
Theodolite
 Introduction



• Theodolite is used to measure the horizontal 
and vertical angles.

• Theodolite is more precise than magnetic 
compass.

• Magnetic compass measures the angle up to as 
accuracy of 30’. However a vernier theodolite 
measures the angles up to and accuracy of 10’’, 
20”.

• There are variety of theodolite vernier, optic, 
electronic etc.



Type of theodolite
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• Vernier theodolite is 
also known and transit.

• A transit theodolite is 
one in which the 
telescope can be 
rotated in a vertical 
plane.

Alidade assembly

Horizontal circle 
assembly

Levelling head assembly

Line of Sight

Traverse/horizontal axis
Vertical circle rigidly fixed to 
the telescope

Vertical axis

Three assemblies of Theodolite



MAIN PARTS

• Plate level (5): 
– Spirit level with the bubble and 

graduation on glass cover.
– A single level or two levels fixed 

in perpendicular direction may 
be provided.

– The spirit level can be adjusted 
with the foot screw (21) of the 
levelling head (7).

• Telescope (10): The essential 
parts of the telescopes are 
eye-piece, diaphragm with cross 
hairs, object lens and 
arrangements to focus the 
telescope. 



MAIN PARTS
• Vertical circle (1): circular plate 

supported on horizontal axis of the 
instrument between the A-frames. 
Vertical circle has graduation 0-90 
in four quadrants. Vertical circle 
moves with the telescope when it is 
rotated in the vertical plane.

• Vertical circle clamp and tangent 
screw (11): Clamping the vertical 
circle restrict the movement of 
telescope in vertical plane.

• Altitude level (2): A highly 
sensitive bubble is used for 
levelling particularly when taking 
the vertical angle observations. 
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Reading  a theodolite

Vernier scale graduation



Adjustment of the theodolite

• Temporary Adjustment



• Setting up the theodolite







Measurement of horizontal angle
• Measurement of Angle ABC

– The instrument is set over B.
– The lower clamp is kept fixed and upper clamp is 

loosened.
– Turn the telescope clockwise set vernier A to 0° and 

vernier B to approximately 180°.
– Upper clamp is tightened and using the upper tangent 

screw the vernier A and B are exactly set to 0° and 180°.
– Upper clamp is tightly fixed, lower one is loosened and 

telescope is directed towards A and bisect the ranging 
rod at A.

– Tightened the lower clamp and turn the lower tangent 
screw to perfectly bisect ranging rod at A.

– Loose the upper clamp and turn the telescope clockwise 
to bisect the ranging rod at C tightened the upper clamp 
and do the fine adjustment with upper tangent screw.

– The reading on vernier A and B are noted. Vernier A 
gives the angle directly and vernier B gives the reading by 
subtracting the initial reading (180°) from final reading



Vertical angle measurement-1



Vertical angle measurement-2
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• Method of traversing
– Included angle method
– Deflection angle method
– Fast angle (or magnetic bearing method)



Computation of latitude and departure
• Latitude of a line is the distances measured parallel 

to the north south of the North-South direction
• Departure of the line is the distance measured 

parallel to the east-west direction



Computing latitude and departure





Sources of errors in theodolite
• Instrumental errors

– Non adjustment of plate bubble
– Line of collimation not being perpendicular to 

horizontal axis
– Horizontal axis not being perpendicular to vertical 

axis
– Line of collimation not being parallel to axis of 

telescope
– Eccentricity of inner and outer axes
– Graduation not being uniform
– Verniers being eccentric



• Personal errors
• Natural errors

– High temperature causes error due to irregular refraction.
– High winds cause vibration in the instrument, and this may lead to wrong 

readings on vernier

• Closing error



Balancing of traverse
� Bowditch’s rule:

� Total error is distributed in proportion to the lengths of the traverse 
legs.



Calculation of traverse area






