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Module - 1

Polay Cumves~ Y - sing - PM _ 4

s y =*§[: F5IN6
! oM
X < b N — 0050 L . =
0 T M > oP D

= or: AC05O
= .—5=W |
> 0 far' (%)
Let (oY) be any point in oy plane such-hat oP=7 ond

© be -the onale behoeen X-axis and Op . Daaw PM Pmpendicu\m
4o x-axis.dhe P hos a new cooodinates (7.6) is called polas

coovdinates.
Hese . O is called pole-

oM is inihal line.
op is madius veclow.
= P T with usual notohops dand - ’ﬁ.%@, o find ana\x? between
sadius veclos and fanzaenl‘. °

Lel 0 behe pole ancl oM be inil‘iai line,
Let p(7.0) be any point on polaw cuave o - F(6).
let 0P-7 be the aadius veclon, dvaw a
*[Gf‘ﬁenf PT al dhe point P and which mages an T

aﬂﬂle Y with 4the inihal line.
leb 6 be Hhe anca[@ befween qadius vecloy and irikial lire.
¢ be he ana(e between sodivs Vector and Jganaenk.
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Hewe e have, ¥W= d+6
%-ppl(dinca “lan on both sides.

{tan® = lan (d+0)

{any . dand +1and LW
(- land)-_tqne

Slope s a‘wen bnd langp - dy dy/de s ()

cle dx/de
WKT. o= qcos50 , td: msiNG

diffesenfiate  with ru@sp@d' 10 ©

dx w(-sine) + Co5P dv ( Let do _ m-)'

do do de.
dOC \ ’ .
=—— = [ C050 —75NO
7 de
|d: msiﬂ@
dw. vt o6
dy —
i 050 + SINO Y=
=5 EPS BC050 + | 40

Ay . qcose+ @ SINO
de b
FCO56 + D 5INE
BCOSO T 09NV
q' cos0 - WHINE
dividincd num. ¢, deno  woith @'cos6

. eq- (8) becomes 1an¥ =

© ton - %‘."“J‘me o3
e L
|- & fanb .
| v
from egn.@) & (3 LHs ane saMme
Ve dong s @, 00 ookl e
"n'l d'ﬁ ;
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Longth of pespendicular ffom pole 4o dangent :-

Let O be-the pde and oM be initial line,
P(7,6) be any point on polay cuave - £(6).

Daaw a tangent PT at point P, chaw ON

Pexpendicular 4o Jhe +onaen‘r Lrom pole.
let OP:-%, ON-=P

g 4

Note:-
Given @-f(6) =W
W.KT [en(aqlh of pespenclicula from pole o {anaenh P- asing

4 — ()
;a 3 %-'5 +%—_(d‘;)

TRl possible -fo climinale © from Cq,-U) ond () or From
€q,-0) & (3) -then -‘u‘csulﬁﬂﬁ @%U@Hoﬂ contains  p and 7.
such @q,uaHDn s called h Pedal 5@uaﬁon",
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I’MP‘J PDtOC@_d_LQ@ 1o fb_d b -
> Given a-f(0), lake lozd on bolh sides and Clppl& lOtacm'"hm

paopertics.

® Diffeentiale  with sespect 1o 0.

3>_ Make use of allied oncd[@s it aequize fo lcd@f +he value
| of .

Pcnoblems =

4. Hnd -the Onta(e belween aadius veclos and {anfac-n_[—, ca'wen fhat
%= a (1-cose)-

Sel- @- a (1-c0s%0)
Take (o:a 0.b.s
loqa- log (ali-cose)

lo«a'cr . locaa + loca (1-c058B)

dw.a.te.

3% 04 0-(sho)
ae (- C050
cotd - siNG

—Cc056
cotd - & i Gy-co5%
gsiny‘%
cotd = cot %
b - Y%
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Q. a= a(14Cc050)

Take loaa 0. bis
|ocdro : locda + |ocd (14 cose)
d. w210

0-+ (-5inb)

4+ C050
— 8NGO

I+ 050

:Z‘ 5IN e/g) 'C%Eyg)

i d
2 5= 0+
T de

cotd -

205’ Yo
- tan 9’@
cotd - col (%Jr%)
P Iag

col -

e ———

3. a7cos30 = OF

Take loa o.b.s
| ‘Oa (02cosab) = Ioacﬁ’
g’)loa'w locacosauo . %)loaa

D v | O+(-singe)9

=0
% ae C0596
gcold = gtan 6
cold - Lang®

cotd - col (% _ae)

H): %’-96?

b G- asin?(9)
Take iOta 0.b.s
{0%3 = Ioao + Blocasin(%)
d.wte
-;%—d_‘f. 20 4 3-CU5(%)"%
b FDinLE)/g)

cold = col (%)

e N
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65, 9% |_cosd
rElake loca 0.b.s
loa (%) - log (1- cosp)
log @a—'\oﬁ'o : \Oﬂ (1-cpso)

dw. . v.t6
o-1 dy . 0 — (- ine)
O de.  I-cosp
“cote - g
g6iﬂqe/g)
T CO{(b & COt %-r
G|




6 4" = " (cosmb + sinme) —d)  Find e pedal eqiation OP
Take log o.b.5 “the cuove.

IO(J Q™ . ]OCJ a™ 4 loa (cosme +sinme)

n’ﬂO(J n - pn[ Oa Q4 [O(_d (C06m0~i-6Eﬂm9)
dw..t.0

T - o 4 (-sinme -+ cosme).pf
O (COSMB -+ SINMB)

orf. 4
?

