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Preface 

This volwne is one of the two which offer a comprehensive course in those parts 

of theory and practice of Plane and Geodetic surveying that are most commonly used by 

civil engineers. and are required by the students taking examination in surveying for Degree. 

Diploma and A.M.I.E. The first volume covers in thirteen chapters the more common surveying 

operations. 

Each topic introduced is thoroughly describOd, the theory is rigorously developed, 

and. a ~rge DUIJ?ber of numerical examples are included to illustrate its application. General 

s~atements of important principles and methods are almost invariably given by practical 

illustrations. A large number of problems are available at the end of each chapter, to 

illustrate theory and practice and to enable the student to test his reading at differem stage~ 

of his srudies. 

Apan from illustrations of old and conventional instruments, emphasis has been placed 

on new or improved instruments both for ordinary as well as precise work. A good deal 

of space has been given to instrumental adjustments with a thorough discussion of the geometrical 

principles in each case. 

Metric system of units has been used throughout the text, and, wherever possible, 

the various formulae used in texc have been derived in metric units. However, since the 

cha~ge\ over to metric system has still nor been fully implemented in all the engineering 

;;;~:~~Jtirr:~ i;~ •JUr conntiy, a fe·,~- examples in F.P.S. system, hdxe ~!so beer: gi\'C!": 

I should lik.e to express my thanks to M/s. Vickers Instruments Ltd. (successors to 

M/s. Cooke, Troughton & Simm's), M/s. Wild Heerbrugg Ltd., M/s Hilger & Watci Ltd .. 

and M/s. W.F. Stanley & Co. Ltd. for permitting me to use certain illustrations from 

their catalogues or providing special photographs. My thanks are also due to various Universities 

and exami~g bodies of professional institution for pennitting me to reproduce some of 

the questions from their examination papers. 

lnspite of every care taken to check. the numerical work. some errors may remain. 

and I shall be obliged for any intimation of theses readers may discover. 

JODHPUR B.C. PUNMIA 

1st July, 1965 



PREFACE TO THE THIRD EDITION 

In this edition, the subject-matter has been revised thoroughly and the chapters have 

been rearranged. Two new chapters on "Simple Circular Curves' and 'Trigonometrical Levelling 

(plane)" have been added. Latest Indian Standards on 'Scales', 'Chains' and 'Levelling Staff 

have been included. A two-colour plate on the folding type 4 m Levelling Staff, conforming 

to IS 1779 : 1%1 has been given. In order to make the book more useful to the ~tudents 
appearing at A.M.l.E. Examination in Elementary Surveying, questions from the examination 
papers of Section A. from May 1962 to Nov. 1970 have been given Appendix 2. Account 

has been taken throughout of the suggestions offered by the many users of the book, and 

grateful acknowledgement is made to them. Futther suggestions will be greatly appreciated. 

JODHPUR B.C. PUNMIA 
1st Feb.. 1972 

PREFACE TO THE FOURTH EDITION 

In this edition, the subjec1-matter has been revised and updated. An appendix on 

'Measurement of Distance by Electronic Methods' has been added. 

JODHPUR 
15-10-1973 

PREFACE TO THE FIFTH EDmON 

B.C. PUNMIA 

In the Fifth Edition. the suhiect-matter ha!< ~n thnrnnQ:hly rP:vic:.,-1 An Appenrli'~' 

on SI units bas been added. 

JODHPUR 
25-4-1978 

PREFACE TO THE SIXTH EDmON 

B.C. PUNMJA 

In the Sixth Edition of the book, the subject-matter bas been thoroughly revised and 

updated. 

JODHPUR B.C. PUNMIA 
2nd Jan., 1980 

Jl( 

PREFACE TO THE NINTH EDITION 

In the Ninth Edition. the subject-matter has been revised and updated. 

JODHPUR B.C. PUNMIA 

1st Nov., 1984 

PREFACE TO THE TENTH EDITION 

In the Tenth Edition, the book has been completely rewritten, and all the diagrams 

have been redrawn. Many new articles and diagrams/illustrations have been added. New 

instruments, such as precise levels. precise theodolites, precise plane table equipment, automatic 
levels. new types of compasses and clinometers etc. have been introduced. Two chapters 
on 'Setting Out Works' and 'Special Instruments' bav~ been added at the end of the 

book. Knowledge about special instruments, such as site square , transit-level, Brunton's 
universal pocket transit, mountain compass-transit, autom.nic le~~ls, etc. will be very much 
useful to the field engineers. Account has been taken througho~t of the suggestions offered 

by the many users of the book, and grateful acknowledgement is made to them. Further 

suggestions will be greatly appreciated. 

JODHPUR 

lOth July, 1987 

PREFACE TO THE TWELFTH EDITION 

B.C. PUNMIA 

A.K. JAIN 

In the Twelfth Edition, the subject-matter has been revised and updated. 

JOlJHPUR 
30th March, 1990 

B.C. PUNMIA 
A.K. JAIN 

PREFACE TO THE THIRTEENTH.EDITION 

In the Thirteenth Edition of the book, the subject mauer has been thoroughly revised 

and updated. Many new articles and solved examples have ·been added. The entire book 

bas been typeset using laser printer. The authors are thankful to Shri Moo! singb Galtlot 

for the fine laser typesetting done by him. 

JODHPUR 
15th Aug. 1994 

B.C. PUNMIA 

ASHOK K. JAJN 

ARUN K. JAIN 
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PREFACE TO TilE SIXTEENTH EDITION 

In !he Sixteenth Edition, !he subject matter has been thoroughly revised, updated and 
rearranged. In each chapter, many new articles have been added. ·Three new Chapters have 
been added at !he end of !he book : Chapter 22 on 'Tacheomelric Surveying'. Chapter 
13 on 'Electronic Theodolites' and Chapter 24 on 'Electro-magnetic Disrance Measurement 
(EDM)'. All !he diagrams have been redrawn using computer graphics and !he book has 
been computer type-set in bigger fonnat keeping in pace with the modern trend. Account 
has been taken throughout of !he suggestions offered by many users of !he book and grateful 
acknowledgement is made to !hem. The authors are thankful to Shri M.S. Gahlot for !he 
fine Laser type setting done by him. The Authors are also thankful Shri R.K. Gupta. 
Managing Director Laxmi Publications. for laking keen interest in publication of !he book 
and bringing it out nicely and quickly. 

Jodhpur 
Mabaveer Jayanti 
lsi July, 2005 

B.C. PUNMIA 
ASHOK K. JAIN 
ARUN K. JAIN 
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Fundamental Defmitions and Concepts 

1.1. SURVEYING: OBJECT 

Surveying is the an of detennining the relative positions of poiniS on, above or 

beneath the surface of the earth by means of direct or indirect measuremeniS of distance. 

direction and elevation. It also includes the an of establishing poiniS by predetennined angular 

and linear measuremeniS. The application of surveying requires skill as well as the knowledge 

of mathematics, physics, and to some extent, asttonomy. 

Levelling is a branch of surveying the object of which is (i) to find the elevations 

of poiniS with respect to a given or assumed datum, and (ii) to eslablish poiniS at a 

given elevation or at different elevations with respect to a given or assumed darum. The 

first operation is required 10 enable the works to be designed while the second operation 

is required in the setting out of all kinds of engineering works. Levelling deals with measuremeniS 

in a vertical plane. 

The knowledge of surveying is advanlageous in many phases of engineering. The 

earliest surveys were made in connection with land surveying. Practically, every engineering 

project such as water supply and irrigation schemes, railroads and transmission lines, mines, 

bridges and buildings etc. require surveys. Before plans and estima1es are prepared. boundaries 

should be determined and the topography of the site should be ascenained. After the plans 

are made, the strucrures must be staked out on the ground. As the work progresses, lines 

and grades must be given. 

In surveying. all measurements of lengths are horizonlal, or else are subsequently 

reduced to horizontal distances. The oojecr oi a survey lS to pn::pan: plan ur map so 

that it may represent the area on a horizontal plane. A plan or map is the horiZontal'· 

projection of an area and shows only horizonlal distances of the points. Vertical di5tances 

between the points are, however, shown by comour lines, hachures or some other methods. 

Vertical distances are usually represented by means of vertical seciions drawn separately. 

1.2. PRIMARY DMSIONS OF SURVEY 

The earth is an oblate spheroid of revolutions, the length of iiS polar axis _{12,713.800 

mettes) being somewhal less than that of its equaiorial axis (12, 756.750 merresl. Thus, 

the polar axis is shorter than the equatorial axis by 42.95 kilometres. Relative to the diamerer 

of the earth this is less than 0.34 percent. If we neglect the irregularities at' rhe earrh. 

the surface of the imaginary spheroid is a curved surface, every element of which is normal 
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to the plumb line. The intersection of such 
a surface with a plaue passing through the 
centre of the earth will form a line continuous 
around the earth. The portion of such a 
line is known as 'level line' and the circle 
defined by the iD[ersection is known as 'great 
circle'. Thus in Fig. 1.1, the distance be­
tween rwo points P and Q is the length 
0f the arc of the great circle passing through 
rbese poin£S 3nd is evidently somewhat more 
than the chord intercepted by the arc. 

Consider three points P, Q and R 
I Fig. I .I) and three level lines passing through 
ti1ese points. The surface within the triangle 
PQR so formed is a curved surface and 
rhP lin~!' fonning irs sides are arcs of great 
circles. The figure is a spherical triangle. 
TI1e angles p, q and r of the spherical FIG. 1.1 
uiangle are somewhat more than correspond-

SURVEYING 

ing angles p', q' and r' of the plane triangle. If the points are far away, the difference 
will be considerable. If the points are nearer, the difference will be negligible. 

As ro whether the surveyor must regard.Ahe eanh's surface as curved or may regard 
it is as plane depends upon the character and magnitude of the survey, and upon the 
precision required. 

Thus, primarily, surveying can be divided into two classes 
(I) Plane Surveying (2) deodetic Surveying. 
Plllne surveying is that type of surveying in which the mean surface of the earth 

;, considered as a plane and the spheroidal shape is neglected. All triangles formed by 
survey lines are considered as plane triangles. The level line is considered as straight and 
:1!1 plumb lines are considered parallel. fn everyd~y life we ar-:- ~"nc~rned with small portions 
of earth's surface and the above assumptions seem to be reasonable in light of the fact 
that the length of an arc 12 kilometres long lying in the earth's surface is only I em 
greater than the subtended chord and further that the difference between the sum of the 
•ngles in a plane triangle and the sum of those in a spherical triangle is only one second 
for • triongle at the earth's surface having an area of 195 sq. km. 

Geodetic surveying is that type of surveying in which the shape of the earth 
is taken into account All lines lying in the surface are curved lines and the triangles 
are spherical triangles. It, therefore, involves spherical trigonomeuy. All geodetic surveys 
include work of larger magnitude and high degree of precision. The object of geodetic 
survey is to determine the prfdse position on Ihe suiface of the earth, of a system of 
widely distanr points which fonn corurol stations 10 which surveys of less precision may 
be referred. 
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1.3. CLASSIFICATION 
Surveys may be classified under headings which define the uses or purpose of the 

resulting maps. 
(A) CLASSIFICATION BASED UPON THE NATURE OF THE FIELD SURVEY 

(1) Land Surveying 
(1) TopofPYJPhical Surveys : This consists of horizontal and vertical location of certain 

points by linear and angular measurements and is made to determine the nanual feanues 
of a country such as rivers, streams, lakes, woods, hills, etc., and such artificial features 
as roads, railways, canals, towns and villages. 

(it) Cud~tral Surveys : Cadastral surveys are made incident to the fixing of property 
lines, the calculation of land area, or the transfer of land property from one owner to 
another. They are also made to frx the boundaries of municipalities and of State and Federal 
jurisdictions. 

(iii) Cily Surveying : They are made in connection with the construction of streets. 
water supply systems, sewers and other works. 

(2) Marine or Hydrographic Survey. Marine or hydrographic survey deals with bndies 
of water for pwpose of navigation, water supply, harbour works or for the deiermination 
of mean sea level. The work consists in measurement of discharge of streams, making 
topographic survey of shores and banks, taking and locating soundings to determine the 
depth of water and observing the fluctuations of the otean tide. 

(3) Astronomical Survey. The astronomical survey offers the surveyor means of determining 
the absolute location of any point or the absolute location and direction of any line on 
the surface of the earth. This consists in observations to the heavenly bndies such as the 
sun or any fixed star. 
(B) CLASSIFICATION BASED ON THE OBJECT OF SURVEY 

(1) Engineering Survey. This is undertaken for the determination of quantities or to 
afford sufficient data for the designing of engineering . works such as roads and reservoirs, 
or those connected with sewage disposal or water supply. 

crust. 

(2) 1'-.:filiU:a.r.)' .S:ari1 ~J'. This is i.lStd for determining pubts of slrategic i!l1p'.Jrtance. 
(3) Mine Survey. This is used for the exploring -mineral wealth. 
(4) Geological Survey. This is used for determining different strata in the earth's 

(5) Archaeological ·Survey. This is used for unearthing relics of antiquity. 
(C) CLASSIFICATIONBASED ON INSTRUMENTS USED 

An alternative classification may be based upon the instruments or methods employed, 
the chief typeS being : 

(1) Chain survey 
(2) Theodolite survey 
(3) Traverse survey 
(4) Triangulatiqn survey 
!5) Tacheo111etric survey 
(6) Plane table· survey 



r 
fJ' 
i: 
! 

4 

(7) 

and (8) 
Phorogrammetric survey 

Aerial survey. 

SURVEYING 

The book mainly deals with the principles and methods of the above types. 

1.4. PRINCIPLES OF SURVEYING 

The fundamental principles upon which the various methods of plane surveying are 

based are of very simple nature and can be stated under the following two aspec1s : 

(1) Location of a point by measurement from two points of reference 

The relative positions of the points to be sUIVeyed should be located by measurement 

from at least two points of reference, the positions of which have already been fixed. 

Let P and Q be the refer<ltl(;e points on the ground. The distance PQ can be measured 

accurately and the relative 'positions of P and Q can be plotred on the sheet to some 

scale. The points P and Q will thus serve as reference points for fixing the relative positions 

of other points. Any other point, such as R, can be located lly ony of the following direct 

methods (Fig. 1.2) · 

p p p F p 

I A 

b 
' r A Sf-T-A ,~R )A 

90• I . 
v 

6 ' a a a a 
(a) (b) (c) (d) (e) 

AG. L2. LOCATION OF A POINT. 

(a) Distances PR and QR can be measured and point R can be plotted by swmgmg 

the two arcs to the same scale to which PQ has been plotted. The principle is very much 

used in r.hain sur,evin.t? 

(b) A perpendicular RS can be dropped on the reference line PQ and lengths PS 

and SR are measured. The point R can then be plotted using set square. This principle 

is used for defining details. 

(c) The distance QR and the angle PQR can be measured and point R is plotted 

either by means of a protractor or trigonometrically. This principle is used in traversing. 

(If) In this method, the distances PR and QR are not measured but angle RPQ and 

angle RQP are measured with an angle-measuring instrumenL Knowing the distance PQ, 

. point R is plotted either by means of a protractor or by solution of triangle, PQR.' This 

principle is very much used in rn"angulalion and the method is used for ·very · e:uensive 

w"ork .. 

(e) Angle RQP and distance PR are measured and point R is plotted either by protracting 

an angle and swinging an arc from P or pJoned trigonometrically. This principle, used 

in lTaversing , is of minor utility. 
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Figs. 1.2 (b). (c) and (d) can also be used to illustraie the principles of detennining 

relative elevations of points. Considering these diagrams to be in vertical plane. with PQ 

as horiwntal. Fig./,2 (b) represents the principle of ordinary spirit levelling. A horizontal 

line PQ is instrumentally established through P and the vertical height of R is measured 

by taking staff reading. Similarly, Fig. 1. 2 (c) and (d) represent tile principles of trigonometrical 

levelling. 
(2) Working from whole to part 

The second ruling principle of surveying, whether plane or geodetic, is to work from 

whole to part. It is very essential to esrablish first a system of control poinlS and to 

fix them with higher precision. Minor control points can then be established by less precise 

methods and the details can then be located using these minor control points by running 

minor traverses etc. The idea of working in this way is to prevent the accumulation of 

errors and to control and loCalise minor errors which. otherwise. would expand to greater 

magnitudes if the reverse process is followed, tl1us making the work uncontrollable at the 

end. 

1.5. UNITS OF MEASUREMENTS 

There are four kinds of measurements used in plane surveying: 

I. Horiwntal distance 2. Vertical distance 

3. Horizontal angle, and 4. Vertical angle. 

Linear measures. According to the Standards of Weights and Measures Act (India), 

1956 the unit of measurement of distance is metres and centimetres. Prior to the introduction 

of metric units in India, feet, tenths and hundredths of a foot were used. Table 1.1 gives 

the basic linear measures, both in metric as well as in British system, while Tables 1.2 

and 1.3 give the conversion factors . 

'ABLE 1.1 BASIC UNITS OF LENGTH 
----- -·- ----- -- --- -- --- ----

British Units Metric Ullits 

12 inches = I fool 10 millimetres = I centimetre 

I I 
' leel = I yaro i IV .A.:iiiiOii~(l,;;:, 

J..;-::;;:;,:l:~ 

; 

;! yards = I rod. pole or perch ] 10 decimetres = I metre 

' I 

4 poles = 1 chain (66 fee!) !w metres = I decametre 
I 

10 chains = I furlong 10 decametres = I hectometre 

8 furlongs = I mile 10 hecwmetres = 1 kilometre 

100 links = I chain ! 1852 meues = I nautical mile (lntemationa\) 

= 66feei I 
I 

6 feel = I fathom I 
I 

120 fathoms = I cable length I 

6080 feet = I nautical miie I 
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Metns 

I 

0.9144 

0.3048 

O.OZS4 

Kilometres 

I 

1.852 

1.6093 

TABLE I.Z CONVERSION FACTORS 
(Mnres, yards, feet and irrch2s) 

Y<Uds Feet 

1.0936 3.2808 

I 3 

0.3333 I 

0.0278 0.0833 

TABLE 1.3 CONVERSION FACTORS 
(/(jfomerres, NauJical miles and Miles) 

Nautiud miles 

0.539% 

I 

0.869 

IncMs 

39.3701 

36 

12 

I 

. 

Miles 

0.6214 

1.1508 

I I 

Basic units of area. The units of measurements of area are sq. metres, sq. decimetres, 
hectares and sq. kilometres. Table 1.4 gives the units of area bolh in metric as well as 
British sysiems. Tables 1.5 and i.6 gives !he conversion factors. 

t44 sq. inches = 
9 sq. feet = 

30} sq. yards = 
40 sq. rods = 

4 roods = 

640 acr.s = 
484 sq. yards = 
to sq. chains 

Sq."'""' 
I 

0.8361 

0.0929 

0.00065 

TABLE 1.4 BASIC UNITS OF AEEA 

BriJWJ Unils Metric U11ils 
I sq. f001 

I sq. Yard 

I sq. rod, pole or perch 

I rood 

1 acre 

100 sq. millimerres = 

100 sq. centimetres=-

100 sq. decimeues = 

100 sq. metres 

100 ares 

sq. cenrimeue 

sq. decimerre 

sq. merre 

are or I sq. 
decametre 

hectare or 
1 ~q hcctc:o.J<:l<~ 

1 sq. mile 100 hectares = I sq. kilometre 

I sq. chain 

= I acre 

TABLE 1.5 CONVERSION FACTORS 
(Sq. metres. Sq. y<Uds. Sq. feet and Sq. inches) 

Sq. y<Uds Sq. feet Sq. i11ches 

1.196 10.7639 1550 
I 9 1296 

0.111 I I 144 
0.00077 0.0069 I 

I 

I I 
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TABLE 1.6 CONVERSION FACTORS 
(Ares, Acres and sq. yords) 

Ares Acres 

I 0.0247 

40.469 I 

0.0084 0.00021 

I sq. mile = 640 acres= 258.999 hectares 

I acre = 10 sq. chains 

are = I 00 sq. metres 

7 

Sq. yards 

119.6 I 

4840 

I 

Basic units of volume. The units of measurements of volumes are cubic decimetre.c:. 
and cubic metres. Table I. 7 gives the basic units of measurement of volumes holh in 
metric as well as British units. Tables 1.8 and 1.9 give !he conversion factors. 

TABLE 1.7 BASIC UNITS OF VOLUME 

British Unils Metric Units 

1728 cu. inches== 

27 cu. 'feet 

Cu. metres 

I 

0.7645 

0.00455 

Cu. metres 

I 

1233.48 

0.00455 

1.000028 

cu. foot 

cu. yards 

1000 cu. millimwes 

1000 cu. cemimettes 

1000 cu. decimelres 

TABLE 1.8 CONVERSION FACTORS 
(Ql. metres. Ql. y<Uds and Imp. galloiU) 

Cu. yards 

1.308 

I 

0.00595 

TABLE 1.9. CONVERSION FACTORS 
(Oibic merres, Acre feet, Imp. Galloru and Kilolitres) 

Acrejeet Ga/lom (lmp.J 

0.000811 219.969 

I 271327 

0.00000369 I 

0.000811 219.976 
-----· 

cu. centime1res 

cu. <lecimenes 

cu. melres 

Gallons (Imp.) 

219.969 

168.178 

I 

Kilolitres 

0.99997 

1233.45 

0.00455 

I 

-1 

: 
l 

I 

l 
' i 
• 

Basic units of angular measure. An angle is the difference in directions of two 
intersecting lines. The radiml is the unit of plane angle. The radian is !he angle between 
two radii of a circle which cuts-off on the circumference of an arc equal in length to 
the radius. There are lhree popular syslemS of angular measurements: 
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(a) Sexagesi111f1] System 

1 circumference = 360• (degrees of arc) 

I degree =60' (minutes of arc) 

1 minute = 60" (seconds of arc) 

(b) Centesi111111 System 

circumference = 4008 (grads) 

grad = 100' (centigrades) 

centigrad· = 100cc (centi-centigrads) 

(c) Hours System 

1 circumference = 24h (hours). 

hour = 60m (minutes of time) 

minute = 60' (seconds of time). 

The sexagesimal system is widely used in United States, ·Great Britain, India and 

other parts of the World. More complete tables are available in this system and most 

surveying instruments are graduated according to this system. However, due to facility in 

computation and interpolation, the centesima1 system is gaining more favour in Europe. The 

hours system is mostly used in astronomy and navigation. 

1.6. PLANS AND MAPS 

A plan· is the graphical representation, to some scale, of the features on, near or 

below the surface of the earth as projected on a horizontal plane which is represented 

by plane of the paper on which the plan is drawn. However, since the sutface of the 

earth is curved and the paper of the plan or map is plane, no part of the surface can 

be represented on such maps· without distortion. In plane surveying, the areas involved 

are small, the earth's surface may be regarded as plane and hence map is constructed 

by orthographic projection without measurable distortion. 

The representation is called a map if the scale is small while it is called a plan 

II r.he scaae 1s targe. on a pian, generaiiy, oruy horizomai mstances ana atrecnons are 

shown. On a topographic map, however, the vertical distances are also represented by contour 

lines. bachures or other systems. 

1.7. SCALES 

The area that is surveyed is vast and, therefore, plans are made to some scale. 

Scale is. the fixed ratio thai every distance on the plan bears with corresponding distance 

on the ground. Scale can be represented by· the following methods : 

(1) One em on the plan represents some whole number of metres on the ground. 

such as 1 em = 10 m etc. This type of scale is called engineer's scale. 

(2) One unit of length on the plan represents some number of same units of length 

on the ground, such as 1~, etc. This ratio of map distance to the corresponding ground 

distance is independent of units of measurement and is called represemative fraction. The 
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representative fraction (abbreviated as R.F.) can be very easily found for a given engineer's 

scale. For example, if the scale is I em = 50 m 

1 I 
R.F. ""' ",7o-'--, o~"' = 5000. 

The above two types of scales are also known as numerical scales. 

(3) An alternative way of representing the scale is to draw on the plan a graphical 

scale. A graph~cal scale is a line sub-divided into plan distance corresponding to convenient 

units of length on the ground. 

If rhe plan or map is to be used after a few years, the nwnerical scales may 

not ·giVe ~ccurare results if the sheer or paper shrinks. However, if a graphical scale 

is al~o .drawn, it will shrink proportionately and the distances can be found accurately. 

Thai is why. scales are always drawn on all survey maps. 

Choice of Scale of a Map 

The most common scales for ordinary maps are those in which the nwnber of metres 

represented by one centimetre is some multiple of ten. The preliminary consideration in 

choosing the scale are : (I) the use to which the map will be put, and (2) the extent 

of territory to be represented. The following two general rules should be followed 

1. Choose a scale large enough so that in plotting or in scaling distance from the 

finished map. it will not be necessary to read the scale closer than 0.25 mm. 

2. Choose as small a scale as is consistent with a clear delineation of the smallest 

derails to be plotted . Table 1.10 gives the common scales generally used in various surveys. 

Type or purpose of I 
surve 

(a} Topographic Survey 

1. Building sites It em 

2. Town plaMing schemes. I 1 em 
reservoirs etc. 
:. ____ !.'- •'-· -~ 

; 
. 

i 
4. Small scale topographic maps I I em 

(bJ Catkistral maps II em 

fcJ Geograplu·cal maps ! I em 

fdJ U:mgiwdinnl seaio11s 

I. Horizontal scale I t em 

2. Venical scale ' 1 em 
; 

(e) 0os.J-.5ection.s 

<Both horizomal and vertical I 1 em 
scales equal) 

TABLE 1.10 

Stale 

= 10 m or less 

= 50 m to lOOm 

C:l'l ~- '(" 'ltYI ~ 

= 0.25 km to 2.5 km 

= 5 m to 0.5 km 

= 5 km to 160 km 

= 10m to 200 m 

= 1m to 2 m 

= lmto2m 

R.F. 

1 'ffiYS or less 

1 1 
soo.rto lOCOO 

1 1 
<;J¥w2im) 

1 I 
25000' w EOOOO 

1 1 
500 to 5000 

1 1 
500000 to 16000000 

1 t 
10i50 to 20000 

I 1 
100 to 200 

I 1 
100 ID 200 
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Types of Scales 
Scales may be classified as follows 
I. Plain· scale 2. 
3. Vernier scale 4. 

1.8. PLAIN SCALE 

Diagonal scale 
Scale of cbords. 

SURVEYING 

A plain scale is one on which it is possible to measure two dimensions only, such 
as units and lengths, metres and decimetres, miles and furlongs, etc. 

Example 1.1. ConstrucJ a pillin scale 1 em to 3 metres and slww on it 47 metres. 
C<lnstructWn : 

if;1~~~~:~ l~~~(~;;rr-r T ·r·r--r··r-1 ' I 
vision imo 10 equal parts, each 10 • •• •• •• •• -0 10 20 30 40 50 

• reading I metre. Place zero 
of the_ scale between lhe sub­
divided parts and lhe undivided 

SCale 1cm=3m 

FIG. 1.3 PLAIN SCALE. 

part and mark lhe scale as shown in Fig. 1.3. To take 47 metres, place one leg of 
lhe divider at 40 and lhe olher at 7, ·as shown in Fig. 1.3. 
Indian Standard on plain scales 

IS : 1491-1959 has recommended six different plain scales in metric units used by 
engineers, architects and sorveyors. The scale designations along wilh lheir R.F. are given 
in the table below: 

DesiRrUJtlon I S<ok 

1. Full size 
A I 

2. SO em to a metre 

3. 40 em to a metre 
B 

' 
-

' 
4. 20 em 10 a metre 

S. 10 em to a metre c 
6. 5 em to a metre 

7. 2 em to a metre 
D 

8. 1 em to a metre 

9. S mm to a metre 
E 

10. 2 mm to a metre 

11. I mm to a metre 
F 

12. O.S nun w a metre ----- - -

R.F. 

I 
T 
I 
2 
I 

n 
I 
5 
I 

Tii 
I 

20 
I 

51i 
I 

TOO 
I 

200 
I 

500 

I 
TiiOO 

I 
~QQ9 --

1 
I 
! 

ij 

i 

j 

l 
I 
·l 
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1.9. DIAGONAL SCALE 
On a diagoual scale. it is possible to measure lhree dimensions such as metres. de<!imetres 

and centimetres; units, tenlhs and hundredlhs; yards, feet and inches etc. A short Jenglh 
is divided into a number of parts by using lhe principle of similar 
triangles in which like sides are proportioual. For example let a " 
sbort Jenglh PQ be divided into 10 parts (Fig. 1.4). At Q draw 
a line QR perpendicular to PQ and of any convenient Ienglh. 
Divide it into ten equal parts. Join lhe diagonal PR. From each 
of lhe divisions, I, 2, 3 etc., draw lines parallel to PQ to cut lhe 4 
diagonal in corresponding points I, 2, 3 etc., lhus dividing lhe diagonal 5J----j5 
into I 0 equal parts. 6 t..---.16 

Thus. 

t~~I 1-1 represents .!.. PQ 8 
10 

2-2 represents 1. PQ 
9 9 

10 
P a 

FIG. 1.4 

9-9 represents fo PQ etc. 

Example 1.2 ConstruCI a diagonal scale 1 cm=3 metres to read metres and decimetres 
and show on thal 33.3 metres. 

Construction : 
Take 20 em Jenglh and divide it into 6 equal pans, each pan representing 10 metres. 

Sub-divide lhe first left band part into 10 divisions, each representing I metre. At the 
left of lhe first sub-division erect a perpendicular of any suitable .lenglh (say 5 em) and 
divide it into 10 equal parts and draw lhrough lhese parts lines parallel to lhe scale. Sub-divide 
lhe top parallel line into ten divisions (each representing 1 metre) and join lhese diagonally 
to lhe corresponding sub-divisions on lhe first parallel line as shown in Fig. 1.5 wbere 
a distance of 33.3 metres has been marked. 

1.0 
0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0.0 ~~~~:••m !rln~ 

Scale1cm=3m 

FIG. 1.5 DIAGONAL SCALE. 

Indian_ Standard on diagonal scales 
IS : 1562-1962 recommends four diagonal scales A, B. C and D. as sbown in lhe 

table below : 
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De~ignation R.F. Graduated ltng!h 

A I ! ISO em 
T 

I. I 

I 
100iXXl 

100 c~ 8 I 2. 5<XXXJ 

3. I 
I 2500) . 

I 
I ! 

I !. 100Xil' 

I 
c I 50 om 

2. 51iXii'f 
I I 

3. 23000 

'I I 
100iXXl 

D I I 
150 em 

2. 8liD I 

3. 
I I 4li'ii' 

1.10. THE VERNIER 

The vernier, invented in 1631 by Pierre Vernier, is a device for measuring the fracrional 

part of one of the smallest divisions of a graduated scale. It usually consists of a small 

auxiliary scale which slides along side the main scale. The principle of vernier is based 
on the fact that the eye can perceive wilhow strain and with considerable precision when 
two graduations coincide to jonn one continuous straight line. The vernier carries an index 
mark which forms the zero of the vernier. 

If the graduations of the rp.ain scaJe are numbered in one direction only. the vernier 
used is called a single vernier, extending in one direction. If the graduations of the main 

scale are numbered in both the directions, the vernier used is called double vernier, extending 

in both the directions, having its index mark in the middle. 

The division.~t C'f the vernier are either j~1st a little smal!f':- r-r :- litt!r 12rgcr th:m 

the divisions of the main scale. The finen~ss of reading or least count of the vernier 

is equal to the difference between the smallest division on the main scale and smallest 
division on the vernier. 

Whether single or double, a vernier can primarily be divided imo the following two 
classes : 

(a) Direct Vernier 

(b) Retrograde Vernier. 

(a) Direct Vernier 

A direct vernier is the one which extends or increases in the same direction as 
that of the main scale and in which the smallest division on the vernier is shoner than 

the smallest division on the main scale. It is so consrrucred that (n - 1) divisions of the 

main scale are equal in length of n divisions of the vernier. 
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Let s = Value of one smallest division on main scale 

v =.Value of one smallest division ·on the vernier. 

n = Number of divisions on the vernier. 

13 

Since a length of (n - I) divisions of main scale is equal 

we have 

to n divisions of vernier, 

nv = (n- 1) s 

( 
n- 1) 

V= -.- S 

n- 1 s 
Least count= s- v = s--- s = -. n n 

Thus, the least count (L.C.) can be found by dividing the value of one main scale 

division by the total number of divisions on the vernier. 

II v OJ II v 01 
,,,d!!!l l!!!l!!!l 

("I' II IIIII '11,,·"'' "tll" I II II "'II' II t I "'I( 
2 1 s 0 14. 13 12 

(a) (b) 

FIG. 1.6 DIRECT VERNIER READING TO 0.01. 

Fig. 1.6(a} shows a direct vernier in which 9 parts of the main scale divisions coincide 

with 10 parts of the vernier. The total number of the divisions on the vernier are 10 
and the value of one main scale division is 0.1. The least count of the vernier is lherefore, 

~·~ = 0.01. The reading on the vernier [Fig. 1.6(b)) is 12.56. 

Fig. 1.7 (a) shows a double vernier (direct type) in which the main scale is figured 

in both the directions and the vernier also extends to both the sides of the index mark. 

I
L... :. c ; ~l.· 

I, I , I J, , I I II I ' I 1 " I I 11 
~~I \'i'i'i'Uii~l \'iII liill''''''f 

70 80 90 (30 6U IU\ 

(a) 
(b) 

FIG. !. 7. DOUBLE VERNIER (DIRECI). 

The 10 spaces on. either half of the Vernier are equivalent to '9 scale divisions and hence 

least count is ~ = 1~ = 0.1. The· left-hand vernier is used in conjunction with the upper 

figures on the main scale (those sloping to the left) and the right-hand vernier is used 
in conjunction with the lower figures on the scale (those sloping to the rigbt). Thus, in 

Fig. 1.7 (b), the reading on the left vernier is 40.6 and on the rigbi vernier is 59.4. 
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(b) Retrograde Vernier 

A retrograde vernier is the one which extends or increases in opposite direction as 

thal of the main scale and in which rhe smallest division of the vernier is longer than 

the smallest division on the main scale. It is so · constructed that (n + 1) divisions of the 

main scale are equal in length of n divisions of the vernier. 

Thus. we have. for Ibis case 

nv=(n+ l)s : or 
n + 1 

v=--s 
n 

(n+t] s 
The least count =v-s=l-.- s-s=n 

which is the same as before. 

Fig. 1.8 (a) illustrates a retrograde vernier in which 11 pans of the main scale 

divisions coincide with 10 divisions of the vernier. The value of one smallest division on 

the main scale is 0.1 and lb~ number of division on the vernier are. 10. Therefore, the 

least' counr is = ~-~ = 0.01. The reading on the vernier [Fig.I.8 (b)] is 13.34. 

lo ' IOj-
r+••••••• .. 1 , ··!····~~~~~; 111111111!' ·r 
(•) 

I" , !OJ 
~"II II"" )'1111111' nr 1111111"1 

14 13 n 

w 
FIG. 1.8 RETROGRADE VERNIER. 

SPECIAL FORMS OF VERNIERS 

The Extended Vernier. It may happen that the divisions on the main scale are very 

close and it would then be difficult, if the vernier were of normal length, to judge the 

exact graduation where coincidence occurred. In this case. an extended vernier may be 
used. 

He-r'=' r?_ '7 _ !) 

so that 
ri!Yl"'k-."1s :~-:: i.L 

nv = (2n- 1) s 

.. .:. .. ~..: 

2n-l 1 1\ 
Of V=--S=I 2--jS 

n ~ n, 

..u..: .:.:'-[ual 'o ;1 lhvisruns on [fie vernier. 

The difference between two main scale spaces and one vernier space = 2s - v 

2n- l s 
= 2s - - s = - = least count. 

n n 

The extended vernier is, therefore. equivalent to a simple direct vernier to which 

only every second graduation is engraved. The extended vernier is regularly employed in 

We asuonomical sextant. Fig. 1. 9 shows an extended vernier. lr has 6 spaces on the vernier 

equal to 11 spaces of the main scale each of 1 o . The least count is therefore = f,. degree = 1 0'. 
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160 30 0 30 60J I I I I I I f I I I I I 1 r I , I I , I , , , II I I I I I I I I I' ,
1 10 5 0 5 10 

(•) 

r 30 o 30 ~ 
I I I I I I ~ I I I I I IJ 

\Ill 11111111111 ljl II I I'' I lfr!j 
15 10 5 0 5 10 

(b) 

l60 30 0 30 601 
I I I I I I .j. I I I .I I Jl. 

~I ) I I I I I I ) ) ) I l ' I ) I I I I I 1 rr' ' j r--'{ 
10 5 0 5 10 15 

(<) 

FIG. 1.9 EXTENDED VERNIER . 
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The reading on the vernier illustrated in Fig. 1.9(b) -is 3' 20' and that in Fig. 1.9(c) 

is 2°40'. 

In the case of astronomical sextant, the vernier generally provided is of extended 

type having 60 spaces equal to 119 spaces of the main scale, each of 1 0'. the least count 

being ~ minutes or 10 seconds. 

The Double Folded Vernier. The double folded vernier is employed where the length 

of the corresponding double vernier would be so great as to make it impracticable. This 

type of vernier is sometimes used in compasses having the zero in Ihe middle of the 

length. The full length of vernier is employed for reading angles in either direction. The 

vernier is read 'from the index towards either of the extreme divisions and then from the 

other extreme division in !hE" s::f!ie direction w the centre. 

Fig. 1.10 shows double folded vernier in which 10 divisions of vernier are equal 

to 9! divisions of the main scale '<or 20 vernier divisions= 19 main scale divisions). The 

least count of the vernier is !!qual to !._ = __!_ degrees = 3'. For motion w the right. the 
n 20 · 

30 

(•) (b) 

FIG. 1.10 DOUBLE-FOLDED VERNIER. 
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vernier is read from 0 to 30 at the right extremity and then from 30 at the left extremity 
to 60 (or zero) at the centre. Similarly, for motion to the left, the vernier is read from 0 to 30 at the left extremity and then from 30 at the right extremity to the 60 (or zero) at the centre. The reading on the vernier illustrated in Fig. 1.10 (b) is 112' 18' to the 
right and 247' 42' to the left. 

Verniers to Circular Scales 

The above examples of verniers were for linear scales. Verniers are also extensively used to circular scales in a variety of surveying instruments such as theodolites, sextants, clinometers etc. Fig. 1.11 (a), (b) shows two typical arrangements of double direct verniers. In Fig. 1.11 (a), the scale is graduated to 30' and the value of n = 30 on the vernier. 
Hence. least count =sin= 30' 130 = 1'. 

10 ..... 

(A) Graduated to 30°: Reading to 1' 

(B) Graduated to 20' : Reading to 30" 

FIG. 1.11. VERNIERS TO CIRCULAR SCALES. 

m ~1g. 1.11 (b), the scale is graduated to 20 minutes, and the number of vernier divisions are 40 . 
Hence, least count~ sin= 20' 140 = 0.5' = 30". 
Thus, in Fig. 1.11 (~), the clockwise angle reading (inner row) is 342' 30\ + 05' = 342' 35' 

and counter clockwise angle reading (outer row) is 17' 0' + 26' = 17' 26'. Similarly. in Fig. 
1.11 (b), the clockwise angle reading (inner row) is 49' 40' + 10'30" = 49' 50' 30" and the 
counter, clockwise angle (outer row) is 130' 00'+ 9' 30" = 130' 09' 30". In both the cases. 
1he vernier is always read in rhe same direction as the scale. 

Examples on Design of Verniers 
Example 1.3. Design a vernier for a theodolite circle divided inro degrees and half degrees to read up to 30". 
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Solution 

Leasi Count=:!. ; 
n 

30 30 
.. 60=• 

S = 30' L C = 30" = 
30

- minutes • .. 60 

or n =60. 

ii 

Fifty-nine such primary divisions should be taken for the length of the vernier scale 
and then divided into 60 ·parts for a direct vernier. 

Example 1.4 Design a vernier for a theodolite circle divided imo degrees and one-tlzirJ 
degrees to read to 20 ". 

Solution. 
s 1' 

L.C.=;; s=3=20'; L.C. = 20" = ~ minutes 

or II= 60 

Fifty-nine 

20 20 
-oo=• 

divisions should be taken for the length of the vernier scale and divide-d 
into 60 parts for a direct vernier. 

Example 1.5. The value of che smallest division of circle 
is 10'. Design a suitable vernier to read up to flY'. 

of a repeating cheodolite 

Solution 

L.C.= ~; s = 10' ; L.C. = 10" = !~ minutes 

10 10 
.. 60=• or n = 60 

Taite 59 such primary divisions from the main scale 
Example 1.6. The circle of a theodolite is divided inro 

Design a suitable decimal vernier to read up to 0.005°. 
Solution 

or 

L.C. 
s 

=-; 
n 

s = ~' ; L.C. = 0.005' 

I I· 0.005 =-.-
4 n 

I n= =50 
4 X 0.005 

and divide it into 60 pans. 
degrees and 114 of a degree. 

Take 49 such primary divisions from lb.e main scale and divide it into 50 parts 
for the vernier. 

Example 1. 7 Design an extended vernier for an Abney level to to read up to JO •. 
The main circle is divided into degrees. 

Solution 

L.C.=!..; s=l 0
; 

n 
10 I 
60 =; or 

L.C. = 10' 

n=6 



'
····· 

... 
' 

• 

20 SURVEYING 

3. Measuremem of an angle with 
the scale of chords 

I. Let the angle EAD be measured. 
On the line AD. measur~ AB = chord of 
60~ from the scale of chords. 

2. With A as cenrre and AB as 
radius. draw :m ·arc to cur line AE in 
F. 

3. With the help of dividers take 
the chord distance BF and measure it on A 
scale of chords to get the value of the 
angle ij, 

E . 

F. 
,. 

• 
B 

FIG. Ll6 MEASUREMENT OF AN ANGLE 
WITII TilE SCALE OF CHORDS .. 

1.13 ERROR DUE TO USE OF WRONG SCALE 

D 

If the! length of a line existing on a plan or a map is determined by means of 
m~suremem with a wrong scale. the length so obtained will be incorrect. The []Jle or 
corn!ci lt!ngrh of the line is given by the relation. 

R . F . of wrong scale 
Correct length = if x measured length. 

R . F . o correct scale 

Similarly. if the area of a map or plan is calculated with the help of using a wrong 
scale. rhe correct area is given by 

.' R. F. of wrong scale V 
Correct area = ! al 1 x calculated area. 

\R. F. ofcorrectsc e 1 

Example 1.8. A surveyor measured the distance between rwo points 011 the plan drawn 
ro a scale of I em = .JO m and tile result was 468 m. Later, however, he discovered that 
hi! used a scale of 1 em = 20m. Find the true distance between the points. 

Solution 
Measured length 

R.F. of wrong scale used 

R.F. of correct scale 

Correct length 

AltemaJive Solution 

=468 m 

t t 
'20 X 100 = 2000 

40 X 100 4000 

' I /2000 '! x 468 = 936 m. 
=ll/4000} ' 

Map distance between two points measured with a scale of 1 em to 20 m = ~~ = 23.4 em 

Acrual scale of the plan is I em = 40 m 

:. True distance between the poinrs = 23.4 x 40 = 936 m 
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1.14. SHRUNK SCALE 

If a graphical scale is not drawn on the plan and the sheet on which the plan 
is drawn shrinks due to variations in the atmospheric conditions, it becomes essential to 
find the shrunk scale of the plan. Let the original scale (i.e. I em= x m) or its R.F. 
be known (stated on the sheet). The distance between any two known points on the 
plan can be measured with the help of the stated scale (i.e. I em = x m) and this length 
can be compared with the acrual distance between the two points. The shrinkage ratio 
or shrinkage factor is then equal io the ratio of the shrunk length to the actual length. 
The shrunk scale is then given by 

"Shrunk scale = shri11kage factor x origilli11 scale." 

For example, if the shrinkage factor is equal to :~ and if the original scale is 

15
1
00

, the shrunk scale will have a R.F = :~ x 
1
;
00 

= 16~ (i.e. I em= 16m). 

Example 1.9. The area of the plan of an old survey plolled to a scale of /0 metres 
w 1 em measures now as 100.2 sq. em as found by a planimeter. I11e plan is found 
to have sllru11k so that a line originally 10 em long now measures 9. 7 em only. Find 
(i) the shrunk scale, (ii) true area of the survey. 

Solution 
(t) Present length of 9.7 em is equivalent to 10 em original length. 

Shrinkage factor = ~·~ = 0.97 

I I 
True scale R.F. -

10 
x 

100 
-

1000 

I I 
R.F. of shrunk scale= 0.97 x 

1000 
= 1030.93 

(it) Present length of 9.7 em is equivalent to 10 em original length. 

Present area of 100.2 sq. em is equivalent to 
' '0 ' l ;.? J x 100.2 sq. em= 106.49 sq. em= original area on plan. 

Scale of plan is I em = 10 m 

Area of the survey = 106.49 (10)' = 10649 sq. m. 
Example 1.10. A rectangular plot of land measures 20 em x 30 em on a village 

map drawn to a scale of 100 m to 1 em. Calculate its area in l1ectares. If the plo! 
is re-drawn on a topo sheet ro a scale of 1 km to 1 em. what will be its area on 
the. topo sheel ? Also determille tlze R.F. of the scale of tile villa!{e map as well as 
on the topo sheet. 

Solution 

( i) Village map : 

1 em on map= 100 m on the ground 

I em' on map= (100)2 m2 on the ground. 
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Take eleven spaces of the main scale and divide it into 6 spaces uJ ·the vernier. 

l.ll. MICROMETER MICROSCOPES 

Generally, verniers are used when the finest reading to be taken is riot less than 
20'' or in some:: exceptional cases up to 10". The micrometer microscope is a device which 

enables a measurement ro be taken to a srilJ finer degree of accuracy. Micromerer microscopes · 
generally provided in geodetic theodolites can read to 1" and estimate to 0.2" or 0.1 ". 

The micrometer microscope consists of a small low-powered microscope with an object 
glass, an eye-piece and diaphragm which is capable of delicately controlled movemem at 
right angles to the longitudinal axis of the tube. Fig. 1.12 shows a typical micrometer 
and one tbnn of the field of view in taking a reading is shown in Fig. 1.13. The circle 
in Fig. .1.13 is divided into lO miri.utes divisions. The micrometer has an objective Jens 
close to lhe circle graduations. It fonns an enlarged image of the circle near the micrometer 
eye-piece, which further enlarges the image. One pair of wires mounted on a movable 
frame is also in the image plane. The frame and the wires can be moved left and right 
by a micrometer screw drum. One complete revolution of the gradu.:ted drum moves the 
vertical wires across o1:1e division or 10' of lhe circle . The graduated drum is divided 

imo 10 large divisions (each of I') and each of the large divisions into 6 small ones 

of I 0" each. Fractional parts of a revolution of the drum, corresponding to fractional parts 

of a division on the horizontal circle, may be read on the graduated drum against an 
index mark fined to the side. 

The approximate reading is determined from the position of the specially marked V-notch. 
In the illustration of Fig. 1.13 (a), the circle reading is between 32' 20' and 32' 30' and 

the double wire index is on the notch. Tum the drum until the nearest division seems 
ro be midway between the rwo vertical hairs and note the reading on the graduated drum, 
as shown in Fig. 1.13 (b) where the reading is 6' 10". The complete reading is 

32' 26' 10". The object of using two closely spaced parallel wires instead of a single wire 

/ ,--, 1. ObJective 
,, 2.t., i';.,;c.;, 
3. Drum 
4. Index 

t 
lmnmml• 3 

t 
2 

Plan 

FIG. 1.12. MICROMETER 
MICROSCOPE. 
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FIG. 1.13 
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is to. increast; t~ precision of centering over graduations. 

1.12 SCALE OF CHORDS 

,. 

A scale of chords is used to measure an angle or to set-off an angle, and is marked 
either on a recmngular protractor or on an ordinary box wood scale. 

1. Construction or a chord scale 

I. Draw a quadrant ABC. making AB 
= BC. Prolong AB to D. making AD = AC. 

2. Divide arc AC in nine equal parts, 
each part representing 10'. 

3. With A as the centre, describe arc 
from each of the divisions, cutting ABD 
into points marked 10' , 20' , ... 90'. 

4. Sub-divide each of these parts, if 
required, by first subdividing each division 
of arc AC, and then draw arcs with A as 
centre. as in step 3. 

5. Complete the scale as shown in 
Fig. 1.14. II should be noted that the arc 
througll the 6ff' division will always pass 

. 
' ' ' ' 

' ' ' ' ' ' ' ' ' . ' ' ' 

1 0" 20" ao• 40" so· 

'-J 
' ' 

' ' • 
' 

' ' 

' . 
' ' 
' . 
' 

\ 

' ' ' ' ' ' 
' 

' 

. 
' 

B __ D_' 
so· 1o• so· 90" 

through the point 8 (since the chord of FIG. !.14. CONSTRUCTION OF A CHORD SCALE. 

60' is always equal to radius AB). The 
distance from A to any mark on the scale is eqnal to the chord of the angle of thar 
mark. For example, the distance between A to 40' mark on the scale is eqnal to the 

chord of 40'. 
2. Construction of angles 30' and 80' with the scale of chords. (Fig. 1.15) 

I. Draw a line AD, and on that 
mark AB. = chord of 60' from the scale 
of chords. 

2. With A as centre and AB as 
radius, draw an arc. 

3. With B as centre and radius 
equal to chord of 30' (i.e. distance from 
o• to 30' on the scale of chords) draw 

an arc to cut the previous arc in E. 
Join AE. Then L EAB = 30' . 

4. Siniilarly, with B as centre and 
radius equal to chord of so· (i.e .• distance 

from o· to so· on the scale of chords) 
draw an arc to em previous arc in F. 
Join A and F. Then LFAB= SO'. 

~ 

eo· 

B D 

FIG. !.15. CONSTRUCTION OF AN ANGLE WITH 
TilE SCALE OF CHORDS. 
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The plo1 measures 20 em ~ 30 em i.e. 600 em2 on lhe map. 

Area of plol = 600 x 104 = 6 x 106 m' = 600 hectares. 
(il) Topo sheet 

1 km2 is represemed by 1 em' or (1000 x 1000) m' is represemed by I em' 

. . 6 x 106 m2 is represented by . ~~- 1 
. A-- x 6 x 106 -= 6 cm2 

(iii) R.F. of lhe scale of village map 1 
100 X 100 = J0000 

I R.F. of lhe scale of topo sheer 
1 X 1000 X !00 = 100000 

1.15. SURVEYING - CHARACTER OF WORK 

The work of a surveyor may be divided inlo lhree distincl pans 
1. Field work 
2. Office work 
3. Care and adjusbnenl of lhe instrumenrs. 
1. FlEW WORK 
The field work consisrs of lhe measuremem of angles and dis1ances and lhe keeping 

of a record of whal has been done in lhe form of field notes. Some of lhe operations 
which a surveyor has IO do in !he field work are as follows : 

1. Esrablishing srations and bench marks as points of reference and lhus 10 esrablish 
a system of horizontal and vertical· control. 

2. Measuring dislance along lhe angles between lhe survey lines. 
3. Locating derails of lhe survey wilh respecl lo lhe srations and lines between srations. 

derails sucb as ·boundary lines, streeiS, roads, buildings, streams, bridges and olher narural 
or anificial features of the area surveyed. 

4. Giving lines and elevations (or setting our lines and esrablishing grades) for a 
greal vanety of construction work such as that for buildings boundaries, roads, culverts. 
bridges. sewers and waler supply schemes. 

5. Derermining elevalions (or heighiS) of some existing points or esrablishing points 
at given elevations. 

6. Surveying comours of land areas (topographic surveying) in which the field work 
involve both horizonral and vertical control. 

7. Carrying out miscellaneous operations, such as 
ti) Esrablishing parallel lines and perpendiculars 
(iz) Taking measurements m inacessible points. 
(iir) Surveying paSI lhe obsracles. and carrying on a grea1 variery of similar field 

work thar is based on geometric or trigonometric principles. 
8. Making observations on the sun or a star to determine the meridian. latirude or 

longirude. or to deterntine lhe local time. 
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Field notes. Field nmes are written records of field work made at the time work 
is done. It is obvious that, no matter how carc:fully the field measurements are made. 
the survey as. a whole may be valueless if some of those measurements are not recorded 
or if any ambiguiry exists as to lhe meaning of lhe records. The competency of the surveyor's 
planning and his knowledge of the work are reflected in the field record more than in 
any other element of surveying. The field notes should be legiSie. concise and comprehensive. 
written in clear. plain letters and figures. Following are some general imponant rules .for 
note-keepers : 

I. Record directly in lhe field book as observations are made. 
2. Use a sharp 2H or 3H pencil. Never use soft pencil or ink. 
3. Follow a consistem simple sryle of writing. 
4. Use a liberal number of carefully executed sketches. 
5. Make the nares for each day's work on the survey complete with a title of the 

survey, dare,. weather conditions, personnel of the crew, and list of equipmem used. 
6. Never erase. If a mistake is made, rule one line through the incorrect value 

and record the correction above the mistake. 
7. Sign lhe notes daily. 
The field notes may be divided into three parts : 

1. Numerical values. These include lhe records of all measurements such as lengths 
of lines and offsets, sraff readings (or levels) and angles or directions. All significant figures 
should be recorded. If a lenglh is measured 10 lhe nearest 0.01 m. it should be so recorded: 
for example, 342.30 m and not 342.3 m. Record angles as os• 06' 20". using a1 leaSI 
two digits for each pan of the angle. 

2. Sketches. Sketches are made as records of outlines, relative locations and topographic 
features. Sketches are almost never made to scale. If measurements are put directly on 
the skerches. make it clear where they belong. Always make a skerch when it will help 
to settle beyond question any doubt which otherwise might arise in the interpretation of 
nares. Make sketches large, open and clear. 

3. Explanatory notes. The object of the explanatory notes is to make clear rha! 
which is not perfectly evident from numerals and skerches. and to record such information 
concerning important features of the ground covered and the work done as might be of 
possible use later. 

2. OmCE WORK 
The office work of a surveyor consist of 
1. Drafting 
2. Computing 
3. Designing 
The drafting mainly consists of preparations of lhe plans and secrions (or plouing 

measurements to some scale) and to prepare topographic maps. The computing is of two 
kinds : (!) !hat done for purposes of plotting, and (it) that done for determining area> 
and volumes. The surveyor may also be called upon to do some design work specially 
in the case of route surveying. 
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3. CARE AND ADJUSTMENTS OF INSTRUMENTS 
The practice of surveying requires experience in handling the equipment used in field 

and office work, a familiarity with the care and adjustment of the surveying instruments. 
and an understanding of their limitations. Many surveying insttuments such as level, theodolite, 
compass etc. are very delicate and must be -handled with great care since there are ml11ly 
pans of an instrument which if once impaired cannot be restored 10 their original efficiency. 
Before an insnumem is taken out of the box. relative position of various parts should 
be carefully noted so that the instrument can be replaced in the box without undue strain 
on any of the parts. The beginner is advised to make a rough sketch showing the position 
of the insttument in the box. Following precautions must be taken : 

I. While taking out the instrument from the box, do not lift it by the telescope 
or with hands under the horizontal circle plate. It should be lifted by placing the hands 
under the levelling base or the foot plate. 

2. While carrying an instrument ftom one place to the other, it should be carried 
on the shoulder, sening all clamps tightly to prevent needless wear. yet loose enough so 
that if the parts are bumped they will yield. If the head room available is less. such 
as carrying it through doors etc.. it should be carried in the arms. If the distance is 
long, it is better to put it in box and then carried. 

3. When the telescope is not in use, keep the cap over the lens. Do not rub lenses 
with silk or muslin. Avoid rubbing them altogether ; use a brush for removing dust. 

4. Do not set an instrument on smooth floor without proper precautions. Otherwise 
the tripod legs are lilcely to open out and.· to let the instrument fall. If the instrument 
has been set up on a pavement or other sn;ooth surface, the tripod legs should be inserted 
in the joints or cracks. The tripod legs should be spread well apart. 

5. Keep the hands off the vertical circle and other exposed graduations to avoid 
ramishing. Do not expose au insaument needlessly to dust, or to dampness, or to the 
bright rays of the sun. A Water proof cover should be used to protect it. 

6. To protect an instrument from the effects of salt water, when used near tile sea 
coast, a fine film of watch oil rubbed over the exposed parts will often prevent the appearance 
of oxide. To remove such oxide-spots as well as pm:sible, apply some watch-oil and allow 
n to remain tor a tew hours, then rub dry with a soft piece of linen. To preserve the 
outer appearance of an instrtunent, never use anything for dusting except a fine camel's 
hair brush. To remove water and dust spots, first use the camel's hair brush. and then 
rub-off with fine watch oil and wipe dry : to let the oil remain would tend to accumulate 
dust on the instrument. 

7. Do not leave the insrrument unguarded when set on a road. street. foot-path or 
in pasture. or in high wind. 

8. De not force any screw or any part to move against strain. If they do not 
turn easily, the parts should be cleaned and lubricated. 

9. The steel tape should be wiped clean and dry after using with the help of a 
dry cloth and then with a slightly oily one. Do not allow automobiles or other vehicles 
to run over a tape. Do not pull on a tape when there is kink in it, or jerk it unnecessarily. 
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FUNDAMENTAL DEFINITIONS AND CONCEPI'S 
l.j 

10. In the case of a compass, do not let the compass needle swing needlessly. When 
not in use, it should be lifted off the pivot. Take every precaution to guard the point 

and to keep it straight and sharp.· 

PROBLEMS 

I. Explain the following terms 
{l) Representative fraction. 
(i1) Scale of plan. 
(iii) Graphical scale. 

2. Give the designation and representative fraction of the following scales 
(i) A line 135 meues long represented by 22.5 em on plan. 
(i1) A plan 400 sq. metres in area represented by 4 sq. em on plan. 
3. Explain, with neat sketch, the construction of a plain scale. Construct a plain scale l em = 6 m 

and show 26 metres on it. 

4. Explain, with neat sketch. the construction of a diagonal scale. Construct a diagonal scale 
I em = 5 m and show 18.70 metres on it. 

5. Discuss in brief the principles of surveying. 

6. Differentiate clearly between plane and geodetic surveying. 

7. What is a vernier ? Explain the principle on which it is based. 

8. Differentiate between : 
(a) Direct vernier and Retrograde vernier. 
(b) Double vernier and Extended vernier. 

9. The circle of a theOdolite is graduated to read to 10 minutes. Design a suitable vernier 
to read to 10" . 

10. A limb of an instrument is divided to 15 minutes. Design a suitable vernier to read 
to 20 'ieCOnds. 

11. Explain the principles used in the cowtruction of vernier. 

Construct l! vemier to read to 30 seconds ro be used with a scale graduated to 20 minutes. 

12. The arc of a sextant is divided to 10 minutes. If 119 of these divisions are taken for 
the length of the vernier, into bow many divisions must the vernier be divided in order to read 
to (a) 5 seconds. and (b) 10 seconds ? 

13. Show how to consuuct the following verniers 

(I) To read to 10" on a limb divi~ to 10 minutes. 

(i1) To read to 20" on a limb divided to 15 minutes 

14. (a) Explain the function of a vernier. 

(b) Consr:ruct a vernier reading 114.25 rom on a main scale divided to 2.5 nun. 

(c) A theodolite is fitted with a vernier in which 30 vernier divisions are equal to 
w· 30' on main scale divided to 30 minutes. Is the vernier direct or retrograde. and what is its 
least count ? 
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ANSWERS 

2. (1) 6m[olcm; ~; (il) 10 m to 1 em ; "Wk 
9. n=60 
10 n:::4S 

11. n=40 
12 (a) 11 = 120 (direct vernier) (b) 11 = 60 (exlended vernier) 
13. (i) 11=60 (i~ 11=45 
14. (c) Direct ; 1 minute. 
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Accuracy and Errors 

2.J.. GENERAL 
, , In dealing with measurements. it is important to distinguish between accuracy and 

precision. Precision is the degree of perfection used in the instruments, the methods and 

the observations. Accuracy is the degree of perfection obtained. 

Accuracy depends on (1) Precise instruments, (2) Precise methods and (3) Good planning. 

The use of precise instruments simplify the work, save time and provide economy. The 

use of precise methods eliminate or try to reduce the effect of all types of errors. Good 

planning. which includes proper choice and arrangements of survey control and the proper 

choice of instruments and methods for each operation, saves time and reduces the possibility 

-of errors. 
The difference between a measurement and the true value of the quantity measured 

is the true e"or of the measurement. and is never known since the true value of the 

quantity is never known. However. the important function of a surveyor is to secure measurements 

.' · which are correct within a certain limit of error prescribed by the nature and purpose 

of a particular survey. 

A discrepancy is the difference between two measured values of the same quantity; 

it is nor an error. A discrepancy may be small, yet the error may be great if e~h of 

the two measurements contains an error that may be large. It does not reveal the magnirude 

of systematic errors. 

2.2. SOURCES OF ERRORS 

Errors may arise from three sources : 

(1) Instrumental. Error may arise due to imperfection or faulty adjustment of the 

instrument with which measurement is being taken. For example, a tape may be too long 

or an angle measuring instrument may be out of adjustment. Such errors are known as 

instrumental errors. ' 

(2) PersonaL Error may also arise due to want of perfection of human sight in 

Observing and of touch in manipulating instruments. For example. an error may be there 

in taking the level reading or reading an angle on the circle of a theodolite. Such errors 

are known as personal errors. 

(3) Natural. Error may also be due to variations in narural phenomena such as 

temperarure. humidity, gravity, wind, refraction and magnetic declination. If they are not 

(27l 
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properly observed while taking measurements, the results will be 
a mpe may be 20 metres at 20'C but its length will change if 
differenr. 

2.3. KINDS OF ERRORS 

SURVEYING 

Incorrect For example, 
the field temperature is 

Ordinary errors met with in all classes of survey work may be classified as : 

(a) Mistakes 

(b) Systematic errors (Cumulative errors) 
(c) Accidental errors (Compensating errors). 

(a} Mistakes. Mistakes are errors which arise from inattention, inexperience, carelessness 
and poor_ judgment or confusion in the mind of the observer. If a mislake is undelected, 
it produces a serious effect upon the final result. Hence, every value to be recorded in 
the field must be checked by some independent field observation. 

{b) Systematic Errors (Cumulative Errors). A systematic error or cumulative error 
is an error that, under the same conditions, will always be of the same size and sign. 
A systematic error always follows some definite mathematical or physical law. and a cOrrection 
can be determined and applied. Such errors are of constam character and are regarded 
as positive or negative according as they make the result too gr;at or too small. Their 
effect is, therefore, cumulative. For example. if a tape is P ern shan and if it is stretched. 
N times. the total error in the measurement of the length will be P.N em. 

If undetected, systematic errors are very serious. Therefore : (1) all surveying equipment 
must be designed and used so that whenever possible systematic errors will be automatically 
eliminated. (2) All systematic errors that cannot be surely eliminated by this means must 
be evaluated and their relationship to the conditions that cause them must be determined. 
For example, in ordinary levelling, the levelling instrument must first be adjusted so that 
the line of sight is as nearly horizontal as possible when bubble is centered. Also, the 
horizontal lengths for back-sight and fore-sight from each instnunent position should be kept 
as nearly equal as possible. In precise levelling, every day the actual error of the instrument 
must be determined by careful peg test, the length of each sight is measured by stadia 
and a ;.;0n·;,;;;riur, iV i.i.it lc.Suhs is applied. 

(c) Accidental Errors (Compensating Errors). Accidental errors or compensaJing errors 
are those which remain after mistakes and systematic errors have been eliminared and are 
caused by a combination of reasons beyond the ability of the observer to control. They 
rend sOmetimes in one direction and sometimes in the other. i.e. they are equally likely 
to make the apparent result too large or too small. An accidental error of a single determination 
is the difference between (1) the true value of the quantity, and (2) a determination that 
iS free from mistakes and systematic errors. Accidental errors represent the limit of precision 
in the determination of a value. They obey rile laws of clzance 011d therefore, must be 
/zandled according to the mathematical laws of probability. 

As srated above, accidemal errors are of a compensative nature and tend to baJance 
out in the final results. For example, an error of 2 em in the tape may flucruare on 
either side of the amount by reason of small variations in the pull to which it is subjected. 
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.o..CCURACY AND ERRORS 

2.4. THEORY OF PROBABILITY 
Investigations of observatioru of various types show that accidental errors follow a 

definite law, the law of probability. Tbis law defines the occurrence of errors and can 
be expressed in the form of equation which is used to compute the ptobable value or 
the probable precision of a quantity. The most imponanr features of accident!l (or compensating) 
errors which usually occur. are : 

(z) Small errors tend to be more frequent than the large ones; that is. they are 
more probable. 

(ii) Positive and negative errors of the same size happen with equal frequency ; 
that is they are equally probable. 

(iii) Large errors occur infrequently and are improbable. 
Probability Curve. The theory of probability describes these featutes by saying that 

the relative frequencies of errors of different extents can be represented by a curve as 
in Fig. 2.1 . This curve, called the curve of error or probability curve. forms the basis 
for the mathematical derivation of theory of errors. 

Principle of L<ast Square. According to the principle of least square, the most probable 
value of an observed quantity available from a given set of observations is the one for 
whicll the sum of the squares of errors (residuals) is a minimum. 

Most Probable Value. The most probable value of a quantity is the one wbich 
has more chances of being correct than has 401 
any other. 17re most probable error is defined 

~ 31 • • 
0 as that quantity which when added to and subtracted 

from. rlre most probable value fixes the limits 
within which it is an even clzance the true value 0 "2' 
of the measured quantity must lie. ~ 

0 

The probable error of a single observation ~ 
is calculated from the equation. 

1 

,,--;:;,­
E.= ± 0.6745 'J ::='-;-. 11- 1 

... (2.1) 

The probable error of the mean of a number 
of observations of the same quantity is calculated 
from the equation : 

0 

0 

• 
• 

P. 
1/ • . . 

I/ • I\ 
• 

v • 1'\. 

:.-1 • '\-... 
' . 

+0.2 +0.4 0 -0.6 -0.4 -0.2 0 

Size of error 

FIG. 2.t PROBABILITY CURVE. 

._; 
l:v 2 E, 

Em= ± 0.6745 ( = r. 
... (2.2) 

n n- I) v n 

where Es = Probable error of single observation 
v = Difference between any single observation and the mean of the series 

Em = Probable error of the mean 
n = Nwnber of observations in the series. 

Example 2.1. ln carrying a line of levels across a river. tlze following eight readings 
were taken with a level under identical conditions : 2.322, 2.346, 2.352. 2.306. 2.312. 
2.300, 2.306, 2.326 metres. 
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Calculate (I) the probable error of single observation, (il) probable error of t!Je mean. 
Solution. 

The computations are arranged in the tabular form : 

~-~odrrading--

1 
' ---- -- .,/ ---~ 

l ~ ' ~ I 
2.322 I O.llOt ' 0.000001 I 

i ' 
2.346 0.025 ! 0.000625 

2.352 I 0.031 I 0.000961 

I I ' 2.306 0.015 0.000225 

2.312 

I 
0.009 0.000081 

2.300 0.021 0.000441 

2.306 I O.oi5 0.000225 

2.326 0.005 0.000025 

Mean : 2.321 I !:v2 = 0.002584 

From equation (!), ,..----

£, = ± 0.6745 ...j 0 ·~0~~84 = ± 0.01295 metre 

and 
E, 0.01295 ··. 

E., = Tn = ±~ = ± 0.00458 metre. 

2.5. ACCURACY IN SURVEYING : PERMISSffiLE ERROR 

The pemJissible error is the maximum allo'Yable limit that a measurement may vary 
from the Ulle value, or from a value previously adopted as correct. The value of lhe 
permissible error in any given case depends upon the scale, the purpose of the survey. 
the insuuments available. class of work etc. The surveyor may be handicapped by rough 
country, roo shan a time, too small a party. poor instruments. bad wearher and many· 
ot.her unfavourable conditions. The limit of error, therefore. cannot be given once for all. 
Examples of the permissible error for various classes of work have been mentioned throughout 
this book. However, the best surveyor is not he who is extremely accurate in all his 
wuJk., but lie )vhq does it just accurately enough for the purpose without waste of time 
or money: A swveyor should m~e the precision of each step in the field work corresponding 
to the importance of that step. 

Significant ,FigUres in Measurement 

In surveying, an indica[ion of accuracy attained is shown by number of significant 
figores. Each such quantity, expresse<) in n number of digits in which n - I are the digits 
of definite value while the last digit . is the least accurate digit which can be estimated 
and is subject to error. For example, a quantity 423.65 has five significant figures. with 
four certain and the last digit 5, uncertain. The error in the last digit may. in this case, 
be a maximum value of 0.005 or a probable value of ± 0.0025 
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As a rule, the field measurements should be consistent, thus dic1ating the number 
of significant figores in desired or computed quantities. The accuracy of angular and linear 
values shoJild be compalible. For small angles, arc= chord= R 9" 1206265, where 9 is expressed 
in seconds of arc. Thus for !" of arc, the subtended value is I mm ar 206.265 m while 
for I' of arc, the subtended value is I mm at 3.438 m or I em at 34.38 m. In other 
words, the angular values _measured to I" require dislances to be measured to 1 rom. 
while the angular values measured [O 1' require dis[ances to be measured to 1 em . 

Accumulation of Errors: In the accwnulation of errors of known sign, the summation 
is algebraic while the swnmation of random errors of ± values can only be compmed 

by the root mean square v~a::,lu~e....:..: ------
er = -J± e12 ± el ± e32 ± ...... ·. ± ei ... (2.3) 

2:6. ERRORS IN COMPUTED RESULTS 
The errors in .computed results arise from (1) errors in mea.iured or derived data. 

or (il) errors in trigonometrical or logrithmcial values used. During common arithmetical -
process (i.e. addition, sub[racrion, mulriplication, division etc), the resultant values are frequently 
given false accuracies as illustrated below. 

(a) Addition. 
Let s = x + y, where x and y are measured quantities. 

Then s + os = (x + &x) + (y + oy) 

where 5s may be + or - . 
Considering probable errors of indefinite values, 

s ± es = (.r ± e.t) + (y ± ey) or s ± es = (x + y) ± 1 e} + e/ 
~ 

Probable Error ± es = i/ e} + e/ 

(b) Subtraction. 
Let S=X-y 

s + os = (x - v) + (ox + ov) 

The maximum error= os = (ox + oy) 

Considering probable errors of indefinite value. s -± e s = (.r - y) ± { e} + e_v! 

Probable error ±es = V e} + e/ 

which is 
(c) 

the same as in addition. 
Multiplication 

The maximum error 

Lets=x.y 
OSx=Y. ox and os,. =X. oy 

os=yox+xoy 

Considenng probable errors of indefinite values, 

"</ ' ' ' ' es=Ye.x+xey 

... (2.4) 

... (2.5) 

... (2.6 a) 
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or 

and error ratio 

(d) Division 

Let 

The maximum error 

.e, = xy Y(e ,!x)' + (e y ly)' 

'!!. = ..fce,lx)' + (eyly)' 
s 

X 
S=-

y 
Bx 

&s.r =- and 
y 

Bs= Bx+x. By 
. y y' 

Bs, = x By 
y' 

Considering probable errors of indefinite values, 

or 

and error ratio : 

e, = '!/(~)' + ( 7J' 
x~(e\2 (e)' e1 =- 2)+1...!. 
y X \ y 

~ = ..f(e,f x)' + (ey/y)' 
s 

which is the same as for multiplication. 

(e) Powers. 

Let s =X' 

Bs = n x"-'Bx 

Bs nBx 

Sl'RVEYING 

".(2.6 b) 

.... (2.6) 

... (2.7 a) 

".(2. 7 b) 

".(2. 7) 

. . Error ratio 
S X 

Example 2.2. A quanJity s is equal to 
y given by 

... (2.8) 

the sum of two measured quantities x and 

s = 'l.dd + 5.037 

Find the most probable error, the maximum limits and most probable limits of the 

quantity s. 

will 

Solution. 

The maximum errors (Bx and By) will be 0.005 and 0.0005 and the probable 

be ± 0.0025 and± 0.00025. 

. . s +lis= (x + y)± (Bx +By)= (4.88 + 5.637) ± (0.005 + 0.0005) 

Also 

= 10.517 ± 0.0055 

= 10.5225 and 10.5115 

s ±e, = (x + y) ±..J :1 + e,' = (4.88+5.637)± Y(0.0025)2+(0.00025)2 

= 10.517 ± 0.00251 

= 10.5195 and 10.5145 

errors 

... (!) 

... (2) 
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Hence the most probable error = ±0.00251 and most probable limits of the quantity 

(s) are 10.5195 and 10.5145. Similasly the maximum limits of quantity ase 10.52is and 

10.5115. 

From the above, it is cleas that the quantity s, consisting of the sum of two quantities 

may be expressed either as 10.52 or as 10.51, and that the second decimal place is the 

most probable limit to which the derived quantity (s) may be quoted. Hence it is concluded 

that the accuracy of the suin must not exceed the least accurate figure used. 

Example 2.3. A quantity s is given by 

s = 5.367- 4.88 

Find the most probable error, and the most probable limits and maximum limits of 

the quantity. 
Solution. 

The maximum errors will be 0.0005 and 0.005 and probable errors will be± 0.0025 . 

. . s +lis= (x- y) ±(Bx + liy) = (5.367 - 4.88) ± (0.005 + 0.0005) 

= 0.487 ± 0.0055 = 0.4925 or 0.4815 

Also s ±e, = (x- y) ± ..J e} + e}= (5.367 - 4.88) ± Y(0.00025)' + (0.0025)> 

= 0.4925 ± 0.00251 = 0.4950 or 0.4900 

Hence the most probable error= ± 0.00251 

Most probable limits of s = 0.4950 and 0.4900 and maximum limits of s = 0.4925 .and 0.4815. 

Here again, the quantity s can only be 0.48 or 0.49, and the second decimal place 

is the most probable limit to which a derived quamity (s) can be given. Hence the accuracy 

of a subtraction must not exceed the least accurate figure used. 

Example 2.4. A derived quantity s is given by product of two measured quamities, 

as under : 
S = 2.86 X 8.34 

Fit.J Joi: :r.w.in~m r.;rror and ll!DSI probable error in rhe derived quanrf~· 

Solution 

The maximum errors in the individual measurements will be 0.005 and 0.005, while 

the most probable errors will be ± 0.0025 and± 0.0025 respectively. 

Now max. error lis= y Bx + x By= (8.34 x 0.005) + (2.86 x 0.005) 

= 0.0417 + 0.0143 = 0.056 ~ 0.06 

The most probable error r'i"-s __ _ 

e, =X y ~(-~ )' + ( 7 )' = (2.86 x 8.34) ~( OZ0~~5 )'+ (!!8~~~5 )' 

= ± 0.02 

Now S = 'x X y = 2.86 X 8.34 = 23.85 
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Hence the most probable limits are thus 23.87 alld 23.83, alld by rounding off prOCO$S. 
value may be given as 23.85, i.e. to the same accuracy as the least accurate figUre 
used. 

Example 2.5 A derived quanJity s is given 1Jy 

23.9 
s = 8.34 

Find the maximum error and most probable error in the qudHiity. 
Solulion 
The maximum error Ss is given by 

Bs=fu:+x.By 
y y' 

where Bx and By (maximum errors in illdividual measurements) are 0.05 alld 0.005 
respectively 

Bs = 0.05 + 23.9 x 0.005 ,. 0.006 + 0.0017 = 0.0077 
8.34 (8.34)2 

The probable errors in individual measurements are ± 0.025 and ± 0.0025. Hence the 
probable error in the derived uanti is 

e,=! (~!!.)' +(~)' =~..Ji(o,02S )+(0.0025 )'. 
y X y 8.34 23.9 8.34 

Now 

= ± 0.003 

s = 23·9 = 2.8657 ~ 2.866 
8.34 

Hence the most probable limits of s are 2.869 and 2.863. For practical putpeses, 
adopting rounding off, the value may be given as 2.87. 

Example 2.6 A derived quantity s is given 1Jy 

s = (4.86)2 

Find rhe ·mtrr;mum wr!ra• of c'·-··-;.•· -_--::-:d ;r:,_..,.s! p,-,_>Z;c.;!;; 
Solution 

s = (4.86)2= 23.6196 

.J.I.:.;;; t' .. ,. '' 
"J ~-' ...... 

Now maximum error in the individual measurement is 0.005 and. probable error in 
measurement ·is 0.0025. 

Now, maximum error Ss is given by 

os = n t•-• Bx = 2(4.86)2' 1 x 0.005 

= 0.0486 
The most probable value of error is 

e, = n x"''e, = 2(4.86)2
'

1 x 0.0025 = ± 0.0243. 

The most probable limits of s are thus 23.6~39 and 23~5953. and rounding these 
off, we get s, practically·, equal to 23.62. 
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Eumple. 1. 7 'lire long and shan sides of a rectangle measure 8. 28 m and 4. 36 
m, wilh erron of :1:5 ml/1. Express the area to correct number qf significant figures. 

Solution 
A= 8.28 x 4.36 = 36.1008 m2 

Maximum error in individual measurements = 0.005 m 

E tl ar 
0,00, . I d 0.005 I 

:. rror ra os e : ~ 8Ts • 'i6So an = 4_36 ~ 872 

BA = 36.1008 ( 
1
:
50 

+ 8; 2 ) ~ ± 0.06 m 

Hence area has limits of 36.16 and 36.04 m' alld the answer can be quoted as 

36,10 m' correct to iwo significant figures compatible with the field measurements. 
Example 2,8 A . rectangle has sides approximately 380 metres and 260 metres. If 

rhe area ino be dettl'llllneil to the neatest /0 m' whol wiU be maximum error permined in 
each line and tiJ wi!Dt accuracy should the lines be measured. Assume equal precision r01io 

for each length .. 
Solution. 

But 

A = 380 • 260= 98800 m' 

SA= 10m' 
M H) I 
'A = 98800 = 9880 

a.=~ 
X y 

fu: By 
=-+­

X y 

fu: By 2fu: I . 
~+-=-=-
xyx9880 

fu: I 
-=2x9880 X 

I 
19760 

Hence precision ratio of each line ~ 19~60 
:. Max. 'error in 380 m length= 1!~~- 0.0192 m 

Max. error in 260 m length= ~~~0- 0.0131 m 

If the number of significant figures in area is 5 ( i.e. nearest to 10m' ). each 
line must be measured to atleast 5 significant figures, i.e. 380.00 m and 260.00 m. 

PROBLEMS 

l. Explain the folloWing tellllS : 
(/) Accuracy (ii)' Precision (iii) Discrepancy (iv) True error. 
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2. Distinguish clearly between cumulative and compensating errors. 

3. Discuss in brief lhe differem sources of errors in surveying. 

4. What are the characteriSlic features of accidental error ? Explain how will you find out me 

probable error in a qu.a.mity measured several (imes in lhe field. 

5. An angle has been measured under clifferent field conditions, with results as follows : 

28° 24' 20" 

28° 24' 40" 

28° 24' 40" 
28° 25' {)()" 

28° 24' 00" 

28° 23' 40" 

28° 24' 20" 
28° 24' 40" 

28° 24' 20" 28° 25' 20" 

Find (I) the probable error of single observation (il) probable 

ANSWERS 

5. (i) 19".34 (il) 6".11.. 

error of the mean. 
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Linear Measurements 

3.1. DIFFERENT METHODS 

There are various methods of making linear measurements and their relative merit 

depends upon the degree of precision required. 

They can .be mainly divided into three heads : 

1. Direct measurements. 

2. Measurements by optical means. 

3. Electro-magnetic methods. 

In the case of direct measurements, distances are actually measured on the ground 

with help of a chain or a rape or any other instrument. In the optical methods, observations 

are mken through a telescope and calculations are done for the distances, such as in tacheomeuy 

or trian&U:Iation. · In the electro-magnetic methods, distances are measured with instruments 

that rely on propagation, reflection and subsequent reception of either radio waves, light 

waves or infrared waves. 

For measurement of distances by optical means, refer chapter 22 on 1Tacheometric 

Surveying'. For measurement of distances by electro-magnetic methods, refer chapter 24 

on 'Electro-magnetic Distance Measurement (EDM)'. 

3.2. DIRECT MEASUREMENTS 

The various methods of measuring the distances directly are as follows 

1. Pacing· 

2. Measurement with passometer 

3. Measurement with pedometer 

4. Measurement by odometer and speedometer 

5. Chaining . 

(1) Pacing. Measurements of distances by pacing is chiefly confined to the preliminary 

swveys and explorations where a surveyor is called upon to make a rough survey as quickly 

as p<\ssible. It may also be used to roughly check the distances measured by other means. 

The method consists in counting the number of paces between the two points of a line. 

The length of the line can then be computed by knowing the ·average length of the pace. 

The length of the pace varies with the individual, and also with the nature of the ground, 

the slope of the country and the speed of pacing. A length· of pace more nearly that 

(37) 
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of one's natural step is preferable. The length of one'1 natlmll alql may be detennined 
by walldng on fairly level ground over various lines of known length&:· One can soon 
learn to pace distances along level, unobstructed ground with a degree of ·accuracy equivalent 
apprmtimately to I in 100. However, pacing over rough ground or on slopes may be 
difficult .. 

{2) Passometer. Passometer is an instrument shaped like a watch and is carried 
in pocket or attached to one leg. The mechanism of the instroment is operated by motion 
of the body and it automatically registers the number of paces, thus avoiding the monotony 
and strain of counting the paces, by the surveyor. The number of paces registered by 
the passometer can then be multiplied by the average length .of the pace to get the distance. 

(3) Pedometer. Pedometer is a device similar to the passometer except that, adjusted 
to the length of the pace of the person carrying it, it registers the total distance covered 
by any number of paces. . 

(4) Odometer and Speedometer. The odometer is an instrument for registering the 
number of revolutions of a wheel. The well-known speedometer works on this principle. 
The odometer is fitted to a wheel which is rolled along the lirie whose length is required. 
The number of revolutions registered by the odometer can then be multiplied by the circumference 
of the wheel to get the distance. Since the instrumeDI registers the length of the ·surface 
acrually passed over, its readings obtained on undulatlpg ground are Inaccurate. If the route 
is smooth, the speedometer of an automobile can be used to meas.ure· the 'distailce approximately. 

(5) Chaining. Chaining is a renn which is u5ed to denote measuring distance either 
with the help of a chain or a tape and is the most accurate method of making direct 
measurements. For work of ordinary ptecision, a chain can be used, but for higher precision 
a tape or special bar can be used. The distances determined by chaining form the basis 
of all surveying. No matter how accurately angles may be measured, the survey can 
be no more precise than the chaining. 

3.3. INSTRUMENTS FOR CHAJNING 
The various instruments used for the detennination of the length of line by chaining 

are as follows 
Chain :.;;: w.p;.: ~- Arrows 

3. Pegs 4. Ranging rods 
5. Offset rods 
7. Plumb bob. 
I. CHAIN 

6. Plasterer's lath& and whites 

Chains are fanned of straight links of gal­
vanised mild steel wire bent into rings at the 
ends and joined each other by three small circular 
or oval wire rings. These rings offer flexibility 
to the chain. The ends of the chain are provided 
whh brass handle at each end with swivel joint, 
so that the chain can be htrned without twisting. 
The length of a link is the distance between 
the centres of two consecutive middle rings, while FIG. 3.t CHAIN AND ARROWS. 
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the length of the chain is measured from the outside of one handle to the ou<Side of 
the other handle. 

of chains in common use : Following are various types 
(1). Mellie chains (if) Gunter's chain or Surveyor's chain 

(ii!) Engineer's chain (iv) Revenue chain 
(v) St<:el band or band chain. 
~letric d)alns. After the introduction of metric units in India. the metric chains are 

widely used. Metric chains are generally available in lengths of 5. !0, 20 and 30 merres. 
IS : 1492-1970 covers !be requirements of metric surveying chains. Figs. 3.2 and 3.3 show 
5 m and 10m chains r!l'pectively, while Figs. 3.4 and 3.5 show the 20 m and 30 m 
chains respectively.· Fig. 3.6 shows the details of a metric chain. 

1: 5m±3mm 'I 
· 1m ·:-4--1 m__,..}t--1 m--+l+---1 m--.: 

~++++~ 
fiG. ).Z. 5-METRE CHAIN 

' I<--~. -1m 1 1m~1m~1m-...: ~ I I I I ,, 

~+++~1m>/ 
~ ~)l>, 
~c ... ~ ... TTT -~---.,;m 

' ' ' '·. 

I 
i i i .I Ill 1m · 1 m--Jo.+-1 m---++-1 ml 

FIG. 3.3. !o-METRE CHAm 

To enable the reading of fractions of a chain without much difficulty, tallies are 
fixed at ev~ry metre length for chains of 5 m and 10 m length& (see Fig. 3.2 and 3.3) 
and at every five-melle length for chains of 20 m and 30 m lengths (see Figs. 3.4 and 
3.5). In the case of 20 m and 30 m chains, small brass rings are provided at every 
metre length, exeep{ where ~llies are attached. The shapes of tallies for chains of 5 m 
and 10 m length& for different positions are shown in Fig. 3.7. To facilitate holding of 
arrows in position with the handle of ihe chain, a groove is cut on Ute outside surface 
of the handle, as shown in Fig. 3.6. The tallies used for marking distances in the metric 
cha4J,s are marked with the letters 'm · in the order to distingui~h theqt from non~melfic 
chains. The length· of chain, 5 m, 10 m, 20 m or 30 m as the case may be. are engraved 
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1: 5m 20m:!::.-5m I I 5m :1 
1m •' : : : 

[>o--ooo- 1 1 i ~ 
Bmsn'9JTTT 

every meter length 

FIG. 3.4. 20-METRE CHAIN 

): 5m ,,. sm
3
::'s

8
.:.:.._5.,___5m" Sm :1 

1m Jd : I : : 1 

[)o-ooo. iii i ·[~ 

i 
75 

1 

Bmssringa/TTTTT . 
every meter length 

FIG. 3. S. 30-MIITRE CHAIN 

' 1+---t"'S:,... 200 200 

74 ± 1-+: :+---93 ± 1---+: 
'' ' 58~:: : 

: : :)ing Link, snlill 4 ;: 
l :A" I : 

_ Eye bolt 

I 161±11----+ 

Ring 4! Collar 
EnQrava length ·-h~ (oval shaped) of the chain 

FIG. 3.6. DETAILS OF A METRIC CHAIN 

un both the hantiles to indicate the length and also to distinguish the chains from non-metric 
chains. 

16..l 4-soo-\ fso~ fso';} 22 

For 1 metre For2 metres For 3 metres For4 metres For5 metres 
and 9 metres and 8 metres and 7 metres and 6 metres 

FIG. 3.7. SHAPES OF TALUES FOR 5 m AND 10 m CHAINS. 
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Gunter's Chain or Surveyor's Chain 

A Gunter's chain or surveyor's chain is 66 ft. long and consisiS of 100 links. each 
link being 0.6 ft. or 7.92 inches long. The leng1h of 66 ft. was originally adopted for 

convenience in land measurement since 10 square chains are equal to I acre. Also. when 
linear measuremeniS are required in furlongs and miles, it is more convenient since 10 

Gunter's chains = I furlong i!Dd 80 Gunter's chains = I mile. 

Engineer's Chain 
The engineer's chain is 100 ft. long and consisiS of 100 links, each link being I 

ft. long. At every I 0 links, brass tags are fastened, with notches on the tags indicating 

the number of 10 link segmeniS between the tag and end of the chain. The distances 
measured are recorded in feet and decimals. 

Revenue ,Chain 

The. revenue chain is. 33 ft. long and consisiS of 16 links, each link being 2i6 ft. 

long. The chain is mainly used for measuring fields in cadastral survey. 

Steel band or band chain (Fig. 3.8) 

flG. 3.8 STEEL BAND. 

The steel band consisiS of a long !lalTOW strip of blue steel, of uniform width of 
12 to 16 mm and thickness of 0.3 to 0.6 mm. Metric steel bands are available in lengths 
of 20 or 30 m. It is divided by brass studs at every 20 em and numbered at every 
metre. The first and last links (20 em leng1h) are subdivided into em and mm. Alternatively • 

in the place of putting brass studs, a steel band may have graduations etched as metres. 
decimetres and centimetres on one side and 0.2 m links on the other. For convenience 
in handling and carrying, steel bands are almost invariably Wound on special steel crosses 

or metal reels from which they can be easily unrolled. 

For accurate work, the steel band should always be used in preference to the chain, 
but it should only be placed in the hands of careful chainmen. A steel band is lighter 
than the chain and is easier to handle. It is practically unalterable in length, and is not 
liable to kinks when in use. liS chief disadvantage is that it is easily broken and difficult 
to repair in the field. 
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Testing and Adjusting CbaiD 
During continuous use, the length of a chain 

gets alrered. Its length is shortened chiefly due to 
the bending of links. Its length is elongaled eilber ~~ 
due to stretching of the links and joints and opening ~// 
out of the small rings, or due to wear of wearing · 

~ surface. For accurate work, it is necessary to rest 
the length of the chain from time to time and make 

t/ftfl/11 

r:: 1 
~ 

adjustments in the length. FIG. 3.9 FIELD TESTING OF CHAIN. 

A chain may either be tesled with reference to a standard. chain or with reference 
to a steel tape. Sometimes, it is conveniem to have a P.mianent resr gauge established 
and the chain tesled by com- · 
paring with the test gauge from 
time to time. In field, where 
no permanent test gauge exists, 

r 20 Cf11 X 20 Cl11 Q;ased StOne& 

mo [!]10m 'fu:~ ~30m 
+--10m 10m +------ 10m ---+1 a test gauge is established by 

driving two pegs the requisire 
distance apart, and inserting nails FlO. 3.10 PllRMANBNT TEST GAUGE. 

into their tops to mJ!fk exact poinla, as showtl in Fig. ~.9. FiJ. 3:10 shows a pennanent 
test gauge, made of messed stones 20 em x 20 em. 

The overall length of a chain, when measured at 8 kg pull and checked against 
a sreel tape standardized at 20'C, shall be within the following limits : 

20 metre chain : ± 5 min and 30 metre chain : ± 8 mm 

In addition to Ibis, every metre length of the chain shall !Je accurare to within 2 mm. 
On testing, if a chain is found to be long, it can adjusled by 
(1) closing the joints of . the rings if opened out 
(il) reshaping the elongaled rings 
{iii) removing one or inore SMall circular rings 
(iv) replacing worn out rings 
~ ·, ·) ldjusri.!lg ~:.; !~ ~l u.... .;;u.~. 

If, on the other band, a chain is found to be short, it can be adjusted by 
(!) straigbrening the links 
(i1) flattening the 'circular rings 
(iii) replacing one or more small circular rings by bigger ones 
(iv) inserting additional circular rings 
(v) adjusting the links at the end. 

However, in both the cases, adjustment must be done symmetrically so that the position 
of the cenrral peg does not alter. 

2. TAPES 
Tapes are used for more ~ccurate 

material of which they are made, such 
(!) clolb or linen tape 
(iii) steel tape 

measurements and are classed 
as follows: 

(il) metallic tape 
and (iv) invar tape. 

according to the 

;J 

~. 
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Cloth or linen Tape. Clolb tapes of closely woven linen, 12 to 15 mm wide varnished 
to resist moisrure, are light and flexible and may be used for taking comparatively rough 
and subsidiary measurements such as offsets. A cloth tape is commonly available in lengths 
of lO metres, 20 metres, 25 metres and 30 metres, and in 33 ft., 50 ft., 66 ft. and 
100 ft. The end of the tape is provided with small brass ring whose length is included 
in the total length of lbe tape. A cloth tape is rarely used for making accurate measurements, 
because of the following ieasons : (1) it is easily affected by moisture or dampness and 
thus shrinks ; (il) its length gets altered by stretching ; (iii) it is likely to twist and 
tsngle ; (iv) it is not strong. Before winding up the tape in the case. it should be cleaned 

and dried. 

PE. 
Fi&3.11 McuUcT•pc Fig:UlSlHIT•pt 

Metallic Tape. A metallic tape is made of varnished strip of wate!]lroof linen interwoven 
with small brass, copper or bro1120 wires and does not stretch as easily as a cloth tape. 
Since metallic tapes are light and flexible and are not easily broken, !hey are particularly 
useful in cross-sectioning and in some methods of topography where small errors in length 
of the tape are of no consequence. Metallic tapes are made in lengths of 2, 5, 10, 20, 
30 and 50 metres. In the case of tapes of 10, 20, 30 and 50 m lengths a metal ring 
is attached to the outer ends and fastened to it by a metal strip of the same width as 
the tape. This metal strip protects the tape, and at the same time inspector's stamp can 
be pm on it. In addition to the brass ring, the outer ends of these tapes are reinforced 
by a strip of leather or suitable plastic material of the same width as the tape, for a 
length of atleast 20 em. Tapes of 10, 20 , -30 and 50 metre lengths are supplied in 
a metal or leather case fitted with a winding device (Fig. 3 .ll). 

Steel Tape. Steel tapes vary in quality and accuracy 
of graduation, but even a poor steel tape is generally 
superior to a cloth or metallic tape for most of lbe linear 
measurements that are made in surveying. A steel tape 
consists of a light strip of width 6 to lO mm and is 
more accurately graduated. Steel tapes are available in 
lengths of I, 2, 10, 20, 30 and 50 metres. The tapes 
of 10, 20, 30 and 50 metre lengths, are provided with 
a brass ring at the outer end, fastened to it by a meml 
strip of the swne width as the tape. The length of the 
tape includes the metal ring. It is wound in a well-sewn ~ 
leather case or a corrosion resisting metal case, having 

FIG. 3.13. STEEL TAPE ON REEL 
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a suitable winding device (Fig. 3.12). Tapes of longer length (i.e., more than 30) m are 
wound on metal reel (Fig. 3.13). 

A steel tape is a delicate insnumem and is very Jight, and therefore, cannot withsrand 
rough usage. The tape should be wiped clean and dry after using, .and should be oiled 
with a little mineral oil, so that it does not get rusted. 

Invar Tape. Invar tapes are used mainly for linear measuremenrs of a very high 
degree of precision, such as measurements of base lines. The invar tape is made of alloy 
of nickel (36%) and steel, and has very low coefficient of thermal expansion-seldom more 
than about one-tenth of that of steel, and often very much less. The coefficient of thennal 
expansion varies a good deal with individual bands but an average value of 0.0000005 
per I • F may be taken. The other great advantage of invar is that bands and wires made 
of invar enable base lines to be measured very much more rapidly and conveniently. Invar 
tapes and bands are more expensive, much softer and are more easily deformed than steel 
tapes. Another great disadvantage of invar tape is that it is subjected to creep due to 
which it undergoes a small increase in length as time goes on. Its coefficient of thermal 
expansion also goes on changing. It is therefore, very essential ro derennine irs l~ngth 
and coefficient of expansion from time to time. fnvar tapes are nonnally 6 rnm widf: and 
are available in lengths of 20, 30 and 100 m. 

The difficulty with invar tapes is that they are easily bent and damaged. They must, 
therefore, be kept on reels of large diameter, as shown in· Fig. 3.14. 

~b 
FlG. 3.14. INVAR TAPE ON REEL 

3. ARROWS 
Arrows or marking pins are made of stout sreel wire. and genera1ly. 10 arrows 

are supplied with a chain. An arrow is inserted into the ground after every chain length 
measured on the ground. Arrows are made of good quality hardened and tempered steel 
wire 4 mm (8 s.w.g.) in diameter, and are black enamelled. The length of arrow may 
vary from· 25 em to 50 em, the most common length being 40 em. One end of the 
arrow is made sharp and other end is bent into a loop or circle for facility of carrying. 
Fig. 3.15 shows the details of a 40 em long arrow as recommended by the Indian Standard. 
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H2.5or3cm 

LJ~or3cm 

4mm 
dia. wire 
black 
enamelled 

400mm±5 

i l 
15cm 

FIG. 3.t5. An-OW. FIG. 3.16. WOODEN PEG. 

4. PEGS 
Wooden pegs are used to mark the positions of the stations or terminal points of 

a survey line. They are made of stout timber, generally 2.5 em or 3 em square and 
15 em long, tapered at the end. They are driven in the ground 
with the help of a wooden hammer and kept about 4 em 
projecting above the surface. 

S. RANGING RODS 
Ranging rods have a length of either 2 m or 3 m, 

ilie 2 meuc le;ugili being more eommon. They are shod at 
the bottOm with a heavy iron point, and are painted in alternative 
bands of either black and white or red and white or black, 
red and white in succession, each band being 20 em deep 
so that on occasion the rod can be used for rough measurement 
of short lengths. Ranging rods are used to range some intermediate 
points in the survey tine. They are circular or octagonal in 
cross-section of 3 em nominal diameter, made of well-seasoned, 
straight grained timber. The rods are almost invisible at a 
distance of about 200 metres; hence when used on long lines 
each rod should have a red, white or yellow flag, about 30 
to 50 em square, tied on near its top (Fig. 3.17 (a)]. 

Ranging poles. Ranging poles are similar to ranging 
rods except that they are longer "and of greater diameter and 

Black or Red 
Bands ~ 

White Bands 

"'-..I 

(a) (b) 
Ranging offset 

rod rod 

FIG. 3.1·7. 
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are used in case of very long lines. Generally, they are net painted, but in all cases 
they are provided with a large flag. Their length may vary from 4 to 8 metres, and 

diameter from ·6 to 10 em. The foot of each pole is sunk about f m into the ground, 

the pole being set quite vertical by aid of a plumb bob. 

6. OFFSET RODS 

An offset rod is similar to a ranging rod and has a length of 3 m. They are 
round wooden rods, shod with pointed iron shae at otle end, and provided with a notch 
or a hook at the other. The hook facilitates pulling and pilshing the chain through hedges 
and other obstructions. The rod is mainly used for measuring rough offsets nearby [Fig. 
3.17 (b)]. It has also two narrow slots passing through the centre of the section. and 
set at right angles to one another, at the eye level,. for aligning the offset line. 

Butt rod. A butt rod is also used for measuring offsets, but it is often used by 
building surveyors or architects. It generally consists of two laths, each of I yard or I 
m in length loosely riveted together. The joint is also provided with a spring catch to 
keep the rod extended. The rod is painted black. The divisions of feet aod inches are 
marked out with white aod red paint. 

7. PLASTERER'S LATHS 
In open level ground, intermediate points on a line may also 

be lined out with straight laths, f to I metre long, made of soft 

wood. They are light both in colour and welght, and can be easily 
carried about and sharpened with a knife whell required. They are 
also very useful for ranging out a line when crossing a depression 
from which the forward rod is invisible, or when it is hidden by 
obstacles, such as hedges etc. 

Whites. Whites are pieces of sharpened thin sticks cut from 
the nearest edge, and are used for the same purpose as the laths, 
though not so satisfactory in use. They are. sharpened at one end 
and split with the knife at the top, and pieces of w)lite paper 
aie ir.serted in rhe clefts in order to make them more visible when 
stuck up in the grass. They are also useful in cross-sectioning or 
in temporary marking of contour points. 

8. PLUMB BOB 
While chaining along sloping ground, a plumb-bob is required 

to transfer the points to the ground. It is also used to make ranging 
poles vertical and to transfer· points from a line ranger to the ground. 
In addition, it is used as centering aid in theodolites, compass, 
plane rable and a variety of other surveying instruments. 

3.4. RANGING OUT SURVEY LINES 

l.__j.+--

\\.V//\\1 ~//\\V/1\\\ 

FIG. 3.18. WHITES. 

FIG. 3.19. PLUMB BOB 

While measuring the length of a survey line or 'chain line', the chain or tape must 
be stretched straight .'ong the line joining its two terminal stations. If the length of line 
is less than the length of the chain, there will be no difficulty, in doing so. If, however, 
the length of the line exceeds the ·length of the chain, some intermediate points will have' 
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to be established In line with the two terminal points before chaining is started. The process 
of fixing or establishing such intenitediate points is known as ranging. There are two methods 
of ranging : (1) Direct ranging, (il) Indirect ranging. 

(1) DIRECT RANGING 
Direct ranging is done when the two ends of the survey lines are intervisible. In 

such cases, ranging can eltitet be done by eye or through some optical instrument such 

as a //lie "'"rtJngbet or a t~DdO/ite. 4------t-----·-----] 
Ran6"'3 Y eye : 1dA. 3.20) surveyor 

Let A and B be the two points at the ends of a , 
survey line. One ranging rod is erected at the point F!O. 3.20. RANGING BY EYE. 
B while the surveyor stands with another ranging rod at point A. holding the rod at about 
balf metre length. The assistant then goes with another ranging rod and establishes die 

. rod at a point appro~ately In the llrte with AB (by judgment) at a distance not greater 
thaJi one chain length from A. The surveyor at A then signals the assistant to move transverse 
to the cbaln line, till be is In line with A and B. Similarly, other intermediate points 
can be established •. Tiie code of signals used for this purjlOse ii given in the table below: 

CODE OF SIGNALS FOR RANGING 

S.No. · · SfRMI b1 the Surveyor Aclior1 In the Assislalll 

t Rapid sil'e<p witl1 rl8fn._hiond Move considerably to the right 

2 StoW sweep with dgtit band Move slowly to die right 

3 Rlsht arm extended Continue 10 move to dlc right 

4 Rloht '"" "" ·.ro nioYol.to the rlRht Plumb the rod to lhe right 

s Rspkl &we.p wHit left hand Move considerably 10 the left 

6 SloW sweep With left hahd Move slowly to the left 

7 Left ann extended Continue to move to rhc left 

' Left amtuo and moved -to the.lcft Plumb the rod to lhe left 

9 i ::: ::·;~=:~ :~:~~,::~;c hurls depress~ bris~y i ~:rr:! rOO 10 J 
RANGING BY LINE RANGER 

A line ranger consists of either two plane mirrors or two right angled isosceles prisms 
placed one above the other, as shown in Fig. 3.21. The diagonals of the two prismS 
are silvered so as to reflect the Incidental rays. A handle with a hook is provided •t 
the bottom to bold the instrument in hand to transfer the point on the ground with the 

help of plumb-bOb. 
To range a point P, two ranging rods are fixed at the ends A and B. and the 

surveyor at P holds the line ranger very near to the line AB (by eye judgment). The 
lower prism abc receives· the rays from A which are reflected by the diagonal ac towards 
the observer.· Similarly, the upper prism dbc receives the. rays from B which are reflected 
by the diagonal bd towards the observer. Thus, the observer views the images of ranging 
rods at A and B, which may not be in the same vertical line as shown in Fig. 3.21 (C). 
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(a) Plan· 

(c) 

(b) Pictorial view 

I• II Topprism II • 

Bottom prism 

Case 

(d) 

FIG. 3.21. OPTI<;AL LINE RANGER 

SURVEYING 

Image 
of pole 

· The surveyor then moves the instnunent sideways till the two images are in the same 

vertical line as shown · in Fig. 3.21 (d). The point P is then transferred to the ground 

with the help of a plumb bob. Thus, the instnunent can be conveniently used . for fixing 

intermediate points on a long line without going to either end. Also, only one person, 
holding the line ranger, is required in this case. 

Fig. 4.18 shows a combined line ranger antl a prism square. 

Adjustment of Line Ranger 

O!k! of the .min:v1:s Oi pr~ms is co~nly made adjustable. To test che perpendicularity 
between the reflecting surfaces, . three poles are ranged very accurately with the help of 

a theodolite. The line ranger is held over the middle pole. The instnunent will. be in 

perfect adjustment if the ima~es of the two end poles appear in exact coincidence. If not, 

they are made to do so turning the movable prism by means· of the adjusting screw. 

(ir) INDIRECT OR RECIPROCAL RANGING 

Indirect or Reciprocal ranging is resorted to when both the ends of the survey 
line are not intervisible either due to high intervening ground or due to long distance between 

them. In such a case, ranging is done indirectly by selecting two intermediate points M, 

antl N1 very near to the chain line (by judgement) in such a way that from M,. ·both 

N, and 8 are visible (Fig. 3.22) antl from N,, both M, and A are visible. 

Two survej·ors station themselves at M1 and N1 with ranging rods. The person. at 
M1 the~- ·~irec~ _the, ~rson at N1. tq move )o a new positi~n N2 in line wi~ M

1 
B. The 
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person at N, then directs the 

person at M 1 to move to a 
new position M2~· in line with 
N, A. Thus, the two persons 

are now at M, and N, which 
are nearer to the chain line 
than the positions lt{ and N1• 

The process is repeated till 
the poinlS M and N are located 
in such a way that the person 
at M finds the person at N 
in line with MB. antl the person 
at N finds the person at M 
in line with NA. After having 
es<ablished M and N, other 
points can be fixed by direct 
rapging. 

3.5, CHAINING 

... 

----- .. -----~ ~ 
.. ---------~-----------i 

N··~ 

A 
B 

A M N 8 

----.::~::::.-:~~~~~~~~~~~~:::::~;-~~~::~~:---~:::--
-'N 

................... 2 

............... 
~~,.......... . 

N, 

FIG. 3.22. REQPROCAL RANGING. 

TWo chainmen are required for meaSuring the length of a line which is great~r than 
a chain length. The more experienced of the chainmen remains at tht: zero end or rear 
entl of the chain antl is called the follower. The other chainmen holding the forward handle 

is known as the leader. To s<art with. the leader lakes a buntlle of the arrows in one 

hantl and a ranging rod, and the handle of the chain in tbe other hand. 

Unfolding the chain. To unfold the chain. the chainmen keeps both the bandies 

in the left hand and throws the reS< of the portion of the chain in the forward direction 

with his right hand. The other chainman assists in removing the knots etc. and in making 
the chain straight. 

Lining and marking. The follower holds the zero end of the chain at the terminal 
pomt while the leader proceeds forward with the other end in one hand and a set of 

10 arrows and a ranging rod in the other hantl. When he is approximately one chain 
length away, the follower directs him to" fix his rod in line with the terminal poles. When 

the point is ranged, the leader makes a mark on the ground, holds the handle with botb 

the hands and pulls the chain so that it becomes straight between the terminal point and 

tbe poiru fixed. Little jerks may be given for this purpose but tbe pull applied must be 

just sufficient to make the chain straight in line. The leader then puts an arrow at the . 
entl of tbe chain, swings the chain sli~htly out of the line and proceeds further with tbe 

handle in one hand and the rest of the arrows and ranging rod in the otber hand. The 

follower also takes the end handle in one hand and a ranging rod in the otber hand. 

follows the leader till the leader bas approximately travelled one chain len!,~h. The follower 

puts the zero end of the chain at first arrow fixed by. the leader, and ranges the leader 

who in turn, stretches the chain straight in the line and fixes the second arrow in th~ 
grountl and proceeds further. The follower takes the first arrow and the ranging rntl in 
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one hand and the handle in the other and follows the leader. At the end of ten chains, 
the leader calls for the 'arrows'. The follower takes our the tenth arrow from the ground, 
puts a ranging rod there and haods over ten arrows to the leader. The transfer of ten 
arrows is recorded by the surveyor. To measure the fractional length at the end of a 
line. the leader drags the chain beyond the end station, stretches it straight and tight and 
reads the links. 

3.6. MEASUREMENT OF LENGTH WITH THE HELP OF A TAPE 
For accurate measur~mems and m all irnponam surveys, the lengths an: now measured 

with a mpe. and nor with a ..:hain. However, the operation of measurement of the length 
of the line with the help of a rape is also conventionally called chaining and the two 
persons engaged in the measurement are called 'chainmen'. The following procedure is adopted: 

I. Let the length of a line AB be measured, point A being the sraning point. Place 
a ranging rod behind the point B so that it is on the line with respect to the starting 
point A. 

2. The follower stands at the point A holding one end of the tape while the leader 
moves ahead holding zero end of the rape in one hand and a bundle of arrows in the 
other. When be reaches approximately one rape length distant from A, the follower directs 
him for ranging in the line. The rape is then pulled our and whipped gently to make 
sure that irs entire length lies along the line. The leader then pushes the arrow into the 
ground, opposite the zero. The pin is usually inclined from vertical about 20 or 30 degrees, 
starting at right angles to the line so that it slides under the rape. with irs centre opposite 
the graduation point on the rape. 

3. The follower then releases his end of the rape and the two move forward along 
the line. the leader dragging the rape. When the end of the rape reaches the arrow jusr 
placed, follower calls our "tape". He then picks up the end of rape and lines the leader 
in and the procedure is repeated as in srep 2. 

4. When the second arrow has been established by the leader. the follower picks 
up the first arrow, and both the persons move ahead as described in srep 3. The procedure 
is repeated until ten rape lengths have been measured. At this stage, the leader will be 
out of arrows. while the follower will h?.ve nine arrows. The leadc~ wili then call "arrows" 
or "ten". When the leader moves further after the rape length has been measured. and 
reaches the rape length ahead, the follower rakes our the tenth arrow, erects a ranging 
rod or a nail in irs place aod then transfers 10 arrows to the leader. The surveyor records 
.the transfer of arrows in the field bock. 

5. At the end of the line, at B, the last measurement will generally be a panial 
rape length from the last arrow set to the end point of the line. The leader holds the 
end of the rape at B while the follower pulls the rape back rill it becomes taut and then 
re~ds against the arrow. 

3.7, ERROR DUE TO INCORRECT CHAIN 
If the length of the chain used in measuring length of the line is not equal to 

the true length or the designated length, the measured length of the line will nor be correct 
and suitable correction will have 10 be applied. If the chain is too long, the measured 
distance will be less. The error will, Jherefore, be negative and the correction is positive. 
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Similarly, if the chain is too shan, the measured distance will be more, !he error will 
pO.iitive aod the correction will be negative. 

Let L = True or designated length of !he chain or rape. 

or 

or 

L' =Incorrect (or actual) length of the chain or rape used. 
(z) Correction w measured length : 
Let I' = measured length of the line 

I= actual or rrue length of the line. 
L' 

Then, rrue length of line = measured length of line X-
L 

(iz) 

Let 

Then, 

Correction w area 

(
L" 

I= I' L J 

A' = measured (or computed) area of the 
A = actual or rrue area of the ground. 

( L' '' true area = measured area x L j 

( L' )' A=A' L 
L' L+M.. M.. 

ground 

Allernatively, -=-=1+-L L L 
where M.. = error in length of chain 

I!.L 
Let T=e 

( /} )' A = L x A' = (I + e)' x A' 

is small 

... (3.1) 

... (3.2) 

Bur (I + e)2 = I + 2e + e' ~ I + 2e , if e 
A= (I+ 2e)A' ... (3.2 a) 

or 

(iii) Correction to volume : 
Le~ V ' = measured or computed volume 

V = actual or rrue volwne. 

Then, true volume = measured volume x ( ~ j 
[ L' )' V=V' L 

L' L+I!.L I!.L A/Jernatively, -=-=1+-
L L L 

I!.L 
-=e 
L 

Let 

. V = ( ~ )' V' =(I +e)' V' 

".(3.3) 
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But (I + e)3 = I + e' + 3e' + 3e ~(I+ 3e), if e is small 

V =(I + 3e)ll' ... (3.3 a) 

Example 3.1. The length qJ a line measured with a 20 metre chain was found 10 

be 250 mmes. Calculate the true length of the line if the chain was 10 em too long. 

Solution. 

Incorrect length of the chain = L' = 20 + _!Q_ = 20.1 m 
100 

Measured length =I'= 250m 

Hence true length of the line = I ' (f) = 250 [~(/) = 251.25 metres. 

Example 3.2. The length of a survey line was measured with a 20 m chain and 

was found to be equal to 1200 metres. As a check, the length was again measured with 

a 25 m chain and was found to be 1212 m. On comparing the 20 m chain with the 

test gauge, it was found to be 1 decimerre too long. Find the actual length- of the 25 
m chain used. 

Solution. 

With 20 m chain : L' = 20 + 0.10 = 20.10 m 

"(L' 1 ?O 10 
1=1' -1=1200x=-.:_=1206m=True 

L) 20 length of line. 

With 25 m chain I=[ f)/' 
or "1206 = ( ~~ )1212 

L' _ 1206 X 25 = 2 88 1212 4" m. 

Thus, the 25 m chain was 12 em too short. 

Example 3.3. A 20 m chain was found to be 10 em too long after chaining a 

distance of 1500 m. It was found to be 18 em too long at the end of day's work after chaining 

"" !Nf1' d;;rrmre r'f '!0(}') .Ti.. Ffrzd £h~.J i:-~ diJ;.,.;l(;<; if <lie i:.h~.U,, ww currecJ bejore 1he 

commencemenJ of the work. 
Solution. 

For first 1500 metres 

Average 

Hence 

For next 1400 metres 

0 + 10 
error= e= -

2
-= 5 em= 0.05 m 

' L' = 20 + 0.05 = 20.05 m 

/, = 
20

·
05 

x 1500 = 1503.75 m 
20 

10 + 18 
Average error= e = --- = 14 em= 0.14 rn 

2 
L' = 20 + 0.14 = 20.14 m 

I 
i 
! 
I 

I 
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Hence 11 = zc;-~4 x 1400.= 1409.80 m 

Total length= I=!,+ I,= 1503.75 + 1409.80 = 2913.55 m. 

Example 3.4. A surveyor measured the distance· be/Ween two poims on the plan drawn 

to a . scaie of l em = 40 m and the result was 468 m. lAter, however, he discovered that 

he used a scale qJ 1 em = 20. m. Find the true distance between the two poims. 

Solution. Distance between two points measured with a scale of I em to 20 m 

468 
=-=234 em 20 . 

Actual scale of the plan is I em = 40 m 

True distance between the points = 23.4 x 40 = 936 m 

· Example 3.5. A 20 m chain used for a· survey was found to be 20.10 m at the 

beginning and 20.30 m at the end of the worL The area of the plan drawn to a scale 

of l em = 8 m was measured with the help of a planimeter and was found to be 32.56 

sq. em. Find the true area of the field. 

Solution. 

. . 20.10 + 20.30 
L'= Average length of the cham= · _ = 20.20 m 

Area of plan= 32.56 sq. em 

Area of the ground= 32.56 (8)1 = 2083.84 sq. m =A' (say) 

'L')' '20201' True area= A = l- A'=(-·- 1 x 2083.84 = 2125.73 sq. m. 
L 20 J . 

Alternatively, from Eq. 3.2 (a), 

A=(l +2e)A'. 

where e= ll L = 20.20-20 _ 0.20 =O.OI 
L 20 20 

A= (I + 2 x 0.01) x 2083.84 = 2125.52 m' 
E).:.am.pi::: 3.1:. Tlw ~rea. of the plan of an. old :Jur.-ey pivlied oo u .swl.c. uf i 0 metre~ 

to I em measures now as 100.2 sq. em as found by planimeier. The plan is found to 

have shrunk so Chat a line originally 10 em long now measures 9. 7 em only. There was 
also a note on the plan that the 20 m chain used was 8 em too slwn. Find the true 

area of the survey. 

Solution : Present length of 9.7 em is equivalent of 10 em original length. 

.. Present area of 100.2 sq. em is equivalem to ( 
1~ \)' x 100.2 sq. em= 106.49 sq. em 

\. 9.1 

Scale of the plan is I em 

. ·. Origina1 area of survey 

Faulty length of chain used 

Correct area 

= original area on pJan 
= 10 m 
= (106.49) (10)1 = !.0649 x {o' sq. m 

= 20- 0.08 = 19.92 m 

' 19.92 1' • 
= l 20) x !.0649 x 10 sq.m.= 10564.7 sq. m 
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3.8. CHAINING ON UNEVEN OR SLOPING GROUND 

For all plotting works, horizontal distance between the points are required. It is therefore, 

necessary either to directly measure the horizontal distance between the points or to measure 

the sloping distance and reduce it to horizontal. Thus, there are two methods for getting 

the horizontal distance between two points : (!) Direct method, (2) Indirect method. 

1. DIRECT METHOD 

In the direct method or the method 
of stepping, as is sometimes called, the 
distance is measured in small horizontal 
stretches or steps. Fig. 3.23 (a) illustrates 
the procedure, where it is required to 
measure the horizontal distance between 
the two points A and B. 

The follower holds the zero end 
of the tape at A while the leader selects 

I, 

3 

~ 
Stepplng 

• . ~ ...... 2 
• o ______ ...Je c 

{a) 

any suitable length I, of the tape and FIG. 3.23. METHOD OF SfEPPING. 

(b) 

moves forward. The follower directs the leader for ranging. The leader pulls the tape tight, 

makes it horizomal and the point I is then transferred to the ground by a plumb bob. 

Sometimes, a special form of drop a"ow is used to transfer the point to the surface, 

as shown in Fig. 3.23 (b). ne procedure is then repeated. The total length D of the 

line is then equal to (1, + 1, + .\ ... ) . In the case of irregular slopes, this is the only 
suitable method. 

It is more convenient to measure down-hill than to measure uphill. because in the 
latter case the follower end is off the ground and he is to plumb the point as well as 

to direct the leader. The tape must he kept horizontal either by eye judgment or by using 

a hand level. Sufficient amount of pull must he applied to avoid the sag otherwise the 

measured distance will he more. The lengths 11, I, etc.. to be selected depend on the 

steepness of the slope ; steeper the slope, lesser the length and vice versa. 

2. INDIRECT METHOD 

!n the l'it::c Df .1 regul:i.r Vl ;;;. ·r~u. slvpc, t.he sioping distance can be measured and 
the horizontal distance can be ~alcuJated. In such cases, in addition to the sloping distance, 
the angle of the slope or the difference in elevation (height) between the two points is 
to he measured. 

Method 1. Angle measured 

In Fig. 3.24. let 11 = measured inclined distance 

between AB and e, = slope of AB with horizontal. The 

horizontal distance D1 is given by D1 = 1
1 
cos 9

1
• 

Similarly, for BC, D, = I, cos 92 

The required horizontal distance between any two 
poinES = !;J cos 9. 

The slopes of the lines can he measured with the 
help of a clinometer. A clinometer, in its simplest form. 

~~c 
14----D,-->j 

FIG. 3.24. 
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essentially consists of (!) A line of sight, (il) a graduated arc, (iii) . a ·light plumb bOb 

with a long thread suspended at the centre. 

Fig. 3.25. (a) shows a 
semicirular graduated arc with 
two pins at A and B fornting 
the line of sight. A plumb bob 
is suspended from C. the central 
point. When the clinometer is 
horizontal. the thread touches 
the zero mark of the ealibrated 
circle. To sight a point, the 
clinometer is tilted so that the 
line ofsightAB may pass through 

A c 

(a) 

B 

(b) 

FIG. 3.25 . 

the object. Since the thread still remains vertical. the reading against the thread gives the 

slope of the line of sight. 

There are various forms of clinometers available. using essentially the principle described 

above, and for detailed study, reference may be made to the Chapter 14 on minor instruments. 

Method 2. Difference in level measured 

Sometimes, in the place of measuring the 
angie e. the difference in the level between the 

points is measured with the help of a levelling 
instrum.em and the_ horizontal distance is compmed. 

Thus, if h is the difference in level, we 
have 

Tf 
l
h: 

• • • 
l __ ---------------------

D = ~ ... (3.4) o----->1 
Method 3. Hypoteousal allowance FIG. 3.26 

In this method, a correction is applied in the field ar every chain length and at 

every point where the slope changes. This facilitates in locating or surveying the intermediate 

pr-int!i Vlhen the chain is strerched on th~ slope, the 
arrow is not put at the end of the chain but is placed 
in advance of the end, by of an amount which allows 
for the slope correction. In Fig. 3.27, BA' is one chain 

length on slope. The arrow is not put at A' but is put 

at A, the distance AA • being of such magnirude that the 

horizontal equivalent of BA is equal to 1 chain . The 
distance AA' is sometimes called lzypotenusal allowmzr.e. 

A 

tl{ '''f'Jh...a 
..J 

Thus, BA = 100 sec 9 links 

BA' = 100 links 

FIG. 3.27. IIYPOTENUSAL 
ALLOWANCE. 

Hence AA' = 100 see e- 100 links = 100 (sec e- I) links (3.5) 

e' se• 
9=1+2+24+ ..... . Now sec 

2 ··. 

( h e . . d" l . 1 e ' were IsmraJaDI::ll_ "~"2! 
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( 
9' ' 

AA'= 100 I +2-!Jiinks 

or AA' =50 9' links 

If. however. 8 is in degrees, we have 
... (3.5 a) 

sec a~( 1 + 10':~ e') 
M' = 100( I+ ~92 - I ]links 

10.000 • 

or AA'=~O' links 
100 ... (3.5 b). l 

I 
Thus. if 9 = 10 '. AA' = 1.5 links. 

If !he slope is measured by levelling. it is generally expressed as 

!hereby a rise of I unit vertically for n units of horizontal distance. 
in n. meaning 

Thus 

Hence from Eq. 3.5 <a). 

0 =.!. radians 
n 

AA' =50 a'= 50 ,,; 
Thus. if !he slope is I in 10, 

M' = · '~ = 0.5 links. 
•'j ~)~ 

... 13.5 c) 

The distance M' is ao allowance ;vhich must be made for each chain lenglb measured 

on !he slope. As each chain lenglb is measured on !he slope. !he arrow is set forward 

by .. Ibis amount. In !he record book, !he horizontal distance between 8 and A is directly 

recorded as I chain. Thus, !he slope is allowed for as !he work proceeds. 

Example 3.7. TilE distance between the points measured along a slope is 428 m. 

Final the lwriwntal distance bern~en them if (a) tiJe angle of slope benveen the points 

is 8 •. (b) the difference in level is 62 m (c) tile slope is 1 in 4 . 

Solution. 
Let 

. (a) 

(b) 

(c) For I 

D = horizontal lenglh ; I = measured lenglh · = 428 m 

D =Leos 9 =428 cos 8 • = 423.82 m 

D = ~1'-h'=..j (428)2
- (62)1 = 4Z3.48 m 

unit vertically, horizontal distance is 4 units. 

tan 9 =.!. = 0.25 or 9 = 14' 2' 
4 

L =I cos 9 = 428 cos 14' 2' = 415.Z3 m. 

Example 3.8. Find the hypotenusal allowance per chain of 20 m <ength if (I) the 

angle of slope is 10" (ii) the ground rises by 4 m in one chain length. · 

Solution. 

(r) Hypotenusal allowance = 100( sec 9- 1) links 

= 100( sec 10'- I)= 1.54 links= 0.3! m. 

I 
t 
'-

I 
f 
I 
•' 

:i 

.. f 
I 

I 
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(il) tan9= 2~=~=0.2 or 9=11'19' 

Hypotenusal allowance = 100 (sec 11' 19'- I) links 

= 1.987 links = 0.4 m. 

A/Jenwlive approximole solulion 

(r) From Eq. 3.5 (b), 

Hypotenusa1 allowance 

Here 

=~ 9' links 
100 

9= 10' 

Hypotenusal allowance = ~~ (10)1 = 1.5 links= 0.3 m. 

(il) Slope is 4 min 20m or 1min5m or lminnm where n = 5. 

Hence from Eq. 3.5 (c), 

Hypotenusal allowance = 
50 

links = ~ links 
n' (5)1 

= 2 links = 0.4 m • 

57 

Example 3.9. In chaining a line, what is the maximum slope (a) in degrees. and 

(b) as 1 in n, which can be ignored if the error from this source is not to exceed 1 

in 1()()1). 

Solution. 
While chaining on !he sloping ground, !he error is evidently equal to !he hypotenusal 

allowance if this is not taken into account. The value of Ibis error (i.e. hypotenusal allowance) 

is given by Eq. 3.5 (a), (b) and (c). 

(a) Error per chain= 1 in 1000 = 0.1 link 

or 

Hence from Eq. 3.5 (b), 

(b) 

Hence 

~~ e' = o.1 link 

S'= 0.1 X)()() 

1.5 
From which 0 ~ 2.6°. 

Error per chain = 0.1 link 

from Eq. 3.5 (c), 

50 
-,=0.1 
n 

or 

From which n = 22.4. 

:. Max. slope is 1 in 22.4. 

3.9. ERRORS IN CHAINING 

' ~=500 n = 0.1 

A general classification of errors is given in Chapter 2 and it is necessary in studying 

Ibis article to keep clearly in mind !he difference between lbe cumulative and compensating 

errors, and between positive and negative errors. 
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A cumulative error is thar which occurs in lhe same direction and tends to accwnuJate 
while a compensadng error may occur in either direction and hence tends to compensate. 
Errors are regarded as positive or negative according as they make the result too greaJ 
or too small. 

Errors and mistakes may arise from 
I. Erroneous length of chain or tape. 
3. Careless holding and marking. 
5. Non-horizontality 
7. Variation in temperature. 
9. Personal misrakes. 

2. 

4. 
6. 
8. 

Bad ranging 
Bad straightening. 
Sag in chain. 
Variation in pull. 

1. Erroneous. Length of Chain or Tape. (Cumulative + or-). The error due to 
the wrong length of the chain is always cumulative and is the most serious source of 
error. If the length of the chain is more, the measured distance will he less and hence 
the error wilJ be negative. Similarly, if the chain is too short, the measured distance. will he more and error will be positive. However, it is possible to apply proper correction 
if the length is checked from time to time. 

Z. Bad Ranging. (Cumulative. + ). If the chain is stretched out of the line. the 
measured distance will always be more and hence rhe l!rror will be positive. For each and every stretch of the chain. the error due to bad ranging will be cumulative and the effect will be roo grear a result. The error is nor very serious in ordinary work if only 
the length is required. But if offsetting is to be done, the error is very serious. 

3. Careless Holding and Marking (Compensating ± ). The follower may sometimes 
hold the handie to one side of the arrow and sometimes to the other side. The leader 
may thrust the arrow vertically into the ground or exactly at the end of chain. This causes 
a variable systematic error. The error of marking due to an inexperienced chainman is 
often of a cumulative nature, bur with ordinary care such errors rend to compensate. 

4. Bad Straightening. (Cumulative, + ). If the chain is not straight but is lying 
in an irregular horizontal curve. the measured distance will always be too great. The error 
is, therefore. of cumulative ch~racrer and pm:itl•;e 

5. Non-Horizontality. (Cumulative, + ). If the chain is not horizontal (specially in 
case of sloping oF irregular ground), the measured distance will always be wo grt~ar. The 
error is, therefore, of cumulative character and positive. 

6. Sag in Chain. (Cumulative, + ). When the distance is measured by 'stepping· 
or when the chain is stretched above the ground due to undulations or irregular ground. 
the chain sags and takes the form of a catenary. The measured distance is. therefore. 
too great and the error is cumulative and positive. 

7. Variation in Temperature. (Cwnulative, + or-). When a chain or rape is used 
ar remperarure different from that ar which it was calibrated, its length changes. Due to 
the rise in lhe remperarure. the length of the chain increases. The measured distance is 
thus less and the error becomes negative. Due to the fall in temperature. the length decreases. 
The measured distance is thus more and the error becomes negative. In either cases tht: 
error is cumulative. 

l 
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8. Variation in Pull. (Compensating ± , or Cumulative + or-). If the pull applied 
in straightening the chain or tape is not equal to that of the standard pull at which it 
was calibrated, ·its length changes. If the pull applied is not measured but is irregular 
(sometimes more, sometimes less), the error tends to compensate. A chainman may. however. 
apply too great or too small a pull every time and the error becomes cumulative. 

9. Personal Mistakes. Personal mistakes always produce quite irregular effects. The 
following are the most common mistakes : 

(r) Dispblcemenl of arrows. If an arrow is disturbed from its position either by 
!mocking or by pulling the chain, it may he replaced wrongly. To avoid this. a cross 
must also be marked on the ground while inserting the arrows. 

(ir) Miscounling chain length. This is a serious blunder but may be avoided if a 
systematic procedure is adopted to count the nwnber or arrows . 

(iir) Misreading. A confusion is likely between reading a 5 m tally for IS m taliy. 
since both are of similar shape. It can he avoided by seeing the central tag. Sometimes. 

. a chainman may pay more attention on em reading on th~ tape and read the metre rt:ading 
wrong. A surveyor may sometimes read 6 in place of 9 or 28.26 in place of 28.62. 

(iv) Erroneous booking. The surveyor may enter 246 in place of 264 ere. To avoid 
such possibility, the chaimnan should first speak out the reading loudly and the surveyor 
should repeat the same while entering in the field book. 
Summary of errors in chaining 

!. Incorrect length of tape Cumulative + or-

Cumulative + 2. Bad ranging 
Tape not stretched horizontally Cumulative + 
Tape not stretched tight and straight, but both ends in line Cumulative + 

3. 

4. 

5. 
6.' 

7. 

8. 

9. 
10. 

11. 

Cumulative +or-Error due to temperature 

Variation in pull 

Error due to sag 

Error in marking tape lengths 
Disturbing arrows after they are set 
Errors in reading the tape 
Incorrect counting of tape lengths 

Compensating ± 
Cumulative + 
Compensating ± 
Blunder 
Mistake 

Blunder 

Relative Importance of Errors 
1. Cumulative errors are more important lhan compensating errors. 
2. Not all the cumulative errors are equally impona.nt. 
3. ln a short line, a compensating error fails to compensate because such an error 

may occur only once or twice. The more tape lengths there are in a line, 
the more likely are such errors to be truly compensating. 

4. The more times a line is measured, the more likely are accidental errors to 
disappear from the mean. 

\l . 
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5. One cumulative error sometimes balances other cumulative error. For example, 
a greater pull may offset sag, or high temperature may offset a slight shortage 
in the length of the tape. 

6. All things being equal it is most important to guard against those errors which 
are most likely to occur. 

3.10. TAPE CORRECTIONS 

We have seen· the different sources of errors in linear measurements. In most of 

the errors, proper corrections can be applied. In ordinary chaining, however corrections 

are not necessary bur in important and precise work, corrections must be. applied. Since 

in most of the cases a tape is used for precise work, the corrections are sometimes called 

as 'tape corrections', though they can also he applied to the measurements taken with a 
chain or with a steel band. 

A correction is positive when the erroneous or uncorrected length is to be inc~eased 
and negative when it is to he decreased to get the uue length. 

After having measured the length, the correct length of the base is calculated by 
applying the following corrections : 

1. Correction for absolute length 

2. Correction for temperature 

3. Correction for pull or tension 
4. Correction for sag 

5. Correction for slope 

6. Correction for alignment 

7. Reduction to sea level. 

8. Correction to measuremem in vertical plane 

I. Correction for Absolute Length 

If the absolute length (or actual length) of the tape or wire is not equal to 

its nominal or designated length, a correction will have to he applied to the measured 

length of the line. If the absolute length of the tape is greater than the nominal or the 

designated le:>.gi.b., til,;: n:.ea.surcd W::;~.ance wiiJ be too shan and the correction will be 

additive. If the absolute length of the tape is lesser than the nominal or designated length. 

the measured distance · will be too great and the correction will he subtractive. 

Thus, Ca=~ 
I 

where Ca = correction for absolute length 

L = measured length of the line 

c = correction per tape length 

I = designated length of the tape 

C, will he of the same sign as that of c. 
2. Correction for Temperature 

... (3.6) 

If the temperature in the field is more than the temperature at which the tape 

was standardised, the length of the tape increases, measured distance becomes less. and 

Xf. 

i! ,, 

LINEAR MEASUREMENTS 

the correction is therefore, additive. Similarly, if the temperature is less, 

the tape decreases, measured distance becomes more and the correction is 
temperature correction is given by 

where 

C, =a. (Tm- To) L 

a = coefficieru of thermal expansion 

T m = mean temperature in ··the field during measurement 

To = temperature during standardisation of the tape 

L = measured length. 
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the length of 
negative. The 

... (3.7) 

If, however, steel and brass wires 

the corrections are given by 
are used simultaneously, as in Jaderin's Method, 

c, (brass)_ "'a.":•:':<L::.'..,-::.:L"'-•) 
nb as 

... [3.8 (a)) 

and c, (steel)= a., (L, - Lb) ... [3.8 (b)] 
ab-a.s 

To lind the new standard temperature T0' which will produce the nominal length of 

the tape or band 

./ Some times, a tape is not of standard or designated length at a given standard temperature 

T0• The tape/band will be of the designated length at a new standard temperature T0. 

Let the length at standard temperature T0 he I± 81, where I is the designated length 

of the tape. 

Let I:J.T he the nuroher of degrees of temperature change required to change the 

length of the ta.P" by = 81 

Then 81=(1±81)a.I:J.T 

I:J.T= 8/ .n. ~ 
(1±81)a Ia. 

(Neglecting 81 which will he very small in comparison to I) 

If To' is the new standard temperature at which the length of the tape will he exactly 

equal to its designated length I, we have 

or 

To'=To±I:J.T 

To'=To± 
81 
Ia. 

See example 3.17 for illustration. 

3. Correction for Pull or Tension 

... (3.9) 

If the pull applied during measurement is more than the pull at which the tape was 

Standardised, the length of the tape increases, measured distance becomes less, and ~ 

correction is positive. Similarly, if the pull is less, the length of the tape decreases, 

measured distance becomes more and the correction is negative. 

If c, is the correction for pull, we have 



C _ (P-Po)L 
' AE 

where P = Pull applied during measurement (N) 
Po = Standard pull (N) 
L = Measured length (m) 
A =Cross-sectional area of !he tape (em') 
E =Young's Modulus of Elasticity (N/cm2

) 

SUI!.VEYING 

... (3.10) 

The pull applied in the field should be less than 20 times the weight of the tape. 
4. Correction for Sag : When !he tape is stretched on supports between two points, 
it takes !he form of a horizontal catenary. The horizontal distance will be lesS !han !he 
distance along !he curve. The difference between horizontal distance and the measured 
length along catenary is called the Sag Correction. For !he purpose of determining !he 
correcdon, the curve may be assumed to be a parabola. 

P, 

"'---------------------------··r· \ . 

M 

(a) 

AG. 3.28. SAG CORRECTION 

Let 1, = length of !he tape (in metres) suspended between A and B 
M = centre of the tape 
h = vertical sag of !he tape at its centre 
w = weight of !he tape per unit lenglh (N/m) 

C,. = Sag correction in metres for !he length 1, 
C, = Sag com:cnon in metres per tape length I 
W, = wl1 = weight of the tape suspended between A and B 
d, =horizontal length or span berween A and B. 

The relation between !he curved length (11) and the chord lenglh (d1) of a very 

flat parabola, [i.e., when~ is small) is given by 

I, = d, [ 1 + H :J l 
8 h' Hence c,. = d1 - 11 = -- - ... (ll 3 d, 

The value of h can be found from statics [Fig. 3.28 (b)]. If !he. tape were cut 
at !he centre (M), the exterior force at the point would be tension P. Considering !he 
equilibrium of half !he length, and talcing moments about A, we get 

~· 

J 
··.·l. .. 

ilc ,., ,, 
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or 

Ph = wl, x ~ - wl, d, 
2 4--8-

in (1), we get 

h= w/1 d, 
8P 

Substituting the value of h 

C, ~ _ ~ _I_ ( wl, d, )' = ~ (wl,)' = ~ (wl,)' = 11 W.' 
I 3 "' 8P 24P' 24P

2 
241" 
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... (2) 

... (3.11) 

If I is !he total lenglh of rape and it is suspended in n equal number of bays, 
!he Sag Correction ( C,) per tape length is given by 

C, = n C,. = nl, (wl,)' = l (wl,)
2 

l (wl)' = ~ 
24P 2 24P' 24n'P' 24n'P' 

... (3.12) 

where C, = tape correction per tape length 
I = total lenglh of !he tape 

W = total weight of !he tape 
n = number of equal spans 
P = pull applied 

If L = .!he total lenglh measured 

and N = !he number of whole lenglh tape 
!hen : Total Sag Correction = NC, + Sag Correction for any fractional tape lenglh. 

Note. Normally, the mass of !he tape is given. In that case, the weight W (or 
wl) is equal to mass x g, where !he value of g is taken as 9.81. For example, if the 
mass of tape is 0.8 kg, W = 0.8 x 9.81 = 7.848 N. 

It should be noted that the Sag_ Correction is always negative. If however, rhe wpe 
was standardised on catenary, and used on flat, the correction will be equal to 'Sag 
Correction for standard pull- sag correcion at the measured pull', and will be positive 
if the measured pull in the field is more than the standnrd pull. 

For example, let !he tape be standardised in catenary at 100 N pull. 
lf Lht: pull applied ill i.he ti.dd. b 120 N, lht:: Sag Correction will De = Sag C..urrccuon 

for 100 N pull - Sag Correction for 120 N pull 

I, W,' I,(W,)
2 

24 (100)2 24 (120)2 

I1W1'[ I .1 l 
= 24 (100)2 - (120)2 

and is evidemly posmve 
If the pull applied in !he field is 80 N, !he Sag Correction will be 

1, w? t1 w,1 1, w? r 1 1 ] d . . 1 . ------ = --l-- --- an zs evzdent y negatrve. 
24 (100)2 24 (80)2 24 (100)2 (80)

2 

If, however !he pull applied in the field is equal to the standard pull, no Sag 
Correction is necessary. See Example 3.13. 

t. 
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Equation 3.12 gives lhe Sag Correction when lhe ends of lhe tape are at lhe same 
level. If, however, lhe ends of lhe tape are not at lhe same level, but are at an· inclination a wilh lhe horizontal, lhe Sag Correction given is by lhe formula, 

Cs'=Cscos2
8( I+~ sinS) 

when tension P is applied at lhe higher end ; 

and C/ = C, cos' 6 ( I - ~sin B) 

when tension P is applied at lhe lower end. 
If, however, 8 is small, we can have 

... [3.13 (a)) 

... [3.13 (b)) 

c; = c, cos' a .... (3.14) 
irrespective of whelber lhe pull is applied at lhe higher end or at lhe lower end. It 
slwuld be noted that equation 3.14 includes the co"ections both for sag and slope, i.e. if equation 3.14 is used, separate co"ection for slope is not necessary. See Example 
3.~. . 

Noi'Dllll Tension. Normal tension is lhe pull which, when applied to lhe tape, equalises 
lhe correction due to pull and lhe correction due to sag. Thus, at normal tension or pull, 
lhe effects of pull and sag are neutralised and no correction is necessary. 

The correction for pull is Cp= (P, ~;o) 1' (additive) 

Th . , 11 (wl1)
2 11 W1

2 
b . ) e correction 10r sag . C51= ---

2 
= ::-:-1 (su tracnve 

24 P, 24 p, 
where P,= lhe normal pull applied in lhe field. 

Equating numerically lhe two, we get 
(P, -Po) I, 1, W1

2 

AE = 24PJ 

0.204 w, ..fiE 
P,- ~ 

... 1 P"- P .. ... (3.15) 

The value of P, is to he determined by 
equation. 

trial and error with lhe help of lhe above 

5. Correction for Slope or Vertical 
Alignment 

The distance measured along 
lhe slope is always greater !han lhe 
horizontal distance and hence lhe cor­
rection is always subtractive. 
Let 
AB = L = inclined lenglh measured 

AB, =horizontal lenglh 

A • a, ·-a·-·-·-·-·-·-·-·---·-·-· 

~ 1. 

'~1. 
FIG. 3.29. CORREGnON FOR SLOPE. 

I 
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· h.= difference in elevation between lhe ends 
Cv=.slope 

Then 

correction, or correction due to venical aligmnent 
Cv=AB -AB, = L- ~L'- h2 

= L- L I - 2L2 - 8L4 = 2L + 8L3 + .... 
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( 
h

2 h'] h2 
h' 

term may safely be neglected for slopes flatter !han about I in 25. The second 
h' . C = 2L (subtracnve) ... (3.16) Hence, we get 

Let L,, L, .... etc.= lenglh of successive uniform gradients 
h,, h

2
, ... etc.= differences of elevation between lhe ends of each. 

0 hl
1 hl h

2 

The total slope correcnon = 2L, + 2L, + .. .. .. = l: 2L 
2 

If lhe grades are of uniform lenglh L, we get total slope correction= ~ 
If lhe angle (B) of slope is measured instead 

Cv=L -Leos 6 =L (1- cos B) = 2Lsin
2 ~ 

Effect of measured value of slope 6 

of h. the correction is given by 

... (3.17) 

Usually, lhe slope 6 of lhe 
line is measured insmunenrally, 
wilh a lheodolite. In !hat case 
lhe following modification should 
be made to lhe measured value 
of lhe slope. See Fig. 3.30. 

s, 
~~ .... ~~ T 

.... ~~~~ .. 9"" :h, -h 
_.-- oV '5::: .i. . 

........ ------ 18, 

Let h1 = height of lhe 

Then 

instrument at A 
h~ = height of the targer 

at B 
a = measured vertical 

angle 
6 = slope of lhe line 

AB 

r~~' 

FIG. 3.30 

I = measured lenglh of lhe line 
a= a+ Ba. From A A,s,s,, by sine rule, we get 

. (h, - h,) sin (90" + a) "(h"-1 _-c:ch,,_) ccco:.:.s~a smBa- --1 I 
lia." = 206265 (h, - h,) cos a 

I 
The sign of. Ba will .. be obtained by lbe above expression itself. 

h, 

B 

... (3.18i 

! 

1 
i 
f 
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6. Correction for horizontal alignment 
(a) Bad ranging or misalignment 

SURVEYING 

If the tape is stretched out of line, measured distance will always be more and 
hence the correction will be negative. Fig. 3.31 shows the effect of wrong aligmnent. 
in which. AB = (L) is the measured length of the line, which is along the wrong aligmnent 
while the correct aligmnent is AC. Lerd be the perpendicular 
deviation. 

Then 

or 

Ll-ll=dz 

(L+l)(L-l)=d' 

Assuming L = I and applying it to the first parenthesis 
only, we get 

or 

2L(L-l)!! d 2 

d' 
L-1!!-

2L 
d' 

Hence correction c. = 2L 

B 

~d 
A 1 C 

FIG. 3.31 

... (3.19) 

It is evident that smaller the value of d is in comparison to L, the more accurate 
will be the result. 

(b) Deformation of the tape in horizontal plane 
If the tape is not pulled straight and the length 

L, of the tape is out of the line by amount d, then 
dl dl 

c 

C•=-+-
2 L, 2L, 

... (3.20) A a 
(c) Broken base 

Due to some obstructions etc., it may not be 
possible to slot out the base in one continuous straight 
line. Such a base is then called a broken base. 
~Fig. 3.33, le~ AC=~uaight base 

AB and BC = two sections of the broken base 
~=exterior angle measured at B. 

AB=c ; BC=a ; and AC=b. 
The correctiOJ;l 

( Ch) for horizontal align­
ment is given by 

Ch =·(a+ c)- b 

.... (subtractive) 
The length b is given 

by the sine rule 

b2 =a2 + c2 + 2 ac cos~ 

FIG. 3.33. CORRECTION FOR HORIZONTAL AL!GN~:ENT 

:·( 
1 

·•.[ 
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or i+c'-h'=-2accos ~ 
Adding 2ac to both the sides of the above equation, we get 

a'+ c'-b' +2ac=2ac- 2accos ~ or (a+ c)'- b' = 2ac (1- cos~) 
4 . 2 I A 

2ac (1 - cos ~) ac sm 2 " 
.. (a + c)- b = (a + c)+ b - (a + c) + b 

4ac sin2 ! p 
c. = (a + c) - b = -,----.,..._,=..:._ 

(a+ c)+ b 

Taking sin ~ ~ ~ ~ ~ and expressing ~ in minutes, we get 

acP2 sin2 1' c. = '-:'-'"-"=--:-
(a+ c)+ b 

Taking b"' (a+ c) we get 

ac J}2 sin2 I' c. = ---:;:-'-;--,---:-
2 (a+ c) 

= ac ~' x 4.2308 x 10'' 
(a+ c) 

Where ~ Sin2 1' = 4.2308 X 10-8. 

7. Reduction to Mean Sea Level 
The measured horizontal 

distance ihould be reduced to the 
distance at the mean sea level, 
called the Geodetic distance. If 
the length of the base is reduced 
to mean sea level, the calculated 
length of all other triangulation 
lines will also be corresponding 
to that at mean sea level 

Let AB = L = measured 
horizontal distance 

A' B' = D = equivalent 
length at M.S.L. =Geodetic 
M.S.L. · 

h = mean equivalent 
of the base line above 
M.S.L. 

R = Radius of earth 
a = angle subtended at 

the centre of the earth, by 
AB. 

A 
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... [3.21(a)] 

... [3.21(b)] 

... [3.21] 

... [3.21(c)] 

FIG. 3.34. REDUCTION TO MEAN SEA LEVEL 
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D L 
9=-=--

R R+h 
Then 

R ( h )-' ( h l Lh D=L R+h=L I+R =C I-R =L-R 

:. Correction (Cm,,) = L- D = ~h (subtractive) 

8. Correction to measurement in vertical plane 

Some-times, as in case of measurements in mining shafts, it is required 
to make measurements in vertical plane, by suspending a metal tape vertically. 
When a metal tape AB, of length I, is freely suspended vertically, it will 

lengthen by value s due to gravitational pull on the mass ml of the tape. 

In other words, the tape will be subjected to a tensile force, the value 

of which will be zero at bcttom point (B) of the tape, and maximum 

value of mgl at the fixed point A, where m is the mass of the tape 
per unit length. 

Let a mass M be attached to the tape at its lower end B. Consider 
a section C, distant x from the fixed point A. It we consider a small 

length Bx of the tape, its small increment Ss.f in length is given by Hooke's 
law 

p (8x) 
OSx=AE , 

where P =pull at point C, the value of which is given by, 

P=Mg +mg (1-x) 

or 

Substituting this value, we get 

os, I AE-=Mg+mg -mgx 
ox 

mor2 

Integrating, AE s, = Mg x + mglx - "-'=- + C 
2 

Whot:-n r.,... n :!!"!~ ~ ,... " ~ril::? -,,:::: t.:.·. _ ,... 

s,=~ [M +-
2

1 m (21-x)] 
AE 

lfx=l, s=~[ M+~] 
When M=O, _ mgl 2 

S- 2AE 

SURVEYING 

... (3.22) 

A 

.1 
"+1' 

B.., 1 
Mass M 

FIG. 3.35 

... (3.23 a) 

... (3.23 b) 

... (3.23) 

Taking into account the standardisation tension factor, a negative exrensi~n must be 

'allowed ,initially a< the tape is not tensioned up to standard tension or pull {P
0
). Thus, 

the general equation for precise measuremems is 

gx[ t Po] s,= AE M+ 2 m(21 -x>--g ... (3.24) 

See example 3.19 for illustration. 

I 
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Example 3.10. A tape 20m long of standard length a1 84 'F was used to measure 

a line, the mean temperature during measurement being 65°. The measured distance was 
882.10 metres, the following being the slopes : 

2 ' 10' for IOO m 
4'12' for I 50 m 
I ' 6' for 50 m 
7' 48' for 200 m 
3'0' for 300 m 
5 ' 10' for 82.10 m 

Find the true length of the line if the co-efficient of expansion is 65 X 10- 'per I' F. 

