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CHAPTER 1

THE U.S. EDUCATIONAL SYSTEM, TECHNOLOGY, AND TELECOMMUNICATIONS

The education industry is among the largest in the American
economy. A recent article on the magnitude of the American educational
establishment indicates that in the United States in the 1970-71
academic year, there were more than 62 million students, teachers or
administrators in the U.S. educational enterprise. In the last ten
years, student enrollments in all categories increased by 13 million
to a level of 59 million students.! During the same period, while
enrollments were increasing by 29 percent, the costs of education have
risen by 60 percent to 70 billion dollars and one million new teachers
have increased the teacher population by 51 percent to over three
million. The primary approach for coping with increasing enrollments
to date have been the multiplication of the number of conventional
classrooms and teachers to the point where the growth in the educational
expenditure has far exceeded the growth in Gross National Product (GNP).
In 1949, the United States, at all levels, spent about 9 billion dollars

for all of education. This represented 3.5 percent of GNP. In 1961,

1"The Magnitude of the American Educational Establishment:
1960-70," Saturday Review, November 19, 1970, p. 67.




educational expenditures accounted for some 5.6 percent of the national
GNP and have currently grown to some 8 percent.?

There are indications that education may be nearing saturation
in its relative share of the national economy. Current attempts to
increase taxes for education have been meeting stiff opposition
throughout the country. This is particularly evident in public ele-
mentary and secondary education, whose major source of revenue for
operating expenses has traditionally come from local property taxes
and where a "tax-payer's revolt" has forced educational planners and
administrators to study ways and means of making the system more
efficient or productive to maintain the quality of education or to
provide a diminished service. Here one can not fail to take notice
of the fact that education is the most labor intensive of all major
U.S. economic sectors, with over 74 percent of current outlays in
elementary and secondary segment going to the salaries for the instruc-
tors and administrators. Thus the productivity of the system is very
heavily dependent upon the productivity of the instructors. Increasing
the productivity of the teachers, increased allotments of monetary
resources for more cost-effective instructional media and technology,
and new instructional strategies involving optimal teacher-technology
mixtures seem to be the key requirements for coping with the rising
costs, enrollments and deficiencies.

A recent study has tried to relate public elementary and

secondary school expenditures to income per capita and enrollments

2A. T. Denzau, Public Education Finances: 1949-1985,
Memorandum 71-4 (Saint Louis, Missouri: Washington University, 1971),
p. 1.




and has derived the following equation:3

0.99845

)1.5533
t

Dt =0.337 Y (0.7 Ey + 5S¢

where, D_ = current expenditures (billions of 1958 dollars),

<
]

- real personal income per capita (thousands of 1958 dollars),

m
n

¢ = K-8 enrollment (millions),

St = 9-12 enrollment (millions).
It shows that for every 100 percent increase in the elementary and
secondary school enrollments, the public school expenditures have had
a tendency of increasing by 200 percent. The increase in expenditure
obviously has been quite improportionate and unless new strategies
for controlling costs of education are defined and adopted without
sacrificing the quality of education, the whole public education sector
is in grave peril. One cannot expect tax-payers to keep on paying
these improportionate increases indefinitely and if the number of
property-tax increases that did not get through lately is any indication
of the mood of the nation, the time to act has already come.

The cost of education is only one of the areas of major dis-
satisfaction of the educational establishment. There are two other
key issues; the style and orientation of education and the equality of
educational opportunity, that in combination with the soaring costs of
education have led to a situation that is being described by many as
an "educational crisis" and "crisis of confidence" with increasing

regularity.* The present dissatisfaction with the schools can be

3Ibid., p. 9.

“J. Cass, "The Crisis in Confidence--and Beyond," Saturday
Review, September 19, 1970, pp. 61-62.



traced to the criticisms that education still acts as a sorting device,
benefitting the gifted more than the slow learners, and the children
of the rich more than the children of the poor; that what the schools
teach most of all is the importance of schooling; that schools serve
to stratify society by wealth; that schools teach people to depend upon
institutions rather than themselves for their well-being; and that
failure is structured into the American system of public education
where losers are essential to the success of the winners.5:®
Silberman,’ after an extensive study financed by the Carnegie Corpor-
ation of New York, sees an enormous failure of the schools which is
SO pervasive that.it extends into Scarsdale as well as Harlem, into
Palo Alto as well as rural Mississippi; and indeed no level of education
appears to be immune from its contagion. Silberman found the American
schools to possess a systematic infection that is not recognized by the
average citizen:
Because adults take the schools so much for granted, they

fail to appreciate what grim, joyless places most American

schools are, how oppressive and petty are the rules by which

they are governed, how intellectually sterile and esthetically

barren the atmosphere, what an appalling lack of civility obtains

on the part of teachers and principals, what contempt they
unconsciously display for children as children.®

SBarry D. Anderson and Edward Greenberg, "A Search for
Educational Production Functions: The Problems and Possibilities"
(unpublished research paper, Center for Development Technology,
Washington University, 1971), pp. 16-20.

6p. Schrag, "End of the Impossible Dream," Saturday Review,
September 19, 1970, pp. 68-70.

7Charles E. Silberman, Crisis in the Classroom--The Making
of American Education (New York: Random House, 1970).

81bid., p. 10.



Moreover, he concluded that the schools of this nation continue to deny,
in the most systematic fashion, equality of educational opportunity for
substantial number of youngsters. Both expenditures and educational
outcomes are distributed disproportionately in favor of the rich, white,
and suburban child.?

The inequalities in the U.S. educational system have also been

documented in the Coleman report,}? which was prepared in response to
the Civil Rights Act of 1964. Comparative data from a very large
sample of schools and students suggested that the differences among
American public schools in class size, buildings, equipment, teacher
skills, library services, and other inputs that can be easily changed
by spending more or less money seemed to have less effect on the
success in schools than social class, as indicated by family income.
As Howe,!l former U.S. Commissioner of Education, puts it, the Coleman
Report conclusions were disturbing to American educators who had long
assumed that the way to get most out of education was to put more into
it.

In a nutshell, education is being asked to equalize opportunity,
update itself, become more responsive to the individual learner and the
real world, and control costs at the same time. In addition, there is

also a rising demand for education, training, and retraining that

3Ibid., p. 62.

109, S, Coleman, et. al., Equality of Educational Opportunity,
Report prepared for the U,S. Office of Education, Washington, D. C.,
1966 (Washington, D. C,: Office of Education, 1966).

1lHarold Howe II, "Anatomy of A Revolution," Saturday Review,
November 20, 1971, pp. 84-88.




cannot be accommodated within the formal system. According to the
Perkins report,!2 there are 30 million Americans who have no more than
a grammar school education and 50 million over the age of 25 who do
not have a high school diploma. There are ten million unemployed and
many million more who are underemployed. These millions of citizens
have available to them only the bits and pieces of a non-formal educa-
tion system. The opportunity and the demand for a more flexible
educational system--complete with instructional training, examinations,
and appropriate certification or degrees--are rapidly coming into
focus. Knowledge has been growing so fast that yesterday's solution
to a problem may not be valid today. In modern times we cannot expect
the education given once during youth will be sufficient for the next
thirty to forty years, which is the active service period of a man.

It seems that the time has come where technology is to become educa-
tion's saviour. The Commission on Instructional Technology!3 has
clearly expressed its well founded conviction that technology can make
education more productive, individual, and powerful, making learning
more immediate, give instruction a more scientific base, and make
access to education more equal. The Commission has concluded that the
nation should increase its investment in instructional technology,
thereby upgrading the quality of education, and, ultimately, the

quality of individual's lives and of society generally.

123, A. Perkins, et. al., Instructional Broadcasting: A Design
For Future, Report to the Corporation for Public Broadcasting,
Washington, D. C., 1971 (Washington, D. C.: Corporation for Public
Broadcasting, 1971), p. 3.

135, G. Tickton, ed., To Improve Learning--An Evaluation of
Instructional Technology (New York: R. R. Bowker Company, 1970).




Before proceeding further, it would be beneficial to clarify
what one means by the phrase "instructional technology". Often it is
used to denote media born out of the communications revolution that can
be used for instructional purposes alongside the teacher, textbook,
and blackboard. A less familiar but more accurate definition of
instructional technology goes beyond any particular medium or device.
"It is a systematic way of designing, carrying out, and evaluating the
total process of learning and teaching in terms of specific objectives,
based on research in human learning and communication, and employing a
combination of human and nonhuman resources to bring about more
effective instruction."l* One should take note that neither definition
equates instructional technology with "machines"--an easy mistake to
make. By either definition, instructional technology includes a wide
array of instruments, devices, techniques, and messages, each with its
particular problems and potentials.

In this study, as its title suggests, we are only concerned
with the exploration of the two major options for the transmission
of "information" related to the instruction. We will be dealing with
the two options for transmission system segments of all telecommunica-

tion media. Figure 1, taken from a report authored by Bretz,l3 shows

141bid., p. 21.

15Rudy Bretz, Communication Media: Properties and Uses, A
Report by The Rand Corporation, Santa Monica, California, September,
1969 (Santa Monica, California: The Rand Corporation, 1969), p. 13.
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the relationship among transmission, communication and instructional
systems 16

As suggested by the title itself, this study is devoted to
the examination of policy questions inherent tn the complete realization
of the educational opportunities offered by fixed- and broadcast
satellites and wired broadband communication networks (BCN) through
their particular configurations, possible reduction in the communica-
tion costs, and, in the case of BCNs, an abundance of information
carrying capacity due to the non-radiating nature of the system. It
is assumed that economic, social, and political pressures would bring
about increased utilization of telecommunication media in education
and there would be an increasing need for long distance, area coverage,
and local distribution capabilities offered by the satellites and BCNs.

Competitive alternatives offered by recording-media and localized

16Communication media can be identified by the fact that they
are capable of communicating messages that are complete within them-
selves and do not require face-to-face verbal narration at the point of
reception; and that they are capable of reproducing a program either by
simultaneous reproducibility (point-to-point, or point-to-many-point) or
sequential reproducibility (recording or recording and printingg. Com-
munication media can be distinguished from each other if they utilize
different or additional ways of representing information and if they are
based on devices (hardware) that are of a different kind. Thus, in a
typical instructional system, not all the instructional devices fall in
the communications medium category; some are merely teaching aids.
Also, it is plausible to have a multi-media situation (for details, see
Chapters III and IV of Bretz [1969]). Not all communication media use
telecommunications or "electronic transmission of information". Several
communication media are based on a recording medium such as the CBS
Electronic Video Recorder (EVR). However, many telecommunication media
have recording-media counterparts, which could be used to record messages
as they arrive via telecommunication media, or to record messages in ad-
vance for later transmission via these media. It is only in telecom-
munication media that message production or the reproduction source is
at some distance from the receiver and electronic transfer of informa-
tion over a "communication" channel (wire, waveguide, or radio-waves) is
involved.
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systems have been noted with the underlying assumption that telecom-
munication media would still be needed in various situations where
local control of the information transmitted or received is not a
critical requirement, where an instantaneous transmission of informa-
tion is desired, where a point-to-multipoint dissemination is needed,
and where possible cost reductions due to the economies of scale and
specialization are important. Discussions on comparative advantages
and disadvantages of centralized and localized communication media are
beyond the scope of this thesis. However, interested readers are
referred to reports by Singh and Morgan,!7,18 DuMolin,1® and Ohliman.20
While exploring the educational communication opportunities
offered by satellites and BCNs or cable television systems, a broad
view has been taken. Services have been extended to include not only
radio and television broadcasting and distribution of television
and radio signals for rebroadcasting but also facsimile and data trans-
mission, information retrieval systems, and provision of remote computer
services for instruction and instructional administration. Such an

approach, though somewhat different than those often encountered in

it

17Jai P. Singh and Robert P. Morgan, Computer-Based Imstruction:
A Background Paper on Its Status, Cost/Effectiveness and Telecommunica-
tions Requirements, Memorandum 71-T’(Sa1nt Louis, Missouri: Washington
University, 1971).