Q.

|

=B

cotd . C05MO —5iNMO
COSMO + ¢inM®O
~ Cosme In num. ¢ deno.
Coi(lj = l‘“ {Onm_g_
| + tanm©
R T
cotd - an ("G’ _.me)
R =" T
cotd - cot (-% . ("J -me))

cotd: = Cot( -Hﬂ@)

= 5ih (W .‘.'me)

: (510'“ COSMB + (08 T snmo)
: o osme + 4 ginmo)
o (Fe 3
P: T (cpsmO+ SNMO)
Tk

CosME + snmo = P19 (@)
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 hom eq-w),

A= a™ (Cosme + sinme)
- o" P
T
p. oM
a9

gPdeu_

3 Hind the peclal equation of he cuwve 20 - |+cos6
T
Sol:-

_3%0,: 1+C0s0 — )
Take log o.b.s
Ioagn = [O(a'o“ > Ioa (14 Co%6)
dw.w.t 6.
0- L .dv _ 0+(-sine)

U de  14coso
# Cotd

"

B0
(+C0%

& 6in & €06 %

A cos? &
cot d) tan 8/$

cotd - Cot(“'-%)
- 5-%)
WKT, P. asind
i (59

\r

P wcoslf) — ()
From S, 20 L (40050

& }ZfCDEJ G/@
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cos(%) . ﬁ_
cq-(9) becomes, P = ‘b'\[‘%—
p: 3. §&- I
i

P: Jods
Peyi (Vo s constart)

8 find e pedal @qvudﬁm oPthe cuwe ' o 5CCR6.

6% 0220 —> @)

Take [oca o.b.%
9|Oci‘ti= %)locacw locdéecg’e
duw.7.1.6 .
g L.dv . g(sechs tandd
v do ! 56080
cotd = tange
cotd = cot (.%-g)e)
$-3-96
- i~ (T
J 51N (.,5 ..a@)

P: oc0590 — )

Hom cq -0 - 9 - o 6ec30
g 9 4

"

C0530

0596 - o
| =

eq-(a) becomes, p. %’-%

P o L
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a. Find -the pecal equation n"- o cosne
q" - o"cosng — (1)
Take \ocd ob-s
D\Ota"ﬁ : nloaa +|O<acosf"9

dw.wte
pridv . - s5inn® - 7
T do CosnO
cotd - -Ltannd® -
cot¢ - cot( +08)
- L in
¢ - L+no
[AIKT, P= "OSind)
N msin(%-me)

P = qcosne —
?310['1’1 @q{-u) Q)n: OnCOSDE)

CO5NG = f_?i_”__
O'n
eq-(2) becowes,

P- 7T

10 T pedal equation of —he cuwe ' a"cosng + b &iNNe

0 -he Aoom of p? (a9“+b9“): 'ag’"*a.

gol- "= a”cosne +"siNnd
Take \oa 0.b.$
nio:a'ﬁ 4 \oca (0 COsND + B'snno)

- Aw.T t.e
2t ﬁ Pk o (-sif).n+ & (cosne)D
do_ @"cosno + b sinnd
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feolg = W (bncosne - o'siNNB)
acosn + Kginn®

cotg = plcosne- asnn®
A"cDsNO + ' ainn®

WKT, = - & ( S :)
9 \+ (-——~ ==
v (& g dg)
= 5% (H cot’®)
2y 22 (H (b”coeneﬁo“émneﬁ}
P ? a"cosne + 'inne

4 {H (bcosnd —a"sinneY? X
(a"cosne 40 sinn®)?

1 |(o'cosne + b’ sinn)”+ (B'cosne —a'sin ne)’

(a"cosn® + B ginng)?

oan 2 : ' .
4 .1 &a cosNb + bmsmﬂne +$on(‘,06ﬂ9.bn5mr\9 4 }
n
0

5006700 4+ o sinne - da’sinng b'cosn
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= Show Hhal dhe cuve  wsid (%)= a, he length of e pezfpendicu\ag
from pole 1o 1’0ﬂaenF ab 4he point (gg,'ﬂ/g,) i equal to ay, |
Sol- sing(%) -
[Ocqa + S)loa sin(9) = |ocrja
: dw.s. ko
hra"—gel + aCCDS 9’9)('1/9) »
6'1n0/$
C-O['(t) + CO[’ 0/3) =0
- Cofd - —cat %
b -9
P = asing
P- asin ('0/9)
P- 9a sin (‘“/g) /3)
P: — §a sin (‘%’) .
= _ga.\]-i__ = P-= _0{5.5'#@
o Pl- |-a ]
- P- al®

— Showthat Hhe length of cordiodes - a(1+cose) af the poinls

8=, 0- 37_31[ e fﬁ@ép@.CHV@lld pasallel ¢ pespendiculos T -fhe

initial line.
Soli- @~ a(1+cose)
l0q3 - loga +\0a (1+Cose)

d.LO-'ﬂ"te'
j_ y

_ﬁ..fél”_g__, (-sine)  -sin % ot %, = cot v
1+ €056 A cos? % 2 -COI"‘ -toz(/@)
cetd = cot (I, 0
9 9

i

¢ 9 Y
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3
— atg- T
3
Cb:gr_.-i-._‘_.g)_rr_ S_Lr
9 9 3 3
q‘[=€)+¢ ﬂ:
. LU 1L ,
at 0-:L o Y-3+5 - F =T

tan ¥ = tanT
tan¥ =0
ﬁ_nﬁlg between fwo polat cuaves:-
Let @- £(0), v- f5(6) be two polor cuvves which

infevsects ab point P. |
let oM be initial line and OP be aadius

vectos and '0' be dhe pole.

@- {3(6) fU@bp@CHve[tf. |
A ﬁnﬁ{e betwoeen modius veclor a |
Ancdle between @adius yectos ancl PTg 19 A9,

. Acute anﬁ(e behoeen he 'lancaenis T, ancl PTy 1 ‘EI""@” bLJ
| &g - il s :

Noles- - i (6) &ty () ome sard o be oﬁhoi]ona\ 13
't(lﬂd)j_ .'[an Cbg) =1,

T= ‘?I(B)
P- (v,0)
V= £a(o)

0

M
ot dhe point P 10 - f1(8) and

nd PT1 10 R
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1. ¥ind -the onﬂ(e befween -the cuoves @= Dsind , ¥+ 5O + cose 3

Sl = 94inp A= 5N0 4 CO5O
Take |Oa ‘Dﬂ ¥ = \ocd (5ine+ COSB)
10<d"d - locd(%ino) di w10 ,
' l \ ' .:'{_..d___ﬁ_ = C()ﬁe's‘ne
= Nog ain o
AT R e v odo 5inb + C05O
it m: 1y @ cotd = 1 -tand
Loy it
o SINO

cotd = cole cotg = tan ng;e)
s - © cotd = cob (-g- -(I& -e))

