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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:

(i]y=\/§atx=4

Solution:
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Giueny:@atx:ﬂl

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

(x)
,,,JF

1
P
=y=(X)

=y = {Xﬁ

. dy
o d_t{}{“} =n x“_l

dy
We know that the Slope of the tangent is dx

dy 3 3,
ax 22

Since, x=4

= (9)_, 2@
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(ii)y=Vxatx=9

3
-% 2
x=4=2

Solution:
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The Slope of the tangentatx=41is 3
-1
= The Slope of the normal = The Slope of the tangent

(&)=
= The Slope of the normal = ‘dax”

-1

= The Slope of the normal = 2
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Giueny:ﬁatx:'}]

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

f(x)

=:»'-,.|f="i'(i

~ %X = xa
.

=y =(X:

. dy

T dx(x") = nx"!

dy
The Slope of the tangent is dx

=y= [Xﬁ

= g—i = %{X}E_l
- g - %{X)_zl
Since, x=9
@),,307
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i
= g—i = %{x]_?l
Since, x =9

(2) 307

- (&) 0
= () 3%
= () 3%
= () 3

1
The Slope of the tangentatx=9is 6

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

-1

D=
= The Slope of the normal = “dx

-1

=S
= The Slope of the normal = =

= The Slope of the normal = -6
(iii)y=x*-xatx=2

Solution:
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dy
First, we have to find ax of given function f(x) that is to find the derivative of
f(x)
. dy
T ax(x") = nx"?

dy
The Slope of the tangent is dx

=y=x—X

dy dy dy

= ax E(KS}+3><E[,¢]

dy
= —
dx=3x2—1
Since, x =2

“The Slope of the tangent at x=2is 11
-1
= The Slope of the normal = The Slope of the tangent
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=2
= 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* + 3sinx atx =0

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

f(x)

. Gy
o dx{){"} =n x"_l

dy
The Slope of the tangent is dx

=y =2x* + 3sinx

- ¥
dx = 2 dy/dx (x?) + 3 dy/dx (sin x)

dy
dx =2 (2x*"1) + 3 (cos )

d
" dx (Sin x) = cos X

dy
dx = 4x + 3cosx

Since, x=2

= (%)Fﬂ =4 (0) + 3 cos (0)

We know cos (0) =1

:b(g),=u:0+3[1]
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S (@), 0ms

“The Slope of the tangent at x=01is 3

-1

= The Sl{)pe of the normal = The Slope of the tangent

= The Slope of the normal =
-1
= The Slope of the normal = 3
-1

= The Slope of the normal = 3

(v)x=a(@-sin@),y=a(1+cos0)ato=-mw/2

Solution:
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Givenx=a(B-sinB),y=a(l+cosB)atb=-1n/2

dy
dy dy dx # dy
Here, to finddx, we have to find 48 & 48 and divide de and we get our desireddx.

. 9y
T oax(x") =nx" !
=x=a (B —sinB)

dx dx dx
= d8 = 3 {d8(8) — d8(sin B)}

dx
—dé=a(1—cos®)... (1)

d
" dx (Sin x) = cos X
=v=al(l+cosB)

dy  dx dx
= dB = 3 [d8(1) + d8(cos B)]
.4
" dx (Cos x) =—sin x
.4
" dx (Constant) =0

dy
=dé =3 (0 + (—sin 8))

dy
=d8 =3 (-sin B)
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dy
=déi=—asinB..(2)

dy
dy _&—!9‘_ _ —asin®
dx 36 o a(l—-cos @)
dy —sin 8

= dx {(1—-cos8)

—sin 8

The Slope of the tangent is (1—¢os &)

—T

Since, 2

—gin "
R

== z

We know Cos (m/2)=0andsin(n/2)=1

(g)h_" - ﬁ

m

“The Slope of the tangentatx= 2is1
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-1
= The Slope of the normal = The Slope ofthe tangent

= The Slope of the normal =

= The Slope of the normal = 1
= The Slope of the normal=-1
(vijx=acos*6,y=asin*0at6=1m/4

Solution:
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Givenx=acos’8,y=asin*fatB=mn/4

dy
dy dy dx # dy
Here, to finddx, we have to find 48 & d8 and divide de and we getdx,

. 9y
- dx{}{“} =n x“_l

= X =acos’ 0

dx  dx
= dé = g (d8(cos’ B))

d
" dx (Cos x) =—sin X

dx
= d6 =g (3cos° 1B x—sin B)

dx
= d8 = a (3cos® B x —sin B)

dx
= d8 = —3acos’ B sin B... (1)

=y=asin°f

vy dy
= d6 = g (d8(sin> B))
.4
" dx (Sin x) = cos X

dy
= df =3 (3sin°" !B cos B)
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dy
= df = 3 (3sin’ B cos B)

dy
= dd =3 asin’BcosB... (2)

dy

ﬂ=5§=

dx =
de

—3acos’Hsin 8

3asin®Bcos8

€IndCareer

d
dy _&—g;_ N —3acos’Bsin 8
de ™ 3a5in?Bcoso
= de
dy  —cosB
= dx "~ sin®
dy

The Slope of the tangent is —tan 0

Since, 8 =m /4

We know tan (t /4) =1

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

(&) _n
= The Slope of the normal = ey

-1
= The Slope of the normal = -1

= The Slope of the normal =1

(vilx=a(@—-sin@),y=a(1-cos0)at0=1/2

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

dy

dy
dy dx —&}9‘— dy

Here, to finda, we have to find 4@ & 48 and divide @ and we geta.

