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LAND SURVEY - I 

3. ANGULAR MEASUREMENT AND COMPAS SURVEYING 
 

3.1 Measurement of Angles with Chain, Tape & Compass.  
 

A compass is provided just below the telescope for taking the magnetic bearing 

of a line when required. The compass is graduated in such a way that a ‘pointer’, 

which is fixed to the body of the compass indicates a reading of 0° when the 

telescope is directed along the north line. In some compasses, the pointer shows a 

reading of a few degrees when the telescope is directed towards the north. This 

reading should be taken as the initial reading. The bearing is obtained by 

deducting the initial reading from the final reading of the compass.  

There are kinds of compasses -  

(a) The Trough Compass - The trough compass is a rectangular box made of non-magnetic metal 

containing a magnetic needle pivoted at the centre. This compass consists of a ‘0’ mark at both ends 

to locate the N-S direction. 

(b) The Circular Box Compass - It carries a pivoted magnetic needle at the centre. The circular box 

is fitted on a square base plate. Sometimes two bubble tubes are fixed at right angles to each other on 

the base plate. The compass is meant for marking the north direction of the map. 

(c)Prismatic Compass - In this compass, the readings are taken with the help of a prism. 

(d)Surveyor’s Compass - The surveyor’s compass is similar to the prismatic compass except for the 

following points. 

(a) There is no prism on it. Readings are taken with the naked eye. 

(b) It consists of an eye-vane (in place of prism) with a fine sight slit. 

(c) The graduated aluminium ring is attached to the circular box. It is not fixed to the magnetic 

needle. 

(d) The magnetic needle moves freely over the pivot. The needle shows the reading on the graduated 

ring. 

(e) The ring is graduated from 0° to 90° in four quadrants. 0° is marked at the north and south, and 

90° at the east and west. The letters E (east) and W (west) are interchanged from their true positions.  

(f) No mirror is attached to the object vane. 

 

3.2 Compass – Types, parts, merits & demerits, testing & adjustment of compass. 

 
Introduction to compass surveying - Chain surveying 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 alone are not sufficient and covalent. In such cases, it becomes essential to use some sort of 

instruments which enables angles or directions of the survey lines to be observed.  

Principle of compass surveying - The principle of compass surveying is traversing. In traversing it 

is not required to form a network of triangles. In compass traversing the direction of lines are 

measured by prismatic or surveyor's compass and the distances are measured by chain or tape. Major 

types of magnetic compass are; 

− Prismatic compass 

− Surveyor's compass 

− Level compass 

Features of compass surveying - The principle of compass surveying connected lines. is traversing, 

which involves a series of connected lines. Such survey does not require the formation of a network 

of triangles. Some priorities for compass surveying are as following; 

• If there is a large area to be surveyed such as the coastal areas or the course line areas of the river. 

• If the area is crowded with many details and has many obstacles for conducting chain surveying as 

triangulation becomes impossible. 

• If the surveyor has a specific time limit for conducting the surveying on a large and detailed area. 



 

Parts of compass - Major parts of a Compass are; 

▪ Magnetic needle ▪ Graduated ring ▪ Adjustable mirror ▪ Eye vane 

▪ Glass cove ▪ Horse hair ▪ Object vane ▪ Metal box 

 
 

Merits –  

They are portable and light weight. They have 

fewer settings to fix it on a station The error in 

direction produced in a single survey line does 

not affect other lines. It is suitable to retrace old 

surveys. 

Demerits –  

It is less precise compared to other advanced 

methods of surveying. It is easily subjected to 

various errors such as errors adjoining to 

magnetic meridian, local attraction etc. Imperfect 

sighting of the ranging rods and inaccurate 

levelling also causes error. 

Temporary Adjustment of Prismatic Compass - The following procedure should be adopted while 

measuring the bearing by prismatic compass. 

1. Fixing the Compass with Tripod Stand - The tripod stand is placed at the required station 

with its legs well apart. Then the prismatic compass is held by the left hand and placed over the 

threaded top of the stand. After this, the compass box is turned clockwise by the right hand. Thus, the 

threaded base of the compass box is fixed with the threaded top of the stand. 

2. Centring - Normally, the compass is centred by dropping a piece of stone from the bottom 

of the compass box. Centring may also be done with the aid of a plumb bob held centrally below the 

compass box. 

3. Levelling - Levelling is done with the help of a ball-and-socket arrangement provided on 

top of the tripod stand. This arrangement is loosened and the box is placed in such a way that the 

graduated ring rotates freely without touching either the bottom of the box or the glass cover on top.  

4. Adjustment of Prism - The prism is moved up and down till the figures on the graduated 

ring are seen sharp and clear. 

5. Observation of Bearing - After centring and levelling the compass box over the station, the 

ranging rod at the required station is bisected perfectly by sighting through the slit of the prism and 

horsehair at the sight vane.  

 

3.3 Designation of Angles- Concept of Meridians – Magnetic, True, Arbitrary; Concept of 

Bearings – Whole Circle Bearing, Quadrantal Bearing, Reduced Bearing, Suitability of 

Application. 

 

Concept of Meridians - The direction of a survey line can either be established with relation to each 

other, or 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 meridian. A meridian is direction such 

as;  



 

− True Meridian 

− Magnetic Meridian 

− Arbitrary Meridian 

True Meridian - True meridian through a point is the line in which 

a plane, passing that point and the north and south poles, intersects 

with surface of the earth. Thus, it passes through the true north and 

south. The direction of true meridian through a point can be 

established by astronomical observations. 

True Bearing - True bearing 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 meridian through a point remains 

fixed, the true bearing of a line is a constant quantity. 

Magnetic Meridian - Magnetic meridian through a point is the direction shown by a freely floating 

and balanced magnetic needle free from all other attractive forces. The direction of magnetic 

meridian can be established with the help of a magnetic compass.  

Magnetic Bearing - The magnetic bearing of a line is the horizontal angle which it makes with the 

magnetic meridian passing through one of the extremities of the line. A magnetic compass is used to 

measure it. 

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 meridians are used to 

determine the relative positions of lines in a small area. 

Arbitrary Bearing - Arbitrary bearing of a line is the horizontal angle which it makes with any 

arbitrary meridian passing through one of the extremities. A theodolite or sextant is used to measure 

it. 

Bearing - The bearing of a line is the horizontal angle which the line makes with some reference 

direction or meridian (Meridian is a fixed direction on the surface of the earth). The common systems 

of bearings are 

− Whole Circle Bearing System (W.C.B.) or Azimuthal System. 

− Quadrantal Bearing (QB) system or Reduced bearing.  

 

Whole circle bearing system (Azimuthal system) - In this system, the 

bearing of a line is measured with magnetic north (or with south) in 

clockwise direction. The value of the bearing thus varies from 0° to 360". 

The bearing observed with a prismatic compass or theodolite are the whole 

circle bearing. 

Quadrantal bearing (Q.B.) system - In this system, the 

bearing of a line is measured eastward or westward from 

north or south, whichever is nearer. Thus, both North and 

South are used as reference meridians and the directions can be either clockwise or 

anticlockwise depending on position of the line. In this system, therefore, the 

quadrant in which line lies, will have to be mention. These bearings are observed 

by surveyor's compass.  

Reduced Bearing (RB) - When the whole circle bearing of a line is converted to quadrantal bearing, 

it is termed the ‘reduced bearing’. Thus, the reduced bearing is similar to the quadrantal bearing. Its 

value lies between 0° and 90°, but the quadrants should be mentioned for proper designation. 

 

The following table should be remembered for 

conversion of WCB to RB: 
WCB between Corresponding RB Quadrant 

0° and 90°  RB = WCB NE 

90° and 180° RB = 180° – WCB SE 

180° and 270° RB = WCB – 180°  SW 

270° and 360° RB = 360° – WCB  NW 



 

3.4 Use of Compasses – Setting in Field - Concepts of Fore Bearing, Back Bearing. 
 

Setting up of prismatic compass - The following are the adjustments usually necessary in the 

prismatic compass. 

− Permanent adjustments. 

− Station or temporary adjustments. 

Permanent adjustments - The permanent adjustment of prismatic compass is to bring the pivot point 

exactly in the centre of the graduated circle. There are no bubble tubes to be adjusted and the needle 

cannot be straightened. The sight vanes are generally not adjustable type in prismatic compass. 

Temporary adjustments - Temporary adjustments are those adjustments which have to be made at 

every set up of the instrument. 

Fore Bearing, Back Bearing - Every line has two bearings: one is observed along the progress of the 

survey or forward direction, and is called ‘fore bearing’, and the second is observed in the reverse or 

opposite direction and is called ‘back bearing’. 

Consider the line AB shown in Fig. Here, we consider the direction of meridian as upward 

and the bearing is measured clockwise from the meridian. The bearing as measured at A along the 

progress of survey A to B is θ. So, the angle or bearing θ is the fore bearing of the line. Fore Bearing 

and Back Bearing similarly, the bearing as measured at B in the opposite direction of the progress of 

the survey A to B, along clockwise direction is β. The bearing β is the back bearing of the line. From 

Fig, it is clear that the fore bearing and back bearing of a line differ exactly by 180°, i.e.  

Back bearing = Fore Bearing ± 180°. 

Use positive sign when fore bearing is less than 180° and use negative sign when it is more 

than 180°.In case of quadrantal bearing system, the numerical value of fore bearing and back bearing 

is equal but the quadrants are just opposite. For example, if the fore bearing is N30° E then it’s back 

bearing is S30°W. We also see from Fig, that the fore bearing of the line AB is equal to the back 

bearing of the line BA, i.e., the opposite direction of the progress of survey. 

  
3.5 Effects of earth’s magnetism – dip of needle, magnetic declination, variation in declination. 

 

Effects of earth's magnetism - The earth acts as a powerful magnet and like any magnet, it forms a 

field of magnetic force which exerts a directive influence on a magnetized bar of steel or iron. If any 

slender symmetrical bar magnet is freely suspended at its centre of gravity so that it is free to turn in 

azimuth, it will align itself in a position parallel, to the lines of magnetic force of the earth at that 

point. The lines of force of earth's magnetic field run generally from South to North near the equator, 

they are parallel to earth's surface. 

The horizontal projections of 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 dip of the needle. In 

elevation these lines of force (The north end of the needle) are inclined downward towards the north 

in the northern hemisphere and downward towards south in southern hemisphere.  

Dip of the magnetic needle - If a needle is perfectly balanced before magnetisation, it does not 

remain in the balanced position after it is magnetised. This is due to the magnetic influence of the 

earth. The needle is found to be inclined towards the pole.  

This inclination of the needle with the horizontal is known as the 'dip of the magnetic needle'. 

One of the effects of the earth's magnetism is to make a perfectly balanced needle. incline downwards 



 

after magnetisation towards the nearer of the earth's magnetic poles. This deviation from the 

horizontal is also known as the dip. 

Magnetic declination - Magnetic declination at a place la the horizontal angle between the true 

meridian and the magnetic meridian shown by the needle at the time of observation. Declination 

based on position. 

− Declination west 

− Declination east 

If the magnetic meridian is to the right side (or eastern side) of the true meridian declination is 

said to be eastern or positive. 

If the magnetic meridian is to the left side (or western side) of the true meridian, declination is 

said to be western or negative. 

Determination of true bearing - All important surveys are plotted with reference to true meridian, 

since the direction of magnetic meridian at a place change with time. If, however, the magnetic 

declination at a place, at the time of observation is known, the true bearing can be calculated from the 

observed magnetic bearing. 

True bearing = Magnetic bearing ± Declination. 

In above formula, 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 bearings only. If, however, a reduced bearing has been observed, 

it is always advisable to draw the diagram and calculate bearing. 

Variation of magnetic declination - The value of declination at a place never remains constant but 

changes from time to time. The magnetic declination at a place is not constant. It varies due to the 

following reasons: 

(a) Secular Variation - The magnetic meridian behaves like a pendulum with respect to the 

true meridian. After every 100 years or so, it swings from one direction to the opposite direction, and 

hence the declination varies. This variation is known as ‘secular variation’. 

(b) Annual Variation - The magnetic declination varies due to the rotation of the earth, with 

its axis inclined, in an elliptical path around the sun during a year. This variation is known as ‘annual 

variation’. The amount of variation is about 1 to 2 minutes. 

(c) Diurnal Variation - The magnetic declination varies due to the rotation of the earth on its 

own axis in 24 hours. This variation is known as ‘diurnal variation’. The amount of variation is found 

to be about 3 to 12 minutes. 

(d) Irregular Variation - The magnetic declination is found to vary suddenly due to some 

natural causes, such as earthquakes, volcanic eruptions, and so on. This variation is known as 

‘irregular variation’. 

 

3.6 Errors in Angle Measurement with Compass – Sources & Remedies. 
 

Sources of errors in compass traversing –  

Instrumental errors -Instrumental errors occur due to faulty adjustments and due to defective parts 

of the instruments, they are as follows: 

 The needle not being perfectly straight. 

 Pivot being bent. 

 Sluggish needle. 

 Blunt pivot points. 

 Improper balancing weight Sight vanes not being vertical. 

 Line of sight not passing through the centre of the ring. 

 Divisions of the graduated ring not being equal Graduated ring not being horizontal. 

Errors due to natural causes - The errors due to natural causes are the following reasons: 

 Presence of magnetic substance near or below the station of observation. 

 Irregular variations due to magnetic storms, etc. 

Observational or personal errors - These errors include; 

 Inaccurate levelling of the compass box. 

 Inaccurate centring. 



 

 Inaccurate bisection of ranging rods Inaccurate reading and recording. 

Remedies to be taken in compass survey – The instrumental and observational errors during a 

compass survey may be minimized by taking certain precautions. 

 Set up and level the compass carefully. 

