RD Sharma Solutions for Class 12 Maths Chapter 16
Tangents and Normals

EXERCISE 16.2

1. Find the equation of the tangent to the curve Vx + Vy = a, at the point (a%/4, a%/4).

Solution:

Given Vx+Vy=a

To find the slope of the tangent of the given curve we have to differentiate the
given equation
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The equation of the tangent is given by y —y1 = m{x — %3}

az_ | ol
Y% T ]

az
X+}’=E

2. Find the equation of the normal to y = 2x3 — x? + 3 at (1, 4).

Solution:
Giveny=2x"—x*+3

By differentiating the given curve, we get the slope of the tangent

d
m = & 6x2 — 2x
dx
m=4at (1, 4)

Normal is perpendicular to tangent so, mimz =—1
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1

m(normal) = — 2

Equation of normal is given by y —y1 = m (normal) (x — x1)

- (Do

¥x+dy=17

3. Find the equation of the tangent and the normal to the following curves at the
indicated points:
(i) y=x*-6x3+13x*-10x + 5 at (0, 5)

Solution:
Giveny =x*—6x> + 13x*— 10x + 5 at (0, 5)

By differentiating the given curve, we get the slope of the tangent

d
ol 4x® —18x?% 4+ 26x—10
dx

m (tangent) at (0, 5) =—10

1
m(normal) at (0,5) = —

Equation of tangent is given by y —y: = m (tangent) (x —x)
y—5=—10x

y+10x=5

Equation of normal is given by y —y: = m (normal) (x — x1)

1
-5 = —
y 107

(ii)y=x*-6x>+13x>-10x+5atx=1y=3

Solution:
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Giveny=x"—6x"+13x*—10x+5atx=1y=3
By differentiating the given curve, we get the slope of the tangent

d
Y _ 4x® —18x?% + 26x—10
dx

m (tangent) at (x=1)=2

Normal is perpendicular to tangent so, mim; =—1

m(normal) at(x = 1) = -3

Eqguation of tangent is given by y —y1 = m (tangent) (x — x1)
y—3=2(x—1)
y=2x+1

Equation of normal is given by y —y; = m (normal) (x — x1)

3 = - 1
y=8 =~ x- 1)

2y = 7T —X
(iii) y = x*at (0, 0)

Solution:

Giveny = x?at (0, 0)

By differentiating the given curve, we get the slope of the tangent
dy

E = 2X

m (tangent) at (x=0)=0

Normal is perpendicular to tangent so, mim;=-1

m(normal) at (x = 0) = 5

We can see that the slope of normal is not defined
Equation of tangent is given by y —y1 = m (tangent) (x — x1)
y=0

Equation of normal is given by y —y1 = m (normal) (x — x1)
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x=0
(iv)y=2x*-3x—-1at(1,-2)

Solution:

Giveny=2x?—3x—-1at(1,-2)

By differentiating the given curve, we get the slope of the tangent
g = 4x—3

m (tangent) at(1,-2)=1

Normal is perpendicular to tangent so, mim;=-1

m (normal) at(1,-2)=-1

Equation of tangent is given by y —y1 = m (tangent) (x — x1)
y+2=1(x-1)

y=x-3

Equation of normal is given by y —y1 = m (normal) (x — x1)
y+2=—1(x-1)

y+x+1=0

73

4 —x

(v)y* =

Solution:
By differentiating the given curve, we get the slope of the tangent
dy  (4—x)3x* + x*

Vax = @a-x7

dy (4 —x)3x? + x*
dx  2y(4—x)2

m (tangent) at (2, —2)=—2

1
m(normal) at (2,-2) = >

Equation of tangent is given by y —y1 = m (tangent) (x — x1)
y+2=-2(x—2)
y+2x=2
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Equation of normal is given by y —y1 = m (normal) (x — x1)
1

y+ 2= E(X—E)

2y+4=x-2

2y—-x+6=0

4. Find the equation of the tangent to the curve x=0 +sin 0,y =1 + cos 0 at 6 = /4.

Solution:
Givenx=0+sinB,y=1+cosB atb=mn/4

By differentiating the given equation with respect to 0, we get the slope of the
tangent

o R R
i COS
dy .
d0 = —sind
Dividing both the above equations
dy’ sinB
d« © 1 + cosB
1
mat'B:{“!"q'}:_l ol

