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TEC1JN01 06)cAL ALTEMJATIVES
AND 11411J1CATJOI:S

. Gene G. Ax

1. INTRODUCTION

This paper eill summarize some of the major technological alter-
natives and iication:.; considered by the primary companies and associations
that submitt-.:,A proposals and/or filings to the FCC in conjunction with
Docket 18262 concerning and mobile radio communications in the 900 ME7.
portion of the spectrum. In this interim paper, an attempt will be mu;1
to summarize 1:hy the various technological alternatives, as expressed by
the indicateJ. companies and organizations, are or are not being considered
further. In the final report, I hope to offer some of my own thoughts on
these and other technological alternatives which have not been specifically
addressed. For example, multiple-access techniques, such as RADA and MADA,
will be considered along with others that may be discovered in the technical
literature and from discussions with government and industry personnel.
If it appears desirable, and can be accomplished rather easily, limited
measurements may be made. For example, it may be possible to assess the
effect of flat fading on single sideband amplitude modulation systems
in the 900 1/Jiz, mobile environment by sending a voice message through the
channel simulator that ITS has.

2. AT&T

Technological alternative system ideas by this company are taken from
Appendix B entitled "Alternative System Concepts" from their technical
report [1].

2.1 Time-Division Multiplex With PAM)

Pulse amplitude modulation (PAM) is considered to, perhaps, be
competitive with the FM system being proposed and they plan, as resources
permit, to study it further for the following reasons:

1. Broadband pulses that can be resolved between multipathcomponents offer the possibility of inherent time diversity
to minimize the frequency-selective fading of the mobileenvironment.



2. Pulse triAission techniques would add a degree ofprivacy because it would be hard to synchronize to aparticular channel.

3. Hardware complexities of frequency-division multiplexedsystems with closely spaced channels could be avoided bymultiple - in the time domain (as would be necessarywith PAM).

4. System-opng algorithms and channel arrangements could,through software changes, adapt the timing of the Systemto better match particular propagation conditions.

2.2 Deterministic Coverage Plan
This plan represents a refinement of their regular contiguous hexagonalcellular s:,;tem that is based on a statistical description of the radiopropagation effects. The cell structure could be based on deterministicmeasurements of radio propagation conditions in each area with some channelreuse distances being less than those given by the statistical modelsand others being greater. With this plan it should be possible to lessenthe average radio-channel-reuse distance with a resultant greater valuefor mobiles/MHz/Unit area. Multiple directive antennas at each basestation could play a part in tailoring the cell structure to each particulararea.

In a deterministic coverage plan one could make use of the knowndistribution of average signal strengths throughout the cells by comparisonwith the average signal strengths received from a. vehicle at the basestation(s) to assign channels in a relatively interference free fashionwithout the need for special vehicle-locating hardware. This procedure,however, requires a special channel set for call attempts with a muchlarger reuse interval (distance).

It is claimed that several topics need further study on this basestation assignment approach before the procedures can be outlined in
detail. These include base station layout procedures; extent and
detail of measured field strength required; accuracy and performance
of the base station assignment algorithms; size, speed, and complexity
of the system controlling computer; the landline interface; and the
economics of implementation.
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2.3 Frequf-Division Multiplex
A compariso;. of required transmitter powers and spectrums for FM/FM,

FM/SSB, SSB/SSB, and SSB/FM multiplex signals is-.made with regard to
average snal level, flat an:i frequency-selective fading, and co-channel
interfer,_,Iye. Their study /..%1,)t1ns that conventional FM channels (SSBA:.:)
require ]css transmitter powcr than any of the other three and much less
spectru'q than for FM/FM and FM/SSB for the IMF mobile telephone application
Flat and frequency-selective fading affects SSB/FM less seriously than it
does the others. Flat fading seriously affects SSB/SSB and frequency-
selective fading rules out FM/FM and FM/SSB for the high capacity mobile
telephone system. Intermodulation can be a more serious problem with
SSB/SSB, 4PM, and FM/SSB since higher peak transmitter powers are
required. It is emphasized that these techniques are analyzed in the
absence of diversity reception techniques. 

It is claimed that the four types of systems considered here are the
common types that would normally be considered for mobile radio applications

2.3.1 Spectrum and Power Requirements
They point out that if one used FM/FM, FM/SSB, or SSB/SSB instead ofconventional SSB/FM from base to mobile that the two-way bandwidth required

could be reduced between 25 and 50 percent. FM/FM or FM/SSB are not
feasbile for mobile to base transmissions and SSB/SSB suffers severely
from flat fading. The 25 to 50 percent bandwidth reduction, however,
comes at the expense of a peak transmitter power requirement that is from
15 to 20 dB greater than that required for the SSB/FM choice being considered.

The peak power advantage of SSB/FM over SSB/SSB primarily results from
the signal-to-noise ratio improvement one obtains with FM over AM for
the large modulation index (pe.4) planned for the SSB/FM technique in theirhigh-capacity mobile radio system. Its advantage over FM/FM and FM/SSB
is because of the small modulation index (o.06) for the subchannels.
FM/FM and FVSSB would have to occupy approximately twice as much bandwidth
as SSB/FM in order that the same peak powers would be required. This gain
obtained by the increased bandwidth would be accompanied by far higher FM
thresholds than for SSB/FM channels.
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2.3.2 The Effect of Flat Fading

The effect of flat fading on SSB/SSB is such that it renders it unusable

for mobile radio at UHF and higher frequencies. The fading signal has thc,

effect of mixing the Lii,e variable transmission coefficient of the mr!di.um

wiLh the desired modulation. At these frequencies Doppler frequencies

(and their harmonic:,) are on the order of audio frequencies. Thus, the

distortion due to fading is not easily removed by AGC techniques. It is

claimed tha', even sevc,ral branches of diversity reception does not make

SSIVSSB usable for telephone Quality communication.

The effect of r_lat fading on FM/FM, FM/SSB, and SSB/FM is approximately

the same since their FM thresholCs are about the same.

2,3.3 Frequency-Selective Fading

For appropriate modulation design parameters for a high-capacity

mobile radio system and for a time delay spread of 4 microseconds 1-:./SSB
and FM/FM multiplex systems would be wide enough in bandwidth such that the
intersubchannel interference would render them unsatisfactory for UHF

mobile telephony.

2.3.4 Co-channel Interference

For efficient utilization of the spectrum each channel should be

reused as often as possible geographically. This is limited, of course,

by acceptable co-channel interference. The important point here is to

note that SSB/SSB has been ruled out because of its poor performance

under the flat Rayleigh fading nature of the UHF mobile radio channel.

Under this assumption and the assumption of path loss being proportional

to the fourth power of distance the FM/FM and FM/SSB systems require,

for the same output signal-to-interference ratios, a total spectrum

space several times that required for the SSD/FM system being proposed.

If, indeed, SSD/SSB was usable in this flat Rayleigh fading environment,

its required total spectrum would only be about one half that needed

for the proposed SSB/FM system.
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2.3.5 Receiver intermodulation

It is claimed that SSB/SSB has an intermodulation interference that
is from )15 to 60 dB higher before demodulation than for SSB/FM an -i thnt
the capurf- effect of SSB/Fi.I gives it an even greater advantage.
FM/FM e.ri FM/SSB should be unaffected by intermodulation interference
other multiplex transmissLons of approximately equal strength fr:71
the same base station where the intermodulation interference could again
be )45 to GO dB higher than for SSB/FM.

