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Differentiation Exercises II 
 
1. Differentiate with respect to 𝑥𝑥: 

𝑎𝑎.  5𝑥𝑥2      ℎ.  (4 + 5𝑥𝑥)6 
𝑏𝑏.  𝑥𝑥3 + 1      𝑖𝑖.  √𝑥𝑥54  
𝑐𝑐.  𝑥𝑥 − 5𝑥𝑥2 + 10𝑥𝑥3    𝑗𝑗.  (𝑥𝑥2 − 3)8 
𝑑𝑑.  (2𝑥𝑥3 + 4𝑥𝑥)(𝑥𝑥2 − 1)    𝑘𝑘.  4𝑥𝑥4(3 − 5𝑥𝑥)3 

𝑒𝑒.  𝑥𝑥𝑐𝑐 +
√𝑥𝑥
𝑎𝑎
−

3
𝑥𝑥

                                                          𝑙𝑙.  
7
𝑥𝑥8

−
1
𝑥𝑥3

+ 𝑎𝑎𝑥𝑥−2                            

𝑓𝑓.  
2𝑥𝑥

𝑥𝑥2 − 4
                                                                   𝑚𝑚.  

1
(2𝑥𝑥 − 3)3

                                       

𝑔𝑔.  
𝑥𝑥2 + 5𝑥𝑥 − 7

𝑥𝑥2
                                                         𝑛𝑛.  

√𝑥𝑥
4 − 𝑥𝑥2

                                             
      

2. If 𝑓𝑓(𝑥𝑥) = 𝑥𝑥2 − 3𝑥𝑥 − 2, evaluate: 
𝑎𝑎. 𝑓𝑓′(𝑥𝑥)  
𝑏𝑏. The gradient of the function at 𝑥𝑥 = 2  
𝑐𝑐. Find when the gradient has a value of zero 
𝑑𝑑. Find 𝑓𝑓′′(𝑥𝑥) 

 
3. 𝑎𝑎. For 𝑦𝑦 = 𝑥𝑥3 + 𝑥𝑥2, find 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
 and explain what it is. 

𝑏𝑏. Hence, or otherwise, find the point at which the gradient is 1. 
 
Answers 
1. Differentiate with respect to 𝑥𝑥: 

𝑎𝑎.  𝑑𝑑
𝑑𝑑𝑑𝑑

5𝑥𝑥2 = 10𝑥𝑥  

𝑏𝑏.  𝑑𝑑
𝑑𝑑𝑑𝑑

(𝑥𝑥3 + 1) = 3𝑥𝑥2  

𝑐𝑐.  𝑑𝑑
𝑑𝑑𝑑𝑑

(𝑥𝑥 − 5𝑥𝑥2 + 10𝑥𝑥3) = 1 − 10𝑥𝑥 + 30𝑥𝑥2  

𝑑𝑑.  𝑑𝑑
𝑑𝑑𝑑𝑑

(2𝑥𝑥3 + 4𝑥𝑥)(𝑥𝑥2 − 1) = (2𝑥𝑥3 + 4𝑥𝑥)2𝑥𝑥 + (𝑥𝑥2 − 1)(6𝑥𝑥2 + 4)   by Product rule (PR) 
 = 10𝑥𝑥4 + 6𝑥𝑥2 − 4  

𝑒𝑒.  𝑑𝑑
𝑑𝑑𝑑𝑑
�𝑥𝑥𝑐𝑐 + √𝑑𝑑

𝑎𝑎
− 3

𝑑𝑑
� = 𝑑𝑑

𝑑𝑑𝑑𝑑
�𝑥𝑥𝑐𝑐 + 1

𝑎𝑎
𝑥𝑥1 2� − 3𝑥𝑥−1�  

 = 𝑐𝑐𝑥𝑥𝑐𝑐−1 + 1
2𝑎𝑎√𝑑𝑑

+ 3
𝑑𝑑2

  

𝑓𝑓.  𝑑𝑑
𝑑𝑑𝑑𝑑
� 2𝑑𝑑
𝑑𝑑2−4

� = (𝑑𝑑2−4)2−2𝑑𝑑.2𝑑𝑑
(𝑑𝑑2−4)2        by Quotient rule (QR) 