Solution. Correction for temperature of the whole length = C, 

=La (Tm ~To)= 882.1 X 65 X 10- 7(65- 84) = 0.109 m (Subtractive) 

Correction for slope= J:/(1 - cos 9) 

= !00 (I -cos 2' 10') + !50 (I -cos 4' 12') +50 (I -cos I' 6') 

+ 200 (I -cos 7' 48') + 300 (I - cos 3') + 82.10 (I - cos 5' 10') 

= 0.071 + 0.403 + 0.009 + 1.850 + 0.411 + 0.334 

= 3.078 (m) (subtractive) 

Total correction= 0.109 + 3.078 = 3.187 (subtractive) 

:. Corrected length= 882.1- 3.187 = 878.913 m. 

Example 3.11. (SI Units). Calculflte the sag correction for a 30 m steel under a 
pull of IOO N in three equal spans of 10 m each. Weight of one cubic em of steel 
= 0.078 N. Area of cross-section of tape = 0.08 sq. em. 

Solution. Volume of tape per metre run = 0.08 x 100 = 8 em' 

Weight of the tape per metre run= 8 x 0.078 = 0.624 N 

:. Total weight of the tape suspended between two supports = W = 8 x 0.078 x 10 = 6.24 N 

,-_ -. '1f:(•P!.)1 r:!!W 2 3 ~- J0 Y (6.2!")2 

~~uw ~..:orrecnon or sag= Ls = --- = -- = = 0.004H7 m. 
24 P2 24 P2 24 (100)2 

Example 3.12. A steel tape 20 m long standardised at 55' F with a pull of 10 

kg was used for measuring a base line. Find the correction per tape length. if the temperature 
ar the time of measurement was 80 'F and the pull exened was I6 kg. Weight of I cubic 

em of steel = 7.86 g, Wt. of rape= 0.8 kg and E = 2.I09 x IO' kg/em'. Coefficient of 

expansion of tape per I'F=6.2xio-•. 

Solution. Correction for temperature= 20 x 6.2 x 10 - 6(80 - 55) = 0.0031 m {additive) 

. (P- Po)L 
Correcuon for pull- AE 

Now, weight of tape= A (20 x 100)(7 .86 x 10- 3
) kg = 0.8 kg (given) 

A= 
7

_
8
°68

x 
2 

= .0.051 sq. em 

II !r 

'I . ' 

[ 
,, 
J. 

1_'1 
,, 
j 
' :il 
:11 

:I 
1 
I 

·.I 
, 
' " i 
!1 
:'I 
~ 
1.1 
" II 
~! 

ii • 6 ,, 

I • I 

'I I j 
" 

I 
I 



70 

Hence, c, = (!6 - 10) 20 
6 

= 0.00112 (additive) 
0.05! X 2.JQ9 X 10 

' 2 

Correction for sag= l,(wl,y = 20<0·8\ = 0.00208 m (subtractive) 
24 P' 24 (16) 

SURVEYING 

:. Total correction= + 0.0031 + 0.00112-0.00208 = + 0.00214 m 

3.11. DEGREE OF ACCURACY IN CHAINING 

Some conditions affecting the accuracy are (I) fineness of the graduations of the 
chain (ii) nature of !he ground, (iii) time and money available, (iv) weather etc. The error 
may be expressed as a ratio such as 1 In which means there is an error of 1 unit in 
the measured distance of n units. The value of n depends upon the purpose and extent 
of the different conditions: 

(I) For measurement with invar tape, spring balance, thermometers, etc. I in 10,000 

(2) For ordinary measurements with steel tape, plumb bob, chain pins etc.! iti 1,000 
(3) For measurements made with tested chain, plumb bob, etc. I in 1.000 

(4) For measurements made with chain under average conditions I in 500 
(5) For measurements with chain on rough or hilly ground 1 in 250 

3.12. PRECISE LINEAR MEASUREMENTS 

In the linear measurements of high degree of precision, errors in measurements must 
be reduced to a far degree than in ordinary chaining. The method of linear measurements 
can be divided into three categories : (1) Third order (2) Second order, (3) First order 
measurements. 11Urd order measurements, generally used in chain surveying and other minor 
surveys have been described in the previous articles. Second order measurements are made 
in lhe measurement of traverse lines in which theodolite is used for measuring directions. 
Firsc order measurements are used in rriangulation survey, for the determination of the 
length of base line. 

1. SECOND ORDER LINEAR MEASUREMENTS 

The following specifications of second order chaining• are taken from Monual 20. 
;.;;;.;.iJ..,;J. Ho.HiiVJliaL Co;w-ui Surveys Io supplemem liZe .furutamemal Net, published by American 
Society of Civil Engineers. · 

1. Method. Length measurements should be made with 100 ft. tapes of invar or 
of sreel, supported either at the 0 ft. and 100 ft. marks only, or throughout the entire 
tape. The two point support method can be adapted to all ground conditions and, therefore. 
is used almost exclusively. The supported throughout method should be used chiefly for 
measurements on rail road rails. It can be used on concrete road surfaces, but even wberi 
great care is taken, the wear on the tape is excessive. Reduction in cross-sections due 
to wear increases the length of the tape under wnsion because of the increased srrerch 
and decreased sag. 

used. 
If possible, measurements should be made on hazy days, unless an invar tape is 
Measurement over bridges or other structures should always be made on cloudy days. 

• "Surveying Theory and Practice" by John Clayton Tracy. 

r 
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or at night, and should be repeated several times to overcome errors due to the expansion 
of the structure. 

2. Equipment. The equipment for one taping party should consist of the following: 
One tape ; five to ten chaining tripods; one spring balance": two standardized thermometers: 

two tape stretchers ; two rawhide thongs ; five to ten banker's pins for marking; two plumb 
bobs ; adhesive tape, 112 in. and I in. widths ; one keel ; fifty stakes, 2 in. by 2 in. 
by 30 in ; one transit, preferably with attached level ; one self-suptiorting target ; one level 
(if no transit level is available) ; one level rod, graduated to hundredths of a foot ; two 
folding rules graduated to tenths of feet ; one brush hook, one hatchet ; one machete ; 
one 6 lb. or 8 lb. hammer to wooden maul ; one or two round-end shovels ; record books 
and pencils. 

3. Personnel. The minimum taping party consists of the chief (who acts as marker), 
recorder, tension man, rear tapeman and instrument man. A level man must be added if 
the transit is not equipped with a level or if a hand level is used. 

4. Field Procedure : tape supported at two points. A target is set at the point 
towards which measurement is to be made, and the tripods are distributed roughly in 
posirion. The transit is set up at the point of beginning and sighted on the target. Although 
alignment by transit is not necessary, it increases the speed of the party greatly. If the 
beginning point is not readily accessible to the tape, a taping tripod is placed under the 
instrument. carefully in order not to disturb it, and the starring point is transferred to 
the edge of the top of the taping tripod by the instrument plumb bob. The tripod is 
not removed until the taping of the section is completed. 

The tape is stretched out in the line of progress with the 100 ft. mark forward, 
and a thermometer is anached at the 2 ft. mark with adhesive tape so that the bulb is 
in contact with the measuring tape, but free from adhesive tape. A loop of rawhide or 
string is passed through the eye of the tape at the zero end, and tied 6 to 18 in. from 
the tape. The tape end is laid on the starting tripod. A rear tapeman passes his stretcher 
through the loop and places the lower end of the stretcher on the ground against the 
outside of his right foot. The upper end is under his right arm and behind his shoulder. 
In ihis posiuon, he ieans over the tape to see rhat the zero graduation Is held exactly 
on the mark. This is readily controlled by adjusting his stance. However, he may find 
it helpful to grasp the tape near its end and behind the mark, applying a slight kinking 
force, just sufficient to control the position of the zero graduation. 

The tension man passes his stretcher through a 6-in. loop of rawhide anache<\ to 
the spring balance, snaps the spring balance to the tape, and using the same position employed 
by the rear tapeman, applies a 200 lb. tension. 

The chief of the party who acts as marker places a tripod in line (as directed by 
the instrument man) and under the 100 ft. graduation. The tension man slides his rawhide 
thong until the tape just clears the top of the tripod. The marker must see that the 
tape is dry, clean and free from all obstructions and may run a light sag along its entire 
length at this time to remove any moisture or dirt. The marker gently depresses the tape 
to touch the marking surface of the forward tripod and, on a signal from the tension 
man that he has exactly 20 lb., and from the rear tapeman lhat the mark is right. he 
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marks the tripod at !00 ft. mark. When· the tripod has a wooden top, the mark may 
be made with hard pencil or with a T-shaped banker's pin which is forced into the 
wood to mark the point, and is always left sticking in the tripod. Bristol board of the 
thickness of the tape may be secured to the top of the tripod with Scotch marking tape, 
so that the edge of tape butts against the edge of the Bristol board. The terminal mark 

of the tape can then be transferred to the board with a marking awl or a sharp, hard 
pencil. The Bristol board can be renewed at any time. On the heavier type of tripod. 
the mark may be made on the strip of white adhesive tape attached temporarily to the 
top of the tripod. Tension is released slowly, then re-applied for a check on the marking, 
signals from the tension man and rear tapeman being repeated. The recorder obtains 
the temperature from the rear tapemen, holds the rod on the tops of the chaining tripods 
for the insoument man and records the rod readings. A record is made for each individual 
tape length or partial tape length, which includes the length used. the temperature and 
the inclination. 

The .marker moves back to support the centre of the tape. and it is then carried 
forward, the tape being held clear of all contacts by the marker, the tension man and 
the rear tapeman. After the second tape length is measured, the recorder may begin picking 
up the tripods. He can carry about five of these, to be distributed later to the entire 
party. When it is necessary to bring the transit up, one of the tripods is placed accurately 
on line and the instrument is set up over it. For distance of less than a tape length, 
the tape is read independently by both the chief of party and the recorder. If the reverse 
side of the tape is graduated in metres, the .. metric reading should be recorded as well. 

The bead of the tape is carried beyond the end point, the zero mark being at the back 
tripod as usual. If the set up is more than 50 ft., a 20 lb. tension is used; otherwise 
a ·pull of !0 lb. is used ; this affords a close approximation for proportional application 
of the standard tape correction. 

5. Field procedure : tape supported throughout. When the tape is supported throughout. 

the procedure is much the same as in the foregoing description. except that no transit 
aligmnent is necessary on railroad rails. The rails themselves are sufficiently accurate. 
Stretchers are placed in from the foot. which is nlaced on the base of the fulcrum. The 
recorder must aid the rear rapeman in making conract. On railroad rails or asphalt roads. 
marks can be made with a sharp awl, but on concrete surfaces a piece of adhesive tape 
should be smck to the pavement and marked with a bard pencil. 

6. Backward Measurement. It is best to measure' each section in two directions. '.•l· 
.. , . 

Although this is not demanded by the accuracy required, it provides the only proper check . 
against blunders. The results, reduced for temperature and inclination should agree within .-: 

one part in 30,000. 

7. Levelling. Levelling may be done with a surveyor's level. the attached level '·t 
on a transit, or hand level or a clinometer. All have been used successfully, but the first 
two increase both speed and precision. When a surveyor's level or a transit level is used. 
readings are taken to hundredth's of a foot on the tops of the tripods. A reading is taken 

on the same tripod from each of the two instrument positions, when the instrument is 
moved. and care. taken to denote which reading was obtained from each position. 
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An extra man should be available when the hand level is used. He should carry 

a Ught notched stick to support the level, and standing near the 50 ft. mark. should take 
a reading to tenths of a foot on both tripods for each tape length, recording the difference 

in elevation. Collapsible foot rules, graduated to tentha of a foot, should be carried by 
the tension man and the rear tapeman for the leve!man to sight on. The clinometer is 
most successfully employed when 4 ft. taping tripods are used. It is placed on one tripod 
and sighted on a small target on ·the next tripod. The angle of inclination or the percentage 

grade is recorded. 
8. Field Computations. The 

either in the field or in the field 

measurements should be reduced as soon as possible. 
office. A fonn for computation is given below 

ON FOR REDUCING MEASUREMENTS .......... ,.. ......... --··- -----
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2. FIRST ORDER MEASUREMENTS : BASE LINE MEASUREMENTS 
_.:-,.~co ...,; h~~~ '!"le::~c:nrinP" ::l!'naratus : (A) Rigid bars, and (B) Flexible 

TI-:.-:-:-e .. :~ 
apparatus. 
(A) Rigid Bars 

Before the introduction of invar tapes, rigid bars were used for work of highest 

precision. The rigid bars may be divided into two classes : 
(I) Contact apparatus. in whi~h the ends of the bars are brought into successive 

contacts. Exatnple ; The Eimbeck Duplex Apparams. 
(i!) Optical apparatus, in which the effective lengtha of the bars are engraved on 

them and observed by microscopes. Example: The Colby apparatus and the Woodward Iced 

Bar Apparatus. 
The rigid bars may also be divided into the following classes depending upon the 

way in which the uncertainties of temperature corrections are minimised : 
(i) Compensating base bars, which are designed to maintain constant length unde1 

varying temperature by a combination of two or more metals. Example : The Colby Apparatus. 

ll 

! 
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(il) Bimeto11ic non;compensating base ban, in which two measuring bars act as a 

l>imetallic thermometer. Example : The Eimbeck Duplex Apparatus (U.S. Coast and Geodetic 

Survey), Borda's Rod (French system) and Bessel's Apparatus (German system). 

(iir) Monometallic base bars, in which the temperature is either kept constant at 

melting point of ice, or is otherwise ascertained. Example : The Woodward Iced Bar Apparatus 

and Struve's Bar (Russian system). 
The Colby Apparntus (Fig. 3.36). This is compensating and optical type rigid bar 

apparatus designed by Maj-Gen. Colby to eliminate the effect of changes of temperature 

upon the measuring appliance. The apparatus was employed in the Ordinance Survey and 

the Indian Surveys. All the ten bases of G.T. Survey of India were measured with Colby 

Apparatus. The apparatus (Fig. 3.36) consistS of two bars, one of steel and the other 

of brass, each 10 ft. long and riveted together at the centre of their length. The ratio 

of co-efficientS of linear expansion of these metals baving been determined as 3 : 5. Near 

each end of the compound bar, a metal tongue is supported by double conical pivotS held 

in forked ends of the bars. The tongue projectS on the side away from the brass rod. 

On the extremities of these tongues, two minute marks q and a' are put, the distance 

between them being exactly equal to 10' 0". The distance ab (or (a' b') to the junction 

with the steel is kept ~ ths of distance ac (or a' c') to the brass junction. Due to cbange 

in temperature, if the distance bb' of steel change to b, b,' by an amount x, the distance 

cc' of brass will change to c1c,' by an amount ~ x, thus unahen'ng the positions of dots 

a and a'. The brass is coated with a special preparation in order to render it equally 

susceptible to change of temperature as the steel. The compound bar is held in the box 

at the middle of itS length. A spirit level is also placed on the bar. In India, five compound 

bars were simultaneously employed in the field. The gap between the forward mark of 

one bar and the rear bar of the next was kept . constant equal to 6" by means of a framework 

based on the same principles as that of the 10' compound bar. The framework consists 

of two microscopes, the distance between the cross-wires of which was kept exactly equal 

to 6". To stan with. the cross-wires of the first microscope of the framework was brought 

;!"....., !:'"~!1~~1e~':'~ •.· .. :~~ the plarlr,~~ ':!0!, ~"'~ lr:~c the centre cf the ::me e~treT.ity l")f the 

base line. The platinum dot a of the first compound bar was brought into the coincidence 

with the cross-hairs of second microscope. The cross-hairs of the first microscope of the 

second framework (consisting two microscopes 6" apan) is then set over the end a' of 

the first rod. The work 
is thus continued till a 
length of 
(IQ' X 5 + 5 X 6") =52' 6" 

is .measured at a time with 
the help of 5 bars and 
2 frameworks. The work 
is thus continued till the 
end of the base is reached. 

14-------to·o·------->1 

b1 teel 

II 
FIG. 3.36. TilE COLBY APPARATUS. 
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(B) Flexible Apparntus 

In the recent years, the use of flexible instrumentS bas increased due to the longer 

lengths thst can be measured at a time without any loss in accuracy. The flexible apparatus 

consistS of (a) steel or invar tapes, and (b) steel and brass wires. The flexible apparatus 

bas the following advamages over the rigid bars : 

(r) Due to the greater leng91 of the flexible apparatus. a wider choice of base sites 

is available since rough ground with wider water gaps can be utilised. 

(ii) The speed of measurement is quicker, and thus less expensive. 

(iii) Longer bases can be used and more check bases can be introduced at closer 

intervals. 
Equipment for base line measurement : 

The equipment for base line measurement by flexible apparatus consistS of the following: 

I. 

2. 

3. 

Three standardised tapes : out of the three tapes one is used for field measurement 
and the other two are used for standardising the field tape at suitable intervals. 

Strairting device, marking tripods or stakes and supporting tripods or staking. 

A steel tape for spacing the tripods or stakes. 

4. Six thermometers : four for measuring the temP.,ature of the field and two 
for standardising the four thermometers. 

S. A sensitive and accurate spring balance. 

The F1eld Work 

The field work for the measurement of base line is carried out by two parties 

(I) The setting ow pany consisting of two surveyors and a number of porters, have 

the duty to place the measuring tripods in alignment in advance of the measurement, and 
at correct intervals_. 

(2) The measun'ng pany, consisting of two observers, recorder, leveller and staffman, 

for actual measurementS. 

The base line is cleared of the obstacles and is divided into suitable sections of 

i to I kilometre in length and is accurately aligned with a transit. Whenever the alignment 

changes, stout posts are driven firntly in the ground. The setting out pany then places 

the measuring tripods in alignmentS in advance of the measurement which can be done 
by two methods : 

(i) Measurement on Wheeler's method by Wheeler's base line apparatus. 

(ir) Jaderin's method. 

(r) Wheeler's base line apparntus (Flg. 3.37) 

The marking stakes are driven on the line with their tops about 50 em above the 

surface of the ground, and at distance apan slightly less than the length of the tape. On 

the tops of the marking stakes, strips of zinc. 4 em in width, are nailed for the purpose 

of scribing off the extremities of the tapes. Supporting stakes are also provided at interval 

of 5 to 15 metres, with their faces in the line. Nails are driven in the sides of the 

supporting stakes to carry hooks to support the tare. The pointS of supportS are set either 
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on a uniform grade between the marking stakes or at the same level. 

to the other end of the straining tripod to apply a uniform pull. 
A weight is attacbed 

