° 60°  210°  80°  260° 100°  280°
IX & RM. | s59°03 57°93 61706 59°53 66°54 39°69 61;50 59°43 60 71 59763 61",;7 60'219 49° 50" 0”56
2 2 2 9 2 2 § 2 3 2 E
At XI (Gop)
July 1847 ; observed by Captain C. T. Hill with Troughton and Simms’ 18-inck Theodolite No. 2.
b:tnwgcl:n Seconds of Observed Angles at each Zero . Gencral Mean
> 180"  10° 190"  20°  200°  8¢®  210°  4°  220°  50°  230°
. . . . . e . . . e . cre o g
X & VIII 199 573 R 8237. 8245 62_)4 9,00 990 7L 795 130 4S 49° o 6”33
At XII (Maulidkhil)
January 1853 ; observed by Mr. J. Peyton with Troughton and Simms’ 24-inch Theodolite No. 1.
Angle Seconds of Observed Angles at each Zero
belween General Mean
o 180° 10° 190°  20°  200° 30° 210° 10°  220°  50°  230°
IX & X | 5299 5279 519745327 53733 5108 5227 5220 49757 5153 5390 sago, 300 7 52709
X&XIUL | 5816 61755 6405 67° : : ‘82 6615 66 : . : "o
3816 l:]_,, ).;go) 67 00 65 o 57 ‘92 6o 28. 6()g1, 66 “‘31 59209 64 4 61 ‘°+ 52 160 2773
XIIT & XVIT 37;35 _30;44 34‘280 30.'110 29‘;14 q/;;z 4.;;0 _;5;.7 3,-305 35;00 34-257 3,;()7 709 59, 33/;.99

Angle
betwcen

XVI & X1I

o°

"

18(°

At XTII (Bdnsgaria)

January 1853 ; observed by Ir. J. Peyton with Troughton and Simms’ 2\-inch

Theodolite No. 1.

10°

Seconds of Observed Angles at each Zero

190°

2

o
f

200°

a0°

210° 40’ 220° 60°

General Mean
23¢.°

u

"

13

I3

"

o “ " ”

ARATARNE ANEE 42720 45700 44794 44723 46737 43°89 42735 43,35 4170

"

42704
a

93° 39" 43775

Nore.—Stulions XVI aud XVII uppertain to the Eust Coust Scries.  R. 3. denoles Roferiing Mark.




44 SOUTH MALUNCHA MERIDIONAL SERIES.

At XIII (Bansgaria)—(Continued).

s -
Angle Seconds of Observed Angles at each Zero General Mean

between
0° 180° 10° 190° 20° 200° 30° 210° 40° 220° 60° 230°

" " n " " " " " " " ” "

XVIL& XIT | 57°35 57,47 50,97 54,17 51,97 56,37 5449 5545 56707 52738 50092 s0'05 | 47° 52' 53797

X1l & X 6"« 6 . . . . -6 . ‘06 . . . <] . ”,
5 231 5395 5’274 5°27" 52’44 5°23° 5', 5 533'° 4930 5°§15 57'2‘5 54907 74> 1 527°13

At XVI (Dintdn)

February 1853 ; observed by Mr. J. Peyton with Troughton and Simms’ 24-inck Theodolite No. 1,

Seconds of Observed Angles at each Zero
b‘;:r\‘v‘-,e]:n v gle ¢ er Gen_era.] Mean
o* 180° 10° 190° 20° 200° 30° 210° 40° 220° 50° 230°

" » " " " “ " " " " " ”

XVII & XIiT| 24 : : . . B ac- . . e ) o g
II| 2400 24740 2371 3532 25745 25°85 25749 24704 25795 1937 7.2260 23'41 76° 36" 24704

At XVII (Satpautia)
Jannary and February 1853 ; observed by Mr. J. Peylon with Troughton and Simms’ 24-inch Theodolite No. 1.

h Zero )
bﬁ‘:’g’l:n Seconds of Observed Angles at each Ze Gonoral Moan
0° 180° 10° 190° 20° 200° 30° 210° 40° 220° 650° 230°

" " " " " " " " " " " "

XIL&XIL | 35:60 38727 45790 45715 35720 33:37 35:63 34:37 3374 3677 35:23 34735 | 55° 7 35730

i

XII&X"I . . -8 -a8 . . . 6 -6 ‘o 6 6 ¢c6 o ’ ”,
24,]45 ’5275 ’1325 ’-'124 "’09 z3137 “29° “57 27’ 3 7-567 7-524 2 35 112" 44 24 '29

Norg.—Statious XVI and XVII appertain to the Enst Coast Series.

May 1879. J. B. N. HENNESSEY,

In charge of Computing Qffice.




SOUTH MALUNCHA MERIDIONAL SERIES.

PRIMARY TRIANGULATION. REDUCTION OF FIGURES.
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Figure No. 1,

Observed Anglest

Equations to be satisfied Factor
b +x4 +x5 +x, = ¢ = + 485 A
No. Value Xy +x, +x +x, =0 = = 2°55 Ay
X +x4 +x + % =e = — 513 Ay
— 8x, + 7% —21 %
° , } = ¢ = —45'9, A
+1 - 3x +21x
169 35 5192 3% 3 ’

Equations between the Factors

4 37 15 3153
5 51 49  32°64 Co-efficients of
No. of Value of
6 53 33 49120 e e

1 + 483 + 4 + 2 - 22
] - 2°55 + 4 + 2 - 8
3 - 512 * + 4 + 31
4 —45°9 +1173
Values of the Factors Angular errors in seconds
n =+ 178 = — 193
Moo= o+ 1083y
X = + 148 Xy = — 1'82
= = 1162
5, = + ‘53 = - -78
= — o756
x5, = + ‘67 I, = — 60

[wx'] = 1541

~® In the trbles of lhe' equations between the faclors the co-efficients of 1he terme below the disgonal are omitted for conveniencs, Lhe co-efBeient of the pth
torm 1u the gth line being ninsys (hic saure as the co-ethicicut of the @uii lerm in the pih line. 1 Lhese sre trested herealler wilh egsal weights.



PRIMARY TRIANGULATION. REDUCTION OF FIGURES.

Figure No. 2.

47

Observed Anglest

Equations to be satisfied Factor
X, +1x, +x, +x, = = — 1'34, A
No. Value Xy +x, +x; +x, =¢ = + 167, Ay
Xg +X, +% +3 =c¢ = + 1'59, Ay
—14x, +4%, —29 X,
o ’ " + s = ci = + °l95 hl
18 x, —3x +25%
157 25 57°38 ’ ’ ’
2 46 18  59°36
Equations between the Factors
3 31 14 51723
4 44 o 11'77
5 8 55 933 Co-efficients of
No. of Value of
6 44 49 50°33 e e
7 36 14 40°83 M Ay Ay A
8 40 o 22°11
! — 134 + 4 + 2 - 39
2 + 1°67 + 4 + 2 - 11
3 + 1°59 * + 4 + 40
4 + o'9 +12011

Values of the Factors

Angular errors in seconds

M = — o835
Ay = + 0678
N o=+ 07223
A, = — 0016

I =

1, =

X, =

X, =

0°60

0°9o

032

0'16

Xy = + 0790
X, = + 0°61

I, = + 0727

[wx'] =259

¥ These aro treated hereafter with equal weights.

June 1879.

J. B. N. HENNESSEY,

In charge of Computing Qffice.
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SOUTH MALUNCHA MERIDIONAL SERIES.

PRIMARY TRIANGULATION.

TRIANGLES.

No, of Triangle S . Corrections to Obeerved Anglo Distance
Btation -2 § Corrected Plane
2x : Angle
Circuit c]:::ﬁ;t &9 Figure | Circuit nﬁ:n-ib Totnl & Log. feet Foct Miles
" ] " " " o 13 a

LX1 AR AR +1°89 | 57 36 27741 | s52c831B5,5 | 161554°3 | 30°597
1 LXV 1°57 | + 67| —~1°36 — 69 | 72 §6 52726 | §26224604 182901376 | 347643
I 1777 | + "66 | + 14 + ‘80 ) 49 26 429733 5°1624568,7 145364°0 | 27°531

5731 +2'00 | 1Bo o o000
LXV 113 | + ‘40 | —1°06 — 66| 33 7 54°45 4'9663750,0 925497 | 177528
2 1 ‘g |+ 4| 101y +1°58 74 17 §3°13 §°2122150,4 163010°3 30°673
1I 1°14 |+ 41 f— 17 | + ‘30| 72 34 12742 52083185, 1615543 | 30°597

341 +1°22 | 180 o o"00
I 42 | —2°40 "32 —208 | 73 8 40716 | 4'97%4422,2 945023 | 17898
3 1I ‘4z | — 67| — "s59 —1°26 | 37 15 29°85 | 477056159 §9780°8 | 11°322
III 42 | —y8 "27 =151 | 69 35 49°99 | 496637500 92549°7 | 177528

1726 —4°85 ] 180 o o000
I qr| 4192 | — 79 +r113 1 51 49 33736 | 487531559 75043°9 | 147213
4 ITL ‘40 | + 60| + 86 +1°46 | 46 17 36°28 4'8388883,7 69oo6°2 | 137069
1v ‘41 | 427601 — "o7 +2°53 | 81 53 50736 | 4'9754422,2 | 94502°3 | 17898

1°22 +512 | 180 o o'oo
I ‘50 — °52 + 87| + ‘35| 37 2 544 | 483888838 6goo6 2 | 13069
15| 11 51 ) 12s —1°38 | — ‘13| 89 5 3°53 | 505901960 | 114556°5 | 217690
1v g0 | +1°82 + 51| 42733 ] 5352 51703 | 496637500 9254977 | 177528

151 o ' +2°5% ! 18 o o'o00
1L '36 + "SB ‘o2 + ‘6o 73 33 50'33 4'9409027.2 37277'6 l6'530
5 v ‘36| + 16 | — “4o — ‘24| a4 o0 11717 4'7914070,5 618596 | 11°710
v 36| 4+ 6o + 58 + 08| 57 25 58700 | 487531559 | 75043°9 | 147213

1'08 +1°34 1 1Bo o o'o0

Notgs.—1. The values of tha side are given in the sane line with the opposite angle.

