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Graduate courses at British Universities
differ in certain respects from those at
American schools. The course at Lough-
borough has some features of both sys-
tems. There are also close links with the
United States through an M.Sc. course run
jointly with Georgia Institute of Tech-
nology.

INTRODUCTION

Graduate education in chemical engineering
has been offered at Loughborough for over 20
years, but in the last few years major changes
have occurred, so that the present courses bear
little relationship to what went before. We are
not writing here about changes in subject mat-
ter or course content, as these will change nat-
urally with the development of the subjects and
with the interests of the faculty members who
teach them, but rather about changes in the in-
stitution itself and in the Department’s philoso-
phy. Since these changes have had a significant
effect on the shape of the present graduate
courses, it seems sensible to outline them in order
to give a background against which to see the
present structure.

BACKGROUND

Although the College is over 70 years old
and has a history of courses in chemical engi-
neering for 30 of these years, it only became a
University, i.e., in U.K. parlance a degree-
granting institution, in 1966. Since that time it
has offered both M.Se.’s and Ph.D.’s in chemical
engineering, although prior to this graduate
studies were carried out in which candidates
worked for the degrees of external bodies. These
changes in status were accompanied by rapid
growth in size and it is only natural therefore
that there should have been a very marked evo-
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lution in graduate work. In all this a general
pattern has been followed—graduate courses had
their beginnings in specialist subjects which were
the interests of faculty members and on which
they were doing research and then expanded so
that now we have a graduate course which is
broadly based and general for the first four
months and then splits up into a number of op-
tions, allowing students to study some subject
area in greater depth.

This course pattern reflects to some extent
the undergraduate course in which the first two
years are spent in general chemical engineering
training followed by a final year in which stu-
dents select four or five subjects out of a possible
8, and study these in depth. Four different
courses are offered at undergraduate level. These
are

® Chemical Engineering (4 years)

e Chemical Engineering (3 years)

e Chemical Engineering and Management (4 years)

e Chemical Engineering and Polymer Technology (4
years)

The last three of these are new and to that ex-
tent experimental. The four-year courses include
a period of industrial training which occupies
the whole of the third year.

The undergraduate courses are thus becoming
increasingly modular in nature. Nor is this situ-
ation confined to the universities. There is a
considerable educational ferment going on in
British schools. So far we have been able to as-
sume a considerable degree of uniformity in the
educational background of students entering our
undergraduate courses, qualifications in mathe-
matics, physics and chemistry being normal.
Now, not only is there a growth in less usual
combinations of subjects, but the content of, say,
a mathematics course may vary widely. Some
students will have done a good deal of matrix
and linear programming work, others virtually
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none. This obliges us increasingly to tailor study
programmes to the individual student.

The fact that most of our own graduates have
some industrial experience we regard as a con-
siderable advantage. Six or seven years of aca-
demic studies without industrial application is
not really an ideal training for an engineer.

In describing the graduate education at
Loughborough, many differences will become ap-
parent between what we do and common practice
in the United States. Some of these are peculiar
to our approach at this institution, others are
inherent in the British system, two features of
which should be explained. The first is that
teaching in both undergraduate and graduate
courses consists of three academic terms of ten
weeks each, beginning in early October, with
breaks of about 3 weeks at Christmas and 3
weeks at Easter, and ending in June. The second
is that it is possible in most British universities
to work for a Ph.D. without any formal require-
ment to undertake course work. In fact Lough-
borough is probably unique amongst U.K. chem-
ical engineering departments in its require-
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ment, which was instituted two years ago, that
all doctoral students should have first completed
a master’s degree by course work. Once this
course work requirement is fulfilled, however,
no further course work is required of the doc-
toral student, although he may attend appro-
priate courses of his own volition.

PURPOSE OF GRADUATE EDUCATION

In developing a formal course of education
it is necessary to have some ideas of the purpose
of the course. We regard the aim of the master’s
course as being to give the students a broad
training in what we see as some of the main-
stream areas of chemical engineering at a level
higher than that which can be reached in the
normal undergraduate course, followed by in-
depth study of a selected subject area, involving
both book work and project work. The doctoral
training we see as complementing this by pro-
viding firstly a training in research methods and
secondly an opportunity to demonstrate a capaci-
ty for original thought.

THE MASTER’S COURSE

There are in the department four main re-
search groups. This is reflected in the four spe-
cialist options offered within the Master’s course.
These are:

e Chemical Systems Engineering

e Particle Technology

e Process Engineering and Economics
e Transfer Processes

The course is of twelve months’ duration and
consists of three parts, as shown in Table 1. Part
I is a common core, which is taken in the first
two terms. Part II consist of the option subjects,
which are selected from those shown in Part II
of the table in accordance with the option chosen.
These are taken mainly in the second and third
terms. Many of the subjects listed are covered,
of course, at undergraduate level, but the content
on the Master’s course is more advanced. Part III
is a project, in the subject area of the option
taken, which starts at a low level in the second
term and is than pursued full-time from the end
of June through the summer. There are written
examinations at the end of the second and third
terms and oral examinations at the end of the
second term and of the course.

The largest research group in the department
is that of particle technology. The activities of
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it is possible in most British universities to work for a Ph.D. without any formal requirement to take

course work. In fact Loughborough is probably unique amongst U. K. chemical engineering departments
in its requirement . . . that all doctoral students should have first completed a master’s degree in course work.

this group cover the whole range of particulate
systems, including particle characterisation, par-
ticle production, particle-fluid and particle-
particle systems. The process dynamics and con-
trol group is concerned with mixing theory,
process modelling, estimation theory, computer
control, human operator control and reliability
engineering rather than control theory. The pro-
cess technology group has interests in process
economics and in reaction engineering. The trans-
fer processes group works in the area of fluid
flow and heat and mass transfer. Although these
groups are convenient and effective as a means
of organising both research and teaching, there
is nothing rigid about them, and many individ-
uals have a foot in two camps.

