


Mathematics at Manchester 
A handbook for students in the Department of Mathematics 

This booklet is designed to explain the teaching and administrative arrangements in the 
Mathematics Department at Manchester University, so that students can refer to it for details 
about the contents of particular lecture courses, the choice of course options available at every 
stage, examination arrangements and so forth. 

Such detail should not be allowed to obscure the real purpose of our department. A degree 
course in Mathematics offers a most rewarding and valuable educational experience and it can 
lead to a great variety of interesting and socially useful occupations. Some graduates become 
teachers in schools and colleges, both in this country and overseas. Others satisfy the continuing 
demands of industry and computing, for mathematics underpins and sustains the technological 
world. Operational research is one area in particular which is expanding rapidly, and industry 
has an increasing need for managerial staff who understand the language and methods of 
mathematics. Opportunities for using a mathematical training in the financial and commercial 
world are constantly widening, obvious examples being actuaries and accountants. In a world of 
rapidly changing employment opportunities mathematicians remain among the most versatile 
and employable of graduates. Some graduates, of course, go on to research and advanced study in 
mathematics, and in this way the subject lives and develops. 

The Mathematics Department has a large staff, and can therefore provide a wide-ranging and 
varied set of courses. Good relations are maintained between staff and students, and our students 
have played an important role in helping to determine our course structure. We go to some 
pains, through our counselling arrangements, to ensure that students take courses suited to 
their interests and abilities, and that their undergraduate careers are as successful as possible. 
It is natural that some students should decide, before their training in mathematics is complete, 
to leave the University or to transfer to another department within it. However, the great majority 
stay in the department for three years, and almost all of these obtain their degrees. 

If you are a prospective student, we hope this booklet will convey some of the flavour of 
student life at Manchester and in the Mathematics Department. If you want to take a closer look 
at us, write and ask for details of our visiting days. These are arranged in the early part of the 
academic year, and give you a chance to meet staff and students and put your questions to them. 
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General 

The highest University building, on the east side 
of Oxford Road, and almost opposite the University 
Main Building, is the Mathematics Building, housing 
the lecture rooms, libraries and offices of the Depart
ment of Mathematics. 

The entrance to the building is on the first floor up 
a ramp from Oxford Road which carries on to the 
Computer Science building. From there a bridge 
crosses Oxford Road to the University Precinct 
Centre. This is a covered area containing shops, 
including a bookshop and a post office. It also 
contains such useful university services as the Student 
Health Centre and the Accommodation Office. Nearby 
at"e the Students' Union, the Refectory, the Univer
sity Main Building, the Faculty of Science offices and 
the University Library. 

The Mathematics Building consists of a four-storey 
base built round a first floor patio and, in one corner, 
a tower rising to the 18th floor. From the entrance of 
the Mathematics ~uilding you can see, across the 
patio, the Max Newman room. This is the centre of 
student social activity in the Mathematics Depart
ment. On the right of the entrance hall is the Upper 
Library from which a spiral staircase descends to the 
Lower Library. These three rooms offer .the principal 
work and ["elaxation areas for undergraduates. The 
lecture theatres and lecture rooms are on the first 
three floQ[S of the base and the top floor is divided 
between the Statistical Laboratory and the Depart
ment of Liberal Studies in Science. The first floor 
of the tower contains the General Offices of the 
department, including the department's Administ["ative 
Assistant, Mrs. E. Connery, and the remaining floors 
contain offices for staff and research students. 

On the sixth floor is the Conference Room. This 
is used to entertain gatherings of visiting mathemati
cians, but in day-to-day use it serves a valuable 

additional function : staff and students meet there 
informally for tea and coffee. 

The Department of Mathematics, which includes 
•the Statistical Laboratory, consists of about 400 
undergraduates, 45 postgraduates and SO members 
of staff. The vital services are provided by nine secre
tarial and computing assistants, and by porters and 
cleaners. 

Undergraduates come with some interest in mathe
matics. This interest, suitably nourished by contact 
with staff and with other students, should sustain 
them through the three years' hard work required 
to earn a degree. Although we would not claim that 
work in the Department is the only thing of value, 
the objective of a deg·ree remains central for most 
undergraduates. 

Postgraduates learn mathematics near the frontiers 
of knowledge, and try to extend these frontiers into 
new ground. 

The staff, who have been appointed to teach and 
to discover marhematics, come with an enthusiasm 
for mathematics, and the intention of finding out 
more. They teach courses to the students, and they 
teach each other in afternoon seminars, where reports 
are given on the latest discoveries made here and 
elsewhe.re. 

In a university, teachers and pupils are not so 
clearly separated as they are at school. Everyone 
should be engaged both in learning and teaching. 
You may find that sometimes you can learn just as 
much from your fellow students as you can f.rom the 
staff, and lecturers are sometimes stimulated as a 
result of exchanging ideas with their students. The 
formal teaching arrangements (see page 6) are 
designed to spark off this process and to make it 
work. 

3 



I 

The Mathematics Department 

We now describe some of .the administrative arrange
ments which exist in the department. Each student 
is assigned a Counsellor from the academic staff 
for the duration of his undergraduate career. A 
student's Counsellor is his first, most important and, 
in some ways, most intimate personal link with the 
department. He is there to give advice on choosing 
courses and can help in coping with and interpreting 
university regulations. Some students rega·rd their 
Counsellor as a friend who just happens to be a 
member of staff. Many students have found their 
Counsellors can help with personal problems, although 
this sort of help is also available in other parts of the 
university-Halls of Residence, Students' Union 
Welfare Office, Student Health Service, etc. When 
you leave .the university, your Counsellor will help 
by supplying !feferences to prospective employers. 
It is important that you keep in touch with him 
throughout your undergraduate career, and keep him 
informed of such things as illness or change of 
address. 

The Senior Tutor oversees all the Counsellors and 
makes applications to Faculties on behalf of students 
when, for example, formal approval for a change of 
course is required. He transmits the sharper opinions 
of examiners to laggard students, and has certain 
discretionary powers for permitting students to take 
combinations of courses for special reasons. For 
Ordinary Degree students (see page 6) the roles of 
both Counsellor and Senior Tutor are played by 
the Ordinary Degree Tutor. 

The Board of the Mathematics Department 

This body consists of the whole academic staff 
plus eight elected student members. It is technically 
only an advisory body, since responsibility for the 
department rests formally with the professors. Never
theless, its opinion on academic matters carries some 
weight in higher university bodies. Much of the 
detailed work of the Board is carried out by its 
committees. For example, the Courses and Teaching 
Committee oversees and makes recommendations 

Students working in the undergraduate library 

4 



about teaching arrangements, and the Staff/ Student 
Liaison Committee reviews the administrative arrange
ments as they affect students. Student membership of 
these committees is quite substantial-roughly a third 
of the Courses and Teaching Committee and half of 
the Staff/Student Liaison Committee are students 
elected directly from the student body. The latter 
committee also includes the head porter of the 
Mathematics Building, thereby ensuring liaison with 
the non-academic as well as the academic staff. 
Students who belong to committees of the Board but 
not to the Board itself are entitled to attend all meet
ings of the Board as observers. Information relating 
to these meetings is posted on a special notice-board 
in the Max Newman room. 

