CE3351 SURVEYING AND LEVELLING LTPC 3003

OBJECTIVES: [J

e To introduce the rudiments of plane surveying and geodetic principles to Civil Engineers and to learn

the various methods of plane and geodetic surveying to solve the real world problems.

e To introduce the concepts of Control Surveying. To introduce the basics of Astronomical Surveying
UNIT | FUNDAMENTALS OF CONVENTIONAL SURVEYING 9
Definition — Classifications — Basic principles — Equipment and accessories for ranging and chaining —
Methods of ranging — Well conditioned triangles — Chain traversing — Compass — Basic principles — Types —
Bearing — System and conversions — Sources of errors and Local attraction — Magnetic declination — Dip —
compass traversing — Plane table and its accessories — Merits and demerits — Radiation — Intersection —
Resection — Plane table traversing.

UNIT Il LEVELLING 9
Level line — Horizontal line — Datum — Benchmarks — Levels and staves — Temporary and permanent
adjustments — Methods of leveling — Fly leveling — Check leveling — Procedure in leveling — Booking —
Reduction — Curvature and refraction — Reciprocal leveling — Precise leveling - Contouring.
UNIT 11l THEODOLITE SURVEYING 9
Horizontal and vertical angle measurements — Temporary and permanent adjustments — Heights and
distances — Tacheometric surveying — Stadia Tacheometry — Tangential Tacheometry — Trigonometric
leveling — Single Plane method — Double Plane method.
UNIT IV CONTROL SURVEYING AND ADJUSTMENT 9
Horizontal and vertical control — Methods — Triangulation — Traversing — Gale‘s table — Trilateration —
Concepts of measurements and errors — Error propagation and Linearization — Adjustment methods - Least
square methods — Angles, lengths and levelling network.
UNIT V MODERN SURVEYING 9
Total Station: Digital Theodolite, EDM, Electronic field book — Advantages — Parts and accessories —
Working principle — Observables — Errors - COGO functions — Field procedure and applications.GPS:
Advantages — System components — Signal structure — Selective availability and antispoofing receiver
components and antenna — Planning and data acquisition — Data processing — Errors inGPS — Field procedure
and applications.

TOTAL 45 PERIODS
OUTCOMES:
On completion of the course, the student is expected to
CO1 Introduce the rudiments of various surveying and its principles.
CO2 Imparts knowledge in computation of levels of terrain and ground features
CO3 Imparts concepts of Theodolite Surveying for complex surveying operations
CO4 Understand the procedure for establishing horizontal and vertical control

e COb5 Imparts the knowledge on modern surveying instruments
TEXTBOOKS:
1. Dr. B. C. Punmia, Ashok K. Jain and Arun K Jain, Surveying Vol. | & II, Lakshmi Publications Pvt
Ltd, New Delhi, Sixteenth Edition, 2016.
2. 2.T.P Kanetkarand S. V. Kulkarni, Surveying and Levelling, Parts 1 & 2, Pune Vidyarthi Griha
Prakashan, Pune, 2008.
REFERENCES:
1. R. Subramanian, Surveying and Levelling, Oxford University Press, Second Edition, 2012.
2. James M. Anderson and Edward M. Mikhail, Surveying, Theory and Practice, Seventh Edition, Mc
Graw Hill 2001.
3. Bannister and S. Raymond, Surveying, Seventh Edition, Longman 2004.
4. S. K. Roy, Fundamentals of Surveying, Second Edition, Prentice” Hall of India2010.
5
6

K. R. Arora, Surveying Vol | & |1, Standard Book house, Twelfth Edition 2013.
C. Venkatramaiah, Textbook of Surveying, Universities Press, Second Edition, 2011.



CE3351 SURVEYING AND LEVELLING LTPC 3003

ing and geodetic principles to Civil
ing to solve the real world
he basics of Astronomical

OBJECTIVES:  To introduce the rudiments of plane survey
Engineers and to leam the various methods of plane and geodetic survey

problems. To introduce the concepts of Control Surveying. To introduce t

Surveving

UNIT | FUNDAMENTALS OF CONVENTIONAL SURVEYING ) 9
Defnition - Classifications — Basic principles — Equipment and accessories for ranging ar}d
chaining — Methods of ranging — Well conditioned triangles — Chain traversing — Compass — l_3asnc
onnciples — Tvpes — Bearing — System and conversions — Sources of errors and L_ocal atuaFUOn -
\iigzéC: declination - Dip — compass traversing — Plane table and its accessories — Merits and

demerits — Radiation - Intersection — Resection — Plane table traversing. :

UNIT I LEVELLING

Level line — Horizontal line — Datum — Benchmarks — Levels and staves — Temporary aqd
ermanent adjustments — Methods of leveling — Fly leveling — Check levgling - Pr_ocedure. in
leveling — Booking — Reduction — Curvature and refraction — Reciprocal leveling — Precise leveling
- C:::guﬂ:g.

UNIT Il THEODOLITE SURVEYING _ 9
Horizontzl and vertical angle measurements — Temporary and permanent adjusqnents — Heights and
distances — Tacheometric surveying — Stadia Tacheometry — Tangential Tacheometry -
Trigonomerric leveling — Single Plane method — Double Plane method.

UNIT IV CONTROL SURVEYING AND ADJUSTMENT 9
Horizontal and vertical control — Methods — Triangulation — Traversing — Gale‘s table —
Trilateration — Concepts of measurements and errors — Error propagation and Linearization —
Adjustment methods - Least square methods — Angles, lengths and levelling network.

UNIT VMODERN SURVEYING 9
Total Station: Digital Theodolite, EDM, Electronic field book — Advantages — Parts and accessories
— Working principle — Observables — Errors - COGO functions — Field procedure and
applications.GPS: Advantages — System components — Signal structure — Selective availability and
antispoofing receiver components and antenna — Planning and data acquisition — Data processing —

Errors inGPS — Field procedure and applications.
TOTAL 45 PERIODS

OUTCOMES: On completion of the course, the student is expected to

CO1 Inoduce the rudiments of various surveying and its principles.

CO?2 Imparts knowledge in computation of levels of terrain and ground features
CO3 Imparts concepts of Theodolite Surveying for complex surveying operations
CO4 Understand the procedure for establishing horizontal and vertical control
C05 Imparts the knowledge on modern surveying instruments

TEXTBOOKS:
1. Dr. B. C. Punmia, Ashok K. Jain and Arun K Jain, Surveying Vol. 1 & II, Lakshmi

Publications Pvt Ltd, New Delhi, Sixteenth Edition, 2016.
2. T. P. Kanetkarand S. V. Kulkarni, Surveying and Levelling, Parts 1 & 2, Pune Vidyarthi

L.

Griha Prakashan, Pune, 2008.

REFERENCES:
R. Subramanian, Surveying and Levelling, Oxford University Press, Second Edition, 2012.

James M. Anderson and Edward M. Mikhail, Surveying, Th i
Edition, Mc Graw Hill 2001. A S S TGt Sty
i_ ?afréniger and S. Raymond, Surveying, Seventh Edition, Longman 2004
. S. K. Roy, Fundamentals of Surveying, Second Editi ice” f Indi
: ying ition, Prentice™ Hall of India2010.
6

1
i

ha

. K. R Arora, Sqrveying Vol I & I, Standard Book house, Twelfth Edition 2013
. C. Venkatramaiah, Textbook of Surveying, Universities Press, Second Edition '2011



Suwveding -
. ki \

S V] e dafingd
‘ ( 2 [/ - Jine ‘{, ad * /, pd TR SN
ae *'\"T Shaa 4 , +\ve J
nmunang ¢ he A { at \We f,‘__.ﬂ‘!);i — o Pol ‘
3 » g
“n abevew oY belet® Lhe \';i.nﬂ'“‘:\"' Sunfadlg
e henzental N ek cal Austanud, angles 4
dive ¢{:\0)\§ . Thauds e wme-o \_)J\,QJ’Y\K(\’H cou.lég b

eid  diveet oY \pdiveacdt .

r;i{)};cél‘@i/_ff S 1 032 _of 5%;,

- L e
% 7 prepame plon O map F ‘
oks I

1o dopermine tha G T G
vatical plane . |
* — e N X &/71,_ o) /pﬁ/‘ﬂj-s

Olan . Whn He awe SmVgled s small 4 Lhe s
Lo whih 'S result 5
| \ P/Oﬁ“ff’éé{ /8 ,{M;g/ Fhert
it} Jepewn ad Plan
Mep _
L ke te ouve Swrvyfed G5 fmge  and  Zh-
Soate Ao which (78 YesalE plotted s o
then b 1S called a1 a ntap. |



CJass Ficatl/on oF =uiveying

ae Prma'nf c/aqs'j)cdlnn
orn punpese TF =t VY

x Rased
Sy resrzertt M&d[

* _F\u;..zal or /n37



wasl 19
e Py n;;q.iclg‘!'ﬁ,g
y ik v { .
) ‘_\_ ‘;ﬁi_i‘ﬁ"‘/‘;" ~
2. JuoaLt’- T £ L
n
e Santpdd - /) ol
o Sn : o . »,
nnt Oy . psswr .
. s < y LA <
} <t g‘:-""- 5
77 gath =" . N 7474
* The & s yl % . ot VEHET
y 2he “° 4 f?;lf:"
clarte £ £ X ,,-,,L’fé"'
: ) '5 «~ J " Y

* plane S¥TT g [[WfFF
F y o> L7 el L PR
L in ST _odpeed P IY 4
’ OY e 7225 22 T pine FTT G as
v, LS ST ) &
e R ety gy A Y e
: . H,5 w1 < 7S &€
.* In-TRE= F - {}:,_ = ) b/

— & L
- o Lints & YA
- "A: ¥ ] i@ 7Ll
P u C ’W;‘:l N _ & 3 "'.’ ol v‘.' . .~-‘/‘ i~
Hae AP I M S ot ) ehwas
o P . . ay Vd
.W;é' s . , ':’Lé "1 ) {
'l -l - i

i w7

-~ 3 A -

s & ‘ g9 EEC — 2
< _:\ vts, C'LL'"‘:LL -J A )

,’ ~ 4 B
bE * Loaly S IO
- o !, ’,/ﬂ . {

= 0 * The ,d**_o =
<

$x

h

; s s cavatime 1S in fo
* The é:f-:gLeGb 7 l
eSS 1S

-‘lﬁ-,;, N g . \

¥ m Lines  conneeTTl any WO forrnfs  rp
0

i - 'S rnos a S*?‘_‘L(\?f}l ¢

~

L2




ek
* S s L , ,
@ AN é > bV i&w < AP P’ 7 ,{..l, ”y
vaghiédude 4 hegt logrea & pracision
X e Py [-\([ Weeasn qni{ INVN® arc s &
. . afl 1/’9}€
y -3 "h: ook
£ YE LLct ad S/ <
\&
3
a \ .
\ 1 h - ‘.P‘Ai-‘,'
| "’J\\f,(
Eu ‘.
B e '
/ |
UM e ——
| &

Uses - : '
' g #/girabpdaj ¢5IHV-74,

2. Marine (ev hyg/wgm,o}ﬁ,c ‘9"”“‘(7
3. As-;?wrwmiadl _5mv7‘
y Land sV TSV
i sed dius nd
& 7p AetETC e 22 \
z 5@#*"“"’7 S Lord /nte

dtmi 7 : } \ Zg S'

2

ﬁ,m,éfon of (o
Ao naﬁuﬁ-ﬂi.d:éafe“t":? F A
N8 e

X To Agkeyneni-

Lo und] guch as
PsfRFSUNGIE P S p b 2 poadh, Yol ,
Vlage <.,

v nvj/ Lw, m



b) {"“*j Sy Vx':] '

ﬁ';k‘f 3 v'v"ff'nl-“
i senictron
soeWeY 5 ofhe works .

Jon wi th
waker 2upply

af ST eats
Y S S

) gf.t.(n::'hal’ ,H'LM_W(?’T-
’ef e & djﬂ,alalffaﬂ

¥* 7o ¢the ;/'i‘x“"’j /f frva’riy '11;’1}‘5/
"’\?' )’t‘f‘dj PV w \ 1
. 125 o <
 7e gix Lhe boundanes p psriti PP e =

Maying _{0f2_/fy;lto‘7(o/°}lié Smy_%ﬁ,y; . ’
| a and
M s pore M5

fakeS, toB-> gt
dajﬂ = ‘ Hea Aaptt 4

Tr s
L ke Streams,
" ﬂczw‘f"/y

i’i"/]ﬁffﬁ/ﬁf’
N vo £O
'S \yﬂ‘i 5/7 atWf
%

¥ Enj:‘nwr;'nj Survey |

w Millitery Survey * AYdWﬁ%&ﬁj (5wu/ﬁ
x Mine S rv7 ,
* /140/:7{‘(/1/ vaxy



‘,,‘_779\/7 "»“7]‘[."/’ YV .
\4;_(,}-. - _:A_U"Vl“/ -
yed e latad I £h

4 -~ ' 1e- ,-6’/4_;{7/“:”3 oF
wovke s Su.c/r, o

and comz@ﬂ#.ed

ret Py

VS edion  F eng Tl ng
Y ru'fw.a{y py .ﬁ.u,"a[ , [‘ym{?é )’M&YVDIT

!

At
/] a
,!‘l('\f‘ ,

W J\\f'f'. P i

ilptary suvf (et ¢ e B
. oS A - ared

jal 4 tapogyap},,c
. ﬂ’)’rF”7;/ misarle St2-

Aer
indicoting ; mport pasat
@M’y WALTn)-”j 4 ﬂéhﬂ/” -ﬁﬂfﬂ =F TW‘ 5, ) —aiTeT
Pabft\ons,
M SnY- f——/?);';qo/nrf/\lj m'c,q,m;zl W.g@@fﬁ botow TR
o~ ponkh S ot
Tt éx/ifﬂmér“m N poits 4 Lo
511/501»"/ ¢W1,,,J:‘/ij andl o’ .p,a..o,ra,emns .ﬂ—ssac;‘abQA
W:"f‘f? rﬂzniﬂg
Geeole sl SMVY] 2o
This 15 used For Wﬂwuﬂj Lhe AL
_ L.
Sprot? in M M/"'M’M
Ivchatst SV - |
LewTe
* 7o /"th’tw"’ MLWz W"’l"o&/ fort,
L ’WWWL e iek S A
,(:W/¢ ' Mb,_-lﬂ’
. soifienielE posett pp Fpsdrurnel e

NML 11;0'!9124 Swn/zﬂ
P}"gﬁg‘rﬂmwﬂ:ﬁc Suavey
ALM _(9[1./\\/@#



\Avq\":‘\”‘"‘ S ycy y
J N
» éd 8 5u7r7“{ ’
de in Fiedd. :

* gn ek
% s fype Sparly '3 qutable
v only ! .
onty in smell =
X The a R ROTY ) kP & nakwove %
tvangles * trapezed®
ff,('zhfs\{éi\\/ﬁ/:.
The Jir“éitm P ’uo,q “"“5 9
WQS
llvlu"‘

Ml—rm.in&d wrth &
* A chasnt PV

nuaéuumulﬂ.
* 1é ;8 * ﬂuf’lu(al m;‘t/mt{ r ,M‘,‘y /n
which ¢ A observtion® and plottiry ~°
dort b R Ansrih i
Iﬂsw,un“ uaol for plant gadie Py o sed
Drawir bannd . riped p/ i dads ;,‘.-,,.c Lot S
sprie et - framt plumb-bed A3 ¢ ot
Thaodelte 5%
4 It 'S wged 7 g aSuti ™ hoth
Ac'ﬂ;aufd’ 4 an‘/‘cd Mg’:.s_
Zéu’/'/f/‘)j '
The YM}‘V’L Viril‘:al ‘!ll/?ﬂ[, - points ati
permiad by I o dmge Jatt



pelbnomical  Smviy é(«)/

¢ - ’i‘f”"; _
1 4 J ’ .«5
¥ A #K'u Af’”;fﬁn{"ll /, \ /'/" _,/ //‘1“
'y .J’ ‘an i _lt’ ,f/’/";,,’”:!(',p"“{
4 Al v { f e ‘/ N l
vy Aol 91 adiated 7d.
dvecd 'y Wwing A hees
- L
sangulad 1o awnlty
R s ,_:w.mlawgec\ Y
) T *.‘5 -~
Ve -\\z‘\(\ 18 .
) ‘ A m‘nﬁ/& Lirne- pr catle oA
netwey e 7§ pengles . o and Ehe
) - un ey
bade e 1D h\,l;L‘—&’WU"‘\ oL
o theY Line ATTR~ w"V“PWbQ‘L }:‘}me
- A0E = = __/

A

closed Trawerse -
A c/a5eo/ Lyalerse. /s on When & bl
‘ o closed polygen.

o Ob,ﬂ—« —(;iafw\nﬂ Poink. &TM
[

{




Fhede rame Lne -‘\\N‘V'“!I'
\
A ha Auidate °F eanth

e Veoe ab@ ‘\ \~.:\ P OB 0NN nk 4 SYDTT\ P'—w—hsmpk‘

Pasian \ Wz g Mﬁf\-l <£,DM) gwu_\‘j .

Ve .\\ W& - an

k e ‘“\‘T‘ \V\\\\“"L\Q \‘\'
,)_\a’.c"r\v\\ic. w\o.ﬂmo& of WW
e \’T"P"Sf‘*i"" , veklectton
o @iten Vg nk oy

* Tis 18 ke
walnag

\{q\ \"‘x\[\‘,c A
ye opE"

X subsequdt g
Fadio WS
pxamples vf EOM 1 qeurometer, ge odimateT
o\isl—_a rV\avt .

Tetol Spation Swaeds
The eleckonic RapedshbeS tombinesd  wWhth E)
and e_\eA-\Yp,J_c, Aakto CO\\QC‘O‘YS @z Qo.L\-QAM'

roral Stadlens.
Fotal 2iation Yoods and yecora s

A
kpﬁzon,bal A \{@Y«Boc\& anrgles , Fogeths) With
Slopes AlgranteS .
\ Sb’u.mxw)c has

copubilities = calculati®

Sagelli e baged SwN-
bak Pasftr‘onlnj

Ramote aensing 4 9le
e pased 5ww€(§kf.

System (61PS) #e pho  Satel

and 10

on W sex s
1on 5&5\‘:(’/71'

pased rN igat

prnuple  7F 2y )ateration



=M s<S .

) '\‘ a’ \‘ < -
- \ \( ‘\v.-\‘\“\ a =
g e e wNakba 0
o 2 4 -
\ el aQev “‘“‘.f\‘ -’ \ Y “—
o “”"1»0—7'1')&*&

Yo Erviongulabe-

3
& o ph oL Ve aked

'\1*’\\"\\({\ A
\ O Aon

- ) I .
e e d \ONS .

.."ﬁs‘._"\g\“\ v

'\\\'l\l:f --‘ L
%) ~ Q,n\c\fe’/ =2 a XLabs!
w @ \\)‘CL i CD“Q"*:‘?”A by 4en20T7S P\amA
on cave lite® by cmpley™? _\oetyo magneH e
~AeT9Y oS Eho- e =% M@‘«‘b?nj 4
N&D'SM
PRLENC g PLES F 5(/;Qv£>/j;\/
4. To wo¥ fro whole  #° part
2. 7 fpeat? 5 poink by LlensE £W
-Wﬂ#ﬁ
77 work 177 whole # P
it yIntiPe oF smved'f]
‘ /C smrey

¥ Z£ e

¥ The pr2e J tff S |
working 77 Whie #° pAe js  #
Jopsli? s ETVTS 4 provint Joir aeeumidatt

o ¥ g£ 1° very 4554/1/&/‘41 P ¢5~%A;//5}L
prsE & oyatem T Lontr?/ poirte ard
IV Ll 7 /u‘i/»m precision .
hen .72 eﬁgaﬂ:s}mc‘

¥ Miner &"’*67'”/ poirks
Ws.

by Less precse



N . ,(-\‘ & \\:( « ‘”.\r.—.\\—\\“ q
te Mgralt | accutate time
o » 18
oo phisticared atgorithms
& 9é

{

’J“’Tnklf_’

Alsabante 3 n oxdar Yo ) Yionaulate

- ) \
Pe s tvens .

= r\S\\‘\a .
cens\ny  the

N I\ l:?\' &

co\ee

. s
b}_.j wPlbl\j‘\n
clp_-k»é’,c-‘t‘nﬂ

¥ Minor &’W/ fa/'rlf'S

Lt’ ,L.LSS Pf@ds@ Ws'

A-CL! a (= bOLJ--‘T

,{;c,A by 42n3807S P\O-LDA
9 o lectyo magnehé

4.



by ok \east 20 Maawnamoan kg

Faxr b ® \‘a‘“\{
r f e P p
N ‘
\, | r%;\ \ ,x.,\\
' \\‘ / \\ \\1/
: \
\ N
_‘ PR S[T R | 5 \\
/ ¥ R Y
l v
f , /
J /Ly , p
'y /
V/ ey oy
& / Na
g %
a o
o AQ

The yelat) Ve, positlonsS aF t/w, fm/-‘n,és

b (ea8E Lwe ka//z,b.s = efereri, £ e POSIEIors

F Which Me- wzad/ boon Pired. petp 4 & o
¥ Let #;/; & 'm iy Ehub | Sewe oa Tefonnts

Pam,(}s ‘Feor 51““"”—7 7‘:}57’
”Eﬁov‘ﬁm forn/fs #/7 othon pzami’ spch as R,

can be  focated by Y 4’7’ Lo fo//ow
Aiveet methods, |

() Wu&w/mwﬁ". g L we JL‘SfMMes
) angles.

() poasernant AW

(v fwwﬁ‘cw W’%

?’M’\ Ye ' pPos tstory



; L” r ?.L‘"}"S

F j—""—‘ul'r mea Sute noerids

-

, a2
J o5 72

. L
oo cn

\ 3
Joo decirutes =

L
V-2-Wex

/oo ayz

oo hectare

——
< —

\!

Mu'f
D

/077‘;’

2
| decinmetbre

2

m—

]

— / are.

R 3
= !/ Am

= }X/rémi



/ \ 25 = 59 (W)
/ Aﬁzjrméc) = Lo it
| Y'“W ”’”5/2’ o 90”
['f/éL ra—oL‘:a"’Q
5 ferMJIe = /”77‘”&5 (3)
W
2
et = 20
| inch = A.54 cm
f el = o Feet
| km = g
/ /wék — /9/000 m’z
| partor] = e fmf
= g ’PMLDﬁ



\ F A \ s Ay AN v
\
. ' / x? A o ‘.,“‘,/ ‘(‘»(14,},1,
% IIE. .
; Mae fative pepra V- Lafdn ol
Ll e . / L,
L peasion pAuATAS
- a8
m

oy .4 A merts
e ;';}.‘- N

auntt 2y C‘,I'H.:a.,l mLans

redtods .

j ¥ ’(h‘[—":’
cotvo Mg

;,nz.'/‘ue S -

Pivdct mueasv
Aistanms O dﬁ*“‘? measi Oh

o~
e =

”‘.J 7’?1'.4.’.'.’/

o pureal metheltc
Zn Ehe 9,@{:1‘&11 fnd’/wclﬁ , gA%rVa,ér‘ons
2 JSnker 7’?’,/1,0% a telesiope and calcwlatiy,

e done For W distances, Such 2 n
\ lon,

| ppcheorakY] oF pyiangilet

| 1

| thak Tely o7 propegatr, raploction

E %SW Yo lepelion

Lisht wanes oF infrared Waves.

of i the

Direct measmemnits i~ '
| e Varisus mebhads T hooatnitf  Eha
distances digestly arte =3 follows.
* /’au‘nj
¥ Mossmement With passometer
K Musssemink With fodopter O Fpofie
¥ Measucment B pdopebss 4 sposciometer
¥ cAa;M‘@z_
Cyele Whael clin= 0. bm
Creymfernnce = 200 = [x0.4= [-§o1 M




AP IA PET Al

.'\vz” 2 'x -““ ./ -*‘f‘/lﬁ ol r‘f’.i(

Yo resunl {and “"”Wf”
¢

§ ¢ Aam

"" \ g, = a
2 Peses o o~ hae” oan .?&.l}'
]
* D 4 oad fho A00d A 4 '?jw” fandd

e Adada Jor Preparing

‘ P Jeov W # "Ne

a Plan

Ak g’ /ﬂ/" Wy f/uf

* Y" f‘l‘t). »#‘v." he i &
hepnday)es o @ [a.nrl

sy Péivn oy P
2 e .

To W -eseabsh éha boundaries oy an

M a ',[{,,,.(‘y ,guuv{j/fﬂ/-

& Te doyrda the "i?lr’fdﬁ /ﬂ/&ﬂ’ ‘nte

P 4 i S

P}\v)q(ip_lé _‘9 € "a“‘,' Sl V? ﬁ
4 Apav. /
-179*'0" 4 7 ”a

. \ e
| g ryiangdat® T i phe 20de
varous A7 age comf’

| ¥ Trave 7.<r'rg; —>

A humhay

y e .ﬂ.d“ Y& ol =/ zes.

ﬁima.datian;— N |
x The s ML s dA‘Wchtt( nbo 4 St Work
af Aw’aﬂﬂ/’
K The oides oF £ﬁa/g/¢:s Py maaémwl
' Lape .
d.bru;”d o e \,0/‘1,1:1 ly shart €Y o
Thﬂ/ﬁrﬁi,g:,

& T ATANETSING #he Airections F =smvey
Lins ML _{-‘i;a,a, by Maujm md-s’mamuv/ﬂ

4 not Formird o netiwrk ¥ £rieffles.

well Jonditronsd  £Yianges o
¥ A nwumber oF /‘nc',/wdﬂﬂ‘ ﬂﬁgja ’5,\12.?5 Hhan

oy qreate’ Lhan /40,
yal #£riangle
“an I‘A.UAQ -#ﬁaﬂg(’e,.

‘-30"
/4 Hwe best Condatons,

¥ An 2quifate
dyiangla “T

|



|
, |
Y
, v:&

M, — Man ctatton




|
|
|

|
—

Base Line :-

C het K Line ' —

survey sLations -

Suy iy stad] .
or (s a sSelected
POl 277 Py

*
;’Zw‘m nd can be located citfun
phe  beginirf F ErE choain Lins
oy at the s
Main seatlor i~
*’5’MY% Shalions Lakert along 15~ bauﬂda% o7
an awd #° Lonkoli7] poiks Ak seferred
to &5 Al PYY? sl |
°  atations

¥ The chain lints
by the

symbol A
Subsidaxy éta,eion —
¥ siakion which a7 Laken F#C y Al subsidovy
Lines  for pvidiny EH e into 2
for checkt™I Lhe acewdsf T Ll £ yrerd/e
and  For la;d-k;f’ﬂ ypievrieY Aot S 75
Sub_w{mﬁ sLakion R
¥ e is daneted by (¥
Tie station = o
* Tie spations A alio P g, Slakions
Loken &7 Lhe pairr SMVY Hre
pte £IE ppationt

* Lines |
L& LintS.

Lhe Mine whichk passss Hnouyh Hae

¥ T£ IS
Lhe logese Oyl .

forrire. & T AT it
L he ﬂ-d&pwﬂé/cté/'ﬁﬂ 27 errer.

¥ 4 chuk fne /rzwmm( Ao

i o e et Work . 4
LE S aliD MZ&Z d.«ﬁmp':r/ ',’:1.\ ‘



o Jaction _F _Bmlf tad (077"
o e sty Vi

* :s‘my?/ spat ) o0
LortsS st be as few a$ f-’ﬂ.‘iiil‘,é/d_
e é@ /a/l-’“édr.g"{

¥ 5:45'7
o Lps 2ha framee WoTE

zbn'uwwg/- |
* m'lerw Worz,Mu,SA haw ene ©7 Lwo
base- Line5.
¥ ghe Knes ust un -#mmih Lwd ﬂomo/

s poasible .
X THE mas Mines shoutd be Frme =
woll-condigiomed % roagles
% fach traggles Shoutd Lo ETVV el 10115
Sugpi ek cheth SDUS. |
K Ao far o3 peasible, the Neaen _:rwwy
Lines shodd kot pd&s «/M% o bstacles

* TR mawr 5‘MV7 ,.&:ruz‘s\ Shoutel fal with in
M boundariesd or the PyoPerdy to ko Swvayl,

Q}ff:sE'ﬁs e
/ | | '
g ¥ The Lateyal eadmemenks  Lakcen from
an Ohject o Ehe chain [fine s
aa/[iecf 900305665‘

Types o effset -

povpendicudar effset ‘=
ferpendicnlon cFFsels or  yrofy 4
e ) ~anglec
e e e e et pinon)
dectdlon  po fhe oJ) 2in  Ain
< s £ .




”5[ o e
R | |
\ : obl")ia A l
l offoek s § i
e N
W i
- thod FET

¥ For rawél/‘:;- WOrK
¥ ﬁf::ﬂ ;Mz work Aas o be papried otk 2
Ssted tape rs ,
CM’H“
The £erm
Mease mant both

nirf A5 fan it
chainiry 43 woed ‘7%7.
A(y CM/! £r ﬁafc;_




Ao e

veved "‘V"‘ .
.";-"‘! /)
; (i
f \\““’T"

) A:,',u'/( '

| | dq
‘ X
N 93
L § © 0 Y
Nl L
| ’5} )
{5
L
% \)
: Lo 2
H T \1
\*. ‘ 33?
M )



* [~ }). PSS e /;'YM¢/ agf 5’73'76112?/1-(' ik oF
Sl Vi 7/.'/'.'4?«‘/ neel o “f el ¥
, « —_— I ere_ Aﬁﬂ,{- /.’Lé- \
o yilngs.

¥ The Links ave coppected W)y oneh & han
: o
Lhyee wvall crxcudad tr  pyal 9 wire 2’/‘,34 A‘y

¥ These VINGS  effen d"/e)u‘b;‘h‘?' fo e chain
¥ Prass. SaoHoS a. -ym;’/;‘alw[ al cach e

yected 7%401&;% a swivdd

X  Byass handles s cop
‘J'U ,'n/b’r -T2 A‘Aa,b ﬁA,L &W CAl Az /ém

yound With out éwﬁs#‘ﬁ
*  The Langth of a Link 15 The destana b
Lhe centres oF Lhe AW con seclutive nuddle

Yi‘nﬂs .

* Mdzw‘c‘a/miﬂs
pom & Fom.

* l7ﬁ/1- Jdom chain
(eack aF 0'p?,m)' Wi
(3, am jnkevvals) .

% g0 m chatr oo be usedk

¥ By mom chan s devidied jnto 5o Links

With cach Link oF 0-2M depgth.

X Tallies ar” f'ml//z;&‘ﬂ/af 61@7 28 Lonfes
[_)‘2/ 5m I‘M@YVM/W@, _ |
¥ After oy muber & bia jo attacked.

e awailable in 2 ,lM/z% oF

s dividied infe L0° LinKks
W A e
A

on -fa,irj;/ Lovel ;mwza/ :

gs ving

Exgineer’s_chait -
X The chain 15

¥ e Aoballs

N
as fer ety <

¥ Talle s aswe P?O\‘\\
¥ T s u_s},ec\?”a_d,t ené»{




¥ o 1s mea” il
| s les 4 FurLend »»
me a3
| ¥ Alde e 18 et 570 oS

fassing_gor e EHES
2-mm wher mesd 7

¥ s Hhe T e B o mraty

N
o.n.ﬁ«g’\

7} W/W’— é-:’££ﬂ$/0(f' 47: 80/V /‘_> /;//‘zd. ak The
3 @rﬁ/‘fﬁéd apeel  band (tere)

¥ 5&4«an¢’ at wc meter Ll
5/10 /4/ 52, accunate Lo WitA  In i&mm

i

; * mama%/ F an overall lenpth o7 Jom

} 5ADMZOC be With 'n _j_‘_s-n,)m P
=20 m €han showtd bo Within + &mm.




20 br) 3om "

T Marks . ——
v 1
v
‘ ! |"' /)_- _. %j %
ot

/Z‘ 2 flat jmwm/ :

With Ehe marKks
I '*— T4 the chatn 1S found &
| L mayd be d—l\j'ﬂsé%ot by 4
Joints o rings;

/o%,,,m/ Lenks, .
et ¥Ings andd

be ,éaa-,évny/
Josing EHZ
i

|
|
| X poshaping The &
: g ohe 0Y MOrE s

¥ RemoV e
Yzflﬂ.a‘ﬂj Lhe WOXN puk YVIRFS
: . | .
| n 7 hort, 7€ /mﬁ
| ¥ If chan /S Sosund €0 S 5
| i o bank Links

| -aAd'u_St‘:ﬁ" by séralghl;_wg 2
| Flaktening the cirevkat r/ﬁi‘s,; \
| Yeplo ting Lirewdan yings by biger rings 4

-~ A\ \
insexy&iny 44,,(;-#0,24 n%&

plvantiges oF chacr =

% pasy 4 Quick £0 read

¥ withstand Ww4 fean |
¥ pasy P yepar’ and 2oty



AR
. &
>, J,MM”
X F e eran o fold
4 "‘r,’ [
* “P\\"'
‘ 17
o Aand ore
¥ e wa sagding Jo mf
| vor & o
. pans & 2 lomontes et
R mher ¥
iy;ﬁlﬂ“‘ ws
Una Ming R € - y
T g YémeeVé
vop 'S
& (eaths? B | n the
£ “‘dllS 4 tu d’/\a"

¥ g, chan 5 2% :
best Ainic s a* rw.on/.

(Felding 2kt Chain -

pS W3E Lhe lLinks eF a chaun

¥ uY g ’
'S S}LOT%U‘-‘A .

9o benkt and che Length
*fn%ﬁic#‘mﬁﬂl,m!‘”‘:’)‘ﬁﬁdcm
may Le incraase by 4tretcherS OF

{
Links % wa3lr and yugh /utﬂclwy

], .
Houdh ,‘,,m‘ws  Feras edc.,

Ly r .

¥ Tlowkre & belemes peceassard o check
) ia N
Ha lengH, a7 the chaw befere. dammmu\?}
o aaavad weYk

, ¢

¥ E‘- fera cne tde s ’:3 ) & ‘<}lnljd L( h’"é\“‘il'b«4
Hak 2he LirdeS aw neot bont, rnjs Mt
coriular | ppeninds are net doe wi'de

Mad 8 pok clinging 2o them

Ve



gt 4/;_’”””__ K
* IF r'e  alao _aued stael bard.

* IFE fs a o¥rbbon ZF sLel with brass
swivd ak cachk ernd.

¥ 1L 7= 2o fo Jor fr ,Leﬂ/f% and J/bmm

() Brass stues divide o band @0:8m F
numbered @ 2reryf [

t) 1% ¢ Lost Links a- Sub diY

4 mm S ;m jq//%

() prass tfallier A fovih

dnd into em

W elogh or Line? Tapfl =

¥ This is closely
makeridt 4
o 1St

* These il awaslable i Longths oF 10m 2o

By 11 and w dEh s )2 pwm to /5M7.

() z¢ Js 2 ffected by pmorst
(1) TEs fergih Sebs olteved by seratcing
W) 12 is gieely o yoist 4 deas net yzmolisn
Stvaight in styong windS.

ot and ;.zés shprunk.




(3]

()

Mcéctu—ic Tape =T chYl’UiS/L"—d{

. . I\V‘;
1 af€ . : ‘\n/é@r WoVen

o $Fsebs.

steel Tape - | ~ '
¥ zreel Fafes Vw% in W‘a’j and
7 gyaduaktion.
¥ A 5;@,1 Lape Lonsist & & ,&W
Styipe of width 6mm £o 1o mm 4 s

more MWW% 93’44[4“‘%”/'

¥ siopl eapel e avzilpble ) r .‘/M,;m,‘

Waé/

Jom , gom, Bom £ Eom

¥ AL e end of Lhe ZFAHE X brasgs
ying s attacked, the ouber end oz
which 1S zeve peirt &F Lhe Lefe.

¥ spcel bape cannot Le wused in
, darwwnd with VLgZWr‘on 4 weeds.

Invay Tofe -
% Invan #epe js made P F an alley
oF nickel (38) and skeed  faving
5
Low o-effident £ tHhaawmal eypansien

Co-taax 1578/



/. ¥ ,,v).”, ;I) /(ﬂ -
,4(,11/:1/‘,( 9Lh =+ B0,50

¥ gl =& oE
u width e Emm.

and /POMm 4 11:,»/ ’n

vt ges -
 dun et g o=

o Ny FPrecse
x JT& /s Aess affeceed by Lorperatuntt
changes When (’!Jmfadlo/ 2o Th= pthey Z2fCS

"i'«_‘.-dc[ﬂa.llw es-
;,\,N-—_r"“"’“‘
= 7= 505’—& & Se

wires miuch abtendron in

—

doforms easily .
l‘ldﬁouL‘ﬂﬂ ,

—

¥y I
¥ &£ 72y

' % Pe9 % Rangtr yods
¥ offset yods

¥ Arypws
¥ crvoes33 stoff.

5 Plumb bob
, T wste 3w

.5 o 3um

Io

Feg :- ~
bl
¥ wooden pegs M= aped. o meat he —
‘i Posi Hons of £ho- & Lok ONS T ?
Lerponal poinks F & 5“’”’7’

Line ' : i
¥ 6),7 . made af srouk £

e SgUML

Vs

— 4

/5 cm

rmbex,

dong, #£ofere

i

1 ¥ They ae dnlves 2n  Ehe—
I o a Wao;lﬂ—ﬂ Narnmer £ Jcef
projecting 2aboVe che Sorfrts:

ikmﬁ‘:”ﬁ Reod s -~
* /eo/;icnj yods fave a _[é’/(yfi /y’ Py
Dr A i p er 2 V232! ‘1_[",7(7'/-/; }’C,’I'/}"}? )220 y e

cemmon .
* 7[&# o2 ._’))I.D({ . iy b ottom Nfr“‘h a

}'u?_a,(/j /‘wn PO;n,& , aut (Z > > /)‘,

theT 2 m

sonte




| \

\
|
{

{

|

' T

| vt
T

R o N »
o }'J‘tt o TEa <+ Whrite V-5 i L L He ’7’{ A
& Wprate r :»Lff"——fs/fi', R | L d
beaend 2E e ABES.

T2 are oireddar or petozoraf ir comss—
Sectior o = crr  piominad dioreter

Fro s ez ;,',,&;f _fwﬂéd = 5¢‘/Q,L.gr-t ‘?YW
Eimber,

e 7ods are almost visible akta distong

== =beuk g TAXTES -

" % ) ~ i H y
When urea or leng lineS eack wd  Showld
oML a Vel , Wratge oY 52‘ fewe £ t=b3/ akbe b
30 +o Spam & woE— =ed on ncan Es

ﬁDP,
—~—~—— '
Y |
peoE —

B -

ged or blalc bars

izcm r hze
l * // ‘rom g T IronShee
ISum ISun i
] ! i
Farging foa ofFset Red

OFfoet Fod -

tal Tt S Ssipular 24»

.fani/na Tod



-~

* T& /s /ch{nu,itg weood  capnd ciyaulo ’f-/,
with bottom “pixed at Shavp iven shoe.

¥ pphen end heok P'yt.V;AD,c‘,

ArvoWws -
* Aryows ons made wp o pompered Skeol wire

oF 4 mm dia.

% pointed CShW) ok one end 4 et and- bent

7?:’)5' oF So mm dic.
#* ovev a langth 400 MM,

K’ Arows anre- uned *o counting the pumber =1

chaan .dwir\é iz aswvenert,

¥ e

50! l
M
—
0 pmm P
hl:ﬂm ‘*Z_ wire
| & plumb-bo®

plumb - bob -
;‘f( 59//'0[ meku//ic core P/a(,ﬂ—al (,(_f)_ﬁ/‘cln, doton aﬂf(
suspended from a Lhick Lhread.

* Gunerally used by ma__-;;on, do check verticaltty

ﬂ} m&SonTJ MJ pk;LLT Wark-

¥ xn survey Work It s wused for chculn,ﬁn‘t] alony
sloping gvound 4o Eymosper phe peints e Thi
Syound.

. pexing ERe
TE Ts used Sor sheotelite  ompass ansd
Plane Z2able . & ’

%

¥ Verk) [N
cality =F Yanding e d g cod .

ang C© hed




OPen cvo33 eSS -

= ;u_CL) e ,') 7 :fsafé &

-9')‘ )50 mm dia + z% em dotf

% wooden block 5’—1‘,@_‘1 on tho pole.

. ‘ "
¥ L Ts made up o3 Jour metad oYms 1t
Nevkical S\liEs  soy viewing tHaecugh n ukually
’PQX‘M\A_;.LLLLGU\- Al vecticn 8,
French cyoas sStadf :'—'
¥ 3L (e a brass ube in scEeJonal shape
Cwith slits en alt eight S1da S.
¥ c.a-n be used Eo =set wp Y“W
angles: ox & 45" dlne,
Adjustoble eross st=25F -
¥ I is byass c,:jhnduu?c,al Lube oF 2Smm
dto- 4 loo mm decp.
¥ re s dvidad n the tntre.
184 .
* Upper (‘,Ulfr\d.ﬂ—:lf-' FTDV;AJLOL W}L an “—YTMW
Ao be Wt"’ted_ relabive £0 the Lower ore.
#* Lowerx Pa—Tt /s ﬂ‘r“-”b"'ate‘a\ +o cl.a_.gm_,L,S a.naL

St,l.‘bAth\.V\'Sions) L\J}\Llef U‘PP@T One carrues o

Vervuler,

£yLn
bet

| T YPe

e e
B

DY



Ranginq .-
&gy

Ranc??nj 1s +he Process op e-sézflfsk_i,nj o
£rxing i ntermediats Poirts 4n o Stralight Lne
beod weenn WO Loy minal sStatlons er poilnts.
Tyres = Roangethg -

¥ Plyeckt Ra.harl,nj

* TN -dLlvrect (o%) Re,zu/prod/au( Yangfuﬁ

Divect Ramg_bnfi =



= )a.l'-“' the et . .
*P hod eF divect vang: " AokatlS.

Direct yansgih r . .
d 4 Clzsfmn::w’:’;v‘ ” W};uéfz g v
yods me plad o7 a straly [y mﬂﬂ‘-fbf’; e Livect o hsarvation

Hom end stations.
.n9 by ede -

Let At B be +wo 2nd Skakions

‘g' C‘;Ci e ' »
be £ \pkexwedioke poinks ro be = S ;€8 49 o
caX\Mshed .

A 2
iy B e a6
Surved ey
¥ Rangeh] rods arz erected Ve,vl:fmﬂa' behind gach end o

the Line.

¥ cuaveyor  sSemrds behind tFhe rangild vods ot the and
Statl oNs A 4 B 27 Zhe Aine .

X orne op she Sunveyors. says /- =wveyor <k A,

divects 2he assistank =2 botd a ranged rocd
Veytically ot 2773 lﬂ/ﬁfﬁ fror7 Hoe poir€ LoAnee THe

/‘n,éafmadial’e, poink e £o be aﬁ-ﬁa,b/\/:‘:%}ﬁd-

¥ The a=zistant 75 Al yoctad #e Imeole Lhe sod EE the
Y??M oy  Left Ll ] Ehe Shree rﬂggﬂj yod s
appooy wo be exackly i 2 Skraight Line

* The- cede® x =

5 ] =igrad < wuped s .5,!:4.&-6‘:‘ Lobot
The =} \

ﬁ)gna_ﬁﬁ Frven by the 2uwveyor




\ )y
O WYL

Action by Ehe Assisd

an

RS 2 WY ~\\\z4ﬁ\*: H«‘*—ﬂ‘l
(g .

Move considerably Yo H;
i

F s D
\ ;,'-LF WA ‘\*h

\ L AV
S pey e

gt hand

Move slowly o the “"\W

-————

\‘\'iht anm e.x_t.e_né.ﬂ_'h\

ConEiNU-+£0 Meve o 48,
Y i 9ht

Plumb the vod o the r;y‘

‘ “wl*ff_‘f With Ll oy

meove &ﬂ,sy:,[g,yab/y Lo ¢the
Reft

-»/t'&b‘ S WI% "eefe Aﬂﬂd

move Spwly 40 He Loft

.
-—

v legt arm extended

LorbI UL o pove Lo o

Left
S legt an UP F moved 2o the Aol | plumb the yod Lo 2he.
~ T Left
i Q Bocn /.":,U)(l,é ﬂbOLeb /4_(’,&—5 4‘ %Mwn Cf))’fed{; T
o Both arms extended Sfoyward
aipn‘bvﬁéﬂdyﬁimdwmd})ﬁ v F/*)C %ﬂ, )’DJ

\y hod -

A}
InStrernert

i ;F IEe s a _5,“,7? )

;“n.&a'm&dfa,&& Lo IntS o o A,&(}Z ,&Ib@ i’

N 2n Bis pstruenent Zwe-right angled |sosceles
' éﬁmjwfm PrsSm g p/&@d ore above & he oé/uw(‘ﬁr:
|

¥ 7o cstallich = polnéd bet
A 4 B, the =wveyeor

R — R&n:}in(? /oy Line yangey - -

[%

wozd for Lrxing

e FEhe end sial}ons

holds 2ha InStrument at e

1
i Aeved g7 Lhe zye cend 5 Lands %ﬁpwumwé-é/y e
|

Line neat P,

\

¥ gays o foght P17 A
,vn_e,m get W/gcfed appears
2o A’B

@ppear T wppey 4 Aewer
¥ o Super vi'Sior,

¥ That e /maj.es o7 ')’M;&ﬂj vodS al Stadlon ,4 >

!ﬂ+{”/'L |

passes 7%;9,«//7 Hhe LPPLY

2o tHe 52 Py pundi

=

prism directly

¥ ! jﬂf'f’ﬁﬁw Yay Frorm .8 rea.é/;z-s 2he 2ye adftel )ilf/if%

|
|
)



% =S Fhe a_Lla—hme \s covyveck b i ,’J-'rbw
one- aboN e &&-\.Q_ oWax VT o \Ie‘-{@ \
Ak Sefevakla . (‘F‘\ﬁ : b)

” oo
X TR 5\'\’\\12»30’\’ Yas 3 veve Saxee’ &‘C\ 3M
ot XN\ e ek AR Camrervacdo M
e R

N

¥ Tren T Yo d Pelnk P oy N
oo candore =F Ve WnStvumenk.

Poinks TheYE oAl ond Ajene

S

pottom
TP —> t— 5 e -
prsm
1_ - -}--B ’TA
A--q- )
. -
: B
: P ==
|
[
|
Eje/ Fly', c

F'JH:.b
(Fig: o) R

e m———

———

R
YM&,‘/}\? rn Mﬂ/-

' : reed 2o
¢ Z a’.[r&ﬁﬁ [~ ﬂe/‘/:f?’DG“’( 7 34 ‘7 /5 yeso
N /7~ Y anger’?

,szzmis o7 the 5

w Ve Line are  j1ot
Loth
intervisible

When opd stations A ol 7EeT visible  _tue 4o

gwoundt ~ tebweer
the epds. For £hES LIPS Locat
alse jernown as indirect (o7 Lecep yrel raﬂﬁﬂ;_

son Indive.yg ranging

/s

2= N
& A D
s 1‘\1—";3 ’P 2 4
VY < &

gy (Lr-divect

W hén

7'/'5/'.7

fhern and diwe =7 dong distante  bogmam

L S5@A



. ),:;.l {
' M d¢ :
v i
&} ._3' |
. @ / :
A % k .
| 4
M N
A ———— —— . — &
S M - L
A o NS
- - - h
Mg
. - ’”z
M, - '- « N

* Les AdB be the twe ond Stalians ef a Uin

With a r:‘.s;‘ng Pyvund  bet vees Lhem, and 2 ha

M 4N be Zhe £WO |torrudiat@ peints Lo be
established o5 the e haiw Ling .,

¥* Indermediate points M, 4 N, very neav #eo the
i Je ( by Judgement) in such a pray that
fypm Ml B 4 N, B aw V/‘S/’l;/el, and /V,A L MA
ae Visible,

TWwe Sz veyors Station £ieerse IvesS b M, Py

With Yanang rods.
o 4

* Tha FPer=cn

et .4\/’ Zeo
M 8.
K 77

& pry Sy

M

/ Lo me

N A

>
€

a Al 'y R
€ y then ;nj,: rectés

the pParsen

move , P . A %
€& A  ALew POS/ £ on .ﬂ,‘é i Lenng W
24 A/
aé < Z=neén / 5 - . . g -
WY its ¥ V-2 2 r=<oy -
1 Ve 1-DPR) - - -
S Pos/e o~ My, 4 e



,e_.
e apdardised ok 55 F

wr g
o AAC 7 )
A; A ale ) U ,‘" W/l-'f ”(,p(/ .fﬂ ’
! rud 7 L Yy Loyl cElon
[ / }I a {[/ll . / II)(/ / - M~
'/!; :!\Ml/"/‘]] a }'.J"l. /./ //”, /—g'/ﬂ/%’,l'ﬂl’ll r &
: ng' /h-/”ll‘/' ’ + ) , Mx
| O S oot W s Ho F
: 1 & ‘/ /)"“ ' 4 / a‘blc
ide * oyl | s )b Ig. W"”ﬁ’/"l
. g 17, ’ g k
¥z / | o 0.8
| / s 4 4‘[,'/ et 7 5 6 g J Wf 4 £ﬂ‘f .’ | J
ot o S eienk F
2101 X 10" Kgfert Lo e PIEE
buw/ )/ P2 9
| ¢ pay |F =4-2X/
L't/’rtll’-fan oy Heerf e
/] OP =~

Luven pato "

/Mjﬂz of Lopl (L) = Ronm
5 l.ﬂ,x/ajj,mz/ Tarnf? (7;) = 5. ; fF
pgan Terf: ( 7’,,,) = &0 y

Lpor 7 MI — é /0

y tf 550 () : -j,)(

(o r//‘amf 7 = log X 1b / L
ﬁounﬁ /(5 ﬁ/fb J “Q Ll (f) = 52 O | /(; 1274

/’WJWL/ put (Pp) = /¢ /4;
st pul PGo) (Pm) _ /é‘ kﬂ
peosivy = 774 Jec
we.of bope = ©-F K.

To Find - )
erMI\U” Fer £ope Leng/h = ¢

i\

N
N
3
\
!
L
e




covvection ey pull -
AE

A x 2.)o9% )0

=
Cp= 5.6899 xJo . \

A

Te Sind Awea of fape CA):-
panaity @ Eope = T-86 Fjec
Volume F £FoPe = e awa X ngi‘k
2 cm
V — A (o’—o - 7(/00)

y — Reoco ‘A

D«30 X oo = . z,

o.%0 X006 _ 2008 A
Rl 3o X el
7-86

' - A = _7.86 XAJOOO

[4 = 005 en”]

Cubstibube  £he  Area valwe 10 &N D

<«

/F 0.05’/

-3

Cpo= 1118 XIo /7

—

A

509 Cevvection |-

| o= L (wi)

Cozp
g 2,

<,
b n [

s




e — Ro X (0.8
-, o T & -
b L] x _JJ{’
r—————-— — — e ——— - ————— ——
| . e = == \
1C,o = R-0E£3Z x|p rrv!, Nagava_,
P == = @
. / o o /'&/’L — i = (=
T o £ Gk ter relt = Ck - of —p ""sa_g
-3 -
= 3B-IAie 3 Wl X ics

— A-0E3 )}
-3
= R.IRE Xio

Totad loviectlior — O.-602]3 /7.

Ny

A norunal dAdistosse CF Bo m pas seb sub

with a Zo i szed Ftope From a ok Or Eho
Lop Pre peqg fojmm pr ZEhe Fop ZF

anothey,  4h, Lape Leoing jn Cakenary W
4 Pl e /p KG and ot =2 meean Lemperofre

a ?DOF'. The fop = ©re pPeg WA S o.25nm

below £he £2p = Zhe smwcthey. The +op of
Ehoe /ug}m/:. Peg Wa s —440 /. above jmean
coa Jeved . calculate Lhe oxacet horzortal
5[1,‘5! o botweernn Lio marTiS Lo L ho £we

f@ﬂvs aﬂol yedule [t Lo ol Sz o j_-e,(,’_e,t
o} L he Lopl Wwea s Skwwl‘feat a b= T
.

