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MANDATORY INSTRUCTIONS 

 

1. Students should report to the labs concerned as per the timetable. 

 

2. Record should be updated from time to time and the previous experiment must be signed by 

the faculty in charge concerned before attending the lab. 

 

3. Students who turn up late to the labs will in no case be permitted to perform the 

experiment scheduled for the day. 

 

4. After completion of the experiment, certification of the staff in-charge concerned 

in the observation book is necessary. 

 

5. Students should bring a notebook of about 100 pages and should enter the 

readings/observations/results into the notebook while performing the experiment. 

 

6. The record of observations along with the detailed experimental procedure of the 

experiment performed in the immediate previous session should be submitted and certified by 

the staff member in-charge. 

 

7. Not more than FIVE students in a group are permitted to perform the experiment 

on a set up. 

 

8. The group-wise division made in the beginning should be adhered to, and no mix up of 

student among different groups will be permitted later. 

 

9. The components required pertaining to the experiment should be collected from Lab- in-

charge after duly filling in the requisition form. 

 

10. When the experiment is completed, students should disconnect the setup made by them, 

and should return all the components/instruments taken for the purpose. 

 

11. Any damage of the equipment or burnout of components will be viewed seriously either 

by putting penalty or by dismissing the total group of students from the lab for the 

semester/year. 



 

 

 

12. Students should be present in the labs for the total scheduled duration. 

 

13. Students are expected to prepare thoroughly to perform the experiment before coming 

to Laboratory. 

 

14. Procedure sheets/data sheets provided to the students groups should be maintained 

neatly and are to be returned after the experiment. 



 

EXPERIMENT NO-01 

STUDY OF DIFFERENT TYPES OF LEVELS 

AIM: 

To study essential features & parts of different types of levels 

THEORY: 

Levelling is a method of surveying used for determination of the difference of elevations or levels of 

various points on the surface of the earth. The elevation of a point is its' vertical distance above or below 

a reference level, called datum. The most commonly used datum is the mean sea level (M.S.L.). The 

levelling deals with distances in a vertical plane 

EQUIPMENT AND ACCESSORIES: 

The instrument used in levelling is level. Its basic purpose is to establish a horizontal line of 

sight. 

It consists essentially of the following parts: 

a telescope which provides a line of sight. 

a level tube for making the line of sight horizontal. 

a levelling head for bringing the bubble of the level tube at the centre of its run. 

a tripod for providing support to the level. 

Of the various types of levels the following are the most common: 

 1) Dumpy level 

2) Tilting level 

3) Automatic level 

 

Now a days automatic level is the most widely used Levelling instrument. 

 

                                                          (1)Dumpy level 

The dumpy level shown in figure consists of a telescope, generally the internal focusing type, fixed on a 

vertical spindle. The telescope tube and the vertical spindle are cast as one piece. The spindle revolves in 

the socket of the levelling head. The levelling head consists of two parallel plates held apart by three (or 

four) levelling screws. The upper plate is called tribrach and the lower one is called trivet stage. The 

telescope can be rotated in the horizontal plane about its vertical axis. 

 

A sensitive level tube is fitted on the top of the telescope or on its side. An inclined mirror is attached to 

the level tube to enable the observer to view the bubble from the eye end of the telescope without moving 

round the instrument. The cross hairs of the diaphragm normally have a vertical line and a horizontal 

line. When instrument is in adjustment, the line of sight of the instrument is perpendicular to the vertical 

and parallel to the bubble tube axis as shown in figure. 

           The modern dumpy levels are provided with a clamp for clamping the telescope to the tribrach in 

any desired position. Also a graduated horizontal circle is provided to determine the direction of the 

telescope. The dumpy level is simple in construction and requires fewer permanent adjustments. 

                                                                

 

 

 

 

 



 

 

 

 

 

 

                                                            Dumpy level 

 

 

 

                                                   (2)Tilting level 

The telescope of a tilting level is not rigidly fixed to the vertical spindle as in the case of dumpy level. 

The telescope can be tilted on a pivot about a horizontal axis in the vertical plane upwards or downward 

through a small angle by means of a tilting screw as shown in figure. 

The bull's eye or circular level is fixed to the upper plate of levelling head for approximate levelling by 

foot screws. The exact levelling of the instrument is done using the tilting screw before taking every 

reading. The tilting screw is usually graduated to set out gradient lines. Tilting levels are more robust, 

compact and accurate than dumpy levels. These have shorter telescope and are lighter. The tilting 

arrangement saves time required for temporary adjustments. A tilting level is most useful when only a 

few readings are to be taken from one setting of the instrument. 

 

                             

 
                                                                   Tilting level 

 



(3)Automatic level 

The automatic level employs a gravity referenced prism or mirror compensator to automatically orient 

the line of sight (line of collimation). The instrument is quickly leveled when a circular spirit level is 

used. When the bubble has been centered or nearly so, the compensator takes over and maintains the 

horizontal line of sight, even if the telescope is slightly tilted. 

Automatic levels are extremely popular in present-day surveying operations. They are quick 

to set up, easy to use, and can be obtained for use at almost any required precision. 

 

 
 

                                         Section through automatic level 

 

                     

 

                                                     Automatic level 

2) TERMINOLOGY: 

Level Surface 

A surface parallel to the mean spheroidal surface of the earth is called level surface, e.g., a still lake. A 

level surface is a curved surface, every point on which is equidistant from the centre of the earth. It is 

normal to the plumb line at all the points. 

Vertical line 

It is a line from any point on the earth's surface to the centre of the earth. It is commonly considered to be 

the line defined by a plumb line. 

 



Levelline 

It is a line lying on a level surface. It is normal to the plumb line at all the points. 

Horizontal plane:  

It is a plane tangential to the level surface at the point under consideration. It is perpendicular to the 

plumb line. 

Horizontal line 

It is a line lying in the horizontal plane. It is a straight line tangential to the level line. 

Axis of telescope 

It is a line joining the optical centre of the objective to the centre of the eyepiece. 

Line of collimation 

 its continuation. It is also called the line of sight. 

Axis of level tube or bubble tube 

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

Height of instrument (H.I.) 

It is the elevation of the plane of collimation when the instrument is leveled. It should be noted that the 

height of instrument does not mean the height of the centre of the telescope above the ground, where the 

level is set up. 

Back sight (B.S.) 

It is a staff reading taken on a point of known elevation, e.g., a sight on a bench mark or on a change 

point. It is the first staff reading taken after the level is set up. It is also called plus sight. 

Fore sight (F.S.) 

It is a staff reading taken on a point whose elevation is to be determined, e.g., a sight on a change point. 

It is also cal!ed a minus sight. It is the last staff reading and denotes the shifting of the instrument. 

Intermediate sight (I.S) 

It is a staff reading taken on a point of unknown elevation between backsight and foresight. 

Change point (C.P.) or turning point (T.P.) 

It is a point, denoting the shifting of the level. Both F.S. and B.S. are taken on this point. 

Station 

A point, whose elevation is to be determined is called station. 

Parallax 

It is the apparent movement of the image relative to the cross-hairs when the image formed by the 

objective does not fall in the plane of the diaphragm. 

Bench Mark 

It is a fixed reference point of known elevation. Depending upon the permanency and precision, bench 

marks may be of the following types: 

Great trigonometric survey (G. T.S.) bench marks (B.M.) 

These are established by the Survey of India at an interval of about of 100 km all over the country with 

respect to the mean sea level at Karachi as datum. Their elevations are shown on a G.T.S. map. 

Permanent bench marks 

These are established between the G.T.S. bench marks by the government agencies like P.W.D. on 

clearly defined and permanent points such as the top of a parapet wall of a bridge or culvert, kilometre 

stone, railway platform etc. 

Arbitrary bench marks 

These are reference points whose elevations are arbitrarily assumed for small levelling operations. Their 

elevations do not refer to any fixed datum. 

 

 



Temporary bench marks 

These are the reference points on which a day's work is closed and from where levelling is continued the 

next day. Such a B.M. is carefully established on permanent objects like km stones, parapets, etc. 