. 9
a d_t[}{“} —nx"1
=x=a (0 —sinB)
dx dx dx
= d@ = 3 {d8(8) — d8(sin B)}
dx
=d8=3(1—-cos0)..(1)

d
" dx (Sin x) = cos X

=v=al(l—-cosB)

dy dx  dx
= d8 = g (d8(1) —d8(cos B))

d
" dx (Cos X) = —sin X

d
" dx (Constant) =0

dy
=d8 =3 (8 —(—sinB))

dy
=d8=3sin0...(2)

dy

dy _ _
dx - _% -
= de

asin @
a(l—cos @)

dy ~ —sin8
—, dx o (1—cos8)

—sin 8

The Slope of the tangent is (1=¢°5©)

m
2

Since,

(g)e ™ [15&55

= z

We know cos (t /2) =0andsin (m/2) =1
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We know cos (rt/2)=0and sin (n/2) =1

(i_y) L ﬁ

m

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

I
= The Slope of the normal = =z

-1

= The Slope of the normal = 1

= The Slope of the normal=-1

(viii) y = (sin 2x + cot x + 2)?at x = 1 /2

Solution:
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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)

. 9y
o dx(){“} =n x“_l

dy
The Slope of the tangent is dx

=y = (sin2x + cot x + 2)?

dy {ﬂ dy dy
dx = 2 X (sin 2x + cot x + 2)?~1'dx(sin 2x) + dx(cot x) + dx{2)}
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dy {ﬂ dy dy
dx = 2 % (sin 2x + cot x + 2)*~ *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=m /2

&)
dx/g="T
z

dy
(‘i“)ﬂ =2 -2 (sin (i) + cot (1t /2) + 2) x (2cos (1) — cosec?® (mt /2))

d
= (&),
du/g=2=
z

=2 % (sin 2 (m/2) + cot (it /2) + 2) (2 cos 2 (it /2) — cosec? (L /2))

=2x(0+0+4+2)x(2(—-1)-1)
We know sin () =0, cos (m)=—1
Cot (n/2) =0, cosec(n/2)=1

)
dx/g=T
z

= —2(2)x(-2-1)
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The Slope of the tangent at x = 2i5—12
-1
= The Slope of the normal = The Slope of the tangent

= The Slope of the normal =
il
= The Slope of the normal = -1z

1
= The Slope of the normal =12

(ix) x>+ 3y +y>’=5at (1,1)

Solution:
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Given x>+ 3y+y*=5at(1, 1)
Here we have to differentiate the above equation with respect to x.

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

d 4 4 4
= dx (x?) + dx (3y) + dx (y*) = dx (5)

= 2X+3X dx+ 2y X dx=0

dy
= 2x+ dx(3+2y)=0
dy
= dx(3 4 2y) =— 2x

dy _ -2
— dx (3 +2y)

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

= — = —
dx (3 + 2x1)

dy -2
— dx (2 +2)

dy -2

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

= The Slope of the normal = The Slope ofthe tangent

-1

&
= The Slope of the normal = “dx
-1
=z
= The Slope of the normal = s
5

= The Slope of the normal = 2

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

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

4 4
dx(xy) = 4x(6)

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

d
" dx (Constant) =0

dy
= xdx=—y
dy _ ¥
= dx X

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

dy —6
= dx T
dy
— d."(:—ﬁ.

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

-1

&

= The Slope of the normal = ‘ax
-1

= The Slope of the normal = -6

1
= The Slope of the normal = &
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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

4 4 4 4 4
= x dx(y) + yax(x) + a @x(x) + b ax(y) + = ax(2)
dy dy
=xdx+y+a+hdx=0

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

dy

= dx(x+b)=—(a+y)
dy _ -@+y)

= dx x+hb
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
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=a+2b=-3...(1)

Also, the point (1, 1) lies on the curve xy + ax + by = 2, we have
1x1+ax1+bx1=2

=1+a+b=2

=a+b=1..(2)

From (1) & (2), we getb = -4

Substitute b=—4ina+b=1

Sothevalueofa=5&b=-4

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

Solution:
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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{xS} + dx(ax) + dx(b)

dy dx
= dx:?,x3_1+a{d_1¢}+ﬂ

dy

= dx=3x’+3

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

dy
= d—“[x= 1y=-6) = 3[1}2 +a

dy
= x=1y=-6)=3+a..(1)

dy
= dx=3x’+3

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

dy
- dx(x:LF:_ﬁj — 3[1}2+ a

dy
- Tx=1y=-6)=3+a..(1)
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 Slope is 1. ... (2)
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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

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:
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Given curve y = xX° — 3x

First, we will find the Slope of the tangent

y=x>—3x

dy _ d a

e dx(x%) — dx(3x)
dy dx

andCa reer
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dy d d

ax  ax(x) - ax(3x)

&y dx
= dx=3x " 1— 3( dx)

gy
= dx=3x*—-3..(1)
The equation of line passing through (%, yo) and The Slope misy—yo=m (x—
Xo).