#Q,,ngrwébb’r@ =F éaoF/ 1:12 cakenayy s
undow & Pulk °F (@) gkg () 1 k3
CC) 1o kﬁ' o TaKe ~adius o eartd = 370 Km
Ponsi\ oF F=pe = T-%6 3/¢,773
Secbion eF FopPe — SV cm”
Co-effident 6 €xponsiipn — éxu;_" (:‘,_r\bﬁ
‘7"”“"“(‘]‘S medulus  (2) = gy et k@/w"




¢ " ‘
' ¢ Fey |
o & A ‘
@ 2
= RRN0 }':(7 /ll‘n
-
A = 0O.O0%8 amn ~
y , )
) ‘70 ,
)l = () o )
|
| L = Zom
i
|

hf’:ﬂv,‘z/gm

‘ _ Y
Dansi 1Y 7-8 3%
, o
e W.F - 7-%6 %; -~
(| corvection for S*M/M‘("Swémn @r) absolute 4]
] &2 )

il

(W) covyection . Jov 5\°Pe. -

AL = Cg‘ﬁdl’
&W 50'; ;ZZ’— AX3®

@)

] CDYY-&C:E‘Q(\ 50‘, vu_LL \',_ |
(P~ To) L
- 0~

‘} A E
\(e/v\.m Po = 8):5

“p= 60"3)%30

— -

0-08 X AXI0

“p= 5, S0y m‘\ cddinive

~




! ’ |.\\ N RO
) &

- ¢
pAX A X )o

i Ml "\'\ ‘I“_
[ p =" 0% (‘j’ l N&gahV

AR k(?

(1 _1o) %30
] é

Cp = ~" -

| ©.08 X 2KI0

o~ ——
| L."r\ -— C‘\
‘- - 5

T

Wl

il
5.

. . .
\ Sag correct\on ~

o e ()

>3 25 n*eF

W% A £ dansity

=25 0:08 X ’X}DOXl
Jo

— 0.0b28% kﬁ/m

L Topol WE of £op2 = 0.0bR88 X330

W = 1-886 kg.

]g@; P, = 8 kg
5 o o —
= ~ _ LW _ow hi= |
s T 2T Ak
R h Ph .
g8 b) & 307(@&?6)
= BOXC\,- _ 3oxt
& 2 1 x(30)
ah ¥ 8
— o.oéqs__o.ohkf'
T =
\/{‘ — o,0250 M
by =14 ka, i )2
| ) o
M:t e Je ZI(II-'R'I; 8 ) - fﬁ}‘lf’
| 3 ' - lo
‘ 2 ) x e an
. e30d — O -0hLS

N



an ol C—oTYe,C,-\':l‘on —

—0.00lo + 0.0018 —J 0-00064

+ 00,0250

@ Total covyection =

= o0.0262 17,

‘(b) To£al Covrecklon = —©O. oo/o_/_o.ool&——a.oool.,

f — o0-0136

— — 0.0/3R N

—

jo 4 O ool &+ 0+°

(c) Total ar):gcé/‘an —_ — -0

= o.e008 "M,

chatn TV anau,laa‘:i‘ on -

F ’ * Tﬁangul,af;on survey 1s EhE syskeem

Whl.‘c:/‘, Ahe area £ Le

? cF survey jn
d_iw‘daui ‘ntc number

l 5uxvqyed will be
’ oF Lrongles L Lthe are= of Lho
| Lriarngle 7S calcuwlated by mza-_éu.r/‘ng

Lhe /éﬂj% of the TSI\J-LS/ or ang/eS
cp £he Eyangle. '

|

' Survey skation -

: =SuYvey =L akion s oLa.J—QruLi as ony
Poink = eon Ehe charn e . They one wpto

[ e =pe =

‘ i . sw"‘a .
I (1) Mauwn, sEakiol

() wa_e{ch;q_—j (pzr)
. SHadAroPi- \ X
b4 2 A e s P AP MM%/W

AL Weke i oS A W gl Lo

Lie seoki?l



Tvavers . 9 ja  &u ryre oy -'.auv.a/

‘e arnictd €d Lo Jorm ﬂf ,“\'14.1\/?7 Waork

'yy PYTaAL ' frne
(v

Cross . =staff Problem .-

1 Plhep the Follewing crpss siagy survey ard

Catiuwlalte 4ghe crea.

F48 4/

h8 45 C
E36 |70
| 4 { ] l5 30 B

a)



s - #
A" —_— r\‘:— S M

In In‘feznidal R¢ 1 G

Ag = (X b) h
&= k 2 )
=(2 5430 ) x 33
A(‘: — IR3#-5 /77;\1
le

Lh
Az= &

_z,xés'xjfs
=
— 20 m~
Az = /08
!
n Ae— D JTF

A, = Lbth = ﬁ HREIE

~
Al,: s7é 17

In Trdfezp"‘taj TFEA
h
- (=2
(zet48) x 4%

=

~
As = 1764 77

'ITn A  AEH

bl e s

| X 36
Y Aé = =

~
Ay = 54 7

Total Area =

I X "0

A 5 M
\\"\\ m e 12
.}

18

D

18
36

Cpgnee g N g ey



COMPASS SuRVEY ING
¥ In Lraverse werk  the sarvey Iines ot
NGS5 (L > 2 ’
asuwred LY  ahcun (1’ r) ’fafe “
* “The- c‘l“"'o‘(" - ) /
L { = )ON S a1l |/ ,,[‘:,Lé—,'f/'zlc/ éy asz

AN e ) ) i
Cif/ meaSuring  fpekricrel’? £5.

e The. (NSt reeerts  use-
% insStyuments ‘-
7) lompass
O Theodol /£
01.17 BO X 5ZXA

A zommonly

t \
,A,g/g_ easer!

i

what one She  instruments wsed for 2he direct
Wasmemzﬂz‘ - oF i ot 100 4
¥ Surv%rorﬁ CompasS
3 prmakic (P
Angle. <~ ‘ | |
. with respect

The divection e a smVY Lene

fo arnothey SWVY Line reeting with ‘n £ /'S
Kyl &3 mgie.
Beaying -

)s Lhe ADY?ZOH’}CL[

Bmﬂj.'4 a =Ssurvey Lene

made bj the Léne  wWith vr_e,dle,ygnab £FO -

a.ng/é,
meyidion, ¢ /'S gasured ‘n the eloek wise
divection,
Mexidian - ,
It s fthe ,}1‘)&7/0(- diyection in wWhich
j;h,a bearing o sunvey LineS. ore— 2/—**9"’655@";-
A
Tyue mendLan oo /g\ \ ,\
o / R
The Line pasaing Taokgh o /.4/_4\,_’ o
oo /
: h pol/e N\
the ﬂeojraf/uéa/ north £ T N\y/ / A=T
PPV 7 & sk i o

59“¢/L pﬁ/e oz ey F?
s Hnown s FErus pwr;aﬁim,

cath SWFAE




YV g E,A. |
o9 1€ s © &
- '

“1; x5 "‘“n»’.-“ ~
hedzen B and ha S Y
r" \f -

5“‘4 | N1 SV s I e - );,)‘l - LLﬂj- .
a ,11“‘3 )
¢ “ht'-‘ *’\ ua &,‘*1,\—
v ol M . .
dian 45 phe SATECElen X,
Mognetic meT! FPreal .
WJ/& MS -‘/ %"'r
o Swedle [

and

free Fvom Y othn

| @9

; IL /s khe Airectdo” mﬁ‘“”"@d by = Fre
sod and datared pagratic nme woss,,

pakes
magnettc bearing .

hrbikraxy mereliar i
Jrpitrary meridians & poink s the
| Lovection rLowards a  permanent 2 Promine
mark or Signal, such 25 church SP/re ,;
£ep F chimney .
Arbi Lrary  bearing - v
The horizontal angle ieeasured w4
respect Lo the arbitrvery pmndian s oaued

arbikrary  beawing.
Sexoge simal Systemn °-

1 c.‘rcum,:fe.ren& = 3do degraz
l res = 6o mutnud-es

) minukes



¥  Tre “Ph  compass

¥ Tubidar mpeasS
®  Prismadlc dompass
X Swveyer /s = Gompass

N

) ‘I“l‘t'\/ \."r!"'&‘,‘v.‘f

box abouk (09 MM Alex
4 spal pointed

¥ Tt cons/Sés o7 e reular

* M‘?fﬂlt“l\c hes-dle Aalanae.,d on Hau

plvek
¥

- C/QA*"QS{M\ &p{”CM N

Y greds
- A | 100 Catt T
tout syskem — & :"w\rﬁﬂ.’d‘ o



/K ¥ T

/,;,Imam": J han
magne merid y
ey O l,l’Al’”A””N" o 1 ‘ .
na 18 7 ' | ypiematit cOompass .'Q given in Table ,
[he difference hetwern surveyor . "“:HIIEVI".V‘ s AND puISMAT" ) (.,_h.‘_'_’AsS &
FABLES 8 oprERENCE PE EN | g o —
— e ' Surveyor s (Compass
' prismatic Compast _ , iy
- - edle| The needle is 0F edge bar " type The
(1) Magneii [he needle (8 of hrowd needle’ tYPe The ne ;" the index also _ eedle N
Veadic dowes NDOY ACH A8 index } - . _ :
' ton T ; ed card 18 attached
'(2) (raduated 1) (he graduated card ring I8 Ata hed with the| (1) Ihe gr:;:;:’m'l‘hf’(ard Ot aln:‘ the by, .
icnrd needle 1he ring does not rotate along with the line | not ft) the NE g C g with the ‘_,
of sight of sight .
1 system, having (iiy The gradua(lnnco are in QB sysiem
o at N and g and 907 at Fast and Wes Fa"
81
r

Juations are in w

o0~ at Wesl EOREL North and

(i) The griv

0> at South erul

270" at Fast
(itf) The graduations are engraved inverted
(1y The object va

vertical hair

3) Sighting ne consists of metal vane with a

c interchangcd

West ar
aduations are engraved erect

(iif) ‘The &I

(/) The object v
yertical hair

(iiy The €y

ane consists of a metal Vine‘
ith
i

e vane COnsIsts of a metal va
ne wp .
1

canet
(11) The eye vane consists of a small metal vane
wath shit fine shit.
i Reading | . N '
¢ n'\jJ::Jr reading 15 taken with the help of a prism| () The reading 15 taken by directly seein e
\provided at the €y€ shit 'the 1op of the glass ¢ ‘h""‘?
(i . p p
“m”)m?‘:_l‘f:'f)l’rltz fzmd reading taking can be done’ (it) Sighting and reading taking can
.r | ; - ously from one position of the ohserver imnull;mcnusly from one position of zh(moh"be Gore
) Tripod ‘ ripod may or may not be ) ; > obseryer
| provided [he, The ins
instrument can be used even by holding suitably ln} strument cannot be used without a tripeg

1

 hand



.
—

-

10 . 6
— :é-
T .
-9 '8 7 27 4 9
1 —
e
1 Box 7. Counter weight
2 Magnetic needle 8. Metal pin
3 Sight vanes 9 Circular graduated arc
4 Pvot 10. Lifting pin
5 Jewel bearnng 11 Lifting lever
6 Glass 10p

FIG. 514 THE SURVEYOR'S COMPASS.



6
9 8 |
£ ;
L 12 3 15
] — 16
10 2 —»
14
L — |

1 —
1 Box 7. Prism cap 13. Mirror
2 Needle 8. Glass cover 14. Pivot
3 Graduvated ring 9. Lifting pin 15. Agate cap
4 Ooject vane 10. Lifting lever 16. Focusing stud
5 Eye vane 11. Brake pin 17. Sun glass
6. Prism 12. Spring brake

FIG. 5.12. THE PRISMATIC COMPASS.



MGK¢Q7~ f pant g

b ke il banigy ot (769
¥ A\ i DHantéal rLeaiuy A<,\~\3 \\\th
Lf ey) \.\. ) \
An.l\&« P \ }\\\pxm‘ \%

l“ o |~»:¢ 3.\ %\SN\ .ﬁ\fﬂ(bu\

ﬁ.?i
fk? E cco(r“rw
e gy, uy R potes b2

is f«gfcﬁ asS we8 .
prsmah'e conm
¥ WB F a e 18 af\fa.\r.‘rpm by Pas,

\

# uvsed (n Indkia 4 ch_w@w wémtsx

%#%@

AB ) RB

v

4 elockeoise
¥ T bearny 7 a AT [
7 v gt outh pet

ckLolSC m VT
oy ankiclock®?! .Nwwv M penown &S
e E25E"OT west /3

Zowands
e §B8 @ RB

¥ g4 consists F Sfont

Nw 4 SW.
/

nad r% LuVefoY.S

@Rm.m\w\h\n\mnm >\m P ,m.mt

¥ The QB 0r RB IS bt

Compss. _
¥ mgcn:m value w\z 0 Fo «\go N\

</‘\




4
we | \Wen

‘ (iuadveny K1
|| Meen 0t g NE | rnowen
. |
2 R Voo 4 Ime’ w T CLRN
. !
. |
) L TP £ 340’ p N W Rp = 260w
» |

Conyerd Yy .\«;\\2&.:% wea Snteo «\:%\fixh\
. /

i ]
aving (RE o Q) (i) g4 () 132 ) 259
(V) m&e e,/

D0
R N
solution -
s N ’ 1327
- MI
E wﬁ w o
S
. S a0
QB - N s6°E a8= (%" — 132 E
=548"F
. ! N
G) 253" 24 o ! -,/ N
——— § :m%m o‘v 3Re 50
_— \(’-\'/‘\} \

<
" )
6B= (a7 25330 )W
P / ) o |
Ak = 5 /. 30 W Qs = zAko\wpo mwwv,\
&B = N ua._o,s\

(onvert £he %u\\ur:\% WeB  into @:hk&s‘..nh §
() ¢3 ‘45" ) 132° 5 G 3¢°30" (W) 335 45

% ’ A-\ ° ,W\

.1 0 ) 122/

Q.\&l%)\\h\h\ is ov Dkﬂh\&\ /\Il\l\w /s i’n FhE
The &%E.\ o1 The Be0T] nctrant=

)
Gp- N 6% s’ ap= 190°—132 145

/
o, -
AB = 8 47 45 F



/
ﬁ.i 235 \xﬁ

Ie. = Py ’
(VE36 =0 iV iy
/s i'n W«xbk:

) . Tha ra?&g
Tha bas .»f:n_ is in A .wtdr-¢\;¥, Q . \1&\
= N \m& - w
}21 GAn 40 -:~Wu¥-< s h\.M\~>\
- ﬂ - me - Z \N\\
’7 !“ S Z e T
e e e e T .
nver t o8 17 to_ w(\m
'
) v
221 /
1 : Now!, wknkxﬁwx?\ & 4 o 7
convaré the Fo Q\ , Q_L s 450 £

_?PLP srele rm\vt.\,vx AL N 30 3° NS\
Vﬂﬂswms\ \:Lm& zﬂh&e

:h

) .9\:3, on
/
A,L N 3o INQ )=

T~
N !
137

E

N —

W,

<
S

Tha-beaning IS in | @EL-.E&..

o /
weB = 3o 30

‘i © / \

() s 50730 W () N ISge W

o s )\/I\/\/\/l\
\

N /aw.z

_
[ weB : es
W ——E W S
.\\Wv‘ww;
S s
The mns‘t.s% s in *\R\a\ @woﬁ\w&s{\ ﬂ\lm&é ‘e in q@_&\.w\%\&\
.mu &&&
Wes = 1o \thw WeB = 366°— 75 20
0 . ,
f*l .U 2380 3 ”%\w\\w\wb

| m&m\&\% T oa line preaswed i, the

_

| divection =f Progrece o o Fwvey “mR&EL
‘_‘ﬁnﬂm\ w\ﬁ\_\rﬁ\w (F wv
*

\



¢ { ¢ ‘ (i ad in 7 he
PENVEY Sea 1ete » vy ﬁbll., Al EA
bacw berdiny (BR) ¢
(
7 ¢ @ a4 BB
‘ Dy @ e
a e QeSS sanerol D L
. — Vs \J}—l i ¢
a/, \m\ j.w: i
r\. Sl g o
A ,_T . uvw:x&{
e ®  gn weB3YSE
Problem -
NN~

back
| bearing: (i . . !
,,_ % A.\M 50 \Mb\ 0.& \ka \N\\ N\vvw (U..WQ &0 w
(Y N 50”3072

\ﬁ, cenvert sthe an\\bt\\.\m Fore m%%h into

o . - 3 /
W 220" 40 (W) 520 /0 F

=/ vrP.\,,h\\

—~————

/

() 522" (i) 140 12

mm\“\_& %@n&u.T\w.u , o_o\
\hmhcme

o/
(i) 5 50°% w

fnubag?

ra o EF =
B8 of m\ ?ngm

¥ o

v[w .nnﬁmﬂu v




V) »a,.’
~V 20 @ «‘; !
M ' W
M—...
L}
] v
i )k
w -
;) | >
o
i “
L/ o
" .:.. g Y
W e
ﬂ j
[}
£ “10'F
/ e " B - f ™ )
FRep 1T« @mao :._ Fo® N e W
. - el o 20 \D W,
BB LT & om0 dpo |80 G0, oy
- .#t. .\.3\

R | e gty mg kha wbaervad Fove beotd op th
!

’ TR o
)14 ho Gi) en 234

enes oy aw o 12" ag' ) RO :
(V) 2@ e as," s’
SaltubAen - LI
N/ ) v 7 G) FB oF #c =77 7¢
N . ) uw Q° /
) FB 9 pe 2 AP eF pAc = 1T 4o )1
gnex AR= 144 1@ 29740’
= /92 s
(i) ..\.m af < = 2o ,:\ T.i .\m af DE = 35 6,\”\
mh oF ep = ?L\ 8" Bg F OPE = S50 15 \ Jdo
- ;ilﬁ : = 40 53¢’ = 170" /5

h\ vﬁ .Wv ) Inkexyor  An Je GPQ«:\?GTDZ

Prab)ems- M S — T

In Redued Beaning syskem o cases ora
aveilable . T

@ \bh\tkhk
¥ when  phe Fwo Line Fovmed m..csu\m e Ly The




(.hu ‘*\ Er.mb ..;nl LHZQ

RVNTTY '
£ Pormed  ncluded angle ane in

;P ?...JJ,, ¢ Q
. St

™\ g -3 J he Soame «n9 le,

= 0% |

s i e formed ncludsd cagle o
T o e difenent angle.

* when Ao duws fine dormad ineluded angle ace
opposite  sida. ax the didferent g%\.m\.

X = 180 =8, + 62,

Clock wise diyectlon =

NM.H p. o AB — F& & B<

[&-5. o praious bine = FE T pext Jinr |

)

to Aivec Lior .-




The  Followied

‘

-

N . a
N In . lo sed
beaning S ane bokkhn - < .

ABc DE, Clcwlate e Unietior \k\“\@.

r
$

n«<

ﬁ_-u&ﬂ”

The Lvewerse IS0 cloywise

-

Rea :.D,v.

direction. E
Line | F.B BB |
e - || e Go®30' + 180
e 6o 3 | 40307
o e\ Craz*+/f0)
éc /2.4° o\ mw,« o’
B S, Gowm p |
=P 46 o \hkm 0
LN @ e
PE | gogt 30X | ba o
E A Nmoam\\ Hm“lwmc
N\w = B.B oF AR e
— F8 & g
© )
s Lo - b



DS
i1

" B e o5 g Fe o <D
|

“ 2 3ea — 44’

__ e ro Al )

| 256 0 (o :

., . , \ y ol

| L} \

" .\ T = BB ey o p EB of DPE
|

|

- .Q.u%to\ — .QO:&BNB\

"
23 Ao !

\\m = BB 5 pE — FB &f m\»

—

nu\bo.wo\ ll.woocv :
b . s, \\su
= —g7e 30 LA % |

o _ ! .
e, = —a77 36 4 3B6°

P —

o /

. AB.
\M)M — BBa EA — F8

g P
— \bbe\mbhb‘

© /4
= 59 3»

IA L 1B L LPHE
s Teiad .Nb\\\FLPL g%\ﬁ =

/
. \\Oﬁ.v o [/ Wu\.@b
- 59%0 +§wo\+ &@x.v 23 3%+
= bho
crik
(2n ~}) 70 B

3
irb:. A= numb Q g%\h

@xh\if = U\N\Q\Q\‘

\kgg N.vw ~r|m ﬁ%%.ﬁnhh{r.




. ba? e r

TNA e phe midan ~F 7y
B¢ u_mP erng o8 S LIVLE W
. -
L ina Fe « | S =
| | —
| . /
Aa le7 (5§ P
¥ / “ o / )
{ e /N o
B Az D L LA
— Y —
D 2810 Ze .& ot 30
. e 1 Ao ﬂ\l\
OE 189 IS YJ / ]
+ \ =« EEEEAEE
. !’ d4
EA Jant s | 304 45 |

WQ)—\«XN@ + he-
and ettarus e

A
. mw_n\
Te 15 khe Erowerse s .

Jo

\

—

/e
o/
94" 45

Je -

—-—

79° 957

o /
231300 — 5,535% ¢

F.oop b — B8 % AE

&N“\tl &%Vw\w\
o )
—US /1S 4 z60°

\&uﬂﬁbc\mmﬁmﬁ

/

\omnoc_,:\

Lt 7o r

-
5

divectton.



_ﬁ..:?~ _:. ;.,
r/,.«a “.\
‘- .
F Foa ~ E A 46 of Dl
- L) /
T4 48 \.\.w\
— Q
— N5 3,/

IZ = Fe g Ap — B84 E£A

|
/)

l\n\..wuN%\ mmx\m\\v«\,ax §\

Y LA jartad 340
/

= o .
1077187 — 30445

il

= /42°30

e Mg\xkv“\ QS%F = «

m‘nwo\«fm\i % g

N\:r\mim 1 )04/

.

1\
W
Y

= Jta"3d  ayys 47

= 540 o’
C hatk .
(an—4) 90 = @xs —3) x9°
- 540
ente JE TS BE.K\Q\,.

R e

The bearing oF Lhe S/des o a2 fravevse
ABCDE oane 25 Sfolloeds .

5. dde
Y=
b |
ab

DE
EA

‘higaley ang L
& fthe Trawerse




q
/[y ok
oS »
0 . " ﬂ\ \!:f‘\s\
P

b —

Ao i

|

|
W
[ . L]

=

1l
Arrer £/

T+ IS n \\*\\a\,a\m\\a:\\”“\
Ja= Feqg AB T an i £
/ 'y /
= \%\N ._.NQ — )2y L
0 7
=420 .
/8 - 8 & 8¢ o 8
= 7 o
= JAors — 30
v /
= )I7 45
JC — pB g cp— BBy BC

o \
- .%ks&\ — 3po 14

=R0"E \§§§
§§§,

Rm — FB o PE — BB of <D
® / o
_ bm@ \Q = \MN'& Q@u\
= 496 .U_vd\



N
-+

e

Ao B B oF DI
f 9 .
£
Ld angls g 18 L2 L
. ®
ﬁw/a:tmﬂu ,«..\. /,7«Ar - VQC
=S40
Lieptle N /s e v\ﬂ,..h.m\\,
—— —
calowlate the \hh\:\k?“\ g\\ﬁv Frerm WMM\\
2ollowi g eduttd seaving of a ErweTSE 7 s ey
< B ~ P w6 »om:.
Mine F& | & B ?‘w\\,m lW -
1 s
ASB Nao3 £ S30'30 x\ | - N
pe  suw's N W et dwmm
c>  sw NI E A
DA S 70" W >\ 7% E | gz 1P
_~ ) A = 2
,T.,)“..,) r&.ﬁh|\|.\\»|.hﬁl\|‘ _ -
| Line Fa a.8 f=F-] 88
- e / St Pl
AB | N2'E | s2n'W | 20 uo& 2030’
Bc _M Yy rﬁ m N 64°3. W ' /15°30 ty\%\ﬂw °30”
3 | WV J
er (590w N1t E zﬁu‘_%zg |
- 1 0 \L
LA 571 'w | N7 E 251 0" 1%
—— ) S
\Jﬂsf
ey0 /
h N



N ' .,/7’1 :,,4/.\. _r’-‘u. f.—,,_
X ‘o d * n c.hﬂ \..,k\ )
@ .8 Preyious find ! o
| "]
Ao BB DA ‘.,B:..\u}
0 . )
= Tr o — e 3
= §p 30
} g .
k..i@ = 888 oF \5\» . \) ..N\
’ ‘30
— Qoo 30 — /S
N ] ?
= s 0
koo &P
.‘.‘m..vll %%Qmﬂ.mﬁ. e \_&..\\‘n
h——

—

\\\.mwﬂmma%'ﬁbl

\
Y

e/ P /
¢ /

9t 30

o ox PA
/9°0" — 257"

= w\uq \mx.\m%\.\mm.«. .«A\%\«p

N.!b o Q\u

. /
128" o

—-—

ﬂu*m\ \.hxx\swk.rk \\SN\A\ = NW‘._ *\Nmm *Rr\lhb

chuik
@s\% 70

—_—

il

“&c«NQ\l\r %rﬁo§\* w\.ﬁof.wﬁ\ .v.: \\&a%oﬁ )

[

360

(2x4=4)70 = 360°

w 1S lorrect.

0&?1?&.@‘ .IF
beaniny oF a Lraprse

i ;(o\‘ﬁmn..m:. )




.)3, o I TRVPRL ! y ~,_ a f Lh :
n j 4 . $"
vore ; b 3 ¥
[ A $e p A \_dw), &7 ¥
Iy Nog b, 4 - /
* - . " w.s“ .
i A T VI i ;.,
| V¢ W vl -
-_.. g 4 ,U 34
". B i 1%
e Vo ! “ - -
"o _ ) AR
A | Saa'w | A { 1 L
} W e, ::o:.u\ 9" _.u.\
Y 8 18%q,'¢c | i f
| S 30k Miety'w g :\\\1\‘.\ we
\ L ] 4
A5 | M :o is m 1. :.......f\.?\ $o 30 \Nh\b WQ
be | N g::. 5\ ~ fo e . \\\

S Wy g .ﬁiu@ \_3 20’
N 4o .?.E . S 4o ‘\h £ .&?\n\\o V139 \«o

I

131

/ o !
g8 V%
£
.ﬂv M.-J_.N‘p
| \ o, |
BEATET @% »
2 A 2
;\\\
‘.\\

“

TE 15 in anticleee wise diveukion .

JA = FoeF A8 —BETF EA
= 2102 —139°40" = 70 32

/

J

)|

F.B of Be —Ba of AR
. °, .’ /
— \Smu\\wo /2 = \uqo\m

mhﬂhm&m D T B.ps B /
o o fo
= 4o'30! —347°30'= —307 0 +3
— 53°0’ e

= - Earernt ¢ YL




.\bl Fe o pp e ap

_ - ,dxﬂJa &c_ — bb,c. wo\
= :w‘n .ﬁ?\

Fa o A — B8 8 F D &

219°40! — 159 &’

= )bo e _ A LB ALy,

|+ Tetal taduded onaie \
! © o .
= J8°32 '+ 137784 $3°4 IS0 + 166"y

= = Bho

T RED 90 2 (ke 2ige Y0 e 8 o
| AR |

% e A pﬁﬂuf 2 l.‘.is

"Renw. F U “eovveth §
M !
—— R M//..lal‘Ml!m '—uiﬂm\l SRR S — 1‘./
, 10 . P, : . . ‘ol ,.
\/\(.Vlﬂ\r\lr\, c alcuwlation aSx QvU s ng \W kil ! a/,_lﬁ C. LL a

Angyyewsd .
£ o

| were observed while Bungying  emeng the " encleged
A = \ooowo\ ; 18 = 90° 30’

\nkerdor  engleS

ﬁ trewerse  ABCODE |,
Jo - 6638 2 Jo= saa%ss’ L LE=ys9u
Find 4o beosing 3 dme Vemalniny Sida
o3 e prawerse. E& Ehe BB oop e

| * [} /
L Ae s 124730,

| Selukion .

M The F¥B &3 AR 1s
‘ .

6 /
‘\R6E 36

,
A \ab 30

AN

\
: - o
- The agle v o3 AB 13 \ab 3o
e, lies n e 2" quadrant aed

o



o INTA CRE RN ' & AITTR TG
AETR BN

FBw Bc - ppa AR J& L J
| | Ao e n ‘
wr( F8 F B¢ — Faoy AR \r\%.k did ‘

= \at wO 4 9o 20 —1%0
Fe ez g — a o.,,

|

mﬂﬂﬂu‘n\alﬂm&wh\)lv{s —wd

= w4+?mo +:§

11;- }i
ﬂwam'n\u I b\ww ,wn

S —— __

NS By

|
= as3 ﬁ +:$ LS —s

Fag o = 224" 15]

Fe =3 DE = Fe 5 <D

FB g EA = nmamber JE L%
= 236 \w 4 /5948 )80

mmm%m\» = hn& “p N,

cp F AB = FB7 mm+§ H\e@
= %& Jr \Z ‘30 — /82

—

ﬁm \\;m - E\ oL
L€ te g 98 leryé€ CL




®,

|

Ao e puwe YN

The  Fellowing  Tatealon 9?9.? iy
. ie vae e Vg
Se xtant N o laXe A Pyowvey .o R +1 N
Lo RN
a L na AR o » Iabifﬁ(r)eL »«g e on "y
Agan EENN )
ENSmat e (empa 88 . aleud o€ . .o_ .
« e )
Al o Hwn s, S5 A t ST
| . " . D = 67 &
E”Jonﬁﬁ Klﬁn .ﬂn&ﬂ 28 . \
_Z N.:??E,;

.

lsn/iction

[~ N N | |
| - - ° Tt HE) n

| Py N ) .

| Livecton .,

| Fe o A8 ﬁ
| e o 15e
[ Tk 18 0 _g i w ,
| e Jresttdn .
o;AC'; = o
The Sermwla Se¥ e\ o 4
Fe o 8c = FB Y AR — -
\ 8 o
| oo ye're 180
B 1 /&

\ .\e\_nmﬁnmnl\

\_ Fe <F <
| = 99 - h.u — Fo % Jr\i

| - .

| [Foger = s57°42

\_ﬂmuo.w\v> ﬁm&mﬁb\\\H

|

| — /189 «.n\ —to2d Jr:wé
_‘. :ll(..‘ll, .

\;..ﬁm @B) m& %b\

ﬁ,w Foeg AB = Fo a3 D — [A 2%

| = 209°% = Mo'Js — /s

TnM\\%& — Muuw

‘ 2 \
?F .T (s correcd,




™ : ) 1.
. e wihinad o ¥ N
'Ajttm aw b [ P oWl um,_‘r.,,‘ -..~5-.
kS - -
- * Yha o wagnet iy
1]
i
vV
%
“ag net " .
Pec! padien
The her seatal anple Iy phe ATEA
doorn =F * plate wt

~u YN AR ‘M maPuitie - «q.g

bhe piorvie  ay \T§~t~&.\,§
Ay N

/s o - 5

w me

ﬁl £ t«\qv

A EN am

(4
B ,
(I i | |
. ” .. [ _.nl.,?.:..._ wet!t

e»..i\k.oava Is%a&\h b\h\iﬁm\,gf

ma g med s dac

Eorth R&\%@Ni /s Joie
%\ \Q\«\Q \—\3\“ Lhe \k\\\q.ﬁ.&!\,\\ \ﬂM\,\ \
s net conspant and OFPE° Srom ::v.%kéa
n \:%\:&\W\h deel)

-\\R\“& oF \N.m\lv:«\.lm\ﬁ\\,hh .‘\

— e

() seculor variation
() xattb\m <§h§§.u:.‘ - v»)¢
(i) b.«r«:i yaration - » U
(i) H««\%Ls\‘ yarlakion
ceclar \&;\XN\.\:..-
* The _\\se&%,g i the 3\%\53& peldees oven
a  pumbs F Jea's.
with refeent fo plae

net wrd ferm
gron 1a 15° yo doe Jeats
\SIBS# Véniation. #\ g much tonter
¥ sy werk,

* TE ’'s
¥ o hanges dires

# zZf js mest ;m

P



r )
1 ‘)JJC& <§~\Q\Wlm03 . \ o7 .vﬁ,

* The Vorlat len ov @A o ‘Vpdkxﬂrﬂ/ ef T no ,,u—;»/rn(.r

- L - ] i<
Fvem , MY mean pater PesSiE) DR
Annal yaaiaton.

Aav F Dng .

* . . .
The Valceion 18 'n A ©7F .

EWe minubtes,
h )

Diurnat Vaniadion:- Ko . . X
¥ The (Q\ewmv»w_/b_a ag MW i
PosiElen ovVeY & &g uﬁsb%
os  deper Pon
i «SP%‘E.?&?\ wpfo R wx\v:\c\w pe
Seasen , £ime Fha- $

ﬁ%*@@% Nantadon §—

%RL due =
=ued .Q\fm,
yons , €.

¥ such Vadokien may b
Sudden nodwred canses
igﬁh , Valeanlc exyupt

U.@WN\A?PDD&MQJ =3 Truo Vm\oc.ubu,

= =
J.ﬂh\ &L\J)N%Dbnm\ %n\ e alt o

Placte chengeg ie&.ﬁf 8 me »éO\CTD.\rW U >><&¢w
ame— Plotted  w iy, z,%&jrﬂ\ o Erue— EP:

N\\ﬂﬁt. bearing —= 3?@3.@3,0 beartng . Decltnaky

Prwb)em:..

magretic m&\?_wja\ﬁwoj e =° 5, &

Solwrton -

True beaning = Zb%zhﬁwh beaning t peclinahen
0 k. e J
- (% 32 4+ 3 3¢

P
- 74 0



7 X§  the X
B , - Magnele  beaning oF a Aini
s 7 m, .
i I 3o an o ¢ e M gret e N\hﬁ\\\uﬁ\m\\r\h
x 2 e ., .
£ leace . )
e . ’m h.\‘,. w. \.\\\mt\h\\\& Hoe
..m. Ve \,\..):Z;
( g
Al»
~
. 2 M. a Ww‘ ,3.;\\\_\:.. ¢1on

o

- /
& y°.’
b Y 4 lWNJ _ ...u 2

L

l;
55 3p

-2

\

he Magneble  op o Aine AB 15

/m .NW«L.W‘S\. If phe Aeclination /S

& s’ /29
(& /ST E L frad ke ETHS beartyy
’ -
| Selution .
| e
| LB
| Ni. the R.B 1S Lonverted to 0 W

s 2&\«‘
R-8 =7 hmﬂ%&h\»u\\s\ A
_ g 3545
wep o A8 = /80 +u i
=215 4° e
t el
BN \ w
Trie Beowing = Km%k&qw\,. Q\E,N -
7.5 = 545 +FE 15
o
/ - 223 © |
| GUCPSSNE
w Tyme v&mv:,\w\ ‘n g8 = 223 0
, . ) o /
| = s430 W
,,,
| . rn &
4, A suney lne FA8 was g&\w&m\k\m .
pld map  WHEA PSE ven He
agnetic boaring F AL A% D e
v v declinatron was K7 3 .
f:x%\&&n b mAgretls Aeclrnation
s ) . v
vw‘%.m\iw%@ Lo sebt zhe Lt noY



Tvue rgyzr.w - 3»&:&\? w\\\_hxq 4+ Lb\n}{.b}a.,

-

\»\ kb é \usb}.us ;

T 8 o AB - m.B 7 e \
) “
220 4% + 3 7
)
. “ol
- 244 ° .y
— A #5

e \w\.\\s\\,a: =
y el e S

wes &

he Present

'
1 1

. - \kﬂ. \\?.\.\n\ﬁ.\.Q\u
re — m 8 ) p
2 4%
o ?
PR
/

has *eo b aet now Eo tha.

needle doesmat ot Polnt
porth due #o Ehe Substanl
ke, vanging vod , Key Purch
whiech defect £+ fre

\

The- 3?@:@30
powards 3»%\%&,»
LKt 3»%\:»#,\.“, Yeo

Srop butten etc.
needte  foaem 1ts fzOT mal @asition

magnet e

Suth sb,&{;\.:% mvbstante ovwe Kpowsn &L

lecal atbyaction.
Coy)

T disturbane dut Fo L he presenc

Laf  magnebic pleld s eatted Moo L
adtyaction.



[

Senyies eor Py bl yamion)-

TR mrad Yale whe' A Du\_ﬁﬁ pv \\H&._Xnm\
p .J\. ) - & p - .

” .N\P!ﬁ. re ol on Ate 7w Bl L8 P

(i) Magnetic rscxs

f) e

VW Trep ore depesits

hooY)

) Spead Sdructd.
A oy

(i) rRael Es%u

[

O zven \n\wm\ PrSES

W) Ty anspmission rowers.
n..h\v\.)\\..ﬁ\%\ woz ;\ \.vﬂ»\\ rate wx\wﬂ\&_ ’

bunch & yon KEYS
knife | iyon buttons .
Chan , arews el

—\Rcm In =
The %GN\QY:.QW bearind3 were ob327

lompas=s A yAaVErSe .
q..\ﬁ. F.8 Y\:\\\%\L

o ’
AB Wm%wg‘ /25 30

——..7|
Bc | 75730 | 254 32
= | ) / €.
1530 | 497 2P
R I Py
DE | M5 30| 340 77
") | hn° e :
EA | 235 o ot = Pn-w:nvhlﬁﬁ.«lrwo_)
L wowrd PP andn

SWEF.,.Or\h.m.\ MWEW,,M;P .Wrb\ h.v.«%@PW
ed < ™

be U?Wﬂ%&“

oy e W

Soon -

ebsevved Reading.

8.8 |FB~BB

e - ol o

w A8 | 305 0’ ,Ewuug 139" 30"

— e )

L ae | 7530 Imiauofll\‘ﬂl@ o
v v._° ./ °

| op ne 307 297 0 18130




. - N o ECt A o
2at 100 D K4 g\u«\ Q \b\lﬂs

tyactions

T The observed Fe + €5 7 s

rrect .
; ' ¢ torredh
X ob ed BB e !
obsey .
1S CeYreeH
* _&@2&9 re 7 Eh
D)
b /
— 245 O
Covvect FB F EA = 2 \ p
*s — 18
Ceovyect BB o EA = A5 0 \
a5 \*woa

aroh\\..é\m x.md‘w EA = &x\‘tuﬁ

covvection ak ) — poxvecded 68 F A —
\uTvdn\\.‘.<\h~ g6 nq )

’
/

© / c
45 0 —44 o

il

cgﬁv\d(&.% — \Q N.V\
Kl ¢ Fa F AB = ,«WQ\H.G%\ ’ o
Crrvected Fgoor 4 _ woso 4 !

o ¢
,,xm;\,m

i

/ ®

Corecked 88 o A8 = 306,  — g

e /
= 14y O
Qrwﬁ..j\h L 8n

e AB — \%wwﬂﬁ
Scorvecd Fop at B

= ¢ovrecked B B vz B

— bSaMed re 5 R

r

o ! _® /
= J26 0 — /25 30

° /
= 0 30
.\.\wﬂ.v;.\w,..* = _e _
8 & Be = 75 30
A% r\m.v.:;ﬁ.?n\ Fe n,l\u 8¢ = Tc e_ e
[ &= o L - & ~ T



Ce¥ve o\ \A \ " w
\ Yone . s . | Ho
]
Ll a .»._,..,_ft
O b SN ,v W |
RATIE TN oY o me
D Covy e o ) LA : , oo /
[SSTRN § - % T__ o * K 4l PO
/
- ‘s v..ﬂ. ()
wilhs .
[ /Jr.J/F,rk /4"/ . ) ~_.4 30 ° /
J an = ! 70
Y coNTer A Ra % b | .
e @ N =
Faecy= V7 0y
_n7 e
= e !
Wt o° i H5E
(ovvEct BB o§ CD & |
~ - Iy
. bAIA o}
b o’
0 v,m.q,(..,L ap s D = 29 7 0
n\wwﬁoﬁ\l Bt o )
. 3 \\x\ % \w ﬂ o
coTVe cElon ot P = 297 ¢ )
\u el

\ 7

35"’ -0, 0 .
Ag | 3057 |5 30" | A %0 | 306’0 124" 0’
. I\\l\\l
B8 - LI .
e | 75 30| 95430 pp'30 74 u% / 95t ¥ /

| >

ep | 1157307 097% " | ¢ = /30| 11770 u\j.g\

LY ] ) »
DE [/6S 30" \345 30| D=0 | iS5 30/ ,e_sl 30’
v A

ER |25 C . ik
r, So |44 o mn\mm\ .&h‘ﬂu\ 45 p

-

\m\,aﬂm\\ %0\\,6?:3.@ bearings were Ew&@k‘v\ry\ﬁm\.&.
L,.S&x\\ﬁ&w\\% & “\BMN\W\ Lyavers e hﬁh\% @ Lompas

W nd ol The SERTOVS wpfected by tocat
! ! Adeternzre fhz Lorrert ok

———

Lire—| AB Bc (.thfw;% DA

FB |45 45 94°s5' | 29°45" | 324487

S L —

| BB ‘ 3 . o
88 | 39470277 05 |90 | 144798 |




I S

| ) e — B~ B
| 2 T 7o sE |[FPT8s
\ L l‘m..\v\WPhII l,ri\\n\.\nﬂh\a\\.\\..\m\.nw a2 o 2| 180 .uw.m\\
PV LR Rt ey S
* R m.\wﬁ T 277 th I )80 /o
m ' Ac 9t 5 T e
, R S A y ,..\Mwbw /0 A /TT ds
_ oA L 29°45 \Jr\\.\..\ﬁllll T
L Q&L [T 4y n\\% | /&0 o’
DL ,Tﬁ\l \\x%\,\i_w\\\\\.\\\! T
¢N A Hected
spationS D - mﬁ\ﬁ%\ nra;
. /
The 1S - i
““W»\\Nx ( N _ )
by Mpeal @t% : DA s
, k\ B8 =
oA F8
The 05527
, L
g8 F T &
correct, & alse ) s LorTect
| Fa & #°2 7
| b )
— 45 45

=

orrect F8 &F P8 o
| x\..\ﬂw@\ \r\v /52

= 225 45

|

,“ ' Pl /

[, B )

_M w&m&w_\h&\ BB g 78 = 226 / \

__ o \ ¢
- ey = 22545 =226/

h, . - \

| = — o as

] 3 \

= 9¢ <5

/

| ekSeyved FB o B<
| - orrated P8 ot BE&= 9655 — 0 25

R "

. : . g = Qm an\ .

,\%m\ﬁ% m&%%” 4 Q:.WD\;.&\\%GQ
L = 27¢°30"
”mv\@i& B8 of B — 277" pe

erroyr =274°30" — 277 o5

/

= ].Qol,.w w\
,,QW.WNJ)\&L. FB & apD — _uw‘¢h )
- 45

Citorrected FB Foep — 29 P
= 29%0

E—



i ded
4 ¥V g fuc oy re
’ }\« ts..t..v...\ “ ..:l?: tw?v“ \ g ‘ ‘II.
'\ | as { ’ .»\.\
(ol =) . L ,*,.. ” ,ﬁa.ox..\x.~ ml - Q a ,%,.w %ﬁ ..\uL .\I
, —— /
8 |9, " ) |, ) | s e / ﬁs .
P ¢ s |2 77%%¢’ | a=.c| 96 30 %l&r.
- aq * ) > | ry s o 0\
Pr L3 ¢ ) | o ;ﬁ o) v8 ..s:w
“i.br_ 48 “ I hg! | p=o0o 224 48 144 e

L

. S - . :
t  The- Feollowing bearings were Q&&&VJ\P«R while

Ltraversing b a dompass,

s i se .%F\ w =y %m
) - ;, —t
_
_

o
hlm nNm %lﬂ~ ” k.mlk‘ ohu\o bm
Be nse!
cp

224°50 1\» os’
294735 £h ,wim\u ,,\&w Fn _,,
65 60| 348! _. | t
Mentjon which stations were %&\ m.,\
local abtvaction z,ql Aetermiree oL foe
sorveckted —bearings.

Solution =

Sine | Fe | oy ..J_.mwmﬂ_ww;.w,/_
;?\m‘mfi‘,_ﬁm\,.ﬂmwm\ ,u, 254 90’ 1 179° 157
8| \G.‘%\.!_ 294°3s| /181715
=p s &\: 345 &\\; \mu 0’
22\ ass | 4ates! |/ #m:w
EF , 1 ,

304°50 , Jas ‘o5’ | /79° 45’
The syakions ¢ 4 D s m4hp\.m4o3
feca) oXtrosion .
. Wuo obsexved  FB 4 ee =5 <> RS

tesyeck oo
S R obsexved FB G > 4 BB F

N

VS aXS8o corvect .



pe 191 !
t

. { — - W
" ‘\,rstd«n.‘u- re =~ (Bl (
R Y ]
lovvecd ©p o
- Ah
/
) ' m8
© gy gard Ba e BE = A h
/ : j
ot = AN 8P by be o et
” /
= » A5

b /
4 t
Oarved g o4 EH - 3N D

A
o |
T /v
ﬁﬂud*m\:m‘ﬂvL e ﬂ? - By Y } a f

LM
7 # /

e 345

levrer) B8 7t \\uwﬁ&)@»\ﬁﬂ\..\m:

P /
= )5 45
o /
ckserved e 4 gp= ot 09

v
. 8
ey = JA5 Hb 0 e 126 V>

H\\Q 20

| . I
mb§*<&\u~ Fe af HF = 46 08

] “ / : 1)
torrected  FB oo pE = 75 08 + & It
| /)

[ 4
= 75 35

 corrocted B8 a7 96 = 75"30" ) )30

= a55°35’
.th@.:\&n\ ce F P =~ n.wcmr\“!\hé\
ev WY = Qg5'3s! —a54 Ao
= / e\Lw\
ohseyyed

o tevvected Feop g,

lerrectec 2a F -



" phaavved

B8 =r p.

CEYYey

—t

5 .0
294 35

.
294 "as  —a9¢ 35

=0, g
N ebsered | Chdeyve T i uc:hh% NQ\.\\\M\NMMM\\
i N\uqf,. v..um.x 4 8g N 9\\“&\&3 \NIM.\‘\I} mm\\\\. |
A8 w(hobﬂ “,an‘ %511 A o.us‘ f\.\M Uw‘ \m\ﬂm\.w\\.
S \wﬁ. ) ,,,,;Hli!w\l\\\\\\ 296 95"
ge |72 % an'as! g Y| N4 35 35 | T
cp |l6s°35” P 35 | 345 mm
3L = \NV\ T -
.\;T;,‘ mh lezo | - Wo
PE US| 4ytost (pap | 224’50 4h
D e e 1 B, s
ER m&;ﬁ it mw\ £= 495 mxo\v\‘m\m\\\\m\m\m\
| The %s\\ESa% wﬁ&e&% Mmmszwk in  Tunndng =

Jr a plaee ?

\aiﬁwn Compass Lyalerse
Aocal  pdtyaotion /s .mﬁt&&h&

,irlf/[

T
P8 92°30"  479°30 |
e hre ol ]
e ey T
—— YY) mm;b. Mww) o' |
;-#MW,.{:,., /5°%307 ,i\wﬂ \w W
\Selwtion - -
e e e
A8 9% 3 279" mc\, /80°0"7
8= | 11ty | 190°07 | 1795 |
W 2 A 34 o’ | 17707
PE M;\\‘.Mu,r.wo\ 288° 0! 1 175% 3,7
ER 5307 197° 15, 81 45
The siatiens A *m )s  free g vei Jrcal
abbractton

- The observed rFs o A8 4 EB FFE
js  corveet, 4 alse FB F Bc 4 B.8

rt- Ep /S cervect.



(wived d v.,...&..d(n..’ y @ o oy
- . | .
(e Veclmd @@ ag B = 0NN
. J
| e
O b onenve A e v R \4n
\ " I as” )
ey e n f:‘;}.‘q:?. ‘K _;T _«.. ) e :
. f
Chieywed Fapm =« - 21 °
“ /
: ’ b 0y
,fd;aa.)\.yﬂ...k ‘«» of 1 o) , ,
v &
a6 oIl
i R \
¥ VI
. . e a:o_.._..i?:
Covvected B T D™
. g
> =1 _f
[ )
chievved @e g e =2l ©
aymtion
. .q’,?.ﬂz at a ° L_ . o ) b ;
CafYasy ey -~ 3\ 1S 3 6 =7
L. \
gfdﬂkﬂ&(ﬁmﬁ ﬂmw &. hVHu — /d.vn a6
Y - \ o MJ Lo+
Ctemested v oop pp s N 2o T
L=
= 109 45
/

1] -
cervectad SB af DE = 169 45 + 80 ©

= i
avwm;/sil REB oy DF ”\Nm‘wo”a\‘%\m‘$ \‘m
Cevveedlon af o ok o . )

, e E = 2¢9 4¢ — 25%%

)

c

= ) 49

&.@4—\&&& - & af M\w = Jc pm - )
trrected ro op g — Jis ey e /
= Ly s

cerrec! Be ,p )
Q..MH \msn \V \rﬂl\r\‘\\%ﬂ\oﬂu \Q.No\n\\

-~

Coyyect) o g
hm..r.w.wﬁk.mcj A \.w.w.;m\ o s
— /77 1S
= &



b o hve i
Cwrrde \3\‘ o :llt\\

| Lome i
“, 2 43 | ‘-& M). Ve vl
| PL | @, m X [ “erveedion __ A
[ & . " 72, - A
8e | 0" ¢ , NTAT gy, ) o “ g .., / \
| ) i
ep D anrar 77 | & Rt
co | auror | G0l ace it ]
N o | ) !
‘o ! | [ 21195 | 315!
£Er P | ,ax.‘.,_ d “? - m | 31
s & \{N& { 4 .\m. _ \Q *m nﬂ#x\ \\.-
| / . 3 L |
15! L Ewtss __ “s5! ,S.\ 75’
'

Vial

x closesd
4 ho-

w{hx\wlﬂ. oﬂ:\w\ﬁ\’\.f T \
N9 ha dlrecd)ON . Aottt
4 alA® e

] *r \\ a » N
| Follewine ) R
& \,..‘.\;,\.g,\ wh i

v Vhen, prea S \«\ )

\hwbkﬁkhh& p
xee. 2n3les = Lravarse 1\»\&\\ 5, o "
) b 17 \\n>
~ e :,_i N\»w«n\ﬁ \\ \\_\
\\\\w\i \

A8

Ee

[0 »>Y ;

DE ,

£/
m.wo\.b.@..oﬂ — ————-
1 |

T s fa &h&.\h\a?&»&w& nb‘.\%w\n.

Nlm\ NIQ«G\I \?\e\h\ — g /v 3o

0 o o _/

“ /A — ﬁe\% —an ol = #b \m
1 o \ o

h\n%mw\m&\‘m lx&u@\m

) /
_ _ _ /89 as (extir
)2 = 29735 — 468 *y Q@
_ : _ 5945 '+ 36
/

|2 = /70" 35

E — \
F, 35 Q — 459 %b = \hm\h\‘ %b mak*uﬁm@

, oL \\W\\uﬂg k\o ermo
| JE = /35 % g

Total Ineluded gM\N _ Jpplerles 12+ N\m

= ﬂxe\v&.\\o moiivmxb‘tﬁ “35’
+\wv|uqb



=31 ©
Yed-al Lne \ughs ./ ‘ ;.u,//.. #pha

s ok .

