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Question 1 [7 marks] 

In a gas storage tank, pressure is regulated using a venting valve. The pressure 𝑃(𝑡) inside 

the tank (in 𝑘𝑃𝑎) decreases over time as gas escapes. The rate of pressure drop is 

proportional to the difference between the current pressure and the ambient pressure. This 

behavior is modeled by the differential equation: 

𝑑𝑃

𝑑𝑡
= −𝑘(𝑃 − 100) 

where 𝑘 is a positive constant. 

a. Find the general solution for 𝑃(𝑡).                                                                                       (3 marks) 

b. Given that the initial pressure is 300 𝑘𝑃𝑎 and it drops to 200 𝑘𝑃𝑎 in 10 minutes, find 

a particular solution for 𝑃(𝑡).                                                                                                (3 marks) 

c. Determine the pressure in the tank after 30 minutes.                                                 (1 mark) 
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Question 2 [8 marks] 

A mechanical system consists of a mass attached to a spring and a damping element. The 

displacement 𝑥(𝑡)of the mass from its equilibrium position is modeled by the following 

second-order differential equation:  

𝑑2𝑥

𝑑𝑡2
− 5

𝑑𝑥

𝑑𝑡
+ 6𝑥 = t + 4𝑒3𝑡 + 2 

Obtain the particular solution to this differential equation that satisfies the initial 

conditions 𝑥(0) = 3 , 𝑥ˊ(0) = 1.  
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Question 3 [6 marks] 

Determine the position and nature of the stationary point of the following function. 

𝑓(𝑥, 𝑦) = 𝑥3 + 𝑦2 − 3𝑥 − 3𝑦 + 3𝑥𝑦 
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Question 4 [6 marks] 

The concentration of a chemical substance in a reactor at any point is modeled by the 

equation: 

𝐶(𝑥, 𝑦) =
𝑦2 + 𝑒𝑥𝑦

(𝑥 + 2𝑦)2
 

Where 𝑥 represent the distance along the reactor (in meters), and 𝑦 is the radial distance 

from the center (in meters). 

a. Find the partial derivatives 𝜕𝐶/𝜕𝑥 and 𝜕𝐶/𝜕𝑦.                                                             (5 marks) 

b. Evaluate both partial derivatives at the point (𝑥, 𝑦) = (2,2).                                    (1 mark) 
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Question 5 [7 marks] 

In a system of three tanks, the flow rates 𝑓1, 𝑓2  and 𝑓3 (in liters per minute) are related by the 

following equations, which represent the inflow and outflow rates between the tanks: 

𝑓1 + 2𝑓2 − 𝑓3 = 8 

𝑓1 + 𝑓2 + 2𝑓3 = 10 

2𝑓1 − 𝑓3 = 9 

Using Carmer’s rule, evaluate the three flow rates.  
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Question 6 [6 marks] 

Determine the inverse of the following matrix.  

𝐴 = (
5 2 −1
6 3 1
5 9 6

) 
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MLO and Bloom’s Level of Complexity 

Q # MLO 
Addressed 

Complexity Level Mark Remark 

1 3,4 Application, Analysis  7  
2 3,4 Application, Analysis 8  
3 1 Application  6  
4 2,3 Application, Analysis 6  
5 1,2 Application 7  
6 1 Application, Analysis 6  
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