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Concept 1 

First Principles and Power Rule– Progressive Questions Answers 

___________________________________________________________________________ 

 

First Principles: Q1 

1.                                                                                [24 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem Set 1 – Differentiation 
Progressive Questions 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
𝒙 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

𝑓ሺ𝑥 + ℎሻ − 𝑓ሺ𝑥ሻ

ℎ
    

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

ሺ𝑥 + ℎሻ − 𝑥

ℎ
    

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

𝑥 + ℎ − 𝑥

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

ℎ

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
1 

𝒅𝒚

𝒅𝒙
= 𝟏 

 

(a) 𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
𝟐𝒙 + 𝟑 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

𝑓ሺ𝑥 + ℎሻ − 𝑓ሺ𝑥ሻ

ℎ
    

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

2ሺ𝑥 + ℎሻ + 3 − ሺ2𝑥 + 3ሻ

ℎ
    

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

2𝑥 + 2ℎ + 3 − 2𝑥 − 3

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

2ℎ

ℎ
 

𝒅𝒚

𝒅𝒙
= 𝟐 

 

(b) 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
𝟓𝒙𝟐 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

𝑓ሺ𝑥 + ℎሻ − 𝑓ሺ𝑥ሻ

ℎ
    

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

5ሺ𝑥 + ℎሻ2 − 5𝑥2

ℎ
    

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

5ሺ𝑥2 + 2𝑥ℎ + ℎ2ሻ − 5𝑥2

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

5𝑥2 + 10𝑥ℎ + 5ℎ2 − 5𝑥2

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

10𝑥ℎ + 5ℎ2

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
10𝑥 + 5ℎ 

𝒅𝒚

𝒅𝒙
= 𝟏𝟎𝒙 

 

𝟎 

(d) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 
(1) 

(1) 

(1) 

(1) 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
𝒙𝟐 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

𝑓ሺ𝑥 + ℎሻ − 𝑓ሺ𝑥ሻ

ℎ
    

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

ሺ𝑥 + ℎሻ2 − 𝑥2

ℎ
    

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

𝑥2 + 2𝑥ℎ + ℎ2 − 𝑥2

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

2𝑥ℎ + ℎ2

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
2𝑥 + ℎ 

𝒅𝒚

𝒅𝒙
= 𝟐𝒙 

 

𝟎 

(c) 
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Power Rule: Q2, Q3, Q4, Q5 

2.                                                                                [11 marks]       

 

 

 

 

 

 

 

 

 

 

3.                                                                                [17 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
𝟒𝒙𝟐 + 𝟐𝒙 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

𝑓ሺ𝑥 + ℎሻ − 𝑓ሺ𝑥ሻ

ℎ
    

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

4ሺ𝑥 + ℎሻ2 + 2ሺ𝑥 + ℎሻ − ሺ4𝑥2 + 2𝑥ሻ

ℎ
    

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

4ሺ𝑥2 + 2𝑥ℎ + ℎ2ሻ + 2𝑥 + 2ℎ − 4𝑥2 − 2𝑥

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

4𝑥2 + 8𝑥ℎ + 4ℎ2 + 2𝑥 + 2ℎ − 4𝑥2 − 2𝑥

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

8𝑥ℎ + 4ℎ2 + 2ℎ

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
8𝑥 + 4ℎ + 2 

𝒅𝒚

𝒅𝒙
= 𝟖𝒙 + 𝟐 

 

(e) 

𝟎 

𝑦 = 2 
𝒅𝒚

𝒅𝒙
= 𝟎  (1) 

(a) 𝑓ሺ𝑥ሻ = 3𝑥2 + 7𝑥 

 𝒇′ሺ𝒙ሻ = 𝟔𝒙 + 𝟕  (1) 

(b) 𝑦 = 9𝑥6 − 4𝑥4 + 1 

   
𝒅𝒚

𝒅𝒙
= 𝟓𝟒𝒙𝟓 − 𝟏𝟔𝒙𝟑 (1) 

(c) 

𝑦 = −
1

𝑥2
 

  𝑦 = −𝑥−2 (1) 

𝑑𝑦

𝑑𝑥
= ሺ−1ሻሺ−2ሻ𝑥−3 

𝒅𝒚

𝒅𝒙
=

𝟐

𝒙𝟑  (1) 

 

(d) 𝑓ሺ𝑥ሻ =
2𝑥 − 3𝑥4

𝑥3
 

   𝑓ሺ𝑥ሻ = 2𝑥−2 − 3𝑥  (1) 

  𝒇′ሺ𝒙ሻ = 𝟐ሺ−𝟐ሻ𝒙−𝟑 − 𝟑  (1) 

 𝒇′ሺ𝒙ሻ = −
𝟒

𝒙𝟑 − 𝟑  (1) 

(f) 
𝑓ሺ𝑥ሻ = ξ𝑥 − 3 

 𝑓ሺ𝑥ሻ = 𝑥
1

2 − 3  (1) 

 𝒇′ሺ𝒙ሻ =
𝟏

𝟐
𝒙−

𝟏

𝟐  (1) 

 𝒇′ሺ𝒙ሻ =
𝟏

𝟐ξ𝒙
  (1) 

 

(e) 

𝑓ሺ𝑥ሻ =
ሺ𝑥 − 3ሻሺ𝑥 + 5ሻ

𝑥 − 3
 

  𝑓ሺ𝑥ሻ = 𝑥 + 5  (1) 

𝒇′ሺ𝒙ሻ = 𝟏  (1) 

(c) 𝑦 = ሺ𝑥 + 3ሻ2 + 𝑥
5
2 

  𝑦 = 𝑥2 + 6𝑥 + 9 + 𝑥
5

2  (2) 

𝒅𝒚

𝒅𝒙
= 𝟐𝒙 + 𝟔 +

𝟓

𝟐
𝒙

𝟑

𝟐  (1) 

(b) 𝑓ሺ𝑡ሻ = 3𝑡5 + 2𝑡2 − 8𝑡 

𝒇′ሺ𝒕ሻ = 𝟏𝟓𝒕𝟒 + 𝟒𝒕 − 𝟖  (2) 

(a) 

𝑦 =
8

𝑥4
+ 8𝑥

1
2 

𝑦 = 8𝑥−4 + 8𝑥
1

2  (1) 

𝒅𝒚

𝒅𝒙
= 𝟖ሺ−𝟒ሻ𝒙−𝟓 + 𝟖 ቀ

𝟏

𝟐
ቁ 𝒙−

𝟏

𝟐  (1) 

𝒅𝒚

𝒅𝒙
= −

𝟑𝟐

𝒙𝟓 +
𝟒

ξ𝒙
  (1) 

 

(e) 𝑓ሺ𝑥ሻ =
ξ𝑥 − 5𝑥2

4𝑥3
 

𝑓ሺ𝑥ሻ =
1

4𝑥
5
2

−
5

4𝑥
   (1) 

𝑓ሺ𝑥ሻ =
1

4
𝑥−

5

2 −
5

4
𝑥−1 (1) 

𝒇′ሺ𝒙ሻ =
𝟏

𝟒
ቀ−

𝟓

𝟐
ቁ 𝒙−

𝟕

𝟐 −
𝟓

𝟒
ሺ−𝟏ሻ𝒙−𝟐 (1) 

𝒇′ሺ𝒙ሻ = −
𝟓

𝟖ඥ𝒙𝟕
+

𝟓

𝟒𝒙𝟐  (1) 

(f) 𝑦 =
2

3𝑥2
− ඥ𝑥3 

𝑦 =
2

3
𝑥−2 − 𝑥

3

2  (1) 

𝑑𝑦

𝑑𝑥
=

2

3
ሺ−2ሻ𝑥−3 −

3

2
𝑥

1

2  (1) 

𝒅𝒚

𝒅𝒙
= −

𝟒

𝟑𝒙𝟑 −
𝟑ξ𝒙

𝟐
  (1) 

 

(d) 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
𝟕𝒙𝟐 + 𝟏𝟏𝒙 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

𝑓ሺ𝑥 + ℎሻ − 𝑓ሺ𝑥ሻ

ℎ
    

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

7ሺ𝑥 + ℎሻ2 + 11ሺ𝑥 + ℎሻ − ሺ7𝑥2 + 11𝑥ሻ

ℎ
    

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

7ሺ𝑥2 + 2𝑥ℎ + ℎ2ሻ + 11𝑥 + 11ℎ − 7𝑥2 + 11𝑥

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

7𝑥2 + 14𝑥ℎ + 7ℎ2 + 11𝑥 + 11ℎ − 7𝑥2 − 11𝑥

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

14𝑥ℎ + 7ℎ2 + 11ℎ

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
14𝑥 + 7ℎ + 11 

𝒅𝒚

𝒅𝒙
= 𝟏𝟒𝒙 + 𝟏𝟏 

 

(f) 



 
 

3 

4.                                                                                [15 marks]      

(a)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Points to note: As shown in parts (c) and (d), always be sure to end your answer with all of the exponents being positive. 

 

(b)  

 

 

 

 
 

 

5.                                                                                [14 marks]       

(a)  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

(b)  

 

 

 

 

Hint: factorise 𝑦 =
𝑥2+2𝑥−8

𝑥+4
 into 𝑦 =

ሺ𝑥+4ሻሺ𝑥−2ሻ

𝑥+4
, cancel like terms and then perform the derivative 

𝑦 =
1

ඥ𝑥5
    

𝑦 = 𝑥−
5

2  (1) 

𝒅𝒚

𝒅𝒙
= −

𝟓

𝟐
𝒙−

𝟕
𝟐 

𝒅𝒚

𝒅𝒙
= −

𝟓

𝟐𝒙
𝟕
𝟐

  (1) 

 

(iii) 𝑦 =
5𝑥

2𝑥3
 

 𝑦 =
5

2
𝑥−2  (1) 

𝒅𝒚

𝒅𝒙
=

𝟓

𝟐
ሺ−𝟐ሻሺ𝒙−𝟑ሻ  

𝒅𝒚

𝒅𝒙
= −

𝟓

𝒙𝟑  (1) 

 

(ii) 𝑓ሺ𝑥ሻ = 𝑥4 − 2𝑥8 

𝒇′ሺ𝒙ሻ = 𝟒𝒙𝟑 − 𝟏𝟔𝒙𝟕  (1) 

(i) 

𝑦 = 2𝑥−
1
2 

𝑑𝑦

𝑑𝑥
= 2 ቀ−

1

2
ቁ 𝑥−

3

2  (1) 

𝒅𝒚

𝒅𝒙
= −

𝟏

𝒙
𝟑
𝟐

  (1) 

 

(iv) 𝑓ሺ𝑥ሻ = ሺ𝑥2 + 3𝑥ሻ2 

𝑓ሺ𝑥ሻ = 𝑥4 + 6𝑥3 + 9𝑥2  (1) 

𝒇′ሺ𝒙ሻ = 𝟒𝒙𝟑 + 𝟏𝟖𝒙𝟐 + 𝟏𝟖𝒙  (1) 

(vi) 𝑦 =
7𝑥5 + 4𝑥 − 𝑥2

𝑥3
 

𝑦 = 7𝑥2 + 4𝑥−2 − 𝑥−1  (1) 
𝒅𝒚

𝒅𝒙
= 𝟏𝟒𝒙 + 𝟒ሺ−𝟐ሻሺ𝒙−𝟑ሻ − ሺ−𝟏ሻ𝒙−𝟐  (1)  

𝒅𝒚

𝒅𝒙
= 𝟏𝟒𝒙 −

𝟖

𝒙𝟑 +
𝟏

𝒙𝟐    (1) 

 

(v) 

  

Function 

𝑦 =
𝑥3 + 𝑥2 − 4𝑥

𝑥
 

Tyler’s Guess 

𝑑𝑦

𝑑𝑥
=

3𝑥2 + 2𝑥 − 4

1
 

 

Actual derivative 
Progresses? 

(✔or X) 

𝒚 = 𝟐𝒙 − 𝟏 X (1) (1) 

𝑦 =
1

4
𝑥−

1

2 − 5𝑥−3  (1) 

𝒅𝒚

𝒅𝒙
=

𝟏

𝟒
ቀ−

𝟏

𝟐
ቁ 𝒙−

𝟑

𝟐 − 𝟓ሺ−𝟑ሻ𝒙−𝟒   (1)  

𝒅𝒚

𝒅𝒙
= −

𝟏

𝟖𝒙
𝟑
𝟐

+
𝟏𝟓

𝒙𝟒  (1) 

 

(i) 𝑓ሺ𝑥ሻ =
𝑥

3
2

2𝑥2
− 4 

𝑓ሺ𝑥ሻ =
1

2
𝑥−

1

2 − 4  (1) 

𝒇′ሺ𝒙ሻ =
𝟏

𝟐
ቀ−

𝟏

𝟐
ቁ 𝒙−

𝟑

𝟐   (1) 

𝒇′ሺ𝒙ሻ = −
𝟏

𝟒𝒙
𝟑
𝟐

  (1) 

 

(ii) 

𝑓ሺ𝑥ሻ = ൫𝑥2 + ξ𝑥൯
2

 

𝑓ሺ𝑥ሻ = 𝑥4 + 2𝑥
5

2 + 𝑥  (1) 

𝒇′ሺ𝒙ሻ = 𝟒𝒙𝟑 + 𝟐 ቀ
𝟓

𝟐
ቁ 𝒙

𝟑

𝟐 + 𝟏   (1) 

𝒇′ሺ𝒙ሻ = 𝟒𝒙𝟑 + 𝟓𝒙
𝟑

𝟐 + 𝟏   (1) 

(iv) 𝑦 =
12𝑥 − 10𝑥3 − ξ2𝑥5

𝑥5
 

𝑦 = 12𝑥−4 − 10𝑥−2 − ξ2   (1) 
𝒅𝒚

𝒅𝒙
= −𝟒𝟖𝒙−𝟓 + 𝟐𝟎𝒙−𝟑   (1) 

𝒅𝒚

𝒅𝒙
= −

𝟒𝟖

𝒙𝟓 +
𝟐𝟎

𝒙𝟑    (1) 

 

(iii) 

  

Function 

𝑦 =
𝑥2 + 2𝑥 − 8

𝑥 + 4
 

Jevon and Wallace’s Guess 

𝑦′ = 2 +
2

𝑥
 

 

Actual derivative 
Progresses? 

(✔or X) 

𝒅𝒚

𝒅𝒙
= 𝟏 X (1) (1) 



 
 

4 

Concept 2 

Product Rule, Quotient Rule and Chain Rule– Progressive Questions 

Answers 

___________________________________________________________________________ 

Product Rule: Q1, Q2 

1.                                                                                [21 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Point to note: A lot of these calculations are quite difficult, but it is good to practice your mathematical notations and expanding skills. 

𝒖 = 𝟑𝒙 − 𝟒 
𝒅𝒖

𝒅𝒙
= 𝟑 

 

𝒗 = 𝟐𝒙 + 𝟏 
𝒅𝒗

𝒅𝒙
= 𝟐 

 𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝟐𝒙 + 𝟏ሻሺ𝟑ሻ + ሺ𝟑𝒙 − 𝟒ሻሺ𝟐ሻ 

𝒅𝒚

𝒅𝒙
= 𝟔𝒙 + 𝟑 + 𝟔𝒙 − 𝟖 

𝒅𝒚

𝒅𝒙
= 𝟏𝟐𝒙 − 𝟓 

 

𝑦 = ሺ3𝑥 − 4ሻሺ2𝑥 + 1ሻ 

 

(1) 

(1) 

(b) 

(1) 

𝒖 = 𝒙 + 𝟐 
𝒅𝒖

𝒅𝒙
= 𝟏 

 

𝒗 = 𝒙 − 𝟒 
𝒅𝒗

𝒅𝒙
= 𝟏 

 𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝒙 − 𝟒ሻሺ𝟏ሻ + ሺ𝒙 + 𝟐ሻሺ𝟏ሻ 

𝒅𝒚

𝒅𝒙
= 𝒙 − 𝟒 + 𝒙 + 𝟐 

𝒅𝒚

𝒅𝒙
= 𝟐𝒙 − 𝟐 

 

𝑦 = ሺ𝑥 + 2ሻሺ𝑥 − 4ሻ 

 

(1) 

(1) 

(a) 

(1) 

𝒖 = 𝟐𝒙 − 𝟑𝒙𝟐 
𝒅𝒖

𝒅𝒙
= 𝟐 − 𝟔𝒙 

 

𝒗 = 𝟓𝒙 − 𝟒 
𝒅𝒗

𝒅𝒙
= 𝟓 

 𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝟓𝒙 − 𝟒ሻሺ𝟐 − 𝟔𝒙ሻ + ሺ𝟐𝒙 − 𝟑𝒙𝟐ሻሺ𝟓ሻ 

𝒅𝒚

𝒅𝒙
= 𝟏𝟎𝒙 − 𝟑𝟎𝒙𝟐 − 𝟖 + 𝟐𝟒𝒙 + 𝟏𝟎𝒙 − 𝟏𝟓𝒙𝟐 

𝒅𝒚

𝒅𝒙
= −𝟒𝟓𝒙𝟐 + 𝟒𝟒𝒙 − 𝟖 

 

𝑦 = ሺ2𝑥 − 3𝑥2ሻሺ5𝑥 − 4ሻ 

 

(1) 

(1) 

(d) 

(1) 

(1) 

𝒖 = −𝟐𝒙 + 𝟐 
𝒅𝒖

𝒅𝒙
= −𝟐 

 

𝒗 = 𝒙 + 𝟗 
𝒅𝒗

𝒅𝒙
= 𝟏 

 𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝒙 + 𝟗ሻሺ−𝟐ሻ + ሺ−𝟐𝒙 + 𝟐ሻሺ𝟏ሻ 

𝒅𝒚

𝒅𝒙
= −𝟐𝒙 − 𝟏𝟖 − 𝟐𝒙 + 𝟐 

𝒅𝒚

𝒅𝒙
= −𝟒𝒙 − 𝟏𝟔 

 

𝑦 = ሺ−2𝑥 + 2ሻሺ𝑥 + 9ሻ 

 

(1) 

(1) 

(c) 

(1) 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝒙𝟐 − 𝟒𝒙ሻሺ𝟏𝟔𝒙 + 𝟑ሻ + ሺ𝟖𝒙𝟐 + 𝟑𝒙ሻሺ𝟐𝒙 − 𝟒ሻ 

𝒅𝒚

𝒅𝒙
= 𝟏𝟔𝒙𝟑 + 𝟑𝒙𝟐 − 𝟔𝟒𝒙𝟐 − 𝟏𝟐𝒙 + 𝟏𝟔𝒙𝟑 + 𝟔𝒙𝟐 − 𝟑𝟐𝒙𝟐 − 𝟏𝟐𝒙  

𝒅𝒚

𝒅𝒙
= 𝟑𝟐𝒙𝟑 − 𝟖𝟕𝒙𝟐 − 𝟐𝟒 

 

𝒖 = 𝟖𝒙𝟐 + 𝟑𝒙 
𝒅𝒖

𝒅𝒙
= 𝟏𝟔𝒙 + 𝟑 

 

𝒗 = 𝒙𝟐 − 𝟒𝒙 
𝒅𝒗

𝒅𝒙
= 𝟐𝒙 − 𝟒 

 

𝑦 = ሺ8𝑥2 + 3𝑥ሻሺ𝑥2 − 4𝑥ሻ 

 

(2) 

(1) 

(f) 

(1) 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝒙𝟐 + 𝟐ሻሺ

𝟏

𝟐ξ𝒙
ሻ + ሺξ𝒙ሻሺ𝟐𝒙ሻ 

𝒅𝒚

𝒅𝒙
=

𝒙
𝟑
𝟐

𝟐
+

𝟏

ξ𝒙
+ 𝟐𝒙

𝟑
𝟐 

𝒅𝒚

𝒅𝒙
=

𝟓𝒙
𝟑
𝟐

𝟐
+

𝟏

ξ𝒙
 

 

𝒖 = ξ𝒙 
𝒅𝒖

𝒅𝒙
=

𝟏

𝟐ξ𝒙
 

 

𝒗 = 𝒙𝟐 + 𝟐 
𝒅𝒗

𝒅𝒙
= 𝟐𝒙 

 

𝑦 = ξ𝑥ሺ𝑥2 + 2ሻ 

 

(2) 

(1) 

(e) 

(1) 
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2.                                                                                [24 marks]       
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝒖 = 𝟔𝒙 + 𝟕 
𝒅𝒖

𝒅𝒙
= 𝟔 

 

𝒗 = 𝟖𝒙 + 𝟏 
𝒅𝒗

𝒅𝒙
= 𝟖 

 𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝟖𝒙 + 𝟏ሻሺ𝟔ሻ + ሺ𝟔𝒙 + 𝟕ሻሺ𝟖ሻ 

𝒅𝒚

𝒅𝒙
= 𝟒𝟖𝒙 + 𝟔 + 𝟒𝟖𝒙 + 𝟓𝟔 

𝒅𝒚

𝒅𝒙
= 𝟗𝟔𝒙 + 𝟔𝟐 

 

𝑦 = ሺ6𝑥 + 7ሻሺ8𝑥 + 1ሻ 

 

(1) 

(1) 

(a) 

(1) 

(1) 

𝒖 = 𝒙𝟐 − 𝟓 

𝒅𝒖

𝒅𝒙
= 𝟐𝒙 

𝒗 = 𝟑𝒙𝟐 − 𝟖 
𝒅𝒗

𝒅𝒙
= 𝟔𝒙 

 
𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝟑𝒙𝟐 − 𝟖ሻሺ𝟐𝒙ሻ + ሺ𝒙𝟐 − 𝟓ሻሺ𝟔𝒙ሻ 

𝒅𝒚

𝒅𝒙
= 𝟔𝒙𝟑 − 𝟏𝟔𝒙 + 𝟔𝒙𝟑 − 𝟑𝟎𝒙 

𝒅𝒚

𝒅𝒙
= 𝟏𝟐𝒙𝟑 − 𝟒𝟔𝒙 

 

𝑦 = ሺ𝑥2 − 5ሻሺ3𝑥2 − 8ሻ 

 

(1) 

(1) 

(b) 

(1) 

(1) 

𝒖 = 𝒙
𝟓
𝟐 + 𝟐 

𝒅𝒖

𝒅𝒙
=

𝟓

𝟐
𝒙

𝟑
𝟐 

𝒗 = 𝟐𝒙 + 𝟏 
𝒅𝒗

𝒅𝒙
= 𝟐 

 
𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝟐𝒙 + 𝟏ሻሺ

𝟓

𝟐
𝒙

𝟑
𝟐ሻ + ሺ𝒙

𝟓
𝟐 + 𝟐ሻሺ𝟐ሻ 

𝒅𝒚

𝒅𝒙
= 𝟓𝒙

𝟓
𝟐 +

𝟓

𝟐
𝒙

𝟑
𝟐 + 𝟐𝒙

𝟓
𝟐 + 𝟒 

𝒅𝒚

𝒅𝒙
= 𝟕𝒙

𝟓
𝟐 +

𝟓

𝟐
𝒙

𝟑
𝟐 + 𝟒 

 

𝑦 = ൬𝑥
5
2 + 2൰ ሺ2𝑥 + 1ሻ 

 

(1) 

(1) 

(d) 

(1) 

(1) 
𝒖 = −𝟐𝒙𝟐 + 𝟑𝒙 + 𝟐 

𝒅𝒖

𝒅𝒙
= −𝟒𝒙 + 𝟑 

𝒗 = 𝒙 + 𝟓 
𝒅𝒗

𝒅𝒙
= 𝟏 

 
𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝒙 + 𝟓ሻሺ−𝟒𝒙 + 𝟑ሻ + ሺ−𝟐𝒙𝟐 + 𝟑𝒙 + 𝟐ሻሺ𝟏ሻ 

𝒅𝒚

𝒅𝒙
= −𝟒𝒙𝟐 + 𝟑𝒙 − 𝟐𝟎𝒙 + 𝟏𝟓 − 𝟐𝒙𝟐 + 𝟑𝒙 + 𝟐 

𝒅𝒚

𝒅𝒙
= −𝟔𝒙𝟐 − 𝟏𝟒𝒙 + 𝟏𝟕 

 

𝑦 = ሺ−2𝑥2 + 3𝑥 + 2ሻሺ𝑥 + 5ሻ 

 

(1) 

(1) 

(c) 

(1) 

(1) 

𝒖 = 𝟑𝒙 + 𝟏 

𝒅𝒖

𝒅𝒙
= 𝟑 

𝒗 = 𝒙𝟐 − 𝟕𝒙 
𝒅𝒗

𝒅𝒙
= 𝟐𝒙 − 𝟕 

 
𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝒙𝟐 − 𝟕𝒙ሻሺ𝟑ሻ + ሺ𝟑𝒙 + 𝟏ሻሺ𝟐𝒙 − 𝟕ሻ 

𝒅𝒚

𝒅𝒙
= 𝟑𝒙𝟐 − 𝟐𝟏𝒙 + 𝟔𝒙𝟐 − 𝟐𝟏𝒙 + 𝟐𝒙 − 𝟕 

𝒅𝒚

𝒅𝒙
= 𝟗𝒙𝟐 − 𝟒𝟎𝒙 − 𝟕 

 

𝑦 = ሺ3𝑥 + 1ሻሺ𝑥2 − 7𝑥ሻ 

 

(1) 

(1) 

(e) 

(1) 

(1) 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝒙𝟐 − ξ𝒙ሻሺ𝟔ሻ + ሺ𝟔𝒙 + 𝟐ሻሺ𝟐𝒙 −

𝟏

𝟐ξ𝒙
ሻ 

𝒅𝒚

𝒅𝒙
= 𝟔𝒙𝟐 − 𝟔ξ𝒙 + 𝟏𝟐𝒙𝟐 − 𝟑ξ𝒙 + 𝟒𝒙 −

𝟏

ξ𝒙
 

𝒅𝒚

𝒅𝒙
= 𝟏𝟖𝒙𝟐 − 𝟗ξ𝒙 + 𝟒𝒙 −

𝟏

ξ𝒙
 

 

𝒖 = 𝟔𝒙 + 𝟐 
𝒅𝒖

𝒅𝒙
= 𝟔 

 

𝒗 = 𝒙𝟐 − ξ𝒙 
𝒅𝒗

𝒅𝒙
= 𝟐𝒙 −

𝟏

𝟐ξ𝒙
 

 

𝑦 = ሺ6𝑥 + 2ሻ൫𝑥2 − ξ𝑥൯ 

 

(1) 

(1) 

(f) 

(1) 

(1) 
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Quotient Rule: Q3, Q4 

3.                                                                                [18 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝒇′ሺ𝒙ሻ =
𝒉ሺ𝒙ሻ𝒈′ሺ𝒙ሻ –  𝒈ሺ𝒙ሻ𝒉′ሺ𝒙ሻ

ሺ𝟒𝒙 − 𝟐ሻ𝟐
 

𝒇′ሺ𝒙ሻ =
ሺ𝟒𝒙 − 𝟐ሻሺ𝟔ሻ − ሺ𝟔𝒙 − 𝟗ሻሺ𝟒ሻ

ሺ𝟒𝒙 − 𝟐ሻ𝟐
 

𝒇′ሺ𝒙ሻ =
𝟐𝟒𝒙 − 𝟏𝟐 − 𝟐𝟒𝒙 + 𝟑𝟔

ሺ𝟒𝒙 − 𝟐ሻ𝟐
 

𝒇′ሺ𝒙ሻ =
𝟐𝟒

ሺ𝟒𝒙 − 𝟐ሻ𝟐
 

𝒉ሺ𝒙ሻ = 𝟒𝒙 − 𝟐 

𝒉′ሺ𝒙ሻ = 𝟒 

 

𝑓ሺ𝑥ሻ =
6𝑥 − 9

4𝑥 − 2
 

(1) 

(1) 

(b) 

𝒈ሺ𝒙ሻ = 𝟔𝒙 − 𝟗 

𝒈′ሺ𝒙ሻ = 𝟔 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

 –  𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝒅𝒚

𝒅𝒙
=

ሺ𝟑𝒙 + 𝟖ሻሺ𝟐ሻ − ሺ𝟐𝒙 + 𝟓ሻሺ𝟑ሻ

ሺ𝟑𝒙 + 𝟖ሻ𝟐
 

𝒅𝒚

𝒅𝒙
=

𝟔𝒙 + 𝟏𝟔 − 𝟔𝒙 − 𝟏𝟓

ሺ𝟑𝒙 + 𝟖ሻ𝟐
 

𝒅𝒚

𝒅𝒙
=

𝟏

ሺ𝟑𝒙 + 𝟖ሻ𝟐
 

 

𝒗 = 𝟑𝒙 + 𝟖 
𝒅𝒗

𝒅𝒙
= 𝟑 

 

𝑦 =
2𝑥 + 5

3𝑥 + 8
 

(1) 

(1) 

(a) 

𝒖 = 𝟐𝒙 + 𝟓 
𝒅𝒖

𝒅𝒙
= 𝟐 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

 –  𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝒅𝒚

𝒅𝒙
=

ሺ𝒙 + 𝟗ሻሺ𝟐𝒙ሻ − ሺ𝒙𝟐 + 𝟔ሻሺ𝟏ሻ

ሺ𝒙 + 𝟗ሻ𝟐
 

𝒅𝒚

𝒅𝒙
=

𝟐𝒙𝟐 + 𝟏𝟖𝒙 − 𝒙𝟐 − 𝟔

ሺ𝒙 + 𝟗ሻ𝟐
 

𝒅𝒚

𝒅𝒙
=

𝒙𝟐 + 𝟏𝟖𝒙 − 𝟔

ሺ𝒙 + 𝟗ሻ𝟐
 

 

𝒗 = 𝒙 + 𝟗 
𝒅𝒗

𝒅𝒙
= 𝟏 

 

𝑦 =
𝑥2 + 6

𝑥 + 9
 

(1) 

(1) 

(d) 

𝒖 = 𝒙𝟐 + 𝟔 
𝒅𝒖

𝒅𝒙
= 𝟐𝒙 

 
𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

 –  𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝒅𝒚

𝒅𝒙
=

ሺ𝟐𝒙 + 𝟔ሻሺ−𝟏ሻ − ሺ−𝒙ሻሺ𝟐ሻ

ሺ𝟐𝒙 + 𝟔ሻ𝟐
 

𝒅𝒚

𝒅𝒙
=

−𝟐𝒙 − 𝟔 + 𝟐𝒙

ሺ𝟐𝒙 + 𝟔ሻ𝟐
 

𝒅𝒚

𝒅𝒙
=

−𝟔

ሺ𝟐𝒙 + 𝟔ሻ𝟐
 

 

𝒗 = 𝟐𝒙 + 𝟔 
𝒅𝒗

𝒅𝒙
= 𝟐 

 

𝑦 =
−𝑥

2𝑥 + 6
 

(1) 

(1) 

(c) 

𝒖 = −𝒙 
𝒅𝒖

𝒅𝒙
= −𝟏 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

 –  𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝒅𝒚

𝒅𝒙
=

ሺ𝟑𝒙 + 𝟓ሻሺ−𝟐𝒙 + 𝟑ሻ − ሺ−𝒙𝟐 + 𝟑𝒙ሻሺ𝟑ሻ

ሺ𝟑𝒙 + 𝟓ሻ𝟐
 

𝒅𝒚

𝒅𝒙
=

−𝟔𝒙𝟐 + 𝟗𝒙 − 𝟏𝟎𝒙 + 𝟏𝟓 + 𝟑𝒙𝟐 − 𝟗𝒙

ሺ𝟑𝒙 + 𝟓ሻ𝟐
 

𝒅𝒚

𝒅𝒙
=

−𝟑𝒙𝟐 − 𝟏𝟎𝒙 + 𝟏𝟓

ሺ𝟑𝒙 + 𝟓ሻ𝟐
 

 

𝒗 = 𝟑𝒙 + 𝟓 
𝒅𝒗

𝒅𝒙
= 𝟑 

 

𝑦 =
−𝑥2 + 3𝑥

3𝑥 + 5
 

(1) 

(1) 

(f) 

𝒖 = −𝒙𝟐 + 𝟑𝒙 
𝒅𝒖

𝒅𝒙
= −𝟐𝒙 + 𝟑 

 

𝒇′ሺ𝒙ሻ =
𝒉ሺ𝒙ሻ𝒈′ሺ𝒙ሻ –  𝒈ሺ𝒙ሻ𝒉′ሺ𝒙ሻ

ሺ𝒉ሺ𝒙ሻሻ𝟐
 

𝒇′ሺ𝒙ሻ =
ሺ𝟐𝒙 + 𝟏ሻሺ𝟏𝟒𝒙 − 𝟏ሻ − ሺ−𝒙 + 𝟕𝒙𝟐ሻሺ𝟐ሻ

ሺ𝟐𝒙 + 𝟏ሻ𝟐
 

𝒇′ሺ𝒙ሻ =
𝟐𝟖𝒙𝟐−𝟐𝒙+𝟏𝟒𝒙−𝟏+𝟐𝒙−𝟏𝟒𝒙𝟐

ሺ𝟐𝒙+𝟏ሻ𝟐  

𝒇′ሺ𝒙ሻ =
𝟏𝟒𝒙𝟐 + 𝟏𝟒𝒙 − 𝟏

ሺ𝟐𝒙 + 𝟏ሻ𝟐
 

 

𝒉ሺ𝒙ሻ = 𝟐𝒙 + 𝟏 

𝒉′ሺ𝒙ሻ = 𝟐 

 

𝑓ሺ𝑥ሻ =
−𝑥 + 7𝑥2

2𝑥 + 1
 

(1) 

(1) 

(e) 

𝒈ሺ𝒙ሻ = −𝒙 + 𝟕𝒙𝟐 

𝒈′ሺ𝒙ሻ = 𝟏𝟒𝒙 − 𝟏 
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4.                                                                                [21 marks]    

  

 

𝒇′ሺ𝒙ሻ =
𝒉ሺ𝒙ሻ𝒈′ሺ𝒕ሻ –  𝒈ሺ𝒕ሻ𝒉′ሺ𝒙ሻ

ሺ𝒉ሺ𝒙ሻሻ𝟐
 

𝒇′ሺ𝒙ሻ =
ሺ𝟐𝒙 + 𝟓ሻሺ𝟐𝒙 − 𝟏ሻ − ሺ𝒙𝟐 − 𝒙ሻሺ𝟐ሻ

ሺ𝟐𝒙 + 𝟓ሻ𝟐
 

𝒇′ሺ𝒙ሻ =
−𝟐𝒙 + 𝟒𝒙𝟐 − 𝟓 + 𝟏𝟎𝒙 + 𝟐𝒙 − 𝟐𝒙𝟐

ሺ𝟐𝒙 + 𝟓ሻ𝟐
 

𝒇′ሺ𝒕ሻ =
𝟐𝒙𝟐 + 𝟏𝟎𝒙 − 𝟓

ሺ𝟐𝒙 + 𝟓ሻ𝟐
 

 

𝒉ሺ𝒙ሻ = 𝟐𝒙 + 𝟓 

𝒉′ሺ𝒙ሻ = 𝟐 

 

𝑓ሺ𝑥ሻ =
𝑥2 − 𝑥

2𝑥 + 5
 

(1) 

(1) 

(c) 

𝒈ሺ𝒙ሻ = 𝒙𝟐 − 𝒙 

𝒈′ሺ𝒙ሻ = 𝟐𝒙 − 𝟏 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

 –  𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝒅𝒚

𝒅𝒙
=

ሺ𝒙𝟐 − 𝟏ሻሺ𝟏ሻ − ሺ𝒙 + 𝟐ሻሺ𝟐𝒙ሻ

ሺ𝒙𝟐 − 𝟏ሻ𝟐
 

𝒅𝒚

𝒅𝒙
=

𝒙𝟐 − 𝟏 − 𝟐𝒙𝟐 − 𝟒𝒙

ሺ𝒙𝟐 − 𝟏ሻ𝟐
 

𝒅𝒚

𝒅𝒙
=

−𝒙𝟐 − 𝟒𝒙 − 𝟏

ሺ𝒙𝟐 − 𝟏ሻ𝟐
 

 

𝒗 = 𝒙𝟐 − 𝟏 
𝒅𝒗

𝒅𝒙
= 𝟐𝒙 

 

𝑦 =
𝑥 + 2

𝑥2 − 1
 

(1) 

(1) 

(b) 

𝒖 = 𝒙 + 𝟐 
𝒅𝒖

𝒅𝒙
= 𝟏 

 

𝒇′ሺ𝒙ሻ =
𝒉ሺ𝒙ሻ𝒈′ሺ𝒕ሻ –  𝒈ሺ𝒕ሻ𝒉′ሺ𝒙ሻ

ሺ𝒉ሺ𝒙ሻሻ𝟐
 

𝒇′ሺ𝒙ሻ =
ሺ𝒙𝟒 + 𝟒ሻሺ𝟒𝒙ሻ − ሺ𝟐𝒙𝟐ሻሺ𝟒𝒙𝟑ሻ

ሺ𝒙𝟒 + 𝟒ሻ𝟐
 

𝒇′ሺ𝒙ሻ =
𝟒𝒙𝟓 + 𝟏𝟔𝒙 − 𝟖𝒙𝟓

ሺ𝒙𝟒 + 𝟒ሻ𝟐
 

𝒇′ሺ𝒕ሻ =
−𝟒𝒙𝟓 + 𝟏𝟔𝒙

ሺ𝒙𝟒 + 𝟒ሻ𝟐
 

 

𝒉ሺ𝒙ሻ = 𝒙𝟒 + 𝟒 

𝒉′ሺ𝒙ሻ = 𝟒𝒙𝟑 

 

𝑓ሺ𝑥ሻ =
2𝑥2

𝑥4 + 4
 

(1) 

(1) 

(d) 

𝒈ሺ𝒙ሻ = 𝟐𝒙𝟐 

𝒈′ሺ𝒙ሻ = 𝟒𝒙 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

 –  𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝒅𝒚

𝒅𝒙

=
ሺ𝒙𝟐 + 𝟓ሻ൫𝟗𝒙𝟐 − 𝟒𝒙൯ − ሺ𝟑𝒙𝟑 − 𝟐𝒙𝟐 + 𝟏ሻሺ𝟐𝒙ሻ

ሺ𝒙𝟐 + 𝟓ሻ𝟐
 

𝒅𝒚

𝒅𝒙
=

𝟗𝒙𝟒 − 𝟒𝒙𝟑 + 𝟒𝟓𝒙𝟐 − 𝟐𝟎𝒙 − 𝟔𝒙𝟒 + 𝟒𝒙𝟑 − 𝟐𝒙

ሺ𝒙𝟐 + 𝟓ሻ𝟐
 

𝒅𝒚

𝒅𝒙
=

𝟑𝒙𝟒 + 𝟒𝟓𝒙𝟐 − 𝟐𝟐𝒙

ሺ𝒙𝟐 + 𝟓ሻ𝟐
 

 

𝒗 = 𝒙𝟐 + 𝟓 
𝒅𝒗

𝒅𝒙
= 𝟐𝒙 

 

𝑦 =
3𝑥3 − 2𝑥2 + 1

𝑥2 + 5
 

(1) 

(2) 

(f) 

𝒖 = 𝟑𝒙𝟑 − 𝟐𝒙𝟐 + 𝟏 
𝒅𝒖

𝒅𝒙
= 𝟗𝒙𝟐 − 𝟒𝒙 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

 –  𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝒅𝒚

𝒅𝒙
=

ሺ𝟑𝒙 + 𝟖ሻሺ𝟐ሻ − ሺ𝟐𝒙 + 𝟓ሻሺ𝟑ሻ

ሺ𝟑𝒙 + 𝟖ሻ𝟐
 

𝒅𝒚

𝒅𝒙
=

𝟔𝒙 + 𝟏𝟔 − 𝟔𝒙 − 𝟏𝟓

ሺ𝟑𝒙 + 𝟖ሻ𝟐
 

𝒅𝒚

𝒅𝒙
=

𝟏

ሺ𝟑𝒙 + 𝟖ሻ𝟐
 

 

𝒗 = 𝟒 + 𝟖𝒙 
𝒅𝒗

𝒅𝒙
= 𝟖 

 

𝑦 =
2 − 𝑥

4 + 8𝑥
 

(1) 

(1) 

(a) 

𝒖 = 𝟐 − 𝒙 
𝒅𝒖

𝒅𝒙
= −𝟏 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

 –  𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝒅𝒚

𝒅𝒙
=

ሺ𝒙𝟓 + 𝟔𝒙ሻሺ𝟒ሻ − ሺ𝟒𝒙 + 𝟔ሻሺ𝟓𝒙𝟒 + 𝟔ሻ

ሺ𝒙𝟓 + 𝟔𝒙ሻ𝟐
 

𝒅𝒚

𝒅𝒙
=

𝟒𝒙𝟓 + 𝟐𝟒𝒙 − 𝟐𝟎𝒙𝟓 − 𝟑𝟎𝒙𝟒 − 𝟐𝟒𝒙 − 𝟑𝟔

ሺ𝒙𝟓 + 𝟔𝒙ሻ𝟐
 

𝒅𝒚

𝒅𝒙
=

−𝟏𝟔𝒙𝟓 − 𝟑𝟎𝒙𝟒 − 𝟑𝟔

ሺ𝒙𝟓 + 𝟔𝒙ሻ𝟐
 

 

𝒗 = 𝒙𝟓 + 𝟔𝒙 
𝒅𝒗

𝒅𝒙
= 𝟓𝒙𝟒 + 𝟔 

 

𝑦 =
4𝑥 + 6

𝑥5 + 6𝑥
 

(1) 

(1) 

(e) 

𝒖 = 𝟒𝒙 + 𝟔 
𝒅𝒖

𝒅𝒙
= 𝟒 
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Chain Rule: Q5, Q6, Q7, Q8 

5.                                                                                  [9 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.                                                                                [15 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

𝒚 = 𝟐𝒖𝟐 − 𝟓 
𝒅𝒚

𝒅𝒖
= 𝟒𝒖 

 

𝒖 = 𝟐𝒙𝟐 − 𝟗𝒙 
𝒅𝒖

𝒅𝒙
= 𝟒𝒙 − 𝟗 

 𝒅𝒚

𝒅𝒙
=

𝒅𝒚

𝒅𝒖

𝒅𝒖

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝟒𝒖ሻሺ𝟒𝒙 − 𝟗ሻ 

𝑑𝑦

𝑑𝑥
= 4ሺ𝟐𝒙𝟐 − 𝟗𝒙ሻሺ4𝑥 − 9ሻ 

𝑑𝑦

𝑑𝑥
= ሺ𝟖𝒙𝟐 − 𝟑𝟔𝒙ሻሺ4𝑥 − 9ሻ 

𝑑𝑦

𝑑𝑥
= 𝟑𝟐𝒙𝟑 − 𝟐𝟏𝟔𝒙𝟐 + 𝟑𝟐𝟒𝒙 

 

(1) 

(1) 

(b) 

(1) 

𝒚 = 𝟐 − 𝒖 
𝒅𝒚

𝒅𝒖
= −𝟏 

 

𝒖 = 𝟔𝒙 − 𝟔 
𝒅𝒖

𝒅𝒙
= 𝟔 

 

(1) 

𝒅𝒚

𝒅𝒙
=

𝒅𝒚

𝒅𝒖

𝒅𝒖

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ−𝟏ሻሺ𝟔ሻ 

𝒅𝒚

𝒅𝒙
= −𝟔 (1) 

(a) 

(1) 

𝒚 = −𝟑𝒖𝟑 + 𝟓 
𝒅𝒚

𝒅𝒖
= −𝟗𝒖𝟐 

 

𝒖 =
𝟏

𝒙
 

𝒅𝒖

𝒅𝒙
= −

𝟏

𝒙𝟐
 

 
𝒅𝒚

𝒅𝒙
=

𝒅𝒚

𝒅𝒖

𝒅𝒖

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ−𝟗𝒖𝟐ሻሺ−

𝟏

𝒙𝟐
ሻ 

𝑑𝑦

𝑑𝑥
= ሺ−9 ൬

𝟏

𝒙
൰

2

ሻሺ−
1

𝑥2
ሻ 

𝑑𝑦

𝑑𝑥
= ሺ−

𝟗

𝒙𝟐
ሻሺ−

1

𝑥2
ሻ 

𝑑𝑦

𝑑𝑥
=

𝟗

𝒙𝟒
 

 

(1) 

(1) 

(c) 

(1) 

𝑦 = ሺ2𝑥2 + 9ሻ4 
𝒅𝒚

𝒅𝒙
= 𝒏ሾ𝒇ሺ𝒙ሻሿ𝒏−𝟏𝒇′ሺ𝒙ሻ 

𝒏 = 𝟒 

𝒇ሺ𝒙ሻ = 𝟐𝒙𝟐 + 𝟗 

𝒇′ሺ𝒙ሻ = 𝟒𝒙 
𝑑𝑦

𝑑𝑥
= ሺ𝟒ሻ൫𝟐𝒙𝟐 + 𝟗൯

𝟑
ሺ𝟒𝒙ሻ 

𝑑𝑦

𝑑𝑥
= 𝟏𝟔𝒙ሺ2𝑥2 + 9ሻ3 

 

(b) 

(1) 

(1) 

𝑦 = ሺ𝑥 − 3ሻ3 
𝒅𝒚

𝒅𝒙
= 𝒏ሾ𝒇ሺ𝒙ሻሿ𝒏−𝟏𝒇′ሺ𝒙ሻ 

𝒏 = 𝟑 

𝒇ሺ𝒙ሻ = 𝒙 − 𝟑 

𝑓′ሺ𝑥ሻ = 𝟏 
𝑑𝑦

𝑑𝑥
= 𝟑ሺ𝒙 − 𝟑ሻ𝟐 

(a) 

(1) 

(1) 

𝑓ሺ𝑥ሻ = ሺ3𝑥2 + 2𝑥ሻ5 

𝒇′ሺ𝒙ሻ = 𝒏ሾ𝒈ሺ𝒙ሻሿ𝒏−𝟏𝒈′ሺ𝒙ሻ 

𝒏 = 𝟓 

𝒇ሺ𝒙ሻ = 𝟑𝒙𝟐 + 𝟐𝒙 

𝒇′ሺ𝒙ሻ = 𝟔𝒙 + 𝟐 

𝒇′ሺ𝒙ሻ = ሺ𝟓ሻሺ𝟔𝒙 + 𝟐ሻ൫𝟑𝒙𝟐 + 𝟐𝒙൯
𝟒

 

𝑓′ሺ𝑥ሻ = 𝟏𝟎𝒙𝟒ሺ𝟑𝒙 + 𝟏ሻሺ𝟑𝒙 + 𝟐ሻ𝟒 

 

(c) 

(1) 

(1) 

𝑓ሺ𝑥ሻ = ሺ1 − 𝑥2ሻ
1
2 

𝒇′ሺ𝒙ሻ = 𝒏ሾ𝒈ሺ𝒙ሻሿ𝒏−𝟏𝒈′ሺ𝒙ሻ 

𝒏 =
𝟏

𝟐
 

𝒇ሺ𝒙ሻ = 𝟏 − 𝒙𝟐 

𝒇′ሺ𝒙ሻ = −𝟐𝒙 

𝒇′ሺ𝒙ሻ =
𝟏

𝟐
ሺ−𝟐𝒙ሻ൫𝟏 − 𝒙𝟐൯

−
𝟏
𝟐 

𝑓′ሺ𝑥ሻ = −𝒙 

(d) 

(1) 

(1) 

(1) 

𝑦 = ൬4𝑥5 +
3

2
𝑥൰

3
2
 

𝒅𝒚

𝒅𝒙
= 𝒏ሾ𝒇ሺ𝒙ሻሿ𝒏−𝟏𝒇′ሺ𝒙ሻ 

𝒏 =
𝟑

𝟐
 

𝒇ሺ𝒙ሻ = 𝟒𝒙𝟓 +
𝟑

𝟐
𝒙 

𝒇′ሺ𝒙ሻ = 𝟐𝟎𝒙𝟒 +
𝟑

𝟐
 

𝒅𝒚

𝒅𝒙
= ൬

𝟑

𝟐
൰ ൬𝟐𝟎𝒙𝟒 +

𝟑

𝟐
൰ ൬𝟒𝒙𝟓 +

𝟑

𝟐
𝒙൰

𝟏
𝟐

 

𝒅𝒚

𝒅𝒙
=

𝟑

𝟖
൫𝟒𝟎𝒙𝟒 + 𝟑൯൫𝟏𝟔𝒙𝟓 + 𝟔𝒙൯

𝟏
𝟐 

 

(f) 

(1) 

(1) 

(1) 

𝒚 =
𝟏

ሺ𝒙𝟐 − 𝟒𝒙ሻ𝟑
 

𝒅𝒚

𝒅𝒙
= 𝒏ሾ𝒇ሺ𝒙ሻሿ𝒏−𝟏𝒇′ሺ𝒙ሻ 

𝒏 = −𝟑 

𝒇ሺ𝒙ሻ = 𝒙𝟐 − 𝟒𝒙 

𝒇′ሺ𝒙ሻ = 𝟐𝒙 − 𝟒 
𝑑𝑦

𝑑𝑥
= −𝟑൫𝒙𝟐 − 𝟒𝒙൯

−𝟒
ሺ𝟐𝒙 − 𝟒ሻ 

𝑑𝑦

𝑑𝑥
= −𝟔𝒙−𝟒ሺ𝒙 − 𝟒ሻ−𝟒ሺ𝒙 − 𝟐ሻ 

 

(e) 

(1) 

(1) 

(1) 
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7.                                                                                [24 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑓ሺ𝑥ሻ =
ሺ𝑥 − 5ሻ5

ሺ2𝑥 + 7ሻ
 

 

 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

 –  𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝒅𝒚

𝒅𝒙
=

ሺ𝟐𝒙 + 𝟕ሻ൫𝟓ሺ𝒙 − 𝟓ሻ𝟒൯ − ሺ𝒙 − 𝟓ሻ𝟓ሺ𝟐ሻ

ሺ𝟐𝒙 + 𝟕ሻ𝟐
 

𝑓′ሺ𝑥ሻ =
ሺ𝟏𝟎𝒙 + 𝟑𝟓ሻሺ𝑥 − 5ሻ4 − 𝟐ሺ𝑥 − 5ሻ5

ሺ2𝑥 + 7ሻ2
 

𝑓′ሺ𝑥ሻ =
ሺ𝒙 − 𝟓ሻ𝟒ሺ10𝑥 + 35 − 2ሺ𝒙 − 𝟓ሻሻ

ሺ2𝑥 + 7ሻ2
 

𝑓′ሺ𝑥ሻ =
ሺ𝑥 − 5ሻ4ሺ10𝑥 + 35 − 𝟐𝒙 + 𝟏𝟎ሻ

ሺ2𝑥 + 7ሻ2
 

𝑓′ሺ𝑥ሻ =
ሺ𝑥 − 5ሻ4ሺ𝟖𝒙 + 𝟒𝟓ሻ

ሺ2𝑥 + 7ሻ2
 

 

𝒗 = 𝟐𝒙 + 𝟕 
𝒅𝒗

𝒅𝒙
= 𝟐 

 

(1) 

(1) 

(b) 

𝒖 = ሺ𝒙 − 𝟓ሻ𝟓 
𝒅𝒖

𝒅𝒙
= 𝟓ሺ𝒙 − 𝟓ሻ𝟒 

 

(1) 

(1) 

𝒖 = ሺ𝒙 + 𝟑ሻ𝟑 
𝒅𝒖

𝒅𝒙
= 𝟑ሺ𝒙 + 𝟑ሻ𝟐 

 

𝒗 = ሺ𝒙 − 𝟐ሻ 
𝒅𝒗

𝒅𝒙
= 𝟏 

 

𝑦 = ሺ𝑥 + 3ሻ3ሺ𝑥 − 2ሻ 

 

 

 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝒙 − 𝟐ሻ ሺ𝟑ሻሺ𝒙 + 𝟑ሻ𝟐 + ሺ𝒙 + 𝟑ሻ𝟑ሺ𝟏ሻ 

𝑑𝑦

𝑑𝑥
= ሺ𝟑𝒙 − 𝟔ሻ ሺ𝑥 + 3ሻ2 + ሺ𝑥 + 3ሻ3 

𝑑𝑦

𝑑𝑥
= ሺ𝒙 + 𝟑ሻ𝟐ሺ3𝑥 − 6 + 𝒙 + 𝟑ሻ 

𝑑𝑦

𝑑𝑥
= ሺ𝑥 + 3ሻ2ሺ𝟒𝒙 − 𝟑ሻ 

 

(1) 

(1) 

(a) 

(1) 

(1) 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

 –  𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝒅𝒚

𝒅𝒙
=

ሺ𝟒𝒙 + 𝟓ሻ൫𝟑ሺ𝒙 + 𝟕ሻ𝟐൯ − ሺ𝒙 + 𝟕ሻ𝟑ሺ𝟒ሻ

ሺ𝟒𝒙 + 𝟓ሻ𝟐
 

𝑑𝑦

𝑑𝑥
=

ሺ𝟏𝟐𝒙 + 𝟏𝟓ሻሺ𝑥 + 7ሻ2 − 𝟒ሺ𝑥 + 7ሻ3

ሺ4𝑥 + 5ሻ2
 

𝑑𝑦

𝑑𝑥
=

ሺ𝒙 + 𝟕ሻ𝟐ሺ12𝑥 + 15 − 4ሺ𝒙 + 𝟕ሻሻ

ሺ4𝑥 + 5ሻ2
 

𝑑𝑦

𝑑𝑥
=

ሺ𝑥 + 7ሻ2ሺ12𝑥 + 15 − 𝟒𝒙 − 𝟐𝟖ሻ

ሺ4𝑥 + 5ሻ2
 

𝑑𝑦

𝑑𝑥
=

ሺ𝑥 + 7ሻ2ሺ𝟖𝒙 − 𝟏𝟑ሻ

ሺ4𝑥 + 5ሻ2
 

 

𝒗 = 𝟒𝒙 + 𝟓 
𝒅𝒗

𝒅𝒙
= 𝟒 

 

𝑦 =
ሺ𝑥 + 7ሻ3

ሺ4𝑥 + 5ሻ
 

(1) 

(1) 

(d) 

𝒖 = ሺ𝒙 + 𝟕ሻ𝟑 
𝒅𝒖

𝒅𝒙
= 𝟑ሺ𝒙 + 𝟕ሻ𝟐 

 

(1) 

(1) 

𝑓ሺ𝑥ሻ = ሺ𝑥 + 2ሻ5ሺ3𝑥 + 4ሻ    

 

 

 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒇′ሺ𝒙ሻ = 𝟓ሺ𝟑𝒙 + 𝟒ሻሺ𝒙 + 𝟐ሻ𝟒 + 𝟑ሺ𝒙 + 𝟐ሻ𝟓 

𝑓′ሺ𝑥ሻ = ሺ𝟏𝟓𝒙 + 𝟐𝟎ሻሺ𝑥 + 2ሻ4 + 3ሺ𝑥 + 2ሻ5 

𝑓′ሺ𝑥ሻ = ሺ𝒙 + 𝟐ሻ𝟒ሺ15𝑥 + 20 + 3ሺ𝒙 + 𝟐ሻሻ 

𝑓′ሺ𝑥ሻ = ሺ𝑥 + 2ሻ4ሺ15𝑥 + 20 + 𝟑𝒙 + 𝟔ሻ 

𝑓′ሺ𝑥ሻ = ሺ𝑥 + 2ሻ4ሺ𝟏𝟖𝒙 + 𝟐𝟔ሻ 

𝑓′ሺ𝑥ሻ = 𝟐ሺ𝑥 + 2ሻ4ሺ𝟗𝒙 + 𝟏𝟑ሻ 

 

𝒖 = ሺ𝒙 + 𝟐ሻ𝟓 
𝒅𝒖

𝒅𝒙
= 𝟓ሺ𝒙 + 𝟐ሻ𝟒 

 

𝒗 = 𝟑𝒙 + 𝟒 
𝒅𝒗

𝒅𝒙
= 𝟑 

 

(1) 

(1) 

(c) 

(1) 

(1) 
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8.                                                                                [24 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑦 =
ሺ𝑥2 + 8ሻ

3
2

ሺ9𝑥 + 8ሻ
 

 

 

 

 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

 –  𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝒅𝒚

𝒅𝒙
=

ሺ𝟗𝒙 + 𝟖ሻ ቆ𝟑𝒙൫𝒙𝟐 + 𝟖൯
𝟏
𝟐ቇ − ൫𝒙𝟐 + 𝟖൯

𝟑
𝟐ሺ𝟗ሻ

ሺ𝟗𝒙 + 𝟖ሻ𝟐
 

𝑑𝑦

𝑑𝑥
=

൫𝟐𝟕𝒙𝟐 + 𝟐𝟒𝒙൯ሺ𝑥2 + 8ሻ
1
2 − 𝟗ሺ𝑥2 + 8ሻ

3
2

ሺ9𝑥 + 8ሻ2
 

𝑑𝑦

𝑑𝑥
=

൫𝒙𝟐 + 𝟖൯
𝟏
𝟐൫27𝑥2 + 24𝑥 − 9ሺ𝒙𝟐 + 𝟖ሻ൯

ሺ9𝑥 + 8ሻ2
 

𝑑𝑦

𝑑𝑥
=

ሺ𝑥2 + 8ሻ
1
2൫27𝑥2 + 24𝑥 − 𝟗𝒙𝟐 − 𝟕𝟐൯

ሺ9𝑥 + 8ሻ2
 

𝑑𝑦

𝑑𝑥
=

ሺ𝑥2 + 8ሻ
1
2൫𝟏𝟖𝒙𝟐 + 𝟐𝟒𝒙 − 72൯

ሺ9𝑥 + 8ሻ2
 

𝑑𝑦

𝑑𝑥
=

𝟔ሺ𝑥2 + 8ሻ
1
2൫𝟑𝒙𝟐 + 𝟒𝒙 − 𝟏𝟐൯

ሺ9𝑥 + 8ሻ2
 

 

𝒗 = 𝟗𝒙 + 𝟖 
𝒅𝒗

𝒅𝒙
= 𝟗 

 

(1) 

(1) 

(e) 

𝒖 = ൫𝒙𝟐 + 𝟖൯
𝟑
𝟐 

𝒅𝒖

𝒅𝒙
= ሺ𝟐𝒙ሻ ൬

𝟑

𝟐
൰ ൫𝒙𝟐 + 𝟖൯

𝟏
𝟐 

𝒅𝒖

𝒅𝒙
= 𝟑𝒙൫𝒙𝟐 + 𝟖൯

𝟏
𝟐 

 

(1) 

(1) 

𝑦 = ሺ𝑥 + 6ሻሺ𝑥2 − 4ሻ
1
2 

 

 

 

 

 

 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

 

𝑑𝑦

𝑑𝑥
= ൫𝒙𝟐 − 𝟒൯

𝟏
𝟐 + 𝒙ሺ𝒙 + 𝟔ሻ൫𝒙𝟐 − 𝟒൯

−
𝟏
𝟐 

𝑑𝑦

𝑑𝑥
=

𝒙𝟐 − 𝟒

ሺ𝒙𝟐 − 𝟒ሻ
𝟏
𝟐

+
𝑥ሺ𝑥 + 6ሻ

ሺ𝒙𝟐 − 𝟒ሻ
𝟏
𝟐

 

𝑑𝑦

𝑑𝑥
=

𝑥2 − 4 + 𝑥ሺ𝑥 + 6ሻ

ሺ𝑥2 − 4ሻ
1
2

 

𝑑𝑦

𝑑𝑥
=

𝑥2 − 4 + 𝒙𝟐 + 𝟔𝒙

ሺ𝑥2 − 4ሻ
1
2

 

𝑑𝑦

𝑑𝑥
=

𝟐𝒙𝟐 + 6𝑥 − 4

ሺ𝑥2 − 4ሻ
1
2

 

𝑑𝑦

𝑑𝑥
=

𝟐ሺ𝒙𝟐 + 𝟑𝒙 − 𝟐ሻ

ሺ𝑥2 − 4ሻ
1
2

 

 

 

𝒖 = 𝒙 + 𝟔 
𝒅𝒖

𝒅𝒙
= 𝟏 

𝒗 = ൫𝒙𝟐 − 𝟒൯
𝟏
𝟐 

𝒅𝒗

𝒅𝒙
=

𝟏

𝟐
൫𝒙𝟐 − 𝟒൯

−
𝟏
𝟐ሺ𝟐𝒙ሻ 

𝒅𝒗

𝒅𝒙
= 𝒙൫𝒙𝟐 − 𝟒൯

−
𝟏
𝟐 (1) 

(1) 

(f) 

(1) 

(1) 

𝑦 =
ሺ𝑥2 − 9ሻ4

ሺ5𝑥 − 5ሻ
 

 

 

 

 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

 –  𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝒅𝒚

𝒅𝒙
=

ሺ𝟓𝒙 − 𝟓ሻሺ𝟖𝒙ሻ൫𝒙𝟐 − 𝟗൯
𝟑

− ሺ𝒙𝟐 − 𝟗ሻ𝟒ሺ𝟓ሻ

ሺ𝟓𝒙 − 𝟓ሻ𝟐
 

𝑑𝑦

𝑑𝑥
=

൫𝟒𝟎𝒙𝟐 − 𝟒𝟎𝒙൯ሺ𝑥2 − 9ሻ3 − 𝟓ሺ𝑥2 − 9ሻ4

𝟐𝟓ሺ𝒙 − 𝟏ሻ2
 

𝑑𝑦

𝑑𝑥
=

ሺ𝒙𝟐 − 𝟗ሻ𝟑 ቀ40𝑥2 − 40𝑥 − 5൫𝒙𝟐 − 𝟗൯ቁ

25ሺ𝑥 − 1ሻ2
 

𝑑𝑦

𝑑𝑥
=

𝟓ሺ𝑥2 − 9ሻ3൫𝟖𝒙𝟐 − 𝟖𝒙 − 𝒙𝟐 + 𝟗൯

25ሺ𝑥 − 1ሻ2
 

𝑑𝑦

𝑑𝑥
=

ሺ𝑥2 − 9ሻ3൫𝟕𝒙𝟐 − 𝟖𝒙 + 𝟗൯

𝟓ሺ𝑥 − 1ሻ2
 

 

𝒗 = ሺ𝟓𝒙 − 𝟓ሻ 
𝒅𝒗

𝒅𝒙
= 𝟓 (1) 

(1) 

(a) 

𝒖 = ൫𝒙𝟐 − 𝟗൯
𝟒

 

𝒅𝒖

𝒅𝒙
= 𝟒ሺ𝟐𝒙ሻ൫𝒙𝟐 − 𝟗൯

𝟑
 

𝒅𝒖

𝒅𝒙
= 𝟖𝒙൫𝒙𝟐 − 𝟗൯

𝟑
 

 

(1) 

(1) 

𝑦 = ሺ𝑥 + 3ሻ
3
2ሺ𝑥2 − 2ሻ 

 

 

 

 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝒙𝟐 − 𝟐ሻሺ

𝟑

𝟐
ሻሺ𝒙 + 𝟑ሻ

𝟏
𝟐 + ሺ𝒙 + 𝟑ሻ

𝟑
𝟐ሺ𝟐𝒙ሻ 

𝑑𝑦

𝑑𝑥
= ሺ

𝟑

𝟐
𝒙𝟐 − 𝟑ሻሺ𝑥 + 3ሻ

1
2 + 𝟐𝒙ሺ𝑥 + 3ሻ

3
2 

𝑑𝑦

𝑑𝑥
= ሺ𝒙 + 𝟑ሻ

𝟏
𝟐 ൬

3

2
𝑥2 − 3 + 2𝑥ሺ𝒙 + 𝟑ሻ൰ 

𝑑𝑦

𝑑𝑥
= ሺ𝑥 + 3ሻ

1
2 ൬

3

2
𝑥2 − 3 + 𝟐𝒙𝟐 + 𝟔𝒙൰ 

𝑑𝑦

𝑑𝑥
= ሺ𝑥 + 3ሻ

1
2 ൬

𝟕

𝟐
𝒙𝟐 + 6𝑥 − 3൰ 

𝑑𝑦

𝑑𝑥
=

1

2
ሺ𝑥 + 3ሻ

1
2ሺ7𝑥2 + 12𝑥 − 6ሻ 

 

𝒖 = ሺ𝒙 + 𝟑ሻ
𝟑
𝟐 

𝒅𝒖

𝒅𝒙
=

𝟑

𝟐
ሺ𝒙 + 𝟑ሻ

𝟏
𝟐 

 

𝒗 = ሺ𝒙𝟐 − 𝟐ሻ 
𝒅𝒗

𝒅𝒙
= 𝟐𝒙 

 

(1) 

(1) 

(b) 

(1) 

(1) 
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𝑦 = ሺ𝑥2 − 4ሻ6ሺ𝑥 + 3ሻ 

 

 

 

 

 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= 𝟏𝟐𝒙ሺ𝒙 + 𝟑ሻ൫𝒙𝟐 − 𝟒൯

𝟓
+ ൫𝒙𝟐 − 𝟒൯

𝟔
 

𝑑𝑦

𝑑𝑥
= ൫𝒙𝟐 − 𝟒൯

𝟓
൫12𝑥ሺ𝑥 + 3ሻ + ሺ𝒙𝟐 − 𝟒ሻ൯ 

𝑑𝑦

𝑑𝑥
= ሺ𝑥2 − 4ሻ5൫𝟏𝟐𝒙𝟐 + 𝟑𝟔𝒙 + 𝑥2 − 4൯ 

𝑑𝑦

𝑑𝑥
= ሺ𝑥2 − 4ሻ5൫𝟏𝟑𝒙𝟐 + 36𝑥 − 4൯ 

 

 

𝒖 = ൫𝒙𝟐 − 𝟒൯
𝟔

 

𝒅𝒖

𝒅𝒙
= 𝟔ሺ𝟐𝒙ሻ൫𝒙𝟐 − 𝟒൯

𝟓
 

𝒅𝒖

𝒅𝒙
= 𝟏𝟐𝒙൫𝒙𝟐 − 𝟒൯

𝟓
 

 

𝒗 = ሺ𝒙 + 𝟑ሻ 
𝒅𝒗

𝒅𝒙
= 𝟏 

 

(1) 

(1) 

(d) 

(1) 

(1) 

𝑦 =
ሺ𝑥 − 9ሻ

ሺ2𝑥 + 2ሻ6
 

 

 

 

 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

 –  𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝒅𝒚

𝒅𝒙
=

ሺ𝟐𝒙 + 𝟐ሻ𝟔ሺ𝟏ሻ − ሺ𝒙 − 𝟗ሻሺ𝟏𝟐ሻሺ𝟐𝒙 + 𝟐ሻ𝟓

ሺሺ𝟐𝒙 + 𝟐ሻ𝟔ሻ𝟐
 

𝑑𝑦

𝑑𝑥
=

ሺ2𝑥 + 2ሻ6 − ሺ𝟏𝟐𝒙 − 𝟏𝟎𝟖ሻሺ2𝑥 + 2ሻ5

ሺ2𝑥 + 2ሻ12
 

𝑑𝑦

𝑑𝑥
=

ሺ2𝑥 + 2ሻ5൫𝟐𝒙 + 𝟐 − ሺ12𝑥 − 108ሻ൯

ሺ2𝑥 + 2ሻ12
 

𝑑𝑦

𝑑𝑥
=

ሺ2𝑥 + 2 − 𝟏𝟐𝒙 + 𝟏𝟎𝟖ሻ

ሺ𝟐𝒙 + 𝟐ሻ𝟕
 

𝑑𝑦

𝑑𝑥
=

ሺ−10𝑥 + 110ሻ

𝟏𝟐𝟖ሺ𝒙 + 𝟏ሻ7
 

𝑑𝑦

𝑑𝑥
=

−5ሺ𝑥 − 11ሻ

64ሺ𝑥 + 1ሻ7
 

 

 

 

𝒗 = ሺ𝟐𝒙 + 𝟐ሻ𝟔 
𝒅𝒗

𝒅𝒙
= ሺ𝟐ሻሺ𝟔ሻሺ𝟐𝒙 + 𝟐ሻ𝟓 

𝒅𝒗

𝒅𝒙
= 𝟏𝟐ሺ𝟐𝒙 + 𝟐ሻ𝟓 

 

(1) 

(1) 

(c) 

𝒖 = ሺ𝒙 − 𝟗ሻ 
𝒅𝒖

𝒅𝒙
= 𝟏 

 

(1) 

(1) 

𝑦 =
ሺ2𝑥2 − 5ሻ

5
2

𝑥 + 3
 

 

 

 

 

 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

 –  𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝒅𝒚

𝒅𝒙
=

𝟏𝟎𝒙ሺ𝒙 + 𝟑ሻ൫𝟐𝒙𝟐 − 𝟓൯
𝟑
𝟐 − ൫𝟐𝒙𝟐 − 𝟓൯

𝟓
𝟐

ሺ𝒙 + 𝟑ሻ𝟐
 

𝑑𝑦

𝑑𝑥
=

൫𝟐𝒙𝟐 − 𝟓൯
𝟑
𝟐൫10𝑥ሺ𝑥 + 3ሻ − ሺ𝟐𝒙𝟐 − 𝟓ሻ൯

ሺ𝑥 + 3ሻ2
 

𝑑𝑦

𝑑𝑥
=

ሺ2𝑥2 − 5ሻ
3
2൫𝟏𝟎𝒙𝟐 + 𝟑𝟎𝒙 − 𝟐𝒙𝟐 + 𝟓൯

ሺ𝑥 + 3ሻ2
 

𝑑𝑦

𝑑𝑥
=

ሺ2𝑥2 − 5ሻ
3
2൫𝟖𝒙𝟐 + 30𝑥 + 5൯

ሺ𝑥 + 3ሻ2
 

 

𝒗 = 𝒙 + 𝟑 
𝒅𝒗

𝒅𝒙
= 𝟏 (1) 

(1) 

(e) 

𝒖 = ൫𝟐𝒙𝟐 − 𝟓൯
𝟓
𝟐 

𝒖 = 𝟒𝒙 ൬
𝟓

𝟐
൰ ൫𝟐𝒙𝟐 − 𝟓൯

𝟑
𝟐

 

𝒅𝒖

𝒅𝒙
= 𝟏𝟎𝒙൫𝟐𝒙𝟐 − 𝟓൯

𝟑
𝟐 

 

(1) 

(1) 

𝑦 = ሺ𝑥 + 4ሻ
5
2ሺ2𝑥 − 9ሻ 

 

 

 

 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
=

𝟓

𝟐
ሺ𝟐𝒙 − 𝟗ሻሺ𝒙 + 𝟒ሻ

𝟑
𝟐 + 𝟐ሺ𝒙 + 𝟒ሻ

𝟓
𝟐 

𝑑𝑦

𝑑𝑥
= ሺ𝒙 + 𝟒ሻ

𝟑
𝟐 ൬

5

2
ሺ𝟐𝒙 − 𝟗ሻ + 2ሺ𝒙 + 𝟒ሻ൰ 

𝑑𝑦

𝑑𝑥
= ሺ𝑥 + 4ሻ

3
2 ൬

𝟏𝟎

𝟐
𝒙 −

𝟒𝟓

𝟐
+ 𝟐𝒙 + 𝟖൰ 

𝑑𝑦

𝑑𝑥
= ሺ𝑥 + 4ሻ

3
2 ൬

𝟏𝟒

𝟐
𝒙 −

𝟐𝟗

𝟐
൰ 

𝑑𝑦

𝑑𝑥
=

𝟏

𝟐
ሺ𝑥 + 4ሻ

3
2ሺ𝟏𝟒𝒙 − 𝟐𝟗ሻ 

 

 

𝒖 = ሺ𝒙 + 𝟒ሻ
𝟓
𝟐 

𝒅𝒖

𝒅𝒙
=

𝟓

𝟐
ሺ𝒙 + 𝟒ሻ

𝟑
𝟐 

𝒗 = ሺ𝟐𝒙 − 𝟗ሻ 
𝒅𝒗

𝒅𝒙
= 𝟐 

 

(1) 

(1) 

(f) 

(1) 

(1) 



 
 

0 

 
 

 

 

 
Concept 1 

First Principles and Power Rules – Repetitive Questions Answers 

___________________________________________________________________________ 

First Principles: Qs 1.11 

1.11                        [24 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem Set 1 – Differentiation 
Repetitive Questions 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
𝟐𝒙𝟐 + 𝟏 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

𝑓ሺ𝑥 + ℎሻ − 𝑓ሺ𝑥ሻ

ℎ
    

𝒅𝒚

𝒅𝒙
= 𝒍𝒊𝒎

𝒉→𝟎

[𝟐ሺ𝒙+𝒉ሻ𝟐+𝟏]−ൣ൫𝟐𝒙𝟐+𝟏൯൧

𝒉
   (1) 

𝒅𝒚

𝒅𝒙
= 𝒍𝒊𝒎

𝒉→𝟎

𝟐𝒙𝟐+𝟒𝒙𝒉+𝟐𝒉𝟐+𝟏−𝟐𝒙𝟐−𝟏

𝒉
 (1) 

𝒅𝒚

𝒅𝒙
= 𝒍𝒊𝒎

𝒉→𝟎

𝟒𝒙𝒉 + 𝟐𝒉𝟐

𝒉

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

ℎሺ4𝑥 + 2ℎሻ

ℎ

𝑑𝑦

𝑑𝑥
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
4𝑥 + 2ℎ (1) 

𝒅𝒚

𝒅𝒙
= 𝟒𝒙 (1) 

 

(c) 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
𝒙 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

𝑓ሺ𝑥 + ℎሻ − 𝑓ሺ𝑥ሻ

ℎ
    

𝒅𝒚

𝒅𝒙
= 𝒍𝒊𝒎

𝒉→𝟎

ሺ𝒙+𝒉ሻ−𝒙

𝒉
   (1)  

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

𝑥+ℎ+−𝑥

ℎ
 (1) 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

ℎ

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
1 (1) 

𝒅𝒚

𝒅𝒙
= 𝟏 (1) 

 

(a) 𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
𝟑𝒙 + 𝟏 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

𝑓ሺ𝑥 + ℎሻ − 𝑓ሺ𝑥ሻ

ℎ
    

𝒅𝒚

𝒅𝒙
= 𝒍𝒊𝒎

𝒉→𝟎

ሺ𝟑ሺ𝒙+𝒉ሻ+𝟏ሻ−ሺ𝟑𝒙+𝟏ሻ

𝒉
    (1) 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

3𝑥+3ℎ+1−3𝑥−1

ℎ
  (1) 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

3ℎ

ℎ
 (1) 

𝒅𝒚

𝒅𝒙
= 𝟑 (1) 

 

(b) 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
𝑥2 + 3 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

𝑓ሺ𝑥 + ℎሻ − 𝑓ሺ𝑥ሻ

ℎ
    

𝒅𝒚

𝒅𝒙
= 𝒍𝒊𝒎

𝒉→𝟎

ൣሺ𝒙+𝒉ሻ𝟐+𝟑൧−ൣ𝒙𝟐+𝟑൧

𝒉
   (1) 

𝒅𝒚

𝒅𝒙
= 𝒍𝒊𝒎

𝒉→𝟎

𝒙𝟐+𝟐𝒉𝒙+𝒉𝟐+𝟑−𝒙𝟐−𝟑

𝒉

𝒅𝒚

𝒅𝒙
 (1) 

= 𝒍𝒊𝒎
𝒉→𝟎

𝟐𝒉𝒙+𝒉𝟐

𝒉

𝒅𝒚

𝒅𝒙
 = 𝒍𝒊𝒎

𝒉→𝟎

𝒉ሺ𝟐𝒙+𝒉ሻ

𝒉

𝒅𝒚

𝒅𝒙
 (1) 

= 𝒍𝒊𝒎
𝒉→𝟎

𝟐𝒙 + 𝒉
𝒅𝒚

𝒅𝒙
= 𝟐𝒙 (1) 

(d) 



 
 

1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Power Rule: Qs 1.21, 1.31, 1.41 

1.21                                     [11 marks]     

 

 

 

 

 

 

 

 

 

 

1.31                       [16 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

1.41                       [12 marks]     

 

 

 

 

𝑦 = 𝑥2 
𝒅𝒚

𝒅𝒙
= 𝟐𝒙  (1) 

(a) 𝑦 = 4𝑥2 + 𝑥 
𝒅𝒚

𝒅𝒙
= 𝟖𝒙 + 𝟏  (1) 

(b) 𝑓ሺ𝑥ሻ = 7𝑥4 + 2𝑥3 + 9 

𝒇′ሺ𝒙ሻ = 𝟐𝟖𝒙𝟑 + 𝟔𝒙𝟐  (1) 

(c) 

𝑓ሺ𝑥ሻ =
2𝑥3 − 10𝑥

5𝑥2
 

𝑓ሺ𝑥ሻ =
2

5
𝑥 −

10

5
𝑥−1 (1) 

𝒇′ሺ𝒙ሻ =
𝟐

𝟓
ሺ𝟏ሻ𝒙𝟎 − 𝟐ሺ−𝟏ሻ𝒙−𝟐  (1) 

𝒇′ሺ𝒙ሻ =
𝟐

𝟓
+

𝟐

𝒙𝟐  (1) 

(f) 𝑦 =
2

𝑥2
− ξ𝑥 

𝑦 = 2𝑥−2 − 𝑥
1
2 

𝒅𝒚

𝒅𝒙
= 𝟐ሺ−𝟐ሻ𝒙−𝟑 −

𝟏

𝟐
𝒙−

𝟏

𝟐  (1) 

𝒅𝒚

𝒅𝒙
= −

𝟒

𝒙𝟑 −
𝟏

𝟐ξ𝒙
  (1) 

 

(d) 𝑦 = ξ𝑥 + 2𝑥
3
2 − 4𝑥2 

𝑦 = 𝑥
1

2 + 2𝑥
3

2 − 4𝑥2 (1) 

𝒅𝒚

𝒅𝒙
=

𝟏

𝟐
𝒙−

𝟏

𝟐 + 𝟐 ቀ
𝟑

𝟐
ቁ 𝒙

𝟏

𝟐 − 𝟒ሺ𝟐ሻ𝒙  (1) 

𝒅𝒚

𝒅𝒙
=

𝟏

𝟐ξ𝒙
+ 𝟑𝒙

𝟏

𝟐 − 𝟖𝒙 (1) 

/ 

(e) 

𝑦 = 3𝑥3 − 4𝑥6 + 6𝑥7 
𝒅𝒚

𝒅𝒙
= 𝟗𝒙𝟐 − 𝟐𝟒𝒙𝟓 + 𝟒𝟐𝒙𝟔  (2) 

(a) 𝑓ሺ𝑥ሻ =
ሺ𝑥 + 6ሻሺ𝑥2 + 3ሻ

2𝑥
 

𝑓ሺ𝑥ሻ =
1

2
𝑥2 + 3𝑥 +

3

2
+

9

𝑥
 (1) 

𝒇′ሺ𝒙ሻ = 𝒙 + 𝟑 −
𝟗

𝒙𝟐  (2) 

(c) 𝑦 = ሺ𝑥2 + 2𝑥ሻ2 

𝑦 = 𝑥4 + 4𝑥3 + 4𝑥2 
𝒅𝒚

𝒅𝒙
= 𝟒𝒙𝟑 + 𝟏𝟐𝒙𝟐 + 𝟖𝒙  (2) 

(b) 

𝑦 =
4

𝑥5
− 𝑥

5
2  

𝑦 = 4𝑥−5 − 𝑥
5

2 (1) 

𝒅𝒚

𝒅𝒙
= 𝟒ሺ−𝟓ሻ𝒙−𝟔 −

𝟓

𝟐
𝒙

𝟑

𝟐 (1) 

𝒅𝒚

𝒅𝒙
= −

𝟐𝟎

𝒙𝟔 −
𝟓

𝟐
ξ𝒙𝟑 (1) 

 

(e) 𝑓ሺ𝑥ሻ =
2ξ𝑥 − 8𝑥3

𝑥
3
2

 

𝑓ሺ𝑥ሻ = 2𝑥−1 − 8𝑥
3

2 (1) 

𝒇′ሺ𝒙ሻ = 𝟐ሺ−𝟏ሻ𝒙−𝟐 − 𝟖 ቀ
𝟑

𝟐
ቁ 𝒙

𝟏

𝟐 (1) 

𝒇′ሺ𝒙ሻ = −
𝟐

𝒙𝟐 − 𝟏𝟐ξ𝒙 (1) 

(f) 𝑦 =
2

𝑥4
−

8

ξ𝑥
 

𝑦 = 2𝑥−4 − 8𝑥−
1

2  (1) 

𝑑𝑦

𝑑𝑥
= 2ሺ−4ሻ𝑥−5 − 8ሺ−

1

2
ሻ𝑥−

3

2 (1) 

𝒅𝒚

𝒅𝒙
= −

𝟖

𝒙𝟓 +
𝟒

ඥ𝒙𝟑
 (1) 

 

(d) 

𝑓ሺ𝑥ሻ = 5ඥ𝑥3 

𝑓ሺ𝑥ሻ = 5𝑥
3
2 

𝒇′ሺ𝒙ሻ = 𝟓 ቀ
𝟑

𝟐
ቁ 𝒙

𝟏

𝟐  (1) 

𝒇′ሺ𝒙ሻ =
𝟏𝟓

𝟐
ξ𝒙  (1) 

(c) 
𝑦 = −

12

𝑥3
 

𝑦 = −12𝑥−3 (1) 
𝒅𝒚

𝒅𝒙
=

𝟑𝟔

𝒙𝟒  (1) 

(b) 
𝑦 =

𝑥4

7
− 2𝑥−3 

𝑦 =
1

7
𝑥4 − 2𝑥−3 

𝒅𝒚

𝒅𝒙
=

𝟒

𝟕
𝒙𝟑 +

𝟔

𝒙𝟒  (1) 

(a) 

(e) 𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
𝟓𝒙𝟐 + 𝟓 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

𝑓ሺ𝑥 + ℎሻ − 𝑓ሺ𝑥ሻ

ℎ
    

𝒅𝒚

𝒅𝒙
= 𝒍𝒊𝒎

𝒉→𝟎

ൣ𝟓ሺ𝒙+𝒉ሻ𝟐+𝟓൧−[𝟓𝒙𝟐+𝟓]

𝒉
   (1) 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

5𝑥2 + 10𝑥ℎ + 5ℎ2 + 5 − 5𝑥2 − 5

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

10𝑥ℎ+5ℎ2

ℎ
 (1) 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

ℎሺ10𝑥+5ℎሻ

ℎ
  

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
10𝑥 + 5ℎ   (1) 

𝒅𝒚

𝒅𝒙
= 𝟏𝟎𝒙 (1) 

 

(f) 𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
𝟒𝒙𝟐 + 𝟐𝒙 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0

𝑓ሺ𝑥 + ℎሻ − 𝑓ሺ𝑥ሻ

ℎ
    

𝒅𝒚

𝒅𝒙
= 𝐥𝐢𝐦 

𝒉→𝟎

ൣ𝟒ሺ𝒙+𝒉ሻ𝟐+𝟐ሺ𝒙+𝒉ሻ൧−ൣ𝟒𝒙𝟐+𝟐𝒙൧

𝒉
 (1) 

𝒅𝒚

𝒅𝒙
= 𝒍𝒊𝒎

𝒉→𝟎

ൣ𝟒𝒙𝟐+𝟖𝒙𝒉+𝟒𝒉𝟐+𝟐𝒙+𝟐𝒉൧−𝟒𝒙𝟐−𝟐𝒙

𝒉
 (1) 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
[

8𝑥ℎ + 4ℎ2 + 2ℎ

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
[
ℎሺ8𝑥 + 4ℎ + 2ሻ

ℎ
 

𝑑𝑦

𝑑𝑥
= 𝑙𝑖𝑚

ℎ→0
8𝑥 + 4ℎ + 2 (1) 

𝒅𝒚

𝒅𝒙
= 𝟖𝒙 + 𝟐 (1) 

 



 
 

2 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Concept 2 

Product Rule, Quotient Rule and Chain Rule – Repetitive Questions 

Answers 

___________________________________________________________________________ 

 

Product Rule: Qs 2.11, 2.21 

[21 marks]     
2.11                               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(d) 

𝑓ሺ𝑥ሻ = ሺ3𝑥2 + 2ሻሺ𝑥 − 9ሻ 

𝒇′ሺ𝒙ሻ = ሺ𝒙 − 𝟗ሻ
𝒅

𝒅𝒙
ሺ3𝑥2 + 2ሻ + ሺ3𝑥2 + 2ሻ

𝒅

𝒅𝒙
ሺ𝒙 − 𝟗ሻ (1) 

𝒇′ሺ𝒙ሻ = ሺ𝒙 − 𝟗ሻሺ𝟔𝒙ሻ + ሺ3𝑥2 + 2ሻሺ1ሻ  (2) 

𝒇′ሺ𝒙ሻ = 𝟗𝒙𝟐 − 𝟓𝟒𝒙 + 𝟐 (1) 

 

(a) 

𝑓ሺ𝑥ሻ = ሺ2𝑥 − 4ሻሺ𝑥 − 2ሻ 

𝑓′ሺ𝑥ሻ = ሺ𝑥 − 2ሻ
𝑑

𝑑𝑥
ሺ2𝑥 − 4ሻ + ሺ2𝑥 − 4ሻ

𝑑

𝑑𝑥
ሺ𝑥 − 2ሻ 

𝒇′ሺ𝒙ሻ = ሺ𝒙 − 𝟐ሻሺ𝟐ሻ + ሺ𝟐𝒙 − 𝟒ሻሺ𝟏ሻ (1) 

𝑓′ሺ𝑥ሻ = 2𝑥 − 4 + 2𝑥 − 4 (1) 

𝒇′ሺ𝒙ሻ = 𝟒𝒙 − 𝟖 (1) 

 

 

(b) 

𝑓ሺ𝑥ሻ = ሺ2𝑥 + 4ሻሺ3𝑥 + 1ሻ 

𝒇′ሺ𝒙ሻ = ሺ𝟑𝒙 + 𝟏ሻ
𝒅

𝒅𝒙
ሺ𝟐𝒙 + 𝟒ሻ + ሺ𝟐𝒙 + 𝟒ሻ

𝒅

𝒅𝒙
ሺ𝟑𝒙 +

𝟏ሻ (1) 