The Master’s course is built around these re-
search groups. A certain number of contact hours
are time-tabled for each subject and the lecturer

TABLE I. Outline of Master’s Course

— Foundation Subjects
Mathematics 1
Statistical Methods
Matrix Methods 1
Optimisation
Computing
Research Methods
Fluid Mechanics

Part I

Part II — Elective Subjects
Mathematics 2
Matrix Methods 2
Operational Research
Chemical Process Modelling
Control Engineering
Systems Engineering
Particle Characterisation
Particle—Particle Systems
Particle—Fluid Systems
Particle Production
Process Economics
Plant Design and Evaluation
Project Engineering and Management
Heat and Mass Transfer
Transfer Processes 1
Transfer Processes 2
Applied Thermodynamics and
Separation Processes
Petroleum Industry, Technology and
Economics
Chemical Reaction Engineering
Part III — Project
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concerned is left free to use these as he thinks
fit. Usually about half the time is devoted to
formal lectures and the other half to tutorials.
Unlike many American courses, lecture courses
are not built around a particular textbook but
represent a re-distillation of the lecturer’s read-
ing and his own original work in the subject
area.

The number of students on the course is of
the order of 15-20. About half of these will
terminate their studies after taking their M.Sec.
and about half will go on to doctoral studies.

The object of requiring prospective Ph.D.
students to take the M.Sc. course is to give them
a more thorough training in their specialist area.
Although we regarded this as worthwhile in its
own right, we did expect to have to pay some
penalty in that the time available for the doctoral
thesis itself would be less. It is perhaps too early
to be sure, but it is our impression that this is
compensated by the students’ increased effective-
ness due to their Master’s training.

THE DOCTOR'S COURSE

After completing the M.Sc. students who are
considered suitable and who wish to do so, go on
to take a Ph.D., working usually in the same
subject area, though not necessarily on the same
precise topic. There are no pre-doctoral tests
other than the Master’s examination and the stu-
dent is expected to work on his chosen topic and
to present a thesis on this, normally within two
years after taking his M.Sc.

LOUGHBOROUGH - GEORGIA TECH COURSE

As a result of the Department’s activities in
particle technology, links have developed with
other centres with similar interests. One of these
is Georgia Institute of Technology and we now
run a joint Master’s course in particle technology
with this Institute. At the Loughborough end
this is based on the particle technology option
within the M.Sc. course. There is an exchange
of students, six months being spent in each insti-
tution. This scheme is now in its second year and
we are anxious to see it develop.
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. . . We do not have the coursework
system with “homework” having to be
handed in and marked.

FINANCIAL SUPPORT

Most of the financial support for graduate
work in the U.K. comes from the Government
via the Science Research Council, which is rough-
ly analogous to the N.S.F. This body provides
studentships both for graduate courses and for
Ph.D. work. It also awards research contracts,
although students are not normally supported
in this way. Another source of support for stu-
dents is research contracts from industry. At
Loughborough over the past few years about
half our Ph.D. students have been supported
in this way. The research grants are nicely calcu-
lated to cover the student’s bare living costs and
pay his fees.

THE U.S. GRADUATE

Through frequent visits to the United States
and also through our exchange with Georgia
Institute of Technology, we have learnt of some
of the problems which British graduates have
when they go to do graduate work in the United
States and of those which American graduates
encounter here. The biggest problem our stu-
dents find across the water is not the difficulty
but the sheer volume of the work which they are
expected to do. It is our impression, gained both
from first-hand experience and from talking to
students, that the quantity of work set in the
average Master’s degree in the United States is
so great as to make it rather difficult for the
student to take time off to pursue subjects on his
own and to appreciate intelligently just what he
is doing in an overall sense. On the other hand,
since we do not have the course work system
with “homework” having to be regularly handed
in and marked, American students who come
here find themselves very much at a loss for the
first week or two. They are not used to our Sys-
tem which assumes that the student knows how
to work for long periods on his own and which
only covers in lectures a relatively few important
topics. However, we have found that those stu-
dents from the United States who have come
to us have settled down quickly and progressed
well. Both systems evidently have their merits.
We prefer our own, but often find the results
of the American system impressive. O
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TRENDS: (Continued from page 149)
¥ = 77.81 - 1.338[X(1) - 5.2] - 0.2471[X(1)-5.2]%

- 6.088[x(2)-1.31] (€3]

where

¢ = average grade, estimated by Eq. (2),

x(1) — time in years based on zero time in May 1961,
and

x(2) — time in residence, in years, prior to taking

the examination.

The line represented by Equation (2), at an average
experience such that x(2) = 1.81, is shown in Figure 3.
Of the 35 data points available, only those for which
x — 1.3 are included.
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FIGURE 3

Figure 3 — Final Computed Average Grade vs. Date
and Experimental Points.

On the basis of these results, the department has
concluded that, in the period from May 1961 through
May 1971:

1. There was a definite tendency for the grades to
decrease and that this tendency accelerated in the later
part of the period.

2. There was an apparent disadvantage in prolong-
ing the time in residence before standing for the exam-
ination, the reason for which is not clear but the evi-
dence therefore being incontrovertible from this analy-
sis of the data.

3. None of the lowering of the grades in the later
years of the period studied can be attributed to an in-
crease in the proportion of foreign students, with po-
tentially concurrent language and communication prob-
lems.

4. A correction should be made for the obviously
increased difficulties which the faculty had suspected
were progressively being built into the examinations;
suitable action was taken in October 1971 with a gratify-
ing improvement in the average grade of the eleven
students who presented themselves for the examination.

J. C. Whitwell
L. Lapidus
Princeton University
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