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Question 1 [7 marks]

A tank contains water contaminated with a chemical. A filter system removes the chemical

continuously. The rate at which the concentration M (in mg/L) of the chemical decreases is

modeled by the following differential equation:

M _ k(M -5
— = —k(M - 5)

where k is a positive constant.

a. Find the general solution for M(t).

(3 marks)
b.

If the initial concentration is 60 mg/L and decreases to 30 mg/L in 20 minutes,

determine k and find a particular solution for M (t). (3 marks)

c. Findthe concentration after 60 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:

d®x  dx

— 3t
F—6E+8X—2t+58 -1

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

x(0) =2,x’(0) = 3.
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Question 3 [6 marks]

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

flx,y) =x?+y3—2x—3y + 3xy
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Question 4 [6 marks]
The temperature T(x,y) of a fluid flowing through an insulated pipe is modeled by the

function:

_ (2x —3y)?
r= x% + eXy

Where x is the distance along the length of the pipe (in meters), and y is the radial distance

from the center of the pipe (in meters).

a. Find the partial derivatives dT /0x and 3T /dy. (5 marks)

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

The currents iy, i, and i3 of a circuit are related by
2i1+i,—i3 =8
iy — iy +iz3=-5

3i1 +2i, =9

Use Carmer’s rule to evaluate the three currents.
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Question 6 [6 marks]

Determine the inverse of the following matrix.

-3 -1 2
A=<4 7 1>
2 0 1
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MLO and Bloom’s Level of Complexity
Q# MLO Complexity Level Mark Remark
Addressed
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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