n Stralnlng 
1 1pote 

~~~ l 
,),\,,,,,!:tl l __ 

marking stake 
stake 

Zink strip 

FIG. 3.37. WHEELER'S BASE LINE APPARATUS. 

(] 

To measure the length, the rear end of the tape is connected to the straining pole 

and the forward end to the spring balance to the other end of which a weight is attached. 

The rear end of the tape is adjusted to coincide with the mark on the zinc strip at ihe 

top of the rear marking slake by means of the adjusting screw of the side. The position 

of the forward end of the tape is marked 01i the zinc strip at the top of the forward 

marking slake after proper tension has been applied. The work is thus continued. The 

thermometers are also observed. 

(iz} Jaderin's method (Fig. 3.38) 

In this method introduced by Jaderin, the measuring tripods are aligned and set at 

a distance approximately equal to the length of the tape. The ends of the tapes are attached 

to the straining tripods to which weights are attached. The spring balance is used to measure 

the rension. The rear mark of ¢.e tape is adjusted to coincide with the mark on rear 

measuring tripod. The mark on the forward measuring tripod is then set at the forward 

mark of the tape. The tape is thus suspended freely and is subjected to constant tension. 

Ao aligning and levelling telescope is also sometimes fitted to the measuring tripod. The 

levelling oh~ervations ~re m::~de J,y ::~ level :md ::. li?-ht !ltaff fitted with ::~ mbber p~d for 

contact with the tripod heads. The te~ion applied should not be less than 20 times the 

weight of the tape. 

Straining 
tripod 

Straining 
tripod 

A\/~-- 71\/t\ 
7771CIIII///I//IIII/IIIIII!IIIIIIII/IIIIl/177777TTT17 

Rear Forward 
measuring tripod measuring tripod 

FIG. 3.38. JADERIN'S METHOD. 
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Measurement by Steel and Brass Wires : Principle of Bimetallic Thermometer 

The method of measurement by steel and brass wire is based on laderin's application 

of the principle of bimetallic thermometer to the flexible appararus. The steel and brass 

wire are each 24 m long and-1.5 to 2.6 mm in diameter. The distance between the measuring 

tripods is measured first by the steel wire and then by the brass wire by Jaderin metbod 

as explained above (Fig. 3.38) with reference to invar tape or wire. Both the wires are 
nickel plated to ensure the same temperature conditions for both. From the measured lengthS 

given by the steel and brass wires, the temperanue effect is eliminated as given below: 

Let Ls = distance as computed from the absolute length of the steel wire 

L, = distance as computed from the absolute length of the brass wire 

as = co-efficient of expansion for steel 

o.• = c<HOfficient of expansion for brass 
D = corrected distance 
T m = mean temperature during meas~:~rement 

Ts = temperature at standardisation 
T = T m - Ts = temperature increase 

Now D = L,(l + a., T) = Lb(l + a., T) 

or T(Lb a,- L, o.,) = L, -L, 

Substituting 

T- L,-L, 
Lb ctb Ls O.s 

this value of T in (1) for steel wire, we get 

D=L) I+ o.,(L,-L,) l 
l Lbab-Lsas 

. . Correction for steel wire = D - Ls 

= + L, o.,{L, - L,) ~ + o.,{L,- L,) 
Lb ctb Ls as --=o.:-,----:o.:-,~ 

with sufficient accuracy. 

~uniiariy, ~.;omxuon 1ur Drass win:= D- Lt, ~ ;- 'Jt/!.-- !.L' 
ctb- as 

... (0 

... (2) 

... (3.25) 

... .;).26) 

The corrections can thus be applied without measuring the temperature in the field­

The method has however been superseded by the employment of invar tapes or wires-

Example 3.13. A nominal distance of 30 metres was ser our wizh a 30 m sreel 

rape from a mark on rhe rop of one peg ro a mark on rhe rop of anozher, rhe rape 

being in catenary under a pull of 10 kg and ar a mean temperature of 70 " F. '[he 

top of one peg was 0. 25 metre below rhe rop of rhe other. The top of rhe higher peg 

was 460 metres above mean sea level. Calculate the exact horizontal distance between the 

marks on rhe rwo pegs and reduce ir ro mean sea level, if rhe rape was standardised at 
a temperature of 600F, in catenary, under a pull of (a) 8 kg, (b) 12 kg, (c) JO kg. 

Take radius of earth = 6370 km 

Density of rape = 7.86 g/cm' 
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Section of tape 

Co-ejfident of expansion 

Young's modulus 

Solution. 
(i) Correction for slalldardisation 

{il) Correction for slope 

(iir) Temperature correction 

(iv) Tension correction 

(a) When Po = 8 kg 

Tension correction 

(b) When Po= 12 kg, 

Tension correction 

= 0.08 sq. em 
= 6 x Jtr per l'F 

= 2 x 10' kg/cnr. 

=nil 

SURVEYING 

h' (0 25)2 

= 
2 

L = 
2 
~ 

30 
= 0.0010 m (subtractive) 

= L 0 a (Tm- To)= 30 X 6 X 10- 6 (70- 60) 

= 0.0018 m (additive) 
(P- Po)L 

AE 

(10 - 8)30 = 0.0004 m. (additive) 
6 . 

0.08 x2~ 10 

(10- 12)30 _ 0_0004 m (subtractive) 
- 6 

0.08 X 2 X 10 

(c) 

(v) 

When Po = 10 kg, Tension correction = zero 

. LW' 
Sag correcnon = 

24 
P'-

Now weight of tape per metre run = (0.08. x I x 100) x ~a: kg= 0.06288 kg/m 

:. Total weight of tape = 0.06288 x 30 = 1.886 kg 

( ) Wh P 8 k 
. 30 X (1.886)') 30(1.886)0 

a en o = g, sag correction 
2 2 24(8) 24(10) 

= 0.0695 - 0.0445 = 0.0250 (additive) 

30(1.886)' 33(1.886)' 

24(12>' 24(10)1 (b) When Po = 12 kg, sag correction 

= 0.0309 - 0.0445 = - 0.0136 m (subtractive) 

(c) When Po= 10 kg = P, sag correction is zero. 

Final correction 
(a) Total correction=- 0.0010 + 0.0018 + 0.0004 + 0.0250 m = + 0.0262 m. 

(b) Total correction=- 0.0010 + 0.0018 - 0.0004- 0.0136 =- 0.0132 m 

(c) Total correction=- 0.0010 + 0.0018 + 0 + 0 = + 0.0008 m 

Example 3.14. (Sl units). It is desired to find the weight of the rape hy measuring 

its sag when suspended in CJllenary with both ends level. If the rape is 20 metre long 

and the sag amounts to 20.35 em aJ the mid-span under a tension of 100 N, what is 

the weight of the tape ? 

~ 

J 
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or 

Solution. 
From expression for sag, we have 

h = wl, d1 

8P 

But h = 20.35 em (given) 

Taking 1, = d1 (approximately), we get 

h = wl? 
8P 

w = 8Ph = 8 x 100 x 20.35 N/m = 0.407 N/m 
/1l 20 X 20 JOO . 
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Example 3.15. Derive an expression for correction to be made for the effeds of 

sag and slope in base measurement, introducing the case where the tape or wire is supponed 

aJ equidisrant points. between measuring pegs or tripods. 

Solution. (Fig. 3.39) 

In Fig. 3.39, let tape be sup­
ported at A and B, and let C be 
the lowest point where the tension 
is horizontal having value equal to 
P. Let the horizontal length be 
/ 1 and 11 such that /1 + I, = I. Let 

s1 and s, be the lengths along the curve 

such that s, + s, = s = total length along 
the curve. Let a = difference in 
elevation between A and C, and b 
= difference in elevation between B 
and C. Let h = b - a = difference 

s, 

t-----r,----

FIG. 3.39 

in level between B and A. Treating approximately the curve to be parabola. the equations 

are : 

y=k,x', for CA 

where the origin is at C in beth the cases. 

Now, when x=l1, y=a; 

and, When x=h. y=b; 

Hence the equations are 

ax' 
y=- for CA 

1.' 
!!l = 2ar for CA 
d:t. 1.' 

Thus. the length of the curve . 

and 

and 

and y =kzx', for CB 

. . kl = .!!._ 
I( 

k, = .!'.. 
[,' 

' 
Y _bx for CB 

- ' [, 

!!l__ 2bx for CB 
d:t. - 1,' 

., 
ll 
l 
' 

1 
! 
I 
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and 

s = S1 + s, = ~1 !I + ( ~ J' ) dx + t II + ( Z~x J' l dx 

[ ~ a' b')] 2(a' b
2

) = 11+1,+ -+- =1+- -+-
3 II [, 3 II I, J 

Again, from the statics of the figure, we get 

Substiruting 

wl 2 w/ 2 

P x a= T for C4, aod P x b = T for CB 

P= wl1
2 

= wll 
2a 2b 

a b 
l;l = 11 

these values in (1), we get 

1 
' 2 

s-1=~ (~) l13 +(~) 3 2P . 2P 
')-.!. w' (li +It) I, - 6 p' 

Now, writing 1~=~1-e aod l,=~l+e, we get 

(s-f)= (sag + level) correction 

w' 'i' ' 
= ! P' [( tz- e)'+ n I+ e)

3
] = 6 wp' 1 ~+~I (I,- 11)

2 i 
w2l 3 w2 l 2(iz -l1)2 l (wli w2 U·2 t?l 

=--+-- =--+--. 
24P2 8 P 2 • I 24P 2 8 P' I 

Now from (3), 
b I ' I' ' ' -a_,- 1 d fr (2) w _a ----- an om , ----

a It' 4.P 2 
/1

4 

:. ~ . (1,' -li)' _ a' . ( b - a . 1, )'!. = (b - a)' = /i
2 

8 P' I 2 11' a 
1 

I 2 I 2 I 

Substimting in (4), we get 

~'-

SURVEYING 

·:·~ 

... (I) 

... (2) 

... (3) 

... (4) 

(s-f)=--+- ·. I (wl)' h' ··t 
24 P' 2 I , 

Thus, the total correction is the swn of the separaJe corrections for sag and slope. . ; .·. 
Example 3.16. A flexible. uniform, inextensible tape of total weight 2W hangs freely 

between two supports at the same level under a tension T at each support. Show that 

·horizo/IJIJJ distance between the supports is -~·" 

where 
length. 

H T+W 
-logc-­
w T-W '~·· H = horizol!lal tension at the cel!lre of the tape and w = weight of tape per unit .,1, 

Solution 
Fig. 3.40 (a) shows the whole tape, being hung from two suppons A aod B. Let 

0 be the lowest point, which is the origin of co-ordinates. Fig. 3.40 (b) shows a portion •;II 

'111=-

·""t~: 
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T 
T OM of ,the tape, of lengths, such 

that the horizontal tension at 0 
is H. aod the tension P at point 
M makes an angle IV with the 
x-axis. Resolving forces vertically 
and horizontally for this portion 

of tape, 

; .·a 

P sin IV = w . s ... (I) 
Pcos IV=H ... (2) 

' ' 
: .. 1 
' ' ' 

0' ----·-·-·---"~~.l.-J 
1+----.: " 

L=2x'------+1 
(a) 

w. s 
taniV=n 

(From I and 2) H 

p 

~ey 
Differentiating with respect o 

to x, 

2 diV_~d< 
seciVdx-Hdx ... (3) 

Now, from the elemental 
niangle [Fig. 3.40 (c)] 

or 

ds =sec IV 
dx 

2 dl.jl_~secw 
seciV.dx-H 

dl!l -~ 
seciV.dX-H 

dx 

(b) (c) 

FIG. 3.40. 

... (4) 

Let x' be half the length of tape, and IV' be the inclination of tangent at the end. 

lmegrating Eq. (4) from 0 to B, we get 

f•. f" 

or 

or 

sec IV diV = ~ dx 

• 
[log.(sec IV+tan IVl]: =-jjx' 

H [ .s.ec=._:o:IV,_' +:_tan::::_IV!_' ) 
.t' =- loge-

w 1 +0 

x ' =!!. log, (sec IV' + tan IV') 
w 

Again, resolving vertically for one-half of the tape, 

Also, 

T sinw'=W or 
w 

sin w' =r· 
cos 111' = ~sini lV' = ..fr'::: W' 

tan \II' = ___!r . =-r' . -W 

... (5) 
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Substituting lhe values in Eq. (5), we get . 

H [ T W l H [ T+ W l 
x ' = w log, ~T' - W' + ~Tl - W' = w log, yT' - W' 

H -~ 1H T+W 
=-log,"'/~-- =--log,--

w T-W 2w T-W 

The IOta! horizontal distance = 2 x ' 

H T+W 
=-1oge--

w T- W 
(Hence proved) 

Example 3.17. A field rape, standardised at 1B•c measured 100.0056 m. 

Detennine the temperature at which it wiU be exactly of the nominal length of 100 

m. Take a= 11.2 X w-• per ·c. 

Solution : Given 81 = 0.0056 m ; T, = 18° C 

81 
New standard temperature To' = To ± Ia 

= 18• -
0·0056 = 18•- 5• = 13• c 

100 X 11.2 X 10-0 

Example 3.18. A distance AB measures 96.245 m on a slope. From a theodolite 

set at A, with instrument height of 1. 400 m, staff reading taken at B was 1. 675 m with 

a venical angle of 4" 30' 4()", Determine the horizontal length of the line AB. What will 

be the error if the effect were neglected. 

Solution : Given h, = 1.400 m; h, = 1.675 m; a = 4• 30' 20" ; I = 96.245 m 

Sa"_ 206265 (h,- h,) cos a 206265 (1.400- 1.675) cos 4• 30' 20" 

· I 96.245 

If lhe 

= - 588n = - 0° 09' 48" 

9 =a+ Oa = 4° 30' 20" - oo 09' 48" = 4°20' 32" 

J..Jn..;·mm~~ l<>n~l. 1 ,... / ... nc-A- o.< "!-1" ':'"~,to ?I)' ?7"- o~_oe;,c; 

effect were neglected, L = 96.245 cos 4• 30' 40" = 95.947 m 

Error= 0.019 m 

Example 3.19. (a) Calculate the elongation at 400 m of a 1000 m mine shaft measuring 

tape hanging vertically due to its· own mass. The modulus of elasticity is 

2 x Jo' N/mm
1
, the mass of the rape is 0.075 kglm and the cross-sectional area of the 

. tape is 10.2 "'"''· 
(b) 1f the' same· tape is .randordised as 1000.00 m at 175 N tension, what is the 

, true length of the shoft recorded as 999.126 m ? 

Solution 

(a) Taking M = 0, we have 

s_, = mgx (
21

_ x) _ O.Q75 x 9.81 x 400 (2000- 400) 
0

_
115 

m 

2AE 2 X 10.2 X 2 X 10' 

I 
l 

'··' 

·;' 
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(b) s=E-[M+ !'!.(21-x)- Po] 
AE 2 g 

Here x = 999.126, M = 0 and Po= 175 

s 9.81 X 999.126 [ 0 + O.Q75 (2 X 1000- 999.126)- 175 ] 

10.2 X 2 X JO' 2 9.81 

= 0.095 m 

PROBLEMS 

1. Describe different kinds of chains used for linear measurements. 

Explain lhe melhod of testiDg and adjusting a chain. 

83 

2. (a) How may a chain be standardized 1 How may adjustments be made to the chain if 

it is found to be toO long 1 

(b) A field was surveyed by a chain and the area was found to be 127.34 acres. If lhe 

chain used in lhe measurement was 0.8 per cent 100 long, what is the correct area of lhe field? 
(A.M.l.E.) 

3. Explain, wilh neat diagram, the working of lhe line ranger. 

Describe bow you would range a chain line between two points which are not interVisible. 

4. Explain the different methods of chaining on sloping ground. Wbat is bypotenusal allowance? 

5. What are different sources of errors in chain surveying? 

Distinguish clearly between cumulative and compensating errors. 

6. Wbat are different tape corrections and bow are !hey applied? 

7. The lenglh of a line measured wilh a chain having 100 links was found to be 2000 links. 

If the chain was 0.5 link too shon, find the true length of line. 

8. The nue length of a line is known to be 500 metres. The line was again measured with 

a 20 m tape and found to be 502 m. Wbat is lhe correct lenglh of the 20 m tape ? 

9. The distanCe between two stations was measured with a 20 m chain and found to be 

1500 metres. The same was measured witll a 30 m chain and found to be 1476 melres. If the 

20 m cbain was 5 em too short, what was the .error in the 30 metre chain? 

10 A 3(' 11! chain was t~terl J:o.efnre the com_rnencement of !he day's work and found to 

be correct. After chaioing 100 chains, the chain was found to be half decimetre too long. At the 

end of day's work, after chaining a total distance of 180 chains, the chain was found to be one 

decimetre too long. Whai: was the true distance chained ? 

11. A chain was rested before starting the survey, and was found to be exactly 20 metres. 

At the end of the survey, it was teSted again and was found to be 20.12 m . Area of the plan 

of the field drawn to a scale of 1 em = 6 m was 50.4 sq. em. Find the true area of the field 

in sq. metres .. 

12. The paper of an old map drawn to a scale of 100 m to 1 em has shrunk. so that 

a line originally 10 em has now betome 9.6 em. The survey was done with a 20 m chain 10 

em too shan. It the area measured now is 71 sq. em, find the correct area on the ground. 

13. The surveyor measured the distance between two stations on a plan drawn to a scale 

of 10 m to 1 em and the result was 1286 m. later, however, it was discovered that he used 

a scale of 20 m to 1 em. Find the true distance betwCen the stations. 
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14. The distance between two points measured aJong a slope is 126 m. Find the horizontal 

distance between them, if (a) the angle of slope between the points is 6° 30', (b) the difference 

in level is 30 m, (c) the slope is I in 4. 

15. Find the hypotenusal allowance per chain of 30 m length if the angle of slope is 12 o 30'. 

16. Find the sag correction for a 30 m steel tspe under a pull of 8 kg in three equal 

spans of 10 m each. Weight of l cubic em of steel = 7.86 g. Area of cross-section of the Lape 

= 0.10 sq. em. 

17. A steel tape is 30m long at a temperature of 65°F when lying horizontally on the ground. 

Its sectional area is 0.082 sq. em, its weight 2 kg and the co-efficient of expansion 65 x 10-' per 

l
0f. The rape is stretched over three equal spans. Calculate the acruallength ber.veen the end graduations 

under the following conditions : temp. 85°F, pull 18 kg. Take £:;; 2.109 X 106 kg/cm1 

18. A 30 m steel tape was standardized on the flat and was found to be exactly 30 m 

under no pull at 66°F. It was used in catemry to measure a base of 5 bays. The temperature 

during the mearurement was 92 o F and the pull exerted during the measurement was 10 kg. The 

area of cross-section of the tape was 0.08 sq. em. The specific weight of steel is 7.86 g/cm3. 

a. =0.0000063 per l°Fand £=2.109 x 106 kglcm2. 

Find the true lenglb of the line. 

19. {a) What are the sources of cumulative errors in long chain iine? 

(b) What is the limit of accuracy obtainable in chain surveying? 

(c) An engineer's chain was found to be 0'6" too long after chaining 5,000 ft. The same 

chain was found to be 1' 0" too long after chaining a tola.l. distance of 10,000 ft. Find the correct 

length at the commencement of cbaining. (A.M.I.E. May, 1966) 

20. Derive an expression for correction per chain lenglb to be applied when chaining on a 

regular slope in terms of (a) the slope angle and (b) the gradient expressed as 1 in n. 

What is the greatest slope you would ignore if d:te error from this source is not to exceed 

1 in 1500 ? Give you answer {a) as an. angle (b) as a gradient. 

ANSWERS 

2 (b) 129.34 acres 
I. lWU hnks 

8. 19.92 m 
9. 41 em too long 

10. 180.28 chains or 5408:4 m 

II. 1825 sq. m. 
12. 0. 763 sq. km. 

13. 643 m. 
14. (a) 125.19 m (b) 122.37 m (c) 122.24 m 

15. 0.71 m 
16. 0.01206 m 
17. 30.005 rn 
18. 30.005 rn 
19. 10.050 ft. 
20. (a) 2. w (b) I in 27.4. 

I 
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Chain Surveying 

4.1. CHAIN TRIANGULATION 

Chain surveying is that type of surveying in which only linear measurements are 

made in the field. This type of surveying is suitable for surveys of small extent on open 

ground to secure data for exact description of the boundaries of a piece of land or to 

take simple details. 

The principle of chain survey or Chain Triangulation, as is sometimes called, is 

to provide a skeleton or framework consistin of a number of connected triangles, as triangle 

is the only sunp e gure can be plotted from the lenijibs of tiS Stdes measured in 

the field. To get good results in plotting, the framework should consist of triangles which 

are as-Dearly equilateral as possible. 

4.2. SURVEY STATIONS 

A survey station is a prominent point on the chain line and can be either at the 

beginning of the chain line or at the end. Such station is known as main station. However, 

subsidiary or tie station can also be selected anywhere on the chain line and subsidiary 

or tie lines may be run through them. 

A survey station may be marked on the ground by driving pegs if the ground is 

soft. However. on roads and streets etc., the survey station can be marked or located 

by making two or preferably three tie measurements with respect to some pennanent reference 

objects near the station. The more nearly the lines joining the peg to the reference points 

~mcr.o::cc~ .1t ~~g~r ~ng!e~. !he more definitely will the station be fixed. A diagram of lhe 

survey lines with main stations numbered should be inserted in the beginning o!" the ilela 

note book. 

4.3. SURVEY LINES 

The lines joining the main survey stations are called main survey lines. The biggest 

of the main survey line is called the base line and the various survey .stations are planed 

with reference to this. If the area to be surveyed has more than three straight boundaries. 

the field measurements must be so arranged that they can be plotted by laying down the 

triangles as shown in Fig. 4.1 (a) or (b). 

Check lines. Check lines or proof lines are the lines which are run in the field 

to check the accuracy of the work. The length of the check line measured in the fteld 

must agree with its length on the plan. A check line may be laid by joining the apex 
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of !he triangle to any point on 
!he opposite side or by joining 
two points on any two sides of 
a triangle. Each triangle ·must 
bave a check line. For !he frame­
work shown in Fig. 4.1 (a), !he 
various arrangements of !he check 
lines are shown in Fig. 4.2 (a), 
(b), (c) and (d) by dotted lines. 
In Fig. 4.1 (b), !he dotted lines 
show !he arrangements of check 
lines for !he framework. 

~ 
(a) 

FIG. 4.1. 

~QE;3 ' ' : ........ 
/ ' ! ...... 
' 

(a) (b) (c) 

FIG. 4.2 

SURVEYING 

(b) 

(d) 

Tie lines. A tie line is a line which joins subsidiary or tie stations on !he main 
line. The .main object of running a tie line is to take !he details of nearby objects but 
it also serves !he purpose of a check line. The accuracy in !he location of !he objects 
depends upon the accuracy in laying the tie- line. A framework may have One or more 
tie lines depending upon the circumstances (Fig. 4.3). 

0 

~~0 ~ \P o_?~.fi:~~~~":·oooo ,. 
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ARRANGEMENTS OF SURVEY LINES 

e..'J? 
"• 

Land boundary 

FIG, 4.3 

Let us ·take !he case of plottiog a simple triangle ABC. Let a and b represent two 
points A and B correctly plotted wilh respect to each olher and c be the correct position 

I 
I 
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of point C to be plotted. Let !here be some error in !he measuremeru of side AC so 
!hat c' is !he wrong position. The corresponding displacement of !he plotted position of 
C will depend upon the angle ACB. Fig. 4.4. {a) shows !he case when acb is a right 

angle : in !his case the dis­
placement of C will be 
nearly equal to !he error 
in !he side AC. Fig. 4.4. 
(b) shows the case when 
ACB is 60' ; in this case 
!he displacement of C will 
be nearly 1.15 times !he 
error. In Fig. 4.4 (c), !he 

/c 
rtf;_ .. , 
-~00~ ... 

·' 
angle ACB is 30' ; !he dis- a b 

(a) 
a b a 

(b) 

FIG. 4.4. WELL CONDITIONED TRIANGLES. 

(C) 
placement of C will be 
nearly t~ice the error. 
Hence, to get more accurate 
result, angle C must be a 
right angle. If, however, !here is equal liability of error in all !he lhree sides of a triangle. 
!he best form is equilateral triangle. In any case, to get a well-proportioned or well-slwped 
triangle, no angle should be less !han 30'. 
CONDmONS TO BE FULFILLED BY SURVEY LINES OR SURVEY STATIONS 

The survey stations should be so selected that a good system of lines is obtained 

fulfilling !he following conditions : 
(I) Survey stations must be mutually visible. 
(2) Survey lines must be as few as possible so !hat the framework can be plotted 

conveniently. 
(3) The framework must bave one or two base lines. If one base line is used. 

it must run along the lenglh and lhrougb !he middle of !he area. If two base lines are 

used, !hey must intersect in !he form of letter X. 
(4) The Jines musr run through level ground as possiuic::. 
(5) The main lines sho_uld form well-conditioned triangles. 
(6) Each triangle or portion of skeleton must be provided wilh sufficient check lines . 

(7) All the lines from which offsets are taken should be placed close to !he corresponding 

swface fearures so as to get shan offsets. 
~8) As far as possible, !he main survey lines should not pass lhrough obstacles. 
(9) To avoid trespassing, !he main survey lines should fall wilhin !he boundaries 

of !he propeny to be surveyed. 

4.4. LOCATING GROUND FEATURES: OFFSETS 
An offset is !he lateral distance of an object or ground feature measured from a 

survey line. By melhod of offsets, !he point or object is located by measurement of a 
distance and angle (usually 90') from a point on the chain line. When !he angle of offset 
is 90', it is called perpendicular offset [Fig. 4.5 (a), (c)] or sometimes. simply, · offser 

il 
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and when the angle is other 
than 90', it is called an oblique 
offset [Fig. 4.5 (b)]. Another 
method of locating a point is 
called the method of 'ties' in 
which the distance of the point 
is measured from two separate 
points on the chain line such 
that the three points form, as 
nearly as possible an equilateral 
oiangle [Fig. 4.5 (d)]. The 
method of perpendicular offsets 
involves less measuring on the 
ground. 

~ l __ o P-·--·-s 
(a) Perpendicular 

offset 

(c) Perpendicular 
offset 

FIG. 4.5. 

SURVEYING 

~L, P-·-·-·-s 
(b) Oblique 

offset 

(d) Ties 
Offsets should be taken 

in order of their chaioages. In 
offsetting to buildings, check can 

be made by noting the chainages 
at which the directions of the 
Fig. 4.5 (c), (d). 

walls cut the survey line, as shown by dotted lines in 

In general, _an offset should be taken wherever the outline of an object changes. 

In the case of a straight wall or boundary, an offset at each end is sufficient. To locate 

irregular boundaries, sufficient number of offsets are taken at suitable interval and at such 

point where the direction suddenly changes, as shown in Fig. 4.6 (a). In the case of 

a nallah, offsets should be taken to both the sides of its width, as shown in Fig. 4.6 

(b). However, in the case of regular curves with constant width, the offsets should be 

taken to the centre line only and the width should also be measured. 

~ 
-1 I I I I I I I I I I I 

! ! : : ~ ! ! ! ! 1 : : 

(a) '-!...- (b) 

FIG. 4.6. 

Taking Perpendicular Offsets 

Fig. 4. 7 illustrates the procedure for finding the length 

and position of the perpendicular offset. The leader holds the 

zero end of the tape at the point P to be located and the 

follower carries the tape box and swings the tape along the 
chain. The length 'of the offset is the shortest distance from 

the object to the chain obtained by swinging the tape about 

the object as centre. Such an offset is called swing offset. 
The position of the offset on the chain is located by the 

point where the arc is tangential to the chain. 

p 

" '' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

FIG. 4.7 
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Degree of Precision in Measuring the Offsets 
Before commencing the field measurements, one should know the degree of precision 

to be maintained in measuring the length of the offset. This mainly depends on the scale 

of survey. Normally, the limit of precision in plotting is 0.25 mm. If the scale of plotting 

. I 0 . 
2 

X 
0

·
25 

0 05 th 
IS em = 2 m, .25 mm on paper wdl correspond to---w--= . m on e ground. Hence, 

in such a case, the offsets should be measured to the nearest 5 em. On the other hand, 

if the scale of plotting is I em= 10m, 0.25 inm on paper \viii correspon·ct to 

10 X 0.25 
10 

= 0.25 m on the ground. Hence the offset should be measured to the nearest 

is likelihood of changing the scale of plotting at a later stage. 

over-accurate than to be under-accurate. 
25 em. However, if there 
it is better always to be 

Long Offsets 
yl'l. 

.,( b \ 

/ I 
/~ / 

The survey work can be accurately and expeditiously 

accomplished if the objects and features that are to be surveyed 

are near to the survey lines. The aim should always be to 

make the offset as small as possible. Long offset may be 

largely obviated by judiciously placing the main lines of the 

survey near the object or by running subsidiary lines from 

/~ \ 
\'\ ~, 

..,.,.,. a c 1-

the main lines. Fig. 4.8 shows a well-proportioned subsidiary 

triangle abc run to locate the deep bend of the outline of the 

triangle is on the main line and bd is the check line. 

FIG. 4.S. 

fence. The base of the 

LIMITING LENGTH OF OFFSET 
The allowable length of offset depends upon the degree of accuracy required, scale, 

method of setting out the perpendicular and nature of ground. The only object is that 

the error produced by taking longer lengths of offsets should not be appreciable on the 

paper. 
(1) Effect of error in laying out the direction. Let us first consider the effect 

of error in laying out the perpendicular. 
Let the offset CP be laid out from a poinL L: uu i.iu;; 

and let the angle BCP be (90 •- a) where a is the error 

in laying the perpendicular. Let the length CP be I. While 

plotting, the point P will be plotted at P, , CP, being perpendicular 

to AB and of length I. Thus, the displacement of the point 

P along the chain line is given by 

where 

l sin a 
PP,=-- em 

s 
I = length of offset in meters 

s =scale (i.e. I em= s metres) 

.... ha~l li.i.;.. ~v i..i.~.- :J~j:.:--.. !' . 

P, 

p2~----------­
: 
' ' ' ' ' ' ' ' ' ' ' ' ' : 
' •a 

al 
I 
I 
I 
I 
I 
I 
I 
I Taking 0.25 mm as the limit of accuracy in plotting, 

we have ~._._.f.V_·-·-·-·lo ___ .-~ 
FIG. 4.9. 
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(Fig. 

Let 

I sin a 0.25 -s-=w or I= 0.025 s e<>sec a 

Also, displacement of the point perpendicular to the chain line is 

I-I rosa 
P, P2 = CP, - CP,- em (on the paper) 

s 
(il) Combined effect of error due to length and direction 

4.10). 

P = actual position of the point 

CP = true length of the offset 

CP, =I= measured length of the offset 

CP2 = I = ploned length of the offset 

a = angular error 

PP2 = total displacement of P 

/ 

A 

•' •' 
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... (4.1) 

... (4.2) 

.... ,p 
•' 

B 

in r =the accuracy in measurement of the offset FIG. 4_10 

1 em = s metres (scale). 

~ (a) Given the angulnr error, to find tbe degree of accnracy with which the le~gth 
of offset should be measured so that the error due to both the sonrces may he equal. 

Displacement due to angular error = P1 P, = I sin a (nearly) 

Displacement due to linear error = i 
r 

Assuming both the errors equal, we get I sin a = i 
r 

or r = cosec a 

If a = 3', cosec 3' = 19 = r. Hence lhe degree of 

should be 1 in 19. 

... (4.3) 

accwacy in linear measurement 

Similarly, if r = 100, ex= cosec- 1100 = 34' i.e., the offset should be laid out with 

Q..U. iiiA;WQ...,) ui. i.lCGJ.i,Y z , 
}{., (b) Given the scale, to fmd the Umiting length of tbe offset so !bat error due 

to both the sources mny not exceed 0.25 mm on the paper. 

Taking p, p, = p, P and LPP, P, = 90' we have 

pp, = {2 pp1 = {2 i , on the ground. 
r 

Hence the corresponding displacement on the paper will 

this error is not to be appreciable on the paper. we have 

{2 .!...=0.025 

be equal to -f2 i . .!.. If 
r s 

or 

rs 
0.025 

I= --:;r2 rs metres ... (4.4) 

I 
I 
I 
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'Yr. (c) Given the maximum error In the length of the offset, the maximum length 

ofllie offset and the scale, to lind the maximum value of a so that maximum displacement 

on the paper mny not exceed 0.25 mm. 
e = maximum error in measurement of offset (metres) 

PP, = e metres (given) 
Let 

.. pp, on 

Hence 

P, P, = I sin a (approx) 

pp, = ~ t!- + 12 sin' a Approximately (on ground) 

paper=.!.~ e' + 12 sin' ex 
s 

sin' a = ( 6.25s' - t!-) .!_ 
1002 12 

= 0.025 

From which a can be calculated. 

... (4.5) 

'-i!xample 4.1. An offset is laid out 5' from its troe direction on the field. Find 

the resulting displacement of the plotsed point on. the paper (a) in a direction parallel 
to the chain line, (b) in a direction perpendicular to the chain line, given that the length 

of the offset is 20 m and the scale is 10 m to 1 em. 

Solution. 
. . I sin a. 20 sin SQ 

(a) DISplacement parallel to the cham =--em = . - 0.174 em 
s 

( ) D
. . th ha' I (1 - C<lS a) 20 (I 

b !Splacement perpendicular to e c m= s em = 10 - cos 5') 

= 0.0076 em {inappreciable). 

./Example 4.2. An offset is laid oUl 2' from its troe direction on the field. If the 

scale of plotting is I 0 m to I em. find the maximum length of the offset so that the 

displacement of the point on the paper may not exceed 0. 25 mm. 

. Solution 

Displacement ~f ~~f" 
. l sin a l sin 2° 

ry0!nr "'!l t'h~ p<!per = --- = --
1
-"- em 

. . s u 

This should not exceed 0.025 em. 

Hence 

or 

I sin 2' = 0_025 . 
10 

0.025 x 10 = 7.16 m 
l = sin 2o 

v'Example 4.3. An offset is laid oUl I' 30 'from its troe direction on the field. Find 

the degree of accuracy with which the offset should be measured so that the maximum 
displacement of the point on the paper from both the sources may be equal. 

Solution. 

Displacement due to angular error 

Displacement due to linear error 

=lsina 
I 
r 
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Taking both these equal, I sin a =_I_ 
r 

or r = cosec a = cosec l o 30' = 38.20 

Hence, the offset should be measured with an accuracy of I in 39. 

.fil!xample 4.4. An offset is measured with an accuracy of 1 in 40. If the scale of 
plotting is I em = 20 m, find the limiting length of the offset so· thai the displacement of 

the point on the paper from both sources of error may not exceed 0. 25 mm. 

Solution 
-f2I 

The total displacement of the paper = -·- em 
rs 

But this is not to exceed 0.025 em. 
{21 

Hence -- = 0.025 

" 
or I= o~w; X 40 X 20 = 14.14 m 

_fixample 4.5. The length of an offset is 16 m and is measured with a 11UJXimum 
error of 0. 2 m. Find rhe maximum permissible error in laying off the direction of the 
offset so thai the 11UJXimum displacement may not exceed 0. 25 mm on the plan drawn to a scale 
of Icm=40m. 

Solution 

sm a=- -s -e • 2 I ( 6.25 ~ 2 l 
12 1002 

sin a= 1
1
6 ..J (~~2 (40)2

- (0.2)2 = 1~ ~ 0.96 = 0.0612 

or a=3 o 30'·. 

4.5. FIELD BOOK 

The book in which the chain or tape measurements are entered is called the field 
bt;c_l· fr ::- ~~ ~-hlcng book of size s.b01Jt ::!0 em Y ~2 em and opem kngt.i.·,vise. ~h: :~i.a[::: 

requirements of the field book are that it should contain good quality stout opaque paper. 

it should be well·bound and of a size convenient for the pccket. The · chain line may 

be represented either by a single line or by two lines spaced about 1,J; to 2 em apart, 

ruled down the middle of each page. The double line field book (Fig. 4.12) is most commonly 

used for ordinary work, the distance along the chain being entered between the two lines 
of the page. Single line field book (Fig. 4.11) is used for a comparatively large scale 
and most detailed dimension work. A chain line is started from the bottom of the page 
and works upwards. All distances along the chain line are entered in the space between 

.:1; .. ,. 
·~! -· .•. -: 

it; 
;;.· 

,,., 
tlj 

the two ruled lines while the offsets are entered either to the left or to the right of ,,.., 
the chain line, as the case may be. Offsets are entered in the order they appear at the ' 

chain line. As the various details within offsetting distances are reached, they are sketched 

i;t: 

_.,...~ 

and entered as shown in Fig. 4.11 and Fig. 4.12. Every chain line must be staned from 

a fresh page. All the pages must be machine numbered. 
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FIG. 4.tl. SINGLE LINE BOOKING. 
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140.00 

135.00 
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FIG. 4.12. DOUBLE LINE BOOKING. 
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At the beginning of a particular chain survey, the following details must be given: 

(1) Date of survey and names of surveyors 
(if) General sketch of the layout of survey lines 
(iii) Details of survey lines 
(iv) Page index of survey lines 

(v) Location sketches of survey stations. 
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At the starting of a chain or survey lines, the following details should be given: 

(I) Name of the line (say, AB) 

(il) Name of the station marked either by an oval or by a triangle. 
(iii) Bearing of the line (if measured) 

(iv) Details of any other line meeting at the starting point of the survey line. 

4.6. FIELD WORK 

Equipment. The foDowing is the list of equipment required for chain survey or chain 
triangulation : 

(1) A 20 m chain 
(il) 10 arrows 

(iit) Ranging rods and offset rods 
(iv) A tape (10 m or 20 m length) 

(v) An instrument for setting right angles : say a cross staff or optical square 

(VI) Field book, pencil etc., for no1e-keeping 
(vit) Plumb bob 

(viit) Pegs, wooden hammer, chalks, etc. 

A chain survey may be done in the following steps : 
(a) Reconnaissance (b) Marking and fixing survey stations (c) Running survey lines. 

(a) Reconnaissance. The first principle of any type of surveying is to work from 
whole to part. Before starting the actual survey measurements, the surveyor should walk 
around the area to fix best positions of survey lines and survey stations. During reconnaissance, 
a reference sketch of the ground should be prepared and general arrangement of lines, 
principal features such as buildings, roads etc. should be shown. Before selecting the stations, ~ 
the surveyor should examine the intervisibility of stations and should nole the positions I 
of buildings, roads, streants etc. He should also investigale various difficulties that may 
arise and think of their solution. 

(b) Marking and Fixing Survey Stations. The requirements for selection of survey 
.::r~tirm5: h1.1v~ ~!r~i.ldv ~" !'fi<~~~!'lser! A. ~e-r ~.,.,,:~'! ~t"'lerter! the survey ~t!:!rk•n'l fhev <!h!'u!d 

be marked to enabie them to be easily discovered during the progr~ of the s...;ey. The i 
following are some of the methods of marking the stations : -~ 

(1) In soft ground, wooden pegs may be driven, leaving a small projection above • 
the ground. The name of the station may be written on the top. 

(it) Nails or spikes may be used in the case of roads or streets. They should be 
flush with the pavement. 

(iit) In hard ground, a portion may be dug and filled with cement mortar etc. 

(iv) For a station to be used for a very long time, a stone of any standard shape 
may be embedded in the ground and fixed with mortar etc. On the lop of the stone, 
deScription of the station etc. may be written. 

Whenever possible, a survey station must be fixed with reference to two or three 
permanent objects and a . reference or location sketch should be drawn in the field boo~. 

Fig. 4.13 shows a typical locaiion sketch for a survey station. 

ii<' 
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(c) Running Survey Unes. After having com­
pleted the preliminary work, the chaining may be 
started from the base line. The work in running a 
survey line is two-fold : (I) to chain the line, and 
(il) to locate the adjacent details. Offsets should be 
taken in order of their chainages. To do this, the 
chain is stretched along the line oti the ground. Offsets 
are then measused. After having assused that no offset 
has been omitted, the chain must be pulled forward. 
The process of chaining and offsetting is repeated 
until the end of the -line is reached. The distances 
along the surVey line at which fences, streants, roads, 
etc., and intersected by it must also be recorded. 
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G;ree b~.~ 
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/ 

(V Elec. pole 

FIG. 4.13. 

4.7. INSTRUMENTS FOR SETIING OUT RIGHT ANGLES 

There are several types of instruments used to set out a right angle to a chain line, 
the most CODIIDOD being (I) cross staff (il) optical square (iii) prism square (iv) site square. 

(1) CROSS STAFF 
The sintplest instrument used for setting om right angles is a cross staff. It consists 

of either a frame or box with two pairs of venical slits and is mounted on a pole shod 
for fixing in the ground. The CODIIDOn forms of cross staff are (a) open cross staff (b) 
French cross staff (c) adjustable cross staff. 

(a) Open Cross Staff. Fig. 4.14. (a) shows an open cross staff. It is provided 
with two pairs of vertical slits giving two lines of sights at right angles to each o!her. 

1Rmrm 
1rli 

FIG. 4.14. VARIOUS FORMS OF CROSS SfAFF. 

The cross staff is set up at a point 
on the line from which the right angle 
is to run, and is !hen turned until one 
line of sight passes through the ranging 
pole at the. end of the survey line. The 
line of sight through the other two vanes 
will be a line at right angles to !he 
sunrey line and a ranging rod may be 
established in that direction. If, however, 
it is to be used to take offsets, it is 
held vertically on the chain line at a 
point where the foot of the offsets is 
likely to occur. It is then turned so 
that one line of sight passes through 
the ranging rod fixed at the end of the survey line. Looking through the other pair of 
slits, it is seen if the point to which· the offset is to be taken is bisected. If not, the 
cross staff is moved backward or forward till the line of sight· also passes through the 

point. 

(b) 
a hollow 

French Cross Staff. Fig. 4.14 (b) shows a French cross staff. If consists of 
octagonal box. Vertical sighting slits are cut in !he middle of each face, such 
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that the lines between the centres of opposite slits make angles of 45° with each other. 
It is possible, therefore, to set out angles of either 45° or 90 o with this instrument. 

(c) Adjustable Cross Staff. The adjustable cross staff [Fig. 4.14 (c)] consists of 
two cylinders of equal diameter placed one on top of the other. Both· are. provided with 
sigbting slits. The upper box carries a vernier and can be rotated relatively to the lower 
by a circular rack and pirtion arrangement actuated by a milled headed screw. The lower 
box is graduated to degrees and sub-divisions. It is, therefore, possible to set out any 
angle with the help of this instrument. 

(u) OPTICAL SQUARE 
Optical squ~e is somewhat more convenient and accurate instrument than the Cross 

staff for setting out a line at rigbt angles to another line. Fig. 4.15 (a) illustrates the 
principle on which it works. ...,c 

It consists of a circular box with ~"'7 
three slits at E, F and G. In line with - --:; ' 
the openings E and G, a glass silvered 
at the top and unsilvered at the bottom, ( E "'2\ From a 

to the opening F, a silvered glass is fixed 
1 is fixed facing the opening E. Opposite ~ Ja G 

at A making an angle of 45° t? the previous Effi 
glass. A ray from tho rangmg rod at Q 
passes through the lower unsilvered portion F a 
of the mirror at B, and is seen directly 
by eye at the slit E. Another ray from • From p 

the object at P is received by the mirror 
at A and is reflected towards the mirror (a) (b) 

at B which reflects it towards the eye. FIG. 4.15. OPTICAL SQUARE. 

Thus, the images of P and Q are visible 
at B. If both the iruages are in the same vertical line as shown in Fig. 4.14 (b), the 
line PD and QD will be at rigbt angles to each other. 

L·:t :he .r:::.~· PA r.;,~;U~~ ~ "-iig~c ..... ..vill.1 ...;, • ..:. ulli:iVi: at .ti, 

LACB=45° or LABC = 180 o- (45° +a)= 135°- a 

By law of reflection 

Hence 

Also 

LEBb, = LABC = 135° - a 

LABE = 180° - 2(135° - a) = 2a - 90° 

LDAB = 180°- 2a 

From 1:!. ABD ,.LADB = 180°- (2a- 90°)- (I80°- 2a) 
= 180°- 2a + 90°- 180° +2a = 90° 

... (1) 

... (il) 

Thus, if the images of P and Q lie in the same vertical line, as shown in Fig. 
4.14 (b), the line PD and QD will be at right angles to each other. 

To set a right angle. To set a rigbt angle on a survey line, the instrument is 
held on the line with its centre on the point at witich perpendicular is erected. The slits 
F and G are directed towards the ranging rod fixed at the end of the line. The surveyor 
(holding the instrument) then directs person, holding a ranging rod and stationing in a_ · 

I 
I 
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direction roughly perpendicular to the chain line, to move tili the two images described 

above coincide. 
Testing the Optical Square (Fig. 4.16) 
(I) Hold the instrument in hand at any intennediate point C on AB, sigbt a pole 

held at A and direct an assistant to fix a ranging rod at a. such that the images of 
the ranging rods at a and A c0incide in the instrument. A c 6 

(il) Tum round to face B and sigbt the ranging rod at a. 
If the image of the ranging rod at B coincides with the image of 
ranging rod at a, the instrument is in adjusnnent. 

(iii) If not, direct the assistant to move to a new position 
b so that both the iruages coincide. Mark a point d on the ground 
ntid-way between a and b. Fix a ranging rod at d. 

(iv) Tum the adjustable mirror till the iruage of the ranging 
rod at d coincide with the iruage of the ranging rod at B. Repeat 
the test till correct. 

a d b 

FIG. 4.16 

(iil) PRISM SQUARE 
The prism square shown in Fig. 4.17 works on the same principle as that of optical 

square. It is a more modem and precise insuument and is used in a similar manner. 
It has the merit that no adjusnnent is required since the angle between the reflecting surfaces 
(i.e. 45°) carmot vary. Fig. 4.18 shows a combined prism square as well as line ranger. 

~-· 
b, 

p 

FIG. 4.17. PRISM SQUARE. 

-" -2: 

FIG. 4.18. COMBINED PRISM SQUARE AND 
UNE RANGER. 

(iv) SITE SQUARE (Fig. 4.19) 
A site square. designed for setting out straigbt lines and offset lines at 90 o, consists of 
a cylindrical metal case containing two telescopes set at 90 o to each other, a fine sening 
screw near the base, a circular spirit levei at the top and a knurled ring at the base. 
It is used in conjunction with a datum rod screwed into the base of the instrument. 
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5 

1 Telescopes 

2 Clamp 

3 Tripod 

4 Cylindrical case 

5 Fine setting screw 

6 Knurled ring 

7 Datum rod 

8 Clamp arm 

FIG. 4.19. THE SITE SQUARE. 

4.8. BASIC PROBLEMS IN CHAINING 

SURVEYING 

(A) To Erect a Perpendicular to a Chain Line from a Point on it : 

The method of establishing perpendiculars wilh !he tape are based on familiar geomenic 

constructions. The following are some of !he melhods most commonly used. The illustrations 

given are for a 10 m tape. However, a 20 m tape may also be used. 

(1) The 3-4·5 method. Let it be required to erect a petpendicular to !he chain line 

at a point C in it [Fig. 4.10 (a)]. Establish a point E at a distance of 3 m from C. 

Put !he 0 end of !he tape (10 m long) at E and !he 10 m end at C. The 5 m and 

6 m marks are brougbt togelher to form a loop of I m. The tape is now stretched tight 

by fastening !he ends E aod C. The point D is !bus established. Angle DCE will be 

90". One person can set out a right angle by this melhod. 

~~ 
D D 

A 11) 5 4m 

\1. li" 1 ! ~ \J/ 
A l+3m+l B A E C F B Aee3c a 

E c 
(a) (b) (c) 

FIG. 4.20. 

(il) Second metlwd [Fig.4.20 (b)]. Select E and F equidistant from C. Hold !he 

:rero end of !he tape at E, and 10 m end at F. Pick up 5 m mark, stretch !he tape 

tight aod establish D. Join DC. 

(w) Third method [Fig. 4.20 (c)]. Select any point F outside !he chain, preferably 

·at 5 m distance from C. Hold !he 5 m mark at F and zero mark at C, and wilh F 

. as centre draw an arc to cut !he line at E. Join EF and produce it to D such !hat 

EF= FD = 5 m. 
Thus, point D will lie at !he 10 m mark of tape laid. along EF wilh its zero eod 

at E. Join DC. 

:[: 
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it. 

(B) To Drop a Perpendleular to a Chain Line from a Point outside it : . 

Let it be required to drop a perpendicular to a chain line AB from a point D outside 

(•) First method [Fig. 4.21 (a)]. Select any point E on the line. With D as centre 

and DE as radius, draw an arc to cut the chain line in F. Bisect EF at C. CD will 

be petpendicular to AB. 
(il) Second method [Fig. 4.21 (b)]. Select any point E on !he line. Join ED and 

bisect it at F. With F as centre and EF or FD as radius, draw an arc to cut the chain 

line in C. CD will be perpendicular to !he chain line. 

(u•) Third method [Fig. 4.21 (c)]. Select any point E on !he line. With E as centre 

and ED as radius, draw an arc to cut the chain line in F. Measure FD and FE. Obtain 

D D 

~ .L.D. A E "·c-· F B 

(a) (b) (c) 

FIG. 4.2! 

!he point C on !he line by making FC = ;~~. Join C and D. CD will be petpendicular 

to the chain line. 

(C) To run a Parallel to Chain Line througb a given Point : 

Let it be required to run a parallel to a chain line AB through a given point C. 

(I) First method [Fig. 4.22 (b)]. Through C, drop a perpendicular CE to !he chain 

line. Measure CE. Select any olher point F on line and erect a perpendicular FD. Make 

FD = EC. Join C and D. 

(U) Second meihod _[fig. 4.22 (a)j. Selecl any po1ul F on the chain line;. Jo~u CF 

and bisect at G. Select any other point E on the chain line. Join EG and prolong it to 

D such !hat EG = GD. Join C and D. 

(iii) Third method [Fig. 4.22 (c)]. Select any point G outside !he chain line and 

away from C (but to !he saroe side of it). Join GC and prolong it to meet !he chain 

G 

c 0 
' 

X ' ' 

' 

' • 

c/\o 

' 
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' 
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' 
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A E 
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' 
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• 

F B 
• 

A E ~----- F B 

(a) (b) (c) 

FIG. 4.22 
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line in E. With G as centre and GE as radius, draw 

an arc to cut. AB in F. Join GF and make 

GD = GC. Join C and D. 

(C) To run a Parallel to a giveo Inaccessible 

Line through a Giveo Point : 

Let AB be the given inaccessible line and C be 

the given point through which the parallel is to be drawn 

(Fig. 4.23). 

Select any pointE in line with A and C. Similarly, 

select any other convenient point F. Join E and F. Through 

C, draw a line CG parallel to AF. Through G, draw 

a line GD parallel to BF, cutting BE in D. CD will 

then be the required line. 

4.9. OBSTACLES IN CHAINING 

A B 
.J:L ---- ~ 

I 
\ ~ 

\ I 
I '\ I I 
I \ I I 
\ \ I I 
I \ / I 
I \ I I 

'' I 

I 
.l 
T 
I E __ G ______ F 

FIG. 4.23 

Obstacles to chaining prevent chainman from measuring directly between two points 

and give rise to a set of problems in which distances are found by indirect measurements. 

Obstacles to chaining are of three kinds : 

(a) Obstacles 10 ranging 

{b) Obstacles to chaining 

(c) Obstacles to both chaining and ranging. 

(a) OBSTACLE TO RANGING BUT NOT CHAINING 

This type of obstacle, in which the ends are not intervisible, is quite common except 

in flat country. There may be two cases of this obstacle. 

(!) Both ends of the line may be visible from intermediate points on the line. 

(il) Both ends of the line may not be visible from intermediate points on the line 

(Fig. 4.24). 

Case (!) : Method of reciprocal ranging 

-· 0 
3.3 .r;-'!J' !.Jt: l.l.S~~-

CCI1ie (ii) : In Fig. 4.24, let AB be the 

line in which A and B are not visible from intermediate 

point on it. Through A, draw a random line AB 1 

in any convenient direction but as nearly towards 

M B 

B as possible. The point B1 should be so chosen 

thar (I) B, is visible from B and (il) BB, is per­

pendicular to lhe random line. Measure BB 1• Select 

A C D B 

FIG. 4.24 

points C1 antl D1 on the random line and erect perpendicular C1 C and D1 D on it. 

AC AD, . 
Make CC, = -· . BB, and DD, =-. BB,. Jom 

AB1 AB, 
C and D. and prolong. 

(b) OBSTACLE TO CHAINING BUT NOT, RANGING 

There may be two cases of !his obstacle : 

(!) When it is possible to chain round the obstacle, i.e. a pond, hedge etc. 

~ 

I 
I 
f 
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(ii) When it is not possible 

Case (I): Following are the 

to chain round the 

chief methods (Fig. 

obstacle, e.g. a river. 

4.25). 

C D 

~?L>£1i»loo· 
A~B · 

(a) 

c 

c 

~ 
(b) 

~ 
---f<AA~ 

(c) 

~~.A 
D D C ~ 

(d) (e) (fj 

FIG. 4.25. OBSTACLES TO CHAINING. 
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Method (a) : Select two points A and B on either side. Set out equal· perpendiculars 

AC and BD. Measure CD; then CD= AB [Fig. 4.25 (a)]. 

Method (b) : Set out AC perpendicular to the chain line. Measure AC and BC [Fig. 

4.25 (b)]. The length AB is calculated from the relation AB = ..J BC'- AC' . 

Method (c) : By optical square or cross staff. find a point C which subtends 

90° with A and B. Measure AC and BC [Fig.4.25 (c)]. The length AB is calculated from 

the relation : AB = ..J Ac' + BC' 

Method (d) : Select two points C and D to both sides of A and in the same line. 

Measure AC, AD, BC and BD [Fig. 4.25 (d)]. Let angle BCD be equal to 9. 

From t:. BCD, Brl = BC 2 + CD2
- 2BC x CD cos 9 

Similarly from t:. BCA, 

.~"';~ q, -
BC2 + CD'-BD' 

2 BC: X w 
BC' + AC' -AB 2 

cosS- 2BCxAC 

Equating (!) and (il) and solving for AB ·we get 

~ (BC X AD) + (BD' X A C) 
AB = - (AC X AD) 

. CD 

(j"\ 

... (ii) 

Method (e) : Select any point E and range C in line with AE, making AE = EC. 

Range D in line with BE and make BE = ED. Measure CD ; then AB =CD [Fig. 4.25 (e)]. 

Method if) : Select any suitable point E and measure AE and BE. Mark C and 

D on AE and BE such that CE = AE and DE= BE. Measure CD ; then 
n n 

AB = n . CD. [Fig. 4.25 (f)]. 

;J' 
i 

I 
I 
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Case (II) : (Fig. 4.26) 

Method (a) : Select point B on one side and A and C on the other side. Erect 

AD and CE as perpendiculars to AB and range B. D and E in one line. Measure AC, 
AD and CE [Fig. 4.26 (a)]. If a line DF is drawn parallel to AB, coning CE in F 
perpendicularly, then triangles ABD and FDE will be similar. 

But 

AB DF 
AD= FE 

FE= CE- CF = CE- AD, andDF=AC. 

AB AC . ACxAD 
AD - CE _ AD From which AB - CE _AD 

Method (b) : Erect a perpendicular AC and bisect it at D. Erect perpendicular CE 
ai C and range E in line with BD. Measure CE [Fig. 4.26 (b)]. Then AB = CE. 

' ' ' ' 

=k ~ ~ 
s· ·A--I, 

~ '' -·, 

1r 
:' 

ir 
'' 

~ 
! -\ 

. F 

Ai o~C~ . 
I i E 

i 
(a) (b) (c) 

FIG. 4.26. OBSTACLES TO CHAINING. 

Method (c) : Erect a perpendicular AC at A and chocse any convenient point C. 
With the help of an optical square, fix a point D on the chain line in such a way that 

BCD is a right angle [Fig. 4.26 (c)]. Measure AC and AD. Triangles ABC and DAC 

are similar. Hence AB AC 
AC =AD 

Therefore, AB = AC' 
AD 

Method (d) : Fix poim C in such a way that it subtends 90° with AB. Range 

D in. line with AC and make AD= A C. At D. erect a perpendicular DE to cut the line 

in E [Fig. 4.26 (d)]. Then AB = AE. 

(c) OBSTACLES TO BOTH CHAINING AND RANGING 
A building is the typical example of this type of obstacle. The problem lies in prolonging 

the line beyond the obstacle and detennining the distance across it. The following are 

some of the methods (Fig. 4.27). 

Method (a) : Choose two points A and B to one side and erect perpendiculars AC 
and BD of equal length. Join CD and prolong it past the obstacle. Cbocse two points 

E and F on CD and erect perpendiculars EG and FH equal to that of AC (or BD). Join 

GH and prolong it. Measure DE. Evidently, BG=DE [Fig. 4.27 (a)]. 

Method (b) : Select a poim A and erect a perpendicular AC of any convenient length. 

Select another poim B on the chain line such that AB = AC. Join B and C and prolong 

'<;' 

J 
~I(; 
:;. 
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lr to any convenient point D. At D, 
set a right angle DE such that 
DE= DB. Chocse another point F on 

DE such that DE = DC. With F as 
centre and AB as radius, draw an arc. 
With E as centre, draw another .arc 
of the same radius to cut the previous 
arc in G. Join GE which will be in 
range with the chain line Measure 
CF [Fig. 4.27 (b)]. Then AG = CF. 

Method (c) : Select two points 
A and B on the chain line and construct 
an equilateral triangle ABE by swinging 
arcs. Join AE and produce it to any 
point F. ·On AF, choose any point H 
and construct an equilateral triangle 
FHK. Join F and K and produce it 
to D such that FD=FA. Chocse a point 

c 
(a) 

F 

(c) 

'K 

0 

~ 
B A G E 

(b) 

(d) 

FIG. 4.27. OBSTACLES TO CHAINING. 
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G on FD and construct an equilateral triangle CDG. The direction 

·the chain line [Fig. 4.27 (c)]. The length BC is given by 

CD is ifi range with 

BC =AD- AB- CD= AF- AB- CD 

Method (d) : Select two points A and B on the chain line and set a line CBD 
at any angle. Join A and C and produce it to F such that AF = n . A C. Similarly join 

A and D and produce it to G such that AG = n. AD. Join F and G and mark point 

E on it such that FE = n . BC. Similarly, produce AF and AG to H and K re>pectively 

such that AH=n' .AC and AK=n' .AD. Join Hand K and mark· I on it in such a 

way that HJ = n' . CB. Join EJ, which will be in range with chain line. The obstructed 

distance BE is given by ,!Fig.4.27 (d)) : 

BE=AE-AB But AE=". AB 

J, BE= n. AB-AB = (n- l)AB. 

Example 4.6. To continue a survey line AB past an obstacle, a line BC 200 metres 
long was set out perpendicular to AB, and from C angles BCD and BCE were sec our 
at 600 and 45° respectively. Detennine the lengths which must be chained off along CD 

and .CE in order thai ED may be in AB produced. Also, c 
detemtine the obstructed length BE. 

Solution. (Fig. 4.28). 
L ABC is 90 o 

From t. BCD, CD = BC sec 60° = 200 x 2 = 400 m. 

From tJ. BCE, and CE = BC sec 45° = 200 x 1.4142 

= 282.84 m. 

BE= BC tan 45° = 200 x I = 200 m. 

90" 

A B 0 

FIG. 4.28 
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Example 4.7. In_,passing an obstacle in the form of a 

pond, stations~ and D; on the main line,.,;rere take~j..,~n the 

opposite sides of the pond. On the left of''li}rg line AK, 200 

m long was laid down and a second b'ne ~'·· 250 I!' long, 

was ranged on the rig/u of AD, the points B, if and C ·being 

in the same straig/u line. BD and DC were then chaJ'ned and 

found to be 125 m and 150 m respectively. Find the length 
of AD. FIG. 4.29 

Solution. (Fig. 4.29). In ll. ABC, Let L AQJ= 8 

AC = 250 m ; AB = 200 m ; BC = BD +DC= 125 + 150 = 275 m 

Now, s 8 = AC' + CB'- AB 
2 

_ (250)2 + (275)2
- (200)2 = 9.813 = O 

7 37 
co 2 A c X CB 2 X 250 X 275 13.75 . 1 

From tl.ADC, AD'= AC' +CD'- 2 AC. CD cos 8 

= (250) 2 +(!50) 2 - 2(250) (J50) X 0.7!37 = 31474.5 

Hence AD= 177.41 m. 

I 
i 
l~ 

B 

c 

Example 4.8. A survey line BAC crosses a river, A and 

C being on the near and distant banks respectively. Standing at 

D, a point 50 metres measured perpendicularly to AB from A, the 

bearings of C and B are 320 • and 230 • respectively, AB being 

25 metres. Find the widJh of the river. 
~~'. : -::= . 5 

Solution. (Fig. 4.30), 

In ll.ABD ,AB=25m; AD=50m 

25 
tan LBDA =

50
= 0.5 or LBDA = 26' 34' 

., ' 

~ 
B 

LBDC = 320' - 230' = 90' and LADC = 90' - 26' 34' = 63' 26' FIG. 4.30 

Again. from ll. ADC, CA =AD tan ADC =50 tan 63' 26' =100 m 

Example 4.9. A survey line ABC cuts the banks of a river at B and C. and 

ro de<emune rhe aistance BC, a line BE, 60 m long was set out roughly parallel ro the 

river. A point D was then found in CE produced and middle point F of DB derermined. 

EF was then produced to G, making FG equal to EF, and DG produced to cut the survey 

line in H. GH and HB were found to be 40 and 80 metres 1 
long respe~rively, :ind the distance from B to C . ~)· ::= 

Solullon. (F1g. 4.31) . \ 

In BEDG, BF = FD and GF =FE 

Hence BEDG is a parallelogram. 

Hence GD =BE= 60 m 

HD =HG+ GD =40 + 60 =100m 

From similar triangles CHD and CBE, we get 

CB BE 
CH= HD 

AI 
FIG. 4.31 

~su' 

I 
I 
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lOS 

or 
CB BE 

-=c=lJo::+-::BH== = HG + GD or 
CB 60 

CB+ 80 = 40 + 60 = 0'6 

.. CB=0.6 CB+48 or C8=120m 

4.10. CROSS STAFF SURVEY 

Cross staff survey is done to locate the boundaries of a field and to determine its 

area. A chain line is run through the centre of the area whicb is divided into a number 

of triangles and trapezoids. The offsets to the boundary are taken in order of their chainages. 

The instruments required for cross staff survey are chain, tape, arrows and a cross staff. 

After the field work ~ over, the survey is plotted to a suitable scale. 

Example 4.10. Plot the following cross staff survey of a field ABCDEFG and calculate 

its area [Fig. 4.32 (a)]. 

750 I o 
650 210 E C 

C180l490l ~ 
5 : 6 l 7 

300 1250 F A4t·_j~~----·.d_·--f·-~D 
2 1 3 I 4 

a tso I tso I l l 
' ' ' ' ' too ISO G '-.. ] 
"-

~A F 

(a) (b) 

PIG. 4.32 

Solution. Fig 4.32 (b) sbows the field ABCDEFG. The _calculations for the area are 

give11 i!! the table helow · 

S.No.l Figure Chainage Base Offseu Mean I Arra 

I (m) (m) (m) (m) rnr'J 

I. AjG 0 & 100 100 0 & so 2S 2.SOO 

2. jGFm 100 & 300 200 so & 2SO !SO 30,000 

3. mFEP 300 & 650 350 250 & 210 230 80,SOO 

4. pED 650 & 750 100 210 & 0 lOS IO,SOO 

s. ABk 0 & 180 180 0 & 160 80 14.400 ' 

6. BknC 180 & 490 310 160 & 180 170 52.700 

7. CnD 490 &750 260 180 & 0 90 23.400 

Total 214.000 J 

. . Area of Field= 214000 m2 = 21.4 hectares. 
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4.11. PWTIING A CHAIN SURVEY 

Generally, the scale of plotting a survey is 
In general, the scale depends on the purpose of 
finances available. 

decided before the survey is started. 
survey, the extent of survey and the 

The plan must be so oriented on the sheet that the north side of the survey lies 
towards the top of the sheet and it is centrally placed. The way to achieve this, is to 
first plot the skeleton on a tracing paper and rotate it on the drawing paper. After having 
oriented it suitably, the points may be pricked through. To begin with. base line is first 
plotted. The other' trian-
gles are then laid by in­
tersection of arcs. Each 
triangle must be verified 
by measuring the check 
line on the plan and com­
paring it with its meas­
ured length in the field. 
If the discrepancy is not 
within the limits. meas­
urements may be taken 
again. If it is less, the 
error may be adjusted 
suitably. 

After having 
drawn the skeleton con­
sisting a nwnber of tri­
angles, offsets may be 
plotted. There are two 
methods of plotting the 
offsets. In the first 
methM. !he ('halmtges of 
the offsets are marked on 
the chain line and per­
pendicular to the chain 
line are erected with the 
help of a set-square. In 
the othc. method, the 
plotting is done with the 
help of, an offset scale. 
A long scale is kept par­
allel to the chain line and 
a distance equal to half 
the length of the offset 
scale. The offset scale 
coJ]si:;ts of a small scale 

(Chain Une) 

------------· 
Boundaries 

-----or::::::: 
Path 

-----------· -----------· 
Unfenced Road 

.c~ndoe 
~ 

Fenced Road 

Road and Path 

Board Fence 

--*""~~~----Balbed Wire 

Pipe Railing 

Fence 

Single Una 

TTTTI I I I 

Double Line 

Railway 

--~­Stone Fence 

f!IIQI:O: I'+»Q 

Haclge (Green) 

Fence & Hedge 

Embankmenl 

T T T T 
Telt Line 

Power LJne 

Lines 

Cu11ing 

~~
~~ 

~ ~ 
~ ~ t 

,, •• tJ,,, ,,,,,,,,, 

,,,,11,,, ,,,,h,,, 
,,,,h,,, ,,,,,,,,, 

,,,,11,,, ·'''"''• 

~ b .... 
DeciUuous Tr~s Evergreen Trees Rough Pastures Marsh 

I WI-I 
Hous~ 

.. [J 
(Small Shed 
Scale) 

~d "(( ~";~ 
U>ko 15 

Cultivated land Buildings River, Lake Conlours 

~ 
=IIH!H!HIHI= ~ 0 

Fairy r Triangulation 

'r------{ 8 ,... ...... " I :::::2:.L: I I r,.,.,,. 
Tunnel L__J 

Brfrlges C;mal Lock SlalfC"~ 

FIG. 4.33. CONVENTIONAL SYMBOLS. 
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having zero mark in the mid- [§] rna [J] 
dle. The zero of the long 

scale is kept .in !inc '':'ith ~ * ~ 
the zero of the cham hne. --._,___ 
Chainages are then marked 
against the working edge of 
the offset scale and the offsets 
are measured along its edge. 
Thus, the offsets can be plot­
ted to both the sides of the 

WalerFaU Forn O•m Streams and Pond 

line. 
Different features on 

the ground are represented 
by different symbols. Figs. 
4.33 and 4.34 shows some 
convenJional symbols com­
monly used. 

~ 
*'if.* 

~rn Jf*if. 
)f. *'if. 

Level Crossing Pine Tree Church """" 

~ (\.~~·~~::x~ ~ 
~125 

T.B.M_ 

~ 
. 

G,T_S. 

Aetuse Heap Sand PI! Rocks Bench Marks 

FIG. 4.34. CONVENTIONAL SYMBOLS. 

PROBLEMS 

1. Explain the principle on which chain survey is based. 

2. Explain, with neat diagrams the construction and working of the following 

(a) Optical square (b) Prism square (c) Cross staff. 

3. What are the insliUIDents used in chain surveying ? How is a chain survey executed in 

lhe field ? 

d. Whar is a well conditil)mll triangle ? Why is it necessary ,., use well-c:nnditioned triang:les.? 

5. (a) Explain clearly the principle of chain surveying. 

(b) How would you orient in direction a chain survey plot 

(c) Set out clearly the precautions a surveyor should observe 
a chain survey. 

on the drawing sheet. 

in booking the field work of 
(A.M.l.E.) 

6. Illustrate any four of the following by neat line diagrams (explanation and description not 
required) : 

(a) Permaneru reference of a survey station. (b) ConsUllction and working of eilher an optical 
square or a prism square. (c) Melhods of checking the triangle of a chain survey. (d) Methods 
of setting out a chain line perpendicular to a given chain line and passing through a given point 
laying outside the latter. (e) The prismatic reading arrangement in a prismatic compass. 

(/) Map conventional signs for a meralled road, a hedge with fence, a tram line. a house 
and a rivule<. (A.M.l.E.) 

7. (a) What factors should be cons!dered in deciding the stations of a chain survey ? 

., 

'i 

~ •.. 

.;. 
' .:· 

., 
~~ 
t 
r! 

-li 
·~ •I 
'" 

:i 
.. 
,i 
' 

I 
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(b) What detailed instructions would you give oo a fresh trainee surveyor regarding the care 
and use of his field book for recording survey measurements? 

8. Explain !he following rerms : (a) Base line (b) Check line (c) Tie line (d) Swing offset 
(e) Oblique offset IJ) Random line. 

9. Explain how will you continue chaining past the following obstacles 

(a) a pond (b) a river (c) a hill (d) a Ia!! building. 

10. Explain Various methods for determining the width of a river. 

11. Find the maximum length of an offset so that the displacement of a point on the paper 
should not exceed 0.25 mm, given that the offset was laid out 3° from its true direction and the 
scale was 20 m to 1 em. 

12. To what accuracy should the Qffset be measured if the angular error in laying out lhe 
direction is 4° so that the maximum displacement of the point on the paper from one source of 
error may be same as that from the other source. 

13. Find lhe maximum length of offset so that displacement of the Point on the paper from 
bolb sources of error should not exceed 0.25 mm, given that the offset is measured with an accUracy 
of 1 in SO and scale is I em = 8 m. 

14. Find the maximum permissible error in laying off lhe direction of offset so that the maximum 
displacement may not exceed 0.25 mm on the paper, given that the length of the offset is 10 metres, 
the scale is 20 m to. 1 em and the maximum error in the length of the offset is 0.3 m. 

15. A main line of a survey crosses a river about 25 m wide. To find the gap in lhe 
line, stations A and B are established on lhe opposite banks of lhe river and a perpendicular AC. 
60 m long is set out at A. If the bearings of AG and and CB are 30° and 270° respectively, 
and the chainage at A is 285.1 m, find the chainage at B. 

16. A chain line ABC crosses a river, B and C being on the near and distant banks respectively. 
The respective bearings of C and A taken at D. a point 60 m measured at right angles to AB 
from B are 280° and 190°, AB being 32 m. Find the width of the river. 

17. In passing an obstacle in the forin of a pond, stations A and D, on the main line, 
were taken on the opposite sides of the pond. On the left of AD, a line AB, 225 m long was 
laid down, and a second line AC, 275 m long, was ranged on the right of AD, lhe points B, 
D and C being in the same straight line. BD and DC were then chained and found to be 125 
m and 1~7 5 m r~ecrivel~· Finr! ~h~ '~!"!gr!"o ,...f 1n 

18. (A) What are the conventional signs used to denote the following ; (1) road, (i1) railway double 
line. (iii) cemetery. (iv) railway bridge, and (v) canal with lock ? 

(b) Differentiate between a Gunter's chain and an Engineer's chain. State relative advantages 
of each. (A.M.l.E. May. 1966) 

19. B and C are two points on lhe opposite banks of a river along a chain line ABC which 
crosses the river at right angles to the bank. From a point P which is 150 ft. from B along the 
baok, !he bearing of A is 215" 30' and !he beariog of C is 305° 30' If !he Ienglh AB is 200 
ft., find Ihe widlh of !he river. (A.M.l.E. May 1966) 

ANSWERS 
ll. 9.5 m 12. l in 14.3 13. 7.07 m 14 zo 18' 15. 386 m 16 112.5 m 

17 212.9 m 19 ll2.5 ft. 

~I( 

~·; 

m 
The Compass 

5.1. INTRODUCTION 
Chain surveyn;g can be used when the area to be surveyed is comparatively small 

and is fairly flat. However, when large areas are involved, methods of chain surveying 

a/one are not sufficieii( and conveniem. In such cases, it becomes essential ro use some 
sort of insUlllD.erit which enables arigles or direcriOris of the survey lines ro be observed. 
In engineering practice, following are the instruments used for such measuremems : 

(a) Instruments for the direct measuremeJU of directions : 
(i) Surveyor's Compass 
(il) Prismatic Compass 

(b) Instruments for measurements of angles 
(1) Sextant · 
(ii) Theodolite 

. J . - _,. 

Traverse Survey. Traversing is that type of survey in which a number of connected 
survey lines ·rann the framework and me directionS' and lengths of the survey line are 
measured with the help of an angle (or direction) measuring instrument and a tape (or 
chain) respectively. ·When the lineS fonn a circuit which ends' at the starting point.· it is 
known as a closed lraverse. If the circuit ends elsewhere, ·it~ is said to be an open traverse. 
The various methods of traversing have been dealt with in detail in Chapter 1. 

TTnjfc: f'f A!lgle Measurement . .A.n angle is rhe difference in directions of tw0 intersecriny 
lines. There are three popular systems of angular measurement 

(a) Sexagesimal System : I Circumference = 360°(degrees of arc) 
I degree = 60'tminures of "arc) 
l minute = 60" (second of arc) 

(b) Centesimal System : l circumference = 400' (grads) 

(c) Hours System 

(109) 

grad 
cendgrad 

circumference 

hour 

minute 

= IOO' (centigrads) 
=100~~ (centicentigrads) 

= 24h (hours of time) 

:.: 60m (minutes of time 

= 605 (seconds of time: 

~ 
' i 

l' 

I 

•• 
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The sexagesimal system is widely used in United States, Great Britain, India and 

other pans of the world. More complete tables are available in this system and most surveying 

insrruments are graduated according to this system. However, due to facility in computation 

and interpolation, the centesimal system is gaining more favour in Europe. The Hours system 

is mostly used in astronomy and navigation. 

5.2. BEARINGS AND ANGLES 

The direction of a survey line can either be established (a) with relation to each 

other, or (b) with relation to any meridian. The first will give the angle between two 

lines while the second will give the bearing of the line. 

Bearing. Bearing of a line is its direction relative to a given ~- A meridian 

is any direction· such as (I) True Meridian (2) Magnetic Meridian (3) Arbitrary Meridian. 

(1) True Meridian. True meridian through a point is the line in which a plane, 

passing that point and the norlli and south poles, intersects wiih surface of the earth. It, 

thiiS,-passes through the true north and south. The direction of true meridian through a 

point can he established by astronomical observations. 

Tru~g. True hearing of a line is the horizontal angle which it makes with 

the true meridian through one of the extremities of the line. Since the direction of- true 

mendtan ihiougti a point rematns fixed, the rrue bearing of a line is a constant quantity. 

(2) Magnetic Meridian. Magnetic meridian through a point is the direction shown 

by a freety floating and balanced magnetic needle free from all other attractive forces. 

1ge d~rection of magnetic meridian can he established with the help of a magnetic compass. 

Magnetic Bearing. The magnetic hearing of a line is \l!e horizontal angle which 

it makes wrth the magnetic mendran. passing through One of the extrenunes o' ·<- ' 

A nfagnetic compass is used to measure it. 

(3) Arbitrary Meridian. Arbitrary meridian is any convenient direction towards a 

permanent and prominent mark or signal, such as a church spire or top of a chimney. 

Such mendtans are used to Cfefermine the relative postttons of lines in a small area. 

. Arbitrary Bearing. Arbilrary bearing of a 

!b-: is t-Ile horizontal ang!e \'ihkh it !!1.akes ·.viLlt 

an,z arbitrary· mendlan passtng throuijh onO: of the 

exrremities._A theodolite or1extant is used to measure 

it. 

DESIGNATION OF BEARINGS 

are 
The conunon systems of notation of hearings 

(a) The whole circle hearing system (W.C.B.) 

or Azimuthal system. 

(b) The Quadrantal hearing (Q.B.) system. 

(a) The Whole Circle Bearing System. (Az­

imuthal system). 

In this system, the hearing of a line is measured 

with magnetic north (or with south) in clockwise 

i~ 

IV 

w E 

Ill II 

s 

FIG. 5.1 W.C.B. SYSTEM. 
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direction. The value of the bearing thus varies from oo to 360°. Prismatic compaSs is 

graduated on this system. In India and U.K., the W.C.B. is measured clockwise with magnetic 

north. 
Referring to Fig. 5.1, the W.C.B. of AB is 81 , of AC is 82 , of AD is 93 and 

of AF is a,. 
(b) The Quadrantal Bearing System: (Reduced bearing) 

In dtis system, the bearing of a line is measured 

or south, whichever is nearer. Thus, both North 
eastward or westward from north 

and South are used as reference meridians and 

the directions can be either clockwise or anti­
clockwise depending upon the position of the line. 

In this system. therefore, the quadrant, in which 

the line lies, will have to be mentioned. These 

bearings are observed by Surveyor's compass. 

N 

B 

Referring Fig. 5.2, the Q.B. of the line w 01{ e 

AB is a and is written as N a. E, the bearing · 

being _measured with refer~!lte to _North meridian 
(since ·it is nearer), towards East. The bearing 

of AC is ~ and is writt~~ as S ~ E, it being 

measured with reference of South and in an­

ticlockwise direction towards East. Similarly, the 
bearings of AD and AF are respectively SaW 

andN~ W. 

Thus, in the quadrantal system, lhe reference 

Ill II 

c 

s 
FIG. 5.2 Q.B. SYSTEM. 

meridian is prefiXed and the direction of measurement (Eastward or Westward) is affixed 

to the numerical value of the bearing. Tbe Q.B. of a line varies from 0° to 90° . The 

bearings of this sysrem are known as Reduced Bearings. (R.B.) 

CONVERSION OF BEARINGS FROM ONE SYSTEM TO THE OTHER 

The bearing of a line can be very easily converted from one system lO the other, 

with the aid of a diagram. Referring w Fig.~ 5.1, the conversion of W.C.B. into .R.B. 

can be expressed in the following Table : -· · -· 

TABLE S.t. CONVERSION OF W.C.B. INTO R.B 

Une W.C.B. between Rule for R.B . Quadram 

AB 0° and90° 
I 

NE R.B.= W.C.B. I 
I 
I 

AC 9(1° and 180° R.B.= 180"- W.C.B. I SE 

,AD 180° and 270° R.B.= W.C.B.- 180°. SW 

AF 270° and 360° R.B.= 360°- W.C.B. NW i 

'--------
: 1 

..ri 
,, .. , 

f 
i 
~ ., 
!I 
~ 

! 
1 
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Similarly, referring to Fig. 5.2, the conversion of R.B. into W.C.B. can be expressed 

int the following Table ··; 

TABLE 5.2. CONVERSION OF R.B. INTO W.C.B. 

line I R.B. Rule for W.C.B. ! W.C.B. between 

AB 

I 
NaE W .C.B. = R.B. 0° and 90° 

AC S ~ E W.C.B. = 180°- R.B. 90" and 180° 

AD I saw W .C. B. = 180° + R.B. 180° and 270° 

AFj NoW W.C.B. = 360'- R.B. 
I 

270° and 360° 

i 

FORE AND BACK BEARING 

The bearing of line, whether expressed in W.C.B. sySiem or in Q.B. system, differs 

according as the observation is made from. one end of the line or from the other. If 

the bearing of a line AB is measured from A towards B. it is known as forward bearl;:;-g 

or Fore Bearing (f. B). It the bearmg of the line Ali is measured from B towards A, 

itls kiiown as backward bearing or Back Bearing (B.B.), smce it is measured in bacKward 

direction. " - Considering first the W.C.B. 

system and referring to Fig. 5.3 

(a}, the back bearing of line AB 
is $ and fore bearing of AB is 

e . Evidently $ = 180 • +e. Simi-

larly, from Fig. 5.3 (b), the back (a) 

bearing of CD is $ and fore bearing 

e. hence. $ = e- 180 '. Thus, in 
general, it can be stated that 

• 

(b) 

FIG. 5.3 FORE AND BACK BEARINGS. 

~I' 

B. B.= F.b. :r: idu~, usmg ptus sign when r.D. 1s u:,),) wur1 JbV 

F.IJ. is greater than 18{) 6 • 

uiid itWU4,J .J'O" rvii.C.i1 l· 
Again, considering the Q.B.· system and 

referring to Fig. 5.4 (a), the fore bearing of 

line AB is NeE and, therefore, the back bearing 

is equal to sew. Similarly. from Fig. 5.4 (b), 

the fore bearing of the line CD is sew and 

back bearing is equal to NeE. Thus, it con 

be srated thar ro conven the fore bearing to 
back bearing, it is only necessary to change 
the cardinal poinrs by substituting N for S, 

ond E for W ond vice versa, the numerical 
value of the bearing remaining the same. (a) 

0 

c 

(b) 

FIG. 5.4. FORE AND BACK BEARINGS. 
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CALCULATION OF ANGLES FROM BEARINGS 

Knowing the bearing of two 

lines, the angle between the two 

can very easily be calculated with 

the help of a diagram, 

Ref. to Fig. 5.5 (a), the in 

cludc;d angle a. between the lines 

ACandAB = e,- 91 = F.B. of one 

line- F.B. of the other line, both 

bearings being measured from a 

common point A, Ref. to Fig. 

5. 5 (b), the angle 

a= (180' +-e,}- e, =B. B. of 

previous line- F.B. of next line. 

• 

A, 

c 
(a) (b) 

FIG. 5.5 CALCULATION OF ANGLES FROM BEARINGS. 
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c· 

Let us consider the quadrantal bearing. Referring to Fig. 5.6 (a) in which both the 

bearings have been measured to the same side of common meridian, the included angle 

a.= e,- e,. In Fig. 5.6 (b), both the bearings have been measured to the opposite sides 

• 

~· 
B 

~ ¥ c 

' • 
' c 

1•1 (b) (o) (d) 

FIG. 5.6 CALCULATION OF ANGLES FROM BEARINGS. 

of. the common meridian, and included angle a.= e, + 92• In Fig. 5.6 (c) both the bearings 

have been measured to the same side of different meridi~ns and the included angle 

.... - .. .:..v ~ .. '.. . .. •---- -------~..> -~ ·~ ... 
\."'2 ' "IJ• ......... 'b' .... ~ ,_,, ~~- -- ----c- --· --··· --------•--

sides of differet!l meridians, and angle a.= 180 •- (e, - 9,). 

CALCULATION OF BEARINGS FROM ANGLES 

TP·-:-~fr(' 

In the case of a traverse in which incLuded angles between successive lines have 

been mea>llfed, the bearings of the lines can be calculated provided the bearing of any 

one line is also measured. 
Referring to Fig. 

5.7, let a..~.y.li, be 
~.included angles meas- ---M- ./"I ""'- hJ_/e, 

ured clockwise from back 
srations and 91 be lhe meas­

ured. bearing of the line 
AB. FIG. 5.7. CALCULATION OF BEARINGS FROM ANGLES. 
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The bearing of the next line BC = e, = e, + a - 180' ... (1) 
The bearing of the next line CD = a, = a, + ~ - 180' ... (2) 
The bearing of the next line DE= a, = a, + y - 180' ... (3) 
The bearing of the next line EF =a,= e, + 1i + 180' ... (4) 

As is evident from Fig. 5.7, (a,+ a), (a,+~). and (a,+ y) are more than !80' while 
(a,+ li) is Jess than 180'. Hence in order to calculate the bearing of the next line, the 
following statement can be made : 

"Add the measured clockwise angles to the bearing of the previous line. If the 
sum is more than 180°

1 
deduct 180°. If the sum is less than 180°, add 180° ". 

In a closed traverse, clockwise angles will be obtained if we proceed round the 
traverse in the anti-clockwise direction. 

E~LES ON ANGLES AND BEARINGS 
c.A(xample 5.1. (a) Convert the following whole circle bearings to quadrantal bearings: 

(i) 22' 30' (ir) 1700 12' (iir) 211' 54' (iv) 327' 24'. 
(b) Convert the following quadrantal bearing to whole circle bearings : 

(i)Nl2'24'E (ir)S31'36'E (ii1)S68'6'W (iv)N5'42'W. 
Solution. 

(a) Ref. 10 Fig. 5.1 and Table 5.1 we have 
(1) R.B.= W.C.B. = 22' 30' = N 22' 30' E. 
(ir) R.B.= 180'- W. C. B . = 180'-170' 12' = S 9' 48' E. 
(iii) R.B.= W. C. B.- 180' = 211' 54 -180' = S 31' 54' W. 
(iv) R.B.= 360'- W.C.B. = 360'- 327' 24' = N 32' 36' W. 

(b) Ref. 10 Fig. 5.2 and Table 5.5 we have 
(1) W.C.B.= R.B.= 12' 24' 
(ir) W.C.B.= 180'- R.B.= 180'- 31' 36' = 148' 24' 
(iir) W.C.B.= 180' + R.B.= !80' + 68' 6' = 248' 6' 
(iv)/ W.C.B.= 360'- R.B. = 3UO'- 5' 42' = 354' 18' 

_;EXample 5.2. The following are observed fore-bearings of the lines (1) AB 12' 24' (ii) i 
BC 119' 48' (iir) CD 266' 30' (iv) DE 354' 18' (v) PQ N 18' 0' E (vi) QR Sl2' 24' E (vii) 
RSS59' 18'W (viii) ST N86' 12'W. Find their back bearings. 

Solution : 8.8.= F. B.± 180', using+ sign when F.B. is Jess than 180' ,and- sign 
when it is more than 180°. 

(r) B.B. of AB = 12' 24' + !80' = 192' 24'. 
(ii) B.B. of BC = 119' 48' + 180' = 299' 48' 
(iii) B. B. of CD= 266' 30'- 180' = 86' 30' 
(iv) B.B. of DE= 354' 18' - 180' = 174' 18' 
(v) B.B. of PQ = S 18' 0' W 
fvl) B. B. of QR = N 12' 24' W 
(vii) B.B. of RS = N 59' 18' E 
(viii) B.B. of ST = S 86' 12" E 
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Axample 5.3. The following bearings were observed with a compass. Calculale the 
interior angles. 

Line 
AB 
BC 
CD 
DE 
EA 

Fore Bearing 
60' 30' 

122' 0' 
46° 0' 
205' 30' 
300" 0'. 

Solution. Fig. 5.8 shows the plotted traverse. 

.. ,122°0' 
' ' 

\,Jj/ 

FIG. 5.8. 

' ~...'205°30' 

Included angle = Bearing of previous line- Bearing of next line 
LA = Bearing of AE - Bearing of AB 

= (300' - 180')- 60' 30' = 59' 30'' 
/D . 0".,,.;..,,.. ,....~ DA -q.,. .... ;..,., ,..,; rJr 

= (60' 30' + 180')- 122' = ll8' 30'. 
L C = Bearing of CB - Bearing of CD 

= (122' + 180')- 46' = 256' 
LD = Bearing of DC - Bearing of DE 

= ( 46' + 180') - 205' 30' = 20' 30'. 
LE = Bearing of ED - Bearing of EA 

= (205' 30' - 180') - 300'+ 360' = 85' 30' 

Sum = 540' 00'. 
Check : (2n - 4) 90' = (10 - 4) 90' = 540'. 

~xam.ple 5.4. The following interior angles were measured with a se.aanr in a closed 
traverse. The bearing of the line AB was measured as 60° 00' with prismaJic compass. 
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Calculate the bearings of all other line if LA ~ 140' 10'; LB ~ 99' 8'; ; L C ~ 60" 22'; 

LD ~ 69' 20~ 

Solution. 

Fig. 5.9 shows the plotted ttaverse. 

To fmd the bearing of a line, add 

the measured clockwise angle to the bearing 

of the previous line. If the sum is more 

than 180', deduct 180'. If the sum is 

less than 180', add 180'. 

Clockwise angles will he obtained . "' <u * ~ 

if we proceed in the anticlockwise direction f ~ C 

round the traverse. -

Starting with A and proceeding to­

ward D, C, il etc., we have 

Bearing of AD~ Bearing of BA + 140' 10'- 180' 

FIG. 5.9 

~ (180' + 60') + 140' 10'- 180' ~ 200' 10' 

Bearing of DA ~ 20' 10' 

Bearing of DC~ Bearing of AD + 69' 20' - 180' 

~ 200' 10' + 69' 20'- 180' = 89' 30' 

Bearing of CD.= 269' 30' 

Bearing of CB = Bearing of DC + 60' 22' + 180' 

= 89' 30' + 60' 22' + 180' ~ 329' 52' 

Bearing of BC = 149' 52' 

Bearing of fll&= Bearing of CB + 90' 8' - 180' 

~ 329' 52' + 90' 8' - 180' ~ 240' 

Bearing of AB = 60' (check). 

5.3. THE THEORY OF MAGNETIC COMPASS 

Magnetic compass gives directly the magnetic bearings of lines. The bearings may 

either be measured in the W.C.B. system or in Q.B. system depending upon the fonn 

of the compass used. The bearings so measured are entirely independent on any other measurement. 

The general principle of all magnetic compass depends upon the fact lhat if a long, 

narrow strip of steel or iron is magnetised, and is suitably suspended or pivoted about 

a point near its centre so that it can oscillate freely about the vertical axis, it will teild 

to establish itself in rbe magnetic meiidian at the place of observation. 

The most essential features of a magnetic compass are : 

(a) Magnetic needle, to establish the magnetic meridian. 

(b) A line of sight, to sight the other end of the line. 

(c) A graduated circle, either attached to the box or to the needle, to read 

the directions of the lines. 

(d) A compass box to house the above parts. 

Tn addition, a tripod or suitable stand can be used to support the box. 
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The various compasses exhibiting the above features are 

(l) Surveyor's compass 

(2) Prismatic compass 

(3) Transit or Level Compass. 

Earth's Magnetic Field and Dip 

The earth acts as a powerful magnet and like any magnet, fonns a field of magnetic 

force which exerts a directive influence on a magnetised bar of steel or iron. lf any slender 

symmetrical bar magnet is freely suspended at its centre of gravity so that it is free to 

tum in azimuth, it will align itself in a position parallel to the lines of magnetic force 

of the earth at that point. 

The Jines of force of earth's magnetic 

field run generally from South to North 

(Fig. 5.10). Near the equator, they are 

parallel to the earth's surface. The horizontal 

projections of the lines of force define the 

magnetic meridian. The angle which these 

lines of force make with the surface of 

the earth is called the angle of dip or 

simply the dip of the needle. In elevation, 

these lines of force (i.e. the North end 

of the needle), are inclined downward towards 

the north in the Northern hemisphere and 

downward towards South in Southern hemi­

sphere. At a place near 70' North latitude 

and 96' West longitude, it will dip 

90'. This area is called North magnetic 

pole. A similar area in Southern hemisphere 

is called the South magnetic pole. At any 

other place, the magnetic needle will not 

pomt towaros rne Norm magneuc pou:, Uul 

it will take a direction and dip in accordance 

with the lines of force at the point. Since 

the lines of force are parallel to the surface 

V) Q. 

FIG. 5.10. CROSS-SECTION OF EARTH'S MAGNETIC 

FIELD. 

of the earth only at equator, the dip of the needle will he zero at equator and the needle 

will remain horizontal. At any other place, one end of the needle will dip downwards. 

By suitably weighting the high end of the needle may be brought to a horizontal position. 

The Magnetic needle 

The compass needle is made of a slender symmetrical bar of magnetised steel or 

iron. It is hung from a conical jewel-bearing supported on a sharp, hardened steel pivot. 

Before magnetisation, the needle is free to rotate both vertically and horizontally and does 

not tend to move away from any direction in which it is originally pointed. When it 

is magnetised, it will dip downwards and take a definite direction of magnetic meridian. 

A small coil of brass wire is wrapped around it to balance the force tending to make 
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the needle dip. The position of the coil is 

adjustable for the dip in the locality where 

the compass is to be used. 

Fig. 5.11 shows a typical needle in 

section, which can either be a "broad needle" 
or "edge bar" needle type. 

The pivot is a sharp and hard point 

SURVEYlNG 
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weight Pivot 

FIG. 5.11. THE MAGNETIC NEEDLE. 

and the slightest jar will break its tip or make it blunt. A lever arrangement is usually 

provided for lifting the needle off its bearing when not in use, so as to prevent unnecessary 

wear of the bearing with consequent increase in friction. 

Requirements of a Magnetic Needle 

The following are the principal requirements of a magnetic needle : 

(I) The needle should be straigbt and symmetrical and the magnetic axis of the needle 

should coincide with the geometrical axis. If not, the bearing reading will not be. with 

reference to the magnetic axis, and, therefore, will be wrong. However, the included angles 

calculated from the observed bearings will be correct. 

(2) The needle should be sensitive. It may loose its sensitivity due to (ti) loss of 

polarity, (b) wear of the pivot. If the polarity has been lost, the needle should be remagnetised. 

The pivot can either be sharpened with the belp of very fine oil stone or it may be 

completely replaced. Suitable arrangement should be provided to lifr the needle off the pivot 

when not in use. 
(3) The ends of the needle should lie in the same horizontal and vertical planes 

as those or' the pivot point. If the ends are not in the same horizontal plane as that 

of the pivot point, they will be found to quiver when the needle swings, thus causing 

inconvenience in reading. 

(4) For stability, the centre of the gravity of the needle should be as far below 

the pivot as possible. 

In addition to the above requirements of the needle, · the compass box along with 

nthP.r acce.,.~orif'5; shouM he nf nnn-m~~t'.tic. snh!l.tanc~ so that needle is uninfluenced hv 

all other attractive forces except that of the earth's. 

5.4. THE PRISMATIC COMPASS 

Prismatic compass is the most convenient and portable fonn of magnetic compass 

which can either be used as a hand instrument or can be fitted on a tripod. The main 

parts of the prismatic compass are shown in Fig. 5.12. 

As illustrated in the diagram, the magnetic needle is attached to the circular ring 

or compass card made up of alnmioium, a non-magnetic. substance. When th~ needle is 

on the pivot, it will orient itself in the magnetic meridian and, therefore, the N and S 

ends of the ring will be in this direction. The line of sight is defined by the object 

vane and the eye slit, both attached to the compass box. The object vane consists of 

a vertical hair attached to a suitable frame while the eye slit consists of a vertical slit 

cut into the upper assembly of the prism unit, both being hinged to tke box. When an 

object is sighted, the sigbt vanes will rotate with respect to the NS end of ring through 
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1. Box 
2. Needle 

3. GradL•aled ring 

4. Object vane 

5. Eye vane 
6. Prism 

FIG. 5.12. 

7. Prism cap 

8. Glass cover 

·g. Lifting pin 

10. Ufting lever 

1 1. Brake pin 

12. Spring brake 

THE PRISMATIC COMPASS. 
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13. Mirror 

14. Pivot 

15. Agate cap 

16. Focusing stud 

17. Sun glass 

an angle which the line makes with the magnetic meridian. A triangular prism is fitted 

below the eye slit, having suitable arrangement for focusing to suit different eye sights. 

The prism has both horizontal and vertical faces convex.. so that a magnified image of 

the ring graduation is formed. When the line of sight is also in the magnetic meridian, 

the South end of the ring comes vertically below the horizontal face of the prism. The 

0° or 360° reading is. therefore, engraved on the South end of the ring, so that bearing 

01 the magm::Lil: mtuulCl.Li iS 1C"~ ..., ;: · ..... ~ .:.~ :.~~~ :.: :h·: ;-;-:~- .,_.~~r!"l i~ verticr!llv 

~' Angle '%. q. reqd (330") 
/ \ 

/ --~---
---- ~-- -- ,-- ,.,.....Angle 

\ : / read (330°) 
' .... -l 

' . \ :s ' 

(a) (b) 

FIG. 5.13. SYSTEM OF GRADUATION IN PRISMATIC COMPASS. 
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above South end in thiS particular pos1t10n. The readings increase in clockwise direction 

from 0' at South end to 90' at West end, 180' at North end and 270' at East end. 

This has been clearly illustrated in Fig. 5.13 (a) and (b). 

When nm in use, the object vane frame can be folded on the glass lid which covers 

the top of the box. The object vane, thus presses against a bent lever which lifts the 

needle off the pivot and holds it against the glass lid. By pressing knob or brake-pin 

placed at the base of the -object vane, a light spring fitted inside the box can be brought 

into the contact with the edge of the graduated ring to damp the oscillations of the needle 

when about to take the reading. The prism can be folded over the edge of the box. 

A meral cover fits over the circular box, when not in use. To sight the objects which 

ar.e too high or too low to be sighted directly, a hinged mirror capable of sliding over 

the object vane is provided and the objects sighted by reflection. When bright objects are 

sighted, dark glasses may be . interposed into the line of sight. 

The greatest advantage of prismatic compass is that both sighting the object as well 

as reading circ1e can be done simultaneously without changing the position of the eye. 

The circle is read at the reading at which the hair line appears to cut the graduated ring. 

Adjustment of Prismatic compass 

The following are the adjustments usually necessary in the prisinatic compass. 

(a) Station or Temporary Aqjustments: ./ 

(I) Centring (ii) Levelling (iii) Focusing the prism. 

(b) Pennanenl Adjustments. The permanent adjustments of prismatic compass are almost 

the same as that of the surveyor's compass except that there are. no bubble rubes to be 

adju.<ted and the needle cannot be straightened. The sight vanes are generally not adjustable. 

(See the pennanent adjusnnents of Surveyor's compass). 

Temporary Adjustmenls 

Temporary adjustments are those adjustments which have to be made at every set 

up of the instrument. They comprise the following: 

(I) Centring. Centring is the process of keeping the instrument exactly over the 

3~:;·=~- 1"'\ •• r~::::_:~· .-·-·-::~. ----r--- ·· ··-· c-·- :.::.:.:. .. ::.:. :. ..• -----·o .:.:·.: •. -- ·- :;,•··-·-••J 

fitted to engineer's theodolite. The centring is invariably done by adjusting or manipulating 

the legs of the tripod. A plumb-bob may be used to judge the centring and if it is not 

available, it may be judged by dropping a pebble from the centre of the bottom of 

the instrument. 
(i1) Levelling. If the instrument is a hand instrument, it must be held in hand in 

such a way that graduated disc is swinging freely and appears to be level as judged from 

the top edge of the case. Generally, a tripod is provided with ball and socket arrangement 

with the help of which the top of the box can be levelled. 

(i1) Focusing the Prism. The prism attachment is slided up or down for focusing 

till the readings are seen to be sharp and clear. 

5.5. THE SURVEYOR'S COMPASS 

Fig. 5.14 shows the essential parts of a surveyor's compass. As illustrated in the 

fignse, the graduated ring is directly attached to the box, and not with needle. The edge 
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1. Box 7. Counter weight 

2. Magnetic needle 8. Metal pin 

3. Sight vanes 9. Circular graduated arc 

4. Pivot 10. Lifting pin 

5. Jewel bearing 11. Lifting lever 

6. Glass top 
FIG. 5.14. THE SURVEYOR'S COMPASS. 

bar needle freely floats over the pivot. Thus, the 

graduated card or ring is not oriented in the magnetic 
meridian. as was the case in the prismatic compass. 
The object vane is similar to that of prismatic compass. 
The eye vane consists of a simple metal vane with 
a fine slit. Since no prism is provided, the object 
;~ fr ~ .. d:'h.!"'~ oh .... t •vith tl,~ 0n;~,.t ::~nrl PVP v::~rv·~ 

and the reading is then taken against the North 
end of the needle, by looking vertically thsough 

the top glass. Fig. 5.15 shows the plan view of 

a surveyor's compass. 
When the line of sight is in magnetic meridian, 

the North and South ends of the needle will be 

over the 0' N and 0' S graduations of the graduated 

card. The card is graduated in quadrantal system 

having 0' at N and S ends and 90' at East and 

West ends. Let us take the case of a line AB 
which is in North-East quadrant. In order to sight 
the point B, the box will have to be rotated about 

the vertical axis. In doing so, the pointer of. the 

needle remains fixed in position (pointing always 

Heao oeanng nere 
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FIG. 5.15. SURVEYOR'S COMPASS (PLAN). 
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to tbe magnetic meridian) while lhe o• N graduation of tbe card moves in a clockwise 

direction. In olher words. the North end of the needle moves in the anti-clockwise direction 
with relation to the o• N graduation of the card. Taking the extreme case when the line 

has a bearing of 90° in East direction, the pointer appears to move by 90° from the 
o• N graduation in anti-clockwise direction ; in this position, therefore, the pointer must 

read the reading 90" E. Thus, on lhe graduated card, the East and West are interchanged. 

See Fig. 5.16 (a) and (b). 

(a) Una of sight In 
magnetiC meridian 

(b) Line of sight towards B 
bearing N 30" E 

FIG. 5.16. SYSTEM OF GRADUATIONS IN THE SURVEYOR'S COMPASS. 

The difference between surveyor's and prismatic compass is given in Table 5.3. 
TABLES 5.3. DIFFERENCE BETWEEN SURVEYOR'S AND PRISMATIC COMPASS 

llem I Prlsmolic COI!!J!liSS Surveyor's Comntus 

(1) Magnetic ! The needle is of 'broad needle' type. The needle The needle is of' edge bar ' type. The needle acts 
Nee tOe i does not act as index. as the index also. 

(2) Graduated~ (1) The graduated card ring is attached with the (1) The graduated card is attached to the box and 
Ctutl needle. The rine dot$ nm ror:ne alon~ with the !ine nnt rn rhe needle. The card rnr!lr~s l!!nnl' wirh rhP lineo 

10t Slgnt. of sight. 

{it) The gradualions are in W.C.B. system, having (it) The graduations are in Q.B. system, having 
oo at South end, 90° at West. 18QG at North and oo at N and S and 90g at East and West. East and 
270° at East. West are interchanged. 

(ii1) The graduations are engraved inverted. (iit) The Rraduations are engraved erect. 

(3) Sighting (1) The object vane consists of metal vane with a (l) The object vane consists of a metal vane wilh a 
Vanes vertical hair. vertical hair. 

(ii) The eye vane consisr.s of a small metal vane (ir) The eye vane consists of a metal vane with a 
I with slit. fine slit. 

(4) Reading (1) The reading is taken wilh the help of a prism (t) The reading is taken by directly seeing through 
provided at the eye slit. the 1op of lhe glass. 

(it) S•ghtmg and readmg taking can be done (i1) Sighting and reading taking cannot be done 
Slmultane-ouslv from one oositLOn of the observer simultaneouslv from one oosition of the observer. 

(5) Tripod Tripod may or may not be provided. The The instrumem cannot be used without a tripod. 
instrument can be used even by holding suitably in 
hand. 

! 
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Temporary Adjustments. Same as for prismatic compass, except for the focusing 

of the prism. 
Permanent Adjustments of Surveyor's Compass 

Permanent adjustments are those adjustments which are done only when the fundamental 
relations between the parts are disturbed. They are, therefore, not required to be repeated 

at every set up of the instru~ent. These consist of : 
(I) Adjustment of levels. (ii) Adjustment of sight vanes. 

(iii) Adjustment of needle. (vi) Adjustment of pivot point. 

(1) Adjustment of levels 
Object To make the levels, when they are fitted, perpendicular to the vertical axis. 

Test. Keep the bubble tube parallel to two foot screws and centre the bubble. Rotate 
the instrument through 90° about the vertical axis, till it comes over the third foot screw 
and centre the bubble. Repeat till it remain central in these two positions. When the bubble 
is central in any of these positions, tum the insaument through 180° about vertical axis. 

If the bubble remains central, it is in adjustment. If not, 

Adjustment. Bring the bubble half way by foot screws and half by adjusting the 

screws of the bubble tube. 
Note. If the instrument is not fitted with the levelling head, the bubble is levelled 

with the help of ball and socket arrangement, turned through 180' and tested. In case 

it needs adjustment, it is adjusted half way by the adjusting screw of the bubble tube 
and half by the ball and the socket. Generally, this adjustment is an unnecessary refinement 

and the levels are not provided on the instrument. 

(il) Adjnstrnent of Sight Vanes 
Object. To bring the sight vanes into a vertical plane when the instrument is levelled. 

Test. Level the instrument properly. Suspend a plumb line at some distance and look 

at it. first through one of the sight vanes and then through the other. 

Adjustment. If the vertical hair in the object vane or the slit in the eye vane is 
not seen parallel to the plumb line, remove the affected vane and either file the higher 

~lUI:: 01 Ult:: Oeti Ul ll~H 111 ;;uii.4bl~ paw~iu5, ...., .. J.;..i o1....,; : .... ·.~ ;:;~ s.:J~. 

(iz) Adjnstrnent of Needle 
The needle is adjusted for : (a) Sensitivity, (b) Balancing the needle, (c) Straightening 

vertically, and (d) Straightening horizontally. 
(a) Sensitivity. The needle may loose its sensitivity either by the loss of its magnetism 

or by the pivot becoming blunt. To test it, level the instrument and lower the needle 
on its pivot. If it comes to rest quickly, it shows the sign of sluggishness. To adjust 
it find the reason, whether it is due to loss of magnetism or due to the blunt pivot. 
Remagnetise the needle, if necessary. The pivot point can be sharpened with the help of 

fine oil stone or can be completely replaced. 
(b) Bakzncing the needle. Due to the effect of the dip, the needle may not the 

balanced on its pivot. To test it, level the instrument and lower the needle on its pivot. 
Note the higher end, remove the compass glass and slide the counter weight towards the 

higher end, till it balances. 
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(c) Straightening the needle vertically. If the needle is bent vertically, a vertical 

seesaw motion of the ends will take place with its horizontal swing when the needle is 

lowered on the pivot. In such a case, the needle may be taken off the pivot and may 

be suitably bent in the vertical direction so that the seesaw motion ceases. 

(iv) Straightening Horizontally 

Object. To straighten the needle so that its two ends shall lie in the same vertical 

plane as that of its centre. 

arc. 
Test. Note the reading of both ends of the needle in different positions of the graduated 

If lhe difference between both end readings is always some constant quantity -other 

than 180°, the needle is bent horizontally but the pivot coincides the centre of the graduations. 

On the other hand, if the difference varies, the error may be both in the needle as well 

as in the pivot. In order to know, in such a case, whether the needle is straight or 

not, level the instrument and read both ends of the needle in any position. Revolve the 

compass until the South end of the needle comes against the previous reading of the North 

end; read the North end now. If the reading at the North end is the same as that of 

the South end in the previous position, the needle is not bent. Otherwise, it is bent and 

needs adjusnnent. .,. 

Adjustment. If not, note the difference. Remove the needle from the pivot and bend 

the North end halfway towards the new position of the original reading at the South end. 

Replace and repeat till correct. 

(v) Adjustment of the Pivot 

Object, To bring the pivot point exactly in the centre of the graduated circle. 

Test aiUl Adjustment. (I) Bring the North end of the needle against the North o• 

mark of the graduated circle. Note the reading of the South end of the needle. If it does 

not read 0°, correct the error ·by bending the pivot pin slightly in a direction at right 

angles to the line between the North and South zeros. • 

(2) Bring the North end of the needle exactly against 90• mark. and note the reading 

a~ainst the South Pnrl. Tf it <inP:.~ nnt rP~rl <mo rnrrPrr th~;" PrTnr h,, hP-nrlin~ t~P. .:--ivnr 

pin in a direction at right angles to the line between the two 90°. marks. Repeat (I) 

and (2) until the readings for the opposite ends of the needle agree for any position of 

the needle. 

5.6. WILD B3 PRECISION COMPASS 

Fig. 5.18 shows the photograph of Wild B3 tripod compass. It is a precision compass 

for simple, rapid surveys. It is particularly valuable whenever a small, light weight survey 

instrument is required. It derives its precision from the" fine pivot system, the balanced 

circle and the strong magnet. 

The B3 is set up on a tripod and levelled with foot screws and circular bubble 

like other surveying instruments. On pulling out the circular clamp, the magnet brings the 

zero graduation of the circle to magnetic north, and the magnetic bearing to the target 

can be read to 0.1 •. On releasing the· clamp, after the reading has been taken, the circle 

~~I 

' 

• 

1 

;<'c' 

THE COMPASS 
125 

is lifted automatically off the pivot and is held again in a fixed position so that the damage 

to the pivot cannot occur during transport. 

With the circle in the clamped position, the B3 can be used as a simple angle 

measuring instrument. The small vertical arc alongside the telescope allows slopes to be 

measured within a range of ± 70%. 

The circle has a spring mqunted sappire bearing. The pivot is sharp and made of 

extremely hard metal. The instrument can be adjusted for earth's magnetic field (i.e. for 

dip) by moving tiny adjustment weights, thus balancing the circle so that it will swing 

·horizontally in any part of the world. 

The small sighting telescope has 2 X magnification and stadia hairs for approximate 

distance measurement from a staff. 

5.7, MAGNETIC DECLINATION 

Magnetic declination at a place is the horizontal angle between the true meridian 

·and the magneuc mendtan shown by me needle at the ume of observation. If the magnetic 

meridian is to the nght stde (or eastern side) of the true meridian, declination is said 

to be easrem or positiye [see Fig. 5.19 (a)]; if it to be the left side (or western side), 

the declination is said to be western or negative [see Fig. 5.19 (b)]. 

Mariners call declination oy we name 

variation. 
The declination at any particular location 

can be obtained by establishing a true meridian 

from astronomical observations and then read-

ing the compass while sighting along the 

true meridian. 
Isogonic line is the line drawn through 

True 
meridian 

(T.MJ 

Magnetic 
meridian 
(M.M) 

M.M. T.M. 

the points of same declination. The distribution (a) Declination east 

of earth's magnetism is not• regular and con­

sequently, the isogonic lines do not fonn 'Com­

(b) Declination west 

F1G. 5.19. MAGNETIC DECLINATION. 

~''*" :'"""t ,.;'!""'"'(' ~ut r~rti~tiT10 frnm thP Nnrth ~nrl ~nuth ma£metic reg-ions thev follow 

irregular paths. Agonic line is the line made up of points having a zero declination. 

Variations in Declination : The value of declination at a place never remains constant 

bm changes from time to time. There are four types of variations in declination 

(a) Diurnal variation (b) Annual variation (c) Secular variation (d) Irregular variation. 

(a) Diurnal Variation : The diurnal variation or daily variation is the systematic 

departure of the declination from its mean value during a period of 24 hours. It generally 

varies with the phase of the sunspot period. The difference in declination between morning 

and afternoon is often as much as 10' of arc. The extent of daily variations depend upon 

the following factors: 

(1) The Locality : More at magnetic poles and less at equator. 

(il) Season of the year : Considerably more in summer than in winter. 

(iii) Time: More in day and less in night. The rate of variation during 24 hours 

is variable. 
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(iv) The amount of daily variation changes from year to year. 

(b) Annual Variation 

The variation which has a yearly period is known as annual variation. The declination 

has a yearly swing of about 1' or 2' in amplitude. It varies from place to place. 

(c) Secular Variation 

Due to its magnitude, secular variation is the most important in the work of surveyor. 

It appears to he of periodic 'haracter and follows a roller-coaster (sine-<:urve) pattern. It 

swings like a, pendu1um. For a given place, the compass needle after moving continuously 

for a period of years in one direction with respect to the true North, gradually comes 

to a stand still and then begins to move in opposite direction. Secular change from year 

to year is not uniform for any given locality and is different for different places. Its period 

is approximately 250 years. In Paris, the records show a range from 11• E in 16BO to 

22" W in I820. This magnitude of secular variation is very great, it is very important 

in the work of the . surveyor, and unless otherwi§e specified, it is the change commonly 

referred to. 

·(d) Irregular Variation 

The irregular variations are due to what are known as 'magtfetic storms'. earthq~kes 

and other solar influences. They may occur at' any time and cannot be predicredc Change 

of lhis kind amounting to more than a degree have been observed. 

Dete~ation of True Bearing. 

All important surveys are plotted with reference to uue meridian, since lhe direction 

of magnetic ·meridian at a place changes with time. If however, the magnetic declination 

at a place, at the time of observation is known, the true hearing can he calculated from 

the observed magnetic hearing by the following relation (Fig. 5.19): 

Tru: bearing = magnetic bearing + declinaqon. 

Use plus sign if the declination is to the EaSt and minus sign if it is to the West. 

The above rule is valid for whole circle hearings only. If however. a reduced hearing 

bas --~- ,o~~erv __ ~· ~ is alway~ ~dvisable ,.to ~aw ~~~~~~ram""' ~d. ~~alculat~' ~i~~.', 
~-~P·~ .., . .., .. ,.~ ··-o··~··- .... _ .. ,, .. 6 "J .. ••••- .... .., -· '--·--·-·<- .!.~ ··-" :.J6uJ,,.b 

if the magnetic declination is 5° 38' Easr. 

Solution. Declination= + 5" 38' M.M.. •I>T.M. 

: True hearing= 48" 24' + 5• 38' =54" 02'~ 

--{xample 5.6. The magnetic bearing of a line AB is S 

28 • 30' E. Calculate the true bearing if the declination is 7 • 30' 

West. 

Solution. The positions of true meridian, magnetic meridian 

and the line have been shown in Fig. 5.20. Since the declination 

is to he West, the magnetic meridian will be to the West of 

true meridian. 
Hence, true heariog = S 28" 30' E + 7 • 30'. 

= S 36• 00' E. 

---~;.;; B 

'Oe?J.~ 

FIG. 5.20. 
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....£xample 5.7. In an old map, a line AB was drawn to a magnetic bearing of 

s• 30' the magnetic declination at the time being r East. To what magnetic bearing should 

the line be set now if the present magnetic declination is a· 30' East. 

Solution 

True bearing of the line = 5" 30' + I" = 6" 30' 

Present declination = + s• 30:. (East) 

Now, True hearing= Magnetic hearing + s• 30' 

:. Magnetic hearing= True hearing - 8" 30' 
= 6° 30'- go 30' =- 2° (i.e. 2° in the anti-clockwise direction) 

J = 358". 

~xample 5.8. Find the magnetic declination at a place if the magnetic bearing of 

the sun at noon is (a) 184 • (b) 350" 20~ 

Solution. (a) AI noon, the sun is exactly on the geographical meridian. Hence. the 

true hearing of the sun at noon is zero or lBO" depending upon whether it is to the 

North of the place or to the South of the place. Since the magnetic hearing of the sun 

is 184", the true hearing will be 180". 

Now True bearing = Magnetic hearing + Declination 

180° = 184° + Declination 

or Declination = - 4° = 4° W 

(b) Since the magnetic hearing of the sun is 350" 20', it is at the Norrh of the 

place and hence the true hearing of the sun, which is on the meridian, will be 360". 

or 

Now, True bearing = Magnetic hearing + Declination 

360° = 350° 20' +Declination 

Declination= 360" - 350" 20' = 9" 40' = 9" 40' E. 

5.8. LOCAL ATTRA~TION 

A magnetic meridian at a place is established by a magnetic needle which is uninfluenced 

by other attracting forces. However. sometimes. the magnetic needle may be attracted and 

prevented from indicating the true magnetic meridian when it is in proximity to certain 

magnetic subsrances. Local attraction is a tenn used to denote cury influence, such as the 

above, which prevents the needle from pointing ro the magnetic North in a grven localiry. 

Some of the sources of local attraction are : magnetite in the grourid, wire carrying electric 

current, steel strucrures, railroad rails, underground iron pipes, keys, steel-bowed spectacles, 

metal buttons, axes, chains, steel tapes etc., which may he lying on the ground nearby. 

Detection of Local Attraction. The local attraction at a particular place can he 

detected by observing the fore and back bearings of each line and finding its difference. 

If the difference between fore and back bearing is lBO", it may he taken that both the 

stations are free from local attraction, provided there are no observational and instrumental 

errors. If the difference is other than ISO•, the fore hearing should be measured again 

to find out whether the discrepancy is due to avoidable attraction from the articles on 

person, chains, tapes etc. It me difference still remains, the local attraction exists at one 

or both the stations. · 
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Strictly speaking, the temz local mtraction does not include avoidable auraction due 

ro things abour the person or ro other sources nor connected wirh rhe place where rhe 

needle is· read. 

Elimination of Local Attraction. If there is local attraction at a station, all the 

bearings measured at that place will be incorrect and the amount of error will be equal 

in all the bearings. There are two methods for eliminating the effects of local attraction. 

First Method. In this method, the bearings of the lines are calculated on the basis 

of the bearing of that line which has a difference of 180 ' in its fore and back bearings. 

It is, however, assumed that there are no observational and other instrumental errors. The 

amount and direction of 'error due ro local attraction at each of the affected station is 

found. If. however, there is no such line in which the two bearings differ by 180 ', the 

corrections should be made from the mean value of the bearing of that line in which 

there is least discrepancy between the back sight and fore sight readings. 

If the bearings are expressed in quadrantal sysrem, the corrections must be applied 

in proper direction. In 1st and 3rd quadrants, the. numerical value of bearings increase 

in clockwise direction while they increase in anti·clockwise direction in 2nd and 4th quadrants. 

Positive corrections are applied clockwise and negative correct(ons counter~clockwise. 

Examples 5.9, 5.10 and 5.11 completely illustrate the procedure for applying the 

corrections by the first method. 

Secood Method. This is more a general method and is based on the fact that though 

the bearings measured ar a station may be incorrect due to local attraction, lhe included 

angle calculated from the bearings will be correct since the amount of error is the same 

for all the bearings measured at the station. The included angles between the lines are 

calculated at all the stations. If the traverse is a closed one, the sum of the internal included 

angles must be (2n- 4) right angles. If there is any discrepancy in this, observational and 

instrumental errors also exist. Such error is distributed equally to all the angles. Proceeding 

now with the line, the bearings of which differ by 180', the bearings of all other lines 

are calculated, as illustrated in example 5.12. 

Special case : Special case of loca! attraction may arise when Y.'e find no line which 

nas a daterence or usuv m us rore ano oacK oeanngs. Jn that case select the line in 

which the difference in its fore and back bearings is closest to 180'. The mean value 

of the bearing of that line is found by applying half the correction to both the fore and 

back bearings of that line, thus obtaining the modi/ied fore and back bearings of that line 

differing exactly by 180'. Proceeding with the modified bearings of that line, corrected 

bearings of other lines are found. See example 5.13 for illustration. 

Example 5.9. The following bearings were observed while traversing wirh a compass. 

line 
AB 

BC 

F. B. 

45' 45' 

96° 55' 

B. B. 

226' 10' 

277 ° 5' 

Line 
CD 

DE 

F. B. 
29° 45' 

324' 48' 

B.B. 

209' 10' 

144° 48' 

Mention which stations were affected by local auraction and determine the corrected 

bearings. 
(U.B.) 

·t· ·~ ;. 
! ; .-.-

~t· ~- . 
l i 

~: 

, .. 
:0.1.· 

1 
~ 

~ 

' 

;< 

THE COMPASS 
129 

Solution. On exammmg the observed bearings of the lines. it will be noticed that 

difference between back and fore bearings of the line DE is exactly 180'. Hence both 

statio.ns D and E are free from local attraction and all other bearings measured at these 

stations are also correct. Thus, the observed bearing of DC (i.e 209' 10') is correct. The 

correct bearing of CD will, therefore, be 209' 10 •- 180' = 29 ' 10' while the observed bearing 

is 29 o 45'. The error at C is ~erefore + 35' and a correction- 35' must be applied to 

all the bearings measured at C. The correct bearings of CB thus becomes 277' 

5' - 35' = 276' 30' and that of BC as 276' 30' - 180 ' = 96' 30'. The observed bearing of BC 

is 96' 55' . Hence the error at B is + 25' and a correction of - 25' must be applied 

to all the bearings measured at B. The correct bearing of BA thus becomes 

226' !0'- 25' = 225' 45', and that of AB as 225' 45'-180' = 45' 45' which is the same as 

the observed one. Station A is, therefore, free from local attraction. 

The results mav be tabulated as under · 
' 

Une Observed bearing Comclion Corrected bearing ! Remarks 

AB 45° 45' 0 a1 A 45° 45' 

BA 226° 10' -25'atB 225° 45' 

BC 96° 55' -25'aiB 96° 30' S~a-1ions B and 
C are affeqed 

CB 217° 5' -3S'atC 276° 30' by local auraction 

CD 29° 45' - 35'at C 29 ° 10' I 

DC 209° 10' 0 atD 209 ° 10' 

DE 324° 48' 0 a1D 324° 48' 

ED 144° 48' 0 atE 144° 48' 

Example 5.10. Apply rhe corrections if the bearings of rhe previous example are 

measured in the quadrantal system as under : 

': .. ~ ~D D D 
-- ·-

I ;; ... ., "" R R. 

AB N 45' 45' E S 46' IO'W j CD N29'45'E S 29' JO'W 

BC S83'05'E N82'55'W DE N35' 12'W S 35' 12'E 

Solution By inspection of the observed bearings, stations D and E are free from 

local attraction and hence bearings of ED, DE and DC are correct. The correct bearing of 

CD will, therefore, be N 29 ' 10' E. Since the observed bearing of CD is N 29 '45' E, 

the magnetic needle at C is deflected by 35' towards West. The corrected bearings of 

CB will, therefore, be N 82' 55' W + 35' = N 83' 30' W. 

The corrected bearing of BC will be S 83' 30' E. Since the observed bearing of BC 

is S 83° 05' E, the needle at B is deflected by .25' towards East. Hence the corrected bearing 

of BA will be S46' lO'W-25'oiS45'45'W. The bearing of line AB will beN 

45o 45' E. which is the same as the observed one. Station A is, therefore. not affec[ed 

by local attraction. 
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Example 5.11. The following bearings were observed in running a closed traverse: 

Une F.B. B.B. 

AB 

BC 

CD 

DE 

EA 

75" 5' 

115" 20' 

1QZ}5' 

E4 ·50' 

304. 50' 

254. 20' 

2fJ6" 35' 

345" 35' 

,44 ° 5' 

125" 5' 

At what stations do you suspect the local OJtraaion ? Deiermine- the correct magnetic 

bearings. q declination was 5" 10' E, what are the true bearings ? 

Solution. 

By inspection of the observed bearings it will be noticed that stations C and D 

are free from local 'attractions since the B.B. and F.B. of CD differ by ISO". All the 

bearings measured at C and D are, therefore, correct. Thus, the observed bearing of CB 

(i.e. 296" 35') is correct. The correct bearing of BC will be 296" 35' - ISO"= 116" 35'. Since 

the observed bearing of BC is 115" 20', a correction of+ J• 15' will have to be applied to 

the bearing of BA measured at B. Thus, the correct bearing of BA becomes 254" 20' + I" 15' 

= 255" 35'. The correct bearing of AB will, therefore, be 255" 35' -ISO • = 75" 35'. Since 

the observed bearing of AB is 75" 5' a correction of+ 30' will be have to be applied 

to the bearing of AE measured at A. Thus, correct bearing of AE becomes 125" 5' + 30' 

= 125" 35'. The corrected bearing of EA will be 125" 35' +ISO"= 305" 35'. Since the observed 

bearing of EA is 304 • 50', a correction of + 45' will have to be applied to the bearing 

of ED measured at E. The correct bearing of ED will thus be 44" 5' + 45' = 44" 50' 

The correct bearing of DE will be 44" 50''+ ISO"= 224" 50', which is the same. as the 

observed one, since the station D is not affected by local attraction. 

Thus, results may be tabulated as given below. Since the magnetic declination is 

+ 5° 10' E. the true bearin11:s of the· lines will be obtained hv addinP _'l 0 1 0' tn r:onP.creci 

magnetic bearings 

U/U Obserred Co medon Co meted True Renuuks 
bearinr bearinP bearim! 

AB 75° 5' +30'atA 75° 35' 80° 45' 

BA 254° 20' +l0 l5'atB 255° 35' 260° 45' 

BC 115° 20' + 1° IS' at B 116" 35' 121° 45' 

CB 296° 35' 0 a[ C 296° 35' 301° 45' Stations A , 8 and E are affected by 
local attraction 

CD 165° 35' 0 at C 165" 35' 170° 45' 

DC 345° 35' 0 atD 345° 35' 350° 45' 

DE 224° 50' OatD 224° 50' 230° 0' 

ED 44° 5' +45'atE 44° 50' 50° 0' 

EA 304° 50' +45'atE 305° 35' 3l0° 45' 

AE 125° 5' +30'aiA 125° 35' 130° 45' 

I 
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~pie 5.12. 
Une 

AB· 
BC 

CD 

DE 

4.4 

131 

The folhlwing are bearings tak8n on a closed compass traverse 

F. B. B.B. 

80. 10' 259. 0' 
' 120. 20' 301 • 50' 

170. 50' 350. 50' 

230. 10' 49. 30' 

310. 20' 130"15' 

Compute the interior angles and correct them for observational errors. Assuming the 

observed bearing of the line CD to be correct adjust the bearing of the remaining sides. 

Solution. LA= Bearing of AE- Bearing of AB = no• 15'- so• 10' = so• 5' 

LB =Bearing of BA - sOaring. of BC-, = 259"- 120" 20' = !3S" 40' 

LC=Bearing of CB- Bearing of CD =301"50'-170"50'= 131"0' 

LD = Bearing of DC- Bearing of DE = 350" 50'- 230" 10' = 120" 40' 

LE =Bearing of ED- Bearing of EA = 49" 30'- 310" 20' + 360" = 99" 10' 

LA+ LB + LC + LD + LE =50" 5' + 13S" 40' + 131" 0' + 120" 40' + 99" 10' = 539" 35' 

Theoretical sum = (2n - 4) 90 • = 540 • 

Error= - 25' 
HencF a correction of + 5' is applied to all the angles. The corrected angles are: 

LA= 50" 10'; LB = !3S" 45'; LC=l31" 5'; LD = 120" 45' and LE = 99 • 15' 

Starting with the corrected bearing of CD, all other bearings can be calculated as under: 

Bearing of DE= Bearing of DC- LD = 350" 50' - 120" 45 = 230" 5' 

:. Bearing of ED= 230" 5' - ISO • = so• s· 
Bearing of EA =Bearing of ED - LE = so• 5' - 99" 15' + 360" = 310" 50' 

.. Bearing of AE= 310" 50'- ISO"= 130" 50' 

Bearing of AB =Bearing of AE - LA = 130" 50' - so• 10' = so• 40' 

Bearin• of BA = so• 40' + ISO" = 260" 40' 

, Bearing of BC, = Bearing of BA - LB = 260• 40' - !3S• 45' = 121" 55' 

:. Bearing of CJ! = 121" 55 + 1so• = 301" 55' 

Bearing of CD= Bearing of CB- LC = 301" 55'- 131" 5' = 170 • 50' 

:. ~g of DC= 170 • 50' + ISO • = 350 • 50'. (Check) 

~pie 5.13. The following bearings were observed in running a closed traverse. 

Line F. B. B. B. 

AfJ 71"05' 250"20' 

BC 110"20' 

CD 161"35' 

DE 220"50~ 

EA 300"50' 

Detennine tfle correct magnetic bearings of the lines. 

292"35' 

341"45' 

40"05' 

121"10' 
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Solution 
By inspection. we find !hat lnere is no line whose F.B. and B.B. differ exactly 

by 180". However, the F.B. and B.B. of line CD differ by 180"10', the difference being 
only + 10'. Hence the correct F.B. of CD is obtained by adding half the difference. 

and 

• E' 
' 

300~50' I 

FIG. 5.21 

Hence corrected F. B. of CD= 161"35' + 5.' = 161"40' 

corrected B. B. of CD= 341 "45'- 5' = 341"40' 

Difference = 180°0' 
L..itBL = 250- 21J - uu- i.v· = l.ttv- u· 

LBCD = 292"35' -161"35' = 131"0' 

LCDE = 341 "45'- 220"50' = I20"55' 

LDEA = 300"50' - 40"05' = 260"45' (Exterior) 

= 99"15' (Interior) 

LEAB = 121"10' -71"5' = 50"5' 

Theoretical sum= (2N- 4) 90" 
Sum =541"15' 

= 540° 
Error= 541"15'- 540" = 1"15' 

:.Correction for each angle=- 15' 

Hence the corrected angles are 

i·' 

1 
_l f 

~i 
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LABC = 140"0' - 15' = 139"45' 

LBCD = 131 "0'- 15' = 130"45' 

LCDE = !20"55'- 15' = 120"40' 

LDEA = 99"15'- 15' = 99"00' 

LEAB = 50"05' - 15' = 49"50' 

sum = 540"00' 

t33 

The corrected bearings of all the lines are obtained from the included angles and 

the corrected bearing of CD. 

Corrected F.B. of DE= 341"40' -120"40' = 221"00' 

B. B. of DE= 221"00'- 180" = 41" 00' 

F.B. of EA = 41"00' + 261" = 302"00' 

B.B. of EA = 302"00'- 180" = 122" 00' 

F.B. of AB = 122"00'- 49"50' = 72"10' 

B.B. of AB = 72"10' + !80" = 252"10' 

F.B. of BC = 252"10'- 139"45' = 112"25' 

B. B. of BC = 112"25' + 180" = 292"25' 

F.B. of CD = 292"25' - 130"45' = !61 "40' (check) 

5.9. ERRORS IN COMPASS SURVEY 

The errors may be classified as : 
(a) Instrumental errors : 

(b) Personal errors 
(c) Errors due to natural causes. 
(a) Instrumental errors. They are those which arise due to the faulty adjusonents 

-~ l!.J.L ~nstllliKn:.;. ~: -~·· "'~ "'·~~ M •"'"' f"""'·";:'_: 

(I) The needle not being perfectly straight. 

(2) Pivot being bent. 
(3) Sluggish needle. 
(4) Blunt pivot point. 
(5) Improper balancing weight. 
(6) Plane of sight not being vertical. 
(7) Line of sight not passing through the centres of the right. 
(b) Personal errors. They may be due to the following reasons: 

(I) Inaccurate levelling of the compass box. 

(2) Inaccurate centring. 
(3) Inaccurate bisection of signals. 
(4) Carelessness in reading and recording. 
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(c) Natural errors. They may he due to the following reasons: 

(I) Variation in declination. 

(2) Local attraction due to proximity of local attraction forces. 

(3) Magnetic changes in the annosphere due to douds and storms. 

(4) lrregolar variations due to magnetic storms etc. 

PROBLEMS 

1. Explain, with the help of neat sketch, the graduations of a prismatic compass and a surveyor's 
compass. 

2. Give, in a tabular form, the difference between prismatic compass and surveyor's compass. 

3. What are the sources of errors in compass survey and what precautions will you take 

to eliminate them ? 
4. What is local attraction ? How is it detected and eliminated? 

5. Define the terms : True and magnetic bearing, local attraction, back bearings and magnetic 
declioation. (A.M.I.E.) 

6. Detennine the values of included angles in the closed compass traverse ABCD conducted 
in the cloc~ direction, given the following fore bearings of their respective lines : 

Apply !he check. 

line F.B. 

AB 

BC 

ClJ 

DA 

40" 

70" 

210° 

280" 

7. The following angles were observed in clockwiSe direction in an open uaverse 

(U.B.) 

"-rU,''-'- i ....... i.,l o "-U'-'I.J- hiV .IV o "-'-'~.JJ.:.....;. 1V~ VI L..IJ.i...1 - ;,:;, .:;, I ,_,:...--·:....- ... ~ "TJ • 

Magnetic bearing of !he line AB was 241' 30'. What would be !he bearing of line FG ? 
(G.U.) 

8. In an old survey made when the declination was 4° W, the magnetic bearing of a given 

line was · 210°. The declination iD the same locality is now 10° E What are the true and pres_ent 

magnetic bearings of the tine? (U.B.J 

9. The magnetic bearing of line as observed by the prismatic compass at a survey station 
is found to be 272°. If the local attraction at this station is known to be 5° E and the declination 

is 15' West, what is the nue bearing of !he line? (P.U.) 

10. (a) What is back bearing and what are the advantages of observing it in a traverse ? 

(b) At a place !he bearing of sun is measured at local noon and found to be 175' 15'. What 

is the magnitude_ and direction of magnetic declination of the place ? 

(c) Show ""··bf a neat diagram the graduations on the circle of a prismatic compass. 

11. The following bearings were taken in running a compass traverse 

,. ,. 

I 

/ 
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line 

AB 

F. B. 

124° 30' 

B. B. 

304° 30' 

line 
ClJ 

BC 68' 15' 246' 0' I DA 

At what stations do you suspect local attraction ? Find the 
also compute the included angles. 

12. The following fore and back bearings were observed 
place where local attraction was suspected. 

Line F.B. B.S. Une 

AB 38° 30' 219° 15' CD 

135 

F. B. B.B 

310° 30' 135u 15" 

200° 15' 17° 45' 

correct bearings of lhe lines and 

in traversing with a "compass in 

F. B. B.B 

25° 45' 207° 15' 

BC 100° 45' 278° 30' I DE 325° 15' 145° 15' 

Find the corrected fore and back bearings and the true bearing of each of the lines given 

thai the magnetic declination was 10° W. 

13. The following are the bearings taken on a closed compass traverse: 

Line F.B. B.B. line F.B. B.B 

AB s 37° 30' E N 37~30' w I DE N 12 ° 45' E s 13° 15' w 
BC S43°15'W N44°15'E EA N60°00'E S59°00'W 

CD N 73° 00' W S no 15' E 

Compute the interior angles and correct them for observational errors. Assuming the observed 

bearing ·of the line AB to be correct, adjust the bearing of the remaining sides. 

14. (a) Derive rules to calculate reduced bearing from whole circle bearing for all lhe quadrants. 

(b) The following bearings were observed with a compass 

AB 74° 0' BA 254° 0' 

BC 91° 0' 

CD 166° 0' 

DE 117°0' 

CB 271° 0' 

DC 343°0' 

ED oo 0' 

EA 189° 0' AE 9° 0' 

Where do you suspect the local attraction ? Find lhe correct bearings. 

... """~'li'"F"R~ 

6. LA== 60°; LB== 150°; LC=40°; LD= 110°; sum ==360° 

7. 35° 35' 

8. T.B. = 206' 0'; M.B. = 196' 0'. 

9. 262' 

10. (b) 4' 45' E 

11. Stations C and D. 
line F. B. B.B. Line F. B. B.B 

AB 124° 30' 304° 30' 
I 
I ClJ 312° 4.5' 132° 45' 

BC 68° 15" 248° 15' I DA 197°45' 17,0 45' 

LA=106'45'; LB=123'45'; LC=64'30'; LD=65'. 
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(Note : Take F.B. of CD= 310• 30') 
12. Lli1e F.8. 8.8. 

A8 38" 30' 218" 30' 

8C tOO" o· 280" 0' 

CD 27" 15' 207" 15' 

DE 325" 15' 145" IS' 

13. Summation error= +1"15'. 

Llire F.8. 8.8. Line 

BC s 43" 30' w ' N 43° 30' E I DE 

CD N 73" 30' W s 73° 30' E I EA 

14. (b) A8 74" 0' 8A 254" 0' 

8C 91 .. o· CB 271° 0' 

CD 166" 0' DC 346" 0' 

DE 180" 0' ED 0" 0' 

EA 189" 0' AE 9" 0' 

True F.B 

28" 30' 

90" 0' 

17" 15' 

315° 15' 

F. B. 

N 11"45'E 

N 58" 45' E 

8.8 

Sll"45'W 

s 58" 45' w 
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The Theodolite 

6.1. GENERAL 

The Theodolite is the most precise instrument designed for the measurement of horizontal 

and vertical angles and has wide applicability in surveying such as laying off horizontal 

angles, locating points on line, prolonging survey lines, establishing grades. determining difference 

in elevation, setting out curves etc. 

Theodolites may he classified as : 

( 1) Transit theodolite. 
(ii) Non-transit theodolite. 

A transit theodolite (or simply 'transit') is one is which the line of sight can be 

reversed by revolving the telescope through 180" in the vertical plane. The non-transit theodolites 

are either plain theodolites or Y-theodolites in which the telescope cannot be transited. 

The rransir is mainly used and non-transit theodolites have now become obsolete. 

6.2. THE ESSENTIALS OF THE TRANSIT THEODOLITE 

Fig. 6.1. and 6.2 show diagrammatic sections of a vernier theodolite while Fig. 6.3 

shows the photograph of a vernier theodolite. A transit consists of the following essential 

parts (Ref. Figs. 6.1 and 6.2) : 

(i) The Telescope. The telescope (I) is an integral part of the theodolite and is 

mounted on a spindle known as horizontal axis or tnmnion axis (2). The telescope may 

be internal focusing cype or external focusing type. In most of the transits, and internal 

focusing telescope is used. 

(ii) The Vertical Circle. The vertical circle is a circular graduated arc attached to 

the trunnion axis of the telescope. Consequently the graduated arc rotates with the telescope 

when the latter is turned about the horizontal axis. By means of vertical circle clamp 

(24) and its corresponding slow motion or .angent screw (25), the telescope can be set 

accurately at any desired position in vertical plane. The circle is either graduated continuously 

from 0° to 360 o in clockwise direction or it is divided into four quadrants (Fig. 6.11). 

(iii) The Index Frame (or T-Frame or Vernier Frame). The index frame (3) is 

a T -shaped frame consisting of a vertical leg known as clipping arm (28) and a horizontal 

bar known as vernier arm or index ann (29). At the two extremities of the index arm 

are fitted rwo verniers to read the vertical circle. The index arm is cenrered on the trunnion 

axis in front of the vertical circle and remains fixed. When the telescope is moved in 

(137) 
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FIG. 6.1. THE ESSENTIALS OF A TRANSIT. 

L TELESCOPE 13. ALTITUDE LEVEL 

2. TRUNNION AXIS 14. LEVELLING HEAD 

3. VERNIER FRAME ll. LEVELLING SCREW 

4. VERTICAL CIRCLE 16. PLUMB BOB 

l. PU.TE LEVELS 17. ARM OF VERTICAL CIRCLE CLAMP. 

6 5l'ANDARDS (A-FRAME) 18. FOOT PL\TE 

7. UPPER PLATE 19. TRIPOD HEAD 

8. HORIZONTAL PLATE VERNIER 20. UPPER CLAMP 

9. HORIZONTAL CIRCLE 22. LOWER CLAMP 

10. LOWER PLATE 24. VERTICAL CIRCLE CLAMP 

11. INNER AXIS 26. TRIPOD 

12. OUTER AXlS 

the vertical plane, the vertical circle moves relative to the verniers with the help of which 

reading can be taken. For adjustment purposes, however, the index arm can be rotated 
slightly with the help of a clip screw (27) fitted to the clipping arm at its lo~er end. 
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FtG. 6.2. THE ESSENTIALS OF A TRANSIT. 

L TELESCOPE II. rNNER AXIS 

2. TRUNNION AXIS 12. OUTER AXIS 

3. VERNIER FRAME 13. ALTITUDE LEVEL 

"8=!'-''!'E~ ~-m ..... .r .. ' "C\Ip UNfi Ht: & r> 

l. PLATE LEVELS ll. LEVELLING SCREW 

6. SfANDARDS (A-FRAME) 16. PLUMB BOB 

7. UPPER PL\TE 18. FOOT PLATE 

8. HORIZONTAL PU.TE VERNIER 19. TRIPOD HEAD 

9. HORIZONTAL CIRCLE 26. TRlPOD 

10. LOWER PLATE 32. FOCUSJNG SCREW 

Glass magnifiers (30) are placed in front of each vernier to magnify the reading. A long 

sensitive bubble tube, sometimes known as the altitude bubble ( 13) is placed on the top 

of the index frame. 
(iv) The Standards (or A-Frame). Two standards (6) resembling the letter A are 

mounted on the upper plates (7). The trunnion axis of the telescope is supported on these. 

The T-frame and the arm of venical circle clamp (17) are also attached to the A-frame. 
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(v) The Levelling Head. The levelling head (14) usually consists of two parallel 

triangular plates known as tribrach plates. The upper tribrach has three arms each carrying 

a levelling screw (15). The lower tribrach plate or foot plate (18) has a circular hole 

through which a plumb bob (16) may be suspended. In some instruments, four levelling 

screws (also called foot screws) are provided between two parallel plates. A levelling head 

has three distinctive functions: 
(a) To. support the main part of the instrument. 

(b) To attach the theodolite to the tripod. 

(c) To provide a mean for levelling the theodolite. 

(vi) The Two Spindles (or Axes or Centres). The inner spindle or axis (II) is 

soild and conical and fits into the outer spindle (12) which is hollow and ground conical 

in the interior. The inner spindle is also called the upper axis since it carries the vernier 

or upper plate (7). The outer spindle carries the scale or lower plate (10) and is. therefore. 

also. known as the lower axis. Both the axes have a common axis which form the vertical 

axis of the instrument. 
(vii) The Lower Plate (or Scale 

Plate). The lower plate (10) is attached 

to the outer spindle. The lower plate 

carries a horizontal circle (9) at its bevelled 
edge and is. therefore, also known as 
the scale plate. The lower plate carries 
a lower clamp screw (22) and a cor­

responding slow motion or tangent screw 
(23) with the help of which it can be 
fixed accurately in any desired position. 
Fig. 6.4 shows a typical arrangement for 
clamp and tangent screws. 

FIG. 6.4. CLAMP AND TANGENT SCREW FOR 
LOWER PLATE. 

When the clamp is tightened, the 1. INNER AXts 

lower plate is fixed to the upper tribrach 2. ourER AXIS 

or me teveiung nead. un runung me 3. CASING 

tangem screw. the lower plate can be 
d l'ghtl U , f 4. PAD rmare s 1 y. sually, the srze o a 

Theodolite is represented by the size of 

5. LOWER CLAMP SCREW 

6. TAN GENT SCREW 

7. LUG ON LEVELLING HEAD 

8. ANTAGONISING SPRING. 

lhe scale plate, i.e .. a 10 em theodolite or 12 em theodolite eic. 

(viii) The Upper Plate (or Vernier Plate). The upper plate (7) or vernier plate 

is attached to the inner axis and carries two verniers (8) with magnifiers (3) at two extremities 

diametrically opposite. The upper plate supports the standards (6). It carries an upper clamp 

screw (2) and a corresponding rangenr screw (21) for purpose of accura<ely fixing it to 

the lower plate. On clamping the upper and unclamping the lower clamp, the instrument 

can rorate on its outer axis without any relative motion between the two plates. If, however. 

the lower clamp is clamped and upper clamp undamped, the upper plate and the instrument 

can rmate on the inner axis with a relative motion between the vernier and the scale. 

For using any tangent screw, its corresponding clamp screw must be tightened. 

/ 
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(ix) The Plate Levels. The upper plate carries two plate levels (5) placed at right 

angles to each other. One of the plate level is kept parallel to the trunnion axis. In some 

theodolites only one plate level is provided. The plate level can be centred with the help 

of foot screws (15). 

(x) Tripod. When in use, the theodolite is supported on a tripod (26) which consists 

of three solid or framed legs. At .. the lower ends, the legs are provided with pointed steel 

shoes. The tripod head carries at its upper surface an external screw to which the foot 

plate (18) of the levelling head can be screwed. 

(xl) The Plumb Bob. A plumb bob is suspended from the hock fitted to the bottom 

of the inner axis to centre the instrument exactly over me station mark. 

(xi<) The Compass. Some theodolites are provided with a compass which can be 

either tubular type or trough type. 

Lifter screw 
Sccrion lhrough 

"""'' 

Adjustable rider 
or balam:e M:ighl 

Note. 

diaphrngm liDos 

FIG. 6.5. TUBULAR COMPASS. 
(BY COURTESY OF MESSRS VICKERS INSTRUMENTS LTD.) 

Fig. 6.5 shows a tubular compass for use on a vernier theodolite. The compass 
is fitted to the standards. 

A rrough compass consists of a long narrow rec­
tangular bOx along the Iongitud_inal axis of which is 
provided a needle balanced upon a steel pivot. Small 

flat curve scales of only a few degrees are provided 

on each side of the trough. 

(xii!) Striding Level. Some theodolites are ·fitted 

with a striding level. Fig. 6.6 shows a striding level 

in position. It is used to test the horizontality of the 

transit axis or trunnion axis. 
6.3. DEF1NITIONS AND TERMS 

(!) The . vertical axis. The vertical· axis is the 

axis about which the instrument can be rotated in a 
horizontal plane. This is the axis about which the lower 

and upper plates rotate. FIG. 6.6. 
STRIDING LEVEL IN POSmON. 
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(2) The horizontal axis. The horizontal or tnmnion axis is the axis about which 

the telescope and the vertical circle rotate in vertical plane. 

(3) The line of sight or line of collimation. It is the line passing through the 

intersection of the horizorual and vertical cross-hairs and the optical centre of che object 

glass and its continuation. 

(4) The axis of level tube. The axis of the level tube or the bubble line is a 

straight line tangential to the longitudinal curve of the level tube at its centre. The axis 

of the level-tube is horizontal when the bubble is central. 

(5) Centring. The process of setting the theodolite exactly over the station mark 

is known as centring. 

(6) Transiting. It is the process of rurning the telescope in vertical plane through 

180" about the tnmnion axis. Since the line of sight is reversed in this operation, it is 

also known as plunging or reversing. 

(7) Swinging the telescope. It is the process of ntrning the telescope in horizontal 

plane. If the telescope is rotated in clock-wise direction, it is known as righl swing. If 

telescope is rotated in the anti-dockwise direction, it is known as the left swing. · 

~ Face left observation. If the face of the vertical circle is to the left of the 

observer, the observation of the angle (horizontal or vertical) is known as face left observation. 

_}!J{ Face right observation. If the face of the vertical circle is to the right of the 

observer, )he observation is known as face right obseJVation. 

~) Telescope normal. A telescope is said to he nonnal or direct when the face 

of !he ~rtical circle is to the left and the "bubble (of the telescope) up". 

\./(1"1) Telescope inverted. A telescope is said to invened or reversed when of the 

vertical circle is to the right and the "bubble down". 

(12) Changing face. It is an operation of bringing !he face of !he telescope from 

left to right and vice versa. 

6.4. TEMPORARY ADJUSTMENTS 

Temoorarv adiustments or station adjustments are those which are made at every instrument 

•etting and preparatory to laking observations with the instrmnent. The temporary adjustmems 

are 

(1) Setting over !he station. 

(2) Levelling up 

(3) Elimination parallax. 

(1) Setting up. The operation of setting up includes : 

(I) Cenlring of the instrmnent over the station mark by a plumb hob or by optical" 

plummet, and (ii) approximate levelling wilh !he help of tripod legs. Some instruments are 

provided wilh shifting head wilh the help of which accurate centring can be done easily. 

By moving the leg radially, the plumb bob is shifted in the direction of the leg while 

bY moving the leg circumjerenlial/y or side ways considerable change in the inclination 

is effected without disturbing the plumb bob. The second movement is, therefore, effective 

in the approximate levelling of the instrument. The approximate levelling is done eilher 

wilh reference to a small circular bubble provided on tribrach or is done by eye judgment. 

' 
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(2) Levelling np. After having centred and apProximately levelled the instrmnent, 

accurate levelling is done wilh !he help of foot screws and wilh reference to the plate 

levels. The purpose of !he levelling is to make the vertical axis truly vertical. The marmer 

of levelling the instrmnent by !he plate levels depends upon whether there are three levelling 

screws or four levelling screws. 

Three Serew Head. (1) Tum 

the upper plate until !he longitudinal 

axis of the plate level is roughly 

parallel to a line joining· any two 

(such as A and B) of the levelling 

screws [Fig. 6.7 (a)]. 

(2) Hold these 1\VO levelling 

screws between the lhurnb and first 

finger of each band and turn them 

· uniformly so !hat !he thumbs move 

eilher towards each other or away 

from each other until the bubble 

is cemral. It should be noted that 

Q 
'C' 

/ \ 
' ' I \ 

/ \ \ 
' \ 

0---~----~ 
A B 

Q 

f 
/C\ 

.' 1 \\\ 
' ' 

0~---------·--b 
A . B 

(a) (b) 

FIG. 6. 7. LEVELLING UP WITH TIIREE FOOT SCREWS. 

the bubble will move in the direction of movement of the left thumb [Fig. 6.7 (a)]. 

(3) Turn !he upper plate through 90", i.e., until !he axis of !he level passes over 

!he position of !he third levelling screw C [Fig. 6.7 (b)]. 

(4) Turn this levelling screw until the bubble is central. 

(5) Return the upper plate through 90" to its original position [Fig. 6. 7 (a)] and 

repeat step (2) rill !he bubble is central. 

(6) Turn back again through 90• and repeat step (4). 

(7) Repeat steps (2) and ( 4) till !he bubble is central in both !he positions. 

(8) Now rotate the instrument thr9ugh 180'. The bubble should remain in !he centre 

of its run, provided it is in correct adjustment. The vertical axis will !hen be truly vertical. 

If li.OL, it nx-1. r-•.:::.::.a.u.v;.o. .. ;.;.j~l.Uli::.lli., 

Note. It is essenrial to keep to the same quaner circle for the changes in direction 

and not to swing through the remaining three quaners of a circle to the original position. 

If two plate levels are provided in the place of one, the upper plate is not turned 

tlirough 90" as is done in step (2) above. in such a case, the longer plate level is kept 

parallel to any two foot screws, the other plate level will automatically be over !he third 

screw. Tum thO two foot screws till !he longer bubble is central. Turn now the third 

foot screw till !he other bubble is · central. The process is repeated till holh the bubbles 

are Centtal. The instrument is now rotated about the vertical axis through a complete revolution. 

Each bubble will now traverse, i.e., remain in !he centre of its run, if they are in adjustment. 

Fonr Serew Head. (1) Turn the upper plate until !he longitudinal axis of the plate 

level is roughly parallel to the line joining two diagonally opposile screws (such as D 

and B) [Fig. 6.8 (a)]. 
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(2) Bring !he bubble central ex­

actly in the same manner as described 
in step (2) above. 

(3) Tum !he upper plate through 

90 o until the spirit level axis is parallel 

to !he other two diagonally opposite 

screws (such as A and C) [Fig. 6.8 

(b)]. 

c 

0',,, ~ 
-~-,_~-~ 

,.,.' '·,,,_ 

0/ ',() 
(a) 

Q Q 
·,·,, ,_,-' 

'·, ,·' 

/'~ ci/ ,, o 
(b) (4) Centre !he bubble as before. 

(5) Repeat !he above steps till 

!he bubble is central in both !he po- FIG. 6.8. LEVELLING UP WITH FOUR FOOT SCREWS. 

sitions. 
(6) Tum through 180' to check !he pennanent adjustment, as for !he three screw 

insoumem. 
(3) Elimination of Parallax. Parallax is a condition arising when !he image fonned 

by the objective is not in dle plane of the cross-hairs. Unless parallax is eliminated, accurate 

sighting is impossible. Parallax can be eliminated in two steps : (1) by focusing !he eye-piece 

for distinct vision of the cross-hairs, and (il) b)' focusing the objective to bring the image 

of the object in the plane of cross-hairs. 

(I) Focusing the eye-piece. To focus the eye-piece for 'distinct vision of the cross-hairs, 

point !he telescope towards !he sky (or hold a sheet of white paper in front of !he objective) 

and move eye-piece in or out till the cross-hairs are seen sharp and distinct. In some 

telescopes, graduations are provided at the eye-piece end so that one can always remember 

the ·particular graduation position to suit his eyes. This may save much of time. 

(it) Focusing the objective. The telescope is now directed towards !he object to be 

sighted and !he focusing screw is turned till !he image appears clear and sharp. The image 

so fanned is in the plane of cross-hairs. 

zf-6.5. MEASUREMENT OF HORIZONTAL ANGLES : GENERAL PROCEDURE 

~ ~~ ~;;·;· ~~- i~~;~ ;·o~ ~~-~ le:~( it :::cu;ately. W (2) Release all clamps. Turn !he upper and lower plates in opposite directions till 

the zero of one of the vernier (say A) is against the zero of 

!he scale and !he vertical circle is to !he left. Clamp both !he P 

plates together by upper clamp and lower clamp and bring !he 

rwo zeros into exact coincidence by turning the upper tangent 

screw. Take both vernier readings. The reading on vernier B will 

be 180°, if there is no instrumental error. 

(3) Loose !he lower clamp and turn !he instrUment towards 

!he signal at P. Since both !he plates are clamped together, the 

instrument will rotate about the outer axis. Bisect point P accurately 

by using lower tangent screw. Check !he readings of verniers A 

and B. There should be no change in the previous reading. 

R 

Q 

FIG. 6.9. 
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l 

THE TIIEODOLITE 
l4l 

(4) Unclamp !he upper clamp and rotate !he instrument clockwise ~bout !he inner 

his to 'bisect !he point R. Clamp !he upper clamp and bisect R accurately by "using upper 

tangent screw. (The point of intersection of !he horizontal and vertical cross-hairs should 

be brought into exact coincidence with !he station mark by means of vertical circle clamp 

and tangent screw). 

(5) Read both verniers. The reading of vernier A gives !he angle PQR directly while 

!he vernier B gives by deducting 180'. While entering !he reading, !he full reading of 

vernier A (i.e., degrees, minutes and seconds) should be entered, while only miDutes and 

secoD.ds of the vernier B are entered. The mean of the two such vernier readings gives 

angle with one face. 
(6) Change !he face by transiting !he telescope and repeat !he whole process. The 

mean of !he two vernier readings gives !he angle with other face. 

The average horizontal angle is !hen obtained by taking the mean of !he two readings 

with different faces. Table 6.1 gives !he specimen page for recording !he observations.\ 

'I( TO MEASURE A HORIZONTAL ANGLE BY REPETITION METHOD ~ f"(((/J-{1' 

The method of repetition is used to measure a horizontal angle to a finer degree 

of accuracy than !hat obtainable with the least count of !he vernier. By Otis method, 

an angle is measured two or more times by allowing the vernier to remain clamped each 

time at lh< end of each measurement instead of setting it back at zero when sighting 

at !he previous station. Thus an angle reading is mechanically added several times depending 

upon !he number of repetition•. The average horizontal angle is !hen obtained by dividing 

!he final reading by !he number of repetitions. 

To meas~re !he angle PQR (Fig. 6. 9) : 

(1) Set !he instrUment at Q and level it. With !he help of upper clamp and tangent 

screw, set oo reading on vernier A. Note the reading of vernier B. 

(2) Loose !he lower clamp and direct !he telescope towards !he point P. Clamp tt 

lower clamp and bisect point P accurately by lower la11gent screw. 

(3) Unclamp !he upper clamp and rum !he instrument clockwise about !he inner ax. 

:·:.;,;:2.:".:!5 R. Clamp the upper clamp and tls~ct R ac-curately with the nppcr tangent sere·,~ 

Note !he reading of verniers A and B to get !he approximate value of !he angle PQR. 

(4) Unclarnp !he lower clamp and rum !he telescope clockwise to sight P again. 

Bisect P accurately by using !he lower tangent screw. It should be noted that the vernier 

readings will not be changed in this operation since the upper plate is clamped to the 

lower. 
(5) Unclarnp !he upper clamp, turn !he telescope clockwise and sight R. Bisect R 

accurately by upper tangent screw. 

(6) Repeat !he process until !he angle is repeated !he required number of times (usually 

3). The average angle with face left will be equal to final reading divided by three. 

(7) Change face and ntake three more repetitions as described above. Find !he average 

angle with face right, by dividing !he final reading by three. 

(8) The average horizontal angle is !hen obtained by taking !he average of !he two 

angles obtained with face left and face right. 



146 

.. 
~ 
;:! 

• 

th . . . "' .... . 
. 

l :l! 
"' i~ "' .. . . 

f •"' 
"' • 
fUDlll,mlf 

/D"ON 

. 
~ . 

' 

" 

~ 
. 

~ "' rl! . 
' :l! l. "' .. 

~~ 

f :il"' . 
SIIOJIJI;Hblf 

/""ON 

. 
~ . 

' 

" 

~ 
' 

" . 
~ 
rl! . 
Dl PI'IBIS 

' 1Y IU~IIItuJSUf 

0 
M 

;; 

N 
~ 

0 
~ 

;; 

N 
~ 

-
0 ~ 

0 ;; 

0 N 
~ 

0 ~ 

0 ;; 

0 0 
~ 

0 ;; 

0 N 
~ 

0 
N 

;; 

N 
~ 

-
0 £ 

0 ;; 

0 r;: 

0 0 
N 

0 ;; 

0 >! 

0 ;; 

0 r;: 

.. "' 
"' 

i 
~ 

i ., 
~ 

~ 

-
0 ~ 

0 ;; 

0 N 
~ 

0 0 
~ 

0 ;; 

0 0 
~ 

0 ;; 

0 N 
~ 

-
0 0 

N 

0 ;; 

0 N 
~ 

0 0 
N 

0 ;; 

0 0 
N 

0 ;; 

0 N 
~ 

.. .. 
"' 

M 
M 

;; 
--

N 
~ 

M 
M 

;; 

N 
~ 

M 

~ 

<! 
~ 

~ 

"' 
<! 

0 
~ 

<! 
~ 

~ 

M 
M 

;; 

N 
~ 

M 

0 
~ 

<! 
~ 

~ 

~ 

<! 

"' 
<! 
~ 

~ 

"' 

SURVEYING 

I 
f 

TilE TIIEODOLrrE 
147 

Any number of repetitions may be made. However, lhree repetitions with the telescope 
normal and three with the telescope inverted are quite sufficient for any thing except very 
precise work. Table 6.2 gives the method of recording observations by method of repetition 

for ordinary work . 

'Sets' by Method of Repetition for Higb Precision 
For measuring an angle to . the highest degree of precision, several sets of repetitions 

are usualiy taken. There are two methods of taking a single set. 
First Method : (1) Keeping the telescope normal lhroughout, measure the angle clockwise 

by 6 repetitions. Obtain the first value of the angle by dividing the final reading by 6. 
(2) Invert the telescope and measure the angle courrrer-clockwise by 6 repetitions. 

Obtain the second value of the angle by dividing the final reading by 6. 
(3) Take the mean of the first and second values to get the average value of the 

angle by first set. 
Take as many sets in this way as may be desired. For first order work. five or 

six sets are usnally required. The final value of the angle will be obtained by taking 
the mean of the values obtained by different sets. 

Second Method : (I) Measure the angle clockwise by six repeuuons, the first three 
with the telescope normal and the last three with the telescope inverted. Find the first 
value of the angle by dividing the final by six. 

(2) Without altering the reading obtained in the sixth repetition, measure the explement 
of the angle (i.e. 360°- PQR) clockwise by six repetitions, the first three with telescope 
inverted and the last lhree with telescope normal. Take the reading which should theoretically 
by equal to zero (or the initial value). If not, note the error and distribute half the error 
to the first value of the angle. The result is the corrected value of the angle !Jy the 
first set. Take as many selS as are desired and find the average angle. For more accurate 
work. the initial reading at the beginning of each set may not be set to zero but to 
two different values. 

Note. During an entire set of observations, the transit should not be releve/led. 

Elimination of Errors by M.t:ilwd o1 Rt:pditiou 
The following errors are eliminated by method of repetition: 
(1) Errors due to eccentricity of vetrtiers and centres are eliminated by taking both 

vernier readings. 
(2) Errors due to inadjustrnents of line of collimation and the trunnion axis are eliminated 

by taking both face readings. 
(3) The error due to inaccurate graduations are eliminated by taking the readings 

at different parts of the circle. 
(4) Errors due to inaccurate bisection of the object, eccentric centring etc., m:ay be 

ro some extent counter·balanced in different observations. 
It should be noted, however, that in repeating angles, operations such as sighting 

and clamping are multiplied and hence opportunities for error are multiplied. The limit 
of precision in the measurement of an angle is ordinarily .reached after the fifth ·or sixth 
repetition. 
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Errors due to slip, displacement of station signals, and want of verticalitY of the 
vertical axis etc., are not eliminated since they are all cumulative. 

~ TO MEASURE A HORIZONTAL ANGLE BY QIRECTION METHOD 
/ f\ (OR REITERATION METHOD) J-.N? C'{ e-C(}Z, ()\ 

The methOd known as 'direction method' or reiteration method or method of series 
is suitable for the measurements of the angles of a group having a common vertex point. 
Several angles are measured successively and finally the horizon is closed. (Closing the 
horizon is the process of measuring the angles around a point to obtain a check on their 

sum, which should equal 360'). 

To measure the angles AOB, BOC, COD etc., by reiteration, proceed as follows 

(Fig. 6.10) .. 

(1) Set the instrument over 0 and level it. Set one vernier to zero and bisect point 
A (or any other reference object) accurately. 

(2) Loose the upper clamp and tum the telescope 
clockwise to point B. Bisect B accurately using the upper 
tangent screw. Read both the verniers .. -The mean of the 
vernier readings will give the angles AOB. 

(?) Similarly, bisect successively, C. D, etc'., thus \ _.......--8 

closing the circle. Read both the verniers at each bisection. 
Since the graduated circle remains in a fixed position throughout 
the entire process, each included angle is obtained by taking 
the difference between two consecutive readiri&s. 

(4) On final sight to A, the reading of the vernier 
should be the same a.i the original setting. It not, note ·o 
the reading and fmd the error due to slips etc., and if 

the error is small, distribute it equally to all angles. If FIG. 6.10. 
large, repeat the procedure and take a fresh set of readings. 

(5) Repeat steps 2 to 4 with the other face. 

Table 6.3 illustrates the method of recording the observations. 

Sets by the Direetion Method. For precise work, several sets of readings are taken. 
The procedure for each set is as follows : 

(I) Set zero reading on one vernier and take a back sight on A. Measure clockwise 
the angles AOB, BOC, COD, DOA, etc., exactly in the same manner as explained above 
and close the horizon. Do not distribute the error. 

(2) Reverse the telescope, unclamp the lower clamp and back sigh on A. Take reading 

and foresight on D, C, B and A, in counter-clockwise direction and measure angles A OD, 
DOC, COB and BOA. 

From the two steps,. two values of each of the angles are obtained. The mean of 
the two is taken as the average value of each of the uncorrected angles. The sum of 
all the average. angles so found should be 360'. In the cas~ of discrepancy, the error 

(if ·small) may be distributed equally to all the angles. The values so obtained are the 
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corrected values for !he first set. Several such sets may be taken by setting !he initial 
angle on !he vernier to different values. 

The number of sets (or positions, as is sometimes called) depends on !he accuracy 
required. For first order triangulation, sixteen such sets are required with a !" direction 

lheodolite, while for second order triangulation, four and for third order triangulation two. 
For ordinary work, however, one set is sufficient. 

tJ 6.6. MEASUREMENT OF VERTICAL ANGLES - ~ cte~ 
( /~ Vertical angle is !he angle which the inclined line of sight to an object makes wilh 

!he horizontal. It may be an angle of elevation or angle of depression depending upon 
wbelher !he object is above or below the horiwntal plane passing through the trunnion 
axis of the instrument. To measure a vertical angle, the instrument should be levelled with 
reference to !he altitude bubble. When the altitude bubble is on the index frame, proceed 
as follows : 

(!) Level the instrument wilh reference to !he plate level, as already explained. 

(2) Keep !he altitude level parallel to any two foot screws and bring the bubble 
central. Rotate !he telescope through 90' till the altitude bubble is on the third screw. 

Bring !he bubble to !he centre with !he third food screw. Repeat the procedure till !he 
bubble is central in both !he positions. If !he bubble is in adjustment it will remain central 
for all paintings of !he telescope. 

(3) Loose !he vertical circle clamp and rotate the telescope in vertical plane to sight 
the object. Use vertical circle tangent screw .for accurate bisection. 

(4) Read both verniers (i.e. C and D) of vertical circle. The mean of the two gives 
!he vertical circle. Similar observation may be made wilh anolher face. The average of 
!he two will give the required angle. 

Note. It is assumed that the altitude level is in adjustmenl and that index error 
has been eliminaled by permanenl adjristmems. The clip screw shauld nat be touched during 
these operalions. 

In some instruments, the altitude bubble is provided both on index frame as well 
as on the telescope. Tn such c~H~~-~, the !n~tn~m<:-n! !~ l~v<?lled ..... ~th referenr?' ~(' the altlt'Jdc 
bubble on jhe index frame and nat which reference to the altitude bubble on the telescope. 
Index error will be then equal to the reading on the vertical circle when !he bubble on 
the telescope is central. If, however, the thendolite is to be used as a level, it is to 
be levelled wilh reference to !he altitude bubble placed on !he telescope. 

If it is required to measure the vertical angle between two points A and B as subtended 
at !he trunnion axis, sight first !he higher point and take !he reading of the vertical circle. 
Then sight the lower point and talte !he reading. The required vertical angle will be equal 
to the algebraic difference betWeen the cwo readings taking angle of elevation as positive 
and angle of depression as negative. Table 6.4 illustrates the melhod of recording the ·observations. 

Graduations on Vertical Circle 

Fig. 6.11 shows two examples of vertical circle graduations. In Fig. 6.1l.(a). the 
circle has been divided into four quadrants. Remembering !hat !he vernier is fixed while 
circle is moved with telescope, it is easy to see how the readings are taken. 

I 
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For an elevated line <>f 
sight wilh face left, verniers 
C and D rea4 30' (say) as 
angle of elevation. In Fig. 6.11 
(b), !he circle is divided form 
0' to 360' with zero at vernier ' 9o J:/)., '\. <'.>0 

C. For angle of elevation wilh ~ ~ 
face left, vernier C reads (a) (b) 

30' while D reads 210' . In FIG. 6.11. EXAMPLES OF VERTICAL CIRCLE GRADUATION. 

!his system, therefore, 180' are 
to be deducted from vernier D to get the correct reading. However, it is always advisable 
to talte full reading (i.e., degrees, minutes and seconds) on one vernier and pan reading 

(i.e., minutes and seconds) of the other. 

&oB&> ....... ... ~ • ----· ANGLES 

Fate:un Fate: Ri•ht 

Vertical 
Vertical Average 

~ c D Mean Angle c D Mean Angle 
Vertical 
Angle 

I 
s 
] . . . . . • . . 0 . . • . . . . . 
~ 
"' 

10 -5 12 4(l 12 20 -5 12 30 
0 A -5 12 20 12 00 -5 12 

26 00 25 40 +2 25 so 7 38 20 7 38 00 
B +2 25 4(l 25 20 +2 25 30 7 37 4(l +2 

6.7. MISCELLANEOUS OPERATIONS WITH THEODOLITE 

1. TO MEASURE MAGNETIC BEARING OF A LINE 
In order to measure !he magnetic bearing of a line, the thendolite should be provided 

wilh eilher a tubular compass or trough compass. The following are the steps (Fig. 6.12): 

(I) Set the instrument at P and level it accurately. tN /O 
(2) Set accurately the vernier 11- to zero. 
(3) Loose !he lower clamp. Release the needle of !he compass. 

Rotate !he instrument about its outer axis till !he magnetic needle 
roughly points to north. Clamp !he lower clamp. Using !he lower 
tangent screw, bring !he needle exactly against !he mark so that 
it is in magnetic meridian. The line of sight will also be in the P 

magnetic meridian. 
FIG. 6.12. 

(4) Loose the upper clamp and point the telescope towards 
Q. Bisect Q accurately using !he upper tangent screw. Read verniers A and B. 

(5) Change the face and repeat steps 2, 3 and 4. Tbe average of the two 

give the correct bearing of !he line PQ. 
2. TO MEASURE DIRECT ANGLES 

will 
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Direct angles are the angles measured clockwise from the preceding (previous) line 

to the following (i.e. next) line. They are also known as angles ro the right or tll.imuths 

from the back line and may vary from 0' to 360'.To measure the angle PQR (Fig. 6.13): 

(I) Set the theodolite at Q and level it accurately. With face lefr, set the reading 

on vernier A to zero. 

(2) Unclamp the lower clamp and direct the telescope to P. Bisect it accurately using 

the ]ower tangent screw. 

(3) Unclamp the upper clamp and swing 

telescopl, clockwise and sight R. Bisect R accurately 

using the upper tangent screw. Read both verniers. 

(4) Plunge the telescope, unclamp the lower 

clamp and take backsight on P. Reading on the a 
vernier will be the same as in step (3). 

(5) Unclamp the upper clamp and bisect FIG. 6.13. 

R again. Read the verniers. The reading will 

be equal to twice the angle. LPQR will then be obtained by dividing the final reading 

by two. 

Similarly, angles at other stations may also be measured. 

3. TO MEASURE DEFLECTION o\NGLES 

A deflection angle is the angle which a survey line makes with the prolongation 

of the proceeding line. It is designated as Right (R) or Left (L) aceording as it is measured 

to the clockwise or to anti-clockwise from the prolongation of the previous line. Its value 

may vary fro.m 0' to 180'. The deflection angle at Q is "'' R and that at R is 

6' L (Fig. 6.14). 

To measure the deflection angles at Q : 
{I) Set the instrument at Q and level it. 0 

___ _ 

(2) With both plates clamped at 0'. take ~a"R 

back sight on P. , \ __./5 

,·;.i ~·lliiii;C: We Lcic:s~,;upc. Thus Lii!: ime or Vc 
sight is in the direction PQ produced when the 

reading on vernier A is 0°. A ' , eoL 

(4) Unclamp the upper clamp and tum the \ 

telescope clockwise to take the foresight on R. 

Read both the verniers. 
FIG. 6.14. 

(5) Unclamp the lower clamp and turn the telescope to sight P again. The verniers 

still read the same reading as in (4). Plunge the telescope. 

(6) Unclamp the upper clamp and turn the telescope to sight R. Read both verniers. 

Since the deflection angle is doubled by taking both face readings. one-half of the final 

reading gives the deflection angle at Q. 
4. TO PROLONG A STRAIGHT LINE 

There are rhree methods of prolonging a straight line such as AB to a point P 

which is not already defined upon the ground and is invisible from A and B (Fig .. 6.15). 

'~F-

t 
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First method [Fig. 6.15 (a)). Set the· A 8 c o p 

instrument at A and sight B accurately. Establish 

a point C in the line of sight. Shift the instrument (a) 

at B. sight C aod establish point D. The process 

is continued until P is established. 

Second Method [Fig. 6.!5.(b)]. Set the 

instrument at B aod take a back sight on 

A. With both the motions clamped, plunge 

A 

the telescope aod establish c in the line of 

sight. Similarly, shift the instrument to C, back 

sight on B, plunge the telescope and establish A 

D. The process is continued until Pis established. 

If the instrument is in adjustment, B. C. D 
etc. will be in one straight line. If however 1 

the line of sight is not perpendicular to the 

horizontal axis, points C ' , D' • P • established 

will not be in a straight line. 

8 c 0 p . . . 
"'"------~------~--

o·- ----------. 
P' 

(b) 

~~C, ~D, ~~~ .. ,P, 
8 ,. ...... 0 1 ,. ...... "F«I ,....... I 

r"" I .... ur .... I 

-·- I f.___ I ·--. : p 
---·c. ·---~o. ·-----~ P, 

(c) 

FIG. 6.15. 

Third Method [Fig. 6.15 (c)). Set the instrument at B and take a back sight on 

A. Plunge the telescope and establish a point c,. Chaoge face, take a back sight on A 

again and plunge the telescope to establish another point C2 at the same distance. If the 

instrument is in adjustment, C, and C2 will coincide. If not, establish C midway between 

C, aod c,. Shift the instrument to C aod repeat the process. The process is repeated 

until P is reached. This method is known as double sighting and is used when it is required 

to establish the line with high precision cr when rhe instrument is in poor adjusttnent 

5. TO RUN A STRAIGHT LINE BETWEEN TWO POINTS 

Case 1. Both ends intervisible (Fig. 6.16). A C 0 E 8 

Set the instrument at A and take sight 

on B. Establish intermediate points C. D, E 

. . c.. ~o- t.:':c E:.: =·~ ::;;;tt. 
FIG. 6.16 . 

Case 2. Both ends not intervisible, but visible from an intervening point (Fig. 6.17). 

Set the instrument at C as nearly in 
lineAB as possible (by judgment). Take backsight 

on A aod plunge the telescope to sight B. 
The line of sight will not pass exactly through 

B. The amount by which the transit must be 

shifted laterally is estimated. The process is 

repeated till, on plunging the telescope, the 

line of sight passes through B. The location 

c, 
A ... .......................... --~---------

--

--·--~~-------·----~ .. -- .. -
c, 

FIG. 6.!7. 

------ 8 
.. ............ -

of the point C so obtained may then be checked by double sighting. The process is also known 

as balancing in. 
Case 3. Both ends not visible from any intermediate point (Fig. 6.18). 

Let A and B be the required points which are not visible from inrermediare poims 

and it is required to establish intermediate points as D, E. etc: 
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Run a random liiUJ Ab by double sighting to a point b which is as near to AB 

as possible. Set the transit at b and measure b 

angle BbA. Measure Ab and Bb. To locate D ~· e 9 
on AB, set the instrument at d on Ab, lay off d 

Ad 
6 

angle AdD= 6 and measure dD =Bb. Ab" The -:""=---...::.9---'),.,.------:::----~ 
8 

point D is then on the line AB. Other points A 

can similarly be located. 
6. TO LOCATE THE POINT OF INTERSECTION 

OF TWO STRAIGHT LINES 
Let it be required to locate the point of intersection 

P of the two lines AB and CD (Fig. 6.19). Set the instrument 
at A. sight B and set two slakes a and b (with wire nails) 
a short distance apart on either side of the estimated position 
of point P. Set the instrument at C and sight D. Stretch 
a thread or string between ab and locate P, where the line 
of sight cms the string. 

7. TO LAY OFF A HORIZONTAL ANGLE 

D ~ 

FIG. 6.18 

A 

a 

P' b 

·c 

FIG. 6.19 

Let it be required to lay off the angle PQJI. say 42' 12' 20" (Fig. 6.20). 

(!) Set the instrument at Q and level it. P 

(2) Using upper clamp and upper tangent screw, set 
the reading on vernier A to 0°. 

(3) Loose the lower clamp and sight ?. Using lower 
tangent screw, bisect P accurately. 

_A')O 12' 20~ 

0 

8 

(4) Loose upper clamp and turn the telescope till the ·-
reading is approximately equal to the angle PQJI. Using upper 0L..:L:--'-'----~R 
tangent screw, set the reading exactly equal to 
42° 12' 20" 

FIG. 6.20 

\5 J ~pn;.:..:. U&c i.cu:::.:.w~ 4J.lu. c,)id,Ull:.l.i. J'\ ala J.ic itli... vi :,.igu~. 

8. TO LAY OFF AN ANGLE BY REPETmON 

The method of repetition is used when it is required to lay off an angle with the 
greater precision than that possible by a single observation. In Fig. 6.21. let QP be a 
fixed line and it is required to lay off QR at angle 45' 40' 16" with an instrument having a· 

least count of 20". / P 

(1) Set the instrument to Q and level it accurately. 

(2) Fix the vernier A at 0' and bisect P accurately. 

(3) Loose the upper clamp and rotate the telescope till 
the reading is approximately equal to the required angle. Using 
upper tangent screw, set the angle exactly equal to 
45' 40' 20". Set point R1 in the line of sight. 0 

R 
90' --............ __ ------- .... .t:,A1 

FIG. 6.2t 
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(4) Measure angle PQJI, by method of repetition. Let angle PQJI1 (by six repetition) 
274° 3' 20" 

be 274'3'20". The average value of the angle PQJ1 1 will be 
6 

=45'40'33". 

(5) The angle PQJI 1 is now to be corrected by an angular amount R,QR to establish 
the true angle PQR. Since the correction (i.e. 45' 40' 33"- 45' 40' 16" = Ii") rs very small, 

it is applied linearly by making offset RLR = QR, tan R,QR. Measure QR,. Let it be 200 
m. Then, R,R = 200 tan 17" = 0.017 m (raking tan 1' = 0.0003 nearly). Thus, point R is established 

by maldng R1 R = 0.017 m 

(6) M a check, measure LPQR again by repetition. 

6.8. FlJNDAMENTAL LINES AND DESIRED RELATIONS 

The fundamental liiU!s of a transit are : 
(!) Tbe vertical axis. 
(2) The horizontal axis (or trunnion axis or transit axis). 
(3) The line of collimation (or line of sight). 
(4) Axis of plate level. 
(5) Axis of altitude level. 
(6) Axis of the striding level, if provided. 

Desired Re)jltions : Fig. 6.22 shows the relationship between the line of sight, the 
axes and the circles of the theodolite. The following relationship should exist : 

(/) The axis of the plate level must lie in a plane perpendicular to the vertical 
axis. 

If this condition exists, the vertical axis will be truly vertical when the bubble is 
in the centre of its run. 

(2) The line of collimation must be perpendicular to the horizontal axis al its intersection 

Point to which all 

Optical centra 
of objective 

I 

Horizontal 
circle index 

; 

+ 

theodolite observations 
are referred 

I 

FlG .. §.22. LINE OF SIGHT, AXES AND CIRCLES OF THE THEODOLITE. 
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with the vertical axis. Also, if the telescope is external focusing type. the optical axis, 

the axis of ·the objective slide and the line of collimation rrwst coincide. 

If this condition exists, the line of sight will generate a vertical plane when the 

telescope is rotated about the horizontal axis. 

(3) The horizontal axis must be perpendicular to the vertical axis. 

If this condition exists, the line of sight will generate a vertical plane when the 

telescope is plunged. 

(4) The axis of the altitude /eve/ (or telescope level) must be parallel to line of 

collimation. 
If this condition exists, the vertical angles will be free from index error due to 

lack of parallelism. 

(5) The vertical circle vernier must read zero when the line of collimation is horizontal. 

If this condition exists, the vertical angles will be free from index error due to 

displacement of the vernier. 

(6) The axis of the srn'ding /eve/ (if provided) rrwst be parallel to the horizontal 

axis. 
If this condition exists, the line of sight (if in adjustment) will generate a vertical 

plane when the telescope is plunged, the bubble of striding level being in the centre of 

its run. 

6.9. SOURCES OF ERROR IN THEODOLITE WORK 

The sources of error in transit work are : 

(I) Insttumental (2) Personal. and (3) Natural. 

1. INSTRUMENTAL ERRORS 

The insttumental errors are due to (a) imperfect adjustment of the insttument. (b) 

sttucDttal defects in the insttument, and (c) imperfections due to WO'!f. 

The total insttumental error to an observation may be due solely to one or to a 

combination of these. The following are errors due to imperfect adjustment of the instrument. 

{[) Er.;:c~· due to .i.ru.paf'!o:.t adju.stiD.c.u.t c! piat~ levcb 

If the upper and lower plates are not horizontal when the 

bubbles in the plate levels are centred, the vertical axis of the 

insttument will not be lrUly vertical (Fig. 6.23). The horizontal 

angles will be measured in an inclined plane and not in a horizontal 

plane. The vertical angles measured will also be incorrect. The 

error may be serious in observing the points the difference in elevation 

of which is considerable. The error can be elintinated only by 

careful levelling with respect to the altitude bubble if it is in adjustment. 

The errors cannot be eliminated by double sighting. 

(i!) Error due to line of collimation not being perpendicular 

to the horizontal axis. 

\ 
\ 
' ' ' ' ' ' ' ' ' ' ' ' 

FIG. 6.23 

If the line of sight is not perpendicular to the trunnion axis of the telescope, it 

wiil not revolve in a plane when the telescope is raised or lowered but instead, it will 

l 

THE THEODOLITE 157 

trace out the surface of a cone. The trace of che intersection of the conical surface with 

the vertical plane containing the poim will be hyperbolic. This will cause error in the 

measurement of horizontal angle between the points which are at considerable difference 

in elevation. Thus, in Fig. 6.24, let P and p 

Q be two points at different elevation and 

let P, and Q1 be their projections on a horizontal 

trace. Let the line AP be inclined at an angle 

a 1 to horizontal line AP 1• When the telescope 

is lowered after sighting P the hyperbolic trace 

will cut the horizontal trace P, Q1 in P2 if 

£he intersection of the cross-hairs is to the 
left of the optical axis. The horizontal angle 

thus measured will be with respect of 

AP 2 and not with respect to AP ,. The error 

e introduced will thus be e = ~ sec a, , where . 

~ is the error in the collimation. On changing A 

the face, however, the intersection of the cross­

a 

, , , Horizontal 1
0 7 7p2 Trace , 

FIG. 6.24. 

hairs will be to the right of the optical axis and the hyperbolic trace will intersect the 

line P, Q, in P3• The horizontal angle thus measured will be with respect to AP3 , the error 

being e = ~ sec a, to the other side. It is evident, therefore, that by taking both face observations 

the error can be eliminated. At Q also, the error will be e' = p sec a2, where a2 is l:he inclinations 

of AQ with horizontal, and the error can be eliminated by taking both face observations. 

If. however, only one face observations are taken to P and Q , the residual error will 

be equal to ~ (sec CI 1 - sec CI,} and will be zero when both the points are at the same 

elevation. 
(iir) Error due to horizontal axis not being perpendicular to the vertical axis. 

If the horizontal axis is not perpendicular to the vertical axis. the line of sight will 

move in an inclined plane when the telescope 
~n~ ':-:-:-11ra1 2.nglcs measured will he incorrect 

points sighted are at very different levels. 
Let P and Q be the two points to be 

observed, P, and Q, being their projection 

on a horizontal trace (Fig. 6.25). Let the 

line of sight AP make an angle "' with 

~orizontal. When the telescope is lowered 

after sighting P, it will move. in an inclined 

plane APP2 and not in the vertical plane 

A P /?. The horizontal angle measured will 

now be with reference to AP 2 and not with 

AP,. If ~ is the insttumental error and 

e is the resulting error, we get 
A 

is raised or lowered. Thus, the horizontal 
The C'<Tor r;·ill be r:f ::erk:.E m.r~re ~f ~he 

p 

a 

,. , Horizontal 'a
1 :; /p2 

Trace 

FIG. 6.25. 
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p, p, PP1 tan p 
tan e = -- = -tan a, tan p 

AP, AP, 

Since e and P will be usually small, we get 

e= p tan a,. 

SURVEYING 

On changing the face and lowering lhe telescope after observing P, lhe line of sight 
will evidently move in lhe inclined plane AP3• The angle measured will be wilh reference 

to AP3 and not wilh AP1 , lhe error being e = p tan a, on the olher side. It is quite evident, 

lherefore, !hat lhe error can be eliminated by taking bolh face observations. At Q also, 
the error will be e' = p tan a2, where a2 is inclination of AQ with horizontal and the error 

can be eliminated by taking bolh face observations. If however, only one face observ­
ation is taken to bolh P and Q lhe residual error will be equal to p (tan a 1-tan a,) and 

will be zero when bolh the poims are at lhe same elevation. 

(iv) Error due to non-parallelism of the axis of telescope level and line of collimation 

If lhe line of sight is not parallel to lhe axis of telescope level, lhe measured vertical 
angles will be incorrect since lhe zero line of lhe vertical verniers will not be a true 
line of reference. It will also be a source of error when- the transit is used as a level.. 
The error can be eliminated by taking bolh face observations. 

(v) Error due to imperfact adjustment of the vertical circle vernier 

If the vertical circle verniers do not read zero when the line of sight is horizontal, 
lhe vertical angles measured will be incorrect The error is known as t.ic index error and 
can be eliminated ciU1er by applying index correction. or by taking bolh face observations. 

(vi) Error due to ecceulricity of inner and outer axes 

If the centre of lhe graduated horizontal circle does not coincide wilh lhe centre 

of the vernier plate, lhe reading against either vernier will be incorrect. In Fig. 6.26, 

let o be lhe centre of lhe circle and o, be lhe centre of lhe vernier plate. Let a be 

lhe position of vernier A while taking a back sight and a, be its corresponding position 

when a foresight is taken on anolher object. The positions of lhe vernier B are represented 
bv b and b, respectively. The telescope is thus, turned through an angle a o, a, while the 

arc aa, measures an angle aoa1 and not the :true angle ao1a1• 

ur 

or 

or 

or 

Now ao,a, = aca. - o,ao 

Similarly, 

ao1a1 = (aoa1 + o,a,o) - o,ao 

bolbt = (bObt ,. 01b0)- 01btO 

botb1 = bob1 + o,ao - o1ato 

Adding (I) and (2), we get 

ao1a1 + bo1b1 = aotl4 + bobt 

2ao1a1 = aoo1 + bob1 

aoa·1 +bob, 
ao1a1 = 

2 

... (!) 

... (2) 

Thus, lhe true angle is obtained by taking lhe 
mean of the two ve!'nier readings. 

b, 

'I: 
' ' ' ' / 
: / 
' ' 
:C// 

01 ~~ 
,,o 

' ' ' ' / ' . ' ' ;/ : •. : 
' '• 

'• 

b 

FIG. 6.26. 

a, I 
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(vi!) Error due to imperfect graduations 

The error due to defective graduations in lhe measurement of an angle may be eliminated 
by taking lhe mean of lhe several readings distributed over different portions of lhe graduated 
circle. 

(viii) Error due to eccentricity of verniers 

The error is introduced ·when lhe zeros of lhe vernier are not at lhe ends of lhe 
same diameter. Thus, lhe difference between lhe two vernier readings will not be 180', but 

!here will be a constant difference of olher !han 180'. The error can be eliminated by 

reading bolh lhe verniers and taking the mean of lhe two. 

2. PERSONAL ERRORS 

The personal errors may be due to (a) Errors in manipulation, (b) Errors in sighting 
and reading. 

(a) Errors in manipulation. They in­
clude: 

(I) Inaccurate centring : lf lhe vertical 
axis of the instrumenr: is not exactly over the 
station mark, lhe observed angles will either 
be greater or smaller !han lhe true angle. 
Thus in Fig. 6.27, C is lhe station mark 
while insttument is !=entred over c,. The correct 
angle ACB will be given by 

~~.;: 

" .... ~~ .. , 
------- .............. Tc ....... 

' .. ,..:.. .... 
c, 

FIG. 6.27 

LACB = LAC,B- a- p =LA C,B- (a+ Pl 
If, however, the instrument is centred over C2 

LACB = LACzB +(a+ Pl 
The error, i.e. ±(a 4 Pl depends on (r) lhe lenglh of lines of sight. and (ir) lhe 

error in centring. The angular error due to defective centring varies inversely as the lenglhs 
of sights. The error is, therefore, of a very serious nature if lhe sights are short. It 
~~"!lll~ r.r .. ~~~"~here~ !~~! 'h~ ~~!"~ i~ c:ighr !<: abnm 1' •,vhen rhe t"'IT0!" ~f r-enrring !~ 

I em and lhe lenglh of sight is 35 m. 

(iz) Inaccurate. leveUing : The error due to inaccurate levelling is similar to that 
due to non-adjustment of lhe plate levels. The error will be of serious nature· when lhe 
points observed · are at considerable difference in elevation. The error can be minimised 
by levelling lhe instrument carefully . 

(iir) Slip : The error is introduced if lhe lower clamp is not properly clamped. 

or lhe shifting head is loose, or lhe instrument is not firntly tightened on lhe tripod head. 

The error is of a serious nature since the direction of the line of sight will change when 
such slip occurs, thus making the observation incorrect. 

(iv) Manipulating wrong tangent screw : The error is introduced by using the upper 

tangent screw while taking lhe backsight or by using the lower tangent screw while taking 
a foresight. The error due to the former can be easily detected by checking lhe vernier 

reading after lhe backsight point is sighted, but the error due to lhe latter cannot be detected: 
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It should always be remembered to use lower tangent screw while taking a backsight and 

to use upper tangent screw while taking the foresight reading. 

(b) Errors in sighting and reading. They include : 

(1) inaccurate bisection of points observed 

The observed angles will be incorrect if the sration mark is not bisected accurately 

due 10 some obstacles etc. Care should be always be taken 10 intersect the lowest point 

of a ranging rod or an arrow placed at the station mark if the latter is no[ distinctly 

visible. The error varies inversely as the length of the line of sight. · 

.If the ranging rod pm at the station mark is nOt held vertical, the error e is 

given by 
Error in verticality 

tan e = 
Length of sight 

(ir) Parallax : Due to parallax, accurate bisection is not possible. The error can 

be eliminated by focusing the eye-piece and objective. 

(ii1) Mistakes in setting the vernier, taking the reading and wrong booking . of the 

readings. 

3. NATURAL ERRORS 

Sources of natural errors are 

(I) Unequal annospheric refraction due to high temperature. 

(il) Unequal expansion of parts of telescope and circles due to temperature changes. 

(iii) Uneq•Jal settlement of tripod. 

(iv) Wind producing vibrations. 

PROBLEMS 

I. Define the terms : face right and face left observations: swinging the lelescope : uansiring 

the telescope ; telescope normal. 

2. (a) What are 'face left' and 'face ri2ht' obsetvalions ? Whv is it necessarv to take bolh 

ffl'i'· 

face observations ? (b) Why bolh verniers are read ? t 
3. Explain bow you would take field observations with a lheodolite so as to eliminate the , 

following verniers. 
:· 

(l) Error due ~o ecceDtricicy of verniers. · 

(il) Error due tb non-adjustment of line of sight 

(iii) Error due to non-uniform graduations. 

(iv) Index error of venical circle. 
(v) Error due to slip etc. 

4. Explain the temporary adjustments of a tranSit. 

5. Explain how you would measure with a theodolite 

(a) Horizontal angle by repetition. (b) Vertical angle. (c) Magnetic bearing of line. 

6. What are the different errors in theodolite work ? How are they eliminated ? 

7. State what errors are eliminated by reperiton method. How will you set out a horizonlal. 

angle by" method of repetition 1 

[?]] 
Traverse Surveying 

7.1. INTRODUCTION 

Traversing is that type of survey in which a number of connected survey lines form 

the framework and the directions and lengths of the survey lines are measured with the 

help of an angle (or direction) measuring instrument and a tape (or chain) respectively. 

When the lines form a circuit which ends at the starting point, it is known as a closed 

craverse. If the circuit ends elsewhere, it is said to be an open traverse. The closed rraverse 

is suitable for locating the boundaries of lakes, woods etc., aod for the survey of large 

areas. The open t:raverse is suitable for surveying a long narrow strip of land as required 

for a road or canal or the coast line. 

Methods of Traversing. There are several methods of traversing, depending on the 

instruments used in determining the relative directions of the traverse lines. The following 

are the principal methods : 

(I) Chain rrave~sing. 

(ii) Chain and compass traversing (loose ·needle method). 

(iii) Transit tape traversing : 

(a) By fast needle method. 

{b) By measurement of angles between the lines. 

(iv) Plane-table traversing (see Chapter II). 

Traverse survey differs from chain surveying in that the arrangement of the survey 

unes lS nor nmued to any vauicular gcomeLiica.i figure a:; iu ... ha.in :;w- .. ·~yili.E,, ,i,cfa.:1;; ;.;. 

system of connected triangles forms the fundamental basis of the skeleton. Also. check 

lines ere. are not necessary in traversing as the traverse lines may be arranged near the 

details. The details etc. are directly located with respect to the survey lines either by offsening 

(as in chain survey) or by any other method. 

7.2. CHAIN TRAVERSING 

In this method, the whole of the work is done with the chain and tape. No angle 

measuring instrument is used and the directions of the lines are fixed entirely by liner 

measurements. Angles fixed by linear or tie measuremems are known as chain angles. 

Fig. 7.1 (a) shows a closed chain traverse. At A, the directions AB and AD are 

fixed by internal measurements Aal> Ad,, and a1d1• However. the direction may also bt: 

(161) 
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fixed by external measurements such as at station 8 [Fig. 7.1 (a) and 7.1 (b)]. Fig. 1.1 

CbJ shows an open t.:hain travers~. 

The method io; unsuitable tbr accurate work and is gerierally not used if an angle 
measuring 1nsrrwnenr such as a_ compass. sex.tant, or theodolite is available. 

7.3. CHAIN AND COMPASS TRAVERSING: FREE OR LOOSE NEEDLE METHOD 

In .:ham and wmpass 1raversing. lhe magnc1ic bearings of tht:" survey lines art" measured 
by l1 compass and tbr.:: lengths of the lint's are· measured either with a chain or with a 
rape. The direction of magnetic meridian is established at each traverse station independently. 
Tht: mC"Lhod is also known as free or loose needle method. A theodolite fitted with a 

L:ompass may :..tlso be us~.:d. for measuring the magnetic bearings of th!! traverse lim: {see 
§ 6.7). However. the method is not so accurate as that of transit tape traversing. The 
methods of taking tht: <lt::rails ar~ almost tht:: same as for chain surveying. 

7 .4. TRAVERSING BY FAST NEEDLE METHOD 

In this method also, the magnetic bearings of traverse lines are measured by a 
~b.eodoll~c- th;.;d '.Vlih :.! .;(.;i1liJJ.::i::.. Iruw~v;;;l, i .. h;,; jir;;;..:liuu ;.;f ~h~ Ho;.o_s~.::li ... til;.:i'iJi;.o;,~ :~ JWL 

established at each station but instead, the magnetic bearings of the lines are measured 
with reference so the direction of magnetic meridian established at the firsr sralion. The 

method is, therefore. more accurate than the loose needle method. The lengths of the lines 
are measured with a 20 m or 30 m steel tape. There are three methods of observing 
the hearings of lines by fast needle method. · 

(i) Direct melhod with transiting. 

(il) Direcl method without cransiting. 

(iii) Back hearing method. 
(i) Direct Method with Transiting 

Procedure : (Fig. 7.2) 

(!) Set the theodolite at P and level it. Set the vernier A exac4y to zero reading. 
Loose the clamp of the magnetic needle. Using lower clamp and tangent screw. point 
·the telescope to magnetic meridian. 

-·~ 
"f 

·~·, 

·,~~ 

TRAVERSE SURVEYING 

(2) Loose the upper clamp and rotate 
lhe telescope clockWise to sight Q. Bisect 
Q accurately by using upper tangent screw. 
Read vernier A which gives the magnetic 
bearing of the line PQ. 

(3) With both the clamps ci3Jllped. 
move the insmunent and set up ar Q. 
Using lower clamp and tangt!ru screw, 
take a back sight on P. See that the 
reading on· rhe vernier A is still the same 
as the bearing of PQ. 

lp 
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(4) Transit the telescope. The line 

of sight will now he in the direction of 
PQ while the instrument reads the bearing of PQ. The instrument is, therefore, oriented. 

(5) Using the upper clamp and tangent screw, take a foresight on R. Read vernier 

A which gives the magnetic hearing of QR. 

(6) Continue the process at other stations. 
It is to he noted here that the telescope will he normal at one station and inverted· 

at the next station. The method is, therefore, suitable only if the instrument is in adjusonem. 

(ii) Direct Method Without Transiting 

Procedure (Fig. 7 .2) : 
(I) Set the instrument at P and orient the line of sight in the magnetic meridian. 

1,2) Using upper clamp and tangent screw rake a foresight 011 Q. The! reading on 

~Jerni~r A gives the magnetic bearing of PQ. 

(3) With both plates clamped, move the insmunent and set it a1 Q. Take a backsight 
on P. Check the reading on vernier A which should he the same as heforo. The line 

of sight is out of orientation by 180 '. 

(4) Loosen the upper clamp and rotate the instrument clockwise to take a foresight 

on R. Read the vernier. Since the orientation .at Q is 180" out. a correction of 180" is 

· to be applied to the vernier reading to get ·the correct bearing of QR. Add 1 80' if the 

reading on the vernier is less than 180° and ·subtract 180° if it is more than 180°. 

(5) Shift the instrument of R and take backsight on Q. The orientation at R will 

· be out by 180' with respect to that at Q and 360' with respect to that at P. Thus. 

after taking a foresight o~ the next station; the vernier reading will directly give magnetic 

bearing of the next line, without applying any correction of 180'. 

The application of 180' correction is. therefore, necessary only ar 2nd. 4th. 6th station. 

occupied. lnstead of applying correction at even station. opposite vernier may be read alternatively. 
i.e .. vernier A ar P, vernier B at Q, verniers A at R, etc. However, it is always convenient 

to read one vernier throughout and apply the correction at alternate stations. 

(iii) Back Bearing Method 

Procedure (Fig. 7 .2) : . 
(I) Set the instrument at P and measure the magnetic bearing of PQ as before. 
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(2) Shift the instrument and set at Q. Before taking backsight on P. set vernier 

A to read back beating of PQ, and fix the upper clamp. 

(3) Using lower clamp and tangent screw, take a backsight on P. The instrument 

is now oriented since the line of sight is along QP when the instrument is reading the 

bearing of QP (or back bearing of PQ). 

(4) Loose upper clamp and rmare the insmnnent clockwise to take a foresight on 

R. The reading on · vermier A gives directly the· bearing on QR. 

(5) Tht:: process is repeated at other smtions. 

Of the three methods of fast needle, the second method is the most satisfactory. 

7.5. TRAVERSING BY DIRECT OBSERVATION OF ANGLES 

In this method, the angles between the lines are direcrly measured by a theodolite. 

The method is. therefore, most accurate in comparison ro lhe previous three methods. 

The magnetic bearing of any one line can also be measured (if required) and the magnetic 

bearing of other lines can be calculated as described in § 5.2 . The angles measured 

at different stations may be either (a) iocluded angles or. (~) deflection angles. 

Traversing by Included Aogles. An iocluded angle at a station is either of the two 

angles form~d by the two survey lines meeting . there. The method consists simply in 

measuring each angle directly from a backsight on the preceding station. The angles may 

also be measured by repetition, if so desired. Both face observations musr be taken and 

both the verniers should be read. Included angles can be measured either clockwise or 

coumer-clockwise but it is better to measure all''· angles clockwise, since the graduations 

of the theodolite circle increase in this direction. The angles measured clockWise from the 

back station may be interior or exterior depending upon the direction of progress round 

the: survey. Thus. in Fig. 7.3. (a}. direction of progress ls counter-clockwise and hence 

the angles measured clockwise are directly the interior angles. In Fig. 7.3 (b). the direction 

of progrtss around the survey is clockwise and hence the angles measured clockwise are 
~xtt:rior angles. 

~ (a) 
(b) 

FIG. 7.3. 

Traversing by Deflection Angles, A deflection angle is the angle which a survey 

line makes with the prolongation of the preceding line. It is designated as right (R) or 

left (L) according as it is measured clockwise or anti-clockwise from the prolongatiOn of 

the previous line. The procedure for measuring a deflection angle has been described in 
§ 6.7. 

,., 
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This method of traversing is more suitable for survey of roads. railways, pipe-lines 

etc.. where the survey lines make small deflection angles. Great care must be taken in 

recording and plotting whether it is right deflection angle or left deflection angle. However. 

except for specialised work in which deflection angles are required. it is preferable to read 

the included angles by reading clockwise from the back station. The lengths of lines are 

measured precisely using a steel ,(ape. Table 7 .I shows the general method of recording 

the observation of transit tape traverse by observations of included angles. 

7.6. LOCATING DETAILS WITH TRANSIT AND TAPE 

Following are some of the methods of locating the details in theodolite traversing: 

(1) Locating by angle and distance from one transit station: 

A point can be located from a transit station by taking an angle to the point and 

measuring the corresponding distance from the station to the point. Any number of points 

can thus be located. The angles are usually taken from the same backsigbt. as shown 

in Fig. 7 .4. The method is suitable specially when the details are near the transit station. 

A 

~ ' . ' . ' . 

ToC 
FIG. 7.4. 

---- ....... 

X 
/~ ',, 

~/~ ...... ,, 
' ' 

/ ' 

/5' '"?·--, 

A ToJ 
FIG. 7.5. 

(2) Locating by angles from two transit stations : If the point or points are away 

from the transit stations or if linear measurements cannm be made. the point can be located 

by measuring angles to the point from at least two stations. This method is also known 

as method of intersection. For good intersection. the angle to the point should not be 

less than 20' (Fig. 7. 5. ). 

(3) Locating by distances from two stations: Fig. 7.6 illustrates the method of 

locating a po1nt by measwing angle at one station and distance from the other. The method 

is suitable when the point is inaccessible from the station at which angle is measured. 

(4) Location by distances from two points on traverse line : If the point is near 

a transit line but is away from the transit station, it can located by measuring its distance 

from two points on the traverse line. The method is more suitable if such reference points 

(such as x and y in Fig. 7. 7) are full chain points so that they can be staked when 

the traverse Jine is being chained. 

(5) Locating by offsets from the traverse line : If the points to be detailed are 

more and are near to traverse line. they can be located by taking offsets to the poinlS 

as explained in chain surveying. The offsets may be oblique or may be perpendicular. 
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7. 7. CHECKS IN CWSED TRAVERSE 
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The errors involved in traversing are Iwo kinds : linear and angular. For important 

work the most satisfactory method of checking the linear measurements cons.ists in chaining 
each survey line a second time, preferably in the reverse direction on different dates and 

by different parties. The following are the checks for the angular work: 

(I) Traverse by included angles 
ial The sum of measured interior angles should be equal Io 12N - 4) right angles. 

where N = number of sides of the traverse. 

(b) If the exterior angles are measured. their sum should be equal to (2N + 4) right 

angles. 
(2) Traverse by deflection angles 
The algebraic sum of the deflection angles should be equal to 360', taking the right-hand 

deflection angles as positive and left-hand angles as negative. 

(3) Traverse by direct obse111ation of bearings 

The fore bearing of the 1ast line should be equal ro its back bearing ± i soc. measured 

at the initial station. 
Check!; in Open Traverse : No direct check of angular measurement is available. 

However. indirect checks can be made, as illustrated in Fig. 7.8. 

As illustrated in Fig. 7.8 (a). in addition· to the observation of bearing of AB at 

station A. bearing of AD can also be measured. if possible. Similarly. at D. bearing of 

DA can be measured and check applied. If the two bearing' differ by 180'. the work 
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l,upto D) may be accepted as correct. If there is small discrepancy, it can be adjusted 

before proceeding further. 

Another method, which furnishes a check when the work is plotted is as shown 

in Fig. 7.8 (b), and consists in reading the bearings to any prominent point P from each 

of the consecutive stations. The check in plotting consists in laying off the lines AP. 

BP. CP etc. and noting whether the lines pass through one point. 

In the case of long and precise traverse, the angular errors can be determined by 

asrronomical observations for bearing at regular intervals during the progress of the traverse. 

7.8. PLOWING A TRAVERSE SURVEY 

There are two principal methods of plotting a traverse survey: 

(I) Angle and distance method, and (2) Co-ordinate method. 

(I) Angle and Distance Method : 

In this method, distances between stations are laid off to scale and angles (or bearings) 

are plotted by one of the methods outlined below. This method. is suitable for the small 

surveys. and is much inferior to the co-ordinate method in· respect of accuracy of plotting. 

The more commonly used angle and distance methods of plotting an angle (or bearing) 

are 
(a) By Protractor. (b) By the tangent of the angle. 

(c) By the chord of the angle. 

(a) The Protractor Metlwd. The use of the protractor in plotting direct angles, deflection 

angles, bearings and azimuths rt:quires no exPI3nation. The ordinary protractor is seldom 

divided more finely than 10' or 15' which accords with the accuracy of compass traversing 

but not of theodolite traversing. A good form of protractor for plotting survey lines is 

the large circular cardboard type, 40 to 60 em in diameter. 

(b) The Tangent Method. The tangent method is a trigonometric method based upon 

thO fact that in right angled triangle, the perpendiCUlar = base X tan 8 Where 8 is the 

angle. From the end of the base, a perpendicular is set off, the length of the perpendicular 

being equal to base x tan 0. The station point is joined to the point so obtained : lhe 

line so obtained includes 9 with the given side. 1be values ot tan 8 are taken from the 

table of natural tangents. If the angle is little over 90' , 90' of it is plotted by erecting a 

perpendicular and the remainder by the tangent method, using the perpendicular as a base. 

(c) The Chord Method. This is also a geometrical /o 

method of laying off an angle. Let it be required 

to draw line AD at an angle 8 to the line AB in 

Fig. 7.9. With A as centre, draw an arc of any 

convenient radius (r) to cut line AB in b. With b d 

as centre draw an arc of radius_ r ' (equal to the ~Chord r'"' 2r sin! 

chord length) to cut the previous arc in d. the radius 

r' being given r' = 2 r sin~- "t......_. -------.Jb B 

Join Ad, thus getting the direction of AD at 
FIG. 7.9. 

an inclination a to AB. The lengths of chords of angles corresponding to unit radius can 

i~ 

-Jii 

·' 

,fj 

:; ,, 
., 
~;~ :· 

E 

• ,\_; 

-i 

TRAVERSE SURVEYING !69 

be taken from the table of clwrds. If an angle is greater than 90', the construction should 

be done only for the part less than 90' because the intersections for greater angles become 

unsatisfactory. 

(2) Co-ordinate Method : In this method, survey stations are plotted by calculating 

their co-ordinates. This method is by far the most practical and accurate one for plotting 

traverses or any other extensive .system of horizontal control. The biggest advantage in 

this method of plotting is that the closing e"or can be eliminated by bakmcing, prior 

to plotting. The methods of calculating the co-ordinates and of balancing a traverse are 

discussed in the next article. 

TRAVERSE COMPUTATIONS 

7.9. CONSECUTIVE CO-ORDINATES :LATITUDE AND DEPARTURE 

The latitude of a survey line may be defined 

as its co-ordinate length measured parallel to an 

assumed meridian direction (i.e. true north or 

magoeric north or any other reference direction). 

The departure of survey line may be defined 

as its co-ordinate leogth measured at right angles 

to the meridian direction. The latitude (L) of 

the line is positive when measured northward 

(or upward) and is termed as northing ; the 

latitude is negative wben measured southward 

(or downward) and is termed as southing. Similarly, 

the departure (D) of the line is positive when 

measured eastward and is termed as easting ; 

the departure is negative when measured westward 

and is termed as westing. 

Thus, in Fig. 7 .10, the latitude and departure 

of the line AB of length I and reduced bearirig 

e are givcm tty 

IV 
(+,-) 

ill 
(-.-) 

L=+lcosa and D =+I sine 

A 

HG. i.l0. 

B 

t 
(+,+) 

n 
(-.+) 

... (7.11) 

To calculate the latitudes and departure of the traverse lines, therefore, it is first 

essential to reduce the bearing in the quadrantal system. The sigo of latitudes aod departures 

will depeod upon the reduced bearing of a line. The following table (Table 7.2) gives 

signs of latitudes and departures : 
TABLE 7.2 ---- -· 

W.C.B. R.B. and 0uufrant Sign of 

[JJtitluk DeDIUtlUe 

0° 10 90° NO E ; l + + 

90°10180° SOE ; n · - + 

180° 10 270° 

I 
sew: m - -

.._____370° to 360° NOW; IV + I -
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Thus. latirude and departure co-ordinates of any point wilh reference to !he preceding 

point are equal to !he latirude and departure of !he line joining !he preceding point to 

rhe point under consideration. Such co-ordinates are also known as consecutive co-ordi/Ulles 
or dependem co-ordinates. 

Table 7.3. illustrates systema1ic metlwd of calculating !he latirudes and departures of 

a traverse. 

lillt 

AB 

BC 

TABLE 7.3. CALCULATIONS OF LATITUDES Ali/D DEPARTURES 

I I l 
• Length 1 w.c.B. 1 
1 (m) i I 
I I 
I I 
I I 

! 
232 

148 

! 
! 

32° )2' I 

138c 36' 

R.B. 

N 32., 12'E 

S•W24'E 

!.Diiludt 

I 
Log length and I LDJiludt 

Log cosine 

I 
I 

I Departure 

i 
Log length a11d ! Dtporture 

Log si11e ! 
_l 

J.36549 
I .92747 
2.29296 

2.36549 
+ 196.32 1 1 .72663 

2.09212 

! 
I -~- 123.63 

J,.1702b 2.17026 
l .67513 
2.04539 

I - 111.02 
! 

! I .8204J ... 97.88 : 

! 1.990t\7 I ~ 

' I 

I 
1 2.62o14 2.62014 

CD I 417 [202'24' S22'24'W I 1.9<593 ··385.54 I "101 
~ I I . 2.58607 2.2011!: . 

-158.90 ! 

I 
i .I !2.57054 I 2.57054 ~ 

DE 372 I 292° 0' N 68° 0' w I I .57358 I + 139.36 i .96717 -329.39 ! 
I ! 2.14-I.IZ ! :.53771 

Independent Co-ordinates 

The co-ordinates of traverse stations can be calculated with respect to a common 
origln. The total lalitude and depanure of any point with respect to a common origin 
are known as independent co-ordinates or total co-ordinales of the point The two reference 
axes in this case may be chosen to pass through any of the traverse station but generally 
a most westerly station is chosen for this purpose. The independent co-ordinates of any 
point may be obtained by adding algebracially !he latirudes and !he deparrure of !he lines 

between !hat point and !he origin. 

Thus. total loJiJude (or departure) of end point of a traverse =total laJiludes (or 

departures) of first poilU of traverse plus the algebraic sum of all the latitudes (or departures/. 

Table 7.4. shows !he calculations of total co-ordinates of the traverse of Table 7.3. 

The axes are so chosen !hat !he whole of !he survey lines lie in !he north east quadrant 

with respect to !he origin so !hat !he co-ordinates of all the poinL• are positive. To 

achieve this. arbitrary values of co-ordinates are assigned to !he starting point and co-ordinates 

of other points are calculated. 

,)' 
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TABLE 7.4. -

LDtitude DtptUture Total Co- ordinates 
line . N s E w SIIJtion 

N E 

I A I 400 I 400 
i assumed i assumed 

AB I 196.32 123.63 ' I I 

• I ! 
596.32 i 523.63 I B 

BC ! 111.02 97.88 j 
I c 485.30 i . 621.51 

CD i 385.54 I 158.90 I 
[ ; 

' ! D 99.76 462.61 ' 
DE : 139.36 i I 329.39 i 

I I I E i 239.12 .. 133.22 

7.10. CLOSING ERROR 

If a closed traverse is plotted according to !he field. measurements. "me end point 

of lhe traverse will not coincide exactly with the starting point. owing to the errors in 
the field measurements of angles and distances. Such error is known as closing error (Fig. 
7.11). In a closed traverse. !he algebraic sum of !he latirudes (i.e. r L) should be zero 

and the algebraic sum of !he departures (i.e. ~D) should be zero. The error of closure 

for such traverse may be ascertained by finding r.L and W. bolh of lhese being !he components 

of error e parallel and perpendicular to !he meridian. rc 
Thus, in Fig. 7.11, -------.JD 
Closing error e = AA' = ..J (r.L)2 + (W)2 

... (7.2 a) 

The direction of closing error is given by 

'~n"=W 
l:.L 

.(7 '2 !J' 

The sign of W and r.L will lhus define !he 
quadrant in which the closing error lies. The relative 
error of closure, the term sometimes used, is 

Error of closure e 1 
Perimeter of traverse - P = p / e ... (7.3) 

B 

Clo~ng~ ,_fA' 
error ~',;, i+--tL 

·-11.-· 
tD 

FJG. 7.11 

E 

Adjustment of the Angular Error. Before cal­
culating latitudes and deparrures, !he traverse angles 

should be adju.'ted to satisfy geometric conditions. 

In a closed traverse. !he sum of interior angles should be equal to (2N- 4) right angl"-' 

(or !he algebraic sum of deflection angles should be 360•). If !he angles are measured 

Wilh !he same degree of precision, the error in !he sum of angles may be distributed 

equally to each angle of !he traverse. If the angular error is small, it may be arbitrarily 
distributed among two or three angles. 

i 
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Adjustment of BeariD~. In a closed traverse in which bearings are observed. the 

closing error in bearing may be determined by comparing the two bearings of the last 

line as observed at the first and last stations of traverse. Let e be the closing error h 

bearing of last line of a closed traverse having N sides. We get 

Correction fur first line 
e 

=-
N 

Correction for second line = ~ 

Correction for third line 
3e 

=/i 
Ne 

=N=e. Correction for last line 

7.11. BALANCING THE TRAVERSE 

The term 'balandng' is generally applied to the operation of applying corrections 

to latitudes and departures so that :r.L = 0 and w = 0. This applies only when the survey 

forms a closed polygon. The following are common methods of adjusting a traverse : 

(I} Bowditch's method (2) Transit method 

(3} Graphical method (4} Axis method. 

(1} Bowditch's Method. The basis of this method is on the assumptions that the 

errors in linear measurements are proportional to -Jl and that the errors in angular measurements 

are inversely proportional to .fi where I is the length of a line. The Bowditch's mle. 

also rermed as the compass rule, is mostly used to balance a traverse where linear and 

angular measwements are of equal precision. The total error in latitude. and in lhe departure 

is distributed in proportion to the lengths of the sides. 

The Bowditich Rule is : 

Correction to lotiJude (or departure) of any side = 

Total error in loJilude (or departure) x ::Le""::n,._gth=o:.c'.f:;tlwt::::_;s::::id:::.e 
Perimeter oftra~~erse 

Tnus, It 

We have 

CL = correcuon to laurude or any side 

Co = correction to departure of any side 

r.L = total error in latitude 

W = total error in departure 

'f.l = length of the perimeter 

I= length of any side 

I 
C,='f.L.i/ and 

I 
Cv=W.i/ ... (7 .4) 

(2) Transit Method. The trattSit mle may be employed where angular measurements 

are more precise that the linear measurements. According to this rule, the total error in 

latitudes and in departureS is distributed in proportion to the latitudes and departures of 

the. sides. It is claimed that the angles are less affected by corrections applied by transit 

method than by those by Bowditch's method. 

·19' 

:..,-· 

J 
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The transit rule is 

Correction to lotiJude (or departure) of any side 

= Total ~rror in lotiJude (or departure) x . Latitude (or depa11ure ) of that line 
Arilhmelic sum oflotiJudes (or departures ) 

Thus, if L = latitude of any line 

D = departure of any line 

Lr = arithmetic sum of latitudes 

Dr= arithmetic smu of departure 

L D 
We have, CL = r. L.- and Co= r. D.-. ... (7.5) 

Lr Dr 

(3) Graphical Method. For rough survey, such as a compass ·traverse, the Bowditch 

rule may be applied graphically without doing theoretical calculations. Thus, according to 

the graphical method, it is not necessary to calculate latitudes and departures etc. However, 

before plotting the traverse directly from the field notes, the angles or bearings may be 

adjusted to satisfy the geometric conditions of the traverse. 

D' 

E c 

~ b c I \ :e 
I I I I 

A' q.c.tci~· A' 
~-.j ~J 

A 8 

(a) (b) 

FIG. 7.12 

Thus, in Fig. 7.12 (a), polygon AB'C'D'E'A' represents an unbalanced traverse having 

a closing error equal to A'A since the first point A and the last point ·A· are not coinciding. 

The · total closing error AA' is distributed linearly to all the sides in proportion to their 

length by a graphical construction shown in Fig. 7.12 (b). In Fig. 7.12 (b), 

A8' • 8'C • , C 'D ' etc. represent the length of the sides of the traverse either to the same 

scale as that of Fig. 7.12 (a) or to a reduced scale. The ordinate aA! is made equal 

to the closing error A' A [of Fig. 7.12 (a)]. By constructing similar triangles, the corresponding 

errors bB', cC', dD', eE • are found. In Fig. 7.12 (a}, lines E!E, D'D, C'C, 8'8 are drawn 

parallel to the closing error A'A and made equal to eE', dD', cC ', b8' respectively. The 

polygon ABCDE so obtained represents the adjusted traverse. It should be remembered that 

the ordinates b8', cC', dD', eE', aA', of Fig. 7.I2(b) represent the corresponding errors in 

magnirude only but not in direction. 
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(4) Th.e Axis Method. Tbis method is adopted when the angles are measured very 
accurately, the corrections being applied to lengths only. Thus. only directions of the line 
are unchanged and the general shape of the diagram is preserved. To adjust the closing 
error aa, of a traverse abcdefa, (Fig. 7.13) following procedure is adopted: 

(1) Join a,a and produce it 
8 

to cut the side·rd in x. The line a1x r"ftb~.=; •• ~.: •• ==::::::::::::::::~C 
is k..1.own as Ihe axis of adjusrment. ~~ ........ 

:,",~ ~i:~·~ ~::a~~;; :/wo ··········· ... .. 
(2) Bisect a

1
a in A. .. .... :;~x 

(3) Join xb. xe and xf. {\Xisol~~l~~~~~-----------~/f' 
• -------- ,.' I 

(4) Through A, draw a lme / : / ' 
ABparalleltoabcuttingx bproduced a, ,/ : 
in B. Through B. draw a line BC ,/ I 
parallel to b c cutting x c produced _./ I . / . 
m C. >" / 

(5) Similarly, through A, F /' . Ef 
draw AF parallel to a,f to cut x · 
f in F. Through F, draw FE parallel 

1 

to f e to cut x e in E. Through E. FIG. 7.13. AXIS METIIOD OF BALANCING TRAVERSE. 

draw ED parallel to e d to cut x d in D. 

c 

0 

d 

.J,f;CDEF (thick lines) is the adjusted traverse. 
Ax 

Now, AB=-.ab 
ax 

Correction to ab =AB-ab = A_x. ab- ab =A a. ab 
ax "' 

01 
a i closing error 

=- . - . ab. = 0 ab ... (ll ... (7 .6 a) 
2 ax ax 

· · . I a1 a i dosi.ug ~rrol 
Similarly, correcnon to a,j=-

2
-.a,f= .a,f 
D1 X D1 X 

Taking ax~ a, x =length of axis, we get the general rule 
l closing error 

Comction to any length = thlll length x ' • . Length of 8XIS 

... (2) ... (7.6 b) 

... (7.6) 

The axis a, x should be so chosen that it divides the figure approximately into two 
equal partS. However, in some cases the closing error aa1 may not cut the traverse or 
may cut it in very unequal parts. In such cases, the closing error is transferred to some 
other point. Thus. in Fig. 7 .14, aa, when produced does not cut the traverse in two pans. 
Through a. a line ae' is drawn parallel aod equal to a, e. Through e', a line e' d' is drawn 
parallel aod equal to ed. A new unadjusted traverse dcbae 'd' is thus obtained in which 
the closing error dd' cuts the opposite side in x. thus dividing the traverse in two approximately 

·' 

r 

l ,, 

........ 
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A 

~/-
1 ~ . -' -' / 

' -' -' / ' -' -' / ' -' -•/ • 

o-
')i 
/ 

' ·····--..... . B \ • ____ g, I 
b ·-. c 

FIG. 7.t4. 
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equal pans. The adjustment is made with reference to the axis d x. The figure ABCDE 
shown by thick lines represents [he adjusted figure. 

GALES TRAVERSE TABLE 
Traverse compmations are usually done in a tabular form. a more common fonn 

being Gales Traverse Table (Table 7 .5). For complete traverse computations, the following 
steps are usually necessary : 

(I) Adjust the interior angles to satisfy the geometrical conditions, i.e. sum of interior 
angles to be equal to (2N- 4) right angles and exterior angles (2N + 4) right angles. 

In the case of a compass traverse, the bearings are adjusted for local attraction. 
if :my. 

(il) Starting with obsetved bearings of one line, calculate the bearings of all other 
lines. Reduce all bearings to quadrantal system. 

(iii) Calculate the consecutive co-<>rdinates (i.e. latirudes and departures). 
(iv) Calculate r.L and l:D . 

(v) Apply necessary corrections to the larirudes and departures of the lines so that 
r.L = 0 aod l:D = 0. The corrections may be applied either by transit rule or by compass 
rule depending upon the type of traverse. 

(vz) Using the corrected consecutive co-ordinates. calcu1ate the independent co-ordinates 
to the poinrs so that they are all positive, the whole of the traverse thus lying in the 
North East quadrant. 

Table 7.5 illustrates completely the procedure. 
Computation of Area of a Closed Traverse : (See Chapter 12) . 

:r 
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7.12. DEGREE OF ACCURACY IN TRAVERSING 

Since both linear and angular measurements are made 

in traversing, the degree of accuracy depends upon the types 

of instruments used for linear and angular measurements 

and also upon the purpose and extent of survey. The degree 

of precision used in angular measur~ents must be consistent 
with the degree of precision used in linear measurements 
so that the effect of error in angular measurement will be . 
the same as that of error in linear measurements. To get 

a relation be£Ween precision of angular and linear measurements 
consider Fig. 7.15. 

Let D be the correct position of point with respect 

to a point A such that AD= I and LBAD = 9. In the field 

177 

D 

8 

FIG. 7.15. 

measurement, let oe be the 

error in the angular measurement and e be the error in the linear measurement so lhat 

D, is the faulty location of the point D as obtained from the field measurements. 

Now, displacement of D due to angular error (liS) = DD , = I tan liS . 

Displacement of D due to linear error = D, D2 = e . 

In order to have same degree of precision in the two measurements 

ltanli9=e or 59=tan-'f· ... (7.7) 

In the above expression, f is the linear error expressed as a ratio. If lhe precision 

of linear measurements is 5rfoo. the allowable angular error = oa =tan_, 5;00 = 41". Thus. 

the angle should be measured to the nearest 40". Similarly, if the allowable angular error 

is 20", the correspor1ing precision of linear measurement will be = tan 20" = 
0 

1 
00 

(or 
l • 3 

about I metre in I kilometre). 

_The aneuJar error of closure in theodolile traversing is generally expressed as equal 

to CVN, where the value of C may vary from 15" to I' and N is the number of angles 

measured. The degree· of precision in angular and linear measurement in theodolile traverse 

under different circumstanceS are given in Table 7.6 below 

TABLE 7.6. ERRORS OF CLOSURE ----·-

Type of Trarene Anguhue"or TOilll linear 
of closure e"or of t:losure 

(l) First order traverse for horizontal conD'OI 6"fN 1 in 25,000 

(2) Second order traverse for horizontal conaol and for impo112n! and accurate surveys lS" ..fii l in 10.000 

{3) Third order traverse for surveys ·of impo_rtam lxlundaries etc. JO"W I l in 5.000 

(4) Minor theodolite ttavc:rse for ~ettiljng !'W J I in 300 f 

(5) Compass traverse ts•fN llinJOOtol 
I in 600 .I 

11 
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I 
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PROBLEMS 

I. Dis1iDguish clearly beiWeen : 
(a) Chain surveying and traverse surveying. 
(b) Closed traverse and open traverse. 
(c) Loose needle method and fait needle method 

2. Discuss various methods of theodolite aaversing. 

3. Explllin clearly, with 1he help of illustrations, how a traverse is balanced. 