The department has two libraries, the research 
library and the undergraduate library. Each has a 
member of the academic staff as librarian. The 
Library Committee recommends books for purchase 
and consists of the two librarians, a representative 
from the University Library, two staff elected from 
the Departmental Board and two students elected 
by the students. 

T 
\ 

The ramp up to the entrance of the Mathematics 
Building 

The Mathematical Colloquium 

This is the undergraduate society for members of 
the department. Its elected officers are frequently 
consulted on student opinion, but its main function 
is to save budding mathematicians from insanity. 
This it does by arranging talks on both mathematical 
and general topics. The mathematical ones are often, 
though not always, of a light-hearted nature, for 
example "Chip Machines" (Control Theory) and 
"Gambler's Ruin" (Theory of Games). There is a 
more or less permanent dialogue with the staff on 
teaching methods and course content, and lively 
meetings on these subjects are organised from time 
to time. 

Social occasions, sport and other outdoor activities 
take place under the auspices of the Colloquium, and 
its magazine, Iota, is a vehicle for all of the above 
activities. The Colloquium also organises a second
hand bookstall. 

Although the building has a special staff of porters 
and cleaners, it is nevertheless important that every
one working there takes some responsibility for help
ing to keep the building tidy. A daily rota of students 
is organised to keep the Max Newman room and the 
undergraduate library in a reasonably tidy condition 
-a simple enough chore perhaps, but one which is 
important in maintaining good relations with the service 
staff. 

The Main University Building from the ramp 
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Course Structure 
Our course structure is very flexible and you can 

select any one of a large number of possible 
programmes to suit both your interests and your 
abilities. The first year is something of a foundation 
year in mathematics, and so the flexibility becomes 
more apparent in the second and third years. When the 
time comes to make your choice of programme, you 
will therefore have had ample time to assess your 
abilities and interests. Your Counsellor will also play an 
important role in helping you to make such choices. 

It is important to remember that both the overall 
structure of the degree and the courses themselves are 
undergoing continual modification. Both the subject 
and the range of opportunities for our graduates are 
developing rapidly, so the course of learning must 
change correspondingly. 

This is an informal account. A more formal state
ment is to be found in the Faculty of Science 
Prospectus, which gives a precise statement of 
ordinances and regulations, and in the Faculty of 
Science Syllabus of Classes, which gives a list of 
courses given in all the science departments. 

Registration 

On entering the university to do mathematics, you 
will normally have to register for one of the following 
degrees: 

Honours B.Sc. Mathematics 
Joint Honours B.Sc. Mathematics and Social Science 
Joint Honours B.Sc. Mathematics and Philosophy 

If in doubt, the simplest is to choose the first of 

these. At various stages in your later career, you may 
wish to consider transferring to another degree within 
this group or to one of the following alternatives : 

Ordinary B.Sc. Mathematics and Additional 
Mathematics 

Ordinary B.Sc. Mathematics and Psychology 
Ordinary B.Sc. Mathematics and Social Science 
Ordinary B.Sc. Mathematics and Philosophy 
General B.A. Mathematics with Arts subjects 

Your later choice may be limited by your perform
ance in the various examinations you will have to take, 
but at this stage you should merely note that transfer 
to certain courses may require appropriate choice of 
subsidiary subject in the first year. 

Undergraduate courses 

You will be expected to attend four or five lecture 
courses each term, each course consisting of two or 
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three hours of lectures per week. These courses do not 
all have to be in mathematics, however. Several 
departments in the Faculty of Science, including the 
Mathematics Department, allow their students to take 
up to one third of their courses in other subjects, and 
this makes it possible, in some cases, for a student to 
start in mathematics and to change to another subject 
in his second and third years, and vice versa. Some 
details are given in the sections on second and third 
year programmes. Some students switch to the fixed 
selection of courses in the Ordinary Degree, which 
provides a broad and very sound mathematical educa
tion, or to a joint degree, with half the courses taken 
in a different department. 

Lecture courses are normally supplemented by sheets 
of examples and printed material prepared by the 
lecturer. To understand the course it is essential to 
work through this material, and also to read books on 
the subject. Various methods are used to help students 
with this material. In an examples class, a group of 
about 25 students is assisted by a lecturer and two 
research students, while in a tutorial a lecturer teaches 
a group of about six students. 

The content of the lecture courses IS frequently 
revised, especially in the third year where the material 
given depends on the interests of the lecturer. 
Schedules for each course, together with reading lists, 
are made available to all students at the beginning of 
the session. 

First year programme 

The first year Honours B.Sc. Mathematics pro
gramme is also the mathematics programme for the 
other honours degrees listed above. There is no direct 
entry for the Ordinary Degrees listed; transfer to these, 
where appropriate, takes place at the end of the first 
or during the second year. All students attend the three 
courses MTllO, MTlll, MT112 and a subsidiary 
subject course (see the list on page 8). The mathematics 
courses provide an introduction to degree level mathe
matics, and are a foundation for the more advanced and 
more specialised courses of the next two years. Outlines 
of the first year courses are given below. There is 
usually no second year continuation of the subsidiary 
course, but the choice of subsidiary is important for 
students who may wish to transfer to a joint honours 
degree. 

The year as a whole is a transition and readjustment 
period between school and university. 



An examples class 

MTllO Analysis 

In this course, the aim is to make more precise the 
notions of differentiation and integration which have 
already been introduced at school under the heading 
of 'calculus'. The concept of a limit is fundamental
the derivative is the limit of a difference quotient and 
the integral is the limit of a sum. Integration turns out 
to be the inverse of differentiation, and in Analysis we 
examine the reason for this. Using the same concept 
of the limit, we analyse the convergence of infinite 
series. 

MTlll Algebra 

The first year algebra course serves as an introduction 
to a variety of topics in linear algebra and co-ordinate 
geometry. Many of these topics are treated in greater 
detail in more advanced courses later. Most under
graduates find some of the ideas new, but there are 
few prerequisites (unlike analysis, where familiarity 
with calculus is assumed). A few of the topics covered 
are : sets and functions, number systems, linear 
equations, matrices and Euclidean geometry m 
n-dimensions. 

\ 

The conference room 
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Course Structure (continued) 

MT112 Mathematical Methods and M echanics 

In order to teach (and learn) mathematics, it 1s 
sometimes necessary to develop, in an informal manner, 
techniques taken from an area of the subject which the 
student has not yet studied in great depth. So it is with 
school 'calculus', and in this course we continue this 
approach to certain topics in 'advanced calculus' 
including the solution of differential equations and the 
treatment of multiple integrals. 

