The problems of devising university courses in topographic
science subjects, culminating in the institution .of a full B.Sc.
degree, are examined in relation to parallel developments
elsewhere. Details of course contmt and structure are given,
in the expectation that specific examples will provide discussion
points for those concerned with the development of education
in cartography.
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The Department of Geography at the University of
Glasgow has been developing its programme of teaching
and research in the field of top~graphic science for some
years. The authors, who have been personally involved
with this development, are only too well aware that much
of it is in the formative stage. However, an interim report
appears to be justified, not only because of the interest
and encouragement expressed by individuals and organisations in map-making and its related fields, but also
because it has become apparent from other comments that
some confusion exists as to what has been attempted and
developed at this University. At the same time the whole
'question of education in topographic science is being
considered at national and international levels, and it is
hoped that this report will provide some relevant information, based on experience.
Topographic Science

The expression 'topographic science' may seem
unusual or even novel, and the reasons for adopting this
should first be explained. The problem of a suitable term
to cover the closely related fields of surveying, photogrammetry, cartography and certain aspects of geodesy
has already been discussed by Dr D. H. Maling of University College, Swansea,1 and Mr P. J. Carmody of the
University of Newcastle-upon- Tyne2 in recent papers.
There is little doubt that to the layman the whole chain
of processes leading to the production of maps can be
conveniently collected under the general title 'cartography',
and indeed this view is also taken by the United Nations,
which define it as "the science of preparing all types of
34

maps and charts, and includes every operation from
original field survey to final printing of maps" .3
However, many surveyors, in particular those concerned
with geodetic work, would deny that they are engaged in
cartography, and for those closely concerned with map
production it is more usual to limit the use of the term
'cartography' to cover those operations which follow the
stages of measurement and construction carried out by
the surveyor and photogrammetrist, and which culminate
in the final printing of maps. Equally the term 'surveying'
is happily used by others to cover the whole process. No
doubt this was more appropriate and acceptable when the
land surveyor carried out the control survey, detail survey,
plotting and even a considerable amount of fair drawing,
than it is now when his activities are concentrated on the
first of these stages, and the photogrammetrist and cartographer are responsible for most of the rest.
Another reason for devising an omnibus term which can
cover the whole field without the need for qualification, is
that the conventional boundaries, between component
subjects have become blurred, and in some cases, nonexistent. ·For example, the measurement and production of
a coherent network of co-ordinated points for world-wide
mapping is being carried out using large balloon satellites
equipped with flashing ,light beacons, from which signals
can be recorded on special photo theodolites or cameras,
and subsequently analysed on comparators. Is this geodesy,
surveying or photogrammetry? In fact it is a combination
of all three, and those planning and controlling such work
must therefore have a considerable knowledge of all the
subjects. Again, the highly-automated machines which are
now coming into use can produce orthophotographs and
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digital terrain models directly from aerial photographs.
In this case it is impossible to say where the photogrammetry ends and the cartography begins. The increasing
interaction between subjects inevitably demands consideration of the field as a whole, and this is reflected by
the introduction of a simple term to cover it.
In the United States, the difficulty over an all-embracing
term has also received attention, resulting in varied
solutions in different universities: 'Cartography' (George
Washington), 'Geodetic Science' (Ohio State), and
, 'qeometronics' (Washington, Purdue, Kansas State, et al.).
The difficulties with the first have already been stated.
The second suggests a major interest in geodesy, which is
in fact the case at Ohio State. The third is the latest
introduction, utilising 'geo' (the earth) and 'metron'
(measurement) as its very classical roots, yet projecting a
modem image which has overtones of electronics, avionics,
and other modern technologies. However, it is as yet
perhaps too avant garde for most Europeans, and it is
doubtful if other scientists would easily relate it to subjects
such as surveying, cartography and geodesy, which have
a long and honourable ancestry.
Turning to European examples, there is a great deal of
variety. However, if some examples are taken from
institutions which deal with the same general field and
have the same general approach as that being developed in
Glasgow, then we find that the department at the Munich
Technical University, well known under the Professors
Finsterwalder, is entitled "The Institute of Photogrammetry, Topography and General Cartography". In France,
the well-known Ecole National des Sciences Geographiques
"gives instruction in the fundamentals of Geodesy, Topography, Photogrammetry, and Cartography".4 While this
would also provide an adequate description of what we are
attempting, to introduce such a term as 'Geographical
Science' in English would inevitably result in confusion
and difficulty. However, the graduates of the Conservatoire
National des Arts et Metiers, who have been educated in a
similar field, are given the title Ingenieure Topographe.
Taking all these considerations into account, the term
topographic science has been adopted in Glasgow. When
its main component 'topography' is examined in the
Concise Oxford Dictionary, the definition found is "a
detailed description, representation on a map etc., of
natural and artificial features of a town, district, etc". This
certainly lies close to the intended meaning.
The University of Glasgow and its Degrees

In explaining the development of topographic science,
it is necessary to look at some aspects of the University of
Glasgow and its degree structure, for all new developments
take place within this framework. The University was
founded in 1451, and geography was recognisably taught,
although under different titles, from the sixteenth century
onwards. The modem teaching of the subject began in
1909, and from the outset surveying and cartography were
important, especially as faculty regulations required one
or more of mathematics, physics and astronomy to be
taken as supporting subjects. The first Head of Department
was Sir Henry Lyons (1909-11), formerly of the Survey of
.Egypt, while Mr (later Professor) Stevens (1919-1953) had
considerable experience as a surveyor with Shackleton.
In the post-1945 period, Mr C. A. Halstead, who had
taken surveying as a special subject at University College,
London, taught the subject to undergraduates; and in

