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2.4 Tacheometric Surveying 

Tacheometric is a branch of surveying in which horizontal and vertical distances 

are determined by taking angular observation with an instrument known as a 

tachometer. Tacheometric surveying is adopted in rough in rough and difficult terrain 

where direct leveling and chaining are either not possible or very tedious. The accuracy 

attained is such that under favorable conditions the error will not exceed 1/100. and if 

the purpose of a survey does not require accuracy, the method is unexcelled. 

Tacheometric survey also can be used for Railways, Roadways, and reservoirs etc. 

Though not very accurate. Tachometric surveying is very rapid, and a reasonable 

contour map can be prepared for investigation works within a short time on the basis of 

such survey. Uses of Tachometry Tachometry is used for preparation of topographic 

map where both horizontal and vertical distances are required to be measured; survey 

work in difficult terrain where direct methods of measurements are inconvenient; 

reconnaissance survey for highways and railways etc; Establishment of secondary 

control points. Instruments used in tachometric surveying an ordinary transits theodolite 

fitted with a stadia diaphragm is generally used for tacheometric surveying.  

The stadia diaphragm essentially consists of one stadia hair above and the other 

an equal distance below the horizontal cross hair, the stadia hair being mounted in the 

same ring and in the same vertical plane as the horizontal and vertical cross-hair. The 

telescope used in stadia surveying are three kinds,  

i).The Simple external focusing telescope.  

ii).The external focusing anal lactic telescope (porro’s telescope).  

iii).The internal focusing telescope. 

The first type is known as stadia theodolite, while the second type is known as 

tacheometer. The tacheometer has the advantage over the first and third type due to fact 

that the additive constant of the instrument is zero. The instruments employed in 

tachometry are the engineer's transit and the leveling rod or stadia rod, the theodolite 

and the subtense bar, the self-reducing theodolite and the leveling rod, the distance 

wedge and the horizontal distance rod, and the reduction tacheometer and the horizontal 

distance rod. Features of tacheometer or Characteristic of tacheometer The multiple 

constant (f/i) should have a normal value of 100 and the error contained in this value 
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should not exceed 1 in 1000. The axial horizontal lines should be exactly midway 

between the other two lines. The telescope should be fitted with an anallatic lens to 

make the additive constant (f + d) exactly to zero. The telescope should be truly 

analectic. The telescope should be powerful having a magnification of 20 to 30 

diameters. The Aperture of the object should be 35 to 45 mm in diameter. Levelling and 

Stadia Staff Rod For short distances, ordinary leveling staves are used. The leveling 

staff normally 4m long, and it can be folded with here parts. The graduations are so 

marked that a minimum reading of 0.005 or 0.001m can be taken. Different systems of 

Tacheometric Measurement The various systems of tacheometric survey may be 

classified as follows, The Stadia Method  

i. Fixed Hair Method and 

ii.  Movable Hair Method 

The Tangential System Measurements by means of special instruments. The 

principle is common to all system is to calculate the horizontal distance between two 

points A and B their deference in elevation, by observing 1) the angle at the instrument 

at A subtended by known short distance a long a staff kept at B and 2) the vertical angle 

to B from A Stadia systems In this systems staff intercepts, at a pair of stadia hairs 

present at diaphragm, are considered. The stadia system consists of two methods: a) 

Fixed-hair method and b) Movable-hair method Fixed-hair method In this method, 

stadia hairs are kept at fixed interval and the staff interval or intercept (corresponding to 

the stadia hairs) on the leveling staff varies. Staff intercept depends upon the distance 

between the instrument station and the staff. Movable- hair method In this method, the 

staff interval is kept constant by changing the distance between the stadia hairs. Targets 

on the staff are fixed at a known interval and the stadia hairs are adjusted to bisect the 

upper target at the upper hair and the lower target at the lower hair. Instruments used in 

this method are required to have provision for the measurement of the variable interval 

between the stadia hairs. As it is inconvenient to measure the stadia interval accurately, 

the movable hair method is rarely used. Non-stadia systems  

This method of surveying is primarily based on principles of trigonometry and 

thus telescopes without stadia diaphragm are used. This system comprises of two 

methods: 
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(i) Tangential method and 

(ii)  (ii) Subtense bar method. 