Ancdle between fwo polas cuwves @s‘)
= [d)g)-'f_bil - lg_+ﬁ/_ﬁ’ - ._T.g... | (81

9. PT angle between polar cusves fs T +L cos'(%) ‘ﬂ"“’@”
) 9 9
T a(1-co%0) § - 90.c086.

Sol- i
‘ T= a(1-C0s0) T 900056
097 Iocaa +|0<a (Lcosg) locd‘tr - logoci+ log 006
Lo s e . s
- €050 T do cosd
cotd - _.gs)'ﬁ%'.cgs% co{'d) = —tan® |
Asinoy, el - cof (T o) -
celd - 0 _ . |
' bl %Y
e
b Lo eilg 29
\Cba d)il = ) + 0 §|

g
- M4 9 @)
LR iR
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Gvep @ 0 (1-Co50) , @= 90C0O%O
since, LHS ame equal
. Ag(co50 = o (1-cosn)
§C050 = 1 -Cosp
QCOSO +C050 = 1

3c0s0 - L
0- cos'(% =
- (1) becomes ™ _1_ oL
. . [ q)Q d)il 5- 9 C095 ( 3)
= a’cosny , q- B<indd
sol- 1" o cosno q"- b’ siNne
n|Oﬂf’b' nlocda+(oca Co5NO n\oca?; " n\oz(-jb ¥ locﬂ sNNG
o L - . f(~sinne) W, _—*%_.%15, _ gi(cosne)
de Co5NO ’ SiNNG
cotd - —tann® cotd = cethod

cotd = co‘r( +ﬂ9)
E" - e | | ¢l = [no - (5 tno)|
R
b G- L,secg(%) )y = qusec(%)

= e heec [%)

loaftf log b + @loﬁ&@d%)
d W he
i Ay )y
do '
so¢(%)
cotd = -an %
et - cot (§-%) > 45 -%
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v= qeosec®(%)

loga - loga + 9log 00.5@(‘(%)

drwv. b0 p
'é—g% . §(-coséc G col %)y
coset @/9)
cotd - - cat %,
d7@ = —0/3

-asi-’-"l

ld’:a-d?ll.:' [ %H( %\

| g -5+ %l 1515

5. Q- alocde, p- 8

[Oﬂ@
Sa- . 'cxloﬂe M- %{-f—g
[Ocab g |o<ao +\oﬂ (IOCdO) \onﬂn lofqa i \Oﬂ(\oﬂe)
dwo o b0 ) dw w0
i ,dy %= Y
) a'é_'o-rloﬂaxﬂ '%"%%:O lOﬂe*Q
O
COIdJ.. E)tOﬁ(“) cofd) \Dfdﬁ)
land, - E)\ocde tandyg - _.0|otd6
{OO(A*B) - 1anA - 1anB
1+ 1anA. tanB
tan(@-dg) = land —tandy _ eloge - (Dlogo)
I+ tand, -lancrg I+ oloqe- (-blogo)
. 90loge
A )
- (6log0)?
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—_——

locde

0 - OIOCJEJ , ¥= 0
dloge- &
q locde
(loae)g’):l = logo-1
(0-¢ |
‘tqn(d?n—ng,)—. @.G\O%@@ f‘)(‘,’

|- (elocdee)g : | -e?
d)l*d)g) = 'L(Zlﬁh1 (Qe )

|-e?
Cuwalwe and Radius of Cuvaluve:- |
Consides a cuave on X0Y plane. Lel A be a fixed Pomi.f B
ard P g Q be any two point which owe neiﬂbhou'm'nca pomh‘z on
e cuove such 4hal AP-% , AQ= 5 + 05
Daow a 4onﬂenF at” —he point P’ hich makes anﬂle ‘Y’
with X -axis.
Daaw anclher 4'ancdenl‘ af 4he point '@’ which make
Y+ 89,
Leb @ g P+0Y behe ongles made by fhe
'{ancaenls dvawon at-he pants P& & wifh

5 an onﬂle

X —0xi s -ﬁespecﬁve‘td,
The cmﬁle o befween Jranﬂen’rs _is Can@c\
“he bendiﬂfa of 4he cuwve which depends oD o5,

5% 1. called 05 mean cuwalure of dhe B cone
&6 )

The ammount of fhe  bendin of -he cuave al Pn \6 called
cuavatuze of cuave ot P. and ¥ defined mathematically 03

im 2% - dy _k whove Kis constant,
s6>0 56  db
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v Covvaluse of -be  cuwve 19 a0 measuge of wate of Chancae 1
of beniness,

'. QE@_‘_& of Curvaluae:-
- Tt s denoted bej ‘P and it is wecipiocol of he cuavatuze.

% R
| Pp i k+o0.

Notes- Cuwvaluse of 5h'aiﬁhl' line 15 Zev0.
| Cuvaluve of cfcle {s constant.
| ¥ Rodius of Cusvatuge in Coskesian form:-

p- (1+g)*
d9 . :
whee Y &Y4s ae ¥ oader ¢ E)nd ovdes diffesentiation meﬁped“’e\ﬂt
Nole:-

IP 4o is zeto at some point 4henhe P is lnﬁnlla 50, We
can ‘bcpmc%@nf P aadius of cuwvaluwe in another form
(l'f‘(fl)é) whese oc, is &£ clx g Ay = doc
—_— d dH$
oAy
1. Find 4he @adius of cuovature fos 4he cuave td=e°° af 1he point
wheze b cwsses  Y-axis.
sol:- Given,

Cuave crosses Y-axis,
 0C=0

'(] et —©
' eq, (1) becomes, q° c=1

points (ay) = (0:1)
Diff. cq-0) w @t .
Y= et —(2)

P at (01)
notesforvtu in
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Ld@ - @0: 1
3
Pe(uagd)® (0% 2h o 0n o

