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Answer Five (05) Questions only.

Programmable calculators are not allowed.
I. (a) What is meant by stability in numerical analysis? [05 marks]

(b) Let E; and E, are the absolute errors of two numbers a and b respectively.

Assuming that %’1 « 1, show that the absolute error in a/b is approximately

g.iven by % (Ef - %”).  [20 marks|

(¢) Let f(x) = 2xcos(2x) — (x — 2)%.

(1) Find the third order Taylor polynomial P;(x) about x, = 0, and

use it to approximate f(0.4). [50 marks]
(i)  Use the error formula in Taylor’s Theorem to find an upper
bound for the error |f(0.4) — P;(0.4)]. - {25 marks}
2. (a) (D Define the term “ill-conditioned problem™. [10 marks]

(i)  Give an example of a polynomial that has ill-conditioned zeros.

[10 marks]
(b)  Show that the system

(23? :égg) (;) = (:ggé) is ill-conditioned. [30 marks]
() (i) Give two reasons to consider pivoting strategy when solving a system

of linear equations using the method of Gaussian elimination.

[15 marks]
(i1) Solve the following linear system of equations using the method of
Gaussian elimination with pivoting. ' [35 marks]

_sz + 2.7C3 = 4‘, X — 2x2 + X3 = 3, —“le + 2x2 + 4?(.'3 =0
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(1) Derive the Newton-Raphson formula graphically for finding an
approximate solution to non-linear equations of the type f(x) = 0.
[20 marks}

(i1) By applying the Newton-Raphson method to f(x) = x? — 1/ c, obtain
an iterative formula, where ¢ is any positive number. [10 marks)|

2
(iii)  Using the iterative formula obtained in (ii) above show that e; = ——-—22‘1
-1

1

7l = 0,12, ..

2

where e; = x; —

Hence show that the iterative formula obtained in (ii) is quadratically
convergent. [30 marks]

(iv)  Estimate the value of V2 to four decimal places using the Newton-
Raphson method. (Use three iterations). [20 marks]

The operator A is defined as follows.

Af(x) = f(x + h) — f(x), where h is the interval of differencing.

Show that Alog f{x) = log [1 + -AJ% ) [20 marks|

Derive the normal equation for the least squares polynomial of degree one.
{530 marks]

The number of radicactive nuclei in the material at time £, N(t) is given by,
N(t) = Noe’)‘t, where N, is the initial number of radioactive nuclei and A is a
constant. Use the data given in the following table and the method of least

squares to find the values Ny and A.

t(time) 1 2 3 4 5 6

N 4887 | 3757 | 3923 | 2742 | 2655 | 2001

{50 marks]

Suppose that the values of the function f at the points xg, Xy, Xz, X3, X4 are
known.

Obtain the 5-point Lagrange’s interpolation formula in the form
P(x) = ¥t o Li(x)f(x;), where each L;(x) is a quadratic polynomial in x.

135 marks]
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{b) (i) Use the data given in the following table to find the 4" order Lagrange’s

interpolation polynomial. [35 marks]
i 0 1 2 3 4
X; 1 2 3 4 5
¥i 11.6 16.2 16.8 13.5 7.3

(ii) Also use the Newton’s method to find maximum value of y. [30 marks|

(a) Explain the method of fixed-point iteration for finding a root of f(x) = 0.
[25 marks]
(b) (i) Show that f{x) = sin(x?) = 0 can be expressed as x = g; (x),where

sin(x?)

g1(x) =—7=+x

Use fixed-point iteration theorem to show that g4 has a unique fixed-point

in [1.7,1.8] . [25 marks]
(ii) Apply fixed-point iteration method to find the fixed-point of g;. Take

xq = 2 and impose a tolerance of 1074, [30 marks}

sin{x?)

X

(iii) Now replace g1(x) by g.(x) = + x.

Is it possible to have a fixed-point to g,? Explain your answer.

[20 marks]






