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Chapter 6:APPLICATION OF DERIVATIVES
Ex-6.1
Q1. Find the rate of change of the area of a circle with respect to its radius r when
dA d

dr - a (nr?) = 2xr.
A.l.(a) r=3cm

Whenr=3cm,
dA
dr =2 xnx 3 cm = 6.
2
Thus, the area of the circle is changing at the rate of 6w cm %
(b) r=4cm
whenr = 4cm,
dA
dr - 2 xmtx 4cm = 8.
%

Thus, the area of the circle is changing at the rate of 8t cm

Q2. The volume of a cube is increasing at the rate of 8 cm3 /s. How fast is the surface area increasing when the length of an edge is 12

cm?
A.2.
Let x be the length of edge,v be the value and s be the surface area of the cube then,
y =x3.
and S = 6x2, where x is a fxn of time.
dy 3
& _gem”
Now, dF
d
:> e
dt (x3)=g
dx’ dx .
— dx dt (by chain rule)
ax
=L .
= 3x2 dx
dx 8
—dt 3x%
ds  d d(6x’) dx g 32

Now, Ot Ot (po)=  OX  OX 212x 3¢ X ¢ °
When x =12 cm,
dS_E_S

dt 12 3n

Q3. The radius of a circle is increasing uniformly at the rate of 3 cm/s. Find the rate at which the area of the circle is increasing when the
radius is 10 cm.
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A.3.
Let ‘r' cm be the radius of the circle which is afxn of time.
dy
Then, dt - 8 3cm/s as it is increasing.

Now, the area A of the circle is A = wtr2.

A _d
So, the rate at which the area of the circle change dt dt mr2.
d , dr
=anr e
=2nr3
=67r.cm %
When r =10cm,
dA

_— 2
dt - 6.71x 10 = 607 cm

An edge of a variable cube is increasing at the rate of 3 cm/s. How fast is the volume of the cube increasing when the edge is 10 cm

long?
A.4.

Let ‘x’ cm be the length of edge of the cube which is a fx" of time t then,
dx

E =3cm/s as it is increasing.

Now, volume v of the cube is v = x3.

*.” Rate of change of volume of the cube il = d—q3
dt dt
_dx’ dx
Codx dt
3x2.3
9x?> cm %

When x = 10cm.

3—¥=9><(10)2=900cm%

Q5. A stone is dropped into a quiet lake and waves move in circles at the speed of 5 cm/s. At the instant when the radius of the circular
wave is 8 cm, how fast is the enclosed area increasing?
A.5.

The area A of the circle with radius 7 is A = tr?

, dA dxr* dxr® dr
Then, rate of change in area — = = —

dt dt dr dt

‘. The wave moves at a rate 5cm/s we have,

dr

£= 5cm/s
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dA

So, — =r.5=107r. cm %
dt

When r=8cm.

dA

2 2
E =1O.1t.8cmA =80xcmé

Q6. The radius of a circle is increasing at the rate of 0.7 cm/s. What is the rate of increase of its circumference?
A.6.
The circumference C of the circle with radius ris C = 2xr.

d dx

C
Then, rate of change in circumference is E =—2nr = 2n—.

dt df
*.» Radius of circle increases at rate 0.7 cm/s we get,

d_y =0.7cm/s
dt

dC
So, E =2x.0.7 cm/s =1.4x cm/s.

Q7. The length x of a rectangle is decreasing at the rate of 5 cm/minute and the width y is increasing at the rate of 4 cm/minute. When x

= 8cm and y = 6¢cm, find the rates of change of (a) the perimeter, and (b) the area of the rectangle.
A.7.