We formulate the laws of mechanics of a particle 
using the notation of vectors. We then extend these 
laws to study the motion of systems of particles and of 
rigid bodies, learning to use the conservation laws for 
energy and momentum where appropriate. We then 
begin to study the equations of motion of such systems 
using the powerful general equations of Lagrange. 

In the third term there is an introduction to special 
relativity, including a treatment of collisions between 
particles at high energies, where their velocities are 
close to the velocity of light. 

Probability Theory and Numerical Analysis 

The purpose of these two short courses, which are 

parts of MTlll and MT112 respectively, is to give 
students the flavour of two areas of mathematics with 
which they may have had little or no previous contact. 

Thus the course in Probability Theory acts as an 
introduction to the various statistics courses (MT217, 
227 and 207) offered in the second year. There are two 
Numerical Analysis courses, one of which performs 
the same function for MT219 and 209. The other also 
acts as an introduction to MT219 and 209, but is 
concerned mainly with computing, and enables students 
who did not take the Computer Science subsidiary to 
acquire a basic understanding of computer program
ming. 

Both of these courses are also connected with the 
Analysis course. Numerical analysis complements the 
methods of pure analysis in approximating functions, 
in integration, and in solving ordinary differential 
equations. The connection of probability theory with 
analysis is less obvious, but if. you follow both of these 
subjects into the third year, you will discover it 
eventually in MT327 (Probability Theory) and MT310 
(Analysis). 

The undergraduate library 
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Course Structure (continued) 

First year Subsidiary courses 

The subsidiary course is usually chosen from one of 
the following groups of subjects: 

Faculty of Science: 

Computer Science 
Philosophy (Logic) 
Physics 
Psychology 

Faculty of Economic and Social Studies : 

Economics 
Sociology 
Social Anthropology 
Government 
Accounting 

Other Science subjects can be taken subject to 
approval by Faculty. This is a formality and depends 
only on timetable feasibility (see Faculty Prospectus). 

First year examinations 

In January of the first year, and at the same time in 
the second year, you must take an informal examination 
(they are known as Terminals). The purpose of these 
is to give you some experience of university examina
tions at an early stage, and to provide you and your 

The ramp 

Counsellor with useful information about your progress. 

At the end of your first year you will take the 
Preliminary Honours Examination in Mathematics and 
also an examination in your subsidiary subject. You 
must pass Prelim. in order to enter the second year 
honours course. If you fail Prelim. you will have an 
opportunity of transferring to the Ordinary Degree. 
In that case you will have to pass the qualifying 
examination in September for entry to second year 
Ordinary. You may be granted exemption from it on 
the basis of your performance in Prelim. 

Students who fail their subsidiary subject are given a 
further opportunity to pass in September. It is possible, 
subject to approval by Faculty, to enter the second year 
without having obtained a pass in your subsidiary, but 
since you must pass it before entering the third year, 
this is something you should try to avoid. 

Second year programme 

There is a wide variety of programmes available in 
the second year. This enables you to select one which 
appeals to your interests, and which is at a suitable level 
of difficulty. Your choice will be governed partly by 
your first year examination results, and is made in 
consultation with your Counsellor and the Depart
mental Tutors. You may also need to consult with the 
staff of other departments if you are considering taking 
one of the joint degree courses. 

There are eight Honours and four Ordinary degree 
courses offered. A student doing the traditional 'full 
Honours' course would choose five of the Honours 
courses, while a Joint Honours student would take 
three of them, together with two from the other parent 
department. Under the flexible scheme of the Science 
Faculty it is possible for students to graduate with 
Honours in mathematics with as few as two second 
year mathematics courses. However, this would be the 
extreme and we expect most students remaining in 
Honours Mathematics will do the traditional course or 
something fairly close to it. As well as the flexibility 
scheme -there is a general regulation which allows 
students to substitute (with approval) courses from the 
Science Faculty (for example Physics) or from the 
Social Science Faculty (for example Decision Theory) 
for certain honours mathematics courses. It is also 
possible to substitute certain Ordinary Degree courses 
(MT207, 209) for their honours equivalents (MT217, 
219) while remaining a candidate for honours. This has 
proved to be a helpful alternative for students who are 
considering a possible subsequent transfer to the 
Ordinary degree programme. 
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Course Structure (continued) 
You should not find the second year work load 

excessive if you managed the first year. Although five 
courses are taken in place of four, some of your courses 
will be based on two lectures per week rather than 
three, so the number of lecture hours will remain 
about twelve per week. 

Students doing Ordinary degree mathematics do all 
four Ordinary courses, while those doing Joint 
Ordinary degreee do two Ordinary courses and two 
from the other parent department. 

In the Appendix we give brief descriptions of the 
second year courses. If you do the full Honours pro
gramme, you will be able to arrange your choice so 
that your programme is concentrated towards Pure 
Mathematics, Applied Mathematics or Statistics, or so 
that it contains an element of each. 

Second year examinations 

Honours students take a January terminal (see 
above) and Part I of Final Honours in June. 
They must pass Part I to enter the third year of the 
Honours course. Ordinary degree students take the 
first part of the Final Examination in June. For both 
Honours and Ordinary the June examinations contri
bute about 40 per cent of the marks towards the final 
degree classification. It is possible for honours students 
who have taken a suitable combination of second year 
courses to transfer to the Ordinary degree at this stage. 

Third year programme 

In your third year you will be able, with help from 
your Counsellor, to select your own programme from 
a very wide variety of courses. The honours courses 
are all of one term duration-unlike in the first two 
ryears where they run the whole year. Again, it is 
possible to replace some of these courses by other 
rScience courses and still obtain an honours degree in 
mathematics. For example, if you did four or five 
rSecond year courses, you need only take· two mathe
matics courses in the third year. If you took only two 
or three courses in the second year, it will be possible, 
in collaboration with your Counsellor, to work out a 
balanced third year programme containing both second 
and third year courses. The third year courses vary 
from year to year, since many of them reflect the 
special interests of the teaching staff. By making a 
suitable selection of these courses and following them 
through successfully, you can be equipped on gradua
tion to pursue research in almost any area of 
mathematics. A student doing the traditional honours 
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programme is normally advised to attend eight or nine 
courses, his best six being counted for degree classifica
tion purposes. 

The process used in the Department for arriving at 
a final degree classification is quite complex, and is 
explained in a separate document which we issue to all 
students. Bear in mind that you will already have 
collected some 40 per cent of your marks in your 
second-year examinations. 

For Ordinary degree students there are five two
term courses, from which four are chosen by Mathe
matics students and two by students working for joint 
degrees. As in the second year, it is possible for honours 
students seeking a gentler programme to substitute 
some of these courses (MT302, 307, 309) for their 
Honours equivalents. 

A list of third year courses with brief outlines of 
course content is given in the Appendix. There is also 
a scheme whereby an honours student may elect to 
replace one course by a project or essay on a mathe
matical topic of his own choosing. This enables him 
to gain experience in discovering mathematics, and in 
sorting and collating material from several sources into 
a coherent exposition. Each student working on such a 
project does so under the supervision of a member of 
staff. The teaching staff also suggest each year a list 
of possible topics for projects. 

