13. Derivative as a Rate Measurer

Exercise 13.1

1. Question

Find the rate of change of the total surface area of a cylinder of radius r and height h, when the radius varies.
Answer

Total Surface Area of Cylinder =2nr2 +2nrh

Given: Radius of the Cylinder varies.

Therefore, We need to find ? where S = Surface Area of Cylinder and r = radius of Cylinder.
r

ds
—=4mr+2mwh
dr

Hence, Rate of change of total surface area of the cylinder when the radius is varying is given by (4 nr+2n
h).

2. Question
Find the rate of change of the volume of a sphere with respect to its diameter.

Answer

The volume of a Sphere = é Nk

Where D = diameter of the Sphere

We need to find, % where V = Volume of the sphere and D = Diameter of the Sphere.
v _ mD?
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Hence, Rate of change of Volume of Sphere with respect to the diameter of the Sphere is given by -

3. Question
Find the rate of change of the volume of a sphere with respect to its surface area when the radius is 2 cm.

Answer

Volume of Sphere =§ mr?

Surface Area of Sphere = 4 ni r2

We need to find, %where V = Volume of the Sphere and S = Surface Area of the Sphere.
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4. Question

Find the rate of change of the area of a circular disc with respect to its circumference when the radius is 3
cm.

Answer
Area of a Circular disc = m r2
Circumference of a Circulardisc =2 nr

Where r = radius of Circular Disc.

Now we need to find % where A = Area of Circular disc and C = Circumference of the Circular disk.
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5. Question
Find the rate of change of the volume of a cone with respect to the radius of its base.

Answer

1
The volume of Cone = Em'zh

Where r = radius of the cone

h = height of the cone

We need to find, gwhere V = Volume of cone and r = radius of the cone.

ar = gm‘h

6. Question

Find the rate of change of the area of a circle with respect to its radius r whenr =5 cm.
Answer

Area of a Circle = m r?

Where, r = radius of a circle.

We need to find, 3—’* , where A = Area of the Circle and r = radius of Circle.
n
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7. Question

Find the rate of change of the volume of a ball with respect to its radius r. How fast is the volume changing
with respect to the radius when the radius is 2 cm?

Answer
Volume of a Ball = Volume of Sphere = g mwre
Where r = radius of the ball.

We need to find Z—V , where V = Volume of Ball and r = radius of the ball.
N
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8. Question

The total cost C (x) associated with the production of x units of an item is given by C (x) = 0.007 X - 0.003x2
+ 15x + 4000. Find the marginal cost when 17 units are produced.

Answer
Given: Total Cost, C (x) = 0.007 x3 - 0.003x2 + 15x + 4000
Where x = Number of units

Marginal Cost is given by,

Marginal Cost M(x) = %

x
Therefore, M(x) = 0.007 x 3 x? - 0.003 x 2 x + 15
At Number of units = 17, x = 17.

So, M(17) = 0.021 (17)? - 0.006 (17) + 15

M(17) = 20.97

Hence, the Marginal Cost of 17 units is 20.97.

9. Question

The total revenue received from the sale of x units of a product is given by R(x) = 13 ¥ + 26 x + 15. Find
the marginal revenue when x = 77

Answer

Given: Total Revenue, R(x) = 13 X% + 26 x + 15



Where x = number of units.

Marginal Revenue is given by,

M(x) = di R(x)

Therefore, % R(x) =26x+26

M(x) =26 (x + 1)

Forx =17,

M(x) = 26(7 + 1)

M(x) = 26 x 8 = Rs. 207
10. Question

The money to be spent for the welfare of the employees of a firm is proportional to the rate of change of its
total revenue (Marginal Revenue). If the total revenue ( in rupees) received from the sale of x units of a
product is given by

R(x) = 3 x2 + 36 x + 5, find the marginal revenue, when x = 5, and write which value does the question
indicate.

Answer
Given: Marginal Revenue, M(x) = di R(x)
X

M(x) proportional to Money spent on the welfare of employees.
Thus, M(x) = k (Money spent on the welfare of employees)
M(x) = 6 x + 36

At x = 5, M(x) = 66

Now at x = 6, M(x) = 72

Thus Marginal Revenue for x = 5 is 66

And when x increased from x = 5 to x = 6,

Marginal revenue also increases and thus the money spent on the welfare of employees increases.

Exercise 13.2

1. Question

The side of a square sheet is increasing at the rate of 4 cm per minute. At what rate is the area increasing
when the side is 8 cm long?

Answer

Given: the side of a square sheet is increasing at the rate of 4 cm per minute.
To find rate of area increasing when the side is 8 cm long

let the side of the given square sheet be x cm at any instant time.

Then according to the given criteria,

Rate of side of the sheet increasing is, % = 4 cm/min ... (i)
Then the area of the square sheet at any time t will be

A = xZcm?2.

Applying derivative with respect to time on both sides we get,



dt dt
dA - dx
ar T Far
=2 _ 2xx4 = 8x... (ii) [from from equation(i)]

So when the side is 8cm long, the rate of area increasing will become

- % — 8 x 8 [from equation(ii)]
= — = 64cm?/min

dt /
Hence the area is increasing at the rate of 64cm?/min when the side is 8 cm long
2. Question

An edge of a variable cube is increasing at the rate of 3 cm per second. How fast is the volume of the cube
increasing when the edge is 1 cm long?

Answer

Given: the edge of a variable cube is increasing at the rate of 3 cm per second.
To find rate of volume of the cube increasing when the edge is 1 cm long

Let the edge of the given cube be x cm at any instant time.

Then according to the given criteria,

Rate of edge of the cube increasing is, % = 3 cm/sec... (i)
Then the volume of the cube at any time t will be

V =x3cm3.

Applying derivative with respect to time on both sides we get,

dv d(x?*)

de  dt
dV_ 3 2d:s;

B T
ﬂ

~ = 3x?x3 = 9x”.....(ii) [from equation(i)]

When the edge of the cube is 1cm long the rate of volume increasing becomes

dv
= = 9 x (1)* = 9cm?/sec

Hence the volume of the cube increasing at the rate of 9cm3/sec when the edge of the cube is 1 cm long
3. Question

The side of a square is increasing at the rate of 0.2 cm/sec. Find the rate of increase of the perimeter of the
square.

Answer
Given: the side of a square is increasing at the rate of 0.2 cm/sec.
To find rate of increase of the perimeter of the square

Let the edge of the given cube be x cm at any instant time.



Then according to the given criteria,
Rate of side of the square increasing is, % = 0.2 cm/sec... (i)
Then the perimeter of the square at any time t will be

P=4x cm.

Applying derivative with respect to time on both sides we get,

dP B d(4x)
dt  dt
dP 4dx
= — = -
dt dt
= % = 4 x 0.2 = 0.8cm/sec [from equation(i)]

Hence the rate of increase of the perimeter of the square will be 0.8cm/sec
4. Question

The radius of a circle is increasing at the rate of 0.7 cm/sec. What is the rate of increase of its
circumference?

Answer

Given: the radius of a circle is increasing at the rate of 0.7 cm/sec.
To find rate of increase of its circumference

Let the radius of the given circle be r cm at any instant time.

Then according to the given criteria,

Rate of radius of a circle is increasing is, % = 0.7 cm/sec... (i)
Then the circumference of the circle at any time t will be

C = 2nr cm.

Applying derivative with respect to time on both sides we get,

dc d(2mr)

dt — dt
dC _5 dr

“ar - Ma

= % = 2mx 0.7 = 1.4mcm/sec [from equation(i)]

Hence the rate of increase of the circle’'s circumference will be 1.4 cm/sec

5. Question

The radius of a spherical soap bubble is increasing at the rate of 0.2 cm/sec. Find the rate of increase of its
surface area, when the radius is 7 cm.

Answer

Given: the radius of a spherical soap bubble is increasing at the rate of 0.2 cm/sec.
To find rate of increase of its surface area, when the radius is 7 cm

Let the radius of the given spherical soap bubble be r cm at any instant time.

Then according to the given criteria,



Rate of radius of the spherical soap bubble is increasing is,g = 0.2 cm/sec... (i)
Then the surface area of the spherical soap bubble at any time t will be
S = 4mr?2 cm?2.