4. What is error of closure ? How is it balanced graphically ? 

5 (a) Explllin 1he principle of surveying (traversing) with the compass. 

(b) Plot 1he following compass traverse and adjust it for closing error if any 

1JM Length (m) Be<uing 

AB 130 S 88" E 

BC 158 S 6° E 

CD 145 s 40-0 - w 
DE 308 N 81" W 

EA 337 N 48" E 

Scale of plotting I em = 20 m. 

6. Descn'be 'Fast needle method' of theodolite traversing. 

r--

SURVEYING 

. ~: 
~.,· 

m 
Omitted Measurements 

8.1. CONSECUTIVE CQoORDINATES: LATITUDE AND DEPARTURE 

There are two principal methods of plotting a traverse survey: (I) the aogle and 
distance method, aod (2) the co-ordinate method. If the length aod bearing of a survey 
line are known, it cao be represented on plao by two rectangular co-ordinates. The axes 
of the co-ordinates are the North aod South line, aod the East and West line. The /atirude 
of survey line may be defined as irs co-ordinate length measured parallel to the meridian 
direction. The depanure of the survey line may be defined as its co-ordinate length measured 
at right angles 10 the meridian direction. The latitude (L) of the line is positive when 
measured northward (or upward) aod is termed as nonhing. The latitude is negative when 
measured southward (or downward) aod is termed as southing. Similarly, the deparrure (D) 
of the line is positive when measured 
eastward and is termed as easting. The 
departure is negative when measured 
westward and is termed as westing. 

Thus, in Fig. 8.1, the latitude 
and departure of the line OA of length 
11 and reduced bearing e, is given 
by 

L1 = + 11 cos e1 

and D, = + 1, sin 61 ... (8.1) 

To calculate the latitudes and 
departures of the traverse lines, there­
fore, it is first essential to reduce the 
bearing in the quadfaotal system. The 
sign of latitude and departures will 
depend upon the .reduced bearing of 
line. 

The following table gives the 
signs of latitudes and departures. 

N D,(+) 
A 

0 

L, (+) t, 

w, 
I 
• 

~ <->! 

! 
t, 

c~·--···o;r;······ 

s 

FIG. 8.1. LATITUDE AND DEPARTURE 
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TABLE 8.1 

Sign of 

W.C.B. R.B. and Quadrant 

Lalirude DepaJtUre 

oo [Q 9QO N SE : I + + 

90° 10 180° seE : n - + 

!80° tO 270° sew • m - -

270° 10 360° NSW : IV + -

Thus. latitude and departure co-ordinates of any point with reference to the preceding 

poim are equal to the latitude and departure of the line joining the preceding point to 

the point under consideration. Such co-ordinates are also known ·as consecutive co-ordinaJes 

or dependenc co-ordinates. Table Z 3 illustrates systematic method of calculating the latitudes 

and depanures of a traverse. 
Independent C<H>rdinates 

,,... 

The co-ordinates of traverse station can be calculated with respect to a common origin. ,y 
The total laJitude and departure of any point with respect to a common origin are known 

as independent co-ordinates or total co-ordinates of the point. The two reference axes in 

this case may be chosen to pass through any of the traverse stations but generally a moS! 

westerly station is chosen for this purpose. The independent c<HJrdinates of any point may 

be obtained by adding algebraically the latitudes and the departure of the lines between 

the point and the origin. 

Thus, total latitude (or departure) of end point of a traverse = total latitudes (or 

departures) of first point of traverse plus the algebraic sum of all the latitudes (or departures). 

8.2. OMITTED MEASUREMENTS 

Ul U1UC1 lV JU1VC <1 L.il~l>. Vll IIGU..i WUif\. <lllU Ul UIUC::I LV Ui:lii:I.JJI..C a Ui;I.VC;!:)C, iJ1c l 
length and direction of each line is generally measured in the field. There are times, however, ; 

when it is not possible to take all measurements due to obstacles or because of some ~ 

over-sight. Such omitted measurements or missing quantities can be calculated by latitudes ·'· ~ 
and deparrures provided the quantities required are not more than two. In such cases, there 

can be no check on the field work nor can the survey be balanced. All errors propagated 

throughout the survey are thrown into the computed values of the missing quantities. 

Since for a closed traverse, I.L and "ZD are zero, we have 

U = 1, cos a,+ 12 cos a,+ 13 cos 93 + ... = 0 ... (!) ... (8.2 a) 

and W =I, sin a,+ 12 sin a,+ 13 sin 93 + ... = 0 ... (2) ... (8.2 b) 

where 11, /2, 13 •••• etc, are the lengths ofthe lines and 91 , 92 , 83 , ••• etc. their reduced 

bearings. With the help of the above two equations, the two missing quantities can be 

calculated. Table 8.2 below gives the trigonometric relations of a line with its latitude 

and deparrure, and may llle used for the computation of omitted measwements. 
:~II' ... 

'':fi' 
'J: 

OMmED MEASUREMENTS 

TABLE 8.2 

GlYen Required 

t . • L 

t. e D 

L. D tan 9 

L. e I 

D. e t 

L, t cos a 

D. t sin e 

L. D I 

There are four general cases of omitted measurements 

I. (a) When the bearing of one side is omitted. 

(b) When the length of one side is omitted. 

(c) When the bearing and length of one side is omitted. 

Formula 

L=lcosa 

D=lsin9 

lane= DIL 

l=Lseca 

t= D cosec a 

cos9=L!I 

sin 9=DII 

I=~L'+D' 

II. When the length of one side and the bearing of another side are omitted. 

Ill. When the lengths of two sides are omitted. 

IV. When the bearings of two sides are omitted. 
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In case (I), only one side is affected. In case II, III and IV two sides are affected 

both of which may either be adjacent or may be away. 

8.3. CASE I : BEARING, OR LENGTH, OR BEARING AND LENGTH OF ONE SIDE 

OM!!!'F!l 

In Fig. 8.2, let it be required to calculate either 

bearing or length or both bearing and length of the line 

EA. Calculate U' and l.:D' of the four known sides AB, 

BC, CD and DE. Then 

U = Latitude of EA + l.:L' = 0 

or Latitude of EA = - U' 

Similarly, W = Departure of EA + W' = 0 

or Departure EA = - l.:D' 

Knowing latitude and departure of EA, its length 

and bearing can be calculated by proper trigonometrical 

relations. 

u 

4 3 

c 

A 

FIG. 8.2. 
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8.4. CASE ll : LENGTH OF ONE SIDE AND BEARING OF ANOTEHR SIDE OMITIED 

In Fig. 8.3, let the length of DE and bearing of EA be omitted. Join DA which 

becomes the closing line of the traverse ABCD in 
which all the quantites are known. Thus the length 
and bearing of DA can be calculated as in case I. 

In !J. ADE , the length of sides DA and EA 
are known, and angle ADE (a) is known. The angle 
p and the length DE can be calculated as under : E 

. • DA . 
sm""=-sma 

EA 
y = 180' - (p + a) 

DE=EA siny =DA siny 
sin a sin P 

... (8.3 a) 

... (8.3 b) 

... (8.3 c) 

Knowing y, the bearing of EA can be calculated. 

8.5. CASE ill : LENGTHS OF TWO SIDES OMITTED 

~ 

5\ 

D ,. 
' ' 4/ af 

'lc ' ' ' '. r~ 
'"' t·E 

'.2 :o 12 
' ' ' y ' { 

A 1 B 

FIG. 8.3. 

In Fig. 8.3. let the length of DE and EA be omitted. The length and bearing of 

the closing line DA can be calculated as in the previous case. The angles a. p and y 

can then be computed by the known bearing. The lengths of DE and EA can be computed 

by the solution of the triangle DEA. 

Thus, 

and 

DE = siny DA 
sm p 

sin a 
EA=-. -DA 

. sm p 
8.6. CASE IV : BEARING OF TWO SIDES OMITTED · 

... (8.4 a) 

... (8.4 b) 

In Fig. 8. 3 let bearing of DE and EA be omitted. The length and bearing of the 
closing line DA can be calculated. The angles can be computed as under : 

The area !J. = .,fs(s- a)(s- t!j(s -e) ... (1) ... (8.5) 

where s =half the perimeter = f (a+ d + ~) ; a= ED, e =AD and d=AE 

Also, !J. = 4- ad sin P = 4- de sin y = 4- ae sin a ... (2) ... (8.6) 

Equating (1) and (2), a, P and y can be calculated. Knowing the bearing of DA 

and the angles a, p, y, the bearings of DE and EA can be calculated. 

Alternatively, the angles can be found by the following expressions, specially helpful 

when an angle is an obtuse angle : 

tanJl. = • / (s -a) (s - t!) ; 
2 'I s (s- e) 

y ~s-d)(S.:.e) . a -~(s-a)(s-e) 
tan-- tan--

2 - s (s-a) ' 2 - s (s -d) 
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8. 7. CASE IT, ill, IV :WHEN THE AFFECTED SIDES ARE NOT ADJACENT 

If the affected sides are not adjacent, 
one of these can be shifted and brought adjacent 
to the other by drawing lines parallel to the 
given lines. Thus in Fig. 8.4 let BC and EF 
be the affected sides. In order .to bring them 
adjacent, choose the starting point (say B) of 
any one affected side (say BC) and draw line 
BD' parallel and equal to CD. Through D', 
draw line D'E' parallel and equal to ED. Thus 

evidently, EE' = BC and FE and BC are brought 

adjacent. The line E' F becomes the closing line 
of the traverse ABD' E' F. The length and bearing 

of E' F can be calculated. Rest of the procedure 
for calculating the omitted measurements is the 

ANALYTICAL SOLUTION 

E 

' 5./// 
-./:2 

/ 
F?.~. / 

f(··········-.~·-·······-./ 
D'· Closing \ 

line \3 

A 1 

FIG. 8.4 

same as explained earlier. 

\ ·, ·, 
... 
B 
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2 

(a) Case ll : When the length of one line and bearing of another line missing 

Let a, and 11 be missing. 

or 

and 

or 

or 

Then 11 sin el + [z sin 92 +h sin a)+ ..... In sin 9n =0 

11 sin a, + 11 sin a,= - I, sin a, - ....... - I, sin a, = P (say) ... (1) 

11 cos 91 + l2 cos 82 + l1 cos 81 + ....... In cos 9n = 0 
11 cos a, + 11 cos a, = - 1, cos e,- ...... - I, cos e, = Q (say) ... (2) 

Squaring and adding (1) and (2), we get 

f, = P' + Q' + ll- 21, (P sine,+ Q cos 93) 

ll- 2 13 (P sin e, + Q cos 9,) + \P 2 + Q 2 - ll) = 0 ... (8.8) 

This is a quadratic equation in terms of 13 from which 13 can be obtained. 

!(~~·.vir.g ' o !'!'?~' "'e cf'otaine-d fr\lm (1 ) ~·~" 

·-•[P-I,sina,] e.= sm l, 

(b) Case ill : . When the lengths or two lines are missing 

Let 1, and l3 be missing. 

Then 11 sin 9, + l2 sin 82 + 13 sin 81 + ..... In sin 8, = 0 

or 1, sin e. + h sin 83 =- l2 sin 82- .... . - l,. sin Bn = P (say) 

and 11 cos e, + lz cos 82 + l3 cos 83 + ..... ln cos Bn = 0 

... (8.9) 

... (1) 

or 11 cos a, +I, cos e, =- 12 cos e, - . .. . .. . - I, cos 9, = Q (say) ... (2) 

In equations (1) and (2), only 11 and 13 are unknowns. Hence these can be found 

by solution of the two simultaneous equations. 

(c) Case IV : When the bearings or the two sides are missing 

Let e, and e, be missing. 
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Then, as before, 11 sin a, + I, sin a,= P 

and 1, cos a, + 1, cos a,= Q 

From (!), 11 sin a,= P-I, sin a, 

and . from (2), 11 cos a, = Q - I, cos a, 

... (!) 

... (2) 

... (3) 

... (4) 

Squaring (3) and (4) and adding 11 = P' + Q' +If- 21, (P sin a,+ Q cos a,) 

p Q P'+Q'+Il-tl 
"""F.::r=:'"':':i sin a, + cos a, - = k (say) 
.JP'+Q' .JP'+Q' H.JP'+Q' or 

Referring to Fig. 8.5 and taking tan a = ~· we have 
p 

_P_ =sin a and Q cos a 
.JP'+Q' .JP'+Q' 

sin a. sin 93 + cos a cos e) = k '~-... (8.10) 

or cos(a,-a)=k 

From which a,= a+ cos-' k= tan-'~+ cos-' k ... (8.11) 

Knowing a,, a, is computed from Eq. (3) : FIG. 8.5 

Thus a_. _1[P-I,sina,l 
1-SlD [ ... (8.12) 

See example 8.8 for illustration. 

Example 8.1. The Table below gives the lengths and bearings of the lines of a 

traverse ABCDE, the length and bearing of EA having been omitted. Calculate the length 

and bearing of the line EA. 

line Lenl!th lml Bearin 

AB 204.0 87 ° 30' 

BC 226.0 20 ° 20' 

CD 1R7n 2PJI .. w 

I : I ~~0 I 210; 3· I 
Solution. Fig. 8.2 shows the traverse ABCDE in which EA is the closing line of 

the polygon. Knowing the length and bearihg of the lines AB, BC, CD and DE, their 

latitudes and departures can be calculated and tabulated as und· 

l.l1titJuk 0e(J<JTI1Jn 

line + + - -

AB 8.90 203.80 -
BC 211.92 78.52 

CD 32.48 184.16 

DE 165.44 97.44 

Sum 253.30 165.44 282.32 281.60 

1:L'==+81.86 ED'=+O.'n J 

""""' ·f 

f-
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SW 

:. Latirnde of EA = - l: L' =- 87.86 m 

Since the latitude of EA is negative and 
quadrant. The reduced bearing (a) of EA 

and Departure EA =- l: D' =- 0.72 m. 

departure is also negative it lies in the 

is given by 

Also 

tan a- Departure= 0.72 
Latitude 87.86 

or a= o· 28' 

Bearing of.EA = s o• 28' w = 180" 28' 

Length of EA = ~ 
cos a 

87.86 = 87.85 
cos 0° 28' 

Example 8.2. A ci!Jsed traverse was conducted round an obstacle and the following 

observations were made. .Work out the missing quantities: 
Side Length (m) 

AB 500 

BC 620 

AzimuJh 

98" 30' 

30" 20' 

CD 
DE 
EA 

468 

? 
? 

298" 30' 

230" 0' 

150" 10' 

Solution. 
The affected sides are adjacent. Fig. 8.3 shows the traverse ABCDE in which DA 

is closing line of the polygon ABCD. The latitude and deparrure of the closing line DA 

can be calculated. The calculations are shown in the tabular form below 

LDIUude De1JQitUr< 

u.. + - + 

AB 73.91 494.50 

BC 535.11 313.11 ' 

CD 223.45 I 411.29 

Sum 758.56 73.91 807.61 1 411.29 

t L' = + 684.55 I lY = + 396.32 

.. Latitude of DA = - l: L' = - 684.55 and Departure DA = - l: D' = - 396.32 

Since both latitude and departure are negative, the 

quadrant, the reduced bearing (a) of DA is given by 

tan9=Q=~ 
L 684.55 

Bearing of DA = S 30" 4' W = 210• 4' 

line DA is in third (i.e. SW) 

9=30"4' 

Length of DA =I= L sec a= 684.55 sec 30" 4' = 791.01 m 

From Fig. 8.3, LADE= a= 230" 0'- 210" 4' = 19" 56' 

(Check: 

L DEA = ~ = 150"10' - (230" - 180") = 100" 10' 

LDAE = y = 210" 4' - 150" 10' = 59" 54' 

"+ ~ + y = 19" 56'+ 100" 10' +59" 54= 180") 

From triangle ADE. using the sine rule, we get 



186 SURVEYING 

DE= DA sin y = 791 01 sin 59• S4' - 695.27 m 
sin p · sin 100• 10' 

sin a sin 19° 56' 
EA = DA '""0""/i' = 791.01 . oo• IO' - 273.99 m 

sm'"' sm 1 

Example 8.3. A four sided traverse ABCD, has the following lengths and bearings: 
Side 
AB 
BC 
CD 
DA 

Length (m) Bearing 
500 Roughly East 
245 

Not obtained 
216 

Find the exact bearing of the side AB. 
Solution. 
Fig. S.6 shows the traverse ABCD in 

continous lines. The affected sides AB and CD 
are not adjacent. To bring AB adjacent to CD, 
draw a line AC' equal and parallel to BC. The 

A 

17S0 

270° 

w• 

8 

2 

line CC' is thus equal and parallel to BA and of i 3 lc 
is adjacent to CD. The line C'D becomes the';.t'-l.--------------''1; ---
closing line of the traverse AC'D. The latitude 
and departure of C'D can be calculated as usual. 
The calculations are shown below : 

Closing 
line 

Line 
DA 

AC' (BC) 

Sum 

Latitude 
+ 212.71 

- 239.64 

- 26.93 

FIG. 8.6 

Departure 
+ 37.51 

+ 50.94 

+ S8.45 

L?~!t~Jo1f> nf r'n- .J.. ?1\. a~ ..,.nti Deparh!!'~ nf rn,- SI:St &5 

The bearing (8) of C'D is given by 

tan 8 = Q. = 88.45 
L 26.93 

or 8 = 73• 4'. 

Bearing of C 'D = N 73• 4' W = 286• 56' 

Angle p = (270• - ISO•) - 73• 4' = J6• 56' 

Length of C'D = L sec 8 = 26.93 sec 73• 4' = 92.47 m 

From triangle CDC', we get 
cc· DC' 
sinp=sina 

.. a=3° 55'. 

or sin a= DC' sin p = 92.47 sin J6• 56' cc. 500 

. . Bearing of BA = bearing of CC • = 210• - 3• 55 ' = 266• 5' 

.. Bearing of AB = 266• 5' - ISO• = 86• 5'. 

:r 

_,, 
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Example 8.4. A straight tunnel is to be run between two points A and B , whose 

co-ordinates are given below : 
Point Co-ordinateS 

A 

B 

N 
0 

3014 

E 
0 

256 
c 1764 1398 

lt is desired to sink a shoft 01 D , the middle point of AB, but it is impossible 
to measure along AB directly, so D is to be fixed from C, a third known point. 

Calculate : (a) The co-ordinates of D. 
(b) The length and bearing of CD. 
(c) The angle ACD, given thal the bearing of AC is 38" 24' E of N. 

N Solution. Fig. 8.7 shows the points A, B. C 
and D. The co-ordinate axes have been chosen to pass 

through point A. 
30141-- 8(3014, 256) 

(a) Since D is midway between A and B, its 
co-ordinates will be 1507 and 128. 

' ' ' ' ' . 
' (b) From Fig. 8.7, 

Latitude of AD= 1507 

Departuse of AD= 128 

Latitude of AC = 1764 

Departure of AC = 1398 

1~~~-ti:------,. , C{1764, 1398) 
' . 

and 
Hence, 

Latitude of DC= 1764- 1507= 257 

Departuse of DC = 1398 - 128 = 1270 

Latitude of CD = - 257 

Departure of CD = - 1270 

Since both latitude and departure are negative, line 
CD ~ t:. :t.: ~bird quadn~~ •.•:ith r'?'~re~t t(' !J.o.. o:-"'....n!"rt~!12te 

The bearing (8) of CD is given by 

tan 8 = Q. = 1210 
L 257 

9 = 7S0 34' 

:. Bearing of CD = S 7S• 34' W = zss• 34' 

Length of CD= 1(1270}' + (257}1 = 1295.7. 

(c) L ACD = Bearing of CD- Bearing of Gil 

= 258• 34' - 38° 24' - ISO• = 49• 10'. 

<!:W:~C: 

' ' ' ' ' .. 
' ' ' ' ' ' ' 

gJ 

FIG. 8.7. 

E 

paii:~ing through C. 

Example 8.5. A and B are two stalions of a location traverse, their total co-ordinaJes 

in metres being 

A 

B 

Total latitude 
34,321 

33,670 

Total Departure 
7,509 

9,652 

li 
ij 

l' 
d 
: j 
' ~ 

)j 
~; 

' ~~ 

1 ·1 
t~~ .. 
~ 
I 
:~ 
.1 
t 
:~ ,,, 

~ 
~-

! 
l 
rt 
l 
; 

l 
! 
1 
~ 
i 
I 
! 
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A straight reach of railway is to run from C, roughly south of A, to D, invisible 

from · C and roughly north of B, the offsets perpendicular to the railway being AC=l30 

m and BD = 72 m. Calculate the bearing of CD. 

Solution. (Fig. 8.8) 

Co-ordinates of A, referred to B : 

Latitude= 34321 - 33670 = + 651 

Departure= 7509 - 9652 =- 2143. 

Since latitude is positive and depanure is negative, line BA is in the NW quadrant. 

The bearing (6) of BA is given by 

tan 6 = Q = 2143 
L 651 

or 9 = 73" 6'. 

Length of BA = ...f(651)2 + (2143)2 = 2238 m 

. OB BD 
From F1g. 8.8, OA = AC 

or 
OB+OA BD+AC 

ru AG 

a ~+72 m 
ru" 1M 1M 

130 OA =-x 2238 = 1440 m 
202 

cos ~ = AC = 130 
AO 1440 

p = 84" 49'.5 

a=84"49'.5-73"6' ~ ll"43'.5 

:A 

Bearing of CD = 90" + a = 90" + 11" 43' .5 = 101" 43' .5. 

:e 
FIG. 8.8 

Example 8.6. A and B are rwo of the stalions used in sening out construction lines 

of harbour works. The total latitude and departure of A, referred to the origin of the system, 

U(c: te,:,pc:divety -r j-t~./ uua- 3.31.2, wuitftu:n: uf Bare+ 713.0 und + S0/.0 111 111urth lmltude 

and east deparrure being reckiJned as positive). A 

A a distance of 432 m on a bearing of 
346" 14: and from it a line CD, II 52 m in length 

is set out parallel to AB. It is required to check 

the position of D IJy a sight from B. Calculate 
the bearing of D from B. 

Solution. (Fig. 8.9) 
Latitude of A = + 542.7 

Departure of A=- 331.2 

Latitude of B = + 713 

Departure of B = + 587.8 

:. Latitude of B referred to A 

poinJ C is fixed IJy measuring Jrom 
' ' L --lo 

e: 
A: 
' FIG. 8.9 
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= 713 - 542.7 = 170.3 

Departure of B referred to A 
= 587.8 - (- 331.2) = 919.0 

189 

Since both latitude and departure of B are positive, line a lies in NE quadrant. 

The bearing (6) of AB is given by 

6 _Q_919.o 
tan - L - 170.3 

6 = 79• 30' = beasing of AB 

:. Bearing of AD= Beasing of AB = N 79" 30' E 

Fig. 8.9 shows the traverse ABCD in which length and bearing of the line BD are 

not known. Table below shows the calculations for the latitudes and departures of the lines: 

Une Length Bearing Ultilutk DeoNture 

+ - + 
AB 170.3 919.0 

DC 1152 s 79° 30' w 211.8 1132.0 

CA 432 S 13° 46' E 419.9 102.8 

Sum 170.3 631.7 1021.8 1132.0 

__ r L' = - 461.4__ . - __ '£ !l =- 110.2---

Latitude of BD = - l.: L' = + 461.4 and Departure of BD = - J.: D' = + 110.2 

Since both latitude and departure of BD ase positive, it lies in NE quadrant, its 

beasing (a) being given by 

D 110.2 
tana.=-=-- or a=l3°26' 

L 461.4 
Beasing of BD = N 13" 26' E. 

Example 8.7. For the following traverse, compute the length CD, so thoc A, D 

11nd P mm1 h, in nl'?" ~rr-nf~hr fi!"P 

Line 
AB 
BC 
CD 
DE 

Length in metres 
1/0 
165 

2/2 

Bearing 
83" 12' 
30" 42' 

346" 6' 

/6" /8' 

Solution : Fig. 8.10 shows the traverse ABCD in which A, D and E ase in the 

same line. Treating CA as the closing line of the traverse ABC, its length and beasing 

can be calculated as under : 
line 
AB 
BC 

LaCicude 
+ 13.03 

+ 141.88 

l.: L' = + 154.91 

Departure 
+ 109.23 

+ 84.24 

l.: D' = + 193.47 
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Latitude of CA = - I: L' = - 154.81 

Departure of CA =- I: D ' =- 193.47 

Since both latitude and departure are negative, 

in SW quadrant, its bearing being given by 

tan a = Q = 193.47 
L 154.91 

a=S51'18'W 

Length of CA = L sec a 

= 154.91 sec 51'18' 

= 247.92 m. 

it lies 

Now, since A, D and E are in the same line, 

bearing of AD =bearing of DE = 16' 18' 

From .:\ ACD. a = (16' 18' + 180') -· (346' 6' - 180') = 30' 12' 

I 
I 

I 

I a 
I 

I 
I 
I 

I 

I 
I 

. 11 / 
•I""\"/ ,_, 

-x: 
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ll' 
~ = 346' 6'- (51 ° 18' + 180') = 114' 48' 

y =51' 18'- 16' 18' = 35' FIG. 8.10 

Check 

Again, 

: a+ p + y = 30' 12' + 114' 48' + 35' = 180' 

CD =_c:i_ 
sin y sin a 

_ siny _ 
4 

sin35° 

CD - CA sin a - 2 7·92 sin 30' 12' 282.70 m. 

Example 8.8. In a closed traverse ABCD, with the data given below, the bearings 

of lines AB and CD are missing. 

Line Length (m) Bearing 

AB /60.00m -
BC 280.00m 102'36' 

CD 120.00m 

DA 320.00m 270'00' 

Determine the missing bearings. 

Solution : 
Here is a case in which the bearings 

of two lines, not adjacent, are missing. 

Method 1 : Semi-IIIUllytical soW/ion 

Refer Fig. 8.11. The lines AB and 

CD, wbose bearings a, and 61 are missing, 

• 
8~ 

• 2Born 

320m 

-------------------------

FIG. 8.11 

• 

-----E Closing 
line 

are not adjacent to uch other. From C, draw CE parallel and equal to BA. Naturally, 

AE will be parallel and equal to BC. In the triangle ADE, the lengths and bearings of 

·~.r 
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AD and AE are known. Hence the lenith, and beaiing of the closing line DE can be 

found. with the computations in the tabular form below 

Line L<nRth_(m) &min• LIIJiJruk DetHUturo 

&< 280.0 282' 36' + 61.08 - 273.26 

AD 320.0 90'00' 0.00 +320.00 

I: + 61.08 + 46.74 

DE - 61.08 -46.74 

Hence line DE falls in the third quadrant. 

a=tan-IQ =tan-'( -
46

'
74

)=37'424 
L - 61.08 . 

.. Bearing of DE= 180' + 37'.424 = 217'.424 = 217'26' 

l.eugth DE= -J D' + L' = -J (46.74)1 + (61.08)1 = 76.91 m 

Now for triangle CDE, s =-} (160 + 120 + 76.91) = 178.455 

or 

or 

N w 12 
= .-.; (178.455 -76.91) (178.455- 120) 

0 
tan cp 178.455 (178.455 - 160) 

cp/2 = 53'.319 or cp = 106'.64 = 106'38' 

Also p = sin _1 (DC sin cp ) = sin_ 1 ( 120 sin 106' .64) = 45, 94 = 45, 56, 
EC 160 . 

Let us now calculate the bearings of AB and CD. 

Bearing of DE = 217'26' 

. . Bearing of ED= 217'26'- 180' = 37' 26' 

Bearing of AB = Bearing of EC = 37'26' + (360' - 45'56') = 351 '30' 

Again, Bearing of DE= 217'26' 

. . Bearing of DC= 217'26' + 106'38' = 324'04' 

Bearing vi ;;r, ""'.:.:.;. i.M - ~sor..= 144o04· 

Melhod 2 : Allalytical solution 

Let us use suffixes I, 2, 3, 4 for lines AB, BC, CD and DA respectively. 

Since ED = 0, /1 sin 81 + iJ sin 83 =- lz sin 82 - /4 sin 84 

160 sin a, + 120 sin e, = - 280 sin 102'36' - 320 sin 270'00' 

160 sin a,+ 120 sine,=- 273.26 + 320 = 46.74 = P ... (!) 

Also, I: L = o. :. 1, cos a, + 1, cos e, = - 1, cos e, - 1, cos e, 

or 160 cos e, + 120 cos e, = - 280 cos 102' 36' - 320 cos 270' 00' 

or 160 cos e, + 120 cos e, = 61.08 + o.o = 61.08 = Q ... (2) 

From (I) 160 sine,= 46.74 - 120 sine, ... (3) 

From (2) 160 cos e, = 61.08 - 120 cos e, ... (4) 

Squaring and adding 

I 
l· 

j: 
'. 
ii 
1,• 
i'' 

; i 
!:] 

! 

'"i 
:·:i 

/j 
i 1 
i.! 
i• 
\; 
" 
u 
f. 

1 ( 
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(160)' = (46.74)' + (61.08)' + (120)'- 2 x 120 (46.74 sin a,+ 61.08 cos a,) 

(46.74)2 + (61.08)2 + (120)2
- (160}2 

46.74 sin a,+ 61.08 cos a,= 
240 

-- 22.019 or 

- 22.019 . 
cos (a, - a)= = - 0.28629 

-1 (46.74)' + (6l.08j' 

a, - a = 106'.64 = 106'38' 

But lllll a=:~:~: or a= 37'.424 = 37'26' 

a, = 106' 38' + 37' 26' = 144'04' 

Also, from (3), a 
.. 1 [ 46.74- 120 sin 144'04'] 

8 30
-, 

•=sm =- o 
160 

or a, = 360' - 8'30' = 351'30' 

Example 8.9. The following measuremems were made in a closed traverse ABCD: 

AB = 97.54 m; CD= 170.69 m; AD = 248.47 m 

LDAB = 70'45' LADC = 39' 15' 

Calculate the nussrng measurements. 

Solution : Taking lhe W. C. B. of line 

AB = 90', lhe traverse is shown in Fig. 8.12. 

Let lhe angle ABC = 9 

and 1he lenglh BC be I. 

Sum of interior angles = 360'. 

.. LBCD = 360'- (70'45' + 39'15' +a) 

=250'-a 

Bearing of AB = 90' 

Bearing of AD = 90' - 70'45' = 19'15' 

bearmg oi i.JA. = 1~r1y T iou- = ~~~-l.J" 
Bearing of DC= 199'15'- 39'15' = 160'0' 

Bearing of CD= 160' + 180' = 340' 

Bearing of CB = 340' - (250' a) = 90' + 9 

Bearing of BC = (90' + 9) - 180' = 9 - 90' 

Bearing of BA = [(9 - 90') - 9] + 360' = 270' 

Bearing of AB = 270'- 180' = 90' (check) 

Now, for the whole traverse, 
l:L=O and l:D=O 

. . 97.54 _cos 90' + I cos (a - 90') 

+ 170.69 cos 340' + 248.47 cos 199' 15' = 0 

or · 0 +I sin 9 + 160.40 - 234.58 = 0 

A• 
' 

• • :o 

~ 

~"b 
-~ 

' 
9 ' 

97.54m re-
I 

FIG. 8.12 

• ·~ r 

r 

I~ . 
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qr I sin 9 = 74.18 

and 97.54 sin 90' +I sin (a- 90') + 170.69 sin 340' + 248.47 sin 199' IS'= 0 

or 97.54 -I co~ 9- 58.38 - 81.92 = 0 

or Ieos 9 = -42.76 

From (I) and (2) I= -.Jr-(7-4-.l-,8),--2 +-(4-2.-76....,)' = 85.62 m 

Also, 
. 74 18 

9 = tan_, - · = 119'58' 
42.76 

LABC = 119' 58' 

LBCD = 250' - 9 = 250' - ( 119' 58') = 130'02' 

PROBLEMS 
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... (1) 

...(2) 

1. From a point C, it is required to set out a line CD parallel to a given line AB, such 
lllat ABD is a right angle. C and D are not visible from A and B, and traversing is performed 

as follows: 
LiM 
BA 

BE 
EF 
FC 

Lensth in m 

51.7 

61.4. 
39.3 

Compute the required length and bearing of CD. 

BeaJlng 
360' 0' 

290° 57' 

352° 6' 
263° 57' 

2. A closed traverse was conducted round an obstacle and the following observations were 

made. Work out' the missing quantities : 
SidE Length In m AlimuJh 

~ ww 
300 

450 

86° 23' 

169° 23' 

243° 54' 

BC 
CD 

DE 
EA 268 317° 30' 

3. For the fol1owin!!: traverse, find the leugth of DE so that A. E and F may be in lhe 

same straight line : 
LinE 
~ 

BC 
CD 

DE 

Length in metres 
200 
100 
80 

R.B. 
S 84° 30' E 
N 75'18' E 
N 18' 45' E 
N 29' 45' E 

EF ISO N 64' 10' E 

4. Two points A and D are conoected by a traverse survey ABCD and the following records 

are obtained 
AB=2l9·m; BC=l10.5 m; CD=245.75 m 

Angle ABC= liS' 15' ; Angle BCD= ISO' 40'. 

Assuming that: AB is in meridian, determine : 

· (l} . The tatirode and departure of D relative to A. 

(2) 1 The, length AD. 
(3) · The angle BAD. 

? 
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5. Fmd the co-o!dinates of the poim at which a line run from A on a bearing of 1'1 10' E 

will cut the given traverse, and find lh< length of this line. 

line Lo/ii1Jde DeJ>outure 

N s E w 

AB 1650 440 

BC 2875 120 

(J) 3643 326 

DE 1450 376 

EA 0 0 

6. Surface and underground traverses have been IUD between two mine shafts A and B. The 

co-o!dinates of A and B given by the underground ttaverse are 8560 N, :.4860 W and 10451 N, 

30624 W respectively. The surface traverse gave the co-o!dinates of B as 10320 N and 30415 W, 

those of A being as before. Assuming rhe surface traverse ro be correct, find the error in both 

bearing aod distance of the line AB, as given by the undergropnd traverse. 

7. The following lengths and bearings were recorded in running a lheodolite traverse in the 

counter clockwise direction, the length of CD and bearing of DE having been omitted. 

Line Length in m R.B. 

AB 281.4 S 69° II' E 

BC 129.4 N21'49'E 

CD ? N 19° 34' W 

DE 144.5 ? 

EA 168.7 574°24' w 

Deterntine the length of CD and the bearil!g of DE. 

ANSWERS 

I. 74.82 m : 180' 

2. AB = 322.5 m : CD= 305.7 m. 

3. 66.5 m. 

4. (1) 378.25 aod 383.0 

lii) :>jH.J m 
(iii) 45' 21" 

5. 1991 N : 351 E : 2021. 

6. o· 34'.5: 238. 

7. 131 m : S 46' 9' W. 
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Levelling 

9.1. DEFINITIONS (Ref. Fig. 9.1) 

Levelling. Levelling is a branch of surveying the ob~ct of which is : (1) to find 

the elevations of given points with res,eect to a given or assumed daDJm and (~) to ~sh 

points at a given elevation or at different elevations with respect to a gjyep or assumed 

de. The firSt operation is 'required to enable the works to be designed while the second 

operation is required in the setting out of all kinds of engineering works. Levelling deals 

with measurements in a vertical plane. 

Level Surface. A· level surface is defined as a curved surface which at each point 

is perpendicular to the direction of gravity at !he point. The surface of a still water is 

a truly level surface. Any surface parallel to the mean spheroidal surface of the earth 

is, lherefore, a level surface. 

Level Line. A level line is a line lying in a level surface. It is, therefore, nonniu 

to the plumb line at all points. 

Horizontal Plane. Horizontal plane through a point is a plane tangential to !he level 

surface at that point. It is. therefore, perpendicular to the plumb line through the point. 
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Horizontal Line. It is slraight line tangential to the level line at a· point. It is also 

perpendicular to the 'plumb line. 

Vertical .Line. It is a line nonnal to the level line at a point. It is commonly 

considered to be the line defined by a plumb line. 

Datum. Datum is any surface to which elevations are referred. The mean sea level 

affords a convenient datum world over, and elevations are commonly given as so mucb 

above or below sea level. It is often more convenient, however, to assume some other 

datum, specially if only the relative elevations of points are required. 

Elevation. The elevation of a point on or near the surface of the earth is its vertical 

distance 'iiliOVe" or below an arbittarily assumed level surface or datum. The difference in 

elevation between two points is the vertical distance between the two level surfaces in 

whiclr ·the two points lie. 

Vertical AniJe. Vertical angle is an angle between t\vo intersecting lines in a vertical 

pla'De. Generally, one of these lines is horizontal. · · "' 

Mean Sea Level. Mean sea level is the average height o£ the sea for all si~ges 
of the tides. At any particular place it is derived by averaging the hourly tide heights 

over a long period of 19 years. 

Deneb Mark. Bench Mark is a relatively permanent point of reference whose elevation 

with respect to some assumed datum is known. It is used either as a starting point for 

levelling or as a point upon which to close as a check. 

9.2. METHODS OF LEVELLING 

Three principal methods are used for determining difference in elevation. namely. 

barometric levelling, trigonometric levelling and spirit levelling. 

Barometric levelling. Barometric levelling makes use of the phenomenon that difference 

in elevation between two points is proportional to the difference in aonospheric pressu_res 

at these points. A barometer, therefore, jnay be used and the readings observed at different 

P9ints would yield a measure of the relative elevations of those points. 

· At a given point, the atmospheric pressure does not remain constant in the course 

i.,.;.~ -,. ,.:·.~ll ;·~ J.,. .. ..:.0o..~ ......... ~ ............ ~ ........ ~ ............. ·~· .... .,;;;.: ..... - •• .:.~··'-~) .!...~_¥:.;~-..:.i.~ 

and is little used in surveying work except on reconnaissance Or exploratory surveys. 

Trigonometric Levelling (Indire<t levelling) : 

Trigonometric or Indirect levelling is the process of levelling in which the elevations 

of points are compmed from the vertical angles and horizontal distances measured in the 

field, just as the length of. any side in any ttiangle can be computed from proper trigonomelric 

relations. In a modified form called stadia levelling, commonly used in mapping, both the 

difference in elevation and the horizontal distance between the points are directly computed 

from the measured vertical angles and staff readings. 

Spirit Levelling (Direct Levelling) : 

It is that branch of levelling in which the vertical distances with respect to a horizontal 

line (perpendicular to the drrecnon of g~avity) .!)lay be us&! to determme the relative difference 

liielevation between two adjacent points. A horizontal plane of sight tangent to lever surface 

a< any point is readily established by means . of a spirit level or a level vial. In spirit 

''fti 

(f' 

l 

LEVELUNG 197 

levelling, a spirit level and a sighting device (telescope) are combined and vertical distances 

are measured by observing on graduated rods placed on the points. The method is also 

known as direct levelling. It is the most precise method of determining elevations and 

the one most commonly used by engineers. 

9.3. LEVELLING INSTRUMENTS 

The instruments commonly·· used in direct levelling are 

(I) A level 

(2) A levelling staff. 

I. LEVEL 

The purpose of a level is to provide a horizontal line of sight. Essentially, a level 

consists of the following four parts : 

(a) A telescope to provide line of sight 

(b) A level tube to make the line of sight horizontal 

(c) A levelling head (lribrach and trivet stage) to bring the bubble in its centte of run 

(d) A tripod to support the instrument. 

There are the 'following chief types of levels : 

(I) Dumpy level (il) Wye (or Y) level 

Tilting level. (iii) Reversible level (iv) 

(r) DUMPY LEVEL 

The dumpy level originally designed by Gravatt, consists of a telescope tube firmly 

secured in two collars fixed by adjusting screws to the stage carried by the vertical spindle. 

9 
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FIG. 9.2. DUMPY LEVEL 

7. FOOT SCREWS 

8. UPPER PARALLEL PlATE (TRIBRACH) 

9. DIAPHRAGM ADJUSTING SCREWS 
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The modem form of dumpy level has the telescope tube and the vertical spindle cast in 

one piece and a long bubble rube is attached to the top of the telescope. This form is 

known as solid dumpy. 
. Fig. 9.2 shows the diagram.metic sketch of a dumpy level. Fig. 9.3 shows the section 

of a dumpy level. Figs. 9.4 and 9.5 show the photographs of dumpy levels manufactured 
by M/s Wild Heerbmgg and M/s Fennel Kessel respectively. Fig. 9.6 shows a dumpy 
level by M/s W.F. Stanley & Co. The name 'dumpy level' originated from the fact that 
formerly this level was equipped with an. inverting eye-piece and hence was shorter than 
Wye level of the same magnifying power. However, modem forms generally have erecting 

eye-piece so that inverted image of the staff is visible in the field of view. 

In some of the instruments, a clamp screw is provided to control the movement 
of the spindle about the vertical axis. For small or precise movement, a stow motion screw 
(or tangent screw) is also provided. 

The levelling head generally consists of two parallel plates with either three-font screws 

or four-font screws. The upper plate is known as tribrach and . the lower plate is known 

as trivet which can be screwed on to a tripod. 

4 

FIG. 9.3 SECTIONAL VIEW OF A DUMPY LEVEL. 

I TELESCOPE 
2 EYE-PIECE 
J RAY SHADE 
4 OBJECTIVE END 
5 LONGITUDINAL BUBBLE 
6 FOCUSING SCREW 
7 FOOT SCREWS 
8. UPPER PARAU.Fl. PLATE (TRI'BRACH) 
9 DIAPHRAGM ADJUSTING SCREWS 

\0 BUBBLE TUBE ADJUSTING SCREWS 
12 FOOT PlATE (TRIVET STAGE) 

13 CLA~~p SCREW 
\4 SLOW MOTION SCREW 

IS INNER CONE 
16 OUTER CONE 
17 TRIPOD HEAD 
18 TRIPOD. 
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(I) 
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(iii) 

(il) WYE 

advantages of the dumpy level over the Wye level 

Simpler construction with fewer movable parts. 
Fewer adjusbnents to be made. 
Longer life of the adjustments. 
LEVEL 
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are: 

The essential difference between the dumpy level and the Wye level is that in the 

former case the telescope is fixed to the spindle while in the Wye level, the telescope 

is carried in two vertical 'Wye' supports. The Wye support consists of curved clips. If 
the clips are raised, the telescope can be rotaied in the Wyes, or removed and turned 
end for end. When the clips are fastened, the telescope is held from turning about its 

axis by a lug on one of the clips. The bubble tube may be attached either to the telescope 
or to the stage carrying the wyes. In the former case, the bubble tube must be of reversible 

type. 
Fig. 9.7 shows the essential fearures of Y-level. The levelling head may be sintilar 

to that of a dumpy level. In some cases, the instrument is fitted with a clamp and fine 
motion tangent screw for controlled movement in the horizontal plane. Fig. 9.8 shows the 
photograph of a Wye level by Fennel Kessel. 

The Wye level bas an advantage over the dumpy level in the fact thai the adjustments 
can be tested with greater rapidity and ease. However, the adjustments do not have longer 
life and are disturbed more frequently due to large number of movable parts. 

I. TELESCOPE 
2. EYE-PIECE 
3. RAY SHADE 
4. OBJECTIVE END 
S. BUBBLE TUBE 
6. FOCUSING SCREW 
7. FOOT SCREW 
8. TRIBRACH 

A 

7 

~I I~ 
15 115 

FIG. 9.7. WYE LEVEL. 

9. DIAPHRAGM ADJUSTING SCREWS SCREWS 
10. BUBBLE TUBE ADJUSTING 
II. WYE. CLIP 
\2. CUP HALF OPEN 
13. CLAMP SCREWS 

·14. TANGENT SCREW 
15. TRIVET STAGE. 
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(iii) REVERSIBLE LEVEL 
A reversible jevel combines the features of both the dumpy level and the Wye level. 

The telescope is supported by two rigid sockets into which the telescope can be introduced 

from either end aod then fixed in position by a screw. The sockets are rigidly connected 

to the spindle through a stage. Once the telescope is pushed into the sockets and the 

screw is tightened, the level acts as a dumpy level. For testing and making the adjustnients, 

the screw is slackened and the telescope can be taken out and reversed end for end. The 

telescope can also be turned within the socket about the longitudinal axis. 

(iv) ffiTJNG LEVEL 
In the case of a dumpy level and a Wye level, the line of sight is perpendicular 

to the vertical axis. Once the instrument is levelled, the line of sight becomes horizontal 

and the vertical axis becomes truly vertical, provided the instrument is in adjustment. In 

the case of tilting level, however, the line of sight can be tilted slightly without "tilting 

the vertical axis. Thus, the .line of sight and the vertical axis need not be exactly perpendicular 

to each other. This feature, therefore, helps in quick levelling. The instrument is levelled 

roughly by the three-foot screws with respect eiiher to .the bubble tube or to a small 

circular bubble, thus making the vertical axis approximale/y vertical. While taking the sight 

to a staff. the line of sight is made exactly horizontal by centring the bubble by means 

of a fme pitched tilting screw which tilts the telescope with respect to the vertical axis. 

L 

2. 

3. 

4. 

s. 
6. 

4 

"3 

TEL.ESCOPE 

EYE-PIECE 

RAY SHADE 

OSJECTIYE END 

LEY.EL TUBE 

FOCUSING SCREWS 

2 

FIG. 9.9 TILTING LEVEL. 

7. FOOT SCREWS 

8. TRIBRACH 

9. DIAPHRAGM ADJUSflNG SCREWS 

10. BUBBLE TUBE FIXING SCREWS 

\l. TILTIING SCREWS 

12. SPRING LOADED PLUNGER 

13. TRJVET STAGE. 
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It is, however, essential that the observer should have the view of the bubble tube while 

sighting the staff. 

Fig. 9. 9 shows the essential features of a tilting level. A tilting level is mainly 

designed for precise levelling work. It has the advantage that due to the tilting screw. 

levelling can be done much quicker. However, this advantage is not so apparem when 

it is required to take so many. readings from one instrument setting. Fig. 9.10 shows the 

photograph of a tilting. level by M/s Vickers Instruments Ltd. 

9.4. LEVELLING STAFF 

A levelling staff is a straight rectangular rod having graduations. the foot of the 

staff representing zero reading. The purpose of a level is to establish a horizontal line 

of sight. The purpose of the levelling staff is to determine the amount by which the station 

(i.e., foot of the staff) is above or below the line of sight. Levelling staves may be divided 

into two classes : (I) Self-reading staff, and (it) Target staff. A Self Reading Staff is 

the one which can be read directly by the instrument man through the telescope. A Target 

Staff, on the other hand, contains a moving target against which the reading is taken 

by staff man. 

(I) SELF-READING STAFF 

There are usually three forms of self-reading staff : 

(a) Solid staff ; (b) Foldin_g staff ; (c) Telescopic staff (Sopwith pattern). 

Figs. 9.11 (a) and (b) show the patterns of a solid staff in English units while 

(c) and (d ) show that in metric unit. In the most common fonns, the smallest division 

~7 ~!:J --:21 r-~ 

2 ~v --;7 -§1 I 111 
~3 --=-:v --- - -" -

~;~ ---§3 -• I I §I - -:I ~-

::9 ~~ ---
~? :N -:91 I §9 

--=- -§V --§7 -- I I ~a -1 §_ ----=- -~3 --E.V -=a - ~ 
(a) (b) (c) (d) 

English Metric 

Hundredths. Fiftieths. Centimetres. Half-Centimetres. 

FIG. 9.11. (BY COURTESY OF MIS VICKERS INSTRUMENTS LTD.) 
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is of 0.01 ft. or 5 mm. However, some staves may have fine graduations upto 2 mm. 

The staff is generally made of well seasoud wood having a leogth of 10 feet or 3 metres. 

Fig. 9.12 shows a sopwith pattern staff arranged in three telescopic leogtbs. When 

fully extended, it is usually of 14 ft (or 5 m) length. The 14 ft. staff has solid top 

length of 4' 6" sliding into the central box of 4' 6" leogth. The ceotral box, in rum, slides 

into lower box of 5' length. In the 5 m staff, the three correspouding lengths are usually 

1.5 m, 1.5 m and 2 m. 

Fig. 9.13 shows a folding staff usually 10 ft long having a binge at the middle 

of its length. Wheo not in . use, the rod can be folded about the hinge so that it becomes 

convenient to carry it · from. one _-place to the other. 

Since a self-reading staff ·is. ai;;,ays seen thmugh the telescope, all readings appear 

to be inverted. The readings are, therefore, taken from above downwards. 

The levelling staves graduated in English unitS geoerally have whole number of feet 

marked in red to the left side of the staff (shown by hatched lines in Fig. 9.12)., The 

odd lengths of the feet are marked in black to the right-batid side. The top of ·these . ·' 
,,(· 

FIG. 9.t2 TELI!SCOPIC STAFF FIG. 9.13 FOLDING STAFF FIG. 9.14 TARGET STAFF 

(BY COURTI!SY OF MIS VICKERS INSTRUMENTS LTD.) 

i 
LEVELUNG 203 

black graduations indicates the odd tenth while the bottom shows the even tenth. The hundredths 

of feet are indicated by alternate white and black spaces, the top of a black space indicating 

odd hunthedthS and top of a white space indicating even hundredths. Sometimes when the 

staff is near the instrument, the red mark of whole foot may not appear in the field 

of view. In that case, the staff is raised slowly until the red figure appears in t)le field 

of view, the red figure thus ... indicating the whole feet. 

Folding Levelling Staff In Metric Units 

Fig. 9.15 (a) showa a 4 m folding type levelling staff (IS : 1779-1961). The staff 

comprises two 2 m thoroughly seasoned wooden pieces with the joint assembly. Each piece 

of the staff is ntade of one longitudinal strip without any joint. The width and thickness 

of siaff is kept 75 mm and 18 mm respectively. The folding joint of the staff is made 

of the detachable type with a locking device at the back. The staff is jointed tOgether 

in such a way that : 

(a) the staff may be folded to 2 m length. 

(b) the two pieces may be detached from one another, wheo required, to 

facilitate easy handling and manipulation with one piece, and 

(c) when the two portions are locked together, the two pieces become rigid 

and straight. 

A circular bubble, suitably cased, of 25-minute sensitivity is fitted at the back. The 

staff bas fittings for a pluminet to test and correct the back bubble. A brass is screwed 

on to the bottom brass cap. The staff bas two folding baudles with spring acting locking 

device or an ordinary locking device. 

Each metre is subdivided into 200 divisions, the thickness of graduations being 5 

mm. Fig. 9.15 (b) shows the details of graduations. Every decimetre length is figured 

with the corresponding numerals (the metre numeral is· made in red and the decimetre 

numeral in black). The decimetre numeral is made continuous throughout the staff. 

(i1) TARGET STAFF 

Fig. 9.14 shows a target staff having a sliding target equipped with -vernier. The 

rod consists of two sliding length~. thP: lowPr nn~ of approx. 7 ft and the upper one 

of 6 ft. The rod is graduated in feet, tenths and hundredths, and the vernier of the target 

enables the readings to be ·taken upto a thousandth part of a foot. For readings below 

7 ft the target is slided to the lower part while for readings above that, the target is 

fixed to the 7 ft mark of the upper length. For taking the reading,. the level man directs 

the staff man to raise or lower the target till it is bisected by the line of sight. The 

staff holder then clamps the target and takes the reading. The upper part of the staff 

is graduated from top downwards. When higher readings have to be taken, the target is 

set at top (i.e. 7 ft mark) of the sliding length and the sliding length carrying the target 

is raised until the target is bisected · by the line of sight. The reading is then on the 

back of the staff where a secoud vernier enables readings to be taken to a thousandth 

of a foot. 

Relative Merits of Self-Reading and Target Staffs 

(!) With the self-reading staff, readings can be taken quicker than with the target 

Staff. 
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(ii) In !he case of target staff, !he duties of a target staff-man are as important 

a"s !hose of !he leveller and demand !he services of a trained man. In !he case of a 

self-reading staff, on !he other hand, ordinary man can hold !he staff concentrating more 

on keeping !he staff in plumb. 

(iii) The reading with target staff can be taken with greater fineness. However, !he 

refinement is usually more apparent than real as the target man may not be directed accurateiy 

to make !he line of sight bisect !he target. 

9.5. THE SURVEYING TELESCOPE 

The optical principles of !he surveying telescope are based on !he fact that all parallel 

rays of light reaching a convex lens are bent when they leave it in such a manner that 

they intersect at a common point, called the . focus and that all the rays passing through 

another point called the optical centre pass through the geometrical centre of lens without 

bending. 
The surveyor's telescope is an adaptation of Kepler's telescope which employs two 

convex lenses ; the one nearest to the object is called the objectiVe and the other near 

the eye is called the eyepiece. 
The object glass provides a real inverted image in front of the eye-piece which, 

in rurn, magnifies the i..'Dage to produce an inverted virtual image. Fig. 9.16 shows the 

optical diagram of such a telescope. 

., .. b.~ 

A ~ a 

-----(::::::-~~~,- T ----- ....... ----- ---

b 
Eye 

t'IU. ~.lo Ut'Ti(.AL DIAGRAM vr icLC.:,i...Vl'.C. 

The line of sight or line of collimation is a line which passes through the optical 

centre of !he objective and !he intersection of cross hoirs. The axis of the telescope is 

!he line which passes through the optical centres of objective and eye-piece. The cross-hairs 

are placed in front of eye-piece and in the plane where the real inverted image is produced 

by the objective. Thus, the eye-piece magnifies the cross-hairs also. 

The distance from the objective of the image formed by it is connected with the 

"distance of the object by the relation ..; 

I I I -+-=­
v u f 

where u = distance of object from optical centre of objective 

v = distance of image from !he optical centre of objective 

f = focal length of the objective. 

II' 
'!!, 

''-~' 

LEVELLING 20S 

The focal length of an objective is constant. The establislnnent of a telescopic line 

of sight, therefore, involves the following two essential conditions : 

(I) The real image must be formed in front of !he eye-piece. 

(2) The plane of the image must coincide with that of the cross-hairs. 

Focusing. For quantitative measurements, it is essential that the image should always 

be formed in the fixed plane in the telescope where the cross-hairs are situated. The 

operation of forming or bringing the clear image of the object in the plane of cross-hairs 

is known as focusing. Complete focusing involves two steps : 

(l) Focusing the eye~piece. The eye-piece unit is moved in or out with respect 

to the cross-hairs so that the latter are clearly visible. By doing so, the cross-hairs are 

brought in the plane of distinct vision which depends on eye-sight of a particular person. 

(it) Focusing the objective. The purpose of focusing the objective is to bring !he 

image of object in the plane of cross-hairs which are clearly visible. Tbe focusing can 

be done externally or internally. 

The telescope in which the focusing is done by the external movement of either 

objective or eye-piece is known as an external focusing telescope (Fig. 9.24) and the 

one in which the focusing is done internally with a negative lens is known as inlemal 

focusing telescope (Fig. 9.25). 

Parallax. If the image formed by objective lens is not in the same plane with cross-hairs, 

any movement of the eye is likely to cause an apparent movement of the image with 

respect to !he cross-hairs. This is called parallax. The parallax can be eliminated by focusing 

as described above. 

Whether internal focusing or external focusing, a telescope consists of the following 

essential parts : 

(t) Objective (il) Eye-piece (iil) Diaphragm (iv) Body and focusing device. 

(t) OBJECTIVE 

If simple (single) lenses are used, the telescope 

would have various optical defects, known as aberrations, 
which wouid resuit m curvarure, distortion, unwanted 
colours and indistincmess of the image. In order to 
eliminate these defects as much as possible, the objective 

and eye-piece lens are made up of two or more simple · 
lenses. The objective (Fig. 9.17) is invariably a compound 

lens consisting of (a) the front double convex lens 

made of crown glass and (b) the back concave-convex 
lens made of flint glass, the two being cemented together 

with balsm at their common surface. Such compound FIG. 9.17. OBJEcriVE. 
lens is known as achromatic lens, and two serious 

optical defects viz., sPherical aberration and chiomatic aberration are nearly eliminated. 

(it) EYE-PIECE 

In most of surveying telescopes, Ramsden eye-piece is used. It is composed of 

plano-convex lenses of equal foc_allength (Fig. 9.18), the distance between them being two-thirds 
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of the focal length of either. This eye-piece 
gives a flat field of view. It is also known 
as positive or oon-erecting eye-piece for the 
inverted image, which is fonned by the object 
glass, appears still inverted to the observer. 

Aoother type of eye-piece, thougb not 
commonly used, is Huygen 's eye-piece. It is 
composed of two plano-convex lenses (Fig. 9.19), 
the distance between them being 'two-third of 
the focal length of ihe larier and twice the 
focal length of the smaiier. The ~lii:omatic air 
erration of this combination is sli!Jhtiy less and 
spherical aberration is more than that ofRamsden's. 
This is also a non-erecting eye-pie'Ce. 

Some telescopes are fitted with special 
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FIG. 9.18. RAMSDEN EYE·PlECS 
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Eye 

ereaing eye-pieces which give a magnified but . inverted image of the image formed by the FIG.,·9;19. HUYGEN'S EYE-PIECE 
objective and hence, the latter itself forms an inverted image. The result is a magnified, but erect image of the original object. The eye-piece consists of four lenses (Fig. 9.20). The eye-piece involves the use of extra lenses. This results in loss of brilliancy of the image, which is a decided disadvantage. Additional advantages of a non-erecting telescope are (l) for any desired magnifying power,· the' length of non-erecting telescope is shorter 
than the erecting telescope, (iz) the definition is certain to be better because the image 

A><l . I . li> 
FIG- 9.'20 !:REC"TINa EYE-?!!':C'E 

does not have to be erected but instead is formed by an achromatic eye-piece. For all 
precise work, the Ramsden eye-piece is to be preferred, ~ 
as inverted images are not a great disadvantage and 
a surveyor .very soon gets used to them. 

When the line of sigbt ·is very much inclined -. 
to the horizontal, it becomes inconvenient for the eye 
to view througb ordinary eye-piece. In such a case, 
a diagonal eye-piece, such as shown in Fig. 9.21 
is used. Diagonal eye-piece, generally of Ramsden type, 
consists of the two lenses and a reflecting prism or 
a ntirror fitted at an angle of 45' with the axis of 
the telescope. Such eye-piece is very much useful in 
astronomical observations. 

FIG. 9.21. DIAGONAL EYE·PlECE. 
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(iiz) DIAPHRAGM 
The CfOI!S·hairs, designed to give a definite lioe of sight, consist of a vertical and a horizontal lu6r held in a flat metal ring called reticule. In modem instruments, the reticule is an interchangeable cspsule which fits into the diaphragm, a flanged metal ring held in telescope barrel by four capstan-headed screws (Fig. 9.22). With the help of these screws. the position of the cross-hairs Jnside of the tube can be adjusted sligbtly, both horizontally 

and vertically, and a sligltt rotational movement is also possible. 

Diaphragm 

FIG. 9.22 DIAPHRAGM AND RECfiCULE. 
The hairs are usually made of threads from cocoon of the brown spider, but may 

be .of very fine platinum wire of filaments of silk. In some instruments, the reticule consists of a glass plate on which are etched fine vertical and horizoutal lines which serve as cross-hairs. A few typical arrangements of the lines and points are illustrated in Fig. 9.23 
of which (a), (b) and (c) are used in levels. 

EB®@ffi® 
(a) (b) (c) (d) (e) 

@@ 00 
(~ (g) (h) (Q 

FIG. 9.23. CROSS-HAIRS 

The horizontal hair is used to read the staff and the two vertical hairs enable the 
surveyor to see if the staff is vertical laterally. Most telescopes are also equipped with two more horizoutal hairs called sradia hairs, one above and other on equal distances below the horizontal cross-hair, for use in computing distances by stadia tacheometry. 

(iv) BODY AND FOCUSING DEVICE 
The focusing device depends upon whether it is an eXternal focusing telescope (Fig. 9.24) or an internal focusing telescope (Fig. 9.25). In the external focusing telescope. the body is formed of two tubes one capable of sliding axially within the other by means 
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AG. 9.24. EXTERNAL FOCUSING TELESCOPE. 

of rack gearing with a' pinion anacbed to the milled focusing screw. In some cases, the 

oQjective cell is screwed to the inner rube, so that the focusing movement is effected by 

movement of the objective relativelY 'to the outer fixed rube carrying the cross-hairs and 

·eye-piece. In other cases, the objective is mounted on the outer rube and the eye-piece 

end, carrying the eye-piece and the diaphragm, moves in focusing. 

AG. 9.25. INTERNAL FOCUSING TELESCOPE. 

In internal focusing telescope, the objective and eye-piece are kept fixed and the 

focusing is done with help of a supplementary double concave lens mounted in a sbon 

rube which can be moved to and fro between the diaphragm and the objective. This sbon 

rube holding the lens is moved along and inside the rube carrying the objective by means 

of rack and pinion and an external milled bead. Fig. 9.26 illustrates the principle underlying 

the focusing with a negative lens. · ~ 

t:-;~~:~,,=!. --- -----l~ 
Cross·halrs ~ 
~-------/~==~d~~ 

FIG. 9.26. 

In the absence of the negative lens B. the image will be formed at C. For the 

negative lens B, point C forms the vinual object the final image of which is at D (cross-hairs) 

For the lens A having f as the focal length 

I I 1 r J. + J,. ... (!) 

For the lens B, having f ' as the focal length, 
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I I I 
-=--+--
!' (f,-d) (1-d) 

... (2) 

From the above two conjugate focal equations, the distance d can be koown for 

a given vaiue ·of f, . When the object is at infinite distance, f, equals f and d will have 

its minimum value. 

Advantages of Internal Focusing Telescope 

The advantages of the internal focusing over the external focusing are as follows: 

(I) The overall length of the rube is not altered during focusing. The focusing slide 

is light in weight and located near the middle of the telescope. Hence, the balance of 

the telescope is not affected and the bubble is less liable to be displaced during focusing. 

(2) Risk of breaking the parallel plate bubble rube or glass cover of compass box. 

when transiting a thendnlite telescope, is elimiuated. 

(3) Wear on the rack and pinion is less due to lesser movement of negative lens. 

( 4) Line of collimation is less likely to be affected by focusing. 

(5) As the draw rube is not exposed to weather, oxidation is less likely to occur 

and the telescope can be made practically dust and water proof. 

(6) ln making measurements by the· stadia methnd, an instrument constant is almost 

eliminsted and the computations are thus simplified. 

(7) The negative focusing lens serves a useful optical purpose because the focal length 

of the combined objective and negative lens is greater than the distance between the objective 

lens and focal plane. This extra equivalent focal length can be utilised to · increase the 

power. 
(8) Internal focusing also gives the optical desigrter an extra lens to work with, in 

order to reduce the aberrations of the system and to increase the diameter of the objective 

lens. 
Disadvantages of Internal Focusing Telescope 

The. principal disadvantages of an internal focusing telescope are as follows : 

(I) The internal lens reduces the brilliancy of the image. 

(2) The interior of the telescope is not so easily accessible for field cleaning and 

repairs. 
OPTICAL DEFECTS OF A SINGLE LENS 

The optical defects of a single lens are 

(!) Spherical aberration (2) Chromatic aberration 

(3) Coma (4) Astigmation 

(5) Curvature of field (6) Distortion 

Aberrations. Aberration is the deviation of the rays of light when unequally refracted 

by a lens so that they do not converge and meet at a focus but separate. forming an 

indistinct image of the object or an indistinct image with prismatically coloured images. 

(I) Spherical Aberration. ln a single lens having truly spherical surfaces, the rays 

from a given point are not all collected exactly at one point. The rays through the edges 

converge slightly nearer the lens than those through the centre. (Fig. 9.27). This defect 
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or imperfection, arising from !he form of curvature · 

of !he Ieos is known as spherical aberralion or 

sometimes as axial spherical aberralion. The spherical 

aberration of a negative lens lends to neutralise 

that of a positive Ieos. Hence !he positive and negative 

elements of an achromatic Ieos can be so shaped 

as practically tci eliminale spherical aberration also. 

(See Fig. 9.17 also). , 

(2) Chromatic Aberration. A ,beam of while light 

is made up of seven colQurs~. oJange, yellow, 

green, blue, indigo and violet. Since ihdocal lenglh 

of any single Ieos is different for 'each different 

colour of light, a beam of while light instesd of 

converging at a focus after passing mrough a singk 

lens. is distribuled along !he axis in a series of 

focal points. The violet ray ·is refracled most and 

the red is refracted least (Fig. 9.28). This defect 

is known as chromatic aberrtUion due to which 

a blurred and coloured image is formed. The chromatic 
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FIG. 9.27. SPHERICAL ABERRATION. 

A 

., ~·· 

FIG. 9.28. CHROMATIC ABERRATION. 

aberrations ase of opposite sigos in positive and negative ·lenses. It is, lherefore, possible 

to make a combination Ieos in which me· chromatjc aberration of a negative Ieos of relatively 

low power is sufficient practically to neutraliZO !he chromatic aberration of positive Ieos 

of relative high power. Fig 9.17 shows such an achromatic lens in which !he ouler double 

convex lens is made of crown glass and !he inner · concavo-convex Ieos of flint glass. 

The eliminalion of aberrations is only one of !he requirements in !he design of 

a telescope. The extent to which this aim is achieved derermines to a coosiderable degree 

!he quality of telescope. 

The other possible defects in a single lens, i.e. coma, astigmation, curvarure, distortion 

etc.. ase of little importance to !he majority of surveyors. If further infoJ:II1lltion be required, 

reference should be made to any of the elementary standard text books on physics or 

optics. 

OPTICAL CHARACTERISTICS OF THE TELESCOPE 

The desirable optical chasacteristics of surveying 1elescope ase as follows : 

(1) Aplanation. Aplanation is !be absence of spherical aberration. A compound lens. 

free from spherical aberration, is known as an aplanatic combination. 

(2) Achromatism. Achromation is !be absence of chromatic aberration. A compound 

lenS, free from chromatic aberration, is known as an achromatic combination. 

(3) Definition. Definition, as applied to a lelescope, is its capability of producing 

a sharp image; This resolving power of a telescope is !he power to form distinguishable 

images of objects sepasated by small angulas ·distances and it wholly depends upon definition. 

The definition depends upon lhe exlent to which !he defects of a single len.i have been 

eliminated and also upon the accuracy in centring the lenses on one axis. 
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(4) lliumination or Brightness. The illuntination or brightness of !he image of 1elescope 

dOpends upon lhe magnifying power and !he number and quality of !he lenses. llluntinatinn 

is inversely proportional to magnification and number of lenses. 

(S) Magnification. Magnification is the ratio between the angle subtended at !he eye 

by !he virtual image,i and that sublended by !he object and depends upon lhe ratio of 

!he focal lenglh of the objective )ens to lhe focal lenglh of !he eye-piece. The magnification 

.should be proportional to !he aperture (i.e to lhe asnount of light which enters !he ielescope), 

.'because if !he magnification is too high for !he aperrure, !he ordinary objects will appeas 

faint and if magnification is too low !he objects will appeas too small for accurate sighting. 

Provision of higher magnification reduces brilliancy of image, reduces the field of view 

and wastes more time in focusing. 

(6) Size of field. By field of view is meant !he whole circulas asca seen at 

one time lhrough lhe telescope. The field of view is not merely dependent upon lhe size 

of lhe hole in ·the cross-hair reticule, but it also increases as lhe magnification of the 

lelescope decreases. 

9.6. TEMPORARY ADJUSTMENTS OF A LEVEL 

Each surveying inslrUIDent needs two types of adjusbnents : (I) 1emporasy adjustments, 

and (2) permanent adjusbnents. Temporary adjustmems or Stalion adjustmems ase those 

which are made at every inslrUIDent setting and preparatory to taking observations with 

!he inslrUIDent. Pel7110Jienl adjustmems need be made only when lhe fundamental relations 

between some pasts or lines ase disrurbed (See Chapter 16). 

The temporary adjusbnents for a level coosist of !he following : 

(1) Setting up !he level (2) Levelling up (3) Elimination of parallax. 

1, Setting up the Level. The operation of setting up includes (a) fixing !he inslrUIDent 

on !he stand, and (b) levelling !he inslrUIDent approximately by leg adjusbnent. To fix 

!he level to !he tripod, the clasnp ·is released, inslrUIDent is held in !he right-hand and 

is fixed on the tripod by turning round the lower pan wilh !he left hand. The tripod 

legs ase so adjusted that lhe inslrUIDent is at lhe convenient height and the tribrach is 

approximately. horizcntal Some ~r.s~~ment~ are also provided with a small circular bubble 

on !he tribrach. 

2. Levelling up. After having levelled the inslrUIDent approximately, accurate levelling 

is done wilh !he help of foot screws and with reference to lhe plate levels. The purpose 

of levelling is to malce the vertical axis truly vertical. The manner of levelling the inslrUIDent 

by lhe plate levels depends upon whelher !here ase lhree levelling screws or four levelling 

screws. 
(a) Three Screw Head 

1. Loose !he clasnp. 'I\trn !he inslrUIDent until the longitudinal axis of !he plate level 

is roughly pasallel to a line joining any two (such as A and B) of !he levelling screws 

[Fig. 9.29 (a)]. 

2. Hold lhese two levelling screws between !he lhurnb and first finger of each hand 

afid tUm !hem uniformly so that !he thumbs move either towasds each olher or away from 

each omer until !he bubble is central. It should be noted thtU the bubble will move 

;.in, the 'direction of movemem of the left thumb [see Fig.' 9.29 (a)].· · 
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3. Turn the upper plate 
through 90', i.e., until the axis 
on the level passes over the position 
of the third levelling screw C [Fig. 
9.29 (b)]. 

4. Tum this levelling screw 
until the bubble is central. 

Q 
,. c ... 

(i~>o 
A B 

(a) 
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A B 
(b) 

5. Remrn the upper part 
through 90' to its original positjon c 

[Fig. 9.29 (a)] and repeat step 
(2) tJU. the bubble is central. 

FIG. 9.29. LEVELLING-UP Wml TIIREE FOOT SCREWS. 

6. ·Tum back again through 90' and repeat step (4). 

7. Repeat steps (2) and ( 4) till the · bubble is central in both the positions. 

8. Now rotate the instrument· through 180' . The bubble should remain in the ceritre 

of its run, provided it is in correct adjustment. The vertical. ~ will then be truly verti¢al. 

If not, it needs periTUlllenl adjustmenl. '··'· . · 

Note. It is essemial to keep the same quarter circle for the changes in direCiion 

and nor to swing through the remaining three quaners of a circle to the original position. 

(b) Four Screw Head 
I. Tum the upper plate until the longirudi~. axis of the plate level is roughly parallel 

to the line joining two diagoually opposite screws such as D and B [Fig. 9.30 (a)]. 

2. Bring the bubble central exactly in the same manner as described in step (2) 

above. 
3. Turn the upper part through 90' until the spirit level axis is parallel to the other 

two diagoually opposite screws such as A and C [Fig. 9.30 (b)]. 

4. Centre the bubble as before. 

5. Repeat the above steps tJU the 
bubble is central in both the positions. 

6. Turn through 180' to check the 

permanent adjustment as for three screw 

instrumeru. 

o, ~--~ 
' ' ·, ,. 
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In modern instrument~. three-foot 
screw levelling bead is used in preference 
to a· four foot screw level!ing head. The 
three-screw arrangement is the better one, 
as three points of support are sufficient 

FIG. 9.30. t.EVELUNG-UP Wmi FOUR-FOOT 

for stability and the introduction of an extra point of support leads to uneven wear on 

tlte Screws. On the other hand, a four-screw levelling bead is simpler and lighter as a 

three-screw head requires special casting called a tribrach. A three-screw instrument has 

also the important advantage of being more rapidly levelled. 

3. Elimination of Parallax. Parallax is a condition arising when the :mage formed 

hy the objective is not in the plane of the cross-hairs. Unless parallax is eliminated, accurate 
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sighting is impossible. Parallax can be eliminated in two steps : (I) by focusing the eye-piece 

for distinct vision of the cross-hairs, and (ir) by focusing the objective to bring the image 

of the object in. the plane of cross-hairs. 

(r) Focusing the eye-piece 

To focus the eye-piece for distinct vision of the cross-hairs. point the telescope towards 

the sky (or hold a sheet of white paper in front of the objective) and move eye-piece 

in or out till the cross-baris are seen sharp and distinct. In some telescopes. graduations 

are provided at the eye-piece so that one can always remember the particular graduation 

. position to suit his eyes. This may save much of time. 

(il) Focusing the objective 

The telescope is now directed towards the staff and the focusing screw in rurned 

till the image appears clear and sharp. The image so formed is in the plane of cross-hairs. 

9.7. THEORY OF DIRECT LEVELLING (SPIRIT LEVELING) 

A level provides horizontal line of sight, i.e., a line tangential to :: level surface 

at the point where the instrument stands. The difference in elevation between two points 

is the vertical distance between two level lines. Strictly speaking, therefore, we must have 

a level line of sight and not a horizontal line of sight ; but the distinction between a 

level surface and a horizontal plane is ~ot an important one in plane surveying. 

Neglecting the curvature of earth and refraction, therefore, the theory of direct levelling 

is very simple. With a level set up at any place, the difference in elevation between any 

two points within proper lengths of sight is given by the difference between the rod readings 

taken on these points. By a succession of instrument stations and related readings. the 

difference in elevation between widely separated points is thus obtained. 

SPECIAL METHODS OF SPIRIT LEVELLING 

• (a) Differential Levelling. It is the method of direct levelling the object of which 

is solely to determine the difference in elevation of two points regardless of the horizontal 

positions of the points with respect of each other. When the points are apart. it may 

be oecessary to set up the instruments serveral times. This type of levelling is also knowo 

as fly levelling. 

• (b) Profile Levelling, It is the method of direct-levelling the object of which is to 

determine the elevations of points at measured intervals along a given line in order to 

obtain a profile of the surface along that line. 

• (c) Cross-Sectioning. Cross-sectioning or cross-levelling is the pr6cess of taking levels 

on each side of a main line at right angles to that line, in order to determine a vertical 

cross-section of the surface of the ground, or of underlying strata, or of both. 

, (d) Reciprocal Levelling. It is the method of levelling in which the difference in 

elevation between two points is accurately determined by two sets of reciprocal observations 

when it is not possible to set up the level between the two points. 

(e) Precise Levelling. It is the levelling in which the degree of precision required 

is too great to be attained by ordinary methods, and in which, therefore. special. equipment 

or special precautions or both are necessary to eliminate, as far as possible. all sources 

of error. 
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TERMS AND ABBREVIATIONS 

(!) Station. In IevelliDg, a station is that point where the level rod is held aDd 

not where level is set up. It is the point whose elevation is to be ascertaiDed or the 

point that is to be established at a given elevation. 

(il) Height of Instrummt (H.I.) For any set up of the level, the height of instrument 

is the elevation of plane of sight (line of sight) with respect to the assumed datum. It 

does not mean the height of the telescope above the ground where the level s!aDds. 

(iii) Back Sight (B.S.). Back sight is the sight taken on a rod held at a point 

of known e/evaJion, to asce<tajn· the atnount by which the line of sight is above that 

point and thus to obtain tjle height of the instrument. Back sighting is equivalent to measuring 

up from the point of known elevation · to the line of sight. It is also known as a p/Jls 

sight as the back sight reading is. always added to the level of the datum to get the 

height of the instrument. The object of back sighting is, therefore, to ascertain the height 

of the plane of sight. 
(iv) Fore Sight (F.S.). Fore sight is a sight taken on a rod held at a point' of 

unknown elevation, to ascertaiD the atnount by which the . point is below the line of 

sight and thus to obtain the elevation of the station. Fore sighting is equivalent to 

measuring down from the line of sight. It is als<i known as a minus sight as the fore 

sight reading is always subtracted (except in speical cases of tunnel survey) from the height 

of the instrument to get the elevation of the point. The object of fore sighting is, therjore, 

to ascertain the e/evaJion of llle point. 
(v) TurniDg PoiDt (T.P.). TurniDg point or clumge point is a point on which both 

miDus sight and plus sight ate iaken on a line of direct levels. The minus· sight (fore 

sight) is taken on the point in one set of instrument to ascertain the elevation of the 

point while the plus sight (back sight) is taken on the satne point in other set of the 

instrument to establish the new · height of the instrument. 

(vi) Intermediate Station (I.S.). Intermediate station is a point, intermediate between 

two turniDg points, on which only one· sight (miDus sight) is taken to determiDe the elevation 

of the station. 

STEPS IN LEVELLING (Fig. 9.31) 

There are two steps in levelling : (a) to find by bow much atnount the line of 

sight is above the bench mark, aDd (b) to ascertain by bow much atnount the next point 

is below or above the line of sight. 

I Line ofs~hl ELV. 213.176 I 
2.324 .. 1.836 

B 

ELY. 211.340 

B.M. 
ELV. 210.852 

FIG. 9.31. 
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A level is· set up approximately ntidway between the bench mark (or a point of 

known elevation) aDd the point, the elevation of which is to be ascertaiDed by direct levelling. 

A back sight 'is taken on the rod held at the bench mark. TbeD 

H.l. = Elv. of B.M. +B.S. . .. (1) 

TurniDg the telescope to briDg into view the rod held on point B, a foresight (minus 

sight) is taken. Then 

~=ru-u ... rn 
For exatnple, if elevation of B.M. = 210.852 m, B.S.= 2.324 m aDd F.S. = 1.836 m. 

Then H.l. = 210.852 + 2.324 = 213.176 m 

aDd Elv. of B= 213.176-1.836 = 211.340 m. 

It is to be ooted that if a back sight is rakeD on a bench mark located on the 

roof of a tunnel or on the ceiliDg of a room with the instrument at a lower elevation, 

the back sight must be subtracted from the elevation to get the height of the instrument. 

Similarly, if a foresight is taken on a point higher than the instrument, the foresight must 

be added to the height of the instrument, to get the elevation of the point. 

9.8. DIFFERENTIAL LEVELLING 

The operation of 1evelliDg to determiDe the elevation of points at some distance apart 

is called differenriol levelling aDd is usually accomplished by direct levelling. When two 

poiDts. are at such a distance from each other that they cannot both be within range of 

the level ill the satne time, the difference in elevation is not found by single setting but 

the distance between the points is divided in two stages by turniDg points on which the 

staff is held aDd the difference of elevation of each of succeeding pair of such turniDg 

points is found by separille setting up of the level. 

<D g 
!i! 242.590 ~1 I 

~I 24~024 l I 2¥12 _ 

A 
(240.000) 

" ~ 
T.P.1 

(240.604) 

FIG. 9.32 

T.P.2 
(240.490) 

Referring to Fig. 9.32, A aDd B are the two points. The distance AB bas been 

divided into three parts by choosing two additional points on which staff readings (both 

plus sight and miDus sight) have been taken. Points 1 and 2 thus se:ve as ruming points. 

The R.L. of point A is 240.00 m. The height of the first setting of the instrument 

is therefore = 240.00 + 2.024 = 242.024. If the followiDg.F.S. is 1.420. the R.L. of 

T.P. 1 =242.024- 1.420 = 240.604 m. By a similar process of calculations, R.L. of T.P. 

2 = 240.490 m aDd of B = 241.202 m. 
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9.9. HAND SIGNALS DURING OBSERVATIONS· 

When levelling is done at construction site located in busy, noisy areas, it becomes 

difficult for the instrument man to give instructions to the man balding the staff at the 

other end. through vocal sounds. In that case, the following hand signals are found to 

be useful (Table 9.1 and Fig. 9.33) 

TABLE 9.1. HAND SIGNALS 

Refer SigiUll Message 
Fi •. 9.33 

(a} Movement of left Move to_ my left 
ann over 90° /.· 

(b) Movement of ~ove · 'w,· my 
right ann over 90° right 

(CI Movement of left Move top/of 
arm over 30° staff to my lefi 

1 r 1 
(a) (b) (c) 

(d) I Movement of Move top of - I 

I right ann over 30° staff to my right , 

lei Extension of ann Raise height peg· 
[ horizontally and or staff 
1 moving hand 

I ! upwards ! 

,., ~ ~ 
A,, A' J\i 

(d) (e) (Q 

(j} ] Extension of ann Lower height 
horizontally and peg or staff 
moving hand 
downwards 

(g) Extension of both Establish lhe 

.• 

~ A 
: arms and slightly position . I thrusling downwanls 

(h) Extension of arms Rerum to me 
and placement of I 

! hand on top of i 
, head. 

(g) (h) 

FIG. 9.33. HAND SIGNALS. 

9.10. BOOKING AND REDUCING LEVELS 

There are two methods of booking and reducing the elevation of points from the 

observed staff readings : (I) Collimation or Heig/a of Instrument method : (2) Rise and 

Fall method. 
(1) HEIGHT. OF lNSTR!lMENI METHOD 

I!{ this mehtod. the height of the instrument (H.l.) is calculated for each setting 

of the instrument by adding back sight (plus sight) to the elevation of the S.M. (First 

point). The elevation of reduced level of the turning point is then calculated by subtracting 

from H.l. the fore sight (minus sight). For the next setting of the instrument. the H.l. 

is obtained by ·adding the B.S taken on T.P. I to its R.L. The process continues till 
the R.L. of the last point ( a fore sight) is obtained by subtracting the. staff reading from 

height of the last setting of the instrument. If there are some intermediate points, the R.L. 

of those points is calculated by subtracting the intermediate sight (minus sight) from the 

height of the instrument for that setting. 
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The following is the specimen page of a level field book illustrating the method 

of booking staff readings and calculating reduced levels by beigbt of instrument method. 

Station B.S I.S. F.S. H. I. R.I.. I Remtuis I 
A 0.865 561.365 560.500. I o:M. on Gate 

B 1.025 2.105,. 56!).285' 559.26() 

c 1.580 558.705 Plalform 

D 2.230 1.865 560.650 558.420 

E 2.355 2.835 560.270 " 5S7.8t5 

F 1.760 558.4t0 

Ch<Ck 6.475 8.565 558.4t0 Chocked 
6.475 560.500 

2.090 F~l 2.090 
--

Arithmetic Check. The difference between the sum of back sights and the sum of 

fore sights sbould be equal to the difference between the last and the first R.L. Thus 

l:B.S. - 'EF.S. = Last R.L. - First R.L. 

The method affords a check for the H.(. and R.L. of turning points but not for 

the intermediate points. 

(2) RISE AND FALL METHOD 

In rise and fall method, the height of instrument is not at all calculated . but the 

difference of level between consecutive points is found by comparing the staff readings 

on the two points for the same setting of the instrument. The difference between their 

staff readings indicates a rise or fall according as the staff reading at the pt>int is smaller 

or greater than that at the preceding point. The figures for 'rise' and 'fall' worked out 

thus for all the points give the vertical distance of each point above or below the preceding 

one, and if the level of any one point is known the level of the next will be obtained 

by adding its rise or subtracting its fall, as the case may be. 

The following is the specimen page of a level field book illustrating the method 

of booking staff readings and calculating reduced levels by rise and fall method : 

Slllli<ln B.S. I.S. F.S. Rise Fall i R.I.. i Remarks 

.. 0.86~ . 560.500 B.M. on Ga[e 

I! 1.07.5 • 2.tQS • l.24ll 559.260 i 
c 1.580 • 0.555 ' 558.705 Platfonn 

D 2.236 .. 1,86~ I 0.285 558.420 

E 2.355 2.815 0.605 557.8t5 

' F 1.760 0.595 558.410 ; 

Check 6.475 8.565 0.595 2.685 558.410 I 6.475 0.595 560.500 Checked 

F~l 2.090 F~l 2.090 2.090 

~ 
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Arltbmetli: Check. The difference between the sum of back sights and sum of fore 

sights should 1» equal to the difference !»tween the sum of rise and the sum of fall 

and should also 1» equal to the difference between the R.I. of last and first point. Thus, 

l:B.S. -U.S. = l: Rise -l: Fall= Last R.L. - First R.L. 

This provides a complete check on the intermediate sights also. The arithmetic check 

would only fail in the unlikely, but possible, case of two more errors occurring in such 

a manner as to balance each other. 

It is advisable that . on each page the rise and fall calculations shall be completed 

and checked by comparing with· the' difference of the back and fore sight column summations, 

before the reduced level calculatio~ "are commenced. 

Comparison of the Two MethodS. The height of the instrument (or collimation 

level) method is more rapid, less tedious and simple. However. since the check on the 

calculations for intermediate sights is not available, the mis!alces in their levels pass unnoticed. 

The rise and fall method though more tedious, provides a full check in calculations (or 

all sights. However, the height of instrument method is more suitable in case, where! it 

is required to take a number of readings from the same ibstrument setting, such as for 
~ .. ~ . 

constructional work, profile levelling etc. 

Example 9.1. The following staff readings were observed successively with a /.Vel. 

the instrUment having been moved after third, sixth and eighth readings : 2.228 ; /.606 

; 0.988 ; 2.090 ; 2.864 ; /.262 ; 0.602; 1.982 ; 1.04_4 ; 2.684 metres . .... 

Enter the abave readings in a page of a ./eve/ book and calculate the R.L. of points 

if the first reading was taken with a staff held on a bench mark of 432.384 m. 

Solution. 

Since the instrument was shifted after third, sixth and eighth readings, these readings 

will be entered in ·the F.S. column and therefore, the fourth, seventh and ninth readings 

will be entered on the B.S. column. Also, the first reading will be entered in the B.S. 

column and the last reading in the F.S. column. All other readings will be entered in 

the I. S. column. 

The reduced levels of the points may be calculated by rise and fall method as tabulated 

below · 

Station B.S. I.S. F.S. - FaD R.L. RelfiiiTts 

I 2.228 432.384 B.M. 

2 1.606 0.622 433.006 

3 2.090 0.988 D.6l8 433.624 T.P.l 

4 2.864 0.714 432.850 

s 0.602 1.262 1.602 ~34.452 · T.P. 2 

6 1.044 1.982 1.380 433.on T.P. 3 

7 2.684 1.640 431.432 

6.916 2.842 3.794 432.384 

Check S.964 S.964 2.842 431.432 

Fall 0.952 · Fall 0.952 0.952 
Cbockcd 

•i 

'~i 
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Example 9.2. It was required to ascertain the elevation of two points P and Q 

and a line of levels was run from P to Q. The levelling was then continued to a bench 

mark of 83.SOOi the readings obtained being as shown below. Obtain the R.L. of P and Q. 

B.S. 

1.622 

1.874 

2.032 

.0.984 

/.906 

Solution •. 

I.S. 

2.362 

F.S. 

0.354 

1.780 

1.122 
2.824 
2.036 

R.L. 

83.500 

Remarks 
p 

Q 

B.M. 

To find the R.J.s. of P and Q, we will have to proceed from bottom to the top. 

To find the H. I., therefore, F. S. readings will have to be added to the R.L. of the koown 

point and to find the R.L. of the previous point, the B.S. will have to be subtracted 

from the so obtained H.l. as clearly shown in tbe table below · 

Station B.S l.S. F.S. H. I. R.L. Remaris 

p ' 1.622 84.820 83.198 

1.874 0.354 86.340 84.466 

2.032 1.780 86.592 84.560 

Q 2.362 ' ' 84.230 ! 

0.984 1.122 86.454 85.470 

1.906 2.824 85.539 83.630 

2.036 I 83.500 B.M. 

Check 8.418 8.116 83.500 
I 8.116 83.198 

Rise 0.302 I 
0.302 

I 
Checked 

I 
' 

Example 9.3. The following consecutive readings were taken with a level and 5 

metre levelling staff on continuously sloping ground at a comman interval of 20 metres: 

·0.385; 1.030; /.925 ; 2.825 ; 3.730 ; 4.(jJl5 ; 0.625 ; 2.005 ; · 3./lO ; 4,485. The 
. . .... ~ 

reduced level of the first point was 208./25 in. Rule' out a page of a level field book 

and enter the above· readings. Calculate the reduced levels of the points by rise and fall 

method and also 7he gradient of the line joining the first and the last point. 

Solution. 

Since the readings were taken on a continuously sloping ground, the maximum staff 

reading can be 5 metres only, and therefore, sixth reading will be a fore 'sight taken 

on a turning point and the seventh reading will be a back sight. Also, the first reading 

will be a back sight and the last reading will be a fore sight. The levels can be readily 

calculated as shown in the tabular form below: 

i 
I 
I 
I 

.I 

,~,i 

" 
::!:. 
: !' ~ 

\i:j 
·i'j 
'·'i ~t=!l 

!iii 
~~ 
'ii,l 

·''J :::;1 

'~1 

I 

' I 
! 
I 
i 
] 
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Station B.S. /.S. ! F.S. Ri.se Fall R.L. : RtiiUIIb 

,.. 
I 0.385 208.125 i 

2 1.030. 0.645 207.480 I 
3 1.925 0.895 ' 206.585 i 
4 2.112S 0.900 2os.6ss I 

s I 3.730 I 0.905 204.780 

1""' 6 : 0.625 : 4.685 : I 0.955 203.325 i 
7 ' 2.005 ' 1.380 202.445 l 
8 i 3.110 1.105 201.340 

' I .-4.485 1.375 199.965 

Check I 1.010 .9.-170 I 0.000 8.160 208.125 
I 1.010 0.000 199.965 

I Fall 8 . .160 Fall 8.160 8.160 

Gradient of the line= ~O~~~ = 19~61 =I in 1?.~1 (falling). 

Example 9.4. The following figures were exJracted 1jiom a level field book. some 

of the entries being illegible owing to exposure to rain. Insert tile missing figures 'qnd 

check your res111Js. Rebook all the figures fly tire 'rise' and 'fall" method. 

Station ' B.S. J.S. F.S. I Ri.se I Fall R.L. : ReiiUIIb 

I • 2.285 ... ~· ' 232 . 46() _j B.M. I 

2 I /.6SO X 0.020 : i 

3 I i 
2 .I05 X I 

4 : X I.960 X J 
5 ! 2.050 I.925 0.300 ' 

• 6 X 
I X : ' 232 .255 I B.M. 2 

7 i I.690 X 0.340 i I 

8 ! 2.865 ! I 2.100 I X ! 

9 i I X X I 233.425 i B.M. 3 

Solution. 

(r) The F.S. of station 2 is missing, but it can be calculated from the known rise. 

Since station 2 is higher than station 1, its F.S. will be lesser than the B.S. of station 

I (higher the point, lesser the reading). Hence, 

F.S. of station 2 = 2.285- 0.020 = 2.265 m 

and R.L. of station 2 = 232.460 + 0.02 = 232.480 m 

tit) Fall of station 3 = 2.105 - 1.650 = 0.455 m 

:. R.L. of station 3 = 232.480 - 0.455 = 232.025 m 

(iit) B.S. of staion 4 can be calculated from the fact that the F.S. of station 5. 

having a fall of 0.300 m. is 1.925 m 

Thus, B.S. of station 4 = I. 925 - 0. 300 = I. 625 m 

' 
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Also, Rise of station 4 = 2.105- 1.960 = 0.145 m 

and R.L. of station 4 = 232.025 + 0.145 = 232.170 m 

(iv) k.L. of station 5 = 232.170-0.300 = 231.870 m 

(v) From the known R.L. of stations 6 and 5, the rise of station 6 can be calculated 

and 

Thus, Rise of station 6 = 232.255 - 231.870 = 0.385 

l.S. of station 6 = 2.050 - 0.385 = 1.665 

(vi) F.S. of station 7 = 1.665 - 0.340 = 1.325 

R.L. of station 7 = 232.255 + 0.340 = 232.595 

(vir) Fall of station 8 = 2.100- 1.690 = 0.410 

R.L. of station 8 = 232.595 - Q.410 = 232.185 

(viit) Since the elevation of station 9 is 233.425 m, it has a rise of (233.425- 232.185) 

= 1.240 m. 
F.S. of station 8 = 2.865 - 1.240 = 1.625 m. 

The above results and calculations are shown in the tabular form below 

Station B.s. I.S. F.S. Ri.se Fall R.L. Rtnuul<s 

I I 2.285 232.46() I B.M. I 

2 1.650 2.265 0.020 232.480 I 
3 2.105 0.455 232.025 I 
4 1.625 1.960 0.145 232.170 I 

5 2.050 1.925 0.300 231.870 ; 

6 1.665 0.385 232.255 i B.M. 2 

7 1.690 1.325 0.340 232.595 

8 2.865 2.100 I 0.410 232.185 

9 1.625 1.240 233.425 B.M. 3 

Check I •12.165 11.200 2.130 1.165 233.425 I 
' 11.200 1165 232 46() I 

i 0.965 Rise 0.965 Rise -- 0.965 l_ Checked_] 

Example 9.5. During a construction work, the bortom of a R.C. Chhajja A ;;·as 

taken as a temporary B.M. (R.L. 63.120). The following notes were recorded. 

Reading on inverted staff on B. M. No. A. 2. 232 

Reading on peg P on grolllld : l. 034 

Change of instrumenl 

Reading on peg P on ground : 1. 328 

Reading on inverted staff on bottom of cornice B : 4.124 

Enrer the readings in a level book page and calculate tile R.L. of cornice B. 

Solution 

The first reading was taken on an inverted staff and therefore it will have to be 

subtracted from the R.L. to get the H.l. Sintilarly, the last reading was taken on an invened 

staff, and the R.L. of the cornice B will be obtained by adding the F.S. reading to the 

l 
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H.l. Use (-) sign for the B.S. of A and F.S. of B since both of these have been taken 

in reverse directions than the normal ones. The calculations are shown in table the below: 

Poinl B.S. I.S. F.S. R.I. R.L RetiUUb 

A -2 .232 60 .888 63.120 

p 1.328 1.034 61.182 59.854 I 

' . I 

' B ' -4.124 65.306 I 

Che<k -0.940 -3.090 65.306 

-3.090 63.120 

+ 
Rise + 2.186 Rise 2 .186 Checked 

9.11. BALANCING BACKSIGHTS AND FORESIGHTS 

When the difference in elevation between any two points is delermined from a .single 

set-up by backsighting on one point and foresighting on the other, the error due to non-parallelism 

of line of collimation and axis of the bubble rube (whe,i. the bubble is in the ceritre ·or 

the run) and also the error due to curvature and refraction may be eliminated· if the 

lengths of two sights can be made equal. 

In Fig. 9.34, let ob­

servations be made with a 
level in which the line of 

collimation is inclined up­
wards by an amount a from 

horizontal, when the bubble 

is in the centre of its run, 
the level being kept exactly 

midway between the two 

points A and B. The observed 

"-----·"'------ -------1 $r T., 

A o, D2· ojB 

FIG. 9.34. BALANCING B.S. AND F.S. 

backs1ght and foresight ar~ r. and X:. The ~orrect hacksiQ'ht on A will be eoual to 

x1 - y1, where y1 = D1 tan a_ . The correct foresight on B will be equal to XJ: - y2 where 

y, = D2 tan a. Hence the correct difference in level between A and B 

=~-~-~-~=~-~+~-~ 

= (x, - x,) + (D, tan a - D, tan a) = (x, - x,) if D, = D, 

Thus, if backsight and foresight distances are balanced, the difference in eleva/ion 

between two points can be directly calculated by taking difference of the two readings and 

no correction for the inc/inaJion of the line of sight is necessary. 

Fig 9.35 illustraleS how the error due to curvature can be eliminated by equalising 

backsight and foresight distances. Since the level provides horizontal line of sight (and not 

a level line), the staff reading at point A = h, and at a point B = hb . The correct staff 

readings sbould have been H, and H• so thO! 

Ho = ho - ha' and H11 = hb - hb' 

The correct difference in elevation between A and B, therefore is given by 

¥'1--.-. 
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level lin, 

H 

level nne fhro• A 

(The eff&ct of refraction tlas not been shown) 

FIG. 9.35 

H=&-fu=~-M-~-~=~-~-~-~ 
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If the horizontal distance AC and BC are not equal, true difference in elevation H 

cO!tllot be found unless ha' and ho are numerically found (see Art. 9.7). But if the distanceS 

AC and BC are balanced (i.e., made equal), ha' and ho would be equal and H will equal 

to (h,- h•) . 

Thus, if the backsight and foresight distances are balanced, the elevation between 

twO points is equal to the difference betWeen the rod readings taken to the two points 

and no correction for curva/Ure and refraction is necessary. 

BALANCING SIGHT ON A SLOPE 

When the points lie on a sloping ground, the level should be set off to one side 

far enough to equalise, as nearly as practicable the uphill and downhill sights. 

In Fig. 9.36, it is required to set the level between two points T.P. I (turning 

point) and T.P. 2. Let the level be set up at A far enough uphill to bring the line of 

sight just below the top of an exlended rod when held on the turning point T. P. I. A 

turning poirn T.P. 2 can then be establised far enough uphill to bring the line of sight 

just above the bottom of the rod when held on the turning point T. P. 2. The level 

at A is nearly on the line between T.P. I and T.P. 2, the corresponding distance being 

20 m and 12 m (say). On the contrary, if the level is set up at B, instead of A. off 

to one side but at nearly the 
same elevation as at A, so 
that sights on T.P. 1 and T.P. 
2 can still be taken and dis­

tanceS of T.P. 2 and T.P. "' 
1 from B can be equal, the ~ 

error due to non-adjustment g > 
of collimation will be elimi- l 
nated. .g. 

To take a numerical ex­

ample, let the level have line 
of sight inclined upwar,ds by 

an amount 0.008 mettes in 

every 100 metres. When the 

" 
:1 
:0 

:1 
:0 
"' T.P.2 

1,..,.,.,., 
~/ ........ §o, 
~/ .................. .. 

A«( --;.ElB 
\ ......... 
\ ...... 
\~ ....... 
\-'.I. ...... 
'<' ......... 
\ ......... 4z.~ · ......... 

T.P.1 

Plan 

FIG. 9.36. 

0: 
,_: 
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level is at A, lhe error in lhe rod readings will be 

For T.P. 2 : 0.12 x 0.008 = 0.00096 m 

For T.P. 1 : 0.20 x 0.008 = 0.00160 m 

Error in lhe levelling= 0.00064 m 

Again. if lhe level were at B. lhe emors in rod readings would be 

at T.P. 2 : 0.50 x 0.008 = 0.0040 m 

T.P. I: 0.52 x 0.008 =.0.00416 m 

Error in levelling= ~.00016 m 

SURVEYING 

Thus. when lhe level is at B. 'lhe error in levelling is about {- lh of lhe error if 

lhe level is set at A. By moving B farrher away, lhe error may be reduced until it approaches 

zero, as lhe lenglhs of lhe two sights from B become nearly equal. 

Example 9.6. A level set up an extended line BA in a position 70 metres from 

A and 100 metres from B reads 1.684 on a staff held Ill ~<'and 2.122 on a staff held 

ar B, the bubble having been carefully brought to the centre of its run before each reading. 

It is known thai the reduced levels of the tops of the pegs A and II ·are 89.620 aild 
89.222 respectively. Find (a) the collimation error, and (b) the readings 1:1at would have 

been obtained had t/rere been no collimation error. 

Solution. Exact difference in elevation in"B and A 

= 89.620- 89.222 = 0.398 m, B being lower. 

As per observations, difference in elevation 
= 2.122- !.684 = 0.438 m, B lower. 

This shows B to be lower lhan what it is. We know !hat. lower is lhe point, greater 

is lhe staff reading. Hence, lhe staff reading at B is greater lhan what it should be and 

lhus. lhe line of sight is inclined upwards, as shown in Fig. 9.37, by an amount 0.438 - 0.398 

= 0.040 m in a distance of 30 m. 

Therefore tan a= 
03~ = 0.0013333 

We know lhat tan 60" = 0.0002909 

Hence by proporrion, 
13333 X 60 

a= 
2909 

seconds = 4' 34" upwards. 

,040 
False line of slaht 

~ 'Xf"""""""'f" a Ill I ·-·-·-·-·-·-· ·-·-.1.-.-·-·-·-·-·-·-·-· 
~ ! 

B l lA 

1<-- 30m 70 m----~ 

FIG. 9.37 
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Exact reading if !here were no collimation error. would be 

at A : !.68jl- ( 
0
·: x 70·) = 1.684-0.093 = 1.591 m 

at B 2.122- (
0
·: X 100) = 2.122-0.133 = 1.989 m. 

So lhat lhe true difference .. in elevation = 1.989 - 1.591 = 0.398 m as given in lhe 

question. 
Example 9.7. A page of a level book was defaced so that the only legible figures 

were (a) consecutive elllries in the column of reduced levels : 55.565 (B.M.) : 54.985 

(f.P.) ; 55.170 ; 56.265 ; 53.670 ; 53.940: (f.P.); 52.180; 52.015: 5!.480 ff.P.l; 

53.145 : 54.065 (f.B.M.); (b) entries in the bocksighl column: 1.545: 2310: 0.105 : 

3.360 in order from the top of the page. 

Reconstruct the page as booked and check your work. Calculate the corrected level 

of the T.B.M. if the instrumelll is known to have an elevared collimation error of 60 " and 

bock and foresight distance averaged 80 and 30 metres respectively. 

Solution. There are lhree turning points on which bolh back and foresights have 

been taken. The first sight is a backsight. The four backsight readings will. lherefore. 

be entered in order, one against lhe B.M. point and olher lhree against lhe lhree turning 

points. The last R.L. corresponds to T.B.M. on which a foresight is missing. All olher 

sights will be J.S. and F.S. which are to be found. Knowing R.t.. and B.S. of any point. 

lhe F. S. of lhe point can very easily be calculated. The readings having ( x ) mark are 

missing quantities which have been computed as shown in lhe tabular foim 

.<rMinn I R .. <. ,. ~ .. '" ; Rt ' Rcmatks 

I ' 1.545 I ! 57.110 ' 55.565 ' ' B.M. 

2 2.310 I x2 .125 ! 57.295 ' 54.985 T.P. 
I I ' [ 

3 l X 2.125 [ f 
55.170 

4 I X 1.030 l I 56.265 ! ' 
5 I I 

X 3.625 ' 53.670 ! ' 
I 

6 0.105 X 3.355 54.045 l 53.940 T.P. ! 

7 ; X 1.865 i 52.180 ! 
~ 

' ' 
8 I X 2.030 i 52.015 

9 3.360 X 2 .565 54.840 51.480 T.P. 

10 X 1.695 53.145 ' 
__j 

II I X 0.775 I : 54.065 
i 

T.B.M. ; 
...! 

I 7.320 ~·~ 55.565 ' 
Check ~OtiS ' 

I Fall 1.500 Fall I 1.500 Chet:kc:{l 

'---- _l ' ____ 1 

"' ' 
~; 

;, 

j; 
" l 
!: 
1 ~ 
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Due to collimation error each backsight staff reading is too great by an amount 

(80tan60") metres. Also each change point F.S. reading is too great by an amount 

(30 tan 60") metre. Taking both errors together, it is as if F.S. readings were correct and 

B.S. too great by amount (50 taD 60'~ ·metres. 

As there are four set-ups, the total B.S. reading are great by an amount 4 x 50 tan 60" 

= 200 ·x 0.0002909 = 0.05818 ~ 0.058 metres. Now greater the B.S. readings, higher will be 

the H./. and. therefore, greater will be reduced levels calculated. The actual level of the 

T.B.M. will therefore, be = 54.065 - 0.058 = 54.007 m. 

9.12. CURVATURE AND REFRACTION 

From the definition of 
a level surface and a hori­
zontal line it is evident that 
a botizontalline departs from 
a level surface because of 
the curvarure of the earth. 
Again, in the long sights, 
the horizontal line of sight 
does nor remain straight but 
it slightly bends downwards 
having concavity towards ea 
rth surface due to refraction. 

In Fig. 9.38 (a), AC 

is the horizontal line which 
deflects upwards from the 

A 

(a) 

'0 

FIG. 9.38. CURVATURE AND REFRACI10N. 

level line AB by an amount Be. AD is the acrual line of sight. 

(b) 

Curvature. BC is the deparrure from the level line. Acrually the staff reading should 

have been taken at B where the level line cuts the staff, but since the level provides 

only the horizontal line of sight (in the absence of refraction), the staff reading is taken 

at the point C. Thus, the apparent staff reading is more and, therefore, the object appears 

to be lower than it really is. The correction for curvature is, rherefore, negan·ve as applied 

ro the staff reading, its numerical value being equal to the amount BC. In order to find 

the value BC, we have, from Fig. 9.38 (b). 

or 

or 

OC' = OA' + AC', LCAO being 90' 

Let BC = Cr = correction for curvature 

AB = d ~ horizontal distance between A and B 

AO = R = radius of earth in the same unit as that of d 

(R + c<)' = R' + d' 

R1 + 2RCc+ C/= R2 +d 1 

Cd2R + C,) = d 2 

, ' 
C, = _d_-_ !Jo 2Rd , (Neglecting C, in comparsion to 2R) 

2R+ c, 
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That is, to find the curvature correction, divide the square of the length of sight 

by earth's diameter. Both d and R may be taken in the same units, when the answers 

will also be iij terms of that unit. The radius of the earth can be taken equal . to 6370 

km. If dis to be in km, and R=6370 km,,C,-0.07849 tf metres]In the above expression. 

dis to be substiruted in km, while c, will be in metres. 

Refraction : The effect of refraction is the same as if the line of sight was curved 

downward, or concave towards the earth's surface and hence the rod reading is decreased. 

Therefore, .the effect of refraction is to make the objects appear higher than they really 

are. The correction, as applied to staff readings, is positive. The refraction curve is irregular 

because of varying atmospheric conditions, but for average conditions it is assumed to have 

a diameter about seven times that of the earth. 

The correction of refraction, C, is therefore, given by 

C, = ~ ~ ( + ve) = 0.01121 d 2 metres, when d is in km. 

The combined orrecbon due to curvature and re action will be given by 

d 1 d' 6 d 2 
• 

C =--- - =- - (subtracnve) 
2R72R72R 

= 0.06728 d' metres, being in km. 

The corresponding values of the corrections in English units are 

2 :z 2 d is in miles and 
C, = j d' = 0.667 d

2 
feet] 

C, = 2f d = 0·095 d feet radius of earth = 3958 miles. 

C = ~ · d' ~ 0.572 d 2 feet · 

pistance to the visible horizon 

In Fig. 9.39, let P be the point of observation, its 

height being equal to C and let A be the point on the 

horizon i.e., .a point where the tangent from P meets the 

level line. If d is the distance to visible horizon, it is given 

by 

~ ~I .· c 
d = v 0.06728 km 

= 3.8553 -./C km, C ~eing in metres. 

(Taking both curvature and refraction into account). 

/Example 9.8. Find the correction for curvarure and for 

refraction for a distance of (a) 1200 metres (b) 2.48 km. 

Solution. 

FIG. 9.39. 

(a) Correction for curvature . = 0.07849 d 2 metres (where d is 

= 0.07849 (1.2)2 ~ 0.113 m 

Correction for refraction I = 'i C, = 0.016 m 

A 

0 

in km) 

j:l 
" !·: 
i: 
I . 

' fd 

!1 
[, 

II 
1!1 
r: 
' . ' . 
)~ 
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(b) Correction for curvature = 0.07849 (2.48)2 = 0.483 m 

Correction for refraction = ~ C, = 0.069 m. 

~pie 9.9. Find the combined correctlon for curvalure and refraction for distance 

of (a) 3400 metres (bj .. 1.29 km. 

Solution. 
(a) Combined correction for curvarure and refraction 

= 0.06728 d' m = 0.06728 (3.40)2 = 0.778 m. 

.l? Combined correction · = 0.0672s (1.29)' = 0.112 m. 

Example 9.10. 1n order to find . the difference in elevation between two poinrs P 

and Q. a level was set upon the iine PQ, 60 metres from P and 1280 metres from Q. 

'llle readings obtained on sta!f..~pt al P and Q were respectively 0.545 metre and 3.920 

m. Find the true difference in elevalion between P and Q. 

Solution. 
Since the distance of P from instrument is small, the _,correction for curvature etc. 

is negligible. 

Combined correction for Q 

Correct staff reading at Q 
= 0.06728 (1.280)2 = 0.110 m (Subtractive) 

, =3.920-0.110=3.810 m 

. . Difference in elevation between P and Q = 3.810-0.545 = 3.265 m, Q being lower. 

/Example 9.11. A Ught-house is visible jUSt above the horizon al a cenain station 

al the sea level. The . mstance ~between the Stalion and the Ught-house is 50 fan. Find 

the height _of the light-house. r ... ~J ('d"(~ 
Solution. UP 
The height ·of the light-house is given by 

._,/., C = 0.06728 d 2 metres= 0.06728 (50)' metres= 168.20 m 

Example 9.12. An observer standing on the deck of a ship just sees a light-house. 

The top of the light-house is 42 metres above the sea level and the height of the observer's 

eye is 6 metres above the sea level. Find the distance . A 
0 

of the observer from the Ught-house. '·----------------

Solution. (Fig. 9.40) 

Let A be the position of the top of light-house 

and B be the position of observer's eye. Let AB 

be tangential to water surface at 0. 

at!d 

The distances d, and d, are given by 

d, = 3.8553 -rc. km 

= 3.8553 -[42 = 24.985 km 

d, = 3.8553 {6 = 9.444 km 

.. Distance between A and B = d, + d, 

= 24.985 + 9.444 = 34.429 lam 

' \ 
\ 

\ 
' \ 
\\ 

\ 
\ 

' 
\\ / 

\.\!/ 
0 

FIG. 9.40. 
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Axampte 9.13. 'llle. observalion ray between two triangulation stations A and B 

just grazes the sea. If the heights of A and Bare 9,000 metres and 3,000 metres respectively, 

determine approxiqtalely the mstance AB (Diameter of eanh 12,880 fan). 

Solution. 
In Fig. 9.40, let A and B be the two 

of tangency on the horizon. 
triangulation stations and let 0 be the ~~ 

metres= 9 km )n_)ota Let A' A;, c, = 9000 

B'B = C, = 3000 • j " .& 
metres = 3 km <7\ "> ? 

The distance d, is given by 
d' c1 =_.!._ 
2R 

or 

Similarly 

d, = -./2iiC; in which d, R and C, are in same units 

d1 = .,;2 X 6440 X 9.0 = 340.48 km 

d2 = .,;2RC2 = .,;2 X 6440 X 3.0 = !96.58 km 

. . Distance AB = d, + d, = 340.48 + 196.58 = 537.06 Ian. 

Example 9.14. 1Wo pegs A and B are 150 metres apan. A level was set up 

in the line AB produced and sights were taken to a staff held in tum on the pegs, the 

reading being 1.962 (A) and 1.276(8), after the bubble has been carefully brought to the 

cenrre of its run in each case. The reduced level of the tops of the pegs A and B are 

known to be 120.684 and 121.324 m respectively. 

Determine (a) the angular error of the collimalion line in seconds, and (b) the length 

of sight for which the error due to curvalure and refraction would be the same as collimation 

error. Assume the radius of the eanh to be 6370 /an. 

Solution. 

Observed difference in elevation between A and B = 1.962 -1.276 = 0.686 m (A being lower) 

The difference in elevation = 121.324 - 120.684 = 0.640 m, A being lower. 

Hence, from the observations, A seems to be lower by an additionat amount= 0.686 - 0.640 

= 0.046 m. 

Since B is nearer to the instruments than A, it is clear that the line of sight is 

inclined upwards ·by an amount 0.046 m in a length of 150 m. 

If a is the angular inclination (upwards) of the line of sight with horiwntal, 

tan a = 
0j~6 = 0.0003067 

We know that tan 60" = 0.0002909 

_3067x60 . _," 
a - "'""n Ln. mmutes - 1 3. (upwards). 

For the second part of the problem, let the required line of sight be L km. The 

combined correction for curvature and refraction would be ~ ~ (negative). The correction 

for collimation error in a length L will be L tan a. Equating the two, 
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9.13. 

6 L' - - = L tan a = L (0.0003067) 
7 2R 

L- 0.0003067 X 7 X 2 X 6370 = 4.557 
6 

RECIPROCAL LEVELLING 

SURVEYING 

km. 

When it is necessary to carry levelling across a river. ravine or any obstacle requiring 

a long sight between two points so situated that no place for the level can be found 

from which the lengths of foresight and backsigbt will be even approximately equal, special 

method i.e .. reciprocal levelling niust be used to. obtain accuracy and to eliminate the following: 

(I) error in instrument adjusbnenl ; (2) combined effect of eanb's curvature aod the refraction 

of the abnosphere, and (3) variations in the average refraction. 

Lei A aod B be the points aod observations be made with a level, the line of 

sight of which is inclined upwards when the bubble is in the centre of its run. The level 

is set at a poim near A aod staff readings are taken on A and B with the bubble in 

the centre of its run. Since B.M. A is very near to instrument, no error due to curvarure, 

refraction and collimation will be introduced in the staif¢readings at A. but there· will 

be an error e in the staff reading on B. The level is then shifted to the other · Dank, 

on a point very near B.M. B, and the readings are taken on staff held at B and A. 

Since B is very near, there will be no error due to the three factors in reading the staff, 

but the staff reading on A will have an error e. Let h, and hb be the corresponding 

Horizontal line 

Level line 

River 

Line of 
sight 

LeV9\\In8 

·- ___ ..... -·-·-·-·-·-·- -·- -·-·-·- -·-·-·- -·-- .... 7 
A 

(B.M.) Plan 

FIG. 9.41. RECIPROCAL LEVELLING. 

B 
(B.M.) 
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staff readings on A aod B for the first set of the level and h; and ,.. be the reading> 

for the second set. 

From Fig. 9.41. it is evident that for the tirst set of the l•vcl. the corr•ct .;taff 

readings will be 
OnA:h,; OnB:h•-e 

. . T~ difference in elevation= H =- h0 - tilt-- ·e, 
Similarly for second set. the correct staff reading will be 

On A : h,' - e ; On B : h> 

. . True difference in elevation = H = (h,' - e) - It> 

Taking the average of the two nue differences in elevations. we get 

2H = [h,- (h•- e)+ (h;- e)- "•1 = (h,- hh) + lho- "') 

H = tl(h, - hb) + (lr,' - II>)J . 

The lrue difference in elevation, therefore, is equal 10 the mea11 of the two appearerrt 

differences in elevations, obtained by reciprocal observaJions. 

Example 9.15. The following notes refer to reciprocal levels take11 u'ith nne lel•e/: 

Jnst. at 

p 

Q 

Staff readings on 

p Q 
1.824 

0.928 

2.748 

/.606 

Remarks 

Distance between Pand Q;JO!Om 

R.L. of P;/26.386. 

Find (a) true R.L. of Q. (b) the combined correction for curvatrtre and refraction. 

and (c) the angular error in the collimation adjustment of the inscrumem. 

What will be the difference in answers of In) and (c) if ohsen•ed staff readin.~< 

were 2. 748 Oil P and 1.824 011 Q, the instrumcm beinx m P : and I. 606 nn P and 

0. 928 on Q. the instrument being aJ Q. 

Solution. 

(a) When the observations are [aken from P. Lhe apparent differcm:e in ckvaLion 

between P and Q = 2.748 - 1.824 ; 0.924 m. P being higher 

When the observations are taken from Q. tht! apparent difference in dc\·arion hcrwc..'t!n 

P and Q = 1.606- 0.928 = 0.678, P being higher. 

Hence, the true difference in elevation 
0.924 + 0.678 

= 2 
= 0.801 ru. P being higher 

and nue elevation of Q = 126.386 - 0.801 ~ 125.585 m. 

(b) Combined correction for curvature and refraction 

= 0.06728 d 2 = 0.06728 (1.010)' ~ 0.069 m 

(Q appears to be lower further hy 0.069 m due t<> !h'' · 

(c) When the level was at P. the apparent difference in clcvauon ~ !1.~1' n:. 

The difference in elevation = 0. 801 m 
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Error in observation= 0.924 - 0.801 m = + 0.123 m 

This error consists of (1) error due to curvature and refraction (il) collimation error. 

Error due to curvature and refraction= + 0.069 m 

Error due to collimation = 0.123-0.069 = + 0.054 m. 

Collimation error is said to be positive when the line of sight is so inclined that 

it increases the staff reading at the farther point thereby making that point appear lower 

than what it is. Hence. the line of sight is inclined upward by an amount 0.054 m in 

a distance of 1010 metres.· 

But 

' 0.054 
tan a =. 1010 

= 0.0000535 

tan 60· = o:0002909 

535x60" 
a = """" 11 (upwards) 

If the staff readings are interchanged, then 

(a) True difference in R.L. between P and Q wiD: Jie 0.801 m (Q being higher) 

R.L. of Q = 126.386 + 0.801 = 127.187 m. 

(b) When the instrument is at P, the apparent difference in elevation between P 

and Q = 0.924 m. Q being higher. 

Hence, Q appears to be higher by a funjler amounl of 0.924 - 0.801 = 0.123 m. 

This error is due to (i) curvature and refraction, and (ii) faulty adjuslment of line 

of collimation. , 

Considering (1), the curvature and refraction tends to increase the staff reading at 

Q. thereby making Q appear lower than what it is by an amount 0.069 m (as already 

found out), but by actual observ'ations, the point Q has been made 10 appear higher than 

what it is by an amount 0.123 m. Hence, it is clear that the line of sight is inclined downwards 

by an amount 0.123 + 0.069 = 0.192 m in a distance of 1010 m. 

If a is the inclination of line of sight. we have 

tan a = ~-~~ = 0.000190 

But tan 60" = 0.0002909 

1900 x 60 _ J9" (downwards). 
a- 2909 

Example 9.16. In levelling between two poi1Us A and B on opposile banks of a 

river. I he level was sez up near .A. and the staff readings on A and B were I. 285 and 

2.860 m respectively. The level was then moved and sel up near B and the respective 

readings 011 A and B were 0.860 and 2.220. Find the true difference of level between 

A and B. 

Solution. When the instrument is at A, 

AppeareD! difference in elevation between A and B 

= 2.860- 1.285 = 1.575 m (A higher) 

-
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When the instrument is Ill B, 

Apparent diffemce in elevation between A and B 
1 = 2.220 - 0.860 = 1.360 m (A higher) 

. . . 1.575 + 1.360 
True dzfference m elevaoon = 

2 
- 1.468 m (A higher) 

Example 9.17. 1Wo poiflis A and B are I530 m apan across a wide river. The 

following reciprocal levels are taken with one level: 

Level at Readings on 
A B 

A 2.I65 3.8IO 

B 0.910 2.355 

The error in the collimation adjustments of the level is - 0.004 m in IOO m. Calculate 

the true dif!erelice of level bezween A and B and the refraction. 

Solution. 

(I) True difference in level between A and B 

(3.810- 2.165) + (2.355- 0.910) 
= 

2 
-1.545 m. 

(il) Error due to curvature= 0.07849 d 2 metres= 0.07849 (1.53)2 = 0.184 m 

. . When the level is at A, corrected staff reading on B = 3.810- (C,- C,) + c, 
where Cc = correction due to curvature = 0.184 m 

C, = correction due to refraction 

c, =correction due to collimation= 
0j: x 1530 = 0.0612 m 

. . Corrected staff reading on B = 3.810- (0.184- C,) + 0.0612 = 3.6872 + C, 

. . True difference in level between A and B = (3.6872 + C,- 2.165) = (1.5222 + C,) 

But it is equal to 1.545 m. 

1.5222 + c, = 1.545 

or C, = 1.545 - 1.5222 = 0.0228 £!. 0.023 m. 

9.14. PROFILE LEVElLING (LONGITUDINAL SECTIONING) 

Profile levelling is the process of detemtining the elevations of pouits at short measured 

intervals along a fixed line such as the centre line of a railway, highway. canal or sewer. 

The fixed line may be a single straight line or it may be composed of a succession of 

straight liues or of a series of straight lines connected by curves. It is also known as 

lnngitadinal sectioning. By means of such sections the engineer is enabled 10 study the 

relationship between the existing ground surface and the levels of the proposed construction 

in the direction of its length. The profile is usually plotted on specially prepared profile 

paper. on which the vertical scale is much larger than the horizontal. and on this profile. 

various studies relating to the fixing of grades and !he estimating of costs are made. 

Field ProcedUFe : Profile levelling, like differential levelling. requires the establishment 

of turning points on which both back and foresights are taken. In addition. any number 
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of intermediate sights may be obtairied on points along the line from each set up of the 
instrument (Fig. 9.42). In fact, points on the profile line are. merely intermediate stations. 
It is generally best to set up the ·level to one side of the profile line to avoid too short 
sights on the points near the ilstrument. For each set up, intermediale sights should be 
lllk£n afte; the foresight on the next turning stalion hos been taken. The level is then 
set up in an advanced position and a backsight is taken on that turning point. The position 
of the intermediate points on the profile are simultaneously located by chaini:J.g along the 
p~ofile and noting their distances from the point of commencemen1. When the vertical profile 
of the ground is regular or-' ~dually curving, levels are taken on points at equal distances 
apart and generally at int!:rvals of a .chain length. On irregular ground where abrupt changes 
of slope occur, the points shoul<!. 'be· chosen nearer. For purose of checking and future 
reference, temporary bench marks should be established along the section. 

Field notes for profile levelling. are commonly kept in the standard form shown in 
the table on next page. The method is almost the same as given for 'collimation height' 
method as computations are easier by that method. The distances of the points on, the 
profile are also recorded. The values shown in the table ·are same as those illustrated in 
Fig. 9.42. ,., " 

<ll$ ~ ~$ C\i C\i N C\i C\i 
g r-- -- ---- -- -- iF :g ~ ~ :\) ill 
~ ,..:~ ~ N ~ ~~Ill ~ ~ 

B M. !L, l-- ----- --A ---·- ------ -" "! ~ ~I ~j ~ . . <'!_ ~---'= ___ :1---~ -~ 
:10.45 " 

3 :rp I 
1 2 9 10 

T.P.2 
5 6 

(a) Section 

4-...... 

T.P.t·------••• , 
13 

T.P.3 

" (b) Plan 

FIG. 9.42. PROFILE LEVEWNG. 

Plotting the Profile (Fig. 9.43) 

The horiwntal distances are plotted along the horizontal axis to some convenienl scale 
and the distances are also marked. The elevations are plotted along the vertical axis. Each 
ground point is thus plotted by the two CO-<>rdinstes (i.e., horizontal distance and vertical 
elevation). The various points so obtained are joined by straight lines, as shown in Fig. 
9.43, where the readings of the above table are plotted. 

·Generally, the horizontal scale is adopted as I em = 10 m (or I"= 100 ft ). The 
vertical scale is not kept the same but is exaggerated so that the inequalities· of the ground 
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appear more apparent. The vertical scale is kept 10 times the horiwntal scale (i.e. I em= I 
m). The reduced levels of ·the points are also writteo along with the bOriwntal distances. 

! LEVEL FIELD NOTES FOR PROFILE LEVELLING -· nJ ... hH R,.<, J •.•. F .. <. H. I. R.I.. RtllUIIb 
B.M. 2.1"'' 2t£<M 210.455 

1 0 2.680 209.820 
? 10 2.860 209.640 

3 20 2.120 210.380 

4 35 2.975 ?00.525 
T.P. 1 1.005 2.8"" 21•.645 """.640 

5 45 2.810 207.835 

6 •3 2.905 207.740 

1 80 2.530 208.115 

• .. 1.875 208.170 

• 115 1.0?< 208.720 
T.P. 2 2.160 2.995 209.810 207.650 

10 125 0.825 208.985 
11 145 1.020 208.790 
12 162 1.6?< . 208.185 

13 180 2.080 207.730 
T.P. 3 2.985 206.825 

5.210 8.840 210.455 
5.210 206.825 

Checlc FaU 3.630 Fall 3.630 

8 9 ·,o 

13 

205.001 
' ' ' ' ' ' ' ' ' ' ' ' 

Dalwnl:l 

~ 
0 .. 

~ ~ "' ~ ~ :g ~ "' g 
~ fil .m 

~ .. 
~ :::: R.L S i!l ... .. 8 ~ ~ ~ "' "' N N la !il N N !il 

DlstancesO 10 20 35 45 63 80 98 115 125 145 162 180 
Longitudinal Section 

Scale{ Hor. 1 <:m=10 m 
Ver.1cm::r1m 

FIG. 9.43 

Levelling to Establl.sb Grade Points : This kind of levelling, often referred to as 
giving elevalions is used in all kinds of engineering construction. The operation of establishing 
grade points is sintilar to profile levelling and follows the latter. After the profile bas 
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been plotted and the grade line has been established on the profile map, the grade elevation 

for each station is known. The amounts of cut or fill at each point are thus determined 

before going into the field. The. levelling operation starts from the bench mark and is 

carried forward by luming points. The grade point is established by measuring down from 

the height of the instruments a distance equal to the grad£ rod reading, using !he following 

relation. Grade point elevlllion 'C H.L.- Grade rod reading. 

A grade stake is driven in the ground and grade rod is kept on the top of it 

and read wi!h the help of level. The stake is driven in or oUJ till !he grade rod reading 

is the saine as calculated abOve. Before proceeding the work in the field, a table is generally 

prepared giving !he rod. readings at each point to set it on a given gradient. Example 

9.18 makes !he procedure clear. 

Example 9.18. In running fly levels from a bench mark of R.L. 183.215, the following 

readings .were obtained : 
B.S. 1.215 2.035 1.980 2.625 

F.S. 0.965 .3.830 0.980 

From the last position of the instrument, five peg~ ·'i!t 20 metres intervals are to 

be ser ow on a uniform rising gradient of I in 40 ; the 'jirst peg is to have a R.L. of 

181.580. Work oUJ the staff readings required for setting rhe raps of the pegs ori the 

given gradient. 
Solution. In !he first part of the question, fly levelling was dooe, the computations 

for which can be done as usual. For !he last setting of the instrument, when a backsight 

is taken on station No. 4, !he height of collimation comes out to be 185.205. The R.L. 

of the first peg is to be 181.580. Hence Grade rod reading = H.!. - Grade point elevation 

= 185.205 - 181.580 = 3.625 . The reading is entered in !he I.S. column. The R.L. of 

the next peg at the rising gradient of 1 in 40 will be 181.580 + 1 x l* = 182.080 and 

its grade rod reading will be 185.205- 182.080 = 3.125. Similarly, !he rod readings for 

o!her pegs are calculated as entered in !he table given below : 

S. No I Dist. [--·B.S. l.S. F.S. H. I. R.L RellllUts 
. -------~-~--~-~ 

I j 1.2!5 184.340 183.125 

2 2.035 0.965 !85.410 183.375 ' 

3 1.980 3.830 183.560 181.580 

4 2.625 0.980 !85.205 182.580 

5 0 3.625 181.580 Peg 1 

6 ! 20 3.125 182.080 Peg 2 

7 ! 40 2.625 182.580 Peg 3 

8 ; 60 2.125 183.080 Peg 4 

9 : 80 !.625 183.580 Peg 5 

Check ! 7.855 7.400 183.580 

I 7.400 !83.125 

Rise I 0.455 Rise 0.455 Oleckcd 

LEVELUNG 
237 

9.15. CROSS-SECTIONING 

Cross-sections are run at right angles to !he longitudinal profile and on either side 

of it for the piirpose of lateral outline of the ground surface. They provide me data for 

estimating quantities of earth work and for other purposes. The cross-sections are numbered 

consecutively from !he commencement of !he centre line and are set out at right angles 

to !he main line of section wi!h tb,e chain · 

and tape, the cross-staff or the -optical 1 i i i 1 

square and the distances are measured ( ! ( ( ,/ 
left and right fr~m the centre peg (Fig. A i Central una 1 [,, ,/ 

9.44). Cross-section may be taken at each i 1 
i -@:ii _,. / 

chain. The length of cross-section depends ~! ~! :! c,;-~! -' c. / 
.I .I .I (J;• I {Qj ~ j 

upon the narure of work. O! O! O! ; a?! c,:; ~~ 

The longt"tudinal and cross-sections ! ! ! . O! ~? fO.i 
I ".J"I 

may be worked· together or separately. · o/ 

In the former case, two additioual columns 

are required in the level field book to 

i 

! 
! 

! 

"-/c 

give the distances, left and right of the 

centre line, as illustrated in table below. 

To avoid confusion, !he bookings of each 

AG. 9.44 

".J".' 
(J"/ 

' / 

! 

cross-section should be entered separately and clearly and full information as to !he number 

of !he the . cross-section, whether on the left or right of the centre line, wi!h any o!her 

matter which may be useful, should be recorded. 

Dimulee (m) I Rtmorb 
StatWn B.S. I.S. F.S. H. I. R.I.. 

L c R 

B.M. 1.325 10L.325 100.000 

0 ·O 1.865 99.460 Cross-

L1 3 !.905 99.420 section 

Lz 6 2.120 99.205 atOm 

2.825 
chainage 

Ll ' 
98.500 

I Rl 3 1.105 99.620 

Rz 7.5 1.520 99.805 

R, 10 .1.955 99.370 

I 20 1.265 101).060 Cmss-

L1 3 1.365 99.960 section 
at 

Lz 6 0.725 !00.600 20m 

LJ 9 2.125 99.200 chainage 

R1 3 1.925 99.400 

112 7 2.250 99.075 

/!] 10 0.890 100.435 I 

T.P. 2.120 99.205 

O>ecl< !.325 2.120 100.000 
1.325 99.205 

.. --- .L..... Fall_ 0,]95 Fall 0.795 
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Plotting the Cross-sec­
tion (Fig. 9.45) L, 

~ L, 

SURVEYING 

R, R, 
R, 

Cross-sections are plot­
ted almost in the same manner 
as the longitudinal sections ex­
cept that in this case both the 
scales are kept equal. The point 
along the longitudinal section 
is plotted at the centre of the 
horizontal ·axis. The points to 
the left of centre point are prOt­
red to the left ·and those to 
the right are plotted to the right. 
The points so obtained are 
joine<;l. by straight lines. 

Datum 95.000 ' , • 

o8o~o Ill~ 
~cq~q~ !:;:~ 
·'I 0 . 0 . . 0 
momom mo 
CD..-m ..- Ol 0)..-

9 6 3 0 m 3 7 10 

Cross-section at chalnage 20 m 

Scalef Hor. 1 em= 1 m 
1 Ver. 1 em= 1·m 

FIG. 9.45 

·' 
9.16. LEVELLING PROBLEMS 

.. 
The following are some of the difficulties COI1IIDO~y encountered in levelling 

(!) Levelling on Steep Slope. See § 9.11 

(2) Levelling on Snmmits end Hollows. 

In levelling over summit, level should be set up sufficiently high so that the summit 

can be sighted without extra setting (Fig. 9.46). Similarly, in levelling across a hollow, 

level should be set only sufficiently low to enable the levels of all the required points 

to be observed (Fig. 9.47). 

Levelling over summit 
Levelling across hollow 

FIG. 9.46. FIG. 9.47. 

(3) Taking Level of en Overhead Point 

T IB.M. 
X 

~ 

When the point under observation is 

higher than the line of sight, staff should 

be kept invetted on the overhead point keeping 

the foot of the staff touching the point, and 

reading should be taken. Such reading will L I~ J 

:~~: =~gh:h~~:a~ ~~~b:e :;e ~ ~! '"'' ;-rmmnnmmmmnm;m;;m;n;;n;;;n no?r. 

get the R.L. of the point (Fig. 9.48). On FIG. 9.48. 
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the contrary, if such point happens to be temporary bench mark, the backsight reading 

on lhe point should be subttaered from the reduced level to get the H.!. (See example 

9. 5). So that th~e may be no opportunity for mistake, it is well also to make a note 

on lhe description page that the staff has been held invened. 

(4) Levelling Ponds end Lakes too Wide to be Sighted Across (Fig. 9.49) 

When the ponds and lakes>.are too wide to be sighred across, advantage may be 

!aken of the fact that the surface of still water is a level surface. A peg may be driven 

at one end of the pond, keeping its top flush with the water surface. A similar peg may 

be driven to the other side. Level may be first set to one side the staff kept on the 

peg and reading taken. The R.L. of the top of the peg and of water surface is thus 

known. The instrument is then set on olher side near the bank and reading is taken bY 

keeping the staff on the top of the second peg. Adding the staff reading to the R.L. 

of lhe peg, the R. L. of instrument axis is known and the levelling operations can be 

carried further. 

Levelling across ponds 

FIG. 9.49 

(5) Levelling Across River 

If the widlh of the river is less, the method of reciprocal levelling is to be used. 

If lhe river is too wide to be sighred across, levelling may be contintted from one side 

to lhe other in the manner shown in (4) with little error, provided care is taken to choose 

a comparatively still stretch and to see that water levels are !aken at points directly opposite 

each olher. 
(6) Levelling Past ffigh Wall 

Two cases may arise. In the first case, when the height of lhe wall above the line 

of sight is lesser than the length of the staff, the staff can be kept inverted with its 

foot touching the top and reading !aken. SUch reading, when added to the H.l. will give 

lhe R.L. of the top of the wall. The instrument may then be shift«! to the other side 

of the wall and reading may be taken on the inverted staff with its foot touching the 

top of the wall. Such reading when subtracred from the R.L. of lhe top of the wall will 

give the H.l. Knowning lhe H.I., the levelling operation can be carried forward. 

In the second case, when the height of the wall above the line of collimation is 

more than the length of lhe staff, a suitable mark is made at the height, where the line 

of sight intersects the face of lhe wall. The vertical distance between the mark and lhe 

top of the wall is measured. The R.L. of lhe top of the wall is thus known. The instrument 

is lhen set to the other side of the wall and a sintilar mark at lhe collimation level is 

made on the wall. The vertical height of the top of the wall is measured from the mark 

and the height of the instrument is then calculared. 
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9.17. ERRORS IN LEVELLING 

All levelling measurements are subject to three principal sources of errors 

(l) lnstnunental (a) Error due to imperfect adjustment. 

(b) Error due to sluggish bubble. 

(c) Error due to movement of objective slide. 

(d) Rod not of standard length. 

(e) Error due to defective joint. 

(2) Natural (a) Earth's curvature. 
(b)· Alliiosphe'ric refraction. 

(c) Variations i,n temperature. 

(d) Settlement . of tripod or turning points. 

(e) Wind vibrations. 

(3) Personal (a) Mistakes in manipluation. 

· (b) Mistake in rod handling. 

(c) Mistake in reading the rod. 

(d) Errors in sighting. 

(e) Mistakes in recording. 

INSTRUMENTAL ERRORS 

(a) Error due to Imperfect Adjustment 

The essential adjustment of a level is that the line of sight shaD be parallel to axis 

of the bubble tube. If the instrument is not in ~.adjustment, the line of sight will either 

be inclined upwards or downwards when the bubble is centred and the rod readings will 

be incorrect. The error in the rod reading will be. proportional to the distance and can 

be elimina.ted by balancing the back.sight and foresight distances. The error is likely to 

be· cumulative, particularly in going up or down a steep hill, where all back.sights are 

longer or shorter than all foresights unless care is taken to run a zigzag line. 

(b) Error due to Sluggish Bubble 

If the bubble is sluggish, it will come to rest in wrong position, even though it 

may creep back to correct position while the sight is being taken. Such a bubble is a 

constant source of armoyance and delay. However, the error may be partially avoided by 

observing the bubble after the target bas been sighted. The error is compensating. 

(c) Error In the movement ·or the Objeetive SUde 

In the case of external focusing instruments, if the objective slide is slightly worn 

our, it may. not move in truly horizontal direction. In the short sights, the objective slide 

is moved out nearly its entire length and the error is, therefore, more. Due to this reason, 

extremely short sights are to be avoided. The error is compensating and can be eliminated 

by balimcing backsight and foresight, since in that case, focus is not changed and hence, 

the slide is not ·moved. 

(d) Rod not of Standard Length 

· Incorrect lengths of divisions on a rod cause errors similar to those resulting from 

incorrect marking on a rape. The error is systematic and is directly proportional to the 

difference in elevation. If the rod is too long, the correction is added to a measured difference 

in elevation ; if the rod is too short, the correction is subtracted. Uniform wearing of 
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the shoe ··ar the bQnom of the rod makes H.!. values incorrect, but the effect is cancelled 

wben included in both back and foresight readings. For accurate levelling, the rod graduation 

should be tested and compared with any srandsrd tape. 

' (e) Error due to Defeetive Joint 

The joint of the extendable rods may be worn out from sening the rod down 'on 

the run' and from other sources. The failure to test the rod at frequent interval may result 

in ~ large cumulative error. ~-·. ' 

1 
NATURAL ERRORS 

(a) Earth's Curvature 

The effect of curvature is to increase the rod readings. Wben the distances are small 

the error is negligible, but for greater distances when the back and foresights are not 

balanced, a systematic error of considerable magnitude is produced. 

(b) Refraction 

Due to refraction, the ray of light bends downwards in the form of curve with 

its concavity towards the earth surface, thus decreasing the staff readings. Since the atmospheric 

refraction often changes rspidly and greatly in shon distance, it is impossible to eliminate 

entir~ly the effect of refractlon even though the back.sight and foresight distances are balanced. 

It is particularly uncenain when the line of sight passes close to the ground. Errors due 

v tc refraction tend to be compensating over a long period of time but may be cumulative 

on a full day's run. 

~-

f 

f 
-~;. 

(c) Variation in Temper•ture 

The effect of variation in tempersmre on the adjusunent of the instrument is not 

of mucb consequence in leveUing of ordiila!y precision, but it may produce an appreciable 

error in precise work. The adjustment of the instrument is temporarily disturbed by unequal 

heating and the consequent warping and distortion. The heating of the level vial will cause 

the liquid to expand and bubble to shorten. If one end of the vial is warmed more than 

the ollir, the bubble will move towards the heated end and appreciable errors will be 

produced. In precise levelling, it is quite possible that errors from change of length of 

levelling rod from variations in· temperature may exceed the errors arising from the levelling 

itself. Heat waves near the ground surface or adjacent to heated objects make the rod 

appear to wave and prevem accurate sighting. The beating effect is prsctically elintiuated 

by shielding the instrument from the rays of the sun. The error is usually accidental, but 

under cenain conditions it may become systematic. 

(tf) Settlement of Tripod on Turning Point 

If the tripod settles in the interval that elapses between laking a backsighr and the 

following foresight, the observed foresight will be too small and the elevation of the turniug 

point will be too great. Similarly, if a turning point settles in the . interval that elapses 

between laking a foresight and the following back.sight in the next set up, the observed 

backsight will be too great and H.I. calculated will be too great. Thus, whether the tripod 

settles or the turniug point settles, the error is always systematic· and the resulting elevation 

; will always ·b<; too high. 
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(e) Wind Vibrations 

High wind shakes !he instnunem and thus disrurbs the bubble and !he rod. Precise 

levelling -work should never be done in high wind. 

PERSONAL ERRORS 

(a) Mistakes in Manipulation 
These include mistakes in setting up the level, imperfect focusing of eye-piece ·and 

of objective, errors in cemring lbe bubble and failure to watch it after each sight, and 

errors due to restiog the bands on ttipods or telescope. In lbe long sights, !he error due 

to the bubble not being' centted,at the time of sighting are more important. Habit should 

be developed of cbecldDg the bubble before and after each sight. Parallax caused by improper 

focusing result in incorrect rod r~~s_,;jit produces an accidental error and can be eliminatcyd 
by carefully · focusing. 

(b) Rod HandUng • 

If lbe rod is not in plumb, the reading taken will be too great. The error v~es 
directly with the magnitude of the rod rea<!ing and directly as •he square of the inclination. 

In running a line of levels uphill, backsight readings are likely to be increased more than 
foresight from this source and the evelvation of a bench ilclik on top will be too grOat. 

Similarly, the elevation of a bench mark at fue· lxittom, while levelling downhill, will. be 

too small. Thus, a positive systematic error results. Over level ground, the resultant error 

is accidental since the backsights are about equal to lbe foresights. The error can be 

minimised by carefully plumbing the rod ~ither by eye estimation or by using ·a rod level, 

a special attacbmem devised for plumbing lbe ro<i' or by waving the level rod slowly towards 

or away from the level thereby taking the minimum rod reading. Vertical cross-hair may 

be used to plumb lbe rod in the direction ttansverse to the line of sight. 

(c) Errors in Sighting 

The error is caused when· it is difficult to tell when lbe crossbair coincides with 

!he centre of the target in a target rod and to determine !he exact reading which the 

cross-hair appears to cover in the case of self-reading rod. This is an accideutal error 

the magnitude of which depends upon the coarseness of the cross-hair, the type of rod, 

We: form of wget, atmospheric conditions, length of sigh[ and tile observer. 

(d) Mistakes in Reading the Rod 

The common mistakes in reading the rod are : 

(I) Reading upwards, instead of downwards. 

(iz) Reading downwards, instead of upwards when the staff is inverted. 

(iiz) Reading wrong metre mark when lbe staff· is near !he level and only one 
metre mark is visible through the telescope. 

(iv) To omit a zero or even two zeros from a reading. For example, 1.28 

instead of 1.028 or 1.06 instead of 1.006. 

(v) Reading against a stadia hair. 

(Vi) Concentrating more attention on decimal part of lbe reading and noting 

whole metre reading wrongly. 

~ 

Z4j 
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(e) ~es in Recording and Computing 

The common mistakes . are : 
(z) Enterin$ the reading with digits interchanged i.e., 1.242 instead of 1.422. 

(iz) . Entering· backsights and foresights in a wrong column. 

. (iii) Mistaking the numerical value of reading called out by the level man. 

(iv) Omitting the entry. . .. 
· (v) Entering wrong remark' against a reading. 

(vz) Adding a foresight instead of subtractiog it and/or subtractiog a backsight 

reading instead of adding it. 

(viz) Ordinary arithmetical mistakes. 

Example 9.19. Find the error of reading of a 
level staff if the observed reading is 3.845 m at the 
point sighted, the .staff being 15 em off lire venicol Uno of sight 
through the borrom. ---------------------

Solution. 
In Fig. 9.50, let AB be the oliserved staff reading 

and let AC be the correct staff reading. 

Evidently, . AC= ~ AB'- Be' 

= ~(3.845)1 - (O.I5f 

= 3.841. 

9.18. DEGREE OF PRECISION 

FIG. 9.SO. 

The degree of precision depends upon (z) lbe type of instnunent, (il) skill of observer, 

(iii) character of country, and (iv) atmospheric conditions. For a given instnunent and atmospheric 

conditions, the precision depends upon lbe number of set-ups and also upon the length 

of sights. Thus, the precision on plains will be more than that on bills. No hard and 

fast rules can be laid down by means of which a desired precision can be maintained. 

However, the pennissible closing error can be expressed as 
E = C -JM (in English units) or E' = C ' -JK (in metric units) 

where E = permissible closing error in feet; C = constant ; M = distance in miles 

E' = permissible closing error in mm; C ' = constant : K = distance in km. 

tble 2ives the differCftl values · 
.. ..... ............... CI ---- ..,- --

., . 

~pe of sumy on4 PUIJJO" Error in feet (EJ Error in mm (E') I 
(1) Rough levelling fur reconnaissance or preliminary ±or& ± 100 -{/( I 

' surveys. 

(2) Ordin.ary levelling for location and construction ±0.1-& ± 24-{/( 

surveys. 

(3) Accurate f~elling for principal bench marks ±0.05-& ± 12.0-{/( 

or for extensive surveys. 

{4) Prtdse .levelJing for bench marks of widely 
±0.017-& ± 4 -{/( 

distributed points. 
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9.19. THE LEVEL TUBE 

The level rube or bubble rube gives the direction of horizontal plane becanse the 

surface of a still liquid at all points is at right angles to the direction of gravity, and 

the liquid alone will, therefore, provide a level surface. For ordinary surveys the radius 

of the earth is so large that a level surface is considered to be the same thing as a 

horizontal plane. 
The spirit level or bubble rube consist of a glass rube partially filled with a liquid, 

the inner surface of which is carefully ground so that a longirudinal section of it by a 

vertical plane through the axis of t)le 
rube is part of circular arc. The rube 

is graduated on its upper surface and 

is enclosed for safety in a metal casmg. 
At the ends of the casing are capstan 
headed screws for securing it to the 

relescope or any other part (Fig. 9.51). 

Before it is sealed, the rube 
is partially filled with a liquid of low 

FIG. 9.51. BUBBLE TUBE. 

viscosity, such as alcohol, chloroform or sulphuric. ether, leaving a small space which forms 

a bubble of mixed air and vapour. Spiriruous liquids are used becanse they are less viscous, 

i.e.. flow more freely than water. Also, these liquids have a relatively low freezing point 

but a greater expansion than water. To minimize the effect of expansion, the proportion 

of liquid and vapour must be carefully .regulated: Under the action of gravity, the bubble 

will always rise to the highest point of the rube, and thus comes to rest so that a tangent 

plane to the inner surface of the rube at the highest point of the bubble defines a horizontal 

plane. 

The sensitiveness of a level rube is defined as the angular value of one division 

marked on the rube. It is the amount' the horizontal axis has to be tilted to cause the 

bubble to move from one. graduation to another. For example, if the tilting is 20" of 

arc when the bubble moves 2 mm (one division), the sensitiveness of the level rube is 

expressed as 20" per 2 mm. A tube is said to be more sensitive if the bubble moves 

by more divisions for a given change in the angle. The sensitiveness of a bubble tube 

~ be increased by : 

(i) increasing the internal radius of the tube, 

(il) increasing the diameter of the rube, 

(ii1) increasing the length of the bubble, 

(iv) decr~ing the roughness of the walls, and 
(v) decreasing the viscosity of the liquid. 

The sensitiveness of a bubble rube should never be greater than is compatible with 

accuracy achieved with the remainder of the accessories. 

9.20. SENSITIVENESS OF BUBBLE TUBE 

The sensitiveness of the bubble rube is defined as the angular value of one division 

·of. the bubble rube. Generally, the linear value of one division is kept as 2 mm. There 

..JIIl'. two methods of determining the sensitivity. 

..-
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First Method (Fig. 9.52) 

(!)Set the instrument at 0 and level it accurately. 

(2) Sight aistsff kept at C, distant D from 

E 

0. Let the reading be CF. 
(3) Using a foot screw, deviate the bubble 

over n number of divisions and .. again sight the 

staff. Let the reading be CE. 

( 4) Find the difference between the two staff 

readings. Thus, 

wbere 

rube. 

But 

or 

s=CE-CF 

From /JJJEF (approximately), we have 

s 
tana~:~~a.=D .•• (1) 

Sintil.arly, from 1'. A OB, a. = A:= ~ 
R = radius of curvature of the bubble rube 

0 

FIG. 9.52. 
... (il) 

I= length of one division on. the bubble rube (usually 2 mm or 0.1 in.) 

Equating (i) and (i1), we get 

s nl nlD 
or R=­

s v=li 
Equation (1) above gives an expression for the radius of curvature of the 

It is to be noted that ~ D and s are expressed in the same units. 

Again, from .(il) we have a. = ~ 

... (!) 

bubble 

... (2) 

. . a'= sensitivity of the bubble tube = angular valne of one division is given by 

a'=~ by putting n = 1 ... (3) 

niD R=- (from 1) 
s 

a' = _I_ = ..!..._ radians = ..!..._ x 206265 seconds 
niD nD nD 

... (4) 

s 

• s nd 
a = nD sin 1" seco s 

(Since I radian= 206265 seconds = -
1-J sin 1" 

... (5) 

Equations (3), (4) and (5) give the expression for the sensitivity of the bubble tube. 

Second Method (Fig. 9.53) 

(!) Set the instrument at 0 and keep a staff at C. 

(2) Move the bubble to .the extreme left division. Read both ends of the bubble. 

Let the reading on the left end of the bubble be 1, and on the right be r,. Let the 

staff reading be CE. 
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(3) Move the bubble to the extreme right 

division. Read both ends of the bubble: Let 

the reading on the left end of the bubble 11 

be and on the right end be r1 • Let the staff 

reading be CF. 
(4) Find the difference between the two 

staff readings 
s= CE- CF 

(5) Let A and B represent .the centres 

of the bubble in the two positions 

The net travel of the bubble wiU'~ei;lua! 
be 

(11 - r,) -: (1,- r,) divisions( 

SURVEYING 

FIG. 9.53 

Consider the .left divisions as positive. and right divisions as negative. Let n = tot31 

number of divisions through which the bubble has been moved. Then 

(1, - r,) - (1, - r,) 
n 2 

( 6) Considering similar triangles GEF and ABO, we get. as before, 

R= n/D 
s 

s nl 
a=-=-

D R 

I d" a'=- ra tans 
.R 

s 
= nD x 206265 seconds 

- s 
- sin · ·· seconds 

... (!) 

... (2) 

... (3) 

... (4) 

... (5) 

The sensitivity of a bubble tube depends mainly on the radius of curvature of the 

tube (the larger the radius, the greater the sensitiveness): However, sensitiveness also depends 

upon (!) the diameter of the tube (the larger the diameter, the greater the sensitivity), 

(i!) length of the vapour bubble, (iii) viscosity and surface tension of the liquid (the lesser 

the viScosity and surface tension, the greater the sensitivity). A very. smooth internal surface 

also increases sensitivity. 

Example 9.20. The reading taken on a staff I(}() m from the instrument with the 

bubble central was I. 872 m. The bubble is then moved 5 divisions out of the centre. 

and the staff reading is observed to be I.906 m. Find the .angular value of one division 

of the bubble, and the radius of curvaJure of the bubble tube. The length of one division 

. of the bubble is 2 mm. 

Solution. 

Staff intercept for 5-division deviation of the bubble = 1.906 - 1.872 = 0.034 m. 

"' ···?: 
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(1) The radius of curvature (R) is given by 

niD 
R=-

Here 

(i!) The 

Example. 
one division is 
I miiiJlle. 

Solution. 

wbere 

(a) 

(b) 

s 
2 n = 5, I = 2 mm = loOO m ; D = 100 m, s = 0.034 m 

5x2xl00 
R 

1000 
x 

0
_
034 

metres = 29.41 m. 

sensitivity of the bubble tube (a') is given by 

s . 0.034 
a' = nD x 206265 seconds = s;1o0 x 206265 = 14.03 seconds. 

9.21. Find the radius of curvaJure of the bubble tube if the length of 

2 mm and if the angular value of one division is (a) 20 seconds, (b) 

a' =.!. radians =.!. x 206265 seconds 
R R 

a' =angular value of one division and I= length of one division 

a' = 20 seconds ; I = 2 mm = -
2

- m 
1000 

I 2 206265 
R = a' x 206265 = 

1000 
x -w = 20.62 m. 

2 
a'=60 seconds ; 1=2 mm=-- m 

1000 

I 2 206265 
R = a' x 206265 = 

1000 
x ~ = 6.87 m. 

Example 9.22. If the bubble tube of a level has a sensitiveness of 35" per 2 mm 

division, find the error in staff reading on a vertical staff aJ a distance of IOO m caused 

by the bubble bending I.~ divisions out of centre. 

So lotion. 
With previous notations, we have 

s 
a'= nD x 206265 seconds 

where a' =angular value of one division = 35" 

s = staff intercept = error in staff reading due to deviation of the bubble 

n =number of divisions through which bubble is out = 1.5 

D =distance of the staff = 100 m 

Substituting the values in the above equation, we get 

= ~ = 35 X 1.5 X !00 = O 02S 
s 206265 206265 m · m. 
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Example 9.23. Find the radius of curvature of the bubble tube ond the value of 
each 2 mm division from the following average reading of the ends of the bubble ond 

of a staff 80 m away. 
1 11 

Staff readings ... 1.680 1.602 

Eye-piece end of bubble ... 20 10 

Object glass end of bubble ... 10 20 

Solution. 

In the firs th . · ··f· bbl ed 20 - 10 d" · · ds · 
t set, e centre. o the. bu e bas mov --

2
- = 5 tV IS tOns towa< eye-ptece 

end of the tube. In the second set, ~;~Ire of the bubble bas moved 
20 

; 
10 

= 5 divisions 

towards objective end. The total Dllil)ber of divisions through wbich the bubble bas moved 

=•=5+5=10. 

The change in staff readiugs = s = 1.680 - 1.602 = O.o78 m 

The radius of curvature of the tube is given by 

R - n/D 
- ' s 

wbere n = 10 divisionsl=2 mm= 1~ m; D=80 m s =0.078 m 

10x2x80 
R - 1000 x O.o78 20.5 m. 

Also, the value of 2 mm division is given by 
s 0.078 

a' = -
0 

x 206265 seconds = -
0 8 

x 206265 = 20.1 seconds. 
n . l x 

9.21. BAROMETRIC LEVELLING 

The barometric levelling is based on the fact that the atmospheric pressure varies 

inversely with the height. As air is a compressible fluid, strata at low level will have 

a greater density than those at a higher altimde. The higher the place of observation the 

lesser will be the atmospheric pressure. A barometer is used for the determination of the 

difference in pressure between two stations and their relative altitudes can then be approximately 

deduced. The average readiug of the barometer at sea level is 30 inch and the barometer 

falls about I inch for every 900 ft of ascent above the sea level. This method of levelling 

is, therefore, very rough and is used only for exploratory or reconnaissance surveys. 

There are two types of barometers : 

(I) Mercurial barometer 

(2) Aneroid barometer. 

(I) The Mercurial Barometer. Mercurial barometer is more accurate than the aneroid 

barometer but is an inconvenient instrument for everyday work dne to the difficulty of 

carrying it about, and the ease with which it is broken. The mercurial barometer works 

on the principle of balancing a column of mercury against the atroospheric pressure at 

the point of observation. There m two main types of mercurial barometers - Cistern and 
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Siphon. In the Fortin type of cistern barometer, the cistern is made of a leather bag contained 

in a metal tube. terminsting into a glass cylinder. The height of the mercury in the tube 

is measured b/ a vernier working against a scale and the readiug to ~". The level of 

the mercury in the reservoir is adjustable by means of a thrust screw at its base- The 

mercury is completely enclosed, and by turning the thumb screw the volume of the reservoir 

may be reduced until the mercury completely fills it and the barometer tube. By this means, 

the instrument is rendered extremely portable . 
When the barometrical observations m in progress, temperature should be read on 

two tlteromometers. 
(2) The Aneroid Barometer. The aneroid barometer though less accurate than the 

mercurial barometer is far more portable and convenient and is, therefore. used almOSt 

exclusively in surveying. It consists of a thin cylindrical metallic box about 8 to 12 em 

in diameter hermetically sealed and from which air bas been exhausted. The ends of the 

box are corrugated in circular corrugation, and as the pressure of the atmosphere increases 

or decreases, they slightly approach or recede from each other. This small movement is 

magnified by means of a suitable lever arrangement and is tranSferred finally to a pointer 

which moves over a graduated arc. Fig. 9.54 shows the essential parts of an aneroid barometer. 

The general external appearance of the aneroid barometer is shown in Fig. 9.55. 

6 

11 
5 

7 

FIG. 9.54. DIAGRAMMATIC SECflON OF AN ANEROID 
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Barometric Formulae 
Let it be required to find the difference in elevation H between two points A and B. 

Let d. = density of air at A 
d = density of air at any station 
h = height of mercury cclurnn of barometer at any station 
L = height of the homogeneous atmoshphere on the assumption that its density 

is constant throughout having a value d. 
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or 

law 

Let 

or 

or 

p = pressure at A in absolute units 

g = acceleration due to gravity 

h, =barometer reading in em at the lower 

station A 

h, = baromelric reading in em at the higher 

station B 

H =difference in elevation between A and B, 

in metres. 

p=L.d,g=h.d.g Then ... (1) 

L =-p-
d,. g 

... (2) 

If g is taken constant, : is constant by Boyle's 

' 
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and hence L will be constant. FIG. 9.55. ANEROID BAROMEI'ER 

Bh = change in baromelric reading for a small • difference in altitude of BH 

Hence, at a distance BH above A, we have <· 
(h- Bh)d. g=(L- BH)d,. g 

Bh.d=oH.d, 

BH = Bh . d = ~ from (I) 
da .h,'- ' 

fh, dh 
H =L h =L (log. h, -log, h2) ., 

Reducing this to common _logarithms and substiruting the numerical value of L from 

(2), we get 

where 

H = 18336.6 Qog10 h, -log" h,) (at 32° F and 45° latirude) 

Applying a correction for temperarure, we get 

/ t, + h- 64'" \ 
H = 18336.6 (log" h, -log, h,) [1 + 

900 
J 

t, = temperarure of air in degree Fahrenheit at A 

t, = temperarure of air in degrees Fahrenheit at B. 

".(3) 

... (4) 

Both t, and t, are measured by detached thermometers. The above expression applies 

both for mercurial barometer, as well as for the aneroid barometer. However, for mercurial 

barometer, an additional correction has to be applied for any difference of temperarure 

in the mercury at the two stations. The baromelric reading is corrected by the following 

formula : 

where 
h, = h,' [I +a (t,' -t,')] 

h, = corrected barometric reading at B 

h,' = reading at B 

".(5) 

t,' = mercury temperarure at A 

) 
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t1' = mercury temperature at B 

a= co-efficient of expansion of mercury= 0.00009 per !° F 

The cotikted height h, is to be substiruted in (4). 
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If the temperarures of the detached thermometers are measured in degrees centigrades, 

T, and T2 , Eq. 4 takes the following form 

.. ( T,+T,) 
H = 18336.6 Qog10 h, -log, h,) I + 500 ...(6) 

Another formula given by Laplace is in the following form 

( 
t,+t,-64°)( ) h, 

H = 18393.5 I + 
900 

I+ 0.002695 cos 29 x log . . .. . . . . ...... (7) 

where 9 is the mean latirude of the stations. 

Levelling with the Barometer. There are two methods of levelling with a barometer: 

(I) Method of single oberservations 

(2) Method of simultaneous observations 

(1) Metlwd of Single Observ{J/jons : 

In this method, the barometer is carried from point to point and a single reading 

is raken at each station ; the barometer is brought back to the starting point. The temperarure 

reading is raken at each station. The readings thus obtained involve all atmospheric errors 

due to the changes in the atmosphere which take place during the interval between the 

observations. 

(2) Method of Simulliuzeous Observ{J/jons : 

In this method, observations at two stations are raken simultaneously by two barometers 

previously compared. The aim is to eliminate the errors due to atmospheric changes that 

take place during the time elapsed between the observations. One barometer is kept at 

the base or starting poim. Another barometer, called the field barometer is W:en from 

station to station and readings of both the barometers taken at predetermined intervals of 

time. The readings of the field barometer are then compared with those of the barometer 

at the base. The temperarure readings are also taken with each observation. 

If temperarure is not observed, it alone may introduce an error of as great as 3 

m. By simultaneous observations with two barometers and by taking other similar precautions, 

errors may be reduced to as low as I~ to 2 m. 

Example 9.24. Find the elevation of the station B from the following data : 

Barometer reading at A : 78.02 em at 8 A.M. 

Barometer reading at B : 

Elevation of A= 252.5 m 

Temperature of air = 68 o F 

78.28 em at 12 A.M. 

Temperature of air = 72 o F 

75.30 em at 10 A.M. 

Temperature of air =50 o F 
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SotuUon. 

Th b bl din to A 
78.02 + 78.28 

e pro a e rea gat A at .M. = h,-
2 

= 78.15 em. 

Reading at B at tO A.M. = h, = 75.30 em 

68 + 72 
t, (average), at A = -

2
- = 70" F at to A.M. 

t, at Bat 10 A.M.=50" F 

Substituting the values in formula (4), we get 

. . . ( t, + t,- 64) 
H = 18336.6 _(log h,- log h,) I + 

900 

( 
70+50-64). 

= 18336.6 (log 78.15 -log 75.30) x 1 + 
900 

= 315.5 m 

:. Elevation of B = 252.5 + 315.5 = 568.0 m. 

9.22. HYPSOMETRY ·' 
The working of a lrypsometer for the determination ''(if· altitudes of stations depends 

on the fact that the temperature at which water bOils vades with the atmospheric pressure. 

A liquid bOils when its pressure is equal to the atmoshpheric pressure. The bOiling point 

of vapour water is ·lowered at higher altitudes since the atmospheric pressure decreases 

there. A hypsometer essentially consists of a sensitive thermometer graduated to 0.2• F 

or 0.1• C . The thermometer is held uprighi' in a special vessel in such a way that 

its bulb is a little abOve the surface of water contained in a small bOiler. A spirit tamp 

is used to heat the water. Knowing the bOiling temperature of water, the atmospheric pressure 

can be fouod either from the chart or can be calculated from the following approximate 

formula: 

Pressure in incbes of mercury= 29.92 ± 0.586 r, ... (!) 
where T1 = the difference of bOiling point from 212" F 

Having known the atmospheric pressure at the point, elevation can be calculated by 

using the barometric formula given in the previous article. However, the following formula 

may also be used to calculate the elevation of the point abi:>ve datum : 

E, = T, (521 + 0.75 T,) ... (2) 

Sintilarly, E2 at the higher station can also be calculated. The difference in elevation 

between two points is given by 
E= (£1 - Ei) a ... (3) 

where . l t, + , - 64) 
a = a1r temperarure correction = 1 + 

900 

where t1 = air temperature at lower station 

t1 = air temperatur~ at the higher station. 

Water bOils at 212• F (100" C) at sea level at atmospheric pressure of 29.921 inches 

of mercury. A difference of 0.1 • F in the reading of the thermometer corresponds to a 

difference of elevation of abOut 50 ft. The method is therefore extremely rough. 
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Example 9.25. Detennine the difference in elevation of rwo stations A and B from 

the foUowing observations ·: 
Boilirig point at lower station = 210.9" F 

Boiling point at upper station = 206.5" F 

Air temperature = 61 • F 

Air temperature = 57" F 

Solution 

Height of tower point abOve mean sea level is given by 

Sintilarly. 

£
1 
= T1 

(521 + 0.75 T,) ; where T1 = 212"- 210.9" = 1.1 • 

£1 = 1.1 (521 + 0.75 x 1.1) = 574 feet. 

height of upper point abOve mean sea level is given by · 

E2 = T2 (521 + 0.75 T,) ; where r, = 212•- 206.5" = 5.5" 

E, = 5.5 (521 + 0.75 X 5.5) = 2888 ft. 

Air temperature correction 
t, + t,- 64 61 + 57 - 64 

=a=l+ =I+ -1.06 
900 900 

.. Difference in elevation= H = (E, - £ 1) a = (2888 - 574) 1.06 = 2453 ft. 

PROBLEMS 

!. Define the following terms : 

Benchmark, Parallax, Line of collimation, Level surface, Vertical line, Bubble line. Redace,; 

level, Dip of the horizon, and Backsight 

2. Decribe in brief the essemial difference between the following levels: 

Dumpy level, Y-level and Tilling level. 

3. What are the different typeS of levelling staff ? Sti!te the merits and demerits ·of each. 

4. Describe the 'height of instrument' and 'rise and fall' methods of computing the levels. 

Discuss the merits and demerits of each. 

S.(a) lllusuate with neat sketches ~ COD5auction of a surveying telescope. 

(b) Distinguish between the following : 

(1) Horizontal plane and level surface 

(in Line of collimation and line of sight 

(iii) Longitudinal seclion and cross-section. 
6. Describe in detail how you would proceed in the field for (1) profile levelling, and (in 

cross-sectioning. 
7. Explain how the prncedare of reciprncal levelling eliminateS the effect of annospheric refraction 

and earth's curvature as well as the effect of inadjustmenl of lhe line of collimation. 

8. (a) R.L. of a factory floor is 100.00'. Staff reading on floor is 4.62 ft and the staff 

reading when staff is held inverted with bottom touching the tie beam of the roof truss is 12.16 ·· 

ft. Find the height of the tie beam above the floor. 

(b) The following consecutive readings were taken with a dumpy level: 

6.21, 4.92, 6.12, 8.~2. 9.81, 6.63, 7.91, 8.26, 9.71. 10.21 
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The level was shifted after 4th, 6th and 9th readings. The reduced level at. first point was 

100 ft. Rnle out a page of your answer-book as a level field book and fill all the columns. Use 

rollimation system and apply the usual aritbmetical check. 

lndlcate the highest and the lowest points. (A.M. I.E.) 

9. The following staff readings were observed successively wilh level, the instrwii<nl having 

been moved forward afier the second, fourth and eighlh readings : 

0.815, 1.235, 2.310, 1.385, 2.930, 3.125, 4.125, 0.!20, 1.815, 2.030, 3.765. 

The first reading was taken wilh the siBff held upon a benchmark of elevation 132.135. Enter 

the readings in level book-form ·and reduce the levels. Apply the usual checks. Find also lhe difference 

in level herween the first and the last points. 
/ . . 

10. Compare the rise and fall me!)lod' of reducing levelling notes wilh the height of collimation 

melbod. 

It was required to ascertain elevations of A and B. A line of levels was IBken from A to 

B and !hen continned to a beDobmark of elevation 127.30 ft. The observations are recorded below. 

Obtain the R.L.'s of A and B. 

B.S. 

3.92 

1.46 

7.05 

4.81 

8.63 

7JJ2 

l.S. 

2.36 

F.S. 

7.78 

3.27 

0.85 

2.97 

3.19 

4.28 

_,R.L. 

127.30 

-­A 

B 

B.M. 

(A.M. I.E.) 

ll. The following consecutive readings were taken with a level and 3 metre levelling staff 

on continuously sloping ground at a common interval of 20 metres : 

0.602, 1.234. J.g6Q, 2.574. 0.238, 0.914, 1.936. 2.872, 0.568, 1.!!?4. 2.722. The reduced 

level of the first point was 192.122. Rule out a page of a level field book and enter the above 

readings. C3kulate the reduced levels of lhe points and also lhe gradient of lhe line joining lhe 

first and the last points. 

12. In runoiDg fly-levels from a benchmsrk of R.L. 384.705, lhe following readings were 

obtained. 

Baoksight 3.215, 1.030, 1.295, 1.855. 

Foresight 1.225, 3.290, 2.085. 

From the last position of the instrument, six pegs at 25 metres inteval are ro be set out 

on a uniformly fa11iDg gradient of I in 100, lhe first peg is to have R.L. of 384.500. Work out 

the staff resdings required for setting lhe tops of the pegs on the given gradient. 

13. The following readings have been IBken from the page of an old level book. Reconstruct 

the page. Fili op the ntissing quantities and apply lhe usual checks. Also. calculate lhe corrected 

level of the T.B.i.t if the instrument is known to have an elevated collimation error of 30" and 

bacisight foresight dislances averaged 40 and 90 metres respectively. 
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Point B.S. /.S. F.S. Rise Fall R.L. ReiiUlrl:s 

I 3.125 ' 
' B.M. 

2 ' 1.325 125.005 T.P. 

' ' ' 
3 2.320 0.055 ' 

4 ' 
125.350 

5 ' 2.655 TP. 

I 6 1.620 3.205 2.165 T.P. 

7 3.625 
\ 

8 X 122.590 T.B.M. 

14 (a) Differentiate herween 'perrnanem' and "temporazy' adjUstmentS of level. 

(b) Discuss lhe effects of curvatUre and refraction in levellillg. Fuxl the correction due to 

each and the combined correction. Why are these effects ignored in ordinary levelling 7 

IS. In levelling herween two points A and 8 on opposite sides of a river, lhe level was 

set up near A and the staff readings on A and B were 2.642 and 3.228 m respectively. The level 

.was !hen moved and set up near B, the respective staff readings on A and B were 1.086 and 

1.664. Fuxl the aue difference in level of A and B. 

16. The following notes refer to 

lnsrrwnenJ Staff Reading on 

Near P Q 

p 1.824 2.748 

Q 0.928 1.606 

reciprocal levels taken witb one level: 
Remarks 

Dismnce PQ = 1010 m 
R.L. of P = 126.386 

Find (a) lhe aue R.L. of Q (b) lhe combined correction for curvature and refraction. and 

(c) the angular error in lhe collimation adjUstment. 

17. A luminous object on the top of a bill is visible just above the horizon at a certain 

station at the sea-level. The distance of the top of the hill from the station is 40 km. Find the 

height of lhe hill. IBking the radius of lhe earlh to be 6370 km. 

18. To a person standing on lhe deck of a ship, a light from the top of a light bouse 

is visible just above the horizon. The height of the light in lhe light-bouse is known to be 233 

yards above M.S.L. if l.bt: deck of We si.Lip is 9 yards above M.S.L., work out the disLaJJ.ce belwecn 

the light-house and lhe ship. Make lhe necessary assumptions. 

19 (a) Exaplain what is meant by the sensitiveness of a level tube. Describe bow you would 

determine in the field the sensitiveness of a level tube attached to a dumpy level. 

(b) If lhe bubble mbe has a sensitiveness of 23 seconds for 2 mm · division, find the error 

in the staff reading at a distance of 300 ft caused by. bubble being one division out of centre. 

(c) Find lhe error of reading of levelling staff if the observed reading is 12.00' and at lhe 

point sighted lhe staff is 6" off lhe vertical through lhe bottom. (U.P.) 

20. What are different sources of errors in levelling ? How are they eliminated ? 

21. Describe with the help of a sketch, the working of an aneroid barometer. 

22. (o) List out carefully and systematically lhe field precautions a surveyor should IBke to 

ensure good results from levelling field work planned for engineering purposes. 

(b) A 12-mile closed levelling traverse reveals a closing error of 1.56' on the starting 

benclunark. Would you consider the work acceptable ? Give reasons in support of your answer. 

i 
i 
,, 

I 
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A to 
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23. (a) Describe briefly the temporacy adjustmerus of a dumpy level. 

(b) Two mile stones A and B are separated by 6 i miles. A line of levels 

B and then from B to A. The differences of levels are found to be 

A to B + 181.34 ft. 

BtoA - 180.82 ft. 

Do you consider the levelling job of an acceptable quality of engineering work ? 
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is run from 

(A.M. I.E.) 

8. (a) 16.78' (b) Highest point : Second (R.L. 101.29); Lowest point : Fourth (R.L. 97.79) 

9. R.L.'s of cbange points:- 1~1.775, 132 .700, 132.505, 131.505, 137.510, 135.355. 133.620 

Difference in R.L.'s : 1.485 m 

10. 116.75 ; IIS.77. 

11. 192.122, 191.490, 190.864, 190.150 (T.P.), 189.474. 188.452, 187. 516 (T.P.), 186.260. 

185.362. 

Gradient I in 23.82, falling. 
12. Peg No. Staff reading 

l 1.000 

2. 1.250 

3. I.SOO 

4. 1.750 

5. 2.000 

6. 
13. 

2 .250 

Poinl B.S. I.S. 

I 3.125 

2 2.265 

J 

I I 
l.Jai 

4 1.920 

5 1.040 
6 1.620 
7 I I 3.625 

8 

F.S. I l&e I Fail I _M,_ 
123.680 

1.800 I 1.325 I I 125.1J91 
' U.i}jj I i:bt.!i.SO 

0.400 I 125.353 

2.655 ] 0.735 124.615 

3.205 -1- 2.165 122.450 

2.145 1 
2.005 120.445 

1.480 J 122.590 

Remarks 

T.B.M. 

B.M. 

T.P. 

T.P. 

T.P. 

Correct R.L. of T.B.M .• 122 . 620 metres. 

IS. 0.582 m, full. 

16 (a) 125585. (b) 0.069 m. '(cf + 11" 

17. 107.76 m. 

18. 41.89 miles. 

19. (b) 0.03 ft. : (c) 0.81 ft. 

[§] 
Contouring 

10.1. GENERAL 

The value of plan or map is highly enhanced if the relative position of the points 

is represented both horizontally as well as vertically. Such maps are known as topographic 

IIIJJ[JS. Thus, in a topographic survey, both horizorual as well as vertical control are required. 

On a plan, the relative altirudes of the points can be represented by shading, hochures. 

form lines or comour lines. Out of these, contour lines are most widely used because 

they indicate the elevations directly. 

Contour 

A contour is an imaginary line on the ground joining the points of equal elevation. 

It is a line in which the surface of ground is intersected by a level surface. A contour 

line is a line on the map representing a contour. Fig. 10.1 shows a pond with water 

at an elevation of 101.00 m as shown in the plan by the water mark. If the water level 

is now lowered by 1 m, another water mark representing 100.00 m elevation will be obtained. 

These water marks may be surveyed and represented on the map in the form of contours. 

A tOpographic map presents a clear picture of the surface of the ground. If a map 

is to a big scale, it shows where the ground is nearly level, where it is sloping, where 

the slopes are steep and where they are gradual. If a map is to a small scale, it shows 

the flat country, the hills and valleys, the lakes and water courses and other topographic 

features. 

lU.l.. CONIOLiR ~"TERVAL 

The vertical distance between any two consecutive contours is called comour interval. 

The contour imerval is kept constant for a contour plan, otherwise the general appearance 

of the map will be misleading. The horizontal distance between two· points on two consecutive 

contours is known as the horizontal equivalent and depends upon the steepness of the 

gr~. The choice of proper contour interval depends upon the following considerations: 

(i) The nature of. the ground : The contour interval depends upon whether the 

country is flat or highly undulated. A contour interval <;hosen for a flat ground will be 

highly unsuitable for undulated ground. For every flat ground, a small interval is necessary. 

If the ground is more broken, greater contour .interval should be adopted, otherwise the 

contours wiiJ come too close to each other. 

(257) 
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(ii) The scale of the map: 

The contour interval should be in­

versely proponional to the scale. If 

rhe sCale is small, the contour interval 

should be large. If the scale is large, 

the contour interval should be small. 

(iii) The purpose and extent 

of the survey : The contour imerval 
iargely dept!nds upon the purpose 

JDd the: c:xtem of the surv~y. For 

t!xample. if the survey is imendOO. 
for detail«! design work or for ac­

curate eanh work L llculations, small 

comour interval is to be used. The 
extent of survey in such cases will 10 

generally be small. In the case of . 100 

lm:ati.m surveys. for lines of com­
munications and for reservoir and 

drainage areas. where the extent of 
survey is large, a large ContOOrT"; 
terval is ro be used. 

(iv) Time and expense of field 

and office work : If the time 

available is less, greater contour 
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FIG. 10.1 

inrerval should be used. If the contour interval is small, greater time will be taken in 

the field survey, in reduction and· in plotting the map. 

Considering all these aspects. the contour interval for a particular coruour plan is 

.~elected. This contour interval is kept constant in that plan, otherwise it will mislead the 

general appearance of the ground. The following table suggests some suitable values of 

~amour tmervai. 

I Scale of mop Type of grou11d i Contour ltrJervJil 
(metres) 

La"'' - Flat - I 
0.2 to 0.5 

(l cm=lO m or less) Rolling 0.5 to 1 

l 
.. 

Hilly l, 1.5 or 2 ~ 

Flat 0.5, l or 1.5 

Rolling ! I. l.5 or 2 
: r· ; Hilly_ l 2. 2.5 QC 3 

Small Flat ·~ 1. 2 or 3 -

fl em= 100m or more) Rolling 2 ~0 5 
J 

Hilly I Sto!O I 
__ _ ___ 1 Moumaineous 10, 25 or 50 
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'the values of contour interval for various purposes are suggested below 

Scale Interval (meues} 

em = 10 m or less 0.2 to 0.5 

em=50 m to lOOm 0.5 tu 2 

···Icm=50mto200m I 2 to3 

For general topographical work, the general rule that may be followed is as follows: 

Contour interval- N f 
25 

k (metres) 
· o. o em per m 

50 
or 

. . (feet). 
No. of mches per mde 

10.3. CHARACTERISTICS OF CONTOURS 

The following characteristic features may 

tc used while plotting or reading a contour 

plan. 
I. Two contour lines of different elevations 

cannot cross each other. If iliey did, the point 

ofm:.: :.«::non would have two different elevations 

which is absurd However, comour lines of 

different elevations can intersect only in the 

case of au overhanging cliff or a cave (See 

Fig. !0.2). 
2. Contour lines of different elevations 

can unite to form one hne only in the case 

of a vertical cliff. 

3. Contour lines close together indicate 

steep slope. They indicate a gentle slope if 

they are far apart. If they are equally spaced. 

unilonn slope is indicated. A series of straight, FIG. 10.2 

parallel and equally spaced contours represent 

a plane surface. Thus, in Fig. !0.3, steep slope in represented at A-A, a gentle slope 

at B·B, a unifonn slope at C-C and a plane surface at D·D. 

4. A comour passing ,o 
through any point is perpen-

;c ' 90 t:::-
dicular to the line of steepest 'A 'B ' 

90 
_,___ ' 

slope at that point. This agrees ' 
; 80 

80--j.___-- -------, -
with(3), since the perpendicular 71Y-!--- --!.._ ; 

distance between contour lines so--r---- ----.;__ 
70 

' 
is the shortest distance. 

; ' 
iA ' 60 

;e ~c '0 
5. A closed contour line 

~ith one ·or more higher ones {a) {b) (c) td) 

iitsi~e it_represents a hili [Fig. FIG. 10.3. 

. ·jj' 
~~ 
! 
u 
H ,,. 
' h 

L 
1'' 

I 
' ! 
' I 

,, 
' -~ 
I 
1 
'~ 



26(\ 

10.4 (a)] ; similarly, a closed conrour 

line with one or more lower ones 
inside it indicates a depression wilh­

out an outlet [Fig. 10.4 (b)]. 

6. To contour lines having 

lhe same elevation cannot unite and 

continue as one line. Similarly, a 
single contour cannot split into two 
lines. lbis is evident because· the · 
single line would, olherwise, indicate 

a knife-edge ridge or depression 

which does not occur in nature. 
However, two different contours of 

(a) 

FIG. 10.4 

the same elevation may approach very near to each other. 
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@) 
(b) 

7. A contour line must close upon itself,. !hough not necessarily wilhin lhe limits 

of lhe mar ;., -:; 

8. Contour lines cross a watershed or ridge line at right angles. They form curves 

of U-shape ~round it wilh lhe concave stde of lhe curve towards lhe higher ground (Fig. 

10.5). 
9. Contour lines cross a valley line 

at right angles. They form sharp curves 

of V ·Shape across 1t with convex side 
of lhe curve towards lhe higher ground 

(Fig. 10.6). If !here is a stream, lhe 

comour on either side, turning upstream, 
may disappear in coincidence with lhe 

edge of lhe stream and cross undemealh 

the water surface. 

100 

\)95 w . 90 

~85 
~80 
R;dg~ 

10. Th~~~ contour appears on 

ei.!!J.er sides of a tidge-or valley, for 
lhe highest horiwntal plane chat intersects 

lhe ridge must cut it on bolh sides:· The 

same is true of the lower horizontal plane 
chat cuts a valley. • .of!G. 10.5. 

10.4. METHODS OF LOCATING CONTOURS 

.. 
' • 
' ' 

A1oo 
Ass 
~90 

J >;::__ 85 

/ ~-~~.lleyline 

~80 
' '· 

FIG. 10.6. 

o The location of a point in. topographic survey involves bolh horiwntal as well as 

·vertical conrrol. The melhods of locating eontours, lherefore, depend upon lhe instruments 

us~. In general. however, lhe field melhod may be divided into two classes : 

(a) The direct melhod. (b) The indirect melhod. 

In lhe direct method, lhe contour to be plotted is actually traced on lhe ground. 

Only rlwse points are surveyed which lwppen ro be plotted. After having surveyed chose 

points, !hey are plotted and contours are drawn lhrough !hem. The melhod 1s slow and 

tedious and is used for small areas and where great accuracy is required. 
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In lhe indirect method, some suitable guide points are selected and surveyed ; lhe 

guide points need nnt necessarily be on lhe contours. These guide points. having been 

ploned; serve> as basis for lhe interpolation of contours. This is lhe melhod most commonly 

used in engineering surveys. 

Direct Method 
As ·stated earlier, in lhe indirect melhod, each contour is located by determining lhe 

positions of a series of points through which lhe contour passes. The operation is also 

sometimes called tracing out contours. The field work is two-fold : 

(!) Vertical control : Location of points on lhe contour, and 

(il) Horiwntal control : Survey of chose points. 

(i) Vertical Control : The points on lhe contours are traced eilher wilh lhe help of a 

level and staff or wilh lhe help of a hand level. In lhe former case. lhe level is set 

at a point to command as much area as is possible and is levelled. The stalf is kept 

on lhe B.M. and lhe height of lhe instrument is determined. If the B.M. is not nearby, 

fly-levelling may be performed to establish a temporary benchmark (T.B.M.) in chat area. 

Having known lhe height of lhe I · ~ 
instrument, lhe staff reading is , 101 

calculated so chat lhe bottom of ~--..___ 
lhe stalf is at an elevation equal 
to lhe value of lhe contour. For 

· example, if lhe height of lhe in­

strument is 101.80 metres, lhe 
stalf reading to get a poinl on 

lhe contour of 100.00 metres will 

be 1.80 metres. Taking one con­

tour at a time (say 100.0 m con­

tour), lhe staff man is directed 

to keep .!he staff on lhe points 
on contour so chat reading of 

1.80 m is obtained every time. 

Thus, in Fig. 10.7, lhe dots rep-

··\.~\ 

98 

FIG. 10.1 

'·, ·, 

·•. 
·•. 

resent lhe points determined by this melhod explained above. 

If a band level is used, slightly different procedure is adopted in locating the points 

on lhe contour. A ranging pole having marks at every decimetre interval may be used 

in conjunction wilh any type of hand level, preferably an Abney Clinometer. To start wilh, 

a point is located on one of lhe contours, by levelling from a B.M. The starting point , 

must be located on lhe contour which is a mean of chose to he commanded from chat 

position. The surveyor chen holds lhe hand level at chat point and directs lhe rod man 

till lhe point on lhe rod corresponding to lhe height of lhe instrument above lhe ground 

is bisected. To do this conveniently, lhe level should he held against a pole at some convenient 

height, say, 1.50 metres. If lhe instrument (i.e. lhe hand level) is at 100 m contour. 

the reading of lhe rod to he bisected at each point of 100.5 m, wilh lhe same instrument 

position, will be (1.50- 0.5) = 1.0 merre. The work can lhus be continued. 



262 
SURVEYING 

The s1aff man should be iostructed to iosert a lath or twig at the point thus located. 

The twig must be split to receive a piece of paper on which R.L. of the contour should 

be written. 

(il) Horiv>nllli Control 

After having located the points on various contours, they are ro be surveyed with 

a suilable control system. The system to be adopted depends mainly on the type and extent 

of areas. For small area, chain surveying may be used and the points may be located 

by offsets from the survey· lines. In a work of larger nature, a traverse may be used. 

The ttaverse may be a theodolite" or a compass or a plane table traverse. 

In the direct method. two "survey parties generally work sirnullaneously -one locating 

the points on the contours and the· other surveying those points. However, if the work 

is of a small nature, the points may be located first and then surveyed by the same party. 

In Fig. 10.7, the points shown by dots have been surveyed with respect to points 

A and B which may be tied by a traverse shown by chain dolled lines. 

Indirect Methods 

In this method, some guide points are selected along ·~.:;system of straight lines and 

their elevations are found. The points are then plotted and contours are then drawn ·by 

inerpolarion. These guide points are nor, except by coincidence. points on the contours 

to be located. While interpolating, it is assumed that the slope between any two adjacent 

guide points is unifonn. 

The following are 'orne of the indirect methods of locating the ground points 

(I) By Squares (Fig 10. 8) 

The method is used when the area 

ro be surveyed is small and the ground 

10.4 : 
----r10.6 

is not very much undulating. The· <l!ea 

ro be surveyed is divided into a number 

of squares. The size of the square may 

vary from 5 to 20 m depending upon 

lhe narure of the contour and contour 

interval. The elevations of the corners of 

the square are then detertnined by means 

of a level and a staff. The contour lines 

may then be drawn by interpolation. It 

is nor necessary that the squares may be 

of the same size. Sometimes. reclangles 

are also used in place of squares. When 

there are appreciable breaks in the surface 

between corners, guide points in addition 

ro those at comers may also be used. 

The squares should be as long as practicable, 

yer small enough to conform to the in­

equalities of the ground and ro the accuracy 

spot levelling. 

FIG. 10.8. SPOT LEVELLING. 

required. The method is also known as 
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(il) By Cross-secliDns 

In this method, cross-sections are run transverse to the centre line of a road, railway 

or canal ere. 'h!e method is most· suitable for railway route surveys. The spacing of the 

cross-section depends upon the character of the terrain, the contour interval and the purpose 

of the survey. The cross-sections should be more closely spaced where the contours curve 

abruptly. as in ravines or on .~purs. The cross-section and the points can th•n be plotted 

and the elevation of each point iS marked. The contour lines are interpolated on the assumption 

that there is unlfortn slope between two points on two adjacent contours. Thus, in Fig. 

10.9, the points marked with dots are the points actually surveyed in the field while the 

points marked with x on the first cross-section are the points interpolated on contours. 

The same method may I \ ~ .............:l i 1 i ""'1 i ! __ l i 11 ..J 

also be used in the direct 

method of contouring with a 

slight modilic"ation. In the 

method described above, 

points are laken almost at 

regular intervals on a cross~ 

section. However, the contour 

points can be located directly 

on the cross-section as in the 

direct method. For example, FIG. 10.9 

if the height of the iostrument 

is 101.80 and if it is required to trace a contour of 100 m on the ground, the levelling 

slaff is placed on several guide points on the cross-section so that the slaff readings on 

all such points are 1.80 m, and all these points will be on 100m comour. The guide 

points of different contours are determined first on one cross-line and then on another 

instead of first on one contour and then on another, as in the direct method. 

If there are irregularities in the surface between two cross-lines, additional guide points 

may be located on intertnediate cross-lines. If required, some of the cross-lines may also 

be chosen at any inclination other than 90° to the main 1ine. 

(iii) By Tacheometrie Method 

In the case of hilly terrain, the lacheometric 

1acheomerer is a theodolite filled with 

s1adia diaphragm so that slaff readings 

agaiost all the three hairs may be 

laken. The slaff intercept s is then 

ob1ained by taking the difference be­

tween the readings against the top 

and bottom wires. The line of sight 

can make any inclination with the 

method may be used with advan1ages. A 
i 

" if 
v 

l 

horizonral, thus increasing the range 

of instrument observations. The hori­ 14-----o .1 
zontal distances need not be measured. 

since the tacheomerer provides both 
FIG. W.lO 

j I . 

• 
:.! ., 

']•' 

" " I' 
' I" 

" ~ 
:\ 
\!-
.1 
! 
1 
~ 
! 
!I 
[! 

~ 

I! 
I: 
i 
I 
' ., 
r, 
:, 
[! 



264 
SURVEYING 

horizontal as well as vertical control. Thus, if 9 is the inclination of the line of sight 

with horizontal (Fig. 10.10), the horizontal distance (D), between the instrument and the 

staff, and the vertical difference in elevation (V) between the 'instrument axis and the point 

in which the line of sight against the central wire intersects the staff are given by 

D =K1 seas'S + K,cos 9 

where K1 and K2 are instrumental constants. 

and 

The tacheometer may be set on a 

point from which greater control can be 

obtained. Radial lines can then be set making 

different angles with either the ma~ti~· ,, 
meridian or with the first radial line (Fi'g. · 

10.11). On each radial line, readings may 

be taken on levelling staff kept at differeiit 

points. The point must be so chosen that 

approximate vertical difference in elevation 
between two consecutive points is less than 
the contour interval. Thus, on the same 

radial line, the horizontal equivalent will 

be smaller for those two points the vertical 

difference in elevation of which is greater 
and vice versa. 

V=Dtan9 

To sorvey an area connected by FIG. tO.lt 

series of hillocks, a tacheometric traverse 
may be run, the tacheometric traverse stations being chosen at some commanding positiqns. 

At each ttaverse station, several radial lines may be run in various directions as required, 

the horizontal control being entirely obtained by the tacheometer. The traverse, the radial 

lines and the points can then be plotted. The elevation of each point is calculated by 

tacheometric formulae and entered, and the contours can be interpolated as usual. 

W.5. J.NfERl'OLATION OF CONTOURS 

Interpolation of the contours is the process of spacing the contours proportionately 

between the plotted ground points established by indirect methods. The methods of interpolation 

are based on the assumption that the slope of ground between the two points is uniform. 

The chief methods of interpolation are 

(1) By estimation 
(ii) By arithmetic calculations 
(iii) By graphical method. 

(I) By Estimation 

This method is extremely rough and is used for small scale work only. The positions 

of contour points between the guide points are localed by estimation. 

(il) By Arithmetic Calculations 

The method, though accurate, · is time consuming. The positions of contour points 

between the guide points are located by arithmetic calculation. For example, let A. B. D 
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and C be the guide points plotted on the 

map, having elevations of 607.4, 617.3, 

612.5 and 6(}4.3 feet respectively (Fig. 

10.12). Let AB '= BD = CD = CA = I inch 

on the plan and let it be required to locate 

the position of 605. 610 and 615 feet 

contours on these lines. The vertical dif­

ference in elevation between A and B is 

(617.3- 607.4) = 9.9 ft. Hence. the dis­

tances of the contour points from A will 

be: 
Distance of 610 ft contour 

I = 
9

.
9 

x 2.6 = 0.26" (approx.) 

Distance of 615 ft contour 

= 9~9 x 7.6 = 0.76" (approx.) 

point 

point 

These two contour points may be 
located on AB. Similarly, the position of 

the contour points on the lines AC. CD, 
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BD and .also on AD and BC may be located. Contour lines may then be drawn through 

appropriate contour points, as shown in Fig. 10.12. 

(ii1) By Gmphical Method 

In the graphical method, the interpolation is done with the help of a tracing paper 

or a tracing cloth. There are two methods: 

First Method 
The first method is illustrated in Fig 10.13. On a piece of tracing cloth, several 

lines are drawn parallel to each other, say at an interval representing 0.2 metre. If required. 

each fifth line may be made heavier to represent each metre interval. Let the bottom 

line of the diagram, so prepared on the tracing cloth, represem an elevatiou of 99 m 

and let it be required to interpolate 
COD!Ours of 99.5, 100 and 100.5 105 

m values between two points A and 
B having elevations of 99.2 and 102 
100.7 m respectively. Keep the trac· 
ing cloth on the line in such a 
way that point A may lie on a 101 

parallel representing an elevation of 
99.2 metres. Now rotate the tracing 

cloth on drawing in such a way 100 

that point B may lie on a parallel 
esenting 100.7 metre: 

points at which the parallels rep­
resenting 99.5 (pointx), 100.0 (point FIG. 10.13 



'!66 
SURVEYING 

y) and 100.5 (point z) may now be pricked through the respective positions of the contour 

point on the line AB. 

Second Method . 
The second method is illustrated 

in Pig. 10.14. A line Xfof any convenient 

length is taken on a tracing cloth and 

divided into several pans, each repre­
senting any particular interval, say 0.2 

m. On a line perpendicular to XY at 

its mid-point, a pole 0 is chosen and 

radial lines are drawn joining the_ pelo·· 

0 aod the division on the line XY. let -

the bottom radial line represenl an elevation 
/ 

of 97.0. If required. each fifth radial 

line representing one metre interval may 

be made dark. Let it be required to 

interpolate contours of 98. 99. 100 and 

101 meaes elevations between two points 

A aod B having elevations of 97.6 and FIG. 10.14 

101.8 metres. Arrange the tracing cloth 

on the line AB in such a way that the point A and B lie simultaneously on radial lines 

representing 97.6 and 101.8 metres respectively. The points at which radial lines of 98. 

99, 100 and 101 metres intersect AB may then be pricke1 through. 

Contour Drawing 

After having interpolated the contour points between a network of guide points, smooth 

curves of the contour lines may be drawn through their corresponding contour points. While 

drawing the contour lines. the fundamental propenies of contour lines must be borne in 

mind. The contour lines should be inked in either black or brown. If the contour plan 

also shows the feamres like roads, etc .. it is preferable to use brown ink. for the contour 

so as to distinguish it clearly from rest o( the features. The value of the c0ntours should 

be written in a systematic and uniform manner. 

10.6. CONTOUR GRADIENT 

Contour gradient is a line lying throughout on the surface of the ground and preserving 

a constant inclination to the horilontal. If the inclination of such a line is given. its direction 

from a point may be easily located either on the map or on the ground. The method 

of locating the contour gradient on map is discussed in the next article (Pig. 10. 7). To 

locate the contour gradient in the field, a clinometer, a theodolite or a level may be used. 

Let it be required to trace a contour gradient of inclination I in 100. staning from a 

point A, with the help of a clinometer. The clinometer is held at A and its line of sight 

is clamped at an inclination of 1 in 100. Another person having a target at a height 

equal to the height of the observer's eye is directed by the observer to move up or down 

the slope till the target is bisected by the line of sight. The point is then pegged on 

the ground. The clinometer is then moved to the point so obtained and another point is 
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obtained in a similar manner. The line between any two pegs will be paraUel to the line 

of sight. 

If a !~vel is used to locate the contour gradient, it is not necessary to set the level 

on the contoilr gradient. The level is set at a commanding position and reading on the 

staff kept at the firSt point is taken. For numerical example, let the reading be 1.21 

metres. The reading on another peg B (say) distant 20 metres from A, with a contour 

gradient of 1 in 100, will 6<; 1.21 + 0.20 = 1.41 metres. To locate the point B. the staff 

man holds the 20 metres end of chain or tape (with zero metre eod at A) and moves· 

till the reading on the staff is 1.41 metres. Thus, from one single instrument station several · 

points at a given gradient can be located. The method of calculating the staff readings 

for several pegs has been explained through numerical examples in Chapter 9 on Levelling. 

10-7. USES OF CONTOUR MAPS 

The foUowing are some of the 

1. Drawing of Sections y 
105, From a given contour 

plan. the section along any 
given direction can be drawn 

100 
to know the general shape 

95 

important uses of contour maps. 

of the ground or to use it 
for eanb work calculations for 
a given · communicaticn line 
in the direction of the section. 
Thus, in Pig. 10.15 (b), let 

it be required to draw the 
section along the line AB. 

001~0------------~~~~~~ti-on-alo~n-g~A~B------------Jx 

The points in which the 
line AB intersect with various 

contours are projected on the 
axis OX and ~ir correspond­
ing heights are plotted along 
the axis OY to some scale 

to get the corresponding con­
tour points which may be 
joined to get the configuration 

of ground surface [Fig. 10.15 
(a)). 

§ !2 a ;g~o 8m co .... U) 

... ............ .-0) "' 0) Q) 

FIG. 10.15. 

2. Determination of Intervislbility between two points 

..... -·-·•·-·-·-+-·t-+-·.,.8 

The distances between the triangulation stations are generally several kilometres and 

before selecting their position it is necessary to determine their intervisibility. A contour 

map may be used to determine the intervisibility of the triangulation stations. For example, 

to let it be required to determine the intervisibility of the points A and B in Fig. 10.16. 

their elevation being 70 and 102 metres respectively. 
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Draw line AB on the plan. The difference in elevation of A and B is 102.0 - 70 = 32.0 m. 

The line of sight between A and B will have an inclination 32.0 metres in a distance 
AB. Mark on the line ·or AB, the points of elevation of 75, 80, 85, 90, 95 and 100 

metres. by calculation. 
Compare these points with 
the corresponding points in 
which the contours cut the 
line AB. Thus, at the point 
E the line of the sight will 
have an elevation less than 
80 metres while the ground 
has an elevation of 80 me-
tres. Thus, there will be 
an obstruction and points A 
and B will not be intervisible. 
The points C and D at which 
the line of sight and the 
ground are at the same ele­
vation can be located. It will 
be seen by inspection that 
all other points are clear 

Una ol sight A 

\ /, 
! ' ,.~ : 

i ' j I I 

. ' ' 
' ' 

70 A (70) 

' J
' 
! 75 --~·-- 0 i------t---------80~ 
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., ' ~ ·f : : 85 
/ 1 I 1 

. / ! ! ! --~------------------cl---~--1---~-----
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85 
c 
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90-~1--
95 

95--+--
100 

100-----l--
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PIG. 10.16 

and there will be no obstruction at other points execpt for the range CD. 

3. Tracing of Contour Gradients and Location of Route 

A contour plan is very much useful in locating the route of a highway, railway, 

canal or any other communication line. 

Let it be required to locate a route, from 
A to B at an upward gradient of I in 
25 (Fig'. 10. 17). 

The contours are at an interval of 
1 metre. The horizontal equivalent will 
therefore be equal to 25 metres. With 
A as centre and with a radius represenling 
25 metres (to the same scale as that of 
the contour plan) draw an arc to cut 
the 100 m contour in a. Similarly, with 
a as centre, cut the 101 m contour in 

b. Similarly, other points such as c, d, 
e .... ,B may be obtained and joined by 
a line (shown dotted). The route is made 

to follow this line as closely as possible. 

4. Measurement of Drainage Areas 

99 m 

PIG. 10.17 

A drainage area for a given point in a stream or river can be defined as the area 

that forms the source of all water that passes that point. A contour plan may be used 

'<" 
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to trace that line separating the basin from the rest of the area. The line that marks 

the limits of drainage area has the following characteristics : 

(1) I~ passes through every ridge or saddle that divides the drainage area from other 

areas. 

(2) It often follows the ridges. 

(3) It is always peipjlndicular to the contour lines. 

Such a line is also known as the water-shed line. Fig 10.18 shows the drainage 

area enclosed by a line shown by dot and dash. The area contained in a drainage basin 

can be measured with a planimeter (see Chapter 12). The area shown by hatched lines 

gives an idea about the extent of the reservoir having a water level of 100 metres . 

S. Calculation of Reservoir capacity 

The contour plan may be used to calculate the capacity of a reservoir. For example, 

let it be required to calculate the capacity of reservoir shown in Fig. 10.18, having water 

PIG. 10.18. 
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elevation of 100.00 metres. The area enclosed in 100, 90, 80 ...... contours may be measured 

by a planimeter. The volume of water between 100 m and 90 m contour will then be 

equal to the average areas of the two contours multiplied by the contour interval. Similarly, 

the volume between the other two successive contours can be calculated. The total volume 

will then be equal to the sum of the volumes between the successive contours. 

Thus, if A1, A2 , ......... , An are the areas enclosed by various contours and h is 

contour interval, the reservoir capacity will be given by 

and 

. V =~~(A,+ A,) by trapezoidal formula 

V = l: ~ (A 1 + 4A, +A,) by primoidal formula 

For detailed study, reference may be. made to Chapter 13 on calculation of Volumes. 

6. Intersection or Surfaces and Measurement or Earth Work: See Chapter 13. 

PROBLEMS 
.•' 

1. Describe various methods of contouring. Discuss the ,.~erits and demerits of each. 

2. Describe with the help of sketches the characteristics of contours. 

3. What is grade contour 1 How will you locate it (a) on the ground, (b) on Ill.:. map. 

4. Explain, witlt sketches, the t!Ses of con_tp,ur maps. 

5. Discuss various methods of intcrploating the contours. 

~~' 

"' 

[(m 
Plane Table Surveying 

11.1. GENERAL: ACCESSORIES 

Plane tabling is a graphical method of survey in which the field observations and. 

plotting proceed simultaneously. It is means of making a manuscript map in the field while 

the ground can be seen by the topographer aod without intermediate steps of recording 

aod rranscribing field notes. It can be used to tie topcgrapby by. existing control and to 

carry its own control systems by triangulation or traverse and by lines of levels. 

Instruments used 

The following instuments are used in plane table survey 

I. The plane table with levelling bead having arrangements for (a) levelling, 

(b) rotation about vertical axis, and (c) clamping in any required position. 

2. Alidade for sighting 
3. Plumbing fork and plumb bob. 

4. Spirit level. 
5. Compass. 
6. Drawing paper with a rainproof cover. 

1. The Plane Table 

Three distinct types of tables (board and tripod) having devices for levelling the plane 

table and conrrolling its orientation are in common use : 

(z) the Traverse Table, (iz) the Johnson Table and (iii) the Coast Survey Table. 

The Traverse Table : The traverse table consists of a small drawing hoard mounted 

on a light tripod in such a way that the board can be rotated about the vertical axis 

and can be clamped in any position. The table is levelled by adjusting tripod legs, usually 

by eye-estimation. 

Johnson Table (Fig. 11.2) : This consists of a drawing bo.ard usually 45 x 60 em 

or 60 x 75 em. The bead consists of a ball-and-socket joint and a vertical spindle with 

two thumb screws on the underside. The ball-and-socket joint is operated by the upper 

thumb screw. When the upper screw is free, the table may be tilted about the ball-and-socket 

for levelling. The clamp is then tightened to fix the board in a horizontal position. When 

the lower screw is loosened, the table may be rotated about the vertical axis and can 

thus be oriented. 

(271) 



272 
SURVEYING 

The Coast Survey Table : This table is superior to the above two types and is 

generally used for work of high precision. The levelling of the table is done very accllrately 

with the help of the three foot screws. The table can be turned about the verucal axis 

and can be fixed in any direction very accurately with the help of a clamp and tangent 

screw. 
2. Alldade : A plane table alidade is a straight edge with some form of sighting 

device. Two types are used : (1) Plain alidade and (il) telescopic alidade. 

Plilin Alidmle. Fig. 11.3 shows the simple form and used for ordinary work. It 

generally consist of a metal· or wooden rule with two .vanes at the ends. The two vanes 

or sights are hinged to fold down on the rule when the alidade is not in use. One of 

. the vanes is provided with a narrow. slit while the other is open and carries a hair or 

thin wire. Both the slits thus provide a definite line of sight which can be made to pass 

through the object to be sighted. The alidade can be rotated about the point representing 

the instrument station on the sheet s~ that the line of sight passes through the object • to 

be sighted. A line is then drawn against the working edge (known as the fiducial edge) 

of the alidade. It is essential to have the vanes perpendicular, be the surface of the sheet. 

The alidade is not very much suitable on billy area sinc~··'the inclination of the line of 

sight is limited. A string joining the tops of the· two vanes is sometimes provided to' . use 

it when sights of considerable inclination have to be taken. 

Telescopic Alidode. (Fig. 11.4) The telescopic alidade is used when it is reqJlired 

to take inlined sights. Also the accuracy and JaDge of sights are increa.sed by its use. 

It essentially consists of a small telescope wiili a level tube and graduated arc mounted 

on horizontal axis. The horizontal axis rests on a A-frame fitted with verniers fixed in 

position in the same manner as that ·in a transit. All the parts are finally supported on 

a heavy rule, one side of which is used as the working edge along which line may he 

drawn. The inclination of the line of sight can he read on the verucal circle. The horizontal 

distance between the instrument arid the point sighted can he computed by taking stadia 

readings on the staff kept at the point. The elevation of the point can also be computed 

by using usual tacheometric relations. Sometimes, to facilitate calculation work, a Beaman 

stadia arc may be provided. as an tx.ua. Thus. rht: 

observer can very quickly and easily obtain the true 

horizontal distance from the plane table to a levelling .,.Point 

otaff placed at the point and the diffemce in elevation 

between !hem. The same geomem" principle apply to 

the alidade as to the transit, but the adjustments are 

somewhat modified in accordance with the lower degree 

of accuracy required. 

3. Plumbing Fork : The plutnbing fork (Fig. 

11.5), used in large scale work, is meant for centring 

the table over the point or station occupied by the 

plane table when the plotted position of that point is 

already known on •he sheet. Also, in the beginning 

of the work, it is meant for transferring the ground 
FIG. ILl 
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point on to the sheet so that the plotted point and the ground station are in the same 

verucal line. 
The fork lconsists of a hair pin-shaped light metal frame having arma of equal length, 

in which a plurilb-bob is suspended from the end of the lower-arm. The fitting can he 

placed with the upper arm lying on the top of the table and the lower arm below it, 

the table being centred when the plutnb-bob hangs freely over the ground mark and the 

pointed end of the upper arm··· coincides with the equivalent point on the plan. 

4. Spirit · Level : A small spirit level may be used for ascertaining if the table 

is properly level. The level may he either of the tubular variety or of the circular type, 

essentially with a flat base so that it can be laid on the table and is truly level when 

the bUbble is central. The table is levelled by placing the level on the board in two positions 

at right angles and getting the bubble central in both positions. 

S. Compass : The compass is used for orienting the plane table to magoetic north. 

The compass used with a plane table is a trough compass in which the longer sides of 

the trough are parallel and flat so tjlat either slde can he used as a ruler or laid down 

to coincide with a straight line drawn on the paper. 

6. Drawing Paper : The drawing paper used for plane tabling must be of superior 

quality so that it may have trtinimutn effect .of changes in the humidity of the atmosphere. 

The cbauges in the humidity of the atmosphere produces expansion and contraction in different 

directions and thus alter the scale and distOrt the map. To overcome this difficulty, sometimes 

two sheets are mounted with their grains at right angles and with a sheet of muslin between 

them. Single sheet must he seasoned previous of the use by exposing it alternatively to 

a damp and a dry atmosphere. For work of high precision, fibre glass sheets or paper 

backed with sheet aluminiutn are often used. 

11.2. WORKING OPERATIONS 

Three operations are needed 

(a) Fixing : Fixing the table to the tripod. 

(b) Setting : (I) Levelling the table (il) Centring (iiz) Orientation. 

(c) Sighting the points. 

Levelling. For small-scale work, levelling is done by estimation. For work of accuracy, 

an ordinary spirit level may he used. The table is levelled by placing the level on the 

board in two positions at right angles and getting the bubble central in both directions. 

For more precise work, a Johnson Table or Coast Survey Table may he used. 

Centring. The table should he so placed over the station ori the ground that the 

point plotted on the sheet corresponding to the station occupied should he exactly over 

the station on the ground. The operation is known as centring the plane table. As already 

described this is done by using a plutnbing fork. 

Orientation. Orientation is the process of putting the plane-table into some fixed direction 

so that line representing a certain direction on the plan is parallel to that direction on 

the ground. This is essential condition to be fulfilled when more than one instrument stalion 

_is ro be used. If orientaion is not done, the table will not he parallel to itself ar different 

positions resulting in an overall distortion of the map. The processes of centring and orientaion 

are dependent on .. each other ... For orientation, the table will have to he rot2ted about its 
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vertical axis, !hus disrurbing the centring. If precise work requires that the plotted poinl 

should be exactly over the ground point, repeated orienllltion and shifting of the whole 

table are necesmy. It has been shown in §11.9 that centriog is a needless refinement 

for small-scale work. 

There are twO main methods of orienting the plane !able : 

(I) Orlenllltion by means of trough compass. 

(i1) Orientaiton by means of backsighting. 

(1) Ornnlillion by trough compass. The compass, though less accurate, often proves 

a valuable adjunct in eoabliitg the rapid approximate orientation to be made prior to the 

final adjustment The plane table tal\. be oriented by compass under the following conditions: 

(a) When speed is more .·i!Jlpilitant that accuracy. 

(b) When there is no second poinl available for orienllltion. 

(c) When the traverse is so long that accumulated errors in carrying the. azimuth 

forward might be greater than orientation by compass. 

(rl) For approximate orientation prior to final adj}l'trnent 

(e) In certain resection problems. 

For orientation, the compass is so placed on the plane table that the needle flpats 

centrally, and a fine pencil line is ruled against the long side of the box. At any other 

station, where the table is to be oriented, the compass is placed against this line and 

the table is oriented by rurning it until the needle floats centrally. The table is then clamped 

in position. 

(il) Orknlillion 1Jy back sighting. Orienllltion can ·be done precisely by sighting the 

points already plotted on the sheet. Two cases may arise : 

(a) When it is possible to set the plane table on the poinl already plotted on the 

sheet by way of observation from previous station. 

(b) When it is not possible to set the plane table on the poinl. 

Case (b) presents a problem of Resection and has been dealt in § 11.6. When 

conditions are as indicated in (a), the orientation is said to be done by· back sighting. 

To orient the rable at the ne.t stanon, say B, represented on the paper by a poim 

b plotted by means of line ab drawn from a previous station A, the alidade is kept on 

the line ba and the !able is hlrned about its vertical axis in such a way that the 

line of sight passes through the ground station A. When this is achieved, the plotted 

line ab will .be coinciding with the ground line AB ( provided the centring is perfect) 

and the table will be oriented. The table is then clamped in position. 

The method is equivaleru to that einployed in azimuth traversing with the transit. 

Greater precision is obtainable than with the compass, but an error in direction of a line 

is transferred to succeeding lines. 

Sighting the points. When once the table has been set, i.e., when. levelling, ceruring · 

and orientation has been done, the points to be located are sighted through the alidade. 

·The alidade is kept pivoted about the plotted location of the instrument station and is turned 

so that the line of sight passes or bisects the signal at the point to be plotted. A ray 

.is then drawn from the instrument station along the edge of the alidade. Similarly, the 
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rays to other points to be sighted are drawn. The points are finally plotted on the corresponding 

rays either by way of intersection or by radistion as descn'bed in the following articles. 

11.3. PRECJSS" PLANE TABLE EQUIPMENT 

Modified versions of plane table equipment are now available, having (I) precise levelling 

besd (il) clamp and tangent screw for exact orientation and (ii1) telescopic alidade with 

auto-reduction stadis system. Fig ... ll.6. shows the photograph of such a table, with telescopic 

alidade by Fennel-Kassel. The telescopic alidade is equipped with diagram of Hammer-Fennel 

auto reduction system (see Chapteer 22) giving reduced horizontal disrances and difference 

of elevation directly, using Hammer-Fennel Stadia rod. In addition, the instrument is provided 

with a vertical circle of glass which can be read by a screw focusing eye-piece along 

with .the telescope. Fig 11.7 demonstrateS the field of view of the telescope as it appears 

in the case of a horizorual, ascending or aescending line of sight. 

FIG. 11.7. FIELD OF VIEW (FENNEL'S AlJTO.REDUCI10N SYSTEM) 

• 
The blade with parallel rule attachment is provided with a circular spirit level and 

a trough compass for magnetic· orienllltion. A tubular spirit level as well as the tangent 

screws are built into the pillar, assuring easy operation. 

The plane rable is locked to the levelling head by means of three screws. The levelling 

bead, is provided with clamp and tangent screw for exact oriemation. A plumbing fork 

serves precise centriog. 

8 METHODS (SYSTEMS) OF PLANE TABLING 

· Methods of plane rabling can be divided into four distinct heads : 

I. Radiation. 2. Intersection. 3. Traversing. 4. Resection. 

The jirsr two methods are generally employed for locating the derails while the orlwr 

two methods are used for locating the plane table stations. 

RADIATION 

In this method, a ray is drawn from the instrument station towards the point, the 

distance is measured between the mstrument station and. that pq_\nt, and the poinl is located 

by plotting to some scale the distance so measured. Evidently, the method is more suitable 

when the distanCes are sman (within a tape length) and one single instrument can control 

the pomts to be detailed. The method has a wider scope If the diStances are obtained 

tacheometricolly with the help of telescopic alidade (See chapter 22). 

The following steps are necessary to locate the poinls from an instrument station 

T (Fig 11.8) : 
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I. Set the table at T, level it and 

tranSfer the point on to the sheet by means 

of plumbing fork, thus getting point 1 rep­

resenting T. Clamp the table. 

2. Keep the alidade touching 1 and 

sight to A. Draw the ray along the fiducial 

edge of the alidade. Similarly, sight different 

points B. C, D, E etc., and draw the 

corresponding rays. A pin. may be i1Jserted 
at 1, and the alidade may be kepr·touching 

the pin while sighting the points. 

c 
... ,,' 

' D / ' ' ", I , 

' I / ' . ' ...... : / 
', I / 

'\ I / 

...... : 

~
. 

-·· b 

' ' 
E 

3. M~ure TA, TB, TC, TD, TE 

etc., in the field and plot their distances 

to some scale along the corresponding rays, 

thus getting a, b, c, d, e eiC. Join these 

if needed. 

a~.:c···--····· ] a I -
. . f ----- ........... _,F 

11.5. INTERSECTION FIG. 11.8. RADIATION. 
(GRAPHIC TRIANGULATION) 

Intersection is resorted to when the distance between the point and the instrument 

station is either too large or cannot be measured accurately due to W)!e nelif contittions. 

The locanon of an object IS deterrnmed by st@,jtillg at the object from two plane table 

stations (previously plotted) and diawing !lie rays. The !Diersectio!i of these rays will give 

the position of the object. Ii is therefore very essential to have at least two lDStrument 
II 

stations to locate any pornt. The distance between the two instrument stations is measured 

and plotted on the sheet to some scale. The line joining the two instrument stations is 

known as the base line. No linear measurement other than that of the base line is made. 

int of intersection of the two rays forms the vertex of a triangle having the two 

rays ~ rY:'o sides and the base !me ~ c 

the third lrne of the trtangJe. DUe to this ~ 0 
~ 

reas9n. imersection is also someumes known \ '' ~ ·----:.:: / \_ 

as gr_aphic triangulalion. \ '...... , , 

Procedure (Fig. 11.9) : The fol- \ .......... , ./, i 

lowing is the procedure to locate the \ ":( , /, ! 
, , , I I ', I \ ,' I 

pomcs by the . method of mtersect10n: ~ ,' '"/., ,""" : 
1 1 I ' I '\ I 

{1) Set the table at A, level it and : / / ;.<., ,~,.. \ : 
, I I 1 ;' ' , ' ' ' 1 

transfer the pomt A on to the sheet by \ / / / 'x' '~.. \ : 
I I I I ' ' "' \ 

way of plumbing fork. Clamp the table. \ / / / // '',, '~~' \ I 
1 I I 1 , ._ " \ L 

(2) With the help of the trough lll]• ~ I 
compass, mark !he norttr direction on the 

9 

sheet. 

_ (3) Pivoting the alidade about a, ~ a b 

sigh• it 10 B. Measure AB and p!01 it A 8 

FIG. I !.9. INTERSECfiON. 
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along the ray to get b. The base line ab is thus drawn. 

(4) Pivoting the alidade about a, sight the details C, D, E etc, and draw corresponding 

rays. 1' 

(5) Shift tlie table at B and set it there. Orient the table roughly by compass and 

finally by backsighting A. 

(6) Pivoting the alidade al;)out b, sigh! the details C, D, E etc. and draw the 

corresponding rays along the edge of the alidade to intersect with the previously drawn 

rays in c, d, e etc. The positions of the points are thus mapped by way of intersection. 

The method of intersection is mainly used for mapping details. If this is to be used 

for l<X:ating a point which will be used as subsequent plane table station, the point should 

be got by way of intersection of at least three or more rays. Triangles should be well 

conditioned and the angle of intersection of the rays should not be less -than- 45' in such 

cases. Graphic triangulation can also proceed without preliminary measurement of the base, 

as the length of the base line influences only the scale of plotting. 

11.6. TRAVERSING . ~ 
Plane table traverse involves the same principles as a transit traverse. At each successive 

station the table is set. a foresight is taken to the followin tation and its location is 

pi tted by meas • th · tan twee!Uhe"-iwo · ns as-in the radiation method described 

earlier. Hence, traversing is not much different m radiition ·a. far as working principles 

are concerned - the only difference is that in the case of radiation the observations are 

taJcen to those points which are to be detailed or I!!!IJli"'d while in the case of traversing 

the~bservations are made to those points which will subsequently be_used a5 instrument 

sta~ TIJe metlll!if1S'Widely used to lay dOwn survey lines between the Instrument stations 

of a closed or unclosed, traverse. 

Procedure. (Fig.ll.IO) 

(I} Set the table at A. Use 

plumbing fork for tranSferring A 

on to the sheet. Draw the direction 

of magnetic meridian with the 

help of trough compass. 

(2) With the alidade pivoted 

about a, sight it to B and draw 

the ray. Measure AB and scale 

off ab to some scale. Similarly, 

draw . ....a. ray towards E, measure 
AE and plot e. 

(3) Shift the table to B 

and set it. Orient the table ac­

curately by backsightingA. Clamp 

the -table. 
(4) Pivoting the alidade 

about b, sight to C. Measure BC 

and plot it on the drawn . ray . 

~
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.• b 
, , .... ·"" a 
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FIG. li.IO TRAVERSING. 
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to the same scale. Similarly, the table can be se1 at other stations and the traverse is 

completed. 
It is to be noted here that the orientation is to be done by back-sighting. If there 

are n stations in a closed traverse, the table will have to be set on at least (n- I) stations 

to know the error of closure though the traverse may be closed even by setting it on 

(n- 2) stations. At any station a portion of the traverse may be cbeclced if two or niore 

of the preceding stations are visible and are not in the same straight line with the station 

occupied. 

11.7. RESECTION 

Resection is the process· of determining the pwned position of the sralion f!ffUPied 

'ITy the pllliie table, ITy means oj·slghls taken towardS kiiOwn poznts, locations of which 

have been p/Qned. 
The method consists in drawing two rays to the two points of known location on 

the plan after the table has been oriented. The rays drawn from the unplotted location 

·of the station to the points of known location are called resectors, the intersection of which· 

gives the required location of the instrument station. If thoi.,)ible is not correctly oriented 

at the station ·io be located on the map, the intersection of the two resectors will· not 

give the! correct location of the station. The p~blem, therefore, lies ~ orie_nting table' at 

the statibns and can be solved by the followmg four methods of onentahon. 

(!) Resection after orientation by compass. 

(iz) Resection after orientation by backsigbting. 

(iil) Resection after orientation by three"j)Oint prob_lem. 

(lv) Resection after orientation by two-point _problem. 

{!) Resection after orientation by compass -. ~--------·---------·-·······-···············-·~ 
The method is utilised only for small-scale or ',, / 

rough mapping for which the relatively large errors ',,, / 

due to orienting with the compass needle would not \ / 

impair the usefulness of the map. ',, / 

The method is as foilows (Fig. 11.11). \•yb' 
(I) Let C be the instrument station to be located 

on the plan. Let A and B be two visible stations c 

which have been ploned on the sheet as a and b. 

Set the table at C and orient it with compass. Clamp 0 

the table. 
(2) Pivoting the alidade about a, draw a resector 

(ray) towarda A ; similarly, sight B from b and draw 

I 
FIG. 11.11. RESEcnON AFTER 
ORIENTATION BY COMPASS. 

a resector. The intersection of the two resectors will give c, the required point. 

(iz) Resection after orientation by backsightlng 

If the table can be oriented by backsighting along a previously ploned backsight line, 

the station can be located by the intersection of the backsight line and the resector drawn 

through another known point. The method is as follows (Fig. 11.12) : 

.,.17~1~c A. l~s..--d"}t,»'' • - j..ll. 

