16. Tangents and Normals

Exercise 16.1

1 A. Question

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

}.—:\/Eatx=4

Answer

Let y = f(x) be a continuous function and P(xo.yo) be
point on the curve, then,

The The Slope of the tangent at P(xy) is f'(x) or &

Since the normal is perpendicular to tangent,

-1
The Slope of the tangent

The Slope of the normal =

Given:

y=4x3atx=4
First, we have to find ? of given function, f(x),i.e, to find the derivative of f(x)
X

y=\.@

1
e ]{III'E = XE

1
=’y=(x3)5

3
=Y = (x):z
L8y ony — n-1
..dx(x) n.x

The Slope of the tangent is ?
X

_ 3 i
= = 5 (9?2

dy 1
= ax ~ 2O

Since, x =4

~The Slope of the tangentatx = 4is 3
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-1

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

-1
= The Slope of the normal = _d—{_y)u B
=

= The Slope of the normal = _?1

1 B. Question

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

}r:\/; atx =9

Answer
Given:

y=yxatx=9

First, we have to find ? of given function, f(x),i.e, to find the derivative of f(x)
X

=>y=.\.|"§
1

.n ]{III'E = XE
1

:y=(x)5

S (xny = pxn-1
dx

The Slope of the tangent is ?
X

=’y=(x)§
dy 1 1,
ﬁE—E(X)Z
dy 1 -1
ﬁE—E(X)E
Since, x =9

(E)X =9 = 5(9)%

= (Eh=o=2% 2
= (Th=0=3x%
= (Eh=0=3x3

~The Slope of the tangent at x = 9is é

-1

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

-1

= The Slope of the normal = _d—{_y)u N
=
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= The Slope of the normal =1
a

= The Slope of the normal = - 6
1 C. Question

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

3

y=x>-xatx=2
Answer

Given:
y=x3-xatx =2

First, we have to find ? of given function, f(x),i.e, to find the derivative of f(x)
X

C9veony — n-1

- dx(x ) =n.x

The Slope of the tangent is dy

dx

ﬁy=x3—x

dy dy .3 dy
= < = £(x°) + 3%x =(x
dx dx( ) X dx( )

¥ _3x3-1_71x1-0
dx

=

= Y _3x2_1
dx

Since, x = 2

= (Z)=2=3x22-1

= (?)Xﬂ = (3x4) -1

X

d}r)
> (2
dx X

- (Zheamm

X

,=12-1

~The Slope of the tangentatx = 2is 11

-1

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

-1
= The Slope of the normal = —d—{_y)u 5
=

= The Slope of the normal = ;—1

1 D. Question

Find the The Slopes of the tangent and the normal to the following curves at the indicated points :
y=2x2+3sinxatx=0

Answer

Given:

y = 2x2 + 3sinxatx =0
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First, we have to find ? of given function, f(x),i.e, to find the derivative of f(x)
X
. E ny — n-1
- dK(x ) =n.x
The Slope of the tangent is ?
X

=y = 2x% + 3sinx

= W=y ¥x2) 4+ 3% Ysinx)
dx dx dx

= ? = 2x2x%2 "1 4+ 3x(cosx)

X

a , .
- — (sinx) = cosx
dx

a
= d—}' = 4x + 3cosx

X

Since, x = 2

- (E)X — o = 4x0 + 3cos(0)

dx
~cos(0) =1
:(%)Po:o + 3x1

~The Slope of the tangentatx =0is 3

-1
The Slope of the tangent

= The Slope of the normal =

-1
= The Slope of the normal = _d_{ 3’]:;:

0

= The Slope of the normal = _?1

1 E. Question

Find the The Slopes of the tangent and the normal to the following curves at the indicated points :
Xx=a(0-sinB),y=a(l + cos0)at

6 =-m/2

Answer

Given:
X =a(@ —sinf) &y =a(l + cosh)ath = _2—“

dy
Here, To find ?, we have to find % & = and and divide 42 and we get our desired ?.
X 3

dx
da % X
S (xny = pxn-1
dx
= X = a(f — sind)

dx _ _ ,dx _E .
== a(E(B) da(Sln 8))
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dx _ _
-2 = a(l -cos9) ...(1)

4 (sinx) = cosx
dx
=y =a(l + cosh)
- g dx
= = a(da(l) + de(cos 8))
4 (cosx) = - sinx
dx
d
~ — (Constant) = 0
dx
=% = a(0 + (-sin®))
de

dy

=< =a(-sin@)
de
d .
> =_asing ...(2)
de
d
:E _ ‘é _ —asin B
dx —= a(l—cos @)
de
d: —sin @
=>_1.r _ sin

dx (1—cos8)

—sin @
(1—cos @)

The Slope of the tangent is

. T
Slnce, 6 = T

(d}r) —sin_—n-

= (= = — 2o

de/g="T (1-cos—)
z

sin(g) =1
cos(-) =
dy ~(-1)
= (dx)ez‘_ﬂ (1 (=07
2

~The Slope of the tangent at x = —E is1

-1

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

-1
= The Slope of the normal = {an )

——m
8= -]

= The Slope of the normal = _—11

= The Slope of the normal = -1

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

X=acos30,y=asin?0atb=rm/4
Answer

Given:
X = acos30 &y = asin®@ at B = E

dy

Here, To find ?, we have to find % & % and and divide 42 and we get our desired ?.
X b,

a8

a )
A (x") = nxn-1
dx

= X = acos30

dx dx 3

= — = a(—(cos>8
= (dB( )
d .

-~ — (cosx) = - sinx
dx

= % = a(3cos3 1@ x - sin @)

= % — a(3c0s28 x - sin 8)
a8

=% = _3ac0s?8sin B ...(1)
a8

=y = asin39
Y _ 3(F(sin3

= = a(da(SIn a))

-2 (sinx) = cosx
dx

- % = a(3sin3 -~ 19 xcosh)

= % — a(3sin28 xcosh)
40

=% — 3asin20cosh ...(2)
de

dy
dy == —3acos®Bsin 8
= = = —gg— - -
dx = 3asin®Bcos8
de
:E _ —cos 8
dx sinf
d:
=< =-tanB
dx

The Slope of the tangent is - tan 6

. T
Since, 8 = "

= (%)E=g =- tan(E)
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N1
tan(z) =1

~The Slope of the tangent at x = E is-1

-1

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

-1
= The Slope of the normal = {_E‘Y )
dx 9:%

= The Slope of the normal = =

= The Slope of the normal =1

1 A. Question

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

}.—:\/; atx =4

Answer

Let y = f(x) be a continuous function and P(xo.yo) be
point on the curve, then,

The The Slope of the tangent at P(xy) is f'(x) or <

Since the normal is perpendicular to tangent,

=1

The Slope of the normal = The Slope of the tangent

Given:
y=4x3atx=4
First, we have to find ? of given function, f(x),i.e, to find the derivative of f(x)
X
y =4x2
1
e ]{,'I'E — XE
1
=2y = (XE)E
2

a )
A (x") = nxn-1
dx

The Slope of the tangent is ?
X

Since, x =4

= (Z)=a=2:
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~The Slope of the tangentatx = 4is 3

-1

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

-1

= The Slope of the normal = Fm

= The Slope of the normal = _?1

1 G. Question

Find the The Slopes of the tangent and the normal to the following curves at the indicated points :
Xx=a(0-sinB),y=a(l-cosB)atb =m/2

Answer

Given:

X =a(@ —sinf) &y =a(l -cosB) ath = E

dy

Here, To find ?, we have to find % & % and and divide 42 and we get our desired ?.
X E X

S (xny = pxn-1
dx

= x = a(f — sind)
dx

x _ _dx _E .
== a(E(B) da(sm a))

dx _ _
== a(l-cosB)..(1)

4 (sinx) = cosx
dx
=y =a(l-cos8)

dy _ gdx(q) - &
= de a(da(l) da(cos ©))
e (cosx) = - sinx

dx

d
-~ — (Constant) = 0

dx

:d_}'= —( = gj
" a(0 - (-sin@))

% — asing ...(2)

de
d:
=>E _ ‘é _ asin @
dx —= a(l—cos @)
de
dy —sin 8

dx (1—cos8)
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—sin @
(1—cos @)

The Slope of the tangent is

. il
Since, 8 = 3

sin(g) =
cos(g) =
(g __@
2 \ax/g=T ~ (1-(-o)
2

]
A
&3

S S S

2]
1]
tlA

|
L)
=
|| =
(=]
=

~The Slope of the tangent at x = g is1

-1
The Slope of the tangent

= The Slope of the normal =

-1

= The Slope of the normal = {_E‘Y )
dx T

8=3
= The Slope of the normal = _—11
= The Slope of the normal = -1
1 H. Question
y = (sin 2x + cot x + 2P at x = /2

Answer

Given:

y = (sin2x + cotx + 2)at x =E

First, we have to find g of given function, f(x),i.e, to find the derivative of f(x)
%(x”) =nx"-1

The Slope of the tangent is %

=y = (sin2x + cotx + 2

Y = 2x(sin2x + cotx + 22~ 1{T(sin2x) + F(cotx) + (2)}

= ? = 2(sin2x + cotx + 2){(cos2x) x 2 + ( - cosec?x) + (0)}

X
d , .
- — (sinx) = cosx
dx

2

d
- — (cotx) = - cosec4x
dx
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= ? = 2(sin2x + cotx + 2)(2cos2x - cosec?x)
X

. m
Since, X = 3

(E) r = 2% (sin2(2) + cot(®) + 2)(2cos2(5) - cosec?(S))
dx/g= 2 2 2 2

2

(&)
dx/g="
2

= (g)e=5= 2% (0 + 0 + 2)x(2(-1)- 1)

2% (sin(Tr) + cot(g) + 2) x (2cos(m) - cosecz(g))

~sin(m) =0, cos(m) =-1

.-.cot(g) = 0,cosec(§) =1

= (g)ezz =2(2) x(-2-1)
2
:(g)e=3=4x—3
2
= (%)Ezg =-12

~The Slope of the tangent at x =g is-12

-1

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

-1

= The Slope of the normal = {_E‘Y )
dx 9:%

= The Slope of the normal = _—12

= The Slope of the normal = 1—12

1 1. Question

Find the The Slopes of the tangent and the normal to the following curves at the indicated points :
x2+3y+y2=5at(1,1)

Answer

Given:
x2 + 3y +y2=5at(1,1)

Here we have to differentiate the above equation with respect to x.

42 2y — 4
=dx(x + 3y + y9) dx(S)
42y 4 4 42y =94
= clx(x)+ clx(3y)+ dK(y) dx(5)
C9veony — n-1
..dx(x) n.x
S2x+3x Ty 2yx ¥ =0

dx dx

>2x + (3 +2y)=0
dx
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- (3 + 2y) = - 2x
dx

dy —2x
=S — = —
dx (3 +2y)

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

dy —2x1

dx (3 +2x1)
. A

dx 3+2)
- _ 2

dx 5

~The Slope of the tangent at (1,1) isi

-1
The Slope of the tangent

= The Slope of the normal =

-1
= The Slope of the normal = {_d_y_)
dx

= The Slope of the normal =

|||
”'|N -

= The Slope of the normal =

pa | 0

1 ). Question

Find the The Slopes of the tangent and the normal to the following curves at the indicated points :
Xy = 6 at (1, 6)

Answer

Given:

xy = 56 at (1,6)

Here we have to use the product rule for above equation.

If u and v are differentiable function, then

V) = Ux & 4 vy &8
E(UV) = Ux — + Vx ~
9 ixy) = 4
E(XY) = dx(6)

d d oy d
= XX E(Y) + yx E(X) = dx(5)

4 (Constant) = 0
dx

dy

=2>2x+y=0
dx Y
dy
= X— = -
dx y
N A
dx X
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~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 = F_y_)
dx

= The Slope of the normal = =

= The Slope of the normal =16

2. Question

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

Given:

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

First, we will find The Slope of tangent

we use product rule here,

V) = Ux & 4 vy &U
- a(UV)—U:.( dx+V>< ™
=Xy +ax + by =2

d d d d _d
= XX —(y) +yx —(x) + a—(x) + b—(y) + = —(2)
>x¥ ty+a+b¥ =

dx dx
SYx+b)+y+a=0

dx

= Z(x+b)=-(a+y)

>y _ —aty)
dx x+b

since, The Slope of the tangent to the curve xy + ax + by = 2 at (1,1) is 2

=2-a-1=2(1+b)

=-a-1=2+2b

=2a+2b=-3..(1)

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

=1l+a+b=2

=a+b=1..2)
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from (1) & (2),we get

a+2b= -3
a+b=1

b= -4

substituteb=-4ina+b=1

a-4=1

=2a=>5

Sothevalueofa=5&b=-4

3. Question

If the tangent to the curve y = X3 + ax + b at (1, - 6) is parallel to the linex -y + 5= 0, findaand b
Answer

Given:

The Slope of the tangent to the curve y = X3 + ax + b at
(1,-6)

First, we will find The Slope of tangent

y=x>+ax+b

Gy _ 43y 4 4 4
de d:\-:(x )+ dx(aX) + dx(b)

dy _ 5,3-1 dx
== = 3x +a(—)+0
dx a(dx)

% =352 44
dx

The Slope of the tangent to the curvey = x> + ax + b at

(1,-6)is
dy _ 2
e 1ymg) 3(1)+a
d
= =3+2a..(1)

dX(x =1,y =—6)
The given lineisx-y+5=0
y = X + 5 is the form of equation of a straight line y = mx + c,where m is the The Slope of the line.
so the The Slope of the lineisy = 1xx + 5
so The Slope is 1. ...(2)
Also the point (1, - 6) lie on the tangent, so
x =1 &y = - 6 satisfies the equation,y = x3 + ax + b
ie,-6=1+ax1+b
=>-6=1+a+b
=2a+b=-7..3)
Since, the tangent is parallel to the line, from (1) & (2)

Hence,
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From (3)

atb=-7

=2-24+b=-7

>b=-5

Sothevalueisa=-2&b=-5

4. Question

Find a point on the curve y = x3 - 3x where the tangent is parallel to the chord joining (1, - 2) and (2, 2).
Answer

Given:

The curve y = x3 - 3x

First, we will find the Slope of the tangent

y = x3 - 3x
dy _ d(y3y_ 4
dx d:\-:(X) dx(BX)

dy _ 5,3-1 dx
= = 3X - =
dx 3( dx)

The equation of line passing through (xg,yg) and The Slope misy - yg = m(x - Xg).