 = −2𝑑𝑑2−8
(𝑑𝑑2−4)2  

𝑔𝑔.  𝑑𝑑
𝑑𝑑𝑑𝑑
�𝑑𝑑

2+5𝑑𝑑−7
𝑑𝑑2

� = 𝑑𝑑
𝑑𝑑𝑑𝑑

(1 + 5𝑥𝑥−1 − 7𝑥𝑥−2)  
 = −5𝑥𝑥−2 + 14𝑥𝑥−3 
ℎ.  𝑑𝑑

𝑑𝑑𝑑𝑑
(4 + 5𝑥𝑥)6 = 30(4 + 5𝑥𝑥)5      by Chain rule (CR) 
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𝑖𝑖.  
𝑑𝑑
𝑑𝑑𝑥𝑥

��𝑥𝑥54 � =
𝑑𝑑
𝑑𝑑𝑥𝑥

𝑥𝑥5 4�  

 = 5
4
𝑥𝑥1 4�  

 = 5
4 √𝑥𝑥
4  

𝑗𝑗.  𝑑𝑑
𝑑𝑑𝑑𝑑

(𝑥𝑥2 − 3)8 = 16𝑥𝑥(𝑥𝑥2 − 3)7 by CR 
 

𝑘𝑘.  𝑑𝑑
𝑑𝑑𝑑𝑑

4𝑥𝑥4(3 − 5𝑥𝑥)3 = −60𝑥𝑥4(3 − 5𝑥𝑥)2 + 16𝑥𝑥3(3 − 5𝑥𝑥)3  by PR and CR 
 

𝑙𝑙.  
𝑑𝑑
𝑑𝑑𝑥𝑥 �

7
𝑥𝑥8

−
1
𝑥𝑥3

+ 𝑎𝑎𝑥𝑥−2� =
𝑑𝑑
𝑑𝑑𝑥𝑥

(7𝑥𝑥−8 − 𝑥𝑥−3 + 𝑎𝑎𝑥𝑥−2) 

 = −56𝑥𝑥−9 + 3𝑥𝑥−4 − 2𝑎𝑎𝑥𝑥−3 

 = −56
𝑑𝑑9

+ 3
𝑑𝑑4
− 2𝑎𝑎

𝑑𝑑3
 

 

𝑚𝑚.  𝑑𝑑
𝑑𝑑𝑑𝑑
� 1

(2𝑑𝑑−3)3� = 𝑑𝑑
𝑑𝑑𝑑𝑑

(2𝑥𝑥 − 3)−3 by CR 

 = −6(2𝑥𝑥 − 3)−4 
 = −6

(2𝑑𝑑−3)4
 

 

𝑛𝑛.  𝑑𝑑
𝑑𝑑𝑑𝑑
� √𝑑𝑑
4−𝑑𝑑2

� =
�4−𝑑𝑑2� 1

2√𝑥𝑥
−√𝑑𝑑(−2𝑑𝑑)

(4−𝑑𝑑2)2  by QR 

 =
2
√𝑥𝑥
+32𝑑𝑑√𝑑𝑑

(4−𝑑𝑑2)2
 

 
2. If 𝑓𝑓(𝑥𝑥) = 𝑥𝑥2 − 3𝑥𝑥 − 2, evaluate: 

𝑎𝑎.  𝑓𝑓′(𝑥𝑥) = 2𝑥𝑥 − 3 
𝑏𝑏.  𝑓𝑓′(2) = 2 × 2 − 3 = 1 
𝑐𝑐.  𝑓𝑓′(𝑥𝑥) = 0 = 2𝑥𝑥 − 3 
 𝑥𝑥 = 11

2 
𝑑𝑑.  𝑓𝑓′′(𝑥𝑥) = 2 

 

3. 𝑎𝑎. For 𝑦𝑦 = 𝑥𝑥3 + 𝑥𝑥2, find 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 and explain what it is. 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 3𝑥𝑥2 + 2𝑥𝑥 , the gradient of the function at any point x 
 

𝑏𝑏. Hence, or otherwise, find the point at which the gradient is 1. 
 

1 = 3𝑥𝑥2 + 2𝑥𝑥 
0 = 3𝑥𝑥2 + 2𝑥𝑥 − 1 
0 = (3𝑥𝑥 − 1)(𝑥𝑥 + 1) 
𝑥𝑥 = 1

3
, 𝑥𝑥 = −1 

Points:  
(−1,0), (1

3
, 4
27

) 
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