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Exercise 6.3
i v=3x"—dx
1. Find the slope of tangent to the curve - at x = 4.
Solution:
i v=3x"—4x
Equation of the curve <~ =~ 7~ ... (1)

Slope of the tangent to the curve = Value of €x at the point (X, y).

D _3(4)—4=12¢ -4
ax ’ ’

Slope of the tangent at point x = 4 to the curve (1)

_12(4) -4

=764
= - 1 x=E2
2. Find the slope of tangent to the curve x—1 at x = 10.
Solution:
7 e 1
Equation of the curve =~ *—2 ... 1)

Derivate y w.r.t. X,

2 (-2)
(x=2)=(x-1)
e
-
20 @)

Slope of the tangent at point x = 10 to the curve (1)
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_ 1
(10-2)°

-1
- g

_1
64

3. Find the slope of tangent to the curve ¥ =% ~**1 4t the given point whose *—
coordinate is 2.

Solution:

Equation of the curve ¥=% —**1 (1)

Apply derivate w.r.t X,
L |
ax

Slope of the tangent at point x=21 to the curve ()

"'.l":_
=S to gy

4. Find the slope of tangent to the curve » =% ~—3¥+2

coordinate is 3.
Solution:

at the given point whose x-

Equation of the curve ¥ =% —3*+2 (1)

Apply derivate w.r.t x,

W33
ax

Slope of the tangent at point *=3 to the curve (2)

= 3|3| -3 =24

T
34 .. .= 3 f=—.
5. Find the slope of the normal to the curve ¥ =4cos g.y=asin” & 4 4
Solution:

Equations of the curves are *=4cos” &y =asin” &
x=agcos &,

Apply derivate w.r.t x,
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ﬁ = a_ilzcoﬁ 5]3
a6 d8

a3 (I:DS E-"): % (CDS E.")

ﬁ =—3acos’ fsind
= d6 .
And,
v=asin’

Apply derivate w.r.t X,

-

a3 [:Siﬂ Sj %I:sin E#']

m' . 3
— =3asin” fcosf

e | (2)
Using (1) and (2), we have

dv_dv/df 3asin’fcosf
dx dx/df —3acos @sinf

—sin & et

= cos&

Now,

&=
Slope of the tangent at

|

T
—tan —=-1
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T
==
And Slope of the normalat 4

-1 -

= ???:?1 =1

r=1—asin 8, y=bcos™ F at

6. Find the slope of the normal to the curve -

Solution:

Equations of the curves are X=1-asiné gpng ¥'=

x=1—-gasiné

Apply derivative w.r.t. X, we have

ax
—=0—gcos?f

a6

ﬂ =—grosf
= dé
Again,
v=hcos' &
Apply derivative w.r.t. X, we have
i =b i (cos 5]:
48 48 '
£=b.2 cus-?t_zl—cus€=—2.5 cos @sin &
46

Now,

dy _dv/df —lbcos@sinf
dy deldé —gacosd

-
-—bsinﬁ
= 4

8=
Again, Slope of the tangent at

S
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2, 1 2b

—sin—=—
= a 2 a

="

And Slope of the normalat 2
-1 -1
=m 2b'a

—&

-2

7. Find the point at which the tangent to the curve
axis.
Solution:

Equation of the curve ¥ =% —3% —9x+7 (1)

W 352 —6x—9

ax

Since, the tangent is parallel to the x-axis, so, @x
3" —6x-9=0
 —2x—3=0
(x=3)(x+1)=0
x=3,x=-1

From equation (1), when x = 3.

¥y=27-27-27+7=-20

when ¥="1 y=-1-3+5+7=12

)

. .
Therefore, the required points are (3.20 and '

112).

=x —3x —9x+7

is parallel to the x-

S :
8. Find the point on the curve y=(x=2) at which the tangent is parallel to the chord

joining the points (2, 0) and (4, 4).
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Solution: Let the given points are M (2, 0) and N (4, 4).
4-0

Slope of the chord, MN = 4—1
[ m=2 _}.1}
.T: —.'li'l

. . }':[:1’—2]: .
Equation of the curve is . (Given)

Slope of the tangent at (x, y)

= =2{x-2)
= dx L ’

If the tangent is parallel to the chord MN, then
Slope of tangent = Slope of chord

2(x-2)=2

x=3

y— 2 ki
Therefore, * Catiy £

Therefore, the required point is (3, 1).