2. S8tations LXI and LXV appertain to the Calcutta Longitudinnl Scries.
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No. of Triangle E 5 Corrections to Observed Angle Distance
i 23 Corrected Plane : I
Station &5 . Angle :
Circuit S;::;lt a’;‘ﬂ Figuro Circuit cir?:ll:;b Total Log. fect Feet Miles
” " n " " ° ' "
v ‘34| = 90 — '73 —1°63 | 5855 736 | 487888787 | 75663'7 | 14330
i v "33 | + 19| + ‘6o + 779 | 40 022757 | a7543172,3 | 5679579 | 107757
VI ‘34| — 88| + ‘13 — 75 { 81 4 30'07 4'9409027,2 87277°6 | 16°530
1'0t1 —1'59 | 180 o o°o0
111 ‘33| — ‘32 + 61| 4+ t29 | 32 14 51719 | 475431721 56795'9 | 107757
16 | IV 33| — ‘74 —1713 | —1°87 | 102 55 18'90 | §015979L,3 | 103747°9 | 197649
VI ‘33 | — 61 + ‘52| — 09 | 44 49 49°9f 487531559 7504379 | 147213
‘99 —1°67 { 180 o o'00
v 27 | +1°53 | — 40 +1a3 | 507 3967 | 4778359299 | 600611 | 11373
v VI 27 | +1753 | + 06 +1°59 ] §0 7 7°29 477231574 5919972 | 117212
VII 28 | +rnd |+ T34 +1°88 | 78 45 13°04 | 4'97888;8,; 7566377 | 14330
82 | +4°60 )| 180 o o000
VI 20 | +1°66 | — ‘71| + 95| 59 26 3851 | 4'7437660,1 5543277 | 107499
8 VIT ‘20 | +1°65 | + "19 +1°84 | 51 38 35775 4'7031017,8 30478°0 9560
VIII 2t | +1°66 | + 52 +2718 | 68 54 45774 | 477859299 60061° 1 | 117373
61 +4°97 | B0 o o'oc
\fII ‘14 | + o4 | — 70 — 66| 50 3 17737 46360566, 1 43257°0 8°193
9 VIII 15 | + ‘o4 | + ‘37 + 41 50 41 39 8¢ 464005074 43658°7 8209
X 15|+ o5 |+ "33 + 38| 7915 2783 | 47437660, 5543277 | 197499
o + 13| 180 o o'oo0
yin 6| — 2| — — 93| 65 14 11°48 | 470051277 | 512286 | grjon
10 IX 16 | — 21 | — 32 — "53| 64 42 3751 4'5076172,0 51005°§ 9 660
X ‘15 | ~ 20| 4104 + 34| 50 3 45'01 | 40300566,1 43257°0 87193
47 — 62| 180 o o'00
VI 22 | — 83 — 83| 5657 13740 | 4775310068 | 56648°8 | 10°729
17 X ‘22 | — 83 — 83| 74 2 41°08 | 48i27660,1 6493870 | 127306
XI 21 [ — -8Bz — 82| 49 o §'52 | 47056172,0 510035°§ 9°66o
65 —248 _|."3_omo 0'00
I 1X 37 | — 53| —1re2 —1°77 | 64 15 24776 | 4'9633060,8 91898 2 | 177403
X 38| — 56 — oy — 6o | 83 38 42°81 50075087 8 1017580 | 197272
' XII 37 | 851 126 + irl 30 7 52743 477095127,7 512286 97702
112 —1°66 | 180 o o°00
12 X 45 | + 34| — 86 — 52| 5342 448 | 488670039 57037°2 | 147590
X1 a4+ s | — g + o5 | 5216 2°34 | 4878304%,1 | 7559770 | 147318
XI1II 45 |+ a5 +1tas +1°50 | 74 15318 | 496330698 9189872 | 17405
1734 +_l_2?,.| 180 o o'oo0
13 X1 42| — 67 | — o8 —1°65 | 76 59 31°92 | 496137740 | g1400°8 | 17328
XT'” 41| — 67| + 62 — 03 | 47 52 §3°5¢ 4'8429303.,0 69655 | 137192
XV 42 | — 67 | + 56 — "31 | §5 7 34°8; | 48867c03,9 7703772 | 147590
1'25! —2'01 I 180 o o'o0
14 ?\\:I-Ilr Sl RS Bt i ~1°63 | 45 46 47774 | 482866936 | Gy401°5 | 127565
ML 4t = | = — 93 | 57 36 47°65 | 489992719 | 7o419'5 | 157c42
Xvil 42| = 550 s + 991 ;636 24761 | 496137749 | 9r490°8 | 17328
T°24 l—l'_’,;’ 1Ro o o'oo0

Noys.—Stations XVI and XVII appertain lo the Lust Coust Scrice.
J. B. N. HENNESSEY,

June 1879.
1 charge of Computing Office.
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TRIANGLES.

SECONDARY TRIANGULATION.
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AZIMUTHS OF STATIONS AND INTERSECTED POINTS.
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SOUTH MALUNCHA MERIDIONAL SERIES.

PRIMARY TRIANGULATION, HEIGHTS ABOVE MEAN SEA LEVEL.

The following table gives, first, the usunl data of the observed vertical angles and the heights of the signal and instrument,
&e., in pairs of lorizontal lines, the first line of which gives the data for the 1st or the fixed station, and the second line the data
for the 2nd or the deduced station. This is followed by thie are contained between the two stations, and then by the terrestrial
refraction, aud the height of the 2nd station above or helow the 1st, as computed from the vertical angles in the usual manner,
This difference of height applied to the given height ahove mean sea level of the fixed station, gives that of the dednced station.
Usnally there are two or three independent values of the height of the deduced station; the details are so arranged as to show these
conseentively and their mean in the columus of ¢ Trigonometrical Result”. The mean results thus obtained are however liable to
receive corrections for the errors generated in the trigonometrical operations, which are shown up by the spirit leveling operations,
whenever a junction between the two has been effected.  The spirit leveled determinations, when available, are always accepted as
final, aud the trigonowmetrical heights of stations, lying between other stations fixed by tlxe leveling operations, are deubt(‘d——
usually by smlplc proportion—to  accord with the latter.

The heights of the South Maldncha Meridional Series have heen adjusted between the finul values of Tilabani and Stsinia,
the fixed points of the Caleutta Longitudinal Series, and thosc of the fixed stations of Ddntin (Ddntan) and Sdtpautia of the Last
Coast Serics. The heights of the fixed points are as follows :—

ik%ﬁ;z‘:ﬁ:‘; Hg g} feet above Mcan Sea Level as brought down from Kardchi.

i“,}i Dqﬂ;t%:lt(il:“"tan) éi;? ’ ” as determined at Kejiri (or Bedford Station) and Balas
» DRIP " Y7 rimgarhi Tide Points.

. : . Terrestrinl 3
Astronomical Date @ eight in feet . 5 z
g ¥ © Refrnction é Height in feet of 2nd Station | J
-2 N T b 7 above Mean Sea Level &
] - T8 . =
2 = oD =2
Mean of Stalion ) Oll:sen-cd :;: _ E H 'E| z 1'_: E
1846 Times Vertical Angle | 3 2 S 3 3 = 3% Trigonomelrical -
b o 2 = 2 -1 Results . °
of obser- 2 1) = 3 = = Final 2
ration E A E 3 By ench M Result '%n
= N deduclion eon =]
k m ) ’ " " fr'c{
June 903 35| LXV Do26201| 4 | 4750 | 5°43
. o v : — 6817 | 262*1 | 56271 76 2
April 15(83; |1 Eo 2362 4 | 1703|530 1596 | 89 056 7y 0 ! 7°3
June 16§ 3 44 | LXI Do2339°4| 4 | 450538 i
! o : v 807 ‘060 | — 552° 6 1*
May 2 3t 1 Do 256°3] 4 | 1713|530 1907 | 1°9 552794 17
June 9 o | LXV Do 35 40" L1 | 37y
April 11 ; 1I E AL . 4:, 16101 g5 | ros9 | —1126°3 | 31775
T o 5211 49°0 1'03 .
P 3 + ¢ ’ ! 3208 322 13
" 15,8 20 I Doz2319°0) a | 1'03 | 530 oia | 44 | 048 | — 438°0 | 32471
" 1218 12 | IT Bo gt3°4l 4 | 1717|540

® Rejected.