 Stop the vibrations of the needle by gently pressing the brake-pin so that it will come to rest soon. 

 Always look along the needle and not across it to avoid parallax. 

 When the instrument is not in use, its magnetic needle should be kept off the pivot If it is not done, 

the pivot is subjected to unnecessary wear which may cause sluggishness of the magnetic needle. 

 Before taking a reading, the compass box should be gently tapped to ensure that the magnetic 

needle is freely swinging and has not come to rest due to friction of the pivot. 

 Stations should be selected such that these are away from the sources of Local attraction. 

 Fore and back bearings of each line should be taken to guard against the local attraction. 

 If the compass cannot be set at the end of a line, the bearings may be taken from any intermediate 

point along that line Two sets of readings should be taken at each station for important details by 

displacing the magnetic needle after taking one reading.  

 Object vane and eye vane must be straightened before making observations.  

 If the glass cover has been reduced with a handkerchief, the glass gets charged with electrostatic 

current and the needle adheres to the glass cover. This may be obviated by applying a moist finger 

to the glass.  

 Surveyor should never carry iron articles, such as a bunch of keys which may cause local 

attraction. 

 

3.7 Principles of traversing – Open & Closed traverse, Methods of traversing.  
 

Principles of traversing - 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. 

Type of traversing - Two general classes of traverse are; 

− Open traverse 

− Closed traverse 

Open traverse - Open traverse is that type of traverse 

in which origin point starts at known location and 

terminate points ends at unknown location. There is no 

opportunity for checking the accuracy of the ongoing 

work in open traverse. So, all survey measurements are 

carefully repeated at the time of the work. The major 

disadvantages of open traverse are, there is no check on 

summation of angles & There is no check on positions of intermediate points.  

Steps to minimize errors in open traverse are Each distance should be measured twice in both 

directions and also should be roughly checked by tacheometry method. Angles should be measured 

by method of repetition and also should be checked by magnetic bearings. 

An open traverse is usually run for establishing control in preliminary 

surveys and construction surveys such as roads, pipelines, etc, because 

the results are always open to doubt.  

Closed traverse - Closed traverse is that type of traverse in which 

origin point and terminate points are known locations. In such traverse, 

sum of the all-internal angles should be equal to (2n-4) times right angle 

where n is the number of sides. Closed traverse provides check for both 

linear and angular measurements and therefore preferred to all other types of traverses.  

Methods of traversing - Traverse survey may be conducted by the following methods, 

 1. Chain traversing (by chain angle), 

 2. Compass traversing (by free needle), 

 3. Theodolite traversing (by fast needle) and 



 

 4. Plane table traversing (by plane table). 

Chain traversing - When it is not possible to conduct triangulation, chain traversing is adopted. 

In this method, the angles between adjacent sides are fixed. No angular measurements are taken. The 

entire survey is conducted by chain and tape only. 

Compass traversing - In this method, by prismatic compass the fore and back bearings of the 

traverse legs are measured and by chain or tape, the sides of the traverse are measured.  

Theodolite traversing - In this traversing theodolite is used to measure the horizontal angles 

between the traverse legs and by chain or by employing the stadia method the lengths of the legs are 

measured. 

Plane table traversing - In this method, a plane table is set in the clockwise or anticlockwise 

direction, and the circuit is finally closed. At every traverse station, during traversing, the sides of the 

traverse are plotted according to suitable scale. 

 

3.8 Local Attraction – Causes, Detection, Errors, Corrections. 
 

Local attraction and their detection - A magnetic needle indicates the north direction when freely 

suspended or pivoted. But if the needle comes near some magnetic substances, such as iron ore, steel 

structures, electric cables conveying current; etc. it is found to be deflected from its true direction, 

and does not show the actual north. This disturbing influence of magnetic substances is known as 

‘local attraction’.  

To detect the presence of local attraction, the fore and back bearings of a line should be taken. 

If the difference of the fore and back bearings of the line is exactly 180° then there is no local 

attraction. If the FB and BB of a line do not differ by 180° then the needle is said to be affected by 

local attraction, provided there is no instrumental error. To compensate for the effect of local 

attraction, the amount of error is found out and is equally distributed between the fore and back 

bearings of the line. 

For example, consider the case when 

Observed FB of AB = 60°30′ 

Observed BB of AB = 240°0′ 

Calculated BB of AB = 60°30° + 180°0′ = 240°30′ 

∴ Corrected BB of AB = 1/2 (240°0′ + 240°30′) = 240°15′ 

Hence, Corrected FB of AB = 240°15′ – 180°0′ = 60°15′ 

Sources of local attraction - Magnetite in the ground, Wire carrying electric current, Steel structures, 

Railroad rails, Underground iron pipes, Keys, Steel-bowed spectacles, Metal buttons, Axes, Chains, 

Steel tapes. 

Method of Application of Correction -  

(a) First Method - The interior angles of a traverse are calculated from the observed bearings. 

Then an angular check is applied. The sum of the interior angles should be equal to (2n – 4) × 90° (n 

being the number of sides of the traverse). If it is not so, the total error is equally distributed among 

all the angles of the traverse. Then, starting from the unaffected line, the bearings of all the lines may 

be corrected by using the corrected interior angles. This method is very laborious and is not generally 

employed. 

(b) Second Method - In this method, the interior angles are not calculated. From the given 

table, the unaffected line is first detected. Then, commencing from the unaffected line, the bearings of 

the other affected lines are corrected by finding the amount of correction at each station. This is an 

easy method, and one which is generally employed. 

 

3.9 Errors in compass surveying – Remedies & Sources (written above). 
 

Remedies of errors in compass surveying – 

 The glass cover of the compass box gets charged with electricity when dusted off with a 

handkerchief or by the influence of electric charge in the atmosphere. Consequently, the needle 

adheres to the glass. This may be avoided by applying a moist finger or cloth to the glass. 



 

 To avoid local attraction, nothing made of iron or steel such as bunch of keys, iron - buttoms etc. 

should be carried by the surveyor.  

 Set up and level the compass properly. Stop the vibrations of the needle by gently pressing the 

brake-pin so that it may come to rest soon. 

 Always look along the needle and not across it, thus avoiding parallax. In Surveyor's compass 

always read the north end of the needle. 

 For important lines, take duplicate readings at each station. After having taken the first reading, 

displaced the needle and take the second reading and then take the mean of the two. 

 To detect local attraction, take fore and back bearings of the lines. The pivot sharp edge should be 

protected by keeping the needle off the pivot when compass is not in use or when it is shifted from 

one station to another. 

 

Plotting of traverse – check of closing error in closed & open traverse, Bowditch’s 

correction, Gales table Introduction. 

 
Plotting of compass traverse - There are three types of plotting, they are; 

 By parallel meridian (By Parallel Meridian Through Each Station) 

 By included angles (By Considering Included Angles) 

 Plotting by tangents (By Considering the Central Meridian) 

 

  
 

Bowditch’s method - When a closed traverse is plotted from the field measurements, the end station 

of a traverse generally does not coincide exactly with its starting station. This discrepancy is due to 

the errors in the field observations i.e., magnetic bearings and linear distances. Such an error of the 

traverse is known as closing error or error of closure. When the angular and linear measurements are 

of equal precision, Graphical adjustment of the traverse may be made. This method is based on the 

Bowditch's Rule". 

Corrections are applied to lengths as well as to bearings of the lines in proportion to their 

lengths. This graphical method is also sometimes known as proportionate method of adjustment. 

 

Gales traverse table - Traverse computations are usually done in a tabular form, a more common 

form being gales traverse table. For complete traverse computations, the following steps are usually 

necessary. 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. Starting with 

observed bearings of one line. Calculate the bearings of all other lines. Reduce all bearings to 

quadrantal system. Calculate the consecutive co-ordinates (i.e., latitudes and departures). 

 

Numerical 

1)The bearings of the lines OA, OB, OC, OD are 30°30 ′, 140°15 ′,220°45 ′ and 310°30 ′, 

respectively. Find the angles ∠AOB, ∠BOC and ∠COD? 

Ans) 109°45′, 80°30′, 89°45′ 



 

2)A traverse is done by three stations A, B and C in clockwise order in the form of an equilateral 

triangle. If the bearing of AB is 80°30 ′, find the bearings of the other sides? 

Ans) 200°30′, 320°30′ 

3)A closed traverse is conducted with five stations A, B, C, D and E taken in anticlockwise order, in 

the form of a regular pentagon. If the FB of AB is 30°0 ′, find the FBs of the other sides? 

Ans) 318°0′, 246°0′, 174°0′, 102°0′ 

4) The following are the fore and back bearings of the sides of a closed traverse: Calculate the sum of 

interior angles of the traverse? 

  

 

 

 

Ans) 540° 

5) The following are the bearings observed in traversing, with a compass, an area where local 

attraction was suspected. Calculate the interior angles of the traverse and correct them if necessary? 

 

 

 

 

 

 

Ans) 541°0′, Correction per angle –12′, 540° 

6) The following are the observed bearings of the lines of a traverse ABCDEA with a compass in a 

place where local attraction was suspected. Find the correct bearings of the lines? 

 

 

 

 

Ans) 540°00′ 

 

7)The following bearings were observed in traversing, with a compass, an area where local attraction 

was suspected. Find the amounts of local attraction at different stations, the correct bearings of lines 

and the included angles. Also draw a sketch of the plot if AB = 100 m, BC = 100 m and CD = 50 m 

and show in it all the included angles? 

 

 

 

 

 

Ans) 540°00′  

8) Following are the bearings observed while traversing with a compass, an area where local 

attraction was suspected. Find the correct bearings of the lines and also the true bearings, if the 

magnetic declination is 10°W? 

Ans)  



 

LAND SURVEY - I 

4. MAP READING CADASTRAL MAPS & NOMENCLATURE 
 

4.1 Study of Direction, Scale, Grid Reference & Grid Square Study of Signs and 

Symbols. 
Map - A map is an illustration of an area such as city country, etc. This shows different features of an 

area. There are different types of map available as follows; 

1- Topographical Map 

2- Cadastral Map  
3- Engineering Map 

4- Military Map 

5- Contour Map 

 A map which shows the natural & artificial features (Such as village, towns, hills, rivers, forests 

etc) of a peace is known as topographical map. 

 A map which shows the boundaries of fields, houses, estates of a place is known as cadastral 

map. 

 A map which shows the details of engineering work is known as engineering map.  

 A map which shows different military properties of a place is known as military map. 

 A map which shows RL of different point is known as contour map. 

 

Study of Direction – 

  
 

Scale - It is not always possible to represent the actual length of an object on a drawing. So it is 

required to reduce the size of object in some proportion. The Ratio between sizes of object on 

drawing to the actual size of object is known scale. Scale can be represented as 2 types; 

1. Representative Fraction (RF) scale. 

2. Graphical scale. 

 

RF = 
𝐃𝐢𝐬𝐭𝐚𝐧𝐜𝐞 𝐨𝐧 𝐝𝐫𝐚𝐰𝐢𝐧𝐠 𝐨𝐟 𝐨𝐛𝐣𝐞𝐜𝐭 

𝐂𝐨𝐫𝐫𝐞𝐬𝐩𝐨𝐧𝐝𝐢𝐧𝐠 𝐚𝐜𝐭𝐮𝐚𝐥 𝐝𝐢𝐬𝐭𝐚𝐧𝐜𝐞 𝐨𝐟 𝐨𝐛𝐣𝐞𝐜𝐭
          Note - Both distances is in same unit. 

 
Grid Reference – Grid is a network of horizontal and vertical lines used to identify exact location on 

a map. The grid which is increase towards north direction is known as northing grid. The grid which 

is increase towards east direction is 

known as easting grid. A point at 

which horizontal line & vertical Line 

of the grids each other cross is known 

as co-ordinate. Grid reference is 

calculated by following methods; 

 

1- 4 figure grid reference line.  

2- 6 figure grid reference line. 



 

Signs and Symbols - 

 

 
 

4.2 Cadastral Map Preparation Methodology  

 
A map which shows the boundaries of fields, houses & estates of a place is known as cadastral map. 

Cadastral map is required for following purpose; 

 To record the boundaries & ownership details of a land. 

 To collect land taxes. 

 To improve or development of a particular area. 

Following are the different methods for plotting or preparing a cadastral map; 

1- By using chain / Tape Surveying 

2- By using plane table  

3- By using total station 

4- By using remote sensing 

By using chain / Tape Surveying - 

 

 

 

 

By using plane table - 

 

 

 

 

 

By using total station - 

 

 

 

 

 

 

 

Reconnaissance 

Marking of stations 
Plotting of survey lines 

Measurement 

Plotting the map 

Selection of points 

Fixing of plane table 
Leveling & centering 

Orientation 

Plotting the map 

Tripod stand setup 

Mounting the total stations 
Leveling & centering 

Instrument setup 

Recording the data 
Plotting the map 



 
By using remote sensing – In this method satellite images are used for plotting a map. This method 

is a quick method but not accurate.  

 

4.3 Unique identification number of parcel  

 
The Unique Land Parcel Identification Number 

(ULPIN) System will have 14 digits. Alpha - 

numeric unique ID for each land parcel. The Unique 

IDs based on Geo reference coordinate of vertices 

of the parcel would be of international standard and 

compliance of the Electronic Commerce Code 

Management Association (ECCMA) standard and 

Open Geospatial Consortium (OCC) standards and 

it will provide compatibility so that all states can 

adopt it easily. Proper land statistics and land 

accounting through ULPIN will help develop land 

hank and lead towards Integrated Land Information Management System (ILIMS).  

 

Features -  

 The unique ID will be of 14 digits for every plot of land in the country. 

 Identification will be based on the longitude and latitude coordinates of the land parcel. 

 In the ULPIN system, there will be a unique ID for each land parcel. 

