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Tacheometry Surveying:

» Itis branched of surveying in which horizontal and vertical distance are determined
by taking angular observations with an instrument known as a tacheometer.

» The chaining operation is completely eliminated.

» Itisadopted in rough and difficult terrain where direct leveling and chaining are
either not possible or very tedious.

» Itisalso in location survey for railways, roads, reservoir, etc.
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Tacheometer and Its Characteristics:

1)
2)
3)
4)
5)

It is a Transit Theodolite fitted with stadia diaphragm.
Telescope should be fitted with an anallactic lens.
Magnification power of the eyepiece is kept high.
Value of multiplying constant, k=100.

Value of the additive constant, C=0

Stadia Rod:

1)
2)
3)

It is also called as vertical stave.
It is a 5-15m long rod for distance more than 100m.

It can be held vertical or normal to the line of sight.



Tacheometry:

1)
2)
3)

It is defined as an optical distance measurement method.

Tachymetry or Telemetry

As compared to chaining on flat grounds, the accuracy of tacheometric distance is
low but on rough and steep grounds the accuracy is more.

Tacheometry Surveying: Why we do?

1)

2)
3)
4)

5)
6)
/)

To measure horizontal distance which can’t be measured by tape or chain as in
hilly area.

To measure vertical distance by angular observations.

In difficult areas where leveling and other types of surveys are tedious to conduct
Suitable for overcoming obstacles such as rough & broken ground deep rivers
ponds etc.

For preparing contour plans.

For conducting hydrographic and land survey.

For traversing in difficult terrain.



Methods of Tacheometry:
Tacheometry are of two types mainly: Stadia & Tangential Method

Tacheometric Method

i —

Stacia Method Tangential Method

I__L_—'\

Fixed Hair Method Movable Hawr Method




115 METHODS OF TACHEOMETRY

Tacheometry involves mainly two methods:

1. The stadia method
2. The tangential method.

1. The stadia method In this method the diaphragm of the tacheometer is provided
with two stadia hairs (upper and lower). Looking through the telescope the stadia
hair readings are taken. The difference in these readings gives the staff intercept.
To determine the distance between the station’ and the staff, the staff intercept is

multiplied by the stadia constant (i.e. multlpl}'mg constant, 100). The stadia method
may, m turm, be Df two kmds :

- (a) The Frxed Hﬂir Memad The distance between the stadia hairs is fixed in this
method, which is the one commonly used. When the staff is sighted through the
telescope, a certain portion of the staff is intercepted by the upper and lower
stadia. The value of the staff intercept varies with the distance. However, the.
distance between the station and the staff can be obtained by multiplying the staff

intercept by the stadia constant.

2. The :I‘angen!ra." method In this method, the diaphragm of the tachsometer is not
provided with stadia hair. The readings are taken by the single horizontal hair.



Stadia Method of Tacheometry: (Fixed Hair & Moveable Hair Method)
1) Various wires, in addition to the cross wires on the diaphragm are known as stadia

wires and the vertical distance between these stadia wires is termed as stadia

interval.

2) When the parallactic angle a , defined with the help of stadia wires, is kept fixed
and the staff intercept is varied, ex. AB and A’B’, the method is known as fixed

hair method.

Stadia method




Stadia Method of Tacheometry: (Fixed Hair & Moveable Hair Method)
1) Another way used to make observation is to keep the staff intercept fixed ex. AB
and A”B” and vary the parallactic angle, ex. a & o’

2) In this method, stadia wires will have to be moved and is accordingly called as

movable hair or subtense method.

Stadia method




Tangential Method of Tacheometry:
1) Observations are made for vertical angles and staff intercepts are obtained with the

cross wires only.

2) This method of tacheometry is quite similar to the method of trignometrical

levelling.