PRIMARY TRIANGULATION. HEIGHTS ABOVE MEAN SEA

LEVEL,

ov
(=1

Astr ical Dat @ | Height in fect Terrestrial a
oseme ™ '?: e e Refraction 'f'_'; Height in feet of 2nd Station
E E & above Mean Bea Lovel
8 e S8,
Mean of Btation Obeorved s = E 3 S %T &
1845 Times Verticul Angle "": 4 E K § 23 R Trigonometrical
of obecr- :é i:']n < é s E 'é = 3 Resalts Final
vation £ = S a3 » Result
[¢] = B, V]
= & deguecattir;n Mean
k. om. e "
April 1418 48 (I Do 9r15°4| 4 {1711 ] 530
May 3|4 4| III Do o230 4 | 105 537 59t | 2t 036 | — 7772 | B4'g
April 1118 3 |II Eo 568'0| 6 111|540
May 8|3 6| II Dozou135| 4 | 261|537 934 | 47 | ‘oso | + 360°8 )| 68176 | 6B3°7 685
April 22|33 5|1V Eo g1r'g| 4 [ 1711 | 578
May 3319 |1l Doz2031'4| 4 [463|5°37 742 | 39 053 | + 326°4 | 6846
" 23321 |1 Doz2038c 6 | 498 530 ) ) .
April 24| 3 23 | IV Eo 3261 4 | 4769 [ 598 1132 | St 045 ( — 401°4 | 360°7
11| 8 24 [ IX Do 3357°0| 4 | 1'22| 540
»
» 293 15| IV Do 72671 6 | 1755 558 682 | 13 o191 + 34°8 | 35576 3577 359
May 3|3 19 |III Doz2o31'4| 4 | 463|537
April 223 5 |IV Eo gt1'9] 4 | 111 | 578 742 | 39 | to33 | — 326°4| 356°9
May 3344 |1II DoiBu63| 4 | 459 | 5°37 p 8 | o6 ) )
» 10(3 34|V Eo 9167| 4 {2710 539 I o040 | — 25377 | 430°0
April 2513 1| IV Do 3534| 4 (1°03]¢y8 »
Msy 11|28V Do gags| 4 | 463 | 5a9 | 0% 37 | 0| 7str) 4328 asrn ) aa4
" 18|35 18| VI Do oz29'0| 4 | 4'52 *1°53 )
" 11|38V Dour g°7{ 4 [*2'33 | 5739 748 | 29 | "039 | + r1og'g | 433°6
» 4|3 42 | JII Dorgs6al| 4 (*5768 | 5 37
" 16| 3 38| VI Bo 423'5| 4 | 2710 [*1°53 1025 | 33 ‘052 | — 359°9 | 323°8
April 25| 3 34 | IV Do 7204 4 (Y2721 558 :
May 183 35| VI Do 2189 4 | 463 |*1°53 §61 = 6 | torr | — 34'4| 32373 | 322°9| 325
» 11{3:8|V Dorr 57| 4 (*2°33 | 5739
' ear 18| 3 18| VI Do o2g'o| 4 | 452 [*1°53 748 | 29 | ‘039 | — 1099 | 321°§
Jan. 243 46|V Do 9s548| 4 | 127 | 545
" 16| 3 50 | VII Eo 0466| 4 | 317 | 5°33 58s | 29 ‘050 [ — grro| 34171
» 22 21 VI Do 3300 4 "2y 539 34077 343
» 16| 3 22 | VII Do g28'5| ¢4 | 1761|533 593 # 069 | + 17°a| 340°3
" 22|13 35| VI Doi13260f 4 |2°70]5°39
Feb. 1|3 31| VIII Eo 5u13°2| 4 (473|542 499 | 10 | *oz0 | — 136°0 | 186'9
Jan, 16| 3 14 | VIT Dor3sors] 4 | 1°04 | 533 187°8 191
”» 31| 3 10| VIII Eo 45274 4 127 | 5742 548 16 ‘029 | — I§2°0 1897
» 19| 3 35 | VII Do r17°2] 4 [24°57| 533 )
Feb. 13| 3 40 | IX Do 537°4] 4 139 [25713 431 19 o044 | + 61 346°8
347174 35t

é“ l Height of Pillar or Tower

s

42

19

. i : . L
Theso heights are (v be combiued wilh negative signs, becnusa the pillar at V1 had s permanent. addition of 6:02 feet ade to it subsequenlly.
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SOUTH MALUNCIIA MERIDIONAL SERIES.

. I Terrestrial u
Astronomical Dato .E Height in feet Relraction _g Height in feet of 2nd Station 3
‘é e @2 above Mean Sea Leovel H,_
5 d o TR, N
Menn of| Station Ot-naorve(\ 2 -é E ,:,: “i 3 _‘i"l' 2 %
Times Vertieal dngle | 5 = 5 3 § =z X .E 9 Trigonometrical z
1847 ol obser 5 ) B H 2 R H2 Results Final s
ser 2 @ = o 85 » B =
vation E S & a8 o By each Result | ‘=
z: © & dec}i’uc':‘i:on Mean lﬁ
k. om. e r " | Sfeet
. 8 I 5 7 . :
Jan 30! 3 28| VII E o 1027 .9 4 |20°66 5.42 127 s | rora | + 1601 | 347°9
Feb. 11,18| 3 30 | IX Do18 48| 10| 1743125713
» 1} 3 10| VIII Eo 4 o3| 4|58 5742 go4 | 11 | e2a | + 11070 | 297°8
" 18| 3 10 | X Dorrg64| 4| 143| 6746
' 298'9 | 303 |24
) 3 1|IX Do 7509 8| 9621550 . .
6 |— ‘006 | — 2
&) 3 91X Do 033'8) 8:13:51| 578 5 } 4775 | 2999
Feb. 18 344 X Do gs504| 4 |13°38| 646 g60 | 1 | ooz | — og24| 206°5 | 2¢6°5 [ arr | §
July 18| 3 47 | XI Eo 047°0| 4| 2748| 506
1852
X 9l 2 . “e .
BT 48 IX Do 91473} 4 4'54| 5786 1006 | 43 | ‘043 | = 4476 ) 328
an 25| 2 29 | XII Do 610'3| 4| 5°39| 5704 , p
30379 10 2
62481 X Do 6340 4| 4°48] 5710 .
" ©036 ‘o 02
" 951 2 21 | XII Do yr115| 4| 4'51] 5704 908 1 33 03 + 4 joz2’g
” 6l258|X Dorragr8) 4} 451| 5710 w4y | 17 | resa | — 1212 | 1777
" 9.2 o XIII Do o279 41 471| 5704
! 17770 182 | 32
” 24’! 2 21| XII Doxras 4| 4 239 504 561 | 20 | o2y | — 126°6 | 1763 :
" 11\231 X111 Do o210 41 4741 5704 !
261 2 56 | XII Dotoay'y| 4| 4'72! 5704 . .
” . / — . —_ le] 212°0
" 30] 2 24 | XVII Do 1270f 4| 4°51| 500 688 |—xo ot 99 o |35
.215°0 22
» 1516 1) X1 Do o031°8) 4119°58] 5704 | .6 ‘327 | + 4079 | 21779
» 30,5 4| XVII Do 3354 4|1908| 506 i
» 11| 2 ro | XIT Do 980} 4| 450, 5704 8 g | rooy | — 648 11272
Feb. 14 2 47 | XVI Do 341°3| 4| 4751 506 7~
11072 116 30
Jnn. 31 I3 . .
I::b. 1,2,3,4,12 3 5| XVII Dorr 2%4faz) 450) 5706 666 |— 1 ‘002 | — 106°8 | 108°3
" 05 3 2| XVI Do o 89| B| 450 506

Norr.—8tations XVI and XVIT appertsin to the East Const Series.

(1) ‘The mean of observations teken on 9th February 1847 and 31et December 1852,

January 1853. + Not fortheowing.

June 1879.

1)

J. B. N. HENNESSEY,

(2) The meon of observations taken on 18th Februery 1847 end 6th

In charge of Computing Office.
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SOUTH MALUNCHA MERIDIONAL SERIES.

CO-ORDINATES AND DESCRIPTIONS OF ALL STATIONS AND POINTS.

The following table gives the co-ordinates of all the stations and other fixed points, arranged in alphabetical order, also
the descriptions of the secondary and intersccted (or unvisited) points, and references to the preceding pages where the descrip-
tions of the primary stations are given. In certain iustances numbers are added which have reference to the given data of the
triangles by which the station or point has beeu fixed ; when these numbers are omitted it is to be understood that no triangles

are given.