~~~~a:~~. \l\1#-"' ~ t ~""-' M.t.-~ 7... r v'l"c/ ~ 
1J ~~ AA[. ~.(ol. \" rr(.~ f~~ ~ et ~}.t.1 

• . . l- . .,_ 111 rAM..,;( nt-Z ,k ~"'-~ ~,..e<)· I 

PLANl! TABLE SURVEYING 
279 

(I) Let C be the station to be 

located on the plan and A and B be 

two visible poin!S which have been ploned 
on the sheet as a and b. Set the table 
at A and orient it by backsighting B 

along ab. 
EJ

A .•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•. ~ .. 
_,.,.'' 

\ , .. / 

(2) Pivoting the alidade at·a, sight 

C and draw a ray. Estimate roughly 

the position of C on this ray as c,. 
{3) Shift the table to C and centre 

it approximately with respect to c,. Keep 

the alidade on the line c 1 a and orient 

the table by back-sight to A. Clamp the 

table which bas been oriented. 

(4) Pivoting the alidade about b, 

sight B and draw the . resector bB to 

intersect the ray c1 a in c. Thus, c is 

the location of the instrument station. 

' .. 
\ / 
\ / \ _,.,· 

\ _,·' 
' ' \ / 

\ ·' 

~ 
c 

FIG. 11.12. RESEcnON AFTER ORIENTATION .BY 
BACKSIGIITING. 

Resection by Three-polnl Problem and Tw"'polnl Problem 

Of the two methods described above, the first method is rarely used as the errors 

due to local attraction etc., are inevitable. In the second method, it is necessary to set 

the table on one of the known points and draw the ray towarda the station to be located. 

In the more usual case in which no such ray bas been drawn,.· the data must consist 

of either : ·· 
A<r:·········-·-···-···-·····-·-·········-·-···-·····-···-···;~ B 

(a) Three visible points and their ploned \ ,.;t· 

positions (The three-point problem). \\ // 

(b) Two visible points and their plotted \\ ,/ _/ 

positions (The two-point problem). \ \ / / 
\ \ / , 

ll.ll. THE TIIREE-PO!NT PROBLEM \ \ / 
1 

\ '\ ,/ 

Statement. LocoJjon of the position, 
on the plan, of the station occupied by 
the plane tabk ITy means of observalions 
to three weU-defined points whose positions 
have been previously p/QUed on the plan. ' 

In other words, it is required to orient 

the table at the station with respect to three 

visible points already located on the plan. 

Let P (Fig. 11.13) be the instrument station 

and A, B, C be the points which are located 

as a. b, c respectively on the plan. The 

table. j:! said to be correctly oriented at P 

when the three resectors through a, b and 

' ' ' 
.,~ ., b I 

"\.. i / 
' . ' \ l ./ 

\ i / 
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c meet at a point aod not in a triangle. The intersection of the three resectors in a point 

gives the location of the instrumem station. Thus, in rhree-poinl problem, orienlalion and 

resecrion are accomplished in lhe some operalion. 

The following are some of the important methods available for the solution of the 

problem : 
(a) Mechanical Method (Tracing 

Paper Method) 

(b) Graphical Method 

(c) Lehmann's Method (Trial aod Error Method) 

1. MECHANICAL METHOD ,(Tl\ACING PAPER METHOD) 

The method involves the use -of, :('tracing paper aod is, therefore, also known as 

rracing paper melhod. 

Procedure (Fig. 1 1.14) 

Let A, B. C be the known points 
and a, b, c be their plotted positions. Let 
P be the position of the instrument station 

to be located on the map. 

(I) Set the table on P. Orient the 
table approximately with eye so that ab is 
parallel to AB. 

(2) Fix a tracing paper on the sheet 
aod mark on it p' as the approximate location 

of P with the help of plumbing fork. 

(3) Pivoting the alidade at p', sight A, B, 
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FIG. IL14, 

c ............ 

C in rum aod draw the corresponding lines p'a', p'b' aod p'c' on the tracing paper. These 

lines will not pass through a, b, aod c as the orientation is approximate. 

(4) Loose the tracing paper and rotate it on the drawing paper in such a way that 

the lines p'a', p'b' aod p'c' pass through a, b and c respectively. Transfer p' on to the 

sheer and represent it as p. Remove the tracing paper and join pa, pb and pc. 

(5) Keep the alidade on pa. The line of sight will not pass through A as- the oriemstion 

has not yet been corrected. To correct the oriemstion, loose the clamp aod rotate the 

plane table so that the line of sight passes through A. Clamp the table. The table is thus 

oriented. 
(6) To test the orientation, lreep the alidade along pb. If the orientation is correct, 

the line of sight will pass through B. Similarly, the line of sight will pass through C 

when the alidade is kept on pc. 

2. GRAPHICAL METHODS 

There are several graphical methods available, but the method given by Bessel is 

more suitable aod is described first 

Bessel's Graphical Solution (Fig. I 1.15) 

(I) After having set the table at station P, keep the alidade on b' a ·aod rotate the 

table so that A is bisected. Clamp the table. 

' 
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(2) Pivoting the alidade about b, sight to C and draw the ray x y along the edge 

of the alidade [Fig. 11.15 (a)]. 

(3) Keep the alidade along ab and rotate the table till B is bisected. Clamp the table. 

(4) Pivoting the alidade about a, sight to C. Draw the ray along the edge of the 

alidade to intersect the ray x y in c' [Fig. 11.15 (b)]. Join cc', 

,A 
\ 
\ 
\ 
\ 
\ 
\ 

\ 

•A 

m 

\ 
\ 
\ 

,B 
I 
I 

(b) 

(c) 

a, 
• I 

• B 

(a) 

' 
0 

/ 
/ 

p 

,,'' 

,.c 
/ 

/ 

FIG, IUS. THRI!ll-PO!Nf PROBLEM : BESSEL'S 
Ml!THOD. 

oB 

~A .i ' . \ j 

c. 

"' ; 
--- ~ 'l 

u: 
I•) 

,a 
oA 

n 

8 

·~ 

c 
m 

(c) 

FIG, 11.16 

p 

,.-c 
,l; 

, .. c 
/ 

/ 
/ 

lP 



282 SURVEYING 

(5) Keep the alidade along c' c and rotate the table till C is bisected. Clamp the 

table. The table is comctly orien!ed [Fig. 11.15 (c)]. 

(6) Pivoting the alidade about b, sight to B. Draw the ray to intersect c c' in p. 

Similarly, if alidade is pivoted about a and A is sighted, the ray will pass through p 

if the work is accurate. 

The points a, b, c' and p form a quadrilateral and all the four points lie along 

the circumference of a circle. Hence, this method is known as 'Bessel's Method of Inscribed 

Quadrilaleral'. 

In the first four steps,. the sighting for orientation was done through a and b, and 

rays were drawn through c. However, any two points may be used for sighting and the 

rays drawn towards the third point, ·which is then sighted in steps 5 and 6. 

Allernative Graphical Soludon. (Fig. 11.16) 

(1) Draw a line ae petpendlcular to ab at a. Keep the alidade along ea . and rotate 

the plane table till A is bisected. Clamp the table. With b as centre, direct the alidilde 

to sight B and draw the ray be to cut ae in e [Fig .. 1J.16 (a)]. 

(2) Similarly, draw cf perpendicular to be at c. Keep' ihe alidsde along fc and rotate 

the plane table till C is bisected. Clamp the table. 

With b as centre, direct the alidade to sight B and draw the ray bf to cut cf in 

I [Fig. 11.16 (b)J. 

(3) Join e and f. Using a set square, draw bp perpendicular to ef. Then p represents 

on the plan the position P of the table on the ground. 

(4) To orient the table, keep the alidsde along pb and rotate the plane table till 

B is bisected. To check the orientation, draw rays aA, cC, both of which should pass 

· through p. as shown in Fig. 11.16 (c). 

3. LEHMANN'S METHOD 

We have already seen that the three-point problem lies in orienting the table at the 

point occupied by the table. In this method, the orientation is done by trial and error 

and is, therefore, also known as the trial 

and e"or merhod. 

Procedure. (Refer Fig. 11.17) 

(I) Set the table at P and orient 

the table approximately so that ab is parallel 

to AB. Clamp the table. 

(2) Keep the alidade pivoted about 

a and sight A. Draw the ray. Similarly, 

draw rays from b and c towards B and 

C respectively. If the orientation is correct, 

the three rays will meet at one point If 

not, they will meet in three points forming 

one small triangle of e"or. 

(3) The triangle of error so formed 

will give the idea for the further orientation. 

• A Gma: ·:lrc!e , 
' \. . 
' ... , ~· ... --,_ / 

', .... · ...... / 

', ,,' ........ / 
', , •B \ I 

\ I I \ I 

' ... , / : ,,. 
... I I I I 

......... : : :/ 
\ I I I. 

\,1 I 

.,·~ 
...... I ~ 

.. 
'\''{--b p' 

Triangle 
of error 

p 

FIG. tl.l7. TRIANGLE OF ERROR METHOD. 
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The orientation will be correct only when the triangle of error is reduced to one point. 

To do this, choose the point p' as shown. The approximate choice of the position may 

be done witli the help of Lehmann's Rules descnbed later. 

(4) Keep the a!idade along p'a and rotate the table to sight A. Clamp the table. 

This will give next approximate orientation (but more accurate than the previous ooe). 

(5) Keep the alidsde at .. b to sight B and draw the ray. Similarly, keep the alidade 

at c and sight C. Draw the ray. These rays will again meet in one triangle, the size 

of which will be smaller than the previous triangle of error, if p' has been chosen judiciously 

keeping in the view the Wm•nn 's Rules. 

(6) Thus, by successive trial and error, the ttiangle of error can be reduced to 

a point. 
The final and correct position of the table will be such thai the rays Aa. Bb and Cc 

meet in oue single point, giving the point p. 

The whole problem, thus, involves a fair knowledge of Lehmann's Rules for the 

approximate fixation of p' so that the triangle of error may be reduced to a minimum. 

The lines joirting A. B. C (or a, b, c) form a triangle known as the Great Triangle. 

Similarly, the circle passing through A, B, C or (p, b, c) is known as the Great Circle. 

Lehmann's Rules 
(1) If the station P is outside the great ttiangle ABC: the triangle of error will 

also fall outside the great triangle and the point p' should be chosen outside the triangle 

of error. Similarly, if the station P is inside the great triangle, the triangle of error ·will 

also be inside the great triangle and the point p• shnuld be chosen inside the triangle 

of error (Fig. 11.18). · 

Ore at biangle 

• '('-.. )o • b 

c 

•-K-------/1-:::?/ 

',, ~// 

~~;:.~:t:~~lnt point "' ~ sought 

FIG. 11.18 FIG: I i.19 

(2) The point p' should be so clx>sen that its distance from the rays Aa. Bb, and 

Cc is proportional to the distance of P from A, B and C respectively. 

(3) The point p' should be so chosen that it is to the same side of all the three 

rays Aa, Bb, and Cc. Thst is, if point p' is chosen to the right of the ray Aa. 

it should also be to the right of Bb and Cc (Fig 11.19). 

Though the above rules are sufficient for the location of p', the folloWing sub-rules 

may also be useful : 

''I' l·i 
;'! 

il 
I\ ., 
~ 
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(3 a) If lhe point P is outside lhe great 

circle, lhe position of p' should be so chosen 

lhst lhe point e (got by lhe intersection of lhe 

two rays drawn to nearer points) is midway between 

lhe point p' and lhe ray to lhe most distsnt point 

(Fig. 11.19). 

(3 b) When P is outside lhe great triaogle 

but inside lhe great circle (say in one of lhe 

segments of great circle), lhe point p' must be 

so chosen lhst lhe · ray to middle point may lie 

between p' and lhe point e which is lhe intersection 

of lhe rays to lhe olher two extreme points (Fig. 

1\.20) 

Spedal Cases 

The following are few rules for special cases: 

_,.-·-·'"7.1"\:·· •.•. 
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FIG. 11.20 

(4a) If lhe positions of A, B, C aod P are such ~-P lies on or near lhe side 

of AC of lhe great triaogle, lhe point p' must be so chosen lhst it is in between lhe 

two parallel rays drawn to A aod C aod to lhe right (or to lhe same side of each of 

lhe rays) of each of lhe lhree rays to satisfy Rule 3 (Fig. 11.21). 

c 

~--- ________ ___J 

FIG. 11.21. 

• • • • • • • • 

b 

~ / /.p. 
---~---

FIG. 11.22 

(4b) If lhe point P (as in 4 a) lies on or near lhe prolonged line AC, lhe point 

p' must be chosen outside lhe parallel rays aod to lhe right of each · of lhe lhree rays 

to satisfy bolh Rules 2 and 3 (Fig. 11.22). 

(4c) If A, B and C happen to be in one straight line lhe great triaogle will be 

one straight line only and lhe great circle will be having abc as its arc lhe · radius of 

which is infinite. In such cases, lhe point p' must be so chosen lhst lhe rays drawn to 

lhe middle point is between lhe point p' aod lhe point e got by lhe intersection of lhe 

rays to lhe extreme poiut (Fig. 11.23). 

(4d) If lhe positions A, B, C aod P are such lhst P lies on lhe great circle, lhe 

point p' cannot be determined by lhree-point problem because lhree rays will intersect in 

one point even when lhe table is not at all oriented (Fig. 11.24). 
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11.9. TWO-POINT PROBLEM 
Statement. LoCIUion of the posilion on the plan, of the station oicupitd by the 

plane table by means of observlllions to two weU defined poinls whose positions have 

been previously plDtted on the plan. " 
Let . us take two points A aod B, lhe plotted positions of which are known. Let 

C be lhe point to be plotted. The whole problem is to. orient lhe table at C. 

Proc:edure. Refer Fig. 11.25 
(I) Choose ao auxiliary point D near C, to assist lhe orientation at C. Set lhe table 

at D in such a way lhst ab is approximately parallel to AB (eilher by compass or by 

eye judgment). Clamp lhe table. 
(2) Keep lhe alidade at a and sight A. Draw lhe resector. Similarly, draw a resector 

from b aod B to intersect lhe previous one in d. The position of d is lhus got, lhe 

degree of accuracy of which depends upon lhe approxintation lhst has been made in keeping 

ab parallel to AB. Transfer lhe point d to lhe ground aod drive a peg . 

. (3) Keep lhe alidade at d and sight C. Draw lhe ray. Mark a point c, on lhe 

ray by estimation to ·represent lhe distsnce DC. 
(4) Shift the table to C, orient it (teutatively) by taking backsight to D aod centre 

it with reference to c1• The orientation is, thus, t.he same as it was at D. 

A 
~ B .... ', -----;\ 

... / ' ... / ' ... / ' ... / ' ' / \ ......... / \ ... / ' 
)< ' 

/ ... ' 
/ ..... \ 

~ ...... \ 

~ ~---:--------~ 
0 c ; 

FIG. 11.25. TWO·POINf PROBLEM. 
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(5) Keep the alidade pivoted at a and sight it 10 A, Draw the ray 10 intersecr 
with the previously drawn ray from D in c. Thus, c is the poinl representing the sration 
C, with reference ro the approximate orieoration made ar D. 

(6) Pivoting the alidade about c, sight B. Draw the ray ro iorersecr with the ray 
drawn from D to B in b'. Thus b' is the approximate represeoration of B with respecr 
10 the orieoration made at D. · 

(7) The angle berween ab and ab' is the error in orientation and must be corrected 

for. In order that ab and ab' may coincide (or may become parallel) keep a pole P in 
line with ab' and ar a great disrance. Keeping the alidade along ab, rorare the rable till 
P is bisected. Clamp the · rable. The rable is thus correcdy oriented. 

(8) After having oriented.· ~/ lable as above, draw a resec10r from a 10 A and 
another from b to B, the inlersection· of which will give the position C occupied by the 
rable. , 

It is 10 be noted here that unless the point P is chosen infinilely disr8nr, ab, and 
ab' cannot be made parallel. Since the disrance of P from C is limited due 10 other considerations, 
rwo-poinl problem does nor give much accurate resulls. ·,,/it the same time, more lBbour 
is involved because the rable is also 10 be set on one more sration to assist the orienration. 

Alternative Solution of Two-point Problem (Fig. 11.26) · 

(I) Select an auxiliary point D ver/ near to B and orient the rable there by estimation 
(making ba approximately parallel 10 BA). 
If D is chosen in the line BA, orientation 
can be done accurately. 

(2) With b as centre, sight B and 
draw a ray Bb. Measure the disraoce BD 
and plot the poinl d to the same scale 10 
which a and b have been; previously plotted. 
Since the disraoce BD iS small, any small 
error in orientation will nor have appreciable 
effect on the location of d' The dotte<J lines 
show the first position of plane rable with 
approximare orienration. 

(3) Keep the alidade along da and 
rorare the rable .10 sight A, for orientation. 
Clamp the rable. The finn lines show the 
second position with correct orientation. 

(4) With d as centre, draw a ray 
towards C, the point to be acmally occupied 
by the plane rable. 

(S) Shift the rable 10 C and orieoc 
it by backsighting 10 D. 

(6) Draw a ray 10 A through a, in­
rersecting the ray de in c. Check the orienration 

c ·~· r. . i \ 
I . \ 

I I · 
I i \ . . \ 

I I · 
I . ' . I \ 

I j . 
I . ' . I \ 

I I. . 
I . \ 
. I \ I . . 

B ( --- ------·"' \ 

'·, \ ~ : ___-,.,\ • I I ' ,. ' / ,..\ . I , .. "' _..,... 
. ," .,..../ 

D '· ......... 
b w•• •• <:,::.. -• 

_. a j' 
d ~~-------- ~ 

FIG. 11.26. TWQ-POINT PROBLEM. 
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by sighting B through b. The ray Bb should pass through c if the orientation is correct. 

11 shor#d be · noled lhol the twa-point resection and three point reseaion give bath 

an orientatidiJ. as weU as fixing. 

11.10. ERRORS IN PLANE TABLING 
The degree of precision 10 be attained in plane rabling depends upon the character 

of the survey, the quality of the instrument, the system adopted and upon the degree 10 
which accuracy is deliberately sacrificed for speed. The various sources of errors may be 

classified as : 
1. Instrumental Errors : Errors doe to bad qoality of the instrument. This includes 

all errors descn'bed for theodolite, if telescopic alidade is used. 

2. Errors or plotting. 
3. Error due to manipulation and sighting. These include 

(a) Non-horizontality of board. 

(b) Defective sighting. 
(c) Defective orientation. 
(d) Movement of board berween sights. 
(e) Defective or inaccurate centring. 

(a) Non-horiVJII/IIlily of board · ·., 
The effect of non-horizontality of board is more severe when the difference in elevation 

heiWeeri the poinls sighted is more. 

(b) Defecli¥e sighting 
The accuracy of plane rable mapping depends largely upon the precision with which 

points are sighted. The plain alidade with open sight is much inferior 10 the telescopic 

alidade in the definition of the line of sight. 

(c) Defecli¥e orien/111ion 
Orieoration done with compass is uoceliable, as there is every possibility of local 

attraction. Erroneous orieoration contribute 10wards dis10rtion of the survey. This orieoration 
should be checked at as mu.ny sta~nrLc: as possible hy g!ghring distant prominent objects 

already plotted. 
(d) Movemerrl of board between sights 
Due to carelessness of the observer, the rable may be disturbed between any two 

sights resulting in the disrorbaoce of orientation. To reduce the possibility of such movement, 
the clamp should be finuly applied. It is always advisable 10 check the orienration at the 

end of the observation from a sration. 

. (e) Inaccurate centring 
It is very essential 10 have a proper conception of the extent of error introduced 

by inaccurate centring, as it avoids uooecessary waste of time in setting up the rable by 

repeated trials. 
Let p be the plotted position of P (Fig. 11.27), while the position of exact centring 

should have been p', so that linear error in centring is ~ e ~ pp' and the angular error 

in centring is APB - apb ~ (a + ~). 
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FIG. 11.27. ERROR DUE TO WRONG;•cBNTIUNG. 

Drop perpendiculars from p' to ap and bp at f and g respectively. 

Then p'f = AP sii!. a. p'g = BP sii!. ~ 

SURVEYING 

".(I) 

Now 
'I • 

siiJ. a. = ~P "a.. as a. is sDjllll and siiJ. ~ = ~~ " ~. as ~ is small. 

Let us find out the error in the plotting of a and b. Let us say that a • and b • 

are the positions of A and B for correct centting. Then the error in the position of A 

and B will be aa • and bb • respectively. 

aa• =pa. a =pa. ~~ and bb' =pb. ~ =pb. ~~ ".(2) 

Let p'f = p'g = e metres and s = fractional scale (R.F.) 

Then pa = PA. s and pb = PB. s 
Heoq: from (2), 

aa• = s. PA. ~;, s. e metres and bb' = s. PB. ;B = s. e metres. 

Hence, we 
mm as the unit 

find that the displacement of the points is es metres. If we take 0.25 
of precision in plotting, 

Thus, 

= 

e. s = aa' = bb' = 0.00025 metre 

0.00025 metre 
e= -.- ".(3) 

less than °·00025 
metre. s we have got an expression that the value of e should be 

Centting must be performed 
metre, s = 1/100. 

with care in large scale work. For a scale of 1 em 

~ 
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e= 0j~ =0.025 m =2.5 em 

which shows I that for large scale work (such as I em to I metre), the maximum value 

of e = 2.5 em only and centring should be done carefully. 

Let us take the case of small scale work also, such as I em = 20 metres. 

l·· 
s=--

2000 

e = ~·= = 0.5 m = 50 em. 

This shows that for such small scales, we can have the position of the ground points 

within the limits of the board . 
Example 11.1. In setting up the plone table at a station P the corresponding point 

on the pion . was not accurately centred above P. If the displacement of P was 30 em 
in a direction at right angles to the ray, how much on the pion would be the consequent 

displacement of a point from its true position. if. 
(i) scale is : I em = 100 m (i<) scale is : I em = 2 metres. 

Solution. 
Ca<r (<) Oil'= e. s metres 

Scale : I em= 100 m .. s=-1-
10,000 

.. oo' =e. s = 30 x 1~ em = 0.03 m.m (negligible) 

Case (u) Scale : I em == 2 m ; .. s =-1-
200 

.. oo'= e s = :~ = 1.5 mm (large). 

11.11. ADVANTAGES AND DISADVANTAGES OF PLANETABLlNG 

Adnntages 
(I) The plan is drawn by the out-door surveyor himself while the country is before 

his eyes, and therefore, there is no possibility of omitting the necessary measureruents. 

(2) The surveyor can compare plotted work with the actual features of the area. 

(3) Since the area is in view. contour and irregular objects may be represented accurately. 

(4) Direct measurements may be almost .entirely dispensed with, as the linear and 

angular dimensions are both to be obtaiped by graphial means. 
(5) Notes of measurements are seldom required and the possibility of mislal<es in 

booking is eliminated. 
(6) It is particularly useful in magoetic areas where compass may not be used. 

(7) It is simple aod hence cbesper than the theodolite or any other type of survey. 

(8) It is most suitable for small scale maps. 
(9) No great skill is required to produce a satisfactory map and the work may be 

entrUSted to a subordinate. 
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Disadvantages 

(I) Since ootes of measurements are not recorded, it is a great 

the map is required to be reproduced to some different scale. 
inconvenienc.:e if 

lost. 

(2) The plane tabling is not in!ended for very accurate work . 

. (3) It is essentially a ttopical instrumen!. 

(4) It is most inconvenien! in rainy season and in wet climate. 

(5) Due to heavyness, iE is inconvenient to transport, 

(6) Since there are. so many accessories, there is every likelihood 

PROBLEMS 

of these being 

I. (a). Discuss lhe advantages and disadvantages of plane table surveying over other methods. 

(b) Explain with sketcbfs. the following methods of locating a point by plane_ table survey. 

Also discuss the relative merits and application of tbe foUowing methods : 

(l) Radiatioo. (ii) Intersection 

(iii) Resection. .. ·; (A.M.I.E.) 

2. Describe briefly the use of various iccessories of a' pJane table. 

3. Diseuss with sl:etcbes, the various methods of orienting lhe plane table. 

4. (a) A plane rable survey is to be carried out at a scale of I : 5000. Show that at 4' 

this scale, accurate centring of the plane table over dle survey station is DOt necessary. What error 

would be caused in position on a map if lhe point is 45 em out of the vertical lhrougb the station? 

(b) Define three-point problem and show how it may be solved by tracing paper method. 

5. Describe, with lhe help of sketches, Lehmann's Rules. 

6. What is two-point problem ? How is it solved ? 

7. Wbat is three-point problem ? How is it solved by m Bessel's method (i1) Triangle of 

error melhod. 

8. What are the different sources of errors in plane tabling ? How are they eliminated ? 

9. (a) Describe lhe inethod of orienting plane table by backsighting. 

(b) Distinguish between 'resection' and 'intersection' methods as applied to plane rable surveying. 

(c) How does plane table survey compare with chain surveying in point of accur.icy and expediency? 

(A.M.J.E.) 

10. (a) Compare tha advantages aod disadvantages of plane !able surveying with those of chain 

surveying. 

(b) State three-point problem in plane tabling aod describe its solution by trial method giving 

the rules which you will follow in esrimaling the position of lhe point SOUght. (A.M. I.E.). 

@] 

Calculation of Area 

12.1. GENERAL 

One of the primary objects of land surveying is to determine the area of the tract 

surveyed and to determine the quantities of earthwork. The area of land in plane surveying 

means the area as projected on a horizontal plane. The units of measurements of area 

in English units are sq. ft or acres, while in metric units, the units are sq. metres or 

hectares. The following table gives the relation between the two systems. 

TABLE 12.1. BRITISH VNITS OF SQUARE MEASURE WITH METRIC EQUIVALI!NTS 

Sq. mih AtrtS Square clwim Sq. polts OT· Square yards Square Jeer Square links Merrie j 
Pen:hes Equiva/e,us 1 

I 640 6,400 102.400 3.097.000 - - 258.99 ha I 

I 10 160 4.840 43,560 100,000 0.40467 ha I 

I 16 484 4,356 10.000 404.67 m2 

I 30.25 272.25 625 25.29 m2 

1 9 20.7 0.836 m1 

1 2.3 929 m2 

I 404.67 cm2 

Note. The sWldard of square measure is the Acre. 

TABLE 12.1 (a) METRIC VNITS OF SQUARE MEASURE W1T1I BRITISH EQUIVALI!NTS 
-

-

SqUllrt kilometre H<ctam AT< (a) Sq. marts 

(tm'J (/r4) (m'J 

I 100 10.000 1.000.000 

I 100 10,000 

I 100 

1 

Note. The standard of square measure is the Are. 
(291) 

Sq. tentinutres British 

(<m'l Equiva/e~ts 

- 0.3861 sq. mile 

- 2.4710 acres I 

1,000.000 1076.4 sq. ft. 
I 

10.000 10.764 sq. ft. I 

I 0.155 sq. ft. J 
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12.2. GENERAL METHODS OF DETERMINING AREAS 

The following are the general methods of calculating areas: 

1. By computaJions based directly on field measurements 

These include : 
(a) By dividing the area into a number of triangles 
(b) By offsets to base line 
(c) By latitudes and departures : 

(i) By double meridian distance (D.M.D. method) 
(il) By double parallel distance (D.P.D. method) 

(d) By co-ordinates. 
2. By computaJion based.· ~n ''fneosurements scakd from a map. ' . 
3. By meclwnical method : Usually by means of a planimeter. 

12.3. AREAS COMPUTED BY SUB-DIVlSlON lNTO TRIANGLES 

In this method, the area is divided into a 
number of triangles, and the area of each triangle 
is calculated. The total area of the tract will then 
be equal to the sum of areas of individual triangles. 
Fig. 12.1 shows an area divided into several triangles. 
For field work, a transit may be set up at 0, and 
the lengths and directions of each of the lines OA, 
OB ..... el!:. may be measured. The area of each triailgle 
can then be computed. In addition, the sides AB, 
BC .. ... etc. can also be measured and a check may 
be applied by calculating the area from the three 
known sides of a triangle. ThU&, if two sides and 
one included angle of a triangle is measured, the 
area of the triangle is given by 

where s =half perimeter = i (a + b + c). 

D 

AG. 12.1 

SURVEYJNG 

c 

8 

The method is suitable only for work of small nature where the determination of 
the closing error of the figure is not imporrant, and hence the computation of latitudes 
and departure is unnecessary. The accuracy of the field work, in such cases, may be determined 
by measuring the diagoual in the field and comparing its length to the computed length. 

@AREAS FROM OFFSETS TO A BASE LINE: OFFSETS AT REGULAR lNTERV ALS 

· This method is, suitable for long narrow strips of land. The offsets are measured 
from the boundary .{o the base line or a survey line at regular intervals. The method 
can also ·j)e applied to a plotted plan from which the offsets to a line can be scaled· 
off. The area may be calculated by the following rules : 

CALCULATION OF AREA 

(z) Mid-ordinate rule ; (ii) 
(iiz) Trapezoidal rule ; (iv) 
(1) MiD-ORDINATE RULE (Fig 12.1) 
~ 

The method is used with the 

Average ordinate rule 
Simpson's one-third rule. 
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assumption that the boundaries be­
tween the extrentities of the or!iinates 
(or offsets) are straigltt lines. The 
base line is divided into a number 

o, 

of divisions and the ordinates . are i 1 '\t ' 
o, 

I·' 

lo, ,o, ~ 
measured at the ntid-points ~f each ~ · .· _ ~ • 

r 4 n 
d->1 8 

division, as illustrated in Fig: 12.2. ------~ L=nd 

The area is calculated by the 
AG. 12.2 

formula 
Area = /!. = Average ordinate x Length of base 

0,+0,+0,+ ...... +On J• ~ = "-"'-\0, + Oz + O, + .... +On) d = d EO ... (12.3) 
n . 

where o, 0, ... = the ordinates at the ntid-points of each division 
EO = sum of the mid-ordinates ; n = number of divisions 
. L =length of base line = nd ; d =distance of each division 

(2) AVE~g~2.3) 
This rule also assumes that the boundaries between the extrentities of the ordinates 

are straight lines. The offsets are measured to each of the points of the divisions of the 

base line. 
The area is given by /!. = Average ordinate x Lengt!!__of the b>§e 

=[ Oo+ 0, ...... + On]L =-L-EO J(@ ... (12.4) 
.•.. n+1 (n+l) · 

where Oo = ordinate at one end 'of fue base. 
On= or~t.e at the other end of the base divided into n equal divisions 

o .. 0, .... = ordinates at the end of each division. 

(3) ~(1'1g.12.3) 
This rule is based on the as­

sumption that the figures are trape­
zoids. The rule is more accurate than 
the previous two rules which are ap­
proximate versions of the trapezoidal 
rule. 

Referring to Fig. 12.3, the area 

o, o, 
-- .. 

o, o, o, 

2 3 4 

I o, 

n 

of the first trapezoid is given by \4---d •I• d----+1 o, + o, L=niCI--------->1 

1!.,=--2-d 
FIG. 12.3 
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Similarly, the area of the second trapezoid is 

Area of the last trapezoid (nth) is given by 

On- L +On 
<1n-

2 
d 

given by , _ O, + o, uz- --d 
2 

Hence the total area of the figure is given by 
Oo+O, 0 1 +-0, 0,_, +0, 

t.= .1, +<1, + ....... t., =--2-d+--2-d+ ..... + 2 d 

or ~~+;+ .... +o,.y):i} ... (12.5) 

Equation (12.5) gives the ·trapezoidal rule wbich may be expressed as below : 

Add the qyemre of the end offsets to the sum of the jnlermemqle nfl<ets. M!!!!!I!JY 
the I<Wll sum thus ob/llined by tKi common dUtance between the ordinates. io get the 
requjrsd «tel!:_ 

G 
(4) SIMPSON'S ONE-THIRD RULE . F -----------· ------~hort lengths 
of boundary between the ordinates are parabolic 
arcs. This method is more useful when the bound­
ary line departs considerably from the straight 
line. 

E •• ----~ T .::-.>IC 

oL<:---------------·ifi·-----------

Thus, in Fig. 12.4, the area between the 10, 
o, o, 

line AB and the curve DFC may be considered 
to be equal to the area of the trapezoid ABCD 
plus the area of the segment betw<\'n the parabolic A 

1 a 
arc DFC and the. corresponding chord DC. d d __ _.., 

Let 00 , 0 1 , 0 2 = any three consecutive 
ordinates taken at regular interval of d. 

Through F, draw a line EG parallel to 
and G. 

FIG. 12.4 

the chord DG to cut the ordinates in E 

. Oo+Oz 
Area of trapeemd ABCD = -

2
- · 2d ... (1) 

To calculate the area of the segment of the curve, we will utilize the property of 
the parabola that area of a segment (such as DFC) is equal to two-third the area of the 
enclosing parallelogram (such as CDEG): 

2 2([ Oo+O,l II 
Thus, area of segment DFC = 3 (FH x AB) = 3 , o, - -

2
- 2d, ... (2) 

Adding (I) and (2), we get the required area (8..,) of first two intervals. Thus, 

Oo+Oz 21[ Oo+O'll d <1,,,=-
2
-·2d+ 3 ,.o,--

2
- 2d = 3 (0o+40,+0z) ... (3) 

Similarly, the area of next two intervals (<11.4) is given by 

~· 

.,-
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d 
.1,,, ~3 (0, + 40, + 0.) 

Area cif the last two intervals (8, _ " <1,) 

... (4\ 

is given by 

d o,. I..= 3 (0,., + 40n-l + 0,) 
... (5) 

Adding all these to get the total area (<1), we get 

d <1 = 3 [Oo + 40, + 20, +40, ...... + 20n-1 + 40, -I+ 0,] 

or ~ + 0,) + 4 (9.L+ a;!+ ... + o...a + 2 (0, + D,t.+ ... 0,-tlQ ... (12.6) 

It is clear that the rule is applicable only when the number of divisions of the 

area is even i.e., the total number of ordinates is odd. If there is an odd number of 
divisions (resulting in even number of ordinates), the area of the last division mllSt be 

calcnlated separately, and added to equation 12.6. 
Simpson's one third rule may be stated as follows : Tht area is equal to the sum 

of the two end ordinates plus our liiMs um intermediJJie orditwJes 
+ twtce t e sum o t e odd. i rmediate ordinates the whole mu · · d bv one-third 

the common interval between them. 
Comparison of Rules. The results obtained by the use of Simpson's rule are in 

all cases the more accurate. The results obtained b using ·Simpson's rule ,are ter or 
smaller than those obtained by using the trapezoidal rule accordin as the curve of the 
bo~ndary is ''!!!"~ or convex tow~ the base line. In dealing with irregularly shaped 
figures, the degreeof precision of either mpllod can be increased by increaSing the number 

of ordinates. 
......E(ample 12.1. The follawing perpendicular offsets were taken at 10 metres imervals 

from a survey line to an irregular boundary line : 
3.2?. 5.60, 4.W. 6.65, 8.75, 6.20. 3.;15 4.2o. 5.6;5. 

Ca/culare the area enclosed between the survey line, the irregular bowulary line. 
and 1he firsi aJUi /iJsl offsets, by tile app/icalion of (a) average ordinate rule. (b) trapezoidal 

nde, and (c) Simpson's rule. 
Solution. 
(a) By average ordinate rule 

From equation 12.4 (a), we have <1 = _L_ EO 
n+l 

Here n = number of divisions = 8 ; n + I = number of ordinates= 8 + I = 9 

L= Length of base= 10 x 8 = 80 m 
l:O = 3.25 + 5.60 + 4.20 + 6.65 + 8.75 + 6.20 + 3.25 + 4.20 + 5.65 = 47.75 m 

80 6 = 9 x 47.75 = 424.44 sq.metres = 4.2444 ares. 

(b) By trapewidal nde 
. .. ( Oo+O, "j 

From Eq. 12.5, tJ. = l--
2

- + o, + o, + ... + o,-' 1 d 
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H d 0 
Oo+ 0, 3.25 + 5.65 

5 ere =I m; -
2
-= 

2
_ 4.4 m 

01 + 0, .... 0,- 1 = 5.60 + 4.20 + 6.65 + 8. 75 + 6.20 + 3.25 + 4.20 = 38.85 m 

1!. = (4.45 + 38.85) 10-= 433 sq. metres = 4.33 ares. 

(c) By Simpson's nde 
d 

From Eq. 12.6, 1!. = 3 [(Oo + O,) + 4 (01 + o, + .... + o,_ 1) + 2 (0, + o ...... + o,_ :i)) 
Here d = 10 m ; 00 + o, = 3.25 + 5.65 = 8.9 m 

4 (01 + o, + ... _.o;-1>;, 4 (5."~o + 6.65 + 6.20 + 90> =.90.60 

2 co,+ O.+ .... o,_2),;·z(4.:iO·+ 8.75 +3.25)= 32.40. 

:. 1!. = 1
3
° (8.9 ~ 90.60 + 32.40) = 439.67 sq. metres = 4.3967 ares. 

~pie 12.2. A series of offsets were taken from a chain line to a curved boundary 

line al intervals of I ~es in the following order. ' 

o. 2 .65, 3.80, 3:75, 4.'65, 3.60, 4.95, 5.85 m- . 

Compwe the area between the chain line, the cuJ;.;d boundary and the end- offsets 
by (a) average ordinate rule, (b) trape2oidal rule, and (c) Simpson's nde. 

Solution. 

(a) By average ordinate nde 

From Eq. 12.4 (a), we have 1!. = _!:_! :W 
n+ 

Hence 

(b) By 

n=7; n+l=S. 

L = nd = 7 x 15 = lOS m 

:W = 0 + 2.65 + 3.80 + 3.75 + 4.65 + 3.60 + 4.95 + 5.85 = 29.25 m 

105 
1!. = 8 x 29.25 = 383.91 sq. m = 3.8391 ares. 

lrflpewidol rule 

0 (Oo~Oo l From equaaon 12.5 1!.= -
2
-+0I+O,+ .... O,-t d 

H d = 
15 

, Oo + 0, 0 + 5.85 = 2 925 ere . m, 
2 2 

. m 

o1 + o, + .... o.-1 = 2.65 + 3.8o + 3.75 + 4.65 + 3.60 + 4.95 = 23.40 

:. 1!. = (2.925 + 23.40) 15 = 394.87 sq. m = 3.9487 ares, 

(c) By Simpson's rule · 

From equation 12.6, 1!. =~ [(Oo+ 0,) + 4 (01 + 0 3 + ... On-1) +2(0,+ 0.+ ... On-2)] 

. d IS 
Here, -=-=5 m. 

3 3 
It will he seen that the Simpson's rule is not directly applicable here since the number 

of ordinates (n) is even. However, the area between the first and seventh offsets may 

,f 
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he calculated by Simpson's rule, and the area enclosed between the seventh and last offseiS 

may he found by the trapezoidal rule. 
Thus,; (00 + 0,) = 0 + 4.95 = 4.95 

4 (01 + o, + ... o.-1> = 4 (2.65 + 3.75 + 3.60) = 40 

2 (0, + o. + ... 0.- 2) = 2 (3.80 + 4.65) = 16.90 

1!.' = 5"(4.95 + 40 + 16.90) = 309.25 sq. m. 

Area of the last trapezoid= (4.95 + 5.85) 'i = 81.0 sq. m. 

Total area= 309.25 + 81.0 = 390.25 sq. m = 3.9025 ares. 

12.5. OFFSETS AT IRREGULAR INTERVALS 

(a) First Method (Fig. 12.5) 

In this method, the area of each trapezoid 

is calculated Separately and then added together 
to calculate the tbtal aiea. Thus, from Fig. 
12.5, IO, o, 

3 
4 

o, o, 

5 

o, 

dl 0 d, 0, ) 
1!.=2(01+ ,)+2( +O, 

A B 
to-d,-4!+--d2 Ill <1,---oJ+-d,~ 

to 

+ d, (0, + 0,) 
2 

... (12.7) 
AG. 12.5 

By method of co-ordinates : See § 12.7 (b) Second Method. 
Example 12.3. The following perpendicular offsets were taken from a chain line 

an irregular boundary : \ 
', 42 60 75m 

Chainage 0 10 25 

Offset 15.5 26.2 J 31.8 25.6 29.0 31.5 

Colculate the area berween the chain line, the boundary and the end offsets. 

Solution. 

Area of fust 

Area of second 

10-0 ' 
u:aP"wid = 1!.,1 = .,, (15.5 + 26.2) = 208.5 m

2 

25'-10 
trapezoid= 1!., = -- (26.2 + 31.8) = 435 m' 

0 2 

·- f tlti d 'd 42- 25 2 ,. •• o r trapezOl = 1!.3 = -
2
- (31.8 + 25.6) = 487.9 m 

60-42 
Area of fourth trapezoid= 1!.4 = -

2
- (25.6 + 29.0) = 491.4 m

2 

' . 75-60 
Area of fifth trapezotd = 1!., = -

2
- (29.0 + 3LS) = 453.7 m

2 

Total area=l!.=l!.l+l!.,+l!.,+l!.<+l!.s 

= 208.5 + 435 + 487.9 + 491.4 + 453.7 

= 2076.5 m' = 20.765 ares. 
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~pie 12.4 •. The-following -perpendicular offsets tw re. taken from .. a chai··. ·n line to 

ahedge: 1 -,_· 1 ~ ~· 1 ;:7·· \. 
ChairuJge (m) .<() .. =,IS . --30 45 ~, 0 ' 80 . 100..-..1.120 14Q 

.. . I 

Offsets (m) ~- . 85 10.7 12.8 !~-4.. .9.} _ , :!_. 7.9 :; 6~{. ' 4.! __ 

Calculate the area between the survey bne, the hedge and the e ·o e -- (~) 

Trapezoidal rule (b) Simpson's rule. -·- ( 8 -s- \ c: ~-\-

Solution 
~ ( ':l ~ ) .}-

(a) By Trapezoidal role 

The interval is constant .from first offset to 5th offset. There is another interval between 

the 5th and 7th offset and. a third interval between 7th offset and lOth offset. The total 

area t> can, therefore, be divided into three sections. 

d=&,+A,+&, 
2£( ._ 

where a,= area of first section ·; A2 =area of second section 

&, =area of third seetion ; d, =interval for first Section = 15 m 

d, =interval for second section= 10 m ; d3 =..imerval for third section = :10 m 

( 
7.60 + 10.6 ';'). -

Now &1 = + 8.5 + 10.7 + 12.8 15 = 616.3 m' 
2. 

(
10.6+8.3 ) ' 

&, = + 9.5 110 = 189.5 m 
2 ) 

( 
8.3 + 4.4 . ) ' 

&3 = 2 
+7.9+6.4 20=413m 

a= 616.5 + 189.5 + 413 = 1219 m' = 12.19 ares. 

(b) By Simpson's Rule 

The first section and the second section have odd number of ordinates, and therefore. 

Simpson's rule is directly applicable. The third section has 4 ordinates (even number) : 

the rule is applicable for the first three ordinates only : 

&1 = ~5 [(7:·60 + 10.6) + 4 (8.5 + 12.8) + 2 (10.7)] = 624 m' 

&2 = 
1~ [(10.6 + 8.3) + 4 (9.5)] = 189.7 m' 

a,= ;o [(8.3 + 6.4) + 4 (7;9)1 ; ~ (6.4 + 4.4) 

= 308.6 + 108 = 416.6 m' 

&=624+189.7+416.6 =1230.3m'=12.303 ares. 

12.6. AREA BY DOUBLE MERIDIAN DISTANCES 

This method is the one most often usOd for computing the area of a closed traverse. 

This method is known as D.M.D. method. To calculate the area by this method, the latitudes 

and departures of each line of the traverse are calculated. The traverse is then balanced. 

A reference meridian is then assumed to pass through the most westerly station of the 

traverse and the double meridian distances of the lines are computed. 

.... 

CALCULATION OF AREA 

MERIDIAN DISfANCES 

~ce of any point in 

a traverse is the distance of that point to ihe 

reference meridian. measured at right angles to 

the meridian. 'lhe meridian distance of a survey 

line is defined as the meridian distance of its 

mid-point. The meridian diiiance (abbreviated 

as M.D.) is also sometimes called as the longitude. 

Thus. in Fig 12.6, if the reference meridian 

is chosen through the most westerly station A, 

the meridian distance (represented by symbol 

m) of the line AB will be equal to half its 

departure. The meridian distance of the second 

line BC will be given by 

third 

D, D1 
m-.=m1+-+-

• 2 2 

Similarly, the meridian distanc~ of the 

line CD is given by 

D,(D') D,D, 
m,=mz+T+ -T =mz+T-T 

~ ., 

FIG. 12.6 

And, the meridian distance of the fourth (last) line DA is given by 

m. = m3 + (- ~' ) + (- ~· ) = m,- ~'- ~· = ~· 

299 

Hence, the rule for the meridian distance may be stated as follows The meridian 

distance of any line is equal to the meridian distance of the preceding line plus half 

the deparrure of the preceding line plus half the deparrure · of the line ihelf. 

· According to the above, the meridian distance of the first line will be equal to half 

its departure. In applying the rule, proper attenlion shauld be paid to the signs of the 

depanures i.e., positive sign for eastern departure and 11ega1ive sign for westem depanure. 

AREA BY LATITUDES AND MERIDIAN DISTANCES 

In Fig. 12.6, east-west lines are drawn from each station to the reference meridian, 

thus getting triangles and trapeziums. One side of each triangle or trapezium (so formed) 

will be one of the lines, the base of the triangle or trapezium will be the latitude 

of the line, and the heighJ of the triangle or trapezium will be the meridian distance 

of that line. Thus, 

area of each triangle or trapezium = latiJude of the line x meridian distauce of the line. 

or A1 =L1 x m, 

The latitude (L) will be taken positive if it 

a southing. 

In Fig. 12.6, the area of the traverse ABCD 

areas of dDCc. CcbB, dDA and ABb. Thus, 

is a northing, and negative if it is 

is equal to the algebraic sum of the 



I 
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or 

A =Area of dDCc +area of cCBb- area of dDA - area of ABb 

A= L3 m3 + £, m, -L. m. .- L, m1 = r.Lm. 

(It is to be noted that the quantities L, m, and L1 m1 bear negative sign since 

L, and L, of DA and AB are negative.) 

DOUBLE MERIDIAN DISTANCE 

The double meridian distance of a line is eljUII] to the sum of the meridian distances· 

of the two extremitks. 
Thus, in Fig. 12.7, we, have : 

Double meridian distarice (r';Presented by symbol M) of the first line AB is given by 

M, =m of·Ac +in of B=O+D, =D, 

Similarly, if M, , M3 , M, are the double me-

ridian distances of the lines BC, CD and DA re-
spectively, we have 

and 

M,=m· of B+m of C 

=D1 +(D1 +D2) =M1 +D1 +D1 

= D.M.D. of AB + Departure of 

AB + Departure of BC 

M, = m of C + m of D 

= (D 1 + D,) + (D, + D,- D,) 

=Mz+Dz-D3 

= D.M.D. of BC + Departure of 

BC + Departure of CD 

M,=m of D+m of A=(D,+D1 -D3) 

+ (D 1 + D,-D, -D4) =M,-D, -D4 

= D.M.D. of CD + Departure of CD 

.,. Depanure oi OA 

+1!:-- o,,--. 1 

c 

/4----D,----< o, 

FIG. !2.7 

Hence, the rule for finding D.M.D. of any line may be stated as follows: "The 

D.M.D. of any line is equal to the D.M.D. of the preceding line plus the tkpiuture 

of the preceding line plus the deptuture of the line iJself. " 

Due attention should be paid to the sign of the departure. The D.M.D. of the first 

line will evidently be equal to its departure. The double meridian distance of the last line 

is also equal to its departure, but this fact should be used simply as a check. 

AREA BY LATITUDES AND DOUBLE MERIDIAN DISTANCES 

Jo Fig. 12.7, the area of the traverse ABCD is given by 

A = area of dDCc + area of CcbB - area of d.DA - area of ABb 

Now, area of dDCc = ¥dD + cC) cd =! (M3) x L3 

':~" 

"' 
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That is, area of any triangle or trapezium = Half the product of the latiblde of 

the line and its meridian distance. 

Hence' A= j; [M, L, + M, £, -M,L.- M, L,] 

Thus, to find the area of the traverse by D.M.D. method, the following steps are 

necessary 
(I) Multiply D.M.D. "Of each line by its latiblde. 

(2) Find the algebraic sum of these products. 

(3) The required area will be half the sum. 

AREA FROM DEPARTURES AND TOTAL LATITUDES 

From Fig. 12.8, the area (A) of ABCD is given by 

A = area of ABb + area of BbcC + area of dcCD + area of DdA 

If L
1
'. L,', L,' are the total latirudes · of the ends of the lines, we get 

A=! [(D,)(O- L,') + (D,.)(- L,' + L,') + (- D,)(L,' + L,') + (- D4) (L,' + 0)] 

=- Mu (D, + v,) + u <- v, + v,) + L.' (D, + v.)] 
Note. The negative sign to the area 

has no significance. 

Hence, to find the area by this method, 

:he following steps are necessary : 
4 

D 

' ' ' ' ' ' /t.,' 
• • • (I) Find the total hltitude (L') of 

each station of traverse. A- i ! b . ... v.: .............................. , ....... . 
d • 

(2) Find the algebraic sum of the de· 
partures of the two lines meeting at that 

station. 
(3) Multiply the total latitude of each 

station by the corresponding algebraic sum 

of the departure (found in 2) . 

(4) Half the algebraic sum of these 

products gives th~ required area. 

' • ' 
L,': 

• • 

l ~ 
~---0, B 

FIG. 12.8 

AREA BY DOUBLE PARALLEL DISTANCES AND DEPARTURES 

o,J 

c 

Li 

A parallel distance of any line of a traverse is the perpendicular distance from the 

middle poim of that line to a reference line (chosen to pass through most southerly station) 

at right angles to the meridian. The dcuble parallel distance (D.P.D.) of any line is the 

sum of the parallel distances of its ends. The principles of finding area by D.M. D. method 

and D.P.D. method are identical. The rules derived above may be changed to get the 

corresponding rules for D.P.D. method, by substiruting D.P.D. for D.M.D. and 'departure' 

for 'latitude'. The method is employed as an independent method of checking area cbmputed 

by D.M.D. method. 
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12.7.~ 

Let (x,, y1), (X,, y,), (x,, y3) and (x4, y4) be 

the co-ordinates of the stations A. B, C. D 

respectively, of a traverse ABCD. If A is the 

total area of the traverse, we have 

A= (Area aABb) + (Area bBCc) 

-(Area cCDd)- (Area dDAa) 

= f [(y,- y,)(x, + x,) + (y, -_y,)(.i, + x3) 

- (y, - y,)(x. + x,) ~ (y, - y,)(x, + x,)] 

= ilYo(x,- X.) + y,(x,- x1) + y3(x4 - x,) 

+ y4(x1 - x3)] 

:t~~~~-~\\\\\\\\'{ - . B(X, y,) 
:n\\\a 

In general, if we have n stations, we get _ _ FIG. 12.9 

·:, .. ,. 
/ =} [y, (x, + x,) + y, (x3- x,) + y, (x,- x,) + ... + y,(x, - x, -I)] ... (12.7) 

--Eiample 12.5. The following toble gives the corrected latitudes and departures (in metres) 

of the sides of a closed traverse ABCD · 

Side l.<Jiitude 
\, 

N sr- _l E (-\w 
AB /08 : 4 / 

BC IS 249 

CD ~ 123 4 

I ~ 

DA 0 257 --

Compute its area by (i) "(Jk.:met!J.<Hj, (ii) D.M.D, met/wd (iii) Departures and total 

latitudes, (iv) Co-or!firwte metlwd. -

Solution. 

(1) By meridian distances and latiJudes 

Area= l:(~) 

Calculate the meridian distance of 'each line. The calculations are arranged in the­

tabular limn ,below. By the inspection of the latitudes and departures, point A is the most 

westerly station. AB is rakeo as the first line and DA as the last line -. 
line l.<Jiitude DejklltUr< ~Departure M.D. Area= mL 

(L) (D) 
rtDJ 

(m) 

AB + 108. + 4 + - 2;-PI. 1' + 216 

BC + 15 + 249 + 124.5.''" 128.S + 1928 

CD - 123. + 4 + 2 '-- 25S - 3136S 

DA 0 - 257 - 128.S" 128.S 0 

Sum - 29221 
-

" ~· 
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Tolal area= t. = l:mL =- 29221 m' 

Since the negative sign does not have any siiJnificance, 

- .,· The actual area= 29221 nl- = 2.9221 hectares. 

(2) By D.M.D. mellrod : Area= t l:mL 

line l.<Jiitude Deptulure D. M.D. Area=mL 

(L)- (D) (m) 

AB + 108 + 4 4 + 432 

BC + IS + 249 257 + 3855 

CD - 123 + 4 510 - 62,730 

DA 0 - 257 257 0 

Sum - S8,443 

· · Area= i l:mL = 29221 m2 = 2.9221 - hectares. 

(3) By Deparlure and totoJ latiJudes : Let us first calculate the . total latitudes of 

the point, starting with· A as the reference point, 

Thus, total latitude of B = + 108 

total latitude of C = + 108 + 15 = + 123 

total latitude of D = + 123 - 123 = 0 

total latitude of A = 0 + 0 = 0 

The area·= iJ: (Total latitude x algebraic sum of adjoining departures) 

line l.<Jiitude /JtpiUIDn St4tion Totlll Algcbrokmm 

(L) (D) '1t/' of o4jololog 

AB + 108 + 4 

B + 108 +253 

BC + IS + 249 

c + 123 +253 

CD - 123 + 4 

D 0 - 253 

'DA 0 - 257 

A 0 - 253 

Sum 

. . Area= ~58,443) m' = 29221 m2 = 2.9221 _ hectares. 

Doubk .,.. 

+ 27,324 

+ 31,119 

0 

0 

S8.443 

(4) By Co-ortNnates : _For calculation of area by co-ordinates, it is customary to 

calculate the independent c<Hlrdinares of all the points. This can be done by uking the 

co-ordinates of A as ( + 100, + 100). The results are tabulated below : 

" 
!I 
H 
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lndepttuknJ to-ortlbuiUJ 

11M I.IIJ/Ju4< . ~ rf":v)'\ Slllllon 

(~-'''' North GJ &ut(x)_ 

A 100,'. 100 . ' 

AB + 108 + 4 

B 208- 104 

BC + IS ' + 249 
c 223. 353 

CD - 123 - + 4 I 

D 100 I 357 

DA 0 ' . - 257\ I 

. A IQq . 100 -

Substituting the values of x and y in equation 12.7, we gef 1 

I .· 
A = 2 (y,(x, - x,) + y,(x, - x1) + y,(x. - x,l + y,(x, - x,)] 

= i [100(208 - 100) + 104(223 - 100) + 353(100 --}08) + 357(100 - 223)) 

= i (10800 + 12792- 38124- 43911) =- 29221 ~; 
Since the negative sign does not bave significance,. the area = 2.9221 hectans. 

12.8. AREA COMPUTED FROM MAP MEASUREMENTS 

(A) By sub-division of the area into geometric . fiiJIIl"'S 

The area of the plan is sub-divided into common geometric figures, such as triangles, 

rectangles, squares, trapezoids etc. The length and latitude of eath such figure is scaled 

off from the map and the area is calculated by using the usual formulae. 

(b) By sub-division into . square;; : Fig. 12.10 (a) 

The method consists in drawing squares on a tracing paper each square representing 

some definite num6er of square metres. The tracing paper is placed on the drawing and 

the number of squares enclosed in the figure are calculated. The positions .of the fractioual 

squares at the ·:1.!.!-\red tJlili~~· .:: .. ::~ ~t~t:~. 7!::-: :2L?.! ~E.:. ~f tll~ figw:e will then be 

equal to the total number of squares · 

multiplied by the factor (i.e., sq. me-
tres) ••rresented by each square. 

(c) By division Into trapezolli>; 
Fig. 12.10 (b). 

In this method, a number of 
·parallel lines, atconstantdistaru:e apart, 
are drawn on a tracing paper. The 
constant IM!tween the consecutive P'!'­
allel lines represents some distance 
in metres or links. Midway between 
each pair of lines there is drawn another 
pair of lines in a different colour 

--~-----------------·~-

------------------------

(a) (b) 

FIG. 12.10 
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or dotted. The traCing is then placed on the drawing in such a way that lhe area is 

exactly enclosed between two of the parallel lines. The figure is thus divided into a number 

of strips. As,luming that the strips are either trapezoids or triangles, the area of each is 

equal to the length of the mid~dinate multiplied by the constant breadth. The mid-ordinates 

of the strips are represented by the length of the dotted lines intercepted within the maps. 

The total sum of these intercepted dotted lines is measured and multiplied by the constant 

breadth to get the required area. More accuracy will be obtained if the strips are placed 

nearer. 
12.9. AREA BY PLANIMETER 

A planimeter is an instrument which measures the area of plan of any sbape very 

accurately. There are two types of planintete1's: (I) Amsler Polar Planimeter, and (2) Roller 

Planimeter. The polar planimeter is most commonly used and is, therefore discussed here . 

Fig. 12.11 shows !lie essential parts o{ a polar planimeter. It consists of two arms 
hinged at a point .known as the pivot point. Ooe of the two arms carries an aucbor at 

its end, and is known as the anchor arm. The length of anchor arm is generally fixed, 

but in some of the planimeters a variable length of anchor arm is also provid~. The 

other arm carries a tracing point at its end, and is known as the tracing arm. The length 

of the tracing arm can be varied by means of a fixed screw and its corresponding slow 

motiou screw. The tracing point is moved along the boundary of the plan the area of 

which is to be de1ermined. The normal displacetnent of the tracing arm is measured by 

means of a wheel whose axis is kept parallel to the tracing arm. The wheel may either 

be placed between the hinge and the tracing point or is placed beyond the pivot point 

away from the tracing point. The wheel carries a concentric drum which is divided into 

100 divisions. A small vernier attached near the drum reads one-tenth of the drum division. 

FIG. 12.11. AMSLER POLAR PLANIMETER. 

I. TRACING ARM 6. WHEEL 

2. ,t.NCHOR ARM 
1. GRADUATED DRUM 

3. ANCHOR 
8. DISC 

4. TRAONG PO~ 
9. MAGNIFIER 

5. HINGE.. 
10. ADJUSTING SCREW FOR I 
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The complete revoluuons of the wheel are read on a disc acruated by a suitable gearing 

to the wheel. Thus, each reading is of four digits- the units being read on the disc, 

the tenths and hundredths on the drum, and the thousandths on the vernier. In addition 

to this, a fixed index near the disc can be utilised to know the number of the times 

the zero of the disc has crossed the index. 

It is clear from Fig. 12.11 that the planimeter rests on three points - the wheel, 

the anchor poinr and the tracing point. Out of these three, the anchor poinr remains ijxed 

in position while the wheel partly rolls and partly slides as the tracing point is moved 

along the boundary. Since . the p)ane of the wheel is perpendicular to the plane of the 

cenrre line of the tracing arm; ·the wheel measures only notrnal displacement -when it 

acrually rolls. 
To find the area of the pl~;· the anchor point is either placed outside the area 

(if the area is small) or it is placed inside the area (if the area is large). A point is 

then marked on the boundary. of ate;. and the tracing point kept exactly over· it. The 

initial reading of the wheel is then taken. The tracing point is now moved clock-wise along 

the boundary till it comes to the starting point. The final. r~ading of the drum is tal¢en. 

The area of the figure is then calculated from the following formula : 

Area (li) ~ M (F- I± 10 N + C) ... (12.8) . 

where F ~ Final reading : I ~ Initial reading 

N ~ The number of times the zero mark of the dial passes the fixed index mark. 

Use plus sign if the zero mark-df the dial passes the index mark in a 

clockwise direction and minus sign when it passes in the anti-clockwise direction. 

M ~ A multiplying constant, also sometimes known as the planimeter constant. 

It is equal to the area per revolution of the roller. 

C ~ Constant of the instrument which when multiplied by M. gives the area 

of zero circle. The constant C is to be added only when the anchor 

poim is inside the area. 

It is to be noted that the tracing point is to be moved in the clockwise direction 

only. Proper sign mU:;t be given to i''r'. The proof of the above formula is gi~en belo\1.'. 

THEORY OF PLANIMETER 

Fig. 12.12 (a) shows the schematic diagram of polar planimeter. where 

A,: Area to be measured, the anchor point being outside the area. 

L ~'Length of the tracing arm = Distance between the tracing point and the hinge. 

R ~ Length of anchor arm = Distance between the pivot and the anchor point. 

a ~ Distance between the wheel and the pivot, the wheel being placed between 

the tracing point and pivot. 

w ~ Distance rolled by the roller in tracing the area. 

A,= Area swept by the tracing arm. 

Fig. 12.12 (b) shows the section of the perimeter of the area. Any such movement 

of the arm is equivalent to two simultaneous. motions : (I) translation of the tracing arm 

TP in parallel motion and (il) rotation of the tracing arm about the pivot. Fig. 12:t2 
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(c) shows ·the cjnnponents of the two motions separately. Thus, if the tracing aim sweeps 

a veiy Small arei dA,, such ·that dh is the movemeDI in parallel direction and d9 · is the 

rotalion, we !Jave 
dA, = Ldh + -~ L'da 

Since the recording wheel (W) is placed in plane perpendicular to that of the tracing 

arm, the wheel records only the movemeDI perpendicular to its. axis. If dw is the distance 

rolled out by the wheel in sweeping the area tL!,, we get 

dw= dh + ad6 or dh = dw- ad6 ... (1) 

Substiruting the value of dh in (1), we. get 

dA, = L(dw- ad6) + i L'd9 ... (2) 

...,___ L i+.!..ot 

(a) 

(b) (c) 

A, A 

(d) 

FIG. t2.t2. THEORY OF PLANIMETER. 
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When the tracing point is moved along the boundary, the arm moves downwards 

along one side of. area and upwards along the other side. Heu:e, the net area A, swept 

by the tracing arm is equal to the area of the plan (Ao) 

Thus Ao= f dA_s=L lttw-aL f dO +}L' I de ... (3) 

But f dw = total distance moved by the wbeel = w 

A0 =Lw-aLfda+iL' Ide ... (4) 

Now when the anchor point is kept oulside the area,· the motion of the pivot is 

constrained along the arc of a circle i.e., ·it never completes one revolution about the 

anchor point but simply moves along the arc in upward and downward directions so that 

fdO=O . 

Hence from (4), A0 = Lw ... (12.~) 

However, if the anchor point is kept inside the area, the pivot point moves along 

the circle of radiU. R and completes one revolution when the tracing point is brought 

back .10 ils original position after tracing the area. Hei)Ce the quantity f dO = 2n .. 

Let A1 = Area of the plan when the anchor point ~ ; kept inside the area. 

Aa = Area swept by the pivot. 

Then, the area A, = A, + Aa = IdA, + nR' = [L I dw - aL I de+ ~;L' I dO] + nR' · 

· = Lw- aL(2n) + ,j.L'(2it) + nR' = Lw + n(L'- 2aL + R') ... (12.9) 

Thus, equation 12.8 is to ·he used when the anchor point is oulside J.h('area while 

equation 12.9 is to he used when the anchor point is kept inside the area. 

Now w = Total distance rolled by the wheel = 1tD n ... (3) 

wbere D = Diameter of the wheel 

or 

n = Total change in the reading, due to the movement of the tracing point 

along the periphery of the area= F- 1 ± ION. 

Subsrii"'Jting !he value f'f w ~n equation 1'2.9, we get the area A,. 

!>. = LT<Dn + n(L'- 2aL + R');, Mn + n(L'- 2aL + R') 

=Mr.+ MC = M(n +C)= M (F -H ION+ C) 

... (12.10 a) 

... (12.10 b) 

where M = The mtiltiplier = LxD = Length of tracing arm x Circumference of the wheel 

C = Constant = n(L' - 2aL + R') 
M 

Thus; we get equation 12.10, which was given in the earlier stage. In the above 

equation C is to be added only if the anchor point is inside the area. 

ZERO CIRCLE 

The quantity MC = 1t (L' - 2aL + R') is known as the area of the zero circle or correction 

circle. ~ zero circle or the circle of correction is defined as the circle round the circumference 

of which if the tra~ing point is moved, the wheel will simply slide (without rototion) on 

the paper without any change in the reading. This is possible when· the tracing . arm 

.r 
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is held in such a position relative to the anchor arm that the plane of the roller passes 

through the anchor point i.e., the line joining the anchor point and the wheel is at right 

angles to th~ line joining the tracing point and the wbeel. 

~athol tradng point 

",/ ~.--- 14/ L a-+! 

T 
n W 

A; 

A 
A 

(a) 
(t-~ 

FIG. 12.13 

In Fig. 12.13 (a), the wbeel has been placed between the tracing point (1) and 

the pivot (P). Let R0 be the radius of the zero circle. If x is the perpendicular distance 

of the wheel W from anchor A, we get 

R0 =(L-a)'+ :i' =(L-a)'+ (R'- a') 

= (L' + tl- 2La + R'- a') = (L2 
- 2aL + R') 

And area of the zero circle= n Rl = n(L'- 2aL + R') 

In Fig. 12.13 (b), the wheel has been placed beyond the pivot. 

... (12.11 a) 

... (12.11 b) 

Hence, Ro' = (L +a)'+ (R'- tl) = L' +a'+ 2aL + R'- tl = L' + 2aL + R' ... (12.11 c) 

Area of the zero circle=1t(L2 +2aL+R') ... (12.11 d) 

Thus, the general expression for the area of the zero · circle can be written as : 

Area of the zero circle=n(L2 ±2aL+R') ... (12.11) 

Use+ sign if the wheel is beyond the pivot and -sign if iho whtel is be<w""a the 

rracing point and the pivot. 
To find the area . of the zero circle practically, the tracing point is traversed along 

the perimeter of a figure, one with the anchor point oulside the figure, and then. with 

the anchor point irui\de it. 

Since the area swept is the same in both the cases, we get, from eqution 12.10 a 

!>. = [Mn + n (L' ± 2aL + 11')] = Mn' 

n(L' ± 2aL + R') = M (n' - n) 
. .. (12.12) 

where n and n' are the two corresponding readings of the wheel. It is to be noted thoJ 

n will be positive. if .. the area of the figure is- greater than the area of the. zero circle, 

while it will be negative if the area of the figure is smaller than the area of the zero 

circle. · 



310 
SURVEYING 

MULTIPLIER CONSTANT (M) 

The multiplier constant or the planimeter comtant is equal to the number of units 

of area per revolution of the roller. Numerically, it is equal to LnD . Since the diameter 

of the roller or wheel is a fixed quantity, the value of M depends on L. Thus, the 

length of the tracing arm is set to such a length that one revolution of the wheel corresponds 

to a whole number and convenient value of area. When the figure is drawn to a natural 

scale, and the area is desired in sq. incbes, the value of M is generally kept as eqlial 

to 10 sq. in of area. 
For any other setting of the tracing arm. the value of M can be determined by 

traversing the perimeter of a·fi~. of known· area (A), with anchor point outside the figure. 

Then . /' 

M Known ilrea ~ ~ 
n' / n' 

where n' = Change in the wheel readings 

It is to be noted that the value of M and C depends upon the length L which 

is adjustable. The manufacturers, therefore, supply a table which gives the values 'of L 

and C for different convenient values of M. 

The manufacturers always supply the values of ihii' vernier setting on the . tracing 

arm with the corresponding values of M and C. The following table is an extract from 

the values for a typical planinteter. 

Scak 

I: 1 I 

Vemitr porilion 
on lnJdng bar 

33.44 

Area .of one rel'Olution of 
lht meMutr!nunl whtel 

(M) 

SCIIle A.<lllal 

100 sq. em 100 sq. em 

ConsJJJnJ 
(C) 

23.521 ! 
1 : l I 21.58 I 10 sq. in. I 10 sq. in. I U.430 

I' 48 ! U.97 i 200 sq. ft. J 12.5 sq. in. I 24.569 

, 1 · '24 i 26 97 SO sa fi 125 $0 in i '24 569 . 

I I ' 50 : 21.66 i 0.4 ac;., I 10.04 ~- in. I 26.676 I 
Thus, for full scale, value of M = 10 sq. in. in. f'.P.S. units, and for another setting 

of tracing bar. the value of M = 100 sq. em. 

Example 12.6. Calcula/e the area of a figure from the following readings by a planimeter 

wiJh anchor poim outside the figure : 

Initial reading = 7.875, final reading = 3.086 ; M = 10 sq. in. 

The zero mark on the dial passed the fixed index mark twice in the clockwise direction. 

Solution. A = M(F -I± ION+ C) 

Since anchor point is outside, C is not to be used in the formula, 

M=IO; F=3.086 ; I=7.875 ; N=+2 

A= 10(3.086 -7.875 + 20) = 152.ll sq. in. 

.r 
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Example 12. 7. Calculate the area of a figure from the following readings recorded 

by the planimeter with the anchor point inside the figure. 

'lnirial reading= 9.9I8 ; Final reading = 4.254 ; M = IOO sq. em : C = 23.52I 

It was observed thai the zero mark on the dial passed the index once in the ami-clockwise 

direction. 
Solution 

Theareais given by A=M(F-I±ION+C) 

Here M= 100 sq. em; I=9.918; F=4.254; C=23.521 and N=-1 

A= 100(4.254- 9.918- 10 + 23.521) = 785.7 sq. em. 

Example 12.8. The following readings were obtained when an area was measured 

by a planimeter the tracing arm being set to the nalural scale. The initial and final readings 

were 2.-268 and 4.582. 'J'fte zero of disc passed the index mark once in the clockwise 

direction. The anchor poim was inside the figure with the value of the constam C of 

the instrumem = 26.430. 
(a) Calculate the area of the figure: 

(b) If the area of the figure drawn be ·to a scale of 1 inch = 64 feet, find the 

area of the figure. 
So Iuton . 
Since the tracing arm was set to the natural scale, the value of M = 10 sq .. inches. 

A =M (F-I± 10 N+ C) 

Here F=4.582: I=2.268 ; N=+ I; C=26.430 

. . A= 10(4.582- 2.268 + 10 + 26.430} = 387.44 sq. inches. 

The scale being I"= 64 ft. Hence I sq. in. = 64 x 64 sq. ft. 

64 X 64 X 387.44 
:. Area of field 

43560 
acres = 36.39 acres. 

Example 12.9. The perimeter of a figure is traversed clockwise with the anchor poim 

inside and with rhe tracing arm so ser rhal one revolution of rhe roUer measured 100 

sq. em on the paper. The initial and final readings are 2.828 and 9.836. The zero mark 

of the disc passed the fixed index mark twice in the reverse direction. The area of the 

zero circle is found to be 2352 sq. em. Find the area of the figure. 

Solution. 
The area of the figure is given by 

A = Mn + n (L' - 2aL + A2
) 

where n(L'- 2aL +A')= Area of the zero circle= 2352 sq. em. 

M = 100 sq. em. 

n = F- I± ION= 9.836 - 2.828 - 10 x 2 = - 12.992 

.. Substiruting the values in Eq. 12.10 a, we get 

... (12. 10 a) 

A= 100(- 12.992} + 2352 =- 1299.2 .+ 2352 = 1052.8 sq. em. 
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Example 12.10. The foUowing observtJiions were mode with a planinreter. 

Area I.R.. F.R. N 

(I) Known area of 60 sq. inches 2.326 8.286 0 

(2) Unknown area 8.286 5.220 +I 

The anchor poinl was placed outside the figure in both the cases with the same 

setting of the tracing ann. CalculoJe : 

(I) The multiplier constant and (2) The unknown area. 

Solution 

(1) The mulliplier constqilt (M) 

A=M(F-1± !ON) 

Substiruting the values, we get 

60 = M (8.286- 2.326 + 0), from .which M = 
5
_:

0 
= 10.027. sq. in. 

(2) The unknown area 

A = M(F -I+ 10 N) = 10.027 (5.220- 8,.~86 + 10) = 69.80 sq. in. 
. 1··· 

Example 12.11. The following readings were obtained when an area was measured 

by a planimeter, the tracing arm being so set that one revolution of the wheel measufes 

10 sq. inches on paper. · 

When the anchor point was outside, the initial and final readings were 5. 286 and 

1.1186. The zero mark of the. dial..passed the index mark once in the clockwise direction. 

When the anchor poinl was placed inside the same figure. the inilia/ and final ;eadings 

were 5.282 and 3.842. The zero mark of the dial passed the index mark twice in the 

counter clockwise direction. · 

or 

Find the area of the zero . circle. 

Solution, 

Wilh the anchor point outside 

A= M (F- I+ 10 N) = 10 (1.086- 5.286 + 10) =58 sq. inches. 

With the anchor point inside 

A =M(F-I± 10 N+ C) ; Here A= 58 and N=- 2 

58= 10 (3.842 - 5.282 ~ 20 + C) 

5.8 = (- 21.440 +C) from which c = 5.8 + 21.440 = 27.240 

Area of zero circle= MC = 27.240 x 10 = 272.40 sq. in. 

Example 12.12. The length of the tracing arm between the tracing point and the 

hinge is 16.6 em. The distance of the anchor point from the hinge is 22.6 em. The diameter 

of the rim of the wheel is I. 92 em, the wheel being placed between the hinge and the 

tracing point. The distance of the wheel from the hing• is 1.68 em. Find the area of 

one revolution of the measuring wheel and area of the zero circle. 

Solution. 

(I) Area of one revolution of the measuring wheel = M 

= Length of tracing arm x Circumference of the wheel 

CAI.C1JLATION OF AREA 

= Lnd = 16.6 x n x 1.92 = 100 em'. 

(il) ~ of zero circle=" (L' ± 2La + R') 

313 

Since the· wheel is placed between the hinge and the tracing point, minus sign will 

he used with 2La. Hence, 

Area of zero circle= n(L'- 2a + R') = n(16.6'- 2 x 16.6 x 1.68 + 22.6') = 2290 em'. 

Example 12.13. Calculall the area of a figure from the following readings recorded 

by the planimeter with the anchor poinl inside the figure : 

Initial reading= 2.286, jinai reading = 8.215 

The zero of the counting disc pnssed the indet mark twice in the counter-dackwise 

direction. Since the constants of the instrument were not available, the following observations 

were also mode : 

The distance of the hinge from the tracing poinl = 4.09 " 

The distance of the hinge from the anchor point = 6. 28 " 

The perimeter of the wheel = 2.5 " 

The wheel was placed beyond the hinge at a distance of = 1.22 ". 

Solution. 

(a) Ca/cul.ation of inslnmumtol consllln/S 

M = Length of the tracing arm x its circumference 

= 4.09 X 2.5 = 10.225 in'. 

Area of zero circle= n(L' + 2La + R') =" (4.09' + 2 x 4.09 x 1.22 + 6.28') = 208 sq. in. 

Now A= M (F -I± 10 N +C)= M (F- I± 10 N) + MC 

= 10.225 (8.215 - 2.286 - 20) + 208 = - 143.88 + 208 = 64.12 sq. Inches. 

-· PROBLEMS 

1. What is Simpson's rule ~ Derive an expression for it. 

2. The following give the values in feet of the offsets taken from a chain line 10 an irregular 

boundsly : 
Distance 0 SO 100 ISO 200 250 300 3SO 400 

Offset 10.6 15.4 20.2 18.7 16.4 20.8 22.4 19.3 17.6 

·Calculate the area in sq. yards included between the chain line, the inegulat bonndal}' and 

the first and the last offset by Simpson's rule. (U.P.) 

3. The area of a fisure was measored by a planimeter with the anchor point outside the fisure 

and the tracing arm set 10 the natural scale (M = 100 sq. em ). The initial reading was 8.628 and final 

reading was 1.238. The zero mark of the disc passed the index mark once in the clockwise direction. 

Calcolate the area of the figure. 

4. The roller of a planimeter recorded a reading of 1.260 revolutions in the clockwise direction 

while the measuring area of a rectangular plot 21 em x 6 em with the anchor point outside. With 

the same setting of the tracing arm and th• anchor point ootside, another fisure was traversed and 

the reading recorded was 2.986 revolutions in thO clockwise direction. Find the area of the fisure 

if it is drawn to a scale of 1 em = 20 metres. 

~ 
li 
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S. A figure is traversed clockwise with !he anchor point inside and with the ttacing arm 

so set tb.a1 0110 revolulion of !he roller measures 10 sq. incbes on !he paper. 

I.R.= 3.009 ; F.R.= 8.S47 respectively. 

The zero mark of !he disc bas passed !he index mark once in !he reverse direction. The 

area of !he zero circle is found 10 be 164.31 sq. inches. Wbat is the area of !he figure? (U.I') 

. 6. Wbat is meant by zero cin:le 1 Describe !he various methods of determining its area. 

The uacing arm of a planimeter is so set that one revolution of the roller corresponds 10 

sq. in. A figure is traver>ed clockwise. first with !he anchor point outside and then with the anchor 

point inside. The observed differences in planimeter readings are 2.342 and -9.319 respectively. 

Find the area of !he zero cirt:le. (U.P.) 

7. Describe !he polal: pla!iimeter and explain its principle. The perimeter of a figure is traversed 

cloc:kwise, with the anchor point inside and with tracing arm so set that one revolution of the roller 

measures 10 sq. inches on the paper. The initial and final readings are 3.009 and 8.S47 respectively. 

The zero mark of !he disc bas passed !he fixed index mark otx:e in !he reverse direCtion. The 

area of !he zero circle is found 10 be 164.31 sq. inches. Wllat is !he area of !he figure 1 

ANSWERS 
::.(~: . 

2. 820.38 sq. yds. 

3. 261 sq. em. 

4. 11.944 hectares 

S. 119.69 sq. inches. 

6. 116.6 sq. inches. 

7. 119.7 sq. inches. 

@] 
Measurement of Volume 

13.1. GENERAL 

There are rhree melhods generally adopted for measuring the volume. "flleY. are 

(I) From cross-sections · 

(il) From spot levels 
(iii) From contours 

. The first two methods are commonly used for lhe calculation of earth work while 

the third method is generally adopted for lhe calculation of reservoir capacities. 

13.2. MEASUREMENT FROM CROSS-SECTIONS 

This is the most widely used method. The total volume is divided into a series 

of solids by the planes of cross-sections. The fundamental solids on which measurement 

is based are the prism, wedge and prismoid. The spacing of lhe sections depends upon 

lhe character of the gro.uod and the accuracy required in the measurement. The area of 

lhe cross-section taken along lhe line 

are first calculated by standard formulae 

developed below, and the volumes of 

the prismoids between successive· cross­

sections are then calculated by either 

trapezoidal formula or · by prismoidal 

formula. 
The various cross-sections 

be classed as 
(I) Level section, 

(Figs. 13.1 a and 13.2) 

(2) Two-level section, 
(Fig. 13.1 b and 13.3) 

(3) Side hill two-level section, 

(Fig. 13.1 c and 13.4) 

(4) Three-level section, 
(Figs. 13.1 d and 13.5) 

and (5) Multi-levei section. 
(Fig. 13.1 e and 13.6) 
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General notations : wt 
b = lhe constant formation (or sub-grade) widlh. 
h = lhe deplh of cutting on lhe centre line. 

SURVEYING 

w, and w, = lhe side widlhs, or half breadlhs, i.e., lhe horizontal distances from lhe 

centre to lhe intersection of lhe side slopes wilh original ground level. 

h, and h, = lhe side heights, i.e., lhe vertical distances from formation level to lhe 

intersections of lhe slope wilh lhe original surface. 

n horizontal to 1 vertical = inclination of lhe side slopes. 

m horizontal to 1 vertical = lhe transVerse slope of lhe original ground. 

A = lhe area of lhe cross-section 

(1)~ 
(Fig. 13.2) lf---w c w _ 'i 

In this case lhe ground is level 
transversely. 

:. h,= h, = h 

b w1 =wz=w=-+nh 
2 

A=a+r~+nh nh 
~ ... (13.1) ·' 

(2) TWO-LEVEL SECTION (Fig. 13.3) 

·; 

' i 
!h 
: 
: 
' ' • 

~-----b------~ 

FIG. 13.2 

wt 0 be lhe point on lhe ceotre line at which lhe two side slopes intersect. 

Hence BH:HO ::n:1 or HO=~ 

Then area DCEBA = t.DCO+ I> ECO- t.ABO=il( h+ ~) w, + ( h + ~) w,- ~:} 
1 r r b ·, b1.} 

= 2 \ (w, + w,) lh + 2n J- 2n ... (13.2) 

The above formula has been derived in terms of w, and w,, and does not contain 
lhe term m. The formula is, lherefore, equally applicable even if DC and CE have different 

slopes, provided w1 and w2 are known. The formula can also be expressed in terms 
of h, and h, . Thus, 

Area DCEBA = I> DAR+ t. EBH + I> DCH + I> ECH 

If b b } I { b } = Zl. 2 h, + 2 h, + hw, + hw, = 2 2 (h1 + h2) + h (w1 + w2) ... (13.3) 

The above expression is independent of m and n. Let us now find lhe expression 

for . w11 w2, h1 and h2 in terms of b, h, m and n. 

Also 

Bl=nh, 

b 
BJ=HJ -HB = w,-2 

... (1) 

... (2) 
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b 
:. nh. = w•-z ... (1) 

j • 
Also, w, = (h, - h)m ... (11) 

Substituting lhe value· of w, in (,)';we. get 
b ·· . ...._ 

nh, = (h,- h)m - 1 ,. 

b 
or h1(m - n) = mh +-

2 

or h,= m(h+.!...) 
m::1i\. 2m 

Substituting lhe value of h, in (1), we get 

b b mn( b) w, =-+nh, =-+--- h +--
2 2 m-n 2m 

... (13.4) 

Proceeding in similar manner, it can be 

shown lhat 

h,= m (h_l!._) 
ii!+ii\- 2m 

... (13.5) 

and b!-Hn b) wz=-+ h---
2 m+n 2m 

... (13.6) 
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Substituting lhe values of w1 . 
and w

2 
in equation 13.2 and simplifying, we get 

Area=-- h+- -- ... (13.7) m'n( b)'b2 

mz-nz 2n 4n 

Similarly, substituting lhe values of w,, w,, h, and h2 in equation 13.3, we get 

[ 
n.( ~ )' +nf(bh + nh') ) 

