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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 verniear. 

 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) Clamps and tangent screws  

There are two clamps and associated tangent screws with the plate. These 

screws facilitate the motion of the instruments in horizontal plane. Lower 

clamp screw locks or releases the lower plate. When this screw is 

unlocked both upper and lower plates move together. The associated 

lower tangent screw allows small motion of the plate in locked position. 

The upper clamp screw locks or releases the upper vernier plate. When 

this clamp is released the lower plate does not move but the upper vernier 

plate moves with the instrument. This causes the change in the reading. 

The upper tangent screw allows the fine adjustment  

 

9) Vertical circle clamp and tangent screw (11):  

Clamping the vertical circle restrict the movement of telescope in vertical 

plane.  

 

10) Altitude level (2):  

A highly sensitive bubble is used for levelling particularly when taking the 

vertical angle observations. 

 

11) Plumb bob: 

 To center the instrument exactly over a station mark, a plumb bob is 

suspended from the hook fitted to the bottom of the central vertical axis. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Trasit theodolite and parts:  

 
1. Vertical Circle 

 2. Altitude bubble 

 3. Horizontal axes 

 4. Vernier Arm 

 5. Plate bubble 

 6. Graduated Arc 

 7. Levelling Head 

 8. Clamping Nut  

 9. Vertical Axis 

 10. Telescope 

 11. Vertical circle clamping screw 

 12. Arm of the vertical circle clamp 

 13. Standard 14.Line of sight 

 15. Upper plate clamping screw 

 16. Axis of plate bubble 

 17. Upper plate 

 18. Lower plate 

 19. Lower plate clamping screw 

 20. Tribrach 

 21. Foot screw 

 22. Trivet 

 23. Tripod top 

 24. Plumb bob 

 

Important Definition 

 Face Right: When the vertical circle of a theodolite is on right of the 

observer, the position is called face right and observation made is called 

face right observation.  
Face Left: When the vertical circle of a theodolite is on left of the 

observer, the position is called face left and observation made is called face 

left observation. By taking the mean of both face readings, the collimation 

error is eliminated.  

Telescope Normal: The telescope is said to be normal or direct when its 

vertical circle is to the left of the observer and bubble is up. 

 Telescope Inverted: The telescope is said to be inverted when its 

vertical circle is to the right of the observer and the bubble is down.  

Changing face: Revolve the telescope by 180°in vertical plane about 

horizontal axis. Again revolve the telescope in horizontal plane about 

vertical axis. 



Temporary adjustments of theodolite 
 Centering: This involves setting the theodolite exactly over the station 

mark or on the station peg. It is done by the following steps. 

 1) The plub bob is suspended from a small hook attached to the vertical 

axis of the theodolite.  

2) The instrument is placed over the station mark with the telescope at a 

convenient height and with the tripod legs set well apart. 

 3) Two legs of the tripod are set firmly into the ground and the third leg is 

moved radially to bring the plumb bob exactly over the station mark. Then 

the third leg is also pushed into the ground.  

4) If the instrument has a shifting head , the instrument is roughly centered 

over the station mark and then by means of the shifting head ,the plumb 

bob is brought exactly over the station mark. 

 

 Levelling: Having centered and approximately leveled the instrument 

is accurately leveled with reference to the plate level by means of leveling 

(or foot) screws. So that the vertical axis is made truly vertical, to lead the 

instrument. 

 (a) Loosen all the clamps and turn the instrument about either of its axis 

until the longer plate level is parallel to the pair of foot screws, the other 

plate level will then be parallel to the line joining the third screw and the 

midpoint of the line joining the first pair.  

(b) Bring the long bubble to the center of its run by turning both screws 

equally either both inwards or both outwards.  

(c) Similarly bring to the other bubble to the center of its run by turning 

third leveling screw or the other pair of leveling screws.  

(d) Repeat the process until finally both bubbles are exactly centered.  

 

If the vertical angles are to be measured the instrument should be levelled 

with reference to the altitude level fixed on the index arm. To do this, 

 

 a) First level the instrument by the plate levels. Then turn the telescope. 

So that the altitude level is parallel to the line joining a pair of foot screws. 