18Jai P. Singh and Robert P. Morgan, Educational Computer
Utilization and Computer Communications, Memorandum 71-7 (Saint Louis,
Missouri: Washington University, 1971).

19)ames R. DuMolin and Robert P. Morgan, An Instructional Satel-
lite System for the United States: Preliminary Considerations, Memoran-
dum 71-2 (Saint Louis, Missouri: Washington University, 1971).

20Herbert Ohlman, "Communication Media and Educational Tech-
nology: An Overview and Assessment with Reference to Communication
Satellites" (unpublished M.S. dissertation, Washington University, 1971).
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usual radio and television oriented approaches, is entirely consistent
with the National Association of Educational Broadcasters Board
Committee on Long Range Planning recommendations.2! Today, there is
a great deal of emphasis on individualization of instruction, inter-
active learning, and flexible-format access, sometimes to the point of
on-demand access. These new pressures have caused several new trans-
formations in the conventional passive media of television and radio.
A number of demand-access audio systems have been implemented in the
various parts of U.S.; Bell-Canada is experimenting with Information
Retrieval Television (IRTV)22 and MITRE Corporation has already
demonstrated the feasibility of a time-shared, interactive, computer-
controlled, information television (TICCIT).23 Development of these
new systems have also much to do with the development of wired broad-
band communication systems, popularly known as cable TV systems,
because it is they which have opened up the avenues for any large
scale implementation of the individualized media.

Earlier it was said that while exploring the opportunities
offered by satellites and BCNs it would be assumed that future years
would see increased and extensive use of technology in instruction,

both in and out of the school house. At this point it would be

2INAEB Board Committee on Long Range Planning, "Report of the
NAEB Board Committee on Long Range Planning," Educational Broadcasting
Review, IV (February, 1970), 23-29.

22¢, A. Billows, "Information Retrieval by Television,"
Electronics and Communication, December, 1968, 35-37.

23J. Volks, The Reston, Virginia, Test of the MITRE Corpora-
tion's Interactive Television System, Report MIP-352 (McLean, Virginia:
The MITRE Corporation, 1971).
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desirable to make it clear that such an extensive utilization will not
automatically come about itself. Realization of extensive technology
utilization for instruction would require extensive institutional and
curriculum engineering. So far the impact of technology has been
small compared with the magnitude of the educational system in the
United States as a whole. Its introduction into the U.S. schools has
been uncoordinated, ineffective, and piecemeal. As Schramm states:
Rather than filling a functional role in a comprehensive
approach to the design of instruction, most (instructional
technology) innovators have chosen or been forced to confine
themselves to their own special medium or technique. Rather
than moving into the center of the planning process in education,
most technologically oriented educators are on its periphery.2%
To become more effective, instructional technology must be
established on an integrated, total-system basis, with broad support
from teachers, administrators, and the public, as well as long-term
commitment from school boards. Today, the future of instructional
technology does not lie so much in the development of hardware as in
the organizational and curricular innovations and re-education of
teachers and educators in the value of technology as an aid to
instruction. Teachers have to be taught to look at technology as a
resource for developing new alternatives and individualizing instruc-
tion, rather than as a dangerous, mechanistic intruder threatening
their jobs. Also, institutional reforms are necessary for the
realization of the full potentials of certain technologies or

instructional systems. For example, the flexibilities and speed

inherent in Computer-Assisted-Instruction (CAI) systems become

24Tickton, To Improve Learning, p. 23.
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meaningless if it is to be implemented within a rigid lock-step
educational environment.

Planning for the technology utilization involves design of
least-cost instructional strategy involving a proper mix of teachers,
communication media and teaching aids. It becomes a straightforward
economic problem of allocating limited resources in an optimal way.
Requirements are properly defined in terms of the end product and the
least-cost alternative or strategy is selected from the several
available alternatives. This kind of analysis requires information
concerning cost and effectiveness of the various combinations of media,
aids, and teacher-time for achieving certain learning goals in specific
subject areas at certain educational tevels. This kind of information
is simply not available today. For example, as far as TV is concerned
we know that it performs as well as face-to-face instruction but we
do not know how the achievement varies when it is used in conjunction
with other inputs. There is a need for a series of studies where a
variety of instruction inputs are used towards achieving certain pre-
specified instructional objectives and where relative trade-offs
between various media, aids and teacher-time are obtained.

With certain generalization and oversimplifications, if we
assume that T and M represent the teacher and media inputs to the
educational system whose output can be defined as Y = f(T,M), with the
current experimental information we find that in most cases Y(=f(T,M))
< f(T) + f(M) because in most situations media inputs have been used
rather unimaginatively. There is no reason why, with a properly
conceived strategy involving diverse instructional inputs and limited

teacher-time substitution by media in subject areas where media
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instruction is more cost-effective than teacher-instruction, one
cannot achieve a situation where f(T,M) > f(T) + f(M). It seems
that educational planners have realized this gap, and certain forth-
coming educational telecommunications and technology experiments would
attempt to take a first cut at it. The United States Office of
Education has also realized the need for a comprehensive and coherent
approach to educational planning and one should look forward to new
initiatives and directions in this area through the newly established
National Center for the Improvement of Educational Systems (NCIES) and
National Center for Educational Technology (NCET).25

When one is planning a communication system, be it commercial
or educational, one of the first things one wants to know is the kinds
of information the proposed system would be required to carry, the
performance requirements, volume of the information that is to be
transferred, and the points that are to be interconnected. Some of

these things would not be known until the communication media and

25This new thrust is clearly evident in a document (Plan For
A Satellite-Related Educational Systems Experiment) circulated by the
Office of Telecommunications Policy of the U.S. Department of Health,
Education, and Welfare in October 1971. In addition to raising the
question of the cost-effectiveness of alternative combinations of
media and teaching aids, it also raises the questions related to
technology utilization -- how it could be made an integral and essen-
tial part of a learning system, what kinds of informing and training
of people are necessary to get them to modify their behavior and adopt
roles as needed to operationalize a defined instructional system, and
what changes in the structure and function of responsible institutions
are necessary and how these can be accomplished. Communication with
responsible people in the policy making divisions of the Office of
Education suggests that the next few years will see some 200-500
experiments dealing with educational renewal and exploring various
strategies for increased technology utilization.
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and other educational input tradeoffs are known and understood and

one has also discovered the acceptable balance between the localized
flexibility and the economies of scale obtainable from certain
centralization of the delivery system that would be acceptable to

the users, teachers, and school administrators. It is in this respect
that one hopes that the steps would be taken to answer questions
related to the place of technology in the least-cost operation of

the educational enterprise and the social engineering steps required
to achieve greater technology utilization. Today, it seems self-
eviadent that various communication media and systems hold the promise
for greater cost-effectiveness and thus for increasing the efficiency
of the educational system. But we have yet to find out the means and
ways of exploiting the hidden potentials of these media and technology
oriented instructional systems within the framework of the educational

establishment.



CHAPTER 2

OPPORTUNITIES WITH FIXED AND BROADCAST SATELLITES

Introduction

In this chapter, we will briefly examine the opportunities
offered by the technology and the options open to educational interests
for their realization. The opportunities discussed in the following
section extend far beyond the much talked about program distribution
for Public Broadcasting Service and National Public Radio on a
national as well as sub-national scale; they cover broadcasting to
remote areas and for thinly spread ethnic as well as professional
groups, delivery of computer assisted instruction to remote and small
schools, delivery of a great variety and volume of instructional TV
programming to school CCTV, CATV and ITFS headends, and delivery of
raw computing power for instructional as well as administrative uses.
The discussion on system alternatives comprises the educational possi-
bilities of the future domestic satellite systems as well as the
synthesis of a dedicated educational satellite system for serving a
large number of small earth-stations with high-power satellites. It
also describes the thinking to date starting from the famous Ford
Foundation Broadcaster's Non-Profit Satellite Proposal in 1966, and
the educational satellite communication experiments that will be con-

ducted through experimental high-power transponders onboard NASA's

16
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Advanced Technology Satellites (ATS) -F and -G and joint United
States-Canada Communications Technology Satellite (CTS).

The communication satellite family may be defined as including
three basic types:

(1) Point-to-point relay satellites

(2) Distribution sate]jites, and

(3) Broadcasting satellites.
Relay satellites serve to provide communication between one point on
the earth and another, for example, for relaying telephone and tele-
graph messages. This type of service is normally provided by Inter-
national Telecommunications Satellite Consortium (INTELSAT) for
international traffic. Distribution satellites, as they relate to
sound broadcasting and television, distribute program material from
one point origin to conventional terrestrial broadcasting stations,
which transmit it to the end user. It corresponds closely to network
operation. The distribution function may either be combined with a
relay function, or be provided by a separate satellite system. The
broadcasting satellite transmits signals for direct reception by the gen-
eral public. The 1971 World Administrative Radio Conference (WARC) has
defined only two types of communication satellite services: (1) Fixed-
Satellite Service, and (2) Broadcasting-Satellite Service. Fixed-
Satellite Service (FSS) is defined as a space service for point-to-
point communication between fixed earth stations via active/passive
satellites. By the virtue of the g]titude of the satellite, this
service is also capable of distributing program material over a
wide area for rebroadcast purposes. Broadcasting-Satellite Service

(BSS) is defined as a space service in which signals transmitted or
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retransmitted by satellites are intended for direct reception by the
general public either individually or through a community installation.
Community systems use moderately sized, medium power satellites to
distribute a few television and/or radio channels to many augmented
receivers which are either viewed directly by groups of people or
connected to a local redistribution system. ETV/ITV systems, CATV
systems, and CCTV installations are primary applications. The dif-
ference between the program distribution services through FSS and BSS
is that FSS generally uses low-power satellites and rather large,
sophisticated earth terminals to meet the highest signal quality
recommended by the International Radio Consultative Committee (CCIR),
whereas program distribution involved in a community type BSS usés
relatively high-power satellites and low-priced earth stations. In

a community type BSS service, performance requirements for TV or radio
signal distribution may be relaxed below CCIR recommendations.

Direct broadcast systems intended for individual reception use
large, high-power satellites to broadcast 1imited numbers of TV channels
directly to augmented home receivers. Direct broadcast to unaugmented
home receivers is no longer feasible as 1971 WARC regulations do not
allow use of conventional Amplitude Modulation - Vestigial Sideband
(AM-VSB) transmission from space in the 620-790 MHz frequency band.
WARC regulations specifically prescribe use of Frequency Modulation
(FM) for space broadcasting in this band.! Such a restriction requires

addition of a sub-system to convert FM modulation to AM-VSB if

1Jai P. Singh, Operating Frequencies for Educational Satellite
Services, Memorandum 71-10 (Saint Louis, Missouri: Washington
University, 1971).