Applying derivative with respect to time on both sides we get,

s d(4mr?)
dt dt
ds . d(r?)
Ta T T
ds _ . 2‘dr
= it = 4T X ldt

ds
dt

=— =4ux2rx 0.2 = 1.6Tr..... (ii) [from equation(i)]

So when the radius is 7cm, the rate of surface area will become,

ds

— = lemx (7
ndrr: mx (7)

as 11.2 2
=— = .

T T cm©/sec

Hence the rate of increase of its surface area, when the radius is 7 cm is 11.21 cm?/sec

6. Question

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

Answer
Given: Spherical balloon inflated by pumping in 900 cubic centimetres of gas per second
To find the rate at which the radius of the balloon is increasing when the radius is 15 cm

Let the radius of the given spherical balloon be r cm and let V be the volume of the spherical balloon at any
instant time

Then according to the given criteria,

As the balloon is inflated by pumping 900 cubic centimetres of gas per second hence the rate of volume of
the spherical balloon increases by, g = 900 cm?®/sec... (i)

We know volume of the spherical balloon is Vv = gm'g.

Applying derivative with respect to time on both sides we get,

v d(%m‘g)

dt dt
v 4 d@)
a3 ar
dV_ 4 3‘2dr
a3 T

=900 = 4T[1‘2§ [from equation(i)]

So when the radius is 15cm, the above equation becomes,



dr

900 = 4m x (15)%2—
= X (15) T
dr
= 900 = 900w —
dt
dr 1
= i Trcm/sec

Hence the rate at which the radius of the balloon is increasing when the radius is 15 cm will be cm/sec.
m

7. Question

The radius of an air bubble is increasing at the rate of 0.5 cm/sec. At what rate is the volume of the bubble
increasing when the radius is 1 cm?

Answer

Given: radius of an air bubble is increasing at the rate of 0.5 cm/sec

To find the rate at which the volume of the bubble increasing when the radius is 1 cm

Let the radius of the given air bubble be r cm and let V be the volume of the air bubble at any instant time

Then according to the given criteria,

Rate of increase in the radius of the air bubble is,% = 0.5 cm/sec... (i)

We know volume of the air bubble isV = gm‘g.

Applying derivative with respect to time on both sides we get,

v d(%m‘a)

dt dt
v 4 drd)
Tt 3"
dV_ 4 3‘zdr
a3 T

- g = 4mr? x 0.5 [from equation(i)]

So when the radius is 1cm, the above equation becomes,

dv
— = 4w x(1)?x 05
= X (1)

= 2mcm?
= — =
T cm® /sec

Hence the rate at which the volume of the air bubble is increasing when the radius is 1 cm will be 2w
3
cm->/sec.

8. Question

A man 2 metres high walks at a uniform speed of 5 km/hr away from a lamp - post 6 metres high. Find the
rate at which the length of his shadow increases.

Answer
Given: man 2 metres high walks at a uniform speed of 5 km/hr away from a lamp - post 6 metres high
To find the rate at which the length of his shadow increases

Let AB be the lamp post and let MN be the man of height 2m.



Let AL = | meter and MS be the shadow of the man
Let length of the shadow MS = s (as shown in the below figure)

B

6m

(shadow)

Given man walks at the speed of 5 km/hr

odl 51{111 .
STy (1)

So the rate at which the length of the man’s shadow increases will be%

Consider AASB

tan AB
an = s

6 y
= tanh = T5s (ii)

Now consider AMSN, we get

tan 8 MN
ano = —
MS

2
= tanh = E....(iii)

So from equation(ii) and (iii),

=65 = 2(1 + 35)
= 65— 25 = 21
=1= 25

Applying derivative with respect to time on both sides we get,

dl B d(2s)

dt  dt
dl ds

N et
dt dt

=5 = z% [from equation(i)]
& 2 s skmym
=2 —=—-= 2 :
il n/hr
Hence the rate at which the length of his shadow increases by 2.5 km/hr, and it is independent to the current
distance of the man from the base of the light.



9. Question

A stone is dropped into a quiet lake and waves move in circles at a speed of 4 cm/sec. At the instant when
the radius of the circular wave is 10 cm, how fast is the enclosed area increasing?

Answer

Given: a stone is dropped into a quiet lake and waves move in circles at a speed of 4 cm/sec.

To find the instant when the radius of the circular wave is 10 cm, how fast is the enclosed area increasing

Let r be the radius of the circle and A be the area of the circle

When stone is dropped into the lake waves moves in circle at speed of 4cm/sec.

i.e., radius of the circle increases at a rate of 4cm/sec

. dr
e, d—i = 4cm/sec... .. (i)

We know that

Area of the circle is r2

Now,
dA _
dt
dA
dt
dA
dt
dA
dt

d(mr?)
dt

d[:rZ)
dt

B >(2_(11'
=T ldt

= 2mrx 4......(i)

So when the radius of the circular wave is 10 cm, the above equation becomes,

dA
=t

dA
T

=2mx10x 4

= 80m cm?\sec

Hence the enclosed area is increasing at the rate of 801 cm?/sec

10. Question

A man 160 cm tall walks away from a source of light situated at the top of a pole 6 m high, at the rate of
1.1m/sec. How fast is the length of his shadow increasing when he is 1m away from the pole?

Answer

Given: man 160cm tall walks away from a source of light situated at the top of a pole 6 m high, at the rate of
1.1m/sec

To find the rate at which the length of his shadow increases when he is 1m away from the pole

Let AB be the lamp post and let MN be the man of height 160cm or 1.6m.

Let AL = | meter and MS be the shadow of the man

Let length of the shadow MS = s (as shown in the below figure)



6m

160 cm
A e »{ &
M 5 5
(shadow)

Given man walks at the speed of 1.1 m/sec

od 11 .
ST m/sec.... (i)

So the rate at which the length of the man’s shadow increases will beg

Consider AASB

tan AB
an = a3

6 y
= tanB = T5s (ii)

Now consider AMSN, we get

tan @ -
anbd = o

1.6
= tanh = ?....(iii)

So from equation(ii) and (iii),

6 1.6
l1+s s

=65 = 1.6(1 + 5)
= 65— 1.65 = 1.6l
=1 = 2.75s

Applying derivative with respect to time on both sides we get,

dl d(2.75s)
dt  dt
dl 275 ds
=— = 2.75—
dt dt

=11 = 2.75% [from equation(i)]
ds 0.4

=— = 0.
I m/sec

Hence the rate at which the length of his shadow increases by 0.4 m/sec, and it is independent to the current
distance of the man from the base of the light.

11. Question

A man 180 cm tall walks at a rate of 2 m/sec. away, from a source of light that is 9 m above the ground. How



fast is the length of his shadow increasing when he is 3 m away from the base of light?

Answer

Given: man 180cm tall walks at a rate of 2 m/sec away; from a source of light that is 9 m above the ground
To find the rate at which the length of his shadow increases when he is 3m away from the pole

Let AB be the lamp post and let MN be the man of height 180cm or 1.8m.

Let AL = | meter and MS be the shadow of the man

Let length of the shadow MS = s (as shown in the below figure)

B

9m
N
120 cm \\
A e » 6 s
M s

(shadow)

Given man walks at the speed of 2m/sec

odl 5 .
Sl m/sec.... (i)

So the rate at which the length of the man’s shadow increases will be%

Consider AASB

tan AB
an = a3

9 y
= tanh = T5s (ii)

Now consider AMSN, we get

tanf v
and = 4o

2
= tanh = E....(iii)

So from equation(ii) and (iii),

=95 = 2(1 + 35)
= 95— 25 = 2]
=] = 3.5s

Applying derivative with respect to time on both sides we get,

dl B d(3.55)
dt ~  dt




=2 = 3.5—:: [from equation(i)]
5 0.6
= — = ().
o m/sec

Hence the rate at which the length of his shadow increases by 0.6 m/sec, and it is independent to the current
distance of the man from the base of the light.

12. Question

A ladder 13 m long leans against a wall. The foot of the ladder is pulled along the ground away from the wall,
at the rate of 1.5m/sec. How fast is the angle 6 between the ladder and the ground is changing when the foot
of the ladder is 12 m away from the wall.

Answer

Given: a ladder 13 m long leans against a wall. The foot of the ladder is pulled along the ground away from
the wall, at the rate of 1.5m/sec

To find how fast is the angle 6 between the ladder and the ground is changing when the foot of the ladder is
12 m away from the wall

Let AC be the position of the ladder initially, then AC = 13m.