1954, Colonel J. S. O. Jelly, formerly of the Survey of
India and the Ordnance Survey, was appointed as specialist
lecturer in surveying. When he left to take up an appointment in Australia in 1958, he was replaced by G. Petrie,
who was joined by J. S. Keates in 1960 as specialist
lecturer in cartography.
Before discussing the structure of the courses developed
since the authors were appointed, it is necessary to place
them in the context of Scottish school and university
education, by· which they are strongly influenced. As well
as having a completely autonomous system of education,
Scotland has alwaysfollowed a radically different philosophy
educationally to that of the other countries in the United
Kingdom. In general it may be said that school education
deliberately aims at a broader coverage of subjects,
especially in comparison with the English system since the
introduction of the General Certificate of Education 'A'
level courses. A Scottish pupil will take four, five or six
subjects at the 'Higher' level of the Scottish Leaving
Certificate, a quite common combination being English,
Mathematics, Science, Geography and French. These
'Higher' subjects are examined a year earlier than the
equivalent 'A' level courses, and this has two consequences:
the Scottish pupil has reached a lower standard in anyone
subject, though he has taken more subjects as compared
with an English pupil; and he comes up to university a
year earlier.
At the older Scottish universities, the general philosophy
of the 'broad' education is continued. The first year
comprises three of the basic Science or Arts subjects, and
while one or two of these will be continued for a second
year, yet another basic (or Ordinary) course is required
in that year also. It is only after two years of study that a
student can be accepted by a department for an honours
degree, and for this he requires a further two years of
study in either one or two chosen subjects. Admission to
honours courses is dependant on satisfactory progress,
and is not automatic. Thus four years are needed to
complete an honours degree, partly because of the earlier
university entry and partly because of the wide range of
subjects required in the first two years of a university
degree. To illustrate this, a typical B.Sc. honours degree
in geography might comprise the following:First year: Ordinary Geography, Ordinary Natural
Philosophy (i.e. Physics), Ordinary Mathematics.
Second year: Higher Ordinary Geography, Ordinary
Geology.
Third year: Junior Honours Geography.
Fourth year: Senior Honours Geography.
If a student elects to follow a general or ordinary B.Sc.
degree course, or if he is not accepted for honours, then he
is required to take seven courses in all, at least two of
which must be taken to the Higher Ordinary standard or
above. A typical course for such a student with an interest
in Geography might be as follows:First year: Ordinary Geography, Ordinary Natural
Philosophy (i.e. Physics), Ordinary Mathematics.
Second year: Higher Ordinary Geography, Ordinary
Geology.
Third year: Advanced Ordinary Geography, Higher
Ordinary Mathematics .
Obviously such a curriculum is very broadly based,
and as a result such a degree is still greatly respected.
Approximately fifty per cent of Science undergraduates at
Glasgow take an ordinary or general degree.
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Honours Courses in the Department of Geography
Degrees in geography may be taken in either the Arts or
the Science faculty, for which there are somewhat different
requirements. The main distinction is that whereas a B.Sc.
honours stUdent devotes all his time to geography in the
two honours years, the M.A. student spends only half of
this time on geography, the remaining half being spent on
a second honours subject (e.g. archaeology or economics
or economic history or sociology). Thus the B.Sc.
honours students have had to be provided in their third
and fourth years with additional courses which are not
followed by M.A. honours students. In view of their
supporting subjects, it was decided that these courses
should be in the more mathematical branches of geography
and in practice they were almost wholly in surveying.
This was not at all satisfactory, as it did not allow a student
the chance to specialise in anything but surveying. In 1961
therefore, the solution was adopted of a compulsory course
in cartography and surveying within the second year
geography syllabus, and of a series of one-year optional
courses in geomorphology, biogeography, climatology,
surveying and photogrammetry, one of these being selected
in the third and a second in the fourth year. These are
additional to the common course which is mainly in
regional geography, and is followed by both B.Sc. and
M.A. students in the two honours years.
The second~year course in cartography and surveying
was instituted not only to introduce these subjects for
those who might wish to specialise, but also because a
fundamental knowledge of the making of maps was regarded
as essential for any modern geographer, who so often uses
maps extensively and who is also involved in the construction of maps in many instances. The inclusion of option
courses in surveying and photogrammetry gives an
opportunity to those who are interested in the topographic
science field to devote a considerable amount of time to
these subjects, and therefore reach a reasonable level of
proficiency. Outlines of the syllabi of these optional
courses are given in Appendix A.
The intake to the option courses in surveying and
photogrammetry has been some four to six students each
year since 1962, and several have taken up posts in the
topographic science field on graduation. Four have joined
governmental agencies as field surveyors or map officers,
one a commercial firm as a surveyor and photogrammetrist,
three have gained N.A.T.O. studentships to take the
postgraduate course in photogrammetry at the I.T.C.
Delft, and three (including two of those who have attended
the I.T.C.) have become lecturers or assistant lecturers in
surveying and photogrammetry.
A. s-tudent taking the compulsory second-year course,
and choosing. th~ surveying option in his third year and
the photogrammetry option in his fourth year, will have
devoted half of his total course time in geography to
these subjects in. his last three years. It is interesting to
note that this general pattern has also been adopted in the
University of Newcastle for its recently instituted honours
degree in geography arid surveying.
For both departments, this arrangement is an appropriate
one in the present circumstances, for while there is a
definite but small market for graduates in the topographic
science field, there is a much wider one for geography
graduates of all types. Glasgow graduates can still enter
planning, industry, or teaching, for example, on the basis
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of their geography degrees, or can enter some field of map
making if they so wish.
In all these fields, the geographer will not have quite
as much knowledge of specialised subjects as employers
might wish, although the provision of specialised option
courses goes quite a long way in this respect. Therefore
most geography graduates expect to take further, more
specialised training in their chosen field, such as planning,
education, management, etc. so that for those interested in a
career in the topographic science field taking a post-graduate
diploma in surveying, photogrammetry or cartography is,
no unusual imposition.
Postgraduate Diplomas in Cartography and Photogrammetry
Until 1963 the development of the undergraduate
courses outlined above was a primary interest of the staff
concerned. Provision of equipment was difficult, especially
for the photogrammetric course, btlt for this two Multiplex,
a Wild A6 plotter and a Zeiss SEG IV rectifier were
eventually acquired second-hand from government mapping
agencies, and a new Wild B8 plotter was also purchased.
In 1963 it was decided to institute postgraduate diploma
courses, partly to permit still further specialisation by our
own graduates, but also to allow graduates from other
universities to receive training in cartography and photogrammetry. As a nucleus of equipment and specialist staff
had been created, it also seemed logical to use these as
fully as possible in this way. Although the opinion was
commonly expressed that there would be few posts for
such people, up to the end of the 1967-68 session some
twenty diploma students (thirteen in cartography and seven
in photogrammetry) have completed courses, and none has
found any difficulty in obtaining suitable employment. In
addition, four postgraduate research students have followed
part or all of each of the two courses, and two technical
officers from overseas countries, sponsored by the Ministry
of Overseas Development, have attended the cartography
diploma course as private students, although they were not
eligible to receive the diploma as they did not possess a
first degree.
As might be expected, the development of these diploma
courses has taken quite some time, changes in content and
structure being made as experience has been gained. In
particular it proved much more difficult to devise and
implement a sound and coherent programme of practical
work than was realised at the outset. One of the original
ideas was to link the two diploma syllabi through a common
element of basic geometry, map construction, stereoscopy,
etc. This proved to be too general to be of great value to
either group, and the situation now is that, although the
principal course for each is quite independent, students
for both diplomas take common short courses in such
topics as data processing, computer programming, and
air photo-interpretation. In addition, the photogrammetry
students receive a special short course in cartography
designed to suit their requirements, and likewise the
cartography students receive a special course in photogrammetry. The current syllabi for the diploma courses
are given in Appendix B.
The modest but steady growth inevitably brought
pressure on the available accommodation and equipment.
The University has been unable to extend the former, with
the result that the department has also missed the assistance
of a first equipment grant from the University Grants
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Committee which is normal when a new building is
provided. The University Court has, however, provided
steady support for our developments almost entirely from
its own resources. The result has been the gradual increase
in the range of equipment. As with the first photogrammetric machines, good second-hand equipment was
bought in the first place for the cartographic side. This
included a 30 x 30 inch process camera, a Barr & Stroud
photonymograph, a reflex printing frame, etc., together
with a number of smaller new items, such as an optical
projector, a bench whirler, small vacuum frame, etc. More
recently further grants from the University have provided
for tWo new plotting machines (Galileo Stereosimplex
IIC, and Kern P.G.2L), two second-hand photogrammetric instruments (Galileo Stereomicrometer and Cambridge Stereocomparator), larger vacuum frame, floor
carbon arc, densitometer and diazo printer. Such items are
in addition to the smaller but equally essential instruments
and equipment, such as stereoscopes, radial line plotters,
scribing tools, tint screens, light tables, and fairly large
photographic and photomechanical processing facilities.
Over the years this has meant the expenditure of tens of
thousands of pounds, and the most suitable application of
this investment has provided one of the biggest challenges.
The development of the course also required an expansion
of special staff, and the recent development owes much to
those coll~agues who have joined us.
Research and Projects
From the very beginning, both staff and students have
been engaged in surveying and .mapping in support of
departmental activities. The existence of both facilities and
personnel has made possible research projects which
otherwise could not have been considered, and has added
another dimension to many others undertaken by the