Area= ... (13.8) 

~~~ 
(3) SIDE HILL TWO-LEVEL SECTION 
(Fig. 13.4) 

In this case, the ground slope crosses 
lhe formation level so lhat one portion 
of lhe area is in cutting and lhe olher 
in filling. 

Now, 

Also, 

But 
Solving (i) 

Bl=nh, 
. b 

BJ = HJ- HB = w,--
2 

b 
nh, = w,- 2 ... (i) 
w, = (h, -h) in ... (ii) 

and (iz) as before, we get 

~ w, 
A 

FIG. 13.4 



318 
SURVEYING 

h·=-·- -+h mn ( b ) 
m-n 2m 

... (13.9) 

and b mn ( b ) ... (13.10) 
w1=-+-- --+h 

2 m-n 2m 

Let us now derive expressions for w, and h, 

/A= nh, 

Also /A= IH-Ali=wz- b/2 

. b . . . (iil) .. - nh2=W2--
. 2 

Also W,= (h + hz)m ... (iv) 

nh, = (h + h,)m- b/2 
b 

.. or h,(m- n) =-- mh 
2 

mn ( b ) ... (13.1 ~) 
or hz=-- ---h 

m-n 2m 

w, = £ + nhz = £ +--"!!!.... (...!!....- h) 
2 2 m-n 2m Hence 

·!'-, ... (13.12) 

By inspection, it is clear that the expressions for w, and w, are similar ; also expression 

of h1 and h2 are similar, except for - h in place of +h. 

Now area of filling= &PBE =A, (say), And, area of cuiting =MAD= A, (say). 

..-' (b )' -+mh 

·· A, =f(PB) (EI) =H £+mh){ m:n ~bm +h)}= i(m -n) ... (13.13) 

and Az=! (AP) (JD) = l(!!.- mh]_{ __'!!._(....!!._-h)} J £- mh )' 

z z 2 m- n 2m 2(m- n) ... (13.14) 

(4) THREE-LEVEL SECI'ION (Fig. 13.5) 

Let 1 in m1 be the transverse slope of !lie ground to one side and 1 in m, be 

!he slope 10 the oilier side of ihe cenue line of lhe cross-section. (Fig. 13.5). 

The expressions for w1, w2, h1 and 

h, can be derived in the similar way 

a; for case (2). Thus, 
c 1 inm, E 

w, = m, n ( h + .!.) 
~ 2n 

: /'/l . ' . 
I ,I I 

I ,I I 

I .' I 

I ,I I 

\ \t\~-

... (13.15) 

w,= m,n ( h+_!!._) 
iii;'=lit 2 n 

: ,.' : 
:h _,.,· :ttl 
I ,I I 

.., I ,I 
I 

·............ ! ,.,-' ! 
...... : ,/ : 

'· ... : _,. ______ J 

... (13.16) 

( w1
) ~1 b) h,= h+- = h+-

ml m,-n 2m1 

... (1_3.17) 

( w,) '"' ( b ) 
h, = h -;;;r"" +n lh- 2m,) 

---w,---
... (13.18) FIG. 13.5. 

:r 
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The area ABECD = & AHD + & BHE + & CDH + & CEH 

l = H( h, X£)+ (h, X£)+ hw, + hw,] = [ ~ (h, + Jz,)+ ~ (W, + w,) ]. •. (13.19) 

(5) MULTI-LEVEL SECTION (Fig. 13.6) 

In the multi-level section the co- · 

ordinate system prov_ides the mosi_ general 

- method of calculating the area. The cross­

section notes provide with x and y co­

ordinateS for each vertex of the section, 

the origin being at the central point (H). 

The x co-ordinates are measured positive 

to the right and negative to the left of 

H. Similarly, they C<HJrdinates (i.e. the 

heights) are measured positive for cuts 

and negative for fills. In usual form, 

the notes are recorded as below: 

h,h,hH,H, 

;;;;- w, 0 w, w, 

i 
• • • • • ' :~ 
• • ' • • : 
• . ' 

·'" y t I' B/._t ___ ._:f 
~------b------~ 

[4-W1 W1---+i 

[4----W ~.----~ 

FIG. 13.6 

If the co-ordinateS are given proper sign and if the C<HJrdinates of formation points 

A and B are also included (one at extreme left and other at extreme right), they appear 

as follows : 
0 

-b/2 
...&_ ...&_ 
-Wz -w., 

h H, H, 0 

0 + w, + w, . + b/2 

There are several methods to calculate the area. In one of the methods, the opposite 

algebraic sign is placed on the opposite side of each lower term. The co-ordiantes then 

appear as : 
___ o__ ___!L __ h_, _ !!. ~ ---l!J_ __ o 

-b/2+ -w2 + -w1 + 0 +W1 - +W2 - +b/2-

The area can now be computed by· imlltip/ying each upper term by tlw algebraic 

sum of the two adjacem lower terms, using the signs facing the upper term. The algebraic 

sum of these productS will be double the area of the cross-section. 

Thus, we get 

A= f[h, (+ b/2- w,) + h,( + w, + O)+h (+w, '+- W,) + H, (0+ W,)+H,(- W, + b/2)] 

... (13.20) 

For a numerical example, see Example 13.6. 

13.3. THE PRISMOIDAL FORMULA 
........ -- -

The volumes of the prismoids between successive cross-sections are obtained either 

by trapezoidal formula or by prismoidal formula. We shall first derive an expression for 

prismoidal formula . 

ll 
~

' . 
I 

' " 
tl. 
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A prismoitl' is defined as a solid wlwse end faces lie in parallel planes and consist 

of any two polygons, not necessarily of the same nwnber of sides, the longitudinal faces 

being surface extended between the end planes. 

The longitudinal faces take the form 

of triangles, parallelograms, or trapezium. A., . /.11 0, 

Let d = length of !he prismoid measured • 

perpendicular to the two end parallel 

planes. 
A, = area of cross-sO.:tion of· one 

end plane. , 

A, = area of cross-section of the 9ther 

end plane. 
M = the ntid-area = the area of the 

plane ntidway between, the end 

planes and parallel to them. 

In Fig. 13.7, let A, 8 1 
c, D, be one end 

plane and A2 82 c, D2 be another end plane 

parallel to the previous one. Let P Q R S T 

represent a plane ntidway between the end 

faces and parallel to them. Let Am be the 

area of ntid-section. Select any point 0 in 

the plane of the mid-section and join it to 

the vertices of both the end planes. The 

prismoid is thus divided into a number of 

pyramids, having the apex at A and bases 

on end and side faces. The total volume 

of the prismoid will therefore be equal to 

• • • ,, 
'· 

'-'2/ / ,~. ----------;~-,:? / .. / ,, 
,/· 

··.. ,/ ,,. 

.......... ~~~~·-·-lf.~;:~l.::~ .. ::::~~:yA 
., ..... \"·············~ .. / {; 

·\ .. l~·::~;;,J.:\~<~~'· { ' 
I I I \ 

I I \ \ 
I I I . 

I I \ ' 

I I I \ 

/ / \ ', 
' 1 I ' 

I I '\ 

' ' ' 
/ \ ' 01 
' . 

' \ 
\· 
c, 

FIG. 13.7 

the sum of the volume of the pyrantids. 

Volume of pyramid OA,B,C1D, =f( ~~ A1 ={A, d 
- ' ,£, I -

Volume of pyrantid OA,a,c,v, = i A, d. 

To find the volumes of pyrantids on side faces, consider any pyrantid such as OA 
1
B

1
B,A

2
• 

Its volume=j<A1B,B,.42) x h, where h =perpendicular distance of PT from 0. 

or 

= j<d x P'I)h = i d (26.0P1) = j d (MP1) 

Similarly, volume of another pyratnid oc,D,D, on the side face = f d (<I.OSR). 

:. Total volume of lateral (side) pyratnids = j d (PQRST) = j (Am) 

Hence, total volume of the pyrantid = i A1 d +~A, d +jAm d 

d 
V= 6(A 1 +A,+ 4Am) ... (13.21) 

MEASUREMENT OF VOLUME 
321 

Le! us· now •talculate the volume of earth work between a number of sections having 

111ea A, A,, A,, .••..... An spaced at a constant distance d apan. Considering the prismoid_ 

between firsti three sections, its volume will be, from equation 13.21, · 

= (2
6 
tf) (A 1 + 4 A,+ A,), 2d being the length of the prismoid. 

Similarly, volume of tjle second prumoid of leogth 2d will be 

2d 
= 6 (A, +4 A, +A,), 

and volume of last prismoid of length 2d will be 

2d 
= 6 (Ao-2 + 4 An-i +An) 

Summing up, we get the total volume, 

d 
V= 3 [A,+ 4 A,+ 2 A,+ 4 A, ... 2An-2 +4 An-I +A,] 

or l V=3[(A,+A,)+4(A,+A, .... An-J)+2(A 3 +A, .... A,. 2)] 

... (13.22) 

This is also knOWn as SDp~n 's ~ for ~"!M. re , it is necessary 10 

have· ap..2dd~um~f ~-~reareeven n
umber of sections, the end Snip 

must re treatedsepar.rery: ariQ the wlume between the remaining. sections may be calculated 

by primoidal formula. 

13.4. TRAPEZOIDAL (AVERAGE END AREA METHOD) 

This method is based on the assumpdon that the mid-area is the mean of the end 

areas. In that case, the volume of the prumoid of Fig. 13.7 is given by 

d 
Y=i~+~ 

... W 

This is true only if the prismoid is composed of prisms and wedges only and not 

of pyramids. Tbe ntid area of a pyramid is half the average area of the ends ; bence 

the voluine of the prismoid (having pyrantids also) is over estimated. However, the method 

of end area may be acceped with sufficient accuracy since actual earth solid may not be 

exactly a prismoid. In some cases, the volume is calculated and then a correction is applied, 

the conecdon being equal to the difference between the volume as calculated and thai which 

could be obtained by the use of the prismoidal formula. The conecdon is known as the 

prismoidal correction. 
Let us now calculate the volume of earth work between a number of sections having 

areas A, A,, ..... An. spaced at a constant distanee d. 

. d 
Volume between first two sections = i (A, +A',) 

Volume between next two sections =~(A, +A,) 

Volume between ·last two sections =~(An. 1 +An) 

.. ' .LUO....._. ............... 

... (13.23) 
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13.5. THE~~OIDAL _ CORRECTIOJ!_ (Cp) 

As stated earlier, the prismoidal correction is eqyal ro the difference be!Ween the 

volumes as calculated by thO" ell!l-area formula and the rismoidal formula. The correction 

IS always '" ve, 1.e. it should be subtracted from the volume c c a<ed by the eod 

area formula. 

Let us calculate the prismoidal correction for f!>e case when the end sections are 

level sections. Let A, w~o 'Wl, h~o h2., etc., refer to t~ss·section at one end and 

A', w1', w,'. h•', h2' etc., to the crOss-section at the other end. 

or 

Now A,;, h (b + nh) and A'= h'(b +nit) 

Volume by end area: rule is given by 

V=!!. [h(b +nit)+ h'(b + nh')) = d[ bh + bh' + nh' + nb'' J 
2 2 2 2 2 

Again, the 
h+h' 

mid-area centre height = --
2 

Mid-area ( h+h')[ (h+h')] 
= -- b+n --

2 2 

Volume by prismoidal formula is given by 

V= :rh(b +nit)+ h'(b +nh') +4 ( h; h') x (b + n(h; h') )] 

V=~ [3bh + 3bh' + 2n h2 +2 n h''+ 2 nhlt) 

[ bh bh' nh' nh'' nhh' J 
=d -+-+-+-+-

2 2 3 3 3 

Subtracting (it) from (1), we get the prismoidal correction, 

... (1) 

... (it) 

dn . 2 

c, = 6 (h - h') 
... (13.24) 

Similarly, the prismoidal correction for other sections can also be derived. The standard 

expression for Cp are given below. 

· For !wo-ievel sectio11 ; 

Cp = /n (w, - wt') (Wz- w2') 

For side hill two-level section : 

c, (cutting)= 1~ n (w1 -' w,') { (~ + mh)- (~ + m'h')} 

Cp (filling)= 1~ n (w2 - w,') {(~- mh)-@- m'h')} 

For three-kvel section : . 
d c, = 12 (h

- h')[(w1 + w.)- (w,' + Wz')], 

13.6. THE CURVATURE CORRECTION 

... (13.25) 

... (13.26) 

... (13.27) 

... (13.28) 

The prismoidal and the trapezoidal formulae were derived on the assumption tha! 

the eod sections are in parallel planes. When .the centre line of cutting or an embankment 

..-
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iS · cW'ved in plan, · it is common practice to calculate the volume as if the eod sections 

were in parallel planes, and then apply the correction for CUIVature. The staodard expression 

for various !lections are given below. ln some cases, the correction for curvamre is applied 

to the areas of cross-sections thus getting equivalent areas and then to use the prismoidal 

formula. 
(1) Level section : 

the centre line. 

No correction is necessa<y since the area is sytrtrnetrical about 

(i1) 1Wt>-level section and three-level section : 

d 2 '( b) C,=-(w, -w;) h+-
6R 2n 

where R is the radius of the curve . 

(iii) For a two-level section, the curvature correction to the area 

Ae . 1 th 
= - per umt eng 

A 

.... (13.29) 
I 

... (13.30) 

where e =the eccentricity, I.e., horizontal distance from the centre line to the 

centrOid of the area - w,w, (w, + w,) 
3An 

... (13.31) 

The correction is positive if the centroid and the centre of the curvamre are to 

the opposite side of the centre line while it is negative if the centroid and the centre 

of the curvamre are to the same side of the centre line. 

(iv) For -side hill two-level section : 

Correction to area = ~ per unit length ... (13.32) 

where e = H w, + ~- nh} for the larger area ... (13.33) 

and e = H Wz + ~ + nh) for the smaller area !<.(13.34) 

~pie 13.1. A railway embankment is 10 m wide with side slopes Qo 1. 

Assuming 1he growui 10 be le'vel in a direcifon rrar.sve:se to rhe cenrre ~;ne, ralculale 

the volume contained ·in a length of 120 metres, the centre heights al 20 m intervals being 

in metres ·~.2. 3.7, ~3.8, 4.0, 3.8, 2.8, 2.5. 

Solndon. 
For a level section, the area is given by A = (b + nh)h . 

Slope is 1f : I. Hence n = 1.5 

The areas at different sections will be as under : 

A,= (10 + 1.5 x 2.2) 2.2 = 29.26 m2 
; A,= (10 + 1.5 .x 3.7) 3.7 = 57.54 m2 

A,= (10 + 1.5 x 3.8) 3.8 = 59.66 m2 
; A,= (10 + 1.5 x 4.0) 4.0 = 64.00 m' 

A,= (10 + 1.5 x 3.8) 3.8 = 59.66 m2 
; A,= (10 + 1.5 x 2.8) 2.8 = 39.76 m' 

aod A,.= (10 + 1.5 x 2.5) 2.5 = 34.37 m2 

Volume by ·trapezoidal rule is given by 
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13.5. THE~PRISMOIDAL _ CORRECTIO~ (Cp) 

As stated earlier, the prismoidal correction is eqyal to the difference between the 
volumes as calculated by thO" end-area formula and the rismoidal formula. Tlje correcnon 
IS always r. ve, 1. e. it should be subtracted from the volume c cu a ted by the end 
area formula. 

Let us calculate the prismoidal correction for t!Je case when the end sections are 
level sections. Let A, w~. Wz, h1, h2, etc., refer to t~ss-section at one end and 
A', w1',WJ.', h,', h2' etc., to the crOss-section at lhe other end. 

or 

Now · A= h (b + nh) and A'= h'(b + nh') 

Volume by end area rule is given by 

V= t!_ [h(b + nh) + h'(b + nh')) = d[ bh + bh' + nh' + nb''] 
2 2 2 2 2 

. 'd h 'gb h+h' Agam, the !DI -area centre e1 t = -
2
-

Mid-area (h+h')[ (h+h')] = -- b+n --2 2 .,, 
Volume by prismoidal formula is given. by 

V=~[h(b + nh) + h'(b +nh') +4 ( h ~ h') x (b + n(h; h') )] 

V= ~ [3bh + 3bh' + 2 n h' + ~}J·h'' + 2 nhli) 

[ 
bh bh' nh' nh'' nhh' ] 

=d -+-+-+-+-
2 2 3 3 3 

Subtracting (il) from (1), we get the prismoidal correction, 

... (!) 

... (il) 

Cp = ~ (h - h')' ... (13.24) 

Similarly, the prismoidal correction for other sections can also be derived. The standard 
expression for c, are given below. 

· For .two-ievel section : 

c, = /. (w, - w,') (w,- w,1 

For side hill two-kvel section : 

Cp (cutting)= 1: n (w1 - w,') j (~ + mh)-~ + m'h')} 

Cp (filling)= 1: n (w,- w,') j(~- mh)- (~- m'h')) 
For three-level section : . 

c, = ~ (h - h')[(w, + w,) - (w,' + W>1]. 

13.6. THE CURVATURE CORRECTION 

... (13.25) 

... (13.26) 

... (13.27) 

... (13.28) 

The prismoidal and the trapezoidal formulae were derived on the assumption that 
the end sections are in parallel planes. Wben ,the centre line of cutting or an embanlanent 

< 
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iS · cWYed in plan,· it is common practice to calculate the volume as if the end sections 
were in parallel planes, and then apply the correction for curvamre. The standard expression 
for various sections are given below. In some cases, the correction for curvamre is applied 
to the areas of cross-sections thus getting equiva/enl areas and then to use the prismoidal 

formula. 
(1) Level section : No correction is necessary since the area is symmetrical about 

the centre line. 
(il) Two-level section and three-revel section 

d ' '( b) C, = 6R (w, - w;) h + 2n 

wbere R is the radius of the curve. 
(iit) For a two-kvel section, the curvamre correction to the area 

Ae 'lgtb =- per umt en 
A 

' ... (13.29) 
I 

... (13.30) 

where e =the eccentricity, i.e., horizontal distanCe from the centre line to the 

centroid of the area 
W1W2 (WI + W2) 

3An 
... (13.31) 

The correction is positive if the centroid and the centre of the curvarure are to 

the opposite side of the centre line 'while it is negative if the centroid and the centre 

of the . curvamre are to the same side of the centre line. 

(W) For .side hill two-kvel section : 

Correction to area = ~ per unit length 
... (13.32) 

where e = H w1 + ~- nh) for the larger area ... (13.33) 

and e = H w, + ~ + nh) for the smaller area .1<.(13.34) 

~pie 13.1. A railway embanlcment is 10 m wide with side slopesQo I. 

Assuming tile growui 10 b2 Ie11el in a direction fraiisrerse to th~ centre line, calcu.WlP. 

the volume contained ·in a length of 120 metres, the cemre heights at 20 m intervals being 

in metres ';2.2. 3.7, ).8, 4.0, 3.8, 2.8, 2.5. 

Solution • 
For a level section, the area is given by A = (b + nh)h · 

Slope is Ii : I. Hence n = 1.5 

The areas at different sections will be as under : 
A

1 
= (10 + 1.5 x 2.2) 2.2 = 29.26 m2 

; A,= (10 + 1.5 .x 3.7) 3.7 = 57.54 m' 

A,= (10 + 1.5 x 3.8) 3.8 = 59.66 m2 
; A• = (10 + 1.5 x 4.0) 4.0 = 64.00 m' 

·A,= (10 + 1.5 X 3.8) 3.8 = 59.66 m2 ; A,= (10 + 1.5 x 2.8) 2.8 = 39.76 m' 

and A,.= (10 + 1.5 X 2.5) 2.5 = 34.37 m
2 

Volume by trapezoidal rule is given by 
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[
A,+A, ] 

V=,d -
2
-+A,+A,+ ... A,_, 

· . ·.. . r 29.26 + 34.37 6
] -·' 

(= 20t 
2 

+ 57.54 + 59.66 + 64.00 + 59.66 + 39.7 = 6258.9 m 

Volume by prismoidal rule is given by 

V= ~[A,+ 4(A2 +A,+ A,+ ... )+ 2(A, +As+ .... + Ao-2) +A,] 

= 
2
3
° [ 29.26 + 4 (57.54 + 64.00 + 39.76) + 2 (59.66 + 59.66) + 34.37] = 6316.5 m'. 

~ple 13.2. A railway embankment 400 m long is 12 m wide at the formation 
lEvel and has the side slope} to 1. The ground levels at every 100 m along the cemre 
line are as under : 

Distance 0 100 200 300 400 

R.L. 204.8 206.2 207.5 207.2 208.3 

The formation lEvel at zero chainage is 207.00 and the embankment has a rising 
gradiem of l .in lop. The ground is level across the cent[~ line. Ca/culaJe the voluine 
of earthwork. · 

Solution. 

Since ihe embankment level is to have a rising gradient of 1 in 100 the formation 

level at every section can be easily calculated as tabulated below 

and 

Dlsutn<t Ground Fonnatlon lewl Depth of jiOing 

o. 204.8, 201.0' "1 2.2 

100 206.2 208.0 ..... 1.8 

200 1.0"/.S 209.0 l.S 

300 207.2 210.0 2.8 

400 208.3; 211.0 2.7 
" 

The area of section is given by A = (b +~h) h = (12 + 2h) h 

A,= (12 + 2' 2.2) 2.2 ~ 36.08 m' , A2 = (12 + 2 • 1.8) 1.8 = 28.06 m' 

A,= (12 + 2 x 1.5) 1.5 = 22.50 m2 
; A, = (12 + 2 x 2.8) 2;8 = 49.28 m2 

A,= (12 + 2 x 2.7) 2.7 = 46.98 m2 

Volume by ttapewida! rule is given by 

[ A,+A, l V=d -
2
-·+A, +A,+ .. .A,_, 

= 100 [ 
36

·
08 ~ 46

·
98 

+ 28.06 + 22:50 + 49.28] = 14,137 m' 

Volume by prismoida! rule is given by 

V=~[ (A, +A,)+ 4(A, +A,)+ 2(A,)) 

V = 
1~ [(36.08 + 49.98) + 4(28.06 + 49.28) + (2 x 22.50)) = 14,581 m'. 
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~le 13.3. Find out the volume of earth work in a road cutting }32- metres 

long from the following data : · "' 
The Jorrrla!;on width 10 metres ; side slopes 1 to 1; ;,erage depth of cutting along 

the centre of line 5 m ; slopes of ground in cross-seCtion 10 to 1. 

Solution. 
The cross-sectional area,·- in terms of m and n, is given by equation 13.8 

n ( !>.y + m2(bh + nh2
) 

A= 2• 
m2- nz Thus, 

(2--\a.et) 

Here n=l ; m=10; h=5; and b=10. 

!( ~~ J + 102(10 X 5 + 1 X 5') 
A= =76m

2 

102
- 12 

· • 

/ V = A x L = 76 x 120 = 9120 cubic metres. 

/Example 13.4. A road embankment 10 m wide at the formation level. with side 
slopes of 2 to 1 and with an average height of 5 m is constructed with an average 
gradient 1 in 40 from contour 220 metres to 280 metres. Find the volume of earth work. 

Solution. 
Difference in level between both the ends of the road 

= contour 280 - contour 220 = 60 m 

Length of the road = 60 x 40 = 2400 metres. 
~ 

Area of the cross-section= (b + nh) h 

Here, b = 10 m ; n =2m ; h = 5 m. 

A = (10 + 2 x5) 5 = 100 sq. m. 

. . Volume of embankment= Length x Area= 2400 x 100 = 2,40,000 cubic metres. 
~ 

Example 13.5. The foUowing notes refer to three level cross-sections at two sections 

50 metres apart. 
Sration 

1. 

2. 

Cross-section 
1.7 2.8 4.6 
7.7 0 10.6 
2.9 3.7 6.9 ---
8.9 0 12.9 

The widlh of cuning at the formation level is 12 m. Calculate the volume of cutting 

between the two stations. 
Solution. 
Tbe area of a three-level cross-section, from Eq. 13.19, is given by 

A= [ 4 (w, + w,) + ~ (h, + h,)] 

At station I, b= 12 m ; h =2.8 m 

. w, = 10.6 m ; h, = 4.6 m ; w, = 7.7 m h, = 1.7 m 

··i ... 
·i,l ,,,, 

!:1 

li 
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2.8 12 
A,= T (10.6 + 7.7) + 4 (4.6 + 1.7) = 44.52 m' 

At station 2, b = 12 m ; h = 3. 7 m 

w, = 12.9 m : h, = 6.9 m ; w, = 8.9 m ; h, = 2.9 m 

3.7 ·12 
A,= T (12.9 + 8.9) + 4 (6.9 + 2.9) = 69.73 m' 

Volume by trapezoidal formula is given by 

V =} (44.52 + 69. 73) x 50= 2856 cubic metres. 

To calculate the volume by prismoidal rule, let us first calculate the mid-area by 

assuming the quamiti.S w, h etc., as the average of those at the ends. Thus, for the 

mid-=, we bave 

2.8 + 3.7 
b= 12 m : h 

2 
-3.25 m 

10.6 + 12.9 
w, = 2 -11.75; h,- 4.6 ;;6.9- 5.75 

7.7 + 8.9 1.7 +2.9 2 3 
w1 - 2 

=8.3; h,-
2

-. 

Am= 
3

;
5 

(11.75 + 8.3) + 7 (5. 75 + 2.30) = 56.73 m' 

L >50 , 

V=6(A,+4Am+A,) ='6(44.52+56.73 x4+69.73)=2843 m. 

Example 13.6, The following are the notes for a multi-level cross-section for a 

road. The width of the road bed is 10 m and the side slopes are 1 to 1. ColculaJe 

the cross-seaional area. 

Solution. 

~5 ~9 LB 12 18 

zs5o7~ 

If thl! co-ordinates are 

points are also included (one 
follows : 

given proper sign and if the co-ordinates of the fonnarion 

at extreme left aod other at extrell\e right), they appear as 

Q_ ..l1_ 2.9 3.8 2:2_ _2!_ _o_ 
- 5 -7.5 - 5 0 + 7 + 10.8 + 5 

Following the method explained in § 13.6 aod placing opposite 

the opposite side of each lower term, the notes appear as follows : 

0 2.5 2.9 3.8 5.2 5.8 

::-s+ =7.5+ ::-s+ 0 + 7 - +To.8 -

algebraic sign on 

0 
+5-

The area can be 

of two adjacent lower 

of these products will 

Thus, we get 

computed by multiplying each upper term by the algebraic sum 

terms, using ihe signs facing the upper term. The algebraic sum 

be double ti'le area of the cross-section. 

., 
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A =-} [2.5 (+ 5 - 5) + 2.9 (+ 7.5 + 0) + 3.8 (+ 5 + 7) + 5.2 (+ 0 + 10.8) + 5.8(- 7 + 5)] 

= i;IO + 21.75 + 45.6 + 56.16- 11.6] = 55.96 ur . 

13.7. VOLUME F!!...OM SPOT LEVELS 

" In this method, the field work consists in dividing the area into a number of squares. 

rectangles or triangles and measnriog the levels of their comers before and after the constrUction. 

Thus, the depth of excavation or height of filling at every comer is known. Let us assume 

that the four comers of any one square or rectangle are at different elevations but lie 

in the same inclined plane. Assume that it is desired to grade down to a level surface 

a certain distanCe below the lowest comer. The earth to be moved will be a right trUDCated 

prism, with vertical edges at a, b, c and d [Fig. 13.8 (a)). Tbe rectangle abed represents 

the horizontal projection of the upper il>clined base of the prism and also the lower horizontal 

base. 
Let us consider the ;!'I;''P•"' abed of Fig. 13.8 (a). If h,, hb, h, and h, represent 

the depth of excavation of the four comers, the volume of the right trUncated prisn\ will 

be given by 
' 

~ 
V=(h.+h•+~+h•]xA 

4 • 

...(13.35) 

= averate height x the horizontal area of the rectangle. L 

Similarly, let us consider the triangle abc of Fig. 13.8 (b). If h., h• and h, are 

the depths of excavation of the three corners, the volume of the truncated triangular prism 

is given by 

(
h,+h•+h,l 

-1( v = 3 X A ... (13.36) 

= (average depth) ·x horizontal area of the triangle 

2 ~ ~ 
~ 

I o EB 2 4 3 

2 

{a) 

4/( ~I( ., " 

{b) 

FlG. 13.8 
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()( Volume or a group or rectaDgles or squares ba.ntg the same area 

'T Let us now consider a group of rectangles of the same area, arranged as shown 

in Fig. 13.8 {a). It will be seen by inspection that. some of the heighlli are used once 

only, some heights are common to two rectangles (such as at b), some heights are common 

to three rectangles (such as at e), and some heights are common to four rectangles (such 

as at f). Thus, in Fig. 13.8 (a), each corner height will' be used as many times as 

there are rectangles joining at the corner (indicated on the figure by numbers). 

Let l: h, .= the sum of the heighlli used once. 

l: hz = the sum of the heighlli used twice. 

l: h,· = the sum of the heights used thrice. 

l: h.= the sum of the heights used fuur times. 

A = horirontal area of the cross-section of one prism. 

Then, . the total volume is given by 

V A (II:k1 + 21:11, + 3l:h, + 41:/z.,) ... (13.37) 

4 

a Volume or a gronp or triangles ba.ntg equal area [Fig. 13.8 (b)] 

If the ground is very much undulating, the area may be divided into a number 

of triangles having equal area. In this case, some corner heighlll will be used once (such 

as point a of Fig. 13.8 (b)), some twice (such as at d), some thrice (such as at c), 

some four times (such as at b), some five t:ittfes (such as at e), some six times (such 

as at /), and some seven times (such as at J). The maximum number of times a corner 

height can be used is eight. Thus, in Fig. 13.8 (b), each COl'Der height will be used 

as many times as there are triangles joining at the corner (indicated in the figure by numbers). 

Let l: h, = the sum of height used once. 

l: hz = the sum of height used twice 

l: h, = the sum of height used thrice. 

l: ha =the sum of height used eight times. 

A = area of each triangle. 

The total volurile of the group is given by 

A 
V = 3 {ll:h, + 21:11, + 3l:h, + 41:11. + 5l:h, + 6I:ko + ?l:h, + 8I:ka) ... (13.38) 

~pie 13.7. A reaangular p/or ABCD form:; rhe plane of a pil excavated for 

road work. E is poinl of inlerseaion of rhe diagonoJs: Calculale rhe volume of lhe excavation 

in cubic merres from rhe following daUJ 

Poinl A B C D E 

Originallevel 45.2' 49.8 51.2 47.2 52.0 

Finallevel 38.~ 39.8 42.6 40.8 42.5 

Lengrh of AB = 50 m and BC = 80 ·m. 
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Solution. (Fig. 13.9) 

Area of each triangle=! x SOx 40 = 1000 sq. m. 

Take ttJi vertices of each triangle and find the mean depth at each triangle. Thus, 

Depth of cutting at A = 45.2 - 38.6 = 6.6 m • ./ 

Depth of cutting at B = 49.8-39.8 = 10.0 m .,/ 

Depth of cutting at "•c = 51.2 - 42.6 = 8.6 m •,__.---­

Depth of cutting at D = 47.2 - 40.8 = 6.4 m 

Depth of cutting at E = 52.0 - 42.5 = 9.5 m 

Now volume of any truncated triangular prism is given by 

v = (average height) x A = hA 

For the triangular prism ABE 
6.6 + 10 + 9.5 

h= 
3
_ 8.7 m 

>~ 

V1 = 8.7 x 1000 = 8700 m' --
From the prism BCE. 

h- 10 +a;+ 9'
5 = 9.367 m 

v, = 9.367 x 1000 = 9367 m' 

prism CDE, 

r 
50~v--~. ,. , . :t 
~ ·:. ~8Gm ·. 

For the 

For the 

8.6 + 6.4 + 9.5 
h= 3 . -8.167 

v, = 8.167 x 1000 = 8167 m' 

prism DAE. 
6.4 + 6.6 + 9.5 7 

h 
3 

= .5 m 

~·~ ~ 7.5 x 1000 = 7500 m3 

fiG. 13.9. 

.. Total volume= v, + V1 + v, + v, = 8700 + 9367 + 8167 + 7500 ~33,734 rif 

Alternatively, the total volume may be obtained from equation 13.38. Thus, 

A V= 3 (ll:h, + 2l:hz + 3l:h, + .... 8l:h8) 

Here ll:h, = 0 

m, = 2 (6.6 + 10 + a.6 + 6.4) = 63.2 

(Since height of every outer corner is utilised in two triangles) 

3l:h, , 5I:h, , 6l:h6 • ?l:h, and 8I:k, are each zero. 

41:11. = 4(9.5) = 38 

Substituting the values in equation 13.38, we get 

V = 1~ x (63.2 + 38) = 33733 m' 

... (13.38) 

!I! il 

" 
11: 

11~ 
I! 
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Example 13.8. An excavation is to be made for a reservoir 20 m long I2 m wide 
at the bo«om, having the side of the exCill!arion slope at 2 horizontal to I vertical. Calculole 
the volume of excavation if the depth i! 4 metres. The ground surface is level before 
excavation. 

• 

Solution. 
Length of the reservoir at the top = L + 2nh = 20 + (2 x 2 x 4) = 36 m 

Width of the reservoir at the top = B + 2nh = 12 + (2 x 2 x 4) = 28 m 

gth f . . h' W+% 
Len o the reservorr at nud- etght = --= 28 m 

. 2 

A' 8' 

I i I Bm 

A B 

E E E 

"' 12m t!.l -I l 
•. j c· 

20m I · '•I• 
0 

Bm 

FIG. 13.10 

W'dth f th . . 'gh 12 + 28 1 o e reseiVmr at m1d-he1 t = --
2

- = 20 m 

Area of the bottom of the ·reservoir= 20 x 12 = 240 m' 

Area of the top of the reservoir = 36 x 28 = 1008 m' 

Area of the reservoir at mid height = 28 x W = 560 m' 
Since the areas ABCD and A'B'CD' are in parallel planes spaced :'i m part. prismoidal 

formula can he used. 

:. V =~(A,+ 4 Am+ A,)=~ (240 + 4 x 560 + 1008) = 2325 ur. 
Example 13.9. Calculole the volume ef the excavation shown in Fig. 13.11. the 

side slopes being 1 ~ horizonJal ro I vertical, und rhe original ground surface sloping aJ 

1 in 10 in the direction of the centre line of the excavation. 

Solution. 

Since no two faces are parallel, the solid is not a prismoid and hence prismoidal 
formula will not he applicable. The total volume will he the sum of the vertical truncated 
prisms appearing in plan as ABCD, ABFE. DCGH, ADHE and BCGF. 

5+8 
The depth h at the centre= -

2
- = 6.5 m 

The side widths w, and w, can he calculated from the formulae 
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~ 7f 
A D. 

14---30m 

20m 

B 

r-------~,G 

""'"~m +5 Vj"''"" 
jot---Wt Wz 

FIG. 13.11 ' 

b mn ( b ) 30 10 x 1.5( 30 ) 
w, = 2 + m:n h + 2 m = T + 10 - 1.5 6·5 + i x 10 = 

15 
+ 

14
·
1 

Horiwntal breadth of the slope to the right of DC = 14.1 m 

. . b mn ( b ) 30 10 x 1.5 ( 30 ) Similarly, w,=-
2
+-- h--

2 
=-

2 
+ 6.5--2 10 =15+6.52. 

m+n m 10+ 1.5 x 

:. Horizontal breadth of the slope to the left of BA ~ 6.52 m 

Prism ABCD : 
Area= 30 Y. 20 = 600 m' 

Average height= ~ (5 + 5 + 8 + 8) = 6.5 m 

Volume= 600 x 6.5 = 3900 m3 

Prism ABFE 
Area= (20 + 6.52) 6.52_ = 172.9 m' 

Average height=~ (0 + 0 + 5 + 5) = 2.5 m 

Volume= 172.9 x 2.5 = 432.2 m3 

Prism CDHG : 
Area= (20 + 14.1) 14.1 = 480.8 m 

Average height=~ (0 + 0 + 8 + 8) = 4 m 

Volume =-480.8 x 4 = 1923.2 m' 

:\1 
liill 
IIi 

II 
II' 

II 
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II' 
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Prisw ADHE and BCGH: 

Area=2[(30+14.1 +6.52)[14.1 ;6.52 )-1~1'- 6.~2'] 

= 2(521.9- 99.5- 21.2) = 802.4 m2 

Average height= f (0 + 0 + 5 + 8) = 3.25 m 

Volume= 802.4 x 3.25 = 2607.8 m' 

Total Volume = 39.00 + 432.2 + 1923.2 + 2607.8 = 8863.2 m'. 

13.8. V LUME FROM CONTO AN 

As indicated in chapter 10, 
the amount of earth work or vol· 

ume can he calculated by the 
contour plan area. There are four 
distinct methods. depending upon 
the type of the work. 

(1) BY CROss-sECTIONS 

It was indicated in chapter 
10, that with the help of the 
contour plan, cross-section of the 
existing ground surface can he 
drawn. On the same cross-section, 
the grade line of the proposed 
work can he drawn and the area · 

of the section can be estimated 
either by ordinary methods or 

with the help of a planimeter. 

Thus, in Fig. 13.12 (b), 

the iqegular line represents the 
original ground while !lie straight 

FIG. 13.12 

(a) 

(b) 

line ab is obtained after grading. The area of cur and of fill can he fuund from the 

cross-section.- The volumes of earth work between adjacent cross-sections may he calculated 

by the use of average end areas. 

(2) BY EQUAL DEPTH CONTOURS 

In this method, the contours of the finished or graded surface are drawn on the 

contour map, at the same interval as that of the contours. At every point, where the 

contours of the finished surface intersect a contour of the existing surface, the cut or fill 

can he found by simply subtracting the difference in elevation between the two contours. 

By joining the points of equal cut or fill, a set of lines is obtained (represented by thick 

lines in Fig. 13.13). These lines are the horizontal projections of lines cut from the existing 

surface by planes parallel to the finished surface. The irregular area bounded by each of 

-:u-· 

\-) 
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these lines. can he determined by 

the use of the planimeter. The volume 

between any .f'VO successive areas 
is determined by multiplying the av-

10 

erage of the two areas by the depth 11 

between them, or by prismoidal for­
mula. The sum of the volume: of 

all the layers is the total volume 12 

. required. 
Thus, in Fig. 13.13, the 

ground contours (shown by thin con­
tinuous lines) are at the interval 

of 1.0 metre. On this a series of 

straight, parallel and equidistant lines 

(shown by broken lines) representing 

a finished plane surface are drawn 

at the interval of 1.0 metre. At 

each point in which these two setS 

of lines meet, the amount of cutting 
is wrinen. The thick continuous lines 

are then drawn through the points 

16 17 18 10 20 

FIG. 13.13 

16 
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.18 
•/ 

10 

of equal · cut thus getting the lines 
of I, 2, 3 and 4 metres cutting. The same procedure may he adopted if the contours <>f 

the proposed finished surface are curved in plan. 
Let A, A,, A, ...... ere. he the areas enClosed in each of the thick lines (known 

as the equal depth contours). This will be the whole area lying 

within an equal-depth contour line and not that of the strip he 

tween the adjacent contour Hoes. 

h = contour interval ; V = Total volume 

Then V =I: & (A 1 +A,) by trapezoidal formula 

or = I:~ (A, + 4A, + A3) by prismoidal formula. 

(3) BY HORIZONTAL PLANES 

The method consists in determining the volumes of earth to he moved hetwee'n the 

horizontal planes marked by successive conrours. 

Thus, in Fig. 13.14, the thin continuous lines represent the ground contours at I 

m interval. The straight, parallel and equidistant lines (shown by broken lines) are drawn 

to represent the finished plane surface at the same interval. The point p represent the 

points in which the ground contours and the grade contours of equal value intersect. By 

joining the p-poinls the line in which the proposed surface curs _the ground is obtained. 

These lines have been shown by thick lines. Along thin line no excavation or Izll is _ 
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necessary, but within this line, excavation 
is necessary and outside this line filling is 
necessary. Thus, the extent of cutting between 
. 17 m ground contour and the corresponding 
17 m gr<!de contour is also shown by hatched 
lines. Similary, the extent of cutting between 
lhe 16m ground contour and lhe corresponding 
16m grade contour is also shown by hatched 
lines. Proceeding like this, we can mark 
lhe extent of earthwork ~tween any two 
corresponding ground and grade contours 
and the areas enclosed in lhese eitems 
can be measured by planimeter. The volume 

can then be calculated by using end area 
rule. 

(4) CAPACITY OF RESERVOIR 

This is a typical case of volume in 
which lhe finished surface (i.e., surface of 
water) is level surface. The volume is calculated 
by assuming it as being divided up into 
a number of horizon!al slices by contour 
planes. The ground contours and lhe grade 
contour, in Ibis case, coincide. The whole 
area lying wilhin a contour line (and not 
that of lhe strip between two adjacent contour 
lines) is measured by planimeter and lhe 
volume can be calculated. FIG. 13.14 

Let A~o A2, A3, ....... , An= the area of successive contours 

h = contour interv a! 

1" · capadty of :·eservoir 

Then by trapezoidal formula, [
A,+An l 

V=h -
2
-+A, +A,+ .... +An-I 

SURVEYING 

By the prismoidlll rule, h 
V= 3 [A,+ 4 A, +2 A,+ 4 ,4, .... 2 An-2 + 4 An-I +An] 

where n Y an odd number. 
~xample 13.10. The areas 

the face of the proposed dam are 
Comour Area (m') 

101 1, 000 
102' 12,800 
103 95,200 
104 14~600 

105 872,500 

within the contour 
as follows : 

Com our 
106 
107 
108 
109 

line at the site of reservoir and 

Area (m') 
1350,000 
1985,000 
2286,000 
25/2,000 

MEASUREMENT OF VOLUME lll 

Taking 10/ as the bollom level of the reservoir and /09 as the top level, caladate 

the capacity of the reservoir. 
Solution . 
By trapezoidal formulll, 

(A,+ An ) (1000 + 2512,000 
V = h l-

2
- + A,f A, ..... An- 1 = I 

2 
+ 12,800 + 95,200 

+ 147,600 + 872,500 + 1350,000 + 1985,000 + 2286,000) 

= 8005,600 m1 

By prismoidal formula 
h 

V = 3 [A, + 4(A, +A,+ ... )+ 2(tb +A,+ .... ) +An] 

= ~ [1000 + 4(12,800 + 147,600 + 1350,000 + 2286,000) 

+ 2(95,200 + 872,500 + 1985,000) + 2512,000] 

V = 7,868,000 m' 

PROBLEMS 

1. Wba! is a prismoid ? Derive lhe prismoidal formula. 

2. Derive an expression for trapezOidal formula for volume. Compare it with the prismoidal 
formula. 

3. Explain, with the help of ske<ches, the use of a contour. map for calculation of earth 

work. 

4. How do you determine (a) the capacity of a reservoir (b) the eanb work for a borrow 
pit ? 

5. (a) Calculate the volume of earth wotk by Prismoidal formula in a road emhanlanent with 
the following data : · · 

Ch3inage along the centre line 0 t 00 200 300 400 

Gro\llld levels 201.70 202.90 202.40 204.70 206.90 

Formation level at chainage 0 is 202.30, top width is 2.00 ft side slopes are 2 to I. The 
longirudinal gradient of the embarkment is 1 in 100 rising. The ground is assumed to be level 
all across the longitudinal section. 

(b) If the !raDSverse slope of the ground at chainage 200 is assumed to be I in 10, lind 
the area of embankment section at this point. 

6. At every 100 ft along a piece of ground, level were taken. They were as follows : 

Feet G.L. 
0 ... 210.00 

100 ... 220.22 
200 ... 231.49 
300 ... 237.90 
400 ... 240.53 
500 ... 235.00 
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A cuui.og is to be made for a line of uniform gradient passing lbrou&b the first and last 

poims. What is the gradient ? calculate the volume of cuui.og on the assumption tba1 the grow><! 

at right angles to the centte line is levelled. 

Given : Breadth of formation 30 feet ; slope of the culliDB ill each side 1t to I. Use plismoidal 

formula. 
(U.P) 

1. A cuui.og is to be made lhrougb the groand where the cross- slope varies considerably. 

At A, the depth of the cut is 12 ft at the centre line, and cross slope is 8 to I. At B the 

com:spondiDg figures are 10 ft and 12 to 1 and at C 14 ft and 10 to I. AB and BC are each 

100 feeL The formation width is 30 feet and the side slopes 1t to I. Calculate by the prisDtoidal 

method the volume oC the i:uui.og ill cubic yaros between A and C. (U.P.) 

ANSWERS 

5. (a) 4013 cubic yds. (b) 352.52 sq. ft. 

6. 6953 cubic yds. 

7. 3919 cubic yds. 

[3 
Minor Instruments 

14.1. HAND LEVEL 

A hand level is a simple, compact instrument used for recollllaissance and preliminary 

survey, for locating contours on the ground and for taking short cross-sections. It consists 

of a rectaoguJar or circular tube, 10 to 15 em long, provided with a small bubble tube 

at the top. A line of sight, parallel 

to the axis of the bubble tube, 

is defined by a line joining a 

;:in-bole at the eye end and a 

horizontal wire at the object end. 

1D order to view the bubble tube 

at the instant the object is sighted, 

a smaU opening, immediately be· 

low the bubble, is provided in 

the tube. The bubble is reflected 

through this opening on to a 

mirror, which is inside the tube 

inclined at 45' to the axis, and 

[ij• 
2 

.... 2 

==~=m==b==m~==~3 

FIG. 14.1. HAND Ll!VEL. 

I. BUBBLE TUBE 3. EYE SLIT OR HOLE 

2. REFLECTING MIRROR 4. CROSS-WIRE. 

immediately under the bubble tube. The ntirror occupies half the width of the tube and 

the objects are sighted through the other half. The line of sight is horizontal when the 

centre of the bubble appears opposite the cross-wire, or lies on a line ruled on the reflector. 

To use the instrument 

(I) Hold the instrument in band (preferably against a . rnd or staff) at the eye level 

and sight the staff kept at the point to be observed. 

(il) Raise or lower the object end of the tube till the image of the bubble seen 

in the reflector is bisected by the cross-wire. 

(iit) Take the staff reading against the cross-wire. 

In some of the band levels, telescopic line of the sight may also be provided. 

AdJustment of the hand level (Fig. 14.2) 

To make the line of sight homonll11 when the bubble is centred. 

(I) Select two rigid supports P and Q at about 20 to 30 metres apart. 

(337), 
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(2) Hold the level at a point 

A on the supporr at P aod mark a 

point D on the other supporr Q, when 

the bubble is central. 

·(3) Shift the instrument to Q, 
hold it at the point D. centre the bubble, 
aod mark the point B where the line 

of sight slrikes the first supporr. If 
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FIG. 14.2 

A and B do not coincide, the ins011D1ent requires adjustment. 

(4) Select a point C 'midway between A and B. With the adjustment screws, raise 

or lower the cross-wire till the line of sight bisects C. 

14.2. ABNEY CLINOMETER (ABNEY LEVEL) 

Abney level is one of the various forms of clinometers used for the measurement 

of slopes, taking cross-sections, tracing contours, setting grades aod all other rough levelling· 

operations. lt is a light, compact and hand instrument . with low precision as compared 

to engineer's level. The abney level consists of the fp~~wing (Fis. 14.3): 

(I) A square sighting tube having peep bOle or eye-piece at one end aod a cross-wire 

at the other ·end. Near the objective end, a mirror is placed at an angle of 45" 'inside 

the tube and occupying half the width, as in the hand level. Immediately above the mirror, 

an opening is provided to receive rays from the bubble tube placed above it. The line 

of sight is defined by the line joining the peep hole and the cross-wire. 

(2) A small bubble tube, placed immediately above the openings attached to a vernier 

arm, which can be rotated either by means of a milled headed screw or by rack and 

pinion arrangement. The intage of the bubble is visible in the mirror. 

When the line of sight . is at any inclination, the milled-screw is operated till the 

bubble is bisected by the cross-wire. The vernier is thus moved from its zero position, 

the amount of movement being equal to the inclination of the line of sight. 

(3) A semi-circular graduated arc is fixed in. position. The zero mark.of the graduations 

coincides with the zero of the vernier. The reading increases from oo to 600 (or 

90" ) in both the directions, one giving the angles of elevation aod the other angles of 

depression. In some instru­
ments, the values of the 
slopes, corresponding to 
the angles, are also 
marked. The vernier is of 
extended type having least 
count of 5' or 10'. 

If the instrument is 
to be used as a band level, 
the venller ffi set to read 
zero on the graduated arc 
aod the level is then used 
as an ordinary hand level. 

FIG. 14.3. ABNEY LEVEL. 

(BY COURTESY OF MIS VICKERS IN5rRUMENTS LTD.) 

"' 
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The Abney level can be used for (z) measuring vertical angles, (il) measuring slope 

oi the ground, aod (iii) tracing grade contour. 

(i) Mtasuremeat of vertical angle 

(I) Keep the instrument at eye level and direct it to the object till the line of 

sight passes through it. 

(2) Since the line of sight is inclined, the bubble will go out of centre. Bring the 

bubble to the centre of its run by the milled-screw. When the bubble is central. the line 

of sight muse pass tlirough the object. 

(3) Read the angle on the arc by means of the vernier. 

(il) Measurement or slope or the ground 

(I) Take a target, having cross-marks, at observer's eye height and keep it at the 

other end of the line. 

(2) Hold the instrument at one end aod direct the instrument towards the target till 

the horizontal wire coincides with the horizontal line of the target. 

(3) Bring the bubble in the centre of its run. 

(4) Read the angle on the arc by means of the vernier. 

(iiJ) Tracing grade contour : See § 10. 6. 

Testing and Adjustment of Abney Level : 

(I) Fix two rods, having marks at equal heights h (preferably at the height of observer's 

eye), at two points P and Q, about 
20 to 50 metres apat1. 

(2) Keep the Abney level at 
the point A against the rod at P 
and measure the angle of elevation 
a, towards the point B of the rod 

Q. 
(3) Shift the instrument to Q. 

hold it against B aod sight A. Measure 

the angle of depression a,. 

(4) ·If a, aod a, are equal, 

-·- -·-·-·-a; ·-·-·-·-·-·-·-· B 

i
A ·-·- - -- - ~~ i -·- - - - -· h 

h l a 

p 

FIG. 14.4 

the instrument is in adjustment i.e., the line of sight is parallel to the axis of the bubble 

tube when it is central and when vernier reads zero. 

. . a 1 +a2 

(5) If not, turn the. screw so that the vermer reads the mean readtng --
2
-

The bubble will no longer be central. 

Bring the bubble to the centre of its run by means of its adjusting scrws. Repeat 

the test till correct. 

Note. If the adjustment is nOt done, the index error, equal a,;"' , may be noted 

aod the corr.:.:~on ntay be applied to all the observed· readings. 
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14.3. INDIAN PATrERN CLINOMETER (TANGENT CLINOMETER) 

Indian pattern clinometer is used 

for determining difference in elevation 

between points and is specially adopted 

to plane tabling. The clinometer is placed 

on the plane table which is levelled 

by estimation. The clinometer consists 

of the following : 

(I) A base plate carrying a small 

bubble rube and a levelling screw. Thus. 

the clinometer can be accurately levelled. 

(2) The eye vane carrying a peep 
hole. The eye vane is hinged at its 

lower end to the base plate. 

(3) The object vane having gradu­

ations in degrees at one side and tangent 

of the angles. to the other side of the 

central opening. The object vane is also 

hinged at its lower end to the base 

plate. A slide, provided with a small 

window and horizontal wire in its middle, 

can be moved up and down the object 

vane by a rack and pinion fitted with 

SURVEYING 

a milled bead. The line of sight is FIG. 14.5. INDIAN PATTERN CLINOMETER 

defined by the line joining the peep · 

hole and the horizontal wire of the slide. 

When the instrument is not in use, the vanes fold down over the base. 

Use of !ndian Patt'ern Clinometer with Plane Table 

(I) Set the plane table over the station and keep the Indian Pattern Clinometer 

on it. 

(2) Level the clinometer with the help of the levelling screw. 

· (3) Looking through the peep hole, move the slide of the object vane till it bisects 

the sigrtal at the ·Other point to be sighted. It is preferable to use a sigrtal 

of the same height as that of the peep hole above the level of the plane 

table station. 

(4) Note the reading, i.e. tangent ~f the angle, against the wire. Thus, the difference 

in elevation between the eye and the object = distance x tangent of vertical· 

angle = d tan a. 

The distance d between the plane table station and the object can be found from 

.the plan. The reduced level of the object can thus be calculated if the reduced level of 

the plane table station is known. 

"' 
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14.4. BUREL HAND LEVEL 
(Fig. 14.6) 

This ci>nsists of a simple frame t. PRAME 

carrying a mirror and a plain glass. 

The mirror extends half-way across the, 2· MIRROR 

frame. The plain glass exten¢.; to the 3 PLAIN GLASS 

other half. The frame can be suspended · 

vertically in gimbles. The edge of the 4. GIMBLE 

mirror fomts vertical reference line. The 

instrument is based on the principle 5: SUPPORTING RING 

that a ray of light after being reflected 

back from a vertical mirror along the 6. ADJUSTING PIN 

path of incidence, is horizontal. When 

the instrument is suspended at eye level, 

the image of the eye is visible at the 

edge of the mirror, while the objects 

FIG. 14.6. BUREL HAND LEVEL 
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appearing through the plain glass opposite the intage of the eye are at the level of observer's 

eye. 

14.5. DE LISLE'S CLINOMETER (Fig. 14.7) 

This is another form of clinometer, similar to that of 'Burel band level, used for 

measuring the vertical angles, determining the slope of the ground, and for setting out 

gradients. This consists of the· following : 

(1) A simple frame, similar to that of a Burel level, carrying .a mirror extending 

half-way across the frame, the objects being sighted through the other half which is open. 

The frame can be suspended in gintbles. 

The edge of the mirror fomts 

a vertical reference line. 

(2) A heavy semi-circular arc is 
I. GIMBLE 

attached to the lower end of the frame. 2. SUPPORTING RING 

The arc is graduated in gradients or 

slopes from 1 in 5 to I in 50. The 3. MIRROR 

arc is attached to the vertical axis so 

that it may be revolved to bring the 
arc towards the observer (i.e. forward) 4

· GRADUATED ARC 

to measure the rising gradients or away 

from the observer to measure the falling 5. ARM 

gradients. 
(3) A radial arm is fitted to the 6. SLIDING WE!GIIT 

centre of the arc. The arm consists of 

a bevelled edge which acts as index. 

By moving the arm along the arc, the 

mirror can be inclined to the vertical. 

~2 

6 

The inclination to the horizontal of the FIG. 14. 7. DB USLB'S CLINOMETER. 
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line from the eye to the point at which it appears in the mirror equals the . inctination 

of the mirror to the vertical. The arm also carries a sliding weight. When the weight 

is· moved to the ouler stop (at the end of the arm), it· counter balances the, weight of 

the arc in horizontal position and makes the mirror vertical. To make the line of the 

sight horizontal, the weight is slided to the outer slope and the radial arm is turned back 

to its fullest extent. 

To measure a gradient 

(I) Slide the weight to the inner stop of the arm. The arc should be turned forward 

for rising gradients and backward for falling gradients. 

(2) Suspend the insninnent from the thumb and hold it at arm's length in such 

a position that the observer sees the reflected image of his eye at the edge of the mirror. 

(3) Move the radial arm till the object sighted through the open half of the frante 

is coincident with the reflection of the eye. Note the reading on the arc against the bevelled 

edge of the arm. The reading obtained will be in the form of gradient which can be 

converted into degrees if so required. ' 

For better results, a vane or target of beight equal to the beight of observer's eye 

must be placed at the object and sighted. ·' · 

A similar procedure is adopted to set a point on a given gradienc. say 1 in n. 

The arm is set on the reading I in n. The arc should be turned forward for rising gradients 

and backward for the falling gradients. A peg is driven at the other end of the line and 

a vane. equal to the height of observer's eye; is kept there. The insttwnent man then 

sights the vane and siguals the assistant, holding the vane at the other end. to raise or 

lower the vane till it is seen coincident with the reflection of the eye in the mirror. The 

peg is then driven in or out till its top is at the level of the bottom of the vane. 

14.6. FOOT -RULE CLINOMF;TER (Fig. 14.8) 

A foot-rule clinometer consists of a box 

wood rule having two arms hinged to each 

other at one end, with a small bubble tube 

on each arm. The upper arm or part also carries 

a pair of sights through which the object can 

be sighted. A graduated arc is also attached 

to the hinge. and angles of elevations and de­

pressions can be measured on it. A small compass 

is also receSsed in the lower arm for taking 

bearings. 

To sight an object, the insttwnent is held 

• 

FIG. 14.8. FOOT-RULE CLINOMETER. 

firmly against a rod, with the bubble central in the lower arm. The upper arm is then 

raised till the line of sight passes through the object. The reading is then taken on the 

arc. 

Another common method of using the clinometer is to keep the lower arm on a 

straight edge laid on the slope to be measured. The rule is then opened until the bubble 

of the upper arm is central. The reading is then noted. 
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14.7. CEYLON GHAT TRACER 

(Fig. 14.9) 

It is a very useful insttwnent for setting 

out gradients. It essentially consists ·of a long 

circular tube having a peep hole at one end 

and cross-wires at the other egds. The tube 

is supported by a A-frame hliving a hole 

at its top to fix the instrument to a straight 

rod or stand. The tube is also engraved to 

give readings of gradients. A beavy weight 

· · slides along the tube by a suitable rack and 

pinion arrangement. The wei~t, at its top, 
contains one bevelled edge which slides along 

the graduations of the bar, and serves as 

an index. The line of sight is defined by 

the line joining the hole to the intersection 

of the cross-wires and its prolongation. When 

the bevelled edge of the weight is against 

the zero reading, the line of sight is horizomal. 

For the elevated gradients, the weight is slided 

towards the observer. For falling gradients, 

the weight is slided away from the observer. 

(a) To measure a slope 

I. Fix the insttwnent on to the stand 

and hold it to one end of the line. Keep 

the target at the other end. 
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FIG. 14.9. CEYLON GHAT TRACER. 

I. TUBE 2. GRADUATIONS 

3. SUDING WEIGHT 4. RACK 

5. A-FRAME 6. SUPPORTING HOLE 

7. STAND 8. VANE OR TARGET. 

2. Looking through the eye hole, move the sliding weight till the line of sight passes 

through the cross mark of the sight vane. 

3. The reading against the bevelled edge of the weight will give the gradient of 

the line. 

(b) To set out a gradient 

I. Hold the insttwnent at one end. 

2. Send the assistant at the other end with the target. 

3. Slide the weight to set it to the given gradient, say I in n. 

4. Direct the assistant to raise or lower i:he target till it is bisected. 

Drive a peg at the other end so that the top of the peg is at the same level as 

that the bottom of the target. 

14.8. FENNEL'S CLINOMETER 

It is a precise clinometer for the measurement of slopes. It consists of the following 

parts (Fig. 14.1!) : 

I. A telescope for providing line of sight. 

2. Two plate levels for checking borizontality of the holding staff. 
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3. A vertical arc which rotates or tilts 

along with the tilting of the telescope. 

4. A hnlding staff. 

and 5. A target mounted on a holding staff 

of the same height. 
This instrument is specially designed for 

finding the lines of highways with a predetermined 

percentage inclination (i.e. percentage slope) and 

for determination of the percentage amount of 

inclination of existing highways. It ~ a vertical 

arc allowing to read slopes upto ± 40% with 

graduation to 0. 5 % thus making sure estimation 

to 0.1% 

~ 
~ 

(a) Field of view (l>) Signal 

FIG. 14.10 
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The design of the telescope, when inclined, admits the sighted ohject, the ·diaphragm 

with stadia lines and the first spirit level running parallel to the vertical arc can be simultaneoUsly 

seen in the telescope [Fig. 14.10 (a)]. A second spirit lev,~! likewise is parallel to :the 

tilting axis. 

14.9. THE PANTAGRAPH (Fig 14.12) 

G A pantagraph is an instrument 

used for reproducing, enlarging or re­

ducing the maps. It is based on the 

principle of similar triangles. It consists 

of two long bars AB and AD hinged 

together at A and supporred on castors 

or rollers at B and D. Two shorr 

arms EF and GF are hinged together 

at F and are connected to AD and 

AB at E and G respectively. Thus 

AGFE is a parallelogram of equal sides 
for all positions of the instrument. The FIG. 14.12 

long bar AD carries a movable rubular frame which can be slided along it. The sliding 

frame carries an index and also a heavy weight Q which forms the vertical axis of the 

instrument; the whole instrument moves about the point Q. The bar EF carries a pencil 

point P attached to a carrier which can also be set to a desired. reading on the bar EF. 

The longer arm AB carries tracing point at the end B. For any serting of the instrument, 

the point B, P and Q are in a straight line. The original map is kept at B and is traced. 

Correspondingly, the pencil point P also moves, but the point Q remains fixed in position. 

Thus, if B is moved straight by an amount BB', the point P moves to P ' the ratio 

between BB' and PP' being equal to the ratio of reduction. For any position of the tracing 

point, the points · B', P' and Q are always in a straight line. 

If it is desired to enlarge the map, the pencil point is kept at B, the tracing point 

at P and the map under the point P. The moving frames ai Q and P are set to the 

same reading equal to the ratio· of enlargement. The pencil can be ndsed off the paper, 

'•·; 
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by means of a cord passing from the pencil round the instrument to the tracing point, 

if. so required. 

14.10. THE SEXTANT 

The distinguishing feature of the sextant is the arrangement of mirrors which enables 

the observer to sight at two different objects simultaneously, and thus to measure an angle 

in a single observation. A sextanl may A 

be used to measure horizontal angle. · 

It can also be used to measure vertical 

angles. Essentially, therefore, a sextant 

consists of fixed glass (H) which is 

silvered to half the height while the 

upper half is plain. Arnither glass (PJ 
is attached to a movable arm which 

•' :.r . ..,...o 

· can be operated by means of a milled 

head. The movable arm also carries 

a vernier at the other end. The operation 

of the sextant depends on bringing the 

image of one poim (R), after suitable 

reflection in two mirrors, into contact 

with the image of a second point (L) 

which is viewed direct, by moving the 

movable mirror (PJ. Since the vernier . 

and the movable mirror are attached 

to the same arm, the movement of 

the vernier from the zero position gives 

the required angle subtended by the 

two objects at the instrument station. 

FIG. 14.13. OPTICAL DIAGRAM OF A SEXTANT. 

E 

"The sextant is based on the principle that when a ray of light is reflected successively 

from twO mirrors, the angle between the first and last directions of ray is twice the angle 

between the pimles of tlw two mirrors. 

Thus, in Fig 14.13, H is the fixed glass (also known as the horizon glass) and 

P is the index glass or the movable glass. Let the angle between the planes of two glasses 

be a when the image of the object R has been, after double reflection, brought in the 

same vertical line as that of the object L viewed direcUy through ·the unsilvered portion 

of the glass H. Let the rays from both the objects subtend an angle ~- PI is the index 

arm pivoted at P. 

Since the angle of incidence is equal to the angle of reflection, we bave 

LA=A';LB=LB' 

or "= L A - LB (exterior angle) 

~ = L A + L A' - (LB + LB') = 2L A - 2LB = 2 (L A - LB) = 2tt 

or a=~ 
2 

1~~ 

~~ ,. 

!i 
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Hence the angle between the mirrors is equal to half the acrual angle between two 

objeciS. While constructing the sextant, the plane of mirror P is so adjusted that it is 

parallel to the mirror H when the index reads zero. The movement of the mirror P is 

equal to the movement of the vernier. The scale is numbered in values equal to twice 

the actual angle so that acrual angle between the o";"""' ;, read directly. 

Optical Requirements of the Sextant 

I. The two mirrors should be perpendicular to the plane of the graduated arc. 

2. When the two. mirrors are par'!fiel, the reading on the index should be zero. 

3. The optical axis ·should be parallel to the plane of the graduated arc and pass 

through the top of the horizon mirror. If only a peep sight is provided in place of telescope, 

·the peep sight should ·be at the same distance above the arc as the top of the mirror. 

There are mainly three types of sextants 

(I) Box Sextant 

(2) Nautical Sextant 

(3) Sounding Sextant. 

(a) Nautical Sextant 

A nautical sextant is specially designed for navigation and astronomical purposes 

and is fairly large instrument with a graduated silver arc of about 15 to 20 em radius 

let into a gun metal casting carrying the main pariS. With the help of the vernier attached 

to the index mirror, readings can be taken to 20" or 10". A sounding sextaru is also 

very similar to the nautical sextant, with a large index glass to allow for the difficulty 

of sighting an object from a sruall rocking boat in hydrographic survey. Fig. 14.14 shows 

a nautical sextant by U.S. Navy. 

(b) Box Sextant 

The box sextant is small pocket instrument used for measuring horizontal and venical 

angles, measuring chain angles and locating inaccessible poiniS. By setting the vernier to 

90', it may be used as an optical square. Fig. 14.15 shows a box sextant. 

A box sextant consisiS of the 
following pariS : 

(I) A circular box about 8 em 
in diameter and 4 em high. 

(2) A fixed horizon glass, sil­
vered at lower half and plain at upper 
half. 

(3) A movable index glass fully 
silvered. 

(4) An index arm pivoted at 
the index glass and carrying a vernier 
at the other end. 

(5) An adjustable magrtifying 
glass, to read the angle. FIG. 14.15. BOX SEXTANT. 
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(6) A milled-headed screw to rotate the index glass and the index arm. 

(7) An eye hole or peep hole or a telescope for long distance sighting. 

(8) A parr of coloured glasses for use in bright sun. 

(9) A slot in the side of the box for the object to be sighted. 

Measurement of Horizontal Angle with Box Sextant 
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I. Hold the instrument in the right hand and bring the plane of the graduated arc 

into the plane of the eye and the two points to be observed. 

2. Look through the eye hole at the left hand object through the lower unsilvered 

portion of the horizon glass. 
3. Turn the milled-headed screw slowly so that the image of the right-hand object, 

after double reflection, is coincident with the left-hand object ; view directly through the 

upper half of the horizon glass. Clamp the vernier. If a slow motion screw is provided, 

bring the images of object into exact coincidence. 

The reading on the vernier gives directly the angle. 

Note. The venex (V) of an angle measured is not ·exactly at the eye but at the 

intersection of the two lines of sight which, for small angles, is considerably behind the 

eye. For this reason, there may be an appreciable error in the measurement of the angles 

less than. say, 15'. 
Measurement of Vertical Angle with Sextant 
Vertical angles may be measured by holding the sextant so that iiS arc lies in a 

vertical plane. If it is required to measure the vertical angle between twq poiniS, view 

the lower object directly, and rum the milled headed screw until the image of the higlier 

object appears coincident with the lower one. · 

Permanent Adjustments of a Sextant 

A sextant requires the following four adjustmeniS 
(I) To make the index glass perpendicular to the plane of the graduated arc. 

(2) To make the horizon glass perpendicular to the plane of graduated arc. 

(3) To make the line of sight parallel to the plane of the graduated arc. 

(4) To make the horizon mirror parallel to the · index mirror when the vernier 

is set at zero (i.e. to eliminate any index correction). 

In a box sextant, the index glass is permanently fixed at right angles to the plane 

of the instrument by the maker. Also, no provision is made for adjustment 3. Hence, 

only adjustments 2 and 4 are made for a box sextant. 

Adjustment 2 : Adjustment of horium glaSs 
(1) Set the vernier at approximately zero and aim at some well-defined distant 

point like a star, with the arc vertical. 
(ii) Move the index arm back and forth slightly. The image of the star will 

move up and down. 
(iii) Adjust the horizon mirror by tilting it forward or backward until, when the 

index arm is moved, the image of the star, in passing will coincide with 

the star i!Self. 

~!1-< 
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Adjustment 4 : Eliminlltio11 of index error 

(I) Bring the direct and reflected image of a distant point into coincidence. 

If the vernier does not read zero, the error is called the inde.x error. 

(it) Correct the error by turning the horizon glass around an axis perpendicular 

to the plane of the graduated arc. 

If the index error is not large, it is customary not to correct the error, but to 

apply the correction to the observed readings. An index error should, however, be determined 

from time to time. 

ffiJ] 

. .. Trigonometrical Levelling 

15.1. INTRODUCTION 

Trigonometrical levelling is the process of determining the differences of elevations 

of stations from observed vertical angles and known distances, which are assumed to be 

either horizontal or geodetic lengths at mean sea level. The vertical angles may be measured 

by means of ·an accurate theodolite and the horizontal distances may either be measured 

(in the case of plane surveying) or computed (in the case of geodetic observations). 

We sball discuss the trigonometrical levelling under two beads: 

(I) Observations fur heights and distances, and 

(2) Geodetical observations 

In the first case, the principles of plane surveying will be used. It is assumed that 

the distances between the points observed are not large so that either the effect of curvature 

and refraction n1ay be neglected or proper corrections may be applied linearly to the calculated 

difference in elevation. Under this bead fall the various methods of angular levelling for. 

determining the elevations of particular points such as top of chimney, or church spire etc. 

In the geodetical observations of trigonometrical levelling, the distance between the 

points measured is geodetic and is large. The ordinary principles of plane surveying are 

not applicable. Tbe corrections for curvature and refraction are applied in angular measure 

directly to the observed angles. The geodetical observotions of trigonometrical levelling have 

been dealt with in the second volume. 

HEIGHTS AND DISTANCES 

In order to get the difference in elevation between the instrument station and the 

object under observation, we shall consider the following cases : 

Case 1 : Base of the object accessible. 

Case 2 : Base of the object inaccessible : Instrument stations in the same vertical 

plane as the elevated object. 

Case 3 : Base of the object inaccessible : Instrument stations not in the same vertical 

plane as the elevated object. 

15.2. BASE OF THE OBJECT ACCESSffiLE 

Let it be assumed that the horizontal distance between the instrument and the object 

can be measured accurately. In Fig. 15.1, ·let 

(349) 
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P = instrument station 

Q = point co be observed 

A =centre of lhe instrument 

Q' = projection of Q on hori-
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-------"~- -------·- ·-· -·-·--- ·-·-·-· -·-· zontal plane through A 

D = A Q ' = horizontal distance 

between P and Q 
h' = height of the instrument 

at P 

p 
1<-----o a, 

h =QQ' AG. 15.1. BASE ACCESSIBLE 

S = reading of staff kept ac B.M., with line of sight horizontal 

a = angle of elevation from A to Q. 

From mangle AQQ' ; h = D tan a 

R. L. of Q = R. L. of instrument axis + D tan a 

If the R.L. of P is known, 

R.L. of Q= R. L. of P+ h' +D tan a 

... (15.1) 

If the reading on the staff kept at the B. M. is S with the line of sight horizontal, 

R.L. of Q = R.L. of B.M. + S + D tan a 

The method is usually employed when . ·-.!': 
the dismnce A is small. However, if D '\ ____ _J . 

is large, the combined correction for curvature __..-.r j ::;::¥-..._ 
and refraction can be applied. 

In order to gee the sign of the combined 

correction due co curvature and refraction, 

consider Fig. 15.2. PP"P' is the vertical (or 

plumb) line throughPandQQ'Q" is the vertical 

line through Q. P ' is the projection of P 

on the horizontal line through Q. while 

P " is the projection of P on the level line 

through Q. Similarly, Q' and Q'' are the 

projeorions of Q on horizontal and level lines 
respectively through P. 

If the distance between P and Q is 

not very large, we can take PQ' = PQ" = D = QP "= QP'. 

FIG. 15.2 

and LQQ' P = LQP' P = 90' (approxiruately) 

Then QQ' = D tan a 

But the true difference in elevation between P and Q is QQ" Hence the combined 

correction for curvature and refraction= Q'Q" which should be added to QQ' to get the true 

difference in elevacion QQ". 

Similarly, if the observation is made from Q, we gee 
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PP' =D tan p 
The trUe difference in elevation is PP" . The combined correction for curvature and 

· refraction = P' P'' which should be subtracted from PP' to get the true difference in elevation 

PP" 

Hence we conclude thac if the combined correction for curvature and refraction is 

to be applied linearly, its sign is positive for angles of elevation and negative for angles 

of depression. As in levelling, the combined correction for curvamre and refraction in linear 

measure is given by 

. • C = 0.06728 D2 metres, when D is in kilometres. 

Thus, in Fig. 15.1, R.L. of Q = R.L. of B.M. + S + D tan a+ C . 

Indirect LevelliDg. The above principle can be applied for running a line of indirect 

levels between two points. P and Q, whose difference of level is required (Fig. 15.3)). 

p 91 ~92~ '!3 9 a 

14- 01-+i+-02-+14 03 t+tD~ ~011~00---+1 

AG. 15.3 

In order to find the difference in elevation 

between P and Q, the instrument is set at 

a munber of places o, 0,, o, etc., with points 

A, B, C etc., as the turning points as shown 

in Fig. 15.3. From each instrument station, 

observations are taken to both the points on 

either side of it, the instrument being set otidway 

between them. Thus, in Fig. 15.4, let o, be 

the first position of the instrument midway P 

and A. If a, and p, are the angles observed 

from O, to P and A, we get 
AG .. 15.4 

PP' = D1 tan a1 

and AA' = D, tan p, 
The difference in elevation between A and P = H1 = PP" +A" A 

= (PP'- P'P") + (AA' + A'A") 

If 

Hence 

= (D, tan a, - P' P '') + (D, tan p, + A'A'') 

D,=D,=D, P'P'' and A'A" will be equal. 

H1 = D (tan a, + tan p,) 

The instrument is then shifted 10 o,, midway between A and B, and the angles 

a, and P, are observed. Then the difference in elevation between B aod A is 

H, = D' (tan a 1 + tao P,) where D' = D, = D, 

The process is continued till Q is reached. 
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15.3. BASE OF THE OBJECT INACCESSiBLE :INSTRUMENT STATIONS IN THE SAME 

VERTICAL PLANE AS THE ELEVATED OBJECT 

O.! 
' ; 
! 
' 

If the horizontal disrance 
between the insttument and the 
object can be measured due 10 

obstacles etc., two instrument sta­
tions are used so that they are 
in the same vertical plane as the 
elevated object (Fig. 15.5). 

Procedure 
I. Set up the iheodolite 

at P and level it ac­
curately with respect 
10 the altitude bubble. 

a·! '••·-·-·-·-·-·-·-·i 
; 
; 
! 

>---l':(f-- 01----,- ., 

2. Direct the telescope to-
wards Q and bisect it FIG. IS.S. INSTRUME)IT AXES AT TilE SAME LEVEL 

accurately. Clamp 
both the plates. Read the vertical angle a,. 

3. Transit the telescope so that the line of sigbt is reversed. Mark the second insuument 

station R on the ground. Measure the distance RP accurately. 

Repeat steps (2) and (3) for both . face observations. The mean values sbould 

be adopted. 

4. With the vertical vernier set to zero reading, and the altitude bubble in the 

centte of its run, take the reading on the s1aff kept at the nearby B.M. 

5. Shift the insttument 10 R and set up the theodolite there. Measure the vertical 

angle a, 10 Q with both face observations. 

6. With the vertical vernier set 10 zero reading, and the altitude bubble in the 

centte of its run, take the reading on the staff kept at the nearby B.M. 

In order 10 calculate the R.L. of Q. we will consider three cases : 

(a) wben the insttument axes at A and B are at the same level. 

(b) when they are at different levels but the difference is small, and 

(c) when they are at very different levels. 

(a) lnt.1rument axes at the same level (Fig. 15.5) 

Let h= QQ' 

a, = angle of elevation from A 10 Q 

a, = angle of elevation from B to Q. 

S = slllff reading on B.M., taken from both A and B, the reading 

being the same in both the cases. 

b = horizontal distance between the insttument stations. 

D = ho,.;zoDlal distance between P and Q 

From triangle AQQ', h = D tan a 1 
... (1) 
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From trian3'e BQQ', h = (b +D) tana1 ... (2) 

Equaling (1) and (2), we get 
' D tan a,= (b +D) tan a, or D (tan a,- tan a,)= b tan a, 

or 
D == b tana1 

tan a, -tan a.2 
... (15.2) 

h D 
b tan a, tana2 b sin a, sin az 

= tanat - . 
tan a. - WI a2 sm (a, - a2) 

... (15.3) 

R.L. of Q=R.L. of B.M. +S+h . 

(b) Instrument axes at different levels (Fig. 15.6 and 15.7) 

Figs. 15.6 and 15.7 illustrate the cases, when the insttument axes are at different 

levels. 1f S, and S, are the cor­
responding staff readings on the 
staff kept at B.M., the difference 
in levels 'of the instrument axes 
will be either (S1 - S1) if the 
axis at B is higher or 
(S, - S,) if the axis at A is higber. 
Let Q' be the projection of Q 

on horizontal line !hrougb A 
and Q" be the projeetion on 
horizoDlal line througb B. Let 

rrt· ",u,w,"'", rt.J,}rr111" 
7JPin;ll;;.,,.. •~ .. _ D----ol 

FIG. 15.6. INSTRUMENT AT DIFFERENT LEVELS. 

us derive the expressions for Fig. 15.6 when S, is greater than s, 
... (!) 

... (2) 
From triangle QAQ', h, = D tan a, 

From triangle BQQ", h, = (b + D) tan a, 

Subtracting (2) from (!), we get 

But 

(h1 - hz)= D tan a,- (b +D) tan a, 
h, - h, =difference in level of insttument axes = S,- s, = s (say) 

s = D LaD a, - b LaD. a 2 - D lana.~ 

or D (tan a, - tan a,)= s + b tan a, 

D = s + b tan a, _ (b + s col az) tana1 

tana,-tanal tan a,- tan «2 
...[15.4 (a)] 

or 

Now h1 = D tan a, 
h, = (b +scot a1) tana1 tan a1 _ (b + s ~t a,) sin a, sin a' ... [!5.5 (a)] 

tana1- tan a2 .sm (a,- ai) . · 

Expression 15.4 (a) could also be oblllined by producing the lines of sigbt BQ backwards 

to meet the line Q'A in B1 • Drawing 8 1 B, as vertical to meet the horizontal line 

Q" B in B, , it is clear that with the same angle of elevation if the insttument axis were 

at B,, the insttument axes in both the cases would have been at the same elevation. Hence 

the diJ!ance at which 'the axes· are ar the same level is AB 1 = b + BB1= b + s cot a,. Substituting 

this value of the distance between the insttument stations in equan"on 15.2 we get 
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(b +scot a,) tan a, . . . . 
D which IS the same as equation 

tan a1 -tan a2 

Proceeding on the same 
at D is higher, it cao be proved 
that 

D _ (b- s coE a2) tana2 
tan a1 1an a2 

... [15.4 (b)) 

and 

h 
(b- scot a,) sin a,.sin a, ,-

sin (a1 - a,) 
. . .. [15.5 (b)] 

Thus, the general expres­
sions forD and h1 can be written 
as 

lines for the case of Fig. 15.7, where the 

FIG. 15. 7. INSTRUMENT AXES AT DIFFERENT LEVEL!;. 

D = (b ±scot a1) tan a, ... (15.4) 
tan a1- WI a2 

h, = (b ± s "':''a,) sin a, sin a, ... (1S.5) 
sm (a, - az) 

and 

it is 
Use + sign with s cot a2 when the inst(Ument axis at A is lower and - sign when 

higher than at B. 

R.L. of Q = R.L. of B.M. + S1 + h, 

(c) lnstnunent axes at very different levels 

·1r_ s,- S1 or s is too great to be measured on a staff kept at the B.M., the following 

procedure is adopted (Fig. 15.8 and 15.9): 

(1) Set the instrument at P (Fig. 15.8), level it accuralely with respect to the altitude 

bubble and measure the angle. 
a, to the point Q. 

(2) Transit the lelescope 
and establish a point R at a 
distance b from P. 

(3) Shift the instrument 
to R. Ser the instrument and 
level it with respect to the al­
titude bubble, and measure the 
angle a, to Q. 

(4) Keep a vane of height 
r at P (or a staff) and measure 
the angle to the top of the vane 
[or to the. readilig r if a staff 
is used_- (Fig. 15.9)]. 

:n , I 11, 

--·-·-f -·-; ~ I 'j ~~---.......... 1 .... 10" 
• i 
i 

i i 
i i 

A b . D I 

• FIG. 15.8. INSTRUMENT AXES AT VE~Y DIFFERENT LEVEI.5. 

TRIOONOMETRICAL LEVELLING 

Let s = Difference in level between the 

two aXes at A and B. With the same symbols 

as earlier, we ~have 

and 

or 

h, = D tan a, ... (1) 

h, = (b +D) tan a, ... (2) 

Subttacting (1) from (2);·· we get 

(h,- ht) = s = (b+D) tan a,- D tan a, 
D (tan a,- tan a,)= b tan a,- s 

D 
btana2-s 

tan a,- tao «2 

FIG. 15.9. 

and h D 
(b tan a,- s) tan a, (b- scot ai) sin a, sin a, 

1 = tan a,- - . 
tan «1 - tana1 sm (a,- a1) 

From Fig. 15.9, we bave 
Height of station P above the axis at B = h - r = b tan a - r. 

Height of axis at A above the axis at B = s = b tan a - r + h' 

where. h' is the height of the instrument at P. 

3l5 

... (3) 

... [15.5 (b)) 

Substituting this value of s in (3) and equation [15.5 (b)], we can get D and h, 

· Now R.L. of Q = R.L. of A + h, = R.L. of B + s + h1 

where 

= (R.L. of B.M. + backsight taken from B) + s + h, 

s=btana-r+h' 

15.4. BASE OF THE OBJECT INACCESSIBLE: INSTRUMENT STATIONS NOT IN THE 

SAME VERTICAL PLANE AS THE ELEVATED OBJECT 

Let P and R be the two instrument stations not in the same vertical plane as that 

of Q. The procedure is as follows: 

(1) Set the instrument at P 
and level it accurarely with respect 
to the altitude bubble. Measure the 
angle of elevation a, to Q 

(2) Sight the point R with read­
ing on horizontal circle as zero and 
measure the angle RPQ,, i.e, the 
horizontal angle 01 at · P. 

(3) Take a baksight s on the 
staff kept at B.M. 

(4) Shift the instrument to R 
and measure a, and e, there. 

In Fig. 15.10, AQ' is the hori­
zontal line through A, (l being the 

'U 
~~ 9 ... :~-~:~-------------- --:__ lll1 

h, 
(I' :·-----. ------- Q' l 

£
'\-. ' :-~~::~~~~ 

. \ -~ a, ______ ............ . 
p . 

FIG. 15.10 INSTRUMENT AND TilE oBJtcr 
NOT IN THE SAME VERTICAL PLAN!!. 

~ 
1: 
II 
" 

~ 
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vertical projection of Q. Thus, AQQ' is a vertical plane. Similarly, BQQ" is a vertical 

plane, Q" being the vertical projection of Q on a horizontal line through B. PRQ, is a 

horizontal plane, Q, being the vertical projection of Q, and R vertical projection of B 

-on a horizontal plane passing through P. 61 and ~ are the horizonral angles,_ and 

a, and a, are the vertical angles measured at A and B respectively. 

From triangle AQQ', QQ' = h, = D tan a, 

From triangle PRQ, LPQ1R = 180' - (a, + 9,) =" - (a, + 9,) 

From the sine rule, 

and 

PQ, RQ, RP b 

sin a, = sin a, = sin [x - (a, + 9,)] = sin (a, + 9,) 

b sin a, 
PQr=D= sin(a, +9,) 

RQ b sin a, 
1 

Sin (ar + a,) 

Substituting the value of D in (1), we get . 

b sin a, tan a;-,: ; 
h, = D tan "' sin (a, + 9,) 

R.L. of Q=R.L of B.M. +s+h, 

As a check, 
b sin G1 tan a2 

h, = RQ, tan rx, . (a a-' 
.. -•-sm 1 + n 

... (!) 

... (2) 

... (3) 

... (15.6) 

If a reading on B. M. 
h2 to R.L. of B. 

is talren from 8, the R.L .. of Q can be known by adrlilig 

Example 15.1. An instrument was set up at P and the angle of elevation to a 

vane 4 m above the foor of the staff held at Q was 9" 30~ The hori?.onlal distance between 

P and Q was known to be 2000 metres. Detennine the R. L. of the sraff· station Q. given 

that the R.L. of the Instrument axis was 2650.38 m. 

Solution. Height of vane above the instrwnent axis 

= D tan a = 2000 tan 9' 30' = 334.68 mou.,., 

Correction for curvarure and refraction = ~ ~; 

or C = 0.06728 D' me1res, D is in km 

= 0.06728 ( = )' = 0.2691 " 0.27 m ( + ve ) 

Ht. of vane above inst. axis= 334.68 + 0.27 = 334.95 m 

R.L. of vane = 334.95 + 2650.38 = 2985.33 m 

R.L. of Q = 2985.33 - 4 = 2981.33 m. 

Example 15.2. An instrument was set up at P and the angle of depression to a 

vane 2 m above the foot of the staff held at Q was 5 '36~ Tlje hori?.onlal disrance between 

P and Q was known to be 3000 metres. Detennine the R.L. of the sraff station Q. given 

that staff reading on a B.M. o[.-elevation 436.050 was 2.865 metres. 
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or 

SolUtion. 
The difference in elevation between the vane and the instrwnent 

= D tan rx = 3000 tan 5' 36' = 294.152 m 

Combined correction due to curvatUre and r~fraction = ~ ~ 

axis 

,. ' ( 3000 )' 
c = 0.06728 D' metres; when D is in km = 0.06728 

1000 
= 0.606 m 

Since the observed angle is negative, combined correction due to curvature and refraction 

is subtractive. 

Difference in elevation between the vane and the instrwnent axis 

= 294.152- 0.606 = 293.546 =h. 

R.L. of instrument axis= 436.050 + 2.865 = 438.915 m 

:. R.L. of the vane 

:. R.L. of Q 

= R.L. ofinstrwnent axis- h = 438.915-293.546 = 145.369 

= 145.369 -2 = 143.369 m 

Example 15.3. In order to ascenain the elevation of the top (Q) of the signal 

on a hill, observations were made from two instrutnenl SUI/ions P and R at a hori?.on.tal 

distance 100 metres apart, the stations P and R being in Une with Q. The angles of 

elevation of Q at P and R were 28' 42' and 18 '6' respectively. The staff readings upon 

the bench mark of elevation 287.28 were respectively 2.870 and 3. 750 when the instrumenl 

was at P and at R, the telescope being horizonlal. Detennine the elevation of the foot 

of the signal if the height of the signal above its base is 3 merres. 

Solution. (Fig. 15.6) 

Elevation of instrwnent axis at P = R.L. ·of B.M. + staff reading 

= 287.28 + 2.870 = 290.15 m 

Elevation of instrument axis at R = R.L. of B.M. + staff reading 

= 287.28 + 3.750 = 291.03 m 

Difference in level of the instrument axis at the two stations 

= s = 291.03 - 290.15 = 0,88 m 

a1 = 28° 42' and az = 18° 6' 

scot a,= 0.88 cot 18' 6' = 2.69 m 

From equation [15.4 (a)), we have 

D _ (b + s col 1X2) tan a, _ (100 + 2.69) tan 18' 6' _ 

- 28' 42' 18' 6' 152'1 m. 
tan a1 - tan az tan - tan 

h, = D tan rxr = 152.1 tan 28' 42' = 83.264 m 

. . R.L. of foot of signal = R.L. of inst. axis at P + h1 - ht. of signal 

= 290.15 + 83.264 -3 = 370.414 m 

Check (b +D)= 100 + 152.1 = i52.1 m 

. h, = (b +D) tan 1X2 = 252.1 x tan 18' 6' = 82.396 m 

. 
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:. R.L. of foot of signal = R.L. of inst. axis at R + h2 - height of signal 
= 291.03 + 82.396- 3 = 370.426 m. 

Example 15.4. The top (Q) of a chimney was sig/ued from two staJions P and 
R at very different levels, the stations P ·and R being in line with the top of the chimney. 
The angle of elevation from P to the top oj the chimney was 38 o 21 ' and that from 
R to the top of the chimney was 21 o 18: The angle of the elevation from R to a vane 
2 m above the foot of the staff held at P was 15 o 11: The heig/us of instrument at 
P and R were 1.87 m and }.64 m respedive/y. The harizonta/ distance between P and 
R was 127 m and the reduced level of R was 112. 78 m. Find the R.L. of the top of 
the chimney and the harizontal distance from P to the chimney. 

Solution. (Figs. 15.8 and 15.9) 
(1) When the observations were taken from R to P. 

h = b tan a= 127 tan 15° 11' = 34.47 m 
R.L. of P = R.L. of R +height of instrument at R + h - r 

= 112.78 + 1.64 + 34.47 - 2 = 146 .. 89 m 
R.L. of instrument axis at P = R.L. of P + ht: of instrument at P 

= 146.89 + 1.87 = 148)6 m ... (1) 
Difference in elevation between the instrument axes = s 

= 148.76- (112.78 + 1;64) = 34.34 m 

D _ (b tan a,- s) 
tan a1 - tan a2 

= 37.8 m 

127 tan 21° 18'- 34.34 49.52-34.34 
tan 38° 21'- tan 21° 18' 0.79117-0.38988 

h, =D tan a, =37.8 tan38° 21' = 29.92 m 
.. R.L. of Q = R.L. of instrument axis at P + h, 

= 148.76 + 29.92;, 178.68 m 

Check : R.L. of Q = R.L. of instrument axis at R + h, 
"(11278 + 1.64) + (b +D) tan o., 
= 114.42 + (127 + 37.8) tan 21° 18' = 114.42 + 64.26 = 178.68 m. 

Example 15.5. To find the elevation of the top (Q) of a hill, a f/iJg-stajJ of 2 
m heig/u was erected and observations· were nzotk from iwo stations P and R, 60 metres 
aport. The harizontal angle measured at P between R and the top of the f/iJg-stajJ was 60 o 30' 
and that measured at R between the top of the fliJg-stajJ and P was 68 o 18: The angle 
of elevation to the top of the fliJg-stajJ P was measured to be 10 o 12' at P. The angle 
of elevation to the top of the fliJg staff was measured to be 10' 48' at R. Stoff readings 
on B.M. when the instrument was at P = 1.965 m and that with the instrument at R 
= 2. 055 m. Calculate the elevation of the top of the hill if that of B.M. was 435.065 
metres. 

Solution. (Fig. 15.10) 
Given b = 60 m ; 91 = 60° 30' ; a2 = 68° 18' ; a1 = 10° 12' ; a2 = 10 11 18' 
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and 

PQ,=D= bsina2 

sin (a,+ a,) 

h, = D tan IX = b sin a, tan "' = 60 sin 68° 18' tan 10° 12' - 12.87 m 
' sin (a, + a,) sin (60° 30' + 68~ 18') 

R.L. of Q = (R.L. of instrument axis at P) + h, = (435.065 + 1.965) + 12.87 

=449.900 m 
h = b sin a, tan a,- 60 sin 60° 30' tan 10° 48' = 12.78 m. 
' sin (81 + a2) sin (60° 30' + 68° 181 

R.L. of Q = R.L. of instrument axis at R + h, = (435.065 + 2.055) + 12.78 

Check : 

=449.9 m 
15.5. DETERMINATION OF HEIGHT OF AN ELEVATED OBJECT ABOVE THE 

GROUND WHEN ITS BASE AND TOP ARE VISIBLE BUf NOT ACCESSIBLE 
(a) Base line horizontal and In line with the object 
Let A and B be the two instrument stations, b apart. The vertical angles measured 

at A are a, and a
2

, and those at B are ~. and ~,. corresponding to the top (E) and 
bottoin (D) of the elevated object. Let us take a general case of instruments at different 
heights, the difference being equal to s. 

E 

B.M. 

Now 

.. 

or 

Also, 

or 

or 

T 
H 

l. 

-----------

A B I· b D ----->1 
PIG. 15.11 

AB = b = C
1
E cot a

1
- C,'E cot p, = C1E cbt "'- (C,E + s) cot p, 

. b = C,E (cot"' -cot ~,) - s cot ~~ 
C.E _. b +scot~~ ... (!) 

cot a 1 - cot ~. 
AB = b = C

1
D cot a,- C,'D cot p2 = C1 D cot"'- (C,D + s) cot~' 

b = C,D (cot"' -.cot P,)- scot ~' 

C 
b+scotP,' 

,D 
. cot "' - cot p, 
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b +scot~' b +scot ll, 
H = C,E- C,D- ---:..;,.. 

cot a 1 -cot ~' cot a,- cot ll, 
... (15.7) 

If heights of the instruments at A and B are equal, s = 0 

.. H=b[ I - I ._] 
cot a, -cot p, cot a,- cot , 

... (15.7 a) 

BorizDIIIIll distonce of the object from B 

EC,• =Dtanp, and DC,• =D tanjl, 

EC,' - D.Ci "' H = D (tan p, - tan ll,) 

or D= H . 
tan p, - tan lh 

... (15.7 b) 

where H iB given by Eq. 15.7. 

(b) Base line horizontal but not in line wilb lbe object 

Let A and B he two instrument stations, distant b. Let a 1 and a, be the vertical 

angles measured at A, and ~. and ~' be the vertical IIJigle measured at B , to the top 

(E) and bottom (D) of the elevated object. Let a and cp · b<i: the horizontal angles measured 

at A and B respectively. · 

and 

or 

or 

A 

'· r 

e 

' I 
' ' ' ' c,: 

------··:"f. 
,o..z.................... c·,:~~ 
"'"' I ~--: "'- ...... 

~·~·~. .. ...... 
---·-· c -·- ........ P2: ·-·-. .. ...... :/ .... ~I - --

b ·_:_:...:_ _____ ~ 

FIG. 15.12 

AC BC AB 
From niangle ACB, sin cp =sin a· sin (180'- a- cp) 

. . AC = b sin cp cosec (a + 'll) 

BC = b sin a cosec (a+ 'P) 

Now 

Similarly 

H =ED= A,C, (tan a,- tan a2) = AC (tan a,- tan a,) 

H = b sin cp cosec (a + cp) (tan a, - tan a,) 

H =ED= Bt;.' (tan ~~ -tan ll,) = BC (tan p, - tan ll,) 

H = b sin a cosec (9 + cp)(tan p, -tan ll,) 

B 

... (15.8 a) 

... (15.8 b) 
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15.6. DETERMINATION OF ELEVATION OF AN OBJECT FROM ANGLES OF 

ELEVATION FROM THREE INSTRUMENT SfATIONS IN ONE LINE 
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Let A, 11, C be three instrument stations in one horizontal line, with instrument 

axes at the same heigh!. Let E • be the projection of E on the horizontal plane through 

ABC, and let EE' = h. Let a, p and y be the angles of elevation of the object E, measured 

from instrumentS. at A, B and C respectively. Also let AB = b, and BC = b1, be the measured 

horizontal distances. 

E 

.. ,..,.. 1:1 ~. c 

A ------>fl----- b2 ----., 1<------ b, 

FIG. 15.13 

From niangle AE B, we have from cosine rule 

h2 cot' a+ bl- h' cot2 p 
cos q> = 2b h . . .. (!) 

1 cot a 

Also, from "angl AE'C /?-cot' a + (b1 + b,)' - h' cot' y 
trt e • cos <p - --,-;;;-':--';-:7-....,----'-

2(b,+b,)hcota 

... (15.9) 

... (2) 

. h1 cot2 a + bl- h1 cot1 ~ li' cot' a + (b, + b,)' - h' cot' y 

Equabng (1) and (2), 2 b1 
h cot a = 2 (b, + b,) h cot a 

or (b, + b,) [h1 (cot' a - cot2P) + blJ = b, (h' (cot' a -cot' y) + (b, + b,)1] 

or h' [(b, + b,) (cot'a - cot' Pl- b, (cot1a - cot'tll = b1 (b1 + b,)2 
- bl (b1 + b,) 

or 
h' (b, +b) [b, (b, .;. b,) - blJ 

(b, + b,) (cot' a -cot' Pl- b, (cot' a- cot' y) 

(b, + b,) b, b, 

= (b, + b,) (cor a -cot' p) - b1 (cor a -cot' y) 

or h = [ b, b, (b, + b,) ]"' 

b, (cot' y - cot' Pl + b, (cot' a -cot' Pl · 
... (15.10) 
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If b, =/J,=b 

Vzb 
h=~.-~~~~~~ 

(cot' y- 2 cot' p + cot' a)112 

SURVEYING 

... (15.10 a) 

Example 15.6. Determine the heiglu of a pole above the ground on the basis of 

following angles of elevation from two instrument stations A and B, in line with the pole. 

Angles of e/evaJion from A to the lop and bollom of pole : 31J' and 25' 

Angles of elevation from B to lhe lop and bollom of pole : 35' and 29" 

Horizontal distance AB· = 30 m. 

The reodings obtained on the staff at the B.M. with the two insmunent settings are 

1.48 and 1.32. m respectively: 

What is the horizontal distance of 1/ie pole from A ? 

Solution (Refer Fig. 15.11) 

s = 1.48 - 1.32 = 0.16 m 

b = 30 m ; a, = 30° ; a2 = 25~ ; ~~ = 35° ; !li = 29° 

Substituting the values in Eq. 15.7. 

b+scotp, b+scotp, 
H - - =~--:-::-. 

cot a, -cot P1 ?Jl a2 -cot P2 

30 + 0.16 cot 35° 30 + 0.16 cot 29° 

cot 30° - cot 35°- ' cot 25° - cot 29° 

= 99.47 - 88.96 = 10.51 m 

H 10.51 
Also, D = = - 72.04 m 

tan p, -tan p, tan 35° -tan 29° 

:. Distance of pole from A = b + D = 30 + 72.04 = 102.04 m 

Example 15.7. A, Band Care stations on a straiglu level line of bean'ng I 10" 16' 48". 

The distance AB is 314.12 m and BC Is 252.58 m. Wilh insmunent of constanl heiglu 

of 1. 40 m. vertical angles were suc-
cessively measured to an inaccessible 
up station E as follows : 

AI A : 7' 13'41J' 

AI B : 10 o 15'00" 

AI C : 13 ° 12' 10" 

Calculate (a) the heiglu of station ~~·-
E above the line ABC ·A~ 

{b) the bearing of the line AE ;....:::::_ b--__ s p· 
(c) the horizontal distance between '.....___~ 

A and E : -.,..____ b, ::---.E 
Solution : Refer Fig. 15.14. ~ 

Given : a= 7° 13' 40" ; 

p = 10° 15' 00"; FIG. 15.14 

E 

.........-AT 

.,. 

l 
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and 

y = 13° 12' 10"; 

b, = 314.12 m; 

bz= 252.58 m 

Substiruting the values in Eq. 15.10, we get 

EE'-h- IUZ\.'_1 v.z 
[ 

b • 1b + ') ]'" 
- - b, (cot' y -cos' p) + b, (cot' a- cot' p) 

or 

[ 
314.12 X 252.58 (314.12 + 252.58) . ]"' 

= 314.12(cot2 13° 12' 10"- cot' 10° 15' 00") + 252.58 (cot' 7° 13' 40"- cot' 10° 15' 00") 

= 104.97 m 

:. Height of E above ABC= 104.97 + 1.4 = 106.37 m 

Also, From Eq. 15.9. 

h' (cot' a- cot' p) + bl 
COS«p= -·· 

~o1 ncota 

(104.97)2 (cot' 7° 13' 40"- cot' 10° 15' 00') + (314.12)' 

2 X 3J4,12 X 104,97 COt 7° 13' 40" 

= 0.859205 

cp = 30' 46' 21" 

Hence bearing of AE = 110° 16' 48" - 30° 46' 21" 

= 79° 30' 27" 

Length AE' = h cot a= 104.97 cot 7' 13' 40" 

=827.70 m 

PROBLEMS 

I. A theodofile was set up at a distance of 200 m from a tower. The angle of elevations 
to the top of !he parapet was 8° 18' while !he angle of depression to · the foot of the wall was 

2' 24'. The staff reading on the B.M. of R.L. 248.362 with the telescope borimntal was 1.286 

m. Find the height of !he tower and !he R.L. of !he top of the parapet. 

2. To determine the elevation of the top of a flag·smif, the following observations were made: 

/rut. staJion Remling on S.M. Angle of elevation Remarts 

A 1.266 10"48' R.L. of B.M.= 248.362 

B 1.086 7" 12' 

Stations A and B and the top of !he aerial pole are in !he same vertical plane. 

Find the elevation of !he top of !he Dag·staff, if the distance herween A and B is SO m. 
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3. Find the elevation of the top of a chimney. from the following data : 

/lUI. stalion ReMing on B.M. Ang/4 of e/nrallon Remarts 

A 0.862 18' 36' R.L of B.M. =421.380 m 

B 1.222 10° 12' Distance AB = 50 m 

Stalions A and B and the top of lhe cbimney are in lhe same venical plane. 

4. The top (Q) of a chimney was sighted from two stations P and R a! very different levels, .. 

the stationa P and R being in line wilh the top of lhe cbimney. The angle of elevation from P 

to the lOp of chimney was 36' 12' and !hat from R to the top of the chimney was 16' 48'. The 

angle of elevation from R to a vane I m above lhe foot of the staff held a1 P was 8' 24'. The 

heights of ins<rument at P and . R were 1.85 m and 1.65 m respectively. The horizontal distance 

between P and R was 100. m and the R.L. of R was 248.260 m. Find the R:L. of the top of 

the chimney and the horizonlal distance from P to the chimney. 

ANSWERS 

I. 37.558 m ; 278.824 m 

2. 267.796. m 

3. 442.347 m 

4. 290.336 ; 33.9 m 

[[3 
Permanent Adjustments of Levels 

16.1. INTRODUCTION 

Permanenl tuijustmenlS consist in setting essential parts into their true positions re/JJiive/y 

to each othEr. Accurate work can often be done with an insttument out of adustment, 

provided cenain special methods eliminating the errors are followed. Such special methods 

involve more tilile and extra labour. Almost aU surveying 

instrumeDIS, therefore, require certain field adjustments from 

time to tilile. 
Method of Reversion 

The principle of reversion is very much used in aU 

adjustments. By reversing the instrument or part of it, the 

error becomes apparent. The magnitude of apparent error 

is double the true error because reversion simply places 

the error as much to one side as it was to the opposite 

side before reversion. Example may be taken of a set square, 
the two sides of which have an error e in perpendicularity 

(Fig. 16.1). By reversing the set square, the apparent error 

becomes 2e. 

16.2. ADUSTMENTS OF DUMPY LEVEL 

B B' 

FIG. 16.1 

(a) The 
(i) 

Principal lines. The principal lines in a dumpy level are : 

(ii) 

The line of sight joining the centre of the objective to the intersection 

of the cross-hair. 

Axis of the level tube. 

(iii) The vertical axis. 
(b) Conditions of Adjustments. The requiremeDIS that are to be established are: 

(l) The axis of ·the bubble tube should. be perpendicular to the vertical axis 

(Adjustment of the level tube). 

(ii) The horiwntal cross-hair should lie in a plane perpendicular to the vertical 

axis (Adjustment of cross-hair ring). 

(iii) The line of collimation of the telescope should be parallel to the axis of 

the bubble tube (Adjustment of line of sight). 

(365) 
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(c) Adjustments 
(1) Adjusmrent of Level Tube 

(1) Desired Relation : The axis of the bubble tube should be perpeudicular to 

the vertical axis when the bubble is central. 

(2) Object : The object of the adjuslment is to make the vertical axis truly vertical 

so as to ensure that once the instrument is levelled up (see temporary adjuslments), the 

bubble will remain central in all directions of sighting. · 

(3) Necessity : Once the requirement is accomplished the bubble will remain central 

for all directions of pointing of telescope. This is necessary merely for convenience in 

using the level. · 

(4) Test : 
(r) Ser the instrument on firm ground. Level the instrument in the rwo positions 

at right angles to each other as !he remporary adjusi!Dent. 

(ir) When the telescope is on !bird foot screw, turn !he telescope lhrough 1ao•. 
· (iir) If lhe bubble remains central, lhe adjuslm~nt is correct. ·If not, it requires 

adjuslment _. · 

(5) Adjusmrent : .. 
(r) Bring lhe bubble half way back by lhe !bird foot screw. 

(ir) Bring the bubble lhrough lhe remaining disrance to centre by turning lhe 

capsron nurs at !he end of the level tube. 

(iir) R~t the lest and adjusi!Denl ' until correct 

(6) Principle involved : This is lhe case of single reversion in which the apparent 

error is double lhe true error. Referring to Fig. 16.2, (90"- e) is lhe angle between lhe 

A 
Axis of bubble tube 

.. 
• ; 

0 8 

~True vertical 

• 

C D 
(a) First position of bubble tube 

FIG. 16.2. 

(b) Position after reversal 

vertical axis and lhe axis of lhe bubble tube. When !he bubble is centred, the vertical 

axis makes an angle e with the true vertical. When the bubble is reversed, axis of the 

bubble tube is displaced by an angle 2e. 

Fig. 16.3 explains clearly how the principal of reversion has been applied to lhe 

adjuslment. In Fig. 16.3 (a), the bubble tube is attached to lhe plate AB wilh unequal 

;;· 

PERMANENT ADJUSTMENTS OP LEVEL'l 
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~iy .. x 
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; 
(d) 

A ~ ; 
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>; 

; 
(e) 

FIG. 16.3 
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supports x and y so that !he bubble is in the centre even when the plate AB is inclined 

and, therefore, lhe vertical axis of lhe instrument is also inclined. uw r~resenrs lhe axis 

of lhe bubble tube which coincides wilh the horizontal wh. uv represenrs a line parallel 

to AB, making an angle e wilh lhe axis of lhe bubble tube. If lhe plate AB is lrept 

stationary and lhe bubbel tube is lifted off and turned end for end, as shown in Fig. 

16.3 (b), !he bubble will go to the left hand end of !he tube. In !his position, lhe axis 

of the- bubble tube uw still makes an angle e wilh !he line uv, but in lhe downward 

direction. tlle axis of the bubble tube has, lherefore, been turned lhrough an angle 

(e + e) = 2e from uh. In order to coincide lhe axis uw ·of lhe bubble tube wilh line uv, 

bring lhe bubble half way towards the centre by making lhe supports y and x equal (by 

capstan screws). The axis of lhe bubble has thus been made parallel to !he plate AB. 

but the bubble is not yet in the centre and lhe line AB is still inclined to lhe horizontal 

[Fig. 16.3 (c)). In order to make AB horizontal (and to make the vertical axis truly vertical), 

use lhe foot screw till lhe bubble comes iJ! lhe centre. Fig. 16.3 (d) shows !his condition 

in which x and y are of equal lengths, the bubble is central and !he vertical axis is 

truly vertical. 
Note. (!) For ordinary work, !his adjuslment is not an essential requlrment, but is 

made merely for lhe sake of convenience in using lhe level. If adjustment No. lll is 

perfect, lhe line of sight will be truly horizontal when the bubble is centr31, even when 

the plate AB is inclined as shown in Fig. 16.3 (a). Now when !he line of sigh£ is directed 

towards !he staff in any other direction, lhe bubble will go out of centre, which may 

be brought to centre by foot scrwes and the line of sight will be truly horizontal. The 

change in elevation of lhe line of sight so produced will be negligible for ordinary work. 

For subsequent paintings also, the bubble may be. brought to centre sintilarly, at the expense 

of time and labour. Thus the adjustment is not at all essential, but is desirable for speedy 

work and convenience. 
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(2) In Fig. 16.3 (e), it bas been shown that if the bubble is brought half-way towards 

the centre by foot screws, the plate AB will be horizontal , but the axis of the bubble 

tube will be inclined and the line of sight will also be inclined if the insaument is otherwise 

correct. The vertical axis will, of course, be uuir vertical. 

· (JlJ Alfiustment of Cross-Hair llblg 

(I) Desired Relotion : The horizontal cross-hair should lie in a plane perpendicular 

to the vertical axis. 

(il) Object : The object of the a<ljustment is to ensure that the horizontal cross-hair 

lie in a plane perpendicular to the vertical axis. 

(w) Necessily : Once the desired relation is accomplisbed, the horizontal cross-hair . 

will lie in horizontal plane, the bubble' being in the centre. 

(jy) Test : (I) Sight a well defined object A (about 60 m away) at one of the 

horizontal hair. (2) Rotate the end level slowly about its spindle until the point A is traced 

from one end of the bait to the other hair. (3) If the point .does not deviate from the 

hair, the adjustment is correi:t. If it deviates, the adjustment is out. 

(v) Alfiustment : Loose the capstan screws of 

the diaphragm and turn it slightly until by further trial 

the point appears to travel along the horizontal ·hair. 

Refer Fig. 16.4. 

Note. It is not necessary to level the instrument 

when the test is carried out. 

(J1lJ Adjustment of line of 011/imation : (Two-peg 

Test) 
(1) Desired Relolion : The line of collimation 

of the telescope should be parallel to the axis of the 

bubble tube. 

(il) Necessily : Once the desired relation is ac­

complished, line of sight will be horizontal when the 

bubble is in the centre, regardless of the direction in FIG. 16.4. 

which the telescope is pointed. This adjustment is very necessary, and is of prime importance, 

since the whole function of the level is to provide. horizontal line of sight. 

(w) Test and Alfiustment : 

Tw~g. Test : Method A (Refer Fig. 16.5.) 

(I) Choose two points A and B on fairly level ground at a distance of about 100 · 

or 120 metres. Set the insaument at a point C, very near to A, in such a way that 

the eye-piece almost touches the staff kept at A. 

(2) With the staff kept at A, take the reading through the objective. The cross-hairs 

will not be visible, but the field of view will be very small so that its centre may be 

determined keeping a pencil point on the staff. The reading so obtained may be called 

true rod reading with sufficient precision. Sight the rod kept at the point B and take the 

staff reading. Take the difference of the two staff readings, which will give the apparent 

difference in elevation. 
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FIG. 16.S. 'IWO PEG TEST (METIIOO A ). 

ApParent difference in elevation = h = ha - hb. .. .(1) 

(3) Move the instrumelll to a point D, very near to B and set it so that the eye-piece 

almost touches the staff kept at B. 

(4) Sighting through the objective, take the reading on the staff kept at B. Read 

the staff kept at the point A. Find the difference of the two readings, thus getting another 

apparent difference in elevation. 

h' =Apparent differences in elevation= ha' - h•'. ...(2) 

(5) If the two apparent differences in elevation, calculated in steps (3) and (4) are 

the same, the instrument is in adjustment. ·If not, it requires adjustment. 

(6) Calculate· t1Ji, correct difference in elevation, as in the case of reciprocal levelling. 

H =Correct 'difference in ¢ovation- (ha- hb) ~ (ha'- h>') ... (3) 

(If H comes out positive, point B is higher than point A and if H comes negative, 

point B is lower than point A). · 

(7) Knowing the correct difference in elevation between the points, calculate the correct 

staff readings at the points when the instrument is at point D if iJ were in adjustment. 

Correct staff reading at A = (H + hb ') 

[Use proper algebraic sign for H from Eq. (3)] 

(8) Keep the staff at A and sight it through !he insttument se1 up at D. Loose 

the capstan screws of diaphragm and raise or lower diaphragm so as to get the same 

staff reading as calculated in (J). The test is repeated for checking." 

The line of sight will thus be perfectly horizontal. 

Two-peg Test : Method B (Ref. Fig. 16.6) 

(I) Choose two points A and B on fairly level ground at a distance· of about 90 

or 100 metres. Set the instrument at a point C, exactly ntidway between A and B. 

(2) Keep the staff, in turn at A and B, and take the staff readings when the bubble 

is exactly centred. 
(3) Calculate the difference in elevation between the two points. It is to be noted 

!hat smce point c is ntidway' the difference in the two staff readings will give the correct 

difference. in elevation even if the line of sight is inclined. 

Correct difference in elevation H = ha - hb . 
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D A c B 

-FIG. 16.6 1WO·PEG TESl' (METHOD B ). 

(4) Move the level and set it o~ a point D, about 20 to 25 metres from A, preferably 
in line with the pegs. Take the readings on the staff kept at A and B. Let the readings 
be h,' and hb respectively. 

(5) Calculate difference in elevation between A and B. by the above staff readings. 
Thus H' = h,' - h.. . If the difference comes to be the same as found in (3), the iostnuitenl 
is in adjuslment. If not, it requires adjustment. 

(6) The inclination of the line of sight in the net! llistance AB will be given by 
. H- H' (hi" h,) - (ha' .- ht, ') 

tan a= AB - AB 

The errors in the rod reading at A and B will be given m~merically, by 
(H-H') . · (H-H') 

x.= AB DA and Xb=~(DA +AB). 

It is to be note4 thai, for positive values of H and H', the line of sight wiU 
be inclined upwards or downwards according as H' is lesser or grearer than H. Similarly, 
for negative values of H and H', the line of sight will be inclined upwards or downwards 
according as 1f is greater or lesser than H. 

(7) Calculate the correct reading at . B, by the relation 

h = ht,' +x,. 
Use + sign with the arithmetic vaJue x6 if-the line of sight is inclined downwards 

and use - sign with the arithmetic values of x, if the _line of s_ight is inclined upwards. 
Loose the capstan screws of the diaphragm to raise. or_ lower it- (as tbe case may 

be) to get the correct reading h on the rod kept at .B. 

·For the- purpose .of .check, the correct. reading ·at A· can be calculated ·equal· to· h,' + x. 

and seen whether the same staff reading is obiained after the adjustment. 
Example 16.1. A Dtimpy /eve/ was set up ar C exactly midway betWeen two pegs 

A and B 100 metres apan. The readings on the staff when held on the peg.i A and 
B were· 2.250 and 2:025 reSpectively. '!he instrumenl was then moved and set up ar a 
piJirU. D on the /me BA produced, ana 20 metres from 'A. The reSpective staff ·reading 
on A and B were 1.875 and 1.670. Calculale the staff readings on A·· and· B io give 
a horizontal line of sight. 

Pl!RMANBNT ADJUSTMI!NTS OP LBVElS 

Solution. (Fig. 16.6) 
When the ins_trrmrmt is at C. 
The differerlce in elevation between A and B 

= H = 2.250-2.025 = 0.225 m, B being higher. 

When the inslrllment is at D 
Apparent difference in elevation between A and B 

= H ' = !.875 - 1.670 = 0.205, B being higher. 
Since the apparent difference of level is not equal to the true differenCe, 

of collimation is out of adjuslment. 
:. The inclination of the line of sight in the net distance AB will be 

H- H ' 0.225 - 0.205 0.020 
tana=-- ---. AB 100 100 

Since H' is lesser than H, the line of sight is inclined ~wards. 

Co ff din 
20 X 0.020 7l 

.. nect sta rea g at A= 1.875 -AD tan a = !.875 100 1.8 
)20 X 0.020 

B = !.670 -DB _tan a = 1.670 - IOO = 1.646. and correct staff reading at 
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the line 

Check : True difference in elevation= 1.871 - 1.646 = 0.225 m. 
Example 16.2. The fo/luwing observations were matk during the testing of a dumpy level: 

Staff reading on 
Instrument ar 

A B 

A 
B 

1.702 2.244 
2.146 3.044 

Distance AB=I50 metres. 
Is the instrument in adjustment ? To what reading should the line of co/Umarion 

be adjusted when the instrument was at B ? If R.L. of A = 432.052 m, whal should 

be the R.L. of B ? 
Solution. (Fig. 16.5) 
When the inslrllment was at A : 
Apparent difference in elevation between A and B 

= 2.244 - I. 702 = 0.542, B 

When the instrument was at B : 

being lower. 

Apparent difference in elevation between A and B 
= 3.044 - 2.146 = 0.898, B being lower 

:. True difference in elevation between A and B 
0.542 + 0.898 . = 

2 
- 0.720 m, B bemg lower. 

When the instrument is at B, the apparent difference in elevation is 0.898 and is 
more than the ttue difference. Hence in this case, the reading obiained at A is lesser 
than the true reading. The line of sight is therefore inclined downards by an·arnount 0.898 -0.720 

=0.178 ,m in a distance of !50 m. 
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Staff reading at A for collimation adjustmeol = 2.146 + 0.178 = 2.324 m 

Check : True difference in <levation = 3.044 - 2.324 = 0.720 

:. R.L. of B = 432.052 - 0.720 = 431.332 m. 
Example 16.3. In a two peg rest of a tbunpy level, the fol/Qwing readings were 

raJrm : 

(I) Theinstntmenr at C ] TheS111/freoding on A =1.682 
midway between A and B The M-reading on B - I 320 
AB=IOOm •-.JJ - · 

. . J Thestqffreoding onA=/.528 
(11) The Instrument near A The staff reading on B = 1.178 

Is rht line of coUimation inclined upwards or downwards and how 1TiliCh ? Wilh · .· 
the instrwnenl of A, what should be the staff reading on B in nrder to plllce the line 
of collimation truly horiitmtal ? · 

Solution. 
W11en the instrument is at C . . 
True diffemce in level A and B = 1.682 - 1.320 = 0.3<12 m, A being higher. 

W11en the inslnllm1nt is near A :. 

Apparaot difference in elevation= l.528 - 1.178 = 0.350, B being higher. 

Since the appareot difference in level is lesser than the true one, the staff reading . 
at B is greater than the true one ¥Jr this instrumeot position. The line of sight is, therefore, 
inclined upwards. ! • 

The amount o( inclination= 0.362 - 0.350 = O.OlZ m in 100 m 
Correct staff reading at B for collimation to be truly horizontal 

= 1.178-0.012 = 1.166 m 

Check : True difference in level= 1.528 - 1.166 = 0.362 m 

16.3. ADJUSTMENT OF TILTING LEVEL 

(a) Principal Lines. The principal lines in a tiltiog level are: 
(r) The line of sight and (it) The axis of the level tube. 
(b) The ConditloDS of Adjustments 
The tilting level has S!eatest advantage over other levels as far as adjustments are 

concerned. Since it is provided with a tilting screw below the objective end of the telescope, , 
it is. not necessaty to bring the bubble exactly in the centre of irs run with the foot c.: 
screw ; the tilting screw may be used to bring the bubble in the centre for each sight. ~. 
Therefore, it is nor essential for tilting level that the _venical axis should be truly venical. 
.The only condition of the adjustment is that the line of collimation of the telescope should 

· be . parallel to the axis of bobble tube (adjus~ot of line of sight). · 

(c) Adjustment of line of Sight 
(I) Desired Rellltion. The line of collimation of the telescope should be parallel to 

the axis of the bubble tube. 

373 

(Ji) Object. The object of the test is to ensure that the line of sight rotateS in horizontal 

·. plane wben the bubble is central. 
(w) Necessitj. The same as for dumpy level. 
(iv) Test and A.tfjustm£nt. (See Fig. 16.5 and 16.6). 
The same methods are applied as for Dumpy level. In either of the methods, the 

coirect staff reading is calculated and the line of sight is raised or lowered With the help 
of the tilting screw to read the calculated reading. By doing so, the bubble will go out 

centre. The adjustable end of the bubble is, then. lifted or lowered till the bubble 

comes in the centre of the run. 
'!110 test is repeated till correct. 

16.4. ADJUSTMENTS OF WYE LEVEL 
(a) Principle Lines. The principal lines to be considered are: 
(1) The line of sight. (ir) The axis of the collars. 
(iii) The axis of the level tube. 
(iv) The vertical axis through the spindle of the level. 

(b) Conditions of Adjustment 
Case A. W1len the level tube is attachea to the tehsocpe, the foUowing are the 

coiUHtions of adjustm£nt : 
(I) The line of sight should coincide with axis Qf the collars (adjustment of line 

of sight). · 
(ii) The axis of the level tube should be parallel to the line of sight and bo.th 

of these should be in the same vertical plane (Adjustment of level tube). 
(iii) The axis of the level tube should be pe~pendicular to the vertical axis. 
Case B. When the level tube is on the srage Ulllkr telescope 
(1) The line of sight should coincide with the axis of the collars (adjustmeol of 

line of sight). 
(il) The axis of the level tube should· be pe!JlOildicular to the vertical axis. 
(iii) The line of sight should be parallel to the axis of the level tube. 

(c) Adjustments of Wye Level 

CASE A 
(c) Adjustment of line of Sight 
(i) Desired Re111t/Dn : The line of sight should coincide with the axis of the collars. 

(u) Necessity : The fulfilmeot of this condition of the adjustmeot is of prime importanCe. 
If the line of collimation does not coincide with the axis of the collars (or axis of wyes}. 
when the telescope is rotated about irs longitudinal axis, the line of sight will generate 
a cone and, therefore, the line of sight will be paralle) to the axis of the bubble tube 

only in one particular position of the telescope in the wye. 

(w) Teat : 
I. Set the instrumeol and carefully focus a well-defined point at a distance of 50 

to 100 metres. 
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2. Loose the clips and rotate the telescope through 180' about its longitudinal axis. 
Fasten the clips. 

3. Sight the point again. If the lioe of sight strikes the same point, 
is in adjustment. If not, it requires adjustment. 

(iv) AdjUJtmenJ : 
I. If both the hairs are off the ·point, adjust each by bringing it halfway back by 

the diaphragm screws. 
2. Repeat the test on a different point till in the final test the intersection of the 

cross-hairs remains on the point throughout a complete revolution of the telescope. 

(v) l'rindple Involved : The principle of single reversion has been used. Refef to 
Fig. 16.7 (a). The lioe of sight is inclined by e upwards to the axis of the coUars before 
the reversion. After the reversion, it is inclined by the same amount e downwards to the 
axis of the collars. The apparent error is, therefore, twice the actual 'error. Similar discussion 
will also hold good when the vertical hair is also either to the left or to thO right. of 
the ttue position [Fig. 16.7 (b)]. 

-\~~~~~~-~-~~I • i I · I 
AxJa of collatl - '"""lllc!i. 

(a) (b) 

FIG. 16.7 

(1'1) Notes 

(1) It is not necessary to level the instrument so long as the wyes remain in the 
fixed position. 

(2) In a well made instrument, the optical axis of the instrument coincides with the 
axis of the collars. If it is not coincident, the defect can be remedied only by the makers. 

(3) Since both the hairs are to be adjusted in one single operation, the adjustment 
is to be done by trial-and-error so that error in both ways is adjusted by half the amount. 

(4) In order to test the accuracy of the objective focusing slide, the test" should 
be repeated on a point very near the instrument, say 5 to 6 metres away. If the instrument 
is out of adjustment for this second point, either (a) the objective slide does not move 
parallel to the axis of the collars or (b) the optical axis does not coincide with the axis 
of collars. The objective slide should be adjusted if it is adjustable. 

(u) Adjustment of Level Tube 

(i) Desired &lotion. The axis of the level rube should be parallel to the lioe of 
sight and both of these should be in the same vertical ·plane. 
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(a) Necessity. Once the desired relation is accomplished, the· line of sight will be 
horizontal when the bubble is in the centre, regardless of the direction in which the telescope 
is pointed. This adjustnient is very necessary, and of prime importance. since the whole 

function of the level is to provide horizontal line of sight. 
(iiJ) Test and Adjustment. For both the axes to be in the same vertical plane 
(I) Level the instrument carefullY keeping the telescope parallel to two foot screws. 

(2) Tum the telescope slightly in the wyes about its longirudinal axis. If the bubble 
remains centrai, the instrument is in adjustment. If not, bring the bubble central by means 
of a small horizontal screw which controls the level rube laterally. Repeal the test till 

· correct: It is to be noted that since no reversion is made, the whole error is to··· be· 

adjusted by the horizontal screw. 
. (il') Test and AdjUJtment. For both the axis to be parallel: 

(I) Level the instrument by keeping the telescope over two foot screws. Clamp the 

horizontal motion of the telescope. 
(2) Loose the clips, take out the telescope gently and replace it end for end. 

(3) If the bubble remains in the centre, it is in adjustment. If not, it requires adjustment. 

(4) To adjust it, loose the capstan screws of the level rube to raise or lower it, 
as the case may be till the bubble comes holfway towards the centre. 

(5) Repeat the test and adjustment till correct. 

(v) l'rindple involved. Single reversion is done and, therefore, the apparent error 

is twice the actual error. 
(1'1) Note. The reversion is made ·with reference to the wyes and, therefore, the 

axis of the bubble rube is made parallel to the axis which joins the bottom of the wyes. 
However, the axis of the bubble rube may not be set parallel to the line of collimation 
by this test due to the following reasons : (a) The line of collimation may not be parallel 
to the axis of wyes if adjustment (I) is not correct. (b) Even if adjustment (I) is made 
first, the collars may not be true circles of equal diameter. This test is, therefore, not 
suitable in such cases. The test and adjustment can then be made by two-peg test method 
as in the case of dumpy level and the correction, if necessary, is made by the level · 

rube adjusting screws. 
(iiz) Adjustment for Perpendicularity of Vertital Axis and Axis of Level Tube 

(z) Desired Rel6tiJJn. The axis nf the level rube should be perpendicular to the vertical axis. 

(il) Necessity. Once the reqwrement is accomplished, the bubble will remain central 

for all directions of pointing of the telescope. 

(iii) Test 

(I) Centre the bubble in the usual manner. 
(2) Tum the telescope through !80' in horizontal plane. If the bubble does not 

remain central, the instrument requires adjustment. 
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(iv) Alf/uslmenl 

(I) Bring tbe bubble halfway back by foot screws and half by raising-or lowering 

one wye relative to tbe otber by means of screws which join the base of lhe wye to 

lhe stage. 

(2) Repeat lhe test and adjustment till correct. 

CASE B 

(I) Adjustment of Line of Sigbt : Same as for case A. 

(if) Adjustment for tbe Perpendicularity of tbe Vertio:al Axb and Level Tube 

The test is done in lhe same way as adjusbnent (iit) fur case A. but the error 

is adjusted half by means of foot screws and half by means of capstan screws of !he 

bubble rube. 

(iii) Adjustmeot for .l'araDellsm of Line of Sigbt to tbe Axb of tbe Level Tube 

(1) Test 

(I) Level the instrument carefully by keeping the telescope paraUel to two foot icrews. 

Clamp the motion about vertical axis. 

(2) Keep a level rod in the line of sigbt and 'take !he reading. 

(3) Reverse tbe telescope end fur end in tbe wyes and again sigbt tbe staff. 

(4) If the reading is the same, the instrument is in adjusbnent. If not, it requires 

adjusnnent. 

(iJ) Adjustment 

Bring tbe line of sigbt to the mean reading on the staff by means of adjusting 

screws under one wye. 

I -~. 

[a 
Precise Levelling 

17.1. INTRODUCTION 

Precise levelling is used fur establishing bench marks with great accuracy at widely 

distributed points. The precise levelling differs from the ordinary levelling in the following 

points : 

(1) Higb grade levels and stadia rods are used in precise levelling. 

(it) Lenglh of sigbl is limited to 100 m in length. 

(iii) Rod readings are taken against tbe lhree borizontal haJrs of lhe diaphragm. 

(iv) Backsigbt and furesigbl distances are precisely kept equal, the distances being 

calculated from stadia haJr readings. · 

(v) Two rodmen are employed and backsigbt and foresigbt are taken in quick succession. 

(VI) The adjusbDeniS of the precise level are tested daily and the correction applied 

to the rod readings. The rod is standardized frequently. 

The precise levelling can be classified under the following three heads, depending 

upon the permissible errors : 

First order : permissible error = 4 mm -.fK or 0.017 ft ,fM 

Seco"'! order : permissible error = 8.4 mm -.fK or 0.005 ft ..fM 

Third order : permissible error = 12 mm -./x:or 0.05 ft ..fi.i. 

For most of the e~rlng surveys, pennissible error of closure of a level circuit 

is 0.1 ,JM or 24 mm -.JK. The construction engineer, therefore, is accustomed to refer 

to any of the three higber orders as precise levelling. 

17.2. THE PRECISE LEVEL 

The precise levelling instrument bas, generally, a telescope of greater magnilying power 

(40 to 50 D). It is provided with lhree parallel plate screws and a very sensitive bubble 

which is brougbt to the centre for each reading by a fine tilting drum placed under !he 

eyepiece. Thus, the line of sigbl can be made borizontal even when the instrument as 

a whole is not exactly level. 

The bubble can be seen from lhe eyepiece end of the telescope by reflection in 

the small prism above the bubble rube. Coincidence system is used for centring the bubble, 
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as shown in Fig. 17 .I. An adjustable mirror placed im­
mediately below the bubble rube illuminates the bubble. 
One-half of each extremity of the bubble i.i reflected 
by the prism in lhe long rectangular casing inunediately 
above the bubble tube imo the small prism box. When 
the bubble is not perfectly central, the reflections of 
the two halves appear as shown in Fig. 17.1 (a). When 
the bubble is central, the reflection of the two halves 
makes one curve. as shown in Fig. 17.l(b). The bubble 
tilbe generallyli11s sensitiveness of 10 seconds of arc 
per 2 mm graduation. 

17-3. WILD N-3 PRECISION LEVEL 

(a) 

fiG. 17.1 

Fig. 17.2 shows the photograph of Wild N-3 precision level for geodetic levelling 

of highest precision, construction of bridges, measurements of deformation and deflection, 

determination of the sinking of dams, mounting of large machinery etc. Apart from the 

main ieiescope, the level contains two optical inicrometers ~ljlcied to the left of the eyepiece-<>ne 
is meant for viewing the coincidence level and the other is for taking the nticrometer 

reading (Both the auxiliary telescopes are nat visible in the pbotograph since right-hand 

view has been shown). The tilting screw (2) has fine pitch and is placed below the eyepiece 

and for fine movement in azimuth, it also contains a horizontal tangent screw (4). The 

micrometer knob (6) is used for bringing _the image of the particular staff division line 

accurately between the V -line of the graticule plate. 

The centring of the bubble is done by means of prism-system in which the bubble-ends 
are brought to coincidence (Fig. 17.1). The optical nticrometer is used for reading the 

staff. Fig. 17.3 shows the field of view through all three eyepieces. The graticule has 

a horizontal hair to the right half and has two inclined hairs, fornting V-sbape, to the 

left hair. After having focused the objective, the approximate reading of the staff may 
be seen. The optical· nticrometer is used for fine reading of staff. By turning the Iaiob 

(6) for micrometer, the plane parallel glass plate mounted in front of the objective is tilted 

and the image of the particular staff division line is thus brought accurately between the 

V-lines of the graticule plate. This displacement of the ·line of sight, to a maximum of 

10 mm, is read on· a bright scale in the measuring eyepiece to 1~ mm. Thus, the staff 

reading (Fig. 17.3) is 148 + 0.653 = 148.653 em. An invar rod (Fig. 17.6) is used with 

this level. The manufacturers claim an accuracy of ± 0.001 inch in a mile of single levelling. 

17.4. 'l'HE COOKE S-550 PRECISE LEVEL 

Fig. 17.4 shows the photograph of the Cooke S-550 precise level manufactured by 

M/s Vickers Instruments Ltd. used for geodetic levelling, deterntination of darn settlement 

and ground subsidence, machinery installation, and large scale meteorology. The telescope 
spirit vial is illuminated by a light diffusing window. The vial is read through the telescope 

eyepiece by an optical coincidence system. The telescope is fitted with a calibrated fine 

levelling screw, one revolution tilting the telescope through a vertical angle corresponding 

to I . : 1000. The nticrometer head is sub.<Jivided into fifty parts,' one division, therefore. 

PRE0SE LEVELLING 

being equal to I in 50,000. The extent 
of calibration is twenty revolutions, cor--u .... mnl1 ~~ reticule has vertical line, stadia lines, hori- = 
zontal line and nticrometer setting V. The = ........... _., ... ,~. =~- 1=: 
The manufacturers claim an accuracy of 

7
·
63 

1 · . 

± o:oz inch/mile or ± 0.3 mmf1cm of single 

levelling. 
For taking accurate staff reading, the 

nticronteter screw is turned till the particular 

,-,HI r.so 
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staff division line is brought in coincidence fiG. 1
7

.5 

with the V of the reticule. This is accomplished by a parallel plate nticrometer (Fig. 17.5) 

which measures the imerval between the reticule line al¥1 the nearest division on the staff 

to an accuracy of 0.001 ft. 
The device consists of parallel plate of glass which may be fitted to displace the 

rays of light entering the objective. The displacement is controlled by a nticrometer screw 

(6) calibrated to give directly the amount of the interval. 

17.5. ENGINEER'S PRECISE LEVEL (FENNEL) 
Fig. 17.6 shows the photograph of Fennel's A 0026 precise Engineer's level with 

optical nticrometer. It is equipped with a tilting screw and a horizontal glass circle. The 

coincidence of the bubble ends can be directly seen in the field of view of telescope. 
This assures exact centering of the bubble, when the rod is read. Fig. 17.7 (a) shows 

the telescope field of view when spirit level is not horizontal. Fig. 17.7 (b) shows the 

telescope field of view when the spirit level is horizontal. The sensitivity of tubular spirit 
level is 2" per 2 mm. The optical nticrometer is used for fine reading of ·staff. Fig. 

17.7 (c) shows the field of view of optical nticrometer for fine reading of the staff. The 

telescope has magnification of 32 dia. The horizontal glass circle--<eading 10 minutes, estimation 
I minute-renders the instrument excellent for levelling tacheometry when used in conjuction 

with the Reichenback stadia hairs. 

17.6. FENNEL'S FINE PRECISION LEVEL 
Fig. 17.8 shows Fennel's 0036 fine precision level with optical micrometer. The length 

of the telescope, including optical micrometer is 15 inches, with 2{- inch apenure of object 

glass and a magnifying power of 50 x. The sensitivity of circular spirit level is 6' while 

that of the tubular spirit level I 0' per 2 mm. 
The bubble ends of the main spirit level are kinematically supported in the field 

of view, where they are read in coincidence (Fig. 17.8). A scale, arranged in the field 

of view, provides the reading of differences of variation of the bubble. The instrument 
is provided with wooden precision rod as well as invar tape rod, 3 m long with half 
centimetre graduated. Centimetre reading is directly read in the field of view of the telescope. 

Fine reading of the staff is read through separate nticroscope mounted adjacent the eyepiece. 

A scale pennits direct readings of J/10 of the rod interval and estimations of 11100. Thus. 
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in Fig. 17.9, the rod reading is = 

244 + 0.395 = 244.395. A mean 

error of ± 0.3 to ± 0.5 mm per kil­

ometre of double levelling is well 

obtainable with this instrument, if all 

precautions of precise levelling work 

are complied with. 

17.7. PRECISE LEVELLING 

STAFF 

For levelling of the highest pre­

cision, an lnvar rod is used. Fig. 

17.10 shows invar rod by Mls. Wild 

Heerbrugg Ltd. An invar band bearing 

the graduation is fitted to a wooden 

staff, tightly fastened at the lower 

end and by a spring at the upper 

end. Thus any extension of the staff 

has no influence on the invar band. 

The thermal expansion of the invar 

is practically nil. The graduations are 

of I .em. Two graduations mutually 

are displaced against each other to 

afford a check against gross errors. 

The length of graduations is 3 m. 

For measuring, the rod is always. 

set up on an iron base plate. Detachable 

stays are provided for accurately and 

securely mounting the invar levelling 

staff. Once the rod is approximately 

vertical, the ends of stays are clamped 

tight. By means of the slow motion 

screw, the spherical level of the rod 

can be centred accurately. 

17.8. FIELD PROCEDURE FOR 

PRECISE LEVELLING 

Two rod men are used ; they 

may be designated rod man A and 

rod man B. The rod A is called 

the B.M. rod. The rod A is held 

.'; 

FIG. 17.10 INVAR PRECISION' LEVELLING ROD 

(BY COURTESY OF MIS. WILD liEERBRUGG LTD.) 

on the benchmark and the B rod on the turning point. After setting the level, micrometer 

is set at the reversing pollll. The longitudinal .bubble is brought to its centre by micrometer 

screw before tsking any reading. The first reading is taken on A iod and the second 

reading is taken on B rod placed at the turning point such that the backsight and foresight 

: :DDGf"'\':G LEVEWNG 

. distances are approximately equal. For esch A 

ing, all the three wires are read. When 0 
. instrument is Jll(>ved, the B rod is s.M. 

left at the first turning point and the A 

. rod is moved to the second turning point. 

.. At the second set up the level man reads 

rod A (foresight) first and then the 'roo 
B (backsight). When the instrument is moved 

A 

D 
. again, the A rod is held where it is and S.M. 

the B rod is moved. At third set up 

· of the level, the level man reads rod A 

·. (backsighl) first and the rod B (foresight) 

s 
• 

T.P. 

s 
• 

T.P. 

A 

• 
T.P. 

A 

• 
T.P. 

s 

• 
T.P. 

s 
• 

T.P. 

FIG. 17.11 

A 

D 
S.M. 

A 

• 
T.P. 
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A 

D 
S.M. 

next. '1'/wJ, a1 allemate set up the foresight is reod /Jefore the backsight and a1 every 

set up the A rod is reod first and B rod next. The procedure neutra/keB the effect of 

, changing conditions like sinking of the level or changing refraction. If it should happen 

,- ' that the B rod normally comes to the B.M. at the end of ·a section of levels, it is not 

used. Instead, the A rod is moved to the B. M. 'J'hwJ, both sights at this instrument position 

are taken on the A rod. This procedure eliminaJes OlfJ' difference in index co"ection of 

the rod. 
In order to eliminate serious systematic errors due to the variatiOns in temperatuse 

and refraction, each section is to be checked by a forward and a backward running-the 

forward running may be in the morning and backward in the afternoon. The difference 

in elevation obtained by these two runs should be checked within the limits ·of accuracy 

desired. The length of a section. should not be more than 1200 metres. 

If the work proceeds without interruption and no sudden change in temperatuse occurS, 

it is sufficient to record the two rod temperatures at the beginning and ·end of the section. 

The level should be protected from the sun. A rod level must be used to plumb the 

rod at all readings. 

17.9. FIELD NOTES 

The arrangement of level notes is almost similar to that of ordinary levelling, except 

that all the tlriee cross-wire readings are taken and recorded. A line is drawn after tlriee 

readings and average is found. This average gives the backsight or foresight reading at 

the point. The intervals between the top and central-wire and between bottom and central-wire 

readings are computed. The difference between these two interval readings should not be 

more than 0.005 ft or another set of readings must be taken. The difference between the 

top and bottom-wire readings (or the sum of the above calculated intervals) is a measure 

of the distance from the level to the rod and is called the distance reading. Starting with 

the first backsight, the distance reading of each successive backsight is added. Similarly, 

the distance reading of each successive foresight is also added. Thus, at any turning point, 

the sum thus formed gives the total of distances of backsights or foresights, as the case 

may be. The sum of total backsight distsnces musi approximately be equal to the sum 

of total foresight distance at any turning point. The table below shows a page from precise 

level book. 
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A PAGE FROM PRECISE LEVEL BOOK 

J.Jisllmtt 

Stmion B.S. H. I. F.S. li/,, B.S. F.S. ReiiUJiis 

2.623 

B.M. 3.346 0.723 

4.070 0.724 

3.346 528.125' 524.719' 1.447 

3.825 3.986 

T.P.I 4.506 4.706 0.681 0.720 

5.189 5.428 0.683 0.722 

4.507 521.92.5' 4.707 523.418' 2.811 1.444 

4.685 3.628 

T.P. 2 5.610 4.280 0.925 0.652 

6.534 4.930 0.924 0.650 

5.610 529.256' 4.279 523.646' 4.660 2.746 

4.960 

B.M. 5.890 0.930 

6.822 0.932 

5.891 523.365' 4.608 

13.463 14.877 524.779 

Check 13.463 523.365 

Fall 1.414 1.414 Fall 

17.10. DAILY ADJU&'TMENTS OF PRECISE LEVEL 

The adjuslments of a precise level should be rested daily. If the adjusonents are 
out by permissible amount, corrections are applied to the observations of the day's work. 
If, however, the adjusbnents are out by appreciable amount, they are adjusted. The following 

adjustments' are made : 
(I) Adjusbnent for circular bubble, 

(iz) Adjusbnent for prism mirror, 
(iii) Adjusbnent for the size of the bubble rube, 

(iv) Adjusbnent for the line sight, and 
(v) Adjusbnent for the reversing point. 

(I) Adjustment for circular ·bubble 
Centre the circular bubble by means of foot screws. Reverse the telescope. If the 

bubble moves from the centre, bring it half way hack by means of the adjusting screws. 

383 
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(il) Adjustment · or the prism mirror 
With the right eye in position at the eyepiece, sight the prism mirror with the left 

eye. Swing the ttrlrror until the bubble appears to be evenly siruated to the centre line. 

(iii) Adjustmeilt for the size of the bubble· tube 
This adjusbnent can be made only if the level vial has an adjustable air chamber. 

If it has afr cbamber, the length of the bubble can be changed by tilting the chamber. 
Thus, to enlarge the bubble, tilt the eyepiece and upward and to decrease it, rum the 

eyepiece end downward. 
(iv) Adjustment for the line of sight 
The test of the parallelism of the line of sight and the axis of the bubble tube 

is of prime importance and sball be made daily. It may not be necessary to make the 
adjuslment daily. However, the error is determined and correction is applied to the observed 
readings. . 

~----------~ ~ 
~------------------------------------

~-----------------------------~-~ 

A, ... d;··- D,------... 6 

FIG. 17.12 

To test the 3djusonent, two points A and B are selected ahout 120 m apan. The 
level is first set at P, near to A, at a distance d1 from A and D1 from B. Let the reading 
obtained at A be R., and that at B be R1, , the suffix n and f being used to denote 
the readings on near and far points. The instrullleDI is then moved to a point Q. near 
to B, at distance d, from B and D2 from A. Let. the teading obtained· at A ·be RJ, and' 

at B be R.,. Let c = slope of the line of sight = tan a . 

When the instrument is o1 P 
True difference in elevation between A and B = (Rfl - cD,) - (R., - cd,) ... (!) 

When Ow instrurMnt is ol· Q 
The difference in elevation between A and B = (R.a- cd,)- (ly,- cD,) ... (2) 

Equating these two and solving for c, we get 

(R., + R,) - (R/1 + RJ,) Sum of near rod readings - Sum of far rod readings 
c= -(D, + D

2
)- (d

1 
+ d,) Sum of far distances- Sum of near distances 

Knowing c, the correction to any rod reading can be calculated. 
The line of sight will be inclined downwards if c has plus sign and will be inclined 

upwards if c bas minus sign. If the value of c comes out to be more than 0.00005 
(i.e. 0.005 m in 100 m), adjusonents should be made by calculating the correction for 

a staff kept at 90 m distance from the instrument. 
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{v) Adjustment of the revers1ug polDt 

The reversing point is a particular reading on the micrometer screw at wbich ., 

bubble will remain eenttal !liter reversal, when the vertical axiS of the level is rruJy vertical.· 

To find the reversing point, the bubble tu)le is centred ~tly and the micrometer reading 

is noted. The telescope is then reversed, the bubbl!: agl!in ceotre<1 an<J the micrometer reading 

is noted. The reversing point is then half-way between ~ two Jllicrometer readings. The , 

adjustment is not essenliol but is merely necesstJry for quick centring of the bubble \ 

at all times. Whenever the instrument is being levelled, the micrometer screw should be 

set at the reversion point. · 

~.11 

~ 
PermanentAdjustments of Theodolite 

18.1. GENERAL 

The fundamenlol lines . of a transit are as follows 

(1) The vertical axis 

(2) The horizontal axis 

(3) The line of collimation (or line of sight) 

(4) Axis of plate level 

(5) Axis of altitude level 

(6\ Axis of the striding level, if . provided. 

The following desired . relotWns should exist between these lines : 

(I) The axis of the ploJe level mwt lie in a plane perpendicular to the vertical 

axis. 
If this condition exists, the vertical axis will be ttuly vertical when the bubble is 

in the . cenlre of its run. 
· 

(2) The line of collimation mWJt be perperidiculor to the horizontal axis at its intersection 

widt the vertical axis. Also, if the telescope is external focwing type. the optical axis, 

the axis of the objective slide and the line of colUIWiion mWJt coincide. 

If this condition exists, the _line of sight will generate a vertical plane ·when the 

telescope is rotated· about the horizontal axis .. 

(3) The horizontal axis 7/lllSI be perpendicular to the vertical axis. 

If this condition exists, the line of sight will generate a vertical plane when the 

telescope is phmged. 

(4) The axis. of the altitude level (or telescope ievel) 7/lllSI be parallel to the line 

of collimation. 

If the condition exists, the vertical angles will be free from index error due to lack 

of parallelism. 

(5) The venical drcle vernier mWJt read zero when the line of collimaJion is horizontal. 

If this condition exists, the vertical angles will be free from index error due to 

displacement of the vernier. _ 

(6) The axis of the striding level (if provided) mWJt be parallel to the horizontal 

axis. (385) 
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If this condition exists, the line of sight (if .in adjustment) will generate a vertical 

plane wben the telescope is plunged, the bubble of striding level being in the centre of 

its run. 
The permanent adjustments of a transit are as follows : 

(I) Adjustment of plate level 

(2) Adjustment of line of sight 

(3) Adjustment of the horizontal axis 

(4). Adjustment ~f altitude bubble and venical index frame. 

18.2. ADJUSTMENT OF PLATE LEVEL 

(r) Desired Relation. The axis of .the plale bubble should be perpendicular to the. 

venical axis when the bubble is centraL 

(il) Object. The object of the adjustment is to make the vertical axis truly vertical; 

to ensure that, once the insttument is/levelled up, the bubble will remain centtal for all 

directions of sighting. 

(iii) Necessity. Once the requirement is accomplished, !he horizontal circle and also 

the horizontal axis of the telescope will be truly horizontal\' provided both of these are 

perpendicular to the vertical axis. 

(iv) Test. (I) Set the instturnent on firm ground. Level the insttument in rhe two 

positions at right angles to each other as in temporary adjustment. 

(2) When the telescope is on the third foot screw, swing it through !so•. 

If the bubble remains ceottal, adjustment is correct. 

(v) Adjustment. (I) If not, level the insttument with respect to the altitude bubble 

till it remains centtal in two positions at right angles to each other. 

(2) Swiog the telescope through ISO•. If the bubble moves from its centte, bring 

it back halfWay with the levelling screw and balf with the clip screw. 

(3) Repeat till the altitude bubble remains centtal in all positions. The vertical axis 

is now truly vertical. 

(4) Centralize the plate levels(s) of the horizontal plate with capstan headed screw. 

It is assumed that the altirude bubble is fixed on the index frame. 

(vi) Principle involved, This is the case of single reversion in wbich the apparent 

error is double the ttue error. See :ilso permanent adjustment (I) of a dumpy level, chapter 

16. 

18.3. ADJUSTMENT OF LINE OF SIGHT 

(I) Desired Relation. The line of sight should coincide with the optical axis of the 

telescope. 

(il) Object. The object of the adjustment is to place the intersection of the cross-hair 

in. the optical axis. Thus, both horizontal as well as vertical hair are to be adjusted. 

(iii) Necessity. (a) HorU.onllll holr. This adjustment is of imponance only in the 

casQ of external focusing telescope in which the direction of line of sight will change 

· while focusing if the horizontal hair does not intersei:t the vertical hair in the same point 

in which the optical axis does. 

PERMANENT ADJUSTMENTS OF TIIEODOLITE 
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(b) Vertical holr. If the adjustment is accomplished, the line of collimation will be 

perpendicnlar to the horizontal axis (since the optical axis is placed pennanentlY perpendicular 
to the horizontal ,.,US by the manufacturers) and hence the line of sight will sweep out 

a plane when the telescope is plunged. 
(vr) Test for horizontality and verticality of hairs. Before the adjustment is made, 

it is necessary to see if the vertical and horizontal b"airs are truly vertical and horizontal 

when the insttument is levelled up. To see this, level the insttument carefully. suspend 

a plumb bob at some distance and sight it through the telescope by careful focusing. If 

the image of the plumb bob stting is parallel to the vertical hair, the latter is vertical. 

If not, loose the capstan screws of the diaphragm and rotate it till the vertical hair coincides 

with the image of the stting. The horizontal hair will then be horizontal. 

Adjnsnnent of Horizontal Hair (Fig. IS.!) 

(v) Test. (I) Level the insttument carefully 
with all clamps fixed. Take a reading on a staff 
placed some distance apan (say 100 m). Note also 
the reading on the vertical circle. 

(2) Unclamp the lower clamp, ttansit the tele­
scope and swing it through !So• . Set the same 

ren.ling on the vertical circle and see the staff. 
If the same reading is obtained, the horizontal hair 
is in adjustment. FIG. 18.1 

(vi) Adjustment. (I) If not, adjust the horizontal 
hair by top and bottom capstan screws of the diaphragm nntil the reading on the staff 

is the mean of the two. 
(7) Repeat the test till the adjustment 

is conect. 
Adjustment or Vertical Hair (Fig. 

IS.2) 
(vii) Test. (I) Set the insttument on 

a level ground so that a length of about 
100 rn is available to either side of it. 

Level it. 
(2) Sight a point A about 100 m 

away. Clamp the horizontal . movement. 

· (3) Transit the telescope and establish 
a point B to the other side at the same 
level as A, such that OA=OB (approx). 

(4) Unclamp the horizontal movement 
and rum the telescope to sight A again. 

(5) Transit the telescope. If it inrerseCrs 
B, the line of sight is perpendicular to 

the horizontal axis. 

B 

{a) 

A 

(b) 

• 
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A' 
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(viii) Adjustment. (!) If not, mark the point C in the line of sight and.· at the 

same dislallCe as that of B. 

(2) Join C and B and establish a point D towards B such that CD= t CB. [Fig. 

18.2 (b)]. 

(3) Using the side capstan screws of the diaphragm bring the vertical hair to 'the 

image of D. 

(4) Repeat till there is no error on changing. the face, as illustrated in Fig. 18.2 

(c). 

(ix) Principle involved. This is double application of the principle of reversion. 

Transiting the :elescope once doubles the error ; tranSiting a second time (after changing 

the face) again doubles the error on the opposite side, so that total apporent error is 

four times the true error. 

18.4. ADJUSTMENT OF THE HORIZONTAL AXIS 

(r) Desired Relation. The horizontal axis should be 

perpendicular to the vertical axis. 

(ir) Object. The object of the adjustment is to make 

the horizontal axis perpendicular to the vertical axis so that 

it is perfectly horizontal when the instrument is levelled. 

(iii) Necessity. If adjustment (2) is done the line of 

sight will move in plane when the telescope is plunged; this 

adjustment ensures that this plane will he a vertical plane. 

This is essential when it is necessary to move the telescope 

in the vertical plane while sighting the objects. 

(iv) Test. The test is known as the spire test : 

(!) Set up the instrument near a high building or any 

other high well-defined point such as the final of a steeple 

etc. Level it. 

(2) Sight the well-defined high point A. Clamp the 

horizontal plates. 

(3) Depress the telescope. and sigh! a point B on the 

ground as close to the instrument as possible. 

c. 
' ' ' ' . ' 
' ' ' Trunnion axis ffi \ 
\ 

FIG. 18.3. SPIRE TESI". 

(4) Change face and again sight B. Clamp the horizontal plates. 

(5) If, on raising telescope to sight A, an imaginary point C is sighted, the horizontal 

axis is not perpendicular to the vertical axis. 

(v) Adjustment. (I) By means of the adjusting screws at the trunnion support on 

one standard, brilig the line of sight to an imaginary point D ·half way between A and 

c. 
(2) Repeat until C coincides with A when the telscope is raised after backsighting B. 

18.5. ADJUSTMENT OF ALTITUDE LEVEL Al'ID VERTICAL INDEX FRAME 

General. The procedure for this adjustment depends upon whether the clip screw 

and the vertical cir~Ie tangent screw are provided on the same arm or on different arms, 
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and also upon whether the altitude bubble is provided on the index frame or on telescope. 

There are, therefore, the following cases : 

(a) C/ipl an4 11111gent screws on septll'tlhl anns 

(r) altiude level on index arm. 
(il) altitude level on telescope. 

(b) Clip an4 11111gent screws on the same arm 

(I) altiude level on index arm. 
(ir) altitude level on telescope. 

ln case a(r), a(il) and b (1), both the adjustments, i.e., adjustment of altitude level 

and adjuStment of vertical index frame, are done togther. ln case b (il), the adjustment 

of altitude level is done first by two-peg test (see § 16.2) and then the vertical index 

frame is adjusted. However, in most of the modem theodolites, with the object of securing 

better balance, the vertical circle clamp and tangent screw are placed on one side of the 

telescope and the clip screw on the other. It is, therefore, intended to discuss case (a) 

only, which is the most usual case. 

(a) CLIP AND TANGENT SCREWS ON SEPARATE ARMS 

Oject. To make the line of sight horizontal when the bubble is central an4 the vertical 

circle reading is zero. 
Necessity. If this is not achieved, the vertical circle reading will not he zero when 

the bubble is central and the line of sight is horizontal. The reading on the veniier. when 

the line of sight is horizontal, is known as index error, which will have to he added 

to or subtracted from the observed readings if the· adjustment is not made. 

(ai) ALTITUDE BUBBLE ON INDEX FRAME 

Test. (I) Level the instrument with respect to plate levels. 

(2) Bring the altitude bubble in its centre by using the clip screw. 

(3) Set the vertical circle reading to zero by vertical circle clamp and tangent screw. 

(4) Observe a levelling staff held 75 or 100 m away and note the reading. 

(5) Release the vertical circle clamp, transit the telescope and swing by 1so•. Re·level 

the bubble by clip screw, if necessary. 

(6) Set the vertical circle reading to zero. 

(7) Again read the staff held on the same point. If the reading is unchanged, the 

adjustment is correct. 
Adjustment. (I) If not, bring the line of collimation on to the mean reading by 

turning the vertical circle tangent screw. 

(2) Return the vernier index to zero by means of clip screw. 

(3) Bring the bubble of the altitude level central by means. of its adjusting capstan 

screw. 
(ail) ALTITUDE BUBBLE ON THE TELESCOPE 

Test. (I) Level the instrument with reference to the plate levels, set the vertical 

circle to read zero by means of vertical · circle clamp and tangent screw. 
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(2) Bring the telescope level central by the foot screws. Observe a levelling staff 

about 100 m away and note the reading. 

(3) Loose the vertical circle clamp, transit the telescope and again set the vertical 

circle to read zero. Swing through 180" • Re-level if necessary and again read the staff 

held on the same point. If the reading is unchanged, the adjusbnent is correct. 

Adjustment : (1) If not, bring the line of collimation on to the mean reading by. 

ruming the vertical tangent screw. 

(2) Return the vernier index to zero by means of clip screw. 

(3) Bring the bubble of the level rube central by means of adjusting screws attaching 

it to the telescope. 

(4) Repeat till no error is discovered. 

PROBLEMS 

1. Give a list of the permaaent adjustments of a traDsit theodolite and state the object of 

each of the adjostmeot. Describe how you would make the trunnion axis peljleodicular to the vertical 

axis. . . 

2. What is spire test 1 How is it carried ? 

3. Explain the adjostment for making the axis of the spirit level over T ·frame of the vertical 

cin:Ie peljleodicular to the vertical axis of the theodolite. 

~ 
Precise Theodolites 

19.1 •. INTRODUCTION 

The instrumentS for geodetic survey require great degree of refinement. lu earlier 

days of geodetic surveys, the required degree of refinement was obtained by malting greater 

diameter of the. borirontal circles. The great theodolite of Ordinance Survey bad a diameter 

of 36". These large diameter theodolites were replaced by the micrometer theodolites (similar 

in principle to the old 36" and 24" instruments) such as the Troughton and Sirnm's 12" or 

the Parkhurst 9". However, more recently the tendency bas been to replace the micrometer 

theodolites by others of the double reading type (glass arc) such as the Wild, Zeiss and 

Tavistock having diameters of 5 ~" and 5" respectively. The distinguishing features of the 

double reading theodolite with optical micrometers are as follows : 

(1) They are small and light. 

(il) The graduations are on glass circle, and are much finer. 

(iii) The mean of the two readings on opposite sides of the circle is read 

directly in an auxiliary eye-piece generally besides the · telescope. This saves 

the observing time, and also saves disturbance of the instrument. 

(iv) No adjusnnents for micrometer run are necessary. 

(v) It is completely water-proof and dust proof. 

(w) It . is electrically illuminated. 

There are two types of instruments used in the triangulation of high precision. 

1. The repeating theodolite. 2. The direction theodolite. 

(1) The Repeating Theodolite 

Tbe characteristic feature of the repeating theodolite is that it bas a double vertical 

axis (two centres and two clamps). It has two or more verniers to read to 20, 10 or 

5 seconds. The ordinary transit is the repeating theodolite. The vernier theodolite by M/s. 

Vickers lustruments Ud. and the Watts Microptic Theodolite No. I, fall under this category. 

(2) The Direction Theodolite 

Tbe direction theodolite bas only one vertical axis, and a single horizontal clamp-and-tangent 

screw which controls the rotation about the· vertical axis. Optical micrometers are used to 

read fractional parts of the smallest divisions of the graduated circle. The direction thecdolite 

is used for very precise work needed in the first order or second order triangulation survey. 

Wild T-2, T-3 and T-4 theodolites fall under this category, and will be discussed here. 

(391) 
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19.2. WATIS MICROPTIC THEODOLITE N0.1. 

Messers Hilger and Watts Ltd. manufacture three models of optical microptic theodolites 

No. I. No. 2 and No. 5. Out of the three, No. I is most precise having a least count 

of I" while in No. 2, the reading can be taken directly to 20" and by estimation to 

5". Fig. 19.1 shows Watts Microptic Theodolite No. I. 

The Theodolite has horizontal and vertical circles of glass and images of both are 

brought together with that of the micrometer scale, into the field of view of the reading 

eyepiece. Both circles are divided directly to 20 minutes and are figured at each degree. 

Finer sub-divisions are read from the lowest scale (Fig. 19.2) which gives the micrometer 

reading. It is divided at 20 second intervals and figured at every 5 minutes. The two 

circle scales are read against patented indexes which facilitate precise setting. They take 

the form of hollow triangular pointers which indicate light displacements of the lines beneath 

them. A small lateral displacement of a line result in a relatively large asymmetry of small 

triangles of light beneath the pointer on either side of it. Estimated readings may 'l"SilY 

he made to 5 seconds. 

In use, the micrometer is adjusted until the nearest division of the circle being observed 

is brought into coincidence with the index. r-':-:-::---:-:::-o 

The reading of the micrometer scale is I· · · 191 190 I I 191 190 I 
th~ added to tha~ of~ circle to give ill b!l!iillll J 
the msb11Dlent reading. Ftg. 19.2 (a) shows v · · · v v · · - v 

the field of view when coincidence has 

been made for the borizontal circle reading, 

using the optical micrometer screw. The 

reading on the horizontal circle is 

23° 20' and that on the micrometer is 

H/ 1 2l 1 T 11 'r 
~ 

12' 30". The total reading on the horizontal (a) 

circle. is, therefore, 23° 20'+12' 30" Coincidence for horizontal 

= 23" 32' 30". Fig. 19.2 (b) shows the cl<ele reading 23'32'3cr 

H11111~H 
24 23 

ililllllliMIIIiiliiil 

(b) 

Coincidence for vertical 
circle reading 190047'30"' 

same field of view when coincidence has 

been made for the vertical circle reading. 

The reading on the vertical circle is 190" 40' 

FIG. EU Vlf.W IN tw-11CR01o1ETER OF WATfS 

MICROPTIC TIIEODOLITE NO. I 

and that on micrometer is 7' 30". The total reading on the vertical circle is, therefore, 

190° 40' + 7' 30" = 190° 47' 30". 

19.3. FENNEL'S PRECISE THEODOLITE 

Fig. 19.3. shows the photograph of Fennel's precise theodolite 'Themi'. The insb11Dlent 

has following specifications : 

1. Horizontal circle 

Diameter 

Graduation 

5 in. 
360" to 116" . 

Reading by micrometer microscopes ensurfug easy ·estimation to ...... 2". 

2. Vertical circle 

Diameter 4 in. 

PRECISE THEODOLITES 

Graduation 

Reading by vernier microscopes to 30". 

3. T.4cope 

Length of telescope 

Aperture of object glass 

Focusing 

Min. Focus 

Magrtification 

360' to 1112° 

8 
II . 
T6 10. 

I 7 . 
16m. 

Internal 

8 i ft. 

26 dia. 
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The borizontal circle is read with the help of micrometer microscopes. Fig, 19.4 

(a) ZERO rosmoN (b) READING rosmoN 
( 38' 23' 32" ) 

(a) shows the image after the target 

has been aimed at. This position 

is shown as 'zero position'. In 
the lower half of the field of view 

the graduDJion is seen while 

the secondary graduation appears 

at the upper half. Double.Jine index 
Oower half of figure) is used for 

setting of graduation, while sin· 

gle.Jine index is used for setting 

of secondary graduation. Fig. 19.4 

(b) marks the field of view as 

it is seen when the grsduation line 
PIG. t9.4. BXAMPLB OP HORIZONrAL CIRCLB READING. 

which may originally appear at the left of the firm double-line 

index has been placed keenly amidst the double-line index 

by means of the micrometer screw on the microscope. By 

this arrangement, the secondary graduation has been posed auto· 

matically (l1ld mark in the figure 3' 16d (' = double seconds). 

Readingasperfigurelhusisfoundtobe38' 23' 16dor38' 23' 32". 

The vertical circle is read by simple vernier microscope. 

Fig. 19.5. shows the example of vertical circle reading. The 

reading after setting to reading position is 129" 34' 00" 

19.4. WILD T-2 THEODOLITE 

PIG. 19.5. VERTICAL CIRCLE 
RI!ADING. 

Fig. 19.6 shows the photograph of Wild T-2 theodolite. Both circles are made of 

glass. The diameter of borizontal circle is 90 mm and that of vertical circle is 70 mm 

and both are illuminated through adjustable mirrors. The artificial illumination required at 

night or in tunnels is supplied by an electric lamp replacing the mirror. The telescope 

is of internal focusing type having an over-all length of 148 mm. The vertical axis system 

consists of the axle bush and the vertical axis turning therein on ball bearings. which 

is automatically centred by the weight of the instrument. The glass circle is moumed on 

the outer side of the axle bush and is oriented as desired by drive knob. Since there 
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is only one set of clamp and tangent 

screw for the motion about the ver­

tical axis, the angles are measured 

by direction method only. ThiS is, 

therefore a direction theodoUte. 

The readings are made with 

the microscope mounted adjacent to 

the telescope eyepiece. In the field 

of view of the micrometer appear 

the circle graduations from two parts 

of the circle ISO• apart. The circle 

is divided in W-minute intervals. 

The appearance of field of view 

is shown in each of the rectangles 

of Fig. 19.7. 

Coincidence system is osed 
to take the readings. Fig. l9.4(a) 

shows the field of view before co­

incidence. The rectangle shows the 

scale reading, while the micrometer 

6' ... oo• 

r"T'I"'t' ~B .. ,,?1 
(a) 

•s• os• 

rr:f'f'""'~",, 
(c) -':-:; 
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... ... oo• 

rr:Jl::rJ 
(b) 13"54'32" 

~s~ os~ 

230 231 

r=:f'l"'f'"'"'fj 
(d) 230"26'46' 

FIG. 19.7. VIEWS IN MICROMEI'ER OF WILD T-2 
ll!EOOOUTI!. 

scale, seen underneath the rectangle, shows single second graduation over a range from 

0 to 10 minutes. The lower numbers in the micrometer scale is thua rotated, the positions 

of the circles that appear in the rectangle are moved oplical/y simultaneously by equal 

amouniS in opposite directions till coincidence occurs, as shown in Fig. 19.7 (b) where 

the reading is 13" 54' 32". Fig. 19.7 (c) shows another illustration before coincidence and 

Fig: 19.7 (d) shows the .saine after coincidence where the final reading is 

230° 26' 46". 

Since both sides of the circle are moved simultaneously, a coincidence occurs every 

time they are moved 11 minutes. The micrometer scale, therefore, has a range of only 

10 minutes to ensure reaching a coincidence. When coincidence occurs, the index line will 

either be against a 20 minute line or half-way between two 20 minute lines. 

19.5. THE TAVISTOCK THEODOLITE 

The Tavistock theodolite is a precision theodolite and derives iiS uame from the fact 

that it was the outcome of a conference held in 1926 at Tavistock in Devon between 

instrument makers and British Govermnent survey officers. Fig. 19.8 shows the Cooke's 

Tavistock theodolite manufactured by Messrs Vickers InstrumeniS Ltd., England. 

The horizontal and vertical circles are graduated every 20 minutes on the glass annuli. 

A single optical micrometer is provided for both circles, the circle reading eyepiece being 

situated parallel to the main teloscope. A control on the standard of the instrument enables 

the observer to select which circle is to be viewed. Both circles are illuminated by a 

single mirror. 

PRI!C!SE TIIEODOLITES 
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The images of divisions, diametrically opposite each other, are made to coincide when 

setting the micrometer. The reading can be taken direct to one second and be estimated to 

0.25" or 0.5". ·)· 

An optical plummet for centring over a ground mark is incorporated. The horizontal 

circle is rotated by level pirtion, the engagement being controlled in an impersonal manner 

by cam connected to the cover ov.er the control screw. A single slow motion screw is 

provided in azimuth. 

Fig. 19.9 shows the field of view of the M 8 
reading micrometer at coincidence. The coincidence 

7
8 v 

7
9 

is made by the micrometer setting theodolite. 
6 

Coincidence takes place at intervals of 10 minutes, 
30 

the coarse and fine readings always being additive, 6 

providedtheobservernoteswbetberthecoincidence FIG. 19.9 VIEW IN TilE MICROMETER 

takes place opposite the reading mark or sym- OF COOKE TAVJSl'OCK ll!EOOOUTI!. 

metrically on either side of the reading mark 

(as illustrated) in which case 10 minutes must be added to the coarse reading, short of 

the reading mark, in addition. to the micrometer reading. Thus, the reading illustrated is 

78" 56' 27".5 

In another model of Geodetic Tavistock theodolite manufactured by Messers Vickers 

Instruments Ltd., the reading can be taken direct to 0.5 second of arc on the horizontal 

circle and I second on the vertical circle. 

19.6. THE WILD T-3 PRECISION THEODOLITE 

Fig. 19.11 shows the W'dd T-3 precision theodolite meant for primary triangulation. 

Both the horizontal and vertical circles are made of glass. The graduation interval of horizontal 

circle is 4' and that of the vertical is 8' . The readings can be taken on the optical 

micrometer direct to 0.2" and by estimation to 0.02". The following is the technical data: 

Magnification 24, 30 or 40 x 

Clear diameter 2.36 in. (60 mm) 

Sbonest focusing dislaJICO 15 ft (4.5 m) 

Normal range .. .. . 20 to 60 miles (32 km to 96 km) 

Field of view at 1000 ft .. .. .. .. 29 ft (8.84 m) 

Length of telescope 10.2 in. (260 mm) 

Sensitivity of alidade level, 7" per 2 mm 

Sensitivity of collimation level 12" per 2 mm · 

Coincidence adjustment of vertical circle level to 0.2" 

Diameter to horizontal circle· 5.5 in. (140 mm) 

Graduation interval of horizontal circle 4' 

Diameter of vertical circle 3.8 in. (97 mm) 

Graduation interval of vertical circle 8' 

Graduation interval of micrometer drum 0.2". 
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The vertical axis system consists of the axle bush and the vertical axis rurning therein 

on ball bearings, which is automatica!ly centred by the weight of the instrument. The glass 

circle is mounted on the outer side of the axle bush and is oriented as desired by drive 

knob. siiice there is oiJiy one set of clamp and tangent screws for the motion about vertical 

axis, the angles are measured by direction method oiJiy. This is, therefore, a direction 

tlu!odolile. 
. The micrometers for reading the horizontal and vertical circles are both viewed in 

the same eyepiece which lies at the side of the telescope. In the field of view of the 

micrometer appear the circle graduations from two parts 

of circle 180" apan, separated by a horizontal line. 

The horizontal circle is divided. in 4' interval. The ap­

pearance of field of view is shown in Fig. 19.10 in 

which the top window shows the circle readings. A 

vertical line in the bottom half of the window serves 

as an index from which the coarse readings are taken. 

The lower window is graduated to seconds readings · 

and carries a pointer. Coincidence system is used 10 

take the readings. To read the micrometer, rilicrometer 

knob is turned so that the two sets of graduations in 

the upper window appear 10 coincide one another, and 

finally coincide. The seconds readings will then be given 

by the scale and pointer in the lower wmdow. The 

reading on the seconds scale in the bottom window 

is one-half of the proper reading. Hence, the number 

Circle reading 
I st drum reading 
2nd drum reading 

16640' 
39" 3 
39" .4 

FIG. 19.10 166"41' 18".7 

of seconds which are read on this scale must either be doubled, or opposite graduations · 

in the upper window should· be brought into coincidence twice and the two readings on 

the seconds scale added together, as illustrated in Fig. 19.10. 

To view the horizontal circle reading, an .inverted knob is turned in a clockwise 

direction ; to view the vertical circle reading, the knob is turned in the reverse direction. 

Thus, the same eyepiece can he used for taking the readings of bow the circles. 

19.7. THE WILD T -4 UNIVERSAL THEODOLITE (Fig. 19 .12) 

The Wild T -4 is a theodolile of utmost precision for first order triangulation, the 

detenniruuion of gecgraphic positions and taking astronomical observalions. The instrument 

has a horizontal circle of 250 mm (9.84") which is almost double the diameter of that 

of T-3 model. The reading can thus be taken with greater accuracy. The theodolite is " 

of the 'broken telescope' type ; that is, the image formed in the telescope is viewed through 

an eyepiece placed at one end of the trunnion axis which is made hollow. The graduation 

interval on horizontal circle is 2' with direct reading to 0.1" on optical micrometer. The 

other technical data is as follows : 

Telescope power : 65 x 

Clear objective glass apertute : 60 mm (2.36") 

Azimuth (horizontal) circle on glass : 360" 

PRECISE TIIEODOLITES 

Diameter of scale : 250 mm {9.84") 

Interval between divisions : 2' 

Direct teadings 10 : 0" .I 

Elevation (vertical) circle on glass, 360" 

Diameter of scale : 145 mm 5.71" 

Interval between divisioris : 4" 

Direct readings 10 : 0" .2 

Setting circle, for telescope angle of sight 

Interval of divisions : 1• 

Scale reading microscope interval : 10' 

Angles can be estimated to : I' 

Sensitivity of · suspension level : I" 

of elevation circle level : 5" 

of Horrebow level (both) : I"- 2" 

The vertical and azimuth circles are both 

equipped with a reading micrometer which gives 

automatica!Iy the arithmetic mean of two dia­

metrica!ly opposed readings. Fig. 19.13 shows 

the example of circle readings. 

The eyepiece is equipped with the so-called 

longirude micrometer for accurate recording of 

a star's transit. The reversal of the horizontal 

axis and telescope is carried out by a special 

hydraulic arrangement which ensures freedom from 

vibration. Electrical lighting, to illuminate both 

circle and field, is built into the body. 

Example of a vertical 
drcle reading 
34° 25' 26. 9" 

Example of a horizontal 
drde reading 

146° 27' 19. r 

FIG. 19.13 
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[§] 
Setting Out Works 

20.1. INTRODUCTION 

Whereas surveying is the process of producing a plan or map of a particul"!" area, 

setting out begins with the plan aod ends with some particular engineering structure correctly 

positioned in the area. Most of the techniques and equipment used in surveying are also 

used in setting .out. It is important to realise that setting out is simply one application 

of surveying. In many cases, insufficient importance is. at1aehed to the process of setting 

ow, and it tends to be rushed to save time. This attitude may result in errors, causing 

delays which leave construction machinery and plant idle, resulting in additional· .costs. 

There are two aims when undertaking setting out operations : 

1. The structure to be constructed must be set out correctly in all three dimensions-both . ,­

relatively and absolutely, so that it is of correct size, in the correct plan position and 

at correct level. 

2. The setting out process, once begun, must proceed quickly, without· causing any 

delay in construction programme. 

20.2. CONTROLS FOR SE'ITING OUT 

The setting out of work ·requires the following two controls: 

(a) Horizontal control 

(b) Vertical control. 

20.3. HORIZONTAL CONTROL 

Horizontal control points/stations 
must be established within or near the 

consuuction area. The horizontal control 

consists of reference marks of known plan 
position, from which salient points of the 

designated snucrure may be set out. For 
big structures of major importance, primary 

and secondary control points may be used 
(Fig. 20.1). The primary control points 
may be the tiiangulation stations. The sec­
ondary. control points are referred to these 

• Secondary control points 

FIG. 20.1 PRIMARY AND SECONDARY COI'ITROL 
. POINTS. 
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primary control stations. The co-or­
dinates of secondary points may be 
found by traversing methods. These sec­
ondary control points provide major 
control at the site. Hence, it should 
be located as near to the construction, 
but sufficiently away so that these'j,oints 
are not disrurbed during construction 
operations. In the process of establishing 
these control points, the well known 
principle of 'working from whole to 
part' is applied. 

Base line. The control points can 
also be used to establish a base line 

on which the setting out is based, as 

399 

shown in Fig. 20.2. In order to increase FIG. 20.Z. BASE UNE TIED TO REFERENCE POINTS. 

the accuracy at the site, two base lines, · 

murually perpendicular to each other 
are some times used. 

Reference grids. Reference grids 
are used for accurate setting out of 
works of large magnirude. The following 
types of reference grids are used : 

(r) Survey grid. 
(if) Site grid. 
(iif) Structural grid. 

(iv) Secon~ grid. . 
1 

/ ~ "".m.o~p:!fo{/ /////AX I _Sits 

Survey gnd IS the one which X ,...--grid 

is drawn on the survey plan, from 
the original Lraver:.>e. Original rraverse 
stations form the control points of this . 
grid. The site grid, used by the designer, G 
is the one with the help of which FIG. 20.3. SITE GRID. 

actual setting out is done. As far as 
possible, the site grid should be acrually the survey grid. All the design positions (points) 

are related in terms of site grid co-ordinates (Fig. 20.3). The points of. the site grid are 

marked with wooden or steel pegs set in concrete. These grid points may be in sufficient 

number, so that each design point is set out with reference to atleast two, and preferably 

three, grid points. 
The structural grid is used ·when the structural components of the building (such 

as column etc.) are large in number and are so positioned that these components cannot 

be set out from the site grid with sufficient accuracy. The structural grid is set out from 

the site-grid points. The secondary grid is established inside the structural, to establish 

internal derails of building, which are otherwise not visible directly from the strucnnal grid. 



r 
r 
! 

400 

· COIISiructlon and protection of 

cOntrol points 

The control poinls of any grid 

bas to be so constructed and protected 

that they are not disturbed during the 

course of construction. For non-per­

manent stations, wooden pegs may be 

used. However, for longer life, steel 

bolts, embeded in concrete .blocl< 600 

mm x 600 mm may be used. The station 

may be etched on the top of the bolt. 

20.4. VERTICAL CONTROL 

SURVEYING 

Nail 

50mmsquarel 1 130010 
WOOden peg 500 mm 

(b) 

(a) 

fiG. 20.4. CONTROL POINTS. 

The vertical control consists of establishment of reference marks of known height 

relative to some spedfied datum. All levels at the site are normally reduced to a nearbY 

betrdt mark, usually known as master bench mark (MQ~). This master beneh mark is 

used to establish a number of triWferred bench marks clr"· temporary bench marks . (TBM) 

with an accuracy of levelling within ± 0.010 m. "The position of TBM's should be fixed 

during the initial site reconnaissance. Wherever poasible, permanent existing feat::e. should 

be used as TBM. Each TBM is referenced by a number or letter on the site ·plan, BJ:d 

should be properly related io the agreed MI!M. All TBM's shOuld be checked, properly 

protected, and should be re-checked at regUlar intervals. The distance between any two 

adjacent TBM's should not exceed 100 m. 

20.5. SETIING OUT IN VERTICAL DIRECTION 

The setting out of poinls -in vertical direction is usually done with the help of following 

rods 
(i) Boning rods and travellers (ii) Sight rails 

(iii) Slope rails or batter boards (iv) Profile boarda. 

Boning rods. A boning rod consists of an upright pole having a horizontal hoard 

at its top, forming a T-shaped rod. Boning rods are made in sets of three, and may 

consist of three T -shaped roda, each of equal size and shape, or two rods indentical to 

each other and a third one consisting of a longer rod with a detachable or ·movable T-plece. 

The thir~ pne is called a travelling rod or a traveller. 

Traveller. A traveller is a special cype of boning rod in which the horizontal piece 

can be moved along a graduated vertical staff, and can be conveniently clamped at any 

desired height (Fig. 20. 6) · · 

Sight rails. A sight rail consists of a horizontal cross-piece nailed to a single upright 

or pair of uprights driven into the ground. The upper edge of the cross-piece is set to 

a convenient height above the required plane of the structure, and should be at a height 

above the ground to enable a man to conveniently align his eye with the upper edge. 

Various forms of sight rails are shOwn in Fig. 20.7. The single sight rail shown in Fig. 

20.7 (a) is used for road works, footings and sntall diameter pipes, while at corners of 

buildings, sight rail shown in Fig. 20.7 (b) is used. For trenches and large diameter pipes. 

SE'ITQ<O our WORKS 
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Graduated-

Boning rods ,, Traveler 

Travemng rod 

(b) 

fiG 20.5. (a) TIIREE BONING RODS. (b) TWO BONING RODS fiG. 20.6. TRA VELUNG ROD. 

WITH A TRA VELIJNG ROD. 

11111~1111 1111 Iii nil~ I 

(a) (b) (c) td) 

fiG. 20.7. VARIOUS FORMS .OF SIGIIT RAILS. 

sight rail shOwn in Fig. 20.7 (c) is used. A stepped sight rail or doUble sight rail, shown 

in Fig. 20.7 (d) is used in highly undulating or · falling ground. · 

Slope rails or batter boards. These are used for controlling the side slopes in embankments 

and in cuttings. These consists of two vertical poles with a sloping board nailed near their 

top. Fig. 20.8 ·(a) sbows the use of slope rails for construction of an embankment. The 

slope rails define a pbme parallel to the proposed slope of the embankment, but a! some 

suitable veitical distance above it. Travellers are used to control the slope during filling 

operations. However, the slope rails are set at some distance x from the toe of the slope. 

to p(event it from disturbance during the earth work operations. Fig. 20.8 (b) shows the 

. u~. of slope rails in. _cutting. 
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' .. f9!.l'r!~~~~--
. h 

' ; 
Peg · 

'+--b 
' 

It'~_:::...:-- Traveller (1.5m) 

' ' 
~ ....... ··.... ....., -.. r - - ' 1r' .. JI '>,. ', Slope rail 

L.::o,._ ' 
n .... ~~~ ' 

.................. 

Existing ground 
---nh x .. ux ... 

(a) Embankment 

o;. 
:+--b nh------>1 

Peg 
Sloper<· 

{nh ~ 2x} 

h ! ............... ~. 

! 
' ,.,.,. X ; .,,.,.:-r · ..... 1 nh 

····---'- l ,/ n __.!.!< r· FO".mai~n -- 1 
· level 

(b) Cutting 

FIG. 20.8. USE OF SLOPE RAILS 

SURVEYING 

Pror.te boards. These are similar to sight rails, but are used to define the corners 

or sides of a building. A profile board is erected near each corner peg. Each unit of 

profile board consists of two ve!ticals, one horizontal board and two cross-boards Fig. [20.9 

(a)]. Fig. 20.9 (b) shows the lllternative arrangement: Nails or saw cuts are placed at 

the tops of profile boards to define the width of foundation and the line of . the outside 

r 

''""'""'" ~-- - ' llll{ '. 
/"" ' \ 1;•' \ ou,.1,,,,--"' 

~~ •-( 
"~ arll9on protie 

{0) 

Set tosorre 
relerence level 

Fourldation 
width 

(b) 

FIG. 20.9. USE OF PROFILE BOARDS. 

line or outer 
lace or wan 
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face; of the wall. A spring or piano-wire may be stretChed between the marks of opposite 

profile boards to guide the width of cut. A traveller is used 10 control the depth of the cut. 

20.6. POSITIONING OF STRUCTURE 
After having ·established the horizontal and vertical control points, the next operation 

is to locate the design points of the strUCture to be constructed. Following are some of 

· the commonly used methods : 
1. From existing detail 2. From co-ordinates . 

When a single building is to be 

constructed, its corners (or salient design 

points) may be ftxed by running a line 

between corners of existing building and 

offsetting from this. However, where 
an existing building or features are not 4 __ ,...--8 

available, the desigu points are co-or­

dinated in terms of site grid or base 

line. This can be achieved by the fol-
lowing: (a} Measurement of angle and length 

(i) SeUing out by polar co-or­
dinoles. In this, the disrance and bearing 

of each desigu point is calculated from 

atleast three site grid points, as illustrated 

in Fig: 20.10 (a). 

(iJ) By intersection with two theo­

dolites stationed at two stations of site 

grid. .using hearings and checking the 

intersection from a third stadon. 
(iii) By offsetting from the base 

line. 
Offs~t peg!ll ~ Jt has been illustrated 

in Fig. 20.3 that the corners of a building 
can be set out by polar measurements 

from the stations of site grid. Comer 

pegs can then be driven in the ground. 

However, during the excavation of the 
foundations, these corner pegs get dis­

located. To avoid the labour of relocation 

of these comer points, extra pegs, known 
as offset pegs are located on the lines 

of the sides of the building but offset 

back from true corner points, as shown 
in Fig. 20.11. The offset distance should 

be sufficient so that offset pegs are not 

disturbed during earth work operations. 

(b) lntarsectl6n from two theodoutes 

FIG. 20.t0. POSmONING OF DESIGN POINTS. 

/ .. -<;;_· ··- ··-._ 
___ ...... .... 

~ ....... • ..... .. 

'··:~ ...... . 
Comer 
peg 

· ...... _ 

StructUre 

·, ')it- Comef peg 
'·, 'rf,/ ...... ~Offset 

-....... , peg 

·-
;"":--Offset 

/ "'_-,pegs 
·--~ 
... 

FIG. 20.lt. OFFSET Pf.GS. 
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20. 7. SEITING OUT FOUNDATION TRENCHES OF BUILDINGS 

The setting out or ground tracing is lhe process of laying down lhe excavation 
· lines and centre lines etc., on lhe ground, before excavation is started. After lhe foundation 
· design is done, a sening out plan, sometimes also known as fowu/JJJion layout plan, is 

prepared to some suitable scale (usoally I : SO). The plan is fully dimensioned. 

For setting out the foundations of , , , ~ ~ ~ , , , 
small buildings, the ctmtre line of lhe : [ l ! 1 l l l l 
longest outer wall of the building is first ~:::: ..1------------------~---------------~- ::::~ 
marked on the ground by streching a 3•--- D D ---•3 
string between wooden or mild steel pegs 
driven at lhe ends. This line serves as 
reference line. For accurate work, nails 
may be fixed at lhe centre of lhe . pegs. . 
Two pegs, one on eilher side of lhe •--- · ---• 
central pegs. are driven at each end of :::: .,-------------------r--------------,- :~:: 

·the line. Each peg is equidistant from : : I l l l : ! : . 
lhe central peg, and lhe distance between 1 1 1 ~ I ~ 1 1 1 

lhe outer pegs correspond to lhe width FIG. 20.12. SETTING OUT WITH THE HELP OF PEGS. 

of lhe foundation trench to be excavated. 
Each peg may project about 2S to SO 
mm above the ground level and may 
be driven at a distance of about 2 m 
from lhe edge of excavation so that lhey 
are not disturbed. 

When string is stretched joining 
the corresponding pegs (say 2-2) at lhe 
extrentities of the line, the boundary of 
lhe trench to be excavated can be marked 
on lhe ground wilh dry lime powder. 
The cenrre lines of othe; walls. which 

are perpendicuhir to the long wall, are 
lhen marked by setting our right angles. 
A right angle can be set out by forming 

1 3 !1 2 
0.2ml•• f ••f+-Masonry 

T • •4 . s' • ,.·rlar 
I I I I I 

:: ! :: 
1m : 1 ! 1 :.-Excavalion 

I I ! I I lin&Sl 

~:: : :: 

fzzmzf:futif~;~ 
Plinth 
line 

J4-t++- Cenlre 
line 

a. mangle with_.3, .4 aud S urtits long FIG 20.I3. SETTING OUT USING MASONRY PILLARS. 
srdes. These dllOenstons should be meas-
ured with the help of a steel tape. Alternatively, a theodolite or prismatic compass may 
be used for setting out right angles. Similarly, olher lines of the foundation trench of 
each cross-wall can be set out, as shown in Fig. 20.12. 

For big project, reference pillars of masonry may be consbUcted, as shown in Fig. 
20.13. These pillars may be 20 em thick, about IS em wider than the widlh of the 
foundation trench. The top of the pillars is plastered, and is set at the same level, preferably 
at lhe plinth level. Pegs are embeded in ·these pillars and nails are then driven in the 
pegs to represent the centre line and outer lines of the trench. Sometimes, additional nails 
are provided to represent plinlh lines. 

§J1 
Special Instruments 

21.1. INTRODUCTION 
In lhe earlier chapterS, we have studied some routine instrUments which serve normal 

surveying operations. However, some special instrUments are now available to conduct surveys 
for some special purpose or special operations. In this chapter, we shall study the following 

special instrUments : 
1. Site square 
3. Convertible transit level 4. 
S. Brunton urtiversal pocket transit 6. 

2. Automatic level 
Special Compasses 
Mountain compass-transit. 

21.2. THE SITE SQUARE 
As indicated in chapter 4, a site square can be used to set two lines at right angles 

to each other. Fig. 21.1 (a) shows the sketch of a site square while Fig. 21.1 (b) shows 
its photographic view. Basically, it consists of a cylindrical metal case containing two telescopes 
lhe lines of sight of which are mutually set at right angles io each olher by the manufacturer. 
The site square is fixed to steel pin set on lhe top of a metal b'ipod by means of a 
clamp ann and a clamp screw. The instrument is lev~lled · with reference to a circular 

1. Telescopes 
2.Ciamp 
3. Tripod 
4. Cylindrical Metal Case 

(a) 

5 

5. Fine Setting Screw 
B. Knurled Ring 
7. Datum Rod 
8. Clamp Arm 

\Vii .. ·:'.· . .. 
·~ ) ; '.-" < ,, I 

: ~ ~ ! i . :jl< 
I' - -~ 

' I {/ l ' 1 I , J , ' 

' ' ' ' 
.• i 

r 
\ 

'i I 
" 

FIG. 21.1. THE SITE SQUARE. 
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bubble, using this clamp screw. By this arrangement, the instrument is so mounted that 
li is some distanCe away from the bipod. A datum rod is screwed into the base of the 
instrument. This datum rod contains a spiked extension at the bottom. 

Setting up the Site Square : Let datum rod of the site square be set on a datum 

peg (known as the instrument station), by placing the clamp of the datum arm over the 
!ripod pin kept at upper most position. The arm is so positioned that it is nearly boriZontal, 
with the clamp about mid-distance along the arm. The bipod is placed in such a position 
that the datum rod is approximately over the datum peg. The site square is then placed 
on the top of the datum rod, The instrument is secured by turning the knurled screw 
in clockwise direction. Thus. the instrument bas been set on the datum rod. However, 
it is capable of being rotated. The instrument is now levelled with reference to the circular 
bubble, by holding the instrument with one band, releasing the clamp screw, and moving 
the instrument slightly till the bubble is in centre. The clamp· screw is then secured. 

Setting out a right angle : Let it be required to set a line AC at. right angles 
to a given datum line AB, at the Site&quare c 
datum station A (Fig. 21.2) rf _: _______ 1}~!-~-·!!!.~'--~Peg 

The tripod is 5o set near peg 
A that the datum rod is exactly over 
the datum peg A. Line AB is the 
building line or datum line. The in­
strument is so rotated that one telescope 
is on the datum lineAB. The instrument 
is locked in position, and the fine 
setting screw is rotated so that the 
line of sight bisects the station mark 
on peg B. A sight is now made through 
the other telescope and a ranging rod 
is held as near as possible at the 
right angles to line AB. The observer 
now signals the person holding the 
ranging rod so that the line of sight 

Trip_od 

... ~ 
~\0 

. 
'',, -G· 

\, ~6) 
', o.,... 

',IS',-.: 
ev,-b;. ',~1.., 

i'i.1go.. ',, 
'O'q ', 

~Q<?& \.e 
Peg 

FIG. 21.2. SETTlZ..:G OUT A RIGHT A..\GLE. 

exactly bisects the ranging rod. A peg is now inserted at the base C of the ranging rod. 

21.3. AUTOMATIC OR AUTOSET 
LEVEL 

An auJomaJic level or auJoset level 
contains an optical compensator which 
maintains a level line of collimation even 
though the instrument may be tilted as 
much as IS minmes of arc. In conventiooal 
levelling instrument, the line of collimation 
is made horizontal by means of long 
bubble tube. This is a time consuming 
job. In such a conventiooal instrument 

rr-: = ::-n 
• n Horizontal 1r -r-p 

(a) Horizontal line of sight (Bubble central) 

rr:-- j ~ 

-+-m --- -JOO!Q~- -- -·- -·- -z-- -- --+ .. ·~ 
(b) Inclined ~ne of sight (Bubble out of centre) 

FIG. 21.3. CONVENTIONA~ LEVEL. 
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if the bubble is not in the centre of its run, the vertical axis will not be truly vertical, 
and the line of collimation will be tilted instead of being borizontal. Fig. 21.3 shows a 
conventiooal levelling instrument showing both (a) horizont31 line of sight as well as (b) 

inclined line of sight. 
In an autoset level, spirit .bubble is no longer required to set a horizontal line of 

collimation. In such a level, the llne. of collimation is directed through a system of compensators 
which ensure that the line of sight viewed through the telescope is horizontal even if the 
optical axis of the telescope tube itself is not horizontal. A circular bubble is used to 
level the instrument approximately IS' of the vertical, either with the help of footscrew 

arrangementS or a quickest device. An automatic or aUioset level is also sometimes known 

as a self-l~elling level or pendulum level. 
Fig. 21.4. shows the principle of the compensators. The small angle ~ < IS') between 

the standing axis and vertical axis 'f~~~~--------.--
tilts the telescope by the same amourtt 1 D,PIIoal..,. 
B • Point p is the point of rotation ·---- - -i~-~~----- P c lr 
of the telescope. The compensator '\Honzontal ray l -------- r .. 
located at C deviate all horizontal -, 
rays of light entering the telescope ' 
tube (at the same height asP) through 
the centre of cross-hairs D. 

,I 
,I 
/1 

The compensating systems 
may be of two types (a) free sus­
pension compensators, and (b) Me­
chllnicol compensators. The former 
type consists of two prisms on a 
suspended mount within the telescope 
mbe. If the aUioset level is tilted. 
the compensating system hangs like 
a plumb bob and keeps the horizontal 
ray on the cross-hairs automatically. 
The mechanical compensators consist 
of a fixed roof prism above two 
swinging prisms supported on four 
metallic tapes forming a cross spring 
flexure pivot. The ingenuity of design 
ensures a frictionless suspension hav­
ing a repetition of setting better than 
I secood of arc. Both the systemS 
use air damping system, in which 
the compensator is attached to prism 
moving in a closed cylinder. This 
will reduce the oscillation of the 
light-weight compensator. 

q 
Standing axis~ True vertical 
of level-->!¥ 

:I 
! I 

FIG. 21.4. PRINCIPLE OF COMPENSATOR. 

(a) Standing axis ve>li<:al 
Suspended 

vertiCal axis 
. (b) Standing axis inclined 

FIG. 21.5. THE COMPENSATOR SYSIEM. 
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The commercially available auroset levels use different forms of compensators. Fig 

21.6 (a) shows an· autoset level Ni 2 by Zeiss. Fig. 21.6 (b) shows the photograph of 

the compensator used in Zeiss Ni 2 level. 

Wild NAl and NAK2 Automatic· Levels : Wild NA2 automatic level is useful for 

levelling of all types and all orders of accuracy. The advantages of the automatic level 

is that as soon as the circular bubble is central, the line of sight is horizontal for. all 

paintings of the telescope. Eliminaion of the traditional tubular level speed up work and 

improves accuracy. Fig. 21.7 (a) shows the cut section of the compensator, which is essentially 

a pendulum with prism. The suspension system comprises four flexed tapes made of special 

alloy to ensure faultless functioning. Pneumatic damping insulates the pendulum from the 

influence of strong winds, traffic vibraions etc. and ensures great stability of the line of 

sight. 

The model NAK2 incorporates a horizontal cirele for angle measurements. Tacbeometric 

levelling can be done by combining stadia and angular. measurements with beight rea~. 

A reading microscope is provided near the main eyepiece, for circle reading. Fig. 21.7 

(b) shows the photograph of Wild NAK2 automatic !~v~J. 

In both NA2 as well as NAK2 levels, a. press button is provided just. below the 

eyepiece for compensator control. Pressing this button· gives the compensator a igental tap, 

so that the observer sees the staff image swing smoolhly away and then float gently back 

to give the horizontal line of sight. This check, which takes less than a second, is technically 

perfect, as the pendulum itself. is activated . and swings through its full range. It is also 

immediately apparent if the circular bubble is not centred. 

21.4. TRANSIT-LEVEL 

A transit level combines the major characteristics of both a level as well as a transit, 

used extensively for building layouts, road and highway works, excavation measurements 

and foundation works. Fig. 21.8 shows Fennel's convertible transit level. For measuring 

or layout of angles, clamps and .tangent screws provide exact sighting. Horizontal circle 

and vertical arc have verniers reading to S minutes. Fig. 21.9 shows the photograph of 

builder's transit level manufactured by Keuffel and Esser Co. 

21.5. SPECIAL COMPASSES 

In chapter 5, we have studied two types of compasses for the measurement of bearings: 

(!) surveyors compass, and (il) prismatic compass. We shall now consider the following 

special purpose compasses : 

(z) Geologist compass (il) Mining compass 

(iii) Suspension mining compass with clinometer 

(iv) B!)lllton compass ( v) Mountain compass transit. 

1. Geologist compass : Fig. 2l.IO shows the photograph of geologist's compass. 

It is very suitable for the determination of magnetic bearings and slopes of layers. The 

angle between the layer direction and magnetic north is measured by means of the compass 

dial, the lmife-<l<lged ground plate being set horizontally and rectangular to the gradient 

line. For measuring the inclination angle, the edge of the ground plate is set upon the 

gradient line of ·the ·layer. The compass talren upright, the clinometer binge indicates the 

slope angle. 
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2. Mining compass : For works below ground level, the mining compass is more 

suitable, instead of the geologists compass. Fig. 21.11 shows the photograph of a mining 

compass. StringJ hooks are provided as finder sights and for bearing measurements with 

the aid of the string. 

3. Suspension mining compass with cUnometer : It basically consists of a compass 

box connected with a suspensio~. frame. The string of the suspension frame is set along 

the dip ·or the strata, and its slope is measured with the help of a large diameter clinometer 

with plumb bob. Fennel Kassel manufactures two variations : (I) Kassel type, and (il) Freiberg 

type. 
Fig. 21.12 shows the photograph of 

the Kassel type mining compass. The compass 

is connected by hinges with suspension ir...,o 

which bas the advantage of easy packing and 

taJdng less space in the container. The clamping 

screw of the kuife-<ldged magnetic needle is 

placed on the brim of the compass ring. The 

horizontal cirele is divided at intervals of I 

degree and figured every 10 degrees. The 

clinometer, made from lig!lt metal, bas a di­

ameter of 9.4 inch and is g!aduated to 

1/3 degree. 

Freiberg type compass with clinometer FIG. 21.13. FREIBERG TYPE MINING SUSPENSION 

is shown in Fig. 21.13. The. functions of COMPASS Wffil CLINOMETER. 

the mining compass of Freiberg type are exactly 

the same as with Kassel type. Its mechanical features depart in two things from the Kassel 

type. viz. the rigid connection of the compass suspension with the frame and the clamping 

screw to be placed centrically, under the compass box. 

21.6. BRUNTON UNIVERSAL POCKET TRANSIT 

Brunton's Universal pocket transit is one of the most convenient and versatile instrument 

for preliminary surveying on !he surface or underground. It is suirable for foresuy, geological 

and mining purposes, and for simple conlour and tracing work. The main part of Brunton 

Pocket Transit is the magnetic compass with a S em long magnetic needle pivoting on 

an agate cap. Special pinion arrangement provides for the adjustment of the local variation 

of the declination with a range of ± 30'. For accurate centring purposes a circular spirit 

bubble is built in. A clinometer connected with a tubular spirit bubble covers measurement 

of vertical angles within a range of ± 90' . Fig. 21.14 shows !he photograph of Brunton 

Universal pocket transit along wilh box containing various accessories .. 

· The Brunton poclret transit comprises a wide field of application for which it is 

equipped with !be following special accessories : 

1. Camera tripod for measurement of horizontal and vertical angles. 

2. Plane table for using the compass as on alidade. 

3. Pro/:TtJcUJr base piaU for protracting work in lhe field or in the office. 
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4. Suspension ploJe for use of the instrument as a mining compass. 
5. Bmckds for suspension plate 

Measurement of horizontal angles : Horiwntal and vertical angles can he measured by 
using the camera tripod with the ball joint. For measuring horiwntal angles, the compass 
box has to he screwed on the ball joint until the locking pin will tit into the socket 
which is imbedded in the compass case. For more precise centring, a plumb bob can 
he fastened at the plumb hook of the tripod. Accurate setting of the instrument is accomplished 
with a circular spirit bubble. The north end of the needle indicates magnetic hearing on 
the compass graduation. 
Measurement of vertical. angle : For measuring vertical. angles, the compass has to he 
fitted in the ball joint. The observations have to he carried out with completely opened 
mirror by sighting through the bole of the diopter ring and the pointer. Before readings 
can he taken, the tubular bubble which is connected with the clinometer arm has to he 
centered by turning the small handle mounted at the back of the co111pass. Using the instrument 
in this vertical position, it is necessary to lock the needle to prevent the agate cap : and 
the pivot from being damaged. · 
Use as a mining compass : Brunton compass can he fitted on the suspension plate and 
he used as mining compass. The compass is eorrectly positioned on the plate when the 
locking pin tits into the socket. Then, the North-South line of the compass is ·parallel 
to the longitudinal axis of the suspension plate. 

For vertical angle measurements, the hook hinges have he fitted. The brackets prevent 
the suspension outfit from sliding along the rope. Before readings of vertical circle can 
he taken, accurate centring of the clinometer arm bubble is necessary. 

Use with plane table· : The compass in connection with the protector base plate 
can he used for protecting work in the field or in the office .. The parallelism of the 
base plate edges and the line of sight of the compass is secured when the locking pin 
on the plate fits accurately into the socket. This combination gives the possibility to employ 
the compass as an alidade for minor plane table surveys. 

21.7. MOUNTAIN COMPASS-TRANSIT 
A mountain compass-transit (also known as compass theodolite) basically consists of 

a compass with a telescope. Both these are mounted on a levelling head which can he 
mounted on a tripod. For movement of the instrument about vertical axis, a clamp and 
tangent screw is used. For measurement of vertical angles, the telescope can rotate_ about 
the trunnion axis, provided with a clamp and slow motion screw. The instrument is levelled 
with respect to a circular bubble mounted on the upper plate, and a longitudinal bubble 
tube mounted on the telescope. Fig. 21.15 shows the photograph of a compass transit by 
Breithaupt Kassel. The instrument is suitable for compass traversing, recounaissance, contOur 
works, and for the purposes of forest departments. The .eccentric telescope admits steep 
sights (in mountainous area), being provided with stadia hairs for optical distance measurings 
(tacheomettic surveying). A telescope reversion spirit level suits the determination of . the 
station-height as well as auxiliary levelling. The vertical. circle is graduated to I o and reading 
with vernier can he taken upto · 6'. The compass ring is graduated to I o and reading can 
he estimated to 6'. 

[[[] 
Tacheometric Surveying 

22.1. GENERAL 
Tacheometry (or Tachemetry or Telemetry) is a branch of angular surveying in which 

the horiwntal and vertical distanceS, of points are obtained by optical means as opposed 
to the ordinary slower process of measurements by tape or chain. The metbod is very 
rapid and convement. Although the accuracy of Tacheometry in general compares unfavourably 
with that of chaining, it is best adilpted in obstacles such as sieep and broken ground, 
deep ravines, stretches of water or swamp and so on, which make chaining difficult or 
impossible. The accuracy attained is such that under. favourable conditions the error will 
not exceed 111000 , and if the purpose of a survey does not require greater accuracy, 
the method is unexcelled. The primary object of tacheometry is the preparation of contOured 
maps or plans requiring both the horiwntal as well as vertical control. Also. on surveys 
of higher accuracy, it provides a check on distanceS measured with the tape. 

22.2. INSTRUMENTS 
. An ordinary transit theodolite fitted with a stadia diaphragm is generally used for 

tacheomettic survey. The stadia diaphragm essentially consists of one stadia hair above and 
the other an equal distance below the horiwntal cross-hair, the stadia hairs being mounted 
in the same ring and in the same vertical plane as the horiwntal and vertical cross-hairs. 
Fig. 22.1 shows the different forms of stadia diaphragm commonly used. 

The telescope used in stadia surveying 
are of three kinds : 

(I) the simple exterrtal-focusing telescope. 
(2) the external-focusing anallactic 

telescope (Porro's telescope) 
EB®~ 

(al (b) (c) 

(3) the internal-focusing telescope. 
Tlie first type is known as sradia theodolite, 

while the second type is known as 'tacheometer'. 
The 'tacheometer' (as such) has the advantage 
over the first and the third type due to the 
fact that the additive constant of the instrument 
is zero. However, the. internal focusing telescope· 
is becoming more popular, though it has a 
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very small additive constant. Some of the latest patterns of internal focusing 

telescope may be regarded as strictly anallactic (see § 22. 7). 

A tacheometer must essentially incorporate the following features : 

(!) The multiplying constant should have a nominal value of 100 

and the error conrained in this value should not exceed I in 1000. 

(il) The axial horizontal line should be exactly midway between the 

other two lines. · 

(iii) The telescope should be truly anallactic. 

(iv) The telescope should be powerful l!aving a magnification of 20 

to 30 diameters. 

The aperture of the objective should be 35 to 45 mm in diameter 

in order to have a sufficiently bright image. 

For small distances (say upto 100 mettes), ordinary levelling staff 

may be used. For greater distances a stadia rod may be used. A stadia 

rod is usually of one piece, having 3 to 5 meters length. The pattern 

of graduations. should be bold and simple. Fig. 22.2 shows two typical 

patterns of graduations. For smaller distances, a stadia rod graduated in 

5 mm (i.e. 0.005 m) may be used, while for longer distances, the rod 

may be graduated in 1 em (i.e. 0.01 m). 

22.3. DIFFERENT SYSTEMS OF TACfiEOMETRIC MEASUREMENT 

SURVEY!NG 

FIG. 22.2. 
STADIA RODS 

The various systems of tacheometric survey may be classified as follows 

(I) The st;tdia system 

(a) Fixed Hair method or Stadia method 

(b) Movable Hair method, or Subtense method. 

(2) The tan&ential system. 

(3) Measurements by means of special insuuments. 

The. principle common to all the systems is to calculate the horizontal distance between 

two poiniS A and B and their difference in elevation, by observing (i) the angle at. the 

. instrUment at A subtended by a known shon distance along a staff kept at B, aod (il) 

the vertical angle to B from A. 

(a) FIXed hair method. In this method, observation (I) mentioned above is made 

with the help of a stadia diaphragm having stadia wires at fixed or constant distance apan. 

The readings on the staff corresponding to all the three wires are taken. The staff intercept, 

i.e. the difference of the readings corresponding to top and bottom stadia wires will therfore, 

depend on the distance of the staff from the instrUment. When the staff intercept is more 

than the length of the staff, only half intercept is read. For inclined sights, readings may 