Bring the bubble to the center of its run by means of these srews. 

 b) Turn the telescopr through 90° and bring the bubble exactly to the mid 

position by the third leveling screw. Repeat until the bubble remains central 

in these two positions. 

 

 Focussing: This is done in two steps. 

1) Focussing the eyepiece for distinct version of the cross hairs at 

diaphragm.  



2) Focussing the object glass for bringing the center of the object on the 

plane of the diagram. 

        (1)Focussing the eyepiece: 

 Point the telescope towards the sky or hold a sheet of white paper in front 

of the object glass ,and move the eyepiece in and out until the cross hairs 

are seen quite distinctly and clearly (appear sharp and black) 

        (2) Focussing the object glass: 

 There will be an apparent movement of the image relatively to the cross 

hairs when the observer moves his eyes. The apparent movement being 

called the parallax. To eliminate it, direct the telescope towards the object 

and turn the telescope towards the object and turn the focusing screw until 

the image appears clear and sharp. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Experiment No- 1 

Aim: - To measure the horizontal and vertical angles by reiteration method. 

Instruments used:-Theodolite, ranging rods and arrows. 

Theory:- 

Reiteration is a method of measuring horizontal angles with high precision. It is less 

tedious and is generally preferred when there are several angles to be measured at a 

station. Several angles are measured successively and finally the horizon is closed. 

Closing the horizon is the process of measuring the angles around a point to obtain a 

check on their sum which should be equal to 3600. 

Procedure:- 

1. Select a station point O. 

2. Set the theodolite at O and do the temporary adjustments. The telescope is adjusted 

for right face right swing. 

3. Set the vernier A to zero using upper clamp. Loosen the lower clamp, direct the 

telescope to the station point A and bisect A exactly by using the lower clamp and 

lower tangent screw. 

4. Note the vernier readings (A and B). 

5. Loosen the upper clamp and turn the telescope clockwise until the point B is 

exactly bisected. 

6. Note the vernier readings (A and B). 

7. The mean of the two vernier readings gives the value of <AOB. 

8. Bisect all the points successively and note the readings of both verniers at each 

bisection. 

9. Finally close the horizon by sighting the station point A. The A vernier should be 

3600. If not, note the closing error. 

10. Adjust the telescope for left face left swing. 

11. Repeat the whole process by turning the telescope in anticlockwise direction. 

12. Distribute the closing error proportionately the several observed angles. 

13. Take the average of face left and face right observations to give the corresponding 

horizontal angles. 
 

OBSERVATIONS AND CALCULATIONS. 
 

Observation 

station 

Target 

station 

Face left 

reading 

Face right 

reading 

Accepted 

mean angle 

 A 00 00 00 179 59 38  

 B 18 28 12 198 28 05  

  18 28 12 18 28 27 18 28 19.5 
 

Observation 

station 

Target 

station 

Face left 

reading 

Face right 

reading 

(360- 

FRR) 

mean 

angle 

 A 83 32 23 276 26 26 83 33 34 83 32 58.5 

 B 99 02 36 261 13 28  98 46 32  98 54 34 

      
   

The vertical angle of A = 90 - 83 32 58.5 = 06 27 01.5 

The vertical angle of B = 90 - 98 54 34  = - 08 54 34   
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Theodolite

COMPONENTS OF A THEODOLITE

INTRODUCTION

• The theodolite is used to measure horizontal and vertical angles. The 
accuracy with which these angles can be measured ranges from 5mins to 
0,1 secs. It is a very important instrument in plane surveying.

• Its essential components are: 
- a telescope which can rotate or transit through 360° about a 
transverse horizontal axis.

- The bearings for this horizontal or trunnion axis are mounted in two 
vertical pillars or standards. The standards are mounted on a 
horizontal upper plate. 

- The upper plate rotates through 360° about a vertical or alidade 
axis, the bearing for the alidade axis is mounted in a lower horizontal 
plate. 

- Rotation of the upper plate about the alidade axis is known as 
traversing the instrument. The horizontal plates can be 
levelled by means of three foot screws located beneath the lower 
plate, in a similar way to a level.

