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This paper contains TWO sections. Attempt ALL questions from Section A and any |

THREE questions from Section B

SECTION A: Answer ALL questions in this section [40].

Attempt ALL questions from this section [40 MARKS]

Al. Determine the Lagrange form of the cubic interpolating function for the given data: ‘

x [1]2]4]3
| - CIENEIEIE

and use the result to estimate f(0.75). 5] |

A2. (a) Show that the approximation to the Second derivative of a function f(z) is given |

|
i ]. |
f"(w0) ~ 75 [f(zo — h) = 2f(z0) + f(z0 + )
| 6
(b) Hence or otherwise, determine the approximation to the second derivative of
| f(z) = z€’
at z = 2.0, that is, (f (2.0)) with A = 0.1. [4]

i N |
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A3. Use Simpson’s rule with n = 8 to approximate the integral

I w/2
/ cos(x)dx
0

A4.

Obtain the Euler approximation to the solution of the initial value problem

y =4y, y(0)=1

on [0,0.15], using h = 0.05. Compare your results with the analytic solution. 15]

AS.

Solve the following initial value problem

y()=z+y% y0)=1

(a) by the Euler-Cauchy method;
(b) by the Fourth Order Runge-Kutta method.

using h = 0.1 to estimate the solution at z = 0.2. Compare the results. [5,6]

A6. Determine and classify all the singular points for the finite values of z of the differential
equation

(2% — 4)%" + (z — 2)y +2y =0

[4]
SECTION B: Answer THREE questions in this section [60].

Answer any THREE questions from this section [60 MARKS]

#
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(a) Use the LU-decomposition method to solve the following system of linear equa-
tions:

2r + 3y + 2 5 |
4o + Ty + 2z 10
6z + 18y 4+ 5z = 19

7]

(b) Apply four iterations of the Gauss-Seidel iteration method, using zo = yo = 20 = 0
as initialization, to solve the following system:

de —y+2z = 7T

—rz+3y—z = 4

r+y+95z = 6

B
(c) Consider the set of equations:

A11Z T A12Y T A132 = by

A1 T+ A22Y T Q232 = by

a31T + @32y + azzz = b3

Suppose the true solutions of these equations x, y and z and the 1terative values
after r steps of the Jacobi process are z,,y, and z. where

Yr =y+ﬁr Zr = Z 1T VYr
Let E, = max {|ar|, |B:], ||}, i-e. the largest error after r steps.

(i) Prove that

O o T

H’r-,-l |

a23 H

a12
o] < [— llﬁ-r\ - |-

ﬂzl
|.B‘r+1‘ < ‘

631 fl32
[Yrt1] < |[—lew| + [—||5+]
a33 33

o + 1=

(ii) Comment on the convegence scheme if

ai1| > |a12| T |@13

(g2 > |Q21| + |G23

8]

|
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I
B8. (a) Consider the heat equation
s, 1 02
Eu(m,t) = BmQH(x’t) D<x<l, O0<ti
with boundary conditions u(0,t) = 0,u(1,¢) = 0, ¢ > 0 and initial conditions
u(z,0) = sin(nz), 0 < z < 1. Determine u(z, t). [10]

(b) Assume an elastic string with fixed ends is plucked like a guitar string. The
governing equation for u(z,t), the position of the string from its equilibrium

position, is the wave equation

o2 1 9"
| ﬁu(z,t)=1@u(z,t) Dce<<m 0<i
with boundary conditions u(0,t) = 0,u(r,t) = 0, t > 0 and initial conditions

u(z,0) = sin(2z), 0 < z < 7 and Zu(z,0) =0, 0 < z < 7. Determine u(z, ¢). [10]

B9. (a) (i) Use the Bisection method to find the solution z* of

r=e 7

correct to an accuracy of 1072, where z* € [0, 1].
How many iterations are needed to achieve an accuracy of 1077 [5]

(ii) Apply the Secant method to approximate the solution z* of

2=
correct to an accuracy of 1074, where z* € [0, 1] 5]
(b) Suppose that y, is k—digit rounding approximation to y. Show that

I Yy—1Yr S l % 10—k+1
Y 2

[10]

B10. (a) Solve the Euler-Cauchy equation

22y’ +4zy +2y =0
by assuming Frobenius series solution. [10]
(b) Given the following Euler-Cauchy equation

yl’f _ y s D
Show that the solution of the differential equation is given by

oC 2n 2n+1

/ s T
y() = ao Zﬂ 2n) ; (2n+1)

10] |

END OF QUESTION PAPER
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