¥—¥uo

So the Slope, m = ¥~ %o

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

dy  2-(-2)
= dx T 2-1

dr _ %
= dx T

dy
= dx=4 . (2)
From (1) & (2)
3x*-3=4
=3x’=7

7

=x’=3
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+ |2 7
#vfﬁua—a}

+ | i\Fj
=X = =y= *(3)
=x°—3x
Y 2 /2
=y =x(x*—3) =y="T(32)N?
+F +\F +F =
=y= N3 V32-3) Thus,the required pointisx= V3&y="T(z)V3

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 curve y =x®—2x?—-2xand aliney = 2x - 3
First, we will find the slope of tangent

y = x3—2x? — 2x

dy d d d

dx  dx(x®) — dx(2x%) — dx(2x)

dy
= dx=33"1-2x2 (X2 1)—-2xxl"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)
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= 3x2-4x-2=2

= 3x?—-4x =4

= 3x2-4x-4=0

We will use factorization method to solve the above Quadratic equation.
= 3x?-6x+2x-4=0
=3x(x-2)+2((xx-2)=0

= x-2)B3x+2)=0

= x-2)=0&Bx+2)=0

=>x=20r

x=-2/3

Substitute x =2 & x =-2/3iny = x3 - 2x? — 2x
When x = 2

=y=(2F-2x@F-2%(2)
=>y=8-(2x%x4)-4

=>y=8-8-4

>y=-4
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Whenx= 2
-2 -2 -2
=y=(3)-2x(3)0-2x(3)
-8 4 4
=y=(27)—-2x%x(9) +(3)

2 8 4
=y=(27)-()+(3)
Taking LCM

(—8x1)—(8x3) + (4x9)
=y= 27

—B-24 + 3§
=y= 27

il
=Yy= 27

—2 4
Thus, the points are (2, —4) & (3, 27)

6. Find a point on the curve y? = 2x® at which the Slope of the tangent is 3
Solution:

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

y?=2x3

Differentiating the above with respect to x
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dy
= ydx = 3x°
dy Ix2
= dx ¥

32
v =3
xz
=¥=1
=x=y

Substituting x* =y in y* = 2x°,

(x2)2 = 258
xX-2x*=0
(x—2)=0

x*=0or(x—2)=0

x=0orx=2

Ifx=0
dy _ 3(0)°
= dx ¥

dy/dx = 0 which is not possible.
So we take x = 2 and substitute it in y? = 2x3, we get

Y’ = 2(2)°
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Thus, the required point is (2, 4)

7. Find a point on the curve x y + 4 = 0 at which the tangents are inclined at an angle of
45° with the x-axis.

Solution:
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Given the curveisxy+4=0
If a tangent line to the curve y = f(x) makes an angle 8 with x — axis in the
positive direction, then

dy
dx = The Slope of the tangent=tan 8

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

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

dy
=>xds+y=0

dy
dy -y

= dx x ...(1)

dy
Also, dx =tand45° =1 ... (2)

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

¥y
=x =1

= X=—Y
Substitute in xy + 4 =0, we get

= Xx(-x)+4=0

=>-x*+4=0
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£

Sowhenx=2,y=-2
Andwhenx=—-2,y=2
Thus, the points are (2, — 2) & (- 2, 2)

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 is y = x?
y =x2

Differentiating the above with respect to x

dy
=dx = 2%1

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

Also given the Slope of the tangent is equal to the x — coordinate,

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

2X =X

= x=0.

Substituting this in y = x2, we get,
y=0°

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

Solution:
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Given the curve is x* +y* —2x—4y+1=0
Differentiating the above with respect to x

=X +y?—2x—4y+1=0

XE XE
=21+ ax—-2-4"ax+0=0
dy dy

= X+ 2ydx—2 —4dx = 0

dy
=dx(2y—4)=—2x+2
dy i —2(x-1)

dx  2(y-2)

o Yy -1
dx -2 .. (1)
. dy

" dax = The Slope of the tangent =tan 6

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 -
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dy
=dx(2y—4)=—2x+2
dy i —2(x—-1)

dx | 2(y-2)

dy  -(=-1)

= =
= -2 (1)

. dy
" dx = The Slope of the tangent = tan 0

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) _p
=—-(x=1)=0
=>x=1

Substituting x = 1 in x? + y* — 2x — 4y + 1 = 0, we get,
= 12+y2-2(1)—4y+1=0
=>1-y?-2-4y+1=0

=>y?’—4y=0

=yly-4=0

=>y=0andy=4

Thus, the required point is (1, 0) and (1, 4)
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10. At what point of the curve y = x2 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,

=2x=1

b | =

1

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

=y=(2)

1
=y=4

11

Thus, the required point is (2, 4)

Exercise 16.2 Page No: 15.27

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

Solution:
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Given VX +Vy=a

To find the slope of the tangent of the given curve we have to differentiate the
given equation

7 )