 

 

 

                                                           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



EXPERIMENT NO-02 

 

AIM OF THE EXPERIMENT: Determination of elevation of various points with dumpy level 

by collimation plane method and rise & fall method. 

 

APPARATUS REQUIRED: Dumpy level, leveling staff 

 

           
 

                                               DUMPY LEVEL 

 

THEORY: 

 

Levelling: The art of determining and representing the relative height or elevation of different 

object/points on the surface of earth is called leveling. It deals with measurement in vertical 

plane. 

By leveling operation, the relative position of two points is known whether the points are near or 

far off. Similarly, the point at different elevation with respect to a given datum can be established 

by leveling. 

LEVELLING INSTRUMENTS:- The instrument which are directly used for leveling operation are:- 

Level, Levelling staff 

Level: - An instrument which is used for observing staff reading on leveling staff kept over 

different points after creating a line of sight is called a level. 

The difference in elevation between the point then can worked out. A level essentially consists of 

the following points: 

1) Levelling Heads 

2) Limb plate 

3) Telescope 

 



Telescope consists of two tubes, one slide into the other and fitted with lens and diaphragm 

having cross hairs. It creates a line of sight by which the reading on the staff is taken. 

The essential parts of a telescope are 

1) body 2) object glass 3)Eye-piece 4) Diaphragm 5) Ray shade 6) The rack and pinion 

arrangement 7) Focusing screw 8) Diaphragm screw. 

 

4) Bubble tube 

5) Tripod stand 

Dumpy level: 

The dumpy level is simple, compact and stable instrument. The telescope is rigidly fixed to its 

supports. Hence it cannot be rotated about its Longitudinal axis or cannot be removed from its 

support. The name dumpy is because of its compact and stable construction. The axis of telescope 

is perpendicular to the vertical axis of the level. The level tube is permanently placed so that its 

axis lies in the same vertical plane of the telescope but it is adjustable by means of captain head not 

at one end.The ray shade is provided to protect the object glass. A clamp and slow motion screw 

are provided in modern level to control the movement of spindle, about the vertical axis. The 

telescope has magnifying power of about thirty diameters. The level tube is graduated to 2mm 

divisions and it has normally a sensitiveness of 20 seconds of are per graduation. The telescope 

may be internally focusing or external focusing type. 

 

Adjustment of the level 

The level needs two type of adjustment 

1) Temporary adjustment and 

2) Permanent adjustment 

Temporary adjustments of dumpy level 

These adjustments are performed at each set-up the level before taking any observation. 

 

 

 

  (A)Setting up the level:-  

        This includes 

 

1) Fixing the instrument in the tripod:- The tripod legs are well spread on the ground with 

tripod head nearly level and at convenient height. Fix up the level on the tripod. 

2) Leg adjustment:- Bring all the foot screws of the level in the centre of their run 

.Fix any two legs firmly into the ground by pressing them with hand and move the third leg to leg 

to right or left until the main bubble is roughly in the centre. 

Finally the legs is fixed after centering approximately both bubbles. This operation will save the 

time required for leveling. 

 

(B)Levelling: - Levelling is done with the help of foot screws and bubbles. The purpose of 

levelling is to make the vertical axis truly vertical. The method of leveling the instrument 

depends upon whether there are three foot screws or four foot screws. In all modern 

instruments three foot screws are provided and this method only is described. 



 

 
 

1) Place the telescope parallel to pair of foot screws. 

2) Hold these two foot screw between the thumb and first finger of each hand and turn them 

uniformly so that the thumbs move either toward each other until the bubble is in centre. 

3) Turn the telescope through 90°so that it lies over the third foot screw. 

4) Turn this foot screw only until the bubble is centred. 

5) Bring the tescope back to its original position without reversing the eye piece and object 

glass ends. 

6) Again bring the bubble to the centre of its run and repeat these operation until the bubble 

remains in the centre of its run in both position which are at right angle to each other. 

7) Now rotate the instrument through 180°,the bubble should remain in centre provided the 

instrument is in adjustment: if not ,it needs permanent adjustment. 

 

c) Focusing the eye piece:- To focus the eye piece, hold a white paper in front of the object glass 

,and move the eye piece in or out till the cross hairs are distinctly seen. Care should be taken that 

the eye piece is not wholly taken out ,some times graduation are provided at the eye piece and 

that one can always remember theparticular graduation position to suit his eyes,This will save 

much time of focssing theeye piece. 

   

   (d) Focusing the object glass: - Direct the telescope to the leveling staff and on looking 

through the telescope, turn the focusing screw until the image appears clears and sharp. The 

image is thus formed inside the plane of cross hairs, Parallax,if any is removed by exact focusing. 

It may be noted that parallax is completely eliminated when there is no change in staff reading 

after moving the eye up and down. 

Reduced Levels 

The system of working out the reduced level of the points from staff reading taken in the field 

is called as reduced level (R.L) of a points is the elevation of the point with reference to the 

same datum. 

There are two systems of reduced levels 

1) The plane of collimation system (H.I. method) 

2) The Rise and fall system 



1) The plane of collimation system (H.I. method) 

In this system, the R.L. of plane of collimation (H.I) is found out for every set-up of the level 

and then the reduced levels of the points are worked out with the respective plane of collimation 

as described below. 

 

1) Determine the R.L. of plane of collimation for the first set up of the level by adding B.S. 

to the R.L. of B.M. i.e( R.L of plane of collimation= R.L. of B.M.+B.S.) 

 

2) Obtained the R.L. of the intermediate points and first change point by subtracting the 

staff readings (I.S. and F.S. from the R.L. of plane of collimation (H.I). (R.L. of a point=R.L 

of plane of collimation H.I.-I.S or F.S) 

3) When the instrument is shifted and set up at new position a new plane of collimation is 

determined by addition of B.S. to the R.L of change point. Thus the levels from two set-ups of 

the instruments can be correlated by means of B.S. and F.S. taken on C.P. 

 

4) Find out the R.L.s of the successive points and the second C.P. by subtracting their staff 

readings from this plane of collimation R.L. 

 

5) Repeat the procedure until all the R.Ls are worked out. 

 

Station Reading R.L. of 

plane 

collimation 

(H.I) 

Reduced 

Level 

Remarks 

BS IS FS 

       

       

       

       

       

       

 

Arithmetical check: The difference between the sum of the back sights and the sum of the fore 

sights should be equal to the difference between the last and first reduced levels. 

i.e ∑B.S - ∑ F.S.= LAST R.L –FIRST R.L 

 

2) The Rise and fall system 

 

In this system, there is no need to determine R.L. of plane of collimation .The difference of level 

between consecutive points are obtained as described below. 

 

1) Determine the difference in staff readings between the consecutive point comparing 

each point after the first with that immediately proceeding it. 

2) Obtained the rise or fall from the difference of their staff reading accordingly to the staff 



reading at the point is smaller or greater than that of proceeding point. 

Find out the reduced level of each point by adding the rise to or subtracting fall from the R.L. 

of a proceeding point. 

 

 

Station Reading RISE FALL Reduced 

Level 

Remarks 

BS IS FS 

        

        

        

        

        

 

 

Arithmetic check:- 

The difference between the sum of back sight 

Fore sight= difference between the sum of rise and the sum of fall = the difference between the 

last R.L. and the first R.L. 

∑B.S-∑F.S =∑RISE -∑FALL =LAST RL- FIRST RL 

 

Inverted staff reading 

When the B.M of staff station is above the line of collimation (or line of sight) the staff is held 

inverted on the point and reading is taken .This reading being negative is entered in the level 

field book with minus sign, or to avoid confusion, ‘Staff inverted’ should be written in the 

remarks column against the entry of the reading. 

 

 

 

 

 

 



The results are tabulated as below: 

 

BS IS FS HI RL REMARKS 

-2.795   97.215 100.000 B.M.Staff 

 1.500  95.715 inverted 

    Point A 

 

When the reading on the inverted staff is a foresight or intermediate sight .it should also be 

recorded in field book with minus sign 

The R.L. of such points may be worked at as: 

R.L.of the point (where the inverted staff is held)=R.L. of H.I +F.S. or I.S.reading 

RESULT: 

The various reduced levels are calculated by rise and fall method and by using height or plane Of 

collimation method and are shown in observation table. 