Note.—x stands for Latitude North; L for Longitude Jast of Greenwich; H for Height of station in feet ahove mean sea
level determined trigonometrically, and % for Height of station tower or pillar. For visited stations and for other points of superior
accuracy the values of A and L are given to two places of decimals; for well determined objects to one place, and for the remain-
ing points to the nearest second. Primary stations are distinguished by the Roman numerals I, 11, &c.; secondary stations by
the letters h.s., s, and t.s. The names in italics are those of the territories, states or districts in which the stations or points are

situated.
Name of station, district, description, Nawme of station, district, deseription, Name of station, district, deecription,
co-ordinntea &e. co-ordinntes &e. co-ordinates &e,
Alampur Tree Flag. Andépsl Tree Flag. ' Biinpur s.
(Midnapore) In centre of village. (Midnapore) On aliigh round tree in centre of vil- | (Midnapore) On N. W. bund of tack close to and
lnge. W. of village; pargana Sildah.
(-] ’ ” L] ' "
. 22 26 36 A 22 24 53 ° T
L 87 10 12 L 87 19 7 A 22 35 016
L 86 57 2772
No. s1
Amdahi s i i i i
( . ndhérisol Pillar (heliotrope).
(Uidnapore) N. of village; porgana Dharindah. (Aidnapore) ( P )
A 22 24 45'44 Y 22 22 32°50 Bilgoma Palm Tree.
L 87 17 236 o (Midnapore) In village.
7 17 23°07 L 1“32‘703997 £ 22 25 48
o L 87 11 19
Amdahi Tree Flag.
Mid. ¥ On high tree i . W. il-
l(ng;. mapore) Ou high tree in N. W, corner of vil Astora Tree Flag. Bimtia s.
A 22 24 28 gg’;‘ﬂ’l':é’:") On a high mango tree in 3.%. corner (Midnapore) 8. W. of village; pargana Bahédur.
L 87 17 11 : pur.
717 A 22 25 44 by 22 24 43°29
L 87 12 16 L 87 15 581
Amgauri s,
(Midnapore) On s elightly elovated spot in the . .
Junglo about n milo N.W. of the village of that name; | BAinpur Scaffold (heliotrope). Bimunipahir h.s.
pargana Bahédurpur. (Midnapore) On tree in N.W. corner of village. (Manbhoom)
A 22 29 50°46 A 22 34 53°77 A 22 53 6°37
L 87 9 50°63 L 86 57 42'20 L 86 50 3'81
No. 35 No. 32 No. 18
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SOUTH MALUNCHA MERIDIONAL SERIES.

Name of station, district, description,
co-ordinates &c.

Name of station, district, description,

co-ordinates &o.

Name of station, district, desoription,
co-ordinates &c.

Biinsgaria, XIII.
(Vide page 87)

o t ”
A 22 9 o3I
L 87 16 1636
H 182
h 32
No. 15
Binsol s.

(Midnapore) Ablout 205 milos S.E. of Kdcheravil-
lage which lies on the W. bank of the river turn,

A 22 26 58751
L 87 10 2311

Bénsol Tree Flag.

(Midnapore) On a conspicuous pipal tree in S.W.
corner of village.

A 22 26 51
L 87 10 28
Bérakuria Village.
(Midnapore)
A 22 25 24
L 87 10 6

Biresint  s.
(Midnapore) On W. bund of tank about 80 yards
N. of Indigo vate; pargana Bahidurpur.
A

22 25 29716
L 87 12 3170

Birgaon House,

(Manlhoom) Western of {wo thatched houses in
village.
A

L

22 5
86 5
No. 25

<

1
14

w

Basantapur s.

(Midnapore) N. of village; pargana Dharindah.
A 22 24 2°86
L 87 18 54°36

Basantapur Tree No. 1.
(Midnapore) Flag, in N.W. corner of village,
A

22 23 57
L 87 18 32

Basantapur Tree No. 2.

(Midnapore) Trunk of remarkable tree at bend on
left bank of K&nsai river.

A 22 24 22
L 87 18 43
Bauljori, VII.

(Fide page 36)
22 30 17°92
86 38 47713
343
3

No. 9

L=~ ke

Bhitsédsni Village.

(Midnapore) o 4 R
A 22 25 46
L. 87 11 34

Bhikunpur Tree Flag.
(Midnapore) 1In centre of villnge.
A 22 27 59
L 87 o9 31

Bhorabani Tree Flag.
(Midnapore) In centre of village.
A

22 25 57
L 87 10 38
Bhutddungri  h.s.
{(Manbhoom)
A 22 52 22°59
L 86 54 22°44
Nos. 22, 23

Binpur s.

(Midnapore) 8.W. of village on the road to
Barakuria ; pargana Bahddurpur.
22 27 24°36
L 87 10 11°14

Binpur Tree Flag.

(Midnapore) On a high conspicuous mango tree on
tho 8. eide of village.

22 27 25
L 87 10 29

Birbiria Tree Flag.
(Midnapore) 1n contre of village.
A

22 27 38
L 87 959
Briddhakola s.
(Midnapore)
A 22 25 32°99
L 87 11 45°86

Briddhakola Tree Flag No. 1.
(Midnapore} In cenLre of village.

A 22 25 2§

L 87 12 2

Briddhakola Tree Flag No. 2.
(Midnapore) On 8 high mango tree in tope.

A 22 25 31

L 87 12 7

Chaipur Tree Flag.
(Midnapore) In ceutre of village.
A 22 28 16
L

87 9 30

Chéndibila Tree Tleg.
(Midnapore) 8. of village.

o ’ L]
A 22 29 18
L 87 9 41

Chiindra Tree Flag.
(Midnapore) 8.W. of village.
A

22 27 38
L 87 11 24
Chhagharia s,
(Midnapore)
by 22 28 1811
L 87 10 14°52

Chhagharia Tree Flag.

(XMidnapore) On nlarge pipal tree N. of road run-
ning through the villsge.

22 28 3
L 87 10 14
Chholddhén .
(Midnapore)
A 22 27 %°Q0
L 87 ¢ 50°87

Chilgora Tree Flag.
(Alidnapore) In centre of village.

22 28 4
L 87 10 56

Chubka 8.

(Midnapors) S.W. of yillage; pargana Bahédur-
pur.

22 23 59°28
L 87 14 12'37
Déngrim Tree Flag No. 1.
(Midnapore) In centre of rvillage.
A

22 24 57
L 87 10 4

Dfingrim Tree Flag No. 2.
(Manbkoom) On e pipal tree in village.
A 22 48 1
L 86 53 23

‘| D4ntdn (Déntan), XVI.*

(Vide page 37)

A 21 56 10°27
L 87 19 10707
H 116
h 30

No. 17

Deulidénga Tree Flag.
(Midnapore) On s solitary mango (ree nest the
Tadigo factory vats.
A 22 28 20

L 87 10 4

® Of the East Coast Series.
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Name of station, district, description,

co-ordinates &c.

Name of station, district, description,
co-ordinates &e.

Name of etation, distriet, deseription,

co-ordinates &e.

Dhadki Village.

(Midnapore) o ¢+ o
A 22 26 26
L 87 11 49

Dhinsola, VI,
(}ide page 36)

N 22 36 45°08
L 87 6 53'87
H 325
h 15
Nos. 7,8
Dharmadinga Village.
(Uidnapore)
A 22 26 2
L 87 10 58
Distant Peak.
(Manbhoom)
A 22 48 48
L 86 57 4

Dudhidkhali s,

(Uidnapore) On n height in the jungle
village ; pargana Bahdadurpur.
A 22 28 4421
L 87 11 2-57
No. 34
Dudhpitia Village.
(Midnapore)
A 22 25 41
L 87 10 35
Faridehak Tree Flag.
(Midnapore) In centro of villnge.
A 22 24 58
L 8713 5
Goildinga Trec Flag.
(Midnapore} In contre of villnge.
A 22 260§
L 87 10 11
Gop, XI.

(Tide page 87)

22 25 10°77
87 19 25720
211

S

|No. 13

Gurgurdpil s,
(Midnapore) Halla mile W. of village ;
Dahidurpur,

A

L 22 25 36°46

87 14 4555

S8.W. of

Not forthcoming

pargann

Hatidri, V.
(Vide page 36)

o s+
A 22 38 49°15
L 86 53 3726
H 434
2 3
No. 6
Hill East Peak.
(A anbhoom)
N 22 58 335
L 86 55 18
114hani Village.
(Uidnapore)
A 22 26 o
L 87 11 57
Jagannithpur t.s.
(Midnapore)
A 22 9 0°46
L 87 1 59°36
Noe. 38, 39

Jalhéri, 1.
(Fide page 36)
. 22 58 40°28

L 86 51 43°34
H 793
h 2

No. 1

Jalhédri Peak Tree.
(Manbkoow) On W. termination of the Jalldri
rungo.

A 22 57 32
L 86 49 34
Jamni s,

(Midnapore) On arise, E. of village; porgana Ba-
hadurpur.

A 22 26 21750
L 87 12 1559
Jimni Village.
(Midnapore)
A 22 26 24
L 87 12 4

Jamsali s,
(Midnapore)  About § of a mile W. of village in
the jungle; pargana Bhanjablium,

A 22 25 23°43

L 87 16 5766

Jhunjluni Tree Flag.
(Midnispore) On n conspicuous tamarind tree N.
of villuge.
A
L

22 26 40
87 11 12

Joba Tree Flag.
(Midnapore) On the higher of two mango trees in
villugo.

o ’ ”
A 22 26 o
L 87 11 57

Kichora s.

(Midnapore) On a rise in jungle, % of a mile W. of
village; pargana Bghidurpur.
A 22 26 2°60
L 87 8 30-88
Kiema, 1V.
(Vide page 3G)
A 22 46 7-86
L 87 7 067
H 359
h I8
Nos. 4,5
Kalibani, IX,
(Vide page 3G)
A 22 23 59°'13
L 87 232704
H 351
I 19
No. 11

Kalsibhinga, X,
(Vide page 37)
A 22 20 23 80
87 1c 46°37
303
24
No. 12

L
H
h

Kanchia Tree Flag.
(Uidnapore) On N. side of villnge,
A 22 25 21
L 87 12 56

Kankabati Tree Flag.
(Midaapore)  On the hngher of two tomarind trees
in villuge 3. sido of road to Nigpur.
22 24 31
L 87 17 55

Kbhatra Tree Flag.
(Manbhoom) In village.
A

22 58 47
L 86 53 45
Kiliimira s,
(Midnapore)
by 23 26 36°44
L 87 11 29-90
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SOUTH MALUNCHA MERIDIONAL SERIES.

Name of station, district, deseriplion,
co-ordinates &e.

