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Module - 1

—

Polay Cuzsves- Y —sing - PM _ 4
SETERCR g P(oc.y) oP 7
= (] - 1
i : = risine
', b — cos0- OM . X
e < 0 r ™M o oP T

vy = 'E')=_1;cnrf1 "-J,i)
Leb P(ac.y) be any point in oy plane such -hat oP=7 ond -
© be -the aﬂﬂle between X-axis and Op . Daaw PM Peﬁpend‘wm

fo x-axis, the P has o new coondinates (1.8) is called polas
coovdinates.
Heze . O is called pole.
om is inifial line.
op is aadius vectos.

= PT with usual notabions dand - T.d&%,aoﬂ Hind anﬂﬁe belween
saclius veclos and chneaenk,

' (o)
Lel 0 behe pole and oM be inikal line, ¥
Let p(7.0) be any point on polav cuave - £ ().
let 0P-7 be the aadius veclor, dvaw a

0 \ ™
-lanzaeni- PT al dhe point P and which makes an
anﬂle Y with 4be inthal line.

lek 6 be he an%[e befween aadius vector and imbal lire.
CP be dhe Clna [E befw@en raacliub VGC{DT Qnd -l;anaeni:.
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Heve we have, W= d+6
ﬂpplldin’.a lan on both sides.

{an® = lan (d+p)
{any . dand +tand
— (3)

_ | - 1and. tan®
DP@ 15 _‘ - -
- awcn btd lan - _d_tj_ _ dy/lde
= /s — (2)

L«H-’\.Tf L= 3CO%0 , ld; msiNg
diffesentiate  with m@:’:p@cjr t0 ©

dox :
:—Atje) + C0%B T (Lef dv . ﬂi')

do
d ce.

= dlx—- = §'CO ! '
16 050 — 95NO

B p5INE
dw. vt 6

d '
= S . geose + siNd ds
4de de

dy | geose+ 7 5iN6
Ao

WCOSO £V SING.

. eq- () becomes ton -
q' C0s6 - @SING

clixficlinﬁ num. ¢ deno with 2C0%0

3 —qu_) 5 -rE-‘- ++1ond
L E — ()
- & tanb
,.ﬁ'l
From eqn.) & (3) LHs ane same
{andp: il ade j‘ dw
W e - AT ! ﬂCDkd):"%"’é{é

Bk 8%
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Lenath of pespendiculas fiom ple 4o ‘tg_r_'\tdi_s_l’j_' -
Leb O be-the pcle and oM be initial line,
P(%:6) be any point on polas cunve - F(6).

Daaw a fangent PT ot point P, chiaw oN

Pexpendiculas 4o he %onaen‘r from pole.
let OP:%, ON:=P

sing - ON
OP
P- @sind
- S
P asing
L. 1 cpsecd
P T

Squoﬁna on baoth sides

. L
3

<
A .3 cpsecd
pﬂ fU'J
2

P'-’=

Note:-
Given @-+£(6) =W
KT [Enaﬁq of P@ﬁp@nClICLlld?f from pole 1o {anaenf P- asind

— (R)
4 b}__+__(d'¢r)
pﬂ 29 o4 \d®

TR i possible -fo climinale © from eq,-U) ond @) or fom
eg,-(1) & (3) hen m‘esul'Hn‘a squation contains p and T
stich @quajrim i called " Pedal E,q(ucr('ion",
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!/Jomkfnca paocedwe 1o -find ‘¢ :-
> Given a-f(o), lake (08 on bolh sides and appld |o<a<m'-fhm

paopertics.

® Diffesentiate  with al@sp@cl' To O.

!3> Make use of allied Gﬁa[@s 13 aequize to -c’]@f 4he value -
| of o.

