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Section A (36 marks)

1 A quadratic function, f(x), is to be fitted to the data shown in the table.

x |0 0.4 1
y | 1.6 2.4 1.8

(i) Use Lagrange’s method to find f(x), simplifying the coefficients. [6]
(i) Explain why Newton’s forward difference interpolation formula would not have been useful for

this purpose. [1]

2 Show that the equation

has a root in the interval (1, 2).

Use the Newton-Raphson method to find this root, giving it correct to 6 significant figures. [7]

3 The numbers X and Y shown below are known to be correct to 3 decimal places.
X=2718 Y=3.142
(i) State the maximum possible errors in X, X + ¥, X — Y, 10X + 20Y. [4]

(i) Find the maximum possible relative errors in X and Y. Hence state approximately the maximum
possible relative errors in XY and )T(’ (4]

4  You are given that, for A and B in radians and A = B,

sinA-sinB _ _A+B %)
o

A_B = COS

A computer program calculates values of sine and cosine correct to 6 decimal places.

(i) Inthe case A =1.01, B =1, find the values of the left and right sides of (*) as calculated by this
program. [2]

(i) Identify two distinct reasons for the difference in these two values. 2]

(iii) Explain briefly why the right side of (*) is likely to be evaluated more accurately than the left as A

gets progressively closer to B. [2]

5  Sketch, on the same axes, the graphs y = x and y = 1 — x* for 0 < x < 1. You should use the same scale
on each axis.

Show numerically that the iteration x,,, =1 — xr4, starting with x, = 0.6, diverges.

Illustrate this divergence on your sketch, showing Xy X5 Xy Xg 8]
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Section B (36 marks)

0.8
6  The integral f V3+x - x%dx is to be evaluated numerically.
0

(i) Find, as efficiently as possible, the mid-point rule estimates and the trapezium rule estimates for
h=0.8 and 0.4. [6]

(ii) Use the values in part (i) to show that the first Simpson’s rule estimate is 1.427959 (correct to
6 decimal places), and to find a second Simpson’s rule estimate. [3]

(iii) Given that, for 4 = 0.2, the mid-point rule estimate is 1.428 782 and the trapezium rule estimate is
1.426497, calculate a third Simpson’s rule estimate. [2]

(iv) Show that the differences between successive mid-point rule estimates reduce by a factor of about
0.25 as & is halved. Find the corresponding factor for the Simpson’s rule estimates. Hence give the
integral to the accuracy that appears justified. [7]

7 (i) Use Newton’s forward difference interpolation formula to find the quadratic function that passes
through the following data points.

x |1 1.2 |14
fx) 1 0.6 | -0.1 | 0.4

[8]

(ii) Use the quadratic function to estimate f'(1.2). Show that the central difference formula gives
exactly the same estimate. What does this suggest about the central difference formula? [S]

(iili) Use the quadratic function to estimate f'(1). Show that the forward difference does not give the

same value. What does this show about the forward difference method? Which of these two
estimates is likely to be more accurate? [5]
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