2 2

At (a:a:) slopem,is—1

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

a® a?
e ‘1( ‘z)

aE
X+F=E

2. Find the equation of the normal toy = 2x3 - x2 + 3 at (1, 4).

Solution:
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Giveny =2x*—x*+3
By differentiating the given curve, we get the slope of the tangent

d
m =£= 6x* — 2x

m=4at(1,4)
Normal is perpendicular to tangent so, mim; =—1

1

m(normal) = — 2

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

1
r-4= (Do
Xx+d4y=17

1

m(normal) = — I

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

4-( 1) !
y—4=(-7)&-1
Xx+4y =17

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

(i) y = x* - 6x%+13x*> - 10x + 5 at (0, 5)

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

By differentiating the given curve, we get the slope of the tangent
— = 4x° —18x% + 26x— 10
m (tangent) at (0, 5) =—10

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

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 —y1 = m (normal) (x — x1)

1

y—5 = ToX

(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
— = 4x° —18x% + 26x— 10

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

Normal is perpendicular to tangent so, mimz =—1

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

Equation 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)

1
—3=——=(x—-1
y > x—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_

I 2X

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

Normal is perpendicular to tangent so, m;m, = — 1
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m(normal) at (x = 0) = 5

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

Equation of normal is given by y —y, = m (normal) (x — x4)
x=0

(ivi)y=2x2-3x-1at(1,-2)

Solution:

Giveny =2x?-3x—-1at (1,-2)

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

dy
E = 4x—-3

m (tangent) at (1, —2) =1

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

m (normal) at (1, —-2) = -1

Equation of tangent is given by y — y, = m (tangent) (x — x4)
y+2=1x-1)

y=x-3

Equation of normal is given by y — y; = m (normal) (x — x4)
y+2=-1(x-1)

y+x+1=0
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:]’:3

4 —x

(v) y* =

Solution:

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

. dy (4 —x)3x? + x*
Ya&x =7 (4a-x)?

dy (4 —x)3x? + x*
dx  2y(4—x)2

m (tangent) at (2, —2) =—

2
m(normal) at (2,-2) = %
Equation of tangent is given by y — y, = m (tangent) (x — x4)
y+2=-2(x-2)
y+2x=2

Equation of normal is given by y — y, = m (normal) (x — x,)
1
yt+2=g3 (x—2)

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:
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Givenx=0+sinB,y=1+cosBatB=mn/4

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

B 4 cose
i COS
dy .
i —sinb

Dividing both the above equations

dy sinB
dx 1 + cos8

1
mat6={ﬂf‘j‘}=_1 MG

Equation of tangent is given by y —y1 = m (tangent) (x —x3)
5= H6-5-3)

—_ —_—— = —_— [ H—_———
TR N ASP NG
5. Find the equation of the tangent and the normal to the following curves at the indicated
points:
() x=0+sinB,y=1+cos 0atd=m/2
Solution:
Givenx=08+sinB,y=1+cosBatb=m/2

By differentiating the given equation with respect to 6, we get the slope of the tangent
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dx =1+ 8

B CoS

dy :

i —sinf

Dividing both the above equations
dy sinf

dx 1 + cosB

m (tangent) at 8 = (/2)=—1

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

m (normal) at8=(n/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 —y1 = m (normal) (x — x1)

y—1= l(x—g—l)

Solution:
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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>(21)
dt (1 + t2)2

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

dy  6at® + 2at*
dx 4at

13
m (tangent) att=2is 16

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

1 16
m (normal) att=2is 13

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

a_13( Za)
Y75~ 16" 5

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

a 16( Za)
Y75 T 135

(iii) x =at?, y=2atat t = 1.

Solution:

€IndCareer


https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-16-tangents-and-normals/
https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-16-tangents-and-normals/

€IndCareer

Given x = at’, y=2atatt=1.

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

dx—zt
ax
dy

E—Za

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

dy 1
de ¢t
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 —y1 = m (normal) (x — x1)

y—2a=—1(x—a)

(ivyx=asect,y=btantatt.

Solution:
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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 4t to obtain the slope of tangent

dy  bcosect
dc  a

brcosect
m (tangent) att= a

Normal is perpendicular to tangent so, mymz=—1

a .,
m (normal)att= b sint

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

bcosect
v — btant = — (X —asect)

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

asint
b

y—btant = — (x —asect)
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Equation of tangent is given by y —yi: = m (tangent) (x — x1)

bcosect

y—btant = (x — asect)

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

asint
b

y—btant = — (x—asect)

(v)x=a(@+sinB),y=a(1-cos0)ato

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

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

X _ a1 + cosd
B a( cos@)
dy .
i a(sinB)

dy dx

Now dividing de and de to obtain the slope of tangent

dy  sin@
dx« 1 + cosP

s5in@

m (tangent) at theta is 1 + cos8

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

sin @

m (normal) at thetais 1 +cos8
Equation of tangent is given by y —y1 = m (tangent) (x —x)

sin 6
B{x— a(B + sinB))

y— a(l—cosb) = 7—— 0

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

L B_l—l—ccrsﬁ (6 + sin®)
v— a(l—cosB) = mpe (x—a sin B8))
1 + cosB
y— a(l—cosB) = W{x—a{ﬁ + sin 0))