department. Initially most of the work was field surveying,
backing up such programmes as the investigation of
deserted Highland villages, providing heights and profiles
for an analysis of slope deposits in the Southern Uplands,
and helping in the triangulation and stake measurements
for an examination of glacier movement by a Cambridge
University group. Quite apart from their value to colleagues
in the department, such practical tasks are of great importance to the student. The techniques taught in the topographic science courses are seen to be the basis for a great
deal of other scientific activity, and a valuable and integral
part of the whole operation. At the survey camps in
particular, much more care is taken with observations,
computation and plotting, when there is a definite use for
the final results and any mistakes could have a serious
effect on the conclusions reached.
As the cartographic and photogrammetric facilities
expanded, and the numbers of students increased, so it
became possible to be more ambitious in terms of research
and project work. Work on glaciers in collaboration with
colleagues interested in glaciology and geomorphology
began modestly with photogrammetric maps of Vindheimajokull (Iceland) and the Jotenheim area (Norway),
each involving only a few pairs of photographs. This has
grown to much larger programmes concerned with the
Casement Glacier (Alaska), and the Breidamerkurjokull and
Fjallsjokull glaciers in Iceland for which several maps have
been constructed from photography taken over a period of
years. Initially existing American photography was used,
but for the recent work in Iceland the aerial photography
has been specially commissioned. Much of the initial field
work was done by volunteers from the option classes aided
by very small grants from educational bodies, but the latest
work has grown to the point where it could only be undertaken with extensive support from the University Court,

