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EXERCISE 16.1 PAGE NO: 16.10

1. Find the Slopes of the tangent and the normal to the following curves at the
indicated points:

(ly=vxiatx=4

Solution:

Giueny="-'@atx=4

dy
First, we have to find dx of given function, f(x) that is to find the derivative of f

(x)
?:\I}F

1
.'.I{ﬁ = KE

=
Sy =)z

Ly (3

. Gy

" dx{x”} —nx" !

dy
We know that the Slope of the tangent is dx

d 3
_3'? = E{:X 771
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The Slope of the tangentatx=41is 3

-1

= The Slope of the normal = The Slope ofthe tangent

= The Slope of the normal =

-1

= The Slope of the normal = 3

(ii)y=vxatx=9

Solution:

Giueny:‘-&atx:ﬂ

First, we have to find ax of given function, f(x) that is to find the derivative of

f(x)
=y= VX

1

=w=ix)§

. Gy

" E(x”} —nx"1

dy

The Slope of the tangent is dx

#v={")§
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= g = %{x)%_l
= g = %{x)_Tl
Since, x=9

(5) 307

= (g)x=g_§><(91ﬁ
- ()
= () 3%
= (3 .

1
The Slope of the tangentat x=9is &
-1
= The Slope of the normal = The Slope of the tangent

=
= The Slope of the normal = ‘dx
-1
1
B

= The Slope of the normal =
= The Slope of the normal =—-6

(iii)y=x>*-xatx=2

Solution:
dy

First, we have to find dx of given function f(x) that is to find the derivative of

f(x)

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

The Learning App

M RD Sharma Solutions for Class 12 Maths Chapter 16
m BYJ U S Tangents and Normals
dy

E(xn} —nx" 1

dy
The Slope of the tangent is dx

=y=X—X
dy _ dy dy
= dx dx{x3:]+3x dx(x)
dy
T ax=3x3 - 1x10
o W
de=3x*—1
Since, x =2
dy
(d“)x—z_?)x[z}z—l
dy
ﬁ —_—
( x)x=2_|:3><4}_1
dy
= ( x)x=2_12_1
dy
= ( x)x=2=11

“The Slope of the tangent at x = 2 is 11
-1
= The Slope of the normal = The Slope of the tangent

@
= The Slope of the normal = ‘dx”
-1

= The Slope of the normal = 11
(iv)y=2x2+3sinxatx=0

Solution:
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Giveny = 2x? + 3sinxatx=0

dy
First, we have to find dx of given function f(x) that is to find the derivative of
f(x)
. Ay
" dx{x”} —nx" !

dy
The Slope of the tangent is dx

=y = 2x* + 3sinx

o W
dx = 2 dy/dx (x*) + 3 dy/dx (sin x)

dy
dx =2 (2x>~ %) + 3 (cos x)

d
" dx (Sin %) = cos x

dy
dx = Ax + 3C0s5X

Since, x =2

()
= \dx/, _p=4(0) + 3 cos (0)
We know cos (0) =1

= (E)F.}:m 3(1)

o (@), -3

0=

“The Slope of the tangent at x=0is 3

-1
= The Slope of the normal = The Slepe of the tangent

s
= The Slope of the normal = “ax”
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-1

= The Slope of the normal = 3

(vV)x=a(0-sinB),y=a(l+cosB)atO=-n/2

Solution:
Givenx=a(0-sinB),y=a(l+cosB)atb=-mn/2

dy
dy &y dx £ dy
Here, to finddx, we have to find 48 & 48 and divide 4@ and we get our desireddx,

. 9y
N dx{x”} —nx"1
=x=a(B—-sinB)

g de e
= d8 = 3 {d8(8) — d8(sin 6)}

dx
—d8=3(1—-cos0)... (1)

d
" dx (Sin x) = cos X
=vy=a(l+cosb)

dy dx  dx
= dB = g [d8(1) + d8(cos B)]

d
" dx (Cos X) =— sin x

d
" dx (Constant) = 0
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dy
=dé=—3asinB .. (2)

d
dy _é_ __ —asinB
e a(l—cos 8)
= dag
dy —sin 8

= dx (1—cos8)

—sin @

The Slope of the tangent is (1—¢°s8)

-

: b =

Since, 2
d sin —~
_F) _ S
(dx g=_=1 {1—:::05_—]

= z z

We know Cos (rt/2)=0and sin (it f2) =1

(?)a S {1_—{:;11

1o

“The Slope of the tangentatx= 2is1
-1

= The Slope of the normal = The Slope of the tangent

(&)g_n
= The Slope of the normal = =2

-1

= The Slope of the normal = 1

= The Slope of the normal=—-1
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(vijx=acos*0,y=asin®*0atd=n/4

Solution:
Givenx=acos’ 8, y=asin’BatB=m/4

E
dy dy dx z dy
Here, to finddx, we have to find 48 & d6 and divide 48 and we getdx,

. dy
) dx{x"} =n xn—l
= X =acos> 0

e dx
= d8 = 3 (d8(cos’ B))

d
" dx (Cos X) =— sin x

dx
= d8 = 3 (3cos> 1B x—sin B)

dx
= d8 = a (3cos? B x —sin B)

dx
= d8 = — 3acos’ O sin B... (1)

= y=asin’ B

dy dy
= d8 = 3 (d8(sin> B))

d
" dx (Sin x) = cos X

dy
= d8 =3 asin’ B cos H... (2)
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d
dy _é_ _ —3acos®Bsin®
dx 2 335in2Bcoso
de
dy  —cosB
= dx " sin®
dy

The Slope of the tangent is —tan 0

Since, B =1 /4

dy
. (dx)ﬂ—g=—taﬁ (rt /4)
~ (g)e:gz_;[

We know tan (m /4) =1

The Slope of the tangentatx=m/4is—1
-1
= The Slope of the normal = The Slope of the tangent

I
= The Slope of the normal = =

-1
= The Slope of the normal = -1

= The Slope of the normal =1
(vii)x=a(B-sinB),y=a(l-cosB)at®=mn/2

Solution:
Givenx=a(0-sinB),y=a(l-cosB)atB=m/2

E
dy dy dx £ dy
Here, to finddx, we have to find 48 & 48 and divide 48 and we getdx,
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E{x”} —nx"!