Name of stution, district, description,
co-ordinates &o.

Name of station, district, deseription,
co-ordinates &e.

Kukurmuri, V111,
(¥ide page 36)

o 7 ”

Y 22 28 32°44
L 87 8 27°30
H 191
13 42

No. 10

Kunkurmuri Tree Ilag.
(Midnapore) 1In centre ol villnge.
22 28 22
L

87 8 41

Kundaba, I1.
(T'ide page 36)
A 22 57 2837

L 87 81075
H 322
h 13

No. 2

Lepera Tree Flag.
(idnapore) On highest tree in 8.W. part of vil-
loge.
22 24 29

L 87 18 32
Lodhdsdi s.
(Midnapore) On height N. of village; pargens
Bhoenjabhum.

bY 22 26 1°70

L 87 17 4582

Lodhdsai Tree Flag.
(Midnapore) On colton tree nbout the centre of
village ; porgana Bhunjabhum.
22 25 20
L

87 17 41
Lohatikri s.
(Midnapore) At the W, extremity of village, near
the boundory and 01 of a milo 8. of Sdlkia bazar;
poargana Bhanjoblium,
A

L

Lohatikri Tree Flag.
(Midnapore) On the E. boundary of village; par-
gana Bhanjabbum,
N 22 25 9
L 87 16 39

22 25 19°'80
87 15 52°00

Madhdddnga s,
(Midnapore) At the N.E. extremity of village;
pargaoa Dahidurpur.

22 25 18°45
L

87 9 56771

Miguria Tree Flag.
(Midnapore) 1In 9.E. corner of village,
A 22 25 32
L 87 13 1y

Maheshpur Tree Flag.
(Aidnapore) Iu centre of village,

Q r ”

A 22 26 26

L 87 10 10
Milikh4al s.
(2Lidnapore)

A 22 25 23°57

L 87 10 4004
M4likhal Village,
(Midnapore)

A 22 25 10

L 87 10 44

Mandho Tree Flag. ‘

(Midnapore) On o remsrknble tree on 8.E. side of
villoge.

A 22 24 43
L 8714 1
Masak Hill Tree.
(Manbhoom)
A 22 58 34
L 86 55 17

Mitifla Factory,
(dfanbhoon) Clumney.
A

22 56 4°1
L 86 52 49'6
No. 24
Manliskhal, XI1I.
(VTide page 37)
A 22 7 1078
L 87 24537
H 307
h 25
No. 14
Maydéddinga Village.
(Midnapore)
p 22 25 17
L 87 9 56

Midnapore Park House (heliotrope).
(Midnapore) The residence of the judge, Mr. Raikes.
Fhie centre mark is on rool.

A 22 24 45'0l
L 87 21 12718
No. 36

Mujrépil s,

(Midnapore) N, of villoge; pargana Dharindah.
A 22 24 39°835
L 87 16 27°72

Mujrdpél Tree Flag.
(Mlidnapore) At N, extremity of villago,

o ’ ”
A 22 24 33
L 87 16 30

Nazargan] s. .
(Midnapore) On the Indigo faotory (Mr. Young's
liouse) belonging to the firm of Coclerell & Co, Kl
ceutre mark ia on the western purt of roof.
22 24 14749
L 87 21 1847
No. 37

Nichintdpur Tree Flag.
(Midnapore) In cenlre ol village.
Y 22 206 49
L 87 10 9

Nimdéngra Tree Flag.
(Midnapore) At S.E. corner of village.
A 22 25 25
L 87 14 5

Padima Tree Flag.
(Midnapore) In centre of villnge.
22 26 38
L 87 12 2

Piiraguri Tree Flag.
(Midnapore) At the castern extremity of villoge on
W. bank of the Kdnsdi river.
A 22 28 6

L 87 739

Palfishbani Tree Tlag.
(Midnapore) In centre of village.
A

22 27 45
L 87 10 18
Pora h.s.
(Manbhoom)
A 22 57 2387
L 86 51 44°73
Nos. 19, 20

Pdrnapéni Tree Flag,
(Midnapore) In village.
A 21 57 54

L 87 8 28

Raghunathpur Tree Flag.

(Midnapore) In village, on tamorind tres on bank

of river.
22 25 1
L 87 17 21
Rémgar Hill Mark (hcliotrope).
(Midnapore)
A, 22 40 22704
L

87 7 36°55
No. 30
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Name of station, district, description,
co-ordinates &e.

Name of station, district, description,
co-ordinates &e,

Name of station, distvict, description,
co-ordinates &e.

Renripdl s.
(Uidnapore) W.of village ; pargana Bahédurpur.

o s

A 22 25 10°13
L 87 14 587

Renrdpdl Tree Flag.
(Midnapore) On s high mnngo tree §. side of
village.

A 22 25 7

L 87 14 27

Sélpatra Trce Flag.

(:Uidnapore) In centre of village,

22 28 32
L 8 9 o
Satpautia, XVII*,
(Tide page 37)
21 56 27°66
L 87 7 1431
H 220
h 35
No. 16

Shanka Trce Flag.
(AMidnapore) Ou o conspicuous pfpel tres in centre
of villuge.

22 26 43
L 87 10 43
Shibpur s,
(Uidnapore)
A 22 25 41°50
L 87 12 14-80

Shibpur Tree Flag.

(AUidnapore) In middle of village.
A 22 25 50
L 87 12 3

Shyimkishorpur Palm Tree.
(Midnapore) ‘Luller of the two in village,
A 22 24 22
L 87 12 20

Shyimkishorpur s.
(Midnapore) At N.E. extremity of village; par-
gous Bahddurpur,

(- ’ x4
A 22 24 23°27
L 87 12 22°53

Shyfimsundarpur Factory,

(Manbhoom) Chimucy.
A 22 46 5°%
L 86 55 88

No. 29

Shyimsundarpur House.

(Manbkoom) N.W. corner of staircase of Rajo's
bouse.
A 22 46 17°5
L 86 55 147
No. 28

Simla Tree Flag.
(Midnapore) In centre of villago,
A 22 27 4
L 87 10 33

Sondgarh House,
(Manbhoom) N.W. corner of thatched house.
A 22 50 23
L 86 54 53
No. 26

Sukhjora Tree Flag.
(ALidnapore) On only palm tree in centre of villago.
A 22 24 33
L 87 15 a1

Supur Temple,
(Manbhoom) Kalas,

A 22 59 5'8
L 86 52 12°6
No. 21

Susinia, LXVH,

(Vide page 35)
o ’ »

A 23 23 42797
L 87 1 40'31
H 1444
A 2
No. 1
Tilabani, LXI+.
(Vide page 35)
A 23 24 59°87
L 86 35 41°82
H 1329
h 2
No. 1
Tordbind h.a.
(Manbhoom})
A 22 47 17°06
L 86 53 41°54
No. 27
Tree,
(Midnapore) Centre of tree on ridge in jungle.
22 33 30
L 87 8 36

Tungchira Palm Tree.
(anbhoom) In village.

A 22 52 10
L 86 53 15
Tura, III.
(Vide page 36)
A 22 49 I1°75
L 86 54 o'84
H 685
] 2
No. 3
Upardinga Village.
(Midnapore)
2 22 25 44
L 87 11 22

® Of tho East Coast Scries.

June 1879,

t Of the Culculta Longitudiual Series.

J. B. N. HENNESSEY,
In charge of Computing Office.



SOUTH MALUNCHA MERIDIONAL SERIES.

Star observed

PRIMARY TRIANGULATION.

At X (Kalsibhinga)

AZIMUTHAL OBSERVATIONS.

& Ursz Minoris (East and West)

A m o
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. R. Clarkson with Troughton and Simms’ 24-inch Theodolite No. 1.

Mean Right Ascension 18490 188 2gm g8
Mean North Polar Distance 18490 3° 24" 11783
T h m
Local Mean Times of Elongation, Dec. 23 I‘]‘:;stern 18% 20
estern 1L
® 3 FACE LEFT FACE RIGNIT
o *» =
=] g E'E
E 5 "o"gz Ob a S83 Ob a B
‘B = EZ Y Mori !:rl‘-; . | =£3 Reduetion in [Reduced Observation| Hovi ie'iv; de: | = Rednetion in  |Reduced Obgervalion
g 5 N~=2 orizontal Apele: | =2 !Arc to Time of| Ref. Mark —Star orizontu’ Angle: | £ Arc to Time of | Ref. Mnrk—Stw
2 a 23 Diff. of Readings -3 Eloneati t Elougati Dill. of Rendings H T N ¢ EL "
£ £3 Ref. Mark~Star | £.52 ongation At Hlongation Rel. Mark—S8tar | T tlongution s ongation
3 E,;: =t —
° ’ ° r n m 8 ! " o ! n o ] " m 8 ' n o ' "
Dec. 23| E. o 1| — 1841274628 38| ~1427590 | — 184310705 | — 184241717 |16 29| — 034706 | — 18431523
& 41 49707 | 25 51 123771 1258 42 50743 | 13 48 025°¢0 14733
18 1 4257743 | 11 15 015793 1336 4371434 | 2 40 o o-8g 1533
4248'74 | 14 9 025°23 13797 4313766 | o 9 o o°00 1366
w 24| E. | 20 2| — 18424600 15 541 —o0 31060 | — 1B 43176 | — 18412433 |30 9| — 15359 |— 18431812
& 42 53707 | 12 54 02089 13°96 41 47°87 | 26 51 130°27 1814
200 2 43 16°53 2 57 o I'oy 17°62 . . .
. . . 43 G'oo | 9 33 01149 17°49
431627 | o 6 o 000 16°27 4256°44 | 12 5 0 18°37 14°81
w 2BIW.[ 4o 3| — 112437747 (3356 +224°07 [ — 112172750 | =~ I12245°94 [ 18 21 | + 042740 | — 112163754
& 2415710 | 32 20 2 11°65 63°45 22 31°94 | 15 46 031°32 6002
220 3 22 26723 | 12 50 02067 65756 22 606 | 1 54 © 0°45 6561
22 38705 | 15 34 0 30°37 6770 22 094 o 55 o o'1r 6083
w 25/ E | 40 5] = 184137757 (28 10| —140°36 | — 1843 18°13 | — 18 42 50°60 | 14 26 | —o026°15 | — 1B 43 16775
& 4152737 | 25 31 1 21°60 13°97 42 53756 | 11 50 ©17°55 1
220 3 42 883 | 23 13 I 806 1689 43187571 o 14 o ool 1878
41 36710 | 28 10 139793 16°03 43 11°26 | 2 21 o o'j0 11°96
w 26/E.| 60 4| — 184238'56|18 8| —o41°23 | — 1843 19°50 | — 18.40136°00 |35 39| — 23886 [— 1843 15:76
& 42 44773 | 15 45 o311y 1587 4050747 | 32 44 2 1408 13755
Mo 4 43 14751 6 8 o472 19795 43 690 6 55 o 603 12793
4315739 | 3 45 o 177 17707 43 1’84 9 7 010745 12°29
)