Theory of stadia Tacheometery

A, A;, C = readings on staff cut by three hairs
aj, a3, C = bottom, top and central hairs of diaphragm
a;a; = i = length of image
A A; = S = staff intercept
F = focus
V = vertical axis of instrument
f = focal length of object glass
d = distance between optical centre and vertical axis of instrument
u = distance between optical centre and staff
v = distance between optical centre and image



3. Principle of tacheometry = The principle of tacheometry is based on the property
of isosceles triangles, where the ratio of the distance of the base from the apex
and the length of the base 1s always constant. | _

In Fig. 11.2, qo;a;a;, Qo,b,b;, and 4oyc c, are al_l isosceles triangles where
Dy, Dy and D are the distances of the bases from the apices, and S;. §; and S5
are the lengths of the bases (staff intercepts).
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So, according to the stated principle,
D, Dy Dy _ i (constant)
I

S S22 5
The constant fi is known as the multiplying constant, =

where, f = focal length of objective and i = stadia intercept



11.2 THEOCRY OF STADIA TACHEOMETRY

The following is the notation used in stadia tacheometry (Fig. ll 3)

O = optical centre of object glass

A ,As, C = readings on staff cut by three hairs
a;, az, C = bottom, top and central hairs of d;aphmgm
ajaz = ¢ ,= length of image
Mg AS; = 5 = staff intercept
F = focus _
V = vertical axis of instrument
F = focal length of object glass -
d = distance between optical centre and vertical axis of instrument
u = distance between optical cenire and staff
v = distance between optical centre and image
From similar triangles aoa,; apd A OA,, EI" = ﬂ_
or - - | S e B!
From the properties of lenses, '-f
1 1 - 1
voow S : (2

Putting the walue of v in Eq. (2),



Putting the value of v in Eq. (2),

L 11
iuf:.'+ﬁ"f
: 5 1 1
or m+'e:'"f
1(s Y_1
or | - ?;f?*‘]-f
or -_ 'u=(l;-+1]f B | (3)
But D=u+d -
_ o
S0, D= T+1)f+d

= % Hf+f+d=‘(-'§-)_x s+ (f+d)
The quantities (f/i) and (f + o) are known as tacheometric constants. (/i) is called
the multiplying constant, as already stated, and {f + d) the additive constant.

By adopting an anallatic lens in the telescope of a tacheometer, the multiplying
constant is made 100, and the additive constant zero.



2, Field measurément o
(a) A fairly level grounn:l is se.]e:ctﬂd The tacheometer is set up at O and pegs

are ﬁxed at Ay, Az and A5 known dlstﬂnm:s apart (seec F1g 11.4).
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{b} The staff intercepts. {stadia hair readmgs) are noted at each of the pegs. Let
these intercepts be.§;, S; and 5i.

(c}) The horizontal distances of the pegs from O are accurately measured. Let
these distances be D), D, and Dj..

(d) By substituting the values of 2y, D,, ... and S|, S, ... in the general equation

ﬂ=({.-_ S+ (f+d)

we get a number of é’q'uati}:-ns, as fﬂllﬂws:-
. r .
Dy =5 S +(f+d)
Dy = (4}31 + {f+ d'} " .and so on.

(e)_ By solving the equations in pairs, several values of (i) and {(f + d) are
obtained. The mean of these values gives the required constant.



D= [£]s+(f+d)
|

o)

Above equation is T
acheometric Distance Equation. K ) iplvi it
constants respectively. q t, K and C are the multiplying and additive

\

¢ multiplying constant K =(l£) 1s also called as stadia interval factor.

' Its value d 5. . :
] = depends upon the stadia interval and the principal focal length of the objsctive.
~ .

For eage of cal_cgl_qﬁon of distances, the stadia wires are spaced such that the multiplying

constant& 100
o The additive constant C = (f + d). Praciically speaking, it s 2 constant value for g tacheometer,

because the value of d varies by only 2 small and neg.lglble amount when focussing the

telescope on different objects.
* Value of C ranges from (.25 to O@m,
o If an anallactic lens is used into the telescope, it is so placed that all the observations are

reduced to the centre of the instrument and the constant Chﬂm_n_lgs_zgm and the Tacheometric
distance equation is simplified as JJ = K. :

——

* Hence, if the staff intercept is known, the horizontal distance can be readily obtamed by
multiplying it by 100. .

’I
.

| S



The staff consists of two vanes or targets a known distance apart. To measure the
stall Intercept, two pointings are required. The angles of elevation or depression
are measured and their tangents are used for finding the horizontal distances and
elevations. '

This method is also not generally used. The stadia method requires only one
observation, but the tangential method requires two pointings of the telescope,

11.6 FIXED HAIR METHOD

o]

Case 1 When line of sight is horizontal and seaff is held vertically.
. H ! i =
T T —— 4 }h
T o A S A i e e

D— -
Fig. 11.6

P

When the line of sight is horizontal, the general tacheometric equation for distance

15 given by c

D:'r%)'i+[f+rfj
L

The muluplying constant (/i) 15 100, and addiuve constant {f + &) 15 penerally
ZET0.
EL of staff station P = HI — &
where ~ HI = RLL ot BM + BS {HI = height of instrumant
i = central hair reading BS = backsight)



Distance and Elevation Formular for Inclined Sights

1. Staff Vertical

As_the staffl is held vertical, the staff intercept AB is not normal to the line of sight OC. Draw‘-:
a line A'B’ passing through C and perpendicular to OC, cutting OA at A’ and OB at B’.