¥—¥a
X— X

so The Slope, m =

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

2-(-2)
dx 2-1

]

|

|
|

From (1) & (2)

3x>-3=4
= 3x2 =
>x2 ="
=X=+4 7

3
y=x3—3x
>y = x(x? - 3)

=>y=i\E((J_rE)2—3)
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=y=if((z—3)
3 3

— o [7 2
=>y—iJ;(?)

we know that, (£ x =) = +

—y =T f
3
Thus, the required point is x = i\E &y = i(é)ﬁ

5. Question

Find a point on the curve y = x3 - 2x2 - 2x at which the tangent lines are parallel to the line y = 2x - 3.
Answer

Given:

The curvey = x3-2x%2-2x and a liney = 2x - 3

First, we will find The Slope of tangent

y =x3 - 2x2 - 2x

dy _ 43y - G ox2) - 4
de d:\-:(x ) dx(zx ) dx(ZX)

=>‘:l—1"=3x3‘1—2><2(x2‘1)—2><x1‘1
X

% —3x2_4x-2..(1)
dx

y = 2x - 3 is the form of equation of a straight line y = mx + c,where m is the The Slope of the line.
so the The Slope of the line isy =2x(x) - 3

Thus, The Slope = 2. ...(2)

From (1) & (2)

=3x2-4x-2=2

>3x2-4x =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

=(x-2)(3x+2)=0

=2(x-2)=0&(3x+2)=0

=>Xx=2o0r

X ==
3
Substitutex=2&x=§iny= 3 - 2x2 - 2x

when x = 2
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Sy =(2)3-2x% (2)2-2x%(2)

sy =28-(2x4) - 4

=>y=8-8-4
:y=—4
when x = =

3

sy = (2P -2x (22 -2x(D)
sy=2-2xQ)+0)
=y=2)-0+0)

taking Icm

>y = (_SXI]_(?;SJ + (4x9)

_ —B-24+36
cY =T

=Y = 4
27

Thus, the points are (2, - 4) & %2 2—4?)

6. Question

Find a point on the curve y2 = 2x3 at which the Slope of the tangent is 3
Answer

Given:

The curve y2 = 2x3 and The Slope of tangent is 3

y2 = 2x3

Differentiating the above w.r.t x

- d -
= 2y? 1><d—:=2><3x3 L

d
=y~ = 3x2
dx
z
Ly _ 3=
dx v

Since, The Slope of tangent is 3

22 _ g
¥

Z

¥

x2 =y

Substituting x2 =y in y2 = 2x3,
(x2)2 = 2x3

x4-2x3=0
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x3(x-2)=0
x3=0o0r(x-2)=0

X=0o0rx=2

Ifx=0
Ly _ 30)°
dx ¥
9 _ 0, which is not possible.

dx

So we take x = 2 and substitute it in y2 = 2x3,we get

y? =2(2)3
y2 = 2x8
y2 =16
y=4

Thus, the required point is (2,4)

7. Question

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

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

? = The Slope of the tangent = tan@
X

xy+4=0

Differentiating the above w.r.t x

d d d
= XX (y) +yx —(x) + —(4) =0

d
>xZL+y=0
dx

dy
=2 X— = -
dx y
ST _ ¥ )
dx X

Also, ¥ = tan4s5° = 1 ...(2)
dx

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

=_—y=1
X

= X = —y
Substitute in xy + 4 = 0,we get
=2X(-x)+4=0

>-x2+4=0

Get More Learning Materials Here : & m @\ www.studentbro.in



sowhenx =2,y =-2

&whenx=-2y=2

Thus, the points are (2, -2) & (- 2,2)

8. Question

Find a point on the curve y = x2 where the Slope of the tangent is equal to the x - coordinate of the point.
Answer

Given:

The curve is y = x2

y = x?

Differentiating the above w.r.t x

d
> = ox2-1

dx

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

i.e,2x = X

=x=0.

Substituting this in y = x2, we get,

y = 0?

=2y=0

Thus, the required point is (0,0)

9. Question

At what point on the circle x2 + y2 - 2x - 4y + 1 = 0, the tangent is parallel to x - axis.
Answer

Given:

The curveis x2 + y2-2x -4y +1=0
Differentiating the above w.r.t x
=>x2+y2-2x-4y+1=0

S2x2142y2- 12 4P y0=0
dx dx
S22x+2y¥ 2 4% o
dx dx

oy _4)y=-2x+2
dx
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dy _ -2(x-1)

dx  2(y-2)
dy  —(x-1)
== 52 (1)

% = The Slope of the tangent = tang

Since, the tangent is parallel to x - axis
i.e,

- ? =tan(0) =0 ...(2)

~tan(0) =0

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

e VO
¥-2)

0

=2-(x-1)=0

=2x=1

Substituting x = 1 in x2 + y2 - 2x - 4y + 1 = 0,we get,
=12 +y?-2x1-4y+1=0
=21-y2-2-4y+1=0

= y2 -4y =0

=yly-4)=0

=2y=0&y =4

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

10. Question

At what point of the curve y = X2 does the tangent make an angle of 45° with the x-axis?
Answer

Given:

The curve is y = x2

Differentiating the above w.r.t x
=y = X2

d
=>—y=2)(2_1
dx

>Y oy (1)

? = The Slope of the tangent = tan@
X

Since, the tangent make an angle of 45° with x - axis
i.e,

- ? = tan(45°) =1 ...(2)

X

~tan(45°) =1
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From (1) & (2), we get,
=22x=1

1
=X =—
2

Substituting x = % iny = x2, we get,
=42
=y =)
1
= y = —

Thus, the required point is (%, %)

11. Question

Find a point on the curve y = 3x% - 9x + 8 at which the tangents are equally inclined with the axes.
Answer

Given:

The curveisy = 3x%2 - 9x + 8

Differentiating the above w.r.t x
>y =3x?-9x + 8

=8 = 2x3x2-1-9 40
dx
¥ _6x-9..(1)
dx
Since, the tangent are equally inclined with axes
=T

. s
i.e,@ = 4orlla =3

? = The Slope of the tangent = tang
X
dy _ o -
= Pl tan(q) or tan(4 )
=% _qor-1..(2)
dx
T
tan(;) =1

From (1) & (2),we get,
=26x-9=10r6x-9=-1
=6x =100r6x =8

10 8
SX=—0rx=-
6 6

5
SX=-0rXx =-

3 3
Substituting x = g or X =%in y = 3x2 - 9x + 8,we get,

When x =3
3

=y =3()2-9C) +8
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=y =30)-C)+8
75 45

sy=()-)+8

taking LCM = 9

=

y = ((?5x1]—(459><3] + (Bxgj)

Sy = (75—135+ 72)
=y =)

=y =0)

when x =§

= = 4—2— 4—
y=3G2-96) +8
_ o/16, 36
=y =3G)- () +8
_ A8 36
sy=G) -G +8

taking LCM =9

sy = ((43><1]—(3E;><3] + (sxg])
48-108 + 72

=y = ()
12

=2y = (?)
4

=Yy = (5)

Thus, the required point is (g, %) & (%, 45)

12. Question

At what points on the curve y = 2x? - x + 1 is the tangent parallel to the line y = 3x + 4?
Answer

Given:

The curve isy = 2x2 - x + land the liney = 3x + 4

First, we will find The Slope of tangent

y = 2x2-x +1

dy _ 4,52y 4 4
= dx dx(zx ) dx(X) + dx(l)

SY —ax-1..(1)
dx

y = 3Xx + 4 is the form of equation of a straight line y = mx + c,where m is the The Slope of the line.
so the The Slope of the lineisy =3x(x) + 4
Thus, The Slope = 3. ...(2)

From (1) & (2),we get,
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Substituting x = liny = 2x% - x + 1,we get,

sy =2(1)2-(1)+1

=2y=2-1+1

Thus, the required point is (1,2)

13. Question

Find a point on the curve y = 3x2 + 4 at which the tangent is perpendicular to the line whose slope is _l,
6

Answer

Given:

The curve y = 3x2 + 4 and the Slope of the tangent is_?1

y=3x2+4
Differentiating the above w.r.t x

d
=>d—"'=2><3x2-1+o

X

> 6x ...(1)
dx

Since, tangent is perpendicular to the line,

-1
The Slope of the tangent

~The Slope of the normal =

-1_ -1
i1 bx

Substituting x = 1 iny = 3x2 + 4,

>y =3(1)2+4

=2y=3+4

sy=7

Thus, the required point is (1,7).

14. Question

Find the point on the curve x? + y2 = 13, the tangent at each one of which is parallel to the line 2x + 3y = 7.
Answer

Given:

The curve x2 + y2 = 13 and the line 2x + 3y = 7

x2+y2=13
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Differentiating the above w.r.t x

S2x2 14 22-1% _
dx

»2x+2y2=0
X

:2(x+y?)=0
X

Since, lineis 2x + 3y =7
=23y =-2x+7

_ —2x+7
3

=Yy

-2
Sy=5+

W =1

~The equation of a straight line is y = mx + ¢, where m is the The Slope of the line.
Thus, the The Slope of the line is_?2 ..(2)

Since, tangent is parallel to the line,
~ the The Slope of the tangent = The Slope of the normal

-2

X
¥y

Substituting x = ?in x2 +y2 =13,
= (D)2 +y? =13

= () +y2 =13

=y + 1) =13

= y2(2) =13

=y =1

=y =43
Substitutingy =+3 inx = ?,we get,

2x(+3
o = 2X(£3)
3
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X =42
Thus, the required pointis (2, 3) & (-2, - 3)

15. Question

Find the point on the curve 2a2y = x3 - 3ax? where the tangent is parallel to the x - axis.

Answer

Given:

The curve is 2a2y = x3 - 3ax?
Differentiating the above w.r.t x

d
=>2a2><d—‘“= 3x3-1-3x2ax2-1
X

d
= 2a2Y = 3x2 - 6ax
dx

o 3Pt (1)

dx 2a?
? = The Slope of the tangent = tan@
X

Since, the tangent is parallel to x - axis
i.e,

= ? =tan(0) = 0 ...(2)

~ tan(0) =0

? = The Slope of the tangent = tan@
X

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

z
=°Bx —bax
2a

=3x2-6ax =0

=3x(x-2a)=0

=23x=0o0r(x-2a)=0

=>x=0o0rx=2a

Substituting x = 0 or x = 2a in 2a%y = x3 - 3ax?,
when x = 0

= 2a%y = (0)3 - 3a(0)?

>y=0

when x = 2

= 2a%y = (2a)3 - 3a(2a)?

= 2a’%y = 8a° - 12a°

= 2ay = - 433

=y =-2a

Thus, the required pointis (0,0) & (2a, - 2a)
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16. Question

At what points on the curve y = X - 4x + 5 is the tangent perpendicular to the line 2y + x = 7?
Answer

Given:

The curvey = x2 - 4x + 5and lineis 2y + x = 7

y=x2-4x+5

Differentiating the above w.r.t x,

we get the Slope of the tangent,

S _2x2-1_.440

dx

W _ox_4..(1)
dx

Since, lineis 2y + x =17

=2y =-x+7
-x+7

=>y= 5

-v=3+]

~The equation of a straight line is y = mx + ¢, where m is the The Slope of the line.
Thus, the The Slope of the line is_?1 ..(2)

Since, tangent is perpendicular to the line,

-1
The Slope of the tangent

~The Slope of the normal =

From (1) & (2),we get

. -1 -1
e, —
2

Substituting x = 3iny = x% - 4x + 5,
>y=y=3-4x3+5
=y=9-12+5

sy =2

Thus, the required point is (3,2)

17 A. Question

2 2

Find the point on the curve .y —1 at which the tangents are parallel to the
4 25

X - axis

Answer
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Given:

L2 2
Thecurveis®*™ 4+ ¥ =1
4+ 25

Differentiating the above w.r.t x, we get the The Slope of a tangent,

z-1,.9 _

=0

= zxz—i + z}r
4 25

Cross multiplying we get,

dy
= ZOHIX+AXIyX— 0

100

=>50x+8y%=0

=8yg= ~ 50x

—50

o dy _ 50x

dx 8y

d —25x
> = (1)

dx 4y

(i)
Since, the tangent is parallel to x - axis

= ? =tan(0) = 0 ...(2)

~tan(0) =0

? = The Slope of the tangent = tan@
X

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

—25x%
=
4y

=0
=-25x=0
=x=0

2 2
Substitutingx =0inX 4 ¥ =1,
9 s 1

= + =1

-
b [
(5] =]

=y2 =25
=>y==5
Thus, the required point is (0,5) & (0, - 5)

17 B. Question

] ]

Find the point on the curve X_ 1 L —1 at which the tangents are parallel to the y - axis.

4 25
Answer

Since, the tangent is parallel to y - axis, its The Slope is not defined, then the normal is parallel to x - axis
whose The Slope is zero.
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2 [lz
=>_ ]

+25
>x2=4
=X =2

Thus, the required pointis (2,0) & ( - 2,0)
18 A. Question

Find the point on the curve x? + y2 - 2x - 3 = 0 at which the tangents are parallel to the x - axis
Answer

Given:

The curveis x2 + y2-2x-3=0

Differentiating the above w.r.t x, we get The Slope of tangent,

S2x2-142y2-1% 5 g9
dx

=2x+2y$-2=0
X

d
=2y¥ =2-2x
dx
- dy — 2-2Zx
dx 2y
d 1-x
=T ="—_.1)
dx ¥

(i) Since, the tangent is parallel to x - axis

~tan(0)=0

? = The Slope of the tangent = tang

X

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

¥
=1-x=0
=2x=1

Substituting x = 1in x2 + y2-2x-3 =0,
= 12+y2-2x1-3=0

= 1+y?-2-3=0
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= y2 -4=0

= y2 =

=2y =2

Thus, the required pointis (1,2) & (1, - 2)

18 B. Question

Find the point on the curve X2 + y2 - 2x - 3 = 0 at which the tangents are parallel to the y - axis.
Answer

Since, the tangent is parallel to y - axis, its slope is not defined, then the normal is parallel to x - axis whose
slope is zero.

