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P262 Computational Methods I 

Question one 

Given the following non-homogeneous ordinary differential equation as 

d y;t) + 2 d yet) + 5 yet) =10 sin(t) + 13 cos(3t) 
dt dt 

(a) 	 find its particular solution yp (t) , (9 marks) 

(b) 	 find the general solution Yh (t) for the homogeneous part of the given 

differential equation, (4 marks) 

(c) 	 find the general solution y g (t) for the above given non-homogeneous 

differential equation, (2 marks) 

(d) 	 if given initial conditions as yeO) =9 and d yet) =1 , fmd its 
dt 1=0 

specific solution of yet) , Le., ys(t) . Plot ys(t) for t = 0 to 30 and 

make a brief comment on its large t behavior. (10 marks) 
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Question two 

Given the following differential equation as 

"" set y(x) =L all xll+S and "* 0 ,utilize the power series method and ao 
11=0 

(a) 	 write down the indicial equations and find the values of s and possibly the 

value of a) (if a) is in terms of and s, then find the possible values ao 

of a) by setting ao =1 ) (7 marks) 

(b) 	 write down the recurrence relation. Set ao =1 and use the recurrence relation to 

find the values of all ( n =2 to 10) for each value of s found in (a). 

Write down two independent series solutions truncated up to term.alO 

(8 marks) 

(c) 	 (i) write the general solution for the above given differential equation, 

(2 marks) 

(ii) 	 if given initial conditions as yeO) =3 and d y(x) =-1 , find the 
dx x=o 

specific solution and plot it for x =0 to 1 . (8 marks) 
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Question three 

Given the following differential equations for a coupled oscillator system as 

2 

_d_--,XI'--'.(t-,-) = _ 4 x (t) + 3 x (t)
d t 2 I 2 

d 2 (t)X 2-d--'t7-'2--=-- =2 XI (t) - 5 x2(t) 

(a) set xl(t)=Xle iaJ 
( and x2(t)=X2 e

iaJ 
( ,deducethefollowingmatrix 

equation A X = - oi X where 

(4 marks) 

(b) (i) find the eigen frequencies of co , (4 marks) 

(ii) find the eigen vectors of X , (4 marks) 

(c) (i) write down the general solutions of XI (t) and x2(t) in terms of the 

eigenfrequencies and eigenvectors obtained in (b) , (4 marks) 

(ii) if initial conditions are given as 

= _ 1 and d x2(t) = 1 
dt dt (=0 ' (=0 

find the specific solutions of XI (t) and x2(t) , Plot both 

XI (t) and X 2 (t) for t =0 to 10 and show them in a single 

display, ( 9 marks ) 
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Question four 

(a) 	 Given a scalar function f =5 X y2 + 2 Y Z2 - 3 x y Z , 

(i) 	 find the value of Vf at the point P: ( 1 , - 1 , 2) , (3 marks) 

(ii) 	 fmd the directional derivative of f at the point P: ( 1 , - 1 , 2) along 

the direction of (ex 2 - ey 3 + eJ ' i.e., [ 2, - 3 , 1] . (4 marks) 

F [5 I ,lOx Y - 6 r , -12 y z ] , fmd the value of the line integral of F 

from the point PI : ( 1 ,6,0) to the point P2 : (3,2,0) along a line path of 

L ,i.e., (2 F• d T , .h ,L 

(i) 	 if L: a straight line from PI to P2 on z = 0 plane, (8 marks) 

(ii) 	 if L: a hyperbolic path described by y = 6 from PI to P2 on z =0 
x 

plane. Compare this answer with that obtained in (b)(i) and comment on 

whether the given F is a conservative vector field or not., ( 7 marks ) 

(iii) 	 use potential command to find out whether the given F is a 

conservative vector field or not. Ifyes, then find its associated scalar 

potential. (3 marks) 
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Question lIVe 

One-dimensional wave equation for a vibrating elastic string of length L can be written as 

cP u(x,t) 2 0 2 u(x,t)
--.::-.-~ = c where u(x,t) is a longitudinal vibration amplitude function ot2 ox2 

and c 	is a constant. 

(a) 	 The general solution of the given partial differential equation can be written as 

u(x,t) =L>1e (x,t) 
Vie 

=L (Ale cos(k x) + Ble sin(k x ))(Cie cos(c k x) + Die sin(c k x)) 
Vie 

where 	 Ale' Ble ,CIe & Die are arbitrary constants. 

Applying two fixed end conditions (i.e., Uk (O,t) = 0 = Uk (L,t) ) and zero initial 

·· (. OUIe (x,t) = 0 ), deduce from the above general speed condItlon I.e., at 

solution that u(x,t) =tEn Sin(n7rx) cos(cn7rt) 

n=l L L 


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

(b) 	 if c = 5 , L = 10 and the initial position of the string is given as 

3 if Osxs4 

u(x,O) = {_;x + 20 if 4 s x s 10 


(i) 	 fmd the values of E1 , E2 ,E3 , ...... ,EIO . Write down the specific 

solution of u(x,t) in its series expression up to term.E10 

(11 marks) 
(ii) 	 plot the solution obtained in (b )(i) at t =0 , t = 1 and t 2 respectively, 

i.e., u(x,O), u(x,l) and u(x,2) ,for the range ofx values from x = 0 to 

x = to. Show them in a single display. (6 marks) 
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