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Introduction:
In general surveying is used to determine relative positions of existing points and to
establish predefined locations on or near the surface of the earth. These purposes
are achieved by distance, angle and directions. In this chapter the equipment and
methods of angle and direction measurement will be discussed.

Angle Systems:There are three different systems for dividing circles:

1. Sexagesimal system: 
It is also called (degree – minute – second) system. In this system, the circle is divided 
into 360 parts, each part is called a degree ( )0. Each degree is subdivided into 60 
parts called minute ( )`, and each minute includes 60 seconds ( )``. 
For example: (1240 34` 55``) , right angle = 90o

2. Centesimal system (Grade System):
In this system, the circle divided into 400 parts called grade ( )ᵍ , each grade divided
into 100 parts called cent-grade ( ) ͨ , and each cent-grade divided in to 100 cent-
cent-grade ( )ᶜᶜ .
For example: 392g  84c 71cc
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3. Radian system:

Radian is a central angle for the circle arc is equal to the radius of the circle. The

circle circumference is (2π R).

𝑐𝑖𝑟𝑐𝑙𝑒 𝑐𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 2 𝜋 𝑟

∴ 𝑡𝑜𝑡𝑎𝑙 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑎 𝑐𝑖𝑟𝑐𝑙𝑒 =
2 𝜋 𝑟

𝑟
= 2 𝜋

Relation between the three systems:

360𝑜 00` 00`` = 400𝑔 00𝑐 00𝑐𝑐 = 2𝜋

90𝑜 00` 00`` = 100𝑔 00𝑐 00𝑐𝑐 = 𝜋/2
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Example:

Convert 15o 37` 14`` to other systems:

Solution A: 

15o 37` 14``=15+ [37/60] + [14/(60*60)] = 15.6205o

15.6205
0

3600
=

𝑥

400𝑔
⇒ 𝑥 = 17.3561𝑔 = 17𝑔 35𝑐 61𝑐𝑐

Solution B: 

15.6205
0

3600
=

𝑥

2𝜋
⇒ 𝑥 = 0.2726 𝑟𝑎𝑑

Note:

Do not forget to change the system of your calculator while angle conversions.
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Azimuth (Whole circle) : An azimuth is a direction of a line given by an angle

measured clockwise (usually) from the north to the survey lines. Azimuth range is

between (0-360º). When the value of azimuth greater than (360º), it’s reduced by

(360º) before final listing.
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Bearing: Is the direction of a line as given by accurate angle between the line and a

reference line. The bearing angles which can be measured clockwise or counter

clockwise from the north or south end of the survey lines, is always accompanied by

letters that locate the quadrant in which line falls (NE, NW, SE, and SW).
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Reverse Directions: Forward and back directions.

Forward Azimuth of OA = 45o

Back Azimuth of OA or Azimuth of AO = 225o

In general the following relationships hold between forward and back azimuths. 

Back azimuth = forward azimuth±180o

(+) if forward azimuth < 180o

(-) if forward azimuth > 180o

For Bearings, the only change is (N to S), (S to N), (E to W) and (W to E).
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Interior angles: are angles between adjacent lines of a closed polygon measured from

the inside. The sum of interior angles of a closed polygon is equal to: (2n-4)*90,

where n = number of sides of the polygon.

Azimuth computation:

Azimuth for any line = Azimuth for previous line + Horizontal angle between both

two lines (measured clockwise) ±180

(+) For smallest, and (–) for greatest

If the result is greater than 540º, added (-540º) to the result.

Example:

If Azimuth BC=180o , find the azimuth others:

Azimuth BC=180o

Azimuth CD=180o+(360o-93o) -180o =267o

Azimuth DE=267o+(360o-115o)-180o=332o

Azimuth EA=332o+(360o-127o)-540o=25o

Azimuth AB=25o+(360o-110o)-180o=95o

Azimuth BC=95o+(360o-95o)-180o=180o
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Directions and angles are commonly measured by magnetic compass, theodolite or

total station. Magnetic compass directly gives the direction of a line with reference to

the magnetic north. Due to errors caused mainly by undetected deviation of the

compass needle from the actual magnetic meridian, the use of magnetic compass is

limited to rough survey works.

A theodolite is commonly used to measure horizontal and vertical angles to the

nearest minute of arc. Total stations are capable of measuring both angles and

distances digitally.Their precision varies from 1 to 20 seconds of arc.

Measurement of horizontal angles

After having performed temporary adjustments properly, the horizontal angle

between two directions from a station can be computed as the difference between

the corresponding horizontal circle readings. It is of normal practice to take circle

readings with the theodolite in two positions:

face left (the vertical circle is on the observer’s left as the target is sighted) and face

right (the vertical circle is on the observer’s right as the target is sighted). Horizontal

angles could be measured in two ways: Reiteration method and Repetition method.
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It is a precision instrument for measuring angles in the horizontal and vertical planes.