 This is the next step in the Digital India Land Records Modernization Programmer (DILRMP), 

which began in 2008. 

 It would be based on the Geo reference coordinate of vertices of the parcel. 

 It will provide compatibility so that all states can adopt it easily. 

 It will enable in keeping the land records always up-to-date. 

Benefits - 

 The system would ensure delivery of citizen services of land records through a single window. 

 ULPIN land database to be integrated with revenue court records, bank records and Aadhaar. 

 ULPIN would also ensure sharing of land records data across departments, financial institutions 

and all stakeholders. 

4.4 Positions of existing Control Points and its types  
 

Positions of existing Control Points - There are many different types of surveys that can be 

performed for real estate developments and construction projects. A survey may involve finding the 

existing dimensions of the building marking underground utility locations, or locating property 

boundaries. Each type of survey requires a very different type of professional. If a project utilizes 

survey control, then all those surveys can be coordinated into a unified digital environment that 

references real-world locations. Sometimes the survey control provided is localized to a specific 

project and other times it is tied to pre-established systems like a state planes coordinate system. Both 

methods involve marking various points on site utilizing fixed elements like survey nails, cuts in 

masonry, checkerboard targets, etc, and then measuring the X, Y and Z values of those points. 

Requirements – 

 Projects that span over large areas, or long tunnels. 

 Projects that involve multiple trades working together between different software. 

 Projects that need property line or legal boundary information. 

 Projects that require a high degree of vertical accuracy. 

Types – 

1. Digital Height Model (DHM) 3. Digital Surface Model (DSM) 5. Land Registry Survey (LRS) 

2. Digital Terrain Model (DTM) 4. Land Information System (LIS) 6. Laser Scanning (LS) 



 
Survey Information Level Public Law Restrictions 

 Fixed points 

 Ground cover 

 Nomenclature 

 Real estate 

 Pipelines 

 Administrative boundaries 

 Permanent ground 

 Address of buildings 

 Administrative divisions 

 Spatial planning 

 Motorways/National roads 

 Railways 

 Airports 

 Contaminated sites 

 Groundwater protections 

 Noise 

 Forests 

 

4.5 Adjacent Boundaries and Features, Topology Creation and verification 

 
 If you have features that are coincident and share the 

same location of coordinates, boundaries, or nodes, 

geo database topology can help you better manage 

your geographic data. 

 Geo database topologies help ensure data integrity. 

Using a topology provides a mechanism to perform 

integrity checks on your data and helps you validate 

and maintain better feature representations in your 

geo database.  

 In addition, you can use topologies to model spatial relationships between features.  

 These enable support for a variety of analytic operations, such as finding adjacent features, 

working with coincident boundaries between features, and navigating along connected features. 

 

Creation –  

 Site/location - Topography, soil characteristics, usable land area, building setback requirements, 

landscaping view, street and alley access, railroad and waterway access, zoning. 

 Building size - round-floor area, total floor area, leasable area, volume, building height, ceiling 

height, clear span, number of stories, number of units, apartments, etc. 

 Shape - Floor area/perimeter ratio, number of corners. 

 Construction material - Foundation, framing, floors, walls (exterior and interior), ceilings. 

 Construction quality - Quality of materials, workmanship, architecture. 

 Design - Intended use, architectural style, shape of building, roof type, story height. 

 Other building features - Number of rooms by type, heating, ventilation, air conditioning, 

plumbing facilities, fireplaces and similar amenities. 

 

   



 

LAND SURVEY - I 

5. PLANE TABLE SURVEYING 

 

5.1 Objectives, Principles & Use of Plane Table Surveying.  
 

Principles –  

The principle of plane tabling is parallelism, meaning that the rays drawn from stations to 

objects on the paper are parallel to the lines from the stations to the objects on the ground. Plane 

tabling is a graphical method of surveying. Here, the field work and plotting are done simultaneously 

and such survey does not involve the use of a field book.  
Objectives –  

The relative positions of the objects on the ground are represented by their plotted positions 

on the paper and lie on the respective rays. Plane table survey is mainly suitable for filling interior 

details when traversing is done by Theodolite. 

Uses - 

 A rapid method of surveying. 

 Less costly than most of the surveying technique. 

 A suitable method for measures small-scale land. 

 No high cost equipment required.  

 A suitable method to work in magnetic fluctuation areas. 

 No skilled labor required to plot the map. 

 Easy to cross check the measurements. 

 

5.2 Instruments & Accessories Used In Plane Table Surveying.  
 

The Plane Table - The plane table is a drawing board of 750 mm × 600 mm size made of well 

seasoned wood like teak, pine, etc. The top surface of the table is well leveled. The bottom surface 

consists of a threaded circular plate for fixing the table on the tripod stand by a wing nut.  

The plane table is meant for fixing a drawing sheet over it. The positions of the objects are 

located on this sheet by drawing rays and plotting to any suitable scale. 

 

The Alidade - There are two types of alidade - plain and telescopic. 

A. Plain Alidade - The plain alidade consists of a metal or wooden ruler of length about 50 cm. One 

of its edges is beveled, and is known as the fiducially edge. It consists of two vanes at both ends 

which are hinged with the ruler. One is known as the object vane and carries a horse hair; the other 

is called the sight vane and is provided with a narrow slit. 

B. The telescopic alidade - consists of a telescope meant for inclined sight or sighting distant objects 

clearly. This alidade has no vanes at the ends, but is provided with fiducially edge. The function of 

the alidade is to sight objects. The rays should be drawn along the fiducially edge. 

 

The Spirit Level - The spirit level is a small metal tube containing a small bubble of spirit. The 

bubble is visible on the top along a graduated glass tube. The spirit level is meant for leveling the 

plane table. 

 

The Compass - There are two kinds of compasses - (a) the trough and (b) the circular box compass. 

A. The Trough Compass - The trough compass is a rectangular box made of non-magnetic metal 

containing a magnetic needle pivoted at the centre. This compass consists of a ‘0’ mark at both 

ends to locate the N-S direction. 

B. The Circular Box Compass - It carries a pivoted magnetic needle at the centre. The circular box is 

fitted on a square base plate. Sometimes two bubble tubes are fixed at right angles to each other on 

the base plate. The compass is meant for marking the north direction of the map. 



 
U-fork or Plumbing Fork with Plumb Bob -The U-fork is a metal strip bent in the shape of a ‘U’ 

(hair pin) having equal arm lengths. The top arm is pointed and the bottom arm carries a hook for 

suspending a plumb bob. This is meant for centering the table over a station. 

 

 
 

 
 

 
 

 
   

 

Orientation - The method of setting up the plane 

table at each of the successive stations parallel to 

the position it occupied at the starting station is 

known as orientation. Orientation must be done 

when the plane table is set up at more than one 

station. But if orientation is not done then the map 

will not represent the actual positions of the 

objects. Orientation may be done by magnetic 

needle and back sighting.  
  

Procedure of setting up a plane table over a station - 

 

1. Fixing the Table on the Tripod Stand - The tripod stand is placed over the required station with its 

legs well apart. Then the table is fixed on it by a wing nut at the bottom. 

2. leveling the Table -The table is leveled by placing the spirit level at different corners and various 

positions on the table. The bubble is brought to the centre of its run at every positions of the table by 

adjusting the legs. 

3. Centering the Table - The drawing sheet is fixed on the table. A suitable point P is selected on the 

sheet to represent the station P on the ground. A pin is then fixed on this selected point. The upper 

pointed end of the U-fork is made in contact with the station pin and the plumb bob which is 

suspended from the hook at the lower end is brought just over the station P by turning the table 

clockwise or anticlockwise or slightly adjusting the legs. This operation is called centering. The table 

is then clamped. Care should be taken not to disturb the leveling.  

4. Marking the North Line - The trough compass is placed on the right-hand top corner with its north 

end approximately towards the north. Then the compass is turned clockwise or anticlockwise so that 

the needle coincides exactly with the 0–0 mark. Now a line representing the north line is drawn 

through the edge of the compass. It should be ensured that the table is not turned. 

5. Orientation - When plane table survey is to be conducted by connecting several stations, the 

orientation must be performed at every successive station. It may be done by a magnetic needle or by 

the back sighting method. The back sighting process is always preferred, because it is reliable. During 

orientation, it should always be remembered that the requirements of centering, leveling and 

orientation must be satisfied simultaneously. 



 

5.3 Methods of Plane Table Surveying 
 

The following are the four methods of plane tabling; (1) Radiation,  

(2) Intersection,  

(3) Traversing,  

(4) Resection.  

 

Radiation Method - This method is suitable for locating the objects from a single station. In this 

method, rays are drawn from the station to the objects, and the distances from the station to the 

objects are measured and plotted to any suitable scale along the respective rays. 

 

Procedure 

 Suppose P is a station on the ground from where the objects 

A, B, C and D are visible.  

 The plane table is set up over the station P. A drawing sheet 

is fixed on the table, which is then leveled and centered. A 

point p is selected on the sheet to represent the station P. 

 The north line is marked on the right-hand top corner of the 

sheet with trough compass or circular box compass. 

 With the alidade touching p, the ranging rods at A, B, C and 

D are bisected and the rays drawn. 

 The distances PA, PB, PC, and PD are measured and plotted 

to any suitable scale to obtain the points a, b, c, and d, 

representing the objects A, B, C and D on paper. 

 

Intersection Method - This method is suitable for locating inaccessible points by the intersection of 

the rays drawn from two instrument stations.  

 

Procedure 

 Suppose A & B are two stations and P is an object on the far bank of a river. Now it is required to 

fix the position of P on the sheet by the intersection of rays, drawn from A and B. 

 The table is set up at A. It is leveled and centered so that a point a on the sheet is just over the 

station A. The north line is marked on the right-hand top corner. The table is then clamped. 

 With the alidade touching a, the object P and the ranging rod at B are bisected, and rays are drawn 

through the fiducially edge of the alidade. 

 The distance AB is measured and plotted to any suitable 

scale to obtain the point b. 

 The table is shifted and centered over B and leveled 

properly. Now the alidade is placed along the line and 

orientation is done by back sighting. At this time, it 

should be remembered that the centering, leveling and 

orientation must be perfect simultaneously. 

 With the alidade is touching b, the object P is bisected 

and a ray is drawn. Suppose this ray intersects the 

previous ray at a point p. This point p is the required 

plotted position of P. 

 

Traversing Method - This method is suitable for connecting the traverse stations. This is similar to 

compass traversing or theodolite traversing. But here, fielding and plotting are done simultaneously 

with the help of the radiation and intersection methods. 

 

Procedure 



 

 Suppose A, B, C and D are the traverse 

stations. The table is set up at the station A. A 

suitable point is selected on the sheet in such a 

way that the whole area may be plotted in the 

sheet. The table is centered, leveled and 

clamped. The north line is marked on the right-

hand top corner of the sheet. 

 With the alidade touching the point a, the 

ranging rod at B is bisected and a ray is drawn. 

The distance AB is measured and plotted to 

any suitable scale. 

 The table is shifted and centered over B. It is 

then leveled, oriented by back-sighting and 

clamped. 

 With the alidade touching the point b, the ranging rod at C is bisected and a ray is drawn. The 

distance BC is measured and plotted to the same scale. 

 The table is shifted and set up at C and the same procedure is repeated. In this manner, all stations 

of the traverse are connected. 

 At the end, the finishing point may not coincide with the starting point and there may be some 

closing error. This error is adjusted graphically by Bowditch’s rule. 

 After making the corrections for closing error, the table is again set up at A. After centering, 

leveling and orientation, the surrounding details are located by radiation. 

 The table is then shifted and set up at all the stations of the traverse and after proper adjustments 

the details are located by the radiation and intersection methods.  

 

Resection Method - This method is suitable for establishing new stations at a place in order to locate 

missing details. 

Procedure 

 Suppose it is required to establish a station at the position P. Let us select two points A and B on 

the ground. The distance AB is measured and plotted to any suitable scale. This line AB is known 

as the base line. 

 The table is set up at A. It is leveled, centered 

and oriented by bisecting the ranging rod at B. 

The table is then clamped. 

 With the alidade touching point a, the ranging 

rod at P is bisected and a ray is drawn. Then a 

point P1 is marked on this ray by estimating 

with the eye. 

 The table is shifted and centered in such a way 

that P1 is just over P. It is then oriented by 

back sighting the ranging rod at A. 

 With the alidade touching the point b, the 

ranging rod at B is bisected and a ray is drawn. 

Suppose this ray intersects the previous ray at a point P. This point represents the position of the 

station P on the sheet. Then the actual position of the station P is marked on the ground by U-fork 

and plumb bob.  

 

Special Methods of Resection - Sometimes, after the completion of plane table traversing, it may be 

noticed that an important object has not been located due to oversight. If no station pegs are found on 

the field, some special methods of resection are applied in order to establish a new station for plotting 

the missing object. The methods are based on; 

(1) The two-point problem, and  

(2) The three-point problem. 



 
The Two-point Problem - In this problem, two well-defined points whose positions have already 

been plotted on the plan are selected. Then, by perfectly bisecting these points, a new station is 

established at the required position. 

Procedure 

 Suppose P and Q are two well-defined 

points whose positions are plotted on 

map as p and q. It is required to locate a 

new station at A by perfectly bisecting P 

and Q. 

 An auxiliary station B is selected at a 

suitable position. The table is set up at B, 

and leveled and oriented by eye 

estimation. It is then clamped. 

 With the alidade is touching p and q, the 

points P and Q are bisected and rays are 

drawn. Suppose these rays intersect at b. 

 With the alidade centered on b, the ranging rod-at A is bisected and a ray is drawn. Then, by eye 

estimation, a point a1 is marked on this ray. 

