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TONGENT LENGTH (T)

T = TN sNT

ton(4 ) TN .zl
ﬁ( B ) 5 o s :—,;
+an (_f_* ) = jﬁ_

-

\;T. = R ‘{Tuﬁ(_-_ﬂ-_B
2

LEN&GTH oF ong, CHORD CL.X

L = T1J1

B‘m _"_'l D
&)

(A ). To
Wa&grmgrk Sample

. E e LS K%ﬂ

BPEX OILTANCE o0R EXTERNAL DISTANCE [E]

E . £V
= NO- ¢0

R £
E = R[&ea (_%:\—\J

Source DigiNotes Scanned by CamScanner



®ID ORODINBTE ' U"ﬁ C)q.“. DD}

® = ¢CD
= CO - DO ,
= R - R
: “s ()

i m ? Ner %me

Tre  oond w‘émgre o-f 'Hnel Luwe' 1% aleo
HWate@mcard& %mm@e

Proler .

«

0 A cvedar
ArVde ' has soo0m vodiua ‘ord ot o

defleck o
echon ﬂﬁaiﬂ o-F G.g . Colculote

@) ;’.E\'a‘{-h
~of +he turve (Icp) -tmﬁem @:.a‘fh ) Leﬂaqp,.,
of {..B'na vl

aleo colcubte the of the Clurve.
bd ove c;'l!'gm{-a&n and C&\Wt;ll 'o[ﬂ‘ﬁﬂa‘l'{ﬂﬂ,

L
%,.%L

chovd  (d) AP@:(“. digtorce Cey m

ovdirnte )

B
A

200

S

Source DigiNotes Scanned by CamScanner



(@) Laﬂg‘ﬂ‘i of the curve (A)

l = TTRA
180
= T x 200X -:-,5‘

|%0

BTN

(b ) Taﬂaaﬂ-lr lEﬂaﬁh ()

T = B -huﬁ(_é_D

= 986 X -Ean(_gf“)

Wateritark Sample

C J Lexﬁa'k‘n D-F 1|':‘_‘|T‘la Chﬂ'fd (L

- = 1R 511"# (T>

= 1 %300 X Eﬁ(é? }

£ = 2ia cn’__l

(&) Apes distance (€ )
E = ® [eee(8) ]
T A see (857

LE - »% onm

Source DigiNotes Scanned by CamScanner




@) wid ordinote (M or 0 )

W o R[!-Lus ):)

E‘G Qe :}e—ﬁﬁnﬂﬁﬂ

ore of agm

Lad m&.'vra n&.&um‘ma o

1Eﬁa e crocd  dafinotien
- 1‘+1q
Wa(_errp ark ‘Sample
- e e
LB = %.E‘H‘ﬂ ED < E,.Eq,.b..a)

Ba crovd  dedrotion \aa 'lltli":.-%u!‘*n\ﬁa a 20m

Chord 11\'»%% acc  difratien
| | TxBRx p ey
B = 139 \B0
o
= 3 D = 2oxi®0
E 200 ¥ 77

Jource DigiNotes Scanned by CamScanner




—

:j , Cuvve o
@ Determive +ne Yodie oF the (ﬁ”‘-‘m

i &3&& of e & S

G‘u‘JE'ﬁ"“
D=s

By ofe defirots en ‘.::U CIE'E;UM"-ﬁa o

are Oof 20 m ler*ta-t'h

ample

ij Shovd  defnation 'b\d ﬁﬁﬁufﬂ'ﬂf(‘j o  chod

lecgth of 20 ™
iy

W D

— T —

120 2

R = 19 %x \BOX%X%
o s

—UQ = 343.:-2_—‘

Source DigiNotes Scanned by CamScanner



SETTING ©DUT SIMPLE CIRCULAR CURVES

—

c’s?:eﬁ-‘ma out & cuvve means 'mm"r'w’ﬁ Narioug
Poirte ot -Ejunl OFf wnvinient digtances &l‘bﬂa

“‘he haﬁa-th of the cuvve.

* The digtance lbetween +Hwo n:nat Successive

Pﬂ'mﬂ'l‘& 2 coMed Pea ‘aﬂ“‘:E‘f“Jﬂ.t-

Cr
¥ The mettod of &eﬁﬂa out §>‘~m‘?l‘*€ P

axe 'CDH“DQ.:Lhd clossified og

VY Lnear methode
Il) Iﬁ&ﬂ Uit 'h'ﬂ_‘\ m..bhod 2 o P"{\‘a "«...lll.ﬂ"l""' ff}E'l:‘nc:'L&

“Watermark Sample

I:E') l___‘-.w?_cr- methody -

Tn 4he Woear metheds faﬂ%j o chain or
-I:D-PE 2 used

ay L'i‘fEc:rr* methods ove used (When *‘\6") C:I-Bﬂ.u

of uctum(,(j 2 not re?u}red_ or  when +he
Curde 18 Short.

F&\\mﬂm@ ave the Method® of “he lngor Metht
for cge{-hw out éFmFFe (aralor  tuvrves.
(i) Eﬂ offdets or ovdinates o the E,Dﬁﬁ

Chovrd
fu,) Ba perpendicolor offeety fem Tunaeﬁ-t&

Source DigiNotes Scanned by CamScanner



it

'..Uif\} Radial offaete Hemn the 'fur@en-iﬁ.

(.N) E’a SQuccessie Wigecton of ovrce,
) Ba offeete fem chovde Pmcluced ov

deflection  digtonce roethod

[Cu\} Iﬁ{?ﬁfumn’tmk methods oOF Aﬁitlﬂr“ retiodg

¥ T s method, an nghument Such oz the

thepdolte & used i O Orthout @ chain or
'I:u.f&é.

DROTINMATES FRom LONG cHoRD 08B OFFSETS

FRomy LonNG CHORD

WaWﬂvSam ple

/-’/
E
Ce |
T |
/ \ RNITIRITA
\"«. y
i \
"'... |
i
R \
]
=) \
‘ R
.I 3
v o _.x"'-
\'h""-l- -rlrl
RV

Source DigiNotes Scanned by CamScanner



Let R = Radiue of 4he Qurve
Oy = Mid ovdinate
Ox = ovdinate ot digtonce =  New tha
l‘ﬁ'-den'\' of +he chovd
—ri ‘n“d TI. = To E'ﬁ* Pg\ﬂﬁ
I.Eﬂﬂ-thn:a
L - Lma chord Clc‘:uau.vd meosured B

+he (T.Duf‘#d
Bi%ect e l:;.wa crord ot pOInt P fem the
ﬂ-\ﬁufa'u. OT.D

(67)* » (M0 4 (oo ¥
Wdterrark Sample
b (‘;JL & 8- 0.8
(R-0s) - (BR)" - [£)*

X I0 onder o coleulate the  ordinartes ox o
ﬁra Pint 'E' Ovaw +re (me EE' parallel Fo
Hhe Lﬁ"a N I"T“Ti'. Jom E0 1o wd e
L‘D“a chord ot tGw .

* Then o = EF . g'y

Source DigiNotes Scanned by CamScanner



Ox = EE*D I 5515

= JIED‘J‘L— (ee')* - o -<0)

N B el B e F (va

0 &et out the &nmP!e cuarve bd ovdanates Lo
he Lo
rre Lﬂ"a chovd, . Toke the lerﬁ%h of 1 W

chod hes so0m ordanotes ot P?P

of O m and vevsed Qne oOFf 4m.

0, -R-JTL__ ﬁm\
» \Wateemark Sample

2 ) Ly
kﬁ_‘#\i = g2 a0t %(_4“__"15-—' Dﬁi—fﬁ“—Hﬁ\

n-f'eruc:fs

R+4 - 2(r)(4) = g ap™

4 16 - 3R = R - oo
BR = 1800 +\§
B8 = 1818

LR ?—ﬁiu—__?l

Ox = \](P\T' ) -(R- 0, )
=ﬁim‘}"- (o) - (203 - A )

Q“rﬂ'au_ RO — 198

Source DigiNotes Scanned by CamScanner



= 90\Se - 9%

B = 3.752 m

. 201.00-19%
031:! 201

= Z.D03F ™M
naﬁ = L —1‘5{'1 m
Opo = 0

G'Eﬂ" 2.71%91L ™

0

1]

co 200771 =

“Watermark Sample

End &gi—tﬁﬂa out Gmple cireular Curve ba :

vol odueced
the Mmethodof offaste” from chorols  or

SourceDDigiNotes

Scanned by CamScanner



™S ﬁ'ﬁe“:hncl [ #EN‘H rouch UE:E.'F'L.J.". %p L&r?

curves ond s Emuﬂ uGbed BN hfakmgﬁ
urves then -the theodolte % not ovailable.

¥ ket T 0, - T8 -c, nkal Subchord -c

the Poirrhs En -the Curve .

'H, B | D ave

¥ Then PB® = %econd chod =¢Cy BD=C4

% TN = Rear 'f.'ﬂhaewt

% l—_“ﬁ = = def lecton araﬁa of Hret chowd

* 60,8 = 0, = Fugt offect '
6, O - Oy = Gecond offset

.p{_"‘

Watermar Samp]e

* MNow ave HP=0 = T.AS >

dnce TV & +the -tanam‘t ot the circle at T,

| TioB - o | BT\ 6

T B s B S
[ &os men iy
9R > @)

Sub&ﬁ"cu'ﬁhd the Valuw of {cgj ) eﬁﬂ@ Ultatf

P,-,r.:' ﬁlﬂ = O, = T\HCS

= il s TR
3 R

NG

e

28 *
Source DigiNotes Scanned by CamScanner

M



%
9 &

Dm‘i_g -———-‘)@

To order o Oltan the valus of  Sewnd Offay
0y Hfor aﬂ‘H\ the Fﬁnh‘{ B on the Qavve,

d‘ﬁ:.uj O "TﬁﬁaEh't Fl':b,‘ 4 the wne ot A

W ad the vear “l?uﬁaaﬁ{ act H doin

T A ord Pmknﬁa “ 1t a Fmﬁ.t By Such that

': HE = C,!_ < .The.ﬁ 1 = BE_B

Ae, -the aloove

offect 9’ Qr mhe, wrams(aemb = b
B

/’amn [es P, - |F!.'HT, [QPPUE;I{E ana[t.-,j

&irce "T'l”.l1I and AP oL both 'tm_aefﬁﬁ, th?
e Q-T/ua.l (wﬂ-Hn \

HT- = &

‘E‘iﬂﬁl * l Fllﬂ'r.. =&

ﬂf{: &El = HB‘KS
= G&

'glu\ﬂﬁu%ﬁa ‘e Vﬂ{-‘-ﬂ 0‘{" 6 'Fl'a-m ?_g‘ﬂ@ we ?.:E
Source DigiNotes Scanned by CamScanner



B}.E‘.‘y = C,_::S

= < A
2R
BiB‘l ] Clc"!
1%
ofe BB, = By8, ¥ 53, -I
= 3
CaC, i Cyf
2R 9 R
Di = C'i. (C..,—\-C,,,.}
9%

% L-:*_m::.}] — &
*Watermark Samplel™?

O - +C
L fm |+

* The last or n™ offeet e ah:en b'a

E"‘ = % {_Cn-1 +Cﬁ)]

e

¥ Gener +he | st chord & o Sub c‘hn‘mL
GU of e ‘l:'n " and the irtermediate
" c}nr.::l&. E:oﬁ of (ﬂ/"’a“ﬂ”

chovrds, osa mrfﬂ

C., TN ‘H‘.Q't' o

& veduced p:}‘ ’ J:j
i | R

Source DigiNotes Scanned by CamScanner

LA




o D - %:, (£4 &)

D+ "’% (@)

.
Oy 'i—ﬁ—(_l:-i-(:)

)|
Oq - %(C-v.g‘)

@ Two ‘tangente wters ect CITI.' o thiﬂﬁéa
S99 +e0 , ~the -d&{‘ﬁgé-ﬁaﬁ nnalq be:f? 5D‘~E=n'+

coltuloli 4he necessary dota e Sething out
. ANatermark.Sam BI@ w
400 +mﬁ.ﬂt 1t ie irtended 1o Set oudt

+the Cii Ol Ls'(‘j n#&{g vﬁm +he chorda

Produced. Take peg nterval = 100 Lk, kg

Of +he chan Joema $p M = 00 Ginka-

g?-)-ﬂ Gyven .

-y i

d'mmoa,n-o-F-P'_[". -I5
: = 59 +¢0

. Deflechon ::'ma‘ng (&) = 1) :a_ﬂ"

n

B=1s chane = \S ¥ 99

A0 m
- J

0 M

Peaa In-teu“uq\& = 100 linke

Length of +4he choin = 3om =wo Unks
Source DigiNotes Scanned by CamScanner



"'iﬁra:,n'l‘ L‘”ﬁ'&h (—r)

B (4)

'S v1rton ED 3‘0 ) .0 F4A chaing X0

T = 4] A% ™

Le.ﬁra":h of the wurNe (»L) = TTRA
%0

il

s |
B4 XA \G X 5"'-'-"_1"_{:’

e —

senenr]
~Matermark Sample

= @z ™

Dediict +he Tﬂﬂ«aﬁﬂ"i 'IEOa'H” )
Wag - 1481, 4%
= 050,51
th“‘““@“ of PFC = 105052
Add \eﬁa'l‘n of vaeve (L) = 264 .42 ™
Q}ﬁmnnaﬂ - 105052 + 264 A%

e B |214.94 ™

Source DigiNotes Scanned by CamScanner



The c}nlﬁuaj of each Feﬁ will be  muldple

6S 74
of 90 ™. 5

The '\E:na'kh

= 1060 - 050,52

F"‘% A% rﬂ

of +he Hrat 8ul chord

——— SRS SR

Le of lasgt & ul, chovd (Jch)
T
. L = {aa8s Z\zob
u
-:- of full choeds - \ 300 —\DEO

Watermark S ample

Total Nuwnber of ehord e i

= C4 .9 -q-—f:.'

= a4

|
| G
Leﬁdﬂ” of Hret offeet
N ()
e % x 200 ¢ '40‘_

E\ = 0lS mj
l’-era-t’n of Qewond offeet

BT [_C+C-]

| = 320 [ﬁ. A% +1ﬂ:~3 = 09gy ™
é%urce DigiNotes Scanned by CamScanner




B = B 207/
& %, BR..T g
X 200
id{b = 0.+ ﬁ'{-’J
T
O3, 0 -2 94 = ©
&
= (20)*
500
= L322 ™

}

LN ';_;5,_ (C-\—Q)
Watgrmark Sample

20 +H‘h-.q3)

2 x FHDHD

. (DIA- = 0.8% ﬂ

@ “Two g&*-'ma'nt& AB ond B wrtersectes at

a t‘_hu::naa,g of 4343 m  The an

of

intereectien & (407 it 1% f‘e?uired to %t out

S° curve 10 (onnect -the ﬁ*fﬂlah‘lfﬂ. - coleulols

all  +the data f‘ﬂlﬂﬁﬁﬂﬂ‘d to &e‘f out -the
Cuvve by +he me+hod ©OFf offeete frem the

Chovda ?fncl.uceé . Gaven the F? interval ol
W

Source DigiNotes Scanned by CamScanner



|

Note ;. Bd the method of deflecten d_;g,-hwcj
on  offaets of chows Prgcluc:e& ook Hhe

' : il c -
Nter prediate  offeets Wl be Qj’/ml 1o & Wh,

the loxt offeet Wil be E)O}m{ hl%ﬁ Icﬂgjl

elmmoae of PI =-4349 m

.P'I = 4285 M
Irtergecken cua[g = |40

(o -
l%n‘va— \AD =40
D?.a;m of Cuvve S°
PyVeatermark Sample

Radins of cuwvue (R) = 13 |
> h_l;.q: Il_q;fl = 5438 m

Deflectien a

T:maaﬁ't \E“@‘th (‘T} = B -bgﬂL_f.:>
= 343¢ +on (i"f)

\“T = 132S.\3 ;ﬂ

Lf.nath of the urve (L) - TTRA
180

Bilax D438 X AD
- |20

El = 9400) B

Source DigiNotes Scanned by CamScanner




Pc = 4242 - VI

= 4AWNWG-BE&E ™

C:lﬁwv:ﬁl of PT =

A\lG. 86 + 2400

= AZS G.BE ™

Lena-kh of Lfret Bub chord

L = A\90 - A\NVEBE M £F
(= 2o A\
gﬁ‘:!, 1""-\11_
ergin oF tort o crod T
Watgriiark §amp|e
= 16,512

":“..‘?- of ful\ chorde = ADAD — A\30
R \ 0

= =3.253 ~,

=

y

= b W = o
= q
Length o+ fvet offket
1
95
0, = C_l; - k3.0a)
28 2H BAL R

ff’ {= 0.0l4% M
|

Source DigiNotes Scanned by CamScanner



Lera-th of &ewrd offaet

o - _1% | £+c]

e [ 2144 30 )
IX ZAD B
Bi = lLAag ﬂ'.'-l
93,9 __ 0, = ¢?
R
= o)
3438

Waternmiark"Sample

0 ) !
4 i% Lc:_—h—(‘_]

AT [amﬂ- \G.%%J
9% 3438

E = (AS0C MJ

RANKTINE'S METHOD OF
e
ANGLE

DEFLECTION

ov Rﬂﬂhﬁﬁe‘& cmethod of *tarﬁ-eﬁ**:'nl
U :

anglt
Source DigiNotes Scanned by CamScanner



peflection uva'ra act mﬁd P'D'-n't‘ pn the CGuvrve g

Cﬂ‘a\ﬂ at PC wetween the backs '{:ﬂﬁaen": and

e chord Pc Ao that Fu‘.n-%.