In an examples class 



The Student in Manchester 

General view of the campus and the city. The Mathematics Building is in the centre of the picture 

We expect you to spend a good proportion of your architecturally the most striking. Of the older build-
time in Manchester studying mathematics and other ings, the original quadrangle is a most impressive 
disciplines, but we also expect you to take advantage example of Victorian architecture, especially now 
of the cultural and recreational opportunities that rhat the stone has been restored to its original colour. 
stem from living in our city and belonging to our The fact that the university lies on a main road close 
university. 

It is true that Manchester can hardly be described 
as a physically beautiful city, though in recent years, 
as clearance schemes and rebuilding programmes 
have been carried out, the Coronation Street image 
has been becoming less appropriate. Most student 
flats, digs, and halls of residence are in the southern 
part of the city, an area that has relatively little 
industrial development and plenty of parks and tree-:;. 
Platt Fields park, contammg a lake, gardens, 
a museum, a bowling green and playing fields, is 
about twenty minutes' walk from the university. Just 
beyond it is Owens Park, the largest of the university's 
halls of residence, housing over a thousand students, 
and several other halls of residence are close by. 

The main part of the campus is about one mile 
south of the city centre, on both sides of Oxford 
Road. Most of the buildings are of modern design, 
and of these our own Mathematics Building is 

to the city centre seems to give those who study 
here a feeling of being in touch with the life of the 
city. This perhaps helps to combat the ivory tower 
impression which a more secluded campus might 
tend to produce. 

The people of Manchester are friendly, even to 
non-Lancastrians, and the student community plays 
an active role in the life of the city. Many students 
spend a lot of their spare time in community projects 
organised by the Students' Union Community Action 
Group, and almost everyone takes some part in the 
hectic activity that is known as Rag Week, and takes 
place annually in the Lent term. As well as being 
very enjoyable, this produces about £20,000 each 
year for local charities. 

Another point of contact between local people and 
students in the city is a common interest in the 
fortunes of Manchester City and Manchester United 
football clubs, and an interest in either guarantees 
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that you will almost never be stuck for a topic of 
conversation. Cricket at Old Trafford is another 
sporting attraction that is enthusiastically supported, 
and in recent years has been greatly enlivened by 
members of .the city's immigrant population. The 
presence of West Indian and Asian Communities has 
led to the opening of many shops and restaurants 
selling non-European food. In general, Manchester 
is a good place for eating out, and there are still 
some good restaurants that students can afford. In 
addition to the large number of Indian and Chinese 
restaurants, one can find Italian, Spanish, Armenian, 
French and even British restaurants. 

For the person who likes to live in a city but escape 
into the countryside occasionally, Manchester has an 
ideal geographical position. At each of the four points 
of the compass, and within easy distance, lies some 
of England's finest countryside. To the south lies 
the Derbyshire Peak District, and to the east this 
merges into the tough walking ground of the Pennine 
Way. Carrying on Mound to the north, the horizon 
disappears behind the haze of industrial Lancashire, 
but if you work your imagination hard you can 
visualise the hills of the Lake District beyond. 
Finally, to the west, beyond the docks (yes Man
chester is a port) and the Cheshire plain, lie the 
mountains of North Wales. For the walker, hiker or 
mountaineer, Manchester is an excellent centre. 

Manchester has a long tradition of patronage of 
the arts, and the city has several museums, theatres, 

art galleries and cinemas. Besides performances by 
Manchester's two famous orchestras, the Halle and 
the B.B.C. Northern, there are several regular series 
of chamber music, as well as frequent concerts and 
recitals arranged by the Northern College of Music, 
and the University. Folk and Jazz, and some poetry, 
flourish in the local pubs and clubs, and most of the 
big name bands of pop music have performed in the 
city (and sometimes in the University) in the past 
few years. 

The Students' Union offers you a good opportunity 
to meet students from other parts of the university. 
Whether you prefer chatting in a coffee bar, moun
taineering, decorating old peoples' houses or playing 
tiddlywinks, the Union is the place to meet your 
fellow fanatics. It is run by students for students, and 
every undergraduate is automatically a member. It 
organises all manner of eating, drinking, studying 
and sporting facilities, as well as many concerts and 
discotheques. It represents student views and interests 
to the University, and, through the National Union 
of Students, to the government. If you have a mind 
to, you can become involved, through the Union, in 
all the great social and political issues, and the Wel
fare Section will help in many kinds of problems, 
such as finding accommodation or coping with 
bureaucracy, whether inside or outside the university. 

We hope these notes will help to demonstrate that 
Manchester, the university and the city, can offer 
you not only enjoyment and excitement, but also 
education in the broadest and most valuable sense. 

An informal lecture 
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Appendix : Second and Third Year Courses 
Second year honours courses 
MT210 Analysis 
MT211 Algebra 
MT212 Methods and hydrodynamics 
MT313 Mechanics and electromagnetism 

MT210 Analysis 
This continues MTllO to deal with such topics as double 

limiting operations and complex analysis. 

Functions of many variables are treated, as are infinite 
sequences of functions. This leads on to questions of reversal 
of the order of two limit operations, such as summation and 
integration. 

We then examine functions of a complex variable, and 
find that many of the elementary functions of analysis can 
be more simply described once their domain of definition 
has been extended from the real line to the complex plane. 
Again, many important definite integrals may be evaluated 
by the technique of contour integration in the complex plane. 

In the Summer Term there is a choice between two 
parallel courses, one on Ordinary Differential Equations, the 
other on Foundations of Mathematics. 

MT211 Algebra 
This course is on "abstract" algebra and is designed to 

complement MTlll, which deals mainly with linear algebra. 
The two courses together form a basic algebraic tool-kit. 

Many of the objects used in mathematics are "juggled 
with"-that is added, subtracted and multiplied-in much 
the same way as the whole numbers. For example, 
polynomials, functions and matrices all share this feature. 
If we set down the rules of operation which are common to 
all these structures, we have defined what the algebraist calls 
a ring. This process of generalisation or "abstraction" is an 
important part of modern mathematics. Having arrived at 
the notion of a ring, we are able to study, and classify, more 
exotic examples such as the quaternions and the Gaussian 
integers. 

We return to the whole numbers and add the fourth 
elementary operation--division. But this forces us to extend 
our basic set of objects from the whole numbers to the 
fractions-or rationals. Correspondingly, the set of rules is 
extended to cover the fourth operation, and we end up with 
what the algebraist calls a field. But, as with rings, we now 
find a whole wealth of new examples of fields-that is sets 
of objects which have the same rules of operation as the 
rationals. One such example is the Galois field known as 
GF(4). This has just four objects in it which are available 
for adding, subtracting, multiplying and dividing. 

The course ends by bringing in some ideas from geometry 
via the study of transformation groups. This includes the 
study of symmetries both discrete, as when a hexagon is 
rotated through 60•, and continuous, as when a circle or 
sphere is rotated through any angle. 