Equation of tangent is given by y —y1 = m (tangent) (x —x1)

- = (-1 + ) (x-7- )
s —_—— = ek e X—— —
y 2 NG s 2

5. Find the equation of the tangent and the normal to the following curves at the
indicated points:
() x=0+sinB,y=1+cos 0 atB=mr/2

Solution:
Givenx=0+sinB,y=1+cos 0 atb=m/2
By differentiating the given equation with respect to 6, we get the slope of the tangent
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4 cos

B COS

dy .

i —sinf

Dividing both the above equations
dy sinB

dx 1 + cosB

m (tangent) at 8 = (r/2) =—1

Normal is perpendicular to tangent so, mimz =—1

m (normal) at8=(/2) =1

Equation of tangent is given by y —y1 = m (tangent) (x —x1)
m

y— 1= —I(X—E— 1)

Equation of normal is given by y —y: = m (normal) (X —x1)
m
y=1 = 1(3—5—1)

2at®*  2at®
1re2 0 14¢

1
it) x = att = —
(i) .
Solution:

By differentiating the given equation with respect to t, we get the slope of the
tangent

dx (1 + t?)4at— 2at®(2t)
dt (1 + t2)2

dx 4at
dt (1 + t2)2

dy (1 + t?)6at® — 2at?(2t)
dt (1 + t2)2
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dy  6at? + 2at*
dt (1 + t2)2
@y ax
Now dividing 4t and dt to obtain the slope of tangent

dy  6at® + 2at*
dx 4at

1
m (tangent) att=2is 16

Normal is perpendicular to tangent so, mim; =—1

1 16
m(normal) att=2is 13

Equation of tangent is given by y —y1 = m (tangent) (x — x4)

a_13( Ea)
Y757 16" 5

Equation of normal is given by y —y; = m (normal) (x — x1)

(iii) x = at?, y = 2atat t = 1.
Solution:
Given x =at?, y=2atatt = 1.

By differentiating the given equation with respect to t, we get the slope of the
tangent

dx_zt
a - “°
dy

E—EH

dy E=
Now dividing dt and 4t to obtain the slope of tangent
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dy 1

dx ¢t

m (tangent) att=1is 1

Normal is perpendicular to tangent so, mimz =—1

m (normal) att=1is—1

Equation of tangent is given by y —y1 = m (tangent) (x —x1)
y—2a=1(x—a)

Equation of normal is given by y —y; = m (normal) (x — x1)

y—2a=—1(x—a)

(iv)x=asect,y=btantatt.

Solution:
Givenx=asect,y=btantatt.

By differentiating the given equation with respect to t, we get the slope of the
tangent

dx
— = asecttant
dt
dy
— = bsec?t
dt
dy dx

Now dividing dt and dt to obtain the slope of tangent

dy  bcosect
dx  a
m (tangent) att= =

Normal is perpendicular to tangent so, mimz=—-1

a .,
m (normal) att= b sint
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Equation of tangent is given by y —y. = m (tangent) (x — x1)
bcosect

y—btant = — (x — asect)

Equation of normal is given by y —y; = m (normal) (x — x1)

asint

y—btant = — b

(x —asect)

(v)x=a(0+sinB),y=a(l-cosB)atO
Solution:
Givenx=a(B+sinB),y=a(l—-cosB)atB

By differentiating the given equation with respect to 8, we get the slope of the
tangent

=y
i i a( cosB)
dy .
Fr | a(sinB)

dy dx

Now dividing a8 and 4 to obtain the slope of tangent

dy  sin@
dxk 1 + cos@

sin 8
m (tangent) at theta is 1 + cos8

Normal is perpendicular to tangent so, mimz; =—1

sin 8
m (normal) at thetais 1 +cos8

Equation of tangent is given by y —y1 = m (tangent) (x —x1)

sin B
B(x— a(0 + sinB))