4 Bonkines method & lbosed BN the Fﬁ“ﬁpiﬂ
an FD'-Wf N a

+rot the deflecten mra\e ‘o
one hatf the

Cwenlor  uede 1% teaaured bd

C o
o Lulstended E:Jd +the ovc Ao P

that F:om’f

% Tt e osaumed A4hot the length of the are

\& c.Ppmacarm-te_La Q;};/_mt 40 e chord

Watgrmark-Sampte

u \
AQ 4+ 30 , Yre de-flectien &ﬁaka baﬁa 43 40

caleuwlsla  +the rﬂ.:aﬁﬁar\d data ov 2etbn

IS ehone Todug ‘0 (errect

ot o wunlde of
+he rmoethods Offeet

+Hhe Hoo -bmwaentg bH
b«d chorda PTG&uced . Toke Pea \rtevyal = oo
+he chomn 'Ol?.iﬁa 3p M = |00

Unks | Laﬁath of

Unk}, i

&\
=T chainage of P.I = AQ+FO

]

Deflection -::una\e (A) = 4Y 40

R = 15 chond

Source DigiNotes Scanned by CamScanner



Pea wteryNal = w09 lwnkrn = 20 ™

Lg(ﬂJch of “:.'hQ thﬁ = 90 ™ E:\DD bhh

TTongentt ‘ke:ﬁa%‘h Cq-')

B—&cm(}

SX 30 +oo (A 45")

\“T = \\+\6e - 1

L&ﬁa*th of the wwve (L) = TTRA
&0

Watermarkﬁample
Lﬂ- = 993 3% fﬂ]

—

'cmmaﬂ of . PT: 3, 140 4 30
3 @r"-’ﬁ *20 ) 4—(3-0?:':1,3_)

= Q94 ™
peduct the -!:uhden-t length C‘_‘r)

Q94 — V13 .\g

c:,ha.noﬁt '-:H’ Pe = 93634 |
Source DigiNotes Scanned by CamScanner



9931 )

Add le,na-th of wve (L) =
f:‘nmﬁnaa of P.T = 27624 + 232338

= (100,32 ™

Tre chmﬁaaa of each Pea will be  muldipls

O £ o) .

The 1E:na¢-!:h of +he Hrat Sub -:"_"n»:::rc'l

L = ggp - 276 .84 \

= 3.6 ﬂ
l\ﬁ %:51'5-?:"" l—-—|-__h‘

o 1o, m
P ":'35'
P'r

L & 0l last Sub cherd

Wateemack Sam ple

e EL e
5y of U erouds = 1090 - BEO
= 30
= \0.S
)
i 4+ T+ C
Total numeer of crovch = C L 5
£ |4 WS
= i3
.’_e'nat'h of et 0ffeet
T B (3.16 )
1' g B g % 300

Q.0\&¢ m.j

Source DigiNotes Scanned by CamScanner

\o.




=3 (a.xe +1ﬁ)
9 A 300
Lﬂi - 0, T2 ri]
Y, 4 - — Dm - i
&
= Qia‘;"

200
Watermatk,Sample
G#i B -E'j_

B [c:-ﬂ-(?_l
oot SO\ 90 ".'-3.\11
2X 3200
Qg = {JS—E!"E:-D :‘3

L

R'HNHINE&I METHOD ©OF TANGENTIAL

ANGLES OB  DEFLEQTIoN NG LES
e -“-_______'—'—\—.____

Source DigiNotes Scanned by CamScanner



Lek
The

TN
T, = Pownt ©f cuvve (P.e)

Reaxwr 'tﬂ»-(aen‘k

t

“Watermark' SEnpTe
wWth  each of SuccessiNe chovT

T, A ‘F’ﬁfb, B¢  mokes -the rEEPEC—lzeri ﬁraen-lﬁ

40 4he Curve ot £ B B
A, By Ds__ _
_T:":c)f -':cmaerrjth'\ ﬂﬂa\ea of “he deflection

ongleg 4o -the E‘JG'M—b- P, o.,C-..

&, Gy Cy *= Lengthe, of chovds T, 0, AR, &c

AB = Tnnaen+ *‘n‘D the urye at A,

From 4he PTGPETJBH of aircle,

] NT 9 - —*ii- Tiﬁﬂ

e

Source DigiNotes Scanned by CamsC;nner



T\,D’H = NT a 2 151
Now . T.00 2o
B 2 TR
T‘QF’J - E_é = \I‘E}ﬁ
e
S, = qoc,

Anﬁuea
TR

S, = Qox GOC,
—_  inuttes

R

= IS804 e

B
‘c%t v‘nilltu.*-l"‘

hc%ltérm‘aﬂs‘k Sample

'L.'b- = I'.‘—”'E;q C__& mnu'kgﬁ

) aeﬂﬁ.\f‘nl

o
B

B S

wWhere
C & the \Ena-'t‘h of the chord. Fovr e
Fiegt’ chord T, p, +he deflectien ::ma1e:
Tte —l;u“aawk-aa.\, cma‘e
A, =8,
For +he &Qcord pownt 'E':.. et “he et lecon

ﬂﬂalm e A

Source DigiNotes Scanned by CamScanner



%‘\f‘lce 51 —

! A 9 ‘S,_

!H_"IE - oW thne gﬂa‘\e E;u"q-':en::i-eci b{f A3

Tamagrrl:'.at c.na\e for —he chord Ag

ot +he cenfe - S, 9_‘15_1' 151]
9

NG'J:!, &-3_ = m
= PMT'&P' - L H-THE

4":11 = “,5\ 4 61

Ag = Ay S,

g?'umﬁ.'laﬂ.d Pl AN

Watermark*Sample

An = £H+$a'jf y/ ép,

Herce +Ye deflection ongle 50 omd cbord
1S e_?u.ol +o the daflecten cuafe fr the
previous chovrd -+ -'m.rﬂw-ﬁal. ﬂﬂa[& “or

thot chord .

Checls 1. The deflect &N &ﬂale of the Lma

Cht?; l VT o = _E
Ve v ﬂ“ =
where § 19 :,rr‘terg,ec%ﬁn mﬁaie oY +he.

externol deflechion angle for +he Cuvve
Source DigiNotes Scanned by CamScanner



Lure of ol the o duvidaal dyflectien

* lectien @
rgls 36 equal 4o holf he dat e
of 4dhe wurve.

- A
!\JTFT; - As T =

Field wotes .

: ‘ for Novious
The vecord of deflecton o ﬂ\eﬁ

Fmﬁt" 2 Shoon 1N Ahe lbelow ‘R?rrﬁu.t'

|
|/

1

‘% _’ Two +ongerts wterdect
ct at o E."rmrﬂa-ﬁ?. \oo M
K 5 ) I tre deflechen r:wéh
c
j =
{iYa fkae%amm ) 3
< o
-ﬁ ﬁeﬂg&%ﬂwd dato 1o
i % ‘_': —_ N det out the é‘imph
g A, | Te— |
g EG 24 _-—-__| Gyvue of radag

| ety ba Bansine,
] Mmethod and  tobulaty

the resalts.

| ﬂhﬂd Tﬂ”“ae-ﬁ'fﬂl.
@*‘" wﬂie (&)
0

1 [—1‘“—"—_! P%} wtervals 10550
8¢ | | Leogt Lount of -theodolil
_— A1

g c 90

LI W

i

fvert [Mrﬁ,

Source DigiNotes Scanned by CamScanner

4
i



<T = \ooo ™
,:,'hn.'mn.aﬂ of ¥ )
A = 28

A= 250 m™

Prea wwkerval = 20 ™

et want of Theodoldle = 20

T B too (S

= 950 +ton (?-_E)
e

T= &2.23 m !

f.-em 4h of e (l) = P‘
iED

Watermark SampJe

| B0

u N lii.m

= 1900 — £%2.33

%‘muae, of Ty ':";}T J

= Pc 3+

T Q3F.63 4+ 2213

t‘ﬁ = mm

~Source DigiNotes  geanned by CamScanner

o




Leﬁﬂ-'rh of Regt Wl chord ()
Qa0 - 933.6%F
= 1.3» ™

Length of  last &b choxd, (&)

10S9. 34 — \OAD

= 9% m

ELD of  wormeal chorde - VOaAD - C*|+:D
20

= 5
Total nuwber of chovda

C, + =+ Cy
= 1*5S + |

Watermark Sample

&, = \Haag €
@

Sy = \H2a x 3,33 rrackes
1590

LS‘ = §° 1511“]

(ov )

&, = 10w
'__‘——_
P j

= Rais) x 9.33

4 XTI x1So

E\ - o e 1T[

Source DigiNotes Scanned by CamScanner




Imtéig___

5&,55*- SE _
- (#1389 [ BB
950 X6
) o lq. aa'ﬂ
S5 = ‘Flge x I8
1S5S0
\&4 = 26 yflJ
__Pa'm-'t e~ Tﬂnaan-‘nnl De-flection Actual
"“‘3* (8) | Age & G
fa) I|. i k
1
A |9a0(e.23| 0 |1e| ) [O (@ [V |O 16| 0O
0 = > | | .
c %niin 2|3 |04 |5 !\ 94 |S) | o
- (TR, I L e ALY 7T
| ' '
D lﬂ?ni 30 9 [\3 |30 4 ERE™ e
W= | T SRR S R
£ 103 0 o | " :
R e 1r+|?=°i°| 2€¢ '\ ' 190 |
R | S e ieme i o PR
! | o | | |
N e B RN LI TR P L B
et SCIEEN S e . et
| | | | i
H‘—_G’ 1059 24 Hfﬁﬂr; ﬁ‘\'ﬂ; }9.#1139'5‘3*,'55 140 | D
——e L _l _! i B ; L7 |
| !
=i .
Source DigiNotes

Scanned by CamScanner



B
= 90¢ . Aox30
TR T SO
S 8a, e B = 2T VHITO
Check B 1% e o ?E;. - 14 0 ©
.
Ly = A4 &

Aa = ﬂg___!'l'“g

| Colewlot e Peceasory doda for dettng out

| {

| & Cuarve Lg\a Rawnkiena method of 'Enr‘aﬂ,ﬂ'l‘ﬂf

nm@ ‘he Q‘ﬁm ,,,.é uﬁ%er&ec +en

J\Watermark Sample..,

of 4he (uvvUe io zoom ke the FLC? ke vy

of 94 M . T +he “HnepdolUte Nas +he leant

ount of 30  Tobulalh  Awe atkual Tea:lilg%

of  def ecken cmalu o Le %ot out

P = \va2
Va) TJ S0 39
R = 395W m

Pea intevual 20 ™

Least wurt of  Theodalte 90"

1 RE ; :
PR T
e

Source DigiNotes Scanned by CamScanner



- 8 *ev(3)
|

6 / S0 30
- 300 +a (
2.

= TTRA
Ltﬁa*h of urve (13 _EE-
=TT X 200X 020
. srxso0x 398
120
chﬁnaag 32T wmamalitF- M
= \";‘:‘\3'. —_— 'l‘dr-‘hq"anl
Waterm[a:ﬁk;g@mgle
pe & &

C.‘I'm'mc:nag of Ty Q?.'T\ S

- \0sos) + s64.4AVT

L‘ﬂ. = |314,928 mx

‘I_e,.,a_t\., of Arat Lulb chovd (C;)

1060 — 10505
€y~ 3439 ©
L.E:.,.,a.yh of loat %ub chrovd (C:.)

131493% — 300

(&) 14 .9%%
Source DigiNotes Scanned by CamScanner



910
= |9
Totol nuwber of chovas
C, + € 4+ C,
T T LR
| 4
gi = QQCcg,
TR
A0 X a.a%
T X200 I
watermark Sample
(gi] '!53_., - — 5'|E- = Qoc
TR
= Qo x 290
W x300
= °sy 38’

Source DigiNotes Scanned by CamScanner



COMPOUND CURNES

Watermark Sample

A '-‘:.nmfmuncl tuvve & o (lowingben of -wo
OF wore E)'-.mF\E Wvrveg with diffeent vadil.
% The +wo centered E.EW“F’GU“‘GL twrue  hag two

Cvcular acce of diffevert wmdit “hat deviate
n the Same direcker ond Jor ot the (omer
‘tnwaeﬂ“ Foin'f‘ aleo Brown as Fu.ﬁl' of (emmem

Curvature .

% Theve ove I elements Br the r'_.amf:nuhal

Lurves . “4oo
4 From +he fgwe TOT: ® the (ontered

Fﬂtmd L ves havin o Greulav am
Source DigiNotes Scanned by CamScanner



-

o

DTy Meetin of a tenmer point

at  of w»-.rnf;;yrﬁ turyature .,

Ti B2 ond
:D1 lf.mu.}n fa F‘D’I

[PC‘:]' N -t'h
the pont gf ave ord T 1® TS
(= 2
w0 P : Ep_-rj -0, ond Os cao the

PD? nt D‘F <o ﬂa E'”.ﬁ

centes of -wo acs.

0 the Srmaller ockiue (_D. 'T--) dﬂd

g, i6 the lager redws (0T

* R.g,

e Oy Oy B the gCBromise '&;\raeﬂb
* A, & +the deflecten onaf.e lbetuoeen the
W -{_f'@a'n_l ‘:-:.w:l Cemrm e fﬂ“ﬁﬂﬁﬁ
* A, g %ﬂe &[rm%@r Kvasam#)l @’E
{_errrrnern '%mﬁr; en-t ond "‘R}TU:JQTU' '{'ﬂ?"fn{-
* A 18 the Aotal deflecten arﬁ{e
* 'f:_g, 1% the Lﬂfaﬂ"i of Fthe *fhrae.ﬂ‘[’ to the
e LD hovi the Srmaller rodiue,
* "bl_ & the lF_raHﬁ of -the "{'nv-ge\-ri* to the
ore DT, lmw;,.a the Lenge,r vodiug
F* Tl 12 the -I;uraeﬁt dietance
* T, & CDT“T‘E&,FDﬂaL'lTIa 4o +the Shorter vodus,
% T 1% the 'I:ﬂ-'\a,ﬂh'i' diztonce BT

CO{Yg,aané.inﬁs 40 the Aodiug |

ource DigiNotes Scanned by CamScanner



F"I""D'rn “the 'ﬁaUTE . we ‘I‘)Q\JE

‘L'g, = H/HY = bH,D
Lﬁ, s Ry "l:an(;%l')J
T s WDy - 0,0
L+L = R;_ +ton i’] @
O = A+b,
Feom .k-mnal\e L0, D, wWe houe
D'-E'.l | E’Dl 0.0
S by &u‘ﬁﬁ d <
Watermark Sarfiple
. D Di.
gﬁﬂﬁ} 51*-!:1. S A
D!| % - DlDi &Eﬂﬁ.,_
i A
Ei'l:}g_‘ = D1D1. 3
L A il !
DIE)- = G&“\"{'L) E:n‘ﬁg_
Sn A

bl =Qta+t,_) in Ay

rgh'l"! A

_rs,: Tlﬂ "TDE

[_[:5 = ta -"r Gfg,'f‘tl_.) 51?1*"5‘-

=2

Source DigiNotes Scanned by CamScanner




19,4 £ oo
A mm?;fl.lﬁé cutNe [ﬁ”ﬁ‘.?.a‘l"'? O

cadit 250 m anad

“wo &Jmah'&a.
+uoo

éim':h Groslor  Durves of

00 ™ fg 4o ke loW out between

“The ﬂ*a\e of ‘.ﬂ'{'a‘r&ec.'l’x&ﬁ etoaen the

S’rfmﬁma e 55 ond s cloulati  the

od  curve,
Vovious elomente of the CEmpOU

o Watermark Sample

**[N‘J’te L the vodws S amall e deflecteon
ongls Weareases ond the odive S \a?
+re | c.lLE-'F[EC:-HErﬂ r::maal ‘_-Ciiﬂv’n"eageg}-]

4 o
‘Es = 250 ™ \
ﬁLt" SO0 M D
A, = 5SS A
i ¢
A, =95 .
i -qg IDT
AR
,/f
0.