9. Find the point on the curve ¥ =% ~11%%3 4t \which the tangent is y = x -11.
Solution:

Equation of the curve ¥ =% —1lx+5 (1)

Equation of the tangent ¥ =*~11 (2)

- x—y—-11=0

Slope of the tangent at (X, y)
& 321
= ax [From equation (1)]
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—c;r_—l_l

Slope of tangent = & -1
[From equation (2)]
Therefore,

3 —11=1

>~

From equation (1), when =~ v=8-22+5=-9

And when ¥=—2 y=—8+I1+5=19

).

(-2.19) : : : (2.9
t, ! does not satisfy equation (2), therefore the required point is :

We observed tha

10. Find the equation of all lines having slope —1 that are tangents to the
1

y=——x=1
curve x—1
Solution:

:L':L:l;j{—l:l_l
Equation of the curve ~ x=1 = ... (1)
a . . )
—=(-1)[x-1) " —[x—-1
D () (-1 L
-1

— [:.T—l_]: [:-"QJ-'_]

= Slope of the tangent at
But according to given statement, slope = —1

-1
(x-1)

=

= -1
(x=1)" =1

x—1=%1
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x=1+41=2 oy x=1-1=0

From equation (1), when x = 2

2

(=

And when x=0

V= L =-1
0-1
Points of contact are (2, 1) and (0, -1).

NS N
And Equation of two tangents are y-1=-1(x-2]

—x+y—3=0 and
y=(-1)=-1{x=0) _ x+y+1=0

11. Find the equations of all lines having slope 2 which are tangents to the
1

LXE 3.

V=
curve x—3

Solution:
= = I:x—?rj_l
Equation of the curve

D~ (-1)(x-3)7

ax

1
x—3

-1
_ [:_1:—3_]:

)

= Slope of the tangent at '™
But according to question, slope = <

-1
[:1’—3_]: p»

1

2

[.1:—3_]: =
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which is not possible.
Hence, there is no tangent to the given curve having slope 2.

12. Find the equations of all lines having slope 0 which are tangents to the
1

v=

curve  x —2x+3
Solution:
1
yY=— -
Equation of the curve x—2x+3 L (1)
dy  d

=~ = __[[f_w:: —2x+ 3‘]_1:|
ax  dxl- ’

_ —[._T' —2x+3) (2x-2)

-2(x-1)

_ [..T: —2x+3)

But according to question, slope =0, so

“2(x-1)
[x" —2x+3) i
—2(x-1)=0
x=1
1= 1 :l
From equation (1), 1-2+3 2

10
L—1.
Therefore, the point on the curve which tangent has slope O is - 2)

V=

] =0(x-1)
Equation of the tangent is '

[N
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Which implies, the value of y is %.

+2 =1

.T:
13. Find the points on the curve 2 16  at which the tangents are:

(i) parallel to x-axis (ii) parallel to y-axis
Solution:

.T:
Equation of the curve 2 16 ... . (1)

Derivate y w.r.t. X, we have
Ix Jyvav _

0 16 dx

(i) If tangent is parallel to x-axis, then Slope of tangent = 0

@&
Which implies, @x =0

—16x
Oy

0

_:I."

From equation (1), 16 -
v =16

y==14
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The points on curve

(1) where tangents are parallel to x-axis are

ves

(0.£4)

(i) If the tangent parallel to y-axis.
Slope of the tangent = £

ai.L.

—=xx
ax

e

— [:I
ﬂiL.

(taking reciprocal)

Qv

From equation (2), ~16x

y=0

=1

From equation (1), ¢

Therefore, the points on curve (1) where tangents are parallel to y-axis are

14. Find the equation of the tangents and normal to the given curves at the indicated

points:

I N 2 oy &
(|) y=Xx 51 +131 1[:].1+_, at (0, 5)

I N 1 o
(”) y=Xx 6.1 +13.'l; 1':].1+_, at (1, 3)

(i) ¥ =%

(iv) ¥=*

at (1,1)
at (0, 0)

(v)x=cost,y=sintatt=m/4

Solution:

(i)

Equation of the curve *

=% —6x +13x" —10x+%

On differentiating y w.r.t. X, we have

https://byjus.com
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& 4 —18: + 2610
ax

a:l}.