Staff vertical (angle of elevation)

In right angle triangle OFC
Z0OCF= 90° — ©

/BCB'= 6 (as CB' is perpendlcular to OC) ‘
ZA'CA= £/B'CB =6

Let the stadia-hairs subtend an angle a, ' \:
ZCOA' = a/2 '

ZCAO = 90° — (a/2)

R D0 A PR T

~#CA'A= 180° — (90° — a/2) .
= 90° + o/2
We know that the value of a/2 (its value being 17'11" for K = 100) is very small. Hen0'3~t
triangles AA'C and BB’C may be assumed to be right angled triangles. i
A'B'=AC+ BC “
= AC cos 6 + BC cos 6 ’é
= (AC + BC) cos 0 ‘:4

A >
il ty

= s cos 0O



oS

Inclined distance QC, _
L= K-A'B' + C ’ <
L= Ks cos 86 + C -

D= 1. cos O )
= (Ks cos 8 + C) cos 0
\D =Kscos'~’0+CcosOJ
V= FC =L sin 0 .
= (Ks cos 8 + C) sin O
Ks cos 6 sin 0 + C sin 0

k'V= 1 e sty 90 4C sSin @ J

“
Elevation of staff station for angle of elevation O N

= H.I. + V — h "

Elevation of staff station for angle of depression. 0

= H.I. — V —h

2. Staff Normal

As the staff at E is held normal to the line of
sight AC therefore the staff intercept AB is normal
to the line of sight OC.

Case I: Line of sight at an angle of elevation.

Where,
AB = s = staff intercept,

CE = h = central hair reading,
0= angle of elevation, and )
Staff normal (angle of eleva_tion)

OC = L = inclined distance.

Draw a perpendicular CF’ to OF.
L= Ks + C



OT" = (Kg -+ C) cos0
D= O™ + ™71

VD= (Ks + C) cos0 -+ h sin0 l
Ot

= 1, 8in0

W:”(Ku -0 n@
Ao

Elenvealis D

Klevation of the staff station, V = OC sin0

Slevation of staflf station = H.1, -+ V — h cos0

‘.

Staff normal (angle of depression)

Case II: Line of sight at an angle of depression

L= Ks + C
OrF' =

ILlevation of staff station,

/Elevution of staff station = H.I. — V — h cos 0.
W

V = OC sin 6 = L sin 0 = {Ks + C) sin 8 ="\

L cos0 = (Ks + C) cosO |
D= OF — FF = OF — BF’

\D = (Ks + C) cos0O :_h sinﬂ

f Movable-Hair Method

As discussed if the stadia hairs are
fixed, the angle B between the ray
nlong the upper stadia and that along
the lower stadia is also fixed.

The staff intercept varies with the
distance of the staff from the
instrument if the stadia hairs are
movable, and tLhe staff whereas
intercept ‘s’ is kept fixed, the
tacheometer angle B changes with the
staff position.

The diaphragm has an arrangement fo
Fach hair of the stadia diaphragm can

T

1 “g.;

r the measurement of the stadia interval i accurately';
be moved independently by a separate sliding frarf{e;:




e

a

The following readings were taken with a tachometer with the line of sight horizontal on
staff held vertical. .

0.950, 1.285, 1.620 m
Determine the horizontal distance from the instrument station to the staff station if k = 100

and C = 0.16 m.
Algo determine the R.L. of the staff station if the R.L. of the instrument station is 101.580
m and the height of the trunnion axis is 1.460 m.