Source DigiNotes Scanned by CamScanner



‘{'55 Rf: tan %‘)

= 350 tan (ﬁ%ﬁ)

E‘Bi.\qﬁ% fﬁ}

A
.-{;L = RL ‘ll.'ﬂ.ﬂ(_,‘__-)

= Spo 4an (E)

E S

L'tj._ = “G %'4 m

h[g = -]:_15 -4 G&++L> g:.\"ﬁ -ﬂl.
&in A o

\Watermark Sample

Feovo A 7301 D,

7\ agy (P%l.}"i%'ﬂf \m/%yy &n§s

ﬂ* From a_‘HE B0 Ds Daﬂg_ = '{'E,""."'}__L_

* \92.,9% 4 110843

e _ ;!
5;11 - ':%',I“i:! = ;%Eﬁﬂ?‘ - ﬁﬁa.ﬁ#sﬂ
D% _ a0,
&nla m] - [;::
DI - p,
na A

Source DigiNotes Scanned by CamScanner



D, Ds

D) = ¥ &Sn1s
2 (wo)
= 993.93% y&lﬂ'bS
40 (o)
\Dnﬁn = 19s.3FS m—l
By = D.0s Lin A,
L A
292088 . o
L (0O

UJJ’ID'L - FADT]A m’J
Té = ;THFD|+ .5

Watermark Sample

Sn 4

‘3298 + (1%*1.@‘5-&- HE-EA-) oL 1S

&in (ss+ 1&;)

I:TE, = 20% oS ﬁ}w

Mo Y tt&'*‘*l-\ Zinh,
L A

NOBAT + 293048 " gy w6

i ' .49 %A
(- - saem]

Source DigiNotes

Scanned by CamScanner



Gethng out LﬁmF‘)uﬁd parve
g 4

et oy the
¥ The mrn?ﬂun:i e n be d

method of deflecten ﬂ“@"“ '

* Tre et bronch & set out “’E} 5““"“3
the +theodolite T [Pc’)
Tre Zecond Lvoneh 18 get out Lﬂd ,;ge;&-hra “the
theodolite o4 o {p.: Q_j :

* The Procedure (8 o0& follows

® Afler hﬁ\d‘ufa Fnoun Eﬂ"ﬁ four FQ""'M. coleylatr
the powte of vest three Pos-ta %7 the

Ywatermark Sample
® *‘*ﬂmﬂ'n"a Te ond T, locsh the points,
T oond T, b-a Lrear  meagurementd laa the
POt of  ntersecfen
@ coleulat the mra'th of curveg Ls , caleulats
the chmma; of Tp and T asusuel
@) For the Bret curve, caleulsl  +he ‘{‘a?mﬁ;..!

“"a"I.E&. for Eeﬁ? out +the Cuvrye iaf?
Raﬁh'nﬂEiS method. |

® 8t +he theodolte ot T and et out +h
ﬂﬁ{- branch of o Lawve,
© After loeu.'ﬂﬁa the  point D [Pccj 8hipt

e _
Source DigiNotes Scanned by CamScanner



—m

S, el A Jone (Set Gthee,
&et o CﬁED ~ %)fﬂacﬂlf‘&?

Loith +the Nermer

" take the bock &ide &t T ﬂrﬂl F"”'&?ﬂ s
| 18 Hhug

T —the

-f;’e,J&&c.ﬂFe, The Lne of @Ig.:le_

uw‘ieﬁ":e& o]ﬂ‘a T, D 'I:w-:ﬂ.lmecl and
theodolite 1@ Hhrough Ay , the

lre of &ide il be divected the
mmw tan ent BPy D . .
+heodobte e ‘“-D'“‘”EC-*?'

@ colovlate +he to ertal on \er

+ —+he urve 57

fﬂaﬁe R ark'Sam IﬁeTcéed.

' Mens ur the
@ check the obeervations Lﬂaﬁ F-h)
i [ =0 L
aﬁa\n_ W wrch  &hould %
|80 — 4, +4» & a@,c-—%
2

© Two %ma’h"c& Ak and Bo o8
Tﬂal a line 0,0y . 4
BpyD, ON 4D 30" and 36 4 rn..h]::ef_‘f'iwe?
The vodive of the £fygt Qe & 600 ™M and
that of the Socond Ovc is  8oco ™ " the

thn&m of irtergectien I:J{}'.ﬂv{- B e Bl4esm ) m.

-

find out e Qka&r;éﬂ of 'l't-r?erﬁ [PD;I"'FIL
igiNotes Scanned by CamScanner

Source



g;ﬂ e
O,= Ao 20
8y - 2g” 94

i

ﬂ% GDO m

RL = @00 m

{5 = Rg {ank_ﬂi)
=

= 600/ ton m‘m

FDin—l’ of cem

Pc”rd urve .

)

LJAiafETﬂnark Sample

L = RL —h'ﬁ-(__
= BOO ton (3"; 14’ )
[—EL - 263,02 m\
A = 4 XD,
= 4920 4 36734
6 =76° §4 36" ss
DrD:L - "L'& ~+ + g

= A®%4.37 ™

Source DigiNotes

Scanned by CamScanner



PRSI =

D, Da
&nd

W 'ﬂl

= A4 3F & (36724')
Sy (‘TGn'S_Jﬂ-I)

g Lp, & - 19"5.na:{

D 1 Ds !
— %‘n'ﬁ A | T:!'
L A

GOy =

s 3-.n(»r°“%ﬁ’>

&0 (:‘J“E‘ 5“&")

e 1T C’cs. ‘f’tl-B %A

Watermark Sample,.

23\.2S + ABA.3IC

%ﬁﬁ 35" T4
A +, + "E?_-.‘*‘"EL.) gm-ﬁll
Gn 36 54
- 963.036 + 323.9%
T
Lg, s'TTxE.DG?R‘rﬂ'E"GI l.
N , = T x8o0 x3C 24

B =S
skl o]l
A L. = S0%.19%
ot SN

Source DigiNotes Scanned by CamScan
am ner

I

' 'LLE,




REVERSE CURVES ™

.————-_-_-___-

A yesevae Turde LD'I"FE;.!:."-TE: D{ 'h-Qﬁ' '-g:'lr'ﬁph‘

Curves  of DFPD&ﬁe chrectiond +hat d“l"'” ot

QA torvnon '{'ﬁ“am Pmr& called PREEE B
REVERSE CURUPTURE (PRC 1.
* 'Theﬁj are used when the gwahta ~

parallel or nr{-Lh. weluds  a \JEra & ol

N‘a,ﬂl of vrev gecthen and oave '{:“';VJE“'*:?

encpuntered v Mountonepus  Cewndries

* muem m@, 2hould e
~VEErMATK Samplews
Wwhere +he &Feecl&. o\ T h L fov the

o \‘mmira Yeasons

() &Sudden < ?r of ot 19 T&Vured
'F‘-'Erm ene »E.;d,n_ of Poﬁn“f of veverge Qu v Vatuve

‘o the other,

(@) There & ™ ﬁPpur+uﬁ’ra 4o elevate +the
outer vank ot powt of reverze  cuevatuve
@ The 2u dd@n cha of cljf"e(_vﬂﬂ‘fl |}

untomfortoble o Fa%amaer:s ord 9

%H'Et'ﬁﬂ nalole . o
Source DigiNotes Scanned by CamScanner



ﬂ@ &%Eeﬁ\“a £ cﬁﬂﬁaﬂ—rm& im the mse of "
. hlahmaﬁg ond +he dviver ag 4o be "Jerd

(omuUsSiou .

400 Fam\kal s—HTaH:s

| peverze curde lbetween

Given Yhe +fwo rodit R and Re  and +he

cental Dsra\ es

wWe ave Vequived o colculale e Noriow

element® of the ceverae Lmrve

¥ ondition fef)wrecl A, = Ay

BT, and

Step @ 1w the ﬁa,um Let
FT-_LC oo e e &-}rmahﬁi PD.T::.“‘E"- ‘o

Soch  Other Gy thot  here & MO PONT
Source DigiNotes Scanned by CamScanner



of wrer&eched.
et R, = %moler rodus
iDL Y

A, ~ Ceniel o

By = Cantral c:uaﬂq mvf&si:Dﬁ’-‘L‘"a ™= B

L = Digtonce betweeo O

N e (S Abhe FE@?EncL.f:u\m" diatarce
between OO e,r&cn.'.@h-l‘x

h = digtone betwesn PerPench-:u"-mE

ot T, ond Ty
Waternrark-Sampte«

%ﬁi =~ Thwo ﬂa.h E Qvow o B®D po vallel”
Jru' ‘+re _h-Dﬂ' -l-'ﬂ\‘ae..ﬁ"(@ . &'\T‘\CE {:I,‘ —T\ mﬁ&

0:T, o famﬂek 4o each Other we have

ﬁ.-‘ = ﬁ'?—

= B — R wsa,
= B, Ct~co&a,‘)

P

B - B, Ver ggq .-d'u.

Source DigiNotes Scanned by CamScanner



T..,_'D - Di_“-ﬁ- .... Oﬁ'D

VoD = P)EL - B N
- P’j_ —_ p’?— s ‘d'l
L "Ry { (=tos 4)

s Pyded o A s Ver S ol

= (‘2‘1+le LR, SR

[\J - (Ri+R) (V-ws ﬁ&]

> D

ms\atermark sample

TB.E' = S Baatin ﬂ
<
= ":".R-L S ,_ﬂ_"-v
Q
T\T'L = L — T\ = - ET1

¥ 3‘% Sin ﬂ“' — 4+ 928, 4 A-,

£
R o
B'\-"’f ' é_l - V
L 54
£ =g Ran, 5
=

| ijav (R'+Ry)

Source DigiNotes Scanned by CamScanner



B = R.. S0 4, : ED = F‘-j_%.'*“‘d"-"-

= F"L &";ﬁh 5

e = (B,&mﬁ\ 4+ Ry &N A, )

L!h = L?, —‘ng_) S ﬁJ
S:Ec_xil _Cose

| xf Rx“'?"i '-'Q‘-ﬂ

N o= 2B ({_ ws)
L= 4R ain ,'_h'_j
5

1

Watermark.Sample

O —we pa rollel TmlLqud bnex  ove T e

(Benected Lﬂﬂ 0 veverze wavrve eoch &Sect
' hm-"-ﬂg the Lame vodiueg  Tf dhe Uney
ofe 1am .QPQF{' and "f’l;re fhaxcivouvn  digtans
between “angente poinfd Measured paralll
To the &hoght 3 45 (b). Find  the
Mhacimun  allowovde vadiug

L owever  both the  vods ove 4o e

i ecent. coleulaty “he  vodie of L”J orach

VS ek 197 o g sy Ge allis
e

Source DigiNotes Scanned by CamScanner



- 1%
4%

= 0.5

| A , = -l:,v.:m‘Hh ';D:!E-j * 5
= wo)

&n A, - 0.4F0s

BE <
ED =.Re 2w As

B, 2n 4,

Source DigiNotes

Scanned by CamScanner



Here R, = Ry

= B
h e 1?‘;3‘:\'&-&-’
R = h
230 A,
] A,
T L {‘i'ﬂg-‘\-i)

LR = St.uﬁﬂl\mj

b = (R ) 2ina,

Watertrrark- Ssample

1933 = Rs (0.430%)

Ea = A9 Qo n;\

@ A Vevevrze cuvde B & to be et out

betweer two Pnrc.‘l.lel TmiLLLu_a( 'i:m\aer\‘i'&
33 ™M D.PE.':.T"'C' T —the -Hoo arce of the

(uwve ove 1o have the Same rodiuza  ond
+he distorce  lbetween '{'ﬂﬁaﬂnt A and B i3
Go m m\.mlﬂ'tl the vodiug - TThe wWavrve ig

to be &et ol Tem AB ‘ot 1m rteral
Source DigiNotes Scanned by CamScanner



i ﬂ-.ol-o“a e ot Une.

offeets.

\ 7

i

O

Watermark Sample

= A xRY

ko= \jﬁrxﬁ,xzﬂ
60 = '\EA-X A aa

. 8
B s IGD

PR L - R A

1.3
B = a0 m

Noke:

The raacimum ostdinotes ot a méﬁiﬂ*f' BE

and BE & 3}-%&1‘& Laa

O & 8= JF‘,‘—(_E.)"

]

Source DigiNotes Scanned by CamScanner

= 00 -



Q0 = 300 - |9s5.95

7]

loﬁ . 505 © )

Bt =/ | - (R )
0% # \r/@mn) {10y "/3:6} 1::-*5)
VAR

Oop. H! R-= - (R-00) )

(ac0) - (1®) 200 - 4.05 )
Wat[ermark Sample

- 299

i (200) (j':_u.:a‘) - (200~

A'r.‘:ﬁ‘i'.) = 204 ™

30 mi -(aoo - A05)

O * 2oL 3%} o

O = 0

@ The ovdinatea of 4he ogdher ave ﬂv‘é e

- Sone 08 above .- For 4he, eoch wurve
e G%E‘E& aN e Q.00 ; V. 333 E.'-'EE:&J
2F%9, 303, |.FIFF G-ﬂﬂ.l

Source DigiNotes Scanned by CamScanner



==~

yel Unes wnich ore 469 ™
@ ~Tudo Pc.l.fﬂ

B&C wohich
e
A ba, o veverse U

ore 4
Jetlects 1O +re 'r‘\'ah% ldtfm cma | o e,
fom tpe 1S ofvoigit | TE A0S vl

o ond *he Chﬂr“ﬁﬂgsl of

b of zb

¥ are @ |4 20

- of ™
ﬁf‘ i 9500 ™ Cg‘um\ai'ﬁ —the mCLUE’

O._{:‘ Pniﬂ"t?z B ﬂ-ﬁcj £
A

ra =@
_/’f 0

oee ond +he che-.’inaﬁﬂh

—
N

P' T o q_'g;’
‘\ -IH - E
l"} —

AN |
_n""

"Watermark Sample

in | 2.5
et © ond C be “Ihe Ponn‘ts, D’F":ﬂf‘g&fme

gﬁ& & P'D?ﬂ‘i"‘ D'{\ reNeyse IEJ.,&TUL‘L“:U e [PRCJ

The digtorce loetween the Gnea N = 469 1

\J=(F’-.+R!.\)"‘JET‘ E:;I-‘F'Iﬂ,-
NOo= @1""??:_ ) '['I—_ mﬂ-vﬂ)

Agq = L].q-aﬂ + Rs ) Q— w0 3.-1:-)

——

Agq - Qq-m-m—f-:;_) 0.1339
BES VT A
| A+ Bas = 25016 = 1400+ Ra
|Bs = 29®ecc w |

Source DigiNotes Scanned by CamScanner



The -:hdmua,q of c,‘hn.l"?z of Le.ﬂa th of
= +
g

aC AL

1l

3so0 + B4,
&0

2S00 + T X |4pp ¥ 30
120

ir

5233.03%
rd

292504 m

f-"—'lh.’limh o o~ = chaina of 4+ Leng+h of
oy 3

oy BC

Waterm aFmSamﬁgle

= 3132504 4+ T x 9\00.66 X =D

—

150
A23295 m
A TRANST T ION CURVES
T‘rmﬁﬁ&’ﬁﬂﬁ cuvve % o Luvve of \}Qrd.ma

md:.ug: 'mﬁf-fg&_;_u;e between o %ﬁMah‘r ara a

Chvualor  Garve or between 10O byanches

of & Lﬁwgmﬂ Gurve OF veuyevge (urye |,

Source DigiNotes Scanned by CamScanner



Nece =St of o Honaiten Luwnle

e g v M
\Jehh:i.e :%-Enr’h

Ae  %oon ag e m'at:\ﬁﬂa
Tt S c:.c.JEECL LUpon %,

ﬂeggkgﬂﬁa o curNe |
= U.}ll‘th _‘.:'E.ﬁd&- O over

e C.Eﬂ'l'{"puﬂ al fovre

tovn the 0NON \ »“a Je micle.

change ©f Curvoture
PD"-“'* of (ommence

diaco prfort
The e-Hect

b Zudden om 2eYo -0

o definite ol artaerye
ment 1 of +he wurve CouseES 3}(&3‘5

ana Poﬁgaﬂae_r$

for the Jehicle
e NEUFHﬂhieal

of -the ::eﬂﬁ‘.f\cua al force con
' e Du‘*:er of the
Tre md%nrwa of -the ngcer

H%hmcua ov ochk [ outer rm'u of the m(mcap:']
e colled 5\.1?‘21“ E‘ke.uc..—ﬁ;a-n n:w"‘ Cant.

% “The amourt of &,,Pefﬂauuﬁﬁﬂ cﬂx‘:ancbz

ed of the vekhiclee onol vacliue of

em
the Curde .

% e effect of the ceniifugal fores mey
be veduced . and the duol  ‘werease of

the rSLL.FG‘F‘ elevaten m be Mmoade E’Ej
m’kﬁolumr? the donarhen C(urye betwes
The ‘%'ifmﬁ and the Curue

Source DigiNotes Scanned by CamScan
ner



Trivoducton 3’3 Wxﬂa 208 "*i::mf;i*’ﬁ&-g
Cuvyues ok 'Fﬁuﬂuiﬁf@ a&uaﬂﬂﬁ%,

¥ It encdes the witodice Sipn eleverto,
¥ propovtion fo the vl of chonge of
Cusrvoture

¥ Tt ouoides e dangec of  devail merst

[fbl ok the Pmrﬂﬂ o+ temmentament

L 4re £ul owourt of e?u.Per cleiation 18
Mﬂ[ﬁ c;.ﬁ;be::'& ok the FD'er

% quoide  Over *‘Mffiza gide SJGFF’?
\7\[ termar Sample |
% TX elvdnotes the die corrifort touse the

Paa&aaem whale ﬂﬁa—hdﬁﬁ(j Hhe

* TThe Mouwn ‘R_l'ﬁt.']l'ﬁ.ﬂﬁ& of 0o Acanaifien Garue

bEjnﬁ 3

® ® ucn:mrnf:\fmsab aﬂtl +he '*‘““9:1*“51‘-'

Ly e

+o the l'.nmjiar Ouarue

foem the ‘t'm\aem

%o that Hhe cevodice g nevessed dna’;’;
.Qmﬁ Zeno to “the S,f.g'tf—ﬁed valiy

@ To Prguide a mediuny for +he al

imvoducker o Change of a  rdguired
Source DigiNotes Scanned by CamScanner



| Super el evation. 1

anHyHhen Qarves -
it T AREE S e
— ' i

@ culol el 9 P‘mral
@ Cubic  pavolbo o
@ Levrnr -.‘,':';C‘_n:LJ(E,

' Cuvicol '&;P‘N‘Dl ard Culbic Pumbu\a Kansrhen

Cuvvese  ase  lbeet SGuited o ralhooa Curves

and --k-\'lwe Leronmi ,E;c:::ftL “+on o ien €

ase bmW@E%mrk‘Oﬁ%ﬂT‘lple

Source DigiNotes Scanned by CamScanner



MODUVLE - &

GEODETTIC QURVEYING

AND  THEORY OF ERRORS

The nb(]ecﬁm-_ of am&e-l%r— &urue'f‘aﬁ? 'S
40 deterwine uert[ , Pfeeiselﬁ e velotive PR o
O" on  acwsolit pogifions  on the eorth Surfag
of o' Sustem of u:.'.clel.ﬂ .E;faf’e‘rn-lrei pOnts

% e velatve positons are determined

the ‘erwa of  lemtre and  Azmuthe of the
Gres aiﬁexmﬂ%cnk Sample |
ove determined W derms of  letitude, (o.y;—lm&e
ond clevaben ooove the mean Seo (avel [ma)

X Snece +he oves  ermboibeced L‘.‘a o a&bclﬁ‘ho_
éuu‘*&lﬁ *&w‘m on QF?TEE{C:M"-E- FGV‘HE"“ D'IC Earfh'g,
Suvrfow , the &F‘hewﬁ%a or Covvatuve of

+the ecorth &  token i to wngidecration whily

'fb.hiv‘g the u:;mmf; utatien,

% Tre detic ponts o determyned ﬁrm'ah
the mowt FTE:’.‘E!E contol 4o which a nove

de-taied &uruetj & veffe rred.

