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QUESTION 1

1. Use the modified Euler’s method with h = 0.25 to solve
yll+2yl +y — e—I

subject to y(0) = 1 and y’(0) = 2 and approximate y(0.25) and 3'(0.25).  [20

marks]
QUESTION 2

2. (a) Solve the following initial value problem using the 4th order Runge-Kutta
method with h = 0.1 to estimate y(0.1) and compare the result with the
exact solution.

dy

== —2zy with y(0)=1

[10 marks]

(b) Use Newton’s interpolating formula

Fe) ~ for+ E- 2 A,

to derive the Adams 2-step formula

3 1
Ykl =Yr + h (Efk - §fk—1>

for integrating over the interval [k, k + 1], assuming that information at

the preceding points xx—; and z is known.

[10 marks]



QUESTION 3

3. (a) Discuss the consistency and zero-stability of the following scheme
Yn+1 = Syn—l - 4yn + h[4fn + 2fn—l]

[10 marks]

(b) Use Taylor series method to solve the following system of ordinary differ-

ential equations.

dz
prilie zy+t, z(0)=1
dy _
il ty+z, y(0) = -1
[10 marks]
QUESTION 4

4. Find the second degree least-squares polynomial approximation of the form

Py(z) = a, + a1z + azz®. that best fits the through the following experimental
data.

z[123456
y|1 34342

[20 marks]



QUESTION 5

5. (a) Consider the second order initial value problem

d*x dz . !
d_t2_+4E+51_0 with z(0)=3 and z'(0)=5

write down the equivalent system of two first order equations. [6 marks]

(b) Use the Taylor method of order 4 to solve

day _(t—y)
dt 2

on [0,3] with y(0) = 1 and h = 0.25 and compare the approximate solution

with the exact solution. (7 marks]
(c) Use the 4th order Runge-Kutta method with h = 0.25 to solve

dy _(t—y)
dt 2

on [0,3] with y(0) = 1 and compare the approximate solution with the

exact solution. (7 marks]
QUESTION 6

6. Determine the system of four (4) equations in four unknowns for computing

approximations for the Laplace equation

Uge + Uy = 0

with A =1, k = 1 in the rectangle R = {(z,y): 0<z <3, 0 <y <3} The

boundary values are

u(z,0) = 10; and u(z,3)=90 0<z<3
u(0,y) = 70; and u(3,y) =0; 0<y<3

[20 marks]



QUESTION 7

7. Consider the parabolic differential equation

ou 0%
E_aaizo, OSJJSI, t>0
u(0,8) =0, u(1,t)=0, t>0

u(z,0) =cos2rz, 0<z<1

If an O(k? + h?) numerical method is constructed using the central difference
quotient to approximate u; and the usual difference quotient to approximate
uII’

(a) Write down the finite difference scheme for the problem. [10 marks|

(b) Show that the method has the matrix form
ultt) = b= 4 Aul) foreach j=0,1,2,...

where u% = (u;,u5,...,Un-1;)7 and A is a tri-diagonal matrix.  [10

marks]