=x=a(B—-sinB)
dx dx dx
= d6 = 3 {d8(6) — d8(sin )}
dx
=dé=3(1-cos0)..(1)
L4
" dx (Sin x) = cos X
=y=a(l—-cosB)
dy ax dx
= d8 = 3 (d8(1) —48(cos B))
L4
“dx (Cos x) =—sinx
L4
" dx (Constant) = 0

dy
=dé =3 (68— (—sin B))

dy _5—!9(_ i asin 68
dx e o a(l—-cos @)
dy = —sin8

— dx o {(1—cos @)

—sin 8

The Slope of the tangent is (1—¢°s8)

T
Since, 2

in T

== z
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We know cos (m /2)=0andsin (m/2)=1

(g)a _T (1—?0)]

m

The Slope of the tangent at x = 2is1
-1
= The Slope of the normal = The Slope of the tangent

= The Slope of the normal = dx/e =7

-1

= The Slope of the normal = 1
= The Slope of the normal=—-1
(viii) y = (sin 2x + cot x + 2)?at x = /2

Solution:
Giveny = (sin 2x +cot x+ 2)? atx =1 /2

dy
First, we have to find dx of given function f(x) that is to find the derivative of
f(x)
. 9
. dx(x") = n xn—1

dy
The Slope of the tangent is dx

=y = (sin2x + cot x + 2)*
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dy {@ dy dy
dx = 2 X (sin 2x + cot x + 2)?~1'dx(sin 2x) + dx(cot x) + dx(2)}

dy
dx = 2(sin 2x + cot X + 2) {(cos 2x) x 2 + (— cosec?x) + (0)}

d
" dx (Sin x) = cos X

d
" dx (Cot x) = — cosec®x
dy
= dx = 2(sin 2X + cot X + 2) (2 cos 2x — cosec’x)

Since, x =1 /2

&)
dx/g="T

z=2x(sin 2 (r/2) +cot (it /2) + 2) (2 cos 2 (1t /2) — cosec? (m /2))

~,
&la
S
¥}
=

z =2 x (sin () + cot (rt /2) + 2) % (2cos (m) — cosec? (m /2))
= (),

We know sin (i) =0, cos (m)=—1

T
2

=2x(0+0+2)x(2(—-1)—-1)

Cot (n/2)=0, cosec(n/2)=1

(&)
de/g=T
z

= =2(2)%x(-2-1)
(2, _x

= z=4x-3

:-(E)H:E:—lz

The Slope of the tangent at x = 2 is— 12
-1
= The Slope of the normal = The Slope of the tangent
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(&)o_x
= The Slope of the normal = =z

-1
= The Slope of the normal = -12

1
= The Slope of the normal = 12

(ix) x*+3y+y*=5at (1, 1)

Solution:
Givenx*+3y+y*=5at (1, 1)

RD Sharma Solutions for Class 12 Maths Chapter 16
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Here we have to differentiate the above equation with respect to x.

d d
= dx(x* + 3y + y?) = dx (5)

d d d d

= dx (x?) + dx (3y) + dx (y?) = dx(5)

= 2X+3 X dx+2y X dx=0
dy
= 2x+ dx(3+2y)=0

dy
= dx(3 + 2y) =— 2x

dy _ -2
— dx  (3+2y)

The Slope of the tangent at (1, 1) is
dy —-2x1
dx (3 +2x1)

dy = -2
— dx  (3+2)
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dy -2

= dx 5

-2
The Slope of the tangent at (1, 1) is 5
-1
= The Slope of the normal = The Slope of the tangent

-1

)

T

= The Slope of the normal =

]t

= The Slope of the normal =

| wn

= The Slope of the normal = 2

(x) xy=6at(1,6)

Solution:
Given xy =6 at (1, 6)
Here we have to use the product rule for above equation, then we get

4 4
dx{x 1.‘!":' = dKI:'E:]

4 4 4
= x X dx(y) + ydx(x) = dx(5)

d
" dx (Constant) =0

dy
= xde=—y
dy _ ¥
= dx X
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The Slope of the tangent at (1, 6) is

dy -6
= dx T
dy
= dx=—§

The Slope of the tangent at (1, 6) is—6

-1
= The Slope of the normal = The Slope ofthe tangent

-1
@
= The Slope of the normal = “dx

-1
= The Slope of the normal = -#

1
= The Slope of the normal = &

2. Find the values of a and b if the Slope of the tangent to the curve xy +ax + by =2 at
(1,1)is 2.

Solution:
Given the Slope of the tangent to the curve xy +ax+by=2at (1, 1) is 2

First, we will find The Slope of tangent by using product rule, we get
=Xxytax+by=2

d 4 L L d
= x dx(y) + ydx(x) + a dx(x) + b dx(y) + = dx(2)

dy dy
= xdx+y+a+bdx=0

dy
= dx(x+bh)+y+a=0

dy
= dx(x+h)=—(a+ty)
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dy _ —(a+y)
= dx x+h