2.4 Comments

A disconcerting aspecs, of the whole appendix on "alternative system
concepts" is that only one direct reference is given. In fact, outside
of the above reference, I don't believe that the whole technical report
makes reference to work done outside the Bell System.

3 MOTOROLA, INC.
Alternative system concepts by this company are taken from Appendix 3

of their submission to the FCC on December 20, 1971 [2].

3.1 Techniques Applicable to Multi-channel Systems
They feel that the costly pbwer trade offs at 900 MHz will necessitate

high transmitter sites with a consequent premium on available space such
that the luxury of one antenna per transmitter cannot be afforded. Thus,
they maintain that any multi-channel system must use a minimum number of
antennas per system. The following candidate systems are considered:

3.1.1 Combining on Single Antenna

3.1.2 Common Power Amplifier

3.2.3 FDM1FM Multiplex

3.1./1 Single Sideband/Master Carrier System
3.1.5 Time Division Multiplex

3.1.1 Combining on Single Antenna
A common technique for combining multiple transmitters on a single

antenna is that used by the Bell System with their MTS mobile telephone
system. This consists of several levels of approximately 3 dB isolation

5



pad; Lne myriber of pads halving at each stnge from the transmitters to

the antenna. For possible systems at 900 MHz the transmitters were

limited to four 500 watt units on a single antenna giving 100 watts of

power from ccb trnsmittc,r Into 1,1c common antenna.

3.1.2 Com:aon Power Amplifier

A twenty-channel system is analyzed here to show that the peaking

phenonena of common power amplifiers along with reasonable intermodulation

specificc,tions for these amplifiers requires amplifiers rated at unreasonably

high powers in order to maintain acceptable adjacent channel interference

levels. This is true, according to the analysis, even when a guard band

as wide as tic occupied spectrum i used between the groups of channels.

They mintain that there is little practical hope for a common amplifier

approach.

3.1.3 FDM/FM Multiplex

This technique of combining several SSB channels together to FM

modulate a single carrier solves the common antenna problem very nicely;

however, it is not considered to be a good candidate for the mobile

telephone environment for the following reasons:

1. Frequency-selective fading produces occasional severe
distortion in the higher subchannels regardless of
transmitter power (this is characteristic of multiplicative
channel distortions).

2. Danger of interference to channels in other blocks if the
deviations are not properly controlled.

3. Poor signal-to-noise ratios in the higher subchannels.

3.1.3.1 Field Tests

A field test comparing a 20 channel FDM/FM system with a composite

modulation index of 0.35 with a conventional single channel narrowband

FM (5 KHz deviation) system was made. Receiver noise figures were the

same for both systems. These field tests substantiated numbers 1 and 3

of the reasons given above for the FDM/FM system not being a good

candidate system.
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3.1.4 Single Sideband/Master Carrier System

In the interest of possible spectrum economy and erasure of the connon
antenna problem an SSB multiplex system with a master reference carrier

was consider(3. Thir, system was considered to not be usable for the

following rea..);1:3:

1. Flutter interference due to fading.

2. Poor signal-to-noise ratio performance.

3.1.4.1 Field Tests

Listening tests comparing this lultip)ex system to the reference narrow-
band FM system were made and found to be disappointing. The tests

substantiated it.ms 1 and 2 above. The master carrier AGC system tends to
reduce the effects of flutter fading on the lower subchannels but only

up to about 20 KHz. In any case, the noise rise in the fades was

considered to be very objectionable. Because of the poor performance,
work was discontinued on this system.

3.1.5 Time-Division Multiplex

Tim,--division multiplexing (TD) voice channels utilizing either
digital or analog samples was considered. However, digital modulation
with TDM requires much greater bandwidth than analog systems for good
quality speech transmission. At least 50 kHz of bandwidth per voice channel
is required for any reasonable quality. For a well-behaved channel analog
samples of voice signals would require much less bandwidth than for digital
voice. However, when one matches this modulation to the 900 MHz mobile
environment and practical filters considerable bandwidth must be utilized
in order to reduce cross-talk to acceptable levels.

_Motorola indicates that, even though the multiplexing techniques

previously mentioned above do not have merit, they have been investigating
a new multiplex technique that may be promising for the 900 MHz mobile
environment. No indication of what this technique may be is given. However,
they indicate that this technique is under investigation and is being fieM
tested. When the tests are complete it will be reported on.



4.1_ ETA

This section will summarize appropriate points of the submission to

the FCC [3] concerning Docket 18262 by the Land Mobile Communication

Section of the liplw:Lrial Electronics Division of the Electronic

industries AssociaL]on (MA).

4.1 Frequency Modulation

They concluded that frequency modulation provides the optimum

spectrum utilization in the land mobile service.

4.2 Multiplexing

Multiplexing and other forms of modulation have been considered as a

means of improving spectrum utilization. The Section concludes that

although other forms of modulation can theoretically increase the number

of channels in a given segment of spectrum, FM provides for optimum

spectrum utilization when sharing in time, frequency, and geographically.

In other words, it should maximize mobiles/1,2Iz/Unit Area, a true measure

of optimum spectrum usage.

4.3 SSB at UHF

Their conclusion is that SSB, whether single channel or multiplex,

would give unacceptable performance for the Land Mobile Radio Services.

Two prime reasons for this are given. First is the required frequency

stability of 1.5 parts in 108. This, although achievable, would be

expensive. The second reason is more compelling (cannot be eliminated

by sophisticated designs). This has to do with the flutter fading of

the signal. For example, this fading rate is given to be 172 Hz for

a vehicle traveling at 60 mph. This fading rate and its first few

harmonics will be detected and will fall into the audio band. At

these high flutter rates AGC techniques cannot work without causing

severe speech envelope distortion.
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Spectrum Policy

Octol= 21, 1971 Berry and Ewing submitted preliminary thoughts
concerning program for this area to Hinchman.
(SP1)

November 2 Meeting with Hinchman, Thompson, Lynch,
Lasher, Berry, and Ewing.

Of interest are: a measure of how much a user
uses this resource, definition of user
rights--considering the TEMPO report results,
what portion of the electrospace is occupied,
analysis of the communications resource using
the geostationary orbit, and a study of the
earth station network. (SP2a,b)

December 3 Ewing submitted suggestions concerning orbital
communications capacity in response to Nov. 2
meeting. (SP3)

December 9 Meeting with Berry, Ewing end CSC personnel to
discuss CSC computer program on Communicatqn
Satellite Costs. (SP4)

December 10 Meetinr., with Hinchman, Ewing, Berry. CSC
program not of high priority. Presented the
need to determine the electrospace unused,
e.g., in a metropolitan area. (3P5)

December 27 Letter from Ewin- to Lynch discussing progress
in furtherin-T ideas of Dec. 3 paper in light_
of Dec. 10 meeting. (F5P6)

Janu3rv 14, 1972 Berry submitted pner, "Metropolitan Spectrum
Availability Study to Hinchman. (SP7)

Contacted ECAC concerning availability of
frequency and equipment data. (SP8)

Schedule of tasks for assignment policy fol.
the geostationary orbit submitted to Lynch.
(SP9)

February 3

February 22

March 3

March 13

March 16

Request to Cohn to obtain frequency data.
(SP10)

Justification for frequency data needed from
Dean submitted to Hinchman. (SP1I)

Summary of work in definina Orbit Rights and
Value submitted to Hinchman. (SP12)

Further definition of orbit rights submitted
to Hinchman. (SP13)



March 22

March 29

March 31

1

1

Review of orbit value project by Hinchman.
(SP14)

Further review of orbit rights project
submitted to Hinchman. (SP15)

Comments concerning orbit rights and orbit
value projects submitted to Hinchman. (SP1b)



October 21, 1971

Mr. Walter R. Flinchrnan

Office of Telecommunication Policy

Executive Office of the President

Washin3ton, D. C. 205().1

Dear Walt,

Enclosed are some rough notes which are the result of some of

the thini-zing Don and I have done in the area of spectrum

allocation. 1 would like to emphasize that these are merely

working notes developed in an attempt to define the problem and a

plan of attack, and are subject to revision as we proceed.

