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P262 Computational Methods I

Question one

Given the following non-homogeneous differential equation as

d’ y@) _ 4y _
—3 6=+ 30 =10
(a) find its particular solution y (f) if
) fO=-5¢1 , ( 6 marks)
(ii)  f()=3cos(t)-4sin(3r) and plot this particular solution for t=0 to 20 .
(8 marks)
® @ find the general solution to the homogeneous part of the given equation
v, (t) and then write down the general solution to the given non-
homogeneous differential equation y,(r) ' (4 marks)
(i)  if the initial conditions are givenas y(0)=-5 & i;i—’) ~1 ,then
t=0
find its specific solution and plotit for t=0 to 1 . (7 marks)
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Question two

Given the following Legendre’s differential equation as

2
(1—x2)ddi’§x) ~2x d;’i") +20y(x)=0
(a) @) use dsolve command to find its general solution , (2 marks)
ii one of its independent solution is a polynomial and plot this polynomi
(ii) f its independ lution i 1 ial and plot this pol ial
independent solution for x=-1 to +1. (3 marks)

® @0 set  y(x)= z a, x"*’ and a, #0 , utilize the power series
n=0

method to find its two independent solutions up to n = 10 terms ,

(18 marks)
(i)  one of its independent solution is a polynomial and compare it with that in
(a)(ii) and make a brief comment. ‘ (2 marks)
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(b)

Question three 7S

Given the following matrix equation AX=b where

2 -5 2 X, -27
A=10 3 -1 , X=|x, and b=| 14
31 =2 Xy -3

find A4~ (show details) and then use it to find the solution of X .

(8 marks)

Given the following differential equations for a coupled oscillator system as

d? xlz(t) =—7x,() +3x,()
dt

0 _ -

dt? =6x,()-10x,()

(i)  find the eigen frequencies @ and their respective eigen vectors of X .
Then write down the general solutions of x,(f) and x,(f) interms

of them. (8 marks)

(ii))  if initial conditions are giver as

dx ) -0 and a0l _,
dt dt ’

t=0 t=0

50)=3 , x0)=-1,

find the specific solutions of  x,(f) and x,(¢t) . Plot both
x,(t) and x,(t) for t=0 to 5 andshow them in a single

display. (9 marks)



Given a one-dimensional wave equation as ————= = —

(2)

(b)

Question four 36

O’u(x,ry 1 & u(x,t)

b

ox? c?  ar?

set u(x,t)=F(x) G(t) , use separation of variable scheme to deduce the

following two ordinary differential equations :

%(;Q =—k* F(x)
) (S marks)
ddc;(t) RGO

The general solution of (a) can be written as

u(x,t) = Zuk (x,t)
=" (4, cos(kx)+ B, sin(kx))(C, cos(ckt)+ D, sin(ckr))

where A, ,B, ,C, & D, are arbitrary constants

1) applying two fixed end conditions (i.e., u,(0,t) =0=u,(L,t)) and zero

Du,(x,t)
ot

initial speed condition (i.e., =0 ), deduce from the above

t=0

general solution that  u(x,?) = ZE,, sin(n ix) cos(c ant t) where

n=1

Ex (n=1,2,3,..... ) are arbitrary constants. (8 marks)

@ If c¢=3 , L=7 andtheinitial position of
5x if 0<x<2
-2x+14 if 2<x<7
find the valuesof E, ,E, ,E;, - , E, . Plot this truncated specific

the string is given as  u(x,0) = {

solutionat t=0 , t=1 and t=2 forthe x rangeof 0 to 7 , show

them in a single display. (12 marks)
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(b)

Question five t*

Given

2 /y(x)-In
dy) _24y@ -l 1y 0 & x>1, its specific
X

dx X

solution can be shown to be y(x) = (ln(x))2 + In(x) and the exact value of y(2)

is 1.173600195 .

o Use Euler’s method , starting with x =1 and taking #=0.2 anddo 5
steps , to find the approximate value of y at x=2.Compare this
approximate value with the given exact value of y(2) and calculate their
percentage difference. (6 marks)

(i1)  Use Runge-Kutta method , starting with x = 1 and taking A=0.2 and do
5 steps, to find the approximate value of y at x =2 .Compare this
approximate value with the given exact value of y(2) and calculate their

percentage difference. ’ (7 marks)
) i ) X d*y(x) dyx) e
Given the differential equation e =x Fr 5 y(x) + 2 x with initial
x x
conditionsof y(0)=4 & D 2,
dx | _,

@) use dsolve command to find its specific solution of y(x) . Also find the

exact value of y(1). (3 marks)

(i)  Use Euler’s method , starting with x =0 and taking #=0.1 anddo 10
steps , to find the approximate value of y at x=1.Compare this
approximate value with the exact value of y(1) obtained in (b)(i) and
calculate their percentage difference. (9 marks )