 The table is shifted and centered on A, with a1 just over A. It is leveled and oriented by back 

sighting. With the alidade touching p, the point P is bisected and a ray is drawn. Suppose this ray 

intersects the line ba, at the point a1, as was assumed previously. 

 With the alidade centered on a1, the point Q is bisected and a ray is drawn. Suppose this ray 

intersects the ray bq at a point q1. The triangle pqq1 is known as the triangle of error, and is to be 

eliminated. 

 The alidade is placed along the line pq1 and a ranging rod R is fixed at some distance from the 

table. Then, the alidade is placed along the line pq and the table is turned to bisect R. At this 

position, the table is said to be perfectly oriented. 

 Finally, with the alidade centered on p and q, the points P and Q are bisected and rays are drawn. 

Suppose these rays intersect at a point a. This would represent the exact position of the required 

station A. Then the station A is marked on the ground.  
 

The Three-point Problem - In this problem, three well-defined points are selected whose positions 

have already been plotted on the map. Then, by perfectly bisecting these three well-defined points, a 

new station is established at the required position. No auxiliary station is required in order to solve 

this problem. The table is directly placed at the required position. The problem may be solved by 

three methods; 

(a) Graphical or Bessel’s method,  

(b) Mechanical method, 

(c) Trial-and-error method. 

 

Graphical Method – 

 

 

 

 

 

 

 

 

 

 

 

 



 

 Suppose A, Band C are three well-defined points which have been plotted as a, b, and c. Now it is 

required to locate a station at P.  

 The table is placed at the required station P and leveled. The alidade is placed along the line ca 

and the point A is bisected. The table is clamped. With the alidade centered on C, the point B is 

bisected and ray is drawn 

 Again the alidade is placed along the line ac and the point C is bisected and the table is clamped. 

With the alidade touching a, the point B is bisected and a ray is drawn. Suppose this ray intersects 

the previous ray at a point d. 

 Alidade is placed along db and the point B is bisected. At this position, the table is said to be 

perfectly oriented. Now the rays Aa, Bb and Cc are drawn.  

 These three rays must meet at a point p which is the required point on the map. This point is 

transferred to the ground by a U-fork and plumb bob. 

 

Mechanical Method - 

 Suppose A, B and C are three well-defined points which have been plotted on the map as a, b, and 

c. It is required to locate a station at P. 

 The table is placed at P and leveled. A tracing paper is fixed on the map and a point p is marked on 

it. 

 With the alidade centered on P, the points A, B and C are bisected and rays are drawn. These rays 

may not pass through the points a, b and c as the orientation is done approximately. 

 Tracing paper is 

unfastened and moved 

over the map in such a 

way that the three rays 

simultaneously pass 

through the plotted 

positions a, b, and c. 

Then the point p is 

pricked with a pin to 

give an impression p 

on the map. p is the 

required point on the 

map. The tracing paper 

is then removed. 

 Then the alidade is centered on p and the rays are drawn towards A, B and C. These rays must pass 

through the points a, b and c.  

 

Method of Trial and Error - 

 Suppose A, B and C are three well-defined points 

which have been plotted as a, b, and c on the map. 

Now it is required to establish a station at P. 

 The table is set up at P and leveled. Orientation is 

done by eye estimation. 

 With the alidade, rays Aa, Bb and Cc are drawn. As 

the orientation is approximate, the rays may not 

intersect at a point, but may form a small triangle 

through the triangle of error. 

 To get the actual point, this triangle of error is to be 

eliminated. By repeatedly turning the table clockwise or anticlockwise, the triangle is eliminated in 

such a way that the rays Aa, Bb, and Cc finally meet at a point p.  

 This is the required point on the map. This point is transferred to the ground by U-fork and plumb 

bob.  



 

5.4 Errors in Plane Table Surveying & Their Corrections, Precautions in Plane 

Table Surveying.  
 

 Instrumental Errors 

 

 The surface of the table may not be perfectly level. 

 The fiducially edge of the alidade might not be straight. 

 The vanes may not be vertical.  

 The horsehair may be loose and inclined. 

 The table may be loosely joined with the tripod stand. 

 The needle of the trough compass may not be perfectly balanced.  

 Also it may not be able to move freely due to sluggishness of the pivot point. 

 

 Personal Errors 

 

 The leveling off the table may not be perfect. 

 The table may not be centered properly. 

 The orientation of the table may not be proper. 

 The table might not be perfectly clamped. 

 The objects may not be bisected perfectly. 

 The alidade may not be correctly centered on the station point. 

 The rays might not be drawn accurately. 

 The alidade may not be centered on the same side of the station point throughout the work. 

 

 Plotting Errors 

 

 A good-quality pencil with a very fine pointed end may not have been used. 

 An incorrect scale may be used by mistake. 

 Errors may result from failure to observe the correct measurement from the scale. 

 Unnecessary hurry at the time of plotting may lead to plotting errors. 

 

The following precautions should be taken while using the plane table - 

 

 Before starting the work the equipments for survey work should be verified.  

 Defective accessories should be replaced by perfect equipment. 

 The centering should be perfect.  

 The leveling should be proper.  

 The orientation should be accurate. 

 The alidade should be centered on the same side of the station-pin until the work is completed.  

 While shifting the plane table from one station to another, the tripod stand should be kept 

vertical to avoid damage to the fixing arrangement. 

 Several accessories have to be carried. So, care should be taken to ensure that nothing is 

missing.  

 The pencil should have a sharp point.  

 The distances of the objects or lines should be written temporarily along the respective rays 

until the plotting is completed. 

 Only the selected scale should be on the table.  

 Measurements should be taken carefully from the scale while plotting. 

 The stations on the ground are marked A, B, C, D, etc. while the station points on the map are 

marked a, b, c, d, etc. 



 

LAND SURVEY - I 

6. THEODOLITE SURVEYING AND TRAVERSING  
 

6.1 Purpose & Definition of Theodolite Surveying  
 

The theodolite is an intricate instrument used mainly for accurate measurement of horizontal and 

vertical angles up to 10″ or 20″, depending upon the least count of the instrument. Because of its 

various uses, the theodolite is sometimes known as a universal instrument.  

 

The following are the different purposes for which the theodolite can be used: 

1. Measuring horizontal angles 

2. Measuring vertical angles 

3. Measuring deflection angles 

4. Measuring magnetic bearings 

5. Measuring the horizontal distance between two points 

6. Finding the vertical height of an object 

7. Finding the difference of elevation between various points 

8. Ranging a line 

 

Theodolites may be of two types  

(i) Transit  

(ii) Non-transit. 

In the transit theodolite, the telescope can be resolved through a complete revolution about its 

horizontal axis in a vertical plane. 

In the non-transit theodolite, the telescope cannot be resolved through a complete revolution in the 

vertical plane. But it can be resolved to a certain extent in the vertical plane, in order to measure the 

angle of elevation or depression. 

 

Theodolites may also be classified as; 

 

(i) Vernier theodolites - when fitted with a vernier scale, and  

(ii) Micrometer theodolites - when fitted with a micrometer. 

 

The size of the theodolite is defined according to the diameter of the main horizontal graduated circle.  

For example, in a “10 cm theodolite”, the diameter of the main graduated circle is 10 cm, in 

engineering survey; 8 cm to 12 cm theodolites are generally used. 

 

6.2 Transit Theodolite 
 

 Centring - The setting of a theodolite exactly over a station mark by means of a plumb-bob is 

known as centring. The plumb-bob is suspended from a hook fixed below the vertical axis. 

 Transiting - The method of turning the telescope about its horizontal axis in a vertical plane 

through 180° is termed as transiting. In other words, transiting results in a change in face. 

 Face Left - Face left means that the vertical circle of the theodolite is on the left of the observer 

at the time of taking readings. The observation taken in the face left position is called face-left 

observation. 

 Face Right - This refers to the situation when the vertical circle of the instrument is on the right 

of the observer when the reading is taken. The observation taken in the face right position is 

known as face-right observation. 

 Telescope Normal - The face left position is known as ‘telescope normal’ or ‘telescope direct’. It 

is also referred to as bubble up. 



 

 Telescope Inverted - The face right position is called ‘telescope inverted’ or ‘telescope reversed’. 

It is also termed bubble down. 

 Changing Face - The operation of bringing the vertical circle from one side of the observer to 

the other is known as changing face. 

 Swinging the Telescope - This indicates turning of the telescope in a horizontal plane. It is called 

‘right swing’ when the telescope is turned clockwise and left swing when the telescope is turned 

anticlockwise. 

 Line of Collimation - It is an imaginary line passing through the intersection of the cross-hairs at 

the diaphragm and the optical centre of the object glass and its continuation. 

 Axis of the Telescope - This axis is an imaginary line passing through the optical centre of the 

object glass and the optical centre of the eyepiece. 

 Axis of the Bubble Tube - It is an imaginary line tangential to the longitudinal curve of the 

bubble tube at its middle point. 

 Vertical Axis - It is the axis of rotation of the telescope in the horizontal plane. 

 Horizontal Axis - It is the axis of rotation of the telescope in the vertical plane. It is also known 

as the turnnion axis. 

 Temporary Adjustment - The setting of the theodolite over a station at the time of taking any 

observation is called temporary adjustment. This adjustment is necessary for every set up of the 

instrument. (See Sec. 9.5 for a detailed description.) 

 Permanent Adjustment - When the desired relationship between the fundamental lines of a 

theodolite is disturbed then some procedures are adopted to establish this relationship. This 

adjustment is known as permanent adjustment. 

 Least Count of the Vernier - This is the difference between the value of the smallest division of 

the main scale and that of the smallest division of the vernier scale. It is the smallest value that 

can be measured by a theodolite. 

 Magnification or Magnifying Power of Telescope - The magnifying power of a telescope is the 

ratio of the focal length of the objective to that of the eyepiece. 

            If f = focal length of objective 

              f1 = focal length of eyepiece 

             Magnifying power =    
f

f1
 

 Diaphragm - The diaphragm is a brass ring consisting of cross-hairs, or one containing a glass 

disc with fine lines engraved on it. It is placed in position by turning four capstan-headed screws, 

and can be moved up, down or sideways when required. It is fixed in front of the eyepiece. The 

cross-hairs may be made of spider web or fine platinum wire; they may also be in the form of a 

fine scratch mark engraved on glass. 

 Sensitiveness of Bubble Tube - The ability of a bubble tube to show a very small deviation of the 

bubble from its horizontal position is termed as the sensitiveness of the bubble tube. 

 

The Following Are the Essential Parts of a Theodolite; 

 

1. Trivet - It is a circular plate having a central, threaded hole for fixing the theodolite on the tripod 

stand by a wing nut. It is also called the base plate. Three foot screws are secured to this plate by 

means of a ball-and-socket arrangement. 

 

2. Foot Screws - These are meant for leveling the instrument. The lower part of the foot screws are 

secured in the trivet by means of a ball-and-socket arrangement, and the upper threaded part passes 

through the threaded hole in the tribrach plate. 

 

3. Tribrach - It is a triangular plate carrying three foot screws at its ends. 

 

4. Leveling Head - The trivet, foot screws and the tribrach constitute a body which is known as the 

leveling head. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Spindles - The theodolite consists of two spindles or axes - one inner and the other outer. The inner 

axis is solid and conical, and the outer is hollow. The two spindles are coaxial. 

 

6. Lower Plate - The lower plate is attached to the outer axis, and is also known as the scale plate. It 

is bevelled and the scale is graduated from 0 to 360° in a clockwise direction. Each degree is again 

subdivided into two, three or four divisions; thus, the value of one small division may be 30′, 20′ or 

15′ respectively. The lower plate is provided with a clamp screw and a tangent screw which control 

its movements. When the clamp screw is tightened, this plate is fixed with the outer axis. For fine 

adjustment of the lower plate, the tangent screw is rotated to the extent required. The size of the 

theodolite is designated according to the diameter of the lower plate. 

 

7. Upper Plate - The upper plate contains the vernier scales A and B. It is attached to the inner axis. 

Its motion is controlled by the upper clamp screw and the upper tangent screw. When the clamp 

screw is tightened, the vernier scales are fixed with the inner axis, and for fine adjustment of the 

scales the tangent screw is rotated. 

 

8. Plate Bubble - Two plate bubbles are mounted at right angles to each other on the upper surface of 

the vernier plate. One bubble is kept parallel to the horizontal axis of the theodolite. Sometimes one 

plate bubble is provided on the vernier plate. The bubbles are meant for leveling the instrument at the 

time of measuring the horizontal angles. 



 
9. Standard or A-frame - Two frames (shaped like the letter ‘A’) are provided on the upper plate to 

support the telescope, the vertical circle and the vernier scales. These frames are known as standards 

or A-frames. 

 

10. Telescope - The telescope is pivoted between the standards at right angles to the horizontal axis. It 

can be rotated about its horizontal axis in a vertical plane. The telescope is provided with a focusing 

screw, clamping screw and tangent screw. 

 

11. Vertical Circle - The vertical circle is rigidly fixed with the telescope and moves with it. It is 

divided into four quadrants. Each quadrant is graduated from 0 to 90° in opposite directions, with the 

‘zero’ mark at the ends of the horizontal diameter of the vertical circle. The line joining the ‘zero’ 

marks, corresponds to the line of collimation. The subdivisions of the vertical circle are similar to 

these of the horizontal circle. The vertical circle can be clamped or finely adjusted with the help of 

the clamping screw and the tangent screw provided along with the telescope. 

 

12. Index Bar or T-frame - The index bar is provided on the standard in front of the vertical circle. It 

carries two verniers (C and D) at the two ends of the horizontal arm. The vertical leg of the index bar 

is provided with a clip screw at the lower end by means of which the altitude bubble can be brought 

to the centre. 