19

if conventional home receivers are to be used. For transmissions in
other space broadcasting frequency bands (2.5 GHz, 12 GHz, etc.),
augmentation is required even with AM-VSB transmission because
ordinary home receivers are not designed to receive transmissions in
these frequency bands.?2

The beginning of the communications satellites is traced to
the successful launching of the Store and Forward Repeater (SCORE)
satellite by the Signal Corps on December 18, 1958. SCORE was a Tow-
altitude satellite with a delayed repeater without any power-
generation facility onboard. Since this event, which took place
almost thirteen years ago, communication satellite technology has
travelled a long way and has acquired a high degree of sophistication
through a series of steps from SCORE, Courier IB, Echo I and II, to
Telestar I and II and relay satellites and thereon to Syncom-II,
Early Bird, Intelsat II, III and IV.3 Communications satellites prior
to Syncom used controlled orbits of low to medium altitude and had
antennae of negligible gain. Such satellites could be used only while
mutually visible by two full-tracking earth stations. The successful

launch of Syncom-II in July 1963 ushered in an era of uninterrupted

Pa . ol -

2Direct broadcasting to unaugmented receivers was intentionally
avoided because many nations feared exploitation of these services by
developed nations (specifically U.S.A. and U.S.S.R.) for propaganda
purposes. Even if Amplitude Modulation - Vestigial Sideband trans-
missions were allowed in 620-790 MHz frequency band making possible
direct broadcasting to standard home receivers, in all likelihood U.S.A.
would hever have used it domestically because these frequencies are

being ?sed rather extensively for terrestrial communications (including
UHF-TV).

3J. R. Pierce, The Beginnings of Satellite Communication (San
Francisco: San Francisco Press, 1968).
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communications through stationary satellites and less complex non-
tracking earth stations. Early Bird or Intelsat-I, launched in April
1965, was the first commercial communications satellite in the geo-
stationary orbit linking Europe and America, and was patterned after
Syncom. Since the launching of Intelsat-I, INTELSAT consortium has
launched some 10 operational satellites in three different series
(Intelsat-II, -III, and -1V), but the only significant changes have
come about in the communications capacity of the satellites belonging
to the various series. Intelsat-II had a 240 voice circuit capacity,
Intelsat-III 1,200 circuits or 4 TV channels, and Intelsat-IV is
capable of accommodating 3,000 circuits with transponders in the earth
mode and 9000 circuits with transponders in spot beam coverage mode,
or 12 TV channels.* There has not been much increase in power radiated
over an unit bandwidth. Communications satellites for defense have
advanced from the 100-pound Initial Defense Communication Satellite
(IDCS) to 500~, 1000-, and 1500-pound spacecraft (United Kingdom
Skynet-I, U.S. Defense Phase II, and Tactical Communications Satellite
Program, respectively). However, all of these satellite programs
continue to use low-powered transmitters--under 10 watt of output
except for the 20 watt transponder onboard TACSAT. As Feldman states:

RSN

. . .this work with low-power satellites will not gain
them (satellites) an ascendant role in the “"communications
revolution". To play a leading role, communications satellites
must either provide significantly new services or drastically
reduce the cost of existing ones.?>

“Communications Satellite Corporation. Pocket Guide to the
Global Satellite System (Washington: Communications Satellite
Corporation, 1970).

SNathaniel E. Feldman and Charles M. Kelly, "The Communication
Satellite--A Perspective for the 1970's," Astronautics and Aeronautics,
September, 1971, 25.
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Intercontinental TV service provided by Intelsat, even through
Tow-power satellites and complex earth-stations, is a new service, but
the duplication of a similar system for domestic communications is
bound to inhibit its extensive exploitation. The cost of communication
has a direct bearing over the new opportunities and services, and
duplication of an Intelsat type system with few isolated earth stations
is certainly not going to reduce the communication cost significantly
below what Intelsat charges ($3,000 per hour for TV relay). One should
also realize that in an Intelsat type system, some 85 percent of this
cost is directly attributable to complex earth stations located in
isolated areas® and the terrestrial microwave/cable facilities con-
necting earth station with the TV operating center.? However, high-
power satellites, whether they be fixed- or broadcast type, operating
in frequency bands that allow colocation of low-cost earth stations in
the close proximity of the redistributing/originating centers and user
clusters open up the avenues for significant cost reductions as well
as introduction of many new services that can not be implemented with

a low-power satellite operating in standard 4 and 6 GHz frequency bands.

Satellite-Based Educational Communication Services

a A great deal has been written on satellite appldcations for

education. However, most of it pertains to the distribution of public

6Intelsat satellites use 4 and 6 GHz frequency bands that are
shared with terrestrial common carrier facilities on a coequal basis.
Due to concentration of 4 and 6 GHz common carrier facilities in most
urban areas, it becomes necessary to site the satellite earth station in
isolated areas far away from the areas of common carrier concentration
to avoid undue interference to and from terrestrial common carriers.

7Feldman and Kelly, Communication Satellite, p. 28.
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television and radio network signal to affiliate stations, CATV headends
and community installations in remote areas that lack either broadcast
stations or CATV facilities. Anyone who has followed the literature in
this area would readily concur with the statement that most authors have
somehow treated TV and radio program distribution and broadcasting as
the sole possibilities for satellite-based educational telecommunica-
tions. The absence of any discussion on the delivery of educational
interactive communication media by satellites is astonishing and even
more so when there seems to be increasing emphasis on the individuali-
zation of learning and learner-system interaction. What must be
realized is that a satellite system is nothing but a delivery system
with certain unique characteristics and could be made a part of any
instructional system employing any combination of media as long as

the information flow does not exceed the communication capacity of the
satellite channel. Satellite channels could be used to distribute TV
programs, carry voice or data. Their use will be primarily dictated

in the situations where they seem to offer a distinct edge over
competitive transmission alternatives in terms of cost or provide

new services that are not possible without it.

' The high cost of present long-distance communications have
resulted in their scant use in U.S. schools and co]]eges; Very few
institutions use such services--and then only in limited experimental
operations. A Stanford Research Institute study has projected only a

small decrease in the communication costs for the 1970's. This

8H. M. Zeidler, et. al., Patterns of Technology in Data
Processing and Data Communications, Report 7379B-4 (Menlo Park,
California: Stanford Research Institute, 1969).
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combined with the fact that cost of a telephone line has been very
much constant over the last decade are quite surprising when one
considers the advances in terrestrial microwave, coaxial line,
millimeters waveguides, and satellite communication that have taken
place. The fact is that such long-haul systems have indeed dropped
the long-haul portion of the telephone circuit cost and further
reductions are expected. But the problem is the local telephone
plant that has become increasingly labor intensive and the cost
increases therin have offset the reductions in the long-haul portion
to the point where it accounts for over 80 percent of the cost of
long-distance connections. In certain applications, those relating
to data transmission, it is the nature of the existing telecommunica-
tions plant that impedes its increased utilization. Because of the
economic factors, the Bell plant has been built so that each improve-
ment, in general, has been compatible with the existing facilities.
The basic nature of the network has remained suited for analog communi-
cation, particularly voice, and discriminates against digital trans-
mission such as those encountered in remote computer time-sharing,
inter-computer communication, etc. A detailed discussion on the

i ipadequacies of the existing telecommunications plant for data trans-
gfssion are beyond the scope of this thesis and intereszéd readers are

referred to the SRI study on the matter.8,2 In a nutshell, there is a

lot to be gained by developing a service that bypasses the Tlocal

9Donald A. Dunn, Policy Issues Presented by the Interdependence
of Computer and Communications Services, Report 7379B-T (Menlo Park,
California: Stanford Research Institute, 1969).
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telephone plant facilities and provides direct interconnection between
the user and the resource center, among resource centers, and between
program origination centers and redistribution facilities.
It has been suggested that satellites may have an important
role in:10
(1) Interconnecting educational institutions, particularly
those related to higher education, among themselves and
with certain service and resource centers, for sharing
of instructional, research and administrative resources;
for providing institutions poor in certain resources with
access to services which otherwise might not be available.
(2) Interconnecting remote and isolated institutions with
certain service and resource centers to provide students
and teachers therein equitable access to services such
as computing, computer-managed/based instruction (CAI/
CMI), etc. that are currently more readily available to
their counterparts in urban and suburban areas, and to
provide in-service teacher development programs; and
(3) Delivery of both public as well as instructional television
and radio programs to cable and ITFS headends and broadcast
stations for either real-time or delayed redistribution
for in-school as well as in-home utilization.
Table 1 shows the possible roles for communications satellites

in the delivery of certain media and services such as ITV, CAI,

~ 10Robert P. Morgan and Jai P. Singh, Progress Report--Program on
App]1cat1on of Communications Satellites to Educational Development
(Saint Louis, Missouri: Washington University, 1971), pp. 43-52.
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computing resources, and information resource sharing. These roles
have been defined by taking into account the present and near-term
state-of-the-art of satellite technology and other competing alterna-
tives and are based on detailed studies by Jamison et. al.ll and
Singh and Morgan.12,13,1% Table 1 defines the role of satellites in
the delivery of certain specific services for in-school utilization;
it excludes the whole question of in-home utilization or utilization
in learning centers that bypass the conventional certification system.
If the current level of American interest in the Open University of
England is any indication of the future along with the fact that a
similar program (not supported by broadcasting) has been initiated in
New York through Ford Foundation support,l5 communication satellites
jointly with CATV systems may become the delivery mechanism for such
instruction.

The networking needs for Public Broadcasting Service (PBS) and
the National Public Radio (NPR) have been defined by the Corporation
for Public Broadcasting in its filing with the Federal Communications

Commission (FCC) in the matter of establishment of domestic

11pean Jamison, John Ball, and James Potter, "Communication
‘E¢onomics of Interactive Instruction for Rural Areas: Satellite versus
Commercial Telephone Systems" (unpublished report, Graduate School of
Business, Stanford University, 1971).

12Morgan and Singh, Application of Communications Satellites,
p. 43.

13Singh and Morgan, Computer-Based Instruction, pp. 20-30.

1%Singh and Morgan, Computer Utilization and Communications,
pp. 66-79.

15external Degree Program, Newsletter, Syracuse University
Research Corporation, I (September, 1971), p. 1.
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communication satellite facilities (Docket 16495).1% However, one must
remember that both PBS and NPR are relatively new national constructs
and the expectations for future are not in terms of firm requirements
but in future possibilities. Tables 2 and 3 present the current and
near-term expected satellite networking requirements for NPR and PBS

on the basis of the CPB filing!7 and a General Electric study!® for
PBS. Unlike commercial broadcasting network practices, there is a
great deal of emphasis on multiple point origination, sub-national
program distribution provisions or regional split, and channels for
program assembly from distant affiliates. Both PBS and NPR have

agreed upon a common list of 28 origination points. PBS networking
requirements are also different from those of commercial TV networks

in that they specify stereo audio and a dual grade of service;-a very
high performance link for program distribution to broadcast stations
and an adequaﬁe but slightly lower performance Tink for school roof-
top and CATV installations. NPR requirements or expectatfons differ
from those of their commercial counterparts in the respect that NPR is
trying to build a high-fidelity stereo network--something that does not
exist today primarily because of the cost and inadequacy of the AT&T

plant. Currently radio as well as TV networking is limited to rather

16Federal Communications Commission, Docket 16495, “"Comments of
the Corporation for Public Broadcasting and the Public Broadcasting
Service," Docket 16495, May 12, 1971.

