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UNIT 3- DIFFERENTIAL CALCULUS Evolute

1. Find the equation of the rectangular hyperbola Xy = c?.

Soln: Given xy =’ (D

C .
Let P (Ct, fj be any point on (1)
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The centre of curvature (X, y) at P is given by
2
X =X —y{—l+ 4 ]
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_cf1-t? ’
2( t

1/3 2
v _ o\l3 _ E 1-t
= (x-Y) —(zj ( : ]...(5)

Eliminating t from (4) and (5), we get the equation of the evolute.

(X+Y)? —(X-y)° @Klit ] _(1_tt J }

_ ol 22% _ 239403 C2/3(22)2/3 _ Cz/3(4)2/3
= (X+9)° - (x-9)"* = (4c)"

Locus of (X, y)is (X+Y)?° —(x-y)** = (4C)2/3, which is the equation of the evolute.

2. Show that the evolute of the cycloid X =a (@ —sin 8), y = a(1—cosé) s another cycloid.
Soln: Let'@ ' be any point on the cycloid.
Given, x=a(fd—-sin 0)

L a(l—cos #) =2asin’ ¢
do 2

ﬂ =asin d=2asin Qcosg
2 2

dé
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ﬂ 2asin gcosg
Ly _do _ 22
dx dx 2asin??
de 2
COS— 0
= =cot—
sin — 2
2
and d Zy :i(ﬂ) :i[cotﬁjd_e
dx dx \ dx de 2 ) dx
) 1
=—cosec’—-=- 5
2asin? =
2
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" 4a
.0
cosec 5
Y, =cot—, Yy, =——— £
Yi 5 Y, 1a

The centre of curvature (X, ¥) at @ is given by
2
X = x—yl(1+y1 J
Y,

=a(f-sin 0)—cot€

(1+ cot? L4
2
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0 , 0

4a cos— cosec” —

=a(f-sin ) + 2. 2
.0 . 0

sin — cosec” —

2 2

=a(@-sin ) +4a cosgsing

=a(@-sin #)+2a-sin g
=afd+asind

= X=a(@+sindb) .. (D
2
y= y+{—1+yl J
Y,

=a(l-cosH)+

1+ cot? 9

. 0
—cosec —
2

4a

, 0

cosec” —
=a(1—c056?)—4a—2
. 0

cosec >

=a(l-cosd)—4a sinzg
=a (Zsinzg) —4a sinzg
2 2

=-2asin 20
2
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= y=-a(l-cosh)...(2)

. The locus of (X, y) is given by the parametric equations
X =a(@+sin 6), y = —a(l—cosd), which is the another cycloid.
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