LY GD'ET'C] etic U_Df'fﬂ-, v Lee Ll‘l'ﬁl.'_f"t'd"':Eh bﬁ the
Source DigiNotes Scanned by CamScanner



q

?uewnman'{' t?;mud . In our C{}uw-HJ i
f sl

dgne EH EA.IT*UE_d of I’ﬁ"-'h‘:'* ’n‘-'HDJ o 5{,5.:1_,1“_'

horaontal &8
‘ah
'HTIBM A it 8 Aokl 3 :
TRaINGUL L ?{:-;gla‘-‘iw or by F”,DJ.H_.-.___ 'y
3 TN —'Hhuoa ulatren _Fpg E;d.v,-'tﬂm T p ==
T u:l'ﬁli'll")

ausan of ioker onneated. hon les

£ fig vE S |

Yre \engtn of E:lnkh» one Une " BASE LN ond

' - ; EQ‘K
e arges of the —H.g‘fai@& ave  weEaSuw

N Evd er‘ec:.&.a ;

—_— *:‘mm:.ﬁﬂa “he. ‘\t\*ﬁ-‘ﬂn of ore sde and “ne

Frvee ma\a& +re aeﬁa-ﬁﬁ of 4he other +uo

Sdes of +he each ongle con be o purted.

- W@tﬁﬁma%kﬁm a;mp(loeh o

¢ TRIPNGULATION STATION ond -the whde

J&Gum 1%  coled " TRIANGOULATION SYLTEM

Of  TRIAMGULATION FIGURE .

——

—

— The defect of Jrc*unwau\aﬁfﬁ&n 1S Hhat Ot
+erdy 4o occumilote ervory of aena-&h and
aYirnudh | &nce e "Er“‘a'\:\’» acd  oazmrmutns of

3

2o.ch ot e & "ﬂn‘ﬁ?_& o0 the 'I.Eﬁa—'ch anch
o2imutn of Yhe ?Tt:c.eec;‘uha, Line_
— To corlol e occumioken ©Of evrors,

%ubg,aaaaﬂd lases are oho cSE'QCEEoL

Source DigiNotes Scanned by CamScanner



\_* Bt certan  Giations aaﬁunumiﬂﬂ" ob2er vatong

I
} for Azmut ard \Uﬁaﬁ‘ﬁucle ave D‘Lﬁfb mad e hese

Statora  ame  called 'I.n]:'lu'ﬂi StortonS

atotons

The ogjectives of %ED&E"HC

e

% "o waﬁe 4he MOt accuvcte %Er.-’tﬂm of

l-\w;mwba{ Lorrieol Fc:.‘mJt-E: to less Pvec@e Ftham&

. ﬁ’\cud ke based , wheh irtern v a fta e wo
£0 Whch  +he llr\.ﬁc;‘fnaﬂ‘a?\w;mh 'WPOGWPHEQLJ
E"\GW‘EE‘NWQ oand  Other &JTUEG/E mc‘-d be veffered

* "Watermark-Samp kere o+

| Gre of +he eacdh "-ad MHH@ olEervotons

e e i e

o lottude rh::-\'\a'. tude  ond aﬂ‘m!?-%}'_

Clossificotion of Tﬁaﬂau\aﬁﬁﬁ z-l-em ;

The boge of 4he ﬂiﬂ“au\a-}%ﬁn ‘Qaufe o

Leianqulatien é%a,\{—am 1S the accy with uﬂﬁc‘b1

‘e

[ iena‘b’h ord  ozimuth of o bne of 4ke
“}ﬁm‘auhﬂm ove delternined .

. ; Sygtem < e ‘
X T unau\-rhﬁ"“ 5“‘ s of C:'lJ‘FFEFEﬂ‘f ACCuvag g

c:le‘:end. on the extent and PUT?D&E S8 i
éurue.td-

Source DigiNotes Scanned by CamsCanlner



' : Sypstem o  Aviengulotion
-"ﬁ-\er "H 'tﬂ‘\akjlllﬂ"f‘lw 0‘4 a
Qaure ave classeifed 0% L

(D E ORDER of PRIMARY TR IONGOLOT 1
(F) QECOND ORDER oR SECONDPARY
TRIANGULATION
THIRD ORDER oR TERT TARY
TRIANGULA TIoN

O FIRST oRrper o

———

e

e et odeyr ""l:‘f‘uaﬁr lerhon
ocder

18 of -the’__hahe\ﬁ

rae”  oand s EmP!U ed either 4o deter mine
"\Matetm ark -Samples.
Mo+ Precise  contol Fu:rﬁ:& o wheh ::Seus\da?

X  The Fﬁﬁmf‘d 'i‘ﬁl:mau\cr‘ﬁm «Saa“iem embrnseas
the \Vost aveq (u&,uamd the whole of 4he
Lmn'ﬁa) E‘u‘erﬁ ?remu‘t‘a% 'S taker N maki
Unean avatel avaqlar MeosuLvemert®  and N

pevfor "“‘"‘“a the reducHtom

Gﬂﬁerq[ QFEC;'QCG‘BW& of the Fﬁman(j
Fionguloten

© ﬂwamae ‘H'nnﬁale closure  —  legy hen A 2ec

@ Moacimum  Kian le Q[ﬁ&l_n"e - not more than ® gec
Source DigiNotes Scanned by CamScanner



s to S l=sm

® LEf\a*‘t‘n of baze Une =
@ Le.ﬂa+h of &ne o+ -thaie.& - 30 10 150 Igm
@ AC—‘M&‘L evvror of lbose - 1 v 3,00,000

. 4 in \Q, 00, oo

© prolalble  exrvor of loose

oo meosuves of O

@ Dizew peoc\d petuosen
Secter - \Opm \.I kilo metvas

Fﬁabala'te evror Of (;rr\?\f’fn"ie distance

A v e0oo0 o < i 2,50 000.

@ Probclkle eyror N ogonomic azmuth —

= Se f_cﬂc\u'?:-

. OWaternrark Samples

- ULPATIOA

"ﬁ'\e &Emfﬂnrd ﬂ.af\au\cﬁﬁ&n Lqﬁg_;a.'t&. O'Fnu,.ﬂber
of PD’in‘f& Aved  within +the {-’ume work, ol

P‘r'; Mo ra #‘,q.na ulo ten.

* The  &totons ave fixed ot clogey

Inter val

g'o '1'"!‘43‘[-' “the 511';-—%A D'F "Hiﬂ ["E\S. 'FE"I"FT'ECJ

ol Swaller +han the Fﬂmav "f‘i"raﬁﬁu{n‘f‘faq

X The nahumerts ord the methads uUzed
e ot of the 2ome  admmt refine men+t
General éped—ﬁcu-ﬁm of  Seion

e

trangalobens  ase i,

Source DigiNotes Scanned by CamScanner



)] Ageraag :-.|1|bﬂa|.9. .[,L05ure 35 Sec

—

(3) Mossimur rhhﬁ'-.e closure - @ eec

&) Lewa*lrh of lboese Ure — |15 lam 10 S km
@ Lenagth of Sae ot Aiangly - B km 0 &5 m
@ Actual ervor of  base - 1 ‘w 1,550,000
@ an-bub\e. exyor o+ loage - 4 i 5,00,000

@ Di&.::ﬁ[:aanod loet ween OO0 Meosuves of a

Section = g PD \.l Eilnmedevs
F‘fﬁhalalc-_ ervor of mm?uﬁa‘h diztance -

4 " sp,000 to L n Sp,000

@ Pwom\de efyor N ashonomic azmuth —

WaterntafR“Sample

@ THIRO ORDER 0R TERTIPRY TRIANGIATH

o S

4riang wlathiom

A The third ovder T conggtes of rumier of
povts Lred Hthin the fome wovk of
Secondar Hiorgulatien  ond  fores  the
Vimmedioty  tprhol B dletal f@‘mee r‘.? st
Othe v éurueﬁé

X The Sies of the Hiangulaken® are Small
and +he inYhument with “moderalt P"'*E‘:"'W
muﬁ lbe used.

General ':%Fer:i‘ﬁc aten D'F —+hird order

Source DigiNotes Scanned by CamScanner




& Auefm «ana*e dogure ~ 6 3ec

mum“.m‘um ‘H:m‘ae cloguve - 1 wex

® Lergih of Lose Une - 05K AR 3k

® f—ef\a"rh of %ne of ’Hnﬁﬁa[ei \S M to 0 ke
© Actucl ervor of ose - 1 ' #5000
O PPbable ervor of pee - 4 v 4,Sp,000
@ D?&cﬁflenta lbetween 4o meazuves of a

Ze et e = 25 min |} =ilomebres

Prﬁbabie evror  of an?u-%e Aiat once

@ wateﬂtm a'r %ﬁmnmmc ﬂp!:-@

o

'Tﬁm\au'ta*‘ﬁ% fquves ar 'Hiﬂﬂauiﬂ'ﬁﬂ'ﬂ %‘i‘tm

Tﬁw‘au‘nn’f\&n "RSU.TE' S o 6&1::1\1.1: oY %?WL'EFJ

P*re;:ceecia?? :}wm -&U.ﬁmm aUTE,E The
Commmen @uré’& oY &g»rtam& ang

©® é’::rafe cHPIN OF TTRIANGLES

(® DOVBLE cHAIN ofF TRIANGLES

(® cenTRAL POINT  FIGuRes
Source DigiNotes Scanned by CamScanner



— 1

OF TRIPNGLES

O SINGLE CHATIN
- ___-_-_-_-"-—-_._

The 'Qau.re 'S used uhere the novrvow
Skip of tercaw & o be (overed. m?;,
the %&f’&fﬁ & _vapd and economical , T4
16 ot %o accurate for prima o work Sime
Hhe rumber of (pnditioms To bE fa Hlled
N the '\Q@uﬂe &C%fugqmrﬁ a2 retn%wi &erall.

* Ao e yot possbl To carty “Ing

“Ratermiark gampls™

by oo i»m{ererdew{* routea .

ﬁ/a\ / \Tﬂ

(!) DOULBLE cHAEN oF TR IAGLES

C T (S uvsed 4p  Cover amﬁe'“ aso.

»i \/ \/\/ \‘_\/\ MJ

Source DigiNotes Scanned by CamScanner




® cenTERED FIGORES
ENTE

cevteved ‘Quved arve Lged. 1o cover

0800, and e UE*H Eﬂ'ﬁﬁfﬁlcﬁf@l vesulta "

the Llat mw%&\

* e centered -Qauﬁ;h “’O?f ke WTTLO*”“L‘-

ah
PET‘I'{'EJ. ny  or hex ﬂﬁﬂn& woith comival St on3

*  Howevey ot -the work 75

+the Pmareas
él!ﬂm C[LLL +D wnre é,e-—f—-hni D‘F 'rﬂS'ﬁ'u m&"']'f: .

HE ¥xPhor  DOUBLE
CENTERED

@ QUADRILATERALS

% The auadvilateval uiHh Bur  @emy comver
Stafone  and  odbsevyed diogonals  Brma o
beet  fouves .

* 'rimd ave lest Surted for HU(J;/ oty

*  The c%a"cem & More accuvate.

Source DigiNotes Scanned by CamScanner



|

i

QURADR T LATERALS

CRITERIA FOR SELECTION OF TRIANG-

pe——

- OLATION FIGUREZ OR TRIANGLLATION

YL, TEMS

Srould e SUE}?

Watebmark Sampters

“wo ‘mdepanc!eﬁ-t voate  vouteg .

4 The ‘Jt'f'-ﬂ"akkiu%ﬁﬁ 'F:amp_  ghould loe uch
that otlecst ene or Pre*Féﬁ oth “the

routee oase well tonditioned.

% AV e Unes w +he foure Should be
Cﬁ'mFa.ruh::LL ong}, . \,'ard ra Gres & houlol

bbe  annided .
e Should ‘e Such thot logt

%+  “The “F‘au
u.:an.-, m ; &ecure MNascT Mmilym mesg‘

\\.

+* CMPL"T* —ﬁ@um &,MUH .,--.0-[ volue oy ¢
"Ehﬁl‘hﬁ' 12 onditond

Source DigiNotes Scanned by CamScanner



BRSE LINE MEASUREMENT ..

The measurement OF lbaze Une forms the
Mot 'mmptv\r-tnw'c part of +4he Hiongulaten
opevatone.

* Tre Lage Lre jo  laad dowo Uﬁ&“ﬁ"mf'
m:tu'racg of meagurement ond &[Lﬁ}ﬂmewl‘
0%t forme the osie for +nhe ?DmPW«er
O+f "fﬂﬂ“‘au":u:‘ﬁﬂ‘ﬂ %qfe_m

* e \ema-i:h of -e |lbose lne A-LPG'_T\A& U]D!'h')
-Ehe des of +riongulotien.

* Mlatermeark-Sample-
Checks loses asu ol Meosured - &C SHMne

Suitable wtervale.

QELECTION OF &ITE FoR &ELECT IoM

'I
(onaiderater whill Seletng. the ' Qite.

£,
O The Site ghould loe '&‘W(—ﬁ ool :fﬂuum-,:,

i ?ﬁwﬁa o Sy the Slope Should be

Source DigiNotes Scanned by CamScanner



:.Aﬁ'\‘%}“"m ond a&ﬂjl:[L Uﬁd,l_xicd"\ﬁ(? as.cuﬁd Shall

e uﬂﬂ‘u&eé o o a3 mmuch o2 Fog,sgﬁblui,

% The a&te Should le free Fom  obetuchomm
ok Ahe whoa of the (M?%h. The

Hav ﬁua

Line c\em"iwa
lolbour ond e f’aﬁ%ﬂ'ﬂ o

Should Le ecormomical In both

% “The exiemrhos of -the bose &Should be
Wtevviaible ot 8&0;.“*& el .

+  The und  ghould b Tfaﬁﬁﬁ&hl—g fewn

id
ond  Qmooth. water 5&3% cﬁﬁ be fumed

-\ gter mark Samp g™

of the Lana uhvre oy -Eui:ae

F The Sight Zhould 54:@, extenzion to
P‘f‘n’m? *Hlnﬂaullnﬁﬂﬂ'ﬁ . TThigs, 'S on g vton-f
fockhv  Qince dhe ervor in  extergion i3 [‘Rdg-?

+o Exceed the  ervar o Mmealure ment

wWELL (ONDTIONED TRIBNGE

——

Trere ave  Movious ‘H‘-a\'\aq\q-kagn 'ﬁﬁuﬁg% and
the G.Q{;um:ﬁ attaned n each ‘%UTE c‘ln_]agnjﬁ

oo
(3 The agnitudy.  of “the ::maLM 'y
each "'ﬁch Cl-UQk “+an

Source DigiNotes Scanned by CamScanner



(\L‘\} The {}Ww“aﬂﬂfxﬂ_ of +the ot l.lJ'.
Pvetamﬂma tre  Shope of +he ’Jﬂﬂf‘au_ Should

be Such +hot cma evwor n the meosurement
of e mah, Srall  haue the | nimun eLfot

PN the Ma-&he, of the Caluuloted &ide.
C%Uf-‘lﬁ Qa JHHQ,B{_QL & colled well LDﬂ.-:‘L‘HDﬂED{

"rﬁt:ma{p, .