 

13. Altitude Bubble - A long sensitive bubble tube is provided on the top of index bar. The bubble it 

contains is known as the altitude bubble. This bubble is brought to the centre by the clip screw at the 

time of measuring the vertical angle. A mirror is provided on the top of the bubble to help observe it 

when the instrument is set up above normal height. 

 

14. Compass - Sometimes a circular box compass is mounted on the vernier scale between the 

standards. In modern theodolites, an adjustable trough compass or tubular compass can be fitted with 

a screw to the standard. The compass is provided for taking the magnetic bearing of a line. 

 

Temporary Adjustment of Theodolite 

Such adjustment involves the following steps. 

 

1. Setting the Theodolite over the Station - The tripod stand is placed over the required station. The 

theodolite is then lifted from the box and fixed on top of the stand by means of a wing nut or 

according to the fixing arrangement provided along with the instrument. 

 

2. Approximate Leveling by Tripod Stand - The legs of the tripod stand are placed well apart and 

firmly fixed on the ground. Then, approximate leveling is done using this stand. To do this, two legs 

are kept firmly fixed on the ground and the third is moved in or out, clockwise or anticlockwise, so 

that the bubble is approximately at the centre of its run. 

 

3. Centering - Centering is the process of setting the instrument exactly over a station. At the time of 

approximate leveling by means of the tripod stand, it should be ensured that the plumb bob suspended 

from the hook under the vertical axis lies approximately over the station peg. Then, with the help of 

the shifting head (movable capstan nut), the centering is done accurately so that the plumb bob is 

exactly over the nail of the station peg. 

 

4. Leveling - Before starting the leveling operation, all the foot screws are brought to the centre of 

their run. Then the following procedure is adopted: 

 

(a) The plate bubble is placed parallel to any pair of foot screws (say the first and second foot 

screws). By turning both these screws equally inwards or outwards, the bubble is brought to the 

centre. 



 
(b) The plate bubble is turned through 90° so that it is perpendicular to the line joining the first and 

second foot screws. Then by turning the third foot screw either clockwise or anticlockwise the bubble 

is brought to the centre. 

(c) The process is repeated several times, so that the bubble remains in the central position of the 

plate bubble, both directions perpendicular to each other. 

(d) The instrument is rotated through 360° about its vertical axis. If the bubble still remains in the 

central position, the adjustment of the bubble is perfect and the vertical axis is truly vertical. 

 

5. Focusing the Eyepiece - The eyepiece is focused so that the cross-hairs can be seen clearly. To do 

this, the telescope is directed towards the sky or a piece of white paper is held in front of the object 

glass, and the eyepiece is moved in or out by turning it clockwise or anticlockwise until the cross-

hairs appears distinct and sharp. 

 

6. Focusing the Object Glass - This is done to bring a sharp image of the object or target in the plane 

of cross-hairs and to eliminate parallax. 

To do this, the telescope is directed towards the object or target and the focusing screw is turned 

clockwise or anticlockwise until the image appears clear and sharp and there is no relative movement 

between the image and cross-hairs. The absence of relative movement can be verified by moving the 

eye up and down. 

 

7. Setting the Vernier - The vernier A is set to 0° and vernier B to 180°. To do this, the lower clamp is 

fixed. The upper clamp is loosened and the upper plate turned until the arrow of vernier A 

approximately coincides with zero (i.e. the 360° mark) and that of vernier B approximately coincides 

with the 180° mark. Then the upper clamp is tightened, and by turning the upper tangent screw, the 

arrows are brought to a position of exact coincidence. 

 

6.3 Concept of transiting –Measurement of Horizontal and Vertical angles.  
 

Direct Method of Measuring Horizontal Angle 

 

Suppose an angle AOB is to be measured. The 

following procedure is adopted: 

1. The instrument is set up over O. It is centered and 

leveled perfectly according to the procedure described 

for temporary adjustment. Suppose the instrument was 

initially in the face left position. 

 

2. The lower clamp is kept fixed. The upper clamp is loosened, and by turning the telescope 

clockwise vernier A is set to 0° and vernier B to approximately 180°. The upper clamp is then 

tightened. Now by turning the upper tangent screw, verniers A and B are set to exactly 0° and 180° by 

looking through the magnifying glass. 

 

3. The upper clamp is tightly fixed. The lower one is loosened and the telescope is directed to the left-

hand object A. The ranging rod at A is bisected approximately by properly focusing the telescope and 

eliminating parallax. The lower clamp is tightened, and by turning the lower tangent screw the 

ranging rod at A is accurately bisected. 

 

4. The lower clamp is kept fixed. The upper clamp is loosened and the telescope is turned clockwise 

to approximately bisect the ranging rod at B by properly focusing the telescope. The upper clamp is 

tightened, and the ranging rod at B bisected accurately by turning the upper tangent screw. 

 

5. The readings on verniers A and B are noted. Vernier A gives the angle directly. But in the case of 

vernier B, the angle is obtained by subtracting the initial reading from the final reading.  



 
6. The face of the instrument is changed and the previous procedure is followed. The mean of the 

observations (i.e. face left and face right) is the actual angle AOB. The two observations are taken to 

eliminate any possible error due to imperfect adjustment of the instrument. 

 

There are two methods of measuring horizontal angles those of Repetition and Reiteration. 

 

Repetition Method 

 

In this method, the angle is added a number of times. The total is divided by the number of readings 

to get the angle. The angle should be measured clockwise in the face left and face right positions, 

with three repetitions at each face. The final reading of the first observation will be the initial reading 

of the second observation, and so on.  

 

AOB = 
𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑎𝑛𝑔𝑙𝑒

𝑁𝑜 𝑜𝑓 𝑟𝑒𝑎𝑑𝑖𝑛𝑔𝑠
 = 90

3⁄ = 30° 

 

Reiteration Method 

 

This method is suitable when several angles are measured from a single station. In this method, all the 

angles are measured 

successively and finally the 

horizon is closed (i.e. the angle between the last station and first station is measured.) So, the final 

reading of the leading vernier should be the same as its initial reading. If the discrepancy is small, the 

error is equally distributed among all the observed angles. If it is large, the readings should be 

cancelled and new sets taken. Suppose it is required to measure angle AOB and angle BOC from 

station O.  

 

Measuring Vertical Angles 

The vertical angle is the one between the horizontal line (i.e. line of collimation) and the inclined line 

of sight. When it is above the 

horizontal line, it is known as the 

angle of elevation. When this angle 

is below the horizontal line, it is 

called the angle of depression. 

 
 

6.4 Measurement of magnetic bearings, deflection angle, direct angle, setting out 

angles, prolonging a straight line with theodolite, Errors in Theodolite 

observations.  



 
Measurement of Deflection Angle 

 

The deflection angle is the angle by which a line is deflected from its 

original direction. In other words, it is the angle which a survey line 

makes with the extension of the preceding line. The deflection may 

be towards the right or the left, depending upon whether the angle is 

measured in the clockwise or anticlockwise direction from the 

extension of the preceding line. Deflection angles are measured for 

designing horizontal curves in railways, highways, etc. 

 
Measurement of Magnetic Bearing 

 

1. The theodolite is set up at A, and centered and levelled properly. Vernier A is set at 0° and vernier 

B at 180°.The upper clamp is fixed. Now a trough compass or tubular compass 

is fixed on the left hand standard (A-frame) with a fixing screw. In some 

theodolites, a circular compass is provided over the vernier scale between the 

standards. However, the needle of the compass is released. 

2. By loosening the lower clamp, the telescope is rotated until it points to the 

north (i.e. the magnetic needle coincides with the ‘0–0’ mark). At this time, 

the position of the telescope is said to be perfectly oriented along the magnetic 

meridian. 

3. The lower clamp is fixed and the upper clamp loosened. Then by turning the 

telescope clockwise, the ranging rod at B is bisected with the help of the upper 

tangent screw. The readings on both the verniers are taken. The mean of these 

readings is the magnetic bearing of AB. The face of the instrument is changed, 

and the magnetic bearing of AB is measured in a similar manner. The mean of the two observations 

will give the correct magnetic bearing of the line.  

 

Ranging & Extending a Line 

A. Ranging a Line 

Ranging is the process of establishing intermediate points on a straight line between the terminal 

points. Let AB be the straight line on which intermediate points are to be fixed by theodolite. 

1. The theodolite is centered over A and leveled properly. The upper clamp is fixed, and the lower 

clamp loosened. By turning the telescope the ranging rod at B is perfectly bisected with the help of 

the lower tangent screw. The lower clamp is now tightened. 

2. Looking through the telescope, the observer directs the assistant to move the ranging rod to the left 

or right until it is on the straight line AB. Then the assistant fixes the ranging rod at P1. 

3. Then by lowering the telescope the observer finds the exact point P1 on the ground which is 

marked by a nail or stake. Similarly, the other points P2, P3, etc., are fixed and marked on the line. 

 
B. Extending a Line 

The following procedure is adopted if the line AB is to be extended: 

1. The theodolite is set up at B, and centered and leveled perfectly. 

2. The telescope is directed towards A and the ranging rod at A is perfectly bisected. The upper and 

lower clamps are fixed. The telescope is transited. Looking through it, a ranging rod is fixed at C 

beyond the point B, along the line AB. 

3. Now the theodolite is shifted and set up at C after removing the ranging rod. It is centered and 

leveled. Then a back sight reading is taken on B. The upper and lower clamps are fixed. 

4. The telescope is transited and the next point D is fixed on the line by a ranging rod. 

5. Similarly, other points are fixed on the line. 



 

6.5 Methods of Theodolite Traversing  

 

The following are the different methods of traversing: 

1. Included-angle method 

2. Deflection-angle method 

3. Fast-angle (or magnetic bearing) method 

 
A. Included-Angle Method 

This method is most suitable for closed traverse. The traverse may be taken in clockwise or 

anticlockwise order. Generally, a closed traverse is taken in the anticlockwise. In this method the 

bearing of the initial line is taken. After this, the included angles of the traverse are measured. These 

angles may be interior or exterior. 

Procedure 

1. The theodolite is set up and centered over A. The plate bubble is levelled. Vernier A is set at 0 and 

vernier B at 180°. The upper clamp is fixed. 

2. The telescope is oriented along the north line with the help of the tubular compass fitted to the 

instrument. Then the magnetic bearing of AB is measured. 

3. Again vernier A is set at 0° and the upper clamp is kept fixed. 

4. The lower clamp is loosened and the ranging rod at E is bisected. Now, this clamp is tightened and 

the upper one opened. By turning the telescope clockwise, the ranging rod at B is bisected. The 

readings on the verniers are noted.  The face of the instrument is changed and A is measured once 

more. The mean of the two observations gives the correct value of A. 

5. Similarly, the other angles are measured by centering the theodolite at B, C, D and E. 

The arithmetical check is applied as follows: (2n – 4) × 90° = Sum of interior angles. If there is any 

discrepancy, the error is distributed among the angles. 

6. For plotting the traverse, latitudes and departures of the traverse legs are calculated. The interior 

details are marked by applying the plane-table or transit-and-tape method (which will be described 

later). 

 

B. Deflection-Angle Method 

This method is suitable for open traverse and is mostly employed in the survey of rivers, coast lines, 

roads, railways, etc. Suppose an open traverse starts from A. The following procedure is adopted: 

1. The theodolite is set up at A, and then centered and leveled. After this, the bearing of the line AB is 

measured in the usual manner. 

2. The theodolite is now shifted and centered over B. The plate bubble is levelled and vernier A set at 

0°. Then a back sight is taken on A. The telescope is transited and by turning it clockwise the ranging 

rod at C is bisected. The vernier readings are taken. Then the deflection angle ϕ1 is determined—it is 

the average value of the angles obtained from verniers A and B. 

3. Similarly, the other deflection angles ϕ2 and ϕ3 are measured. 

4. A field book is prepared in which the deflection angles and offsets are clearly noted. 

 

C. Fast-Angle Method 

This method is used to measure the magnetic bearings and lengths of traverse legs. However, the 

angles between the lines are not measured. Suppose ABCDA is a closed traverse. The following 

procedure is adopted: 

1. The theodolite is set up at A. The vernier A is set at 0°. The telescope is oriented along the north 

line with the help of the trough compass or tubular compass fitted to the theodolite. The lower clamp 

is fixed. 

2. The upper clamp is loosened and the ranging rod at B is bisected. The reading on vernier A gives 

the fore bearing of AB: say it is 30°. The back bearing of the line DA is also measured from A. Now 

the upper clamp is also fixed. The traverse is considered in clockwise direction. 

3. The instrument is shifted and set up at B with vernier A fixed at the reading of 30°. The lower 

clamp is loosened and the ranging rod at A is bisected. The telescope is now transited. The upper 



 
clamp is then released and the ranging rod at C bisected. Now the reading on vernier A gives the 

bearing of BC: say it is 100°. 

4. Again the instrument is shifted and set up at C with vernier A fixed at 100°. The same process is 

repeated to get the fore bearing of CD.  

5. Similarly, the fore bearings of the remaining sides are measured. At the end of the traverse the FB 

and BB of DA should differ by 180°. 

 

Sources of Error in Theodolites 

 

A. Instrumental Errors 

The following are the major causes of instrumental error: 

1. Non-adjustment of Plate Bubble 

The axis of the plate bubble may not be perpendicular to the vertical axis. So, when the plate levels 

are centered, the vertical axis may not be truly vertical. In such a case, the horizontal circle would be 

inclined and the angles will be measured in an inclined plane. This would cause an error in the angle 

measured. This error may be eliminated by leveling the instrument with reference to the altitude 

bubble also. 

2. Line of Collimation not being Perpendicular to Horizontal Axis 

In this case, a cone is formed when the telescope is revolved in the vertical plane, and this causes an 

error in the observation. This error is eliminated by reading the angle from both faces (left and right), 

and taking the average of the readings. 