Since, the Slope of the tangent to the curve xy + ax + by = 2 at (1, 1) is 2 that is,
dy
dx = 2

—(a+y)
= { x+b J=1y=1)=2

—(a+1)
= 1+b =2
=>-a-1=2(1+b)
=>-a-1=2+2b
=a+2b=-3..(1)
Also, the point (1, 1) lies on the curve xy + ax + by = 2, we have
I1x1l+axl+bx1=2
=>1l+a+b=2
=a+b=1..(2)
From (1) & (2), we getb=-4
Substituteb=—-4ina+b=1
a—-4=1
=>a=5
Sothevalueofa=5&b=-4

3. If the tangent to the curve y = x3+a x + b at (1, — 6) is parallel to the linex—y +5 =
0,findaandb

Solution:

Given the Slope of the tangent to the curve y = x>+ ax + b at (1, — 6)
First, we will find the slope of tangent

y=x+ax+b

v _ 4 4 4
dx dx{x3:] + dx(ax) + dx(b)

a ax
= dx:333_1+3{d}:]+ﬂ
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dy

= dx=3x"+3

The Slope of the tangent to the curve y =x*+ ax + b at (1, — 6) is

dy

= ®x=1y=-6 =3(1)2+a
dy

s, dx,ix: ly=-6)=3+3 ... l:l}

The given lineisx—y+5=0

y =x + 5 is the form of equation of a straight line y = mx + ¢, where m is the Slope of the

line.

So the slope of the lineisy=1xx+5

So the Slopeis 1. ... (2)

Also the point (1, — 6) lie on the tangent, so

x =1 & y = — 6 satisfies the equation,y =x>+ax+b
-6=13+ax1+b

=>-6=1+a+b

=>a+b=-7..(3)

Since, the tangent is parallel to the line, from (1) & (2)
Hence,3+a=1

>a=-2

From (3)

a+b=-7

>-2+b=-7

=>b=-5

Sothevalueisa=—2&b=-5

4. Find a point on the curve y = x3 — 3x where the tangent is parallel to the chord

joining (1, - 2) and (2, 2).

Solution:
Given curve y = x° — 3x

First, we will find the Slope of the tangent

y=x>—3x
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dy d

dx E{x

dy

= dx = 3y

dy

= dx = Ix¢

The equation of line passing through (xg, yo) and The Slope misy—yo=m (x—

}{D} .

So the Slope, m = *~ %o

The Slope of the chord joining (1, — 2) & (2, 2)

&y _ 2-=2)
= dx - 2—-1
dy 4

= dx 1
dy
= dx=4..(2)

13 @)

~3..(1)

From (1) & (2)

3xl-3=14
=3x’=7

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

) — ax(3x)
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+ |27
:-v=“ﬁua—3}

Fayerinf
Thus, the required pointisx= V3&y="T(3z)\?3

5. Find a point on the curve y = x* — 2x? — 2x at which the tangent lines are parallel to
the liney=2x-3.

Solution:

Given the curvey =x3—2x?-2xand aliney =2x-3
First, we will find the slope of tangent
y = x3—2x%— 2x

dy _ 4 4 4

dx dxi:x3'_] — dx{z)(z] — dx(2x)

dy
= dx=3x3"1-2x2 (x2"Y) -2 xx!"1

dy
= dx=3x—4x—2 ... (1)
y = 2x — 3 is the form of equation of a straight line y = mx + ¢, where m is the Slope of
the line.
So the slope of the lineisy =2 x (x) -3
Thus, the Slope = 2. ... (2)
From (1) & (2)
= 3x2-4x—-2=2
=3x’-4x=4
=3x2-4x-4=0
We will use factorization method to solve the above Quadratic equation.
=3x2—6x+2x—4=0
=3x(x-2)+2(x-2)=0
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=(x—2)(3x+2)=0
=(x-2)=0&(3x+2)=0

=>x=2o0r

x=-2/3

Substitute x =2 & x =-2/3 iny = x> — 2x* — 2x
When x =2

>y=(2)3-2x(2)*-2x(2)
>y=8-(2x4)-4

>y=8-8-4

>y=-4

—2
When x= 3

-2 -2 -2
=y=(3)-2x(3)-2x(3)
-8 a4
=y=(27)-2x(9) +(3)
& &8 4
=y =(27)- () + 3)

Taking LCM

(—8x1)—(8x3) + (4x9)
=y= 27

—8-24 4+ 36
=Yy= 27
=y= 27

—2 4
Thus, the points are (2, — 4) & (=, 27)

6. Find a point on the curve y? = 2x3 at which the Slope of the tangent is 3

Solution:

Given the curve y? = 2x3 and the Slope of tangent is 3
2 _ 3

Yy = 2X

Differentiating the above with respect to x

https://byjus.com
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= 2y? 11:]:::2)(3}{3_1

dy
= ydx = Iyl
dy _ 32
= dx v

3x2

¥ =3
KZ

=¥ =1

=x‘=y

Substituting x* = y in y* = 2x°,
() = 2

xX'=2x*=0

X}(x—2)=0
x*=0or(x—2)=0

¥=0o0rx=2

fx=0
dy _ 3(0)%
= dx o ¥

dy/dx = 0 which is not possible.
So we take x = 2 and substitute it in y? =

y*=2(2)°
y2=2x8
y2=16
y=4

Thus, the required point is (2, 4)

RD Sharma Solutions for Class 12 Maths Chapter 16
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2x3, we get

7. Find a point on the curve x y + 4 = 0 at which the tangents are inclined at an angle of

https://byjus.com
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45° with the x—axis.