Now, value of €x at (0, 5)

At x=0,

4707 —18(0) +26(01=10 =—10 =m
/ / - (say)

-1 -1 1

Slope of the normal at (0, 5)is 7 —10 10

_E [
Equation of the tangent at (0, 5) is ¥ - 10(x-0)

v—5=10x

10x+y=5

v
And Equation of the normal at (0, 5) is

10yv—350=x

x—10y+50=0

o 67 113 10
(i)  Equation of the curve ¥ =% —6x +13:x" —10x+3

On differentiating y w.r.t. X, we have

& 4 —18: + 2610
ax

ﬂ:'}'
Now value of 4x at (1, 3)

At *=L

4(1)7 -18(1)7+26(1)-10=4-18+26-10 =2 =m

https://byjus.com
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-1 -1

Slope of the normal at (1, 3)is m 2

Equation of the tangent at (1, 3) is y=3=2(x-1]

v—3=2x-12
yv=2x+1
v=3 :_—1[:.1:—1]
And Equation of the normal at (1, 3) is 2 '
2yv—6=—x+1
x+2v—7=0
(i)  Equation of the curve ¥=% ... (1)

On differentiating y w.r.t. X, we have
E =3x’
ax

aiL.
Now, value of €x at (1, 1)
At *=L
3(1) =3 _ (say)

S

Slope of the normal at (1, 1) is ™ 3

Equation of the tangent at (1, 1) is y=1=3(x-1)

yv—1=3x-3 or y=3x-2

}'—1:_—1[1’—1]
And Equation of the normal at (1, 1) is 3 '
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3yv—3=—x+1
x+3y—4=0
(iv)  Equation of the curve ¥ =% ... (1)

On differentiating y w.r.t. X, we have
@ 2x
o

a:l}.

Now value of 4x at (0, 0)

At ."i':[:l: 2x=0=10 — M (Say)
Equation of the tangent at (0, 0) is ¥ ~° = ¢(*~0)
v=>0

And normal at (0, 0) is y-axis.

(v) Equation of the curves are *= C0sf.V =si?

Frk's . dv

—=—sint — =cost

at and &t

dv  dv/dt cost

—=———=———=—cotr¢
Lodx  dxldat —sint

T T
t=— —cot—=—l=m

Slope of the tangentat 4 = 4 (say)
Slope of the normalat 4 is m -1

Point (x.¥) _ (cost.sint)

i T T
cos—.sin— |
iy
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_ ﬁﬁl
1'—i——ll x— 1)

: ot T A
Equation of the tangent is V2 V2
x+y= ! + !

ETR
x+y=~2
1'—i—ll X — n
: o B
And Equation of the normal is 2 V2
. 1 e 1
NN
==V =X

15. Find the equation of the tangent line to curve * =
(a) parallel to the line 2x-y+9=0

(b) perpendicular to the ling ¥ ~153x=13
Solution:
Equation of the curve ¥'= =247 (1)
ﬂ =2x-2
Slope of tangent = @x ... (2)
—-a -2

=_-=2

(a) Slope of the line 2*~¥T9=0js b -1
Slope of tangent parallel to this line is also = 2

From equation (2), Ix=2=1

:> .-II..-=2

From equation (1), + =4-4+7=7

Therefore, point of contact is (2, 7).

X —

2x+7

https://byjus.com
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=T =2 =2
Equation of the tangent at (2, 7) is y=T=2x-2)
= yv—T=2x—4
= yv—2x—-3=10
- _—(—15_] _3
(b) Slope of the line ~17*T3¥=13 i 5 5 = m

Slope of the required tangent perpendicular to this line = E

E.T—Zz _—1
From equation (2), 3
br—B=-1
5
N=—
6
25 5
yv=——=+7

From equation (1), 36 3

25-60+252 217

= 36 = 36
CS4207)
. . ! — - |
Therefore, point of contact is 6 36 )
217 -1 30
1 — = — '|l__'
36 3 6)

217 g
31 —_ = -+ —
2
217 5
x+3v= +-
12 6
217+10 227
.T+3:_|.-'= =
12 12
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12x+36y=227 (which is required equation)

16. Show that the tangents to the curve ¥ =% T11 4t the points

where ¥*=2 and *="2 are parallel.