 



 

Experiment No:03 

 

FLY LEVELLING (DIFFERENTIAL LEVELLING) 

 

AIM OF THE EXPERIMENT: 

To ascertain the difference of elevation between any two points.  

 

APPARATUS REQUIRED: 

Dumpy level ,Ranging Rod, Arrow, Levelling staff, Tripod 

 

THEORY: 

 

Fly leveling: - It is a very approximate from of levelling in which distances are not 

measured and sights are taken as large as possible . in this method a line of levels is run to determine 

approximately reduced levels of the points carried out with more rapidly and less precision. 

 

 

 

 

PROCEDURE:  

1. Differential leveling is the method of direct leveling the object of which is To determine Difference in 

elevations of two points regardless of horizontal position of point with respect to each Other, when points 

are apart it may be necessary to setup the instrument several times. This type of Leveling is also known 

as “FLY- LEVELLING”.  



2. Instrument level is setup at convenient positions near first point (say A).  

3. Temporary adjustments should be done, (setting up, leveling up, elimination of a par- allot) are 

Performed.  

4. First sight of B.M (point of known elevation) is taken and reading is entered in back Sight column.  

5. If distance is large instrument is shifted, the instrument becomes turning point (or) changing point.  

6. After setting up instrument at new position, performing temporary adjustment and Take back sight as 

turning point.  

7. Thus turning point will have both back sight and fore sight readings.  

8. Link wise the process is repeated till last point (say B) is reached.  

9. Readings are entered in a tabular form is given Below and Reduced levels are calculate either by 

height of instrument method (or) rise and fall method.  

CALCULATIONS:  

SIMPLE LEVELING 

Station no BS IS FS HI RL REMARKS 

       

       

       

       

       

 

ARITHMETIC CHECK:-  

Σ B.S - ΣF.S=ΣRISE - ΣFALL=LAST RL - FIRST R.L 

 

DIFFERENTIAL LEVELING 

Station no BS IS FS HI RL REMARKS 

       

       

       

       

       

 

ARITHMETICAL CHECK:-  

ΣB.S – ΣF.S =Last R.L-First R.L 

 

RESULT:  

Difference Between points = m. 

 



 

EXPERIMENT NO-04 

DIFFERENTIAL OR FLY LEVELLING – REDUCE LEVELS BY RISE AND FALL METHOD 

 

AIM OF THE EXPERIMENT:  

 

To find the difference in elevation and to calculate the reduced level of various points by Rise and Fall 

method.  

 

APPARATUS REQUIRED:  

 

Dumpy level, Leveling staff.  

 

THEORY: 

 

Fly leveling: - It is a very approximate from of levelling in which distances are not 

measured and sights are taken as large as possible . in this method a line of levels is run to determine 

approximately reduced levels of the points carried out with more rapidly and less precision. 

 

PROCEDURE:  

 

The field procedure and booking of staff reading is done in the same way as explained in the height of 

instrument method (each reading is entered on a different line in the appropriate column, except at a 

change point, where a FS and BS occupy the same line). However the data booking is performed as 

shown in the Table below. 

 

TABULATION  

 

Station no BS IS FS Rise Fall RL REMARKS 

        

        

        

        

        

CALCULATIONS:  

1. The difference in elevation between any two successive points (say A and B) can be calculated as:  

Elevation difference between A and B = first reading at A – second reading at B 

 

 

Checks: 

 

The following checks on the booking and arithmetic calculations are performed:  

A) Number of BS readings = Number of FS readings  

B) ΣBS - ΣFS = ΣRise – ΣFall = RL of last point – RL of first point 

 



 

EXPERIMENT NO -05 

 

STUDY OF THEODOLITE 

INTRODUCTION 

The Theodolite is one of the most precise surveying instruments and is suitable for measurement of 

horizontal as well as vertical angles. It has a powerful telescope and so it can be used also for distance 

sighting. Theodolites are of two types. 

They are 

i) Transit type 

ii) Non-Transit type 

A transit Theodolite is one in which the line of sight can be reversed by reversing the telescope through 

1800 in the vertical plane. The non-transit Theodolites are either plain Theodolites or Y-Theodolites in 

which the telescope can not be transited. Now day’s only transit Theodolites are being used. 

PARTS OF TRANSIT THEODOLITE 

TRIVET 

It is a plate having a central circular threaded hole for fixing hole for fixing the Theodolite on tripod 

stand by a wing nut. It is also called the base plate or lower tribrach. 

FOOT SCREW 

These are meant for leveling the instrument. There are three foot screws arranged in between trivet and 

tribrach. 

TRI BRACH 

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

LEVELLING HEAD 

Trivet, foot screws and tribrach together form leveling head. Levelling the instruments, fixing the tripod, 

supporting the main instrument assembly are its uses. 

SPINDELS (OR) AXES 

Two spindles one inner and other outer. Inner one is solid and rigid and outer one is hollow. To outer 

spindle lower plate is attached. To inner spindle upper plate is attached. 

LOWER PLATE 

Graduated from 00 to 3600 in clockwise direction provided with a lower clamping and tangent screw. 

UPPER PLATE 

Contains vernier ‘A’ and ‘B’ provided with upper clamping and upper tangent screw. 

 

 

 

 

 

 

 

 

 

 

 

 



  
 

 

 

                                        Theodolite and its Parts 

TELESCOPE                                                          14. LEVELLING HEAD 

2. TRUNNION AXIS                                                15. LEVELLING SCREW 

3. VERNIER FRAME                                               16. PLUMB BOB 

4. VERTICAL CIRCLE                                             17. ARM OF VERTICAL CIRCLE CLAMP                                                                                                              

5. PLATE LEVELS                                                   18. FOOT PLATE       

6. STANDARDS (A-FRAME)                                   19.TRIPOD HEAD 

7. UPPER PLATE                                                         20. UPPER CLAMP 

8. HORIZONTAL PLATE VERNIER                         21 .LOWER CLAMP 

9. HORIZONTAL CIRCLE                                        22. VERTICAL CIRCLE CLAMP 

10. LOWER PLATE                                                  23. TRIPOD 

11. INNER AXIS 

12. OUTER AXIS 

13. ALTITUDE LEVEL 

 

 

 

 

 

 

 



PLATE BUBBLE 

It is meant for leveling the instrument at the time of measuring horizontal angles. 

STANDARD (OR) A – FRAME 

Two frames are provided on upper plate to support the telescope assembly. 

TELESCOPE 

Fitted in between standards. Perpendicular to the horizontal axes provided with a focusing screw, 

clamping screw and tangent screw. 

VERTICAL CIRCLE 

Fixed rigidly with the telescope and moves with it. Each quadrant is graduated from 00 to 900. Zero is 

marked at the ends of horizontal diameter. 

INDEX BAR (OR) T-FRAME 

Provided on the stand in front of the vertical circle. It carries the vernier ‘C’ and ‘D’. These verniers are 

used for taking the readings of the vertical circle. The vertical log of Index bar is provided with a clip 

screw. At the lower end by means of which the altitude bubbles can be brought to the center. 

ALTITUDE BUBBLE 

Provided on top of index bar. It is to be leveled while taking vertical angle 

readings. 

TRIPOD 

The tripod head carries at its upper surface an external screw to which trivet plate of base plate of the 

leveling head may be screwed. 

PLUMB BOB 

It is used for centering the Theodolite. 

COMPASS 

Some Theodolites are provided with a compass, which can be either tubular type (or) trough type. 

TERMS USED 

CENTERING 

Keeping the instrument exactly above the station mark, by means of a plumb bob is known as centering. 

TRANSITING 

Turning the telescope about the horizontal axis in the vertical plane through 1800 is called transiting. 

FACE LEFT 

If the vertical circle of the Theodolite is on the left of observer at the time of taking readings. It is known 

as face left and also called as telescope normal (or) bubble up. 

FACE RIGHT 

If the vertical circle of the Theodolite is on the right of observer at the time of taking readings it is knows 

as face right. It is also called as telescope inverted (or) bubble down. 