Solution:
Giventhe curveisxy+4=0

RD Sharma Solutions for Class 12 Maths Chapter 16
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If a tangent line to the curve y = f(x) makes an angle 6 with x — axis in the

positive direction, then

dy
dx = The Slope of the tangent =tan 6

xy+4=0
Differentiating the above with respect to x

L d 4
= xdx(y) +yds(x) + dx(4) = 0

dy
= ¥ dx =—Y
dy -y

= dx x ... (1)

Also, ds =tan45° =1 ... (2)

From (1) & (2), we get,

:;?:1
=X=—Y

Substitute in xy + 4 = 0, we get
=>x(-x)+4=0

=>-x2+4=0

=>x2=4

=>x=i2

Sowhenx=2,y=-2

And whenx=-2,y=2

Thus, the points are (2,-2) & (- 2, 2)
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8. Find a point on the curve y = x? where the Slope of the tangent is equal to the x —
coordinate of the point.

Solution:

Given the curve isy = x?

y =x*

Differentiating the above with respect to x
dy

= dx =2X ... (1)

Also given the Slope of the tangent is equal to the x — coordinate,
dy
dx =¥ ... (2)

From (1) & (2), we get,

2X =X

=>x=0.

Substituting this in y = x?, we get,
y=0°

=>y=0

Thus, the required point is (0, 0)

9. At what point on the circle x2 + y> — 2x — 4y + 1 = 0, the tangent is parallel to x — axis.

Solution:

Given the curveis x* +y* —2x—4y+1=0
Differentiating the above with respect to x
=>x+y' —2x—4y+1=0

x 3 x 3
=22 1422 1 ax—2-4"dax+0=0

dy dy
= 2%+ 2ydx — 2 — 4dx = ()
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dy

= dx(2y—4)=—2x+2
dy  -Z(x-1)

_dx | 2(y-2)
dy  -(x-1)

dx -2 (1)

. dy
" dx = The Slope of the tangent = tan 8

Since, the tangent is parallel to x — axis

dy
=dx=tan (0)=0...(2)

Because tan (0) =0

From (1) & (2), we get,

—(x-1)
= -2 =
=>-(x-1)=0
=>x=1

RD Sharma Solutions for Class 12 Maths Chapter 16
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Substitutingx =1 in x> +y?—2x—4y + 1 =0, we get,

=>12+y?*-2(1)-4y+1=0
=>1-y?-2-4y+1=0
=>y?-4y=0
=y(y-4)=0
=>y=0andy=4

Thus, the required pointis (1, 0) and (1, 4)

10. At what point of the curve y = x? does the tangent make an angle of 45° with the x-

axis?

Solution:
Given the curve is y = x?

Differentiating the above with respect to x

=y =x?
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” ax = The Slope of the tangent = tan 8

Since, the tangent make an angle of 45° with x — axis

dy
=dx =tan (45°)=1 ... (2)

Because tan (45°) =1
From (1) & (2), we get,

= %=1

B | =

= X=

1
Substituting x = 2 in y = x%, we get,

1
=y=(2)?
1
=y=4

11
Thus, the required point is (2, %)
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EXERCISE 16.2 PAGE NO: 15.27

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

Solution:
GivenVvx+Vy=a

To find the slope of the tangent of the given curve we have to differentiate the
given equation
1 1 /d
L, L@,
24X 2"\" Vv dx

dy_
dx

=5

a? a?

At (T’:) slopem,is—1

The equation of the tangent is given by y —y1 = m{x — x1)

aZ a?
YT ‘1( _I)

aﬂ
X‘l‘}’:E

2. Find the equation of the normal toy = 2x3 - x? + 3 at (1, 4).

Solution:
Giveny=2x"—x*+3

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

\i
= = = 6x2—2
m ax X =

m=4at(1,4)

Normal is perpendicular to tangent so, mimz =—1

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

M RD Sharma Solutions for Class 12 Maths Chapter 16
m BYJ U S Tangents and Normals

The Learning App

1

m(normal) = — 2

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

ma- (Yo

x+4y=17

3. Find the equation of the tangent and the normal to the following curves at the

indicated points:
(i) y=x*-6x3+13x2-10x + 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

dy
dx

m (tangent) at (0, 5) =—10

= 4x3 —18x% + 26x—10

1
m(normal) at (0,5) = 0

Equation of tangent is given by y —y: = m (tangent) (x — x1)
y—5=—10x

y+10x=5

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

1

y—5 = To¥

(ii)y=x*-6x3+13x2-10x+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
& 4x® — 18x% + 26x — 10
dx

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

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

m(normal) at(x = 1) = -5

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

Eguation of normal is given by y —y; = m (normal) (x — x1)
3 L 1
y—3=—3Ex-1

2y = 7—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_EX

m (tangent) at (x=0)=0
Normal is perpendicular to tangent so, mim,=-1

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

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

:]:3

4 —x

(v) ¥* =

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

Vaix = a-x2

dy (4 —x)3x? + x*
dx  2y(4—x)?

m (tangent) at (2,—2)=-2

1
m(normal) at (2,-2) = 5

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—Z)

2y+4=x-2

2y—-x+6=0

4. Find the equation of the tangent to the curve x =0 +sin 6,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 8, we get the slope of the
tangent

