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88M 1933

PART A

Ql Given

"
y + y = o.

00

(a) By assuming y = I cmxm , show that the differential equation
o

"
y +y=o

can be expressed as

00

I[(n+ 2)(n+ l)cn+2 +cn]xn = o.
n=O

(6 marks)

(b) Hence, by shifting the indices, show that the recurrence relation is given by

Cn-- ,
cn+2 - (n + I)(n + 2)

n = 0, I, 2, 3,...

(2 marks)

(c) Then, deduce the coefficient of series, Cn' for n = 0, I, 2, 3,... in terms of

coandc1o

(6 marks)

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

y(x) = Cocosx + c] sin x.

(6 marks)
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Q2 (a)

BSM 1933

A periodic function is defined as

f(x) = {t1T+x,t1T-X ,
= f(x+21T).

By substituting appropriate initial condition, show

1 1 1 1T21+-+-+-+· ..···=-.
32 52 72 8

(b) Find the Fourier transform off(x), defined as

{I, Ixl < a

f(x) =

0, Ixl>a

(12 marks)

"" .
fsmxHence, find the value of ~ (8 marks)
o x
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PARTB

Q3 (a)

BSM 1933

By eliminating the constant A from the equation

2 A
y=6x --

2x

form a linear first order ordinary differential equation.

(6 marks)

(b) Consider the following differential equation

(i) Determine the value of k such that the differential equation above is exact.

(ii) Obtain the general solution of the exact equation in (b)(i).

(14 marks)

Q4 (a) Find the solution for the differential equation

yW-14y' + 49 = 3e1x lnx
2

(11 marks)

(b) Given an RLC-circuit in with R=250, L=5mH, C=2F, and emf source is
constant.

(i) By using KirchhoWs Current Law (KCL), show the circuit can be modeled

by

VW(t)+0.02V'(t) +100V(t) = o.

(ii) Find the general solution to the second-order differential equation m
(b)(i).

(iii) Find the particular solution of V(t) given that V = 6 and V'(t) = 0, when
t =0.

(9 marks)
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B8M 1933

Q5 Given the network circuit in Figure Q5.

L= 1 H

E = 250cos3t V

Figure Q5

C=O.5 F

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

differential equation

(i~J=(-6 2 )(il)+(250COS(3t»).;2 -3 -1 i2 125cos(3t)

(6 marks)

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

using method of undetermined coefficients.

(14 marks)
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Q6 (a)

B8M 1933

Find the Laplace transform for the following functions:

(i) J(t) = sin 2t sin 3t (ii) J(t) = t sin 2 t (8marks)

(b) Find the Inverse Laplace transform of 2 S + 2s -4s+13
(4marks)

(c) Given the R-L circuit with source of emf, E(t) as in Figure Q6(c) below.

R

L

Figure Q6(c)

The circuit has inductance L = 2H , resistance R = 100, electromotive force

E(t) = 2elV which is initially at rest. Let i(t) is the current flowing in the circuit.

(i) Show that the mathematical model for the RL circuit is given by

diet) + Si(t) = e' .
dt

(ii) Using Laplace Transform to fmd the current, i(t), flowing in the
circuit at time t .

(8 marks)
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Formulas
Second-order Differential Equation

The roots of characteristic equation and the general solution for differential equationay" + by' + cy = O.Characteristic equation:

am2 + bm + c = O.

Case
The roots of characteristic equation General solution

1.
Real and different roots:ml and m2Y = Aem,x + Bem2x

2.
Real and equal roots: m=ml =m2Y = (A + Bx)emx

3.
Complex roots: ml = a +pi, m2 = a - piY = eax(Acosflx + Bsin flx)

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

For non-homogeneous for system offrrst order linear differential equations Y'(x) = A Y(x)+G(x),the particular solution Yp(x) is given by:G(x)

Yp(x)G(x)Yp(x)
u

aueAxaeAx
ux+v

ax+bucosax or u sin axasinax+bcosax

Laplace Transform £{f(t)} = J:f(t)e-S1dt = F(s)
f(t)

F(s)f(t)F(s)

a

a

tf(r) dr
F(s)- s

s

eat

1

H(t-a)

e-as-- -
s-a s

sin at

a

f(t - a)H(t - a)e-os F(s)
s2 +a2

s
8(t - a)

cosat
s2 +a2

e-as

sinh at

a

f(t)8(t-a)e-as f(a)s2 _a2

cosh at

s

J~f(u)g(t -u)duF(s)· G(s)s2 _a2

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

n!

y(t)
Y(s)

sn+l
e01f(t)

F(s-a)y'(t)sY(s)- y(O)
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tnf(t). n = 1.2.3•...
(-If dn F(s) L y"(t)dsn

Electrical Formula

S2y(S) - sy(O) - y'(O)

1.

2.

3.

4.

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 current. i and charge. q:

VR =iR
di

vL = L
dt

v = qF li~Cdvc I
C C dt

. dq1=-
dt

F(w)

2

J(t)

Set)

Fourier Series
Fourier series expansion of periodic function Half Range series

with period 2L / 21t _ ~ rL J( ) dx1 L ao- J( x
ao = - I f(x) dx L 0

L -L 2 rL n71X1 L an = - J( J(x)cos- dx
an = - I f(x)cos n71X dx L 0 L

L -L L b = ~ rL f(x) sin n71X dx
b =!t f(x)sin n71X dx n L Jo L

n L -L L 1 00 n11X 00 n11X

1 00 00 J(x)=-ao+ Iancos-+Ibnsin-
f(x) = -ao + Ian cos n11X +Ibn sin n11X 2 n=l L n=l L

2 n=1 L n=1 L .

Table of Fourier Transform C£ {J(t)} = J:f(t) e-iQJ/dt

F(w) I J(t)1 sgn(t)

H(t) 1
1l"S(w)+-.

IW

1 21l"S(w) L
wo+iw

21l"S(w- wo) I tne-root H(t) for

Wo > 0

i1l"[S(w+ wo) - S(w - wo)] Ie-at sin(wot)H(t)

for a>O

1l"[S(w+ wo) + S(w - wo)] Ie-at cos(wot)H(t)
for a>O

1l"i[S(w + wo) - S(w - wo)]+ 2 Wo 2
2 Wo - W

1l" r ] ;w-LS(w +wo) +S(w - wo) +-2 - 2
2 Wo - w

n!

(mo+im Y+1

a+im

( .)2 2aHm +mo
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