\ / - B0
/+ " f/ o« fm; N g c:J;_: e f

,_:._ ..‘,J.:j

Ly Xel

[a)

)

\ 3 ‘on
Shaving .’,ﬂ_.,‘ ® <.} vauﬂ \or
o o 4
- .e — o IR
5
74 asm\
© \ N
,_.0 :u ,u,\J ~!\ o \\& =
e 1 ot = M ‘g
/8 jje 30 — 0 -

o / ¥% QN

- (=]
o / o / - \-..N§ \&N
D - 170 35— 0 /2 = ,
® o — .WUQ%
)£ - 1350 —o012 =7
Line e ze8 | FE~E 8 |
AB 290" 15’ _m_\\.\% Q\M\_, 18/° '
Bc 219 3\\\ 39 *h\_ /80 Q\
=)} £8 QW\._ kwu 0’ ,‘ \ﬂ.w WW
pe | 78°3s | 259 40" \%\ 3\
£A . N.Wohx _ &\k,h“\ ,, \“% b

pAtwRAALA. _
\.mnu*\m@‘hblm‘mummm\

Féocp = )¢ 4 e « Be
= L = e ] ) ]
= 4808 + 3945 — 57°5z

o o ' o /
Fed = 8753 4 /s0°p = 267°53

i’y

\hmsﬂsmlmm\“ﬁb



e g pE

(s ef by

/70

P
45 L 267 53

78 °/¢ "

\w_.\\.,-xc \n\bo — waa\m

Eﬂﬂ

BT he —ge o5 EA

& o . ;
I Te ., ~ B 8 of DE
o "y -
I ;) LE | en o5 pE X \,\, 3 \w“
¥ &
P / = \m
— /35 Qm\,* 258 e\m — 392 24
FE =t & rp 35% 0,4
= /
6
12y ..N&u hn\\n..u N.\u\&.\\.\il\m‘@e “h\\u \&\{|

e oF —
6 = JA 4 Be o5 EA oy
% /
= 763 5 215°24 = 287 27
m.m»&w.\bmll o / & w“ %\
| = 259 97 — /82" = /27 2
Rnﬁm\mﬂw Bc — BB o7 AB
FB o 8¢ = B 4 Ba oF HE o ./
o / 2 d — QN\Q %..W
= J10%/8"+ 107 47 = ,
88 oF se = 5)9°ps —/% = =7
R = FBexr ¢cpD —B8B ZF BC
8c
Foop cp = Lo+ BEF TS .,
| o / 25 — z
| — 48 08 + 374 —_

— #

, 0 Corrected | corrected |

Dl F8 Bs

| As 289°37" | /09°27’

B2 2/9° 45" | 39°4s
=3 87°s3" | 267753

- —— - \“ —— \lwwith ﬂ\l '\l.‘
DE | T78°s¢ | 258 /¢
EF | 33%24 /3744




“ A. ,

4 «.;\.....T..b \. f\:.‘.k ;A‘vd.:\v. Am m.\ﬂ.ﬁg
, + p

f Jrien Ae with a \uJ,u:‘.i

fowing ebseyvat i WVETE

4 -
ph ey 0y w3 C Ay,
. hoa ,
mpany, .5\..\“.\-‘ L
Cop Eryvor. HAlte Solcus,,

) Ve & R ?.A‘_'.-g / i
» " A N - & = \\. 127"
el .,\-»B,.,.‘ ﬂ\l. ?V{. 44/
-
£ E 4
né R )
i
L A92°3°%
e /
& 4,57\ wNeu /5
/
D 3 \vﬁnﬁ\ ‘_:\“BQB {
bA < \n..\‘v\.\ v...‘lmk. AR \.. A e ze’
A
8 Jﬁ
k\_\.\ﬂﬁ\\kc\\

,N, \w \...\. .»\‘w\q\m\\.‘.\ﬁ.\h.nk..gmlvk
N

ST S S A S SR S
pe s B = 7)4°30 _24%s = go/s
e / & / o J .
|B = 1,15 — 29230 = —27§ /5 (e

= —a7e’s £ 346°

/

JB= 5)°45
o / o _/ - !

Nm\ 2,50 —ave 1S = /4 45

& y © \
/P = RIS \w\\ )36°p" = $5°/s

p

 Totad Ineluded §m\«.nE+E+R+E§
o ! o ) o ]
= pzo/5 *W\%Wxnxl\\%ok..wxil%h P
= wm\&ab\

G vy
hecr !

mNJL&&b HmoNx\.\ 1&& Yo = Zdo®

Ervor = Bb2 — 346° _ \M\O
shaving For Soun Spations
Vez 2 e /
——— = 0 3o
\T



! /

| o o — 79 a\ &
L .JNM..‘,.\/ ©_ \.
| ¢ @38 - 8)°1%
.,\'r — __H~ bA € I )
1 5 . =0 JB o w.‘ra | (3
D o R ) . )
rl, 85 IS — 6 ,.Ln,‘ — I#n#m.
Jane ) —
An ~-FRB  Be F8~B8
8 e Yiha,r W “;,Ja\ /40"
en s \@oo _.n ;;J\
) DA 315°%,’ VML ! lgs°® o
. X5 ° )5/ N39° 15’ 183°0"
le
= F
T ee _ B 8 o3z A8
Fa T Be

V@+mw»¥>m

e )
27348 ~36°

e /
B-8Bex e — 135! 4is0° = 193 45
e ‘
le = FB er ep— Bo o7 g
”ﬂ(&nmﬂm\vﬂplﬁsrmmou\mn\ o
| 0
= s 19345 = NW%\\\
1 » , 6 / ¢ %M% Q
BB oF <D= 308 0 —I8 m\\\\\
MM.\vnnm\%bm\mmaﬁh\v 2

I
: 5 28 0
A 8445 +/
! . .w*%%mwwﬁb =
,mmﬁbm\? \

= 212 45 o

| , ‘ ! on = 39 AP
g8 o pA = A2 45 — /8D 3.9

JA = FBF pe — BB F BS
_ )P+ 88 FaBA =

\\Cum ; s
8B of BB “\\wmm /80" = A7d

7945 + 3245
FB8 o7 PE



Py R UL E T

e Sellow) nq heont ng  ~f

Line Fa , £ B
4e w0 2570
8c Jan 20’ el 5
ep )08’ 350°50 7
DE | A930°%" 49°3.7
Ep 3104’ )35

tmputs. the jnterior 2ng/e §n\ corieey
Lhem for observadional errey, Debern,,
Ho corveck beaniny =5 &ho line
bo__\,\»w_ob,l

Lire | FB | p.A

AR /e o? 7°0’
B /o367 n\we\ u@
cp /Fo°sp’ S 350"
DE | 230°/6 49 &i
EA | 3/p a0/ \,\mo ‘)5’

TS in a clock wise direction

/P = B ocF EA — P8 oF PB
= )3e°%s’ _sp°16’ - = 50 s

/8=

BBeor P — FB 3 Be

© /

= L !
RS9 0 —1R2°Re = 138 40

£ 2

w .
B hw, Bc —FB8 g en
I 301" 50! — 170°50” = 13/°0°

Be
wm,no..v <> - F8 & OF
5p’ )
TR36%)0 =)

-

Ne 40



ST T FR e e

i

/

ey Oy ) ) ) . .
e V)0 90’ = —2be0 SO +36

AJ 9 ¢ \N_ ,
/

gl - S0 ‘g +\:. t+3\ ¢
+ 2o 40 ' 79 “10”

Tedal i
vk b \L.. \.f.\.me\i\

— )
s hn,_l.d \\ © c:“luv‘

checked wpgle _ 5 _4)90 = QU547

— e / gt.\
covrecdlon \h.l\«.h.l“m\wn.wh - 0
O YY oAl .
YeiHon Py, ?&F” \Q.\llo\w.lvl\w. 1%\%w\\
o of arle 5
e _/
= g B
° /
1 = Wmh\,‘runlﬁ‘ ‘\\m\o \m
08 - as'yd 4o =R :J
1& = 2% :.To./b o Gw_‘amv
e ! © I ©
)P = Joo ke O 5 nra\or._w
) P
LE 03 _o ..Toh - 03 1S ‘
| S o
| \PZ‘NA\ \U.m ,, £ m\(\\m
— ] s 0’ | &W@ r’ _~ /78 m\w_
Ob \.wbnwlgx\ ,N,Wn. WU,A \M\msﬁ\ |
e 230" 10" | 49307 Lo #0
- , T
m\m va\§ nh.c\ _ \AWQG\I“\W \%Ql%\\l
2= pe o5 cp — FB oF DE
 FBeF PE = BB F \\blklbo ) )
: 355 ° s — )20 43 = 23¢ 5
FB o+ DE = 2E

e e /
B&F DE ﬂgﬁ?fl\&@ = &0 5
JE = BB F DE .\\um&hm\mb\m
fm ooF EP = kmmm&q)m\

B
5 9995 =— 47/ g 50
_ spesl

=3 EP = ey m\a y p\.&alm.
W»\M.MWM\@ — muvx\ﬂnm;m =g = A =



e M>la?71\r> LA N
R |
1.1. ¢t y 180
& 3 ¢
A B od AR v B ¢ ° ® | ‘
6 pbe 40 =13y,
Feag o - P oF AR
) . 1
' © v
_,° 658 + |RD
) &
|¢ - Baecs pe —F & F = *cg'
FEEf ep — BS® <F ac — 16 = 201 - ,.r.,_
Qa o3 Y : »47.1 s
°© (
Ba -5 cp = 170 5° JLmd = »50 bo
2l na \A}I\\,NE e ” NS?W.NDW%\G*
= 1 .
e | Eooae! | 2eetae’
! o
B \p\ohl/wl\ , -NO\ IV«JW\ ,
! . |
< © | |
” 17e°sd’ 3850 ° 50’
DE . !
ONWD rw\\ MNVB ,ml\
EA . t .
. 3e ,W:Q\ f\lw.b‘:n..mﬂu‘\

Evrers Tn cempass

¥ What ane the €YYeYS in CempasSS Suaveying P

* Tnstyvumental e¥¥YOT
¥ feysonal (o) mem\%/\nc@,e:“k er™r

£  Natwral evyvor

Instyumerital @gﬂ -
.Q The. needle e S\OW. %&bﬂ%&.ﬂ\.ﬁulm AW«NC(N\T.W

(#) e PiVoE is bend
OL The .u_,riu S ne E ankre of w,af%a(w@or OQAF

st ‘uvnc\rb\ o \._mf\w
mﬁcws<®4w_nn.\r Naltr 15 Eee *thicke oy Leosé
V) Plane 25 Sighle rek pes h B
—QQ\LU.D
ey T ving. 9 Yresuwfh dhe

{s not verel cal



A

mné o~y
And , 2 readt not fyra
4
e 4 ‘ rof o f
Nag 41,
' » ™M a9 et (as
aW/dA)., L] - Yy .
- )
"Vess . nNet \».\.\\Vk.p\,\ .5 v‘.\\..c ~\%
8Ver fhe Sbadip, v
& T < I . b ,.\eﬁ.\\»ﬁ.
MpPase e red  propetly m.mﬁ\
‘ 1, col :
¥ Thae - . . ALy piSEC
Hations L. not aLic \FNNQ oL ﬂLm.\“\.
¥ -7 . \\\ role
{ [ . . . Pye pé.
Y Chsetvations ae not S0 A
- ™ Ivaduaedt s 3 /s \\\p% ol
1. - d
QULYLLCI o,
.

- 4?,«mb.u¢,,anm in declination
e

and
Chanie in atmespheye mn?ﬁ?ﬁﬂ%@%.
SEoTp o causing magnet/c - e F
- &§
LAV attyaction due 2o /7 she SIEE
7 yom or Seeud matiniolds 27

*

b
o mag nett
HJ\.W@/A\WE.Q\. Veoiatiens due E2

w»unll.xm\. santhquaks, Jun § MmeOTL
- ,{.,muv.. m..m.PWM

Y K ranaser mevidian method
X Included ang/e \N&A\EQM\Q posto
¥ Rectansilac co-prtinat

R

\\ _” -~ . wo w{
N SRR o g e 7
B\ B\riwwoaruvwwn.bw»m;ﬁw bave P
R N Anaunn as P

4 e lerd 3 v BB ‘



N S S

¥ AL e a Uwe ?19.7—.. ke Ytha ™

‘ - p» ” }:H”rvvﬂd -
Tha lenn b & beaslne o @
. AAems O
L] Aeler ) ain Aje line & one R ok .
X ald P woneTs L _
I0 M vt W o o V=R pard' "9 Peon
R e s e
uhf’-.p 4 colnuida win PABAT N
\ \e ¢ 0 '
9
1:;‘.;.V-. n3 '

* xy U Aw ned

,f//wfr ,/.I'.N/

Include d ¢ cthod - Y
,',A»/Q .v/dmiw i - < ﬂ

~ O~~~ - ﬂ

N ..,

I“g \ -
- \ <
\

>

T included angles ond-

¥ o ogoyst fime 18 dme?
N’H)I—gl , _ a 2 5

#* o¥an Linas i drtoa»P N in M.DJ\L-P)PQ\&

2he ncluded =ngles.

*

JRectengidan co-evdinekes -
Receeng:




- 3

a g
Deraraiiy = TR accwnoke mmarred | < 75F
*® Thead e re +svavers r3
3r e et o
- - .a ®ac » e - N * < b)v,v.‘ Ws. -
:A.»,U..;V.-.,.rri. Ve 3 . ;
™ AN v efensru B oews — % .
¥ “ne. ay .
> T R ea “lled o% aygd® 5 feo € ¥ RS B
2 Peung -
*y hurbl s >
ta.Ydecrw on (RS I PR
Calia A E e o - -3
'
. T ik L wasE M
[
4 as of TEFPTe samartt s Jyres
. G & Y -
e — ‘r.‘..i/..\b.‘va‘;lﬁtkv e Stnqtflun.
A ¢ ———e
T~—~———=__“F clesing errvy
————— e —
E3

L /i h%ﬁk
hn«F\\uRm\ tenducted ., cs Swtvid & a <€ u.
fraverse  w)ll Finish at £re sionting £I75

¥ Thig - . .
S a sface oF e £/05:609 £ryor-

* But by imes phe Eravirse falls #< ZjezE
dua 2= Semz. ericr,

¥ s 0 . . .
weh  eryrr ey peciy dwe o pts ..%.\Quﬁl«

() pistakes made in Ha-rEsS e
0D treasmement in b22e77
@ Error m \\nk\(&‘ .‘nahnan“tt\ fhe P
R D \L..DQ‘WM\\ ”
” , Vs yule-

¥ Zf the clesing erypy /s .
is adjusted %»S\m.x.nmk\\ 4y Bowaitl
e phe gield
# IF the eryey /s %&v\hhﬁx Ehe Aot , the fr€

Werk shewtd be yeppated.
: o ABCDES
¥ Lot us  copsideed o closed Nw&&\umﬁﬁh\.ﬂk = ‘nn/
is plotted, Lo « suitable S i

]

ELa . _
7 i O

'
s i




e

| \
- 4
S u e & v POV o, /= .\4\\\\\.\.
} > ' D
L) et )T
h 4 doo! Be ~Einl di'wd arrce - \a\ = yes 7 z \N*
Ae) e dey s phe Ly \r\\h\\.v\, P \hhk\k&v\‘
B wtde /s drm”. o ~
0 7) ac. <2 DE
UIT A, fAs Lane .Ac.,m,\,.u\\hm&m AA. T # =,
h-\f\\w.\rnrm rrec o
A\V\ﬂ\

nee =& oS based <9 « he

_-tfwxhl.a- - p e A

. ~ A ]
fo e’ ak ;) T Ehy

s A =lesing o,

(V) e peinks A

v Fyem \.»a\.\«ﬁ.m a.c_ P
.o\‘\h\ \\M\\-U A k\‘\ﬁk\ﬁ\w

V) Thase 1 ntexvwees

. Whie he @8\ ks heNe
(vi) Now dhe covvectieons ot \v\..\u.bw%@..‘..\N\L e £y
Lations =% Ehe— Towl\ﬁ\m ABCD 4

~ye s peat Ve =
e Iwhw.
,C\:L e peints ABCD < = one Ir«OI:Jb\L w3

e PUSURSP- ¥\ c\e ase 2 L rareTSe -

Note. -
.\
s ure h.v_\rbrt..nh o £

¥ The angulan EYYeY g <S5

exced 18"\ [N rrinetes

whent ,
Lrovers<€ .

N — naumber F = ruba B3 e £ Al

At ZF closing E€r7o7

K Relatl've ﬁ\n....w\.\q.\ Cay =

\h\\\,\u.\.\h\mdm 1 2F £ yai€ rse
Thi s
Valice shovid not ex e \
oo



R
® Plavs

( e
) 1 e g enl
-w.;,,‘ r~,:- :u‘.\ih “ ? .<. ﬂ\ ’
the re14 I R T TR T ) B e
. . ey \
.A.:;.\\ Ay ~.x:\\. el \.\?\\\\T\ Ads it
y
¥ Plaq. " Jihlo
hle o . g1l /T
for 41 iveying I gope rally \\\
Fililvng  §,, . ) P
S P10t dhe dataits W o’ A /01
adtlo,., 4y i ¢ \\\\\\\\k /
Orevicusly piped by 7777

O theodolite  fyaperaing.

U,ﬂ\vxﬁxh\\N&:\_\\\h

wsed sp plape fable ,u\\\\\‘h\

—

* Prawv/ J \ ' ’ e
Taiing Becad with meunted Lrped pet

* T %Q btoad /s poade o well

Seastomed wood

* Sizes vaues frm / ‘._,:\ —
| 4-C tym X 2 Lo \Wg\.m:& \ \ 4_ \\%\\\
\. ,
. y
* Tts base o pppuntatie on A \ prnn
NS

Lripecd ity adequate  adjuttm
Fer dewelling , yoyticality 4 clemply T

# Alidade -

i .,
P mwu_en‘nsb\ | .“w\"w\MMP
* The wlidade s madz \ _
! oF ekl (brass of Q i ‘
| Gun motat] ex borwed kN | o

¥ straight edge with o leogth g
°f Boun 4 with %\h\k&m\,mxﬁ. \
* The yuling er ‘working edgé /s bevé
is cmlied as giiucial 2432

\\m&“ which

/) 7 07 .\N\&.
al . o ’
idade iy b€ 2 plain one €T £
S\\.. 2 . pelescope . R .n& oy ”\Q\h‘r\rh
e y Fe Fiftec .
¥ The plaws plidade 75 . ol -
akt eack endd whith A hinge 1
Ore |
Fte vnler. s provided

5 ¢
ar N\»\_NNW Vant , wHe

. he L LleT o e
s/t

* one Vet /S i ER
with a herse patt

. yoyided
Srgpl VArES r,rev

and #
with & rayrow



gt rrsetaf pubt bl
4

. F
s 4.4 Luddb'¥ T rrt
. i Pl 0 .
, &4 N ' &é g L 7~ -~
' Pyue o cind of 9 /X \.sA\ )
/aers o
¥ e , Javé# ¢ tM 7 . e
¢ J ]
I3 xwk.‘h
p 1
Frough Compass ..
o , ‘ riea ILE
«« m. {
R S
v - (8) £,
§
& 74 consist F 2 Long 10VPY \&N%\k\n\‘ b,
22
abouk 150 X 30 XRO o Ao 1102
s 17

oz JREMM 10 Jeng e oF T

/ ; / , ste [

¥ 75 nesdle \&«h\ \%hﬁh\ wporn & ¢ £ty
A /t= and /'S fired

zm 2 F /ot
\\\\\\N S/ ek,

£ Znsihe Lha- 52F A0
cunved

ol .
of the Z \\QW
¥ i\\%\x\\&h e waed £2 St L )s
et ' a0
noreh” Lirect! 9”7 ([ magrett = o
e PlE~ fobl/e .

plumbing uaolo fmaqv U- fork - ,\\HYEF fasle

L P

l”v ¥ .\\
* Ir tonsiSES of makol irorns -H\ ” Y/

hauing kO 940S OF ﬁ\@t{

lengit.

* ae is used Sey lenkel ovefl
Lrha poink up e @D\E\*\P‘u,@ N
B rmaons

clse Wﬁ\u g ox sy Y.,
@r&bmWA .;Jm WY.\»I. dﬂv:\L( pel
,mw\bm\.“n\ i Eax

¥ 1. pletpeink® avsund.
Hexticad Y .

rr oon Thoo

EE—
N ]



fi-hw,

L
R py ¥ . » v
) '
. ( 4 st P At?
Wramin \
) Y Mega
IFim "
Fepe
Jis
) 1511lid Loy \I}\\ \N\\\\\\ \v\ P
£ ddp ’
ey,
“fdest oy i\\\\\\e\‘\\\\ e .
] 4‘ e e
‘ )
{ 4
v Mg / ) L g~
k8 gy s b0 / 4
4 1y
)4
[Raal) BV 4 .
ke T )y & 4. g1V 7
(& fwajti. w g
-fc‘y S/l \\\\\\\\0

¥
*.
¥
¥

-N.l.
Ve

[ ¢ P /
AR S ..&\t\ \\\\\\“& \\\‘ P a7

il ety by \:\\\\

/ \\\k

.
b Y ey - . v L7 a4
PS4 mishares g pltbin ©77 77

b y j
Y \\S\S:\:w Ghark Lrpr? 5.

725
Iy vaquion objectt can bi pliopted 2L 42Y

the Aoy sy Sond Y, men

No  Greost gl s \\\“Q\.\&\\.

’ 2007 7 P

It VS most vapid 4 vifd T

2b 15 Jess costly than pheadelite EXY

Tt 1% aditerboguns i 1119 ridt 1% yp s, NI

compa.ss Sy [ ot r2)ioklZ.

o = , FaLl 5v o i
Dis.gdvantages by vo-ments “F_F s
T T —— il
ok syt ot!l Rt
"o = MME.Ah\m 2 .

¥

*
¥

*

ze 15 most intonyeritrt i (24

wet climeke.

T4 F s ot very acemdtE
; 5 < avting

Lomposs 4 Hapode!l'te SWHL

for accmate WOTE

‘.u\wh\

I 15 not Swkabl®
The numbeT F actessoTIES reguired 10 SwrLd
i Jpld EFL BE 4
wWork i moTé L ey ot ST o )

\l.‘.lu. 1u1hlw At | N LoMVGLEAT

The sente oF w&@n{?\rih\\\snnm A B
‘s fo 2 .\hvh\,ni\w\whx ko Sone ALTREN

1§ Hhae sSWVY 7
Scale .



§ < 1cCt .
- ——

Gﬂ;mgm the table -

¥ The Lable .w.\?,t‘?;\ be

P , N atlh !
....\,.A,,\\f* u«v_ﬂvw\ S\Q*N\N\QQ.. mﬁuh\n\h\ﬂ \

pven MY Teyuire,

& 71 2 wnd 15 \\a%k
7 he \\o.\iq\ SLAr oA Tl
b ki with Aegs well m\Uha apa T a,p
57 rmiy %»x&% on 1 grown < - o
o o e aoble!® piuad o7 xu.oek Aeay
4 Freedd wusing e wing nwts provicled ar
Hio Lbotto/-
K‘Pnbr on Eheo Eakble

¥ The drtaaning whook 14 £
by Ehe help s pins ©v¥ cello tofe -

* The plane Fable = .v_n.\%\Qr\_ zuch =
pexly sot OVer the

Poinkt en Ehe papey 'e PY®

stakion en Ehe w.qucSL.

¥ The
. ehe end oF - erﬁo.ﬂ\A /s V\K\DQ\k p.unr\.,.\?mmn
the plotbed poink
* ; 5
The »\\,&w\k 18 adfusted sSuch thakt Lhe
\u\x\xw\waw ak the ether 2t “F £ Ao
Plumbing fox K 15 exactly cortered on
Zhe MWQ;\M\,Q\Q. Thes Q\%w\ﬁxﬁ\,% 7 /s call ed
tertering.
) Leyelling the table -

—— T T NN



T the  ywae,

."”k‘ . an armosphere . Pay Work

"‘, N h‘n“\ . ) "y e AL L \
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': w Lemations ATE Needed
“ o 18 ¥ TNy
had }\'\1“ r‘nm the mhle ™ rthe o
@ Qo A \P\‘P“‘ing the  tahle ”_P\n
¢ W-x the points. ' U entring VY YN e nrarien
3
¢ For semall-scale work k\.ﬂ“ .
m L) “ ‘
| L4 qir! level may be used & 1 dore b, CAIMATAN T e A Arei e
A

. € mahle
g ™ o positions At Hight angles ang gem ¥ ;MH By Piacing the tevel on the
> e prex Coasy Sorvey  VTamte WAt He paed

® Iwmmmeshmlﬁbem“
' aed on the sheet corresponding OVEr the station on the simund thar the

0 the :
pK - STATON  decupied  shonid Be eaariy e
P _on on the ground. The operation is kmown . ,
y-a..nmis is dome by wusing a Plumbing | A cemning the plane mble  As alivady

l . .

- orientation t»n:ln' ‘:mxmsﬁm‘!mn\hmmw- I asme aed Wi

| g line TePreS ng Mmmmnnmmmmwamm

g ol ThiS is eSSERRGL CORMINOR %0 De JIMISE When more than one rsient Mton
o e used If OMENGAION is not done, the wmble will MO Be paraliel ny melt A AT

- esulting in a\n overall dismrtb_n of the map. The processes of CEIEING A e
e dependent on each other. For orientation, the mble will have  Be wisred alian We
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If precise work requires tha e N '
¢

o st e ceminng

, anla 1w ealed onenanon and iy
\P.“' .' "r (VeI ““ !””‘“ﬂ ‘ﬂl““ 'l" . } . ”‘:!)"l' is & mu! b QR j"“‘u
should be S i) has bween shawn 10 §11 Y rthat « 2 ¢ Neoiey —
T O T LR L "
v

ainiall aiale  wioik e
" " ale two inali etluads  of  (FETIE e pla able
Wi . '

1[yast
(1) Onlentation iy neans of trough Comg

w of hacksighting

al
(i Ovientalton by 10e ss, though less accur
Orteniation by (rough compass The comphss, ” y] be Wil P
(N apid approximate onenianon made prigy , "

y the 1
adiunt i enabling 4 l ' .
A valuahble ad) lane table can be oriented by compass under the follov,u,% ol &
final adjustinent  The plane e ey S
() When apesd 18 oie lmportant ,

() When there i 0o second point available for ormqon, |
() When the taverse is so long that ;ccgrquhued ETTOrs I CArTying the oy
forward might be greaer than orientation by compass. )

(@ Vot approximate orlentation prior o final adjustment

(e) In certain resection prablems.
Voi orlentation, the compass is &0 placed on the plm,‘ lable that the needie fioay
centrally, and a fine poncil line is ruled against the long side of the box. Ar gy
sation, where the table s to be oriented, the compass s placed 2gaimst this i, -
the table I8 orlented by turning it until the needle floats centrally. The table is then clangy
in position, _

(i) Orlentation by back sighting. Orientation can be done precisely by Sighting g,
points already plotted on the sheet. Two cases may arise :

(1) When it Is possible 1o set the plane table on the point already ploued op
sheet by way of observation from previous station.

(b) When it is not possible to set the plane table on the point.

Cune (b) presents a problem of Resection and has been dealt in § 116 Wi
conditions are as indicated in (a), the orientation is said w be done by back upmy

To orient the table at the next station, say B, represented on the paper by a poim
b plotied by means of line ab drawn from a previous station A, the alidade is kept x
the line  ba  and the table is turned about its vertical axis in such a way G &
line of sight passes through the ground station A. When this is achieved, the plooes
line ab will be coinciding with the ground line AB ( provided the centring is perfec
and the table will be oriented. The table is then clamped in position.

The method is equivalent to that employed in azimuth traversing with the mo

Greater precision is obtainable than with the compass, but an error in direction of 1
W transferred o succeeding lines,

Slghting the points. When once the table has been set, i.e., when levelling, cenr™

and - orlentation  hag bee

e ; n done, the points to be located the

l‘\u nnhduﬂc W Kept pivoted about the oc are sighted through ahidax
O 1l ““. “ll(' of .

h “n‘“ '1"
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Loon fhe slidade tmnhing vl
" ."E;" e 19y slong Arbeg W: |
y de shudade Shemilarly vight difforer ‘

8 D F s degw the

| ding tavs A pin mey be iname il )
wed e slidede may be t.-pﬂ i A

w pm whije ughting the proints | /

Megsurs TA TR TC TD. TE L

o e field and plot their dietances /

some wale along the corresponding 19ye

/
pething 2 h r d e otr Jeiin theae /

1.8, INTERSECTION Bt 118 BAAD I
(GRAPHIC TRIANGULATION)

[mersection 1t resorted b when the distanee between the  peint apd e P,
stawm @ either oo large or cannot be messtred accttately due bgoaume field Cil,
The Jocation of an ohject is determined by qighling at the c)l"l-r'.' Fromi vy, s "
sanons (previously plotted) and drawing the rays The imtersection of these 1yy, (0 g
e postwm of the ohject It is therefure very essential b0 have gt leder fy, .
sators o docate any point The distance hetween the twe instriment stations g e
and ploned on the sheet tg some scale The line joining the  two dnatramien s

enown as the base line Mo linear measurement other than that of the base line |, sk

Mg "

Tre pomt of intersection of the two rays forms the vertex of a bianple having the
rayy as two sides and the base line as

e third Jine of the triangle Due to this

;
reason. mtersection is also sametimes known - "’vj”" /! ‘
as graphic triangulation, -~ / / ey
Procedure (Fig. 119)  The fo 7 ',/ 7
g s e procedure v locate the ;’ S -
pomts by the method of intersection:

(1) 51 the table at A level it and

[ S F '
/ / 4
ransfer the point A on o the sheet by ,"/ ,"’ ,"’ I |
*ay of plumbing fork Clamp the 1ab)e / ,"’ '

2) With the help of the trough S '
SAmpass. mark the north direction on the ""\" "4* ”’
shert ‘ /1-':' |

B Pivoting the alidade  about o \/ ;
g o, Measure Al and plon "' b ‘V Vi |

h fi
Pigk gy

IR non

S T
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i) b oeu 4 diew Ligieapriieling
gh s L 4 “ ‘”J My “ : {
o ‘ Wie Nl e tadale "N‘“/ by cemiipess sl
abiid ade ;lfmu { Mgl e details ()b e ad diew T
i Ui & :
|ohig W .ﬁ‘ ol f"t Sidade 0 lersect wiih U pre ity diowp
§ s ,».un« W ol Uk potide wie s mdppul ‘,’ wey il e A
bl as [FERT Hl‘“d'} uked o |“.‘,p“;l detalls i) s e W I kAl

at (W TR 1] o oused .ul'.‘\.‘\u.hl P‘NA leble  slatboi i ‘ﬂud shiupild
’ ‘ Cersenbion o @ least e or more rays I rengles swald 1A well
TR o saghe O beisecton of e rays should ol be less Db 45 web
- " ,,...uuih,u Y P‘U\CC“ W“Ml p‘p““‘“uly uw”u‘tu““‘ ul e i
" e Lese  Mae nblucnacs Ull‘)‘ the sale of phl"llll

g " .‘ub“a”‘h
i

| able lavERee iavolves e same principles as o uansit waverse Al Gach BULEIIYE

b ebis b W8 lorcslght 15 wken W e following swtion and s (TR
W cenii g the distance belween the (wo stations s In the radiation pethod descried
o ,4.,._.. Laccislig 18 Bl much different from radiation as far as working i phes
ed e ualy ifference s Wat 1 e case of radiation tie observalions st
Aose putsia which are 10 be deiailed or mapped while 1 g case Of (aversing
oo ablubis BIE made W those poits which will subsequently be used &8 nstrumen
s st 15 widely used Lo lay down survey lines between the nstrument stations
jsed Wb Gl lused  Laverse
Voeduie  (Fig 11 10)
1) et e labic @l A Use
Ll fuik bl Gansicining A
otk sheet Lhiaw ihe dliechion
| waghith tnesidian Wikl the

o4

ul lwugh mmpn;.
Wi e alidade pivoted
kst B diaw
e tay Measwic AH aidd scale
[l Wi snie seale Sunilarly,
Law & iay lawaids k. measure
Ve aiwl Mul [

(4 Sl dhe table W 1]
web set 0 Ot the table ac
Crabely iy b kaighting A ( fanip
e labile e

i4) Pivoiing the alidade ' I3
il b, wight it Measure BC
DY IV (P I L e diawn ray PIG 110 THRAVERSING
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o 1ost rithest  ataticins ) b,
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e Hie  RAanw srnl T § | | | | .‘Il'lq
| o tlone h
RPTE U | hete that (he op lEmiatiod TR .’ v hack "m"i"
P Tl
T AL on 1 jahile will hmve th e et o oat | - o y
. ”.“L'“ wete b the jravmian  (nay el sven ) ! My,
111 [ BT ST L Hnigh ' )
ol Al jalbon & ,--oﬂnn of the HAvEras may he check ' :f . .
f 1R . |
—— Jaibile  aiwl mte gt i the warne stiaight line | m:v' .
pihip

1y aded ot

i
T L | T UL LA
. “ wel
I BACIRe ekt of determining the plotted position of the Statipy |
g t‘“l M; '::w e of dghtt wihen towards  known - points, ’"!"linm ,,;""‘v
by e plane  fabie Y Wh,.
v vhisiieed
Airy ﬁ;:" ,:,.;....l Conalate In drawlng 1wo :fvvu o the two ‘"r,'"_'s of knowy ll"("i"r.
e plan aher ihe (able haa heen arfented The taye (,erTl tom the Unplotteq I
of the station 1o the pointe of koown location are called resectors, the '"'C'"L\Crirm of
gives the required location of the inetrument atation. If the table is not correctly Oiar,
o the sation o he located on the map, the intersection of tm 'w',) resectors will“m
give the correct location of the atation The problem, therefore, lies in Otienting tahlar”
e siations and can be solved by the following four mefhods of orientation i’
(1) Mesection afer orientation by compass,
(i Mesectlon afer orlentation by backeighting.
() Mesection after orientation by three point  problem.
() Wesection after orientation by two-point  problem.,
(1) Mesection after orlentatlon by compnss A
Ihe method is utilised only for small-scale or . s
rough mapping for which the relatively large errors \\'-\ //
due o orienting with the compass needle would not . ,"l
impalr the usefulness of the map, A /
Ihe method s an follows (Fig. 11.11). 2 !
(1 Let € be the instrument station to be located ) b

on the plan Lot A and B be (wo visible stations
QIm W-have been plotted on the sheet s a and b i
Set the wable at C and orlent it with compnss. Clamp

the 1able
(2) Pivoting the alldade wbout a, draw g resector FIG, 11.11. RESECTION AFTER
ORIENTATION BY COMPASS.

(ray) wowardy A similarly, sight p from b and draw
boiesectn he
Intersection of the pye resectors will give th
» the required point.

::”,, ltau;r'mm after  orlentation hy bncluluhtlng
w lable can he oriented
y bm:klluhtlng alo
ng a Previously ight I
plotted backsight

e stathon ¢ ap e o .
lcated by the (nter »
hrough  ane Y the intersection of
her known point. “T'he method in “"wr :';llcluigh( line and the resector drawl
Ollows (Fig. 11 12

0O




.VA‘NE
| ) Lt C be the station 1o pe "
4 on the plan and 4 and B e
‘i‘{s‘:,sibl ¢ poIN(s which have been plotted
[‘mmf gheet as @ and b. Set the table
,\m‘ und orient it by backsighting B
it
w - '

sloft® (2) Pivoung the alidade at a, sigh " ’
- draw a ray. Estimate roughl A l

ion of C on thi Y \ ’
sition 0 S ray as c,, \ ‘
3) Shift the table to C and centre A
. approximately with respect to c,. Keep .
ye alidade on the line ¢, a and orient a§ 7b
ne wable by back-sight to 4. Clamp the
ple which bas been oriented. ¢

(4) Pivoting the alidade about b,
sight B and draw the resector bB to FIG. 11.12. RESECT

: . 1112, ION

rersect the ray ¢y a in c. Thus, ¢ is BACKS‘G‘?'E‘%GPNENTATION i
e location of the instrument  station.

Resection by Three-point Problem and Two-point Problem

Of the two n'xethods described above, the first method is rarely used as the errors
que to local attraction etc., are inevitable. In the second method, it is necessary t se
he table on one of the known points and draw the ray towards the station to be located
[n the more usual case in which no such ray has been drawn,.the data must CONSi
of either :

(@) Three visible points and their ploed "%~~~ 77T 7
positions (The three-point problem). "N i

(b) Two visible points and their plotted W -
positions (The  two-point problem). L P

11.8. THE THREE-POINT PROBLEM #

Statement. Location of the position, w8 af
on the plan, of the station occupied by y a b
the plane table by means of observations !
to three well-defined points whose positions
have been previously plotted on the plan.”

In other words, it is required to orient o
the table at the station with respect to three 8
visible points already located on the plan. \
Let P (Fig. 11.13) be the instrument station *
and 4, B, C be the points which are located W
as a. b, ¢ respectively on the plan. The W
uble is said to be correctly oriented at P c

when the three resectors through @, b and FIG. 11.13.
CONDITION OF CORRECT ORIENTATIC

"
«@

he

/

T
i
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' /
]
i



The intersection of the three re

I
; in three-poin; 4 ey,
I 7’”’" pr Ohlem, ¥

e a a ] a " ‘. ""ll“,c

ére ¢ ”U 1
ol ’/i !hf" n Ih{ A\I'? |
-y o I SO U' 'hf "np‘""’n‘ mClh()ds IVlllablc h‘r t ‘
I he f\'“l'ﬂ“llx ae ¢

wobilem o
| Mechanical Method (Tracing

Paper  Method)

(& Graphical Method .
lehmann's Method (Trial and Error Method)

;‘ MECHANICAL METHOD (TRACING PAPER METHOD)
theref()re, als,

“)

I'he method involves the use of a tracing paper and is,

!ym!‘

&

iracing  paper method oA
Procedure (Fig. 11.14) Y ,"B
Let 4. B C be the known points % /

ad g b ¢ be their plotted positions. Let \'\,\ e

P be the position of the instrument station s //'

W be located on the map.
(1) Set the table on p. Orient the
table approximately with €ye so that ab is
parallel v AB.
(2) Fix a (racing paper on the sheet
and mark on it p’ ag he approximate location
of P with the help of plumbing fork.

(3) Pivoting the alidade at p', sight 4, B,
C in Wrn and draw the corresponding [ineg P'ad, p'v and P'c’ on the tracing paper Thess

FIG. 1].14,

€ along pb. If the or;j i i
e sight 5 PO ¢ orientation is correct,
N the :‘llldddc s kept on pe. » the line of Sight wil pass through (
2. GRAPHICAL METHODg

- S€verg aphi
e e ‘ml Braphical methegs available, the
’ et
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L prvoung e alidade about & sight 0 O oand diaw e ey Ly along tie edgs
\_M (Fg I\ 18 @

| \ Keep ¢ alidade along ab and rotaie (he able Wl B s bleevied ¢ jasnp the tebile

» Povoing e alidade about @ sight © O Draw the ray slong e edge of the
; o lokersevt the ray vy ¢ (Fig vs oy e e

e ’0

\ By
\ / e m P
O VbV |
(0)
(©)
£1G. 1115 THREE-POINT PROBLEM « BESSEL'S e AL 0k

METHOD.
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i\

A ocate the table il ¢ |y '""ﬁ’lm by

}\I

R
Al ]
altdade along o (119 W) |
|[II .

\ h‘. A
\,“ k‘ﬂ r_ syenioed l“ll 4 i
e naNe ”h;. i wight fo B Draw the ray (o lllll‘llq-l
. ' Al
(@) Pivonng

Similariy. 1f alidade v phvom
if the work e Accurane

The poins @ &
the circumference of & cin
\\:.‘?,?‘.’;,);;"’.} . P e siﬁhﬁ"ﬁ for ("‘ICIIM““" WHN done "ll'()ugh a ﬂnd,
irs sreps. . ,
In the However, any (wo points may be used for sightipy o
which is then sighted in steps 5 ang 6 L

ravs were drawn through ¢ :
\ i point,

avs drawn fowands the thire
| phical Solutlon. (Fig. 1110 |
Keep the alidade along ¢, i

Alternative Gra S ot i 86 8
: ae cular to :
the ph(r:e) D:l::c an’limeA is ‘;?:,rcd Clamp the table. \:Vim e
o sight 8 and draw the ray be to cut ae in ¢ H:Ig. : ,(a ].
@) Similarly, draw ¢f perpendicular to be at ¢ Keep the alidade along f
the plane table till C is bisected. Clamp the table.
With & as centre, direct the alidade to sight B and draw the ray bf to -

f [Fig. 1116 (®)].

(3) Join e and f Using a set square, draw bp perpendicular to ¢f. Then p Tepresey,
on the plan the position P of the table on the ground.

4) To orient the table, keep the alidade along pb and rotate the plane taple

B is bisected. To check the orientation, draw rays aA. cC, both of which should g

\nwﬂ‘l('\‘ 0

s about M

" 4 ix slghted, the ray Co

' by
|

mble
{ about o and

Wy,

“Hh

al and all the fq .
quadrilatera ¢ fouy Dol I‘

and p form 4 “Hessel'
BHessel's Meihoy . il
ar lll_\“ n{
,"r

s method s known as

¢

Je. Henve,

b as centre, direct g, M:guh

d Toly,

through p, as shown in Fig. 11.16 (c).
3. LEHMANN'S METHOD

We have already seen that the three-point problem lies in orienting the table at
point occupied by the table. In this method, the orientation is done by trial and emo

and is, therefore, also known as rhe trial A
and error method. \ Gma{:lrcle /!C
Procedure. (Refer Fig, 11.17) T
(1) Set the table at P and orient \\ ,", 8 N/
the table approximately so that ab is parallel i ! ! v/
to AB. Clamp the table. N |
\\ |‘ : ),ll

(2) Keep the alidade pivoted about ey

a and sight A. Draw the ray. Similarly, N rang' L
draw rays from b and ¢ towards B and AN 2
\\~ _____ b /

C respectively. If the orientation is correct, i
the three rays will meet at one point. If i
not, they wm‘meet in three points forming op
one small triangle of error. Triangle
(3) The triangie of error so formed o e"grAJ

Will give the id
€a for the further orientation. FIG
- 1L.17. TRIANGLE OF ERROR METHOD.
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G 1R w1109
it distance from the rays Aa, Bb, and

(2) The point p' should be 8o chosen fhat

Cc is proportional 0 the distance of P from
(3) The point p'oshould be 80 chosen that it 8 10 ihe same side of all the three

rays Aa, Hb, and Co. That s, if point pois thesen 10 the rignt of the ray Aa,

it should also be W the right of Bb and Co (Fig 11 19).
Though the above rules are sufficient for the location of p',

may also be useful

A, B wd C respertively.

the following sub-rule
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wiwt w mfinse In such cases, the point p’
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revs © e extreme point (Fig. 11.23).
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 ADVANTAGES AND DISADVANTAGES OF PLANE TABLING
i “]vtnme‘

(1) The plan is drawn b

eves, and therefore, there

(2) The surveyor can cq

Y the out-door surveyor himself while the coumtry I8 watore
1S no POssibility of omitting the necessary MEATNTENents
Mpare plotted work with the actual features of the area
3) Sin.ce the area is in View, contour and irregular objects may be represented accurately

(4).D|rcc_t measurements may be almost entirely dispensed with, as the linear -
gular IMENSIONS - are both 1 e obtained by graphial means

(5) Notes of measure '
woking s eliminated. ments are seldom required and the possibility of mistakes in

6) It 1s particularly ygefy)
(7) It is simple apd hence
(8) It is most suitable for

(9) No great skil ; '
od 10 a Subordim(: fequired 0 produce a satisfactory map and the work may be

N magnetic areas where compass may not be used

Cheaper than the theodolite or any other type of survey
small scale maps
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rded,
jsadvantages o « are not reco
[l)) gince noes of mf-'i""”";glmz) to SOME different scal€.
( - . . rcp[l uce ’ Work
; gired o b€ , v accurale
e ™ l‘:T 'cqpl:mc tabling 18 not intended for VveTy
(2) The . 1 instrument. '
(3) Iv is essentially @ tr(lplcfal ’"?;y geason and in wet climate.
- - ieonvenient in 14l !
4) It is most inco ew ) - .
((S) Due to heavyness, it 18 mLOIWC'm.C'nl tt;’:e . ljjsspoevery likelihood of |
('m Gince there are 50 many dccessories, Sse bemg
. PROBLEMS
isadvantages of plane table surveying over other Methe,
t by plane table sury,

I. (a). Discuss the advantages and d
' i ; ‘ i f locating a poin

(b) Explain with sketches, the following methods © :

Also discuss the relative merits and application of the following methods :
(/) Radiation (if) Intersection
(iif) Resection. , (AMIz
2. Describe briefly the use of various accessories of a plane table.
3. Discuss with sketches, the various methods of orienting the plane table.

’ 1}. (@) A plane wble survey is to be carried out at a scale of 1 5000. Show that

is scale, accurate centring of the plane table over the survey station is nccessary- i
‘ . ri e not . Wha

ould be caused in position on a map if the point is 45 cm out of the vertical through the stta;:gr

(b) Define three-point problem and show how it may be solved by tracing paper met
5. Describe, with the help of sketches, Lehmann’s Rules

: . ‘» m( is ull ee' i .

8. What are the dif
ifferent sources
9. . of €Irors in . .
o :;I) Describe the method of orienting p] plane tabling ? How are they eliminated
iSl‘ I p ane ‘
nguish between ‘rescction’ and | ’table by backsighting.
methods 2 .
applied to plane table surve!
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LEVELLING INSTRUMENTS
rye msgumens commoaly used in direct levelling are
y level
_§ A levelhog saft
. LEVEL
e purpose of 3 kvel 8 © provide a horizontal line of sight. Essentially, a level
of the followmg four parts
A wiescupe 0 provide line of sight
» A level mide w make the line of sight horizontal
A leveiling head (tribrach and trivet stage) to bring the bubble in its centre of run
A mpod  © support the instrument.
2 S following chief types of levels

&t

h, )

n Dumpy level () Wye (or Y) level
-~ DUMPY LEVEL

Toe dumpy level originally designed by Gravatt, consists of 2 telescope 'f“be ﬁmw
wremed i owo collars fixed by adjusting screws to the stage carried Dy the vertical spindie.

"
10 Sy 10
9 d‘{ N N ———

nil - |
2E | @s 4
o
SN
0
S = 5 3
W7
N
C 112
1 ]
FIG. 9.2. DUMPY LEVEL
1. TELESCOPE 7. FOOT SCREWS
2 EYE-PIECE 8. UPPER PARALLEL PLATE (TRIBRACH)
3. RAY SHADE 9. DIAPHRAGM ADJUSTING SCREWS
4 OBRJECTIVE END 10. BUBBLE TUBE ADIJUSTING SCREWS
5. LONGITUDINAL BUBBLE 11. TRANSVERSE BUBBLE TUBE
4. FOCUSING SCREWS 12. FOOT PLATE (TRIVET STAGE)
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A Surge!
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resCnitng
MT‘T"' purpose of the levelling staft s 0 determine the amount by whv
w00t of the staff 15 above or below the line of sight  Levelling staves 1HEY e
ol 0 classes (O Selt reading  stalt,  and () Target siaff A Self Jeeading
which can be read directly by (he instrument man through the  telescors

wh
rfh.- oa e other hand, contains a MOving target against which the femd ing
Nk

af s

> )

asft man

-\

ADING STAFRE

" \l“ } RE
mere are usually three forms of self-reading  staff
p sobd staft | (&) Folding staft | (¢) Telescopic  stafl (Sopwith  patieriy
i 911 (@ and (&) show the patterns of a solid statf n English  unis whu-:.
o 8 show thal in mewic unit. In the most common forms, the smallest dav W
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Hundredths. Fiftieths. Centimetres. Hall-Centimetres.
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el The voainge are, therefone,  taken from ahove  downwards
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Folding j evelling Safl in Metrie  Unii e
Fagg * T () dhowa a4 om folding npe evelling siaff (1D L3 (el Ve siall
B Lo e m thoroughly  acasoned wooden preces with e joi anycI Lach P
e uafl B m’:-‘,u of o lomgitudinal sty withioan any ol The el awd (uk, Livoas
waff ® pepe 73 mm and 1% mm reapeaiively  The folding ot o e stalt i avmie
chyt setachable  OYpe with a locking deviee at the bBack The stalf jotae o geAhor

y 3 way that

the aff may be folded 10 > m length
from  one  anothet when vequived.

P
b the (wo pieces Ma) be  detached
e pioce. awnd

eary handling and manipulation with
lox ked  together e

faciinaw
pocome gkl

when the two portiom are
and straight

cyrcular bubble, suitably caved,
for a plummet to test and correct
53 cap The ataff has two folding haid

tad peces

s fitted at e Lack e
A Diass 8 scrowedd
g lowking

of 23 minue sensiiivity
the back pubble

L)
fes with spiing act

wuaff has fittings

ap 0 the bottom bra
device OfF 3D ordinary locking device
Each metre 13 subdivided into 200 divisions. {he (hicknoss of graduations peing
the details of graduatiom Bvery decimeti® length figuied
' m red and e deC et

mm Fig 9 15 (b) shows
made

eraly (the mefre mimetal »
fhroughout e  stall

with the corresponding  pum
numeral 10 black). The decimetic numeral 13 made confinuous
(1r) TARGET STAFF
Fig 914 shows a target staff having a sliding (argel equipped with vermer  Ihe
rod comsists of (WO shding lengths, the lower one of approx T fi apd the uppet N
4 6 1 The rod is graduated in feet, tenths and nundredihs, and (e vernter of the target
to be taken upto 4 (housandth part ot 2 foot.  For readings below
pove that, e fargetl B

cnables the readings
7 # the target 18 slided to the lower

fred w the 7 f mark of the uppet length
the staff man O raise or lower the arget (il
waff holder then clamps the target and fakes the reading.

i graduated from top downwards. When higher readings have
7 ft mark) of the sliding length and the sliding length

wr oat top (1 °
4 ramed until the target is bisected by the line of sight  The reading 15 then
hack of the staff where a second verpier enables readings to b (aken 0 a Uw

of a foot

Pelative Merits of
(i) With the self reading staff,

part while for readmgs A
For faking the reading, (he level man duects

iy bisected by (he line of sight The
The upper part of the staft
o be faken, e target s
carrying the target
on the

wisandih

{ Staffs

can be taken quicket fhan with the  lanss

Self-Reading  and Targe
readings
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es P " ADJUSTMENTS
el TFMI»()R/\R\ IMENTS OF A pLpvyr.

9.0: Fach \tllV(‘V'""'z "”"““'f“"“ ""t"d\ WO types of adjustments - (1) temporary adjustments.

( manent ac ""."‘“”‘ ""“ Femporary adjustments or Station adjustments  ar¢ (h()'sc
,nd- | made at every anstrument setting  and preparatory 1o taking observations with
Wi grument Permanent adjustments  need be made only when the fundamental relations
e rﬂ-n wome parts or lines are  disturbed  (See Chapter  16)

W& : . '
- remporary adjustments for ; wel - .
The 1eMPoTan W oa level consist of the following

(1) Seting up the level (2) Levelling up (3) Elimination of parallax.

1. Setting up the l""l“l- The operation of setting up includes (a) fixing the instrument
= stand, and A(b) levelling  the  instrument approximately by leg adjustment. To fix
. Jevel © the tripod, the clamp is released, instrument is held in the right-hand and
od on the tripod by turning round the lower part with the left hand. The tripod
adjusted that the instrument is at the convenient height and the tribrach 18
y horizontal. Some instruments are also provided with a small circular bubble

s fix
jegs Ar¢ 0
'mximatcl

on the tribrach.

7. Levelling up. After having levelled the instrument approximately, accurate levelling
i done with the help of foot screws and with reference to the plate levels. The purpose
of levelling is to make the vertical axis truly vertical. The manner of levelling the instrument
by the plate levels depends upon whether there are three levelling screws or four levelling
SCIEws.

(@) Three Screw Head |

|. Loose the clamp. Turn the instrument until the longitudinal axis of the plate level
is roughly parallel to a line joining any two (such as A and B) of the levelling screws
[Fig. 9.29 (a)].

2. Hold these two levelling screws between the thumb and first finger of each hand
and turn them uniformly so that the thumbs move either towards each other or away from
each other until the bubble is central. It should be noted that the bubble will move

in the direction of movement of the left thumb [see Fig. 9.29 (a)].
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Y Turn the uppet plat [ ) { J
throngh 907, £ ¢ il the e 4 Ly /!
" thr; level pasees over the prieition )
! 7 .

: o > i

of the third tevelling screw € [Fig Al
Q0 (M , ‘

1 Turn thie levelling screw P ) #~

ie central el ( ) y ,

until the bubhle e centea ( y} ~ /

S Retnrn the upper part i i ) ;

(a)
I ”4.,“,”"’”“" T HHMEE B4 & 4

¥ip !

through 0% o its original position
(Fig 920 (0] and repeat step e
(M nll the bubble Qs central "

o | tepeat Glep
J ] ain through 90°  an |
6 Turn hack ag cemtial i WA e g

e ) Ay il the  bubble 0% |
7. Repeat steps (1) aml Phes bnibbile sWAld 1€t 1 ny 5

(2]
8 Now rotate the instrment thiough 15D Ry »
of its mn, provided it is in correct atjustinent Ihe vertical 5 %) e,
' "
If not, it needs permanent adjisimer | |
Note. It is essential to keep the sume uirtes tlicle for the ;Ir//ngf. i diress,,
. L L P / t‘ ,ll / i
and not 1o swing through the remuining three quartérs of a (lrclé 16 the miginal ., »
(h) Four Screw Head |
L. Turn the upper plate until the longitidinal azis of the plate level i inugnly Vel
| i 4 ‘A s £
to the line joining two diagonally opposite screws such as 1) and [ (g 5 %, 4
2. Bring the bubble central exactly in fhe same mannier a5 Q65004 1 ser
above,
3. Turn the wpper part through 90° until the spirit level azis s parallel v, e i

two diagonally opposite screws such as A and ( [Fig. 9.3 (b))
4. Centre the bubble as before, 1]
5. Repeat the above steps till the 6
bubble is central in both the positions,
6. Turn through 180° to check the
permanent adjustment as for three scrow g ,’
instrument. : .

