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Instructions:

Please fill in your particulars on the front page.

Answer all the questions in the space provided.

Do not write in pencil. Pencil will not be marked.

You may use the back of each page (i.e. the left-hand side) for rough
work OR to complete a question.

Please indicate rough work as such.

Rough work will not be marked.

One non programmable calculator is permitted.

Information booklets may be used.

PLEASE CHECK THAT YOU HAVE RECEIVED 16 PAGES.

QUESTION 1

1.1  Determine the following:
L {e3(t+3)H(t-3)| 3)
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1.2 Use the Laplace transform to solve the given differential equations,
subject to the indicated initial conditions:

121 y"-2y'+10y =10 y(0)=0 ;y'(0)=1 (11)
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1.2.2 x"+9x =cos3t—-cos3(t —nm)H(t — )
X(0)=0 and x'(0)=1 (7)
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8 0<t<1
1.3 ltisgiventhat y'+0,2y =f(t) , where f(t):{ =
0 t>1
1.3.1 Rewrite the function f(t) above in terms of Heaviside functions.
)
1.3.2 Use the Laplace transform to solve the given differential
equation if y(0)=0 . (8)

[31]
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QUESTION 2

2.1

A patrticle is attached to a spring dashpot mechanism. At time t =0,

when the patrticle is at rest, an external force et is applied to the
system. At time t = 2, an additional force f(t) of very short duration is
applied to the particle.

The model for this system is represented by the differential equation:
d%y dy ~t
—+2—+y=€e +30(t-2
g Tt Y t=2)

Use the Laplace transform to find the position (y) of the particle at
any timetif y(0)=0 and y'(0)=0 . (6)
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2.2

Given: f(t)=t —tH(t-2)+(t -3)H(t -3)

Sketch the graph of f(t) for t >0.

3




Engineering Mathematics 3 (MAT3AW3)  November 2014 8

QUESTION 3

Find the general solution of the following differential equations,
using D-operator methods.

31 (D*+2D+1)y=18-10e* (7)
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3.2 y"-9y=9t?+50co0s4t (7)
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10

2
33 97X, 1. odind
dt? 4 2

(4)
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3.4 (D?*-3D+2)x=24te™ (7)

[25]
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QUESTION 4

4.1

The motion of a certain forced spring-mass system is modelled by the
following differential equation:

X"+ } X'+X =8cos3t

4.1.1 Use D - operator methods to determine the position (x) of the

mass at any time t . (7)
4.1.2 Use your answer in 4.1.1 to discuss the progress of the motion
when t - . (2)

4.1.3 Express the steady state of the solution in the form
X =Rsin(ot + a). (2)
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4.2  Given the following system of simultaneous differential equations:

dll . .
— =31 —-Ip -1
dt 1-12

di, . . t
—= =1y +1q +4e

Use D — operator methods to solve for i, ONLY. (9)

[19]
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QUESTION 5

5.1

Find the Fourier expansion of the ODD function f(x) given below:

3 _2<x<0
f(x):{fus 0;:2 o0 =f0x+a)]

(8)




Engineering Mathematics 3 (MAT3AW3)  November 2014 15

5.2 Determine a half range Fourier cosine series to represent the
function f(t) = 2sintcost (0<t<m).
It is given that ag =0 and f(t) =f(t+2n). (8)
[16]

TOTAL: 100