3. Horizontal Axis not being Perpendicular to Vertical Axis 

If the horizontal axis is not perpendicular to the vertical axis, there is an angular error. This is 

eliminated by reading the angle from both faces. 

4. Line of Collimation not being parallel to Axis of Telescope 

If the line of collimation is not parallel to the axis of the telescope, there is an error in the observed 

vertical angle. This error is eliminated by taking readings from both faces. 

5. Eccentricity of Inner and Outer Axes 

This condition causes an error in vernier readings. This error is eliminated by taking readings from 

both verniers and considering the average of the readings. 

6. Graduations not being Uniform 

The error due to this condition is eliminated by measuring the angles several times on different parts 

of the circle. 

7. Verniers being Eccentric 

The zeroes of the verniers should be diametrically opposite to each other. When vernier A is set at 0°, 

vernier B should be at 180°. But in some cases, this condition may not exist. This error is eliminated 

by reading both verniers and taking the average. 

 

B. Personal Errors 

1. The centering may not be done perfectly, due to carelessness. 

2. The leveling may not be done carefully according to usual procedure. 

3. If the clamp screws are not properly fixed, the instrument may slip. 

4. The proper tangent screw may not be operated by mistake. 

5. The focusing in order to avoid parallax may not be perfectly done. 

6. The object or ranging rod may not be bisected accurately. 

7. The verniers may not be set in proper place. 

8. Errors would also result if the verniers are not read because of oversight. 

 

C. Natural Errors 

1. High temperature causes error due to irregular refraction. 

2. High winds cause vibration in the instrument, and this may lead to wrong readings on the verniers.  

 

6.6 Traverse computation  



 
The theodolite traverse is not plotted according to interior angles or bearings. It is plotted by 

computing the latitudes and departures of the points (consecutive coordinates) and then finding the 

independent coordinates of the points. The latitude of a line is the distance measured parallel to the 

North-South line and the departure of a line is measured parallel to the East-West line. 

 
The latitude and departure of lines are also expressed in the following ways: 

Northing = latitude towards north = +L 

Southing = latitude towards south = –L 

Easting = departure towards east = +D 

Westing = departure towards west = –D 

 

Check for Closed Traverse 

1. The algebraic sum of latitudes must be equal to zero. 

2. The algebraic sum of departures must also be equal to zero. 

Check for Closed Traverse 

1. Sum of northings = sum of southings 

2. Sum of eastings = sum of westings 

 

1. Consecutive Coordinates The latitude and departure of a point calculated with reference to 

the preceding point for what are called consecutive coordinates. 

2. Independent Coordinates The coordinates of any point with respect to a common origin 

are said to be the independent coordinates of that point. The origin may be a station of the survey or a 

point entirely outside the traverse. 

 

 

 

 

 

 

 

 

6.7 Closing Error – Adjustment of Angular Errors, Adjustment of Bearings  
 

In a closed traverse, the algebraic sum of latitudes must be equal to zero, and so should the algebraic 

sum of departures. But due to the errors in field measurements of angles and lengths, sometimes the 

finishing point may not coincide with the starting point of a closed traverse. The distance by which a 

traverse fails to close is known as closing error or error of closure. 

 

Closing error, AA1 = 

where L = latitude 

and D = departure 

 

Relative closing error =  

 

Permissible angular error = least count × 



 
Where, N = number of sides, tan θ = 
 

θ indicates the direction of closing error. 

 N = number of sides of traverse. 

 

6.8 Balancing of traverse – Bowditch’s method, transit method, graphical method, 

axis method, calculation of area of closed traverse.  
 

In case of a closed traverse, the algebraic sum of latitudes must be equal to zero and that of departures 

must also be equal to zero in the ideal condition. In other words, the sum of the northings must equal 

that of the southings, and the sum of the eastings must be the same as that of the westings. But in 

actual practice, some closing error is always found to exist while computing the latitude and 

departures of the traverse stations. The total errors in latitude and departure are determined. These 

errors are then distributed among the traverse stations proportionately, according to the following 

rules. 

 

1. Bowditch’s Rule 

By this rule, the total error (in latitude or departure) is distributed in proportion to the lengths of the 

traverse legs. This is the most common method of traverse adjustment. 

 
2. Transit Rule 

 
3. Third Rule 

 

 



 

4. Graphical Method 

 
5. Axis Method 

This method is used to balance a traverse where angles are measured more precisely than the lengths 

and thus this axis method is used for correction of lengths only. 

 

Gales Traverse Table 

The traverse table in which all information is tabulated is called Gale's Traverse Table. It 

consists of Length, Whole Circle Bearing, Reduced Bearing, Consecutive Coordinates, Corrected 

Angles, and Independent Coordinates. 

 
 

Calculation of Traverse Area 

The area of a closed traverse may be calculated from; 

 The coordinates (x and y), 

 The latitude and double meridian distance, and 

 The departure and total latitudes. 

 
 

 



 

LAND SURVEY - I 

7. LEVELLING AND CONTOURING 

 

7.1 Definition & Purpose & Types of Leveling – Concepts of Level Surface, 

Horizontal Surface, Vertical Surface, Datum, R. L., B.M.  

 
Object 

The aim of leveling is to determine the relative heights of different objects on or below the 

surface of the earth and to determine the undulation of the ground surface. 

Uses 

Leveling is done for the following purposes: 

1. To prepare a contour map for fixing sites for reservoirs, dams, barrages, etc., and to fix the 

alignment of roads, railways, irrigation canals, and so on. 

2. To determine the altitudes of different important points on a hill or to know the reduced levels of 

different points on or below the surface of the earth. 

3. To prepare a longitudinal section and cross-sections of a project (roads, railways, irrigation canals, 

etc.) in order to determine the volume of earth work. 

4. To prepare a layout map for water supply, sanitary or drainage schemes. 

 

1. Leveling 

The art of determining the relative heights of different points on or below the surface of the earth is 

known as leveling. Thus, leveling deals with measurements in the vertical plane. 

2. Level Surface 

Any surface parallel to the mean spherical surface of the earth is said to be a level surface. Such a 

surface is obviously curved. The water surface of a still lake is also considered a level surface. 

3. Level Line 

Any line lying on a level surface is called a level line. This line is normal to the plumb line (direction 

of gravity) at all points. 

4. Horizontal Plane 

Any plane tangential to the level surface at any point is known as the horizontal plane. It is 

perpendicular to the plumb line which indicates the direction of gravity. 

5. Horizontal Line 

Any line lying on the horizontal plane is said to be a horizontal line. It is a straight line tangential to 

the level line. 

6. Vertical Line 

The direction indicated by a plumb line (the direction of gravity) is known as the vertical line. This 

line is perpendicular to the horizontal line. 

7. Vertical Plane 

Any plane passing through the vertical line is known as the vertical plane. 

8. Datum Surface or Line 

This is an imaginary level surface or level line from which the vertical distances of different points 

(above or below this line) are measured. In India, the datum adopted for the Great Trigonometrically 

Survey (GTS) is the Mean Sea Level (MSL) at Karachi. 

9. Reduced Level (RL) 

The vertical distance of a point above or below the datum line is known as the reduced level (RL) of 

that point. The RL of a point may be positive or negative according as the point is above or below the 

datum. 

10. Line of Collimation 

It is an imaginary line passing through the intersection of the cross-hairs at the diaphragm and the 

optical centre of the object glass and its continuation. It is also known as the line of sight. 

11. Axis of the Telescope 



 
This axis is an imaginary line passing through the optical centre of the object glass and the optical 

centre of the eyepiece. 

12. Axis of Bubble Tube 

It is an imaginary line tangential to the longitudinal curve of the bubble tube at its middle point. 

13. Bench-Marks (BM) 

These are fixed points or marks of known RL determined with reference to the datum line. These are 

very important marks. They serve as reference points for finding the RL of new points or for 

conducting leveling operations in projects involving roads, railways, etc. Bench-marks may be of four 

types: (a) GTS, (b) permanent, (c) temporary, and (d) arbitrary. 

 

 
 

14. Back sight Reading (BS) 

This is the first staff reading taken in any set-up of the instrument after the leveling has been perfectly 

done. This reading is always taken on a point of known RL, i.e. on a bench-mark or change point. 

15. Foresight Reading (FS) 

It is the last staff reading in any set-up of the instrument, and indicates the shifting of the latter. 

16. Intermediate Sight Reading (IS) 

It is any other staff reading between the BS and FS in the same set-up of the instrument. 

 

 
17. Change Point (CP) 

This point indicates the shifting of the instrument. At this point, an FS is taken from one setting and a 

BS from the next setting. 

18. Height of Instrument (HI) 

When the leveling instrument is properly leveled, the RL of the line of collimation is known as the 

height of the instrument. This is obtained by adding the BS reading to the RL of the BM or CP on 

which the staff reading was taken. 

19. Focusing 

The operation of setting the eyepiece and the object glass a proper distance apart for clear vision of 

the object is known as focusing. This is done by turning the focusing screw clockwise or 

anticlockwise. The function of the object glass is to bring the object into focus on the diaphragm, and 

that of the eyepiece is to magnify the cross-hairs and object. Focusing is done in two steps as follows. 

 

(a) Focusing the eyepiece a sheet of white paper is held in front of the telescope and the eye-piece is 

turned clockwise or anticlockwise slowly until the cross-hairs appear distinct and clear. 

 

(b) Focusing the Object Glass The telescope is directed to the object and the focusing screw is turned 

clockwise or anticlockwise until the image is clear and sharp. 



 

20. Parallax 

The apparent movement of the image relative to the cross-hairs is known as parallax. This occurs due 

to imperfect focusing, when the image does not fall in the plane of the diaphragm. The parallax is 

tested by moving the eye up and down. If the focusing is not correct, the image moves up and down 

relative to the cross-hairs. If the focusing is perfect, the image appears fixed to the cross-hairs. The 

parallax may be eliminated by properly focusing the telescope. 

 

7.2 Instruments Used For Leveling, Concepts of Line of Collimation, Axis of 

Bubble Tube, Axis of Telescope, Vertical Axis.  

 
Different Types of Levels 

The following are the different types of levels: 

1. Dumpy Level 

The telescope of the dumpy level is rigidly fixed to its supports. It cannot be removed from its 

supports, nor can it be rotated about its longitudinal axis. The instrument is stable and retains its 

permanent adjustment for a long time. This instrument is commonly used. 

2. Wye Level (Y-Ievel) 

The telescope is held in two ‘Y’ supports. It can be removed from the supports and reversed from one 

end of the telescope to the other end. The ‘Y’ supports consist of two curved clips which may be 

raised. Thus, the telescope can be rotated about its longitudinal axis. 

3. Cooke’s Reversible Level 

This is a combination of the dumpy level and the Y-Level. It is supported by two rigid sockets. The 

telescope can be rotated about its longitudinal axis, withdrawn from the socket and replaced from one 

end of the telescope to the other end. 

4. Cushing’s Level 

The telescope cannot be removed from the sockets and rotated about its longitudinal axis. The eye-

piece and object glass are removable and can be interchanged from one end of the telescope to the 

other end. 

5. Modern Tilting Level 

The telescope can be tilted slightly about its horizontal axis with the help of a tilting screw. In this 

instrument, the line of collimation is made horizontal for each observation by means of the tilting 

screw. 

6. Automatic Level 

This is also known as the self-aligning level. This instrument is leveled automatically within a certain 

tilt range by means of a compensating device (the tilt compensator). 

 

Description of Dumpy Level 

 



 

1. Tripod Stand 

The tripod stand consists of three legs which may be solid or framed. The legs are made of light and 

hard wood. The lower ends of the legs are fitted with steel shoes. 

2. Leveling Head 

The leveling head consists of two parallel triangular plates having three grooves to support the foot 

screws. 

3. Foot Screws 

Three foot screws are provided between the trivet and tribrach. By turning the foot screws, the 

tribrach can be raised or lowered to bring the bubble to the centre of its run. 

4. Telescope 

The telescope consists of two metal tubes, one moving within the other. It also consists of an object 

glass and an eyepiece on opposite ends. A diaphragm is fixed with the telescope just in front of the 

eyepiece.  

5. Bubble Tubes 

Two bubble tubes, one called the longitudinal bubble tube and other the cross-bubble tube, are placed 

at right angles to each other. These tubes contain spirit bubble. The bubble is brought to the centre 

with the help of foot screws. The bubble tubes are fixed on top of the telescope. 

6. Compass 

A compass is provided just below the telescope for taking the magnetic bearing of a line when 

required. The compass is graduated in such a way that a ‘pointer’, which is fixed to the body of the 

compass, indicates a reading of 0° when the telescope is directed along the north line. 

 

7.3 Leveling Staff – Adjustments of Level, Taking Reading with Level 
 

The leveling staff is a graduated wooden rod used for 

measuring the vertical distances between the points on the 

ground and the line of collimation. Leveling staves are 

classified into two groups: (i) the target staff, and (ii) the 

self-reading staff. 

 

1. Target Staff 

The target staff consists of a movable target. The target is 

provided with a vernier which is adjusted by the staff man, 

according to directions from the level man, so that the 

target coincides with the collimation hair. After this, the 

reading is taken by either the staff man or the level man. 

This staff is used for long sightings. 

 

2. Self-reading Staff 

The following are the different types of self-reading staffs: 

(a) Sop with Telescopic Staff - such a staff is 

arranged in three lengths placed one into the other. The top 

portion is solid and of 1.25 m length, the central box 

portion is hollow and of 1.25 m length, and the bottom box 

portion is hollow and 1.5 m long. The total length of the 

staff is 4 m.  

(b) Folding Metric Staff - This staff is made of well-seasoned timber, and is of 75 mm 

width, 18 mm thickness, and 4 m length. It is divided into two parts of 2 m length having a locking 

arrangement.  