ROUTIN oF. TRIANGOLATION SORVEY

Tre voutn of Aﬁm&&maut_@-ﬁ% &ww;aiu.
"“M-a onsgte of *FQU_mJ opevortions,

o\Watermark Sample

@ Evection of %am‘t&. ond.  ouwews

® Measuve mevt of boge. Unes

@ (Pealuve me -+ o eor rm\:ul l -

@ A%thﬂmmim‘n ob2er\Jaton ot ln{:lt.uce

Stotiema
@ L::}mFL.ﬂ-a +one

TRIANGULATTON ZTHTIoN

—

JELECTTON OF

O e Avonguloten  Stokong  ghould be

'm-':emiss;bl,_a For +the -owmge PIs «nﬁulm

Stakien  must be Pl::hceé. WO the ' "most  elevsted

Source DigiNotes Scanned by CamScanner



a;knuﬂd ( Hahh-ba?g) So  “hat {l‘.‘nn{j ama
+hfma‘n Lndiatibed orterozpheve mg{j Secure.
S Thn.@ ahould Form  well %‘mPer:l —Haaﬁa‘;%
0& for oz poszible the

\aeol with  lbase &ﬁﬁim ove of about
S6° o &?uat- tem|l | Tn enl, ™ nn&{,_
Shodd e Smoller thom 30" ond 5&:1'%&*‘ o

[ =)

20 .

M TTne Stabos apould e e::&h? necessible

ond  Should be Such ‘ot oo And  water

oo Eoan availalble ond e Eﬂﬁ"r?ﬂu D

M atermark-Sampre

ahoud e So &eduted then the th
-t %"fﬂ‘wj of  Site ﬂ’bﬁh’beh nether O Small
Hakor 356 Ltma _18mall m,ra-yh of é&ah-t will
‘?ésu& r W oeyvyore o e e and B
ol (g tne of St oill ‘ake the

.gﬂm\; 400 'n*ur:hS'c‘mﬂ-lr -ij" ﬂCCurg,‘ta izepfion
Jq‘-

@'T‘wd

8o o> © gelhvie &e.rx.te 0%
c‘iubgd:a“d Aongalaben  ard rﬁ:}r ’DUS?;rlarlp

Lotave. extensien  of he principal %qhm.
s Shodtom. of the :%x.iaf'.:h:i'-ﬂ‘f‘lol ﬁhh@ulaﬁan

—

ahould lbe ‘l.h fo ana%cb'?. Lirtuak g
+he tonhol of the

Source DigiNotes Scanned by CamScanner



dond e Suck  Athet ‘*Lmd are ueeful fon
dataaled §uweaw
@ In 'F‘E::N'Lba woooden {_.Uuﬁ"f‘rb(* the Stations

e 30 locoted Aot +re  wost of Ctar::.ﬁrﬁ
ord Luth g of b‘“% towexd & mMinimum

@ e Stotons Shoud be  Surkated &0 that
Uoes of sa@m do not pass over towns, factories
ete  vor ae in on obyhucken %o that
the effects, of *f'ﬂwauka%aﬂ oo ‘~W%?ulﬂr arbmiog, -
T Phede  dRffacten & o |
Watermark Sample

MARKLING OF aﬁzﬁM&mLﬂTIDm &TﬂTIDn_Lg

R —

% The "H'ﬂﬂa-._:."ltﬂ:-ﬁﬁ Stokon oeud e pevman-
_an-thﬁ Worked  with opper  OF ronze todets

The wnome of +he Ztotion and the 'f“!j‘
which 1 & &et  &hould be &taw o the

tablet .
*  The -Fok‘um-mﬂa OAL  the essentald D‘Fd?@il
(onatucter of Station moriss.
() The more Should e distncbve and
wdeatructale . o moeks Sroud lbe

Povided , one vigible on the Surfhce and

e diver  puenied ﬂev‘*"ﬁmﬁla below
Source DigiNotes Scanned by CamScanner



Tre mhors rﬁaﬁ be &et on Lrre  WorE R o

tercrete MMonuarment |

(i) Two or +hvree veference Mmarks Lirrilor

 motecial  and  ghape 4o trhe &takern
ok ghould be wetolled . The distance
anck he_uﬁﬁae, of hese refererce worke fom
the Stokipn mavk ard Rem each othel Shoud
e recovded BN hem
LH‘:) At eoch &+toten wWheve ot all &‘-aﬂa[
4ower & needed , oW Azinutn  MorE
Srould be estavliomed of Some dittonce
P fom -the Stokon mork. The Azirouthy
OO | g :

w . fﬂk § erﬁnlj Ic cacter
o2 -that G%eThl;ﬂvgereﬁcE mé"'r'%'

i

SIGNALS PAND “TOWERS ,_

ML{A 4Dwer & a HNucture evrrected

Q -JE-L&' Lot Station ‘(:‘m" the Su ?Pt:rri' of a

nak + onad bserying Alee As

i m‘%{ ) _.;__Jm ent Qoser ﬂa lodcM ed T::o.r -HH
1S provided When the &taton oV & a‘ﬁnl.

aye lete ove 40 lbe e,\eun‘fe&.

¥ The o ulaton  hwer vk e b_u_;.'.H "y
duplicote, Bevarly  Hundad . TThe inwer
tower Supportsy  the natrucnent -:m[# ard

The outer towern SUPPQ% “re  olbaevven

X Gnd  “he &:\aml, i The -twoo —towevs Srould
—— Source DigiNotes Scanned by CamScanner



\oe. en*c‘-.f&lﬂ 'mc’h.ePeh&ew\' do each other,

% Towexs mm(_] we of mm;aﬁnd* Bvoler o
Steel

SIGNALS L

A Sﬁrnk S a device 4o defrne +he
Cxact Fﬂ%‘r\."ﬂ:&ﬁ of oo  dosery ed Stoebien . Tre
8"8"“1‘ can e clossified as

@) Dcud uawf Y NS #E Dch?ue, o
No Lummuu% 3 am“

Qm \ﬂfét?fér‘maﬂef&}amplﬁw

a'rﬁr %xaml_

S
—
—_—

- ﬁkmﬂ@ Teﬁfﬂfemarete}. ~AANDT S

(_"-) The ignal Snould  loe cleay

PR

Jl»“&{‘ Dﬂ loock g\nurﬂ [Lﬂﬁi‘:ﬁf‘.uﬁu?h'gvi}
&‘*’) T+ 5"'10\1"& e, - ‘

(Jd. - Nilala

Tt 2hould be  Suitall for accuvaly |nieeckor

('u) Tt Should e free "l:fﬂm Phqae Qv

Should  exchioit Gte phase

Source DigiNotes Scanned by CamScanner



_—

gEDUCTION TO CENTRE ..

e

R ..an:Ler 40 Secure well

Lond iwoned

e ol cdgects Such
Hiuﬁa‘xa' or lpekter '\5‘5"@‘“*‘3 \‘:ﬁ] as,

4owevre etc ave aometmes
o tactone () when the

—{'—‘,Qa ?O\EE: .
dolerted 08 T D«‘\a ulortien

ob2eniorhiond o re 'bnt-ﬁeﬂ oM Quch &tatien

+ & "'MPUEJE;I-ME “+0 et up and an ingkument
Nevr .
% Tn &uch o case — 5ubg:;,c;,\_'lgrd g+tation

Eoowh 0% E:nte\‘n—l;e gtaten OF E:t.cen"tﬁc

s\ atebmarie Sarmptes:

neor 4o the man Stoten os  possible .

¥ The oObZeriatons ore token o the other

Higrglechen Staken with the Same precigien

0% wWould bhaye |lbeen ueed N the Meagurement

E'F | ﬂva'\% ok the Kue gy’bﬂ‘HB‘ﬂ .
¥ Trese anales ove loter OY vected oW
i _i_h . .
Vediiced o what L:“.;dm\.cl hove loeen f -the

Nue &taber wWas oocupied.
¥ "The Gf:em'hﬂrﬂ of oﬂp%w(? +he torrecheng
CQU-L t© the E:::ce.ﬁ'f*ﬁtnf of 4he Stoben is

ﬂ“’-’ﬂEToLLH hﬂnu:rﬁ ag the ‘rE_QbJ-LQ'{'l&Y# of Covyive.
Source DigiNotes Scanned by CamScanner



% The diotonce loetween the due Staten ony

Sodellity  Staken @ determined either %,

ﬁlanqmeﬁﬂc}. LF-‘JEUJ“? or -H'nr:kfaulu'ﬁﬂﬂ method

% Sotellite Stotions ahedd be ovNoded O fox

0 ?DQE-WJLL a) Fﬂ.mafﬁ '-i-n‘."nﬂ.: 3u\n"ﬁfﬂ
Evvoy = T diffewne betowun Vtha o vepl vali ond the
~we valiv g Rvan ad 2Yvor .

‘THEORY ofF ERRORS

ETW‘&: Cl'il mEﬂ.E)Uf‘E,me_ﬁ‘t fa P 0E D‘F 'H'W"E’.'E-_ HVW(J\S
which owtuvs  wolel  ue do He J_.u.vutﬁﬁl-ﬁ.,

O migtakes

® svystempTra ERRD

o MWatermakk Sample

@ MIsThmeES L MiSfralked aqre @vvors that

arige fHRem n E-?'-‘-*EFE'.T‘?EHE.E : Qumllgaﬂneaa

N tad
Mattentve ondk EDDEN" dﬂdglmaﬂ—t Qv C&HFuEJEn

N the mwnd of 4he obeervyer.

% T +he MStake i% Mﬁdﬂde& ) 1t
Produces  a é_@ﬁuua effect on -+he 'Q""Ml{

Neault |

* Heme Value 1 be vecwrded i +ho
'REH Muzt lbe cheg_'ﬁ._ed Wy &mﬁ 'nﬁt:lE PETI!{WJ:
fied obgewation

Source DigiNotes Scanned by CamScanner



QYSTEMHTIC TERRORS:- ¥

@ “rak

x A Sustmetic ermr 'S an evvor T under Ane

Sorme (orditeng A\ a[_:_naaux be of Same
dne and &?ﬁﬁ

x A E,U\-}emc:‘c{c. o ol follows Same

Aehode mocthematical ovid F}\.as,amL law arol
A  coYrecHon con bLe Jetervined and Qﬂﬁtﬁcﬁ_
Luch ervore  oxa of  eostont chovocter andl

ahL Teazcxr&e::l ah PG%‘«'E\*JE o ¢ tVe  actovd
o e Aasull 0 gt @ Tm&%,d;v{?

e veault
52 Hars fove Gumubthve

Thaiv e-Hec '3
(8) AccIDENTAL ERRORS 1_

Watermark “Sample”
ofter mistakes and gan,femmhc, erdors Nhove

bbeenr EL)T‘ﬂ'!ﬁcﬁ:'Ed and. ore Com sl L«:;f_ Lornlainahion

of recaons Er‘ﬁ::l “+he ololuty of the obaevuer

..h) f » L' eV Wﬂﬁ e Som +mes in Bre divecken o
GL &mz%mm v o+ @thev, eve Ul Ao wokd <o
ﬂfvpa\rnnf veh i Aoe lpage o A0 Sueals

* An D«.-':‘.C:.d-é_ﬁ"tn'l eryvor OT a S"Iﬁdlle determi -
~oakern ¥ the difference lbetween

() +hre Hue Volue of the Cl/unﬁ'h‘l‘[?! ound
(_":'-) a  detereninaten that (g fee “oro

migtakes ﬂrﬂ —'ce_ma‘i'i-: exrvovsd. {hi
. L ALiAT
% fecd enial evror a'iﬂl:,' +{nd 5 of chonts sy ROV e

DEFI NiTﬁTIDMe) bo. ndll 24 mw&hm
(oS

-',:--" P‘ “.wf.? .J' EJ J,JJ

i F il
N (T

@ INBEPENDEMT e TIEIW 1. _z4~r:

e e

- Source DigiNotes  scanned by CamScanner



-

'wﬂta?@_ﬁde'n"[ c‘{unﬁh""fﬁ 2 one Dhoze  Ualug @
'\ﬁdE

pendent of the Valueg of other ?“’“"“ﬁ“

TLasL 3 e

TF lears ™ velodien wih W*d othev
E:Punﬁ'ﬁ‘rﬁ oard  hence t:hmae n  other ?ucmhm
does  viot offect “he Valwa of the ?Amﬁg.

i Em(YT)Ll L REC&-L‘-EEC‘ m&h E}'p &EUET&[ bﬁm}]
| Mavrke, .

@EDMDITIDH BUANTITY

A eondikene

C}"’*Q“*‘Jfg % one (phose Valur e M

Upen the  valuee of one ‘or more q/u&ﬁﬁ%auh

“\Waterm aMe-Sampie
Emm?\ez- Th o -J,{;maxe pRC |, r:ma‘hf: &+

& + [& + & = Tn 4  tonditoned

QCVm'lﬁeﬂ, cmﬁ +w0o cm@",a& m&by e ﬂaam:leol
Qo ;fﬂET::enclmf ond the +hvd omgled ow d.n]oefdaﬂ%
O conditorfd cl/um#‘?j

B DIRECT o@SERUATION L

Ao D‘aé-ew\m—h&n & the nuemevical U«O«Lwl of

A Mealured T@m{}? and

divect ard  ndicect S
: @ ‘;..«bb'ﬂ'
A direct oberyat®n % e ane Mo
chfe.:ﬂﬁ en the @umnﬂ bﬂﬂﬁ determined
Source DigiNotes Scanned by CamScanner

be eitheyr



E:ﬂﬂfﬁ?\l -
4+re Sﬁﬁaie MEGE;LNE.MEn‘l' of an ﬂﬁa[ﬂ. ele,

The Mmeosurement of a base

@ TNDIRECT SBSERNA TION, .

An sndivect olb2ev Jotery & the OME " which

4he cbsecved. Valua 2 detected or deduced

Fem  the meas urement D‘f: Some fﬂfﬂ'ﬁuf

?,mﬁ‘h‘{""-ei-. /
- b by

The reeaguvement of '3“8

rePi%&n% (a m\tﬂph of on .aﬁ@[@. bﬂi‘%j mﬂmﬁ‘ﬂ)

@L-GEIC-.BHT oF QN MGE:E:ER\,“%T:[{:N:_

MV\LQI ermatk-Sampie.

wheh a wvwumlboer amma on  indicoten of 3

Pfec.:.s;_.xan cx-.-_wci Frust  wovthyleze, when wakin

1

the empanieen betweer  &everal C;uuﬂﬁ‘ﬁaﬁ
of  Jdiffecent worth

e,
E:mm]:l e+ Tf a (evtown Obgeryoteon & of
“---___-—-—..
m?-l'a‘n‘f four . Tt meany that Tt I8 4 tmes

0% much veoliabe of on' oclbeevvation o-f
Loa H+ed gv Ja
WEAaH i _ﬂ@uhwlwn ovuc»f* o D_-b’-L.E‘f B m;eg’
7 assu med fo oo q;ua“Jr veliobls; +Ha obStY
-—-”_'q:fua ax doid Fyle of ‘;un.[ wtiohi ov of VAT woig
i, 0V E}UQn’HﬂE& obgevved in di rection Pm?nr*ﬁa-,;
‘_-m e wumloer of obReruatheng .

Source DigiNotes Scanned by CamScanner



BUPNTITY

(DO BSERIED GpLVE OF THE
| s

vookty 8 the
fo cusevved velwe of & §UT

Aovr all
E Yole getaned wher 1T 1S covvected

+the Eaowdvyy ervove |

@ TRue WALVE oOF &UHN_FEE 7
|

Fhe e alua abed ci/uﬂnﬁav 2 the Nalu,

which e  alogdut fiee fiom o\l guartitice
all s L

% The wue value of o quenisty 18 indeter mingt,

c51n:e the tue emovy 18 pever BNOWN .

| omW atermark Sample

Tre  moat pyovalble  Noluto of a ?/un.ﬂ'k‘w i2

a""& othey | volue .

T_HOE ERROR _ A tue ervor W3 o

Eil#&!’ﬁﬁf_ﬂ_ loetween the *+rue. Vol U"F N

Jrontity and & o olbserved \alig
DM0RT PROBABLE ERROR -
BRELE v i

e  paet Prooobbla  ervor 1% defined ¥
thost Cbucm'h"tir wheb 13 added o Subtad

Trem
1He “Most probnlaly yalia  efces the
Source DigiNotes Scanned by CamScanner



wﬂﬁi'""' .
Umﬁk‘& wlivthn Taip ch an eden [ h&mg "!‘he 1.
Frue "\-’C}JJ.I_L of +he MQD&uTEal C} unﬁ'ﬁ? et

Live.

@HE&IDUHL ERROB o ,A vesiclual evcor iS5 +he

diffevency letween —the most probable Jolie

fof' o Cl/unn%tal ond g olbaevrued. \Jc.l.u\e.

OBSERNAT ToN EOWATION Ao olbseradion

Q,T(ua%!i‘m & the TE}G'BW lh e tioeen ke olhasrues!

fV.mnﬁ'ﬁ and. it ﬂuwwe_ﬂm{ uoL_m.

atermark Sartipter™

'S the ecb‘_l,q—haf} e = ng&&\ J'-Z‘!‘\e e rr[:wE"l'\ EI.!& ?
betweern the Deveral deFerﬁen+ ?/u»ﬂﬁ*ﬂ‘hﬂf:.