𝒇′ሺ𝒙ሻ = ሺ𝟑𝒙 + 𝟏ሻሺ𝟐ሻ + ሺ𝟐𝒙 + 𝟒ሻሺ𝟑ሻ 

𝒇′ሺ𝒙ሻ = 𝟔𝒙 + 𝟐 + 𝟔𝒙 + 𝟏𝟐  (1) 

𝒇′ሺ𝒙ሻ = 𝟏𝟐𝒙 + 𝟏𝟒 (1) 

 
(c) 

𝑓ሺ𝑥ሻ = ሺ8𝑥 + 3ሻሺ−7𝑥 + 2ሻ 

𝒇′ሺ𝒙ሻ = ሺ−𝟕𝒙 + 𝟐ሻ
𝒅

𝒅𝒙
ሺ𝟖𝒙 + 𝟑ሻ + ሺ𝟖𝒙 + 𝟑ሻ

𝒅

𝒅𝒙
ሺ−𝟕𝒙 +

𝟐ሻ (1) 

𝒇′ሺ𝒙ሻ = ሺ−𝟕𝒙 + 𝟐ሻሺ𝟖ሻ + ሺ𝟖𝒙 + 𝟑ሻሺ−𝟕𝒙ሻ  (1) 

𝒇′ሺ𝒙ሻ =    

𝒇′ሺ𝒙ሻ = 𝟏𝟐𝟑 (1) 

 (e) 

𝑓ሺ𝑥ሻ = ൫ξ𝑥൯ሺ3𝑥2 − 5ሻ 

𝒇′ሺ𝒙ሻ = ൫𝟑𝒙𝟐 − 𝟓൯
𝒅

𝒅𝒙
൫ξ𝒙൯ + ൫ξ𝒙൯

𝒅

𝒅𝒙
൫𝟑𝒙𝟐 − 𝟓൯ (1) 

𝒇′ሺ𝒙ሻ = ൫𝟑𝒙𝟐 − 𝟓൯ (
𝟏

𝟐
𝒙−

𝟏

𝟐) + ൫ξ𝒙൯ሺ𝟔𝒙ሻ  (2) 

𝒇′ሺ𝒙ሻ =
𝟏𝟓𝒙𝟐−𝟓

𝟐ξ𝒙
 (1) 

 

(f)  𝑓ሺ𝑥ሻ = ሺ6𝑥2 − 4𝑥ሻሺ𝑥2 + 2𝑥ሻ 

𝒇′ሺ𝒙ሻ = ൫𝒙𝟐 + 𝟐𝒙൯
𝒅

𝒅𝒙
൫𝟔𝒙𝟐 − 𝟒𝒙൯ + ൫𝟔𝒙𝟐 − 𝟒𝒙൯

𝒅

𝒅𝒙
൫𝒙𝟐 +

𝟐𝒙൯ (1) 

𝒇′ሺ𝒙ሻ = ൫𝒙𝟐 + 𝟐𝒙൯ሺ𝟏𝟐𝒙 − 𝟒ሻ + ൫𝟔𝒙𝟐 − 𝟒𝒙൯ሺ𝟐𝒙 + 𝟐ሻ  (2) 

𝒇′ሺ𝒙ሻ = 𝟖𝒙ሺ𝟑𝒙𝟐 + 𝟑𝒙 − 𝟐ሻ (1) 

 

𝑦 = 4𝑥−
5
2 

𝑦 = 4ሺ−
5

2
ሻ𝑥−

7

2 (1) 

𝑑𝑦

𝑑𝑥
= −10𝑥−

7

2(1) 

𝒅𝒚

𝒅𝒙
= −

𝟏𝟎

ඥ𝒙𝟕
   (1) 

 

(d) 𝑦 =
8𝑥6 − 5𝑥3 + 2

𝑥4
 

𝑦 = 8𝑥2 − 5𝑥−1 + 2𝑥−4 
𝒅𝒚

𝒅𝒙
= 𝟖ሺ𝟐ሻ𝒙𝟏 − 𝟓ሺ−𝟏ሻ𝒙−𝟐 + 𝟐ሺ−𝟒ሻ𝒙−𝟓  (1) 

𝒅𝒚

𝒅𝒙
= 𝟏𝟔𝒙 +

𝟓

𝒙𝟐 −
𝟖

𝒙𝟓  (1) 

 

(e) 

𝑓ሺ𝑥ሻ = ሺ3𝑥3 − 2𝑥ሻ3 

𝑓ሺ𝑥ሻ = 27𝑥9 − 54𝑥7 + 36𝑥5 − 8𝑥3 

𝒇′ሺ𝒙ሻ = 𝟐𝟕ሺ𝟗ሻ𝒙𝟖 − 𝟓𝟒ሺ𝟕ሻ𝒙𝟔 + 𝟑𝟔ሺ𝟓ሻ𝒙𝟒 −

𝟖ሺ𝟑ሻ𝒙𝟐  (1) 

𝒇′ሺ𝒙ሻ = 𝟐𝟒𝟑𝒙𝟖 − 𝟑𝟕𝟖𝒙𝟔 + 𝟏𝟖𝟎𝒙𝟒𝟐𝟒𝒙𝟐  (1) 

(f) 
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2.21                             [24 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Quotient Rule: Qs 2.31, 2.41  

2.31                                                             [21 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(d) 

𝑓ሺ𝑥ሻ = (𝑥
2
3 − 8) ሺ5𝑥 + 6𝑥3ሻ 

𝒇′ሺ𝒙ሻ = ൫𝟓𝒙 + 𝟔𝒙𝟑൯
𝒅

𝒅𝒙
(𝒙

𝟐

𝟑 − 𝟖) + (𝒙
𝟐

𝟑 − 𝟖)
𝒅

𝒅𝒙
൫𝟓𝒙 + 𝟔𝒙𝟑൯ (1) 

𝒇′ሺ𝒙ሻ = ൫𝟓𝒙 + 𝟔𝒙𝟑൯ (
𝟐

𝟑
𝒙−

𝟏

𝟑) + (𝒙
𝟐

𝟑 − 𝟖) ൫𝟓 + 𝟏𝟖𝒙𝟐൯  (2) 

𝒇′ሺ𝒙ሻ =
𝟐ሺ𝟔𝒙𝟑+𝟓𝒙ሻ

𝟑 ξ𝒙
𝟑 + ሺ𝒙

𝟐

𝟑 − 𝟖ሻሺ𝟏𝟖𝒙𝟐 + 𝟓ሻ (1) 

 

𝑓ሺ𝑥ሻ = ሺ−6𝑥2 + 2𝑥ሻሺ−3𝑥2 + 9ሻ 

𝒇′ሺ𝒙ሻ = ൫−𝟑𝒙𝟐 + 𝟗൯
𝒅

𝒅𝒙
൫−𝟔𝒙𝟐 + 𝟐𝒙൯ + ൫−𝟔𝒙𝟐 + 𝟐𝒙൯

𝒅

𝒅𝒙
൫−𝟑𝒙𝟐 +

𝟗൯ (1) 

𝒇′ሺ𝒙ሻ = ൫−𝟑𝒙𝟐 + 𝟗൯ሺ−𝟏𝟐𝒙 + 𝟐ሻ + ൫−𝟔𝒙𝟐 + 𝟐𝒙൯ሺ−𝟔𝒙ሻ  (2) 

𝒇′ሺ𝒙ሻ = 𝟕𝟐𝒙𝟑 − 𝟏𝟖𝒙𝟐 − 𝟏𝟎𝟖𝒙 + 𝟏𝟖 (1) 

(b) 𝑓ሺ𝑥ሻ = ሺ7𝑥 − 3ሻሺ𝑥2 − 4ሻ 

𝒇′ሺ𝒙ሻ = ሺ𝑥2 − 4ሻ
𝒅

𝒅𝒙
ሺ𝟕𝒙 − 𝟑ሻ + ሺ𝟕𝒙 − 𝟑ሻ

𝒅

𝒅𝒙
ሺ𝑥2 −

4ሻ (1) 

𝒇′ሺ𝒙ሻ = ሺ𝑥2 − 4ሻሺ𝟕ሻ + ሺ𝟕𝒙 − 𝟑ሻሺ𝟐𝒙ሻ  (2) 

𝒇′ሺ𝒙ሻ = 𝟐𝟏𝒙𝟐 − 𝟔𝒙 − 𝟐𝟖 (1) 

 

(a) 

𝑓ሺ𝑥ሻ = ሺ−𝑥2 + 3𝑥 − 6ሻሺ𝑥 − 7ሻ 

𝒇′ሺ𝒙ሻ = ሺ𝒙 − 𝟕ሻ
𝒅

𝒅𝒙
ሺ−𝑥2 + 3𝑥 − 6ሻ + ሺ−𝑥2 + 3𝑥 −

6ሻ
𝒅

𝒅𝒙
ሺ𝒙 − 𝟕ሻ (1) 

𝒇′ሺ𝒙ሻ = ሺ𝒙 − 𝟕ሻሺ−𝟐𝒙 + 𝟑ሻ + ሺ−𝑥2 + 3𝑥 − 6ሻሺ1ሻ  (2) 

𝒇′ሺ𝒙ሻ = −𝟑𝒙𝟐 + 𝟐𝟎𝒙 − 𝟐𝟕 (1) 

 

(c) 

𝑓ሺ𝑥ሻ =
3𝑥

𝑥 + 5
 

𝒇′ሺ𝒙ሻ =
𝒅

𝒅𝒙
ሺ𝟑𝒙ሻሺ𝒙+𝟓ሻ−

𝒅

𝒅𝒙
ሺ𝒙+𝟓ሻሺ𝟑𝒙ሻ

ሺ𝒙+𝟓ሻ𝟐   (1) 

𝑓′ሺ𝑥ሻ =
ሺ3ሻሺ𝑥+5ሻ−3𝑥

ሺ𝑥+5ሻ2  (1) 

𝒇′ሺ𝒙ሻ =
𝟏𝟓

ሺ𝒙+𝟓ሻ𝟐 =
𝟏𝟓

𝒙𝟐+𝟏𝟎𝒙+𝟐𝟓
  (1) 

(a) (b) 

 

𝑓ሺ𝑥ሻ =
6𝑥 − 7

5𝑥 − 6
 

𝒇′ሺ𝒙ሻ =
𝒅

𝒅𝒙
ሺ𝟔𝒙−𝟕ሻሺ𝟓𝒙−𝟔ሻ−

𝒅

𝒅𝒙
ሺ𝟓𝒙−𝟔ሻሺ𝟔𝒙−𝟕ሻ

ሺ𝟓𝒙−𝟔ሻ𝟐  (1) 

𝑓′ሺ𝑥ሻ =
ሺ6ሻሺ5𝑥−6ሻ−ሺ5ሻሺ6𝑥−7ሻ

ሺ5𝑥−6ሻ2  (1) 

𝒇′ሺ𝒙ሻ =
−𝟏

ሺ𝟓𝒙−𝟔ሻ𝟐 (1) 

𝑓ሺ𝑥ሻ =
−2𝑥

8𝑥2 − 4𝑥
 

𝒇′ሺ𝒙ሻ =
𝒅

𝒅𝒙
ሺ−𝟐𝒙ሻሺ𝟖𝒙𝟐−𝟒𝒙ሻ−

𝒅

𝒅𝒙
ሺ𝟖𝒙𝟐−𝟒𝒙ሻሺ−𝟐𝒙ሻ

ሺ𝟖𝒙𝟐−𝟒𝒙ሻ𝟐  (1) 

𝑓′ሺ𝑥ሻ =
ሺ−2ሻሺ8𝑥2−4𝑥ሻ−ሺ16𝑥−4ሻሺ−2𝑥ሻ

ሺ8𝑥2−4𝑥ሻ2  (1) 

𝒇′ሺ𝒙ሻ =
𝟏

ሺ𝟐𝒙−𝟏ሻ𝟐 (1) 

 

(c) 
𝑓ሺ𝑥ሻ =

𝑥2 + 4

8𝑥 − 4
 

𝒇′ሺ𝒙ሻ =
𝒅

𝒅𝒙
൫𝒙𝟐+𝟒൯ሺ𝟖𝒙−𝟒ሻ−

𝒅

𝒅𝒙
ሺ𝟖𝒙−𝟒ሻ൫𝒙𝟐+𝟒൯

ሺ𝟖𝒙−𝟒ሻ𝟐  (1) 

𝑓′ሺ𝑥ሻ =
ሺ2𝑥ሻሺ8𝑥−4ሻ−8൫𝑥2+4൯

ሺ8𝑥−4ሻ2  (2) 

𝒇′ሺ𝒙ሻ =
𝒙𝟐−𝒙−𝟒

𝟐ሺ𝟐𝒙−𝟏ሻ𝟐 (1) 

 

 

(d) 

(e) 

𝑓ሺ𝑥ሻ = (𝑥
4
5 − 2) ሺ2𝑥 − 7𝑥2ሻ 

𝒇′ሺ𝒙ሻ = ሺ2𝑥 − 7𝑥2ሻ
𝒅

𝒅𝒙
ቀ𝑥

4

5 − 2ቁ + ቀ𝑥
4

5 − 2ቁ
𝒅

𝒅𝒙
ሺ2𝑥 −

7𝑥2ሻ (1) 

𝒇′ሺ𝒙ሻ = ሺ2𝑥 − 7𝑥2ሻ (
𝟒

𝟓
𝒙−

𝟏

𝟓) + ቀ𝑥
4

5 − 2ቁ ሺ𝟐 − 𝟏𝟒𝒙ሻ  (2)) 

𝒇′ሺ𝒙ሻ =
𝟒ሺ𝟐𝒙+𝟕𝒙𝟐ሻ

𝟓 ξ𝒙𝟓 + ቀ𝑥
4

5 − 2ቁ ሺ𝟐 − 𝟏𝟒𝒙ሻሺ (1) 

 

(f) 

𝑓ሺ𝑥ሻ = ሺ𝑥2 + 2ሻ൫𝑥3 − 4ξ𝑥൯ 

𝒇′ሺ𝒙ሻ = ൫𝑥3 − 4ξ𝑥൯
𝒅

𝒅𝒙
ሺ𝑥2 + 2ሻ + ሺ𝑥2 + 2ሻ

𝒅

𝒅𝒙
൫𝑥3 − 4ξ𝑥൯ (1) 

𝒇′ሺ𝒙ሻ = ൫𝑥3 − 4ξ𝑥൯ሺ𝟐𝒙ሻ + ሺ𝑥2 + 2ሻ (𝟑𝒙𝟐 − 𝟐𝒙−
𝟏

𝟐)  (2) 

𝒇′ሺ𝒙ሻ =
𝟓𝒙

𝟗
𝟐+൫𝟔ξ𝒙−𝟏𝟎൯𝒙𝟐−𝟒

ξ𝒙
 (1) 
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2.41                                                             [21 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(e) 

 

 

𝑓ሺ𝑥ሻ =
−6𝑥2 + 3𝑥

2𝑥 + 2
 

𝒇′ሺ𝒙ሻ =
𝒅

𝒅𝒙
൫−𝟔𝒙𝟐+𝟑𝒙൯ሺ𝟐𝒙+𝟐ሻ−

𝒅

𝒅𝒙
ሺ𝟐𝒙+𝟐ሻ൫−𝟔𝒙𝟐+𝟑𝒙൯

ሺ𝟐𝒙+𝟐ሻ𝟐  (1) 

𝑓′ሺ𝑥ሻ =
ሺ−12𝑥+3ሻሺ2𝑥+2ሻ−ሺ2ሻ൫−6𝑥2+3𝑥൯

ሺ2𝑥+2ሻ2  (2) 

𝒇′ሺ𝒙ሻ = −
𝟑ሺ𝟐𝒙𝟐+𝟒𝒙−𝟏ሻ

𝟐ሺ𝒙+𝟏ሻ𝟐  (1) 

 

(f) 

𝑓ሺ𝑥ሻ =
−𝑥2 − 5𝑥

3𝑥 − 4
 

𝒇′ሺ𝒙ሻ =
𝒅

𝒅𝒙
൫−𝑥2−5𝑥൯ሺ𝟑𝒙−𝟒ሻ−

𝒅

𝒅𝒙
ሺ𝟑𝒙−𝟒ሻ൫−𝑥2−5𝑥൯

ሺ𝟑𝒙−𝟒ሻ𝟐   (1) 

𝒇′ሺ𝑥ሻ =
ሺ−2𝑥−5ሻሺ3𝑥−4ሻ−ሺ3ሻ൫−𝑥2−5𝑥൯

ሺ3𝑥−4ሻ2   (2) 

𝒇′ሺ𝒙ሻ = −
𝟑𝒙𝟐−𝟖𝒙−𝟐𝟎

ሺ𝟑𝒙−𝟒ሻ𝟐  (1) 

 𝑓ሺ𝑥ሻ =
𝑥 − 4

2𝑥 + 8
 

𝑓′ሺ𝑥ሻ =
ⅆ

ⅆ𝑥
ሺ𝑥−4ሻሺ2𝑥+8ሻ−

ⅆ

ⅆ𝑥
ሺ2𝑥+8ሻሺ𝑥−4ሻ

ሺ2𝑥3+4ሻ2   (2) 

𝑓′ሺ𝑥ሻ =
ሺ1ሻሺ2𝑥 + 8ሻ − ሺ2ሻሺ𝑥 − 4ሻ

ሺ2𝑥 + 8ሻ2
 

𝒇′ሺ𝒙ሻ =
𝟒

ሺ𝒙+𝟒ሻ𝟐 (1) 

 

(a) 𝑓ሺ𝑥ሻ =
3𝑥 + 7

5𝑥2 + 3
 

𝑓′ሺ𝑥ሻ =

𝑑
𝑑𝑥

ሺ3𝑥 + 7ሻሺ5𝑥2 + 3ሻ −
𝑑

𝑑𝑥
ሺ5𝑥2 + 3ሻሺ3𝑥 + 7ሻ

ሺ5𝑥2 + 3ሻ2
 

𝒇′ሺ𝒙ሻ =
ሺ𝟑ሻ൫5𝑥2+3൯−ሺ𝟏𝟎𝒙ሻሺ𝟑𝒙+𝟕ሻ

ሺ5𝑥2+3ሻ𝟐   (2) 

𝒇′ሺ𝒙ሻ = −
15𝑥2+70𝑥−9

ሺ5𝑥2+3ሻ𝟐   (1) 

 

(b) 

(c) 

𝑓ሺ𝑥ሻ =
2𝑥2 − 𝑥

3𝑥 − 6
 

𝑓′ሺ𝑥ሻ =

𝑑
𝑑𝑥

ሺ2𝑥2 − 𝑥ሻሺ3𝑥 − 6ሻ −
𝑑

𝑑𝑥
ሺ3𝑥 − 6ሻሺ2𝑥2 − 𝑥ሻ

ሺ3𝑥 − 6ሻ2
 

𝒇′ሺ𝒙ሻ =
ሺ𝟒𝒙ሻሺ𝟑𝒙−𝟔ሻ−ሺ𝟑ሻሺ𝟐𝒙𝟐−𝟏ሻ

ሺ𝟑𝒙−𝟔ሻ𝟐   (2) 

𝒇′ሺ𝒙ሻ =
𝟐𝒙𝟐−𝟖𝒙+𝟐

ሺ𝒙−𝟐ሻሺ𝟑𝒙−𝟔ሻ
  (1) 

 

𝑓ሺ𝑥ሻ =
2𝑥 − 𝑥2

4𝑥3
 

𝑓′ሺ𝑥ሻ =
ⅆ

ⅆ𝑥
൫2𝑥−𝑥2൯൫4𝑥3൯−

ⅆ

ⅆ𝑥
൫4𝑥3൯൫2𝑥−𝑥2൯

ሺ4𝑥3ሻ2  (1) 

𝒇′ሺ𝒙ሻ =
൫𝟐𝒙−𝒙𝟐൯൫𝟑𝒙𝟐൯−ሺ𝟐−𝟐𝒙ሻ൫𝟒𝒙𝟑൯

ሺ𝟒𝒙𝟑ሻ𝟐  (2) 

𝒇′ሺ𝒙ሻ =
𝒙−𝟒

𝟒𝒙𝟑  (1) 

 

(d) 

𝑓ሺ𝑥ሻ =
2𝑥2 − 4𝑥

2𝑥3
 

𝑓′ሺ𝑥ሻ =
ⅆ

ⅆ𝑥
൫2𝑥2−4𝑥൯൫2𝑥3൯−

ⅆ

ⅆ𝑥
൫2𝑥3൯൫2𝑥2−4𝑥൯

ሺ2𝑥3ሻ2  (1) 

𝒇′ሺ𝒙ሻ =
ሺ𝟒𝒙−𝟒ሻ൫𝟐𝒙𝟑൯−ሺ𝟔𝒙𝟐ሻሺ𝟐𝒙𝟐−𝟒𝒙ሻ

ሺ𝟐𝒙𝟑ሻ𝟐   (2) 

𝒇′ሺ𝒙ሻ =
−ሺ𝒙−𝟒ሻ

𝒙𝟑   (1) 

 

(e) 
𝑓ሺ𝑥ሻ =

6𝑥3 − 4𝑥 + 8

4𝑥3 − 2𝑥
 

𝑓′ሺ𝑥ሻ =
ⅆ

ⅆ𝑥
൫6𝑥3−4𝑥+8൯൫4𝑥3−2𝑥൯−

ⅆ

ⅆ𝑥
൫4𝑥3−2𝑥൯൫6𝑥3−4𝑥+8൯

ሺ4𝑥3−2𝑥ሻ2  (1) 

𝒇′ሺ𝒙ሻ =
൫𝟏𝟖𝒙𝟐−𝟒൯൫4𝑥3−2𝑥൯−ሺ𝟏𝟐𝒙𝟐−𝟐ሻ൫6𝑥3−4𝑥+8൯

ሺ4𝑥3−2𝑥ሻ𝟐   (2) 

𝒇′ሺ𝒙ሻ =
𝟐ሺ𝒙𝟑−𝟏𝟐𝒙𝟐+𝟐ሻ

𝒙𝟐ሺ𝟐𝒙𝟐−𝟏ሻ𝟐  (1) 

 

(f) 
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Chain Rule: Qs 2.51, 2.61, 2.71, 2.81 

2.51                                                            [16 marks] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.61                                                                                                                                                                     [15 marks] 
 
 
 
 
 
 
 
 
 

𝒚 = 𝟐𝒖 + 𝟑 
𝒅𝒚

𝒅𝒖
= 𝟐 

𝒖 = 𝟔𝒙 − 𝟐 
𝒅𝒖

𝒅𝒙
= 𝟔 

𝒅𝒚

𝒅𝒙
=

𝒅𝒚

𝒅𝒖

𝒅𝒖

𝒅𝒙
 

𝑑𝑦

𝑑𝑥
= ሺ𝟐ሻሺ𝟔ሻ  

𝑑𝑦

𝑑𝑥
= 𝟏𝟐 

 

(b) 

(1) 

(1) 

𝒅𝒚

𝒅𝒙
=

𝒅𝒚

𝒅𝒖

𝒅𝒖

𝒅𝒙
 

𝑑𝑦

𝑑𝑥
= ሺ−𝟏ሻሺ𝟐ሻ 

𝑑𝑦

𝑑𝑥
= −𝟐 

 

𝒚 = 𝟑 − 𝒖 
𝒅𝒚

𝒅𝒖
= −𝟏 

𝒖 = 𝟐𝒙 + 𝟏 
𝒅𝒖

𝒅𝒙
= 𝟐 

(a) 

(1) 

(1) 

𝒚 = 𝟔𝒖𝟐 − 𝟒 
𝒅𝒚

𝒅𝒖
= 𝟏𝟐𝒖 

𝒖 = 𝟓𝒙𝟐 − 𝟔 
𝒅𝒖

𝒅𝒙
= 𝟏𝟎𝒙 

(c) 

(1) 

𝒅𝒚

𝒅𝒙
=

𝒅𝒚

𝒅𝒖

𝒅𝒖

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝟏𝟐𝒖ሻሺ𝟏𝟎𝒙ሻ 

𝑑𝑦

𝑑𝑥
= 12ሺ𝟓𝒙𝟐 − 𝟔ሻሺ10𝑥ሻ 

𝑑𝑦

𝑑𝑥
= 𝟔𝟎𝟎𝒙𝟑 − 𝟕𝟐𝟎𝒙 

 

(1) 

(1) 

𝒚 = 𝟐𝒖𝟐 
𝒅𝒚

𝒅𝒖
= 𝟒𝒖 

𝒖 = 𝟐𝒙𝟐 + 𝟓𝒙 − 𝟐 
𝒅𝒖

𝒅𝒙
= 𝟒𝒙 + 𝟓 

(d) 

(1) 

𝒅𝒚

𝒅𝒙
=

𝒅𝒚

𝒅𝒖

𝒅𝒖

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝟒𝒖ሻሺ𝟒𝒙 + 𝟓ሻ 

𝑑𝑦

𝑑𝑥
= 4൫𝟐𝒙𝟐 + 𝟓𝒙 − 𝟐൯ሺ4𝑥 + 5ሻ 

𝑑𝑦

𝑑𝑥
= 𝟑𝟐𝒙𝟑 + 𝟏𝟐𝟎𝒙𝟐 + 𝟔𝟖𝒙 − 𝟒𝟎 

 

(1) 

(1) 

𝒚 = 𝟒𝒖𝟑 
𝒅𝒚

𝒅𝒖
= 𝟏𝟐𝒖𝟐 

𝒖 =
𝟏

𝒙
+ 𝟒𝒙𝟑 

𝒅𝒖

𝒅𝒙
= −

𝟏

𝒙𝟐
+ 𝟏𝟐𝒙𝟐 

(f) 

𝒅𝒚

𝒅𝒙
=

𝒅𝒚

𝒅𝒖

𝒅𝒖

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝟏𝟐𝒖𝟐ሻሺ−

𝟏

𝒙𝟐
+ 𝟏𝟐𝒙𝟐ሻ 

𝑑𝑦

𝑑𝑥
= 12ሺ

𝟏

𝒙
+ 𝟒𝒙𝟑ሻ2ሺ−

1

𝑥2
+ 12𝑥2ሻ 

𝑑𝑦

𝑑𝑥
= 𝟐𝟑𝟎𝟒𝒙𝟖 + 𝟗𝟔𝟎𝒙𝟒 −

𝟏𝟐

𝒙𝟒
+ 𝟒𝟖 

 

(1) 

(1) 

(1) 

𝒚 = 𝒖𝟑 
𝒅𝒚

𝒅𝒖
= 𝟑𝒖𝟐 

𝒖 = 𝒙𝟐 − 𝟔𝒙 − 𝟖 
𝒅𝒖

𝒅𝒙
= 𝟐𝒙 − 𝟔 

(e) 

(1) 

𝒅𝒚

𝒅𝒙
=

𝒅𝒚

𝒅𝒖

𝒅𝒖

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= ሺ𝟑𝒖𝟐ሻሺ𝟐𝒙 − 𝟔ሻ 

𝑑𝑦

𝑑𝑥
= 3ሺ𝒙𝟐 − 𝟔𝒙 − 𝟖ሻ2ሺ2𝑥 − 6ሻ 

𝑑𝑦

𝑑𝑥
= 𝟔𝒙𝟓 − 𝟗𝟎𝒙𝟒 + 𝟑𝟑𝟔𝒙𝟑 + 𝟐𝟏𝟔𝒙𝟐 − 𝟏𝟑𝟒𝟒𝒙 − 𝟏𝟏𝟓𝟐 

 

(1) 

(1) 

𝑦 = ሺ2𝑥 − 4ሻ3 
𝒅𝒚

𝒅𝒙
= 𝒏[𝒇ሺ𝒙ሻ]𝒏−𝟏𝒇′ሺ𝒙ሻ 

𝒇ሺ𝒙ሻ = 𝟐𝒙 − 𝟒 

𝒇′ሺ𝒙ሻ = 𝟐 

𝒏 = 𝟑 
𝒅𝒚

𝒅𝒙
= 𝟑ሺ𝟐𝒙 − 𝟒ሻ𝟑−𝟏ሺ𝟐ሻ 

𝑑𝑦

𝑑𝑥
= 𝟔ሺ𝟐𝒙 − 𝟒ሻ𝟐 

𝑑𝑦

𝑑𝑥
= 𝟐𝟒ሺ𝒙 − 𝟐ሻ𝟐 

 

 

(a) 

(1) 

(1) 

𝑦 = ሺ4𝑥2 − 8ሻ4 
𝒅𝒚

𝒅𝒙
= 𝒏[𝒇ሺ𝒙ሻ]𝒏−𝟏𝒇′ሺ𝒙ሻ 

𝒇ሺ𝒙ሻ = 𝟒𝒙𝟐 − 𝟖 

𝒇′ሺ𝒙ሻ = 𝟖𝒙 

𝒏 = 𝟒 
𝒅𝒚

𝒅𝒙
= 𝟒ሺ𝟒𝒙𝟐 − 𝟖ሻ𝟒−𝟏ሺ𝟖𝒙ሻ 

𝑑𝑦

𝑑𝑥
= 𝟑𝟐𝒙ሺ𝟒𝒙𝟐 − 𝟖ሻ𝟑 

𝑑𝑦

𝑑𝑥
= 𝟐𝟎𝟒𝟖𝒙ሺ𝒙𝟐 − 𝟐ሻ𝟑 

 

 

(b) 

(1) 

(1) 
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2.71– Multiple Solutions May Exist                                                                                                             [24 Marks] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝑦 = ሺ4𝑥 + 7𝑥2ሻ
3
2 

𝒅𝒚

𝒅𝒙
= 𝒏[𝒇ሺ𝒙ሻ]𝒏−𝟏𝒇′ሺ𝒙ሻ 

𝒇ሺ𝒙ሻ = 𝟒𝒙 + 𝟕𝒙𝟐 

𝒇′ሺ𝒙ሻ = 𝟒 + 𝟏𝟒𝒙 

𝒏 =
𝟑

𝟐
 

𝒅𝒚

𝒅𝒙
=

𝟑

𝟐
൫𝟒𝒙 + 𝟕𝒙𝟐൯

𝟑
𝟐

−𝟏
ሺ𝟒 + 𝟏𝟒𝒙ሻ 

𝑑𝑦

𝑑𝑥
= 𝟑ሺ𝟐 + 𝟕𝒙ሻ൫𝟒𝒙 + 𝟕𝒙𝟐൯

𝟏
𝟐 

𝑑𝑦

𝑑𝑥
= 3𝒙

𝟏
𝟐ሺ2 + 7𝑥ሻሺ𝟒 + 𝟕𝒙ሻ

𝟏
𝟐 

 

(d) 

(1) 

(1) 

(1) 

𝑓ሺ𝑥ሻ = ሺ2𝑥2 − 𝑥ሻ5 

𝒇′ሺ𝒙ሻ = 𝒏[𝒈ሺ𝒙ሻ]𝒏−𝟏𝒈′ሺ𝒙ሻ 

𝒈ሺ𝒙ሻ = 𝟐𝒙𝟐 − 𝒙 

𝒈′ሺ𝒙ሻ = 𝟒𝒙 − 𝟏 

𝒏 = 𝟓 
𝒅𝒚

𝒅𝒙
= 𝟓ሺ𝟐𝒙𝟐 − 𝒙ሻ𝟓−𝟏ሺ𝟒𝒙 − 𝟏ሻ 

𝑑𝑦

𝑑𝑥
= 5ሺ𝟒𝒙 − 𝟏ሻሺ𝟐𝒙𝟐 − 𝒙ሻ𝟒 

𝑑𝑦

𝑑𝑥
= 5𝒙𝟒ሺ4𝑥 − 1ሻሺ𝟐𝒙 − 𝟏ሻ𝟒 

 

(c) 

(1) 

(1) 

𝑦 = ሺ6𝑥 + 3𝑥2ሻ
3

2  
𝒅𝒚

𝒅𝒙
= 𝒏[𝒇ሺ𝒙ሻ]𝒏−𝟏𝒇′ሺ𝒙ሻ 

𝒇ሺ𝒙ሻ = 𝟔𝒙 + 𝟑𝒙𝟐 

𝒇′ሺ𝒙ሻ = 𝟔 + 𝟔𝒙 

𝒏 =
𝟑

𝟐
 

𝒅𝒚

𝒅𝒙
=

𝟑

𝟐
൫𝟔𝒙 + 𝟑𝒙𝟐൯

𝟑
𝟐

−𝟏
ሺ𝟔 + 𝟔𝒙ሻ 

𝒅𝒚

𝒅𝒙
= 𝟗ሺ𝟏 + 𝒙ሻ൫𝟔𝒙 + 𝟑𝒙𝟐൯

𝟏
𝟐 

𝒅𝒚

𝒅𝒙
= 9ሺ𝟑𝒙ሻ

𝟏
𝟐ሺ1 + 𝑥ሻሺ𝟐 + 𝒙ሻ

𝟏
𝟐 

 

(f) 

(1) 

(1) 

(1) 

𝑓ሺ𝑥ሻ =
3

ሺ𝑥2 − 7𝑥ሻ4
 

𝒇′ሺ𝒙ሻ = 𝒏[𝒈ሺ𝒙ሻ]𝒏−𝟏𝒈′ሺ𝒙ሻ 

𝒈ሺ𝒙ሻ = 𝒙𝟐 − 𝟕𝒙 

𝒈′ሺ𝒙ሻ = 𝟐𝒙 − 𝟕 

𝒏 = −𝟒 

𝒇′ሺ𝒙ሻ = 3 (−𝟒൫𝒙𝟐 − 𝟕𝒙൯
−𝟒−𝟏

ሺ𝟐𝒙 − 𝟕ሻ) 

𝑓′ሺ𝑥ሻ = −𝟏𝟐ሺ2𝑥 − 7ሻሺ𝒙𝟐 − 𝟕𝒙ሻ−𝟓 

𝑓′ሺ𝑥ሻ = −12𝒙−𝟓ሺ2𝑥 − 7ሻሺ𝒙 − 𝟕ሻ−𝟓 

 

 

(e) 

(1) 

(1) 

(1) 

𝑦 = 𝑥2ሺ𝑥 − 4ሻ3 

 

 

 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝑑𝑦

𝑑𝑥
= 𝟐𝒙ሺ𝒙 − 𝟒ሻ𝟑 + 𝟑𝒙𝟐ሺ𝒙 − 𝟒ሻ𝟐 

𝑑𝑦

𝑑𝑥
= ሺ𝒙 − 𝟒ሻ𝟐ሺ2𝑥ሺ𝒙 − 𝟒ሻ + 3𝑥2ሻ 

𝑑𝑦

𝑑𝑥
= ሺ𝑥 − 4ሻ2ሺ𝟐𝒙𝟐 − 𝟖𝒙 + 3𝑥2ሻ 

𝑑𝑦

𝑑𝑥
= ሺ𝑥 − 4ሻ2ሺ𝟓𝒙𝟐 − 8𝑥ሻ 

𝑑𝑦

𝑑𝑥
= 𝒙ሺ𝑥 − 4ሻ2ሺ𝟓𝒙 − 𝟖ሻ 

 

(a) 

(1) 

𝒖 = 𝒙𝟐 
𝒅𝒖

𝒅𝒙
= 𝟐𝒙 

𝒗 = ሺ𝒙 − 𝟒ሻ𝟑 
𝒅𝒗

𝒅𝒙
= 𝟑ሺ𝒙 − 𝟒ሻ𝟐 

(1) 

(1) 

(1) 

𝑦 = ሺ6𝑥 − 3ሻ2ξ𝑥 + 5 

 

 

 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝑑𝑦

𝑑𝑥
= 𝟏𝟐ξ𝒙 + 𝟓ሺ𝟔𝒙 − 𝟑ሻ +

ሺ𝟔𝒙 − 𝟑ሻ𝟐

𝟐ξ𝒙 + 𝟓
 

𝑑𝑦

𝑑𝑥
= ሺ𝟔𝒙 − 𝟑ሻ (12ξ𝑥 + 5 +

𝟔𝒙 − 𝟑

2ξ𝑥 + 5
) 

𝑑𝑦

𝑑𝑥
= ሺ6𝑥 − 3ሻ (

12ሺ𝒙 + 𝟓ሻ

ξ𝒙 + 𝟓
+

6𝑥 − 3

2ξ𝑥 + 5
) 

𝑑𝑦

𝑑𝑥
= ሺ6𝑥 − 3ሻ ቆ

24ሺ𝑥 + 5ሻ + 6𝑥 − 3

2ξ𝑥 + 5
ቇ 

𝑑𝑦

𝑑𝑥
=

ሺ6𝑥 − 3ሻሺ𝟐𝟒𝒙 + 𝟏𝟐𝟎 + 6𝑥 − 3ሻ

2ξ𝑥 + 5
 

𝑑𝑦

𝑑𝑥
=

𝟗ሺ𝟐𝒙 − 𝟏ሻሺ𝟏𝟎𝒙 + 𝟑𝟗ሻ

2ξ𝑥 + 5
 

 

𝒗 = ξ𝒙 + 𝟓 
𝒅𝒗

𝒅𝒙
=

𝟏

𝟐ξ𝒙 + 𝟓
 

(b) 

(1) 

𝒖 = ሺ𝟔𝒙 − 𝟑ሻ𝟐 
𝒅𝒖

𝒅𝒙
= 𝟏𝟐ሺ𝟔𝒙 − 𝟑ሻ 

(1) 

(1) 

(1) 
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2.81– Multiple Solutions May Exist                                                                                         [24 Marks] 

𝑓ሺ𝑥ሻ =
ሺ2𝑥 + 4ሻ3

5𝑥 − 4
 

 

 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

− 𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝑑𝑦

𝑑𝑥
=

𝟔ሺ𝟓𝒙 − 𝟒ሻሺ𝟐𝒙 + 𝟒ሻ𝟐 − 𝟓ሺ𝟐𝒙 + 𝟒ሻ𝟑

ሺ𝟓𝒙 − 𝟒ሻ𝟐
 

𝑑𝑦

𝑑𝑥
=

ሺ𝟐𝒙 + 𝟒ሻ𝟐൫6ሺ5𝑥 − 4ሻ − 5ሺ𝟐𝒙 + 𝟒ሻ൯

ሺ5𝑥 − 4ሻ2
 

𝑑𝑦

𝑑𝑥
=

ሺ2𝑥 + 4ሻ2ሺ𝟑𝟎𝒙 − 𝟐𝟒 − 𝟏𝟎𝒙 − 𝟐𝟎ሻ

ሺ5𝑥 − 4ሻ2
 

𝑑𝑦

𝑑𝑥
=

ሺ2𝑥 + 4ሻ2ሺ𝟐𝟎𝒙 − 𝟒𝟒ሻ

ሺ5𝑥 − 4ሻ2
 

𝑑𝑦

𝑑𝑥
=

𝟏𝟔ሺ𝒙 + 𝟐ሻ𝟐ሺ𝟓𝒙 − 𝟏𝟏ሻ

ሺ5𝑥 − 4ሻ2
 

 

 

𝒗 = 𝟓𝒙 − 𝟒 
𝒅𝒗

𝒅𝒙
= 𝟓 

(c) 

(1) 

𝒖 = ሺ𝟐𝒙 + 𝟒ሻ𝟑 
𝒅𝒖

𝒅𝒙
= 𝟔ሺ𝟐𝒙 + 𝟒ሻ𝟐 

(1) 

(1) 

(1) 

𝑦 =
4𝑥2 − 3

ሺ𝑥 + 5ሻ3
 

 

 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

− 𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝑑𝑦

𝑑𝑥
=

𝟖𝒙ሺ𝒙 + 𝟓ሻ𝟑 − 𝟑ሺ𝟒𝒙𝟐 − 𝟑ሻሺ𝒙 + 𝟓ሻ𝟐

ሺሺ𝒙 + 𝟓ሻ𝟑ሻ𝟐
 

𝑑𝑦

𝑑𝑥
=

ሺ𝒙 + 𝟓ሻ𝟐ሺ8𝑥ሺ𝒙 + 𝟓ሻ − 3ሺ4𝑥2 − 3ሻሻ

ሺ𝑥 + 5ሻ6
 

𝑑𝑦

𝑑𝑥
=

8𝑥ሺ𝑥 + 5ሻ − 3ሺ4𝑥2 − 3ሻ

ሺ𝒙 + 𝟓ሻ𝟒
 

𝑑𝑦

𝑑𝑥
=

𝟖𝒙𝟐 + 𝟒𝟎𝒙 − 𝟏𝟐𝒙𝟐 + 𝟗

ሺ𝑥 + 5ሻ4
 

𝑑𝑦

𝑑𝑥
=

−𝟒𝒙𝟐 + 𝟒𝟎𝒙 + 𝟗

ሺ𝑥 + 5ሻ4
 

 

(d) 

(1) 

𝒖 = 𝟒𝒙𝟐 − 𝟑 
𝒅𝒖

𝒅𝒙
= 𝟖𝒙 

𝒗 = ሺ𝒙 + 𝟓ሻ𝟑 
𝒅𝒗

𝒅𝒙
= 𝟑ሺ𝒙 + 𝟓ሻ𝟐 

(1) 

(1) 

(1) 

𝑓ሺ𝑥ሻ = ሺ𝑥3 − 5ሻ
1
2ሺ2𝑥 + 4ሻ 

 
 

 

 

 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝑑𝑦

𝑑𝑥
=

𝟑𝒙𝟐ሺ𝟐𝒙 + 𝟒ሻ

𝟐ሺ𝒙𝟑 − 𝟓ሻ
𝟏
𝟐

+ 𝟐ሺ𝒙𝟑 − 𝟓ሻ
𝟏
𝟐 

𝑑𝑦

𝑑𝑥
=

3𝑥2ሺ2𝑥 + 4ሻ

2ሺ𝑥3 − 5ሻ
1
2

+
2ሺ𝒙𝟑 − 𝟓ሻ

ሺ𝒙𝟑 − 𝟓ሻ
𝟏
𝟐

 

𝑑𝑦

𝑑𝑥
=

3𝑥2ሺ2𝑥 + 4ሻ + 𝟒ሺ𝑥3 − 5ሻ

𝟐ሺ𝑥3 − 5ሻ
1
2

 

𝑑𝑦

𝑑𝑥
=

𝟔𝒙𝟑 + 𝟏𝟐𝒙𝟐 + 𝟒𝒙𝟑 − 𝟐𝟎

2ሺ𝑥3 − 5ሻ
1
2

 

𝑑𝑦

𝑑𝑥
=

𝟏𝟎𝒙𝟑 + 12𝑥2 − 20

2ሺ𝑥3 − 5ሻ
1
2

 

𝑑𝑦

𝑑𝑥
=

𝟓𝒙𝟑 + 𝟔𝒙𝟐 − 𝟏𝟎

ሺ𝑥3 − 5ሻ
1
2

 

 

𝒗 = ሺ𝟐𝒙 + 𝟒ሻ 
𝒅𝒗

𝒅𝒙
= 𝟐 

(e) 

(1) 

𝒖 = ሺ𝒙𝟑 − 𝟓ሻ
𝟏
𝟐 

𝒅𝒖

𝒅𝒙
=

𝟑𝒙𝟐

𝟐ሺ𝒙𝟑 − 𝟓ሻ
𝟏
𝟐

 

(1) 

(1) 

(1) 

𝑦 =
ሺ2𝑥 − 1ሻ9

𝑥3 + 4
 

 

 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

− 𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝑑𝑦

𝑑𝑥
=

𝟏𝟖ሺ𝒙𝟑 + 𝟒ሻሺ𝟐𝒙 − 𝟏ሻ𝟖 − 𝟑𝒙𝟐ሺ𝟐𝒙 − 𝟏ሻ𝟗

ሺ𝒙𝟑 + 𝟒ሻ𝟐
 

𝑑𝑦

𝑑𝑥
=

ሺ𝟐𝒙 − 𝟏ሻ𝟖ሺ18ሺ𝑥3 + 4ሻ − 3𝑥2ሺ𝟐𝒙 − 𝟏ሻሻ

ሺ𝑥3 + 4ሻ2
 

𝑑𝑦

𝑑𝑥
=

ሺ2𝑥 − 1ሻ8ሺ𝟏𝟖𝒙𝟑 + 𝟕𝟐 − 𝟔𝒙𝟑 + 𝟑𝒙𝟐ሻ

ሺ𝑥3 + 4ሻ2
 

𝑑𝑦

𝑑𝑥
=

ሺ2𝑥 − 1ሻ8ሺ𝟏𝟐𝒙𝟑 + 3𝑥2 + 72ሻ

ሺ𝑥3 + 4ሻ2
 

𝑑𝑦

𝑑𝑥
=

𝟑ሺ2𝑥 − 1ሻ8ሺ𝟒𝒙𝟑 + 𝒙𝟐 + 𝟐𝟒ሻ

ሺ𝑥3 + 4ሻ2
 

 

𝒗 = 𝒙𝟑 + 𝟒 
𝒅𝒗

𝒅𝒙
= 𝟑𝒙𝟐 

(f) 

(1) 

𝒖 = ሺ𝟐𝒙 − 𝟏ሻ𝟗 
𝒅𝒖

𝒅𝒙
= 𝟏𝟖ሺ𝟐𝒙 − 𝟏ሻ𝟖 

(1) 

(1) 

(1) 



 
 

8 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝑦 = ሺ4𝑥 − 4ሻሺ2 + 9𝑥2ሻ6 

 

 

 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝑑𝑦

𝑑𝑥
= 𝟒൫𝟐 + 𝟗𝒙𝟐൯

𝟔
+ 𝟏𝟎𝟖𝒙ሺ𝟒𝒙 − 𝟒ሻ൫𝟐 + 𝟗𝒙𝟐൯

𝟓
 

𝑑𝑦

𝑑𝑥
= ൫𝟐 + 𝟗𝒙𝟐൯

𝟓
൫4൫𝟐 + 𝟗𝒙𝟐൯ + 108𝑥ሺ4𝑥 − 4ሻ൯ 

𝑑𝑦

𝑑𝑥
= ሺ2 + 9𝑥2ሻ5൫𝟖 + 𝟑𝟔𝒙𝟐 + 𝟒𝟑𝟐𝒙𝟐 − 𝟒𝟑𝟐𝒙൯ 

𝑑𝑦

𝑑𝑥
= ሺ2 + 9𝑥2ሻ5൫𝟒𝟔𝟖𝒙𝟐 − 432𝑥 + 8൯ 

𝑑𝑦

𝑑𝑥
= 𝟒ሺ2 + 9𝑥2ሻ5൫𝟏𝟏𝟕𝒙𝟐 − 𝟏𝟎𝟖𝒙 + 𝟐൯ 

 

𝒗 = ൫𝟐 + 𝟗𝒙𝟐൯
𝟔

 

𝒅𝒗

𝒅𝒙
= 𝟏𝟎𝟖𝒙൫𝟐 + 𝟗𝒙𝟐൯

𝟓
 

(a) 

(1) 

𝒖 = 𝟒𝒙 − 𝟒 
𝒅𝒖

𝒅𝒙
= 𝟒 

(1) 

(1) 

(1) 

(b) 

𝒖 = ሺ𝟓𝒙 − 𝟐ሻ
𝟏
𝟐 

𝒅𝒖

𝒅𝒙
=

𝟓

𝟐
ሺ𝟓𝒙 − 𝟐ሻ−

𝟏
𝟐 

𝒗 = 𝟕𝒙 + 𝒙𝟐 
𝒅𝒗

𝒅𝒙
= 𝟕 + 𝟐𝒙 (1) 

(1) 

(1) 

(1) 

𝑦 =
ሺ5𝑥 − 2ሻ

1
2

7𝑥 + 𝑥2
 

 

 

 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

− 𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝑑𝑦

𝑑𝑥
=

𝟓
𝟐

ሺ𝟕𝒙 + 𝒙𝟐ሻሺ𝟓𝒙 − 𝟐ሻ−
𝟏
𝟐 − ሺ𝟓𝒙 − 𝟐ሻ

𝟏
𝟐ሺ𝟕 + 𝟐𝒙ሻ

ሺ𝟕𝒙 + 𝒙𝟐ሻ𝟐
 

𝑑𝑦

𝑑𝑥
=

ሺ𝟓𝒙 − 𝟐ሻ−
𝟏
𝟐 ቀ

5
2 ሺ7𝑥 + 𝑥2ሻ − ሺ𝟓𝒙 − 𝟐ሻሺ7 + 2𝑥ሻቁ

ሺ7𝑥 + 𝑥2ሻ2
 

𝑑𝑦

𝑑𝑥
=

𝟓ሺ7𝑥 + 𝑥2ሻ − 𝟐൫𝟏𝟎𝒙𝟐 + 𝟑𝟏𝒙 − 𝟏𝟒൯

𝟐ሺ7𝑥 + 𝑥2ሻ2ሺ𝟓𝒙 − 𝟐ሻ
𝟏
𝟐

 

𝑑𝑦

𝑑𝑥
=

𝟑𝟓𝒙 + 𝟓𝒙𝟐 − 𝟐𝟎𝒙𝟐 − 𝟔𝟐𝒙 + 𝟐𝟖

2ሺ7𝑥 + 𝑥2ሻ2ሺ5𝑥 − 2ሻ
1
2

 

𝑑𝑦

𝑑𝑥
=

−𝟏𝟓𝒙𝟐 − 𝟐𝟕𝒙 + 28

2𝒙𝟐ሺ𝟕 + 𝒙ሻ𝟐ሺ5𝑥 − 2ሻ
1
2

 

 

𝑦 =
1

ξ𝑥
ሺ2𝑥3 − 9𝑥ሻ 

 

 

 

 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝑑𝑦

𝑑𝑥
= −

𝟐𝒙𝟑 − 𝟗𝒙

𝟐ξ𝒙𝟑
+

𝟔𝒙𝟐 − 𝟗

ξ𝒙
 

𝑑𝑦

𝑑𝑥
=

𝟗 − 𝟐𝒙𝟐

2ξ𝒙
+

6𝑥2 − 9

ξ𝑥
 

𝑑𝑦

𝑑𝑥
=

9 − 2𝑥2 + 𝟏𝟐𝒙𝟐 − 𝟏𝟖

𝟐ξ𝑥
 

𝑑𝑦

𝑑𝑥
=

𝟏𝟎𝒙𝟐 − 𝟗

2ξ𝑥
 

 
 

𝒗 = 𝟐𝒙𝟑 − 𝟗𝒙 
𝒅𝒗

𝒅𝒙
= 𝟔𝒙𝟐 − 𝟗 

(c) 

(1) 

𝒖 =
𝟏

ξ𝒙
 

𝒅𝒖

𝒅𝒙
= −

𝟏

𝟐ξ𝒙𝟑
 

(1) 

(1) 

(1) 

𝑦 =
−𝑥3 + 𝑥2

ሺ𝑥 + 4ሻ
3
2

 

 

 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

− 𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

𝑑𝑦

𝑑𝑥
=

ሺ𝒙 + 𝟒ሻ
𝟑
𝟐൫−𝟑𝒙𝟐 + 𝟐𝒙൯ −

𝟑
𝟐 ሺ−𝒙𝟑 + 𝒙𝟐ሻሺ𝒙 + 𝟒ሻ

𝟏
𝟐

ሺ𝒙 + 𝟒ሻ𝟑
 

𝑑𝑦

𝑑𝑥
=

ሺ𝒙 + 𝟒ሻ
𝟏
𝟐 ቆሺ𝒙 + 𝟒ሻሺ−3𝑥2 + 2𝑥ሻ −

3
2 ሺ−𝑥3 + 𝑥2ሻቇ

ሺ𝑥 + 4ሻ3
 

𝑑𝑦

𝑑𝑥
=

𝟐ሺ−𝟑𝒙𝟑 − 𝟏𝟎𝒙𝟐 + 𝟖𝒙ሻ + 𝟑ሺ𝑥3 − 𝑥2ሻ

𝟐ሺ𝒙 + 𝟒ሻ
𝟓
𝟐

 

𝑑𝑦

𝑑𝑥
=

−𝟔𝒙𝟑 − 𝟐𝟎𝒙𝟐 + 𝟏𝟔𝒙 + 𝟑𝒙𝟑 − 𝟑𝒙𝟐

2ሺ𝑥 + 4ሻ
5
2

 

𝑑𝑦

𝑑𝑥
=

−𝟑𝒙𝟑 − 𝟐𝟑𝒙𝟐 + 16𝑥

2ሺ𝑥 + 4ሻ
5
2

 

𝑑𝑦

𝑑𝑥
=

−𝒙ሺ𝟑𝒙𝟐 + 𝟐𝟑𝒙 − 𝟏𝟔ሻ

2ሺ𝑥 + 4ሻ
5
2

 

 

𝒗 = ሺ𝒙 + 𝟒ሻ
𝟑
𝟐 

𝒅𝒗

𝒅𝒙
=

𝟑

𝟐
ሺ𝒙 + 𝟒ሻ

𝟏
𝟐 

(d) 

(1) 

𝒖 = −𝒙𝟑 + 𝒙𝟐 
𝒅𝒖

𝒅𝒙
= −𝟑𝒙𝟐 + 𝟐𝒙 

(1) 

(1) 

(1) 



 
 

9 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

𝑓ሺ𝑥ሻ = 4𝑥3ሺ7 − 2𝑥ሻ5 

 

 

 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝑑𝑦

𝑑𝑥
= 𝟏𝟐𝒙𝟐ሺ𝟕 − 𝟐𝒙ሻ𝟓 − 𝟏𝟎ሺ𝟒𝒙𝟑ሻሺ𝟕 − 𝟐𝒙ሻ𝟒 

𝑑𝑦

𝑑𝑥
= ሺ𝟕 − 𝟐𝒙ሻ𝟒ሺ12𝑥2ሺ𝟕 − 𝟐𝒙ሻ − 10ሺ4𝑥3ሻሻ 

𝑑𝑦

𝑑𝑥
= ሺ7 − 2𝑥ሻ4൫𝟖𝟒𝒙𝟐 − 𝟐𝟒𝒙𝟑 − 𝟒𝟎𝒙𝟑൯ 

𝑑𝑦

𝑑𝑥
= ሺ7 − 2𝑥ሻ4൫84𝑥2 − 𝟔𝟒𝒙𝟑൯ 

𝑑𝑦

𝑑𝑥
= 𝟒ሺ7 − 2𝑥ሻ4൫𝟐𝟏𝒙𝟐 − 𝟏𝟔𝒙𝟑൯ 

𝑑𝑦

𝑑𝑥
= 𝟒𝒙𝟐ሺ7 − 2𝑥ሻ4ሺ𝟐𝟏 − 𝟏𝟔𝒙ሻ 

 

𝒗 = ሺ𝟕 − 𝟐𝒙ሻ𝟓 
𝒅𝒗

𝒅𝒙
= −𝟏𝟎ሺ𝟕 − 𝟐𝒙ሻ𝟒 

(e) 

(1) 

𝒖 = 𝟒𝒙𝟑 
𝒅𝒖

𝒅𝒙
= 𝟏𝟐𝒙𝟐 

(1) 

(1) 

(1) 

𝑦 =
ሺ𝑥4 + 5𝑥ሻ

ሺ𝑥3 − 4ሻ−
1
2  

 

𝑦 = ሺ𝑥4 + 5𝑥ሻඥ𝑥3 − 4 

 

 

 

 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝑑𝑦

𝑑𝑥
= ൫𝟒𝒙𝟑 + 𝟓൯ඥ𝒙𝟑 − 𝟒 +

𝟑𝒙𝟐൫𝒙𝟒 + 𝟓𝒙൯

𝟐ξ𝒙𝟑 − 𝟒
 

𝑑𝑦

𝑑𝑥
=

ሺ4𝑥3 + 5ሻ൫𝒙𝟑 − 𝟒൯

ξ𝒙𝟑 − 𝟒
+

3𝑥2ሺ𝑥4 + 5𝑥ሻ

2ξ𝑥3 − 4
 

𝑑𝑦

𝑑𝑥
=

𝟐ሺ4𝑥3 + 5ሻሺ𝑥3 − 4ሻ + 3𝑥2ሺ𝑥4 + 5𝑥ሻ

𝟐ξ𝑥3 − 4
 

𝑑𝑦

𝑑𝑥
=

2൫𝟒𝒙𝟔 − 𝟏𝟏𝒙𝟑 − 𝟐𝟎൯ + 𝟑𝒙𝟔 + 𝟏𝟓𝒙𝟑

2ξ𝑥3 − 4
 

𝑑𝑦

𝑑𝑥
=

𝟖𝒙𝟔 − 𝟐𝟐𝒙𝟑 − 𝟒𝟎 + 3𝑥6 + 15𝑥3

2ξ𝑥3 − 4
 

𝑑𝑦

𝑑𝑥
=

𝟏𝟏𝒙𝟔 − 𝟕𝒙𝟑 − 40

2ξ𝑥3 − 4
 

 

 

𝒗 = ඥ𝒙𝟑 − 𝟒 
𝒅𝒗

𝒅𝒙
=

𝟑𝒙𝟐

𝟐ξ𝒙𝟑 − 𝟒
 

(f) 

(1) 

𝒖 = 𝒙𝟒 + 𝟓𝒙 
𝒅𝒖

𝒅𝒙
= 𝟒𝒙𝟑 + 𝟓 

(1) 

(1) 

(1) 



 0 

 
 
 
 
 
 

Concept 1 

The Second Derivative and Graph Sketching– Progressive Questions 

Answers 

___________________________________________________________________________ 

 

Second Derivatives: Q1, Q2 
1.                                                                                [15 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

2.                                                                                [16 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem Set 2 – Applications of Differentiation 
Progressive Questions 

𝑦 = ξ𝑥 = 𝑥
1
2 

𝒚′ =
1

2
𝑥−

1
2 

𝒚′′ = −
𝟏

𝟒
𝒙−

𝟑
𝟐 = −

𝟏

𝟒
𝒙

𝟑
𝟐 

 

(d) 

(2) 

(1) 

𝑦 =
4

𝑥2
 

𝒚′ = −𝟖𝒙−𝟑 

𝒚′′ = 𝟐𝟒𝒙−𝟒 =
𝟐𝟒

𝒙𝟒  (2) 

(e) 

(1) 

𝑦 =
4𝑥3 − 2𝑥4

𝑥
=

4𝑥3

𝑥
−

2𝑥4

𝑥
= 4𝑥2 − 2𝑥3 

𝒚′ = 𝟖𝒙 − 𝟔𝒙𝟐 

𝒚′′ = 𝟖 − 𝟏𝟐𝒙  (2) 

(f) 

(1) 

𝑦 = 𝑥2 − 4𝑥 

𝒚′ = 𝟐𝒙 − 𝟒 

𝒚′′ = 𝟐  

 

(a) 

(1) 

(1) 

𝑦 = 4𝑥3 + 2𝑥 + 4  

𝒚′ = 𝟏𝟐𝒙𝟐 + 𝟐 

𝒚′′ = 𝟐𝟒𝒙  

 

(b) 

(1) 

(1) 

𝑦 = 7𝑥4 − 3𝑥3 + 10𝑥2 + 9 

𝒚′ = 𝟐𝟖𝒙𝟑 − 𝟗𝒙𝟐 + 𝟐𝟎𝒙  

𝒚′′ = 𝟖𝟒𝒙𝟐 − 𝟏𝟖𝒙 + 𝟐𝟎  

 

(1) 

(c) 

(1) 

𝑦 = 2𝑥5 − 6𝑥3 

𝒚′ = 𝟏𝟎𝒙𝟒 − 𝟏𝟖𝒙𝟐 

𝒚′′ = 𝟒𝟎𝒙𝟑 − 𝟑𝟔𝒙  

 

(1) 

(a) 

(1) 

𝑦 =
4

𝑥4 − 4ξ𝑥 

= 4𝑥−4 − 4𝑥
1
2 

𝒚′ = −𝟏𝟔𝒙−𝟓 − 𝟐𝒙−
𝟏

𝟐    (1) 

𝒚′′ = 𝟖𝟎𝒙−𝟔 + 𝒙−
𝟑
𝟐 =

𝟖𝟎

𝒙𝟔 +
𝟏

𝒙
𝟑
𝟐

 

 

(2) 

(f) 𝑦 =
7𝑥3 − 6𝑥5

𝑥4
=

7𝑥3

𝑥4
−

6𝑥5

𝑥4
 

= 7𝑥−1 − 6𝑥 

𝒚′ = −𝟕𝒙−𝟐 − 𝟔   (1) 

𝒚′′ = 𝟏𝟒𝒙−𝟑 =
𝟏𝟒

𝒙𝟑  (2) 

(e) 
𝑦 = 6𝑥3 −

3

𝑥
= 6𝑥3 − 3𝑥−1 

𝒚′ = 𝟏𝟖𝒙𝟐 + 𝟑𝒙−𝟐 (1) 

𝒚′′ = 𝟑𝟔𝒙 − 𝟔𝒙−𝟑 = 36𝑥 −
6

𝑥3 (2) 

(d) 

𝑦 = 3𝑥 −
1

𝑥
= 3𝑥 − 𝑥−1 

𝒚′ = 𝟑 + 𝒙−𝟐 

𝒚′′ = −𝟐𝒙−𝟑 = −
𝟐

𝒙𝟑 

 

(1) 

(b) 

(1) 

𝑦 =
1

𝑥
3
2

= 𝑥−
3
2 

𝒚′ = −
𝟑

𝟐
𝒙−

𝟓
𝟐 

𝒚′′ =
𝟏𝟓

𝟒
𝒙−

𝟕
𝟐 =

𝟏𝟓

𝟒𝒙
𝟕
𝟐

 

 

(2) 

(c) 

(1) 



 1 

− 

− 
− 

− 
− 

− 

− 

− 
− 

− 
− 

− 

Derivative Sketching: Q3, Q4 
3.                                                                                [11 marks]       

(a)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑥 

𝑓(𝑥) 

𝑥 

𝑓(𝑥) (ii) (i) 

− 

− 

− 

− 

− 

+ 

+ 

+ 

+ 

+ − 

Maximum TP 

 

Gradient = 𝟎 

 

𝒇′(𝒙) 

𝑥 

− 

− 

− 

− 

− 

− 

− 

− 

𝒇′(𝒙) 

𝑥 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Horizontal POI 

 

(iii) 

𝑓(𝑥) 

𝑥 

𝒇′(𝒙) 

− 

− + 
+ 

+ 

+ − 

− 

Minimum TP 

 

𝑥 

− 

− 
− 

− 

+ 

+ 

+ 

+ 
+ 

− 

Maximum TP 

 

𝑥 

𝒇′(𝒙) 

− 

− 

− 

− 

− 

+ 

+ 

+ 
+ 

+ 

− 
− 

Minimum TP 

 

Vertical POI 

 

Maximum TP 

 

(iv) 
𝑓(𝑥) 

𝑥 



 2 

 

 

 

 

 

 

 

4.                                                                                [16 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Marking Criteria Marks Allocated 

• Part (a) Labels positive and negative gradients of each function 1 − 4 

• Part (b) Labels all critical points where possible 1 − 3 

• Part (c) correct sketching of derivative curve, along with labelling of all 

possible gradients and critical points. 
1 − 4 

Total 11 

Maximum TP 

 

− 
− − 

+ + 
+ + 

+ − 

− 

Minimum TP 

 

Maximum TP 

 

(i) 

− 

− 

− 

+ 

+ 

+ 

+ 

+ 

− 

Minimum TP 

 

Maximum TP 

 

− 

− 

− 

+ 

+ 

+ 

+ 

+ 

− 

− 

Minimum TP 

 

Vertical POI 

 𝒇′′(𝒙) 

𝑥 

Minimum TP 

 
Vertical POI 

 

Vertical  
POI 

 

+ 

+ 

𝑓(𝑥) 

𝒇′(𝒙) 

𝑥 

𝑥 

− 

− 

− 

− 

− 

+ 

+ 

+ 

+ 

+ 

− 

− 

Minimum TP 

 

Maximum TP 

 
(ii) 

− 

− 

− 

− 

− 

+ 

+ 

+ 

+ + 

− 

− 

Minimum TP 

 

Maximum TP 

 

𝒇′(𝒙) 

𝑓(𝑥) 

𝑥 

𝑥 

Vertical  
POI 

 

Horizontal  
POI 

 

Vertical  
POI 

 

Vertical  
POI 

 

Vertical  
POI 

 

− 

− 

− 

− 

− 

+ 

+ 

+ 

− 

− 

Minimum TP 

 

Vertical  
POI 

 

Maximum TP 

 

𝒇′′(𝒙) 

𝑥 



 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Marking Criteria Marks Allocated 

• Part (i) correct sketching of first and second derivative curve, along with 

labelling of all possible gradients and critical points. 
1 − 4 

• Part (ii) correct sketching of first and second derivative curve, along with 

labelling of all possible gradients and critical points. 
1 − 4 

• Part (iii) correct sketching of first and second derivative curve, along with 

labelling of all possible gradients and critical points. 
1 − 4 

• Part (iv) correct sketching of first and second derivative curve, along with 

labelling of all possible gradients and critical points. 
1 − 4 

Total 16 

− 

− 

− 

− 

+ 

+  

+ 

+ 
− 

− 

Minimum TP 

 

(iii) 

+ 

+ 
+ 

+ 

+ 

− 

− 

Minimum TP 

 

Maximum TP 

 

𝑓(𝑥) 

𝑥 

𝑥 

𝒇′(𝒙) 

Vertical POI 

 

Horizontal POI 

 

Vertical  
POI 

 

− 

− 

− 

+ 

+ 

+ 

+ 

− 

Minimum TP 

 

𝒇′′(𝒙) 

𝑥 

− 

− 

− 

− 

− 

+ 

+ 

+ 

+ 

− 

− 

Minimum TP 

 

Vertical  
POI 

 

Maximum TP 

 

(iv) 
𝒇′′(𝒙) 

𝑥 

Maximum TP 

 
− 

 

− 

 

− 

 
 

 
 

 

 

 
 

 

 

Maximum TP 

 

(iv) 

− 

− 

− 

− 

− 

+ 

+ 

+ 

+ 

+ 

− 

− 

− 

Minimum TP 

 

Maximum TP 

 

𝑓(𝑥) 

𝑥 

𝑥 

𝒇′(𝒙) Maximum TP 

 

Vertical POI 

 
Vertical  

POI 

 

Minimum TP 

 

Vertical POI 

 

Vertical  
POI 

 

− 

− 

− 
+ 

+ 

+ 

+ 

+ 

+ 
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Graph Sketching: Q5, Q6, Q7 
5.                                                                                [29 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1) 

𝑦 = 3𝑥2 + 4 
𝒅𝒚

𝒅𝒙
= 𝟔𝒙 

𝑑𝑦

𝑑𝑥
= 0 

0 = 6𝑥 

𝒙 = 𝟎 

𝒅𝟐𝒚

𝒅𝒙𝟐 = 𝟔 

𝒅𝟐𝒚

𝒅𝒙𝟐 > 𝟎 

∴ 𝒎𝒊𝒏𝒊𝒎𝒖𝒎 𝑻𝑷 

(1) 

(1) 

(a) 

(1) 

TP at 𝒙 = 𝟎 

 

𝑦 

𝑥 

(1) 

𝑦 =
𝑥3

3
+

3𝑥2

2
+ 2𝑥 + 8   

𝒅𝒚

𝒅𝒙
= 𝒙𝟐 + 𝟑𝒙 + 𝟐  

𝑑𝑦

𝑑𝑥
= 0 

0 = 𝑥2 + 3𝑥 + 2 

0 = (𝑥 + 1)(𝑥 + 2) 

𝒙 = −𝟏, 𝒙 = −𝟐 

𝒅𝟐𝒚

𝒅𝒙𝟐 = 𝟐𝒙 + 𝟑 

𝒅𝟐𝒚

𝒅𝒙𝟐ቤ
𝒙=−𝟏

= 𝟐(−𝟏) + 𝟑 

𝒅𝟐𝒚

𝒅𝒙𝟐ቤ
𝒙=−𝟏

= 𝟏 > 𝟎 

∴ 𝒙 = −𝟏 𝒎𝒊𝒏𝒊𝒎𝒖𝒎 𝑻𝑷  

𝒅𝟐𝒚

𝒅𝒙𝟐
ቤ

𝒙=−𝟐

= 𝟐(−𝟐) + 𝟑 

𝒅𝟐𝒚

𝒅𝒙𝟐ቤ
𝒙=−𝟏

= −𝟏 < 𝟎 

∴ 𝒙 = −𝟐 𝒎𝒂𝒙𝒊𝒎𝒖𝒎 𝑻𝑷 

𝑑2𝑦

𝑑𝑥2 = 0 

2𝑥 + 3 = 0 

𝒙 = −
𝟑

𝟐
 

𝑦ȁ
𝑥=−

3
2

=
9

4
+

18

4
+

8

4
=

𝟑𝟏

𝟒
> 𝟎  

∴ 𝒙 = −
𝟑

𝟐
 𝑯𝑷𝑶𝑰 

(1) 

(c) 

(1) 

(1) 

 

𝑦 

𝑥 

TP at 𝒙 = −𝟏 

 

TP at 𝒙 = −𝟐 

 
HPOI at 𝒙 = −

𝟑

𝟐
 

 

(1) (1) 

(1) 

𝑦 = 𝑥2 + 2𝑥 + 4 
𝒅𝒚

𝒅𝒙
= 𝟐𝒙 + 𝟐 

𝑑𝑦

𝑑𝑥
= 0 

0 = 𝑥 + 1 

𝒙 = −𝟏 

𝒅𝟐𝒚

𝒅𝒙𝟐 = 𝟐 

𝒅𝟐𝒚

𝒅𝒙𝟐 > 𝟎 

∴ 𝒎𝒊𝒏𝒊𝒎𝒖𝒎 𝑻𝑷 

 

(1) 

(b) 

TP at 𝒙 = −𝟏 

𝑦 

𝑥 

(1) 

(1) 

𝑦 = ξ𝑥 + 4𝑥 

𝑦 = 𝑥
1
2 + 4𝑥 

𝒅𝒚

𝒅𝒙
=

𝟏

𝟐
𝒙−

𝟏
𝟐 + 𝟒 

𝒅𝒚

𝒅𝒙
=

𝟏

𝟐ξ𝒙
+ 𝟒 

𝑑𝑦

𝑑𝑥
= 0 

0 =
1

2ξ𝑥
+ 4 

−4 =
1

2ξ𝑥
 

No Solution 

There is no turning point 

(1) 

(d) 

(1) 

(1) 

(1) 

𝑦 

𝑥 

Function begins 
at 𝒙 = 𝟎 

 



 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Point to note: To complete parts (e) and (f) without a calculator, consider using the quadratic formula. 

 

 

𝑦 = 𝑥4 + 7𝑥3 + 4𝑥2 + 2 

𝒅𝒚

𝒅𝒙
= 𝟒𝒙𝟑 + 𝟐𝟏𝒙𝟐 + 𝟖𝒙 

𝑑𝑦

𝑑𝑥
= 0 

0 = 4𝑥3 + 21𝑥2 + 8𝑥 

0 = 𝑥(4𝑥2 + 21𝑥 + 8) 

𝒙 = 𝟎, 𝒙 = −𝟎. 𝟒𝟏𝟒, 𝒙 = −𝟒. 𝟖𝟑𝟔 

𝒅𝟐𝒚

𝒅𝒙𝟐 = 𝟏𝟐𝒙𝟐 + 𝟒𝟐𝒙 + 𝟖 

𝒅𝟐𝒚

𝒅𝒙𝟐ቤ
𝒙=𝟎

= 𝟏𝟐(𝟎)𝟐 + 𝟒𝟐(𝟎) + 𝟖 

𝒅𝟐𝒚

𝒅𝒙𝟐ቤ
𝒙=𝟎

= 𝟐𝟎 > 𝟎 

 ∴ 𝒙 = 𝟎 𝒎𝒊𝒏𝒊𝒎𝒖𝒎 𝑻𝑷 

𝒅𝟐𝒚

𝒅𝒙𝟐ቤ
𝒙=−𝟎.𝟒𝟏𝟒

= 𝟏𝟐(−𝟎. 𝟒𝟏𝟒)𝟐 + 𝟒𝟐(−𝟎. 𝟒𝟏𝟒) + 𝟖 

𝒅𝟐𝒚

𝒅𝒙𝟐ቤ
𝒙=−𝟎.𝟒𝟏𝟒

= −𝟏𝟏. 𝟒𝟒 < 𝟎 

∴ 𝒙 = −𝟎. 𝟒𝟏𝟒 𝒎𝒂𝒙𝒊𝒎𝒖𝒎 𝑻𝑷 

𝒅𝟐𝒚

𝒅𝒙𝟐ቤ
𝒙=−𝟒.𝟖𝟑𝟔

= 𝟏𝟐(−𝟒. 𝟖𝟑𝟔)𝟐 + 𝟒𝟐(−𝟒. 𝟖𝟑𝟔) + 𝟖 

𝒅𝟐𝒚

𝒅𝒙𝟐ቤ
𝒙=−𝟒.𝟖𝟑𝟔

= 𝟖𝟓. 𝟓𝟑𝟏 > 𝟎 

 ∴ 𝒙 = −𝟒. 𝟖𝟑𝟔 𝒎𝒊𝒏𝒊𝒎𝒖𝒎 𝑻𝑷 

 

 

(1) 

(e) 

(1) 

(1) 

(1) 

 

𝑦 

𝑥 

TP at 𝒙 = −𝟎. 𝟒𝟏𝟒 

 

TP at 𝒙 = 𝟎 

 

TP at 𝒙 = −𝟒. 𝟖𝟑𝟔 

 

(1) 

𝑦 = 𝑥5 + 𝑥3 + 2𝑥4 
𝒅𝒚

𝒅𝒙
= 𝟓𝒙𝟒 + 𝟑𝒙𝟐 + 𝟖𝒙𝟑 

𝑑𝑦

𝑑𝑥
= 0 

0 = 5𝑥4 + 3𝑥2 + 8𝑥3 

0 = 𝑥2(5𝑥2 + 3 + 8𝑥) 

0 = 𝑥2(5𝑥 + 3)(𝑥 + 1) 

𝒙 = 𝟎, 𝒙 = −
𝟑

𝟓
, 𝒙 = −𝟏 

𝒅𝟐𝒚

𝒅𝒙𝟐 = 𝟐𝟎𝒙𝟑 + 𝟔𝒙 + 𝟐𝟒𝒙𝟐 

𝒅𝟐𝒚

𝒅𝒙𝟐ቤ
𝒙=𝟎

= 𝟐𝟎(𝟎)𝟑 + 𝟔(𝟎) + 𝟐𝟒(𝟎)𝟐 

𝒅𝟐𝒚

𝒅𝒙𝟐ቤ
𝒙=𝟎

= 𝟎 = 𝟎 

∴ 𝒙 = 𝟎 𝑯𝑷𝑶𝑰 

𝒅𝟐𝒚

𝒅𝒙𝟐ቤ
𝒙=−

𝟑
𝟓

= 𝟐𝟎 ൬−
𝟑

𝟓
൰

𝟑

+ 𝟔 ൬−
𝟑

𝟓
൰ + 𝟐𝟒 ൬−

𝟑

𝟓
൰

𝟐

 

𝒅𝟐𝒚

𝒅𝒙𝟐
ቤ

𝒙=−
𝟑
𝟓

= 𝟎. 𝟕𝟐 > 𝟎 

∴ 𝒙 = −
𝟑

𝟓
 𝒎𝒊𝒏𝒊𝒎𝒖𝒎 𝑻𝑷 

𝒅𝟐𝒚

𝒅𝒙𝟐ቤ
𝒙=−𝟏

= 𝟐𝟎(−𝟏)𝟑 + 𝟔(−𝟏) + 𝟐𝟒(−𝟏)𝟐 

𝒅𝟐𝒚

𝒅𝒙𝟐ቤ
𝒙=−𝟏

= −𝟐 < 𝟎 

∴ 𝒙 = −𝟏 𝒎𝒂𝒙𝒊𝒎𝒖𝒎 𝑻𝑷 

 

(1) 

(f) 

(1) 

(1) 

(1) 

 

𝑦 

𝑥 

TP at 𝒙 = −𝟏 

 

TP at 𝒙 = −
𝟑

𝟓
 

 

TP at 𝒙 = 𝟎 

 (1) 



 6 

 

 

6.                                                                                [12 marks]       

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 
 

 

 

Point to note: The location and steepness of the curve is not important, it’s just the shape of the curve because we 

don’t have any information about the 𝑥 and 𝑦 coordinates of the function. Also, usually if 
𝑑𝑦

𝑑𝑥
= 0 and 

𝑑2𝑦

𝑑𝑥2 = 0, the 

nature of that critical point is inconclusive, but for the purpose of this question we assume that it is a HPOI. 