Simplified Diagram Of An Early Vernier Theodolite 
Showing Most Of The Main Components

Telescope

Vertical circle 
clamp
Trunnion axis

Vertical circle 
verniers
Altitude bubble 

Clip screws Plate 
bubbles

Upper plate clamp
Lower plate clamp

Levelling screw

Vertical circle

DESCRIPTION OF MAIN COMPONENTS

1. Telescope

• It has the same features as in a level graticule with 
eyepiece and internal focussing for the telescope itself.  
The same precautions for focussing the eyepiece and 
eliminating parallax should be applied.

DESCRIPTION OF MAIN COMPONENTS

2. Vertical Scale (or Vertical Circle)

• The vertical circle is a full 360° scale. It is mounted 
within one of the standards with its centre co-linear 
with the trunnion axis. It is used to measure the angle 
between the line of sight (collimation axis) of the 
telescope and the horizontal. This is known as the 
vertical angle.

• Note that the side of the instrument where the 
standard containing the scale is found is referred to as 
the face of the instrument.

DESCRIPTION OF MAIN COMPONENTS

3. Vertical Clamp and Tangent Screw

• In order to hold the telescope at a particular vertical 
angle a vertical clamp is provided. This is located on 
one of the standards and its release will allow free 
transiting of the telescope. When clamped, the 
telescope can be slowly transited using another fine 
adjustment screw known as the vertical tangent screw.
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DESCRIPTION OF MAIN COMPONENTS

4. Upper Plate

• The upper plate is the base on which the standards 
and vertical circle are placed. Rotation or transiting of 
the upper plate about a vertical (alidade) axis will also 
cause the entire standards/telescope assembly to 
rotate in an identical manner. For the instrument to be 
in correct adjustment it is therefore necessary that the 
upper plate must be perpendicular to the alidade axis 
and parallel to the trunnion axis. Also, before the 
instrument is used, the upper plate must be "levelled". 
This is achieved by adjustment of three foot screws
and observing a precise tube bubble. This bubble is 
known as the plate bubble and is placed on the upper 
plate.

DESCRIPTION OF MAIN COMPONENTS

5. The Lower Plate

• The lower plate is the base of the whole instrument. It 
houses the foot screws and the bearing for the vertical 
axis. It is rigidly attached to the tripod mounting 
assembly and does not move.

DESCRIPTION OF MAIN COMPONENTS

6. Horizontal Scale (or Horizontal Circle)

• The horizontal circle is a full 3600 scale. It is often 
placed between the upper and lower plates with its 
centre co-linear with the vertical axis. It is capable of 
full independent rotation about the trunnion axis so that 
any particular direction may be arbitrarily set to read 
zero.

• It is used to define the horizontal direction in which the 
telescope is sighted. Therefore a horizontal angle 
measurement requires two horizontal scale readings 
taken by observing two different targets. 

• The difference between these readings will be the 
horizontal angle subtended by the two targets at the 
theodolite station.

DESCRIPTION OF MAIN COMPONENTS

7. The Upper Horizontal Clamp and Tangent Screw.

• The upper horizontal clamp is provided to clamp the 
upper plate to the horizontal circle. Once the clamp is 
released the instrument is free to traverse through 
360° around the horizontal circle. When clamped, the 
instrument can be gradually transited around the circle 
by use of the upper horizontal tangent screw. It is the 
upper clamp and tangent screw which are used during 
a sequence or "round" of horizontal angle 
measurements.

DESCRIPTION OF MAIN COMPONENTS

8. The Lower Horizontal Clamp and Tangent Screw.

• The lower horizontal clamp is provided to clamp the 
horizontal circle to the lower plate. Once the clamp is 
released the circle is free to rotate about the vertical 
axis. When clamped, the horizontal circle can be 
gradually rotated using the lower-horizontal tangent 
screw. The lower clamp and tangent screw must only 
be used at the start of a sequence or "round" of 
horizontal angle measurements to set the first reading 
to zero (if so desired).