CHANGING FACE 

Operation of bringing the vertical circle from one side of the observer to the other side is known as 

changing face. It is done by transiting the telescope and turning it through 1800 in the horizontal plane. 

SWINGING THE TELESCOPE 

It is the process of turning the telescope in horizontal plane. If the telescope is rotated in clockwise 

direction. It is known as right swing. If the telescope is rotated in anticlockwise direction. It is known as 

left swing. 

LINE OF COLLIMATION 

It is the line joining the intersection of cross hairs and optical center of the objects glass and its 

continuation. 

 

 



AXIS OF TELESCOPE 

Imaginary line passing through the optical center of the objects glass and the optical center of the 

eyepiece. 

AXIS OF BUBBLE TUBE 

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

HORIZONTAL AXIS 

It is the axis about which the Theodolite of the telescope rotates in the horizontal plane. 

VERTICAL AXIS 

It is the axis about which the Theodolite of the telescope rotates in the vertical plane 

 

 

 

 



EXPERIMENT-06 

TEMPORARY ADJUSTMENT OF THEODOLITE 

 

AIM 

To study about the Temporary and Permanent adjustments of a Theodolite. 

THEORY: 

Temporary adjustments 

The adjustments which are carried out at every setting of the instrument before the observations are 

referred as temporary adjustments. There are three types of temporary adjustments as follows. 

Setting up 

Levelling up 

Elimination of parallax by focusing 

PROCEDURE: 

1. CENTERING THE THEODOLITE OVER THE STATION 

(i) Place the tripod over the station and fix the Theodolite using wing out. 

(ii) Approximate centering and leveling is done by tripod stand 

(iii) Accurate centering is done with the help of shifting head. 

2. LEVELLING 

(i) Approximate leveling is made with the help of tripod legs 

(ii) Accurate leveling is made with the help of foot screws. 

3. FOCUSSING 

THE EYE PIECE 

A piece of white paper is held in front of the object glass and eye piece is moved in (or) out by turning it 

clockwise (or) anti clockwise until cross wires appear distinct and sharp. 

THE OBJECT GLASS 

The telescope is directed towards the objects and focusing screw is turned clockwise (or) anticlockwise 

until the image appears clean and sharp. 

SETTING THE VERNIER 

The vernier ‘A’ is set to zero. Lower clamping screw is fixed and upper clamping is rotated till the Index 

of vernier shows zero. Upper tangent screw is used for setting the vernier exactly to zero. 

PRECAUTIONS 

i) Leveling and centering must be done perfectly. 

ii) Relation of fundamental lines at Theodolite must be maintained while taking readings. 

iii) Ranging rod should not be disturbed for taking preceding angles. 

iv) Care should be exercised in taking out the Theodolite from the box and in screwing it to the tripod. A 

Theodolite fitted on a tripod should never be set up on the floor as it may lead to serious damage. While 

placing the Theodolite into the box, the leveling head should be shifted to a central position and the foot 

screws should be evened all around. The clamp should be released during transit so that the different 

parts can yield without being damaged, in case it strikes some obstruction. 

v) Clamps and screws should especially be carefully operated. Unnecessary pressure should not be used 

in tightening them. If the screws do not turn easily, they should be cleaned with a good solvent such as 

alcohol or gasoline. 

vi) The wing nuts on the tripod must be tight so as to prevent slippage and rotation of the head. The 

tripod legs should be well spread out to furnish stability to the instrument and to permit placement of the 



telescope at a convenient height for the observer. The vertical circle should be cleaned if tarnished in use. 

However, excessive rubbing should be avoided, otherwise the engraved graduations will get impaired. 

vii)The Theodolite should be protected from moisture and dust as far as possible. If it has been exposed 

to moisture it should be wiped dry before replacing it in the box. 

APPLICATIONS 

Laying off horizontal angles, locating points on line, prolonging survey lines, establishing grades, 

determining difference in elevation, setting out curves etc 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  

 

 

 

 

 

 



                                            EXPERIMENT-07 

(A)  MEASUREMENT OF HORIZONTAL ANGLE 

AIM: 

To determine the horizontal angle by using transit Theodolite 

Equipment Required: 

Theodolite, Tripod Stand, Ranging Rods, Plumb Bob and Pegs. 

Principle: 

The Theodolite is most accurate instrument used for measurement of horizontal and vertical angles. To 

measure the horizontal angle, the angles obtained are added and is divided with number of angles. Firstly 

for taking every angle vernier ‘A’ is made to zero, if it is provided with ‘B’ also make it to zero, 

otherwise its vernier reading is noted down. The angles are measured by keeping the telescope in normal 

and inverted positions. Then the readings are taken by swinging the telescope to the right and left, which 

is called as right swing and left swing. 

The average included angle is obtained as Average included Angle = Sum of included angles of both 

faces No. of times 

Procedure: 

To measure horizontal angles say angle PQR (Fig.3), the following procedure is followed. 

i) Set-up the instrument at Q and level it. 

ii) Loose the upper clamp and turn the upper plate until the index arrow of the vernier ‘A’ nearly 

coincides with the horizontal circle. Now tight the upper clamp. 

iii) Turn the upper slow motion (tangent) screw so as to make the two zeros exactly coincide, so that ‘A’ 

vernier reads zero and ‘B’ vernier reads 1800. 

iv) Loose the lower clamp and direct the telescope to sight station P. The approximate bisection of the 

station is done by sighting from over the telescope through a pin and hole arrangement provided over its 

top. Now tighten the lower clamp. 

v) Bisect station ‘P’ exactly by using the lower slow motion (tangent screw) 

vi) Unclamp the upper clamp and swing the telescope and bisect the station R. Now tighten the upper 

clamp and bisect R accurately using the upper tangent screw. 

vii) Read the verniers, the reading of vernier ‘A’ gives the angle PQR directly while the vernier ‘B’ 

obtained by deducting 1800. 

viii) While entering the reading the full reading of vernier ‘A’, i.e., degree, minutes and seconds and only 

minutes and seconds of vernier ‘B’ are entered, the mean of the two readings gives the angle PQR. 

ix) Change the face of the instrument repeat the procedure, thus a second value of the angle PQR is 

obtained. The average of these two values is the requirement i.e. to say required angle. 

 

 

 

 

 

 

 

 



 

                                        Measurement of Horizontal Angle 

Observations and Calculations: 

PQR = 

Result: 

The required average included angle PQR that is horizontal is determined by using 

transit theodolite as PQR = 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



(B) MEASUREMENT OF VERTICAL ANGLE 

 

Aim: 

To measure the vertical angle subtended by the line of sight of a given rod with reference to the 

horizontal axis at a selected station. 

Equipment: 

Transit Theodolite, Tripod Stand, Plumb Bob, Ranging Rod and Pegs. 

Principle: 

The vertical angle is the angle made by an inclined line of sight with horizontal line of sight. Vertical 

angles are measured by using telescope clamping and telescope tangent screws. 

Procedure: 

1) Let AOB is to be measured  

i) Setup the instrument doing the exact adjustments (centering, leveling and focusing the eyepiece) 

ii) The centering is done with reference to altitude bubble. 

iii) Keep the instrument in the left position make the vernier ‘C’ read zero with the help of vertical circle 

clamp & tangent screws. 

iv) Bring the altitude bubble to zero when the telescope is horizontal. 

v) Direct the telescope to the object and bisect it accurately by means of the vertical circle clamp and 

tangent screw. 

vi) Read both the vernier ‘C’ and ‘D’ and take the average, which gives the value of vertical angle. 

vii) Change the face and repeat the procedure. 

2) Let AOC is to be measured  

i) The instrument is already setup on the station at ‘O’. 

ii) Direct the telescope to the top of the rod and bisect it accurately by means 

of the vertical. 

iii) Read the both verniers ‘C’ and ‘D’ and take the average which gives the 

value of vertical angle ‘ ’. 

iv) Then the telescope is bisected to the bottom of the rod. Then read the both 

verniers ‘C’ and ‘D’ readings the average gives the value of vertical angle 

‘ ’. 

v) The summation of & gives the AOC. 

vi) The face is changed and same procedure should be repeated then find 

AOC. 

vii) The average of this two gives the AOC. 