Since the length x is decreasing and the widthy is increasing with respect to time we have

dx d
— =—5cm/min and d_)tl =Acm/min

dt

(a) The perimeter P of a rectangle will be, P = 2(x + y)

dP d’
".” Rate of ch f perimeter, — = —(X+
ate of change of perimeter o dt( Y)
A3
dt dt
=2(-5+4)

=—2cm/min

(b) The area A of the rectangle is A = x. y.
Rate of change of area i e _d (xy)
*.” Rate of chang reais —=— (X
dt dt

dy dx
=X—+—"Y.
dt dt

=4x-5y

dA
So, E |x = 8ay = 6cm = 4(8) — 5(6) = 32 — 30 = 2 cm?/min spherical balloon

Q8. A balloon, which always remains spherical on inflation, is being inflated by pumping in 900 cubic centimetres of gas per second. Find
the rate at which the radius of the balloon increases when the radius is 15 cm

A.8. Let ‘’r cm be the radius of volume V. measured Then,
4
V=—nr’
3

%

Now, rate at which balloon is being inflated = 900cm


www.toppersguru.com

Www.toppersguru.com

~ N 900em %
dr

= i(inﬁj =900 cm /%
dt\ 3

:i(fx r3j£=9oo
dr\ 3 dt

4

— Tx 3><r2£ =900.

3 dr
dr _ 900
dt  4nr®’

When r =15cm,

ds 900 900

=— cm/s.

dtl . 4nx(15° 900n =

1
*.» Radius of balloon increases by — per second.
T

Q9. A balloon, which always remains spherical has a variable radius. Find the rate at which its volume is increasing with the radius when
the later is 10 cm

A.9.
. . I
The volume v of a spherical balloon with radius ris V.gm’ .
with respect its radius.

dv d(4 3j
—=—| —7r
dr dr\3

Then, the rate of change of volume

Whenx =10 cm,

%_V =47 (10)2 = 400w cm3/cm
r

Q10. A ladder 5 m long is leaning against a wall. The bottom of the ladder is pulled along the ground, away from the wall, at the rate of
2cm/s. How fast is its height on the wall decreasing when the foot of the ladder is 4 m away from the wall ?

A.10.
Since, the bottom of ground is increasing with time t,
dx
— =2cm/s
dt

From fig, A ABC, by Pythagorastheorem
AB? + BC? = AC?

=x*+y?=52

=x2+y?=25 (1)

Differentiating eq" (1) w. r. t. time t we get,
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d,, ., d
—(x +y ):E(ZS)

dt
= 2x% + 2yﬂ =0.
dt dt
= 2Xx2+ Zy% =0
& = —%. m/s
dt y
When x = 4m, the rate at which its height on the wall decreases is
Ay =5
dy 2x4 =y>=25-16
dt 3 — y9 ( Length cant'be negetive)
=>y=3
= ﬂ = —§ room
dt

Q11. A particle moves along the curve 6y = x3 +2. Find the points on the curve at which the y-coordinate is changing 8 times as fast as
the x-coordinate

A.11.
Given eq" of thecurveisby=x3+2.__ (1)
Wheny coordinate change s 8 times as fast as x-coordinate
dy
d_x =

Now, differentiating eq" (1) wrt.x we get,

8____ (2)

d d
&(6y)=&(x3+2)

=6 340,
dx
= 6 x 8 =3x? (using eq"(2))
S =4—8=16
3
:>+\/;=i\/ﬁ
=Xx= 1 4.

When x =4, we have, 6y =43+2 =64 +2 + 66

:yzﬁyﬂl.
6
And when x=—4, we have, 6y =(—4)3+2=—64+2=-62
62 31
Y

. . 31
*." The tequired point s are (4, 11) and —4,?
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Q12. The radius of an air bubble is increasing at the rate of 1 2 cm/s. At what rate is the volume of the bubble increasing when the
radius is 1 cm?
A.12.
Let x be the radius of the bubble with volume .V. then,
dr 1

