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Exercise 6.6 

 
Question # 1 

A container in the shape of a hollow 

cone of semi-vertical angle 45° is held 

with its vertex pointing downwards. 

Water is poured into the container at 

the rate of 6 𝑐𝑚3𝑠−1.  

Find the rate at which the depth of the 

water in the cone is increasing when 

the depth of the water is 4 cm. 

 

Solution: 

Given Rate of change of Volume = 
𝑑𝑉

𝑑𝑡
= 6 𝑐𝑚3𝑠−1 

Height or depth of water = 4 cm 

Let ‘r’ be the radius of base and ‘h’ be the height of the cone 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐶𝑜𝑛𝑒 = 𝑉 =
1

3
× 𝜋 × 𝑟2 × ℎ 

Now,  𝑡𝑎𝑛45𝑜 =
𝑟

ℎ
   => 1 =

𝑟

ℎ
 => 𝑟 = ℎ 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐶𝑜𝑛𝑒 = 𝑉 =
1

3
× 𝜋 × ℎ2 × ℎ 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐶𝑜𝑛𝑒 = 𝑉 =
1

3
× 𝜋 × ℎ3 

 

45𝑜
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Now, we will differentiate Volume with respect to 

height 

 

 

 

𝑑𝑉

𝑑𝑡
=

1

3
× 𝜋 × 3ℎ2 ×

𝑑ℎ

𝑑𝑡
 

 

6 =
1

3
× 𝜋 × 3(4)2 ×

𝑑ℎ

𝑑𝑡
 

 

𝑑ℎ

𝑑𝑡
=

18

48𝜋
= 0.1194 𝑐𝑚/𝑠𝑒𝑐 
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Qestion # 2 
Air is pumped into a spherical balloon at the rate 

of 20 𝑐𝑚3𝑠−1. When the radius of the balloon is 

10 cm, calculate 

(a) The rate of change of the radius  

(b) The rate of change of the surface area 

Solution: 

Given   

Rate of change of Volume = 20 𝑐𝑚3𝑠−1 

Radius of balloon = r = 10 cm 

Let ‘r’ be the radius of spherical balloon. 

                𝑽𝒐𝒍𝒖𝒎𝒆 = 𝑽 =
𝟒

𝟑
𝝅𝒓𝟑 

(a) 𝑉 =
4

3
𝜋𝑟3 

𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑡𝑖𝑛𝑔 𝑤𝑖𝑡ℎ 𝑟𝑒𝑠𝑝𝑒𝑐𝑡 𝑡𝑜′𝑟′ 

𝑑𝑉

𝑑𝑡
=

4

3
𝜋 (3𝑟2

𝑑𝑟

𝑑𝑡
) 

20 = 4𝜋 × (10)2 ×
𝑑𝑟

𝑑𝑡
 

𝑑𝑟

𝑑𝑡
=

20

400𝜋
= 0.0159 𝑐𝑚/𝑠 

(b) Surface Area of Sphere = A = 4𝜋𝑟2 

𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑡𝑖𝑛𝑔 𝑤𝑖𝑡ℎ 𝑟𝑒𝑠𝑝𝑒𝑐𝑡 𝑡𝑜′𝑡′ 
𝑑𝐴

𝑑𝑡
= 4𝜋(2𝑟) = 8𝜋𝑟

𝑑𝑟

𝑑𝑡
= 8𝜋(10)(0.0159) = 4𝑐𝑚2𝑠−1. 
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Question # 3 
A cube is expanding in such a way that its volume is 

changing at a rate of 216 

𝑐𝑚3𝑠−1. Find the rate of 

change of the edge when the 

edge is 3 cm. 

Solution: 

Given 

Rate of change of 

volume = 216 𝑐𝑚3𝑠−1 

Length of side = 3 cm 

𝑑𝑎

𝑑𝑡
= ? 

Let the edge of the cube be 𝑎 𝑐𝑚. Then 

𝑉𝑜𝑙𝑢𝑚𝑒 = 𝑉 = 𝑎3 

So,       
𝑑𝑉

𝑑𝑡
= 3𝑎2.

