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. Measuring angles

—

What is Surveying?

The art of making measurements of the relative positions of natural and man-made

features on the Earth’s surface, and the presentation of this information either
graphically or numerically.

Relative positions (2D case):

One needs to find two points and measure the distance between them. Hence
we can create a coordinate system.

Y Control points
Base line
IAB
G = € >
A B X

(0,0) (I45.0)



. Measuring angles

—

Let’s determine the position of a third, unknown point (C).

We have two unknowns: (X¢.Yo)

We need two measurements:
* two distances
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. Measuring angles

What kind of instrument do we need?

&

L

It should

» contain two fixed graduated circles

* an upper part, which can be revolved around a
vertical axis and eqgiped with an index

» a telescope, which can be rotated around a
horizontal axis

* bubble tubes to set up the instrument



T (Degree)
s QU=E & 1£(1° )21 o,

¥ T (Radian)

s MO BIX|Bill TR ¥I}I O|FE TaAE 1 &t Hradian)Ol=til &

27 —360°=400° 1rad = 360° _ 360x3600'

~ 206,265'= p"
27 27 £
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CIXl 1) 10cml =& 2km2l HEUOIA EQHQ [ 1 AUZa?
206265 > 0.1

Z_ . rr
s 2000 = 1

OiXl 2) BT LA7I 5" E&|H 4km KA B I1= HXILK}=?

877 _4000x577 .
=s 07 906265 -0.1m

O Ml 3) 1centi grade= R EQI1J}?
lgrade = 100 centigrade =0.9°=54
~ lcenti grade = 0.54'=32.4"
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1—2—1 EgiZl[Transit)

TEE YFAOIFE JH FE

7I1II==(-.—’E§"= Ooix|=
INEE NGRS
Z2ARK| (S BTECY, TS,
SHAZRT W)

v O} EEE= OfBt
HWHi(parallel plate)
BE=¥X|(leveling arrangement)
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B (2) ==
o T=H=L X|IHstandards)yoll S0 UOH, FHF2| ¥l

2 TE=2 TP HXIOHH BRATY AEN=

, MAX|S= = Rl(vertical graduated circle)& ©
£|0 YRBL A|MO| =FL Mo ET RO &

O] EFL =B=EZ T U= =FHOEZFEH YZ(angle
levation) £ £2ZHangle of depression)& F0t= A.




m (3) THB
» i 2 3B (objective or object—galss) it & 2t (eye—piece of
oculan& HE YHP H(telescope tube)E 2IZA|H /YO SN
S YO AIFI= TAI.

B2 SHEQ ¥ JHI0] ¥I|H Ot S,
O 41} AIXIA0| YIHE|O] =0l 2O[H| Ot= Al
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= (b)) Ex¥
s QEFLU F=FT=TH

BXIOt =B 2 SHOl ALS.
o ALZT M
- BB =B= LZ4E
SX|Ot] HAE 219 SFO|| ALS.




EeiAlTransitle] = J

m (6) 3H % =0|3 (vernier and microscope)
v FHO| £XEE|0] FHO| XA =3 O|OIE g4 ot .
=8 H(direct vernier)
249 H(indirect vernier)
S H(double vernier)
&1 58 H(double folded vernier)

+» Z0|3F(croscope)
ST MO UM ] SHETIE= 210" FEOo|IBEE J O|¥CE B
20| g102{™ =0|FS A .
10| B2 S0|LIAIE ZTYOEM HIEE FXO| =30 SX[A|

3 1 o] XIEO|THS S0|LIAIR ZXOH= . 1°~0.10| 0}

1 AL
Xl HS % U8,




 7-2 mAER BE(21)

u B (direct vernier)
FHO| (n—-1) ‘"=3" & n TEETH AOE AN FHI
1/n& HE = US.
» M = EX0Q| o =30| 20| Ei= 2
o N=SH2| 9t =39 20| F=
> SEO| 8171 Ayl TREIA M r(M )
> &1 FO (M—N)& &€ E|2& o|HE qdtil OtH
L NN =(n-1)M
N="ty
& n— M
a=M-N=M-——"M =—
n n
> = g FHO| Ot =39 1/n9 B0 SHOr =
52| FTHMO| =31} eX|0t= _E HZHOIH AE .
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S 7-2 ANER #E(22)

/l YiiErE (indirect vernier)
THO| (n+1)=38& nTEL RS ZAN SHO =KX=
Z X} BH YO 2 F I