Solution:

Equation of the curve y=Tx +11
v X

[' X .L.'] +=21.T‘

Slope of tangent at * -/ = &x

At the point x = 2,

12 _5 _
Slope of the tangent = 21(2) =21x4=84

At the point x = -2,

¥ -_F'r.::'-_l‘ _q
Slope of the tangent = -+ ~2) =21x4 =8

Since, the slopes of the two tangents are equal.

Therefore, tangents at x = 2 and x = -2 are parallel.

17. Find the points on the curve ¥ =% at which the slope of the tangent is equal to
the * ~ coordinate of the point.

Solution:

Equation of the curve ¥=% ... (1)

)

Slope of tangent at =y,
@ =3x

=dx ... (2)

As given, Slope of the tangent = y-coordinate of the point

3=
It —x =
x* (3—x)=0

https://byjus.com
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.T: =1 or F—x=10

.T=|:| or .T=3

From equation (1), at *=0 »=0

The point is (O, 0).

And From equation (1), at *=3 ¥=27

The pointis (3, 27).

Therefore, the desired points are (0, 0) and (3, 27).

18. For the curve ¥ =% =2 find all point at which the tangent passes through the
origin.

Solution:

Equation of the curve ¥ =+ —2¥ (1)

Slope of the tangent at (x, y) passing through origin (0, 0)

& 1222 -105
ax
v—0

And dy/dx = x—0

1 -
2 =124 —10x"
=> X

v=12x —10x

Substituting value of y in equation (1), we get,
1257 —10x =4 —2x

8 —8¢ =0
87 (1-x) =0

8¢ =0 gr l-x" =0

= .T=|:| or .Tzi].
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From equation (1),
at x = 0, the value of y = 0.

From equation (1), at *=k

The value of y is, ¥ =*"2=2

From equation (1), at *= L

The value of y is ¥ =+ +2=—2

Therefore, the required points are (0, 0), (1, 2) and (-1, -2).

19. Find the points on the curve * T¥ —2x=3=0
axis.

Solution:

at which the tangents are parallel to x-

Equation of the curve * *¥ —2x—3=0 (1)

On differentiating expression w.r.t. X, we have

v
2x+2y—-=2=0
ax

@ _,
Since tangent is parallel to x-axis: x

I-x_,

:_L.
:> x= ].

From equation (1), 173" —2-3=0

= =4
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= y==1l

Therefore, the required points are (1, 2) and (1, -2).

20. Find the equation of the normal at the point

Solution:

Equation of the curve @& =% .. (1)

On differentiating expression w.r.t. X, we have

a 1 3
a—V =—XxX
ax ax

_ (am®.am’
Slope of the tangent at the point L

Slope of the normal at the point [-am @)

Equation of the normal at \am.an ) i

~

y—am = :[' x—ant |
m ;

— 3my—3am’ = —2x+2am’
254+ 3my —2am’ —3am” =0

=> -

2x43my—am’ I 2437 | =0

miam‘z.ll -
’ for the curve

https://byjus.com
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21. Find the equations of the normal to the curve ¥=* T2¥%6 \which are parallel to the

linex +14y +4 =0.
Solution:
v=x +2x+6 1)

)

Slope of the tangent at (2.0

Equation of the curve

a:I:L.

— =3x"+2
So, ax

(x.7]

Slope of the normal to the curve at

-1
Since Slope of the normal = 14 (Given)

-1 __1
3x+2 = 14
=> 3x'+2=14
3x’ =12

vt =4

x=12

From equation (1), at *=2: ¥ =8+3+6=18

at x=—2, yv=-—"8-44+6=-6

).

iy I
Therefore, the points of contact are (2, 18) and (=26

}'—18=_—1[:.T—2_]
Equation of the normal at (2, 18) is 14

. 143282 =—x+2
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x+14y—-2534=0

"_"_,. _6‘] :_L+5=_—1[:.T+ 2]
And Equation of the normal at =70 s 14
14y +84=—x-2
x+14y+86=0

Which is required equation.

22. Find the equation of the tangent and normal to the parabola ¥~ =*4* at the

[a*.2at).
point * :

Solution:
Equation of the parabola = = *4* (1)

Slope of the tangent at (x.y)

ﬂ vi=4da iLx]

= dx’ dx
d.L.
ly—=4a
= ax
dav 4a 2a

. at*.2a
Slope of the tangent at the point *

Slope of the normal = —*

. . ['c;rrzjar']
Equation of the tangent at the point * :

1. -
v-lar=-[{x—ar |
= r- ’

n—2at’ = x—at”
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tas =x+at’

‘at* 2at
And Equation of the normal at the point [-a - -]

_ V—dat=-1 (x—ar’ |

L. . el — 2 :
Which implies, 7Y ==ar+ar

23. Prove that the curves *=%

_:I."