171bid.

18). H. Dysinger, et. al., An Investigation of Network Tele-
vision Distribution Systems, Report to the PubTic Broadcasting Service,
Washington, D. C., February, 1971 (Washington, D. C.: Public Broad-
casting Service, 1971).
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low quality audio based on either 3.5 or 5 kHz wide channels. Most

high-fidelity and stereo programs are prerecorded and trucked.

Options for Educational Satellite Systems

Possible communications satellite systems for education are
depicted in Figure 2, as are the important components that go into
their making--type of satellite and service, uplink and downlink
(earth-to-space and space-to-earth) transmission frequencies, modula-
tion, reception by users and the mode of education. In this section,
the implications of the various alternatives for satellite, service,
and frequency of operation would be discussed in detail from the
technoeconomic and policy viewpoints. However, the frequencies would
be the first subject because they affect the discussions on satellites

as well as satellite services.

Operational Frequencies for Satellite Services

The process of selecting operational frequencies for fixed-
as well as broadcasting-satellites involves many considerations--
international radio regulations, natural environment, man-made noise,
hardware considerations, and interconnection and spectrum space con-
siderations--and in its turn the operational frequency has great
implications over the system economics. A detailed anaA.up-to-date
discussion on the choice of operating frequencies for educational
satellite services could be found elsewhere.l? Here it would suffice

to cay that frequency allocations were effected internationally by the

13Singh, Operating Frequencies, pp. 50-51.
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1963 Extraordinary Administrative Radio Conference (EARC) and 1971
World Administrative Radio Conference (WARC) of the International
Telecommunications Union (ITU). The communication-satellite service
(now known as fixed-satellite service) was established by the 1963
EARC which allocated five frequency bands to it totalling 2,600 MHz
of spectrum space. The United States was able to use only 2,000 MHz
for communications satellites because of noncompatible use of 600 MHz
for terrestrial purposes. Of 2,000 MHz spectrum space for
comnunication-satellite service that is allocated within the U.S.,
only 50 percent of it is available for nongovernment purposes
(3700-4200 MHz band for downlink and 5925-6425 MHz band for uplink).
The 1971 World Administrative Radio Conference established a
new space service--the broadcasting-satellite service~-and effected
frequency allocation provisions for the same. In addition, WARC also
effected new frequency allocation below 10 GHz as well as above it on
shared as well as exclusive basis. The most important allocations
from the near-term utilization viewpoint are summarized in Table 4
along with the two nongovernment allocations from 1963 EARC. It should
be recognized that these allocations are shared with terrestrial
services--Instructional Television Fixed Service (ITFS) in the case
of 2500-2690 MHz band and commercial common carriers in the case of
3700-4200, 5925-6425, and 11,700-12,200 MHz frequency bands. Downlink
frequency allocation in the band 6625-7125 MHz for television program
distribution is shared with terrestrial TV auxiliary broadcast (studio-
to-transmitter links, etc.). Table 5 shows the current terrestrial
utilization of these frequency bands. The greater is the terrestrial

utilization, the more difficult is the use of frequency bands for



33

W - 43t44R) UOUO)

4 - J3LJ4R) uoUWo)

4 = J431dur) UOWWO?)

(ZHW S21£-5£89) 3seapeouq
Aderiixne AL (ZHW 8/89
-G/59) Paxi4 euorjeJaadp

43 144R) UOWWOo)

43144 UOLIO)
S411

S411

(SdL1) @21A43S paxid
UOLSLA3|d] |BUOLIONJISU]

0G2 IR ZHY H/zw/Map 2vlL-
03 buijeieass

oS I® ZH p/5uW/MEP 2L
052 I® ZHA t/wW/MEP 2¥L-

03 burjeesss
oS I8 ZHY e\ms\xmv est-
oG2 3% ZHY v\Ns\zmu evl-

03"buijeeoss
oS 3® ZHY v\ms\zmv asl-

oS¢ I8 ZHY e\Nf\zmu vl-
03 bupje|eds?

oG 38 ZHY v\NE\zmu esl-

ZHY ¢\NE\3mv esl-

ZHY v\me\zmv pSl-

Ju} fumog
3311 193es buyysedpeoug

AULLUMOg 33| [3BS PaxXLd

JULLUMOg 33L([33BS PaXLy

.

AULLUMOQ 331 (930S PaxLy

Ui [UMOQ 331 |930S-Pax 4
yuLldn 831([33eS-paxty

Jui(umog B3 L[ [B3eS-paxt4
juildn 931[133eS-paxiy

AuLumog
a3t1[33es buysedpeoug

jujlumog 83 L|[33eS-paxLy

ZHW 002°2L-00L°LL

ZHW 00L°LL-0SP Ll

ZHW 002°LL-0S6°0L

ZHW S21£-5299
ZHW S2t9-526S

ZHW 002t-00LE

ZH4 0692-5592

ZHA 0692-005¢

ZHW S€52-00S2

S3ILAUDS |PLJUISIIUI] PaJRYS

uorjeyLw A3psusg-xnid

CRJUWETS

pueg Ad>uanbauy

souejdodu] wuaa]-Jeay Jo spueg Aduanbauag 33 }[|a3es-buijsedpeosg pue -paxiy

¥ 318Vl



34

*Aelaa a0jefsueay AL pue ‘Aejaus A3pd4ad3ul AL 1S AL ‘dn-)oid AL sapn|ou],

"0L6L L 3snbny pajep 3si| Aduanbauay 934 wouy voumsypmmn

*buidde [4aA0uou “y3pimpueq wnu  Xe,,

961 o6t S¢ 02 paxt4 (euojjedadp 00.°2L-002°21
53sedpeoug

1 4% OlE L Ll Aseypixny AL 0sz€1-00s°21
s3sedpeoug

502 0S0°2 oL T4 Aueypixny AL G2L‘L -6(8°9
(1e}43snpuy pue
A3ajes 2114qnd)

1474 oLe*L 0t oL paxt4 Leuoljedadp G/8°9 -6L5°9

S69 028°11 Ll 0t J3(440) uourlo) G2v‘9 -626°S

8.6 029°9L Ll 0t J8}J4Je) uouwo) 002‘t -00L°E
9J1LAJ3S paxL4d UOLSLA

e SG1 1€ 9 =331 LeuoLl3donJdysu] omm.m -005°2

(2HW)
ePoALJ3(] yipimpueg
[3uuey) J3d qsuoLjeziaoyny s|auuey) Lauuey) Mw:zv
suoj3eziaoyany 40 Jaquny 40 Jaquny lqemol Ly CRIVWETS pueg Aouanbaad

SaL3L| o4 |RLA3SaUUd] AQ UOLIRZL|LIN [BuuRY) SABMOIDLK JO UOSLJARAWO)

S 379Vl



35

satellite communications from the viewpoint of earth-station locations
and interference avoidance. As is evident from Table 5, 3700-4200 and
5925-6425 MHz bands are the most heavily used of all the allocations.
This necessitates use of highly directive antennae for the earth-
station and, in most cases, siting the earth-station away from the
urban areas saturated with common carrier microwave links operating in
4 and 6 GHz frequency bands. Earth-station siting is not that diffi-
cult and expensive in the 2.5 GHz and 12 GHz frequency bands which are
relatively little used.

From the viewpoint of educational applications, 2.5 GHz
frequency band2?0 offers most economical operation--manageable antenna
size, relatively tested hardware and low hardware cost, low rain
attenuation, etc. However, this band is only 190 MHz wide and it has
been speculated that all 190 MHz bandwidth may never be used in the
Northern America due to certain astronomical instruments that operate
above 2670 MHz. In addition, 35 MHz-wide chunks of this band, on
both ends, are also allocated to the fixed-satellite service for small
earth-terminal communications. In these situations, the educators

would be able to exploit only 120-155 MHz spectrum space in this band,

202500-2690 MHz frequency band was pushed by the United States
in the WARC for educational applications. Though the WARC recommenda-
tions mark this entire band (except the two 35-MHz wide pieces on the
two extremes of it) for broadcasting-satellite downlink, it is specu-
lated that the forthcoming domestic rule-making in the matter of the
national table of frequency allocations would eliminate this restric-
tion and allow the use of this band within the United States for all
sorts of educational telecommunications. If this restriction is not
removed, it would not be possible to use this band for interactive
communications except for the two 35-MHz pieces.
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j.e., distribution of some 4-6 TV channels or equivalent in a particular
geographic area, It is very conceivable that the demands for educa-
tional communications might exceed the capacity of this band. In this
case, it has been suggested2! that educators should look to the
11,700-12,200 MHz frequency band for accommodating additional services.
It is also recommended that interactive communication services be given
preference over TV and radio program distribution in the 2500 MHz band
and that program distributing services or broadcasting to community
installations be accommodated in the 11,700-12,200 MHz band. Use of
any other frequency band below 12,200 MHz with 2,500 MHz band would
only further complicate the colocation problem.

From a system economics viewpoint, under ideal conditions,
lower frequency bands hold most promise. For area coverage satellite
relays to small terminals where the available downlink power is the
most limiting constraint on system performance, it has been shown that
system capacity performance degrades rapidly with increasing frequency,
e.g., 10 dB between 1 and 12 GHz, as determined by the potential
satellite relay downlink capacity.?? Higher frequencies suffer from
increased atmospheric attenuation, particularly during rainfall
pgriods, and electronic equipment operating at higher frequencies cost
more as well as have comparatively poorer raw electrical power to radio

frequency power conversion efficiencies. However, it should be

21singh, Operating Frequencies, pp. 50-51.

22John L. Hult, Spectrum for Area Coverage From Satellite
Relays to Small Terminals, Paper P-4301 (Santa Monica, California:
The Rand Corporation, 1970).
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realized that satellite systems seldom operate under ideal conditions.
As discussed earlier, satellite services share frequencies of near-
term interest with terrestrial facilities. Since terrestrial systems
have been in existence long before the inception of space services and
lower frequency bands (1-10 GHz) are attractive for their purposes too,
lTower frequency bands were extensively exploited by the terrestrial
systems., Interference protection considerations inherent in the fre-
quency sharing framework 1imit the maximum power that satellites could
radiate and dictate--a certain minimum separation between the stations
of the two systems using same frequency bands. Figure 3 illustrates
the performance of the various downlink bands listed in Table 4 for

a high quality TV relay link (52 dB Signal-to-Noise Ratio) with 99.95
percent reliability.23 It shows the possible tradeoffs between the
satellite power and ground station complexity and hence cost; it also
shows the 1imit to which these tradeoffs could be carrier out--limits
imposed by power flux density restrictions listed in Table 4. Satellite
Effective Radiated Power (ERP) is directly related with the satellite
cost whereas Earth Station Figure of Merit is a measure of the earth
station sensitivity. The larger is the figure of merit, the greater
is the sensitivity and the cost. It is clear from the tradeoffs shown
in Figure 3 that 2.5 GHz and 12 GHz downlink have the potential of
delivering high quality TV signal to very small terminals (costing few
hundred of dollars). However, it should also be noted that operation

with small terminals requires rather high-power transmissions from

. 231ink reliability represents the availability of certain
signal strength for certain percent of the times.
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the satellite, and it presents the least-cost design only when the
system is going to employ a large number of earth stations.