In modern instruments, three-foot aj ﬂ / 4

screw levelling head is used in preference ) l

l:; a four foot screw levelling head. ‘The (a)

t . { '

" e::h:ge\;o?':‘r:nﬁcfzm::unt 15 the lwttmﬂuyw. VG 9 LR G e e
! support are  sufficient MITH FOUR Al

for stability and the introduction of an extra poin

()

uf QU[I‘NI” ]I‘,’;u]g I uneven weal *
simpler  and lighter 2 ¢
thres Srew  instrument B

the SOt
WS On the other hand, a four wrew levelling heg in
ead requires spec il casting called 4 tribrach, 4

being  more th
pidly leve e
ation of Parallny. Parallax 15 4

3 ""p'l"an' "dv‘""“u(‘ “'-
Elimin

Bwhen the mage form

4
climinated, accurd




» b
aw 9 ||||'kl.\>ll\k- ‘dll“d\ can be elim
w.ﬁ.u‘n\ viston af the Cross-hairg

abject 1 the plane of

Hated in two steps . (i) by focusing the cye-piece

and (if) by Y . . Amisce
4 UD by focusing the objective to bring the image
Cross-haiy ’

‘kh
0 Focusing tRhe eve-piece

|

(o focus e eye-plece tor distingg visio ' °
h 0 (- N & » 26C : Oward'
nold & shoet of white 0 of the cross-hairs. point the telescope '

A S |
o “nll the cross-harls  are PAPEr - front of the objective) and move A
a d4 at (he eye-piece ‘} seen sharp and distinct. In some telescopes. graduations

vt his }.‘ € S0 that one can always remember the particular graduation
a W osul s oeyes. This may save much of time

@) Focusing rthe objective |

N silih

[he lelescope ‘\s‘lnow directed towards (he staff and the focusing screw in turned
AL (e Umage appeats: clear and sharp. The image so formed is in the plane of cross-hairs.

07 fHEORY OF DIRECT LEVELLING (SPIRIT LEVELING)

A lg\‘el provides l.\orizomal line of sight, i.e., a line tangential o ¢ level surface
. (he point where the instrument stands. The difference in elevation between WO points
. (e vertical distance between two level lines. Strictly speaking, therefore, we must have
, level line of sight and not a horizontal line of sight ; but the distinction between 2
vel surface and a horizontal plane is not an important one in plane surveying.

Neglecting the curvature of earth and refraction, therefore, the theory of direct levelling
« very simple. With a level set up at any place, the difference in elevation between any
(WO points within proper lengths of sight is given by the difference between the rod readings
aken on these points. By a succession of instrument stations and related readings. the
uiference in elevation between widely separated points is thus obtained.

SPECIAL METHODS OF SPIRIT LEVELLING

(@) Differential Levelling. It is the method of direct levelling the object of whict
s solely to determine the difference in elevation of two points regardless of the horizonta
positions of the points with respect of each other. When the points are apart. it ma
be necessary to set up the instruments serveral times. This type of levelling is also know
as fly levelling.

(b) Profile Levelling. It is the method of direct-levelling the object of which is |
determine the elevations of points at measured intervals along a given line in order
obiain a profile of the surface along that line.

(c) Cross-Sectioning. Cross-sectioning or cross-levelling is the process of taking lev
on each side of a main line at right angles to that line, in order to determine a verti
cross-section of the surface of the ground, or of underlying strata, or of both.

(d) Reciprocal Levelling. It is the method of levelling in which the difference
clevation between two points is accurately determined by two sets of reciprocal observat
when it is not possible to set up the level between the two points.

A (e) Precise Levelling. It is the levelling in which the degree of precision requ
S 100 great to be attained by ordinary methods, and in which, therefore, special. equip:

or special precautions or both are necessary (o eliminate, as far as possible. all so
of error,
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RMS AND ABBREVIATIONS
W:uﬁu in levelling. 3 station & that point where the T:' od
o wherr kovel & st @ I o the penan whose cievation is o a‘(%lrr_,:h?
e w0 hw ostablshed &t 3 given elevanon ' o
o Feight of Instrument (H.1.) For any set up of the mc:‘; uu:he'gh‘ of hay,,
s W chevanon of plame of sght (line of saght) with respect where :;m da“':l“x
dws wme mean the beght of the iclescope  above the ground levey Wan,
Back Sight (B.S.). Back ught is the sight uken on 2 rod heyg , v
. _ . which the line of sight i i,
Enowe fvanon. W ascertun the amount by  ohtin meqmva.lem .
pousd and thes 0 obtan the height of the instrument. Back ‘_"g ft is also kno o Hr_“u:"
& fom e pomt of known elevation to the line of slgmk-:vcl of the daunnwn N ‘ﬂn:'
spa s e back ught reading is always added © 'thelzen’fore 10 ascertg; o g":
doght of e mstrument The object of back sighting is, [ ’ Erain. the hq:.
v e plame of sipht
' Fore Sight (F.S.) Fore sight is a sight taken on 2 rod ::::wat 2 poiy |,
SknOWT clevation. 0 asceruin the amount by which the pomt is : theh&:
“gs @l thus w© obtain the elevation of the station.  Fore ng@ng s eqmvakm [
Teasunng downm from the line of sight. It is also known as 2 minus sight a the ¢,
ught readmng s always subtracted (except in speical cases o_f tnanel survgy) from e %
of e mstrument 0 ger the elovation of the point. The object of fore sighting is thers,,,
asceriain  the elevation of .ie poini. ] )
' Turning Point (T.P.). Turning point or change point is a pomt on whicy 1,
mumus sight and plus sight are .ken on a line of direct levels."I'he minus  sighy (5,
“ght s waken on the poimt in one set of instrument to ascenamthee!evaﬁouof._,k
pount ':l-‘zmcti:ht:ph.usigl'n(b:a.c:ksighx)istalceuonthesaxm:p(:vintil]others,e(mcme
mstrumene 0 establish the new height of the instrument.
“i! Intermediate Station (1.S.). Intermediate station is a point. intermediate bemue,
TWO furmung pomnts. on which only one sight (minus sight) is taken to determine the elevany
ot the station
STEPS IN LEVELLING (Fig. 9.31)

Tbcr:ucmoncpsmleveliiug:(mloﬁnjbyhowmuchamoumtheljnet

£t s above the bench mark, and (b) w0 ascertain by how much amount the pext n-
below or above the line of sight. '

i

"

b
A

= % 44

2mal e of sght ELV. 213,17
1, 1.838
7777777 B
A
& ELV. 211340
ELV. 211 BEZ

FIG. g3
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0. HAND ling is done af construction site 1063t e man holding the,sgffbe%"le
when levelling ® to give instructions i and signals a,
difficult for the instmmcm‘ mﬁgs lng nat case, the following h g are f"“nqth‘
ner end. through vocal sOUREE. b
be useful (Table 7
TABLE 9.1. HAND SIGNALS
! _?;gnal Message
e
! ;-‘;’l»- Movement of left Move to my left »1 W
: " arm over 90°
; ib) Movement of Move to my
; right arm over 90° right
l ( Movement of left Move top of @) (b)
’ arm over 30° staff to my left (o)
@ | Movement of Move top of Fy r Y
i right arm over 30° | gaff to my right
[ (e) Extension of arm Raise height peg ]
' horizontally and or staff
moving hand
| upwards @ (e 0
l 0 | Extension of arm | - Lower heigh ‘
| i horizontally an
moving hand peg or staff
| downwards
} g | Extension of both Establish the
| 1 arms and slightly i
| thrusting downwards position . ©) (h)
5 (h) Extension of arms Return to me
| ! and placement of
| ! hand on top of
| | head. i

9.10. BOOKING AND REDUCING LEVELS 50 35 HAND SIGNAL

There are two methods of bookin i

: g and reducing th i :
observed staff readings : ( 1) Collimation or Height of g1 eumelevatlon of points from i
Fall method. nstrument method : (2) Rise and

e ght) t?mth_e clevation of the B.M. (Fis

; ) m '

s obtained by adding (p S sight). For the pe IS then calculated by subtractin
g the BS ¢ XU setting of the ipgiry the Hl

ment. the Hl

the RL. of the last po; i
hei POt (' a fore giohe) : L toits g |

‘Bl Of the last setting of g, - S IS Obtaineg by subég tThe Process continues 1
Clin

of those points : instry
height rr o IS calculateg py, oo ot If there 5 g the staff reading fror
ght of the subtr. € some g
iNstrument  fo, that écting - the intermediat, ‘Ntermediate points, the R
ing, e si ; '

‘
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 gollowing 1S the specimen page of a level field book illustrating the method
qaff readings and calculating reduced levels by height of instrument method.

¢ pookint |
‘ ~ ps . 1s | FES L H.I RL |  Remarks
o T ——,,—J/L—/’—’%
. 0ses L ] B 561.365 50.500 | B.M. on Gate
8 [0S — | 2105 |
i LS80 ‘T |
- e |
R T 2es |
— | T
£ l, "
— 6475 | 8.565 \
| 6.475
i 2.090

srithmetic Check. The difference between the sum of back sights and the sum Oof
fore Sights should be equal to the difference between the last and the first R.L. Thus
B.S. - TF.S.= Last R.L. - First R.L.

The method affords a check for the H.I. and RL. of furning points but not for
he intermediate points.

2) RISE AND FALL METHOD

In rise and fall method, the height of instrument is not at all calculated but the
difference of 1e.ve1 between consecutive points is found by comparing the staff readings
on the WO poimts for the same setting of the instrument. The difference between their
saff readings indicates a rise or fall according as the staff reading at the point is smaller
or greater than th?t at the preceding point. The figures for ‘yise’ and ‘fall’ worked out
tus for all the points give the vertical distance of each point above OI below the preceding

one. and if the level of any one point is known the level of the mext will be obtained

by adding its rise or subtracting its fall, as the case may be.

Tl?e following 1s the specimen page of 2 level field book illustrating the method
of booking staff readings and calculating reduced levels Dby rise and fall method :

Drarion Bs. | LS. | FS | Rie | Fan | RL | Remarks

L4 0865 | \ \ | 560.500 E\B.M. on Gate
B 1025 | | 2005 | | 120 | ss9260 | h
< | 1580 \ \ | 0555 | 558705 | Platform \
D | 22% \ [ ises | | o2ss | 5584 i '

E 2355 | | 283 \ | os0s | ss7.815 |

F || \ | 17e0 | o0 \ | 558410 |

Check 6.475 8.565 0.595 \ ‘ ‘ “
.75 A1

1

Fall 2.090 Fall \ 2.090 L 2.090 \k

re
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ehmetic Check : the sum of back sights and sum of fore
LgArs ‘muid be equal mtmfﬁ:gemmn the sum of rise and f_the Sum of g
mc shouid aiso be equal o the difference between the R.L. of last and first point, Thy
IB.S.-TF.S.=T Rise-% Fall = Last R.L.- First R.L. o
Ths provides 2 complete check on the intermediate sights also. The arithmetic che
#owid omly ful m the unlikely, but possible, case of two more €rrors OCCUITING in gy
: mamner 25 w0 balance each other.
It 5 advssable that on each page the rise and fall calculations shall be completeq
anc checked by comparing with the difference of the back and fore sight column summations,
Seforz e reduced level calculations are commenced.

“ghth readings . 3 59g . 1606
© 2.684  metres.

‘cadings, these  readings

» Seye . .
Mmn and he o . Irst reading y; and ninth readings
e 1S columy, 0g In the F.S colump All other refd:e Mtered in the B.S
.. TBe reduced |y, Will be entered if
elow of the points may pe Calculated by g, and gy
I Mmethog
wWon as tabulated
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UNIT IIT
CONTROL SURVEYING

Geodetic Surveying:

* Geodetic or trigonometric surveying differs from plane surveying.

* It deals with long distances and large areas.

* In Geodetic surveying, the curvature of earth is taken into an account.
* Itis very accurate method and highly refined instruments are used.

* Geodetic work is usually undertaken by the state agency in India, it is done by the Survey

of India.

Triangulation — Basic Concept:

* In triangulation, one side and the three angles of a triangle is known or measured, the

remaining sides can be computed by the application of the sine rule.

A

c B

SINA ~ SINB ~ SINC

* In this method, suitable points called triangulation stations are selected and established
throughout the area to be surveyed.

* The stations may be connected by a chain of triangles or a chain of quadrilaterals.
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» These stations from the vertices of a series of mutually connected triangles, the complete

figure being called as triangulation system.

 In this triangles, one side, say AB and all the angles are measured with the greatest care
and the lengths of all the remaining lines in the system are then computed. The measured

length AB is called a base line.

» The triangulation stations at which the azimuth, latitude or longitude are directly
determined by astronomical observations are called azimuth, latitude and longitude

stations respectively. These stations are called Laplace stations.




Objectives of triangulation:

Triangulation surveys are carried out

» To establish to establish accurate control for plane and geodetic surveys of large
areas, by terrestrial methods,

» To establish accurate control for photogrammetric surveys of large areas,

» To assist in the determination of the size and shape of the earth by making
observations for latitude, longitude and gravity.

Applications:
To determine accurate locations of points in engineering works such as:

» Fixing centre line and abutments of long bridges over large rivers.

* Fixing centre line, terminal points, and shafts for long tunnels.

» Transferring the control points across wide sea channels, large water bodies, etc.

= Detection of crustal movements, etc.

* Finding the direction of the movement of clouds.

Field work of triangulation:

It is carried out in the following well defined operations:
= Reconnaissance
= Station preparation (Erection of signals and towers)
* Base line measurement
» Measurement of angles (horizontal, vertical angles)

= Astronomical observations to determine the azimuth of the lines.

* Triangulation consists of the specifications, the design of stations and signals, the

reduction and adjustment of the observations.

Horizontal Control:

* Horizontal control surveys co-ordinate horizontal positional data.
* These positions can be referenced by parallel or plane co-ordinate axis.

* Horizontal control in geodetic survey is established either by triangulation, trilateration,
traversing, aerial photogrammetric methods, inertial and Doppler positioning systems and

GPS.

* For relatively large topographical surveys, primary and secondary control are established

by triangulation and trilateration.




* These methods are also employed in areas of smaller extent when field conditions are

appropriate (hilly, urban or rugged mountainous regions).

* Traversing with total station (a theodolite with EDM instrument) can also be used for

establishing primary and secondary control.

*  When the area is large and scale of mapping is small, establishment of horizontal control

can be performed by aerial photogrammetric methods.

* These methods requires a basic frame work of horizontal control points which is

established by triangulation and / or trilateration or GPS etc.,

*  When the extent of the area is very large, it is establish primary control by inertial and

Doppler or GPS methods.

* These methods can cover inaccessible regions or the regions requiring conduct of survey

governed by special conditions.

Vertical Control:

* A vertical control surveys determines elevation with respect to sea level.

* These surveys are also used as a bench mark upon which other surveys are based ad high

degree of accuracy is required.

* These surveys are useful for tidal boundary surveys, route survey, construction survey,

and topographical surveys.

* Ina vertical control system, at least two permanent bench marks should be used, but

more may be required depending upon the needs and complexity of the project.

* These projects are needed for the construction of water and sewer systems, highway,

bridges, drains and major town or city infrastructure.

Triangulation Figures or Systems or Lavouts

» Itis defined as a system considering of triangulation stations connected by chain of

triangles. The complete figure is called triangulation figure of triangulation systems.

» The most common types of figures used in triangulation systems are the triangle, braced

or geodetic quadrilateral, and the polygon with a central station.

Trianele Braced cuadrilateral Polygon with central station

Basic triangulation figures




The triangles in a triangulation system can be arranged in a number of ways.
» Single chain of triangles
» Double chain of triangles
» Centre point figures (triangle & polygon)
» Braced quadrilaterals
» Centered triangles and polygons

» A combination of above systems.

Single chain of triangles

When the control points are required to be established in a narrow strip of terrain such as
a valley between ridges, a layout consisting of single chain of triangles.

It is used to cover smaller area.

It is rapid and economical (due to its
simplicity of sighting only four other

stations, and does not involve observations of

long diagonals).
Simple triangles of a triangulation system provide only one route through which
distances can be computed.

This system does not provide any check on the accuracy of observations.

Double chain of triangles

This arrangement is used for covering the larger
width of a belt.

This system also has disadvantages of single chain of

triangles system.

Braced quadrilaterals

These are best suited for hilly areas.
It consists of figures containing four corner stations and observed diagonals are known as
a layout of braced quadrilaterals.
Braced quadrilaterals consist of
overlapping triangles.

This system is treated to be the strongest

and the best arrangement of triangles.




It provides a means of computing the lengths of the sides using different combinations of
sides and angles.

Most of the triangulation systems use this arrangement.

Centered triangles and polygons

It is generally used vast area in all directions is required to be covered.

It consists of figures containing interior stations in triangle and polygon as known as
centered triangles and polygons.
The centers figures generally are
quadrilaterals, pentagons, or
hexagons with central stations.
This system provides checks on the
accuracy of the work.

Generally it is not as strong as the

braced quadrilateral arrangement.
The progress of work is quite slow due to the fact that more setting of the instrument are

required.

Combination of all above systems

Sometimes a combination of above systems may be used, which may be according to the

shape of the area and the accuracy requirements.

Classification of Triangulation Svystem

Based on the extent and purpose of the survey, and consequently on the degree of
accuracy desired.
Triangulation surveys are classified as

#* First-order (or) Primary triangulation,

*  Second-order (or) Secondary triangulation,

#* Third-order (or) Tertiary triangulation.
First-order triangulation is used to determine the shape and size of the earth or to cover
a vast area like a whole country with control points to which a second-order triangulation
system can be connected.
Second-order triangulation system consists of a network within a first-order
triangulation. It is used to cover areas of the order of a region, small country.
Third-order triangulation is a framework fixed within and connected to a second-order
triangulation system. It serves the purpose of furnishing the immediate control for

detailed engineering and location surveys.




YA First-order Second-order Third-order

No Characteristics triangulation triangulation | triangulatio
1 | Length of base line 8to 12 Km 2to 5 Km 100 to 500 m
2 | Length of sides 16 to 150 Km 10 to 25 Km 2to 10 Km
3 Average triangular (?rror (after Less than 17 3 127

correction for spherical excess)
4 | Maximum station closure Not more than 3” 8” 15”
5 | Actual error of base 1 in 50,000 1 in 25,000 1 in 10,000
6 | Probable error of base 1 in 10,00,000 1 in 5,00,000 1 in 2,50,000

Discrepancy between two

7 o : 5VK mm 10K mm 25VK mm
measures (‘K’ is distance in

Probable error of the computed 1in 50,000to1 | 1in20,000to 1 | 1 in 5,000 to
distance in 2,50,000 in 50,000 1 in 20,000

9 Pr.obable error astronomical 0.5” 5 107
azimuth

« These are the general specifications for the triangulation system.

Strength of Figure:

Well conditioned triangles:
* There are various triangulation figures and accuracy attained in each figure depends upon
#* The magnitude of the angles in each individual triangle
#* The arrangement of the triangles
+ The shape of the triangle should be such that any error in the measurement of angle shall
have minimum effect upon the lengths of the calculated sides. Such a triangle is then
called a well conditioned triangle.
* In a triangle, one side is known from the computations of the adjacent triangle.
* The errors in the other two sides will affect the rest of the triangulation figure.
* These two sides be equally accurate, they should be equal
in length, which could be possible only by making the \

triangle isosceles. \




+ To find the magnitude of the angle of the triangle ‘A’, ‘B’ & ‘C’ be the three angles and
‘a’, ‘b’, & ‘c’ be the three opposite side of an isosceles triangle ABC.
* Let ‘AB’ be the known length or side and ‘BC’ & ‘CA’ be the sides of equal length to be
computed. (a =Db)
e, LA=LB
« Bysine formula, _& _ 5 _ ¢

SINA ~ SINB T SINC

« Applying sine rule to AABC, we have a __¢

sin .4 sinC

sin A4
a =c

e Let sin C
0A4 = error in the measurement of angle A
oa, = corresponding error in the side a

» Differentiate equation 1 with respect to A

(oa/6A4) = (c/Sin C) Cos A
oa; = (c CosA 64) / Sin C @
Equation 2 divided by equation 1
(oa/a) = (c CosAb6A4) SinC/csinASinC =
= (Cos A 6A4) / Sin A

(Sar/a) = 54 CotA @
Similarly,

oC = error in the measurement of angle C

oa; = corresponding error in the side a

» Differentiate equation 2 with respect to C

da, = -c (Sin A CosC oc / Sin* C J\D
Equation 4 divided by equation 1
(dar/a) = [-c (Sin A CosC ¢/ Sin’ C] / ¢ sin A Sin C

= [-¢ Sin A CosC éc Sin C] / [c sin A Sin’ C]
= (-Cos C oc) / Sin C

(5a+/a) - scCotC (5)
o Ifdsand oc = Probable errors in angles,
ie., 04and oc = +f
oa/a = Probable friction error in the side a

= + pN(cof’A + co’C) is minimum
But C = I180-4-B [A=B]




Strength of Figure:

C = 180-A4—-4 = 180—-24

cot’A + cot’2A should be minimum

Differentiate co’A + cot’24 with respect to A and equating to zero,

we get after reduction

4 cos’A + 2 cos’24 — 1

I
S

From which,

A = 56° 14’ (approximately)

Hence, the best shapes of an isosceles triangle with base angles are 56°14’ each.

However, in practical considerations (56° /4’ = 60° (’), an equilateral triangle may be

treated as a well-conditional triangle.

In actual practice, the triangles having an angle less than 30° or more than 120° should

not be considered.

The strength of figure is a factor to be considered in establishing a triangulation system to

maintain the computations within a desired degree of precision.

It plays also an important role in deciding the layout of a triangulation system.

This method is based on an expression for the square of the probable error (L?) that

would occur in the sixth place of the logarithm of any side, if the computations are

carried from a known side through a single chain of triangles after the net has been

adjusted for the side and angle conditions.

The expression for L? is

where

= I I Y

Therefore L?

oA

OB

L>="%5d?R

= probable error of an observed direction in seconds of arc

= the shape of figure

= [(D-C)/D] X [3A*+ 3A 8B + 3B

= [(D-C). a /D]

= */3d?R

= number of directions observed excluding the known side of the
figure (forward & / or backward)

= difference per second in the sixth place of logarithm of the sine of
the distance angles A4

= difference per second in the sixth place of logarithm of the sine of

the distance angles B




oC = difference per second in the sixth place of logarithm of the sine of
the distance angles C (Distance angle is the angle in a triangle
opposite to a side)
C = number of geometric conditions for side and angle.
» Itis given by
C=(n'-8"+1)+(n-25+3)

*  Where
n = total number of lines including the known side in a figure,
n' = number of lines observed in both directions (including known
side)
S = total number of stations
S’ = number of stations occupied
Problem:

1. Compute the value of [(D — C)/D] for the following triangulation figures if all the
stations have been occupied and all the lines have been observed in both directions :
(7)) A single triangle
(if) A braced quadrilateral
(iii) A four-sided central-point figure without diagonals

(iv) A four-sided central-point figure with one diagonal.

Solution:
(i) Single triangle
C = mn'-S"+1)+m-25+3) A
n'=3 n=3 ‘,::_-_"”/ \
§=3 S§'=3 T\
C = B3-3+1)+(3-2%x3+3)
C = 1
D = the number of directions observed excluding the known side.
= 2 (total number of lines — 1)
= 2x(3-1)
D = 4
(D-C)/D] = “4-1)/4 = 0.75.
(ii) Braced quadrilateral
n==6 n'=6
S=4 S'=4

C = (6-4+D)+(6-2x4+3) = 4




D = 2x(6-1) = 10
(D-C)/D = (10-4)/10 = 0.6
(iii) Four-sided central-point figures without diagonals
n=2_8 n'=38
S=5 S'=5
C = @-5+1)+@-2x5+3) = 5
D = 2x@8-1) = 14
(D-C)/D = (14-5)/14 = 0.64
(iv) Four-sided central-point figure with one diagonal
n=9 n'=9
S=5 S'=5
C = O9-5+1)+(9-2x5+3) = 7
D = 2x9-1) = 16
(D-C)/D = (16-7)/14 = 0.56

Routine of Triangulation Survey:

* The routine of triangulation survey, broadly consists of
a. field work,
b. computations
* The field work of triangulation is divided into the following operations :
i.  Reconnaissance
ii.  Erection of signals and towers
iii.  Measurement of base line
iv.  Measurement of horizontal angles
v.  Measurement of vertical angles
vi.  Astronomical observations to determine the azimuth of the lines.

Reconnaissance

*  Reconnaissance is the preliminary field inspection of the entire area to be covered by
triangulation, and collection of relevant data.

» The basic principle of survey is working from whole to the part, reconnaissance is very
important in all types of surveys.

* It requires great skill, experience and judgement.

» The accuracy and economy of triangulation greatly depends upon proper reconnaissance

survey. It includes the following operations:




» Examination of terrain to be surveyed.
= Selection of suitable sites for measurement of base lines.
= Selection of suitable positions for triangulation stations.
* Determination of intervisibility of triangulation stations.
= Selection of conspicuous well-defined natural points to be used as
intersected points.
= Collection of miscellaneous information regarding:
* Access to various triangulation stations
*  Transport facilities
* Availability of food, water, etc.
* Availability of labour
* Camping ground.

* Reconnaissance may be effectively carried out if accurate topographical maps of the area

are available.

» Ifmaps and aerial photographs are not available, a rapid preliminary reconnaissance is

undertaken to ascertain the general location of possible schemes of triangulation suitable

for the topography.

* The main reconnaissance is a very rough triangulation.

» The plotting of the rough triangulation may be done by protracting the angles.

* The essential features of the topography are also sketched in.

* For reconnaissance the following instruments are generally employed:

»*

* W M Ok Ok *

»*

Small theodolite and sextant for measurement of angles.
Prismatic compass for measurement of bearings.

Steel tape.

Aneroid barometer for ascertaining elevations.
Heliotropes for ascertaining intervisibility.

Binocular.

Drawing instruments and material.

A guyed ladder, creepers, ropes, etc., for climbing trees.

Selection of triangulation stations

» Triangulation stations should be intervisible. For this purpose the station points should be

on the highest ground such as hill tops, house tops, etc.

» Stations should be easily accessible with instruments.

* Station should form well-conditioned triangles.




Stations should be so located that the lengths of sights are neither too small nor too long.
Small sights cause errors of bisection and centering. Long sights too cause direction error
as the signals become too indistinct for accurate bisection.

Stations should be at commanding positions so as to serve as control for subsidiary
triangulation, and for possible extension of the main triangulation scheme.

Stations should be useful for providing intersected points and also for detail survey.

In wooded country, the stations should be selected such that the cost of clearing and
cutting, and building towers, is minimum.

Grazing line of sights should be avoided, and no line of sight should pass over the

industrial areas to avoid irregular atmospheric refraction.

Erection of signals and towers

A signal is a device erected to define the exact position of a triangulation station.

It is placed at each station so that line of sight are established between triangulation
stations.

A tower is a structure over a station to support the instrument and the observer, and is

provided when the station or the signal, or both are to be elevated.

Characteristics or Requirements of a Good Signal:

It should be clearly visible against any background.
It should be kept at least 75 cm above the station mark.
It should be suitable for bisection from other stations.
It should be free from phase, or should exhibit little phase
In general, the diameter of the signals should be a range of 1.3 D to 1.9 D.
Where
D = Distance in Kilometer
It should be capable of being accurately centered over the station mark.
It should be symmetrical
It should be easy to erect in minimum time.
It should be sufficient height, capable being vertical and accurately centered over the
station mark.
In general, the height of the signal is a range of 13.3 D
Where
h = height of signal

D Distance in Kilometer




Classification of signals
i.  Non-luminous, opaque or daylight signals
ii. Luminous signals.
(i) Non-luminous signals or daylight signals
* Non-luminous signals are used during day time and for short
distances.
*  Most commonly used for,
(a) Pole signal
» It consists of a round pole painted black and white in
alternate strips, and is supported vertically over the station
mark, generally on a tripod.
» Pole signals are suitable up to a distance of about 6 km.
(b) Target signal
» It consists of a pole carrying two squares or rectangular
targets placed at right angles to each other.
» The targets are generally made of cloth stretched on
wooden frames.
» Target signals are suitable up to a distance of 30 km.
(c) Pole and brush signal
» It consists of a straight pole about 2.5 m long with a
bunch of long grass tied symmetrically round the top

making a cross.

» The signal is erected vertically over the station mark 4 2
by heaping a pile of stones, up to 1.7 m round the pole. oaé?_; i :
» A rough coat of white wash is given to make it more Pole ;é?r:;duh'm Sﬁ . hal
conspicuous to be seen against black background. |
» It must be erected over every station of |:—|;I
Stone cairn

observation during reconnaissance.
(d) Stone cairn
* A pile of stone heaped in a conical shape about 3
m high with a cross shape signal erected over the
ston e heap, is stone cairn.
»  White washed opaque signal is very useful in the
dark background.

Pole signal

%\\\\

Target signal




(e) Beacons M

e It consists of red and white cloth tied round the three Q\{/ ;‘;
. N s
straight poles. N/

e It can easily be centered over the station mark.

(ii) Luminous signals

* Luminous signals may be classified into two types :

(a) Sun signals

(b) Night signals.

Beacon

(a) Sun signals
* Sun signals reflect the rays of the sun towards the station of observation, and
are also known as heliotropes.
* Such signals can be used only in day time in clear weather.
Heliotrope:

e It consists of a circular Heliotrope

W Sun

plane mirror with a small

-~ Cross-hairs

hole at its centre to reflect  Mimar
Reflected ray

N

=Sl

the sun rays, and a sight

\F Hole

» The circular mirror can be rotated horizontally as well as vertically through

360°.

vane with an aperture

carrying cross-hairs.

» The heliotrope is centered over the station mark, and the line of sight is
directed towards the station of observation.

» The sight vane is adjusted looking through the hole till the flashes given from
the station of observation fall at the centre of the cross of the sight vane.

* Once this is achieved, the heliotrope is disturbed.

* Now the heliotrope frame carrying the mirror is rotated in such a way that the
black shadow of the small central hole of the plane mirror falls exactly at the
cross of the sight vane.

» The reflected beam of rays will be seen at the station of observation.

* Due to motion of the sun, this small shadow also moves, and it should be
constantly ensured that the shadow always remains at the cross till the
observations are over.

* The heliotropes do not give better results compared to signals.




» These are useful when the signal station is in flat plane, and the station of
observation is on elevated ground.
» The distance between the stations exceed 30 km, the heliotropes become very
useful.
(b) Night signals:
*  When the observations are required to be made at night, the night signals of following
types may be used.
* Various forms of oil lamps with parabolic reflectors for sights less than 80 km.
* Acetylene lamp designed by Capt. McCaw for sights more than 80 km.
* Magnesium lamp with parabolic reflectors for long sights.
#*  Drummond’s light consisting of a small ball of lime placed at the focus of the

parabolic reflector, and raised to a very high

temperature by impinging on it a stream of I:—ﬂ;l— Lamp
oxygen. | \ ﬁf - Windows
#* FElectric lamps. yl_'_l\
TOWERS Screen
* A tower is erected at the triangulation station Outer tower —._

(with bracings)

when the station or the signal or both are to be
elevated to make the observations possible form
other stations in case of problem of intervisibility.

#* The height of tower depends upon the character of
the terrain and the length of the sight.

% The towers generally have two independent .

structures.

#* The outer structure is for supporting the observer and the signal whereas the inner
one is for supporting the instrument only.

#* The two structures are made entirely independent of each other so that the
movement of the observer does not disturb the instrument setting.

#* The two towers may be made of masonry, timber or steel.

#* For small heights, masonry towers are most suitable.

#* Timber scaffolds are most commonly used, and have been constructed to heights over
50 m.

#*  Steel towers made of light sections are very portable, and can be easily erected and

dismantled.




* Bilby towers patented by J.S. Bilby of the U.S. Coast and Geodetic Survey, are
popular for heights ranging from 30 to 40 m.
* This tower weighing about 3 tones can be easily erected by five persons in just 5 hrs.

Phase of Signal:

»  When the observations are made in the sun light on a signal of a circular shape due to
lateral illumination.
* Some part of the signal is lighted up, while the other part is shade.
* A require correction in the observed horizontal angle due to an error is known as phase.
* The method of observation, phase correction is computed by the following two
conditions.
» Observations made on bright portion
= Observations made on bright line.

(i) Observation made on bright portion

Let,
r = radius of cylindrical signal = “a
P = centre of the signal 5
0 = observer position .
A&B = observations made on a bright
portion P
C = midpoint of 4B
o = the angle between the sun and the
line OP
o = angle AOP "
o = the angles BOP and AOP
D = horizontal distance between OP
(observer position & signal) e
o = half of the angle AOB
a = (02— 04)/2 o
= phase correction
= a; +a = o +(o—ay) /2
= oy +ap-04)/2
B = (17 N (1)
From AOAP

tan o, = (r/ D)




o, being small,

(V5 = (r/ D) radians .....ccovveineeiiccssicnnnnnscccnns (2)

As the distance PF is very small compared to OP,
OF may be taken as OP.

From right angle ABFO,
tan oy = (BF / OF) = (BF / OP) = (BF /D)
tan a; = (033 20 ) ) N 3)
From APFB,
BF=rsin(90-0) = r cos 0
Substituting the value of BF in Eq. (3), we get
tan al = (BF /D) = (rcos 0 /D)
o, being small
oy = (rcosO0 /D) radians ......ceeeviinniiiiniiennns “4)

Substituting the values of o, and o, in Eq. (1),
§ = (0 +op)/2 = (rcos©/2D) + (r/2D)
= (r/D)[(1 +cosB)/2]
= (r/ D) cos? (6/2) radians
= (r/ D sin 1) cos® (6/2) seconds

)/} = 206265 (r / D) cos’ (0/2) in seconds
(ii) Observations made on the bright line B ey
Let, H / /
C = brightline N e -
r = radius of cylindrical signal — ‘i c \ -
90°— — (8-8) €7
co = reflected ray of the sun from the bright = \\Q@ B
line at C i
§ = phase correction $ LI'::_
0 = angle between the sun and the line OP _, il R
The rays of the sun are always parallel to each other,
Therefore, SC is parallel to S,0 . 8
SCO = 180°—(6—P) s ~-!‘,e"ﬂ"-.,
PCO = 180° — 1/245CO
—  180- (1/2)[180— (06— B)] ¢
ZPCO = 90+ (172) (0 — ) ceveveieiiieiniiiieinriinenannnn (1)

Therefore,




<CPO = 180°— (p + 2PCO)
Substituting the value of £PCO from Eq. (1) in Eq. (2)

ZCPO =  180°— (B + PCO)
= 180°—(B+90°+(0—p) /2
= 180°—B-90°-(0/2) + (B /2)
= 90°—(0/2)-(8/2)

LCPO=  90°— (B +0)2)

As B is very small compared to 0, it can be ignored,

From the right angle ACFO
tan = (CF/ OF)
PF being very small compared to OP,

Therefore, OF may be taken as OP.

Therefore,
«CPO = 90° - 6/2

From the right angle ACFP
(CF/ CP) = sin CPO = sin (90° — 0/2)
CF = rsin (90°-0/2)  civiiiiiinnn

Substituting the value of CF from Eq. (3) and taking OF equal to D, we get the Eq. (4)

tan 3 = (CF/ OF) = [t sin (90° — 6) /2] / OP
tan = [t sin (90° - 6) /2] / D
B being very small
p = (r/D)[cos0/2] radians
= (r/ D sin 17) cos (6/2) seconds
/] = 206265 (r /D) cos (6/2) in seconds
."f \\-II
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S1, §2, P, and O are the four stations
O be the observer station

Measured angle

S\OP = 0, and
POS, = 0"
If the required corrected angles are 01 and 02 , then
0 = 0,"+p
0, = 0, -
where,
B 1s the phase correction.
P;oblem: g

A cylindrical signal of diameter 4 m, was erected at station B. Observations were made on the
signal from station 4. Calculate the phase corrections when the observations were made

(i) on the bright portion, and

(if) on the bright line.
Take the distance 4B as 6950 m, and the bearings of the sun and the station B as 315° and 35°,

respectively.
Solution:
Given that
Dia = 4m
Distance (D) = 6950 m
Bearing of sun = 315°
Bearing of B = 35°
Angle between sun and observer,
0 = Bearing of sun — bearing of B
= 315°-35°
0 = 280°
r = 2m

(i) Observation made on bright portion
)/} 206265 (r / D) cos’ (0/2) in seconds
= 206265 (2/6950) cos’ (280/2)
= 34.83 seconds.

(ii) Observation made on bright line

)/} = 206265 (r /D) cos (6/2) in seconds




206265 (2/6950) cos (280/2)
45.47 seconds.

Problem: 2

The horizontal angle measured between two stations P and Q at station R, was 38°29'30". The
station Q is situated on the right of the line RP. The diameter the cylindrical signal erected at
station P, was 3 m and the distance between P and R was 5180 m. The bearing of the sun and the
station P were measured as 60° and 15°, respectively. If the observations were made on the

bright line, compute the correct horizontal angle PRQ.

Solution:
Dia =  3m e
Distance (D) = 5180 m E -
Bearing of sun = 60° \ H/”f
Bearing of B = T

15° g
Angle between sun and observer, '

0 = Bearing of sun — bearing of B

= 60° — 15°
-5
o = 45°
r = 1.5m

phase correction for observation made in bright line
p 206265 (r/ D) cos (0/2)
206265 (1.5/5180) cos (45/2)
= 55.18 seconds.
38°29'30"+ B
= 38°29730" + 55.18"
= 38°30"25.18".

in seconds

The correct horizontal angle PRQ =

<
. I

Base Line Measurement:

e The accuracy of an entire triangulation system depends on that attained in the
measurement of the base line.

» Base line forms the most important part of the triangulation operations.

* The base line must be measured very accurately so that the other sides calculated from
the base line and the angles are accurate.

* The length of baseline varies from a fraction of 1.5km to 15 km according to grades of

triangulation.




It generally lies between 1/3™ and 2/3" of the length of the average side of the
triangulation system.
* In India, ten bases were used.
* The length of 9 bases varied from 10.7km to 13km and that of the tenth base was
2.83km.
Selection of site for base line:
» The ground should be firm and level. (If the ground is sloping the slope should be
uniform and gentle).
* The site should be free from obstructions throughout the length of the base line.
e The ground should be firm and smooth.
* It should be provide a system of well conditioned triangles.
» It should be passing through the centre of the
area.
Base Net:

* A series of triangles connecting a base line to

the main triangulation is called base net.
Base line

» The base should be expanded gradually by

triangulation.

Equipment for base line
measurements:
Flexible Apparatus: chain, wire and tape.
a) Standardised tapes:
* For measuring short bases in plain areas standardised tapes are generally used.
* After having measured the length, the correct length of the base is calculated by
applying the required corrections.
» If'the triangulation system is of Extensive nature, the corrected lengths of the base

are reduced to the mean sea level.




e There are two methods
(i) wheeler’s method

(ii) Jaderin’s method

Hunter’s short base method:

Dr. Hunter who was a Director of Survey of India, designed an equipment to measure the
base line which was named as hunter’s short base.

It consists of 4 chains, each of 20.117 m (66{t) linked together.

There are 5 stands, 3 intermediate two legged stands, 2 three legged stands at e nds.

A 1kg weight is suspended at the end of an arm, so that the chains remain straight during
observations.

The correct length of the individual chain is supplied by the manufacturer or is
determined in the laboratory.

The length of the joints between two chains at intermediate supports is measured directly
with the help of graduated scale.

To obtain correct length between the centres of the tangents used corrections such as
temperature, sag, slope etc, are applied.

To set the hunters short base, the stand at end A(marked on red colour) is centred on the
ground mark and the target is fitted with a clip.

The target ‘A’ is made truly vertical so that the notch on its tip side is centred on the
ground mark.

The end of the base is hooked with the plate A

Colby Apparatus:




P o e 4

e et Féet :
) & a
a f» \
\
7 \
/ br \
2 / /_,P:‘voi‘: \ bi
/ e R
b o= = ztae/ " . A !
/ b _ cormecting ] \
/) ¥ pin e, \ r
/ e 7 I =3 .
CIL_ ______ — Bradss |

It is designed by Major general Colby

All the ten bases of GTS (Great trigonometrically Survey) of India were measured with

the Colby Apparatus

It consists of an iron and a brass bar, each 10 ft 1’4 inch long, fixed together at middle by

means of two steel pins
A flat steel tongue ,about 6 inches long, is pivoted at each end of the bar

Each of the tongue carries one microscopic platinum dot ‘a’ and ‘a,” making the distance

a a; exactly 10 feet.

To secure compensation ,the ratio ab/ac is made equal to the ratio of coefficients of linear

expansion of iron and brass i.e.,3/5

The tongue is free to pivot, the position of the dot remains constant under the change of

temperature.

Due to change of temperature, the length bb, say be x
The length cc, will change to ¢’ ¢;” by 5/3 x

The positions of the dots ‘a’ and ‘a,” remain unchanged.
The bar is held in a box at the middle of its length.

A spirit level is placed on the bar, and is observed through a window in the top of the

box.




* For measuring the bases in India, five such bars were simultaneously used with a gap of 6
inches between the forward mark of one bar and the rear mark of the next bar by means

of a framework.
* Framework was equipped with two microscopes with their cross wires 6 in apart.

* A small telescope, parallel to the microscopes is fixed at the middle of this bar for

sighting reference marks on the ground.

Tape Corrections

i) Correction for temperature(C,)

C=a(T,-T,) L
a is coefficient of thermal expansion
Twm is mean temperature during measurement
T, is standardized temperature
L is the measured length

ii) Correction for Absolute Length(C,):

C.=LC/I
L is the measured length
1 is nominal length of measuring unit
C is correction to measuring unit

iy  Correction for pull or tension: C,

C,=(P-P,) AE
L is the measured length
P, is the standard pull
P is pull applied during measurement
A is cross sectional area of tape in cm?

E is young’s modulus of tape




iv)  Sag Correction:

Cae =W /(24 P> 1)
W is the total weight of tape
P is the pull applied in N
L is the length of tape
N is the number of equal span

v)  Reduction to mean sea level:

C.=hL/R
L is the measured length
H is the altitude
R is the radius of earth
vi)  Slope Correction:
Cqa=L(1-cos )
L is the measured length

0 is the slope

A

\4

Problem:

A tape of standard length 20 m at 85° F was used to measure a base line .the measured distance

was 882.10 m. the following being the slopes for various segments of the line.

Segment | 100 m 150m 50 m 200 m 300 m 882.10m

Slope 2°20' 4°12' 1° 06’ 7° 45' 3°0 5°10°

Find the true length of the base line, if the mean temperature during measurement was 63° F.

The coefficient of the tape material is 6.5 F. the coefficient of the tape material is 6.5 x 10 per °

F.

Solution:




i) Correction for temperature(C,)

C=a(Tn-To,) L
=6.5x 10°(63-85) x 882.10
= 0.126(negative)

ii) Slope Correction

Cq=L(1-cos 6)
= 100(1- cos 2° 20") + 150 (1- cos 4°12")+ 50 (1- cos 1° 06") + 200
(1- cos 7° 45") +882.10(1- cos 5°10")
Cq=3.079 m
Total Correction =3.205 m

Corrected Length = 882.10-3.205 = 878.895 m

Extension of base line

* Usually the length of the base lines is much shorter than the average length of the sides of
the triangles.
* This is mainly due to the following reasons:
= [t s often not possible to get a suitable site for a longer base.
=  Measurement of a long base line is difficult and expensive.
* The extension of short base is done through forming a base net consisting of well-
conditioned triangles.
» There are a great variety of the extension layouts but the following important points
should be kept in mind in selecting the one.
v" Small angles opposite the known sides must be avoided.
v" The length of the base line should be as long as possible.
v The length of the base line should be comparable with the mean side length of

the triangulation net.




v A ratio of base length to the mean side length should be at least 0.5 so as to
form well-conditioned triangles.

v The net should have sufficient redundant lines to provide three or four side
equations within the figure.

v’ Subject to the above, it should provide the quickest extension with the fewest
stations.

v’ There are two ways of connecting the selected base to the triangulation
stations.

There are

= extension by prolongation, and

= extension by double sighting.

(a) Extension by prolongation

1.

8.
9.

Let up suppose that AB is a short
base line (in fig) which is required

to be extended by four times.

The following steps are involved to

extend AB.

Select C and D two points on either
side of AB such that the triangles BAC and BAD are well conditioned.

Set up the theodolite over the station 4, and prolong the line AB accurately to a point £
which is visible from points C and D, ensuring that triangles AEC and AED are well-
conditioned.

In triangle ABC, side AB is measured. The length of AC and AD are computed using the
measured angles of the triangles ABC and ABD, respectively.

The length of AE is calculated using the measured angles of triangles ACE and ADE, and
taking mean value.

Length of BE is also computed in similar manner using the measured angles of the
triangles BEC and BDE.

The sum of lengths of 4B and BE should agree with the length of 4F obtained in step (6)

If found necessary, the base can be extended to H in the similar way.

(b) Extension by double sighting




Let 4B be the base line (Fig. 1.38). To extend the base to the length of side EF, following
steps are involved.

Chose intervisible points C,
D, E, and F.

Measure all the angles
marked in triangles ABC
and ABD. The most

probable values of these

angles are found by the
theory of least-squares.
Calculate the length of CD from these angles and the measured length 4B, by applying
the sine law to triangles ACB and ADB first, and then to triangles ADC and BDC.

The new base line CD can be further extended to the length EF following the same
procedure as above.

The line EF may from a side of the triangulation system. If the base line 4B is measured
on a good site which is well located for extension and connection to the main
triangulation system, the accuracy of the system is not much affected by the extension of

the base line.

Satellite Station and Reduction to Centre

To secure well-conditioned triangles or to have good visibility, objects such as chimneys,
church spires, flat poles, towers, lighthouse, etc., are selected as triangulation stations.
Such stations can be sighted from other stations but it is not possible to occupy the
station directly below such excellent targets for making the observations by setting up the
instrument over the station point.

Signals are frequently blown out of position, and angles read on them have to be
corrected to the true position of the triangulation station.

Thus, there are two types of problems:

1. When the instrument is not set up over the true station, and




2. When the target is out of position.

In Fig. A, B, and C are the three triangulation
stations.

It is not possible to place instrument at C.
To solve this problem another station S, in
the vicinity of C, is selected where the
instrument can be set up, and from where all
the three stations are visible for making the
angle observations.

Such station is known as satellite station.
As the observations from C are not possible,
the observations form S are made on A4, B,

and, C from 4 and B on C.

g C
—— d—

From the observations made, the required angle ACB is calculated. This is known as

reduction to centre.

In the other case, S is treated as the true station point, and the signal is considered to be

shifted to the position C.

This case may also be looked upon as a case of eccentricity of signal.

Thus, the observations from S are made to the triangulation stations 4 and B, but from 4

and B the observations are made on the signal at the shifted position C.

This causes errors in the measured values of the angles BAC and ABC.

Both the problems discussed above are solved by reduction to centre.

Let the measured

= £BAC=604

» ZABC=60B




= 2ASB=96

= ZBSC=vy

= FEccentric distance SC = d

The distance 4B is known by computations form preceding triangle of the triangular net.

= £SAC=q
= £SBC=8
= ZLACB=9¢
= AB=c
= AC=b
= BC=a

As a first approximation in AABC the £4ACB may be taken as




180° — (2BAC + 2ABC)

or [0) = 180° — (0,4 + 05) (1)
In the triangle ABC we have
(c/sing) = (a/sin 0,) = (b/sin 0p)
a = (c/sin By ) /sin @ (2)
b = (c/sinBg)/sin @ 3)

Compute the values of @ and b by substituting the value of ¢ obtained from Eq. (1) in
Egs. (2) and (3), respectively.
Now, from A SAC and SBC we have

(d/sin o) = b/sin(@+vy) = (b/sin0p)
(d/ sin B) = a/siny

sin o = [dsin(®+7y)]/b

sin = dsiny/a

As the satellite station S is chosen very close to the main station C, the angles o and P are
extremely small.

Therefore, taking sin o = o, and sin § = B in radians, we get.

a = [d sin (6+y)]/bsin 17 or
= 206265 [d sin (0+7)] /b in seconds 4)
and B = 206265 [d siny /a] in seconds (%)

In Egs. (4) and (5), 6, v, d, b and a are known quantities, therefore,

the values of a and  can be computed.

Now a more correct value of the angle 24CB can be found. We have

2AOB = 0+o=0+p or




¢ = 0+ o— B (6)
Eq. (6) gives the value of ¢ when the satellite station § is to the left of the main station C.
In the general, the following four cases as shown in Fig. Can occur depending on the
field conditions.
Case I:
S towards the left of C (Fig. a)
p=0+a—-p
Case II:
S towards the right of C (Fig. b), the position S2.

¢=0-a+f
Case I1I:
S inside the triangle ABC (Fig. c), the position S3.
¢=0-0-p
CaseIV:

S outside the triangle ABC (Fig. d), the position S4.
0=0+a+p




Geodetic observation

Curvature and refraction:

The effect of curvature is to make the objects signted to appear lower in position
than they are in real position.

The effect of refraction is to make the objects to appear higher than they are in its
position.

The combined effect of curvature & refraction is that the objects appear lower
than its position.

In plane surveying where a graduated staff is observed with the horizontal or
inclined line of sight the correction for curvature or refraction of combined
correction is applied linearly to observed staff reading.

In geodetic observations where the stations are widely distributed and at large
distances the correction for curvature, refraction or combined is applied to the

observed angles.

Co-efficient of Refraction :

Co-efficient of refraction (m) is defined as the ratio of angle of refraction ® and

the angle (0) subtended at the centre of the earth by the distance over the

observations.

1.€. m = = Angle of refraction
0 Central angle of the earth




(Or)
r =mb
m - - varies from 0.6 to 0.9
Take the avg.value m =0.07
» The co-efficient of refraction is determined for the following two cases.

(i) Distance d small and H large

* One angle o, 1s angle of elevation & the other angle B, is angle of depression.

Bi =0 +0(1-2m) (or) r=0 - By - o
2 2

(ii) Distance d large and H small :

Both angles are angles of depression

Where,
0 ---->  Central angle of each
0 ---->  corrected angle of elevation for axis signal
Bi ---->  corrected angle of depression for axis signal
m ---->  co-efficient of refraction

Correction for curvature (C.)

_ -9 __d
Cc =, 0 = R
Cc = 0 X 206265 (or) d
2 2R Sin 1*
Note :- If the O is angle of elevation, correction (+)*

0 angle of depression, correction (-)**

Correction for refraction (Cr) :-

Cr =m0 p =_d_
R
Cr = md (or) md X 206265

R Sin 1¢ R




Axis signal correction : () :-
» At the stations, the signals are erected at different heights. The signals may or

may not be the height as that of the instrument.
» If the height of the signal is not the sameas that of the height of instrument axis

but above the station, a correction known as axis signal correction or eye and

object correction is to be applied.

0 = s-h  x 206265
d
(or)
6 = s-h
dsinl”
where,

----> central angle subtended at the centre of the earth.

|72]

----> height of signal

h ----> height of instrument

d ----> horizontal distance

R ----> Radius of the earth

m ----> co-efficient of refraction

m ----> surveyed over land, m = 0.07

surveyed over land m = 0.08

Note :- observed angle is angle of elevation, then the

Correction for curvature  ----> (+)ve
Correction for refraction  ----> (-v)**
Correction for axis signal ----> (-)*°

If the observed angle is angle of depression, then the
Correction for curvature > ()%
Correction for refraction ~ ----> (+)*°

Correction for axis signal =~ ----> (+)**







UNIT III SURVEY ADJUSTMENT 9
Errors Sources- precautions and corrections — classification of errors — true and most probable
values- weighed observations — method of equal shifts —principle of least squares - normal

equation — correlates- level nets- adjustment of simple triangulation networks.
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Error:
* Error is the numerical difference between the observed value of the quantity and
its true value.

Types of Errors:

* Mistakes (or) gross Errors
* Systematic (or) Cumulative Errors
e Accidental (or) compensating (or) Random Errors
Mistakes (or) gross Errors:
» Mistakes are the errors that occur due to inexperience, carelessness and poor judgment,
confusion in the minds of observer.
Systematic (or) Cumulative Errors:
* The systematic errors are the errors which always have some magnitude and same size

and sign.

Such errors generally (add up) positive or negative according with whether they make the

result too small (or) too great. This effect is cumulative.