1+ cose
i COS
dy .
B —sinB
Dividing both the above equations
dy sinB
d« 1 + cosB
1
matﬂz{“f‘}}:_l MG

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

1 T 1

- (e -5
y NG 7 s 2

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

Solution:

Givenx=0+sinB,y=1+cosBat 0 =m/2
By differentiating the given equation with respect to 6, we get the slope of the tangent
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dx

i 1 + cosB

dy .

i —sinB

Dividing both the above equations
dy sinf

d« 1 + cos®

m (tangent) at 8 = (/2)=-1
Normal is perpendicular to tangent so, mimz; =—1
m (normal) at© = (/2) = 1

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

y—1 = —1(:{—5— 1)

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

y—1 = 1(;;—%—1)

2at? 2at? 1

o — at t =
1+t2'y 1+ ¢2 2

(ii) x =

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 B 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
dy  ax
Now dividing dt and dt to obtain the slope of tangent

dy  6at® + 2at*
dx 4at

1B
m (tangent) att=2is 16

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

1 16
m(normal) att=2is 13

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

a 13( Ea)
T

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

(iii) x = at?, y = 2at at 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 9at
a
dy

— =2
a -

@y ax
Now dividing dt and dt to obtain the slope of tangent
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dy 1
dx ¢

m (tangent)att=1is1

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

bcosect
m (tangent) att= a

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

a .,
m (normal) att= pSInt
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Equation of tangent is given by y —y1 = m (tangent) (x —x1)

bcosect
y—btant = T(x— asect)

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

asint
b

y—btant = — (x —asect)

(v)x=a(@+sinB),y=a(l-cos0)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

a1 + cosd
B a( cosB)
dy .

i a(sinB)

dy  dx
Now dividing d8 and d8 to obtain the slope of tangent

dy  sin@
dx 1 + cosP

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

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

gin B
m (normal) at thetais 1 +cos8

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

sin B
B(x— a(8 + sinB))

y— a(l—cosb) = 7—— 0

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

pp— (x—a (B + sinB))

y— a(l—cosB) =

(vi) x =3 cos ©—cos® 0, y = 3 sin 0 —sin30

Solution:
Given X =3 cos 8 —cos® 8, y = 3 5in 8 —sin°A

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

tangent
dx
de

dy
do

= —3sin® + 3cos®Bsind

= 3cosB — 3sin’BcosH

&y o
Now dividing 48 and d8 to obtain the slope of tangent

dy 3 cosO — 3sin®Ocos 6 5
— = = —tan°6

dx —3sin® + 3cos2Bsinf
. 3
m (tangent) at theta is —tan~6

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

m (normal) at theta is cot*6

Equation of tangent is given by y —y1 = m (tangent) (x — x41)
y — 3sinB + sin®0 = —tan®*0(x— 3cosb + 3cos®0)
Equation of normal is given by y —y; = m (normal) (x — x1)

y — 3sinf + sin®@ = cot®0(x— 3cosb + 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’ —Ax—6y+8=0

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

dy dy

2X + 4y——4—6-— =0

T dx

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=2is0

Normal is perpendicular to tangent so, mima=-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? = x3 at the point (am?, am?3).

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

2ay— = 3x°

3m
m (tangent) at (am?, am®) is 2

Normal is perpendicular to tangent so, mimz =—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?® = _E(X_ am?)

8. The equation of the tangent at (2, 3) on the curve y? = ax3 + 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
theline3x-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
Eqguation 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
X = ——
2

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

1. .n
Y =3 -

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

(e )
YT = 2% 73

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

Solution:
Giveny=x+2Xx+6

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

dy 5
E_BX + 2

m (tangent) = 3x* + 2

Normal is perpendicular to tangent so, mimz =—1

-1
m (normal) = 3x2 +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=20r—2
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Hence the corresponding value of yis 18 or—6

So, equations of normal are

y— 18 = —1—14{:{—2)
Or

1
y+6 = _E{X + 2)
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EXERCISE 16.3

1. Find the angle to intersection of the following curves:

()y’=xand x*=y

Solution:

Given curves y* = x ... (1)

And x*=vy ... (2)

First curve is y* = x

Differentiating above with respect to x,

dy
= 2y.dx=1

_ % _ 1
=m; dx  2x ... {3}

The second curve is x* =y

_ gy
=}2}{_ dx

_ Yy
=m; dx=2X...(4)

Substituting (1) in (2), we get

=x=y

= ()’ =y
=y'-y=0
=y(y’-1)=0
=y=00ry=1

Substitutingy=0&y=11in (1) in (2),
X =y?

Wheny=0,x=0

Wheny=1,x=1
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Substituting above values for m1 & m;, we get,

When x =0,
dy 1

My dx 2=0 oa

When x =1,
dy 1 1
my dx  2x1 2

1
Values of myis o= &2

Wheny=0,

dy

m, dx=2xX=2%x0=0

When x =1,

dy

m;  de=3x=2x1=2
Valuesof m;is0 & 2
Whenmi=e= & m>=0

_ my Mg
Tan © 1+ m,m,
— U—D:l
Tan B8 |1+ wxo0
Tan B =c=
B =tan " (o)
_m
S Tan"Ye=) T 3
_ T
8~ -
_ 1
Whenm: ™ 2&my=2

Angle of intersection of two curves is given by tan €
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Tan B 1+:ox2

=3

— |=

Tan B 2
_ El

Tan B s
3
B =tan"*(2)