Figure 4 shows the tradeoffs involved in synthesizing the
least-cost system. As the space segment cost decreases, implying less
flux density on ground or smaller power output from the satellite, the
ground terminal (segment) cost must increase to provide a specified
level of performance. The total system cost is the sum of space and
ground segment costs and a minimum cost synthesis leads towards a more
expensive satellite and a less expensive ground terminal as the number
of ground terminals or stations increases. Figure 4 shows two trade-
offs--one with 10,000 ground terminals and the other with 1 million,
and as shown the least-cost solution for 1 million direct delivery
points would involve a satellite with higher radiated power and lower-
cost earth terminal units than those for the system involving only

10,000 direct delivery points.

Domestic Satellite Proceedings and Educational Communications

On January 23, 1970, Peter Flanigan, Assistant to President
Nixon, wrote a memorandum to Dean Burch, Chairman of the Federal Com-
munications Commission recommending a competitive, unregulated approach
for the establishment of domestic communication satellite facilities.2"
This memorandum constituted a clear and much needed Presidential-level
direction for policy, the absence of which had been the real stumbling

block in the domestic satellite proceedings to that date. Communication

24United States, The White House, Press Release, Memorandum to
Honourable Dean Burch from Peter Flanigan (Washington, D. C.: The
White House Press Office, January 23, 1970).
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Satellite Corporation (COMSAT) held the view that it had a Congressional
mandate through the 1962 Communications Satellite Act that established
it as a "carrier's carrier" and that it was COMSAT's responsibility to
maintain and own earth stations used with its satellites. There were
others who did not agree with COMSAT's interpretation of the 1962 Act.
The Presidential directive, based on an extensive study headed by Clay
T. Whitehead, now Head of the Office of Telecommunications Policy, also
represented a clear reversal from the actions recommended by the tele-
communications task force established by President Johnson under the
leadership of Eugene V. Rostov. The Rostov Task Force had recommended
a demonstration pilot domestic satellite program using the most
advanced technology available and having COMSAT as the trustee-owner
of the space segment and manager of the program. Free satellite
channels were to be provided for non-commercial and instructional
television programming,25

Some two months after receiving the Presidential recommenda-
tions, the Federal Communications Commission issued a new report and
order on March 20, 1970, inviting applications for the establishment
of domestic communication satellite facilities. However, the FCC
ﬁefrained from making any policy decisions regarding thg number of
systems it would permit in view of the limited spectrum and orbit
resources as well as the whole question of a monopolistic control
over the system versus an unregulated, competitive approach. These

were left for decision after all the applications were received and

25Eugene V. Rostov, Final Report of the President's Task Force
On _Communications Policy, 1967 (Washington, D. C.: Government Printing
Office, 1969), Chapter Five.
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studied. The above-mentioned Report and Order (Docket 16495, March 20,
1970) also declared that applicants proposing multipurpose domestic
communications satellite systems should discuss the terms and condi-
tions under which satellite services will be made available for data
and computer usage in meeting the instructional, educational, and
administrative requirements of educational institutions. The FCC
further stated that applicants seeking authorization for domestic
communications satellite system should define the terms and conditions
under which satellite channels will be made available for non-commercial
broadcast networks, if the applicant's proposed service includes
commercial television or radio program distribution.

At the March 15, 1971 deadline for submissions to the FCC for
domestic satellite proposals, eight common carriers and aerospace
companies had submitted proposals: (1) COMSAT; (2) COMSAT-AT&T;

(3) Fairchild Hiller; (4) MCI-Lockheed; (5) Western Telecommunications;
(6) RCA Global Communications; (7) Hughes-GT&E; and (3) Western Union.
Some significant technical characteristics and public service offer-
ings of these eight proposals are summarized in Table 6. Figure 5
shows the operating channel capacity of the eight proposals whereas
Figure 6 provides a graphical representation of the total system cost
presented to the FCC by each applicant.

The Corporation for Public Broadcasting also submitted its
comments in response to the FCC Report and Order reminding the FCC of
CPB and PBS's strong interest in the domestic satellite proceedings

because the Commission's decisions were likely to have a strong impact
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TABLE 6

Summary of Domestic Satellite Filings
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TABLE 6--Continued
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on the growth and vitality of public broadcasting.2® CPB and PBS
asked the Commission to ensure that public broadcasting receives
satellite service without charge for a limited and carefully defined
network as a dividend to the public for their investment in the space
program-~an investment that exceeds $20 billion. However, a number
of interested parties stressed an equally valid point that there is

no such thing as free service; if one user does not pay for the
service, payments must be obtained from other users or from the system
operator's stockholders. In reply, CPB resorted to the arguments of
Dirlam and Kahn27 which present a very spirited justification of free
services for educational broadcasters. It pointed out that if the FCC
decides not to provide free services for non-commercial broadcasting
and goes for spreading the benefits of space technology over all users
of the future commercial systems, it will not be the common public
that will benefit most from it. The bulk of these savings will accrue
to private industry. It also pointed out the fact that commercial
networks had long ago accepted the thesis underlying free intercon-
nection for public broadcasting when they first approved the Ford
Foundation proposal for Broadcaster's Non-Profit Satellite Corporation
(BNSC) that had also contemplated financial support from commercial
networks for public broadcasting in addition to free interconnection

facilities for the public broadcasting network.?28

26FCC, Docket 16495, CPB and PBS Comments, pp. 14-22.

27Joel B. Dirlam and Alfred E. Kahn, "The Merits of Reserving
the Cost Savings from Domestic Communications Satellites for Support of
Educational Television," Yale Law Journal, Vol. 77 (1968), pp. 494-519.
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Of eight applicants for authorization to establish domestic
communication satellite facilities, four held the view that though
they would not commit themselves at this time, they would be willing
to provide one or more channels for PTV distribution and network
service if the Federal Communications Council decides that it is in
the public interest that non-commercial TV and radio networks be
provided satellite channels without cost (see Table 6). Three appli-
cants (MCI-Lockheed, Fairchild-Hiller, and Hughes Aircraft Company)
made very generous offers for free interconnection channels and to
some extent free use of earth-stations. RCA Global Communications
expressed its willingness to provide satellite channels at reduced
cost as far as the interconnection for PTV and PR was concerned.

It also offered promotional rates for experimental ITV services via
standby satellites including two TV channels for Alaska on full-rate
basis. One of the applicants, MCI-Lockheed Satellite Corporation,
showed considerable interest in educational applications beyond PTV
and PR networking. It retained Stanford Research Institute to explore
the developing public interest in satellite telecommunications to
serve United States schools and offered free use of five satellite
transponders for a period of five years for all kinds of educational

telecommunications.2?® MCI-Lockheed decided to employ an approach

28Federal Communications Commission, Docket 16495, "Comments of
the Ford Foundation in Response to the Commission's Notice of Inquiry
of March 2, 1966," Docket 16495, August 1, 1966.

2391.70yd I. Krause, Satellite Communications for U.S. Schools--
A Proposed Public Service Offering by Private Business, A report
prepared for the MCI-Lockheed Satellite Corporation, Washington, D. C.,
March, 1971 (Washington, D. C.: MCI-Lockheed Satellite Corporation,
1971), pp. 15-16.
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similar to that employed at Dartmouth College during the 1960's to
stimulate the development of computer time-sharing by making available
free computer time and access or at negligible costs, to a variety of
new users 30

Although the Federal Communications Commission is yet to take
an action on the domestic satellites and decide regarding the best
approach for providing people dividends for their investment in space
research and development, the Office of Telecommunications Policy of
the Executive Office of President Nixon has completed its study and
forwarded its recommendations to the FCC.3! In addition to prodding
the FCC for a quick decision on the matter and recommending entry of
all financially and technically competent applicants, the OTP
recommendations have made the whole question of public dividend
through free satellite channels for public broadcasting very contro-
versial. The following paragraph is taken from the summary of the
OTP recommendations that were sent to FCC Chairman Dean Burch by Clay
T. Whitehead on October 28, 1971:

. « .The American people should and can receive a dividend
from U.S. investments in space technology through domestic
satellite services. However, a discriminatory tax on this mode
of communication for any purpose, including support of public
television, is an inefficient, inequitable, and largely counter-

productive approach to the realization of that objective. By
raising the cost and thus deterring the commercial use of

30During the 1960's, International Business Machines (IBM)
tried this approach very successfully and stimulated the use of
computers on college campuses.

31ynited States, Executive Office of the President, Office
of Telecommunications Policy, Letter from Clay T. Whitehead to
Honorable Dean Burch, October 28, 1971 (Washington, D. C.: Office
of Telecommunications Policy, 1971).
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satellite services, this tax would simply encourage less cost-

effective technologies and stifle innovation in satellite

technology. If a subsidy for worthwhile public service is

required, it should be granted by the Congress and supported

by a tax that does not burden a particular mode of communica-

tions.32

A careful examination of the OTP policy document brings out

some of the questionable premises behind some of the conclusions con-
tained in it. One must realize that no other communication technology
has seen greater United States investment (tax-payer's money) than
satellite technology-~it has come to reality through NASA's and
military's interest in it and in the process its research and develop-
ment has been funded to date exclusively through government funds
under various projects. Even the Intelsat satellites could be, and
quite justifiably, branded as derivates of Syncom and TACSAT satellites.
Another premise that not having a tax would encourage development of
more cost-effective technologies does not tally very well with the
past experiences. Most of the applicants do not offer any signifi-
cantly new services (other than wide-area TV program distribution) and
if AT&T's cost history is any guideline for point-to-point communication
applications as well as users, cost reductions from improved long-haul
facilities have seldom been reflected in reduced charges. In addition
to the question of public dividend, there are few problems with the
unregulated, competitive approach suggested in the OTP guidelines.33

In a purely competitive situation, chances of "cream-skimming" are

great and very much alive. Certain services which could be important

321bid., p. 3.

—

331bid.

—————
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to all people but less economically attractive in certain areas, or,
services which may be socially desirable but not very profitable
might never come into being. It is difficult to imagine that rural
electrification and provision of telephone services in remote rural
areas would have been possible without certain regulatory framework
and government initiative,3*

Another approach to this whole question of the provision of
high-risk but socially desirable satellite-based telecommunications
services lies in a federally funded program that makes available to
the prospective government and educational user groups and agencies
new opportunities that might not come about themselves. One must
recognize the fact that public education in America enjoys a local
control and there is a great deal of apprehension about any federal
initiatives other than string-free funding. By avoiding federal
control of programming and the information that will be piped through
the system, one could get around this problem. Some think that the
future years hold greater promises for new federal initiatives in the
area of education in view of the recent Supreme Court decisions in
California and Texas that have ruled traditional funding of education
through local property taxes as unconstitutional.