It is simply due to the error in instrument.

Example: y
error
* length of chain or tape — using measured
incorrect chain length
Accidental (or) compensating (or) Random Errors:
* Accidental Errors occurs by a combination of reasons beyond the ability of the observer
(surveyor) to control.
* They sometimes occur in one direction and sometimes in the other side.
* To make the apparent result too large or too small.
* The Accidental errors remain even after the observer quantity is corrected for mistakes
and systematical errors.
Quantity:

* Quantity of a measurement made in correction with a survey.




Observed value of a Quantity:

* The observed value of a quantity is the true obtained as a result of an observation which
is corrected for all errors.

Classification of Observed Quantity:

* An observer quantity may be classified as
#* Independent Quantity
% Conditioned Quantity
Independent Quantity:
* The independent quantity is an observed quantity whose values does not depends upon
any other quantity.
Example: R.L of several B.M
Conditioned Quantity (or) Dependent Quantity
* The conditioned quantity or dependent quantity is an observed quantity whose value
depends on one or more other quantities.
LA + LB + £C = 180°0

Example: Sum of interior angles of the triangles =

In-case triangle ABC, the value of any angle depends on the other two angles.

True value of Quantity:

* The true value of a quantity is the value which is absolutely free from all the errors.
» [t is an intermediate since the true error is never known.

Observations:
* An observation is the numerical value of a measured quantity. There are classified as

Direct Observations:

* Direct observation is an observation which is made directly on the quantity to be
observer.
»  Example: measured length of a base line.

In-direct observation:

* In-direct observation is one in which in quantity to be observed then it is deduced from
the measured value of a related quantity.

»  Example: measurement of horizontal angle between any two lines by the method of
repetition.

Weight of an observation:




*  Weight of an observation is a measure of its relative worth (accuracy or precision) which
may be indicated by a number.

o Example: if a certain observation is said to have weightage 5, it is meant to say that it is
5 times of as much as an observation of weight 5

Weighted observation:

* Observation are said to be weighted observations when different weights are assigned to
them.

* Need for observation to be weighted occurs when unequal care and dissimilar conditions
exist at the time of observation.

»  Weights are assigned to the observations or quantities observed in direct proportion to the
number of observations.

Observational Equation:

* An observational equation is the relation between the observed quantity and its numerical
value.
True error:
* Atrue error is the difference between the true value of a quantity and its observed value.

Most probable error:

e It is the error which has added or subtracted from the most probable value of the
measured quantity.

Residual error:

» It is the difference the most probable value of a quantity and its observed value.

Most probable value:

* The most probable value of a quantity is the value, which has more chances of being true
than any other value.

Normal Equation:

* A normal equation is the one, which is formed by multiplying each equation by the
coefficient of unknown, whose normal equation is to be found, and by adding the
equations thus formed.

* The number of normal equations is the same as the number of unknowns.

* The most probable values of the unknowns are found out by using the normal equations.

Laws of Accidental Errors:

Vi= variation from mean :-1; True distance, E:
e Accidental errors are deals with or=Error I R—
n==% fid) !

based on the probability error curve.

Iei
e = Average error

Normal distribution
curve

Frequency § (di)

=t Vi
: « di {Any
! ,l measured
| variable
—~ T
d d
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This curve has been plotted between the size of the errors and their frequency of
occurrence.
* Very small errors and very large errors (in magnitude) have a small chance of occurring.
* Positive and negative errors have equal chances of occurring. The curve is thus
symmetrical about the mean error value.

Principles of least squares:

* Itis found from the probability equation that the most probable values of a series of
errors arising from observations of equal weight are those for which the sum of the
squares is a minimum.

* The fundamental law of least squares is derived from this.

* According to the principle of least squares, the most probable value of an observed
quantity available from a given set of observations is the one for which the sum of the
squares of the residual errors is a minimum.

*  When a quantity is being deduced from a series of observations, the residual errors will
be the difference between the adopted value and the several observed values,

e LetV1, V2, V3 etc. be the observed values

* X =most probable value

The laws of weights:

e From the method of least squares the following laws of weights are established:
1. The weight of the arithmetic mean of the measurements of unit weight is equal to the
number of observations.

* For example, let an angle A be measured six times, the following being the values:

<A Weight <A Weight
30°20'8” 1 30°20' 107 1
30°20' 107 1 30°20'9” 1
30°20"7” 1 30°20' 107 1
* Arithmetic mean = 30°20"+1/6 (82 + 107+ 77+ 10"+ 97+ 107)
= 30°20'9”.

e  Weight of arithmetic mean = number of observations = 6.
2. The weight of the weighted arithmetic mean is equal to the sum of the individual
weights

o For example, let an angle A be measured six times, the following being the values:

<A Weight <A Weight
30°20" 8” 2 30°20" 10~ 3
30°20" 107 3 30°20'9” 4

30°20"7” 2 30°20"10” 2




* Sumofweights=2+3+2+3+4+2=16
e Arithmetic mean = 30° 20"+ 1/16 (8”X 2+ 10” X 3+ 7"X 2+ 10”X 3+ 9” X 4+ 107X 2)
= 30°20'9".
e  Weight of arithmetic mean = 16.
3. The weight of algebraic sum of two or more quantities is equal to the reciprocals of the
individual weights.

e For example,

Letan angle A = 30° 20" 8” Weight 2
B = 15°20'8” Weight 3
» Sum of reciprocal individual weight = Vat s = Ya
* Weight of A+ B = (30° 20" 87 +15°20'87) = 72° 50" 30”
= 1/ [( +)] = 1/ (%)
= 4/3
 Weight of A-B = (30° 20" 87 - 15°20" 8”) = 11°30"10”
= 1/ [(Ya+Y2)] = 1/ (*%4)
= 4/3

4. If a quantity of given weight is multiplied by a factor, the weight of the result is
obtained by dividing it’s given weight by the square of the factor.

e For example,

Let an angle A = 42° 10" 20~ Weight 6
Then, weight of 3A = (126°31'0”)
= 6/ [32] = 6/ (9) = 2/3

5. If a quantity of given weight is divided by a factor, the weight of the result is obtained
by multiplying its given weight by the square of the factor.

e For example,

Let an angle A = 42° 10207 Weight 6
Then, weight of A3 = (14°3"307)

= 4 x[32]

= 4x9

= 36

6. If a equation is multiplied by its own weight, the weight of the resulting equation is
equal to the reciprocal of the weight of the equation.

7. The weight of the equation remains unchanged, if all the signs of the equation are
changed or if the equation is added or subtracted from a constant.

Distribution of error of the field measurement:




Whenever observations are made in the field, it is always necessary to check for the
closing error, if any.

The closing error should be distributed to the observed quantities.

For examples, the sum of the angles measured at a central angle should be 360°; the
error should be distributed to the observed angles after giving proper weight age to the
observations.

The following rules should be applied for the distribution of errors:




Problem: 1

The correction to be applied to an observation is inversely proportional to
the weight of the observation.

The correction to be applied to an observation is directly proportional to
the square of the probable error.

In case of line of levels, the correction to be applied is proportional to the

length.

During a student’s field exercise, one angle ‘A’ was measured by 12 students independently. The

measured angles and the number of measurements are given below. Find the most probable value

of the angle.
Angle
48° 30" 20~
48°29' 50~
48°30" 10~
48° 30" 00~

Solution:

Number of measurements

3

4
3
2

e The most probable value of an angle is equal to its weighted arithmetic mean

48°30"20”x 3 = 145° 31’ 00”
48°29'50” x 4 = 193° 59’ 20~
48°30"'10”x 3 = 145° 30" 30”
48°30"00” x 2 = 97° 00" 00~
Sum = 582° 00" 50~
> of weight = 3+4+3+2 = 12
Therefore,
Weighted arithmetic mean = 582° 00" 50"/ 12
= 48°30'4.147
Hence, most probable value of the angle = 48° 30’ 4.14”
Method : 2 - Distribution of Error

e Correction to be applied

= Observation is inversely proportional to the weight of the observation

= Observation is directly proportional to the square of the probable error

= Proportional to the length

Problem: 2

The angle of a triangle ABC were recorded as follows;




A = 77° 14" 20”7 weight
B = 49° 40’ 35> weight
C = 53°04' 53” weight
Give the corrected values of the angles.
Solution:
Sum of observed angle = A +B+C
= 77° 14" 20” + 49° 40" 35” + 53° 04’ 53
= 179°59°48”
Total correction E = 180° - (179° 59’ 48”)
= + 127

Take C,, C,, Cs are the (individual) corrections to the observed angle A, B, and C

respectively

Therefore,

C1 . Cz . C3 = (1/W1) . (I/Wz) . (1/W3)

C :C G = (114

C; +C2 + C; = 12”

Take, C : G = (1/4) : (1/3)
C /G = (1/4) / (1/3)

C; = 1.3333 C,

Take, C : G = (1/4) : (172)
Ci / G = (1/4) / (1/2)

C; = 2C,
Substituting the values C, & C;in equation (1)
C; +C2 + G; =

C; +1.3333C,+2C, =

Cl =

:(173)  (172)

12”
127
(127 /4.333)

C] =

2.77”

Cz =

1.3333 C,

C -

3.69”|

C3 =

2C1 =

(& =

5.54”

Check:
C, +C2 + G =
2.77"+3.69”+5.54 =
127 =

Hence it is correct

12”
]2);
]2”

0.25/0.333

0.25/0.50

1.3333 x2.77

2 x2.77




Therefore, the corrected angle

A = 77°14' 20”7 +2.77° = 77°14' 22.77”

B = 49°40' 357+ 3.69” = 49° 40' 38.69”

C = 53°04' 537 +5.54” = 53° 04’ 58.54”
Sum of corrected angle = A+ B+C

= 77° 14" 22,777 + 49° 40" 38.69” + 53° 04’ 58.54”
= 180° 00°00”
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Problem: 3

The following are the three angle of a triangle ABC was observed at a station X, the closing

horizon with their probable errors of measurements. Determine their corrected values (find the

error in the angle using the methods of distribution of errors);

A = 78°12' 107 + 27
B = 136° 48" 327 + 37
C = 144° 59" 08” +5”
Solution:
Sum of observed angle = A+ B+C

Total correction

= 78° 12" 10” + 136° 48" 327 + 144° 59' 08”
= 359°59°50

E = 360°-(359°59°50")
= 410

This error of 10” is to distributed by increasing in proportion to the square of the

probable error.

Let C;, C,, Cs are the (individual) corrections to the observed angle A, B, and C

respectively
Therefore,
Ci:C: G = (W) (Wy)? i (Wy)?
C:C :GC =27 : (3 : (5°
C :C:GC =4 9 25
Ci +C2 + C; = 107  ceeeiiiiiiiiiiiiaiiesiiiiiettesnisnsnasaees
Take, C: G =4 :9
C /G = (4/9)
C, = 225G
Take, C : G = @) : (25
Ci / G = (4/25)
C; = 6.25 C,

Substituting the values C, & C;in equation (1)




G +C2 + G = 10”

C, +225C,+6.25C, = 10”
C = (10”7/9.5)
C = 1.05”
C, = 225G = 2.25x1.05”
1C. = 2377
G = 6.25 C, = 6.25 x 1.05”
|G = 658"
Check:
C, +C2 + G = 10”
1.057+237"+6.58 = 10”
10” = 10”
Hence it is correct
Therefore, the corrected angle
A = 78°12"'10”+ 1.05” = 78° 12" 11.05”
B = 136°48' 32”7 +2.37” = 136° 48" 34.37”
C = 144° 59' 08” + 6.58” = 144° 59" 14.58”
Sum of corrected angle = A +B+C

= 78° 12" 11.05” + 136° 48’ 34.37” + 144° 59" 14.58”
= 360° 00°00” >

<

Most Probable Values (MPY)

1. Direct observations of quantity of equal weights
. Most probable value of directly observed quantity of equal weights is equal to

the arithmetic mean of the observed values.

. Vi, Vo, Vi, e, V. are the observed values
. M = (Vi+ Vot Vit o, +V.)/n
Where,
n = number of observations

M = Most probable value
2. Direct observations of quantities of unequal weights

. Most probable value of directly observed quantity of unequal weights is equal
to the weighted arithmetic mean of the observed values.

. N = (W\Vi+W,Vot+ WiVi+ + W, Vo) / (Wit Wot Wit
+ W,)

Where,
. Vi, Vo, Vi, e, V, are the observed value of quantity




. Wi, Wa, Wi, i, W, are the weight of observed values
. N = Most probable value of quantity
3. In-Direct observation of quantities involving equal or unequal weights
. When the unknowns are independent of each other and their most probable
values can be found by forming normal equations and solving of the unknowns.

. For example;

A = 40°00'10”
2A = 80°00'05”
6A = 240°00' 00

Forming normal equation,

(A x Coefficient 1) = A = 40°00"10” x 1 = 40° 00" 10”
(2A x Coefficient 2) = 4A = 80° 00" 05” x 2 = 160° 00’ 10”
(6A x Coefficient 6) = 36A = 240°00' 00" x 6 = 1440° 00’ 00”
41 A = 1640° 00' 20”
Therefore, the most probable value of ‘A’ = 1640° 00' 20 / 41
A = 40°00'0.49'|

A
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Problem: 4

Find the following most probable value of the angle Q from the following equations;

A = 40° 28" 32”
3A = 120° 40’ 40
4A = 161° 05’ 28”
Solution:
Unknown = 1 re., = A
Weight = equal weight = 1

Therefore, multiplying these equations into the coefficients of each equation.

Forming normal equation,

(A x Coefficient 1) = A = 40°28'32” x 1 = 40°28'32”
(3A x Coefficient 3) = 9A = 120°40"40”x 3 = 362°02'00”
(4A x Coefficient 4) = 16A = 161°05'28”x 4 = 644°21'52”
26 4 = 1046°52'24”
Therefore, the most probable value of ‘A° = 1046°52'24” ] 26
A = 40°15'51.69”

The most probable value of ‘A’ = 40°15'51.69”
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Problem: 5
Find the following most probable value of the angle P from the following equations;
P = 20°20'20” weight 2
3P = 61°10' 207 weight 3
Solution:
The observations are unequal weight
Unknown = 1 Le., = P
Forming normal equation by multiplying each two observations by the corresponding
weightage and the coefficient of ‘P’ and then adding them.
(P x Coefficient x weight) = P x 1 x 2 =2P = 20°2020”x 1 x2 = 40°40' 40

(3P x Coefficient x weight) = 3P x 3 x 3=27P= 61°1020"x3 x 3 = 550° 33' 00”

29P = 591°13'40”
Therefore, the most probable value of ‘P’ = 591°13"40” /29
A = 20°23'13.79”
The most probable value of ‘P’ or normal equation for ‘P’ = 20°23'13.79”
Method of differences
Problem: 6
A = 42°36' 28” weight = 2
B = 28° 12" 42” weight = 2
C = 65°25'16” weight = 1
A+B = 70° 49' 147 weight = 2
B+C = 93°37' 557 weight = 1

Find the most probable value of A, B &C

Solution:
Let K, K, & K; be the most probable corrections to A, B & C respectively.
To find the values of K, K, & K;

Let us assume the observed angle (value) of A, B & C as correct values.

(Hence Ki=0,K,=0 & K5;=0)
Therefore,
Correction K, = observed value of ‘A’ — correct value of A
Correct value of ‘A’ = observed value of ‘A’ + correction K;
A = 42° 36’ 28” + k1 (1)

B = 28° 12" 427 + k2 Q)




C = 65°25'16” + k3 3
A+B = 42°36'28” + ky +28°12'42” + k,
A+B = 70°49'10" + k; + k; 4)
B+C = 28°12'42” + ky+ 65° 25" 167 + k3
B+C= 93°37'58" + k2 + k3 Q)
kit k; = observed value of ‘(A+B)’ — correct value of ‘(A+B)’
Equating Eq. (1) to the respective observed values, 1.e.,
A = 42°36' 28”7 + k1
42°36' 28” = 42°36' 28”7 + ki
k1 = 0 (a)
Equating Eq. (2) to the respective observed values, 1.e.,
B = 28°12'42” + k2
28°12'42” = 28°12"42” + k2
R = 0 (b)
Equating Eq. (3) to the respective observed values, 1.e.,
C = 65°25'16” + k3
65°25'16” = 65°25'16” + k3
k3 = 0 (©)
Equating Eq. (4) to the respective observed values, 1.e.,
A+B = 70°49'14" + k; + k,
70°49" 14”7 = 70°49'10" + k; + k,
ki + k; = 4” (d)
Equating Eq. (5) to the respective observed values, 1.e.,
B+C = 93°37'58" + k2 + k3
93°37'55” = 93°37'58" + k2 + k3
k2 + k3 = -3” (e)
Forming the normal equations for k1, k2 and k3, we get
k1l = 0 weight = 2 (a)
k2 = 0 weight = 2 (b)
k3 = 0 weight = 1 (c)
ki + k> = 47 weight =2 (d)
k2 + k3 = -37 weight=1 (e)
Then the equation becomes
2kl = 0 -(A)
2k2 = 0 -(B)
k3 = 0 -(©)




2k, +2 k; = 8” (D)

k2 + k3 = -3” (E)
Forming the normal equations for k1
2kl = 0
2k; 2 k; = 8”
4k +2 k; = 8” )
Forming the normal equations for k2
2k2 = 0
2k; +2 k; = 8”
k2 + k3 = -3”
2k, + 5 k>t k3 = 5” (11
Forming the normal equations for k3
k3 = 0
k2 + k3 = -3”
k>+ 2k3 = -3” (111)
Hence the normal equations in k1, k2 and 3 are
4k; + 2 k; = 8” )
2k; + 5 k,+ k3 = 5” (1)
ko+ 2k3 = -3” (111)
Solving these equations and we get
k1 = 1.643”
k2 = 0.714”
k3 = -1.8577
Hence the most probable values of A, B and C are,
A = 42°36'28” + k1 = 42°36'28” +1.643” = 42° 36’
29.643” B = 28°12' 42”7 + k2 = 28°12'42” +0.714” =
28°12' 42.714”
C = 65°25"16” + k3 = 65°25"16” -1.857" = 65° 25’ 14.11”

P:oblem: 7
Determine the adjusted values of the angles of the angles 4, B and C from the following
observed values by the method of differences.

A = 39°14'15.3" A+B = 70°29'45.2"

B = 31°1526.4" B+C = 73°33'48.3"




C = 42°18'18.4"

Answer:

The solution of the above normal equations gives

k1 =10.88"
k2=1.75"
k3 =10.88".

Therefore, the most probable values or the adjusted values of the angles are
A=39°14'15.3" + 0.88" = 39°14'16.18"
B=31°1526.4" + 1.75" = 31°15'28.15"
C=42°18'18.4" + 0.88" = 42°18'19.28".

<
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Problem: 8
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Indirect observation with conditional equation

Determine the most probable values of angles 4, B and C of triangle ABC from the following

observed equations.

A = 58°46' 36"

B = 53°12" 12"

C = 68°01" 18"
Solution:

The conditional equation is

ie.,

A+B+C = 180° 00’ 00"
C = I80-(A+B) =  68°01' 18" —ceev
(a) or
A+B = 180° - 68° 01" 18" = 111° 58" 42"

Forming normal equations

A = 58°46' 36"
B = 53° 12" 12"
A+B = 111°58"42"
Normal equation for A
A = 58°46' 36"
A+B = 111° 58" 42"
2A +B= 170° 45" 18" (1)

Normal equation for B

B = 53° 12" 12"




A+B = 111° 58" 42"

A +2B= 165° 10" 54" --- -—-—---(2)
Solving these equations (1) and (2), we get

A = 58°46' 34"

B = 53° 12" 10"

Substituting these values in equation (a)
C = 180 — (4 + B) = 180— (58°46'34" +53°12'10")
C = 68°01'16"

A
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Methods of correlates

» Correlates are the unknown multiplies or independent constants are used finding the
most probable value of unknowns.
Problem: 9

The angles of triangles were recorded as follows;

A = 77° 14" 20” weight = 4
B = 49° 40' 35” weight = 3
C = 53°04' 527 weight = 2
Determine the corrected values are the most probable value of the angles by methods of
correlates.
Solution:
Sum of observed angle = A +B+C
= 77° 14' 20” + 49° 40" 35” + 53° 04’ 527
= 179°59°47”
Total correction E = 180° - 179°59°47”
= + 137
Let,

e1, € & e; are the individual corrections (Residual error)
ettetes = 137 (1)
From the least squares principle, we have
¥ We?should be a minimum
ie, Wi+ Wee’+ Wieil= aminimum ... (a)
Where,
Wi, W,, W; are the weight of observations
Therefore, 4 e+ 3e)* + 2e3” = AaminiMum ..o ()

Differentiating partially Egs. (1) and (2), we get




(1) e terte; = 137

Oe; + Oe; + Oe; = 0 3)
) 4 e)* + 3¢ + 2e3? = a minimum
8 e 0e; + 6e,0e; + 4es0e; = 0
2[4 e Oe; +3e,0e; + 2e;0es) = 0
Therefore, 4 e, 0e; + 3e,0e; + 2e;0e; = 0 -—- 4)
Multiplying Eq. (3) by —A, and then adding the results to Eq. (4), we get
3) Oe; + Oe; + Oe; = 0
—\ (Oe; + Oe; + Oe;) = 0
—A Oe; —\ Oe; —A\ Oe; = 0 (5)
“) 4 e 0e;+3e,0e;+2es0e; = 0 } Adding both equations
—\ 0e;4 ey 0e; —\ 0e;3e; Oe; — h Oes2e;3 Oes = 0
Oe;[4e,—A ] + Oe;[3e:—A] + Oe; [2e; — ] = 0 e (6)
For Oe; Oe; and Oe; are independent quantities, we have
4de—A =0 3e,—A=0 2es—-1=0
e = (A/4) e = (1/3) e; = (A/2)
Substituting these values in equation (1)
(1) el tetes = 13”
(A/4) + (2/3) + (A/2) = 137
0.252+0.3332+0.50 = 137
y) = 127
Therefore
e = (M/4) = (12/4) = 37
e = (1/3) = (12/3) = 4”
e; = (1/2) = (12/2) = 6"
Therefore the corrected angles,
A = 77°14' 20" + 3" = 77°14' 23"
B = 49°40' 35" + 4" = 49°40’ 39"
C = 53°04' 52" + 6" = 53°04' 58"
Problem: 10
The following angles were measured at a station ‘O’ so as to close horizon.
AOB = 83°42'28.75” weight = 3
BOC = 102° 15" 43.26” weight = 2
COD = 94¢° 38' 27.22” weight = 4




DOA = 79°23"23.77” weight = 2

Adjust the angles by methods of correlates.

Answer:
A = -1.895”
e = (4/3)
e = (4/2)
e;3 = (4/4)
ey = (A/2)
corrected angles,
AOB = 83°42' 28.12”
BOC = 102° 15" 42.31”
COD = 94° 38’ 28.75”
DOA = 79° 23" 22.82”
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Problem: 11

A surveyor carried out a levelling operations for a closed circuit ABCDA starting from ‘A’ and

made the following observations.

B was 8.164m above A weight = 2
C was  6.284 m above B weight = 2
D was  5.626 m above C weight = 3
D was  19.964 m above A weight = 3

Determine the probable heights of B, C, and D above ‘A’ by methods of correlates.
Solution:
Difference in elevation between A & D = 19.964 m
From the difference in elevation between the observation (A, B & C)
= 8.164 +6.284 + 5.626
= 20.074 m
Correction E = 19.964 —20.074
= -0.11 m
Let,
el, €, e; & ey are the individual corrections (Residual error)
ertetestes = 01T (1)
From the least squares principle, we have
> We?should be a minimum
ie, Wil + Wee+ Wies? + Waes’= aminimum ........................ (a)

Where,




Wi, W), Wi ¢ W, are the weight of observations

Therefore, 2el+2el+3e?+3el = aminimum ......................... ()
Differentiating partially Egs. (1) and (2), we get
(1) ertetestes = -0.11
Oe; + Oe, + Oe; + Oey = 0 3)
@) 2e’+2e’+3e’+3e = a minimum
4 e Oe; + 4e,0e; + 6es0e; + 6esOey = 0
2 [2 e;0e; + 2e,0e; + 3e;0e;+ 3es0ey] = 0
Therefore, 2 e 0e; +2e,0e; + 3es0e;+ 3es0ey = 0 (4)
Multiplying Eq. (3) by —A, and then adding the results to Eq. (4), we get
3) Oe; + Oe; + Oe; + Oey = 0
—\ (Oe; + Oe, + Oe; + Oey) = 0
—A Oe; —\ Oe; —h Oe;—M. Oey = 0 )
“4) 2 e 0e; +2e,0e;+3e;0e;+ 3es0ey = } 0 Adding both equations
—)\ 0e;2 e 0e; —h Oe;2e;,0e; — ). Oez3es Oes— b Oey3esDey = 0
Oei[2 e~ ] + Oe;[2e:—\] + Oe; [3es — A\] + Oes[3es — ] = 0 - (6)
For Oe,, Oe, Oe;and Oe,are independent quantities, we have
2e,—-4 =0 2e,—A=0 3e;—A=0 3es—A=0
e = (A/2) e; = (M2) e; = (A/3) es = (1/3)
Substituting these values in equation (1)
(1) ertetestes = -0.11
(A2) + (A2) + (A/3) + (A/3) = -0.11
0.52+0.51+0.333A+0.333 A = -0.11
A = -0.066 m
Therefore
e = (M/2) = (-0.066/ 2) = -0.033m
e = (1/2) = (-0.066/2) = -0.033m
e; = (A/3) = (-0.066/ 3) = -0.022m
es = (1/3) = (-0.066/ 3) = -0.022m

Therefore the corrected levels are,

B = 8.164 - 0.033 = 8.131 m above ‘A’
C = 6.284 -0.033 = 6.251 m above ‘B’
D = 5.626 —0.033 = 5.604 m above ‘C’

<
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Figure Adjustments:




Figure adjustments are the determination of the most probable values of the angles
involved in any geometrical figure. So as to fulfil the geometric requirements.
The geometrical figures adopted in the triangulation systems are

%* Triangles

%*  Quadrilaterals

*  Polygons with central stations

Rules for Figure Adjustments:

Let us considered a triangle having an included angle A, B, and C.

Take W,, W,, & W3 be the weight of observed angle and also n;, n, and n; be the number
of observations for angles A, B, and C respectively.

Ei, E», & E; are the most probable error in the angles A, B, and C.

C,, C,, & C; be the corresponding corrections of A,B, & C.

C be the total correction.

: I — Equal weight correction

Rule

If the observed angles of a triangle are equal weight, then the total error is equally
distributed to the observed angles.

Ci=C=GC=(/3)C

For example, if the total error is 6” then C,= C, = C;=(6/3) = 2”

: 2 — Inverse weight correction

Rule

If the observed angles of a triangle are unequal weight, then the total error is distributed
to all the angles inverse proportion to the weights.

Ci: G G=(1/Wy) : (1/W) : (1/W53)

Ci/(Ci+ Co+ Cy)  =1/Wy)/[(/W)) + (1/W>) + (1/W3)]

G/ (Ci+ Co+ G =1/Wo) /[(1/W)) + (1/W2) + (1/W3)]

G/ (Ci+ Co+ C5)  =(1/Wa) /[(1/Wy) + (1/W>) + (1/W3)]

: 3 — Inverse correction

If the weight of observations are not given, then the error is distributed to all the angle is
inverse proportion to their number of observations.

Ci: C: G=(1I/ny) : (I/mp) : (1/m3)

Ci/(Ci+ Co+ Cs)  =(1/m)/ [(I/my) + (1/ny) + (1/n3)]

G/ (Ci+ Co+ Cy)  =(1/mp)/ [(I/my) + (1/ny) + (1/n3)]

G/ (Ci+ Co+ Cy)  =(1/m)/ [(I/my) + (1/ny) + (1/n3)]

: 4 — Inverse square correction

If the error is distributed to all the angle is inverse proportion to the square of the number
of observations.

C] . Cz . C3: (1/1’11)2 . (1/112)2 . (1/113)2




Cl/(C1+ C2+ C3)
G/ (Ci+ G+ Cy)
G/ (Ci+ G+ Gy)

= (Un)2/ [(Um ) + (Umo) + (1/m)]
= (1/ny)* / [(1/m))* + (1/n2)* + (1/n3)?]
= (l/n3)2 / [(l/n1)2 + (1/my)* + (1/113)2]

Rule: 5 — Probable error square correction

If the probable errors of each angle of a triangles are known, then the error is distributed

to all the angle in direct proportion to the squares of the probable error.

C12 C2 . C3:E12 . E22 . E32

Ci/(Ci+ C+ Gy)
Co/ (Ci+ Co+ Cy)
C3/(C1+ C2+ C3)

= (E]z) / [(E12 + E22 + E32)]
= Ezz/ [(E]2 + E22 + E32)]
= E32/ [(E12 + E22 + E32)]

v
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UNIT III TOTAL STATION SURVEYING 9

Basic Principle — Classifications -Electro-optical system: Measuring principle, Working
principle, Sources of Error, Infrared and Laser Total Station instruments. Microwave system:
Measuring principle, working principle, Sources of Error, Microwave Total Station instruments.
Comparis on between Electro-optical and Microwave system. Care and maintenance of Total

Station instruments. Modern positioning systems — Traversing and Trilateration.

v

Total Station:
» Total station is a combination of an electronic theodolite and an electronic distance
meter.
« Itis also integrated with microprocessor, electronic data collector and storage system.
* It is measured horizontal, vertical distance, angles and slope distances.

Measurement principles:

»  The combination of an electronic distance meter (EDM) and an electronic theodolite, it
makes to determine the co-ordinates of a reflector by aligning the instruments cross
hairs on the reflector and simultaneously measuring the vertical, horizontal angles and
slope distances.

* A microprocessor in the instrument takes care of recoding, reading and the necessary
computations.

» This data is easily transferred to a computer, where it can be used to generate a map.

* A total station fulfils several purposes (mine survey, cadastral survey, road/ rail/ canal
survey).

* A total station involves the physics of making measurements, the geometry of
calculations and statics for analysing the results of a traverse.

* In the field, it requires team work, planning and careful observations.

* [t is equipped with data logger it also involves interfacing the data logger with a

computer, transferring the data and working with the data on a computer.

EDM Reflector

Figr "Rt ro-optical System

Reflected path

eceiver,n‘
Mansmitter
W




=  Wave length used

»  Electronic optical system

*  Electronic or microwave system
*  Working range

» Long range

*  Medium range

*  Short range
»  Achievable accuracy

Classification based on wavelength used:

Present EDMI use the following types of wavelength,
o Infrared
e Laser

The above two types of systems are also knows as electro-optical system
*  Microwaves (or) Electronic System

Electro optical System:

Infrared:

» Systems employing these frequencies allow use of optical corner reflectors (special types

of reflectors to return the signal) but need optically clean path between two stations.

» These systems use transmitter at one end of the line and a reflecting prism or target at
other end.

Laser:

o These systems also use transmitter at one end of line and may or may not use a reflecting
prism or tangent at the other end.

» The reflectors less laser instruments are used for short distances (100m to 350 m)

* These use light reflected off the future to be measured (say a wall)

Electronic or Microwave Systems:

* These systems have receiver / transmitter at both ends of measured line.

* Microwave instruments are often used for hydrographic surveys normally up to 100 km.

* Hydrographic EDMI have generally been replaced by global positioning system(GPS)

* These can be used in adverse weather conditions (such as fog and rain) unlike infrared
and laser systems.

* However, uncertainties caused by varying humidity over measurement length may result

in lower accuracy and prevent a more reliable estimate of probable accuracy,




» Existence of undesirable reflections and signal leakage from transmitter to the receiver
requires the use of another transmitter at the remote station (or) slave station.

» The slave or remote station is operated at different carrier frequency in order to
separate two signals.

» This additional transmitter and receiver add to weight of equipment.

*  Multipath effects at microwave frequency also add to slight distance error which can be
reduced by taking series of measurements using different frequency.

Classification based on the range of EDMI:

» Longrange - Radio wave equipment’s are used as the range of up to 100 km.

*  Medium range - Microwave equipment with frequency modulation for ranges up to 25
km

o Shortrange - Electro-optical equipment using amplitude modulated infrared or visible
light for ranges up to 5 km.

Classification based on the accuracy of EDMI:

* Accuracy of EDMI is generally stated in terms of constant instruments error and
measuring error proportional to the distance being measured.

i.e; £(a mm + b mm)

» The first part in the expression indicates a constant instrument ervor that is
independent of the full length of the line measured.

»  The second component is the distance related error.

Where,
a — Result of errors in phase measurements (6) and zero error (Z)
b — Result from error in modulation frequency (f) and the group refractive index (ng)

» The term group index pertains to the refractive index for a combination of waves-
carrier wave and multiple modulated waves in EDMI

» Oand Z are the independent of distance but f and ngare functions of distance and
are expressed as

- —
lggc+ oz
qa= Vo8 z

b= «J'll(%): . Cl_)

Where,




o indicates the standard error

*  Most of the EDMI have an accuracy levels from = (3 mm + I ppm) to =(10 mm +10
ppm)

» For short distances, part ‘a’ is more significant.

» For long distances, part ‘b’ will have large contribution.

General classification of total station (available in market):

Mechanical / Manual Total Station:

»  The conventional multipurpose manual station are used for routine works with
powerful built in applications program and are cheaper than the other type of Total
Station.

Motorized Total Station:

» [t is equipped with servo to allow for fast, smooth and accurate aiming.
* So it is increases the productivity by about 30 %
o The servo technology enables automated measurement.

» For example, during angle measurement one can simply aim the instrument at each
end.

» The instrument can repeat the measurements automatically as many times are
required.

o Servo equipped Total Station act as base for autolock and robotic surveying.

Auto lock Total Station

1t is allow for a semi- automatic measurement where measuring and recording takes
place at the total station.

In this case, the instrument searches for a active remote positioning target (RMT), locks
to it and follows the target as it moves to different points.

Autolock technology eliminates the need for time consuming error prone focussing and
allows you to work effectively even in poor and low visibility environment.

1t improves the time efficiency by up to 50 %.

Automatic/ Robotic Total Station:

This is a true one person surveying total station and is ideal for surveying and stake out
operations.




*  The control units can be taken to the prism to record measurements and collect other
data.

* Generally a radio communication is used between Total Station and the prism. The
control unit, battery, antenna and radio modem are integrated to allow full control over
instrument and its operation.

*  The prism used may be omni- directional (usually for short distance up to 500 m)
* Always aligned to the instrument or directional for longer distances.

* During stakeout, the control unit is used to move to point of interest.

» It improves the time efficiency by up to 80 %

Field techniques with total station:

» Various field operations in total station are in the form of wide variety of programs with
microprocessor and implement with the help of data collector.

* All these programs need that the instrument station and atleast one reference station be
identified, so that all subsequent stations can be identified interms of (X,Y,Z).

* Typical programs include the following functions,
*  Point location
*  Slope reduction
*  Missing Line Measurement (MLM)
* Resection
*  Azimuth calculation
* Remote distance and elevation measurement
*  Offset Measurements
* Layout or setting out operation
*  Area computation
* Tracking

e Stakeout

Classificatios:

» Generally total station is classified in two categories, i.e,

*  Microwave System or Electronic System




* FElectro Optical System
» Infrared System
o Visible light (or) laser light system

Microwave system (or) Electronic system:

* A microwave system is a system of equipment used for microwave data transmission.
*  The typical microwave system includes radios located high a top microwave towers.

* [t is used for the transmission of microwave communications using line of sight
microwave radio technology.

» Frequency of wave is 1 GHz (I GHz = 10°Hz)
* Distance around 100 km is sunny weather conditions.
*  Range of maximum for EDM microwave is 25 km- 30 km.
*  Accuracy is with in +10 mm / +3 mm per km.
Example: Tellumat, Tellurometer.

Microwave instruments:

*  These are long range instruments.(Distance measured up to 100 km)

»  Frequency range 3 to30 GHz (1 GHz = 10°Hz)

Receiver/f
Forward path transmitter
Retransmitted path Phase
comparison
technique
is used
distance

measurement.
» FErection of reflector (various form) at the remote end of line.
*  Passive reflector is placed at other end.
* A weak signal would be available for phase comparison.

*  Microwave EDM instruments require two instruments and two operators.




*  Frequency modulation is used most of the microwave instruments.

*  The method of varying the measuring wavelength in multiplies of 10 is used to obtain a

correct measurement of distance.

*  The microwave signals are radiated from small aerials (dipoles) mounted in front of

each instrument.

» [t producing directional signal with a beam of width varying from 2° to 20°. Hence the
alignment of master and remote units is not critical.

*  Maximum ranges for microwave instruments are from 30 to 80 km, with an accuracy of
+15 mm to +5 mm/km.

Tellurometer:
» High frequency radio waves (or microwaves) are used instead of light waves.
» [t can be worked with a light weight 12 or 24 volt battery. Hence it is portable.

» The observations are taken both during day as well as night.(but geodimeter
observations are normally restricted in the night)

o The tellurometers are required, one is to be stationed at each end of the line, with two
highly skilled persons, to take observations.

e One instrument is used as the master set or control and the other instrument is used as

the remote set or slave set.

= K ! J o
oS s _
- wehliy
MaSter @) control Ramete (or) SIaVE
an .?‘._! T tAarie ¢ # Ir\\s.l—"u_n'ﬁ{ }'..é'

*  Model MRA-2 (manufactured by M/s. Cooke, Troughten and Simms Ltd)

Block Diagram:

o [t was designed by T.L. Wadley, South America council for scientific and industrial
research.




* Radio waves (microwave) are emitted by the master instrument at a frequency of 3000
Mc.s (3 x10° C.P.S) from a Klystron, and have super imposed on them a crystal
controlled frequency of 10 Mc.s. The high frequency wave is termed as carrier wave.
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* High frequency wave can be propagated in straight line paths other than long distance
much more rapidly.

o The low frequency wave is known as the pattern wave and it is used for making accurate
measurements.

» The light frequency pattern wave is said to be frequency modulated (F.M) by low
frequency pattern wave.

Modulated signal is received at the remote station where a second klystron is generating
another carrier wave at 3033 Mc.s

The difference between the two frequencies
i.e, 3033-3000 = 33 Mc.s(intermediate frequency)

1t is obtained by an electrical mixer and is used to provide sensitivity in the internal
detector circuits at each instrument.

In addition to the carrier wave of 3033 Mc.s a crystal at the remote station is generating
a frequency of 9.999 Mc.s

This is heterodyned with the incoming 10 Mc.s to provide a 1 K.c.p.s signal.
The 33 Mc.s intermediate frequency signal is amplitude modulated by 1 K.c.p.s signal.

The amplitude modulated signal passes to the amplitude demodulator, which detects the
1 K.c.p.s frequency.




The pulse forming circuit, a pulse with a repetition frequency of 1 K.c.p.s is obtained.

Then the pulse is applied to the klystron and frequency modulates the signal emitted.ie,
3033 Mc.s modulated by 9.999 Mc.s and pulse of 1 K.c.p.s .

The signal received at the master station.

Further compound heterodyne processes takes place and here the two carrier
frequencies subtracts to an intermediate frequency of 33 Mc.s

The two pattern frequencies of 10 and 9.999Mec.s also substract to provide 1 K.c.p.s
reference frequency as amplitude modulation.

The change in the phase between this and the remote 1 k.c.p.s signal is measure of
distance.

The value of phase delay is expressed in time units and appear as a break in a circular
trace on the oscilloscope cathode ray tube.

Four low frequencies (A,B,C and D) of values 10.00,9.99, 9.90, and 9.00Mc.p.s are
employed as the master station.

The values of phase delays corresponding to each of these measured on the oscilloscope
cathode ray tube.

The phase of delay of B, C and D are subtracted from A in turn.
The A values are termed as ‘fine reading’ and B, C, D values as coarse readings.
The oscilloscope scale is divided into 100 parts

The wavelength of 10 Mc.s pattern wave as approximately 100 ft(30m) and hence each
division of the scale represents 1 foot on the two way journey of the waves or
approximately 0.5 foot on the length of the line.

The final readings of A, A-B, A-C and A-D readings are recorded in millimicro seconds
(10 ’seconds) and are converted into distance readings by assuming that the velocity of
wave propagations as 299, 792.5 km/sec.

1t should be noted that the success of the system depends on a property of the heterodyne
process.

The phase difference between two heterodyne signal is maintained in the signal, that
results from the mixing.

Electro optical system:

The use of infrared EDM equipment is a simple and easy method in which most of the
tools used to work surveying.




* The use of infrared EDM equipment cause carrier wave is an infrared emitting diode
arsenaid gallium (GaAs)

 Single prism limited to the range of 1 km but it can be added to the 2 or 3 km by using a
reflector consisting of a sequent of 3 or 9 prisms.

* Accuracy is with in = 10 mm.
Example: wild, geodimeter ,sokia, tapoor, leica and kern.

Visible light instruments:

Gilass cube

*  Prism mounted in housing - /}<
~ -~ - - P (_‘,\,Lt Fa—(j’

» Visible light is used as the carrier

wave with a higher frequency of
5 x10"Hz.

*  The transmitting power of carrier
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light beam, is concentrated on a signal using lens or mirror system.(there is no loss of
signal at that place).

*  The beam divergence is less than 1°, accurate alignment of the instrument is necessary.
* Corner cube prism,(in fig) are used as reflectors at the remote end.

» These prisms are constructed from the corners of glass cubes which have been cut away
in a plane making at an angle of 45° with the faces of the cube.

*  The light wave directed into the cut face is reflected by highly silvered inner surfaces of
the prism, resulting in the reflection of the light beam along parallel path.

» This is obtained over arrange of angles of incidence of about 20° to the normal of the
front face of the prism.

*  Hence the alignment of the reflecting prism towards the main EDM instrument at the
receiver or (transmitting) end is not critical.

*  The advantage of visible light EDM instruments, over the microwave EDM instruments
is that only one instrument is required.




* Line is measured using three different wave lengths, using carrier or microwave in each

case.

» In this type of instruments are measured at the range of 25 km, with an accuracy of

o]0 mm/ km to £2 mm/km.

o The recent instruments use pulsed light sources and highly specialized modulation and

phase comparison techniques, so it has produce a very high degree of accuracy of 0.2

mm/ km to +1 mm/km with a range 2 to 3km.

Geodimeter:

o [tis based on propagation of
modulated light waves was
developed by E. Bergestrand of the
Swedish Geographical survey in
collaboration with the
manufacturer,(M/S. AGA of
Sweden).

* Model 2-A can be used only for
observations made at night.

* Model - 4 can be used for limited
day time observations.

Working /Measuring Principles:
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Schematic Diagram of the Geodimeter

» Figure shows, the photograph of the front panel of model -4 geodimeter mounted on

the tripod.

» The main instrument is stationed at one end of the line (to be measured)with its back

facing, the other end of the line , while a reflector (consisting either of a spherical

mirror or a reflex prism system)is placed at the other end of the line.

o The light from an incandescent lamp (1) is focused by means of an achromatic
condenser and passed through a kerr cell (2).

o The kerr cell consists of two closely spaced conducting plates, the space between which

is filled with nitrobenzene.

o When high voltage is applied to the plates of the cell and a ray of light is focussed on

it.




The ray is split into two parts, each moving with different velocity.
Two nicol’s prisms (3) are placed on either side of the kerr cell.

The light leaving the first nicol’s prisms is plane polarised (divide into two groups with
completely opposite views.)

The light is split into two (having a phase difference) by the kerr cell. on leaving the
kerr cell, the light is recombined.

However because of phase difference, the resulting beam is elliptically polarised.

Diverging light from the second polarised can be focused to the parallel beam by the
transmitter objective, and then can be reflected from a mirror lens to a large spherical
concave mirror.

On the other end of the line being measured is put a reflex prism system or a spherical
mirror, which reflects the beam of light back to the geodimeter.

The receiver system of the geodimeter consists of spherical concave mirror, mirror
lens and receiver objective.

The light of variable intensity after reflection, have an effect on the cathode of the
photo tube (4).

In the photo tube, the light photons impact on the cathode causing a few primary
electrons to leave and travel accelerated by a high frequency voltage, to the first
dynode, where the secondary emission takes place.

This is repeated through a further eight dynodes.

The final electron current at the anode is some hundreds of thousand times greater
than that at the cathode.

The sensitivity of the photo tube is varied by applying the high frequency kerr cell
voltage between the cathode and the first dynode.

The low frequency vibrations are eliminated by a series of electrical chokes and
condensers.

The passage of this modulating voltage through the instrument is delayed by means of
an adjustable electrical delay unit (5).

The difference between the photo tube currents during the positive and negative bias
period is measured on the null indicator (6) which is a sensitive D.C moving coil
micro-ammeter.

To make both positive and negative current intensifies equal (ie, to obtain null point),
the phase of the high frequency voltage from the kerr cell must be adjusted = 90° with
respect to the voltage generated by light at the cathode.




o The light is focussed to a narrow beam from the geodimeter stationed at other end to
the reflector stationed at the other end of the line.

» Itis reflected back to the photo multiplier.

o The variation in the intensity of this reflected light causes the current from the photo
multiplier to vary where the current is already being varied by the direct signal from
the crystal controlled oscillator (7).

o The phase difference between the two pulses received by the cell are measure of the
distance between geodimeter and reflector (ie, length of the line).

o The distance can be measured at different frequencies,
»  Model -24 ----- Three frequencies are available.

» Model -4 ----- Four frequencies are available on phase position
indicator.

» The polarity of the kerr cell terminals of high and low tension are reversed in turn.

o Fine and coarse delays switches control the setting of the electrical delay between the
kerr cell and the photo multiplier.

* The power required is obtained from a mobile gasoline generator.
* Model -4A has a night range of 15 meters to 15 km,
Day light range of 15 to 800 meters
Average error of £10 mm * five millionth of distance
Weight about 36 kg without generators.

Infrared instruments:

e Infrared radiation band of wavelength about 0.9 um as carrier wave which is easily
obtained from gallium arsenide (Ga.As) infrared emitting diode.

* These diodes can be very easily directly amplitude modulated at high frequencies.
» Modulated carrier wave is obtained by an inexpensive method.

» Example: wild distomats.

* Power output of the diode is low.

* The range of these instruments limited to 2 to 5 km.3

* [t is mostly suitable for civil engineering works.

* These instruments are very light and compact and theodolite can be mounted.




* The angles and distances to be measured simultaneously at the site.
* A typical combination is

»  Wild DI 1000 infrared EDM

»  Wild T 1000 electronic theodolite (theomat )

»  Wild TC 2000 electronic tacheometer (tanchymat)

*  Microprocessor controlled angle measurements give very high degree of accuracy,
enabling horizontal and vertical angles and the distances (horizontal, vertical and
inclined) to be automatically displaced and recorded.

Advantages:
* Rapid measurement = --—--- 0.8 second for detail survey
e Long range - 6 km to 1 prism in average condition
14 km to 11 prisms in excellent condition.
* High accuracy - 5 mm +1 ppm standard deviation
----- 10 mm + 1 ppm tracking mode

————— Temperature ranges -20°c to +60 ° ¢

* Measurement to moving tangent ----- operation to moving object
» Used for off shore surveys —  --—--- measuring to ship, dredges, pipe line laying,
oil rings etc.
» Controlling objects on rails - position of cranes, gantries, vehicle, rail etc.
» Positioning & monitoring Movements in deformation Survey ----- bridges, load test etc.
Wild Distomats:

Wild heerbrug manufacture EDM equipment under the trade name ‘distomat’ having
the following popular models:

* Distomat DI 1000

* Distomat DI 58

» Distomat DI 3000

» Distomat DI or 3002

o Tachymat TC 2000(Electonic tacheometer)

Distomat DI 1000:




e [t is very small, compact EDM

* Used for building construction, civil Engineering construction, cadastral and detail
survey, particularly in populated areas(where 99 % of distance measurements are less
than 500m)

* It has a range of 500 m to a single prism and 800 m to three prisms (1000m in
favourable conditions) with an accuracy of 5 mm + 5 ppm.

* It can be filled to all wild theodolites (such as T 2000, T 2000 S, T 2 etc.)
* Infrared measuring beam is reflected by a prism at the other end of the line.

* [n the 5 seconds that is takes the DI 1000 adjust the signal strength to optimum level
makes 2048 measurements on two frequencies, carries out a full internal calibration,
computers and displays the result.

* In tracking mode, 0.3 second updates follow the initial 3 second measurement.

* The whole sequence is automatic, one has to simply point to the reflector, touch a key
and read the result.

* The wild modular system ensures full compatibility between theodolites and distomats.
» DI 1000 fits T, Tis, T>optical theodolites
* Optical keyboard can be used.

* It also combines with wild T 1000 Electronic theodolites and the wild 2000 informatics
theodolite to form fully electronic total station.

* Measurement, reductions and calculations are carried out automatically.
* DI 1000 also connects to the GRE 3 data terminal

* GRE 3 is connected to an electronic theodolite with DI 1000 all information is
transferred and recorded at the touch of a single key.

* GRE can be programmed to carry out field checks and computations.

* DI Distomat is used separately, it can be controlled from its own key board. le, three
keys each with three functions.

 Colour coding and a logical operating sequence ensure that the instrument is easy to
use.

* Key controls all the functions. There are no mechanical switches.

* Measured distances are presented clearly and accurately with appropriate symbols for
slope, horizontal distance, height and setting out.




* [n test mode, a full check is provided of the display battery power and return signal
strength.

* To indicate return of signal scale (ppm) and additive constant (mm) settings are
displayed at the start of each measurement.

* Input of ppm takes care of any atmospheric correction, reduction to sea level and
projection scale factor.

* The main input correct for the prism type being used.

* Microprocessor permanently stores ppm amd mm values and applies them to every
measurement.

* Displayed heights are corrected for earth curvature and mean refraction.

* DI is designed for use as the standard measuring tool in short range work.

Distomat DI 5S:

» It is a medium range infrared EDM controlled by a small powerful microprocessor. It
is multipurpose EDM.

o The 2.5 km range to single prism covers all short range requirements, detail,
cadastral, Engineering, topographic survey, setting out, mining, tunnelling etc.

o The 5 km range to 11 prisms, it is ideal for medium range control survey: traversing,
trigonometric heighting, photogrammetric control, breakdown of triangulation and
GPS networks etc.

o Finally turned opto- electronics, a stable oscillator, and a microprocessor that
continuously evaluates the results, ensure the high measuring accuracy of 3 mm +
2ppm standard deviation is standard measuring mode and 10 m + 2ppm standard
deviation in tracking measuring mode.

* [t has three control keys; each with three functions.

* There are no mechanical switches.

A powerful microprocessor controls the DI 58.

o Simply touch the DIST key to measure.

* Signal attenuation is fully automatic.

* Typical measuring time is 4 seconds.

* In tracking mode the measurement repeats automatically every second.

* A break in the measuring beam due to traffic etc., does not affect the accuracy.




* Large, liquid- crystal display shows the measured distance clearly and throughout the
entire measuring range of the instrument.

» Symbols indicate the displayed values.
* A series of dashes shows the progress of the measuring cycle.
* Prism constant from — 99 mm to +99 mm can be input for the prism type being used.

*  Ppm values from -150 ppm to +150 ppm can be input for automatic compensation for
atmospheric conditions, height above sea level and projection scale factor.

* These values are stored until replaced by the new values.
» Microprocessor corrects every measurement automatically.

o DI 5S fitted to wild electronic theodolites T 1000, T 2000 or to wild optical theodolites
TI; T16; TZ.

* Infrared measuring beam is parallel to the line of signal.
* Only a single processing is needed for both angle and distance measurements.

» When fitted to an optical theodolite, an optical keyboard converts it to efficient low cost
effective total station.

* The following parameters are directly obtained for the corresponding input values;
= [nput the vertical angle for
» Horizontal distance
»  Height difference corrected for earth curvature and mean refraction.
» [nput the horizontal angle for co-ordinate differences A E and A N

» Input the distance to be set out for AD, the amount by which the reflector
has to be moved forward or back.

»  Fitted with an electronic theodolite (T 1000 or T 2000) DI 5S transfers
the slope distance to the theodolite.

Distomat DI 3000 and DI 3002:

* It is a long range infrared EDM, in which infrared measuring beam is emitted from a
laser diode.

* Class-1 laser products are inherently safe.

* Maximum permissible exposure cannot be exceeded under any condition, as defined by
international Electro technical commission.




o [t is the time pulsed EDM.

* The time needed for a pulse of infrared lights to travel from the instrument of the
reflector and back is measured.

* The displayed result is mean of hundreds or even thousands of time- pulsed
measurements.