>y=0

Substitutingy = 0in x2 + y2-2x-3 =0,

= x2+0%2-2xx-3=0

= x2-2x-3=0

Using factorization method, we can solve above quadratic equation
= x2-3x+x-3=0

= X(x-3)+1(x-3)=0

= (x-3)(x+1)=0

=>2x=3&x=-1

Thus, the required pointis (3,0) & ( - 1,0)

19 A. Question

2 2

Find the point on the curve L A =1 at which the tangents are parallel to x - axis
9 16

Answer

Given:

- 2
Thecurveis®™ 4+ ¥ =1
9 ' 16

Differentiating the above w.r.t x, we get the Slope of tangent,

-1 2-1, 0
= 2x + 2y *%#=0

9 16

dy
2 VR =0
9 8

Cross multiplying we get,
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_, (8x2x)+ (9><y]><d—|5 —0

72

= 16x + 9y = 0
X

(i)
Since, the tangent is parallel to x - axis

- ? =tan(0) = 0...(2)

~tan(0) =0

? = The Slope of the tangent = tan@
X

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

—16x
=
9y

=0

=-16x=0

=>x=0

2 2
Substitutingx =0in%: 4 ¥ =1,
9 T

— ¥ =1
= +“5
=y2=16
=y =4

Thus, the required point is (0,4) & (0, - 4)

19 B. Question

2 2

X

Find the point on the curve = . ¥y —1 at which the tangents are parallel to y - axis

16

Answer

Since the tangent is parallel to y-axis, its slope is not defined, then the normal is parallel to x-axis whose The

Slope is zero.

e, & =0
dx
-1
=>"1ex =0
El)
Lo
1lox
=Sy = 0
2 2
Substitutingy = 0in®: + £ =1,
9y 9 + 16
x2 02
= =1
= 9 +-1ﬁ
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Thus, the required pointis (3,0) & ( - 3,0)

20. Question

Show that the tangents to the curve y = 7x3 + 11 at the points x = 2 and x = - 2 are parallel.
Answer

Given:

The curvey = 7x3 + 11

Differentiating the above w.r.t x

d
>F=3x7x3-14+0
dx

d
> = 21x2
dx

when x = 2

ST o1x(2)2

dix =2

- _21x4
dxy =2

- W =84

Ex=2
when x =-2

ST o1x(-2p

Ex=2

- _21x4
dxy =2

- W =84

Ex=2 B

Let y = f(x) be a continuous function and P(xg yo) be point on the curve, then,
The Slope of the tangent at P(xy) is f'(x) or ?
! X

Since, the Slope of the tangent is at x = 2 and x = - 2 are equal, the tangents at x = 2 and x = - 2 are
parallel.

21. Question

Find the point on the curve y = x3 where the Slope of the tangent is equal to x - coordinate of the point.
Answer

Given:

The curveisy = x3

y=x

Differentiating the above w.r.t x

d
=T =3x2-1

dx
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Also given the The Slope of the tangent is equal to the x - coordinate,

dy _
ol X ...(2)

From (1) & (2),we get,
i.e, 3x2 = x

=x(3x-1)=0

1
=>x=00rx=§

Substituting x = 0 or x =% this in y = x3,we get,

when x =0
=>y=03
ﬂy:O

whenx=1

3

_ L3
=y=(3)
oy =1
Y =3

Thus, the required point is (0,0) & (%, %)
Exercise 16.2

1. Question

Find the equation of the tangent to the curve \fx + \/1,7 — 4. at the point (a%/4, a2/4)

Answer

finding slope of the tangent by differentiating the curve

1 N 1 (dy) B
2\.& 2\{@ dx B
d}’ _ \."E
dx \I,y

F4 2
at (a:"‘:) slopem, is - 1

the equation of the tangent is given by y - y; = m(x - x7)

a’ a’
5= 1(-%)

a?
X+y=§

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

finding the slope of the tangent by differentiating the curve
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d
m = v _ 6x% — 2%

dx
m = 4 at (1,4)
normal is perpendicular to tangent so, mym, = -1
m(normal) = —%

equation of normal is given by y - y; = m(normal)(x - x;)

—a- (s

X+ 4y =17

3 A. Question

Find the equation of the tangent and the normal to the following curves at the indicated points:
y = x*-6x3 + 13x2 - 10x + 5 at (0, 5)

Answer

finding the slope of the tangent by differentiating the curve

dy_
dx

m(tangent) at (0,5) = - 10

4x® —18x2% + 26x— 10

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

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 - x;)

y—5 = ix
10
3 B. Question
Find the equation of the tangent and the normal to the following curves at the indicated points:
y=x*-6x3+13x2-10x +5atx=1y =3
Answer

finding slope of the tangent by differentiating the curve

d

Y 4’ —18x2 + 26x— 10

dx

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

normal is perpendicular to tangent so, mim, = -1

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

equation of tangent is given by y - y; = m(tangent)(x - x;)

y-3=2(x-1)
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y=2x+1

equation of normal is given by y - y; = m(normal)(x - x;)
3 L 1
y—3=—-5&-1)

2y =7—X

3 C. Question

Find the equation of the tangent and the normal to the following curves at the indicated points:
y = x% at (0, 0)

Answer

finding the slope of the tangent by differentiating the curve

dy
- =2
dx X

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

normal is perpendicular to tangent so, mym, = -1

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 - y; = m(tangent)(x - x;)

y=20

equation of normal is given by y - y; = m(normal)(x - x;)

x=0

3 D. Question

Find the equation of the tangent and the normal to the following curves at the indicated points:
y=2x2-3x-1at(1,-2)

Answer

finding the slope of the tangent by differentiating the curve

dy
& = 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 - y; = m(tangent)(x - x;)
y+2=1(x-1)

y=x-3

equation of normal is given by y - y; = m(normal)(x - x7)
y+2=-1(x-1)

y+x+1=0

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

3
vio_® at(2,-2)
] 4-x

Answer
finding the slope of the tangent by differentiating the curve

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

1
m(normal) at (2,-2) = 3

equation of tangent is given by y - y; = m(tangent)(x - x;)
y+2=-2(x-2)
y+2x=2

equation of normal is given by y - y; = m(normal)(x - x;)

1
y+2-= E(x—z)

2y +4=x-2

2y -x+6=0

3 F. Question

Find the equation of the tangent and the normal to the following curves at the indicated points:
y=x2+4x+1latx=3

Answer

finding slope of the tangent by differentiating the curve

dy
&—2)(4‘4

m(tangent) at (3,0) = 10

normal is perpendicular to tangent so, mim, = -1
( 1) at (3,0 L
minormal) at (3,0) = ——
(3.0) 0

equation of tangent is given by y - y; = m(tangent)(x - x;)
yatx =3

y=32+4x3+1

y =22

y-22=10(x - 3)

y=10x-8

equation of normal is given by y - y; = m(normal)(x - x;)
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1
y—22 = —E(X—3)
X + 10y = 223

3 G. Question

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

3 3

X; _Lzl at (a cos 6, b sin 6)
a- b~
Answer

finding the slope of the tangent by differentiating the curve

X  ydy
aZ * b2dx
dy xa’
dx = yb?
. cot 0 a?
m(tangent)at (a cos 6,b sin8) = o
normal is perpendicular to tangent so, mym, = -1
b2
mal) at B,bsinB) =
m(normal) at (a cos sin 8) e

equation of tangent is given by y - y; = m(tangent)(x - x;)

cotBa?
b2

y — bsinf = — (x — acos0)

equation of normal is given by y - y; = m(normal)(x - x;)

2

y — bsing = — (x — acosB)

cotB a2
3 H. Question

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

2 2

X: _2:1 at (a sec 6, b tan 8)
a_' b_'
Answer

finding the slope of the tangent by differentiating the curve

x_ydy _
a? b2dx
dy  xb?
dx  ya®
m(tangent) at (asecB,btan8) =
(tangent) at ( ) asinf
normal is perpendicular to tangent so, mim, = -1
asinB
m(normal) at (asecO,btan®) = — 5

equation of tangent is given by y - y; = m(tangent)(x - x;)
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y — btanf = (x — asech)

asin®

equation of normal is given by y - y; = m(normal)(x - x;)

asin®
b

y — btanf = — (x — asech)

3 1. Question

Find the equation of the tangent and the normal to the following curves at the indicated points:
y2 = 4a x at (a/m?, 2a/m)

Answer

finding the slope of the tangent by differentiating the curve

Zyﬁ = 4a

dy 2a

dx ¥y

m(tangent) at (i E‘)

m2’ m
m(tangent) = m
normal is perpendicular to tangent so, mym, = -1

1
m(normal) = — -

equation of tangent is given by y - y; = m(tangent)(x - x;)

2a a
—— =1m (x— —)
m m?

equation of normal is given by y - y; = m(normal)(x - x;)

2a 1 a
Y"m ~ _E(X_E)

3 J. Question

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

C_'(X_' _}I._') :X_' }I._' a.t

C C
cos O s 6
Answer

finding the slope of the tangent by differentiating the curve
dy dy
2 ) I 2 252
C (Zx + 2y dx) 2xy© + 2xX°y Ix

dy dy
2 2 _ 2 2
2xc® — 2xy° = 2X%y Ix 2yc Ix
dy  xc?—xy?

dx  x2y—yc?

m(tangent) at ( € © ) — _cos’8

cosB "sin@ sin 2 8

normal is perpendicular to tangent so, mim, = -1
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m(normal) at( = = ) = sin® @

r .
cos8 "sin@ cos? 8

equation of tangent is given by y - y; = m(tangent)(x - x;)

C cos3 0 C
S LT
sin@ sin30

cosB

equation of normal is given by y - y; = m(normal)(x - x;)

C sin® 0 C

y- sin@  cos30 ( - COSB)

3 K. Question

Find the equation of the tangent and the normal to the following curves at the indicated points:
xy = c? at (ct, c/t)

Answer

finding slope of the tangent by differentiating the curve

dy
y+x£—0
dy _ ¥
dx X

m(tangent) at (ct,f) =_1

t2

normal is perpendicular to tangent so, mim, = -1
m(normal) at (ct,f) =2

equation of tangent is given by y - y; = m(tangent)(x - x;)
C 1
y—1= g&-®

equation of normal is given by y - y; = m(normal)(x - X;)
C
y-1= t*(x —ct)

3 L. Question

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

2 2
Y _jatixqy)

2 L

a- b°

Answer

finding the slope of the tangent by differentiating the curve

X ydy 0
a? b2dx
dy b?x

dx  ya?

b2,
m(tangent) at (x3, y1) = —
¥ia

normal is perpendicular to tangent so, mim, = -1
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z
a“y,

m(normal) at (xq, y1) = i
-1

equation of tangent is given by y - y; = m(tangent)(x - x;)

b?x,
Y=V = 5z (x—x4)

equation of normal is given by y - y; = m(normal)(x - x;)

a’y;
y_ yl = _lez (X_Xl)

3 M. Question

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

2 2

2y
X,} — 2 =1 at (Xo, Yo)
a- b
Answer

finding the slope of the tangent by differentiating the curve

x_ Y& _
a2 bzdx
dy b?x
dx  ya?
m(tangent) at (xg, o) = 22
g 0' yO - }"03.2
normal is perpendicular to tangent so, mym, = -1
—- _ a’yy
m(normal) at (X7, y1) = b

equation of tangent is given by y - y; = m(tangent)(x - x;)

_ b
B Voa?

y—¥V1 (x—%,)

equation of normal is given by y - y; = m(normal)(x - x;)

a’yo
y_yl = _X0b2 (X_xl)

3 N. Question

Find the equation of the tangent and the normal to the following curves at the indicated points:
x23 4+ y213 = 2 at (1, 1)

Answer

finding the slope of the tangent by differentiating the curve

2 2 dy
-+ — " =
3x1/3  3ylf3dx
dy yua
dx ~ xI3

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

normal is perpendicular to tangent so, mym, = -1
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m(normal) at (1,1) =1

equation of tangent is given by y - y; = m(tangent)(x - x;)
y-1=-1(x-1)

X+y=2

equation of normal is given by y - y; = m(normal)(x - x;)
y-1=1(x-1)

y =X

3 0. Question

Find the equation of the tangent and the normal to the following curves at the indicated points:
x2 = 4y at (2, 1)

Answer

finding the slope of the tangent by differentiating the curve

dy
ZX—‘ﬂrE
dy x
dx 2

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

normal is perpendicular to tangent so, mym, = -1
m(normal) at (2,1) = -1

equation of tangent is given by y - y; = m(tangent)(x - x;)
y-1=1(x-2)

equation of normal is given by y - y; = m(normal)(x - x;)
y-1=-1(x-2)

3 P. Question

Find the equation of the tangent and the normal to the following curves at the indicated points:
y2 = 4x at (1, 2)

Answer

finding the slope of the tangent by differentiating the curve

2}’&=4

dy 2

dx vy

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

normal is perpendicular to tangent so, mym, = -1
m(normal) at (1,2) = -1

equation of tangent is given by y - y; = m(tangent)(x - x;)
y-2=1(x-1)

equation of normal is given by y - y; = m(normal)(x - x;)
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y-2=-1(x-1)

3 Q. Question

Find the equation of the tangent and the normal to the following curves at the indicated points:
4x2 + 9y2 = 36 at (3 cos 6, 2 sin )

Answer

finding the slope of the tangent by differentiating the curve

8x + 18 dy 0
X —_— =
Yax
dy 4x
dx N ‘;Iy
m(tangent) at (3 cos 6, 2 sin §) = — 2%
3sin@

normal is perpendicular to tangent so, mym, = -1
m(normal) at (3 cos 6, 2 sin 8) = 25°

ZcosB

equation of tangent is given by y - y; = m(tangent)(x - x;)

2cosB
3sinb

y— 2sinf = — (x — 3cos8)

equation of normal is given by y - y; = m(normal)(x - x;)

3sinb
2cos0

3 P. Question

y — 2sinf = (x — 3cosh)

Find the equation of the tangent and the normal to the following curves at the indicated points:
y2 = 4ax at (xq, y7)

Answer

finding slope of the tangent by differentiating the curve
2y— = 4
ydx a

dy 2a

dx ¥y
m(tangent) at (xq, y1) =;—a
1

normal is perpendicular to tangent so, mym, = -1

m(normal) at (X1, y1) = —ﬁ

equation of tangent is given by y - y; = m(tangent)(x - x;)
2a

v—y = —(x—-x)
NE

equation of normal is given by y - y; = m(normal)(x - x;)

RES

-y = —zgix—xl)
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3 S. Question

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

2 2

Y et (V3ab)

a- b-

Answer

finding slope of the tangent by differentiating the curve

x ydy 0
a2 b2dx
dy  xb?®
dx  ya?
[2ab?
,r oV
m(taneent) at(v2a,b ) = ———
(tangent) at (V2a,b ) = ——
normal is perpendicular to tangent so, mim, = -1
ba?
m(normal) at (V2a,b) = - ——
( ) ( ) \Ealﬂ

equation of tangent is given by y - y; = m(tangent)(x - x;)

\ﬁabg
ba?