— 8i
(vi) x =3 cos 8 — cos® 0, y = 3 sin 6 — sin®0

Solution:
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Givenx =3 cos B —cos®8, y =3 sin B —sin’0

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

B 25ine + 3cos?0sind
i sin cos-Bsin
dy -,

i 3 cosB — 3sin“Ocos B

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

dy 3 cosB — 3sin®*Bcos O X
— = . — = —tan“6
dx —3sinB + 3cos?Bsinf

. 3
m (tangent) at theta is —tan™®@

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

m (normal) at theta is cot*6

Equation of tangent is given by y —y1 = m (tangent) (x —x1)
y — 3sinf + sin®6 = —tan®6(x— 3cosb + 3cos?0)
Equation of normal is given by y —y: = m (normal) (x — x1)

y — 3sinf + sin®6 = cot36(x — 3cosb + 3cos30)

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
2X + 4}’&—4—6& =0
dy 4-2x
dx  4y—6

Finding y co — ordinate by substituting x in the given curve

2y2 -6y +4=0

y?—-3y+2=0

y=2ory=1

m (tangent) atx =2is 0

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

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

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

X=2

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

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

2ay o = 3x?

dy  3x?

dx 2ay
3_[1.1

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 —y1 = m (normal) (x — x1)

2
3 2
—am® = ——(x—am
y 3111{ )
2
y—am® = ———(x— am?)

3m

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
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m (tangent) at (2, 3) = 2a
Equation of tangent is given by y — y; = m (tangent) (x — x4)

Now comparing the slope of a tangent with the given equation

Now (2, 3) lies on the curve, these points must satisfy
32=2x22+D
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:
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Giveny=x>+4x— 16
By differentiating the given curve, we get the slope of the tangent

d
£=Ex+4

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

Now comparing the slope of a tangent with the given equation

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

71 1
y+—=3(x+—)

4 2
2x+4=3
1
T

Now substituting the value of x in the curve tofind y

1, ..
Y =3 I

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

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

d
£=3X2+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) = 12

1 1
14  3x2 4+ 2

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

So, equations of normal are

1
y—18 = —E{X— E)br
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Hence the corresponding value of yis 18 or—6

So, equations of normal are

y—18 = —1—14()(—2)

Or

y+ 6= —i{x + 2)
14

Exercise 16.3 Page No: 16.40
1. Find the angle to intersection of the following curves:
()y’=xand x?=y

Solution:
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Given curves y* =x ... (1)
And x*=vy ... (2)
First curve is y* = x

Differentiating above with respect to x,

dy
= 2y.dx=1

dy 1

= m1= dx 2% ... (3}
The second curve is x* =y

_ dy
= 2% dx

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

Substituting (1) in (2), we get

=X =y

= ()’ =y
=yt—y=0
=y(y’-1)=0
=y=00ry=1

Substitutingy=0&vy=11in (1) in (2),

2

X=y
Wheny=0,x=0
Wheny=1,x=1

Substituting above values for m; & m, we get,
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When x =0,

NUPS..//WW
-and-norma
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dy 1

M dx 2=0 oa

Whenx=1,

dy 1

My dx 2=l

Values of myis == &3
Wheny=0,

dy

m: dx=2X=2%X0=0
Whenx=1,

dy

Mz dx=3x=2x1=2
Valuesof mzis0 & 2

Whenmi=eec & m;=0

l'l'li_l'l'lz

Tan8 |1 +m,my

0—co

Tan — |1+mxu

Tan B =eo

B =tan " (=)

_I
s~ Tan"Hee) T 2

€IndCareer
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m

6~ 2

1
Whenmy;~ 2& my=2

m,_In,

Angle of intersection of two curves is given by tan@ 11 +mim,

P
2

1+ix2
x

TanB_

P
— 2

= I
Tan® 1+ox2

S
_ |=
Tan® |2
_ El
TanB s
3
B =tan " *(a)
6=36.86

(ii)y=x?>and x? +y? =20

Solution:
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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 x* + y* = 20

Differentiating above with respect to x,

dy
= 2X+2y.dx=0

dy
=Y.dx=—X

dy —X

=m; dx ¥ o (4)

Substituting (1) in (2), we get

=y+y* =20

=y’ +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

=(y+5)(y—-4)=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=x2

=x= V=5

Wheny=4,

=4=x

=X=12

Substituting above values for m; & m; we get, Values of myis 4 & —4

Wheny=4&x=2

When x =2,

dy —-=x -2 -1
— 9 _ m; dx y 4 2
my dx_zxz :

Wheny=48&x=-2

dy _ x_2_1
Whenx=1, m, dx y 4 2
_ 9 _ _ -t 1
mp  dx 2x—2 Values of mzis 2 &2
=_4 Whenmi=cc & m;=0
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-1 1
Values of myis 2 &3

Whenmi=cc & m;=0

Iy Mg

Angle of intersection of two curves is given by tan8 1 +mim;

-1
——4
_Z

Tan B - 1+2x4

—o

= |—=
Tan B -2

4

TanB® ~ Iz

9
B =tan~'(2)

(iii) 2y? = x® and y? = 32x

Solution:
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Given curves 2y? = x> ... (1) and y* = 32x ... (2)
First curve is 2y? = x°