—=—cm/s
da 2 /
andV = i1rn3
3
\V 4 4
Rate of change of volume d—:i(—rfj = —n%ﬁ
dt  dt\3 3 dt
—inx3r2ﬂ.
3 dt
=41U2><l
2
=2nr.
% =2x(1)?=2m. cm %
dt

r=cm

Q13. A balloon, which always remains spherical, has a variable diameter 3 (2 1) 2 x +. Find the rate of change of its volume with respect

to x.
A.13.
. . . 3
Given, diameter of the spherical balloon = E (2x + 1)
. . 1 3
So, radius of the spherical r = 5 X E(Zx +1)
3
=—(2x+1
4( )
. 14
Then, volume of the spherical V = am‘ 3
3
4 3 3
— = X| —
3 4\ (2x+1)
o
=—(2x+1).
6 ( )
dv d
*.‘Rate of change of volume wrt.tox, — = — £(2X +1)°
dx dx| 16
o , d
=—x3x(2X+1)"—(2x+1
16 ( ) OIX( )
27 27
= ox+ 1 x 2= x+ 1)
16 8
Sand is pouring from a pipe at the rate of 12 cm? /s. The falling sand forms a cone on the ground in such a way that the height of
Qil4.
the cone is always one-sixth of the radius of the base. How fast is the height of the sand cone increasing when the height is 4 cm?
A.14.

Let r cm and h cm be the radius and the height of the cone. Then,
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1
h=—r.=H=6h
6

1
So, volume, V of the cone = gnrzh

1 4d
=—mn(6h)* xh. —.
3 dt
=12 xh?
Rate of change of volume of the cone wrt the height is

dv _d

—= —(12Tl:h3) =12 xmx 3 xh?
dh dh
%

As the sand is pouring from the pipe at rate of 12cm 7%
we have

dt

= ﬂ X @ =12

dh dt

= 367h? an =12.
dt

dh 12 1
dt  36mh?

C3nh?
LI D D O
Cdt],., 3mx(4)’ 487

1
Hence, the height is increasing at the rate of K cm/s.
X

Q15. The total cost C (x) in Rupees associated with the production of x units of an item is given by C (x) = 0.007x3 — 0.003x? + 15x + 4000.
Find the marginal cost when 17 units are produced.
A.15.

Given, c(x) = 0.007 x>~ 0.003x? + 15x + 400.

Since the marginal cost is the rate of change of total cost wrt the output we have,
, dC
Marginal cost, MC, = d—(x)
X

=0.007 x 3x>- 0.003 x 2x + 15.
When x =17,
Then, MC = 0.007 x2. (17)>- 0.003 x 2(17) + 15.
=6.069 — 0.102 + 15.
=20.967

Hence, the required marginal cost =" 20, 97.

Q16. The total revenue in Rupees received from the sale of x units of a product is given by R (x) = 13x2 + 26x + 15. Find the marginal
revenue when x=7.

A.16.
. Given, R(x) = 13x? + 26x + 15.
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Marginal revenue is the rate of change of total revenue with respect to the number of units sold Marginal revenue (MR) =
dR(x)
dx

:%(13x2 +26x+15)

=13 x2x+26
=26x+ 26
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MR =26 x 7+ 26 =182 + 26 = 208.
Hence, the required marginal reverse = " 208.
Choose the correct answer for questions 17 and 18.

Q17. The rate of change of the area of a circle with respect to its radiusratr=6 cm is
(A) 10t (B)12rt (C) 8m (D) 11m

A.17.
The area A of the isle with radius r is given by with respect to radius r A = r?.
Then, rate of change of area of the circle d—A = dr”
dx dr
=2mr.
When r=6cm
dA

—=21tx6=12m.
dt

*.» option (B) is correct.

Q18. The total revenue in Rupees received from the sale of x units of a product is given by R(x) = 3x2 + 36x + 5. The marginal revenue,
when x=15is

(A) 116 (B) 96 (C) 90 (D) 126

A.18.
Given, R(x) = 3x*> + 36x + 5.
Marginal revenue, iR(X) = i(?)X2 +36X+ 5)
dx dx
=3x2x+36
=6x+36
When x = 15.
d

d—R(X)=6><15+36 =90+36=126
X

*."Option (D) is correct.
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