NOBMAL EauvATIoN o A aovrenal epua-l-‘:ﬁﬂiﬁ

+he ene which 1@ formed iag the mu[ﬁpw
Cach Ww bﬁ +the (n-effaent of tre
Unkowyy  Whose  novmal QV_[QJ:"\% i 1o be found
ond ‘ad Odcliﬁa the e)o/ua%ﬁn , Fhue  formed ag

the ' mumber of  normal e?uan.-’nuw&. & the 2ame
A% the number of  unlenownd  The Most
Prolable  voliwes Oof the unkrownd con be found

Qﬁrﬂ H\;E,, L.J_E]:l'iﬁ'f'-'l.
~ Source DigiNotes Scanned by CamScanner



0R &
“e Lawe oF AccTpENTAL  ERE

" R
 dsosed T s clapter Slab with oy

e ——— |
The oy of evvovs 4het & i iy Woalin e g tL-M-h.w
ﬁc‘ﬁ&m{rﬂ evvon Odiev o

Toveekgotons of Ooserlahend of Naroug
+§Pea' @how +that accidental ertovs £ollow a
defritt  low . the law of pro Lpa-.;md.

Thed law definee -the ocaurence of errog
and con lbe aac?we.asai v the form of Qyu%
Which e, used o Lﬁ'mlju{e the prolbable valuce
or g Pva‘uuﬂe precisien of a c}/um—lﬁ? . The
e .‘”‘F‘Of“faﬁ'l featuas of accidental errong

i:‘\Z\fé’f*Er"'Tﬁ afk Sample

mall  evrrovg tend T© be move ’G et
“"hai‘-ﬁmim"ae. oneg +hat g th EL?_
A% 4he mosst Fmbaioleh

("") PDEE“INE and WE@Q'IWE: errore ot Same Dize

hnppen with a;unj ﬁej’umyJ L e 'H"*? Qv e

37/ uauﬁ Prokable

i) L

(1) G‘Bﬂ errore  occur 7uenﬂa and axy
im;:»ne.e.-able .
LPWe oF WE 1I6HT S

®ENE RA L PRINCIPLES OF LEpeT S a0 ARES

'-———______|___‘_‘_‘.I ————— e il
Source DigiNotes Scanned by CamScanner




~+ 8 Found “thoat Frem the mebm{a‘ e_?m,m
ot the tnoet  prooble Voalued of o Seres of
2XYove &ﬁ&;nna fem  obgeruotions of Q?ual u}g.ﬁ'?b,-ll-
are Hoge Hfor wheb tre  Sum of the %ua@h
& O POYYOUYY
% Tre Fundamental low of leost 5?:-#:1%*1& '8

devived Hom the

% Hcr.mﬂ:lﬂ’a T the FTﬂC:FJ{]. 5L leost étf/)ﬂi‘"ﬂﬁ

Are  Mmomt Pf‘obew‘ae value o an bbaewried

Opuﬂﬁﬂ'cﬁ ovailbla Tem o guen Set of obsevvafion

& “4he ene Tor whieh e Surn of the Sguave,

" Water r"ﬁ‘ﬁ& (k Sample.

Eﬂ"!

Series of | Glﬂf;-ﬂfk,rcd‘\ﬁ'ﬂ . +he "f‘EEm:J-.LJD.I' Ervovd
Wil e +he Jdifferance between ~the ade F‘téﬂt
uﬂll.l_l__ one égueml. nhgaNEci \JC&.L‘—"-E'-&.

LPprwe OF |WEI&GHTS

Frem -he method ©F least 2quoves +he

'Fn Wawah ﬁﬁ L;:uﬂ g o©O -F u)e'a,h-t& ave 2eto Hu&he:ﬂ
() The ujejah*’c of 4he aftheratc mean of ~the
Meosuve ment OF onit u:ﬂ(?hf "2 Ejfuﬂ[ o the

ey of Obeervatens .

S [et on Cma

| .
Source DigiNotes Scanned by CamScanner



[® Wk ah"r

M =20 20 w0 4
(® 20 20 o ! <X
©)] 20 ﬁ.‘:—l 3 A
@ 30 E-D'II “']“ 1
G 28 2 q 1
@ :‘bﬁ- 3_D1 'I.‘CI“ i
Avithe ok meoan
= @oing | v = ( AR NL
\
Watermark Sample
mmcd'm of artremaotic meon = Humber of

Qo aeriahen = e

(2) The m&@h*r oft e uma\\+e¢\ owithmake Mean
= ‘E?uuj 1 the Sum of the wndividuak Lﬂzﬁh‘h. 3

Eew ek 8 ve meaZured 6 tHmeg Hhe

—

’FDHEUJ';\"Tﬁ be;r? the Values.
L& e I¥-1"0
20 1 a

3{)' 0 2

30 1D &

@ e O p

it________ e M N T ] s =
Source DigiNotes Scanned by CamScanner



2

g of  wndinidual uaazah-lcg.
= 2% Z 43 42 A

= G
meﬁ\-ﬁ:e&r Arrrnote  mean -
- ||| ”
30 3p o _:_{;_ [{\Ellﬁiﬁ—"rk‘gﬁklﬁé'} 4'_@; 11‘)4

(052 ) +(q"xa) + (0 x 133

- i v il
30 20 9

m‘%*ﬁ of maiah‘red Avthermatic Mean = |¢
@ \Water M afk-Samp e~
f{/unﬁﬁ{‘wef;. '3 uf/ual ‘o the W‘Eﬂpfﬁ&ﬂ"x of the Sum
of Teﬂipﬁmn.‘k of wdwidual uoaia'h—lca

il

Ex: et
©

a4y" 10 90 uaeia‘ﬁ't - A

e ]
30 40 o , Lne'.ah-t =3

[

g}um of '{'EQI.FTGC&IE: ok "ﬁﬁ&JUiDLU‘Ql tﬂEﬁa\T’c& =
Foa

= —

L, et
o, AL p

& % " - ]

.aHU{: oL + B = 4370 20 4+ 39 40 10
! "
= :|-11=I 50 30

= | |

—_— -

i | _E N
o

BT, /a r
| | !
r o .
| s=igid of X-p (L. ]

P4 5

: i

o
>

L .

—

Source DigiNotes Scanned by CamScanner



@ ¢ 4ee ci(mﬁ"ﬁi"d ot aﬂvﬂ&ﬂ mEia'lrﬁ' Ism“%'?’hed v

by a foctor, e u:mah'*r of the &esult ig |
olstaire d Laug dmdma e &uen U}Eﬁh* bﬂf e
Aquave of 4he factor [

. \ = ;
Ex: (et ol=42 © 20 u::e.ua‘rw;: €

Tren | u:v:ahif of Dot = 126”7 B

® ¢ 4he fv_m‘-ﬂ\-[\d a)um m@a & dwided hJ

vzﬂ Hre u::?_.- sre_cenitt i@ olotcired

1 maa“rw* = A
Then u:;e_,ah-\- of _E{_ : A5 '-GIE:D"
B 3
=\ E‘ 3:-‘:}“
= a4 G)

@ - ST

ecl/u(x;;m 8 mu‘fﬁf:'lxad bd td 0wo
tue(?hf, +he uﬁam of the re&umrﬁ &E_uaﬁm i8
QT/uul o the veciprocal 0f the meig‘n’f of
+the e[:]/ua-i"lﬁ'n

Source DigiNotes Scanned by CamScanner



- Let G !

=1
T .
en uﬂe‘a‘h*\' of ._'% (H-—\-{b) = 50° gy
* ik
The veQipyocal  of “he meiah't- of “he ?-?/un%gf)
_ U -
3s E}

@ The maam of “*he QC!/LLQ"{\% Yemang  urchanged |

VE a\l 4he é1a'ﬁ% of “+the %&n& ove dﬂhﬁ&i
ove. & the eguotens  are odded to or
ubsNoken o, 0 Con%iont

“V\/*at@marak Sam ple

130 - (20" 10' )

Ba'40') = 3

e B+e - %0 9o ,u)e;'n'ﬁ:-

Fi‘fﬁ& OF BezagnINGg WEITHGE To

THE FIELD O0ORyERNAHTION

) The uaeiahi- of an maieg, Jories &:‘;ﬁf&t“{a or tha
arlgey 0{3 obgerigtoneg ™Made Aor the
fMfeaguvrement of that &nalg_

@ kDEjah't% kJnr\d ‘mﬂe‘{’&.\ja 0% the lena'th of

N QTPEE f{}n‘t =N Wy "&E ch. S O "F L""“ es ':I'F

levels
@ I on ovgle & Mmeatuved 0O b yYumben
© oF Hwnes, Vite we 1S nvewly meﬂﬂr"iﬁrulj
— Source BIgINOteS Scanned by CamScanner



+o e éCV,LDTE of P{‘Ob&\i& eryov,

@ Tre toevecteoneg 1o be &?P[Jed 40 A ooy

deevved Wnﬁﬁe&. ore W nvevse pYoperhel

proportione  fo the” wﬁi@hﬂ-

e el s M TR

DIsTRIMOTIoON OF ERRORS

To THE FIELD 0GaERV ATION /
il B R

MEAZORE mE.N;RS

Hong O mode _ﬁg-&dd;

whenever -the clbbgevia :
-{:u’ check Hof C*““'-l’“a vor,

"t ie qhm?r ﬁems,mnd
-
Watermark Sample.

* The c.\cns—.:ma ervor &

The obzerved c[/lmwﬁﬁ&?: .
The Sum of o “lea, reasuved ot

F \
oy e:l:.qn-yrﬂe 3 - "a‘ -
“he  centval m@h shkala be depn. v i Ehe

Sum 8 ot Q]a/uai ‘o 30 '1 4he  exrov &houd
be, dighubuted o the obzerved ﬂﬂalﬁﬁ- ofter
ﬁ*“‘“a pyoper Lﬂﬂah‘tcﬁe_ 4o the olbeeruatieng ¥ The
‘&Mﬁa rdes Foud  be GPP("Ecl for the
detuogten of evrord.

(") The correctien © e QPF’LE‘;‘ 10 an
Obgerughen 1% ‘m\tey"gld pyvo Portonal 0 the

Luq.ﬂht of the Obgeruation |
Source DigiNotes Scanned by CamScanner



—

@,‘) Tre covrecten 1o be QFPL@ “0 aon

obseriokon 18 ci‘afec‘cl.a FTDFG"‘_'BWG"{ to pHece
of the Pvﬂ‘m'ole evior,

() Tn cose of tne of levels +4he corvechon +o
ve appled ® proportonal o the (Ma“&'ﬁ
Excample - A B b wes mMensuved
lmﬁy Adfferent persons ond  the -F.:;ll.owiv—g

e +he \JQI\.LLEE.
na)
& i W
&S 30 \O g
‘ il
&S 39 so

SNatermark.Sample

L}

es =30 3o i
6s” =0 (o o
Find 4he most prokalkle Nolwa of +the mﬁh
3,‘?1; “The MO Pmbouau value of the a,.a[ﬂ i

Qﬁ/ug_'k ' Lﬂﬁaah‘ﬁﬂ arithematc meaw |

/"ina\a

\ J B Ll
€S 20 0 x 2 = |\ o 20
. ) v
GE 29 SU 3 s HE“ qu :-‘_,"{}“
. i
' i it
=) &o 20 . " @ 20 oo
I L
GSQ [=>] n X A = sce® | ¥ 30 "
] ll W = = 4
gst | ms . Wi oo OB T S

&u‘fn 'E: o q%in a'i.l ’%ll I
N y
Source DigiNotes Scanned by CamScanner



s u::eja\rr’c = ¥ 3YBZ 4 a4 o\S

wbﬂhed avithemake ags’ 2\ "’!‘U“

mean S '

] |
= gs° 20 6 .6% |

DE"TEP»mINHTIOM OF THE mosT PROBGABLE

NBLUES

e weost P?‘Oba‘ml& volue of the ci/uon‘l'i"ra' (S
“he one  which ‘nas move d\orﬁ‘e& of loel*'a Hue
I 9 dediiced feom Severo\  Mmesiuvements Bn

Which & i@ daged, TIn prchce the follow

~M/atermark Sampie |

Valueg oA = 40 be determined .

i

CASE() - DIRECT OBSLERVARTON OF
EQUAL WEIGHTS

CPSE(R):. DIRECT OBLERUATTONS OF

UNESUAL WEIGHTR

CRE(s) . TNDTIRECTLY OBLERVED SUANTITES
(;, UNEPIODWNS
ENVOLVING ! oF ESUAL weTouT

CAZE (4) ;- TNDIRECTLN OBSERVED BUBNTITUES

INV gLVTING UONKNowNE OF UNESVAL WEIGHTs

Pop(s) © ORZerIATION EBUATIONS

MPATINED BV CoNDT TToN EBULAT IoW
Source DigiNotes Scanned by CamScanner

Acco



N
5 DIRECT OBSERNATION OF EsUAL WEIGHTS,

of +he divec

THe  roxy ?mm\ah volue o
S

o baevrves cV,,lgwﬂ"cU_ of Q-ﬂu‘lk uﬁahﬂ
fo the odthemotc mean of the obeevied value.

Vg & the Gb%&f‘de:' ‘-DL""L
the

::. - Vi, Vs Va _

of +the Ci/\lonﬁ'ta of e?/ugl x.DEiah‘ ll'“ Hb@fa

M = VMV Nag+_ ..~ moat
—_ = prokade
n Jolue
CPSEQ) - pTRECT oBeERVATION OF ONESORL

Waterntark Sample

H "The MmOt Ffo‘mb\e Jolus of on obeevved

W‘JCH of uﬁQ_?’ual hﬂﬂaﬁt& S &?M‘L to the 1

uﬁka\wed orithemahe (pean of the obeery ed! ;
nttes |
e beewed
X TIf N(WWNaNa L N, ore e B

Wnﬁﬁes with  WLGhtS W, , Wy Wy - ——- Wrn

ond N is the wost pPvolabl Jole of —the ?mﬁﬁ;

e

N = WV +WaVy + WaVat o Wyl most
= —————— T prokobl

Wi+ mﬂ."'m_a-r..-,__ W Jalus

CEOE:E.@ ard CO&E@

OBAERVED SWANTITIES

INOIREecCTLN

INVOLVY TN &y ON s NOWNS oF ESUOAL OND .I'i
Source DigiNotes Scanned by CamScanner



16 THS
oNBROAL WESS T

\ d¢ eac) |
* when the UnknNows ove w*del':vehdarrl— ch |

ca ;
Other There the wrost P"Uml"h \olue e Le |

'Ff)uvﬂ \ox.d ’FDTmY‘a mwm\ e%un%o\n& for B ch

+ -the
of +he wnknown cl/uun*ﬁﬁee‘ ovd e r\a

0 Sinultoneoue Qg,ua-ﬁaw& 1o ‘ae'+ +he Value

of  uwkrnoune .

CASE(S):- ORLERVATION EBULATION AccomPAINg

&9 CoNDITIoON EswaTION

W e plzenioken oRep] i oecofpoined
 Watertiark, Sample,

|adder mo.nd be yeduced 1o on Obgeruation

eﬁuﬂﬁm Ohieh will elimpate eme of -the
UnkENCWN &.

*% The vormal Q.T/Llﬁt’hﬁr‘; can e formed o

the Vemr:n.m'.r? Unknowg .

() Fnd +the most proboble Voluu of [B « dem
‘he fFDLﬁ-owh’va, Obge rygthen %ua-'ciaﬂ

B = =0 9_-5‘ 4_'3"'

20 - qi 35’ ss°

AR = |9° '-54-. 20

Source DigiNotes Scanned by CgsCamer



—

a 2 .
f}i Note :- Theré 2, eoly Ome uwnknown an
e of eguadl m8h+-

sl the ob=ervaton o

he (n-efRcients of A in the -hree eﬁuaﬁ'm
ane 1, &, %

Hence muH—;PLa these Qﬁv’ug-{-f.a-ng b@/ [,3 and
A f@-aFer.-EweLd

® = 20 ge¢' a0’ x ) &y, 20 92 AD

30 =~ A" 95 S8 X Dzl e3a’ 3 AS

AB = ' sS4 2 UG iy ™ e Dt

Sud 96 A = F03° 34 95

Watermark Sample
@ Bnd Yhe Most prnﬁaabu Vol of P i S
-@a\mwma dogeriohen Suahend -

the
a 1 u

§ = 30 33 a0 me.;ah# 9
a " N

& = ovag =2 u.:rzza*rﬁ 3

o Y L3 A i
B = &{Jf'l'a.\fq-'lah x 2 > LY SFH

\ 2 a = i
8 = aes ms o x D T TR VFOAS

Zrare
Thee S cmLU one Uunkrmwn

ove of unggua'\ Lﬁéﬁs
Con e Hovrmed chd mu‘r'b'qp(.déﬁa

but the Oosenohon

“he novmal er;;uﬁiﬂﬂ

cach of +he Hhoo

Obeeioten G_:I/ua*ﬁems l:kd tre ovvesponding
i

Source DigiNotes Scanned by CamScanner



lﬁ’-‘a‘rﬁ and  w-efluent of mﬂah*' and add,.?

+hem .

* TIn +he Hrat Qﬁ'/ua'ﬁﬁ", o -efhcient gt (B B

ord the mah—k of ocervoken 1S

Hence \x2 =2

* TITn +the Qetond &?/un*!ﬁﬂ-ﬁ, wetbaent of B B2

oavd the Lnejaht of okeeriohen 1S =

Thus  (De  hove

Watermark- Safmpie

i

ﬂ = q\l ‘}_S‘ ZS MO = %11 5*?-1‘ 1=

—

L W = T %g‘; '501 :3,5“

FZ 20" 22’ %Afsj

@ Fiod +he mozt Pmbub‘ae Jolues of +hre

Dmalu B and & fem e a&kan‘ma Obgev Ve,

at o &tolien on-

A = 9 A% aglc ;o wes alv*r g
3 = sS4 2% Amg
uﬂﬁnah"( 7
BYeE - A a9 oy
\ Ll u,:.q;ca"n't_ 4

Source DigiNotes Scanned by CamScanner



L

S |
&_Q‘,\ Note ;.. “There are -Awo unknownsg Pond o

and both are independest of each Other

and  4hove woi\)

be —o rormal  reacHons.

