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Question 1 [5 marks] 

A tank initially contains pure water. A salt solution with concentration 150 𝑚𝑔/𝐿 flows into 

the tank at a constant rate, and the mixture flows out at the same rate, so the volume remains 

constant. The concentration 𝐶(𝑡) (in 𝑚𝑔/𝐿) in the tank satisfies the following differential 

equation:  

𝒅𝑪

𝒅𝒕
+

𝑸

𝑽
𝑪 = 𝟏𝟓𝟎

𝑸

𝑽
 

where 𝑄 = 10 𝐿/𝑠 and 𝑉 = 500 𝐿. 

a. Determine the general solution for 𝐶(𝑡).                                                                               (4 marks) 

b. Determine a particular solution for 𝐶(𝑡) if 𝐶(0) = 0.                                                   (0.5 marks) 

c. Determine the concentration after 40 seconds.                                                            (0.5 marks) 
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Question 2 [8 marks] 

A RLC series circuit contains a resistor, an inductor, and a capacitor connected to a voltage 

source 𝐸(𝑡) = 10 cos 𝑡. If 𝐼(𝑡) is the current, then the circuit is modeled by 

𝒅𝟐𝑰

𝒅𝒕𝟐
+ 𝟒

𝒅𝑰

𝒅𝒕
+ 𝟒𝑰 = 𝟏𝟎 𝐜𝐨𝐬 𝒕 

with initial conditions 

𝑰(𝟎) = 𝟎,     𝑰′(𝟎) = 𝟎 

Obtain a particular solution for 𝐼(𝑡). 
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Question 3 [7 marks] 

Given the following function  

𝒇(𝒙, 𝒚) = 𝟔𝒙𝟐 − 𝟐𝒙𝟑 + 𝟑𝒚𝟐 + 𝟔𝒙𝒚 

Determine the position and nature of the stationary points of 𝑓(𝑥, 𝑦). 
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Question 4 [7 marks] 

For the following functions find the first order partial derivatives.  

a. 𝑧 = 𝑒(𝑥𝑦2) cos(𝑥𝑦 ) + 𝑒(2𝑥+3𝑦)                                                                            (4 marks) 

 

 

 

 

 

 

 

b. 𝑧 =
2𝑥−3𝑒𝑦

𝑥2+𝑦2
                                                                                                                       (3 marks) 
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Question 5 [7 marks] 

A water treatment plant produces three types of treated water: 𝑊1, 𝑊2, and 𝑊3. Each type 
requires different amounts of three treatment chemicals: chlorine (𝐶1), alum (𝐶2), and lime 
(𝐶3). The required amounts are given below: 

 𝐶1 (𝑘𝑔/𝑚3) 𝐶2 (𝑘𝑔/𝑚3) 𝐶3  (𝑘𝑔/𝑚3) 
𝑊1 3 1 2 
𝑊2 1 2 1 
𝑊3 2 4 1 

The plant has 50 kg of chlorine, 50 kg of alum, and 34 kg of lime available. 

Using Carmer’s rule, determine the volume (in 𝑚3) of each treated water type (𝑊1, 𝑊2, 𝑊3) 
that should be produced to use all available chemicals. 
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Question 6 [6 marks] 

Determine the inverse of the following matrix.  

𝐴 = (
1 2 −1
3 5 −1

−2 −1 −2
) 
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This page is for rough work.  
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Formula sheet:  

Inhomogeneous term Trial solution 

Constant Constant 

𝑎𝑥𝑟 + ⋯ + 𝑏𝑥 + 𝑐 𝛼𝑥𝑟 + ⋯ + 𝛽𝑥 + 𝛿 

𝑎 cos 𝑘𝑥 𝛼 cos 𝑘𝑥 + 𝛽 sin 𝑘𝑥 

𝑎 sin 𝑘𝑥 𝛼 cos 𝑘𝑥 + 𝛽 sin 𝑘𝑥 

𝑎𝑒𝑘𝑥  𝛼𝑒𝑘𝑥 

 

 

 

MLO and Bloom’s Level of Complexity 

Q # MLO 
Addressed 

Complexity Level Mark Remark 

1 3,4 Application, Analysis  5  
2 3,4 Application, Analysis 8  
3 1 Application  7  
4 2,3 Application 7  
5 1,2 Application 7  
6 1 Application 6  
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  E  ( t ) = 10  cos ⁡  t
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