DESCRIPTION OF MAIN COMPONENTS

9. Circle Reading and Optical Micrometer

• Modern instruments usually have one eyepiece for 
reading both circles. It is usually located on one of the 
standards. The vertical and horizontal circles require 
illumination in order to read them. This is usually 
provided by small circular mirrors which can be angled 
and rotated to reflect maximum light onto the circles.
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DESCRIPTION OF MAIN COMPONENTS

10. Optical Plumb

• Unlike optical levels, theodolites must be set up over 
fixed control stations, often defined by wooden pegs 
and nails. Positioning of the instrument must be 
achieved to nail head accuracy. Modern instruments 
have an optical plumb to achieve this. It consists of an 
eyepiece set in the lower plate. The line of sight 
through the eyepiece, which is reflected vertically 
downwards beneath the instrument by means of a 
prism, is precisely in line with the vertical axis.

DESCRIPTION OF MAIN COMPONENTS

Comments

1. Horizontal Clamps and Tangent Screws.

• Great care must be taken not to confuse the upper and 
lower horizontal clamps and tangent screws. With the 
upper clamp released, the instrument rotates around 
the horizontal circle. With the lower released, the 
instrument and circle rotate around the lower plate.

DESCRIPTION OF MAIN COMPONENTS

Comments

1. Horizontal Clamps and Tangent Screws.

• Great care must be taken not to confuse the upper and 
lower horizontal clamps and tangent screws. With the 
upper clamp released, the instrument rotates around 
the horizontal circle. With the lower released, the 
instrument and circle rotate around the lower plate.

• The upper tangent screw moves the instrument 
relative to the circle, the lower tangent screw moves 
the instrument and circle relative to the lower plate. 
Tangent screws only work when the clamps are 
tightened, they have limited travel and must not be 
forced.

DESCRIPTION OF MAIN COMPONENTS

Comments

2.  Instrument Station.

• Since the function of the instrument is to measure 
vertical and horizontal angles subtended at the 
instrument, the position of the instrument is important 
(unlike the position of a level). Theodolites are 
therefore set up over control stations which are 
permanent locations. The art of setting up a theodolite
over a station <to nail head accuracy) and getting it 
level is best demonstrated rather than described.

DESCRIPTION OF MAIN COMPONENTS

Comments

3.  Familiarisation

• On a modern theodolite there should be the following 
controls (silver knobs):

• Telescope focussing
• Vertical clamp
• Vertical tangent screw
• Vertical  circle  fine  adjustment  screw  (if  not  an

automatic indexing instrument)
• Microptic adjustment
• Upper horizontal clamp
• Lower horizontal clamp (note that on some instruments

the two horizontal clamps are combined into one).
• h) Upper Horizontal tangent screw
• i) Lower horizontal tangent screw.

DESCRIPTION OF MAIN COMPONENTS

Comments

• When one considers additional features such as illuminating 
mirrors, eyepiece focussing, a precise plate bubble (possibly a 
vertical circle precise bubble), an approximate circular bubble), 
optical plumb and foot screws, one realises that a theodolite is a 
complicated and very expenslve i ns t rument.

• So regarding the practical side:
Make sure you understand the function of every control.
Different types of instrument will have different features.

• Treat the instrument with great care. Never force screws. Never 
force the instrument into its box. Always thoroughly dry the 
instrument with tissues if it gets wet. Never replace a wet 
instrument in its box. Report any accidents or faults.
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OPERATION OF A THEODOLITE

Before operating, the theodolite needs to be placed 
directly over the station (so called nail accuracy), and 
then level it. This has to be done at the same time as 
described below. (this is better done in practice than 
describe in words!)

OPERATION OF A THEODOLITE

A. Precise levelling and positioning of theodolite

1. Set tripod and instrument with optical plumb almost over the 
station.

2. Unclamp one of the horizontal clamp (either will do) and traverse 
the instrument so that the plate bubble is parallel to two of the 
footscrews.

3. Adjust those two footscrews until the plate bubble is level.

4. Traverse the instrument so that the bubble is perpendicular to the 
already adjusted footscrews.

5. Re-level using the third footscrew.

OPERATION OF A THEODOLITE

A. Precise levelling and positioning of theodolite

6. Traverse the instrument in the same direction and re-align parallel 
to the first two footscrews.

7. Repeat stage 3 and then traverse as in 4. Then repeat stages 5-7, 
until the best mean level bubble is obtained (to one division 
accuracy). 

