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Abstract -The expansion of the wireless andof two years and postgraduate studiesl&f in
mobile communication techniques has renderethe more application oriented branch2d years
possible the opening of numerous new fields ofn the more theoretical oriented branch,
activities not only at lower microwau®.9 GHz, respectively.

1.8 GHz), but also amilimeter-wave frequency The more application oriented branabffers
(66 GHz) bands. These areagchme very studiesin

important factors at the international market of - microelectronics/power engineering and
communican. With the rapid changes of these - microelectronics/commuaoation
techniques there arise a lot of new demands both engineering.

in the industry and in the university area. This

paper describes activities within a University inThe more theoretical branch offers studies in
order to show how the demands ceated with - power engineering and

the new technologies can be iildi. - communications engineering.

It should be mentioned, however, that there is a
|. INTRODUCTION special study for commuration engineering, in
which the education takes placdlingual: in
The Department of Electrical Engineering of theEnglish and in German. Within both directions,
Gerhard-Mecator-University  Duisburg was between several special courses can be chosen.
founded in 1972. During the period from 1972 toThe remainder of this paper will focus on the
1990, the university - and certainly also themicrowave-, millineter-wave and optoelectronics
Department of Electrical Engineering - activities within the Department of Electrical
undergone a significant expansion in scope an&ngineering.
size. Today, there are 1,700 students enrolled
studying ekctrical engineering including some Il. ACADEMIC PROGRAM IN THEPERIOD 1972 -
200 gradate students. The researclvalvement 1990
has increased steadily over the past 25 years to
an annual dollar level of over $ 5,000,000The undergradate academicprogram at the
(average of 5 years between 1990 - 1995) for th®epartment has always maintained strong course
more than 30 faculty members in the departmentequirements in traditional basic areas. For
[1, 2, 3]. instance, one full year (two semesters) of the
Theory of E€ctromagnetism is required in order
The courses in ettrical and eleconic to continue the study in the area of High
engineering are set up by undergratdustudies Frequency Techniques. In the period under
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consideration, for students in the last threeesearch could be done efficiently and also could
semesters a fewompulsory microwave courses young gradates be recruited with the necessary

were offered, such as foreknowledge and “bias” to become efficient
- Radiofrequency Engineering junior researchers. Clearly, Duisburg was one of
(1 semester) the larger microwave oriented department in
- Radiofrequency Engineering and (West)Germany.
Microwave Techniques (3 semesters)
- Introduction to Optical Waveguides On the other hand, in East Germany, then known
(1 semester). internationally as the German Democratic

Republic, the teaching of RF/ microwaveucses
Parallel to these, the students could takeat some universities was much less supported by
additional elective courses. Of these courses,advanced research activities, mainly due to the
there were three irraditional electromagnetic  lack of funding and the lack of industrial and

topics like: economical basis in this sector.
- Introduction to Microwave Techniques
(1 semester) [ll. AcADEMIC PROGRAM IN THEPERIOD 1990 -
- Introduction to Antenna Theory 1997
(2 semesters)
- Selected Topics of Microwave The rapid Changes in the telecommunications
Engineering (2 semesters) (e.g. glass-fibre communicati) and microwave-

milimeter-wave markets - not least as the
and three imumerical electromagneticssuch as  consequence of the breakdown of the eastern-

- Computer Oriented Field Theory block and unification of Germany - have made it
(Electrostatics) (2 semesters) necessary to change the areas of the education

- Computer Oriented Field Theory and of the research within the university by novel
(Waves) (2 semesters) strategies and mbds. Furthermore, after the

- Introduction in the Theory Rapidly unification of Germany the downsizing of the
Changeab|e E|ectr0magnetic Fields mllltary indUStry has reduced the chances for
(2 semesters) young engineers inegting jobs. It was sbngly

connected with a decreasing number of freshmen

The popularity of these senior level at the Engineering Departments in Germany. For
electromagnetic courses was at an all time high dbstance, the  Department of Electrical
the Department. For example, the compulsoryEngineering in Duisburg has lost more than 40%
courses have had total etments of 120, and freshmen during the period between 1992 - 1996.
the elective ones up t80, resectively. Four This leadsto a loss of a large part of the financial
Faculty Members and several senior scientificsupport both in the area of emsition and in
assistants and scientific assistants were activekgsearch. It was and is a big challenge for the
involved in ekctromagnetics teaching; at the Department - and especially for the Faculty
same time strong research groups with excelled¥lembers dealing with Electromagnetics - to face
international reputation were active in the fieldsagainst these negative developments. The market
of microwave- and milimterwave integrated success of new technologies like the wireless and
circuits theory andechniques.. It turned out that mobile communication helps to overcome these
research and teaching were interdependerfifficulties. However, new industries need young
because only hrough active participation of €ngineers of new types. They should have
students by way of diploma thesis woskc.
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founded theoretical backgrounds andagiical As already mentioned, the students could take
knowledge of these netgchnologies. additional elective courses. Of these courses,

there are three inraditional electromagnetic
The Department of Electrical Engineering intopics like:

Duisburg has made a lot of efforts tatch its - Introduction to Microwave Techniques
activities to the requirement of the new (1 semester)

technologies in the area of edion and in - Introduction to Antenna Theory
research as well. New topics of education were (1 semester)

implemented into  the education of - Selected Topics of Microwave
electromagnetics. Engineering (1 semester)

In the period mentioned above, for students in thend two innumerical electromagneticssuch as

last three semesters - after extensive revision of - Computer Oriented Field Theory

the topics of courses - the traditiomaimpulsory (2 semesters)

microwave courses were a bit shortened. Hence, - Introduction in the Theory of Rapidly

the following courses are offered: Changeable Electromagnetic Fields
- Radiofrequency Engineering and (2 semesters)

Microwave Techniques (2 semesters for
students specializing in RF/ microwave In order to make the commuiaitions engineering

studies) branch more attractive, and at the same time to
- Radiofrequency Engineering (1 semesterfulfill the demands of the newechnologies, two
for all students of commucations new topics forelective courses were developed.
engineering). There is the topic involved withmobile and
wireless communication techniquesuch as:
This course emphasizes fundamental principles of - Mobile Communications (2 semesters)
RF technology, e.g. frequency dependence of - Wave Propagation (2 semesters)

concentrated circuit elements, matching circuits,
waves and impedance transformation inAnother topic leads into the special areas of the
transmission lines, as was recommended by @ptoelectronics:
joint industryacademia wrk group. - Optical Signal Processing (1 semester)
- Optoelectronic Networks (1 semester).

Additionally, an advancedompulsory course
dealing with microwave electronic circuits was All these courses are generally survey in nature.
introduced, which is entitled: Emphasis is placed ofundamental physical

- Radiofrequency [Ektronics (3 semesters). understanding and concepts as a significant

design content.

Furthermore, from 1990 activities in
optoelectronics were forced by implementing aAs already mentioned, in the past the decreasing
new Faculty Member. Following from this, a number of freshmen was a big problem. Now,

compulsory course on following the renovation of the education
concepts and contents, a slight increasing number
- Optical Communication Témology is of student can be observed. The popularity of
offered. these senior level electromagnetic courses is

increasing again at the Department. For example,
the compulsory courses have had total

0-7803-4471-5/98/$10.00 (c) 1998 IEEE



enrollments 060, and the elktive ones up to 15, In order to allow more time on system asfs to
respectively. Bur Faculty Members and severalbe spent without increasing the total duration
senior scientific assistants and scientific assistanténdeed, a reduction seems to be needed due to
as well as Ph.D students are actively engaged ithe relative high average age of German
electromagnetics teaching and research. Thengineering graduates), traditional areas of
Department of Electrical Engineering in Duisg  teaching have to behsrtened. This does not
tries - also under the rapidly changed boundaryesult necessarily in a dangerous weakening of
conditions - to hold its position to be one of thefundamentals, ifteaching can bedone more
larger microwave oriented faculty in the unitedeffectively. Although this sl has to beproven,

Germany. more orientation towards general principles, as
opposed to specific, dexited solutions, may
V. OuTLOOK reduce time effort of learningelbause language,

. . . . tools and principles can be used that are common
Recent discussions amongdustry, academia, many disciplines of electrical engineering and

engineering societies, government and the publig, ;5 are known to the student from other courses
have revealed that engineering educat|o_r_1_ '?e.g. equivalent circuits, system block description,
challenged to put more weight on the capabilitiesg rier- and Lapice-techniques andowformal

which are important for the ewess of the p,05ing are used extensively in information
individual engineer as well as the whole econom)fheory control theory and generaleetrical

within a ch.anging world of globgl competltlon at engineering)
an increasing pace and on an increasing level of

comple_xity. _Focussing on the Migrowave At the same time, more research work at
Educaton, this goal requires morattention 10 niersity level has to be oriented towards

the application of fundamental microwave e gisciplinary problems, to improve the value
techniques, which traditionally ~the young o »cademic researdor society but also in order

engineer learns to know only after graduationy, pecome part of the enlarged scope of teaching
from university. While real apmations will and students’ thesis work.

remain for industry, the edation of students

needs to improve the understanding of systemg REFERENCES
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borders of individual disciplines have to be

crossed and the interfaces between RF, the digitéd] Malherbe, J.A.G.: Teaching and Research in

domain, signal processing and systems Electromagnetics at the University of Pretoria, IEEE
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Is the lecture on Mobile Communications, see

sectionlll., which covers the system asgisfrom

the air interface to the softwapeoblem.
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