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P262 Computational Methods I

7
Question one
Given the following non-homogeneous ordinary differential equation as
d;fz(’) +4 d;g’) +15p(0) =71 =31
(a) find its particular solution y,(z) , (8 marks)
(b)  find the general solution y,(f) for the homogeneous part of the given
differential equation, (4 marks)
(c) find the general solution y,(f) for the above given non-homogeneous
differential equation, ( 2 marks )

(@ if given initial conditionsas y(0)=5 and d 3; gt) =8

t=0

b4

find its specific solution of y(¢) andplotitfor t=0 to 5. (11 marks)



Question two S50

Given the following differential equation as

d’ y(x) |, , dyx)

+10 y(x)=0
dx’ ax 100
utilize the power series method, i.e., setting  y(x) = Z a, x"** and a, #0 ,
n=_0

(a) write down the indicial equations. Find the valuesof s and a, (by setting
a,=1). (7 marks)

M) Write down the recurrence relation. For all the appropriate valuesof s and
a, in(a), set a, =1 and use the recurrence relation to find the values of a,
up to the value of a, . Thus write down two independent solutions in their
polynomial forms. Also write down the general solution of the given differential
equation. ' (10 marks )

© If the initial conditions are givenas y{(0)=-4 and 4yx) =2,

x

x=0

determine the values of the arbitrary constants of the general solution in (b). Then

plot this specific solutionfor x=0 0 1 . ( 8 marks )



Question three gl

Given the following differential equations for a coupled oscillator system as

ﬁzdelz(t-)—=—15 xl(t) +6 xz(t)
d dxtzz(t) =8 x,(¢) — 28 x,(?)

(@ set x()=X,e'® and x,(t)=X, e ,deduce the following matrix

equation A X =-w’>X  where

-15 6 X : )
A= and X = , (4 marks)
8§ -28 X,
® @ find the eigen frequenciesof o , (4 marks)
(ii) find the eigen vectors of X , (4 marks)

(©) (i)  write down the general solutions of x,(t) and x,(¢) interms of the

eigen frequencies and eigen vectors obtained in (b) , (4 marks)

(ii) if initial conditions are given as

x(0)=5 , x,(0)=0 ,

3

du®| _y . dn
d

=0 dt 1=0

find the specific solutions of  x,(#) and x,(t) . Plotboth
x(t) and x,(t) for t=0 to 5 andshow them ina single

display. v (9 marks)



Question four

O
»

(a) Given the following partial differential equation

0% u(x, du(x, 0" u(x,
Xty (ZJ’) +xly ( y)=—-xy2 (ZJ’)
ox Ox oy

set u(x,y)= F(x) G(y) and utilize the separation of variable scheme to break

the above partitial differential equation into two ordinary differential equations.
(8 marks)

(b) The general solution of a one-dimensional wave equation

O u(x,t) 1 8% u(x,t) _

Py 5 Yo 0 can be written as
X c t

u(x:t) = Zuk (xat)
Vk
= Z(Ak cos(kx)+ B, sin(kx))(C, cos(ckt)+ D, sin(ckt))
Vk
where A, ,B, ,C, & D, are arbitrary constants

@) by direct substitution, show that the above u,(x,¢) satisfies the given

wave equation, (4 marks)
(i)  after applying two fixed end conditions and one zero initial speed

condition , the above general solution can be deduced to

2 t
u(x,t):ZE" sin(—’?—Z—xJ cos anﬂ ) where E, (n=1,2,3,.....)
n=1

are arbitrary constants. If c¢=2 , L =6 and the initial position of

2
5x if 0<x<l1
-x+6 if 1<x<6
find the valuesof E, , E,, E3 AERRIER , E¢ . Then plot this specific

the string is givenas  u(x,0) =

polynomial solutions of t=0 , t=0.1 and t=0.2 all for the same

rangeof x=0 to 6 and show them in a single display.

(13 marks)



Question five

53
(a) Given 4y = Z(zi) and y(1)=5 ,
dx X
@) use dsolve command to find its specific solution of the above given
problem. Then find the value of y(3) . (3 marks)

(i)  use Euler’s method with A =0.1 to find the numerical value of 3(3).
Compare it with that obtained in (a)(i) and compute their percentage
difference. (5 marks)

(iii)  use Runge-Kutta method with A =0.1 to find the ﬁumerical value of
¥(3). Compare it with that obtained in (a)(i) and compute their percentage

difference. (6 marks )

2
®) Given 2 y(x)+4d;ix)+5y(x)=3e“ and y(0)=2 & y'(0)=-1,

dx®
1) use dsolve command to find its specific solution of the above given
problem. Then find the valug of »(3) . (3 marks)

(i)  Use Euler’s method with A =0.3 to find the numerical value of »(3).

Compare it with that obtained in (b)(i) and compute their percentage

difference. (8 marks )