DE be the position of the ladder after being pulled at the rate of 1.5m/sec, then DE = 13m as shown in the
below figure.

B X c E
So it is given that foot of the ladder is pulled along the ground away from the wall, at the rate of 1.5m/sec

dx .
= 1.5m/sec......ccconnn. (i)

Consider AABC, it is right angled triangle, so by applying the Pythagoras theorem, we get

AB2 + BC2 = AC?

= y? + (12)? = (13)?
=y2 =169 -144 =25
=2y=5

And in same triangle,



AC

e:—:
sec BC

13

— ... (iii

17 - (i)

Now differentiate equation(ii) with respect to time, we get

dy* +x3)  d®?)

dt dt
d(y?) N d(x?)  d(h?)
RARPT: dt — dt
2 d"”+2 x _ zhdh
DT ar T dt

Now substituting the values of x, y, h and %(from equation(i)), we get

d dh
= Z(B)d—f + 2(12)(1L5) = 2(13)E

The value of h is always constant as the ladder is not increasing or decreasing in size, hence the above
equation becomes,

d
5 md—f + 24(15) = 2(13)(0)
dy
= lOE = —36
dy :
=% = —3.6.....(iv)

And considering the same triangle,

tan 0 AB y
an =BC " x

Differentiating the above equation with respect to time we get

d(tang) d @)
dt dt
de ‘{g_}rg . . d(ﬂ] v@—uﬂ
= sec2p®® — Ex Y& [applying quotient rule 2w/ _ Yax™ax |
dt x2 dx v2

Substituting the values of sec® (from equation(iii)), x, vy, % (from equation(iv) and % (from equation(i)) the

above equation becomes,

(13)2 dd 12x(-36)—5x15
= | — i
12/ at (12)2

(169) 0 —432-75
“\1aa)at = 144

48  —507 144
T a . 142 169

= — = —0.3rad/sec
dt /

Hence the angle 6 between the ladder and the ground is changing at the rate of - 0.3 rad/sec when the foot
of the ladder is 12 m away from the wall.

13. Question



A particle moves along the curve y = x2 + 2x. At what point(s) on the curve are the x and y coordinates of
the particle changing at the same rate?

Answer

Given: a particle moves along the curve y = x% + 2x.

To find the points at which the curve are the x and y coordinates of the particle changing at the same rate
Equation of curve is y = x% + 2x

Differentiating the above equation with respect to x, we get

dy d(x® + 2%)

dx dx

dy  d(x?) N d(2x)
T ax dx

dy_zdx+2dx_2 + 2 '
"% X - Xt 2 (1)

When x and y coordinates of the particle are changing at the same rate, we get
dy dx

dt — dt

dy dt

Now substitute the value from eqn(i), we get
2X+2=1=22x=-1

1
=>X = —=
2

Substitute this value of x in the given equation of curve, we get

y = x% 4+ 2x

L
<

Il

|

I
-

=y

Il
|
e w

14. Question

If y = 7x - x3 and x increases at the rate of 4 units per second, how fast is the slope of the curve changing
when x = 27

Answer
Given: equation of curve y = 7x - x3 and x increases at the rate of 4 units per second.

To find how fast is the slope of the curve changing when x = 2



Equation of curve is y = 7x - X3

Differentiating the above equation with respect to x, we get slope of the curve

dy d(7x - x*)
dx dx
dy d(7x)  d(x?)
Tdx T dx dx
dy dx 5 2
T & XE—7—3X ......... (i)

Let m be the slope of the given curve then the above equation becomes,

And it is given x increases at the rate of 4 units per second, so

dx A unit
— = 4units/sec........ (iii
s / (iif)

Now differentiating the equation of slope i.e., equation(ii) we get

dm  d(7 —3x%)

dr dt
dm d(7) d(3x?)
= — = —
dt dt dt
dm 0—(3x2 )dx
= — = —_ J—
at e
dm dx . . . dx .
= = = _6}{5 = —6x X 4....(iv) [by substituting the value ofafrom equation (iii)]

When x = 2, equation(iv) becomes,

dm
::'E: —6X X4 = —6%x2x4 = —48

Hence the slope of the curve is changing at the rate of - 48 units/sec when x = 2
15. Question

A particle moves along the curve y = 3. Find the points on the curve at which the y - coordinate changes
three times more rapidly than the x - coordinate.

Answer

Given: a particle moves along the curve y = x3.

To find the points on the curve at which the y - coordinate changes three times more rapidly than the x -
coordinate

Equation of curve isy = x3

Differentiating the above equation with respect to t, we get

dy B d(Xg)
dt ~ dt
dy _ d(Xa)
Tar T dt
d d
_}’ = 3x2—x ......... [:1)



When y - coordinate changes three times more rapidly than the x - coordinate, i.e.,

>x2=1=sx==+1

Whenx=1,y=x=(1)3=y=1

Whenx=-1,y=x=(-1P=y=-1

Hence the points on the curve at which the y - coordinate changes three times more rapidly than the x -
coordinate are (1, 1) and (-1, - 1).

16 A. Question

Find an angle 6

which increases twice as fast as its cosine.

Answer

which increases twice as fast as its cosine.

As per the given condition,

0 =2cos0

Now differentiating the above equation with respect to time we get

d6 zd(cose)
dt dt

de _  d(cose) do
Tdt T de dr
=1 = 2(—sinB)

10 1
=sinb = ——
2

7
Hence, 8 = ?ﬂ

. . . . . .7
So the value of angle 6 which increases twice as fast as its cosine |s?11

16 B. Question

Find an angle 6

whose rate of increase twice is twice the rate of decrease of its cosine.
Answer

whose rate of increase twice is twice the rate of decrease of its consine
As per the given condition,

48 _ _2@ as the rate of increase is twice the rate of decrease, hence the minus sign.

dt

de _ _d(cose) de

T ®

=1 = —2(—sin@)



e 1
= sinf = -
2
Hence, 8 = =

=)

So the value of angle 6 hose rate of increase twice is twice the rate of decrease of its consine is_

17. Question

The top of a ladder 6 metre long is resting against a vertical wall on a level pavement, when the ladder
begins to slide outwards. At the moment when the foot of the ladder is 4 metres from the wall, it is sliding
away from the wall at the rate of 0.5 m/sec. How fast is the top - sliding downwards at this instance?

Answer

Given: the top of a ladder 6 metre long is resting against a vertical wall on a level pavement, when the
ladder begins to slide outwards, at the moment when the foot of the ladder is 4 metres from the wall, it is
sliding away from the wall at the rate of 0.5 m/sec

To find how fast is the top - sliding downwards at this instance
Let AC be the position of the ladder initially, then AC = 6m.

DE be the position of the ladder after being pulled at the rate of 0.5m/sec, then DE = 6m as shown in the
below figure.

B * C E
So it is given that foot of the ladder is pulled along the ground away from the wall, at the rate of 0.5m/sec

Cdx

= = 0.5Mm/SeC.. . oirnneee (i)

Consider AABC, it is right angled triangle, so by applying the Pythagoras theorem, we get
AB2? + BC? = AC?

>y2+x2=h%... (ii)

=y + (4)% = (6)?

=y2=36-16 = 20

Sy =447

And in same triangle,

AC 6
sech = — = E....(iii)

Now differentiate equation(ii) with respect to time, we get



dy? + x3) _ d(b?)

dt dt
d(y?) . d(x?)  d(h?)
AT dt  dt
2 dy+2 ax _ Zhdh
AT ST dt

X

Now substituting the values of x, y, h and %(from equation(i)), we get

d dh
- 2(4.47)(1—1’ + 2(4)(05) = 2(6)

The value of h is always constant as the ladder is not increasing or decreasing in size, hence the above
equation becomes,

d
- 8.94d—:: + 8(0.5) = 2(6)(0)
dy
> 8945 = —4
W _ 0447 i
=5 - 0 v e (IV)

And considering the same triangle,

; el_AB_:,}
an =BC " %

Differentiating the above equation with respect to time we get

d(tang) d @)
e dt

a8 O . . d(_‘) yu dv
- sec? BE _ -m:zz dar [applying quotient rule d_: — _cmVTch]

Substituting the values of sec® (from equation(iii)), x, vy, % (from equation(iv) and % (from equation(i)) the
above equation becomes,

dr (4)2

4

(6)2 de 4 x(—0.447)— 447 x 0.5

(36) dd  —1.788—2.235
16/ dt 16

de  —4.023 16
Ta T 16 36

d@_ 0.11rad
adrri .11rad/sec

Hence the angle 6 between the ladder and the ground is changing at the rate of - 0.11 rad/sec when the foot
of the ladder is 4 m away from the wall.

