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UNIT 3- DIFFERENTIAL CALCULUS Circle of Curvature

Circle of Curvature:

The circle of curvature of a curve y = f(x)at a point P(X, y) with the centre of curvature,
C (X, y) and radius curvature pis

(x=%X)* +(y-y)* = p*
1. Find the circle of curvature of the curve x3 + y3 = 3axy at the

. t(3a 3a>
point(—-,—
Soln :

Given x3 + y3 = 3axy .. (1)

Differentiating (1) w.r.to. ‘x’, we get

dy dy

2 227 _

3x“ + 3y dx 3a xdx+y]
dy ay—x?

= 7 =

(2

dx y?—ax

()
Yi=\77) 343
dx/ (33
3a_9a®* 3a®* 9d?
8T _ 7 "%

z 473 7z 47
=1

y1=-1

d d
d?y (y? — ax) (ad—z - 2x> — (ay — x?) (2y% - a)
dx? (y? — ax)?

From (2),
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UNIT 3- DIFFERENTIAL CALCULUS Circle of Curvature

) o5 ) (5o

2
9a2 _ 3a2\’
4 2

_(—4a)—4a
92 3a?
4 2
_—8a_—32
BECED
4
_—32
Y2 = 3a

-~ Radius of curvature

p= dZy Y
dx? 3a
_(2)2x3a
=32
_ 3V2 X a

16

-~ The centre of curvature
2
X =X —y1[1+y1 J
Y,
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UNIT 3- DIFFERENTIAL CALCULUS

2 —-32 16

_da_(D@, _ 2a

2
V=y+[—l+le
Y,
_3e, @ 5. _2a
2 —-32 16

= The required circle of curvature is
(x=X)*+(y-y)* =p°
< 21a>2 +< 21a>2 _(3V2xa ?
"6 Y“16) T\ 16

432a?
128

21a
i.e., (x2+y2)—?(x+y)+ =0

Circle of Curvature

2. Find the circle of curvature of the curve \/;+\/§ —/a at the point (%%)

Soln:
Given curve: \/;+\/§:\/5 ---> (1)
Point: P(E,E)
4 4
Centre of curvature C (X, ),
2
% = x —yl(“yl J
Y
2
y=y+ [—“ Y J
Y2
From (1),
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x/;+\/§ —Ja = Differentiate w.r.to. X
L (Vx+y)=2(va)

ixi% +lyi%ﬂ:0

2 2 dx
BL. b
Ly xP oyt
dx  yF yh
at p(é,zj Y
4 4 dx
Yy, =-1

X% y_% ﬂ_ y_% X_%
_ 1 dx
2 X

At p(e,zj Ay 1 OED-0
4 4) dx 2 a

4
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1+y? _1y?
Consider Y _1+(D) =

Y, 4

x=2_(-p[2 _a a_3a
4 2 4 2 4

=S40 =
2

N

a
4
We know that

L+ y2 )
Y,

p:

Caofaa) _peer s oa
. At P(Z,ZJ,p—T_(Z) XZ

a

:2\/E><E
4

a2
2

vz
P=

From (2), we have
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SRGORCN

3. Find the equation of the circle of curvature at (c, ¢)on xy=c?.

Soln:

Given curve: Xy =c? > (D)

Point: P(c, ¢)

Centre of curvature C (X, Y),

2
X = x—yl[—1+yl J
Y,

_ 1+y,° dy d?y
y y+[ ;. J where y, =5 Y2 =

From (1),

Xy = c?

T w)=2 ()

a7 dx

xﬂ+ y(®)=0
dx

dy -y
dx X
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42

dy 1
2 _y@
X y@®

X2

L ALP(C ©), (;)2(2/ :_{C(_lgz—(c) |

2 2
Consider L4y, _1+(=D) :gzc
Y, 2 2

Xx=c—(-1 (c)=2c
y=c+cCc=2C
We know that

[L+y? )%

p:
Y,

_2)2 .
. atP(C,C),p=w=(2)éxg

C

=2\/§><E
2
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=cV2
L p=c2

.. (2) becomes

(x—2¢c)’ +(y—2c) = (c\/i)z .
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