A study of the eight applications for authorization to estab-

lish domestic communication satellite facilities reveals that, as far

34The orbit and spectrum considerations also prohibit a com-
pletely unregulated and competitive approach. Spectrum and orbit are
scarce but non-~depleting resources and certain coordination is needed
to ensure non-interference among the various systems as well as an
efficient exploitation of these resources.
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as the operational frequency is concerned, all the proposals are
confined to uplinks of 5.925-6.425 GHz and 12.75-13.25 GHz, and
downlinks of 2.550-2.690 GHz, 3.7-4.2 GHz, 6.625-7.125 GHz, and
11.7-12.2 GHz. A11 proposals contemplate using conventional 4/6 GHz
operation. Fairchild-Hiller proposal is the only one which has pro-
posed to take advantage of the 2.5 GHz downlink--~the frequency most
suited for educational satellite-applications. Western Telecommuni-
cations and MCI-Lockheed were the only two applicants that proposed
exploitation of 11.7-12.2 GHz downlink band on an operational basis.
The satellite effective radiated powers per transponder are rather
small and range between 32-36 dBW for 4 GHz downlinks for the 48
states and 46 dBW for 12 GHz downlinks.

A11 the proposed systems are capable of satisfying the peak
video signal to rms video noise objective of 55 but with earth stations
of varying sensitivities. The figures of merit or G/T (antenna gain to
system temperature ratios) have a range 41.2 to 25 dB/°K for 4/6, 7/13
and 12/13 GHz operation. Fairchild-Hiller's 2.5 GHz small earth-
terminal coverage is designed around 49.8 dB Signal to Noise Ratio (SNR)
(7 feet diameter antenna), whereas MCI-Lockheed's 12 GHz service is
designed to provide 54 dB SNR with an earth station with G/T = 33 dB/°K.
The costs of the earth-stations proposed by various applicants seeking
authorization vary tremendously--$6.4 million for each of the five
earth stations in the Comsat/AT&T proposals to $2,000 for 7 feet
terminals for Fairchild-Hiller's 2.5 GHz service.

As far as the PBS requirement of multiple point originations

is concerned, that is, the requirements that result in transmit/receive
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type earth stations at multiple locations, all proposals are far from
satisfactory. The MCI-Lockheed proposal is the closest, in that it
provides some 12 of the 28 locations. Next are RCA and Western
Telecommunications that satisfy seven and four locations respectively.
The remaining five proposals provide for only two locations. Thus a
major modification in the location of the sites for transmit/receive
stations would be needed if they were to satisfy the public broad-
casting requirements outlined in an earlier section.

Another thing that has to be kept in mind is that none of the
proposals contemplate providing an orderwire and stereophonic high
fidelity (2-15 kHz) channels accompanying the video signal. These
would have to be accommodated by multiplexing them with the visual
carrier and reducing the visual carrier's deviation. This may result
in slightly higher G/T requirements at ground for a given 34- or 36-MHz
satellite transponder, transponder power output, and certain performance
criteria.

The major problem related to all these proposals is that none,
with the sole exception of Fairchild Hiller's 2.5 GHz transponder offer,
allow use of low-cost, small earth-terminals and particularly receive/
transmit terminals needed for multi-access or intercomputer communica-
tion. The reasons that these proposals contemplate using larger earth-
terminals are: (1) relatively low effective radiated power (33-35.5
dBW over 34-36 MHz RF channel); (2) use of conventional 4 and 6 GHz
operation where the power flux density reaching earth is Timited by
an International Radio Consultative Committee (CCIR) recommendation to
prevent interference to terrestrial common carriers sharing the same

band; and (3) the proposed rulemaking that limits the size of the
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ground transmitting antenna for a 6 GHz earth-to-satellite link to
25-30 foot diameter to increase orbital-spectrum communication effi-
ciency (defined by number of channels/degree of the geostationary
arc/MHz). One must not forget the fact that 4 and 6 GHz frequencies
are shared with terrestrial microwave facilities and certain co-
ordination procedures are required in earth-terminal siting if inter-
ference to and from terrestrial microwave repeaters operating on the
same frequencies is to be avoided. This leads to difficulties in
colocating the earth-terminal with the ground distribution headend
or the interactive terminal cluster as the case may be. Colocation
becomes particularly difficult, often impossible, in urban areas and
requires substantial investment in microwave links connecting the
far-away earth-terminal with the redistribution facility/terminal
cluster.

Table 7 illustrates the cost involved in using conventional
4/6 GHz operation due to complex earth stations and the terrestrial
interconnecting links that are required to connect them with the
operating centers. The information is extracted from the Fairchild
Hiller filing.35
. From information provided in Table 7, we see that the average
cost of providing terrestrial interconnection is about $3 million per
earth-station. The cost shown in Table 7 is for receive/transmit (R/T)

type earth-stations. Earth-stations capable of receiving only

35Federal Communications Commission, Docket 16495, "Fairchild
Industries Proposal for a Domestic Satellite Facility," Docket 16495,
Marc? 1971 (Washington, D. C.: Federal Communications Commission,
1971).
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TABLE 7

Earth Segment Cost for 4/6 GHz Operation
for the Proposed Fairchild-Hiller System

(in millions of dollars)

Earth Station Location

Item b4
o x~
4] o [(}] | = o
+ [ — (@] (7] o
| = <C + > [1o] (1o}
1] + — [S]
o 3 > 3 o =
<C - w = [an] (&)
Earth Station 6.09 8.84 6.19 8.27 8.95 8.16

Connecting Links 1.75 5.83 2.47 0.72 6.40 1.1

Source: Fairchild Hiller Corporation, Application for a
Domestic Communication Satellite System, March, 1971 (Germantown,
Maryland: Fairchild Hiller Corporation, 1971).

television relays cost in the neighborhood of 60,000-100,000 dollars
but still involve considerable cost in terrestrial interconnections.
It is for this reason caution is required in evaluating the free
offerings made by the domestic satellite system applicants. For
example, today MCI-Lockheed Satellite Corporation plans to provide
free use of five transponders for five years for educational applica-
tions. But, the educational community would have to procure their own
earth-stations to make use of this offer--receive-only earth-stations
that are expected to cost in the neighborhood of $60,000. Even if the
space segment cost is zero, the large earth station cost only allows
use of the MCI-Lockheed offer in the situation where only a few

delivery or interconnection points are involved. For a system
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involving a large number of delivery points (from few hundred to
couple of thousand), the earth segment cost dominates the total system
cost and MCI-Lockheed offer does not lead to the most economic

solution any more.

A Dedicated Educational Satellite System

In the previous section it was noted that the current domestic
satellite proposals do not include any provision for satellite-
broadcasting services except for a sole transponder operating in the
2.5 GHz band on the Fairchild Hiller satellite and a;e built around
relatively low-power satellites precluding the many new service and
cost reduction opportunities inherent in low-cost small earth-terminal
operation. It is not that the technology is not available. What is
lacking is a public and potential user awareness of the technology
potential, public support for a meaningful exploitation of the
available technology, appropriate government regulations and initi-
atives, and special interests. In this section an attempt would be
made to show what new communications technology can offer if exploited
to its fullest extent and the limitations inherent in it.

The key to new services or significant cost reductions lies
“in the use of low-cost receivers, high efficiency and high-power trans-
mitters onboard satellites, narrow- and shaped-beam high-gain
satellite-borne antennae, and increased satellite 1ife-time and
reduced placement cost per unit weight. Though the implications

of these new developments have been examined in great detail
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elsewhere,36-38 it would not be inappropriate to examine them again
briefly. As opposed to the receive-only earth-stations costing in
the neighborhood of $60,000-100,000 that are contemplated for use in
the domestic satellite filings for TV program distribution, NASA has
supported the development of single TV-channel receivers capable of
providing high-quality TV signal on ground in conjunction with high-
power satellites (50-57 dBW ERP for 800 MHz and 2.5 GHz bands;

65-68 dBW ERP for 12 GHz band) that are expected to cost in the
neighborhood of $500-2000 per unit complete with a small antenna
(5-7 feet diameter) and installation. Table 8 presents manufacturing
costs of the various receivers when manufactured in the quantitites
of 1000 and 1 million. These costs are based on 1971 manufacturing
costs. These costs show marked decrease as the time progresses,

and by 1975, the receiver costs for a production volume of 1 million
are expected to be one-half to three-fourths of the costs quoted in
Table 8. Some of these terminals, those operating in 800 MHz and
2.5 GHz frequency bands, are expected to go into use in 1974-75

when NASA's Advanced Technology Satellite-F (ATS-F) would be used

in India and the Rocky Mountains for educational broadcasting from

36John L. Hult, Satellites and Future Communications Including
Broadcast, Paper P-3477 (Santa Monica, California: The Rand
Corporation, 1967).

37perry W. Kuhns, Directions and Implications of Communication
Technology, Technical Memorandum NASA TM X-52911 (Cleveland, Ohio:
Lewis Research Center, 1970).

387, M. Greg Andrus, “Television Broadcasting Satellite
Possibilities," Proceedings of Mexico International Conference on
Systems, Networks, and Computers (Oaxtepec, Mexico, 1971), pp. 119-124.
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space.39,40  Canadian Technology Satellite (CTS), a satellite that

is scheduled for Taunch in 1974 and is designed with a moderate

power output of 200 watts in the 12 GHz band, is expected to use
$15,000 earth stations for CATV headend interconnection and provision
of general communication service and television programming to "bush"
areas in the northern parts.

The ever increasing demands for more satellite communications
channels will place an unbearable burden upon the solar power require-
ments onboard the satellites and the limited spectrum and orbit
resources unless more directive antennae are used to beam the radio
frequency power to areas of interest. The same is true of higher
power satellites used for broadcasting where in certain situations
one could implement a 50-70 percent saving in the solar power require-
ment by using directive and shaped beams that avoid rf power spillovers
in the areas where coverage is not desired. In addition to the possi-
ble power saving, directive and shaped beams allow greater reuse of
the available frequency spectrum. NASA's ATS-F and -G satellites will
experiment with directive antennae in the immediate future. In the
domestic satellite filings, Fairchild Hiller Corporation was the only

one that proposed use of such antennae.*! For educational applications,

393, P. Corrigan, "The Next Steps in Satellite Communications,"
Astronautics and Aeronautics, September, 1971, pp. 36-4].

“0Corporation for Public Broadcasting and Department of Health,
Education, and Welfare, Proposal for Educational Experiments at 2500 MHz
on ATS-F, June 1971 (Washington, D. C.: Corporation for PubTic
Broadcasting, 1971).

“11t is interesting to note that Fairchild Hiller also happens
to be the prime contractor for NASA's ATS-F and -G satellites. The
satellites envisioned in Fairchild's domestic filing are based on ATS-F
and -G main-frame, including 30 feet diameter antennae.
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applications that include delivery of programming as well as two-way
communications, use of directive and shaped-beam antennae will not
only provide a great deal of flexibility in communications but also
increased channel handling capacity for the 2.5 GHz frequency band--
a frequency band that decidedly is the most attractive from the
viewpoint of system economics.