M= a(l—cusl’:}) = m

Equation of normal is given by y —y; = m (normal) (x — x1)
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1 + cosB

pp—: (x—a (B + sinB))

y— a(l—cosB) =

(vi) x=3 cos ®—cos3 0, y = 3 sin 8 —sin%0

Solution:
Given x =3 cos B —cos> 8, y = 3 sin B —sin’f

By differentiating the given equation with respect to 8, we get the slope of the
tangent

s B
i sin cos-Bsin
dy s

B 3cos0 — 3sin“Ocos 0

Has
Now dividing d8 and d8 to obtain the slope of tangent

dy 3 cosB — 3sinBcos O |
= = —tan®0

dx |~ —3sin0 +:3cos20sin®
2
m (tangent) at theta is —tan~@

Normal is perpendicular to tangent so, mimz =—1

m (normal) at theta is cot*6

Equation of tangent is given by y —y1 = m (tangent) (x —x1)
y — 3sinf + sin®@ = —tan®6(x— 3cosd + 3cos?B)
Equation of normal is given by y —y; = m (normal) (x — x1)

y — 3sinf + sin®0 = cot*0(x — 3cosO + 3cos?0)

6. Find the equation of the normal to the curve x? + 2y? —4x — 6y + 8 = 0 at the point
whose abscissa is 2.

Solution:
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Given x* + 2y’ —4x—6y+8=0
By differentiating the given curve, we get the slope of the tangent

dy dy
2% + "-1-};’&—4—6& =10

dy 4-2x
dx  4y—6

Finding y co — ordinate by substituting x in the given curve
2y’—6y+4=0

y2—3y+2=0

y=2ory=1

m (tangent) atx=2is 0

Normal is perpendicular to tangent so, mimx=-1

m (normal) at x =2 is 1/0, which is undefined

Equation of normal is given by y —y1 = m (normal) (x — x1)
X=2

7. Find the equation of the normal to the curve ay? = x* at the point (am?, am?3).

Solution:
Given ay* = x°
By differentiating the given curve, we get the slope of the tangent

v _ 2
2ay I 3X
dy 3x

dx  2ay

3m
m (tangent) at (am?, am?) is 2

Normal is perpendicular to tangent so, mim; =—1

2
m (normal) at (am?, am®)is  3m

Equation of normal is given by y —y; = m (normal) (x — x1)
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2
y—am?® = _ﬁ[}{_ am?)

8. The equation of the tangent at (2, 3) on the curve y? = ax? + b is y = 4x — 5. Find the
values of a and b.

Solution:
Giveny?=ax®+bisy=4x-5
By differentiating the given curve, we get the slope of the tangent

d
Eyd—i = 3ax’

dy  3ax®

dx 2y

m (tangent) at (2, 3) = 2a

Equation of tangent is given by y —y1 = m (tangent) (x — x1)
Now comparing the slope of a tangent with the given equation

2a=4

a=2

Now (2, 3) lies on the curve, these points must satisfy
32=2x23+b

b=-7

9. Find the equation of the tangent line to the curve y = x? + 4x — 16 which is parallel to
the line3x-y+1=0.

Solution:
Giveny =x>+4x— 16
By differentiating the given curve, we get the slope of the tangent

dy

m (tangent) = 2x + 4
Equation of tangent is given by y —y1 = m (tangent) (x —x1)

Now comparing the slope of a tangent with the given equation
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2x+4=3
1
=73

Now substituting the value of x in the curve to find y

1, . _.N
Y =3 =Ty

Therefore, the equation of tangent parallel to the given line is

(e )
YT T2\

10. Find the equation of normal line to the curve y = x3 + 2x + 6 which is parallel to the
linex+14y+4=0.

Solution:
Giveny=x"+2x+6
By differentiating the given curve, we get the slope of the tangent

dy
dx

m (tangent) = 3x* + 2

= 3x% 4+ 2

Normal is perpendicular to tangent so, mymz; =—1

-1
m (normal) = 2x2 + 2

Equation of normal is given by y —y1 = m (normal) (x — x1)

Now comparing the slope of normal with the given equation

1
m (normal) = 14

1 1
14  3x2 4+ 2

x=2o0r—2
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Hence the corresponding value of yis 18 or—6

So, equations of normal are
y— 18 = —i(x— 2)

14
Or

1
y+6=—ﬁ[x—|— 2)
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