y—b = (x—/2a)

equation of normal is given by y - y; = m(normal)(x - x;)

ba?
—b = - x —v/2a
¥ \Ealﬂ ( v )

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

finding slope of the tangent by differentiating x and y with respect to theta

® 4 cose
B COs
dy .
i —sind

Dividing both the above equations

dy sinf
dx 1 + cos®

m at theta (mr/4) = -1 + iﬁ
v 2

equation of tangent is given by y - y; = m(tangent)(x - x;)

- = (-1 + ) (x-7-5)
— —_— = _ JR— ¥ ————
y NG NG PR

5 A. Question
Find the equation of the tangent and the normal to the following curves at the indicated points:

x=0+sinB,y=1+cos6atb=mn/2.
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Answer

finding slope of the tangent by differentiating x and y with respect to theta

B4 coso
i COS
dy .
i —szind

Dividing both the above equations

dy sinf
dx« 1+ cos®

m(tangent) at theta (m/2) =-1
normal is perpendicular to tangent so, mim, = -1
m(normal) at theta (/2) =1

equation of tangent is given by y - y; = m(tangent)(x - x;)
T
y—1= —1(x—§— 1)
equation of normal is given by y - y; = m(normal)(x - x;)
i
y—1= 1(}{—5—1)

5 B. Question

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

X:-atq‘v:_atq att=1/2
1+t~ 1+t°
Answer

finding slope of the tangent by differentiating x and y with respectto t

dx (1 + t?)4at— 2at’(2¢)
dt (1 + t2)2

dx 4at
dt (1 + t2)2

dy (1 + t?)6at? — 2at?(2t)
dt (1 + t2)2

dy  6at® + 2at*
dt (1 + t2)2

Now dividing % and %to obtain the slope of tangent

dy  6at? + 2at*
dx 4at

13

1.
m(tangent) att = SIS

normal is perpendicular to tangent so, mym, = -1
1. 16

m(normal) att =-is ——
2 13
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equation of tangent is given by y - y; = m(tangent)(x - x;)
a 13( Za)
Y5 T 16\* s

equation of normal is given by y - y; = m(normal)(x - x;)

a 16 2a
y-5 = ~1(-3)
5 C. Question

Find the equation of the tangent and the normal to the following curves at the indicated points:
x =at?,y =2atatt =1,

Answer

finding slope of the tangent by differentiating x and y with respectto t

dX—Zt
a - 2
dy

E—Za

Now dividing % and %to obtain the slope of tangent

dy 1

dx  t

m(tangent)att=1is 1

normal is perpendicular to tangent so, mim, = -1
m(normal) att=1is-1

equation of tangent is given by y - y; = m(tangent)(x - x;)
y-2a=1(x-a)

equation of normal is given by y - y; = m(normal)(x - x;)
y-2a=-1(x-a)

5 D. Question

Find the equation of the tangent and the normal to the following curves at the indicated points:
x=asect, y=btantatt.

Answer

finding slope of the tangent by differentiating x and y with respect to t

dx

— = asecttant
dt

dy

— = bsec?t
dt

Now dividing % and %to obtain the slope of tangent

dy  bcosect

dx a

m(tangent) at t = 2eosec!

a
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normal is perpendicular to tangent so, mim, = -1
m(normal) att = —Esint
equation of tangent is given by y - y; = m(tangent)(x - x7)

bcosect
y—btant = — (x — asect)

equation of normal is given by y - y; = m(normal)(x - x;)

asint
b

y—btant = — (x —asect)

5 E. Question

Find the equation of the tangent and the normal to the following curves at the indicated points:
Xx=a(®+sinB),y=a(l-cosH)atb

Answer

finding slope of the tangent by differentiating x and y with respect to theta

B a1 + cosd
B a( cosB)
dy .

i a(sinB)

Now dividing % and %to obtain the slope of tangent

dy  sin®
dx 1 + cos@

m(tangent) at theta is —=28

1 + cosB
normal is perpendicular to tangent so, mim, = -1

sin 8

m(normal) at theta is —
1+ cosB

equation of tangent is given by y - y; = m(tangent)(x - x;)

sin®

¥V a(l—cosﬂ) = m

(x—a(B + sinB))

equation of normal is given by y - y; = m(normal)(x - x;)

1 + cosB

—inB (x—a(B + sinB))

y— a(l—cosB) =
5 F. Question
Find the equation of the tangent and the normal to the following curves at the indicated points:
X =3cos0-cos36,y=3sin0 -sin306

Answer

finding slope of the tangent by differentiating x and y with respect to theta

B 35im6 + 3cos?sing
B sin cos-Bsin
dy -

i 3cosB — 3sin“Bcos 0O

Get More Learning Materials Here : & m @\ www.studentbro.in



Now dividing % and %to obtain the slope of tangent

dy  3cos@— 3sin’Bcos8

= = —tan®@
dx —3sin® + 3cos?Bsind
m(tangent) at theta is —tan3®@
normal is perpendicular to tangent so, mym, = -1

m(normal) at theta is cot®8

equation of tangent is given by y - y; = m(tangent)(x - x;)
y — 3sinf + sin®*0 = —tan®*0(x — 3cos0 + 3cos?0)
equation of normal is given by y - y; = m(normal)(x - x;)
v — 3sinf + sin®*@ = cot*6(x — 3cos® + 3cos?0)

6. Question

Find the equation of the normal to the curve x2 + 2y? - 4x - 6y + 8 = 0 at the point whose abscissa is 2
Answer

finding slope of the tangent by differentiating the curve

dy dy
2x + 4}’&—4—6E =0
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=2o0ry=1

m(tangent) atx =2is 0

normal is perpendicular to tangent so, mim, = -1
m(normal) at x = 2 isi, which is undefined

equation of normal is given by y - y; = m(normal)(x - x;)

X =2

7. Question

Find the equation of the normal to the curve ay? = x3 at the point (amZ, am?3).
Answer

finding the slope of the tangent by differentiating the curve

dy_

- = 32
dx

2ay X

dy  3x°
dx  2ay

3m

m(tangent) at (am2, am3) is =
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normal is perpendicular to tangent so, mim, = -1

. 2
m(normal) at (am?2, am3) is -
m

equation of normal is given by y - y; = m(normal)(x - x;)

2
y—am?® = —ﬂ(x— am?)

8. Question
The equation of the tangent at (2, 3) on the curve y2 = ax3 + b is y = 4x - 5. Find the values of a and b.
Answer

finding the slope of the tangent by differentiating the curve

dy

5o 2
Zydx 3ax
dy  3ax’
dx 2y

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

equation of tangent is given by y - y; = m(tangent)(x - x;)
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. Question

Find the equation of the tangent line to the curve y = x2 + 4x - 16 which is parallel to the line 3x -y + 1 = 0.
Answer

finding the slope of the tangent by differentiating the curve

dy
&—2)(4‘4

m(tangent) = 2x + 4
equation of tangent is given by y - y; = m(tangent)(x - x7)
now comparing the slope of a tangent with the given equation

2x+4=3

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

L e T
Y =13 "

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

(e )
YT =2\¥7T3
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10. Question
Find the equation of normal line to the curve y = 3 + 2x + 6 which is parallel to the line x + 14y + 4 = 0.
Answer

finding the slope of the tangent by differentiating the curve

dy ,
E—?)X + 2

m(tangent) = 3x2 + 2

normal is perpendicular to tangent so, mym, = -1

m(normal) = ——
( ) 3x% + 2

equation of normal is given by y - y; = m(normal)(x - x;)

now comparing the slope of normal with the given equation

m(normal) = 1
14
1 1
14  3x2 + 2
X=2o0r-2

hence the corresponding value of y is 18 or - 6

so, equations of normal are

1
y—18 = —E[x—z)
Or
+ 6 = 1(+2)
T

11. Question

Determine the equation (s) of tangent (s) line to the curve y = 4x3 - 3x + 5 which are perpendicular to the
line 9y + x + 3 = 0.

Answer

finding the slope of the tangent by differentiating the curve

— = 12x%*-3
dx

m(tangent) = 12x%— 3
the slope of given line is —51 , S0 the slope of line perpendicular to it is 9

12x* -3 =9

x=1lor-1

since this point lies on the curve, we can find y by substituting x
y=6o0r4

therefore, the equation of the tangent is given by

equation of tangent is given by y - y; = m(tangent)(x - x;)

y-6=9(x-1)
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or

y-4=9(x+1)

12. Question

Find the equation of a normal to the curve y = x log, x which is parallel to the line2x - 2y + 3 = 0.
Answer

finding the slope of the tangent by differentiating the curve

dy
el Inx + 1

m(tangent) =lnx + 1

normal is perpendicular to tangent so, mim, = -1

1
m(normal) = —

Inx+1

equation of normal is given by y - y; = m(normal)(x - x7)

now comparing the slope of normal with the given equation

m(normal) = 1
L 1
Inx + 1
1
X = 6_2

since this point lies on the curve, we can find y by substituting x

2
Y=—E—2

The equation of normal is given by

13 A. Question

Find the equation of the tangent line to the curve y = X2 - 2x 4+ 7 which is
parallel to the line 2x -y +9 =0

Answer

finding the slope of the tangent by differentiating the curve

dy
E = 2x—2

m(tangent) = 2x - 2

equation of tangent is given by y - y; = m(tangent)(x - x;)
now comparing the slope of a tangent with the given equation
m(tangent) = 2

2x-2=2

X =2

since this point lies on the curve, we can find y by substituting x

Get More Learning Materials Here : & m @\ www.studentbro.in



y=22-2x2+7

y=17

therefore, the equation of the tangent is

y-7=2(x-2)

13 B. Question

Find the equation of the tangent line to the curve y = x2 - 2x + 7 which is
perpendicular to the line 5y - 15x = 13.

Answer

slope of given line is 3

finding the slope of the tangent by differentiating the curve

dy
E = 2x—2

m(tangent) = 2x - 2
since both lines are perpendicular to each other

(2x-2)x3=-1

since this point lies on the curve, we can find y by substituting x

25 10 217

Y36 6 36

therefore, the equation of the tangent is

217 1( 5)
14. Question

Find the equation of all lines having slope 2 and that are tangent to the curve y =

Answer

finding the slope of the tangent by differentiating the curve

dy 1

dx (x—3)2

Now according to question, the slope of all tangents is equal to 2, so

1

e
(x—3)% = —%

We can see that LHS is always greater than or equal to 0, while RHS is always negative. Hence no tangent is
possible

15. Question
1

Find the equation of all lines of slope zero and that is tangentto thecurve y = —
X" -2x+3
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Answer
finding the slope of the tangent by differentiating the curve
dy (2x—2)

dx _[:XE—ZX + 3)
Now according to question, the slope of all tangents is equal to 0, so

(2x—2) 3
T (x2—-2x+ 3)

Therefore the only possible solutionis x =1

since this point lies on the curve, we can find y by substituting x

1

y=1-2+3
1

Y =3

equation of tangent is given by y - y; = m(tangent)(x - x;)

1
y—5 = 0(x—1)
v =3

16. Question

Find the equation of the tangent to the curve vy — ./3x — 2 which is parallel to the line 4x - 2y + 5 = 0.

Answer

finding the slope of the tangent by differentiating the curve
dy 3

dx ~ 2y3x-2

equation of tangent is given by y - y; = m(tangent)(x - x;)
now comparing the slope of a tangent with the given equation
m(tangent) = 2

3

— =2
2W3x—2

9
16

41
"~ 48

3x—2

X
since this point lies on the curve, we can find y by substituting x

a_
Y= |16

3

Y =3

therefore, the equation of the tangent is
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3 2( 41)
Y747 *\¥ g
17. Question
Find the equation of the tangent to the curve x2 + 3y - 3 = 0, which is parallel to the line y = 4x - 5.

Answer

finding the slope of the tangent by differentiating the curve

m(tangent) = — 23—‘

equation of tangent is given by y - y; = m(tangent)(x - x;7)
now comparing the slope of a tangent with the given equation
m(tangent) = 4

2x

-3 =
X=-6

since this point lies on the curve, we can find y by substituting x
62+3y-3=0

y=-11

therefore, the equation of the tangent is

y + 11 =4(x + 6)

18. Question

« 1 il
EJ _[lJ = 2 touches the straight line XY 2 for all n € N, at the point (a, b).

a b a b

Prove that

Answer

n—1

finding the slope of the tangent by differentiating the curve
y n—-1 dy
+n (—) E =

n(3) .

-GG
dx y a

m(tangent) at (a,b) is —>
a

equation of tangent is given by y - y; = m(tangent)(x - x;)
therefore, the equation of the tangent is

b
y—b=-—-kx-a
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Hence, proved

19. Question

Find the equation of the tangent to the curve x = sin 3t, y = cos 2t at t = E
4

Answer

finding the slope of the tangent by differentiating x and y with respect to t

dx =3 3t
I Cos

dy

— = —2sin2t
i sin

Dividing the above equations to obtain the slope of the given tangent

dy —2sin2t
dx 3 cos3t

m(tangent) at E i 2V2
3

equation of tangent is given by y - y; = m(tangent)(x - x;)
therefore, equation of tangent is

0 2»@( 1 )
— = —|X——
20. Question

At what points will be tangents to the curve y = 23 - 15x2 + 36x - 21 be parallel to the x - axis? Also, find
the equations of the tangents to the curve at these points.

Answer

finding the slope of the tangent by differentiating the curve

d
v _ 6x% —30x + 36
dx

According to the question, tangent is parallel to the x - axis , which implies m = 0
6x2—30x + 36 = 0

x*-5x+6 =0

X=30rx=2

since this point lies on the curve, we can find y by substituting x
y =2(3)3-15(3)%2 + 36(3) - 21

y==6

or

y = 2(2)°-15(2)% + 36(2) - 21

y=17

equation of tangent is given by y - y; = m(tangent)(x - x;)
y-6=0(x-3)

y=6
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or
y-7=0(x-2)

y=17

21. Question

Find the equation of the tangents to the curve 3x? - y2 = 8, which passes through the point (4/3, 0).
Answer

assume point (a, b) which lies on the given curve

finding the slope of the tangent by differentiating the curve

dy
6x—2y£ =0
dy 3x
dx ¥y

m(tangent) at (a,b) is ?

