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Instructions:

1. Answer question 1 (Compulsory)and ANY other 3 questions
2. Candidates are advised not to write on the question paper.

3. Candidates must hand in their answer booklets to the invigilator while in the
examination room.



Question 1

(a) Construct Crank-Nicolson implicit finite-difference scheme as applied to the
second order linear parabolic partia differential equation
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subjectto u(O,t)=a,u(Lt)=f t>0

and u(x,0)=sinx a<x<b. [10 marks]
(b) Determine the stability condition for the Crank-Nicolson implicit finite-difference scheme

in part (a) above [10 marks]
Question 2

(a) Use a discriminant A theory to categorize ; elliptic, parabolic and hyperbolic partial differential equations
given below.
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() Let (X,U,Uy,Uy,Uyecooeos, Uy )= 0 bean (m+1)" order partial differential equation and F(u; )=0
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describe afinite difference schemeto it.
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Describe the conditions under which the numerical scheme will be consistent and stable to the( m+ l)th order

partia differential equation. [6 marks]
(c) Givethe necessary and sufficient for the numerical scheme to converge to the exact solution. [4 marks]
Question 3

(a) Construct an explicit finite-difference scheme as applied to the nonhomogenous parabolic equation
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subjectto u(0,t)=u(Lt)=0 O<t
and u(x,0)=x(1-x)+sinpx 0<x<10. [5 marks]

(b) Obtain amolecular formulafor problem (a) above applied to the solution grid over region

W ={(xt):0< x<10,0<t} with;h = Ax=2;k = At = 0.001.

State the stability condition for the molecular formula employed. And hence compute, the numerical solutions
U.. ; forthethreetimelevels | =0,1, 2. [15 marks]
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Question 4

Given the wave equation
ot? ox?’
subject to boundary conditions u(0,t)=u(4t)=0  fort>0

and initial conditions u(x,0)=sin(2px), u,(x,0)=0, 0<x<1, t=0.h=Ax ,t=0.

O<x<1 t>0

(a) Construct the explicit finite difference schemetoit. [ 8 marks]
(b) State the stability of the explicit finite difference schemein part (i) above. [2 marks]
(c) Compute the approximations U, | ; j = 1( first—timelevel ) , i =0,1,2,3,4,5. to the exact solutions
u(x.t;) using h=Ax=0.2, k=At=0.05 h=Ax. [10 marks]
Question 5
On the square D = {(x y) 0<x<2,0<y< 2} consider the Dirichlet problem for the Poisson’s equation,
2 2
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(a) Usefinite difference method with equal mesh spacing h=AXx= Ay = % , defined on D to discretize the

Dirichlet problem, assuming. g(x,y)=0o0nS. [15 marks]

(b)Show that difference scheme takestheform AU =B : A, jreal , symmetric matrix.
Deduce that the numerically computed solution U isunique [ 5 marks]



