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1 (i) A sequence of numbers , , , … is such that

for some constants k and .

Show that may be estimated as [5]

(ii) An attempt is made to solve the equation using the iterative formula

Show that the equation has a root in the interval . Demonstrate that the given iteration
diverges for starting values in this interval.

Use the method based on the formula obtained in part (i) to obtain the root correct to 5 decimal
places. [11]

(iii) Show that the equation has a root that is just slightly greater than p. Demonstrate
that the iteration 

fails to converge to this root.

Show that the approach used in part (ii) will give convergence to the required root, but that a
very accurate starting value is required. Give the root correct to 5 decimal places. [8]

xr�1 � �ln (tan xr
)

e�x � tan x

�1, 1.5 �

xr�1 � ln (tan xr
).

ex � tan x

x1
2 � x0x2

2x1 � x0 � x2

.a

a

xr�1 � a � k(xr � a)

x3x2x1
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2 (i) Explain briefly the advantage, relative to other methods of interpolation, of using divided
differences. [2]

The function has known values as given, correct to 2 decimal places, in the table.

(ii) Draw up a divided difference table to produce a sequence of estimates, linear, quadratic, cubic
and quartic, for . Discuss briefly the accuracy to which it is possible to estimate .

[10]

(iii) Modify your routine from part (i) to produce estimates of

(A) f(3),

(B) f(5).

In each case discuss briefly the likely accuracy of your estimate. [6]

(iv) There is a root of the equation at x just greater than 4. Modify your routine to
estimate values of near Hence, by trial and error, determine the root correct to 
2 decimal places. [6]

x � 4.f (x)
f (x) � 0

f(1.5)f(1.5)

x 1 1.5 2 2.5 3 3.5 4 4.5 5

f(x) –3.00 –6.50 –8.03 –6.66 –2.25 5.65

f (x)
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3 The second order differential equation

with initial conditions , , , is to be solved, for various values of k, using finite

difference methods. The value of y when is required. This value is denoted by .

(i) Consider first the case .

Show that, in the usual notation, 

and that

Show that, with , the estimate of b is a little greater than 4.25.

Obtain further estimates of b  for , 0.025, 0.0125. Hence demonstrate that the method
has second order convergence. Determine b  correct to 2 decimal places. [17]

(ii) Modify the routines developed in part (i) to find estimates of b, correct to 1 decimal place, for
, –4, …, 4, 5. Use the spreadsheet to produce a graph of b as a function of k. [7]k � –5

h � 0.05

h � 0.1

y1 � h2.

yr�1 �
1

1 � 2h
(2h2e�xr � 2h2yr

2 � 2yr � (1 � 2h)yr�1
),

k � 1

bx � 1

dy

dx
� 0y � 0x � 0

d2y

dx 2 � 4
dy

dx
� 2y 2 � 2e�kx
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4 (i) A set of simultaneous linear equations are to be solved using the Gauss-Seidel iterative
method. Explain what diagonal dominance is, and how it relates to the convergence of the
method.

Show by means of the equations with augmented matrix

that diagonal dominance is not a necessary condition. [7]

(ii) Modify the routine developed in part (i) to solve the equations with augmented matrix

for user-specified values of a.

Demonstrate that the Gauss-Seidel iteration converges for but diverges for .
Determine to 1 decimal place the largest value of a for which the Gauss-Seidel iteration
converges. [11]

(iii) Modify the routine in part (ii) so that it now implements the Gauss-Jacobi method. Show that
the iteration now does not converge for . Explain how this result relates to the condition
of diagonal dominance. [6]

a � 0

a � 4a � 3
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