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Instructions

(i) Answer Five questions

(ii) Write on both sides of the paper but begin a new question on a fresh page.
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1. Question 1
(a) (i) Theorem: The n'* degree interpolating polynomial
Po(z) =Y Li(z)fe
k=0
for "
T —z;
Li(z) = 7 )
k(l‘) H (.'zk — Zj
1=0
J#k
What is the name of the given theorem? s\
[1 Mark]

(ii) Using Linear interpolation
(i.e the method of forming a system of algebraic polynomials)

, construct a cubic polynomial that passes through the points (—2,4) (0, 10) (1, 10) (2, 16).
[8 Marks]

(b) Let {zo,z1,...,Z,} be (n + 1) distinct points on the interval [a,d], and f(zy) is
defined on [a, b] such that
— - 1 n+1 e
flze) = ;fiLi(zk) T o 1)!f @) II (@—=)
= i=0
i#k
, for some z € [a,b], Where L;(zy) is the Lagrange’s interpolation polynomial
of degree 4, Show that forn =2 and k=0 ~

£ (o) = [ = 5 @) + 2o+ B) = 3 f(wo +20)] ~ . f" ()

for equally spaced data points zo,z; = zo+ h, 3 = o+ 2h , and h is the spacing
between the z—values.

[11 Marks]

Question 2

(a) What do you understand by the term polynomial interpolation?
(1 Mark]

(b) Given that Af(zo) = f(zo + h) — f(z0), by generating expressions for
f(zo+ h), f(zo+ 2h) and f(z¢ + 3h)
in terms of A and f(z,), verify that

- (o4 k) = f@m) +nf(zo) + "I A2 (ay) 4 .+ A7 f(a0)




[6 Marks]
(c) Given the table below

z 2.95 3.05 3.15 3.25 3.35
f(z) | 13.364875 | 14.665125 | 16.088375 | 17.640625 | 19.327875

(i) Construct a finite difference table from the table above and use it to evaluate
the following with appropriate formulas.

[2 Marks]
(ii) f(3.00) , by using a polynomial of degree 3.
: [4 Marks]
(iii) f(3.12), using Bessel’s formula.
[4 Marks]
(iv) f(3.34) , by using a polynomial of degree 3.
[3 Marks]

Question 3

(a) (i) From Newton Gregory forward difference formula, derive the Trapezoidal
rule formula for evaluating

zo+nh
| f@as,
Zo
with n = 1.
[6 Marks]
(ii) Give an expression for the truncation error involved when evaluating
b
/ f(z)dx
using the Trapezoidal formula.
[1 Mark]
(b) (i) Use the composite Trapezoidal rule with 6— strips to evaluate.
5,
/ z°cos 2z dx
0
The cosine values expressed in radians to 4— decimal places.
[8 Marks]

(ii) Find the value of the same integral in b(z) above using the closed Simpson’s
rule formula.

[5 Marks]

Question 4

(a) (i) For a function f(z),-continuous-on the interval [a, b] outline the Bisection
algorithm for locating the roots to the equation f(z) = 0 on the interval
[a,b].




. [3 Marks]

(ii) The equation f(z) = z* 4+ 4z® — 10 = 0 ,has a root in the interval [1,2]

use the Bisection method to find the value of this root approximated to two

decimal places, after 6-iterations. Show your working clearly, and put the

results of your iterations in a suitable table. During the computations the
values should be rounded off to atleast 4-decimal places.

[10 Marks]
(b) Find the root to 2— decimal places to the equation f (z) = 23— 72°+142—-6 =10,

using the Newton Raphson method on the interval [3.2 , 4], beginning with
po = 3.45 and iterate up to ps.

[7 Marks]

Question 5

(a) For E, A, V,4, the displacement, forward, backward and central difference oper-
ators respectively,prove that
() §=FE: —E7.
[3 Marks]
(i) V=1-E ‘
[3 Marks]
(b) (i) From Newton Gregory backward difference formula derive the formulas for
determining f'(zo + ph),f"(zo + ph) and f'(zo).
| [7 Marks]
(ii) Using the table of values below, form a finite difference table out of it and
use it to determine f(1.96), f”(2.0) and f'(2.0) using the derived formulas
in b(z) above.
[7 Marks]

X 1.0 1.2 1.4 1.6 1.8 2.0
f(x) | 14.5503 | 17.4726 | 22.1245 | 29.4157 | 40.6894 | 57.9336

Question 6

(a) Solve the linear system of equations below using the Gauss Seidel method.Beginning
with the initial guess to the solution of (x(lo), xgo), a;(3°)) = (1,1,1), do 4—iterations
and present your results in a suitable table.The answers during the iterations
should be rounded off to 4—decimal places and the final answers to the nearest
whole. '

4z, + 3z5 = 24
3z; + 4z — z3 = 30
— Z9 + 423 = 24
[10 Marks]



(b) Solve the linear system of equations below using the Jacobi method.Beginning
with the initial guess to the solution of (zgo), x;"’, :z;go)) = (0,0,0), do 4—iterations
and present your results in a suitable table.The answers during the iterations
should be rounded off to 4—decimal places and the final answer to the nearest
whole.

1027 + 220 + 23 = 25
3CE1 + 201,2 — I3z = 23
z; — 3z2 + 1023 = 29

[10 Marks]

END