 

              

 

 

 

 

 

 

Marking Criteria Marks Allocated 

• Sketched function has all critical points 1 − 4 

• Sketched function has correct positive and negative gradients 1 − 4 

• Sketched function has the correct shape 1 − 4 

Total 12 

(1) 

(a) 

(i) Turning points are at: B and E  (1) 
(ii)  Inflection point is at D  (1) 
(iii)   

(3) 

(b) 

(3) 

(c) 

(3) 

(d) 
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7.                                                                      [28 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Substitute 𝒚(𝟏) = 𝟒 to solve for 𝒂: 

Use the value of 𝒂 to solve for 𝒃: 

𝟒 = 𝒂(𝟏)𝟐 − 𝟐𝒂(𝟏) + 𝟐 

𝟒 = −𝒂 + 𝟐 

𝒂 = −𝟐 

𝒃 = −𝟐(−𝟐)  

∴ 𝒚 = −𝟐𝒙𝟐 + 𝟒𝒙 + 𝟐 

𝒃 = 𝟒  

(1) 

(1) 

(1) 

𝒚 = 𝒂𝒙𝟐 + 𝒃𝒙 + 𝟐 

We know 𝒄 = 𝟐 since the 𝒚-intercept is at (𝟎, 𝟐): 

𝒚′ = 𝟐𝒂𝒙 + 𝒃 

Substitute in 𝒚’(𝟏) = 𝟎 from the minimum TP:  

𝟎 = 𝟐𝒂(𝟏) + 𝒃 

𝒃 = −𝟐𝒂 

𝒚 = 𝒂𝒙𝟐 − 𝟐𝒂𝒙 + 𝟐 

Substitute 𝒃 = −𝟐𝒂 to have 𝒚 in terms of 𝒂: 

(1) 

(a) 

𝒚 = 𝒂𝒙𝟑 + 𝒃𝒙𝟐 + 𝒄𝒙 + 𝟑 

𝒚′ = 𝟑𝒂𝒙𝟐 + 𝟐𝒃𝒙 + 𝒄 

We know 𝒅 = 𝟑 since the 𝒚-intercept is at (𝟎, 𝟑): 

𝟎 = 𝟑𝒂(−𝟏)𝟐 + 𝟐𝒃(−𝟏) + 𝒄 

Substitute in 𝒚’(−𝟏) = 𝟎 from the maximum TP:  

𝟎 = 𝟑𝒂 − 𝟐𝒃 + 𝒄 

𝒚′′ = 𝟔𝒂𝒙 + 𝟐𝒃 

Substitute in 𝒚′′(𝟏) = 𝟎 since there is a POI:  

𝟎 = 𝟔𝒂(𝟏) + 𝟐𝒃 

𝒚′′(𝟏) = 𝟎 

∴ 𝒄 = 𝟐𝒃 − 𝟑𝒂 𝟏 

𝟐 𝒃 = −𝟑𝒂 

𝒄 = 𝟐(−𝟑𝒂) − 𝟑𝒂 

𝒄 = −𝟗𝒂 

Substitute 𝒚(𝟏) = −𝟖 to solve for 𝒂: 

Use the value of 𝒂 to solve for 𝒃 and 𝒄: 

−𝟖 = 𝒂(𝟏)𝟑 − 𝟑𝒂(𝟏)𝟐 − 𝟗𝒂(𝟏) + 𝟑 

−𝟖 = 𝒂 − 𝟑𝒂 − 𝟗𝒂 + 𝟑 

−𝟏𝟏 = −𝟏𝟏𝒂 

𝒂 = 𝟏 

𝒃 = −𝟑 and 𝒄 = −𝟗 

∴ 𝒚 = 𝒙𝟑 − 𝟑𝒙𝟐 − 𝟗𝒙 + 𝟑 

Substitute        into 

:  

𝟏 𝟐 

Substitute 𝒃 = −𝟑𝒂 and 𝒄 = −𝟗𝒂 to have 𝒚 
in terms of 𝒂: 

𝒚 = 𝒂𝒙𝟑 − 𝟑𝒂𝒙𝟐 − 𝟗𝒂𝒙 + 𝟑 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(b) 
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We know 𝒅 = 𝟐 since the 𝒚-intercept is at (𝟎, 𝟐): 

𝒚 = 𝒂𝒙𝟓 + 𝒃𝒙𝟒 + 𝒄𝒙𝟑 + 𝒅𝒙 + 𝟐 

𝒚′ = 𝟓𝒂𝒙𝟒 + 𝟒𝒃𝒙𝟑 + 𝟑𝒄𝒙𝟐 + 𝒅 

From the gradient of the line 𝒚 = 𝟓𝒙 − 𝟑, 

 𝒚′ = 𝟓 when 𝒙 = 𝟎  

Substitute in 𝒚′(𝟎) = 𝟓:  

𝟓 = 𝟓𝒂(𝟎)𝟒 + 𝟒𝒃(𝟎)𝟑 + 𝟑𝒄(𝟎)𝟐 + 𝒅 

∴ 𝒅 = 𝟓 

Substitute in 𝒚’(−𝟎. 𝟓) = 𝟎 from the minimum TP: 

𝟎 = 𝟓𝒂(−𝟎. 𝟓)𝟒 + 𝟒𝒃(−𝟎. 𝟓)𝟑 + 𝟑𝒄(−𝟎. 𝟓)𝟐 + 𝟓 

−𝟓 =
𝟓

𝟏𝟔
𝒂 −

𝟏

𝟐
𝒃 +

𝟑

𝟒
𝒄 

𝒃 =
𝟓

𝟖
𝒂 +

𝟑

𝟐
𝒄 + 𝟏𝟎 

From the gradient of the line 𝒚 = 𝟑𝒙 + 𝟖, 

 𝒚′ = 𝟑 when 𝒙 = 𝟏  

Substitute in 𝒚′(𝟏) = 𝟓:  

𝟑 = 𝟓𝒂(𝟏)𝟒 + 𝟒𝒃(𝟏)𝟑 + 𝟑𝒄(𝟏)𝟐 + 𝟓 

−𝟐 = 𝟓𝒂 + 𝟒𝒃 + 𝟑𝒄 

Substitute        into 

−𝟐 = 𝟓𝒂 + 𝟒(
𝟓

𝟖
𝒂 +

𝟑

𝟐
𝒄 + 𝟏𝟎) + 𝟑𝒄 

−𝟐 = 𝟓𝒂 +
𝟓

𝟐
𝒂 + 𝟔𝒄 + 𝟒𝟎 + 𝟑𝒄 

𝒄 = −
𝟓

𝟔
𝒂 −

𝟏𝟒

𝟑
 

𝒚′′ = 𝟐𝟎𝒂𝒙𝟑 + 𝟏𝟐𝒃𝒙𝟐 + 𝟔𝒄𝒙 

Substitute in 𝒚′′(−𝟏) = 𝟎 from the inflection point: 

𝟎 = 𝟐𝟎𝒂(−𝟏)𝟑 + 𝟏𝟐𝒃(−𝟏)𝟐 + 𝟔𝒄(−𝟏) 

𝟎 = −𝟐𝟎𝒂 + 𝟏𝟐𝒃 − 𝟔𝒄 

Substitute        into 

𝟎 = −𝟐𝟎𝒂 + 𝟏𝟐(
𝟓

𝟖
𝒂 +

𝟑

𝟐
𝒄 + 𝟏𝟎) − 𝟔𝒄 

𝟎 = −
𝟐𝟓

𝟐
𝒂 + 𝟏𝟐𝒄 + 𝟏𝟐𝟎 

Substitute        into 

𝟎 = −
𝟐𝟓

𝟐
𝒂 + 𝟏𝟐(−

𝟓

𝟔
𝒂 −

𝟏𝟒

𝟑
) + 𝟏𝟐𝟎 

𝟎 = −
𝟐𝟓

𝟐
𝒂 − 𝟏𝟎𝒂 − 𝟓𝟔 + 𝟏𝟐𝟎 

∴ 𝒂 =
𝟏𝟐𝟖

𝟒𝟓
 

Substitute 𝒂 =
𝟏𝟐𝟖

𝟒𝟓
 into  

𝒄 = −
𝟓

𝟔
(
𝟏𝟐𝟖

𝟒𝟓
) −

𝟏𝟒

𝟑
 

∴ 𝒄 = −
𝟏𝟗𝟎

𝟐𝟕
 

Substitute 𝒂 =
𝟏𝟐𝟖

𝟒𝟓
 and 𝒄 = −

𝟏𝟗𝟎

𝟐𝟕
 into  

𝒃 =
𝟓

𝟖
(
𝟏𝟐𝟖

𝟒𝟓
) +

𝟑

𝟐
(−

𝟏𝟗𝟎

𝟐𝟕
) + 𝟏𝟎 

∴ 𝒃 =
𝟏𝟏

𝟗
 

∴ 𝒚 =
𝟏𝟐𝟖

𝟒𝟓
𝒙𝟓 +

𝟏𝟏

𝟗
𝒙𝟒 −

𝟏𝟗𝟎

𝟐𝟕
𝒙𝟑 + 𝟓𝒙 + 𝟐 

(d) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

We know 𝒅 = 𝟔 since the 𝒚-intercept is at (𝟎, 𝟔): 

𝒚 = 𝒂𝒙𝟒 + 𝒃𝒙𝟑 + 𝒄𝒙𝟐 + 𝟔 

𝒚′ = 𝟒𝒂𝒙𝟑 + 𝟑𝒃𝒙𝟐 + 𝟐𝒄𝒙 

Substitute in 𝒚’(−𝟐) = 𝟎 from the minimum TP: 

𝟎 = 𝟒𝒂(−𝟐)𝟑 + 𝟑𝒃(−𝟐)𝟐 + 𝟐𝒄(−𝟐) 

𝟎 = −𝟑𝟐𝒂 + 𝟏𝟐𝒃 − 𝟒𝒄 

∴ 𝒄 = −𝟖𝒂 + 𝟑𝒃 

From the gradient of the line 𝒚 = 𝟑𝒙 + 𝟖, 

 𝒚′ = 𝟑 when 𝒙 = −𝟏  

Substitute in 𝒚′(−𝟏) = 𝟑:  

𝒚′(−𝟏) = 𝟑 

𝟑 = 𝟒𝒂(−𝟏)𝟑 + 𝟑𝒃(−𝟏)𝟐 + 𝟐𝒄(−𝟏) 

𝟑 = −𝟒𝒂 + 𝟑𝒃 − 𝟐𝒄 

Substitute        into 

𝟑 = −𝟒𝒂 + 𝟑𝒃 − 𝟐(−𝟖𝒂 + 𝟑𝒃) 

𝟑 = 𝟏𝟐𝒂 − 𝒃 

𝒚′′ = 𝟏𝟐𝒂𝒙𝟐 + 𝟔𝒃𝒙 + 𝟐𝒄 

Substitute in 𝒚′′(𝟏) = 𝟎 from the inflection 

point: 

𝟎 = 𝟏𝟐𝒂(𝟏)𝟐 + 𝟔𝒃(𝟏) + 𝟐𝒄 

−𝟏𝟐𝒂 = 𝟔𝒃 + 𝟐𝒄 

Substitute        into 

−𝟏𝟐𝒂 = 𝟔𝒃 + 𝟐(−𝟖𝒂 + 𝟑𝒃) 

𝒂 = 𝟑𝒃 

Substitute        into 

𝟑 = 𝟏𝟐(𝟑𝒃) − 𝒃 

∴ 𝒃 =
𝟏

𝟏𝟏
 

Substitute 𝒃 =
𝟏

𝟏𝟏
 into  

𝒂 = 𝟑(
𝟏

𝟏𝟏
) 

∴ 𝒂 =
𝟑

𝟏𝟏
 

Substitute 𝒃 =
𝟏

𝟏𝟏
 and 𝒂 =

𝟑

𝟏𝟏
 into  

𝒄 = −𝟖(
𝟑

𝟏𝟏
) + 𝟑(

𝟏

𝟏𝟏
) 

∴ 𝒄 = −
𝟐𝟏

𝟏𝟏
 

∴ 𝒚 =
𝟑

𝟏𝟏
𝒙𝟒 +

𝟏

𝟏𝟏
𝒙𝟑 −

𝟐𝟏

𝟏𝟏
𝒙𝟐 + 𝟔 

(c) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 
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Concept 2 

Rate of Change and Rectilinear Motion – Progressive Questions 

Answers 

___________________________________________________________________________ 

 

Rate of Change: Q1, Q2, Q3  
1.                                                                                 [9 marks]       

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

2.                                                                                [11 marks]       

 

 

 

 

 

 

  

 

 

𝑪(𝟎) = (𝟎)𝟑 − 𝟖(𝟎)𝟐 + 𝟑 

𝑪(𝟎) = $𝟑 

The tomato costs $3 initially. (1) 

𝑪(𝟏𝟎) = (𝟏𝟎)𝟑 − 𝟖(𝟏𝟎)𝟐 + 𝟑 

𝑪(𝟏𝟎) = $𝟐𝟎𝟑 

After ten years, the tomato costs $203. (1) 

(a) 

𝑪(𝒙) = 𝒙𝟑 − 𝟖𝒙𝟐 + 𝟑 

𝑪′(𝒙) = 𝟑𝒙𝟐 − 𝟏𝟔𝒙 (1) 

For 𝒙 = 𝟏𝟐: 

𝑪′(𝟏𝟐) = 𝟑(𝟏𝟐)𝟐 − 𝟏𝟔(𝟏𝟐) 

𝑪′(𝟏𝟐) = $𝟐𝟒𝟎/𝒚𝒆𝒂𝒓  (1) 

(c) 

𝑨(𝒙) = 𝟏𝟎 − 𝟎. 𝟐𝒙𝟐 

𝑨(𝟓) = 𝟏𝟎 − 𝟎. 𝟐(𝟓)𝟐 

𝑨(𝟓) = 𝟓 

On day five, 5 watermelons will be 

available. (1) 

(a) 𝑨(𝒙) = 𝟏𝟎 − 𝟎. 𝟐𝒙𝟐  
𝑨′(𝒙) = −𝟎. 𝟒𝒙 (1) 

For 𝒙 = 𝟕: 

𝑨′(𝟕) = −𝟎. 𝟒(𝟕) 

𝑨′(𝟕) = −𝟐. 𝟕 𝒘𝒂𝒕𝒆𝒓𝒎𝒆𝒍𝒐𝒏𝒔 (1) 

(b) 

For 𝒕 = 𝟎: 

𝑪(𝟎) = (𝟎)𝟑 − 𝟖(𝟎)𝟐 + 𝟑 

𝑪(𝟎) = $𝟑 (1) 

For 𝒕 = 𝟏𝟎: 

𝑪(𝟏𝟎) = (𝟏𝟎)𝟑 − 𝟖(𝟏𝟎)𝟐 + 𝟑 

𝑪(𝟏𝟎) = $𝟐𝟎𝟑 (1) 

 
𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 =  

𝐶(𝑡2) − 𝐶(𝑡1)

∆𝑡
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝑪(𝟏𝟎) − 𝑪(𝟎)

𝟏𝟎 − 𝟎
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝟐𝟎𝟑 − 𝟑

𝟏𝟎
 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 = −$𝟐𝟎/𝒚𝒆𝒂𝒓 (1) 

 

(b) 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 =  
𝐶(𝑡2) − 𝐶(𝑡1)

∆𝑡
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝑪(𝟏𝟒) − 𝑪(𝟏𝟑)

𝟏𝟒 − 𝟏𝟑
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝟏𝟏𝟕𝟗 − 𝟖𝟒𝟖

𝟏
 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 = $𝟑𝟑𝟏/𝒚𝒆𝒂𝒓 (1) 

 

𝑪(𝟏𝟑) = (𝟏𝟑)𝟑 − 𝟖(𝟏𝟑)𝟐 + 𝟑 

𝑪(𝟏𝟑) = $𝟖𝟒𝟖 (1) 

𝑪(𝟏𝟒) = (𝟏𝟒)𝟑 − 𝟖(𝟏𝟒)𝟐 + 𝟑 

𝑪(𝟏𝟒) = $𝟏𝟏𝟕𝟗  

 

(d) 
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3.                                                                                  [9 marks]       

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(e) 𝑨(𝒙) = 𝟏𝟎 − 𝟎. 𝟐𝒙𝟐 (1) 

𝟎 = 𝟏𝟎 − 𝟎. 𝟐𝒙𝟐 

𝒙 = −𝟕. 𝟎𝟕𝟏, 𝒙 = 𝟕. 𝟎𝟕𝟏 (1) 

 

Therefore, during the eight day, the 

watermelons will no longer be available.  (1) 

(d) Part (b) represents the rate of the change at 

the exact point of 7 days. (1) 

Part (c) shows the rate of change as an 

average across days 0 to 7 inclusive.  (1) 

 

𝑪′(𝒙) = 𝟐. 𝟐𝟓 

𝟐. 𝟐𝟓 = 𝟐𝒙𝟐 (1) 

𝟏. 𝟏𝟐𝟓 = 𝒙𝟐 

𝒙 = 𝟏. 𝟎𝟔𝟏 𝒎𝒊𝒏𝒖𝒕𝒆𝒔 (1) 

 

(c) 

𝑪(𝟐) =
𝟐(𝟐)𝟑 − 𝟐

𝟑
 

𝑪(𝟐) = 𝟒. 𝟔𝟔𝟕 𝒅𝒐𝒍𝒍𝒂𝒓𝒔 

Therefore, the cost of the cannonballs 

after 2 minutes is $4.66  (1) 

 

(a) 

(d) 𝑪(𝒙) = 𝟏𝟎𝟎𝟎 

𝟏𝟎𝟎𝟎 =
𝟐𝒙𝟑−𝟐

𝟑
 (1) 

𝟑𝟎𝟎𝟎 = 𝟐𝒙𝟑 − 𝟐 

𝟑𝟎𝟎𝟐 = 𝟐𝒙𝟑 

𝟏𝟓𝟎𝟏 = 𝒙𝟑 

𝒙 = 𝟏𝟏. 𝟒𝟓𝟎 𝒎𝒊𝒏𝒖𝒕𝒆𝒔 (1) 

 

 

 

𝐶(𝑥) =
2𝑥3 − 2

3
 

𝑪′(𝒙) = 𝟐𝒙𝟐 

For 𝒕 = 𝟏𝟎: 

𝐶′(𝟏𝟎) = 2(𝟏𝟎)2 

𝑪′(𝟏𝟎) = 𝟐𝟎𝟎 (1) 

For 𝒕 = 𝟏𝟏: 

𝐶′(𝟏𝟏) = 2(𝟏𝟏)2 

𝑪′(𝟏𝟏) = 𝟐𝟒𝟐  (1) 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 =  
𝐶(𝑡2) − 𝐶(𝑡1)

∆𝑡
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝑪(𝟏𝟏) − 𝑪(𝟏𝟎)

𝟏𝟏 − 𝟏𝟎
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝟐𝟒𝟐 − 𝟐𝟎𝟎

𝟏𝟏 − 𝟏𝟎
 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 = $𝟒𝟐/𝒎𝒊𝒏𝒖𝒕𝒆 (1) 

 

(b) 

(e) 
𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 =  

𝐶(𝑡2) − 𝐶(𝑡1)

∆𝑡
 

𝟒. 𝟓 =
𝒄(𝒕) − 𝒄(𝟐)

𝒕 − 𝟐
 

𝟒. 𝟓 =

𝟐𝒙𝟑 − 𝟐
𝟑

− 𝟒. 𝟔𝟔𝟕

𝒙 − 𝟐
 

𝒙 = 𝟎. 𝟗𝟑𝟔, 𝒙 = 𝟐. 𝟎𝟎𝟎, 𝒙 = −𝟐. 𝟗𝟑𝟔 (1) 

 

For 𝒕 = 𝟎: 

𝑨′(𝒙) = −𝟎. 𝟒(𝟎) 

𝑨′(𝟎) = 𝟎 (1) 

For 𝒕 = 𝟕: 

𝑨′(𝟕) = −𝟎. 𝟒(𝟕) 

𝑨′(𝟕) = −𝟐. 𝟖 (1) 

 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 =  
𝐴(𝑡2) − 𝐴(𝑡1)

∆𝑡
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝑨(𝟕) − 𝑨(𝟎)

𝟕 − 𝟎
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝟐. 𝟖 − 𝟎

𝟕 − 𝟎
 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 = 

𝟎. 𝟒 𝒘𝒂𝒕𝒆𝒓𝒎𝒆𝒍𝒐𝒏𝒔 𝒑𝒆𝒓 𝒅𝒂𝒚 (1) 

 

(c) 
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Rectilinear Motion: Q4, Q5, Q6, Q7 
4.                                                                                [10 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.                                                                                [14 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑣 =
𝑑

𝑑𝑡
(𝟑𝒕𝟐 − 𝟑𝒕 + 𝟐) 

𝒗 = 𝟔𝒕 − 𝟑  
 

𝑎 =
𝑑

𝑑𝑡
(𝟔𝒕 − 𝟑) 

𝒂 = 𝟔  

Velocity is given by 𝒗 = 𝟔𝒕 − 𝟑 m/s. (1) 

Acceleration is given by 𝒂 = 𝟔 m/s2. (1) 

 

 

(b) 𝑠(𝑡) = 3𝑡2 − 3𝑡 + 2 

𝑠(𝟑) = 3(𝟑)2 − 3(𝟑) + 2 

𝒔(𝟑) = 𝟐𝟎 

After 3 seconds, the tomato has travelled 20 

meters. (1) 

(a) 

𝑣(𝑡) = 6𝑡 − 3 

𝟔 = 6𝑡 − 3 (1) 

𝒕 = 𝟏. 𝟓 

The tomato is travelling at 6 m/s at 1.5 seconds. (1) 

 

 

(c) 𝑎(𝑡) = 6 

𝒂(𝟐) = 𝟔  

The acceleration of the tomato is 6 m/s2 

after 2 seconds. (1) 

(d) 

 

𝑠(𝑡) = 3𝑡2 − 3𝑡 + 2 

𝟏𝟎𝟎 = 3𝑡2 − 3𝑡 + 2 (1) 

𝒙 = −𝟓. 𝟐𝟑𝟕, 𝟔. 𝟐𝟑𝟕 (1) 

Impossible to have a negative time value so −𝟓. 𝟐𝟑𝟕 is 

neglected. (1) 

The tomatoes reach the building at 6.237 seconds. (1) 

(e) 

𝑣 =
𝑑

𝑑𝑡
(𝑡3 − 4𝑡2 + 𝑡 + 5) 

𝒗 = 𝟑𝒕𝟐 − 𝟖𝒕 + 𝟏 

𝒕 = 𝟔. 𝟐𝟔 𝒔𝒆𝒄𝒐𝒏𝒅𝒔 (1) 

𝑣(𝟔. 𝟐𝟔) = 3(𝟔. 𝟐𝟔)2 − 8(𝟔. 𝟐𝟔) + 1 

𝒗 = 𝟔𝟖. 𝟒𝟖 

The tomatoes will be traveling at 68.48 m/s 

when they reach the building. (1) 

(b) 
𝒔 = 𝟏𝟎𝟎 

𝟏𝟎𝟎 = 𝑡3 − 4𝑡2 + 𝑡 + 5 

𝑡3 − 4𝑡2 + 𝑡 − 95 = 0 

𝒕 ≈ 𝟔. 𝟐𝟔 (1) 

The tomatoes will reach the 

building at 6.26 seconds. (1) 

 

(a) 

𝑎 =
𝑑

𝑑𝑡
(3𝑡2 − 8𝑡 + 1) 

= 𝟔𝒕 − 𝟖 (1) 

𝒂(𝟒) = 𝟔(𝟒) − 𝟖 

= 𝟑𝟐   

The acceleration of the tomato after four 

seconds is 32 m/s. (1) 

 

(c) 

𝑠 = 𝑡3 − 4𝑡2 + 𝑡 + 5 

𝒔(𝟎) = 𝟓 (1) 

                       𝑡3 − 4𝑡2 + 𝑡 + 5 = 𝟓  

𝑡3 − 4𝑡2 + 𝑡 = 0 

𝒕 = 𝟎, 𝟐 + ξ𝟑, 𝟐 − ξ𝟑 

= 𝟎, 𝟑. 𝟕𝟑,  and 𝟎. 𝟐𝟕 (1) 

The tomato is at the original location at 

0 seconds 3.73 seconds and 0.27 

seconds. (1) 

(e) 

Yes. Tomatoes will change direction at turning 

points of 𝒔. This is the point where 𝒗 changes 

from negative to positive. (2) 

𝟑𝒕𝟐 − 𝟖𝒕 + 𝟏 = 𝟎 (1) 

𝒕 ≈ 𝟎. 𝟏𝟑, 𝟐. 𝟓𝟒 (1) 

𝒕 = 𝟎. 𝟏𝟑𝒔 and 𝟐. 𝟓𝟒𝒔 (1) 

 

 

(d) 
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6.                                                                                [11 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.                                                                                [10 marks]    

  

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑠(𝑡) = 12ξ𝑡 − 𝑡2 

𝑠(𝟑) = 12ඥ(𝟑) − (𝟑)2 

≈ 𝟏𝟏. 𝟕𝟖 𝒎𝒆𝒕𝒆𝒓𝒔  

𝑠(𝟎) = 12ඥ(𝟎) − (𝟎)2 

= 𝟎 

∆𝑠 = 11.78 − 0 

= 𝟏𝟏. 𝟕𝟖 

The pumpkin has travelled 11.78 meters 

in 3 seconds. (1) 

(a) 𝑣 =
𝑑

𝑑𝑡
(12ξ𝑡 − 𝑡2) 

=
𝑑

𝑑𝑡
(12𝑡0.5 − 𝑡2) 

=
𝟔

ξ𝒕
− 𝟐𝒕 (1) 

𝒕 = 𝟓 

𝒗 =
𝟔

ඥ(𝟓)
− 𝟐(𝟓) 

𝒗 ≈ −𝟕. 𝟑𝟐   

The velocity after 5 seconds is -7.32 m/s. (1) 

(b) 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 =  
𝐶(𝑡2) − 𝐶(𝑡1)

∆𝑡
 

𝑎(𝑡) =
𝑑

𝑑𝑡
(

6

ξ𝑡
− 2𝑡) 

= −
3

ξ𝑡3
− 2 (1)  

𝒂(𝟒) ≈ −𝟐. 𝟑𝟕𝟓 

𝒂(𝟕) ≈ −𝟐. 𝟏𝟔𝟐 (1) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =
𝒂(𝟕) − 𝒂(𝟒)

(7 − 4)
 

=
(−𝟐. 𝟏𝟔𝟐) − (−𝟐. 𝟑𝟕𝟓)

3
 

= 𝟎. 𝟎𝟕𝟏 

The average rate of change in acceleration is 

0.071 m/s3. (1) 

(d) 𝑠′(𝑡) = 2
6

ξ𝑡
− 2𝑡 (1) 

𝑠′(𝟓) =
6

ඥ(𝟓)
− 2(𝟓) 

𝒔′(𝟓) ≈ −𝟕. 𝟑𝟐  

The instantaneous rate of change in distance 

at 5 seconds is -7.32 m/s. (1) 

(c) 

Find maximum of curve 

𝑠 =  12ξ𝑡 − 𝑡2 

𝑠′(𝑡) =
6

ξ𝑡
− 2𝑡 

0 =
6

ξ𝑡
− 2𝑡 

𝒕 ≈  𝟐. 𝟎𝟖 𝒔 (1) 

𝑠 = 12ඥ(𝟐. 𝟎𝟖) − (𝟐. 𝟎𝟖)2 

𝒔 ≈ 𝟏𝟐. 𝟗𝟖 𝒎 (1)  

 

The maximum displacement of the pumpkins is 

𝟏𝟐. 𝟗𝟖 𝒎. Therefore, the pumpkins will not 

reach the building 100 𝑚 away. (1) 

(e) 

For 𝒂 = 𝟏𝟐 𝒎/𝒔𝟐 

20𝑡3 + 6 = 𝟏𝟐 (1) 

𝒕 ≈ 𝟎. 𝟔𝟔𝟗 

 

The cannonballs reach 12 m/s2 at 0.669 seconds. (1) 

(b) 𝒗 = 𝟓𝒕𝟒 + 𝟔𝒕 + 𝟔 

𝒂 = 𝟐𝟎𝒕𝟑 + 𝟔 

 

(a) 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 =  
𝐶(𝑡2) − 𝐶(𝑡1)

∆𝑡
 

𝑣(𝑡) = 5𝑡4 + 6𝑡 + 6 

𝒗(𝟐. 𝟑𝟑𝟎) = 𝟏𝟔𝟕. 𝟑𝟒𝟓 (1) 

𝒗(𝟎) = 𝟔 (1) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝑣(2.33)−𝑣(0)

(2.33−0)
 (1) 

=  
(𝟏𝟔𝟕. 𝟑𝟒𝟓) − (𝟔)

(2.33 − 0)
 

= 𝟔𝟗. 𝟐𝟒𝟕 

The average rate of change is 69.247 m/s2. (1) 

 

(d) 𝒔 = 𝟏𝟎𝟎 

𝑡5 + 3𝑡2 + 6𝑡 + 1 = 𝟏𝟎𝟎 (1) 

𝑡5 + 3𝑡2 + 6𝑡 − 99 = 0 

𝒕 ≈ 𝟐. 𝟑𝟑𝟎 

𝑣(𝟐. 𝟑𝟑) = 5(𝟐. 𝟑𝟑)4 + 6(𝟐. 𝟑𝟑) + 6 

𝒗 ≈ 𝟏𝟔𝟕. 𝟑𝟒𝟓 (1) 

 

(c) 
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Concept 3 

Optimisation – Progressive Questions Answers 

___________________________________________________________________________ 

 

Optimisation: Q1, Q2, Q3, Q4, Q5, Q6, Q7 

                                                                  
1.                            [5 marks]       

 

 

 

 

 

 

2.                    [10 marks]

            

  
 
 
 
 
 

  
  
  
  
  
 

       

 

3.                      [8 marks]       

                                                                 

𝑹 

𝟐𝑹 

𝒚 𝒚 

𝟐𝑹 

𝑹 

𝟐𝑹 

𝒚 𝒚 

𝟐𝑹 

𝐴𝑟𝑒𝑎 𝑜𝑓 ℎ𝑎𝑙𝑓 𝑐𝑖𝑟𝑐𝑙𝑒 =
𝟏

𝟐
𝝅𝑹𝟐 

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 = 𝟐𝑹𝒚 

∴ 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑠ℎ𝑎𝑝𝑒 =
𝟏

𝟐
𝝅𝑹𝟐 + 𝟐𝑹𝒚 

 

𝐎𝐩𝐭𝐢𝐦𝐢𝐬𝐚𝐭𝐢𝐨𝐧 𝑨′ = 𝟎 

4𝑥 = 900 

𝒙 = 𝟐𝟐𝟓   (1) 

𝒚 = 900 − 2(𝟐𝟐𝟓)  

𝒚 = 𝟒𝟓𝟎   (1) 

∴ Optimum Dimensions are 

𝒙 = 𝟐𝟐𝟓 , 𝒚 = 𝟒𝟓𝟎 

900 = 𝟐𝒙 + 𝒚 

𝐴𝑟𝑒𝑎 = 𝒙𝒚 

𝒚 = 900 − 𝟐𝒙  (1) 

𝐴𝑟𝑒𝑎 = 𝒙(𝟗𝟎𝟎 − 𝟐𝒙) (1) 

𝐴 = 900𝑥 − 2𝑥2 

𝐴′ = 900 − 4𝑥  (1) 

600 =  𝟔𝒙 + 𝟒𝒚 (1) 

Also we know that the maximum 

area must be a square. (1) 

∴ 𝟔𝒙 = 𝟐𝒚 (1) 

600 = 𝟔𝒚  

𝑦 = 100𝑚  

𝑥 = 33. 3̇𝑚 (1) 

3𝑥 is the length, 𝑦 is the width 

∴ 100 × 3(33. 3̇) ≈ 10,000𝑚2 (1) 

 

 

Let 𝒙 represent the length of the rope used 

such that the perimeter must add up to one 

∴ 𝑊𝑖𝑑𝑡ℎ = 𝟏 − 𝒙 

𝑨𝒓𝒆𝒂 = 𝒙(𝟏 − 𝒙) = 𝒙 − 𝒙𝟐 (1) 

𝐴′ = 1 − 2𝑥 (1) 

𝑙𝑒𝑡 𝐴′ = 0 

1 − 2𝑥 = 0 

𝐿𝑒𝑛𝑔𝑡ℎ = 𝑥 = 0.5 (1) 

𝑊𝑖𝑑𝑡ℎ = 0.5 

𝐴′′ =  −2 so 𝒙 is maximum. (1) 

Thus, the length and width are split evenly  

which returns a square shape. (1) 

 

 

𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 ℎ𝑎𝑙𝑓 𝑐𝑖𝑟𝑐𝑙𝑒 = 𝝅𝑹 
𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 = 𝟒𝑹 + 𝟐𝒚  

∴ 𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑠ℎ𝑎𝑝𝑒 = 𝟒𝑹 + 𝟐𝒚 + 𝝅𝑹 
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4.                                                                       [5 marks]   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.                                                                                [11 marks]       

  
 
 
 

 

 

 

 

 

 

 

 

 

 

  

Substitute in 𝒑𝒆𝒓𝒊𝒎𝒆𝒕𝒆𝒓 = 𝟔. 

6 = 4𝑅 + 2𝑦 + 𝜋𝑅 

𝒚 =
−𝟒𝑹−𝝅𝑹+𝟔

𝟐
 (1) 

Substitute 𝑦 into area equation. 

𝐴 = 2𝑅 (
−4𝑅−𝜋𝑅+6

2
) +

𝜋𝑅2

2
  

𝐴 =
−8𝑅2−2𝜋𝑅2+12𝑅

2
+

𝜋𝑅2

2
  

𝑨 = −𝟒𝑹𝟐 − 𝝅𝑹𝟐 + 𝟔𝑹 +
𝝅𝑹𝟐

𝟐
 (2) 

Differentiate area equation. 

𝒇(𝑹)′ = −𝝅𝑹 − 𝟖𝑹 + 𝟔 

Substitute 𝒇(𝑹)′ = 𝟎 

0 = −𝜋𝑅 − 8𝑅 + 6 

∴ 𝑹 = 𝟎. 𝟓𝟑𝟗 (1) 

As there is only one answer, no need for 2nd 

derivative test 

Substitute 𝑅 = 0.539 into area equation. 

𝐴 = −4(0.539)2 − 𝜋(0.539)2 + 6(0.539) +
𝜋(0.539)2

2
  

𝑨 = 𝟏. 𝟔𝟏𝟔𝒎𝟐 (2) 

Substitute 𝑨 and 𝑹 into perimeter equation. 

6 = 4 × (0.539) + 2𝑦 + 𝜋 × 0.539) 

𝒚 = 𝟏. 𝟎𝟕𝟓 (1) 

Therefore, the dimensions are 𝟏. 𝟎𝟕𝟓𝒎 x 

𝟏. 𝟎𝟕𝟖𝒎 (1) 

 
 

𝑅(𝑥) = −2𝑥3 + 15𝑥2 + 36𝑥 − 100 

𝑹(𝒙)′ = −𝟔𝒙𝟐 + 𝟑𝟎𝒙 + 𝟑𝟔  (1) 

Substitute 𝑹(𝒙)′ = 𝟎 

0 = −6𝑥2 + 30𝑥 + 36 

To solve without a calculator, use the 

quadratic formula. 

𝑥 =
−30±ඥ302−4(−6)(36)

2(−6)
  (1) 

𝑥 =
−30±42

−12
  

∴ 𝒙 = 𝟔 or 𝒙 = −𝟏  (1) 

𝑅(𝑥)′′ = −12𝑥 + 30 

 

 

When 𝒙 = 𝟔, the 2nd derivative is negative, 

meaning it’s a maximum. (1) 

Substitute 𝒙 into revenue equation 

𝑅(𝑥) = −2(6)3 + 15(6)2 + 36(6) − 100 

𝑹(𝒙) = 𝟐𝟐𝟒   

Therefore, the maximum profit is $224  
achieved with 6 sales. (1) 

 

𝑽𝒐𝒍𝒖𝒎𝒆 = 𝟐(𝟏 + ξ𝒙)𝒙𝟐𝒉 (1) 

𝑺𝒖𝒓𝒇𝒂𝒄𝒆 𝑨𝒓𝒆𝒂 = 𝟐(𝟏 + ξ𝒙)𝒙𝟐 + 𝟖𝒙𝒉  (2) 

 

(a) 1000 = 2(1 + ξ𝑥)𝑥2ℎ 

𝒉 =
𝟏𝟎𝟎𝟎

𝟐(𝟏+ ξ𝒙)𝒙𝟐 (1) 

𝑆𝐴 = 2(1 + ξ𝑥)𝑥2 +
(8𝑥)1000

2(1+ ξ𝑥)𝑥2 (1) 

𝑺𝑨 = 𝟐𝒙𝟐(ξ𝒙 + 𝟏) +
𝟒𝟎𝟎𝟎

(𝟏+ ξ𝒙)𝒙
 (1) 

 

 

(b) 

𝑆𝐴 = 2𝑥2(ξ𝑥 + 1) +
4000

(1+ ξ𝑥)𝑥
  

𝑺𝑨 =
𝟐(𝒙𝟒+𝟐𝒙

𝟕
𝟐+𝒙𝟑+𝟐𝟎𝟎𝟎)

(𝟏+ ξ𝒙)𝒙
 (1) 

𝑺𝑨′ =
𝟓𝒙𝟔+𝟏𝟒𝒙

𝟏𝟏
𝟐 +𝟏𝟑𝒙𝟓+𝟒𝒙

𝟗
𝟐−𝟔𝟎𝟎𝟎𝒙𝟐−𝟒𝟎𝟎𝟎𝒙

𝟑
𝟐

𝒙
𝟕
𝟐(𝒙

𝟏
𝟐+𝟏)

  

0 =
5𝑥6+14𝑥

11
2 +13𝑥5+4𝑥

9
2−6000𝑥2−4000𝑥

3
2

𝑥
7
2(𝑥

1
2+1)

  

𝒙 = 𝟒. 𝟖𝟐𝟑𝟔 (1) 

As there is only one answer, this means that 𝒙 

is both a maximum and a minimum. 

 

(c) ℎ =
1000

2(1+ ξ𝑥)𝑥2   

𝒉 = 𝟔. 𝟕𝟐𝟑𝟑 (1) 

𝑽𝒐𝒍𝒖𝒎𝒆 = 2(1 + ξ4.8236)4.823626.7233 =

𝟏𝟎𝟎𝟎𝒎𝟑 (1) 

𝑺𝑨 = 2(1 + ξ4.8236)4.82362 + 8(4.8236)6.7233 

= 𝟒𝟎𝟖. 𝟏𝟖𝟎𝒎𝟐 (1) 
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6.                                                                                [10 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

(a) 

𝐶𝑜𝑠𝑡 = 𝟒 𝒔𝒊𝒅𝒆 𝒘𝒂𝒍𝒍𝒔 + 𝑪𝒆𝒍𝒊𝒏𝒈 𝒂𝒏𝒅 𝑭𝒍𝒐𝒐𝒓 
𝐶𝑜𝑠𝑡 = 4𝑥ℎ(𝟏𝟎𝟎) + 2𝑥2(𝟓𝟎) (1) 

500 = 𝑥𝑥ℎ 

𝒉 =
𝟓𝟎𝟎

𝒙𝟐  (1)  

𝐶𝑜𝑠𝑡 = 4𝑥(
500

𝑥2 )(100) + 2𝑥2(50) (1) 

𝑪𝒐𝒔𝒕 = 𝟏𝟎𝟎𝒙𝟐 +
𝟐𝟎𝟎𝟎𝟎𝟎

𝒙
 𝒂𝒔 𝒓𝒆𝒒𝒖𝒊𝒓𝒆𝒅 (1) 

Diagram (1) 
 

 

(c) 𝟓𝟎𝟎 = 𝒙𝒙𝒉 

𝑮𝒊𝒗𝒆𝒏 𝒙 = 𝟏𝟎 

𝒉 =
𝟓𝟎𝟎

𝟏𝟎𝟐 = 𝟓 (1)  

Thus 𝟓𝒎 is the height at the minimum cost. 

 

𝑳𝒆𝒕 𝑪𝒐𝒔𝒕 (𝒄) = 𝟏𝟎𝟎𝒙𝟐 +
𝟐𝟎𝟎𝟎𝟎𝟎

𝒙
 

𝒄′ =
𝟐𝟎𝟎𝒙𝟑−𝟐𝟎𝟎𝟎𝟎𝟎

𝒙𝟐  (1)  

𝑐′ = 0 =
200𝑥3 − 200000

𝑥2

𝒙 = 𝟏𝟎 (1)  

𝑐′′ =
200𝑥3 − 400000

𝑥3  

𝑐′′(10) > 0 𝑇ℎ𝑢𝑠 𝑴𝒊𝒏𝒊𝒎𝒖𝒎 (1)  

𝑀𝑖𝑛 𝐶𝑜𝑠𝑡 = 𝑐(10) = 100𝑥2 +
200000

𝑥
 

𝑴𝒊𝒏 𝑪𝒐𝒔𝒕 = $𝟑𝟎, 𝟎𝟎𝟎 as required (1)  

 

(b) 

x4 $100/𝑚2 

X2 $50/𝑚2 

𝑥 

ℎ 
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7.                                                                                                                                                                                        [8 marks]       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

  

(a) (b) 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 (𝑉) =
𝐷

𝑡
 

𝑫 = 𝟐𝟎  

𝑽 =  𝒗 −
𝒗𝟐

𝟔𝟎
 (1) 

𝑣 −
𝑣2

60
=

20

𝑡
 

𝑭𝒆𝒓𝒓𝒚 𝒕𝒊𝒎𝒆 (𝒕) =
𝟐𝟎

𝒗−
𝒗𝟐

𝟔𝟎

 (1) 

𝑇𝑜𝑡𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝐷) = 20𝑘𝑚 
𝑴𝒂𝒙𝒊𝒎𝒖𝒎 𝒔𝒆𝒕 𝒔𝒑𝒆𝒆𝒅 ∶ 𝑽 = 𝟒𝟎𝒌𝒎/𝒉 

𝑨𝒄𝒄𝒆𝒍𝒆𝒓𝒂𝒕𝒊𝒐𝒏: 𝒂 = 𝟏 −
𝒗

𝟑𝟎
  

 
When a = 0: 

0 = 1 −
𝑣

30
  

𝑽 = 𝟑𝟎 𝒂𝒕 𝒎𝒂𝒙𝒊𝒎𝒖𝒎 𝒔𝒑𝒆𝒆𝒅. (1) 

𝒂′ = −
𝟏

𝟑𝟎
 (−𝒗𝒆 𝒔𝒐 𝒎𝒂𝒙𝒊𝒎𝒖𝒎)  

 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑠𝑝𝑒𝑒𝑑 = ∫ 𝑎 = 𝑣 −
𝑣2

60
+ 𝑐  

30 = 𝟒𝟎 −
𝟒𝟎2

60
+ 𝑐  

𝒄 =
𝟓𝟎

𝟑
  

𝑽 = 𝒗 −
𝒗𝟐

𝟔𝟎
+

𝟓𝟎

𝟑
 (1)  

𝟎 = 𝒗 −
𝒗𝟐

𝟔𝟎
+

𝟓𝟎

𝟑
  

0 =
60𝑣−𝑣2+1000

60
  

0 = −𝑣2 + 60𝑣 + 1000  

𝒗 =
−𝟔𝟎±ඥ𝟔𝟎𝟐−𝟒(−𝟏)(𝟏𝟎𝟎𝟎)

𝟐(−𝟏)
 (1) 

𝑣 =
−60±ξ7600

−2
  

𝒗 = 𝟕𝟑. 𝟓𝟗 (𝒅𝒊𝒔𝒓𝒆𝒈𝒂𝒓𝒅 − 𝟏𝟑. 𝟓𝟗) (1) 

𝒕 =
𝟐𝟎

𝟕𝟑.𝟓𝟗−
𝟕𝟑.𝟓𝟗𝟐

𝟔𝟎

 (1) 

𝒕 = 𝟏. 𝟐𝒉 (1) 
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8.                                                                                [9 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9.                                                                                [12 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) (b) 

(c) 

(a) (b) 

𝑡 =
𝐷

𝑉
 

𝑡 =
𝑥

15
+

𝑦

5
  

𝒂𝟐 + 𝒃𝟐 = 𝒄𝟐 
22 + (5 − 𝑥)2 = 𝑦2 

4 + 25 − 10𝑥 + 𝑥2 = 𝑦2 

𝒚 = ඥ𝟐𝟗 − 𝟏𝟎𝒙 + 𝒙𝟐 (1) 

𝒕 =
𝒙

𝟏𝟓
+

(𝟐𝟗−𝟏𝟎𝒙+𝒙𝟐)
𝟏
𝟐

𝟓
 (1) 

𝒕′ =
𝟏

𝟑𝟎
൬

𝟔(𝒙−𝟓)

ඥ𝒙𝟐−𝟏𝟎𝒙+𝟐𝟗
+ 𝟐൰ (1) 

𝟏

𝟑𝟎
൬

𝟔(𝒙−𝟓)

ඥ𝒙𝟐−𝟏𝟎𝒙+𝟐𝟗
+ 𝟐൰ = 𝟎  

𝑥 = 5 −
1

ξ2
  

𝒙 = 𝟒. 𝟐𝟗 (1) 
Kerry should run 4.29km before swimming. 

𝒕′′ =
𝟒

𝟓൬(𝟓−
𝟏

ξ𝟐
)

𝟐
−𝟏𝟎(𝟓−

𝟏

ξ𝟐
)+𝟐𝟗൰

𝟑
𝟐

 

  

𝒕′′ (𝟓 −
𝟏

ξ𝟐
) = +𝒗𝒆 𝒔𝒐 𝒕𝒊𝒎𝒆 𝒊𝒔 𝒎𝒊𝒏𝒊𝒎𝒊𝒔𝒆𝒅 

(1) 
 
 

𝒕 =
𝟒.𝟐𝟗

𝟏𝟓
+

(𝟐𝟗−𝟏𝟎(𝟒.𝟐𝟗)+(𝟒.𝟐𝟗)𝟐)
𝟏
𝟐

𝟓
  

𝒕 = 𝟎. 𝟕𝒉𝒓𝒔 (1) 
𝑻𝒊𝒎𝒆 (𝒇𝒆𝒓𝒓𝒚) = 𝟏. 𝟐𝒉𝒓𝒔 (1) 

𝑻𝒊𝒎𝒆 (𝒓𝒖𝒏 𝒂𝒏𝒅 𝒔𝒘𝒊𝒎) = 𝟎. 𝟕𝒉𝒓𝒔  
Kerry should run and swim because this is faster than 

taking the ferry. (1) 

For r: 
𝐴𝑝𝑜𝑜𝑙 𝑓𝑙𝑜𝑜𝑟 = 𝜋𝑟2 

Substituting in 𝐴𝑝𝑜𝑜𝑙 𝑓𝑙𝑜𝑜𝑟 = 314.2𝑚2  

𝟑𝟏𝟒. 𝟐 = 𝝅𝒓𝟐 (1) 

𝑟 = √
314.2

𝜋
  

𝒓 = 𝟏𝟎𝒎 (1) 
For R: 

 𝐼𝑛𝑝𝑢𝑡𝑡𝑖𝑛𝑔 𝐴 = 300 and 𝑟 = 10 𝑖𝑛𝑡𝑜 𝐴 = 2𝜋𝑅ℎ,  
𝟑𝟎𝟎 = 𝟐𝝅𝑹𝒉 (1) 

𝑹 =
𝟑𝟎𝟎

𝟐𝝅𝒉
 (1) 

𝑽 =
𝝅

𝟔
𝒉(𝟑𝑹𝟐 + 𝟑𝒓𝟐 + 𝒉𝟐)  

𝐒𝐮𝐛𝐬𝐭𝐢𝐭𝐮𝐭𝐞 𝐢𝐧 𝑹 =
𝟑𝟎𝟎

𝟐𝝅𝒉
 𝐚𝐧𝐝 𝒓 = 𝟏𝟎  

𝑽 =
𝝅

𝟔
𝒉 ൬𝟑 (

𝟑𝟎𝟎

𝟐𝝅𝒉
)

𝟐
+ 𝟑(𝟏𝟎)𝟐 + 𝒉𝟐൰ (1) 

𝑽 =
𝝅𝒉𝟑(

𝟑𝟎𝟎

𝟐𝝅𝒉
)

𝟐

𝟔
+

𝟑𝟎𝟎𝝅𝒉

𝟔
+

𝝅𝒉𝟑

𝟔
  

𝑉 =
𝜋ℎ3

6
+ 50𝜋ℎ +

𝜋ℎ3(
90000

4𝜋2ℎ2) 

6
  

𝑉 =
𝜋ℎ3

6
+ 50𝜋ℎ +

(
67500

𝜋ℎ
) 

6
  

𝑽 =
𝝅

𝟔
𝒉𝟑 + 𝟓𝟎𝝅𝒉 +

𝟏𝟏𝟐𝟓𝟎

𝝅𝒉
 (1) 
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(c) 
𝑽 =

𝝅

𝟔
𝒉𝟑 + 𝟓𝟎𝝅𝒉 +

𝟏𝟏𝟐𝟓𝟎

𝝅𝒉
  

𝑽′ =
𝝅

𝟐
𝒉𝟐 + 𝟓𝟎𝝅 −

𝟏𝟏𝟐𝟓𝟎

𝝅𝒉𝟐  (1) 

When V’=0: 

𝟎 =
𝝅

𝟐
𝒉𝟐 + 𝟓𝟎𝝅 −

𝟏𝟏𝟐𝟓𝟎

𝝅𝒉𝟐   

𝒉 = ±√𝟓𝟎ඥ𝟗+𝝅𝟐

𝝅
− 𝟓𝟎 (1) 

𝑉′′ =
2𝜋

2
ℎ + 0 −

11250

𝜋
ℎ−2  

𝑉′′ = 𝜋ℎ − (
−2×11250

𝜋
ℎ−3)  

𝑽′′ = 𝝅𝒉 +
𝟐𝟐𝟓𝟎𝟎

𝝅𝒉𝟑  (1) 

𝑽′′ (√𝟓𝟎ඥ𝟗+𝝅𝟐

𝝅
− 𝟓𝟎) = +𝒗𝒆 = 𝒎𝒊𝒏𝒊𝒎𝒖𝒎  

𝑽′′ (−√𝟓𝟎ඥ𝟗+𝝅𝟐

𝝅
− 𝟓𝟎) = −𝒗𝒆 = 𝒎𝒂𝒙𝒊𝒎𝒖𝒎  

𝑽(𝒎𝒊𝒏) = 𝟏𝟓𝟒𝟗. 𝟓𝟖𝒎𝟑 (1) 

𝑽(𝒎𝒂𝒙) = −𝟏𝟓𝟒𝟗. 𝟓𝟖𝒎𝟑 
The maximum pool volume cannot be found because it’s  

a negative value, resulting in a negative volume which is not 
rational in this situation.  

The minimum volume could be 
 determined because it’s a positive value. (1) 
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Concept 4 

Small Change – Progressive Questions Answers 

___________________________________________________________________________ 

 

Small Change: Q1, Q2, Q3, Q4, Q5 
1.                                                                                    

 

 

 

 

 

 

 

 

2.                                                                                [6 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[12 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝟔𝟎 =  𝝅𝒓𝟐   
𝑺𝒐𝒍𝒗𝒊𝒏𝒈,    𝑟 = −4.37𝑚   𝒐𝒓   𝒓 = 𝟒. 𝟑𝟕𝒎  (2)   

(a) 
𝐴 = 𝜋𝑟2  

𝒅𝑨

𝒅𝒓
= 2𝜋𝑟  (1) 

𝒓 = 𝟒. 𝟑𝟕,   𝜹𝒓 = 𝟎. 𝟎𝟏  
𝒅𝑨

𝒅𝒓
 𝑤ℎ𝑒𝑛 𝒓 = 𝟒. 𝟑𝟕 𝑖𝑠 2𝜋(𝟒. 𝟑𝟕) = 27.46  (1) 

𝜹𝑨

𝜹𝒓
≈

𝒅𝑨

𝒅𝒓
→ 𝜹𝑨 ≈ 𝜹𝒓 ×

𝒅𝑨

𝒅𝒓
  

𝜹𝑨 ≈ 𝟎. 𝟎𝟏 × 27.46 ≈ 2.75𝑚2  (2) 

 

(b) 

3. 

4. 

𝑦 = 𝑥3 − 4𝑥2 + 2  
𝒅𝒚

𝒅𝒙
= 3𝑥2 − 8𝑥  (1) 

𝒙 = 𝟑,   𝜹𝒙 = 𝟎. 𝟎𝟏  
𝒅𝒚

𝒅𝒙
 𝑤ℎ𝑒𝑛 𝒙 = 𝟑 𝑖𝑠 3(𝟑)2 − 8(𝟑) = 𝟑  (1) 

𝜹𝒚

𝜹𝒙
≈

𝒅𝒚

𝒅𝒙
→ 𝜹𝒚 ≈ 𝜹𝒙 ×

𝒅𝒚

𝒅𝒙
  

𝜹𝒚 ≈ 𝟎. 𝟎𝟏 × 𝟑 ≈ 0.03  (2) 

𝑦 = 4𝑥4 − 2𝑥3 + 𝑥2 − 9  
𝒅𝒚

𝒅𝒙
= 16𝑥3 − 6𝑥2 + 2𝑥  (1) 

𝒙 = 𝟔,   𝜹𝒙 = −𝟎. 𝟎𝟏  
𝒅𝒚

𝒅𝒙
 𝑤ℎ𝑒𝑛 𝒙 = 𝟔 𝑖𝑠 𝟑𝟐𝟓𝟐  (1)  

𝜹𝒚

𝜹𝒙
≈

𝒅𝒚

𝒅𝒙
→ 𝜹𝒚 ≈ 𝜹𝒙 ×

𝒅𝒚

𝒅𝒙
  

𝜹𝒚 ≈ −𝟎. 𝟎𝟏 × 𝟑𝟐𝟓𝟐 ≈ −32.52  (2) 

𝑅𝑒𝑗𝑒𝑐𝑡 𝑎𝑠 𝑟 > 0 
Type equation here. 

𝑉 = 𝜋𝑟2ℎ  
𝒅𝑽

𝒅𝒓
= 2𝜋𝑟ℎ  (1) 

𝒓 = 𝟏𝟎, 𝒉 = 𝟐𝟎, 𝜹𝒓 = −𝟎. 𝟎𝟐  
𝒅𝑽

𝒅𝒓
 𝑤ℎ𝑒𝑛 𝒓 = 𝟏𝟎 𝑎𝑛𝑑 𝒉 = 𝟐𝟎  𝑖𝑠 2𝜋(𝟏𝟎)(𝟐𝟎) = 1257  (1)  

𝜹𝑽

𝜹𝒓
≈

𝒅𝑽

𝒅𝒓
→ 𝜹𝑽 ≈ 𝜹𝒓 ×

𝒅𝑽

𝒅𝒓
  

𝜹𝑽 ≈ −𝟎. 𝟎𝟐 × 1257 ≈ −25.1𝑐𝑚3 (2) 

 

(a) 
(b) 

[4 marks] 

[8 marks] 

𝑉 =
4

3
𝜋𝑟3 

𝒅𝑽

𝒅𝒓
= 4𝜋𝑟2  (1) 

𝑊ℎ𝑒𝑛 𝑽 = 𝟑𝟓𝟎, 𝟑𝟓𝟎 =
4

3
𝜋𝑟3  → 𝒓 = 𝟒. 𝟑𝟕𝟐  (1) 

𝑽 = 𝟑𝟓𝟎, 𝒓 = 𝟒. 𝟑𝟕𝟐, 𝜹𝑽 = 𝟐  (1) 
𝒅𝑽

𝒅𝒓
 𝑤ℎ𝑒𝑛 𝒓 = 𝟒. 𝟑𝟕𝟐  𝑖𝑠 4𝜋(𝟒. 𝟑𝟕𝟐)2 = 240   (1) 

𝜹𝑽

𝜹𝒓
≈

𝒅𝑽

𝒅𝒓
→ 𝜹𝒓 ≈ 𝜹𝑽 ×

𝒅𝒓

𝒅𝑽
  

𝜹𝒓 ≈ 𝟐 ×
𝟏

𝟐𝟒𝟎
≈ 0.00833𝑐𝑚  (2) 

 

(a) 

𝑉 =
4

3
𝜋𝑟3  →

𝒅𝑽

𝒅𝒓
= 𝟒𝝅𝒓𝟐  (1) 

𝜹𝑽

𝜹𝒓
≈

𝒅𝑽

𝒅𝒓
→ 𝜹𝑽 ≈ 𝜹𝒓 ×

𝒅𝑽

𝒅𝒓
  

𝜹𝑽 ≈ 𝜹𝒓 × 𝟒𝝅𝒓𝟐  (1) 
𝛿𝑉

𝑉
≈ 𝜹𝒓 × 𝟒𝝅𝒓𝟐 ×

𝟏

𝑽
  

𝛿𝑉

𝑉
≈ 𝜹𝒓 × 𝟒𝝅𝒓𝟐 ×

𝟑

𝟒𝝅𝒓𝟑  (1) 
𝛿𝑉

𝑉
≈ 𝜹𝒓 ×

𝟑

𝒓
    

𝛿𝑉

𝑉
≈

𝜹𝒓

𝒓
× 𝟑   (1) 

𝛿𝑉

𝑉
≈ 𝟎. 𝟎𝟐 × 𝟑  (1) 

∴ 6% 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑣𝑜𝑙𝑢𝑚𝑒  (1) 
 

(b) 
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[12 marks] 

5.  

 

 

                                                                                  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑉 =
4

5
𝑟4  →

𝒅𝑽

𝒅𝒓
=

𝟏𝟔𝒓𝟑

𝟓
  (1) 

𝜹𝑽

𝜹𝒓
≈

𝒅𝑽

𝒅𝒓
→ 𝜹𝑽 ≈ 𝜹𝒓 ×

𝒅𝑽

𝒅𝒓
  

𝜹𝑽 ≈ 𝜹𝒓 ×
𝟏𝟔𝒓𝟑

𝟓
  (1) 

𝛿𝑉

𝑉
≈ 𝜹𝒓 ×

𝟏𝟔𝒓𝟑

𝟓
×

𝟏

𝑽
  

𝛿𝑉

𝑉
≈ 𝜹𝒓 ×

𝟏𝟔𝒓𝟑

𝟓
×

𝟓

𝟒𝒓𝟒   (1) 
𝛿𝑉

𝑉
≈ 𝜹𝒓 ×

𝟒

𝒓
  

𝛿𝑉

𝑉
≈

𝜹𝒓

𝒓
× 𝟒   (1) 

𝛿𝑉

𝑉
≈ −𝟎. 𝟎𝟑 × 𝟒     (1) 

∴ 12% 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑣𝑜𝑙𝑢𝑚𝑒 (1) 
 

 

(b) 

𝑉 =
4

5
𝑟4 

𝒅𝑽

𝒅𝒓
=

16𝑟3

5
  (1) 

𝑊ℎ𝑒𝑛 𝑽 = 𝟏𝟎𝟎𝟎, 𝟏𝟎𝟎𝟎 =
4

5
𝑟4  → 𝒓 = 𝟓. 𝟗𝟒𝟔  (1) 

𝑽 = 𝟏𝟎𝟎𝟎, 𝒓 = 𝟓. 𝟗𝟒𝟔, 𝜹𝑽 = −𝟑  (1) 
𝒅𝑽

𝒅𝒓
 𝑤ℎ𝑒𝑛 𝒓 = 𝟓. 𝟗𝟒𝟔  𝑖𝑠 

16

5
(𝟓. 𝟗𝟒𝟔)3 = 672.7   (1) 

𝜹𝑽

𝜹𝒓
≈

𝒅𝑽

𝒅𝒓
→ 𝜹𝒓 ≈ 𝜹𝑽 ×

𝒅𝒓

𝒅𝑽
  

𝜹𝒓 ≈ −𝟑 ×
𝟏

𝟔𝟕𝟐.𝟕
≈ −0.00446𝑐𝑚  (2) 

 

(a) 



 0 

 

 

 

 

 
Concept 1 

The Second Derivative and Graph Sketching – Repetitive Questions 

Answers 

___________________________________________________________________________ 

Second Derivative: Qs 1.11, 1.21, 1.22 

1.11                        [15 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem Set 2 – Applications of Differentiation 
Repetitive Questions 

𝑦 = 6𝑥2 − 2𝑥3 + 4 

𝒚′ = 𝟏𝟐𝒙 − 𝟔𝒙𝟐 

𝒚′′ = 𝟏𝟐 − 𝟏𝟐𝒙 

 

(b) 

(1) 

𝑦 = 3𝑥 + 2    

𝒚′ = 𝟑 

𝒚′′ = 𝟎 

 

(a) 

(1) 

𝑓(𝑥) = ξ4𝑥 +
3

𝑥6
 = 2𝑥

1
2 + 3𝑥−6 

𝒇′(𝒙) = ൬
𝟏

𝟐
൰ 𝟐𝒙−

𝟏
𝟐 + (−𝟔)𝟑𝒙−𝟕 

𝒇′(𝒙) = 𝒙−
𝟏
𝟐 − 𝟏𝟖𝒙−𝟕 

𝒇′′(𝒙) = ൬−
𝟏

𝟐
൰ 𝒙−

𝟑
𝟐 − (−𝟕)(𝟏𝟖)𝒙−𝟖 

𝒇′′(𝒙) = −
𝟏

𝟐𝒙
𝟑
𝟐

+
𝟏𝟐𝟔

𝒙𝟖
 

(d) 

(1) 

(1) 𝒇′(𝒙) = 𝒉(𝒙)𝒈′(𝒙) + 𝒈(𝒙)𝒉′(𝒙) 

𝒇′(𝒙) = (𝟔𝒙𝟑)(𝟔) + (𝟒𝒙 + 𝟐𝒙)(𝟏𝟖𝒙𝟐) 

𝒇′(𝒙) = 𝟑𝟔𝒙𝟑 + 𝟕𝟐𝒙𝟑 + 𝟑𝟔𝒙𝟑 

𝒇′(𝒙) = 𝟏𝟒𝟒𝒙𝟑 

𝒇′′(𝒙) = 𝟒𝟑𝟐𝒙𝟐 

 

𝒈(𝒙) = 𝟒𝒙 + 𝟐𝒙 

𝒈′(𝒙) = 𝟔 

 

𝒉(𝒙) = 𝟔𝒙𝟑 

𝒉′(𝒙) = 𝟏𝟖𝒙𝟐 

 

𝑓(𝑥) = (4𝑥 + 2𝑥)(6𝑥3) 

 

(1) 

(c) 

(1) 

𝑓(𝑥) =
3

2𝑥 + 5
= 3(2𝑥 + 5)−1 

𝒇′(𝒙) = (−𝟏)𝟑(𝟐𝒙 + 𝟓)−𝟐(𝟐) 

𝒇′(𝒙) = −𝟔(𝟐𝒙 + 𝟓)−𝟐 

𝒇′′(𝒙) = (−𝟐)(−𝟔)(𝟐𝒙 + 𝟓)−𝟑(𝟐) 

𝒇′′(𝒙) = 𝟐𝟒(𝟐𝒙 + 𝟓)−𝟑 

𝒇′′(𝒙) =
𝟐𝟒

(𝟐𝒙 + 𝟓)𝟑
 

 

(1) 

(f) 

(1) 

𝑦 = 7𝑥3 +
4

𝑥5
+ 9𝑥−2 = 7𝑥3 + 4𝑥−5 + 9𝑥−2   

𝒅𝒚

𝒅𝒙
= 𝟐𝟏𝒙𝟐 + (−𝟓)𝟒𝒙−𝟔 + (−𝟐)𝟗𝒙−𝟑 

𝒅𝒚

𝒅𝒙
= 𝟐𝟏𝒙𝟐 − 𝟐𝟎𝒙−𝟔 − 𝟏𝟖𝒙−𝟑 

𝒅𝟐𝒚

𝒅𝒙𝟐
= 𝟒𝟐𝒙 + 𝟏𝟐𝟎𝒙−𝟕 + 𝟓𝟒𝒙−𝟒 

𝒅𝟐𝒚

𝒅𝒙𝟐
= 𝟒𝟐𝒙 +

𝟏𝟐𝟎

𝒙𝟕
+

𝟓𝟒

𝒙𝟒
 

(e) 

(1) 

(1) 

𝑦 = (6𝑥 + 2)4 

𝒚′ = (𝟒)(𝟔𝒙 + 𝟐)𝟑(𝟔) = 𝟐𝟒(𝟔𝒙 + 𝟐)𝟑 

𝒚′′ = (𝟑)𝟐𝟒(𝟔𝒙 + 𝟐)𝟐(𝟔) = 𝟒𝟑𝟐(𝟔𝒙 + 𝟐)𝟐 

 

(1) 

(h) 

(1) 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= (𝟑𝒙 + 𝟔)(𝟒𝒙) + (𝟐𝒙𝟐 + 𝟐)(𝟑) 

𝒅𝒚

𝒅𝒙
= 𝟏𝟐𝒙𝟐 + 𝟐𝟒𝒙 + 𝟔𝒙𝟐 + 𝟔 

𝒅𝒚

𝒅𝒙
= 𝟏𝟖𝒙𝟐 + 𝟐𝟒𝒙 + 𝟔 

𝒅𝟐𝒚

𝒅𝒙𝟐
= 𝟑𝟐𝒙 + 𝟐𝟒 

 

𝒖 = 𝟐𝒙𝟐 + 𝟐 
𝒅𝒖

𝒅𝒙
= 𝟒𝒙 

 

𝒗 = 𝟑𝒙 + 𝟔 
𝒅𝒗

𝒅𝒙
= 𝟑 

 

𝑦 = (2𝑥2 + 2)(3𝑥 + 6) 

 

(1) 

(1) 

(g) 

(1) 



 1 

1.21                        [16 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.22                        [24 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑦 = 𝑥 +
2

𝑥2
= 𝑥 + 2𝑥−2   

𝒚′ = 𝟏 − 𝟒𝒙−𝟑 

𝑦′′ = 12𝑥−4 =
12

𝑥4
 

 

(b) 

(1) 

(1) 

𝑦 = −3𝑥3 − 𝑥2 

𝒚′ = −𝟗𝒙𝟐 − 𝟐𝒙 

𝒚′′ = −𝟏𝟖𝒙 − 𝟐 (1) 
(1) (a) 

𝑓(𝑥) = −
1

𝑥
1
2

= −𝑥−
1
2 

𝒚′ =
𝟏

𝟐
𝒙−

𝟑
𝟐 

𝒚′′ = −
𝟑

𝟒
𝒙−

𝟓
𝟐 = −

𝟑

𝟒𝒙
𝟓
𝟐

 

 

(c) 

(2) 

(1) 
 

𝑦 = −
1

2
𝑥2 −

1

𝑥
 

𝒚′ = −𝒙 + 𝒙−𝟐 

𝒚′′ = −𝟏 − 𝟐𝒙−𝟑 = −𝟏 −
𝟐

𝒙𝟑
 

(1) 

(d) 

(2) 

𝑦 =
4𝑥

𝑥3
− ξ𝑥 

𝑦 =
4

𝑥2
− 𝑥

1
2 = 4𝑥−2 − 𝑥

1
2 

𝒚′ = −𝟖𝒙−𝟑 −
𝟏

𝟐
𝒙−

𝟏
𝟐 

𝒚′′ = 𝟐𝟒𝒙−𝟒 +
𝟏

𝟒
𝒙−

𝟑
𝟐 =

𝟐𝟒

𝒙𝟒
+

𝟏

𝟒𝒙
𝟑
𝟐

 (1) 

(f) 

(1) 

(1) 

𝑦 =
3𝑥2 + 2𝑥3

𝑥4
− 2𝑥 

𝑦 =
3𝑥2

𝑥4
+

2𝑥3

𝑥4
− 2𝑥 =

3

𝑥2
+

2

𝑥
− 2𝑥 

𝑦 = 3𝑥−2 + 2𝑥−1 − 2𝑥 

𝒚′ = −𝟔𝒙−𝟑 − 𝟐𝒙−𝟐 − 𝟐 

𝒚′′ = 𝟏𝟖𝒙−𝟒 + 𝟒𝒙−𝟑 =
𝟏𝟖

𝒙𝟒
+

𝟒

𝒙𝟑
 

(1) 

(1) 

(e) 

(1) 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= (𝟒𝒙𝟑 + 𝟔𝒙𝟐)(𝟑) + (𝟑𝒙)(𝟏𝟐𝒙𝟐 + 𝟏𝟐𝒙) 

𝒅𝒚

𝒅𝒙
= 𝟏𝟐𝒙𝟑 + 𝟏𝟖𝒙𝟐 + 𝟑𝟔𝒙𝟑 + 𝟑𝟔𝒙𝟐 

𝒅𝒚

𝒅𝒙
= 𝟒𝟖𝒙𝟑 + 𝟓𝟒𝒙𝟐 

𝒅𝟐𝒚

𝒅𝒙𝟐
= 𝟏𝟒𝟒𝒙𝟐 + 𝟏𝟎𝟖𝒙 

 

𝒖 = 𝟑𝒙 
𝒅𝒖

𝒅𝒙
= 𝟑 

 

𝒗 = 𝟒𝒙𝟑 + 𝟔𝒙𝟐 
𝒅𝒗

𝒅𝒙
= 𝟏𝟐𝒙𝟐 + 𝟏𝟐𝒙 

 

𝑦 = 3𝑥(4𝑥3 + 6𝑥2) + 5 

 

(1) 

(1) 

(a) 

(1) 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= (𝒙𝟑 + 𝟒𝒙)(𝟕) + (𝟕𝒙 + 𝟐)(𝟑𝒙𝟐 + 𝟒) 

𝒅𝒚

𝒅𝒙
= 𝟕𝒙𝟑 + 𝟐𝟖𝒙 + 𝟐𝟏𝒙𝟑 + 𝟐𝟖𝒙 + 𝟔𝒙𝟐 + 𝟖 

𝒅𝒚

𝒅𝒙
= 𝟐𝟖𝒙𝟑 + 𝟔𝒙𝟐 + 𝟓𝟔𝒙 + 𝟖 

𝒅𝟐𝒚

𝒅𝒙𝟐
= 𝟖𝟒𝒙𝟐 + 𝟏𝟐𝒙 + 𝟓𝟔) 

 

𝒖 = 𝟕𝒙 + 𝟐 
𝒅𝒖

𝒅𝒙
= 𝟕 

 

𝒗 = 𝒙𝟑 + 𝟒𝒙 
𝒅𝒗

𝒅𝒙
= 𝟑𝒙𝟐 + 𝟒 

 

𝑦 = (7𝑥 + 2)(𝑥3 + 4𝑥) 

 

(1) 

(1) 

(b) 

(1) 

𝑓(𝑥) =
1

(𝑥 + 3)4
= (𝑥 + 3)−4 

𝒇′(𝒙) = (−𝟒)(𝒙 + 𝟑)−𝟓 

𝒇′′(𝒙) = (−𝟓)(−𝟒)(𝒙 + 𝟑)−𝟔 

𝒇′′(𝒙) =
𝟐𝟎

(𝒙 + 𝟑)𝟔
 

 

(d) 

(1) 

(1) 

(1) 

𝑓(𝑥) = (6 + 7𝑥)3 + 4𝑥−3 

𝒇′(𝒙) = (𝟑)(𝟔 + 𝟕𝒙)𝟐(𝟕) − 𝟏𝟐𝒙−𝟒 

𝒇′(𝒙) = 𝟐𝟏(𝟔 + 𝟕𝒙)𝟐 − 𝟏𝟐𝒙−𝟒 

𝒇′′(𝒙) = (−𝟑)𝟐𝟏(𝟔 + 𝟕𝒙)(𝟕) − 𝟒𝟖𝒙−𝟓 

𝒇′′(𝒙) = 𝟏𝟕𝟔𝟒 + 𝟐𝟎𝟓𝟖𝒙 −
𝟒𝟖

𝒙𝟓
  

(1) 

(c) 

(1) 

(1) 
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Derivative Sketching: Qs 1.31, 1.41 

 

1.31                       [16 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝒇′(𝒙) =
𝒉(𝒙)𝒈′(𝒙) –  𝒈(𝒙)𝒉′(𝒙)

(𝒉(𝒙))𝟐
 

𝒇′(𝒙) =
(𝟖𝒙)(𝟔) − (𝟔𝒙 + 𝟐)(𝟖)

(𝟖𝒙)𝟐
 

𝒇′(𝒙) =
𝟒𝟖𝒙 − 𝟒𝟖𝒙 − 𝟏𝟔

𝟔𝟒𝒙𝟐
 

𝒇′(𝒙) =
−𝟏𝟔

𝟔𝟒𝒙𝟐
= −

𝟏

𝟒
𝒙−𝟐 

𝒇′′(𝒙) =
𝟏

𝟐
𝒙−𝟑 =

𝟏

𝟐𝒙𝟑
 

𝒈(𝒙) = 𝟔𝒙 + 𝟐 

𝒈′(𝒙) = 𝟔 

 

𝒉(𝒙) = 𝟖𝒙 

𝒉′(𝒙) = 𝟖 

 

𝑓(𝑥) =
6𝑥 + 2

8𝑥
 

 

(1) 

(1) 

(f) 

(1) 

𝒅𝒚

𝒅𝒙
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

𝒅𝒚

𝒅𝒙
= (𝟐𝒙𝟐 + 𝟓𝒙)(𝟖) + (𝟖𝒙)(𝟒𝒙 + 𝟓) 

𝒅𝒚

𝒅𝒙
= 𝟏𝟔𝒙𝟐 + 𝟒𝟎𝒙 + 𝟑𝟐𝒙𝟐 + 𝟒𝟎𝒙 

𝒅𝒚

𝒅𝒙
= 𝟒𝟖𝒙𝟐 + 𝟖𝟎𝒙 

𝒅𝟐𝒚

𝒅𝒙𝟐
= 𝟗𝟔𝒙 + 𝟖𝟎 

 

𝒖 = 𝟖𝒙 
𝒅𝒖

𝒅𝒙
= 𝟖 

 

𝒗 = 𝟐𝒙𝟐 + 𝟓𝒙 
𝒅𝒗

𝒅𝒙
= 𝟏𝟎𝒙 + 𝟓 

 

𝑦 = 8𝑥(2𝑥2 + 5𝑥) 

 

(1) 

(1) 

(e) 

(1) 

𝑦 = ξ2𝑥 + 4
3

   

𝑦 = (2𝑥 + 4)
1
3 

𝒅𝒚

𝒅𝒙
= 𝒏ሾ𝒇(𝒙)ሿ𝒏−𝟏𝒇′(𝒙) 

𝒅𝒚

𝒅𝒙
= (

1

3
)(𝟐𝒙 + 𝟒)−

𝟐
𝟑(𝟐) 

𝒅𝒚

𝒅𝒙
=

𝟐

𝟑
(𝟐𝒙 + 𝟒)−

𝟏
𝟑 

𝒅𝟐𝒚

𝒅𝒙𝟐
= ൬−

𝟐

𝟑
൰ ൬

𝟐

𝟑
൰ (𝟐𝒙 + 𝟒)−

𝟓
𝟑(𝟐) 

𝒅𝟐𝒚

𝒅𝒙𝟐
= −

𝟖

𝟗
(𝟐𝒙 + 𝟒)−

𝟓
𝟑 = −

𝟖

𝟗(𝟐𝒙 + 𝟒)
𝟓
𝟑

 

(g) 

(1) 

(1) 

(1) 

𝒇′(𝒙) = 𝒉(𝒙)𝒈′(𝒙) + 𝒈(𝒙)𝒉′(𝒙) 

𝒇′(𝒙) = (𝟐𝒙 + 𝟓)(𝟔𝒙 + 𝟒) + (𝟑𝒙𝟐 + 𝟒𝒙)(𝟐) 

𝒇′(𝒙) = 𝟏𝟐𝒙𝟐 + 𝟖𝒙 + 𝟑𝟎𝒙 + 𝟐𝟎 + 𝟔𝒙𝟐 + 𝟖𝒙 

𝒇′(𝒙) = 𝟏𝟖𝒙𝟐 + 𝟒𝟔𝒙 + 𝟐𝟎 

𝒇′′(𝒙) = 𝟑𝟔𝒙 + 𝟒𝟔 

 

𝒈(𝒙) = 𝟑𝒙𝟐 + 𝟒𝒙 

𝒈′(𝒙) = 𝟔𝒙 + 𝟒 

 

𝒉(𝒙) = 𝟐𝒙 + 𝟓 

𝒉′(𝒙) = 𝟐 

 

𝑓(𝑥) = (3𝑥2 + 4𝑥)(2𝑥 + 5) 

 

(1) 

(1) 

(h) 

(1) 

+ 

+ 

+ 

+ 

+ 

Horizontal POI 

 

(ii) 
𝑓(𝑥) 

𝑥 

+ 

+ 

+ 

− 

− 

− 

− 

− 

+ 

+ 

+ 

+ 

+ 

− 

− 

Minimum TP 

 

(i) 
𝑓(𝑥) 

𝑥 

+ 

+ 
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− 

− 
− 

− 

+ 
+ 

+ 
+ 

+ 
− 

− 

Minimum TP 

 

Vertical POI 

 

(iii) 
𝑓(𝑥) 

𝑥 

Horizontal POI 

 

Minimum TP 

 

𝒇′(𝒙) 

Maximum TP 

 

𝑥 

− 

− 

+ 

+ 

+ 

+ + 

+ 

𝒇′(𝒙) 

𝑥 

Maximum TP 

 

Minimum TP 

 

Vertical  
POI 

 

+ 

+ 

− 

− 

− 

− 

− 

− 

− 

− 

− 

− 

− 

− 

− 

− 

+ 

+ 

+ 

+ 

+ 

− 

− 

Minimum TP 

 

Vertical  
POI 

 

Maximum TP 

 
(iv) 

𝑓(𝑥) 

𝑥 

Maximum TP 

 
Vertical  

POI 

 

− 

+ 

+ 

+ 

+ 
+ 

𝒇′(𝒙) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

𝑥 

𝒇′′(𝒙) 

𝑥 

Gradient = 𝟎 

 

𝒇′′(𝒙) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

𝑥 

𝒇′(𝒙) 

− 

− 

− 

− + 

+ 

+ 

+ 

𝑥 Minimum TP 
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1.41                       [16 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Marking Criteria Marks Allocated 

• Part (i) correct sketching of first and second derivative curve, along with 

labelling of all possible gradients and critical points. 
1 − 4 

• Part (ii) correct sketching of first and second derivative curve, along with 

labelling of all possible gradients and critical points. 
1 − 4 

• Part (iii) correct sketching of first and second derivative curve, along with 

labelling of all possible gradients and critical points. 
1 − 4 

• Part (iv) correct sketching of first and second derivative curve, along with 

labelling of all possible gradients and critical points. 
1 − 4 

Total 16 

𝒇′′(𝒙) 

𝑥 
Minimum TP 

 

− 

− 

− 

− 

+ 

+ 

+ 

+ 

− 

𝒇′′(𝒙) 

𝑥 

Maximum TP 

 
− 

− 

− 

− 

− + 

+ 

+ 

+ 
+ 

Vertical POI 

 

𝒇′(𝒙) 

Maximum TP 

 

Minimum TP 

 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

− 

− 

− 
− 

Vertical POI 

 

− 
− 

− 

− 

− 

+ 

+ 

+ 

+ 

+ 

− 
− 

Minimum TP 

 

Vertical POI 

 

Maximum TP 

 (i) 
𝑓(𝑥) 

𝑥 Minimum TP 

 

+ 

𝒇′(𝒙) 

𝑥 

Minimum TP 

 

+ 
+ 

+ 

+ − 

− 

− 
− 

− 
− 

− 

+ 

+ 

+ 

+ 

+ 

− 

− 

Minimum TP 

 

Vertical POI 

 

Maximum TP 

 

(ii) 
𝑓(𝑥) 

𝑥 

+ 

+ 

+ 

+ 

+ 

+ 
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− 

𝒇′′(𝒙) 

𝑥 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

𝒇′′(𝒙) 

𝑥 

Vertical  
POI 

 

Maximum TP 

 

Minimum TP 

 

+ 

+ 

− 

− 

− 

− 

− 

− 

𝒇′(𝒙) 

𝑥 

Vertical  
POI 

 

Vertical  
POI 

 

Maximum TP 

 
Maximum TP 

 

Minimum  
TP 

 

+ 

+ 

+ 

+ 

+ 

+ 

− 

− 

− 
𝒇′′(𝒙) 

Minimum TP 

 

+ 
+ 

+ 

+ 

+ 

+ 

− 

− 

− 

− 

− 

− 

− 

− 

− 

+ 
+ 

+ 

+ 

+ 

− 

− 

Minimum TP 

 

Vertical POI 

 

Maximum TP 

 (iii) 
𝑓(𝑥) 

𝑥 

Vertical  
POI 

 Horizontal POI 

 

− 

− 

+ 

Maximum TP 

 

− 
− 

− 

− 

− 

+ 

+ 

+ 

+ 
+ 

− 

− 

Minimum TP 

 

Maximum TP 

 

(iv) 𝑓(𝑥) 

𝑥 

Minimum TP 

 

Vertical  
POI 

 

Vertical  
POI 

 

Vertical  
POI 

 
Horizontal  

POI 

 

− 

(1) 

𝒇′(𝒙) 

Maximum TP 

 

Minimum TP 

 

Minimum TP 

 

Vertical  
POI 

 
Vertical  

POI 

 + 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

𝑥 

𝒇′′(𝒙) 

Vertical  
POI 

 

Vertical  
POI 

 

Maximum  
TP 

 

Minimum TP 

 

Minimum TP 

 

+ 

+ 

+ 

+ 

𝑥 
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Graph Sketching: Qs 1.51, 1.61, 1.71 

1.51                       [24 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Marking Criteria Marks Allocated 

• Part (i) correct sketching of first and second derivative curve, along with 

labelling of all possible gradients and critical points. 
1 − 4 

• Part (ii) correct sketching of first and second derivative curve, along with 

labelling of all possible gradients and critical points. 
1 − 4 

• Part (iii) correct sketching of first and second derivative curve, along with 

labelling of all possible gradients and critical points. 
1 − 4 

• Part (iv) correct sketching of first and second derivative curve, along with 

labelling of all possible gradients and critical points. 
1 − 4 

Total 16 

𝑦 = 𝑥 + 2 
𝒅𝒚

𝒅𝒙
= 𝟏 

𝒅𝒚

𝒅𝒙
= 𝟎 

0 ≠ 1 

∴ 𝒏𝒐 𝑻𝑷 

(1) 

(1) 

(a) 𝑦 = 3𝑥2 + 2𝑥 + 4 
𝒅𝒚

𝒅𝒙
= 𝟔𝒙 + 𝟐 

𝒅𝒚

𝒅𝒙
= 𝟎 

0 = 6𝑥 + 2 

𝒙 = −
𝟏

𝟑
 

𝒅𝟐𝒚

𝒅𝒙𝟐
= 𝟔 

𝒅𝟐𝒚

𝒅𝒙𝟐
> 𝟎, ∴ 𝒎𝒊𝒏𝒊𝒎𝒖𝒎 𝑻𝑷 

(1) 

(1) 

(b) 
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𝑓(𝑥) =
1

𝑥3
− 3𝑥2 + 2 

𝒇′(𝒙) = −𝟑𝒙−𝟒 − 𝟔𝒙 

𝒇′(𝒙) = 𝟎 

0 = −3𝑥−4 − 6𝑥 

0 = (−3𝑥−4 − 6𝑥)𝑥4 

0 = −3 − 6𝑥5 

𝑥5 = −
1

2
 

∴ 𝒙 ≈ −𝟎. 𝟖𝟕𝟏  

𝒇′(𝒙) = −𝟑𝒙−𝟒 − 𝟔𝒙 

𝒇′′(𝒙) = 𝟏𝟐𝒙−𝟓 − 𝟔 

(1) 

(d) 

𝑊ℎ𝑒𝑛 𝑥 = −0.871, 

𝒇′′(−𝟎. 𝟖𝟕𝟏) = 𝟏𝟐(−𝟎. 𝟖𝟕𝟏)−𝟓 − 𝟔 

𝒇′′(−𝟎. 𝟖𝟕𝟏) ≈ −𝟐𝟗. 𝟗𝟒 (1) 

𝒇′′(𝒙) < 𝟎, ∴ 𝒎𝒂𝒙𝒊𝒎𝒖𝒎 𝑻𝑷 (1) 

𝑊ℎ𝑒𝑛 𝑥 = 3, 

𝒇′′(𝟑) =
𝟔

(𝟑)𝟑
 

𝒇′′(𝟑) ≈ 𝟎. 𝟐𝟐 

𝒇′′(𝒙) > 𝟎, ∴ 𝒎𝒊𝒏𝒊𝒎𝒖𝒎 𝑻𝑷 

𝒇′′(𝒙) ≠ 𝟎, ∴ 𝒏𝒐 𝑷𝑶𝑰 

 

𝑓(𝑥) =
𝑥2 + 9

3𝑥
 

𝒇′(𝒙) =
(𝟑𝒙)(𝟐𝒙) − (𝒙𝟐 + 𝟗)(𝟑)

(𝟑𝒙)𝟐
 

𝒇′(𝒙) =
𝟔𝒙𝟐 − 𝟑𝒙𝟐 − 𝟐𝟕

𝟗𝒙𝟐
 

𝒇′(𝒙) =
𝒙𝟐 − 𝟗

𝟑𝒙𝟐
 

𝒇′(𝒙) = 𝟎 

0 =
𝑥2 − 9

3𝑥2
 

∴ 0 = 𝑥2 − 9 

𝑥2 = 9 

𝑥 = ±ξ9 

𝒙 = −𝟑, 𝒙 = 𝟑 

𝒇′(𝒙) =
𝒙𝟐 − 𝟗

𝟑𝒙𝟐
 

𝒇′′(𝒙) =
൫𝟑𝒙𝟐൯(𝟐𝒙) − (𝒙𝟐 − 𝟗)(𝟔𝒙)

(𝟑𝒙𝟐)𝟐
 

𝒇′′(𝒙) =
𝟔𝒙𝟑 − 𝟔𝒙𝟑 + 𝟓𝟒𝒙

𝟗𝒙𝟒
 

𝒇′′(𝒙) =
𝟔

𝒙𝟑
 

(1) 

(c) 

𝑊ℎ𝑒𝑛 𝑥 = −3, 

𝒇′′(−𝟑) =
𝟔

(−𝟑)𝟑
 

𝒇′′(−𝟑) ≈ −𝟎. 𝟐𝟐 

𝒇′′(𝒙) < 𝟎, ∴ 𝒎𝒂𝒙𝒊𝒎𝒖𝒎 𝑻𝑷 

(1) 

(1) 

𝑦 = (3𝑥 + 2)3 
𝒅𝒚

𝒅𝒙
= (𝟑)(𝟑𝒙 + 𝟐)𝟐(𝟑) 

𝒅𝒚

𝒅𝒙
= 𝟗(𝟑𝒙 + 𝟐)𝟐 

𝒅𝒚

𝒅𝒙
= 𝟎 

0 = 9(3𝑥 + 2)2 

0 = (3𝑥 + 2)2 

∴ 0 = 3𝑥 + 2 

3𝑥 = −2 

∴ 𝒙 = −
𝟐

𝟑
  

𝒅𝒚

𝒅𝒙
= 𝟗(𝟑𝒙 + 𝟐)𝟐 

𝒅𝟐𝒚

𝒅𝒙𝟐
= (𝟗)(𝟐)(𝟑𝒙 + 𝟐)(𝟑) 

𝒅𝟐𝒚

𝒅𝒙𝟐
= (𝟓𝟒)(𝟑𝒙 + 𝟐) 

𝒅𝟐𝒚

𝒅𝒙𝟐
= 𝟏𝟔𝟐𝒙 + 𝟏𝟎𝟖 

(1) 

(e) 

𝑊ℎ𝑒𝑛 𝑥 = −
2

3
, 

𝒚′′(−
𝟐

𝟑
) = 𝟏𝟔𝟐(−

𝟐

𝟑
) + 𝟏𝟎𝟖 

𝒚′′ ൬−
𝟐

𝟑
൰ = 𝟎 

𝒚′′(𝒙) = 𝟎, ∴ 𝑻𝒆𝒔𝒕 𝒊𝒏𝒄𝒐𝒏𝒄𝒍𝒖𝒔𝒊𝒗𝒆 (1) 

First derivative test, 

 

 

 

 

 

 

 

Derivative is positive, then zero, then positive, 

∴ 𝒉𝒐𝒓𝒊𝒛𝒐𝒏𝒕𝒂𝒍 𝑷𝑶𝑰 

Sign 

  

Point 

𝒅𝒚

𝒅𝒙
 

−𝟏 

𝟗 

−
𝟐

𝟑
 

𝟎 

𝟎 

𝟏𝟎𝟖 

+ + 𝑵/𝑨 

(1) 
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𝑦 = 𝑥4 −
1

2
𝑥3 + 3𝑥2 

𝒅𝒚

𝒅𝒙
= 𝟒𝒙𝟑 −

𝟑

𝟐
𝒙𝟐 + 𝟔𝒙 

𝒅𝒚

𝒅𝒙
= 𝟎 

0 = 4𝑥3 −
3

2
𝑥2 + 6𝑥 

0 =
1

2
𝑥(8𝑥2 − 3𝑥 + 12) 

∴ 𝑥 = 0, 

Applying the quadratic formula for 

8𝑥2 − 3𝑥 + 12: 

𝑥 =
−(−3) ± ඥ(−3)2 − 4(8)(12)

2(2)
 

𝑥 =
3 ± ξ−375

4
, 𝑛𝑜 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑠 

𝒙 = 𝟎 
𝒅𝒚

𝒅𝒙
= 𝟒𝒙𝟑 − 𝟔𝒙𝟐 + 𝟐𝒙 

𝒅𝟐𝒚

(1) 

(g) 

𝒚′′(𝟎) = 𝟏𝟐(𝟎)𝟐 − 𝟑(𝟎) + 𝟔 

𝒚′′(𝟎) = 𝟔 

𝒚′′(𝟎) > 𝟎, ∴ 𝒎𝒊𝒏𝒊𝒎𝒖𝒎 𝑻𝑷 

(1) 

(1) 

 

(1) 

𝑊ℎ𝑒𝑛 𝑥 = 0, 

𝒇′′(𝟎) = 𝟒𝟐(𝟎) + 𝟒𝟐 

𝒇′′(𝟎) = 𝟒𝟐 

𝒇′′(𝒙) > 𝟎, ∴ 𝒎𝒊𝒏𝒊𝒎𝒖𝒎 𝑻𝑷 

𝒇′′(𝒙) = 𝟎, 𝒙 = −𝟏 

𝒇′(−𝟏) = −𝟐𝟏, ∴ 𝒏𝒆𝒈𝒂𝒕𝒊𝒗𝒆 𝑷𝑶𝑰 

 

𝑓(𝑥) = (2𝑥 + 5𝑥)(𝑥2 + 3𝑥) 

𝑓(𝑥) = (7𝑥)(𝑥2 + 3𝑥) 

𝑓(𝑥) = 7𝑥3 + 21𝑥2 

𝒇′(𝒙) = 𝟐𝟏𝒙𝟐 + 𝟒𝟐𝒙 

𝒇′(𝒙) = 𝟐𝟏𝒙(𝒙 + 𝟐) 

𝒇′(𝒙) = 𝟎 

0 = 21𝑥(𝑥 + 2) 

∴ 𝑥 = 0, 

0 = 𝑥 + 2 

𝒙 = −𝟐, 𝒙 = 𝟎 

𝒇′(𝒙) = 𝟐𝟏𝒙𝟐 + 𝟒𝟐𝒙 

𝒇′′(𝒙) = 𝟒𝟐𝒙 + 𝟒𝟐 

(1) 

(f) 

𝑊ℎ𝑒𝑛 𝑥 = −2, 

𝒇′′(−𝟐) = 𝟒𝟐(−𝟐) + 𝟒𝟐 

𝒇′′(−𝟐) = −𝟒𝟐 

𝒇′′(𝒙) < 𝟎, ∴ 𝒎𝒂𝒙𝒊𝒎𝒖𝒎 𝑻𝑷 

(1) 

(1) 

𝑓(𝑥) = 𝑥4 − 4𝑥3 + 3𝑥2 + 2 

𝒇′(𝒙) = 𝟒𝒙𝟑 − 𝟏𝟐𝒙𝟐 + 𝟔𝒙 

𝒇′(𝒙) = 𝟎 

0 = 4𝑥3 − 12𝑥2 + 6𝑥 

0 = 2𝑥(2𝑥2 − 6𝑥 + 3) 

∴ 𝑥 = 0, 

Applying the quadratic formula for 

2𝑥2 − 6𝑥 + 3: 

𝑥 =
−(−6) ± ඥ(−6)2 − 4(2)(3)

2(2)
 

𝑥 =
6 ± ξ12

4
 

𝒙 = 𝟎, 𝒙 = 𝟎. 𝟔𝟑𝟒, 𝒙 = 𝟐. 𝟑𝟔𝟔 

𝒇′(𝒙) = 𝟒𝒙𝟑 − 𝟏𝟐𝒙𝟐 + 𝟔𝒙 

𝒇′′(𝒙) = 𝟏𝟐𝒙𝟐 − 𝟐𝟒𝒙 + 𝟔 

(1) 

(h) 

𝒇′′(𝟎) = 𝟏𝟐(𝟎)𝟐 − 𝟐𝟒(𝟎) + 𝟔 

𝒇′′(𝟎) = 𝟔 

𝒇′′(𝟎) > 𝟎, ∴ 𝒎𝒊𝒏𝒊𝒎𝒖𝒎 𝑻𝑷 

(1) 

(1) 

𝒇′′(𝟎. 𝟔𝟑𝟒) = 𝟏𝟐(𝟎. 𝟔𝟑𝟒)𝟐 − 𝟐𝟒(𝟎. 𝟔𝟑𝟒) + 𝟔 

𝒇′′(𝟎. 𝟔𝟑𝟒) ≈ −𝟒. 𝟑𝟗 

𝒇′′(𝟎. 𝟔𝟑𝟒) < 𝟎, ∴ 𝒎𝒂𝒙𝒊𝒎𝒖𝒎 𝑻𝑷 

𝒇′′(𝟐. 𝟑𝟔𝟔) = 𝟏𝟐(𝟐. 𝟑𝟔𝟔)𝟐 − 𝟐𝟒(𝟐. 𝟑𝟔𝟔) + 𝟔 

𝒇′′(𝟐. 𝟑𝟔𝟔) ≈ 𝟏𝟔. 𝟑𝟗 

𝒇′′(𝟐. 𝟑𝟔𝟔) > 𝟎, ∴ 𝒎𝒊𝒏𝒊𝒎𝒖𝒎 𝑻𝑷 (1) 
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1.61                       [6 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.62                       [6 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1) 

(a) 

Turning points are at B and E  (1) 
Inflection point is at C   (1) 
  

(1) 

(b) 

Turning point is at E   (1) 
Inflection points are at B and D  (1) 
  

(1) 

(a) 

Turning points are at B and F  (1) 
Inflection points are at C, D and E (1) 
  

(1) 

(b) 

Turning points are at B, D and F  (1) 
Inflection points are at C and E  (1) 
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1.71                       [24 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Substitute 𝒚(𝟏. 𝟓) = 𝟒. 𝟐𝟓 to solve for 𝒂: 

Use the value of 𝒂 to solve for 𝒃: 

𝟒. 𝟐𝟓 = 𝒂(𝟏. 𝟓)𝟐 − 𝟑𝒂(𝟏. 𝟓) + 𝟐 

𝟐. 𝟐𝟓 = −𝟐. 𝟐𝟓𝒂 

𝒂 = −𝟏 

𝒃 = −𝟑(−𝟏)  

∴ 𝒚 = −𝒙𝟐 + 𝟑𝒙 + 𝟐 

𝒃 = 𝟑  

(1) 

(1) 

(1) 

𝒚 = 𝒂𝒙𝟐 + 𝒃𝒙 + 𝟐 

We know 𝒄 = 𝟐 since the 𝒚-intercept is at (𝟎, 𝟐): 

𝒚′ = 𝟐𝒂𝒙 + 𝒃 

Substitute in 𝒚’(𝟏. 𝟓) = 𝟎 from the maximum TP:  

𝟎 = 𝟐𝒂(𝟏. 𝟓) + 𝒃 

𝒃 = −𝟑𝒂 

𝒚 = 𝒂𝒙𝟐 − 𝟑𝒂𝒙 + 𝟐 

Substitute 𝒃 = −𝟑𝒂 to have 𝒚 in terms of 𝒂: 

(1) 

(a) 

𝒚 = 𝒂𝒙𝟑 + 𝒃𝒙𝟐 + 𝒄𝒙 + 𝟔 

𝒚′ = 𝟑𝒂𝒙𝟐 + 𝟐𝒃𝒙 + 𝒄 

We know 𝒅 = 𝟔 since the 𝒚-intercept is at (𝟎, 𝟔): 

𝟎 = 𝟑𝒂(−𝟏)𝟐 + 𝟐𝒃(−𝟏) + 𝒄 

Substitute in 𝒚’(−𝟏) = 𝟎 from the maximum TP:  

𝟎 = 𝟑𝒂 − 𝟐𝒃 + 𝒄 

𝒚′′ = 𝟔𝒂𝒙 + 𝟐𝒃 

Substitute in 𝒚′′(
𝟐

𝟑
) = 𝟎 since there is a POI:  

𝟎 = 𝟔𝒂(
𝟐

𝟑
) + 𝟐𝒃 

𝒚′′(
𝟐

𝟑
) = 𝟎 

∴ 𝒄 = 𝟐𝒃 − 𝟑𝒂 

𝒃 = −𝟐𝒂 

𝒄 = 𝟐(−𝟐𝒂) − 𝟑𝒂 

𝒄 = −𝟕𝒂 

Substitute 𝒚(−𝟏) = 𝟑 to solve for 𝒂: 

Use the value of 𝒂 to solve for 𝒃 and 𝒄: 

𝟑 = 𝒂(−𝟏)𝟑 − 𝟐𝒂(−𝟏)𝟐 − 𝟕𝒂(−𝟏) + 𝟔 

𝟑 = −𝒂 − 𝟐𝒂 + 𝟕𝒂 + 𝟔 

−𝟑 = 𝟒𝒂 

𝒂 = −
𝟑

𝟒
 

𝒃 =
𝟑

𝟐
 and 𝒄 =

𝟐𝟏

𝟒
 

∴ 𝒚 = −
𝟑

𝟒
𝒙𝟑 +

𝟑

𝟐
𝒙𝟐 +

𝟐𝟏

𝟒
𝒙 + 𝟔 

Substitute        into 

:  

Substitute 𝒃 = −𝟐𝒂 and 𝒄 = −𝟕𝒂 to have 𝒚 
in terms of 𝒂: 

𝒚 = 𝒂𝒙𝟑 − 𝟐𝒂𝒙𝟐 − 𝟕𝒂𝒙 + 𝟔 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(b) 



 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We know 𝒅 = 𝟒 since the 𝒚-intercept is at (𝟎, 𝟒): 

𝒚 = 𝒂𝒙𝟑 + 𝒃𝒙𝟐 + 𝒄𝒙 + 𝟒 

𝒚′ = 𝟑𝒂𝒙𝟐 + 𝟐𝒃𝒙 + 𝒄 

Substitute in 𝒚’(𝟏) = 𝟓: 

𝟓 = 𝟑𝒂(𝟏)𝟐 + 𝟐𝒃(𝟏) + 𝒄 

𝟓 = 𝟑𝒂 + 𝟐𝒃 + 𝒄 

𝒄 = −𝟑𝒂 − 𝟐𝒃 + 𝟓 

𝒚′′ = 𝟔𝒂𝒙 + 𝟐𝒃 

Substitute in 𝒚′′ ቀ
𝟏

𝟑
ቁ = 𝟎 from the inflection 

point: 

𝟎 = 𝟔𝒂 ൬
𝟏

𝟑
൰ + 𝟐𝒃 

𝒂 = −𝒃 

Substitute        into 

𝒄 = −𝟑(−𝒃) − 𝟐𝒃 + 𝟓 

𝒄 = 𝒃 + 𝟓 

Substitute in 𝒚(𝟐) = 𝟐:  

𝒚(𝟐) = 𝟐 

𝟐 = 𝒂(𝟐)𝟑 + 𝒃(𝟐)𝟐 + 𝒄(𝟐) + 𝟒 

𝟐 = 𝟖𝒂 + 𝟒𝒃 + 𝟐𝒄 + 𝟒 

Substitute        and        into 

𝟐 = 𝟖(−𝒃) + 𝟒𝒃 + 𝟐(𝒃 + 𝟓) + 𝟒 

−𝟏𝟐 = −𝟐𝒃 

∴ 𝒃 = 𝟔 

Substitute 𝒃 = 𝟔 into  

𝒄 = (𝟔) + 𝟓 

∴ 𝒄 = 𝟏𝟏 

Substitute 𝒃 = 𝟔 into  

𝒂 = −(𝟔) 

∴ 𝒂 = −𝟔 

𝒚 = −𝟔𝒙𝟑 + 𝟔𝒙𝟐 + 𝟏𝟏𝒙 + 𝟒 

(c) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

We know 𝒅 = 𝟐 since the 𝒚-intercept is at (𝟎, 𝟐): 

𝒚 = 𝒂𝒙𝟒 + 𝒃𝒙𝟑 + 𝒄𝒙𝟐 + 𝟐 

𝒚′ = 𝟒𝒂𝒙𝟑 + 𝟑𝒃𝒙𝟐 + 𝟐𝒄𝒙 

Substitute in 𝒚’(𝟏) = 𝟎 from the maximum TP: 

𝟎 = 𝟒𝒂(𝟏)𝟑 + 𝟑𝒃(𝟏)𝟐 + 𝟐𝒄(𝟏) 

𝟎 = 𝟒𝒂 + 𝟑𝒃 + 𝟐𝒄 

𝒚′′ = 𝟏𝟐𝒂𝒙𝟐 + 𝟔𝒃𝒙 + 𝟐𝒄 

Substitute in 𝒚′′(−𝟎. 𝟓) = 𝟎 from the inflection point: 

𝟎 = 𝟏𝟐𝒂(−𝟎. 𝟓)𝟐 + 𝟔𝒃(−𝟎. 𝟓) + 𝟐𝒄 

𝒄 = −
𝟑

𝟐
𝒂 +

𝟑

𝟐
𝒃 

Substitute        into 

𝟎 = 𝟒𝒂 + 𝟑𝒃 + 𝟐(−
𝟑

𝟐
𝒂 +

𝟑

𝟐
𝒃) 

𝟎 = 𝟒𝒂 + 𝟑𝒃 − 𝟑𝒂 + 𝟑𝒃) 

𝒂 = −𝟔𝒃 

Substitute 𝒚(𝟏) = −
𝟐

𝟑
 : 

−
𝟐

𝟑
= 𝒂(𝟏)𝟒 + 𝒃(𝟏)𝟑 + 𝒄(𝟏)𝟐 + 𝟐 

−
𝟖

𝟑
= 𝒂 + 𝒃 + 𝒄 

Substitute        and        into 

−
𝟖

𝟑
= (−𝟔𝒃) + 𝒃 + (−

𝟑

𝟐
𝒂 +

𝟑

𝟐
𝒃) 

−
𝟖

𝟑
=

𝟏𝟏

𝟐
𝒃 

∴ 𝒃 = −
𝟏𝟔

𝟑𝟑
 

Substitute 𝒃 = −
𝟏𝟔

𝟑𝟑
 into  

𝒂 = −𝟔(−
𝟏𝟔

𝟑𝟑
) 

∴ 𝒂 =
𝟑𝟐

𝟏𝟏
 

Substitute 𝒂 =
𝟑𝟐

𝟏𝟏
 and 𝒃 = −

𝟏𝟔

𝟑𝟑
 into  

𝒄 = −
𝟑

𝟐
(
𝟑𝟐

𝟏𝟏
) +

𝟑

𝟐
(−

𝟏𝟔

𝟑𝟑
) 

∴ 𝒄 = −
𝟓𝟔

𝟏𝟏
 

∴ 𝒚 =
𝟑𝟐

𝟏𝟏
𝒙𝟒 −

𝟏𝟔

𝟑𝟑
𝒙𝟑 −

𝟓𝟔

𝟏𝟏
𝒙𝟐 + 𝟐 

(d) 
(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 
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Concept 2 

Rate of Change and Rectilinear Motion – Repetitive Questions 

Answers 

___________________________________________________________________________ 

Rate of Change: Qs 2.11, 2.21, 2.31 
 

2.11                                                             [12 marks] 

  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

2.21                                                             [12 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V(0) = 0.25(0)3 − 2(0)2 + 20  

𝑽(𝟎) = $𝟐𝟎  (1) 

The stock costs $20 initially.  (1) 

(a) 
𝑽′(𝒕) = 𝟎. 𝟕𝟓𝒕𝟐 − 𝟒𝒕 (1) (c) 

When the stock value remains unchanged: 

𝑉′(𝑡) = 0.75𝑡2 − 4𝑡 = 0 (1) 

𝑡(0.75𝑡 − 4) = 0  

𝒕 = 𝟎 and 𝒕 = 𝟓. 𝟑𝟑  (1) 

 

Therefore, at 0 seconds and 5.33 seconds, the 

value of the stick remains unchanged. (1) 

 

(d) 

V(t) = 0.25t3 − 2t2 + 20       (1) 

For 𝒕 = 𝟒: 

𝑽(𝟒) = 𝟎. 𝟐𝟓(𝟒)𝟑 − 𝟐(𝟒)𝟐 + 𝟐𝟎 

𝑽(𝟒) = $𝟒 

For 𝒕 = 𝟓: 

𝑽(𝟒) = 𝟎. 𝟐𝟓(𝟓)𝟑 − 𝟐(𝟓)𝟐 + 𝟐𝟎 

𝑽(𝟓) = $𝟏. 𝟐𝟓 

 

 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝑉′(𝑡2) − 𝑉′(𝑡1)

∆𝑡
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝑉(5)−𝑉(4)

5−4
    (1) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
(1.25) − (4)

1
 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 = −$𝟐. 𝟕𝟓/𝒅𝒂𝒚  (1) 

 

 

(b) 

 The value of the stock does not drop down to 

zero. (2) 

(e) 

𝑪′(𝒙) = −𝟎. 𝟑𝒙𝟐 + 𝟏𝟔𝒙 +
𝟏

𝟐ξ𝒙
 (1) 

−𝟎. 𝟑𝒙𝟐 + 𝟏𝟔𝒙 +
𝟏

𝟐ξ𝒙
= 𝟎 (1) 

𝒙 = 𝟓𝟑. 𝟑 𝒎𝒊𝒏𝒖𝒕𝒆𝒔  (1) 

 

Therefore, at 53.3 minutes the stock reaches its 

peak. 