Figure 1. Part of the Photogrammetric Laboratory showing the
Galileo-Santoni Stereosimplex IIC, Wild B8 Aviograph and
Kern PG-2L plotting machines and a Cambridge stereocomparator.
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the Natural Environment Research Council (N.E.R.C.) and
the Carnegie Trust for the Universities of Scotland.
The work on deserted villages has also been much
extended by plotting from aerial·photographs. In addition,
a new programme of work has been built up in conjunction
with the Nature Conservancy, Scotland, to provide
specialised topographic and vegetation maps of certain of
their National Nature Reserves (Inchcailloch, Rhum, Loch
Druidibeg, and Forvie). Again, one or two initial ground
surveys of limited areas have led to extensive projects
involving aerial photography, ground survey, photogranunetry, and the cartographic production of multicoloured printed maps. The cartographic group has also
co-operated with colleaguesin human geography, producing
a population map of Scotland, a series of maps analysing
the Census of Glasgow, a Residential Land-Use Map of
Glasgow, etc.
Of all the topographic science activities, this rather
extensive programme of mapping seems to cause more
debate than any other. Criticisms range from the suggestion
that the effort would be better devoted to fundamental
research in surveying, photogrammetry and cartography
to the objection that such mapping should be left to
government departments or private firms. In fact, the
work undertaken has been invariably in support of a
definite research project where the topographic scien'ce
contribution is a significant one, and where the mapping
and measurements would definitely not be undertaken by
any other organisation. The many other requests for
mapping that are received are referred to the appropriate
government and private organisations. Regarding the first

criticism, a start has been made with research work into
different aspects of topographic science and it is hoped
that more will be undertaken in due course, but the
immediate problems of development have been well
served by undertaking projects which yield end-products
of value, and also serve as excellent training exercises for
students. It is true that the staff and facilities are providing
a service function, but is no less valuable for that. In a
small way it may be compared with a University Computing
Department, which both teaches the subject and also helps
to solve the problems of colleagues in other departments,
many of which could not even be attempted without this
help.
From the point of view of those teaching an applied
science subject such as topographic science, the benefits
are immense. Although the lecturing staff have all been
employed in different sections of the industry before
turning to teaching, it is very important that they can
continually apply and develop their knowledge in practice
in this way as well as keep abreast of new developments
through reading A further consideration is that the research
mapping programme has helped to convince both departmental colleagues and the University authorities that the
very considerable expenditure involved in providing our
equipment and facilities has also been spent to the advantage
of a wider group. There is little doubt that without such
a programme it would have been much more difficult to
acquire the facilities now available. The projects have also
attracted grants from outside bodies, and these have
often .included provision for students to undertake postgraduate work, thereby providing an important supplement

Figure 2. Practical work in progress in the Cartographic
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Laboratory

Published by Maney Publishing (c) The British Cartographic Society

Figure 3. Equipment in use in the Reprographics Laboratory
including vacuum frame, whirler, diazo printer and photonymograph.

to the very limited number of student grants made available
from official government sources.
Although such projects continue to demand a great deal of
effort, it would be wrong to think that other research work
has not been prosecuted. A number of M.Sc. and PH.D.
students have worked in the topographic science field,
most of them coming from abroad. Two PH.D. theses have
been completed, one on analogue methods of computation
and adjustment in surveying, the other on photogrammetry
and photo-interpretation applied to the study of glaciers
and glacial geomorphology. The latter included a comparison of the value of various types of film to these
studies, with extensive measurements of spectral reflectance
from various landscape types in Iceland. M.Sc. topics
have been concerned mainly with the problems of producing
specific map types in the country of origin of the student.
Further work initiated in the department, often in cooperation with outside bodies, includes comparative
testing of super-wide angle photography in a variety of
plotting machines, architectural photogrammetry, investigations into cartographic aspects of photo-maps, the
computer programming of projections, and problems of
computer generalisation. It is hoped that by prosecuting a
modest programme of research of this kind that some
useful contributions will be made, balancing the applied
mapping activity already described.
B.Sc. in Topographic Science

Degree courses in applied science are a recent innovation
at the University, mainly because the field was left previously to the Royal College of Science and Technology in
Glasgow, whose students could take a B.Sc. degree in
technological science of the University of Glasgow. In
1965 the Royal College became the University of Strathclyde, awarding its own degrees, and this created the

opportunity to consider whether new developments in the
applied science field should be initiated at the University
of Glasgow. A new ordinance for a B.Sc. in applied
science was the result, and it adhered to the principles of
the Universities' other science degrees in requiring the
whole of the first year to be spent on basic science subjects.
The applied science subjects can only be introduced in
the second year of the new degree.
It was decided to devise a degree in topographic
science to operate within the framework of this new
ordinance, for our previous experience and our discussions
with prominent individuals in the industry pointed to the
fact that there would probably be a small but steady
demand from government and private agencies for graduates in this field. Having made this decision, a policy had
to be worked out regarding course coverage and content,
and the specific supporting subjects which would be
demanded. The requirements of the ordinance for a fairly
broad coverage of basic science subjects fits in well with
the needs of topographic science, for however much it is
an applied subject it rests heavily on mathematics and the
physical sciences for the theoretical basis of many of the
principles, techniques and technology employed. At the
same time, a relationship with geography had to be
maintained, since topographic science is largely devoted
to the measurement and representation of the topographic
and cultural features of the earth's surface.
Turning to the courses in topographic science itself a
main consideration was that these should not be primarily
in field surveying with subjects such as cartography and
photogrammetry regarded as extras. Pardy this was a
deliberate movement to rectify· the tendency by which
undue concentration on field survey often leaves the
control and direction of cartographic and photogrammetric
operations in the hands of people with little or no funda39