* The pulse techniques has the following advantages,

Rapid measurement:

= [t provides 0.8 second for detail surveys, tacheometry, setting out etc.,

Long range:
Condition Range
Average 6 km to I prism
Excellent 14 km to 11 prism

High accuracy:

»  Standard deviation, accuracy =5 mm +1 ppm
» Tracking mode, accuracy =10 mm +1 ppm
»  For I ppm the temperature range is -20°c to +60°c

Offshore surveys:

»  Mounted on electronic theodolite for measuring to ships, dredgers, pipe laying barges,
positioning oil rigs, controlling docking manoeuvres etc.,

Controlling objects on rails:

»  Connected on-line to computer for controlling the position of cranes, gantries,
vehicles, machinery on rails trucked equipment etc.

Monitoring movements in deformation surveys:

» [t can be connected with DI 3000 and GRE 3 or computer for continuous
measurement rapidly deforming structure (such as bridges, undergoing load test)

Positioning moving machinery:

» DI 3000 can be mounted on a theodolite for continuous determination of the position of
mobile equipment.

For conventional measurements in Surveyving and Engineering:




»  Control surveys, traversing, trigonometric heighting, breakdown of the GPS networks,
cadastral, detail and topographic survey setting out etc.

DISTOMAT DIOR 3002:

» [t is a special version of the DI 3000.

» [t is designed specifically for distance measurement without reflector.

DIOR 3002 is also time pulsed infra-red EDM.

» For without reflector ----- ranges varies froml100 m to 250 m
Standard deviation = 5 mm to 10 mm

» For with reflector ~ ----- Range of 4 km to 1 prism

Range of 5 km to 3 prisms

Range of 6 km to 11 prisms

e DIOR 3002 can fitted on any of the main wild theodolite, T 1000 electronic theodolite
is mostly suitable.

o For without reflector, it can carry the following operations,

Proﬁle and cross section.

* DIOR 3002 with an electronic theodolite can be used for measuring tunnel profiles
and cross-section surveying slopes, caverns, interior of storage tanks, domes etc.

Surveying and monitoring buildings, large objects quarries, rock faces, stock piles:

e DIOR 3002 with a theodolite and data recorder can be used for measuring and
monitoring large objects, to which access is difficult, such as bridges, buildings,
cooling towers, pylons , roofs, rock faces, towers, stock piles etc.

Checking liquid levels, measuring to dangerous or touch sensitive surfaces.

* DIOR 3002 on —line to a computer can be used for controlling the level of liquids in
storage tanks.

*  Determining water level in docks, harbours.

*  Measuring the amplitude of waves around oil rigs etc., also for measuring to
dangerous surfaces such as furnace lining, hot tubes, pipes, and rods.

Landing and docking manoeuvres.:

» [t can be used for measuring from helicopters to landing pads, and ships to piers and

dock walls.

Sources of errors:




Personal error
e (Centring
*  Height measurement
*  Atmospheric conditions determination.
Instrumental error
» Levelling bubbles
*  Optical plummet
*  Manufacturer’s stated accuracy (MSA)
*  Combined constant
*  Prism height
Natural errors
*  Atmospheric conditions
* Refraction and curves
*  Atmospheric anomalies

Personal error:

e [t has to be careful for
» Precise centring at the master and slave station
»  Pointing/ sighting of reflector.
= Entry of correct values of prevailing atmosphere conditions.

Centering:

» [t involves how accurately the operator can centre the total station instrument
(TSI) or tribrach vertically over the ground mark.

» [t using a hand held prism held prism pole, how carefully the rod person holds
the bubble centred.

Height instrument:

= [fthe TSI will be used for trigonometric levelling or topo data collection than
the heights of the instrument and prism must be measured.

Atmospheric condition determination:




»  Temperature and barometric pressure must be obtained for the time of
measurement.

» [f not available, then the operator should record the settings on the TST so later
on they can be compensated.

Instrumental error:

1t consist of three components ie,
» Scale zero
= Zero error these are systematic in nature.
= Cyclic error

Levelling Bubbles:

" At the TSI, proper levelling techniques should be used to compensate for the plate
bubble being out of adjustment.

»  The prism may be mounted in a tribrach in which case the tribrach bubble can be
checked as on the TSI

Opftical plummet:

»  Optical plummets on the TSI and prism tribrach are used to orient the instrument
vertically over its ground mark.

»  These should be checked and adjustment as necessary.

»  On the TSI, with a plummet that rotates with the instrument, the plummet can be
checked by using it to set up over a mark, then rotating the instrument 180°; the
plummet should stay on the mark.

» [fit moves off the mark, the TSI is actually set up over a point halfway between
the mark and the rotated plummet position.

Combined constant:

» The points of signal orgin and signal reflection may not be on the vertical axes
used to orient the equipment over the ground points.

»  Most surveyors are familiar with a prism offset and how it is affected by the
mounting system.

»  Additionally, because glass is denser than atmosphere the light wave is slowed as
it travels through the prism, increasing the measured distance.

» A manufacturer reports is combined effect as the prism, increasing the measured
distance.




Instrument_

constants

»  The TSI is also subject to an offset.

»  The signal is generated internally then optically made to coincide with the line of
sight.

»  The slope distance is the sum of measured distance and the instrument and prism

constants.
S=S"+ (C-C,)
Where
S’ - measured slope distance

Cy--—--- Instrument offset
C,----- Prism offset
S - Correct slope Distance.

= (C; + C,)is referred to as the combined constant.

and prism _

= The instrument can be either moved to the correct
location or the optical plummet can be adjusted using the adjusting screws.

»  On a tribrach the optical plummet is to use a plumb bob.
= Attach the tribrach to a tripod that has a plumb bob hanger.

= Center the tribrach circular bubble, attached a plumb bob, and set a mark
directly below it.

»  Because the plumb bob is used, the tribrach is correctly set up over the mark
regardless the optical plummet’s adjustment.

*  Remove the plumb bob and sight through the optical plummet. If the plummet is
in adjustment it will be centred on the mark.




» [f'not centred it shows how much the plummet is out of adjustment.

» To continue using the tribrach either use a plumb bob or adjust the plummet
using its adjusting screws. This method can also be used to check a TSI with a
rotating optical plummet.

Manufacturer’s stated accuracy (MSA):

* Each TSI has an inherent random error in distance measurement
o This is MSA and is specified in the instrument manual.
* [tis expressed as a two part uncertainity
* Constant
* A proportion based on distance.
*  An example is an MSA of = (2 mm + 3mm )

*  Every distance measured with this TSI would have an expected error of

39.37 in 1 1ft

Constant==+=2 mm x 1m x1000mmXx 12in =4 (.006 ft

»  The proportion error will increase for longer distances. In a 100 feet distance,
the expected proportion error is ,

+3
Proportion =100 ftx 1000000 = 4 (.0003 ft

Prism pole height:

*  Prism pole height does not affect horizontal distance determination.
*  The TSI uses a zenith angle with a slope distance to compute the slope distance.

*  Prism height doesn’t matter since raising or lowering it will change both zenith
angle and slope distance but still result in the same horizontal distance.

*  Prism height can come into play when trignometrical levelling or topo mapping
since both these require vertical distance.

Natural errors:

*  Meteorological condition (temperature, pressure, humidity, etc.) have to be taken
into account to correct for the systematic error arising due to this.

» These errors can be removed by applying an appropriate atmospheric correction
model that takes care of different meteorological parameters from the standard
(nominal) one.




Atmospheric conditions:

»  FElectro — optical EM signals are affected by atmospheric pressure and
temperature.

» Total station instruments are generally standardised at a specific temperature
and pressure.

*  When measurement conditions deviate from either than a proportional correct
must be applied.

» The equations for the proportional corrections are,

English Units Metric Units

Correction= 278.96- Correction= 278.96-

10.5 P,
1+ 0.002175 T

0.3872P
1+0.003661 Ty

Where,

Py = Pressure in inches of mercury

Where,
Tr = temperature if ° F

Py = Pressure in mm of mercury

Ty = temperature if °C

* To apply the correction

D = D’(1 + correction in ppm)

Refraction and curvature:

*  The EM signal path is bent, refracted, as it moves through the atmosphere.

* The degree of refraction depends on atmospheric density and the signal’s
direction through it.

» The affects the zenith angle because it is measured from the vertical to a line
tangent to the signal path at the TSI (dotted line)

* Also, over long distances earth’s curvature must be taken into account.

»  Vertical lines at the TSI and reflector are not parallel so that *“ horizontal *
distance is actually a chord distance whose end points are the same elevation.

*  This chord is not perpendicular to the vertical at each either the TSI or prism.




*  The equations for reducing slope to horizontal and vertical components allowing

for refraction and curvature are
§2sin2z(1 —%}
-
2R i i
fy Af
B
-
I
z g |
i .__.-'-P..-.- I
I [ .___I'E __________ — ._-._n_--_i ________________ I—-
L o
d_, -
H=SsinZ-
52sinfZ(1-k)
V==S8cosZ+ 2R
Where,

H ---- Horizontal direction
V ---- Vertical direction
S ---- Slope distance
R -—- Radius of earth = 2.09 %10’ feet
Z ---- Zenith angle
K ---- Refraction constant
For most elevations k =0.142
» The refraction constant is a ratio of the earth radius.

*  Most of the TSI provide the option to apply refraction and curvature corrections
as measurements are made.

Atmospheric anomalies:

o The atmosphere immediately above as asphalt surface on a sunny day, the heat
emitted by the surface causes a local atmospheric anomaly which affect the
signal path.

A
\4




Problem:

1. A distance of 826.39 feet was measure without including atmospheric corrections. If
the temperature and pressure at measurement were 70°F and 28.5” Hg. What is the
corrected distance?

Given Data:
Temperature T = 70° F
Pressure energy in inches of mercury Pg = 28.5”
Uncorrected distance D’ = 826.39 feet
To find:

Corrected distance =?
Solution:

The proportional correction in English units (inches and feet’s)

10.5 Pg ]

Correction = 278.96 - [1+ 0.002175 Tg

[ 10.5 %28 ]
= 278.96- L1+0.002175 %70

=+19.2 ppm
Corrected distance D = D’ (1+ correction in ppm)

=826.39(19.2/1000000)

Corrected distance D = 826.40 feet

v

A

2. The surveyor measure the distances between a section and quarter section corners and
records a slope distance of 2677.36 ft with a zenith angle of 81°10°25” corrected for
atmospheric conditions.

Whatever is introduced in the horizontal distance is refraction and curvature
are not taken into account?
Given Data:
Slope distance (S) =2677.36 ft
Zenith angle (Z) =81°10°25"

Assume, Radius of Earth(R)

=2.09 <10’ feet




Assume, Refraction constant(k) = 0.142

To find:
What error is introduced in the horizontal distance if refraction and curvature =?

Solution:

5% 5in 22 (1-2)
2R

Horizontal distance (H) = S Sin Z - l

52677.36% Sin 2xB1°10° 25° (1———n)

2w 2.09x10%

=2677.36xS8in 81°10° 25”- [

= 20645.588 ft
Horizontal distance (H) not consider as a refraction and curvature correction
H= S8 SinZ
=2677.36xsin81°10° 25"
= 2645.654 ft

The difference is (2645.654- 2645.588) = 0.096 feet

A

3. A horizontal distance of 985.37 ft is measured with a TSI having an (MSA)
manufacturer’s stated accuracy of £(2 mm + 3mm). TSI centring error is estimated
and hand held. Due to some wind the prism centring is assumed to be £0.04 ft
atmospheric conditions were accounted at the time of measurement. What is the
expected error in the distance?

Solution:

In this problem, these (MSA, centering, prism pole errors)are additive random errors.
Since they affect parts of the line length.

[ 2 5
|EZ + EZ +---E2
Sum of the total error Eg,, =

Contributing Error:

39.37 in im 1Ft
MSA constant E e =2mmx 1m x1000mm x12in

= 0.00656 ft

v
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MSA proportional,  E .., =985.378 ft x 1000000

= 0.00296 ft

TSI centering , Er =0.005ft

Prism centering E i = 0.04 ft

Sum of total error Egy = N

P

5 5
l EEE‘?‘!S‘ + EL

prop T Ersy T Ep

prism

E _ [0.006562 + 0.00296% + 0.0052 + 0.042
Esum = :l: 0- 0504ﬁ
=+0.05 fi

<

v

Care and maintenance of the Total Station instruments:

Maintenance:

Do not leave the instrument in the direct sunlight or in a closed vehivle for
prolonged periods.

Overheating the instrument may reduce its efficiency.

Some TSI has been used in wet conditions, immediately wipe off any moisture and
dry the instrument completely before returning the instrument to the carrying
case.

The instrument contains sensitive electronic assemblies which have been well
protected against dust and moisture. However, if dust or moisture gets into the
instrument, severe damage could result.

Sudden changes in temperature may could be lenses and drastically reduce the
measurable distance, or cause an electrical system failure. If there has been a
sudden change in temperature, leave the instrument in a closed carrying case in
a warm location until the temperature of the instrument returns to room
temperature.

Do not store in hot or humid locations. In particular, you must store the battery
pack in a dry location at a temperature of less than 30°c (86°F)

High temperature or excessive humidity can cause mold to grow on the lenses. It
can also cause the electronic assemblies to determine, and so lead to instrument
failure.

Store the battery pack with the battery discharged.




When storing the instrument in areas subject to extremely low temperature leave
the carrying case open.

When adjusting the levelling screws, stay as close as possible to the centre of
each screw’s range. This centre is indicated by a line on the screw.

If the tribrach will not be used for an extended period, lock down the tribrach
clamp knob and tighter its safety screw.

Do not use organic solvents (such as ether or paint thinner) to clean the non-
metallic parts of the instrument (such as keyboard) or the painted or printed
surfaces.

Doing so could result in discoloration of the surface, or in peeling of printed
characters.

Clean these parts only with a soft cloth or a tissue, lightly moistened with water
or a mild detergent.

To clean the optical lenses, lightly wipe them with a soft cloth or a lens tissue
that is moistened with alcohol.

The reticle plate cover (near eye piece) has been correctly mounted. Do not
release it or subject it to excessive force to make it water tight.

Before attaching the battery pack, check that the contact surfaces on the battery
and instrument are clean.

Securely press the cap that covers the data output/ external power input
connector terminal. The instrument is not watertight if the cap is not attached
securely, or when the data output /external power input connector is used.

The carrying case is designed to be water tight, but you should not leave it
exposed to rain for an extended period. If exposure to rain is unavoidable, make
sure that the carrying case is placed with the Nikon nameplate facing upward.

The battery pack contains a lithium- ion- battery. When disposing of the battery
pack, follow the laws or rules of your municipal waste system.

The instrument can be damaged by static electricity from human body discharged
through the data output/ external power input connector. Before handling the
instrument, touch any other conductive material once to remove static

electricity.

Be careful not to pinch your finger between the telescope and trunnion of the
instrument.

Lightly tap the touch screen with the stylus otherwise you may damage the touch
screen.




Precautions:

Do not carry tripod mounted instruments over the shoulder.

Remove instruments from tripod when changing set up locations.

Calibrate instruments daily per manufacturer’s recommended procedures.
Ensure the instrument prism offset value is set correctly for the prism in use.
Ensure that the appropriate version of the instruments firmware is installed.

Never point the telescope directly at the sun. the sun’s rays may damage the
electronic distance measuring(EDM) circuitry.

If possible shade the instrument from direct sunlight as excess heat may reduce
the range of the sender diodes in the EDM circuitry.

To maintain maximum signal return at longer ranges shade prisms from direct
sunlight.

Avoid multiple unrelated prisms in the same field of view; this can cause blunders
in distance observations.

Most total stations are equipped to detect and correct various instrumental
errors. If such errors exceed program limits, error codes will indicate the error.
Consult the operator’s manual for exact procedures and error code definitions.
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Introduction

The first known surveyors are Egyptians who used distant control points to replace
property corners destroyed by floods.

The Greeks and Romans surveyed the settlements.

French surveyors were probably the first to conduct surveys on large scales, by
measuring the interior angles of a series of interconnecting triangles in combination with
measured base lines.

To determine the coordinates of selected points.

Longitude: 9°24'23,43"
Latitude: 46°48'37,20"
Altitude: 709,1m
Time: 12h33'07"

Triangulation technique was used by surveyors to

determine accurate distances.

The use of triangulation was limited by the line of sight.

The series of triangles were generally fixed by astronomical points by observing selected
stars to determine the position of that point on the surface of the earth.

These astronomical positions could be in error by hundreds of meters, the
interrelationship between the coordinates cannot be precisely fixed. (then the optical
global triangulation was developed)

The worldwide satellite triangulation program often called BC-4 program was carried out
to establish interrelationships of the major world datums.

This method involves photographing special reflective satellites against a star
background with a metric camera fitted with a chopping shutter.

The main problem in using this optical technique was that clear sky was required
simultaneously at a minimum of two observing sites separated by some 4000 km, and the

equipment was massive and expensive.

Electromagnetic Technique:

The electromagnetic ranging technique because of all-weather capability and greater
accuracy.

First attempts to (positional) connect the continents by electromagnetic techniques was
by the use of an electronic High Ranging (HIRAN) system developed during World War

IT to position aircrafts.




Today’s modern positioning systems are Inertial Surveying System (ISS) and the Navy
Navigational Satellite System (NNSS), also called TRANSIT system developed by USA.
The TRANSIT system was composed of six satellites orbiting at altitudes of about 1100
km with nearly circular polar orbits.

TRANSIT system was developed primarily to determine the coordinates of vessels and
aircrafts.

The positioning analysis technique used in the TRANSIT system utilized a ground
receiver capable of noting the change in satellite frequency transmission as the satellite
first approached and receded from the observer.

The change in frequency was affected by the velocity of the satellite itself. The change in
velocity of transmissions from the approaching and then receding satellite, known as the
Doppler effect, is directly proportional to the shift in frequency of the transmitted signals,
and is thus proportional to the change of distance between the satellite and the receiver
over a given time interval.

With the precise knowledge of the satellite orbit and that of the satellite position in that
orbit, the position of the receiving station could be computed.

Some of the TRANSIT experiments showed that accuracies of about 1 metre could be
obtained by occupying a point for several days.

The main problem with TRANSIT was the large time gaps in coverage. Since nominally
a satellite would pass overhead every 90 minutes, users had to interpolate their position
between fixes or passes.

Unfortunately, the satellites that it uses are in very low orbit and there are not very many
of them. So a user does not get a fix very often. Also, since the system is based on low
frequency Doppler measurements, even small movements at the receiving end can cause
significant errors in position.

It was these shortcomings that led to the development of the US Global Positioning
System (GPS), the Europian Satellite Based Navigation System (Galileo) and the Russian
Global Navigation Satellite System (GLONASS).

GLONASS System:

GLONASS is a radio-based satellite navigation system, developed by Russian Aerospace
Defence Forces for the Russian Government.

It was made operational in 1996. The first GLONASS satellite was launched and placed
in the orbit on 12th October, 1982.




Thereafter, numerous rocket launchers added satellites to the system. By 2010,
GLONASS had achieved 100% coverage of Russian territory.
The full orbital constellation of 24 satellites was restored in October 2011, enabling full
global coverage.
GLONASS satellite designers have undergone several upgrades, having three
generations, from GLONASS to GLONASS-M to GLONASS-K.
In November 2011, four more GLONASS-M was placed into final orbit.
Originally GLONASS was designed to have an accuracy of 65 m, but in reality, it had an
accuracy of 20 m in the civilian signal and 10 m in the military signal.
GLONASS uses a coordinate datum named FZ-90.
Its satellites transmit two types of signals:

» Standard precision (SP) Signal and

= high precision (HP) signal.
GLONASS system is a counterpart and at par with the United States GPS system. Both
the systems share the same principles in the transmission and positioning methods.
The GLONASS system has both the precise positioning service and standard positioning
service as in the GPS, but its datum and time reference system are different.
GLONASS like GPS consists of three segments:

= The space,

The control, and

»  The user segment.
The operational space segment of GLONASS consists of 21satellites in three orbital
planes, with 3 on-orbit spares; making the total number of 24 satellites.
The three orbital planes are separated by 120° and the satellites within the same orbit
plane by 45°. Each orbital plane, therefore, has eight equally spaced satellites, operating
at an altitude of 19,100 km at an inclination angle of 64.8° to the equator.
Each satellite will complete an orbit in approximately 11 hr 15 min.
The spacing of satellites is such that a minimum of five satellites are always in view
round the globe.
The geometric arrangement gives a considerable better coverage than GPS in Polar
Regions above and below 50° latitude.
The satellites work in GLONASS System Time, checked and updated twice daily, with a
maximum time error of 15 ns.

The ground control segment is entirely located within former Soviet Union Territory.




The ground control station is located in Moscow.
The user segment consists of antennas and receiver-processors that provide positioning,

velocity and precise timing of the user.

What is GPS?

GPS, which stands for Global Positioning System, is the only system today able to show
you your exact position on the Earth anytime, in any weather, anywhere.
The three parts of GPS are:
« Satellites
* Receivers
» Software
Location system based on a constellation of 24 satellites orbiting the earth at altitudes of

approximately 11,000 miles.

Satellites

There are quite a number of satellites out there in space.

They are used for a wide range of purposes: satellite TV, cellular phones, military
purposes and etc.

Satellites can also be used by GPS receivers.

The GPS Operational Constellation consists of 24 satellites that orbit the Earth in very
precise orbits twice a day.

GPS satellites emit continuous navigation signals.

GPS CONSITELLATION

GPS Nominal Constellation
24 Satellites in 6 Orbital Planes 21 SATELLITES WITH 3 OPERATIONAL SPARES.

6 ORBITAL PLANES, 55 DEGREE INCLINATIONS
20,200 TS

4 Satellites in each Plane KILOMETER, 12 HOUR ORBI

20,200 km Altitudes, 55 Degree Inclination

Receivers and Satellites:

Combine your observational data with
GPS units are made to communicate with GPS pesitioning information by using the
Global Positioning System

satellites (which have a much better view of the Earth)
to find out exactly where they are on the global scale &1 RN

of things.




How a

The complex pattern ensures that the receiver does not accidentally synchronize up to

some other signal or so the receiver won’t accidentally pick up another satellite’s signal.

GPS Receiver determines its Position?

Each satellite transmits what’s called a Navigation Message, which is downloaded by
GPS receivers.

GPS constellation status (all the satellites) satellite ephemeris and health data (individual
satellites).

The GPS currently uses two
frequencies to accomplish data
transmission, L1 and L2.

The NAV Message and coarse

acquisition information are provided

on the L1 frequency.

Another frequency (L3) is planned for the next generation of satellites to enhance
position and navigation precision of GPS receivers.

The pseudo random noise (PRN) code is a fundamental part of the GPS.

It's a very complicated digital code unique to each satellite.

It’s a complex sequence of "on" and "off” digital pulses.

Time
Difference

‘ | Satellite PRN

Receiver PRN

The signal looks like random electrical noise (similar to the “snow” you might see on a
TV), but is actually a very precise code. Hence the name “pseudo-random noise.”
When a GPS receiver acquires a GPS signal it examines the satellite’s incoming PRN

and begins generating a matching digital signal to mimic the satellite’s signal.




The receiver matches each satellite’s PRN code with an identical copy of the code
contained in the receiver’s database.

Its next task is to try and determine how long ago the signal was generated by the
satellite.

But there’s a problem, then each satellite is equipped with atomic clocks.

Clocks which are constantly monitored for accuracy by the Master Control Station.

The GPS receiver on the other hand is equipped only with a single digital clock

Satellite and Satellite and

receiver clock receiver clock

display: 0ms display: 67,3ms
Oms Q Oms

comparable to a cheap wrist watch.

The only way for the receiver to
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can accurately measure the precise

travel time of the satellite radio
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A discrepancy of just a few Signal \\\// bry
nanoseconds between satellite and S —
Signal transmition (start time) Signal reception (stop time)

receiver will translate into a large

position error on the ground.

So the GPS receiver uses a clever technique to calculate the precise time it took for the
GPS signal to reach it.

By shifting its own generated copy of the satellite’s PRN code in a matching process, and
by comparing this shift with its own internal clock, the receiver can calculate how long it
took the signal to travel from the satellite to itself.

By comparing the time difference between the two, and multiplying that time by the
186,000 miles per second travel speed of the signal, the receiver can roughly determine
the distance separating it from the satellite.

This process is repeated with every satellite signal the receiver locks on to.

The distance between satellite and receiver derived from this method of computing
distance is called a pseudo-range (“false range”) because the receiver’s clock is not
synchronized with the satellites clocks.

Pseudo-range is subject to several error sources, such as delays caused by the
atmosphere, and multipath interference.

For example, the GPS satellite PRN signal is a song being broadcast by a radio station.
The GPS receiver is a record player which is playing the same song, but it’s not

synchronized to the broadcast song.




* Both songs are playing, but at different places in the song and at different speeds.

* By speeding up or slowing down the turntable, the two songs can be precisely matched.
They become synchronized.

» Similarly, the GPS receiver synchronizes its digital signal to match that of each satellite’s
signal.

Time Difference:

* The GPS receiver compares the time a signal was transmitted by a satellite with the time
it was received.
* The time difference tells the GPS receiver how far away the satellite is.
Velocity x Time = Distance
* Radio waves travel at the speed of light, roughly 186,000 miles per second (mps)

Triangulation:

Geometric Principle:

*  You can find one location if you know its distance from other, already-known locations.
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Segments or Components of GPS:

GPS

Space Seameni sontrol Seamen User Seament

Space Segment:
#¥* Consists of 24 satellites in 6 orbits.

* Each satellite transmits low powered radio L

signals.

- established ephemeris
- calculated almanacs

- satellite health

- time corrections

L1 carrfier

-time pulses
- ephemeris
- almanac

- health

- date, time

* The orbital position is constantly monitored and

From the ground
station

updated by ground stations.
* Each satellite is identified by number and

broadcasts a unique signal.




% The signal travels at the speed of light.
#* Each satellite has a very accurate clock, 3 x 10 Seconds.

Distance = Velocity x Time

¥ GPS Satellite

= Name : NAVSTAR
= Altitude : 11,000 miles
» Inclination : 55 Deg to the
Equator
=  Weight : 863 Kg (in
orbit) _ .

The Control Segment

> A Master Control Station
> Unmanned Monitor Stations

» Large Ground-antenna Stations

&
‘. Master Conirol
Hawaii Monitor StadHon™
Monitor Staton .

Colorado Sp;'i;t'lr%_sh

- A scension Island *}' }_D:_iegu Garcia s M“I'-it“i, Station
Monitor Station”,¥ Monitor smﬁuné\\g

zlobal Positioning System (GPS) Master Control and Monitor Station Network

» The control segment or ground segment has one Master Control Station, one alternative
Master Control station (Monitor station).
* 12 command and large ground or control antennas and 16 monitoring sites.

Most important tasks of the control segment

Space segment 1'»‘,.

e Observing the movement of the satellites and ) %

YN\

A ser segment
P " stations

computing orbital data
» Monitoring the satellite clocks and predicting
their behavior

e Synchronizing on board satellite time




Relaying precise orbital data received from satellites in communication

Relaying further information, including satellite health, clock errors etc.

The User Segment

Users-Military and Civilians
GPS Receivers

»  Decodes the signals from Satellites.

* Calculate the distance.
GPS receivers are generally composed of an antenna, tuned to the frequencies transmitted
by the satellites, receiver-processors, and a highly-stable clock, commonly a crystal
oscillator).
They can also include a display for showing location and speed information to the user.
A receiver is often described by its number of channels this signifies how many satellites
it can monitor simultaneously.
As of recent, receivers usually have between twelve and twenty four channels.
Using RTCM SC-104 format, GPS receivers may include an input for differential
corrections.
This is typically in the form of a RS-232 port at 4800 bps speed.
Data is actually sent at much lower rate, which limits the accuracy of the signal sent
using RTCM.

Receivers with internal DGPS (differential GPS) receivers are able to outclass those

using external RTCM data.
Modes of Operation
= Standard Positioning System HA = 100 m
» Data Transmitted on L1 Frequency VA = 156 m
= For civil users TA = 340 ns
» Accuracy is degraded HA = 22 m
= Precise Positioning System VA = 27.7m

» Data Transmitted on L1 and L2 Frequencies
» For Military users
= Highly Accurate

Differential GPS




® The majority of data collected using GPS for GIS is differentially corrected to improve

accuracy.

® The underlying premise of differential GPS (DGPS) is that any two receivers that are

relatively close together will experience similar atmospheric errors.

® This GPS receiver is the base or reference station. The base station receiver calculates its

position based on satellite signals and compares this location to the known location.

® The difference is applied to the GPS data recorded by the second GPS receiver, which is

known as the roving receiver.

® The corrected information can be applied to data from the roving receiver in real time in

the field using radio signals or through post processing.

Working of GPS:

2. All satellites

1. All sarellites
have clocks set
o exacihy the
same fime

3. Each satellite
ransmits its position
and a time signal

&. The receiver calculates the
distance 1o each sarellite
and can then calculate
ils own position

Segment calculates the position?

Calculation of Position
* Satellites Location
®  Almanac data
= Ephemeris
*  Time is the essence

= Velocity * Time=distance

know their exact
position from daka
sent to them from
the syshem
contrallers

\
' b
™

4. The signals
fravel to the
receiver delayed
by distance traveled

e
5. The differences in
distance traveled make
each sarellite appear to
hawve a different time

4

How User_

* The GPS Almanac is a set of data to describe the orbits of the complete active fleet of

Satellites.

* GPS receivers use the almanac to determine "approximately" where the satellites are

relative to the local sky.




+ It then uses this information to determine what satellites it should track (no point in

devoting resources to satellites below the horizon)

Sources of Errors:

* Jonosphere Delays

* Troposphere Delays

¢ (Clock Error

e Multi-path Error

* Relativity Error

Satellite clock errors:

Orbit errors:

Caused by slight discrepancies in each satellite’s four atomic clocks.

Errors are monitored and corrected by the Master Control Station.

Satellite orbit (referred to as “satellite ephemeris”) pertains to the altitude,
position and speed of the satellite.
Satellite orbits vary due to gravitational pull and solar pressure fluctuations.

Orbit errors are also monitored and corrected by the Master Control Station.

Ionospheric interference:

The ionosphere is the layer of the atmosphere from 50 to 500 km altitude that
consists primarily of ionized air.

Ionospheric interference causes the GPS satellite radio signals to be refracted as
they pass through the earth’s atmosphere — causing the signals to slow down or
speed up.

This results in inaccurate position measurements by GPS receivers on the ground.
Even though the satellite signals contain correction information for ionospheric
interference, it can only remove about half of the possible 70 nanoseconds of
delay, leaving potentially up to a ten meter horizontal error on the ground.

GPS receivers also attempt to “average” the amount of signal speed reduction
caused by the atmosphere when they calculate a position fix. But this works only
to a point.

Fortunately, error caused by atmospheric conditions is usually less than 10
meters. This source of error has been further reduced with the aid of the Wide
Area Augmentation System (WAAS), a space and ground based augmentation to

the GPS (to be covered later).

Tropospheric interference:




The troposphere is the lower layer of the earth’s atmosphere (below 13 km) that
experiences the changes in temperature, pressure, and humidity associated with
weather changes. GPS errors are largely due to water vapor in this layer of the
atmosphere.

Tropospheric interference is fairly insignificant to GPS.

Receiver noise:

It is simply the electromagnetic field that the receiver’s internal electronics
generate when it’s turned on.

Electromagnetic fields tend to distort radio waves.

This affects the travel time of the GPS signals before they can be processed by the
receiver.

Remote antennas can help to alleviate this noise.

This error cannot be corrected by the GPS receiver.

Multipath interference:

It is caused by reflected radio signals from surfaces near the GPS receiver that
can either interfere with or be mistaken for the true signal that follows an
uninterrupted path from a satellite.

An example of multipath is the ghosting image that appears on a TV equipped
with rabbit ear antennas.

Multipath is difficult to detect and sometimes impossible for the user to avoid, or
for the receiver to correct.

Common sources of multipath include car bodies, buildings, power lines and
water.

When using GPS in a vehicle, placing an external antenna on the roof of the
vehicle will eliminate most signal interference caused by the vehicle.

Using a GPS receiver placed on the dashboard will always have some multipath

interference.

Correction of Errors:

*  Error Modeling

e Mathematical Model

Data Frequency Measurement

* Compare the Delays of L1 and L2

Applications of GPS:

v’ Industry




»  Agriculture
»  Mapping & GIS Data Collection
»  Public safety
*  Surveying
» Telecommunication
v’ Military
v [ntelligence & Target Location
= Navigation
»  Weapon Aiming &Guidance
v’ Transportation
= Aviation
» Fleet Tracking
=  Marine
v’ Science
»  Archaeology
»  Atmospheric Science
» Environmental
»  Geology & Geophysics
»  QOceanography
= Wildlife
Selective availability (SA):

* GPS was originally designed that real-time autonomous positioning and navigation with

the civilian C/A code receivers would be less precise than military P-code receivers.

*  Surprisingly, the obtained accuracy was almost the same from both receivers.

» Static positioning with P — code is accurate to 5 — 10m and is therefore denied access to

civilian users by encryption of the code. This is referred as anti-spoofing (AS).

* It was anticipated that use of the S-code or, as it was originally called C/A (coarse

acquisition) code, would result very much worse positional accuracies.

» This was not the case, and accuracies in the region of 30m were obtained.

» This gave the American Government cause for concern as to its use by an enemy in the

time of war, and a decision was made to degrade Pseudo-range measurement. This

process was called selective availability (SA).

Components of SA:

1. Epsilon :




» It was a corruption of the broadcasts ephemeris on S-code, resulting in
incorrect positioning of the satellite.
2. Dither:
» It was a corruption of the rate at which the satellite clocks function, resulting
in further degrading of observed pseudo-ranges to accuracy no greater than
30m.

GPS signal structure:

*  GPS satellite transmits a microwave radio signal composed of two carrier frequencies (or

sine waves) modulated by two digital codes and a navigation message.

. A The two
- 1
| ||| | ||| | | | | carrier
{
/_\_/\/\/ 000011101001101000111100110..
(a) (b)

(a) A sinusoidal wave; and (b) a digital code.

frequencies are generated at 1,575.42 MHz (referred to as the L1 carrier) and 1,227.60
MHz (referred to as the L2 carrier).

* The carrier wavelengths are approximately 19 cm and 24.4 cm, respectively.

» It results from the relation between the carrier frequency and the speed of light in space.

* The availability of the two carrier frequencies allows for correcting a major GPS error,
known as the ionospheric delay.

* All of the GPS satellites transmit the same L.1 and L2 carrier frequencies.

e The code modulation, however, is different for each satellite, which significantly
minimizes the signal interference.

* The two GPS codes are called coarse acquisition (or C/A-code) and precision (or P-
code).

* FEach code consists of a stream of binary digits, zeros and ones, known as bits or chips.

* The codes are commonly known as PRN codes because they look like random signals
(i.e., they are noise-like signals).

* But in reality, the codes are generated using a mathematical algorithm.

» Presently, the C/A-code is modulated onto the L1 carrier only, while the P-code is

modulated onto both the L1 and the L2 carriers. This modulation is called biphase




modulation, because the carrier phase is shifted by 180° when the code value changes
from zero to one or from one to zero.

The C/A-code is a stream of 1,023 binary digits (i.e., 1,023 zeros and ones) that repeats
itself every millisecond.

It means, the chipping rate of the C/A-code is 1.023 Mbps.

The duration of one bit is approximately 1ms, or equivalently 300m.

Each satellite is assigned a unique C/A-code, which enables the GPS receivers to identify
which satellite is transmitting a particular code.

The C/A-code range measurement is relatively less precise compared with that of the P-
code.

The P-code is a very long sequence of binary digits that repeats itself after 266 days.

It is also 10 times faster than the C/A-code (i.e., its rate is 10.23 Mbps).

Multiplying the time it takes the P-code to repeat itself, 266 days, by its rate, 10.23 Mbps,
tells us that the P-code is a stream of about 2.35 x 10" chips.

The 266-day-long code is divided into 38 segments; each is 1 week long.

32 segments are assigned to the various GPS satellites.

Each satellite transmits a unique 1-week segment of the P-code, which is initialized every
Saturday/Sunday midnight crossing.

The remaining six segments are reserved for other uses.

The P-code is designed primarily for military purposes.

It was available to all users until January 31, 1994.

At that time, the P-code was encrypted by adding to it an unknown W-code.

The resulting encrypted code is called the Y-code, which has the same chipping rate as

the P-code. This encryption is known as the anti-spoofing (AS).

Differential Global Positioning Systems (DGPS):

Increase accuracy dramatically.

DGPS was used in the past, to overcome selective availability (SA) [100m to 4 — Sm].
DGPS uses one stationary and one moving receiver to help overcome the various errors
in the signal.

By using two receivers that are nearby each other, within a few dozen Km, they are
getting essentially the same errors (except receiver error).

DGPS improve accuracy much more than disabling of SA.

Tasks of control sesment :

Observing the movement of the satellites and computing orbital data




* Monitoring the satellite clocks and predicting their behavior
* Synchronizing on board satellite time
* Relaying precise orbital data received from satellites in communication
* Relaying further information, including satellite health, clock errors etc.
Following points must be kept in mind while collecting the data and processing the same:
Data collection
* Arrive early
« Follow proper procedures for antenna setup (check level, antenna height and offset)
« Setup a complete station log including:
= field log
= satellite status, tracking problem
» local condition, sketch of location
* meteorological readings if required
= watch the GDOP <or =8
= use STOP & GO indicator as a guide
» be sure you have sufficient memory capacity

Data Processing:

« Establish a project name to store all data
« back-up raw data to diskettes/CDs
« ensure data quality and integrity before demobilizing
= daily baseline processing
= check all possible closures and repeated baselines
 verify single point compared to published coordinates
« build up network adjustment daily
« back-up processed data and result to disk
« Transformation to local system
= use local control held "fixed" in adjustment transformation
into a local data system
* use given transformation parameters
= apply geoid undulation to obtain optometric heights

Tvpes of GPS receivers

Receivers can be classified in many ways;

Two basic types of GPS receivers are.

1. code phase receivers




« C/A code receivers
« P-code receivers
2. carrier phase receivers
* Codeless receivers
* Single frequency receivers
» dual-frequency receivers
« Receivers using cross-correlation or squaring or P-W techniques

Code dependent or code phase receivers

= These are also called code correlating receivers since they need access to the satellite
navigation message of the P- or C/A-code signal for operation.
« A complete code dependent correlation channel produces following observables and
information:
* code phase
= carrier phase
= change of carrier phase (Doppler frequency)
= satellite message

Carrier phase receivers

» Utilize the actual GPS signal itself to calculate a position.
* Two general types of such receivers are
» single frequency
= dual frequency
(a) Single frequency receiver
« Tracks L1 frequency signal only
«  Cheaper than dual frequency receivers
« Used effectively to relative positioning mode for accurate baselines of less than 50 km or
where ionosphere effects can generally be ignored.
(b) Dual frequency receiver
« Tracks both L1 and L2 frequency signal
«  More expensive than a single frequency receiver
« Can more effectively resolve longer baselines of more than 50 km where ionosphere
effects have a larger impact
« Eliminate almost all ionosphere effects by combining L1 and L2 observations.

Comparison of single and double frequency receivers




Single Frequency Double frequency
Access to L1 only Access to L1 and L2
Mostly civilian users Mostly military users
Much cheaper Very expensive
Used for short base lines Used for both long and short base lines
Most receivers are coded Most receivers with dual frequency are codeless
Corrupted by ionospheric delay Almost independent of ionospheric delay
Modulated with C/A and P It may not be possible for civilian users once Y code is
codes there.

Receiver based on user community/application

Receivers can be classified depending upon who is the user, e.g. Military, Civilian,

Navigation, Timing, Geodetic/surveying, Handheld receiver

Geodetic receivers

These receivers are essentially used for geodetic/surveying applications with the following

characteristics;

= carrier phase data as observables
= Availability of both frequencies (L1, L2 )
= Access to the P code, at least for larger distances, and in geographical region with

strong ionospheric disturbances (low and high latitudes).

Following factors should be kept in mind for such receivers

Tracking all signals from each visible satellite at any time (GPS only system requires 12
dual frequency channels; GPS+GLONASS system needs 20 dual frequency channels)
Both frequencies should be available

Low phase and code noise

High data rate (> 10 Hz) for kinematic applications

High memory capacity

Low power consumption and weight and small size

Full operational capability under AS

Capability to track weak signals (under foliage, and difficult environmental conditions)
multipath mitigation, interference suppression, stable antenna phase centre (explained
later)

Good onboard and office software

Other useful features for geodetic receivers




A modern GPS survey system should measure accurately and reliably anywhere under
any condition
It should be useable for almost any application (geodetic, geodynamic, detailed GIS and
topographic engineering survey, etc.) and may have the following features

= 1 pps timing output

= event marker (for marking special events or area of interest to the GPS

use)

= ability to accept external frequencies

= fast data transfer to computer

= few or no cable connection

» radio modem

= DGPS and RTK capability (explained later)

= operate over difficult meteorological conditions

» ease in interfacing to other systems and from other manufacturer

= ease and flexibility of use (multi-purpose applications)

= flexible set up (tripod, pole, pillar, vehicle)

Essential receiver requirements for geodetic/surveving applications:

Leica
Housing with rubber molding
. GSzO AT575 Internal Microstrip L1 Antenna
u SR53O One Hand use Up / Down and Enter Thumb Key
Context Menu Key in Mainn Menun contrast
= GPS1200 ’
Page ™™ Key for Multitask use
Esc / Enter
Trimble
" M RS232 and External Antenna
= 5700
= 5800
" R8 SR530 - geodetic, real-time receiver
12L1 + 12 L2, C/A-code, P-code, RTK
Topcon
. g e - Py i
- Hlper . {gf | LEICA SR530
@) A o)
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= i . B
= Stratus
= GSR2650
= Radian IS

For a comprehensive survey of Geodetic

quality receivers, refer to Key (2004)
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http://nptel.ac.in/courses/105104100/lectureB_7/GPSBrochures/Leica_GS20_en.pdf
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Technical Considerations
* type of measurement collected : PR
P s Field Suitability
* single or dual frequency, .
method used to collect L2 carmer + weaght
* sequencing or parallel channels il
+ number of channels * ruggedness
+ antenna type and noise characteristics * operaling temperature
+ accuracy of code / carner measurements ° power requarements
M 4
™
Accompanyving Software a Data Logging )
* satellite prediction * 15 there data storage?
* downloading capability *+ raw data or final product stored?
* post processing options + data rate (5)
o * storage method
* data storage capacity
~ g )
Business Considerations + downloading method
« warranty * type of data which 15 downloaded
* COsls \"‘ “}
+ technical support :
PP 7 d Receiver Operation
* ease of use
+ intended application(s)
* ability to momtor tracking status
* ease of entering station number

Structure of GPS receiver

Functionality
* Functionally two groups of GPS receiver structures
= Application processing
= Signal processing

Application processing
* Time and frequency transfer
= Static and kinematic surveying
= Navigation
» Jonospheric Total Electron Content (TEC) monitoring
= Operation as differential GPS (DGPS) reference station
= GPS signal integrity monitoring

Signal processing

« Splitting of incoming signal into multiple satellite signals

« Generation of reference carrier




Generation of reference PRN code

Acquisition of satellite signal

Tracking of code and carrier

Demodulation and system data extraction

Extraction of code phase measurements

Extraction of carrier frequency and carrier phase

Extraction of satellite Signal to Noise Ratio (SNR) information

Relationship of GPS system time

Components of GPS receiver

Main components

Antenna with preamplifier

Radio frequency (RF) and intermediate frequency (IF) Front end section
Signal tracker and Code correlator section

Reference oscillator

Microprocessor (navigational solution unit)

Other parts: memory, power supply, display and control

Signal Precision . External
Processor — Oscillator h——— Power
Antenna and " ! supply
preamplifier V] Code
Tracking

1 Satellite

3Satelites

1l

loop Microprocessor
‘:::’ MNavigational — GDrr_lmand
l/lﬁ Solution & display

Linit
Carrier H

Trlac:king External
0op Mermary ! Data
’ logger

Major Components of a GPS Receiver

2 Satellites

Triangulation:

* Each satellite knows its position and its distance from
the center of the earth.

» Each satellite constantly broadcasts this information.




With this information and the calculated distance, the
receiver calculates its position.
Just knowing the distance to one satellite doesn’t provide

enough information.

Trilateration

When the receiver knows its distance from only one satellite, its location could be
anywhere on the earths surface that is an equal distance from the satellite.
Represented by the circle in the illustration.

The receiver must have additional information.

With signals from two satellites, the receiver can narrow down its location to just two
points on the earths surface.

Were the two circles intersecting.

Knowing its distance from three satellites, the receiver can determine its location
because there is only two possible combinations and one of them is out in space.
In this example, the receiver is located at b.

The more satellite that are used, the greater the potential accuracy of the position

location

Earth
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1. What are the sources of error in chaining? What precautions would you take to avoid

them?

Errors in chaining may be classified as:
(1) Personal errors
(if) Compensating errors, and
(iif) Cumulating errors.

»
»

Personal Errors
Wrong reading, wrong recording, reading from wrong end of chain etc., are personal
errors. These errors are serious errors and cannot be detected easily. Care should be taken to
avoid such errors.
Compensating Errors
These errors may be sometimes positive and sometimes negative. Hence they are
likely to get compensated when large number of readings are taken. The magnitude of such
errors can be estimated by theory of probability.
The following are the examples of such errors:
(i) Incorrect marking of the end of a chain.
(ii) Fractional part of chain may not be correct though total length is corrected.
(iii) Graduations in tape may not be exactly same throughout.
(iv) In the method of stepping while measuring sloping ground, plumbing may
be crude.
Cumulative Errors
The errors, that occur always in the same direction are called cumulative errors. In
each reading the error may be small, but when large number of measurements are made they
may be considerable, since the error is always on one side. Examples of such errors are:
(i) Bad ranging
(i) Bad straightening
(iii) Erroneous length of chain
(iv) Temperature variation
(v) Variation in applied pull
(vi) Non-horizontality
(vii) Sag in the chain, if suspended for measuring horizontal distance on a sloping
ground.
Errors (i), (i), (vi) and (vii) are always +ve since they make measured length more
than actual.
Errors (iii), (iv) and (v) may be +ve or —ve.

v
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2. The following are the observed fore and back bearings of the lines of a closed tracerse.
Correct them necessary for local attraction.

Line F.B B.B

AB 292°15° 111°45°

BC 221° 45 41° 45°

CD 90° 05° 270° 00’

DE 80° 35° 261° 40°

EA 37°00° 216° 30°

Answer:
F.B difference B.B = 180° (Free from Local attraction)
. F.B B.B F.B.=B.B
Line

AB 292°15° 111°45° 180° 30’
BC 221° 45 41° 45° 180° 00’
CD 90° 05’ 270°00° 179°55°
DE 80° 35’ 261° 40° 181° 05’
EA 37°00° 216° 30’ 179° 30’

The station B & C is free from Local attraction
The observed F.B of BC and B.B of BC is correct, and also B.B of AB & F.B of CD is correct

Line Observed Bearing Correction Corrected Bearing
F.B B.B F.B B.B
AB 292°15° 111°48° A=-0°30’ 291°45° 111°48°
BC 221° 45° 41° 45 B=0 221° 45° 41°48°
CD 90° 05° 270° 00’ C=0 90° 05° 270°05°
DE 80° 35’ 261° 40° D=+0°5" 80° 40’ 260° 40°
EA 37°00° 216° 30° E=-1°0 36°0° 216° 0’

[
»
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3. The following consecutive readings were taken with the help of a dumpy level. 1.904, 2.653,
3.906, 4.026, 1.964, 1.702, 1.592, 1.261, 2.542, 2.006, 3.145. The instrument was shifted after
the forth and seventh readings, the first reading was taken on the staff held on the B.M. of
R.L 100.000 meters. Rule out a page of level field book, enter the above readings there on.
Calculate the R.Ls of the points and apply arithmetical check.

Station | B.S. 1.S. F.S. Rise Fall R.L Remarks
1 1.904 100.000 | B.M =100.000 m
2 2.653 0.749 99.251
3 3.906 1.253 97.998
4 1.964 4.026 0.120 97.878
5 1.702 0.262 98.140
6 1.261 1592 | 0.110 98.250
7 2.542 1.281 96.969
8 2.006 0.536 97.505
9 3.145 1.139 96.366
Total | 5.129 8.763 | 0.908 4.542




Arithmetical check:

>BS=}FS = > Rise = ) Fall = Last R.L = First R.L
3.634 = 3.634 = 3.634
Hence Ok.
(Or)
Station | B.S. I.S. F.S. HOC R.L Remarks
1 1.904 101.904 | 100.000 | B.M =100.000 m
2 2.653 99.251
3 3.906 97.998
4 1.964 4.026 | 99.842 97.878
5 1.702 98.140
6 1.261 1.592 | 99.511 98.250
7 2.542 96.969
8 2.006 97.505
9 3.145 96.366
Total | 5.129 8.763
Arithmetical check:
>BS=)FS = Last R.L = First R.L
3.634 = 3.634

Hence Ok.
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4. A dumpy level was setup with its eye-piece vertically over a peg C. The height from the top
of C to the centre of its eye-piece was measured and found to be 1.578 m. The reading on the
staff held on the peg D was 1.008. The level was then moved and set up likewise at the peg D.
The height of eye piece above D was 1.258 m and the reading on the staff held on the peg C
was 1.812. Determine the true reduced level of peg D, if that of peg C was 163.373.

Answer:

When the pegisat C When the peg is at D

Appearent difference in elevation between C | Appearent difference in elevation between C &
& D =1.008 -1.578 =-0.570 m (D higher) | D =1.258 - 1.812 =- 0.554 m (D higher)

True difference in elevation

True Reduced level of peg D

[(-0.570) + (-0.554)] / 2
-0.562 m (D higher)
R.L. of C + 0.562

= 163.935m

163.373 + 0.562

v
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November / December 2017

1. Explain the principles adopted in the construction of vernier scales.

A fractional part of one of the smallest division of a graduated scale can be measured
with the help of vernier scale. (2 Marks)
The principle of vernier is as that,” eye can perceive without strain and with considerable
precision when two graduations coincide to form one continuous straight line".

This scale carries an index mark, which is the zero mark of the scale.

used to read to a very small unit with great accuracy.

It consists of two parts — a primary scale and a vernier.

Primary scale is a plain scale fully divided into minor divisions



o difficult to sub-divide the minor divisions in ordinary way - done with the help of the
vernier.

e Graduations on vernier are derived from the primary scale.

e Least count of the vernier = the difference between smallest division on the main division

and smallest division on the vernier scale. (6 Marks)
e The types of vernier are:
1. Direct vernier 2. Retrograde vernier

(i) Direct vernier:
e Itis constructed (n-1) divisions of the main scale is equal to n division of the
vernier.

e In direct vernier, vernier scale moves in same direction of main scale.

§
Leastcount = —
il

where, s = value of one smallest division of main scale
n = number of division on the vernier
v = value of one smallest division of vernier
also, nv=(n-1)s

(a)

v = 0.0 mm
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(i) Retrograde vernier:
e It is so constructed that (n + 1) division of main scale is equal to n division of
vernier.

s
Least count = = also nv=(n—+1)s
n

e In retrograde vernier, vernier scale moves in opposite direction of main scale.

@) D 5 ®© (b) )
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Extended Vernier:
e This type of vernier is similar to the direct vernier scale except that every second division
is omitted.
e extended vernier scale, (2n-1) divisions of the main scale are taken and they are divided
into n equal parts.
e Letd =value of smallest division on the main scale v= value of smallest division on the
vernier scale

(a) (b) > y. )

1] ] a ] ]

Double Folded Vernier:

-

(5 Marks)
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2. A distance of 2000 m was measured by 30 m chain, later on it was detected that the chain
was 0.10 m too long. Another 500 m (i.e., total 2500 m) was measured and it was detected




that the chain was 0.15 m too long. If the length of the chain in the initial stage was correct,
determine the exact length that was measured.

1 [ /j So/tion
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3. A closed traverse with sides is almost that of a regular pentagon. One line of the pentagon

has a bearing of 54° 30°. Compute the bearing of the remaining sides, taking the side in a
clockwise order.
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4. In a fly level surveying, starting from bench mark A (R.L =400.00) and ending with staff
station, the following consecutive sights are taken 0.925, 1.205, 2.045, 1.625, 2.215, 2.415,
2.105 and 1.405. Find the RLs of point B.