 

(c) 

Instantaneous rate of change is the rate of change of 

a function at a given instant. It is determined by 

substituting the 𝒙-coordinate into the derivative of 

the function. (1) 

Average rate of change is the rate of change of a 

function over a period of time. It is determined by 

dividing the difference in the value of the function at 

the two points in time, by the change in time. (1) 

 

(a) 
𝑪(𝒙) = −𝟎. 𝟏𝒙𝟑 + 𝟖𝒙𝟐 + 𝒙

𝟏
𝟐 

For 𝑥 = 5: 

𝐶(5) = −0.1(5)3 + 8(5)2 + (5)
1
2  

𝐶(5) = $189.73 (1) 

For 𝑥 = 10: 

𝐶(10) = −0.1(10)3 + 8(10)2 + (10)
1
2 

𝑪(𝟏𝟎) = $𝟕𝟎𝟑. 𝟏𝟔 (1) 

 
𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 =  

𝐶(𝑡2) − 𝐶(𝑡1)

∆𝑡
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝑪(𝟏𝟎)−𝑪(𝟓)

𝟏𝟎−𝟓
  

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
(𝟕𝟎𝟑. 𝟏𝟔) − (𝟏𝟖𝟗. 𝟕𝟑)

𝟓
 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 = $𝟏𝟎𝟐. 𝟔𝟗/𝒎𝒊𝒏𝒖𝒕𝒆    (1) 

 

(b) 

Points to note: mark allocations for part (a) have been 

amended. 
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2.31                                                             [8 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.41                                                             [8 marks] 

 

  

 

 

 

 

 

 

 

𝐶′(𝑥) = −0.3𝑥2 + 16𝑥 +
1

2ξ𝑥
 

−0.3𝑥2 + 16𝑥 +
1

2ξ𝑥
= −5.2 (1) 

𝒙 = 𝟓𝟑. 𝟕 𝒎𝒊𝒏𝒖𝒕𝒆𝒔  (1) 

 

Therefore, at 53.7 minutes the instantaneous rate 

of change is -5.2. 

 

(d) 
𝐶(𝑥) = −0.1𝑥3 + 8𝑥2 + 𝑥

1
2 = 0 

𝑥 = 80 𝑚𝑖𝑛𝑢𝑡𝑒𝑠  (1) 

𝐶′(80) = −0.3(80)2 + 16(80) +
1

2ඥ(80)
 

𝑪′(𝟖𝟎) = −𝟔𝟒𝟎 (1) 

Therefore, at $0 the instantaneous rate of change 

is -640. (1) 

 

(e) 

𝑨(𝒕) = ξ𝟑𝒕 + 𝟒 

For 𝒕 = 𝟎: 

𝑨(𝟎) = ඥ𝟑(𝟎) + 𝟒  

𝑨(𝟎) = 𝟐  

For 𝒕 = 𝟏: 

𝑨(𝟏) = ඥ𝟑(𝟏) + 𝟒  

𝑨(𝟏) = ξ𝟕 (1) 

 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 =  
𝐴(𝑡2) − 𝐴(𝑡1)

∆𝑡
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝑨(𝟏)−𝑨(𝟎)

𝟏−𝟎
  

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
(𝟐) − ൫ξ𝟕൯

𝟏
 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 = −𝟎. 𝟔𝟒𝟔/𝒚𝒆𝒂𝒓    (1) 

 

(a) 

𝐴(𝑡) = ξ3𝑡 + 4=7 

For 𝐴(𝑡) = 7: 

ξ3𝑡 + 4 = 7 

𝑡 = 15 years  (1) 

𝐴′(𝑡) =
3

2ξ3𝑡+4
   

For 𝒕 = 𝟏𝟓, 

𝐴′(15) =
3

2ඥ3(15) + 4
=

3

14
 

= 𝟎. 𝟐𝟏𝟒 (1) 

Therefore, the instantaneous rate of 

change when the stock is worth $7 Is 

0.214. 

 

(c) 

𝑨(𝒕) = ξ𝟑𝒕 + 𝟒 

For 𝒕 = 𝟐: 

𝑨(𝟐) = ඥ𝟑(𝟐) + 𝟒  

𝑨(𝟐) = ξ𝟏𝟎 (1) 

 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 =  
𝐴(𝑡2) − 𝐴(𝑡1)

∆𝑡
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝑨(𝒕)−𝑨(𝟐)

𝒕−𝟐
  

𝟏. 𝟐 =  
ξ𝟑𝒕 + 𝟒 − ൫ξ𝟏𝟎൯

𝒕 − 𝟐
 

 𝟏. 𝟐𝒕 − 𝟐. 𝟒 = ξ𝟑𝒕 + 𝟒 − ξ𝟏𝟎 

𝒕 = 𝟐 (1)   

 

 

  

 

(d) 

𝑨(𝒕) = ξ𝟑𝒕 + 𝟒=15 (1) 

 
For 𝑨(𝒕) = 𝟏𝟓: 

ξ𝟑𝒕 + 𝟒 = 𝟏𝟓 

𝒕 = 𝟕𝟑. 𝟕 years  (1) 

 

(b) 

𝑣 =
𝑑𝑠

𝑑𝑡
= 𝑠′(𝑡) 

𝑣 =
𝑑

𝑑𝑡
(2𝑡2 + 3) 

= 𝟒𝒕 (1) 

 

(b)  

When 𝒕 = 𝟑, 

𝟐(𝟑)𝟐 + 𝟑 = 𝟐𝟏 

 

After 3 seconds, the particle is 21 meters 

from its origin. (1) 

(a) 
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2.51                                                             [12 marks] 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝒗 = 𝟒𝒕 

𝒗′(𝒕) = 𝟒 (1) 

For 𝒕 = 𝟐 

𝒗′(𝟐) = 𝟒 

 

The instantaneous rate of change in 

velocity of the particle at 2 seconds is 4. (1) 

 

(c) 𝒂(𝒕) =
𝒅𝒗

𝒅𝒕
= 𝟒 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑹𝒂𝒕𝒆 =  
𝑎(𝑡2) − 𝑎(𝑡1)

∆𝑡
 

=  
𝑎(4)−𝑎(3)

4−3
  

=  
(𝟒) − (𝟒)

1
 

= 𝟎    (1) 

 

The average change is 0 m/s3. (1) 

(d) 

 

When 𝒔 = 𝟓𝟎, 

𝟐𝒕𝟐 + 𝟑 = 𝟓𝟎 

𝒕 = ට
𝟒𝟕

𝟐
 (1) 

For 𝒕 = ට
𝟒𝟕

𝟐
 

𝒗 = 𝟒 ቆට
𝟒𝟕

𝟐
ቇ  

𝒗 = 𝟏𝟗. 𝟒 

 

Therefore, the particle will be travelling at 19.4 m/s when 

the particle is located 50m away. (1) 

 

(e) 

 

When 𝒕 = 𝟎, 

𝑠 = 3(𝟎)3 − 2(𝟎)2 + 4(𝟎) + 7 (1) 

= 𝟕  

The initial displacement is 7 meters. (1) 

 

(a) 𝑠′(𝑡) =
𝑑𝑠

𝑑𝑡
= 9𝑡2 − 4𝑡 + 4 (1) 

At 𝒕 = 𝟔, 

𝑠′(𝑡) = 6(𝟔)2 − 4(𝟔) + 4 

= 𝟑𝟎𝟒  

 

The instantaneous change in position at 6 seconds 

is 304 m/s. (1) 

 

(b) 

𝑣 =
𝑑

𝑑𝑡
(3𝑡3 − 2𝑡2 + 4𝑡 + 7) 

= 𝟗𝒕𝟐 − 𝟒𝒕 + 𝟒 

𝑎 =
𝑑

𝑑𝑡
(9𝑡2 − 4𝑡 + 4) 

= 𝟏𝟖𝒕 − 𝟒 (1) 

For 𝒂 = 𝟔 𝒎/𝒔𝟐: 

18(𝒕) − 4 = 𝟔 

𝒕 = 𝟎. 𝟓𝟓𝟔 𝒔𝒆𝒄𝒐𝒏𝒅𝒔 

 

Acceleration is 𝟔 𝒎/𝒔𝟐 is at 

𝟎. 𝟓𝟓𝟔 𝒔𝒆𝒄𝒐𝒏𝒅𝒔 (1)  

 

(c) Velocity does not become negative 

hence distance remains positive and is 

always increasing. (1) 

Maximum distance will be reached at 

𝒕 = 𝟓. (1) 

 

𝑠(𝟓) = 3(𝟓)3 − 2(𝟓)2 + 4(𝟓) + 7 

= 𝟑𝟓𝟐 

 

The maximum distance reached in the 

first five seconds is 352 meters. (1) 

 

(d) 
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2.61                                                             [11 marks] 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.71                                                             [13 marks] 

 

 

  

 

 

 

𝑣 = 9𝑡2 − 4𝑡 + 4 

𝑣′(𝑡) = 18𝑡 − 4 

At minimum velocity, 𝒗′(𝒕) = 𝟎, 

18𝑡 − 4 = 0 

𝒕 = 𝟎. 𝟐𝟐𝟐 (1) 

 

As 𝑡 > 0, maximum velocity will be achieved at 𝒕 =

𝟓. (1) 

𝑣(𝟓) = 9(𝟓)2 − 4(𝟓) + 4 

= 𝟐𝟎𝟗 

 

The particle’s maximum velocity is 209 m/s. (1) 

 

(e) 

When 𝒕 = 𝟎 

𝑠(0) =
(𝟎)+3

2(𝟎)+2
 (1) 

𝒔 =
𝟑

𝟐
= 𝟏. 𝟓 (1) 

 

The particle’s initial position is 1.5 meters. (1) 

 

(a) 𝑣(𝑡) = −
1

(𝑥+1)2  

𝒗(𝟒) = 𝟎. 𝟎𝟒 

𝒗(𝟑) = 𝟎. 𝟎𝟔𝟐𝟓 (1) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝑣(𝑡2) − 𝑣(𝑡1)

∆𝑡
 

=  
𝑣(4) − 𝑣(3)

4 − 3
 

=  
(0.04)−(0.0625)

4−3
  

= −𝟎. 𝟎𝟐𝟐𝟓  

 

The average change in the third second is -0.0225 

m/s2. (1) 

(b) 

𝒔 = 𝟎. 𝟕 
𝒕 + 𝟑

𝟐𝒕 + 𝟐
= 𝟎. 𝟕 

𝒙 = 𝟒 𝒔𝒆𝒄𝒐𝒏𝒅𝒔 

 

The particle reaches a distance of 0.7 meters at 4 

seconds. (1) 

 

(c) 

𝑎(𝑡) =
2

(𝑡+1)3  

𝒂(𝟎) = 𝟐 

𝒂(𝟒) = 𝟎. 𝟎𝟏𝟔 (1) 

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝑎(𝑡2) − 𝑎(𝑡1)

∆𝑡
 

=  
(𝟎. 𝟎𝟏𝟔) − (𝟐)

4 − 0
 

= 𝟎. 𝟗𝟗𝟔   (1) 

 

The average change is 0.996 m/s3. (1) 

(d) 

𝒔 = 𝟔𝟓 

𝟔𝟓 =
𝑡 + 3

2𝑡 + 2
 

𝒕 ≈ −𝟎. 𝟗𝟖𝟒 (1) 

𝑎(−𝟎. 𝟗𝟖𝟒) =
2

൫(−𝟎. 𝟗𝟖𝟒) + 1൯
3 

= 𝟒𝟖𝟖 𝟐𝟖𝟏. 𝟐𝟓 (1) 

The instantaneous rate of change is 488 281.25 

m/s3. (1) 

(e) 

𝑠 =
𝑡3

2
− 4𝑡2 + 7𝑡 + 9 

𝑣 =
𝑑𝑠

𝑑𝑡
=

3𝑡2

2
− 8𝑡 + 7 (1) 

When 𝒕 = 𝟎, 

𝒗 = 𝟕 (1) 

 

The initial velocity of the particle is 7 m/s. 

(a) Direction will reverse when velocity goes 

between positive and negative. (1) 

 

𝟎 = 3𝑡2

2
− 8𝑡 + 7 (1) 

𝒕 ≈ 𝟒. 𝟐𝟑𝟎 and 𝟏. 𝟏𝟎𝟑 (2)  

 

The particle reverses at 4.230 seconds and 

(b) 
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𝒂 =
𝒅𝒗

𝒅𝒕
= 𝟑𝒕 − 𝟖 (1) 

Since its acceleration increases linearly, the 

maximum acceleration is achieved at 5 seconds.

  

𝑎(𝟓) = 3(𝟓) − 8 

= 𝟕 

The maximum acceleration in the first 5 seconds is 

7m/s2. (1) 

 

(c) 𝑠(𝑡) =
𝒕𝟑

𝟐
− 𝟒𝒕𝟐 + 𝟕𝒕 + 𝟗 

𝑠(0) = 9 

𝑠(4) = 5 

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 =  
𝑠(𝑡2) − 𝑠(𝑡1)

∆𝑡
 

=  
(5) − (9)

4 − 0
 

= −𝟏    (1) 

 

The average change in position in the first 4 

seconds is -1 m/s. (1) 

 

(d) 

When 𝒔 = 𝟏𝟎, 

𝒕𝟑

𝟐
− 𝟒𝒕𝟐 + 𝟕𝒕 + 𝟗 = 𝟏𝟎 

𝒕 ≈ 𝟎. 𝟏𝟓𝟕, 𝟐. 𝟑𝟎𝟕 and 𝟓. 𝟓𝟑𝟕 (1) 

 

𝑎(𝑡) = 3𝑡 − 8 

𝒂(𝟎. 𝟏𝟓𝟕) ≈ −𝟕. 𝟓𝟐𝟗 

𝒂(𝟐. 𝟑𝟎𝟕) ≈ −𝟏. 𝟎𝟕𝟗 

𝒂(𝟓. 𝟓𝟑𝟕) ≈ 𝟖. 𝟔𝟏𝟏 (1) 

 

At the three instances the particle is 10m away, 

the particle will be accelerating at −𝟕. 𝟓𝟐𝟗 𝒎/𝒔𝟐, 

−𝟕. 𝟓𝟐𝟗 𝒎/𝒔𝟐 and −𝟕. 𝟓𝟐𝟗 𝒎/𝒔𝟐(1) 

 

(e) 
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Concept 3 

Optimisation – Repetitive Questions Answers 

___________________________________________________________________________ 

 

Optimisation: Qs 3.11, 3.12, 3.21, 3.41, 3.42, 3.43, 3.51  

3.11                                                             [4 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

𝒔𝒖𝒎 = 𝒙 + 𝟐𝒚 & 𝒑𝒓𝒐𝒅𝒖𝒄𝒕 = 𝒙 × 𝒚  

As given in the question, 𝒑𝒓𝒐𝒅𝒖𝒄𝒕 =  𝟒𝟓𝟎 

450 = 𝑥 × 𝑦 

𝒚 =
𝟒𝟓𝟎

𝒙
 (1) 

Substituting 𝑦 into sum equation 

𝑠𝑢𝑚 = 𝑥 + 2 ൬
450

𝑥
൰ 

𝑓(𝑥) = 𝑠𝑢𝑚 = 𝒙 +
𝟗𝟎𝟎

𝒙
 

Differentiating the sum equation 

𝒇′(𝒙) = 𝟏 −
𝟗𝟎𝟎

𝒙𝟐
 

When 𝒇′(𝒙)=0 

0 = 1 −
900

𝑥2
 

∴ 𝒙 = 𝟑𝟎 or 𝒙 = −𝟑𝟎 (1) 

Differentiating the sum equation again 

𝑓(𝑥)′′ =
1800

𝑥3
 

When 𝒙 = 𝟑𝟎, the 2nd derivative is positive, meaning it’s a minimum (1) 

Substitute 𝒙 = 𝟑𝟎 into product equation 

450 = 30 × 𝑦 

𝒚 = 𝟏𝟓 (1) 

Therefore, the numbers are 𝟑𝟎 and 𝟏𝟓 
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3.12                                                             [4 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.21                                                             [5 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At least one of the numbers must be a negative and you can only get a positive number from the 

multiplication of two negative numbers. 

This means that both numbers will be negative. 

𝒔𝒖𝒎 = 𝒙 + 𝒚 & 𝒑𝒓𝒐𝒅𝒖𝒄𝒕 = 𝒙 × 𝒚 

Substitute 𝒑𝒓𝒐𝒅𝒖𝒄𝒕 =  𝟏𝟎𝟎 

100 = 𝑥 × 𝑦 

𝒚 =
𝟏𝟎𝟎

𝒙
 (1) 

Sub in 𝑦 into sum equation 

𝒔𝒖𝒎 = 𝒙 +
𝟏𝟎𝟎

𝒙
 

Differentiate sum equation 

𝒇(𝒙)′ = 𝟏 −
𝟏𝟎𝟎

𝒙𝟐
 

When 𝒇(𝒙)′ = 𝟎 

0 = 1 −
100

𝑥2
 

∴ 𝒙 = 𝟏𝟎 or 𝒙 = −𝟏𝟎 (1) 

𝑓(𝑥)′′ =
200

𝑥3
 

When 𝒙 = −𝟏𝟎, the answer is negative which means it’s a maximum (1) 

Substitute 𝑥 = 10 into product equation 

100 = −10 × 𝑦 

𝒚 = −𝟏𝟎 (1) 

Therefore, the numbers are −𝟏𝟎 and −𝟏𝟎 

 

Assume 𝒙 = 𝒉𝒆𝒊𝒈𝒉𝒕 and 𝒙 = 𝒍𝒆𝒏𝒈𝒕𝒉 𝒐𝒇 𝒄𝒐𝒓𝒏𝒆𝒓 𝒄𝒖𝒕 

𝒗𝒐𝒍𝒖𝒎𝒆 = 𝑽(𝒙) = (𝟒𝟎 − 𝟐𝒙) × (𝟑𝟎 − 𝟐𝒙) × 𝒙 (1) 

𝑉(𝑥) = 1200𝑥 − 140𝑥2 + 4𝑥3 

Differentiate volume equation 

𝑽′(𝒙) = 𝟏𝟐𝟎𝟎 − 𝟐𝟖𝟎𝒙 + 𝟏𝟐𝒙𝟐 (1) 

When 𝒇′(𝒙) = 𝟎  

0 = 1200 − 280𝑥 + 12𝑥2 

∴ 𝒙 = 𝟏𝟕. 𝟔𝟖 or 𝒙 = 𝟓. 𝟔𝟔 (1) 

𝑽′′(𝒙) = −𝟐𝟖𝟎 + 𝟐𝟒𝒙 (1) 

When 𝒙 = 𝟏𝟕. 𝟔𝟖, the answer is positive which means it’s a maximum (1) 

Therefore, to maximise volume, ℎ𝑒𝑖𝑔ℎ𝑡 = 17.68𝑐𝑚  
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3.31                                                             [5 marks] 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
3.41                                                             [5 marks] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.42                                                             [5 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

𝑮(𝒙) =
𝟓𝟎𝒕

𝒕𝟑−𝟐𝒕+𝟏𝟎
 (1) 

Differentiate goals equation 

𝑮′(𝒙) =
𝟓𝟎(−𝟐𝒙𝟑+𝟏𝟎)

(𝒙𝟑−𝟐𝒙+𝟏𝟎)𝟐 (1) 

When 𝑮′(𝒙)=0 

0 =
𝟓𝟎(−𝟐𝒙𝟑−𝟏𝟎)

(𝟎.𝟒𝒙𝟑−𝟐𝒙+𝟏𝟎)𝟐  

∴ 𝒙 = 𝟏. 𝟕𝟏 (1) 

Differentiating the goals equation again 

𝑮′′(𝒙) = −
𝟏𝟎𝟎(−𝟑𝒙𝟓−𝟐𝒙𝟑+𝟔𝟎𝒙𝟐−𝟐𝟎)

(𝒙𝟑−𝟐𝒙+𝟏𝟎)𝟑  (1) 

When 𝒙 = 𝟏. 𝟕𝟏, the G’’(x) is negative which means it’s a maximum (1) 

Therefore, to maximise volume, 𝒉𝒆𝒊𝒈𝒉𝒕 = 𝟏. 𝟕𝟏𝒄𝒎  

 

𝑂 = 384𝑛 − 2𝑛3 

Differentiating the oranges picked equation 

𝑶′ = 𝟑𝟖𝟒 − 𝟔𝒏𝟐 (1) 

When O’ = 0 

0 = 384 − 6𝑛2 

384 = 6𝑛2 

𝑛 = −𝟖, 𝟖 (1) 

Differentiating the oranges picked equation again 

𝑂′′ = 4𝑛 

𝑂′′(𝟖) = 32 > 0   

𝑂′′(−𝟖) = −32 < 0  

There is a minimum turning point at 𝑶 = 𝟖 (1) 

∴ 𝑂(𝑚𝑖𝑛𝑖𝑚𝑢𝑚) = 384(𝟖) − 2(𝟖)3 (1) 

𝑂 = 3072 − 1042 

𝑶 = 𝟐𝟎𝟑𝟎  𝒐𝒓𝒂𝒏𝒈𝒆𝒔 (1) 

 

 

 
𝐶 =

1

20
𝑥3 − 𝑥2 − 𝑥 + 100 

Differentiating the cost equation 

𝑪′ =
𝟑𝒙𝟐

𝟐𝟎
− 𝟐𝒙 − 𝟏 (1) 

When C’ = 0 

0 =
3𝑥2

20
− 2𝑥 − 1  

30 = 3𝑥2 

𝑥 = −𝟏𝟎, 𝟏𝟎 (1) 

Differentiating the cost equation again 

𝑪′′ = 𝟔𝒙 

𝐶′′(𝟏𝟎) = 60 > 0   

𝐶′′(−𝟏𝟎) = −60 < 0  

There is a minimum turning point at 𝒙 = 𝟏𝟎 (1) 

∴ 𝐶(𝑚𝑖𝑛𝑖𝑚𝑢𝑚) = 3(10)3 − 30(10) − 2695 (1) 

𝐶 = $𝟓 𝒑𝒆𝒓 𝒃𝒐𝒐𝒌 (1) 
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3.51                                                          [6 marks] 

 

 

 

 

 

 

 

 

 

 

  

𝑽𝒐𝒍𝒖𝒎𝒆: 𝑽 = 𝝅𝒓𝟐𝒉 

Given 𝑽 = 𝟐𝟎𝟎𝒄𝒎𝟑 

𝟐𝟎𝟎 = 𝝅𝒓𝟐𝒉 

ℎ =
𝟐𝟎𝟎

𝝅𝒓𝟐 (1) 

 

Surface Area: s=𝟐𝝅𝒓𝒉 + 𝟔𝝅𝒓𝟐 

Substituting h into the surface area equation 

𝒔 = 𝟐𝝅𝒓 ቀ
𝟐𝟎𝟎

𝝅𝒓𝟐ቁ + 𝟔𝝅𝒓𝟐 (1) 

𝑠 =
400

𝑟
+ 6𝜋𝑟2 

 

Differentiating the surface area equation 

𝒔′ = −
𝟒𝟎𝟎

𝒓𝟐 + 𝟏𝟐𝝅𝒓  

When s’=0 

0 = −
400

𝑟2
+ 12𝜋𝑟 

𝒓 = 𝟐. 𝟏𝟗𝟕, −𝟏. 𝟎𝟗𝟗 (1) 

 

Differentiating the surface area equation again 

𝒔′′ =
𝟖𝟎𝟎

𝒓𝟑 + 𝟏𝟐𝝅  

𝑠′′(𝟐. 𝟏𝟗𝟕) > 0   

𝑠′′(−𝟏. 𝟎𝟗𝟗) < 0  

∴ maximum at r = -1.099 (1) 

 

𝑠(𝑚𝑎𝑥𝑖𝑚𝑢𝑚) = ቀ
𝟒𝟎𝟎

−𝟏.𝟎𝟗𝟗
ቁ + 𝟔𝝅(−𝟏. 𝟎𝟗𝟗)𝟐 

𝑠(𝑚𝑎𝑥𝑖𝑚𝑢𝑚) = −341.2007𝑐𝑚2 (1) 

 

The minimum surface area cannot be found because the radius  
a negative value, resulting in a negative volume which is not 

rational in this situation. (1) 
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Concept 4 

Small Change – Repetitive Questions Answers 

___________________________________________________________________________ 

 

Small Change: Qs 4.11, 4.21, 4.31 … 

4.11                                                             [5 marks] 

 

 

 

 

 

 

 

 

 

 

 

4.12                                                             [6 marks] 

 

 

 

 

 

 

 

 

 

4.13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝒚 = 𝝅𝒓𝟐 
𝒅𝒚

𝒅𝒓
= 2𝜋𝑟  

𝑥 = 3,   𝛿𝑥 = 0.01  
𝒅𝒚

𝒅𝒙
 𝒘𝒉𝒆𝒏 𝒙 = 𝟑 𝒊𝒔 𝟑(𝟑)𝟐 − 𝟖(𝟑) = 𝟑  

𝛿𝑦

𝛿𝑥
≈

𝑑𝑦

𝑑𝑥
→ 𝛿𝑦 ≈ 𝛿𝑥 ×

𝑑𝑦

𝑑𝑥
  

𝛿𝑦 ≈ 0.01 × 3 ≈ 0.03  

(b) (a) 

(b) (a) 

𝐴 = 𝜋𝑟2 
𝒅𝑨

𝒅𝒓
= 𝟐𝝅𝒓  (1) 

𝑟 = 3.2,   𝜹𝒓 = −𝟎. 𝟎𝟏  
𝒅𝑨

𝒅𝒓
 𝑤ℎ𝑒𝑛 𝒓 = 𝟑. 𝟐 𝑖𝑠 2𝜋(𝟑. 𝟐) = 20.1   (1) 

𝜹𝑨

𝜹𝒓
≈

𝒅𝑨

𝒅𝒓
→ 𝜹𝑨 ≈ 𝜹𝒓 ×

𝒅𝑨

𝒅𝒓
  

𝜹𝑨 ≈ −𝟎. 𝟎𝟏 × 𝟐𝟎. 𝟏 ≈ −0.201𝑐𝑚2  (1) 

𝐶 = 2𝜋𝑟 
𝒅𝑪

𝒅𝒓
= 𝟐𝝅  (1)  

𝑟 = 3.2,   𝜹𝒓 = −𝟎. 𝟎𝟏  
𝑑𝐶

𝑑𝑟
 𝑤ℎ𝑒𝑛 𝒓 = 𝟑. 𝟐 𝑖𝑠 𝟐𝝅 = 6.28  
𝜹𝑪

𝜹𝒓
≈

𝒅𝑪

𝒅𝒓
→ 𝜹𝑪 ≈ 𝜹𝒓 ×

𝒅𝑪

𝒅𝒓
  

𝜹𝑪 ≈ −𝟎. 𝟎𝟏 × 𝟔. 𝟐𝟖 ≈ −0.0628𝑐𝑚  (1) 

𝑉 = 6𝑙2 
𝒅𝑽

𝒅𝒍
= 𝟏𝟐𝒍   (1) 

𝑤ℎ𝑒𝑛 𝑉 = 0.41,   𝒍 = 𝟎. 𝟐𝟔𝟏 
𝜹𝑽 = 𝟎. 𝟎𝟏  

𝒅𝑽

𝒅𝒍
 𝑤ℎ𝑒𝑛 𝒍 = 𝟎. 𝟐𝟔𝟏 𝑖𝑠 12(𝟎. 𝟐𝟔𝟏) = 3.14   (1) 

𝜹𝑽

𝜹𝒍
≈

𝒅𝑽

𝒅𝒍
→ 𝜹𝒍 ≈ 𝜹𝑽 ×

𝒅𝒍

𝒅𝑽
  

𝜹𝒍 ≈ 𝟎. 𝟎𝟏 ×
𝟏

𝟑.𝟏𝟒
≈ 0.00318𝑐𝑚  (1) 

𝑤ℎ𝑒𝑛 𝑽 = 𝟎. 𝟒𝟏,   𝒍 = 𝟎. 𝟐𝟔𝟏  
𝑤ℎ𝑒𝑛 𝑽 = 𝟎. 𝟒𝟐, 𝒍 = 𝟎. 𝟐𝟔𝟒  (1)  

𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑙 = 𝟎. 𝟐𝟔𝟒 − 𝟎. 𝟐𝟔𝟏 = 0.00317𝑐𝑚 (1) 
(Note: unrounded values used for both lengths) 

 

𝑉 = 𝑟3  →
𝒅𝑽

𝒅𝒓
= 𝟑𝒓𝟐  (1) 

𝜹𝑽

𝜹𝒓
≈

𝒅𝑽

𝒅𝒓
→ 𝜹𝑽 ≈ 𝜹𝒓 ×

𝒅𝑽

𝒅𝒓
  

𝜹𝑽 ≈ 𝜹𝒓 × 𝟑𝒓𝟐  
𝛿𝑉

𝑉
≈ 𝜹𝒓 × 𝟑𝒓𝟐 ×

1

𝑉
  

𝛿𝑉

𝑉
≈ 𝜹𝒓 × 𝟑𝒓𝟐 ×

1

𝑟3  
𝛿𝑉

𝑉
≈ 𝜹𝒓 ×

3

𝑟
    

𝛿𝑉

𝑉
≈

𝜹𝒓

𝒓
× 3   

𝛿𝑉

𝑉
≈ 𝟎. 𝟎𝟐 × 3     

∴ 6% 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑣𝑜𝑙𝑢𝑚𝑒  (1) 
 

 

𝐴 = 6𝑙2  
𝑤ℎ𝑒𝑛 𝐴 = 12,     12 = 6𝑙2  →  𝒍 = 𝟏. 𝟒𝟏  (1) 

𝑉 = 𝑙3  
𝒅𝑽

𝒅𝒍
= 𝟑𝒍𝟐  (1) 

𝒍 = 𝟏. 𝟒𝟏,   𝛿𝑙 = −0.01   
𝒅𝑽

𝒅𝒍
 𝑤ℎ𝑒𝑛 𝒍 = 𝟏. 𝟒𝟏  𝑖𝑠 3(1.41)2 = 𝟓. 𝟗𝟔  

𝜹𝑽

𝜹𝒍
≈

𝒅𝑽

𝒅𝒍
→ 𝜹𝑽 ≈ 𝜹𝒍 ×

𝒅𝑽

𝒅𝒍
  

𝜹𝑽 ≈ −0.01 × 𝟓. 𝟗𝟔 ≈ −0.0596𝑐𝑚2  (1) 

(a) (b) 

Note: the question should read “Determine 
the incremental increase in Volume” 

𝛿𝑉 = 0.42 − 0.41 = 0.01𝑐𝑚3 

(c) 
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4.31                                                         [5 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

4.51                                                             [8 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) (d) 𝑉 =
𝜋𝑟2ℎ

3
 →

𝒅𝑽

𝒅𝒓
=

𝟐𝝅𝒓𝒉

𝟑
  (1) 

𝜹𝑽

𝜹𝒓
≈

𝒅𝑽

𝒅𝒓
→ 𝜹𝑽 ≈ 𝜹𝒓 ×

𝒅𝑽

𝒅𝒓
  

𝜹𝑽 ≈ 𝜹𝒓 ×
𝟐𝝅𝒓𝒉

𝟑
  

𝛿𝑉

𝑉
≈ 𝜹𝒓 ×

𝟐𝝅𝒓𝒉

𝟑
×

1

𝑉
  

𝛿𝑉

𝑉
≈ 𝜹𝒓 ×

𝟐𝝅𝒓𝒉

𝟑
×

3

𝜋𝑟2ℎ
  (1) 

𝛿𝑉

𝑉
≈ 𝜹𝒓 ×

2

𝑟
    

𝛿𝑉

𝑉
≈

𝜹𝒓

𝒓
× 2   

𝛿𝑉

𝑉
≈ 𝟎. 𝟎𝟏 × 2     

∴ 2% 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑣𝑜𝑙𝑢𝑚𝑒  (1) 
 

 

𝑦 = 2𝑥
3

4 →
𝒅𝒚

𝒅𝒙
=

𝟑𝒙
−

𝟏
𝟒

𝟐
   (1) 

𝑥 = 81,   𝜹𝒙 = 𝟏  
𝒅𝒚

𝒅𝒙
 𝑤ℎ𝑒𝑛 𝑥 = 81 𝑖𝑠 

3

2×81
1
4

= 𝟎. 𝟓  (1) 

𝜹𝒚

𝜹𝒙
≈

𝒅𝒚

𝒅𝒙
→ 𝜹𝒚 ≈ 𝜹𝒙 ×

𝒅𝒚

𝒅𝒙
   

𝜹𝒚 ≈ 1 × 𝟎. 𝟓 = 0.5   (1) 

𝑤ℎ𝑒𝑛 𝑥 = 81, 𝑦 = 2 × 810.75 = 54 
∴ 𝑟𝑎𝑛𝑔𝑒 𝑖𝑛 𝑦 𝑖𝑠 54 ± 0.5, 𝑜𝑟 53.5 < 𝑦 < 54.5    (1) 

 

𝐴 = 2𝜋𝑟(5) + 2𝜋𝑟2  →
𝒅𝑨

𝒅𝒓
= 𝟏𝟎𝝅 + 𝟒𝝅𝒓   

𝜹𝒓 = 1000 × 0.03 = 𝟑𝟎  (1) 

𝑤ℎ𝑒𝑛 𝑟 = 1000,
𝒅𝑨

𝒅𝒓
=   10𝜋 + 4𝜋(1000) = 𝟏𝟐𝟓𝟗𝟖  (1) 

𝜹𝑨

𝜹𝒓
≈

𝒅𝑨

𝒅𝒓
→ 𝜹𝑨 ≈ 𝜹𝒓 ×

𝒅𝑨

𝒅𝒓
  

𝜹𝑨 ≈ 30 × (𝟏𝟐𝟓𝟗𝟖) = 𝟑. 𝟕𝟖 × 𝟏𝟎𝟓  (1) 

𝑨 = 10𝜋(1000) + 2𝜋(1000)2 = 𝟔. 𝟑𝟏 × 𝟏𝟎𝟔  (1)  
𝜹𝑨

𝑨
=

𝟑.𝟕𝟖×𝟏𝟎𝟓

𝟔.𝟑𝟏×𝟏𝟎𝟔 = 0.0599 = 5.99%  (1) 

 

𝑅(𝑥) =
20(𝑥3−𝑥2)

𝑥
→ 𝑹′(𝒙) = 𝟒𝟎𝒙 − 𝟐𝟎  (1) 

𝑹′(𝟓𝟎𝟎)  = 𝟏𝟗𝟗𝟖𝟎  (1) 
𝑥 = 500,   𝜹𝒙 = −𝟏  

𝜹𝑹

𝜹𝒙
≈

𝒅𝑹

𝒅𝒙
→ 𝜹𝑹 ≈ 𝜹𝒙 ×

𝒅𝑹

𝒅𝒙
  

𝛿𝑅 ≈ −𝟏 × 𝟏𝟗𝟗𝟖𝟎 ≈ −$19980  (1) 
 

𝐶(𝑥) =
2

3
𝑥2   → 𝑪′(𝒙) =

𝟒𝒙

𝟑
  (1) 

𝑪′(𝟓𝟎𝟎)  = 𝟔𝟔𝟕  
𝑥 = 500,   𝜹𝒙 = −𝟏  

𝜹𝑪

𝜹𝒙
≈

𝒅𝑪

𝒅𝒙
→ 𝜹𝑪 ≈ 𝜹𝒙 ×

𝒅𝑪

𝒅𝒙
  

𝛿𝐶 ≈ −𝟏 × 𝟔𝟔𝟕 ≈ −$667  (1) 
 

(a) 𝑃𝑟𝑜𝑓𝑖𝑡 = 𝑹(𝒙) − 𝑪(𝒙) =
𝟐𝟎൫𝒙𝟑−𝒙𝟐൯

𝒙
−

𝟐

𝟑
𝒙𝟐  (1)  

𝑃′(𝑥)  =
116𝑥−60

3
   (1) 

𝑃′(1000) = 38646   
𝑠𝑖𝑛𝑐𝑒 𝑃′(1000) > 0,   𝑠𝑒𝑙𝑙𝑖𝑛𝑔 1 𝑒𝑥𝑡𝑟𝑎   

𝑢𝑛𝑖𝑡 𝑤𝑖𝑙𝑙 𝑏𝑒 𝑝𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑙𝑒    (1) 

(b) 
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Concept 1 

Integration Techniques – Progressive Questions Answers 

___________________________________________________________________________ 

 

Integration Techniques: Q1, Q2, Q3, Q4, Q5 

1.                                                                                [20 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

2.             [28 marks] 

 

 

 

 

 

 

 

 

 

Problem Set 3 – Integration 
Progressive Questions 

න 4𝑥2 − 3𝑥𝑑𝑥 

=
𝟒

𝟑
𝒙𝟑 −

𝟑

𝟐
𝒙𝟐 + 𝑪 

 

(b) 

(2) 

න
4

𝑥2 +
𝑥3

3
𝑑𝑥 

= −
𝟒

𝒙
+

𝒙𝟒

𝟏𝟐
+ 𝑪 

 

(g) 

(2) 

න 𝑥
1
3 − 2𝑥 + 4𝑥3𝑑𝑥 

=
𝟑

𝟒
𝒙

𝟒
𝟑 − 𝒙𝟐 + 𝒙𝟒 + 𝑪 

(h) 

(2) 

න
4

ξ𝑥
+ ξ𝑥 𝑑𝑥 

= 𝟖ξ𝒙 +
𝟐

𝟑
ඥ𝒙𝟑 + 𝑪 

(i) 

(2) 

න
3

2𝑥2 −
1

2𝑥3 𝑑𝑥 

= −
𝟑

𝟐𝒙
+

𝟏

𝟒𝒙𝟐
+ 𝑪 

 

(j) 

(2) 

න 𝑥2𝑑𝑥 

=
𝟏

𝟑
𝒙𝟑 + 𝑪 

 

(a) 

(2) 

න 7𝑥4 − 3𝑥3 + 9  𝑑𝑥 

=
𝟕

𝟓
𝒙𝟓 −

𝟑

𝟒
𝒙𝟒 + 𝟗𝒙 + 𝑪 

 

(d) 

(2) 

න 4𝑥2 − 3𝑥 𝑑𝑥 

=
𝟒

𝟑
𝒙𝟑 −

𝟑

𝟐
𝒙 + 𝑪 

 

(c) 

(2) 

න 2𝑥−
1
2 𝑑𝑥 

= 𝟒𝒙
𝟏
𝟐 + 𝑪 

 

(f) 

(2) 

න
2𝑥5 − 4𝑥3

2𝑥2 𝑑𝑥 

= න(𝒙𝟑 − 𝟐𝒙)𝑑𝑥 

=
𝟏

𝟒
𝒙𝟒 − 𝒙𝟐 + 𝑪 

 

(b) 

(2) 

(1) 

න(2𝑥 − 2)(4𝑥 + 4) 𝑑𝑥 

= න൫𝟖𝒙𝟐 − 𝟖𝒙 + 𝟖𝒙 − 𝟖൯𝑑𝑥 

= න൫𝟖𝒙𝟐 − 8൯𝑑𝑥 

=
𝟖

𝟑
𝒙𝟑 − 𝟖𝒙 + 𝑪 

 

(a) 

(1) 

(1) 

න
𝑥3

3
+ 4𝑥2𝑑𝑥 

=
𝟏

𝟏𝟐
𝒙𝟒 +

𝟒

𝟑
𝒙𝟑 + 𝑪 

 

(e) 

(2) 



 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.             [30 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

න(𝒂𝑥 + 𝒃)𝒏𝑑𝑥 =
(𝒂𝑥 + 𝒃)𝒏+𝟏

𝒂(𝒏 + 𝟏)
+ 𝐶 

න(𝑥 − 𝟑)𝟒 𝑑𝑥 =
(𝑥 − 𝟑)𝟓

𝟓
+ 𝐶 

 

(a) 

(2) 

(1) න(𝒂𝑥 + 𝒃)𝒏𝑑𝑥 =
(𝒂𝑥 + 𝒃)𝒏+𝟏

𝒂(𝒏 + 𝟏)
+ 𝐶 

න(𝟐 + 𝑥)𝟑𝑑𝑥 =
(𝑥 + 𝟐)𝟒

𝟒
+ 𝐶 

 

(b) 

(2) 

(1) 

න(𝒂𝑥 + 𝒃)𝒏𝑑𝑥 =
(𝒂𝑥 + 𝒃)𝒏+𝟏

𝒂(𝒏 + 𝟏)
+ 𝐶 

න(𝟐𝑥 + 𝟕)𝟓 𝑑𝑥 =
(𝟐𝑥 + 𝟕)𝟔

𝟐(𝟔)
+ 𝐶 

=
(2𝑥 + 7)6

𝟏𝟐
+ 𝐶 

(c) 

(2) 

(1) න(𝒂𝑥 + 𝒃)𝒏𝑑𝑥 =
(𝒂𝑥 + 𝒃)𝒏+𝟏

𝒂(𝒏 + 𝟏)
+ 𝐶 

2 න(𝟒𝑥 − 𝟓)𝟕 𝑑𝑥 = 2 ቆ
(𝟒𝑥 − 𝟓)𝟖

𝟒(𝟖)
+ 𝐶ቇ 

=
(4𝑥 − 5)8

𝟏𝟔
+ 𝑐 

(d) 

(2) 

(1) 

න
6𝑥3 − 2𝑥

𝑥
𝑑𝑥 

= න൫𝟔𝒙𝟐 − 𝟐൯𝑑𝑥 

= 𝟐𝒙𝟑 − 𝟐𝒙 + 𝑪 

(d) 

(2) 

(1) 

න 3𝑥3(2𝑥 − 2)𝑑𝑥 

= න൫𝟔𝒙𝟒 − 𝟔𝒙𝟑൯𝑑𝑥 

=
𝟔

𝟓
𝒙𝟓 −

𝟑

𝟐
𝒙𝟒 + 𝑪 

 

(c) 

(1) 

(1) 

න
2 − ξ𝑥

ξ𝑥
𝑑𝑥 

= න ൬
𝟐

ξ𝒙
− 𝟏൰ 𝑑𝑥 

= 𝟒ξ𝒙 − 𝒙 + 𝑪 

(f) 

(2) 

(1) 

න(𝑥2 + 3)(7𝑥 − 3) 𝑑𝑥 

= න൫𝟕𝒙𝟑 − 𝟑𝒙𝟐 + 𝟐𝟏𝒙 − 𝟗൯𝑑𝑥 

=
𝟕

𝟒
𝒙𝟒 − 𝒙𝟑 +

𝟐𝟏

𝟐
𝒙𝟐 − 𝟗𝒙 + 𝑪 

(e) 

(2) 

(1) 

න ξ𝑥(𝑥
3
2 − 3𝑥) 𝑑𝑥 

= න ൬𝒙𝟐 − 𝟑𝒙
𝟑
𝟐൰ 𝑑𝑥 

=
𝟏

𝟑
𝒙𝟑 −

𝟔

𝟓
𝒙

𝟓
𝟐 + 𝑪 

(h) 

(2) 

(1) 

න 4𝑥4(𝑥2 + 2𝑥) 𝑑𝑥 

= න൫𝟒𝒙𝟔 + 𝟖𝒙𝟓൯𝑑𝑥 

=
𝟒

𝟕
𝒙𝟕 +

𝟒

𝟑
𝒙𝟔 + 𝑪 

(g) 

(1) 

(2) 

න
1 − 3𝑥

𝑥3 𝑑𝑥 

= න ൬
𝟏

𝒙𝟑
−

𝟑

𝒙𝟐
൰ 𝑑𝑥 

= −
𝟏

𝟐𝒙𝟐
+

𝟑

𝒙
+ 𝑪 

(j) 

(1) 

(2) 

න(3𝑥 − 2)2 + 4  𝑑𝑥 

න൫𝟗𝒙𝟐 − 𝟔𝒙 − 𝟔𝒙 + 𝟒 + 4൯𝑑𝑥 

= න(9𝑥2 − 𝟏𝟐𝒙 + 𝟖) 𝑑𝑥 

= 𝟑𝒙𝟑 − 𝟔𝒙𝟐 + 𝟖𝒙 + 𝑪 

 

(i) 

(2) 

(1) 



 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.             [30 marks] 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

න
1

(𝑥 − 𝟒)3  𝑑𝑥 = න(𝑥 − 𝟒)−𝟑𝑑𝑥 

න(𝒂𝑥 + 𝒃)𝒏𝑑𝑥 =
(𝒂𝑥 + 𝒃)𝒏+𝟏

𝒂(𝒏 + 𝟏)
+ 𝐶 

න(𝑥 − 𝟒)−𝟑 = −
(𝑥 − 𝟒)−𝟐

𝟐
+ 𝐶 

 

(e) 

(2) 

(1) න 𝒇′(𝒙)ሾ𝒇(𝒙)ሿ𝒏𝑑𝑥 =
ሾ𝒇(𝒙)ሿ𝒏+𝟏

𝒏 + 𝟏
+ 𝐶 

න 𝟐𝒙൫𝒙𝟐 + 𝟕൯
𝟓

 𝑑𝑥 =
൫𝒙𝟐 + 𝟕൯

𝟔

𝟔
+ 𝐶 

(f) 

(2) 

(1) 

න
2

(𝟕𝑥 − 𝟖)4  𝑑𝑥 = 2 න(𝟕𝑥 − 𝟖)−𝟒𝑑𝑥 

න(𝒂𝑥 + 𝒃)𝒏𝑑𝑥 =
(𝒂𝑥 + 𝒃)𝒏+𝟏

𝒂(𝒏 + 𝟏)
+ 𝐶 

2 න(𝟕𝑥 − 𝟖)−𝟒𝑑𝑥 = 2 ቆ
(𝟕𝑥 − 𝟖)−𝟑

𝟕(−𝟑)
+ 𝐶ቇ 

= −
𝟐(7𝑥 − 8)−3

𝟐𝟏
+ 𝑐 

 

(g) 

(2) 

(1) න 16𝑥൫𝟒𝒙𝟐 − 𝟔൯
𝟑

 𝑑𝑥 = 2 න 𝟖𝒙൫𝟒𝒙𝟐 − 𝟔൯
𝟑

𝑑𝑥 

න 𝒇′(𝒙)ሾ𝒇(𝒙)ሿ𝒏𝑑𝑥 =
ሾ𝒇(𝒙)ሿ𝒏+𝟏

𝒏 + 𝟏
+ 𝐶 

2 න 𝟖𝒙൫𝟒𝒙𝟐 − 𝟔൯
𝟑

𝑑𝑥 = 2 ൭
൫𝟒𝒙𝟐 − 𝟔൯

𝟒

𝟒
+ 𝐶൱ 

=
𝟐𝟒൫𝟐𝒙𝟐 − 𝟑൯

4

𝟐
+ 𝐶 

= 𝟖(2𝑥2 − 3)4 + 𝐶 

 

(h) 

(2) 

(1) 

න
4

(𝟐𝑥 − 𝟒)6 𝑑𝑥 = 4 න(𝟐𝑥 − 𝟒)−𝟔𝑑𝑥 

න(𝒂𝑥 + 𝒃)𝒏𝑑𝑥 =
(𝒂𝑥 + 𝒃)𝒏+𝟏

𝒂(𝒏 + 𝟏)
+ 𝐶 

4 න(𝟐𝑥 − 𝟒)−𝟔𝑑𝑥 = 4 ቆ
(𝟐𝑥 − 𝟒)−𝟓

𝟐(−𝟓)
+ 𝐶ቇ 

= −
𝟐(𝟐)−𝟓(𝒙 − 𝟐)−5

𝟓
+ 𝒄 

= −
(𝑥 − 2)−5

𝟖𝟎
+ 𝑐 

(i) 

(2) 

(1) න 10𝑥൫𝟒 − 𝟓𝒙𝟐൯
𝟕

𝑑𝑥 = − න −𝟏𝟎𝒙൫𝟒 − 𝟓𝒙𝟐൯
𝟕

𝑑𝑥 

න 𝒇′(𝒙)ሾ𝒇(𝒙)ሿ𝒏𝑑𝑥 =
ሾ𝒇(𝒙)ሿ𝒏+𝟏

𝒏 + 𝟏
+ 𝐶 

− න −10𝑥൫𝟒 − 𝟓𝒙𝟐൯
𝟕

𝑑𝑥 = − ൭
൫𝟒 − 𝟓𝒙𝟐൯

𝟖

𝟖
+ 𝐶൱ 

= −
(4 − 5𝑥2)8

8
+ 𝒄 

(j) 

(2) 

(1) 

න 4ξ𝑥 −
5

𝑥3 + 3 𝑑𝑥 

=
𝟖

𝟑
ඥ𝒙𝟑 +

𝟓

𝟐𝒙𝟐
+ 𝟑𝒙 + 𝑪 

(a) 

(3) 

(1) 

න
7𝑥4 − 2

3𝑥2 𝑑𝑥 

= න
𝟕

𝟑
𝒙𝟐 −

2

3𝑥2
𝑑𝑥 

=
𝟕

𝟗
𝒙𝟑 +

𝟐

𝟑𝒙
+ 𝑪 

(b) 

(2) 

(1) 

න 𝒇′(𝒙)ሾ𝒇(𝒙)ሿ𝒏𝑑𝑥 =
ሾ𝒇(𝒙)ሿ𝒏+𝟏

𝒏 + 𝟏
+ 𝐶 

න 𝟐𝒙൫𝒙𝟐 − 𝟏𝟎൯
𝟓

 𝑑𝑥 =
൫𝒙𝟐 − 𝟏𝟎൯

𝟔

𝟔
+ 𝐶 

 

(c) 

(2) 

(1) 

න
2𝑥3 − 𝑥2

ξ𝑥
𝑑𝑥 

= න ቀ𝟐ඥ𝒙𝟓 − ඥ𝒙𝟑ቁ 𝑑𝑥 

=
𝟒

𝟕
ඥ𝒙𝟕 −

𝟐

𝟓
ඥ𝒙𝟓 + 𝑪 

(f) 

(2) 

(1) 

න
2

(4𝑥 − 3)4
𝑑𝑥 = 2 න(𝟒𝑥 − 3)−𝟒 

න(𝒂𝑥 + 𝒃)𝒏𝑑𝑥 =
(𝒂𝑥 + 𝒃)𝒏+𝟏

𝒂(𝒏 + 𝟏)
+ 𝐶 

2 න(𝟒𝑥 − 𝟑)−𝟒 = 2 ቆ
(𝟒𝑥 − 𝟑)−𝟑

𝟒(−𝟑)
+ 𝐶ቇ 

= −
(4𝑥 − 3)−3

𝟔
+ 𝒄 

 

(d) 

(1) 

(1) 

න(−2𝑥 + 4)(3𝑥2 − 1)𝑑𝑥 

= න൫−𝟔𝒙𝟑 + 𝟏𝟐𝒙𝟐 + 𝟐𝒙 − 𝟒൯𝑑𝑥 

= −
𝟑

𝟐
𝒙𝟒 + 𝟒𝒙𝟑 + 𝒙𝟐 − 𝟒𝒙 + 𝑪 

(e) 

(2) 

(1) 



 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
5.             [24 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

න
5

3ξ𝑥
− 2𝑥

3
2 𝑑𝑥 

=
𝟏𝟎

𝟑
ξ𝒙 −

𝟒

𝟓
𝒙

𝟓
𝟐 + 𝑪 

(g) 

(3) 

න
4

(𝑥 − 𝟔)3 𝑑𝑥 = 4 න(𝑥 − 𝟔)−𝟑𝑑𝑥 

න(𝒂𝑥 + 𝒃)𝒏𝑑𝑥 =
(𝒂𝑥 + 𝒃)𝒏+𝟏

𝒂(𝒏 + 𝟏)
+ 𝐶 

4 න(𝑥 − 𝟔)−𝟑𝑑𝑥 = 4 ቆ
(𝑥 − 𝟔)−𝟐

−2
+ 𝐶ቇ 

= −𝟐(𝑥 − 6)−2 + 𝒄 

(j) 

(2) 

(1) 

න
2

𝑥5 + 𝑥−
3
2 − 10𝑥 𝑑𝑥 

= −
𝟏

𝟐𝒙𝟒
− 𝟐𝒙−

𝟏
𝟐 − 𝟓𝒙𝟐 + 𝑪 

(h) 

(3) 

න(4𝑥2 − 4𝑥)2 − 7 𝑑𝑥 

= න൫𝟏𝟔𝒙𝟒 − 𝟐൫𝟏𝟔𝒙𝟑൯ + 𝟏𝟔𝒙𝟐 − 7൯𝑑𝑥 

= න(16𝑥4 − 𝟑𝟐𝑥3 + 16𝑥2 − 7)𝑑𝑥 

=
𝟏𝟔

𝟓
𝒙𝟓 − 𝟖𝒙𝟒 +

𝟏𝟔

𝟑
𝒙𝟑 − 𝟕𝒙 + 𝑪 

(i) 

(2) 

(1) 

𝑓(𝑥) = න 𝑓′(𝑥)𝑑𝑥 

= න(3𝑥2 − 4𝑥 )𝑑𝑥  

= 𝒙𝟑 − 𝟐𝒙𝟐 + 𝑪 

 

𝑓(2) = 2 = 23 − 2(2)2 + 𝐶 

2 = 𝟖 − 𝟖 + 𝐶 

𝐶 = 𝟐 

 

𝑓(𝑥) = 𝑥3 − 2𝑥2 + 𝟐 

(a) 

(1) 

(1) 

(1) 

𝑓(𝑥) = න 𝑓′(𝑥)𝑑𝑥 

= න(9𝑥3 − 𝑥 + 1)𝑑𝑥 

=
𝟗

𝟒
𝒙𝟒 −

𝟏

𝟐
𝒙𝟐 + 𝒙 + 𝑪 

 

𝑓(0) = 6 =
9

4
(0)4 −

1

2
(0)2 + 0 + 𝐶 

𝐶 = 6 

 

𝑓(𝑥) =
9

4
𝑥4 −

1

2
𝑥2 + 𝑥 + 𝟔 

 

(b) 

(1) 

(1) 

(1)
v 

𝑓(𝑥) = න 𝑓′(𝑥)𝑑𝑥 

= න(𝑥 − 𝟐)𝟐𝑑𝑥 

න(𝒂𝑥 + 𝒃)𝒏𝑑𝑥 =
(𝒂𝑥 + 𝒃)𝒏+𝟏

𝒂(𝒏 + 𝟏)
+ 𝐶 

න(𝑥 − 𝟐)𝟐𝑑𝑥 =
(𝑥 − 𝟐)𝟑

𝟑
+ 𝐶 

 

𝑓(0) = 5 =
(−2)3

3
+ 𝐶 

5 = −
𝟖

𝟑
+ 𝐶 

𝐶 = 5 +
𝟖

𝟑
 

=
𝟐𝟑

𝟑
 

 

𝑓(𝑥) =
(𝑥 − 2)3

3
+

𝟐𝟑

𝟑
 

 

(c) 

(1) 

(1) 

(1)
v 

𝑓(𝑥) = න 𝑓′(𝑥)𝑑𝑥 

= න(𝟑𝑥 − 𝟔)𝟑𝑑𝑥 

න(𝒂𝑥 + 𝒃)𝒏𝑑𝑥 =
(𝒂𝑥 + 𝒃)𝒏+𝟏

𝒂(𝒏 + 𝟏)
+ 𝐶 

න(𝟑𝑥 − 𝟔)𝟑𝑑𝑥 =
(𝟑𝑥 − 𝟔)𝟒

𝟑(𝟒)
+ 𝐶 

=
(3𝑥 − 6)4

𝟏𝟐
+ 𝐶 

 

𝑓(2) = 0 =
(3(2) − 6)4

12
+ 𝐶 

𝐶 = −
(𝟔 − 6)4

12
 

𝐶 = 𝟎 

 

𝑓(𝑥) =
(3𝑥 − 6)4

12
 

(d) 

(1) 

(1) 

(1)
v 



 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑓(𝑥) = න 𝑓′(𝑥)𝑑𝑥 

= න ξ𝑥 𝑑𝑥 

=
𝟐

𝟑
ඥ𝒙𝟑 + 𝑪 

 

𝑓(0) =
7

2
=

2

3
ඥ(0)3 + 𝐶 

𝐶 =
7

2
 

 

𝑓(𝑥) =
2

3
ඥ𝑥3 +

𝟕

𝟐
 

 

(f) 

(1) 

(1) 

(1) 

𝑓(𝑥) = න 𝑓′(𝑥)𝑑𝑥 

= න
4

(𝑥 + 𝟕)5 𝑑𝑥 

= 4 න(𝑥 + 𝟕)−5 𝑑𝑥 

න(𝒂𝑥 + 𝒃)𝒏𝑑𝑥 =
(𝒂𝑥 + 𝒃)𝒏+𝟏

𝒂(𝒏 + 𝟏)
+ 𝐶 

4 න(𝑥 + 𝟕)−𝟓 𝑑𝑥 = 4 ቆ−
(𝑥 + 𝟕)−𝟒

𝟒
+ 𝐶ቇ 

= −(𝑥 + 7)−4 + 𝒄 

 

𝑓(−6) = 5 = −(−6 + 7)−4 + 𝑐 

5 = −(𝟏)−4 + 𝑐 

𝑐 = 𝟔 

 

𝑓(𝑥) = −(𝑥 + 7)−4 + 𝟔 

 

(h) 

(1) 

(1) 

(1)
v 

𝑓(𝑥) = න 𝑓′(𝑥)𝑑𝑥 

= න(𝑥3 − 2𝑥 + 4 )𝑑𝑥 

=
𝟏

𝟒
𝒙𝟒 − 𝒙𝟐 + 𝟒𝒙 + 𝑪 

 

𝑓(0) =
7

2
=

1

4
(0)4 − (0)2 + 4(0) + 𝐶 

7

2
= 𝐶 

 

𝑓(𝑥) =
1

4
𝑥4 − 𝑥2 + 4𝑥 +

𝟕

𝟐
 

(e) 

(1) 

(1) 

(1)
v 

𝑓(𝑥) = න 𝑓′(𝑥)𝑑𝑥 

= න 10(𝑥 − 𝟐)𝟒𝑑𝑥 

= 10 න(𝑥 − 𝟐)𝟒𝑑𝑥 

න(𝒂𝑥 + 𝒃)𝒏𝑑𝑥 =
(𝒂𝑥 + 𝒃)𝒏+𝟏

𝒂(𝒏 + 𝟏)
+ 𝐶 

10 න(𝑥 − 𝟐)𝟒𝑑𝑥 = 10 ቆ
(𝑥 − 𝟐)𝟓

𝟓
+ 𝐶ቇ 

= 𝟐(𝑥 − 2)5 + 𝒄 

 

𝑓(3) = 2 = 2(3 − 2)5 + 𝑐 

2 = 𝟐 + 𝐶 

𝐶 = 𝟎 

 

𝑓(𝑥) = 2(𝑥 − 2)5 

 

(g) 

(1) 

(1) 

(1)
v 
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Concept 2 

Estimating Area Under Curve – Progressive Questions Answers 

___________________________________________________________________________ 

 

Estimating Area Under Curve: Q1, Q2, Q3, Q4 
1.  

 (a)                                                                                 [8 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.5 1 1.5 2 

𝑓(𝑥) 

𝑥 

𝒇(𝒙)
= 𝟐𝒙 

2 

1 

4 

3 

Left-rectangle area: 

𝐴𝑟𝑒𝑎𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝑜𝑛𝑒 = 𝑏 × ℎ = 0.5 × 1 = 0.5 

𝐴𝑟𝑒𝑎𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝑡𝑤𝑜 = 𝑏 × ℎ = 0.5 × 2 = 1 

𝐴𝑟𝑒𝑎𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝑡ℎ𝑟𝑒𝑒 = 𝑏 × ℎ = 0.5 × 3 = 1.5 

 
∴ 𝐴𝑟𝑒𝑎𝑡𝑜𝑡𝑎𝑙 = 0.5 + 1 + 1.5 = 3 𝑢𝑛𝑖𝑡𝑠2 

 
 
 

0.5 1 1.5 2 

𝑓(𝑥) 

𝑥 

𝒇(𝒙)
= 𝟐𝒙 

2 

1 

4 

3 

Right-rectangle area: 

𝐴𝑟𝑒𝑎𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝑜𝑛𝑒 = 𝑏 × ℎ = 0.5 × 1 = 0.5 

𝐴𝑟𝑒𝑎𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝑡𝑤𝑜 = 𝑏 × ℎ = 0.5 × 2 = 1 

𝐴𝑟𝑒𝑎𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝑡ℎ𝑟𝑒𝑒 = 𝑏 × ℎ = 0.5 × 3 = 1.5 

𝐴𝑟𝑒𝑎𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝑓𝑜𝑢𝑟 = 𝑏 × ℎ = 0.5 × 4 = 2 

 
 

∴ 𝐴𝑟𝑒𝑎𝑡𝑜𝑡𝑎𝑙 = 0.5 + 1 + 1.5 + 2 = 5 𝑢𝑛𝑖𝑡𝑠2 
 

∴ 𝐴𝑟𝑒𝑎 𝑢𝑛𝑑𝑒𝑟 𝑡ℎ𝑒 𝑐𝑢𝑟𝑣𝑒 =  
3 + 5

2
= 4 𝑢𝑛𝑖𝑡𝑠2 

 
 
 

1 2 3 4 

𝑓(𝑥) 

𝑥 

𝒇(𝒙) =
𝟐

𝒙
 

 

Left-rectangle area: 

𝐴𝑟𝑒𝑎𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝑜𝑛𝑒 = 𝑏 × ℎ = 1 ×
2

1
= 2 

𝐴𝑟𝑒𝑎𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝑡𝑤𝑜 = 𝑏 × ℎ = 1 ×
2

2
= 1 

𝐴𝑟𝑒𝑎𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝑡ℎ𝑟𝑒𝑒 = 𝑏 × ℎ = 1 ×
2

3
=

2

3
 

𝐴𝑟𝑒𝑎𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝑓𝑜𝑢𝑟 = 𝑏 × ℎ = 1 ×
2

4
=

1

2
 

 
 

∴ 𝐴𝑟𝑒𝑎𝑡𝑜𝑡𝑎𝑙 = 2 + 1 +
2

3
+

1

2
=

25

6
 𝑢𝑛𝑖𝑡𝑠2 

 
 
 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 
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2.                                                                                [5 marks]      

 

(a)  

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c)  

 

 

 

 

 

1 2 3 4 

𝑓(𝑥) 

𝑥 

𝒇(𝒙) =
𝟐

𝒙
 

 

Right-rectangle area: 

𝐴𝑟𝑒𝑎𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝑜𝑛𝑒 = 𝑏 × ℎ = 1 ×
2

1
= 2 

𝐴𝑟𝑒𝑎𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝑡𝑤𝑜 = 𝑏 × ℎ = 1 ×
2

2
= 1 

𝐴𝑟𝑒𝑎𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝑡ℎ𝑟𝑒𝑒 = 𝑏 × ℎ = 1 ×
2

3
=

2

3
 

 
 

∴ 𝐴𝑟𝑒𝑎𝑡𝑜𝑡𝑎𝑙 = 2 + 1 +
2

3
=

11

3
 𝑢𝑛𝑖𝑡𝑠2 

 

∴ 𝐴𝑟𝑒𝑎 𝑢𝑛𝑑𝑒𝑟 𝑡ℎ𝑒 𝑐𝑢𝑟𝑣𝑒 = (
25

6
+

11

3
)/2 =

47

12
 𝑢𝑛𝑖𝑡𝑠2 

 
 
 
 

1 2 3 4 

𝑓(𝑥) 

𝑥 

𝒇(𝒙) = −𝒙𝟐 + 𝟏𝟔 
 16 

𝐴𝑟𝑒𝑎1 = 0.5 × (−(02) + 16) = 8 
𝐴𝑟𝑒𝑎2 = 0.5 × (−(0.52) + 16) = 7.875 

𝐴𝑟𝑒𝑎3 = 0.5 × (−(12) + 16) = 7.5 
𝐴𝑟𝑒𝑎4 = 0.5 × (−(1.52) + 16) = 6.875 

𝐴𝑟𝑒𝑎5 = 0.5 × (−(22) + 16) = 6 
𝐴𝑟𝑒𝑎6 = 0.5 × (−(2.52) + 16) = 4.875 

𝐴𝑟𝑒𝑎7 = 0.5 × (−(32) + 16) = 3.5 
𝐴𝑟𝑒𝑎8 = 0.5 × (−(3.52) + 16) = 1.875 

 
∴ 𝐴𝑟𝑒𝑎𝑡𝑜𝑡𝑎𝑙 = 

8 + 7.875 + 7.5 + 6.875 + 6 + 4.875 + 3.5 + 1.875 = 46.5 𝑢𝑛𝑖𝑡𝑠2 
 
 
 

1 2 3 4 

𝑓(𝑥) 

𝑥 

𝒇(𝒙) = −𝒙𝟐 + 𝟏𝟔 
 16 

𝐴𝑟𝑒𝑎1 = 0.5 × (−(0.52) + 16) = 7.875 
𝐴𝑟𝑒𝑎2 = 0.5 × (−(12) + 16) = 7.5 

𝐴𝑟𝑒𝑎3 = 0.5 × (−(1.52) + 16) = 6.875 
𝐴𝑟𝑒𝑎4 = 0.5 × (−(22) + 16) = 6 

𝐴𝑟𝑒𝑎5 = 0.5 × (−(2.52) + 16) = 4.875 
𝐴𝑟𝑒𝑎6 = 0.5 × (−(32) + 16) = 3.5 

𝐴𝑟𝑒𝑎7 = 0.5 × (−(3.52) + 16) = 1.875 
𝐴𝑟𝑒𝑎8 = 0.5 × (−(42) + 16) = 0 

 
 

∴ 𝐴𝑟𝑒𝑎𝑡𝑜𝑡𝑎𝑙 = 
7.875 + 7.5 + 6.875 + 6 + 4.875 + 3.5 + 1.875 + 0 = 38.5 𝑢𝑛𝑖𝑡𝑠2 

 
 
 

∴ 𝐴𝑟𝑒𝑎 𝑢𝑛𝑑𝑒𝑟 𝑡ℎ𝑒 𝑐𝑢𝑟𝑣𝑒 =
46.5 + 38.5

2
= 42.5 𝑢𝑛𝑖𝑡𝑠2 

 
 
 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 
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3.                                                                                [5 marks]       

 

 

(a) 

 

 

 

 

 

 

 

 

 

 

 

 

(b)  

 

 

 

 

 

 

 

 

 

 

 

 

 (c)  

 

 

 

 

4.                                                                                [13 marks]       

 

(a) 

 

 

 

 

 

 

 

 

 

 

 

 

0.5 1 1.5 2 

𝑓(𝑥) 

𝑥 

𝒇(𝒙) = 𝒙𝟒  
 𝐴𝑟𝑒𝑎1 = 0.25 × (0.54) = 0.015625 

𝐴𝑟𝑒𝑎2 = 0.25 × (0.754) = 0.07910 
𝐴𝑟𝑒𝑎3 = 0.25 × (14) = 0.25 

𝐴𝑟𝑒𝑎4 = 0.25 × (1.254) = 0.61035 
𝐴𝑟𝑒𝑎5 = 0.25 × (1.54) = 1.2656 

𝐴𝑟𝑒𝑎6 = 0.25 × (1.754) = 2.3447 
 

∴ 𝐴𝑟𝑒𝑎𝑡𝑜𝑡𝑎𝑙 = 4.57 𝑢𝑛𝑖𝑡𝑠2 
 
 
 

0.5 1 1.5 2 

𝑓(𝑥) 

𝑥 

𝒇(𝒙) = 𝒙𝟒  
 𝐴𝑟𝑒𝑎1 = 0.25 × (0.754) = 0.07910 

𝐴𝑟𝑒𝑎2 = 0.25 × (14) = 0.25 
𝐴𝑟𝑒𝑎3 = 0.25 × (1.254) = 0.61035 

𝐴𝑟𝑒𝑎4 = 0.25 × (1.54) = 1.2656 
𝐴𝑟𝑒𝑎5 = 0.25 × (1.754) = 2.3447 

𝐴𝑟𝑒𝑎6 = 0.25 × (24) = 4 
 
 

∴ 𝐴𝑟𝑒𝑎𝑡𝑜𝑡𝑎𝑙 = 8.55 𝑢𝑛𝑖𝑡𝑠2 
 
 
 

∴ 𝐴𝑟𝑒𝑎 𝑢𝑛𝑑𝑒𝑟 𝑡ℎ𝑒 𝑐𝑢𝑟𝑣𝑒 =
4.57 + 8.55

2
= 6.56 𝑢𝑛𝑖𝑡𝑠2 

 
 
 

 

 

 

1 2 3 4 

𝑓(𝑥) 

𝑥 

𝒇(𝒙) = −(𝒙 − 𝟐)𝟐 + 𝟒 
 4 

𝐴𝑟𝑒𝑎1 = 0.5 × (−(0.5 − 2)2 + 4) = 0.875 
𝐴𝑟𝑒𝑎2 = 0.5 × (−(1 − 2)2 + 4) = 1.5 

𝐴𝑟𝑒𝑎3 = 0.5 × (−(1.5 − 2)2 + 4) = 1.875 
𝐴𝑟𝑒𝑎4 = 0.5 × (−(2 − 2)2 + 4) = 2 

𝐴𝑟𝑒𝑎5 = 0.5 × (−(2.5 − 2)2 + 4) = 1.875 
𝐴𝑟𝑒𝑎6 = 0.5 × (−(3 − 2)2 + 4) = 1.5 

𝐴𝑟𝑒𝑎7 = 0.5 × (−(3.5 − 2)2 + 4) = 0.875 
 
 

∴ 𝐴𝑟𝑒𝑎𝑡𝑜𝑡𝑎𝑙 = 10.5 𝑢𝑛𝑖𝑡𝑠2 
 
 
 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 
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(b) 

 

 

 

 

  

 

 

 

 

 

 

 

 

(c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 2 3 4 

𝑓(𝑥) 

𝑥 

𝒇(𝒙) = −(𝒙 − 𝟐)𝟐 + 𝟒 
 4 

𝐴𝑟𝑒𝑎1 = 0.5 × (−(0.5 − 2)2 + 4) = 0.875 
𝐴𝑟𝑒𝑎2 = 0.5 × (−(1 − 2)2 + 4) = 1.5 

𝐴𝑟𝑒𝑎3 = 0.5 × (−(1.5 − 2)2 + 4) = 1.875 
𝐴𝑟𝑒𝑎4 = 0.5 × (−(2 − 2)2 + 4) = 2 

𝐴𝑟𝑒𝑎5 = 0.5 × (−(2.5 − 2)2 + 4) = 1.875 
𝐴𝑟𝑒𝑎6 = 0.5 × (−(3 − 2)2 + 4) = 1.5 

𝐴𝑟𝑒𝑎7 = 0.5 × (−(3.5 − 2)2 + 4) = 0.875 
 
 

∴ 𝐴𝑟𝑒𝑎𝑡𝑜𝑡𝑎𝑙 = 10.5 𝑢𝑛𝑖𝑡𝑠2 
 
 
 

∴ 𝐴𝑟𝑒𝑎 𝑢𝑛𝑑𝑒𝑟 𝑡ℎ𝑒 𝑐𝑢𝑟𝑣𝑒 =
10.5 + 10.5

2
= 10.5 𝑢𝑛𝑖𝑡𝑠2 

 
 
 

(1) 

(1) 

(1) 
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Concept 3 

Definite Integrals and Area Under Curve – Progressive Questions 

Answers 

___________________________________________________________________________ 

 

Definite Integrals: Q1, Q2, Q3, Q4, Q5, Q6 
1.                                                                               [30 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

න 2𝑥 − 4
𝟔

𝟑

 𝑑𝑥 

= ሾ𝑥2 − 4𝑥 + 𝑐ሿ𝟑
𝟔(1) 

= ቀ𝟔𝟐 − 𝟒(𝟔)ቁ − ቀ𝟑𝟐 − 𝟒(𝟑)ቁ(1) 

= (𝟑𝟔 − 𝟐𝟒) − (𝟗 − 𝟏𝟐) 
= 15 (1) 

(b) 

න 2𝑥 −
3

𝑥2

𝟔

𝟏

 𝑑𝑥 

= ቂ𝑥2 +
3

𝑥
+ 𝑐ቃ

𝟏

𝟔
(1) 

= ቀ𝟔𝟐 +
𝟑

𝟔
ቁ − ቀ𝟏𝟐 +

𝟑

𝟏
ቁ(1) 

= ൬
𝟕𝟑

𝟐
൰ − (𝟒) 

=
65

2
 (1) 

(g) 
න 3𝑥3 − 2𝑥2

𝟑

𝟐

 𝑑𝑥 

= ቂ
3𝑥4

4
−

2𝑥3

3
+ 𝑐ቃ

𝟐

𝟑

(1) 

= ቀ
𝟑൫𝟑𝟒൯

𝟒
−

𝟐൫𝟑𝟑൯

𝟑
ቁ − ቀ

𝟑൫𝟐𝟒൯

𝟒
−

𝟐൫𝟐𝟑൯

𝟑
ቁ(1) 

= ൬
𝟓𝟏𝟑

𝟏𝟐
൰ − (

𝟖𝟎

12
) 

=
433

12
(1) 

(c) 

න
𝑥3 − 4𝑥4

𝑥

𝟑

𝟏

 𝑑𝑥 

= ቂ
𝑥3

3
− 𝑥4 + 𝑐ቃ

𝟏

𝟑

(1) 

= ቀ
(𝟑)𝟑

𝟑
− 𝟑𝟒ቁ − ቀ

𝟏𝟑

𝟑
− 𝟏𝟒ቁ(1) 

= (−72) − (−
𝟐

𝟑
) 

= −
214

3
(1) 

(h) 

න
1

4
𝑥2

𝟐

−𝟏

 𝑑𝑥 

= ቂ
1

12
𝑥3 + 𝑐ቃ

−𝟏

𝟐
(1) 

= ቀ
𝟐𝟑

𝟏𝟐
ቁ − ቀ

(−𝟏)𝟑

𝟏𝟐
ቁ(1) 

= ൬
𝟖

𝟏𝟐
൰ − (

−𝟏

𝟏𝟐
) 

=
3

4
 (1) 

(d) 

න 𝑥2 + 4𝑥
𝟏

𝟎

 𝑑𝑥 

= ቂ
𝑥3

3
+ 2𝑥2 + 𝑐ቃ

𝟎

𝟏

(1) 

= ቀ
𝟏𝟑

𝟑
+ 𝟐(𝟏)𝟐ቁ − ቀ

𝟎𝟑

𝟑
+ 𝟐(𝟎)𝟐ቁ(1) 

= ൬
𝟏

𝟑
+ 𝟐൰ − (𝟎 + 𝟎) 

=
7

3
 (1) 

