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Q1  Evaluate the following double integral using the trapezoid rule with subinterval n = 4.
2 4

ff(xz — 3y% + xy?)dydx

=20

(1S marks)
Q2  Let y(x) is a solution of initial value problem (IVP)
V= p(OY +g(Dv+r(y) . a<x<h, y@-a . yV(@) -0, (1)
and y,(x) is a solutions of IVP
V'=p)y ey asxxb, y@)=0, y(a)=1. (2)

Given the two point boundary value problem (BVP) second order differential linear
equation in the form

V'=px)y' +q(x)y+r(x) 3)
subject to boundary conditions a<x<b, y(a)=a, y(b)=p.

Show that the solution of the original two-point BVP (3) is given by

¥ =3 +2=29) 0y, 5@)=0.
yz(b)

(10 marks)

Q3 (a) Write the Taylor series for function f(x,t) where x is the spatial and t is the time.
Hence, derive the first derivative two point forward difference respect to t and second
derivative three point central difference [ormulas for f respect to x.
(10 marks)
(b) Let parabolioc equation
s
ot ox2’
subject to the initial condition T(x,0) = x2 for 0 < x < 1, and the boundary conditions
7(0,t) =0 and T(1,t) =1 for t > 0. Find the finite difference equation of the
problem using implicit method taking Ax = 0.2, t = 0.1 and At = 0.02.
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Q4  Consider
d*T B
dx?

subject to boundary conditions T(0) = 1 and T (1) = e?. Solve equation (4) from x = 0 to

k(T, —T), C))

x — 1 with Ax = 0.25, k = T,— | based on the following instruction (Use up to 3 decimal
places)
() Write equation (4) into two initial value problems.

(4 marks)

(b)  Solve the set of ordinary differential equations using 4" order Runge-Kutta method
with initial conditions T(0) = 1 and z(0) = e.

(18 marks)

(©) Solve (he sel of ordinary differential equations using 4" otder Runge Kulta method

with z(0) = 3e

(6 marks)

(d) Solve the obtained system using shooting method.
(6 marks)

(e) Solve equation (4) using finite difference method
(14 marks)

(f)  Given that the analytical solution of the problem is T(x) =el** e17% | 1,
compute the percent error in your numerical calculations.

(2 marks)

END OF QUESTIONS
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Tourth-order Runge-Kutta Method for ZJ: = f(x,y) is given by
il
Yit1 = Vi |gh(k1 I 2ky | 2R3 1 ky)

where

ky =f(xi, w)
1 1
ky = f(x | 2!‘:,_}*1 I 2.‘tlh)
o 1
kazf(xi+zh:3Ji+£kzh)

ks = fQx; +h,y; + ksh)
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