18. Question

A balloon in the form of a right circular cone surmounted by a hemisphere, having a diameter equal to the
height of the cone, is being inflated. How fast is its volume changing with respect to its total height h, when h
=9 .cm.

Answer



Given: a balloon in the form of a right circular cone surmounted by a hemisphere, having a diameter equal
to the height of the cone, is being inflated

To find: how fast is its volume changing with respect to its total height h, when h = 9 cm

Solution:

Let height of the cone be h’
And the radius of the hemisphere be r

As per the given criteria,

So,

Volume of the balloon (V) = Volume of the cone + Volume of the hemisphere

1 2
V = —mr?h’ + —mr?
3 3

v ! h’zhurz h'\’
=V T3S 3"\ 2

1 1 2
V=—mh?+ —nuh'?® = —mh'?
= 2" 2" 2"

1 3
V= -l
= 6TE

This is the volume of the balloon

Now will substitute the value of h’ from equation (i), we get

v 1 (Zh)a
“6"\3
A * h?

Now differentiate the above equation with respect to h, we get
4

v d (aﬁhg)

dh dh

v 4n__dh

a8



When h = 9cm, we get

v _ 4
an 27"

av 4
_ — 2
@ 27"

2

- 2
= i 12T cm

Hence at the rate of 121 cm? the volume changes with respect to its total height.

19. Question

Water is running into an inverted cone at the rate of m cubic metres per minute. The height of the cone is 10
metres, and the radius of its base is 5 m. How fast the water level is rising when the water stands 7.5 m
below the base.

Answer

Given: The water is running into an inverted cone at the rate of m cubic metres per minute. The height of the
cone is 10 metres, and the radius of its base is 5 m.

To find how fast the water level is rising when the water stands 7.5 m below the base.

Sm
o >
A E &

X ¥ 10m

c
Let the height of the cone be H = 10m (given)
Let the radius of the base be R = 5m (given)
LetO'Y =rand CO’' =h

Now from the above figure,

ACOB~ACO’'Q

So,

oY co0' r h h .
—_— = — =3 = = — =T = — ... (1)
OB CO 5 10 2

Let the volume of the water in the vessel at any time t be V

Then,
V = —mr’h

-V = EH(E)Z h (from equation (i)
3 2

Vv ! h?
= = 12T|.'

Now differentiate the above equation with respect to t, we get



But given the water is running at the rate of*rrm3/min, i.e., % = 1T

So the above equation becomes

o 2"
=>Tl'—12Tl'><3h T
,_1,.d
=1 =-h"—

47 dt
dh_ 4
ST

So when the water stands 7.5 m below the base

Soh=10-7.5 = 2.5m, the rate becomes

dh 4
Tar T ne

dh 4 0.64 .
= — = — = X

T 2572 m/min

Hence the rate of water level rising when the water stands 7.5m below the base is 0.64 metres per min
20. Question

A man 2 metres high walks at a uniform speed of 6 km/h away from a lamp - post 6 metres high. Find the
rate at which the length of his shadow increases.

Answer

Given: man 2m tall walks at a speed of 6km/h away; from a source of light that is 6 m above the ground
To find the rate at which the length of his shadow increases

Let AB be the lamp post and let MN be the man of height 2m.

Let AL = | meter and MS be the shadow of the man

Let length of the shadow MS = s (as shown in the below figure)

B

&m
N
2m \\
A rl & 5
M s

(shadow)

Given man walks at the speed of 6 km/h

LA 6 km/h i
Sl n/h... (i)



So the rate at which the length of the man’s shadow increases will be$

Consider AASB

tan AB
an = a3

9 y
= tanh = T5s (ii)

Now consider AMSN, we get

MN

tan® = —
all MS

2
= tanh = E....(iii)

So from equation(ii) and (iii),

=95 = 2(1 + 5)
= 95— 25 = 21
=] = 3.5s

Applying derivative with respect to time on both sides we get,

dl  d(3.5s)
dt  dt
dl 35 ds
= — = 35—
dt dt

=72 = 3.5—3: [from equation(i)]
_ds 0.6 km/h

= = X 5
I n/hr

Hence the rate at which the length of his shadow increases by 0.6 km/hr, and it is independent to the current
distance of the man from the base of the light.

21. Question

The surface area of a spherical bubble is increasing at the rate of 2 cm?/s. When the radius of the bubble is 6
cm, at what rate is the volume of the bubble increasing?

Answer

Given: the surface area of a spherical bubble is increasing at the rate of 0.2 cm?/sec

To find rate of increase of its volume, when the radius is 6cm

Let the radius of the given spherical bubble be r cm at any instant time.

It is given that the surface area of a spherical bubble is increasing at the rate of 0.2 cmé/sec
So the surface area of the bubble will be,

SA = 4qir?

Now differentiating the above equation with respect to time we get



d(sa) d(4mr?)
de  — dt

d(SA)_.or 2‘dr
=g T Amx2rg

This is the rate of surface area increasing = 0.2cm?/sec, hence the rate at which the radius of the bubble is
increasing becomes,

dr d(SA) 1
= — = —— ¥ —
dt dt % 8nr
dr 0.2 1 .
=5 =0 XSTU'"”(I)

Then the volume of the spherical bubble at any time t will be
V = 4mr3 cm3.

Applying derivative with respect to time on both sides we get,

dv  d(4nr?)

at  dt
v _, d(r?)

Tar T Ma
dv are x 312 dr

= T = 4T X 3T dt

- g — 1212 % 0.2 X ﬁ[from equation(i)]
v

= iy | (i)

So when the radius is 6cm, the rate of volume will become,

v 0.3(6
=—= 0.
T (6)

v 1.8 cm?
= — = .0 CIN™ /secC
dt /

Hence the rate of increase of its volume, when the radius is 6cm is 1.8 cn’/sec
22. Question

The radius of a cylinder is increasing at the rate 2 cm/sec and its altitude is decreasing at the rate of 3
cm/sec. Find the rate of change of volume when radius is 3 cm and altitude 5cm.

Answer

Given: the radius of a cylinder is increasing at the rate 2 cm/sec and its altitude is decreasing at the rate of 3
cm/sec

To find the rate of change of volume when radius is 3 cm and altitude 5cm

Let V be the volume of the cylinder, r be its radius and h be its altitude at any instant of time ‘t’.
We know volume of the cylinder is

V = mr2h

Differentiating this with respect to time we get

dv d(mr2h)
dt ~  dt



av d(r?h)
= — =
a - | ae

Now will apply the product rule of differentiation, i.e.,

dwv) _ v@ + u@, so the above equation becomes,
dx dx dx
v d@®)  ,d(m)
=>E—Tli[h I +1—dt
dv [h 2‘dr L2 dh .
= =" X L (1)

But given of a cylinder is increasing at the rate 2 cm/sec, i.e.,% = 2cm/sec and its altitude is decreasing at
the rate of 3 cm/sec, i.e., % = —3cm/sec, by subsitituting the above values in equation (i) we get
dv
= = mfh x 2r(2) + r*(—3)] = mw(4hr— 3r?)....(ii)
When radius of the cylinder, r = 3cm and its altitude, h = 5cm, the equation (ii) becomes,
dv
=— =m(4x5%x3-3(3)9)

v (60— 27)
= — = —
ET

— = 33 3
= T cm”® /sec

Hence the rate of change of volume when radius is 3 cm and altitude 5cm is 337w cm3/sec

23. Question

The volume of metal in a hollow sphere is constant. If the inner radius is increasing at the rate of 1 cm/sec,
find the rate of increase of the outer radius when the radii are 4 cm and 8cm respectively.