Since this tangent passes through G 0), its slope can also be written as

b—0
_4
a—3

Equating both the slopes as they are of the same tangent

b _Ba

4 b
3

a—
b? = 3a% - 4a ...(i)

Since points (a,b) lies on this curve

3a2 - b? = 8 ...(ii)

Solving (i) and (ii) we get

3a2-8 =3a%-4a

a=2

b=2or-2

therefore points are (2,2) or (2, - 2)

equation of tangent is given by y - y; = m(tangent)(x - x;)
y-2=3(x-2)

or

y+2=-3(x-3)

Exercise 16.3

1 A. Question

Find the angle to intersection of the following curves :
2 _ —
yc=xand x- =y

Answer
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Given:

Curves y2 = x ...(1)
&x2=y..(2)

First curve is y2 = x
Differentiating above w.r.t x,

=2y.g= 1

sm=% _ 1.3
dx 2x

The second curve is X2 =y

dy
dx

= 2X =

>my= ¥=2x..4)
dx

Substituting (1) in (2),we get

x2 =y

= (y2)? =y
=y*-y=0
=y(y3-1)=0

=2y=0o0ry=1

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

wheny =0,x=0

wheny=1x=1

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

when x = 0,

dx 2x0
when x =1,

dx 2x1 2

Values of my is &g
wheny =0,

m2=3=2x=2><0=0

X

when x =1,

mo— ¥ =3x=2x1=2
2 dx

Values of my is 0 & 2
whenm; = o &my =0

my I,

tan6 = |

1+m,m.
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tang = |-2==
1+ cox0

tanb = «

0 = tan ~ ()

. “1l(py_ T
< tan (oo)_2
e:

™
2

when mq{ = El&m2=2

Angle of intersection of two curve is given by
tan g = | T

1+mymy

where m1 & m:z are slopes of the curves.

1
2=
tan® = |—3=—
1+-x2
2
2
tanb = |=
2
tanb = El
4

6 =tan"- 1(3)

0=36.86

1 B. Question

Find the angle to intersection of the following curves :
y =x2and x2 + y2 = 20

Answer

Given:

Curvesy = x2 ...(1)

&x2 +y2=120..02)

First curve y = x2

=M= g = 2X...(3)

Second curve is x2 4+ y2 = 20

Differentiating above w.r.t x,

=>2x+2y.?=o
X

dy
sy, ¥ =_x
ydx
d; —-X
=>m,= d—l" = ?...(4)

Substituting (1) in (2),we get
=y +y?=20
=>y2+y-20=0

We will use factorization method to solve the above Quadratic equation
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=y2+5y-4y-20=0
=>y(ly+5)-4(y+5)=0
=(y+5)y-4)=0

>y=-5&y=4
Substitutingy =-5 &y =4in (1) in (2),
y = x?

wheny = -5,
=-5=x

:Xz

V=5

wheny = 4,

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

when x = 2,
dx
when x =1,
dx

Values of mjis4 & -4

wheny =4 & x =2

dy —x -2 -1
X v 4 2

wheny=4&x=-2

dy -x 2 1
m2= d_ - — = - = —
x i 4 2

. o—1 1
Values of ms is - &E

whenm; = o & my =0

Angle of intersection of two curve is given by

tang = |H
L+mymy

where m1 & mz are slopes of the curves.

—1

——4
tan6 = |=——
1+2x4

tanb = |—=—

tand = El
6 =tan" 1(g)

0=77.47

1 C. Question
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Find the angle to intersection of the following curves :
2y2 = x3 and y? = 32x

Answer

Given:

Curves 2y2 = x3 ...(1)

& y2 = 32x...(2)

First curve is 2y2 = x3

Differentiating above w.r.t x,

= 4y.ﬂ = 3x2

dx

ﬂmlz ﬂ = E...(3)

dx 4y

Second curve is y2 = 32x

2y.% = 32
= ydx
¥ =16
:y.dx
d
>my= = %...(4)

Substituting (2) in (1),we get

= 2y2 = 3
= 2(32x) = X3
= 64X = X3

=>x3-64x =0

= x(x?-64)=0

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

=>x=0&=*8

Substituting x = 0 & x = £8in (1) in (2),
y2 = 32x

whenx =0,y =0

when x = 8

=y? =32x8

=y? =256

>y =16

Substituting above values for m; & m; we get,
when x =0,y = 16

dy
m == _—
1 dx

z
=>3>(0 _0

4x3
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when x = 8,y = 16

dy
m P _—
1 dx

2
ﬁ3}(8 _3

4x16

Values of m; is 0 & 3
when x =0,y =0,
m2= —

16 16
=

wheny = 16,

dy

m:—

2 dx
¥ 16

Values of my is o & 1

whenm; =0 & m; = «

= tanf = | =Tz
1+m,my
-0
=>tanf = |—=
1+ cox0
=tanb = «

=0 =tan " ()

. -1 _ =
- tan (oo)_2

2

whenmy=-&my =2

Angle of intersection of two curve is given by
tang = |—m“m‘g

1+ mymy

where m1 & mz are slopes of the curves.

= tanb =

-1 |
1+3x1

= tanb = E|
4

= tanb = E|

2
=0 =tan" 1(;)
= 0=25.516

1 D. Question

Find the angle to intersection of the following curves :
x2+y2-4x-1=0andx2 +y2-2y-9=0

Answer

Given:
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Curves x2 +y2-4x-1=10...(1)
&x2+y2-2y-9=0..2)

First curveis x2 + y2-4x-1=0
>x2-4x+4+y2-4-1=0
>(x-2)2+y2-5=0

Now ,Subtracting (2) from (1),we get
>x2 4+ y2-4x-1-(x2+y2-2y-9)=0
>x2+y2-4x-1-x2-y2+2y+9=0
=-4x-1+2y+9=0
=-4x+2y+8=0

=2y =4x -8

=2y=2x-4

Substituting y = 2x - 4 in (3),we get,
=(x-2)2+(2x-472-5=0
=(x-2)2+4(x-22-5=0
=(x-22(1+4)-5=0
=5(x-2)?-5=0

=(x-2)2-1=0

=(x-2)2%=1

=(x-2)==1
=>X=1+20rx=-1+2
=x=3o0orx=1

So ,when x =3

y=2%x3-4

2y=6-4=2

So ,when x =3

y=2x1-4

=2y=2-4=-2

The point of intersection of two curves are (3,2) & (1, - 2)
Now ,Differentiating curves (1) & (2) w.r.t x, we get
=>x2+y2-4x-1=0

=2x+2y.?_4—0=0
X

=>x+y.?_2=0
X
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=>x2+y2-2y-9=0

=>2x+2y.?_2?—0=0
X X

=>x+y.ﬂ_ Y _o
dx dx

Sx+(y-1¥ _0
dx

gy _ =
== y—1"'(4)

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

dy 2-3
=>dx_ 2

_ % _ 1

=;.rn]'_l:iz-.'_2

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

dy -3
T X 2-1
o -_3

dx

_ % __3
=:'rnz_d:\-:

when m; = _?l&m2=0

Angle of intersection of two curve is given by
tangd = |—m*‘rrlz

14+ mymy

where m1 & m:z are slopes of the curves.

-1
= tand = 22

1+ =x3
2

=7
= tanb = |—==
1+?

-7
= tand = |=

2

= tanB =7
-0 =tan " 1(7)
— 06=81.86

1 E. Question

Find the angle to intersection of the following curves :

X .Y _jandx@+y?=ab

a-  b-

Answer

Given:

Curves < +¥° _1 ..(1)

a? b2

&x2+y2=ab..(2)
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Second curve is x2 + y2 = ab
y2 = ab - x2
Substituting this in equation (1),

L S |

aZ b2

x*b? + a%(ab—x%) 1

aZhb? o
— x2b2 + a3b - a?x2 = a2p?
= x2b? - a2x? = a2b? - a3b

— x2(b? - a2) = a2b(b - a)

2 a®b(b-a)
=X = X (b2—a?)

2 a®b(b—a)
=X = %% (b—a)(b +a)

2 ab
=X = (b +a)

~a2-b2=(a+b)a-b)

Sx— 4 | =B (3)
®+a)

since , y2 = ab - x2

2 _ _ a®b
=y‘=ab ({b+a])

2 ab? +a%b-a’b
=Y = T

2 ab?
=¥ = (b +a)

— y==+ |3 (4
(b+2)

. 2 z
since ,curves are ‘_2 + 1"_2 _1&x2+y2=ab
a b

Differentiating above w.r.t x,

2x 2y dy
2= 1+ Z2Z2=0
a? b2 dx
b® dx a?
4 X
¥ 32
=2 = §
dx =
he
:E _ -b2x
dx aly
d: —b%s
=M= & _ * (5)
dx aly

Second curve is x2 + y2 = ab

=>2x+2y.?=0
X

dy —x
=>my=— = —..(0
2= . . (6)
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Substituting (3) in (4), above values for m; & m; we get,

At ([22B_ [_3b ) in equation(5),we get
b+a) b+a)
_p? azb
_dy _ ® + 3
dx 5 ab2
X IO Fa
b
2
dx a
a*xb I
dy —b%avb
dx B aEb\."E
=mj = E - —bvb
aya

) in equation(6),we get

At( ab

\ll(b+a
azb

_dy_ NBra

= dx ab2
B b
iy b +a
dx a
b /o +a)
dy_—a\fE
dx  bya
whenm; = 2P & my, = — E

Angle of intersection of two curve is given by
tand = | M-z

14+ mymy

where m1 & m:z are slopes of the curves.

-bvb _ E

tanf — =& _b_
= 14 —h\-"EX_ E
a+a \'b

= tanf = [2E D

-b/BxB +ayax/a
= tand = avaxy/b
142
a
—bxb+axa
= tand — avab
1+-
a
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q2—_p2

avab
= tanb — vab

a

(a+bla—b)

= tan® — | B
a+hb

(a—b)

—
vab

= tanb =

- 0 = tan - 1(&2))
Vab
1 F. Question
Find the angle to intersection of the following curves :
x2 +4y2 =8and x2 - 2y2 =2
Answer
Given:
Curves x2 + 4y2 = 8 ...(1)
&x2-2y2=2..2)
Solving (1) & (2),we get,
from 2nd curve,
x2 =2+ 2y?
Substituting on x2 + 4y2 = 8,
=2 +2y2+4y?=8
= 6y2 =
= y2 =
=2y ==1
Substituting on y = =1,we get,

=x2 =2+ 2(x1)

. The point of intersection of two curves (2,1) & (-2, -1)
Now ,Differentiating curves (1) & (2) w.r.t x, we get
=>x2+4y2 =8
=>2x+8y.%¥=0
dx

8y. &= _2x
=Y dx

dy _

I 1y ..(3)
>x2-2y2=2

=2x—4y.? -0
X

=>x—2y.? =0
X
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= 4y§ =X
dx

dy _ x
== 21J...(4)

At (2,1) in equation(3),we get

dy -2
= — = —
dx 4x1

At (2,1) in equation(4),we get

dy 2
= = = —

dx 2x1
- -

dx
=;.m2=1

when m; = _?l&m2=1

Angle of intersection of two curve is given by
tang = |—’"1‘m“

14+ mymy

where m1 & mz are slopes of the curves.

-1
= tand = 2!

1+ =x1
2

—a

= tand = [—=+

2
2

_3

= tanB = |=

z
= tanb = |-3|

=6 =tan"1(3)

= 0=71.56

1 G. Question

Find the angle to intersection of the following curves :
x2 =27y and y2 = 8x
Answer

Given:

Curves x2 = 27y ...(1)
&y2 = 8x...(2)

Solving (1) & (2),we get,
From y2 = 8x,we get,

=>x=7
8

Substituting x — ¥ on x2 = 27y,
8
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= ()2 =27y

8
= () =27y

64
=y*=1728y
=y(y3-1728) =0
>y=0o0r(y3-1728) =0
=>y=0o0ry= 31728
{1728 = 12
=2y=0o0ry =12

Substitutingy = 0ory = 12 on x= y:
8

wheny =0,
sx= O

8
=2>x=0
wheny = 12,
- x_ 127

8
=>x =18

.. The point of intersection of two curves (0,0) & (18,12)

First curve is x2 = 27y

Differentiating above w.r.t x,

= 2x=27.%

dx
Ldy _ 2
dx 27

> mq= % ..(3)

Second curve is y2 = 8x

=>2y.%= 8

d
:y.d—i=4

>my= 3 .(4)

Substituting (18,12) for m; & m; we get,

2x

mi= —
1 27

2x18 36
=

27 27
4
m;= - ...(5)
3
m 4
2=
¥
4 4
=2 - = —
v 12
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mo— g...(s)

when m; = g&mzzg

Angle of intersection of two curve is given by
tang = | Bz

14+ mymy

where m1 & m:z are slopes of the curves.

il
= tanb = 2
1+ -x%=
2
=tanb = (=5
14+=
1
=tanb = |z
£}
9
= tanb = —|
13

=0 =tan" 1(;’_3)

= 0=34.69

1 H. Question

Find the angle to intersection of the following curves :
x2 + y2 = 2x and y? = x

Answer

Given:

Curves x2 + y2 = 2x ...(1)

&y? =x..(2)

Solving (1) & (2),we get
Substituting y2 = x in x2 + y2 = 2x
= x2 + x = 2x

2_x=0

= X
=2x(x-1)=0
=>x=0o0r(x-1)=0
=2x=0o0orx=1

Substituting x = 0 or x = 1in y? = x ,we get,

when x = 0,
=>y2=0
>y=0
when x = 1,
>yZ=1
>y=1

The point of intersection of two curves are (0,0) & (1,1)
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Now ,Differentiating curves (1) & (2) w.r.t x, we get
= x2 + y2 = 2x

=>2x+2y.?=2
X

=>x+y.?=1

&y _ 1
dew v (3)
=>y2=X
2y. ¥ _1
- ydx
dy _ 1
=>dx_2}l -(4)

At (1,1) in equation(3),we get

dyg 1-x

dx  y

dy 1-1
Tax 1
=;.m1=0

At (1,1) in equation(4),we get
dy 1

= i 2y
dy

:} _
dx

dy
= dx

1
x1

DA = 2

1

whenm1=0&m2=§

Angle of intersection of two curve is given by
tang = |—m“mg
14 myms

where m1 & mz are slopes of the curves.

= tanb = |—=

-1

= tanB = |——
1+0

— tand = '?1

= tanb = 2
2
— 0 =tan ‘1(5)

= 06=26.56
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1 1. Question

Find the angle to intersection of the following curves :
y=4-x*andy = x?