MT212 Methods and hydrodymzmics 
The course in the first term is a continuation of the 

methods course in MT112. It is an introduction to the partial 
differential equations of mathematical physics and to the area 
known as Vector Field Theory. As such, it is an important 
course for students intending to study the more advanced 
courses on hydrodynamics, electromagnetism, elasticity and 
quantum mechanics. 

The second-term course is an introduction to hydro
dynamics. Starting with the simple observation that the 
motion of a fluid such as water or air should satisfy the laws 
of mechanics-for example, the conservation of momentum 
and energy-we eventually obtain partial differential 
equations which describe the motion. This enables us to 
discuss, in mathematical terms, such physical phenomena as 
the flow of water down a plug-hole or of air past an aircraft 
wing. 

The third term course is a short course on Cartesian 
Tensors. 

MT217 
MT218 
MT219 
MT227 

Statistics 
Mathematical logic 
Numerical analysis 
Stochastic processes 

MT213 Mechanics and electromagnetism 
This course begins where MT112 left off in mechanics. 

The emphasis is on systems with several degrees of freedom. 
The student will learn to recognise how many degrees of 
freedom a given system has and how to recognise which of 
the general conservation laws help us to find the motion. 
Where these laws are insufficient, Lagrange's equations will 
be introduced (see MT112). An important application is to 
"small oscillation theory" where it is found that, for certain 
systems, there is a normal mode of oscillation corresponding 
to each degree of freedom. The method is then extended to 
study vibrating strings, which have an infinite number of 
normal modes. This is a "bridging topic" of great importance, 
since it connects nm only with mechanics, but also with 
partial differential equations (MT212), and with the theory 
of Fourier series, which is an important topic in analysis. 

In the latter part of the year, attention is transferred to 
electromagnetism. As in MT212 Hydrodynamics, the aim 
here is to begin with a description of the physical phenomena 
and then to abstmct a set of partial differential equations, 
Maxwell's equations, which make that description more 
precise. A substantial number of lectures are devoted to the 
physical background of the theory, and there is no explicit 
dependence on, for example, physics at A level. The theory 
is developed far enough to treat the propagation of electro
magnetic waves. More detailed questions, such as reflection 
and refraction of the waves, as well as the emission of waves 
by accelerated charged particles, are dealt with in the third 
year course MT325. 

MT217 Statistics 
This course is an introduction to the theory and practice 

of statistical inference. This is the "experimental" side of 
statistics, and the course includes practical classes in which 
data are analysed. 

MT218 Mathematical logic 
This course includes an introduction to propositional and 

predicate logic, set theory and the foundations of mathe
matics. It is concerned with developing tools with which to 
get fuller understanding of the general framework of modern 
mathematics. In particular, deductive reasoning and the 
axiomatic method are examined, and it is shown how 
mathematical notions and reasoning about them can be 
codified within an axiom system for set theory. This is a 
modern version of Russell and Whitehead' s "Principia 
Mathematica." 

MT219 Numerical analysis 
This acquaints the student with a number of methods in 

computational mathematics and with their theoretical basis, 
and involves practical work including an opportunity to try 
out the methods on one of the most powerful computing 
systems in the country. 

In recent years, numerical analysis has become increasingly 
important in industrial and scientific applications, and this is 
the basic undergraduate course in that subject. The 
practical work is important, because correct choice of method 
may be crucial in obtaining an accurate numerical answer. 

The subject as a whole is an interesting bridge between 
analysis and applied mathematics. It is hoped that students 
who take this course will benefit from its cross-disciplinary 
approach. 

MT227 Stochastic processes 
Continues the probability theory begun in MTlll to 

treat processes which develop in time. Such topics as queues, 
epidemics and birth-and-death processes are discussed. 
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Third year honours courses : 
Michaelmas term 
MT310 Analysis I 
MT311 Group theory 
MT312 Topology 
MT313 Differentiable manifolds 
MT315 Complex variable 
MT317 Statistics I 
MT318 Model theory 
MT319 Numerical analysis 

Lent term 
MT330 Analysis II 
MT331 Galois theory 
MT332 Algebraic topology 
MT333 Algebraic geometry 
MT334 Number theory 
MT337 Statistics II 
MT338 Gi:idel 's theorem 

Summer term 
MT351 Group representations 
MT352 Combinatorial design 
MT358 Non-standard analysis 

MT310 Analysis I 
This and MT330 make up a two term course in Functional 

Analysis. This subject developed out of the 19th century 
theory of differential and integral equations, and was spurred 
on by the Quantum Theory of the 1920's. A general theory 
has been in existence for the past fifty years or so, and it 
can be defined as the study of linear spaces on which there 
is a natural notion of convergence, together with various 
transformations between such srpaces. By and large, one uses 
analytic methods to solve algebraic problems. Functional 
analysis is a hybrid subject and has a corresponding vigour. 

There are applications of functional analysis to probability 
theory, mathematical physics and numerical analysis. 

MT311 Group theory 
Groups arise in mathematics and other sciences as 

measures of the symmetry of objects. From this point of 
view, the course examines the internal structure of groups 
themselves. Theorems, such as those of Sylow on the 
existence of distinguished subgroups, are presented, and 
criteria for the solvability and non-simplicity of groups are 
established and applied. Special emphasis is given to groups 
of permutations and to groups of non-singular matrices. 

MT312 Topology 
A topologist is someone who cannot tell the difference 

between a teacup and a doughnut. This is because each is 
just a lump with a hole through it (through the handle in 
the case of the cup). Thus, topology is what is left of 
geometry if you take away the idea of distance (and angle). 
However, historically, topology is a child of analysis and the 
attempts to understand the notion of limit. Continuity is the 
basic idea of topology. 

This course is an introductory one. The central ideas of 
the subject are explored with the help of many examples. 
The fundamental group, one of the powerful tools developed 
in recent years, is defined and used. Prerequisites for the 
course are the ideas of set and group, although ideas from 
analysis are helpful as motivation. 

MT313 Differentiable manifolds 
Differentiable manifolds are the right geometric objects to 

work with when one wants to extend the classical calculus of 
Euclidean space. Around each point a manifold is like 
Euclidean space, but the whole manifold itself will, in 
general, be a very different object. It will have a curvature 
at each point which is not necessarily zero, as it is for 
Euclidean space, and is not necessarily a constant, as it is 
in cases which are models for the non-Euclidean geometries. 
At each point of a manifold there is a tangent space which 
is linear, enabling use to be made of the multilinear algebra 
of tensor and exterior products. 
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MT320 
MT321 
MT322 
MT323 
MT324 
MT325 
MT327 

MT339 
MT340 
MT341 
MT342 
MT343 
MT344 
MT347 

MT360 
MT362 
MT363 

Mathematical methods I 
Differential equations and Laplace transforms I 
Thermodynamics 
Viscosity 
Elasticity 
Electromagnetism 
Probability theory 

Optimisation 
Mathematical methods II 
Differential equations and Laplace transforms II 
Quantum mechanics 
Compressible flow 
Control theory 
Stochastic processes 

Mathematical methods III 
Communication theory 
Stellar dynamics 

The remammg topics dealt with in the course are 
Riemannian metrics, connections, parallelism, and geodesics, 
the latter providing the familiar idea of curves of shortest 
distance. 