Differentiating above with respect to x,

dy
= 4y.dx = 3x°

ay _ ae
=m dx 4y ..(3)

Second curve is y* = 32x

dy
= 2y.dx =32
dy
= y.dz =16
dy _ 16
=m; dx vy ..(4)

Substituting (2) in (1), we get
=2y =x°
= 2(32x) = x°
=64x=x
=x*—64x=0
=x(x*—64)=0
=x=08& (x¥*—64)=0
Substituting (2) in (1), we get
= 2y?=x3

= 2(32x) = x*
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= x}-64x=0

= x(x*—64)=0
=>x=0&(x*-64)=0

=>x=0&18

Substituting x =0 & x =8 in (1) in (2),
y? = 32x

Whenx=0,y=0

When x = 8

=>y?=32x8

= y? = 256

=y=116

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

When x=0,y =16
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dy

My dx

3x0°
= 4x8

=0
Whenx=8,y=16

dy

My dx

Ixg*
= 4%x16

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

dy
ITI;:__ dx

€IndCareer

16 16
= ¥ 0 oo

Wheny =16,

dy
Mz dx

16 16
=¥ 16

Valuesof maisee & 1

Whenm;=0& m;=eo

m, T,

=TanB li1+mm,

co—0

=Tan B0 |1+ w0

=TanB =0

= B =tan (=)

_r
s Tan _1|:n-u] 2
I
2

=0

1
Whenm; ~ 2&my=2
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Angle of intersection of two curves is given by tan 6

] 31

=Tan@ |1 +3x1
L
=TanB la
_ ll
=TanB |2
1

=0 =tan"(2)

(iv) x2+y?—-4x-1=0and x2+y>-2y-9=0

Solution:

m;_ms,

1+m,meq

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

Firstcurve is x> +y?—4x—-1=0

S x2—4x+4+y*-4-1=0

= (x—2)2+y*-5=0

Now, Subtracting (2) from (1), we get
S xP+y?—4x-1-(x2+y?-2y-9)=0
> X+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 — 4 in (3), we get,

= (x—2)?+ (2x—4)2-5=0
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= (x—2)2+4(x-2)*-5=0
= x-2(1+4)-5=0
= 5(x-2)-5=0

= (x-2)-1=0

= (x-27=1

= (x—2)=+1

= x=1+20rx=-1+2
=>x=3o0rx=1

So, when x =3
y=2x3-4
=>y=6-4=2
So,whenx=3
y=2x1-4
=>y=2-4=-2

The point of intersection of two curves are (3, 2) & (1, — 2)
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Now, differentiating curves (1) & (2) with respect to x, we get
=>x'+y —4x-1=0

dy _
=22X+2ydx 4-0=0

dy
=ydi=2—X

dy _ 2—x
= i v ...(3)

=>x+y'—2y—9=0

dy _ dy
=2X+2ydx 2dx 0=0

dy _ dy _
=X+ydc dx O
dy _
=}K+{‘y'—1:ldx 0

dy  —x

=dx  y-1..(4)

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

dy 2-3
= — = —
dx 2

_ % _ 1
=>m1_d_1c_ 2
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dy _
=X+ydx 2=0
dy
= Vyde=2—X
dy _ 2-x
d« vy ...(3)

=x'+y*-2y—-9=0

dy _ dy _
= 2X+2ydx 2dx 0=0

dr _ dy _
=X+yd« dx O
dy _
=}K+{‘y'—l:ldx 0

dy  —x

=dx  y-1..(4)

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

dy 2-3
= — = —
dx 2

_ Yy _ 1
=}m1_d_1c_ 2

At (3, 2) in equation (4), we get

dy -3
= — = —
dx 2—1
dy
= dx=—23
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dy
:}mz_ dx =—3

-1

Whenm; ~ 2z &mz=0

m, _ Mo

Angle of intersection of two curves is given by tan8 11 +mm;

1
= +3
—|—_
= Tan B 2
= f#=tan (1) = —
1
S +3
— . 3 =1
—|—_
= Tan B 2
1 ™ 2 y 2 2
= 6 = tan {1]=Z (U)— ﬁ—landm + y* = ab
Solution:

-and normals/
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%2 y?

Givencurves a2 +b2 _ 1..(1)andx* +y?=ab...(2)
Second curve is x? + y? = ab

y?=ab—x*

Substituting this in equation (1),

%  ab—x*

aZ+ bz 1

%b? + a%(ab—x%)
a®b? 1

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

. azb[b—a}
= }{2 T k2 (b2—a?)