Answer
Let the inner radius be r, outer radius be R and volume be V of a hollow sphere at any instant of time
We know the volume of the hollow sphere is

4
V= ET[[:RE —-r?)

Differentiating the volume with respect to time, we get

w d (%T[[:Ra - 1‘3))

dt dt

This is the rate of the volume of the hollow sphere and it is given this is constant hence

=0 = iﬂid((Rg _1-3))

3 dt

dR) de) _
BT dt
dR dr

= 3RZ— — 3r2 0

dt dt



Given that the rate of increase in inner radius of the hollow sphere,g = lcm/sec, So the above equation

becomes,

dR
= 3RZE—31'2(1) =0

= 3RZE = 3r?

So when the radii are 4cm and 8 cm, the above equation becomes,

d
> 3(8)2(1—? — 3(4)?

drR  3(4)
Zat  3(8)2
ar = 0.25
=5 = 0 cm/sec

Therefore the rate of increase of the outer radius when the radii are 4 cm and 8cm respectively is 0.25
cm/sec

24. Question

Sand is being poured onto a conical pile at the constant rate of 50 cm3/minute such that the height of the
cone is always one half of the radius of its base. How fast is the height of the pile increasing when the sand is
5 cm deep?

Answer
Let the volume be V, height be h and radius be r of the cone at any instant of time.

We know, volume of the cone is

V = ~mr?h
3’]T1

- =1 = 2h

And its given height of the cone is always one half of the radius of its base, i.e.,h = 15

So the new volume becomes

1
V = —m(2h)%h
3
V= ¥ h?
= = ETE

Differentiate the above equation with respect to time, we get

v d (%']‘Eha)

dt dt

dv B 4 d(h*)
a3 a

dv B 3p2
& 3f dt

And it is also given that the sand is being poured onto a conical pile at the constant rate of 50 cm?/minute,

av .
SO 5 = 50.;1113/11111], so the above equation becomes,

50 i 3h? db
= = 3']'[ X ar



dh  50x3
T At T 4 x 3mhe

Now when height of the pile is 5cm, the above equation becomes

dh 50x3

T dt T 12n(5)2
dh 1

= dt ~ 2m
Therefore, the rate of height of the pile increasing when the sand is 5 cm deep isicm/min.

25. Question

A kite is 120 m high and 130 m of string is out. If the kite is moving away horizontally at the rate of 52
m/sec, find the rate at which the string is being paid out.

Answer

p

120m

Q R

Let P be the position of the kite and PR be the position of the string. Let QR = x and PR = y. Then from figure
by applying Pythagoras theorem, we get

PR? = PQ? + QR?
=y2 = (120)2 + X2........ (i)
Differentiating the above equation with respect to time, we get

dy?)  d((120)° + x?)

dt dt

9 dy  d((120)%) N d(x?)
T dt dt

2 dy _ 0+ 2 dx
T *ar

Now the kite is moving away horizontally at the rate of 52m/sec, so% = 52 m/sec, so the above equation

becomes

So when the string is 130m, y = 130m equation (i) become,
y? = x2 + (120)?

= (130)2 = x2 + 14400

= x2 = 16900 - 14400 = 2500

Therefore x = 50m

Substituting the value of x and y in equation (ii), we get



d
:Zyd—f = 2x x 52

d
- 2(130)(1—:; — 2(50) x 52

dy  2(50) x 52

= =20
=3 2(130) m/sec

Hence the rate at which the string is being paid out is 20m/sec

26. Question

A particle moves along the curve y = (2/3)x3 + 1. Find the points on the curve at which the y - coordinate is
changing twice as fast as the x - coordinate.

Answer
Given: a particle moves along the curvey = G)xg + 1.
To find the points on the curve at which the y - coordinate is changing twice as fast as the x - coordinate.
Equation of curve isy = (g)xa +1
3

Differentiating the above equation with respect to t, we get

- d(@)xa + 1)

dt dt
AN
dy d((3)x ) d(1)
dt dt dt
dy 2 zdx
E = 5 3 E + 0 ......... (1)

Whenx =1,y = (3)(1)° + 1=y = 2=y =

w |

-2+3
E

Whenx=-1,y=(§)(—1)3+l=>y= =;.y=§1

Hence the points on the curve at which the y - coordinate changes twice as fast as the x - coordinate are
B 1

(12)and (-1.2)

27. Question

Find the point on the curve y2 = 8x for which the abscissa and ordinate change at the same rate.

Answer

Given: a point on the curve y? = 8x.



To find the point on the curve at which the abscissa and ordinate change at the same rate
Equation of curve is y2 = 8x

Differentiating the above equation with respect to t, we get

d(y®) d(8x)
dt — dt

dy _dx dx ydy

Zy— =8—=2 — = —— .. ... '
SV T %a T at  4adr M
When abscissa and ordinate change at the same rate, i.e.,

dy dx .
E = E ...... [:11)

Equating equation (i) and equation (ii), we get

ydy _ dy
4dt dt

Wheny, y2 =8x = (4)2=8x=x =2
Hence the point on the curve at which the abscissa and ordinate change at the same rate is (2,4)
28. Question

The volume of a cube is increasing at the rate of 9 cm?/sec. How fast is the surface area increasing when the
length of an edge is 10 cm?

Answer

Let x be the edge of the cube, V be the volume of the cube at any instant of the time.
We know,

V=x3

Differentiating the above equation with respect to time, we get

dv d(x®)

dt —  dt
dV_ 3 2dx

Tt

But is is given that the volume of the cube is increasing at the rate of 9cm’/sec, so the above equation
becomes,

dx
9 = 3x?—
= th

dx 9 .
T 3}){2....(11)

We also know that the surface area of the cube is
S = 6x2
Again differentiating the above equation with respect to time is

s d(6x?)
dt ~ dt




ds 6 de
Ta O a

Substitute equation (ii) in above equation, we get

ds 6% 2 9
[ — " W —
:bdt X 3x2
ds 36
=—= —
dt X

When the edge is of length 10 cm, we get

ds 36 36 3.6’
S = %~ 10 = o /sec
Hence the rate at which the surface area increasing when the length of an edge is 10 cm is 3.6 cn?/sec

29. Question

The volume of a spherical balloon is increasing at the rate of 25 cm3/sec. Find the rate of change of its
surface area at the instant when the radius is 5 cm.

Answer

Given: the volume of a spherical balloon is increasing at the rate of 25 cm?/sec.

To find the rate of change of its surface area at the instant when the radius is 5 cm

Let the radius of the given spherical balloon be r cm, and V be its volume at any instant time.

Then according to the given criteria,
The rate of the volume of the spherical balloon is increasing is, % = 25 cm3/sec... (i)

But volume of the spherical balloon is,

4
V = —mr?
3

Applying derivative with respect to time on both sides we get,

o dlm)

R

dav 4 d{r®)
Tt T3 ar

dv 4 3p2 dr
@ 3T

Substituting the value from equation (i) in above equation, we get

0t 4 3‘2dr
= = 3T|:>< I dt

dr 25 %X 3
= — = —

dt 41 % 312

dr 25
Tdt T amer

(i1)
Now the surface area of the spherical balloon at any time t will be
S = 4mr2 cm?.

Applying derivative with respect to time on both sides we get,



ds  d(4mr?)

dt -~ dt
ds . d(r?)
Tat T T a
dS_ 4 2_dr
= T = 4T X ldt

Substituting the value from equation (ii), we get

ds A 5 25
— = X 2r X

= dt T ! 4mre
ds 25x 2

= — =
dt r

So when the radius is 5cm, the rate of surface area will become,

ds 25x2
= — =

dt 5

ds

10 cm? /sec

N

dt
Hence the rate of change of its surface area at the instant when the radius is 5 cm is 10cr/sec
30. Question

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 4cm/minute. When x = 8 cm and y = 6 cm, find the rates of change of (i) the perimeter (ii) the area of the
rectangle.

Answer
Given the length of the rectangle is x cm and width of the rectangle is y cm.
As per given criteria, length is decreasing at the rate of 5cm/min

_dx

= —bom/min ... ... i
T / (D

And width is increasing at the rate of 4cm/min

X
&~ — = 4cm/min ... (ii
T = dom/min.... i)

(i) Let P be the perimeter of the rectangle

And we know,

P=2(x+Yvy)

Differentiating both sides with respect to t, we get

P d(2(x + y))
dat — dt

dP_de_i_dq
T T Clar T

Substituting the values from equation (i) and (ii),we get

P
el 2[-5 + 4] = —2cm/min

When x = 8 cm and y = 6 cm, the rates of change of the perimeter is - 2cm/min (it is decreasing in nature)
and is independent on length and width of the rectangle.