8. Unclamp the base of the instrument and while viewing through 
optical plumb, slide the instrument across the tripod base until it is 
exactly over the station. Do not rotate the instrument about the
tripod base. (Note that it might be necessary to repeat stages 1-
7!!).

OPERATION OF A THEODOLITE

B. Zeroing the Horizontal circle

1. Unclamp the Upper Horizontal clamp.

2. Traverse the instrument until the horizontal circle reads 
approximately zero.

3. Re-clamp the Upper Clamp.

4. Adjust the Upper Horizontal Tangent Screw until the reading is 
approximately zero.

5. Select a target whose direction you wish to assign a zero scale 
reading.

6. Unclamp the Lower Horizontal clamp.

OPERATION OF A THEODOLITE

B. Zeroing the Horizontal circle

7. Traverse the instrument (and circle) until the telescope is pointing 
approximately at the selected target.

8. Re-clamp and, sighting through the telescope, align the vertical 
graticule precisely onto the target using the Lower Horizontal 
Tangent Screw. It is important that you approach the target in the 
direction in which you intend to continue to traverse to the next 
target. This is to minimize errors and is dealt with in more detail 
later. 

The instrument is now correctly sighted onto the target and is 
reading zero. The lower horizontal clamp and lower tangent screw 
should not be touched again until this particular ‘round’ of 
readings has been completed.

OPERATION OF A THEODOLITE

C. “FACE” and “SWING”

• As defined earlier in the subject, the standard which houses the
vertical circle is called the Face of the instrument. If, when 
sighting through the telescope, this standard (the face) is on your 
left, then FACE LEFT is recorded for all readings taken. If on the 
right, then we record FACE RIGHT.

• The Swing of the instrument is defined as the direction in which 
the theodolite is traversed (i.e. rotated about vertical axis). If, 
when traversing, the telescope lens moves to the left we record 
readings as SWING LEFT. If on the right, we record readings as 
SWING RIGHT.

• Every horizontal circle reading must be booked with the face and 
swing identified. Usually it is conventional to work with opposite 
face and swing, i.e. FL/SR and FR/SL.
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OPERATION OF A THEODOLITE

D. Taking a round of Horizontal readings
The following procedure would normally be adopted to measure the
horizontal angle subtended at the theodolite station T by the two targets
A and B.

1. Set Horizontal scale to zero and ensure both clamps are 
tightened.

2. Select Face (L or R) by transiting the telescope (if necessary).

3. Release the lower horizontal clamp. Traverse the instrument to 
approach target A using the appropriate Swing direction (L or R) 
stopping just short of the target.

4. Clamp the lower clamp.

OPERATION OF A THEODOLITE

D. Taking a round of Horizontal readings
The following procedure would normally be adopted to measure the
horizontal angle subtended at the theodolite station T by the two targets
A and B.

5. Adjust the lower horizontal tangent screw to complete the swing 
movement and bring the graticule cross precisely in line with 
target A. Do not “overshoot”!

6. Read and book the horizontal scale reading (which should be 
zero).

7. Now unclamp the Upper horizontal clamp. Traverse the 
instrument to approach target B using the same swing as before, 
stopping just short of target. Re-tighten (clamp) the upper clamp.

OPERATION OF A THEODOLITE

D. Taking a round of Horizontal readings
The following procedure would normally be adopted to measure the
horizontal angle subtended at the theodolite station T by the two targets
A and B.

8. Adjust the upper horizontal tangent screw to complete the swing 
movement and bring the graticule cross in line with target B.

9. Read and book the horizontal scale reading.

OPERATION OF A THEODOLITE

D. Taking a round of Horizontal readings

• Now if we transit the telescope by approximately 180º, this will be 
facing away from target B. By repeating stages 8-10 above 
(opposite swing now), another reading is recorded for target B 
and then at A (continuing traverse).

• This round of readings is now complete and will give us two 
versions of the same angle. Depending on the nature of the work 
and the accuracy required we may produce more rounds of 
readings, using opposite faces and swings or different positions
on the horizontal circle producing 4 or even 8 versions of the 
same angle.