Sol. o

Horizontal dlzst.ance D=ks+C

k =100, C = 0.16m

Hence, D =100(1.620 - 0.950). +0.156 = 67.16 m

R.L. of instrument station = 101.58 m

Height of trunnion axis = 1.460 m

Hence, R.L. of line of collimation = 101.58 + 1.46 = 103.04 m
_Now, R.L. of staff station = 103.04 - 1.285 = 101.755 m




Determine the distance between the instrument station P and the staff station
following data: '

Q from the

Height of instrument = 1.490 m

-*-Verncal angle = +4°30'
Staff reading (staff vertlcal) = 0.645; 0.998; 1.351 m

Also determine the R.L. of Q if that of P is 200.410 m.
Take k = 100, and C = 0.0.

Sol. ) ,
D= k8 cos?@+¢ os?
Horizontal distance D = kscos” @+ 0.0 e
100(1.351 — 0.645) cos~(4°30') = 70.160 m

. X _ 1 . . | ‘
Vertical distance V = Ekssm26+0.0 K 5 Sw)z@ +28140
_ ]§x100x(1.351-0.645)sin9°= 5.592 m
RL.of Q = RL. of P + HI + V — Staff reading

(200.410 +.1.490) + 5.522 — 0.998
= 206.424 m




Determme the dlstance between the mstrument station P and the staff station
followmg data; -
RL of the line of cohmatlon 200 150 m
Jk Vertical angle = -3°45' :
Staff readings = 1.450; 0.900; 0.350 m
Also determine the R.L. of Q
Take k =100 and C = 0.0 .

‘ . z | ' ) | . '?‘ bl |
sol. T EE K,g,-cce o cescd

Honzontal dlstance D = ks 00829 .
= 100 x (1.45-0.35) x cosz(3°45) =109.529 m .

Iy <
Veritcal distance: V= Ekssm(zg)- . N = ____L.( 'S 819 'LéH' ﬂ

= %XIOOX(1.45—0.35)sin(7°30' = 7179 m
R.L. of @=R.L. of line of colimation - V - staff reading * -

Q from the

7

) )

_ =200.150 ~ 7.179 - 0.9 = 192.071 m

é



Example 4.

The following observations were faken with a tachcometer at the station P to a staff at @ held
normal to the line of sight. If the staff readings are 171, 2.64 and 3,57 m, and the angle of
rcTmation s 20°30, determine the horizontal distance between P and @

Also determine the elevation of Q if the line of colimaiion is at R.L. of 200,00 m. Take k = 100
and C = 0.50,

Sol.
Here, ' r=2.64 m

D (ks + v) (03 Q*’hﬂh@

Horizontal distance D = (ks + C)cos@+rsind
= [100 (3.57-1.71) + 0.5) cos (29°30) + 2.64 sin (29°30")

= 163.621 m V " (k.s .+C)' 3‘15) Q

- Vertical distance V = (ks + C) sind
= (100 x 1.86 + 0.5) sin (29°30") = 91.3837 m

RL. of @= RL. of P + H.L +V - Staff reading X cos6
- RL of Line collimation + V - Staff reading X cos®

= 900,00 + 91.837 — 2.298 = 289.539 m




 Example S.

The following observatlons were taken with a tacheometer at the station P to a staff at Q held
normal to the line of sight.

-~ Staff readings = 1.450; 1.915; 2.380 m
4’ Angle.of depression = 15°30'
R.L. of P = 201.45 m

Height of trunnion axis above the peg at P = 1.315 m ‘
Determine the horizontal distance between P and @, and the R.L. of ©). Take k =100 and C = 0.0
Sol.

r= 1915 m
Horizontal distance D = (ks + C)cos@-rsind
| = [100 X (2.38-1.45) +0) cos (16°30") ~ 1.915 sin (15°30/
= 89.106 m g |
Vertical distance V = (ks + C)sin@ . |
=100 x (2.38 — 1.45)] sin (15°307) = 24.853 m
RL of @Q=R.L.of P+ HI. — V — rcosd |
= 201.45 + 1.315 — 24.853 — 1.915 cos (15° 30)
=176.067 m . ’ ~




: Example 8.
T

o determine the gradient between two points A and B, a tacheometer was set up at another
station C and the following observatios were taken, keeping the staff vertical.