(ii) Let A be the area of the rectangle

And we know,

A =xy

Differentiating both sides with respect to t, we get

dA  d(xy)

dt — dt

Now will apply the product rule of differentiation, i.e.,

dluv) = V@ + u@, so the above equation becomes
dx dx dx

dA dx N dy
= — = V— —
a - Ya ¥
Substituting the values from equation (i) and (ii),we get
dA
= at

y(=5) + x(4)

When x = 8 cm and y = 6 cm, the above equation becomes,

dA

= = (6)(—5) + (8)(4) = =30 + 32
dA s em? /mi

=4 = 2m /min

When x = 8 cm and y = 6 cm, the rates of change of the area is 2cm/min (it is increasing in nature) and is
dependent on length and width of the rectangle

31. Question

A circular disc of radius 3 cm is being heated. Due to expansion, its radius increases at the rate of 0.05
cm/sec. Find the rate at which its area is increasing when the radius is 3.2 cm.

Answer

Let r be the radius of the circular disc and A be the area of the circular disc at any instant of time.
We know that, the area of the circle

2

A=r1r

Differentiating both sides with respect to t, we get

dA  d(mr?)
dt  dt

da B 2_dr
ar - T

As per the given criteria, the circular disc expands on heating with the rate of change of radius is 0.05cm/s,
ie.,

ar_ 0.05
il cm,/sec

Substituting this value in equation (i), we get

dA
— = T X 2r x 0.05
dt

When the radius is 3.2 cm, the above equation becomes



dA
5 = "X 2(3.2)x 0.5

dA

= — = 0.32w cm? /sec
dt /

So the rate at which its area is increasing when radius is 3.2 cm is 0.32 1 cm?/sec

MCQ

1. Question

Mark the correct alternative in the following:

If V = %m-s_ at what rate in cubic units is V increasing when 1 =10 and % =0.001?
: t

A n

B. 4n

C. 40n

p. 27
3

Answer

CORRECTION: taking ? = (.01 instead of? =0.001
t t

4
V=—mr?
3

av dr
= — —4mr?—
dt dt

Substituting values of r=10 and % = 0.001, we get

dv
— =47 X 102 x 0.01
dt

=41
2. Question
Mark the correct alternative in the following:

Side of an equilateral triangle expands at the rate of 2 cm/sec. The rate of increase of its area when each
sideis 10 cm is

A. 10+/2 em? / sec
B. 10\5 em® / sec

C. 10 cm?/sec

D. 5 cm?/sec
Answer

The area of an equilateral triangle, with side a, is defined as
Ala) = %ﬁaz - (1)

Given that? = 2cm/sec and a=10cm, we have to calculateji
t t



Differentiating (1) with respect to t, we get

dA v@ da
dt . 2 odt
Substituting the values, we get

dA—”@xmxz
dt 2

=10v3 cm? /sec
3. Question
Mark the correct alternative in the following:

The radius of a sphere is changing at the rate of 0.1 cm/sec. The rate of change of its surface area when the
radius is 200 cm is

A. 81 cm?/sec

B. 12n cm?/sec

C. 1601 cm?/sec

D. 200 cm?/sec

Answer

The surface area of a sphere, of radius r, is defined by
A(r)=4nr? - (1)

Given that? = 0.1cm/sec and r=200cm, we have to calculate j_A
t t

Differentiating (1) with respect to t, we get

dA 8 ‘dr
a o

Substituting values, we get

dA
i 81 x 200 x 0.1 = 160 cm? /sec

4. Question

Mark the correct alternative in the following:

A cone whose height is always equal to its diameter is increasing in volume at the rate of 40 cm3/sec. At
what rate is the radius increasing when its circular base area is 1 m2?

A. 1 mm/sec

B. 0.001 cm/sec
C. 2 mm/sec

D. 0.002 cm/sec
Answer

The volume of a cone, with height h and radius r, is defined by
V(rh) = zmr?h- (1)
Given that h=2r, we getV(r) = gmﬁ- (1)

av _ 40cm? /sec and mr?=1m?=10000cm?, we have to find out?
t

dt



Differentiating (1) with respect to t, we get
dv dr

Substituting the values, we get

dr
40 =2 x 10000 x —
dt

=$ = 0.002 cm/sec

5. Question

Mark the correct alternative in the following:

A cylindrical vessel of radius 0.5 m is filled with oil at the rate of 0.251 m?/minute. The rate at which the
surface of the oil is rising, is

A. 1 m/minute

B. 2 m/minute

C. 5 m/minute

D. 125 m/minute

Answer

The volume of a cylinder, with radius r and height h, is defined by
V(r,h)=nr?h

Substituting r=0.5m, get

V="h-(1)

Given that & 0.25m m?/min, we have to calculate dn
dt

v
dt
Differentiating (1) with respect to t, we get
dv m dh
at 2% d
Substituting values, we get

dh

iT_iTx
4 47 dt

dh
= — = 1m/min
o — m/

6. Question

Mark the correct alternative in the following:

The distance moved by the particle in time is given by x = t3 - 12t2 4+ 6t + 8. At the instant when its
acceleration is zero, the velocity is

A. 42

B. -42
C. 48

D. -48
Answer

If we are given the distance travelled(x) as a function of time, we can calculate velocity(v) and
acceleration(a) by



dx d®s
v(t) = - and a(t) = I:

x(t)=t3-12t2 + 6t + 8
differentiating w.r.t. time, we get

dx
t)=—=3t"—-24t+6
v =

Differentiating again w.r.t. time, we get

() =Sr=6t-24

Given that a=0= 6t-24=0 or t=4 units
V(4)=3x42 -24x4+6 =-42

7. Question

Mark the correct alternative in the following:

The altitude of a cone is 20 cm and its semi-vertical angle is 30°. If the semi-vertical angle is increasing at
the rate of 2° per second, then the radius of the base in increasing at the rate of

A. 30 cm/sec

160
B. = ci/sec

C. 10 cm/sec
D. 160 cm/sec

Answer

The relation between height h, radius r and semi-vertical angle a is defined by
t ’
ano = —

h

Given that h=20cm

tana = — -(1)
24
Given that a=30° and % = 2°/sec, we have to find %

Differentiating (1) with respect to t, we get

Seczada_ 1dr
dt  20dt

Substituting values, we get

1 dr

230°) X 2° = — —
(sec®30%) 20 dt



4 1 dr
=ix2-2Z
3 20dt

dr 160
= —=— cm/sec
dt E] /

8. Question

Mark the correct alternative in the following:

For what values of x is the rate of increase of ¥ - 5x2 + 5x + 8 is twice the rate of increase of x?

"3
Answer
Let P(x)=x3-5x24+5x+8 - (1)

Given that@ = 2?, We have to calculate x
t t

Differentiating (1) with respect to t, we get

dP(x) , dx dx
dt —(3}{ —10X+5)E—ZE
3x2-10x+5=2

= 3x%-10x+3=0

Factorizing the above quadratic equation, we get
(3x-1)(x-3)=0

=¥ = 51 or x=3

9. Question

Mark the correct alternative in the following:

The coordinates of the point on the ellipse 16x24+9y2=400 where the ordinate decreases at the same rate at
which the abscissa increase, are:

A.[s_f]

D. (3, -3)

Answer



Taking ellipse to be 16x2+9y2=400 instead of 46x2+9y2=400
Let E(x,y):16x2+9y2=400
Solving for y, we get

-4 y400-16x7 _ (1)

y 3

Given that ? =— ?, we have to calculate x,y
t t

Differentiating (1) with respect to t, we get

dy 1 1 dx 16x dx
=t X— X -32X—=F
dt 3 24400 — 46x2 dt 31400 — 16x2dt

Substituting values, we get

dx T 16x dx
dt 37400 — 16x2 dt

Simplifying the equation, we get
16x = +3,/400 — 16x2

Squaring both sides
256x2=9(400-16x2)

Solving the equation, we get
x2=9

X==%3

Substituting in (1), we get

V400 —16 X 9 16

y== 3 =73

By seeing the graph of E(x,y), we can conclude that the point has to lie in It or 1I'Y quadrant, as only in
these quadrants, the increase in abscissa leads to decrease in ordinate.

Hence the points are (3,?) and (3,— ?)