  

                                        

                              Measurement of Vertical Angle 

 

 



Observations and Calculations: 

= = 

Horizontal Distance, D = 

Vertical Height = D (Tan +Tan ) 

Result: 

The vertical angle to the given ranging rod is measured as AOC = 

Height of the given object = 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                               EXPERIMENT NO-08 

 

AIM OF THE EXPERIMENT : Measurement of horizontal angles theodolite by method of 

repetition 

 

APPARATUS REQUIRED:- Theodolite , Ranging rod, pegs etc. 

 

 

 

 

 

 

 

TRANSIT THEODOLITE 



 

 

 

 

THEORY : 

 

Theodolite : 

 

The theodolite is the most intricate and accurate instrument used for measurement of horizontal 

and vertical angles. It consists of telescope by means of which distant objects can be sighted. The 

telescope has two distinct motions on in the horizontal plane and the Other in the vertical plane. 

The former being measured on a graduated Horizontal vertical circle of two vernier. 

 

Theodolite are primarily classified as 

1) Transit theodolite 

2) Non-transit theodolite 

A theodolite is called transit theodolite when its telescope can be resolved through a complete 

revolution about its horizontal axis. In a vertical plane. The transit type is largely used. 

 

Various parts of transit theodolite 

 

1) Telescope: It is an integral part and is mounted on the spindle known as horizontal axis 

or turn on axis. Telescope is either internal or external focusing type. 

 

2) The leveling head: It may consists of circular plates called as upper and lower Parallel 

plates. The lower parallel plate has a central aperture through which a plumb bob may be 

suspended. The upper parallel plate or tribranch is supported by means of four or three leveling 

screws by which the instrument may be leveled. 

 

3) To lower plate or screw plate: It carries horizontal circle at its leveled screw. 

It carries a lower clamp screw and tangent screw with the help of which it can be fixed accurately 

in any desired position. 

 

4) The upper plate or vernier plate:- It is attached to inner axis and carries two vernier 

and at two extremities diametrically opposite. 

 

5) Compass: The compass box may be either of circular form or of a rough type. The former 

is mounted on the vernier plate between the standards while the 



 

 

latter is attached to the underside of the scale or lower plate or screwed to one of the standards. 

Modern theodolite is fitted with a compass of the tubular type and it is screwed to one of the 

standards. 

 

6) Vertical circle: The vertical circle is rigidly attached to the telescope and moves 

with it. It is silvered and it is usually divided into four quadrants. 

 

7) Index bar or T-frame: The index bar is T shaped and centered on horizontal axis of the 

telescope in front of the vertical axis. It carries two vernier of the extremities of its horizontal 

arms or limbs called the index arm. The vertical leg called the clip or clipping screws at its 

lower extremity. The index arm and the clipping arm are together known as T-frame. 

 

8) Plumb bob: To centre the instrument exactly over a station mark, a plumb bob is suspended 

from the hook fitted to the bottom of the central vertical axis. Repetition method of measuring 

Horizontal angles 

 

When it is required to measure horizontal angles with great accuracy as in the case of traverse, 

the method of repetition may be adopted. In this method the same angle is added several times 

by keeping the vernier to remain clamped each time at the end of each measurement instead of 

setting it back to zero when sighting at the previous station. The corrected horizontal angle is 

then obtained by dividing the final reading by the number of repetitions. Usually six reading, 

three with face left and three with face right, are taken The average horizontal angle is then 

calculated. 

 

PROCEDURE:- 

 

1) Let LOM is the horizontal angle to be measured as shown in fig. O is the station point fixed 

on the ground by a peg. Set up the theodolite over the peg ‘o’ and level it accurately. 

 

2) Set the horizontal graduated circle vernier A to read zero or 360° by upper clamp screw and 

slow motion screw. Clamp the telescope to bisect the bottom shoe of the flag fixed at point ‘L’ 

and tighten the lower clamp. Exactly intersect the centre of the bottom shoe by means of lower 

slow motion screw. Check that the face of the theodolite should be left and the telescope in 

normal position. 



 

3) Check the reading of the vernier A to see that no slip has occurred .Also see that the plate 

levels are in the centre of their run. Read the vernier B also. 

 

4) Release the upper clamp screw and turn the theodolite clockwise. Biset the flag bottom shoe 

fixed at point M by a telescope. Tighten the upper clamp screw and bisect the shoe exactly by 

means of upper slow motion screw. 

 

5) Note the reading on both the vernier to get the approximate value of the angle LOM. 

 

6) Release the lower clamp screw and rotate the theodolite anticlockwise ai azimuth. 

Bisect again the bottom shoe of the flag at ‘L’ and tighten the lower clamp screw. By 

means of slow motion screw bisect exactly the centre of the shoe. 

 

7) Release now the upper clamp screw and rotate the theodolite clockwise. Bisect the bottom 

shoe of the flag fixed at M and tighten the upper clamp screw. By means of slow motion screw 

bisect exactly the centre of the shoe. The vernier readings will bw now twice the of the angles. 

 

8) Repeat the process until the angle is repeated the required number of times (usually 3). 

Add 360° for every complete revaluation to the final reading and divided the total angle by 

number of repetitions to get the value of angle LOM. 

 

9) Change the face of the theodolite the telescope will now be inverted. Rrpeat the whole 

process exactly in the above manner and obtain value of angle LOM. 

 

10) The average horizontal angle is then obtained by taking the average of the two angles 

obtained with face left and face right. 

 

11) Usually three repetitions face left and three with face right should be taken and the mean 

angle should be calculated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Observation Table:- Repetition method of measuring horizontal angle 



 

 

 

SN INSTRUMENT 

STATION 

SHIFTED 

TO 

FACE LEFT READINGS 

  Venier Venier B Total No of Mean 

A 0,I,II angle Repetition horizontal 

0,I,II    angle 

    0,I,II 

  L     

 M     

 L     

 M     

 L     

 M     

 

 

 

 

S 

N 

INSTRUMENT 

STATION 

SHIFTE D 

TO 

FACE RIGHT READINGS 

  Venier 

A 

0,I,II 

Veni 

er 

B 

0,I,II 

Total 

angl 

e 

0,I,II 

No of 

Repatitio 

n 

Mean 

horizonta 

l 

angle 

0,I,II 

Average 

horizonta 

l 

angle 

0,I,II 

  L   3   

 M   

 L   

 M   

 L   

 M   

 

 

 

 

 

 

RESULT: Average horizontal angle is found to be ------------ 



 

EXPERIMENT NO-09 

 

AIM OF THE EXPERIMENT : Measurement of horizontal angles theodolite by method of 

reiteration 

 

APPARATUS REQUIRED:- Theodolite , Ranging rod, pegs etc. 

 

 

 

 

 

 

 

TRANSIT THEODOLITE



 

 

THEORY : 

 

Theodolite : 

 

The theodolite is the most intricate and accurate instrument used for measurement of horizontal 

and vertical angles. It consists of telescope by means of which distant objects can be sighted. The 

telescope has two distinct motions on in the horizontal plane and the Other in the vertical plane. 

The former being measured on a graduated Horizontal vertical circle of two vernier. 

 

Theodolite are primarily classified as 

1) Transit theodolite 

2) Non-transit theodolite 

A theodolite is called transit theodolite when its telescope can be resolved through a complete 

revolution about its horizontal axis. In a vertical plane. The transit type is largely used. 

   PROCEDURE: 

 

1. The theodolite is mounted on the tripod stand. 

2. The theodolite is centered over an arbitrarily selected station P from where the given stations 

can be sighted without any obstruction and the instrument is levelled using the foot screws 

and the plate bubble is brought to the centre of the run. 

3. The theodolite is set on the face right mode on the vernier A and the horizontal circle is 

initially set at 0°00’00” and the station A is sighted . 

4. The upper clamp screw is unclamped and the theodolite is swung to the right and the station 

B,C,D and A are sighted in sequence and the central vertical cross hair is made to bisect these 

stations and the horizontal angles on both the vernier A and B are observed and recorded. The 

observations are closed on the first station A. 

5. The theodolite is then set on the face left mode and the vernier A on the horizontal circle is 

initially set at 180°00’00” and the station A is sighted. 