𝑑𝑎

𝑑𝑡
 

216 = 3(3)2.
𝑑𝑎

𝑑𝑡
 

𝑑𝑎

𝑑𝑡
=

216

27
= 8 𝑐𝑚/𝑠𝑒𝑐 

 

𝑎 𝑐𝑚 

𝑎 𝑐𝑚 

𝑎 𝑐𝑚 

Differentiation          

Exercise 6.6 

RIS
IN

G S
TAR O

NLIN
E A

CADEM
Y

+92
33

14
09

74
86

RIS
IN

G S
TAR O

NLIN
E A

CADEM
Y

+92
33

14
09

74
86



Chapter 

6 

 

RISING STAR ACADEMY +92-331-4097486 Page 115 
 

 

Question # 4 
The area of a square is increasing at a rate of 12 

𝑐𝑚3𝑠−1. Find the rate of increase of the side 

of the square when the length of the side is 3 

cm. 

Solution: 

Given  

Rate of change of Area of Square =
𝑑𝐴

𝑑𝑡
= 12 

𝑐𝑚3𝑠−1 

Length of side of square = a = 3 cm 

Rate of change of increase in side of square =
𝑑𝑎

𝑑𝑡
=? 

𝐴 = 𝑎2 

𝑑𝐴

𝑑𝑡
= 2𝑎.

𝑑𝑎

𝑑𝑡
 

12 = 2(3).
𝑑𝑎

𝑑𝑡
 

𝑑𝑎

𝑑𝑡
=

12

6
= 2 𝑐𝑚/𝑠 

 

 

 

 

𝑎 𝑐𝑚 

𝑎 𝑐𝑚 
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Question # 5 

The side of a square is increasing at the rate of 4 𝑐𝑚3𝑠−1. 

Find the rate of increase of the area when the 

length of the side is 5 cm. 

Solution: 

Given 

Rate of change of side of a square = 
𝑑𝑎

𝑑𝑡
= 4 𝑐𝑚3𝑠−1 

Length of the side of a square = a = 5 cm 

Rate of change of Area = 
𝑑𝐴

𝑑𝑡
= ?  

 

𝐴𝑟𝑒𝑎 = 𝐴 =  𝑎2 

𝑑𝐴

𝑑𝑡
= 2𝑎.

𝑑𝑎

𝑑𝑡
 

𝑑𝐴

𝑑𝑡
= 2(5). (4) = 40 𝑐𝑚2𝑠−1 

 

 

 

 

 

 

 

 

 

𝑎 𝑐𝑚 

𝑎 𝑐𝑚 
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Question # 6 
Find the coordinates of the stationary points of each of the 

following curves and determine the nature of the stationary 

points. 

(a) 𝑦 =  𝑥2  +  3𝑥 + 1  

Solution: 

𝑦 =  𝑥2  +  3𝑥 + 1 

                                  Differentiating with respect to ‘x’ 

𝑑𝑦

𝑑𝑥
= 2𝑥 + 3 

For Stationary Point, put 
𝑑𝑦

𝑑𝑥
= 0 

2𝑥 + 3 = 0 

𝑥 = −
3

2
 

For coordinates of SP    

=>  𝑦 =  (−
3

2
)

2

 +  3 (−
3

2
) + 1 =

9

4
−

9

2
+ 1 = −

5

4
  

 

So, the coordinates are (−
3

2
, −

5

4
) 

For Nature of roots, take the 2nd Order derivative 

𝑑2𝑦

𝑑𝑥2 = 2 > 0 

Nature of roots is Minimum. 
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(b) 𝑦 =  −𝑥2  + 2𝑥 − 3 

Solution: 

                                    𝑦 =  −𝑥2  + 2𝑥 − 3 
                                  Differentiating with respect to ‘x’ 

𝑑𝑦

𝑑𝑥
= −2𝑥 + 2 

For Stationary Point, put 
𝑑𝑦

𝑑𝑥
= 0 

−2𝑥 + 2 = 0 

𝑥 = 1 

For coordinates of SP    

=>  𝑦 = − (1)2  +  2(1) − 3 = −1 + 2 − 3 = −2 

 

So, the coordinates are (1, −2) 

For Nature of roots, take the 2nd Order derivative 

𝑑2𝑦

𝑑𝑥2
= −2 < 0 

Nature of roots is Maximum. 
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(c) 𝑦 =  3𝑥3 − 3𝑥2 − 8𝑥 +  5 

Solution: 

                              𝑦 =  3𝑥3 − 3𝑥2 − 8𝑥 +  5 
                                  Differentiating with respect to ‘x’ 