10. Question

Mark the correct alternative in the following:



The radius of the base of a cone is increasing at the rate of 3 cm/minute and the altitude is decreasing at the
rate of 4 cm/minute. The rate of change of lateral surface when the radius = 7 cm and altitude 24 cm is:

A. 541 cm?/min

B. 7n cmZ/min

C. 27 cm?/min

D. none of these

Answer

The lateral surface area of a cone, with radius r and height h, is defined as
L(r,h) = ryr? + hz -(1)

Given that r=7cm, h=24cm, & — 3cm/min and dn _ —4cm/min, We have to calculate %t
dt dt dt

Differentiating (1) with respect to t, we get

dL dr 1 dr dh
e, 7( ar _)
P TL—(\.'T. +h dt+1x2\,r2+h2 Zldt—l—Zhdt )

Substituting values, we get

dL —
—=TL'(-\.'72+242><3+7><

i (2><7><3+2><24><—4))

2472 + 242
Simplifying above equation, we get

L 54 2 /mi
— = 541 cm? /min
dt /

11. Question
Mark the correct alternative in the following:

The radius of a sphere is increasing at the rate of 0.2 cm/sec. The rate at which the volume of the sphere
increases when radius is 15 cm, is

A. 121 cm3/sec
B. 180m cm3/sec
C. 2251 cm3/sec

D. 3n cm3/sec
Answer

The volume of a sphere, of radius r, is defined by
V(r) = gm'g - (1)
Given that r=15cm, % = 0.2cm/sec, We have to calculate %

Differentiating (1) with respect to t, we get

Substituting values, we get

dv
Fr 41 x 15% x 0.2 = 180w cm? /sec

12. Question



Mark the correct alternative in the following:

The volume of a sphere is increasing at 3 cm?/sec. The rate at which the radius increases when radius is 2
cm, is

3
A. — cm/sec
2z

3
B. — cm/sec.
l6m

3
C. — cm/sec
487

cm/sec
24w

Answer
The volume of a sphere, of radius r, is defined by
V(r) = gm'g -(1)

Given that r=2cm, ‘;V
t

= 3 cm? /sec, We have to calculate %

Differentiating (1) with respect to t, we get

dv ,dar
—— = 4Tr° -

dt dt

Substituting values, we get

dr
3=4mx2?x—
dt

dr 3
= — = — (Im/5ec
dt 16m f

13. Question

Mark the correct alternative in the following:

The distance moved by a particle travelling in a straight line in t seconds is given by s = 45t + 11t2 - t3. The
time taken by the particle to come to rest is

A. 9 sec

5
B. Zsec
J’

3
C. Zsec
q

D. 2 sec
Answer

If we are given the distance travelled(s) as a function of time, we can calculate velocity(v) by
ds
v(t) = —
(t) It

s =45t + 11t2 - t3

Differentiating with respect to time, we get



ds
t) = — = 45 + 22t — 3t?
v(t) it

If the particle is at rest, then its velocity will be 0
v(t)=45+22t-3t>=0

Solving the quadratic equation, we get

t= '?559.; or t=9 sec

Since time can’t be negative therefore t=9secs.

14. Question

Mark the correct alternative in the following:

The volume of a sphere is increasing at the rate of 4n cm3/sec. The rate of increase of the radius when the
volume is 288 m cm3, is

Answer
The volume of a sphere, of radius r, is defined by
V(r) = gm‘B - (1)

Given that V=288m cm3,

288 e
T = =TI
3
Solving for r, we get r=6cm

Given that ‘j!_v = 41 cm? /sec, we have to calculate ?
t t

Differentiating (1) with respect to t, we get

dV_4 _er
. o ar

Substituting values, we get

dr
410 = 41 X 6° X —
dt

1

= — =—cm/sec
36

15. Question

Mark the correct alternative in the following:

If the rate of change of volume of a sphere is equal to the rate of change of its radius, then its radius is equal
to



A. 1 unit

B. /27 units

C. 1/+/27 unit

D.1/ Z\E unit -
Answer

The volume of a sphere, of radius r, is defined by
4
V(r) = -mr?
(=3

Given that &V _ &r
dt  dt

2dr _ dr

We get — =
get 4nr =

= 4nri=1

1 .
= I = — units
24ym

16. Question
Mark the correct alternative in the following:

If the rate of change of area of a circle is equal to the rate of change of its diameter, then its radius is equal
to

-~

A.

7T unit

1
7T unit

T .
C. —units
3

-

D. i units
Answer

The area of a circle, of radius r, is defined by

A(r)=nr?

Given that 84 _ 41 _ 5 dr
at  dt at

dr dr
We get — = 7=
get 2nr = 2 &
=>1mr=1
T
17. Question

Mark the correct alternative in the following:

Each side of an equilateral triangle is increasing at the rate of 8 cm/hr. The rate of increase of its area when
side is 2 cm, is

A. 8-/3 cm® /hr



B. 4\@ cm? / hr

C. f3/8cm”/hr
D. none of these
Answer

The area of an equilateral triangle, with side a, is defined as

Ala) = %ﬁaz -(1)

Given that? = 8cm/hr and a=2cm, we have to calculate ij
t t

Differentiating (1) with respect to t, we get
dA _ v@ da

dt 2 odt

Substituting the values, we get

da \;@
— = —x2x8=8V3cm?/hr
at 2 v /

18. Question

Mark the correct alternative in the following:

If s = 3 - 4t2 4+ 5 describes the motion of a particle, then its velocity when the acceleration vanishes, is
16 .
A. > unit/sec

32 .
B. —T unit/sec

4 .
C. 3 unit/sec

16 .
D. —? unit/sec

Answer

If we are given the distance travelled(s) as a function of time, we can calculate velocity(v) and
acceleration(a) by

ds d2
v(t) = - and a(t) = d_t:

s(t)=t3-4t2 + 5
differentiating w.r.t. time, we get

ds
= — = 2 —_
v(t) = it 3t? — 8t

Differentiating again w.r.t. time, we get

2
a(t)=j—t:=6t—8

Given that a=0= 6t-8=0ort = g units



(4) 3><42 8><4 16 "
vig)= 32 3= "3 unit/sec

19. Question

Mark the correct alternative in the following:

The equation of motion of a particle is s = 2t2 + sin 2t, where s is in metre and t is in seconds. The velocity
of the particle when its acceleration is 2m/sec?, is

A 1+ \ﬁ m/sec

B. = +./3 m/sec

.
27
C. + . J3 m/sec

3
D ™yl m/sec
3 B
Answer

If we are given the distance travelled(s) as a function of time, we can calculate velocity(v) and
acceleration(a) by

v()) = Fanday) = <=

s(t)= 2t2 + sin2t

differentiating w.r.t. time, we get

v(t) = E =4t + 2co52t- (1)
Differentiating again w.r.t. time, we get
ay) = % = 4 — 4sin2t

Given that a=2 = 4-4sin2t=2 or sin2t = % = sing

T
=10
v(%) =4x%+2cos(g)

N T
Ty = I3
=>v (12) =5tV3 m/sec
20. Question

Mark the correct alternative in the following:

The radius of a circular plate is increasing at the rate of 0.01 cm/sec. The rate of increases its area when the
radius is 12 cmis

A. 1441 cm?/sec
B. 2.41 cm?/sec
C. 0.241 cm?/sec

D. 0.0241 cm?/sec

Answer



The circumference of a circle, with radius r, is defined as
A(r)=mr? - (1)

Given that r=12cm, ? = 0.01cm/sec, We have to caIcuIate;ﬁ
t t

Differentiating (1) with respect to t, we get

dA dr

E = ZTI'I.'E =2nmx 12 x 0.01

= 0.24m cm? /sec
21. Question
Mark the correct alternative in the following:

The diameter of a circle is increasing at the rate of 1cm/sec. When its radius is m, the rate of increase of its
area is

A. T cm?/sec

B. 21 cm?/sec

C. 2 cm?/sec

D. 2n? cm?/sec?

Answer

The circumference of a circle, with radius r, is defined as

A(r)=mr? - (1)

Given that r=r cm, 829 _ 2dr _ lcm/sec, We have to calculate aa
dt dt dt

Differentiating (1) with respect to t, we get

dA dr
2Mr—=TxXxmx1

dat ~ 7 dt

=m? cm?/sec

22. Question

Mark the correct alternative in the following:

A man 2 metres tall walks away from a lamp post 5 metres height at the rate of 4.8 km/hr. The rate of
increase of the length of his shadow is

A. 1.6 km/hr
B. 6.3 km/hr
C. 5 km/hr
D. 3.2 km/hr
Answer

Given that hy,=2m, hj=5m, v,;,=4.8km/hr=4800m/hr. We have to calculate vs(speed of shadow).