Answer

Given:

Curvesy =4 - x2 ..(1)

&y=x..(2)

Solving (1) & (2),we get

=>y=4_)(2

Substituting /2 in y = x? ,we get

y = (y2)?

y=2

The point of intersection of two curves are (,/2,2) & (— /2, - 2)
First curvey = 4 - x2

Differentiating above w.r.t x,

- % =0-2x
dx

=m; = - 2X (3)

Second curve y = x2

Differentiating above w.r.t x,

ﬁg = 2X
dx
myp = 2X (4)

At (/2,2),we have,

dx

=-2X4/2
=m; =- 2\;'5
At (—/2,2),we have,

dx

%)

(—1) x —V"E x2 = 2\.

Whenmy - _ 2,2 &my =22
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Angle of intersection of two curve is given by
tang = [

14+ mymy

where m1 & m:z are slopes of the curves.

tand — ﬂl
1-24Zx242
tand — ﬂl
1-8
tand — —4»'2|
-7
tand — 2v2

7

9 = tan - 1(*3
7

0=38.94
2 A. Question
Show that the following set of curves intersect orthogonally :
y =x3and 6y = 7 - X2
Answer
Given:
Curvesy = x3 ...(1)
&6y =7-x2..(2)
Solving (1) & (2),we get
=6y =7-x°
=6(x3) =7 - %2
=6x3+x2-7=0
Since f(x) = 6x3 + x2 - 7,
we have to find f(x) = 0,s0 that x is a factor of f(x).
when x =1
f(1) = 6(1)3 + (1)2-7
f(l)=6+1-7
f(1)=0
Hence, x = 1 is a factor of f(x).
Substituting x = 1 iny = x3 ,we get
y =13
y=1
The point of intersection of two curves is (1,1)
First curvey = x3
Differentiating above w.r.t x,

>mi= ¥ =3x2..(3)
dx
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Second curve 6y = 7 - x2

Differentiating above w.r.t x,

6% =0-2x
dx
—2x
= Moo= —
2 5]

—X

=My = ? ...(4)

At (1,1),we have,

Whenm1=3&m2=_?1

Two curves intersect orthogonally if mimz = - 1,where
m1 and mz the slopes of the two curves.

=3X_—1= —1
3

= Two curves y = x3 & 6y = 7 - x2 intersect orthogonally.
2 B. Question

Show that the following set of curves intersect orthogonally :
x3-3xy2=-2and3x%2y-y3 =

Answer

Given:

Curves x3 - 3xy2 = - 2 ...(1)

&3x%y -y3 =2..(2)

Adding (1) & (2),we get
=>x3-3xy2 +3x%y -y3=-2+2

=>x3-3xy2 +3x%y-y3=-0

=(x-y)?=0

=(x-y)=0

>Xx=y

Substituting x = y on x3 - 3xy2 = - 2

= X3 - 3XxXXX2=-2
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=>x3-3x3=-

=-2x3=-2

>x3=1

=>x=1

Sincex =y

y=1

The point of intersection of two curves is (1,1)
First curve x3 - 3xy2 = - 2

Differentiating above w.r.t x,

= 3x2-3(1xy? + XXZy?) =0
X

= 3x2 - 3y2 - 6xy§ =0
dx

= 3x2 - 3y2 = pxy%¥
dx

= E 3x%-3y?
dx 6XY

L dy _ 3065y

dx 6XY
=my= & (3
2y

Second curve 3x2y - y3 =2

Differentiating above w.r.t x,

= 3(2xxy + x2x%) - 3y2% _ o
dx dx

= 6xy + 3x2? _3y2¥ _o

X dx

= 6xy + (3x? - 3y2)? =0
X

= E = —6xy
dx 3x%—3y2
= E = —Zxy
dx xE—y?
—2xy

2_y2 -2;
Whenm; = &) g m, = 2%
2xy -y

Two curves intersect orthogonally if mimz = - 1,where
m1 and mz the slopes of the two curves.

= (XZ_}"ZJX —ixy 1
2xy | XE—yP

- Two curves x3 - 3xy2 = - 2 & 3x2y - y3 = 2 intersect orthogonally.
2 C. Question
Show that the following set of curves intersect orthogonally :

x2 + 4y? = 8 and x? - 2y? = 4.

Get More Learning Materials Here : & m @\ www.studentbro.in



Answer

Given:

Curves x2 + 4y2 = 8 ...(1)
&x2-2y2=4..(2)

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

x2 =4 4 2y?

Substituting on x2 + 4y2 = 8,
=>4 +2y?2+4y2 =8

= 6y2 = 4

=>y=iJ§

Substitutingony = i\F, we get,
3

4

V3

)
x
I
I+

.. The point of intersection of two curves (%, \F) & (— i@ _ ‘F)
v a2 v 3

Now ,Differentiating curves (1) & (2) w.r.t x, we get

=>x2+4y2=8

=>2x+8y.?=0
X

=>8y.g=—2x

dy _ —x
> " ..(3)
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At (%, ‘F) in equation(3),we get
v 3

_4
dy V3
= — =
dx 2
4 % §
_1
dy V3
= — =
dx 2
3

At (%, \F) in equation(4),we get
v 3

4
dy V3
= — = —
dx 2

2% g)
2
dy 3
= — =
dx \F
3)
dy 2
z;'dx_\ﬁ
dy
B )
=:-dx V2
=;.m2=1

when mq = :I—é&mzz V2

Two curves intersect orthogonally if mimz = - 1,where
mz1and mzthe slopes of the two curves.

= Two curves x2 + 4y2 = 8 & x2 - 2y2 = 4 intersect orthogonally.

3 A. Question

Show that the following curves intersect orthogonally at the indicated points :
x2 =4y and 4y + x2 = 8 at (2, 1)

Answer

Given:

Curves x?2 = 4y ...(1)

&4y + x2 =8 ..(2)

The point of intersection of two curves (2,1)

Solving (1) & (2),we get,
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First curve is x2 = 4y

Differentiating above w.r.t x,

= 2x=4.Y

dx

=4y _ 2
dx 4

= mq= g...(3)

Second curve is 4y + x%2 = 8

4% 4 2x =0
dx

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

mo— ¥
1= 3

mi = (5)

whenm;=1&my=-1

Two curves intersect orthogonally if mimz = - 1,where
m1 and mz the slopes of the two curves.

S1x-1=-1
- Two curves x? = 4y & 4y + x2 = 8 intersect orthogonally.

3 B. Question

Show that the following curves intersect orthogonally at the indicated points :

x2=yand x>+ 6y =7 at(1,1)
Answer
Given:
Curves x2 =y ...(1)
&x3+6y=7..02)
The point of intersection of two curves (1,1)
Solving (1) & (2),we get,
First curve is x2 =y
Differentiating above w.r.t x,
dy

= 2X= 2
dx
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=mj = 2X (3)

Second curve is x3 + 6y = 7

Differentiating above w.r.t x,

>3x2+ 6% =0
dx

> _ —3x
dx 6

=94 _ —x*
dx ]

S>my— ZX ..(4)
2

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

mp = 2X
=2x1
mi = 2. (5)
2
-
2
my, = — —=...(6)

2

whenm1=2&m2=—_—1
2

Two curves intersect orthogonally if mimz = - 1,where
m1 and mz the slopes of the two curves.

s2x2 - 1
2

= Two curves x2 = y & X3 + 6y = 7 intersect orthogonally.

3 C. Question

Show that the following curves intersect orthogonally at the indicated points :

y2 = 8x and 2x% 4+ y2 = 10 at (1, 2v2)
Answer

Given:

Curves y? = 8x ...(1)

&2x%2 +y?2 =10...(2)

The point of intersection of two curves are (0,0) & (1,2,/32)
Now ,Differentiating curves (1) & (2) w.r.t x, we get

= y2 = 8x

=2y.% -8
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=>2x2+y2 =10
Differentiating above w.r.t x,

=>4x+2y.?=0
X

=2x+y.?=0
X

=:oy.%=—2x
dy _ -2x
==y ..(4)

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

mi= -
4
=
242
mi = \III'E . (5)
my= =
—2x1
2-.."5
-1
my = — — ...(6)
W2
whenm; = /2 &my = :—;
Two curves intersect orthogonally if mimz = - 1,where

m1 and mz the slopes of the two curves.

-1
V2 N

- Two curves y? = 8x & 2x2 + y2 = 10 intersect orthogonally.

4. Question

Show that the curves 4x = y2 and 4xy = k cut at right angles, if k¥ = 512.
Answer

Given:

Curves 4x = y2 ...(1)

& 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

ﬂ4x=y2
4=2y.%
- yd:\-.'
- _ 2
dx v
2
mi= - ...(3
1= (3)
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= 4xy =k
Differentiating above w.r.t x,

= 4(1xy + x D=0

dy _
=>y+xa
dx X

= Mmy= ‘—j’ ..(4)

Two curves intersect orthogonally if mimz = - 1,where
mz1and mzthe slopes of the two curves.

Since m; and m5 cuts orthogonally,

2_
>xF = 1
¥ X

X
=2>X=2

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

4xy=k&4x=y2

=>(y2)y=k
=y3=k

1
Y= ks

Substituting y _ kT: in 4x = y2,we get,

= 4x = (1;5)°

= 4X2 _ 15
2

=k =8

=>k? =83

=k? =512

5. Question

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

Given:

Curves 2x = y2 ...(1)

& 2xy =k ...(2)

We have to prove that two curves cut at right angles if k2=28

Now ,Differentiating curves (1) & (2) w.r.t x, we get

:2x=y2
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dy

mi= ;...(3)

=2xy =k

Differentiating above w.r.t x,

= 2(1xy + x D=0

dy _

Sy +x 0
dy ¥
dx X

Two curves intersect orthogonally if mimz = - 1,where
m1 and mz the slopes of the two curves.

Since m; and m5 cuts orthogonally,

1_
=>-xY - 1
¥ X

X
=2x=1

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

2xy = k & 2x = y?

= (y2)y =k
=>y3=k

1
2Y= ks

Substituting y _ kT: in 2x = y2,we get,

= 2x = (i5)*
=2x1_ 15
=G =2
>k2 =23
>k =8

6. Question

Prove that the curves xy = 4 and ¥ + y? = 8 touch each other.

Answer
Given:

Curves xy =4 ...(1)
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&x2 +y2=8..2)
Solving (1) & (2),we get
=xy =4

4
=>X= -
¥

Substituting x = = in x2 + y2 = 8,we get,
¥
=2 +y’ =38

16 2 _

=16 + y* = 8y?

=>y*-8y?2+16=0

We will use factorization method to solve the above equation
>yt -4y2-4y2 +16=0

=yXy?-4)-4(y>-4) =0

= (y2-4)(y2-4)=0

>y =+2

. The point of intersection of two curves (2,2) &
( - 21 - 2)
First curve xy = 4

=1xy+x.ﬂ=0
dx

dy
=X, 2 =-
dx y

>mq= {...(3)

Second curve is x2 + y2 = 8

Differentiating above w.r.t x,

=2x+2y.?=0
X

dy
sy, F=_x
ydx
d; —-X
=>m,= d—l" = ?...(4)

At (2,2),we have,

-y
mp= —=
1 X
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Clearly, m; —my, =-1at (2,2)

So, given curve touch each other at (2,2)

7. Question

Prove that the curves y? = 4x and

x2 + y2-6x + 1 = 0 touch each other at the point (1, 2).
Answer

Given:

Curves y2 = 4x ...(1)
&x2+y?-6x+1=0..(2)

~.The point of intersection of two curves is (1,2)
First curve is y2 = 4x

Differentiating above w.r.t x,

-2y =4

=>y.g=2

2
=>mp=-...(3
1= (3)
Second curve is x2 + y2-6x+1=0

=>2x+2y.?_6_0=0
X

=x+y.?_3=0
X

m-= 2
L ¥
2

==
2

m1=1

At (1,2),we have,
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U
L

™ |

=my=1

Clearly, m; - my =1 at (1,2)

So, given curve touch each other at (1,2)
8 A. Question

Find the condition for the following set of curves to interest orthogonally.
X Y _jandxy=c?

2 T

a- b°

Answer

Given:
2

Curvesf _ ¥ _1..(1)
a2 b2

&xy =2 ...(2)

. . 2 z
First curveis®* _ ¥ _1
aZ b2

Differentiating above w.r.t x,

a? b2 dx
Y dy _ ox
b? dx aZ
4 x
v a2
= =
dx i—
be
Ldy _ b
dx a’y
b33
a’y

Second curve is xy = c2

=>=>1xy+x.?=0
X

=>m,= %...(4)

2 —
Whenm;= 2¥&m, ==
a?y X

Since ,two curves intersect orthogonally,

Two curves intersect orthogonally if mimz = - 1,where
mz1and mzthe slopes of the two curves.

8 B. Question
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Find the condition for the following set of curves to interest orthogonally.

2 2 2 3

X: _Lzland X _¥ =1.

2 b2 A2 B

Answer

Given:

Curves = _ ¥° =1..(1)

aZ b2
&X _ ¥ _1..(2)
AZ B2

. . 2 z
First curveis* _ ¥ _1
aZ b2

Differentiating above w.r.t x,

Ly

a® b2 dx
>Xdy _ X
b? dx a?
4 x
¥ 'E
=2 =
dx i_
bZ
Ly _ s
dx a?y
bZs
= m= 22X (3)
a?y

. 2 2
Second curveis® 2 _ ¥ _1
A B2

Differentiating above w.r.t x,

Az B2 dx
B? dx A
& x
y =
= _
Folialie
Rr2
-y _ B
dx Ay
=
Ay
b2 BZ:
Whenmj= 2>&my = —>
a?y Ay

Since ,two curves intersect orthogonally,

Two curves intersect orthogonally if mimz = - 1,where
mz1and mzthe slopes of the two curves.

z z
N N |
a’y A%y
g e 2
= bL<B x}-'_ — _ 1
aZAz  y®
:xz _ —a%A? (5)
v~ o

Now equation (1) - (2) gives
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XZ yZ_ XZ yZ_l
“\a T ) T\ BT

f _ {BZ_bZ}(AZQZ]
y:  (A2-a%)(b?BY)

Substituting lz from equation (5),we get
¥

—a®A®  (B?-b?)(A%a?)
bZBz {AZ—a2)(b2B2)

=

o 1 _ {Bz_bz}
@)

= (- 1)(A% - a%) = (B? - b?)
=a2-A2=RB2-p2

=a’ + b? = B? + A?