• The reason for this systematic approach using different 
combinations of face, swing and osition on the horizontal circle is 
to minimise systematic errors.

OPERATION OF A THEODOLITE

E. Booking Horizontal Angle Readings

An example, based on the description in D, is given below. Note 
that face left and face right readings on the same target differ by 
approximately 180º, if the instrument is in precise adjustment.

OPERATION OF A THEODOLITE

E. Booking Horizontal Angle Readings

Instrument 

Station (I.S.) 

Target Face/Swing Horiz.Circle 

( º  ′  ″ ) 

Reduced Angle 

( º  ′  ″ ) 

T A L/R 000-00-00 

T B L/R 136-34-20 
136-34-20 

T B R/L 316-34-40 

T A R/L 180-00-10 
136-34-30 

 
The mean value is  136º- 34′- 25″.
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OPERATION OF A THEODOLITE

E. Booking Horizontal Angle Readings

• Note that the horizontal scale is always graduated so that 
readings increase in a clockwise sense. Also, the reduced angle 
is clockwise from A to B (i.e. reading at B minus reading at A or 
say RB-RA). 

• However, consider the case of reducing as RA-RB  .This would 
have represented the clockwise rotation from B to A and the 
booking should have been as follows.

OPERATION OF A THEODOLITE

E. Booking Horizontal Angle Readings

Instrument 

Station (I.S.) 

Target Face/Swing Horiz.Circle 

( º  ′  ″ ) 

Reduced Angle 

( º  ′  ″ ) 

T A L/R 360-00-00 

T B L/R 136-34-20 
223-25-40 

T B R/L 316-34-40 

T A R/L 180-00-10 
223-25-30 

 

The mean value is  223º- 25′- 35″.

OPERATION OF A THEODOLITE

E. Booking Horizontal Angle Readings

• Both reductions are equally acceptable, but the important 
question is: which angle has been obtained? It is easy to work out 
with common sense by visualizing the real situation. This 
approach is good enough when angles are close to 90º but will 
not necessarily work for angles close to 180º!
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Methods of Levelling: 

1. Height of Collimation Method 

2. Rise and Fall Method 

 

1. Collimation Method: 

It consist of finding the elevation of the plane of collimation ( H.I.)  for every set up 

of the instrument, and then obtaining the reduced level of point with reference to the 

respective plane of collimation.  

1. Elevation of plane of collimation for the first set of the level determined by 

adding back side to R.L. of B.M.  

2. The R.L. of intermediate point and first change point are then obtained by 

starching the staff reading taken on respective point (IS & FS) from the elation 

of the plane collimation. [H.I.]  

3. When the instrument is shifted to the second position a new plane collimation 

is set up. The elevation of this plane is obtained by adding B.S. taken on the 

C.P. From the second position of the level to the R.L.  C.P. The R.L. of 

successive point and second C.P. are found by subtract these staff reading 

from the elevation of second plane of collimation Arithmetical check  

                           Sum of  B.S. – sum of F.S. = last R.L. – First R.L.  

This method is simple and easy. 

Reduction of levels is easy. 

Visualization is not necessary regarding the nature of the ground. 

There is no check for intermediate sight readings 

This method is generally used where more number of readings can be taken with 

less number of change points for constructional work and profile leveling. 

2.Rise and Fall Method: 

It consists of determining the difference of elevation between consecutive points by 

comparing each point after the first that immediately preceding it. The difference 

between there staff reading indicates a rise fall according to the staff reading at the 

point. The R.L is then found adding the rise to, or subtracting the fall from the 

reduced level of preceding point. 

Arithmetic check 

Sum of B.S. – sum of F. S. = sum of rise – sum of fall = last R. L. – first R.L. 



This method is complicated and is not easy to carry out. 

Reduction of levels takes more time. 

Visualization is necessary regarding the nature of the ground. 

Complete check is there for all readings. 

This method is preferable for check levelling where number of change points are more. 

Basic definitions 

 Bench Mark and Reference Datum 

In order to calculate the heights of points a datum is required, i.e. a reference level. 