% Tn Ahe Brat e_s;ucﬁx'\%'ﬁ;

Co - eflcient of H 13 \

L&Jah‘% of olbservoteor & L

Hevnce Rk, vy

¥* T Ahe SQeond e?/uﬂ.ﬂen, oeffc ent
o % VE ond

obeevya 4 en

mt'ﬁh't’ of '
S

QWatermark Sample |

Lnd  Ahe  normol Q'?U

s ¥

mubsply by 2 2 by o

weflcient of 6 % 0.

(E:-\'T‘IC,'E +re

cient of B i3 8
T the b o‘%}m#en HoLo0

“‘MH"‘P[ET G{/“ @ bd £

ava meiah'f W3 4

5 X A = 4

o i k] - ] W
9f - 9 % 0 A% 36 .6 = QQ 37 \31L

vy
AB +40 = A\3° As | SA

i < 2.

GH+AD = 42F 1D F2

(y nNormal eguokien dwe B ~—0

Source DigiNotes Scanned by CamScanner



s Bl il ?_?/uﬂ{-\ﬁ-ﬁ for &
outbply g7 © oy o 2 (o2 =)
mm-\apba &” ® oy o = (x>=2)
muHﬂPLU 4 @ by A = (x4 = 4)

My

20 = led S3 349
AD AL = A3 4c 'S4
ARX+TFDH =

= 5" 29" |& 9

_~ nor mal Qf/un-?m

éﬂo\.u.n b termarok Sm-,d &, ]:é; )

et

6A + 4® - ;
% 433 93 3.3 = 22,32\C

4B+ FO - se° ! ¢
sl = ©G.9380

ﬂ » &%ﬁ I'g'l- .‘q%#'ﬂ

= \ L

G = 66 se \Fa

Source DigiNotes Scanned by CamScanner



www.studentskey.in

UNIT =1V

ASTRONOMICAL SURVEYING
Celestial sphere - Astronomical terms and definitions - Motion of sun and stars
- Apparent altitude and corrections - Celestial co-ordinate systems - Different
time systems —Use of Nautical almanac - Star constellations - calculations for
azimuth of aline.

Celestial Sphere.

The millions of stars that we see in the sky on a clear cloudless night are all at
varying distances from us. Since we are concerned with their relative distance rather
than their actual distance from the observer. It is exceedingly convenient to picture
the stars as distributed over the surface of an imaginary spherical sky having its
center at the position of the observer. This imaginary sphere on which the star
appear to lie or to be studded is known as the celestial sphere. The radius of the

celestial sphere may be of any value — from a few thousand metres to a few
thousa ilometers. Since the stars are very dis from us, the center of the earth
v M AL B A e A P €

Zenith, Nadir and Celestial Horizon.

The Zenith (Z) is the point on the upper portion of the celestial sphere marked
by plumb line above the observer. It is thus the point on the celestial sphere
immediately above the observer’s station.

The Nadir (Z’) is the point on the lower portion of the celestial sphere marked
by the plum line below the observer. It is thus the point on the celestial sphere
vertically below the observer’s station.

Celestial Horizon. (True or Rational horizon or geocentric horizon): It is the
great circle traced upon the celestial sphere by that plane which is perpendicular to
the Zenith-Nadir line, and which passes through the center of the earth. (Great circle

is a section of a sphere when the cutting plane passes through the center of the

sphere).

Terrestrial Poles and Equator, Celestial Poles and Equator.
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The terrestrial poles are the two points in which the earth’s axis of rotation
meets the earth’s sphere. The terrestrial equator is the great circle of the earth, the
plane of which is at right angles to the axis of rotation. The two poles are equidistant
from it.

If the earth’s axis of rotation is produced indefinitely, it will meet the celestial
sphere in two points called the north and south celestial poles (P and P’). The
celestial equator is the great circle of the celestial sphere in which it is intersected by
the plane of terrestrial equator.

Sensible Horizon and Visible Horizon.

It is a circle in which a plane passing through the point of observation and
tangential to the earth’s surface (or perpendicular to the Zenith-Nadir line) intersects
with celestial sphere. The line of sight of an accurately leveled telescope lies in this
plane.

It is the circle of contract, with the earth, of the cone of visual rays passing

tough \fd Jofi) 83e}iiar) 76 dfceCor c@&l&ﬁ@ir}le‘ the earth

and its radius depends on the altitude of the point of observation.

Vertical Circle, Observer’s Meridian and Prime Vertical?

A vertical circle of the celestial sphere is great circle passing through the
Zenith and Nadir. They all cut the celestial horizon at right angles.

The Meridian of any particular point is that circle which passes through the
Zenith and Nadir of the point as well as through the poles. It is thus a vertical circle.

It is that particular vertical circle which is at right angles to the meridian, and
which, therefore passes through the east and west points of the horizon.

Latitude (8) and Co-latitude (c).

Latitude (8): It is angular distance of any place on the earth’s surface north or
south of the equator, and is measured on the meridian of the place. It is marked + or
— (or N or S) according as the place is north or south of the equator. The latitude may

also be defined as the angle between the zenith and the celestial equator.



www.studentskey.in

The Co-latitude of a place is the angular distance from the zenith to the pole. It

is the complement of the latitude and equal to (90°-6).

longitude (¢) and altitude (a).

The longitude of a place is the angle between a fixed reference meridian
called the prime of first meridian and the meridian of the place. The prime meridian
universally adopted is that of Greenwich. Te longitude of any place varies between
0° and 180°, and is reckoned as ®° east or west of Greenwich.

The altitude of celestial or heavenly body (i.e, the sun or a star) is its angular
distance above the horizon, measured on the vertical circle passing through the
body.

Co-altitude or Zenith Distance (z) and azimuth (A).
It is the angular distance of heavenly body from the zenith. It is the
complement or the altitude, i.e z = (90° - a)

rh i Ao 4 oy e i@ meron

and the vertical circle passing through the body.

Declination (8) and Co-declination or Polar Distance (p).

The declination of a celestial body is angular distance from the plane of the
equator, measured along the star’'s meridian generally called the declination circle,
(i.e., great circle passing through the heavenly body and the celestial pole).
Declination varies from 0° to 90°, and is marked + or — according as the body is north
or south of the equator.

It is the angular distance of the heavenly body from the near pole. It is the
complement of the declination. i.e., p = 90° - &.

Hour Circle, Hour Angle and Right ascension (R.A).
Hour circles are great circles passing though the north and south celestial
poles. The declination circle of a heavenly body is thus its hour circle.

The hour angle of a heavenly body is the angle between the observer’s
meridian and the declination circle passing through the body. The hour angle is

always measured westwards.



www.studentskey.in

Right ascension (R.A): It is the equatorial angular distance measured

eastward from the First Point of Aries to the hour circle through the heavenly body.

Equinoctial Points.

The points of the intersection of the ecliptic with the equator are called the
equinoctial points. The declination of the sun is zero at the equinoctial points. The
Vernal Equinox or the First point of Aries (Y) is the sun’s declination changes from
south to north, and marks the commencement of spring. It is a fixed point of the
celestial sphere. The Autumnal Equinox or the First Point of Libra ( Q) is the point in
which sun’s declination changes from north to south, and marks the commencement

of autumn. Both the equinoctial points are six months apart in time.

ecliptic and Solstices?
Ecliptic is the great circle of the heavens which the sun appears to describe
on the celestial sphere with the earth as a centre in the course of a year. The plan of

A= AN AT ST AT VLR

Solstices are the points at which the north and south declination of the sun is
a maximum. The point C at which the north declination of the sun is maximum is
called the summer solstice; while the point C at which south declination of the sun is
maximum is know as the winter solstice. The case is just the reverse in the southern

hemisphere.

North, South, East and West Direction.

The north and south points correspond to the projection of the north and
south poles on the horizon. The meridian line is the line in which the observer’s
meridian plane meets horizon place, and the north and south points are the points on
the extremities of it. The direction ZP (in plan on the plane of horizon) is the direction
of north, while the direction PZ is the direction of south. The east-west line is the line
in which the prime vertical meets the horizon, and east and west points are the

extremities of it. Since the meridian place is perpendicular to both the equatorial plan
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as well as horizontal place, the intersections of the equator and horizon determine

the east and west points.

spherical excess and spherical Triangle?

The spherical excess of a spherical triangle is the value by which the sum of
three angles of the triangle exceeds 180°.

Thus, spherical excess E=(A+B + C -180°)

A spherical triangle is that triangle which is formed upon the surface of the
sphere by intersection of three arcs of great circles and the angles formed by the arcs

at the vertices of the triangle are called the spherical angles of the triangle.

Properties of a spherical triangle.

The following are the properties of a spherical triangle:

1. Any angle is less than two right angles or =.

\Waterrerark-Santp ree s
than two right angles or r.

3. The sum of any two sides is greater than the third.

4. If the sum of any two sides is equal to two right angles or &, the sum of the
angles opposite them is equal to two right angles or =.

5. The smaller angle is opposite the smaller side, and vice versa.

formulae involved in Spherical Trigonometry?

The six quantities involved in a spherical triangle are three angles A, B and C
and the three sides a, b and c. Out of these, if three quantities are known, the other
three can very easily be computed by the use of the following formulae in spherical

trigonometry:

1. Sine formula: 3'"& _ sinb _ _sinc
sin A  sinB sinC

. cosa—cosbcosc
2. Cosine formula: cos A =

sinbsinc
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Or cosa=cos bcosc+sinbsinccosA

Also, cos A =-cos B cos C +sin B sin Ccos a

systems used for measuring time?

There are the following systems used for measuring time:

1. Sidereal Time

2. Solar Apparent Time

3. Mean Solar Time

4. Standard Time
terrestrial latitude and longitude.

In orderto mark the position of a point on tkerth’s surfacejt is necessaryo usea
system of co-ordinates. The terrestrial latitudes and longitudes are used for this purpose.

The terrestrial meridian is any great circle whose plane passes through the axis of the
earth (i.e.,/jthr f 0 k TeSt i iy grlde ircle whose plane is
perpendictila oag‘legim 1&12 offa p iamspe E‘[ the centre
of the earth north by the are of meridian intercepted between the place and the equator.

The latitudeis north or positive when measured above the equatorisasalith or negative

when measured below the equator. The latitude of a point upon the equator is thus 0°, while at
the North and South Poles,is 90° N and 90° S latitude respectively. Tdeelatitudeis the
complement of the latitude, and is the distance between the point and pole measured along the
meridian.

The longitude ¢) of a places the angle made biys meridian plane with some fixed
meridian plane arbitrarily chosen, and is measured by the arc of equator intercepted between
these two meridians. The prime meridian universally adopted is that of Greenwich. The
longitude of any place varies betweent0°180°, andis reckonedas ¢° east or west of
Greenwich. All the points on meridian have the same longitude.

Spherical Triangle? & its properties.
A spherical triangle is that triangle which is formed upon the surface of the sphere by

intersection of three arcs of great circles and the angles fdognde arcsat the vertices of

the triangle are called the spherical angles of the triangle.
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AB, BC and CA are the three arcs of great circles and intersect each other at A, Btard C.
usualto denote the anglasy A, B and C and the sides respectively oppdsitithem,asa, b

andc. The sideof spherical triangle are proportional the angle subtendday themat the

centre of the sphere and are, therefore, expressed in angular measure. Thus, by sin b we mean
the sine of the angle subtendatdthe centreby the arc AC. A spherical angie an angle

between two great circles, amsl definedby the plane angle between the tangdotshe

circlesat their point of intersection. Thus, the spherical argld is measuredy the plane

angle A1AA2 between the tangents AA1 and AAZ2 to the great circles AB and AC.

Properties of a spherical triangle

The following are the properties of a spherical triangle:

1. Any angle is less than two right anglesmor

2. The sum of the three angles is less than six right angles am@greater than two

\Alaik k'Sample
The iar; oﬁygvmsggrreater than thgl.r!i’n

4. If the sum of any two sides is equal to two right angles, tihe sum of the angles
opposite them is equal to two right anglescor

5. The smaller angle is opposite the smaller side, and vice versa.

Formulae in Spherical Trigonometry
The six quantities involved in a spherical triangle are three angles A, B and C and the
three sidesa, b andc. Out of thesejf three quantities are known, the other three can very

easily be computed by the use of the following formulae in spherical trigonometry:

1. since formula SiNa sinb _ sinc
siInA  sinB sinC

) cosa—coshcosc
2.Cosine formula :cos A =

sinbsinc

or cosa=cosbcosc+sinbsinccosA
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Also, cosA=-cosBcosC+sinBsinCcosa

The Spherical Excess

The spherical excess of a spherical triangléhe valueby which the sum of three
angles of the triangle exceeds 180°.

Thus, spherical excess E=(A+B+ C-180°)

Also, tanz_1 E= tan} stanE (s—a) tani(s— b) tanf(s— C)

2 2 2 2 2
In geodetic work the spherical triangles on the earth’s surface are comparatively small

and the spherical excess seldom exceeds more than a few seconds of arc. The spherical

excess, in such case, can be expressed by the approximate formula
VAN

R2sinl"

eV AtET AT K-S arryre=

the relationship betweenco-ordinates?

E —

seconds

1. The Relation between Altitude of the Pole and Latitude of the Observer.

In the sketch, H-H is the horizon plane and E-E is the equatorial plane. O is the centre

of the earth. ZO is perpendicular to HH while OP is perpendiculBEto

Now latitude of place = 0=~/EOZ
And altitude of pole = a=/HOP
/EOP =90° =Z/EOZ+ £Z0OP
=0+ £ZOP ()
/HOZ =90° =/HOP +/P0OZ
=a+ £POZ ... (i1)

Equating the two, we get
0+~£Z0P=0+/ZP0OZ or 0=«

Hence the altitude of the pole is always equal to the latitude of the observer.
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2. The Relation between Latitude of Observer and the Declination and Altitude
of a Point on the Meridian.
For star M1, EM1 =5 = declination.
SMI1 = a = meridian altitude of star.
M1Z = z = meridian zenith distance of star.
EZ = 0 = latitude of the observer.
Evidently, EZ = EM1 + M1Z
Or 0=06+2z ... (D)
The above equation covers all cadéshe staris below the equator, negative sign
should be given té. If the star is to the north of zenith, negative sign should be given to
If the star is north of the zenith but above the pole, as at M2, we have
ZP=ZM2+M2P
or (90°-6)=(90°-a)+p, where p = polar distance = M2 P

or 0=a-p ... (2)
GG 1A B o T A, verave
ZM3 = ZP + PM3
(90° -a)=(90° - ) + p, where p = polar distance = M3 P
O=a+p ....(3)
The above relations form the basis for the usual observation for latitude.

3. The Relation between Right Ascension and Hour Angle.

Fig 1.22. shows the plan of the stellar sphere on the plane of the equator. M is
the position of the star andSPM is its westerly hour angle. HM. Y is the position of
the First Point of Aries and ang®PY is its westerly hour angleZYPM is the rit

ascension of the star. Evidently, we have

... Hour angle of Equinox = Hour angle of star + R.A. of star.
Find the difference of longitude between two places A and B from their following
longitudes : |
Q) Longitude of A = 40° W
Longitude of B = 73° W
(2) Long.OfA=20°E
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Long. Of B = 150° E
3) Longitude of A =20° W
Longitude of B = 50° W

Solution.

(1) The difference of longitude between A and B = 73° - 40° 33%
(2) The difference of longitude between A and B = 150° - 20°136°
(3) The difference of longitude between A and B = 20° - (- 50PQ=
(4) The difference of longitude between A and B = 40% 150°) =190°

Since it is greater than 180°, it represents the obtuse angular difference. The acute
angular difference of longitude between A and B, therefore, is emual
360° - 190° =170°.

Calcula Wlsta cein kilometers between tw nts A and B along the parallel of
e VU @ALET I ark sampre

Lat. Of A, 28°42° N: longitude of A,31°12° W
Lat. Of B, 28°42° N : longitude of B, 47° 24° W
(2) Lat.Of A,12°36’S: longitude of A, 115°6* W
Lat. Of B, 12°36’ S :  longitude of B, 150° 24’ E.

Solution.
The distance in nautical miles between A and B along the parallel of latitude

difference of longitude in minutes x cos latitude.

(1) Difference of longitude between A and Bt# 24’ —31° 12’ =
16° 12’ = 972 minutes
Distance = 972 cos 28° 42’ = 851.72 nautical miles
=851.72 x 1.852 4577.34 km.

(2) Difference of longitude between A and B
=360°-{ 115°6” — (- 150° 24°) } =94° 30’ = 5670 min.
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Distance 5670 cos 12° 36’ = 5533.45 nautical miles

= 5533.45 x 1.852 20,247.2 km.

Find the shortest distance between two places A argl given that the longitudes ofA
and B are 15°0° N and 12°6’ N and their longitudes are 50°12° E and 54° 0’ E

respectively. Find also the direction of B on the great circle route.
Radius of earth = 6370 km.
Solution.
The positions of A and B have been shown.
In the spherical triangle ABP,
B = AP =90° - latitude of A
=90°-15°0’=75°
A = BP =90° - latitude of B
=90° - 12°6 = 77° 54’

The shortest distance between two points is the distance along the great circle passing

through the two points.