9. Question

2 2

[E=]
()

X Yy X Y . .
Show that the curves — + =1and — + - =1 interest at right angles
a - +2; b +iy a +2a, b +h,
Answer
Given:
Z Z
Curves =+ Y  _1..(1)
a® +3d, bP+a,
Z Z
=+ ¥ 1.2
a® +d, bT+A,
2z 2z
Firstcurveis —— + ¥ -1
a2 +i, Db%T+A,
Differentiating above w.r.t x,
2x 2y E =0
aZ + 3, b2 + A, dx
y dy = —x
b2 +A,'dx  al+a,
-X
dy aZ +a
:E = 2gA
) b2 +Ay
_ z
> mp= ST (3)
y(@%+4,)
i %2 ¥Z
Second curve is + =1

a?+i, DbP+i,

Differentiating above w.r.t x,
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2x 2y  dy =0
aZ + A, b2 + A dx

¥y dy —x
b2 +3; dx  aZ+i,
_x
ﬁﬂ — 32+?|.2
= win

xR Ay)
= Mo= YaZ +2y) (4)

Now equation (1) - (2) gives

XE FQ XE FQ
= (32+ll+b2 +11=1)_(32+12+b2 n

1 1 1 1
=X e ) Y e w0 =0
a® +A, a% + A, b2+ A, bZ + A,
2 _ 2 1 1
= X — = - —
(az+}-ll a2+12) y (b2+}-ll b2+).2)
1 1
o X ~ora g vreag)
2~ ot T -
¥ (321'11_ 32+?|.2]
b2 +Az—(bZ +A4)
L L b2 SV
¥ TNpEeagmEeagy
T (@@ +ho.)-at 4+
},2 & 2 1
([32+ Ay (:a.2+?|.2)]
_ b2 + lz—hz—ll)
=X TNBE AR +AL)
= (aZ+A,—aZ-A
},Z (a o 9
([32+ Ay |ja.2+?u.z)]
. ( —(Az—Ay) )
=% _ b2+a )b +A)
z LAs—Aq
¥ ([32+1¢ (aZ+ 12)]
(Aa—Az)
x? (BTeapm2 40y
== _ L 1)(] 1)
2 '\IZ_IJ_
¥ (|:32+?LJ_ (a2 + ?Lz)]

x2 (y—: (a2 + 2, )(a? +Az)
v (Ao =202 + A, )(b% +4,)

 —ReA)(E® 4 )@EF +2y)
v2 (Ao =2 (b2 + 34, )(b% +4,)

IS R N G B N
v2 o (2 +A00m2 +Ay)
— 2 _ o
When my = =0 A gy, = 2B+
y(a*+2) y(a® +1z)
Two curves intersect orthogonally if mimz = - 1,where

mz1and mzthe slopes of the two curves.

L, b +2y) | k(b +2g)
v@ET+A) | y(a® +Ag)

L2 (B 207 +Ay)

v (@ + A o)

Substituting lz from equation (5),we get
¥

o (3 +4,)@ +3g) (07 +2)(0? +Ag)
(b2 +2,)(b2+2,) (a2 +4)(a% +4;)

=-1
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. The two curves intersect orthogonally,

10. Question

2 2

If the straight line xcosa + ysina = p touches the curve X_: _ ; — 1. then prove that
a- b-

a2cos2a-b2sina = p2.

Answer

Given:

The straight line xcosa + ysina = p touches the curve® _ ¥ _1.

aZ b2
Suppose the straight line xcosa + ysina = p touches the curve at (x; y7).
But the equation of tangent to “_: — 1"_: =1lat(xyyg)is
a b !

o ym g
aZ bz

Thus ,equation =2 — ¥ — 1 and xcosa + ysina = p represent the same line.
a

b2
X y1
J._az + bz _ 1
coso sina p
2 -
a“cosa b= sina

Since the point (x; y7) lies on the curve € _¥Y_1

aZcosa |’ bZsinal”
=’( P J _( P J 1

aZ b2

a? b2
a®cosa® b*sine?®
= — _
p2a? p2b?
a®cosa’® bZsine?
= —_ = 1
2 2
P P
2

= a2cos?a - b2sina = p?

Thus proved.
MCQ
1. Question

The equation to the normal to the curve y = sinx at (0, 0) is

A.x=0
B.y=0
C.x+y=0
D.x-y=0
Answer

Given that y = sinx
Slope of the tangent? = COSX
X

Slope at origin =cos 0 =1

Equation of normal:
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-1
Slope of tangent

(y—yi)= (x—x%,)

-1
=-0="1-0
=y + x=0
Hence option C is correct.

2. Question

The equation of the normal to the curve y = x + sin x cos x atx = —is

2 A

A x=2

B.x=m

Cx+n=0

D.2x =mn

Answer

Given that the curve y = x + sin x cos x

Differentiating both the sides w.r.t. x,

¥y .
— = 1+ cos?®x— sin’x
dx

Now,

ay ([, Ty _ 2T oin2X
Slope of the tangent dx (x- 2)_ 1+ cos S — sin® 2

dy
=2 —-1-140=0
dx
T m
Whenx:;,y:;

Equation of the normal:

-1
Slope of tangent

(y—yi)= (x—x%,)

IS -1 T
~(r-3) -5
=2X =T
Hence option D is correct.
3. Question
The equation of the normal to the curve y = x (2 - x) at the point (2, 0) is
A.xX-2y-2
B.x-2y+2=0
C.2x+y=4
D.2x+y-4=0
Answer
Given thaty = x (2 - x)

Sy =2x-x2
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Slope of the tangent? =2 — 7%
X

Slopeat(2,0)=2-4=-2

Equation of normal:

(y—yi)= (x—%y)

Slope of tangent

~G-0=@-2)
=22y=Xx-2

=2x-2y-2=0

Hence option A is correct.
4. Question

The point on the curve y2 = x where tangent makes 45° angle with x-axis is

[1 lJ
A | — —
2 4

B.[i_ J

1

3|~

C.(4,2)

D.(1,1)

Answer

Given that y2 = x

The tangent makes 45° angle with x-axis.
So, slope of tangent =tan 45° =1

"’ the point lies on the curve

.. Slope of the curve at that point must be 1

23]£=1
dy 1
dx 2y
1—1
=:-2y—
1
And x = =

So, the correct option is B.

5. Question

If the tangent to the curve x = at?, y = 2at is perpendicular to x-axis, then its point of contact is
A. (a, a)

B. (0, a)
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C.(0,0)

D. (a, 0)

Answer

Given that the tangent to the curve x = at?, y = 2at is perpendicular to x-axis.
Differentiating both w.r.t. t,

dx_z tdy_z
a - ar

d:
@ _a 2 1
t

=1 = = — =
dx & 2at
dt

Fromy = 2at,t = <

2a

2a
= Slope of the curve = ?

Slope of x axis =0
2a
=—=1

¥
=2a=0
Then point of contact is (0, 0).
6. Question
The point on the curvey = x2 - 3x + 2 where tangent is perpendiculartoy = x is
A. (0, 2)
B. (1, 0)
C. (-1, 6)
D. (2, -2)
Answer
Given that the curve y = X% - 3x + 2 where tangent is perpendicular to y = x

Differentiating both w.r.t. x,

dy dy
i landﬁ—ZX—B

" the point lies on the curve and line both

Slope of the tangent = -1

->2x-3=-1
=2x=1

Andy = 1-3+2
=y =0

So, the required point is (1, 0).
7. Question

The point on the curve y2 = x where tangent makes 45° angle with x-axis is
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[1 1‘J
A | — —
2" 4

[1 1]
B.| — —
4 2

C.(4,2)

D.(1,1)

Answer

Given that y2 = x

The tangent makes 45° angle with x-axis.
So, slope of tangent = tan 45° =1

" the point lies on the curve

.. Slope of the curve at that point must be 1

dy
2}’&—1
dy 1
- = —
dx 2y
! 1
= — =
2y
1
Andx::t

So, the correct option is B

8. Question

The point on the curve y = 12x - x? where the slope of the tangent is zero will be
A. (0, 0)

B. (2, 16)

C.(3,9)

D. (6, 36)

Answer

Given that the curve y = 12x - X2

The slope of the curve ? =12 —2x
X

Given that the slope of the tangent = 0

=12-2x=0
=>X=6
So,y=72-36
=y =36

So, the correct option is D.
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9. Question

The angle between the curves y2 = x and X2 = y at (1, 1) is

1 4
A tan~l—
3
3
B. tan ' =
4
C. 90°
D. 45°
Answer

Given two curves y2 = x and X2 = y

Differentiating both the equations w.r.t. x,

dy dy

= Zyﬁ— 1and2x-§

dy 1 d d 5
= — = — —_— =

dx 2y W =
For (1, 1):

dy 1 dy

d_ E and d_ 2

Thus we get

m; —m,

tanf = |——
1+mym,

1

2
1+1

= tanb =

tan @ >
= tanf=—
4

3
=0 =tan"'—
4

10. Question

The equation of the normal to the curve 3x2 - y2 = 8 which is parallel to x + 3y = k is
A.x-3y=38

B.x-3y+8=0

C.x+3yx8=0

D.x=3y=0

Answer

Given that the normal to the curve 3x2 - y2 = 8 which is parallel to x + 3y = k.
Let (a, b) be the point of intersection of both the curve.

=3a%-b?=8...(1)

anda + 3b =k ....(2)

Now, 3x2-y2 =38
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On differentiating w.r.t. x,

dy
6x—2y£—0

dy 3x

T y

Slope of the tangent at (a, b)= %‘

Slope of the normal at (a, b)= -k
3a

Slope of normal = Slope of the line

-b -1
"3 3
=b=a...(3)
Put (3) in (1),
3a2-a%2=8
= 2a2=8
=a==+2
Case: 1

Whena=2,b=2

=X + 3y =k

k=28

Case: 2

Whena =-2,b =-2

=X + 3y =k

=k=-8

From both the cases,

The equation of the normal to the curve 3x2 - y2 = 8 which is parallel to x + 3y = k is x + 3y = +8.
11. Question

The equation of tangent at those points where the curve y = ¥ - 3x + 2 meets x-axis are
AX-y+2=0=x-y-1

B.x+y-1=0=x-y-2

C.x-y-1=0=x-y

D.x-y=0=x+y

Answer

Given that the curve y = X% - 3x + 2

dy
ZPE_ZX_B

The tangent passes through point (x, 0)
=20=x2-3x+2

= (x-2)(x-1)=0
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=>x=1o0r2

Equation of the tangent:

(y-y1)=Slope of tangentx(x-xq)

Case: 1

When x = 2

Slope of tangent = 1

Equation of tangent:

y=1x (x-2)

=>Xx-y-2=0

Case: 2

When x =1

Slope of tangent = -1

Equation of tangent:

y=-1x(x-1)

=>2xXx+y-1=0

Hence, option B is correct.

12. Question

The slope of the tangent to the curve x = t2 + 3t - 8, y = 2 - 2t - 5 at point (2, -1) is
e

A=

7

~1 |

Answer
Giventhatx =t + 3t-8,y =2t -2t-5
Differentiating both the sides,

dx—2t+3dy—4t 2
dt dt

dy

dx  dx

dt

4t -2

C2t+3

The given point is (2, -1)
2=t +3t-8,-1=22-2t-5

On solving we get,
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t=2or-5andt=2or-1

't =2 is the common solution

So, E — 8-2
dx 4+3
6
7

13. Question

At what points the slope of the tangent to the curve X2 + y2 - 2x - 3 = 0 is zero.
A.(3,0), (-1, 0)

B.(3,0), (1, 2)

C.(-1,0),(1,2)

D. (1, 2), (1, -2)

Answer

Given that the curve x2 + y2-2x-3=0

Differentiation on both the sides,
2x+ 2 dy 2=0
X ydx N

dy 1-x
= — =
dx v

According to the question,

Slope of the tangent = 0

l—x_
¥

=2x=1

=

Putting this in equation of curve,

1+y?-2-3=
=>y2=
=2y =2

So, the required points are (1, 2) and (1, -2)

14. Question

The angle of intersection of the curves xy = a% and x2 - y2 = 2aZ is:
A. 0°

B. 45°

C.90°

D. 30°

Answer

Given that the curves xy = a2 and x2 - y2 = 2a2

Differentiating both of them w.r.t. x,
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dy+ =0and2 2 dy—O
xooty=0and2x—2y--=

A N

ax  x 0 dx vy

Letm,; = % and m, = i

miXmyp=-1

So, the angle between the curves is 90°.
15. Question

If the curve ay + x2=7 and X3 = y cut orthogonally at (1, 1), then a is equal to
Al

B. -6

C.6

D.0

Answer

Given that the curves ay + =7 and x3 = y

Differentiating both of them w.r.t. x,

dy , dy
a£+ZX—Oand3x =%
dy —2x dy ,
d_ T and E = 3X
For (1, 1)
dy -2 dy
E ? and d_ =3

Letm, = ? andm, = 3
miXmyp=-1
(because curves cut each other orthogonally )

-6
- —=-1
=l

=a==6

16. Question

If the line y = x touches the curve y = ¥ + bx + c at a point (1, 1) then
A.b=1,c=2

B.b=-1,c=1

Cb=2c=1

D.b=-2,c=1

Answer

Given that line y = x touches the curve y = ¥ + bx + c at a point (1, 1)

Slope of line =1
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Slope of tangent to the curve =1

d
=:-—y=2x+b
dx

=2x+b =1

=22+b=1

=>b=-1

Putting this and x =1 and y = 1 in the equation of the curve,
1=1-1+c

=c=1

17. Question

The slope of the tangenttothe curve x =32 + 1,y =t8-1latx =11is

A.

1
2
B.0

C.-2

D. »

Answer

Giventhatx =32 +1,y=t-1

Forx =1,

3t2 + 1=1

=3t2=0

=t =0

Now, differentiating both the equations w.r.t. t, we get

dx dy )
P 6t and P 3t

=Slope of the curve:
dy
dy _ &
dx 9
dt
3t°
T o6t

1t
2

For t =0,

Slope of the curve =0

Hence, option B is correct.

