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P262 Computational Methods I

(a)

(b)

Question one

Given the following 2" order homogeneous differential equation as

d’ y(x) . dyx)
+2 +5y(x)=0
71 p y(x)
(i) set y(x)=e"" and find the appropriate values of a . Write down its
general solution. (4 marks)
(i)  if the initial conditions are givenas y(0)=—1 & 2 ;’ Sl
X
x=0

then find its specific solution and plot it for x=0 to 5 . (5 marks)
Given the following non-homogeneous differential (;quation as

2
ddi’g(‘) +4 dyg% 10 y(f)=5e* —21

) find its particular solution y () , (6 marks)

(1)  find the general solution to the homogeneous part of the given equation
¥, (t) and then write down the general solution to the given non-

homogeneous differential equation y, (¢) ' (5 marks)

(iii)  if the initial conditions are givenas yp(0)=4 & ¥ __ 1,

dt

t=0
then find its specific solution and plotit for x=0 to 5 . (5 marks)



Question two

Given the following Bessel’s equation as

(a)

(b)

X

)
(i)

®

(i)

(iii)

2
2 ddzgx) oy d y(x) N

(Jc2 ~4)y(x)=0 ,

use dsolve command to find its general solution , (2 marks)
use series command to express Bessell(2,x) & BesselY(2,x) into

their power seriesupto x'' (i.e., would appear with O(xlz)),

Then convert them into polynomials. (4 marks)

set  y(x)= Z a, x""* and a, #0 , utilize the power series
n=0

method to find its indicial equations and thus find the values of

s & a . ( 6 marks)

for s=2 ,set a, =1, use the recurrence relation to find the values of

a, upto n=8 . Show that this polynomial solution is linearly

dependent to the independent solutions in (a)(ii). (9 marks)

for s=-2 ,set g, =1, usethe recurrence relation to find the values

of a, upto n=8 . Show that this polynomial solution can not be

found directly by power series method. (4 marks)



(@)

(b)

Question three

Given the following system of linear equations as :
~10x, +5x, -8 x, =41
7x, —=3x,+6x,=-28
6x, ~3x,+ x;=-17

(i) solve them by Gauss elimination , (4 marks )
(i1) solve them by Crammer’s rule . (4 marks)

Given the following system of first order differential equations as :
dx (1)

I =9 x,() - 3 x,(t) -
dx,(t
%—)=4x,(r)»-4x2(t)

6 Set x(1)=X,¢e"" & x,()=X,e*" and deduce the following matrix

2
(i)  Find the eigenvalues A . For each eigenvalue find its eigenvector.

(4 marks )
(iii)  Write down the general solutions of x,(f) & x,(f) . (2 marks)

(iv)  If the following initial conditions are given as
(=3 & x,(0)=-2 |, find the specific solutions of
x{t) & x,() . Plotthese x(#) & x,(f) for t from 0 to1 and
show them in a single display . ) (7 marks)

X
equation 4 X =4 X , where Xz[X’J . ( 4 marks)



Question four

Given a vector field as }?:Ex2xz+é'y5xy+'éz ¥y,

(a)

(b)

©

find the value of J-\‘ Feds ifthesurface S isgivenas:

S: 4x’+y’=4 | 1<z<5

(Hint : set x=cos(t) & y=2sin(t) where 0<t<2xz ) (10 marks)
utilize the Divergence theorem , i.e., cﬁs Feds= _UIV (€7 oF )d v ,and find
the value of cﬁ . Feds ifthe closed surface S ‘is the cover surface of a

box with 0<x<1,0<y<2&0<2z%3, (7 marks)

use the given F  to show that it satisfies the following vector identity :
Ux(VxF)=¥(VeF)-2 (V' F)-2, (V2 F,)-2 (v’ F,) . (8marks)



Question five

Given the following non-homogeneous differential equation as :

400 342D 5y - f)

dr dt
where [ (t) is a periodic function with its period = 2 , i.e.,
7()= fle+2)=f(t+4)=flt+6)=- , and its first period behaviour is given as
tif 021<1
f(f)z{-mz if 1<r<2’
(a) )] find the Fourier series representation of  f (t) up to n= 10 and name
this truncated series as £, (t) , (7 marks)

(ii)  find the particular solution of y(t) corresponding to f,o(t) replacing

f(t) in the given non-homogeneous differential equation , (9 marks )
® ® find the general solution for the homogeneous part of the given
Iy L dyo
dr? dt
down the general solution for the given non-homogeneous differential
equation , (4 marks)

(ii))  find the specific solution to the given non-homogeneous differential
equation if the initial conditions are given as

differential equation , i.e., +2 y(t)=0 ,then write

H0)=-5 & '——d;?) =2. (5 marks)

(=0



Question six

A vibrating string of length L is fixed atitstwo ends ,i.e., x=0 & x=L .Its

transverse displacement  u(x,t) satisfies the following one-dimensional wave equation

o u(x,t) 1 :82 u(x,t)
ax’ ¢t 8t

given string ,

(a) 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.
(4 marks)
(b)  The general solution of the above partitial differential equation can be written as

u(x,t) = Zuk (x.0)
vk

= vzk (4, cos(kx)+ B, sin(kx))(C, cos(ckr)+ D, sin{ckr))

=0 where c isa constant related to the properties of the

where A4, , B, ,C, & D, are arbitrary constants.
1 Applying two fixed end conditions, i.e., #,(0,)=0 & wu,(L,f)=0 and
Ou,(x,1)

=0 , show that the
ot

one zero initial speed condition , i.e.,

1=0
above general solution can be deduced to

u(x,t)= Y E, sin(zjz—x) cos(anﬂtj where E, (n=1,2,3,....)
n=1

are arbitrary constants. : ( 8 marks)
(i1) If ¢=3 , L=10 and the initial position of

| 3x  if 0<xs2

the string is given as  u(x,0)={ 6 if 2<x<7
-x+10 if 7<x<10
find the valuesof E, ,E, , E;,----- , E¢ . Then plot this specific
polynomial solutions of t=0 , t=0.3 and t=0.6 all for the same
rangeof x=0 ro 10 and show them in a singie display.
(13 marks)