¢ 1
I

9. ﬂ:d The eadivs of curvaluwe for the clove Y - agc$+ bx +C
at dhe point o 1 |
sl point = oq (a1 -b)
—  {: ax’tbxtc — (1)
eq-1) d . to
di- a.9c+b+0o al dhe pont v — @)

d = @d-i‘_(m~b)+b
Jo - Joor BB = oL

d (2) w. fo
ldg) = 8)(1(,1) t0
Yo - 30
3
po(ag)? (@)?)?
{9 -

(o0 ¥
™~ e
p. ol
»

3 find he aadivs of cuwalwe v the cuwve q- O\Oﬂ o (%'_)

sk M a\ocd 56C L%)
Do o b €

= seCL% SGCL})) e (‘I )

1= {G”(q) d.wo. -k
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Yy - ¢ cosh (%)

9
g —:cosh(%) = P %,@' -

C
notesforvtu.in
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5 Define cuwalime g nadivs of cuwatuse , find the wadius of

Cuwaluwe of cuwve. 0(.3+ ld?* = Samd ‘ (3’_0__ ' 3_9_)
. 9 $
Sol:- oy <d3 = 300&4

dwwa b .oc

3Ty 3(d°~’cd| = 3 (OCL(||+‘(])
Blor®s ) = 7 (axy vay)
L+ = ooeys +ay
P ooy = ay-of
1 (- o) = ayg- o
q - ay-oc
(4% o)

at (.39_ ) 5_’%)

qi- ‘a(%)“@%)? I L(M))
B0 e
1= -4

d.eq-) wab. o€ |
1 = (‘dg*ax)(aﬂurﬁm)r(ag-mg?) (%-Hn—j}

9 9
B3 L' -ox)

)y, ((%)9_ a(%-)). [0t -s(ég))- o) (% !
. (1(z)e0t2)

— ()

—

(HE{L ax)?
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Q e
Q” _ 907
I
3a (-} a_(-a
E(%O) [9 ( Q]J _6a’@)  -6ala
?_6a? ]9 ] 309 <3
[Gia ;Gaj (T) l6
9
. —gal~ 16 -39
g0 %

6 Find he madius of cuvatuze br the cuwe JEJrjg; a.
St P (14gR)%

19
T+ g -Va

dw.a.to

p i
—_— ‘J(' —_— =
N 3@ =0

-




Yo . A VX410
D ﬁ__
X
iE _-t{a :
(&)
P s 5
4 (-4} 7
(CE))
ES B
- g)([.t-%t__)g/;)‘ (I\J—Ci
R
of (Ej_ﬂ.)a/@ .k Ok
Ja x o %
P. 2 o
@(Oﬂw)
1. Hnd he aaclius OP cusvatuoe oy 4he cuave ‘I%—kﬁ% 7 Cl/‘a
S -’rtd% 9/3
dowo ot
2)/ -/3 9/'({ (d}:
%d ld: & ?fi
Ldl ? _—:} _ __E:(;yf_}‘ (d}’a
fd/g Ldl
d-LO;ﬁ‘J*DOC

% %! T VA
LJ@{ 3'%‘(\3"‘(!1*‘(\31(/3)% J

ld%) i {Ld/sﬂlr/{ \/a‘_d%(q—bg ‘dlj)J
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Yo - U3 o ﬁ% (™)
-V 15 3
P ()% (s [ 5T 1
19 _.,ig o B Ld“{a e

s
3o L &"I%*Ldé}%’)
o
Bm%’tds o] (&%)%
> 39(.4‘*/3‘ ‘dys' % o
‘ o
P. 3. ‘d‘{a‘ o
P 3(«3%&)’:3
Cubing 00 both side
P’ o oy
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o+X 5 &
4= (@ 8
X d

D eq-(3) w. . 1
49 - OQ___(:?’}_)___——
(at)®

Yo = —5’)__,(614)6%]

(04%) | a4

9. =2 . \°
M = ‘dg): -g)_‘J__‘_ﬁ?_

(o)  o?

X o9




A

oty \ %
(IS‘ldE
oty oy
49 49
N S




Cd (_ﬁgh J@O)

4y a(-5a) (a-(20) -ka(0)
‘m@a@ ) La?-La?
= i =0

Since, H' =06, P be_come‘.s e
50, WHKT, 0. (14 r:c,‘:’*’)%’
2 NMEET) T
T
r:c?:d : a(’ig)—ft]g)
d. .o b 9
2
(1) + 9. o 4 - (9c2s + 3y)
o LAY = HaKL) + Ay
Doy - g)cc:x:qtd = ocg)-@&}j
oCi (%)OOC* @%H) = C‘C’g)“’mlj

o= a8y _,q) at (-20:29)

(900 - 91y
¥ un?
- (3R gafea) . he'-ko -0
(80 (-90)-9(20)(8)  -ua’- 80
vy DL al)

d.eq-0) 0.1 J‘“d
oy = (m0x-9xy) (92X -90)-

(9aoc — 9cy))”
Cl"(~<@a’ga) & 10

05,0 otpa) a0 o e B0
(3a(2a)-9(-9a) (00))7 (-ua?+ 80%)

(OE?‘)— @aa ) (@ Q) - @I:%C_IE 1‘d—)

i
S i 0
o
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=0 Loy =t
A

P (L4 @)% (1+0)%
- i

. -9a

e IPl= 90

'

(ga-X
o. Find the madius of cuavatuwe of Ahe cuave dg?: l;‘f__d@_?ﬂ——)f

C
where the cuwe meels X-axis.
Soli- Ldg): L,a® [gaa-a:) )
o
Given cuwe meets X-axis = {=0

> 0= ha? (9a-)
oC
= d0-0C=0
oc= 90
. (20,0)
D.w. o, t oc e -O
QY - ok X\‘JC (0-1) - (3’0"1)(1)}

9

R

g = Lad {VEI.-(‘%)Q*K)]

-t

9 :
15 Uo? [ -af- 904
ga rx‘.:l

al (30*0)