PRIMARY TRIANGULATION—AZIMUTHAL OBSERVATIONS. 03
3 ‘SA FACE LEFT PACE MIGNT
] )
A a e g
] 2| .54 , gzsg Observed
E En EEE" Horig)‘:lstex:.lv:(ilgle . '—.5 £ ‘.g R.cducrlli.on inr Radu;eLdI(.)ll)‘urgntion Horizonslzrl"Angle: AReduo]}ipn inr Reﬂulc_egl()l:or;nlion
2 = o £ | Diff. of Readings | 5 g 2 A';Elw ime of}  Re ‘EI“ —Star | pir of Readings r}_sll“ 'tr."c ks ct']il" —Star
e M Bl .;..: Ref. Mork — Star < kBs ongation at Elongation Ref. Mark — Star ongution 8 ongation
- o, - g
- ~
o 1 -] ) " m s ’ " o ! " (<] L " mn 8 L} n o 1 n
Dec.27 | W.| 80 6} — 112324717 2523 |+ 121°14 | —112163'°03 | — 112220720 |12 28 |+ 019°56 | — 112160764
& 23 §°50 | 21 23 05772 6778 22 1084 9 50 o12'19 5865
260 6 32 36°87 | 14 38 0 26°83 y0'02 22 0°94 | 3 2 o 116 50°78
22 39°80 | 16 53 ©35'77 6403 22 2793 | § 33 o 387 59706
y 271 E. | 8o 5| — 18405727 |33 44 | — 222723 | —184319°50 | — 184218733 | 21 39 | — 0 58'B0 | — 1843 17'13
& 41 18°27 [ 31 3 2 0°63 ~ 18°90 42 297603 | 18 44 0 44°00 13°63
260 § 26 6 -6 5108 43 117175 7 20 o 675 17°92
43 12730 41 o 502 17°9 Cas . .
43 4706 | 9 18 o 10°87 14°93 4312737 | 433 o 2°61 1498
, 28 | W.| 100 6] —112216'60| 9§57 |+ 012747 | —1r216413| —1123 0°10 |22 30 [+ 1 3°79 | — 1721 56°31
& 22 8-361 7 36 o 726 61°10 22 45760 | 19 26 04754 58°96
w80 6 22 4'24 | 136 o 0°32 63°92 2228 14 | 14 27 012619 61795
22 4°50 3 41 o 1'71 | 6259 22 34°50 | 16 44 0 3516 59734
w 28| E {100 6| —18431863| 323|— o0 1°44 ) — 18432007 | — 1842380017 19| — 013561 | — 1843 1561
& 4319730 | o 5¢ ° o'o9 19759 42 44786 | 14 48 0275 2°37
280 6 43 887 | 8 54 o 9'97 18-84 42 12°13 {22 2 11013 13°26
43 1°9o | 11 24 01634 |- 18 24 41 56°60 | 24 35 116°07 1267
» 29| W. o 2| —112252:26 18 55!+ 04505 — 11216721 | — 1122 0'03 4 58|+ 0 310 — 11215693
& 2235'93 | 15 58 032°12 63°81 22 3°60 | 2 12 o o°6o 63°00
182 2 23 30°40 | 26 8 125°54 65°86 22 20744 | 11 29 o 16°57 63°87
23 46°20 | 28 30 1 41°66 64" 54 2237°37 | 14 9 02513 6224
» 80| W.| 20 2| —1122 480 3 4|+ 0 o054 | —11216426] — 11221471031 48|+ 017755 | — 1127 56°55
205’: ) 22 4130 o34 o ooy 64-09 22 1156 | 9 16 o 1080 60°3hH
2219713 | 10 38 0 14'20 64°93 22 58797 | 21 31 058 07 6o°go
22 26°80 | 12 §7 021'03 6577 23 10°50 | 23 §0 a8 507312
w 3 |W.| 60 4| —1r221357| 95t|4 012720 —It2161°675 ) — 11215553 o57 |+ o o' | —rra2r55°62
& 22 19°63 | 11 58 017799 61764 2157717 | 2 59 o 111 56706
240 4 22 §7°23 | 20 30 052767 6456 24 13°50 | 32 1 2 823 65727
23 3°00 | 22 40 I 4743 5857 2425715 | 34 3 2 24°91 6oz
Abstract of Astronomical Azimuth observed at X (Kalsibhinga) 1849.
1. By Eastern Elongation of 8 Urse Minoris.
Face L R L R L R L R L R L R
Zero 0°  180°  20°  200°  40°  220°  60°  210°  80°  260°  100°  280°
Date December 23 December 24 December 25 December 26 Deceinber 27 December 28
Ol)nc:rrcd diﬂ’er_nnce 10"105 15'123 171"69 1812 JBI:JJ 16’:75 19“'79 15“';6 19”'50 17"'13 zolfo;' 15':61
of (I.I‘(‘l(‘-R(rn‘(llllgs, 1278 14733 13796 18 14 13797 aviar 1587 13°355 1890 13763 1939 1237
Ref. D[.‘—btnr. 13°36 152 17762 17°49 16°8¢ 1858 19’05 12793 17°08  17°92  18°84 13726
reduced to Elongation 13°97 13766 16727 14781 1603 11796 1707 1229 1493 14'98 1824 12767
Means 1254 14760 16759 ayti4 16726 14765 17795 13°63 1783 15792 19'iy 13748
Means of both faces - 18 “' 131":,8 16°= 26 U i -
. . .t Q 3 13 77 15740 13°79 16°88 16° 31
‘lt’“ of Star fr. S, by W, 183 40 3578 36705 3038 36°70 37719 3746
Az of Nef. M. s 104 57 22720 19°28 2092 20°97 20°31 217135
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Abstract of Astronomical Azimuth observed at X (Kalsibhinga) 1849— (Continued).

2. By Western Elongation of 8 Ursee Minoris. )
Face L R L R L R L R L R L R
Zero 0° 180° 20° 200° 40° 220° 60° 240° 80° 260° 100° 280°
Date December 29 December 30 December 25 December 31 December 27 December 28
n " " v " " K " " " " L
Observed difference 6:'21 §6°93 64°26 56°55 72750 63°54 6157 55°62 6303 6o'64 6413 5631
of Circle-Readings, 63°81 63'00 64709 G076 6345 6062 G61°64 5606 67°78 5865 G61'10 5806
Ref. M. —Star 65°86 63°87 64°93 OGo'go 6556 6561 64°56 6527 ;o002 59°78 63°92 61°95
reduced to Elongation 6454 62724 6577 59°32 06770 6083 §8757; 6o’z 6403 59706 61779 59734
Means 65'36 61's51 64°76 59738 67°30 62°65 61°59 59°29 6622 59°53 62799 3892
o Il " " " ! y ” "
- Means of both faces — 11 22 344 2°07 + 98 044 288 0°96
Az of Star fr. §, by W. 176 19 22715 21794 23°78 21749 23'01 226y
Az of Ref. M. 164 57 1881 19° 37 1880 . 21'03 20°13 21°73
. o+ r .
by Eastern Elongation .., v . 164 57 2080
Astronomical Azimuth of Referring Mark by Western » ce e » 2007
Mean e 2044
Angle Referring Mark and IX (Kaldbani) see page 43 o ceen = 49 50 056
Astronomical Azimuth of Kalibani by observation ... 115 7 1988
Geodetical Azimuth of ” by calculation from that adopted (Vol. 1I, paﬂ'e 141) at
Kalidinpur, sce page 53 ante . e 115 7 22°1
Astronomical—Geodetical Azimuth at X (Kalclbhanoa) o o e e — 2'2
June 1879. J. B. N. HENNESSEY,

In charge of Computing Qffice.
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NOTE TO CHART.

Alphabetical List of Stations and Points omitted in the Chart for want of space on whick to project them.

Andapil
Bilgoma
Bansol
Biresini
Bhiitsisni
Bhikunpur
Bhorahani
Binpur

Do.
Birhiria
Briddhalkola

Do.