We hope to disculis these with you and benefit from your advice

when we come to Washington the first week in November. If

you want to comment sooner, just call.

Sincerely,

Leslie A. Berry

OT
ITS
Chrono.
Subject
bcc
LAB/pm (1041-71)



Berry; 10-15-71 DRAFT

How should the electrospace be allocated?

An answer requires an understanding of —hat is being allocated:

what the value of the space is; and how allocation is related to actual

use. Notice that I have assumed that the spectrum must be allocated--

that is, that a completely free, competitive market for electrospace

is not an immediately feasible alternative. (See final page of this

draft.)

1. How is the electrospace allocated now?

This question must be answered because one of the possible

answers to the main question is to continue with the present system.

More realistically, any change will have to be sold on the basis that

it is better than the present one, and a detailed understanding of the

present system is required before a persuasive argument can be

constructed.

1.1 How is it now allocated internationally? nationally?

in government? non-government? What are the

mechanisms, who are the decision makers, what are

the salient considerations? Are the considerations

different in broadcasting and land mobile, in microwave

relay and radar, etc?

1.2 What is now allocated? What are present units? Are input

rights or output rights granted? Is the answer the same

for government and non-government allocations? Is it

the same for different services--for example, in land

mobile and broadcasting?

1. 3 What are the proposed suggestions for changes in what is

allocated and nuw it is done? Why have these stTgestions



failed? (or succeeded?) How do they relate to each

other? What are the criticisms of them? Have they

been tested in specific areas?

1.4 What are the constraints on changing allocation procedures

(political, economic, institutional, operational)?

2. What are the units (or dimensions) of the electrospace?

2.1 The units should be technical-..that is, they should

describe the space rather than the value of the space. I

think we cannot solve all of the allocation problem just

by a sufficiently clever selection of a unit. If we have a

gocd technical =it, we can then proceed to the value

question in terms of dollars per unit, or social value

per unit, or whatever. It then follows that it is not

necessary for every unit to be of equal value regardless

of location, nor must the unit describe all rights associated

with the space. The unit simply measures the space.

2.2 What components for the unit are there? Frequency?

bandwidth? power? shape of illuminated area?

polarization? time?

2.2.1 Is time important at the character length scale?

at the message length scale?

at the hour or day length scale?

2.2.2 Is modulation a part of the unit?

2.2.3 Should the unit be scalar (everyone seen-as to have

assumed so) or vector (which I think it now is)?

2.3 Are the most appropriate units for allocation and sharing

the most appropriate ones for computing value of the

resource?



-3-

2.4 Proposed units shcood be applied to a number of different

systems and services—land mobile, broadcast, radar,

microwave relay, satellite—to test their practicality,

generality, completeness, etc. They should be able to

be measured (for enforcement and/ or legal protection

purposes).

Can the units be determined from information now filed

with the FCC, IAC, IrRB, etc.?

3. What is the value of the electrospace?

Unless or until a free market is established (not near) we

need to know the value so we can make ratio:Ial decisions --f;c• we can

optimize the allocations in some sense. (Maybe not, we might choose

to make rational decisions on the basis of technical efficiency alone.)

3.1 What is the economic value, in dollars per unit of space?

as a function of geographic location, time, frequency, etc. ?
3.1.1 How can this value be calculated—plant investment?

revenues generated? substitution cost? present

market price (possible for broadcast licenses maybe)?
To begin to generate answers we could do a number

of case studies. A "case" would be a study of the

value (or values given by the various methods above)

for say, AM radio, or TV, or microwave relay, or
weather radar, etc. Displaying these cases, say as

scatter lots of values as a function of electrospace

unit might suggest trends, identify gross inequities,

areas of opportunity, etc.

3. Z Does the electrospace have values which are not economic?

what are they? Is it possible to transform them to economic



values? If If not, ho. can they be entered into tradeoff and

sharing analyses?

4. What is the relation of allocation to equipment and operating standards,

to sharing and ern.c problems, to spectrum engineering.?
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Berry: 10-15-71 DRAFT

Spectrum Resource Allocation

Why should the electrosRace (spectrum resource) be allocated?
This could be approached as a philosophical question to be answered either
immediately on the basis of personal biases towards government control,
or after long and subtle analysis of the nature of the resource and of man.
However, a practical answer, sufficient for the next five years, is that
it must be allocated because it has been allocated. That is, government
actions and the business response during the past 40-50 years have
produced a numerous, affluent, and therefore, powerful establishment
which benefits from the exclusive spectrum rights granted to them free
by the government, and protected by law, Opponents of government
allocation of the spectrum, who would create instead a free market for
it, are too few and too powerless to force an immediate change of policy
and behavior.

What coalition would it take to make such a change? Probably at
least the OTP (with the President' 0 support), the FCC, and a majority
of Congress. And the conviction would probably have to be sustained over
several years while the change was challenged in court. At this point,
that scenario seems unlikely.

So even if the goal of a free spectrum market is desirable, it can
only be achieved by a gradual transformation over a number of years.
The transformation might begin with the replacement of rigid block
allocations with flexible, regional allocations (which many people
recognize as necessary) and with minor deregulation in selected areas
(such as that proposed by Whitehead for AM broadcast). It might proceed
to crging fees for spectrum use which are proportional to a measure of
the value of the spectrum used, and to allocation procedures based on
quantitative analysis of the relative value and benefits of various proposals.
More flexible rights of subdivision, subleasing, and sale of rights might
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be granted in some areas of the spectrum. Gradually, the gap between

accepted practice and a free market would narrow until
 it could be



WORKING PAPER D. Ewing October 7, 197:

VALUE OF TEE RADIO RESOURCE

It goes without question that the radio resource is valuable. The

value of a particular portion of the electrospace is dependent
 on the

number of: claimants and the intensity of the need they feel for it.

It is often stated or implied that the objective of electrospace

allocation is to allocate the resource to its highest valued use. The

value of a particular use must be estimated considering
 economic,

social,. and technical interactions. Making such an evaluation is most

difficult. It is somewhat difficult even to clearly delineate criteria for

evaluating a particular allocation. Though there are countless methods

of evEivation it is extremely difficult to devise one representative of

national priorities.

One must recognize that an informal-evaluation of electrospace

use is in operation at the present time and is expressed to some extent

by the way the electrospace is currently allocated. The value curren
tly

placed on a portion of the electrospace finds expression through a myri
ad

of lobby pressures, social pressures, economics, and spectru
m engi-

neering. Perhaps the most significant component of its expressio.a

however, the fact that there is considerable and growing dissatisfa
ction

with current allocation procedures. The present allocation 
system of

free licenses has no mechanism for letting claimants expre
ss the in-

tensity of their need other than the lobby mechanis. m. Specifi
cally,

c3airnants to the spectrum cannot communicate a dollar value
 expres-

sive of their need. PprhF)ps some of the problems in placing a 
value

on the resource can be illustrated by an example. Suppos
e that two

10 kHz bands are to be licensed by auction for a give
n time period,

say for 3 years. The bands are a
t 100 kHz and at 10 GHz.