18. Question

The curves y = aeX and y = be ™ cut orthogonally, if

A.a=0Db
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B.a=-b

C.ab=1
D.ab=2
Answer

Given that the curves y = aeX and y = be™*
Differentiating both of them w.r.t. x,

dy . .dy x
i ae* and i —be

Let my=ae* and my=-be™
miXmyp=-1

(Because curves cut each other orthogonally)

=-ab=-1
=ab=1
19. Question

The equation of the normal to the curve x = acos? 6, y = a sin30 at the point § = T is

A.x=0
B.y=0
C.x=y
D.x+y=a

Answer

Given that the curve x = acos? 6, y = a sin38 have a normal at the point 8 =E

Differentiating both w.r.t. 6,

dX_ 3 QBBdY_3 -28 4]

i cos-Bsin T asin-@cos
y—_

=;.dx_ tan®

Forg="=

4

Slope of the tangent = -1
a a

T T

Equation of normal:

y=yu)= Slope of tangent (x=x%)
X=y
20. Question

If the curves y = 2 e and y = ae ™ interest orthogonally, then a =
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b | =

(S

C.2

D. 2e?

Answer

Given that the curvesy =2 e andy = ae™

Differentiating both of them w.r.t. x,

dy . dy _x
i 2e* and el —ae

Letm, = 2e*and m, = —ae™™
mixXmy=-1
(Because curves cut each other orthogonally )

=-2a=-1

1
=a=-

21. Question

The point on the curve y = 6x - x2 at which the tangent to the curve is inclined at Eto thelinex+y=0is
4

A. (-3,-27)
B.(3,9)

7 35
C|—.—
£

D. (0, 0)
Answer

The curve y = 6x - x2 has a point at which the tangent to the curve is inclined at togthe linex +y =0.

Differentiating w.r.t. x,

dy 6—2 d 1
—=6—2x=myand .—=-1=m
dx ! dx :
my —m
tanf = |[———
1+ mym,
; 6—2x+1
= an
1+2x—6

On solving we get x = 3
Thusy =9
Hence, option B is correct.

22. Question
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The angle of intersection of the parabolas y2 = 4 ax and x2 = 4ay at the origin is

A.

o | A

w
wil A

Q)
o | A

pD. *
4

Answer

Given that the the parabolas y2 = 4 ax and X2 = 4ay

Differentiating both w.r.t. x,

dy dy
Zyﬁ— 4aand 2x = 43&
dy 2a q dy x
=y my and — = ——=m,
At origin,

mq=infinity and m, = 0

my —ms,
tanf = [—
1+ mym,
0 | >0
=tanb=|[—7—|=w
1+0x o
= 0=90°

23. Question

The angle of intersection of the curves y = 2 sirfx and y = cos? x at x = T is

A

@
o | A

O
wil A

Answer

Given that the curve y = 2 sinx and y = cos? x

Differentiating both w.r.t. x,

dy dy
— = 4sinx cosx and — = —2 cosxsinx
dx dx
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m, = 4sinxcosxand m, = —2 cosxsinx

Atx =1,
&6
mqp= v3 and m, = —E
2
m; —m
tanf = |————
1+mym,
G+ B | 3B
=tanb = 2_|=-2 =33
1-V3x2Z| -
v . .
=0=tan! 3v3

24. Question

Any tangent to the curve y = 2x’ + 3x + 5.
A. is parallel to x-axis

B. is parallel to y-axis

C. makes an acute angle with x-axis

D. makes an obtuse angle with x-axis

Answer

Given curve y = 2x’ + 3x + 5.

Differentiating w.r.t. x,

d
Y 1axs+3
dx

Here ¥ > 3
dx

=—>=0
dx

So, tan 6 >0
Hence, 6 lies in first quadrant.
So, any tangent to this curve makes an acute angle with x-axis.

25. Question

The point on the curve 9y? = x3, where the normal to the curve makes equal intercepts with the axes is

A. 4.:§J
3
5 _4_§J
3
C.| 4 —§J
3
D §_4J
3
Answer
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Given curve 9y2 = x3 ....(1)

Differentiate w.r.t. x,

d
18y£ = 3x?

dy x?
T 6y
Equation of normal:

-1
Slope of tangent

(y—yi)= (x—x%,)

"' it makes equal intercepts with the axes
.. slope of the normal = =1

= x2 = +6y

Squaring both the sides,

x* = + 36y?

From (1),

x=0,4

andy = 0,+

w | m

But the line making equal intercept cannot pass through origin.
So, the required points are (4,i§).

26. Question

The slope of the tangent to the curve x = t2 4+ 3t - 8, y = 2 - 2t - 5 at the point (2, -1) is

o)
A ==

~

~1|

6
p. 8
Answer
Giventhatx =t + 3t-8,y =2 -2t-5

Differentiating w.r.t. t,

E=21:+3g=4t—2
dt "dt

dy 4t—2

dx 2t+3

For (2, -1),

The given point is (2, -1)
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2=t243t-8,-1=22-2t-5
On solving we get,
t=2or-5andt=2or-1

"t =2 is the common solution

So 4y _8-2_6
dx 443 7

27. Question

The liney = mx + 1 is a tangent to the curve y? = 4x, if the value of m is
Al

B.2

C.3

D.

tJ|l—‘

Answer
It is given that the line y = mx + 1 is a tangent to the curve y? = 4x.
Slope of the line = m

Slope of the curve ?,
X

Differentiating the curve we get

dy
2}’&—4
dy 2
= — = —
dx vy

2
= —=m
2
= v =—
Y=

" The given line is a tangent to the curve so the point passes through both line and curve.

= y=mx+1landy® = 4x

2 4
= —=mx+ 1and —2=4x
m

Z2—m 1
= mx = andx =—
m2
2—m 1
=X= andx =—
m2 mZ2
2—m 1
m2 m2
=22-m=1
=>m=1

Hence, the correct option is A.

28. Question
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The normal at the point (1, 1) on the curve 2y + X2 = 3 is

A x+y=0

B.x-y=0

Cx+y+1=0

D.x-y=1

Answer

Given that the curve 2y + x2 = 3 has a normal passing through point (1, 1).

Differentiating both the sides w.r.t. x,

d
2—y+ 2=0
dx

Slope of the tangent? - —x
X

For (1, 1):

dy
= — =
dx

Equation of the normal:

-1

-1
Slope of tangent

(y—yi)= (x—x%,)

~G-D=—E-D

=2y-1=x-1
=y-x=0
=2>x-y=0

Hence, option B is correct.

29. Question

The normal to the curve x? = 4y passing through (1, 2) is
A.2x+y=4

B.x-y=3

C.x+y=1

D.x-y=1

Answer

Given that the curve x2 = 4y

Differentiating both the sides w.r.t. x,

dy_

4dx_

2X

Slope of the tangent &¥ — 14
dx ]

For (1, 2):
dy 1
= — =—
dx 2
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Equation of the normal:

(y—yi)= (x—%y)

Slope of tangent
~ -2 =" (1)
=>y-2=-2X+2

=2y +2x=4

No option matches the answer.

Very short answer

1. Question

Find the point on the curve y = x2 - 2x + 3, where the tangent is parallel to x-axis.
Answer

Given curvey = x2 - 2x + 3

We know that the slope of the x-axis is 0.

Let the required point be (a, b).

"" the point lies on the given curve

~b=a%2-2a+3..(1)

Now,y=x2—2x+3

—= = 2x—2
dx X

Slope of the tangent at (a, b) = 2a -2

According to the question,

2a-2=0

=2a=1

Putting this in (1),

b=1-243

=>b=2

So, the required point is (1, 2)

2. Question

Find the slope of the tangent to the curve x =2 + 3t-8,y =2 -2t-5att = 2.

Answer

Giventhatx =t + 3t-8,y =2 -2t-5

I P A

dt "dt

dy_4t—2

dx  2t+3

Now,

Slope of the tangent (att = 2) = g-2_°%
4+3 7
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3. Question

: . . . . v
If the tangent line at a point (x, y) on the curve y = f(x) is parallel to x-axis, then write the value ofd_",

dx
Answer
Given curve y = f(x) has a point (x, y) which is parallel to x-axis.
We know that the slope of the x-axis is 0.

"’ the point lies on the given curve

.. Slope of the tangent? =0
X

4. Question

Write the value of d_‘ if the normal to the curve y = f(x) at (x, y) is parallel to y-axis.

dx
Answer
Given that the normal to the curve y = f(x) at (x, y) is parallel to y-axis.
We know that the slope of the y-axis is «.

"" Slope of the normal = Slope of the y-axis = «

d: -1 1
- Slope ofthetangent=X=_—_— =~ _9
dx Slope ofthe normal @

5. Question
If the tangent to a curve at a point (x, y) is equally inclined to the coordinate axes, then write the value of

dy

dx
Answer
Given that the tangent to a curve at a point (x, y) is equally inclined to the coordinate axes.

=The angle made by the tangent with the axes can be +£45°,
.. Slope of the tangent? = tan +45° = +1
X

6. Question

If the tangent line at a point (X, y) on the curve y = f(x) is parallel to y-axis, find the value ofd—.
V

Answer

Given that the tangent line at a point (x, y) on the curve y = f(x) is || to y-axis.

Slope of the y-axis = «
.. Slope of the tangent? =
X

dx_l
dy o

7. Question

Find the slope of the normal at the point ‘t’ on the curve x =

— | =

.y =t
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Answer

Given that the curve x = %,y —t

dx —1dy

dt  t2'dt
dy

W_ &

1
fox &L
dt t2

Now, Slope of tangent = —t?

-1 1
Slope of tangent  t2

Slope of normal =

8. Question

Write the coordinates of the point on the curve y2 = x where the tangent line makes an angle T with x-axis.
4

Answer

Given that the curve y2 = x has a point where the tangent line makes an angleg with x-axis.
. Slope of the tangent? = tan45°=1
X

"" the point lies on the curve.

y? =x

dy
=:-2y£—1
dy 1
= = —
dx 2y

B3| =

SO,){:E

4
Hence, the r ir intis (£ 2
ence, the required po 5(4,2)

9. Question

Write the angle made by the tangent to the curve x = et cos t, y = et sin t att = Ewith the x-axis.
4

Answer

Given that the curve x = e'cos t,y = el sin t

dx d
— =etcost—e'sint and & _ etsint + efcost
dt dt

L A t .
dy dt e'sint+e"cost sint+ cost

= —=—--= — = ,
dx 9% etcost—etsint cost—sint
dt

Now, for t = E

Get More Learning Materials Here : & m @\ www.studentbro.in



, T k1 1 1
dy sin;+cos; + =
_ 4 4 W2 va
o T .M 1 T — @
dx cos——sin- ——
4 4

V2 V2

Let 8 be the angle made by the tangent with the x-axis.

s tan 6= «

=>B=E

10. Question

Write the equation of the normal to the curve y = x + sin x cos x atx =

2| A

Answer
Given that the curve y = x + sin x cos x

Differentiating both the sides w.r.t. x,

d
v_ 1+ cos?x— sin’x
dx

Now,

ay ([, Ty _ 2T oin2X
Slope of the tangent dx (x- 2)_ 1+ cos S — sin® 2

dy
=—=1—-14+0=0
dx

T m
Whenx:;,y:;

Equation of the normal:

(y—yi)= (x—x%,)

Slope of tangent

IS -1 T
~(r-3) -5
=2X =T
11. Question
Find the coordinates of the point on the curve y2 = 3 - 4x where tangent is parallel to the line 2x + y -2 = 0.
Answer
Given that the curve y2 = 3 - 4x has a point where tangent is || to the line 2x + y - 2 =0.
Slope of the given line is -2.
" the point lies on the curve
ny? =3 - 4x

dy_
dx
dy -2

=>dx_ y

=2y 4

Now, the slope of the curve = slope of the line
-2
=—=-2

y
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=2y=1

Putting above value in the equation of the line,

2Xx+1-2=0
=22x-1=0
1
= Y= —
2

So, the required coordinate is G 1)_

12. Question

Write the equation of the tangent to the curve y = X% - x + 2 at the point where it crosses the y-axis.

Answer

Given that the curve y = X2 - x + 2 has a point crosses the y-axis.
The curve will be in the form of (0, y)

>y=0-0+2

s>y =2

So, the point at which curve crosses the y-axis is (0, 2).

Now, differentiating the equation of curve w.r.t. x

dy

&— ¥x—1
For (0, 2),
dy

e -1

Equation of the tangent:

(v —y,) = Slope of tangent x (x — x,)

= (y-2)=-1x (x - 0)

=2y-2=-X

=>xXx+y=2

13. Question

Write the angle between the curves y?2 = 4x and x? = 2y - 3 at the point (1, 2).
Answer

Given two curves y2 = 4x and x2 = 2y - 3

Differentiating both the equations w.r.t. x,

dy dy
=:-2y£—4and2}{—2£
dy 2 dd B
=g -y and o =x
For (1, 2):
dy 2 dy
ﬂa—i—landﬁ—l

Thus we get
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m,; — m,
tan @ =

1+ mym,

tan 1—-1
= tanb = 131
= tan 6=0
= 0=0°

14. Question

Write the angle between the curves y = €* and y = € at their point of intersection.
Answer

Giventhaty =e* ...(1)andy = €% ....(2)

Substituting the value of y in (1),

Andy =1 (from 2)

On differentiating (1) w.r.t. x, we get

dy .
ax
d
= my =d—i=—1

On differentiating (2) w.r.t. x, we get

dy
ax ¢
d
= I, =d_i=1

Y miX mp = -1
Since the multiplication of both the slopes is -1 so the slopes are perpendicular to each other.
. Required angle = 90°

15. Question

Write the slope of the normal to the curve y = i at the point [ 3.
X

|

| —

Answer

Given thaty = 1

X
On differentiating both sides w.r.t. x, we get
dy 1
dx ~  x?
Now, slope of the tangent at (3,%)

dy 1

=>dx_ 9

Slope of normal = 9

Get More Learning Materials Here : & m @\ www.studentbro.in



16. Question

Write the coordinates of the point at which the tangent to the curve y = 2x2-x + 1is parallel to the liney =
3x + 9.

Answer

Let (a, b) be the required coordinate.

Given that the tangent to the curve y = 2x2 - x + 1 is parallel to the liney = 3x + 9.
Slope of the line = 3

"" the point lies on the curve

=b=2a%-a+1..(1)

Now,y = 2x%2 - x + 1

dy
ﬁ&—‘q-x—l

Now value of slope at (a, b)

dy
ﬁ&—‘qﬂ—l

Given that Slope of tangent = Slope of line
=4a-1=3

=4a=14

=a=1

From (1),

b=2-1+1

=2>b=2

17. Question

Write the equation of the normal to the curve y = cosx at (0, 1).
Answer

Given that y = cos x

On differentiating both the sides w.r.t. x

dy
dx = SInX

Now,
Slope of tangent at (0, 1) =0

Equation of normal:

(y—yi)= (x—x%,)

Slope of tangent

-1
=-D=7&-0
=2x=0
18. Question

Write the equation of the tangent drawn to the curve y = sinx at the point (0, 0).
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Answer
Given that y = sin x
The slope of the tangent:

dy B
X COSX

For origin (a, b) slope =cos 0 =1

Equation of the tangent:

(v —y,) = Slope of tangent x (x — x,)

So, the equation of the tangent at the point (0, 0)
y-0 = 1(x-0)

:y=X
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