(a) 
න (3𝑥 − 4)2

𝟒

𝟐

 𝑑𝑥 

= ቂ
1

9
(3𝑥 − 4)3 + 𝑐ቃ

𝟐

𝟒
(1) 

= ቀ
(𝟖)𝟑

𝟗
ቁ − ቀ

(𝟐)𝟑

𝟗
ቁ(1) 

= ൬
𝟓𝟏𝟐

𝟗
൰ − (

𝟖

9
) 

=
504

9
(1) 

(e) 

න 𝑥3 − 4𝑥 + 2
𝟎

−𝟐

 𝑑𝑥 

= ቂ
𝑥4

4
− 2𝑥2 + 2𝑥 + 𝑐ቃ

−𝟐

𝟎

(1) 

= (𝟎) − ቀ
(−𝟐)𝟒

𝟒
+ 𝟐(−𝟐)𝟐 + 𝟐(−𝟐)ቁ(1) 

= (𝟎) − (
𝟏𝟔

𝟒
+ 𝟖 − 𝟒) 

= −8(1) 

(f) 
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2.                                                                                [30 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

න 2𝑥 + 4
−2

1

 𝑑𝑥 

= ሾ𝑥2 + 4𝑥ሿ1
−2(1) 

= ቀ(−𝟐)𝟐 + 𝟒(−𝟐)ቁ − ቀ𝟏𝟐 + 𝟒(𝟏)ቁ(1) 

= (−4) − (5) 
= −9(1) 

(i) 
න (3 + 5𝑥)4

−1

3

 𝑑𝑥 

= ቂ
1

25
(3 + 5𝑥)5ቃ

3

−1
(1) 

= ቀ
(−𝟐)𝟓

𝟐𝟓
ቁ − ቀ

(𝟏𝟖)𝟓

𝟐𝟓
ቁ(1) 

= ൬
−𝟑𝟐

𝟐𝟓
൰ − ൬

𝟏𝟖𝟖𝟗𝟓𝟔𝟖

𝟐𝟓
൰ 

= 75584(1) 

(j) 

න 𝑥
1
2

𝟑

𝟎

 𝑑𝑥 

= ቂ
2

3
𝑥

3

2 + 𝑐ቃ
𝟎

𝟑

(1) 

= ቀ
2

3
(3)

3

2ቁ − ൬
𝟐

𝟑
(𝟎)

𝟑

𝟐൰(1) 

= ൬
2

3
3

3
2൰ − (𝟎) 

= 2ξ3 (1) 

(a) 

න 2𝑥(𝑥2 − 4)3
𝟐

𝟏

 𝑑𝑥 

= ቂ
1

4
(𝑥2 − 4)4 + 𝑐ቃ

𝟏

𝟐
(1) 

= ቀ
1

4
((2)2 − 4)4ቁ − ቀ

𝟏

𝟒
((𝟏)𝟐 − 𝟒ቁ

𝟒
(1) 

= (𝟎) − (
𝟖𝟏

𝟒
) 

= −
81

4
 (1) 

(b) 

න 𝑥 − 4
−𝟑

𝟎

 𝑑𝑥 

= ቂ
𝑥2

2
− 4𝑥 + 𝑐ቃ

𝟎

−𝟑

(1) 

= ቀ
(−𝟑)𝟐

𝟐
− 𝟒(−𝟑)ቁ − ቀ

𝟎𝟐

𝟐
− 𝟒(𝟎)ቁ(1) 

= ൬
𝟑𝟑

𝟐
൰ − (𝟎) 

=
𝟑𝟑

𝟐
(1) 

(f) 

න (2 + 7𝑥)3
𝟐

𝟏

 𝑑𝑥 

= ቂ
1

28
(2 + 7𝑥)4 + 𝑐ቃ

𝟏

𝟐
(1) 

= ቀ
1

28
(2 + 7(2))4ቁ − ቀ

𝟏

𝟐𝟖
(𝟐 + 𝟕(𝟏)ቁ

𝟒
(1) 

= ൬
𝟔𝟓𝟓𝟑𝟔

𝟐𝟖
൰ − (

𝟔𝟓𝟔𝟏

𝟐𝟖
) 

=
8425

4
 (1) 

(g) 

න
1

(2𝑥 − 3)3

𝟏

−𝟏

 𝑑𝑥 

= ቂ−
1

4(2𝑥−3)2 + 𝑐ቃ
−𝟏

𝟏
(1) 

= ቀ−
1

4(2(1)−3)2ቁ − (−
𝟏

𝟒(𝟐(−𝟏)−𝟑)𝟐)(1) 

= ൬−
𝟏

𝟒
൰ − (−

𝟏

𝟏𝟎𝟎
) 

= −
6

25
 (1) 

(c) 
න

2𝑥2 − 5𝑥

ξ𝑥

𝟏

𝟒

 𝑑𝑥 

= ቂ
2

15
𝑥

3

2(6𝑥 − 25) + 𝑐ቃ
𝟒

𝟏

(1) 

= ቀ
2

15
(1)

3

2(6(1) − 25)ቁ − (
𝟐

𝟏𝟓
(𝟒)

𝟑

𝟐(𝟔(𝟒) − 𝟐𝟓))(1) 

= ൬
−38

15
൰ − (−

𝟏𝟔

𝟏𝟓
) 

= −
22

15
 (1) 

(h) 
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3.                                                                                [12 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

න (4 − 𝑥2)2
𝟐

𝟎

 𝑑𝑥 

= ቂ
𝑥5

5
−

8𝑥3

3
+ 16𝑥 + 𝑐ቃ

𝟎

𝟐

(1) 

= ቀ
(2)5

5
−

8(2)3

3
+ 16(2)ቁ − (

(𝟎)𝟓

𝟓
−

𝟖(𝟎)𝟑

𝟑
+ 𝟏𝟔(𝟎))(1) 

= ൬
𝟐𝟓𝟔

𝟏𝟓
൰ − (𝟎) 

=
256

15
 (1) 

(d) 
න

1

(5𝑥 − 9)3

𝟐

𝟑

 𝑑𝑥 

= ቂ−
1

10(5𝑥−9)2 + 𝑐ቃ
𝟑

𝟐
(1) 

= ቀ−
1

10(5(2)−9)2ቁ − (−
𝟏

𝟏𝟎(𝟓(𝟑)−𝟗)𝟐)(1) 

= ൬−
𝟏

𝟏𝟎
൰ − (−

𝟏

𝟑𝟔𝟎
) 

= −
7

72
 (1) 

(i) 

න
1

𝑥3 − 9
𝟒

𝟐

 𝑑𝑥 

= ቂ−
1

2𝑥2 − 9𝑥 + 𝑐ቃ
𝟐

𝟒
(1) 

= ቀ−
1

2(4)2 − 9(4)ቁ − (−
𝟏

𝟐(𝟐)𝟐 − 𝟗(𝟐))(1) 

= ൬−
𝟏𝟏𝟓𝟑

𝟑𝟐
൰ − (−

𝟏𝟒𝟓

𝟖
) 

= −
573

32
 (1) 

(e) 
න 2𝑥(𝑥2 − 5)4

−𝟏

𝟐

 𝑑𝑥 

= ቂ
1

5
(𝑥2 − 5)5 + 𝑐ቃ

𝟐

−𝟏
(1) 

= ቀ
1

5
((−1)2 − 5)5ቁ − (

𝟏

𝟓
((𝟐)𝟐 − 𝟓)𝟓)(1) 

= ൬−
𝟏𝟎𝟐𝟒

𝟓
൰ − (−

𝟏

𝟓
) 

= −
1023

5
 (1) 

(j) 

 −𝑓(𝑥)
𝟏𝟎

𝟒
 𝑑𝑥 = − ቀ 𝑓(𝑥)

𝟕

𝟒
 𝑑𝑥 +   𝑓(𝑥)

𝟏𝟎

𝟕
 𝑑𝑥ቁ   (1) 

= − ൬6 +
5

2
൰  

= −
17 

2
  (1) 

 

(a) 
 𝑓(𝑥)

𝟒

𝟕
 𝑑𝑥 = − ቀ 𝑓(𝑥)

𝟕

𝟒
 𝑑𝑥ቁ   (1) 

= −6  (1) 

 

(d) 

1

4
 𝑓(𝑥)

𝟏𝟎

𝟒
 𝑑𝑥 =

1

4
ቀ 𝑓(𝑥)

𝟕

𝟒
 𝑑𝑥 +   𝑓(𝑥)

𝟏𝟎

𝟕
 𝑑𝑥ቁ   (1) 

=
1

4
൬6 +

5

2
൰  

=
17 

8
  (1) 

 

(b) 
 −3𝑓(𝑥)

𝟕

𝟏𝟎
 𝑑𝑥 = −3 ቀ−  𝑓(𝑥)

𝟏𝟎

𝟕
 𝑑𝑥ቁ   (1) 

= 3 ൬
5

2
൰  

=
15 

2
  (1) 

 

(e) 

 2𝑓(𝑥)
𝟏𝟎

𝟒
 𝑑𝑥 = 2 ቀ 𝑓(𝑥)

𝟕

𝟒
 𝑑𝑥 +   𝑓(𝑥)

𝟏𝟎

𝟕
 𝑑𝑥ቁ   (1) 

= 2 ൬6 +
5

2
൰  

= 17  (1) 

 

(c)  𝑓(𝑥)
𝟒

𝟏𝟎
 𝑑𝑥 = − ቀ 𝑓(𝑥)

𝟕

𝟒
 𝑑𝑥 +   𝑓(𝑥)

𝟏𝟎

𝟕
 𝑑𝑥ቁ   (1) 

= − ൬6 +
5

2
൰  

= −
17

2
  (1) 

 

(f) 
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4.                                                                                [12 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.                                                                                [24 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 −𝑔(𝑥)
−𝟐

−𝟔
 𝑑𝑥 = − ቀ 𝑔(𝑥) 𝑑𝑥

−𝟐

−𝟔
ቁ   (1) 

= −9 (1) 

 

(a) 

 𝑔(𝑥)
𝟒

−𝟔
 𝑑𝑥 = ቀ 𝑔(𝑥) 𝑑𝑥 +

−𝟐

−𝟔  𝑔(𝑥) 𝑑𝑥
𝟒

−𝟐
ቁ   (1) 

= 9 + 4 
= 13 (1) 

 

(b) 


𝑔(𝑥)

10

𝟒

−𝟐
 𝑑𝑥 =

1

10
ቀ 𝑔(𝑥) 𝑑𝑥

𝟒

−𝟐
ቁ   (1) 

 

=
4

10
=

2

5
 (1) 

 

 

(c) 

 𝑔(𝑥)
−𝟔

𝟏𝟐
 𝑑𝑥 = −  𝑔(𝑥) 𝑑𝑥

𝟏𝟐

−𝟔
=

)− 𝑔(𝑥) 𝑑𝑥 +
−𝟐

−𝟔  𝑔(𝑥) 𝑑𝑥 +  𝑔(𝑥) 𝑑𝑥)
𝟏𝟐

𝟒

𝟒

−𝟐
   (1) 

= −(9 + 4 + 6)  
= −19 (1) 

 

 

(d) 

 −
1

3
𝑔(𝑥)

−𝟐

𝟒
 𝑑𝑥 = −(−

1

3
)  𝑔(𝑥)

𝟒

−𝟐
 𝑑𝑥   (1) 

=
4

3
 (1) 

  
 

 

(e) 

 −
5

2
𝑔(𝑥)

−𝟔

𝟒
 𝑑𝑥 = (−)(−

5

2
)( 𝑔(𝑥)

𝟒

−𝟔
 𝑑𝑥 =

(
5

2
)( 𝑔(𝑥)

−𝟐

−𝟔
 𝑑𝑥 +  𝑔(𝑥)

𝟒

−𝟐
 𝑑𝑥)  (1) 

=
5

2
(9 + 4) 

=
65

2
 (1) 

  

(f) 

𝐴𝑟𝑒𝑎 =   −𝑥2 + 4
𝟐

−𝟐
 𝑑𝑥  (1) 

= ቂ−
𝑥3

3
+ 4𝑥 + 𝑐ቃ

−𝟐

𝟐

 (1) 

= ቆ−
(2)3

3
+ 4(2)ቇ − ቆ−

(−2)3

3
+ 4(−2)ቇ (1) 

= ቀ
16

3
ቁ − ቀ−

16

3
ቁ  

=
32

3
 𝑢𝑛𝑖𝑡𝑠2  (1) 

 

 

(i) 

𝐴𝑟𝑒𝑎 =   2𝑥2 − 8
𝟐

−𝟐
 𝑑𝑥  (1) 

= ቂ−
2𝑥3

3
− 8𝑥 + 𝑐ቃ

−𝟐

𝟐

 (1) 

= ቆ−
2(2)3

3
− 8(2)ቇ − ቆ−

2(−2)3

3
− 8(−2)ቇ (1) 

= ቀ−
64

3
ቁ − ቀ

64

3
ቁ  

= −
128

3
  

∴ 𝐴𝑟𝑒𝑎 =
128

3
 𝑢𝑛𝑖𝑡𝑠2  (1) 

 
 

 

(iii) 

𝐴𝑟𝑒𝑎 =   ξ𝑥
𝟒

𝟏
 𝑑𝑥  (1) 

= ቈ2
𝑥

3
2

3
+ 𝑐

𝟏

𝟒

 (1) 

= ቆ2
(4)

3
2

3
ቇ − ቆ2

(1)
3
2

3
ቇ (1) 

= ቀ
16

3
ቁ − ቀ

2

3
ቁ  

=
14

3
  

∴ 𝐴𝑟𝑒𝑎 =
14

3
 𝑢𝑛𝑖𝑡𝑠2   (1) 

 
 

(ii) 

 𝑥3 − 3𝑥2 + 2
𝟏

−𝟎.𝟕𝟑
 𝑑𝑥  (1) 

= ቂ
𝑥4

4
− 𝑥3 + 2𝑥 + 𝑐ቃ

−𝟎.𝟕𝟑

𝟏

= ቀ
5

4
ቁ − (−0.999987) =

2.24999 (1) 
 

 𝑥3 − 3𝑥2 + 2
𝟐.𝟕𝟑

𝟏
 𝑑𝑥  

= ቂ
𝑥4

4
− 𝑥3 + 2𝑥 + 𝑐ቃ

𝟏

𝟐.𝟕𝟑

= (−0.999987) − ቀ
5

4
ቁ =

−2.24999 (1) 
 

∴ 𝐴𝑟𝑒𝑎 = 2.24999 + 2.24999 = 5 𝑢𝑛𝑖𝑡𝑠2   (1) 
 
 

 

(iv) 



 14 

 

 

 

 

 

 

 

 

 

 

 

6.                                                                                  [9 marks]       

 

 

 

 

 

 

 

 

7.                                                                                [9 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8.                                                                                [10 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

𝐴𝑟𝑒𝑎 =   𝑥4 − 𝑥3 − 2𝑥2𝟐

−𝟏
 𝑑𝑥  (1) 

= ቂ
𝑥5

5
−

𝑥4

4
−

2𝑥3

3
+ 𝑐ቃ

−𝟏

𝟐

 (1) 

= ቀ
(2)5

5
−

(2)4

4
−

2(2)3

3
ቁ − ቀ

(−1)5

5
−

(−1)4

4
−

2(−1)3

3
ቁ (1) 

= ቀ−
44

15
ቁ − ቀ

13

60
ቁ  

= −
63

20
  

∴ 𝐴𝑟𝑒𝑎 =
63

20
 𝑢𝑛𝑖𝑡𝑠2   (1) 

 
 

 

(v)  −𝑥3 − 𝑥2 + 2𝑥
𝟎

−𝟐
 𝑑𝑥  (1) 

= ቂ−
𝑥4

4
−

𝑥3

3
+ 𝑥2 + 𝑐ቃ

−𝟐

𝟎

= (0) − ቀ
8

3
ቁ = −

8

3
 (1) 

 −𝑥3 − 𝑥2 + 2𝑥
𝟏

𝟎
 𝑑𝑥  

= ቂ−
𝑥4

4
−

𝑥3

3
+ 𝑥2 + 𝑐ቃ

𝟎

𝟏

= ቀ
5

12
ቁ − (0) =

5

12
 (1) 

∴ 𝐴𝑟𝑒𝑎 =
8

3
+

5

12
=

37

12
 𝑢𝑛𝑖𝑡𝑠2  (1) 

 
 

 

(vi) 

𝐴𝑟𝑒𝑎 =   −0.5𝑥2 + 4𝑥
𝟖

𝟎
 𝑑𝑥 + (8 × 8)  (1) 

= ቂ−
𝑥3

6
+ 2𝑥2 + 𝑐ቃ

𝟎

𝟖

+ 64 (1) 

= ቀ−
(8)3

6
+ 2(8)2ቁ − ቀ−

(0)3

6
+ 2(0)2ቁ + 64 (1) 

= ቀ
128

3
ቁ − (0) + 64  

=
320

3
 𝑢𝑛𝑖𝑡𝑠2 (1) 

 

(b) 

𝐴𝑟𝑒𝑎 =   −
5

13
𝑥2 + 12

𝟓.𝟓𝟖𝟔

−𝟓.𝟓𝟖𝟔
 𝑑𝑥 + (11 × 11.1714)  (1) 

= ቂ−
5𝑥3

39
+ 12𝑥 + 𝑐ቃ

−𝟓.𝟓𝟖𝟔

𝟓.𝟓𝟖𝟔

+ 122.885 (1) 

= ቀ−
5(5.586)3

39
+ 12(5.586)ቁ − ቆ−

5(−5.586)3

39
+ 12(−5.586)ቇ + 122.885  

= (44.6856) − (−44.6856) + 122.885  
= 212.256 𝑢𝑛𝑖𝑡𝑠2  (1) 

 

 

(b) 

𝑁𝑒𝑤 𝐴𝑟𝑒𝑎 =  −6𝑥2 + 6
𝟏

−𝟏
 𝑑𝑥 + (11 × 2)  (1) 

= ሾ−2𝑥3 + 6𝑥 + 𝑐ሿ−𝟏
𝟏 + 22 (1) 

= (−2(1)3 + 6(1)) − (−2(−1)3 + 6(−1)) + 22  
= (4) − (−4) + 22 = 30  

𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛 𝐴𝑟𝑒𝑎 = 212.256 − 30 = 182.256 𝑢𝑛𝑖𝑡𝑠2  (1) 
 

 

(c) 

0 = −𝑥2 + 9𝑥 
Use calculator to solve for 𝒙 

𝒙 = 𝟎, 𝒙 = 𝟗  (1) 
 

(b) 𝐴𝑟𝑒𝑎 =   −𝑥2 + 9𝑥
𝟗

𝟎
 𝑑𝑥  (1) 

= ቂ−
𝑥3

3
+

9𝑥2

2
ቃ

𝟎

𝟗

 (1) 

= ቀ−
(9)3

3
+

9(9)2

2
ቁ − ቀ−

(0)3

3
+

9(0)2

2
ቁ (1) 

= 121.5 − 0  
= 121.5 𝑢𝑛𝑖𝑡𝑠2 (1) 

 

(c) 

 

𝑉 = 𝐿 ×  𝑊 ×  𝐻 (1) 
𝑊 =  12  

Based on (c) we know 𝐿 × 𝐻 = 121.5 
𝑉 =  121.5 × 12  (1) 
𝑉 = 1458 𝑢𝑛𝑖𝑡𝑠3  (1) 

(d) 
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9.                                                                                [12 marks]       

 

 

 

 

 

 

       

 

 

 

 

 

 

 

Concept 4 

Fundamental Theorem of Calculus – Progressive Questions Answers 

___________________________________________________________________________ 

 

Fundamental Theorem of Calculus: Q1, Q2, Q3, Q4 
1.                                                                                [15 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.                                                                                [18 marks]       

 

 

 

 

 

 

 

 𝟐𝒖𝟐 − 𝟓𝒖 − 𝟔 𝒅𝒖 =
𝟎

𝒙
ቂ

𝟐𝒖𝟑

𝟑
−

𝟓𝒖𝟐

𝟐
− 𝟔𝒖ቃ

𝒙

𝟎

(1) 

=
𝟐𝒙𝟑

𝟑
−

𝟓𝒙𝟐

𝟐
− 𝟔𝒖 (1) 

(g) 

 𝒕𝟑𝒅𝒕
𝒙

𝟎
= ቂ

𝒕𝟒

𝟒
ቃ

𝟎

𝒙

(1) 

=
𝒙𝟒

𝟒
 (1) 

 

 

(a) 

 𝒖𝟐 + 𝟐𝒖 𝒅𝒖 =
𝒙

−𝟐
ቂ

𝒖𝟑

𝟑
+ 𝒖𝟐ቃ

−𝟐

𝒙

(1) 

= ቀ
𝒙𝟑

𝟑
+ 𝒙𝟐ቁ − ቀ

−𝟐

𝟑
+ −𝟐𝟐ቁ (1) 

=
𝒙𝟑+𝟖

𝟑
+ 𝒙𝟐 − 𝟒 (1) 

(b) 

 𝒕𝟓 − 𝟔 𝒅𝒕 =
𝟎

𝒙
ቂ

𝒕𝟔

𝟔
− 𝟔𝒕ቃ

𝒙

𝟎

(1) 

= −
𝒙𝟔

𝟔
+ 𝟔𝒙 (1) 

 

 

(e) 

 𝒕𝟐 + 𝟐𝒕 𝒅𝒕 =
𝒙

𝟓
ቂ

𝒕𝟑

𝟑
+ 𝒕𝟐ቃ

𝟓

𝒙

(1) 

= ቀ
𝒕𝟑

𝟑
+ 𝒕𝟐ቁ − ቀ

𝟓𝟑

𝟑
+ 𝟓𝟐ቁ (1) 

=
𝒙𝟑−𝟏𝟐𝟓

𝟑
+ 𝒙𝟐 − 𝟐𝟓 (1) 

(c) 


𝟐

(𝒕𝟐−𝟑)𝟑 = −  (𝒕 + 𝟑)𝟐𝒙

−𝟑

𝟎

𝒙
 (1) 

= − ቂ
(𝒕+𝟑)𝟑

𝟑
ቃ

−𝟑

𝒙

= ቀ
(𝒙+𝟑)𝟑

𝟑
ቁ − ቀ

(−𝟑+𝟑)𝟑

𝟑
ቁ (1) 

=
(𝒕+𝟑)𝟑

𝟑
 (1) 

(e) 
 (𝟏 − 𝒕)𝟑𝒅𝒕

𝟐𝒙

𝟎
= ቂ𝒕 −

𝟑𝒕𝟐

𝟐
+ 𝒕𝟑 −

𝒕𝟒

𝟒
ቃ

𝟎

𝟐𝒙

(1) 

= 𝟐𝒙 − 𝟔𝒙𝟐 + 𝟖𝒙𝟑 − 𝟒𝒙𝟒 (1) 

(a) 

 (𝟒 − 𝟑𝒖𝟑)𝟕 =
𝒙

−𝟑
ቂ

𝟖𝒖𝟑

𝟐𝟕
ቃ

−
𝟒

𝟓

𝒙

(1) 

=
𝟖𝒙𝟑

𝟐𝟕
−

𝟓𝟏𝟐

𝟑𝟑𝟕𝟓
 (1) 

(f) 
 𝟒𝒖𝟐𝒅𝒖 =

𝒙𝟐

𝟎
ቂ

𝟒𝒖𝟑

𝟑
ቃ

𝟎

𝒙𝟐

(1) 

=
𝟒𝒙𝟔

𝟑
 (1) 

 

(b) 

 

𝐻𝑒𝑖𝑔ℎ𝑡 = 2 𝑚𝑒𝑡𝑟𝑒𝑠 
(b) 

 

𝑆𝑡𝑎𝑟𝑡 𝑜𝑛 𝑓𝑙𝑜𝑜𝑟 = 0.586 
𝐿𝑎𝑛𝑑 𝑜𝑛 𝑓𝑙𝑜𝑜𝑟 = 3.414 

 

(c) 

𝐴𝑟𝑒𝑎 =   −(𝑥 − 2)2 + 2
𝟑.𝟒𝟏𝟒

𝟎.𝟓𝟖𝟔
 𝑑𝑥  (1) 

= ቂ−
𝑥3

3
+ 2𝑥2 − 2𝑥 + 𝑐ቃ

𝟎.𝟓𝟖𝟔

𝟑.𝟒𝟏𝟒

 (1) 

= ቀ−
(3.414)3

3
+ 2(3.414)2 − 2(3.414)ቁ − ቀ−

(0.586)3

3
+ 2(0.586)2 − 2(0.586)ቁ (1) 

= 3.219 − (−0.552)  
= 3.771 𝑢𝑛𝑖𝑡𝑠2 (1) 

 

 

(d) 


𝟏

𝟐𝒕
+

𝟓

ξ𝒕
𝒅𝒕

𝒙

𝟐
= ቂ

𝟒𝒕𝟓

𝟓
+

𝟐𝒕𝟑

𝟑
ቃ

𝟐

𝒙

(1) 

=
𝟒𝒙𝟓

𝟓
+

𝟐𝒙𝟑

𝟑
−

𝟒𝟔𝟒

𝟏𝟓
 (1) 

(d) 

 𝒕𝟐−𝟑𝒕𝟑 − 𝟐 𝒅𝒕 =
𝒙

−𝟑
ቂ

𝒕𝟑

𝟑
+

𝟑𝒕𝟒

𝟒
− 𝟐𝒕ቃ

−𝟑

𝒙

(1) 

=
𝒙𝟑

𝟑
+ 𝟑 − 𝟐𝒙 −

𝟑(𝒙𝟒−𝟖𝟏)

𝟒
 (1) 

 

(f) 


𝟕

𝟐𝒕𝟒 𝒅𝒕 =
𝟐𝒙

𝟏
ቂ−

𝟕

𝟔𝒕𝟑ቃ
𝟏

𝟐𝒙
(1) 

=
𝟕

𝟐
(−

𝟏

𝟐𝟒𝒙𝟑 +
𝟏

𝟑
 (1) 

(h) 
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3.                                                                                [15 marks]       

 

 

 

 

 

 

 

 

4.                                                                                [16 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (𝟐𝒕 + 𝟐)𝟑 − 𝟔 𝒅𝒕 =
𝒙

−𝟑
ൣ𝟐𝒕𝟒 + 𝟖𝒕𝟑 + 𝟏𝟐𝒕𝟐 + 𝟐𝒕൧

−𝟑

𝒙
(1) 

= 𝟐𝒙𝟒 + 𝟖𝒙𝟑 + 𝟏𝟐𝒙𝟐 + 𝟐𝒙 − 𝟒𝟖 (1) 

(c)  ξ𝟏 − 𝒕𝟐 𝒅𝒕 = 𝟐𝒙ξ𝟏 − 𝒙𝟒𝒙𝟐

𝟗
  (1) 

 

(g) 

𝒂𝒓𝒆𝒂 = 𝟓 + 𝟑 = 𝟖 (1) 
 

 

(b) න 𝒇𝒙(𝒅𝒙)
𝒆

𝒄

 

= 𝟏 − 𝟑 
= −𝟐  (1) 

(a) 

𝒂𝒓𝒆𝒂 = 𝟐 + 𝟓 + 𝟑 + 𝟏 = 𝟏𝟏 (1) 
= 𝟏𝟏 (1) 

 

(d) 
= −𝟐 + 𝟓 − 𝟑 + 𝟏 

= 𝟏 (1) 

 

(c) 

=  𝒇(𝒙)𝒅𝒙 =  𝒇(𝒙)𝒅𝒙 + 𝒇(𝒙)𝒅𝒙
𝑫

𝒄

𝑬

𝒄
(1) 

= 𝟖 − 𝟒 
=4 (1) 

(a) = 𝟐𝟎 + 𝟖 + 𝟒(1) 
= 𝟑𝟐 (1) 

 

 

(b) 

= 𝒂𝒓𝒆𝒂 = 𝟖 + 𝟐𝟎 + 𝟖 (1) 
= 𝟑𝟔 (1) 

 

(c) = 𝟑𝟔 + 𝟒 (1) 
= 𝟒𝟎 (1) 

(d) 


𝟏

ඥ𝟐𝒖𝟐+𝟑
 𝒅𝒖 =

𝟒𝒙

𝟐
− 

𝟏

ඥ𝟐(𝟒𝒙)𝟐+𝟑
൨

𝟐

𝟒𝒙

(1) 

= −
𝟏

𝟒
ඥ𝟓𝟏𝟐𝒙𝟐 + 𝟑 +

𝟏

𝟒
ξ𝟏𝟑𝟏 (1) 

(d) 

 𝟑𝒖𝟗 − (𝟐 − 𝒖)𝟒 𝒅𝒖 =
𝟎

𝒙𝟐 𝟐𝒙(−𝟑𝒙𝟐𝟕 + ൫𝟐 − 𝒙𝟐൯
𝟒

)  (1) 

 

(h) 



 0 

 

 

 

 
Concept 1 

Integration Techniques – Repetitive Questions Answers 

___________________________________________________________________________ 

 

Integration Techniques: Qs 1.11, 1.12, 1.13, 1.21, 1.31 

1.11                        [12 marks]    

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem Set 3 – Integration 
Repetitive Questions 

 ξ𝑥 + 𝑥4 𝑑𝑥  

=  𝑥
1

2 + 𝑥4𝑑𝑥  

=
𝟐

𝟑
𝒙

𝟑

𝟐 +
𝒙𝟓

𝟓
+ 𝑪 (2) 

 

(f)  2𝑥 𝑑𝑥   

= 𝒙𝟐 + 𝑪 (2) 

 

(a) 

 𝑥 − 𝑥2 𝑑𝑥   

=
𝒙𝟐

𝟐
−

𝒙𝟑

𝟑
+ 𝑪 (2) 

 

(b) 
1

𝑥3 −
5

𝑥2   𝑑𝑥   

=  𝑥−3 − 5𝑥−2  𝑑𝑥   

= −
𝟏

𝟐
𝒙−𝟐 + 𝟓𝒙−𝟏 + 𝑪 (1) 

= −
𝟏

𝟐𝒙𝟐 +
𝟓

𝒙
+ 𝑪 (1) 

 

(g) 

 5𝑥2  𝑑𝑥   

=
𝟓𝒙𝟑

𝟑
+ 𝑪 (2) 

 

(c) 
4

3ξ𝑥
+ 3ξ𝑥 𝑑𝑥  

= 
4

3
𝑥−

1

2 + 3𝑥
1

2𝑑𝑥  

=
𝟖

𝟑
𝒙

𝟏

𝟐 + 𝟐𝒙
𝟑

𝟐 + 𝑪 (2) 

 

(h) 


1

3
𝑥2 −

3

2
𝑥 𝑑𝑥   

=
𝟏

𝟗
𝒙𝟑 −

𝟑

𝟒
𝒙𝟐 + 𝑪 (2) 

 

(d) 

 5𝑥
3

2 𝑑𝑥  

= 𝟐𝒙
𝟓

𝟐 + 𝑪 (2) 

 

(i) 


3𝑥3

2
− 6𝑥2 𝑑𝑥   

=
𝟑𝒙𝟒

𝟖
− 𝟐𝒙𝟑 + 𝑪 (2) 

 

(e) න
𝑥2 − 𝑥

𝑥
 𝑑𝑥   

=  𝑥 − 1 𝑑𝑥 , 𝑛𝑜𝑡𝑒 𝑥 ≠ 0  

=
𝒙𝟐

𝟐
− 𝒙 + 𝑪 (2) 

 

(j) 



 1 

1.21                        [12 marks]   

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.31                                                                                                                                                                                        [13 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ሺ4𝑥 − 3ሻሺ𝑥 + 2ሻ 𝑑𝑥  

=  𝟒𝒙𝟐 + 𝟓𝒙 − 𝟔 𝒅𝒙 (1) 

=
𝟒

𝟑
𝒙𝟑 +

𝟓

𝟐
𝒙𝟐 − 𝟔𝒙 + 𝑪 (1) 

 

(a) 


𝑥2+𝑥

ξ𝑥
𝑑𝑥   

=  𝒙
𝟑

𝟐 + 𝒙
𝟏

𝟐𝒅𝒙  

=
𝟐

𝟓
𝒙

𝟓

𝟐 +
𝟐

𝟑
𝒙

𝟑

𝟐 + 𝑪 (3) 

 

(f) 
 

 2𝑥2ሺ9 − 4𝑥ሻ 𝑑𝑥  

= 𝟐  𝟗𝒙𝟐 − 𝟒𝒙𝟑 𝒅𝒙  (1) 

= 𝟔𝒙𝟑 − 𝟐𝒙𝟒 + 𝑪 (2) 

(g) 
4𝑥2−5𝑥3

2𝑥2 𝑑𝑥  

=
𝟏

𝟐
න 𝟒 − 𝟓𝒙 𝒅𝒙  

= 𝟐𝒙 −
𝟓

𝟒
𝒙𝟐 +  𝑪 (2) 

 

(b) 
 

 ξ𝑥ሺ𝑥
5

2 − 3ξ𝑥ሻ 𝑑𝑥  

=  𝒙𝟑 − 𝟑𝒙 𝒅𝒙 (1) 

=
𝒙𝟒

𝟒
−

𝟑

𝟐
𝒙𝟐  + 𝑪 (2) 

 

 

 

 

(h)  3𝑥2ሺ𝑥2 − 2𝑥ሻ 𝑑𝑥  

= 𝟑 න 𝒙𝟒 − 𝟐𝒙𝟑 𝒅𝒙  

=
𝟑

𝟓
𝒙𝟓 −

𝟑

𝟐
𝒙𝟒 + 𝑪 (2) 

(c) 

 4𝑥ሺ2𝑥2 − 4ሻ3 𝑑𝑥  

=
𝟏

𝟒
+ 𝑪 (3) 

 

(f) නሺ𝑥 + 2ሻ3 𝑑𝑥 

=
𝟏

𝟒
ሺ𝒙 + 𝟐ሻ𝟒 + 𝑪 (3) 

 

(a) 


2

ሺ2𝑥+4ሻ3  𝑑𝑥   

=  𝟐ሺ𝟐𝒙 + 𝟒ሻ−𝟑 𝒅𝒙 (1) 

=
𝟐

𝟐
× −

𝟏

𝟐
ሺ𝟐𝒙 + 𝟒ሻ−𝟐 + 𝑪  (1) 

= −
𝟏

𝟐ሺ𝟐𝒙+𝟒ሻ𝟐 + 𝑪 (1) 

 

(g) 

ሺ9 − 𝑥ሻ4𝑑𝑥  

= −
𝟏

𝟓
ሺ𝟗 − 𝒙ሻ𝟓 + 𝑪  (3) 

(b) 

ሺ5𝑥 + 4ሻ3 𝑑𝑥  

=
𝟏

𝟓
×

𝟏

𝟒
ሺ𝟓𝒙 + 𝟒ሻ𝟒 + 𝑪 (1) 

=
𝟏

𝟐𝟎
ሺ𝟓𝒙 + 𝟒ሻ𝟒 + 𝑪(2) 

 

 

 

(c) 

 4𝑥ሺ𝑥2 − 6ሻ4 𝑑𝑥   

=
𝟒

𝟐
×

𝟏

𝟓
൫𝒙𝟐 − 𝟔൯

𝟓
+ 𝑪 (1) 

=
𝟐

𝟓
൫𝒙𝟐 − 𝟔൯

𝟓
+ 𝑪 (2) 

(h) 


6𝑥4−3𝑥

3𝑥
𝑑𝑥  

=  𝟐𝒙𝟑 − 𝟏 𝒅𝒙 (1) 

=
𝟏

𝟐
𝒙𝟒 − 𝒙 + 𝑪 (2) 

 

(d) ሺ𝑥2 − 2ሻ2 + 4𝑥3  𝑑𝑥  

=  𝒙𝟒 − 𝟒𝒙𝟐 + 𝟒 + 𝟒𝒙𝟑 𝒅𝒙 (1) 

=
𝟏

𝟓
𝒙𝟓 −

𝟒

𝟑
𝒙𝟑 + 𝟒𝒙 + 𝒙𝟒 + 𝑪(2) 

 

(i) 

ሺ5𝑥 − 2ሻሺ𝑥2 − 4𝑥ሻ 𝑑𝑥  

=  𝟓𝒙𝟑 − 𝟐𝟐𝒙𝟐 + 𝟖𝒙 𝒅𝒙 (1) 

=
𝟓

𝟒
𝒙𝟒 −

𝟐𝟐

𝟑
𝒙𝟑 + 𝟒𝒙𝟐 + 𝑪 (2) 

 

(e) 
2𝑥−𝑥2

𝑥5 + 2 𝑑𝑥   

= 
𝟐

𝒙𝟒 −
𝟏

𝒙𝟑 + 𝟐 𝒅𝒙 (1) 

= −
𝟐

𝟑𝒙𝟑 +
𝟏

𝟐𝒙𝟐 + 𝟐𝒙 + 𝑪 (2) 

 

(j) 



 2 

 

 

 

 

 

 

 

 

 

 

 

Concept 2 

Estimating Area Under the Curve – Repetitive Questions Answers 

___________________________________________________________________________ 

 

Estimating Area Under the Curve: Qs 2.11, 2.21, 2.31 
2.11                                                             [5 marks] 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.21                                                           [5 marks] 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Overestimate: 

𝑨𝒓𝒆𝒂 = 𝑨𝟏 + 𝑨𝟐 + 𝑨𝟑 + 𝑨𝟒 

𝑨𝒓𝒆𝒂 = 𝒇ሺ𝟏ሻ. 𝒅𝒙 + 𝒇ሺ𝟐ሻ. 𝒅𝒙 + 𝒇ሺ𝟑ሻ. 𝒅𝒙 + 𝒇ሺ𝟒ሻ. 𝒅𝒙 (1) 

𝐴𝑟𝑒𝑎 = 12 × 1 + 22 × 1 + 32 × 1 + 42 × 1 

𝐴𝑟𝑒𝑎 = 1 + 4 + 9 + 16 

𝑶𝒗𝒆𝒓𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆 𝒂𝒓𝒆𝒂 = 𝟑𝟎 𝒖𝒏𝒊𝒕𝒔𝟐 (1) 

 

Underestimate: 

𝑨𝒓𝒆𝒂 = 𝑨𝟏 + 𝑨𝟐 + 𝑨𝟑 + 𝑨𝟒  

𝑨𝒓𝒆𝒂 = 𝒇ሺ𝟎ሻ. 𝒅𝒙 + 𝒇ሺ𝟏ሻ. 𝒅𝒙 + 𝒇ሺ𝟐ሻ. 𝒅𝒙 + 𝒇ሺ𝟑ሻ. 𝒅𝒙 (1) 

𝐴𝑟𝑒𝑎 = 12 × 1 + 22 × 1 + 32 × 1 

𝐴𝑟𝑒𝑎 = 1 + 4 + 9 

𝑼𝒏𝒅𝒆𝒓𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆 𝒂𝒓𝒆𝒂 = 𝟏𝟒 𝒖𝒏𝒊𝒕𝒔𝟐 (1) 

Average of the over and underestimate: 

𝑨𝒓𝒆𝒂 ≈
𝒐𝒗𝒆𝒓𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆 𝒂𝒓𝒆𝒂 + 𝒖𝒏𝒅𝒆𝒓𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆 𝒂𝒓𝒆𝒂

𝟐
 

𝐴𝑟𝑒𝑎 ≈
30 + 14

2
 

𝑨𝒓𝒆𝒂 ≈ 𝟐𝟐 𝒖𝒏𝒊𝒕𝒔𝟐 (1) 

 

Overestimate: 

𝑨𝒓𝒆𝒂 = 𝑨𝟏 + 𝑨𝟐 + 𝑨𝟑 + 𝑨𝟒 + 𝑨𝟓 + 𝑨𝟔   

𝑨𝒓𝒆𝒂 = 𝒇ሺ𝟎. 𝟓ሻ. 𝒅𝒙 + 𝒇ሺ𝟏ሻ. 𝒅𝒙 + 𝒇ሺ𝟏. 𝟓ሻ. 𝒅𝒙 + 𝒇ሺ𝟐ሻ. 𝒅𝒙 + 𝒇ሺ𝟐. 𝟓ሻ. 𝒅𝒙 + 𝒇ሺ𝟑ሻ. 𝒅𝒙 (1) 

𝐴𝑟𝑒𝑎 = ሺ−02 + 9ሻ × 0.5 + ሺ−0.52 + 9ሻ × 0.5 + ሺ−12 + 9ሻ × 0.5 + ሺ−1.52 + 9ሻ × 0.5

+ ሺ−22 + 9ሻ × 0.5 + ሺ−2.52 + 9ሻ × 0.5 + ሺ−32 + 9ሻ × 0.5 

𝐴𝑟𝑒𝑎 = 9 + 8.75 + 8 + 6.75 + 5 + 2.75 

𝑶𝒗𝒆𝒓𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆 𝒂𝒓𝒆𝒂 = 𝟒𝟎. 𝟐𝟓 𝒖𝒏𝒊𝒕𝒔𝟐 (1) 

 

Underestimate: 

𝑨𝒓𝒆𝒂 = 𝑨𝟏 + 𝑨𝟐 + 𝑨𝟑 + 𝑨𝟒 + 𝑨𝟓 + 𝑨𝟔   

𝑨𝒓𝒆𝒂 = 𝒇ሺ𝟎. 𝟓ሻ. 𝒅𝒙 + 𝒇ሺ𝟏ሻ. 𝒅𝒙 + 𝒇ሺ𝟏. 𝟓ሻ. 𝒅𝒙 + 𝒇ሺ𝟐ሻ. 𝒅𝒙 + 𝒇ሺ𝟐. 𝟓ሻ. 𝒅𝒙 + 𝒇ሺ𝟑ሻ. 𝒅𝒙 (1) 

𝐴𝑟𝑒𝑎 = ሺ−0.52 + 9ሻ × 0.5 + ሺ−12 + 9ሻ × 0.5 + ሺ−1.52 + 9ሻ × 0.5 + ሺ−22 + 9ሻ × 0.5

+ ሺ−2.52 + 9ሻ × 0.5 + ሺ−32 + 9ሻ × 0.5 

𝐴𝑟𝑒𝑎 = 8.75 + 8 + 6.75 + 5 + 2.75 + 0 

𝑼𝒏𝒅𝒆𝒓𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆 𝒂𝒓𝒆𝒂 = 𝟑𝟏. 𝟐𝟓 𝒖𝒏𝒊𝒕𝒔𝟐 (1) 

 4ሺ8𝑥 − 5ሻ5 𝑑𝑥  

=
𝟏

𝟖
×

𝟏

𝟔
× 𝟒ሺ𝟖𝒙 − 𝟓ሻ𝟔 + 𝑪(1) 

=
𝟏

𝟏𝟐
ሺ𝟖𝒙 − 𝟓ሻ𝟔 + 𝑪 (2) 

 

(d) 
4

ሺ3𝑥−4ሻ6 𝑑𝑥   

=  𝟒ሺ𝟑𝒙 − 𝟒ሻ−𝟔 𝒅𝒙 (1) 

=
𝟒

𝟑
× −

𝟏

𝟓
ሺ𝟑𝒙 − 𝟒ሻ−𝟓 + 𝑪 (1) 

= −
𝟒

𝟏𝟓ሺ𝟑𝒙−𝟒ሻ𝟓 +  𝑪 (1) 

 

(i) 


1

ሺ𝑥−5ሻ4  𝑑𝑥  

= ሺ𝒙 − 𝟓ሻ−𝟒 𝒅𝒙 (1) 

= −
𝟏

𝟑
ሺ𝒙 − 𝟓ሻ−𝟑 + 𝑪 (2) 

 

(e) 

 8𝑥ሺ3 + 4𝑥2ሻ4𝑑𝑥   

=
𝟏

𝟓
൫𝟑 + 𝟒𝒙𝟐൯

𝟓
+ 𝑪 (3) 

(j) 



 3 

 

 

 

 

 

 

 

 

2.31                                                             [5 marks] 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Average of the over and underestimate: 

𝑨𝒓𝒆𝒂 ≈
𝒐𝒗𝒆𝒓𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆 𝒂𝒓𝒆𝒂 + 𝒖𝒏𝒅𝒆𝒓𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆 𝒂𝒓𝒆𝒂

𝟐
 

𝐴𝑟𝑒𝑎 ≈
40.25 + 31.25

2
 

𝑨𝒓𝒆𝒂 ≈ 𝟑𝟓. 𝟕𝟓 𝒖𝒏𝒊𝒕𝒔𝟐 (1) 

 

Overestimate: 

𝑨𝒓𝒆𝒂 = 𝑨𝟏 + 𝑨𝟐 + 𝑨𝟑 + 𝑨𝟒 + 𝑨𝟓 + 𝑨𝟔 + 𝑨𝟕 + 𝑨𝟖     

𝑨𝒓𝒆𝒂 = 𝒇ሺ𝟏ሻ. 𝒅𝒙 + 𝒇ሺ𝟐ሻ. 𝒅𝒙 + 𝒇ሺ𝟑ሻ. 𝒅𝒙 + 𝒇ሺ𝟒ሻ. 𝒅𝒙 + 𝒇ሺ𝟓ሻ. 𝒅𝒙 + 𝒇ሺ𝟔ሻ. 𝒅𝒙 +

𝒇ሺ𝟕ሻ. 𝒅𝒙 + 𝒇ሺ𝟖ሻ. 𝒅𝒙  (1) 

𝐴𝑟𝑒𝑎 = ሺ−ሺ1 − 4ሻ2 + 16ሻ × 1 + ሺ−ሺ2 − 4ሻ2 + 16ሻ × 1 + ሺ−ሺ3 − 4ሻ2 + 16ሻ × 1

+ ሺ−ሺ4 − 4ሻ2 + 16ሻ × 1 + ሺ−ሺ5 − 4ሻ2 + 16ሻ × 1 + ሺ−ሺ6 − 4ሻ2

+ 16ሻ × 1 + ሺ−ሺ7 − 4ሻ2 + 16ሻ × 1+ሺ−ሺ8 − 4ሻ2 + 16ሻ × 1 

𝐴𝑟𝑒𝑎 = 7 + 12 + 15 + 16 + +15 + 12 + 7 + 0 

𝑶𝒗𝒆𝒓𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆 𝒂𝒓𝒆𝒂 = 𝟖𝟒 𝒖𝒏𝒊𝒕𝒔𝟐 (1) 

 

Underestimate: 

𝑨𝒓𝒆𝒂 = 𝑨𝟏 + 𝑨𝟐 + 𝑨𝟑 + 𝑨𝟒 + 𝑨𝟓 + 𝑨𝟔 + 𝑨𝟕 + 𝑨𝟖     

𝑨𝒓𝒆𝒂 = 𝒇ሺ𝟎ሻ. 𝒅𝒙 + 𝒇ሺ𝟏ሻ. 𝒅𝒙 + 𝒇ሺ𝟐ሻ. 𝒅𝒙 + 𝒇ሺ𝟑ሻ. 𝒅𝒙 + 𝒇ሺ𝟒ሻ. 𝒅𝒙 + 𝒇ሺ𝟓ሻ. 𝒅𝒙 + 𝒇ሺ𝟔ሻ. 𝒅𝒙 +

𝒇ሺ𝟕ሻ. 𝒅𝒙 (1) 

𝐴𝑟𝑒𝑎 = ሺ−ሺ0 − 4ሻ2 + 16ሻ × 1 + ሺ−ሺ1 − 4ሻ2 + 16ሻ × 1 + ሺ−ሺ2 − 4ሻ2 + 16ሻ × 1

+ ሺ−ሺ3 − 4ሻ2 + 16ሻ × 1 + ሺ−ሺ4 − 4ሻ2 + 16ሻ × 1 + ሺ−ሺ5 − 4ሻ2 + 16ሻ × 1

+ ሺ−ሺ6 − 4ሻ2 + 16ሻ × 1 + ሺ−ሺ7 − 4ሻ2 + 16ሻ × 1 

𝐴𝑟𝑒𝑎 = 0 + 7 + 12 + 15 + 16 + +15 + 12 + 7 

𝑼𝒏𝒅𝒆𝒓𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆 𝒂𝒓𝒆𝒂 = 𝟖𝟒 𝒖𝒏𝒊𝒕𝒔𝟐 (1) 

Average of the over and underestimate: 

𝑨𝒓𝒆𝒂 ≈
𝒐𝒗𝒆𝒓𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆 𝒂𝒓𝒆𝒂 + 𝒖𝒏𝒅𝒆𝒓𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆 𝒂𝒓𝒆𝒂

𝟐
 

𝐴𝑟𝑒𝑎 ≈
84 + 84

2
 

𝑨𝒓𝒆𝒂 ≈ 𝟖𝟒 𝒖𝒏𝒊𝒕𝒔𝟐 (1) 

 



 4 

න 3𝑥ሺ1 − 𝑥ሻ2 𝑑𝑥 =
−1

−5

 

=  3𝑥ሺ𝑥2 − 2𝑥 + 1ሻ 𝑑𝑥
−1

−5
  

=  3𝑥3 − 6𝑥2 + 3𝑥 𝑑𝑥
−1

−5
  

= ቂ
3

4
𝑥4 − 2𝑥3 +

3

2
𝑥2ቃ

−5

1
   

= ቌ
ቂ

3

4
ሺ−1ሻ4 − 2ሺ−1ሻ3 +

3

2
ሺ−1ሻ2ቃ −

ቂ
3

4
ሺ−5ሻ4 − 2ሺ−5ሻ3 +

3

2
ሺ−5ሻ2ቃ

ቍ (1)  

= 4.25 − 756.25 = −752 (1) 

(h) 

Concept 3 

Definite Integrals and Area Under Curve – Repetitive Questions 

Answers 

___________________________________________________________________________ 

 

Definite Integrals: Qs 3.11, 3.12, 3.13 
3.11                                                             [12 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

න 3𝑥2 + 6𝑥 𝑑𝑥
1

0

 

= ሾ𝑥3 + 3𝑥2ሿ0
1 

= ሾሺ1ሻ3 + 3ሺ1ሻ2ሿ − ሾሺ0ሻ3 + 3ሺ0ሻ2ሿ(1) 
= 1 + 3 − 0 = 4 (1) 

(a) 

2 න 𝑥3 + 3𝑥2 − 5 𝑑𝑥
1

−1

 

= 2 ቂ
𝑥4

4
+ 𝑥3 − 5𝑥ቃ

−1

1

  

= 2 ቀቂ
1

4
ሺ1ሻ4 + ሺ1ሻ3 − 5ሺ1ሻቃ − ቂ

1

4
ሺ−1ሻ4 + ሺ−1ሻ3 −

5ሺ−1ሻቃቁ(1)  

= 2ሺ−3.75 − 4.25ሻ = −16 (1) 

(f) 

න 8𝑥3 + 4𝑥2 + 1 𝑑𝑥
5

2

 

= ቂ2𝑥4 +
4

3
𝑥2 + 𝑥ቃ

2

5
  

= ቂ2ሺ5ሻ4 +
4

3
ሺ5ሻ3 + ሺ5ሻቃ − ቂ2ሺ2ሻ4 +

4

3
ሺ2ሻ3 +

ሺ2ሻቃ (1) 

= 1421.6667 + 44.6667 = 1377 (1) 

(b) 

 

2 න ሺ4 − 3𝑥2ሻ2 𝑑𝑥 = 2 න 9𝑥4 − 24𝑥2 + 16 𝑑𝑥
0

−5

0

−5

 

= 2 ቂ
9

5
𝑥5 − 8𝑥3 + 16𝑥ቃ

−5

0
  

= 2 ቌ
ቂ

9

5
ሺ0ሻ5 − 8ሺ0ሻ3 + 16ሺ0ሻቃ −

ቂ
9

5
ሺ−5ሻ5 − 8ሺ−5ሻ3 + 16ሺ−5ሻቃ

ቍ(1)  

= 2ሺ0 − ሺ−4705ሻሻ = 9410 (1)  

(g) 

5 න 𝑥ሺ2𝑥2 − 5ሻ 𝑑𝑥
7

5

= 5 න 2𝑥3 − 5𝑥 𝑑𝑥
7

5

 

= ቂ
1

2
𝑥4 −

5

2
𝑥2ቃ

5

7
  

= 5 ቀቂ
1

2
ሺ7ሻ4 −

5

2
ሺ7ሻ2ቃ − ቂ

1

2
ሺ5ሻ4 −

5

2
ሺ5ሻ2ቃቁ(1) 

= 5ሺ1078 − 250ሻ = 4140 (1) 

(c) 

න 5𝑥2ሺ𝑥 + 2ሻ2 𝑑𝑥
3

0

 

=  5𝑥2ሺ𝑥2 + 4𝑥 + 4ሻ 𝑑𝑥
3

0
  

= 5  𝑥4 + 4𝑥3 + 4𝑥2 𝑑𝑥
3

0
  

= 5 ቂ
1

5
𝑥5 + 𝑥4 +

4

3
𝑥3ቃ

0

3
  

= 5 ቀቂ
1

5
ሺ3ሻ5 + ሺ3ሻ4 +

4

3
ሺ3ሻ3ቃ − ቂ

1

5
ሺ0ሻ5 +

ሺ0ሻ4 +
4

3
ሺ0ሻ3ቃቁ (1)  

= 5ሺ165.6 − 0ሻ = 828 (1) 

(d) 

න 3𝑥2ሺ𝑥 − 1ሻ 𝑑𝑥 = න 3𝑥3 − 3𝑥2 𝑑𝑥
3

−5

3

−5

 

= ቂ
3

4
𝑥4 − 𝑥3ቃ

−5

3
  

= ቀቂ
3

4
ሺ3ሻ4 − ሺ3ሻ3ቃ − ቂ

3

4
ሺ−5ሻ4 − ሺ−5ሻ3ቃቁ(1) 

= 33.75 − 593.75 = −560 (1) 

(i) 
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3.12                                                             [12 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

න
1

2
𝑥2 𝑑𝑥

2

0

 

= 
1

6
𝑥3൨

0

2

 

= ቂ
1

6
ሺ2ሻ3ቃ − ቂ

1

6
ሺ0ሻ3ቃ (1) 

=
8

6
 (1) 

(a) 

න 3𝑥2 − 2𝑥 𝑑𝑥
5

3

 

= ሾ𝑥3 − 𝑥2ሿ3
5  

=  ሺሾ53 − 52ሿ − ሾ33 − 32ሿሻ (1) 
= 82 (1) 

(b) 

න 𝑥ඥ1 + 𝑥2 𝑑𝑥
2

0

 

=  𝑥ሺ1 + 𝑥2ሻ
1

2 𝑑𝑥
2

0
  

= ቈ
ሺ1+𝑥2ሻ

3
2

3


0

2

 (1) 

= ൭
൫1+ሺ2ሻ2൯

3
2

3
൩ − 

൫1+ሺ0ሻ2൯
3
2

3
൩൱   

= 3.727 −
1

3
= 3.39 (1) 

(c) 

න ሺ8 + 2𝑥ሻ2 𝑑𝑥
2

0

 

= ቂ
ሺ8+2𝑥ሻ3

6
ቃ

0

2

 (1) 

= ቀቂ
ሺ8+2ሺ2ሻሻ3

6
ቃ − ቂ

ሺ8+2ሺ0ሻሻ3

6
ቃቁ   

= 202.7 (1) 

(d) 

න ሺ𝑥 + 3ሻ3 𝑑𝑥
4

2

 

= ቂ
ሺ𝑥+3ሻ4

4
ቃ

2

4

 (1) 

= ቀቂ
ሺ4+3ሻ4

4
ቃ − ቂ

ሺ2+3ሻ4

4
ቃቁ   

= 444 (1) 

(e) 

න 7𝑥 − ξ𝑥 𝑑𝑥
4

1

 

= ቂ
7𝑥2

2
−

2

3
𝑥

3

2ቃ
1

4

  

=  ቀቂ
7ሺ4ሻ2

2
−

2

3
ሺ4ሻ

3

2ቃ − ቂ
7ሺ1ሻ2

2
−

2

3
ሺ1ሻ

3

2ቃቁ (1) 

= 47.83 (1) 

(f) 

න ሺ𝑥2 − 2ሻ2 𝑑𝑥
2

1

 

= 
൫𝑥2−2൯

3

6
൨

1

2

 (1) 

= ൬
൫22−2൯

3

6
൨ − 

൫12−2൯
3

6
൨൰   

= 1/3 (1) 

(g) 

න
2𝑥 − 4𝑥2

ξ𝑥
 𝑑𝑥

3

1

= න 2𝑥
1
2 − 4𝑥

3
2 𝑑𝑥

3

1

 

= ቂ
4

3
𝑥

3

2 + 10𝑥
5

2ቃ
1

3

   

= ቀቂ
4

3
ሺ3ሻ

3

2 + 10ሺ3ሻ
5

2ቃ − ቂ
4

3
ሺ1ሻ

3

2 + 10ሺ1ሻ
5

2ቃቁ (1) 

= 162.8 − 11.33 = 151.5 (1) 

(h) 
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Area Under the Curve: Qs 3.21, 3.22, 3.23, 3.24, 3.25 
3.51                                                         [6 marks]  
   

 

 

 

 

 

 

 

 

 

      

 

 

 

 

3.22                                                            [4 marks] 

 

 

 

 

 

 

3.23                                                             [8 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Marking Criteria Marks Allocated 

• Correct labelling of 𝑥 and 𝑦 axes 

• Correctly labels interception points of equation with the 𝑥 and 𝑦 axes 

• Correctly labels maximum and minimum points of equation 

1 

1 

1 

ሺ−0.10,0ሻ  

ቀ0,
2

9
ቁ   

ሺ0.42,0.61ሻ  

ሺ1.24,0ሻ  

ሺ1.58, −0.16ሻ  

ሺ1.86,0ሻ  

𝐴𝑟𝑒𝑎 𝑖𝑠 𝑡ℎ𝑒 𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑤𝑜 𝑠𝑒𝑔𝑚𝑒𝑛𝑡𝑠

= න 𝑥ሺ𝑥 − 1ሻሺ𝑥 + 1ሻ 𝑑𝑥
0

−1

𝑎𝑛𝑑 න 𝑥ሺ𝑥 − 1ሻሺ𝑥 + 1ሻ 𝑑𝑥
1

0

 

Where: 𝑥ሺ𝑥 − 1ሻሺ𝑥 + 1ሻ = 𝑥ሺ𝑥2 − 1ሻ = 𝑥3 − 𝑥  

=  𝑥3 − 𝑥 𝑑𝑥
0

−1
 𝑎𝑛𝑑  𝑥3 − 𝑥 𝑑𝑥

1

0
  

ቂ
1

4
𝑥4 −

1

2
𝑥2ቃ

−1

0
 𝑎𝑛𝑑 ቂ

1

4
𝑥4 −

1

2
𝑥2ቃ

0

1
  (2) 

= ቀቂ
1

4
ሺ0ሻ4 −

1

2
ሺ0ሻ2ቃ − ቂ

1

4
ሺ−1ሻ4 −

1

2
ሺ−1ሻ2ቃቁ  𝑎𝑛𝑑 ቀቂ

1

4
ሺ1ሻ4 −

1

2
ሺ1ሻ2ቃ − ቂ

1

4
ሺ0ሻ4 −

1

2
ሺ0ሻ2ቃቁ (2) 

=
1

4
 𝑎𝑛𝑑 −

1

4
 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑠𝑒𝑔𝑚𝑒𝑛𝑡 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦 (1) 

 

(a) 

𝐴𝑟𝑒𝑎 = ൬0 − −
1

4
൰ − ൬−

1

4
− 0൰ 

=
1

2
 𝑢𝑛𝑖𝑡𝑠2 (1) 

(b) 

The areas of the segments are of the same 
area but of different sign (positive and 
negative) (1) 

 

(c) 

The shaded area shows between the 
origin and x=4, thus the area between 
x=4 and x=6 has the same magnitude of 
the shaded area but of the opposite 
sign. (1) 

 

(b) 
න 4𝑥 − 𝑥2 𝑑𝑥

6

0

 

= ቂ2𝑥2 −
1

3
𝑥3ቃ

0

6
  

= ቀቂ2ሺ6ሻ2 −
1

3
ሺ6ሻ3ቃ − ቂ2ሺ0ሻ2 −

1

3
ሺ0ሻቃቁ (2) 

= 0 (1) 
 

(a) 

𝑦 

𝑥  

1  

−1  

−1  1  2  3  
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Total 3 

 

3.24                         [6 marks] 

 

                                                [7 marks] 

 

 

 

 

 

 

 

 

 

3.25                                                          [9 marks] 

 

 

 

 

 

 

 

             

 

 

 

 

 

 

𝑥ሺ𝑥 − 1ሻሺ𝑥 − 2ሻ +
2

9
= 𝑥3 − 3𝑥2 + 2𝑥 +

2

9
 

 
Roots at: 𝑥1 = −0.096648, 𝑥2 = 1.2352399 and 𝑥3 = 1.8614085  (1) 
Segment 1: positive area between 𝑥1 and 𝑥2  

න 𝑥3 − 3𝑥2 + 2𝑥 +
2

9
 𝑑𝑥

𝑥2

𝑥1

 

= ቂ
1

4
𝑥3 − 𝑥3 + 𝑥2 +

2

9
𝑥ቃ

𝑥1

𝑥2
  

= ቀቂ
1

4
ሺ𝑥1ሻ4 − ሺ𝑥1ሻ3 + ሺ𝑥1ሻ2 +

2

9
ሺ𝑥1ሻቃ − ቂ

1

4
ሺ𝑥2ሻ4 − ሺ𝑥2ሻ3 + ሺ𝑥2ሻ2 +

2

9
ሺ𝑥2ሻቃቁ (2) 

= 0.4975944186 − −0.01121191152 = 0.5088063301 𝑢𝑛𝑖𝑡𝑠2 (1) 
 
Segment 2: Negative area between 𝑥2 and 𝑥3 

ቂ
1

4
𝑥3 − 𝑥3 + 𝑥2 +

2

9
𝑥ቃ

𝑥2

𝑥3
  

= ቀቂ
1

4
ሺ𝑥3ሻ4 − ሺ𝑥3ሻ3 + ሺ𝑥3ሻ2 +

2

9
ሺ𝑥3ሻቃ − ቂ

1

4
ሺ𝑥1ሻ4 − ሺ𝑥1ሻ3 + ሺ𝑥1ሻ2 +

2

9
ሺ𝑥1ሻቃቁ (2) 

= 0.4302841596 − 0.4975944186 = −0.067310259  
= 0.067310259 𝑢𝑛𝑖𝑡𝑠2 (1) 

𝐶𝐴 = −  𝑥4 − 4𝑥3 − 𝑥2 + 10𝑥 𝑑𝑥
0

−1.45
−  𝑥4 − 4𝑥3 − 𝑥2 + 10𝑥 𝑑𝑥

3.45

2
 (1) 

= − ቂ
1

5
𝑥5 − 𝑥4 −

1

3
𝑥2 + 5𝑥2ቃ

−1.45

0
− ቂ

1

5
𝑥5 − 𝑥4 −

1

3
𝑥2 + 5𝑥2ቃ

2

3.45
  

= − ቀቂ
1

5
ሺ0ሻ5 − ሺ0ሻ4 −

1

3
ሺ0ሻ3 + 5ሺ0ሻ2ቃ − ቂ

1

5
ሺ−1.45ሻ5 − ሺ−1.45ሻ4 −

1

3
ሺ−1.45ሻ3 +

5ሺ−1.45ሻ2ቃቁ − ቀቂ
1

5
ሺ3.45ሻ5 − ሺ3.45ሻ4 −

1

3
ሺ3.45ሻ3 + 5ሺ3.45ሻ2ቃ − ቂ

1

5
ሺ2ሻ5 − ሺ2ሻ4 −

1

3
ሺ2ሻ3 +

5ሺ2ሻ2ቃቁ (2) 

= −ሺ0 − 5.826255271ሻ − ሺ−5.82626ሻ = 11.65 𝑢𝑛𝑖𝑡𝑠2 (1) 
 

(a) 

Amount of water = 11.65ሺ10ሻ = 116.50 𝑚3𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 (2) 
 

(b) 

න 𝑥2 − 7𝑥 + 10 𝑑𝑥
2

0

  

= ቂ
1

3
𝑥3 −

7

2
𝑥2 + 10𝑥ቃ

0

2
 (1)  

= ቀቂ
1

3
ሺ2ሻ3 −

7

2
ሺ2ሻ2 + 10ሺ2ሻቃ − ቂ

1

3
ሺ0ሻ3 −

7

2
ሺ0ሻ2 + 10ሺ0ሻቃቁ (1) 

= 8.67 (1) 
 

(c) 𝑦 = 𝑥2 − 7𝑥 + 10 
Note A, B are roots, thus solve for roots: 

0 = 𝑥2 − 7𝑥 + 10 
Use quadratic equation: 

𝑥 =
−ሺ−7ሻ±ඥሺ−7ሻ2−4ሺ1ሻሺ10ሻ

2ሺ1ሻ
  (1) 

𝑥 =
7±3

2
  

𝑥1 =
7−3

2
= 2, 𝑥2 =

7+3

2
= 5  

𝐴 = ሺ2,0ሻ, 𝐵 = ሺ5,0ሻ (1) 
 

(a) 

Shaded area:  

= ቂ
1

3
𝑥3 −

7

2
𝑥2 + 10𝑥ቃ

2

5
 (1)  

= ቀቂ
1

3
ሺ5ሻ3 −

7

2
ሺ5ሻ2 + 10ሺ5ሻቃ − ቂ

1

3
ሺ2ሻ3 −

7

2
ሺ2ሻ2 +

10ሺ2ሻቃቁ (2) 

= 4.166667 − 8.666667 = −4.5 (1) 
= 4.5 𝑢𝑛𝑖𝑡𝑠2 

(d) 

𝑦 = 𝑥2 − 7𝑥 + 10 
𝐶 = ሺ0ሻ2 − 7ሺ0ሻ + 10 

𝐶 = ሺ0,10ሻ (1) 
 

(b) 
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Concept 4 

Fundamental Theorem of Calculus – Repetitive Questions Answers 

___________________________________________________________________________ 

 

Fundamental Theorem of Calculus: Qs 4.11, 4.12, 4.13, 4.14 
4.11                                                             [16 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.31                                                             [4 marks] 

 

 

 

 

 

 

 

 

 

𝒅

𝒅𝒙
 𝟐𝒖 − 𝒖𝟐𝒅𝒖

𝒙

𝟎
  

= 2𝒙 − 𝒙𝟐  (2) 
 
 

(b) 𝒅

𝒅𝒙
 𝒕𝟖𝒅𝒕

𝒙

𝟎
  

= 𝒙𝟖  (2) 
 

(a) 

𝒅

𝒅𝒙


𝟔

𝒕−𝟐
+ 𝟐 𝒅𝒕

𝟐𝒙

𝟏
  

=
6

𝟐𝒙−2
+ 2  (2) 

 
 

(d) 𝑑

𝑑𝑥
 ሺ3𝑡 − 𝑡ሻሺ2 + 𝑡ሻ 𝑑𝑡

𝒙

0
  

= ሺ3𝒙 − 𝒙ሻሺ2 + 𝒙ሻ  (2) 
 

(c) 

𝑑

𝑑𝑥
 5𝑡 − 6𝑡3 𝑑𝑡

𝟑𝒙

2
  

= 5ሺ𝟑𝒙ሻ − 6ሺ𝟑𝒙ሻ3 (1) 

= 𝟏𝟓𝒙 − 𝟏𝟔𝟐𝒙𝟑 (1) 
 

 

(f) 𝒅

𝒅𝒙
 ൫𝟏 − 𝒖𝟐൯

𝟏

𝟐 𝒅𝒖
𝒙𝟐

𝟒
  

= ൫𝟏 − ሺ𝒙𝟐ሻ𝟐൯
𝟏

𝟐  (1) 

= ൫𝟏 − 𝒙𝟒൯
𝟏

𝟐  (1) 

(e) 

 ȁ𝑓ሺ𝑥ሻȁ𝑑𝑥
𝐷

𝐵
= 7 + 4  

= 11  (1) 

(b)  𝑓ሺ𝑥ሻ𝑑𝑥
𝐸

𝐴
= 3 − 4 + 7 − 3  

= 3  (1)  

(a) 

𝐴𝑟𝑒𝑎 = 3 + 4 + 7 + 3 
= 17 𝑢𝑛𝑖𝑡𝑠2  (1)  

(c) 
න ȁ𝑓ሺ𝑥ሻȁ𝑑𝑥

𝐸

𝐴

= 3 + 7 + 4 + 3 

= 17  (1)  
 

(d) 

𝒅

𝒅𝒙


𝟒

𝟑𝒖𝟐 + ξ𝒖𝟑  𝒅𝒖
𝟎

𝒙
  

= −
𝒅

𝒅𝒙


𝟒

𝟑𝒖𝟐 + ξ𝒖
𝟑

 𝒅𝒖
𝒙

𝟎
 (1) 

= −
𝟒

𝟑𝒙𝟐 + ξ𝒙𝟑  (1) 

 

(h) 
𝒅

𝒅𝒙
 𝟒𝒖𝟑 − 𝟑𝒖𝟐 − 𝟔 𝒅𝒖

𝟎

𝒙𝟐   

= −
𝒅

𝒅𝒙
 𝟒𝒖𝟑 − 𝟑𝒖𝟐 − 𝟔 𝒅𝒖

𝒙𝟐

𝟎
  (1) 

= − ቀ𝟒൫𝒙𝟐൯
𝟑

− 𝟑൫𝒙𝟐൯
𝟐

− 𝟔ቁ  

= −𝟒𝒙𝟔 + 𝟑𝒙𝟒 + 𝟔  (1) 

(g) 



 0 

 
 
 
 
 
 

Concept 1 

Area Under and Between Curves – Progressive Questions Answers 

___________________________________________________________________________ 

Area Under and Between Curves: Q1, Q2, Q3, Q4, Q5, Q6, Q7 

1.             [8 marks]         

             

 

 

 

 

 

 
 

 

2.             [8 marks]         

               

 

 

 

 

 

 

 

 

 

 

 

 

3.             [5 marks]         

 

 

 

 

 

 

 

 

 

 

 

Problem Set 4 – Applications of Integration 
Progressive Questions 

(a) 𝟐𝒙 + 𝟓 = 𝟑𝒙𝟐 (1) 

3𝑥2 − 2𝑥 − 5 = 0 

ሺ𝒙 + 𝟏ሻሺ𝟑𝒙 − 𝟓ሻ = 𝟎 

𝒙 = −𝟏, 𝒙 = 𝟓 (1) 

=  3𝑥2𝟓

−𝟏
−  2𝑥 + 5

𝟓

−𝟏
 (1) 

=  𝟑𝒙𝟐 − 𝟐𝒙 − 𝟓
𝟓

−𝟏
 (1) 

 

 

 

(b) 

=  3𝑥2 − 2𝑥 − 5
𝟓

−𝟏
 (1) 

= [𝑥3 − 𝑥2 − 5𝑥]−𝟏
𝟓  (1) 

= ൫ሺ𝟓ሻ𝟑 − ሺ𝟓ሻ𝟐 − 𝟓ሺ𝟓ሻ൯ − ሺሺ−𝟏ሻ𝟑 − ሺ−𝟏ሻ𝟐 − 𝟓ሺ−𝟏ሻሻ 

= 𝟕𝟓 − 𝟑 

= 𝟕𝟐 𝒖𝒏𝒊𝒕𝒔𝟐 (2) 

 

(c) 

=  −6𝑥2 + 14
𝟏

−𝟏
−  3𝑥2 + 5

𝟏

−𝟏
 (2) 

= [−2𝑥3 + 14𝑥]−𝟏
𝟏 − [𝑥3 + 5𝑥]−𝟏

𝟏  (2) 

= ሺ𝟏𝟐 + 𝟏𝟐ሻ − ሺ𝟔 + 𝟔ሻ 

= 24 − 12 

= 𝟏𝟐 𝒖𝒏𝒊𝒕𝒔𝟐 (1) 

 

 

(a) 𝑨 =  ห−𝒙𝟐 − 𝟖 − 𝒙𝟐ห 𝑑𝑥
𝟐

−𝟐
=

𝟏𝟐𝟗

𝟑
 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(b) 𝑨 =  ห−𝒙𝟐 + 𝟗 − 𝒙𝟐 + 𝟗ห 𝑑𝑥
𝟑

−𝟑
= 𝟕𝟐 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(c) 𝑨 =  ห𝟑 − 𝟐𝒙 − 𝒙𝟐ห 𝑑𝑥
𝟏

−𝟑
=

𝟑𝟐

𝟑
 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(d) 𝑨 =  ห𝒙𝟑 − 𝟐𝒙 − 𝟐𝒙ห 𝑑𝑥
𝟐

−𝟐
= 𝟖 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(e) 𝑨 =  ห−𝒙𝟑 − 𝒙𝟐 + 𝟐𝒙 − 𝒙𝟐ห 𝑑𝑥
𝟏

−𝟐
= 𝟓. 𝟔𝟔 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(f) 𝑨 =  ቚ
𝟏

𝟐
𝒙𝟐 − 𝟏 − 𝒙𝟐ቚ  𝑑𝑥

𝟐

−𝟏
= 𝟒. 𝟓 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 
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4.             [7 marks]         

  

 

 

 

 

 

 

 

 
 

  
5.             [6 marks] 

 

 

 

 

 

 

 

 

 
 

 

6.             [11 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Firstly, the 𝑥 value enclosing the area need to be determined.  

𝒇ሺ𝒙ሻ =  −𝟐ሺ𝒙 − 𝟐ሻ𝟑 + 𝟔 

0 = −2ሺ𝑥 − 2ሻ3 + 6 

𝑥 = 22 (1) 

𝒈ሺ𝒙ሻ =  −൫𝟓𝒙𝟐 − 𝟐൯ + 𝟏𝟓 

0 =  −ሺ5𝑥2 − 2ሻ + 15 

𝑥 = 25 (1) 

 ൫𝟐ሺ𝒙 − 𝟐ሻ𝟑 + 𝟔൯ − ሺ−൫𝟓𝒙𝟐 − 𝟐൯ + 𝟏𝟓ሻ
25

22
𝑑𝑥 (1) 

= ൣ𝟎. 𝟓𝒙𝟒 − 𝟒𝒙𝟑 + 𝟏𝟐𝒙𝟐 − 𝟏𝟎𝒙 + 𝟖൧
𝟐𝟐

𝟐𝟓
-ൣ𝟏. 𝟔𝟕𝒙𝟑 + 𝟏𝟕𝒙൧

𝟐𝟐

𝟐𝟓
 (1) 

= 𝟔𝟖𝟏𝟖𝟐. 𝟓 𝒖𝒏𝒊𝒕𝒔𝟐 (1) 

 

 

 

(b) 

𝑥 

𝑓ሺ𝑥ሻ 

𝑔ሺ𝑥ሻ 

(a) 

(1) 

(1) 

𝒇ሺ𝒙ሻ =
−𝟏

𝟎.𝟎𝟓𝒙−𝟏
, 𝒈ሺ𝒙ሻ =

𝟏

𝟎.𝟎𝟓𝒙
 and 𝒙 = 𝟓 

𝑓ሺ𝑥ሻ = 𝑔ሺ𝑥ሻ 
−𝟏

𝟎.𝟎𝟓𝒙−𝟏
=

𝟏

𝟎.𝟎𝟓𝒙
 (1) 

𝒙 = 𝟏𝟎 (1) 

𝐴 =  [𝒈ሺ𝒙ሻ − 𝒇ሺ𝒙ሻ]𝑑𝑥
10

5
 (1) 

= 
𝟏

𝟎.𝟎𝟓𝒙
−

−𝟏

𝟎.𝟎𝟓𝒙−𝟏
𝒅𝒙

𝟏𝟎

𝟓
 (1) 

= [
𝟏

𝟎.𝟎𝟓𝒙
−

−𝟏

𝟎.𝟎𝟓𝒙−𝟏
]

𝟓

𝟏𝟎
 (1) 

= (
𝟏

𝟎.𝟎𝟓ሺ𝟏𝟎ሻ
−

−𝟏

𝟎.𝟎𝟓ሺ𝟏𝟎ሻ−𝟏
) − (

𝟏

𝟎.𝟎𝟓ሺ𝟓ሻ
−

−𝟏

𝟎.𝟎𝟓ሺ𝟓ሻ−𝟏
)  

=
𝟖

𝟑
 = 𝟐. 𝟔𝟕 𝒖𝒏𝒊𝒕𝒔𝟐 (1) 

 
𝑓ሺ𝑥ሻ =

𝑥2

3
+ 3  

 𝑔ሺ𝑥ሻ =
−𝑥2

3
+ 3.5 

 [
−𝑥2

3
+ 3.5] − [

𝑥2

3
+ 3]

𝟎.𝟖𝟔

−𝟎.𝟖𝟔
𝒅𝒙 (2) 

= [−
𝒙𝟑

𝟗
+ 𝟑. 𝟓𝒙 −

𝒙𝟑

𝟗
− 𝟑𝒙]

−𝟎.𝟖𝟔

𝟎.𝟖𝟔

 (1) 

= [−
ሺ𝟎.𝟖𝟔ሻ𝟑

𝟗
+ 𝟑. 𝟓ሺ𝟎. 𝟖𝟔ሻ −

ሺ𝟎.𝟖𝟔ሻ𝟑

𝟗
− 𝟑ሺ𝟎. 𝟖𝟔ሻ] − [−

ሺ−𝟎.𝟖𝟔ሻ𝟑

𝟗
+ 𝟑. 𝟓ሺ−𝟎. 𝟖𝟔ሻ −

ሺ−𝟎.𝟖𝟔ሻ𝟑

𝟗
− 𝟑ሺ−𝟎. 𝟖𝟔ሻ]  

= 𝟎. 𝟒𝟑 + 𝟎. 𝟐𝟗 
= 𝟎. 𝟕𝟐 𝒖𝒏𝒊𝒕𝒔𝟐 (1) 

𝑓ሺ𝑥ሻ =
𝑥2

3
+ 3  

 𝑔ሺ𝑥ሻ =
−𝑥2

3
+ 3.5 

0.5 𝑚 𝑙𝑒𝑛𝑔𝑡ℎ = 0.25 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (1) 

 [
−𝑥2

3
+ 3.5] − [

𝑥2

3
+ 3]

𝟎.𝟐𝟓

−𝟎.𝟐𝟓
𝒅𝒙 (2) 

= [−
𝒙𝟑

𝟗
+ 𝟑. 𝟓𝒙 −

𝒙𝟑

𝟗
− 𝟑𝒙]

−𝟎.𝟐𝟓

𝟎.𝟐𝟓

 (1) 

= [−
ሺ𝟎.𝟐𝟓ሻ𝟑

𝟗
+ 𝟑. 𝟓ሺ𝟎. 𝟐𝟓ሻ −

ሺ𝟎.𝟐𝟓ሻ𝟑

𝟗
− 𝟑ሺ𝟎. 𝟐𝟓ሻ] − [−

ሺ−𝟎.𝟐𝟓ሻ𝟑

𝟗
+ 𝟑. 𝟓ሺ−𝟎. 𝟐𝟓ሻ −

ሺ−𝟎.𝟐𝟓ሻ𝟑

𝟗
− 𝟑ሺ−𝟎. 𝟐𝟓ሻ]  

= 𝟎. 𝟏𝟐 + 𝟎. 𝟏𝟐 
= 𝟎. 𝟐𝟒 𝒎𝟐 (1) 

𝐺𝑙𝑎𝑠𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 = 𝟎. 𝟐𝟒 𝒎𝟐 × 𝟓 
= 𝟏. 𝟐 𝒎𝟐 

𝐴𝑐𝑐𝑜𝑢𝑛𝑡 𝑓𝑜𝑟 𝑙𝑒𝑛𝑖𝑒𝑛𝑐𝑦 = 𝟏. 𝟐 𝒎𝟐 × 𝟏𝟎% 
= 𝟏. 𝟐 × 𝟏. 𝟏 (1) 

𝑻𝒐𝒕𝒂𝒍 𝒈𝒍𝒂𝒔𝒔 𝒓𝒆𝒒𝒖𝒊𝒓𝒆𝒅 = 𝟏. 𝟑𝟐 𝒎𝟐 (1) 

(a) 

(b) 

(c) 
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Concept 2 

Net Change and Rectilinear Motion – Progressive Questions Answers 

___________________________________________________________________________ 

 

Net Change: Q1, Q2, Q3, Q4, Q5, Q6 
1.                                                                                  [4 marks]       

 

 

 

 

 

 

 

 

 

2.                                                                                [8 marks]       

 

 

 

 

 

 

 

 

 

 

3.                                                                                  [7 marks]       

 

 

 

 

 

 

 

 

 

4.                                                                                  [6 marks]       

 

 

 

 

 

 

 

 

 

 

 

𝑑𝑣

𝑑𝑡
=

1

ሺ2 + 𝑡ሻ2 , 𝟎 ≤ 𝑡 ≤ 𝟑 


1

ሺ2+𝑡ሻ2 𝑑𝑥
𝟑

𝟎
= [

−1

𝑥+2
+ 𝑐]

𝟎

𝟑
(1) 

= (
−𝟏

ሺ𝟑ሻ+𝟐
+ 𝒄) − (

−𝟏

ሺ𝟎ሻ+𝟐
+ 𝒄) (1) 

= −
𝟏

𝟓
+

𝟏

𝟐
= 0.3 litres (1) 

After 3 hours if the same rate was followed, there would be only 0.3 litres of rubbish left on the 

rocket. (1) 

 

 

 

 

 

 

 

=  𝑡2 − 5𝑡 + 6 𝑑𝑥
𝟎.𝟓

𝟎
 (1) 

= ቈ
𝑡3

3
−

5𝑡2

2
+ 6𝑡

𝟎

𝟎.𝟓

 

= ቆ
𝟎.𝟓𝟑

𝟑
−

𝟓ሺ𝟎.𝟓ሻ𝟐

𝟐
+ 𝟔ሺ𝟎. 𝟓ሻቇ − 𝟎 (1) 

= 𝟎. 𝟎𝟒𝟐 − 𝟎. 𝟔𝟐𝟓 + 𝟑 − 𝟎 

= 2.42 𝑙𝑖𝑡𝑟𝑒𝑠 𝑛𝑒𝑡 𝑐ℎ𝑎𝑛𝑔𝑒 (1) 

 

 

 

(b) 𝑑𝑣

𝑑𝑡
= 𝑡2 − 5𝑡 + 6 

0 = ሺ𝒕 − 𝟐ሻሺ𝒕 − 𝟑ሻ (1) 

∴ 𝑡 = 𝟐 𝑜𝑟 𝟑 (1) 

𝑓′ሺ𝑥ሻ = 2𝑡 − 5 (1) 

𝒇′ሺ𝟐ሻ = 𝟐ሺ𝟐ሻ − 𝟓 = −𝟏 (1) 

𝒇′ሺ𝟑ሻ = 𝟐ሺ𝟑ሻ − 𝟓 = 𝟏 (1) 

Therefore there is a minimum rate at 𝟐 minutes and a 

maximum rate at 𝟑 minutes. 