be taken by keeping the staff either vertical or normal to the line of sight. This is the 

most common method in ta<:heometry and the name 'stadia method' generally bears reference 

to this method. 

(b) Subtense method. This method is similar to the fixed hair method except that 

the stadia interval is variable. Suitable arrangement is made to vary the distance between 

. :;;~ 
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the stadia hair so as to set them against the two targets on the staff kept at the point 

under observation. Thus, in this case, the staff intercept, i.e., the distance between the 

·two targets is I<wt fixed while the stadia interval, i.e., the distance between the stadia 

hairs is variable. As in the case of fixed hair method, inclined sights may also be taken. 

The tangential method. In this method, the stadia hairs are not used, the readings 

being taken against the horizontal cross-hair. To measure the staff intercept, two paintings 

of the instrUments are. therefore, ~itecessary. This necessitates measurement of vertical angles 

twice for one single observation. 

'RINCIPLE OF STADIA METHOD ® 
THE STADIA METHOD 

The stadia method is based on the principle that the ratio of the perpendicular to 

the base is constant in similar isosceles mangles. 

In'"'Ftg. 22.3 (a), let two rays OA and OB be equally inclined to the central ray 

OC. Let A, B, , A, B, and AB be the staff intercepts. Evidently, 

oc, oc, oc 
A,B, = A 18 1 = AB 

= constant k = i cot £. 
This constant k entirely de­

pends upon the magnirude of the 

angle ~· If ~ is made equal to 

34' 22".64, the constant 

k = ~ cotl7' 11".32 = 100. In this 

case, the distance between the staff 

and the point 0 will be 100 times 

the staff intercept. In actual prac­

tice, observations may be made 

with either horizontal line of sight 

or with inclined line of sight. In 

the latter case, the staff may be 

kept either vertically or normal 

to the line of sight. We shall first 

derive the distance-elevation for­

mulae for the horizontal sights. 

Horirontal Sight. Consider 

A. 

A,, 
A,J---

Q lc;· .. -tc ·-·w; 
~ B, 

~ s;;A,. mlr 
(a) 

1+-'· 1,------ol 

~------D-----

(b) 

FIG. 22.3. PRINCIPLE OF STADIA METHOD. 

Fig. 22.3 (b) in which 0 is the optical centte of the objective ~of an external focusing 

telesope. 
Let A, C and B = The poims cut by the three lines of sight corresponding to the 

three wires. 

b, c and a= Top, axial and bottom hairs of the diaphragm. 

ab = i = interval between the stadia hairs (stadia interval) 

AB = s = staff intercept. 
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f = focal lenglh of the objective 
f, = HorizoDial dislallCe of the staff from the optical centre of the objective. 

f,. = HorizoDial distance of the cross-wires from 0. 

d = Distance of the vertical axis of the instrument fro111 0. 

D = Horizontal distance of the staff from the vertical axis of the instrumeru. 

M = Centre of the instrument, corresponding to the vertical axis. 

Since the rays BOb and AOa pass through the optical cerure. they are straight so 

M A OB and aOb are similar. Hence 

f, $ 

J,.= T ..•• (1) 

Again, since f, and /, are conjugate focal distances, we bave from lens formula, 

!=.!.+.!. 
f " f, 

Multiplying throughout by !!1 , we get /, =if+ f . 

Substiruting the values of 1 = :!: in the above, we get 
J1 I 

$ f,=-,f+f 
I 

The horizontal distance between the axis and the staff is 

D=f,+d 

D= f s+if+Q)=k.s+C 
I 

... (it) 

.. . (iii) 

... [22.1 (a)] 

Equation 22.1 is known as the distance equation. In order to get the horizontal distance. 

therefore, the staff intercept s is to bO found by subtracting the staff .readings corresponding 

to the top and bottom stadia hairs. 

The constant k = f I i is known as the multiplying constam or stadia interval factor 

and the constant if+ d) = C is known as the additive· constant. of the instrument. 

Alternative Method. Equation 22.1 can also be derived altei1Jlltively, with reference 

to Fig. 22.4 in which the rays Bb' and Aa' passing through the exterior principal focns 

F. become parallel to the optical axis. The rays Aa and Bb pass through 0 and remain 

undev1ared. ..
1
• • 

Since the stadia interval ab is ~ 1' 1
' · - A 

fixed in magnitude, the points ~~f~!b'~:~~~~~===~~T a' and b' are· fixed . Again, since F I F 
is also fixed, being the exterior principal l 0 

· · , ·- · ·-·-· ·-·-c 1• 
focus of the objective, the angle AFB a j+-d~l--+j 
is fixed in magnirude. 1+---c ->I• (D-e - s 

From similar triangles AFB and o "': ~ 
a' Fb' we have 

FIG. 22.4. PRINCIPLE OF STADIA Mtm!OD. 

TACHEOMETRIC SL'RVBYING 

FC=OF=L or FC=LAB=Ls 
AB a'b' i . i i 

Distance from the axis 10 the staff is given by 

D·=FC+(f+Q)= f s+(f+Q)=ks+C 
I 
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... (22.1) 

Note. Since point F is the venex of the measuring triangle, il is also sometimes 

called the a11allactic point. · · 
Elevation of the Staff Station. Since the line of sight is horizontal, the elevation 

of the staff station can be found out exactly in the same manner as the levelling. Thus. 

Elevation of staff station = Elevation of instrument axis - Cerurai hair reading 

Determinstion of constants k and C 
The values of the multiplying constant k and the additive constant C can be computed 

by the following methods : 
1st Method. In this method, the additive constant C =if+ Q) is measured from the 

instrument while the mlllriplying constant k is computed from field observations : 

1. Focus the intrument to a distant object and measure along the telescope the distance 

between the objective and cross-hairs. 

!=.!.+.!. 
f f, " 

Since f, is very large in this case, f is approximately equal to f, , i.e., equal 

10 the distance of the diaphragm from the objective. 
2. The distance d between the instrument axis and the objective is variable in the 

case of external focusing telescope, being greater for shon sights and smaller for long 

sights. It should, therefore be measured for average sight. Thus, the additive constant (/ + Q) 

is known. 
3. To calculate the multiplying constant k, measure a known distance D1 and take 

the intercept s
1 

on the staff kept at that point, the line of sight being horizonW. Using 

equation 22.1. D, = k.s, + C or 
D,-C 

ko-­
So 

For average value, staff intercepts, s2 , s3 etc., can be measured corresponding to 

distance D2 
, D3 etc., and mean value can be calculated. 

Note. In the case of some exJemal focusing instruments, the eye-piece-diaphragm unit 

moves during focusing. For such instruments d "is constanl and does not vary while focusing. 

2nd Method. In this method, both the constaflts are determined by field observations 

as under : 
I. Measure a line, about 200 m long, on fairly level ground and drive pegs at 

some interval, say 50 metres. 
2. Keep the staff on !lie pegs and observe the correspOnding staff intercepts with 

horizontal sight. 
3. Knowing the values of D and s for different points, a number of simultaneous 

equations can be formed by substituting the values of D and s in equation 22.1. The 
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simulraneous solution of successive pairs of equations .will give the values of k and C, 

and the average of these can be found. 

For example, if s, is the staff intercept corresponding to distance D1 and s, corresponding 

to D2 we have 

D, = k.r, + C ... (1) an1 D, = k.r, + C ... (ii) 

or 

Subtracting (I) from (il), we get k = [), - D, 
sz- s, 

Substinuing the values of k in (1), we get 

C
-D Dz -D. D, Sz_- D, S1- Dz S1 + D1 s1 

- ·----·· 51.-Sl Sz-S! 

C D, s1 -D,s1 

Sz- s, 

... (22.2) 

... (22.3) 

Thus, equations· 22.2 and 22.3 give the values of k and C. 

/22.5J DISfANCE AND ELEVATION FORMULAE FOR SfAFF VERllCAL : INCLINED 

~ ~GHT . 

Let P = Instrument station ; Q =.Staff station 

M = Position of instruments axis; 0 = Optical centre of the objective 

A, C, B =Points. corresponding to the readings of the three bairs 

s = AB = Staff intercept ; i =Stadia interval 

a = Inclination of the line of sight from the horizontal 

L = Length MC measured along the line of sight 

D = MQ' =Horizontal distance between the instrument and the staff 

V =Vertical intercept, at· Q, between the line of sight and the horizontal line. 

h = Height of the instrument 

r = Central hair reading 

13 = Angle between the two extreme rays corresponding to stadia hairs. 

Draw a line A'CB' (Fig. 22.5) 

normal to the line of sight OC. 

L AA'C = 90' + ~· being the 

exterior angle of the ACOA '. 

Similarly, from A COB', LOB'C 

= LBB'C = 90'- ~· 

Since ~ is very small (its value 

being equal to 17' ll" for 

k = 100), L AA'C and L BB'C may 
be approximately taken equal to 90'. FIG. 22.,, ELEVATED SIGHT VERTICAL HOLDING. 

... 
TAOIEOMETRIC SURVEYING 

.. LM'C=LBB'C~90' 

From AACA', A'C=ACcosa or A'B'=ABcosa=s·cosS ... (1) 

Since the line A' B' is perpendicular to the lfue of sight OC, equation 22.1 is directly 

applicable. Hence, we have 
MC = L = k. A'B' + C = k s cos a+ C ... (ii) 

The horizontal distance 
D=Lcos a= (k.r cos a+ C) cos a. 

or 
~·-··· .. . ... (22.4j 

V=L sin a =;(k.r cos a+ C) sin a =k.r cos e. sine+ Csin a 

·~ 
Simiiarly, 

or 
... (22.5) 

are the distance and elevation formulae 
Thus, equations, 22.4 and 22.5 t----. · 

for inclined line of sight. L 

don {~~ :::~ o!e~:~ sta- ,. ----------------~r 
~~;...:::::~=· 1 

-·-·- e I I ! 

If the line of siglll bas an : h 0 . . A ! 
f el 

0 
-· ~ A' v 

~gle o evation a, as shown m "-·-·-·-·- •. • ... t· 
F1g. 22.5, we have ·-. c··-

• ~e~:-~~ staff statio~ = Elev. 6: e · r 

of instrmn~. S!"~O!' +'h_+l!~rtf ~ 
(b) Elevation of tbe staff sta- -

don for the angle or depression: 
0 ·~ 

Fig. 22.6, 
.. Elevation of Q = 

FIG. 22.6. DEPRESSED SIGHT 

Elevation of P + h- _V- r . 

VERTICAL HOLDING. 

22.6. DISfANCE AND ELEVATION FORMULAE FOR STAFF NORMAL 

Fig. 22.7 shows the case 
when the staff is held normal to 

the line of sight. 
Case (a) Line of sight at an angle 
or elevation a (Fig. 22. 7) 

Let AB = s = Staff intercept; 

CQ = r = Axial hair reading 
With the same notations as 

in the previous case, we have 

MC=L=k.r+C 

The horizontal distance be­
tween P and Q is given by 

I 0111 v 

FIG. '1:1..7. ELEVATED SIGHT NORMAL HOLDING. 
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6 ~. = MC' + c 'Q' = L cos e +, sin e = (ks + C) cos e + , sih e 

Similarly, • y = L sin e = (ks + C) sin e 

. ..(~2.6) 

... (22.7) 

Elev. of Q,;Elev. of P'+h+V-rcosa 

Case (b) Une of sight at an angle 
of depression e 

When the line of sight is 
depressed downwards (Fig. 22. 8) 

MC=L=ks+ C 

D= MQ' =MC'- Q'C' 

=Lcosa-r sine 

=(ks+ C) cos e- rsine 

... (22.8) 
V=L sine= (ks+ C) sine 

... (22.9) 

' ' ' ' '. 
' : 

O'C' 
--------------------.-,--i--
8 ' ' ' ' 
·--- : : Afv 

·-·-. I -·-I ''"::f-' -- ---Cu C 
' ' B, : reese 
' ' I ' ' ' ' ' ' ' 0------~----~ 

Lcose rsln-6 

L __ -t __ ,.. 

FIG. 22.8. DEPRESSED ~IGHf NORMAL HOlDING. 

Elev. of Q=Elev. of P+h-V-rcos'a 

22.7. THE ANALLACTIC LENS 

In the distance formula D = ks + C, the staff intercept s is proportional. to (D - C) 

which is the distance be!Ween the staff and the .. exrerior principal focus of the objective 

(see Fig. 22.4). This is because the vertex of· ihe measuring ttiangle (or anallactic point) 

falls at the exterior principal focus of the objective and not at the vertical >Xis of the 

instrumenl. In 1840, Porro devised the external focusing ana/lactic telescope, the special 

fearure of which is an additional (convex) lens, called an anol/actic lens (or anallatic lens), 

placed be!Ween the diaphragm and · 
the objective at a .fixed distance 
from the latter. Fig. 22.9 (a) shows 
the lines of sight with an ordinary 
telescope, and Fig. 22.9 (b) shows 
the lines of sight with an anallactic 
lens. 

The word 'anallactic' means 
'unalterable' or 'invariable'; by the 
provision of anallactic Ieos, the ver­
tex is formed at the vertical axis 
and its position is always fixed ir­
respective of the staff position. The 
.anallactic lens is generally provided 
in ~Xterna! focusing telescope only 
and not in internal focusing telescope 
since the latter is virtually anallacric 
due to very small additive constant. 

T 
8 

1 
-~~-----M------~ 

~----------D=M+C------------i 

{a} Lines of sight with ordinary telescope 
I 

!}f. ----~"---![ 
~ i 
~----------D=M----------~ 

(b) Unas of sight with snaDactlc Ions 

FIG. 22.9. 
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theory of Anallactic Lens : Horizonlal Sigbls 

Fig. 22.10 shows the optital diagram of an eXternal focusing anallactic telescope . 

Let 0 = Optical ceottre of the objective 

N = Optical centre of the anallactic lens 

M = Position of the vertical axis of the instrumenl 

F ' = EXterior principal focus of the anallactic lens 

A , B = Points on the staff corresponding to lliO stadia wires 

a., b, = corresponding points on objective 

a,, 11, = Corresponding points on anallatic lens 

a , b = Position of stadia wires 
a1, b, = Corresponding points if there were no anallactic lens 

fi and f, = The. conjugate focal length of the objective 

D = distance of the staff from the vertical axis 

d = distance of the vertical axis from the objective 

m = distance of the diaphragm from the objective 

n = distance of the anallactic lens from the objective 

f = focal length of object glass 

f ' = focal length of the anallactic lens 

i = Stadia interval 

s = AB = staff intercept. ; 

The rays emanating from 
A and B (corresponding to stadia 
wires) along AM and BM are re­
fracted by the object glass and 
meet at a poinl F '. The distance 
be!Ween the anallactic lens and the 1 :VA. ' o = ks------------'W 

objective glass is so fixed that .j, 
the poinl F' happens to· be the r,------1 ---1,-----... 
exrerinr principal focus Of the anal- FIG. 22.!0. THEORY QF ANALLAcnC LENS. 

lactic lens. Hence, the rays passing 
through F ' · will emerge in a direction parallel to the axis of the telescope after being 

refracted by the anallactic lens. Then ab is the inve.rted image of the length AB of the 

staff ; the points a and b correspond to the stadia wires. If the anallactic lens was not 

interposed, the rays would have formed a virtual inlage b, a, at a distance f, from the 

object glass. 
From the conjugate relationship for the objective 

I I I -='-+-
! " f, 

... (1) 

Since the ~ngth of AB and a, b, are proportional to their distance from 0, 

1: 
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s ,, 
r=x ... (2) 

For the anallactic lens, ab and a, b2 are conjugate, and their distances (f, - n) and 

(m - n) from N are connected by the conjugate relationship 

I I I 
-= ---+--
!' (f,-n) m-n 

... (3) 

The minus 'i;" with (f,- n) has been used since both ab and a2 b2 are to the same 

side of N. 

Since the length of ab and a, b2 are proportional to their distances from N, we get 

!:_=f,-n 
m-n 

... (4) 

In order to obtain an expression forD, let us eliminate J,, m and i' from the above 

equations. Multiplying (2) and (4), we get 

aDd 

But 

Hence 

~=I! f,-n 
i !z'm-n 

/! ="-f and f, = J1j__ , from (I) 
" f f•-f 

/2-n _/2-n+f', from (3) 

m-n !' 

. {(_!i_)-n+f'} 
~=f,-f /2-n+f'=/.-! _J._,_-1~~-
i f . !' f !' 

=if• +if,- f) (f'- n) _f, (f+ !'- n) +f(n- f') 

ff' ff' ff' 
s if' f(n- f') 

f,=i't+f'-n-f+f'-n 

The distance between the intsrurnent axis and the staff is given by 

D=if, +d)~ ff' s- f(n-f') +d=k.s+C 
·' (f+f'-n)i f+f'-n 

... (22.10) 

where ff' f(n-/') 
k- .. _ -n)i ... [22.10 (a)] and C=d f+f'-n ... [22.10 (b)] 

In order that D should be proportional to s, the additive constant C should vartish. 

Hence f(n-f~ -d 
f+f'-n 

which is secured by placing the anallactic lens, such that 

•=!'+...1!_ 
(f+ d) 

... (22.11) 

Thus, if equation 22.11 is satisfied, the apex of the tacheometric angle will be simated 

at the centre of the trunnion axis. 
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The value of f' and i must be so arranged that the multiplier ff ' is a 

suitable number', say 100. If all these conditions are 

D = ks = 100 s. 

Anallactfc Telescope : Inelined Sight 

It has been shown in Fig. ·22.10 

that if the conditions of equation 22.11 

are satisfied, the vertex of the anallactic 

angle will be formed at the centre of 

instrument IJ4). Fig. 22.11 shows the 

case of an inclined sight, from which 

the distance-elevation formulae can be 

directly derived. 
With the same notations as that 

of Fig. 22.5, we have FIG. 22.11. ANALLACTIC LENS 

MC=L=k. A'B'=kscos 8 

D =Leos 8 =kscos' 8 

and V= Lsin 8 =kscos 8 sin 8= ~sin 28 

R.L. of Q = R.L. of P + h + V- r 

rNCLINED SIGHT. 

... (i) 

... (il) 

... (ii) 

Comparative Merits of Anallactic Telescope and the Simple External Focusing Telescope 

The following are the merits of a telescope fitted with an anallactic lens : 

(I) In the ordinary external focusing telescope, the additive constant is a nuisance 

since it increases the labour of reduction and necessitates the use of special computation 

tables or charts. Due to anallactic lens, the additive constant vanishes and the computations 

are made quicker. 

(2) As a rule, the anallactic lens is sealed against moisture or dust. 

(3) The loss of light may be compensated by the use of slightly larger object glass. 

The following are the arguments in favour of simple external focusing telescope: 

(I) It is simple and reliable. 
(2) The anallactic lens absorbs much of the incident light. 

(3) The anallactic lens cannot be easily cleaned. 

(4) If the anallactic lens is adjustable, it is a potential source of error unless 

proper field check is made from time to time. 

The Intemal Focusing Telesc:ope 

We have seen in the principle of stadia method that the staff intercept s is not 

directly proportional to D, because the additive constant C comes in picture. By the introduction 

of an anallactic lens in an external focusing telescope, however, this additive constant ~ 

be reduced to zero. It should be remembered that an anallactic lens is fitted to external 

focusing telescope only and rwt in internal focusing telescope since the additive constant 

in the latter is extremely small (varying between 5 em to 15 em only). In some of the 

r· 
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modem theodolires, the internal focusing telescopes bave zero additive constant. TlulS, an 
internal focusing telescope is virtually ana/lactic. 

Since the focal length of the 'objective system' (i.e., object lens and sliding lens) 

varies with the distance of the object focused, the theory of internal focusing stadia telescope 

is rather complicated. In general, the standard formulae developed for an anallactic telescope 

may be used in reducing the readings taken with an internal focusing telescope. 

Example 22.1. A tacheometer was set up at a station A and the readings on a 
vertically held staff at B were 2. 255, 2. 605 and 2. 955. the line of sight being at an 
inclination of + 8 o 24 ~ Another observation on the vertically held staff at B.M. gave the 

readings 1.640, 1.920 and 2.200, the inclination of the line of sight being +I o 6~ Calculate 

the horizontal distance between A and B , and the elevation of B if the R.L. of B.M. 
is 418.685 metres. The constants of the instruments were 100 and 0.3. 

Solution. 

(a) ·Observation 

Here. 

sin 2a . 
to B.M.: V=ks-

2
-+Csma 

k = 100 ; s = 2.200 - 1.640 = 0.560 ·m ; C = 0.3 m 

V = i x 100 x 0.56 sin 2° 12' + 0.3 sin I o 6'= 1.075 + 0.006 = 1.081 m 

Elevation of collimation at the instrument = 418.685 + 1.920 - 1.0?! = 419.524 m 

(b) Observation to B : 
s = 2.955 -2.255 = 0.700 m; a= 8° 24' 

D =kscos' a+ Ccos a= 100 X 0.7 cos' 8° 24' + 0.3 X cos 8° 24' 

= 68.506 + 0.2968 ~ 68.80 m 

V=ksisin 2a + Csin a =i X 100 X 0.7 sin 16° 48' + 0.3 sin 8° 24' 

= 10.116 + 0.044 =.10.160 

R.L. of B = 419.524 + 10.160-2.605 = 427.079 m 

Axample 22.2. The elevation of ~ point P is to be dete171'ined fly observations from 
two adjacetzl slalion.s of a tacheome1ric survey. The staff was held venical/y upon the poinl, 
and the instrument is fitted within an ana/lactic lens, the constanl of the instrumenl being 
100. Compute the elevation of the point P from the following data, taking both the observations 
as equally trusrwonhy : C, o 
lnst: (h)Height of axis Staff point Vertical angle 
station 

• 

Staff readings 
;..-...--~-· 

Elevation 
of station 

A" 1.42 

1.40 

· P · + 2 o 24' .. 1.2l0, 2.055, 2.§80 77.750m 
""=" 

B P -3 o 36',. \0.785, 1.800, 2.815 97.135 m 

Also, calculate the distance of A and B from P. 

Solution. (a) Observation from A to P : 
s = 2.880 - 1.230 = 1.65 m 

D = ks cos'~-= 100 X 1.65 cor 2° 24' = 164.7 m 
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sin29 t . 
V = ks -

2
- = 2 x 100 x 1.65 sm 4° 48' = 6.903 

~ 

R.J,.. of P. = 77.750 + 1.420 + 6.903-2.055 = 84.018 m 

' ·----(b) Observation from B to P : 
s = 2.815 - 0.785 = 2.03 m 

D.= ks cos' a= 100 X 2.03 cos' 3° 36' = 202.2 m. 

V = ks i sin 29 = i x 100 x 2.03 sin 7° 12' = 12.721 m 

R.L. of P=97.135+1.40-12.721-1.800=84.014 
D -- ---

Average elevation of P= i (84.018 + 84.014) = 84.016 m 

~pie 22.3. Deternuite the gradient.from a point A to a point B from the following 
observations made with a tacheometer fitted with an anal/a¢c lens. The coliStanl of the 

instrument was 100 and the staff was held ve.rtically.: · C-•C> 
lnst. station Staff point Bearing Vertical angle Staff readin.QS 

p . AI' /34 ° + 10 ° 32' 1.360. ·1.915, 2.4JO 

B 224° +5°6' 1.065. 1.885, 2.705 

Solution. 
(a) Observation from P to A : 

s ;= 2.470 - 1.360 = 1.11 m 

!?<j!D=kscos'a= IOOx 1.11 cos' 10°32' = 107.3 m 
=- -

V=ks-}sin2a=-}x IOOx 1.11 sin21°4'=~ m 

Difference in elevation between A and instrument axis 
= 19.95- 1.915 = 18.035 m 

(b) Observation from P to B : 
s = 2.705 - 1.065 = 1.64 m 

(A being higher) 

pp j2. = ks cos2 9 = 100 x 1.64 x cos2 5° 6' = 162.7 m 

V = ks i sin 28 =-} x 100 x 1.64 sin 10' 12' = 14.521 m 

Difference in elevation between B and instrument axis 
= 14.521 - 1.885 = 12.636 m • (B being bigber) 

(c) Gradient from A to B : -. 
DistanCe AP=107.3 m; DistanCe BP=162.7 m 

L APB = 224°- 134° = 90°,..--------

AB = ~ AP' + BP' = ~ (107.3)2 + (162.7)
2 

= 194.9 m 
. . """"= 

Difference in elevation between t1 an~ B. 
= 18.035 - 12.636 = 5~ (A being higher) 

Gradient from A to B = ~~~-~-1 in 36.1 (f~ing). 
____,-· 
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EJWDple 22.4. Following observalions were taken from two traverse stations by means 

of a tacheometer fined wilh an anallactic lens. The constanl of the instrumellls is 100. 

lnst. Staff Heighl of Bearing Vertical angle Staff readings 

station stalion lnst. rJ 

A a 1.38 22~o 30' + 10 on· o.765, 1.595, 2.425 

B D 1.42 84° 45' -12 o 30' 0.820, 1.84(), 2.860 

Co-ordinoJes of station A 212.3 N 186.8 W 

Co-ordinoJes of station B 102.8 N. 96.4 W 

Compute the lengt~J.,and 'gilt(; of the line CJ), if B is 6.50 m higher than A. 

Solution. (a) Observalion ni A to C : 

Distance 

s = 2.425-0.165 = 1.66 m 

~ 1)1{ Ac= k.s cos' a= 100 x 1.66 cos' 10° 12' = 160.8 m 

V- k. ssin 29 - 100 x 1.66 sin 20o 24' = 28.931 m 
2 2 ' 

Let lhe elevation of A= 100.()0 m 

R.L. of c = 100 + 1.38 + 28.931 - 1.595 = 128.716 m. 

(b) Observalion from B to . D : s = 2.860 - 0.820 = 2.040 m 

•Distance Bp = k . s cos' 9 = 100 x 2.04 cos' 12° 30' = 194.4 m 

V = k.s sin
2 
29 -

100 
x
2
2

·
040 sin 25° = 43.107 m 

R.L. of B = 100 + 6.50 = 106.50 m 

R.L. of D = 106.50 + 1.42-43.107 - 1.84 = 62.973 m 

(c) Length and gradient of CD : 

!5I,. Length of AC = 160.8 m ; R.B. of AC = S 46° 30' W . 

Hence AC is in lhe third quadrant. 

Latitude of AC= -160.8 cos 46° 30' =- 110.7 

Departure of AC = - 160.8 sin 46' 30' = - 116.6 

• Length of BD. = 194.4 m ; R.B. of BD = N 84° 45' E 

Hence BD is in lhe first quadrant 

Latitude of BD = 194.4 cos 84° 45' = + 17.8 

Departure !'f BD = 194.4 sin 84° 45' = + 193.6 

Now, total latitude of A = + 212.3 

Add latitude of AC = - 110.7 

Total latitude of C = + 101.6 

Similarly, Total latitude of B = + 102.8 

Add latitude of BD = + 17.8 

Total latitude of D = + 120.6 

Total departure of A= - 186.8 

Add departure of AC = - 116.6 

Total departure of C = - 303.4 

Total departure of B =- 96.4 

Add departure of BD = + 193.6 

Total departure of D = + 97.2 
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Thus, lhe total c<K>rdinates of lhe points C and D are known. 

Latitude of line CD = Total latitude of D - Total latitude of C 

= 12D.6- 101.6 = + 19.0 

and Departure of line CD = Total departure of D - Total departure of C 

'= 97.2- (- 303.4) = + 400.6 

The line CD is, lherefore, in lhe fourth quadrant. 

Length CD= -.J (19.0)' + (400.6)1 = 401.1 m 

425 

:. Gradient of CD= (128.716- 62.973) + 401.1 = 1 in 6.1 [falling]. 

~pie 22.5. A tacheometer is set up at an illlennediate point on a traverse 

course PQ and the fo/l()Wing observalions are .mtzde on a vertically held staff : 

Staff station Vertical angle Staff intercept Axial hair( J\ 
readings " ) 

p + 8 ° 36' 2.350 2.105 

Q + 6 ° 6' 2.055 1.895 

The instrumelll is fitted with an aJiiJlladic lens and the constalll is 100. CompUJe 

the length of PQ and reduced level of Q. that of P beir.g 321.50 meters. 

Solution. 

(a) Observalion from the instrument to P : 

s = 2.350 ; 9 = 8° 36' 

Distance to P = k . s cos' 9 = 100 x 2.350 x cos' 8° 36' = 229.75 m 

V=k. s sin229 = 100x22.350 sin 17o 12' =34.745 

Difference in elevation between P and lhe instrument axis 

= 34.745 - 2.105 = 32.640 m (P being higher). 

(b) Observalion from the instrument to Q : 
s = 2.055 : 9 = 6' 6' 

Distance to Q = k • s cos' 9 = 100 x 2.055 cos' 6° 6' = 203.18 m 

V = k. s sin 29 = 100 x 2.055 sin 12o 12' = 21.713 m 
2 2 

Difference in elevation between Q and lhe instrument axis 

= 21.713 - 1.895 = 19.818 (Q being higher) 

Since lhe tacheometer is set up at an intermediate point on lhe line PQ, lhe distance 

)1. PQ = 229.75 + 203.18 = 432.93 m. 

Difference in elevation of P and Q 
= 32.640- 19.818 = 12.822 (P being higher) 

.,r R.L. of Q = R.L. of P- 12.822 

= 321.50- 12.822 = 308.678 m. 
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~pie 22.6. TQ detenniiUI the ~ani of a tac:O\erer, the following 

observations were taken on a staff held verticQffj{ilillsttmce, measured from the instrumelll: 

Observa/ion Homolllal distance in Vertical angle Staf/illlercept 

I 

2 

3 

metres 

50 

IOO 

I 50 

+ 3 ° 48' 

+ 1 ° 06' 

+ 0. 36' 

0.500m 

I.OOOm 

I.500m 

. The focal length of the object giJLss is 20 .em and the di.rta/lce from _the object giJLss 

to trunnjon axis is 10 em. The staff is held vertically l1l all these points. Find the multiplying 

constant. 
Solution. t C::=<[+_d)=0.20+0.10=0.30 m 

(I) First observation Lh kscos' a+ Ccos a 

50= k x 0.500 cos' 3• 48' + 0.30 cos 3• 48' or k = 99.84. 

(u) Second observation 

100 = k X 1 COS
2 1° 6' + 0.3 COS l 0 6' or k = 99.74. 

(iii) Third observation 

ISO= k X 1.5 cos' o• 36' + 0.3.cos 0" 36' ; or k = 99.81. 

. Average value of k = i (99.84 +"99.74 + 99.81) = 99.8 

Axample 22.7. 1Wo distances of 20 and IOO metres were accurately measured out 

and the illlercepts on the staff between the outer stadia webs were O.I96 m at the former 

distance and 0. 996 at the latter. Calculate the tacheometric constonrs. 

Solution. Let the co.;tants be k and C 

For the first observation 20=ks+C=kx0.196+C ... (1) 

For the second observation 100 = k x 0.996 + C 

Subtractiog (i) from (il), we get 1<(0.996 - 0.196) = 100-20 

From which k = 100 

Substirutir(g' in (1), we get C = 20 - 0.196 x 100 = 0.4 m. 

~pie 22.8. 1\tlo sets of tacheometric readings were taken from on instrument slation 

A. the reduced level of which was I00.06 m to a staff station B. 

(a) Instrument P- multiplying constanl IOO, additive constanl 0.06 m, staff held vertical. 

(b) Instrument Q- multiplying cons/atU 90, additive constanl 0.06 m. staff held normal 

to the liiUI of sight. ' 

Instrument At To Ht of Inst. Vertical Stadia readings (m) 
angle 

p 

Q 

A 

A 

8 

8 

I.5m 

I.45 m 

26° 

26° 

What should be the stadia readings with instrument Q ? 

0,755, I. 005, I. 255 

? 

TACIIEOMIITRIC SURVEYING 
427 

or 

or 

Solution. 

(1) Observations with instrument P : Staff vertical 

AB =kscos'a + Ccos a 

s = 1.255- 0.755 = 0.5 ; k = 100 ; C = 0.06 m 

AB = 100 x 0.5 cos' 26• + 0.06 cos 26• = 40.45 m 

V = AB tan a= 40.45 tan 26• = 19.73 

R.L. of 8 = 100.06 + 1.5 + 19.73- 1.005 = 120.285. 

(u) Observations wi!h instrument Q : Staff normal 

Let the stadia readings be r 1 , r and r, 

s = r1 - rz = 2(r1 - r) 

AB =kscos a+ Ccos a+ rsin a 

40.45 = 90 s cos 26• + 0.06 cos 26° + r sin 26• 

80.89 s + 0.4384 r = 40.4 
... (!) 

Also v = kssin a + c sin a = 90 s sin 26° + 0.06 sin 26° = (39.46 s + 0.03} 

R.L. of 8 = 100.06 + 1.45 + V- r cos 26•= 101.51 + (39.46 s + 0.03)- 0.8988 r 

= 101.54 + 39.46 s- 0.8988 r 

But R.L. of B = 120.285 

120.285 = 101.54 + 39.46 s + 0.8988 r 

or 39.46 s- 0.8988 r= 18.745 
... (2) 

or 

and 

Solving equations (I) and (2), we get 

s=0.49 m r=0.63 m 

s=2(r1 -r) 

r, = 0; 9 + r = 0.245 + 0.63 = 0.875 

r, = r, - s = 0.875 - 0.49 = 0.385 

H~ the readings are 0.385, 0.63, 0.875. 

v'!fxample 22.9. Wuh a racheometer stationed at P. sighls were taken on three points 

A, 8 and C as follows : 

Inst. at To Vertical angle Stadia readings Remarks 

p 

was 

A - 4 ° 30' ~ 2.405, 2. 705, 3.005 R.L. of A = 107.08 m 
Stoff held normal 

8 0 0 ()()' 0. 765, I.070, I.375 R.L. ofB = JJ3.4I m 
Stoff held vertical 

C + 2 • 30' 0. 720, I. 700, 2. 680 Stoff held vertical 

The telescope was of the draw tube type and the focal length of the object glass 

25 em. For the sights to A and 8, which were of equal length, the distance of 
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the object glass from the vertical axis· was 12 an. For sighl to C, the distance of object 

glass from the venical axis was 11 em. 
Ca/cuJaJe (a) the spadng of the cross-hairs in the diaphragm and (b) the reduced 

level to C. 

Solution. 

(•) Observation from P to A : (Ref. Fig. 22.8) 

s = 3.005 - 2.405 = 0.6 m 

I 25 X 0.6 25 + 12 15 
L=--,-. s + (f+d) = --. -+ --=--:-+ 0.37 

l l ' 100 l 

v = L sine= L sin 4' 30' = 0.0785 L = 0.0785 ( 
1
i
5 

+ 0.37) = 1.~75 + 0.029 

r cos e = 2.1o5 cos 4' 30' = 2.1 

R.L. of instrumeru collimation 

= 101.o8 + r cos a+ v = 107.08 + 2.1 + ( 1.1
75 

+ o.029) = 109.78 + 1.1
75 

... (I) 
l -· . l 

(u) Observation from P to B : 
Since the line of collimation is horizontal, its level= 113.41 + 1.07 = 114.48 ... (2) 

Equating (I) and (2), we get 

109.78 + 1.175 = 114.48 
l 

or i = 0.25 em = 2.5 nm 

k=L=~=IOO 
i 0.25 

(w) Observation from P to C : 
25 +II 

c = ----wo = 0.36 s = 2.68-0.72 = 1.96 m 

V=ks}sin 29 + Csin e = 100 X 1.96 x±.sin 5'+ 0.36 sin 2.5° ~ 8.555 

R.L. of C = 114.48 + 8.555 - 1.70 = 121.335 m 

~Example 22.10. A theodolite is fitted with an ordinary telescope in which the eye 

piece end moves in focusing, the general description being as follows : 

Focal length of objective f = 23 em. Fixed distance d between the objective and venical 

axis 11.5 an ; diaphragm : lines on glass in cell which may be withdrawn. 

It is desired to convert the instrwnent into an anallactic tocheometer by insening an ad­
ditional positive lens in. a tube and ruling a new diaphragm so as to give a mulliplier 
of 100 for intercepts on a venical staff ; and in this connection it is found that I9 em 
will be a convenient value for the fixed distance between the objective and the anal/actic 
lens. 

Detennine : (a) a suitable value of the focal length f' of the anallactic lens, and 
(b) the e:cact spacing of the lines on the diaphragm. 

Solution. 

With our notatiom, we have d=ll.5cm; f=23cm; n=l9cm; k=IOO. 
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It is required to determine f' and i. 

From equation 22.11, we have n = f' + L ... (22.11) 

or 

'l /+ d 

.. f'=n-J.t!_= 19 
f+d 

ff' 
From equation 22.10 a, k = ) if+f'-n i 

23 x 11.5 _ 19 _ 7_65 = 11.35 em. 
23 + 11.5 

i = ff' _ 23 x 11.35 _ 0_17 em. 
k if+ f' - n) 100(23 + 11.35 - 19) 

Example 22.11. An anallactic tacheometer in use on a remote survey was damaged 
and it was dedded to use a glass diaphragm not originally designed for the insmunent. 

The spadng to the outer lines of the new diaphragm was I. 25 mm. focal lengths of the 

object glass and anallactic lens 75 mm. fixed distance between object glass and mmnion 
axis 75 mm, and the anallactic lens could be moved by an adjusting screw between its 

limiting positions 75 mm and 100 mm from the object glass. In order to make the multiplier 
100, it was dedded to a4iust the position of the anaJlactic lens, or if this proved inadequale, 

to graduate a spedal staff for use with the instrument. Make calcu/Jltion to detennine which 
course was necessary and if a special staff is required, detennine the co"ect calibration 

and the additive constant (if any). 

Solution 
The optical diagram is shown in 

Fig. 22:12 . Since the telescope is no 
longer anallactic, the apex (M') of the 
tacheomebic angle does not form at 
the trunnion axis (M) of the ins1nm1ent, 
but slightly away from it. 

! h i 1 .. .:1 .. :.--- y ---->!"" 
0 b I Q 

{- . i j 
Comidering one ray (Aa) through 

the object glass. we have 

I I I 
-=-+- ~>14---0 

! " f, 

f,=.JJL 

. o----->1 
' or 

!o-f 
;. 

where f = Focal length of 
objective = 7.5 em 

FIG. 22.12. DESIGN OF ANALLACTIC TELESCOPE. 

f, = Objective distance = M' 0 = - y ; f, = image 

Substituting the values, we get x- 7
·
5
(- y) = ~ 

(-y)-7.5 7.5+y 

From similar triangles M'a1 b1 and M'AB 

a1 b1 AB s 
-y-=d+y=d+y 

distance= FO =x 

... (!) 

... (!) 

~u~· I 1,, ' 

~ ~~ 
~.~· I 
~ 
I~ 

~ 

·r 
I· 

li! 

·11 
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From similar triangles F 'a, b2 and F 'a1 b1 

a, b, a, b, 0.125 I 
-x-=y=-;;-:s= 60 

Eliminating a, b, from (z) and (iz), we get 

~-..!.. 
d+y- 60 

Substiruting the value of x from (1), we get 

~- _!_ j-.211...)- ---1. 
d+y-60 1.5+y -8(7.5+y) 

from which d = 8(7.5 + y) s- y 

Hence D= d+1.5 = 8(7.5 + y) s- y +1.5 

For the multiplier to be 100, we have 8(7.5 + y) = 100; or y = 
1~ -7.5 = 5 em. 

Substiruting the value of y in (I), we get 

X= 7.5 X y = 7.5 X 5 = 3 em. 
7.5+y 7.5+5 

Hence the anallactic lens should be placed at a distance of 3 + 7.5 = 10.5 em from 

the object glass. But since the maximum distance through which the lens can be moved 

is 10.0 em only, this is not possible. Placing it at a distance of 10 em from the object 

glass, we have , 

x = 10-7.5 = 2.5 em= .J.2L 
7.5 + y 

y=3.75 em 

Substiruting the values of x and y in (3), we get the tacheometric formula, 

D = 8(7.5 + 3.75) s- 3.75 + 7.5 =90s+ 3.75 (em) 

= 90 s + 0.0375 (metres). 

If it is desired to have the multiplier constanJ as 1 ()(), a specially gradualed szaff 

having its graduations longer in the ratio of * wiU have to be used. 

Example 22.12. Find upto what vertical angle, sloping distances may be 1/Jken as 

hamontaJ distance in stadia work, so that zhe e"or may not exceed 1 in 4()(). Assume 

that the instrumenl is fitted with an anallactic lens and that the staff is held vertical1y. 

Solution. Let the angle be e. 
True horizontal distance = D = ks cos' 8 ; Sloping distance = L = ks 

Sloping distance _!::. = ks =sec' 8 
... (I) 

Horizontal distance D b cos' 8 

If the error is I in 400, we have 

L 400 +I 401 
15 = '""400 = 400 

... (2) 
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In the limiting case, equating (I) 

sec' a=~ 
400 

and (2), we ~e.t ( ~ l40il = 20 51' 45" = z· 52'. 

or 8=sec '1400 J 

Example 22.13. State zhe e"or that would occur in hamontal distance with an ordinary 

stadia teleset>pe in which the focal length is 25 em, the mulliplier constanJ 1 ()(), and the 

additive constanJ 35 em, when an , e"or of 0. 0025 em exists in the interval berween zhe 

stadia lilies. 

Solution. The horizontal distance is given by D = L s + C 
I 

If 

Now , 

Substituting 

Thus, the 

SD =error in distance and Si = error in the stadia interval, we get. 

SD =- s L, . Si ... (1) 
I 

L= 100 or i = L =·Ji.= 0.25 em. 
i 100 100 

the values, of ~ , i and Si in (1), we get 
I 

SD =- s. f.+. Si =-s (100) (o.~) (0.0025) =- s. 

error in the distance is numerically equal to the staff intercept. 

THE SUBTENSE METHOD 

22.8. PRINCIPLE OF SUBTENSE (OR MOVABLE HAIR) METHOD : 

VERTICAL BASE OBSERVATIONS 

In the stadia principle, we have seen that whatever may be the distance between 

the staff and the tacheometer, the tacheometric angle is always a constant for a given 

telescope. The staff intercept, which forms the base of stadia measurement, varies with 

lhe distance of the staff from the insuwnent. The principle of subtense method is just 

lhe reverse of it. In this case, as Ulusirated ·in Fig. 22.13, the staff intercept s forms 

the fixed base while the tacheometric angle ~ changes with the staff position. This can 

be attained by sighting a graduated staff having the targets al some fiXed distanee apart 

(say 3 metres or 10 ft) and changing the interVal i between the stadia wires iill the lines 

of sights correspooding to the stadia wires bisect the targets. If the staff position is now 

changed, the value of i is changed. In subtense measurement, the base may be kept either 

horizontal or vertical. If the base is 
vertical, the method is known as 'ver­
tical base subtense method' and the 

angle at F can be measured with the F 

help of special diaphragm. If the base 

is horizontal, the methOd is known 

as 'harizontal base subtense method' 

and the angle at F can be measured j: 0 
0 -~-----.-.! 

wilh the horizontal circle of lhe theo- · ' 

dolite by the method of repetition. FIG. 22, 13. PRINCIPLE OF SUBSI"ENSE METHOD. 

i. 

q 
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H 
!'' 

\I 

I 



432 

Fig. 22.14 shows the optical 
diagram for ·observations througb 
a subsreose theodolite. For the slaff 
at point P, the rays A a' and Bb', 

passing througb the exrerinr focus 
F of the objective, become parallel 
to the principal axis after refraction. 
The points a and b correspond 
to the positions of stadia wires 
for this observation so that the 
lines of sigbt imersect the targets 
at 11 aod B. Similarly, the dashed 
lines show the corresponding optical 

A. I• · 
-~-~r~,-T .. 
9_!_. __ Jc, 
I• 

4 I 
. I 

.. · I 
B •• ' 

,...._.... (o.<:)·---~:!1···~ ..... ~~; 

• j: o=o::o, ==~----+! 

. 

FIG. 22.14. VERTICAL BASE SUBTENSE METHOD. 

diagram for another staff position at Q, the staff intercept being the same. 

Let AB = s = Staff intercept = distance between the targets 

ab = i = Stadia interval measured at the diaphragm 

F = Ex<erior principal focus of the objective 
M = Cenrre of the instrument 

a' • b' = Points on the objective corresponding to A and B. 

Other notations are same as earlier. 

From 6s a'b'F and FAB 

FC FO ! 
s= a'b'=T or 

D = FC+ MF=L s + (f +d) 
I 

FC=Ls 
I 

Thus. the expression for the subtense measurement is the same as for the stadia 

method. The only difference is that in this expression. s is fixed quantity while i is variable. 

Due to this reason, the multiplying factor L varies with the staff position and is no longer 
I 

constant. The stadia interval i is measured wilh the help of micrometer screws (Fig. 22.15) 

having a pitch p. 

Let m be the total number of the revolutions of the micrometer screw~ for the staff 

intercept s. Then i = mp. Substituting the value of i, we get 

D=.Ls+(f+tf) or D=Ks+C 
mp m 

... (22.13) 

where K = L = constant for an instrument aod C = additive constant. 
p 

If. however, e is the index error, expression 22.13 reduces to 

Ks D=--+C 
m-e 

... [22.13 (a)) 

Expression 22.13 can be extended for inclined sigbts also exactly in the same manner 

as for stadia method. Thus, for inclination a and staff vertical, we have 
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D= K. s cos'G+ CcosG 
m-e 

V 
K.s sin26 c· 6 6 =--.--+ sm =D tan . 
m-e 2 

THE Sl'BTENSE DIAPHRAGM 
Since the accuracy of subteosemethod mainly 

depends upon the measurement of the stadia interval 
i, the theodolite must have arragements for measuring 
it with accuracy and speed. Fig. 22.15 (a) shows 
diagranuDatically the form of a stadia diaphragm 

for this purpose. 
Each hair of Lie stadia diaphragm can be 

moved by a separate sliding frame actuated by 
a micrometer screw with a large graduated head. 
The number of complete turns on the screw ar~ 

directly visible in the field ohiew, and the fractions I' E!il ~ 
are read on the graduated head. When hoth the 1 1 I I 1 

hairs coincide with the central mark of lhe comb 
00 

® 
09 

•.hey are m the plane of the line of sight and 
tt.c reading on e•cil graduated head should be (al Subtense diaphragm 
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... [22.13 (b)] 

... [22.13 (c)) 

I 
2or3m 

1 
(b) Rod wilh targets 

zero. Wben an observation !c;, made, both the 
heads are rotated till each hair bisects its target. 

FIG. 22.15 

Fig. 22.15 (b) shows one form of the rod fitted with three targets. 

DETERMINATION OF CONSTANTS K AND C 

The instrumental constants K and C can best be determined by measuring the additive 

constant C along the telescope (as in the case of stadia method) and observing the micrometer 

readings corresponding to staff kept at some measured distance. 

Let D, and D, = Measured distances from the instrument 

and 

.f = Pixerl di~tance becween the two targets 

m
1 

=Sum of the two micrometer readings when the staff is kept at distance D1 

m, = Sum · of two micrometer readings when the staff is kept at distance D, 

e = Index error. 
Substituting the corresponding values in equation 22.13 (a), we get 

D1 = .!f.c..!_ + C or K. s = (D1 - C)(m,- e) ... (!) 
m1-e 

D, = .!f.c..!_ + C 
m2- e 

or K . s = (D,- C)(m, -e) . .. (il) 

Equating (I) and (il), we get (D, - C)(m, - e) = (D, - C)(m, - e) 

From which 
(D2 - C)m,- (D, - C)m, 

e= (D, -D1) 

... (22.14) 

Substituting the value of e in (!), we get 

1
·1 
'I 

l!: ,I 
I :I ., 
!.! 
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K _D,-C{ (D,-C)m,-(D,-C)m,l 
--- ml 

s (D, -D,) 

D,-c 
K= (D ) (m, D2 -m1 D1 -m,D,+m2 C+m1 D,- m1 C) 

s z-D 1 
or 

or K = (D, - C)(D, - C)(m, - m,) 
s(D, -D,) 

Merits and Demerits of Movable Hair Method. 

... (22.15) 

The 'movable hair method' or the vertical base subtense method, though more accurate, 

has become almost obsolete due to lack iri the speed in the field. Moreover, since the 

variable m comes in the denominator (equation 22.13), the computations are not quicker. 

Long sights can be taken with greater accuracy than in stadia method, since only targets 

are to be bisected, but this advantage may be neutralised unless i is measured very accurately. 

The term 'subtense method' is now more or less exclusively applied to lwmonral base 

subtense metlwd. 

~- HORIZONTAL BASE SUBTENSE MEASUREMENTS 

"---J In this method, the base AB is kept . : 
0 
------,->~ 

in a horizontal plane and the angle AOB 

is measured with the help of the horizontal 

circle of the theodolite. 

Thus, in Fig. 22.16, let AB be the 

horizontal base of a length s ·and let 0 

be the position of the intrument meant for 

measuring the horizontal angle AOB. If the 

line AB is perpendicular to the line OC, 

where C is midway between A and 8, we 

Subtens& 
bar 

have from ~OAC, FIG. 22.16. HORIZONTAL BASE SUBTENSE METHOD. 

D=tscot ~- 2 ~PI2 ... (22.16) 

Equation 22.16 is the standard expression for ilic horizontal distanct:: between 0 and 

C. If P is small, we get 

tan ~ = ~ p, where p is in radians 

= f 20! 65 , if P is in seconds (since I radian = 206265 seconds) 

Substituting in Equ. 22.16, we get 

S X 206265 h A • • nd 
D - ... w ere .., 1s m seco s. ...(22.17) 

The accuracy of the «pression 22.17 depends upon the size of angle. For similar 

angles (say upto 1'), expression 22.17 may be taken as e<act enough for all practical 

purposes. The angle at 0 is generally measured with the help of a theodolite, wbile a 

subtense bar is used to provide the base AB. 
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THE SUBTENSE BAR 
For measurements of comparatively short· lines in a traverse, a subtense bar may 

be used as the ·5ubtense base. Fig. 22.7 shows a subtense bar mounted on a tripod. The 

length of the base is generally 2 metres (6 ft) or. 3 metres (10 ft). The distance between.· 

the two targets is exactly equal to the length of the base. In order that the length of 

base may not vary due to temperawre and other variations, the vanes are attached to the 

invar rod. The invar rod is supported at a number of points in a duralurnin tube provided 

with a spirit level. 
· 

FIG. 22.17. SUBTENSE BAB (KERN INSTRUMENTS). 

The bar is centrally supported on a levelling head for accurate centring and levelling. 

A clamp and slow motion screw is also provided to rotate the bar about its vertical axis. 

Either a pair of sights or a small telescope is provided at the centre of the bar to align 

it perpendicular to the line OC joining the theodolite station and the centre of the bar. 

It should be noted that in order that equation 22.17 is valid, the longitudinal axis of the 

subtense bar must be perpendicular to the line OC. 

The angle AOB at 0 is usually measured with a theodolite, preferably by method. 

of repetition. It should be noted here that the difference in elevation between theodolite 

station 0 and subtense bar station C does not affect the maguitude of the angle AOB, 

sirice the angle AOB is always measured on the horizomal circle of the theodolite. If, 

however. the angle AOB is measured with the help of a- sextent, it will have to be reduced 

to horizonral. 
Effect of Angnlar Error on Horizontal Distance. 

It is evident from equation 22.17 that for a given length (s) of the subtense base. 

D is inversely proportional to the angle p. Hence the negative enor in the measurement 

of the angle will produce a positive error in the distance D and vice versa. 

Let the angular eror be 5p (negative), and the resulting linear error be 5D (positive). 

Then, we have 
s = DP = (D +liD)(p - 5P) 

D+5D p (D+5D)-D p-(p-513) 

-D-=(p-Bp) or D - p-5P 

5D 5P . . D5~ 
-=-- From which, 5D=-- ... (22.18 a) 

D P - 5P (p - 5P) or 

Similarly, if 5~ is positive, it can be shown that the resulting error 5D (negative) 

is given by 
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liD= DliP 
p +liP 

If, however, liP is very small in comparison to p, we have 

liD=DiiP 
p 

Long Non-rigid Subtense Bases : For the measurement of comparatively long lines, the:" 
subtenSe base must also be correspondingly long to preserve a suitable Dis ratio. The non-rigid. 
base may vary in length from 20 metres to 150 metres. For traversing on large scale,' 
a compact well-designed subtense base outfit is very much useful. 'Hunter's Shon Base' 
designed by Dr. de Graaf:Hunter is a typi!:ai type of outfit used by Survey of India. 
If consists of four lengths of s~l · iape each of 66' length, connected by swivel joints. 
The hase is supported on two low-end tripods and three intermediate bipods, one at the l 
end of each tape. Targets are inge)liously mounted on the terminal tripods where correct \ 
amount of tension is applied by attaching a weight to a lever arm connected to one of ' 
the end targets. The whole base outfit weighs only 20 lb and can be set up in a few 
minutes. If a shorter length is required, the intermedi"!O .supports and tape lengths may , 
be dispensed with. An effective base appararus like this goes a long way towards solving ·' 
the main difficulty of subtense measurements ·on a large scale. · 

Example 22.14. The stadia inJercept read /Jy means of a fixed hoir instrumenl on 
a venica/ly held staff is 1. 05 metres, the angle of eleva/ion being 5 ' 36 ~ The instrument 

constanls are 100 and 0.3. What would be the total number of rums registered on a 
movable hair instrument at the same station for a 1. 75 metres intercept on a staff held : 
on the same poinl, the venica/ angle in this case being 5 • 24' and the constanls 1000 ' 

and 0.5 ? 
Solution. (a) ObservaJions by means of fixed hair ins/romenl : 

D = ks cos' a+ c cos a = 100 X 1.05 cos' 5° 36' + 0.3 cos 5' 36' 

= 104.29 m. 
(b) Observa.tWns by means of movable hair inslromenl 

D=!!_s cos' a+ Coos a 
n 

104.29 = 1000 1.75 cos' 5° 24' + 0.5 cos 5' 24' 
n 

1734.5 = 103 8 = 1734.5 = 16 71 
· n · or n 103.8 • 

Example 22.15. The constanl for an instrumelll is 850, the value of C = 0.5 m, 

and intercept s = 3 m. Calculate the distance from the instrumelll to the staff when the 

micrometer reading are 4.628 and 4.626 and the line of sigh/ is inclined at + 10 • 36~ The 

staff was held venica/. 

Solution. Sum of micrometer readings= n = 4.628 + 4.626 = 9.254 

K.s 2 850x3 
D = n cos a + C cos a = 

9
_
254 

cos' 10' 36' + 0.5 cos 10' 36' 

= 226.7 m. 
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Example 22.16. The horiVJnla/ angle subtended at a theodolite /Jy a subtense bar 
with vanes 3 m apan is 12 '33". Calculate the horizontal distance berween the instrument· 

and the bar. Also find (a) the e"or of horizomal distance if the bar was 3 • from being 

normal to the line joining the instrument and bar stations ; (b) the e"or of the horizolllal 
distance if there is an e"or of 1' in the measurement of the horiVJnta/ angle at the 

instrumelll sraJion. 
Solution. p = 12' 33" = 753" 

. 206265 206265 
From equabon 22.17, D = ~ s =---=)53 x 3 = 821.77 m. 

(a) The above distance was calculated on the assumption that the bar was normal 
to the line joining the instrument and bar station. If, however, the bar is not normal, 

the correct horizontal distanee is given: by 
D' = D cos p = 821.77 cos 3' = 820.64 m 

Error= D'- D = 821.77 - 820.64 = 1.13 m 

Ra · f e 1.13 1 · 726 bo o error = D' = ii2o:64 = m . 

(b) If there is an error of I" in the measurement of the angle at the instrument. 

ha 
'D- D 5P - 821.77 X I 

we ve u - p - 753 
1.09 m. 

22.10. HOLDING THE SfAFF 
There are two methods of holding the staff rod in the stadia method : 

(I) Vertical holding. (it} Normal holding. 
(I) Vertical holding. In order to keep the errors of verticality within very narrow 

limits, the staff should be held strictly vertical. Since the margin of allowable error is 
very narrow, sooie sort of device must be used to ascertain the verticality of the rod. 
The plummets and pendulums, if used for this purpose, are clumsy and too much at the 
mercy of the wind. A neater method is to fit a small circular spirit level or a single 

level tube with its axis perpendicular to the face of the staff. 
Fig. 22.18 shows two patterns of circular levels. The folding pattern [Fig. 22.18 

(a)) is attached to the rear side of the staff and perpendicular to it so that the staff 
is vertical when the bubble is cetral. It must be screwed on very firmly and adequately 

guarded so that it does not catch-in things or get broken 
at the hinges. Fig. 22.18 (b) shows a circular level 
mounted on a strong bracket. Circular· levels are useful 
in indicating whether the staff is out of plumb in any 
direction. However, since slight deviation of the staff 
in lateral dil;ections is not much important, a single level 
bibe rigidly attached to the staff may be used with advantage. 

(a) (b) The method of vertical holding of the staff is most 
commonly adopted for the following reasons : (a) The 
staff can be held plumb easily. and (b) The reduction FIG. Z2.1B. LEVE:.S FOR HOLDING 

THE STAFF. 
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of stadia notes are less laborious and greatly simplified by the use of stadia tables or 
cbarts. 

(il) Normal Holding. The staff can be held nonnal to the line of sight either with 
the help of a peep sight or with the help of a detector. A peep sight enables the staffman 
to ascertain the correct position himself, and may be in the fonn of either a pair of 
open sights on a metal bar for short sights or a telescope for very long sights. The line 
of sighis provided by a deep sight must be perpendicular to the face of the staff. 

Fig. 22.19 (a) shows an ordinary .Staff 

peep sight consisting of a metal tube 
fitting in a metal socket machined for 
this purpose. At A, a small hole is 
provided while a pair of cross-hairs 
is provided at B. The staff is inclined 
slowly, either towards the instrument 
or away from it as the case may be, 
till the line of sight bisects the telescope. 
The reading is then taken. Fig. 22.19 ) (b) 

(b) illustrates how a peep sight is used. (a 
The tube may also be fitted with lenses FIG. 22.19. TilE PEEP SIGIIT. 

forming a small telescope to assist the 
staffman in setting the rod for long sights. Strictly, the peep sight sbould be attached to 

· the rod at the reading of the central hair, but it is sufficient to place it at the height 
of eye of the staffman. The advantages of normal holding are : 

(r) For a given amount of error in the direction, the errors caused in the distances 
and elevations are less serious in the nonnal holding than in the vertical holding. In cases 
where accuracy is essential, angles are large, and the staff has no reliable plumbing device, 
the only way out of the difficulty is to observe the normal staff. 

(ir) The accuracy in the direction of the staff can also be judged by transit man. 

22.11. METHODS OF READING THE STAFF 

There are three methods of observing the staff for distance and altitude : (r) the 
conventional three-hair method ; (it) the height of instrument method ; aud (iit) the even-angle 
method. The observations consist of the staff intercept (s), the middle hair reading (r), 

and the vertical angle (9). 

(a) The Conventional Three-Hair Method : 
Steps : 
(!) Sight the staff and using the vertical circle tangent screw, bring the apparent 

lower hair to bear exactly on some convenient reading (say 0.5 m or I m). 

(iz) Read the apparent upper hair. 
(iiz) Read the ntiddle (or· axial) hair. 
(iv) Read the vertical angle to the nearest minute or closer in important observations. 

The advantages of this method are that staff is easier to be read (since only two 
readings are uneven values) and the subtractions for finding s and checking its accuracy 
are easier. 
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(b) The Height of Instrument Method 

Steps : 
(z) Sight the staff and bring the otiddle hair to the reading equal to the height ·of 

the instrument, thus making r equal to h. 
(ir) Read the two stadia hairs. 
(iir) Read the vertical angle. 
The main purpose of using this method is to facilitate in calculating the elevation 

of the staff since r is equal to h. However, the disadvantages of this method are : 

, (z) all the three readings are uneven ; 
(ir) in some cases r carmot be made equal to h ; 
(iii) it adds to the difficulty of the field work and bas nothing to offer in return. 

(c) The Even-augle Method : 

Steps : 
(r) Sight the staff and with the help of the vertical circle tangent screw, bring the 

zero of the vernier into exact coincidence with the nearest division on the vertical circle. 

The even angles generally employed are multiples of 20'. 

(ir) Read the stadia hairs. 

(iiz) Read the ntiddle hair. 
The main advantages of this method are : (r) since the even angles are multiples 

of 2,0', the .trouble of measuring a vertical angle is saved ; (iz) the computations are simpler. 

22.12. STADIA FIELD WORK 
General Arrangement of Field Work. The tacbeometric survey can be put to a 

great variety of uses, the principal being the following: 
I. Plane surveying involving location of points in plan, but no elevations. 

2. Rapid sectioning on steep ground, involving elevations of points and their location 

along a line. 
3. Topography, involving elevations. of points as well as their location in plan. 

4. Contouring, involving the location or setting out and surveying of level contour 

lines. 
When stadia methods are to be used for filling in detail, adequate control are highly 

desirable. It is advisable to carry out the following preliminary operations : 
I. To establish a sufficient number of well-selected stations for exercising horizontal 

control. 
2. To detennine the reduced level of these stations. 

3. To determine the position of at least one control point with respect to some 
well established station (e.g. a nearby trig-<tation) whose co-ordinates are known. 

For vast surveys, horizontal control points are as a rule fixed by a triangulation, 
but occasionally, a combination of triangulation and traversing may be employed with advantage. 
When the tract to be surveyed is sufficiently narrow that half of its breadth is within 
the sighting range of the instrument, the survey can be controlled by an open traverse 
approairnately along the centre line of the strip. For moderate areas, the arrangement may 
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consist of a single main traverse from which numerous circuits are projected. When the 

survey is too broad on a single traverse, the control may be furnished either by a triangulation 

or by a series of traverse. 
Triangulation. If triangulation is used to fix the horizonw control points (or tacheometer 

stations) the first step is the establishment of a suitable base. This may be accomplished: 

I. By making use of major control points such as trig-stations. 

2. By measurement with a steel tape. 

3. By subtense measurement. 

The first method is the most suitable and accurate if a pair of convenient trig-stations 

within early reach of the area to be surveyed, since the length of the line joining them 

and its bearing are known precisely. Second method may be used if such stations are 

not situated nearby. The third method of establishing the base by subtense measurement 

can be employed in any sort of difficult country. 

Traversing. The lengths of the traverse courses may be measured either . by tape 

or tacheometrically. Similarly, the elevations of the insp-ument stations can be determined, 

either by spirit levelling or by tacheometrical levelling, depending upon the degree of accuracy 

required. The tacheometric methods for determining the lengths of traverse line ·and the 

elevations of stations can be used only in small-scale work. 

Tacheometer Stations, It is desirable that main stations should be fixed and surveyed 

before the techeometric detail work is pursued. The best tacheometer station is one which 

commands a clear view of the ,-ea to be surveyed within the range of observations. With 

regard to elevation, it should be ,·o suited that the use of large vertical angles is avoided. 

The great majority of tacheomete' stations are generally the stadia traverse station. Skill 

in selecting the best stations is largely the result of observations and experience. 

Field Party. For surveys of small extents, a surveyor and a staffrnan are sufficient; 

but for surveys of large extent in a rough country, the field party may consist of : 

I. The Surveyor or Chief of the party for the over-all control of the survey. 

2. The instrument man to take the actual observations. 
;!. The r~"f~!": .,.., ~eC"r:-1 ~he reacting~ t2ken hy the in~ti'.JT!lent man. 

4. Two or four staffmen, depending upon the expertness of the instrument man. 

5. Labourers for clearing and transport. 

Tacheometric Observations. The following are the usual operations : 

(I) Setting up the instrunumt : This consists of : 

(a) Setting the instrument exactly over the station mark, and 

(b) Levelling it carefully. 

The instrument should first be levelled up with respect to the plate levels and then 

with respect to the altitude bubble. In general if the altitude bubble deviates only by one 

division during a complete revolution of the instrument about its vertical axis, the instrument 

may be regarded as level. However, for all important observations, the bubble should be 

central when the middle hair is read. 

(2) Measuring the height of the instrument. The height of the instrument (H.l.) 

is the vertical distanee from the top of the peg to the centre of the object glass and 

~· 
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should be measured with the vertical vernier set to zero and the altitude bubble central. 

This observation is very important since all observations for altitude are practically worthless 

unless the heisi>t of axis is recorded. 
(3) Orienting the instrument : Since a nomber of rays or directions of sight may 

emerge from one station, the instrument should be properly oriented when zero is clamped 

on the horizontal circle. The reference line passing through the instrument may be a true 

meridian or magnetic meridian or arbitrary meridian. If the reference line is a tnje meridian 

or magnetic meridian, reading on the horizontal circle should be zero when the line of 

sight along that meridian and the angles to different rays or directions will directly be 

their whole circle bearings. If, however, the instrnment is oriented with reference to another 

station _of the survey, ·the circle should read the bearing of this station when the line 

of sight is directed to it. Once an instrument bas been correctly oriented, the position 

of the circle should not be disturbed until all the readings at the station are completed. 

(4) Observing siiJff held on bench nuuk : In order to know the elevation of the 

centre of the instroment, the staff should be kept on the nearest B.M. and tacheometric 

observations should be taken to the staff. If the B. M. is not nearby, the staff should 

be observed on a point of known elevation, or flying levels may be run from the B.M. 

to establish one near the area. 
(5) Observations of distDnce and al!itude : In order to know the horizontal distance 

and elevation of the representative points. the following observations are made on the staff: 

(i) Stadia hair readings 
(ii) Axial hair readings 
(iii) Angle of elevation or depression of line of sight. 

The staff may be held either vertical or normal to the line of sight. The three 

methodS of observing the staff have already been discussed. 
The observations to various points are knOwn as side shots. Observations can be 

taken more quickly and systematically if all the stations are along the radial lines through. 

the station at some constant angular interval. For general work, the bearings should be 

observed to S' and the vertical angles read to the nearest I'. 

iieid Duo&. 'fh~;; Tgbk bdr.n .. · t fue 1JS'J?.l fum" nf bookin!?' the field notes. 

STADIA FIELD BOOK 

Suu/IIJ 
R.L. 

Ins. B•of Stll/1 Bearing Vel1kal Balr Axilll Suu/IIJ D v Re/11/W 

Stodon 
,._ Stodon IJIIgl< Reading Balr IIIler-

"""' 
Reading cepl II 

Top -m I nUt. SID/f -· Stillion 

I 2 3 "4 5 6 7 8 9 10 lZ 

p 1.42 m A 30. + 2° 24' 2.880 2.0SS 1.65 164.7 6.903 77.7SlJ 84.Qt8 

l.ilO 

B 940 '30' - 3° 36' ~ t.800 2.03 202.1 12.TI 77.7SlJ 64.640 

0.785 
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@. THE TANGENTIAL METHOD 

In the tangenlial melhod, lhe horizontal and vertical distances from the instnmlellt 
to the staff station are computed from the observed vertical angles to lhe vanes fixed at 
a cOnstant distance apart upon lhe staff. The stadia hairs ~e. therefore, oot used and 
lhe vane is bisected every time with lhe axial bair. Thus, two vertical angles are to be 
measuted-<>ne corresponding to each vane. There may be three cases of the vertical angles: 

(l) Bolh angi\'S are angles of elevation. 
(il) Bolh angles are angles of depression. 
(iil) One angle of elevation and the olher of depression. 
Case I. Both W_,; are Angles of ,Elevation 

Lei P = Position ·of . the instrunient 
Q = Staff station 
M = Position of instrument axis 

A , B = Position of vanes 
s = Distance between the vanes-<taff intercqlt 

a,= Angle of elevation correspoOding to A 
a, = Angle of elevation corresponding to B 
D =Horizontal distance between P and Q = MQ' 
V = Vertical intercept between the lower vane and the horizontal line of sight. 
h = Height of the instrument = MP 
r = Height of the lower vane above lhe foot of the staff 

= Staff reading at lower vane = BQ 

From !!. MBQ ', V=D tan a2 

From !!. AMQ ', V+s=D tana1 

Subtacting (l) from (il), we get 
s=D tanat-D tanaz 

.. ~ ~ ... (22.19) 

_ scos a1 cos az 
sin (a, a,) 

... (22.19 a) 

_ • cos a, sin a, ... (22.20 a) 
- sin (a, - a,) 

evation o:... 
(Elevation of station + h) + V- r. 

... (l) 

... (il) 

a; . :v 

-·-·-·----~1 • • • • 

t"-------0 i 
FIG. 22.:W. TANGEN'IlAL MBTIIOD : 

ANGLES OF BLI!VATION . 

~Aiigles of Depression : 

With the same ootations as earlier 
V=D tan a, ... (!}·. and V-s=Dtana, ... (il) 

.-<' 
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and 

Subtracting (il) from (1), we get 
s = D tan. a,- D tan a, 

.. .'D=~ tan az- tan a, . 

... (22.21) 

stan az 
= D tan c:;- tan a.

1 
tan a, 

s cos a, sin a, .. (22.22) 
sin (a,- a,) 

FIG. 22.21. TANGBN'IlAL MBTIIOD 
ANGLES . OF DEPRESSION 

:evatfon of Q = (Elevation of P +_h)- V- r. 

Case ffi,--oiieAngle of Elevation· and other of Depression: 

V=Dtanaz ... (1) 

s- V=D tan a, ... (il) 

Adding (l) and (il), we get 
s = D tan «t + D tan az 

... ~ 
~-. = s ':"s a 1 cos a, : .. (22.23) lo-------=--0 

~ 
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o~a 

SID (a,+ a,) 
FIG. 22.22. ONE ANGLE OF ELEVATION AND THE 

and 

V=D tanaz = s tanaz l = s cos at sin az 
tan a, + tan az) sin (at + «z) 

... (22.24) 

L-.:§~on of Q= Elevation ~P+h-V-r.-=--
Methods of Application. The principle of Wlgential measurement can be applied in 

practice by measuring lhe angles a, and a2 subtended with the horizontal by the two rays 
of the measuring triangle MAS. The tangential measurement can be applied in two ways: 

(1) The base AB may be of constant lenglh s and the angles a, and a 2 ·may be 

measured for each position of the staff. The method is sometimes known as the constant 

base tange'llial measurement . 
(il) The angles a

1 
and a, may be special 'pre-selected' angles and ·the base s 

may be of variable lenglh depending up<in lhe position of the staff. The method is sometimes 

known as the variable base tangential measurement. 
Constant-Base Tangential measurement : Airy's Method. 
In this method, a staff baving two targets at contant disrance s apart is used at 

. every station and the angle a 1 and a 2 measured. The melhod is sometimes known as· Airy's 
method. Equation 22.19 to 22.24 are used, depending upon the signs of a, and a,. Though 
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the observations in this case are simpler than the variable base method, the computations 

are more tedious. 
V arlable BaSe Tangential Measurements : System of Percentage Angles 

In the above method, the angles a, aod a, are to be measured accurately and the 

reduction is rather tedious. A better method is to use selected values a, of a, and and 

measure the variable base (i.e., staff intercept) on a uniformly graduated staff. The variable 

base method using the system of percentage angles was devised by Barcenas, a Spanish 

surveyor. The method consists in making use of angles whose tangents are simple fractions 

of 100, like O.o3 or 3%, 0.12 .. or 12% etc .. These angles can be laid off accurately with 

the aid of an appropriate SCale on the vertical circle and the computations are easier. If 

a, aod a, are consecutive angle{ whose tangents differ by 1%, we get 
. /' 

D= s - s =IOOs. 
tan a,- tan~a1 0.01 

Thlis, the method enables reducti~ns to be performed mentally. By reference to trigonometric 

tables, a list of the required angles may be prepared as follows : 

Tangent Angle to ntartst secon4 Tangent Angle to ntiJI'est seconll 

. . . . 
O.Ot 0 34 24 0.06 3 26 01 

0.02 1 08 45 O.Q7 4 00 15 

0.03 1 43 06 0.08 4 34 26 

0.04 2 17 26 0.09 s 08 34 

0.05 2 51 45 0.10 s 42 38 

---

Fergusson's Pen:entage Unit System. The only difficulty in using the percentage 

system is that the angles shown in the above table cannot be set out accuraJely on the 

vertical circle of an ordinary theodolite. Mr. J.D. ~ 5l!ii~SS ~g~ ~ o 

Fergusson, however, bas devised a system for i"',-,.:" .. ~"'~ .. ,.--'·~-~-~Ij';CJ'_'f:. 
tn~ di''biOll''r fue Cif' !~ ~--. J.;:i 'C n,, ,;,!,;. ""fi,;.Clll<l.gt 

09i,', \ ',' '~ 1 

-· • • ~· ... _,..., • 6"'' u• Y'"' OBr-, ,,,,',' t,fil ~ 

angles directly. on-,:-,' ifP'"~ 

Fig. 22.23 illustrates the method of division :J::: ;1"' 
devised by Fergusson. A circle, inscribed in a "'!' II 
square is divided into eight octants. Eacli of :: 
the eight octants is of length equal to the radius %f 
of the circle and is divided into 100 equal parts. ,1-. +=''-----7fi~----ii 
Lines are then drawn from the centre to these : 
points, thus dividing each octant into 100 unequal i 
parts. The points of division on circle are then ! 
marked from 0 to 100 as shown. Since vernier i . 
cannot be used to subdivide these unequal parts, I / 

' ' a spiral drum nticrometer is used. to take the •'-----------~ 

readings to 0.01 of a unit. FIG. 22.23. FERGUSSON'S PERCENTAGE 
UNIT SYSTEM. 

.. , 
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Effect of AngUlar Error in Tangential measurement 
In order to find the resulting error in the measured horizontal distance due to error 

·in the measuremenljof a, and a, let us assume that the probable error in measuring each 

of these angles is · 20". Let Sa, = + 20" and lia2 = - 20" giving a combined angular error 

of 40". 
D

1 
= corresponding ... horizontal distanee; s = staff intercept = 3 m (say) 

D = correct horizontal distance. 
Let 

s 
Thus, D, = --,--=,.::.--.--

tan (a, + 20")- tan (a2- 20") 

where a, and a, are the correct angles. 

Now tan (a, + 20") =tao a, + a, aod tan (a,- 20") =tan a,- a, 

wbere a, and a,_ are the tangeol differeo<:e corresponding to a difference 
of 20". 

... (22.25) s .. ~- . 
(tan a, -tan az) +(a, + a,) 

If will be noticed from the trigonometric tables that the difference between a, aod 

a1 is slight. Let a, = a1 =a and tan a, ...: tan _c:t1 = q 
Then s = D (tan a, -tan a,) = D,)(tan a, - tan a,) + 2a J 

or 

But 

As an example, 

Then 
Taking 

s=Dq=D• (q + 2a) 
D-D, e 2a 
----o;- = D, = q D q+2a -=- or D, q 

~1 = ~ (very closely) 

r =_De = 2a = 2aD ; where r =ratio of error. ...(22.26) 
q s 

let D = 60 m ; a, = s• and s = 3 m 

tan 5' = 0.0874887 ; a, = 0.0000978 

u1 = u = iJ.GGOC97E, w~ get fr·JTTI Eq. 22.26 

e 2aD 2 x 0.0000978 x 60 1 
r=-=-= =-

D s 3 256 

It is evident, therefore, that in this system of tacbeometry, the angles must be measured 

very~cc ly. It can be shown that if r is not to exceed !/500, the permissible angular 

error · about ± 5' for rays of about 1~5 metres and for base of 3 meters. 

Example 22.17. The vertical angles ro vanes fixed aJ I m and 3 m above lhe foot 

of the staff held vertically aJ a station A were + 2 • 30' and + 5 • 48' respeclive/y. Find 

the horiz!Jntal distance and the reduced level of A if the height of the in.strumenJ, determined 

from observaJion on to a bench IIUJrk is 438.556 metres above datum. 

Solution. (Fig. 22.20). From equation 22.19 (a), we have 
D = s cos a 1 cos a1 = 2 cos 5' 48' cos 2' 30' = 34_53 m. 

sin (a, - a2) sin (5' 48' - 2' 30') 
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V = D tan a, = 34.53 tan 2' 30' .= 1.508 m 

;;,- R.L. of A = 438.556 + i.5os - 1 = 439.064 m 

./Example 22.18. An observaJion with a percell1flge theodolite gave staff reodings of 
1. 052 and 2502 for angles of elevation of 5% and 6% respectively. On sighling the graduollon 

corresponding to the height of the instrument axis above the groand, the venical angle 

was 5.25%. Compute the horizontal distance and the elevation of the staff station if the 

instrument staJion has an elevaJion of 942.552 metres. 

Solution. tan a, = 0.06 and tan a,= O.OS 

.. D = s 2.502,- 1.052 = 145 m. 
tan a,- tan a, 0.06-0.05 

V=Dtana,= 145 x 0.05 =7.25 m 

Let the angles to the graduation corresponding to the height of the instrument be 

a, so that tan a 3 = 0.0525. If s ' is the corresponding staff intercept, we have 

S I s I 

D= =--
tan a, -tan a, 0.06 - 0.0525 

or s' = D (0.06 - 0.052S) = 145 x 0.0075 = LOSS m 

If r is the staff reading corresponding to the height ot the instrwnent, we h3ve 

r = 2.S02 - LOSS= 1.414 m 

R.L. of staff= R.L. of I.A.+ V- l.OS2 = (942.SS2 + 1.414) + 7.250- 1.052 = 950.164 m. 

22.14. REDUCTION OF STADIA NOTES 

After having taken the field observations, the distance and elevations of the points 

can be calculated by the use of various tacheometric formulae developed earlier. If the 

number of points observed is less, a log table may be used to solve the tacheometric 

formulae. However, for surveys of large extent where the number of points observed is 

much more, calculation or reduction of stadia notes is done quickly either with the help 

of tacheometric tables, charts, diagrams or by mechanical means. 

Tacheometrlc Tables. If distances are required only to the nearest quarter of metre, 

lhe value C cos e may· be <aken eilhcr as C or simply as {- m. It can be shown that 

for distances not exceeding 100 m, the distance reading may be taken as the horizontal 

distance for vertical angles upto 3'. If the additive constant C is igiiOred altogether in 

conjuction with. the above approxirnation, the_ two errors tend to compensate. Various forms 

of tacheometric, tables are available, a simple form being given on next page. A complete 

set of stadia tables (in slightly different form) for angle of elevation upto 30', is given 

in the Appendix. 

Example. Ler s = 1.5 m; 8= 3' 36'; C= 0.3 m. 

From the table, for a = 3' 36', we get 

Hor. correction Diff. Elev. 
~H ~v 

C-~00 Q02 

Distance reading 
Horizontal distance 

= 100 x l.S = ISO m 
= ISO - (0.39 x l.S) + (0.3 - 0.00) = 149.71 m 

TACHEOMETIUC SURVEYING 

and V = (6.27 x 1.5) + 0.02 = 9.43 m. 

STADIA REDUcnON TABLE 

11' 
,. 2' 1" 

Minllla Hor. DIJJ. Hor. Dlfl Hor. Diff Ror. 

c.n-. -· CiHr. -· c.". Eler. Co". 

0 0.00 0.00 0.00 1.74 0.12 3.49 0.27 

2 0.00 0.06 0.03 1.80 0.13 3.55 0.28 

4 0.00 0.12 0.03 1.86 0.13 3.60 0.29 

6 0.00 0.17 0.04 1.92 0.13 3.66 0.29 

8 0.00 0.23 0.04 1.98 0.14 3.72 0.30 

10 . 0.00 0.29 0.04 2.04 0.14 3.78 0.31 

12 0.00 ·. 0.3S 0.04 2.09 0.15 . 3.84 0.31 

14 0.00 0.41 o.os 2.15 0.15 3.89 0.32 

16 0.00 0.47 o.os 2.21 0.16 3.95 0.32 

18 0.00 0.52 0.05 2.27 0.16 4.01 0.33 

20 0.00 0.58 o.os 2.33 0.17 4.07 0.34 

22 0.00 0.64 0.06 2.38 0.17 4.13 0.34 

24 0.00 0.70 0.06 . 2.44 0.18 4.18 0.35 

26 0.01 0.76 0.06 2.50 0.18 4.24 0.36 

28 0.01 0.81 0.07 .2.56 0.19 4.30 0.37 

30 0.01 0.87 0.07 2.62 0.19 4.36 0.37 

32 0,01 0.93 0.07 2.67 0.20 4.42 0.38 

34 0.01 0.99 0.07 2.73 0.20 4.47 0.38 

36 0.01 !.OS 0.08 2.79 0.21 4.53 0.39 

38 0,01 1.11 0.08 2.85 : 0.21 4.59 0.40 

40• 0.01 1.16 0.08 2.91 0.22 4.65 0.41 

42 0,01 1.22 0.09 2.97 0.22 4.71 0.41 

44 0.02 1.28 0.09 3.02 0.23 4.76 0.42 

46 0.02 1.34 0.10 3.08 0.23 4.82 0.43 

48 0.02 1.40 0.10 3.14 0.24 4.88 0.44 

50 0.02 1.4S 0.10 3.20 0.24 4.94 0.44 

52 0.02 !.S1 0.11 3.26 0.25 4.99 0.45 

54 0.02 1.57 0.11 3.31 0.26 s.os 0.46 

56 0.03 1.63 0.11 3.37 0.26 5.11 0.47 

58 0.03 1.69 0.12 3.43 0.27 5.17 0.48 

60 O.o3 1.74 0.12 3.49 0.27 5.23 0.49 

C•0.2 m 0.00 0.00 0.00 0.01· o.oo 0.01 0.00 

C•0.3 m 0.00· 0.00 0.00 0.01 0.00 0.01' o.oo 
C=0.4 m 0.00 0.00 0.00 0.01 o.oo 0.02 0.00 

Redudlon Diagrams. Various forms of reduction diagrams are availablo, 

form being suggested below : 
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Reduction diagram for horwmllll 
comction : 

Horizonlal correction (metres) 

For inclined sighiS, the horizontal 

distanCe is given by D = ks cos' a. 

If the line of sight is assumed 

to be horizontal, the horizontal distance 

is given by D' = ks. 

Horizooml conrection 
=D'- D= ks- ks cos' a= ks sin' a 

" g 
l : 
~ 

. _ ttai correcnon tor a 3 
avmg k = 100. iii 

1!i 
To prepare the diagram (Fig. 0 

22.24), the scale of distance reading upto 

300 mell'eS is set out along the venical 

line. On the horizontal line at 300 m 

reading, the values of horizontal correction 

( = ks sin' a = 300 sin' B) is marked off 

for venical angle increasing by a suitable 

interval (say by 10' or 5'). These poiniS 

are joined to the origin to get various 

radial lines. Since the horizontal cor­

FIG. 22.24. REDUcnON DIAGRAM FOR HORIZONTAL 
CORREcnON. 

rection is directly proponional to the distance reading for a given angle,. these radial lines 

give horizontal correction for other distance readings on the scale. 

For example : If s = 1.5 m, the distance reading = 100 x 1.5 = ISO m. From the diagram 

(Fig. 22.24), the horizontal correction (for a= 13') = 7.6 m. 

Hence the correci horizontal distance= !50- 7.6 = 142.4 m. 

Reduction diiJgram of wtical component : 

To construct the reduction diagram for the venical component (V = ks ~ sin 28), the 

dislll!loe readint~ ( = ks) is set off on the horizontal scale and the venical component upto 

a maximum value of 30 metres on the venical scale as shown in Fig. 22.25. Upto a = 5'46' 

the values of V are calculated when the distance reading is 300 m. These calculated values 

of V are marked off on the venical scale and joined to the origin by straight lines. · Beyond 

a = 5' 46', the values of horizontal correction to give V = .30 m are calculated for various 

angles. The calculated values of distance reading are marked off on the top horizontal 

line and joined to the origin by straight lines. The radial lines may be drawn. for angles 

at interval of every 5' or 10' depending upon the size of diagram. 

To use the diagram, let s = 1.5 m, distance reading = ks = 100 x LS = ISO. If 

a= 4•, we get V = IU.S m from the disgram. Thus, the observations may be reduced still 

more rapidly by the use of the reduction diagram. 

'ot"l 
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Olatance reading (m&tm) 

FIG. 22.25. REDUcnON DIAGRAM FOR. VERTICAL COMPONENT. 

Reduction by Mechanical Means. Various . forms of slide rules are available with 

the help of which the observation may be reduced mechanically. 

22.15. SPECIAL INSTRUMENTS 

1. BEAMAN STADIA ARC 

Beaman stadia arc is a special device fined to tacheometer and plane table alidades. 

liS use facilitates the determination of differences of elevation and horizontal distance without 

the use of stadlia i.4biQ v~ sa.a.~A .,;~~.;.;.. .c..:.!.;;. The .ll~ ~rrie.s t\VO scales H and V having 

their central poiniS marked 0 and 50 respectively .. A common index is used to read both 

the scales. 
Tbe Beaman stadia arc is designed on the fact that reductions are simplified· if the 

only values of a used were those for which .J: sin 28 is a convenient figure. The following 

is the list of angles -
~ .. 29 e to lltllftst sutmd }:In 28 e to ntarut stcMd I 

. . . 0 
. 

O.GI 0 34 23 0.06 3 26 46 

0.02 I 08 46 O.o? 4 01 26 

0.03 1 43 12 0.08 4 36 12 

0.04 2 17 39 0.09 5 11 06 

0.05 2· 52 11 0.10 5 46 rn 
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The divisions of the v scale are of such magnitude that ! sin 29 for eac~ graduation 

is a magnitude of 0.01. When the index 

reads 51 (or 49), the line of sight is 

inclined by an angle corresponding 10 

the first division on the arc, or 

! sin 29 = 0.01, which gives 9 ~ 34' 23". 

Hence 

V = ks ~sin 29 = 100 s x 0.01 

or V =s, 

when k = 100 and C= 0. 

The second division (IIIJIDbered 52 

or 48) is positioned at ail angular value 

of9 = 1• 8' 46" so that -}sin 29= 0.02 

. ·-and hence V = 100 s(0.02) = 2 s. 

Similarly, the third division (num. FIG. 22.26. BEAMAN STADIA ARC. 

bered 53 or 47) is positioned at an angular 

value of 9 = I • 43' 12" and V ;o 3 s and so on. Since the celllral graduation of V scale 

is marked 50, a reading of less than 50 indicates that the telescope is inclined downward, 

while reading greater than 50 shows it is inclined upward. The value of V is then given 

~ 
. . . 

V = s x (Reading on V scale - 50) 

Wben the staff is sighted, the staff intercept s is noted. If the index is not agaiDst 

the whole number reading of the V·scale the tangent screw is used to bring the nearest 

Beaman arc graduation exactly coincident With the Stadia index. The middle Wire reading 

is now taken and the read!ng on V-<cale is noted. It should be remembered tho! !Jy tilling 

the line of sight slightly· for this operl11ion, there is no appreciable change in the value 

of s. 

On the horizontal or H-scale, the divisions are. of such values as to represent the 

percentage by which the observed stadia reading is to be reduced 10 obtain the corresponding 

distance. In other words, the H-scale reading multiplied by the staff intercept gives the 

horizontal correction to be subtracted from the distance reading. 

EKa~Dple. 

Cemral wire reading = 1.425 m 

Reading on V-sca/e = 58 

Reading on H·sca/e = 4 

Staff intercept = 1. 280m 

Elevation of 1.A. = 100.00 

V = 1.280 x (58- 50)= + 10.24 m 

Elevation of staff= 100 + 10.24- 1.425 = 108.815 m 

TACIIEOMETRIC SURVEYING 

Horizontal correction = 1.28 x 4 = 5.12 

Horizontal distance= (1.28 x 100)- 5.12 = 122.88 m. 

(assljming k = 100 and C = 0) 

1. THE JEFFCO'IT DIRECI' READING TACHEOMETER 

This instrument, invented by the late Dr. H.H. leffcott, 

enables the horizontal and vertical. components (more or less) 

directly on the staff, thus saving the labour of calculation. 

The dispbragm of the instrument carries three· pointers, the 

middle one being fixed and the other two movable (Fig. J.a 1 

22.27). 
'11:,.-t~---

The intercept between the fixed pointer and the distance 

pointer (right hand m<ivable pointer) multiplied by 100 gives 

the horizontal distan<:e D. Similarly, the intercept between 

the fixed pointer and the elevation pointer (left band movable 

pointer) multiplied· by 10, gives the vertical component V. FIG. 22.21. nm JEFFCO'JT 
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The telescope of the instrUment is anallactic. The staff readings DIRECT READING TACI!EOMI!!'ER. 

are taken by first setting the fixed pointer at a whole foot 

mark and then reading the other two pointers. 

Each movable pointer is mounted on one end of a lever. The other ends of these 

levers ride on respective cams (i.e. distance cam and elevation cam). The cams are fixed 

in altitude and so shaped that the interval between the pointer is adjusted automatically 

to correspond 10 the angle of the telescope. 

The Jeffcott direct reading taeheomefer could not be entirely a success due to the 

following defects : 

(I) Pointers are inconvenient to read with. 

(2) Half intercepts cannot be measured. 

.(3) Effect of parallax is unavoidable. 

3. THE SZEPESSY DIRECT READING TACHEOMETER 

The instrument, !nvented by a Hungarian bas the distinction of being the most successful 

of those in the tangential group, and use the percentage angles. A scale of tangerus of 

vertical angles is engraved on a glass arc which is fixed to the vertical circle cover. The 

scale is divided to 0.005 and numbered at every 0.01. Thus the graduation 10 corresponds 

to the angle whose tangent is 0.!0 or 10%. By means of 

prisms, this scale is reflected in the view of the eye-piece, 

and when the staff is· sighted, the image. of the staff is 

seen along side that of the scale (Fig. 22.28). 

Procedure for reading the staff : 

(I) Sight the staff and clamp the vertical circle at 

some convenient position. 
(2) Using the vertical circle tangent screw, bring a 

whole number division, say 14, opposite th9 horizontal cross-hair. 

Note th~ axial reading. . . FIG. 22.28. THE SZEPESSY DIRECT 
READING TACHEOMETER. 
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(3) Read tile staff imercepl between 14 and 13 (or 14 and IS) numbered clivisiona., • 

Tbe staff imen:ept multiplied by 100 gives tile horizontal discance D. Alternatively, tile 

~t between 13 and IS may be measured and multiplied by SO Ill get D. . 

(4) Tbe venical compone111 Vis obtained by multiplying the intercept by the numbered 

division brought opposite tile axial bair. 

For exaD!ple, if s = 1.48 m and tile number against tile. axial bair = 14. Then, 

D= 1.48 x 100= 148 m and V= 1.48 x 14 =20.70 m 

22.16. THE AUTO-REDUCTION TACHEOMETER (HAMMER-FENNEL) 

This instrument (Fig. 22.33i permits both the discance and tile difference of altitude 

Ill be read by a single reading of a vertically held staff - thuS reducing tscheometric operation 

to !hi: simplicity of ordinary leveliing. 

Special auto-reduction device 

Looking through the telescope tile 
field of view is found Ill, be divided 
into 2 halves one of which is designed 
for tile vision of the staff while tile 
second half shows the very diagram of 
a special type shown in Fig. 22.29. 

In Fig. 22.29, there are four curves 
marked by the letters N. E, D and d. 
N is the zero curve. E means the curve FIG. · 2i.29. SPECIAL AIJTO.REDUCTION DEVICE 

for reading distances. D illustrates the (IIAMMER·FilNNI!U 

double curve to be applied for elevation angles upto ± 14'. d is the double curve for 

greater elevation angles up to ± 47'. The curve lines for elevation angles are ·marked 

+ , and the curve lines to depth angles are marked -

By tilting the telescope up and down, tile diagram appears. ID pass across its field 

of view, The multiplications to be applied are : 

100 for reading the distance (curve 1£\ 

10 for reading the difference of altitude (curve· D) 

20 for reading the difference of altitude (curve d) 

Tbe' zero-curve appears to touch the zero-line continuously at point of intersection 

with the vertical edge of the prisms. In taking a reading of the staff, the perpendicular 

edge of the prism should be brougbl . into line with the staff in such a way that the 

zero curve bisects the specially 1barked zero-point of the rod, the zero point being 1.40 

m abo~e the ground. Then reading is effected with the discance curve and the respective 

height curve. 
The reading, now tai'.en on the staff W\th the discance-curve multiplied by 100 gives 

the discance between instrument and staff, while the reading taken on the. staff with the 

height curve multiplied by 20 or 10 respectively gives the diference in heiSin between 

the staff position and the instrument station. No other observations or calculations are necesssry. 

Figs. 22.30 to 22.32 illustrate how ieadings are taken. 

'- 'TACHEOMI!l1UC SURVI!YING 

I. Tekscope lkpressed (Fig. 22.30) 

Reading of discance curve : 0.126 

Reading of ·heigh! curve : - 0.095 

(with - 10 mark) 

Horizontal discance 
= 0.126 x 100 = 12.6 m · 

and difference in height 
=- 0.095 x 10 =- 0.95 m 

2. Telescope horizonllll (Fig. 22.31) 

Reading of discance curve : 0.134 

Reading of heigh! curve : ± 0·0 

(with + 10 mark) 

:. Horizontal distance 
=0.134 x 100=13.4m 

and difference in height 

=±O.Ox 10=±0.0 m 

3. Telescope elerllled (Fig. 22.32) 

Reading of distance curve : 0.113 

Reading of height curve : + 0.175 

(with + 20 mark) 

Horizontal distance 
= 0.113 x 100 = 11.3 m 

Difference in height 
= + 0.175 x 20= +3.50 m. 

22.17. WILD'S RDS REDUCTION TACHEOMETER 
(Figs. 22.34 and 22.35) 

This is also an auto-reduction instrument with a set 

of curves designed ·for use with a vertical staff. The credit 
for the principle of the reducing device goes to Hammer. 

FIG. 22.30. TELBSCOPE 
DEPRESSI!D. 

FIG. 22.31. TELBSCOPE 
HORIZONTAL. 

FIG. 22.32. TELBSCOPE 
ELEVATED. 
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In the first telescope position, which is the standard position for · distance and height 

measurements, the vertical circle is on the left hand side and the curve plate on the rigbl 

hand side of the telescope. The focusing knob is mounted on the right in the telescope 

trunnion axis. The curves are etched on the glass circle which revolves about the trunnion 

axis and is located to the right of the telescope. A prism, inside the telescope, projeCts 

the image on the plane of the diagram circle and at the same time, rotates it by 90'. 

Other prism and lenses transfer this image into the reticule plate mounted ahead of the 

telescope. This plate has a vertical centre line and a horizontal line. Thus, the diagram 

lines falling in' the field of vision appear free of parallax in the plane of bair lines and 

the image i,s erect again, although the path of ligbl rays has been broken. _j·.:·.i.,·. 
" L 
d 

'! 
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For distance finding, the constant 100 can be used through out ; thus OM cenlimetre 
on the rod is equal to one metre of horizontal range. For difference in height the following ., 
constaniB are chosen: 

10 from 0' to s• ; 20 from 4' to 10' 
SO from 9' to 23' ; 100 from 22' to 44' 

By this device, the lines used for measuring heigh! always remain between the zero 
line and the range reading line, which practically rules out any confusion. In order to 
simj>lify the mental computations, the height lines have not been marked with the multiplication 
constants 10, 20 etc. but with !he figures+ 0.1, + 0.2, i, +I, when the telescope is aimed up, 

and - 0. I , - 0.2, -~and ~ I when aimed down. The observer reads heights in the same 
way as he does distances and multiplies the readings by factors given. 

Heig/Us are always referred to the point on the rod which coincides with the zero 
line. 'l'he one metre mark can conveniently be taken as zero. The stadia rod, equipped 
with a telescope leg, allows for the setting of the metre mark at the instrument ·heigh! 
as read on the centenng rod, in order to simplify s.ubsequent height computation. 

Figs. 22.36 to 22.39 illustrate how the readings ·are taken. 

FIG. 22.36. FIG. 22.37. 
DISTANCE=~! .3 ~ HEIGHT:=-r 0.1 "'2l..7 :. ""li.i m DJSTANCE=35.5 m HEIGIIT=+ ~ x 21.8 = + 10.9·m 

FIG. 22.38. FIG. 22.39. 
DISfANCE=57.2 m HEIGHT=+ 0.2 x 40.1 =+ 8.02 rn DISfANCE=48.5 m HEIGHT=-! x 21.7 =- 21.7 m 

TACHEOMEI'RIC SURVEYING 

The vertical circle image appears on top and the 
horizontal circle image at the bottom of the field of 
vision, in both telescope positions. The minute graduations 
of. the micrometer scales inerease from left to right, in 
the same manner as when reading. The smallest graduation 
interval is one minute. Fig. 22.40 shows the examples 
of reading, as appearing in the field of view. 

The vertical circle reading is 86' 32' .5 while the 
horizontal circle reading (Az} is 265' 28' .S. 

22.18. THE EWING STADI-ALTIMETER (WATfS): 
(Fig. 22.41) 
This ingenious device, designed by Mr. Alistair 

Ewing, an experienced Australian surveyor, converts a 
normal theodolite easily and quickly to a direct reading 
tacheometer, without· interfering with its normal fimction 
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FIG. 22.40. VERTICAL AND 
HORIZONTAL CIRCLE READINGS 

. IN wn.D RDS TACHEOMEJ'ER. 

in any way. 
The construction of 'the altimeter is in two parts-the cylindrical scale unit, which 

is mounted on one of the theodolite uprights and the optical reader, mounted on the telescope 
or transit axis (Fig 22.41 and 22.42). The index of the reader is bright pinpoint of light 
which appears superimposed on the scale of the drum. The scale comprises two sets 
of curves, reproduced upon the surface of the cylinders. The two sets of curves, called 
intercept lines are formed at sufficiently frequent intervals for accurate reading and are 
distinguished by a difference in colour. They represent the reduction equations : 

Difference in level= 100 s-} sin 29 

Horizontal distance correction= 100 s sin' a. 
Methods of use. After the usual adjusanent of the theodolite, the stadi-altimeter is 

set to zero, the telescope is directed on to the staff, and the stadia intercept s is read. 
The cylinder is rotated until the curve equa1 to 100 s is in coinci.dence with the reader 
index. The difference of level may then be read directly from the external circular scale. 

To obtain the reduced level of ihe staff base, the stadi-altimeter is set in the first 
instance to the reduced height of the theodolite, instead of zero. The telescope is directed 
on to the staff, and the intercept is read ; it is then pointed so . that the centre web 
cuts the staff reading equal to the height of the theodolite. The height scale reading then 

gives the reduced level of the staff base. 

22.19. ERRORS IN STADIA SURVEYING 
The various sources of e!fOrs which arise in tacheometry may he divided into three 

heads: 
(<) Instrumental errors. 
(i1) Errors due to manipulation and sighiting. 
(iii) Errors due to natural causes. 
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(i) Iastrumental Errors : They consists of : 

I. Emm due to imperfect tuQuJlmelll of the llzcheometer 

The effects of inadjustments of various pans on the accuracy have already been discussed 

in the chapter on thodotite. However, with reference to tacheomebic observations, the accuracy 

in the determination of distanceS and elevations are dependent upon : (a) the adjustment 

of altitude level, (b) the etintination or determination of index error, and (c) accuracy of 

reading to the vertical circle. Since all these three have serious effects on the elevations, 

proper care should be taken to adjust the altitude bubble and to see that the altitude bubble 

is in centre of its run when observations are taken. 

1. Errors due to erroneow ,~ions tin the s/IJdia rod 

Since the accuracy in the de!e9Ji]iialion of staff intercept depend< on the graduations, 

the latter should be bold, uniform and free of errors. The stadia rod sbould be standardised 

and. corrections for erroneous length/should be applied if necessary. 

3. Errors due to incomct value of multiplying and additive consllln/S 

To eliminate the errors due to this, the constants should be determined from time 

to time, under the same conditions that occur in the field. 

(il) Errors due to manipulation and slgbting 

They consist of errors due to : 

1. Inaccurate centering and bisection. 
2. Inaccurate levelling of the instnnnent. 
3. Inaccurate reading to the horizontal and vertical circles. 

4. Focusing (or parallax). 
5. Inaccurate estimation of the staff intercept. 

6. Incorrect position of the staff. 

(iiJ) Errors due to Natursl Causes 

They comprise errors due to : 

1. Wind. 
2. Unequal refraction. 
3. Unequal expansion., 
4. Bad visibility. 

11.20. EFFECT OF ERRORS IN Sl'ADIA TACHEOMETRY, DUE TO MANIPULATION 

AND SIGHTING. • . 

1. Error doe· to staff tilted from normal 

In Fig. 22.43, AB is the correct normal balding while A,B, is the incorrect nonnal 

holding, the angle of tilt being a.. Line A1B1 is parallel to AB. If the angle of tilt a. 

is small, we have 
A,B,.,AB=s 

Let s, (=A ,II,) be the observed staff intercept, because of incorrect 

actual staff intercept would be s (= AB) if there is no angle of tilt. 

Now A1B, = A,B, cos a 

or S=S1 COSa 

holding, while 

... (1) 

TACIIEOMB'rRIC SURVEYING 

Error in distance OC = k s, - k s 

. ks,-ks s 
Ratio of "I"''• e = k - I--

. St St 

or e = 1 -cos a ... (ii) ... (22.27) 

This shows that the error is independent of 

the inclination (B) of line. of sight. 

1. Error due to angle of elevation a : normal 

holding of staff 
Let there be an error sa in the measurement 

of angle of elevation a. From Eq. 22.6, we have 

D=Lcos B + rsinB. 

Differentiating this, we get 

~~ =-LsinB+rcosB 
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FIG. 22.43. 

.. SD = (- L sin B + r cos B) 5B ... (22.28) 

3. · Error due to staff tilted from vertical 
In Fig. 22.44, A, C, B show the stadia readings when the staff is truly vertical, 

while tine A'CB' is the correspooding line normal to the tine of sight OC. 

However, let the staff be inclined by an angle a. from vertical, away from the observer, 

so that A
1 

, C, and 81, are the points corresponding to the readings of the three hsirs, 

and A,'B,' is the corresponding line normal to the line of sight 0 c, Then L. A1C,A,' 

=a +a.. Also, since angle ~/2 is very small, lines 

A' B' and A1' B,' may be taken pelpeDdicular to OAA 1 

and OBB,. 
Also, A'B' = AB cos B = s cos B ... (1) 

A,'B,' = A,B, cos (B +a.)= s, cos (B +a) ... (i1) 

Assuming A'IJ' ~Aa'B1', we have 

scos a~s, cos (B +a.) 

s, cos (B +a) 
.. s = cos a ... (11.29 a) 

Similarly, if the staff is inclined by a. from 

vertical towards the observer, L. A2'C,A, = B- a. and 

. .. 

FIG. 22.44 

~s,:..;co::.:..• (-"a,.-~a.='-) s-- cos a 
Eqs. 22.29 (a) and 22.29 (b) are for the angle of elevation a. 

angle of depression e, the corresponding expressions will be 

... (22.29 b) 

Similarly, for the 
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and 

s1 cos (O -ex) 
s= 

cos a 
s1 cos (0 + ex) 

s 
cos 9 

SURVEYING 

... (22.29 c) 

... (22.29 If) 

for the tilt away from the observer and towards the observer respectively. 

S1 cos (0 ± ex) 
In general, therefore, we bave s-

0 
... (22.29) 

cos 

where s1 is the observed Intercept while s is the true intercept for staff truly vertical. 

For an anallactic telescope, 

True d. D '...-·. 'a kJI cos (9 ±ex) 'a 
JStance =,., cos -

0 
. cos 

cos 
... (1) 

D1 = kf• cos' a 

2 [cos (o ±ex) J 
e = D- D1= k s, cos a cos 

0 
- I 

Incorrect distance 

:. Error ... (22.30 a) 

... (it) 

Error e expressed as a ratio= D - Dl k '' cos' a [ cos (9 ± ex) J 
-v;- = cos a 

1 

e=cos(O±ex) ks1cos'a 

coso -1 ... (22.30 b) or 

cosocosex±sinOsinex-cosO ± 
0

. I 
e- 0089 

=cosa tan sma.-or ... (22.30 c) 

If a is small (usually <5 °) e =±ex tan e ... (22.30) 

4. Error due to stadia intercept assumption 

In Fig. 22.5, we bave assumed that for P/2 to be small, angles AA'C and B B'C will 

be each equal to 90 °, and consequently, A'B' = ABcos e = s cos e. 

Acrually, .G4A'C = 90o + P/2 and 

L BB'C = 90°- P/2, 

as shown in Fig. 22.45 

Also, LA'AC= 90 o- (e + P/2) 

and 

For 

Let 

LB'BC= 90 °- (0- P/2) 

k = 100, 

~=tan-•(2~J 
= 

2~:5 
sec. =. o o 17' u· ·35 

AC= s, and CB = s2 

Now from I!> CA'A, 

A 

FIG. 22.45 

(90-IJ/2) 
·a. 

TACIIEOMJmUC SURVEYING 
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or 

A'C _ s sin [90 o- (o + P/2)] _ cos (e + P/2) _ cos a cos p/2- sine sin Pl2 

- 1 sin (90 ° + Pl2) - '' cos P/2 - ' 1
 cos P/2 

From I!> CB1B, 

CB' _ sin [90 o - (a - Pl2)] _ cos (9 - P/2) _ cos a cos p/2 + sin a sin P/2 

- '' sin (90 o - Pl2) - '' cos Pl2 - '' cos Pl2 

A'C + CB' _ cos a cos Pl2- sin a sin P/2 cos a cos P/2 +sin a sin p/2 

. - '' cos p12 + '' cos Pl2 

= s, (cos a -sin a tan P/2) + s, (cos a + sin a tan P/2) 

A'B' = (s1 + s2) cos a+ (s,- s1) sine tan p12 ... (22.31 a) 

A'B' = AB cos a+ (s,- s1) sine tan P/2 ... (22.31) 

Hence the error in assuming A • B' = AB cos a is equal to the magnitude of the second 

term (s, - s,) sine tan p/2, 

5. Error due to vertical angle measurement 

For vertical holding of staff, the horizontal distance, using an auallactic telescope, 

is given by 

where sa is the 

Now ratio 

D=kscos'a 
BD=-2kscosesinOSO 

error in the measurement of vertical angle e. 

SD=2kscosesina SO=l.tanasa 

D kscos'a 
... (22.32) 

Normally, the staff is graduated to 10 mm, capable of estimation to ± I mm. Since 

the multiplying factor (k) is usually 100, this would represent ± 100 mm. 

Let us assume an overall accuracy of I 

SD I 
"D= 1000 

Subsdtuting ir_ Eq ~2 3~ we have 

I 
1000 = 2 tan a . sa 

in 1000 (representing 100 mm in 100 m). 

or 
I 

Sa=--cota 
2000 

... (22.33) 

For e =30°, sa = 
2=5 

cot 30° seconds = 178 seconds = 3'. 

Hence in order to conform to an overall accuracy of I in 1000, the angle e need 

be measured to an accuracy of 3'. 

6. .Error due to reading the staff : We bave seen above that for a staff graduated 

to 10 mm, estimation can be made to ± I mm. As both stadia lines need be read, the 

error in the stadia intercept would be ,J2 mm, i.e. 1.4 mm. 

Thus 

Now 

.Ss = 1.4 mm. 

D = k s cos1 9. 

W=kcos'a.ss 
... (22.34) 
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Similarly 

Taking 

and 

V=tkuin26 

oV= tk sin 26. 6s 

k = 100 and 6s = 1.4 mm, we bave 

k. 0s = 100 x 1.4 mm = 0.14 m. 

SD = 0.14 cos' 6 

6V= 0.07 sin 26 

SURVEYING 

... (22.35) 

... (22.34 a) 

... (22.35 a) 

The value of SD and 6 V; for various values of inclination 6 are as under 

9 w sv 
oo 

I o 

20 

3 0 
40 

s 0 

7.5 ° 

10 ° 
IS o 

20 ° 

25 ° 

" 0.140 m 

0.140 m 

0.140 m 

0.140 m 
0.139 m 

0.139 m 

0.138 m 

0.136 m 

0.131 m 

0.124 m 

0.115 m 

0.000 m 

0.002 m 

0.005 n\ 

0.007 m 
0.010 m 

0.012 m 

O.o!8 m 
0.024 m 

0.035 m 

0.045 m 

0.054 m 

30 o 0.105 m 0.061 m 

From the above table, we conclude that unless the angles are less than 4 o, the 

horizontal distance should not be quoted better than 0.1 m while the levels should not 

be quoted better than 0.01 m. 
Example 22.19. Observalions were 

taken vJith a ~~c.'?eometer having additive 

constonl equal to zero and 11UJitip/ying con· 
stant equal to 100. and an intercept of 
0.685 m with a vertical angle of 12 o was 
recorded on a staff believed to be vertical. 
Actually. the Slqff which was. 3.5 m long. 
was 1(}() mm out ofp!JJJnb leaning backwards 
away from the instrumenl. Compute the e"or 
in the horizonllll distance. 

Solution. 
Angle of tilt, 

ll = tan. I 0.100 = I 0 38' 12" 
3.5 

From Eq. 22.29 (a) 
PIG. 22.46 

100mm -' ' ' ' ' 
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Now, 

_ cos (6 +a)' 
0 685 

x cos (12° 00'00"+1° 38' 12") _ 
s- s, cos 6 · cos (12 o 00' OO") 

0
·
681 

D=ks.tos'6 
oD = k cos' 6 . 8s = 100 cos' 12 ° X (0.685 - 0.681) = 0.415 m 

Allematively, from Eq. 22.30 (a) 

[ 
cos (6 + a) ] 

6D=kscos'6 cos 6 I 

, [ cos (12 o + I o 38' 12") l 
= 100 x 0.685 cos 12 o cos 12 o I = 0.425 m 

Example 22.20. A theodolite hos a tacheometric mu/Jip/ying constonl of 1(}() and 

an additive constanl of zero. The cemre reading on a vertical stqff held at point B was 
2.292 m when sighted from A. 1f the vertical angle was + 25 o and the horizontal distance 

AB 190.326 m, calculate the other srqff readings and show that the two intercept intervals 

are not equal. 
Using these vallles, co1cu/ate the level of B if A is 37.950 m A.O.D. and the height 

of the instrument 1. 35 m. (UL) 

and 

Solution. From Eq. 22.4, 
D=kscos'6 

.. s=-D- 190.326 = 2.317 m 
k='9 100cos'25 ° 

Refer Fig. 22.45. 
Inclined distance MC = L = D sec 6 = 190.326 sec 25 o = 210.002 m 

Now 
L 

2so= 
100 

L 210.002 = 1.050 m 
s.=200= 200 

By · ru1 so cos ~/2 h ~ 0 o 7'1 "35 
sme e, s,- cos (9+ Pl2). w erez= I I .. 

.i..\;50 Wi. (Q ~ 17" ::"-35) 
1.161 m 

cos (:l:l • II' 11"·35) 

Similarly, by sine rule, 
s0 cos P/2 1.050 cos ( 0 o 17' 11"·35) 

Allemative/y 

s,- cos (9- ~/2) = cos (24 o 42' 48 "·65) = l.IS
6 

m 

s1 = D [tan (6 + ~/2) - tan 9] 

= 190.326 [tan 25 o 17' ll"·35- tan 25 °] = 1.161 m, as above 

s, = D [tan 6- tan (6- ~/2)1 

= 190.326 (tan 25 o- tan 24 o 42' 48"·65] = 1.156 m, as above. 

(We note that s1 and s, are not equal ) 

Chedc : s, + s, = 1.161 + 1.156 = 2.317 m 
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Hence the staff readings are : 

Upper : 2.292 + 1.161 = 3.453 

Lower : 2.292- 1.156 = 1.136 

Check : s=2.317 

Now V = D tan 9 = 190.326 tan 25 • = 88.750 m 

R.L. of B = 37.950 + 88.750 + 1.350-2.292 = 125.758 m 

PROBLEMS 

I. Descnbe the conditions under which tacheomenic surveying is advantageous. Explain how 
you would obtain in the field the constints of a tacbeometer. Upw what vertical angle may sloping 
distance by taken as horizontal distance witllout the enor exa:eding I in 200, the staff being held 
vertically and the instrument having an anallactic lens ? (U.L.) 

2. Sighted borizoDllllly, a tacbeometer reads 1.645 and 2.840 corresponding to the stadia wiies, 
oo a vertical staff 120 m away. The focsl length of the objCC! glass is 20 em and the distance 
from the object glass to the trunnion axis is 15 em. Calculate , the stadia interval. 

3. Two distances of 50 and 80 metres were accurately measured out, and the intercepts on 
the staff between the outer smdia webs were 0.496 at the former distance and 0.796 at the latter. 
Calculate the tacheometric constants. 

4. An external focusing theodolite with stadia hairs 2 mm apart and object glass of 15 em 
focal leogth is used as a racheometer. If the .object glass is fixed at a disraoce of 25 em from 
the ttu.nnion axis, determine the tacheometric formula for distance in terms of staff intercept 

5. A tacheometer was set up at station A and the following readings were obrained on a 
vettically held staff · 

StaJioh Staff Station Vertical Angle Hair Readings Rel11llrk.s 

B.M. - 2° 18' 3.225, 3.550, 3.875 R.L. of 

A 
B.M.= 437.655 m 

8 -1- jiO ':If';• I fi<:j(}_ '2_5\5 ~-1RO 

------- -- ' __ _j 

Calculate the horizontal disraoce from A to B and the R.L. of B, if the constants of the 
instrument were 100 and 0.4. 

6. To determine the distance between two points C and D, and their elevations, the following 
obsetvati.ons were taken upon a vertically held staff from two traverse stations A and B. The tacheometer 
was fitted with' an anallactic lens, the constant of the insnumem being_ 100 

Traverse HI. of Orordinares Stoff Bearing Vertical Stoff 
Station /nst. Stalion amgle Readings 

N E ' 

A !.58 218.3 164.7 c 3Joo 20: + 12° 12' 1.255, 1.860, 2.465 

8 !.SO 518.2 '!JJ7.6 D 20° 36' + 10° 36' 1.300, 1.885, 2.470 

Calculate . (t) The distance CD ; . 
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(it) The R.L.'s of C and D, if those of A and B were 432.550 m and 436.865 m 

respecdvely 
(iit) The gradient from C to D. 

7. A line was levelled tacheometrically with a tacheometer fitted with an anallactic lens, the 
value of the consraot being 100. The following observations were made, the staff having been beld 

vettically : 

Insaununt Brlghlof Slo/1111 VtnitDI angle Sliif1 Reading Renuuts 

SIDIIDm am 
A 1.38 B.M. -1°541 !.02, !. 720, 2.4'!JJ R.L. 

A !.38 B +2°36' 1.220, !.825, 2.430 
638.55 m 

B !.40 c +3 ° 6' 0. 785, !.610, 2.435. 

Compute the elevations of A, B and C. 

8. Two sets of tacbeometric readiogs were takeo from an instrumeot statioo A, the reduoed 
level of which was 15.05 ft to a staff station B. 

(a) Instrument P-multiplying constant 100, additive consraot 14.4 in., staff held vettical. 

(b) Instrument Q-multiplying constant 95, additive constam 15.5 in., staff held nonnal w 
the line of sight. 

Instrument At 
., 

J'o Ht. of /nstnunml Vertiall an•le Stodla 1/mdillfs 

p A 8 4.52 30' 2.35/3.31/4.27 

Q A 8 4.47 30' 
-· 

What should be the stadia readings with instrument Q ? (U.L.) 

9. An ordinacy theodolite is to be converted into an anallactic racbeometer with a multiplier 
of 100 by an insettion of a new glass stadia diaphragm and an additional convex lens. Focsl length 
of object glass is 15 em, fixed at a distance of 10 em from the trunnion axis. A focusing slide 
carries the eye-piece. If a suitable lens of 10 em focsl length is available for the anallactic lens, 
calculate the fixed dlsraoce at which this must be placed from the objective and the spacing of 

the stadia hairs on the diaphragm. 
10. The stadia inte!tept read by means of a fixed hair instrument on a vettically held staff 

is 2.250 metres, the angle of elevation being 3° 42'. The instrument constants are 100 and 0.4 m. 
What would be the total number of turDS registered on a movable hair insuument at the same station 
for a 2.0 metres intercept on a staff held· on the same point ? The vertical angle in this case 

is s• 30' and the constaots 1000 and 0.4 m ? 

11. The constant for an iDstrumeDl is 1200 and the value of additive constant is 0.4 metres. 
Calculate the distance from the instrument to the staff when the micrometer readings are 6.262 and 
6.258, the staff intercept is 2.5 m and the line of sight is inclined at + 6• 30' , the staff being 

held vertically. 
12. The vettical angles to vanes fixed at 0.5 m and 3.5 m above the foot of the staff held 

vertically at a point were - 0° 30' and + 1° 12' respectively. Find the horizontal distance and the reduced 
level of the point, if the level of the insnument axis i~ 125.380 metres above dawm. 

13. Explain bow a subtense bar is used with a theodolite to detennine the horizontal distaoce 

between two points. 
The horizontal angle subtended at a theodolite by a subtense bar with vanes 3 m apart is 

15' 40". Compute the lloriz,omal distance between the insuument and the bar. 

Deduce the enor of horizontal distaoce if the bar were 2' from being nonnal to the line 

joining the instrument and bar station. 
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14. What are tbe different methods employed in IBCbeometric survey ? Describe the method most 

commonly used • . (A.M.I.E.) 

IS. Explain how you would determine the contants of a tach<ometer. What are the adVI!IIIages 

of an anallac1ic Ieos used in a tacbeometer ? 

16. Describe any one fonn of subteDSe micrometer, and show clearly how you would determine 

tbe value of the ildditive constalll in tbe case of a subtense micrometer in wbich there may be 

an inililll reading of micrometer head when the fixed and !be ;noving lines coincide, the focal length 

of tbe objective and the piteh of the mireometer screw being known. (U.L.) 

17. Show the arrangement of tbe lenses in an ordinacy anallactic telescope. 

In a telescope of this typll. tbe focal lengths of the objective and anallactic lenses are 24 em 

and 12 an respectively and the constanJ distance between this is 19.5 em for a IDJlltiplier of 100. 

Determine !be error that ~d occur in horizontal distance D wben the reading intercepts 

2 metres, with an error of one lnindiedth of a mm in the I. 7S mm interval between the subtense 

lines. 

18. In tbe event of a broken cliaphr.lsm in an anallac1ic telescope with a IDJlltiplier of 100, 

it is Rqired 10 detennine the exact spacing of the lines on glass for a new diaphragm. the. focal 

lengths of !be objective and anallacdc lenses being 30 em and 15 em respectively and the distsnee 

between !be objective and the trunnion axis 12 em. Also determine tbe distance between the anallac1ic 

Ieos and tbe objective. · 

19. An anallac1ic telescope has a IDJlltiplying constalll of 100. '!be focal lengths of the object 

glass and anallactic lens are 11 an and 9 em respectively. If the stadia interval i is 1.5 mm, 

calculate the distance between the two lenses and the distances · between the vertical axis and tbe 

object glass. 

ANSWERS 

1. 4° 3' 

2. 2 !DID 

3. k=!OO; C=0.4 m 

4. D = 75 s + 0.4 metres 

S. D = 169.5 ; R.L. of B = 466.95 

6. W 33S.8 m 

(il) R.L. of C = 457.27 ; R.L. of D = 457.62 

(UI) 1 in 959.2 

7. 643.528, 648.567, 657.267 

8. 1.95 ; 2.82 ; 3.68 

9.16cm:iem 

10. 8.844 

11. 236.9 m 

12. 101.1 m ; I in !23.998 m 

13. 658.29 m ; I in 1688 

17. 1.14 m 

18. 23.57 em ; 2.1 mm 

19. 13.4 em ; 7.33 em. 

:ij 

[§] 
Electronic Theodolites 

23.1. INTRODUCTION 
Tbeodolires, used for angular measurements, can be classifed under three categories: 

(i) Vernier theodoliteS 

(i1) Microptic theodoliteS (optical theodolites) 

and (iii) Electronic theodoliteS 
Vernier theodoliteS (such as Vicker's theodolite) use verniers which have a least count 

of 10" to 20". However, microptic theodoliteS use optical micrometers, which may have least 

count of as small as 0.1". Wild T-1 T-16, T-2, T-3 and T-4 and other forms of Tavistock 

theodoliteS fall under this category. Thus the optical theodoliteS are the most accurate instruments 

where in the readings are taken with the help of optical micrometers. However in electronic 

theodoliteS, absolute angle measuremenl is provided by a dynamic system with opto-electronic 

scanning. The electronic theodoliteS are provided with control panels with key boards and 

liquid crystal displays. The LCDs with points and symbols present the measured data. clearly 

and unambiguously. The key board contains multi-function keys. The main operations require 

only a single key-stroke. The electronic theodolites work with electronic speed and efficiency. 

They measure electronically and open the way to elctronic data aquisition and data processing. 

We shall consider here the following two models of electronic theodolites manufactured by 

Mls Wild Heerbrugg Ltd. 
(i) Wild T-1000 electronic theodolite 

(ir) Wild T-2000 and T-2000 S electronic theodolite 

23.2. WILD T-1000 'THEOMAT' 
Wild electronic theodolites are known as 'Theomat'. Fig 23.1 shows the photograph 

of Wild T-1000 electronic theodolite. Although it resembles a conventional theodolite (i.e., 

optical theodolite) in size and weight, the T-1000 works with electronic speed and efficiency. 

It measures electronically and opens the way to electronic data aquisition and data processing. 

It has 30 x telescope which gives a bright, high-contrast, erect image. The coarse and 

line focusing ensures that the target is seen sharp and clear. Pointing is fast and precise. 

even in poor observing conditions. The displays and reticle plate can be illuminated for 

.works in mines and tunnels · and at night. 

(465). 
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The theodolite has two control panels, each with key-board and two liqui<kiystal 

displays. It can be used easily and quickly in both positions. Fig. 23.2 shows the CODII)ll 

panel of T-1000. The LCDs with points and symbols present the measured data clearly 

and unambiguously. The key-board has just six multifunction keys. The main operations 

require only a single keystroke. Accepted keystrokes are acknowledged by a beep. Colour-roding 

and easy-to-follow key sequences and commands make the instrument remarkably easy to 

use. 

The theodolite has an absolute electronic-reading system with position-<:oded circles. 

There is no initialization procedure. Simply switch on and read the results. Circle reading 

is instantaneous. The readings up-date continuously as the instrument is turned. Readings 

are displayed to I •. The standard deviation of a direction measured in fate left and fate 

right is 3". 

The theodolite has prac­

tice-tested automatic index. A 

well-damped penduliurn com­

pensator with I" setting accuracy 

provides the reference for T-

1000vertical circle readings. The 

compensator is built on the same 

principles as the compensator 

used in Wild automatic levels 

and optical theodolites. Thus 

with T -1000, one need not rely 

on a plate level alone. Integrated 

I DISTI 
I REC I 
[&] 
losp I 
I SEl' I 
I SEl' I 

[}jQ 
ITRK I 
I SEl' I CiD 

Distance measurement 

RflCOirllng 

Me~ment and recording 

Display Hz-dreis and Hz-dls!anoe 

Tracking 

Set horizontaf-clrcle reading to zero 

FIG. 23.3. lYPICAL COMMANDS IN T-1000 ELECI'RONIC­

TIIEODOUTB (WILD HEBRBRUGG) 

circuits and microprocessors ensure a high level to performance and operating comfon. Automatic 

self-checks and diagonostic routines makes the instrument easy to use. 

T-1000 theodolite bas electronic clamp for circle setting and repetition measurements. 

Using sirople commands, one can set the horizonlal circle reading to zero or to any value. 

The theodolite can be operated like a conventional theodolite using any observing procedure, 

including the repetition method. Tn add~tion to the conventional clockwise measurements. 

horizontal circle readings can 

be taken counter-clock-wise. I Hz I v I Horizontal cln:la 

Horizontal-collimation and 1373452 913756 and 

. . • • • • vertical circle 

vertical index errors can be 

determined and. stored pe~- 'Hz 1373454. ~ 118542, ~cflcla 
nently. The displayed crrcle • • • hortzontsJ distance 

readings are corrected auto-

matically. Displayed heights I V 91.3~55 .;1 3
.
375

1 !Jicalcflcla . 

are corrected for earth cur- height differences 

. vature and mean refraction. 

As stated earlier, the 

whole instrument is controlled 

from the key-board. Fig. 23.3 

gives details of typical com-

1 • 91,37.541 Ll 111!5971 
Vertlcalcflcla 
and 
slapedlstance 

FIG. 23.4. ~PICAL·DISPLAYS ON THil PANELS OF T-1000 
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mands obtiined by pressing corresponding keys. Fig. 23.4 gives typical display values obtained 

by pr<:SSing different keys. The power for T-1000 theodolite is obtained from a small, 

rechargeable 0.45.)'Ah Ni Cd battery which plugs into the theodolite standards. 

uses 
Wild T-1000 theodolite is fully compatible. It is perfectly modular, having the followiog 

(I) It can be used alone .. for angle measurement only. 

(il) It combines with Wild Distoma! for angle and distance measurement. 

(iir) It connects to ORE 3 data terminal for automatic data aquisition. 

(iv) It is compatible with Wild theodolite accessories. 

(vj It connects to computers with RS 232 interface. 

Fig. 23.5 depicts diagrammatically. all these functions. 

'Distomat' is a registered trade name used by Wild for their electro-magnetic distance 

measuremenl (EDW ins!nllllents (see chapter 24). Various models of distomats, such as 

Dl-1000, DI-5, D!-5S, DI-4/4L etc. are available, which can be fitted on the top of the 

telescope of T-1000 theodolite. The telescope can transit for angle measurements in both 

the positions. No special interface is required. With a Distomat fitted to it, the theodolite 

takes both angle and distance measurements. Wild Dl-1000 distomat is a miniamrized EDM. 

specially designed for T-1000. It integrates perfectly with the theodolite to form the ideal 

combination for all day-to-day work. Its range is 500 m on to I prism and 800 m to 

3 prisms, with a standard deviation of 5 mm+ 5 ppm. For larger distances, DI-5S distomat 

can be fitted, which has a range of 2.5 km to 1 prism and 5 km to II prisms . .For 

very long distances, latest long-range Dl-3000 distomat. having a range of 6 km to I 

prism and maximum range of 14 km in favourable conditions can be fitted. Thus. with 

a distomat, T-1000 becomes electronic /Oilll station. 

The T-1000 theodolite attains its full potential with the ORE 3 data <erminal. This 

versatile unit connects directly to the T-1000. Circle readings and slope distances are transferred 

from the theodolite. Point numbering. codes and information are controlled from the ORE 3. 

23.3. WILDT-2000THEOMAT 

Wild T-2000 Theomal (Fig. :!.'3.6 a) ls a ·high pr~!'~";!'rl "''~ITI1flic angle measuring 

instrument. It has micro-processor controlled angle measurement system of highest accuracy. 

Absolute angle measurement is provided by a dynamic system with opto-electronic scanning 

(Fig. 23. 7). As the graduations around the full circle are scanned for every reading, circle 

graduation error cannot occur. Scanning at diametrically opposite positions eliminates the 

effect of eccentricity. Circle readings are corrected automatically for index error and horizontal 

collimation error. Thus angle measurements can be taken in one position to a far higher 

accuracy than with conventional theodolites. For many applications. operator will set the 

displays for circle reading to 1 •, but for the highest precision the display can be set to 

read to 0.01". For less precise work, circle readings can be displayed to 10". Distances 

are displayed to 1 mm and O.Ql ft. With good targets, the standard deviation of the mean 

of a face-left and a face-right observations is better than 0.5" for both the horizontal and 

vertical circles. 
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The theodolite bas self-indexing maintenance free liquid compensator. The compensator 

provides the reference for vertical angle measurements. It combines excellent damping with 

higb precision and allows accurate measurements unaffected by strong winds, vibrations etc. 

llfiJl__J 

----uuu 

FIG. 23.7. MICROPROCESSOR CONTROLLED ANGLE MEASUREMENT SYSTEM 

The instrument bas two angle measuring modes : single and tracking. Single mooe 

is used for angle measurements of highest accuracy. Hz and/or circle readings are displayed 

at the touch of a key. Tracking provides continuous single measurement with displays 

updated as the theodolite is turned. Tracking is used for rapid measurements, turning the 

dolite to set a hearing or following a moving target. The horizontal circle reading 

c•n be set to zero or any value by means of the key-board. 

The whole instrument is operated from a 
central panel comprising a water-proof key-board 

and three liquid-crystal displays, shown in Fig. 23.8. 
The key need only the slightest touch. One display 
guides the operator, the other two contain data. 
The displays and telescope reticle can be illuminated 

for work in the dark. Fig. 23.9 illustrates typical 
rnmm::.nt)c: ::~lnTIJJ u_rith rnM"P<:nt'"rl;no lrPv tn hP ll!:;Prl 

Various parameters such as a circle orientation 
station co-ordinates and height scale correction and 
additive constant can be entered and stored. All 

To measure angles, touch I HZV I 
To measure and record angles, 1 AEC I 
touch---------
To measure angles, distances 
heights and coordinates, I DIST 1 

touch--------
To measure and record 
anqles, distances, helqhts and r;;:;7l 
coordinates, toucn ~ 
Thafs all there Is to its a single 
keystroke for the maln operations. 

are retained until over-written by new values. They FIG 23.9. TYPICAL COMMANDS 

cannot be lost even when the instrument is switched 

off. As circle readings are corrected for index error and horizontal collimation error, one 

control panel is in position. It is perfectly sufficient for many operations. However, for 

maximum convenience, particularly when measurements in both positions are required, the 

instrument is available with a control panel on each side. 

The instrument uses rechargeable plug-in internal battery (NiCd, 2 Ah, 12 V DC) 

which is sufficient for about 1500 angle measurements or about 550 angle and distanee 

measurements. The instrument switches off automatically after commmands and key sequences. 

The user can select a switch off time of 20 seconds or three minutes. This important 

I!LECI'RONIC THEODO!.tTFS 

power saving feature is made possible by the non-volatile 

memory. There is no loss of stored information when 

the instrument Sl)<itches off. 
Clamps and drives are coaxial. The drive screws 

have two speeds : fast for quick aiming, slow for fine 

pointing. Telescope focusing is also two-speed. Ao optical 

plummet is built into the alidade. The carrying handle 
folds back to allow the telescope to rransit with Distoma! 
fitted. Horizontal and vertical setting circles facilitate turning 

into a target and simplify setting-out work. 

Modular Approach 
The T-2000 offel5 all the benefits of the modular 

approach. It can be used as a theodolite combined with 

any distomat and connects to GRE 3 data temtinal and 
computerS. Fig. 23.10 illustrates diagrammetrically this 
modular approach which provides for easy upgrading 

at any time at minimum cost. 
Wild theodolite accessories fit the T -2000 : optional 

eye-pieces, filters, eye-piece prism, diagonal eye-piece, 
auto-collimation, eye-piece, parallel-plate micrometers, pen­

taprism, solar prism, awtiliary lenses etc. Wild tribachs, 

targets, distomat reflectors, target lamps. subtenee bar, 
optical plummets and equipmenl for deformation meas­

urements are fully compatible with the T-2000 .. 

Two way data communication 
Often, in industry and constrUction, one or more 

instnJ,DlentS have to be connected on line to a computer. 

Computation is in real time. Results are available im­
mediately. To facilitate connection, interface parameters 

of we T-2000 instrurnclllS can be se' 
to match those of the computer. Com~ 
munication is two~way. The instrument 
can be controlled from the computer. 
Prompt messages and information can 
be transferred to the T-2000 displays. 
Of particular interest is the possibility 
of measuring objects by intersection 
from two theodolites (Fig. 23.11). 

' 
' 

Precise angle 
measurement with 
1'2000 

Angle and dislllll<" 
measurement with 
1'2000 and DistoJl)Bl 

j Angle measurement 
withT2000 
Automatic recording 
withGRE3 

' 

Angle and dislllll<" 
measurement with 
1'2000 and DistoJl)Bl 

Automatic recording 
withGRE3 

FIG. 23.10. T-2000 : MODULAR 
APPROACH. 

IQ 

Two T 2000 type instruments 
can be connected to the Wild GRE 
3 Data Temtinal. Using the Mini­
RMS program, co-crdinares of inter­
sected points are computed and re-

FIG. 23.11. RMS (REMOTE MEASURING SYSIEM) 
tNTERSECflON METIIOD. 
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corded. The dislanee bet- ween any pair of object points can be calculated and displayed .. 

For complex applications and special computations, rwo or more T 2000 or T 2000 S 

can be used with the Wild-Lei~ RMS 2000 Remote Mea..uring System. 

23.4. WILD T 2000 S 'THEOMAT' 

Wild T 2000 S [Fig. 23.6 (b)] combines the pointing accuracy of a special telescope 

with the precision ofT 2000 dynamic circle measuring system. This results in angle measuremenl 

of the highest accuracy. The telescope is panfocal with a 52 mm obejctive for an exceptionally 

bright, high contrast image. It focuses to object 0.5 m from the telscope. The focusing 

drive bas coarse and fine movements. 

Magnification and field of view vary with focusing distance. For observations to distant 

targets, the field is reduced and magnification increased. At close range, the field of view 

widens and magnification is reduced. This unique system provides ideal conditions for observation 

at every dislanee. With the standard eye-piece, magulfication is 43 x with telescope focused 

to infinity- Optional eye-pieces for higher and lower magnification can also be fitted. 

siability of the line of sight with change in focusing is a special feature of the 

T 2000 S telescope. It is a true alignment telescope for metrology, industry and opiical 

tooling industry. T 2000 S can also be fitted with a special target designed for pointing 

to small targets. 

A special target can also be built into the telescope at the intersection of the horizontal 

and vertical axes. The target is invaluable for bringing the lines of sight of rwo T 2000 

S exactly into coincidence. This is the usnal preliminary procedure prior to measuring objects 

by the RMS intersection method. 

For fatigue·free, maximum..precision auto-rollimation measurements, the telescope is 

available with an auto-collimation eye-piece with negative reticle (green cross). 

Like T 2000, the T 2000 S takes all Wild Distomats. It can also be connected 

the GRE 3 Data Terminal. 

[§]] 
Electro-Magnetic Distance 

Measurement (EDM) 

24.1. INTRODUCTION 
There are three methods of measuring distance berween any rwo given points : 

I. Direct distanCe measurement (DDM), such as the one by chaining or taping. 

2. Optical distance measurement (ODM), such as the one by tacheometty, horizon!al 

subtense method or telemetric method using optical wedge attacbmen!S. 

3. Electro-magnetic distance measurement (EDM) such as the one by geodimeter, 

tellurometer or distomat etc. 
The method of direct distanCe measurement is unsuitable in difficult terrain, and some 

times impossible when obstruCtions occur. The problem was overcome after the development 

of optical distance measuring methods. But in ODM method also, the range is limited 

to !50 to ISO m and the accuracy obtained is I in 1000 to I in 10000. Electromagnetic 

distance measuremenl (EDM) enables the accuracies opto I in 105
, over ranges upto 100 km. 

EDM is a general term embracing the measurement of distanCe using electronic methods. 

In electro-magnetic (or electronic) method, distanCes are measured with instrumen!S that rely 

on propagation, reflection and subsequent reception of either radio, visible light or infra-red 

waves. There are in excess of fifty differenl EDM systemS available. However, we will 

discuss here the following instruments (iii) Distomats. 
Vi uoodimeter (10 Tellurometer 

24.2. ELECTROMAGNETIC WAVES 
The EDM method is based on generation, propagation, reflection and subsequent reception 

of electromagnetic waves. The type of electromagnetic waves generated depends on many 

factors but principally, on the nature of the electrical signal used to generate the waves. 

The evolution and use of radar in the 193945 war resulted in the application of radio 

waves to surveying. However, this was suitable only for defence purposes, since it could 

not give the requisite accuracy for geodetic surveying. E. Bergestrand of the Swedish Geographical 

Survey, in collaboration with'the manufacturers, Messrs AGA of Sweden, developed a method 

based on the propagation of 11Jl)(bdated light waves using instrument called geodimeter. Another 

instrument, called teUurometer was developed, using radio waves. Modem short and medium 
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range EDM instruments (such as Distomats) commonly used in surveying use modJJJated 

infra-red waves. 
Properties of electromagnetic waves 
Electromagnetic waves, though extremely complex in nature, can he represented in 

the form of periodic sinusoidal waves shown in Fig. 24.1. It has the following properties: 

I. The waves completes a cycle in moving from identical points A to E or B to 
ForD to H. 

2. The number of times the wave com­
pletes a cycle in one second .is termed as 
frequency of the wave. The frequency is rep­
resented by f hertz (Hz) where I hertz (IU.) 
is one cycle per second. Thus, if the frequency 

f is equal to 10' Hz, it means that the waves 
completes 10' cycles per second. 

3. The length traversed in one cycle 
by the wave is termed as wave length aod 
is denoted by :1. (metres). Thus the wave 

B 

0n8' wave length 
orcycta 

F 

FIG 24.1 PERIODIC SINUSOIDAL WAVFS. 

/engrh of a wave is the distance between two identical points (such as A aod E or B 
aod F) on the wave. 

4. The period is the time taken by the wave to travel through one cycle or one 
wavelength. It is represented by T seconds. 

5. The velodty (v) of the wave is the distance travelled by in one second. 

The frequency, wavelength and period can all vary according to the wave producing 
source. However, the velocity v of an electromagnetic wave depends upon the medium 
through which it is travelling. The velocity of wave in a vacuum is termed as speed of 
light, denoted by symbol c, the value of which is presently known to he 299792.5 km/s. 

For simple calculations, it may he assumed to he 3 x 101 m/s. 

The above properties of an electromagnetic wave can he represented by the relation, 

' l t=r.=r ... (24.1> 

Aoother property of the wave, known as phase of the wave, and denoted by symbol 
cp, is a very convenient method of identifying fraction of a wavelength or cycle, in EDM. 

One cycle or wave-length has a .phase ranging from 0' to 360'. Various points A, B. 

C etc. of Fig. 24.1 has the following phase values 
Point --> A B C D E F G H 

Phase ~' 0 90 180 270 360 90 180 270 
(or 0) 

Fig. 24.2 gives the electromagnetic spectrum. The type of electromagnetic wave is 
known by its wavelength or its frequency. However, all these travel with a velocity approrimate/y 

equal to 3 x 101 mls. This ve/odty fonns the basis of all electromagnetic mea.suremell/s. 

I!LI!CI'RO-MAGNimC DISTANCE MEASUJUlMENT (BDMl 
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FIG. 24.2 i!LECfROMAGNI!fiC SPECTRUM. 
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Measuftlllenl of traDSit times 
Fig. 24.3 (a) shows a survey line AB, the length D of which is to he measmed . 

using EDM equipmenl placed at ends A and B. Let a traUSJDitter he placed at A to propagate 
electromagnetic waves towards B. aod let a receiver he placed at B, along with a timer. 
If the timer at B starts at the instant of transmission of wave from A, aod stops at the 

instant of reception of inccming wave at B, the transit time for the wave from A aod 

B in known. 

t~ . ' ' . 

bAA~ Ai\T\TV\B 
I ·• .. - I . ' • • ' . 
: 

1B 1 : :\ , .. \ /"'\ /"'\: 

A0 
: \ t \ I \ / •l ' 

1 1 ' ,A 
I : \ / \ / ~ ·/ : 
: I \ 1 \ I "'\ I I 

• : v v v ' 
+,.coo I ~=1eo• 

I D I 0' i 

' ' . 

(a) 

(b) 

(c) 

FIG. 24.3. MEASUREMENT OF TRANSIT TIME. 

From this tranSit time, aod from the known velocity of propagation of the wave, 
the distanCe D between A aod B can be easily computed. However, this tranSit time is 

of the order of I x 10-• s which requires very advanced electronics. Also it is extremely 
difficult to start the timer at B when the wave is traosmitted at A. Hence a reflector 

;i 
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is placed at B instead of a receiver. This reflet:tor refleciS the waves back towards A, 
where they are received (Fig. 24.3 (b)). Thus the equipment at A aciS both as a transmitter 

as well as receiver. The tk>uble tr/lliSit time can be easily measured at A. This will require 

EDM tijning devices with an accuracy of ± I x 10-• s. 

Phase Comparison 
Generally, the various commercial EDM systems available do not measure the transit 

time directly. Instead, the distance is determined by measuring the phase difference between 

the transmitted and reflected signals. This phase difference can be expressed as fraction 

of a cycle which can be converted into urtiiS of time when the frequency of wave is 

known. Modem techniques can easily measure upto 1~ part of a wavelength. 

In Fig. 24.3 (b), the wave transmitted from A towards B is instantly reflected from 

B towards A, and is then received at A, as shown by dotted lines. The same sequence 
is shown in Fig. 24.3 (c) by opening out the wave, wherein A and A • are the same. 

The distance covered by the wave is 

where 
2D = n~ + c.~ ... (24.2) 

d = distance between A and B 

~ = wavelength 
n = whole number of wavelengths travelled by the wave 

1!.~ = fraction of wavelength travelled by the wave. 

The measurement of component 1!.~ is known as phase comparison which can be 

achieved by electrical phase detectors. 
Let cp, = phase of the wave as it is transmitted at A 

cp, =phase of the ·wave as it is received at A' 

Then 1!.~ = phase difference in degrees x ~ or d~- (cp;~;l)' X~ ... (24.3) 

The determination of other component n~ of equation 24.2 is referred to as resolving 

the ambiguity of the phase comparison, and this can be achieved by any one of the following 
methods. 

(I) by increasing the wavelength inanually in multiples of 10, so that a coarse measurement 

of D is made, enabling n to be deduced. 

(il) by measuring the line AB using three different (but closely related) wavelengths, 

so as to form three simultaneous equations of the form 

2D = n1 A •. + AA1 ; 2D = n2 A2 + I1A2 ; 2D = nJ AJ + I1A3 

The solution of these may give the value of D. 

In the latest EDM equipment, this problem is solved automatically, and the distance 

D is displayed. 
For example, let ~ for the wave of Fig. 24.3 (c) be 20 m. From the diagram. 

n = 6, 1p 1 = 0' and cp1 = 180'. 

2D = n~ + 1!. ~= n~ + '1'~6~:
1 

x A 

ELECTRO-MAGNEflC D!STANCE MEASURI!Ml!NT (EDMJ 
475 

180-0 
2D=(6 x 20)+~x20 or 

.. D=65 m. 
This measurement of distance by EDM is analogous to the measurement of AB by 

taping. wherein 
D=ml+l!.l 

where I= length of tape = 20 m ·(say) 

m =whole No. of tapes = 3 

1!. I = remaining length of the tape in the end bay 

Hence the recording in the case of taping will be D = 3 m x 20 + 5 = 65 m. 

24.3. MODULATION 
As stated above, EDM measuremeniS involve the measurement of fraction· 1!.1. of the 

cycle.· Modern phase comparison techniques are capable of resolving to better than 

1~ part of a wavelength. Assume ± 10 mm to be the accuracy requirement for surve~g 
equipment, this must represent 1~00 of the measuring wavelength. This means that 

~ = 10 x 1000 mm = 10 m, which is a maximum value. However, by use of modem circuitory, 

~ can be _increased to 40 m, which corresponds to f = 7 .S x 10
6 Hz. Thus, the lowest 

value of f that can be used is 7 .S x 10' Hz. At present, the range of frequencies that 

can be used in the measuring process is limited to approximately 7 .S x 10
6 

to 5 x 10
8 

Hz. 

In order to increase the ac~ (\ 1\ (\ {\ (\ A (\ (\ 
curacy, it ~ desirable to use an · V V V ' V V V 
extremely high frequency of propa- Measuring wave Measuring wave 

gation. However, the available phase 
comparison techniques cannot be used 
at frequencies greater than 
5 x lOs Hz which corresponds to a 
wavelength ~ = 0.6 m. On the other 
hand, the lower frequency value in 

lhe range of 7.5 x 10' to 5 x 108 Hz 
is not suitable for direct transmission 
through atmosphere because of the 

(a) Ampfrtude modulation (b) Frequency modulation 

FIG. 2A.4. MODULATION 

the effects of interference, reflection, fading and scatter. 
The problem can be overcome by the technique of modulation wherein the measuring 

wave used for phase comparison is superimposed on a carrier wave of much higher frequency. 

EDM uses two methods of modulating the carrier wave : 
(a) Amplitude modulation. (b) Frequency modulation. 
In nmplitude modu/alion, the carrier wave has constant frequency and the modulating 

wave (the measuring wave) information is conveyed by the amplitude of the carrier waves. 
In the jreqlll!ncy modulation, the carrier wave has constant amplitude, while its frequency 

\.'. 
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varies in proportion to the amplitude of the modulating wave. Frequency modulation is 

used in all microwave EDM instruments while ampU/uik modulation is done in visible lighl 

inslruments and infrared instruments using higher carrier fn:quencies. 

24.4. TYPEs OF EDM INSTRUMENTS 

Depending upon the type of carrier wave employed, EDM instruments can be classified 

under the · following three heads : 

(a) Microwave instruments 

(b) Visible light instruments 

(c) Infrared inslnlments. · · 

For the corresponding frequencies of carrier waves, reader may refer back to Fig. 

24.2. It is seen that all the above three categories of EDM instruments use short wavelengths 

and hence higher freqUencies. 

1. Microwave Instruments 

These instruments come under the category of long range instruments, wbere in the 

carrier frequencies of the range of 3 to 30 GHz (I GHz = 10'} enable distance measurements 

upto 100 km range. Tellluomerer come under this category. 

Phase comparison technique is used for distance measurement. This necessitates the 

erection of some form of rejleaor at the remote end of the line. If passive rejleaor 

is placed at the other end, a weak signal .would be available for phase comparison. Hence 

an electronic signal is required to be erected at. the refiecting end of the line. This instrument, 

known as remote instrument is identical to the master instrument placed at the measuring 

end. The remote in.!trumenr receives the transmitted signal, amplifies it and transmits it 

back to the master in exactly the phese at which it was received. This means that microwave 

EDM instruments require two instruments and two operators. Frequency modulation is used 

in most of the microwave instruments. The method of varying the measuring wavelength 

in multiplies of 10 is used to obtain an unambiguious measurement of distance. The microwave 

signals are radisted from small aerials (called dipoles) moUnted in front of each instrmnent, 

producing directional signal with a beam of width varying from 2' to 20'. Hence the 

alignmelli of master and remote unitS is not criticaJ. Typical maximum ranges for microwave 

instruments are from 30 to 80 km, with an accuracy of ± 15 mm to ± 5 mm/km. 

Z. Visible light Instruments 

These instruments use visible light as Gl b Prism mounted 

carrier wave, with a higher frequency, of the ~ 9 In housrng.. 
1 

order of 5 x 1014 Hz. Since the transmitting I 1 ... 

power of carrier wave of such high li<quency 

falls off rapidly with the distance, the range 

of such EDM instrmnents is lesser than those 

of microwave units. A geodimeter comes under 

this category of EDM instruments. 

The carrier, transmitted as light beam, 

is concentrated on a signal using lens or mirror 

system, so that signa! loss does not take place. 

COmer cube prism 
construction 

Cu1 
face 

Reflected ray emerges 
parallello Incident ray 

FIG. 24.5. CORNER CUBE PRISM 

ELECI'RO·MAGNETIC DISTANCE MEASUREMENT (EDM) 
417 

Since the beam divergence is less than I', •ccurate alignment of the instrument is necessary. 

&mer-cube prisms, shown in Fig. 24.5 are used as reflectors at the remote end. These 

prisms are co~tructed from the corners of glass cubes which have been cut away in a 

plane making an angle of 45' with the faces of the cube. 

The light wave, directed into the cut-face is reflected by highly silvered inner surfaces 

of the prism, resulting in the reflection of the light beam along a parallel path. This is 

obtainable over a range of angies of incidence of about 20' to the normal of the front 

face of the prism. Hence the a/igment of the rejlecling prism towards the main EDM instrument 

at the receiver (or transmitting) end is not critical. 

The advantage of visible light EDM instruments, over the microwave EDM instruments 

is that only one instrument is required, which work in conjunction with the inexpensive 

corner cube reflector. Amplitude modulation is employed, using a form of electro-optical 

shutter. The line is measured using three different wavelengths, using the same carrier in 

each case. The· EDM instrument in this category have a range of 25 km, with an accuracy 

of ± 10 mm to ± 2 mmlkm. The recent instruments use pulsed light sources and highly 

specialised modulation and phese comparison techniques, and produce a very high degree 

of accuracy of ± 0.2 mm to ± I mmlkm with a range of 2 to 3 km. 

3. Infrared instruments 

The EDM instruments in this group use near infrared radiation band of wavelength 

about 0. 9 ~ m as carrier wave which. is easily obtained from gallium arsenide (Ga As) infrared 

emitting diode. These diodes can be very easily directly amplitude modu/aled at high frequencies. 

Thus, modulated carrier wave is obtained by an inexpensive method. Due to this reason, 

there is predominance of infrared instruments in EDM. Wild Distomats fall under this category 

of EDM inslnlments. 

The power output of the diodes is low. Hence the range of theSe instruments is 

limited to 2 to 5 km. However, this range is quite sufficient for most of the civil engineering 

works. The EDM instruments of this category are very light and compact, and these can 

he theodolite mounted. This enables angles and distances to he measured simultaneously 

at the site. A typical combination is Wild Dl 1000 infra-red EDM with Wild T 1000 

electronic theodolite ('Theoman. The. .:tc..:.:w:w::.y vbt..::.l:.a';.;L :.:. .:·f t:")_c ::~d~:- f:f ..1. 1 n mm irres~tive 

of the distance in most cases. 

The carrier wavelength in this group is close to the visible light spectrum. Hence 

infrared source can be transmitted in a similar manner to the visible light system using 

geometric optics, a lens/mirror system being used to radiate a highly collimated beam of 

angular divergence of less than 15'. Comer cube prisms are used at the remote end, to 

reflect the signal. 

Electronic tacheometer, such as Wild TC 2000 'Tachymat' is a further development 

of the infrared (and laser) distance measurer, which combines theodolite and EDM units. 

Microprocessor controlled angle measurement give very high degree of accuracy, enabling 

horizontal and vertical angles, and the distances (horizontal, vertical, inclined) to be automatically 

displaced and recorded. 
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24.5. THE GEODIMETER 

The method, based on the propagation of modula!ed light waves, was developed by 

E. Bergestrand of the Swedish Geographical Survey in collaboration with the manufucturer, 

M/s AGA of Sweden. Of the several models 

of the geodimeter manufacured by them, 

modei2·A can be used only for observations 

made at night while model-4 can be used 

for limited day time observations. 

Fig. 24.6 shows the schematic. diagram 

of the geodimeter. Fig. 24.7 shows the 

photograph of the front panel of m6del-4 

geodimeter mounted on the tripod. The 'main 

instrmnent is stationed at one eod of the 

line (to be measured) with its back facing 

the other end of the line, while a reflector 

(consisting either of a spherical mirror or 

8 

'\, To reflector 

a refle. prism system) is placed at the ~~ (\ - I ,/F~ rellector 

other end of the line. 
'--' ~ 

,. 

The light from an incandescent lamp -' 

(1) is focused by means of an achromatic 1. Incandescent lamp 5. Variable electrical delay unit 

2. Kerr cell 6. Null Indicator 

coodenser and passed through a Kerr cell 3. Nicol's prisms 7. Crystal controlled osclllator 

(2). The Kerr cell consist of two closely 4. Photo tube 8. Vanablellght delay unH. 

Spa_ced ~nducting ~lates,, the space between PIG. 24_6. SCHEMATIC DIAGRAM OF THE GEODIMETER. 

which ts filled wtth rutrobenzene. When 

high voltage is applied to the plates of the cell aod a ray of light is fOcused on it, 

the ray is split 'into two parts, each moving with different velocity. Two Nicol's prisms 

(3) are placed on either side of the Kerr cell. The light leaving the first Nicol's prisms 

is plane polarised. The light is split into two (having a phase difference) by the Kerr 

cell. On leaving the Kerr cell, the light is recombined. However, because of phase difference, 

the resulting h~~"'!" ~'~" "''~:'..;"~'':· :-:Q!:'!r:-;~ Diverging 11ght ~t')m the second polariser can 

be focused to a parallel beam by the transmitter objective, and can then be reflected from 

a minor lens to a large spherical concave mirror. 

On the other end of the line being measured is put a reflex prism system or a 

spherical mirror, which reflects the beam of light back to the geodimeter. The receiver 

system of the geodimeter consists of spherical concave mirror, mirror lens and receiver 

objective. The light of variable intensity after reflection, impinges on the cathode of the · 

photo tube (4). In the photo tube, the light photons impinge on the cathode causing a 

few primary electrons to leave and travel, accelerated by a high frequency voltage, to the 

first dynode, where the secondary emission takes place. This is repeated through a further 

eight dynodes. The final electron current at the anode is some hundreds of thousand times 

greater than that at the cathode. The sensitivity of the photo tube is varied by applying 

the high frequency-Kerr cell voltage between the cathode and the first dynode. The low 

frequency vibrations are eliminated by a series of electrical chokes and condensers. The 

passages of this modulating voltage through the instrument is delayed by means of_ an adjustable 

• 
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electrical delay unit (5). The difference between the photo tube currents during the positive 

and negative bias period is measured on the IUilJ indicator (6) which is a semilive D.C. 

moving coil micfo-ammeter. In order to make both the negative aod positive current intensities 

equal (i.e. in order to obtain null-point), the phase of the higil"frequency voltage from, 

the Kerr cell must be adjusted ± 90• with respect to the voltage generated by light . at 

the cathode. 

Thus, the light which is focused to a narrow beam from the geodimeter stationed 

at one end to the reflector stationed at the other end of the line, is reflected back to 

the photo multiplier. The variation in the intensity of this reflected light causes the current 

from the photo multiplier to vary where the current is already being varied by the direct 

signal from the crystal controlled oscillator (7). The phase difference between the two pulses 

received by the cell are a measure of the distance between geodimeter aod the reflector 

(i.e., length of the line). 

The distance can be measured at different frequencies. On Model·2A of the geodimeter, 

three frequencies are available. Model-4 has four frequencies. Four phase positions are available 

on the phase position indicator. Changing phase indicates that the polarity of the Kerr 

cell terminals of high aod low tension are reversed in turn. The 'fine' and 'coarse' delay 

switches control the setting of the electrical delay between the Kerr cell and the photo 

multiplier. The power required is obtained from a mobile gasoline generator. Model-4 has 

a night ·range of 15 meters to 15 km, a daylight range of 15 to 800 metres and an 

average error of ± 10 mm ± five millionth of the distance. It weigha about 36 kg without 

the generator. 

24,6, T1:1E TELLUROMETER 

In the Tellurometer, high frequency radio waves ·(or microwaves) are used intead 

of light waves. It can be worked with a light weight 12 or 24 volt battery. Hence the 

instrument is highly portable. Observations can be taken both during day as well as night, 

while in the geodimeter, observations are normally restricted in the night. However, two 

such Tellurometres are required, one to be stationed at each end of the line, with two 

highly skilled persons, to take observations. One instrument is used as the moster set or 

conJrol set while the other instrument is :lsed as the remote set or slave set. In Model 

MRA·2 (manufactured by M/s. Cooke, Troughton and Simnts Ltd), each set can either 

be used as the master set or remote set by switching at 'master' and 'remote' positions 

respectively. Fig. 24.8 shows the photograph o( Tellurometer (Model MRA-2). 

Fig. 24.9 shows the block diagram of the Tellurometer, first designed by Mr. T.L. 

Wadley of the South Aftican Council for Scientific and Industrial Research. Radio waves 

are emitted by the master instrument at a frequency of 3000 Mc.s. (3 x 10' c.p.s.) from 

a klystron aod have superimposed on them a crystal controlled frequency of 10 Mc.s. The 

high frequency wave is termed as carrier wave, Waves at high frequencies can be propagated 

in straight line patha other than long distance much more readily. The low frequency wave 

is known as the pattern wave and is used for malting accurate measurements. The light 

frequency pattern wave is thus said to be frequency modulated (F.M.) by low frequency 

pattern wave. This modulated signal is received at the remote station where a second klystron 

is generating another carrier wave at 3033 Mc.s. The difference between the two high 
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FIG. 24.9 BLOCK· DIAGRAM OF Tim TELLUROMETER SYSTEM. 

frequencies, i.e. 3033- 3000=33 Mc.s. (lmown as inJe1111ediaJe frequency) is obtained by 

an electrical .'mixer', and is used to provide sufficient sensitivity in the intel11al detector 

circuits at each instrument. In addition to the carrier wave of 3033 Mc.s., a crystal at 

the remote station is generating a frequency of 9.999 Mc.s. This is heterodyr.ed with the 

incoming 10 Mc.s. to provide a 1 k c.p.s. signal. The 33 Mc.s. intermediate freque~y 

signal is· amplitude modulated by 1 k c.p.s. signal. The amplitude modulated signal passes 

to the amplitude demodulator, which detects the 1 k c.p.s. frequency. At the pulse forming 

circuit, a pulse with a repitition frequency of 1 k c.p.s. is obtained. This pulse is then 

applied to the 1<1yscron and frequency modulates the signal emitted, i.e., 3033 Mc.s. modulated 

by 9.999 Mc.s. and pulse of 1 k c.p.s. This signal is received at the master station. 

A further compound heterodyne process takes place here also, where by the two carrier 

frequencies subtract to give rise to an intermediate frequency of 33 Mc.s. The two pallem 

frequencies of 10 and 9.999 Mc.s. also subtr3ct to provide 1 k c.p.s reference frequency 

as amplitude modulation. The change in the phose between this alld the remote 'J k c.p.s. 

signal is a measure of the distance . The value of phase delay is expressed in time units 

and appear as a break in a cirr.ular trace on the oscilloscope cathode ray tube. 

Four low frequencies (A, B, C and D) of values·JO.OO, 9.99,9.90 and 9.00 Mc.p.s. 

are employed at the master station, and the values of phase delays corresponding to each 

of these are measured on the oscilloscope catllode ray tube. The phase delay of B, C 

and D are subtracted from A in turn. The A values are termed as 'fine readings' and 

the B, C. D values as 'coarse readings'. The oscilloscope scale is divided into 100 parts. 

The wavelength of 10 Mc.s. pattern wave as approximately 100 ft. (30 m) and hence 
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~ divwoii of ihe sCale ,.Presents 1 foot on the Mo-way journey of the waves or approximately 

O.S fooi on the length of the line. The final readings of A, A - B, A - C and A - D readings 

are recorded in cinil!imicro seconda oo-• seconds) and are converted into distaoce readings 

by assuming that the velocity of wave propagations as 299,792.5 km/sec. It should be 

noted that. the success of the system depends on a property of the heterodyne process, 

that the phase difference beMeen two heterodyne signal is maintained in the signal that 

results from the mixing. 

24.7. WILD 'DISTOMATS' 

Wild Heerbrugg manufacture EDM equipment under the trade name 'Distomat', having 

the following popular models : 

1. . Distoma! Dl 1000 

4. Distoma! DIOR 3002 

1. llistomat Dl 1000 

2. Distomat Dl 5S 3. Distoma! Dl 3000 

5. Tachymat TC 2000 {Electronic tacheometer) 

Wild Distoma! Dl 1000 is very small, compact EDM, particularly useful in building 

construction, civil engineering construction, cadastral and detail survey, pamcularly in populated 

areas where 99% of distance measurements are less than 500 m. It is an EDM that makes 

the tape redundant. It has a range of 500 m to a single prism and 800 m to tlrree prisms 

(1000 m in favourable conditions), with an accuracy of 5 nun + 5 ppm. It can be fitted 

to all Wild theodolites, such as T 2000, T 2000 S, T 2 etc. 

The infra-red measuring beam is reflected by a prisin at the other end of the· line . 

In the five seconda that it takes, the DI 1000 adjusts the signal strength to optimum level, 

makes 2048 measurements on two frequencies, carries out a full intel11al calibration, computes 

and displays the result. In the tracking mode 0.3 second updates follow the initial 3- second 

measurement. The whole sequence is automatic. One has to simply point to the reflector, 

touch a key and read the result. 

The Wild modular system ensures full compatibility be!Ween theodolites and Distomats. 

The DI 1000 fits T I, T 16 and T 2 optical theodolites, as shown in Fig. 24.10 (a). 

An optionai key board can be used. It also combines with Wild T 1000 electronic theodolite 

and ille Wild T 2000 infom!atlcs tht'0dc!ite to fonn fully electronic rota! station [Fig. 24.10 

(b)]. Measurements, reductions and .calculations are carried out automatically. '!lie Dl HiJO 

also connects to the GRE 3 data terminal [Fig. 24.10 (c)]. If the GRE 3 is connected 

to an electronic theodolite with DI 1000, all information is transferred and recorded at 

the touch of a single key. The GRE can be programmed to carry out field checks and 

computations. 
· I 

When D1 1000 distomat is used separately, it can be controlled from its own key 

board. There are orily three keys on the D1 1000, each with three functions, as shown 

Fig. 24.11. Colour coding and a logical operating sequence ensure that the instrument is 

eaay to use. The keys control all the functions. There are no mechanical switches. The 

liquid-crystal display is unusually large for a miniaturized EDM. Measured distances are 

presented clearly and unambiguously with app<apriate symbols for slope, horizontal' distance, 

height and setting out. In test mode, a full check is provided of, the display, battery power 

aDd· return signal strength. An audible tone can be activated to indicate rerum of signal. 

Scale (ppm) and additive constant (nun) settings are displayed at the start of each measurement. 
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Input of ppm takes care of any aunospheric correction, reduction to sea level and proj,ection 

scale factor. The mm input corrects for the prism type being used. The nticroprocessor 

permanently stores ppm and mm values and applies them to every measurement Displayed 

heights are corrected for earth curvarure and mean refraction. 

DJ 1000 is designed for use as the standard measuring tool in short range work. 

A single prism reflector is sufficient for most tasks. For occasional longer distance (upto 

800 m), a three prism reflector can be used. The power is fed from NiCd rechargeable 

batteries. 
2. Distoma! DI SS 

Wild DI SS is a medium range infra-red EDM controlled by. a small powerful microprocessor, 

It is multipurpose EDM. The 2.S 'km range to single prisni covers all short-range requirements: 

detail, cadastral, engineering, toiiograbic survey, setting out, ntining, rurmelling etc. With 

its S km range to. 11 prisms, it is ideal for medium-range control survey : traversing, 

trigonometrical heigbting, photograrometric control, breakdown of triangulation and GPS networks 

etc. Finely mned opto-electronics, a stable oscillator, and a microprocessor that continuously 

evaluates the results, ensure the high measuring accuracy of 3 mm + 2 ppm standard deviation 

is standard measuring mode and IO m + 2 ppm standard deviation in tracking measuring 

mode. 
Fig. 24.12 shows ·the view of DJ SS. It bas three control keys, each with three 

functions. There are no mechanical switches. A powerful nticroprocessor controls .the DI 

SS. Siroply touch the DIST key to measure. Sigual attenuation is fully automatic. Typical 

measuring time is 4 seconds. In tracking mode, the measurement repeats automatically every 

second. A break in the measuring beam due to traffic etc., does not affect the accuracy. 

A large, liquid-crystal display shows the measured distance clearly and unambiguously throughout 

the entire measuring range of the instrument Symbols indicate the displayed . values. A 

series of dashes shows the ·progress of the measuring cycle. A prism constant from 

- 99 mm to+ 99 mm can be input for the prism type being used. Similarly, ppm values 

from - ISO ppm to + ISO ppm can be input for automatic compensation for aunospheric 

conditions. height above sea level and projection ~cale factor. These value~ are ~tnred until 

replaced by new values. The microprocessor corrects every measurement automatically. 

DI SS can be also fitted to Wild electronic theodolites T 1000 and T 2000 [Fig. 
24.13 (a)] or to Wild optical theodolites T 1, T 16, T 2, [Fig. 24.13 (b)]. The infra-red 

measuring beam is parallel to the line of sigual. Only a single pointing is needed for 

both angle and distance measurements. When fitted to an optical theodolite, an optional 

key board [Fig. 24.13 (b] covert it to efficient low cost effective total station. The following 

parameters are directly obtained for the corresponding input values (Fig. 24.14): 

(a) Input the vertical angle for 
(I) Horiwntal distance 
(il) Height difference corrected for earth curvarure and mean refraction. 

(b) Input the horiwntal angle for 
(r) Coordinate differences ll E and ll N. 

(c) Input the distance to be set out for 
(I) ll D, the amount by which the reflector bas to be moved forward or back. 

·•t.: 
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Wben fitted to an electronic theodolite 

the slope distanCe to the theodolite. The following 
reductions (Fig. 24.1S) are carried out in the theodolite 

microprocessor. 

(T 1000 or T 2000) Dl SS transfers 

TtOOO: _., ...:l A 

l2000: A ...:l A 
E N H 

Set1lng-OOI 6[) 

FIG. 24.t5 

The Dl SS can also be connected to GRE 
3 data tetrttinal for automatic data acquisition. The 
EilM is powered from a NiCd rechargeable battery. 
Wbeu used on a Wild electronic theodolite, Dl SS 
is powered from the theodolites' internal battery. 

3. Distomats Dl 3000 and Dl 3002 
' Wild DI 3000 distomat is a long range infra-red EDM in which infra-red measuring 

beam is entitled from a laser diode. Class I laser products are inherently safe ; maximum 

permissible exposure cannot be exceeded under any cOndition, as defiued by Iillernational 

Electrotechnical Commission. 
The D1 3000 is a time-pulsed EDM. The time needed for a pulse of infra-red light 

to travel from the instrument to the reflector and back is measured. The displayed result 

is the mean of huudreds or even thousanda of time-pulsed measurements. The pulse rechnique 

bas the following iroportant advantages : 
(il Ranid measurement. It provides 0.8 second rapid measurement for detail surveys, 

tacheometry, setting out etc. 1t IS aavama~cuu;, iv;. ~vu6 ~.;..;,'fo- •. ~:.~'l:cment:- in !l]rhl!lent 

atmospheric conditions. 
(ir) Long range. Its range is 6 km to 1 prism in average conditions and 14 km 

to 11 prisms in excellent conditions. 
(iii) High accuracy. Accuracy is 5 mm + I ppm standard deviation. A calibrated 

quartz crystal ensures 1 ppm frequency stability throughout the temperature range 

- 20' C to + 60' ·C. In tracking mode, accuracy is 10 mm + I ppm. 

(iv) Measurement to moving targets. For measuring to moving targets, the times-pulse 

measuring technique is very advantageous. There are practically no limits to the speed at 

which an object may move. For this purpose, a reflector should be suitllbly attached to 

the object or vehicle to which measurements ·have to be made. The distomat can be (a) 
manually controlled, (b) connected to Wild GRE 3 data terminal for automatic recording 
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or (c) connected on-line to a computer for remote conuol and real-time processing results. 
The following impoltalll operations can be achieved on moving objects: 

(a) Of!slwn surveys. Dl 3000 can be mounted on electronic theodolite for measuring 
to. ships, dredgers and pipe laying barges, positioning oil rigs, conuoUing docking maooeuvres 
eic. (Fig. 24.16). 

(b) Conlrolling objects on mils. Dl 3000 can be connecled on-line to computer for 
conuolling the position of cranes, gantties, vehicles, machinery on rails, tracked equipments 
ere. (Fig. 24.17). · 

FIG .. 24.16. FIG. 24.17 

(c) Monitoring moveme/IIJ ill tkfontUllion wrveys. Dl 3000 can be connecled with 
GRE 3 or computer for continuous measuremeDI to rapidly deforming structUres, such as 
bridges undergoing load tests (Fig. 24.18). 

(d) Positioning moving 1tllldllnery. Dl 3000 can be mounted on a theodolite for · 
continuous delermination of !lui position of mobile equipment. (Fig. 24.19). 

I I 

FlO. 24.18. FlO. 24.19 

The Dl 3000 is also ideal all-roand BDM for conventinnal measurements in surveying 
and engineering : conuol suryeys, traversing, trigooometrical heighling, breakdown of GPS: 
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networks, cadastral, detail and topographic surveys. setting out ere, It combines with Wild 
optical and electronic theodolites. It can also fit iii a yoke as stand-alone instrWlleDI. 

Fig. 24.20 shows a view of" DI 3000 distomat, with its conuol panel, mounted on 
a Wild theodolite. The large easy to read LCD shows measured values with appropriate 
signs and symbols. An acoustic signal acknOwledges key entries and measurement. With 
the DI 3000 on an optical theodolite, reductions sre via the built in key board. For cadastral, 
detail, engineering and topographic surveys •. simply key iii the vertical circle reading. The 

. DI 3000 displays slope and horizontal distance and height difference. For trave.,ing with 
long-range measurements, instrument and reflec!or heights ·can be input the required horizontal 
distanee. The DI 3000 displays the amounl by which !be refleclor has to be moved forward 
or back. All correction paramete" are stored iii the non-volatile memory and applied to 
every measurements. Displayed heights are correc!ed for earths curvature and mean refraction. 

4. Dlstomal DIOR 3002 . 
The DIOR 3002 is a special version of the DI 3000. It is designed . specifically 

for distanee measurement without reflector .. Basically, DJOR 3002 is also time pulsed Infra-red 
EDM. When used without reflectOis, its range varies from 100 m to 250 m only, with 
a standard deviation of 5 mm to 1 o mm. 'fhe interruptions of beam should be avoided. 

However, DIOR 3002, when used wilh reflectors have a range of 4 km to I prism, 5 

km to 3 ·prisms and 6 km to II prisms. 
Although, the DIOR 3002 can fitted on any of the ntain Wild theodoliles, the T 

1000 electronic theodolite is the most suitable. When used without reflecrors, it can carry 

the following operation. 
(i) Projik and cross-sections (Fig. 24.21). DIOR 3002 with an electronic theodolite, . 

can be used for measuring IUilDOl profiles and cross-sections, surveying slopes, · caverns, 

interior of storage tanks,. domes etc. 

FIG. 24.22 
FIG. 24.21. 

(il) Surveying and monitoring buildingS, large objects tplllTries, rock foces, sioct 
pila (Fig. 24.22). DJOR 3002 with a theodolite and data recorder. can be used for measuring 
and monitoring large objects, to which access is difficult, such as bridges, buildings, cooling 

towers, pylons, roofs, rock faces, towers, stoCk piles ere. 
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(iiJ) Clucldng liquid kvell, IIIUIUring to tltmgeroiU or toudt muitive surfac.s (Fig. 

24.23). DIOR 300Z ·on IiDe to a· computer can be .used for controlling the level of liquids 

in storage tanks, determining water level in docks and harbours, measuring the ampli~ 

of W&ves arolllld oil rigs etc., also for measunng to dangerous surfaces such as furnace 

linings, hot tubes, pipes and r<ida. 

(ir) Ltmtling and tiocldng 11flU!lMUvm (Fig. 24.24). It can be used for measuring 

from .helicopters to .landing pads and •. from ships to piera and dock walls. 

FIG. 24.23 FIG. 24.24 

5. WILD 'TACIIYMAT' TC :zooQ 

W"dd TC 2000 (Fig. 24.25) is a fully integrated instrument. It eombines in one iDstrument 

the advantages of the T 2000 informatics theodolite with the !fistance measuring capabilities 

of Wdd diltomats. For applications where distanCes and angles are always required. and· 

instrument with built-in EDM is particularly useful. Wild TC 2000 having built-in. EDM 

is a· single packsge total station which can be connected to Wild GRE 3 data terminal. 

The same telescope is wed for observing and distance measurenteDt. The infra-red measuring 

· beam coincides with the telescope line of sight. 

The telescope is panfocal, magnification and field of view vary with focusing distaoce. 

When focusing to. distant targets, the magnification ia 30 x. Over shorter distanCes, the 

field widens and the magnification is reduced for easy pointing to the prism. the telescope 

with coarse and fine focusing is used for both aogle and distant measurement. 

The whole unit. theodolite and built-in EDM, is operated from the key board. Angles 

and distances can be measured in both telesoope positions. Single attenuation and distance 

measurementa are fully automatic. Norroal distanCe measurement takes 6.5 seconds with a 

standard devilition of 3 mm ± 2 ppm. In tracking mode, the display updates at 2. S seconds 

intervals and the standard deviation is 10 ·mm to 20 mm. The 2 km range to a single 

prism covers all short range work. Maximum range is about 4 km in average abDospheric 

conditions. 
K;ey board control. The entire equipment-angle and distance measuring and recording-is 

controlled from the key board. · The multifunctional capabilitY of the instrument makes it 

suitable for almost any task. 

ELECI"RQ-MAGNE'IiC DISTANCE MEASUREMENf (EDM) 
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Pair of displayed v&lues. The panel directly displays angles, distanCes, heights and 

c!Klrdinates of the observed point where the signal (reflectOr prism) is kept (Fig. 24.26). 

Height above datum and station C<Hlrdinates can be entered and stored. 

) 
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E 

FIG. 24.26. 

Tk following pairs are displayed : 
(i) Hz ·circle V circle 

· (ii) Hz circle Horizontal distanCe 
(ii1) Height difference Height above datum 

(iv) Slope distanCe V circle 
(v) Basting · Northing. 

Remote object height (ROH). The direct 

height readings of inaccessible objects, such as tbwera 
and power lines, the height difference and height 
above datum changes with telescope. However, both 
the pairs of values are displayed automatically. 
The microprocessor applies the correction for earth 
curvature and mean refraction. Corrected heights 

are displayed. 
·Traversing program. The coordiuates of the 

rGilel.:tur alld the bearing on the reflector can be 

stored for recall at the next set-up. Thus, traverse 
point coordinates are available in the field and 
closures can be verified immediately. 

Setting out for direction, distance and height. 
The required direction and horizontal distanCe can 
be entered. The instrument displays: 

(i) The angle through . which the theodolite 

has to be turned. 
(ii) The amount by which the reflector has 

to be moved. 
And by means of remote object height (ROH) 

capability, markers can be placed at the required 

height above datum. · 
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HG. 24.2-;. DETERMINATION OF ROH 
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FIG. 24.28. TRAVERSING. 
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FIG. 24.29. SETIING OUT. 
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Selling out can be fully automated with GRE 3 data tenninal. The bearings and 

di<taDCes to tbe poillb to be set out are computed from tbe stored coordinates and ttansfemd 

automatically to tbe TC 2000 total stalion. 

Differences In Hz and V. For locating targets and for real time comparisons of 

measurements in deformation and moilitoring sw:veys, it is advantageous to display angular 

differences in the horizontal and vertical pi"!JOS between a required direction and the actual 

telescope pointing. 

-24.8. TOTAL STATION 

· A total station is a combiiiatton of an electronic theodolite and an electronic diMance 

meter (EDM). This combination makes it possible to determine the coordinates of a reftector 

by aligning the instrumeots cross-hairs on the ieOectoi and simullaneously measuring the 

vertic81 and horizontal angles and slope dilltances. A D)icro-procesaor in the instrument takes 

care of recording, readings and the necessary computations. The data is easily . ttansferred 

to a compoter wbere it can be used to generate a map. Wild, 'Tachymat' TC 2000, descnbed 

in the previous anicle is one such total station manufactured by M/s Wild Heerbrugg. 

As a teaching tool, a total station fulfills several purposes. l.earoiDg bow to properly 

use a total station involves the physics of making .measuremepts, l)1e geometry of calculations, 

and statistics for aoalysing the results of a traverse. In the field, it requires team work, 

planning, and careful observations. If the total station is equipped with data-logger it also 

involves interfacing the data-logger with a computer, ttansferring the data, and working 

with the data on a computer. The more the user understands bow a total station works, 

the better they will be able to use it. 

Flmdamenial measurellients : When aimed at an appropriste target, a total station measures 

three parameters (Fig. 24.31) 

I. The rotalion of the instrument's optical axis from the instrument north in a. horizontal 

plane : i.e. horkonta/ angle · 

2. The inclination of the optical axis from the local vertical i.e. vertical angle. 

:0 
E , 
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HoriZontal 
angle (H,W 

i .. u • .;..;,, :>tgfn 

Target 
(Rellecto<, R) 

Instrument 
nor1h 

FIG. 24.31. FUNDAMENfAL MEASUREMENTS MADE. BY A TOTAL STATION 
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3. The dislanre lletween the insuument and the target i.e. slope dislilllce 

All the numbers that may be provided by the total station are derived from these 

three j'Undamenlql measuremems 

1. Hori2ontal Angle 

The horizontal angle is measured from the zero direction on the Mrizontal scale 

(or horkonlal circle). When the user first sets up the instrument the choice of the zero 

direction is made - this is Instrument North. The user may decide to set zero (North) 

in· the direction of !he long axis of the map area, or choose to orient !he instrument 

approximately to True, Magnetic or Grid North. The zero direction should be set si> that 

it can be recovered if the instrument was set up at the same location at some later 

date. This is usually done by sighting to another benchmark, or to a distance recognizable 

object. Using a magnetic compass to determine the orientation of the instrument is not 

recommended and can be very inaccurate. Most total stations can measure angle to at least 

5 seconds, or 0.0013888 o. The best procedure when using a Total Station is· to set a 

convenient "north" and carry this through !he survey by using backsights when the instrument 

is moved. 

2. Vertical Angle : The vertical angle is measured relative to the local vertical (plumb) 

direction. The vertical angle is usually measured as a ~enith angle ( 0 o is vertically up, 

90° is horizontal, and 180° is vertically down), allhnugh one is also given the option of 

making 0 o horizontal. The zenith angle is generally easier to work with. The· telescope 

will be pointing downward for zenilh angles greater than 90 o and upward for angles less 

than 90 °. 
Measuring vertical angles requires !hat the instrument be exactly vertical. It is very 

difficult to level an instrument to the degree of accuracy of !he instrument. Total stations 

contain an intental sensor (the vertical compensator) that can detect small deviations of 

the instrument from vertical. Electronics in !he insuument !hen adjust the horizontal and 

~ 
i 

RH 

V 0 =50 COSZA 

. 1 
I = Instrument ; R = Reflector 

SD =slope disumce; Vo = Venica1 dlszance between telescope and reflector; Ho =Horizontal 

distance; ZA = Zenith angle; In = lnsiiUID.eDt height; Rn = Reflector height; 

/z = Ground elevation of total scation; Rz = Ground elevation of reflector. 

FIG 24.32 GEOMETRY OF TilE lNSI'RUMENf (TOTAL STATION) AND REFLECTOR. 
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vertical angles accordingly. The compensator can only make small adjustments, so lhe insttumem 

still bas to be well leveled. If it is too far out of level, lhe insttument will give some 

kind of "tilt" error message. 

Because of the compensator, lhe insttument has to be pointing exactly at the target 

in ortler to make an accurate vertical angle measurement. If the insttument is not perfectly 

leveled then as you turn the insttument about !he vertical axis (i.e., change the horizontal 

angle) the vertical angle displayed will also change. 

3. Slope Distance : The insttument to reflector distance is measured using an Electronic 

Distance Meter (EDM). Most ED:M's use a Gallium Aresnide Diode to emit an infrared 

light beam. This beam is ilsually modulated to two or more different frequencies. The 

infrared beam is emitted from the total station, reflected by lhe reflector and received and 

amplified by the total station. The received signal is Chen compared wilh a reference signal 

generated by the instrurnem (the same signal generator that transmits the microwave pulse) 

and the phase-shift 1s determined. This phase shift is a measure of the travel time and 

lhus the distance between the total station and the reflector. 

This melhod of distance measurement is not sensitive .to phase shifts larger than one 

wavelength, so it cannot tletect insttument-reflector distances greater than 112 the wave length . 

(the insttument measures lhe two-way travel distance). For example, if the wavelength of 

the infrared beam was 4000 m then if lhe reflector was 2500 m away the insttument 

will return a distance of 500 m. 

Since measurement to the nearest millimeter would require very precise measurements 

of the phase difference, EDM's send out two (or more) wavelengths of light. One wavelength 

may be 4000 m, and the other 20 m. The longer wavelength can read distances from 

I m to 2000 m to the nearest meter, and Chen the second wavelength can be used to 

measure distances of I mm to 9.999 m. Combining the two results gives a distance accurate 

to millimeters. Since there is overlap in the readings, lhe meter value from each reading 

can be used as a check. 

For example, if lhe wavelengths are A.1 = 1000 m and A.,= 10 m. and a target is 

placed 151.51 metres away, lhe distance returned by the A. 1 wavelength would be !51 

metres, the A.: wavelength would rerum a dilitance of 1.51 m. Combining tile- Lwo results 

would give a distance of 151.51 m. 

Basic calculations 

Total. Stations only measure lhree parameters : Horizonlal Angle, Vertical Angle, and 

Swpe Distance. All of lhese measurements have some error associated with them, however 

for tlemonstrating the geometric calculations, we will assume the readings are wilhout error. 

Horizontal distance 

Let us use symbol I for insttument (total station) and symbol R for the reflector. 

In order to calculate coordinates or elevations it is first necessary to convert the slope 

distance to a horizontal distance. From inspection of Fig. 24.32 the horizontal distance (HD) is 

H" = s" cos (90'- z,) = s" sin z,. ...(!) ... (24.4) 

where SD is the slope distance and z, is lhe zenilh angle. The horizontal distance 

. will ·be ·used in lhe coordinste . calculations. 
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Vertical distance 
We can consitler two vertical distanees. One is the Elevation Difference (dZ} betWeen 

the two points on \he ground. The other is the Vertical Difference ( VD) betWeen the tilting 

axis of the insttument and the tilting axis of lhe reflector. For elevation difference calculation 

we need to know the height of the tilting-axis of the instrument (I.), that is the height 

of the. center of lhe telescope, and the height of the center of the reflector ( R.) 

The way to keep the calculation straight is to irnsgine that you are on lhe ground 

under lhe instrurnerd (Fig. 24.32). If you move up the distance I" , Chen travel horizontally 

to a vertical line passing lhrough the reflector then up (or down) the vertical distance 

( VD) to the reflector, and Chen down to tli.e ground ( R") you will have the elevation 

difference dZ betWeen the two- points on the ground. This can be · written as 
dZ = VD + (IH- RH) ... (2) ... (24.5) 

The quantities I" and R" are measured and recortled in the field. The venical' difference 

VD is calculated from the vertical angle and the slope distance (see Fig. 24.32) 

v" = s" sin (90' - z,) = s" cos z. . ... (3) ... (24.6) 

Substituting this result (~) into equation (2) gives · 
dZ = s;cos z.. + (I.- R•> ... (4) ... (~.7) 

where iiZ is the change in elevation with respect to .the ground under the total statiun. 

· We have chosen to group the instrument and reflector heights. Note that if they . are the 

same then this part of the equation drops out. If you have to do calculations by band· 

it is convenient to set the reflector height the same as the instrurnenl height. 

If the instrurnerd is at a knOwn elevation, Iz , then the elevation of the ground benealh 

the reflector, Rz , is ... (S) ... (24.8) 
Rz= Iz+ SD cos z, + (I•- RH) 

Coordinate calculations 
So far we have only nsed the vertical. angle and slope distance to calculate the elevation 

of the ground under the reflector. This is the Z-coordinate (or elevation) of a point. We 
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now want to calculate the X- (or East) and Y- (or North) coordinates. The zero direction 

set on the insll'UIIIenl is insll'UIIIent north. This may not have any relation on the ground 

to ttue, magnetic or grid north. The relationship must be determined by the user. Fig. 

24.33 shows the geometry for two different cases, one where the horizontal angle- is less 

than 180' and the other where the horizontal angle is greater than 180'. The sign of 

the coordinate' change [positive in Figure 24.33 (a) and negative in Fig. 24.33 (b)] is 

taken care of by the nigonomenic functions, so the same formula can be used in all 

cases. Let us use symbol E for eastiug and N for northing, and symbol I for the insll'UIIIenl 

(i.e total station) and R for the refle-ctor. Let R, and RN be the easting and northing 

·.of the reflector and I, and IN be the easting and northing of the insll'UIIIent (i.e. total 

station) 
Fr<im inspe-ction of Fig. 24.33 the coordinsres of the reJector relative to the total 

station are 
dE = · Change in Easting = H0 sin HAR 

dN = Change in Northing= H0 cos H ... 

where H0 is the horizontal distance and H .. is the horizontal angle measured in 

a clockwise sense from insll'UIIIent north. In terms of fundamental measurments (i.e. equation 

I) this is the same as 
dE= So sin ZA sin HAR ... (24.9) 

dN = So cos (90' - ZA) cos HAR =So sin ZA cos HAR ... (24.10) 

If the easting and northing coordinates of the insll'UIIIenl station are known (in grid 

whose north dire-ction is the same as insll'UIIIe-01 north) then we simply add the insll'UIIIent 

coordinates to the change in easting and northing to get the coordinates of the refle-ctor. 

The coordinates of the ground under the reflector, in terms of fundamental measurme-nts 

are : 

RE = h + SD sin z,.. sin H,..R 

RN = IN + So sin Z.t cos H,..R 

R.:. !.:. ~- S:. ·:o: :~ ~ (!)1 - R;,) 

... (24.11) 

... (24.12) 

(24. 13) 

where I, ,I., and I, are the coordinates of the total station and R,, RN, R, are 

the coordinates of the ground under the refle-ctor. These calculations can be easily done 

in a spreadsheet ·program. 

All of these calculations can be made within a total station, or in an attached ele-ctronic 

notebook. Although it is tempting to let the total station do all the calculations, it is wise 

to record the three fundame-ntal measurements. This allows calculations to be che-cked, and 

provides the basic data that is needed for a more sophisticated error analysis. 

AppendiX 

Example A-1. Given : A base line is measured with a steel rape. It is approximaJe/y 

/000 m long. Calcu/ale the correct length of the base line at M.S.L. when the pull at 

the sUVIf}ardisaJion equals 15 kg. The pull applied is 23 kg, cross-sectional area of the 

tape is 0.0645 em', E = 2.11 x llf' kg/em', Temperatures r. and T0 be 35' C and 15' c re­

spectively. The difference of level between the two ends of the base line is 2.0 m. The 

radius of earth R = 6400 km. 

Elevation of base line above 

Required : The correct length 

M.S.L. is IOOO. ·a= 12 X w-•. 
of the line after applying the following corrections. 

(i) Tempera/Ure correction 
(iir) Slope correction 

(ii) Pull correction 
(iv) M.S.L. Correction 

(Engg. Services, 1981) 

Solution 
(r) Temperarore correction, c, ~ a (T m- To) L = 12 x 10-

6 
(35 - 15) 1000 = 0.240 m ( +) 

P-Po 23-15 

(it) Pull correction, 
Cp = -AE L - 6 x 1000 = 0.0588 m ( + ) 

0.0645 X 2.1 I X 10 

(iir) Slope correction 
h2 21 c. !!. 2L !!. 

2 
x 

1000 
= 0.0020 m ( - ) 

(iv) M.S.L. correction, c,. = L: = ~: ~:- 0.1563 (- ) 

Total corre-ction= 0.2400 + 0.0588 - 0.0020 - 0.1563 = + 0.1405 m 

:. Corrected length of base line= 1000 + 0.1405 = 1000.1405 m 

Example A-2. The plan of an old survey plotted to a scale of 10 m to I em 

carried a note staling thaJ 'the chain was 0.8 links (16 em) too shon'. It was also found 

thai 1he p!aJL has shnmk ~o that a line originally 10 em long was 9. 77 em. The area 

of a plot on the available plan was found to be 58.2 sq.cm. Whal ts ili~:. ~.-v1n.:d a.rea 

of the plan in hectares ? (U.P.S. C. Engg. Services Exam, 1986) 

Solution Present area of the plot on the survey plan= 58.2 sq. em. 

This area is on the shrunk plan. 
Now 9. 77 em on shrunk plan= 10 em of original plan 

(9.77)2 = (10)' 

(10)2 

Correct area of on-shrunk plan=-, x 58.2 = 60.9725 em' 
(9.77) 

Lei us now take into account the faulty le-ngth of the chain. 

Let us assuine that the chain used for the survey was of oO m designated length. 

(493) 

--
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Actual (or erroneous) length (L') of chain = 30- 0.16 = 29.84 m 

(
L') (2984)' . 

Now True area on plan = L x measured area = 3o x 60.9725 = 60.3238 em' 

Scale of plan : I em= 10 m. or 1 em'= (10)2 m2 

. . Field area of the plot= 60.3238 (10)2 = 6032.38 m' = 0.603238 hectares 

Example A-3. (a) The length of an offset is 16 m. The maximum error in its length 

is 6.5 em and scale used is 1 em = 20 m. What is the maximum permissible error 

in the laying of the direction of the offset so that the maximum displacement des not 

exceed 0.5 mm ? 
(b) A road 1557 m long was found, when measured l7y a defective 30 m chain, 

to be 1550 m. How much correction does the chain need ? 

(c) To find the width of a river flowing from West to East, two points A and B 

are fixed along the bank 500 m apart. The bearing on the ranging rod (point C) on 

the other bank of the river as observed from A and B are 45' and 330' respectively. 

Determine the width of the river. 

(d) If the magnetic bearing of a line AB is 312' 45' and the declination of the 

place is 2' 32' W, find the true .. bearing of the line BA and express it in quadrantal system. 

(U.P.S.C. Asst. Engg. C.P. W.D. Exam, 1989) 

or 

or 

Solution Refer Fig. 4.10 

(a) Let u = maximum permissible angular error. 

Length of offset, I= 16 m ; e = 6.5 em= 0.065 m; s: 1 em= 20m 

Maximmn displacement = 0.5 mm = 0.05 em 

Displacement of point due_ to incorrect direction= P2 P1 =I sin a.== 16 sin a 

Max. error in the length of the offset = PP, = 0.065 m 

.. Max. displacement due to both errors= PP, = -ir(_l_6_s-in_u_)"'_+_(_0_.0_6_5)' 

. V (16 sin u)2 + (0.065)2 • 

~.fax. dlsplEcemcnt on p1pc:r = -iO - :;n n.a~ em (gl\'en) 

(16 sin u)' + (0.065)2 = (0.05 x 20)2 

256 sin' cr = 0.995775 

which gives 

(b) Let the 

.·. Inconect 

Now 

a= 3°.576 ~ 3° 35' 

correction to the chain length be !>. L 

length of chain, L' = L + !>. L = 30 + !>. L 

I= I'( f) 
L'=j_L I , 

1557 
30+/>.L= 

1550 
x30=30.135 m 

!>.L= 30.135-30 = 0.135 m = 13.5 em 

APPENDIX 

(c) See Fig. A-1. 

LCAB = 45'; LCBA = 60' 

LACB = 180' ._ (45' + 60') = 75' 

Applying sine formula for !>. ACB, 

sin 60° 
AC = Siil'7s' x 500 = 448.29 m 

t45'" 

45' 

•w A• D 
BC = Siil'7s' x 500 = 366.03 ' 500 m --.0: 

Now CD =A Csin 45' = 448.29 sin 45' 

=316.99 m. 

Alternatively, CD= BC sin 60' = 366.03 sin 60' = 3!6.99 m 

(di See Fig. A-2. 

True_ bearing of AB = 312'45'- 2'32' = 310'13' 

. . True bearing of BA = 310"13'- 180' = 130'13' 

Quadrantal T.B. of BA = S (180'- 130'131 E 

= S 549'47' E 

PIG. A·l 

T.N 
' ' :a 
• 
' 1"9o., 
: '~~'.>~ 

Example A-4. FoUowing is the data regarding a clos:ed 
compass traverse ABCD taken it a clockwise direction. FIG. A·2 

(i) Fore bearing and back bearing a1 stalion A = 5(!' and J3(J' 

(ii) ;Fore bearing und back bearing of line CD = 206' and 26' respectively 

(iii) lncluif£d angles LB = I 00' and L C = 105' 

(iv) Local anraction al station C = 2' W 

All the observations were free from all the errors -except local allraction. 

From the above data, calculate (a) local 

anraction tJl stations A und D and (b) corrected 

bearing.s vf all the !in!': 

Solution. 
The F.B. and B.B. of line CD_differ exactly 

by 180'. Hence either both scations C and D 

are free from loCal attraction, or are equally affected 

by local attraction. Since station C has a local 

attraction of 2' W, station D also has a local 

attraction. of· 2' W. Due to this, all the recorded 

bearings at C and D are 2' more than the correct 

valueS. 
:. Corrected F.B. of CD 

= 206'- 2' = 204' 

and corrected B.B. of . . CD 
= 260-20 . .::::240 

• ' ~~L-. 

100" 

PIG. A·3 
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Let us first calculate ~ie included angles. 

LBAD = t3o• - so• = so•. 

LADC = 360' - (SO'+ too• + 105') = 75'. 

Now B.B. of line CD = 24' 

F.B. of line DA = 24' + (360' - 75') = 309• 

. . B.B. of line DA = 309'- ISO'= 129' 

F.B. of line AB = 129'- so• = 49' 

B. B. of line BA = 49' + ISO'= 229' 

F.B. of line BC = 229'- too• = 129' 

B.B. of line CB = 129' + lSO' = 390' 

. . F.B. of line CD = 309'- lOS'= 204' 

SURVEYING } 

Local attraction at A= Observed F. B. of AB- corrected F.B. of AB 

= so•- 49• = t• w 
Answer_ : Local attraction at A = 1 c: W 

Local attraction at D = 2' W 

Example A-5. In an anticlockwise tr(Jllerse ABCA, all the sides were equal. Magnetic 

fore bearing of side BC was obtained as 20' 30~ The bearing of sun was also observed 

to be 182' 20' at the local noon, with a prisltUllic compass. Ca/culole the magnetic bearings 

and true bearings of· all the sides of the tr(Jllerse. Tabu/ole the resu/Js and draw a neal 

sketch to show the bearings. 

Solution 

(a) CompU/alion of magnetic bearings 

LABC= LBCA- LCAB = 60' 

Now F.B. of BC = 20• 30' 

. . B.B. o~ BC = 20• 30' + ISO' = 200' 30' 

F.B. vf Ci -1.;:.0. 30- t GJ·) ~ 260_.· JG' 

B. B. of CA = 260' 30'- ISO• = so• 30' 

F.B. of AB = so• 30' + 60' = 140' 30' 

B.B. of AB = 140' 30' +ISO'= 320' 30'. 

F.B. of BC = 320' 30' + 60'- 360' = 20' 30' 

Hence OK. 

(b) CompU/alion of· true bearings 

True bearing of sun at local noon = 180' 

Measured magnetic bearing of sun = 182' 20' 

' .. 
' ' 

'7 ~ 
~ . a: -· 

FIG. A-4 

:. Declination= 1S2' 20' - 1so• = 2' 20' W 

The trUe bearings of various lines can be calc~ by subtracting 2' 20' from the 

corresponding ma.gnelic bearings, and the results can be tabulated as shown below. 

APPENDIX 
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lint - beorin• 
.,.,.. &<arlo• 

. F. B. B. B. F:B • B. B. 

·AB 140°30' 320'30' 138°10' 318"10' 

BC 20"30' 20()030' 18°10' 198°10' 

CA 261)0)01 80°30' 258°10' 78°10' 

Example A-6. Three ships A, B and C started saiUng from a harbour at the same 

iime in three directions. The speed of all the three ships was· the same, i.e. 4() km/hour. 

Their bearings were measured to be N 6S• 30' E, S 64' 30' E and S 14'. 30' E. After an hour, 

the coptain of ship B detertained the bearings of the other two ships with respect to his 

own ship. After that he found out the distances. Ca/cu/ole the value of bearings and distances 

which mighl have been determined ·11y the coptain of ship B. 

Solution (a) Consider triangle OCB A 

LCOB. = 64' 30'- 14' 30' = SD• . 

LOCB = LOBC = f (180' - 50')= 6S' 

Now B.B. of OB = N 64' 30' W = 29S' 30' (W.C.B.) 

. . F.ll. of BC = 29S' 30' - 6S' = 230' 30' 

=S50'30'W 

oisiance Be= 2 x 40 cos 6S' = 33.S09 km 

(b~ Consider triangle OAB 

LAOB = 180'- (6S• 39' + 64' 30') =50' 

LOBA = LOAB = f (180' -50)= 6S' 

Now B.B. of OB = 29S' 30' (found easlier) 

F.B. of BA = 29S' 30' + 6S' 

= 360' 30' = 0' 30' = N 0' 30' E 

Distance BA = 2 x 40 cos 65' = 33.809 km 

Example A-7. The measured 

lengths and bearings of the sides of 
a closed tr(Jllerse ABCDE, 17111 in the 

coUIIler-clockwise direction are tabu­

lated below. Co/cu/ate the lengths of 

CD and DE 

line .Length {m) Bearings 

AB 239 NOO' OO'E 

BC 164 N25' 12'iV 

CD ? S75'06'E 

DE ? S56'24'E 

E;A 170 N 35' 30' E 

,, 

FIG. A.f> 

c 
FIG. A-5 
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Solullon : The travene in sbown ·in Fig.A-6. Let. the unknown Ieilgths of .r;;o and 

DE be ·1, and I, respectively. The bearin~ of all the lines are known. For the whole 

traverse, tL = 0 and l: D = 0. 

.. 239 cos o• + 164 cos~· 12' -I, cos 75' o6' -I, cos 56' 24' + 110 cos 35• 36' = o 

or 0.25711, + 0.5534 1, = 525.62 
... (!) . 

Also, 239 sin .0' - 164 sin 25' 12' - 1, sin 75' 06' + I, sin 56' 24' + 170 sin 35' 36' = 0 

or 0.9664 1,- 0.8329 1, = 29,13 

Solving Eqs. (I) and· (2), we get 

11 = 606.10 and 1, = 668.22 m 

Example A-ll. Using the data of a closed 

traverse given below, calculole the length.r of 

the lines BC OJ1Ji CD. 

Une 
AB 

BC 

CD 

DE 

EA 

Length (m) 

275.2 

240.0 

1566.4 

Also, sketch the traverse 

Solution 

. W.C.B. 

14' 31' 

319' 42' 

347" 15' 

5' 16' 

168' 12' 

The traverse is shown in Fig. A·7. Let 

the lengths of BC and CD he 11 and I, respectively. 

Since !be traverse is closed, we have 

l:L=O 

and l: D = 0 

275.2 cos 14' 31' + 11 cos 319' 42' + 12 cos 347' 15' 

or 

and 

+ 240 cos 5' 16' + 1566.4 cos 168' 12· = o · 

0.7627 11 + 0.9753 11 = 1027.90. ...(1) 

275.2 sin 14' 31' + 1, sin 319' 42' +I, sin 347' IS' 

+ 240 sin 5' 16' + 1566.4 sin 168• 12' = 0 

or 0.~68 1, + 0.2207 I,= 411.33 ... (2) 

Solving eqs (I) and (2), · 

we get 11 = 376.% m and. 12 = 759.14 m 

• ' ' E• 
~-"-·· 

elt 168"12" 
o. 
ct.' 

5"16' 1
' 

FIG. A-7 

... (2) 
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Example A-9 hom a COllllllbn poinl A, traverses are condJicled on either· si4e of 

a lrartJour as foUows 

Traverse -; line 

I AB· 

BC 

2 AD 

DE 

Calculate (a) dislance from C 

to a point F on DE due south of 

C, OJ1Ji fl>} . distance EF. 

Solution : 

The two travmes are shown 

in Fig. A-8. The combined traverse 

ABCFDA is a closed one, in which 

the sides CF ( = 11) and FD ( = l,) are 

not kno~. However, these can be 

detenoined from the fact thar for the 

composite travers_e. l: L = 0 and 

l:D = 0. 

t 85"26' 
A• _, 

E 

~\ 

Lenlllh 

240'm 

240 

120 

270 

600 

B 

85"07' 

·ot'-
r, 

' 

1125"11' 
I 
I 

'1 ' 
! <ol1) __ 'C __ 

90" 

II, 

F 

-600 
,_ 

FIG. A·S 

W.C.B. 

85' 26' 

125' /I' 

115' 50' 

. 85' 07' 

E 

->1 

240 cos.85' 26' + 120 cos 125' II' -I,+ I, cos 265' 07' + 270 cos 355' 50' = 0. 

or 11 + 0.0851 11 = 219.25 
... (1) 

and 240 sin 85' 26' + 120 sin 125' 11' + 0 + 1z sin 265' 07' + 270 sin 355' 50' = o 

or 0.9964 I,= 317.70 

From (2) 

we get 

Dis ranee 

I,= 318.85 Substituting the value of I, in (I), 

1, = 192.12 m 

EF = 600 -I, = 600- 318.85 = 281.15 m 

Example A-10. A clockwise traverse 

ABCDEA war sutveyed with the jolliJwing resu/ls. 

AB = 16/.62 m; BC = 224.38 m; CD= 158.83 m 

LBAE= 128' 10'211'; LDCB = 84' 18' Ill'; 

LCBA = 102" 04' 311'; LEDC = 121' 30' 311' 

The angle AED and the sides DE and EA 

could not b.< measured direct. 

Assuming no error in ,;,e sur.'ey, fimi the 

missing l~~~~gths OJ1Ji their bearings if AB is due 

north. 
Solution 

Fig. A-9. shows the sketch of the traverse. 

Total interior angles 

= (2 ~·/- 4) 90°:: 540° 

1 02"04 '30" 

161.62m 121"30'30", 

A""-128°10'20" 

'· 
12 ,.........,...,., 

FIG. A·9 

...(2) 

158.83 

• 

;o 
' 

',i 

·' 
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LAED ~ 540'- (128' 10' 20" + 102'04' 30" + 84' 18' 10" + 121' 30' 30") 

= 103' 56' 30" 

Tidcing the w.'c.B. of AB as o• o· 0". the bearing of other lines are : 

BC : 180'0'00" - 102'04'30" ·= 77'55'30" 

CD : (77'55'30" + 180')- 84'18'10" = 173.037'20" 

DE : (173'l7'20" + 180')- 121'30'30" = 231'06'So" 

EA · : (233'06'50"- 180')- (360'- 103' 56'30") = 308'10'20" 

AB : (308'10'20"- 180')- 128'10'20" = 0'0'0" (cheCk) 

Now, let the length> of DE _and EA be 11 and 1,. 

For the whole traverse, we have l: L = 0 and l: D = 0 

161.62 coso· 0' o· + 224.38 cos 77' 55' 30" + 153;33 cos 173' 37' 20" 

or 0.6141 1,-0.618 1, = 51.37 

+ lt Sin 232° 06'. ·50" + h COS 308° 10' 20" = 0 

... (I) 

and 161.62 sin 0' 00' 00" + 224.38 sin 77' 55' 30" + 158.33 sin 173' 37' 20" 

+ 1, sin 232' 06" 50" + 1; sin 308' 10' 20" = 0 

or 0.78921,+0.7861,=237.00 ... (2) 

·Solving (!) and (2), we get 11 = 192.55 m and I,= 108.21 m · 

Example A-11. ABCD is a c/Dsed traverse in which the bearing of AD has ,not 

been observed and the length of BC has been missed to be recorded. 'I71e rest of ·the 

field record is as fo/Jows , 
' :o 

Line Bearing Length (m) 
. ~---------------------------a- ------- -

AB 181" 18' 335 

BC 90' ()()' ? 

CD li"?'D ~6' 408 

DA ? 828 

Calculate the bearing of AD and 

' 'p 
--~ --· B2B rn 

' A 
' ' 
: 

1
1°18' 

' ' ' ' ' ' ' ' ? 

the length of BC B i90" 

(Engg. Services, 1973) 

Solution 
FIG. A·IQ 

408m 

c• 
' ' 

2"24' 

(ti) Semi-Analytical solJJIWn In order to bring the affected sides adjacent, draw DA 

parallel to CB and BA' parallel to CD, both meeting at A'. Let I be the length and e 

he the bearings of the closing line A' A. 

For the closed traverse .ABA', 

l: L = 33S cos 181' 18' + 408 cos 3S7' 36' + 1 cose = o 
or - 334.91 + 407.64 + 1 cos e = o 

·or lcos9=-72.73 ... (1) 

-~ ;)I 

API'I!NDIX 

Also. l:D= 33S sin 181' 18' +408.sin 357' 36' +!sine =0 

or -7.60- 17.09 + 1 sine= o 

I sin 9 = + 24'.69 
... (2) 

From (1) and (2), we get · I= V,...(-72-.7-3-=),-+-(24-.69-).,...' = 76.81 m 

Since' the latitude is.:. ve and departure is positive,. A'A lies In the second quadrant. 
. . 

' 

9 =tan_,~= 18' 4S', :. W.<;.B. of A' A= 161' IS'> 
. . 72.73 

LA A' D = y = Bearing of A'A- bearing of A'D = 161' IS'- 90' = 71' IS' 

AA' A' D AD 828 
Siila = sin p = sin y = sin 71' IS' Now 

=. -•[76.81 sin71' IS') ]=S' 2, 
a sm. 828 

. p = 180' - (71' 15' + 5' 2') = 103' 43' 

BC = A'D = 828 sin 
103

' 
43

' -849.49 m 
sin 71' 15' 

Bearing of DA = Bearing of DA' - a = 270' - 5' 2 = 164' 58' 

(b) Analytical methad 
Let us use suffixes I. 2, 3, 4, for lines AB. BC. CD and DA. 

:. l:L= 0= 335 cos 181' 18' +I, cos 90' + 408 cos 357' 36' +828 cos e, 

or - 334.91 + o + 407.64 + 824 cos e, = o 

From which ·a -• - 72'73 264' ss· ,=cos 828= 

Also, l:D=O = 335 sin 181' 18' + 11 sin 90' +408 sin 357' 36' + 828 sin 264'.58' 

From which !, = 849.49 m 

Example A-12. An open traverse was nm from A to E in order to obtain the length 

and bearing of the li"e AI': whirh could nol be 

measurea. a~rec:~, wnu ""' ICtnvrr•nlj • ..... - ... 

Line Len•th W.C.B. 

AB 82m 261' 41' 

BC 87m 9' 06' 

CD 74m 282' 22' 

-DE lOOm· 71' 30' 

Find by calculation the required information. 

sOhiUon Refer Fig. A-ll 
The length .and bearing of line AE is required. 

SinCe ABCDEA is a closed traverse, 

we .. have l:L =0 and l:D=O fiG .. A· II 
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or 

where 

4..=-r.L' and D.,=-W' 

L" = r.L' and D" = W' 

rL' and W' are for· the four lines AB, BC, CD and DE. 

SURVEY!N<l 

The computations are done in a tabUlar form below. 

Lbre 

AB 

BC 

CD 

DE 

Since latitude 

unflth lm). w.c.s. lAiitu4e Dt ....... 

82 261" 4P - 11.85 -81.14 

87 9"06' + 85.91 + 13.76 

74 282"22' + 15.85 -72.28 

100 71"30' + 33.38 + 94.26 

l:L' = + 123.28 ID' = -45.40 

L"=I:L'=+ 123.28 and D"=W'=--45.40 

is + ve and departure is negative, line AB' is in fourth quadrant. 

1:.. = ../ (123.28)' + (45.40)' = 131.37 m 

e =tan_, 45·
40 = 20' 13'; W.C.B. ~f AE = 300'- 20' 13' = 339' 47' 

123.28 

Example A-13. The foUowing table gives data of consecutive coordinates in respeCt 

of a closed theodolite traverse ABCDA 

Stall on N s E w 
A 240 160 

B 160 239 

.£ 239 I 160 -

D 160 ·I I 240 

From the above data, calculate 

(i) Magnilude and direction of closing error 

(ii) Corrected Consec!.!!lv~ coordinaJes of station B, using transit rule 

(iii) Independent coordinates of station B, if those of A are (80 , 80) 

Solution 

Error in latitude, IlL= rL = 240 + 160 - 239 - 160 = 1 

Error in departure, W;, W =- 160 + 239 + 160 - 240 = _; I 

.. Closing error=../(+1)2 +(-1)'=1.414m. 

Since /!. L is positive and. W is negative, the line of closure is in 4th quadrant 

e =tan_, ::~ = 45'. W.C.B. of closing error = 360' -·-45' = 315' 

Arithmetic suin of latitudes= 240 + 160 + 239 + 160 = 799 

Arilhmetic sum of departures= 100 + 239 + 160 + 240 = 799 

.. Correction to latirude of Ail=- ;9~x 160- 0.20 

·, 

APPENDIX 

Correction to departure of AB = + ~~ x 239 = + 0.30 

Hence corrected consecutive co-ordinates of B are 

N : 160 - 0.2 = 159.80 

E : 239 + 0.3 = 239.30 

Independent coordinates of station B 

N : 80 + !59 .80 = 239.80 

l03 

E : 80 + 239.30 =' 319.30 

Example A-14. In a traverse ABCDEFG, the line BA is taken as the reference meridian. 

The latitudes and departures of the .sides AB, BC, CD, DE and EF are : . 

I I I I I - I EF uE 

+ 29.63 

CD 

-37.44 

BC 

+ 63:74" 

AB line + 87.78 + 48.55 
- 95.20 - 45.22· +47.24 

Latitude 
• + 58.91 0.00 

1 
Departures 1 1 

q,_ the bean'ng of FG is N 75'47' W and its length is 71.68 m. find the length 

and bearing of GA. 
Solution Bearing of FG = N 15' 47' W 

Length of FG = 71.68 m 

Latirude of FG = + 71.68 cos 75' 47' = + 17.60 

Departure of FG:d -71.68 sin 75'47' =- 69.48 

The traverse is shown diagrammatically in Fig. A-12. Since traverse ABcDEFG Is 

a closed one, we have 
L"' = - I:L' and D"' =- 'i:D' 

The computations are arranged in the tabular form 

below. 

and 

u,., 
AB 

BC 

CD 

DE 

EF 

,FG 

[.atitude I 

-95.20 

-45.22 

+ 47.24 

+ 48.55 

+ 87.78 

+ 17.60 

u: =+60.75 

Le< = - 'f. L' =- 60.75 

D .. = - w· = ~ 45.66 

~-
0.00 

+ 58.91 

+63.74 

-37.44 

+ 29.93 

-69.48 

tD'=+4S.66 

·Hence ibe line GA is in the third quadrant. 

GA = ../ (60.75)' + (45.66)' ~ 76.00 m 

• 
......... 

A 

~ 

--+o--· 
B• 

! 

--:"f·-· c. 
! 

PIG. A-ll 



~ 

9 = laD -I 
45·66 

= 36' 56' 
60.15 

•. Bearing of GA = S 36' 56' W 

SURVEYING. 

EXample A'l5. Calculate latitudes, departures aml closing error for the following 

~TaVerse ami adjust using Bowditch's rule. ' 

.Line Length (m) Whole circle bearing 

AB 89.31 45' 10' 

BC 

CD 

DE 

EA 

219.76 

151.JB 

159.10 

232.26 

72° 05' 

161' 52' 

228' 43' 

300' 42' 

(Engg. s.,.;,es, 1984) 

Solution : the computati• ......... -- -·~...... - ....... _.... ·-·- ...--...... ~ . -

u.. LMflh rmJ W.C.B. lAIItode (m Deptl1tlue (m 

~ comaion comCitll tl1kullllt4 comtdon 

AB 89.31 45° 10' +62.97 -0.06 + 62.91 + 63.34 -0.02 

BC 219.76 72° 05' .+ 67.61 -0.13 + 67.48 + 1119.10 -0.06 

a>. -1Sl.l8 161 a' S2' -·143.67 -0.09 -143.76 + 47.05 -0.04 

DE· 159.10 228° 43' - 104.97 -0.10 - 105,07 - 119.56 -0.04 

E.t 232.26 300° 42' + 118.58 -0.14 + 118.34 - 199.71 -0.06 

Sum 851.61 +0.52 -o.s:z 0.00 +o.n -0.22 

Correction for latitude of any line =- ~i~~l x Length of that line 

Correction for departure of ' c' 

comtUd 

+ 63.32 

+ 1119.04 

+ 47.01 

- 119.60 I 

- 199.77 

o.oo 1 

I. - 0.22 · I ngth f 
_any me = 85~ .61 _x e o 

161°52' 

that line. 
closing error 

=.,) (0.52)1 + (0.22)1 = 0.565 m 

Angle of error of closure 
is given by 

9 =laD -•
0·22 

= 22' 56' 
0.52 

Reliltive accuracy 

= 
0·565 -lin 1507 
851.61 

The traverse is shown in 

Fig. A-13. 