Theodolites are used mainly for surveying applications. A modern theodolite consists

of a movable telescope mounted within two perpendicular axes, the horizontal and

the vertical axis.

Theodolites may be either transit or non-transit. Transits are those in which the

telescope can be inverted in the vertical plane, whereas the rotation in the same

plane is restricted to a semi-circle for non-transit theodolites. Some types of transit

theodolites do not allow the measurement of vertical angles, see figure below:
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1. Set up the tripod over the station mark with tripod head approximately in horizontal plane.

2. Remove the theodolite from its case and place it on the tripod head attached by bolt.

3. Attach the plum-bob if supplied and move the tripod as necessary until the bubble is

approximately over the station mark. Push the legs well into the ground and tighten any tripod

leg wing nuts.

4. Level up the instrument by its foot screws, exactly the same as what is done in level setting

up.

5. Loosen the holding bolt and slide the theodolite with straight line movements until the

plumb-bob exactly centred over the station mark, tighten the holding bolt again.

6. Check the levelling up again; the centred again, repeat both as needed.

7. Remove the telescope cap, place it in the pocket or case, eliminate eye piece parallax in

usual way, open and adjust the mirror, focus the telescope.
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1. Change of face: In this method, angle is measured at two cases, after that determining

average reading for angles. This method is generally used and very important for user

theodolite. Face right and face left are determining, after that determining average of two

reading, see the figure below.

2. Change of zero: In this method setting zero at point one and reading point two, after that

setting zero at point two and reading point one, later determining average data for two

reading.
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A typical template table (Data Sheet) for booking (Horizontal Angle):
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A vertical angle is an angle between the inclined line of sight and the horizontal. It

may be an angle of elevation or depression according as the object is above or below

the horizontal plane.

For determining vertical angle two following rules are use:

𝑉𝐹.𝐿 = 90 − 𝑉. 𝐶. 𝑅

𝑉𝐹.𝑅 = 𝑉. 𝐶. 𝑅 − 270

𝑊ℎ𝑖𝑙𝑒:

𝑉. 𝐶. 𝑅 = 𝑡ℎ𝑒 𝑟𝑒𝑎𝑑𝑖𝑛𝑔 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑡ℎ𝑒𝑜𝑑𝑜𝑙𝑖𝑡𝑒
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A typical template table (Data Sheet) for booking (Vertical Angle):
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Error in horizontal angle from maladjustment of vertical axis

For the vertical axis to be truly vertical, the plate level bubble must remain central

for all positions of the theodolite. The error in horizontal angle measurement due to

this maladjustment is not serious and as such, in most cases, can be ignored. The

error becomes appreciable for large vertical angles. There is no observational

procedure that can be employed to eliminate this error.

Error in horizontal angle due to maladjustment of the line of collimation

If the line of collimation (the line joining the optical centre of the object glass to the

vertical cross-hair of the diaphragm) is not perpendicular to the horizontal axis, error

will be introduced in the measured angles. The error becomes appreciable when the

telescope is reversed between back sight and foresight observations. If the telescope

is not reversed between back sight and foresight when taking readings, no error is

introduced if these distances are equal and the inclination of the line of sight is the

same for both the back sight and foresight. Error due to this maladjustment can be

eliminated by taking the mean of face left and face right measurements.
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Error in horizontal angle when the horizontal axis is not perpendicular to the vertical

axis

If the points sighted are at the same angle of inclination of the line of sight, no error

is introduced in horizontal angles. If the points are sighted with different line of sight

inclinations, error will be introduced in the measured horizontal angles. The error can

be eliminated by taking the mean of face left and face right observations.

Error in vertical angle due to maladjustment of the theodolite

In a perfectly adjusted theodolite, the index for vertical circle reading should read 00

or 900 when the telescope is in the horizontal position. If this is not the case, error

will be introduced in the readings. Any error in observed vertical angles due to

imperfect adjustment of the theodolite can be eliminated by taking the mean of face

left and face right observations.
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Human Errors:
Human errors that affect angle measurements are gross errors and random errors. Gross
errors arise from carelessness and can be avoided with careful observation. They include
sighting the wrong target, mixing clockwise and counter clockwise readings, turning the
wrong screw, reading the circles wrongly, and booking incorrectly. Random errors are
caused by imperfections in human sight which make it impossible to bisect the target
accurately and read the circles correctly. However, they are small and of little significance.
They are minimized by taking several observations and accepting the mean.

Natural Errors:
In general, angular errors resulting from natural causes are not large enough to affect
appreciably the measurements of ordinary precision. Sources of natural errors include:
- Settlement of the tripod
- Heat haze or mist affecting the sighting
- Unequal expansion of the telescopes parts due to temperature changes.
- Instability of the instrument in windy weather
Settlement of the tripod (for instance when set up on boggy ground) can be avoided by
using extra-long tripods or small platforms for the tripod legs. Shielding the instrument
against the sun or wind and choosing favorable times for observation can avoid the other
errors.
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