 

(a) 

𝐶 =  න 0.05𝑛 + 3
90

70

𝑑𝑛 

= [
0.05𝑛2

2
+ 3𝑛]

𝟕𝟎

𝟗𝟎

(1) 

 

= ሺ0.025ሺ𝟗𝟎2ሻ + 3ሺ𝟗𝟎ሻሻ − ሺ0.025ሺ𝟕𝟎2ሻ + 3ሺ𝟕𝟎ሻሻ 

= 472.5 − 332.5 

= 140 (1) 

 

Net change in cost is $𝟏𝟒𝟎(1) 

 

(b) 𝐶 =  න 0.05𝑛 + 3 𝑑𝑛 

=
0.05𝑛2

2
+ 3𝑛 + 𝑐 (1) 

𝒄 = 𝟑𝟎 

∴ 𝐶 = 0.025𝑛2 + 3𝑛 + 30(1) 

When 𝒏 = 𝟕𝟎 

𝐶 = 0.025ሺ𝟕𝟎2ሻ + 3ሺ𝟕𝟎ሻ + 30(1) 

= 362.5 

It costs $𝟑𝟔𝟐. 𝟓 to produce 𝟕𝟎 screwdrivers (1) 

 

 

(a) 

𝑃 =  න 0.005𝑛2 + 0.02𝑛 − 2.8 𝑑𝑛 

=
0.005𝑛3

3
+

0.02𝑛2

2
− 2.8𝑛 + 𝑐 (1) 

𝒄 = −𝟔𝟎 

∴ 𝐶 =
0.005𝑛3

3
+

0.02𝑛2

2
− 2.8𝑛 − 60 

When 𝒏 = 𝟐𝟎𝟎 

∴ 𝐶 =
0.005ሺ𝟐𝟎𝟎ሻ3

3
+

0.02ሺ𝟐𝟎𝟎ሻ2

2
− 2.8ሺ𝟐𝟎𝟎ሻ − 60 

= 13 113.33 (1) 

There is a profit of $𝟏𝟑 𝟏𝟏𝟑. 𝟑𝟑 when 𝒏 = 𝟐𝟎𝟎(1) 

 

 

(a) 
𝐶 =  න 0.005𝑛2 + 0.02𝑛 − 2.8

200

100

𝑑𝑛 

= [
0.005𝑛3

3
+

0.02𝑛2

2
− 2.8𝑛]

𝟏𝟎𝟎

𝟐𝟎𝟎

(1) 

= ൭
0.005ሺ𝟐𝟎𝟎ሻ3

3
+

0.02ሺ𝟐𝟎𝟎ሻ2

2
− 2.8ሺ𝟐𝟎𝟎ሻ൱ 

− (
0.005ሺ𝟏𝟎𝟎ሻ3

3
+

0.02ሺ𝟏𝟎𝟎ሻ2

2
− 2.8ሺ𝟏𝟎𝟎ሻ)(1) 

= 13 173.33 − 1 486.67 

= 11 686.67 (1) 

Net change in profit is $𝟏𝟏 𝟔𝟖𝟔. 𝟔𝟕 

 

 

 

(b) 
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5.                                                                                  [7 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rectilinear Motion: Q6, Q7, Q8, Q9, Q10 
6.                                                                               [13 marks]    

 

 

 

 

 

 

 

 

 

 

7.                                                                                [8 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

=
1000

ሺ2+4ሻ2 (1) 

= 𝟐𝟔. 𝟕𝟖 beats per minute (1) 

 

 

(a) 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑡𝑒 𝑜𝑓 𝐶ℎ𝑎𝑛𝑔𝑒 =

𝒇ሺ𝒃ሻ − 𝒇ሺ𝒂ሻ

𝑏 − 𝑎
 

=
𝒇ሺ𝟖ሻ − 𝒇ሺ𝟎ሻ

8 − 0
 

𝒇ሺ𝟖ሻ =  
300

2+8
+ 𝑐 (1) 

= 𝟑 + 𝒄 

𝒇ሺ𝟎ሻ =  
300

2+0
+ 𝑐 (1) 

= 𝟏𝟓𝟎 + 𝒄 

=
𝟑 − 𝟏𝟓𝟎

8 − 0
 

= −
147

8
 (1) 

 

 

(c) 

𝑵𝒆𝒕 𝑪𝒉𝒂𝒏𝒈𝒆 = න
1000

ሺ2 + 𝑡ሻ2

2

1

𝑑𝑥  

𝑵𝒆𝒕 𝑪𝒉𝒂𝒏𝒈𝒆 =
𝟐𝟓𝟎

𝟑
 

 

(b) 

𝒗ሺ𝟎ሻ = 23.7 − 9.8ሺ0ሻ 

= 23.7 𝑚/𝑠 (1) 

 

(a) 
𝒂 =

𝑑

𝑑𝑣
ሺ𝑣ሻ 

=
𝑑

𝑑𝑣
ሺ23.7 − 9.8𝑡ሻ (1) 

= −9.8 

𝒂ሺ𝟎ሻ =  −9.8 (1) 

 

(b) 

(c) 𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑽𝒆𝒍𝒐𝒄𝒊𝒕𝒚 =
𝒇ሺ𝒃ሻ−𝒇ሺ𝒂ሻ

𝒃−𝒂
 (1) 

=
𝑓ሺ10ሻ − 𝑓ሺ0ሻ

10 − 0
 

𝑓ሺ10ሻ = 23.7 − 9.8ሺ10ሻ 

= −𝟗𝟓𝟔. 𝟑 (1) 

𝑓ሺ0ሻ = 23.7 − 9.8ሺ0ሻ 

= 𝟐𝟑. 𝟕(1) 

=
−956.3 − 23.7

10
 

= −𝟗𝟖 𝒎/𝒔(1) 

(d) 

(e)   𝑎 = −6𝑡 + 24 (1) 
−6𝑡 + 24 = 0  

𝑡 = 4 (1) 
At t = 4 the rocket will be at maximum speed (1) 

 23.7 − 9.8𝑡
2.42

0
 𝑑𝑡(1) 

න 23.7
2.42

0

𝑑𝑡 − න 9.8 𝑡
2.42

0

 

= 𝟐𝟖. 𝟔𝟔 𝒎(1) 

 

𝒗ሺ𝟎ሻ = −𝟑𝟔𝒎/𝒔   (2) 

 

 

 

(a) 

𝒂ሺ𝒕ሻ = −𝟔𝒕 + 𝟐𝟒  (2) 

 

 

 

 

(b) 

𝒔ሺ𝒕ሻ = −𝒕𝟑 + 𝟏𝟐𝒕𝟐 − 𝟑𝟔𝒕 − 𝟑𝟔   (2) 

 

 

 

 

(c) 

𝒔ሺ𝟒ሻ = −𝒕𝟑 + 𝟏𝟐𝒕𝟐 − 𝟑𝟔𝒕 − 𝟑𝟔 

𝒔ሺ𝟒ሻ = −𝟓𝟐𝒎 

Therefore, distance travelled is 𝟏𝟔𝒎 

 

 

(d) 
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8.                                                                                  [9 marks]       

 

 

 

 

 

 

 

 

 

 

9.                                                                                  [9 marks]       

 

 

 

 

 

 

 

10.                                                                                [13 marks]       

 

 

 

 

 

 

 

 

 

 

 

𝒗ሺ𝒕ሻ = 𝒕𝟐 + 𝟓𝒕 + 𝑪 

𝒗ሺ𝟐ሻ = 𝟗𝒎/𝒔 

𝟗 = 𝟐𝟐 + 𝟓ሺ𝟐ሻ + 𝑪 

𝑪 = −𝟓 

∴ 𝒗ሺ𝒕ሻ = 𝒕𝟐 + 𝟓𝒕 − 𝟓 (2) 

 

 

(a) 

 

𝒗ሺ𝟑ሻ = 𝟏𝟗𝒎/𝒔   (2) 

 

 

 

(b) 

 

𝒔ሺ𝒕ሻ =
𝒕𝟑

𝟑
+

𝟓𝒕𝟐

𝟐
+ 𝟒  (2) 

 

 

 

 

 

(c) 

 

𝒔ሺ𝟑ሻ =
𝟑𝟑

𝟑
+

𝟓ሺ𝟑ሻ𝟐

𝟐
+ 𝟒  (1) 

𝒔ሺ𝟑ሻ = 𝟑𝟓. 𝟓  (1) 

𝒔ሺ𝟑ሻ − 𝒔ሺ𝟎ሻ = 𝟑𝟏. 𝟓𝒎  (1) 

 

 

 

 

(d) 

 

𝒗ሺ𝟐ሻ = 𝟐𝒎/𝒔   (2) 

 

 

 

(a) 

𝒔ሺ𝒕ሻ =
𝒕𝟑

𝟑
+

𝟑𝒕𝟐

𝟐
+ 𝟒𝒕 + 𝟓  (1) 

𝒔ሺ𝟑ሻ =
𝟑𝟑

𝟑
+

𝟑ሺ𝟑ሻ𝟐

𝟐
+ 𝟒ሺ𝟑ሻ + 𝟓  (1) 

𝒔ሺ𝟑ሻ = 𝟑𝟗. 𝟓  (1) 

 

(b) 

𝒂ሺ𝒕ሻ = 𝟐𝒕 − 𝟑  (1) 

𝒂ሺ𝟑ሻ = 𝟐ሺ𝟑ሻ − 𝟑  (1) 

𝒂ሺ𝟑ሻ = 𝟑 𝒎/𝒔𝟐 (1) 

 

 

(c) 

𝒔ሺ𝟒ሻ − 𝒔ሺ𝟑ሻ = 𝟔𝟔. 𝟑𝟑 − 𝟑𝟗. 𝟓   

𝒔ሺ𝟒ሻ − 𝒔ሺ𝟑ሻ = 𝟐𝟔. 𝟖𝟑 (3) 

 

 

 

(d) 

 

𝒗ሺ𝒕ሻ = 𝟐𝒕𝟐 − 𝟑𝒕 + 𝟑𝟓 

∴ 𝒗ሺ𝟑ሻ = 𝟒𝟒 𝒎/𝒔 (2) 

 

 

 

 

 

(a) 

 

𝒔ሺ𝒕ሻ =
𝟐

𝟑
𝒕𝟑 −

𝟑

𝟐
𝒕𝟐 + 𝟑𝟓𝒕 

∴ 𝒔ሺ𝟑ሻ = 𝟏𝟎𝟗. 𝟓 𝒎 (2) 

 

 

 

 

(b) 

 

𝒔ሺ𝟑ሻ = 𝟏𝟎𝟗. 𝟓 𝒎 (3) 

 

 

 

 

 

(c) 

 

|𝒔ሺ𝟑ሻ| = 𝟏𝟐𝟎 𝒎 (3) 

 

 

 

 

 

(d) 

(e)   𝑎 = 4𝑡 − 3 (1) 
4𝑡 − 3 = 0  

𝑡 =
3

4
 (1) 

At t = 0.75 the rocket will be at maximum speed (1) 
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Concept 1 

Area Under and Between Curves– Repetitive Questions Answers 

___________________________________________________________________________ 

Area Under and Between Curves: Qs 1.11, 1.12, 1.31, 1.41, 1.51 
 

1.11                       [16 marks]     

             

 

 

 

 
 

1.21                       [16 marks]     

             

 

1.31                       [9 marks]     

 

 

1.41                       [10 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem Set 4 – Applications of Differentiation 
Repetitive Questions 

(a)  

3𝑥2 − 2𝑥 + 1 = −6𝑥2 + 5 

∴ 𝑥 = −0.57, 0.79 (1) 

𝑓ሺ𝑥ሻ = −6𝑥2 + 5 is the upper curve, according to the Classpad 

 𝑢𝑝𝑝𝑒𝑟 − 𝑙𝑜𝑤𝑒𝑟 𝑑𝑥
𝑏

𝑎
 

𝐴𝑟𝑒𝑎 =  ሺ−6𝑥2 + 5ሻ − ሺ3𝑥3 − 2𝑥 + 1ሻ𝑑𝑥
𝟎.𝟕𝟗

−𝟎.𝟓𝟕
 (1) 

𝐴𝑟𝑒𝑎 = ቂሺ−2𝑥3 + 5𝑥 + 𝑐ሻ − ቀ
3𝑥2

4
− 𝑥2 + 𝑥 + 𝑐ቁቃ

−𝟎.𝟓𝟕

𝟎.𝟕𝟗

 (1) 

𝐴𝑟𝑒𝑎 = ቆ൫−𝟐ሺ𝟎. 𝟕𝟗ሻ𝟑 + 𝟓ሺ𝟎. 𝟕𝟗ሻ൯ − ቀ
𝟑ሺ𝟎.𝟕𝟗ሻ𝟐

𝟒
− ሺ𝟎. 𝟕𝟗ሻ𝟐 + 𝟎. 𝟕𝟗ቁቇ − ቆ൫−𝟐ሺ−𝟎. 𝟓𝟕ሻ𝟑 + 𝟓ሺ−𝟎. 𝟓𝟕ሻ൯ −

ቀ
𝟑ሺ−𝟎.𝟓𝟕ሻ𝟐

𝟒
− ሺ−𝟎. 𝟓𝟕ሻ𝟐 − 𝟎. 𝟓𝟕ቁቇ(1) 

∴ 𝐴𝑟𝑒𝑎 = 4.17 𝑢𝑛𝑖𝑡𝑠2 (1) 

 (b)  

𝐴𝑟𝑒𝑎 = 4.17 −  ൫ሺ−6𝑥2 + 5ሻ − ሺ−𝑥 + 2ሻ൯𝑑𝑥
𝟎.𝟖𝟎

−𝟎.𝟔𝟑
 (2) 

= 4.17 − ቂሺ−2𝑥3 + 5𝑥 + 𝑐ሻ − ቀ−
𝑥2

2
+ 2𝑥 + 𝑐ቁቃ

−𝟎.𝟔𝟑

𝟎.𝟖

(1) 

= 4.17 − ቆቀ−𝟐ሺ𝟎. 𝟖ሻ𝟑 + 𝟓ሺ𝟎. 𝟖ሻቁ − ቀ−
ሺ𝟎.𝟖ሻ𝟐

𝟐
+ 𝟐ሺ𝟎. 𝟖ሻቁ − ൫−𝟐ሺ−𝟎. 𝟔𝟑ሻ𝟑 + 𝟓ሺ−𝟎. 𝟔𝟑ሻ൯ −

ቀ−
ሺ−𝟎.𝟔𝟑ሻ𝟐

𝟐
+ 𝟐ሺ−𝟎. 𝟔𝟑ሻቁቇ (1) 

𝐴𝑟𝑒𝑎 = 4.17 − 2.89 = 1.28 𝑢𝑛𝑖𝑡𝑠2 (1) 

(a) 𝑨 =  ห−𝒙𝟐 − 𝟖 − 𝒙 + 𝟒ห 𝑑𝑥
𝟑

−𝟒
=

𝟑𝟒𝟑

𝟔
 𝒖𝒏𝒊𝒕𝒔𝟐  (4) (b) 𝑨 =  ቚ𝒙𝟐 − 𝟔 −

𝟏

𝟑
𝒙𝟐ቚ  𝑑𝑥

𝟑

−𝟑
= 𝟐𝟒 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(c) 𝑨 =  ห−𝒙𝟒 + 𝒙𝟑 + 𝟐𝒙𝟐 + 𝟐 − 𝟐𝒙 + 𝟏ห 𝑑𝑥
𝟏.𝟕

−𝟏.𝟓
= 𝟏𝟎. 𝟗 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(d) 𝑨 =  ห−𝒙𝟑 − 𝒙𝟐 + 𝟐𝒙 − 𝒙𝟐 − 𝟏ห 𝑑𝑥
𝟏

−𝟐.𝟔
= 𝟏𝟎. 𝟔 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

𝑨 =  ห𝟐𝒙 − 𝟐 − 𝒙𝟐 − 𝟑ห 𝑑𝑥
𝟐.𝟒𝟏

𝟎
= 𝟏𝟎. 𝟗 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

𝑨 =  ቚ
𝟑

𝟐
𝒙𝟐 − 𝟑 − ሺ𝒙 − 𝟏ሻ𝟑ቚ  𝑑𝑥

𝟑.𝟒𝟕

−𝟎.𝟒
= 𝟕. 𝟎𝟔 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 



 6 

Concept 2 

Net Change and Rectilinear Motion – Repetitive Questions (11 questions) 

___________________________________________________________________________ 

Net Change: Qs 2.11, 2.21, 2.31, 2.41, 2.51 

2.11                   [7 marks] 

                                        

 

 

 

 

 

 

 

                                         

2.21             [7 marks] 

 

 

 

 

 

 

                             

2.31             [8 marks] 

 

 

 

 

 

 

 

 

 

 

Rectilinear Motion: Qs 2.71, 2.81, 2.91, 2.101, 2.111, 2.121 

2.61                              [8 marks]     

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 2𝑡3 − 9𝑡 𝑑𝑡
𝟏𝟎

𝟎
 (1) 

= 𝟒𝟓𝟓𝟎 (1) 

 
 
 
 

(c) 
𝑓ሺ𝑡ሻ =

1

2
𝑡4 −

9

2
𝑡2 + 30 

𝑓ሺ10ሻ =
1

2
ሺ10ሻ4 −

9

2
ሺ10ሻ2 + 30 

= 𝟏𝟏 insects (1) 

 

(a) 

𝑓′ሺ𝑡ሻ = 2𝑡3 − 9𝑡 
𝒇′ሺ𝟑ሻ = 𝟐𝟕 (1) 

𝒇′ሺ𝟔ሻ = 𝟑𝟕𝟖 (1) 

 
 
 

(b) 

 2𝑥 𝑑𝑥
𝟓

𝟎
 (1) 

= 𝟐𝟓 (1) 

 
 
 
 

(a) 

𝑓′ሺ𝑥ሻ = 2𝑥 
𝒇′ሺ𝟐ሻ = 𝟒 𝑳/𝒉𝒓 (1) 

 
 

 
 

(b) 

𝐴′ሺ𝑡ሻ = 500𝑡 +
1

3
𝑡3 

𝐴′ሺ3ሻ = 500ሺ3ሻ +
1

3
ሺ3ሻ3 

𝐴′ሺ3ሻ = 𝟏𝟓𝟎𝟗 foxes (1) 

 

(a) 

 500𝑡 +
1

3
𝑡3 𝑑𝑡

𝟑

𝟐
 (1) 

= 𝟏𝟐𝟓𝟔 𝒇𝒐𝒙𝒆𝒔 (1) 

 
 
 
 

(b) 

 500𝑡 +
1

3
𝑡3 𝑑𝑡

𝟏𝟎

𝟎
 (1) 

= 𝟐𝟓𝟖𝟑𝟑 𝒇𝒐𝒙𝒆𝒔 (1) 

 
 
 
 

(c) 

 

𝒗ሺ𝟑ሻ = 𝟐𝟕𝒎/𝒔   (2) 

 

 

 

(a) 

 

𝒔ሺ𝒕ሻ = 𝒕𝟑  (2) 

 

 

 

 

 

(b) 

 

𝒔ሺ𝟒ሻ = 𝟒𝟑 = 𝟔𝟒𝒎 (2) 

 

 

 

 

 

(c) 

 

𝒂ሺ𝒕ሻ = 𝟔𝒕   (2) 

 

 

 

(d) 

 

𝒂ሺ𝟐ሻ = 𝟏𝟐𝒎/𝒔𝟐   (2) 

 

 

 

(e) 



 7 

2.71                              [12 marks]     

 

 

 
 
 
 
 
 
 
 
2.81                              [13 marks]     

 

 

 
 
 
 
 
 
 
 
 
2.91                              [12 marks]     

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

𝒗ሺ𝒕ሻ = 𝟔   

𝒂ሺ𝒕ሻ = 𝟎 𝒎/𝒔𝟐    (1) 

 

 

(a) 

 

𝒗 = 𝟔 so it never stops (2) 

 

 

 

 

 

(b) 

 

𝑵𝒆𝒕 𝒄𝒉𝒂𝒏𝒈𝒆 = 𝟔𝒎   (2) 

 

 

 

(d) 

 

𝑵𝒆𝒕 𝒄𝒉𝒂𝒏𝒈𝒆 = 𝟐𝟒𝒎 (2) 

 

 

 

(e)  

𝒗ሺ𝟓ሻ = 𝟔 𝒎/𝒔 (1) 

 

 

 

(c) 

 

𝟎 = 𝟑𝒕𝟐 + 𝟔𝒕 − 𝟓 (1) 

𝒕 = 𝟎. 𝟔𝟑𝟐 

 

 

(c) 

 

𝒔ሺ𝒕ሻ = 𝒕𝟑 + 𝟑𝒕𝟐 − 𝟓𝒕 + 𝟐  (1) 

𝒔ሺ𝟏ሻ = 𝟏𝒎  (1) 

 

 

 

 

 

(a) 

 

𝒂ሺ𝒕ሻ = 𝟔𝒕 + 𝟔   

𝒂ሺ𝟖ሻ = 𝟓𝟒 𝒎/𝒔𝟐    (1) 

 

 

(b) 
 

𝒔ሺ𝟑ሻ = 𝟑𝟑 + 𝟑ሺ𝟑ሻ𝟐 − 𝟓ሺ𝟑ሻ + 𝟐  (1) 

𝒔ሺ𝟑ሻ = 𝟒𝟏𝒎  (1) 

𝒔ሺ𝟑ሻ − 𝒔ሺ𝟎ሻ = 𝟑𝟗𝒎  (1) 

 

 

 

 

(e) 

 |3𝑡2 + 6𝑡 − 5| 𝑑𝑡
𝟑

𝟎
 (1) 

= 𝟒𝟐. 𝟒𝟐 (1) 

 

(d) 

 

𝒂ሺ𝒕ሻ = 𝟐𝒕
𝟏
𝟐 

𝒗ሺ𝒕ሻ =
𝟒

𝟑
𝒕

𝟑

𝟐  (1) 

𝒔ሺ𝒕ሻ =
𝟔

𝟏𝟓
𝒕

𝟓

𝟐 + 𝟑  (1) 

𝒔ሺ𝟐ሻ = 𝟓. 𝟐𝟔𝒎  (1) 

 

 

(a) 

 

𝒂′ሺ𝒕ሻ = −𝒕−
𝟏

𝟐   

𝒂′ሺ𝟐ሻ = −𝟎. 𝟕𝟎𝟕𝒎/𝒔𝟐    (1) 

 

 

(b) 

 

𝒗ሺ𝟐ሻ = 𝟐. 𝟖𝟑 𝒎/𝒔 (1) 

𝒗ሺ𝟒ሻ = 𝟒 𝒎/𝒔 (1) 
𝟒−𝟐.𝟖𝟑

𝟐
= 𝟎. 𝟓𝟖𝟓𝒎/𝒔 (1) 

 

(c) 

 

Greatest change in displacement 

occurs at 10 seconds (1) 

 

 

(d) 



 0 
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Concept 1 

Differentiation and Integration of Exponential Functions –  

Progressive Questions Answers 

___________________________________________________________________________ 

 

Differentiation of Exponential Functions: Q1, Q2, Q3, Q4, Q5, Q6, Q7 
1.                                                                                [20 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2.                        [20 marks]        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem Set 5 – Exponential Functions 
Progressive Questions 

𝑓ሺ𝑥ሻ = 𝑒𝑥 

 

 

(a) (2) 𝑑𝑦

𝑑𝑥
= 3𝑒𝑥  

 

 

(b) (2) 

𝑑𝑦

𝑑𝑥
= 4𝑒𝑥 + 3 

 

 

(c) (2) 𝑓′ሺ𝑥ሻ = ሺ2ሻ6𝑒𝑥  

= 12𝑒𝑥  

 

(d) 
(2) 

𝑓′ሺ𝑥ሻ = ሺ−3ሻ𝑒−3𝑥 

= −3𝑒−3𝑥 

 

(e) 
(2) 

𝑓′ሺ𝑥ሻ = ሺ0.5ሻ3𝑒0.5𝑥 + ሺ2ሻ2𝑥 

= 1.5𝑒0.5𝑥 + 4𝑥 

 

(f) 

(2) 

𝑑𝑦

𝑑𝑥
= ൫𝑒2𝑥2

൯ሺ4𝑥ሻ 

= 4𝑥 ∙ 𝑒2𝑥2
 

 

 

(g) 

(2) 

𝑓′ሺ𝑥ሻ = 4ሺ𝑒3𝑥−2ሻሺ3ሻ 

= 12𝑒3𝑥−2 

 

 

(h) 
(2) 

𝑑𝑦

𝑑𝑥
= 5ሺ𝑒3𝑥2+7ሻሺ6𝑥 + 0ሻ 

= 30𝑥 ∙ 𝑒3𝑥2+7 

 

 

(i) 

(2) 

𝑦 = 𝒆𝒙𝟎.𝟓
 

𝑑𝑦

𝑑𝑥
= ൫𝟎. 𝟓𝒙−𝟎.𝟓൯ ∙ 𝒆𝒙𝟎.𝟓

 

=
𝒆ξ𝒙

𝟐ξ𝒙
 

 

(h) 

(2) 

𝑓′ሺ𝑥ሻ =
𝑑

𝑑𝑥
ሺ𝑒−4𝑥ሻ 

= −4𝑒−4𝑥  

 

 

(j) 

(2) 

𝑦 = 𝒆−𝟐𝒙+𝟓𝒙𝟒+𝟒 
𝑑𝑦

𝑑𝑥
= ൫−𝟐 + 𝟓ሺ𝟒ሻ𝒙𝟑൯ ∙ 𝒆−𝟐𝒙+𝟓𝒙𝟒+𝟒 

= ൫𝟐𝟎𝒙𝟑 − 𝟐൯ ∙ 𝒆−𝟐𝒙+𝟓𝒙𝟒+𝟒 

 

(g) 

(2) 

𝑦 = 𝟒𝒙𝟑 − 𝒆−𝟎.𝟓𝒙𝟐
 

𝑑𝑦

𝑑𝑥
= ሺ𝟑ሻ ∙ 𝟒𝒙𝟐 − ሺ−𝟎. 𝟓𝒙ሻሺ𝟐ሻ ∙ 𝒆−𝟎.𝟓𝒙𝟐

 

= 𝟏𝟐𝒙𝟐 + 𝒙 ∙ 𝒆−𝟎.𝟓𝒙𝟐
 

 

 

(b) 

(2) 

ሺ𝑥ሻ = 𝒆−𝟐𝒙 

𝑓′ሺ𝑥ሻ = ሺ−𝟐ሻ ∙ 𝒆−𝟐𝒙 

= −
𝟐

𝒆𝟐𝒙
 

 

(a) 

(2) 

 𝑓ሺ𝑥ሻ = 𝟒𝒆𝒙𝟑−𝟐𝒙𝟐
 

𝑓′ሺ𝑥ሻ = ሺ𝟑𝒙𝟐 − 𝟐ሺ𝟐ሻ𝒙ሻ ∙ 𝟒𝒆𝒙𝟑−𝟐𝒙𝟐
 

     = ሺ𝟑𝒙𝟐 − 𝟒𝒙ሻ ∙ 𝟒𝒆𝒙𝟑−𝟐𝒙𝟐
 

 

(d) 

(2) 

 𝑓ሺ𝑥ሻ = 𝒆𝒙𝟐−𝟐𝒙+𝟏 

𝑓′ሺ𝑥ሻ = ሺ𝟐𝒙 − 𝟐ሻ ∙ 𝒆𝒙𝟐−𝟐𝒙+𝟏 

 

 

(c) 

(2) 

𝑓ሺ𝑥ሻ =
𝟐

𝟑𝒆𝟑𝒙 + 𝒙𝟓 

𝑓′ሺ𝑥ሻ = −
𝟐

𝟑
∙ ሺ−𝟑ሻ ∙ 𝒆−𝟑𝒙 + 𝟓𝒙𝟒 

= −
𝟐

𝒆𝟑𝒙
+ 𝟓𝒙𝟒 

 

(f) 

(2) 

𝑓ሺ𝑥ሻ = 𝒆−𝟑𝒙 

𝑓′ሺ𝑥ሻ = ሺ−𝟑ሻ𝒆−𝟑𝒙 

= −𝟑𝒆−𝟑𝒙 

 

(e) 

(2) 



 2 

 

 

 

 

 

 
3.                                                                                [35 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.                                                                                [15 marks]       

 

 

 

 

 

 

𝑓ሺ𝑥ሻ = 𝒆𝟒𝒙𝟐
− 𝒆𝟑𝒙 

𝑓′ሺ𝑥ሻ = ሺ𝟐ሻሺ𝟒𝒙ሻ𝒆𝟒𝒙𝟐
− ሺ𝟑ሻ𝒆𝟑𝒙 

= 𝟖𝒙𝒆𝟒𝒙𝟐
− 𝟑𝒆𝟑𝒙 

 

 

 

(i) 

(2) 

𝑦 = 𝒆−𝟒𝒙 + 𝟒𝒆𝟕𝒙𝟑−𝟑𝒙𝟐
 

𝑑𝑦

𝑑𝑥
= ሺ−𝟒ሻ𝒆−𝟒𝒙 + 𝟒 ∙ ሺ𝟐𝟏𝒙𝟐 − 𝟔𝒙ሻሺ𝒆𝟕𝒙𝟑−𝟑𝒙𝟐

ሻ 

= −
𝟒

𝒆𝟒𝒙
+ 𝟒ሺ𝟐𝟏𝒙𝟐 − 𝟔𝒙ሻሺ𝒆𝟕𝒙𝟑−𝟑𝒙𝟐

ሻ 

 

(j) 

(2) 

𝑓ሺ𝑥ሻ =
𝟐𝒙 + 𝟐

𝒆𝒙  

𝒖 = 𝟐𝒙 + 𝟐 , 𝒖′ = 𝟐 

𝒗 = 𝒆𝒙 , 𝒗′ = 𝒆𝒙(1) 

𝑓′ሺ𝑥ሻ =
𝟐𝒆𝒙 − ሺ𝟐𝒙 + 𝟐ሻ𝒆𝒙

ሺ𝒆𝒙ሻ2  

= −
𝟐𝒙

𝒆𝒙  (2) 

 

(d) 

𝑓ሺ𝑥ሻ = 𝒙 ∙ 𝒆𝟐𝒙 

𝒖 = 𝒙, 𝒖′ = 𝟏 

𝒗 = 𝒆𝟐𝒙, 𝒗′ = 𝟐𝒆𝟐𝒙 (1) 

𝑓′ሺ𝑥ሻ = 𝟐𝒙𝒆𝟐𝒙 + 𝒆𝟐𝒙 (2) 

 

(a) 
𝑦 = −𝒙𝟑 ∙ 𝒆𝟐𝒙 

𝒖 = −𝒙𝟑, 𝒖′ = −𝟑𝒙𝟐 

𝒗 = 𝒆𝟐𝒙, 𝒗′ = 𝟐𝒆𝟐𝒙 (1) 
𝑑𝑦

𝑑𝑥
= −𝟐𝒙𝟑 ∙ 𝒆𝟐𝒙 − 𝟑𝒙𝟐 ∙ 𝒆𝟐𝒙  (2) 

 

(b) 

𝑓ሺ𝑥ሻ = −𝒙𝟑 ∙ 𝒆𝟐𝒙 

𝒖 = −𝒙𝟑 , 𝒖′ = −𝟑𝒙𝟐 

𝒗 = 𝒆𝟐𝒙 , 𝒗′ = 𝟐𝒆𝟐𝒙 (1) 

𝑓′ሺ𝑥ሻ = −𝟐𝒙𝟑𝒆𝟐𝒙 − 𝟑𝒙𝟐𝒆𝟐𝒙 (2) 

 

 

(e) 

𝑓ሺ𝑥ሻ = 𝒙 ∙ 𝒆𝟔𝒙𝟑
 

𝒖 = 𝒙 ,  𝒖′ = 𝟏 

𝒗 = 𝒆𝟔𝒙𝟑
,  𝒗′ = 𝟏𝟖𝒙𝟐𝒆𝒙𝟑

 (1) 

𝑓′ሺ𝑥ሻ = 𝟏𝟖𝒙𝟐𝒙𝒆𝟔𝒙𝟑
+ 𝒆𝟔𝒙𝟑

  

= 𝟏𝟖𝒙𝟑 ∙ 𝒆𝟔𝒙𝟑
+ 𝒆𝟔𝒙𝟑

(2) 

 

(c) 

𝑓ሺ𝑥ሻ = 𝒆𝒙 ∙ ሺ𝟐 + 𝒙ሻ𝟓  

𝒖 = 𝒆𝒙 , 𝒖′ = 𝒆𝒙  

𝒗 = ሺ𝟐 + 𝒙ሻ𝟓 , 𝒗′ = 𝟓ሺ𝟐 + 𝒙ሻ𝟒 (1) 

𝑓′ሺ𝑥ሻ =  𝟓𝒆𝒙 ∙ ሺ𝟐 + 𝒙ሻ𝟒 + 𝒆𝒙ሺ𝟐 + 𝒙ሻ𝟓 (2) 

 

(f) 

𝑓ሺ𝑥ሻ = 𝒆𝟐𝒙 

𝑓′ሺ𝑥ሻ = 𝟐𝒆𝟐𝒙 

 

𝑓′ሺ0ሻ = 𝟐𝒆𝟐ሺ𝟎ሻ 

= 𝟐 

 

(a) 

𝑦 =
𝟓𝒙𝟐

𝒆𝟑𝒙
 

𝒖 = 𝟓𝒙𝟐 , 𝒖′ = 𝟏𝟎𝒙 

𝒗 = 𝒆𝟑𝒙 , 𝒗′ = 𝟑𝒆𝟑𝒙 (1) 

𝑓′ሺ𝑥ሻ =  𝟓𝒙𝟐 ∙ 𝟑𝒆𝟑𝒙 + 𝟏𝟎𝒙 ∙ 𝒆𝟑𝒙  

= 𝟏𝟓𝒙𝟐 ∙ 𝒆𝟑𝒙 + 𝟏𝟎𝒙 ∙ 𝒆𝟑𝒙 (2) 

 

 

(g) 
𝑦 = ξ𝒙 ∙ 𝒆𝟐𝒙  

𝒖 = ξ𝒙  , 𝒖′ = 𝟏

𝟐ξ𝒙
  

𝒗 = 𝒆𝟐𝒙 , 𝒗′ = 𝟐𝒆𝟐𝒙 (1) 
𝑑𝑦

𝑑𝑥
= 𝟐ξ𝒙 ∙ 𝒆𝟐𝒙 + 𝟏

𝟐ξ𝒙
∙ 𝒆𝟐𝒙 (2) 

 

(h) 

𝑓ሺ𝑥ሻ =
𝒆𝟓𝒙𝟐

𝟓𝒙
 

𝒖 = 𝒆𝟓𝒙𝟐
 , 𝒖′ = 𝟏𝟎𝒙 ∙ 𝒆𝟓𝒙𝟐

 

𝒗 = 𝟓𝒙 , 𝒗′ = 𝟓(1) 

𝑓′ሺ𝑥ሻ =
𝟏𝟎𝒙∙𝒆𝟓𝒙𝟐

∙𝟓𝒙−𝟓𝒆𝟓𝒙𝟐

ሺ𝟓𝒙ሻ2  (2) 

 

(i) 
𝑦 = ሺ𝟏 + 𝒙ሻ𝟑 ∙ 𝒆𝟐𝒙  

𝒖 = ሺ𝟏 + 𝒙ሻ𝟑  , 𝒖′ = 𝟑ሺ𝟏 + 𝒙ሻ𝟐  

𝒗 = 𝒆𝟐𝒙 , 𝒗′ = 𝟐𝒆𝟐𝒙 (1) 
𝑑𝑦

𝑑𝑥
= 𝟐ሺ𝟏 + 𝒙ሻ𝟑 ∙ 𝒆𝟐𝒙 + 𝟑ሺ𝟏 + 𝒙ሻ𝟐 ∙ 𝒆𝟐𝒙 (2) 

 

 

(j) 

𝑓ሺ𝑥ሻ = 𝟒𝒆𝟒𝒙 

𝑓′ሺ𝑥ሻ = 𝟒 ∙ 𝟒𝒆𝟒𝒙 

= 𝟏𝟔𝒆𝟒𝒙 

 

𝑓′ሺ0ሻ = 𝟏𝟔𝒆𝟒ሺ𝟎ሻ 

= 𝟏𝟔 

 

(b) 
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Integration of Exponential Functions: Q5, Q6, Q7, Q8 

5.  

                                                                              [10 marks]       

 

 

 

 

 

 

 

 
 

 

6.                                                                                  [6 marks]       

 

 

 

 

 

 

 

 

 

 
 

7.                                                                               [15 marks]       

 

 

 

 

 

 

 

 

 

𝑓ሺ𝑥ሻ = 𝟑𝒆𝒙𝟐
 

𝑓′ሺ𝑥ሻ = 𝟐𝒙 ∙ 𝟑𝒆𝒙𝟐
 

= 𝟔𝒙 ∙ 𝒆𝒙𝟐
 

 

𝑓′ሺ1ሻ = 𝟔ሺ𝟏ሻ ∙ 𝒆ሺ𝟏ሻ𝟐
 

= 𝟔𝒆 

 

(c) 𝑦 = 𝒙 ∙ 𝒆𝒙 

𝑦′ = 𝒙𝒆𝒙 + 𝒆𝒙 

 

𝑦′ሺ2ሻ = ሺ𝟐ሻ𝒆𝟐 + 𝒆𝟐  

= 𝟐𝒆𝟐 + 𝒆𝟐 

 

(d) 

𝑦 = 𝒆−𝟑𝒙 

𝑦′ = −𝟑𝒆−𝟑𝒙 

 

𝑦′ ቀ
1

3
ቁ = −𝟑𝒆−𝟑ሺ

𝟏
𝟑ሻ 

= −𝟑𝒆−𝟏 

 

(e) 

𝒇ሺ𝒙ሻ = 𝒆𝒙  (2) 

 

(a) 

𝒇ሺ𝒙ሻ = 𝟗𝒆𝒙  (2) 

 

(b) 

𝒇ሺ𝒙ሻ =
𝟏

𝟐
𝒆𝟐𝒙  (2) 

 

(c) 

𝒇ሺ𝒙ሻ = 𝒆𝟒𝒙  (2) 

 

(d) 

𝒇ሺ𝒙ሻ =
𝒆

𝟔

𝟔𝒙
  (2) 

 

(e) 

𝒇ሺ𝒙ሻ = 𝒆𝒙𝟐
  (2) 

 

(f) 

𝒇ሺ𝒙ሻ = 𝟒𝒆𝒙𝟐+𝟑  (2) 

 

(g) 

𝒇ሺ𝒙ሻ =
𝟓

𝟒
𝒆𝟒𝒙−𝟑  (2) 

 

(h) 

𝒇ሺ𝒙ሻ =
−𝟕

𝟑
𝒆−𝟑𝒙  (2) 

 

(i) 

𝒇ሺ𝒙ሻ = 𝟐𝒆−
𝟏

𝟐
𝒙𝟐

  (2) 

 

(j) 

𝒇ሺ𝒙ሻ = −
𝟏

𝟐
𝒆−𝟐𝒙  (2) 

 

(a) 

𝒇ሺ𝒙ሻ = 𝟒𝒆𝟐𝒙𝟐+𝟓  (2) 

 

(b) 

𝒇ሺ𝒙ሻ =
𝟏

𝟏𝟔
𝒆𝟒𝒙 −

𝟏

𝟐
𝒆−𝟐𝒙  (2) 

 

(c) 

𝒇ሺ𝒙ሻ =
𝟏

𝟏𝟔
𝒆𝟒𝒙  (2) 

 

(d) 

𝒇ሺ𝒙ሻ =
𝟏

𝟑𝟔
𝒆𝟔𝒙  (2) 

 

(e) 

𝒇ሺ𝒙ሻ =
𝟏

𝟒
𝒆𝟒𝒙 −

𝒙𝟑

𝟑
  (2) 

 

(f) 

𝒇ሺ𝒙ሻ =
𝟏

𝟒
𝒆𝟒𝒙𝟐  (2) 

 

(g) 

𝒇ሺ𝒙ሻ = −
𝟒

𝟓
𝒆−𝟓𝒙  (2) 

 

(h) 

𝒇ሺ𝒙ሻ =
𝟏

𝟒
𝒆𝟐𝒙  (2) 

 

(i) 

𝒇ሺ𝒙ሻ = 𝒆𝟐𝒙𝟐
−

𝟏

𝟐𝒙𝟐 (2) 

 

(j) 

 𝑒𝑥𝟏

𝟎
𝑑𝑥 = 𝒆 − 𝟏 (3) (a) 

 𝑒𝑥𝟑

𝟐
𝑑𝑥 = 𝟑𝒆𝟑 − 𝟑𝒆𝟐 (3) (b) 

 𝑒2𝑥𝟒

𝟎
𝑑𝑥 =

𝒆𝟖−𝟏

𝟐
 (3) (c) 

 2𝑥𝑒𝑥2𝟐

−𝟏
𝑑𝑥 = 𝒆𝟒 − 𝒆 (3) (d) 

 6𝑥𝑒3𝑥2𝟒

𝟐
𝑑𝑥 = 𝒆𝟒𝟖 − 𝒆𝟏𝟐 (3) (e) 

 𝑒−2𝑥𝟎

−𝟐
𝑑𝑥 =

𝒆𝟒−𝟏

𝟐
 (3) (f) 

 𝑒2𝑥+4𝟑

𝟏
𝑑𝑥 =

𝒆𝟏𝟎−𝒆𝟔

𝟐
 (3) (g) 


1

4
𝑒3𝑥−𝟏

𝟎
𝑑𝑥 = −

𝒆𝟑−𝟏

𝟏𝟐𝒆𝟑   (3) (h) 

 2𝑥2 + 4𝑒2𝑥−𝟐

𝟏
𝑑𝑥 = −𝟔 − 𝟐𝒆𝟐 +

𝟐

𝒆𝟒  (3) (i) 

 4𝑥𝑒𝑥2+2−𝟏

𝟑
𝑑𝑥 = −𝟐𝒆𝟏𝟏 − 𝒆𝟑  (3) (j) 
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8.                                                                                [15 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑓ሺ𝑥ሻ = නሺ𝑒𝑥  ሻ𝑑𝑥  

= 𝒆𝒙 + 𝑪  (1) 

 

𝑓ሺ1ሻ = 2 + 𝑒 

2 + 𝑒 = 𝑒 + 𝐶 

𝐶 = 𝟐  (1) 

 

𝑓ሺ𝑥ሻ = 𝑒𝑥 + 𝟐  (1) 

(a) 𝑓ሺ𝑥ሻ = න 6𝑒𝑥𝑑𝑥  

= 𝟔𝒆𝒙 + 𝑪  (1) 

 

𝑓ሺ0ሻ = 8 

8 = 6𝑒0 + 𝐶 

𝐶 = 𝟐  (1) 

 

𝒇ሺ𝒙ሻ = 𝟔𝒆𝒙 + 𝟐  (1) 

(b) 

𝑓ሺ𝑥ሻ = න 8𝑥𝑒𝑥2
𝑑𝑥  

= 𝟒𝒆𝒙𝟐
+ 𝑪  (1) 

 

𝑓ሺ2ሻ = 4𝑒4 − 3 

4𝑒4 − 3 = 4𝑒4 + 𝐶 

𝐶 = −𝟑  (1) 

 

𝒇ሺ𝒙ሻ = 𝟒𝒆𝒙𝟐
− 𝟑  (1) 

(c) 𝑓ሺ𝑥ሻ = න
1

3
𝑒3𝑥𝑑𝑥  

=
𝟏

𝟗
𝒆𝟑𝒙 + 𝑪  (1) 

 

𝑓ሺ0ሻ =
19

9
 

19

9
=

1

9
+ 𝐶 

𝐶 = 𝟐  (1) 

 

𝒇ሺ𝒙ሻ =
𝟏

𝟗
𝒆𝟑𝒙 + 𝟐  (1) 

(d) 

𝑓ሺ𝑥ሻ = න 2𝑥2 + 4𝑒2𝑥𝑑𝑥  

=
𝟐

𝟑
𝒙𝟑 + 𝟐𝒆𝟐𝒙 + 𝑪  (1) 

 

𝑓ሺ0ሻ = 8 

8 =
2

3
+ 2 + 𝐶 

𝐶 =
𝟏𝟔

𝟑
  (1) 

 

𝒇ሺ𝒙ሻ =
𝟐

𝟑
𝒙𝟑 + 𝟐𝒆𝟐𝒙 +

𝟏𝟔

𝟑
  (1) 

(e) 
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Concept 2 

Applications of Exponential Functions – Progressive Questions 

Answers 

___________________________________________________________________________ 

 

Differentiation Applications of Exponential Functions: Q1, Q2, Q3, Q4, Q5, Q6, Q7 
1.                       [6 marks]       

 

 

 

 

 

 

2.                 [8 marks] 

 

 

 

 

 

 

3.                 [7 marks] 

 

 

 

 

 

 

4.                 [7 marks] 

 

 

 

 

 

 

 

5.                 [5 marks] 

 

 

 

 

 

 

 

 

 

 

 

(a)  𝐴 = 𝐴0𝑒𝑘𝑡 
𝐴 = 1000𝑒0.8𝑡  (2) 

 
 (b)  𝐴ሺ2ሻ = 1000𝑒0.8ሺ2ሻ 

𝑨ሺ𝟐ሻ = $𝟒𝟗𝟓𝟑  (2) 
 

 

(c) 1,000,000 = 1000𝑒0.8ሺ𝑡ሻ 
𝒕 = 𝟖. 𝟔𝟑 𝒚𝒆𝒂𝒓𝒔  (2) 

 
 

(a)  𝐴 = 100𝑒0.045𝑡  (1) 

𝐴ሺ6ሻ = 100𝑒0.045ሺ6ሻ = $131  (1) 
 

 (b)  𝑨ሺ𝟔𝟎ሻ = 100𝑒0.045ሺ60ሻ = $𝟏𝟒𝟖𝟖  (1) 
 

 

(c) 1000 = 100𝑒0.045𝑡 
𝒕 = 𝟓𝟏. 𝟐 𝒚𝒆𝒂𝒓𝒔  (2) 

 
 

(d) 1000 = 100𝑒0.08𝑡 
𝒕 = 𝟐𝟖. 𝟖 𝒚𝒆𝒂𝒓𝒔  (2) 

 
 

(b)  𝑃 = 8𝑒0.87𝑡  (1) 

𝑷ሺ𝟕ሻ = 8𝑒0.87ሺ7ሻ = 𝟑𝟓𝟑𝟏  (1) 
 

 

(c) 𝑷ሺ𝟕ሻ = 𝟕𝟎𝟖 𝒍𝒂𝒅𝒚𝒃𝒊𝒓𝒅𝒔  (2) 
 

 

(a)  
𝟐

𝟎.𝟖𝟕
= 𝟐. 𝟑  (1) 

 

(a)  𝑃 = 8𝑒0.08𝑡  (1) 

1,000,000 = 8𝑒0.08ሺ𝑡ሻ 
𝒕 = 𝟏𝟒𝟔. 𝟕 𝒎𝒊𝒏𝒖𝒕𝒆𝒔  (2) 

 
 (b)  1,000,000 = 8𝑒𝑘ሺ20ሻ 

𝒌 = 𝟎. 𝟓𝟖𝟕  (2) 
 

 

(c)  𝑃 = 4,000,000𝑒−0.25𝑡  (1) 
500,000 = 4,000,000𝑒−0.25𝑡 

𝒕 = 𝟖. 𝟑𝟐 𝒎𝒊𝒏𝒖𝒕𝒆𝒔  (2) 
 

 

(a)  𝐴 = 𝑒−0.11𝑡  (1) 
0.75 = 1𝑒−0.11𝑡 

𝒕 = 𝟐. 𝟔𝟏 𝒅𝒂𝒚𝒔  (2) 
 

 (b)  𝐴 = 𝑒−0.11𝑡  (1) 
0.6 = 2𝑒−0.11𝑡 

𝒕 = 𝟏𝟎. 𝟗𝟓 𝒅𝒂𝒚𝒔  (2) 
 

 

(b)  𝐴ሺ42ሻ = 𝑒−0.11ሺ42ሻ  (1) 
𝑨ሺ𝟒𝟐ሻ = 𝟗. 𝟖𝟓 × 𝟏𝟎−𝟑 𝒈  (2) 
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6.                 [8 marks] 

 

 

 

 

 

 

 

 

7.                 [10 marks] 

 

 

 

 

 

 

 

 

 

 

 

8.                 [10 marks] 

 

 

 

 

 

 

 

 

 

 

9.                 [10 marks] 

 

 

 

 

 

10.                   [7 marks] 

 

 

 

 

 

 

 

 

 

 

(a)  𝐴 = 2000𝑒0.12𝑡 

𝐴ሺ3ሻ = 2000𝑒0.12ሺ3ሻ  (1) 
𝑨ሺ𝟑ሻ = $𝟐, 𝟖𝟔𝟕  (2) 

 
 

 
(b)  6000 = 2000𝑒𝑘ሺ6ሻ 

𝒌 = 𝟎. 𝟏𝟖𝟑  (2) 
 

 

(c)  
2

0.12
= 16.7 𝑑𝑎𝑦𝑠 (2) 

 
 

(d)  1,000,000 = 2000𝑒0.12𝑡  (1) 
𝒕 = 𝟓𝟏. 𝟖 𝒅𝒂𝒚𝒔  (2) 

 
 

(a)  𝒗ሺ𝟔ሻ =
500

7
𝑒0.1ሺ6ሻ (1) 

𝒗ሺ𝟔ሻ = 𝟏𝟑𝟎. 𝟐 𝒎/𝒔  (1) 
 
 

 
(b)  𝒂ሺ𝒕ሻ =

50

7
𝑒0.1𝑡 (1) 

𝒂ሺ𝟏ሻ =
50

7
𝑒0.1ሺ1ሻ = 𝟕. 𝟖𝟗 𝒎/𝒔𝟐  (1) 

 
 

 
(c)  𝒔ሺ𝒕ሻ =

5000

7
𝑒0.1𝑡 + 7 (1) 

𝒔ሺ𝟒ሻ =
5000

7
𝑒0.1ሺ4ሻ + 𝟕 = 𝟏𝟎𝟕𝟑𝒎  (1) 

 
 

 

(d)  𝒔ሺ𝟑ሻ =
5000

7
𝑒0.1ሺ3ሻ + 𝟕 = 𝟏𝟎𝟕𝟑𝒎  (1) 

𝒔ሺ𝟑ሻ − 𝒔ሺ𝟎ሻ = 𝟗𝟕𝟏 − 𝟕𝟐𝟏 = 𝟐𝟓𝟎𝒎  (1) 
 

 
(e)  𝒔ሺ𝟓ሻ =

5000

7
𝑒0.1ሺ5ሻ + 𝟕 = 𝟏𝟏𝟖𝟓𝒎  (1) 

𝒔ሺ𝟒ሻ =
5000

7
𝑒0.1ሺ4ሻ + 𝟕 = 𝟏𝟎𝟕𝟑𝒎  (1) 

𝒔ሺ𝟓ሻ − 𝒔ሺ𝟒ሻ = 𝟏𝟏𝟖𝟓 − 𝟏𝟎𝟕𝟑 = 𝟏𝟏𝟐𝒎  (1) 
 

 

(a)  𝒂ሺ𝟎ሻ = 𝟎. 𝟏𝒎/𝒔𝟐 (1) 
 

 

(c)  𝒔ሺ𝒕ሻ = 10𝑒0.1𝑡 + 2.72𝑡 + 200 
𝒔ሺ𝟏𝟓ሻ = 𝟐𝟖𝟓. 𝟔𝒎  (1) 
𝒔ሺ𝟏𝟒ሻ = 𝟐𝟕𝟖. 𝟔𝒎  (1) 

𝒔ሺ𝟏𝟓ሻ − 𝒔ሺ𝟏𝟒ሻ = 𝟕𝒎  (1) 
 
 
 
 

 

(b)  𝒗ሺ𝒕ሻ = 𝑒0.1𝑡 + 2.72 (1) 
𝒗ሺ𝟔ሻ = 𝟒. 𝟓𝟒 𝒎/𝒔  (1) 

 
 

 

(d)  𝒔ሺ𝟏𝟎ሻ = 10𝑒0.1ሺ10ሻ + 2.72ሺ10ሻ + 200 
𝒔ሺ𝟏𝟎ሻ = 𝟐𝟓𝟒. 𝟒𝒎  (1) 

 
 
 

 
(e)  𝒗ሺ𝟖. 𝟓ሻ = 𝑒0.1ሺ8.5ሻ + 2.72 (1) 

𝒗ሺ𝟖. 𝟓ሻ = 𝟓. 𝟎𝟔 𝒎/𝒔  (1) 
 
 

 

(a)  
𝒅𝑽

𝒅𝒕
= 𝟔𝟐 − 𝒆𝟎.𝟐ሺ𝟔ሻ = 𝟑𝟐. 𝟔𝟖 (1) 

 
 (b)  𝑵𝒆𝒕 𝒄𝒉𝒂𝒏𝒈𝒆 = −0.484 (1) 

 
 

(d)  𝑽ሺ𝟏𝟎ሻ = $𝟑𝟐𝟏 
 

 

(c)  𝑵𝒆𝒕 𝒄𝒉𝒂𝒏𝒈𝒆 = 83.6 (1) 
 

 

(a)  𝒗ሺ𝟔ሻ =
500

7
𝑒0.1ሺ6ሻ (1) 

𝒗ሺ𝟔ሻ = 𝟏𝟑𝟎. 𝟐 𝒎/𝒔  (1) 
 
 

 
(b)  𝒂ሺ𝒕ሻ =

50

7
𝑒0.1𝑡 (1) 

𝒂ሺ𝟏ሻ =
50

7
𝑒0.1ሺ1ሻ = 𝟕. 𝟖𝟗 𝒎/𝒔𝟐  (1) 

 
 

 

(c)  𝒔ሺ𝒕ሻ =
5000

7
𝑒0.1𝑡 + 7 (1) 

𝒔ሺ𝟒ሻ =
5000

7
𝑒0.1ሺ4ሻ + 𝟕 = 𝟏𝟎𝟕𝟑𝒎  (1) 

 
 

 
(d)  𝒔ሺ𝟑ሻ =

5000

7
𝑒0.1ሺ3ሻ + 𝟕 = 𝟏𝟎𝟕𝟑𝒎  (1) 

𝒔ሺ𝟑ሻ − 𝒔ሺ𝟎ሻ = 𝟗𝟕𝟏 − 𝟕𝟐𝟏 = 𝟐𝟓𝟎𝒎  (1) 
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11.                 [16 marks] 

 

 

 

 

 

 

 

 

 

 

 

12.                [16 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 𝑨 =  𝒆𝟐𝒙 𝑑𝑥
𝟏.𝟓

𝟎
=

𝒆𝟑−𝟏

𝟐
 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(b) 𝑨 =  𝒆−𝟐𝒙 𝑑𝑥
𝟐

𝟎
= 𝟎. 𝟒𝟗𝟏 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(c) 𝑨 =  𝒆−
𝟏

𝟑
𝒙 𝑑𝑥

𝒊𝒏𝒇𝒊𝒏𝒊𝒕𝒚

𝟎
= 𝟑 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(d) 𝑨 =  −𝟐𝒆𝒙 𝑑𝑥
𝟎

−𝟐
= 𝟏. 𝟕𝟐 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(a) 𝑨 =  ห−𝒙𝟐 + 𝟒 − 𝒆𝒙ห 𝑑𝑥
𝟏.𝟎𝟓𝟖

−𝟏.𝟗𝟔𝟓
= 𝟔. 𝟒𝟑 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(c) 𝑨 =  ฬ−𝒙𝟑 − 𝒙𝟐 + 𝟐𝒙 − 𝒆
𝟏

𝟐
𝒙 − 𝟐ฬ  𝑑𝑥

𝟏.𝟎𝟖

−𝟏.𝟔𝟒
= 𝟐. 𝟑 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(b) 𝑨 =  ቚ𝟏 −
𝟏

𝟐
𝒙 − 𝒆𝟐𝒙ቚ  𝑑𝑥

𝟏

𝟎
= 𝟐. 𝟒𝟒 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(d) 𝑨 =  ห−ሺ𝒙 + 𝟏ሻ𝟐 + 3 − 𝒆𝒙 − 𝟐ห 𝑑𝑥
𝟎.𝟕𝟏𝟖

−𝟑.𝟐𝟑
= 𝟒 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 
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Concept 1 

Differentiation and Integration of Exponential Functions – Repetitive 

Questions Answers 

___________________________________________________________________________ 

 

Differentiation of Exponential Functions: Qs 1.11, 1.21, 1.31 
1.11                        [20 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem Set 5 – Exponential Functions 
Repetitive Questions 

𝑦 = 10𝑒𝟐𝒙 
𝑑𝑦

𝑑𝑥
= 10(𝟐)𝑒𝟐𝒙 

= 𝟐𝟎𝑒2𝑥 

(b) 

(2) 

𝑓(𝑥) = −3𝑒𝒙 

𝑓′(𝑥) = −3𝑒𝒙 

(a) 

(2) 

𝑦 = −3𝑥2 − 4𝑒6𝑥 
𝑑𝑦

𝑑𝑥
= −3(2)𝑥 − 4(𝟔)𝑒𝟔𝒙 

= −𝟔𝑥 − 𝟐𝟒𝑒6𝑥 

(c) 

(1) 

(1) 

𝑓(𝑥) = −
1

2
𝑒𝟐𝒙 

𝑓′(𝑥) = −
1

2
(𝟐)𝑒𝟐𝒙 

= −𝑒2𝑥 

 

(d) 

(1) 

(1) 

𝑓(𝑥) = 7𝑒𝟎.𝟓𝒙 

𝑓′(𝑥) = 7(𝟎. 𝟓)𝑒𝟎.𝟓𝒙 

= 𝟑. 𝟓𝑒0.5𝑥 

 

(f) 

(1) 
(1) 

𝑓(𝑥) = 𝑒−𝟓𝒙 

𝑓′(𝑥) = −𝟓𝑒−𝟓𝒙 

 

(e) 

(2) 

𝑦 = 𝑒−𝟎.𝟕𝟓𝒙 − 3𝑥5 
𝑑𝑦

𝑑𝑥
= −𝟎. 𝟕𝟓𝑒−𝟎.𝟕𝟓𝒙 − 15𝑥4 

(g) 

(2) 
𝑓(𝑥) = 5𝑒𝟑𝒙𝟐−𝟑 

𝑓′(𝑥) = 5(𝟔𝒙)𝑒𝟑𝒙𝟐−𝟑 

= 𝟑𝟎𝑥𝑒3𝑥2−3 

(h) 

(1) 

(1) 

𝑓(𝑥) =
1

𝑒7𝑥 = 𝑒−𝟕𝒙 

𝑓′(𝑥) = −𝟕𝑒−𝟕𝒙 

(j) 

(2) 

𝑦 = −8𝑒2−4𝑥2
 

𝑑𝑦

𝑑𝑥
= −8(−𝟖𝒙)𝑒𝟐−𝟒𝒙𝟐

 

= 𝟔𝟒𝒙𝑒2−4𝑥2
 

(i) 

(1) 

(1) 
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1.21                        [20 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1.31                                                                                                                                                                   [35 marks] 

                                     

 

 

 

 

 

 

 

 

 

𝑦 =
1

2ξ𝑥
− 3𝑒𝟔𝒙 

𝑑𝑦

𝑑𝑥
= −

1

2
൬

1

2ξ𝑥3
൰ − 3(𝟔)𝑒𝟔𝒙 

= −
1

𝟒ξ𝑥3
− 𝟏𝟖𝑒6𝑥 

(b) 

(1) 

(1) 

𝑓(𝑥) = 𝑒−𝟐𝒙+𝟒𝒙𝟑
 

𝑓′(𝑥) = ൫−𝟐 + 𝟏𝟐𝒙𝟐൯𝑒−𝟐𝒙+𝟒𝒙𝟑
 

= 𝟐(𝟔𝒙𝟐 − 𝟏)𝑒−2𝑥+4𝑥3
 

 

(a) 

(2) 

𝑓(𝑥) = −9𝑒
𝟏
𝟒𝒙−𝟐 

𝑓′(𝑥) = −9 ൬
𝟏

𝟒
൰ 𝑒

𝟏
𝟒𝒙−𝟐 

= −
𝟗

𝟒
𝑒

1
4𝑥−2 

(d) 

(1) 

(1) 

𝑓(𝑥) = 5𝑒𝟐𝒙−𝒙𝟐
 

𝑓′(𝑥) = 5(𝟐 − 𝟐𝒙)𝑒𝟐𝒙−𝒙𝟐
 

= 𝟏𝟎(𝟏 − 𝒙)𝑒2𝑥−𝑥2
 

(c) 

(1) 

(1) 

𝑓(𝑥) = −4𝑒−
𝟐
𝟑𝒙 +

1

2
𝑥

3
2 

𝑓′(𝑥) = −4 ൬−
𝟐

𝟑
൰ 𝑒−

𝟐
𝟑𝒙 +

1

2
൬

3

2
൰ 𝑥

1
2 

=
𝟖

𝟑
𝑒−

2
3

𝑥 +
𝟑

𝟒
𝑥

1
2 

 

(e) 

(1) 

(1) 

𝑓(𝑥) =
𝑒−𝟕𝒙

2
 

𝑓′(𝑥) = −
𝟕𝑒−𝟕𝒙

2
 

(f) 

(2) 

𝑦 =
2

5𝑒𝟑𝒙
− 2𝑥−4 

𝑑𝑦

𝑑𝑥
= (−𝟑)

2

5𝑒𝟑𝒙
− 2(−4)𝑥−5 

−
𝟔

5𝑒3𝑥 + 8𝑥−5 

(g) 

(1) 

(1) 

𝑦 = 𝑒−𝟐𝒙𝟐+𝟒 − 𝑒𝟐𝒙 
𝑑𝑦

𝑑𝑥
= −𝟒𝑥𝑒−𝟐𝒙𝟐+𝟒 − 𝟐𝑒𝟐𝒙 

(h) 

(2) 

𝑦 = 6𝑒𝟕𝒙−𝟐𝒙𝟐
+

1

𝑒𝟒𝒙
 

𝑑𝑦

𝑑𝑥
= 6(𝟕 − 𝟒𝒙)𝑒𝟕𝒙−𝟐𝒙𝟐

+ (−𝟒)
1

𝑒𝟒𝒙
 

= 6(7 − 4𝑥)𝑒7𝑥−2𝑥2
−

𝟒

𝑒4𝑥 

(j) 

(1) 

(1) 

𝑓(𝑥) = −𝑒−𝟓𝒙𝟐
+ 𝑒ξ𝒙 

𝑓′(𝑥) = −(−𝟏𝟎𝒙)𝑒−𝟓𝒙𝟐
+ ൬

𝟏

𝟐ξ𝒙
൰ 𝑒ξ𝒙 

= 𝟏𝟎𝑥𝑒−5𝑥2
+

𝒆ξ𝒙

𝟐ξ𝒙
 

(i) 

(1) 

(1) 

𝑦 = 𝑥3𝑒3𝑥 

 

 

 

𝑑𝑦

𝑑𝑥
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

= 𝟑𝒙𝟐𝒆𝟑𝒙 + 𝟑𝒙𝟑𝒆𝟑𝒙 

= 𝟑𝒙𝟐𝒆𝟑𝒙(1 + 𝑥) 

𝒗 = 𝒆𝟑𝒙 
𝒅𝒗

𝒅𝒙
= 𝟑𝒆𝟑𝒙 

(b) 

(1) (1) 

𝒖 = 𝒙𝟑 
𝒅𝒖

𝒅𝒙
= 𝟑𝒙𝟐 

 

(1) 

𝑓(𝑥) = −2𝑥𝑒𝑥 

 

 

𝑓′(𝑥) = 𝒉(𝒙)𝒈′(𝒙) + 𝒈(𝒙)𝒉′(𝒙) 

= −𝟐𝒆𝒙 − 𝟐𝒙𝒆𝒙 

= −𝟐𝒆𝒙(1 + 𝑥) 

 

𝒉(𝒙) = 𝒆𝒙 

𝒉′(𝒙) = 𝒆𝒙 

(a) 

(1) (1) 

𝒈(𝒙) = −𝟐𝒙 

𝒈′(𝒙) = −𝟐 

(1) 
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𝑓(𝑥) =
𝑥

𝑒𝑥  

 

 

𝑓′(𝑥) =
𝒉(𝒙)𝒈′(𝒙) − 𝒈(𝒙)𝒉′(𝒙)

(𝒉(𝒙))2  

=
𝒆𝒙(𝟏) − 𝒙𝒆𝒙

(𝒆𝒙)2  

=
𝒆𝒙(1 − 𝑥)

(𝑒𝑥)2  

=
1 − 𝑥

𝒆𝒙  

𝒉(𝒙) = 𝒆𝒙 
𝒉′(𝒙) = 𝒆𝒙 

(c) 

(1) (1) 
𝒈(𝒙) = 𝒙 
𝒈′(𝒙) = 𝟏 

 

(1) 

𝑓(𝑥) = −2𝑥𝑒5𝑥 

 

 

𝑓′(𝑥) = 𝒉(𝒙)𝒈′(𝒙) + 𝒈(𝒙)𝒉′(𝒙) 

= 𝒆𝟓𝒙(−𝟐) − 𝟐𝒙(𝟓)𝒆𝟓𝒙 

= −𝟐𝒆𝟓𝒙(1 + 5𝑥) 

 

𝒉(𝒙) = 𝒆𝟓𝒙 

𝒉′(𝒙) = 𝟓𝒆𝟓𝒙 

(e) 

(1) (1) 

𝒈(𝒙) = −𝟐𝒙 

𝒈′(𝒙) = −𝟐 

(1) 

𝑓(𝑥) =
5𝑥 − 2

𝑒2𝑥  

 

 

𝑓′(𝑥) =
𝒉(𝒙)𝒈′(𝒙) − 𝒈(𝒙)𝒉′(𝒙)

(𝒉(𝒙))2  

=
𝒆𝟐𝒙(𝟓) − (𝟓𝒙 − 𝟐)൫𝟐𝒆𝟐𝒙൯

(𝒆𝟐𝒙)2
 

=
𝒆𝟐𝒙൫5 − (5𝑥 − 2)(2)൯

(𝑒2𝑥)2  

=
5 − 𝟏𝟎𝒙 + 𝟒

𝒆𝟐𝒙
 

=
𝟗 − 10𝑥

𝑒2𝑥  

 

𝒈(𝒙) = 𝟓𝒙 − 𝟐 
𝒈′(𝒙) = 𝟓 

 

𝒉(𝒙) = 𝒆𝟐𝒙 
𝒉′(𝒙) = 𝟐𝒆𝟐𝒙 

(d) 

(1) (1) 

(1) 

𝑦 =
ξ𝑥

𝑒3𝑥 

 

 

 

𝒅𝒚

𝒅𝒙
=

𝒗
𝒅𝒖
𝒅𝒙

 –  𝒖
𝒅𝒗
𝒅𝒙

𝒗𝟐
 

=

𝒆𝟑𝒙 ൬
𝟏

𝟐ξ𝒙
൰ − ξ𝒙൫𝟑𝒆𝟑𝒙൯

(𝒆𝟑𝒙)2
 

=

𝟐𝒆𝟑𝒙 ൬
𝟏

ξ𝒙
൰ ቀ

1
2 − 3𝑥ቁ

𝟐(𝑒3𝑥)2
 

=
𝟏 − 𝟔𝒙

𝟐𝒆𝟑𝒙ξ𝒙
 

𝒖 = ξ𝒙 
𝒅𝒖

𝒅𝒙
=

𝟏

𝟐ξ𝒙
 

 

(h) 

𝒗 = 𝒆𝟑𝒙 
𝒅𝒗

𝒅𝒙
= 𝟑𝒆𝟑𝒙 (1) (1) 

(1) 

(1) 

𝑦 = (𝑥 − 3)3𝑒2𝑥 

 

 

 

𝑑𝑦

𝑑𝑥
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

= 𝒆𝟐𝒙(𝟑)(𝒙 − 𝟑)𝟐 + (𝒙 − 𝟑)𝟑൫𝟐𝒆𝟐𝒙൯ 

= 𝒆𝟐𝒙(𝒙 − 𝟑)𝟐(3 + 2(𝑥 − 3)) 

= 𝑒2𝑥(𝑥 − 3)2(3 + 𝟐𝒙 − 𝟔) 

= 𝑒2𝑥(𝑥 − 3)2(2𝑥 − 𝟑) 

 

(g) 

𝒗 = 𝒆𝟐𝒙 
𝒅𝒗

𝒅𝒙
= 𝟐𝒆𝟐𝒙 

𝒖 = (𝒙 − 𝟑)𝟑 
𝒅𝒖

𝒅𝒙
= 𝟑(𝒙 − 𝟑)𝟐 

 

(1) (1) 

(1) 

(1) 

𝑓(𝑥) = 𝑒𝑥(2 − 𝑥)4 

 

 

𝑓′(𝑥) = 𝒉(𝒙)𝒈′(𝒙) + 𝒈(𝒙)𝒉′(𝒙) 

= (𝟐 − 𝒙)𝟒𝒆𝒙 + 𝒆𝒙(−𝟒)(𝟐 − 𝒙)𝟑 

= 𝒆𝒙(𝟐 − 𝒙)𝟑(2 − 𝑥 − 4) 

= 𝑒𝑥(𝒙 − 𝟐)3(𝒙 + 𝟐) 

(f) 

𝒉(𝒙) = (𝟐 − 𝒙)𝟒 

𝒉′(𝒙) = −𝟒(𝟐 − 𝒙)𝟑 

𝒈(𝒙) = 𝒆𝒙 

𝒈′(𝒙) = 𝒆𝒙 (1) (1) 

(1) 

(1) 
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Points to note: (j) requires you to derive ln(𝑥) (log
𝑒

𝑥), however you do not need to know how to do this until unit 4. 

There was likely a typo in the question, and it should be 𝑦 = 𝑒2𝑥𝑒
3

2
𝑥 or similar, in which case the answer is:  

𝑑𝑦

𝑑𝑥
=

7𝑒
7𝑥
2

2
. 

 

Integration of Exponential Functions: Qs 1.51, 1.61, 1.71, 1.81 

1.51                        [25 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

(𝐻𝑖𝑛𝑡: 
𝑑

𝑑𝑥
(ln 𝑥) =

1

𝑥
) 

𝑦 = 𝑒2𝑥𝑥
3
2𝑥 

 

 

 

 

 

 

 

 

 

𝑑𝑦

𝑑𝑥
= 𝒗

𝒅𝒖

𝒅𝒙
+ 𝒖

𝒅𝒗

𝒅𝒙
 

= 𝒙
𝟑
𝟐𝒙൫𝟐𝒆𝟐𝒙൯ +

𝟑

𝟐
𝒆𝟐𝒙𝒙

𝟑
𝟐𝒙(𝟏 + 𝐥𝐧(𝒙)) 

= 𝒆𝟐𝒙𝒙
𝟑
𝟐𝒙 ቆ2 +

3

2
(1 + ln(𝑥))ቇ 

=
𝟏

𝟐
𝑒2𝑥𝑥

3
2𝑥 ቆ(𝟐)2 + (𝟐)

3

2
(1 + ln(𝑥))ቇ 

=
1

2
𝑒2𝑥𝑥

3
2

𝑥൫𝟒 + 𝟑(1 + ln(𝑥))൯ 

=
1

2
𝑒2𝑥𝑥

3
2𝑥(4 + 𝟑 + 𝟑 𝐥𝐧(𝒙)) 

=
1

2
𝑒2𝑥𝑥

3
2𝑥(𝟕 + 3 ln(𝑥)) 

𝒗 = 𝒙
𝟑
𝟐𝒙 

= 𝒆
𝐥𝐧ቆ𝑥

3
2𝑥

ቇ
 

= 𝑒
𝟑
𝟐𝒙 ln(𝑥) 

𝑑𝑣

𝑑𝑥
= ൬

𝟑

𝟐
𝒙 ൬

𝟏

𝒙
൰ +

𝟑

𝟐
𝐥𝐧(𝒙)൰ 𝑒

3
2𝑥 ln(𝑥) 

=
𝟑

𝟐
𝑒

3
2

𝑥 ln(𝑥)
൬𝒙 ൬

𝟏

𝒙
൰ + 𝐥𝐧(𝒙)൰ 

=
3

2
𝒙

𝟑
𝟐𝒙(𝟏 + ln(𝑥)) 

 

(j) 

𝒖 = 𝒆𝟐𝒙 
𝒅𝒖

𝒅𝒙
= 𝟐𝒆𝟐𝒙 

 

(1) 

(1) 

(1) 

(1) 

න 3𝑒𝑥  𝑑𝑥 

= 3 න 𝑒𝒙𝑑𝑥 

න 𝒇′(𝒙)𝑒𝒇(𝒙)𝑑𝑥 = 𝑒𝒇(𝒙) + 𝐶 

3 න 𝑒𝒙𝑑𝑥 = 3(𝑒𝒙 + 𝐶) 

= 3𝑒𝑥 + 𝒄 

 

(a) 

(1) 

(1) 

𝑓(𝑥) =
𝑒𝑥

6𝑥 − 3
 

 

 

𝑓′(𝑥) =
𝒉(𝒙)𝒈′(𝒙) − 𝒈(𝒙)𝒉′(𝒙)

(𝒉(𝒙))2  

=
(𝟔𝒙 − 𝟑)𝒆𝒙 − 𝒆𝒙(𝟔)

(𝟔𝒙 − 𝟑)2  

=
𝒆𝒙(6𝑥 − 3 − 6)

𝟑𝟐(2𝑥 − 1)2
 

=
𝑒𝑥(6𝑥 − 𝟗)

𝟗(2𝑥 − 1)2 

=
𝑒𝑥(𝟐𝒙 − 𝟑)

𝟑(2𝑥 − 1)2  

 

(i) 

𝒉(𝒙) = 𝟔𝒙 − 𝟑 
𝒉′(𝒙) = 𝟔 

𝒈(𝒙) = 𝒆𝒙 
𝒈′(𝒙) = 𝒆𝒙 

 
(1) (1) 

(1) 

(1) 

න −5𝑒2𝑥𝑑𝑥 

= −
5

2
න 𝟐𝑒𝟐𝒙 𝑑𝑥 

න 𝒇′(𝒙)𝑒𝒇(𝒙)𝑑𝑥 = 𝑒𝒇(𝒙) + 𝐶 

−
5

2
න 𝟐𝑒𝟐𝒙 𝑑𝑥 = −

5

2
൫𝑒𝟐𝒙 + 𝐶൯ 

= −
5

2
𝑒2𝑥 + 𝒄 

(b) 

(1) 

(1) 
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Point to note: there was a typo in (g). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

න 6𝑒2𝑥  𝑑𝑥 

= 3 න 𝟐 𝑒𝟐𝒙𝑑𝑥 

න 𝒇′(𝒙)𝑒𝒇(𝒙)𝑑𝑥 = 𝑒𝒇(𝒙) + 𝐶 

3 න 𝟐 𝑒𝟐𝒙𝑑𝑥 = 3൫𝑒𝟐𝒙 + 𝐶൯ 

= 3𝑒2𝑥 + 𝒄 

(c) 

(1) 

(1) 

න 8𝑒
1
2𝑥𝑑𝑥 

= 8(2) න
𝟏

𝟐
𝑒

𝟏
𝟐𝒙𝑑𝑥 

න 𝒇′(𝒙)𝑒𝒇(𝒙)𝑑𝑥 = 𝑒𝒇(𝒙) + 𝐶 

8(2) න
𝟏

𝟐
𝑒

𝟏
𝟐𝒙𝑑𝑥 = 16 ൬𝑒

𝟏
𝟐𝒙 + 𝐶൰ 

= 16𝑒
1
2𝑥 + 𝒄 

(d) 

(1) 

(1) 

න 8𝑒2𝑥𝑑𝑥 

= 4 න 𝟐 𝑒𝟐𝒙𝑑𝑥 

න 𝒇′(𝒙)𝑒𝒇(𝒙)𝑑𝑥 = 𝑒𝒇(𝒙) + 𝐶 

4 න 𝟐 𝑒𝟐𝒙𝑑𝑥 = 4൫𝑒𝟐𝒙 + 𝐶൯ 

= 4𝑒2𝑥 + 𝒄 

(f) 

(1) 

(2) 

න 𝒇′(𝒙)𝑒𝒇(𝒙)𝑑𝑥 = 𝑒𝒇(𝒙) + 𝐶 

න −𝟑𝑒−𝟑𝒙 𝑑𝑥 = 𝑒−𝟑𝒙 + 𝐶 

 

(e) 

(2) 

න 4𝑒−
1
4𝑥  𝑑𝑥 

= 4(−4) න −
𝟏

𝟒
𝑒−

𝟏
𝟒𝒙𝑑𝑥 

න 𝒇′(𝒙)𝑒𝒇(𝒙)𝑑𝑥 = 𝑒𝒇(𝒙) + 𝐶 

4(−4) න −
𝟏

𝟒
𝑒−

𝟏
𝟒𝒙𝑑𝑥 = −16 ൬𝑒−

𝟏
𝟒𝒙 + 𝐶൰ 

= −16𝑒−
1
4𝑥 + 𝒄 

 

(h) 

(1) 

(2) 

න −2𝑥𝑒𝑥2−2 𝑑𝑥 

= − න 𝟐𝒙𝑒𝒙𝟐−𝟐 𝑑𝑥 

න 𝒇′(𝒙)𝑒𝒇(𝒙)𝑑𝑥 = 𝑒𝒇(𝒙) + 𝐶 

− න 𝟐𝒙𝑒𝒙𝟐−𝟐 𝑑𝑥 = − ቀ𝑒𝒙𝟐−𝟐 + 𝐶ቁ 

= −𝑒𝑥2−2 + 𝒄 

 

(g) 

(1) 

(2) 

න 8𝑒−4𝑥+2 𝑑𝑥 

= −2 න −𝟒𝑒−𝟒𝒙+𝟐𝑑𝑥 

න 𝒇′(𝒙)𝑒𝒇(𝒙)𝑑𝑥 = 𝑒𝒇(𝒙) + 𝐶 

−2 න −𝟒𝑒−𝟒𝒙+𝟐𝑑𝑥 = −2൫𝑒−𝟒𝒙+𝟐 + 𝐶൯ 

= −2𝑒−4𝑥+2 + 𝒄 

(i) 

(1) 

(2) 

න 𝒇′(𝒙)𝑒𝒇(𝒙)𝑑𝑥 = 𝑒𝒇(𝒙) + 𝐶 

න 𝟒𝒙𝑒𝟐𝒙𝟐
𝑑𝑥 = 𝑒𝟐𝒙𝟐

+ 𝐶 

(j) 

(3) 
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1.61                       [25 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

න 𝑒−2𝑥  𝑑𝑥 

= −
1

2
න −𝟐 𝑒−𝟐𝒙𝑑𝑥 

න 𝒇′(𝒙)𝑒𝒇(𝒙)𝑑𝑥 = 𝑒𝒇(𝒙) + 𝐶 

−
1

2
න −𝟐 𝑒−𝟐𝒙𝑑𝑥 = −

1

2
൫𝑒−𝟐𝒙 + 𝐶൯ 

= −
1

2
𝑒−2𝑥 + 𝒄 

(a) 

(1) 

(1) 

න 𝒇′(𝒙)𝑒𝒇(𝒙)𝑑𝑥 = 𝑒𝒇(𝒙) + 𝐶 

න 𝟐𝒙𝑒𝒙𝟐
𝑑𝑥 = 𝑒𝒙𝟐

+ 𝐶 

 

(b) 

(2) 

න −
1

2
𝑒

1
2𝑥𝑑𝑥 

= − න
𝟏

𝟐
𝑒

𝟏
𝟐𝒙𝑑𝑥 

න 𝒇′(𝒙)𝑒𝒇(𝒙)𝑑𝑥 = 𝑒𝒇(𝒙) + 𝐶 

− න
𝟏

𝟐
𝑒

𝟏
𝟐𝒙𝑑𝑥 = −𝑒

𝟏
𝟐𝒙 + 𝑐 

(d) 

(1) 

(1) 

න 4𝑥𝑒4𝑥2
− 3𝑥3𝑑𝑥 

=
1

2
න 𝟖𝒙𝑒𝟒𝒙𝟐

𝑑𝑥 − 3 න 𝑥3 𝑑𝑥 

=
1

2
𝑒𝟒𝒙𝟐

−
3

4
𝑥4 + 𝐶 

 

(f) 

(1) 

(2) 

න
8

𝑒2𝑥  𝑑𝑥 

= −4 න −𝟐𝑒−𝟐𝒙 𝑑𝑥 

= −4𝑒−𝟐𝒙 + 𝐶 

(h) 

(1) 

(2) 

න 5𝑥𝑒 𝑥2−2 𝑑𝑥 

=
5

2
න 𝟐𝒙𝑒𝒙𝟐−𝟐 𝑑𝑥 

න 𝒇′(𝒙)𝑒𝒇(𝒙)𝑑𝑥 = 𝑒𝒇(𝒙) + 𝐶 

5

2
න 𝟐𝒙𝑒𝒙𝟐−𝟐 𝑑𝑥 =

5

2
𝑒𝒙𝟐−𝟐 + 𝑐 

(e) 

(1) 

(1) 

න 4𝑥𝑒𝑥2−7 𝑑𝑥 

= 2 න 𝟐𝒙𝑒𝒙𝟐−𝟕𝑑𝑥 

= 2𝑒𝒙𝟐−𝟕 + 𝐶 

(g) 

(1) 

(2) 

න
1

2
𝑒−6𝑥   𝑑𝑥 

= −
1

12
න −𝟔𝑒−𝟔𝒙  𝑑𝑥 

= −
1

12
𝑒−𝟔𝒙 + 𝐶 

(i) 

(1) 

(2) 

න 9𝑥𝑒𝑥2
−

1

3𝑥2 𝑑𝑥 

=
9

2
න 𝟐𝒙𝑒𝒙𝟐

𝑑𝑥 − න
1

3𝑥2 𝑑𝑥 

=
9

2
𝑒𝒙𝟐

+
1

3𝑥
+ 𝐶 

(j) 

(1) 

(2) 

න 𝑒−2𝑥 + 𝑒4𝑥  𝑑𝑥 

= −
1

2
න −𝟐𝑒−𝟐𝒙𝑑𝑥 +

1

4
න 𝟒𝑒𝟒𝒙𝑑𝑥 

න 𝒇′(𝒙)𝑒𝒇(𝒙)𝑑𝑥 = 𝑒𝒇(𝒙) + 𝐶 

−
1

2
න −𝟐𝑒−𝟐𝒙𝑑𝑥 +

1

4
න 𝟒𝑒𝟒𝒙𝑑𝑥 

= −
1

2
𝑒−𝟐𝒙 +

1

4
𝑒𝟒𝒙 + 𝑐 

 

(c) 

(1) 

(1) 
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1.71                       [30 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

න 2𝑒𝑥
0

−1

𝑑𝑥 

= 2 න 𝑒𝒙
0

−1

𝑑𝑥 

= 2ሾ𝑒𝒙ሿ−1
0  

= 2(𝑒0 − 𝑒−1) 

= 𝟐 −
𝟐

𝒆
 

= 1.264 (3𝑑. 𝑝. ) 

(b) 

(1) 

(1) 

(1) 

න 𝑒𝒙
4

2

𝑑𝑥 

= ሾ𝑒𝒙ሿ2
4 

= 𝑒4 − 𝑒2 

= 47.209 (3𝑑. 𝑝. ) 

 

(a) 

(1) 

(2) 

න 𝟑𝑒𝟑𝒙
5

0

𝑑𝑥 

= ൣ𝑒𝟑𝒙൧
0

5
 

= 𝑒3(5) − 𝑒3(0) 

= 𝒆𝟏𝟓 − 𝟏 

= 3 269 016.372 (3𝑑. 𝑝. ) 

(c) 

(1) 

(2) 

න 𝑒−2𝑥
0

4

𝑑𝑥 

= −
1

2
න −𝟐𝑒−𝟐𝒙𝑑𝑥

0

4

 

= −
1

2
ൣ𝑒−𝟐𝒙൧

4

0
 

= −
1

2
൫𝑒−2(0) − 𝑒−2(4)൯ 

=
𝟏

𝟐
𝒆−𝟖 −

𝟏

𝟐
 

= −0.500 (3𝑑. 𝑝. ) 

(d) 

(1) 

(1) 

(1) 

න 𝟐𝒙𝑒𝒙𝟐
4

2

𝑑𝑥 

= ቂ𝑒𝒙𝟐
ቃ

2

4
 

= 𝑒42
− 𝑒22

 

= 𝑒𝟏𝟔 − 𝑒𝟒 

8 886 055.922 (3𝑑. 𝑝. ) 

(e) 

(2) 

(1) 

න 𝑒−
1
3𝑥

0

−2

 𝑑𝑥 

= −3 න −
𝟏

𝟑
𝑒−

𝟏
𝟑𝒙

0

−2

 𝑑𝑥 

= −3 𝑒−
𝟏
𝟑𝒙൨

−2

0

 

= −3 ൬𝑒−
1
3(0) − 𝑒−

1
3(−2)൰ 

= 𝟑𝑒
𝟐
𝟑 − 𝟑 

= 2.843 (3𝑑. 𝑝. ) 

 

(f) 

(1) 

(1) 

(1) 

න
1

2
𝑒3𝑥

−1

0

 𝑑𝑥 

=
1

2(3)
න 𝟑𝑒𝟑𝒙𝑑𝑥

−1

0

 

=
1

6
ൣ𝑒𝟑𝒙൧

0

−1
 

=
1

6
൫𝑒3(−1) − 𝑒−(0)൯ 

=
𝟏

𝟔
𝑒−𝟑 −

𝟏

𝟔
 

= −0.158 (3𝑑. 𝑝. ) 

 

(h) 

(1) 

(1) 

(1) 

න 8𝑥𝑒2𝑥2−4
3

1

 𝑑𝑥 

= 2 න 𝟒𝒙𝑒𝟐𝒙𝟐−𝟒𝑑𝑥
3

1

 

= 2 ቂ𝑒𝟐𝒙𝟐−𝟒ቃ
1

3
 

= 2൫𝑒2(3)2−4 − 𝑒2(1)2−4൯ 

= 𝟐𝑒𝟏𝟒 − 𝟐𝑒−𝟐 

= 2 405 208.298 (3𝑑. 𝑝. ) 

(g) 

(1) 

(1) 

(1) 
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1.81                       [12 marks]     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑓′(𝑥) = 4𝑥𝑒𝑥2
 

𝑓(𝑥) = න 4𝑥𝑒𝑥2
𝑑𝑥 

= 2 න 𝟐𝒙𝑒𝒙𝟐
𝑑𝑥 

= 2𝑒𝒙𝟐
+ 𝐶 

 

𝑓(2) = 2𝑒4 − 3 = 2𝑒(2)2
+ 𝐶 

2𝑒4 − 3 = 2𝑒𝟒 + 𝐶 

𝐶 = −3 

 

𝑓(𝑥) = 2𝑒𝑥2
− 3 

(c) 

(1) 

(1) 

(1) 

න −4𝑥𝑒2𝑥2−3
−1

3

𝑑𝑥 

= − න 𝟒𝒙𝑒𝟐𝒙𝟐−𝟑𝑑𝑥
−1

3

 

= − ቂ𝑒𝟐𝒙𝟐−𝟑ቃ
3

−1
 

= −൫𝑒2(−1)2−3 − 𝑒2(3)2−3൯ 

= 𝑒𝟏𝟓 − 𝑒−𝟏 

= 3 269 017.005 (3𝑑. 𝑝. ) 

(j) 

(1) 

(1) 

(1) 

න 2𝑥2 + 4𝑒2𝑥
−2

2

 𝑑𝑥 

= 2 න ൫𝑥2 + 𝟐𝑒𝟐𝒙൯𝑑𝑥
−2

2

 

= 2 
1

3
𝑥3 + 𝑒𝟐𝒙൨

2

−2

 

= 2 ൬
1

3
(−2)3 + 𝑒2(−2) −

1

3
(2)3 − 𝑒2(2)൰ 

= 2 ൬−
𝟖

𝟑
+ 𝑒−𝟒 −

𝟖

𝟑
− 𝑒𝟒൰ 

= −
𝟑𝟐

𝟑
+ 𝟐𝑒−4 − 𝟐𝑒4 

= −119.826 (3𝑑. 𝑝. ) 

(i) 

(1) 

(1) 

(1) 

𝑓′(𝑥) = −2𝑒𝑥  

𝑓(𝑥) = න −2𝑒𝑥𝑑𝑥 

= −2 න 𝑒𝒙𝑑𝑥 

= −2𝑒𝒙 + 𝐶 

 

𝑓(1) = −2𝑒 − 2 = −2𝑒 + 𝐶 

𝐶 = −2 

 

𝑓(𝑥) = −2𝑒𝑥 − 2 

(b) 

(1) 

(1) 

(1) 

𝑓′(𝑥) = 𝑒2𝑥 

𝑓(𝑥) = න 𝑒𝟐𝒙𝑑𝑥 

=
1

2
න 𝟐 𝑒𝟐𝒙𝑑𝑥 

=
1

2
𝑒𝟐𝒙 + 𝐶 

 