~~~ .. 
!>I 

300"42" 

FIG, .A-13 

....f::J~ 
,'?OJ· 

i 
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Example A-16. The following measurementS were obtained when surveying a closed 

traverse ABCDEA · 

Line 
Length (m) 

LDEA = 93" 14' 

EA 
95.24 

LEAB = 122'36' 

It is not possible to occupy D. but it 

. could be observed from both C aml E. Calculate 

the angle ·evE aml the lengths CD aml DE, 
taking DE as the daJum aml asswning all ob­

servations to be correct. 
Solution : Refer. Fig. A-14. 

(a) CompUIIJiion of LCDE and bearings 

of all lines 
Theoretical sum of interior angles 

= (2N - 4) 90' = 540' 

.. LCDE = 540' - (93' 14' + 122' 36' 

+ 131' 42' + 95' 43') 

= 96° 45' 

AB 
/81.45 

LAJJC ~ J31'42' 

95°43' 

!. 

? 

·o· 
' 

t, 

BC 

/03.64 

LBCD ~ 95' 43' 

'e, 
·t-s, 

e 
<1; 

ili 

fE ... 
' ' 

Let us take the W.C.B. bearing of DE FIG. A-14 

as 90°. · 
:. Bearing of ED = 90' + 180' = 270' 

. . Bearing of EA = 270• + 93' 14' - 360' = 3' 14' 

. . Bearing of AE = 3' 14' + 180' = 183' 14' . 

Bearing ·of AB = 183' 14' + t22• 36' = 305' so· 
Bearing of BA = 305' 50' - 180' = 125' 50' 

Bearing of BC = 125' 50' + 131 • 42' = 257' 32' 

Bearing ot CB = 1.51' 32'- 180' = 77' 32" 

Bearing of CD= 77' 32' + 95' 43' = 173' 15' · 

Bearing of DC= 173' 15' + Ii!O' = 353' 15' 

. . Bearing of DB= 353' 15' + 96' 45'- 360' = 90' 00' (check) 

Let the lengths of CD and DE be I, and I, respectively. 

For the closed traver~ .DEA BCDA ~ L = 0 and l: D = o 
95.24 cos 3' 14' + 181.45 cos 305' 50'+ i03.64 cos 257' 32' 

+ 1, cos 173' IS'+ 11 i:os 90' = 0 

or 95.09 + 106.23-22.37-0.9931 1, + 0 = 0 

From which 1, = CD = 180.19 'm. 

Similarly. 95.24 sin 3' 14' + 181.45 sin 305' ;o• + 103.64 sin 257' 32' 
+ 180.19 sin 173' 15' +I, sin 90' = 0 

' 

1\ 
i• 
:i 
l• 

J
:i 



I> 

i 
n 
a 
'II 
~ 
f 
' 

S06 

5.37 - 147 .II - 101.20 + 21.18 .+ I,= 0 

From which !, = DE = 221.76 m 

SURVEYING 

Example A-17. 'The bearings of two. inaccessible stoiinns A and B, taken from station 
C, were 220" and /4/r 30' respectively. The cootdinates of A and B were. a.! under 

Station 

A 

B 

Easting 

/80 

240 

Cglcu/ote the independent coordinales of C 
S~>luiion : In order to calculate the in dependent 

coor.m.aleS . of C, we need either the length AC or 
BC. 

Length AB= V (240- 180)1 + (90- 120)1 

. = 67.08 m 

a= tan-' ~ ~: = 63' .435 = 63' 26' 

.. W.C.B. of AB= 180' 7 63' 26' = 116' 34' 
W.C.B. of AC= 220'- 180' = 40' 

:. LCAB = 116' 34'·- 40' = 76' 34' 

LACB = 220'- 148' 30' = 71' 30' 

LABC = 180'- (76' 34' + 71' 30') = 31' 56' 

0 
0 

A: --f5;_ 
'9 

Nonhing 

/20 

90 

FIG. A·15 

F 
. rul AC . BC AB 61:08 

romsme e,. - .. -. 730 sm 31° 35' sm 76° 34' sm 71° 30' sm 1° ' 

AC- 67·08 sin31'56'=37.46 m 
sin 71' 30' 

Nuw ia.Litu.O.c uf t:i.£.=31.40w.s4\(=2.8.iUw 

departure of AC= 37.46 sin 40' = 24.08 ·m 

Hence the independent coordinates· of C are 
Basting=: 180 + 24.08 = 204.08 

Northing= 120 + 28.70 = 148.70 

Example A-18. It is not ppssible to mea.!ure the length and fix· the direction of 
AB directly on account of an obstruction betWeen the stations A and B. A tr(lllerse ACDB 
was, therefore, run and the foUowing data were obtained. 

Line Length (m) Reduced bearing 

AC 63 N55' E 

CD 92 S 65' E. 

DB· 84 S 25' E 

~ 

l07 
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Fitid the length and direction of line BA. It was also required to fix a stalion E 
on line BA such thai'DE will be perpendicular to BA. If there is no obstruction between 
B and E, calqdate the data required for fixing the srarion a.! required. 

Solution : Fig. A-16 shows the traverse. 
The computations are done in a tabular form below, 
where W.C.B. of the lines have been entered for 

convenience. 

line unr!lh w.c.s. l.otilude DeDIJitUrel 

AC 63 ss• + 36.14 + s1.6t I 
CD 92 115° - 38.88 + 83.38 

DB 84 155° - 76.13 + 35.50 

sum -78.87 + 170.49 

L., = - l:L = + 78.87 

and 
D.,=- i:.D =- 170.49 

--~--

"1 

0 __ ,._ __ 
:a 

FIG. A-16 

Hence BA is in the fourth quadrant. 
a= tan·_, ~=65' 10', and W.C.B. BA =294' SO' 

Length of BA =..,) (78.87)1 + (170.49)
1 

= 187.85 .m 

Now in triangle DEB. LDEB = 90' and LEBD = 65' 10'- 25' = 40' 10' 
Now DE = DB sin EBD = 84 sin 40' 10' = 54.18 m 

and BE= DB cos EBD = 84 cos 40' 10' = 64.19 m 
Example A-19. The magnetic bearing of the sun al noon is 160 '. Fint{ the variation. 

(Engg. Services, 1971) 

Solution : This question is based on Example 5.8. 
At noon, the sun is exactly .·on the geographical meridian. 

True bearing of sun= 1~0'. 

Magnetic bearing of sun = !60° 
Now, True bearlng =·Magnetic bearing + Declination. 

180' = 160' + Declination 

Declination= 180' - 160' = 20' 

As the sign is positive, the variation is east. 
:. Variation= 20' E 
Example A-20. Select the comer answer in each of the foUowing and show rhe 

9alculations made in arriving at the answer : 
(a) A unifonn slope Wa.! meQ.!ured by the method of stepping. If the difference in 

level between two poinJs is 1.8 m. and the slope distance betWeen them is 15 m. the 

error is approximalely equai to 
(i) Cumulative, + 0.11 m (ii) Compensating, ± O.Jl m 



508 SURVEYING 

(iii) CUmulative, - 3.II m (iv) None qf these 

(b) A stondmd steel tape of length 30m and cross seaion 15 x J,O mm was standJJrdised 

at 25" C and at 30 kg puU. While measuring a base line at the same temperature, the 

puUappliedwas40kg. If the modules of elasticity of the steel.tape is 2.2 xlo' kglcm', 

the correction to be applied is 

(I) - 0.000909 m (it) + 0.0909 m 

(iit) + 0.000909 m (iv) 

(c) The_ bearing of AB is 190' and that 

ABC is 

None of these 

of CB is 260" 30: 

(t) 80" 30' (it) w 30' 

(iit) 70" 30' (iv) None of these 

The included angle 

(tl) A dumpy level was set up at mid point between pags A and B, 80 m apart 

and the staff readings were 1.32 and 1.56. When the level was set up at a point .JO 

m from A on BA prodllced, the staff readings obtained at A and B were 1.11 and 1. 39. 

The correCl staff reading from this set up, at B should be: 

(t) 1.435 (it) 1.345 

(iii) 1.425 (iv) None of these 

(e) The desired sensitivity of a bubble tube with 2 mm division is 30". The radius 

of the bubble tube should be 

(t) 13.75 m 

(iit) 1375 m 

(U.P.S.C. Asst. Engg. C.P. W.D., 

Solution 

(it) 

(iv) 

Exmn, 

(a) Horizontal distance D = (1 2
- h 2)

1
" 

-' (. 
-~· 

h l \'" ( 

/i j .!!. \I I h2 J 
'i [i) 

3.44 m 
None of these 

1979) 

~h 
D 

FIG. A-11 

I h' I !(- 1 (1.8)2 

:. Error e = 1-D = 1-1 +'iT flo 21 = 2 '""15= 0.108 !1 0.11 m 

Hence error= + 0.11 m (cumulative). Hence correct answer is (1). 

(b) Correction for tension or pull 

-C (P-Po)L 
- P. AE 

Here, P = 40 kg ; Po = 30 kg, 

A= 1.5 x 10.1 em'; E=2.2 x 106 kg/cm2 ; L=30 m 

(40- 30) 30 
. . Cp = 6 

- 0.000909 m. 
I.SxO.l x2.2x10 

Hence answer (iii) is correct. 
B• 

' 

c• 
~~OJO' 

FIG. A-18 

APPENDIX 

•(c) Bearing of AB = 190' 

:. Bearing of BA = 190' - 180' = !0' 

Also, llearhig of CB = 260' 30' 

:. Bearing· of BC = 260' 30' - tso· = so· 30' 

. . Included angle ABC= Bearing of BC - Bearing of BA 

= so• 30' - 10' = 70' 30'. Hence correct answer is (iit) 

(tl) Instrument at mid-point 

The collimalfon error is balanced. 

S09 

:. True difference in level between A and B = 1.56 - 1.32 = 0.24 m 
(B being Lower) 

line 

(Fig. 

'J:::-:::~::::: 1!\ :::::: :::-::1.' 
......---4om 40m~ 

== Lq ,- 0.2.4 ;=. Lj5 Ill 

Since the actnal reading at B is 1.39 m, the line of collimation is elevated upwards 

A-19 b) 
:. Collimation error in 80 m = 1.39 - 1.35 = 0.04 

Hence collimation error in 90 m = 0.04 x :~ = 0.045 · m 

:. Correct staff reading on B = 1.39 - 0.045 = 1.345 m 

Hence correct answer is (if). · 

(e) Sensitivity, o.' = ~ x 206265 seconds 

Here . o.'=30" and 1=2 mm 
I 2 

R = o.' X 206265 = 30 X 206265 = 13751 mm= 13.75 m 

Hence correct answer is (1). 

~ 
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Example A-21. Calculate r/14 
latirudes, tkpanures and closing er­
ror for r/14 following traverse and 
atljusl rhe using Bowditch's nlle. 

J:.iM ungt/1 (m) W1lole cltrle 
Bearing 

AB 89.31 45° 10' 

BC 219.76 noos• 
CD 151.18 }6} 0 52' 

DE 159.10 228" 43' 

EA 232.26 3{)()0 42' 

(U. P. S.C. Engg. Services 
Exam. 1981) 

1
4fJo'\rJ 

' A!1. 

300°42' 

FIG. A·20 

SURVEYING 

E 

Solution Fig. A-20 shows the 
traverse ABCDEA', in which 
AA' is the closing error. Table below 

shows the computations for latitude and departure of various· lines of the traverse. 

Une I ungt/1 (m) W.C.B. RedUced bearing ll1liJude Deporture 

AB 89.31 45° 10' N 45° 10' E + 62.97 + 63.34 

BC 219.76 no OS' N 72° 05' E + 67.61 + 209.10 

CD 151.18 161° 52' s 18° 08' E - 143.67 + 47.05 

DE 159.10 228° 43' s 48° 43' w - 104.97 - 119.56 

f' 232.26 300° 42' N 59° 18' W + 118.58 - 199.71 

Sum ! .t.!J~'::! I .1.n'::!2 

Classing error, e = ...J (0.52)' + (0.22)' = 0.565 m 

e = ran- 1 ~:~; = 22.932 = 22' 55' w 
Total correction for latitude= - 0.52; Total correction for departure = - 0.22 

l; I= Perimeter of traverse= 89.31 + 219:76 + 151.18 + 159.10 + 232.26 = 851.61 

According to the Bowditch rule : 

Correction for latitude, CL= ELi I=- 0.52 X 85:.61 =- 6.106 X w-'1 .... (1) 

Correction for departure, Co = ED i 
1 

= - 0.2 x 
851

\
1 

= - 23485 x .10-' I . .. .(2) 

The computations for the corrections for latitude and departure of each line; along · 

with the · corrected latitude and departure are arranged in · a tabular form below. 

l 

5ll 
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Une· LliJ/IU4e 
Ikoarture 

LliJ/IU4e ComctiDn Com cUd D<partBre Com<llon c::: 
LliJ/IU4e 

Ik ,. 

. 
+62.92 + 63.34 -0.02 + 63.32 

AB +') 62.97 -0.05 
+67.48 + 209.10 -0.06 + 209.04 

BC + 67.61 -0.13 

CD - 143.67 -0.09 - 143.76 + 47.05 -0.04 + 47.01 

DE - 104.97 -0.10 - 105.07 - 119.56 -0.04 -119.60 

EA + 118.58 -0.15 + 118.43 - 199.71 -0.06 - 199.77 

Sum -0.52 0.00 -0.22 0.00 

-

Example A-22. For a railway project, a straighr runnel is ro be run between two 

points P and Q whose co-ordinates are given below : 

Point 
N 

0 

4020 

Co-ordinates 
E 
0 

800 
p 

Q 
R 

2IIO 1900 

It is desired ro sink a shaft ar 
R. r/14 third known point. 

S, the mid point of PQ. S is ro be fixed from 

Calculate (i) IM coordinates of S, (ii) Length of RS, (iii) the bearing of RS. 

(U.P.S.C. Engg. Services Exam. 1988) I O(N = 4020 
fE=BOO) 

Solution 
(i) Coordinates of S 

. 0+4020 
Northing= 

2 
= 2010 m 

. 0+800 
Eastmg = --= 400 m 

2 
Iii) T_.ngth RS 
!'. N between R and S = 2110- 2010 = 100 m 

a E between R and S = 1900 - 400 = 1500 

RS = ~ 100' + 15oo' = 1503.33 m 

Let the reduced bearing of RS be e 

tan9=l>E=~=15 
aN 100 

9= tan- 1.15 ~S86' 1i· 09" w 

1500___,; 

•(N=2010 
I I -~=1900) 
~..l.fOO 

p, 
(N=O.E=D) 

FIG. A·2l 

W.C.B. of RS= 180' + 9 = 180' + 86' II' 09" = 266' 11' 09" 
Example A-23. (a) The following perpendicular offsets were t~n at 30 m intervals 

from a base line of an imgular bowulary line : 
5.8, 12.2, 17.0. 16.2, 18.4, 16.3, 24.6. 22.2, 18.4 and 17.2 

!i 
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Cak:ulale rhe area enclosed berw~en rhe bose line, the irregular boundary line and 

the second and rhe /osr ojftets by average ordinate rule. 
(b) The foi/Qwing are rhe ··bearings of rhe sides of a closed rraverse PQRSTUVW. 

UJmpUJe me correaea oeann s IOr rne wcm ooracnon. 

Line ForewardBearinJI llackward Bearin~ 

PQ_ 39" (}(}' 215° 30' 

QR 75° 12' 255° 42' 

RS 12~ 06' 30SO 36' 

sr .us• 18' 325° 18' 

TU 1~ 12' 339" 12' 

uv 214° 36'. 35° 12' 

vw 28~ 24' 10~ (}(}~ 

WP 34~ 42' 1700 00' 

(c) Compute rhe missing dala* 

B.S. F.S. H. I. R.L. Remarks 

1.605 • 4(}().50 Chan11e point 

-1.015 • Benchmark 

(U.P.S.C. Assr Engineers, CPWD Exam. 1989) 

Solution (a) See Fig. A-22. Average ordinate is giveo by 

I 
o~ = 9 (12.2 + 11.0 + 16.2 + IS.4 + 16.3 + 24.6 + 22.2 + IS.4 + 17.2) = IS.056 m 

Length = S x 30 = 240 m 

Area= 0~ X leogth '0 !S.056 X 240 = 4333.33 m1 

I< 8x30=240m >I 
FIG. A·22 

· (b) By inspection, we find that ST is the only line whose fore-hearing and back 
hearing differ exactly by ISO•. Hence borh S and T are free from local anracrion. Hence 
the hearing of TU and SR are correct. 

and 

Thus, correct bearing of TU = 160° 12' 

:. Correct bearing of UT = 160• 12 + ISO• = 340• 12' 

But observed bearing of UT = 339• 12' 

:. Error at U=339•t2'-340°12'=-l 0 

Correction at U = + 1 • 
Cqrrected bearing of UV=2J4036'+ t•=2W36' 

;correct bearing of VU = 215• 36' - 1so• = 35• 36' 

"' 
APPENDIX 

)3nt observed ])earin& of VU = 35• 12' 
:. Error at V= 35° 12'- 35• 36' =- 24' and correction at V = + 24' 

Corrected beafiDg of VW = 2s1• 24' + 24' = 2s1• 4S' 

and correct t>earinB of WV = 287° 4S'- tso• = 101• 4s• 

But observed ])earin& of WV = 101• 00' 
Error at W = 101• oo· - 101• 4S' = - 4S' and correction at w = + 48' 

and 

.and 

Corrected beafiDg of WP =: 347• 42' + 4S' = 34S
0 

30' 

Correct ])earin& of PW = 34S0 30- !SO• = !6S
0 

30' 

But observed ])earin& of PW = no• oo· 
:. Error at P = 110• 00' - 168° 30' = + I • 30' 

and . correction at P = - I • 30' 
corrected ])earin& of PQ = 39• 00' - I • 30' = 37• 30' 

correct ])earin& of QP = 37• 30' + tso• = 211• 30' 

But observed beafiDg of QP = 2W 30' 
:. Error at Q = 215°. 30' - 211• 30' =- 2• iY and correction at Q = + 2• o· 

Corrected beafing. of QR = 75• 12' + 2• = n• 12' 

cotrect beafiDg of RQ = 77• 12' + tso• = 257• 12' 

But observed bearin8 of RQ = 255• 42' 
:. Error at R = 255° 42'- 257• 12' =- J• 30' and correction at R = + t• 30' 

' ' 
• .!'1~8'36' 

fiG. A·'JJ 

' 
I .145°18' 
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:. Corrected bearing of RS ~ 127" 06' + 1• 30' ~ 128" 36' 

:. Correct bearing of SR ~ 128" 36' + 180" ~ 308" 36' 
But observed bearing of SR ~ 308" 36' 

SURVEYING 

Hence error at S ~ o• 0' (as expected). This is a check on computations. The corrected 
bearings of various sides of the traverse are shown in Fig. A-23. 

(c) CompUiiliWn of missing data : In the tabular form below. 

B.S. F.S. H. I. B.L RetiiiUks 

1.605 402.105 400.500 Chanl!:e ooim 
- 1.015 403.120 Benchmark 

H.!. ~ R.L. of change point + B.S. reading ~ 400.50 + 1.605 ~ 40i.105 m 

R.L. of B.M. ~ H.l.- F.S. reading ~ 402.105- (- 1.015) ~ 403.120 m 

Example A-24. To determine the distance between two poi/Us X and Y and their 
elevations, the fol/Qwing observations were taken upon venica//y held staves from two traverse 
stations R and S. The tachometer was filled with an ana/laaic lens and the instrume/U 
constant was 100. 

Trvvmel R.L I H<of OJ..orrlirutus I SUrf! I &orlng I Vetti<a/ I SUrjJReadlngs 
surt/on lnsiTUmenJ station t111glt 

R 

s 

lm1 L D 
1020.60 1.50 800 1800 1 X I 15"14' I + 8'9' I /.10 I 1.85 I 2.60 

1021.21 1.53 950 25oo I r I 340"18' I + 2" 3' I 1.32 I 1.91 I 2.5o 

CompuJe the distance XY, the gradient from X to Y and the bearing of XY. 
(U.P.S.C. Engg. Service< Exam. 1989) 

Solution (a) Observation from R to X 

Horizontal distance RX ~ [ s1 cos2 81 + 0 

Here 

' '· 

I 

·L too s, ~ 2.60 - I. 10 ~ !.50 m : e, ~ 8" 9' : r, ~ 1.85 

' v: 

' hs 

rr 
: 150 :1 ' ' 

~----------------------------------------------------------------J· 
700m -:-~~---~ 

AG. A·24 ~ 

I 
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RX ~ 100 x 1.5 cos' s• 9' ~ 146:99 m 
f. sin 2 e, 100 x 1.5 v, = i' s, -

2
- ~ 

2 
sin 16" 18' ~ 21.05 m 

R.L. of X~ R.L. of R + H.l. + .V1 - r1 

~ !020.60 + 1.5 + 21.05 - 1.85· ~ 1041.30 m 

.Latitude of RX= 146.99 cos 15".14' ~ 141.83 m 

515 

Department of RX ~ 146.99 sin 15" 14' = 38.62 m 
Easting of X~ Easting of R + Departure of RX ~ 1800 + 38.62 ~ 1838.62 m 

Northing of X~ Northing of R + Latitude of RX = 800 + 141.83 ~ 941.83 m 

(b) Observations from S to Y 

Horizontal distence SY =f s, cos' e, = 100.(2.50- 1.32) cos'. 2• 3' = 117.85 m 

l sin 2 e, sin 4" 6' 
Also, v, = i s, -

2
- ~ 100 (2.50 - 1.32) --2- ~ 4.22 m 

. . R.L. of Y ~ R.L. of S +H.!. + V,- r, = 1021.21 + 1.53 + 4.22- 1.91 ~ 1025.05 

Latitude of SY ~ 117.85 cos (360" - 340" 18') = 110.95 m 
Departure of sr~- 117.85 sin (360"- 340" 18') ~- 39.73 m 
:. Easting of Y ~ Easting of S- Departure of SY = 2500- 39.73 = 2460.27 m 

Northing of Y ~ Northing of S- Latitude of SY ~ 950 + I 10.95 = 1060.95 m 

(c) CompUiiliWns of line XY 
MV~ Northing of r-Northing of x~ 1060.95-941.83 ~ 119.12 rn 

t.E = Easting of Y-Easting of X~ 2460.27 - 1838.62 = 621.65 m 

:. Distance XY ~ ~ tJ. N1 + tJ. E2 ~ ~ (119.12)2 + (621.65)' ~ 632.96 m 

If e . th R B f XY ha e - _, t. E - _, 621.65 - 79" !53 - 79"9'9" 
IS e .. o , we ve -tan t.N-tan 1i9.f2- . -

Gr di f XY 
t. h 1041.30- !025.05 J- • 1 . 38 95 (Fall' g) 

a en! 0 =-y-~ 632.96 ~ 38.95' I.e. m · m 

Example A-25. A closed traverse 
has the fallowing lengths and bearings . 

line Lenl!lh Bearine 

AB 200.0m Roughly East 

BC 98.0m 178" 

CD Not obtained 270" 

DA 86.4,m 1" 

' ~~ 
A! lr: 

B6.4m 

il1o 

1'he' length CD could not be measured ·-o: 
due to so'IU! obstruction to cllaining. The · 
bearing of AB could not be taken as staiion . 

' 

200m !!r~ 
t-'178° 

sam 

,, 
27~--· 

AG. A·25 
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A is bodly affected by local allraction. Find the e:cact bearing of the siik AB QJilJ calcu/Qie. 

the length CD. (Engg. Services, 2(}(](}) 

Soludon : The above question is based on example 8.3 of the book, with cbange 

in data. 
Let us use suffixes I, 2, 3 and 4 for lines AB, 8C, CD and DA respectively: 

Thus !he bearing a, of line AB and length 1, of line CD .are .unknowns. The computations 

w• UI.UWUC I,.LI} ilUU UCJ,Ji:llLWC \U} Ul c;;d\;ll JW~ il.I.C UUUIJ lll ~ 14UW41 IVIIU UCIUW. 

S.N. Une Lln.ui (m) Bearln• l.iztitud< (LJ m O.DiJJ11Jni011Ml 

1 AB 200 Roughly east 200 cos a, 200 sine, 

2 BC 98 178° -97.94 3.420 

3 CD rj 270' 0 -I, 

4 DA 86.4 1' 86.387 1.508 

E 200 co9 e,- II.SS3 200 sine,+ 4.928 -IJ I 
Since lhe traverse· in closed, we have 

Also, 
I:L = 200 cos-91 - 11.553 = 0- from which e, = 86".6885 = 86" 41' 

l: D = 200 sin e, + 4.923 - I,= 0 

I,= 200 sin e, + 4.923 = 200 sin 86".6885 + 4.923 = 204.59 m 

Example A·26. In ·order to determine the elevation of lop Q of a signal on a 
hill, observaJions were mmie from two slations P wid R. The stations P, R and Q were 

on the same plane. 
If the angles of elevation of the lop Q of the signal measured at P and R were 

25" 35' and 15" 05' respeclive/y, determine /he elevation of· rhe foot of the signal if the 

height of the signal above irs base was 4 m. 

The staff readings upon. 
the bench mark (RL I 05. 42) were 
respeclive/y2. 755 and 3.855 m 
when the instrumelll was at P 
rmrl m R Th" "f.WI"',."' ,..~,_"P"'~ 

P and R was /20 m. 
(Engg. ·Services, 2001) 

Soludon 
Lei D be lhe horizontal 

distance between lhe base of.lhe 
signal and instrument at P. 

! lJL_n ________ :::_P' 

B.M. R p 

I<-- 120 m -->io-- _ 0----' 
FIG. A-26 

From geometry, h, = D tan 25" 35' and h, = (120 +D) tan 15" 5' 

h, - h, =·D tan 25" 35' - (120 +D) tan 15" 5' 

But h,- h, =3.855- 2.75~-= 1.1 m 
D (tan25" 35'- tan 15" 5')- 120 tan 15" 5' = 1.1 

From which 
D 1.1 + 120 tan 15" 5' . 

tan 25" 35'- tan 15" 5' - 159·811 m 

APPJ!NI)IX 

Now h, = D tan 25" 35' = 159.811 tan25" 35' = 76.512 m 

Elevation of Q = Elev. of inst. axis at P + h1 

= (105.42 + 2.755) + 76.512 = 184.687 m 

of foot of signal= 184.687 - 4.0 = 180.687 m 
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. . ·Elevation 

Check h2 = (b +D) tan 15" 5' = (120 + 159.811) tan W 5' = 75.411 

Elevation of Q =·105.42 + 3.855 + 75.411 = 184.686 

and Elevation of Q' = 184.686-4 = 180.686 

Example A-27. The following readings were noted in a closed traverse 

Line F.B. 8.8. 

AB 32" 212" 

BC 77" 262" 

CD l/2" 287" 

DE 122" 302" 

EA 265" 85" 

AI which station do you suspect local anraclion ? Find correct bearings of lines. 

What will be the true fore bearings (as reduced bearings) of lines, if rhe magne(ic declination 
was 12" W. (Engg. Services, 2002) 

Soludon : From !he given data, we observe that !he difference between F.B. and 

B.B. of ·lines AB, DE and EA are 180". Hence stations A, 8, D and E are free from 

local attraCtion. Only station C suffer from local attraction. 

Let us stan wilh station 8 which is free from local attraction. 

Hence bearing of 8C = 77" which is cortect. 

Henee bearing of CB = 77" + 180" = 257" 

But · observed bearing of CB = 262" 
Error at C = 262" - 257' = + 5' 

and Correction at c = - 5" 

.. Corrected bearing of CD= 112' - 5" = 107" 

and corrected bearing of DC= 107" + 180" = 287" = observed bearing of DC.· 

Also, True bearing= Magnetic bearing -declination = magnetic bearing - 12" 

The results are. presented in !he tabular form below 

Une F. B. B. B. Differtnct between Comcud Bearin~ True Fort 

F. B. OJUI B.B. F.B B. B. 
Beorlng 

AB 32' 212° 180' 32' 212° N20°E 

BC 77' 262' 185' 77' 257° N 6.5°B 

CD 112° 287' 175° 107' 287° S 85°E 

DE 122' 302' 180' 122° 302' S70°E 

EA 265' 85' 180' 265° as• S 73°W 
-
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Example A-28. 1'h£ foUowing readings were lllken with a .level and a 4 m staff. 
Draw up a level book page and reduce the levels by 

(a) the rise and fall method 
(b) the heiglu of coUimation method 

0.683, 1.109, 1.838, 3.399, (3.877 and 0.451) C.P., 1.4()5, 1.896, 2.676 

B.M. (31.126 A.O.D.), 3.478, (3.999 and 1.834) C.P., 0.649, H06 

(c) . Highliglu .fimdamellllll mistakes in the above leveUing operation 

(d) What error would occur in the final level if the staff has been wrongly extended 

and a p/oin gap of 0. 012 haS occurred at the 2 m section joint ? (U.L.) 

Solution . (a) Booking by Rise and fall method 

Steps (I) The first reeding is back sight while the next three reedings ·are intermediate 

sights. The fifth reeding a fore sight while the sixth reeding is a back sight on a change 

point. Seventh to tength readings are intermediate sights, inCluding the one on the B.M. 

Elevenlh reedings is a fore sight and 121h reeding is a back sight on the cbange point. 

13th reeding is an intermediate sight while !he last readjng is a fore sight. Enter lhese 

readings in appropriate columns. 

(il) Find rise and fall of each staff station. 

(iii) Starting with the B.M., reduce levels below by normal method and above by 

reversing falls for riseS and vice-versa. 
(iv) Apply normal checks 

B.S. l.S. F.S. Rise Fall R.L. Re,.,U 

0.683 36545 

1.109 0.426 36.119 

1.838 0.129 35.390 

3.399 1.561 33.829 

0.451 3.8T7 0.478 33.351 Change point 
C.P. I 

1.405 0.954 32.397 

1.896 0.491 31.906 

2.676 .(),780 31.126 B.M. 31.126 
A.O.D. 

3.478 0.802 30.324 

1.834 3.999 0.521 29.803 C.P. 2 

0.649 1.185 30.988 

,·,706 1.057 29.931 

Sum 2.968 9.582 1.185 7,799 29.93i. Checked 
(·) 9.582 (-) 7.799 (·) 36.545 

• 6.614 • 6.614 ~ J 
(b) Booking by height of coUimation method 

Steps (1) Book all the readings in appropriate columns, as explained in (al) above 

(ii) Height of coll.imation for second setting= R.L. of B.M. + I.S. reading on B.M. 

. = 31.126 + 2.676 = 33.802 
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The 

(il) R.L. of C.P.l =H.!.- B.S. on C.P. I= 33.802-0.451 = 33.351 

(iv) Height of collimation of first setting = R.L. of C.P.l + F.S. on C.P.I 

= 33.351 + 3.877 = 37.228 

(v) R.L. of C.P.2= H.!. in second setting - F.S. on C.P.i 

= 33.802- 3.999 = 29.830 

(VI) Height of collimation of third setting= R.L. of CP2 +B.S. on C.P.2 

= 29.830 + 1.834 = 31.637 

(vii) Thus height of coUima.tion of all the three settings of the level are known. 
R.L.'s of first point, intermediate sights and last point can be computed as usual. 

(viii) Apply the normal checkS. 

B.S. l.S. F.S. Hugill of R.L. Re,.,U 

collim01io• 
(or H. I.) 

37.228 36.545 

0.683 36.119 
1.109 35.390 
1.838 33.826 
3.399 

0.451 
3.877 33.802 33.351 C.P. t 

32.397 
1.405 31.906 
1.896 

2.676 
31.126 B.M. 31.126 m 

A.O.D. 

30.324 
3.478 

1.834 
3.999 31.637 29.803 c.P.2 

30.988 
0.649 

1.706 
29.931 

29.931 Checked 

Sum: 2.968 
9.582 (-) 36.545 

.. "-r-~ _ _;,;. 1 1 1 i ~ , i 

(c) Fundomental leveUing mislilkes 
The question high lights three fundamental levelling mistakes 
(I) The most important sight on !he B.M. should not be an intermediate sight, as 

this can not be checked. 
(il) The staff has not been correctly assembled, with the result !hat all the readings 

above 2 m are wrong. 
(iii) Sinoe there is no circuit closure, there is no check on field work. 

(d) Error due to wrong extension of •taff 
AU readings greater than 2 m will be 0.012 mm too srnall. However, !he final 

level value will be affected only by B.S. and F.S. reading after !he R.L. of datum, i.e. 

after 31.126, though I.S. on B.M. will be treated as B.S. for bOOking' purposes. 
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B.S. (I.S.) of 2.676 should be 2.664 
B.S. of 1.834 will remain as 1.834 

(ir) F.S. of 3.999 should be 3.987 
F.S. of 1.706 will remain as 1.706 

sum 4.498 sum 5.693 
Difference : B.S.- F.S. = 4.498-5.693 =- 1.195 

:. R.L. of last point= 31.126 - 1.195 = 29.m 

Existing R.L. of last point, with faulty staff reading = 29.931 
Hence the B.S. and F.S. are affected in the same manner and· the fiiUJJ value is 

nor allered. 
Example A-29. The foUowing readings were observed with a level 

I./43 (B.M. 34.223), I.765, 2.566, 3.8I9 (C.P.), I.390, 2.262, 0.664, 0.433 (CP), 3.722, 
2.886. I.6I8. o:_6I6 (T.B.M. value though! ro be 35.290 m). 

(a) Reduce the levels ITy rise and fall method 
(b) 01IculoJe the level of the T.B.M. if the line of collimation was lilted upwards 

al an angle of 6 min. and. each back sigh! length was. 90 m aiuf the foresight length 
30 ·m. 

(c)· 01IculoJe the level of the T.B.M. if the· staff was nor held upright but leaning 
backwards at 5' to the vertical in all cases. · (U.L.) 

Solution 
(a) Redllction of levels ITy rise and fall method : See Table below 

B.S. I.S. F.S. IIIJe Foil R.I. Rtiii4Tb 

1.143 34.223 

I. 76!1 0.622 33.601 . 

2.566 
. 

0.801 32.800 

1.390 3.819 1.253 31.547 

2.262 0.872 30.675 

0.664 1.598 32.273 
--~---- --

3.722 0.433 0.231 32.504 

2.886 0.836 33.34ll 

1.618 1.268 34.608 

0.616 1.002 35.610 

6.225 4.868 4.935 3.548 35.610 
(-) 4.868 (-) 3.548 (-) 34.223 

. 1.3~ 1.387 1.387 

(b) Effect of tilting of line of collinwlion (See Fig. A-27 (a) 

Enor=e= 30.0 m( ISO nx 
60 

x 6) =0.0524 m per 30 m 

B.M. 34.223 

C.P. 

---------
C.P. 

T.B.M. 35.290 

Ol<cked 

I 
I 

If b and f are back sight and for sight readings, true difference in level per set-up 
= (b- 3e)- if- e)= (b-!J- 2 e 

I 

APPENDIX 

1~[------------MJLL----dl•r 
90m 30-->i· 

(0) 

FIG. A·27 

Total length of B.S.'s = 3 x 90 = 270 m 

Total length of F.S. 's = 3 x 30 = 60 m 
. . Effective difference in length = 3 x 60. = 180 m 

0.0524 Enor = ~ x 180 = 0.314 m 

Hence sum of B.S. is effectively too large by 0.314 m. 
:. ·True difference in level= 1.387 - 0.314 = 1.073 

. . R.L. of T.B.M. = 34.223 + 1.073 = 35.296 m 

[Check : 35.610-0.314 = 35.296 m) 

(c) Effect of tilting of sill/! (See Fig. A-27 b) 

If the staff is tilted, ·all the readings will be too large. 
True reading = observed reading x cos 5' 

Apparent difference in level= l: B.S. - l:F.S. = 1.387 

(b) 

True difference in level= (l: B.S.) cos 5'- (l: F.S.) cos 5' 
= (l: B.S. - l: F.S ) cos 5' = 1.387 cos 5' = 1.382 
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. . R.L. of T.B.M. = 34.223 + 1.382 = 35.605 m 
Example A-30 The following observations were taken during the resting of a dumpy 

level. 
Instrument at 

A 

B 

A 

I.275 

I.04o 

Staff reading on 
B 

2.005 

I.660 

should the line of collimation 
Is the instruments in adjwrment ? To what reading 

be adjusted when the instrument was at B ? 
(U.P.S.C. Engg •. Services EJ&(llll. 1?81) 

Solution 
·When the level is at A, appareot difference is level = 2.005 - 1.275 = 0.73, A being 

higher. When the level is at B. apparent difference in level = 1.660- 1.040 = 0.62, A being 
higher. Since both these values are not equal. the instrument is not in adjustment. 

......... 
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'ffi . . I 0.73 + 0.62 
True eli erence m eve!= 

2 
= 0.675' m 

When the level is at B, the line of collimation should adjust to read on, A = 1.660-0.675 

=0.985 m. 
Example A·31. Tlu! following readings have been taken from a page of an old level 

book. 11 is r1111uired ro reconsrrucr the page. Fill up the missing quantities and apply the 

usual checks. Also, CJllcuiale the corrected level of the TBM if the instrument is known 

to have an elevared collimation error of 3/J' and back sight, fore sight distances averaged 

40 m and 90 m respectively. -

Pohrt B.S. I.S. F.S. Ilk• Fall R.I... RetniJiks 

I 3.12!1 X B.M. 

2 X X 1.325 12S.505 T.P. 

3 2.320 0.055 

4 X 12S.850 

5 X 2.655 T.P. 

6 1.620 3.205 2.165 T.P. 

7 3.62!1 

8 X 123.090 T.B.M. 
----L_ --- --- ~ -- -----

(Engg. Services 1982) 

Solution : The solution is done is the following steps. 

I. F.S. of point 2 =B.S. of point 1 -Rise of poinl 2 = 3.125- 1.325 = 1.800 

2. R.L. of poinl I = R.L. of point 2- Rise of point 2 = 125.505 - 1.325 = 124.180 

3. 
4. 

5. 

6. 

7. 
8. 

9. 

10. 

II. 

12. 

13. 

14. 

B.S. of station 2 = l.S. of point 3 - Fall of point 3 = 2.320 - 0.055 = 2.265 

R.L. of poinl 3 =. R.L. of point 2- Fall of point 3 = 125.505 - 0.055 = 125.450 

Rise of point 4 = R.L. of point 4- R.L. of point 3 = 125.850 - 125.450 = 0.400 

l.S. of poinl 4 = I.S. of point 3- Rise of point 3 = 2.320- 0.400·= 1.920 

Fall of point 5 =F.S. of point 5 -l.S. of point 4 = 2.655 - 1.920 = 0.735 

R.L. of point 5 = R.L. of poinl 4- Fall of point 5 = 125.850-0.735 = 125.115 

B.S. of point 5 = F.S. of point 6 - Fall of point 6 = 3.205 - 2.165 = 1.040 

R.L. of point 6 = R.L. of point 5- Fall of point 6 = 125.115 -2.165 = 122.950 

Fall of point 7 = l.S. of point 7.- B.S. of point 6 = 3.625 - 1.620 = 2.005 

R.L. of point 7 = R.L of point 6- Fall of point 7 = 122.950 - 2.005 = 120.945 

Rise of .point 8 = R.L. of point 8- R.L. of point 7 = 123.090- 120.945 = 2.145 

F.S. of point 8 = I.S. of poinl 7- Rise of point 8 = 3.625-2.145 = 1.480 

APPENDIX 523 

The computations are ananged in tabular form below along with the missing quantities 

11/derlined. Rt711D1b 

Point B.S. J.S. F.S. Ilk• Fall R.I... 

UU&l B.M. 

I 3.12!1 

2 U6S uoo 1.32!1 12!1.505 T.P. _j 

3 2.320 
0.055 !2!1.450 

4 U2!l 
0.400 

12!1.850 

5 l.ll:Hl 2.655 
0.735 12S.Il5 T.P. 

6 1.620 3.205 
2.165 122.950 T.P. 

7 3.62!1 
2.005 120.945 

8 
U&l 2.145 123.090 T.B.M. 

Sum 8.050 9.140. 3.870 4.960 

Arithmetic checks 
I: B.S. -I: F. S. =I: Rise- I: Fall= Last R.L.- Firs! R.L. 

or 
8.050- 9.140 = 3.870 -4.960 = 123.090- 124.180 =- 1.090 (Checked) 

(b) Value of corrected T.B.M. 
Since the collimation line is elevated. each back sight and fore sight reading will 

be too great. 
Error is each back sight reading = 40 tan 30" 

Error is each fore sight reading = 90 tan 30" 
:. Difference is errors of one set of B.S. and F.S. readings= 50 tan 30" = o.001't1 

Since there are four sets of readings, total error = 4 x 0.00727 = 0.029 m 

Treating the B.S. readings to be cor«c•, '"'""'" ~"-ecce: •- ... ~ of the F.S. readings 
=0.029 m 

.. Corrected. sum of F.S. readings= 9.140-0.029 = 9.111 

:. Corrected difference in the level of B.M. and T.B.M. = 9.111 - 8.050 = 1.o6
1 

:. Corrected R.L. of T.B.M. = 124.!80- 1.061 = 123.119 m 

Example A-32. .Tiu! following consecutive readings were taken with a Level and 
5 

metre leveUing staff an continuously slopping growuf at a conunon interval of 25 ·metres. 

0.450, 1.120, 1.875. 2.905, 3.685, 4.500, 0.520, 2.150, 3.205 and 4.485 

Given : The reduced level of the change point was 250.000 

Rule out a page of .level field book and enter the above readings. 

Colculate the reduced levels of the points by rise and fall method and also rhe gradien! 

of the line joining the first and the laSt point. (UPSC Asst. Engineers C.P. W.D. &am, J981J 
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S.N. B.S. J.S. F.S. lib• Filii It£. R•lfllril 

I 0.450 254.050 

2 1.120 0.670 253.380 

3 1.875 0.155 252.625 

4 2.905 1.030 251.595 

5 3.685 0.780 250.815 

6 0.520 4.500 0.815 250.00 Chaolil:c ooiot 

7 2.150 1.630 248.370 I 

8 3.205 1.055 247.315 

9 4.485 1.280 246.035 I 

t 0.970 8.985 _____2._~ 8.015 I 
---

Atflluutk checb 

l: B.S. - :E F.S. = :E Rise - :E Fall= R.L. of last point - R.L. of first poinl 

or 0.970- 8.985 = 0.000- 8.015 = 246.035 -254.050 

or - 8.015 = - 8.015 = - 8.015 (checTwl) 

G di 
f r _ 254.oso -246.035 1 

ra em o me-. 25 
x 

8 
-

24
_
95 

Example A-33. In· levelling between rwo points A and B on opposr~e banks .of n'ver, 

the level was set up neor A and the staff readings on A and B were 1.570 and 2.875 

respectively. The /eye/ was then moved and ser up near B and the respective staff readings 

on B and A were 2.055 and 0.850. Find the difference of level between A and B. 

(U.P.S.C., C.P. W.D. Asst. Engineen Exam. 1983) 

Solution 
lf!Strument near A 

Apparent difference in level between A and B = 2.875 - 1.570 = 1.305 m, A being higher. 

IIISlrument near B 
AppareDI difference in level between A and B = 2.055 - 0.805 = 1.205 m, A being higher 

1.305 + 1.905 
:. True difference in level between A and B =. 

2 
= 1.255 m, 

A being higher. 

Example A-34. Determine the reduced level of a church spire at C from the following 

observOJions Eaken from rwo stOJions A and B. 50 m apart. 

Angle BAC = 60' and angle ABC= 50' 

Angle ·of e/evOJion from A to !he rop of spire = 30' 

Angle of elevOJion from B lo the lop of spire = 29" 

Staff reading from A on bench mark of reduced level 25.00 = 2.500 m 

Staff reading from B on the same bench mark= 0.50 m 

Solution : Let C be the church spire (Fig. A-28) 

From triangle ACB, LACB = 180' - (60' + 50')= 70' 

(Engg. Serviees, 1992) 
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c 

t ,-- Tffi--··(! 2:5 • ---- --

A som 1 'a oy;=::.:.~:-:::::~.:-.-.::tj ~ ............ '" ... """ ... 
(a) Plan 

(b) 5ection along AB · 8 

FIG. A·28 

AC = .:~0, ~sin SO'= s~O' ~in so'·= 40.76 m; BC = ,~0, sin 60' = 46.08 m 

(a) ObservalioM from A to C 
R.L. of C = R.L. of B.M. + B.S. reading +A C tan 30' 

= 25.00 + 2.50 + 40.76 tan 30' = 51.033 m 

(b) ObservaliollS from B to C 
R.L. of C = R.L. of B.M. + B.S. reading + BC tan 29'. 

· = 25.00 + o.so + 46.08 tan 29' = 51.043 m 

. 51.033 + 51.043 
Average elevatton of C 2 

51.038 m 

" 

Example A-35. A railway embankment is 16 m wide with side slopes 2 Eo 1. Assume 

the ground to be level in direction transverse to the cenlre line. Calculate the w(!une 

conrained in a lenglh of 100 m, the cenlre height OJ 20 m inlervals being in m: 2.0, 

4.5, 4.0, 3.5, 2.5, 1.5. Use rrapezoidill rule. (U.P.S.C. Engg. Serviees Exam. 1987) 

·Solution : Given b= 16 m ; n=2 

A= (b + nh) h 

AJ = (16 + 2 X 2) 2 = 40 m' -b-
Az = (16 + 2 x 4.5) 4.S =·112.5 m' 

A,= (16 + 2 x 4) 4.0 = 96 m1 

A,= (16 + 2 x 3.5) 3.5 = 80.5 m1 

A, = (16 + 2 x 2.5) 2.~ = 52.5 m1 

Ll~ 
Ao = (16 + 2 x·\.5) I.S = 28.5 

FIG.· A·29 

Volume, from u:apezoidill formula, is given by Eq. 13.23 

[
A, +An 1 

V=d -z+Az+A,+ ...... An-1 

·[40+28.5 ] = 20 , + 112.5 + 96 + 80,5 + 52.5 7 7515 m
3 

· 

... (13.23) 



$26 SUII.VEl'JNG 

Example A-36. To determine rhe gradient between two points A and B. a tacheometer 

was set up a1 another station C and rhe following obse11101ions were taken keeping ·,he 

staff vertical. 

Staffa/ 

A 

B 

Vertical angle 

+4°20'0" 

+ 0 ° 10' 40" 

8/adia Readings 

1.300, 1.610, 1.920 

1.100, 1.410, 1.720 

Jf the horizontal angle ACB is 35' 20', determine the average gradient between A 

and B. Take K =. 100 and C = 0.0 

Soladon 
(Engg. Services, 1993} 

(a) Observalio,. .from C to A : s = 1.920- 1.300 = 0.620 · m 

D = K.r cos' 6 + c cos e = 100 X 0.620 cos' t4' 20'·00") 

~ 61.65 · m 

V = K.r sin2 28 = 100 x 0.620 sin 8; 40 ' 

=4.671 m 

. . Difference in level between A and C 

= 4.671 - 1.610 = 3.061 (A being higher) 

(b) Observalio,. .from C to B : 

s = 1.720- 1.100 = 0.620 m 

D = 100 x Q;620 cos' (0' 10' 40") ~ 62 m 

V= 100 x 0.60 sinO' ~1 ' 20 " =0.186 m 

c 

FIG. A·30 

A 

B 

.. Difference in level between B and C = 0.186 - 1.410 =- 1.224 m (B being lower) 

( c\ Distonce AB and Jl1"r111Um from A to B 

Fig. A-30 shows the plan, in which LACB =a= 35' 20', AC = 61.6 m and 

BC=62 m. 

By cosine formula, AB' = C' : a' + b' - lab cos C · 

or AB': (62)
1 + (61.65)1

- 2 X 62 X 61.65 eos35'20' 

From which AB = 37.53 m 

Difference in elevation between A and B :3.061-(-1.224)=.4.285 m· 

·.-. Gradient from A to B= :1~i: 8_;
58 

(i.e. 1 in 8.758 falling) 

Example A-37. An observer standing on the deck of a ship jwt sees a light house. 

The top of rhe liglu house in 49 Ill above the sea level and the height of observer's 

eye is 9 on above the sea leveL Find the distance of the observer from the liglu house. 

(UPSC Engg. Servkes EXmn, 1998) 

Solutloa : Refer Example 9.12 and Fig. 9.40. 

APPENDIX 

lZ'1 

Let A be lbe position of thO top of ligbt house and B be lbe position of observer's 

eye. Let AB be iangeotial to water surface at 0. 

The distanceS d1 and d, are · given by 

d, = 3.8553 -rc; km = 3.8553 -{49 = 26.987 km 

and dz = 3.8553 ..JC, km = 3.8553 ..f9 = 11.566 km 

:. Distance between A and B = d, + 4z = 26.987 + 11.566 = 38.553 km 

Example A-38. The following observtlJions were made in ·running fly levels from a 

bench mark of RL 60.65 

Back sight : 0.964, 1.632, /.105, 0.850 

Fore siglu : 0.948, 1.153, 1.984 

Five pqges a1 20 m interval are to be set on falling gradient of 1 in 100 m. from 

the last position. of the- instrument. The .first peg is to .be al RL 60. · 

Work our the staff readings required for setting the pegs and prepare the page of 

the level book. 
(U.P.S.C. Engg. Servkes Exam, 1999) 

S.N. DfsUUIU B.S. I.S. F.S. R.I. R.I. Rellllllil 

I 0.964 
61.614 60.650 

2 1.632 0.948 62.298 60.666 

3· 1.105 1.153 62.250 61.145 

4 0.850 1.984 61.116 60.266 

5 0 1.116 
60.000 P<!< I 

6 20 1.316 
59.800 P<>< 2 

7 40 1.516 
59.600 p.. 3 

8 60 I. 716 
59.400 Peo 4 

9 80 
1.916 59.200 p,. 5 

Cheek t 4.551 6.001 60.650 

i I 
~S51 

-59.200 

I 1.450 I -~-1.450 . CII<W<1 

Example A-39. The field level . book readings from a fly level are as foU, 

Examule A-39. The field level . book readings fro; fly 

Sill/! station R.L. B.S. F.S. 

B.M.-1 100.000 3.635 -
A X X 2.375 

B 104.150 . 4.220 /.030 

c 106.650 3.990 X 

B.M.-2 108.00 - • 
Find our the missing values marked ( x ) and perjonn 

Remarks 

the arithmetic check. 

(Engg. Servkes, 2003) 
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Solulloa 
The . solution is done in the tabular form below 

Slit!- B.S. F.S. HU,IJlof R.I. -- .. 
8.M..I 3.635 103.635 100.00 B.M.I 

A (•) 3.92 2.375 105.180 (') 101.26 C.P. 

B 4.220 1.030 108.370 104.150 C.P. 

c 3.990 (•) 1.7l 110.64 106.650 C.P 

B.M.•2. (•) 2.64 108.00 B.M.2 

t 15.76S 1.165 

SCeps I. Height of instrumeDI in. the first setting = 100.000 + 3.635 = 103.635 

2. R.L. of A = H.l.- F.S. = 103.635 - 2.375 = 101.26 m 

3. H.l. for second setting = R.L. of B +F.'S. on B = 104.150 + 1.030 = 105:18 

4. B.S. on A= H.l.- R.L. of A= 105.18- 101.26 = 3.92 

5. H.l. for third. setting= R.L. of B.+ B.S. on B = 104.150 +.4.220 = 108.370 

6. F.S. on C= H.!. in '!bird setting- R.L. of C= 108.370-106.650 = 1.72 

7. H.!. in the 4th setting= R.L. of C +B.S. on C = 106.650 + 3.990 = 110.64 

8: F.S. on BM 2 = H.!. in 4th setting- R.L. o( B.M.2 = 110.64 - 108.00 = 1.64 

Check : l: B.S, -l: F.S. = 15.765 -7,765 = 8.0 =Last R.L.- Firsl R.L.= 108.00 -)00.00 

I 

Example A,.40. LeveUing was done between statioirs A. and F, stoning with bOck· 

sighl. at A. Various back sighls taken were in the following sequence : 2.3, 2.3, · -1.6 

and X. The srun of all the- fore sighls Was foand to be 3. 00.. Also, it was known thai 
F is 0. 6 m. higher than A. Find the value of X. How marry fore sights do you expeel? 

or 

Solution : 
Since F ls · 0.6 m higher w.a~ A, 

We have :' R.L. of F - R.L. of A = 0.6 m' 

Also, we have l: B.S. -l: F.S. =Last R.L. - F'.rn R.L. 

·:. l: ii.S. -l: F.S. = 0.6 m 

But 

l:.B.S. = 0.6 + l: F.S. = 0.6 + 3.0 = 3.6 

l: B.S.= 2.3 +2.3 + ( -1.6)+ X=3.0 +X 

3.0 +X= 3.6 

X= 3.6-3.0 = 0.6"' 

... (1) 

... (2) 

Since each insttumeDI setting consists of one B.S. and one F.S., the number of 

fore sights are .always equal to number pf backsights. Hence number of fore sights = 4. 

Example A-41. The readings below were obtained from an instrumem station B using 
an anallatic tacheometer having the following constams : focal length •of the '(Jbject glass 

529 
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203 ntm. focal length of anal/alic lens 114 mm. distance between objeel glass and anal/alic 
·hall'S 1.664 mm. 

fe1IS J/0 ""'" .. ,.,.......6 .. -.~ ---- ---

IIISITU/IIelll at Height of To Bearing Venical angle Stadia readings 

in.JinDIIe!l! 

B 1.503 m A 69" 30 '()(1' + 5'00'()(1' 0.65811.055/1.451 

c I 59" 30 '()(1' (!'00 '()(1' 2.23]/2.847/3.463 

The sto/f WQS held Venical for both Obm>U .. V<Wo 

Bore holes were sunk at A,. B and C to expose a plane bed of rock, the groand 

surface being respectively 1J.918 m. 10.266 m and -5.624 m obove the rock plane. Given 
thai the reduced level. of B was 36.582 m, determine the line of steepest rock slope relative 

to the direction AB. (U.L) 

Solution 
(a) [Jeterrninadon of mu!Jiplying constanl 

i=L664 mm Given : f= 203 mm; f = 114 mm; n = 178. mm 

Tho multiplying· constanl k is given by : 

k = jf' - 203 X 114 100.05 ~ 100 
if+ f'- n) i (203 + 114- 178) 1.664 

(b) Observations to A : 
e = S' oo· 00" ; s = 1.451 -0.658 = 0.793 m 

. . Horizonral DistanCe .&l = ks cos' e = 100 x 0.793 cos'S' 00' 00" = 78.698 m 

v, = ks sin 2 e = 100 x 0.793 sin 10' 00' 00" = 6 885 m 
2 2 . 

R.I,. of A= 36.582 + 1.503 + 6.885- 1.055 = 43.915 m 

(c) Observation to C : e = 0' 00' 00" ; s = 3.463 -2.231 = 1.232 m 

.. Horizonral distanee BC = k s cos' e = 100 x 1.232 cos' 0' = 123.20 m 

•o 
Va=ks==O 

2 

:. R.L. of C = 36.582 + 1.503 + 0 - 2.847 = 35.238 m 

(4) DeterminOiion of line· of steepest rock slope: Refer Fig. A-31. 

Let us first find the levels of rock at A, B and C. 

AI A, G.L. =43-.915; Depth of roc~ = 11.918 m 

.. Rock level at A= 43.915- 11.918 = 31.997 m 

AI B : G.L. = 36.582 m ; Depth of rock= 10.266 m 

Rock level at B = 36.582- 10.266 ~ 26.316 m 

At C : G.L. = 35.238; Rock depth= 5.624ni 

:. Rock level= 35.238 - 5.624 = 29.614 

G 
. . f ~ 31.997-26.316 I 

radient o rocL along AB = 78.698 - 'i3.8s3 
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Let D the point on AB where the rock level is 
to the rock level at C (i.e. 29.614 m) 

equal 

Length AD= (3!.997- 29.614) x 13·853 = 33.012 m 
I 

Length BD = 78.698 - 33.012 = 45.686 m 

Line CD is thus a level line (or strike}· ·i.~, a line of 
zero slope . Hence the line of steepest slope (or fuU ·dip) i.e. 

line AE, will be at 90" to CD. 

Now Let LBCD = a ; LABC = 1S9' 30' 00" - 69' 30' 00" = 90' 

Hence the line A.E of the steepest slope is also inclined 

at angle a to AB. 

Now, from mangle ABC, 

- tan . ' BD - - I 4S.686 - 20' 21' a- --tan ---
BC 123.20 

. . Bearing of full dip.= bearing of AE = bearing of A.B + a 

= (69' 30' + 180') + 20' 21' = 269' 51' 

SURVEYING 

: t ru11 Ul!-1 ,.. l =:t9A ' - .. ::x:. 

AG. A-31 

A 

Abeiration, chro~tic, 
spherical. 

Abney level, 
Accwacy of chaining, 

of compass traversing, 
of grodetic levelling, 
of ordinary levelling, 

or theodolite traversing, 

Accuracy and errors, 
Achromatic lens, 

AChromatism, 
Adjustmenls, of Abney level, 

of bearings. 
of box sextant, 

of chain, 
._of compass traverse, 
of _dumpy level, 

oi optical square, 
~f precise level, 
o_f prismatic compass, 
of surveyor's compass, 
of theodolite, 
of tilling level, 

of trivetse, 
of Wye level, 

Agonic lines, 

Alidade, plain, 
Telescopic, 

AlliLut.l.;:, I~Yel, 

Amsler's polar planimeter. 

Aogle measurement 
with Abney level, 

with box sextant, 
with theodolite, 

Angles, direct. 
deftection, 

vertical. 
Angles, booking of, 

summation test for, 
Angular error i.n traversing. 

Aplanalism, 

209 
209 

. 338 
70 

133 
377 
243 
177 
27 

210 
209 
339 
172 
347 
42 

172 
365 
97 

382 
120 
123 
385 
372 
172 
373 
125 
272 
272 
138 
305 

338 
345 
144 
164 
164 
150 
150 
167 
169 
209 

Index 
Area computation of. 291 

of closed traverse. 298 

unirs of, 5 

Arrows, 38 

Astignation, 210 

Attraction, locaJ, 127 

Average end area rule, 321 

Average ordinate ru1e, 293 

Axis of level tube, 155 

of telescope, 155 

B 

Back bearing, 112 

Back. sight, 214 

Balm:ing backsight and foresight, :w. 
Balancing in, 153 

Balancing traverse, 172 

Band chain. 41 

Barometer, aneroid, 249 

mercury, "248 

Barometric levelling, 248 

Bearing, arbiuary, llC 

adjustment of, 172 

back, 112 

fore, 112 

magnetic, 110 

quadrantal, .Jll 

redoced. 111 

true, 110 

whole circle, 110 

Bench mark, 196 

Booking, angular measurements, 150 

chain suneys, 92 

field notes, 92 

levels, 216 

sections, 237 

Bowditch's rule, 172 

Box sextant. 346 

Brightness of image. 211 

Bubble tube, 244 

Burel hand · level, 341 

(>31) 

__j 
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c 
Capacity of reservoirs, 
Capstan nuts, 
Centring error of, 

theodolite, 
plane table, 

Chain, 
adjustment of, 

engineer's, 
Gunter's, 
metre, 
revenue, 

Chain angle, 
Chain surveying, field work, 

problems in, 
principles of, 

Chaining a ·nne, 
on sloping ground, 

Change point, 
Characteristic of contours, 
Cbeek lines, 
Cbecks on closed traverse, 
Circle of correction, 

area of, 
Clamp and tangent screw. 
Classification of surveys, 

of levelling, 

Clinometers 
Closed traverse 
Closing error, in levelling 

in tr.wers1ng. 
Collimation, line of 

llltlhod of reducing levels, 
Combined correction 
Compass, prismatic, 

surveyo{'S, 
traverse, 
trough, 

Compass rule, 
Compuwioo of uea, 

of volume. 
Contour drawing, 

grodieot, 

immal 

269 
366 

. 159 

287 

42 
41 
41 
39 
41 
85 
94 
98 
85 
49 
54 

214 
259 

85 
167 
308 
308 
138 

3 
196 
338 
167 
240 

"' " ' 
204 
216 
226 
118 
120 
162 
138 
172 
291 
m 
264 
266 
257 

Contouring, methods of, 
Contours, characlel'istics of, 

interpolation of, 
uses of, 

Conventional signs, 
Coordinates, area from, 

consecutive, 
independent, 

Correction, for absolute length, 
for .alignment, 
for curvature, 
for refraction, 
for reduction to m.s.l., 
for sag, 

for slope, 
for temperature, 
for tension or pull, 
pris~idal. 

Cross hairs, 

Cross-staff st..:vey 

Darum, 

D 

Declination, magnetic, 
Defecls, of lenses, 
Definition of teiescope, 
Deflection angles, 
De Lisle's Clinometer, 
Depanure, 
Designation of bearing, 
Diagonal eyepiece, 
Diaphragm 
Dip of compass needle, 
Direct angles, 
Direct method · of coniOuring, 
Distance co visible horizon, 
Distribution of aogular error, 

· Diurnal variation, 
Drop arrow, . 
Dumpy level, 

E 

Eanh work cakulallom, 
from cross-s«tioD, 

. from borrow. pits, 

SURVEYING 

260 
259 . 
264 
267 
106 
302 
169 
169 
60 
66 

226 
226 
§7 
62 
64 
60 
61 

322 
207 
105 

195 
125 
209 
209 
152 
341 
179 
110 

1D6 
207 
117 
151 
260 
227 
172 
127 
54 

197 

315 
315' 
327 

INDEX 

from contour~, 

Easting and Westings, 
Eccentricity of circles, 

of verniers, 
1 

Elevation 
End areas, . volume by 
Enlarging plans, 
Errors, 

accidenta1, 
probable, 

Error Of closure, 
relative, 

Error due to incorrect ranging, 
Error, sources of, in chaining, 

in compass observation 
in levelling 
in plane tabling 
in theodolite work 

Eye piece, 
erecting, 
Ramsden, 

Face left and right, 

Fast needle method, 
Field , book, 
Field work,· 

F 

Focusing of telescope, 
Folded staff, 
Folded vernier, 
Foot :de ~H~C'M~e-r 

Fore bearing, 
Fore sight, 
Four screw levelling head, 
Free needle method, 
French cross-staff, 

Geodetic surveying, 
Gbat ttacer, 

Grade contollf, 

G 

Graphical adjustment o( ttavC!liC, 

Gravatt 1~, 
GUIIICr'S ciJiio. 

332 
169 
158 
158 
195 
321 
344 

27 
28· 
28 

171 
171 
57 
57 

133 
240 
2~ 

156 
205 
1D6 
206 

142 
162 
92 
94 

142 
202 

15 
342 
112 
214 
212 
162 
95 

3 
343 
266 
173 
1!!7 
41 

Hachures, 
Half breadths, 
Hand level, 

H 

Height of instrument. 
method of reducing levels, 

Horizonlal angle, 
HorizonJ.al line, 

plane, 
Hypsometry, 
Hypotenusal allowance, 

I 

.Diwn.ination, 
Included angles, traversing by, 
lode~ error, bo~ sextant,. 

theodolite, 
Indian Panem cliooroeter •. 
Iodirect nnging, 
Instruments, 

for measuring angles, 
for setting out right angles, 

Interpolation of contours, 
Intermediate sight. 
Internal focusing relescope, 
Invar tape, 

Isogonic lines, 

L 

Laths. 
Latimdes :iild departUreS. 
Laying off borizorual angle, 

by repetition, 
Lebmann'·'s rUles, 
Level, Abney, 

suifaee, 
tilting, 
types of, 

Levelling, 
differential 
difficulties, 
,precise, 
profile,. 

reciprocal 

533 

257 
315 
337 
214 
216 
144 
195 

•J95 
252 

55 

211 
164 
348 
158 
340 
48 

109 
95 

264 
214 
208 

38 
125 

46 
179 
154 
154 
282 
338 
195 
200 
197 
195 
215 
238 
377 
233 
230 
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staff, 

trigonometrical, 
Line of coUimation. 

of sight, 
·Linen tape, 

Links 
Local attraction. 
Localing buildings, 

contours, 
ddails, 

Location slcetcb, 
Longillldinal section, 
Loose needle melbod, 

Magnetic declination, 
needle, 

Magnification, 
Magnetic dip, 

meridian, 

M 

stonns, 

Measurement, of area, 
offsets, 
volume, 

Meridian, arbit.raJY, 
magnetic, 
true, 

Melallic rape, 
Micrometer Microscope, 
Mid-ordi.oq~,e ru1e, 
Mistakes in chaining! 

compass surveyi~. 

lev~lling, 

· ~biie -tabling, 
·theodolite observations, 

N 

Needie, magnetic, 
Normal teruion, 
Nonhings, and southings, 
North, magnetic, 

0 

Object glass, 
Observation with box sextam, 

201 
349 
204 
204 

36 
38 

127 
87 

260 
87 
94 

233 
162 

125 
117 
211 
117 
110 
126 
291 

87 
315 
110 
110 
110 
43 
18 

292 
57 

133 
243 
287 
!56 

117 
62 

169 
110 

205 
347 

Obstacles in cbaining, 
Odomeler, 
Offset rod, 

Offsets. 
limiting leogth of, 
oblique, 
swing, 

Optical sq-. 
Orientation in plane tabling, 
Omitted measuremenl, 

Pacing, 
Pintagrapb, 
Parallax, 
Parallel, seuing out, 

. . PassOmeter, 
Permissible error, 

in chaining, 

p 

in geodetic levelling, 
in ordinary levelling, 
in ttaversing, 

~table, 

Plane tabling, 
advantages of, 
disadvantages of, 
method of, 

Planimeter 1 

Plumb bub, 
Plumbing fOrk, 
Poles, ranging, 
Precise levelling, 

'"Principle, of sextant, 
or reversal, 
of surveying. 

Prism square, 
Prismatic comp~. 
Prismoid, 
Prismoidal correction, 

fonnula, 
Prolonging a line, 
Pull, correction for, 

Q 

QJ.p.drantal bearing, 

SURVE~G 

100 
38 
45 
87 
89 
88 
88 
96 

273 
179 

38 
344 
212 
99 
38 
30 
7Q 

371 
243 
177 
271 
271 
289 
289 
275 
305 
46 

271 
45 

377 
345 
365 

4 

97 
118 
319 
320 
320 
!52 
61 

110 

INDEX 

Quantities of eanhwork. 

Radiation, 
Ramsden eye piece 
Random- line, 
Ranging direct, 

indirect. 
poles. 
reciprocal. 
rods, 

Rcciproci>l ranging 
Rccoonaissanee. 
Reduced bearing, 

R 

Reduction of bearings, 
Reducing and enlarging maps, 

Reference sketch, 
RefractiOn, 
Reiteration, 
Repetition, method of, 
Representative fraction, 
Resection, 
Reservoir capacity, 
Rdrograde vernier, 
Reversible level, 
Reversal, principle of 
Requirements of magnetic oeedle 
Right angles, sdting out 
Rise and fall method 
Rods, offsets 

ranging 

Sag, correction for; 
Beales, 
Sections, cross, 

longirudioal, 
SecuJar variation, 

s 

Selection of Survey station, 
Self reading staff, 
Sensitive_gess of level rube, 
Setting out grade con10ur, 

perpendicular, 
Selling up plarie table, 

Shifting head, 

315 . 

275 

206 
!53 
46 
47 
45 
47 
45 
47 
94 

109 
109 
344 

94 

226 
148 
145 

8 
278 
332 

14 

200 
365 
118 
95 

217 . 
45 
45 

62 
8 

237 
233• 

125 
85 

201 
244 
266 

95 
273 
271 

Side widlhs, 
Simpson's rule,· 
Size of field, 
slope, cbaining on. 

correction for, 
Solid- type dumpy level, 

Sopwitb staff, 
Spherical aberration, 

Soutbing, 

specdo..-. 
Stadia ~. 
sr.aff. cross. 

folding. 
levelling, 

standardising. correction for 1 

SW>dard~ing cbains, 
Stations, selection of, 
Steel band, 

Cbain. 
tape, 

Stepping 
Surve)'ing, chains 

classification of, 
geodetic. 
plane. 
plane !able 
principles of 
telescope 

Symbols, conventional 
Systematic errors, 

Tapes, invar, 
linen, 
meu.mc 
steel. 

Tape corrections, 
Target staff, 
Tavistoek theodolite 
Telescope, 

T 

external focussing, 
inrernal focussing, 
charactt:ristics of, 

Telescopic, alidade, 
staff, 

Temperarure. correction for. 

SJS 

315 
32! 
tn 

54 
64 

197 

~-
lOg 

169 

t 
202 
20! 

60 
42 
8S 
41 
38 
43 

54 
38 

4 

1 
271 

s 
204 
106 
27 

44 
43 
43 
43 
60 

207. 
394 
204 
208 
208 
210 
271 
201 
60 



,36 

Temporal)' adjustm<DIS, 
of level, 

or lbeodolire, 
Tension, correction for, 
Terms used in leveUing, 
Tesling of Abney level, 

of box sexwn, 
of cbain, 

Theodolite, transit. 

Tavislock, 
Wans microptic, 

Wild T-2, 
Three point problem, 
Tie line, 
Topographical swvey, 
Total. latitude, 

Transit 
Trapezoidal rule, 

for area, 
for volume, 

Traverse surveying, 
area of closed, 

balaJ>::ing, 
calculations, 
closed, 
computations, 
~rror of closure, 
open, 

Traversing, by chain 
fast needle method, 
free needle method; 
ivo;:;c ;~k. m..:i.hvU, 

Triangle, of error, 
weU conditioned, 

Trigonometrica.l levelling, 
Trough compass, 

True meridian, 

Turning, poim, 
Two peg method, 
Two point problem, 

211 
142 
61 

195 
338 
345 
38 

137 
394 
392 
392' 
279 

86 
257 

169 
137 

292 
321 
161 
298 
172 
169 
161 
l72 
171 
161 
161 
162 
162 
.162. 
279 

85 
349 
273 
1!0 
213 
368 
285 

SURVEYING 

u 
U-ftame, 
Unclosed· ttaversc, 

field cbeob on. 
Unfolding chain, 

Units of angular measure, 
area, 
linear m~. 

v 

Variation of magoetic;:. declination 
Verniers, 

direct, 
double folded, 
extended, 

re<rognde. 
Vertical, angle, 

axis, 

line, 
Volume of eanh Worlc, 

from cootour lines, 
from cross-sections, 
from spot levels, 
of reservo!rs, 

w 
Well conditioned triangles 

Westings and eastings 
Wbites 
Whok ;.:ircl.: [A;.A.i"lil£..> 

Wild T-2 theodolite 

Wye level. 

y 

Y-level 

z 
Zero circle 

271 
·!lii 
.168 

49 
7 

6 
5 

125 
12 
12 
IS 
14 
14 

ISO 
141 
195 
315 
332 
315 
327 
332 

85 
169, 179 

46 
110 
393 
199 

199 

308 

.. ,. 
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