Fixed Hair Method 

Case : 1 (When the line of sight is horizontal and staff is held Vertical) 

Horizontal distance 

D=KS +C 

Here  

D = Horizontal Distance 

S=Staff intercept 

K = Multiplying Constant 

C=Additive constant 

 

Example:1 

The Following Reading were taken with a tacheometer on to a vertical staff, 

Calculate tacheometric constant 

Horizontal Distance Stadia Reading(m) 

45 0.885 1.110 1.335 

60 1.860 2.160 2.460 

 

D1=KS1+C--- (1) 

D2=KS2+C---- (2) 

D
1

=KS
1

+C 

45=K(1.335 –0.885)+C 

45=K(0.45)+C -----(3) 

D
2

=KS
2

+C 

60=K(2.460 –1.860)+C 

60=K(0.6)+C 

C=60-K(0.6)----- (4) 

Now put the value of eq 4 in eq 3,  

45=K(0.45)+C (3) 
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45=K(0.45)+60 -K(0.60) 

45–60=-0.15 K 

-15=-0.15 K 

K=100 

Put the value of K in Eq no 3 

45=K(0.45)+C 

45=100 (0.45)+C 

C=0 

Example2 

The stadia reading with horizontal sight at a vertical staff held 50 m away from 

the tacheometer were 1.385 and 2.380. the focal length of the object glass was 

25cm. The distance between the object glass and trunion axis of a tacheometer was 

15 cm. Calculate the stadia interval 

D=KS+C 

D=(f/i)S+(f+d) (1) 

Here D=50m 

S= 2.380–1.385= 0.995m 

f = 25cm = 0.25m  

d=15cm=0.15m 

Put the all value in equation no1 

50=((0.25x0.995)/i)+(0.25+ 0.15) 

i=0.005m 

i=5mm 

Example 3 

A staff held vertically at a distance of 50 m and100mfrom the centre of the 

theodolite with a stadia hair, the staff intercept with the telescope is 0.500 and 

1.000 respectively. The instrument was then setup over a station P of RL 1850.95 

m and the total height of instrument was 1.475m. The hair reading on a staff held 

vertically at station Q were 1.050, 1.900 and 2.750 with the line of sight horizontal. 

Calculate the horizontal distance of PQ and RL of Q point. Calculation of 

tacheometric constant 
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D=KS+C 

50=K(0.005)+C ----(1) 

100=K(1.000)+C-----(2) 

50=K(0.005)+C ------(1) 

C=50–0.005K -----(3) 

Put the value of C in Eq 2 

100=K(1.000)+C (2) 

100=1.000K+50–0.005K 

K=100 

Now put the value of K in eq 3C=50 –0.005K (3 

C=50–0.005(100) 

C=0 

Note: if K= 100 and C=0 means your instrument is perfect 

Calculation of horizontal distance between PQ 

D=KS+C (1) 

Now 

S=2.750–1.050=1.700m K=100 

C=0 

Put all thevalueinequationno1D=100 (1.700)+0 

D=170m 

Calculation of RL of Q point 

RL of Q=1850.95+1.475–1.900 

= 1850.525m 
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Fixed Hair Method 

Case : 2 (When the line of sight is inclined and staff is held Vertical) 

Horizontal distance D = KS Cos
2

θ + C Sinθ 

Vertical Distance V=KS Sin2θ/2+CSinθ 

 

Example4 

A tachometer was setup at a station A and the following readings were obtain on a 

staff held vertically, calculate the horizontal distance AB and RL of B, when the 

constant of instrument are 100 and 0.15 

 

Inst. 