G = 90” {#@a-—@awﬂ
0 @a’)‘-’%

-

5inc@.,"_&!'I _ o0~ P becomes o6
%w?ﬁ?@ P_in allesnate foemula,

notestSrviuin



. g _ d¥x
L . - :
% U Cltd

= ga?, -0 (9y)
(iP+ua®)” |

CL\' (30!0) L) = - l(‘)ﬂgoﬂ o 103

(0tua?)
=0
d.w0. to '-d
s = -l6a’ (ﬂ%ua‘-’?f‘@) *‘d'ﬁ)(ﬂgwaa) E@J
(( (_d‘!?_l_ UOQJE'))?
QP(@OfO)
a?)’-0 \/@Qﬂ
g - -lea’ X(O(J;ﬁ;) } -6’ ilﬁxwmﬁ]
g - Zja.-
P (nad)®
69,
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Desve Radius of cuwvalure in castesian fom:- IS

Notes- Denvadive of asc |enCJJrh n carlesian fovm),

TP Hhe Gq.uaﬁm of the cuove in-he toomn ldwE
tive of oac |e_najrh s with @especk o © 15 aiue—n bcd

(_ji—-ij dy)? da dy . zin®
e +(3§} . o " cosY =
Q.QE{__'IE'_? of cuwvatuse in casfesian form:-

Let Hhe equation of +he cunve be Ld:’?(’l)&tﬂlbea >
on ik Let plaiy) is any point on —he Cusve such that AP=5.
i X-Qxi5.

oF T o e ana[e macle by {he Jroncd@nF ol P’ Wi )
WKT , fon = dy . Ya jﬂdkﬂq)
- P(oc)

A
9 cl..c,ad.lr;r. t:. 50\ QEB;) : l(%?;) (%O%) K "

(x) then denva-

fixed point

sec”y T ds\d dx
ap)dy _ d%y  do
(1+tan ) & - o
Ady -y t— . T _ . B
( Ldl) ds & o ‘C_{H_)Q " E{_g_? l-}L?
de (d‘l}
b
5 i+ yP
3
o B 5P (47)"®
P g% BT
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Qadius C_)P C@QIUDG i_[j Poloqj 'P[)’O'm'*

Nole:- Devvalive of ane l@nﬁ{h i pelas {oam,

ds
Q5 a0 [dv)\? o

Poove 4hal aodius of cuwvaluse in polad [,

SNGid

Paoct- B
Lo w=f(e) be any polay cuove § P(n0) be ani point on ik »3-§ ()
ek op-7 be dhe vadius veelor - Doaw @ {'aﬂtd@ﬂP 7 °(e)

al P hich makes an angle Y wilh 4he nikial line.
Llet © & ¢ be oncdlc- between aqadius veckor and
hoeen wadius vectos and { o

initial line also Oﬂfdl@ be

%ancdenP aespectively. et A be Hhe fred pont ﬁ/ M
WKT Q- &+0 fifp= 5
d.w. 0.t 8

=

95 ds " ds  de 4% @8
dy . de (‘+g_i_d>_)

do  do  do . do dov, do

ds ds de
4 _de [, db
P a—;(“*ge—)
p. dofde
1+ dd —®)
e
WKT Yang - 2.d0 . T
v dv.
de
tOﬂdJ: _r‘;_..
T)
d.w:a.t o e i ()
5@c9¢-g_@_ - mla_g ra_'_l_de_ ......
_o?
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(14 lad), dd . Q)

"Oj“ - 00y
o T
ad . al-amy
do W (14 tan' d )
dﬂi = - 2Ty - T
clo

- ) "‘;}
"ﬁP \ + _'?_J_?_ (Gia Aot
T rm’:)

add 1 poth sides

144 odony
de 70+ 77
I+ dd P+77 4 B -TY
de W +7
1+ dd . 7Py o7y
de T 4a?
+dd % on’ -
cle TR

o (1) - becomes

Z 9, 7?
P . o+ (’Dﬁ*mg) @ M_—)-———f—-
5?1 9T - T
e — P

"‘mg‘|"09
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1, PT 0 is constant foo dhe covdliode - a (14cose) wheve P is
=
{he aadius of cuavaluve

E@I:h P (’O+"fﬂ)/‘g

'0-{- 90 — 09

e

- a1+ cose) —W)
dw.a .0
- dv . a(r sine)"‘*(@
de -

d (@) w0 o 10
d% g - a(-cos0)
ce?

. (% (-asino)’)®
rts*“*’—»@( Qsme)a"’ ro(-acosa)
= (0¥(1+c0s6)*+ (a?sin?e)) 2

0*(1+c050)24 9cPsino + a (1+cose) (aCos6)

1 l 3
= (Og) 7 (H C05°0 + 9C036 -+ 5!0@8) 9

a® ( 1+ 050 + 9c050) + Q07 ang?e +Q 0059 + QQC%S}G

03 (14 1+ 900s6)%

09( 1+ 00 +9c0sp + 517 B+ 050 cos0)

( : 3 k)
. o (9+9c0%0) 7 ) _@& (1+cos6)%
o (1 + 950+ 9C05%0 + 3c0sD) (149 + 3c0s0)
. () %a(14cose) 7

3( 14 coso) |
09 (14c050)%

I

nOteSfothu_i n o



i S N ISR J S Y IR NS WSS e NN GRS w W TR T T T

'ﬁC‘n) (_Dq - (%)
g Clg)\ﬁ'::} (rh)"g)

E

o
w{% o’
w1
ol

-5quam'rxa 0.b.5

P?. 8a o
q

- 8a
q

. constant
Plo
2. PT for 4pe cuove (1-cosp)= 90 0® vanied as >
D pL (p2427)7
2?4 D7 —TTp
w(1-cose) = 8¢ —¢)
dw 2. 0.6
@ (1-cose) ~ 9
2 (0-(-5n0)) + (1-cos8)®1=0

"0({5'100)'% ([ - C050) 1+ 0

(\ " COSO) s el S0 — (g}J
duomt 6 (@)
(\‘" COSB)ﬁg} +(O o3 (-' 6'100)) Bie \q} (CU:".)G) + 5:109'55]

(l-CObB)'ﬁa + 01 500 = —-fDCOSB-— fp‘\neﬁ,
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%."69 = —QC0sH - D1 SInG — M,5N0
From g, - (2)
(l"CQSB) Ty = =7 5N 0O

3, = - WSINO

e

| — C0sO

A, - -75iNd

% = (- ncosp- 99,500) L

20
( 2050 - 9500 (=17 ) 5ino | —
20 0
Tg = -3° cosp 2 g
@Cl 8&9

? ('GS') + (%s 5'106)SJ%

% . > 8 =
W49 ('_@__ sme) % (ﬂ_ cosp+ 2 61n959
N 36 da?