One of the things that should be noted is that the costs
described in Table 8 are for the receive chains only and are valid
for earth stations designed for reception of satellite transmitted
high-power TV signals. Some of the new services that are being
explored by the Department of Health, Education, and Welfare in
cooperation with NASA include two-way communication with the help of
small terminals for interactive instruction and tele-diagnosis services
in the isolated areas. Establishment of two-way communication service
requires the addition of a transmitter chain in the earth stations.
It has been found that in a situation involving a large number of
small earth stations, it is not realistic to talk about a video return
link from every earth station. There is not enough frequency spectrum
available to sustain this kind of application. Moreover, provision of
a return video-link costs too much--earth station unit price jumps up
ail the way to $20,000-100,000 range. However, provision of narrow-
band Tinks that contain few voice channels, low and medium speed
computer interconnection channels, and even slow-scan television
transmission could be made for an additional cost of $2,000 to $10,000
depending upon the bandwidth of the return-link. Narrow-band return

links are sufficient for most of the interactive applications discussed
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earlier in this chapter. Experiments have already been conducted or
are being conducted to establish the feasibility and cost-effectiveness
of such interactive communications via satellites and low-cost earth
stations. Using NASA's ATS-1 satellite, in May 1971, Stanford
University demonstrated the feasibility of delivering computer-
assisted instruction to isolated schools. ATS-1 and -3 are currently
being used in Alaska for providing people living in remote villages
and population clusters access to hospital facilities in Anchorage
and Fairbanks for tele-diagnosis, consultations, and for requesting
emergency help. Forthcoming educational experiments involving ATS-F
and -G satellites are expected to demonstrate the cost-effectiveness
of providing CAI alongside ITV as well as talk-back TV directly from
a high-power satellite to scattered population in the remote areas of
Alaska, Rocky Mountains, and Appalachia.

There is at present no high-powered satellite system in opera-
tion and consequently no experience exists on practical problems
involved in system utilization and in manufacturing and commissioning
of equipment (satellite and earth station) particularly for a small,
earth station environment. However, due to the work that has gone
into the preparation for the forthcoming ATS-F and -G high-powered
broadcasting experiments, it is possible to estimate the cost of small-
terminal satellite TV relay systems within reasonable limits. Unfor-
tunately, in absence of any substantial work in the area, the same
cannot be said with respect to the low-cost small earth-terminal
systems involving narrow-band return links. In the recent past, the

Public Broadcasting Service (PBS) commissioned a study to investigate
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new concepts for network television distribution systems for inter-
connecting standard broadcast stations as well as instructional
centers. The report of the study,“? conducted by the Space Systems
Organization of the General Electric Company, is now available and
presents some interesting insights into the economics of a dedicated
satellite system that capitalizes on both the utilization of newly
developed technologies and designs that are keyed specifically to
the service needs (rather than constraining the needs to previous
transmission practices and out-dated equipment).

To begin with, after an extensive systems analysis, the General
Electric study,*3 concentrated on direct distribution of programming
from one or more points of origin to terrestrial broadcasting stations
and other distribution facilities such as CATV installations, school
CCTV facilities, etc. The whole concept of indirect distribution of
programs to terrestrial redistribution facilities was omitted because
direct distribution systems presented the Towest cost type in the
region of interest to educational television. Indirect distribution
satellite systems have the major disadvantage of requiring supple-
mentary ground microwave links or "tails" for complete distribution
and would require much more costly terminals at the school sites. “*
Figure 7 shows the relative costs of satellite and terrestrial distri-

bution systems and it is obvious from it that as the area covered

“2pysinger, Network Television Distribution.

431bid.

“4Proposals for multi-purpose satellite facilities (Table 6)
mostly provide for indirect distribution.
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or the number of Tocations served increases (>100,000) direct distri-
bution satellite systems provide as least-cost alternative for
networking.

The General Electric study“> proposed a two-service concept
using a common satellite(s). It proposed a high-grade signal quality
for networking of broadcast station--55 dB Signal-to-Noise Ratio (SNR),
and a slightly lower-quality signal comparable to TASO Grade 1 for
program delivery to instructional centers (45 dB SNR). This was
achieved by using a more sensitive earth station for broadcast
stations than those used at school sites (higher G/T for networking
terminals and low G/T for school terminals). It analyzed systems
capable of providing 4 to 12 national TV channels, up to 96 regional
(time-zone) channels, and combinations of these. For the systems
close to the cost-performance optimum, the exchange was found to
range between six to eight regional channels per national channel.

The top curve of Figure 8 shows the total system cost as a function

of the downlink frequency and the number of TV channels available from
the multichannel satellite system. The bottom curve normalizes this
cost per channel. Between the curves, the multi-satellite systems are
identified for the points connected by solid lines.

Figure 8 shows several trends. First, that satellites using
a larger number of channels per beam but a national distribution
pattern (some 12° beanwidth) are much higher in annual cost because
of the wasted power spillover to areas without ground terminals. Of

the six satellite systems shown in the figure, one beam per satellite

“5pysinger, Network Television Distribution, pp. 2-5.
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system is more expensive than satellites employing two beams. Another
interesting point that came out of the study is that all the systems
seem to have a rather high fixed-cost component indicating that the
total annual cost per channel will decrease as the number of channels
increases because the fixed cost is distributed and amortized over

the number of channels. It implies that the economics of these
systems favor large capacity and multiple users.

Figure 9 shows the networking terminal cost as a function of
the downlink frequencies and number of received channels per site
whereas Figure 10 shows the system cost sensitivity to school or
instructional center earth-station antenna size and the downlink
frequency. From Figures 810, one should not have any difficulty in
deducing that the cost of networking service is the least at frequency
of 2.5 GHz, and increases as frequency is increased for the range
studied (2.5-12 GHz). Table 9 presents a summary of the representative
cost results of the investigation of the range of channel capacities
and frequency bands of interest. Operator annual costs are defined
to include the space segment costs (satellites, satellite development,
launch vehicles, and satellite operating costs), and the uplink
transmit terminals. Receiving costs include all the school and net-
working terminals. Total system cost is the sum of operator and
receiving costs. Thus, one finds that operation of a dedicated system
to provide multi-channel program distribution and TV broadcast station
networking (100,000 school sites and 800 broadcast stations in total)

at 2.5 GHz is expected to cost in the neighborhood of 22 million
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dollars a year--at least an order of magnitude less than the
comparable cost for a similar service from the American Telephone

and Telegraph Company (AT&T).
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CHAPTER 3

WIRED BROADBAND COMMUNICATIONS NETWORKS AND EDUCATIONAL
TELECOMMUNICATIONS IN URBAN AREAS

Introduction

Cable television, often called Community Antenna Television
(CATV), began as a minor adjunct to the present system of over-the-air
broadcasting in the late 1940's to bring distant TV signals to areas
which did not have any coverage. Now it is on the verge of becoming
a major communication medium in its own right. A system that was
developed to provide TV coverage to small towns in wide and sparsely
populated areas seems to have set the stage for a great "communications
revolution" in major metropolitan and urban areas--a revolution that
some experts call the coming of the Broadband Communication Networks
or the beginning of a "wired nation".l1=3 In 1950, the number of CATV
installations in the country was only five. Today, nearly 22 years
after the first CATV system was born in Clatsop County in the state
of Oregon, the number of CATV installations has grown to over 2500

serving more than 5 million TV households out of a total of nearly

lHarold J. Barnett and Edward Greenberg, A Proposal for Wired
City Television, Paper P-3668 (Santa Monica, California: The Rand
Corporation, 1967).

2Electronic Industries Association. The Future of Broadband
Communications (Washington, D. C.: Electronic Industries Association,
1969).

3R, L. Smith, "The Wired Nation," Nation, May 18, 1970,
pp. 583-606. -
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62 million. The number of homes having CATV available is expected

to increase from under 9 million in early 1970 to almost 50 million

by the end of 1980. During the same period, the number of CATV
subscribers is expected to increase from 5 million to over 26 million."
Thus by the end of 1980, two out of every three households will have
CATV available and the saturation with CATV systems is expected to be
in the neighborhood of 40 to 45 percent.® The prediction of an ultimate
penetration of 40 to 45 percent is based on the logistic growth curve
and a measure of "attractiveness" defined in terms of missing network
signals; it does not include additional increase in consumer demand
resulting from extensive two-way services discussed later in this
chapter.

Wired communication systems have developed on different lines
in the United States from those in the United Kingdom and elsewhere.
In North America, cable systems have developed as a means whereby
programs not clearly receivable from the air could be brought within
economical reach of local subscribers, or as an alternative to local
programming. Only since the middle 1960's CATV has been recognized
as a means of overcoming limitations of the present TV broadcast
frequency allocations for bringing a television of abundance to over-
come common-denominator programming that had become the basic method

of allocating broadcast time and content in the absence of other

“R. W. Peters, et. al., Business Opportunities in Cable Tele-
vision (Menlo Park, California: ~Stanford Research Institute, 1970),
pp. A3-4,

SRoland E. Park, Potential Impact of Cable Growth on Television
Broadcasting, Report R-587-FF (Santa Monica, California: The Rand
Corporation, 1970).
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workable methods short of dictatorship. With a common-denominator
approach, as one often finds on the networks, content tends to be
superficial and entertainment with mass appeal a major ingredient.®
However, with a non-radiating system with a large channel capacity
(theoretically speaking 50-100 TV channels on a single coaxial cable),
one could afford the luxury of speciality-oriented programming to

serve a variety of interests in depth and escape the common-denominator
prison.

In the United Kingdom, where there were and still are generally
speaking only two programs (BBC and ITV) and in every part of the
country these signals are easily available from air, the early impetus
for the development of wired systems came from the cheaper and better
reception promised by the baseband transmission of TV signal and use
of non-standard and cheaper receivers that do not have any VHF/UHF
signal processing circuits.’” However, today the impetus for the
development of wired systems within the United States is provided by
not only better reception and the diversity in programming that would
be possible but also from the realization of the wired network as a

minimum 300-megahertz (MHz) bandwidth "pipe" to provide many

6The television broadcast structure of today stems almost
entirely from certain basic policy determinations made twenty years
ago (Federal Communications Commission, Sixth Report and Order [17 Fed.
Reg. 3905-1952]). Some seventeen percent of the American population
has access to ten or more TV channels, nine percent to nine channels,
eleven percent to eight channels, twenty percent to seven channels, nine
percent to six channels, thirteen percent to five channels, eleven per-
cent to four channels, seven percent to one to three channels, and three
percent to none.

7R. P. Gabriel, "Wired Television Systems: Their Economics
and Details of Systems for Pay TV and Audience Measurement,"
International Broadcast Engineer, October, 1966, pp. 413-420.
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information services for home, business and government. Since the
cable or wired systems would reach schools as well as homes and
provide large channel capacity for standard TV programming as well

as promise for many new telecommunications services, they provide

an unparalleled opportunity to the educational interests for creating
new learning situations that bypass the conventional schools with walls
as well as for increased technology utilization within schools through
resource sharing among the schools interconnected by the wired network.
Whereas communications satellites have great promise for introducing
new long-distance telecommunications services as well as wide-area
coverage, the cable systems offer significant new opportunities for
local interconnection and delivery.