Do.
Chaipur
Chandra
Chhagharia

Do.
Chholadhdn
Chilgora

Tree Flag.
Palin Tree.
Tree Flag.

S.
Village,
Tree Flag.

bR

5.
Tree Flag.

”

s.
Tree Flag No. 1.
do. No. 2.
Tree Flag.

”»

s.
Tree Flag.

5.
Tree Flag.

Dangrim
Deulidiinga
Dudhpitia
Jamni
Do.

Jhunjhuni
Joba
Kanchia
Kankahati
Kilidmdra
Kukurmuri
Lepara
Lohatikri

Do.
Madhddinga
Miguria
Maheshpur
Mdlikhal

Do.

Tree Flag No. 1.
Tree ¥Flag.
Yillage.

s.
Village.
Tree Flag.

»

.
Tree Flag.
5.
Tree Flag.
S.
Tree Flag.

5.
Village.

Maydiddnga Village.
Mujripél 8.
Do. Tree Flag.
Nichintdpur »
Padima .
Palishbani "
Raghunithpur ”
Renrdpil 8.
Do. Tree Flag.
Sélpatra »
Shanka, ’
Shibpur s.
Do. Tree Flag.
Shysmkishorpur Palm Tree,
Do. 8.
Simla Tree Flag.
Sllk]ljorﬂ; )
Upardinga Village.

July 1879.

J. B. N. HENNESSEY,
In charge of Computing Office.
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SOUTH PARASNATH AND SOUTH MALUNCHA MERIDIONAL SERIES.

ADDENDUM TO DESCRIPTION OF STATIONS.

Nore.—Consequent on modern alterations of district and other boundaries, the sites occupied by the stations are in some
nstances now included in civil divisions of territory which differ from the district, pargana, or village, recorded in the descriptions
f stations, given on pages 3 to 6 and 35 to 37 : a complete list of all the primary stations of the two series including a suitably
nodified statement of the altered sub-divisions in question is accordingly given in the following table, and is derived chiefly from
he annual reports, up to 1884, made by the Civil Officials to whose care the stations have been committed. The statement also
;ives additional information as to position and condition of certain of the stations; where no entry regarding present condition
s 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
Jovernment of India in June 1876.

SOUTH PARASNATH MERIDIONAL SERIES.

No.

Village in which

Remarks

of Station Local name Distriet Pargana, &c. the Station on the Condition of
lies the Station
LVIII* Bulbul Lohardugga | P. Palamow (Paldmu), Th4. Clainpur
(Lobhardéaga) Daltonganj
LXTI* Tilabani Manbhoom | P. Ludurka, Thé. Purulia Tilabani Reported in 1884. *“The pillar
(Ménbhim) is out of repair.”
I »” P. Mahta, Théi. Bighmundi Doasaka Reported in 1875. ! Greatly da-
maged.”
11 » P. and Thé. Bardhabliim Buundi Reported in 1878, ¢ Greatly in-
jured.”
III1 » P. Barfhablhim, Thi. M4n-
bazar
IV » P. and Th4. Barihabhdm Bundi
v Lodhashol Pahér| Singhbhoom | P. Dhalbhim, Thé. Kilikapur| Kélikapur
(Singhbhim)
VI Manbhoom | P. and Th4. Barfhabhim Jabuagarh
VII Sidasir Pahir Singhbhoom | P. Dhalbhim, Thi. Kélikapur| Kélikapur
VIII Baghmuri Pahir " P. Dhalbhim, Tha. Ghitsila Bighmuri
I1X Satbakhra Pahér ” » ” Kalikapur
X Badam Pohdr Balasore K. Mayurbhanja, Zillah Kai- | Badam Pahdr
(Baleshwar) sari

* Of the Caleutta Longitudinal Sories.
Note,—P, stande for pargana, Thé, for théns, and K. for killuk,
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SOUTH PARASNATH AND SOUTH MALUNCHA MERIDIONAL SERIES.

ADDENDUM TO DESCRIPTION OF STATIONS.

Nore.—Consequent on modern alterations of district and other boundaries, the sites occupied by the stations are in some
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 including 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 present 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
Government of India in June 1876.

SOUTH PARASNATH MERIDIONAL SERIES.

No.

Village in which

Remarks

of Station Local name District Pargana, &ec. the Station on the Condition of
lies the Station
LVIII* Bulbul Lohardugga | P. Palamow (Palimu), Thi. Chainpur
(LobLardéga) Daltonganj
LXI* Tilabani Maobhoom | P. Ludurka, Th4. Purulia Tilabani Reported in 1884. *The pillar
(Ménbhim) is out of repair.”
I » P. Méhta, Thi. Bighmundi Doasaka Reported in 1875. ¢ Greatly da-
maged.”
11 ”» P. and Théd. Barshabluim Bundi Reported in 1878, * Greatly in-
jured.”
111 » P. Barfhabliim, Thd. M4n-
bazar
1v ” P. and Th4. Barihabhdm Bundi
v Lodhashol Pabhér | Singhbhoom | P. Dhalbhim, Thé, Kdlikapur| Kalikapur
(Singhbhim)
VI Manbhoom | P. and Thé. Barfhabhim Jabuagarh
VII Sidasir Pahér Singhbhoom | P. Dhalbhim, Th4. Kélikapur| Kélikapur
VIII Bighmuri Pahar ”» P. Dhalbhim, Thé. Ghétsila Baghmuri
1X Satbakhra Pahér »” ” ” Kélikapur
X Badam Pehér Balasore K. Mayurbhanja, Zillah Kai- | Badam Pahdr
(Baleshwar) sari

* Of the Calcutta Longitudinal Serios.
Nore.—P, stands for pargana, Thé. for thina, and K. for killub,



(112 SOUTH PARASNATH MERIDIONAL SERIES.
No Village in which Remarks
of Statio Local name District Pargana, &e. the Station on the Condition of
n lies the Station
XI Balasore K. Mayurbhanja
XII Ambjhari ’ ’
XIII Biligarh ”» K. Maywbhanja, Zillah | Biligarh orMu-| Reported in 1871. “ Present
Khunta Karkachia riri height of the pillar is 5 feet.”
XXIII* Kimbliria » K. Mayurbhanja, Zillah
Khunta Karkachia
XXIVv* Sunichot ' K. Nilgiri Nilgiri
XXVv#* Meghdsan Mayurbhanja | K.  Mayurbhanja, Zillah| Meghdsani
Poridiha
XXVI* Boulp4l ” K. Nilgiri Gudsahi
SOUTH MALUNCHA MERIDIONAL SERIES.
LXIT Tilabaoi Manbhoom P. Ludurka, Th4. Purulia Tilabani Reported in 1884. * The pillar
is out of repair.”
LXV+ Shushunia Bankoora P. Chhitna, Thi. Bankoora Shushunia Reported in 1884. * Partly broken
(Binkura) down.”
1 Bankoora P. Supur Reported in 1875, ¢ Greatly in-
Jjured.”
11 . » P. and Thé. Riipur
111 Jura » P. Réipur, Thi. Khatra Jura Reported in 1883, ¢Partly fallen
down.”
1v » P. and Th4. Rdipur
v Etalia Midnapore | P. Silda, Thé. Binpur Etalia
(Medinipur)
VI Dhénsola » P. Rimgar, Th4. Binpur Dhidusola Reported in 1870. “In a totally
ruined state.”
VII Bélijori »» P. Jambani, Th4. Jhargrim Balijori
VI1I Kukurmuri ” P. Bahddurpur, Th&. Mid-| Kukurmuri
napore
1X Kal4bari » P. and Thi. Jhargrdm Kalibari » »
X Kalshibhénga » » Kalshibhénga

* Of the East Const Scrics.

4 Of the Cnleutta Tongitudinal Scries,
Nore.—P. standa [ur pargens, Tha. for théna and K. for killuh,
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No o Village in which Remarks
.. Local name District Pargana, &ec. the Station on the Condition of
of Station ) !
lies the Station
XI Gop Midnapore | P. and Thi. Midnapore Gop
XII Chandbela 2 P. Nayagrim, Th4. Gopi- Chandbéla
ballabhpur

XIII Binsgaria » P. and Thé. Nirdyangarh Bansgaria
XVI* Bidyddhari » P. and Thé. Déntan Near Bidyd-

dhari tank in

Sarai bazar
XVII* Sitpatia " P. and Thé. Gopiballablipur Sitpatia

* Of the East Const Series.
Nore—P. stands for pargana and Thé, for thdue.
W. H. COLE,

January, 1885,
In charge of Computing Qffice.
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EXPLANATION OF SYMBOLS USED ON THIS CHART.

H.S. Signifies Hill Station (Principal)
S. i3 Station (Prineipal, in the plains)
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P Peak
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List of Published Works of the Great Trigonometrical Survey of India.

’

An Account of the Measurement of an Arc of the meridian between the parallels of 18° 3
and 24° 7', being a continuation of the Grand Meridional Arc of India as
detailed by the late Lieutenant-Colonel Lambton in the Volumes of the
Asiatic Society of Calcutta. By Captain George Everest, of the Bengal Artillery,
F.R.S., &e. London, 1830.

An Account of the Measurement of two Sections of the Meridional Arc of India, bounded by
the parallels of 18° 3’ 5”; 24° 7' 11”; and 29° 30" 18”. By Lieutenant-Colonel
Everest, F.R.S., &c., late Surveyor General of Iudia, and his Assistants. London, 1847.