Staffat Vertical angle Stadia readings
A +4°20'0" 1.300, 1.610, 1.920
B +0°10'40" 1.100, 1.410, 1.720

If the horizontal angle ACB is 35°20’, determine the average gradient between A and' B.
k =100, C=0.0

Sol. Horizontal distance

" He,= ks cos?0

= Hep= 100 % 0.620 % cos?(4°20'0") = 61.646 m



Vertical distacne

Ves= 3kosin(20)

= \ %x100x0.6203m8°40-'= 4.671. m

R.L. of A= R.L. of line of colimination + Vg, — Iy
Let R.L. of line of colimination is 100.00 m

R.L. of A= 100 + 4,671 - 1.610 = 103.061 m
Staffat B o |
Horizontal dlstance Ce . g i

HCB_ 100 x 0. 62 cos2(0°10'40 ) |

= ° Hg=62.0(1 — sin?10'40") = 61. 999 m

Vertlcal distance

Vg = %XIOOx0.62 sin21'20" = 0.192

R.L. of B=100 + 0.192 —.1.410 = 98.782 m
Difference of R.L. of A and B = 103 061 — 98 782 =4.279 m

The distance AB can be calculated from cosine law

(61.3646)% +(61.999)> —(AB)?
2%61.646x61.999.

0.8158(7643.98) = 3800.23 + 3843.876 — AB?
AB= 3752 m

Cos 35°207=

4.279

Gradie t fA.= —
ntof AB= = 52

=0.114 = 1 in 8.77



‘Example 9.

Following observations were taken for determining the R.1. of station A.

Instrument | Height of Staff | Vertical Staff Remark 0
station mstrument | station | angle readings

Q 1.600 m B.M. +6°12' | 0.945, 1.675, 2.405 | R.L. of B.M. = 421.625
Q 1.600 m P —4°12" | 1.450, 2.380, 3.310

A 1.650 m P ‘X', 0.655, 1.255 Reading X’ could not

+7°0"

be observed

e—

The instrument was fitted with an anallactic lens, and the value of constant was 100.00: -,

Calculate the R.L. of station A. -




| Sol. ’ : = = e
Horizontal Dlstance between B.M. a.nd Q .k e
. ' D = 100(2.405 — 0.945) cosz(6°12’)
- - D,= 144.297 m , : _
) Vertlcal distance between BM & Q@ . ° -

V,= pkssin20 . L e

%xlOOx(Z 405 0. 945)sm(12°24 ) .

V,= 15. 676 m
R.1.. of B.M.= R-Lon-l— 1600+15676—1675
- 421.625= R.L. of Q + 15.601
‘ R.L. of Q= 406.024 m
Horizontal Distance D, between Q and P
D,= 100(3.310 — 1.450) cosZ(4°12%) = 185.00Z m

. Vertical distance betweéen P and Q )

- V= 100(3 310 -1.450)sin(8>24")

V,= 13.586 m = - )
R.L. of P= R.L. of Q + 1.600 — 13.586 — 2.380
= 406.024 + 1.600 — 13.586 — 2.380 = 391.658 m

Insi:rument at A

Intercept, s= (1.255 — 0.655) x 2 = 1.200

. -
t : 100 - - z
Vertical distance between A & P = —2-x 1.2s5in(14°) = 14.515 m

) R.L. of P= (R.L. of A + 1.650) + 14.515 — 0.655
= 391.658= R.L. of A + 15.510 )
— R.1L. of A= 376.148 m

JO



Problem 1 A tachcometér was set up at a station C and the following readings

were obtained on a staff vertically held.

2 ar e

Inst. station Staff Vertical Hair readings Remark
station angle {m) _
C EM ~ 5°20 1.50, 1.800, 2.450 RL of BM |
= 750.50 m |
C D + 8°12° 0,750, 1.500, 2,250 :

J

Calculate the horizontal distance CD and RL of D, when the constants of instrument

are 100 and 0.15.




When the staff is held vertically, the horizontal and vertical distances are given
by the relations r

D= -‘ii:-:Scusi @+ (f+d)cost

.-...__.__u.- —

i ,EE ILINE OF AXIS -
v:%xsﬂ‘“z +(f+d)sin 6 [ i
|
f o : [
Here L= 100and (f+d) = 015 - f—o, e o, "
i F‘g P1iA

In the first observation, ~ §; = 2450 - 1150 = 1300 m
B, = 520"  (depression)

000’
V, =100 x 1.3ﬂuxﬂ”;~—ﬂ + 015 % sin °20° = 12045 m

In the second observation, S, = 2,250 — 0.730 = 1.500
6 =812"  (elevation)
sin 16°24”
2
D, = 100 X 1.500 x cos” 8°12° + 0.15 x cos §°12" = 147.097 m

RL of instrument axis = RL of BM + h; + V)
= 750,500 + 1.800 + 12,043 = 764.345 1n

Vy = 100 x 1.500 x + 015 %sin8°12" = 21197 m



REL of ) = RL of inst. axis + V5, — ks
= 764 345 + 21.197 — 1.500 = 784.042 m

So, the distance CD = 147.097 m and BL of D = 784.042 m.