𝑓(0) = 1.5 =
1

2
𝑒2(0) + 𝐶 

1.5 =
1

2
+ 𝐶 

𝐶 = 1 

 

𝑓(𝑥) =
1

2
𝑒2𝑥 + 1 

(a) 

(1) 

(1) 

(1) 

𝑓′(𝑥) = 𝑒−
1
2𝑥 

𝑓(𝑥) = න 𝑒−
1
2𝑥 𝑑𝑥 

= −2 න −
𝟏

𝟐
𝑒−

𝟏
𝟐𝒙 𝑑𝑥 

= −2𝑒−
𝟏
𝟐𝒙 + 𝐶 

 

𝑓(3) = −2𝑒−
3
2 − 1 = −2𝑒−

1
2(3) + 𝐶 

−2𝑒−
3
2 − 1 = −2𝑒−

𝟑
𝟐 + 𝐶 

𝐶 = −1 

 

𝑓(𝑥) = −2𝑒−
1
2𝑥 − 1 

(d) 

(1) 

(1) 

(1) 
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Concept 2 

Applications of Exponential Functions – Repetitive Questions Answers 

___________________________________________________________________________ 
 

Differentiation Applications of Exponential Functions: Qs 2.11, 2.21, 2.31, 2.41 

2.11                                                             [6 marks] 

 

 

 

 

 

2.21                                                             [6 marks] 

 

 

 

 

 

 

2.31                                                             [4 marks] 

 

 

 

 

 

 

 

 

2.41                                                             [4 marks] 

 

 

 

 

 

 

2.51                                                             [5 marks] 

 

 

 

 

 

 

2.61                                                             [8 marks] 

 

 

 

 

 

𝑃(𝑡) = 100𝑒𝑘𝑡  
200 = 100𝑒5𝑘  

2 = 𝑒5𝑘  

𝑘 =
𝐼𝑛2

5
 (1) 

𝑷(𝒕) = 𝟏𝟎𝟎𝒆
𝑰𝒏𝟐

𝟓
𝒕 (1) 

5 𝑑𝑎𝑦𝑠 = 5 × 24 ℎ𝑜𝑢𝑟𝑠 = 120 ℎ𝑜𝑢𝑟𝑠 

𝑃(120) = 100𝑒
𝐼𝑛2

5
(120) (1) 

𝑷(𝟏𝟐𝟎) = 𝟏, 𝟔𝟕𝟕, 𝟕𝟐𝟏, 𝟔𝟎𝟎 𝒃𝒂𝒄𝒕𝒆𝒓𝒊𝒂 (1) 

𝑑𝑃

𝑑𝑡
= −0.075𝑃 (1) 

𝑃(𝑡) = 1 000𝑒−0.075𝑡 
250 = 1 000𝑒−0.075𝑡 (1) 

0.25 = 𝑒−0.075𝑡 
𝐼𝑛(0.25) = −0.075𝑡 
𝒕 = 𝟏𝟖. 𝟓 𝒚𝒆𝒂𝒓𝒔 (2) 

 

 
𝐴 = 1 000𝑒𝑘𝑡 (1) 

1 000 000 = 1 000𝑒60𝑘 (1) 

1 000 = 𝑒60𝑘 
𝐼𝑛(1 000) = 60𝑘 

𝑘 =
𝐼𝑛(1 000)

60
= 0.12  

𝑨 𝒎𝒐𝒏𝒕𝒉𝒍𝒚 𝒈𝒓𝒐𝒘𝒕𝒉 𝒓𝒂𝒕𝒆 𝒐𝒇 𝟏𝟐% 𝒊𝒔 𝒏𝒆𝒆𝒅𝒆𝒅. (3) 
 
 

 𝑦 = 100𝑒0.009669𝑡 
1 000 000 = 100𝑒0.009669𝑡 (1) 

10 000 = 𝑒0.009669𝑡 
𝐼𝑛(10 000) = 0.009669𝑡 

𝑡 =
𝐼𝑛(10 000)

0.009669
 

𝒕 = 𝟗𝟓𝟐. 𝟔 𝒅𝒂𝒚𝒔 (2) 

(a) (b) 

𝑓(𝑡) = 1(1 + 0.25)𝑡  
𝑓(𝑡) = (1.25)𝑡 

1 𝑦𝑒𝑎𝑟 = 12 𝑚𝑜𝑛𝑡ℎ𝑠 (1) 
𝑓(12) = (1.25)12 

𝒇(𝟏𝟐) = $𝟏𝟒. 𝟓𝟓 (2) 

𝑓(𝑡) = (1.25)𝑡 
5 𝑦𝑒𝑎𝑟𝑠 = 60 𝑚𝑜𝑛𝑡ℎ𝑠 (1) 

𝑓(60) = (1.25)60 
𝒇(𝟔𝟎) = $𝟔𝟓𝟐 𝟓𝟑𝟎. 𝟒𝟓 (2) 

(a) (b) 

𝑓(𝑡) = 𝑎(1 − 0.05)𝑡 
1 500 = 𝑎(0.95)1 (1) 

𝑎 = 1 578.95 
𝑵𝒆𝒘 𝒄𝒐𝒎𝒑𝒖𝒕𝒆𝒓 𝒘𝒂𝒔 $𝟏 𝟓𝟕𝟖. 𝟗𝟓. (2) 

 

500 = 1 578.95(0.95)𝑡 (1) 
500

1 578.95
= 0.95𝑡 

𝑡 = 𝑙𝑜𝑔0.95(
500

1 578.95
)  

𝒕 = 𝟐𝟐. 𝟒𝟐 𝒚𝒆𝒂𝒓𝒔 (2) 
 
 

(b) (a) 

𝑦(400) = 100𝑒0.009669(400) 
𝒚 = 𝟒𝟕𝟖𝟐. 𝟕 𝒗𝒊𝒆𝒘𝒔 (2) 
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2.62                                  [11 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

General Applications of Exponential Functions: Qs 2.71, 2.81, 2.81, 2.82, 2.91, 2.111, 2.121 
2.71                                                               [8 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑦 = 100𝑒0.009669𝑡 
1 000 000 000 = 100𝑒0.009669𝑡 (1) 

10 000 000 = 𝑒0.009669𝑡 
𝐼𝑛(10 000 000) = 0.009669𝑡 

𝑡 =
𝐼𝑛(10 000 000)

0.009669
 

𝒕 = 𝟏 𝟔𝟔𝟕 𝒅𝒂𝒚𝒔 (2) 

 

(c) 

𝑃 = 375 − 𝑒
𝑡

25 

𝑃 = 375 − 𝑒
0

25 (2) 
𝑃 = 375 − 1 

𝑷 = 𝟑𝟕𝟒 𝒑𝒖𝒇𝒇𝒆𝒓𝒇𝒊𝒔𝒉 (2) 

(a) 0 = 375 − 𝑒
𝑡

25 (1) 

𝑒
𝑡

25 = 375 

𝐼𝑛(375) =
𝑡

25
  

𝑡 = 25𝐼𝑛(375) 
𝒕 = 𝟏𝟒𝟖. 𝟐 𝒎𝒐𝒏𝒕𝒉𝒔 (1) 

(b) 

𝑷 = 𝟑𝟕𝟓 − 𝒆
𝒕

𝟐𝟓 

𝐽𝑒𝑙𝑙𝑦𝑓𝑖𝑠ℎ =
𝑃

50
  

𝑹𝒂𝒕𝒆 𝒐𝒇 𝒊𝒏𝒄𝒓𝒆𝒂𝒔𝒆 =
𝟏

𝟓𝟎
 (1) 

𝑃𝑢𝑓𝑓𝑒𝑟𝑓𝑖𝑠ℎ = 375 − 𝑒
𝑡

25  

𝑹𝒂𝒕𝒆 𝒐𝒇 𝒅𝒆𝒄𝒓𝒆𝒂𝒔𝒆 =
−𝒆

𝒕
𝟐𝟓

𝟐𝟓
 (1) 

1

50
=

−𝑒
𝑡

25

25
  

𝑒
𝑡

25 = −
1

2
  

𝑡 = −25𝐼𝑛 ቀ
1

2
ቁ  

𝒕 = 𝟏𝟕. 𝟑 𝒎𝒐𝒏𝒕𝒉𝒔 (1) 
 
 

 

(c) 
𝑃 = 375 − 𝑒

𝑡

25  
𝑑𝑃

𝑑𝑡
=

𝑃

50
  

=
375−𝑒

𝑡
25

50
  

10 =
15𝑡

2
−

𝑒
𝑡

25

2
+ 𝑐  

𝑐 = 9.5  

375 − 𝑒
𝑡

25 =
15𝑡

2
−

𝑒
𝑡

25

2
+ 9.5 (1) 

𝒕 = 𝟒𝟖. 𝟑 𝒎𝒐𝒏𝒕𝒉𝒔 (1) 

(d) 

𝑀(𝑡) = 100𝑡𝑒−
𝑡

2  

𝑀(0) = 100(0)𝑒−
0

2 (1) 
𝑴(𝟎) = 𝟎𝒎𝒈 (1) 

𝑀(5) = 100(5)𝑒−
5

2 (1) 
𝑴(𝟓) = 𝟒𝟏. 𝟎𝟒𝒎𝒈 (1) 

𝑀(𝑡) = 100𝑡𝑒−
𝑡

2
   

𝑀′(𝑡) = −50𝑡𝑒−
𝑡

2 + 100𝑒−
𝑡

2  

−50𝑡𝑒−
𝑡

2 + 100𝑒−
𝑡

2 = 0  

−50𝑒−
𝑡
2(𝑡 − 2) = 0 

𝑒−
𝑡
2 = 0 

𝐼𝑛(0) = −
𝑡

2
 (𝑡 𝑖𝑠 𝑢𝑛𝑑𝑒𝑓𝑖𝑛𝑒𝑑) 

 (𝑡 − 2) = 0 
𝒕 = 𝟐 

𝑇ℎ𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑐𝑐𝑢𝑟𝑠 𝑎𝑓𝑡𝑒𝑟 2 ℎ𝑜𝑢𝑟𝑠 (1) 

𝑀(2) = 100(2)𝑒−
2
2

  
𝑀(2) = 200𝑒−1 

𝑴(𝟐) = 𝟕𝟑. 𝟓𝟖𝒎𝒈 (1) 

𝑀(𝑡) = 100𝑡𝑒−
𝑡
2 

9 = 100𝑡𝑒−
𝑡

2  (1) 
𝒕 = 𝟒. 𝟖𝟐 𝒉𝒐𝒖𝒓𝒔  (1) 

 

(a) 

(b) 

(c) 



 18 

 

2.81                                                             [10 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.82                                                             [14 marks] 

 

 

 

 

 

 

 

 

 

 

 

2.91                                                             [14 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑣(𝑡) = 100(1 − 𝑒−0.1𝑡) 

𝑣(5) = 100൫1 − 𝑒−0.1(5)൯ (1) 

𝒗(𝟓) = 𝟑𝟗. 𝟑𝟓 𝒎/𝒔 (2) 

 

(a) 

(b) 

𝑣(𝑡) = 100(1 − 𝑒−0.1𝑡) 
𝑇𝑒𝑟𝑚𝑖𝑛𝑎𝑙 𝑠𝑝𝑒𝑒𝑑 𝑎𝑡 𝑡 = 124 (1) 

𝑣(124) = 100൫1 − 𝑒−0.1(124)൯ 

𝑻𝒆𝒓𝒎𝒊𝒏𝒂𝒍 𝒔𝒑𝒆𝒆𝒅 𝒊𝒔 𝟏𝟎𝟎 𝒎/𝒔 (2) 
 

 

𝑃(𝑡) =
200

(1+19𝑒
−

𝑡
2)2

  

𝑃(0) =
200

(1+19𝑒
−

0
2)2

  

𝑃(0) =
1

2
  

𝟏

𝟐
≥ 𝑷 ≥ ∞ (1) 

𝑇ℎ𝑒 𝑙𝑜𝑤𝑒𝑠𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑃 𝑖𝑠 0.5 𝑏𝑒𝑐𝑎𝑢𝑠𝑒 𝑡ℎ𝑖𝑠 𝑤𝑎𝑠 𝑡ℎ𝑒  
𝑏𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑐𝑎𝑛  

𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛𝑑𝑒𝑖𝑓𝑖𝑛𝑡𝑖𝑒𝑙𝑦 𝑜𝑣𝑒𝑟 𝑡𝑖𝑚𝑒. (1) 
 

(b) 𝑃(𝑡) =
200

(1+19𝑒
−

𝑡
2)2

  

𝑃′(𝑡) =
19∗200𝑒

−
𝑡
2

(1+19𝑒
−

𝑡
2)2(1+19𝑒

−
𝑡
2)

  

𝑷′(𝒕) =
𝟑𝟖𝟎𝟎𝒆

−
𝒕
𝟐

(𝟏+𝟏𝟗𝒆
−

𝒕
𝟐)𝟑

 (3) 

(a) 

𝑃′(𝑡) =
3800𝑒

−
𝑡
2

ቆ1+19𝑒
−

𝑡
2ቇ

3  

(0, 0.475) 𝑎𝑛𝑑 (7.275, 29.63) 
𝑆𝑙𝑜𝑤𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 𝑎𝑛𝑑 𝑓𝑎𝑠𝑡𝑒𝑠𝑡 𝑟𝑎𝑡𝑒  

𝑤𝑜𝑢𝑙𝑑 𝑏𝑒 0 𝑎𝑛𝑑 7.275 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦. (1) 

𝑃(0) =
200

(1+19𝑒
−

0
2)2

  

𝑷(𝟎) =
𝟏

𝟐
 (1) 

𝑃(7.275) =
200

(1+19𝑒
−

7.275
2 )2

  

𝑷(𝟕. 𝟐𝟕𝟓) = 𝟖𝟗 (1) 

(d) 
𝑃′(𝑡) =

3800𝑒
−

𝑡
2

(1+19𝑒
−

𝑡
2)3

  

 
𝑦

400
(200 − 𝑃)  

 

(c) 

𝑣(𝑡) = 100 − 100𝑒−0.1𝑡 
𝒂(𝒕) = −𝟏𝟎𝒆−𝟎.𝟏𝒕 (2) 

 

(e) 

(c) 𝒔(𝒕) = 𝟏𝟎𝟎𝒕 + 𝟏𝟎𝒆𝟎.𝟏𝒕  (2) 

 

𝒗(𝟑) − 𝒗(𝟎) = 𝟕. 𝟕𝟗𝒎/𝒔 (2) 

 

(d) 

𝒔(𝟔𝟎) − 𝒔(𝟎) = 𝟏𝟎𝟎(𝟔𝟎) + 𝟏𝟎𝒆−𝟎.𝟏(𝟔𝟎) − 𝟏𝟎  (2) 
𝒔(𝟔𝟎) − 𝒔(𝟎) = 𝟓𝟗𝟗𝟎𝒎 

(f) 

𝑣(𝑡) = 4𝑒0.05𝑡 + 2  (1) 

𝑣(3) = 4𝑒0.05(3) + 2 (1) 
𝒗(𝟑) = 𝟔. 𝟔𝟓 𝒎/𝒔 (2) 

 

(a) 

(b) 

𝑎(𝑡) = 0.2𝑒0.05𝑡 
𝒂(𝟎) = 𝟎. 𝟐 𝒎/𝒔𝟐 (1) 

 

(e) 

(c) 

𝒔(𝒕) = 𝟖𝟎𝒆𝟎.𝟎𝟓𝒕 + 𝟐𝒕 + 𝟐  (2) 

 𝒔(𝟓) = 𝟏𝟏𝟒. 𝟕𝒎 (1) 
𝒔(𝟓) − 𝒔(𝟎) = 𝟑𝟐. 𝟕𝒎 (1) 

 

 

(d) 

𝒔(𝟓) = 𝟏𝟏𝟒. 𝟕𝒎  (2) 

(f) 
𝒗(𝟓) − 𝒗(𝟎) = 𝟏. 𝟏𝟒 𝒎/𝒔 (2) 

 

𝑎(𝑡) = 0.2𝑒0.05𝑡 
𝒂(𝟒) − 𝒂(𝟑) = 𝟎. 𝟎𝟏𝟏𝟗 𝒎/𝒔𝟐 (1) 
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2.101                                                             [8 marks] 

 

 

 

 

 

 

2.111                                                             [16 marks] 

 

 

 

 

 

 

 

 

 

 

 

2.121                                                             [16 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑵𝒆𝒕 𝑪𝒉𝒂𝒏𝒈𝒆 = 𝟏𝟖. 𝟒  (2) 

 

𝑵𝒆𝒕 𝑪𝒉𝒂𝒏𝒈𝒆 = 𝟏𝟐. 𝟏𝟗  (2) 

 

(a) 

(b) 

𝒅𝑷

𝒅𝒕
= 𝟐𝒕 + 𝒆𝟎.𝟎𝟒𝒕 (1) 

𝒅𝑷

𝒅𝒕
= 𝟐(𝟑) + 𝒆𝟎.𝟎𝟒(𝟑) = 𝟕. 𝟏𝟐𝟕 (1) 

 

 

(c) 

(d) 

𝑵𝒐 (2) 

 

(a) 𝑨 =  𝒆𝒙 𝑑𝑥
𝟏

𝟎
= 𝒆 − 𝟏 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(b) 𝑨 =  𝒆𝟐𝒙 − 𝟏 𝑑𝑥
𝟎

−𝟐
= 𝟏. 𝟓𝟏 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(c) 𝑨 =  𝒆−
𝟏

𝟒
𝒙 − 𝟒𝑑𝑥

𝟔

𝟐
= 𝟏𝟒. 𝟓 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(d) 𝑨 =  −𝟐𝒆𝒙 + 𝟖 𝑑𝑥
−𝟐

−𝟒
= 𝟏𝟓. 𝟕𝟕 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(a) 𝑨 =  ห𝒆𝒙 − 𝟐𝒙𝟐ห 𝑑𝑥
𝟏.𝟒𝟖𝟖

−𝟎.𝟓𝟒
= 𝟏. 𝟓𝟒 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(c) 𝑨 =  ቚ𝒙𝟑 −
𝟏

𝟐
𝒙𝟐 − 𝟐𝒙 − 𝟐𝒆𝒙 − 𝟓ቚ  𝑑𝑥

𝟎.𝟔𝟑𝟕

−𝟏.𝟖𝟖
= 𝟐. 𝟑 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(b) 𝑨 =  ห−𝒙𝟑 − 𝒆𝒙−𝟒 − 𝟓ห 𝑑𝑥
𝟎.𝟕𝟏𝟖

𝟎
= 𝟐. 𝟒𝟒 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(d) 𝑨 =  ฬ−𝒙𝟑 − 𝒙𝟐 + 𝟐𝒙 − 𝒆
𝟏

𝟒
𝒙 − 𝟏ฬ  𝑑𝑥

𝟎.𝟗𝟎

−𝟏.𝟗𝟑
= 𝟒. 𝟑𝟐 𝒖𝒏𝒊𝒕𝒔𝟐  

(4) 



 0 
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Concept 1 

Differentiation and Integration of Trigonometric Functions – 

Progressive Questions Answers 

___________________________________________________________________________ 

 

Differentiation of Trigonometric Functions: Q1, Q2, Q3, Q4, Q5, Q6, Q7 
1.                                                                                [20 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

2.                                                                                [20 marks]       

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem Set 6 – Trigonometric Functions 
Progressive Questions 

𝑓ሺ𝑥ሻ = 2 sinሺ−2𝑥ሻ 

𝒇′ሺ𝒙ሻ = −𝟒 𝐜𝐨𝐬 ሺ𝟐𝒙ሻ (2) 

 

(a) 
𝑓ሺ𝑥ሻ =

1

2
cosሺ4 − 8𝑥ሻ 

𝒇′ሺ𝒙ሻ = −𝟐ሺ𝟖𝒙 − 𝟒ሻ (2) 

 

(b) 

𝑓ሺ𝑥ሻ = 3 sinሺ5 − 2𝑥ሻ 

𝒇′ሺ𝒙ሻ = −𝟔 𝐜𝐨𝐬ሺ𝟐𝒙 − 𝟓ሻ (2) 

 

(c) 

𝑓ሺ𝑥ሻ = 2 sin3ሺ𝑥ሻ 

𝒇′ሺ𝒙ሻ = 𝟔 𝐜𝐨𝐬ሺ𝒙ሻ × 𝐬𝐢𝐧𝟐ሺ𝒙ሻ (2) 

 

(e) 

𝑓ሺ𝑥ሻ = sinሺ2𝑥ሻ − cosሺ𝑥ሻ 

𝒇′ሺ𝒙ሻ = 𝟐 𝐜𝐨𝐬ሺ𝟐𝒙ሻ + 𝐬𝐢𝐧 ሺ𝒙ሻ (2) 

 

 

(d) 

𝑓ሺ𝑥ሻ = 4 cos2ሺ𝑥ሻ 
𝒇′ሺ𝒙ሻ = −𝟏𝟐ሺ𝐜𝐨𝐬𝟐 𝒙ሻ × 𝐬𝐢𝐧ሺ𝒙ሻ (2) 

(f) 

𝑓ሺ𝑥ሻ = −5 cosሺ−5𝑥 − 8ሻ 

𝒇′ሺ𝒙ሻ = 𝟐𝟓 𝒔𝒊𝒏ሺ𝟓𝒙 − 𝟖ሻ (2) 

 

(g) 
𝑓ሺ𝑥ሻ = ඥsinሺ𝑥ሻ + 𝑥2 

𝒇′ሺ𝒙ሻ =
𝟒ඥ𝐬𝐢𝐧ሺ𝒙ሻ+𝐜𝐨𝐬ሺ𝒙ሻ 

𝟐ඥ𝐬𝐢𝐧ሺ𝒙ሻ 
 (2) 

(h) 

𝑓ሺ𝑥ሻ = − sin2ሺ𝑥ሻ 

𝒇′ሺ𝒙ሻ = −𝟐 𝐜𝐨𝐬ሺ𝒙ሻ × 𝐬𝐢𝐧ሺ𝒙ሻ (2) 

 

(i) 

𝑓ሺ𝑥ሻ = − cosሺ9𝑥ሻ +
3

𝑥3 

𝒇′ሺ𝒙ሻ =
𝟗𝒙𝟒𝐬𝐢𝐧ሺ𝟗𝒙ሻ−𝟗

𝒙𝟒  (2) 

(j) 

𝒇′ሺ𝒙ሻ = 𝒄𝒐𝒔ሺ𝒙ሻ  (2) 

 

(a) 

𝒇′ሺ𝒙ሻ = −𝒔𝒊𝒏ሺ𝒙ሻ  (2) 

 

(b) 

𝒇′ሺ𝒙ሻ = 𝟓𝒄𝒐𝒔ሺ𝒙ሻ  (2) 

 

(c) 

𝒇′ሺ𝒙ሻ = −𝟏𝟐𝒔𝒊𝒏ሺ𝟐𝒙ሻ  (2) 

 

(d) 

𝒇′ሺ𝒙ሻ = 𝟑𝒔𝒊𝒏ሺ𝟑𝒙ሻ  (2) 

 

(e) 

𝒇′ሺ𝒙ሻ = −𝒄𝒐𝒔ሺ𝟐𝒙ሻ  (2) 

 

(f) 

𝒇′ሺ𝒙ሻ = 𝟏𝟔𝒔𝒊𝒏ሺ𝟒𝒙 − 𝟗ሻ  (2) 

 

(g) 

𝒇′ሺ𝒙ሻ = −𝟐𝒄𝒐𝒔ሺ−𝒙ሻ  (2) 

 

(h) 

𝒇′ሺ𝒙ሻ = −𝟕𝒔𝒊𝒏ሺ𝟕𝒙 − 𝟒ሻ  (2) 

 

(i) 

𝒇′ሺ𝒙ሻ = −𝟑𝟔𝒄𝒐𝒔ሺ𝟑𝒙ሻ  (2) 

 

(j) 
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3.                                                                                [35 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

 

4.                                                                                [6 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑓ሺ𝑥ሻ = 𝒙 𝐬𝐢𝐧ሺ𝒙ሻ 

𝒇′ሺ𝒙ሻ = 𝒙 𝐜𝐨𝐬ሺ𝒙ሻ + 𝐬𝐢𝐧 ሺ𝒙ሻ × 𝟏 (2) 

𝒇′ሺ𝒙ሻ = 𝒙 𝐜𝐨𝐬ሺ𝒙ሻ + 𝐬𝐢𝐧 ሺ𝒙ሻ (1) 

 

(a) 
𝑓ሺ𝑥ሻ =

𝟏 − 𝐜𝐨𝐬ሺ𝒙ሻ

𝟐𝒙
 

𝒇′ሺ𝒙ሻ =
−𝒔𝒊𝒏ሺ𝒙ሻ×𝒙𝟐−𝒄𝒐𝒔ሺ𝒙ሻ×𝟐𝒙

ሺ𝒙𝟐ሻ𝟐  (2) 

𝒇′ሺ𝒙ሻ =
−ሺ𝒙 𝒔𝒊𝒏ሺ𝒙ሻ+𝟐𝒄𝒐𝒔ሺ𝒙ሻሻ

𝒙𝟑  (1) 

 

(b) 

𝑓ሺ𝑥ሻ = 𝐜𝐨𝐬ሺ𝟐𝒙ሻ𝒙 

𝒇′ሺ𝒙ሻ = 𝐜𝐨𝐬ሺ𝟐𝒙ሻ × 𝟏 − 𝟐 𝒔𝒊𝒏 ሺ𝟐𝒙ሻ𝒙  (2) 

𝒇′ሺ𝒙ሻ = 𝐜𝐨𝐬ሺ𝟐𝒙ሻ + 𝟐𝒙𝐬𝐢𝐧 ሺ𝟐𝒙ሻ (1) 

 

(c) 

𝑓ሺ𝑥ሻ = cosሺ𝑥ሻሺsinሺ2𝑥ሻ − 9ሻ 

𝒇′ሺ𝒙ሻ =  (2) 

𝒇′ሺ𝒙ሻ = 𝟐𝐜𝐨𝐬 ሺ𝒙ሻ × 𝐜𝐨𝐬ሺ𝟐𝒙ሻ − 𝐬𝐢𝐧ሺ𝑥ሻ × sinሺ2𝑥ሻ +

9 sinሺ9𝑥ሻ (1) 

 

(e) 

𝑓ሺ𝑥ሻ =
sin ሺ𝑥ሻ

cos ሺ𝑥ሻ
 

𝒇′ሺ𝒙ሻ =
𝒄𝒐𝒔ሺ𝒙ሻ×ሺ𝒄𝒐𝒔ሺ𝒙ሻሻ−𝒔𝒊𝒏ሺ𝒙ሻ𝒔𝒊𝒏ሺ𝒙ሻ

𝒄𝒐𝒔𝟐ሺ𝒙ሻ
 (2) 

𝑓′ሺ𝑥ሻ =
ቀ𝑐𝑜𝑠2ሺ𝑥ሻቁ+ቀ𝑠𝑖𝑛2ሺ𝑥ሻቁ

𝑐𝑜𝑠2ሺ𝑥ሻ
 (1) 

 

(d) 

𝑓ሺ𝑥ሻ =
1 − cosሺ𝑥ሻ

2𝑥
 

𝒇′ሺ𝒙ሻ =
𝒔𝒊𝒏ሺ𝒙ሻሺ𝟐𝒙ሻ−ሺ𝟏−𝒄𝒐𝒔ሺ𝒙ሻሻሺ𝟐ሻ

ሺ𝟐𝒙ሻ𝟐   (2) 

𝒇′ሺ𝒙ሻ =
𝒙𝒔𝒊𝒏ሺ𝒙ሻ+𝒄𝒐𝒔ሺ𝒙ሻ−𝟏

𝟐𝒙𝟐  (2) 

(f) 

𝑓ሺ𝑥ሻ = tanሺ𝑥ሻ 

𝑓ሺ𝑥ሻ =
𝐬𝐢𝐧 ሺ𝒙ሻ

cos ሺ𝑥ሻ
 (1) 

𝑓′ሺ𝑥ሻ =
ሺ𝐜𝐨𝐬ሺ𝒙ሻ×𝐜𝐨𝐬ሺ𝒙ሻሻ−𝐬𝐢𝐧 ሺ𝒙ሻ×ሺ− 𝐬𝐢𝐧ሺ𝒙ሻሻ

𝐜𝐨𝐬𝟐 𝒙
 (2) 

𝑓′ሺ𝑥ሻ =
cos2 𝑥−sin2 𝑥

cos2 𝑥
 (1) 

 

(g) 𝑓ሺ𝑥ሻ = 𝐬𝐢𝐧ሺ𝟐𝒙ሻ ξ𝒙 

𝒇′ሺ𝒙ሻ = 𝐬𝐢𝐧ሺ𝟐𝒙ሻ ×
𝟏

𝟐ξ𝒙
+ ሺ−𝟐 𝐜𝐨𝐬ሺ𝟐𝒙ሻξ𝒙ሻ  (4) 

 

(h) 

𝑓ሺ𝑥ሻ = 𝒙𝟑 𝐜𝐨𝐬ሺ𝟐𝒙 − 𝟏ሻ 

𝒇′ሺ𝒙ሻ = 𝒙𝟑 × −𝟐 𝐬𝐢𝐧ሺ𝟐𝒙 − 𝟏ሻ + 𝟑𝒙𝟐 × 𝐜𝐨𝐬ሺ𝟐𝒙 − 𝟏ሻ (4) 

 

(i) 

𝑓ሺ𝑥ሻ =
𝐬𝐢𝐧ሺ𝟔𝒙 − 𝟐ሻ

𝒙 − 𝟏
 

𝒇′ሺ𝒙ሻ =
𝟔 𝐜𝐨𝐬ሺ𝟔𝒙−𝟐ሻሺ𝒙−𝟏ሻ−ሺ𝐬𝐢𝐧ሺ𝟔𝒙−𝟐ሻ×𝟏

ሺ𝒙−𝟏ሻ𝟐  (2) 

𝑓′ሺ𝑥ሻ =
6 cosሺ6𝑥−2ሻ−ሺsinሺ6𝑥−2ሻ−6cosሺ6𝑥−2ሻ

ሺ𝑥−1ሻ2  (2) 

 

(j) 

𝒇′ሺ𝒙ሻ = 𝒄𝒐𝒔ሺ𝒙ሻ  (1) 

𝒇′ሺ𝝅ሻ = 𝒄𝒐𝒔ሺ𝝅ሻ 

𝒇′ሺ𝝅ሻ = −𝟏 (1) 

 

 

(a) 𝒇′ሺ𝒙ሻ = −𝒔𝒊𝒏ሺ𝒙ሻ  (1) 

𝒇′ሺ𝟐𝝅ሻ = −𝒔𝒊𝒏ሺ𝟐𝝅ሻ 

𝒇′ሺ𝟐𝝅ሻ = 𝟎 (1) 

 

 

(b) 

𝒇′ሺ𝒙ሻ = 𝟒𝒄𝒐𝒔ሺ𝟒𝒙ሻ  (1) 

𝒇′ሺ𝟑𝝅ሻ = 𝟒𝒄𝒐𝒔ሺ𝟑𝝅ሻ 

𝒇′ሺ𝟑𝝅ሻ = −𝟒 (1) 

 

 

(c) 𝒇′ሺ𝒙ሻ = 𝒔𝒊𝒏ሺ𝟒𝒙ሻ  (1) 

𝒇′ሺ𝟎ሻ = 𝒔𝒊𝒏ሺ𝟎ሻ 

𝒇′ሺ𝟎ሻ = 𝟎 (1) 

 

 

(d) 

𝒇′ሺ𝒙ሻ =
𝟏

𝒄𝒐𝒔𝟐ሺ𝒙ሻ
  (1) 

𝒇′ሺ𝝅ሻ =
𝟏

𝒄𝒐𝒔𝟐ሺ𝝅ሻ
 

𝒇′ሺ𝝅ሻ = 𝟏 (1) 

 

(e) 
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Integration of Trigonometric Functions: Q5, Q6, Q7, Q8 
5.                                                                                [26 marks]       

 

 

 

 

 

 

 

 

 

 

 

6.                                                                                [30 marks]       

 

 

 

 

 

 

 

 

 

 

 

7.                                                                                [30 marks]       

 

 

 

 

 

 

 

 

 

 

 

8.                                                                                [15 marks]       

 

 

 

 

 

 

 

 

 

 

𝒇ሺ𝒙ሻ = 𝒄𝒐𝒔ሺ𝒙ሻ  (2) 

 

(a) 

𝒇ሺ𝒙ሻ = −
𝟏

𝟐
𝒔𝒊𝒏ሺ𝟐𝒙ሻ  (2) 

 

(b) 

𝒇ሺ𝒙ሻ = −𝒄𝒐𝒔ሺ𝟒𝒙ሻ  (2) 

 

(c) 

𝒇ሺ𝒙ሻ =
𝟑

𝟐
𝒔𝒊𝒏ሺ𝟐𝒙ሻ  (2) 

 

(d) 

𝒇ሺ𝒙ሻ = 𝒔𝒊𝒏ሺ𝟐𝒙 + 𝟓ሻ  (2) 

 

(e) 

𝒇ሺ𝒙ሻ = 𝒔𝒊𝒏ሺ𝟐𝒙ሻ + 𝒄𝒐𝒔ሺ𝒙ሻ  (2) 

 

(f) 

𝒇ሺ𝒙ሻ =
𝟏

𝟐
𝒔𝒊𝒏 ቀ

𝟏

𝟐
𝒙ቁ −

𝒙𝟑

𝟑
  (2) 

 

(g) 

𝒇ሺ𝒙ሻ =
𝟏

𝟐
𝒄𝒐𝒔ሺ𝟐𝒙 − 𝟒ሻ  (2) 

 

(h) 

𝒇ሺ𝒙ሻ = −𝟕𝒔𝒊𝒏ሺ−𝒙ሻ  (2) 

 

(i) 

𝒇ሺ𝒙ሻ =
𝟏

𝟖
𝒄𝒐𝒔ሺ𝒙ሻ  (2) 

 

(j) 

𝒇ሺ𝒙ሻ =
𝟏

𝟐
𝒄𝒐𝒔ሺ𝟒𝒙ሻ (2) 

 

(a) 

𝒇ሺ𝒙ሻ = −
𝟑

𝟕
𝒄𝒐𝒔ሺ𝟕𝒙 − 𝟐ሻ (2) 

 

(b) 

𝒇ሺ𝒙ሻ =
𝟏

𝟑
𝒔𝒊𝒏ሺ𝟑𝒙ሻ +

𝟏

𝟒
𝒄𝒐𝒔ሺ𝟐𝒙ሻ (2) 

 

(c) 

𝒇ሺ𝒙ሻ = 𝟑𝒄𝒐𝒔 ቀ
𝟒

𝟑
𝒙ቁ (2) 

 

(d) 

𝒇ሺ𝒙ሻ = 𝒔𝒊𝒏 ቀ
𝟏

𝟐
𝒙ቁ (2) 

 

(e) 

𝒇ሺ𝒙ሻ = −𝒄𝒐𝒔ሺ𝒙ሻ +
𝟏

𝟒
𝒔𝒊𝒏ሺ𝟐𝒙ሻ (2) 

 

(f) 

𝒇ሺ𝒙ሻ =
𝟏

𝟖
𝒔𝒊𝒏ሺ𝟒𝒙ሻ +

𝟕

𝟐
𝒄𝒐𝒔ሺ𝒙ሻ (2) 

 

(g) 

𝒇ሺ𝒙ሻ =
𝟑

𝟒
𝒔𝒊𝒏ሺ𝟖𝒙ሻ + 𝟐𝒙𝟎.𝟓 (2) 

 

(h) 

𝒇ሺ𝒙ሻ = −𝒔𝒊𝒏ሺ−𝒙ሻ +
𝟐

𝟔𝒙𝟐 − 𝟐𝒙 (2) 

 

(g) 

𝒇ሺ𝒙ሻ =
𝟏

𝟑𝟐
𝒄𝒐𝒔 ቀ

𝟏

𝟒
𝒙ቁ + 𝟑𝒙𝟑/𝟐 (2) 

 

(i) 

 𝑠𝑖𝑛ሺ𝑥ሻ
𝝅

𝟎
𝑑𝑥 = 𝟐 (3) (a) 

 𝑐𝑜𝑠ሺ𝑥ሻ
𝝅/𝟐

−𝝅/𝟐
𝑑𝑥 = 𝟐 (3) (b) 

 𝑐𝑜𝑠ሺ6𝑥ሻ
𝝅/𝟔

𝟎
𝑑𝑥 = 𝟎 (3) (c) 

 −𝑠𝑖𝑛 ሺ
1

2
𝑥ሻ

𝟐𝝅

−𝟐𝝅
𝑑𝑥 = 𝟎 (3) (d) 

 𝑠𝑖𝑛ሺ𝑥 − 𝜋ሻ
𝝅

𝟎
𝑑𝑥 = −𝟐 (3) (e) 

 −2𝑐𝑜𝑠ሺ
1

2
𝑥ሻ

𝝅

−𝟐𝝅
𝑑𝑥 = −𝟒 (3) (f) 

 𝑠𝑖𝑛ሺ3𝑥ሻ
𝟎

𝝅
𝑑𝑥 = −

𝟐

𝟑
 (3) (g) 

 2𝑠𝑖𝑛ሺ4𝑥ሻ
−𝝅/𝟒

𝝅/𝟒
𝑑𝑥 = 𝟎 (3) (h) 

 −𝑐𝑜𝑠ሺ𝑥 −
𝜋

2
ሻ

𝟐𝝅

𝝅
𝑑𝑥 = ξ𝟐 (3) (i) 

 −𝑠𝑖𝑛ሺ2𝑥 − 𝜋ሻ
𝝅

𝝅/𝟐
𝑑𝑥 = −𝟏 (3) (j) 

𝑓ሺ𝑥ሻ = න 𝑠𝑖𝑛ሺ𝑥ሻ 𝑑𝑥  

= −𝒄𝒐𝒔ሺ𝒙ሻ + 𝑪  (1) 

 

𝑓ሺ0ሻ = −2 

−2 = −1 + 𝐶 

𝐶 = 𝟏  (1) 

 

𝑓ሺ𝑥ሻ = −𝑐𝑜𝑠ሺ𝑥ሻ + 𝟏  (1) 

(a) 𝑓ሺ𝑥ሻ = න −2𝑐𝑜𝑠ሺ𝑥ሻ𝑑𝑥  

= 𝟐𝒔𝒊𝒏ሺ𝒙ሻ + 𝑪  (1) 

 

𝑓 ቀ−
𝜋

2
ቁ = 4 

4 = −2 + 𝐶 

𝐶 = 𝟔  (1) 

 

𝑓ሺ𝑥ሻ = 2𝑠𝑖𝑛ሺ𝑥ሻ + 𝟔  (1) 

(b) 
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Concept 2 

Applications of Trigonometric Functions – Progressive Questions 

Answers 

___________________________________________________________________________ 

Applications of Trigonometric Functions: Q1, Q2, Q3, Q4, Q5, Q6 

1.                                                                                [16 marks]       

 

 

 

 

 

 

 

 

 

 

2.                                                                                [16 marks]       

 

 

 

 

 

 

 

 

 

𝑓ሺ𝑥ሻ = න −𝑠𝑖𝑛ሺ2𝑥ሻ𝑑𝑥  

=
𝟏

𝟐
𝒄𝒐𝒔ሺ𝟐𝒙ሻ + 𝑪  (1) 

 

𝑓 ቀ−
𝜋

4
ቁ = −1 

−1 = 0 + 𝐶 

𝐶 = −𝟏  (1) 

 

𝑓ሺ𝑥ሻ =
1

2
𝑐𝑜𝑠ሺ2𝑥ሻ − 𝟏    (1) 

(c) 
𝑓ሺ𝑥ሻ = න 𝑐𝑜𝑠 ቀ𝑥 −

𝜋

2
ቁ 𝑑𝑥  

= 𝒔𝒊𝒏ሺ𝒙 −
𝝅

𝟐
ሻ + 𝑪  (1) 

 

𝑓ሺ−𝜋ሻ = 0 

0 = 1 + 𝐶 

𝐶 = −𝟏  (1) 

 

𝑓ሺ𝑥ሻ = 𝑠𝑖𝑛ሺ𝑥 −
𝜋

2
ሻ − 𝟏    (1) 

(d) 

𝑓ሺ𝑥ሻ = න 𝑠𝑖𝑛ሺ𝑥 + 𝜋ሻ 𝑑𝑥  

= −𝒄𝒐𝒔ሺ𝒙 + 𝝅ሻ + 𝑪  (1) 

 

𝑓ሺ0ሻ = 3 

3 = 1 + 𝐶 

𝐶 = 𝟐  (1) 

 

𝑓ሺ𝑥ሻ = −𝑐𝑜𝑠ሺ𝑥 + 𝜋ሻ + 𝟐    (1) 

(e) 

(a) 𝑨 =  𝒔𝒊𝒏ሺ𝒙ሻ 𝑑𝑥
𝝅

𝟎
= 𝟐 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(b) 𝑨 =  𝒄𝒐𝒔ሺ𝟐𝒙ሻ 𝑑𝑥
𝝅/𝟐

𝟎
= 𝟎 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(c) 𝑨 =  𝒔𝒊𝒏ሺ
𝟏

𝟐
𝒙ሻ 𝑑𝑥

𝝅

−𝝅
= 𝟎 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(d) 𝑨 =  𝒄𝒐𝒔ሺ
𝟏

𝟐
𝒙ሻ 𝑑𝑥

𝟐𝝅

−𝟐𝝅
= 𝟐 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(a) 𝑨 =  ቚ
𝟏

𝟖
𝒙 − 𝒔𝒊𝒏 ቀ

𝟏

𝟐
𝒙ቁቚ  𝑑𝑥

𝟒.𝟗𝟓

−𝟒.𝟗𝟓
= 𝟒. 𝟎𝟖 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(b) 𝑨 =  ቚ
𝟏

𝟐
𝒙 − 𝒄𝒐𝒔ሺ𝟐𝒙ሻቚ  𝑑𝑥

𝟎.𝟕𝟑

−𝟏.𝟖
= 𝟏. 𝟐𝟎𝟑 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(c) 𝑨 =  ห𝒔𝒊𝒏ሺ𝒙ሻ − 𝒙𝟐 − 𝟐𝒙ห 𝑑𝑥
𝟏.𝟕𝟑

−𝟏.𝟎𝟕
= 𝟑. 𝟑𝟒 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(d) 𝑨 =  ห𝒄𝒐𝒔ሺ𝒙ሻ − 𝒙𝟑 − 𝒙𝟐 + 𝟐𝒙 + 𝟐ห 𝑑𝑥
𝟏.𝟑𝟗

−𝟏.𝟒𝟖
= 𝟓. 𝟕𝟓 𝒖𝒏𝒊𝒕𝒔𝟐  (4) 
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3.                                                                                [16 marks]       

 

 

 

 

 
 

4.                                                                                [11 marks]       

 

 

 

 
 

 

5.                                                                                [11 marks]       

 

 

 

 

 

 
 

6.                                                                                 [9 marks]       

 

 

 

 

 

 
 

(a)  𝒗ሺ𝒕ሻ = −𝒔𝒊𝒏ሺ𝟐𝒕ሻ + 𝟐𝟎 (1) 
𝒗ሺ𝟔ሻ = 𝟐𝟎. 𝟓𝟑𝟕 𝒎/𝒔  (1) 

 
 

 
(b)  𝒂ሺ𝒕ሻ = −𝟐𝒄𝒐𝒔ሺ𝟐𝒕ሻ (1) 

𝒂ሺ𝟏ሻ = 𝟎. 𝟖𝟑𝟐 𝒎/𝒔𝟐  (1) 
 
 

 

(c)  𝒔ሺ𝒕ሻ =
𝟏

𝟐
𝒄𝒐𝒔ሺ𝟐𝒕ሻ + 𝟐𝟎𝒕 + 𝟏𝟓 (1) 

𝒔ሺ𝟗ሻ = 𝟏𝟗𝟓. 𝟑 𝒎  (1) 
 
 

 

(d)  𝒔ሺ𝟖ሻ = 𝟏𝟕𝟒. 𝟓𝒎 (1) 
𝒔ሺ𝟗ሻ − 𝒔ሺ𝟖ሻ = 𝟐𝟎. 𝟖 𝒎  (1) 

 
 

 
(a)  𝒗ሺ𝒕ሻ = 𝒔𝒊𝒏ሺ𝟐𝒕ሻ + 𝟑𝒄𝒐𝒔ሺ𝟐𝒕ሻ + 𝟑𝟎 (1) 

𝒗ሺ𝟏𝟐ሻ = 𝟑𝟎. 𝟒 𝒎/𝒔  (1) 
 
 

 
(b)  𝒂ሺ𝒕ሻ = 𝟐𝒄𝒐𝒔ሺ𝟐𝒕ሻ − 𝟔𝒔𝒊𝒏ሺ𝟐𝒕ሻ (1) 

𝒂ሺ𝟎ሻ = 𝟐 𝒎/𝒔𝟐  (1) 
 
 

 

(c)  𝑵𝒆𝒕 𝑪𝒉𝒂𝒏𝒈𝒆 = 𝟐𝟕. 𝟗𝟒𝒎  (3) 
 
 

 

(d)  𝒔ሺ𝟑𝟎ሻ = 𝟕𝟎𝟎. 𝟓 (1) 
 

 
 

(e)  𝒗ሺ𝒕ሻ = 𝒔𝒊𝒏ሺ𝟐𝒕ሻ + 𝟑𝒄𝒐𝒔ሺ𝟐𝒕ሻ + 𝟑𝟎 (1) 
𝒗ሺ𝟏𝟐𝟎ሻ = 𝟑𝟏. 𝟗𝟐 𝒎/𝒔  (1) 

 
 

 
(a)  

𝒅𝑨

𝒅𝒕
ሺ𝟐ሻ = 𝟏𝟎𝟎 𝐜𝐨𝐬 (

𝟏

𝟏𝟔
ሺ𝟐ሻ) (1) 

 
𝒅𝑨

𝒅𝒕
ሺ𝟐ሻ = 𝟗𝟗. 𝟐 𝒍𝒊𝒕𝒓𝒆𝒔/𝒉𝒓  (1) 

 
 

 

(c)  𝑵𝒆𝒕 𝑪𝒉𝒂𝒏𝒈𝒆 = 𝟗𝟗. 𝟗𝟑 𝒍𝒊𝒕𝒓𝒆𝒔  (3) 
 
 

 
(b)  

𝒅𝑨

𝒅𝒕
ሺ𝟐𝟎ሻ = 𝟏𝟎𝟎 𝐜𝐨𝐬 (

𝟏

𝟏𝟔
ሺ𝟐𝟎ሻ) (1) 

 
𝒅𝑨

𝒅𝒕
ሺ𝟐𝟎ሻ = 𝟑𝟏. 𝟓𝟑 𝒍𝒊𝒕𝒓𝒆𝒔/𝒉𝒓  (1) 

 
 

 

(d)  𝑵𝒆𝒕 𝑪𝒉𝒂𝒏𝒈𝒆 = 𝟖𝟐. 𝟖𝟕 𝒍𝒊𝒕𝒓𝒆𝒔  (3) 
 
 

 

(a)  
𝒅𝑨

𝒅𝒕
= 𝒄𝒐𝒔ሺ𝒙ሻ − 𝒙 + 𝟏𝟎𝟎 (1) 

 
𝒅𝑨

𝒅𝒕
= 𝟏𝟎𝟏 𝒍𝒊𝒕𝒓𝒆𝒔/𝒉𝒓  (1) 

 
 

 

(c)  𝑵𝒆𝒕 𝑪𝒉𝒂𝒏𝒈𝒆 = 𝟗𝟓. 𝟑 𝒍𝒊𝒕𝒓𝒆𝒔  (3) 
 
 

 (b)  
𝒅𝑨

𝒅𝒕
ሺ𝟏𝟎ሻ = 𝒄𝒐𝒔ሺ𝟏𝟎ሻ − 𝟏𝟎 + 𝟏𝟎𝟎 (1) 

 
𝒅𝑨

𝒅𝒕
ሺ𝟏𝟎ሻ = 𝟖𝟗. 𝟏𝟔 𝒍𝒊𝒕𝒓𝒆𝒔/𝒉𝒓  (1) 

 
 

 

(d)  
𝒅𝑨

𝒅𝒕
ሺ𝟐ሻ = 𝒄𝒐𝒔ሺ𝟐ሻ − 𝟐 + 𝟏𝟎𝟎 (1) 

 
𝒅𝑨

𝒅𝒕
ሺ𝟐ሻ = 𝟗𝟕. 𝟓𝟖 𝒍𝒊𝒕𝒓𝒆𝒔/𝒉𝒓  (1) 
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Concept 1 

Differentiation and Integration of Trigonometric Functions – 

Repetitive Questions Answers 

___________________________________________________________________________ 

 

Differentiation of Trigonometric Functions: Qs 1.11, 1.12, 1.13, 1.21, 1.31 
1.11                        [12 marks]    

 

 

 

 

 

 

 

 

 

 

 

1.21                        [12 marks]    

 

 

 

 

 

 

 

 

 

 

 

1.51                        [25 marks]    
 

 

 

 

 

 

 

 

 

 

 

Problem Set 6 – Trigonometric Functions 
Repetitive Questions 

𝒇′ሺ𝒙ሻ = 𝟐𝒄𝒐𝒔ሺ𝒙ሻ  (2) 

 

(a) 

𝒇′ሺ𝒙ሻ = −𝟐𝒔𝒊𝒏ሺ𝟐𝒙ሻ  (2) 

 

(b) 

𝒇′ሺ𝒙ሻ = 𝒔𝒊𝒏ሺ𝟐𝒙ሻ  (2) 

 

(c) 

𝒇′ሺ𝒙ሻ =
𝟓

𝟐
𝒄𝒐𝒔ሺ𝟓𝒙 − 𝟐ሻ  (2) 

 

(d) 

𝒇′ሺ𝒙ሻ = −
𝟏

𝟒
𝒄𝒐𝒔ሺ

𝟏

𝟐
𝒙ሻ  (2) 

 

(e) 

𝒇′ሺ𝒙ሻ =
𝟑

𝟒
𝒄𝒐𝒔ሺ𝟑𝒙 − 𝟗ሻ  (2) 

 

(f) 

𝒇′ሺ𝒙ሻ = −
𝟗

𝟐
𝒄𝒐𝒔ሺ

𝟏

𝟐
𝒙 − 𝟗ሻ  (2) 

 

(g) 

𝒇′ሺ𝒙ሻ = 𝟏𝟓𝒔𝒊𝒏ሺ−𝟑𝒙ሻ  (2) 

 

(h) 

𝒇′ሺ𝒙ሻ = −𝟑𝒄𝒐𝒔ሺ−𝟑 + 𝟗ሻ  (2) 

 

(i) 

𝒇′ሺ𝒙ሻ = 𝟑𝒄𝒐𝒔ሺ−
𝟏

𝟒
𝒙ሻ  (2) 

 

(j) 

𝒇′ሺ𝒙ሻ = 𝟑𝒔𝒊𝒏𝟐ሺ𝒙ሻ𝒄𝒐𝒔ሺ𝒙ሻ  (2) 

 

(a) 

𝒇′ሺ𝒙ሻ = −
𝟏

𝟒𝒙
𝟑
𝟐

+ 𝒔𝒊𝒏ሺ𝒙ሻ  (2) 

 

(b) 

𝒇′ሺ𝒙ሻ = −𝟏𝟐𝒄𝒐𝒔ሺ𝟑 − 𝟑𝒙ሻ  (2) 

 

(c) 

𝒇′ሺ𝒙ሻ = 𝟖𝒔𝒊𝒏ሺ𝒙ሻ𝒄𝒐𝒔ሺ𝒙ሻ  (2) 

 

(d) 

𝒇′ሺ𝒙ሻ = −𝟏𝟓𝒔𝒊𝒏ሺ−𝟑𝒙ሻ  (2) 

 

(e) 

𝒇′ሺ𝒙ሻ = 𝟏𝟐𝒔𝒊𝒏𝟑ሺ𝒙ሻ𝒄𝒐𝒔ሺ𝒙ሻ − 𝟐  (2) 

 

(f) 

𝒇′ሺ𝒙ሻ =
𝟏

𝟐
ሺ𝒄𝒐𝒔ሺ𝒙ሻሻ−0.5 −

𝟖

𝒙𝟓
  (2) 

 

(g) 

𝒇′ሺ𝒙ሻ = −𝒄𝒐𝒔𝟐ሺ𝒙ሻ𝒔𝒊𝒏ሺ𝒙ሻ − 𝟐𝒆𝟐𝒙  (2) 

 

(h) 

𝒇′ሺ𝒙ሻ = −𝟖𝒔𝒊𝒏ሺ−𝟖𝒙ሻ + 𝟐𝒙𝟐  (2) 

 

(i) 

𝒇′ሺ𝒙ሻ = 𝒄𝒐𝒔𝟑ሺ𝒙ሻ𝒔𝒊𝒏ሺ𝒙ሻ −
𝟑

𝟓𝒙𝟐/𝟑
  (2) 

 

(j) 

𝒇ሺ𝒙ሻ = −𝒔𝒊𝒏ሺ𝒙ሻ  (2) 

 

(a) 

𝒇ሺ𝒙ሻ = −
𝟏

𝟑
𝒄𝒐𝒔ሺ𝒙ሻ  (2) 

 

(b) 

𝒇ሺ𝒙ሻ =
𝟐

𝟓
𝒔𝒊𝒏ሺ𝟓𝒙ሻ  (2) 

 

(c) 

𝒇ሺ𝒙ሻ = −
𝟓

𝟑
𝒄𝒐𝒔ሺ−𝟑𝒙ሻ  (2) 

 

(d) 

𝒇ሺ𝒙ሻ =
𝟏

𝟖
𝒄𝒐𝒔ሺ−𝟖𝒙 − 𝟗ሻ  (2) 

 

(e) 

𝒇ሺ𝒙ሻ = −
𝟏

𝟐
𝒄𝒐𝒔ሺ𝟐𝒙ሻ + 𝟐𝒔𝒊𝒏ሺ

𝟏

𝟐
𝒙ሻ  (2) 

 

(f) 

𝒇ሺ𝒙ሻ = −
𝟏

𝟐
𝒄𝒐𝒔ሺ𝟒𝒙ሻ −

𝒙𝟒

𝟒
  (2) 

 

(g) 

𝒇ሺ𝒙ሻ = −
𝟏

𝟑
𝒔𝒊𝒏ሺ𝟑𝒙 − 𝟐ሻ  (2) 

 

(h) 

𝒇ሺ𝒙ሻ = 𝒄𝒐𝒔ሺ−𝒙ሻ +
𝒙𝟑

𝟑
  (2) 

 

(i) 

𝒇ሺ𝒙ሻ =
𝟏

𝟑𝟐
𝒄𝒐𝒔ሺ

𝟏

𝟒
𝒙ሻ  (2) 

 

(j) 
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1.61                        [27 marks]   

 

 

 

 

 

 

 

 

 

 

 

1.71                        [30 marks]   

 

 

 

 

 

 

 

 

 

 

 

 

1.81                        [12 marks]   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝒇ሺ𝒙ሻ =
𝟏

𝟖
𝒄𝒐𝒔ሺ−𝟒𝒙ሻ (2) 

 

(a) 

𝒇ሺ𝒙ሻ =
𝟏

𝟐
𝒔𝒊𝒏ሺ𝟒𝒙 − 𝟔ሻ (2) 

 

(b) 

𝒇ሺ𝒙ሻ = −
𝟏

𝟐
𝒄𝒐𝒔ሺ𝟐𝒙ሻ −

𝟏

𝟏𝟖
𝒄𝒐𝒔ሺ𝟑𝒙ሻ (2) 

 

(c) 

𝒇ሺ𝒙ሻ = 𝟐𝒄𝒐𝒔ሺ𝟐𝒙ሻ +
𝟐

𝟑
𝒙𝟑/𝟐 (2) 

 

(d) 

𝒇ሺ𝒙ሻ = 𝒄𝒐𝒔 ቀ
𝟏

𝟓
𝒙ቁ (2) 

 

(e) 

𝒇ሺ𝒙ሻ =
𝟏

𝟐
𝒔𝒊𝒏ሺ𝟐𝒙ሻ −

𝟏

𝟔𝒙𝟒
 (2) 

 

(f) 

𝒇ሺ𝒙ሻ =
𝟑

𝟐
𝒄𝒐𝒔 ቀ−

𝟏

𝟑
𝒙ቁ (2) 

 

(g) 

𝒇ሺ𝒙ሻ =
𝟑

𝟓
𝒄𝒐𝒔ሺ𝟓𝒙ሻ + 𝟐𝒙𝟎.𝟓 (2) 

 

(h) 

𝒇ሺ𝒙ሻ = 𝒔𝒊𝒏ሺ−𝟐𝒙ሻ + 𝟐𝒙 (2) 

 

(g) 

𝒇ሺ𝒙ሻ = −𝟒𝒔𝒊𝒏 ቀ
𝟏

𝟐
𝒙ቁ (2) 

 

(i) 

 𝑐𝑜𝑠ሺ𝑥ሻ
𝝅/𝟐

𝟎
𝑑𝑥 = 𝟏 (3) (a) 

 𝑠𝑖𝑛ሺ𝑥ሻ
𝝅

𝟎
𝑑𝑥 = 𝟐 (3) (b) 

 𝑐𝑜𝑠ሺ3𝑥ሻ
𝝅/𝟔

𝟎
𝑑𝑥 = 𝟏/𝟑 (3) (c) 

 −𝑠𝑖𝑛ሺ
1

4
𝑥ሻ

𝝅

−𝟐𝝅
𝑑𝑥 = 𝟐ξ𝟐 (3) (d) 

 𝑐𝑜𝑠ሺ𝑥 + 𝜋ሻ
−𝝅/𝟐

−𝟑𝝅/𝟐
𝑑𝑥 = 𝟐 (3) (e) 

 3𝑐𝑜𝑠ሺ2𝑥ሻ
𝝅/𝟒

−𝝅/𝟒
𝑑𝑥 = 𝟑 (3) (f) 


1

3
𝑐𝑜𝑠ሺ𝑥ሻ

𝟑𝝅/𝟐

𝟎
𝑑𝑥 = −

𝟏

𝟑
 (3) (g) 

 −𝑠𝑖𝑛ሺ3𝑥ሻ
𝟎

𝝅/𝟑
𝑑𝑥 =

𝟐

𝟑
 (3) (h) 

 𝑠𝑖𝑛ሺ3𝑥 − 𝜋ሻ
−𝝅/𝟔

−𝝅/𝟑
𝑑𝑥 =

𝟏

𝟑
 (3) (i) 

 −𝑠𝑖𝑛ሺ2𝑥 − 𝜋ሻ
𝝅

𝝅/𝟐
𝑑𝑥 =

𝟏

𝟐
 (3) (j) 

𝑓ሺ𝑥ሻ = න𝑠𝑖𝑛ሺ𝑥ሻ 𝑑𝑥 

= −𝒄𝒐𝒔ሺ𝒙ሻ + 𝑪  (1) 

 

𝑓ሺ2ሻ = 𝜋 

𝜋 = −𝑐𝑜𝑠ሺ2ሻ + 𝐶 

𝐶 = 𝜋 + 𝑐𝑜𝑠ሺ2ሻ (1) 

 

𝑓ሺ𝑥ሻ = −𝑐𝑜𝑠ሺ𝑥ሻ + 𝝅+ 𝒄𝒐𝒔ሺ𝟐ሻ  (1) 

(a) 𝑓ሺ𝑥ሻ = න𝑐𝑜𝑠ሺ
1

2
𝑥ሻ𝑑𝑥 

= 𝟐𝒔𝒊𝒏ሺ
𝟏

𝟐
𝒙ሻ + 𝑪  (1) 

 

𝑓ሺ0ሻ = −2 

−2 = 0 + 𝐶 

𝐶 = −𝟐  (1) 

 

𝑓ሺ𝑥ሻ = 2𝑠𝑖𝑛ሺ
1

2
𝑥ሻ − 2  (1) 

(b) 

𝑓ሺ𝑥ሻ = න2𝑠𝑖𝑛ሺ4𝑥ሻ𝑑𝑥 

= −
𝟏

𝟐
𝒄𝒐𝒔ሺ𝟒𝒙ሻ + 𝑪  (1) 

 

𝑓ሺ0.5ሻ = 𝜋/4 

𝜋/4 = 0 + 𝐶 

𝑪 = 𝝅/𝟒  (1) 

 

𝑓ሺ𝑥ሻ = −
1

2
𝑐𝑜𝑠ሺ4𝑥ሻ + 𝝅/𝟒    (1) 

(c) 𝑓ሺ𝑥ሻ = න
1

2
𝑠𝑖𝑛ሺ𝑥 − 𝜋ሻ𝑑𝑥 

= −
𝟏

𝟐
𝒄𝒐𝒔ሺ𝒙 − 𝝅ሻ + 𝑪  (1) 

 

𝑓ሺ𝜋/2ሻ = −1.5 

−1.5 = 0 + 𝐶 

𝐶 = −𝟏. 𝟓  (1) 

 

𝑓ሺ𝑥ሻ = −
1

2
𝑐𝑜𝑠ሺ𝑥 − 𝜋ሻ − 𝟏. 𝟓    (1) 

(d) 
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Concept 2 

Applications of Trigonometric Functions – Repetitive Questions 

Answers 

___________________________________________________________________________ 
 

General Applications of Trigonometric Functions: Qs 2.11, 2.21, 2.31, 2.41, 2.51, 2.61 
2.11                        [16 marks]     

 

 

 

 

 

 

 
 

2.21                        [16 marks]     

 

 

 

 

 

 

 

 

 

2.31                           [9 marks]     

 

 

 

 

 

 

 

 

2.41                        [13 marks]     

 

 

 

 

 

 

 

 

 

 

(a) 𝑨 =  𝒄𝒐𝒔ሺ𝒙ሻ𝑑𝑥
𝟑𝝅/𝟐

𝟎
= 𝟏𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(b) 𝑨 =  −𝒔𝒊𝒏ሺ
𝟏

𝟐
𝒙ሻ𝑑𝑥

𝟎

−𝟐𝝅
= 𝟒𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(c) 𝑨 = 
𝟏

𝟒
𝒄𝒐𝒔ሺ𝟐𝒙ሻ𝑑𝑥

𝝅

𝟎
= 𝟎𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(d) 𝑨 =  𝟐 + 𝒔𝒊𝒏ሺ𝒙ሻ𝑑𝑥
𝟑𝝅/𝟐

𝟎
= 𝟑𝝅 + 𝟏𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(a) 𝑨 =  ቚ−𝒔𝒊𝒏ሺ
𝟏

𝟐
𝒙ሻ −

𝟏

𝟖
𝒙ቚ 𝑑𝑥

𝟔.𝟒𝟕

−𝟒.𝟒𝟗
= 𝟏𝟎. 𝟐𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(b) 𝑨 =  ห𝒄𝒐𝒔ሺ𝟐𝒙ሻ − 𝒙𝟐 − 𝟐ห𝑑𝑥
𝟏.𝟏𝟓

−𝟏.𝟏𝟓
= 𝟒. 𝟖𝟔𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(c) 𝑨 =  ቚ−𝒔𝒊𝒏 ቀ
𝟏

𝟐
𝒙ቁ − 𝒄𝒐𝒔ሺ𝒙ሻቚ 𝑑𝑥

𝝅

−𝟓𝝅/𝟑
= 𝟐. 𝟔𝟎𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(d) 𝑨 =  ห𝒔𝒊𝒏ሺ𝒙ሻ − 𝒙𝟑 − 𝟐𝒙𝟐 − 𝟐𝒙 + 𝟏ห𝑑𝑥
𝟐.𝟔𝟕

−𝟏.𝟏𝟔
= 𝟐𝟔. 𝟔𝟓𝒖𝒏𝒊𝒕𝒔𝟐  (4) 

(a)  𝒗ሺ𝒕ሻ = 𝒄𝒐𝒔ሺ𝟒𝒕ሻ + 𝟑𝒔𝒊𝒏ሺ𝟐𝒕ሻ + 𝟑(1) 
𝒗ሺ𝟎ሻ = 𝟒𝒎/𝒔  (1) 

 
 

 

(c)  𝒂ሺ𝒕ሻ = −𝟒𝒔𝒊𝒏ሺ𝟒𝒕ሻ + 𝟔𝒄𝒐𝒔ሺ𝟐𝒕ሻ(1) 

𝒂ሺ𝟑ሻ = 𝟕.𝟗𝟏𝒎/𝒔𝟐  (1) 
 
 

 
(d)  𝒔ሺ𝒕ሻ =

𝟏

𝟒
𝒔𝒊𝒏ሺ𝟒𝒕ሻ −

𝟑

𝟐
𝒄𝒐𝒔ሺ𝟐𝒕ሻ + 𝟑𝒕 + 𝟑(1) 

𝒔ሺ𝟒ሻ = 𝟏𝟓.𝟏𝟓𝒎  (1) 
 
 

 

(b)  𝒗ሺ𝟒ሻ = 𝒄𝒐𝒔ሺ𝟏𝟔ሻ + 𝟑𝒔𝒊𝒏ሺ𝟖ሻ + 𝟑(1) 
𝒗ሺ𝟒ሻ = 𝟓.𝟎𝟏𝒎/𝒔  (1) 

 
 

 

(b)  𝒗ሺ𝒕ሻ = 𝟐. 𝟓𝒄𝒐𝒔ሺ𝟒𝒕ሻ + 𝟒(1) 
 

 

(a)  𝒂ሺ𝒕ሻ = −𝟏𝟎𝒔𝒊𝒏ሺ𝟒𝒕ሻ(1) 
𝒂ሺ𝟏ሻ = 𝟕.𝟓𝟕𝒎/𝒔𝟐  (1) 

 
 

-10sin 

(c)  𝑵𝒆𝒕𝑪𝒉𝒂𝒏𝒈𝒆 = 𝟑. 𝟎𝟓𝒎  (3) 
 
 

 

(d)  𝑫𝒊𝒔𝒕𝒂𝒏𝒄𝒆 = 𝟑. 𝟎𝟓𝒎(1) 
 

 
 

(e)  𝒗ሺ𝟔ሻ = 𝟐.𝟓𝒄𝒐𝒔ሺ𝟐𝟒ሻ + 𝟒(1) 
𝒗ሺ𝟔ሻ = 𝟓.𝟎𝟔𝒎/𝒔  (1) 
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2.51                           [9 marks]     

 

 

 

 

 

 

 

 

2.61                        [10 marks]     

 

 

 

 

 

 

(a)  
𝒅𝑨

𝒅𝒕
ሺ𝟎. 𝟓ሻ = 𝟓𝟎𝒔𝒊𝒏 (

𝟏

𝟖
ሺ𝟎. 𝟓ሻ)(1) 

 
𝒅𝑨

𝒅𝒕
ሺ𝟎. 𝟓ሻ = 𝟑.𝟏𝟐𝟐𝒍𝒊𝒕𝒓𝒆𝒔/𝒉𝒓  (1) 

 
 

 

(c)  𝑵𝒆𝒕𝑪𝒉𝒂𝒏𝒈𝒆 = 𝟗. 𝟑𝟏𝒍𝒊𝒕𝒓𝒆𝒔  (3) 
 
 

 
(b)  

𝒅𝑨

𝒅𝒕
ሺ𝟏ሻ = 𝟓𝟎 𝒔𝒊𝒏 (

𝟏

𝟖
ሺ𝟏ሻ)(1) 

 
𝒅𝑨

𝒅𝒕
ሺ𝟏ሻ = 𝟔. 𝟐𝟑𝒍𝒊𝒕𝒓𝒆𝒔/𝒉𝒓  (1) 

 
 

 

(d)  𝑻𝒊𝒎𝒆 = 𝟑. 𝟒𝟔𝒉𝒐𝒖𝒓𝒔  (3) 
 
 

 

(a)  
𝒅𝑨

𝒅𝒕
ሺ𝟏ሻ = 𝒄𝒐𝒔 (

𝟏

𝟖
ሺ𝟏ሻ) + 𝟐(1) 

 
𝒅𝑨

𝒅𝒕
ሺ𝟏ሻ = 𝟐. 𝟗𝟗𝟐𝒄𝒎/𝒉𝒓  (1) 

 
 

 
(e)  𝑵𝒆𝒕𝑪𝒉𝒂𝒏𝒈𝒆 = 𝟐𝟕.𝟔𝒄𝒎  (3) 

 
 

 

(d)  𝑻𝒊𝒎𝒆 = 𝟐𝟓.𝟏𝒉𝒐𝒖𝒓𝒔  (3) 
 
 

 
(b)  𝑵𝒆𝒕𝑪𝒉𝒂𝒏𝒈𝒆 = 𝟐. 𝟗𝟓𝒄𝒎 (3) 

 
 

 
(c)  

𝒅𝑨

𝒅𝒕
ሺ𝟑𝟔ሻ = 𝒄𝒐𝒔 (

𝟏

𝟖
ሺ𝟑𝟔ሻ) + 𝟐(1) 

 
𝒅𝑨

𝒅𝒕
ሺ𝟑𝟔ሻ = 𝟏. 𝟕𝟗𝒄𝒎/𝒉𝒓  (1) 

 
 

 



 0 
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Concept 1 

Discrete Random Variables – Progressive Questions Answers 

___________________________________________________________________________ 

 

Discrete Probability Distributions: Q1, Q2, Q3, Q4, Q5, Q6, Q7 
1.                                                                               [10 marks]      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.                                                                                [8 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Problem Set 7 – Discrete Random Variables 
Progressive Questions 

 𝑷ሺ𝑿 = 𝒙ሻ = 𝟏 

0.32 + 0.40 + 𝒌 + 0.10 + 0.06 + 0.02 = 𝟏 

𝒌 = 1 − 0.90 

𝒌 = 𝟎. 𝟏𝟎 

 

(1) 

(1) 

(a) 
𝑷ሺ𝑿 > 𝟏|𝑿 ≤ 𝟒ሻ =

𝑃ሺ𝑋 > 1ሻ

𝑃ሺ𝑋 ≤ 4ሻ
 

𝑃ሺ𝑋 > 1ሻ

𝑃ሺ𝑋 ≤ 4ሻ
=

0.1 + 0.1 + 0.06 + 0.02

0.32 + 0.4 + 0.1 + 0.1 + 0.06
 

𝑷ሺ𝑿 > 𝟏|𝑿 ≤ 𝟒ሻ = 𝟎. 𝟐𝟖𝟔 

 

(1) 

(1) 

(b) 

𝝁ሺ𝑿ሻ =  𝑥 × 𝑃ሺ𝑋 = 𝑥ሻ 

𝜇ሺ𝑋ሻ = 0 × 0.32 + 1 × 0.4 + 2 × 0.1 + 3 × 0.1 + 4 × 0.06 + 5 × 0.02 

𝝁ሺ𝑿ሻ = 𝟏. 𝟐𝟒 (1) 

(1) 

(c) 

𝑽𝒂𝒓ሺ𝑿ሻ = 𝝁ሺ𝑿𝟐ሻ − 𝝁ሺ𝑿ሻ𝟐 

𝑽𝒂𝒓ሺ𝑿ሻ = 02 × 0.32 + 12 × 0.4 + 22 × 0.1 + 32 × 0.1 + 42 × 0.06 + 52 × 0.02 − 𝟏. 𝟐𝟒𝟐 

𝑽𝒂𝒓ሺ𝑿ሻ = 0.4 + 0.4 + 0.9 + 0.96 + 0.5 − 1.242 

𝑽𝒂𝒓ሺ𝑿ሻ = 𝟏. 𝟔𝟐 (1) 

(1) 

 

This statement is incorrect because the distribution is discrete since σ 𝑷ሺ𝑿 = 𝒙ሻ = 𝟏 and all of the 

probabilities are positive (1). The fact that all of the probabilities are the same does not prevent it from being 

a discrete distribution (1).   

 

 

(a) 

This statement is incorrect because the distribution isn’t discrete since 𝑷ሺ𝑿 = 𝟏ሻ and 𝑷ሺ𝑿 = 𝟑ሻ is negative (1). 

The fact that two probabilities are negative, does not mean the ‘negatives cancel out’ (1).   

 
 

(b) 

This statement is correct (1) because the distribution is discrete since σ 𝑷ሺ𝑿 = 𝒙ሻ = 𝟏 and all of the 

probabilities are positive (1). 

 
 

(c) 

This statement is incorrect because the distribution is a discrete random variable since σ 𝑷ሺ𝑿 = 𝒙ሻ = 𝟏 and all 

of the probabilities are positive (1). Negative 𝒙-values are allowed for discrete distributions, but not negative 

probabilities (1).  

 

 

(d) 

This distribution is not a discrete random variable since σ 𝑷ሺ𝑿 = 𝒙ሻ ≠ 𝟏 (1). The statement is also still incorrect 

because discrete probability distributions can be modelled by multiple functions (1).  

 
 

(e) 
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3.                                                                                  [7 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.                                                                                [13 marks]       

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 𝑷ሺ𝑿 = 𝒙ሻ = 𝟏 

5

𝑘
+

11

𝑘
+

21

𝑘
+

35

𝑘
+

53

𝑘
= 𝟏 

𝒌 = 𝟏𝟐𝟓 (1) 

(1) 

(a) =
5

125
+

11

125
 

=
16

125
 (1) 

(b) 

𝝁ሺ𝑿ሻ =  𝑥 × 𝑃ሺ𝑋 = 𝑥ሻ 

𝜇ሺ𝑋ሻ = 1 ×
5

125
+ 2 ×

11

125
+ 3 ×

21

125
+ 4 ×

35

125
+ 5 ×

53

125
 

𝝁ሺ𝑿ሻ = 𝟑. 𝟗𝟔 (1) 

(1) 

(c) 

𝑽𝒂𝒓ሺ𝑿ሻ = 𝝁ሺ𝑿𝟐ሻ − 𝝁ሺ𝑿ሻ𝟐 

𝑽𝒂𝒓ሺ𝑿ሻ = 12 ×
5

125
+ 22 ×

11

125
+ 32 ×

21

125
+ 42 ×

35

125
+ 52 ×

53

125
− 𝟑. 𝟗𝟔𝟐 

𝑽𝒂𝒓ሺ𝑿ሻ =
5

125
+

44

125
+

189

125
+

560

125
+

1325

125
− 3.962 

𝑽𝒂𝒓ሺ𝑿ሻ = 𝟏. 𝟑𝟎 (1) 

(1) 

 

𝟐 

 𝑷ሺ𝑿 = 𝒙ሻ = 𝟏 

𝒑 + 𝒒 + 0.08 = 1 

𝒑 = 0.92 − 𝒒  (1) 

𝑷ሺ𝑿 < 𝟒|𝑿 ≥ 𝟐ሻ = 𝟎. 𝟎𝟓 
𝑃ሺ2≤𝑋<4ሻ

𝑃ሺ𝑋≥2ሻ
= 0.05  (1) 

𝒒 + 0.05

𝒒 + 0.08
= 0.05 

𝒒 + 0.05 = 𝟎. 𝟎𝟓𝒒 + 0.004 
𝟎. 𝟎𝟓𝒒 = 0.009 
𝒒 = 𝟎. 𝟎𝟑𝟔   (1) 

Substitute        into 

𝒑 = 𝟎. 𝟗𝟐 − 𝒒 

𝒑 = 𝟎. 𝟗𝟐 − 𝟎. 𝟎𝟑𝟔 

𝒑 = 𝟎. 𝟖𝟖𝟒  (1) 

 

 

(a) 

𝟏 

𝟏 

𝟐 

𝝁ሺ𝑿ሻ =  𝑥 × 𝑃ሺ𝑋 = 𝑥ሻ 

𝝁ሺ𝑿ሻ = 1 × 0.42 + 2 × 0.5 + 3 × 0.05 + 4 × 0.02 + 5 × 0.01  (1) 

𝝁ሺ𝑿ሻ = 𝟏. 𝟕  (1) 
 

𝑽𝒂𝒓ሺ𝑿ሻ = 𝝁ሺ𝑿𝟐ሻ − 𝝁ሺ𝑿ሻ𝟐 

𝑽𝒂𝒓ሺ𝑿ሻ = 12 × 0.42 + 22 × 0.5 + 32 × 0.05 + 42 × 0.02 + 52 × 0.01 − 𝟏. 𝟕𝟐  (1) 

𝑽𝒂𝒓ሺ𝑿ሻ = 0.42 + 2 + 0.45 + 0.32 + 0.25 − 𝟏. 𝟕𝟐 

𝑽𝒂𝒓ሺ𝑿ሻ = 𝟎. 𝟓𝟓  (1) 
 

𝝈 = ඥ𝑽𝒂𝒓ሺ𝑿ሻ 

𝜎 = ξ0.55 

𝝈 = 𝟎. 𝟕𝟒𝟐  (1) 

 

(b) 
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5.                                                                                [10 marks]       

   

 

 

    

 

 

  

 

 

 

 

 

 

 

 

 

 

 

6.                                                                                                                                                                                       [7 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              

 

No (1), the distribution would no longer be discrete since σ 𝑷ሺ𝑿 = 𝒙ሻ ≠ 𝟏 (1). 