Knowing the two sides one angle, the third sid& (=p) can be easily computed by

the cosine rule.

cosp—cosacosb

Thus cos P = - -
sinasinb

or cosp =cosPsinasinb+cosacosb
=c0s 3° 48’ sin 77° 54’ sin 75° + cos 77° 54’ cos 75°
=0.94236 + 0.05425 = 0.99661
p =AB=4°40"=4°7

. _63704°.7xr
Now, arc = radiusx central angle =
180°

= 522.54«m.

Hence distance AB 522.54 km.
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Direction of A from B :
The direction of A from B is the angle B, and the direction of B from A is the angle A.

Angles A and B can be found by the tangent semi-sum and semi-difference formulae

cos& (a—Db)
J_ cot” p
cos” (a+b) 2

2

Thus tan% (A+B) =

sin}(a— b)
2 cot_p
sin® (a+b) 2
2

And tan¥%. (A-B)=

a—b L 254
oo (a-b) SR

Watermark Sample

(a+ b) I7°54%75 _ 15254° _76e07R 3°48 _ 1054

2 2 2 27 2
1 '
tan_ (A+B) = _costa7" cot1°54
2 COs/6°27"
A+B
From which, = 89°35 ... (D)

1 in1°927"
and tan— (A—B) = s_ml 27 ot1o54'
2 sSIN76°27'

A—B

From which, ? =386 .... (i)

". Direction of B from A = angle A =89°35” +38°6° =127°41’ =S 52°19’ E
. Direction of A from B = angle B =89°35” +38°6° = 51°29° = N 51°29° W.
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Determine the hour angle and declination of a star from the following data :

) Altitude of the star =22°36’

(i) Azimuth of the star =42°W

(i)  Latitude of the place of observation =40° N.
Solution.

Since the azimuth of the star is 42° W, the star is in the western hemi-sphere.
In the astronomicak PZM, we have
PZ = co-latitude = 90° - 40° = 50°;
ZM = co-altitude = 90° 22° 36° = 67 24’ ;
angle A =42°
Knowing the two sides and the included angle, the third satidbe calculated from

the cosine formula

m Waternrark -Sample

=0.24702 + 0.52556 = 0.77258
PM =39°25°
.. Declination of the star 8 =90° - PM = 90° 39° 25° =50° 35’ N.
Similarly, knowing all the three sides, the hour angledt be calculated from Eq.
1.2

cosH — cOSZM —cosPZ.cosPM _ CO0s67°24—c0s50°.cos39°25'

sinPZ.sinPM sin50°.sin39°25'
_ _ 0.38430- 0'49659=—O.23086
0.48640
cos (180° - H) =0.23086 . 180°-H=76%39

H=103°21".
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astronomical parameters of the earth and the sun.

The Earth:

The Earth is considered approximately spherical in shape. But actually it is very
approximately an oblate spheroid. Oblate spheroid is the figure formed by revolving an ellipse
aboutits minor axis. The eartls flattenedat poles— its diameter along the polar axis being
lesser thants diameterat the equator. The equatorial radiuofathe earth, according to
Hayford’s spheroidis 6378.388 km and the polar radius b of the em$356.912 km. The

ellipticity is expressed by the rati8=D which reduceso 2i97 For the Survey of India;
a )

Everest’s first constants were used as follows:
a=20,922,932 ftand b =20,853,642 ft, the elliticit bem%—'
y 311.04

The earth revolves about its minor or shorter axis (i.e. polar axis), on an average, once
in twenty-four hours, from Wedb East.If the earthis considered stationary, the whole
celestial sphere along with its celestial bodies like the stars, sum, moon etc. appear to revolve
round tIWrart I@trc') m alﬁdkf roSnaelémispoi/re the polar axis, and
the points at which it intersects the surface of earth are tefmed the North and South
Geographical or Terrestrial Polda. additionto the motion of rotation abouts own polar
axis, the earth has a motion of rotation relativéhe sunjn a plane inclinedt an angle of
23° 27’ to the planeof the equator. Théme of a complete revolution round the sisnone
year. The apparent path of the sarthe heavenss the result of both the diurnal and annual
real motions of the earth.

The earth has been divided into certain zones depending upon the parallels of latitude
of certain value above and below the equafbe zone between the parallels of latitude 23°
27 %2 N and 23° 27 ¥ Sis known asthe torrid zone (see Fig. 1.12). Tlésthe hottest
portion of theearth’s surface. The belt included between 23° 27 Beand 66° 32 ¥4 N of
equator is called the north temperate zone. Similarly, the belt included bet8/eZh!2 © S
and 66° 32 % © S is called south temperate zone. The belt between 66° 32 %2 * N and the north
poleis called the north frigid zone and the belt between 66° 32S/and the south pole is
called south frigid zone.
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The sun:
The sun is at a distance of 93,005,000 miles from the earth. The distance is only about

L of that of the nearest star. The diameter of the sun is about 109 times the diameter of
250,000

the earth, and subtends and angl@16f59” at the centre of the earth. The mass of the sun is
about 332,000 times that of the earth. The temperature at the centre of the sun is computed to
be about 20 million degrees.

The sun has twp apparent motions, one with respect to the earth from east to west, and
the other with respect to the fixed stars in the celestial sphere. The former apparent path of the
sun is in the plane which passes through the centre of the celestial sphere and intersects it in
great circle called the ecliptic. The apparent motion of theissalong this great circle. The
angle between the plane of equator and the ecliptic is called the Obliquity of Ecliptic, its value
being 23° 27°. The obliquity of ecliptic changes with a mean annual diminution @t47.

The points of the intersection of the ecliptic with the equator are called the equinoctial

points, the,d Ilna n of the sun being z ese_paints. The Vernal quinox or the First
o ) DL I DB I s

Autumnal Equinox or the First point of LibraX) is the point in wh1 the sun’s declination
changes from north to south. The points at which sun’s declinations are a maximum are called
solstices. The poirdit which the north declination of sus maximumis called the summer
solstice, while the point at which the south declination of the sun is maximum is known as the
winter solstice.

The earth moves eastward around the sun onaeyearin a pat thais very nearlya
huge circle with a radius of about 93 millions of miles. More accurately, the path is described

as an ellipse, one focus of the ellipse being occupied by the sun.

Various measurements of time.

Due to the intimate relationship with hour angle, right ascension and longitude, the
knowledge of measurement of time is most essential. The measurement of time is based upon
the apparent motion of heavenly bodies causgdarth’s rotation on its axis. Time the
interval which lapses, between any two instafiisthe subsequent pagese shall use the

following abbreviations.
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G.M.T. ... Greenwhich Mean Time G.M.M. ... Greenwich Mean Midnight
G.AT. ... Greenwich Apparent Time L.A.N. ... Local Apparent Noon
G.S.T. ... Greenwich Sidereal Time L.M.M. ... Local Mean Midnight
L.M.T. ... Local Mean Time L.Std.T. ... Local Standard Time
L.A.T. ... Local Apparent Time N.A. ... Nautical Almanac
L.S.T. ... Local Sidereal Time S.A. ... Star Almanac

G.M.N. ... Greenwich Mean Noon

The units of time.

There are the following systems used for measuring time :

1. Sidereal Time 2. Solar Apparent Tim

2. Mean Solar Time 4. Standard Time
Sidereal Time:

Since the earth rotatem its axis from westo east, all heavenly bodies (i.e. the sun
and the fixed stars) appeiar revolve from easto west (i.e.in clock-wise direction) around
the earth. sugh motion of the heavenly bodies is wn as apparent motion. We may consider
the eawartt@ir VmbaJF kulaga Mhpll rs appear to
complete one revolution round the celestial padecentrein constant interval of time, and
they cross the observer’s meridian twice each day. For astronomical purposes the sidereal day
is one of the principal units of time. The sidereal @&ayhe interval oftime between two
successive upper transits of the first point of Aries (trlbeginsat the instant when the first
point of Aries records Oh, Om, 0s. At any other instant, the sidereal time will be the hour angle
of Y reckoned westward from Oh to 24h. The sidereal day is divided into 24 hours, each hour
subdivided into 60 minutes armhchminute into 60 seconds. However, the position of the
Vernal Equinox is not fixed. It has slow (and variable) westward motion caused by the
precessional movement of the axis, the actual interval between two transits of the equinox
differs about 0.01 second of time from the true time of one rotation.
Local Sidereal Time (L.S.T.):

The local sideredime is thetime interval which has elapsed since the transit of the
first point of Aries over the meridian of the plade.s, therefore, a measure of the angle
through which the earth has rotated since the equinox was on the meridian. The local sidereal

time is, thus, equal to the rigidcension of the observer’s meridian.
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Since the sidereal time is the hour angle of the first point of Aries, the hour aragle of
staris the sidereatime that has elapsed sinds transit. M1 is the position of a star having
SPM1 ( =H) asits hour angle measured westward and YPBlits right ascension (R.A.)
measured eastward. SPY is the hour angle of Y and hence the local sidereal time.
Hence, we have SPM1 + M1PYSPY
or star’s hour angle + star’s right ascension = local sidereal time .. ()

If this sumis greater than 24 hours, deduct 24 hours, whileis negative add, 24
hours.

The starM2 is in the other position. Y PM% its Right Ascension (eastward) and
ZPM2 is its hour angle (westward). Evidently,

ZPM2 (exterior) + YPM2- 24h = SPY =L.S.T.

or star’s hour angle + star’s right ascension — 24h = L.S.T

This supports the preposition proved with referetacEig. 1.30 (a). The relationship

is true fer all positions of the star.
Watetmark. Samplem: w.

Star’s right ascension = local sidereal time at its transit.

A sidereal clock, therefore, records the right ascension of stars as they make their
upper transits.

The hour angle and the right ascension are generally measured in time in preference to
angular units. Since one complete rotation of celestial sphere through 360° occupies 24 hours,
we have

24 hours = 360° ; 1 hour = 15°

The difference between the local sidereal times of two places is evidently equal to the
difference in their longitudes.
Solar Apparent Time:

Since a man regulates his time with the recurrence of light and darkness due to rising
and setting of the sun, the sidereal division of time is not suited to the needs of every day life,
for the purposes of which the sisithe most convenieritme measurer. A solar dag the
interval of time that elapes between two successive lower transits of the sun’s centers over the

meridian of the place. The lower transitchosenn order that the date may charganid-
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night. The solatime at any instants the hour angle of theun’s centre reckoned westward

from Oh to 24h. This is called the apparent solar time, and is the time indicated by a sun-dial.
Unfortunately, the apparent solar day is not of constant length throughout the year but
changes. Hence our modern clocks and chronometers damosédto give us the apparent
solar time. The non-uniform length of the day is due to two reasons :

(1) The orbit of the earth round the sun is not circular but elliptical with sun at one of
its foci. The distance of the earth from the sun is thus variable. In accordance with the law of
gravitation, the apparent angular motion of the isumot uniform— it moves faster when is
nearer to the earth and slower when away. Due to this, the sun reaches the meridian
sometimes earlier and sometimes later with the result that the days are of different lengths at
different seasons.

(2) The apparent diurnal path of the sun lieghe ecliptic. Dudo this, even though
the eastward progress of the sarthe ecliptic were uniform, thééme elapsing between the
departure of a meridian from the sun and its return thereto would vary because of the
obliquity, ofsthe ecliptic.

1M Mo ok I G o b o) e s
among the starat the rate of about 1° a day. Dteethis, the earth will havéo turn nearly
361° about its axis to complete one solar day, which will consequently be about minutes
longer than a sidereal day. Both the obliqufythe ecliptic and theun’s unequal motion
cause a variable rate of increase of the sun’s right ascension. If the rate of change of the sun’s

right ascension were uniform, the solar day would be of constant length throughout the year.

Mean Solar Time :

Since our modern clocks and chronometers cannot record the variable apparent solar
time, a fictitious sun called the mean sun is imagined to move at a uniform rate along the
equator. The motion of the mean sisnthe averageof that of the true sumn its right
ascension. It is supposed to start from the vernal equinox at the same time as the true sun and
to return the vernal equinox with the true sun. The mean solar day may be atefiez
interval between successive transit of the mean sun. The mean solatldagverage of all
the apparent solar days of the year. The mean sun has the constant rate of eherghse

ascension which is the average rate of increase of the true sun’s right ascension.
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The local mean noon (L.M.Ni} the instant when the mean sisnon the meridian.
The meantime at any other instanis given by the hour angle of the mean sun reckoned
westward from o 24 hours. For civil purposes, howevérjs found more convenient to
begin the day at midnight and complete it at the next midnight, dividing it into two periods of
12 hours each. Thus, the zero hour of the meansdatythe local mean midnight (L.M.M.).
The local mean time (L.M.T.) is that reckoned from the local mean midnight. The difference
between the local meaime between two places evidently equato the differencean the
longitudes.

From Fig. 1.30 (a) if M1 is the position of the sun, we have

Local sidereal time = R.A. of the sun + hour angle of the sun ... (1)
Similarly,
Local sidereal time = R.A. of the mean sun + hour angle of the mean.suf2)

The hour angle of the sun is zero at its upper transit. Hence

Local sidereal time of apparent noon = R.A. of the sun .. (3)

Wat@rfmamc&aamplﬁ

Again, since the our angle of the sun (true or méamgroat its upper transit while

the solar time (apparent or mean) is zero as its lower transit, we have

The apparent solar time = the hour angle of the sun + 12h ... (5)

The mean solar time = the hour angle of mean sun + 12h ... (6)

Thus,if the hour anglef the mean surs 15° (1 hour) the meatimeis 12+ 1 = 13
hours, whichis the same thin@s 1 o’clock meantime in the afternoonif the hour angle of

the mean surs 195° (13 hours), the medameis 12 + 13 =25 hours, whidls the samas1

o’clock mean time after the midnight (i.e., next. Day).
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The Equation of Time

The difference between the mean and the apparenttso&aat any instanis known
asthe equation of time. Since the mean siantirely a fictitious body, thers no means to
directly observe its progress. Formerly, the apparent time was determined by solar
observations and was reduced to mean time by equation of time. Now-a-days, however, mean
time is obtained more easily by first determining the sidereal time by steller observations and
then converting it to mean time through the medium of wireless signals. Due to this iteason
IS more conveniento regard the equation @fme asthe correction that must be applied to
mean time to obtain apparent time. The nautical almanac tabulates the value of the equation of

time for every day in the year, in this sense (i.e. apparer@an). Thus, we have
Equation of time = Apparent solar timeéMean solatime

The equation ofime is positive when the apparent sotane is more than the mean
solar tirge 4 togyget parent solar time, gthe e on of time should then be added to mean
solar tlrW t armaorjk)c:S l] @‘ the time is + 13m
12s. This means that the apparent time at Oh mean time is Oh 13m 12s. In other words, the true
sunis 13m 12s ahead of the mean sun. Similarly, the equatitimefis negative when the
apparentime is less than the mean time. For exampleQh G.M.T. on 18 Jan., 1949, the
equation of time is- 10m 47s. This means that the apparent time at Oh mean time will be 23h
49m 13s on January 17. In other words, the true sun is behind the mean sun at that time.

The value of the equation ¢ime variesin magnitude throughout the year and its
valueis givenin the Nautical Almanaat the instant of apparent midnight for the places on
the meridian of Greenwich for each day of the year. For any tthelit must be found by
adding or subtracting the amouoy which the equation has increaseddiminished since
midnight.

It is obvious that the equation of time is the value expressed in time, of the difference
at any instant between the respective hour angles or right ascensions of thedtmeaa
suns.

The amount of equation of the time and its variations are due to two reasons :
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(1) obliquity of the ecliptic, and (2) elasticiof the orbit. We shall discuss both the effects
separately and then combine them to get the equation of time.

Explain the conversion of local time to standard time and vice versa.

The difference between the standard time and the local mean time at a place is equal to
the difference of longitudes between the place and the standard meridian.

If the meridianof the placeis situated east of the standard meridian, the sun, while
moving apparently from east to west, will transit the meridian of the place earlier than the
standard meridian. Hence the lotiahe will be greater than the standard time. Similarly, if
the meridian of the place to the west of the standard meridian, the sun will transit the
standard meridian earlier than the meridian of the place and hence the local time will be lesser
than the standard time. Thuge have

L.M.T = Standard M. & Difference in the IongitudegE\
\W)
~atermark.sample

E
L.S.T = Standard S.¥ Difference in the Iongitude{_j
W

Use (+) signif the meridian of places to the east of the standard meridian, and (-
Sign if it to the west of the standard meridian.

If the local time is to be found from the given Greenwich time, we have

E
L.M.T = Standard M.T = Difference in the longitudes (_)
w

The standard time meridianin India is 82°30° E. If the standard time at any instantis

20 hours 24 minutes 6 seconds, find the local mean time for two places having
longtitudes (a) 20° E, (b) 20° W.
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Solution:

(&) The longitude of the place = 20° E
Longtitude of the standard meridiar = 82°30’E

.. Difference in the longitudes = 82° 30’ — 20° = 62° 30°, E. the place being to the west of
the standard meridian.

62
Now 62° of longitude o h=48"0°

30
Now 30’ of longitude = — M= d'2mo°

Total = 410"0°
Now L.M.T

= Standard time Difference in longitude (W)
= 20"24" 6%

Watermark Sample
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