MT315 Complex variable 
Few mathematical studies have been so fertile for so long. 

The theory of functions of a complex variable contains very 
many theorems of surprising power and elegance. In th1s 
course we consider, (i) complex integral calculus, (ii) 
representations of analytic functions in series and products, 
(iii) mapping properties of analytic functions. 

MT317 Statistics I 
The aim of this course is to examine in rigour the 

mathematical background and formulation of the basic ideas 
of statistics. In parts this course is a more rigorous treatment 
of the theory included in the second half of MT217. 
However, in the major part of the course new theory and 
ideas are introduced. In particular the student is exposed 
to the basic ideas of decision theory and its applications to 
estimation and hypothesis testing. The same two topics are 
further ex,amined in their own right. Desirable optimality 
criteria for estimators and hypothesis tests are discussed and 
methods of estimation and hypothesis testing, including 
sequential tests, are developed. A prerequisite for this course 
is MT217. Students who did not do MT217 in the second 
year are allowed to do it in the third year in place of this 
course. 

MT318 Model theory 
It is a sad fact, but there are questions about the integers, 

involving only the concepts of addition and multiplication, 
that can never be answered by using computers. 

However this course is mainly devoted to showing the 
pleasant result that for any question about the reals, 
involving only the concepts of addition, multiplication and 
order, there is a computer which can answer it. 

MT319 Numerical analysis 
Here we are concerned with obtaining numerical solutions 

to those mathematical pwblems which arise in many 
branches of science and engineering. Such areas as ordinary 
and partial differential equations are treated, and the course 
is a natural development of the prerequi·site MT219. 
Emphasis is given to the underlying mathematical ideas 
which are involved in numerical methods. Where possible, 
we aim to analyse the behaviour of selected and widely 
applicable numerical techniques. 

Students who did not do MT219 in the second year are 
allowed to do it in the third year in place of this course. 



MT320 Mathematical methods I 
The solution of the partial differential equations of mathe

matical physics leads to special functions which may be 
defined as integrals (e.g., the factorial function) or as solutions 
of second-order ordinary differential equations (e.g., Legendre 
functions and Bessel !unctions). The course is concerned 
with the underlying mathematical theory, and with the 
techniques by which the properties of special functions may 
be studied. Complex-variable theory is revised and 
developed. Topics include analytic continuation, the theory 
of linear differential equations in the complex plane and the 
properties of their solutions, as well as the properties of 
certain functions defined by means of contour integrals. The 
notion of an asymptotic series is introduced and applied to 
the factorial function. 

MT321 Differential equations and Laplace transforms I 
A "starred" (easier) course on mathematical methods for 

solving differential equations. 

The first part of the course introduces the Laplace 
transform, which can be used for solving ordinary differential 
equations and is par.ticularly useful in solving equations 
w1th constant coefficients. Prerequisite : contour integration 
(MT210 Lent term). 

The second part of the course deals with non-linear 
differential equations, which are the type most frequently 
met in real problems. Most of the examples are taken from 
plane autonomous system s, for which the solution can be 
represented by two-dimensional trajectories. We will be 
int~rested in sketching the trajectories for any given system. 
Prerequisite: ordinary differential equations (MT210 Summer 
term). 

MT322 Thermodynamics 
Solids, liquids and gases all undergo changes in their 

properties when their temperature is raised-for example 
they change their volume. Thermodynamics is the study of 
such changes. From very general laws, namely the conser
vation of energy and the observation that heat never goes 
from a cold to a hot body, we deduce the existence of a new 
state function-the entropy. This then enables us to discuss 
the exchange of energy in a variety of processes-chemical 
reactions, melting and vaporisation, electrification and 
magnetisation to name only a few. 

Throughout the course we emphasise that these properties 
of matter in bulk arise from the enormous numbers of 
identical molecules which constitute the material. In the 
second part of the course, this fact is recognised explicitly, 
so that the macroscopic laws discussed in the first part 
receive a microscopic explanation. This part of the subject is 
called Statistical Mechanics. 

MT323 Viscosity 
The Viscosity course presents a mathematical description 

of the motion of real fluids. Real fluids in motion support 
both normal and tangential stresses. Prerequisities for the 
course are the hydrodynamics and tensors courses occurring 
in MT212. The hydrodynamics course studies motions of 
ideal fluids, which cannot support tangential stresses. 
Stresses in real fluids are most conveniently described using 
the language of tensors. 

The motion of a real fluid is most significantly characterised 
by the value of the Reynolds number. The motion of a small 
particle in air, or of a larger body in a more viscous fluid such 
as glycerine, is a low Reynolds number flow and the solution 
due to Stokes is valid. The motion of an aircraft is a large 
Reynolds number flow and is described by boundary layer 
theory, which demonstrates the vital importance of real fluid 
effects in a thin layer of fluid adjacent to the aircraft. 

MT324 Elas ticity 
The theory of motion of continuous media is developed 

following the methods learned in MT212. A mathematical 
model is constructed for an elastic solid starting from some 
very simple assumptions. We then discuss the stress analysis 
of some typical components in engineering structures, for 
example a rod in torsion, a beam in flexure and a plate in 
tension. 

The course concludes with a discussion of the propagation 
of elastic waves with particular reference to seismology. 

MT325 Electromagnetism 
Maxwell's equations, which were developed in MT213, 

are the starting point of this course. MT213 is not, however, 
an essential prerequisite for the course. The plane-wave 
solutions are obtained and the phenomena of reflection and 
refraction of these waves are studied. We then study the 

energy and momentum of the electromagnetic field, and 
show that waves produce a transfer of these quantities from 
one region to another. 

The way in which electromagnetic waves are generated 
by aerials IS then discussed. 

The course also includes a section on relativistic electro
magnetism, in which we see that the equations of the theory 
take. a simpler form when viewed in a four-dimensional 
space-time framework. 

MT 327 Probability theory 
The aim of this course is to provide a firm mathematical 

basis for probability theory, which is essential for the 
advanced study of stochastic processes and statistics. This 
involves an axiomatic approach to the subject, and a 
standard of mathematical rigour which is more typical of 
pure mathematics than of statistics. A prerequisite for this 
course is MT217. 

MT330 Analysis II 
This course is really a continuation of MT310 which is a 

prerequisite for it. The material is part of the topic known 
as functional analysis, which is the study of normed vector 
spaces. Particular kinds of normed vector spaces, known as 
Hilbert spaces, are also treated, and the course concludes 
with a section on the theory of linear operators on a Hilbert 
space. 