Station 

Staff Station Vertical angle Hair Reading(m) Remark 

A BM -6040’ 1.200 1.900 2.600 RL of BM 

=850.50m 
B +8020’ 0.800 1.600 2.400 

 

 

 

 

In the first observation 

S1=2.600–1.200=1.400m 

Θ
1 

= - 6 o40’(Depression) K=100 and C=0.15 

Vertical Distance V1=KS Sin2θ/2+CSinθ 

=100(1.400) sin(2x6 o40’)/2 + 0.15Sin 6 o40’ 
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=16.143 +0.0174 

=16.160m 

In the second observation  

S2 = 2.400 – 0.800 = 1.600Θ=+ 8 o20’(Elevation) 

Vertical Distance V2=KS Sin2θ/2+CSinθ 

=100(1.600) sin(2x8 o 20’)/2 + 0.15Sin8 o 20’ 

=22.944 +0.022 

=22.966m 

Horizontal distance D
2

= KS Cos
2
θ+ C Sinθ 

= 100(1.600) Cos28 o 20’ + 0.15Sin8 o 20’ 

=156.639+0.148 

=156.787m 

RL of  Instrument Axis=RL of BM +h1+V1 

=850.500+1.900+16.160 

=868.560m 

RL of B=RL of Inst.axis+V2–h2 

=868.560+22.966–1.600 

RL of B =889.926m 

Example5 

To determine the gradient between w o point P and Q a tacheometer was set up at 

a R station and the following observation where taken keeping the staff held 

vertical, if the horizontal angle PRQ is 36 o 20’ determine the avg. Gradient 

between P and Q Point take K = 100 and C=0 and RL of H.I=100m 

 

Staff station Vertical angle Staff Reading 

P +4040’ 1.210,1.510, 1.810 

Q -0040’ 1.000,1.310,1.620 
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In the first observation (From R to P) 

S1=1.810–1.210=0.6m 

Θ
1

=+4
0
40’ 

Horizontal distance  

D=KS Cos
2

θ+ C Sinθ 

=100x0.6 x Cos
2

4
0

40’ +0 

=59.60m 

Vertical Desistance  

V=KSSin2θ/2+CSinθ 

=100 x 0.6x Sin(2x4
0

40’)/2 +0 

=4.865m 

In the Second observation (From R to Q) 

S2=1.620–1.000=0.62m 

Θ
2

=-0
0
40’ 

Horizontal distance 

 D=KS Cos
2
θ +C Sinθ 

=100x0.62 x Cos
2
0

0
40’ +0 

=61.99m 

Vertical Distance  
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V=KS Sin2θ/2+CSinθ 

=100 x 0.62x Sin (2x0
0
40’)/2 +0 

=0.721m 

Avg. Gradient Between P and Q point 

Difference of Elevation between P and Q 

RL of  P=RL of HI + V1–h1 

=100+4.865–1.510 

=103.355m 

RL of Q =RL of HI–V2–h2 

=100–0.721–1.310 

=97.969m 

Difference of RL of P& Q=103.355–97.969 

=5.386 

Average gradient  between P and Q=Difference in RL between P&Q /Distance of P&Q 

= 5.386/37.978 

=1/7.051 

Fixed Hair Method 

Case : 3 (When the line of sight is inclined and staff is held Normal to the line of sign t) 

If angle is +ve 

Horizontal distance 

D=KS Cosθ +C Cosθ +h Sinθ 

Vertical Distance 

V=KS Sinθ + C Sinθ  

If angle is -ve 
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Horizontal distance 

D=KSCosθ + C Cosθ -h Sin θ 

Vertical  Distance 

V=KS Sin θ + C Sin θ 

Example 6 

Find out the distance between P and Q by using the bellow data given in table, the 

staff held normal to the line of sight in both the cases value of the tacheometer 

constant is 100 and 0.3 

Instrument Staff 

at 

Line Bearing Vertical angle Hair Reading 

A P AP 84036’ 3030’ 1.35,2.10, 2.85 

A Q AQ 142024’ 2045’ 1.955,2.875,3.765 

 

 

 

 

 

S1=2.85–1.35=1.5m 

S2=3.765 – 1.955 =1.809m 

Horizontal Distance 

AP=D= KS1Cosθ1+CCosθ1+h1Sinθ1 

=100x1.5 xCos3
0

30’+0.3 x Cos 3
0
30’ +2.10xSin3

0
30’ 

=149.72+ 0.299 +0.128 
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=150.147m 

AQ=D=KS
2
Cosθ

2
+CCosθ

2
+h

2
Sinθ

2
 

=100x1.809xCos2
0

45’+0.3xCos2
0

45’ + 2.875xSin2
0
45’ 