This is usually the mean sea level. For this purpose, the use of Bench Marks is 

necessary, and these are classified as follows:Bench Mark (BM) – a point with known 

height above mean sea level (or other reference datum). These are permanent points 

(e.g. unchanged by weather conditions) and are provided by the Department of Lands 

and Surveys. 

Reduced Level 
The height of any target point is referred to as Reduced Level (RL), because it is 

reduced to a known datum. 

Backsight (BS) 
First staff reading taken immediately after setting up the instrument. 

Foresight (FS) 
last staff reading taken before moving the instrument to another location. 

Intermediate sight (IS) 
all readings taken between a BS and a FS. 

 

Common sources of errors in levelling 

1. Instrument not correctly levelled. 

2. Telescope not correctly focused. 

3. The wrong cross-hair reading recorded (e.g. top instead of middle). 

4. Staff incorrectly read or not held vertical. 

5. Staff incorrectly booked. 

All the above are mistakes (blunders) and cannot be corrected unless the work is 

repeated. 



 

 

Levelling operations 

Now consider Figure 2 below. The level is set up as shown, and using the staff at 

points A and B, height readings are recorded. This is just the height read through the 

telescope horizontal line of sight (known as line of collimation). If no reduced level is 

known only the difference in height can be found between A and B, not their absolute 

levels. 

Staff Reading at A is 1.135m 

Staff Reading at B is 1.875m 

If we know that RLA = +120.000m (above datum), then RLB = 120.00 – 0.740 = 

+119.260m i.e. a fall 

from A. If RLB was known we would calculate a rise in level. Hence, the following 

can be defined: 

Rise – staff reading is less than previous reading. 

Fall – staff reading is greater than previous reading. 

 

 

 

 

 

 

 

 

 



 

 

Experiment (Rise & Fall method): 
Aim:  

To determine the required level of given points by Rise and fall method 

 

Apparatus Required:  

Automatic level, Tripod and Levelling staff 
 

Procedure:  

 

 

 

 

1. Set up the leveling instrument at Level position 1. 

2. Hold the staff on the Datum (RL+50 m) and take a reading. This will be a 

backsight, because it is the first staff reading after the leveling instrument has 

been set up.  

3. Move the staff to A and take a reading. This will be an intermediate sight. 

4. Move the staff to B and take a reading. This also will be an intermediate sight. 

5. Move the staff to C and take a reading. This will be another intermediate sight. 

6. Move the staff to D and take a reading. This will be a foresight; because after 

this reading the level will be moved. (A changeplate should be placed on the 

ground to maintain the same level.) 

7. The distance between the stations should be measured and recorded in the 

field book (see Table 1) 

8. Set up the level at Level position 2 and leave the staff at D on the changeplate. 

Turn the staff so that it faces the level and take a reading. This will be a 

backsight. 

9. Move the staff to E and take a reading. This will be an intermediate sight. 

10. Move the staff to F and take a reading. This will be a foresight; because after 

taking this reading the level will be moved. 

11. Now move the level to Leveling position 3 and leave the staff at F on the 

changeplate.  

Now repeat the steps describe 8 to 10 until you finished at point J. 



Field procedures for leveling 

For vertical control the level survey should start and close on points of known height 

(same point or different). If the survey starts and closes on the same point (e.g. a 

TBM), as below, this is termed as a closed level survey.  

 
RL(TBM) = +430.000m 

Instrument stations: 1, 2, 3. 

Target points: TBM, A, B, C, D, E, 

F.  

 
 
 
 
 
 
 

 
 
 

(BOOKING) (REDUCTION) 

Station remark BS IS FS Rise Fall RL 

1 BM       

1 A       

1 B       

2 B       

2 C       

2 D       

2 E       

3 E       

3 F       

3 BM       

Sum       
 

Arithmetic checks (necessary for checking the reduction) 
 

Σ (BS) - Σ (FS) =  

Σ (RISES) – Σ (FALLS) =  

LAST (RL) – FIRST (RL) =  

Allowable misclosure = ±5 √n  mm        ; where n = no. of  instrument positions 
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