MT331 Galois theory 
Galois theory is named after, and is largely the creation 

of, a young French mathematician (Evariste Galois, 
1811-1832) who was killed in a duel at the age of 21. 
Amongst other things, it provides answers to various 
questions which have perplexed mathematicians for centuries; 
for example, "Which regular polygons can be constructed 
by ruler and compasses only ?" The course is essentially 
elementary and is a blend of linear algebra, polynomials and 
finite groups. 

MT332 Algebraic topology 
This is a relatively advanced course introducing under

graduates to algebraic topology which is a fairly recent 
subject in the history of mathematics. In broad outline the 
aim of algebraic topology is to translate problems in geometry 
into problems in algebra and to investigate the geometric 
significance of algebraic solutions to these problems. Topics 
touched on in the course are : surface theory, homology 
groups, manifolds. 

MT333 Algebraic geometry 
This course is concerned with the study of algebraic sets, 

that is, the solutions of systems of polynomial equations in 
several variables over a given field. In this subject, algebraic 
and geometric ideas interact with one another very closely. 
Using the basic commutative algebra introduced in MT211, 
we investigate questions of geometric interest, such as the 
equivalence of algebraic sets and the concepts of dimension 
and non-singularity. In the familiar case of an algebraic 
plane curve (given by a single polynomial equation 
f(x, y)=O), we study intersection numbers and genera. 

MT334 Number theory 
One of the oldest, if not the oldest, branch of mathematics. 

Historically, it is concerned with the problem of finding (all) 
integer solutions to (polynomial) equations with integer 
coefficients, e.g., 2x-3y= l , x3+y3=z3, x3-y2=2. Other 
problems such as "Are there infinitely many prime pairs 
p

1 
and p

2 
with p1-p2 =2?" and "Is every even integer 

greater than 2 a sum of two primes?" have yet to be solved. 
The course is concerned with congruences unique 
factorisation domains and other ideas which help in solving 
some of these problems. 

MT337 Scatistics II 
This course complements MT317. Whereas MT317 is 

mainly concerned with the theory of statistics, MT337 is 
concerned with practical applications of statistics, and it 
includes practical classes for the analysis of data. The course 
starts with a study of the linear model y =Ax+ b where y 
is an observable vector, A a matrix, x an unknown vector 
parameter and b a vector of random errors. The theory 
of how to estimate x and carry out tests on x, developed in 
the first few lectures, forms the backbone of what follows 
in the course. This includes regression analysis, analysis of 
variance and analysis of covariance. The course continues 
with the study of the theory and practical implications of 
various designs of statistical experiments and their analysis. 
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It concludes with a study of non-parametric tests. MT317 
is not a prerequisite for this course. 

MT338 Godel's theorem 
This course centres round a proof of Kurt Godel's 

incompleteness theorem, first proved in 1931 and generally 
acknowledged to rank as one of the outstanding intellectual 
achievements of this century. Very roughly, this theorem 
tells us that any axiom system for the natural numbers whose 
axioms and rules of inference can be given by some 
mechanical procedure, is incomplete, i.e., there exists a 
sentence of the language of arithmetic which can be neither 
proved nor disproved within that axiom system. The above 
statement is rather vague chiefly because it is not 
inunediately clear how to give a mathematical definition 
corresponding to the term mechanical procedure. This can 
be accomplished by introducing the notion of a recursive 
fwnction. The philosophical importance of the incompleteness 
theorem lies in the fact that it seems finally to destroy all 
hope that one might program a computer in such a way 
that it would chum out all true statements of mathematics 
and no false ones. 

A prerequisite for this course is MT218 or, alternatively, 
an elementary knowledge of first-order predicate calculus. 

MT339 Optimisation 
The course is concerned with the problem of finding the 

optimum (maximum or minimum) value that a real valued 
function of n real variables, f(x), can attain when the choices 
of x are restricted by sets of constraints of the form g(x) = 0. 
A wide range of industrial, economic and mathematical 
problems can be put in this form. The development of 
methods for solving them numerically is a growing and 
increasingly important branch of mathematics, and the course 
includes some of the very recent developments. 

The technques involve results from linear algebra in the 
case when f(x) and g(x) are linear (this section is known as 
linear programming), and from analysis when f(x) and g(x) 
are non-linear, so that the course provides practical applica
tions of material in both these areas. The methods themselves 
are designed for implementation on digital computers so that 
optimisation can be regarded as a branch of numerical 
analysis. Attendance at other numerical analysis courses is 
therefore helpful but is not essential. 

MT340 Mathematical methods II 
A course on mathematical methods including properties 

of Bessel functions, Laplace transforms, asymptotic 
expansions and eigen-function expansions associated with 
regular self-adjoint differential systems in one independent 
variable. The aim of the course is to develop practical 
methods in analysis with due regard for mathematical rigour. 

MT341 Differential equations and Laplace transforms II 
This is a continuation of MT321. Its purpose is to explain 

some of the techniques available for solving differential 
equations, and, more particularly, for obtaining approximate 
solutions of equations which do not have exact solutions in 
terms of familiar functions. 

MT342 Quantum mechanics 
It is no exaggeration to say that quantum mechanics has 

produced the most profound modification this century in our 
picture of the physical world. It is the study of small things 
in nature, for example the electron, the hydrogen atom, the 
ammonia molecule. 

The state of a physical system is represented as a vector 
m a space of infinite dimension, and observable quantities, 
such as position and momentum, are represented as linear 
operators in that space. By suitable choice of basis, the 
vector space becomes a function space, so the pure 
mathematician might say that quantum mechanics is merely 
a branch of functional analysis. But that is really the wrong 
way to put it, for functional analysis barely existed before 
physicists discovered quantum mechanics. 

So this course is a modest introduction to some big ideas. 
Prerequisites are MTlll and MT212. 

MT143 Compressible fiow 

A body moving through a compressible fluid like air 
produces a disturbance that can intensify as it travels away 
from the body and eventually form a shock wave where the 
fluid pressure experiences a sudden change. The passage of 
such a shock wave can be heard, usually as a loud bang, and 
1t can cause damage to neighbouring objects. The theory of 
shock waves forms an integral part of this course, but the 
course is also concerned with subsonic and supersonic flows 
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and these differ markedly m rne1r properties and mathe
matical solutions. For example, the disturbance caused by a 
body moving subsonically can reach all parts of the fluid in 
which the body moves, but the influence of a body moving 
supersonically is not felt ahead of the shock wave that it 
produces. Thus, an observer can hear the approach of an 
aircraft flying subsonically, but a supersonic aircraft will 
have passed him before he hears the report from its shock 
wave. 

MT344 Control theory 
The course is an introduction to the field of optimal 

control and consists of an exposition of the mathematical 
theory involved in the optimal control, subject to integral 
cost criteria, of systems governed by differential equations. 

Control theory is related to cybernetics and operational 
research. It also has interesting mathematical links with the 
classical theory of the calculus of variations. Both these 
aspects of the subject are discussed in the course. 