(ii)y=x>and x2+y2=20
Solution:
Given curves y = x* ... (1) and x* + y* =20 ... (2)

Now consider first curve y = x*

_ Y
=m; dx=2X...(3)

Consider second curve is x2 +y* = 20

Differentiating above with respect to x,

dy
= 2%+ 2y.dx=0

dy
= V.dx=—X

dy —x

=my dx vo...(4)

Substituting (1) in (2), we get

=y+y' =20

=vyi+y—20=0

We will use factorization method to solve the above Quadratic equation
=y +5y—4y—20=0

=y(y+5)—4(y+5)=0
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=(y+5)(y-4)=0

=y=—5&y=4
Substitutingy=—5&y=41in (1) in (2),
y=x

When y =-5,

=-5=x

=¥= ‘1.?"—_5

When y = 4,

= 4 =¥’

= X=12

Substituting above values for m; & m; we get,

When x = 2,

Valuesofmpis4 & -4
Wheny=4&x=2

dy —X -2 -1

M3 dx ¥ 4

dy —X

2
M3 dx ¥ 4
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-1

1

Values of myis 2 &3

Whenmi=ec & m;=0

Angle of intersection of two curves is given by t@n 8

TanEl_ 1+2x%4

Tan 8 1-2

=)
TanB El

B =tan ~%(2)

(i) 2y? = x* and y? = 32x

Solution:

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

I.'I.'I.J__l'nz

1+m,maq

Given curves 2y* = x> ... (1) and y* = 32x ... (2)

First curve is 2y? = x>

Differentiating above with respect to x,

dy
= dy.dx = 3x°

dy 3x”

= m1: dx 4y ... (3)

Second curve is y* = 32x

dy
= 2y.dx = 32
dy
= y.dx =16
dy _ 16
=m; dx v ..

(4)
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Substituting (2) in (1), we get
=2y?=x3

= 2(32x) =x3

=>64x=x>

=>x3—64x=0

=>x(x*-64)=0
=>x=0&(x*-64)=0

=>x=0& 18

Substitutingx=0& x=%8in (1) in (2),
yZ = 32x

Whenx=0,y=0

When x = 8

=>y?>=32x8

= y? =256

=>y=116

Substituting above values for m1 & my, we get,

Whenx=0,y=16
dy

My dx

Ix0*
= 4x8

=0
Whenx=8,y=16

dy

My dx

Ixg?
= 4%16

=3
Valuesof mpis0 & 3
Whenx=0,y=0,

dy

M2 dx
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16 16

= ¥ F o
When y = 16,

dy
M dx

16 16
= ¥ 16

Valuesof maisec & 1

Whenmi=0& m; =ec

_ iy Mg
:'TEHE' 1+m,mqg

—_ l:‘:‘—U
=Tan® |1 +ex0
= Tan B =eo

= 0 = tan " (o)

_
& Tan ~e=) ~ 2
=
=0 2
_1
Whenm: ™ 2&my=2

Angle of intersection of two curves is given by tan 6

] 31
=Tan B |1+3x1

=t

=TanB

1
=TanB El

1
=0 =tan"(2)

m, T,

1+mym-
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(iv)x*+y*—4x—-1=0and x> +y*-2y-9=0

Solution:

Given curves x> +y?>—4x—1=0...(1)and x> +y?*-2y—-9=0...(2)
First curve isx?+y?>—4x—-1=0
>x2—-4x+4+y>-4-1=0

=>(x-2)*+y>*-5=0

Now, Subtracting (2) from (1), we get
Sx+y?—4x—-1—(x*+y>-2y-9)=0
SxE+y?—4x—1-x2—-y*+2y+9=0
=>-4x-1+2y+9=0

=>—-4x+2y+8=0

=>2y=4x—-8

>y=2x—-4

Substituting y = 2x—4in (3), we get,

= (x—2)*+(2x—-4)2-5=0

= (x—2)?+4(x-2)2-5=0

= (x—2)*(1+4)-5=0

=5(x-2)2-5=0

= (x=2)*-1=0

= (x-2)?%=1

= (x—-2)=#1

=>x=1+2o0orx==—1+2

=>x=3o0rx=1

So, whenx=3

y=2x3-4

>y=6-4=2

So, whenx=1

y=2x1-4

>y=2-4=-2

The point of intersection of two curves are (3, 2) & (1, —2)
Now, differentiating curves (1) & (2) with respect to x, we get

=>x'+y'—4x-1=0

dy _
=2X+2ydx 4-0=0
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dy _
=2X+ydz 2=0
dy
=ydi=2—X
dy _ 2=x
= i v o...(3)

=x'+y*-2y—9=0

dy dy

= 2X+2ydx 2dx 0=0

dy dy

=X+yd« dx O

dy _
;‘\*){+{‘y’—1]dx 0

E X
=dx  y-1..(4)

At (3, 2) in equation (3), we get

dy 2-3
= — = —
dx 2

- _ 1
=}m1_dw: 2

dy -3
T dx 2-1

dy

dx=—23

-1
Whenm;~ 2 &m;=0

m, _ms

Angle of intersection of two curves is given by tan8 11 +mym;
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B Tl+.!3 L,
= TanB 113
=0=tan (1) = 7
(v)j—:—l—g—:: 1andm2+y2:ab
Solution:

K2yl

Given curvesaz +p2 1. (1)andx*+y*=ab ...

Second curve is x? + y* = ab
y*=ab—x?