 

(d) 

𝑬ሺ𝑿ሻ =  𝑥 × 𝑃ሺ𝑋 = 𝑥ሻ 

𝟏. 𝟓𝟐 = 𝒑 × 1 + 2 × 0.5 + 3 × 0.05 + 4 × 0.02 + 5 × 0.01 

𝒑 = 1.52 − 1.28  (1) 

𝒑 = 𝟎. 𝟐𝟒 (1) 

(1) 

(c) 

𝑷𝒓ሺ𝑿 < 𝟑ሻ =
𝟏𝟒

𝟐𝟓
+

𝟒

𝟐𝟓
 

𝑷𝒓ሺ𝑿 < 3ሻ =
𝟖

𝟐𝟓
  (1) 

 

(a) 𝑷ሺ𝑿 ≤ 𝟓|𝑿 > 𝟑ሻ =
𝑷ሺ𝑿≤𝟓ሻ

𝑷ሺ𝑿>𝟑ሻ
   (1) 

𝑃ሺ𝑋 ≤ 5ሻ

𝑃ሺ𝑋 > 3ሻ
=

14
25

+
4

25
+

2
25

+
3

25
+

1
25

+
1

25
3

25
+

1
25

+
1

25

 

𝑷ሺ𝑿 ≤ 𝟓|𝑿 > 𝟑ሻ = 𝟎. 𝟒𝟖  (1) 

 

(b) 

𝝁ሺ𝑿ሻ =  𝑥 × 𝑃ሺ𝑋 = 𝑥ሻ 

𝝁ሺ𝑿ሻ = 1 ×
14

25
+ 2 ×

4

25
+ 3 ×

2

25
+ 4 ×

3

25
+ 5 ×

1

25
+ 6 ×

1

25
  (1) 

𝝁ሺ𝑿ሻ = 𝟐. 𝟎𝟒  (1) 
 

𝑽𝒂𝒓ሺ𝑿ሻ = 𝝁ሺ𝑿𝟐ሻ − 𝝁ሺ𝑿ሻ𝟐 

𝑽𝒂𝒓ሺ𝑿ሻ = 12 ×
14

25
+ 22 ×

4

25
+ 32 ×

2

25
+ 42 ×

3

25
+ 52 ×

1

25
+ 62 ×

1

25
− 𝟐. 𝟎𝟒𝟐  (1) 

𝑽𝒂𝒓ሺ𝑿ሻ =
14

25
+

16

25
+

18

25
+

48

25
+ 1 +

36

25
− 2.042 

𝑽𝒂𝒓ሺ𝑿ሻ = 𝟐. 𝟏𝟐  (1) 

 

(c) 

 𝑷ሺ𝑿 = 𝒙ሻ = 𝟏 

4

𝑘
+

11

𝑘
+

22

𝑘
+

37

𝑘
+

56

𝑘
+

79

𝑘
= 𝟏  (1) 

𝒌 = 𝟐𝟎𝟗  (1) 

 

 

(a) 

𝑷ሺ𝑿 = 𝟔|𝑿 ≥ 𝟑ሻ =
𝑃ሺ𝑋=6ሻ

𝑃ሺ𝑋≥3ሻ
  (1) 

𝑃ሺ𝑋 = 6ሻ

𝑃ሺ𝑋 ≥ 3ሻ
=

79
209

22 + 37 + 56 + 79
209

 

𝑷ሺ𝑿 = 𝟔|𝑿 ≥ 𝟑ሻ = 𝟎. 𝟒𝟎𝟕  (1)  

 

(c) 

𝟒

𝟐𝟎𝟗
 

𝟏𝟏

𝟐𝟎𝟗
 

𝟐𝟐

𝟐𝟎𝟗
 

𝟑𝟕

𝟐𝟎𝟗
 

𝟓𝟔

𝟐𝟎𝟗
 

  

𝒙 

𝑷ሺ𝑿 = 𝒙ሻ 

𝟏 𝟐 𝟑 𝟒 𝟓 𝟔 

𝟕𝟗

𝟐𝟎𝟗
 

(b) 

(2) 
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Linearity of Discrete Random Variables: Q7, Q8 

7.                                                                                [12 marks]       
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
8.                                                                                [18 marks]       
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝁ሺ𝑿ሻ = 𝟏𝟐, 𝝈𝟐ሺ𝑿ሻ = 𝟒, 𝝁ሺ𝒀ሻ = 𝟐𝟎, 𝝈𝟐ሺ𝒀ሻ = 𝟖 

𝝁ሺ𝒀ሻ = 𝑨𝝁ሺ𝑿ሻ + 𝑩 
𝟐𝟎 = 𝑨ሺ𝟏𝟐ሻ + 𝑩 

𝑩 = 𝟐𝟎 − 𝟏𝟐𝑨  (1) 

𝑽𝒂𝒓ሺ𝒀ሻ = 𝑨𝟐𝑽𝒂𝒓ሺ𝑿ሻ 
𝟖 = 𝑨𝟐ሺ𝟒ሻ 

𝑨 = ξ𝟒 

𝑨 = ±𝟐  (1) 

Substitute        into 

 

 

 

∴ 𝑾 = 𝟐𝑿 − 𝟖  (1)  or  𝑾 = −𝟐𝑿 + 𝟒𝟖  (1) 

 

(a) 

If 𝑨 = 𝟐: 

𝑩 = 𝟐𝟎 − 𝟏𝟐ሺ𝟐ሻ 

𝑩 = −𝟖  (1) 

If 𝑨 = −𝟐: 

𝑩 = 𝟐𝟎 − 𝟏𝟐ሺ−𝟐ሻ 

𝑩 = 𝟒𝟖  (1) 

𝟏 

𝟏 

𝟐 

𝟐 

𝝁ሺ𝑿ሻ = 𝟑, 𝝈ሺ𝑿ሻ = 𝟏, 𝝁ሺ𝒀ሻ = 𝟔, 𝝈ሺ𝒀ሻ = 𝟎. 𝟓 

𝝁ሺ𝒀ሻ = 𝑨𝝁ሺ𝑿ሻ + 𝑩 
𝟔 = 𝑨ሺ𝟑ሻ + 𝑩 

𝑩 = 𝟔 − 𝟑𝑨  (1) 

𝝈ሺ𝒀ሻ = |𝑨|𝝈ሺ𝑿ሻ 
𝟎. 𝟓 = |𝑨|ሺ𝟏ሻ 

|𝑨| =
𝟏

𝟐
 

𝑨 = ±𝟎. 𝟓  (1) 

Substitute        into 

 

 

 

∴ 𝒀 = 𝟎. 𝟓𝑿 + 𝟒. 𝟓  (1)  or  𝒀 = −𝟎. 𝟓𝑿 + 𝟕. 𝟓  (1)  

 

(b) 

If 𝑨 = 𝟎. 𝟓: 

𝑩 = 𝟔 − 𝟑ሺ𝟎. 𝟓ሻ 

𝑩 = 𝟒. 𝟓  (1) 

If 𝑨 = −𝟎. 𝟓: 

𝑩 = 𝟔 − 𝟑ሺ−𝟎. 𝟓ሻ 

𝑩 = 𝟕. 𝟓  (1) 

𝟏 

𝟏 

𝟐 

𝟐 

𝝁ሺ𝒀ሻ = 𝟐 × 𝜇ሺ𝑋ሻ 

𝜇ሺ𝑌ሻ = 2 × 0.6 

𝝁ሺ𝒀ሻ = 𝟏. 𝟐 (1) 

𝝈ሺ𝒀ሻ = 𝟐 × 𝜎ሺ𝑋ሻ 

𝜎ሺ𝑌ሻ = 2 × 0.02 

𝝈ሺ𝒀ሻ = 𝟎. 𝟎𝟒 (1) 

(a) 𝑽𝒂𝒓ሺ𝒀ሻ = 𝒂𝟐𝑽𝒂𝒓ሺ𝑿ሻ 
𝑽𝒂𝒓ሺ𝒀ሻ = 22 × 0.004 

𝑽𝒂𝒓ሺ𝒀ሻ = 𝟎. 𝟎𝟏𝟔  (1) 

𝝁ሺ𝒀ሻ = 𝟓 × 𝜇ሺ𝑋ሻ + 5 

𝜇ሺ𝑌ሻ = 5 × 0.6 + 5 

𝝁ሺ𝒀ሻ = 𝟖 (1) 

𝝈ሺ𝒀ሻ = 𝟓 × 𝜎ሺ𝑋ሻ 

𝜎ሺ𝑌ሻ = 5 × 0.02 

𝝈ሺ𝒀ሻ = 𝟎. 𝟏𝟎 (1) 

(b) 𝑽𝒂𝒓ሺ𝒀ሻ = 𝒂𝟐𝑽𝒂𝒓ሺ𝑿ሻ 
𝑽𝒂𝒓ሺ𝒀ሻ = 52 × 0.004 

𝑽𝒂𝒓ሺ𝒀ሻ = 𝟎. 𝟎𝟏  (1) 

𝝁ሺ𝒀ሻ = ሺ−𝟐ሻ × 𝜇ሺ𝑋ሻ + 4 

𝜇ሺ𝑌ሻ = ሺ−2ሻ × 0.6 + 4 

𝝁ሺ𝒀ሻ = 𝟐. 𝟖 (1) 

𝝈ሺ𝒀ሻ = |−𝟐| × 𝜎ሺ𝑋ሻ 

𝜎ሺ𝑌ሻ = 2 × 0.02 

𝝈ሺ𝒀ሻ = 𝟎. 𝟎𝟒 (1) 

(c) 𝑽𝒂𝒓ሺ𝒀ሻ = 𝒂𝟐𝑽𝒂𝒓ሺ𝑿ሻ 
𝑽𝒂𝒓ሺ𝒀ሻ = ሺ−2ሻ2 × 0.004 

𝑽𝒂𝒓ሺ𝒀ሻ = 𝟎. 𝟎𝟏𝟔  (1) 

𝝁ሺ𝒀ሻ = ሺ−
𝟏

𝟒
ሻ × 𝜇ሺ𝑋ሻ + 1 

𝜇ሺ𝑌ሻ = ሺ−
1

4
ሻ × 0.6 + 1 

𝝁ሺ𝒀ሻ = 𝟎. 𝟖𝟓 (1) 

𝝈ሺ𝒀ሻ = ฬ−
𝟏

𝟒
ฬ × 𝜎ሺ𝑋ሻ 

𝜎ሺ𝑌ሻ =
1

4
× 0.02 

𝝈ሺ𝒀ሻ = 𝟎. 𝟎𝟎𝟓 (1) 

(d) 𝑽𝒂𝒓ሺ𝒀ሻ = 𝒂𝟐𝑽𝒂𝒓ሺ𝑿ሻ 

𝑽𝒂𝒓ሺ𝒀ሻ = ሺ−
1

4
ሻ2 × 0.004 

𝑽𝒂𝒓ሺ𝒀ሻ = 𝟎. 𝟎𝟎𝟎𝟐𝟓  (1) 
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Concept 2 

Applications of Discrete Random Variables – Progressive Questions 

Answers 

___________________________________________________________________________ 

 

Applications of Discrete Random Variables: Q1, Q2, Q3, Q4, Q5, Q6, Q7 
1.                                                                                  [8 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

2.                                                                                 [8 marks]       

 

 

 

 

 

 

 

 

𝝁ሺ𝑿ሻ = 𝟐𝟕, 𝝈𝟐ሺ𝑿ሻ = 𝟗, 𝝁ሺ𝒀ሻ = 𝟑, 𝝈𝟐ሺ𝒀ሻ = 𝟏 

𝝁ሺ𝒀ሻ = 𝑨𝝁ሺ𝑿ሻ + 𝑩 
𝟑 = 𝑨ሺ𝟐𝟕ሻ + 𝑩 

𝑩 = 𝟑 − 𝟐𝟕𝑨  (1) 

𝑽𝒂𝒓ሺ𝒀ሻ = 𝑨𝟐𝑽𝒂𝒓ሺ𝑿ሻ 
𝟏 = 𝑨𝟐ሺ𝟗ሻ 

𝑨 = ට
𝟏

𝟗
  

𝑨 = ±
𝟏

𝟑
  (1) 

Substitute        into 

 

 

 

 

∴ 𝒁 =
𝟏

𝟑
𝑿 − 𝟔  (1)  or  𝒁 = −

𝟏

𝟑
𝑿 + 𝟏𝟐  (1) 

 

(c) 

If 𝑨 =
𝟏

𝟑
: 

𝑩 = 𝟑 − 𝟐𝟕ሺ
𝟏

𝟑
ሻ 

𝑩 = −𝟔  (1) 

If 𝑨 = −
𝟏

𝟑
: 

𝑩 = 𝟑 − 𝟐𝟕ሺ−
𝟏

𝟑
ሻ 

𝑩 = 𝟏𝟐  (1) 

𝟏 

𝟐 

𝟐 𝟏 

𝑷ሺ𝑿 > 𝟑ሻ = 0.3 + 0.2 

𝑷ሺ𝑿 > 𝟑ሻ = 𝟎. 𝟓  (1) 

 

(a) 

𝑬ሺ𝑿ሻ =  𝑥 × 𝑃ሺ𝑋 = 𝑥ሻ 

𝐸ሺ𝑋ሻ = 2 × 0.5 + ሺ−3ሻ × 0.5  (1) 

𝑬ሺ𝑿ሻ = −𝟎. 𝟓 

∴ expect a $𝟎. 𝟓𝟎 loss per game (1) 

 

(b) 

𝑷𝒓𝒐𝒇𝒊𝒕 = 𝐸ሺ𝑋ሻ × 𝟐𝟎𝟎 

𝑷𝒓𝒐𝒇𝒊𝒕 = ሺ𝟎. 𝟓ሻ × 200  (1) 

𝑷𝒓𝒐𝒇𝒊𝒕 = $𝟏𝟎𝟎 

∴ expect a $𝟏𝟎𝟎 profit for Kerry (1) 

 

(c) 

Let ‘𝒚’ be the amount they charge per game: 

𝑬ሺ𝒀ሻ = 0  (1) 

𝟎 = 𝒚 × 0.5 + ሺ𝒚 − 5ሻ × 0.5  (1) 

𝟎 = 𝒚 − 2.5 

𝒚 = 𝟐. 𝟓 

∴ should charge $𝟐. 𝟓𝟎 per game to break even (1) 

 

 

(d) 

𝑬ሺ𝑿ሻ =  𝑥 × 𝑃ሺ𝑋 = 𝑥ሻ 

𝐸ሺ𝑋ሻ = ሺ−1ሻ ×
2

20
+ ሺ0ሻ ×

3

20
+ ሺ1ሻ ×

4

20
+ 2 ×

5

20
+ 3 ×

6

20
 (1) 

𝐸ሺ𝑋ሻ = −
2

20
+

4

20
+

10

20
+

18

20
 

𝑬ሺ𝑿ሻ = 𝟏. 𝟓 

∴ expect a $𝟏. 𝟓𝟎 profit per game (1) 

 

(a) 



 6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.                                                                                                                                                                                          [9 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.                                                                                                                                                                                          [6 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑷𝒓𝒐𝒇𝒊𝒕 = 𝑬ሺ𝑿ሻ × 𝟐𝟎𝟎 

𝑬ሺ𝑿ሻ =
250

200
  (1) 

𝑷𝒓𝒐𝒇𝒊𝒕 = $𝟐. 𝟓𝟎 per game (1) 

∴ the game cost is now $𝟏. 𝟎𝟎 since the expected profit 

was originally $𝟏. 𝟓𝟎 (1) 

 

(b) 

Let ‘𝒚’ be the amount they charge per game: 

𝑬ሺ𝒀ሻ = 0  (1) 

𝟎 = ሺ𝒚 − 10ሻ ×
8

20
+ 𝒚 ×

12

20
  (1) 

𝟎 = 𝒚 − 4 

𝒚 = $𝟒 

∴ should charge $𝟒 per game to break even (1) 

 

(b) 

𝑬ሺ𝑿ሻ =  𝑥 × 𝑃ሺ𝑋 = 𝑥ሻ 

𝐸ሺ𝑋ሻ = 8 ×
8

20
+ ሺ−3ሻ ×

12

20
  (1) 

𝑬ሺ𝑿ሻ = $𝟏. 𝟒𝟎 

∴ Fraser can expect to win $𝟏. 𝟒𝟎 per game (1) 

 

(a) 𝑷ሺ𝑨 ∩ 𝑩ሻ = 𝑷ሺ𝑨ሻ × 𝑷ሺ𝑩ሻ 
 

𝑷ሺ𝑿 = 𝟏 ∩ 𝑿 = 𝟐ሻ = 𝑷ሺ𝑿 = 𝟏ሻ × 𝑷ሺ𝑿 = 𝟐ሻ 
 

𝑷ሺ𝑿 = 𝟏 ∩ 𝑿 = 𝟐ሻ =
𝟖

𝟐𝟎
×

𝟓

𝟐𝟎
  (1) 

 

𝑷ሺ𝑿 = 𝟏 ∩ 𝑿 = 𝟐ሻ = 𝟎. 𝟏  (1) 

 
𝐸ሺ𝑋ሻ = ሺ−10ሻ × 0.1 + 3 × 0.9  (1) 

𝑬ሺ𝑿ሻ = $𝟏. 𝟗𝟎 

∴ the apps students can expect a profit of  

$𝟏. 𝟗𝟎 per game (1) 

 

(c) 

Let ‘𝒚’ be the amount they charge per game: 

𝑬ሺ𝒀ሻ = 0  (1) 

𝟎 = ሺ𝒚 − 1ሻ ×
2

20
+ ሺ𝒚 − 2ሻ ×

3

20
+ ሺ𝒚 − 3ሻ ×

4

20
+ ሺ𝒚 − 4ሻ ×

5

20
+ ሺ𝒚 − 5ሻ ×

6

20
  (1) 

𝟎 = 𝒚 −
2

20
−

6

20
−

12

20
−

20

20
−

30

20
 

𝒚 = $𝟑. 𝟓𝟎 

∴ should charge $𝟑. 𝟓𝟎 per game to break even (1) 

 

(c) 

𝑷𝒓ሺ𝑿 > 𝟑ሻ = 𝑷ሺ𝑿 = 𝟒ሻ + 𝑷ሺ𝑿 = 𝟓ሻ 
 

𝑷𝒓ሺ𝑿 > 𝟑ሻ =
𝟒𝟐+𝟒

𝟕𝟓
+

𝟓𝟐+𝟒

𝟕𝟓
  (1) 

 

𝑷𝒓ሺ𝑿 > 𝟑ሻ =
𝟒𝟗

𝟕𝟓
  (1) 

 

 

(a) 

Let 𝒀 be the number of games Rupert wins: 

𝑬ሺ𝒀ሻ = 𝟏𝟎𝟎 ×
𝟒𝟗

𝟕𝟓
  (1) 

𝑬ሺ𝒀ሻ = 𝟔𝟓. 𝟑  (1) 

∴ Rupert can be expected to win (1) 

 

 

(b) 
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Concept 1 

Discrete Random Variables – Repetitive Questions Answers 

___________________________________________________________________________ 

 

Discrete Probability Distributions: Qs 1.11, 1.21, 1.31, 1.41, 1.51, 1.52 

1.11                        [10 marks]     

(a) This distribution is not of discrete random variable (1) because ∑ 𝑷(𝑿 = 𝒙) ≠ 𝟏 (1). 

 

(b) This distribution is not discrete since 𝑷(𝑿 = −𝟏) is negative (1). Even when the 𝑥 value is also negative, does 

not mean the ‘negatives cancel out’ (1).  

 
(c) This distribution is discrete (1) since ∑ 𝑷(𝑿 = 𝒙) = 𝟏 and all of the probabilities are positive (1) 

 
(d) This distribution is of a discrete random variable since ∑ 𝑷(𝑿 = 𝒙) = 𝟏 and all of the probabilities are 

positive (1). A cumulative distribution is just a cumulative representation for different types of distributions, 

but in this case the actual distribution is still discrete (1). 

 
(e) This distribution is discrete since ∑ 𝑷(𝑿 = 𝒙) = 𝟏 and all of the probabilities are positive (1). Even though 

the distribution is modelled by two different functions, it remains discrete when the two conditions are 

satisfied (1). 

 

1.21                       [10 marks]     

(a)  

 

 

 
 

 

(b)  

 

 
 

(c)    

 

 

 

 
 

 

(d)  

 

 

 

 

Problem Set 7 – Discrete Random Variables 
Repetitive Questions 

 𝑷(𝑿 = 𝒙) = 𝟏 

0.41 + 0.19 + 0.02 + 𝒎 + 0.22 = 𝟏 

𝒎 = 1 − 0.84 

𝒎 = 𝟎. 𝟏𝟔 

 

(1) 

(1) 

𝑷(𝑿 > 𝟒) = 𝑷(𝟓) + 𝑷(𝟔) + 𝑷(𝟕) 

= 0.02 + 0.16 + 0.22 = 𝟎. 𝟒 

(1) 

(1) 

𝑷(𝑿 > 𝟒|𝑿 < 𝟕) =
𝑃(𝑋 > 4)

𝑃(𝑋 < 7)
 

𝑃(3 < 𝑋 ≤ 6)

𝑃(𝑋 < 7)
=

0.02 + 0.16

0.41 + 0.19 + 0.02 + 0.16
 

𝑷(𝑿 > 𝟏|𝑿 ≤ 𝟒) = 0.208 (3d.p)    

 

(1) 

(1) 

𝝁(𝑿) =  𝑥 × 𝑃(𝑋 = 𝑥) 

𝜇(𝑋) = 3 × 0.41 + 4 × 0.19 + 5 × 0.02 + 6 × 0.16 + 7 × 0.22 

𝝁(𝑿) = 𝟒. 𝟓𝟗 (1) 

(1) 
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1.31                       [9 marks]     

(a)  

 

 

 
 

 

(b)  

 

 

 

 

 

 

 

 

 

 

(c)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.41                       [11 marks]     

(a)  

 

 

 

 

 

 

 

 

 

𝑽𝒂𝒓(𝑿) = 𝝁(𝑿𝟐) − 𝝁(𝑿)𝟐 

𝑽𝒂𝒓(𝑿) = 32 × 0.41 + 42 × 0.19 + 52 × 0.02 + 62 × 0.16 + 72 × 0.22 − 𝟒. 𝟓𝟗𝟐 

𝑽𝒂𝒓(𝑿) = 3.69 + 3.04 + 0.5 + 5.76 + 10.78 − 21.0681 

𝑽𝒂𝒓(𝑿) = 𝟐. 𝟕𝟎𝟏𝟗 (1) 

(1) 

 𝑷(𝑿 = 𝒙) = 𝟏 

2

𝑘
+

7

𝑘
+

12

𝑘
+

17

𝑘
+

22

𝑘
+

27

𝑘
= 𝟏 

𝒌 = 𝟖𝟕 (1) 

(1) 

𝑷(𝑿 = 𝟓|𝑿 > 𝟏) =
𝑃(𝑋 = 5)

𝑃(𝑋 > 1)
 

𝑷(𝑿 = 𝟓|𝑿 > 𝟏) =
𝑃(𝑋 = 5)

1 − [𝑃(𝑋 = 1)]
 

𝑷(𝑿 = 𝟓|𝑿 > 𝟏) =
22

87
÷ 1 − ൬

2

87
൰൨ 

𝑷(𝑿 = 𝟓|𝑿 > 𝟏) =
22

87
÷

85

87
 

𝑷(𝑿 = 𝟓|𝑿 > 𝟏) =
𝟐𝟐

𝟖𝟓
 

(1) 

(1) 

(1) 

𝝁(𝑿) =  𝒙 × 𝑷(𝑿 = 𝒙) 

𝜇(𝑋) = 1 ×
2

87
+ 2 ×

7

87
+ 3 ×

12

87
+ 4 ×

17

87
+ 5 ×

22

87
+ 6 ×

27

87
 

𝝁(𝑿) = 𝟒. 𝟓𝟏 (2 d.p.) (1) 

(1) 

 𝑷(𝑿 = 𝒙) = 𝟏 

𝒑 + 𝒒 + 0.4 = 1 

𝒑 = 0.6 − 𝑞 𝟏 (1) 

𝑷(𝑿 = 𝟓|𝑿 ≥ 𝟒) = 𝟎. 𝟏 

𝑃(𝑋 = 5)

𝑃(𝑋 ≥ 4)
= 0.1 

𝑞

𝒒 + 0.05
= 0.1 

𝒒 = 𝟎. 𝟎𝟎𝟓𝟔 

(1) 

(1) 

     Substitute        into     

𝒑 = 0.6 − 𝑞 

𝒑 = 0.6 − 0.0056 

𝒑 = 𝟎. 𝟓𝟗𝟒𝟒 

 

𝟏 𝟐 

(1) 

𝑽𝒂𝒓(𝑿) = 𝝁(𝑿𝟐) − 𝝁(𝑿)𝟐 

𝑽𝒂𝒓(𝑿) = 12 ×
2

87
+ 22 ×

7

87
+ 32 ×

12

87
+ 42 ×

17

87
+ 52 ×

22

87
+ 62 ×

27

87
− 𝟒. 𝟓𝟏𝟐 

𝑽𝒂𝒓(𝑿) =
2

87
+

28

87
+

108

87
+

272

87
+

505

87
+

972

87
− 4.512 

𝑽𝒂𝒓(𝑿) = 𝟏. 𝟑𝟗 (𝟐 𝒅. 𝒑. ) (1) 

(1) 

𝑷(𝑿 > 𝟐) = 𝑃(3) + 𝑃(4) + 𝑃(5) + 𝑃(6) 

𝑷(𝑿 > 𝟐) =  
𝟕𝟖

𝟖𝟕
= 𝟎. 𝟖𝟗𝟕    

 

(d) 

(1) 
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(b)       

 
 

(c)  

 

 

 

(d) 𝑷(𝑿 = 𝟓|𝑿 > 𝟑) =
𝑃(𝑋=5)

𝑃(𝑋>3)
    (1) 

𝑷(𝑿 = 𝟓)

𝑷(𝑿 > 𝟑)
=

0.0056

0.15 + 0.05 + 0.0056
 

𝑷(𝑿=𝟓)

𝑷(𝑿>𝟑)
= 𝟎. 𝟎𝟐𝟕𝟐  (1) 

1.42                       [11 marks]     

(a)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b)  

 

 

 

 

 

 

 

 

 

(c)  

 

 

 

 

 

 

𝑷(𝒙 > 𝟏) 

𝑷(𝟎. 𝟐𝟎) + 𝑷(𝟎. 𝟏𝟓) + 𝑷(𝟎. 𝟎𝟓) + 𝑷(𝟎. 𝟎𝟎𝟓𝟔) 

𝒑 = 𝟎. 𝟒𝟎𝟓𝟔 (1) 
(1) 

 𝑷(𝑿 = 𝒙) = 𝟏 

𝒎 + 𝒏 + 0.45 = 1 

𝒏 = 0.55 − 𝒎 𝟏 (1) 

𝑷(𝑿 < 𝟐|𝑿 ≤ 𝟒) = 𝟎. 𝟒 
𝑃(𝑋 = 1)

𝑃(𝑋 ≤ 4)
= 0.4 

0.2

0.2 + 0.1 + 0.15 + 𝒎
= 0.4 

0.2 = 𝟎. 𝟒𝒎 + 0.18 
𝟎. 𝟒𝒎 = 0.02 

𝒎 = 𝟎. 𝟓 𝟐 

(1) 

(1) 

     Substitute        into     

𝒏 = 0.55 − 𝒎  

𝒏 = 0.55 − 0.5 

𝒏 = 𝟎. 𝟎𝟓 

 

𝟏 𝟐 

(1) 

𝝁(𝑿) =  𝒙 × 𝑷(𝑿 = 𝒙) 

𝜇(𝑋) = 1 × 0.2 + 2 × 0.1 + 3 × 0.15 + 4 × 0.5 + 5 × 0.05 

𝝁(𝑿) = 𝟑. 𝟏 (1) 

(1) 

𝑽𝒂𝒓(𝑿) = 𝝁(𝑿𝟐) − 𝝁(𝑿)𝟐 

𝑽𝒂𝒓(𝑿) = 12 × 0.2 + 22 × 0.1 + 32 × 0.15 + 42 × 0.5 + 52 × 0.05 − 𝟑. 𝟏𝟐 

𝑽𝒂𝒓(𝑿) = 0.2 + 0.4 + 1.35 + 8 + 1.25 − 3.12 

𝑽𝒂𝒓(𝑿) = 𝟏. 𝟓𝟗 (𝟐 𝒅. 𝒑. ) (1) 

𝑷(𝑿 = 𝟓) = 𝟎. 𝟎𝟎𝟓𝟔 (1) 

 

𝑷(𝑿 < 𝟑) = 0.5 + 0.05 

𝑷(𝑿 < 𝟑) = 𝟎. 𝟓𝟓  (2) 
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1.51                       [9 marks] 

 

(a)  

 

 

 

 

(b)  

 

 

 

(c)  

 

 

 

 

 

 

 

 

 

(d)  

 

 

 

 

 

 

 

 

 

 

 

1.71                       [10 marks]     

 

(a)  

 

 

 

 

 

 

(b)  

 

 

 

 

 

 

 

𝑃(𝑋 = 3) = 𝑃(𝑋 ≤ 3) − 𝑃(𝑋 ≤ 2) 

=
24

30
−

18

30
 

=
6

30
 

 
 

(1) 

𝑷(𝑿 ≤ 𝟒|𝑿 > 𝟏) =
𝑃(1 < 𝑋 ≤ 4)

𝑃(𝑋 > 1)
 

𝑃(1 < 𝑋 ≤ 4)

𝑃(𝑋 > 1)
=

27
30 −

13
30

30
30

−
13
30

 

𝑃(1 < 𝑋 ≤ 4)

𝑃(𝑋 > 1)
=

14

30
÷

17

30
 

𝑷(𝑿 ≤ 𝟒|𝑿 > 𝟏) =
𝟏𝟒

𝟏𝟕
  (1) 

(1) 

𝝁(𝑿) =  𝒙 × 𝑷(𝑿 = 𝒙) 

𝝁(𝑿) = 1 ×
13

30
+ 2 ×

5

30
+ 3 ×

6

30
+ 4 ×

3

30
+ 5 ×

1

30
+ 6 ×

2

30
 

𝝁(𝑿) =
𝟕

𝟑
 (1) 

(1) 

𝑽𝒂𝒓(𝑿) = 𝝁(𝑿𝟐) − 𝝁(𝑿)𝟐 

𝑽𝒂𝒓(𝑿) = 12 ×
13

30
+ 22 ×

5

30
+ 32 ×

6

30
+ 42 ×

3

30
+ 52 ×

1

30
+ 62 ×

2

30
− (

𝟕

𝟑
)𝟐 

𝑽𝒂𝒓(𝑿) =  
𝟏𝟎𝟑

𝟒𝟓
  

(1) 

(1) 

 𝑷(𝑿 = 𝒙) = 𝟏 

8 − 0

𝒌
+

8 − 1

𝒌
+

8 − 2

𝒌
+

3(3) − 2

𝒌
+

3(4) − 2

𝒌
+

3(5) − 2

𝒌
= 1 

8 + 7 + 6 + 7 + 10 + 13 = 𝒌 

𝒌 = 51 

(1) 

(1) 

𝝁(𝑿) =  𝒙 × 𝑷(𝑿 = 𝒙) 

𝝁(𝑿) = 0 ×
8 − 0

51
+ 1 ×

8 − 1

51
+ 2 ×

8 − 2

51
+ 3 ×

3(3) − 2

51
+ 4 ×

3(4) − 2

51
+ 5 ×

3(5) − 2

51
 

𝝁(𝑿) =
𝟏𝟒𝟓

𝟓𝟏
 (1) 

(1) 

𝑷(𝑿 < 𝟐) = 1 −
13

30
−

5

30
 

𝑷(𝑿 < 𝟐) = 𝟎. 𝟒𝟎  (2) 
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(c)  

 

 

 

 

 

 

 

 

 

 

 

Linearity of Discrete Random Variables: Qs 1.81, 1.82, 1.91, 1.92 
 

1.81                       [8 marks]     

(a)  

 

 

 

 

(b)  

 

 

 

 

 

 

(c)  

 

 

 

 

 

 

 

 

 

𝑽𝒂𝒓(𝑿) = 𝝁(𝑿𝟐) − 𝝁(𝑿)𝟐 

𝑽𝒂𝒓(𝑿) = 02 ×
8

51
+ 12 ×

7

51
+ 22 ×

6

51
+ 32 ×

7

51
+ 42 ×

10

51
+ 52 ×

13

51
− (

𝟏𝟒𝟓

𝟓𝟏
)𝟐 

𝑽𝒂𝒓(𝑿) =  
𝟖𝟓𝟎𝟒

𝟐𝟔𝟎𝟏
  (1) 

𝝈 = ඥ𝑽𝒂𝒓(𝑿) 

𝜎 = ඨ
8504

2601
 

𝝈 = 𝟏. 𝟖𝟏 (𝟐 𝒅. 𝒑. ) (1) 

𝑷(𝑿 < 𝒏|𝑿 ≥ 𝟏) =
𝑃(1 ≤ 𝑋 < 𝑛)

𝑃(𝑋 ≥ 1)
=

30

43
 

𝑃(1 ≤ 𝑋 < 𝑛)

𝑃(𝑋 ≥ 1)
=

𝑃(1 ≤ 𝑋 < 𝑛)

1 −
8

51

=
30

43
 

𝑃(1 ≤ 𝑋 < 𝑛) =
30

43
×

43

51
 

𝑷(𝟏 ≤ 𝑿 < 𝒏) =
𝟑𝟎

𝟓𝟏
 

7

51
+

6

51
+

7

51
+

10

51
=

𝟑𝟎

𝟓𝟏
    (𝑡𝑟𝑖𝑎𝑙 𝑎𝑛𝑑 𝑒𝑟𝑟𝑜𝑟, 𝑠𝑡𝑎𝑟𝑡𝑖𝑛𝑔 𝑎𝑡 𝑔𝑖𝑣𝑒𝑛 𝑑𝑜𝑚𝑎𝑖𝑛 𝑋 ≥ 1) 

𝒏 = 𝟓 (ℎ𝑎𝑠 𝑡𝑜 𝑏𝑒 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 5 𝑡𝑜 𝑖𝑛𝑐𝑙𝑢𝑑𝑒 
10

51
) 

(1) 

(1) 

(1) 

(1) 

𝜇(𝑌) = 3 × 6 

𝝁(𝒀) = 𝟏𝟖 

 

𝜎(𝑌) = 3 × 0.9 

𝝈(𝒀) = 𝟐. 𝟕 

(1) 

(1) 

𝜇(𝑌) = 6 × 6 + 4 

𝝁(𝒀) = 𝟒𝟎 

 

𝜎(𝑌) = 6 × 0.9 

𝝈(𝒀) = 𝟓. 𝟒 

 

(1) 

(1) 

𝜇(𝑌) = −
1

8
× 6 +

1

4
 

𝝁(𝒀) = −
𝟏

𝟐
 

 

𝜎(𝑌) = −
1

8
× 0.9 

𝝈(𝒀) = −
𝟗

𝟖𝟎
 

(1) 

(1) 
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(d)  

 

 

 

 
 

 

1.82                       [2 marks]     

 

 

 

 

1.91                       [4 marks]     

(a)  

 

 

 

 

 
 

 

 

(b)  

 

 

1.92                       [4 marks]     

(a)  

 

 

 

 

 

 

 

 

 

 
 

 

(b)  

 

 

 

 

 

 

 

 

 

𝜇(𝑌) = ξ2 × 6 + 2 

𝝁(𝒀) = 𝟏𝟎. 𝟒𝟗 (𝟐 𝒅. 𝒑. ) 

 

𝜎(𝑌) = ξ2 × 0.9 

𝝈(𝒀) = 𝟏. 𝟐𝟕 (𝟐 𝒅. 𝒑. ) 

(1) 

(1) 

𝜇(𝑌) = 2 × 4 + 2 

𝝁(𝒀) = 𝟏𝟎 

 

𝜎(𝑌) = 2 × 1.5 

𝝈(𝒀) = 𝟑 

(1) 

(1) 

𝜎2(𝑌) = 𝐴 × 2 

1.5 = 𝐴 × 2 

𝑨 = 𝟎. 𝟕𝟓 

 

𝜇(𝑌) = 𝐴 × 6 + 𝐵 

12 = 0.75 × 6 + 𝐵 

𝐵 = 12 − 4.5 

𝑩 = 𝟕. 𝟓 

(1) 

(1) 

𝜎2(𝑌) = 𝐴 × 3 

2 = 𝐴 × 3 

𝑨 = 𝟏. 𝟓 

 

𝜇(𝑌) = 𝐴 × 9 + 𝐵 

12 = 1.5 × 9 + 𝐵 

𝐵 = 12 − 13.5 

𝑩 = −𝟏. 𝟓 

(1) 

(1) 

𝜎2(𝑌) = 𝐴 × 25 

20 = 𝐴 × 25 

𝑨 = 𝟎. 𝟖 

 

𝜇(𝑌) = 𝐴 × 120 + 𝐵 

150 = 0.8 × 120 + 𝐵 

𝐵 = 150 − 96 

𝑩 = 𝟓𝟒 

(1) 

(1) 

𝜎2(𝑌) = 𝐴 × 30 

35 = 𝐴 × 30 

𝑨 =
𝟔

𝟕
 

 

𝜇(𝑌) = 𝐴 × 150 + 𝐵 

160 =
6

7
× 120 + 𝐵 

𝐵 = 160 −
720

7
 

𝑩 =
400

7
 

(1) 

(1) 
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Concept 2 

Applications of Discrete Random Variables – Repetitive Questions 

Answers 

___________________________________________________________________________ 
 

Applications of Discrete Random Variables: Qs 2.11, 2.21, 2.31, 2.41, 2.51, 2.61 
2.11                                                                                                                                                                               [9 marks]              

                                                                       

(a)  

 

 

(b)  

 

 

 

 

 

(c)  

 

 
 

 

(d)  

 

 

 

 

 

 

2.21                                                                                     [10 marks]       

(a)  

 

 

 

 

 

 

 

(b)  

 

 

 

 

 

 

 

 

 

𝑷(𝟐 ≤ 𝑿 ≤ 𝟑) = 0.3 + 0.1 

𝑷(𝑿 > 𝟑) = 𝟎. 𝟒𝟎 (1) 

𝑬(𝑿) =  𝑥 × 𝑃(𝑋 = 𝑥) 

𝐸(𝑋) = 1 × 0.6 + (−2) × 0.4 

𝑬(𝑿) = 𝟎. 𝟐 

∴ expect a $𝟎. 𝟐𝟎 loss per game (1) 

(1) 

𝑷𝒓𝒐𝒇𝒊𝒕 = 𝐸(𝑋) × 𝟑𝟎𝟎 

𝑷𝒓𝒐𝒇𝒊𝒕 = (𝟎. 𝟒𝟎) × 300 

𝑷𝒓𝒐𝒇𝒊𝒕 = 𝟏𝟐𝟎 

∴ expect a $𝟏𝟐𝟎 profit for Kerry  (1) 

(1) 

Let ‘𝒙’ be the amount they charge per game 

𝑬(𝑿) = 0 

𝟎 = 𝒙 × 0.6 + (𝑥 − 3) × 0.4 

𝟎 = 𝒙 − 1.2 

𝒙 = 𝟏. 𝟐 

∴ should charge $𝟏. 𝟐𝟎 per game to break even (1) 

(1) 

(1) 

𝑬(𝑿) =  𝑥 × 𝑃(𝑋 = 𝑥) 

𝐸(𝑋) = (−3) ×
7

86
+ (−2) ×

10

86
+ (−1) ×

13

86
+ 0 ×

16

86
+ 1 ×

19

86
+ 2 ×

21

86
 

𝐸(𝑋) = −
21

86
−

20

86
−

13

86
+

19

86
+

41

86
 

𝑬(𝑿) = 𝟎. 𝟎𝟕 

∴ expect a $𝟎. 𝟎𝟕 profit per game (1) 

(1) 

𝑽𝒂𝒓(𝑿) = 𝝁(𝑿𝟐) − 𝝁(𝑿)𝟐 

𝑽𝒂𝒓(𝑿) = 12 ×
7

86
+ 22 ×

10

86
+ 32 ×

13

86
+ 42 ×

16

86
+ 52 ×

19

86
+ 62 ×

21

86
− 𝟎. 𝟎𝟕𝟐 

𝑽𝒂𝒓(𝑿) =
7

86
+

40

86
+

117

86
+

256

86
+

475

86
+

756

86
− 0.072 

𝑽𝒂𝒓(𝑿) = 𝟏𝟗. 𝟏𝟗 (1) 

(1) 

𝝈 = ඥ𝑽𝒂𝒓(𝑿) 

𝜎 = ξ19.19 

𝝈 = 𝟒. 𝟑𝟖 (1) 
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(c)  

 

 

 
 

 

2.31                                                             [8 marks]  

(a)  

 

 

 

 
 

 

                                                                    

(b)  

 
 

(c)   

 

 

 

 

 

 

2.51                                                             [10 marks] 

(a)  

 
 

 

(b)    

 

 

 

 

 

 

(c)  

 

 

 

 

 

 

 

 

 

 

 

 

𝑷𝒓𝒐𝒇𝒊𝒕 = 𝑬(𝑿) × 𝟏𝟎𝟎 

𝑬(𝑿) =
100

100
 

𝑷𝒓𝒐𝒇𝒊𝒕 = $𝟏 per game 

∴ the game cost is now $𝟎. 𝟗𝟑 since the expected profit was 

originally $𝟎. 𝟎𝟕 (1) 

(1) 

(1) 

𝑬(𝑿) =  𝑥 × 𝑃(𝑋 = 𝑥) 

𝐸(𝑋) = (10) ×
1

8
+ (5) × (

4

4
−

3

4
) 

𝐸(𝑋) =
10

8
+

5

4
 

𝑬(𝑿) = 𝟐. 𝟓 

∴ expect to win $𝟐. 𝟓𝟎 per game (1) 

(1) 

 

𝑬(𝑿) = 𝟐. 𝟓 

∴ should charge $𝟐. 𝟓𝟎 per game (1) 

𝑬(𝑿) =  𝑥 × 𝑃(𝑋 = 𝑥) 

𝐸(𝑋) = (−10) ×
3

8
+ (6) × (

4

4
−

3

8
) 

𝐸(𝑋) = −
30

8
+

30

8
 

𝑬(𝑿) = 𝟎 

∴ expect to make $𝟎 per game 

(1) 

(1) 

(1) 

(1) 

𝑃(𝑋 < 6) =
10

81
 

𝑷(𝑿 < 𝟔) = 𝟎. 𝟏𝟐𝟑 

 

(1) 

(1) 

(1) 

𝑬(𝑿) =  𝑥 × 𝑃(𝑋 = 𝑥) 

𝐸(𝑋) = (−3) ×
71

81
+ (5) ×

10

81
 

𝐸(𝑋) = −
213

81
+

50

81
 

𝑬(𝑿) = −𝟐. 𝟎𝟏 

∴ expect to lose $𝟐. 𝟎𝟏 per game 

 
𝑃(𝑋 < 4) =

3

81
 

𝑷(𝑿 < 𝟒) = 𝟎. 𝟎𝟑𝟕 

𝑬(𝑿) =  𝑥 × 𝑃(𝑋 = 𝑥) 

𝐸(𝑋) = (−3) ×
78

81
+ (97) × (

3

81
) 

𝐸(𝑋) = −
234

81
+

291

81
 

𝑬(𝑿) = 𝟎. 𝟕𝟎 

∴ expect to win $𝟎. 𝟕𝟎 per game 

𝑬(𝟏𝟎𝟎𝑿) = 100 × 0.70 

𝑬(𝟏𝟎𝟎𝑿) = 𝟕𝟎 

∴ expect to win $𝟕𝟎 in next 100 games 

 

(1) 

(1) 

(1) 

(1) 

(1) 



 0 
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Concept 1 

Bernoulli and Binomial Distributions – Progressive Questions Answers 

___________________________________________________________________________ 

 

Bernoulli and Binomial Distributions: Q1, Q2, Q3, Q4, Q5, Q6, Q7 
1.                                                                                  [4 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.                                                                                  [5 marks]       

 

 

 

 

 

 

 

 

 

 

3.                                                                                  [9 marks]       

 

 

 

 

 

 

 

 

 

 

Problem Set 8 – Bernoulli and Binomial 
Distributions Progressive Questions 

Scenario Marks Solution 

Flipping a coin with heads being a success and tails 
being a fail. 

Drawing coloured batons from a bag containing 4 orange 
batons and 3 blue batons, replacing the baton each time.  

A spinner is spun with numbers 1 to 4 and 𝒙 represents 
the value of the number landed on.  

A spinner with 100 sections is spun where a success 
is the spinner lands on one and fail lands elsewhere. 

Yes. This is a Bernoulli trial. 

 
No. This is not a Bernoulli trial because 
multiple batons are drawn, not 1.  

No. This is not a Bernoulli trial because 
there is not a success and fail. 

Yes. This is a Bernoulli trial.  

(1)  

(1)  

(1)  

(1)  

This is a Bernoulli distribution (1) with the parameter 𝒑 =
𝟑

𝟕
 (1) (a) 

(b) 𝝁(𝑿) = 𝒑 

𝝁(𝑿) =
𝟑

𝟕
  (1) 

 

𝑽𝒂𝒓(𝑿) = 𝒑𝒒 

𝑽𝒂𝒓(𝑿) =
𝟑

𝟕
×

𝟒

𝟕
 

𝑽𝒂𝒓(𝑿) =
𝟏𝟐

𝟒𝟗
  (1) 

 

𝝈 = ඥ𝒑𝒒 

𝝈 = ඨ
𝟑

𝟕
×

𝟒

𝟕
 

𝝈 = 𝟎. 𝟒𝟗𝟓 (1) 

 

This is a Bernoulli distribution (1) with the parameter 𝒑 = 𝟎. 𝟐 (1) (a) 

(b) 𝝁(𝑿) = 𝒑 

𝝁(𝑿) = 𝟎. 𝟐  (1) 

 

𝑽𝒂𝒓(𝑿) = 𝒑𝒒 

𝑽𝒂𝒓(𝑿) = 𝟎. 𝟐 × 𝟎. 𝟖 

𝑽𝒂𝒓(𝑿) = 𝟎. 𝟏𝟔  (1) 

 

𝝈 = ඥ𝒑𝒒 

𝝈 = ξ𝟎. 𝟐 × 𝟎. 𝟖 

𝝈 = 𝟎. 𝟒 (1) 

 

This is a binomial distribution (1) with the parameters 𝒏 = 𝟐𝟎 and  𝒑 = 𝟎. 𝟐 (1) (c) 



 2 

 

 

 

 

 

 

4.                                                                                  [6 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concept 2 

Applications of Binomial Distributions – Progressive Questions 

Answers 

___________________________________________________________________________ 

 

Applications of Binomial Distributions: Q1, Q2, Q3, Q4, Q5, Q6, Q7 

 

1.                                                                                  [7 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝝁(𝑿) = 𝒏𝒑 

𝝁(𝑿) = 𝟐𝟎 × 𝟎. 𝟐 

𝝁(𝑿) = 𝟒  (1) 

 

𝑽𝒂𝒓(𝑿) = 𝒏𝒑𝒒 

𝑽𝒂𝒓(𝑿) = 𝟐𝟎 × 𝟎. 𝟐 × 𝟎. 𝟖 

𝑽𝒂𝒓(𝑿) = 𝟑. 𝟐  (1) 

 

𝝈 = ඥ𝒏𝒑𝒒 

𝝈 = ξ𝟐𝟎 × 𝟎. 𝟐 × 𝟎. 𝟖 

𝝈 = 𝟏. 𝟕𝟗 (1) 

 

(d) 

(a) 

(b) 

𝝁(𝑿) = 𝒑 

𝝁(𝑿) =
𝟏

𝟔
  (1) 

 

𝑽𝒂𝒓(𝑿) = 𝒑𝒒 

𝑽𝒂𝒓(𝑿) =
𝟏

𝟔
×

𝟓

𝟔
 

𝑽𝒂𝒓(𝑿) =
𝟓

𝟑𝟔
  (1) 

 

This is a binomial distribution (1) with the parameters 𝒏 = 𝟏𝟎𝟎 and  𝒑 =
𝟏

𝟔
 (1) 

𝝁(𝒀) = 𝒏𝒑 

𝝁(𝒀) = 𝟏𝟎𝟎 ×
𝟏

𝟔
 

𝝁(𝒀) = 𝟏𝟔. 𝟕  (1) 

 

𝑽𝒂𝒓(𝑿) = 𝒏𝒑𝒒 

𝑽𝒂𝒓(𝑿) = 𝟏𝟎𝟎 ×
𝟏

𝟔
×

𝟓

𝟔
 

𝑽𝒂𝒓(𝑿) = 𝟏𝟑. 𝟗  (1) 

 

(c) 

𝝁(𝑿) = 𝒏𝒑 

𝝁(𝑿) = 𝟔 × 𝟎. 𝟕𝟖 

𝝁(𝑿) = 𝟒. 𝟔𝟖  (1) 

 

𝑽𝒂𝒓(𝑿) = 𝒏𝒑𝒒 

𝑽𝒂𝒓(𝑿) = 𝟔 × 𝟎. 𝟕𝟖 × 𝟎. 𝟐𝟐 

𝑽𝒂𝒓(𝑿) = 𝟏. 𝟎𝟑  (1) 

 

(a) 

𝑷(𝑿 = 𝟓) = (
𝟔

𝟓
) 𝟎. 𝟕𝟖𝟓 × 𝟎. 𝟐𝟐𝟏 

𝑷(𝑿 = 𝟓) = 𝟎. 𝟑𝟖𝟏  (1) 

 

𝑿~𝑩𝒊𝒏(𝟔, 𝟎. 𝟕𝟖) 

 

(b) 

𝑷(𝑿 > 𝟏) = 𝟏 − 𝑷(𝑿 = 𝟎) − 𝑷(𝑿 = 𝟏) 

𝑷(𝑿 > 𝟏) = 𝟏 − (𝟔
𝟎
)𝟎. 𝟕𝟖𝟎 × 𝟎. 𝟐𝟐𝟔 − (𝟔

𝟏
)𝟎. 𝟕𝟖𝟏 × 𝟎. 𝟐𝟐𝟓  (1) 

𝑷(𝑿 > 𝟏) = 𝟏 − 𝟎. 𝟎𝟎𝟎𝟏𝟏𝟑 − 𝟎. 𝟎𝟎𝟐𝟒𝟏 
𝑷(𝑿 > 𝟏) = 𝟎. 𝟗𝟗𝟕  (1) 

 

(c) 



 3 

 

 

 

 

 

 

 

2.                                                                                  [7 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.                                                                                  [9 marks]       

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑷(𝑿 > 𝟒) = 𝑷(𝑿 = 𝟓) + 𝑷(𝑿 = 𝟔) 

𝑷(𝑿 > 𝟒) = (𝟔
𝟓
)𝟎. 𝟕𝟖𝟓 × 𝟎. 𝟐𝟐𝟏 − (𝟔

𝟔
)𝟎. 𝟕𝟖𝟔 × 𝟎. 𝟐𝟐𝟎  (1) 

𝑷(𝑿 > 𝟒) = 𝟎. 𝟑𝟖𝟏 + 𝟎. 𝟐𝟐𝟓 
𝑷(𝑿 > 𝟒) = 𝟎. 𝟔𝟎𝟔  (1) 

 

(d) 

𝝁(𝑿) = 𝒏𝒑 

𝝁(𝑿) = 𝟏𝟎𝟎 × 𝟎. 𝟔 

𝝁(𝑿) = 𝟔𝟎  (1) 

 

𝑽𝒂𝒓(𝑿) = 𝒏𝒑𝒒 

𝑽𝒂𝒓(𝑿) = 𝟏𝟎𝟎 × 𝟎. 𝟔 × 𝟎. 𝟒 

𝑽𝒂𝒓(𝑿) = 𝟐𝟒  (1) 

 

(a) 𝑿~𝑩𝒊𝒏(𝟏𝟎𝟎, 𝟎. 𝟔) 

 

𝑷(𝑿 = 𝟔𝟓) = (
𝟏𝟎𝟎

𝟔𝟓
) 𝟎. 𝟔𝟔𝟓 × 𝟎. 𝟒𝟑𝟓 

𝑷(𝑿 = 𝟓) = 𝟎. 𝟎𝟒𝟗𝟏  (1) 

 

(b) 

𝑷(𝟕𝟏 ≤ 𝑿 ≤ 𝟕𝟐) = 𝑷(𝑿 = 𝟕𝟏) + 𝑷(𝑿 = 𝟕𝟐) 

𝑷(𝟕𝟏 ≤ 𝑿 ≤ 𝟕𝟐) = (𝟏𝟎𝟎
𝟕𝟏

)𝟎. 𝟔𝟕𝟏 × 𝟎. 𝟒𝟐𝟗 − (𝟏𝟎𝟎
𝟕𝟐

)𝟎. 𝟔𝟕𝟐 × 𝟎. 𝟒𝟐𝟖  (1) 

𝑷(𝟕𝟏 ≤ 𝑿 ≤ 𝟕𝟐) = 𝟎. 𝟎𝟎𝟔𝟑𝟒 + 𝟎. 𝟎𝟎𝟑𝟖𝟑 
𝑷(𝟕𝟏 ≤ 𝑿 ≤ 𝟕𝟐) = 𝟎. 𝟎𝟏𝟎𝟐  (1) 

 

(c) 

𝑷(𝑿 = 𝟗|𝑿 ≥ 𝟕) =
𝑷(𝑿=𝟗)

𝑷(𝑿≥𝟕)
  (1) 

 

𝑷(𝑿 = 𝟗|𝑿 ≥ 𝟕) =
𝑷(𝑿 = 𝟗)

𝑷(𝑿 = 𝟕) + 𝑷(𝑿 = 𝟖) + 𝑷(𝑿 = 𝟗) + 𝑷(𝑿 = 𝟏𝟎)
 

 

𝑷(𝑿 = 𝟗|𝑿 ≥ 𝟕) =
(𝟏𝟎

𝟗 )𝟎.𝟓𝟓𝟗×𝟎.𝟒𝟓𝟏

𝟎.𝟏𝟔𝟔𝟓+𝟎.𝟎𝟕𝟔𝟑+(𝟏𝟎
𝟗 )𝟎.𝟓𝟓𝟗×𝟎.𝟒𝟓𝟏+(𝟏𝟎

𝟏𝟎)𝟎.𝟓𝟓𝟏𝟎×𝟎.𝟒𝟓𝟎
 (1) 

𝑷(𝑿 = 𝟗|𝑿 ≥ 𝟕) =
𝟎.𝟎𝟐𝟎𝟕

𝟎.𝟏𝟔𝟔𝟓+𝟎.𝟎𝟕𝟔𝟑+𝟎.𝟎𝟐𝟎𝟕+𝟎.𝟎𝟎𝟐𝟓𝟑
  

 

𝑷(𝑿 = 𝟗|𝑿 ≥ 𝟕) = 𝟎. 𝟎𝟕𝟕𝟖 (1) 

 
 
 

𝑷(𝑿 = 𝟖𝟎) = (
𝟏𝟎𝟎

𝟖𝟎
) 𝟎. 𝟔𝟖𝟎 × 𝟎. 𝟒𝟐𝟎 

𝑷(𝑿 = 𝟓) = 𝟎. 𝟎𝟎𝟎𝟎𝟏𝟎𝟓  (1) 

 

(d) 

(a) 𝑿~𝑩𝒊𝒏(𝟏𝟎, 𝟎. 𝟓𝟓) 

 
𝝁(𝑿) = 𝒏𝒑 

𝝁(𝑿) = 𝟏𝟎 × 𝟎. 𝟓𝟓 

𝝁(𝑿) = 𝟓. 𝟓 arrows  (1) 

 
𝑷(𝟕 ≤ 𝑿 ≤ 𝟖) = 𝑷(𝑿 = 𝟕) + 𝑷(𝑿 = 𝟖) 

𝑷(𝟕 ≤ 𝑿 ≤ 𝟖) = (𝟏𝟎
𝟕

)𝟎. 𝟓𝟓𝟕 × 𝟎. 𝟒𝟓𝟑 − (𝟏𝟎
𝟖

)𝟎. 𝟓𝟓𝟖 × 𝟎. 𝟒𝟓𝟐  (1) 

𝑷(𝟕 ≤ 𝑿 ≤ 𝟖) = 𝟎. 𝟏𝟔𝟔𝟓 + 𝟎. 𝟎𝟕𝟔𝟑 
𝑷(𝟕 ≤ 𝑿 ≤ 𝟖) = 𝟎. 𝟐𝟒𝟐𝟖  (1) 

 

(b) 

(c) 



 4 

 

 

 

 

 

 

 

4.                                                                                  [9 marks]       

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

5.                                                                                [11 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

(d) Let 𝒀  be the number of games where at least 7 inner circles are hit: 

𝒀~𝑩𝒊𝒏(𝟏𝟐, 𝟎. 𝟐𝟔𝟔) (1) 

 
𝑷(𝒀 = 𝟔) = (𝟏𝟐

𝟔
)𝟎. 𝟐𝟔𝟔𝟔 × 𝟎. 𝟕𝟑𝟒𝟔  (1) 

𝑷(𝒀 = 𝟔) = 𝟎. 𝟎𝟓𝟏𝟐  (1) 

 

(a) 𝑿~𝑩𝒊𝒏(𝟒𝟎, 𝟎. 𝟑𝟐) 

 

𝑷(𝑿 = 𝟏𝟎) = (
𝟒𝟎

𝟏𝟎
) 𝟎. 𝟑𝟐𝟏𝟎 × 𝟎. 𝟔𝟖𝟑𝟎 

𝑷(𝑿 = 𝟏𝟎) = 𝟎. 𝟎𝟗𝟎𝟐  (1) 

 

𝑷(𝑿 > 𝟐) = 𝟏 − 𝑷(𝑿 = 𝟎) − 𝑷(𝑿 = 𝟏) − 𝑷(𝑿 = 𝟐) 

𝑷(𝑿 > 𝟐) = 𝟏 − (𝟒𝟎
𝟎

)𝟎. 𝟑𝟐𝟎 × 𝟎. 𝟔𝟖𝟒𝟎 − (𝟒𝟎
𝟏

)𝟎. 𝟑𝟐𝟏 × 𝟎. 𝟔𝟖𝟑𝟗 − (𝟒𝟎
𝟐

)𝟎. 𝟑𝟐𝟐 × 𝟎. 𝟔𝟖𝟑𝟖  (1) 

𝑷(𝑿 > 𝟐) = 𝟏 − 𝟏. 𝟗𝟗𝟔 × 𝟏𝟎−𝟕 − 𝟑. 𝟕𝟓𝟗 × 𝟏𝟎−𝟔 − 𝟑. 𝟒𝟓 × 𝟏𝟎−𝟓 
𝑷(𝑿 > 𝟐) ≈ 𝟎. 𝟗𝟗𝟗  (1) 

 

(b) 

𝑷(𝟐𝟎 ≤ 𝑿 ≤ 𝟐𝟏) = 𝑷(𝑿 = 𝟐𝟎) + 𝑷(𝑿 = 𝟐𝟏) 

𝑷(𝟐𝟎 ≤ 𝑿 ≤ 𝟐𝟏) = (𝟒𝟎
𝟐𝟎

)𝟎. 𝟑𝟐𝟐𝟎 × 𝟎. 𝟔𝟖𝟐𝟎 − (𝟒𝟎
𝟐𝟏

)𝟎. 𝟑𝟐𝟐𝟏 × 𝟎. 𝟔𝟖𝟏𝟗  (1) 

𝑷(𝟐𝟎 ≤ 𝑿 ≤ 𝟐𝟏) = 𝟎. 𝟎𝟎𝟕𝟖𝟏 + 𝟎. 𝟎𝟎𝟑𝟓 
𝑷(𝟐𝟎 ≤ 𝑿 ≤ 𝟐𝟏) = 𝟎. 𝟎𝟏𝟏𝟑  (1) 

 

(c) 

Let 𝒀  be the number of athletes who are injured: 

𝒀~𝑩𝒊𝒏(𝟐𝟓, 𝟎. 𝟕𝟓) (1) 

 
𝑷(𝑿 = 𝟐𝟓|𝑿 > 𝟐𝟐) =

𝑷(𝑿=𝟐𝟓)

𝑷(𝑿>𝟐𝟐)
  (1) 

 

𝑷(𝑿 = 𝟐𝟓|𝑿 > 𝟐𝟐) =
𝑷(𝑿 = 𝟐𝟓)

𝑷(𝑿 = 𝟐𝟑) + 𝑷(𝑿 = 𝟐𝟒) + 𝑷(𝑿 = 𝟐𝟓)
 

 

𝑷(𝑿 = 𝟐𝟓|𝑿 > 𝟐𝟐) =
(

𝟐𝟓
𝟐𝟓)𝟎.𝟕𝟓𝟐𝟓×𝟎.𝟐𝟓𝟎

(𝟐𝟓
𝟐𝟑)𝟎.𝟕𝟓𝟐𝟑×𝟎.𝟐𝟓𝟐+(𝟐𝟓

𝟐𝟒)𝟎.𝟕𝟓𝟐𝟒×𝟎.𝟐𝟓𝟏+(𝟐𝟓
𝟐𝟓)𝟎.𝟕𝟓𝟐𝟓×𝟎.𝟐𝟓𝟎

 (1) 

𝑷(𝑿 = 𝟐𝟓|𝑿 > 𝟐𝟐) =
𝟎.𝟎𝟎𝟎𝟕𝟓𝟐𝟓

𝟎.𝟎𝟐𝟓𝟎𝟖+𝟎.𝟎𝟎𝟔𝟐𝟕𝟏+𝟎.𝟎𝟎𝟎𝟕𝟓𝟐𝟓
  

 

𝑷(𝑿 = 𝟐𝟓|𝑿 > 𝟐𝟐) = 𝟎. 𝟎𝟐𝟑𝟒 (1) 

 
 
 

(d) 

(a) 𝑿~𝑩𝒊𝒏(𝟐𝟑𝟖, 𝟎. 𝟗𝟖) 

 
𝑷(𝑿 ≥ 𝟐𝟑𝟕) = 𝑷(𝑿 = 𝟐𝟑𝟕) + 𝑷(𝑿 = 𝟐𝟑𝟖) 

𝑷(𝑿 ≥ 𝟐𝟑𝟕) = (𝟐𝟑𝟖
𝟐𝟑𝟕

)𝟎. 𝟗𝟖𝟐𝟑𝟕 × 𝟎. 𝟎𝟐𝟏 − (𝟐𝟑𝟖
𝟐𝟑𝟖

)𝟎. 𝟗𝟖𝟐𝟑𝟖 × 𝟎. 𝟎𝟐𝟎  (1) 

𝑷(𝑿 ≥ 𝟐𝟑𝟕) = 𝟎. 𝟎𝟑𝟗𝟔𝟒 + 𝟎. 𝟎𝟎𝟖𝟏𝟔𝟐 
𝑷(𝑿 ≥ 𝟐𝟑𝟕) = 𝟎. 𝟎𝟒𝟕𝟖  (1) 

 

𝑷(𝑿 < 𝟐𝟑𝟖) = 𝟏 − 𝑷(𝑿 = 𝟐𝟑𝟖) 

𝑷(𝑿 > 𝟏) = 𝟏 − (𝟐𝟑𝟖
𝟐𝟑𝟖

)𝟎. 𝟗𝟖𝟐𝟑𝟖 × 𝟎. 𝟎𝟐𝟎  (1) 

𝑷(𝑿 > 𝟏) = 𝟏 − 𝟎. 𝟎𝟎𝟖𝟏𝟔𝟐 
𝑷(𝑿 > 𝟏) = 𝟎. 𝟗𝟗𝟏𝟖  (1) 

 

(b) 
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6.                                                                                [12 marks]       

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 

 

7.                                                                                [10 marks]       

 

 

 

 

 

 

 

 

 

𝑷(𝑿 > 𝟐𝟑𝟓|𝑿 ≤ 𝟐𝟑𝟕) =
𝑷(𝟐𝟑𝟓<𝑿≤𝟐𝟑𝟕)

𝑷(𝑿≤𝟐𝟑𝟕)
  (1) 

 

𝑷(𝑿 > 𝟐𝟑𝟓|𝑿 ≤ 𝟐𝟑𝟕) =
𝑷(𝑿 = 𝟐𝟑𝟔) + 𝑷(𝑿 = 𝟐𝟑𝟕)

𝟏 − 𝑷(𝑿 = 𝟐𝟑𝟕) − 𝑷(𝑿 = 𝟐𝟑𝟖)
 

 

𝑷(𝑿 > 𝟐𝟑𝟓|𝑿 ≤ 𝟐𝟑𝟕) =
(𝟐𝟑𝟖

𝟐𝟑𝟔)𝟎.𝟗𝟖𝟐𝟑𝟔×𝟎.𝟎𝟐𝟐+(𝟐𝟑𝟖
𝟐𝟑𝟕)𝟎.𝟗𝟖𝟐𝟑𝟕×𝟎.𝟎𝟐𝟏

𝟏−(𝟐𝟑𝟖
𝟐𝟑𝟕)𝟎.𝟗𝟖𝟐𝟑𝟕×𝟎.𝟎𝟐𝟏−(𝟐𝟑𝟖

𝟐𝟑𝟖)𝟎.𝟗𝟖𝟐𝟑𝟖×𝟎.𝟎𝟐𝟎
 (1) 

𝑷(𝑿 > 𝟐𝟑𝟓|𝑿 ≤ 𝟐𝟑𝟕) =
𝟎.𝟎𝟗𝟓𝟖𝟖+𝟎.𝟎𝟑𝟗𝟔𝟒

𝟏−𝟎.𝟎𝟑𝟗𝟔𝟒−𝟎.𝟎𝟎𝟖𝟏𝟔𝟐
  

 

𝑷(𝑿 = 𝟐𝟓|𝑿 > 𝟐𝟐) = 𝟎. 𝟏𝟒𝟐𝟑 (1) 

 
 
 

(c) 

𝑷(𝒀 > 𝟏) = 𝟏 − 𝑷(𝒀 = 𝟎) 

𝑷(𝒀 > 𝟏) = 𝟏 − (𝟏𝟐
𝟎

)𝟎. 𝟑𝟖𝟏𝟐 × 𝟎. 𝟔𝟐𝟎  (1) 

𝑷(𝑿 > 𝟏) = 𝟏 − 𝟎. 𝟎𝟎𝟗𝟎𝟔𝟓 
𝑷(𝑿 > 𝟏) = 𝟎. 𝟗𝟗𝟗𝟗  (1) 

 

(d) 

𝑷(𝑿 = 𝟏𝟒) = (𝟐𝟏𝟐
𝟏𝟒

)𝟎. 𝟏𝟒𝟏𝟒 × 𝟎. 𝟖𝟔𝟏𝟗𝟖  (1) 

𝑷(𝑿 = 𝟏𝟒) = 𝟎. 𝟎𝟎𝟑𝟑  (1) 
 

(e) 

(a) 𝑿~𝑩𝒊𝒏(𝟑, 𝟎. 𝟒𝟑) 

 
𝑷(𝑿 ≥ 𝟏) = 𝟏 − 𝑷(𝑿 = 𝟎) 

𝑷(𝑿 ≥ 𝟏) = 𝟏 − (𝟑
𝟎
)𝟎. 𝟒𝟑𝟎 × 𝟎. 𝟓𝟕𝟑  (1) 

𝑷(𝑿 ≥ 𝟏) = 𝟎. 𝟏𝟖𝟓  (1) 
 

(b) 𝑷(𝑿 ≥ 𝟐) = 𝑷(𝑿 = 𝟐) + 𝑷(𝑿 = 𝟑) 

𝑷(𝑿 ≥ 𝟐) = (𝟑
𝟐
)𝟎. 𝟒𝟑𝟐 × 𝟎. 𝟓𝟕𝟏 + (𝟑

𝟑
)𝟎. 𝟒𝟑𝟑 × 𝟎. 𝟓𝟕𝟎  (1) 

𝑷(𝑿 ≥ 𝟐) = 𝟎. 𝟑𝟗𝟔  (1) 
 

𝑷(𝑿 ≥ 𝟐) = 𝑷(𝑿 = 𝟐) + 𝑷(𝑿 = 𝟑) 

𝑷(𝑿 ≥ 𝟐) = (𝟑
𝟐
)𝟎. 𝟖𝟓𝟐 × 𝟎. 𝟏𝟓𝟏 + (𝟑

𝟑
)𝟎. 𝟖𝟓𝟑 × 𝟎. 𝟏𝟓𝟎  (1) 

𝑷(𝑿 ≥ 𝟐) = 𝟎. 𝟗𝟑𝟗  (1) 
 

(c) 

𝟎. 𝟗𝟑𝟗𝟓 = 𝟎. 𝟕𝟑𝟎  (1) 
 

(d) 

(e) 𝑷(𝑿 = 𝟑) = (𝟑
𝟑
)𝟎. 𝟖𝟓𝟑 × 𝟎. 𝟏𝟓𝟎 (1) 

𝑷(𝑿 = 𝟑) = 𝟎. 𝟔𝟏𝟒  (1) 
 

(a) 𝑿~𝑩𝒊𝒏(𝟓, 𝟎. 𝟔𝟑) 

 
𝝁(𝑿) = 𝒏𝒑 

𝝁(𝑿) = 𝟓 × 𝟎. 𝟔𝟑 

𝝁(𝑿) = 𝟑. 𝟏𝟓 arrows  (1) 

 

𝑷(𝑿 = 𝟓) = (𝟓
𝟓
)𝟎. 𝟔𝟑𝟓 × 𝟎. 𝟑𝟕𝟎 (1) 

𝑷(𝑿 = 𝟓) = 𝟎. 𝟎𝟗𝟗𝟐  (1) 
 

(b) 
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𝑷(𝑺𝒄𝒐𝒓𝒆𝒔 𝒇𝒊𝒓𝒔𝒕 𝟑 𝒈𝒐𝒂𝒍𝒔) = 𝟎. 𝟔𝟑𝟑 × 𝟎. 𝟑𝟕𝟐 (1) 

𝑷(𝑺𝒄𝒐𝒓𝒆𝒔 𝒇𝒊𝒓𝒔𝒕 𝟑 𝒈𝒐𝒂𝒍𝒔) = 𝟎. 𝟎𝟑𝟒𝟐  (1) 
 

(c) 

𝑷(𝟑 ≤ 𝑿 ≤ 𝟓) = 𝑷(𝑿 = 𝟑) + 𝑷(𝑿 = 𝟒) + 𝑷(𝑿 = 𝟓) 

𝑷(𝟑 ≤ 𝑿 ≤ 𝟓) = (𝟓
𝟑
)𝟎. 𝟔𝟑𝟑 × 𝟎. 𝟑𝟕𝟐 + (𝟓

𝟒
)𝟎. 𝟔𝟑𝟒 × 𝟎. 𝟑𝟕𝟏 + (𝟓

𝟓
)𝟎. 𝟔𝟑𝟓 × 𝟎. 𝟑𝟕𝟎  (1) 

𝑷(𝟑 ≤ 𝑿 ≤ 𝟓) = 𝟎. 𝟑𝟒𝟐 + 𝟎. 𝟐𝟗𝟏 + 𝟎. 𝟎𝟗𝟗𝟐  (1) 
𝑷(𝟑 ≤ 𝑿 ≤ 𝟓) = 𝟎. 𝟕𝟑𝟐  (1) 

 

(d) 

𝑷(𝑿 = 𝟓|𝑿 ≥ 𝟐) =
𝑷(𝑿=𝟓)

𝑷(𝑿≥𝟐)
  (1) 

 

𝑷(𝑿 = 𝟓|𝑿 ≥ 𝟐) =
𝟎. 𝟎𝟗𝟗𝟐

𝟏 − 𝟎. 𝟕𝟑𝟐
 

 

𝑷(𝑿 = 𝟓|𝑿 ≥ 𝟐) = 𝟎. 𝟑𝟕𝟎 (1) 

 
 
 

(e) 
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Concept 1 

Bernoulli and Binomial Distributions – Repetitive Questions Answers 

___________________________________________________________________________ 
 

Bernoulli and Binomial Distributions: Qs 1.11, 1.21, 1.31, 1.41 

1.11                        [6 marks]     

 

 

 

 

 

  

 

 

 

 

 
 

1.21                       [10 marks]     

 

 

 

 

 

 

 
 

1.31                        [9 marks]     

 

 

 

 

 

 

 

 

1.41                       [9 marks]     

 

 

 

 

 

 

Problem Set 8 – Bernoulli and Binomial 
Distributions Repetitive Questions 

𝐿𝑒𝑡 𝑿~𝐵𝑒𝑟𝑛 (
1

6
) (2) 

𝝁(𝑿) =
𝟏

𝟔
, 𝑽𝒂𝒓(𝑿) =

𝟓

𝟑𝟔
, 𝝈(𝑿) = √

𝟓

𝟑𝟔
  (3) 

 

(a) 

(b) 

(c) 

Scenario No Yes 

Rolling a six-sided dice with one as success and others as failures. 

Selecting coloured sweets from a bag of 4 strawberry flavoured and 9 
banana flavoured which are replaced after every choice. 

Randomly selecting pens from a pencil case and considering their 
colour. 

Flipping a coin to for netball with heads being a success and tails being 
a fail.   

𝐿𝑒𝑡 𝑿~𝑩𝒊𝒏 (10,
1

6
) (2) 

𝝁(𝑿) = 𝟔, 𝑽𝒂𝒓(𝑿) =
𝟓𝟎

𝟑𝟔
, 𝝈(𝑿) = √

𝟓𝟎

𝟑𝟔
  (3) 

 

(d) 

𝑿~𝑩𝒆𝒓𝒏 (
𝟏

𝟒
) (2) 

𝝁(𝑿) =
𝟏

𝟒
, 𝑽𝒂𝒓(𝑿) =

𝟑

𝟏𝟔
, 𝝈(𝑿) = √

𝟑

𝟏𝟔
  

(3) 
 

(a) 

(b) 

(c) 𝐿𝑒𝑡 𝑿~𝑩𝒊𝒏 (10,
1

4
) (2) 

𝝁(𝑿) = 𝟒, 𝑽𝒂𝒓(𝑿) =
𝟑𝟎

𝟏𝟔
, 𝝈(𝑿) = √

𝟑𝟎

𝟏𝟔
  (2) 

 

(d) 

𝑿~𝑩𝒆𝒓𝒏(𝟎. 𝟓𝟓) 
𝝁(𝑿) = 𝟎. 𝟓𝟓 𝑽𝒂𝒓(𝑿) = 𝟎. 𝟐𝟒𝟕𝟓, 𝝈(𝑿) = 𝟎. 𝟒𝟗𝟕𝟓  (2) 

 

(a) 

(b) 

(c) 

𝐿𝑒𝑡 𝑿~𝑩𝒊𝒏(10,0.55) (2) 
𝝁(𝑿) = 𝟓. 𝟓, 𝑽𝒂𝒓(𝑿) = 𝟐. 𝟒𝟕𝟓  (2) 
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Concept 2 

Applications of Binomial Distributions – Repetitive Questions 

Answers 

___________________________________________________________________________ 
 

Applications of Binomial Distributions: Qs 2.11, 2.12, 2.21, 2.31, 2.32, 2.41, 2.42, 2.51, 2.52. 
2.11                                                             [5 marks]

     

 

 

 

 

 

 

 
 

 

  

2.12                                                            [4 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.21                                                             [4 marks] 

 

 

 

 

 

 

 

 
 

 

𝑷(𝑿 = 𝟓) = (5
5
) × 0.845 × 0.160 = 𝟎. 𝟒𝟏𝟖 (3) 

(a) 𝑬(𝑿) = 𝒏 × 𝒑 
𝐸(𝑋) = 0.84 × 5 = 𝟒. 𝟐 (1) 
𝑽𝒂𝒓(𝑿) = 𝒏 × 𝒑 × (𝟏 − 𝒑) 

𝑉𝑎𝑟(𝑋) = 5 × 0.84 × 0.16 = 𝟎. 𝟔𝟕𝟐 (1) 

(b) 𝑷(𝑿 = 𝟑) = (5
3
) × 0.843 × 0.162 

𝑷(𝑿 = 𝟑) = 𝟎. 𝟏𝟓𝟐 (1) 

 

(c) 𝑷(𝑿 < 𝟏𝟖) = (20
19

) × 0.8719 × 0.131 + (20
20

) × 0.8720 × 0.130 

𝑷(𝑿 < 𝟏𝟖) = 𝟎. 𝟐𝟒𝟔 (1) 

 

 

(a) 𝑋 is binomially distributed as it is a probability distribution with two outcomes (i.e. the student either has a sibling or 

doesn’t) that is repeated multiple times independently. 

 

The binomial distribution is represented as: 

𝑿~𝑩(𝟐𝟎, 𝟎. 𝟖𝟕) (1) 

 

(b) 𝑬(𝑿) = 𝒏 × 𝒑 

𝐸(𝑋) = 20 × 0.87 = 𝟏𝟕. 𝟒 
There would be expected to be 𝟏𝟖 siblings. (1) 

 

(a)  The binomial distribution is represented as: 

𝑿~𝑩(𝟖𝟎, 𝟎. 𝟗𝟎) (1) 

 

(e) 

(c) (d) 𝑷(𝑿 < 𝟐) = 𝑷(𝑿 = 𝟎) + 𝑷(𝑿 = 𝟏) 

𝑷(𝑿 < 𝟐) = (𝟓
𝟎
)𝟎. 𝟖𝟒𝟓 × 𝟎. 𝟏𝟔𝟎 + (𝟓

𝟏
)𝟎. 𝟖𝟒𝟒 × 𝟎. 𝟏𝟔𝟏  (1) 

𝑷(𝑿 < 𝟐) = 𝟎. 𝟖𝟏𝟕  (1) 
 

𝑷(𝑿 > 𝟐) = 𝟏 − 𝑷(𝑿 < 𝟐) 

𝑷(𝑿 > 𝟐) = 𝟏 − 𝟎. 𝟖𝟏𝟕  (1) 

𝑷(𝑿 > 𝟐) = 𝟎. 𝟏𝟖𝟑  (1) 
 

𝑷(𝑿 = 𝟏𝟓) = (𝟐𝟎
𝟏𝟓

)𝟎. 𝟖𝟕𝟏𝟓 × 𝟎. 𝟏𝟑𝟓  (1) 

𝑷(𝑿 = 𝟏𝟓) = 𝟎. 𝟎𝟕𝟏  (1) 
 

𝑷(𝑿 = 𝟐𝟎|𝑿 ≥ 𝟏𝟖) =
𝑷(𝑿=𝟐𝟎)

𝑷(𝑿≥𝟏𝟖)
  (1) 

 

𝑷(𝑿 = 𝟐𝟎|𝑿 ≥ 𝟏𝟖) =
𝟎.𝟎𝟔𝟏𝟕

𝟎.𝟐𝟔𝟏𝟖+𝟎.𝟏𝟖𝟒𝟒+𝟎.𝟎𝟔𝟏𝟕
  

 

𝑷(𝑿 = 𝟐𝟎|𝑿 ≥ 𝟏𝟖) = 𝟎. 𝟏𝟐𝟏 (1) 

 
 
 

(e) 
(d) 𝑽𝒂𝒓(𝑿) = 𝟎. 𝟖𝟕 × 𝟎. 𝟏𝟑 × 𝟐𝟎  (1) 

𝑽𝒂𝒓(𝑿) = 𝟐. 𝟐𝟔𝟐  (1) 
 

𝑷(𝑿 ≥ 𝟕𝟕) = 𝑷(𝑿 = 𝟕𝟕) + 𝑷(𝑿 = 𝟕𝟖) + 𝑷(𝑿 = 𝟕𝟗) + 𝑷(𝑿 = 𝟖𝟎) 

𝑷(𝑿 ≥ 𝟕𝟕) = (𝟖𝟎
𝟕𝟕

)𝟎. 𝟗𝟕𝟕 × 𝟎. 𝟏𝟑 + (𝟖𝟎
𝟕𝟖

)𝟎. 𝟗𝟕𝟖 × 𝟎. 𝟏𝟐 + (𝟖𝟎
𝟕𝟗

)𝟎. 𝟗𝟕𝟗 × 𝟎. 𝟏𝟏 + (𝟖𝟎
𝟖𝟎

)𝟎. 𝟗𝟖𝟎  (1) 

𝑷(𝑿 ≥ 𝟕𝟕) = 𝟎. 𝟎𝟐𝟒𝟔 + 𝟎. 𝟎𝟎𝟖𝟓𝟐 + 𝟎. 𝟎𝟎𝟏𝟗𝟒 + 𝟎. 𝟎𝟎𝟎𝟐𝟐 
𝑷(𝑿 ≥ 𝟕𝟕) = 𝟎. 𝟎𝟑𝟓𝟑  (1) 

 

(b) 
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2.31                                                             [7 marks] 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.32                                          [7 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑬(𝑿) = 𝒏 × 𝒑 
𝐸(𝑋) = 80 × 0.9 = 72 (1) 

𝑽𝒂𝒓(𝑿) = 𝒏 × 𝒑 × (𝟏 − 𝒑) 
𝑉𝑎𝑟(𝑋) = 80 × 0.9 × 0.1 = 𝟕. 𝟐 (1) 

(b) 𝐏(𝑿 = 𝟏𝟎) = (20
10

) × 0.8510 × 0.1510 = 𝟎. 𝟎𝟎𝟎𝟐 (1) 

 

 

(c) 𝑬(𝑿) = 𝒏 × 𝒑 
30 = 𝑛 × 0.9 

30

0.9
= 𝑛 

𝒏 = 𝟑𝟑. 𝟑, hence 34 tackles are required (1) 

 

(a) 𝑬(𝑿) = 𝒏 × 𝒑 

𝐸(𝑋) = 20 × 0.85 = 𝟏𝟕, hence 17 crops are 

expected to survive to harvest (1) 

 
(c) Let Y be the random variable to define the number of crops that do not successfully grow. 

𝐏(𝒀 ≥ 𝟑) × 𝐏(𝑿 = 𝟖) 

Calculate 𝐏(𝑿 = 𝟖) Calculate 𝐏(𝒀 ≥ 𝟑) 

(
20

8
) × 0.858 × 0.1512 

= 𝟒. 𝟒𝟓𝟒 × 𝟏𝟎−𝟔 (1) 

1 − [P(𝑌 = 2) + P(𝑌 = 1) + P(𝑌 = 0)] 

1 − 0.229 − 0.137 − 0.039 

= 𝟎. 𝟓𝟗𝟓 (1) 

 

P(𝑛𝑜 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 3 𝑑𝑒𝑎𝑡ℎ𝑠, 𝑤ℎ𝑒𝑟𝑒 8 𝑐𝑟𝑜𝑝𝑠 𝑠𝑢𝑟𝑣𝑖𝑣𝑒) = 4.454 × 10−6 × 0.595 =

𝟐. 𝟔𝟓𝟎 × 𝟏𝟎−𝟔(1) 

 
(d) Recall from (a) that 𝑷(𝑿 = 𝟏𝟎) = 𝟎. 𝟎𝟎𝟎𝟐  

 

Create a new binomial distribution for the planting sessions: 𝑿~𝑩(𝟖, 𝟎. 𝟎𝟎𝟎𝟐) (1) 

 

Calculate the success of 6 out of 8 planting sessions: 

𝐏(𝑿 = 𝟔) = (
8

6
) × (0.0002)6 × (1 − 0.0002)2 = 𝟐. 𝟑𝟖𝟑 × 𝟏𝟎−𝟐𝟏 

Thus, the probability of 10 plants surviving in 6 planting sessions is 𝟐. 𝟑𝟖𝟑 × 𝟏𝟎−𝟐𝟏 (1) 

 

 

 (a) 𝑬(𝑿) = 𝒏 × 𝒑 

𝐸(𝑋) = 0.3 × 7 = 2.1 
It is expected that 2.1 meals will be 

edible (1) 

 

 

 

(b) 𝐏(𝑿 = 𝟓) = (7
5
) × 0. 35 × 0.72 = 0.025 

The probability that 5 out of 7 ordered meals are edible 

is 0.025 (1) 

 

 

 

(d) 𝐏(𝑿 ≥ 𝟐) = 1 − (7
0
) × 0. 30 × 0. 77 − (7

1
) × 0. 31 × 0. 76 = 𝟎. 𝟔𝟕𝟏 

0.6712 = 𝟎. 𝟒𝟓𝟎 

The probability that there are at least two edible meals on each day is 𝟎. 𝟒𝟓 (1) 

 

 

 

(c) 𝐏(𝑿 ≥ 𝟓) = (7
5
) × 0. 35 × 0. 72 + (7

6
) × 0. 36 × 0. 71 + (7

7
) × 0. 37 × 0. 70 = 𝟎. 𝟎𝟐𝟖𝟖 

The probability that there are at least five edible meals is 𝟎. 𝟎𝟐𝟖𝟖 (1) 

 

 

 

𝑷(𝑿 ≤ 𝟕𝟕|𝑿 ≥ 𝟕𝟓) =
𝑷(𝟕𝟓≤𝑿≤𝟕𝟕)

𝑷(𝑿≥𝟕𝟓)
  (1) 

 

𝑷(𝑿 ≤ 𝟕𝟕|𝑿 ≥ 𝟕𝟓) =
𝟎.𝟏𝟒𝟏𝟔

𝟎.𝟏𝟕𝟔𝟗
  

 

𝑷(𝑿 ≤ 𝟕𝟕|𝑿 ≥ 𝟕𝟓) = 𝟎. 𝟖𝟎 (1) 

 
 
 

(c) 

(d) 



 10 

2.41 

                                                         [6 marks] 

 

 

 

 

 

 

 

 

 

 

2.51              [11 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 𝑬(𝑿) = 𝒏 × 𝒑 
𝐸(𝑋) = 12 × 0.15 = 𝟏. 𝟖 (1) 
𝑽𝒂𝒓(𝑿) = 𝒏 × 𝒑 × (𝟏 − 𝒑) 

𝑉𝑎𝑟(𝑋) = 12 × 0.15 × 0.85 = 𝟏. 𝟓𝟑 

𝑆𝑑(𝑋) = √1.53 = 𝟏. 𝟐𝟒 (1) 

(b) 𝑷(𝑿 = 𝟏𝟐) = (12
12

) × 0. 1512 × 0.850 = 𝟏. 𝟐𝟗 × 𝟏𝟎−𝟏𝟎 (1) 

 

 

 

(a) 𝐏(𝑿 = 𝟎) = (12
0

) × 0.050 × 0.9512 = 0.540 

1 − 0.540 = 𝟎. 𝟒𝟔𝟎 

The probability is 0.460 for at least 1 student in sample 

group A to receive an ATAR over 95 (1) 

 

(b) 𝐏(𝑩 = 𝟑 |𝑩 ≤ 𝟓) =
𝐏(𝑩=𝟑)

𝐏(𝑩≤𝟓)
 

𝐏(𝑩 = 𝟑) = (
9

3
) × 0.193 × 0.816 = 𝟎. 𝟏𝟔𝟑 

0.163

𝑏𝑖𝑛𝑜𝑚𝐶𝑑𝑓(9, 0.19, 0, 5)
 

A classpad can be used to find these values (2) 
0.163

0.998
= 𝟎. 𝟏𝟔𝟑 (1) 

 

(c) Consider the different combinations for exactly 5 students receiving over 95 amongst the two groups: 

Combination Probability Calculation 

𝟓𝑨 + 𝟎𝑩 
(

12

5
) × 0.055 × 0.957 × (

9

0
) × 0. 190 × 0. 819  

= 𝟐. 𝟓𝟗𝟒 × 𝟏𝟎−𝟓 (1) 

𝟒𝑨 + 𝟏𝑩  
(

12

4
) × 0.054 × 0.958 × (

9

1
) × 0. 191 × 0. 818  

= 𝟔. 𝟓𝟎𝟒 × 𝟏𝟎−𝟒 (1) 

𝟑𝑨 + 𝟐𝑩  
(

12

3
) × 0.053 × 0.959 × (

9

2
) × 0. 192 × 0. 817  

= 𝟓. 𝟏𝟓 × 𝟏𝟎−𝟑 (1) 

𝟐𝑨 + 𝟑𝑩  
(

12

2
) × 0.052 × 0.9510 × (

9

3
) × 0. 193 × 0. 816 

= 𝟎. 𝟎𝟏𝟔 (1) 

𝟏𝑨 + 𝟒𝑩  
(

12

1
) × 0.051 × 0.9511 × (

9

4
) × 0. 194 × 0. 815 

= 𝟎. 𝟎𝟐𝟎 (1) 

𝟎𝑨 + 𝟓𝑩  
(

12

0
) × 0.050 × 0.9512 × (

9

5
) × 0. 195 × 0. 814 

= 𝟕. 𝟐𝟔 × 𝟏𝟎−𝟑 (1) 

Total Probability 0.049 

 

The probability that there are exactly 5 students that receive over 95 is 0.049. (1) 

 

𝑷(𝑿 ≥ 𝟗) = 𝑷(𝑿 = 𝟗) + 𝑷(𝑿 = 𝟏𝟎) + 𝑷(𝑿 = 𝟏𝟏) + 𝑷(𝑿 = 𝟏𝟐) 

𝑷(𝑿 ≥ 𝟗) = (𝟏𝟐
𝟗

)𝟎. 𝟏𝟓𝟗 × 𝟎. 𝟖𝟓𝟑 + (𝟏𝟐
𝟏𝟎

)𝟎. 𝟏𝟓𝟏𝟎 × 𝟎. 𝟖𝟓𝟐 + (𝟏𝟐
𝟏𝟏

)𝟎. 𝟏𝟓𝟏𝟏 × 𝟎. 𝟖𝟓𝟏 + (𝟏𝟐
𝟏𝟐

)𝟎. 𝟏𝟓𝟏𝟐  (1) 

𝑷(𝑿 ≥ 𝟗) = 𝟓. 𝟏𝟗𝟒 × 𝟏𝟎−𝟔 + 𝟐. 𝟕𝟓 × 𝟏𝟎−𝟕 + 𝟖. 𝟖𝟐 × 𝟏𝟎−𝟗 + 𝟏. 𝟑 × 𝟏𝟎−𝟏𝟎 
𝑷(𝑿 ≥ 𝟗) = 𝟓. 𝟒𝟖 × 𝟏𝟎−𝟔  (1) 

 

(c) 
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2.61                 [9 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.71                 [9 marks] 

 

 

 

 

 

 

 

(a)  The binomial distribution is represented as: 

𝑿~𝑩(𝟏𝟎𝟎, 𝟎. 𝟗𝟗) (1) 

 
𝑷(𝑿 ≥ 𝟗𝟖) = 𝑷(𝑿 = 𝟗𝟖) + 𝑷(𝑿 = 𝟗𝟗) + 𝑷(𝑿 = 𝟏𝟎𝟎) 

𝑷(𝑿 ≥ 𝟗𝟖) = +(𝟏𝟎𝟎
𝟗𝟖

)𝟎. 𝟗𝟗𝟗𝟖 × 𝟎. 𝟎𝟏𝟐 + (𝟏𝟎𝟎
𝟗𝟗

)𝟎. 𝟗𝟗𝟗𝟗 × 𝟎. 𝟎𝟏𝟏 + (𝟏𝟎𝟎
𝟏𝟎𝟎

)𝟎. 𝟗𝟗𝟏𝟎𝟎  (1) 

𝑷(𝑿 ≥ 𝟗𝟖) = 𝟎. 𝟏𝟖𝟒𝟗 + 𝟎. 𝟑𝟔𝟗𝟕 + 𝟎. 𝟑𝟔𝟔 
𝑷(𝑿 ≥ 𝟗𝟖) = 𝟎. 𝟗𝟐𝟏  (1) 

 

(b) 𝑬(𝑿) = 𝒏 × 𝒑 
𝐸(𝑋) = 100 × 0.99 = 𝟗𝟗 (1) 
𝑽𝒂𝒓(𝑿) = 𝒏 × 𝒑 × (𝟏 − 𝒑) 

𝑉𝑎𝑟(𝑋) = 100 × 0.99 × 0.01 = 𝟎. 𝟗𝟗 

𝑆𝑑(𝑋) = √0.99 = 𝟎. 𝟗𝟗𝟓 (1) 

𝑷(𝑿 = 𝟏𝟎𝟎|𝑿 ≥ 𝟗𝟓) =
𝑷(𝑿=𝟏𝟎𝟎)

𝑷(𝑿≥𝟗𝟓)
  (1) 

 

𝑷(𝑿 = 𝟏𝟎𝟎|𝑿 ≥ 𝟗𝟓) =
𝟎.𝟑𝟔𝟔

𝟎.𝟗𝟗𝟗𝟖
  

 

𝑷(𝑿 = 𝟏𝟎𝟎|𝑿 ≥ 𝟗𝟓) = 𝟎. 𝟑𝟔𝟔 (1) 

 
 
 

(c) 

(d) 𝑬(𝑿) = 𝒏 × 𝒑 
49 = 𝑛 × 0.98 

49

0.98
= 𝑛 

𝒏 = 𝟓𝟎, hence 50 tackles are required (1) 

 

𝑷(𝑿 = 𝟖) = (9
8
) × 0. 878 × 0.131 = 𝟎. 𝟑𝟖𝟒 (1) 

 

 

 

(a)  The binomial distribution is represented as: 

𝑿~𝑩(𝟗, 𝟎. 𝟖𝟕) (1) 

 

𝑷(𝑿 ≥ 𝟕) = 𝑷(𝑿 = 𝟕) + 𝑷(𝑿 = 𝟖) + 𝑷(𝑿 = 𝟗) 

𝑷(𝑿 ≥ 𝟕) = (𝟗
𝟕
)𝟎. 𝟖𝟕𝟕 × 𝟎. 𝟏𝟑𝟐 + (𝟗

𝟖
)𝟎. 𝟖𝟕𝟖 × 𝟎. 𝟏𝟑𝟏 + (𝟗

𝟗
)𝟎. 𝟖𝟕𝟗  (1) 

𝑷(𝑿 ≥ 𝟕) = 𝟎. 𝟐𝟐𝟗𝟓 + 𝟎. 𝟑𝟖𝟒 + 𝟎. 𝟐𝟖𝟓𝟓 
𝑷(𝑿 ≥ 𝟕) = 𝟎. 𝟖𝟗𝟗 (1) 

 

(b) 

(c) 

(d) 

𝑷(𝒀 ≥ 𝟔) = (
𝟖

𝟔
) 𝟎. 𝟖𝟗𝟗𝟔 × 𝟎. 𝟏𝟎𝟏𝟐 

𝑷(𝒀 ≥ 𝟔) = 𝟎. 𝟏𝟓𝟏 (1) 
 

𝑬(𝑿) = 𝒏 × 𝒑 
𝐸(𝑋) = 8 × 0.151 = 𝟏. 𝟐𝟏 (1) 


