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1 Introduction

This tutorial letter concerns those students who have gained admission to the examination, and is the
last tutorial letter you will receive from us this year.

2 The syllabus

Before you proceed, please reread section 2 of tutorial letter 102 very carefully.
You should understand and be able to apply the theory, methods and algorithms covered in the
syllabus. You also have to be familiar with the relevant background to the module as covered in the
study guide. The examinable syllabus is as follows:

• MATLAB, Maple, etc.: You will not be examined on your knowledge of any computer algebra
system.

• Chapter 1: You may omit Section 1.4 (Numerical Software).

• Chapter 2: Study everything. You should be able to give a brief description of each of the
iterative methods discussed in this chapter and note their differences.

• Chapter 3: You may omit Section 3.7 (Survey of methods and software). You should be able
to differentiate between divided differences and forward differences and how they are used to
obtain interpolating polynomials. Also you should be able to describe the construction of cubic
splines.

• Chapter 4: Study everything. You should be able to use both closed and open Newton Cotes
methods as well as the quadrature methods to approximate integral.

• Chapter 6: You may omit Section 6.7 (Survey of methods and software). You should be able to
describe special matrices and why they are important in solving linear systems.

• Section 7.1, 7.3, 7.4 and 7.5: You should be able to describe the iterative techniques in matrix
algebra and be able to use them to solve simple linear systems.

• Section 8.1: You should be able to construct least squares approximations (lines, parabolas,
exponential functions, etc) for a given data.

• Section 10.2: You should be able to describe Newton’s method in higher dimension and use it
to solve simple linear systems.

3 The examination paper

You will write a two-hour examination for a total of 90 marks. It covers the syllabus as discussed above.
All questions must be attempted. Remember to bring along your POCKET CALCULATOR! The
format of the examination paper will be similar to that of the example paper given at the end of this
tutorial letter. Here are a few hints to keep in mind:

• Read all the questions and answer the easiest one first. This will help you to settle down and
gain confidence.
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• Make sure that you understand a question before attempting it.

• Number your questions clearly.

• Allocate your time sensibly.

• Be precise. Make sure that your calculations are done correctly.

• Be concise. Concentrate on answering the question.

• Briefly explain your calculations. Do not just write down the result.

• Work neatly, write clearly and use good language.

• You may answer the examination paper in English.

4 Conclusion

In conclusion we hope that you found this module interesting and enjoyable. We wish you the best
of luck with the examination and look forward to welcoming you to APM3711, which covers most of
the remaining topics in numerical methods for your undergraduate studies next year!

5 Example examination paper

Question 1: 23 Marks

(1.1) (4)Give the geometric interpretation of the secant method for approximating the solution
of the equation f(x) = 0 and illustrate your explanation with a graphical description.

(1.2) (5)Write down the pseudo-code for Newton’s method.

(1.3)

(a) (4)Use a sketch curve to roughly locate all the roots of the equation

x(x− 1) − ex = 0.

(b) (10)Use Newton’s method to find the roots of the equation in (1.3(a)) above. Complete
two iterations.
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Question 2: 23 Marks

(2.1) (5)Describe the method of Gaussian elimination for solving a system of linear equations,
Ax = b, where A is an n× n matrix and b an n-vector.

(2.2) (2)What is partial pivoting and why is it used?

(2.3) (8)Solve the following system of linear equations by means of Gaussian elimination:

x1 + x2 − x3 = 0
2x1 − x2 + x3 = 6
3x1 + 2x2 − 4x3 = −4

(2.4)

(a) (5)Describe the Jacobi iterative method for approximating the solution of the system
in (2.1) above.

(b) (3)Also give the matrix formulation of this method.

Question 3: 27 Marks

(3.1)

(a) (5)Use the following table and the Newton-Gregory forward difference formula to esti-
mate sin x at x = 0.63:

x 0.6 0.7 0.8 0.9 1.0
sinx 0.564642 0.644218 0.717356 0.783327 0.841471

(b) (2)Determine the accuracy of the result.

(3.2) (8)Consider the function

f(x) =

{
19
2
− 81x

4
+ 15x2 − 13x3

4
for 1 ≤ x ≤ 2,

−77
2

+ 207x
4

− 21x2 + 11x3

4
for 2 ≤ x ≤ 3.

Is f(x) a cubic spline? Justify your answer and show all the necessary calculations.

(3.3) (12)Consider the data in the following table:

x 0 1 2 3 4
Y 0 1 3 3 2

We assume that the x-values are error free. Construct the least squares polynomial of
degree two to fit the data in the given table and compute the least squares error.
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Question 4: 17 Marks

(4.1) (4)Use a Taylor series expansion to derive the following central-difference approximation
to the first derivative of the function f(x):

f ′(xj) ≈
f(xj + h) − f(xj − h)

2h

You may assume that the function f(x) is sufficiently differentiable.

(4.2) (8)Find the smallest integer M and the appropriate steplength h so that the global error
(of the composite trapezoidal rule) for the approximation of∫ 2

0

1

x + 4
dx

is less than 10−5. Use the composite trapezoidal rule for M subintervals (or panels).

(4.3)

(a) (4)Explain how you would derive the two-term Gaussian quadrature formula.

(b) (1)For which functions will this quadrature formula be exact?

c©
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