AProblem 2 The following observations were taken with a tacheometer fitted
with an anallatic lens, the staff being held vertically. The constant of the tacheometer

is 10,

Int. Height of | Starff YWertical Staff readings | Remark
station instrument | station angle ) :

1.255 BM — 4°207 1.325, 1.B25, RL of BM

_ 2.325 = 255.750
B I:255 A + 6°30° | 0.850, 1.600, ' -

- : 2.350
B 1.450 A — Fe24" 1.715, 2.315,
i Z.915 i
< A —

Calculate the RL. of B and the distance between A and B.

® Fig. P.11.2

Sl ficmn )
Here, Multiplying constant, f#7f = 100 and

Since. the staff is held wvertically, the vertical distance is given by

Additive constant, 7 + & = 0



oL 5220
I 2
In the first observation,

sin 8°40)°

= 1002325 - 132 x =

= 7534 m

In the second ﬂbsen-aumi,

Vy = 100(2350 - 0550) x =16871m

5in-13°0°
2

| Rounded rectangle |

In the third observation,

sin 14°48°

Vy=100(2915 - 1.715) x = 15326 m

RL of axis when Inst. at P=RL of BM + by + V|
= 255.750 + 1.825 + 7.534 = 265.109 m

RL of A =265.109 + V3, = hy

=265.109 + 16,871 - 1.600 = 280380 m

RL of axis when inst. at B = 280.380 + k3 + V3
=280.380 + 2,315 + 15.326 = 298021 m

RL of B =298.021 - HI -
= 298.021 - 1.450 = 195571113

Distance between A and B, Dy = 100 (2915 - 1.715) X cos® 7°24'
= 118.009 m




Problem: 3 ‘The following observations were made in a tacheometric survey.

Inst. Height of - Staff s Wertical -+ Hair - | Remark
station axis - station angle - | readings (m)
A 1.345  BM. — 5°30° 0.905, 1.455, | RL of RM
_ ' 2.005 = 450.500
- 1.345 B + B0 0.755, 1.655,
; 2.555 .
B 1.550 + 10707 1.500, 2.250,
3.000

Calculate the RLs of A, B and C, and the horizontal distances AB and BC. The

tacheometer is fitted with an anallatic lens and the multiplying constant is 100.

'Fig. P. 11.3




Solution

I

Here i,:lﬂﬂ and l:f-l-d'}_=lﬂ :

Since the staff is held vertically,

' \
Horizontal distance D = (i

I
™y

WVertical distance V = (’i
4

w Scos? @

. mipy 2
HSKSI“ E




* In the first observation,

Vi =100 x (2005 - 0905) x Si“zl L 10494 m

Dy =100 x (2005 - 0.905) x cos? 5°30’ = 103980 m

. In the second observation,

Vy = 100 (2555 ~ 0755) x ”“2“5 = 2U807m

D, =100(2555 - 0.755) x cos? § = 1?5.514 m
In the third observation,

=100 X (3000 - 1500) x ““23{’ =25652m

Dy =100 x (3,000 ="1500) mnsimﬂ : 145477 m
Digtance AB = D, = 176514'm
Distance BC = Dy=14547Tm

i

RL of axis when inst. at A =RL of BM % V, 4 i, |
= 430.500 + 10.494 + 1455 = 462449 m
© RLof A = 462449 height of axis
= 462449 - 1,345 = 46].14 m



BM Fig.P. 11.3

RL of B = 462.449 + V, — h,
= 462.449 + 24.807 ~ 1.655 = 485.601 m

RL of axis when inst. at B = 485.601 + 1.550 = 487.151-m

RL of C = 487.151 + ta = fy
=487.151 + 25.652 - 2.250 = 510.553 m



Problem 4 The Iollowing bhs_f:r!.ralinn were made using a tacheometer fitted
with an anallatic Iens, the multiplying constant being 100.