> [MEtN ¥ =52 SAEE A0 EH FEO| XIYOI=
el |:||-|:|.| JHora HOjO} g,

> FHo| =3 JIL MW SHYFESIIIN, L L
of EHUtGI "**_I(E%)ﬁ?r n+1 SEHO| =87t n

N olB= : . :
a=M—N = (1—”Lj|v|_” Wy 2=y

n n n
> 5 ac EEE e OREPEKIZE £ Bt =52 1/n
Ol B0t 1 HTOl 2.
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7-2 BAIER 1%%%(24)

n % E(double vernier)
> 2o STOTF ALE
> EEINO| =2 AIS0l= S HY.
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S 7-2 BAER #5(25)

7|14 1 = (double folded vernier)
O| ZIO|E BIAOI Z}2Y|XO| ALSTLI| 20}
590 1l BtI=E0I 2Fo =2 “=8" & M

2017 2HHZE KL} 24& Mol EX & Bl
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J 8% (microscope)
> HEEC ¢S Bt = 2F 10PTO|EE 1 O| Yo 2 FHO| ¢Ho 2™ iy
5i& A3OHOF &,

> Z0|PL ¥0|F Y 0|t AKmicrometer screw)E 2SO EM {51 (index
mark)& FHC| =30 EXIAIAH 1 o] X|EO|TFE Z0|LHAIE E3 0t
= . 1"~0.1"O|OIHX| HE + US

213 T AAD3.

A,+iM +R=58+40 +R




2 7-2 AMER 8%(30)

‘WildL} Zeissit 2| 8ts Ol =20l E0
NZC3X8 ActE Eote 2002 B
XNE HodHH I8 20| 294 2& &
O 40| Z2|& &XI0 2ot & LIE
L+OF &.
Ol B2 ANE D= o=
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S0|LIALE 3| HGHEH 232 40| Bt
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s (7) BETA
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&

EHAOZE 2132 FYUTH = OI2{EH AHAEX=0| FEI|
I;UP
THETHIL =BT FHO| =FO| LA OtI| KTt
|:||' %lxl_l.kl. ol 7b?c=_ jIEﬂl_.r.% ¥H OI.Q.
B ¥ B (parallel plates) & &% % Bt(upper parallel plate or

Ievelmg head)ld} OIE Yt (lower parallel plate or foot plate)
O E|O] U8.

, IO 370 =& 4912 =L AKleveling screw) 7t US.
, TX= Tl LU}, €=, 0|73, TF SOl 20| AFSEIROLL

B 2oLt FELIALON 2= (strain)Ol ¥ &.

, E|20= SE0A BO| AL El= XIS RE BX| AFSOHA EIRS
, Wild2l Zeissiil: 2] theodolite, level T& 25 X X}of =gt
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v Compassthe Xj& it
SO F E|Y U
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2" Components of a Theodolite

Vertical circle

*
*
.
*
“
*

Horizontal axis

q Horizontal circle

o ;| +— Tribrach

Plate bubble [—

Micrometer
Optical Plummet

Vertical axis
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/‘ O'M‘PONENTS OF ATYPICAL 'OPTO-MECHANICAL’ THEODOLITE

R — S Vertical Circle
Micrometer for "l

Circle Reading\

Objective of

Telescope
T Fine Vertical
HORIZONTAL AXIS ﬁgle‘;f;gnggm for
LINE oF SIGHT Alignment
Optical Switch for (Tangent Screw)
Horizontal/ Vertical
Standard

Circle Readings

Precise Hor. Bubble
(Plate Bubble)

Horizontal Circle
Adjustment

For Orientation
(Orientation Driver)

Fine Horizontal
Adjustment for Telescope \>

Alignment (Tangent
Screw)

Horizontal circle

housing /

Eye piece of
optical plummet

Circular Bubble

Tribrach (detachable)

Foot Screw
34

Vertical Axi
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QI0|A| 5Tt Bt L2 41
TP 2B0 J|1210t= At
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SOt HLL 2,
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FOI= BEL (=T TS
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VH: THB2 Q=EBOl SHAEETRON

B OIS0 YO T, UXZTMO| AIFEAMO| ZHE0| U= HEH.
HEEQ| : YRFO| FUUAS BHHE $H RO FYUE 180° UXTH A
OlJtnJi U M, 1 2+H32 360° /n & A.
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¥ (adjustment of plate levels)
71710 3TLC=E O|§k|H FL0I1] HATBH Y,
SHES =T
7|

M 3 Holl V= 290 Bt==F7|

2 FHO| =XOHA Oo{H et Al Btoio} &

&l

B} FP0| UES THL,

Ol OJ40] U W(AEHE IZ|=O| O =FOLA| 180° UM WO I|
48) THE Y.

K12

0 a9z

M2t




=7

|

180° S|HAIZR=E M

%\




1-2-3 EHA

s [3] AlIAHMC] =3 (adjustment of the line of sight)
o ST AHME AP ¥=0 LXAF|= O US.

o 5, X2 NHE Y= Tl U Ot X.(TH X P2 x£7)
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