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Key Topic Test 4 – Differential equations 

Technology Active 

 
 
Recommended writing time*:  45 minutes 
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SECTION A: Multiple-choice questions (1 mark each) 

 

Question 1 

Answer: C 

 

Explanation: 

 𝑔(𝑥) = 3𝑥2 
 

𝑦1 = 1 + 3ℎ  

𝑦2 = 1 + 3ℎ + ℎ × 3(1 + ℎ)2  

3.421 = 1 + 3ℎ + ℎ × 3(1 + ℎ)2 → ℎ = 0.3  
 

 

Question 2 

Answer: D 

 

Explanation: 
𝑑𝑦

𝑑𝑥
= 𝑦2  

∫ 𝑦−2𝑑𝑦 = ∫ 𝑑𝑥  

−
1

𝑦
= 𝑥 + 𝑐  

−
1

2
= 𝑐  

−
1

𝑦
= 𝑥 −

1

2
→

1

𝑦
=

−2𝑥+1

2
→ 𝑦 =

2

1−2𝑥
  

 

 

 

Question 3 

Answer: E 

 

Explanation:  

 
𝑑𝜃

𝑑𝑡
= 𝑘(120 − 𝜃) → ∫

𝑑𝜃

120−𝜃
= ∫ 𝑘𝑑𝑡  

− ln|120 − 𝜃| = 𝑘𝑡 + 𝑐  

ln|120 − 𝜃| = −𝑘𝑡 − 𝑐  

120 − 𝜃 = 𝑒−𝑘𝑡−𝑐 → 𝜃 = 120 − 𝑎𝑒−𝑘𝑡, 𝑎𝜖𝑅  
 

 

 

Question 4 

Answer: A 

 

Explanation:  

 

∫ 𝑦 𝑑𝑦 = ∫ 𝑐𝑜𝑠𝑒𝑐2(𝑥) 𝑑𝑥 (separation of variables)  
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Question 5 

Answer: B 

 

Explanation:  

𝑥0 =
𝜋

3
, 𝑦0 = 2  

𝑥1 =
𝜋

3
+ 0.1, 𝑦1 = 2 + 0.1 × cos (

𝜋

3
) = 2 + 0.1 ×

1

2
= 2.05  

 

 

 

 

Question 6 

Answer: D 

 

Explanation:  

Check a few points for slopes or sketch on CAS  

 

 

 

 

Question 7 

Answer: E 

 

Explanation: 
𝑑ℎ

𝑑𝑡
= −

1

50ℎ
→ ∫ 50ℎ 𝑑ℎ = − ∫ 𝑑𝑡  

25ℎ2 = −𝑡 + 𝑐  

ℎ2 = −
𝑡

25
+ 𝑘  

 

 

 

Question 8 

Answer: C 

 

Explanation: 
𝑑𝑄

𝑑𝑡
=

18−6𝑡−3

3−𝑡
→ 𝑄 = ∫

15−6𝑡

3−𝑡
𝑑𝑡  
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SECTION B:  

Question 1 

a.   
𝑑𝑦

𝑑𝑥
=

𝑥+1

2𝑦
 

𝑑𝑦

𝑑𝑥
=

0.5+1

−2
= −0.75  

2 marks 

 

 

b. ∫ 2𝑦𝑑𝑦 = ∫(𝑥 + 1)𝑑𝑥 

𝑦2 =
𝑥2

2
+ 𝑥 + 𝑐  

𝑥 = 0.5, 𝑦 = −1 → 1 =
1

8
+

1

2
+ 𝑐 → 𝑐 =

3

8
  

𝑦2 =
𝑥2

2
+ 𝑥 +

3

8
  

 

 3 marks 

 

c.  𝑦2 =
1.52

2
+ 1.5 +

7

8
 

𝑥 = ±
√14

2
  

 

2 marks 

 

Question 2 

a. 
𝑑𝑥

𝑑𝑡
=

𝑒−𝑥

1+81𝑡2    

 

∫ 𝑒𝑥𝑑𝑥 = ∫
𝑑𝑡

1+(9𝑡)2 

𝑒𝑥 =
1

9
tan−1 (

𝑡
1

9

) + 𝑐  

𝑒𝑥 =
1

9
tan−1(9𝑡) + 𝑐  

𝑡 = 0, 𝑥 = 0 → 𝑐 = 1  

𝑒𝑥 =
1

9
tan−1(9𝑡) + 1  

𝑥 = ln |
1

9
𝑡𝑎𝑛−1(9𝑡) + 1|  

 

4 marks 

 

b. 𝑥(10) = ln |
1

9
𝑡𝑎𝑛−1(90) + 1|   

 

𝑥(10) = 0.1598𝑚  

𝑥(10) = 16 𝑐𝑚  
2 marks 
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c.  

 
 

3 marks 

 

 

Question 3 

a. 𝑉 =
𝜋

5
((ℎ + 6)

5

3 − 16)   

 
𝑑𝑉

𝑑ℎ
=

𝜋

5
(

5

3
(ℎ + 6)

2

3) =
𝜋

3
(ℎ + 6)

2

3  

𝑑ℎ

𝑑𝑡
=

𝑑ℎ

𝑑𝑉
×

𝑑𝑉

𝑑𝑡
=

3

𝜋
(ℎ + 6)−

2

3 × −2√ℎ  

𝑑ℎ

𝑑𝑡
= −

6

𝜋

√ℎ

(ℎ+6)
2
3

  

 

4 marks 

 

b. 
𝑑2ℎ

𝑑𝑡2 = 0   

 

ℎ = 18  

𝑀𝑎𝑥 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 = −
6

𝜋

√ℎ

(ℎ+6)
2
3

|ℎ = 18  

𝑀𝑎𝑥 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 = 0.97  
 

3 marks 

 

END OF KEY TOPIC TEST SOLUTIONS 

 