QUESTION: Which of the two bands will bring the highest

price? That is, which is more valuable?



The first reaction of many would be that th
e lower band has more value.

Why?

• Let us be somewhat more specific about what it is th
at is being

leased. That is, we shall describe the commodity in
 somewhat more

detail. First we assume that the highest bidder will have full 
access to

these frequency bands anywhere
 in the United States. (We assume for

simplicity that there arc no real internatio
nal problem.) We will also

assume that subleasing is allowed.

Suppose now that A. wants to "cover" the United State
s, and

that B wants to establis
h a link between. San Francisco and Portland.

It seems clear that A
 will want the lower frequency because there he

• would be able to cover
 the country with a small number of transmitters,

while if he leased the hi
gher band a larger number of transmitters would

be needed. Thus for
 A the lower band has more value; he would be

willing to bid higher on
 the lower band thain on the upper band. On the

•
other hand) B will be interested primarily in the higher band, because

there he would be abl
e to set up his link and sublease this band in the

remainder of the United State
s. The lover band would be less suitable

for s purpose for there he would
 not be able to sublease as large an

area, nor would he h
ave nearly the number of possible sublease

We have established that the value
 is subjective, that is, because

A and B have 
different needs they value the bands differently. If only

A and B atten
ded the auction, the lease would go for a token pri

ce.

Assuming there are many
 A' s and many B' s however, the auction

would give sonic 
indication of the value. We have not answered the

va,lues of the bands: We do not know what the
question of the relativ

e

high bids would be.
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CONSIDERATIONS:

1. In the example, the reason that A and B have different

evaluations of the bands centers on the PROPAGATION

CHARACTERISTICS at these frequencies and the EQUIP-

MENT COSTS.

2. The value to the nation may not be expressed by the highest

bids. Technical and social considerations are not the pri-

mary considerations to the bidders. However, if Adam

Smith' s "invisible hand" is operative the highest bids Co

in fact represent the values relative to national priorities.

3. We are accustomed to viewing the spectrum on a logarithmic

scale and there it appears that the lower band is a larger

piece of the spectrum. However, from an information

theoretical viewpoint the two band's have the same infor-

mation carrying capacity.

4. There are 27 such bands. in the LF band (30 to 300 kI-:z)

but 2,700,000 such bands in the SHF band (3 to 30 GHz).

This is a ratio of 100,000 to 1 in the  suppl}r of 10 kHz

bands at these frequencies. It is doubtful that the demand

. for SHF bands over LF bands comes anywhere close to

this ratio. This may be the single most important ::actor

to consider for the question posed.

5. Satellite technology could possibly allow A to "cover"

the United States at 10 GHz, hence A may have some.

interest in the higher band. However, considering

equipment and logistics costs, he would likely still

prefer the lower band.

-3



Since my thinking regarding the VALUE OF THE RADIO

RESOURCE has not progressed to the point where a concise definitive

statement can b.e made, I will conclude this working paper by posing

two further questions.

QUESTION I. What does VALUE of the electrospace
have to do with methods of allocation?

It may be helpful to examine two methods.of allocation which

appear to be extremes. One is the current allocation method of

essentially "free" licenses. It is recognized that these licenses are

not really free, since regulators control the use of the license to some

degree (eg. TV program content). However, this allocation method

assumes that a government agency can allocate the resource in an

optimum way according to specified criteria. The criteria must be

broad enough to implement national goals regarding telecommunications.

For such a method to be iptally effective, the criteria must allow

comparison of any two allocations and a best allocation chosen. This

is nearly tantamount to saying that a utility function can be established

which gives the national utility for each possible allocation. The dif-

ficulty in finding the value of the spectrum lies in the fact that its

utility is not easily measured in dollars. Although this utility function

would put relative va.lues on each allocation, it is not evaluating pieces

of electrospace as in the previous example. We should note that to be

totally effective such a utility function must be time dependent for

flexibility.

Another extreme is the market system where electrospace

"property" is initially auctioned to the highest bidder and subsequently

owners arc allowed to 'sub'divide, their property. This method of

allocation presupposes that electrospace rights can be established which

are legally enforceable and which easily permits buying, selling 
and
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subdividing the commodity. Under this method of allocation, there is

no real need to evaluate portions of the resource, other than to observe

the market valu3, once the rna-J.et has been establish.-d.

Between (or perhaps to the side of) these two allocation methods,

lie method:; such aslicensing for fixed (not auctioned) fees, license by

auction, license by auction where sublc.,asing is allowed, and combina-

tions of the above. All have advantages and disadvantages. Although

the difficulty in implementation varies, implementation will be difficult

in any case and possible only gradually.. Clearly, there is an advantage

to any system where the value of portions of the electrospace can be

expressed by an auction or market. The question then is, "Does an

auction or market allocation method allocate the resource io its highest

nationally valued uses?"

QUESTION 2. What kinds of VALUE SYSTEMS are there
relative to allocation methods?

It seems to me that there are at least three value sys.e-i-ns in

operation when one considers the overall problem of methods of allo-

cating the electrospace.

First, there is the value of the electrospace as a whole. This

value is• relative to other national resources and must often be consid-

resource tradeoffs. Also, it seems to me that this ty-peered regarding

*of value is operative when we are using a utility function comparing

allocations. That is,' the ideal allocating agency would use such a
- .

evaluation to comparing allocations. This evaluation must implement

national goals concerning telecommunications..

Secondly, there is the value of portions of the resource as
.;

'represented by an aucuon or market. Perhaps it is also possible to

come up with this type .of evaluation by shadow pricing. This value is

a function from the elcarospace to dollars as expressed in my -

-5.-
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August 25, 1969 draft paper, Consumption
 of the Radio Resource.

Units of value here are measured in dolla
rs per unit electrospace,

however, the value varies over the electr
ospace. The GE Tempo

report comments (p. xiii) that although sev
eral methods have been

proposed to rneasdring the amount of nele
ctrospace" used, none have

given an associated economic value to. various por
tions of the

as is needed or allocation and assignment decisions.

Thirdly, there are evaluations made of the 
resource by individ-

uals as indicated in the beginni
ng example. Although individua

ls

evaluate portions of electrospace differentl
y because of differing needs

,

we pointed ouf.-, that collectively they c
an determine a market value.

A_

-important concern of the resource manager
 is the interaction of these

value systems.

•

-6-



Date: November 8, 1971

U.S. DEPARTME1 OF COMMERCE
Office of Telecommunications
INSTITUTE FOR TELECOMMUNICATION SCIENCES
Boulder, Colorado 80302

Reply to
Attn of:

Subject: Meeting with Walt Hinchman, OTP, November 2, 1971 to discuss
PSD activities in the area of Spectrum Allocation Policy

Spectrum Policy Project FileTo:

Present at the meeting were Walt Hinchman, Cecil Thompson,
Mike Lynch, and Seb Lasher of OTP and Les Berry and
Don Ewing of OT/ PSD.