(c) One-Length Staff - the one-length staff is solid and made of seasoned timber. It is 3 m 

long and graduated in the same way as the telescopic staff. 

(d) Invar Staff - The invar staff is also 3 m long. An invar band is fitted to a wooden staff. 

The band is graduated in millimeters. It is used for precise leveling work. 



 
Diaphragm - The diaphragm is a brass ring fitted inside the telescope, just in front of the eyepiece. It 

can be adjusted by four screws. The ring carries the cross-hairs, which get magnified when viewed 

through the eyepiece. The cross-hairs may be marked in the following ways: 

1. with spider webs stretched across the ring, 

2. By very fine scratch marks made in a glass fitted with the ring, or 

3. By means of platinum wires or silk threads stretched across the ring. 

 

Temporary Adjustment of Level 
 Selection of Suitable Position 

 Fixing Level with Tripod Stand 

 Approximate Leveling by Legs of Tripod Stand 
 Perfect Leveling by Foot Screws 

 Focusing the Eyepiece 

 Focusing the Object Glass 
 Taking the Staff Readings 

 

Types of Leveling Operations 

There are six types of leveling; 

 

 
 

Simple leveling 

 

 
 

Differential leveling 

 
 

Fly leveling 

 

 
 

Longitudinal/profile leveling 

 

 
 

Cross sectional leveling 

 
 

Check leveling 



 

7.4 Field Data Entry – Level Book – Height of Collimation Method and Rise & 

Fall Method, Comparison. 

 

The following are the two systems of calculating reduced level: 

1. The collimation system or height of instrument system (HI) 

2. The rise-and-fall system 

The Collimation System 

The reduced level of the line of collimation is said to be the height of the instrument. In this 

system, the height of the line of collimation is found out by adding the back sight reading to the RL of 

the BM on which the BS is taken. Then the RL of the intermediate points and the change point are 

obtained by subtracting the respective staff readings from the height of the instrument (HI). 

The level is then shifted for the next setup and again the height of the line of collimation is 

obtained by adding the back sight reading to the RL of the change point (which was calculated in the 

first set-up). So, the height of the instrument is different in different setups of the level. 

Two adjacent planes of collimation are correlated at the change point by an FS reading from 

one setting and a BS reading from the next setting. It should be remembered that in this system, the 

RLs of unknown points are to be found out by deducting the staff readings from the RL of the height 

of the instrument. 

 
(a) RL of HI in first setting = 100.000 + 1.255 = 101.255 

RL of A = 101.255 – 1.750 = 99.505 

RL of B = 101.255 – 2.150 = 99.105 

(b) RL of HI in second setting = 99.105 + 2.750 = 101.855 

RL of C = 101.855 – 1.950 = 99.905 

RL of D = 101.855 – 1.550 = 100.305 and so on. 

Arithmetical check: ΣBS – ΣFS = Last RL – 1st RL 

The difference between the sum of back sights and that of foresights must be equal to the difference 

between the last RL and the first RL. This check verifies the calculation of the RL of the HI and that 

of the change point. There is no check on the RLs of the intermediate points. 

 

The Rise-And-Fall System 

In this system, the difference of level between two consecutive points is determined by 

comparing each forward staff reading with the staff reading at the immediately preceding point. If the 

forward staff reading is smaller than the immediately preceding staff reading, a rise is said to have 

occurred.   

The rise is added to the RL of the preceding point to get the RL of the forward point. If the 

forward staff reading is greater than the immediately preceding staff reading, it means there has been 

a fall. The fall is subtracted from the RL of preceding point to get the RL of the forward point. 

 
Point A (with respect to BM) = 0.75 – 1.25 = –0.50 (fall) 

Point B (with respect to A) = 1.25 – 2.75 = –1.50 (fall) 

Point C (with respect to B) = 2.75 – 1.50 = +1.25 (fall) 

Point D (with respect to C) = 1.50 – 1.75 = –0.25 (fall) 

RL of A = 100.00 – 0.50 = 99.50 

RL of B = 99.50 – 1.50 = 98.00 

RL of C = 98.00 + 1.25 = 99.25 

RL of D = 99.25 – 0.25 = 99.00 

Arithmetical check: ΣBS – ΣFS = Σ rise – Σ fall = last RL – 1st RL 



 
In this method, the difference between the sum of BSs and that of FSs, the difference between the 

sum of rises and that of falls and the difference between the last RL and the first RL must be equal. 

 

Comparison of the Two Systems 

 

                                HI Method                                                           R&F Method 

 It is rapid as it involves few calculations. 

 There is no check on the RL of 

intermediate points. 

 Errors in intermediate RLs cannot be 

detected. 

 There are two checks on the accuracy of 

RL calculation. 

 This system is suitable for longitudinal 

leveling where there are a number of 

intermediate sights. 

 It is laborious, involving several 

calculations. 

 There is a check on the RL of 

intermediate points. 

 Errors in intermediate RLs can be 

detected as all the points are correlated. 

 There are three checks on the accuracy of 

RL calculation. 

 This system is suitable for fly leveling 

where there are no intermediate sights. 

 

7.5 Effects of Curvature and Refraction, Application of Correction.  
 

Following are the different types of correction; 

 Curvature Correction 

 Refraction Correction 

 Combined Correction 

 Visible Horizon Distance 

 Dip of Horizon 

 

Curvature Correction 

For long sights, the curvature of the earth affects staff readings. The line of sight is horizontal, but the 

level line is curved and parallel to the mean spherical surface of the earth. The vertical distance 

between the line of sight and the level line at a particular place is called the curvature correction. Due 

to curvature, objects appear lower than they really are. 

Curvature correction is always subtractive (i.e. negative). 

The formula for curvature correction is derived as follows; 

Let AB = D = horizontal distance in kilometers. 

BD = Cc = curvature correction 

DC = AC = R = radius of earth 

DD′ = diameter, considered 12,742 km 

From right-angled triangle ABC 

BC2 = AC2 + AB2 

(R + Cc) 2 = R2 + D2 or R2 + 2RCc + C2 

c = R2 + D2 or Cc × 2R = D2 

(C2c is neglected as it is very small in comparison to the diameter of the earth.) 
 

Curvature correction Cc = 

 

Cc = = 0.0785 D2 m (negative)  

 

Hence, True staff reading = Observed staff reading – Curvature correction 

 

Refraction Correction 

Rays of light are refracted when they pass through layers of air of varying density. So, when long 

sights are taken, the line of sight is refracted towards the surface of the earth in a curved path. The 

radius of this curve is seven times that of the earth under normal atmospheric conditions. Due to the 



 
effect of refraction, objects appear higher than they really are. But the effect of curvature varies with 

atmospheric conditions. However, on an average, the refraction correction is taken as one-seventh of 

the curvature correction. 

 

Cr =                             

 

Refraction correction, Cr = × 0.0785 D2 = 0.0112 D2 m (positive) 

Refraction correction is always additive (i.e. positive).  

True staff reading = Observed staff reading + Refraction correction 

 

Combined Correction 

The combined effect of curvature and refraction is as follows: 

Combined correction = Curvature correction + Refraction correction 

= –0.0785 D2 + 0.0112 D2 

= –0.0673 D2 m 

So, combined correction is always subtractive (i.e. negative). 

True staff reading = Observed staff reading – Combined correction 

 

Visible Horizon Distance 

Let AB = D = visible horizon distance in kilometers, h = height of the point above mean sea level, in 

meters. 

Considering curvature and refraction corrections, 

h = 0.0673 D2 

 

D =  

 

Dip of Horizon 

AB = D = tangent to the earth at A 

BD = horizontal line perpendicular to OB 

θ = dip of horizon 

The angle between the horizontal line and the tangent line is 

known as the dip of the horizon. It is equal to the angle 

subtended by the arc CA at the centre of the earth. 

 

Dip θ =                        , in radians 

 

∴ θ = in radians (Taking CA approx. equal to AB). Here, D and R must be expressed in the same units. 

 

7.6 Reciprocal Leveling – Principles, Methods, Precise Leveling.  
 

In reciprocal leveling, the level is set up on both banks of the river or valley and two sets of staff 

readings are taken by holding the staff on both banks. In this case, it is found that the errors are 

completely eliminated and the true difference of level is equal to the mean of the two apparent 

differences of level. 

Procedure 

1. Suppose A & B are two points on the opposite banks of a river. The level is set up very near A and 

after proper temporary adjustment, staff readings are taken at A and B. Suppose the readings are a1 

and b1. 

 

2. The level is shifted and set up very near B and after proper adjustment, staff readings are taken at A 

and B. Suppose the readings are a2 and b2. 



 
Let h = true difference of level between A and B 

e = combined error due to curvature, refraction and collimation (The error may be positive or 

negative, here the error is assumed positive). 

In the first case, 

Correct staff reading at A = a1 (as the level is very near A) 

Correct staff reading at B = b1 – e 

True difference of level between A and B, 

h = a1 – (b1 – e) (fall from B to A) 

In the second case, 

Correct staff reading at B = b2 (as level is near B) 

Correct staff reading at A = a2 – e 

So, true difference of level, 

h = (a2 – e) – b2  

2h = a1 – (b1 – e) + (a2 – e) –b2 

= a1 – b1 + e + a2 – e – b2 = (a1 – b1) + (a2 – b2) 

 

h =  

 
It may be observed that the error is eliminated and that the true difference is equal to the mean of the 

two, apparent differences of level between A and B. 

 

7.7 Errors in Leveling and Precautions, Permanent and Temporary Adjustments 

of Different Types of Levels.  

 
The following are the different sources of error in leveling: 

1. Instrumental Errors 

(a) The permanent adjustment of the instrument may not be perfect. That is, the line of collimation 

may not be parallel to the axis of the bubble tube. 

(b) The internal arrangement of the focusing tube is not perfect. 

(c) The graduation of the leveling staff may not be perfect. 

2. Personal Errors 

(a) The instrument may not be leveled perfectly. 

(b) The focusing of the eyepiece and object glass may not be perfect and the parallax may not be 

eliminated entirely. 

(c) The position of the staff may be displaced at the change point at the time of taking FS and BS 

readings. 

(d) The staff may appear inverted when viewed through the telescope. By mistake, the staff readings 

may be taken upwards instead of downwards. 

(e) The reading of the stadia hair rather than the central collimation hair may be taken by mistake. 

(f) A wrong entry may be made in the level book. 

(g) The staff may not be properly and fully extended. 

3. Errors due to Natural Causes 

(a) When the distance of sight is long, the curvature of the earth may affect the staff reading. 

(b) The effect of refraction may cause a wrong staff reading to be taken. 

(c) The effect of high winds and a shining sun may result in a wrong staff reading. 

 

The precision of leveling is ascertained according to the error of closure. The permissible limit of 

closing error depends upon the nature of work for which the leveling is to be done. Permissible 

closing error is expressed as E = C √𝐷 

Where, E = closing error in meters, 

C = the constant, and 

D = distance in kilometers. 



 
The following are the permissible errors for different types of leveling; 

1. Rough leveling—E = ±0.100 √𝐷 

2. Ordinary leveling—E = ±0.025 √𝐷 

3. Accurate leveling—E = ±0.012 √𝐷 

4. Precise leveling—E = ±0.006 √𝐷 

 

7.8 Definitions, Concepts and Characteristics of Contours. 

 
Contouring is, basically, a leveling operation. The equipment is the same for leveling and 

contouring. The main objective of contouring is to determine the points on the ground having the 

same reduced level (RL). The contour lines join the points of same elevation directly or by 

interpolation technique. It gives the topographical 

features of the ground, comparing different 

contour lines of different elevations for a closed 

area. Based on the topographical features, 

calculations for engineering projects can be 

carried out. There are different methods of 

drawing such closed or open contour lines within 

a specific area. 

Contour Line 

The line of intersection of a level surface with the 

ground surface is known as the contour line or 

simply the contour. It can also be defined as a line 

passing through points of equal reduced levels. 

A map showing only the contour lines of an area 

is called a contour map. 

Contour Interval 

The vertical distance between any two consecutive contours is known as a contour interval. Suppose 

a map includes contour lines of 100 m, 98 m, 96 m, and so on. The contour interval here is 2 m. This 

interval depends upon (i) the nature of the ground (i.e. whether flat or steep), (ii) the scale of the map, 

and (iii) the purpose of the survey. 

Horizontal Equivalent 

The horizontal distance between any two consecutive contours is known as horizontal equivalent. It is 

not constant. It varies according to the steepness of the ground. For steep slopes, the contour lines run 

close together, and for flatter slopes they are widely spaced.  

 

Uses of Contour Map 

The following are the specific uses of the contour map: 

1. The nature of the ground surface of a country can be understood by studying a contour map. 

Hence, the possible route of communication between different places can be demarcated. 

2. A suitable site or an economical alignment can be selected for any engineering project. 

3. The capacity of a reservoir or the area of a catchment can be approximately computed. 

4. The indivisibility or otherwise of different points can be established. 

5. A suitable route for a given gradient can be marked on the map. 

6. A section of the ground surface can be drawn in any direction from the contour map. 

7. Quantities of earth work can be approximately computed. 

 

Object of Preparing Contour Map 

The general map of a country includes the locations of roads, railways, rivers, villages, towns, and so 

on. But the nature of the ground surface cannot be realized from such a map. However, for all 

engineering projects involving roads, railways, and so on, knowledge of the nature of ground surface 

is required for locating suitable alignments and estimating the volume of earth work. Therefore, the 

contour map is essential for all engineering projects. This is why contour maps are prepared. 



 

7.9 Methods of Contouring, Plotting Contour Maps, Interpretation of Contour 

Maps, Top sheets.  
 

Direct Method 

There may be two cases, as outlined below. 

