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PREFACE

The main purpose of this volume is to make generally available
the basic material constituting the MS interdisciplinary program
in telecommunications that has been offered at the University of
Colorado at Boulder since 1971. Initially all of the courses had to
be put together for the program and until now have existed only
in note form. With the publication of this book, both the essential
courses and some valuable ancillary material are made available in
collected form for the first time. It is, of course, not possible in a
single volume to cover in an adequate way the entire field of tele-
communications; neither is it possible to teach it in a 12 month
university program. What has been attempted is to provide a
balanced survey with representative material selected to provide

a wide and reasonable coverage. About the only essential course
not explicitly covered here is the one on telephone traffic theory,
since this had already received prior publication and is currently
readily available.* This apart, it is felt that the present work is
complete and self-contained and can be usefully recommended

as a basis for an interdisciplinary study of the large and growing
field of telecommunications.

Leonard Lewin
May 1978

* Beckmann, Petr, Elementary Queueing Theory and Telepbone Traffic (Geneva,
Illinois: Lee’s abc of the Telephone; Traffic Series, 1977.)



INTRODUCTION

THE UNIVERSITIES AND TELECOMMUNICATIONS
L. Lewin, University of Colorado

1. THE INTERDISCIPLINARY NATURE OF
TELECOMMUNICATIONS

It would be a great mistake to see telecommunications too narrow-
ly as only the technical aspect of the design and operation of the
communication network. Features concerned with government re-
gulation at the international, national and local level, the econo-
mics, the management, the legal and social impact; these are but

a few of the important aspects that determine the shape and growth
of the industry. A good example is CATV which started as a local
community development for TV signal acquisition. The long incu-
bation and subsequent form of the FCC regulations have determined
in large measure the current structure of this branch of the indus-
try. Copyright laws and federal taxation policy have affected its
programming and finance; current development in optical fiber
technology will no doubt determine its future growth and social
impact.

Although many of the features of the telecommunications indus-
try are covered in one or another discipline in the various depart-
ments of universities, the approach is necessarily that of the
discipline concerned. Thus, the electrical engineering department
of a university or college will be concerned with many things
electrical. Some aspects of the light current courses will bear on
signal processing. There may even be courses that are specifically
designated as telecommunications oriented. But there will be
virtually no collaboration with, say, the Political Science depart-
ment, where a discussion of regulation of public utilities is
covered.
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The initiation and development of an integrated interdisciplinary
program in telecommunications is something quite recent to the
American university. The earliest of these, and the one I am most
familiar with, was undertaken at the University of Colorado at
Boulder at the beginning of the seventies, and an account of it
forms a substantial part of this introduction. Several other pro-
grams, each somewhat different from the others, will also be
briefly discussed. There are, of course, many high quality courses
in telecommunications offered by various universities, but these
are not part of integrated interdisciplinary programs.

2. TEXAS AANDM

With one exception, these programs have all been developed at
the Master’s level. The exception is at Texas A and M. Initiated

in 1975 with encouragement and also financial assistance from
the ICA, this program is set at the Bachelor’s level, and leads to

a B.S. in Engineering Technology with a specialty in Telecomm-
unications. The Telecommunications Technology Specialty is
intended to develop the applied scientific knowledge and basic
technical skills necessary for a graduate to effectively communi-
cate with employees and apply this knowledge and skill in the
telecommunication industry. Emphasis is placed on preparation of
the student for understanding of the manufacturing, construction,
operation, and design of telecommunications systems, as well as
providing the leadership expected of the Telecommunications
Technologist. The curriculum comprises a number of courses

in various disciplines, including several courses in electrical engineer-
ing specifically tailored to the program. A total of 134 semester
hours is required for graduation. The emphasis in the curriculum
appears to be mainly technical, but, as it evolves, other features
may become evident. It is probably too soon to say much at this
time about graduates of this program, and precisely what kinds

of jobs or further training may be involved for them.

3. GEORGE WASHINGTON UNIVERSITY

An off-campus program in Telecommunications Operations is
offered by the Graduate School of Arts and Sciences of George
Washington University. It is an interdisciplinary program oriented
to operation and management of telecommunications systems.
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The degree requires 36 credit hours of coursework taken from the
disciplines of Economics, Electrical Engineering, Management,
Political Science, Psychology, Sociology, and a Telecommunica-
tions Seminar on policy and regulation. Through the School of
Engineering and Applied Science and the Continuing Education
Program, George Washington University also offers a sequence of
five-day symposia on a number of germane subjects such as
Telecommunications Policy, Digital Communications, Micropro-
cessors, etc. Although mainly domestic, many features deal with
international aspects, including satellites, international telephone,
CCITT standards, international Radio Conferences, and much
else. The university is greatly aided in this endeavor by its
proximity to the U.S. capital, and the availability of government
and other experts. Donald Jansky, Assistant Director at NTIA,
together with Bud Paul, is largely responsible for much of

this program, and he also teaches as an adjunct assistant professor
of telecommunications at the University of Pennsylvania. A recent
summer session at George Washington University included a
course dealing with international and domestic telecommunica-
tions institutions, and international policy issues which arise from
the interaction between scientific and technological development
and activity. Something of the flavor of the program can be glean-
ed from this very brief description.

