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Q1 Given y"—xy=0.

(a)

(b)

(c)

d

Q2 (3

(©)

By assuming y = Zcm x™ , show that the differential equation
m=0
y"~xy =0 can be expressed as

im(m ~De,x™ - icmx'”) =0.
m=2

m=0

(4 marks)

Hence, by shifting the indices, show that the reccurance relation is given by

¢ =l p=123.
(n+2)(n+1)

(8 marks)

Then, deduce the coefficient of series for ¢,, n=0, 1, 2, 3,4...7 in terms of ¢, and

c,.
(6 marks)
Hence, show that the general solution of the differential equation is
y=c,|1+ L S S +e|x+ LI SRS Y. S |
3-2 6-5-3-2 4.3 7-6-4-3
(2 marks)

Given the following periodic function,
f(x)=2x, —-T<X<T,

f)=f(x+2x).
(i)  Sketch the periodic function above for the interval [— 37, 37 .

(i)  Determine whether the above periodic function is an odd function, even

function or neither odd nor even function.

(ili) Determine the Fourier series expansion to represent the above periodic

function.
(11 marks)
(b) By definition of Fourier transforms, evaluate F {— 36(t+2) }
(3 marks)
By referring to the Fourier transform pair table, evaluate
Q) File H@) } :
G) Fie M sin(m)H() }
(6 marks)



Q3 (a)

(b)

Q4 ()

(b)

(©)
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45

Obtain the inverse Laplace transform for F(s)=—— .
(s—D(s+1)

(7 marks)

H(Y) V R=20

Show that the governing equation for the circuit in Figure Q3 is given by

di . L.
E+21+5I01dt—H(t)

where H(¢)is the unit step function.
Hence, find the current i(¢) if there is no initial stored energy.
(13 marks)

Evaluate £ {(t +2+ 1) }
(5 marks)

Find the Laplace transform of
t, t<2

f(t):{tz 122

by changing it to unit step function first.

2

(9 marks)

By using the transform of integral, evaluate

R
s(s® +4)

(6 marks)



Qs

Q6

(a)

(b)

(©)

(a)

(b)
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IL=1H

L11)

37
E(t)=—3-sin 3t R=20Q

1/ J
A
C=0.1F

Figure QS

The RLC circuit in the Figure QS consists of a resistor, R, an inductor, L and a

. . . . 37 .
capacitor, C connected in series together with a voltage source, —3—sm 3t V.

By applying Kirchhoff’s Voltage Law, show that the RLC circuit can be governed by
2. .
ar, 2% | 10i =37 cos3t.
dt dt
(4 marks)

Hence, find the general solution for the differential equation in (a).
(12 marks)

Given that i(0) =0 and i'(0) = 4, obtain the particular solution for the the

differential equation in (a).
(4 marks)

Solve the following first-order differential equation.
(x* +2y)dc+(2x+e”)dy =0
(8 marks)

Given the non-homogeneous linear system
Nno= - »n t+ X
Yy = 3y + 4y, — 2-4x
and the general solution of the corresponding homogeneous system is

yc(X'):CI\: 11:\ e* +C2\: 1311 e3x’

where C;and C, are any constants and yc (x) is complimentary function.
(i) Find the particular solution, y,(x) by method of undetermined coefficient.
(ii) Hence, obtain the general solution and particular solution for the above system.
Given that y,(0)=0, and y,(0)=0.
(12 marks)
END OF QUESTION '
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Second-order Differential Equation

The roots of characteristic equation and the general solution for differential equation

ay"+by' +cy=0.

Characteristic equation:

am®* +bm+c=0.

Case | The roots of characteristic equation

1. | Real and different roots:

m, and m,

mx

y=Ae

2. | Real and equal roots:

m=m =m,

3. | Complexroots:m, =a+ fi, m,=a— i

Laplace Transform

@ e
‘ a
s
eal 1
s—a
sin at -
s? +a?
cosat S
s? +a*
sinh at .
S2 — a2
coshat 5
52 - a2
tna n:1,2,3,... L'
Sn+1
eatf(t) F(S—'a)
1" f(t), n=1,23,... Ciy Z:,, o
H(t-a) =
s
ft-a)H(t-a) )
o(t—a) g
j(:f(u)g(t—u)du F(s)-G(s)
Y 70
> s7(s) — y(0)
y" SZY(S) - 5y(0) — y'(o)
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General solution
+ Be

y=(A+ Bx)e™
y=e"(Acos fx+ Bsin fx)
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Fourier Series

Fourier series expansion of periodic function | Half Range series
with period 27 2¢L
ag = —L—Io S(x)dx

1 p7
. dx
a,=—[ /) 5 .
a, =—| f(x)cos— dx
1 pn "L L
an:—'f f(x)cosnx dx
e B, =2 [ F(x)sin 2 ai
1 : "o Lo L
b,==[" f(x)sinnxdx
V4 -7 ¢ ] [=2]
f(x)= %ao +>a, cos 2% +Y b, sin %
n=1 n=1

1 2 °° .
f(x)= St > a,cosmx+Y b, sinnx

n=1 n=1

Table of Fourier Transform (Fourier Transform Pairs)
10 F(o) 10 Fo)
o(r) 1 sgn(?) 2
io
5000 o) el
io
1 276 (w) e ™' H(t) for w,>0 1
(on) +iw
e 270(@ — w,) t"e ™ H(t) for o, >0 __n
(wp+iw )™
sin(wt) | iz[6(@ +0,) - (@ - a,)] e sin(w,0)H (1) L
for a>0 (a+io) +ao,
cos(at) | 7l6(0 +a,) +8(0 - a,)] e * cos(@)H (1) __atio
f (a+io)? +o,°
or a>0
i@ DHW) | Zits5 4 0,) - 8(0 - 0,)]+ —2—
2 Q) — @
cos(@,/)H (1) g—[é'(w +@,)+ (0 - 0,)]+ wz’f’ .
0