𝑑𝑦

𝑑𝑥
= 9𝑥2 − 6𝑥 − 8 

For Stationary Point, put 
𝑑𝑦

𝑑𝑥
= 0 

9𝑥2 − 6𝑥 − 8 = 0 

9𝑥2 − 12𝑥 + 6𝑥 − 8 = 0 

3𝑥(3𝑥 − 4) + 2(3𝑥 − 4) = 0 

(3𝑥 − 4)(3𝑥 + 2) = 0 

𝑥 =
4

3
   ;    𝑥 = −

2

3
 

 

For coordinates of SP , at 𝑥 =
4

3
 

=>   𝑦 =  3 (
4

3
)

3

− 3 (
4

3
)

2

− 8 (
4

3
) +  5 = −

35

9
 

For coordinates of SP , at 𝑥 = −
2

3
 

=>   𝑦 =  3 (
−2

3
)

3

− 3 (
−2

3
)

2

− 8 (
−2

3
)  +  5 =

73

9
 

So, the coordinates are (
4

3
, −

35

9
)  & (−

2

3
,

73

9
)   
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For Nature of roots, take the 2nd Order derivative 

𝑑2𝑦

𝑑𝑥2
= 18𝑥 − 6 

[
𝑑2𝑦

𝑑𝑥2
]

𝑥=
4
3

= 18 (
4

3
) − 6 = 18 > 0     𝑴𝒊𝒎𝒊𝒏𝒖𝒎 

 

𝑑2𝑦

𝑑𝑥2
= 18𝑥 − 6 

[
𝑑2𝑦

𝑑𝑥2
]

𝑥=−
2
3

= 18 (−
2

3
) − 6 = −18 < 0     𝑴𝒂𝒙𝒊𝒎𝒖𝒎 
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(d) 𝑦 =  4𝑥(𝑥2  −  12)  

Solution: 

                     𝑦 =  4𝑥(𝑥2  −  12) 

                  𝑦 =  4𝑥3  −  48𝑥 

𝑑𝑦

𝑑𝑥
= 12𝑥2 − 48 

For Stationary Point, put 
𝑑𝑦

𝑑𝑥
= 0 

12𝑥2 − 48 = 0 

12(𝑥2 − 4) = 0 

(𝑥 − 2)(𝑥 + 2) = 0 

𝑥 = 2   ;    𝑥 = −2 

 

For coordinates of SP , at 𝑥 = 2 

=>   𝑦 =  4(2)3  −  48(2) = 32 − 96 = −64 

For coordinates of SP , at 𝑥 = −2 

=>   𝑦 =  4(−2)3  −  48(−2) = −32 + 96 = 64 

So, the coordinates are (2, −64) &(−2, 64)    

 

For Nature of roots, take the 2nd Order derivative 

𝑑2𝑦

𝑑𝑥2
= 24𝑥 

[
𝑑2𝑦

𝑑𝑥2
]

𝑥=2

= 24(2) = 48 > 0     𝑴𝒊𝒎𝒊𝒏𝒖𝒎 
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𝑑2𝑦

𝑑𝑥2
= 24𝑥 

[
𝑑2𝑦

𝑑𝑥2
]

𝑥=−2

= 24(−2) = −48 < 0     𝑴𝒂𝒙𝒊𝒎𝒖𝒎 
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(e) 𝑦 = 𝑥3 − 3𝑥2 +  3𝑥 − 7 

Solution: 

𝑦 = 𝑥3 − 3𝑥2 +  3𝑥 − 7 

𝑑𝑦

𝑑𝑥
= 3𝑥2 − 6𝑥 + 3 

For Stationary Point, put 
𝑑𝑦

𝑑𝑥
= 0 

3𝑥2 − 6𝑥 + 3 = 0 

3(𝑥2 − 2𝑥 + 1) = 0 

(𝑥2 − 2𝑥 + 1) = 0 

(𝑥 − 1)2 = 0 

Taking Square root on both sides 

𝑥 = 1 

For coordinates of SP , at 𝑥 = 1 

=>   𝑦 =  (1)3 − 3(1)2 +  3(1) − 7 = −6 

So, the coordinates are (1, −6)  

 

For Nature of roots, take the 2nd Order derivative 

𝑑2𝑦

𝑑𝑥2
= 6𝑥 − 6 

[
𝑑2𝑦

𝑑𝑥2
]

𝑥=1
= 6(1) − 6 = 0    Inflection Point 
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