6. The upper clamp screw is unclamped and the theodolite is swung to the left and the stations 

D,C,B and A are sighted in sequence and the central vertical cross hair is made to bisect these 

stations and the horizontal angles on both the vernier A and B are observed and recorded. The 

observations are closed on the first station A. 

7. The observations are recorded in the field book. 

8. The mean values of the horizontal angles on vernier A and B are computed for every sighting 

and the horizontal included angles are determined as the difference in successive mean 

values. 

9. The average of the two sets of horizontal included angles observed one set each for the two 

initial settings of vernier A is determined as the result. 

 



10. The theodolite is mounted on the tripod stand. 

11. The theodolite is centered over an arbitrarily selected station P from where the given stations 

can be sighted without any obstruction and the instrument is levelled using the foot screws 

and the plate bubble is brought to the centre of the run. 

12. The theodolite is set on the face right mode on the vernier A and the horizontal circle is 

initially set at 0°00’00” and the station A is sighted . 

13. The upper clamp screw is unclamped and the theodolite is swung to the right and the station 

B,C,D and A are sighted in sequence and the central vertical cross hair is made to bisect these 

stations and the horizontal angles on both the vernier A and B are observed and recorded. The 

observations are closed on the first station A. 

14. The theodolite is then set on the face left mode and the vernier A on the horizontal circle is 

initially set at 180°00’00” and the station A is sighted. 

15. The upper clamp screw is unclamped and the theodolite is swung to the left and the stations 

D,C,B and A are sighted in sequence and the central vertical cross hair is made to bisect these 

stations and the horizontal angles on both the vernier A and B are observed and recorded. The 

observations are closed on the first station A. 

16. The observations are recorded in the field book. 

17. The mean values of the horizontal angles on vernier A and B are computed for every sighting 

and the horizontal included angles are determined as the difference in successive mean 

values. 

18. The average of the two sets of horizontal included angles observed one set each for the two 

initial settings of vernier A is determined as the result. 

 

TABULATION 

Inst at Sighted 

to 

Horizontal Circle Reading Includ

ed 

Angle 

Average 

Included 

Angle 

Remarks 

Vernier 

A 

Vernier 

A 

Mean 

° ‘ “ ‘ “ ° ‘ “ ° ‘ “ ° ‘ “  

FACE RIGHT               

 

P 

A               

B               

C               

D               

A               

FACE LEFT               

 

 

P 

A               

D               

C               

B               

A               

 

 



RESULT: The horizontal angles between the given stations about the instrument station as the 

vertex are determined by the method of reiteration 

i. Angle APB = 

ii. Angle BPC = 

iii. Angle CPD = 

iv. Angle DPA = 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



EXPERIMENT-10 

Aim: To plot a closed traverse using theodolite. 

Instruments used: Theodolite with tripod,compass, plumb bob, ranging rod, tape, pegs etc 

Theory: 

Theodolite traversing: 

A traverse survey is one in which the framework consists of a series of connected lines,the lengths and 

direction of which are measured with the help of a tape or chain and an angle measuring 

instrument.When the lines form a circuit which ends at the starting point the traverse is called an open 

traverse.If the circuit ends elsewhere it is called an open traverse. The close traverse is suitable for wide 

areas and for locating the boundaries of lakes, forests etc.where as an open traverse is carried out in long 

strips of the country as in the case of canal, road ,railways etc, In theodolite traversing theodolite is used 

for measurement of angles or tape or chain preferably steel tape is ued for linear measurements.This 

method is applied for accurate and precise works. 

Traversing by the method of included angles: 

In a closed traverse included angles can be measure by running a traverse in clockwise or 

counterclockwise direction. The common practice is to run a closed traverse in counterclockwise 

direction but it is always better to adhere to a regular routine of measuring angles. The angle may be 

,measured by the repetition method and the observations should be taken with both the faces and also by 

reading both the verniers. Then the average value of each angle should be calculated. It will ensure 

desired degree of accuracy. 

 

Calculations: 

(2n -4) 900= 540 (thoeritical , since it is a pentagon) 

Sum of observed angles= A + B+ C+ D + E 

= _____________ 

Total error = 

Total Correction = 

Correction for each angle= 

Corrected angles = 

A= 

B= 

C= 

D= 

E= 

 

               



 

 

 

 

Procedure: 

In running a traverse ABCDE as shown in fig above , set up the theodolite over the station A 

and level it accurately. Observe the magnetic bearing at the line AE and measure the included 

angle EAB as usual.Shift the theodolite to each of the successive stations B, C, D, E .... ( in 

the anticlockwise direction) and repeat the process to measure each of the angles ABC , 

BCD,CDE, DEA . Also measure the length of lines AB, BC, CD and DE by means of the 

steel tape. The whole work should be recorded carefully in the field note book. 

Result: 

The closed traverse ABCDE was plotted. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

                                                EXPERIMENT NO-11 

 

Aim: To plot an open traverse using theodolite. 

Instruments used: Theodolite with tripod,compass, plumb bob, ranging rod, tape, pegs etc 

Theory: 

Theodolite traversing: 

Method 1: Traversing by method of included angles 

   

 
In running an open traverse LMOP as shown in figure 

Set up the theodolite over station M and level it accurately. Observe the magnetic bearing of line ML. 

With the help of theodolite measure the horizontal angle LMO. MOP being the included angle. 

Shift the theodolit to each of the station N , O and repeat the process to measure included angles 

MNO and NOP. 

Also measure the lengths of the lines LM,MN,NO and OP by means of steel tape.Repeat the 

procedure with the other face. 

The whole work should be carefully recorded in the field note book 

Method II:- Traversing by method of deflection angles 

 

This method of more suitable for railways, roads, piplelines etc. in which a series of traversing lines 

makes an angle with the direction of previous line..These angles are called deflection angles. 

In measuring deflection angles , having observed the bearing at the starting station 'L' 

 

Set the theodolite at each of the stations M, N, P , Q etc. 

Bisect the back stations using lower clamp and its tangent screw. The vernier may be set to zero or 

the initial reading may be taken. 

The theodolite is transited and the forward station is bisected with the upper clamp and its 

corresponding tangent screw. The vernier is read again. The difference between the first set of reading 

and the second gives the angle of deflection. 

The angles are measured either towards the right or left and this direction must be carefully noted in 

the field book. Chaining is done in the usual manner Set the theodolite at the point on the curve (T1) with 

both plates clamped to zero. Direct the theodolite to bisct the point of intersection V. The line of sight is 

thus in the direction of rear tangent. 

Release the vernier plate and set angle = deflection angle(here 600 ) on the vernier,the line of sight is 

thus directed along the chord T1A 

Result: 

The open traverse LMNPQ was then plotted. 

 



 

 

EXPERIMENT-12 

HEIGHTS AND DISTANCES (TRIGONOMETRIC LEVELLING) 

 

(A) BASE ACCESSIBLE 

Aim: 

To find the elevation of the top of a spire / tower / building using the principle of trigonometric leveling. 

Equipment: 

Transit Vernier Theodolite, Tripod stand, Plumb bob, Tape, Leveling Staff and Pegs. 

Procedure: 

It is required to find the elevation (R.L.) of the top of a tower ‘Q’ from the instrument station ‘P’ as 

shown in fig. 

  

 

                       
                                          Base Accessible 

Let, 

P= instrument station 

Q= Point to be observed 

A= center of the instrument 

D= horizontal distance between P and Q 

h’ = height of the instrument at P 

Q’=Projection of Q on horizontal plane 

S= Reading on staff kept on B.M, with line of sight on horizontal 

= Angle of elevation from A to Q 

1. Setup the Theodolite at P and level if accurately w.r.t. the altitude bubble. See that the vertical circle 

reads 000’0” when the line of sight is horizontal. 

2. Direct the telescope towards Q and bisect it accurately clamp both the plates. Read the vertical angle 

‘ ’. 

3. Plunge the telescope and sight to the same point ‘Q’ and take the vertical angle ‘ ’ calculate the avg. 

of the vertical angles measured in both faces. 