mental education in these subjects. Equally, however, a
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syllabus in topographic science must place these subjects

on a footing corresponding to their place and importance in
actual practice. Furthermore, through the topographic
science syllabus and those of the supporting subjects,
the graduates' education must aim not only at giving a
foundation to deal with topographic science applications
as they currently exist, but also to appreciate and respond
to the development of the subject over the next two
decades as far as possible. From this point of view it also
appeared desirable to include additional courses, especially
in computing science, and also in optics, electronics, etc.
After a good deal of investigation and discussion, the
basic framework for the B.Sc. degree with Honours in
Topographic Science was finally approved in the following
form.
First year: Ordinary Geography, Ordinary Mathematics:
one other pure science Ordinary course, chosen
from Natural Philosophy (Physics), Chemistry, Geology and Astronomy.
Second year: Higher Ordinary Topographic Science,
Higher Ordinary Computing Science.
Third year: Junior Honours Topographic Science.
Fourth year: Senior Honours Topographic Science.
This means that the first year of study is devoted entirely
to pure science subjects cognate to the applied science
subjects which are to follow: geography in the case of
topographic science, mathematics in the case of computing science. The possibility of including two years of
pure mathematics was considered, but eventually a second
year course of computing science was preferred. Partly
this was a reflection of its importance both for the present
and the future in topographic science, but also because its
syllabus covered to a remarkable extent those aspects of
pure and applied mathematics (polynomial equations,
matrix algebra, simultaneous equations, least square
methods, fundamentals of computers, computer programming, information theory, etc.) which would have been
chosen as most appropriate to a degree in topographic
science.
The courses in optics and electronics (given by the
Department of Natural Philosophy), in physiography and
urban and rural settlement (given by the Department of
Geography), and in engineering survey (given by the
Department of Civil Engineering) are introduced as
appropriate in the topographic science courses. Help is
also provided by members of the Departments of Geology
(in gravimetric geodesy) and Astronomy (in satellite
geodesy). This contribution from outside specialists from
a wide range of disciplines is of course of great value both
to the degree and to the students concerned. A more
detailed syllabus for the Topographic Science part of the
degree is given in Appendix C.
The implementation of the degree immediately created
some difficulties. The original intention was to spend two
years organising courses, developing facilities, etc., in
preparation for the first students at the Higher Ordinary
level in October 1968. But as soon as the degree was
approved in 1966, some students already at the University,
who had followed the appropriate basic courses for the
degree, enquired about taking it. So in fact it was implemented as soon as it was made legal, and by October 1967
there were five students entering the Higher Ordinary
year, and two students entering the Junior Honours year.
This has provided a number of complications in the short
40

term, including temporary changes in the order in which
certain subjects are taken, and the use of option and diploma
classes where suitable. The Facility recommendation for
additional staff to be provided cannot be implemented
under the present restricted financial situation, which
imposes additional burdens not only in the volume of
teaching, but also in the range of subject matter to be
covered.
The implementation of the degree had also had other
consequences for the staff, notably because all the topographic science students have a quite considerable
knowledge of computing. This has meant in the first place
that some of the .staff have felt obliged to follow the
computing course along with their students, and secondly,
that some subjects, such as field surveying and the analYtical
aspects of photogrammetry, can be taught in a different
way. It has also meant that access to and the acquisition of
tape and card preparation facilities and electronic calculators
and on-line communication with the University's computers,
have taken a high priority in our planning. Despite the
additional problems for the staff concerned, there is no
doubt that this development has improved the course, and
is of considerable value for the students, for whom the use
of computers: will be commonplace in future years.
Summary

The teaching of topographic science is being pursued
along three different lines, and perhaps it is worth while
comparing the relative value and function of these different
approaches.
B.Sc. with Honours in Geography

This will continue to attract the type of student who is
interested in the broad education provided by a degree in
geography, with the possibility of a wide choice of employment later. The compulsory course in cartography and
surveying, and the optional courses in surveying and
photogrammetry allow students to specialise if they are so
interested, but without any necessary commitment to future
emplOYment. The courses also attract students who may
want to make use of surveying and photogrammetry in
relation to some other field of geographical research. It is
likely that a number of students will prefer this approach
even if they are interested in the topographic science
field, for they might find the degree in topographic
science too specialised, and having more concentration on
the mathematical or physical aspects of the subject than
they care for. Even so, the B.Sc. degree with Honours in
geography still provides a useful basis for those who
decide at a later date to enter some field of mapping.
B.Sc. with Honours in Topographic Science

This is intended for those students who are interested and
wish to commit themselves from the start. There are always
a few students interested in survey and mapping who do
not feel at home with the more theoretical and less tangible
aspects of geographical thinking expJored in an honours
degree in geography. From the educational point of view,
the new degree is satisfactory, because it provides an
avenue for a student to develop particular talents which are
not catered for by existing courses. Many lecturers in
departments of geography will confirm that there are
students who do well in surveying, photogrammetry and
cartography but who perform relatively less well in many
of the other parts of current geography degree curricula.