4. SOUTHERN METHODIST UNIVERSITY

An interdisciplinary program of a somewhat different character is
offered at Southern Methodist University at Dallas-Fort Worth.
Their program draws together courses from different schools,
enabling the student to concentrate on telecommunications

while earning a Master’s degree in any of the disciplines of Elec-
trical Engineering, Computer Science, or Operations Research.
Degree requirements are 30 hours at the Master’s level. Courses
on satellites, packet switching, etc., and on policy and regulation
cover international features. This program also provides scope

for pursuing work beyond the Master’s level, working in the res-
pective department. In 1977 they had two Ph.D. students working
in this way. One was doing his dissertation in Europe studying
the engineering use of broad-band networks with interest on the
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parameters and issues affecting policy decisions, including legal,
social and economic matters. The other was studying the social,
economic, political and management issues in international infor-
mation systems, from the point of view of the user company or
institution. The study dealt with developing countries, including
Latin America.

This departmental approach, which at the doctoral level is also
followed on the Boulder campus, appears to be the only method,
at the time of this writing, whereby a doctor’s degree in Tele-
communications can be awarded in universities in the U.S.

5. GOLDEN GATE UNIVERSITY

The Telecommunications Management Program at Golden Gate
University offers professional training in the cost-effective design,
utilization and management of currently available telecommunica-
tions capabilities (including voice and data communications) in
relation to the needs of business and governmental organizations.
Developed with the assistance of an Advisory Committee of pro-
fessionals in the field of Telecommunications, the program was
the first of its kind on the West Coast.

The program is in two parts. Students who satisfactorily com-
plete a concentrated 18-unit curriculum of six specified graduate
seminars are awarded the Certificate in Telecommunications
Management. Designed primarily for the practicing telecommuni-
cations professional, the Certificate Program is for those who by
the nature of their professional functions may not need the highly
specialized management topics covered by the complete M.B.A.
curriculum. It is also developed for the specialist whese formal
education does not inlcude a baccalaureate degree and who feels
that certification of completion of graduate-level studies in his or
her field would help to further career objectives.

The Certificate Program curriculum consists of the following
3-unit seminars:

® Organizational Behavior & Management Principles
® Statistical Analysis for Managers
® Introduction to Telecommunications Management
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® Managing Corporate Telecommunications

® Introduction to Data Communications Systems

® Design & Management of International Corporate Communica-
tions

For the M.B.A. degree in General Management, students must com-
plete both a Foundation Program and an Advanced Program. The
former consists of eight 3-unit courses which serve as the necessary
background for advanced, graduate-level studies in management.
The 30-unit Advanced Program requirement consists of two speci-
fied General Management seminars, one seminar selected from each
of five specified subject areas (Economics, Finance, Human Re-
sources Management, Marketing, and Quantitative Analysis), and
three of the four Telecommunications Management seminars. The
Golden Gate program is directed by Professor Easton, who
currently heads U.S. operations of International Communications
Limited. The courses are offered off-campus, mainly for evening
enrollment, and serve to provide training in currently available
telecommunication capabilities.

6. SYRACUSE UNIVERSITY

The most recent, at the time of this writing, of the interdisciplinary
programs to come to my attention is the Master of Science degree
program in Telecommunications (engineering) sponsored by the
Department of Electrical and Computer Engineering at Syracuse
University. The program is designed to meet the need for pro-
fessional personnel in the telecommunication field who will be
working on problems related to the generation, storage, trans-
mission, retrieval and display of information. The program is
interdisciplinary in nature, as it includes a number of integrated
courses which cover technical and non-technical aspects, such as
historical development, economics, political considerations, and
social impact. These integrated courses, which constitute one of
the novel features of the program, are primarily technical courses
in which the evolution of the discipline, as affected by historical,
economic and other forces, is built into the description of the
material under study. A minimum of 30 credits is required for
graduation.
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The program, which accepted students in the fall of 1977, 1s
currently under development as the form the courses will take
continues to evolve. There were initially some 50 students en-
rolled, both on campus and at three off-campus sites. Many of

the students come from local companies with telecommunications
concerns, so that the program, in fact, acts to supplement and re-
inforce on-the-job training of graduates in the area.