Par oblems -

1. Find -the cmcdle belween aadius veckos and Jcancaenh qjiven that
- a (1- cose)-
Scv- a- a (1-c0s6)
Take loca 0.b.s
loga= log (ati-cose))
lma‘cr - Iocaa + Iosa (1-c0se)

dw.ate.
4 dv _ 0~ (- sing)
v =04 0 (- sine!
(- cosP
|—C056
cotd - G5i%-c05%
Q'Sinﬂ%
cotd = cot %

b - Y
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2 a: a(1+cos8) 3. %0036 - OF |
Take ‘Oﬂ 0.b.s | Take 103 0.b.s l
locdm IocJa + locd (1+cos0) | [oa (29c0s26) - !0303 |
d.lc)-"a-{ﬂ 10 T+ lo C0s 90 - @ID Qa |
_l__C_{l . 0 + 0+ (sino) g ﬂ ﬂ a |
° de L+ C050 '3 . dv  0+(sing0)9 _ ‘
cotd - — eine 7 de C0596 !
I+ co%@ C geotd = FLan 6 |
- - Jein% oY, cold - Land6
gcos’ U cotd - col (%_ga)
CO{C[) = - tan 92)
ol TEP
cotd - ol (%Jr%) b I -90
CI) " —%— + e/g;
;_ﬁr;_:ﬂa_s',_'igﬁ;(é/a.)_ﬂ B 5. "@% = |- C0%0
Take loca 0.b.s Take Ioﬂ o._b-ﬁ_
locan = :ao -:Blocasin(%,) [”‘ﬂ (%) - log (1-cosP)
1071 O '
. ! y ~C0%b)
Adv | g4 Bocos(%)-L logea-ogo log (1 .
L e 6‘1“(8/3) d-'lx_')- ’U.‘;'B X
0-1 dg .+ 0—(5in6)
cold = cob (%) 9.7 -co%e
. % sin’ Y
= cotd = cob g
e %)
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6. o™= o (cosmb+ sinmo) —@) Find -lhe pedal equation of
Take log o b.5 lhe cumve. |

ID(J ™ . lo(a a® 4 Ioﬂ (cosmMo +5inMo)

m| O(J n - mloﬂ 0 & [O(a (CDSIT‘I[‘} -‘!- sinm({))
dw.a.b. 0

~ % | (% - ¢ 4+ (8inmo + cosme) i
(COSMB -} SiNMO)

cotd . cosme —sinme
COSMB + sinm O
~ Cosme In num. § deno.
cold = - 1lanmo_
| + tanm@
cotd - -lan (H—*me)

cotd - cot( - (% -““9)
cotd - cot( )
Eb- A 1mJ
P- nsind
= qsin [:&J(me)

: q (ginl.cosMe (D

5T 5"“‘“9)

: L (psm® L ginmo
5 B
6M O+ SNMO)

T
NE) (co

CO5ME + SNMe = EE —(9)
T
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f -(), ‘
lom eq-(),  m_ M (cosme + sinme)

V- 0", Pl5
T
P’ ri:'II'["I"I*I
™9
P ol Qmu

* tind the pedal equation of the cuwve 22 - 1+cos6

T
Sol:-

S?T? - 1+00%6 — ()
Take log o.b.s
108830 - Io?m’ = [ocd (14 Cos6)
dw.n.t 8.
0- 4 .dv _ O+(-sne)
¥ do  \4cos0
# cotd

"

. L
| +C0%0

& 8in € 5%
2 cos? G

cotd - Hon &

cotd = cob (I - %)

1

_ 5
@ 5-%)
WKT, pP. asind
s mein (T _6
ms|n(_§ .

P- acosfy) — (9

from eq.-0) 92 . |4 cose.
0

9
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cos(%) - &
eq-(2) becomes, P = %'F—

T
p- 5. J&- Jo_
7

P- Jos

Peyi (Vo s constant)

9
8 tind he pedeal @thaﬁm oPthe curve @': O SCC26.
0% 0%ec20 —> @)
Take [o:a o b.%
&)loqm %‘:lo<ao+ locasecw
dw.v.1.6 Y
L ds 4ecA6 tandb
T -0 %eggja
cotd = tange
cobd - cob (T -26)
$-3-96
WKT., p. asind
= 5in (% -30)

P: acps36 — 19)

Hom eg,-1) - Qe = o 56c 30
9. % 3

ity C0530

0590 - &

=T

eq-(2) becomvies, p. @,%

P ol
g i
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a. Fnd -lhe P@da[ eq;,la{ion a"= o' cosne
q" - a"cosng — ()
Take \ocd o.b-s
hlog - nloaa +|ocd005ﬁ94

dw vt
pridy . o4 —Sn08-P
T do C5NO

cotd - - Lann® |
cotd - co{'(%JrnB)