B a®b{b-a)
=yl y2 (b—alib +a)
a’hb

= x2  (b+a)

sa’—b*=(a+b)(a—Db)

-+ ab
=X Nb+a) (3)
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-+ a®b
=X \JfbH]...[S]

Since, y* = ab — x*

a®b

= vyl=ab—(®+3)

ab® +a"b—-a"b

=y (b+a)
ab?®
=y (b+a)
ab®
= y=+|b+a) __(4)
2 2

x* oy
Since, curves areaz +bz 1 & x*+y?=ab

Differentiating above with respect to x

2x 2y dy
= a2 bz.dx =0

ydy _x
= b%.dx = a?
X
dy = =
= dx _h—z
dy  -b%x
=dx  aly
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i ﬁr . —b%x
=m; dx  a%y .. (5)

Second curve is x2 + y* = ab

dy _
= 2X+2y.dax 0

dy —x

=m; dx v ...(6)

Substituting (3) in (4), above values for m; & m; we get,
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J a*hb J ab®
At (N (b +a) 4 (b+3)) in equation (5), we get

) a‘b
dy b x N + a)
dx 5 ab?
X+ a

2
dx a
a2 Xb 573
dy —b%avb
~ dx  atbya
_dy _ -bVb
=}m1_ dx  aya

J ath J ab?
At (N (b +a) y (b+3)) in equation (6), we get

azb
dyv (b + a) dy —avb

dx [ ab? dx ~ bya
(b + a) I
b :“-mz_ dx b
dy “3JbFa)
= — = —b\u"E _ a
dx _ —hbvb = — |-
b (b i a) Whenm:  ava &m; b
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m, Ty

Angle of intersection of two curves is given by tan @ 11 +mym,
b ja
a/a b
1 +i|lﬁ>-<—\[E
a\a b
-bvb a

+ —_—

a+a b
1+-
a

a+axvb
b

—h‘ﬁxﬁ+aﬁxﬁ‘
14-
a

—bxb+ axa
a+/ab

= Tan B 1+3

aZ-p?

ayab
= |"a+b

= Tan B a

(a+biia—b)
_ |
= Tan B at+h

_ |a-b)
=TanB | vab

(a-b)
=@ =tan "} vab)
2. Show that the following set of curves intersect orthogonally:
(i)y =x*and 6y =7 — x?
Solution:

Givencurvesy =x*... (1)and 6y =7 —x* ... (2)
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Solving (1) & (2), we get

=6y =7 —x?

=>6x+x*-7=0

Since f(x) = 6x* + x? - 7,

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

f(1)=6(17°+(1)?-7

f(1)=6+1-7

f(1)=0

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

Substituting x = 1 iny = x3, we get

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

Differentiating above with respect to x,
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= ITIZ_ ? {4]

At (1, 1), we have,

ms = 3x°
=3 x (1)
m1=3

At (1, 1), we have,

—X

=}ITI2_ 3

-1
Whenm;-3&m;= 3

Two curves intersect orthogonally if mim; =-1

-1 _
=3x3 1

~ Two curves y = x° & 6y = 7 — x? intersect orthogonally.

-1 _
= 3x3 1

~ Two curves y = x> & 6y = 7 — x? intersect orthogonally.

(ii) x* = 3xy?=—2and 3x’y —y*=2

Solution:
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Given curves x* —3xy?=—-2... (1)and 3x?y —y*=2 ... (2)
Adding (1) & (2), we get
=X —3xy?+3xy -y =—2+2

= x3-3xy?+3x?y —y*=-0

= (x-y)’=0
= (x-y)=0
=>x=y

Substituting x =y on x3 — 3xy? = —
S _3xxxx2=—

=>x3-3x3=-2

The point of intersection of two curves is (1, 1)
First curve x® — 3xy? = —

Differentiating above with respect to x,
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_ ")
= my 2xy ... (3)

Second curve 3x*y—y* =2

Differentiating above with respect to x

dy dy _
= 3(2xxy + x*Xdx) — 3y%ax ~ 0

dy _  dy _

= 6xy +3x%dx  3yfax 0
dy _

= 6xy+(3x°—3y¥)ax O

dy —6Xy
= dx 3xt-3y?

dy —2xy
= dx x*—y?

=m; x-y*...(4)

_ -y —2xy
Whenm;  2xy & m;p=x*-y°

Two curves intersect orthogonally if mym; =-1

(*-y%) —2xy
= I2xy Xx*-yi=-—1

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

(iii) x2 + 4y? = 8 and x* - 2y? = 4.

Solution:
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Given curves x> +4y* =8 ... (1) and x* = 2y* =4 ... (2)
Solving (1) & (2), we get,

From 2nd curve,

xt=4+2y?

Substituting on x* + 4y® = 8,

= 4+2y* +4y*=8

=6y'=4

_ Z
;"""fz_ﬁ.
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Substituting on x* + 4y* = 8,
=4+2y*+4y° =38
=6y'=4

_ ¢
=4 'ifz - 6
JE
=Y = +y 3
JE
Substituting on y = £\ 2, we get,

2
=>x'=4+ Z[tJ;}E
2

=x2=4+2(3)

4

=xl=44+3
16
=:~:l':2 3

16

=x=*1\y 3
4
=x¥x=1/3

-~
o

4 2 4
»» The point of intersection of two curves (v3, J;] &( 3
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Now, differentiating curves (1) & (2) with respect to x, we get
= x*+4y* =8

dy
= 2%+ 8y.dx=0

dy
= 8y.dx =—2X
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=
= dx 2y ... (4)

E
At (V3 J;] in equation (4), we get

4
4 d =
__* ' NE]
L 2
dx 2 2 % g)
4 % §
L 2
_L dy 3
2 3
3
dy 2
_ - = = —
=>ITI1_\.-"§ dx 2
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dy 2
= — = —

dx /2

dy
=*m1:1

-1

Whenm:, vz &m,= V2

Two curves intersect orthogonally if mim; =-1

-1

:EX\F=—1

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

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

Solution:
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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

