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TMATH-II
Question 1 [6 marks]
A continuously stirred tank reactor of volume 100 L is fed with a solution at a flow rate of
5 L/min. Let y(t) be the concentration of the reactant in the tank at time tminutes. The

system is modeled by:

d
1002 4 5y = 20e 02t

dt
where y(t) is measured in mol/m3, and t is measured in minutes.
a. Determine the general solution for y(t). (5 marks)
b. If y(0) = 2, determine a particular solution for y(t). (0.5 marks)
(0.5 marks)

c. Determine the concentration of the reactant after 20 minutes.
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Question 2 [8 marks]
A mass-spring system is subjected to an external periodic force F(t) = 5sin(2t). The
displacement x(t) satisfies the following differential equations:

d*x dx
+3==

e i + 2x = 5 sin(2t)

with initial conditions

x(0)=0, x'(0)=1.

Obtain a particular solution for the displacement x(t).
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Question 3 [7 marks]
Given the following function
f(x,y) = x* — 4x + y*e?

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.

__ x+cosy

a. Z = m (3 marks)

sin xy (4 marks)
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Question 5 [6 marks]
In an electrical circuit with three branches, the currents I, I, and I3(in amperes) are related

by the following equations:
51, +2I,—13=12
31, + 41, + 213 = 20
2, -1, +315=7

Using Cramer’s Rule, determine the values of the currents I, I, and I3.
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Question 6 [6 marks]

Determine the inverse of the following matrix.

2 4 0
A=|3 4 =2
-1 1 2
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This page is for rough work.
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Formula sheet:

Inhomogeneous term Trial solution
Constant Constant
ax" +--+bx+c ax" + -+ Lx+6
a cos kx a cos kx + [ sin kx
a sin kx acos kx + [ sin kx
aek* aekx

MLO and Bloom’s Level of Complexity

Q# MLO Complexity Level Mark Remark
Addressed
1 3,4 Application, Analysis 6
2 3,4 Application, Analysis 8
3 1 Application 7
4 2,3 Application 7
5 1,2 Application 6
6 1 Application 6
References:

Anthony Croft, R. D., 2015. Mathematics for Engineers. Fourth ed. Harlow: Pearson.

J. Washington, A., 2014. Basic Technical Mathematics with Calculus. 10 ed. Harlow: Pearson
Education Limited.

Stewart, J., 2008. Calculus: Early Transcendentals. 6th ed. Boston: Brooks/Cole.

Page 10 of 10




  100   L


  5   L / m i n


  y  ( t )  


  t


  𝟏 𝟎 𝟎   𝒅 𝒚  𝒅 𝒕 + 𝟓 𝒚 = 𝟐 𝟎   𝒆  − 𝟎 . 𝟐 𝒕


  y  ( t )  


  m o l /   m 3


  t  


  y ( t )


  y ( 0 ) = 2


  y ( t )


  F  ( t ) = 5   sin ⁡ ( 2 t )


  x ( t )


      𝒅  𝟐 𝒙  𝒅   𝒕  𝟐 + 𝟑   𝒅 𝒙  𝒅 𝒕 + 𝟐 𝒙 = 𝟓   𝐬 𝐢 𝐧 ⁡ ( 𝟐 𝒕 )
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