P = mqcosno — ¥
Faiom @CL-U) m“zoncosne

Cosng = 7"
Oﬂ
€q-(2) becowmes,
P v ¥
O'ﬂ
n+l
P-a = [Po T

IR

aﬂ

N+l

0. P.T pedal eq(uaﬁon of ~he cume - o"cosnp + b' sinne

in -he fosm of PP(a™ "): 27
ol "= a"cosne +4H"einnd
Take loﬁ o0.b.s
nlog - log (0" cosne + b'sn0e)

3 w0 L. e
R o (~side).n + b (Coana)j

-

% de T o"cosne + B sinng

wn
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feotd = ¢ (b cosne - o sinne)
c"cosn® + Kleinn®
cotd - B'cosne- @ ennb
T:}%D&ﬁ@—'r H ainn®

WWT, _:‘:_ . A 1+( d'n )

= %;*@ (14— cu’t’cb)
2., 3 bcoshe- Ofﬁﬂﬂe
pr  ov
“a"cosne + b“smne
4 ‘ (b'cosne - osmn&))ﬁ’l
'3
k (a cosNe +bn smne)

-

, 7
(o cosne + b’ sinn B) + (bcosne - a'sinno)
(a’cosn® + B” sinnp)?

-

—

. | i mCOSﬂB +b 510 e +$CI cosnd B'sinne +
= E! "'ﬁ
Bcon0 4+ g sinne - 2a’sinne b'cosne
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= Show Jhat dhe cuave  asid (%)= a, the length oF Hhe peh’p@.ndicu\a; |

from pole 1o 1'cmcd@nF ab 4he point (90,“/9) i equal o a3,

Sols- rﬁsing(%) = Q

10(@& + $loﬂ sin(9p) = loga

) Ud-w-'u. .0
T gyt AosB)(B)
51N Yy
col + cot % =0
- Cotd - —cat O
¢ - —E)/ci9
P = asing
P- asin (%)
P- 9a sin (‘“/a /g,)
P: —aa sip (Iu,) ” N
= —g)a-\)%-ﬁ p- -ale- ¥ g
Pl- \-aiE
- P- oy

= Showthat Hhe ‘@ﬂﬁ“H”' of cordiodes w- a(1+cose) ot the poinis
6-L, e- % one wespectively pavallel ¢ pespendliculas o e
initial line. -
Soli-  @- a(14cose)
loqa - loqa +log (1-+Coso)

1 do G TYE, 0
T o = (-8sing) y - Fsin /g,-c/aé%
3 1+ Cose ,‘5{:059’% = Cofd - —ton(%)

C@ﬂb % CO“F(-%-{%_

@=Lyt
81549
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9 6 3
— akg- 9
3
G-I 1.9 _ 50
9 D 3 3
W:EH-QJ
. USRS
a b= = Wagt 3 2 T
tan ¥ = tanT
1an'¥ = 0 v-i(o)

ﬂ__htalg between w00 PO]O.'I CUIVES -

Let - £i(0), - fo(6) be two polaT cuvves which

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

vectos and '0' be the pole.
Diow a %anca@nl' PT, & PT9

w- {3(0) fﬁGw@CHvelda. |
e ﬁnﬁ(e betwoeen modiug veclor and PTi 19 s
ﬁncale befween a@adius veclos ancl PTg is &9,

-~ Acule angle behoeen Ahe -langents P ancl PTy 15 qven by

| | dg- il |

Nole:- - £1(6) dvty (o) ome said 1o be oﬂho-ﬂona\ i
tands an g = 1.

