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Section A (36 marks)

1  The equation f(x) = 0, where f(x) is a continuous function, is known to have a single root in the interval
[0.4, 1.8].

(i) Suppose the root is to be found using the bisection method. State the best possible estimate of
the root at the start of the process. State also the maximum possible error associated with that

estimate.

Determine how many iterations of the bisection process would be required to reduce the maximum
possible error to less than 0.05. [4]

(ii) Given now that f(0.4) =—0.2 and f(1.8) = 0.5, find an estimate of the root using the false position
method. [31]

2 The function g(x) has the values shown in the table.

X 1.80 2.00 2.20

o(x) | 266 |285 302

(i) Taking the data to be exact, use the central difference formula to estimate g'(2). [2]

(ii) Suppose instead that the x values are exact but the values of g(x) are rounded to 2 decimal places.
Find an appropriate range of estimates of g'(2). [3]

(iii) Now suppose that all the values in the table have been rounded to 2 decimal places. Find the
appropriate range of estimates of g'(2) in this case. [3]

3 The function Q(x) is known to be quadratic and it has the values shown in the table.

X -1 1 5
Qx) | -4 -12 20
(i) Write down the estimate of Q(0) obtained by linear interpolation. [1]
(ii) Use Lagrange’s method to write down an expression for Q(x). [You are not required to simplify
this expression. | [5]
(iii) Find the exact value of Q(0). 2]
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Show that the equation x = 1 — x* has a root in the interval [0.7, 0.8]. [2]

Show, by considering the derivative of 1 —x*, that the iteration x ,, = 1 —x *, with a starting value

in the interval [0.7, 0.8], will diverge. (4]

Find the absolute error and the relative error when X = 3.162 is used as an approximation to

x=10. 3]

Find the relative error if X* is used as an approximation to x*. [3]

State, in terms of k, the approximate relative error if X* is used as an approximation to x*. [1]
Section B (36 marks)

2.8
6  The integral / = L V1+x? dx is to be determined numerically. You should give all your answers to

7 decimal places unless instructed otherwise.

®

(i)

(iii)
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Find mid-point rule and trapezium rule estimates of /, taking # = 0.8.

Use these two estimates to find a second trapezium rule estimate and a Simpson’s rule estimate

of 1. 8]
Find the mid-point rule estimate with 4 = 0.4, and hence obtain a second Simpson’s rule estimate
of L. [31]

You are now given that the mid-point rule estimate of /7 with # = 0.2 is 3.0914298, correct to
7 decimal places.

Find a third Simpson’s rule estimate. Show by considering ratios of differences that Simpson’s
rule is of order A*.

Give the value of / to the accuracy that appears justified. (7]

[Question 7 is printed overleaf.]
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The function f(x) has the exact values shown in the table.

@

(ii)

(iii)

(iv)

X 1 3 5

fx) | 4 2 10

Use Newton’s forward difference interpolation formula to find the quadratic function that fits the
data. (There is no need to simplify your answer.) [6]

Hence estimate the values of f(2) and f(6). State, with a reason, which of these estimates is likely
to be more accurate. 3]

Now suppose that f(7) = 11. Find the cubic function that fits all the data. Use this cubic to estimate
f(2) and f(6). [7]

Comment on (4) the absolute changes and (B) the relative changes in the estimates of f(2) and f(6)
from part (ii) to part (iii). [2]
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