The following are three directives (as I understood them) resulting
from the meeting.

1. There is a need to investigate ways to measure "how much" a
user of the electrospace uses this resource. Preferably this
measure could be given at least initially without use of proba-
balistic methods. Closely related to this problem is the problem
of defining user rights. Can anything simple be done to alter
the rights package of the TEMPO report so that maximum signal
levels on "boundaries" can be replaced with something more
cognizant of the nature of electromagnetic waves?

2. A "methodology" is needed to display what portion of the electro-
space is occupied and to answer the question, "Who must be
negotiated with if I place a transmitter here"? Walt said that
if we come up with such a methodology, then a case can be
made for decentralizing telecommunications management.

3. A possible short term project to give a feel for the overall
spectrum resource problem would be to analyze the communications
resource using the geostationary orbit. How much of this resource
is now planned for or is in use in comparison to the total orbital
communications capacity?

Other comments that may be worthwhile listing are the following:

1. Another possible short term study might be the earth station
network?

2. We should not spend undue time understanding or describing the
current allocation system.

3. OTP has not given this problem detailed thought. These questions
have been more something they have thought about "late at night".

Donald R. Ewing

SP2a



1
Date: November 9, 1971

Reply to
Mtn of:

U.S. OEPARTMEN 31: COMMERCE
Office of Telecommunications
INSTITUTE FOR TELECOMMUNICATION SCIENCES
Boulder. Colorado 60302

Subject: PSD Washington visit, November 2-5, 1971

To: Spectrum Policy Project File

1. Spectrum Resource Allocation Policy

Don and I met with Walt Hinchman on November 2, also present

were Seb Lasher, Mike Lynch and Cecil Thompson. Walt wants

us to:

a) Define the resource - its dimensions or relevant factors,
and a unit which can measure quantity. He believes that
this is essential to any further progress.

b) Describe "rights" which might be allocated, sold, leased,
or whatever. These are distinct from units of resource,
but are stated in terms of the units. Consider
possibilities of input rights and output rights. Consider
the effect on spectrum value and use of various definitions
of rights.

c) Determine the data and procedures necessary for allocation
using the definitions of the electrospace and rights chosen
in a) and b). These would include the record-keeping and
retrieval systems necessary. (Here, Walt sounded
surprisingly like a spectrum engineer - his examples
seemed to be close to EMC.)

d) As a special case which could have short term payoff,
and will certainly illuminate the problems and potential
of the approach, Walt wants us to carry out steps a) - c)
for the satellite communications case. He would like to
know what the maximum capacity for communications
satellites is (under various assumptions) compared to
the present and proposed allocations. We could also
attempt to determine the value of the electrospace for
this service.

e) In the afternoon, Don and I spent a couple hours with Mike
and Cecil, who will be our immediate contacts in this area.
They are economists. We started learning each other' s
language.

ACTION ITEM: Mike would like an account on our time share system.

SP2b



December 3, 3971

INSIITUTE: f
E3Du!der, Cci.orz!do Eij3D2

Mr. Walt Ilinchman

Office of Telecommunication Policy

Executive Office of the President

Washington, D. C. 20504

Dear Walt,

At our November 2 meeting you suggested that inve
stigation of t.

orbital communications capacity would be. an appropria
te sub-p:-.-;:plen-_

to get a feel for the larger problem of radio-resour
ce use and

The first obvious statement worthy of expression is
 that there is no

least upper bound to geo-stationary orbit capacity. Rather, there

are tradeoffs which must be considered relative to "spec
trum

engineering" and "economics".

There are several articles treating the "spectrum engineer
ing"

aspects. Their "overall.goal seems to be to maximize the channels

per degree of orbit per megahertz. Possibly the most use
ful for

our purpose is Jansky and Jeruchim„ "Technical Factors and

Criterion Affecting Geostationary Orbit 'Utilization", ALAA Third

Communication Satellite Systems Conference, April 1970, p. 563.

This paper deals almost exclusively with FD.M/ FM telephony syst
em

The further restriction of the problem to these systems seems

acceptable since these constitute the majority of proposed systems

and our purpose is to analyze a tractable problem. Since the

economies of the orbital capacity is not treated, I feel that a

worthwhile effort could be made at integrating cost factors into

the analysis of orbital capacity.

The enclosed attachment (1) briefly describes the Jansky-Jer:IcHirn

paper, giving a capacity graph not contained in the report, and

(2) briefly describes a methodology to relate capacity and cost.

Les Berry and I plan to be in Washington on December 9 and 10.

Perhaps we could discuss further plans at that time.

Sincerely,

__Donald R. Ewing

Boulder Policy Support Division
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I.

There are two major equations obtainable from the Jansky-

Jeruchim paper.

TRADEOFF EQUATION

(1 + 9.5 M3) Ni(D/X)2 02.5 = C

ORBITAL SPECTRUM UTILIZATION EQUATION

= 
fl 
 

119  (1 + 9.5 m3) p/x)2 N. 0.4

e mn 

=, rms modulation index of the multichannel baseband

N. = interference noise in pINTOp

ratio of earth station antenna diameter to wavelength
,0

satellite separation in degrees

a "constant" depending on the polarization and

offset isolation parameters. if 14 and 10 dB are

used (respectively) then C = 2.036 x 10
9
.

119/(170 M + 1), the satellite channel capacity

in channels/MHz (per satellite)

a measure of orbital spectrum utilization in

channels/MHz/degree

Both equations are downlink equations and assume earth

coverage antennas and uniform systems utilizing polarization and

offset isolation. They represent the state-of-the-art maximum

satellite communication capacity with FDM/FM telephony systems.

The engineering tradeoffs are discussed in detail in the paper and
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summarized in figure 3, page 587.

The following graph gives an idea of the.geo-stationary

capacity.
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The first equation is a  tradeoff equation because from a cost

or spectrum utilization standpoint each of the parameters on the



left should be made as small as possible; yet one parameter cannot

be reduced without increasing the others. Basically the tradeoffs

are between cost, reliability, and resources used, although the

paramtors in the equation are not exclusively any one of these.

We see from the utilization equation that n can always be

increased by increasing M, DR or N. (which decreases e). Hence,

theoretically there is no upper bound. The task then becomes one of

minimizing cost or at least relating cost and utilization.

If good satellite system cost information can be obtained,

tradeoff nd DP, can be chosen to

minimize system cost, for fixed 0.

A possible methodology for computing the minimum cost per

channel as a function of satellite spacing is

1) derive a cost function C(Iv1,N
i
,DP,), and

2) use the method of LaGrangitan multipliers tc) minimize

cost per channel subject to the tradeoff equation constraint.

Regardless of the minimization technique used, the result

would be a graph such as shown below.

c ost/channel
* 2000 mile land

line cost

*1000 mile land

line cost

(degrees)



It may be instructive to Plot the values of M, N., and D/X yielding

these "minimum costs", An( .ier possible chart resulting from these

calculations is a plot of cost per channel vs. capacity.
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D2te: December 21, 1971

Reply to
Alto or:

I

INZ;TITUTEE TELECCM.MJi\:.:_',ATION SCIE:N:ES
Co'DradD

•

saint: Meeting at Compter Science Corporation
 with

George Knouse, John Spoor, John Illgen of CSC,

Les Berry, and Don Ewing of PSD on Dec. 9, 1972 .

PSD File
To:

We went to CSC believing that they had an improved
 GE

computer program which estimated communication satellite

cost.