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 1800-1830.
By Colonel J. T. Walker, R.E,, F.R.S., &c., &c., Superintendent of the Survey.
Dehira Din, 1870,

Do. II. History and General Description of the Principal Triangulation and of its
Reduction. By Colonel J. T. Walker, C.B., R.E., F.R.S., &c., &c., Surveyor General
of India and Superintendent of the Survey, and his Assistants, Dehra Din, 1879.

Do. IIL. The Principal Triangulation, the Base-Line Figures, the Kardchi Longitu-
dinal, N.W, Himalaya, and the Great Indus Series of the North-West Qua-
drilateral. By Colonel J. T. Walker, R.E., F.R.S., &c., &c., Superintendent of the
Survey, and his Assistants. Dehra Didn, 1873.

Do. IV. ThePrincipal Triangulation, the Great Arc(Section 24°-30°), Rahdn, Gurhdgarh
and Jogi-Tila Meridional Series, and the Sutlcj Series of the North-West
Quadrilateral. By Colonel J. T. Walker, R.E., F.R.S., &c., &e., Superiutendent
of the Survey, and his Assistants. Dehra Dun, 1876.

Do. V. Details of the Pendulum Operations by Captain J. P. Basevi, R.E., and
W. J. Heaviside, R.E., and of their Reduction. Prepared under the directions
of Major-General J. T. Walker, C.B., R.E.,, F.R.S., &e., &c., Surveyor General of
Ind7ia and Superintendent of the Trigonometrical Survey. Dehra Didn and Calcutta,
1879.

Do. VI, The Principal Triangulation of the South-East Quadrilateral including the
Great Arc—Scction 18° to 24°, the East Coast Series, the Calcutta and the
Bider Longitudinal Series, the Jabalpur and the Bildspur Meridional Series,
and the Details of their Simultaneous Reduction. Prepared under the direc-
tions of Major-Genernl J. T. Walker, C.B., R.E., F.R.8., &c., &c., Surveyor General
of India and Superintendent of the Trigonometrical Survey. Dehra Din, 1880.
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Volume VII. Genperal 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 Meridional, the Amua Meridional, and the Karara Meridional.
Prepared under the directions of Lieutenant-General J. T. Walker, C.B., R.E., F.R.S.,
&c., &c., Surveyor General of India and Superintendent of the Trigonometrical Survey.

Dehra Dan, 1882.

Do. VIII. Details of the Principal Triangulation of Eleven of the Component Series
of the North-East Quadrilateral, including the following Series; the Gur-
wani Meridional, the Gora Meridional, the Huriliong Meridional, the
Chendwair Mecridional, the North Parasndith Meridional, the North Maldn-
cha Meridional, the Calcutta Meridional, the East Calcutta Longitndinal,
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., &c., Surveyor General of India and Superintendent
of the Trigonometrical Survey. Dehra Dun, 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. T, Walker, C.B,,
R.E., F.R.S,, &c., &c., Surveyor General of India and Superintendent of the Trigono-
metrical Survey. Dehra Din, 1883.

Synopses of the Results of the Great Trigonometrical Survey of India, comprising
Descriptions, Co-ordinates, &c., of the Principal and Secondary Stations 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.11.S,, &c., &c., Superintendent of the Survey, and his
Assistants. Debra Dn, 1874,

Do. II. The Great Arc—Section 24° to 30°, or Series 4 of the North-West Quadrilateral.
By Colonel J. T. Walker, R.E., F.R.S,, &c., &c., Superintendent of the Survey, and his
Assistants, Delira Duan, 1874,

Do. III. The Karachi Longitudinal Series, or Series B of the North-West Quadrilateral.
By Colonel J. T. Walker, R.E., F.R.8,, &c., &c., Superintendent of the Survey, and his
Assistants. Dechra Duan, 1874,

Do. IV. The Gurhdigarh Meridional Series, or Series F of the North-West Quadrilateral.
By Colonel J. T. Walker, R.E.,'F.R.S,, &c., &c., Superintendent of the Survey, and his
Assistants, Dehra Din, 1875.

Do. V. The Rahun Meridional Series, or Series EF of the North-West Quadrilateral.

By Colonel J. T. Walker, R.E,, F.R.S,, &c., &c., Superintendent of the Survey, and his
Assistants. Dehra Din, 1875.

Do. VI. The Jogi-Tila Meridional Series, or Series G, and the Sutlej Series, or Series 77 of
the North-West Quadrilateral. By Colonel J. T. Walker, R.E., F.R.S,, &c., &c.,
Superintendent of the Survey, and his Assistants. Delira Din, 1875.

Do. VILI. The North-West Himalaya Series, or Series C of the North-West Quadrilateral,
and the Triangulation of the Kashmir Survey. By Major-General J. T. Walker,
C.B.,,R.E, F.R.8, &c., &c., Surveyor General of India and Superintendent of the Survey,
and his Assistants. Dehra Din, 1879.
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VYolume VIII.
Do. IX.
Do. X.
Do. XI,
Do. XII.
Do. XIII.
Do. XIV.
Do. XV.
Do. XVI.
Do. XVII.
Do. XVIII.
Do. XIX.
Do. XX,
Do. XXI.

Synopses of the Results of the G. T. Survey of India, &c.—(Continued).

March, 1885.

The Great Arc—Section 18°to 24°, or Series A of the South-East Quadrilateral.
By Colonel J. T. Walker, C.B., R.E., F.R.S,, &c., &c., Superintendent of the Survey,

and his Assistants. Dehra Dtn, 1878.

The Jabalpur Meridional Series, or Series E of the South-East Quadrilateral.
By Colonel J. T. Walker, C.B., R.E,, F.R.S,, &c., &c., Surveyor General of India and
Superintendent of the Survey, and his Assistants, Dehra Din, 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.8,, &c., &c., Surveyor General of
India and Superintendent of the Survey, and his Assistants. Dehra Din, 1880.

The Bildspur Meridional Series, or Series F of the South-East Quadrilateral.
By Major-General J. T. Walker, C.B.,, R.E.,, F.R.8.,, &c., &c., Surveyor General of
India aud Superintendent of the Survey, and his Assistants. Dehra Dtin, 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., &c., Surveyor General of
India and Superintendent of the Survey, and his Assistants. Dehra Din, 1880.

The East Coast Series, or Series C of the South-East Quadrilateral. By Major-
General J. T. Walker, C.B.,, R.E.,, F.R.S., &c., &c., Surveyor General of India and
Superintendent of the Survey, and his Assistants. Delira Ddan, 1880.

The Budhon Meridional Series, or Series J of the North-East Quadrilateral.
By Lieutenant-General J. T. Walker, C.B.,, R.E,, F.R.S., &c., &c., Surveyor General
of India and Superintendent of the Survey, and his Assistants. Dehra Din, 1883.

The Rangir Meridional Series, or Series K of the North-East Quadrilateral.
By Lieutenant-General J. T. Walker, C.B.,, R.E.,, F.R.S,, &c., &c., Surveyor General
of India and Superintendent of the Survey, and his Assistants. Delra Dvin, 1883.

The Amua Meridional Series, or Series Z, and the Kardra Meridional Series,
or Series M of the North-East Quadrilateral. By Lieutenant-General J. T.
Walker, C.B., R.E., F.R.S., &c., &c., Survcyor General of India and Superintendent
of the Survey, and his Assistants, Dehra Din, 1883.

The Gurwani Meridional Series, or Series &V, and the Gora Meridional Series,
or Series O of the North-East Quadrilateral. By Lieutenant-General J. T.
Walker, C.B,, R.E., F.R.S,, &c., &c., Surveyor General of India and Superintendent
of tlie Survey, and his Assistants. Delira Dan, 1883.

The Hurildong Meridional Series, or Series P, and the Chendwér Meridional
Series, or Series Q of the North-East Quadrilateral. By Licutenant-General
J.T. Walker, C.B., R.E.,, F.R.S,, &c.,, &c., Surveyor General of India and Superin-
tendent of the Survey, and his Assistants. Dehra Dtn, 1883.

The North Pdarasnith Meridional Series, or Series R, and the North Malincha
Meridional Series, or Series & of the North-East Quadrilateral. Prepared
by J. B. N. Hennesscy, Esq., M.A.,, F.R.S,, &c., &c., Offg. Deputy Surveyor General,
in charge of Trigonometrical Surveys, and his Assistants, and published under the
orders of Colonel G. C. DePrée, S.C., Offg. Surveyor General of India. Dehra
Din, 1883.

The Calcutta Mcridional Series, or Series 7, and the Brahmaputra Meridional
Scrics, or Scries ¥ of the North-East Quadrilateral. Prepared by J. B. N.
Hennessey, Esq.,, M.A., F.R.S,, &c., &c., Offg. Deputy Surveyor General, in charge of
Trigonometrical Surveys, and his Assistants, and published under the orders of Colonel
G. C. Dcl'rée, S.C., Offg. Surveyor General of India. Dehra Din, 1883.

The East Calcutta Longitudinal Series, or Series U, and the Eastern Frontier
Series—Section 23° to 26°, or Series 77 of the North-East Quadrilateral.
Prepared by J. B. N. Hennessey, Esq., M.A., F.R.S,, &c., &c., Offg. Deputy Surveyor
General, in charge of Trigonomectrical Surveys, and his Assistants, and published
under the orders of Colonel G. C. DePrée, S.C., Offg. Surveyor General of India.
Dchra Dan, 1883.
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