13 Ca) .

B B.s z.s F.s V7% 5 R.L Remanks
&,9R5 400.925" | 400.00 | RL = 400
raciad 399-720
2.04S | =98.880
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R.R215 =98.7l0
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@ 105 398-8R0
|- 405
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5. A level was set up at a point O and the distance to two staff stations A and B were 60 m and
200 m. The observed staff readings, on A and B were 2.25 and 1.815. Find the correct
difference of level between stations A and B.

»
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UNIT 11
THEODOLITE AND TACHEOMETRIC SURVEYING

Horizontal and vertical angle measurements - Temporary and permanent adjustments - Heights and
distances - Tacheometer - Stadia Constants - Analytic Lens -Tangential and Stadia Tacheometry
surveying - Contour — Contouring — Characteristics of contours — Methods of contouring —
Tacheometric contouring - Contour gradient — Uses of contour plan and map
April May 2018
1. A reservoir of bottom size 35 m x 25 m is planned with a depth of 4 m. The side slope 1% : 1

Calculate the quantity of earth to be excavated. Assume the surface of the ground to be level

before excavation.

>

Given Data:
L=35m B=25m n=15 h=4m
Reservoir at Bottom
Length Lbot = 35m
Width Boot = 25m
Reservoir at Top
Length Liop = L + 2nh = 35+ (2x15x4) = 47 m
Width Biop = B + 2nh = 25+ (2x15x4) = 37m
Length at Mid height = (L+Ltwp)/2 = (35+47)/2 = 41m
Width at Mid height = (B+Bup)/2 = (25+37)/2 = 31m
Area of Reservor
A bottom = (L botX Bhot) = (35x25) = 875 m?
A top = (L top X Btop) = (47 X 37) = 1739 m?
A mid = (L midX Bmig) = (41 x 31) = 1271 m?
Volume of Reservor
Using Prismoidal formula
V = (h/6) [A1+4 An+ A2] =(4/6)[875+ (4 x 1739) + 1271] = 6068 m?

»
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2. A series of offsets were taken from a chain line to a curve boundary line at intervals of 20 m
in the following order. 0, 7.2, 5.4, 6.0, 6.8, 7.4, 8.2, 0 metres. Find the area between the chain
line, the curved boundary line and the offsets by Trapezoidal rule and Simpson’s rules.
Given Data:

d=20m, 01 =0, 0,=7.2, O3 =5.4, 01=6.0,
05 =6.8, Os = 7.4, 07=8.2, On=0
Trapezoidal Rule: z
A = (d/2) [(First ordinate + Last ordinates) + 2 (Other ordinates)] = | , -
=(20/2) [(0+0)+2(7.2+54+6.0+6.8+7.4+8.2)]
A = 820 m?

Simpson’s Rule: ' P
If the given ordinates are even. So take first seven readings except last one.

A = (d/3) [(First ordinate + Last ordinates) + 2 (Odd ordinates) + 4 (Even ordinates)]
=(20/3) [(O+8.2) +2 (5.4+6.8) + 4 (7.2 + 6.0 + 7.4)]

A1 =766.67 m?
Take seveth and eighth readings, using trapezoidal rule
Az = (20/2) [(8.2+0)/ 2] = 41 m?

Total Area = Al + A2 = 807 m?

v




3. A theodolite was set up at a distance of 200 m from a chimney and the angle of elevation to
its top was 10°48°. The staff reading on a B.M. of R.L 70.25 m with the telescope horizontal
was 0.977. Find the reduced level of the top of the chimney.

Given Data:
D =200 m, a=10°48’ B.M.of R.L=70.25m S=0977m
h = D tana = 200 x tan 10°48’ = 38.152 m
RL of top of chimney = RL ofBM+S+h = 70.25 + 0.977 + 38.152

= 109.379 m

—_—D
>

4. Two observations are taken upon a vertical staff by means of a theodolite, of which the R.L
of the horizontal axis is 254.30 m. In case of the first, the line of sight is direct to give a staff
reading of 1.00 and the angle of elevation is 4°58°. In the second observation, the staff
reading is 3.66 m and the angle of elevations is 5°44°. Compute the R.L of staff station and
the horizontal distance from the instrument.

Given Data:

ay =5°44° a2 = 4°58’ R.L. of Instrument axis = 254.30 m
S=(3.66-1.00)=2.66 m
Horizontal Distance

S/ (tan a1 — tan o)

197.06 m
Vertical Distance = D tan a2 = 17.125m
R.L of Staff station = RL of instrument axis + v —r = 270.425 m

v
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November / December 2017
1. Explain how will you determine the capacity of a reservoir using contour map.
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2. A reservoir of bottom size 35 m x 25 m is planned with a depth of 4 m. The side slope 1.5: 1

Calculate the quantity of earth to be excavated. Assume the surface of the ground to be level
before excavation.

Answer: Same as April May 2018
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3. To find out the distance between two inaccessible points P and Q, the theodolite is set up at
two stations A and B, 1000 m apart and the following angles were observed; PAQ = 45°,
QAB =57° PBA =56° PBQ = 50°. Calculate the distance PQ.
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4. A theodolite was set up at a distance of 150 m from a tower. The angle of elevation to the top
of the tower was 10° 08°, while the angle of depression to the foot of the tower was 3°12°. The
staff reading on the B.M. of RL. 50.217 m with the telescope horizontal was 0.880 m. Find
the height of the tower and reduced level of the top and foot of the tower.
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5. The following consequent readings where taken in a level and a 4 m leveling staff on a
continuously sloping ground at common interval of 30 mthe readings are 0.855, 1.545, 2.335,
3.115, 3.825, 0.455, 1.380, 2.055, 2.855, 3.455, 0.585, 1.015, 1.850, 2.755, 3.845. R.L of A is
380.500 m the last reading taken point is B. Find the gradient between A and B.
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UNIT 11
CONTROL SURVEYING AND ADJUSTMENT
Horizontal and vertical control — Methods — specifications — triangulation- baseline — satellite
stations — reduction to centre- trigonometrical levelling — single and reciprocal observations —
traversing — Gale’s table. - Errors Sources- precautions and corrections — classification of errors —
true and most probable values - weighed observations — method of equal shifts —principle of least
squares - normal equation — correlates- level nets- adjustment of simple triangulation networks.

April / May 2018

1. What is mean by triangulation adjustment? Explain the different condition and cases with

sketches.
9.12. TRIANGULATION ADJUSTMENTS
. gulation system, all the measured angles should be corrected so that they

[n a trian

atisfy . .
; fy(i) Conditions imposed by the station of observation, known as the sration adjustment;

and (iiy Conditions imposed by the figure, known as the figure adjusm.refu. o
The most accurate method is that of least squares, and the most rigid application
follows when the entire system is adjusted in one mass, all the anglcg pcmg simultaneously
involved. The process is exceedingly laborious, even In ne.ts comprising .few figures. As
such, it is always convenient to break it into three parts which are each adjusted separately.
() Single angle adjustment. (i)  Station adjustment.
and (i) Figure adjustment.
(1) Single Angle Adjustment
Generally, several observations are taken for a single angle. The corrections -to be
applied are inversely proportional to the weight and directly proportional to the square of
probable errors. In the case of the measurement of the angle with equal weights, the most
probable value is equal to the arithmetic mean of the observations. In the case of the
weighted observations, the most probable value of the angle is equal to the weighted arithmetic
mean of the observed angles. See examples 9.2, 9.3, 9.4 and 9.5.
(2) Station Adjustment
Station adjustment is the determination of the most probable values of two or more
angles measured at a station so as to satisfy the condition of being geometrically consistent.
There are three cases of station adjustment :
?)10 :ﬁ g‘: ::::;gﬁ :: g::: z:tlhh angles of equal weights
angles
; from unequal weights
B (it :’:;“ several angles are measured at a
on individually, and in combination,

Case 1. When the ho ;
of equal weighss, rizon is closed with angles

measured sng th«nzles 4, B and C have been

. A+B+c should b: h°'iztz“3 is closed. Hence

8 10t satsfed, he 10 360° If this condition
i angles, - distributed equally to a
m‘ 2. Whﬂ m

o et g, O B closed with angles

 discre e angles observed ar
a.,? CY is distributeq 5o Of Unequal weight,

FIG. 9.3




Case 3. When the several angles
mmlnddamw
and also in combination.

In Fig. 9.4, the three angles A, B
and C are measured individually. Also the
summation angles A + B and A+B+C
have been measured. As discused earfier,
the most probable value of the angles
can be found by forming : nonnal
equations for the unknowns solving
them simultaneously. See example 9.9,

9.10, 9.11,

d

9.21 and 9.22.

—
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2. Atraverse ABCD was to be run but due to an obstruction between the stations A and B, it was
not possible to measure the length and direction of the line AB. The following data could be
only be obtained. Determine the length and the direction of BA. Also

Line Length (m) R.B.
AD 44.50 N50°20°E
DC 67.00 S69°¢5°E
CB 61.30 S30°10°wW
Answer:
Northing Southing Easting Westing
Line Length (m) R.B. (Latitude) | (Latitude) | (Departure) | (Departure)
(L Cos 0) (L Cos 0) (L Sin 0) (L Sin 0)
AD 44,50 N50°20’E 28.405 34.25
DC 67.00 S69°45°E 23.189 62.858
CB 61.30 S30°10°W 52.997 30.804
Total 28.405 76.186 97.108 30.804
Algebraic sum of the latitude and departure should be equal to zero
28.405—-76.186 + L Cos 0 =0 i.e., L Cos 0 =47.781
97.108 - 30.804 + L Sin6 =0 i.e., L Sin @ =-66.304
The line AB lies in NW quadrant
tan 0 = (departure / latitude) = (66.304 / 47.781) = 1.387

0 = N54°13°20”W

Length

of line AB

\(lattitude® + departure?)

81.73m

»
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3. Find the most probable value of angles A, B and C of triangle ABC from the following

observation equations.
A=68°12"'36"
B =53°46"12"
C=58°01'"16"

Solution:

The conditional equation is

A+B+C=180°
ie,C=180- (A+B)=5801"16"

or

A+ B=180°-58°01"16" =121° 58" 44"

00’

00”

Hence the new observation equations are
A =68°12'36"




B =53°46' 12"
A+ B=121°58"44"
Normal equation for A
A =68°12'36"
A+B=121°58"44"
2A + B =190° 11’ 20" ---mmmmmmmmmmm e 1)
Normal equation for B
B =53°46' 12"
A+B=121°58"44"
A+ 2B = 175° 44" 56" ---m-mmmmmm e (2)
Solving these equations (1) and (2), we get
A =68°12'34.7"
B =53°46'10.6"
Substituting these values in equation (a)
C=180- (A+B)=180- (68°12'34.7" +53°46'10.6")
C=58°01"14.7"

—
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Write the various rules that are adopted for corrections to the observed angles of triangles in
figure adjustment.
e Figure adjustments are the determination of the most probable values of the angles
involved in any geometrical figure. So as to fulfil the geometric requirements.
e The geometrical figures adopted in the triangulation systems are
* Triangles
= Quadrilaterals
= Polygons with central stations
Rules for Figure Adjustments:
Let us considered a triangle having an included angle A, B, and C.
e Take W1, W2, & W3 be the weight of observed angle and also n1, nzand ns be the number
of observations for angles A, B, and C respectively.
e Ei1, E2, & Eszare the most probable error in the angles A, B, and C.
e (i, C2, & Csbe the corresponding corrections of A,B, & C.
e C be the total correction.
Rule: 1 - Equal weight correction
o If the observed angles of a triangle are equal weight, then the total error is equally
distributed to the observed angles.
Ci=C2=C3=(1/13) C
For example, if the total error is 6” then C1= C2=C3z= (6/3) =2”
Rule: 2 - Inverse weight correction
e If the observed angles of a triangle are unequal weight, then the total error is distributed
to all the angles inverse proportion to the weights.
e C1:C2: C3=(1/W1) : (L/W2) : (1/W3)
o C1/ (C1+ C2+ C3) = (1/W1) / [(1/W1) + (1/W2) + (1/W3)]
e C2/ (C1+ C2+ Cs3) = (1/W2) / [(1/W1) + (1/W2) + (1/W3)]
e C3/ (C1+ C2+ Cs3) = (1/W3) / [(1L/W1) + (1/W2) + (1/W3)]
Rule: 3 - Inverse correction
o If the weight of observations are not given, then the error is distributed to all the angle is
inverse proportion to their number of observations.
e C1:C2:Cs=(1/m) : (1/n2) : (1/n3)
e C1/ (C1+ C2+ C3) = (1/n1) / [(1/n1) + (1/n2) + (1/n3)]
o C2/ (C1+ C2+ C3) = (1/n2) / [(L/n1) + (1/n2) + (1/n3)]
o C3/ (C1+ C2+ C3) = (1/n3) / [(1/n1) + (1/n2) + (1/n3)]



Rule: 4 - Inverse square correction

o If the error is distributed to all the angle is inverse proportion to the square of the number
of observations.

e C1:C2:C3=(1/n1)?: (1/n2)?: (1/n3)?

e C1/(C1+ C2+ C3) = (1/m)?/[(1/n1)2 + (1/n2)? + (1/n3)?]
e C2/(C1+C2+ C3) = (1/n2)?/ [(1/n1)? + (1/n2)? + (1/n3)?]
e C3/(C1+ C2+ C3) = (1/n3)?/ [(1/n1)?+ (1/n2)? + (1/n3)?]

Rule: 5 - Probable error square correction

P

o If the probable errors of each angle of a triangles are known, then the error is distributed
to all the angle in direct proportion to the squares of the probable error.
eCl:C2:C3=E?:E?:E5

e C1/(C1l+C2+C3)=(E1)/[(E:®: E2?: E3?)]

e C2/(Cl+C2+C3)=E?/[(E?: E2*: Es?)]

e C3/(Cl+C2+C3)=Es?/[(E?: E2*: E5?)]

<4
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November / December 2017

1. A steel tape 20 m long standardized at 55° F with a pull of 10 Kg was used for measuring a
baseline. Find the correction per tape length, if the temperature at the time of measurement
was 80° F and the pull exerted was 16 Kg. Weight of 1 cubic metre of steel = 7.86g, weight of

tape = 0.8 Kg and E = 2.1095 x 108 Kg/cm?. Coefficient of linear expansion of tape per 1°F =
6.2 x 106,

Solution:

L=20m; To=55°C; Tm=80°C; Po,=10Kg;, P=16Kg, o=6.2x107%
Weight of steel =7.869;  Weight of tape = 0.8 Kg;  E =2.109 x 10° Kg / cm?

i) Correction for Temperature:
Ci=a(Tm—-To)L = 6.2x10°(80-55)%x20; Ct =0.0031 m
ii) Correction for Pull:
Co = |r P—Po '|L
" 4E ) Weight of tape = (Areax 1 x weight of steel) x length
0.80 = (Ax1x7.86)x20
A = 5.1 mm?
Cp = 0.00112 m
iii) Sag Correction:
_ i
M Cs =  000208m
Total correction = Ci+Cp-GCs = 0.0031 + 0.00112 — 0.00208 = 0.00214 m
True length = Length + correction = 20 + 0.00214 = 20.00214 m

»
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2. Observations were made from instrument station A to the signal at B. The sun makes an angle
of 60° with the line BA. Calculate the phase correction if (i). the observation was made on the
bright portion and (ii). The observation was made on the bright line. The distance AB is 9460
metres. The diameter of the signal is 12 cm.

Given Data:

D = 9460 m; a =60°% d=12cm; r=6.cm=0.06 m

i) The observation is made on the bright portion:

206265  cos’ =
8= = seconds
D

iii) Observation is made on the bright line:

206265 r cos =

- = d
Fil D sec onds

v
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3. Adjust the following angles closing the horizon at a station.

A =110°20’48" weight 4
B=92°30"12" weight 1
C=56°12’00” weight 2
D =100°57 04" weight 3.
Solution:
Sum of observed angles = 110°20” 48” +92°30” 12” + 56° 12° 00” + 100° 57° 04~
360°0° 4”7
Error = +4”
Total correction = -4
Let, C1,C2,C3&C4 - corrections to the observed angles
A B C&D - error will be distributed to the angles in an inverse

proportion to their weights.

A = 110°20° 48" + C1l
B = 92°30° 127 + C2
C 56°12° 007 + C3
D 100° 57° 04" + C4
C1:C2:C3:Cq = 4% +12+ 22+ 32 = 16:1:4:9.......oa.l (1)
Also, C1+Co+C3+Cs = 4 (2)
From (1) C = 16C,
Cs = 4C,
9C4 = 16C,
Substituting these values of C2, C3 & C4 in (2), we get
C1+16C1+4C1+(16/9) Cy = 4
C1 = 0.18”
C = 2.88”
Cs = 0.72”
9Cs = 0.32”



Hence the corrected angles are

A = 110°20’ 48" -0.18” =
B = 92°30° 12 -2.81” =
C = 56° 12’ 00” -0.70” =
D = 100°57° 04" -0.31” =

Sum

110°20° 47.82”
92°30°9.19”
56° 11’ 59.30”
100° 56’ 33”
360° 00° 00’

4. The following observations of the three angles A, B, C were taken at one station.

A = 75° 32' 46.3" Weight 3
B = 55°09' 53.2" Weight 2
C = 108° 01' 29" Weight 2
A+B 130° 42" 4.6" Weight 2
B+C = 163° 19" 22.5" Weight 1
A+ B+C = 238° 52'9.8" Weight 1
Determine the most probable value of each angle.
Solution:
Normal equation of A:
3A = 226° 38' 18.9"
2A + 2B = 261° 24'9.2"
A+B+C = 238°52'9.8"
6A+3B+C = 726°54'379" (D)
Normal equation of B:
B = 55°09'53.2"
2A + 2B = 261° 24'9.2"
B+C = 163° 19' 22.5"
A+B+C = 238° 52'9.8"
3A+5B+2C = 718°45'34.7" 2)
Normal equation of C:
2C = 216° 02' 58"
B+C 163° 19' 22.5"
A+B+C = 238° 52'9.8"
A+2B+4C = 618°14'30.3" )
The three normal equations are
6A+3B+C = 726° 54' 37.9"
3A+5B+2C = 718° 45'34.7"
A+2B+4C = 618° 14' 30.3"
By solving above equations we get,
A = 75° 32' 25.82"
B = 55° 11" 48.75"

C

108° 04' 36.74"



April / May 2017
1. (i). What are signals? Classify them, Enumerate the requirements to be fulfilled by signals.
e Assignal is a device erected to define the exact position of a triangulation station.
e Itis placed at each station so that line of sight are established between triangulation stations.
Characteristics or Requirements of a Good Signal:
e It should be clearly visible against any background.
e It should be kept at least 75 cm above the station mark.
e It should be suitable for bisection from other stations.
e It should be free from phase, or should exhibit little phase
e In general, the diameter of the signals should be a range of 1.3 D to 1.9 D.
Where

= D = Distance in Kilometer
e It should be capable of being accurately centered over the station mark.
e It should be symmetrical
e It should be easy to erect in minimum time.
e It should be sufficient height, capable being vertical and accurately centered over the station
mark.
e In general, the height of the signal is a range of 13.3 D
Where
* h = height of signal
= D = Distance in Kilometer
Classification of signals
i. Non-luminous, opaque or daylight signals
ii. Luminous signals.

(i) Non-luminous signals or daylight signals
¢ Non-luminous signals are used during day time and for short distances.
e Most commonly used for,

(a) Pole signal
e It consists of a round pole painted black and white in alternate strips,
and is supported vertically over the station mark, generally on a tripod.
e Pole signals are suitable up to a distance of about 6 km. SR

i
£7 BN

L ]
Pole signal

(b) Target signal

e It consists of a pole carrying two squares or rectangular targets placed
at right angles to each other.
e The targets are generally made of cloth stretched on wooden frames.

e Target signals are suitable up to a distance of 30 km.
(c) Pole and brush signal v
e It consists of a straight pole about 2.5 m long with a bunch of long L o

Target sign;‘al
grass tied symmetrically round the top making a cross.

e The signal is erected vertically over the station mark by heaping a pile 4 ﬁ "
of stones, up to 1.7 m round the pole. S
e A rough coat of white wash is given to make it more conspicuous to be |

seen against black background.

cg: + % S S B

-.\.-:|

Pole and brush signa



It must be erected over every station of observation during reconnaissance.

(d) Stone cairn

(if) Luminous signals

(a) Sun signals

White washed opaque signal is very useful in the dark background.
(e) Beacons

A pile of stone heaped in a conical shape about 3 m high with a cross — ’\:
shape signal erected over the ston e heap, is stone cairn. Stone caim

It consists of red and white cloth tied round the three straight poles.
It can easily be centered over the station mark.

Luminous signals may be classified into two types : =
(a) Sun signals
(b) Night signals.

Sun signals reflect the rays of the sun towards the station of
observation, and are also known as heliotropes.
Such signals can be used only in day time in clear weather.

Heliotrope:

It consists of a circular plane mirror

with a small hole at its centre to s S Heliotrope
reflect the sun rays, and a sight :}.Ts-

vane with an aperture carrying #,z’ = Crose-huir:
cross-hairs. i | Y T C
The circular mirror can be rotated = Befloci oy H —
horizontally as well as vertically | ‘ ‘ ’L
through 360°.

The heliotrope is centered over the

station mark, and the line of sight is directed towards the station of observation.

The sight vane is adjusted looking through the hole till the flashes given from the station of
observation fall at the centre of the cross of the sight vane.

Once this is achieved, the heliotrope is disturbed.

Now the heliotrope frame carrying the mirror is rotated in such a way that the black shadow of
the small central hole of the plane mirror falls exactly at the cross of the sight vane.

The reflected beam of rays will be seen at the station of observation.

Due to motion of the sun, this small shadow also moves, and it should be constantly ensured that
the shadow always remains at the cross till the observations are over.

The heliotropes do not give better results compared to signals.

These are useful when the signal station is in flat plane, and the station of observation is on
elevated ground.

The distance between the stations exceed 30 km, the heliotropes become very useful.

(b) Night signals:

When the observations are required to be made at night, the night signals of following types may
be used.

Various forms of oil lamps with parabolic reflectors for sights less than 80 km.

Acetylene lamp designed by Capt. McCaw for sights more than 80 km.

Magnesium lamp with parabolic reflectors for long sights.

Drummond’s light consisting of a small ball of lime placed at the focus of the parabolic reflector,
and raised to a very high temperature by impinging on it a stream of oxygen.

Electric lamps.



(ii). A steel tape of nominal length 30 m was suspended between two supports to measure the
length on a slope of 4° 25° is 29.861 m. the mean temperature during measurement was 15°C and
pull applied was 120 N. if standard length of the tape was 30.008 m at 27°C and the standard pull
of 50 N, calculate the correct horizontal length. Take the weight of the tape as 0.16 N, its cross
sectional area equal to 2.75 m? coefficient of linear thermal expansion = 1.2 x10°° per degree
Celsius and E = 2.05 x 10° N /m2,

Solution:
Ly = 30 m; Ly = 29.861 m; Ly = 30,008 m; Ty = 27°C; T, = 15°C; P, = S0 N; P = 120 N;
a=12x10" Area =2.75 mm"; Weight of tape = 0.16 N/m; E = 2.05 x 10° N/ mm"~

i) Correction for slope:

:IFE
Tar
Here h =Ly sinG = 29.861 x sin {40 250=23m
232
C=——"—=0.0886m
2 X 29861

ii) Correction for absolute length:
c - L, 29.861.X (30.008 —29.861)
a1 30.008

[
C.=0.146 m|

iii:l Correction for TEITIFIIETE'I'LITE:
Ci=a(Tm - To) Ly
=1.2x10 ® (15— 27) x 29.861

Ct=-0.0043 m
iv) Correction for Pull:
B P ) — &
Co=|222 ) = 120790 986
U 4E | 275X 205 X 10°
Cp =0.0037 m

v) Sag Correction:

c. - Lw? 29861 016
T 2an’Pt T 24 X 17 X 1207
C. = 0.0000022 m
Total commection =-C+ C,+ G+ Ce- C.
= -(0.0886 + 0.146 — 0.0043 + 0.0037 — 0.0000022
Total correction = 0.0568 m
True length = Length + correction
=29 861 + 0.0568
True length =29.92 m

2. (i). Following are the observations made between two stations.

Observation altitude = +3°32°36”
Height of Instrument = 1.15m
Height of signal = 4.85m
Horizontal distance = 4895 m
Co-efficient of refraction = 0.07

R sin 1”7 = 30.88 m.
Correct the observed altitude for the height of signal — refraction and curvature.
Solution:
d =6945 m; a=+3°32"36” s =4.85m
h=1.15m m = 0.07 Rsin 17=30.88 m



Correction for Axis Signal (8) s —h

"~ dsmnl"

6 = 155.91 sec. = 0°2°36” | Negative

Correction for refraction (r) d

Refraction comrection, r = mé& ¢ = Rsm1"

r=11.096 sec. = 0°0°11” |Negative (angle is elevation)

Correction for curvature (c)

N -
Curvature comection, —

c =79.926 sec. =0°1°19” | positive

Total Correction:

Total Correction=c—-r—3§ = -0°1°28”
Corrected observed angle:
Observed angle or altitude = +3°32°36”

o % correction

Corrected observed angle

= +3%318”

(i1). From a satellite station S, 5.8 m from main triangulation station A, the following directions
were measured. A =000’ 0”; B=1320 18’ 30”; C=232°24" 06"; D =296° 06’ 11”; AB =
3265.5 m; AC =4022.2 m; AD = 3086.4 m. determine the directions of AB, AC and AD.

Solution:
The correction to alny direction is giuen tJ";.",|
dsm &

—— sec onds D
Dsm1

g =

232904 g



a) For the line AB:

=132 18 30";d=AS=58m;D=AB=32655m;
dsmé 58X sin (1329 18'30")

F=Dar - 32655 X sinl"
=2709" =4 30.9
Direction of AB = direction of SB + p = 1329 18' 30"+ 4' 30.9°
=13223 0.9”

b) For the line AC:
6=232° 24 6":d=AS=58m; D =AC =4022.2 m;
dsné 58X sin (2327 246")

F= Dsinl" 40222 X sm1"
=-2357"=-3 557"
Direction of AB = direction of SC+ B= 2327 24'6"-3 55.7"
=232° 20° 10.3”

c) For the line AD:
6 =296° 611", d=AS=58m;D=AD = 3086.4 m,
_dsng 58X sin (2967 611")

~ Dsinl" 30864 X sml"
=-348.1"=-548.1"

Direction of AB = direction of SD + p= 296° 6'11"-5 48.1"
= 296" 0 22.9”

November December 2016

1. What is meant by a satellite station? Derive the expression for reducing the angles measured at
the satellite station to centre.

Satellite station:

Sometimes in order to form well-conditioned triangles of triangulation and also to have better

visibility objects such as church spirals, towers of temples, flag poles, etc are selected. But the

instrument cannot be set up over these true stations for the measurement of angles. In such cases, a

subsidiary station called as satellite station or eccentric station or false station is selected as near as

possible to the true station. From this station observations are taken to the other triangulation stations

with the same precision.

Computation of True angle
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(if). From an eccentric station S, 12.25 m to the west of the main station B, the following angles
were measured.
Angle of BSC = 76° 25" 32"
Angle of CSA =54° 32' 20"
The stations S and C are to the oppose sides of the line AB. Calculate the correct angle. ABC
if the length AB and BC are 5286.5 m and 4932.2 m respectively.
Solution:
BS=d=1220mAB=Cc=02860m;BC=a=49322m.¢f = 549 32 20 :

y =76° 25'32"

Correctangle, o =6 + 8 — 5,

g -dsn(8+7)
C

22 ; 0 30 2gm s Y
_ 1225 X sm (54 32'20"+ 107 2 32) y poeoes
5286.5

B1=3960.92 sec = 6" 0.92"

X 206265

g =2 ";1 Y X 206265

1225 X sin (767 25'32")

_ X 206265
49322
B, = 497.98 sec = 8’ 17.98"
a=6+ 5 -5
= 54932 20" + 6' 092" — 8 17.98"
a =54 30" 2.94”

2. (i). What are the methods of measurement of base line and explain any one with neat sketch?

Baseline :
e The Base line is laid down with great accuracy of measurement & alignment as it forms the
basis for the computations of triangulation system the length of the base line depends upon
the grades of the triangulation.

Methods used to measure baseline
¢ Rigid bar method

e  Wheeler’s method —
., o lo Féek - 2 6
e Jaderin’s method a ﬂ o i !
e Hunter’s short base 71 il o \
- \
method / K, %
. / tvok \
e Tacheometric method £ f” . —L by
/___Z = < ] L )¢ ‘—ﬂ
/ |~ w(wnabz-nt'"j \
Rigid bar method iy ’ i 1 L N— il
/L _______ = Brass i

e Itisdesigned by Major ¢
general Colby



Hunter’s short base

All the ten bases of GTS (Great trigonometrically Survey) of India were measured with the
Colby Apparatus

It consists of an iron and a brass bar, each 10 ft 1% inch long, fixed together at middle by
means of two steel pins

A flat steel tongue ,about 6 inches long, is pivoted at each end of the bar

Each of the tongue carries one microscopic platinum dot ‘a’ and ‘a;” making the distance a a1
exactly 10 feet.

To secure compensation ,the ratio ab/ac is made equal to the ratio of coefficients of linear
expansion of iron and brass i.e.,3/5

The tongue is free to pivot, the position of the dot remains constant under the change of
temperature.

Due to change of temperature, the length bb; say be x

The length ccy will change to ¢’ ¢1” by 5/3 x

The positions of the dots ‘a’ and ‘a:’ remain unchanged.

The bar is held in a box at the middle of its length.

A spirit level is placed on the bar, and is observed through a window in the top of the box.
For measuring the bases in India, five such bars were simultaneously used with a gap of 6
inches between the forward mark of one bar and the rear mark of the next bar by means of a
framework.

Framework was equipped with two microscopes with their cross wires 6 in apart.

A small telescope, parallel to the microscopes is fixed at the middle of this bar for sighting
reference marks on the ground.

method:

Dr. Hunter who
was a Director of
Survey of India,
designed an
equipment to
measure the base
line which was named as hunter’s short base.

It consists of 4 chains, each of 20.117 m (66ft) linked together.

There are 5 stands, 3 intermediate two legged stands, 2 three legged stands at ends.

A 1kg weight is suspended at the end of an arm, so that the chains remain straight during
observations.

The correct length of the individual chain is supplied by the manufacturer or is determined in
the laboratory.

The length of the joints between two chains at intermediate supports is measured directly
with the help of graduated scale.

To obtain correct length between the centres of the tangents used corrections such as
temperature, sag, slope etc, are applied.

To set the hunters short base, the stand at end A(marked on red colour) is centred on the
ground mark and the target is fitted with a clip.

The target ‘A’ is made truly vertical so that the notch on its tip side is centred on the ground
mark.

The end of the base is hooked with the plate A




(ii). A steel tape is 30 m long at a temperature of 15°C when lying horizontal on the ground. If c/s
area is 0.08cm? and weight 18N and coefficient of expansion is 117 x10~ per degree Celsius.
The tape is stretched over 3 supports held at same level and at equal intervals. Calculate the
actual length between and graduations at temperature = 25°C, pull 180kg, E =2.1 x 105N/
cm2.

Given Data:

o =117 x107/°C, L =30m, Tm = 25°C, To=15°C,

A =0.08cm?, =3 P =180 kg, Po=0kg

w = 18N (Note: 1Kg = 9.81N)
Correction for temperature(Ct)

Ct = a (Tm -To) L

0.00351m

Correction for pull or tension Cp

Cp = (P-Po)L/AE = [(180 —0) x 9.81 x 30] / 0.08 x 2.1 x 10°
= 3.153m
Sag Correction:
Csag = w2 | /( 24P%n?) = (182x 30) / (24 x 1802 x 3?)
= 0.0014m Negative
Total Correction = Ct+Cp-Csag = 3.155m
Actual length = 30+3.155 = 33.155m

April May 2016

1. (i). What is meant by triangulation and describe classification of triangluation?

Classification of Triangulation System
e Based on the extent and purpose of the survey, and consequently on the degree of accuracy
desired.

e Triangulation surveys are classified as
= First-order (or) Primary triangulation,
= Second-order (or) Secondary triangulation,
= Third-order (or) Tertiary triangulation.

First-order triangulation is used to determine the shape and size of the earth or to cover a vast area like
a whole country with control points to which a second-order triangulation system can be connected.

Second-order triangulation system consists of a network within a first-order triangulation. It is used to
cover areas of the order of a region, small country.

Third-order triangulation is a framework fixed within and connected to a second-order triangulation
system. It serves the purpose of furnishing the immediate control for detailed engineering and location
surveys.



azimuth

LY . First-order Second-order | Thivd-erder
- Characteristics ; _ ) } ) ;
No triangulation triangulation | tiangulation
1 | Length of base line Sto 12 Km 2to 5 Km 100 to 500 m
2 | Length of sides 16 to 150 Km 10 to 25 Km 2to 10 Km
Average triangular error (after - - N
= = 2
3 comection for spherical excess) Less than 1 . 12
4 | Maximum station closure Not more than 37 8" 15"
3 | Actual error of base 1 in 50,000 1 in 25,000 1 in 10,000
6 | Probable eror of base 1 in 10,00,000 1in 500,000 | 1in 250,000
7 DH“EPEE:F &m'e.-en ml'}. 5vE mm 10VE mm 257K mm
measures (K 15 distance in
g Probable emror of the computed Im350000to]1 | 1in20000t01 | 1in 3,000to
distance in 2,50,000 in 50,000 1 in 20,000
Probable emor astronemical o - -
e 0.3 ] 10

*  These are the general specifications for the tangulation system.

(i1). A steel tape 20 m long standardized at 55° F with a pull of 98.1 N was used for measuring a
baseline. Find the correction per tape length, if the temperature at the time of
measurement was 80° F and the pull exerted was 156.96 N. Weight of 1 cubic metre of
steel = 77107 N. weight of tape = 7.85 N and E = 2.05 x 105 N/mmz2. Coefficient of linear
expansion of tape per degree F = 6.2 x 10-6.

Solution:
L=20m; To =55°C; Tm =80°C; Po=98.1N;
P =156.96 N; 0=6.2x107%; Weight of steel = 77107 N;

Weight of tape = 7.85 N; E =2.05x 10°N /mm?

i) Correction for Temperature:

Ct = a(Tm-To)L = 6.2 x 10-6 (80 —55) x 20
Ct = 0.0031 m
ii) Correction for Pull:
Cp = (P-Po)L/AE
Here,
weight of tape = (Area x 1 x weight of steel) x length
7.85 = (Ax1x77107)x 20
A = (7.85) / (77107 x 20) = 5.1x10%m? = 5.1mm?
CP = 0.00112 m
iii) Sag Correction:
Csag = w2 | /( 24P?n?) = (7.85% x 20) / (24 x 156.962 x 12)
Csag = 0.00208 m
Total correction = Ci+Cp—Cs = 0.0031 + 0.00112 — 0.00208
Total correction = 0.00214 m
True length = Length + correction = 20 + 0.00214
True length = 20.00214 m



2. (i). From an eccentric station S, 12.25 m to the west of the main station B, the following angles
were measured.
Angle of BSC = 76° 25" 32"
Angle of CSA = 54° 32" 20"
The stations S and C are to the oppose sides of the line AB. Calculate the correct angle. ABC
if the length AB and BC are 5286.5 m and 4932.2 m respectively.

Same as November December 2016; Question No:1(ii)

(if). Find the difference of levels of the points A and B and the R.L. of B from the following data.

Horizontal distance between Aand B = 5625.389 m

Angle of depression from A and B = 1° 28°34”

Height of signal of B = 3.886m

Height of instrument at A = 1.497m

Coefficient of refraction = 0.07

Rsinl” = 30.876m

R.L.of A = 1265.85m

Given Data:

d =5625.389 m a=1°28"34” S =3.886m
h=1.497m m = 0.07 Rsinl1” = 30.876m

R.L.of A =1265.85m
Axis signal correction:

_5—nh
d sm 1"
= (3.866 — 1.497) / 5625.389 x Sin0°0°1”")
— (+)ive

Correction for curvature:

d

g =
Rsm 1"

Curvature correction, g

(_) ive
Correction for refraction:
Refracbon comection, r = mé&

= (+)ive
To fine H:
B=B+5
. &
dm(ﬂ,+mﬂ—5]

cos( B, +mé—&)

H=

R.L.ofB=R.L.ofA+H









UNIT IV ADVANCED TOPICS IN SURVEYING
Hydrographic Surveying — Tides — MSL — Sounding methods — Three point problem — Strength of
fix — astronomical Surveying — Field observations and determination of Azimuth by altitude and
hour angle methods — Astronomical terms and definitions - Motion of sun and stars - Celestial
coordinate systems - different time systems - Nautical Almanac - Apparent altitude and corrections -
Field observations and determination of time, longitude, latitude and azimuth by altitude and hour

angle method

»
»

A

April / May 2018
1. Explain the application of three point problem in hydrographic surveying and strength of fix

in hydrographic surveying.

Application of three point problem in hydrographic surveying: C:/ )

» The method of plotting the soundings depends upon the method used foy locating the
soundings.

» If the soundings have been taken along the range lines, the positiqn of shore signals
can be plotted and the sounding located on these in the plan.

> In the fixes by angular methods also, the plotting is quite simple, and reqmres the
simple knowledge of geometry. - '

» However, if the sounding has been located by two angles from the boat by
observations to three known points on the shore, the plotting can be doneeither by the
mechanical, graphical or the analytical solution of the three-poinipmbm. )

Strength of fix in hydrographic surveying: CB)
> The accuracy with which a hydrographic station can be located through three point
problem is known as its fix.

» The degree of accuracy of solution of the three point problem is designated as its
strength i.e., if the accuracy is high, the fix is termed as strong and for low accuracy,
fix is called as poor. The accuracy of fix depends on the relative positions of the
plotted points and that of location of the station.

> Thus, the choice of plotted objects and location of table should b be'made to geta
strong fix.

Qualitative presentation of strength of fix "~



2. What are the methods of employed in locating soundings?

\SAJ YV sEsAs sem - —mm— -

The soundings are located with-reference to the shore traverse by observations made
(iyentirely from the boat, (ii) entirc!y from the shore or (iii) from both.
The following are the methods of location :
(a) By conning the survey vessel
I. B}( ¢ross rope
™ 2.Byrange and time intervals
(§)By observations with sextant or theodolite
» 3. By range- and one angle from the shore
4. By range and. one angte from the boat
5. By . two angles fiom the shore
6. By. two angles from the boat
7. By one angle from- shore and one from boat '
8. By intersecting ranges

OCBy taclfqometry.’



3. Briefly explain Latitude by Prime Vertical transit and the effect of errors.
Latitude by Prime Vertical transit:

When the star is on the prime vertical of the observer, the astronomical triangle is evidently
right-angled at Z. if the declination (8) and the latitude (0) of the place of observation are
known. The altitude (o) and the hour angle (H) can be calculated by Napier’s rule. The five
parts taken in order are: the two sides (90° - 6) and (90° - o) and the complements of the rest of
the three parts, i.e.,

(90°- M), 90° - (90° - 8) = & and (90° - H).
Now sine of middle part = product of cosine of opposite parts.

z Meridian P

|
A=

ap®

[
1

Declination circle

Prime vertical

M

(a)

Firn Star at Prima \/artiral
sinB = cos(90° - B) cos(90° - a) = sind sina

. sinh .
sina = —— sind cosecd
5ing

s5in (90°-H) =tan(90°- 8) tan& (or)

cosH = 22% _ 05 cota
tan &

Effect of emors:

The error m the seiting out of {be direction of the prmevenical bas very little
effect in the |atitude of the place for ondinary enginesring purposes. I the eastern tranwsit
occurs carlier due o the wrong direction of the primevertical . the western wansk will
also wmke place comrespondingly earlier, though not exactly by the same amount, In &
lamuce of 30°, evem if the primevertical . i set oul by 1° oul of it true pesition, the
resulting error i lathede determination will be less them 1" for observations on a star
having declination = 20,



3. Write in detail about the methods of locating soundings.

The methods of locating soundings:
1) By cross rope.
ii) By range and time intervals.
iii) By range and one angle from the shore.
iv) By range and one angle from the boat.
V) By two angles from the shore.
vi) By two angles from the boat.
vii) By one angle from shore and one from boat.
viii) By intersecting ranges.

iX) By tacheometry. :
i) Location by Cross-Rope: '

This is the most accurate method
of locating the soundings and may be
used for rivers, narrow lakes and harbours. It is also used to determine the quantity of materials
removed by dredging the soundings being taken before and after the dredging work is done. A
single wire or rope is stretched across the channel etc. and is marked by metal tags at
appropriate known distance along the wire from a reference point or zero station on shore. The
soundings are then taken by a weighted pole. The position of the pole during a sounding is given
by the graduated rope or line.

=== TTITFTHF

ii) By range and time intervals:
In this method, the boat is kept in range with the two signals on the shore and is

rowed along it at constant speed. Soundings are taken at different time intervals. Knowing
the constant speed and the total time elapsed at the instant of sounding, the distance of the
total point can be known along the range. The method is used when the width of channel is
small and when great degree of accuracy is not required. However, the method is used in
conjunction with other methods, in which case the first and the last soundings along a range
are located by angles from the shore and the intermediate soundings are located by
interpolation according to time intervals.

iii) By range and one angle from the shore:

In this method, the boat is ranged in line with the two shore signals and rowed along the
ranges. The point where sounding is taken is fixed on the range by observation of the angle from
the shore. As the boat proceeds along the shore, other soundings are also fixed by the
observations of angles from the shore. Thus B is the instrument station, A1 A2 is the range
along which the boat is rowed and al, a2, o3 etc.,
are the angles measured at B from points 1, 2, 3
etc.

To fix a point by observations from the

shore, the instrument man at B orients his line of
sight towards a shore signal or any other
prominent point (known on the plan) when the
reading is zero. He then directs the telescope
towards the leadsman or the bow of the boat, and
is kept continually pointing towards the boat as it
moves. The surveyor on the boat holds a flag for a
few seconds and on the fall of the flag, the

[a) (o}



sounding and the angle are observed simultaneously.

The angles are generally observed to the nearest 5 minutes. The time at which the flag
falls is also recorded both by the instrument man as well as on the boat. In order to avoid acute
intersections, the lines of soundings are previously drawn on the plan and suitable instrument
stations are selected.

iv) By range and one angle from the boat:
The method is exactly similar to the

previous one except that the angular fix is made Ay .
by angular observation from the boat. The boat is
kept in range with the two shore signals and is .
rowed along it. At the instant the sounding is
taken, the angle, subtended at the point between ==
the range and some prominent point B on the
sore is measured with the help of sextant. The
telescope is directed on the range signals, and the
side object is brought into coincidence at the
instant the sounding is taken. The accuracy and
ease of plotting is the same as obtained in the
previous method. Generally, the first and the last
soundings, and some of the intermediate
soundings are located by angular observations
and the rest of the soundings are located by time intervals.

As compared to the previous methods, this method has the following advantages:

¢ Since all the observations are taken from the boat, the surveyor has better control over the
operations.

e The mistakes in booking are reduced since the recorder books the readings directly as they
are measured.

e On important fixes, check may be obtained by measuring a second angle towards some other
signal on the shore.

¢ Obtain good intersections throughout; different shore objects may be used for reference to
measure the angles.

v) By two angles from the shore:
In this method, a point is fixed independent of » g

the range by angular observations from two points on A : o
the shore. The method is generally used to locate some
isolated points. If this method is used on an extensive :
survey, the boat should be run on a series of
approximate ranges. Two instruments and two
instrument men are required. The position of
instrument is selected in such a way that a strong fix is
obtained. New instrument stations should be chosen i
when the intersection angle (0) falls below 30°. Ve

Thus A and B are the two instrument stations.
The distance d between them is very accurately measured. The instrument stations A and B
are precisely connected to the ground traverse or triangulation, and their positions on plan are
known. With both the plates_clamped to zero, the instrument man at A bisects B ; similarly
with both the plates clamped to zero, the instrument man at B bisects A. Both the instrument
men then direct the line of sight of the telescope towards the leadsman and continuously
follow it as the boat moves.

The surveyor on the boat holds a flag for a few seconds, and on the fall of the flag the

i

3

¥




sounding and the angles are observed simultaneously. The co-ordinates of the position P of
the sounding may be computed from the relations:

dtanp _ dtana tanp

= —, H’ =
tana + ta t ta
Advantages: a+tang ana + tanp

e The preliminary work of setting out and erecting range signals is eliminated.
e It is useful when there are strong currents due to which it is difficult to row the boat along the
range line.
vi) By two angles from the boat:

In this method, the position of the boat can be located
by the solution of the three point problem by observing the
two angles subtended at the boat by three suitable shore
objects of known position. The three-shore points should be
well-defined and clearly visible.

Prominent natural objects such as church spire,
lighthouse, flagstaff, buoys etc., are selected for this purpose.
If such points are not available, range poles or shore signals
may be taken.

Thus A, B and C are the shore objects and P is the
position of the boat from which the angles o and 3 are
measured. Both the angles should be observed simultaneously
with the help of two sextants; at the instant the sounding is
taken. If both the angles are observed by surveyor alone, very little time should be lost in taking the
observation. The angles on the circle are read afterwards. The method is used to take the soundings
at isolated points. The surveyor has better control on the operations since the survey party is
concentrated in one boat.

Advantages:
e Preliminary work setting out and erecting range signals is eliminated.

e The position of the boat is located by the solution of the three point problem either
analytically or graphically.
ytically or grap y *:__!__-ﬂ:‘, .

(=1

B
vii) By one angle from shore and one from boat:

This method is the combination of methods 5 and 6
described above and is used to locate the isolated points where
soundings are taken. Two points A and B are chosen on the shore,
one of the points (say A) is the instrument station where a
theodolite is set up, and the other (say B) is a shore signal or any
other prominent object. At the instant the sounding is taken at P,
the angle a at A is measured with the help of a sextant. Knowing
the distance d between the two points A and B by ground survey, the position of P can be located by
calculating the two co-ordinates x and y.

viii) By intersecting ranges:

This method is used when it is required to determine by periodical sounding at the same points, the
rate at which silting or scouring is taking place. This is very essential on the harbors and reservoirs.
The position of sounding is located by the intersection of two ranges, thus completely avoiding the
angular observations. Suitable signals are erected at the shore. The boat is rowed along a range
perpendicular to the shore and soundings are taken at the points in which inclined ranges intersect
the range, as illustrated in figure. However, in order to avoid the confusion, a definite system of
flagging the range poles is necessary. The position of the range poles is determined very accurately
by ground survey.
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iX) By tacheometry:

The method is very much useful in smooth waters. The position of the boat is located by
tacheometric observations from the shore on a staff kept vertically on the boat. Observing the staff
intercept s at the instant the sounding is taken, the horizontal distance between the instrument
stations and the boat is calculated.

The direction of the boat (P) is established by observing the angle (a) at the instrument
station B with reference to any prominent object A The transit station should be near the water level
so that there will be no need to read vertical angles. The method is unsuitable when soundings are

taken far from shore.

4. What is a three point problem in hydrographic surveying? What are the various solutions
for the problem? Explain in detail. 5

Given the three shore signals A, B and C, and the

angles a and g subtended by AP, BP and CP at the

boat P, it is required to plot the position of P.

1. Mechanical Solution

(i) By Tracing Paper

Protract angles o and p between three radiating lines

from any point on a piece of tracing paper. Plot the

positions of signals A, B, C on the plan. Applying the

tracing paper to the plan, move it about until all the

three rays simultaneously pass through A, B and C.

The apex of the angles is then the position of P which 4

can be pricked through. FIG. THE THREE-POINT PROBLEM




(ii) By Station Pointer:

The station pointer is a three-armed protractor and consists of
a graduated circle with fixed arm and two movable arms to the
either side of the fixed arm. All the three arms have beveled or
fiducial edges. The fiducial edge of the central fixed arm
corresponds to the zero of the circle. The fiducial edges of the
two moving arms can be set to any desired reading and can be
clamped in position. They are also provided with verniers and
slow motion screws to set the angle very precisely. To plot
position of P, the movable arms are clamped to read the angles
a and B very precisely. The station pointer is then moved on
the plan till the three fiducial edges simultaneously touch A, B
and C. The centre of the pointer then represents the position of
P which can be recorded by a prick mark.

FIGG. STATION POINTER

2. Graphical Solutions

(a) First Method:

Let a, b and ¢ be the plotted positions of the
shore signals A, B and C respectively

and let a.and P be the angles subtended at
the boat. The point p of the boat position p
can

be obtained as under:

e Joinaandc.

e Ata, draw ad making an angle
with ac. At ¢, draw cd making an
angle a with ca. Let both these lines
meet at d.

e Draw a circle passing through the points a, d and c.

e Join d and b, and prolong it to meet the circle at the point p which is the required position of
the boat.

Proof: From the properties of a circle,
Angle apd =acd =a and cpd =cad =
which is the required condition for the solution.

(b) Second Method:
e Join ab and bc.

e Fromaand b, draw lines aol
and bol each making an angle
(90° - a) with ab on the side
towards p. Let them intersect at
01.

e Similarly, from b and c, draw
lines each making an angle
(90° - B) with ab on the side
towards p. Let them intersect.

e With — as the centre, draw a circle to pass through a and b. Similarly, with — as the centre
draw a circle to pass through b and c. Let both the circles intersect each other at a point p. p
is then the required position of the boat.

Proof: aolb = 180° - 2 (90° - a) = 2a



Angle apb =% aolb=a
Similarly, Angle bo2c =180° -2 (90° - B) =2
and Angle bpc = % bo2c = .
The above method is sometimes known as the method of two intersecting circles.

(c) Third Method:

e Joinab and bc.
e Ataand c, erect perpendiculars ad
and ce.

e Atb, draw a line bd subtending angle
(90° - o) with ba, to meet the
perpendicular through a in d.

e Similarly, draw a line be subtending
an angle (90° - ) with bc, to meet the
perpendicular through cin e.

e Joindande.

e Drop a perpendicular on de from b. The foot of the perpendicular (i.e. p) is then the required
position of the boat.

5. Explain briefly the different methods of prediction of tides. (AUC May/June 2009)

i) Age of tide

ii) Lunitidal interval

iii) Mean establishment

iv) Vulgar establishment
i) Age of tide:

This condition is fulfilled only in southern ocean extending southwards from about 400 S
latitude. It is the only portion of ocean where equilibrium figure may be developed. Primary tide
waves are generated and secondary waves are propagated into pacific, Atlantic and Indian oceans.
The velocity of wave travel may exceed 1000 km per hour, though it is less in shallow water. The
amplitude of vertical range from crest to trough is not more than 60 to 90 cm. due to direction of
propagation of tide wave, high or low water occurs at different times at various places on the same

meridian. “The time which elapse between the generation of spring tide and its arrival at the place is
called Age of tide”.

ii) Lunitidal interval:

“It is the time interval that elapses between the moon’s transits and occurrence of next high
water”. The value is found to vary because of existence of priming and lagging. The values can be
observed and plotted for a fortnight against the times of moon’s transits, a curve is obtained. A curve
has approximately same for each fortnight and used for rough prediction of time of tide. The time of
transit of moon at Greenwich is given in nautical almanac. The time of transit can be derived by
adding 2 m for every hour of west longitude and subtracting 2 m for every hour of east longitude.

iii) Mean establishment:

The average value of Lunitidal at a place is known as mean establishment as shown by dotted
line. If the value is known and Lunitidal interval and the time of high water can be estimated. The
procedure of determination are

e Find from charts, the age of tide and mean establishment for the place.

e Knowing the hour of moon’s transit, determine the time of moon’s transit on the day of
generation of tide.



Day of generation = day in question — age of tide
e Corresponding to time of transit of moon on the day of generation of tide, find out the
amount of priming or lagging correction.

e Add the priming or lagging correction to mean establishment to get Lunitidal interval for day
in question.

e Add the Lunitidal interval to the time of moon’s transit on the day in question to get
approximate time of high water.