= 2x=4.dx
dy _ 2
=dx 4

—m= 2...(3)

Second curve is 4y + x> = 8

dy
=4 daxc+2x=0
dy  -2Ix
= dx 4
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dy _ —2x

= dx 4

_ X
=m; 2 ..(4)

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

mz:=—1...(6)

Whenmi=1&m;=-1

Two curves intersect orthogonally if mym; =-1
=2Ix-1=-1

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

(i) x?=yandx*+6y=7at(1,1)

Solution:

Givencurves x*=y ... (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,
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Second curve is x* + 6y =7

Differentiating above with respect to x,

dy

= 3%’ +6.4x=0
d_y i —3x?
=dx 6
dy = —x°
=dx 2

=m; 2 ..(4)

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

my = 2%
=7x]
m1=2...[5}
—x2
m;:_: T
-
=
_ % _ -1
= 2% dx mz= 2 ...(6)
dy _ -1
—dx 2X Whenm;=2& m;= 2

= m;=2x...(3) Two curves intersect orthogonally if mim; =-1

-1 _ _
= 2X2 1

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

(iii) y? = 8x and 2x? + y? = 10 at (1, 212)
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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
MNow, differentiating curves (1) & (2) w.r.t x, we get

= y? = 8x

Differentiating above with respect to x,

dy
=4+ 2y.dx=0

dy
= 2X+y.de=0

= ¥ o (4)
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mi=V2..(5)
_ o2
M ¥
—2x1
= 242
_ -1
Mz = V2L {EI]

-1

Whenm:= V2 &m, 2

-1

Whenm;= V2&m, V2
Two curves intersect orthogonally if mim; =-1

-1
= \IEXE |
~ 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:
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Given curves 4x =y? ... (1) and 4xy = 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
;‘tdx_y

2
m:  ¥..(3)
=4dxy =k

Differentiating above with respect to x,

= mz:  x ...(4)
Two curves intersect orthogonally if mym; =-1

Since mi and mz cuts orthogonally,
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Since m1 and mz cuts orthogonally,

2y _

=yx, 1

_2_

= x 1

=x=2

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

=(y)y=k
=y =k
#l.’(: ].'{E

1
Substituting y = Kz jn 4x = v, we get,

1
= 4x = (k=)
z
= 4x2 = ka
2
=k: =3
- k? = g°
—=k? =512

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
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Now, differentiating curves (1) & (2) with respect to x, we get

= 2x=y?
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1
m:  ¥..(3)
= 2xy=k

Differentiating above with respect to x,

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

Since m; and m; cuts orthogonally,

Now, solving (1) & (2), we get,

€IndCareer


https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-16-tangents-and-normals/
https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-16-tangents-and-normals/

€IndCareer

1
Substitutingy = Kz jn 2x = v%, we get,

2xy =k & 2x = y? = 2x = (K3)?
2 =k z
=09y 2= 15
=y =k .
1 ;"'1'{5:2
= k3=
—Y $k3=23

1
. - — kE - _ 7
Substituting y In 2x = y*, we get, _Kk? =

_X_
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Chapterwise RD Sharma
Solutions for Class 12 Maths :

e Chapter 1—Relation

e Chapter 2—Functions

e Chapter 3—Binary Operations

e Chapter 4—Inverse Trigonometric Functions

e Chapter 5—Algebra of Matrices

e Chapter 6—Determinants

e Chapter 7—Adjoint and Inverse of a Matrix

e Chapter 8—Solution of Simultaneous Linear Equations
e Chapter 9—Continuity

e Chapter 10—Differentiability

e Chapter 11—Differentiation

e Chapter 12—Higher Order Derivatives

e Chapter 13—Derivatives as a Rate Measurer

e Chapter 14—Differentials, Errors and Approximations

e Chapter 15—Mean Value Theorems

e Chapter 16—Tangents and Normals

e Chapter 17-Increasing and Decreasing Functions

e Chapter 18—Maxima and Minima

e Chapter 19—Indefinite Integrals
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About RD Sharma

RD Sharma isn't the kind of author you'd bump into at lit fests. But his
bestselling books have helped many CBSE students lose their dread of
maths. Sunday Times profiles the tutor turned internet star

He dreams of algorithms that would give most people nightmares. And,
spends every waking hour thinking of ways to explain concepts like 'series
solution of linear differential equations'. Meet Dr Ravi Dutt Sharma —
mathematics teacher and author of 25 reference books — whose name
evokes as much awe as the subject he teaches. And though students have
used his thick tomes for the last 31 years to ace the dreaded maths exam,
it's only recently that a spoof video turned the tutor into a YouTube star.

R D Sharma had a good laugh but said he shared little with his on-screen
persona except for the love for maths. "I like to spend all my time thinking
and writing about maths problems. I find it relaxing," he says. When he is
not writing books explaining mathematical concepts for classes 6 to 12 and
engineering students, Sharma is busy dispensing his duty as vice-principal
and head of department of science and humanities at Delhi government's
Guru Nanak Dev Institute of Technology.
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