Differential Calculus 121

3. Find the angle between the pairs of.curves
r’sin26 =4 12 =165i

» rsin20 =4 @anﬂ
Differentiating both equations with respect to €., et
16cos26-2

r? c0s 202 Fsin 20 2r§r)= 0 %

2sin26. r:li—r ~r 00529 ) A —

16cos 20 E

d9
6¢

08 249
tan 26

=20

\”y efore, tan'g; % = tan(z
Q , =r(d@/dr)= 1%:

o, =|m —|7c— 46,
VHZH e —1631
\ 6s1n
sm20

e

=sin 716 =60=rx/12

ﬂ\@ 2 .

This is only a SAMPLE page.
Upon purchase, the gray background will be removed.
To get your personalized e-book / e-copy visit
www.interlinepublishing.com or
www.9thclick.com -> Online Shopping -> Books -> E book / E copy



122 Advanced Mathematics — 1

4, Find the angle between the pairs of . curves

r=a(l-cos#) B=L20¢
= a(l—cosh) ; o . r=2acosb
ar {8 \ V N, —2a sin 6
deo
’ Fawdes 1
AR dr° 2a%R0

=—cotd

\‘At?‘ o

)cos 9/2

¢1—r( rc 012)=¢, Q; 3
ndtan(l)2 —tan /2 —7[/2

s

ave, 1 =a( =

C 9) 2a.cos ?
6’ 20050 s@ = cos
=COs ™. .
— +0 ; \ Q=£-Iilcos‘ll
20892 3
@[+cos [
5. Find the angle betwee \ S of curves:

r=alogl

g¢9
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\Qv ¢’1@ g
W followmg pal%ves intersect ally
D rentlatmg Eto 6, we get
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i = d@/dr‘) , q:l ' (1)
tan ¢, € =G ) : —(2)
From equatios(’ and (2) we ave %
ﬁ [tan@, = —
glven curvi teTepCt orthogon lly

\ ow'that the air-of cu ec, rthogonall
=2siné 0s 6
O IP £ 11@ 2COS 0
¥ : i, cYsO. ! 2
de - ' g » ;
A LGhy
: ‘ 2¢c0s 6
\) 2sin@ -
Q/ as6 :
\ = : % | )
=tne . /
\ = —cot 6’
From equat1on s we have 3
= (tan @) ( 22 =3
Hence, the g1 urves mter ct 0r1;11 gonally: u

r" =a" cosnd, sinn6

8. Show that the followin, @ curves.intersect orthogonally
B =q"cosnd, %\ =d"sinné
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Differentiating with respect-to 6., we get

it a"[-sin nB.n]

? dr
-

de do
ne1 dr S5.28F
T — XOINIZ7 e

=—a"sinné

de
dr _ a’sinné C)

tann 6 ?
sor! equations (1) Jwe have ; «
/ tan gmtan @, ~cotnB)(tan ndha 1 Q

“Hence; th ! s intersect oﬂ%ﬂy. |
\, 9. Shog that ollowing pai intersect o, Ly
6s6) =g~ cos8) '
(&(I+cos¢9) ﬁ) = b(l—c&)@
DiNerentiating willarespgetto 6, we get 2,
si

4t N4 (0= (=5in6)) = bsind

d 1 deo

4N ode

dr asin?é‘ dr . bsin@

de rﬁ dé r

r = — y—=
asin @

dr dr  bsin6
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tan g, = a(l+cos @) < _ b(l—‘cos 0)
asin@ bsin @
tan ¢, = (1+cost9) ___(1 RS 1—‘cos0 )

sin & 0

From equations (l) and (2), wehave

(14co 1 cos0 %g __sin ‘0
tan g, 8P ﬁ N sin’ 0 . sin’ 0

tan ¢,.tan @,

Hence, the érves inter; nally. %
10. Sho the follow rves inters rthogdnally v
z— ae a I;: ,

Qferentlatm ith ect.to. @, w.
: ()
/ . ea ‘ E s
« |
: = Ly
\ de
a0
(l E ars ¢y
tan ¢1 ¥ @ c %: | --(2)
equatlons we get

Hence, the&@wes intersect nally. [

Exercises

L. Find the angle betw @ following pair of curves.
1) r =siné +cosf r.=28iné

=
&
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2) r=6co0s6 r=2(14¢os0)

3) r" =a"sec(n@+a) r'= "@H+ﬂ)
ab /

4) r= r

) 1+86 \ 1+6?2

5) rsecz(£j=a cosec’ %z
2
6) r—acos‘ V q@

7 r! nné +co =qa"sinnd E ,
%) a2 ’ cgs(%’«@ }
. @2 ) 8 pairs of g@ ct ortho Q) E!
& ; W 8t

+.cosé
=bé si Q ; Q y
a1 IS " ;
e & 0 b2 )Q ¢

[\)
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Polar Subtangent and Polar Subn$al

