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Section A (36 marks)

(i) Calculate the relative error in using the approximation 7 = ‘;’% 2]

The diameter of a circle is 226.3cm. It is decided to use the approximation 7 = % and to round the

diameter to the nearest whole number. Find the magnitude of the relative error in using these approximations
to calculate

(ii) the circumference of the circle, 2]

(iii) the area of the circle. 2]

The following data were collected during an experiment.

X 1 2 4
y 0 4.5 29.7

(i) State, with a reason, whether or not it is possible to use Newton’s forward difference interpolation
formula to construct a polynomial of degree 2 for these data. 1]

(ii) Use a suitable method to construct an interpolating polynomial of degree 2 for this data. Give your

answer in the form ax® + bx + c. [5]
(iii) Use your answer to part (ii) to estimate the value of y when x = 2.5. [2]
(i) Show that the equation x° —3x — 1 =0 has a root a, such that —1 < o < 0. 2]

(i) Use the iteration

x>—1
— r

Xt 3 ’

to find a correct to five decimal places. Start at x = 0. [3]
You are given that there is another root to the equation, 3, such that 8 =~ 1.39.

(iii) Determine whether the iteration in (ii) may be used to find S to greater accuracy. 13]

(Z,+Z))
(22 -~ 21)2 occurs in physics.
27~

You are given that Z = 21.1 and 22 =20.9, correct to one decimal place.

The formula 7 =

(i) Calculate the range of possible values of /. [4]

(i) Explain why this range is so large. [2]
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5  The function f(x) has the values shown in the table.

X

0.3

0.35

0.375

0.425

0.45

0.5

fx)

0.89731

0.87932

0.87116

0.85680

0.85070

0.84090

(i) Explain why it is not possible to use the forward difference method to estimate f'(0.4) using these data.

(1]

(ii) Calculate three estimates of f'(0.4) using the central difference method. Give your answers correct to 4

decimal places. Hence state the value of £'(0.4) to the accuracy which seems justified.

(iii) Given that f(0.4) = 0.863 63, find an approximation to f(0.41).

Section B (36 marks)

6 (i) By calculating 0.1(0'13), 0.0199) and 0.001°%°") show that x*” tends to 1 as x tends to 0.

1

(i) Identify the difficulty with using the trapezium rule to evaluate J .

0

Use your answers to part (i) to suggest a way of addressing this difficulty.

1
(iii) Use the mid-point rule with 2= 1, 4= 0.5 and & = 0.25 to estimate the value of J ¥ d.
0

Hence give the value of the integral to the accuracy that appears justified.

5]
2]

2]

2]

[5]

Further estimates of the integral using the trapezium rule for different values of 4 are given in the

following table.
h T
1 1
0.5 0.958502
0.25 0.945321
0.125 0.941606
0.0625 0.940643

(iv) Obtain four Simpson’s Rule estimates of the integral. Give your answers correct to six decimal places.
Hence give the value of the integral to the accuracy that appears justified.

[5]

(v) State the theoretical value for the ratio of differences of a sequence of estimates to a definite integral
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using Simpson’s Rule. Use this value to obtain an improved approximation to J

of the integral as accurately as you can.
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(@)

(i)

(vi)

(vii)

4

Show that the equation 3x° —5x° —1 = 0 has a root a, such that 1 < o < 2, and a root 8 such that
-1 <B<0. [3]

Obtain the Newton-Raphson iteration

3x) —5x -1 *
xr+l = xr - 4 2
15xr 15xr [2]

Use (*) with x, = 2 to obtain the value of a correct to 5 decimal places. 13]

Explain why it is not possible to use (*) with x, = 0 or x ;= —1 to obtain a value for j. 2]

0

Show numerically that using (*) with x ;= —0.3 leads to a third root, y. Obtain the value of y correct to
5 significant figures. [3]

Given that —0.9 < 8 <-0.3, use interval bisection to obtain a value for 8 with a maximum possible

error of 0.01875. [4]

How many further applications of bisection are needed to obtain a value for 8 with a maximum possible

error of less than 5 x 1077 1]
END OF QUESTION PAPER

OCR

Oxford Cambridge and RSA

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials. OCR has attempted to identify and contact all copyright holders
whose work is used in this paper. To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright
Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download from our public website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible
opportunity.

For queries or further information please contact the Copyright Team, First Floor, 9 Hills Road, Cambridge CB2 1GE.

OCR is part of the Cambridge Assessment Group; Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES), which is itself a
department of the University of Cambridge.

© OCR 2017

4776/01 Jun17