After time t hrs, the man would have moved distance 4800t m away from the lamp. Let the shadow move a
distance of x min time t hrs.



a0”

Consider AAEC and ABED
LAED=/BED=6 (common angle)
LEAC=LEBD=90°

Therefore, AAEC~ABED by AA criteria
AC AE

BD BE

Substituting values, we get

5 4800t+=x

2 X
Simplifying the equation, we get
x=3200t - (1)

Differentiating (1) with respect to t, we get

dx
Ve= = 3200 m/hr

vg=3.2km/hr
23. Question
Mark the correct alternative in the following:

A man of height 6 ft walks at a uniform speed of 9 ft/sec from a lamp fixed at 15 ft height. The length of his
shadow is increasing at the rate of

A. 15 ft/sec

B. 9 ft/sec

C. 6 ft/sec

D. none of these
Answer

Given that hy,=6ft, hj=15ft, v,,=9ft/sec. We have to calculate v¢ (speed of shadow).

After time t secs, the man would have moved distance 9t ft away from the lamp. Let the shadow move a
distance of x ft in time t secs.



90°
—l

A ot

w0
=
=

Consider AAEC and ABED
LAED=/BED=6 (common angle)
LEAC=LEBD=90°

Therefore, AAEC~ABED by AA criteria

AC AE
BD BE

Substituting values, we get

15_9t+x
6 X

Simplifying the equation, we get
x=6t - (1)

Differentiating (1) with respect to t, we get

B dx —6f
Vs=g = /sec
24. Question

Mark the correct alternative in the following:

In a sphere the rate of change of volume is

A. i times the rate of change of radius

B. surface area times the rate of change of diameter
C. surface area times the rate of change of radius

D. none of these

Answer

The volume and surface area of a sphere, with radius r, is defined as
V(r) = gmﬂ - (1) and A(r)=4mr2

Differentiating (1) with respect to t, we get

=(Surface area of a sphere)x(rate of change of radius)
25. Question
Mark the correct alternative in the following:

In a sphere the rate of change of surface area is



A. 8m times the rate of change of diameter

B. 2n times the rate of change of diameter

C. 2n times the rate of change of radius

D. 8m times the rate of change of radius

Answer

The surface area of a sphere, with radius r, is defined as
A(r)=4nr? - (1)

Differentiating (1) with respect to t, we get

_s _dr
ETT:

=8nx(current radius) x(rate of change of radius)
26. Question
Mark the correct alternative in the following:

A cylindrical tank of radius 10 m is being filled with wheat at the rate of 314 cubic metre per hour. Then the
depth of the wheat is increasing at the rate of

A. 1 m/hr

B. 0.1 m/hr

C.1.1 m/h

D. 0.5 m/hr

Answer

The volume of a cylinder, of radius r and height h, is defined as
V(r,h)=nr?h

Given that r=10m, we get

V(h)=nx102xh=100mh - (1)

Given that ‘Z_V = 314m? /hr, we have to calculate ?
t t

Differentiating (1) with respect to t, we get

WV _ o OB
ar - T

Substituting values and using n=3.14, we get

dh
314 =100 x 3.14 X —
dt

dh .
R 1m/hr
Very short answer

1. Question

If a particle moves in a straight line such that the distance travelled in time t is given by s = 3 -6t2 + 9t + 8.
Find the initial velocity of the particle.

Answer

The Velocity(v) of the particle, if the distance travelled(s) is given as a function of time, is defined as?.
t



Since s(t)= 3 -6t%2 + 9t + 8

Therefore y(t) = g =3t2—-12t+9

Substituting t=0 in the equation, we get
Vi=g =9units/unit time
2. Question

The volume of a sphere is increasing at 3 cubic centimeter per second. Find the rate of increase of the
radius, when the radius is 2 cms.

Answer

The volume of a sphere, with radius r, is defined as

V(r) = gm‘g -(1)

dr

Given that ‘i_v = 3cm? fsec and r=2cm, we have to calculate S
t t

Differentiating (1) with respect to t, we get

dV_4 _zdr
a -

Substituting the values, we get

dr
3=4mx 22 x—
dt

dr 3

= %= Ten cm/sec
3. Question

The sides of an equilateral triangle are increasing at the rate of2 cm/sec. How far is the area increasing when
the side is 10 cms?

Answer

The area of an equilateral triangle, with side a, is defined as

—

Aa) = %gaz -(1)
Given that? = 2cm/sec and a=10cm, we have to calculatei_’“‘
t t

Differentiating (1) with respect to t, we get

dA \;(5 da
dt ~ 2 Yt
Substituting the values, we get

i—i = ? X 10 X 2 = 10v/3 cm? /sec

4. Question

The side of a square is increasing at the rate of 0.1 cm/sec. Find the rate of increase of its perimeter.
Answer

The perimeter of a square, with side a, is defined as

P(a)=4a - (1)

Given that ? = 0.1cm/sec, We have to calculate ?
t t



Differentiating (1) with respect to t, we get

dP_4da
dt T dt

Substituting the values, we get

dP
T 4 % 0.1 = 0.4cm/sec

5. Question

The radius of a circle is increasing at the rate of 0.5 cm/sec. Find the rate of increase of its circumference.
Answer

The circumference of a circle, with radius r, is defined as

C(r)=2mnr - (1)

Given that & — 0.5cm/sec, we have to calculate dc
dt dt

Differentiating (1) with respect to t, we get

dC ) dr 2 X D.5
—=2T— =21 x0.
e~ “Tar - "

= T cm/sec

6. Question

The side of an equilateral triangle is increasing at the rate of l cm/sec. Find the rate of increase of its
perimeter.

Answer

The perimeter of an equilateral triangle, with side a, is defined as

P(a)=3a - (1)

Given that ? =2 cm/sec, we have to calculate ?
t 3 t

Differentiating (1) with respect to t, we get

dP 3 da
dt “dt
Substituting the values, we get

dP 3 1 1
— =3 X< = lcm/sec
dt 3 /

7. Question
Find the surface area of a sphere when its volume is changing at the same rate as its radius.
Answer

The volume of a sphere, of radius r, and its surface area are defined by

V(r) = gmﬂ and A(r)=4nr?

Given that &¥ _ &r
dt

dt
We get 472 dr _dr
dt  dt

= 4nr?=A(r)=1unit?



8. Question

If the rate of change of volume of a sphere is equal to the rate of change of its radius, find the radius of the
sphere.

Answer

The volume of a sphere, of radius r, is defined by

4
V(r) = —mr?
(=3
Given that &Y _ &
dt  dt
We get 2dr_ dr
get 47r =

= 4nrl=1

1 .
2I'=—F7— units
2\-'1'I

9. Question

The amount of pollution content added in air in a city due to x diesel vehicles is given by P(x) = 0.0005 x3 +

0.02 x2 + 30 x. Find the marginal increase in pollution content when 3 diesel vehicles are added and write
which value is indicated in the above questions.

Answer

Given that P(x) = 0.0005x> + 0.02x? + 30x

The marginal increase in the pollution level is
On differentiating both sides, we get
P’(x)=0.0005%3x? +0.02x2x +30

= 0.0015x% + 0.04x +30

Substituting x=3, we get

P’'(3) = 0.0015%9 + 0.04x3 +30 = 30.255 units
10. Question

A ladder, 5 meter long, standing on a horizontal floor, leans against a vertical wall. If the top to the ladder
slides down wards at the rate of 10 cm/sec, then find the rate at which the angle between the floor and
ladder is decreasing when lower end of ladder is 2 meters from the wall.

Answer

Given that? = —0.1m/sec. We have to find :_B when h=2m
t t

Also sinf = 2 - (1)

=1

At b=2m, cosf =

i | ba



Differentiating (1) with respect to t, we get

elldE)'_l dh
COsY 4t 75 X ar

Substituting values, we get

Zde 1><01
257 dt 57
-8 _1 rad/sec

dt 20
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