Although classified as an applied mathematics course, it is 
likely to be of interest to pure mathematicians also. 

MT347 SwchaJStic processes 
Stochastic processes are mathematical models for systems 

which develop in time according to some probability law. 
Thus we may think of stochastic processes as being the 
dynamic, as opposed to the static, side of probability theory. 
In this course we consider continuous time processes 
including branching processes, renewal processes, diffusion 
processes and Brownian motion which have useful applica
tions in such fields as biology, physics, engineering, chemistry 
and economics. We also look briefly at the ways in which 
probabilistic models might be set up to describe dams and 
other storage systems, epidemics, queueing systems, etc. 
We also consider briefly the technical difficulties involved in 
setting up a rigorous mathematical framework for the study 
of continuous families of random variables. MT217 is a 
prerequisite for this course, while knowledge of MT227 and 
MT327 would be useful though not essential. 

MT351 Group representations 
A representation of an abstract group is a concrete 

realisation of it as a group of linear transformations acting 
on a linear space. This idea has constantly been of 
importance in group theory. Burnside established a funda
mental theorem about groups by a group representation 
method for which there was no alternative proof until very 
recently, and there are later theorems whose only known 
proof is by representation theory. The course aims at 
indicating methods of calculating all the representations of 
some finite groups. However, the concept of the representa
tion ring of a group is of great importance in many parts of 
mathematics, for example algebraic topology, where it is not 
necessary to make the actual calculation of the representa
tions involved. 

The theory of characters is included in the course, and 
used as the basis for the proofs of the results on represen
tations. The groups considered are mainly finite groups, but 
indication is given as to where the results go over to other 
groups acting on Hilbert spaces-topics which are of interest 
both to pure mathematicians in analysis and applied 
mathematicians in quantum theory. 

MT352 Combinatorial design 
Designs are certain combinatorial configurations. Interest 

in them arises from such diverse sources as classical 
geometry, combinatorics and agricultural experiments. They, 
and related structures such as Hadamard matrices, error
correcting codes and Latin squares, continue to be of 
practical use in the design of experiments and in coding 
techniques for computers and satellites; moreover, they have 
recently become objects of great interest in pure mathematics 
because of the richness of their groups of symmetries. The 
course describes the structures themselves but some attention 
is paid to applications in experimental design. 

MT358 Non-standard analysis 
This is a fun course designed to show that, using the 

methods of modern mathematical logic, the notion of 
infinitesimal real can be made decent again after two 
centuries in the gutter. 

MT360 Mathematical methods III 
A continuation of MT340: Sturm-Liouville methods; 

introduction to singular differential systems; orthogonal sets 
of functions associated with particular singular systems. 



MT362 Communication theory 
When information is conveyed over a communication 

system, such as a radio telephone, it is often necessary to 
code it before transmission. This is required not for reasons 
of secrecy but in order to transmit more rapidly and 
efficiently. Communication theory enables us to arrive at a 
quantitative measure of the amount of information trans
mitted, and to establish the maximum rate at which a given 
communication channel can transmit. In this course we also 
study the effect of noise on a communication system. We 
show that, if a message is to be received and interpreted 
re1ably, part of the capacity of the channel must be used 
to correct the errors caused by the presence of noise. This 
is a comparatively recent branch of mathematics, which has 

Ordinary degree courses : 
Second year 
MT200 Pure mathematics 
MT201 Applied mathematics 

MT200 Pure mathematics 
This consists mainly of another look at the material of 

MTllO and MTlll. 

MT201 Applied mathematics 
A continuation of MT112. Includes mechanics, partial 

differential equations, hydrodynamics and complex analysis. 

In all these courses the student's coursework during the 
year is taken together with his examination results, as a 

Third year 
MT300 Pure mathematics 
MT301 Applied mathematics 
MT302 Control theory and linear programming 

In all these courses the student's coursework during the 
year is taken, together with his examination results, as a 

MT 300 Pure mathematics 
This is the most abstract of the Ordinary degree courses, 

in contrast to the more practical approach of the other 
courses. There are two sections: one on mathematical logic 
which completes the broad coverage of basic mathematical 
material in the Ordinary degree, and one on algebra (group 
theory) and number theory. 

MTJOl Applied mathematics 
This course starts with a study of the properties of real 

and ideal fluids, developing the notions of normal stress 
(pressure) and tangential stress (viscosity) and obtaining 
such important results as the Euler equations of motion and 
the Bernoulli integral. We show that certain fluid motions 
may be obtained from a velocity potential satisfying Laplace's 
equation. 

In the Lent term, these ideas are used to study various 
kinds of waves on the surface of a liquid and sound waves 
in a gas. 

MT302 Control theory mullinear programming 
The course is an introduction to two important fields of 

modern applied mathematics. 
The first term approaches the Optimal Control Problem 

(see MT344) via classical Calculus of Variations theory and 
develops the modern theory in a non-rigorous manner. 

The second term is concerned with the classical linear 
programming problem. The simplex method for solving this 

in a very short time found a considerable number of 
applications in such diverse subjects as physics, biology (the 
genetic code), economics and linguistics. 

MT363 Stellar dynamics 
This is a ten-lecture course in the s=er term on a very 

out-of-the-way topic, the dynamics of a system containing a 
large number of stars which move under their mutual 
gravitational attractions. The subject is of special interest 
to the lecturer and because it is such a minor subject, it is 
possible to discuss recent results, and even to examine the 
difficulties of some unsolved problems. For the most part, the 
mathematical techniques involved have been covered in 
second year courses. 

MT207 Statistics 
MT209 Numerical analysis 

MT207 Statistics 
A parallel course with MT217, but g1vmg a gentler 

treatment of the theory with more emphasis on practical 
work and applications. 

MT209 Numerical Analysis 
This runs parallel to MT219, but gives a gentler treatment 

of the theory. It emphasises practical work and includes 
computer programming. 

significant part of his assessment. 

MT307 
MT309 

Statistics 
Numerical analysis 

significant part of his assessment. 

problem is discussed and various applications to related 
problems are considered. 

MT307 Statistics 
The Michaelmas term course is similar to MT227 but 

omits some of the deeper and more detailed theory so as to 
concentrate on techniques and applications, including models 
for queues, epidemics, population growth, storage (classes, 
inventories), etc. 

In the Lent term we develop the applied aspects of 
MT207 and MT217 by relating the theory to practical 
classes where data are analysed using electronic calculators. 
The main topics are Analysis and Design of Experiments 
and Non-parametric methods. 

MT309 Numerical analysis 
This course is a continuation of the second year Ordinary 

degree course in numerical analysis (l\.-•T209) and is available 
as a third year option for honours students. 

The material consists of further methods for solving 
ordinary differential equations numerically, an introduction 
to the numerical solution of partial differential equations, 
together with more sophisticated material for solving systems 
of linear equations, the algebraic eigenvalue problem, the 
numerical evaluation of definite integrals and other selected 
topics. 

The emphasis is on practical methods and their application 
using computers. 