- X
9. T {1-cos6) - 90
loqo + loﬂ (1-cose) - ]Oﬁg)fl
diwiv b 0
v 4 sing
|- C050
+ Bty co5%,
E’.sm?%

T COIFQ/Q

Q.

1.
5 =0

A

—

=

22
o

%l'a- S 5

Ty = -, cob /9 e ?;’roe .
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| R { ? (~cosec® 9)-l + cot(_f_i) } |2

9

= 5 CO5CC (/@) - col (9/3) (*WCO# %)

Ty = %cose-cg’(%) 4 fa;co{g(%)
(2% 27)% B
394 907 - 079,
(093 (_wcot %)) 7
ro@ﬂ)(—qscor%) ( CO“C(%)W

(27 + 970t ? ) %

%)% (14 cot?6,)%

? (H 9cot? 9 - -';— cosec” % - cot?® %)

tj

P12 5
m(cose( %) ¢4  coseC %

B

IR

- __’-—-——’—‘—’—___—_‘——-— =
1+ cot®(%) - %5 cosec” Y cosec” % - Y coseC %

= QCo secg@/@)
cooec® 9, (- lﬁ)

= rircosec(%)

. %3’5005@(%)

-

pa——

- 2
[A']'KTJ 0] ([.-— COSQJ g)a

D - g5'n 9/3 ga,
5m 9/ 0~

o Al 5109/3):\):6“ T ‘;:}. ;-_.; : ik




cosec (%) - |

P- g)a_@_
a
SQruownna 0.bsS
ng = Lzl'D&‘ﬁ.
) L
PY. [LU\g3

(&)

p? . c'03
where g—; = constant

ocolx

3. Find P for dhe coove a@-qe

Goh._ QCOI_OC
20 W= QC @)

Take LO‘d
ocole
locau - loﬂﬂt+ loge
d..0:v-18
4 dv _ O+ C.O*""‘(i)

—

@ db
T = @'COI'Q(
dw .t 6
Y = CO\VOC )
= CD%C’Z ('b’CO
P- ('5@-{'@13)3/‘9
59+ 977 — VTP
- @3+(farcaf°<)$)%
| e AR
39+ ‘q’)(fbco?oi)s?* @ (ocol)
(2%+ a¥cot%)7?
524 812 cot?x _ a¥cot

% (1+ cot?e)
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B Cos Soc 3/&3’
Flonserse) 2005eC [P~ acoseco /9
B e - raco._sec-ocJ

(14 cot?oc) CoseCot

k. Fin 5 -
d P of 4he cuave 2"- a’cosne

.S_gl:- !'Dn N

r]l(_)??j . nlocqa & loacosne

dw v bo
. i, @ :
e B D4 (-sinne) W
3 8 , CosNO
T‘q! = 5'0”9
cosnO
T = @ .tannp
"Ui . —'U-Jranej
d.wo.7v- b0
Ty =~ [fm.%gnne + 7 5@(:%(9-0}
)
2 - i(—'a” tanne) kanno + 01 S€ nE}]
= 55 [m’sec ne — 9 tar ne]
: ,mﬁcgneyﬁ fonn®
3
P~ (a4 27)% (s%+ (-5 1anno) )/9
. - o
sl LOSL (ﬁ* “‘D( v.tanng)% (—nasec%emtaw
3
(48 4% torfoe)
4 92 g’i’ﬂﬂ?n@ +m? sec$ne P Hane
Qb’@)% (_‘L +tan ne)/ﬁ"
tan ne)

; 73’7(14; atan nt—H n6eC ne
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; g \3 3 N S e e e e
2 (sec’ne) 7 MT _ wsec’ng
(14 tanno + m@Cg’nE)) (6@C$ﬂ9 fheec nD) secho (Hﬁ)

P: msecnp

: N
Given, 3"~ 0 ppsne (14n)
cosnp - "
rdﬁ
-4 N
CosNO -%*

secnp- a° o, p. T O

" (1) 70
P=cC in_, wheve C: 0
(14n)
1
: Po 5
5 @-= asinng
8- 5" = asinng — (1)
hloaﬁr: locaa+ \ocdsinne
dwa.t o
p/,i._C_{T_f - COSNO _ | px
° de bt sinNB
(%1 = . cofne |
dw. 5.t
Ty - ('a- (vcosec:)ne)h + 7icoine)
TQ - (, ncosecne+(@.cotnd) (CO{«“@’))
g > (v coltho- mcosectne)
: f W ; 3
D J“$4-3l$)% | : (374 (“Coha)g‘))/g) SR

SR e




3
= (274 2% colho)®
CE Q"Gg)COI'QnE) = ’bﬁco{'gna 3 o’ CO&@CQHB

. ()% (14 cotng )%
h—_____-—---‘_-___“—'————._

Ll (‘ + 9c01®ne - cot¥ne + ncos@c@nej

Iy (Coe@.cgne) 4 3
s . QAC05eC N6

(4 col®np + neosec®n 0)

(cosecho+ ncosecno)

{
. acosec’nd
cose®nb(14n)
p. ncosecnd
(n+1)
= %% Qsinng
snno - 2"
a
1 . a
sinng o
cosecnp= O_
fafﬂ
p. 7_ .0
(+n) 2"
i
=0 PLg

Vot

20




¢ 9" a"sinno
Take (.oq on both sides
n[ocra = nlofdcw loﬁ SiNNO
dw.v.t 0

i cosng.hn
—_— Y O _t, :

T de SINNO
)al

. = acotno p
lm & "H.CO{’HEJ

d.wv.t 6
('ar (- cosecth) N + B cotne)