Inst. | Height of Staff WCE | Vertical Hair Remarks
station inst. station - angle - readings
0 | 1550 | A | 30°30° | a4°30 1.155, 1.755 | RL of O
| 2.355 = 150.000
| { B - 750307 10°15" | 1.250, 2.000,
. L 2750 N

Calculate the distance AB, and the RLs of A and B. Find also the gradient of the
line AB, ' : -

10715

Fig.P.11.4



In the first observation:

= mmausnmx@i-m%m

D, =100 x (2355 - 1155) x cos” 430" = 119261 m
In the second observation:

s
sin 20°%) - 16265

¥y = 100 (2750 - 1250) x

Dy =100 (2750 - 1250) X cos” 10°15" = 145250 m

RL of axis = RL of O + height of st
= 150.000 + 1,550 = 151550 m

RL of A = 151550 4 V; -y
- 151550 + 0386 - 1.755 = 159,181 m

RL of B = 151550 + Vo -

- 151,550 + 26265 - 2000 = 175815 m

Fig. P.11.4



QA =D, =119261m
OB =D, =145250m
f=175°30" - 30°30" = 45°0°

AB = fOAT + 0BY - 2 x OA X OB X cos 45°

= J(119.261)% + (145.250)" - 2 x 119.261 x 145.250 x 0.707

= 104.05 m

Difference of level between

A and B = 175.815 - 159,181 = 16.634 m

Gradient of AB (rising) = _'i 2?345 = ?115

(rise from A to B)

e 1in 6.25,




Problem 5 Two points A and B are on opposite sides of a summit. The tacheometer
was set up at P on top of the summit, and the following readings were taken.

Inst. Height of staff Yertical Hair Remark
| station inst. stattion | angle readings
' r | 1.500 A — 1070 1.150, 2.050, RI. of P
[ 2.950 = 450.500
F 1.5040 B | — 12°0¢ 0.855, 1.605,
i 2.355

The tacheometer is fitted with an anallati¢ lens, the multiplying constant being

1043, The staff was held normal to the line of sight.
Find: (a) The distance between A and B, and

(b) The gradients of lines PA and PB. : B

v Va
|
[
h,=h cospl I =h cosd
ra | L
|
' i
b 0. ]
—iy o, ———+ —
.. h sinB 1 4 .
h sung

Fig. P. 11.5 :



Solution
We know that when the staff is held normal to the line of sight, the vertical

distance is given by

V:%x&‘siﬁh(ﬁd)sinﬁ

|
Here {,:mﬂ ad (F+d)=0 |
6=10° and 6 =12 :
From Eq, (11) ¢ _‘1 b 0 f D, ——
I i i i I'_
foo. _ E n:ine | 1
V= T X §sin 0, =100 % (2950 - 1.150) x sin 10° = 31.256 m | Fig. P, 115 h‘s:LnE!

Similarly, — Vy = 100 (2.355 - 0.855) sin 12° = 31.186 m
hy = 2050 % cos 10° = 2018 m
hy = 1.605 X cos 12° = 1.569 m

RL of A inst axis = 450.500 + 1,500 = 452.000 m

RL of A = RL of inst. axis - V; - b,
= 452000 - 31.256 - 2.018 = 418726 m



RLofB = 452.0&:‘- vz - .lllz
= 452,000 - 31.186 - 1.569 = 419.245 m

The horizontal distances are given by equation,

D=%X,Smsﬁ+‘(f+ d)cos 6 hsin 0

Heace, Dy =100 x (2.950 - 1.150) cos 10° - 2,050 sin 10°
= 177265 - 0355 = 17691 m -
Dy = 100 (2.355 - 0.855) cos 12° - 1605 in 12°
= 146,722 - 0333 = 146,389 m

Distance between A and B= Dy + Dy
= 176910 + 146, 389 . 299 m

“Gradient of PA (falling) = . 2 5??69?& b 5;5

| { 111556)

Gradient afPB(famngpﬁ%;gﬂi % (i)

 Trsinf




1.6 THE MOVEABLE HAIR METHOD

In this method the staff intercept is kept constant, but the distance between the
stédia wires is variable. The staff is provided with two largets a known distance
‘apart and a third target in the middle. The theodolite is provided with a special
type of diaphragm shown in Fig. 11.11. This type of theodolite is known as
subtense theodolite. The diaphragm consists of a central wire fixed with the axis
of the telescope. The upper and lower stadia wires can be moved by micrometer
zerews in a vertical plane, The distance by which the stadia wires are moved is
measured according to the number of wrns of the micrometer screws. The number
of complete turns is read on the scale, and the fractional parts are read on the
drum of the micrometer screws provided one above and one below the eye-piece.
- The sum of the micrometer readings is taken in order to obtain the total distance
moved by the stadia wires. '

