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UNIT 3- DIFFERENTIAL CALCULUS Curvature in Cartesian coordinates

Curvature: Curvature of a curve is a measure of rate of change of bendiness.

Radius of curvature to a curve at a point is denoted by # and is the reciprocal of the curvature at that

;)
point. Thus &

Cartesian form: 1f =/ () ‘then

N

Y2

1. Find the radius of curvature at the point (ﬁ,3_a) on the curve x3 + y3 = 3axy.
2 2

SOLN: The radius of curvature at the given point is

[+ ]
P =
)

Equation of the given curve is x3 + y3 = 3axy,

Differentiating the equation of the curve w.r.to x, we get

dy d
3x2 + 3y?__ = 3a [x_y+y]
dx dx
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d
i.e.,3 (y2 —ax)_y: 3 (ay — x?)

dx
dy (ay —x?)
e = (1)
dx (y2— ax)
Again differentiating w.r.to. ‘x’, we get
a2 (y? - ax) (a dv_ 2x) — (ay — x?) (2y 4 _ a)
“y dx dx )
dxz (yz _ ax)z
(3a2 9a2)
_y) 3a3a ;2“2 3442 =-1
dx ( )
227 (g~
9a? 3a? ) 3a2  9a?
dy _ (g -3 -a-3 —(F - 7)(Ba-a
; 2) =14 2 2 4 —
( X 3a3a 9a? a2 2 ==
(2:2) T -2
3a? ( ) —3a?
7 4 () (—4a)
= 322
)
—3a3 — 3a3
T oat
(Tg)
—6a3 x16 —32
- 9a* ~ 3a
3a 3a
Hence, the radius of curvature at point (7,_) 2

3
[1+ (_1)2]% - (22 X 3a)
p= -
(—3?12) 32

_ —3\/§a
16

p
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. 3V2a . .
i.e.,p= e ,since p is always non — negative.
. . 11 _
2.Find the radius of curvature at the point %,Z) on the curve Vx ++y = 1
1 1
SOLN: Equation of the given curve is x2 + y2= 1.
Differentiating w.r.to x, we get
- 1 =1d
lx_l +_y2 _y =0
2 2 X
i.e., ! Ld_y =0
2Vx 2y dx
dy Vy
dx Vx
Again differentiating w.r.to x, we get
1 =ldy —1 =1
dy  —Wayyz g — ¥ jx2]
dx? x
\/% a Vy :
= dx __ 2\/x
X
N
24y~ Vx 24/x
- X
Ay Vy
2 2vx
X
_—(E+VY)
2x vx
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1
y -
Now, (2, = A% =1
X (g ( ﬁ)
1 . 1¢ 2
= += (
vy _ g \/Z) _ v
dx? = =4
» 2 11 (—1 )
(44) 47 24

1
Hence , the radius of curvature at the point C,-) #
4

[1+(‘3Z 3 3
M+(-1D3%2 _22 22 1
—d_);t 27 - Y = == __
¢ ( ) 4 4 4 V2

(72
3. Find the radius of curvature at x = ¢ on the curve xy = c2.
Soln:
Given equation of a curveis xy = ¢z ...(1)
Sincex=c,cy=c2=y=c
= we have to find the radius of curvature at (c,c) on xy = c2

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

dy
X — 4+ =0
dx Y
dy y
= @ —=—— - (2)
dx X
dy —C
(> =— =-1
dx)c,c c
Differentiating (2) w.r.to. x, we get
dy =Y
X - y.1 —
ay PN kG-
P i %2 2
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=~ The radius of curvature at (c,c) is

3
1+
dx
——qzy——at (¢,0)
(ﬁ)
X
1+ D02 2
— 2 2 I
- 2 - ‘zz‘=2\/§'§
() ()

i.e. p= V2
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