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Ql Given Y' - xY =0 .

BWMI0303 / BSMl933

(a) By assuming y = Zt^r* , show that the diffferential equation
m=O

Y' - xY = 0 can be exPressed as

i*<* - r) c 
^x^-? - {i" ^" 

.] 

= o
cz \7u )

(4 marks)

(b) Hence, by shifting the indices, show that the reccurance relation is given by
C.-t

c,*z= @ffi.D, rt=l,2, 3,.-

(8 marks)

(c) Then, deduce the coefficient of series for cn, tr=0,1,2,3,4...7in terms of co and

cl .

(6 marks)

(d) Hence, show that the general solution of the differential equation is

t. Lrr* l r.*....l*r,[r*J-ro*--1--r'*...-1.!=col l+;t s'2' 6'5'3'2 I 'L 4'3 7'6'4'3 I
(2 marks)

Q2 (a) Gven the following periodic function,

.f(x)=2x, -7r<x1T,
f (*)= f (x +2r).

(r) Sketch the periodic function above for the interval l-ln,lrl.
(ii) Determine whether the above periodic function is an odd function, even

function or neither odd nor even function.
(iii) Determine the Fourier series expansion to represent the above periodic

function.
(l I marks)

(b) By definition ofFourier transforms, evaluate f {-36(t + Z)\'
(3 marks)

(c) By referring to the Fourier transform pair table, evaluate

ril nl* 3' n 1tyl

(ii) rlr-+' sin(td)H(fll
(6 marks)
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Obtain the inverse Laplace transform for F(s) =
(s-l)(s+l)2

H(4 V R:2 c>

C: 0.2F

Figure Q3

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

{+zi+s[: id=H(t)
dt Jo

where H(t)is the unit step function.

Hence, find the current i(r) if there is no initial stored energy.

Q4 (a) Evaluate t{1t +t' + !t'1e-'1.

4s
Q3 (a)

(b)

(b)

(7 marks)

(13 marks)

Find the Laplace transform of
f t. t<2

f (t\= j/, t >z
by changing it to unit step function first.

(5 marks)

(9 marks)

(6 marks)

(c) By using the transform of integral, evaluate

. 'l- "l-- L

ls(s' + 4)_J

L:l H
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L:l H

R:2 a

The RLC circuit in the Figure Q5 consists of a resistor, R, an inductor, L and a

capacitor, C connected in series together with a voltage source, f sin 3l V.'3

(a) By applying Kirchhoff s Voltage Law, show that the RIC circuit can be governed by

4*24!*loj = 37cos3r.
dtt dt

(4 marks)

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

(c) Given that t(0) = 0 and i'(0) = 4, obtain the particular solution for the the

differential equation in (a). 
(4 marks)

E(t):{sin :r

Solve the following first-order differential equation'

(x2 +2y)&+{2x+eY)dY=0

Given the non-homogeneous linear system

yi=!z+x
lz = 3Yr + 4Yz 2-4x

and the general solution of the corresponding homogeneous system is

l-rl l-tl
yc(')= t,l _', I "" 

*trl_'rl "",
where Cland C2 areany constants and y6(r) is complimentary function.

(i) Find the particular solution , ! o(x\ by method of undetermined coeffrcient.

(ii) Hence, obtain the general solution and particular solution for the above system.

Given that Y1(0) = 0, and ./z(0) = 0 '
(12 marks)

. 
END OF QUESTION 

,

(a)

(8 marks)

(b)
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FORMULAS

Second-order Differential Equation
The roots of characteristic equation and the general solution for differential equation

ay'+by'+cy=0.

Laplace Transform

Characteristic equation'. am' + bm +c = 0.

Case The roots of characteristic equation General solution
I Real and different roots: m, and m. ! -- At-t' + Be^"

2. Real and equal roots'. m = frl = frz y = {A+ Bx)e*
a
J. Complex roots: ffit : d + Bi, mz = a - f i y -- e* (Acos px + B sin Px)

tn , n=1,2,3,...

F(s - a)e* f (t)

gr1" fin61
t" "f (t) , fl --1,2,3,...

g*

s

H(t - a)

e ^ F(s)-f (t - a)H{t - a)

6(t - a)
F(s).G(s)

f"f {u)s{, -u)du

sr(s) - /(0)
s'f 1s; - s/(0) - "y'(0)
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Fourier Series

Fourier series expansion of periodic function
withperiod 2z

1 "nen=Ll -f@)e- 
1T r-n

1 er
a,=:- | /(x)cosrx &'' 7TJ-n

1 .nbn=11 /(x)sin nx &
,T- '

lo6

-f (x)= naorla,cosrx +>b,sinnx
L n-1, n=7

Half Range series
) "f.

"o=ilo f$)e

"" =?[! r@)cosff e

o"=?ff/(r)sin ff*
1 3 

"orn^ 
*ir- sin'ffi

"f 
(x) = ;oo 

* 
4"" L T=, 

,. L

Table of Fourier Transform (Fourier Transform Pairs)

f (t) F(at) f (t) F(at)

6(t)

6(t - a4)

I

e'to'

sin(arol)

cos(a;ol)

I

e-raoa

2tr6(at)

2tr6(at - 0o)

irf6@ + r)- 6(at - a4)l

rla6+a4)+6(at-a4)l

sgn(l)

H(t)

e-'"'H(t) for aro > 0

t"e-'o'H{t) for ao > 0

e-"' sin(atot)H (t)

for a>0
e-"' cos(atot)H (t)

for a>0

ta)
1

n6(a)+ -:-
ta)

I
roo+ia

nl
(ato+iotf*r

t\22
\a+t@) +ao

a+iot
(a+iat)2 +ato2

2

sin(a4t)H(t)

cos(oor),F1(l)

|ila<, 
+ ato) - 6(at -ao)l+ #*

ilat, + a4) + 6(at -a,o)l + #7