This is also borne out by the excellent performance in
the diploma courses by some postgraduate students from
other universities, who had only modest gradings in their
first degrees.
Diploma in Cartography or Photogrammetry

It is hoped that these will continue to be of service to
graduates, particularly from other universities, who have
found an interest in these subjects during their first degrees,
and wish to pursue it to a level which will give them a
reasonable foundation for a future career in their chosen
field. The courses are also of value in providing suitable
instruction in a specialised field for students undertaking
higher degrees in some aspect of topographic science.
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Prospect for the Future

Those already working in the topographic science field
may wonder how all the graduates from this programme
will be absorbed. The numbers completing courses in any
one year are in fact quite small, and it is not envisaged that
there will be any great expansion. This recruitment should
be well within the capacity of private, government and
academic institutions to absorb. Of the thirty-five or so
graduates and postgraduates who have entered the topographic science field from Glasgow over the past five or
six years, most have had two or three possibilities of
employment to choose from. Their range of employment
stretches over the whole spectrum, from field surveyors
with the Directorate of Overseas Surveys, through lecturers
in photogrammetry, to cartographic editors in private firms.
The overseas students in general have returned to posts in
their respective national mapping organisations.
Part of the reason for this increasing acceptance of
graduates is the recognition by employers that the large
pool of intelligent, skilled non-graduates from whom they
could previously obtain satisfactory supervisory and
management personnel is continually shrinking, due to the
vast expansion of higher education in recent years. At the
same time, this situation is made more acute by the increasing complexity of the technology involved at all
levels, which again demands a higher level of basic
education. It is of course apparent that the same situation
exists in many other industries, which are having to face
similar problems in re-thinking the educational requirements for recruitment to industry at both technical and
managerial levels.
The value of the programme initiated at Glasgow-and
the developments at University College, London, Newcastle and Swansea-depends in the long term on several
factors, only some of which are within the control of the
universities. The most important ones are the quality of
the teaching, the quality of the students, and the attitudes
of the employers.
The first is the major responsibility of the universities,
but the development of topographic science within a
university means that it can be continuously compared
with applied science degrees in other fields, so that similar
standards will be maintained. At the same time, the need
for specialised teaching in the many aspects of the subject
inevitably means that its full development will only be
possible in institutions which can call on the required
numbers of specialist staff, backed by proper facilities.
The second factor, of student quality, is less easy to
define, and is frequently ignored. But there is keen
competition with other disciplines for good students, most