0

M
of 4he point P to o-$i(e) and 1
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1. Find -lhe anﬂ[@ belween -the cuoves @- 95N, 7+ sing + COoH 1

Sl - 94ing - 5INO 4 CO5O
Take loﬂ log]n \oca (sino+ C050)
loga - dow et
Qo \D(‘](Q‘:IHD)r bl e
IDCJD = (Dca:f’-)% \[}Cd SlNO ?f dU me
diw- @it 6 cold = 1 - tand
L.d o4 co® 1+ tano
T deo SINE T o
+ an (X
cotd = colo corg = OHWL“ )
b1 = © cotdp = cof (5 H(‘T‘E "e))
C,Grd(} - C@‘f (% +e)
y Anﬂle between two poloa cuwves R s ]
LY.
= [dg-dil - EHJF,W—,@’ = =

9. PT onﬁl@ between polar cuvyes is I +“"C05I(3J

- a(1-cose) & T- 9a.C050-
50{-_

caweﬁ

=" @= a(1-cose) T 900050
loa'a locﬂa -Haa (1 c{)sg) locu-gf. loﬂaaﬂocacose
7178%= - sind A.dv _ —sind
1= C05O 7 do c050
cotd - - g6y cos Y, cotd = —tand
Asin? b cold - Gdl‘(—g- +9) i
C,@{Cb = Cgf-ﬂ/gj (ba: %+8

§ W
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Gvep - 0 (1-co%0) , ©= 90 €090
dnce, LHS ome cqual
" Qg(coo0 = ¢ (1-cosp)
ACO50 = 1 -Cosp
YCOS0 +C0s0 = 1
3c050 = L

5~ cos(a)
" () becomes | o sl - I 4 j—co‘;l(%j

9 9
3. a’cosne , 0= B'sindd
6oli- 5" - Cl CosNO " - bn sINNO
nlorafh’ n\ocda-l—!ma Co5NO n\Ofd?}f: n\o:db + locﬂ siNNE
~5inne) 4. ds g (cosne)
g de P{EJGSI'\B a o j'i_(g'ﬁﬁé_—
cotd = —tannd cotd = cetno
cotd - co’r( +ne)
b= 3 -tna‘] | bo— i) = e - (5 fne)l

he @- L,eccg[%) ) = qCO5GC(%)
Sl e yeec?(%)
loam’: Iocaq-r E’,ﬂoﬂ secC L%})
dwwt.e
CRL (s648) tonlls))
se¢ %)
cotd = Han %
cod - ce*( 9/) > &i- 5-%
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V= qeosec® (%)
lOfJﬁ » lO‘Jq do Q‘Uﬂ C[)E;G(‘(O/g))
d-wa.li 0

iagl . @ (- costc G col %)%7
? do
coset @/g))
cotd = - gl %
by - -0
9= ~Y '..9_._(1[“9_)1
| do- | = ‘_ 9 ? @
w). L
|4 - %l |51 %
5. Q- alorde, - 8
IUﬂD
Sols- =~ i _Cl_____
N IQF alogo o 3 log®
092 - logqa+'ef Oﬂﬂ) \ocdf): l0qQ “\D‘ﬂ(\oﬂe)
w0 2.1 0 ) dw 7 Lo
i dy _ S | 4 i
? g'mloae 0 T'%=O“loﬁ91.€’
I Y |
coltd - ologo cotd - _é_ﬁd—g
tand, - e\oﬂg Landyg - _olocas
tan(a-g) - {anA - tanB
14+ 1anA . lanB
tan(d-dy) = landy ~tandg _ eloge - (-Dloge)
1+ tand, .landg I+ ©loqe. (-6logo)
= 6loge
0log )

|- (6log0)?
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T - alocda , 9-0
locde
ﬂ\OﬂB: o
Iocda
([oi]e)f‘): 1 = \Oﬂe: 1

'tan(dp,_d)g): Q.G\Ocd@e e
|- (e.locdet?):) |-e?
di'l*d)g. . an (gieg)
Cuwalwie and Radius of Cuavaluve:-
Consides a cugve on X0Y plane. Llet A be a Pived pD'lﬂJ" O
and P g Q be any 1o point which awe ne'lfdbhou'zﬁnﬂ points  on
Ihe cusve such Hhal AP-5 , AQ: 5 + 05
Daaw a 'ionﬂenf at” -fhe point p’ which makes anﬂle ‘y’
wilh X-axis.
Daaw analher —Iancaenl‘ ab 4he point '\Q' which M
Y+ 8y,
Lel Y g P+0V be-he aﬁﬂleﬁ made bﬂ fhe
-{ancaenls dvawn alhe points P& @ with

a it

akes an anﬂ'le

X -0xié -fﬁespecﬁvehd.
The ancdle o0 betoeen '\'ancaenfs 15 Cau@c\
“he bend'mcd of 4he cuwe which depends o0 o5 .