7. NEW YORK UNIVERSITY

Under the auspices of Dr. Elton of the Alternate Media Center of
the New York University School of the Arts, a new interdiscipli-
nary program is being planned, to come into full operation in the
fall of 1979. It will involve teaching how to set up new telecom-
munications applications, with special interest in such areas as lo-
cal community services, telemedicine, teleconferencing, and legal,
business and educational uses. At the time of this writing, the
program is planned for a two year, 60 unit syllabus consisting of
required courses, elective courses, field experience, seminar
participation and a thesis.

The core courses will be required of all students and, as currently
planned, are a) Communications Laboratory, b) Interpersonal
Communications, c) Organizational Systems, d) Communications
and Information Technology, ) The Structure and Regulation of
the Telecommunications Establishment, and f) Introduction to
Applied Research. There will be one required course each semester
in which themes of importance in the program will be explored in
a series of seminars. Considerable attention is to be devoted to
student advisement, with a segment of the program in the second
year devoted to a course of study tailored to the student’s interests,
and including elective courses selected from other schools of the
university. It will be interesting to see how this distinctive program
develops over the years.

8. UNIVERSITY OF COLORADO AT BOULDER

The Telecommunications Master’s Degree at the University of
Colorado is an interdisciplinary program, started in 1971 after
more than a year of preparation. The initial idea of developing
a Master’s Program that was neither an engineering program nor
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a social science program but helped to bridge the gap between
the technology and the social structure in which it is governed
and operated, resulted from conversations between some mem-
bers of the U.S. Department of Commerce and representatives
from the university’s departments of Political Science and Elec-
trical Engineering.

The original objectives of the program included providing a curric-
ulum in which students without necessarily any formal technical
background but with an interest in communications could learn
some of the vocabulary and concepts which underlie the techno-
logy of telecommunications systems while also providing detailed
information on the economics and political structures which
govern the industry. At the same time, we wanted to develop a
program in which engineers could learn about the social and
economic structures while improving their knowledge of the
technology. We also hoped that by placing these two groups of
students in many of the same classes and by having them work
together in teams of two’s and three’s on projects, that both
groups would obtain a better understanding of the complex
social, political, economic and technical problems which govern
the field.

We saw potential needs for manpower with this broad comm-
unications background in government policy and regulating
bodies — both at the national and local levels. There also
appeared to be a need for broadly trained operating personnel
by major users of communications services. For example, it
appeared that Cable TV was going to require significant numbers
of trained people to write franchises for local governments and
regulate the operations of the cable companies.

As the program evolved, some of these original ideas were modi-
fied along with the program itself. First, the military surprised

us by being extremely interested in the program and sending us
many able students. Secondly, the market for graduates from the
program appeared to be shifting away from local government
and regulatory agencies towards companies who were heavy users
of communications equipment, and to interconnect suppliers.
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The program at Colorado is now in its seventh full year, and it is
possible to see in perspective how some of the various forces have
molded it to its present shape. Currently it involves the areas
covered by the departments of Electrical Engineering, Political
Science, Sociology, Law, Engineering Economy, Business, and
Communication. This breadth has been found to be necessary

to provide the coverage needed for an adequately trained tele-
communications manager, a type of person increasingly in demand
in the rapidly expanding field of telecommunications in the
modern world. Although the present program administration

has been coordinated from the department of electrical engineer-
ing, the very broad coverage ensures its fully interdisciplinary
nature; administratively it reports directly to the Graduate School
of the University.

9. PROGRAM EVOLUTION AT BOULDER
Program Structure.

The program was initially designed around a twelve-month enroll-
ment and the earning of a minimum of 30 credit hours. It comm-
enced with a core structure consisting of two courses from the
Engineering Department, one from Political Science, one from
Business and one from Sociology. Although not obligatory, most
students were expected to take the core courses, together with a
number of electives.

The courses earned 12 credit hours each semester. In addition
there was the telecommunication seminar, of which more later,
and the summer term project or thesis, which earned 6 credit
hours for a total of 30 credit hours for the full program. This
was normally completed in one full year.

The electives were chosen by the students themselves from a wide
variety of graduate programs from the several departments, and
more will be said on this subject later. Meanwhile it will be noted
that, at the beginning, the engineering core courses constituted
only a modest contribution to the total, being only one course

in each semester.



