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Section A (36 marks)

1  Show that the equation

1X
2x+<§) =3

has a root between x = 1.3 and x = 1.5. Use the bisection method to find an estimate of this root with a
maximum possible error less than 0.02.

Determine how many further iterations would be required to reduce the maximum possible error to less
than 0.001. [8]

b
2 Anintegral, f f(x) dx, is being evaluated numerically. Some mid-point rule and trapezium rule

a

estimates are shown in the table.

h | Mid-point rule | Trapezium rule

1 | 2579768 2.447 490

0.5 | 2.547 350

Find the trapezium rule estimate for 2 =0.5.
Find two Simpson’s rule estimates and hence state, with a reason, the value of the integral to the
accuracy that appears justified. [7]
3 (i) Given that f(x) = x> —x% + 1, find (0.5).
Use the formula f(x + h) = f(x) + & f'(x) to show that
f(0.5+h)=0.875-0.25h. [3]
(ii) Hence determine the approximate range of values of x for which f(x) = 0.875 correct to 3 decimal
places. [4]
4 (i) Show algebraically that
k+ 172+ (k-1 -2k*=2 (*)
for all values of k. [2]
(ii) Use your calculator to evaluate the left hand side of (*) for increasingly large values of & (e.g. 103,

10%, 107, ...). State briefly two important results in numerical methods that are illustrated by your
working. [4]
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S A function f(x) has the following values correct to 3 decimal places.

x |0 1 2 3 4

f(x) | 1.883 2.342 2.874 3491 4.206

(i) Show, by means of a difference table, that a cubic polynomial fits these data points closely but not
exactly. [4]

(ii) Use Newton’s forward difference formula to estimate the value of f(1.5). 4]

Section B (36 marks)

6 (i) The derivative of a function is to be estimated numerically. Show, with the aid of a sketch, that the
central difference method will generally be more accurate than the forward difference method. [4]

(ii) The table shows two values of tan x° correct to 7 significant figures.

X 60 62

tanx° | 1.732051 | 1.880 726

Use these two values to estimate the derivative of tan x° at x = 60.

Use your calculator to find two further estimates of this derivative, using the forward difference
method and taking h=1and 4 =0.5. [4]

(iii) Use the central difference method with 2 =2, 2 =1 and h = 0.5 to obtain three estimates of the
derivative of tan x° at x = 60. [4]

(iv) Show that the differences between the estimates in part (ii) reduce by a factor of about 0.5 as 4 is
halved.

By considering the differences between the estimates in part (iii) show that the central difference
method seems to converge more rapidly than the forward difference method. [6]

[Question 7 is printed overleaf.]
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7 (i) Show, by means of a sketch or otherwise, that the equation
x=3sinx, (*)

where x is in radians, has a root, o, in the interval (% 7, t). Determine how many other non-zero
roots, if any, the equation has. [3]

(ii) Determine whether or not the iteration
X = 3 sin X,

starting with x, = 2, converges to o. [llustrate your answer with a staircase or cobweb diagram as
appropriate. [7]

(iii) Show that equation (*) may be rearranged into the form
x=sinx + %x.
Show that the corresponding iteration, starting with x, = 2, converges rapidly. State to 5 decimal

places the value to which the iteration converges. Verify that this value for a is correct to 5 decimal
places. [8]
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