4. With the vertical vernier set to zero reading and the altitude bubble in the center of its run take the 

reading on the leveling staff kept at A.B.M. Let it be ‘S’. 

 

 

 

 



Observations and Calculations: 

Vertical Angle, =  

Staff Reading, S (m) = 

 Horizontal Distance, D (m) = 

 

 

 

 

From Triangle AQQ’: h = D tan  

R.L. of Q (m) = R.L of B.M + S + h, where h = D tan  

(Or) 

R.L. of Q (m) = R.L of instrument axis + D tan  

 

(Or) 

R.L. of Q (m) = R.L of P + h’ + D tan , if R.L of P is Known 

 

Result: 

R.L. of Q (m) = R.L of B.M + S + h  

where h = D tan  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

EXPERIMENT-13 

DETERMINATION OF TACHEOMETRIC CONSTANTS 

 

Aim:- To determine the multiplying constant and additive constant of the given theodolite. 

Instruments used:-Theodolite, arrows, pegs and ranging rods. 

Procedure:- 

1. Stretch the chain in the field and drive pegs at 5m, 10m, &15m interval. 

2. Set the theodolite at the zero end and do the temporary adjustments. 

3. Keep the staff on the pegs and observe the corresponding staff intercepts with horizontal site. 

4. Substitute the values of distance (D) and staff intercept (s) for different points in the equation D = ks + 

C, where k & s are the tacheometric constants. k is the multiplying constant & C is the additive constant. 

5. Solve the successive pairs of equations to get the value of k & C and find out the average of these 

values. 

Result:- 

Multiplying constant, k = 

Additive constant, C = 

  

 

OBSERVATIONS AND CALCULATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

                                                         EXPERIMENT-14                                                                

HEIGHTS AND DISTANCE USING PRINCIPLES OF TACHEOMETRIC SURVEYING  

 

AIM:  

To find the heights and distance using principles of Tachometric surveying 

 

RESOURCES: 

S.no  Name of the 

equipment  

Rage  type  quantity  

1  Theodolite  1  

2  Taps  1  

3  Arrows  4  

4  Ranging rods  4  

5  Tripod  1  

 

 

PROCEDURE  

This method is used when the Theodolite is not equipped with a stadia diaphragm. In this method, 

angular observations are made for two vanes at a fixed vertical distance between them usually 3 m and 

the horizontal and the vertical distances are computed. 

 

CASE: 1 WHEN BOTH ANGLES ARE IN ELEVATION Let S be the vertical distance between the 

vanes A and B. V the vertical distance between instrument axis and lower vane, h staff reading to lower 

vane: D horizontal distance of staff station from instrument, α1 and α2 vertical angles to vanes A and B 

respectively.  

 

Then S+V=D tan α  

D=S cosα1 cosα2 / sin (α1-α2)  

V=D tan α2= S cosα1 sinα2 /sin (α1-α2)  

Elevation of staff station =El.of inst.axis + V- h  

 

CASE: 2 WHEN BOTH ANGLES ARE IN DEPRESSION  

When both angles are of depression: 

 V-S= D tan α2  

V=D tan α1  

S=D (tanα1-tanα2)  

D= S / tanα1-tanα2 

 V=d tan α1= S sinα1 cosα2 / sin (α1-α2) 

 Elevation of staff station = Height of instrument – V – h 

 

 

 

DIAGRAM:  



                        

 
 

 

TABULATION:  

Inst. Station  

 

Height of axis  

 

Staff Stations  

 

Vertical Angle  

 

Hair readings  

 

Remarks  

 

      

      

 

RESULTS  

Stadia intercept values top ----- middle ------- bottom------- 
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EXPERIMENT-15 

CURVE SETTING 

 

(A) SETTING OUT A SIMPLE CURVE BY MEANS OF OFFSETS FROMLONG CHORD 

Aim: 

To setout the simple curve of given radius and length of long chord by means of offsets from the 

long chord. 

 

Principle: 

Setting out a curve by method of offsets from long chord is linear method. It involves setting out the 

normal offsets of the long chord at specified intervals and joining them. 

The length of offsets at any distance ‘x’ from the mid points of the long chord is given by 

 

     -                          

 

 

Where Ox = length of offset at a distance ‘x’ from the mid of long chord. 

X = specified distance between offsets. 

L = length of the long chord. 

R = Radius of the curve 

Usually, the offsets from the mid of long chord towards the end are setout and the curve is 

symmetric over the central offset line. 

 

Procedure: 

1. The obtained length of long chord is first setout on the field by proper 

ranging and mid point is established (Fig.10) 

2. The length of offsets at mid length is to be setout. For this, a person 

holds the cross-staff at required point and aligns the slit with the end 

station ranging rods. At this instant another person looks through the 

normal slit and guides a person with a ranging rod to come into its view 

thus along this line normal to long chord, the calculated offset is setout. 

3. The cross staff is shifted to next point distance ‘x’ as specified and 

above step is repeated the offset corresponding to that distance is set out 

from that point. 

4. Pegs are marked at the end of the offsets, the joining of which completes 

the setting. 

 

Observations and Calculations 

 

Distance (X m)= 

Distance (Y m)= 

 

 



 

 

 

 

 

                                              

                            

                               Setting Out By Ordinates from the Long Chord 

 

                     Setting Out By Perpendicular Offsets  

Result: 

The simple curve is setout by the method of offsets from long chord in the field. 

Application 

Curves are used on highways and railways where it is necessary to change the direction of motion. 

 

 



 

 

EXPERIMENT NO-16 

SETTING OUT A SIMPLE CURVE BY RANKINE’S METHOD 

Aim: 

Two tangents intersect at a given chainage & with the given deflection angle. Calculate all the 

data necessary for setting out a curve with a given radius by Rankine’s method or Deflection 

Angle Method or One Theodolite Method. The peg interval is 30m. 

 

Equipment: 

Transit Theodolite, Tripod Stand, Tape & Chain, Ranging Rods, and Pegs. 

 

Principle: 

A substance of this method of setting out a simple curve is the location of various points on 

the curve from their total deflection angles. 

 

Total deflection of a point is the angle made by a chord joining that point to the point of 

curvature with the rare tangent. It is indicated by ‘ ’. 

 

A deflection angle of a chord is the angle made by the chord with the tangent drawn at the straight 

starting point of the chord. It is denoted by ‘ ’. ‘ ’ for given 

chord lengths are determined by  

                                         (1718.9/R)C 

 

Where C=Length of chord, R = Radius of curve 

                                  Setting Out By Rankine’s Method 

 



Procedure: 

1. Locate points T1, T2 and V (Fig.11). 

2. Setup the Theodolite exactly at point T1 and make its temporary 

adjustments. 

3. Set the ‘A’ – vernier to zero degrees and bisect the point V, clamp the 

lower plate. 

4. Release the upper plate and set the ‘A’-vernier to read 1 the line of 

sight is thus directed along T1 A. 

5. Hold the zero of the tape at T1 & take a distance C1 (T1A) and swing the 

tape with an arrow till it is bisected by the Theodolite. This establishes 

the first point A on the curve. 

6. Set the second deflection angle 2 on the vernier so that the line of sight 

is set along T1B. 

7. Hold the zero of the tape at point A and an arrow at the other end (AB), 

swing the tape about point A till the arrow is bisected at point B. This 

establishes the second point B on the curve. 

                                     The same steps are repeated till the last point T2 is reached. 

Observations and Calculation 

     (1718.9/R)C= deflection angle, 1 , 2 , 3 … etc., are the successive deflection angles 

Where C=Length of chord, C1, C2,…etc., are the successive chord lengths 

 R = Radius of curve 

Let ABCD ….. be the points on the curve the total deflection angles of which are 

1 2 3 … then 

                                      1 = 1 

 

2 = 1 + 2 

---------------------- 

---------------------- 

---------------------- 

And n = n-1 + n 

Length of Long Chord L= 2RSIN /2  

Tangent length (T1V) = R Tan /2  

Length of Curve = R  ( /180) 

Chainage of point T1 = Chainage of V – T1V 

Chainage of point T2 = Chainage of T1 + Length of Curve 

 

Result: 

The required simple circular curve is set out in the field by Rankine’s Method. 