We were given an overview of major CSC programs, t
hen

specifics of their Broadcast Satellite Cost Study for NASA.

They described their program as a study of performance
/ cost

tradeoffs, including sensitivity analysis. Their estimates are for

• the downlink of a broadcast satellite, specifically aime
d at the

India broadcast system. The analysis includes satellite, 
link, and

ground costs and performance. The satellite cost is "min
imized"

over E111.1-3 (which is directly related to satellite weight).
 The

ground cost is minimized over antenna. diameter (?).

CSC feels that their program has advantages over the GE 
program

I , 

in that (1) they are not a "hardware'house", hence are mo
re

. objective, and (2) their cost estimates are more firmly base
d

on data. They claimed that GE cost estimates were overly

optimistic.

An obvious deficiency of their program is that it is tailored onl
y

for one system, that system not being of particular interest to 
us.

A rough estimate of 1 man-year effort was made for altering the

program for an FDM/ FM system considering uplink and. downlink

111 and more complex receiving terminals.

jeyte201 (---)etLct z,,
Donald R. Ewing

Boulder Policy Support

Division

4
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'recemb.:r 22, 1971

Donald Ewin.„;

1,1(.0tinc, with ';',;alt lci, racember 10,

PSD file

Lea Berry and 1 riikA with alt from 230 to 3:30. The ri-Lljo.r itetns
were:

1) PD c“...10:-: be asizc.,..cl tocive OTP short tern ta:31: definitions
tacluclin:-.;

z We zliscussc:d Td Thompcon's forthcominz %cork proposal. He
wanted to review the proposal before a con-n-nittment was rrcarj,

3) We revir.w.fed the moctinl; with Conter Fcie:ice Corporo.tic,n th.T
previous day. He sv!...,!,,- etrrzi that this eff.o.i. NOT have top priority.
He was especially concerned th:q 'a two way sytern with n•iulti plc
scces, etc., would be a much larger job than they indicated to us.

4). We discussed in len;th the activity in the Spectrum Policy Area.
Walt feels•that it is important to be able to identify those areas
of the electrospace that are unused (or umsci,7.nc„,d), A demon-
stration is needed to visualize how much of the resource is in fact

cu. osted that a viay to begin would he to choose aunusrid. :q3
metropolit,:-.n area where spectrum "crowding" is severe, then
somehow display the used and unused portions of the suectrum.
Perhaps an emphasis should be placed on the method of "display"
since this is part of an educational process. He emphasized
again the importance of dimencioninz the cli,-,ctrospace and being
able to measure its USO. He feels this eNercise would be a good
beginnin on the problem, since in this "simple" exercise weg 

be forced to decide vhtch dimensions of the electronpace are the
important ditnenz-,ions, and much will be learned by it. Walt also
briefly di5cu5sed the possibility of building some kind of a display
model which would illustrvte the multidimensional character of
clectros pace.
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SID 6

1

Decerilb:-.r 2,7 , ()Pa

„

Mr. Micbael Lynch 
.

Office of 
Teleconirntmication.s

Ex.ccutive C.')Ifice of the Presid.;:ilt

i, C. 2050",

Dear Milze,

As a result of onr 
December 10, I felt that I slioltld see

what I could do to 
you relate the tradeoff parameters to cost

items as eiscued in my 
December 3 letter to Walt Iiinchman. I

will be vor1 t this, but now I can only sencl a copy of 
the JansRy-

"Jeruchim report.

I linve had a 
tilm_share cc:fit:niter prozrztra written and cntercd 

in

your file /2,11,/, 
aw.lysis o

tradeoff equation. For each 
set of vztlu-z..&. satisfying the tradeoff

equation, the fo7.1o..virvj, are also calctlzted:

A telephone channels /:...17:1•_-_,/atellite.

•. tcle.phono clvAnncls/:\`,I.Tziorbital dogre,-

the total number of 
telephone civ.- n:v.-tls pocoible v.sing 85 

decrees

of orbit and IA 1.11-17,

Enclosed are the ff.-)1.1oviinfT, 
which I hope will be helpful:

1) The Jansky-Jeruchim. paper

2) A sample run on the timeshare 
computer

3) A graph giving the ratio of z,:ntenna 
diameter to

wave1en3th—an input to the computer program.

Sincerely,

Donald R. D.ving

Policy Support 
Divioion

Enclo oure s
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METROPOLITAN SPECTRUM AVAILABILITY STUDY

1. BACKGROUND

For the past 20 years there have been recurring reports that we arerunning short of radio spectrum space, and that we must start settingpriorities and rationing spectrum to the most important or most ecor..37:- zuses. Recently there have been counter arguments that we are not
really short of spectrum space (or electrospace) but that if we define
the space with a sufficiently large number of dimensions (including time,polarization, direction, etc.) and use sufficiently sophisticated spectr=engineering techniques and sufficiently large data bases we will be ablefit in many more users. Some accept the argument that the electrospac=is scarce, and propose that a spectrum market or pseudo-market beestablished to distribute the resource in an economically efficient way.

There is yet another alternative--that in fact there is a great deal of
empty spectrum space under simple definitions of the space, and thatexisting data bases are adequate, but rigid administrative procedures(allocation tables) cause an apparent shortage of spectrum.

2. SPECIFIC OBJECTIVE

Determine the proportion of unassigned spectrum between 50 MHz and1 GHz in a large metropolitan area, using simple definitions of electro-space, available data, and conservative assumptions.

Present the quantitative results in a way which effectively displays thepossible allocation policy alternatives.

3. STUDY BENEFITS

The study will provide specific, detailed quantitative information on theamount of spectrum available (under various alternative allocation polici•?.--..,)in a "congested" metropolitan area. It will indicate whether sophisticate-_-:data bases and spectrum engineering are necessary now, or whetherrelaxation of rigid allocation policies would release large electros paceterritories for development.

The methods for retrieving and analyzing assignment data can be extende-:to study other regions of the electros pace.

Comparison of the results with actual electrospace occupancy measurern,-r:=made or contemplated by other agencies will provide further insight intothe options open to spectrum allocators.
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4. APPROACH

We will choose a simple definition of electros pace acceptable to all, anda large metropolitan area. Using conservative assumptions aboutpropagation and assuming that all assigned frequencies are in use allthe time, we will inventory the electros pace in that area. We will thendetermine how much of the available electros pace is being used in variousbandwidths, not necessarily corresponding to service bandwidths.

The unit of electros pace we will use will be the power density as a functionof location and frequency only: P(r, f), where r is a space vector (itscomponents would normally be latitude, longitude, and height) and f isthe radio frequency. To simplify visualizing P, consider only two spacedimensions (r = (x, y) ) so that P is a function in a three-dimensional(x, y, f). (See figure 1 below. ) A physical analogy to P might be thedensity of a gas in real space.
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We could produce the following types of displays to achieve the desiredaccuracy.