=180.742+0.299+0.138 

=181.179m 

Angle PAQ=Bearing of AP – Bearing of AQ 

= 142
0
24’–84

0
36’ 

=57
0
48’ 

Using Cosine rule 

PQ
2
=AP

2
+AQ

2
– 2xAPxAQxCos57

0
48’ 

PQ
2
=(150.147)

2
+(181.179)

2
–2x150.147x 

181.179 x Cos 57
0

48’PQ=162.41m 

 

Tangential Hair Method 

Case : 1 (Both the angle are angles of elevation in this case, staff is held vertically.) 

Horizontal distance 

𝐷 =
𝑆

(𝑡𝑎𝑛𝜃1 − tan 𝜃2)
 

Vertical Distance 

𝑉 =
𝑆𝑡𝑎𝑛𝜃2

(𝑡𝑎𝑛𝜃1 − 𝑡𝑎𝑛𝜃2)
 

Example7 

The vertical angles to vanes fixed at 1m and 3m above the foot of the staff held 

vertically at station Q were + 3
0
20’ and 6

0
40’ respectively from instrument station 

P. if the elevation of the instrument axis at station P is 101.520m calculate. The 

Horizontal distance between P & Q and the elevation of the staff station Q) 
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S=3–2 =1 

θ1=6
0
40’ 

θ2=3
0
20’ 

h =1 

𝐷 =
𝑆

(𝑡𝑎𝑛𝜃1 − tan 𝜃2
 

= 2  

tan6
0

40’-tan3
0
20’ 

=34.13m 

𝑉 =
𝑆𝑡𝑎𝑛𝜃2

(𝑡𝑎𝑛𝜃1 − 𝑡𝑎𝑛𝜃2)
 

=  

=1.99m 

Elevation of Staff Station Q= RL of HI +V–h 

=101.520+1.99–1.0 

=102.510m 

Tangential Hair Method 

Case : 2 (Both the angle are angles of Depression in this case, staff is held vertically.) 

Horizontal distance 
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 𝐷 =
𝑆

(𝑡𝑎𝑛𝜃2 − tan 𝜃1
  

 

Vertical Distance 

𝑉 =
𝑆𝑡𝑎𝑛𝜃2

(𝑡𝑎𝑛𝜃2 − 𝑡𝑎𝑛𝜃1)
 

 

Example8 

The vertical angles to vanes fixed at 1m and3m above the foot of the staff held 

vertically at station Q were - 3
0
20’ and - 6

0
40’ respectively from instrument 

station P. if the elevation of the instrument axis at station P is 101.520m calculate 

(i)The Horizontal distance between P & Q and (ii) The elevation of the staff station 

Q) 

 S = 3 – 2 = 1,   

θ
1  

= - 3
0
20’ ,  θ

2  
= - 6

0
40’,  h = 1 

𝐷 =
𝑆

(𝑡𝑎𝑛𝜃2 − tan 𝜃1
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𝑉 =
𝑆𝑡𝑎𝑛𝜃2

(𝑡𝑎𝑛𝜃2 − 𝑡𝑎𝑛𝜃1)
 

=  

=3.99m 

Elevation of Staff station Q=RL of HI +V–h 

=101.520–3.99–1.0 =96.530m 

 

Example 9 

The vertical angles to vanes fixed at 1m and3mabovethefootofthestaffheld 

verticallyatstationQwere+3
0

20’and-6
0
40’respectivelyfrom instrument station P. if 

the elevation of the instrument axis at station P is 101.520m calculate 

(i) The Horizontal distance between P & Q and 

(ii) The elevation of the staff station Q) 
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𝐷 =
𝑆

(𝑡𝑎𝑛𝜃2 + tan 𝜃1
 

 

 

𝑉 =
𝑆𝑡𝑎𝑛𝜃2

(𝑡𝑎𝑛𝜃2 + 𝑡𝑎𝑛𝜃1)
 

 

Elevation of Staff station Q=RL of HI-V–h 

            =101.520–1.34–1.0 

            =99.180m 

 


