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QUESTION 1

1. (a) Convert the following binary numbers to their decimal equivalent

i. (110101.101), [4 Marks]
i (111111...1), [4 Marks)

(b) Convert the following decimal numbers to their binary equivalent

i. 12.3125 [4 Marks]
ii. 0.6 [6 Marks]

QUESTION 2

2. Consider the iterative scheme

Lo 12

TR Tn
(a) Find the positive fixed point, s, of the scheme. [6 marks]
(b) Prove that the scheme converges to s for sufficiently close z;. [7 marks]

(c) Determine the order and the corresponding asymptotic error constant for this method.

[8 marks]
QUESTION 3

3. Consider the function f(r) = /T - cosz.
(a) Show that f(z) has exactly one root in [0, 1]. [6 marks]
{(b) Use three iterations of the bisection method to find the root for
flz)=vz—cosz on [0,1]

[8 marks]

{(c) Find the number of iterations needed to approximate a solution to the

equation z3 + £ — 4 = 0 on the interval [1, 4] to an accuracy of 1073. [6 marks]



QUESTION ¢

4 (a) Use the definition of the derivative at zo to show that if h is sufficiently small, then
, 1
f'(z0) = 7 Af(20)-
Extend this argument to show that

£"(20) = 3757 f (z0).

[10 marks]
(b) Given the data
z | f=)

-2 -1

-1 3

0 1

1 -1

2 3
Construct a forward-difference table, and hence deduce the polynomial of degree < 4 that
interpolates f at these points. [10 marks]

QUESTION 5

5. (a) For the scheme Tp41 = Zn, +c(z2 —7), find the range of values of ¢ for which convergence
to the positive fixed point is guaranteed. For what value of ¢ is convergence quadratic?

[10 marks]
(b) The positive root of f(z) = a — fz? — z with @, 8 > 0 is sought and the simple iteration
_ 2
Tpy1 = a — Bz,
is used. Show that convergence will occur for sufficiently close starting value, provided
3
affl < Z
[10 marks]



QUESTION 6

1
6. (a) Evaluate the integral / ze”? dz analytically correct to four decimal places. Use the

0
trapezoidal rule with A = 0.2 and the Simpson’s rule with h = 0.25 to compute the same

integral. Compare the errors. (10 marks]

(b) Find the constants cg, ¢; and z; so that the quadrature formula

/o £(z) dz = cof (0) + 1 f(z1)

is exact for polynomials of high a degree as possible. (10 marks]
QUESTION 7

7. (a) Factor the matrix

2 -1 0
A= -1 2 -1
0o -1 2

into LU decomposition, and hence solve the linear system

2z—-y = 3
—r4+2y—z = =5
-y+2z = 5

[12 marks]

(b) Show that the iteration scheme 41 = (14z,)'/? converges to a solution of 23 —z—1=0

if the initial guess zq is between 1 and 2. [8 marks]