of whom are well aware of the range of employment and
prospects in relatively familiar fields such as engineering,
physics, planning, etc. and much less aware of the attractions
and possibilities of topographic science. If some of the
best students are to be attracted, not only must they be
made aware of these possibilities at an early stage, but they
must be convinced that a worth-while career lies ahead.
This leads to the third factor, the attitude of prospective
employers. It is essential that they realise that these
potentially valuable and rather scarce graduates will not
accept long years of routine or repetitive work, with very
limited prospects of promotion to positions of responsibility. If the universities do their job properly, these
graduates will have not only a thorough grounding in
theory and principles, but also a quite considerable practical
training and knowledge. However, the latter cannot
possibly compare with that of specialised technicians with
years of experience in a particular job. It is right, as
graduates will be the first to admit and expect, that their
first task will be to carry out useful productive work and to
broaden their practical experience. Just as young engineers
expect to do their first work on the site, so the young
topographic science graduates expect to work in production, and to justify -their eventual promotion on the
grounds of knowledge and ability as well as possession of a
degree. But at the same time every opportunity should be
taken by employers t9 give the graduate some responsibility and the chance to show his ability to use some of his
newly-acquired knowledge at an early stage.
These considerations are not unique to the topographic
science field; they apply equally to many others where
graduates are employed. Unfortunately, it may be more
difficult to foster these attitudes in an industry where
traditionally a few professional men have controlled large
numbers of technical staff, most of whom performed
skilled work in a limited field. It is clear that the successful
introduction of graduates is essential in view of the increasing complexity of technology, the growth of automation,
the competition for intelligent and skilled manpower, etc.,
but this must go hand in hand with an appreciation of
their abilities and potential in the organisations employing
them. Otherwise even those who enter the industry
initially will find more attractive employment elsewhere.
This is of course another aspect of giving a broad
education in topographic science, rather than a training
in precise but limited skills. P. J. Carmody made this point
recently in a discussion of the course at Newcastle2 when
he said, "But is it necessary that our graduates should be
employed in surveying? A man who has been through such
a course would or should have a combination of theoretical
knowledge and practical ability to handle instruments and
deal with figures which should surely be valuable in a
numberoffields. Itis generally accepted that many university
graduates find employment in fields not directly connected
with the subject of their degrees, but rather in fields for
which the type ofeducation they get at university makes them
suited. Why should this not apply to graduates in surveying ?". He goes on to point out that in the mind of the
public, surveying is often associated with a narrow field
of specialist activity. Both Newcastle and Glasgow are
trying to overcome this difficulty, through suitable
curricula and through the name of the degree. Already this
point has been proved, as two recent Glasgow graduates
have obtained posts in the computer industry, and two
others in the field of regional planning.
41
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The developments at Glasgow are only in their early
stages: much remains to be done in the way of consolidation, and in the development of what has been set in train.
Not everything has been done as well as the authors would
like, but the credit for many of the positive achievements
so far goes to Professor R. Miller, our head of department;
to the University authorities who have supported the
development; and not least to our present and former
colleagues who have made up the team. It is not suggested
that the policies and solutions adopted at Glasgow merit
acceptance by other institutions: each one must find the
best arrangement for its own needs and concepts. True
progress is more likely to result from individual groups of
people pursuing the goal wholeheartedly from their points
of view, than by conformity to any universal syllabus.
Even so, we hope that this report on a serious attempt to
introduce a wide range of courses in topographic science
will provide food for thought for those who are concerned
with similar problems, and for those who have an interest
in the future development of the subject.
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APPENDIX "A"
Syllabus in Topographic Science subjects for
B.Sc. with Honours in Geography
1. Cartography and Surveying Course (given to all second
year B.Sc. students intending Honours in Geography)-35 hours
lectures, 90 hours practical work.
(a) Elementary Surveying: principles of measurement;
principles of surveying; rectangular surveys (chaining,
etc.) ; levelling; contouring; barometric heighting;
plane-table surveys; introduction to the theodolite,
traversing and tacheometry.
(b) Elementary Cartography: scale and measurement;
projections; source material and generalisation; types of
map; quantitative and qualitative symbols; design and
construction of symbols; thematic and statistical maps;
map production.
2. Advanced Surveying Option (taken in third or fourth year
of the B.Sc. degree with Honours in Geography)-60 hours
lectures, 60 hours practical work, plus a field camp and excursions.
(a) Principles of measurement; arbitrary and natural standards; ·practical linear and angular standards and units;
calibration methods; vernier, micrometer, etc.
(b) Instrumental (mainly theodolite) design, construction and
adjustment.
(c) Triangulation: base-line measurement; datum values;
reconnaissance; marks and signals; observation and
field procedure.
(d) Computation: tables, logarithums, critical values, etc.;
computation including rectangular and polar co-ordinates;
intersection and resection; direction method; satellite
corrections; transformations; figuial adjustments and
introduction to adjustment by least squares methods;
heights from vertical angles; intervisibility; curvature
and refraction corrections.
(e) Traversing: theory and procedures.
(f) Tacheometry: stadia and subtense methods; self-reducing
stadia methods; high precision methods with telemeters,
etc.; rangefinders.
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(g) Electronic Distance Measurement: Circular and Hyperbolic methods: Shoran and Hiran; Decca: Tellurometer,
Geodimeter and Mekometer; computation and adjustment of trilateration and hybrid figures.
(h) Positional Astronomy: spherical trigonometry; celestial
sphere; co-ordinate systems; solar, planetary and star
systems and behaviour; time; methods and computation
to obtain azimuth latitude and longitude.
(j) Elementary Geodesy: shape and figure of the earth;
computation in spherical co-ordinates; mid-Iatinide
formula; projections for survey work; introduction to
current work using artificial satellites and beacons.
3. Photogrammetry (status and duration as for the Surveying
Option).
(a) Aerial Photography: scale, overlap, camera characteristics; tilt and relief displacements; flying for cover and
its planning; non-vertical photography; aerial cameras for
reconnaissance and photogrammetry and their design;
camera calibration; airborne auxiliary instruments;
photography, including materials, emulsions, processing,
etc.
(b) Co-ordinate Systems: single photographs; pairs of
photographs; transformation formulae.
(c) Single Photograph Methods: geometrical and optical
aspects of rectification; graphical rectification; design,
construction and operation of optical rectifiers; mapping
from single photographs.
(d) Double Photograph Methods: stereoscopy; parallax;
heights and tilts from parallax measurements.
(e) Plotting Machines: principles, design and construction of
optical, mechanical and optical-mechanical plotting
machines, including specific examples of each type.
(f) Orientation Theory for Pairs of Photographs: basic
formulae; possible combinations of elements for relative
orientation; empirical and numerical orientation methods;
methods for mountainous terrain and incomplete models;
absolute orientation.
(g) Radial Triangulation: geometrical aspects; radial line
assumption; use of principal point, isocentre and nadir
point; graphical, mechanical and analytical methods.
(h) Aerial Triangulation: procedure for aeropolygon and
aerolevelling; independent model and analytical triangulation; sources and theory of errors; methods of adjustment
of strips and blocks by graphical, mechanical and analytical means.