(ﬂmco@ecf’newL (vcokne) Cotne)
(qf CD{'SI"] p— NICO&C Cg?ﬂ 9)

o\ %
b e (o))

¥4 97,7 1T 2+ 9 (v.cohne)?— 7 (acothe — nicosecne)

=
29
\

\r

Vg

Y

= (% 2° cot®re)%

5°+99%0t%ne - 2%ot®ho +nvcosecne)

3 ("ﬂ*’)% (l%ca@ng)%

’Qg(l + 9¢cot®ne - cot¥he + ncosecgne)

. (CO&GCﬁn o) %

(14 cot®ne + ncosec®™n 0)

3
. GCoseC N TOOEECT®

e L M =
(co sechg+ ncosecn®)  cosecho((4n)

p. @WCDsECNP

(\+n)
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Given , " a"sinn®
&in0o - @
aﬂ
j- 2 an
STTIY
cosecne = 0
'{\m
P. ¥ | a" 1 e C-0Q
(14n) oo 7 P 6 where £
D (t4n)
i
P -

QL‘EJ__“«‘S of Cuwvatuze in Pedal foun:-
Radius of cuavafure of in pedal fovm is cd'luen Bld.

P - . dT
dp
1. Hnd +he pedal oo of aadius of cuvatuze. @ (1+cos0) =

Sole- ‘G[H CO%6) = O —»(1)

Take lora 0.b. 5
\Ocd‘f”r \ocd (1 Cose) ~1oqa
o b6
4 dr , 04(sie) .o
8- -4 \+C080
L.dr_ Wf@_ -0
CD‘d@ -Lan 8/9 =

cot b - ot (T -%)

LR \




P__gsmdp
P o 0
sin (9 @)
P- 'acos(%)
from eq-0)
% (14 cosb) = O
. 9C08TY- 1

R,
C0s % - Cl
97

Cos B/g) : J‘:
1

P- ., ‘IE' _
sT

9
7
9

d.wo. a0
& @ 2

e

ds {9? 2y

WKT Rodius of cusvalure in pedal Hform is cawen btd

dr
Pq’aﬁ'

p. o.908J7
Ja

P-c.aly where C = ?Fi(coneﬂan’r) -
6q,uafsh8 obs ta

.

. @.
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9. PT Pis o¥. POT —lh@ CLAVC fu?secg)e o in Peda|~fmfm

Bl
S a%sec90 - of — @)

g)\oi]?f HOcdseCS)e > 8)\0801
dw.a.t.0

9_ - Cciiﬁ 4 (5ecfbtand) 9
sCe0

acotd + tange.9=0
geotd = —tan®e ¥

™
Fb - K120
P: asind
P- asin (%—r%)
P- ncos9®
94 .0
Cc0590
%
C0530 - 9
P- m-i - D= 13_
Q‘v) a’
dw.g bt
do o
dr
2. dp |
9
Pyl L glpw i

33” 37
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3. B -
ind the wodius of curvalwe for dhe cumahime a- QQSCO[""

0 pedal foym.

olz-
- V= aeacofof — (1)

logv = loga + log Locotet

loq - loga+ 6col
o-loge. (oo
ot o ﬁ (-\Dﬂc-i)

= T
2 a0 0+ cofx (1)

col ¢ - coto
G- o
P- asind
P: asinu
. A7

@_ - 5.“"10(-1.
s

d'a |

dr = sinx

P fb.d}.
dp

P.‘- rﬁpi"‘ ﬁ?:m'c

SN«
L. Find the oadius of cuovaluwe for dhe cuove %= 0.(\-C0%9) in
pedal {oom.

Sl - a(1-cose) — @)

(oara - loga+ \oa (\-cose)

dw.t.0
4 do 0- (-sind)
B B
Y. de (\-cosp)
cotd - Fsier®cos8h
% in” /g
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cotd - cof %
P- asind
P: asin%
Hom g -y , @- a (i-coso)

Y- QQsin? @/3

51N g - \(I
2

n
. B = 0" cosne

5
Bol:-
= " " cosne —1)

n\ocazs : n\oﬂa,+ \Ocﬂcosne

dwr.t.o
n.}%..g_gs_: b (-90ne)n
do cosn®
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weold - - A. sinnd

Cosnbd
cold - col (Jl"_ +n59
o
. TC
d)- -5-1'”9
P: asind
P. @sin (-%-me)
P- aC05NB
Hom eq 1) 2"~ a”cosne
Cosng = |
0" 0+
Pran” , p 2500
s i a
dwrt®
0t
QP___H_J:_E_.(Q{.D'U
D
do _ 32— (nﬂ)la
&
dr . o
dr g"(nt)
P- g d
dp
P-a. 0" 1
(ntt)
- & ; O“
™ (ntl)
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o2y

Sols- % = |4 C0%0 —@)
(Ofg da - loqu = loca (\+cos®)
dw. 7.t 0

Y x(0+("5"”9)
T do  (1xC0%0)

~cotd - »PsinYy. 09’55’/9

Aol
. xr_o
cotd co%(g QJ
=0
¢ 5%
P = rUf)iﬂCI)
P - (ﬂ'f)in (%-%)
P- fﬁcos(%)
from eq, - 9
o 6
2 . (+C050 = ﬁ,—{ - 4005 75
R co6% = &E
p. m.dQ - P \v ‘E‘
ﬁ dlw_ra.\."ﬁ‘
de . la- a\r
dv
CE_” = i—s‘!—:‘a—j—’
dp o
P- . AT
{a £
1€ ——
Pt ali S e
5.0b.5
P%_Qj")'ﬁ C
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A a7 'm-(c‘:’f’mﬁ)-l- fs':nme)

MIO??)‘: m|ofa()_ & IQCJ (C05m9+6]ﬂm9)

dw.2.+.0
I.i... 1 . m
" ? o4 (-sinme)m + (cosme)

(Cosmd + siNME)
p.cot = py. (cosmo - Sinme)

(Cosma 4+ sinm 9)
divide cpsme in nume & d@no.,

cotp - 1 -tanme_
14+ 4anmd
COF(t’ = tan (_TL _me)
u

cotd - cot (_g _ (’E"meD
¢ - T +me

P- qend

P: @50 C—E+me)