In October 1969, the Electronic Industries Association
submitted a document® to the Federal Communications Commission. This
well-conceived report took the stand that the seryices to be provided
by broadband communications networks (BCN) in the late 1970's and
early 1980's were of "landmark importance", of "national resource
dimensions", and that development of these resources should be a
national goal. It said that broadband communication is the tool not
only to provide a means for new styles in human settlements, but also
to rebuild, in a sociological sense, the crowded inner core of major
cities.

Broadband communication systems using cable can be structured

to promote small, self-determining communities within the massive

megalopolis. Through these, city dwellers can find order,
identificable territory, community pride, and opportunity to

8Electronic Industries Association, Broadband Communications.
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participate and vote on matters that can be of local option--

education, cultural pursuits, recreational interests, etc.

Such wide-band systems in the 1980's appear to IED/EIA to be

of absolute necessity if the nation is going to find solutions

to national pollution, urban traffic, and inner-city trans-

portation problems.®

In June of 1971, Electronic Industries Association
suggestions received an endorsement from the Coomittee on Telecommuni-
cations of the National Academy of Engineering. In a report submitted
to the U.S. Department of Housing and Urban Development, the Committee
on Telecommunications said that it believes that modern communications
technology, thoughtfully applied, can help in relieving many problems
besetting the cities and can upgrade the level of city life by pro-
viding channels for citizen-government interaction, educational tele-
communications, pollution control, health-care delivery, traffic
control, and crime prevention and emergency services.l0 With regard
to education, it commented,
The goals of any program for improved urban education

should include increasing the attractiveness, relevance, and

availability of service to the educationally deprived, and

making education more available to all people. Vast oppor-

tunities for communications technology lie with the computer,

two-way cable television, and, perhaps more important]yI the
willingness and capacity of teachers to make them work.ll

With this kind of a scenario, in this chapter, we will examine

the implications of present and probable CATV/broadband communications

3Ibid., p. 4.

10United States, National Academy of Engineering, Committee on
Telecommunications, Communications Technology for Urban Improvement,
Report to the Department of Housing and Urban Development under Contract
No. H-1221, June, 1971 (Springfield, Virginia: National Technical
Information Center, 1971).

117pid., p. 8.
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technology for educational telecommunications, CATV regulation as it
relates to educational utilization of the system, the present status
of educational utilization and the prospects for tomorrow.

Cable Communication Systems--
Their Economics and Future Developments

An inspection of the nature of human communication shows that
in any communication situation there is a single originator of the
message (defined by a particular set of space and time) but the
recipient may be an individual, a small chosen group, or a large
inchoate audience. Hence, any distinction among the various services
rests in the differences in the nature of the signal (aural, visual,
data; speed; etc.) and differences in the recipients or "addressees".
Based on the differences in the "addressees" only, the services may
be categorized as: (1) Discrete-address point-to-point service such
as a phone service; (2) Multiple-address point-to-points service such
as a professor addressing only his distant class or a particular set
of distantly located classes; and (3) Broadcast service such as the
President addressing the whole nation without any intent of excluding
any particular set of recipients. Looking at the services from a more
familiar viewpoint of "switched" versus "non-switched" services, one
could see that discrete-address type services correspond to "switched"
services whereas broadcast type services require un-switched trans-
mission facilities. Multiple-address type services could be accom-
modated on an un-switched facility using certain privacy arrangements
such as "scramblers" or could be implemented on a switched system as
in the case of tele-conferencing. After an assessment of the tele-

communications requirement of the various services, Electronic
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Industries Association suggested to the Federal Communications

Commission that it provide a regulatory environment allowing the

development of two types of broadband communications networks (BCN)

in the United States.!?

(1)

(2)

A video telephone service similar to the "picture-
phone" system of AT&T with the ability to act as a
video output terminal with limited key-board access

to computers and transmission and reception of high-
speed facsimile information.

A broadband communications network that would be a
minimum 300-MHz bandwidth "pipe" to provide many infor-
mation services for home, business and government,
including broadcast video, first-class mail, and edu-
cational material, with limited return bandwidth for
receiving and tabulating specific requests and responses

by individual users of the cables.

The first type of BCN is obviously a totally switched system

whereas the second one is primarily unswitched with very limited return

bandwidth for asymmetrical interaction--asymmetrical interaction in

the sense that outgoing information rate from the user will be two-to-

three orders
the source.
what we know

developments

of magnitude smaller than what he will be receiving from
It is the second BCN that in concept is compatible with
today as CATV and has become the objective of the future

in the urban cable communications for providing

12Flectronic Industries Association, Broadband Communications,

p. 2.
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multiple-address, multi-channel, aural, visual, and low-speed data
signals of good quality at an attractive price to the general public
and special interest groups.

Evolution of tomorrow's broadband communication networks
during the mid- to late-1970's would mark the third phase of CATV
development in which dozens of services would be offered by means of
a two-way service (Figure 11). Table 10 presents a glimpse of the
wide array of potentical BCN services for households, business, schools,
and government. We aré currently in phase two of the CATV development
that is‘witnessing the expansion of CATV into the larger communities
and urban areas as well as a growth in the addition of automated and
local live programming and greater use of underground distribution
systems. Phase one of CATV development ended in the mid-1960's when
CATV operators started to look beyond their then current role of
providing TV service primarily to those communities that were geo-
graphically isolated from the major TV transmission sites and/or
electronically blocked by the topography of the area.

In the early days of CATV, single-channel systems were not
uncommon. A received television signal was piped in the coaxial cables
from the remote head-end site to individual subscribers. As more
channels became available to the system operator, additional channels
were placed on the existing facilities (up to 20) with the addition of
wideband amplifiers covering the entire 54-252 MHz band or with the use
of set-top converters while using amplifiers with a smaller bandwidth
(54-108 MHz), since the coaxial cable had wideband characteristics.

This practice has increased the capability of CATV systems from a
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single channel to 5, 12, 20, and as many as 40 channels. At present
single-cable 12-channel systems are the most commonly used; however,
many new systems have a 20-channel capability, and prospective FCC
regulation could require all systems to have at least 20 channels.

As CATV moves from rural America into the major metropolitan
areas of the country and as more services are offered on CATV or BCN,
the prospective design concepts involved in distribution system require
more careful consideration. A number of economic, technical and
futuristic questions arise such as the benefits of various two-way
system configurations, benefits of extended trunk runs relative to
the use of microwave or lasers and the benefits of conventional
Frequency Division Multiplex CATV techniques relative to multicable
swithced techniques (i.e., Rediffusion Dial-a-Program and DISCADE).

In the past, many CATV systems have been planned so that the distri-
bution plant originates at a remotely located head-end site and spreads
throughout the community in a branching or tree-like fashion. However,
with the further development of local origination in CATV, it is

likely that most operators will establish studios at a central location
within the franchise area and the distribution will emanate radially
from this source as well as the control hub throughout the community.

As CATV systems are installed in very large cities, more than
one distribution hub is 1ikely to be used. From a technical stand-
point, there is no limitation to the number of subscribers that can
be accommodated from a single head-end as long as the amplifier cascade
on any one distribution line does not exceed forty-five to fifty units.
However, in major metropolitan areas, it is often more desirable to

use several head-ends in lieu of costly trunk runs. For instance,
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the Teleprompter system in Upper Manhattan has three head-end sites.

In light of these current developments, it is convenient to subdivide
the descriﬁtion of the distribution plant into two segments: (1) Trunk
facilities which includes the uninterrupted transmission of signals
from a central location to multiple radially extending distribution
plants; and (2) Subscriber distribution facilities connecting sub-
scriber equipment with the local distribution "hub".

As far as the trunk facilities are concerned, the major
alternatives are conventional FDM three-fourths-inch diameter coaxial
cables, small gauge multi-coaxial tube feed lines involving baseband
transmission of TV signals, and microwave relays operating in the
Community Antenna Relay Service (CARS) band in the frequency range of
12.7 to 12.93 GHz. The relative economics of these alternatives is
very much a function of the particular situations in which applications
are desired. For example, a 10-mile, 12-channel, conventional coaxial
cable trunk would cost about $45,000 if it were installed on existing
utility poles, and about $120,000 if it were installed underground.
These costs could be considerably higher in metropolitan areas. A
12-channel conventional microwave system would also cost in the
vicinity of $120,000 but would be capable of transmitting signals for
up to 28 miles. An Amplitude Modulated Link system delivering 20
channels would cost less than $110,000 for the first transmission
Tink (10-14 miles) but each additional link would cost only about
$7,000. The Laser-Link system, developed by Laser Link Corporation
of New York, is supposed to deliver 12 channels for $50,000 but

s At Wi
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could prove very valuable in metropolitan cities like New York where
one has to get the trunk signals through tall buildings and other
obstacles.

When it began to appear desirable to provide more than the
standard 12 VHF channels--either for additional one-way programming
or for additional non-broadcast programming plus return-signal
capability--various alternative systems/techniques have been proposed
for the subscriber's distribution plant. A1l are variations of a few
basic schemes: use of UHF channels, frequency-division multiplexing
(FDM) of many signals on a single cable, dual- or multiple-cables,
and switched multiple-cable High-Frequency (HF) networks with or
without multiplexing. The most commonly used CATV system in the
United States is based on an FDM approach where a single co-axial
cable carries several TV channels. Twelve-channel systems are very
common as they can be easily carried in the standard VHF frequency
slots. To increase the channel handling capacity, some systems employ
mid-band transmission utilizing the frequency gap between VHF-TV
channels six and seven (88-174 MHz) and increase their capacity by
eight TV channels. However, this approach necessitates the use of
a set-top converter to convert the non-standard channels to one
particular standard channel, Another approach is to use carriers
starting from 50 MHz and up to 350-400 MHz and use set-top converters
to convert the channels at non-standard frequencies to one particular
standard carrier frequency.

Dual- or multiple-cable systems allow subscribers to select
channels from one of the various cables with the help of a single

flip-switch. These systems may use set-top converters or may not
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depending upon the need to increase the channel handling capability.
Without any kind of set-top converters, dual-cable systems could
provide twenty-four TV channels. With the use of set-top converters,
these numbers could be increased to as many as 120-160. As of today,

the set-top converter approach leaves much to be desired in terms of

system performance;!3 however, there is no reason why it cannot be F
debugged in future years. !
A different video distribution method has been used in Great !
Britain and Hong Kong. Rediffusion, Ltd., established a distribution
complex for transmitting TV signals on individual pairs of video cable
or low-attenuation telephone cable with the video frequencies modulated
in the 5-10 MHz band. The original Rediffusion system carried only
two or three TV channels, all of which were carried into the home via
multi-pair cables. Program selection was made by operating a selector
switch, Low-cost TV receivers were leased or sold as a part of the
system. With increasing demands for TV channels, additional wires
had to be supplied to the individual subscriber; as a result, this
scheme became less attractive. The next step in this system was dial-
a-program approach,!* where an individual subscriber was supplied with
only a single pair of wires connected to a switching center. By remote

control, the subscriber had the option of selecting any one of the

programs available at the switching center. The switching and

133, E. Ward, Present and Probable CATV/Broadband Communica-
tions Technology, A paper for the Sloan Commission on Cable Communi-
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