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BSM 1933

PART A

Ql (a) Obtain the half-range cosine series for

f(x')=1T-x, 0<x<n'

Expand the fint three nonzero terms.
(10 marks)

O) Using the definition of Fourier tansform to find the Fourier transform of the

following function'
I t. o<t<l

f(t\=1J \' 
[0,otherwise.

(5 marks)

(c) By using linearity and time shift, calculate the Fourier fiansform of

.f (t) = 5e-3' H1t -l)+7e-3('-2) HQ -2) '

[Hint:
Time shift for Fourier tansform:

It f U(t)\ = F(at),then for any constant number a, lF {f (t - a)\ = e-'" F (ot) -7

(5 marks)

Q2 Given a second order ordinary differential equation

Y'-Y=e2''

Assume that the sotution for the differential equation is y(x) =j"^r^ .

m=0

(a) Find y'(x)and Y"(x).
(2 marks)

O) Expand the series up tox3 in each summation, and by comparing coefficients of

x0 ,xr ,x2 and 13, show that the solution is

l r*x' *xo *....1*, [,*4*4. l.i{*{*S**....-1v(t)="ol z 4t I ,L 3! 5! J l,z' 3 ' 24' t2' I

f"rrr,, ," =2Qir^1
| ffi mt' I

(13 marks)

(c) Given the initial conditions for the differential equation are y(0) =2 and Ji'(O) = 6.

2

Find the particular series solution.
(5 marks)



PART B

Q3 (a)

Q4

(a)

(b)

(b)

Using the substitutions x = X + 3 and ! =Y -1, show that the equation

dy _2x-3y-9
dx 3x+5y - 4

can be reduced to a homogeneous equation. Hence, find the solution of the original
equation.

(13 marks)

Given the R-Z circuit with source of emf, E(t) as in Figure Q3 (b) below.

d>*=^
L-Xp-J

L

Figure Q3 (b)

The circuit has inductance L=5H, resistance R=15C), electromotive force

E(t1= 10 V and ,(t) A is the current flowing in the circuit. The initial current is io.

(i) Show that the mathematical model for the R-I circuit is given by

9*i(t1=2.
dt

(ii) Find the current, i(l), flowing in the circuit at time /.
(7 marks)

Given aLC-circuit in Figure Q4 with L=4 H, C=0.01 F, which is connectedto a source

of voltage E(t) = 400 sin 5r V.

BSM 1933

E(t):400 sin (5/) V

C: 0.01 F

Figure Q4

Show that the ZC-circuit can be modelled bv i' +25 i:500 cos5r .

Find the general solution to the second-order differential equation in (a).

(3 marks)

(10 marks)

L:4H



(c)

(d)

BSM 1933

Given when / = 0, the charge, q(0) = -1, show that i'(0) =25 .

Find the particular solution to the second-order differential equation
current is zero when / = 0.

Figure Q6 (b)

4

(2 marks)

in (a) if the

(5 marks)

Qs Given the network circuit in Figure Q5 below.

100 sin(2t) V C:0.25 F

Figure Q5

Show that the network circuit can be modeled by the following system of first-order

differential equation

(a) Prove that

,-, [,, l -,ilo',,'l 
= [lr-*, -! r-,l -[lr-,,,-,0) - 

l 
r-r,-r',-] at, - r0) .

[(rs+t)(s+t)J Lz- 2- ) t2- 2 J

(10 marks)

Figure Q6 (b) below shows an MC circuit withZ=3H, R=4Q, and C=lF
which is initially at rest. A power source of 5V is applied to the circuit for the first

10 seconds. After 10 seconds, the power source is removed.

(a)

(l) (-s z')1,l') , (toosinlzr;)
I t=l il tft t.

lii) (-2 0)\i,) (aosin(2r)/
(4 marks)

(b) Find the general solution to the above system of first-order differential equation by

using method of undetermined coefficients.
(16 marks)

(b)

L:lH

Rr:3 Q Rr:3 Q

E (t)



BSM 1933

(i) Show the MC circuit can be govemed by

t(++i* f i1"y dr=5lr-H(t-lo)].
dt Jo'

(ii) Using the answer in Q6 (a), find the current t(t) in the circuit at any time /.

(10 marks)
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X'ormulae

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

oy'+by'*cy=0.
Characteristic equation: am' + bm + c = 0.

Case The roots of characteristic equation General solution

I Real and different roots: m, and m, !=Ae^tt+Be^"
2. Real and equal roots: m -- mr -- mz y =(A+ Bx)e*
a
J. Complex roots: ffit = d + P i, mz = d - f i y : e* (Acos Bx + B sin Bx)

The method of undetermined coeflicients for system of first order linear differential equations

For non-homogeneous for system of first order linear differential equations Y'(x) = AY(x)+G(x),

the particular solution Y,(x) is given by:

G(x) v"(x) G(x) YP(r)

u
^

ueu aeu

ll.r+ Y ax+b ucos4x or uslnar asinax+b cosax

Transform

f {f (t)} = Ii f <r>"-'tdt = F(s)

['of {r\ a,

H(t - a)

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

e-^ f (a)f (t)6(t - a)

r(s).G(s)[,t<rls<, -u)du

t', n:1r2r3,...

sr(s) - /(0)F(s - a)e'' f (t)

s'r1s;-sy(O)-y'(0){f(t), n=1,2,3,...

6
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1.

2.

3.

4.

Electrical Formula

Voltage drop across resistor, R (Ohm's Law):

Voltage drop across inductor , L (Faraday's Law):

Voltage drop across capacitor, C (Coulomb's Law):

The relation between cuttent, i and chatge, q:

Yn =iR
-div,=L-"dt

_q"r-c
.dq
a -- dt

Fourier Series

Fourier series expansion of periodic function
with period 2L l2n

oo=l,l!-,r<o *
o,=+llrf<*>"o'T *
b,=+llr.F<'>rtnff a,

t I 
"orn^ 

*i r- "inn^f(x)=roo*Ao" L 7=,.. L

Half Range series
) "r.oo: i )l t<*l *

o, =1li .rt')ro, ff a,

b, =?ff ,rt")rtn ff a.

I g wac g, . wu
f(x):tor* /,ancos , *ku,t* I

Table of Fourier Transform q {f @\ = Il*"F<r> 
e-''' dt

6(t - oto)

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

2r6(ot - oto)

e-^ sin(a4t)H(t)

for a >0
inl6(a+rJ-6(at-oto)

e-"' cos(a4t)H(t)

for a>0
6(at+a4)+6(at-a4)

|ila<, 
* ro) - 6(at -aro)l+ #*

sin(arol)F1(/)

ila<, + ato) + 6(ot -aro)l+ d:a
cos(a4t)H(t)