OUTPUT 1 Area Map of Power Density for a Fixed Frequency
This is a horizontal slice of the previous figure.

map of metro area

Figure Z

OUTPUT Z Power Density as a Function of Frequency for a Fixed Location. Essentially this is represented on a verticalline in the first figure. Since we have fixed twodimensions here, we need not use shading to representpower density.

power
density

OUTPUT 3 

Figure 3

 t> frequency

Distributions of Power Density
The following distributions may prove useful:
a) Distribution over frequency - location fixed
b) Distribution over the region - frequency fixed
c) Distribution over the frequency-region "volume".
If a power density representative of "unused spectrum"
is chosen (such as slightly above the ambient noise), weimmediately have a figure of what percent of the spectrum
is used (a) at a given location, (b) at a given frequency,
(c) over the frequency-region volume.
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power

density

4

% locations (or area, or frequency-area volume)

Figure 4

The question we seek to answer is: are there rarefied regions in the

space, that is, are there regions in which P(x, y, f) < Po? when Po is

some specified small value (perhaps Po is the ambient noise level).

The space (x, y, f) is theoretically infinite but in practice it is bounded

in all dimensions. The user is only interested in communicating to a

bounded geographical area or in any event a transmitter will produce a

usable signal over only a finite region. In figure 1 this area is bounded

in the (x, y) plane by the closed curve b. So the user seeks a rarefied

region in the cylinder with cross section b. The cylinder is not infinitely

long but is bounded above and below by available technology and propagation

characteristics. Current administrative procedures restrict the search

for a rarefied region to thin slices of the cylinder--the bands allocated to

the contemplated service.

For pol,cy purposes, we would like to know what percent of the space

inside the cylinder or any chosen slice of the cylinder is "full" (power

density greater than some nominal reference value) and what percent is

',empty"? We can answer that question by computing the congestion

function
volume between f + Lf that is full ;

C
R
(f) volume between f and I + L-,̀f _

"full" means that the power density P(x, y, f) > R, a reference level. A

might look like the figure below:plot of CR(1)

C
R

1.

•

0

frequency

Figure 5
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A result similar to the solid line in figure 5 would support the hypothesis

that there is much empty electros pace available for assignment under the

definition and assumptions used. A result similar to the dashed line

would indicate that a more sophisticated definition of electrospace (and

hence a more detailed data base) or less conservative assumptions about

use of assignments are needed.

The result depends of course on the reference level R. C should be

computed for several values of R to show the sensitivity of the conclusions

to this choice.

5. TASKS AND SCHEDULE

1. In consultation with OTP, select a large metropolitan area. Selectizr

considerations will include availability of general and special data and

absence of complicating factors such as irregular terrain. Tentative

selection is Chicago. Complete by January 21.

2. Obtain basic data.in as refined form as possible. The Frequency

Management Division of OT can provide the government and FCC assign-

ments within a chosen geographic area. Perhaps they can use fast-cull

routines to provide the function P(x, y, f) over a specified grid. We must

include not only the assignments within the chosen area, but also those

from adjacent areas that will reach into the chosen area. That is,
assignments will be collected for the region enclosed by bi in figure 1

where the distance between b and bi is 50 to 75 miles. Since some
assignments are classified it may be necessary to establish need-to-know

to get the data, but we will try to avoid this. OTP will supply the authori-

zation if necessary. Complete by February 15.

3. If a suitable estimate of P(x, y, f) is not available from OT, cornput-E-

an upper bound on P, by adopting the following conservative assurnpti:as:Pu,
A. All assigned transmitters are in place and operating at full
power all the time.

B. The power density is equal to the peak assigned power all
across the assigned bandwidth, and zero outside it. The power
computed under assumptions A. and B. will be called the "assigned

power density".

C. Power propagates as well as in free space, that is, P is —
proportional to 1/(1 2, where d is the distance from the transmitter.

D. Power is radiated in all directions with value equal to that in
direction of maximum radiation.

Produce samples of output discussed above. Complete by March 15.
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4. Choose reference values of power: the median and 99% values of
ambient noise, a receiver noise figure, ? . Complete by March 15.

5. Compute CR (f) for chosen values of R, and analyze results.
Complete by April 15.

6. If CR
(f) supports hypothesis that there is much empty space, write

report. Draft due by May 1. If not, make more realistic assumptions
(for example, more accurate propagation function, consider time loading
of channels, actual spectrum density of emission if known, etc. ) and
repeat steps 3-5. Report will be delayed accordingly.



Date:

Reply to
Attn of:

Subject:

To:

#1"

40:„FAIL

January 14, 1972

C. J. Chilton

ECAC Data Base

Leslie A. Berry

U.S. DEPARTMr OF COMMERCE
Office of Telecommunications
INSTITUTE FOR TELECOMMUNICATION SCIENCES
Boulder, Colorado 80302

I contacted George Whitley of the Electrom
agnetic Compatability

Analysis Center, Annapolis, Maryland, with regard
 to obtaining

the ECAC data base. His FTS number is (
301) 267-2252,

Mr. Whitley was referred to me by Ralph Bergm
an who has used

the ECAC data base for determining spect
rum occupancy in the

6 GHz band as input to a mathematical computer model for pr
e-

dicting interference signals at 6 GHz, seen from a satellite antenna

in geostationary orbit (see attached paper). Mr
. Bergman informed

me that he is prepared to give the PSD group a forma
l presentation

of what he has done with ECAC, IRAC, and FCC
 data bases, if so

desired and requested.

In my telephone conversation with George Whitley (13
 January) I

was given to understand that we could request and receiv
e data

tapes of the unclassified data immediately and that we could al
so

receive the classified (DOD) data, but this would entail some

additional work, security clearance, etc. The data is up to date

to within six months and is continuously being updated (wee
kly)

both from IRAC and DOD's own sources. The data can be request
ed

for any geographical area within the continental USA for an
y

frequency band. They can put on tape just about anything you

request: frequency, bandwidth, transmitter location, power,

antenna elevation, modulation type, etc. For the unclassified

data all that is required is a letter from us requesting wha
t we

want; for the classified data, which can be requested concurre
ntly,

he said that the higher up in the organization the signer
 of the letter,

the better.

The mailing address is:

Mr. George Whitley

ECAC

Dept. of the Navy

Annapolis, Maryland 21402
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February 3, 1972

Mr. Michael Lynch

Office of Telecommunications Policy

Executive Office of the President

Washington, D. C. 2050/1

Dear Mike,

I am enclosing a schedule of taslss for our part
 in your proposed

program to study assignment policy for the geos
tationary orbit.

The tasks I have listed are not in much more deta
il than in your

program proposal. However, it would be helpful to 
have your

reaction, especially to the choice of activities for PSD
.

I am working on a first attempt to describe an
 allocation alternative

for a beginning. This should help to surface some of the problem
s

we will face. I will send this as soon as possible.

Sincerely,

/,'?/;41,1

Donald R. Ewing

Policy Support Division

Enclosure

SP 9
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TASK 1. 
Make defi

nitions of t
he electro s

pace commo
dity,

units, an
d consumpt

ion for the
 orbital sp

ectrum

TASK 2.

TASK 3.

resource
Discuss Discuss alt

ernative d
efinitions ,

 if

applicable,
 along with

 implicatio
ns of these

 definitions
.

Delineate p
roperty rig

hts for the
 orbital-s

pectrum

resource re
lative to sev

eral assig
nment proc

eedures,

eg. auctio
n, lease, lic

ense.

Combine th
e results of t

asks 1 and
 2 to demon

strate

a complet
e system of

 rights to t
he geostati

onary orbit
'

spectrum re
source and

 a mechani
sm for ass

ignment.

Make recom
mendation

s for furthe
r action.