 

 

 

 

 

 



 

                                                   EXPERIMENT NO-17 

SETTING OUT OF SIMPLE CIRCULAR CURVE BY OFFSETS FROM  CHORD PRODUCED 

METHOD 

AIM:- Setting out of simple circular curve by offsets from chord produced method 

INSTRUMENTS REQUIRED: Ranging rods, Chain or Tape , Arrows and pegs. 

 

                          

                   

                    

                      

 

 

PROCEDURE: 

1) Locate the tangent points T1 and T2 & find their chainages. Calculate the length (c). 

2) Cut T1 A1 equal to the length of the first sub chord (C1) already calculated along the tangent T1V. 

3) With T1 as centre and T1A1 radius, swing the chain or tape such that the arc A1A= calculated offset 

O1, 

     thus fixing the first point A on the curve. 

4) Keep the chain along T1A and pull it straight in the forward direction of T1A until the length AB2 

becomes equal to second C2 (i.e the length of normal chord). 

5) With A as centre and AB2 as radius, swing the chain such that the arc B2B = calculated offset O2, 

thus 

fixing the second point B on the curve. 

6) Continue the process repeating the point (4) and (5) until that end the curve is reached 

CALCULATION:- 

 

 

 

 

 

 



 

CHECK:- The last point so fixed must coincide with the previously located points T2 (the last curve 

tangent point ) if not,find out the closing error. If it is small (say with in 2m) it should be distributed to 

all 

the points by moving them sideways by an amount proportional to the square of their distances from the 

point T1, otherwise the whole curve should be set out again. 

 

RESULTS:- By offsets from chord produced method the simple circular curve was plotted on the 

ground. 

 



 

 

EXPERIMENT NO-18 

 

AIM OF THE EXPERIMENT: L-Section and cross section of the road (one full size drawing sheet 

each for L- section and cross section) 

APPARATUS REQUIRED: Dumpy level, leveling staff, ranging rod, tape etc. 

 

THEORY: 

 

Profile leveling: The process of determining elevations at points at short measured intervals 

along a fixed line is called Longitudinal or profile leveling. 

 

Cross sectioning: It is a method of leveling to know the nature of Ground on either side of the 

centerline of the proposed route. Levels are taken at right angles to the proposed Direction of 

the road end at suitable distances and leveling is carried out along this cross Section. 

 

During location and construction of highways, Rail tracks sewers and canals strakes or other 

marks are placed at various aligned points and the undulation of the ground surface along a 

predetermined line is adjoined. The line of section may be a single straight lines changing 

directions. 

 

Levels are taken at right angles to the proposed Direction of the road end at suitable distances 

and leveling is carried out along this cross section. Cross section are the sections run at right 

Angles to the centerline and on the either side of it for the purpose They are taken at each 10,m 

station on the centerline. The length of Cross section depends upon the nature of the work if 

cross sections are Short they are set square out by edge. If long they are set out by the Optical 

square, box sextant or theodolite. 

They are serially numbered from the beginning of the Centerline and are taken simultaneously 

with the longitudinal section they may be taken at the hand level, level, abney level or theodolite 

 

PROCEDURE: 

 

Let ABC be the line of section set out on the ground and marked with pegs driven at equal 

interval (say 20m to 30m) as in the figure. The level is set up generally on one side of the profile 

to avoid too short sight on the points near the instrument and care is taken to set up the level 

approximately midway between two change points. The leveling is strated from the bench mark 

of known value. From each set 



 

 

up staff reading are taken on pegs already fixed at the desired interval and also at significant 

points where abrout changes of slope etc. occur. All these readings are recorded as intermediate 

slight against the respective chainages along the line in the level book. Other data of the level 

book is also filled up before starting the work. When the length of sight is beyond the power of 

the telescope (usually it is 100m) ,the foresight on the change point is taken. The level is then is 

then shifted and setup in an advanced position and a back sight is taken on the change point. The 

change point may or may not lie in the line of section. Chaining and reading are then continued 

as before,till the whole line of section is completed. 

The work is to be checked in the progress of leveling by taking reading on other bench marks, on 

the way or on bench marks fixed by differential leveling. 

The fore and back bearing of the section line should betaken and recorded. Next sketches of the 

bench mark, change points, and other feature such as nallah, a road, canal, etc. crossing the 

section line be drawn and fully described in the remarks column of the level-book.The procedure 

and corresponding reading and values are represented on the page of a level-book for a part of 

road project. 

 



 

 

 

 

LEVEL BOOK 

When ever leveling operation is carried out the staff reading taken in the field are entered in the 

note book called a Level-Book. Each page of it has the following columns which help in booking 

of reading and reduction of levels. 

Page of Level-Book 

 

Page of Level-Book 

Name of work survey for:- Page no 

Levelling from --------------------------------To-------------------------- 

Instrument No----------------------------------- 

- 

Conducted by:- 

Station Distance 

In 

meters 

Bearings Staff Reading Height of 

Instrument 

RL Remarks 

fore back BS IS FS Rise Fall 

          

          

          

          

          

          

          



 

EXPERIMENT NO-19 

 

AIM OF THE EXPERIMENT : Contour plan of given area (On full size drawing sheet) 

 

APPARATUS REQUIRED: Dumpy level, prismatic compass, chain 20m, 30m, metallic Tape, 

ranging road Leveling staff, pegs line. 

 

THEORY: 

 

CONTOURING: The elevation and depression the undulations of the surface of the ground are 

shown as map by interaction of level surface with by means of contour line. a contour may be 

defined as the line of intersection of a level surface with the surface of the ground. 

 

Characteristics of Counter Lines 

 

The following are the Characteristics of the contours/ contour lines. 

 

1) All points on the same contour line will have the same elevation. 

 

2) Contour lines close together represent steep ground, while uniform slope is indicated 

when they are uniformly spaced. A series of straight, parallel and equally spaced contours 

show a plane or flat surface. 

 

3) Contour lines of different elevation cannot merge or cross one another on the map, expect in 

the case of an overhanging cliff. A vertical cliff is indicated when several contours coincide 

4) A contour line must close upon itself either within or without the limits of the map. 

 

5) Series of closed contour lines on the map either represent a hill or a depression according as 

the higher or lower values are inside them 

6) A contour will not stop in the middle of the plan. It will either close or go out of the plan. 

 

7) Ridge or water shad and valley lines are the lines joining the top most or the bottom most 

points of hill and valley respectively, cross the contours at right



 

 

angles. A ridge line is shown when the higher values are inside the loop, while in the case of a 

valley line, the lower values are inside the loop 

8) Contour lines are not drawn across the water in the stream or river because the water level in 

the it is not constant; but contours are drawn along the bed of a river or a stream. 

Uses of contour map 

1) For preparing contour map in order to select the most economical or a suitable site. 

2) For getting the importance about ground whether it is undulating or 

Mountainous 

3) To locate the alignment of canal so that it should follow a ridge line, thus canal construction 

will be economical and will command maximum irrigated area. 

 

4) To make the alignment for the road, railway so that the quantity of earthwork both in cutting 

and filling should be minimum. 

 

5) To find out the capacity of the reservoir or a volume of earthwork especially in the 

Mountainous region. 

 

6) For preparing contour map in order to select the most economical or suitable site. 

 

7) As its definition itself indicates the line joining the points of same elevation that Means it 

naturally prefers the condition of nature of ground itself. 

 

8) It is also used for irrigation purpose as from it capacity of reservoir is shown. 

 

LOCATING CONTOURS: 

 

By cross-section method: 

 

This method is commonly used in rough survey, cross sections are run traverse to the contour line 

of road, and railway as canal and the point of change of slope (representations) are located. The 

cross-section line may be inclined at any angle to the centerline if necessary. The spacing of the 

cross sections depends upon the characteristics of the ground. 

 

By interpolation of contour is meant the process of spacing the contour



 

proportioning between the plotted ground points. Contour may be interpolated by 

 

1) Estimation 

2) Arithmetical calculations 

3) Graphical method .in all these methods 

It is assumed that the slope of the ground between any two random points is uniform. 

 

RESULT: The contour of given land is drawn in the sheet. 
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