4 T" . L 9
0 (5m{..cosm9+ cos_ﬁ. anmM )

1 : ]
L cosMO + = smme)
i ( “ {9

S T3g
P- %’ (coSMO + SINMO)
a 1]
from eq,-M) =0 (cosmoJremme)
O -
¢ 5
CosME + sINMO = B~
Oﬂ')
o ot
¥_.0 1 5
P- = %5 ipiak
Q a ‘ES
d U:)trﬁ‘{' qr -
A1
1
Cé\i; J?a = (M) 7T
a
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i, D) - .
(m-+1)7 . De

Ei? 3am
g™ L
g (m+l) 7
P- o AT
dp
P-nm. {80 1
(M) 7"
D .2 &
i ¥
1
T
Qadius QP Cuwalrm?@ '\Q pO“n’am@Jr'm'c fp_“@j_ "
i ooy o gy | s
_“:\@ fﬁadius 019 CUWO,{'IXW@ in ‘PO'EOIT‘@J{T{C ’%’d'm 'S Cal\f@ﬂ b‘d

0. ( s J‘_‘di"a’)a/g)
L St ST
a'y' = XY
1. Find madius of cuwvature 4oy 4he CdeO"d c_& ong P
o Uy a(e_‘_é'me) ; Ld: a(\—COSﬂ)

8ol oc —a (B+5ind) 4= a(1- 006'9)' |
IWNKT aodine of cuavature of 1N paﬁam@’reh:\c fomn s cd'weﬂ ‘03

P (o a‘*”) %

oint cdiven

L (RS
oc'td“ — Yy )
oc = a(e+5n6) Y= a(1-cose)
d.wo vt 6 d-w v 50
ot - a140o%e) q - a(o- (-sne))
d.uo-wbe q'= asn®
ot sialeeing) 2 : d.pq.’cr.Jr' 6
5 4 = acose



Consider, o'l td"” s (a (1+ CD-&B))D-{' (05'!'19):‘)
+ o {l 1 C0%0 + 96050 +5i“%]
> a® {i) 4 @Coaa}

2 9a® [H cose]

'.-x..‘ﬁ“ _ (I“ (d‘

= @ (14cos) (acose) — (-asine) asine

COI“I ‘5'[ d@-ﬂ ,

> o (CD&G + cos%) +a’ siro
= gy (cose+ COSG‘)EHé!nQE)) 5 Q(ste)
P- (9a% [Hcose]) h
o od (14c0s0)
= @ay* (\rcosofs
| ~a¥ (14e6s0)
= 5 o (1+cose)? |
a*

= 20D a (14Co0)?

gRIELR Y

e a {9 coaY,
F’ = anC{)é%,
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9. Fid Jhe nadius of clavatne b antd point ellipse’

X = Qcose , Y- bsind
Sol-  or - acose td bsino
At 8 doo.v. 16
| . X
a's q(-sing) q'= bCose
dw. 2. +o d.0 v.1.0
X" -0 050 ‘d“-— ~bsine
P (%+ ng’)/i)
‘:xlall_ (I“dl

Consider, OC‘Ld".q-_ Qt"ﬁ]‘ . —asine (~bsine) — (-acose) (bcose)

ab siPe + ab 0O

- ab(sine+ coste)

ab

¥ = aﬂsinge + b$60638

ab
= Psintp
ab

= aein@
b

0 wia8
_ 0 4in
P b

3. PT +4he madius of cuavaluse
'_QC%thd%:o% 15 dimes -he

ab

9
4 beos®
(8

o+ b coso
- @
al any point

'\enc%]ﬂh of p@ap@ndi culad &

ovigin to dhe 400380‘ ot -hat pont.

&l |aile Hpe equation .

. ! 9 bt
Consides o™ 5”“"‘:0?3 iy (1)
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X = acos’t
chbw oot

' - ~ascostsnt
dw.v. o 1’

o - &3[8)c051'-6in’r (~sink )+ cost . Cos?’f]
AU = -3a (— 9cost st + cosg’k)
o= - 3acost (_@6“{:’{ 1 Cof)a-t-)
‘d = Siﬂat
d. w2 o 4
E]' - 3asin?t. cost

d.w.vdo
d = 3a (asinf.ooé'"’b - sin‘%’t‘sinf)

* 3a (g;s'mfcosc‘?b - 6In3t)

Ej“ + gaaint (Qcos’t - sin""t)
COﬂﬁpld@'ﬁJ {I‘Q_‘_ ((li? : (_30 COSak'Sin't )? + | (Bas‘lnql_ aCOﬁT)?
= o (coéqt- snf 1+ sn'h. cos*’b)
: qo? costh. sn’t (Cosqk + 61(317)
= qa cos%sinaf = (3a.cosf sint)Y
Q’_‘,‘H“ﬂ- ‘I"td )
= (-3acos gint) [3:1 (@é_mh:os%—~ 5'1n3f)] —
-[.— 30 (-acost Sk + c,osz"r)—“ (30.6i0%F .cost)

= -qa {(cosabsink) (asinfcos't _eirtt )= (-9cost fiﬂg’H cos't) C5iﬂ%_c%})]

Considew,

« -90%cod sin [cosk(%inkco #1-gin'¥) - (~9cosk: st cos’t) Si“’f]
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| - qa® cpsl-sinl [cog,t.sin[ (@C()ﬂ- -t - (~9sintt + cost) cogk. s‘in't_] J F
I = qa¥ costt. sy [&)co L - 6infl + 9ainTh - coaf"t]
* - qa¥codt sin' | | Sith +cos’ {;]
* - qa® cost sin't - OC"d" - o:,“Ld‘
P - (( 3a.cosl«siﬂt)ﬁ)%
- (3 cost-sinl )4

P |- 3acost: 6inf,

P- 2acost. sint
INKT eq,uah'on o\Q hﬂﬁ@nf at (cr:.,(d:)
4-qi= m(x-o)
ar ("t“‘d') = (acos%; 05.‘03]”)
slope= m- dy _ dyldt | 9

e

doc doc/db 9
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