of 16 called 05 mean cuwvahuge of dhe B coune.
&6 |

The amount of he benclinca of 4he cuave ab PP \6 called
cuavafume of cuave ot P. and*defined mathemalically a3

sy d¥ oheve W is  constant.
lim K

—_—

5550 06 cls
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v Covvatuse of be  cuwe 15 a measuge of vale of Chﬂﬂfdf? 1
of benlness.

Radius of Cusvalune:-
- I is denoted bcd ‘P and it is wecipsocol of Hhe cuavatuse.

| p- & 1F k%o,
Note:- Cuwaliwe of shaiﬁhl line 15 ZEW.
| Cuvafve of cfvcle {s constant

vy Radius of Cuwvaluge in Castesian formi-

p- (L+47)%
d?

e &4y ave 1% ondev & o™ oaden diffesentiation aespecively

ples- IF 4o is zeto al some point Ahen4he P is iﬂﬁ'ﬂ”ﬂ' 50, 10

can oepaesent P eadius of cuwalume ip another fovm -

3 )
P- (‘“l‘g:lg)/b whese o ié-CE- g Ly = th:_
e el dﬂﬁ”
AL . '
1. Find dhe aaclius of cuovature for Hhe cuve =€ al fhe point
whese b cwsses  Y-oaxis.
Sols- Given,
Cuve Crosses  Y-oxis,
S =0
q - e’ —0) .
'  eq, (1) becomes, ld=e=1
POiﬂfé (’Iﬂd) — (Otl)
DEFF*C:q.-{r) w T..C
Y1 = erx: — @)

qi=e=1

D:eq-(8) w. .t
go:c* qt (0:1)
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fo- e’ 3
3 )
A GRTP KRGO LYY

b “

9 tind dhe aadius of cwavalure o the ctave - axc?+ bx 4C
at Hhe poi 4
e point 'I“é’a(m““b)
{: ax’tbryc —W@)
@q~(|) d'LA'Jlrﬁ-'i_O oC
4i- a9ct+b+0o ab dhe pdnk v — ©)

'?jl = g)d%aa (,|a$—j_ *b)+b

U - \’ai’.-l B+ = Q- o1
d (2) w bo

Soli-

—

Ldsh - g)a(_i) +0
ldg: 2Q
3 3
po(ag)®  ({@)P)®
£ oo
T o A O
% T Ra
p- o’
»

3. find he gadius of cuwaluse fov dhe cuawe Y- a\ﬂ‘d 566 (%)
Sols-

L 4= olora seC L%)

Do, b

: () a0 (L) 2
‘dl:d.;c%sec% Q ( ) &«

[III : \,Cln(%-) d_w'm.b-(ﬂ
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P (i (14 (1ot (%)
dp % sec” (%.)

4= Ccosh (-‘l-)

A b o
1= 2 (smh(%)- 5
41 - sinh L%—)
dw b

o

cosh (%)

= C (Cﬂﬁhé(%)) |
P- c.cosh (%)
c cosh (%)

'd:
9
%_. -:cosh(%—) = P-- .._ld_;,@ =

C

a (o (%))
65eC? ('""/a)

= Q se@(%)
sec? (%4)

\ P asec( %)

P

—

C
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5 Define cuwaline g nadius of cuwatuse , find the wadius of

cuwaiuwve of cuwve. o3443 . 3an 3a |, 3
s 17 1 o 92
dol:- 0: + lﬂ ?JGUJJ

diwa,l.oc

3?4 &dﬁd' = 3a (i +y)
By o) = # (oxy, +ay)
P = accy +ay
P —accy, = ay-of
¢ (7~ ax) = oy -
9 = a\tjd’xs’)
(4% o)

*(5%)

e ﬁ@%“@%ﬁ ) -—L(@Q zr))

— (E’)

QRN
\41 = -1}
d.eg-@) wa b
Yy - (Lda?#_ax)(aﬂ,-gm),(aﬂ;@)(ag.ﬂl,a)
(- 0x)?