APPENDIX "B"
Syllabi for Diploma Courses
Diploma in Cartography
Prescribed courses
1. Cartography
(i) Mathematical construction: map projections; grids and
graticules; scale and measurement.
(ii) Basic source material: compilation from survey plots;
photogrammetry for cartographers; map substitutes and
the photo-map.
.
(iii) Design and representation: map design and user evaluation; methods in design; compilation and specification;
vision and perception; colour perception and colour
measurement; generalisation. Theoretical and graphical
aspects of symbol design; factors in classification; the
representation of physical features and cultural features.
Names and name arrangement.
(iv) Thematic maps: classification of thematic maps and
symbols; source material and accuracy; statistical methods
in cartography; processing and symbolisation of data;
qualitative and quantitative maps.
(v) Reproduction techniques: introduction to colour-separated
map production; printing methods; offset photo-lithography; printing surfaces; paper and ink; process photography; line, half-tone and tint; colour reproduction;
photomechanical methods; electronic processes in reproduction; plastics; other reproduction process·es; drawing
for reproduction; typography and type production;
production control.
(vi) Production and revision of topographic maps, nautical
and aeronautical charts, small-scale and special purpose
maps, general and education atlases.
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(vii) International and foreign map series: the International
Map of the World 1:1,000,000, and other international
series. Topographic map production in selected countries.
Directorate of Overseas Surveys mapping.
(viii) The evolution of cartography: cartography in the Ancient
World; the Middle Ages; the scientific renaissance;
atlases and charts; the foundations of modem instrumental
survey; early topographic survey; the rise of modern
topographic mapping in Europe; the Ordnance Survey
and the mapping of Britain.
The' course comprises 110 hours of lectures, 20 tutorials and
additional practical work.
2. Air Photo-interpretation
Photographic geometry; flying requirements; photographic
materials and emulsions; stereoscopy; parallax measurements;
planimetric plotting methods; interpretation procedures.
The course comprises 10 hours oflectures and 20 hours practical
work.
3. Data Processing
Data processing and graph plotting.
The course comprises 10 hours of lectures and 10 hours practical
work.
Diploma in Photogrammetry
Prescribed courses
1. Mathematical Introduction
Matrix algebra: computational methods; data processing.
The course comprises 25 hours of lectures and additional
pract~cal work.
2. Photogrammetry
(i) Introduction: History and development of photogrammetry.
(ii) Photography: Basic geometry, overlap, coverage, scale;
convergent, oblique and trimetrogon photography;
requirements for aerial survey; aerial and terrestrial
cameras; camera calibration; auxiliary instruments for
measurement of altitude, axis orientation and planimetric
position; photographic materials and processing.
(iii) Use of single photographs: Co-ordinate systems; rectification theory; rectifiers; mosaics; Sketchmaster.
(iv) Use of pairs of photographs: Stereoscopy and stereoscopic
measurement; parallax formulae; design and operation of
stereometer-type instruments.
(v) Stereo-plotting machines: Design, construction and
operation of optical, mechanical, optomechanical and
digital machines; orientation theory and methods;
testing of instruments for accuracy and errors.
(vi) Aerial triangulation: Graphical, mechanical and analytical
radial triangulation, spatial triangulation; analytical
methods; strip and block adjustment; theory of errors.
(vii) Application of photogrammetry: Accuracies attainable;
international and national standards and tests; application
to engineering and to topographic mapping.
The course comprises 85 hours of lectures and additional
practical work.
3. Electronic Distance Measurement
Circular and hyperbolic methods; Shoran; Decca; Geodimeter;
Tellurometer; Metrometer.
The course comprises 10 hours of lectures and additional
practical work.
4. Air Photo-Interpretation
Photographic geometry; flying requirements; photographic
materials and emulsions; stereoscopy; parallax measurements;
planimetric plotting methods; interpretation procedures.
The course comprises 10 hours of lectures and 20 hours practical
work.
5. Cartography
Compilation, design and production of topographic maps.
The course comprises 10 hours of lectures and additional
pra~ical work.

APPENDIX "e"
Outline Syllabi for Topographic Science Courses
Higher Ordinary Course
This course is taken in second year and is preceded by the
Ordinary course in Geography taken in first year. It comprises 100
hours lectures, 100 hours practical work and a field camp.

1. Surveying: principles of measurement and surveying;
rectangular surveys; levelling; contouring; barometric
heighting; plane table surveys; theodolite; triangulation;
traversing; tacheometry computation and elementary
adjustments.
2. Photogrammetry: aerial photography; flying for cover;
photographic scale, geometry and overlap; camera design
and calibration; geometry and co-ordinate systems;
graphical and optical rectification; stereoscopy; parallax
formulae and measurements; plotting machines; orientation theory; radial triangulation; introduction to aerial
triangulation.
3. Cartography: introduction to metrical, graphical and
technical aspects of cartography; scale and measurement;
projections; map content and graphic representation;
symbols, generalisation and map design; compilation and
construction of topographic maps; reproduction in print.
4. Topographic Photo-interpretation: principles, procedures
and practice.
Junior Honours Course
This third year course comprises 160 hours lectures, 200 hours
practical work, a field camp and project work.
1. Surveying: standards of measurement; theodolite design
and adjustment; more advanced course on triangulation,
computations and adjustments and tacheometry; electronic
distance measurement including instrument design,
computation and adjustment; field astronomy; elementary
geodesy; survey projections.
2. Cartography: projections and grids; perception; colour
analysis; user evaluation; graphic and technical problems
in map design; construction techniques and reproduction
methods; design and production of topographic maps,
nautical and aeronautical charts; revision;. planning,
specification and production control.
3. Photogrammetry: more advanced course on plotting
machines; aerial triangulation.
4. Physiography: landforms produced by various geomorphic
processes; landforms characteristic of particular rock
types and structures; landforms and vegetational types
characteristic of the major climatic zones; coastal and
submarine features; drainage; organic terrain.
5. Optics and Electronics: particle ray and wave optics;
mirrors and lenses; optical instruments; interferometry;'
diffraction; polarisation; thermionic emission; diodes. and
triodes; radio transmission and reception; simple circuits;
electronic instruments.
Senior Honours Course
In all, 120 lectures and 200 hours practical work are given. A
project involving survey, photogrammetric and cartographic
stages must also be completed.
1. Theory of AdJustment and Least Squares: statistics; theory
of errors and propagation of error; approximate methods
of adjustment; least squares adjustments; accuracies after
adjustment.
2. Geodesy: geometrical geodesy, triangulation, computation
and adjustment; geodetic astronomy; gravity theory;
geophysical surveys; satellite geodesy.
3. Photogrammetry: plotting machines; orientation theory;
analytical methods; procedures, computation and adjustment of strips and blocks of aerial triangulation; machine
testing; terrestrial photogrammetry; orthophotography
and automatic plotting systems.
4. Boundaries and Cadastral Systems: property boundaries;
evolution of cadastral systems and land registration;
cadastral surveying and mapping; rural consolidation;
international boundaries; definition and demarcation; sea
boundaries.
5. Cartographic Production: development of topographic
mapping in Britain, Europe and North America; mapping
of developing countries; military map production; derived
maps and international series; trends in map design and
production; automation; miniaturisation.
.
6. Engineering Surveying: curves, setting out; determination
of areas and volUmes; hydrographic surveying; high
precision and geodetic methods; metrology.
7. Geography of Urban and Rural Settlement; basic elements
and factors in the evolution of rural and urban landscapes
in temperate and tropical lands.
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