Substituting this in equation (1),

x°  ab-x°

a2+ B2 1

x*b? + a%(ab—x?)

aZh® 1

= x’h?* + a’b—a’x? = a’h?
= x’h? —a’x? =a’b’ —a’b
= x*(b?*—a?) = a*h{b—a)

i a®b(b-a)
= KZ T2 {bz_az]

- azb{b—aj
= y? x2(b-al(b+a)

ah

= x?  (b+a)

sa’—b=(a+h)(a-h)
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-+ a*hb
= X \1|Ifb+al...[3}

Since, y* = ab — x?

a’b

= y?=ab— (b +2)

ab® +a*b—a®b

=y (b+a)
_ e
= y' (b+a)
ah?
= y=i\/;...{4]
K2 g2

Since, curvesare a2 +p2 1 & x*+y?*=ab

Differentiating above with respect to x

Ix 2y dy
=>az  bZ2dx=0

v dy X
= b*.dx=  a?

X

dy _ e
= dx E

dy —b%x
=dx  aly

_dy -b%x

=m; dx a?y ... (5)

Second curve is x* + y? = ab

dy

= 2x+2y.dx 0

dy —X

=m; dx ¥ ... (6)

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

Substituting (3) in (4), above values for m; & my we get,
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ab?
At {JEbHJ,JfbHJ] in equation (5), we get
2 azb
_ 4y X b+ a
dx 5 ahZ2
X Fa
b
1.2
_ ﬁ b* x a 0+ a)
dx a
Exb T
dy —b2avb
= — =
dx aZbya
_dy _ -bib
== mj__ dx aya

ab®
At {\}{b + a),\}(b +3a)) in equation (6), we get

_1.|| (baib 3)

dy
~ dx ab2
(b + a)
N || b
q _
- dy (b + a)
dx b a
(b + a)
dy —avb
# —
dx bya
v _ _ |2
=m, dc b
. -bvb _ _ |2
Whenm;  ava &ms b

RD Sharma Solutions for Class 12 Maths Chapter 16
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-in'b I'E
a \.'E “'.,l b

—bWbxvb +avaxa

avaxvb

b
a

—bxb+ axa
E.'\-,'Eh
1+-—

a

aZ-phZ

E.\,'Eh
a+th
a

(a+bla—b)
vab
a+b

RD Sharma Solutions for Class 12 Maths Chapter 16
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m, Mo

1+ m,ma

2. Show that the following set of curves intersect orthogonally:
(i) y =x3 and 6y = 7 — x?

Solution:

Given curvesy=x3...(1)and 6y =7-x%... (2)
Solving (1) & (2), we get

= 6y=7-x

= 6(x3) = 7 — x?
=>6x°+x*-7=0

https://byjus.com
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Since f(x) = 6x3 + x> -7,

We have to find f(x) = 0, so that x is a factor of f(x).
Whenx =1

f(1)=6(1)3+(1)*-7

f(l)=6+1-7

f(1)=0

Hence, x = 1 is a factor of f(x).

Substituting x = 1iny = x3, we get

y=1°

y=1

The point of intersection of two curves is (1, 1)
First curve y = x3

Differentiating above with respect to x,
dy
= 6dx=0—2x

—2x

= M2

—X

= mg_ ? {4}

At (1, 1), we have,

my = 3x%
=3 x(1)?
m1=3

At (1, 1), we have,

—X

=}rn2_ 3
-1
= 3
. -1
=:-rn1_ 3

-1
Whenmi-3&my =3

Two curves intersect orthogonally if mim; =-1

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

BYJU'S

The Learning App

1 _ _
=3x3 1

RD Sharma Solutions for Class 12 Maths Chapter 16
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~ Two curves y = X° & 6y = 7 — x* intersect orthogonally.

(ii) x*=3xy?’=—2and 3x’y-y3=2

Solution:

Given curves x> —3xy?=—2... (1) and 3x’y —y*=2 ... (2)
Adding (1) & (2), we get
=S>x3-3xy?+3x%y—y3=—-2+2
=>x3-3xy?+3x%y-y3=-0

= (x-y)3=0
= (x-y)=0
> xX=Yy

Substituting x =y on x*> = 3xy?=—-2

=>x3-3xxxx2=-2
=>x3-3x3=-2
=>-2x3=-2
=>x3=1
=>x=1
Sincex =y
y=1

The point of intersection of two curves is (1, 1)
First curve x> —3xy?=-2
Differentiating above with respect to x,

= 3x% — 3(1xy? + xx2ydx) = 0

dy
= 3x% — 3y’ — 6xydx

dy
= 3x* — 3y? = 6xydx

dy 3?3y’
= dx 6xXy

dy 3(x*—y%)
= dx 6XY

https://byjus.com
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_ =Y
=m  2xy .. (3)

Second curve 3x’y —y* =2

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

Differentiating above with respect to x

dy dy
= 3(2xxy + x*%dx) — 3y%dx

dy

dy _  dy _
= 6xy +3x%ax  3y%ax 0O

dy
= 6xy+(3x*—3y¥ax 0
dy _ _—6xy
= dx  3xZ-3y?
dy = —2xy
=dx  x2-y?
I
=m; x-y*..(4)
_ ) —2xy
When m; 2xy & my =x*-y*

Two curves intersect orthogonally if mym; =-1

(x*—y% —2xy
= 2xy Xx*-y*=-1

~ Two curves X° — 3xy? =— 2 & 3x%y —y° = 2 intersect orthogonally.

(iii) x2 + 4y’ = 8 and x* — 2y* = 4.