 

Case I When the area is oblong and cannot be controlled 

from a single station in this method, the various points on 

any contour are located on the ground by taking levels. Then 

these points are marked by pegs. After this, the points are 

plotted on the map, to any suitable scale, by plane table. This method is very slow and tedious. But it 

gives accurate contour lines.  

Procedure 

1. Suppose a contour map is to be prepared for an oblong area. A temporary bench-mark is set up 

near the site by taking fly-level readings from a permanent bench-mark. 

2. The level is then set up at a suitable position L from where maximum area can be covered. 

2. The plane table is set up at a suitable station P from where the above area can be plotted. 

4. A back sight reading is taken on the TBM. Suppose the RL of the TBM is 249.500 m and that the 

BS reading is 2.250 m. Then the RL of HI is 251.750 m. If a contour of 250.000 m is required, the 

staff reading should be 1.750 m. If a contour of 249.000 m is required, the staff reading should be 

2.750 m, and so on. 

5. The staff man holds the staff at different points of the area by moving up and down, or left and 

right, until the staff reading is exactly 1.750. Then the points are marked by pegs. Suppose, these 

points are A, B, C, D … 

6. A suitable point p is selected on the sheet to represent the station P. Then, with the alidade 

touching p, rays are drawn to A, B, C and D. The distances PA, PB, PC and PD are measured and 

plotted to a suitable scale. In this manner, the points a, b, c and d of the contour line of RL 250.000 m 

are obtained. These points are joined to obtain the contour of 250.000 m. 

7. Similarly, the points of the other contours are located. 

8. When required, the leveling instrument and the plane table are shifted and set up in a new position 

in order to continue the operation along the oblong area. 

 

Case II When the area is small and can be controlled from a single station. In this case, the method of 

radial lines is adopted to obtain contour map. This is also very slow and tedious, but gives the actual 

contour lines. 

Procedure 

1. The plane table is set up at a suitable station P from where 

the whole area can be commanded. 

2. A point p is suitably selected on the sheet to represent the 

station P. Radial lines are then drawn in different directions. 

3. A temporary bench-mark is established near the site. The 

level is set up at a suitable position L and a BS reading is taken 

on the TBM. Let the HI in this setting be 153.250 m. So, to find 

the contour of 152.000 m RL, a staff reading of 1.250 m is 

required at a particular point, so that the RL of contour of that 

point comes to 152.000 m. RL = HI – Staff reading = 153.250 – 

1.250 = 152.000 m. 

4. The staff man holds the staff along the rays drawn from the plane table station in such a way that 

the staff reading on that point is exactly 1.250. In this manner, points A, B, C, D and E are located on 

the ground, where the staff readings are exactly 1.250. 

5. The distances PA, PB, PC, PD and PE are measured and plotted to any suitable scale. Thus the 

points a, b, c, d and e are obtained which are joined in order to obtain a contour of 152.000. 

6. The other contours may be located in similar fashion. 

 



 
Indirect Method In this method, the RLs of different points (spot levels) are taken at regular 

intervals along a series of lines set up on the ground. The positions of these points are plotted on a 

sheet to any suitable scale. The spot levels are noted at the respective points. Then the points of 

contour lines are found out by interpolation, after which they are joined to get the required contour 

lines. Although very quick, this method gives only the approximate positions of the contour lines. 

This method can be adopted in two ways: (i) cross-sections, and (ii) squares. 

 

Using Cross Sections - In this method, a base line, centre 

line or profile line is considered. Cross sections are taken 

perpendicular to this line at regular intervals (say 50 m, 100 

m, etc.). After this, points are marked along the cross 

sections at regular intervals (say, 5 m, 10 m, etc). A 

temporary bench-mark is set up near the site. Staff readings 

are taken along the base line and the cross sections. The 

readings are entered in the level book; the base line and the 

cross sections should also be mentioned. The RL of each of 

the points calculated. Then the base line and cross sections 

are plotted to a suitable scale. Subsequently, the RLs of the 

respective points are noted on the map, after which the required contour line is drawn by 

interpolation. This method is suitable for route survey, when cross sections are taken transverse to the 

longitudinal section.  

 

Using Squares - In this method, the area is divided into a number of squares. The size of these 

squares depends upon the nature and extent of the ground. Generally, they have a sides varying from 

5 to 20 m. The corners of the squares are numbered serially, as 1, 2, 3 … A temporary bench-mark is 

set up near the site, and the level is set up at a suitable position. The staff readings on the corners of 

the squares are taken and noted in the level book maintaining the sequence of the serial numbers of 

the corners. The RLs of all the corners are calculated. The skeletons of the squares are plotted to a 

suitable scale. The respective RLs are noted on the corners, after which the contour lines are drawn 

by interpolation. 

 
Contour Gradient 

During preliminary survey for roads in a hilly area, the required points are first established along the 

gradient. The line joining these points is known as the contour gradient or grade contour. Initially, 

the points are established approximately by an Abney level, and then accurately fixed by a leveling 

instrument. 

Method of Interpolation of Contours 

The process of locating the contours proportionately between the plotted points is termed 

interpolation.  

Interpolation may be done by; 

1. Arithmetical calculation 

2. The graphical method 

 



 

7.10 Use of Contour Maps on Civil Engineering Projects  

 
Hill 

 
Depression 

 
Uniform Slope 

 
Ridge Line 

 
Saddle 

 
Contour Closed within Map 

 
Valley Line 

 
Depression & Summit 

 
Vertical Cliff 

 
Overhanging Cliff 



 

7.11 Map Interpretation  
 

Map interpretation involves the study of factors that explain the causal relationship among 

several features shown on the map. For example, the distribution of natural vegetation and cultivated 

land can be better understood against the background of landform and drainage.  

Deriving accurate meanings from maps is called map interpretation. Knowledge of map 

language and sense of direction are essential in reading and interpreting topo-sheets.  

We must first look for the north line and the scale of the map and orient ourselves 

accordingly. We must have a thorough knowledge of the legends / key given in the map depicting 

various features.  

All topo-sheets contain a table showing conventional signs and symbols used in the map. We 

must be acquainted with conventional symbols, signs and colors. 

 

The following procedure is followed in map interpretation; 

 

(a) Finding from the index number of the topographical sheet, the location of the area in India. This 

would give an idea of the general characteristics of the major and minor physiographic divisions of 

the area. 

 

(b) Find the scale of the map and the contour interval, which will give the extent and general 

landform of the area.  

(i) Major landforms - as shown by contours and other graphical features. 

(ii) Drainage and water features - the main river and its important tributaries. 

(iii) Land use - i.e. forest, agricultural land, wastes, sanctuary, park, school, etc. 

(iv) Settlement and Transport pattern. 

 

(d) Explain the distributional pattern of each of the features separately drawing attention to the most 

important aspect. 

 

(e) Superimpose pairs of these maps and note down the relationship, if any, between the two patterns. 

For example, if a contour map is superimposed over a land use map, it provides the relationship 

between the degree of slope and the type of the land used. 

 

f) Aerial photographs and satellite imageries of 

the same area and of the same scale can also be 

compared with the topographical map to update 

the information. 

 
Topo sheets - Top sheets is a topographic map 

which is a two dimensional representation of a 

three dimensional land surface.  

Topographic maps are differentiated from 

the other maps in that they show both the 

horizontal and vertical position of the terrain. 

Topo sheets are also used by the tourism 

industry for preparing tourist maps. It provides 

the information about various attractive features 

of an area as well as the location of important 

monuments or places of interest.  

Industrialists also rely on using 

topographical maps for setting up an industry in 

an area.  



 

 LAND SURVEY - I 

8. COMPUTATION OF AREA & VOLUME 
 

8.1 Determination of Areas, Computation of Areas from Plans.  

 
The term ‘area’ in the context of surveying refers to the area of a tract of land projected upon the 

horizontal plane, and not to the actual area of the land surface. 

Area may be expressed in the following units: 

1. Square meters 

2. Hectares (1 hectare = 10,000 m2) 

3. Square feet 

4. Acres (1 acre = 4840 sq. yd. = 43.560 sq. ft.) 

The following is a hierarchical representation of the various methods of computation of area. 

 
 

Computation of Area from Field Notes 

This is done in two steps. 

Step 1 

In cross-staff survey, the area of field can be directly calculated from field notes. During survey work 

the whole area is divided into some geometrical figures, such as triangles, rectangles, squares and 

trapeziums, and then the area is calculated as follows: 

 

1. Area of triangle =  

 

Where a, b and c are the sides, 

 

and s =   

 

Or Area of triangle = 1/2 × b × h, where b = base and h = altitude 

2. Area of rectangle = a × b, where a & b are the sides. 

3. Area of square = a2, where a is the side of the square. 

4. Area of trapezium = 1/2 (a + b) × d, where a and b are the parallel sides, and d is the perpendicular 

distance between them. 

 

Step 2 

o1, o2 = ordinates & x1, x2 = chainages 

 

Area of shaded portion = 



 
Similarly, the areas between all pairs of ordinates are calculated and added to obtain the total 

boundary area. 

Hence, Total area of the field = Area of geometrical figure + Boundary areas 

(step 1 + step 2) = Area of ABCD + Area of ABEFA 

 

8.2 Calculation of Area by Using Ordinate Rule, Trapezoidal Rule, Simpson’s Rule.  
 

The area may be calculated in the two following ways; 

 

Case I - Considering the Entire Area 

The entire area is divided into regions of a convenient shape, and calculated as follows: 

 

 By Dividing the Area into Triangles - The triangles are so drawn as to equalize the irregular 

boundary line. Then the bases and altitudes of the triangles are determined according to the scale 

to which the plan was drawn. After this, the areas of these triangles are calculated (area = 1/2 × 

base × altitude). 

 

 By Dividing the Area into Squares In this method, squares of equal size are ruled out on a piece 

of tracing paper. Each square represents a unit area, which could be 1 cm2 or 1 m2. The tracing 

paper is placed over the plan and the number of full squares is counted. The total area is then 

calculated by multiplying the number of squares by the unit area of each square. 

 

 By Drawing Parallel Lines and Converting them to Rectangles In this method, a series of 

equidistant parallel lines are drawn on a tracing paper. The constant distance represents a meter or 

centimeter. The tracing paper is placed over the plan in such a way that the area is enclosed 

between the two parallel lines at the top and bottom. Thus the area is divided into a number of 

strips. The curved ends of the strips are replaced by perpendicular lines (by give and take 

principle) and a number of rectangles are formed. The sum of the lengths of the rectangles is then 

calculated. Then, Required area = Σ Length of rectangles × Constant distance. 

Case II 

In this method, a large square or rectangle is formed within the area in the plan. Then ordinates are 

drawn at regular intervals from the side of the square to the curved boundary. The middle area is 

calculated in the usual way. The boundary area is calculated according to one of the following rules; 

1. The mid-ordinate rule 

2. The average-ordinate rule 

3. The trapezoidal rule 

4. Simpson’s rule 

(a) Mid-ordinate Rule 

Let O1, O2, O3, …, On = ordinates at equal intervals 

l = length of base line 

d = common distance between ordinates 

h1 h2, …, hn = mid-ordinates 

Area of plot = h1 × d + h2 × d + … + hn × d 

= d(h1 + h2 + … + hn) 

i.e. Area = Common distance × sum of mid-ordinates 

 

(b) Average-ordinate Rule 

Let O1 O2, …, On = ordinates or offsets at regular intervals 

l = length of base line 

n = number of divisions 

n + 1 = number of ordinates 

 

Area =  

 



 
 

i.e. Area =  

 

(c) Trapezoidal Rule  

While applying the trapezoidal rule, boundaries between the ends of ordinates are assumed to be 

straight. Thus the areas enclosed between the base line and the irregular boundary line is considered 

as trapezoids.  

Let O1 O2, …, On = ordinates at equal intervals 

d = common distance 

 

First area =  

 

Second area =  

 

Third area = 

 

 Last area =   

 

Total area = {O1 + 2O2 + … + 2On – 1 + On}  

 

Thus, the trapezoidal rule may be stated as follows: 

To the sum of the first and the last ordinate, twice the sum of intermediate ordinates is added. This 

total sum is multiplied by the common distance. Half of this product is the required area. 
Limitation - There is no limitation for this rule. This rule can be applied for any number of 

ordinates. 

 

(d) Simpson’s Rule  

In this rule, the boundaries between the ends of ordinates are 

assumed to form an arc of a parabola. Hence, Simpson’s rule is 

sometimes called the parabolic rule.  

Let 

O1 O2, O3 = three consecutive ordinates 

d = common distance between the ordinates 

Area AFeDC = area of trapezium AFDC + area 

of segment FeDEF  

Here, 

 

Area of trapezium = 

 

Thus, the role may be stated as follows. 

To the sum of the first and the last ordinate, four 

times the sum of even ordinates and twice the 

sum of the remaining odd ordinates are added. 

This total sum is multiplied by the common 

distance. One-third of this product is the required area. 

 



 
Trapezoidal Trapezoidal Rule e Simpson’s rule 

1. The boundary between the ordinates is considered 

straight. 

2. There is no limitation. It can be applied for any number of 

ordinates. That is, the number of divisions must be even. 

3. It gives an approximate result. 

Simpson’s Rule 

1. The boundary between the ordinates 

is considered an arc of a parabola. 

2. To apply this rule, the number of 

ordinates must be odd. 

3. It gives a more accurate result. 

 

8.3 Calculation of Volumes by Prismoidal Formula & Trapezoidal Formula, Prismoidal 

Corrections, Curvature Correction for Volumes.  
 

Formula for Calculation of Volume – 

 

 
 

 
 

Formula For Calculation of Crosssectional 

Area – 

 Level Section 

When the ground is level along the transverse 

direction: 

Cross-sectional area =  

                    

                             = (b + sh)h 

 

 Two-Level Section 

When the ground surface has a transverse slope: 

 
Area =  

              = 

 

 

 