Solution: Equations of the curves are =+ ... (1) and
Xy =K.......... (2)
Substituting the value of x in equation (2), we get ¥ ¥ =%

y = k3

Put the value of y in equation (1), we get

v=(k%| =k%

Therefore, the point of intersection (x, y) is

xad
' P ety (3)
Differentiating equation (1) w.r.t x
dv 1
— = — ml
=> d¢ v (4)

According to the question, 772 = =

Which implies,

and ¥ =% cut at right angles if 8k =1.
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1 I
- _':_1
2yl x )
1
=1
2x
2x=1

2k3 =1 [using equation (3)]
Taking cube both the sides,
8i* =1

Hence Proved.

4+ =1

24. Find the equation of the tangent and normal to the hyperbola a

point (%: %o)-
Solution:
x:_} By
Equation of the hyperbola @~ & ... ... (1)
On differentiating w.r.t. x, we get
Ix dy dy _
a b dx
-2y dv _ —2x
b dx a
dv _ b'x
& ay 2)
bix,
Slope of tangent at { ) is @3
o 1—}':—521’: (x—2x)
Equation of the tangent at (%-30) ig a Yo
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Wy =i =— {00, — |
ﬂ." " 4
W, Vi 06
b a4 a
oG Wy X )
a b a b . (3)

__":1

5

% _ 1
p

Since - ¥ ) lies on the hyperbola (1), therefore,

i _ 1 _1
From equation (3), @ &~
—d’:lv
Now, Slope of normal at (%-20) = B'x,
Therefore,
NI s o (xm%)

Equation of the normal at (- 25 is by,
by —bxy, = —a yxta gy,

lE’E-T: [:J-'—Jr': )= —d:}'; I:x—xsj
On dividing both sides by % ° 2, we get

y=y, __(x-%)

a:}': E'-I:.T:

b x ay,

Which is required equation.
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25. Find the equation of the tangent to the curve ¥ =32 which is parallel to the
dx—2y+5=0.

line
Solution:
Equation of the curve ¥ =~3*=2 (1)

Slope of the tangent at point (x.7) is dx dx

dar 1. Lg .
— = (3x—2) 1 —(3x-2
L (-2 L (35-2)

ax

[

|
LA

dxy-2v+5=0

Again slope of the line isgk. B ... (3)

As given: Parallel lines have same slope.

By equation slopes of both the lines, we get

_ 1 3
2WBr-2 -9

43— 2 =3

16(3x—2) =9
48x—32=9

48x =41

41
X=—
48

Substitute the value of x in equation (1),
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fl,
= Y16
[41-32 \(ET 3
-V 16 Y16 4
(41 3)
: RETIY
Therefore, point of contact is SCIRTS
Now,
300 4N
y——=1 x-—— I
Equation of the required tangent is L 48
}'—izlx—ﬂ
4 24
RS
24
24y =48x-123
48x— 24y =123

Which is required equation.

Choose the correct answer in Exercises 26 and 27.

26. The slope of the normal to the curve + = 2 +3sinx g x=0 jg;
(A) 3 (B) 1/3 ) -3 (D) -1/3

Solution:

Option (D) is correct.

Explanation:

Equation of the curve * = Ix" +3sinx 1)

ﬂ =4x+3cosx
Slope of the tangent at point (X, y) is @x
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Slope of the tangent at * = Y- 4(0)+3cos0=3=m (say)
-
Slope of the normal = m 3
27. The line ¥=**1 js a tangent to the curve ¥ = ** at the point:

(A)@1.2) B)21) ©)(@-2) DO)(12

Solution:
Option (A) is correct.

Explanation:

Equation of the curve yi=de 1)
R -

Slope of the tangent at point (x.) s dx

dv_ 2

@ v (2)

Now,

Slope of the line ¥=**lis1....(3)

—-a -1

[as we know, & -1 ]

From equation (2) and (3),

=1

et | bt

y=1

From equation (1), 4=4x

x=1

Therefore, required point is (1, 2).
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