Solution:

Given curves x> +4y* =8 ... (1) and x¥* = 2y* =4 ... (2)

Solving (1) & (2), we get,
From 2nd curve,

x2=4+2y*
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Substituting on x? + 4y* = 8,
=4+2y' +4y* =38

=6y’=4

_ 2
=}y‘2_ &
\F
:}y:i 3

2
Substituting ony = i\};, we get,

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

4 |2 4 |2
.» The point of intersection of two curves (13, J;] &( 3 J;]
Now, differentiating curves (1) & (2) with respect to x, we get

=x+4y'=8

dy
= X+ 8y.dx=0

dy
= 8Y. dx =—2X%

https://byjus.com
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—X

ax 4y .. (3)

=>x'-2y*=4

=dc 2y ..(4)

_4
d
LT
dx 2
4 % 3
1
i _1
dx )
3
_ -t
=’m1_ V2
L
At (VZ, N 2) in equation (4), we get
4
d
W _ V3
dx 2
2% E)
2
: 4
LW _ V3
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dy 2
dx 2
d
-2 _
dx
:”m2=1

-1

Whenm; vz &m,= V2

Two curves intersect orthogonally if mym; =-1

-1
= Z2xV2=—1

% Two curves x* + 4y* = 8 & x? — 2y* = 4 intersect orthogonally.

3.x>=4yand 4y +x>*=8at (2, 1)

Solution:

Given curves x> =4y ... (1) and dy +x* =8 ... (2)
The point of intersection of two curves (2, 1)
Solving (1) & (2), we get,

First curve is x* = 4y

Differentiating above with respect to x,

dy

= %= 4. dx
dy _ 2
=dx 4

X

= rn1= E {3}

Second curve is 4y + x* = 8

dy
=Adax+2%x=0

https://byjus.com
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_—23
= dx 4

—X

= rng: 2 ... (4}

Substituting (2, 1) for m; & my we get,

Whenm:i=1& m;=-1
Two curves intersect orthogonally if mym; =-1
=1x-1=-1

~ Two curves x* = 4y & 4y + x? = 8 intersect orthogonally.

(ii)x*=yand x*+6y=7at (1, 1)

Solution:

Given curvesx*=vy ... (1) and x>+ 6y =7 ... (2)
The point of intersection of two curves (1, 1)
Solving (1) & (2), we get,

First curve is x? =y

Differentiating above with respect to x,

_ dy

=:>2x_ dx
d

T = 2x

= dx

=mi=2%... {3]
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Second curve is x® + 6y =7

Differentiating above with respect to x,

dy
= 3%’ +6.dx=0
dy  —3x°
=dx 6
dy _ =
=dx 2

=m: 2z ..(4)

Substituting (1, 1) for m1 & m; we get,

mq = 2%
=2x1
mp=2. {5}
—y2
m2=T
42
= 2
_ -1
Mz = 2 {EI:I

-1
Whenmi=2& ma=_ 2

Two curves intersect orthogonally if mym; =-1

-1
= 2% 2 1

=~ Two curves x* = y & x> + 6y = 7 intersect orthogonally.

(iii) y* = 8x and 2x? + y?> = 10 at (1, 2V2)

Solution:
Given curves y? = 8x ... (1) and 2x> +y?>=10... (2)
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The point of intersection of two curves are (0, 0) & (1, 2V
Now, differentiating curves (1) & (2) w.r.t x, we get
= y* = 8x

dy
=2y.dx 8

= dx 2y

4
=dx  y..(3)
=2 +y*=10

Differentiating above with respect to x,

dy
= A+ 2y.dx=0

dy
= 2%+y.dx=0

7 ax v o...(4)
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-1
Whenmy= V2&m, 2

Two curves intersect orthogonally if mym; =-1

-1

= \'EX'J_E - 1

~ Two curves y? = 8x & 2x? + y* = 10 intersect orthogonally.

4. Show that the curves 4x = y? and 4xy = k cut at right angles, if k? = 512,

Solution:
Given curves 4x =y? ... (1) and dxy =k ... (2)

We have to prove that two curves cut at right angles if k* =512
Now, differentiating curves (1) & (2) w.r.t x, we get
= 4x = y*

dy
=4 =2y, dx

dy 2

= dx v

m  v..(3)
= dxy =k

Differentiating above with respect to x,

dy

;‘\*F—I_de:[]
dx X
-y

=m,= % ..(4)

Two curves intersect orthogonally if mym; =-1
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Since m; and m; cuts orthogonally,

Now, Solving (1) & (2), we get,
Axy =k & 4x = y*

= (y*)y =k
=y =k
—=y= ka

1
Substituting y = K= in 4x = y2, we get,

= ax = (k=)

= 4x2 = k3
z

ks =g

N = g?
k? =

= 512
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5. Show that the curves 2x = y? and 2xy = k cut at right angles, if k? = 8.

Solution:

Given curves 2x =y ... (1) and 2xy =k ... (2)

We have to prove that two curves cut at right angles if k? =8
Now, differentiating curves (1) & (2) with respect to x, we get

= 2x = y?
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= 2xy =k

Differentiating above with respect to x,

dy

=}F+de=ﬂ
dx X
-y

=m: x ..(4)
Two curves intersect orthogonally if mim; =-1

Since m; and m; cuts orthogonally,

1

=>yX, 1

_1_

= x 1
=x=1

Now, solving (1) & (2), we get,
2xy =k & 2x =y?

= (y)y=k
=y =k
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1
Substituting y = K= in 2x = y2, we get,

= 2x= (k)2
= I2x1= 1{5
=}k§ =2
-k =3
>k =g
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