D (o) L) bl
{igeore)

o

(Hﬁ, ODC)$
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? _ q0?
4 _@_‘J
3a (-fa) [ o _(-a
i) [9 (@‘U —ea@) - 690
9 919 i 307 \9 ﬂf‘_‘j
[f’la L{@G} (T) I

9
4 N T}
c;,:aj‘f 20

6 Find he wadius of cumvalure Bv the cume ﬁ{jg; Ja

sl Pl (14yR)%
| L
T+ 7 - {a
diwo. . fo L
T |
g)‘i—a: +$_@"'dl = 0
Y = .
Al Plee
= =W
&
d. w: ¥ L
1
e
7
Uf) b S
do - ‘la'ﬁQﬁ)'m'gﬁ} = 18 H&MEE
X
| 200 £
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Fl
e9
]
=
]
L
[ =
R
oY
29
£
e
Q
A
o a
S
25~

\Pe & )

Y b (;fa
1. Find dhe nadius of cusvaluse fov the Ve 29 +‘d
e 9 9/
§£.Iji 0:. + ‘d I’:B 3
dowoat €

) Vo o 2
{‘{)/;3;(1/3+ 3 I O

TR ?‘I
dt = -'.I/ e 2
Hg o o
cliwo

a
4o - \ s g g () J

Jpcel Ay ol TN L.‘H)J
: vy T 3y oY
ﬂa:%{‘d?&—% {*

¥ '3
" §
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ST - -

R R R Rl e v v W w TV ul - SR W —

3
.1 (s -1 ET.-% 'yJJ
*"‘-;id S
e B Y
- gt ()

‘dg . 'ya II_uG‘ a“k_’) (0?,3)

:LL_.{ Y3 CC’%% .(f"!'s-"-’/g %+ }"3;‘“

- \ 3
oL ()% (a (ot )"
k& “‘I;a‘ra zd"f:.cf"”

o, 3. 4> o (H % ﬂ%)%

v % \3
: 30 t.d’“.a% (H 4° ]/‘?J

L
300" t\é o er’@-r Ld%}%
O
i .2
3% 2. o (&%)%
_ S‘Iz%' ﬂ}“g' e} E—q:

Cubhcd on both side
P e oy
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Gol- 4. 0K !
— —@)
| dowoa bt X
0 - aitgﬁl(:t )
Ld | (0+¢)$F—J
| = Giw
(a+1)3}

(I —
o+ :

from @) a
-

o —

a+X R E
oo (@ 4
ad

D eg-(2) w. : {

4y - o, (-?)
(a4 x)?
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______ 2 9&3
-9 (I[{__{_L[i /D 9_::1
“a?u—) (°
ap (Ott‘+ 3“) % o3
X%
. (chJrL_.lq)ﬂrb L 9P m{,fw ¥y
mal 3 CL f1'3. ldB
@ﬂ)%’ e )
& Otgldgf LE}LLJ\;EP
!9 . .L\‘ﬂ?r'

9P % oc \9 0

5 )" (9

"l Fod dhe wodius of - cuwvaluve of dhe curve 'I$lj 0(5{5’*39)
(90, %0)

5ol r)::)ld : a(‘ﬁ"l"dﬂ
dw. ot

0£$Ld| + XY = O[Q‘I—F Sl'd‘-dﬂ
g"?'ldl e E 200 + Jay Yy
o, - Dayyy - T - IXY

Y (or,:)-—%laﬂ) - 9o (a-y)

gy 99¢ (a-4)
(oc?- day)
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Q'[ L“gh :90)

g - ale)(e-6) - -lafa)
((H 90 )?— 20 (@0)) La®- Loy
=) i =%

nce, ffi=00,P becomes &

80, KT, o (1+f1:.9)%’ )

T
r;c?ﬂ . a(fx,ﬁ)-f'da)
d.wo.a b Y
ch(l)Jr%)ct.oc.ld - a (9 4 9y)
o+ LKLY = L) + D0y
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