Hourofmoonsiranst |0 |1 |2 |3 |4 |5 |6]7 |8 |9 [10]11]12

Commection in minutes 0 (16|-31 |41 (44 [-21 |0 (31 44|41 |231|16 |0

Iv) Vulgar establishment:

“It is defined as the value of Lunitidal interval on the day of full moon or change of moon”.
Its value is always more than establishment since lagging correction in second or fourth quadrant is
positive. The difference between vulgar establishment and mean establishment depends upon age of
tide. The value of vulgar establishment is approximately equal to clock time at which high water
occurs on day of full moon or change of moon.
Mean establishment = vulgar establishment — lagging correction

Height of tide:
The approximate height of tide of known rise at any time between high and low water can be

expressed 1
H=nh+ E reosB

H = required height of tide above datum
h = height of mean tide level above datum
r = range of tide

intervalfrom high water

8= X 180°
interval between high and low water

6. Explain the procedure to use fathometer in ocean sounding.
A Fathometer is used in ocean
Transmitter Receiver

sounding where the depth of water is too A B

much, and to make a continuous and - -—F — 7 sealevel
accurate record of the depth of water ' I_\in i}
below the boat or ship at which it is \, f
installed. It is an echo-sounding \l d /\
instrument in which water depths are

obtained be determining the time \-' /\ Seabed
required for the sound waves to travel

from a point near the surface of the water WW_%W

to the bottom and back. It is adjusted to

read depth on accordance with the velocity of sound in the type of water in which it is being used. A
fathometer may indicate the depth visually or indicate graphically on a roll which continuously goes
on revolving and provide a virtual profile of the lake or sea.




7. Explain the different types of tides in detail.

Tides:

All celestial bodies exert a gravitational force on each other. These forces of attraction between earth
and other celestial bodies (mainly moon and sun) cause periodical variations in the level of a water
surface, commonly known as tides.

Types of tides:

i) Lunar tides

ii) Solar tides
iii) Spring and neap tide (combined effect)
iv) Other effects

i) Lunar tides:
The figure shows the earth and the

moon, with their centres of masses O1 and
O2 respectively. Since moon is very near
to the earth, it is the major tide producing
force. To start with, we will ignore the
daily rotation of the earth on its axis. Both
earth and moon attract each other, and the
force of attraction would act along O1 O2.
Let O be the common centre of gravity of
earth and moon. The earth and moon
revolve monthly about O, and due to this revolution their separate positions are maintained. The
distribution of force is not uniform, but it is more for the points facing the moon and less for remote
points. Due to the revolution of earth about the common centre of gravity O, centrifugal force of
uniform intensity is exerted on all the particles of the earth. The direction of this centrifugal force is
parallel to 0102 and acts outward. Thus, the total force of attraction due to moon is counter-
balanced by the total centrifugal force, and the earth maintains its position relative to the moon.
However, since the fore of attraction is not uniform, the resultant force will very all along. The
resultant forces are the tide producing forces. Assuming that water has no inertia and viscosity, the
ocean enveloping the earth’s surface will adjust itself to the unbalanced resultant forces, giving rise
to the equilibrium. Thus, there are two lunar tides at A and B, and two low water positions at C and
D. The tide at A is called the superior lunar tide or tide of moon’s upper transit, while tide at B is
called inferior or antilunar tide.

Now let us consider the earth’s rotation on its axis. Assuming the moon to remain stationary,
the major axis of lunar tidal equilibrium figure would maintain a constant position. Due to rotation
of earth about its axis from west to east, once in 24 hours, point A would occupy successive position
C, B and D at intervals of 6 h. Thus, point A would experience regular variation in the level of
water. It will experience high water (tide) at intervals of 12 h and_low water midway between. This
interval of 6 h variation is true only if moon is assumed stationary. However, in a lunation of 29.53
days the moon makes one revolution relative to sun from the new moon to new moon. This
revolution is in the same direction as the diurnal rotation of earth, and hence there are 29.53 transits
of moon across a meridian in 29.53 mean solar days. This is on the assumption that the moon does
this revolution in a plane passing through the equator. Thus, the interval between successive transits
of moon or any meridian will be 24 h, 50.5 m. Thus, the average interval between successive high
waters would be about 12 h 25 m. The interval of 24 h 50.5 m between two successive transits of
moon over a meridian is called the tidal day.

Antilunar tide

Supenor lunar tide
'
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]
i
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]
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i
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Fig. 6.1 Equilibrium figure



ii) Solar tides:
The phenomenon of production of tides due to EARTH

force of attraction between earth and sun is B MOON
similar to the lunar tides. Thus, there will be A T '@
superior solar tide and an inferior or anti-solar 0,

tide. However, sun is at a large distance from {a) Earth and the moon

the earth and hence the tide producing force due

to sun is much less. 'l

Solar tide = 0.458 Lunar tide

iii) Spring and neap tides:

Solar tide = 0.458 Lunar tide.
Above equation shows that the solar tide force is
less than half the lunar tide force. However,
their combined effect is important, especially at
the new moon when both the sun and moon
have the same celestial longitude, they cross a
meridian at the same instant.

Assuming that both the sun and moon lie in the
same horizontal plane passing through the
equator, the effects of both the tides are added,
giving rise to maximum or spring tide of new
moon. The term ‘spring’ does not refer to the
season, but to the springing or waxing of the Fig. 6.2 Forces acting between earth and moon
moon. After the new moon, the moon falls behind the sun and crosses each meridian 50 minutes
later each day. In after 7 %2 days, the difference between longitude of the moon and that of sun
becomes 90°, and the moon is in quadrature. The crest of moon tide coincides with the trough of the
solar tide, giving rise to the neap tide of the first quarter. During the neap tide, the high water level is
below the average while the low water level is above the average. After about 15 days of the start of
lunation, when full moon occurs, the difference between moon’s longitude and of sun’s longitude is
180°, and the moon is in opposition. However, the crests of both the tides coincide, giving rise to
spring tide of full moon. In about 22 days after the start of lunation, the difference in longitudes of
the moon and the sun becomes 270° and neap tide of third quarter is formed. Finally, when the moon
reaches to its new moon position, after about 29 %2 days of the previous new moon, both of them
have the same celestial longitude and the spring tide of new moon is again formed making the
beginning of another cycle of spring and neap tides.

D (d) Met forees

iv) Other effects:
The length of the tidal day, assumed to be 24 hours and 50.5 minutes is not constant because
of (i) varying relative positions of the sun and moon,

(i) Relative attraction of the sun and moon,

(iii) Ellipticity of the orbit of the moon (assumed circular earlier) and earth,

(iv) Declination (or deviation from the plane of equator) of the sun and the moon,

(v) Effects of the land masses and

(vi) Deviation of the shape of the earth from the spheroid.

Due to these, the high water at a place may not occur exactly at the moon’s upper or lower transit.
The effect of varying relative positions of the sun and moon gives rise to what are known as priming
of tide and lagging of tide.

At the new moon position, the crest of the composite tide is under the moon and normal tide
is formed. For the positions of the moon between new moon and first quarter, the high water at any
place occurs before the moon’s transit, the interval between successive high water is less than the
average of 12 hours 25 minutes and the tide is said to prime. For positions of moon between the first
quarter and the full moon, the high water at any place occurs after the moon transits, the interval



between successive high water is more than the average, and tide is said to lag. Similarly, between
full moon and 3rd quarter position, the tide primes while between the 3rd quarter and full moon
position, the tide lags. At first quarter, full moon and third quarter position of moon, normal tide
occurs.

Due to the several assumptions made in the equilibrium theory, and due to several other
factors affecting the magnitude and period of tides, close agreement between the results of the
theory, and the actual field observations is not available. Due to obstruction of land masses, tide may
be heaped up at some places. Due to inertia and viscosity of sea water, equilibrium figure is not
achieved instantaneously. Hence prediction of the tides at a place must be based largely on
observations.

8. Ata point in latitude 55° 46’ 12’ N, the altitude of sun’s centre was found to be 23° 17’
32 at 5" 17™, P.M. (G.M.T.) The horizontal angle at the R.M. and Sun’s centre was 68°
24’ 30”°. Find the azimuth of the sun.

Data:
i) Sun’s declination of G.A.N. on day of observation = 17° 46’ 52°> N

i) Variation of declination per hour = -37’

iii) Refraction of altitude 23° 20’ 00> = 0° 2’ 12”°
iv) Parallax for altitude = 0° 0’ 8

v) Equation of time (App. — Mean) = 6™ 0°

Solution:

i) Calculation of declination:

G.M.T. of observation = 5h 17m P.M.

Add equation of time = Oh 6m 0s

G.A.T. of observation = 5h 23m 0s P.M.
Now declination at G.A.T. =17° 46 52’ N
Apparent time interval,

G.A.N. =5h 23m 0s

Variation in the declination in this time interval at the rate of 37” per hour = 3’ 39” (decrease).
Declination at G.A.T. of observation = 17046’ 52°’ - 3* 39” = 17043” 13"’
ii) Calculation of altitude:

Observed altitude of sun’s centre = 230 17° 327
Subtract refraction correction = 0°2° 12>

= 23°15° 20>
Add parallax correction = 0’8
Correct altitude = 23°15° 28’

Now, co-latitude = ¢ =90° - & =90° - 55° 46° 12” = 34° 13° 48”
co-declination =p =90°- § =90°-17°43 13" =72° 16’ 47"
co-altitude =z =90° - & =90°-23° 15 28" = 66° 44’ 32”
2s=173°15' 77
S =86°37 335
S-c=52°23455";S—p=14°20'46.5";S-2z=19°53"15"

Azimuth of sun is given by,

= 1.0437

A \/sin (s—z) sin (s—c) _J sin (19°53'1.5") sin (52° 23' 45.5")

taﬂ - = - - - 0 - 0
2 sin s sin (s—p) sin (86°37'33.5") sin (14° 20" 46.5")

% =469 13 29.84"

A=23°644.92’



Determine the hour angle and declination of star from the following data:

Altitude of star = 22° 30"
Azimuth of the star = 145° E
Latitude of the observer = 49° N. (AUC Apr/May 2010)

Solution:
The azimuth of the star is 145° E, the star is in the eastern hemisphere.

In the astronomical triangle ZPM, we have
Co-jaltitude, ZM = 90° - a = 90° - 22°30' = 67° 30"
Co-latitude, ZP =90° - 6 =90° - 49° = 41°
A = 145°
Using cosine formula,
Cos PM = cos ZM cos ZP + sin ZM sin ZP cos A
= co0s(67°30")cos(41°) + sin(67°30")sin(41°) cos(145°)
Cos PM = — 0.2077
PM = 101° 59’ 15.36”
Declination of star, 5 = 90° — PM = 90° — 101° 59’ 15.36” = 11° 59’ 15.36”
=-11°59’15.36” S
Using cosine formula,
cos ZM — cos PZ cos PM

cosH = - -
sm PZ sm PM
cos H = 58 (67°30") — cos (41°) cos (101 59'15.36")
sin (41°) sin (101° 59'15.36")
Cos H = 0.8406

cos (360° - H) = 0.8406
(360° - H) =32°47' 47.28"
H=360° - 32°47" 47.28"

Hour angle, H = 327012 12.72”7

10. What are parallax and refraction and how do they affect the measurements of vertical
angles in astronomical work?

1. Correction for Parallox
When the sun or star is viewed from different points, change in the direction of the
body is observed due lo parallax. The parallax in altitude is called diurnal parallax.
This is due to the difference in direction of a heavenly body as seen from the centre
of the earth and from the place of observation on the surface of the earth.
The stars are very far off and hence the parallax error is insignificant. However, in
case of sun or moon necessary correction should be applied.

An example of sun’s parallax is illustrated in Fig.7.16

Let 7 be the centre of the earth.
A be the plane of observation.



$ be the position of the sun at the time of observation.
5 be the position of the sun at horizon.
OC be the true horizon.
A8 be the sensible honzon.
/5AB=o  be the observed altitude.

£850C=qa  be the true altitude, cormrected for parallax.

ZASB=p, be the parallax correction. Sensible horizon

ZASO=p, be the sun’s horizontal parallax. N P

True horizon
Fig. 7.16 Sun’s parallax
When the sun is on the horizon, its apparent altitude is zero. For this condition the
angle py , subtended at the centre of the sun is known as sun's horizontal parallax.

Thus, sinpy, = -E%—

Sun's horizontal parallax varies inversely with its distance from the centre of the earth.
It varies from 8.95” in the early part of January to 8.66” during early in July. This variation is
provided in the Nautical Almanac for every tenth day of the year.
True altitude =@ =£50C= £5BS
= £5AB + ZASB
=0 +p, (7.32)

Hence parallax comrection = (0 —a')=p,
From AAOS

sin ZSO=sin mas%-;-

UTSinpa=Sin (9[}“1—{:’]%%:(:05“"%

0A_0A_ .
0s o5 P

. sin p, =sin py, cos o -(71.33)

But

As p, and py are very small, then

Pa=ppcosa’ .(1.34)
That is,
Correction for } _ (horizontal parallax) x  (7.35)
parallax cos (apparent altitude)
=+88"coso (7.36)

This correction for parallax is always additive.
The comrection is maximum when the sun is at horizon.



2. Correction for Refraction

The layers of atmospheric air surrounding the earth becomes thinner as its distance
from the surface increases. Because of variations of atmospheric density, the ray of light
emanating from the celestial body passes through the atmosphere of the earth, the rays are bent

{(Fig.7.17) downwards. Because of this, body appears to be nearer to the zenith than it

The deviation angle of the ray from its direction on entering the earth's atmosphere

to its direction at the surface of the earth is referred to as the refraction angle of correction.

Sun or star

e

Refraction

Observed altitude

Earth

Fig. 7.17 Refraction

1. The following observations of the sun were taken for azimuth of a line in connection with a

survey.
Mean time = 16h 30m
Mean horizontal angle between the sun and the referring object = 18°20°30”
Mean corrected altitude = 33°35°10”
Declination of the sun from N.A. = +22°05°36”
Latitude of place = 52°30°20”
Determine azimuth of line.
Solution:
Considering astronomical triangle, the hour angle ZPM = H,
Zenith distance, ZM =z = 90°-a =90°-33°35" 10" =56°24"50”

Polar distance, PM = 90°- 8 = 90° — 22° 5° 36” = 67° 54 24”
Co-latitude, ZP = 90°- 6 = 90° — 52° 30’ 20” = 37° 29’ 40”
Using cosine rule,

Cos PM = cos ZM cos ZP + sin ZM sin ZP cos A

Cos A= CosPM —Cos ZP Cos ZM = -0.1238
Sin ZP Sin ZM

Azimuth of sun, A =97° 6’ 41.27”



UNIT V MODERN SURVEYING
Total Station : Advantages - Fundamental quantities measured - Parts and accessories - working
principle - On board calculations - Field procedure - Errors and Good practices in using Total
Station GPS Surveying : Different segments - space, control and user segments - satellite
configuration - signal structure - Orbit determination and representation — Anti Spoofing and
Selective Availability - Task of control segment - Hand Held and Geodetic receivers - data
processing - Traversing and triangulation. .

April / May 2018

1. Explain briefly about the working principles of Total Station.
The principle of the measurement device in EDM, which is currently used in a total station'
and used along with electronic/optic theodolites, is that it calculates the distance by
measuring the phase shift during the radiated electromagnetic wave (such as an infrared light
or laser light or microwave) from the EDM's main unit, which returns by being reflected
through the reflector, which is positioned at a measurement point. g A

This phase shift can be regarded as a part of the frequency that appears as the unit of time or

length under a specific condition. : . ‘ .

When the slope distance L and the slope angle ¢ are measured by EDM. if the elevation ot

point A is the reference potnt, we can find the elevation of point B by the following formula
€~ Elevation of point B ~ Elevation of Point A + HI £ L sin ¢ -HR

o,

w-‘ip‘,o-‘-y--- e 3 g
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2. Explain the pulse method and phase difference method used in EDM’s.
Methods of measurements
I. pulse method
ii. phase difference method

Pulse meth'od: ; ( 6)

All the equipment used work on the principle that the distance D is equal to the product of
velocity(y and tim,e,t_. This is the essence the pulse method. The speed of light in vacuum is
well known. However, the measurements surveyors take are not in vacuum and thus
corrections for atmospheric gonditions must be applied. Also, because of great speed of light

it is not possible to directly and precisely measure the time interval when the light beam
travels from instrument to the reflector and back.



EDM instruments measure the phase difference between the transmitted and received signals.
Light beams of different wavelengths are used to determine the distances. This forms the
basis of difference method. .
Figure skQws a schematic diagram of pulse method. A short, intensive pulse of radiation is
transmitted to a reflector target, which immediately transmits it back. along a parallel path, to
the receiver. The measured distance is computed from the velocity of the signal multiplied by
the time it took to compléte its path, i.e.,
L]
2D - c. At
D=c. A2

c= velo&ty of the Tight
D - distance between instrument and target
Emittar

Puise
/"\ ———— !‘* Rsﬂector

7

i

Prinei of oulse distiznoe meter
- 4

i | R (=)

Phase difference method:

The majority of EDM instruments, whether infra-red, light or microwave, use this form of

measurement.  ~
The basic Eqgn. used in this method is :
2D=MA+8 A

where, M = integer part of wavelength
5 A -~ fraction part of wave length
A~ wave length




The electromagnetic waves are transmitted to a retroreflector (single or multiple prisms)
which instantly returns them to the transmitting instrument. The instrument measures the
phase shift. By comparison of the phase shift between the transmitted and the reflected
signals, the time and thus the distance can be determined.

13.b.i. Describe the steps involved in the initial setting of total station of a figjd. Ce )
The following are the steps for the initial setting of a total station: 5
1. Turn on the total station. '
2. Release both horizontal and vertical locks. ‘
3. Some total stations require rotating the telescope through 360° along the vertical
and horizontal circles to initialize angles. |
4. Adjust the telescope to best fit to the observer's eye.Using the inner ring of the
eyepiece, make the image of the cross-hair sharp and clear.
5. Rotate the alidade until the Hz angle reading is equal to theé-azimuth fo}he back
sight measured by the compass (for Sokkia models only). Push the HOLD.key once.
the Hz angle will not change until the next hold. :
6. Aim at the very center of prism at the back sight. For the coarse aiming, rotate the
alidade and the telescope by hand usir{g optical sight. Adjust focus using the outer
ring of the eyepiece. When the prism comes into the sight and close to the center, lock
the horizontal and vertical drives. Then use dials to aim at the exact center of prism.
7. For Sokkia models, push HOLD button again. The horizontal reading will now
change according to the rotation of the telescope ﬁl'thé' ﬁoriidﬁ'tﬁl-direction. For Leica
models, input the azimuth of the back sight manually in the measurement setup
window. Y : ’ :
8. If a station ID and back §ight ID are required, use a 2-or 3-digit serial number like -
101, 102 ... for each reference point. Use a 4-digit number for unknown points.
9. Input station parameters like hi (height of the instrument), EO, NO, and HO (easting,
northing and RL of the point where the instrument is set up). Use 1000, 1000, and
1000 for EO, NO and HO to avoid negative figures. If the coordjnates ‘arekpown,
manually input the data. ‘ s ke 4

10. Input the target height (hr).

I'1. Check the pointing of prism again

[2.Using the distance calculation key, make the backsight measurement. From the
kCD, display of the total station note the horizontal angle, vertical angle, slope
distdnce, easting, northing and height and record them in a field book.



13.b.ii. How traversing is performed using total station: (,—7)

When it is not possible to view the entire mapping area from the first station. we traverse to a

new station and repeat radial shooting. Adjusting the coordinates and orientation of the

second station, measured coordinates from multiple stations will be in a unique system Most  °
total stafans havc‘a'programme for traverse.

I. Set up a prism on a tripod, tribrach, and prism carrier after centering on a mark on the

ground. The back sight point may be used as a new station.

2. Measure the new station and record the E1, N1, H1 and horizontal angle, record the

angular value in the memory and in a notebook. Turn off the total station.

3. Leaving the tribrach on the tripod, exchange the total station above the tribrach with the
prism on the prism carrier.

4. The exchanged total station and prism should be levelled and centered. Carefully apply
small adﬁxstments for fine levelling and centering.

5. Turn on the total station at the new station and point at the prism.

6. Run a traverse programme.

7. Input the station coordinate (BY, N1, HI) and the new height of the instrument (previous
height of the prism)

8. Pointing the:genter of the prism, set Hz0 (horizontal angle zero) as Hz1 180 or Hzl - -180
(Hzl > 180).1 je the previous station as the new back sight.

9. Input tee new fir(keight of the reflector) and measure. The coordinate of the first station

must be (EO, NO, HO). The error must be less than a few millimeters.
10. To define errors and evaluate accuracy, follow the standard procedures for surveyors.

14.a.Explain the pseudo range method and carrier phase measurement method.

In GPS therg are two types of observables: the pseudo range and the carrier phase or carrier

beat phase.
Co.. w144
PSEUDO-RANGE MEASUREMENTS: o 3 (&)

» The pseudo-range observable, is calculated fom observations recorded during a GPS
survey. ‘

» The pseudo-range observable is the difference between the time of signal transmission
from the satellite, measured in the satellite time scale, and the time of signal arrival at
the receiver antenna, measured in the receiver time scale. *

» When the differences between the satellite and the receiver clocks are reconciled and
applied to the pseudo-range observables, the resulting values are corrected pseudo-

range values.

» The value found by multiplying this time difference by the speed of light is an
approximation of the true range between the satellite and the receiver, or a true
pseudo-range.

» A more exact approximation of true range between the satellite” and reccR/er can be
obtained if ionosphere and tropospherc delays, ephemeris errors, measurcmcnt noise,
and unmodeled influences are taken into account while pseudo-rangmg calculations
are performed.

The pseudo-range can be obtained from either the C/A-code or the more precise P-
code.

Vl

P vt ™\



CARRIER BEAT PHASE MEASUREMENTS: (Heiiaobil

»

The carrier beat phase observable is the phase of the signal remaugng after the °
internal oscillator or frequency generated in the receiver is differenced from the
incoming carrier signal of the satellite.

The carrier beat phase observable can be calculated from the incoming signal or from
observations recorded during a GPS survey.

By differencing the signal over a period or epoch of time, one can count the number
of wavelength cycles through the receiver during any given specific duration of time.
The unknown cycle count passing through the receiver over a specific duration of

time is known as the cycle ambiguity. e I
There is one cycle ambiguity value per satellite-receiver pair as long as the receiver
maintains continuous phase lock during the observation penod -

The value found by measuring the number of cycles going through a receiver during a
specific time period, given the definition of the transmitted signal in terms of cycles
per secand, can be used to develop a time measurement for transmission of the signal.
Onc# again, the time of transmission of the signal can be multiplied by the speed of
light to yield an approximation of the range betweniﬁesﬂlhte and receiver.

The biases for carrier beat phase measurement are the same“as for p eudo—ranges
although a higher accuracy can be obtained using the carrier.

A more exact range between the satellite and receiver can be formulated when the
biases are taken into account during derivation of the approximate range between the.
satellite and receiver.

14.b. (i) Distinguish between single frequency receivers and dual frequency rqceivers.

e J
(i) Single frequency receivers: . 5, % - C 3)

»

»

A single-frequency receiver tracks the LI frequency signal.

> It generally has a lower price than the dlal-frequency receiver becaise it has fewer

components and is in greater demand.
A single-frequency receiver can be used effectively to develop relative positions that

are accurate over baselines of less than 50 km or where ionosphere effects can
generally be ignored.

(ii) Dual-frequency receivers ~ - =D C l}-)

>

v

‘l

}

&
»

A dual-frequency receiver tracks both the L1 and L2 frequency signals and is
generally more expensive than a single-frequency receiver.

A dual-frequency receiver will more effectively resolve longer baselines of more than
50 km where ionosphere effects have a larger impact on calculations.

Dual-frequency receivers eliminate almost all- ionosphere effects by combining L1
and L2 observations.

Nost manufacturets of dual-frequency receivers utilize codeless techniques, which
allow the use of the L2 during anti-spoofing.

These codeless techniques are squaring, cross-correlation, and P-W correlation

14.b.(ii) Lidt and discuss the sources of error in GPS.

The major sources of errors are ; *
i.  Satellite erendent error - Satellite clock error, satellite orbital error, satelhte (25
geometry, ™ ‘
ii.  Receiver dependenterror - Receiver clock error; Antenna C2 p)

Signal dependent error - lonospheric and tropospheric delays, Multipath, Cycle slip, C¢2.)
Selective availability
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1. Explain various segments of GPS.
Segments or Components of GPS:

GPS

Space Segment | Control Segment

- established ephemeris
- calculated almanacs

- satellite health

- time corrections

L1 carrfer

- time pulses
- ephemeris
- almanac

- health

- date, time

From the ground
station

% Space Segment:
E * Consists of 24 satellites in 6
orbits.
User segment Control segment #* Each satellite transmits low
powered radio signals.
% The orbital position is constantly monitored and updated by ground stations.
* Each satellite is identified by number and broadcasts a unique signal.
* The signal travels at the speed of light.
* Each satellite has a very accurate clock, 3 x 10 Seconds.

Distance = Velocity x Time

* GPS Satellite
= Name : NAVSTAR
= Altitude : 11,000 miles
» Inclination : 55 Deg to the
Equator
=  Weight : 863 Kg (in
orbit)
= Orbital Period :12 hrs
The Control Segment
» A Master Control Station ,‘,"’. A 5P ;‘;’ﬂonnorsnuon A\, Ground Antenria "l
» Unmanned Monitor Stations

» Large Ground-antenna Stations



e
Master Conirol

Hawaii B ondtor Station™

Monitor Station -

B 2 ; .

Sy
WU i Kwajalein
-'q! - Ascension Island.~
Monitor Station -

f }:Diegu Clarcia ' Monitor Station
M onitor Staﬁun@ “

lobal Positioning System (GFPS) Master Control and Monitor Station Network

e The control segment or ground segment has one Master Control Station, one alternative
Master Control station (Monitor station).
e 12 command and large ground or control antennas and 16 monitoring sites.
Most important tasks of the control segment

e Observing the movement of the satellites and Space segment 4% —
computing orbital data : " :
 Monitoring the satellite clocks and predicting : \\\

their behavior

e Synchronizing on board satellite time

¢ Relaying precise orbital data received from
satellites in communication

¢ Relaying further information, including satellite
health, clock errors etc.

The User Segment
Users-Military and Civilians
GPS Receivers
= Decodes the signals from Satellites.
= Calculate the distance.
e GPS receivers are generally composed of an antenna, tuned to the frequencies transmitted by
the satellites, receiver-processors, and a highly-stable clock, commonly a crystal oscillator).
e They can also include a display for showing location and speed information to the user.
e A receiver is often described by its number of channels this signifies how many satellites it
can monitor simultaneously.
e As of recent, receivers usually have between twelve and twenty four channels.
e Using RTCM SC-104 format, GPS receivers may include an input for differential
corrections.
e This is typically in the form of a RS-232 port at 4800 bps speed.
o Data is actually sent at much lower rate, which limits the accuracy of the signal sent using
RTCM.
e Receivers with internal DGPS (differential GPS) receivers are able to outclass those using
external RTCM data.
Modes of Operation
= Standard Positioning System HA
= Data Transmitted on L1 Frequency VA

100 m
156 m



= For civil users TA = 340 ns
= Accuracy is degraded HA = 22 m
= Precise Positioning System VA = 27.7m

= Data Transmitted on L1 and L2 Frequencies
= For Military users
= Highly Accurate

2. Discuss the types of GPS receivers.
Types of GPS receivers
Receivers can be classified in many ways;
Two basic types of GPS receivers are:
1. code phase receivers
o CJ/A code receivers
e P-code receivers
2. carrier phase receivers
e Codeless receivers
¢ Single frequency receivers
e dual-frequency receivers
« Receivers using cross-correlation or squaring or P-W techniques
Code dependent or code phase receivers
= These are also called code correlating receivers since they need access to the satellite
navigation message of the P- or C/A-code signal for operation.
« A complete code dependent correlation channel produces following observables and
information:
= code phase
= carrier phase
= change of carrier phase (Doppler frequency)
= satellite message
Carrier phase receivers
e Utilize the actual GPS signal itself to calculate a position.
e Two general types of such receivers are
= single frequency
= dual frequency
(a) Single frequency receiver
e Tracks L1 frequency signal only
o Cheaper than dual frequency receivers
o Used effectively to relative positioning mode for accurate baselines of less than 50 km or
where ionosphere effects can generally be ignored.
(b) Dual frequency receiver
e Tracks both L1 and L2 frequency signal
e More expensive than a single frequency receiver
« Can more effectively resolve longer baselines of more than 50 km where ionosphere effects
have a larger impact
« Eliminate almost all ionosphere effects by combining L1 and L2 observations.




Comparison of single and double frequency receivers

Single Frequency Double frequency
Access to L1 only Access to L1 and L2
Mostly civilian users Mostly military users
Much cheaper Very expensive
Used for short base lines Used for both long and short base lines
Most receivers are coded Most receivers with dual frequency are codeless
Corrupted by ionospheric delay Almost independent of ionospheric delay
Modulated with C/A and P codes| It may not be possible for civilian users once Y code is
there.

Receiver based on user community/application
e Receivers can be classified depending upon who is the user, e.g. Military, Civilian,
Navigation, Timing, Geodetic/surveying, Handheld receiver
Geodetic receivers
These receivers are essentially used for geodetic/surveying applications with the following
characteristics;
= carrier phase data as observables
= Auvailability of both frequencies (L1, L2)
= Access to the P code, at least for larger distances, and in geographical region with
strong ionospheric disturbances (low and high latitudes).
Following factors should be kept in mind for such receivers
e Tracking all signals from each visible satellite at any time (GPS only system requires 12 dual
frequency channels; GPS+GLONASS system needs 20 dual frequency channels)
« Both frequencies should be available
o Low phase and code noise
o High data rate ( > 10 Hz) for kinematic applications
e High memory capacity
o Low power consumption and weight and small size
o Full operational capability under AS
o Capability to track weak signals (under foliage, and difficult environmental conditions)
« multipath mitigation, interference suppression, stable antenna phase centre (explained later)
« Good onboard and office software

Other useful features for geodetic receivers
e A modern GPS survey system should measure accurately and reliably anywhere under any
condition
e It should be useable for almost any application (geodetic, geodynamic, detailed GIS and
topographic engineering survey, etc.) and may have the following features
= 1 pps timing output
= event marker (for marking special events or area of interest to the GPS use)
= ability to accept external frequencies
= fast data transfer to computer
= few or no cable connection
= radio modem




3.

= DGPS and RTK capability (explained later)

= operate over difficult meteorological conditions

= ease in interfacing to other systems and from other manufacturer
= ease and flexibility of use (multi-purpose applications)

= flexible set up (tripod, pole, pillar, vehicle)

Discuss about the working principles of Geodimeter in total station.

Geodimeter:

It is based on propagation of modulated light waves was developed by E. Bergestrand of the
Swedish Geographical survey in collaboration with the manufacturer,(M/S. AGA of Sweden).
Model 2-A can be used only for observations made at night.

Model - 4 can be used for limited day time observations

Working /Measuring Principles:

5.

b 3
N\, Toreflactor
LY 3.

3. 1.3 > >

Figure shows, the photograph of the front
panel of model -4 geodimeter mounted on
the tripod.

The main instrument is stationed at one end
of the line (to be measured) with its back 5]
facing, the other end of the line , while a

reflector (consisting either of a spherical

mirror or a reflex prism system)is placed at 6
the other end of the line. g

The light from an incandescent lamp (1) is

=N
:
n
L 4

A 4 v

-
LA
<5

s .- >
7 Fromy reflecter

focused by means of an achromatic AR
condenser and passed through a kerr cell “1, Incandescent lamp 5. Variable electrical delay ur
(2) 2, Kgrr f:ell i 8. Nulbindicator

. ;'13. 2;1001 s prismg . 7. Crystal cqntro}led osci!iatcx
The kerr cell consists of two closely spaced wEHE S B ey g

conducting plates, the space between which

is filled with nitrobenzene.

When high voltage is applied to the plates of the cell and a ray of light is focussed on it.

The ray is split into two parts, each moving with different velocity.

Two nicol’s prisms (3) are placed on either side of the kerr cell.

The light leaving the first nicol’s prisms is plane polarised (divide into two groups with
completely opposite views.)

The light is split into two (having a phase difference) by the kerr cell. on leaving the kerr cell,
the light is recombined.

However because of phase difference, the resulting beam is elliptically polarised.

Diverging light from the second polarised can be focused to the parallel beam by the transmitter
objective, and then can be reflected from a mirror lens to a large spherical concave mirror.
On the other end of the line being measured is put a reflex prism system or a spherical mirror,
which reflects the beam of light back to the geodimeter.

The receiver system of the geodimeter consists of spherical concave mirror, mirror lens and
receiver objective.

The light of variable intensity after reflection, have an effect on the cathode of the photo tube

(4).



¢ In the photo tube, the light photons impact on the cathode causing a few primary electrons to
leave and travel accelerated by a high frequency voltage, to the first dynode, where the
secondary emission takes place.

e This is repeated through a further eight dynodes.

e The final electron current at the anode is some hundreds of thousand times greater than that at
the cathode.

e The sensitivity of the photo tube is varied by applying the high frequency kerr cell voltage
between the cathode and the first dynode.

e The low frequency vibrations are eliminated by a series of electrical chokes and condensers.

e The passage of this modulating voltage through the instrument is delayed by means of an
adjustable electrical delay unit (5).

e The difference between the photo tube currents during the positive and negative bias period is
measured on the null indicator (6) which is a sensitive D.C moving coil micro-ammeter.

e To make both positive and negative current intensifies equal (ie, to obtain null point), the phase
of the high frequency voltage from the kerr cell must be adjusted + 90° with respect to the
voltage generated by light at the cathode.

e The light is focussed to a narrow beam from the geodimeter stationed at other end to the reflector
stationed at the other end of the line.

e ltis reflected back to the photo multiplier.

e The variation in the intensity of this reflected light causes the current from the photo multiplier
to vary where the current is already being varied by the direct signal from the crystal controlled
oscillator (7).

e The phase difference between the two pulses received by the cell are measure of the distance
between geodimeter and reflector (ie, length of the line).

e The distance can be measured at different frequencies,

=  Model -2A ----- Three frequencies are available.
= Model -4 ----- Four frequencies are available on phase position indicator.

e The polarity of the kerr cell terminals of high and low tension are reversed in turn.

e Fine and coarse delays switches control the setting of the electrical delay between the kerr cell
and the photo multiplier.

e The power required is obtained from a mobile gasoline generator.

= Model -4A has a night range of 15 meters to 15 km,
= Day light range of 15 to 800 meters

= Average error of £10 mm = five millionth of distance
=  Weight about 36 kg without generators.

2. Explain in detail about the route surveys for highway project.

e In a highway reconnaissance survey, the following details are collected:
i. Obstructions along the route
ii. Gradients and Length of curves
iii. Cross drainage works
iv. Soil type along the route.
v. Sources of construction materials.
vi. Type of terrain
e The preliminary survey in a highway project is done with the main objective of
I. Various alternate arrangements
ii. Estimate the quantity of earth work material and other construction aspects.
iii. Compare different proposals



e The following surveys are constructed:
i. Primary traverse
ii. Topographical surveys
iii. Levelling work
iv. Hydrological data
v. Soil surveys.
e Detailed survey involves
I. fixing temporary bench marks along the route for every 300m
ii. The C/S details are taken for 30m on either side of the central line.
iii. All details of cross-drainage works are taken.
iv. Topographical details are taken
v. Detailed soil survey is carried out.
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Types of Electronic Distance Measurement Instrument
EDM instruments are classified based on the type of carrier wave as

Microwave instruments
Infrared wave instruments
Light wave instruments.

1. Microwave Instruments

These instruments make use of microwaves. Such instruments were invented as early as 1950
in South Africa by Dr. T.L. Wadley and named them as Tellurometers. The instrument needs
only 12 to 24 V batteries. Hence they are light and highly portable. Tellurometers can be used
in day as well as in night.

The range of these instruments is up to 100 km. It consists of two identical units. One unit is
use ! as master unit and the other as remote unit. Just by pressing a button, a master unit can be
converted into a remote unit and a remote unit into a master unit. [t needs two skilled persons
to operate. A speech facility is provided to each operator to interact during measurements.

2. Infrared Wave Instruments
In this instrument amplitude modulated infrared waves are used. Prism reflectors are used at
the end of line to be measured. These instruments are light and economical and can be mounted

on theodolite. With these instruments accuracy achieved is = 10 mm. The range of these
instruments is up to 3 km.

These instruments are useful for most of the civil engineering works. These instruments are
available in the trade names DISTOMAT DI 1000 and DISTOMAT DI 55.

3. Visible Light Wave Instruments

These instruments rely on propagation of modulated light waves. This type of instrument was
first developed in Sweden and was named as Geodimeter. During night its range is up to 2.5
km while in day its range is up to 3 km. Accuracy of these instruments varies from 0.5 mm to
5 mm/km distance. These instruments are also very useful for civil engineering projects.

Operations of Electronic Distance Measurement Instruments
It is essential to know the fundamental principle behind EDM to work with it. The

electromagnetic waves propagate through the atmosphere based on the equation

=fi=(tg
F=f 4 =4

f=I/T: (T=Time in seconds)

Where *v" is the velocity of electromagnetic energy in meters per second(m/sec); f is the
modulated frequency in hertz (Hz) and A is, the wavelength measured in meters.
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The method, based on the propagation of modulated light waves, was developed by E. Bergestrand °
of the Swedish Geographical Survey in collaboration with the manufacturer, M/s AGA of Sweden. -
Of the several models of the geodimeter 3 2 3
manufactured by them, model 2-A can be e
"used only for observations made at night M 510 Hefiaclos
while model-4 can be used for limited day 3 3 = >
time observations.

Fig. 15.6 shows the schematic diagram

of the geodimeter. Fig. 15.7 shows the L

photograph of the front panel of model-4 L
geodimeter mounted on the tripod. The main

instrument is stationed at one end of the ¢

line (to be measured) with its back facing b e P

the other end of the line, while a reflector
(consisting either of a spherical mirror or a
reflex prism system) is placed at the other
end of the line.

The light from an incandescent lamp
(1) is focused by means of an achromatic
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1. Incandescent lam 5. Variable electrical delay unit
condenser and passed through a Kerr cell 2. Kerr cell g 6. Nu“ ind?fam, e
(2). The Kerr cell consist of two closely 3. Nicol's prisms 7. Crystal controlled oscillator
spaced conductin g plates, the space between 4. Photo tube 8. Variable light delay unit.

which is filled with nitrobenzene. When Fig. 15.6 Schematic Diagram of the Geodimeter.

high voltage is applied to the plates of the cell lll}(l n x:ny ol .hul‘u, m'.fncum(:';l) (::- ;l.. ll;hf:.';uy I8 spliy
into two parts, each moving with different veloeity. l\'No N}col By 1sms L lart P‘ ;(%l( On either
side of the Kerr cell. The light leaving the first Nicol's prisms 18 .[‘)lunc po Kﬂrm«.'(  The 1,.“;“ i
split into two (having a phase difference) by the Kerr cell. On‘lcnvmg tl}c 'llt?n;. u.lll1 the 1,",?“ i
recombined. However, because of phase difference, the resulting hcu{r; 1? e 1}? 1;.}? z polarised,
Diverging light from the second polariser can be focused to & ptxrt}ll(;1 .)c'.ar{t o)r" cut : ransmitter
objective, and can then be reflected from a mirror lens to a large sphericalc ¢ mirror,

On the other end of the line being measured is put a reflex prism gystem or a sfpl;encal mirror,
which reflects the beam of light back to the geodimeter. Thg receiver 'systt'arr;i1 o]_t. : g'«’delmeter
consists of spherical concave mirror, mirror lens and receiver obJect'.lve.4 Ie :ﬁ t oh variable
intensity after reflection, impinges on the cathode of the.photo tube (4). k nlea\(:.epa o(;ot tube,
the light photons impinge on the cathode causing a few primary electrons do emis:i . l;a,l,{el‘
accelerated by a high frequency voltage, to the first dynode, where the secondary v nta za
place. This is repeated through a further eight dynodes. The final electrox}r ;urren zt .te a?ohe
is some hundreds of thousand times greater than that at the cathode. The se}rza 1v1hydo the
photo tube is varied by applying the high frequency-K.erx: cell voltage be!:wee;\ tl etcf:t 10 ; ?d
the first dynode. The low frequency vibrations are eliminated by a series 0 e e:.n:;al c od gs
and condensers. The passages of this modulating voltgge through the ms}:.rul:e: tlsb elaye ty
‘means of an adjustable electrical delay uni}; %5) The dxffer:x;c;e :);:“rlleuelrlx itn ;trc’a?o ;) : ‘\;) ;ev ;\;:;eix; 2
during the positive and negative bias per1od 18 measure . e
iti ving coil micro-ammeter. In order to make both the negative and positi

iir;:;zzeinlzég.sixgzs ecfual-(i.e. in order to obtain null-point), the phase of the high frequency
voltage from the

Kerr cell must be adjusted £ 90° with respect to the yoltage generated by light
at the cathode.

i ichi from the geodimeter stationed at one end to
the light which is focused to a narrow peaxx} one
th;rll'l:ﬁsécaer stﬁlﬁoned at the other end of the line, 18 reflected back ft: t.het :ho;:) ;nu‘::l};::;; erTl‘:z
jation i i ity of this reflected light causes the current from e photo
o YA mtens:; iys already being varied by the direct signal from the crystal com:'rolz:’;.c‘la
I oscillator (7). The phase difference between the two pt.llses received by {:pe cell are a meas
! of the distance between geodimeter and the reflector (i.e., length of the ine). ' e
The distance can be measured at different frequencie;. On l\lilodel-%tgf th:rg:zsﬁz}tj:,m i
i i ies. Four phase positions ;
frequencies are available. Model-4 has four frequenmes positicpe e ¥ AR
ition indi i hase indicates that the polarity of the Xexrr
i and o a7 ‘fine’ and ‘coarse’ delay switches control the
f high and low tension are reversed in turn. The ‘fine’ an lelay b
Zettiig of the electrical delay between the Kerr cell and the phof.o multiplier. The pc‘:\.:rtze?;lkm'
! is obtained from a mobile gasoline generator. Model-4 has a night range of és met lllionth i
a daylight range of 15 to 800 metres and an average error of + 10 mm * five mi

distance. It weighs about 36 kg without the generator.

vary where the curren
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GPS Segments

The Global Positioning System basically consists of three segments: the Space Segment, The
Control Segment and the User Segment.
Space Segment

>
The Space Segment contains 24 satellites, in 12-hour near-circular orbits at altitude of about

20000 km, with inclination of orbit 55°. The constellation ensures at least 4 satellites in view
from any point on the earth at any time for 3-D positioning and navigation on world-wide basis.
The three axis controlled, earth-pointing satellites continuously transmit navigation and system
data comprising predicted satellite ephemeris, clock error etc., on dual frequency L1 and 1.2
bands

Control Segment

This has a Master Control Station (MCS), few Monitor Stations (MSs) and an Up Load Station
(ULS). The MSs are transportable shelters with receivers and computers; all located in U.S.A.,
which passively track satellites, accumulating ranging data from navigation signals. This is
transferred to MCS for processing by computer, to provide best estimates of satellite position,
velocity and clock drift relative to system time. The data thus processed generates refined
information of gravity field influencing the satellite motion, solar pressure parameters,
position, clock bias and electronic delay characteristics of ground stations and other observable
system influences. Future navigation messages are generated from this and loaded into satellite
memory once a day via ULS which has a parabolic antenna, a transmitter and a computer. Thus.
role of Control Segment is: - To estimate satellite [space vehicle (SV)] ephemerides and atomic

clock behaviour. - To predict SV positions and clock drifts. - To upload this data to SVs.
User Segment

The user equipment consists of an antenna, a receiver, a data-processor with software and a
control/display unit. The GPS receiver measures the pseudo range, phase and other data using
navigation signals from minimum 4 satellites and computes the 3-D position, velocity and
system time. The position is in geocentric coordinates in the basic reference coordinate system:
World Geodetic reference System 1984 (WGS 84). which are converted and displayed as
geographic, UTM, grid, or any other type of coordinates. Corrections like delay due to
ionospheric and tropospheric refraction, clock errors, etc. are also computed and applied by the

user equipment / processing software..
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A wide variety of GPS receivers are commercially available today. Depending upon the type
of application. accuracy requirements and cost factor. the user can select the type ol GPS
receiver which best suits his demands. The receivers available cover a wide range from the
high-precision Rouge receivers developed by the Jet Propulsion Laboratories, (JPL), of the
National Aeronautics and Space Administration (NASA). with built-in atomic clock. to the
hand-held navigation receivers used by Army personnel. mountaineers, etc., which can give
the position to few-metres accuracy. FEven wrist-watches with built-in GPS receivers are now
commercially available (e.g.: the Casio GPS watch).

Navigation Receivers

These receivers are normally single-frequency. C/A code. hand-held light weight reccivers.
which can yield the position with a few-metres to few tens of metres aceuracy. Single channel
receivers, which can track 4 or morc satellites by either sequential or multiplexing technique.
which were more common in this category. are now being replaced by two or five channel
receivers. These receivers are very much portable, weighing only few hundred grams, and are
fairly inexpensive, being in the few hundred U.S. dollars price range. Examples of such
receivers are the Magellan 5000 GPS receiver marketed in India by ROLTA (India), the
NAVSTAR GPS PC card that can be fitted in personnel computer, marketed in [ndia By
Micronics Ltd., the Casio portable GPS receiver in a watch, etc. The accuracies in positioning
obtained by these type of receivers are in the range of few tens of metres in absolute positioning
10 (in the absence of SA), and few tens of cm in relative positioning, over short baselines of
few km.

Surveying Receivers

The surveying Lype of receivers are single frequency, multi-channel receivers. which are uscful
for most surveying applications, including cadastral mapping applications, providing tertiary
survey control, engineering surveys, €tc. These are more expensive than the navigation type of
receivers, and more versatile. The data from many of thesc receivers can be directly imported
in to most commonly used GIS software packages / formats. Most of these receivers can also
be used in DGPS mode. Examples of surveying receivers are the PRO-XR model of Trimble
Navigation Ltd.. the SR 100 model of Leica Ag.. etc.

Geodetic Receivers

The Geodetic receivers are multi-channel, dual-frequency receivers, generally with the
capability of receiving and decoding the P-code. They are heavier and more expensive than the
navigation and surveying receivers, ranging from the Rouge receivers installed at the GPS
tracking stations, to the portable geodetic survey control receivers. They are capable of giving
accuracies of the order of few cm-level in absolute positioning with precise post-processed
satellite orbit information and of few mm-level in relative positioning. Examples of such
receivers are the 4000 SSE of Trimble Navigation Ltd., the WILD 200 of Leica, and
ASHTECH.
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	V V COLLEGE OF ENGINEERING
	Anna University Solved Questions
	(Last Five Years)
	Staff Name : Mr. R. IYAPPAN      Semester / Year : III / II
	UNIT I
	April / May  2018
	November  / December  2017
	April / May 2018
	1. What is mean by triangulation adjustment? Explain the different condition and cases with sketches.
	2. A traverse ABCD was to be run but due to an obstruction between the stations A and B, it was not possible  to measure the length and direction of the line AB. The following data could be only be obtained. Determine the length and the direction of B...
	Answer:
	Algebraic sum of the latitude and departure should be equal to zero
	28.405 – 76.186 + L Cos θ = 0     i.e., L Cos θ = 47.781
	97.108 – 30.804 + L Sin θ = 0     i.e., L Sin θ = -66.304
	The line AB lies in NW quadrant
	tan θ = (departure / latitude)  = (66.304 / 47.781) = 1.387
	θ = N54o13’20”W
	Length of line AB  = √(lattitude2 + departure2)
	= 81.73 m
	C = 58  01′ 14.7″
	November / December 2017
	Solution:
	Given Data:
	Solution:
	Hence the corrected angles are
	Determine the most probable value of each angle.
	Solution:
	Normal equation of A:
	Normal equation of B:
	Normal equation of C:
	April / May 2017
	Characteristics or Requirements of a Good Signal:
	Classification of signals
	(b) Target signal
	(e) Beacons
	Heliotrope:
	Correct the observed altitude for the height of signal – refraction and curvature.
	Solution:
	Correction for Axis Signal (δ)
	Correction for refraction (r)
	Correction for curvature (c)
	Total Correction:
	Corrected observed angle:
	November December 2016
	Satellite station:
	Computation of True angle
	Angle of BSC = 76  25' 32"
	Angle of CSA = 54  32' 20"
	Baseline :
	Methods used to measure baseline
	Rigid bar method
	Hunter’s short base method:
	Given Data:
	Correction for temperature(Ct)
	Correction for pull or tension Cp
	Sag Correction:
	April May 2016
	Classification of Triangulation System
	Solution:
	Cp  =  ( P-Po )L / AE
	Angle of BSC = 76  25' 32"
	Angle of CSA = 54  32' 20"
	Same as November December 2016; Question No:1(ii)
	Given Data:
	UNIT IV ADVANCED TOPICS IN SURVEYING
	April / May 2018
	1. Explain the application of three point problem in hydrographic surveying and strength of fix in hydrographic surveying.
	Now sine of middle part = product of cosine of opposite parts.
	In this method, the boat is kept in range with the two signals on the shore and is rowed along it at constant speed. Soundings are taken at different time intervals. Knowing the constant speed and the total time elapsed at the instant of sounding, the...
	To fix a point by observations from the shore, the instrument man at B orients his line of sight towards a shore signal or any other prominent point (known on the plan) when the reading is zero. He then directs the telescope towards the leadsman or th...
	The method is exactly similar to the previous one except that the angular fix is made by angular observation from the boat. The boat is kept in range with the two shore signals and is rowed along it. At the instant the sounding is taken, the angle, su...
	In this method, a point is fixed independent of the range by angular observations from two points on the shore. The method is generally used to locate some isolated points. If this method is used on an extensive survey, the boat should be run on a ser...
	Thus A and B are the two instrument stations. The distance d between them is very accurately measured. The instrument stations A and B are precisely connected to the ground traverse or triangulation, and their positions on plan are known. With both th...
	The surveyor on the boat holds a flag for a few seconds, and on the fall of the flag the
	This method is the combination of methods 5 and 6 described above and is used to locate the isolated points where soundings are taken. Two points A and B are chosen on the shore, one of the points (say A) is the instrument station where a theodolite i...
	The method is very much useful in smooth waters. The position of the boat is located by tacheometric observations from the shore on a staff kept vertically on the boat. Observing the staff intercept s at the instant the sounding is taken, the horizont...
	The direction of the boat (P) is established by observing the angle (α) at the instrument station B with reference to any prominent object A The transit station should be near the water level so that there will be no need to read vertical angles. The ...
	Protract angles α and β between three radiating lines from any point on a piece of tracing paper. Plot the positions of signals A, B, C on the plan. Applying the tracing paper to the plan, move it about until all the three rays simultaneously pass thr...
	The station pointer is a three-armed protractor and consists of a graduated circle with fixed arm and two movable arms to the either side of the fixed arm. All the three arms have beveled or fiducial edges. The fiducial edge of the central fixed arm c...
	which is the required condition for the solution.
	(c) Third Method:
	The approximate height of tide of known rise at any time between high and low water can be expressed
	r = range of tide
	A Fathometer is used in ocean sounding where the depth of water is too much, and to make a continuous and accurate record of the depth of water below the boat or ship at which it is installed. It is an echo-sounding instrument in which water depths ar...
	The figure shows the earth and the moon, with their centres of masses O1 and O2 respectively. Since moon is very near to the earth, it is the major tide producing force. To start with, we will ignore the daily rotation of the earth on its axis. Both e...
	Now let us consider the earth’s rotation on its axis. Assuming the moon to remain stationary, the major axis of lunar tidal equilibrium figure would maintain a constant position. Due to rotation of earth about its axis from west to east, once in 24 ho...
	Solar tide = 0.458 Lunar tide
	Above equation shows that the solar tide force is less than half the lunar tide force. However, their combined effect is important, especially at the new moon when both the sun and moon have the same celestial longitude, they cross a meridian at the s...
	Due to the several assumptions made in the equilibrium theory, and due to several other factors affecting the magnitude and period of tides, close agreement between the results of the theory, and the actual field observations is not available. Due to ...
	G.A.N. = 5h 23m 0s
	Azimuth of sun is given by,
	In the astronomical triangle ZPM, we have
	Using cosine formula,
	Determine azimuth of line.
	Solution:
	Polar distance, PM = 90o– δ = 90o – 22o 5’ 36” = 67o 54’ 24”
	Azimuth of sun, A = 97o 6’ 41.27”
	UNIT V MODERN SURVEYING
	April / May 2018
	1. Explain briefly about the working principles of Total Station.
	November / December 2017
	Segments or Components of  GPS:
	Space Segment:
	Distance = Velocity x Time
	The Control Segment
	Most important tasks of the control segment
	The User Segment
	Modes of Operation
	Types of GPS receivers
	Code dependent or code phase receivers
	Carrier phase receivers
	(a) Single frequency receiver
	(b) Dual frequency receiver
	Receiver based on user community/application
	Geodetic receivers
	Following factors should be kept in mind for such receivers
	Other useful features for geodetic receivers
	Geodimeter:
	Working /Measuring Principles:

