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Ql A periodic tunction 
"f(x) 

is defined by

, (-+, -v1xcQf(x)=1.' 14, O<x<n.

f(x)= f(x+2n).
which it can be written as a Fourier series

f (x) = ? *ir",cos rtr + D" sin ru)

(a) Sketchthe graph of f (x) ovet -3tr < x <3n .

(2 marks)

O) For z =1,L3,..., showthat
(i) ao:A-
(ii) a, =0.

(7 marks)

(c) Calculate the Fourier coefficien! 0".

(4 marks)

(d) ShowthattheFourierseriesexpansionfor /(x)is

f(x)-:?ry#
(3 marks)

(e) Byreferringtotheperiodicfunction,f(x) aboveanduse ,=1, deducethesumof
2

the infinite series

.l It--+
35

(4 marks)



Q2 (a)

BWM ltr)O3 | BSM 1923

The temperature disuibution, u(x, t\ in a 5 m long metal rod governed by

u, -- 25uo, (0 < x < 5, f > 0),

u(0, t) = u(5, r) = 0
u(x, A) =2}{tnt x

hernine the solution for temperature distribution" u(x, t) at any point in the rod at
time r if

s _ (t:z),, nr .u(x,t)=f" \ L )- ,e"snfx.
rr u 

(7 marks)

A stnetched shing of length 3 cm is set oscillating. The initial state is grven by a
firnction" f(x) = r(3*r). The shing has been released with zero initial velocity. By
applying the wave equation, uo = ut, the subsequent displacement of the string is

u(x, t'): t[* "o"ff t + B,snff ,f"^T,

(r) List the initial and bomdary conditions.
(ii) Calculatethevalue of Aq and 8".

f 's -, 1 ^r I

fH,n, 
i An =1["tur"nffxdx, t,:#l,sto"nff'*)

(13 marks)

Solve the following first order differential equations by using the appropriate
method.

(r) 2x&*yzdy:0 (write youranswerinform of y=,f(x)).
(ii) y'+ y = sinxi l(r):1.

(10 marks)

A certain radioactive material is known to decay at the rate proportional to the
amount present. If initially there is 100 milligrams of the maferial present and after
two horrs it is observed that the material has lost 10 percent of its original mass. By

using growttr population formUa* : h, find'dt
(i) an expression for the mass of the material remaining at any time r,
(ii) the mass ofthe material after five hours,
(iii) the time at which the material has decayed to one half of its initial rrass.

Write your answers in b(ii) and b(iii) in two decimal places, 
(10 marks)

(b)

(a)Q3

(b)
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a4 (a) By using the method of variation of parameters, solve

Y' -2Y' *2Y = e'tarrx'

tHint Jsec 
x & =hlsecx + tan xl + c l

(10 marks)

{b) The vertical motion of a weight attachd to a spring is described by the initial value
problem

'&x 
d' ={. 9=2.

;T-;+.r=0, x(o) = 
dt

(i) solve the grven differential equation

(ir) find the value of r wtren ! =O .
dt

(iiD by using the result in Q4OXi), determine the maximum vertical displacement.
(10 marks)

Qs (a) Find

(r)

(ii)

(8 marks)

(b) Consider the firnction

fe't o<r <2,
f(t) = 1-

It -2 t >2.

(i) Writ€ the fimction f (t) lrl^the form of rmit step functions.

(iil Then, find the l^aplace transform of "f(t).
(5 marks)

(c) Solve the equatio " #* 
y = f 6(t-.61 by using Laplace Transformation, given

that Y(0) :2 and {0) = 0-

(7 marks)

4
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Formuhe
Characteristic Equation and General Solution

Case Roots of the Characteristic Equation General Solution

I

2

3

m, and m, ;ralanddistinct

frr = fl2 - m ;real and equal

m=aXif ;imaginary

!: Ae^r' + Be'2'

y = (A+ Bx)en'

y =e"'(Acnsfr+ Bsinft)

Particular Integrat of sy' +by' + cy = f (x) : Method of Undetermined Coefficienb

f (x) t o@)

P,(x)=.,\x" +"'+ Atx+ A4 x' (Box" + ...+ Brx + Bo)

Ceot x'(Peo')

Ccosfu or Csinfr x'Qrc,osBx+qsinBx)

Particuhr Integral of sy" +by' + cy = f(x) : Method of Veriation of Parameters

Wronskian Parameter Solution

W_ lr,
lvi

fz
lz

u,=-[#*, ur=l!#* lp =urlt*uzlz
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Periodic Function for Laplrce transform : c$1t11= 
-51; 

e-" f1t\dt, s > 0-
l-e

Fourier Series

f (x) = + . El", 
*"U! * o, "^ryf

I oL
ao = 1l -rf @)e

I eL nrTx ,
o" = Il _,.f (x)cos:f *

b.=;l:,f@snff*

Leplace Transforms

L{J @t = Ii t<t>"-o dt = F(s)

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

a
a
.9

H(t -a) e-6

.9

t', n=lr213r..
nl.

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

e*
I

s-a
6(t -a) e-ot

sinar
a

7;7 f(t)6(t -a) e-* f(a)

cosat
.s

s-+a- l,t<"tst, -u)du F(s).G(s)

sinh ar
a

;'-7 v(t) r(s)

cosh ar
s

7:7 iQ) sl(s)-/(0)

e^ f(t) F(s -a) t(t) s'r1s; -.qy(0) - i(0)

tnf(t), n:1,2,3,.. {-r)"{!@