\ . Let P be: y the ‘polar
) the nor curve.at . P erpendlcul 1us vector. .
, s) . pagsing t the -origin, w. ts-the tan normal at
&hon length of OT iscal sub. tange ngth of ON-is.c

4 Draw t nt and

normdl.
Fg mrlght-an led trianglé OPT, we have

T

Q

2d0
S vugent
@&

ON = = ﬂ = Subnormal
tan g Re(A6/dr) . do

N
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Differential Calculus 129
Length of the Perpendicular from $Pole to Tangent

@,

A

igure 2.5 }
£ raw. a tangen%
¢ tafgent from theBrigin (p¥le)
-angled triangle g have : v

—(2)

1
Note If —=u,then = =Gy
r r deé

Squaring on both the sidds, we get
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(45 -]

Pedal Equat& equatio ‘ XQ) ; )
S

‘The relati necting bet ris.called pedal ot p- equatwn
To find tﬁspedal equati e fhe followin ulae:

e polar sub, )>e)curve

g» | ﬂQ
W@% il

_ali4gho) .

S\( Sin 6 sint
2. Find the polar subtan he polar subnormal to the curve
r= eﬁcota Q
r= eHcolot \

»
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ar _ e?'“ . cot@=rpolar sub 1.
46~
1

de Y,
dr e“"‘“cota/ rco

Hcota

9
—A% A bt gent. [ ]

r2 d
dr rcotaf cota

= Cos 9

3. Find'the pedal equ 10 the c &
»r=all- cos‘
I
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_i+2ar—r2 _L+2 o
2 £4 /2 % o
1 _2a o %
pz e 3 783 :
r’ =2ap” ‘) v |
4. Find the pedal equ@b the curve,2a =1 COSH)
» 2a=r(1—co<)r LS RN \
%*cosﬁ) :

Different}ying with respe
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Substituting equating (1) and(2), we. get

1 1 1 r=2a
—2:—2+ < 1-—
p r- 4a /
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Substituting equation (2) in(1), we get
1 1 4’

2 2 4

p-r ¥

v I 2 &3 > '3
\) ~ d&% ) > & |
Q ; f%:—amsinma ? Q SRS
\ 3 dr @
d m=1 ¢

a™sin
\*%

- a” (1-cos® m6)
2m—2+4

This is only a SAMPLE page.
Upon purchase, the gray background will be removed.
To get your personalized e-book / e-copy visit
www.interlinepublishing.com or
www.9thclick.com -> Online Shopping -> Books -> E book / E copy



Differential Calculus 135

'>£=1:I-ec

% 3 \
O Differe% th respect

S o

Given,

r

ecosfd =(£
r
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-1 gD
2

costl—r

—(2)

i Y PAIRY : ?

Substituting‘equation-(1) a@), we get - '
B3] FISAN LY
KON

ST

$ 20707 438 o) k A #4
dGQ&) Q ;
We have, ¥$%+/%jx X \
AT, 2%
Q' ‘1 ricot’a
=%|- t (rcota)2=—2+—
rE N r

4
r
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1 cotla  T+cpt’a
r r
2 :

i
p’ r
r

NG [
9. Find the pedal eqy to 'the curvg r'= a in 49
» . « g \ X
(7]

r= a(l sin

\(yen that r = A ;
V ad : ».. 20
(@Mng (2) in (1); A : \
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1 a?-r¥Z<a*+2ar
r

Exergi &‘
4 /I! I%Zd the polar subt

v ind-the pedal
8/ D 5 1) Qr cos0
sec26
r—acosec — 6) r=a

Hr osnw a’
9) r—Qv —a sin” @
1) r'" =a 1+cosn ‘2) K (1+sint9)
13) r'" =a”™ sin;{g \

" cosm®
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Answers

L D %COSH 2) @coszg
2 2
a N
II. 1) —? C)2) asiné ;

L .1 2ap® = V apl =
gt N
S)anr ‘ z[azmz% 2]

o A g 3 = 2ap? : v
Y G l e
s) Taslor’s Bheorem for, Fu ti0n of Smg § 3
‘, @ % which can ed in POWETS. O
the expans1 ifferentiable of times 'wi pebt
x, then
8 & + xf a) + x? Coh ¢

:uc

x_f(")(a i
n!

Fx)= 1x+A2x2 A F e (1)
3 = J -are.constants.
ation with ct to x we get
A FLACKH AN

"(a ZlAg S ABARE ——,
”’a+x Q 324 x+-=—,

Putting x =0 in each o hese we get
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fla)=4,.  fla)

f”(a): 2A, =45 :%¢
Fra) LR P

i o>
Substituting these V&M(l), we goth
f(a+x)—]@af'<a>+’%&}ﬂ@»é ?S

I
=

Maclaurin’s /
Let f qlctlon of x Whl@ be expanded in powers of x and
let the expansioif be dlffere able t€rm by term-any number of times,

then

n

f(x)—f(o)+xf’(0)$$(o)+— F70) - ——+ 2 FO(0) 4 ———

31 n!
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