For taking the observation, the middle target is first bisected by the central

. . . MICROMETER SCREW
wire. Then the micrometer screws are simultaneously turned to mave the stadia

[ré
wires unti] the upper and lower largels are bisected, . i ,ﬁ 7

' Il upeR
(Y[ ovasie s

3~— b FIXED HAR

=TT LOWER :

LW l]] MovasLe kam

%

MI([HOMETER SCREW ¢
Fig. 11.11



When the line-of sight is horizontal, the distance is givén by

fJ—_Cf5+(f+.:f}

L

where C = constant varying from 600 to 1,000
n. = sum of the readings in the micrometer

5 = staff intercept (distance between targets)
When the line of sight is inclined, the distance is calculated by a formula similar

to the one used for the fixed hair method, namely

-
D= E”S’f—f“ © (f+d)cosd

Example I The micrometer readings of a s_ubtei::ﬁe. theodolite are 3.455 and
3.405. The distance between the targets is 3 m. The constants of the instrument
are 600 and 0.5 m. Calculate the distance between the instrument and the staff.

Solution
Here C=6 (f+ d) =05
n=3455+34[}5—536ﬂ'
s =3 m
Distance = {’ES+U+ d) - .

_ 600 x 3 _ |
caeo- + 05 =26289m ;



Fxample 2 The same distance was measured by a tacheometer and a subtense

theodolite.
Fecords of the tacheometer reading are as follows;
Staff intercept = 1.255 m, Angle of elevation = 5°0°
L — 100 (F+ ) = 02

Subrltense theodolite readings:
= 2 m Angle of elevation = 530"

Staff intercept =
Constants = 1000 and .3

Find the total number of turns in micrometer.

Solfution

frx the firse c:a-.re I = _-.:f_ .Snl::u:lnz:2 8+ (Ff+ d) cos @
_=lmx1%55}:cus15“+[}2m55“ 134,5+D:1ﬂ
= 12475 m .~ "~ ° : B
e P, = 1,000, S = 2 m, (f+ d) = 0.3

8 = 5°30°
= T - -
= cos? 5°30
D= 5Xx5 ‘i.s _ —— + (f + d) cos 57307
LOOO >< 2 > 099 | 03 s 00053

- ri

frnn the second case

L98O | o0ss

L3380 + 2985 = 12475

Fr-i:u;n Egs (1) and (2). -
- 1,980 _. 1,980
[ =1 - . ——'—"1—'— = 124.4ﬁ: Fr = m = 1597



Que. The following observations were taken with a tacheometer at the station P to a
staff at Q held normal to the line of sight. If the staff readings are 1.71, 2.64, and
3.57m, and the angle of inclination is 29°30°, determine the horizontal distance
between P and Q. Also determine the elevation of Q if the line of collimation is at RL

of 200m. Take k=100 and C=0.5.



Que. The To determine the gradient between two points A and B, a tacheometer was
set up at another station C and the following observation were taken, keeping the staff
vertical. If the horizontal angle ACB is 35°20°, determine the average gradient between

A and B Take k=100 and C=0.0

_ +4920°0” 1.300, 1.610. 1.920
B o L300, 2410, 1.720




Assignment-VI:-

1) Derive the distance and elevation formula for inclined sight when staff is normal?10-Marks

2) Derive the distance and elevation formula for inclined sight when staff is vertical?10-Marks

3) Explain moveable hair method? 10-Marks
4) What are the advantages and disadvantage of movable hair method? 05-Marks
5) Explain tangential method of tacheometry? 10-Marks
6) Explain stadia method of tacheometry? 10-Marks

7) Determine the distance between the instrument station P and the staff station Q from the
following data: Height of instrument= 1.490m, vertical angle= +4°30°, Staff reading (staff
vertical) = 0.645, 0.998 & 1.351m. Also determine the RL of Q if that of P is 200.410m.

10-Marks

8) Determine the distance between the instrument station P and the staff station Q from
following data: RL of line of collimation = 200.150m, Vertical angle = -3%45’, Staff
readings= 1.450, 0.900 & 0.350m. Also determine the RL of Q. 10-Marks