The outp
ut for ea

ch task will
 consist of a

 working pa
per. The time

estimate 
is two ma

n-months pe
r task. Although th

is time fr
ame

does not
 allow a

 complete st
udy, it is an

ticipated t
hat major i

ssues

will be e
xposed.
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Draft 2-22-72

Mr. Stanley I. Cohn

Program Coordinator, Frequency Management
Office of Telecommunications

U.S. Department of Commerce

Suite 250, 1325 G Street, N. W.

Washington, D. C. 20005

Dear Mr. Cohn:

The purpose of this letter is to request that one or more runs

of the Program Graphic Display Model (GDM) on the Univac 1108 be

made using the Government Master File (GMF) as the data base; the

frequency range over which the run is desired is from 50 MHz to 1 GHz

and the geographic area is Metropolitan Chicago out to a radius of 100

miles. The output from this run (the graphic pictorial display, Graphic

Channel occupancy display and lists, a magnetic tape of the input data

retrieved from the GMF, and a copy of the COBOL and FORTRAN deck

of the graphic display model routine) will be used to form the basis for

a metropolitan spectrum availability study under the direction of

Mr. Leslie Berry, OT/PSD at OT, Boulder.

Some discussion of what would be required has already taken

place between Mr. C. J. Chilton and Mr. George W. Garber. In the

event that this request is authorized Mr. Chilton or Mr. Berry will

contact Mr. Garber to work out the details. The reason for requesting

a magnetic tape of the input data retrieved of the GMF and the Program

Deck of the GDM is that if feasible, additional programming will be done

to extend the results that can be obtained from the GDM using the computer

at OT/Boulder.

Sincerely yours,

Robert M. Lowe, Chief

Policy Support Division
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To Leslie A. Berry from C. J. Chilton, 2-23-72

The following programs and subroutines are known to be needed for the
printout of the tables, graphic display and the power density histogram;
these are the FORTRAN/COBOL listings as found in Volumn #15 dated 3/26/71.

PROGRAM - The Weighted Power Density Calculation p. 113
Subroutines Page

=On 126
YEH 131
GRIDWT 123
ADFS 117
GREAT 121

HORIZ 125
119

EMP 118
GRIDIM 122

STGW 129

PROGRAM - The Power Density Histogram Program p. 133
Subroutines Page

ENVLHD 97

ACMPWR 139

HISTFO 142

EWRNM 141

NEWPG 101

HISTWT 146

WPWR 150

No listings were found on the following Subroutines: SSORT(might possibly
be COBOL program ENG-SORT), SORT, RREL, RRET, and ERTRAN(1).

According to the Operations Manual Vol. III, the graphic display run
sequence in the 1103 calls for a number of additional programs than those above
and the question is just where would the tape that is to be generated
fit into this sequence? If we are giong to read this magnetic tape on
the CDC-3800 we need to know exactly what the record configuratin is with
a listing of a few records using both an octal and the decimal
translation if at all possible.

As good a center for the Chicago area as any appears to be the location
of the Main Post Office whose courdinates are:

Chicago, Ill. LATITUDE LONGITUDE
41 deg. 52 min. 28 sec. 87 deg. 38 min. 22 sec.
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March 3, 1972

OFFICE OF TELECOMMUNICATIONS

Mr. Walter R. Hinchman

Office of Taecommunications Policy
Executive Office of the President

Washington, D. C. 20504

Dear Walt,

Enclosed are:

A two page description of the "method of catal-ging spectrum usage/

availability, which I wrote to answer Will's question about it.

The work statement for the Metropolitan Spectrum Availability study

ee 7)which contains objectives and philosophy. (r Sp

I hope these two items will provide enough information to spring the

data so that the study can get underway.

Also enclosed is a draft description of the TV technology review,

for discussion purposes. I will be happy to discuss it over the phone,

by mail, or in person as soon as you or Seb are ready.

Sincerely,

Leslie A. Berry

Policy Support Division

Enclosures

1

a

I FILE COPY

11

SURNAME DATE SURNAME 7.21-7E



The spectrum congestion function:

a method of cataloging spectru
m usage/availability

In an attempt to quant
ify and display in a way readily gra

sped by non-

specialists the scarcity of r
adio spectrum we have defined the "con

gestic-:.

function, " which is just t
he ratio, as a function of frequency, of

 the

spectrum space used to 
the spectrum space available. lArhile simple in

concept, this definition 
could be subject to almost endless elabo

ration in

the details of what is 
meant by "used" and "available." We

 will begin by

applying very simple an
d conservative definitions of "used" an

d "avai1a1:1-:

to a specific case, an
d let the results indicate the complica

tions that nee'

to be added to achieve
 a practical result.

To simplify visual
izing the congestion function, consid

er a three-

dimensional space such as
 that pictured below, which has two space

dimensions (latitude, •x, a
nd longitude, y) and the third dimension

 is

frequency, f. Our fundame
ntal quantity is the electromagnetic pow

er

density, P(x, y, f), at eac
h point in space. A physical analogy to P

be the density of a g
as in three dimensional space, and it is ill

ustrated

the dots in the figure.
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We specify a geogra
phic region by its boundary, b

. We can now examin
e

the power density a
s a function of f in the cylinder

 with cross-section b
.

Consider a thin slice 
of the cylinder between fo and 

1'0 + Af. In some

fraction of this slice, 
P is greater than some refer

ence value, R. If we

let 4f become very
 small, this fraction is the val

ue of the congestion

function' 
C
R 
(f ). Mathematically,
o

volume  between f and f + Df in
 which P > R

C(f) = urn
R total volume between f and f 

+ Af

Af -4 0

R should be chose
n sensibly, so that P R represents space t

hat is "unused".

For example, R 
might be the average ambient no

ise level. If desired, R

can vary with freq
uency.

CR
(f) will vary between

 1 (band completely used) and 0 
(band unused). For

various analyses it c
an be averaged over any desired

 frequency band to 
give

the average conges
tion of the band.

We anticipate a n
umber of problems in applying th

e definition. The most

obvious is knowing th
e power density, P(x, y, f). Initially we intend t

o use

instead an upper bo
und of the assigned power densit

y. We will take th
e

simplistic view that ea
ch assigned transmitter is in p

lace and operating 
at

maximum assigned pow
er all the time over its assigne

d bandwidth. We

will assume that the
 energy is radiated efficiently in

 all directions and

will compute the upp
er bound of the power density us

ing a conservative

transmission loss function.
 Thus, this calculation is se

en to be the next

logical step beyond the
 tabulation of assignments by 

frequency such as 
was

done by the Metropolita
n Congestion Task Group.

To make these initial as
sumptions somewhat more 

palatable, we will

restrict ourselves to the
 frequencies between 50 MHz 

and 1 GHz in the

first application.

Under these assumptions,
 we expect to find some bands 

(e.g., LMR)

completely used, and some
 bands (e.g., uhf TV) virtuall

y unused. The

plot of the congestion func
tion will be a graphic, easily

-grasped presentat
ion

of the information. We can then experiment with the 
effect of various

refinements of the assumptio
ns: realistic time loading 

factors, estimates

of the percentage of assi
gnments that are actually 

operational, more 
•

accurate transmission l
oss calculations, more accur

ate antenna patter
n

• information (where a
vailable), information on actua

l emission spectra

(if available), etc 
The sensitivity of the congestio

n function to the

assumptions will indica
te the most fruitful areas for 

policy initiative.
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METROPOLITAN SPECTRUM AVAILABILITY STUDY

1. BACKGROUND

For the past 20 years there have been recurring reports that we are
running short of radio spectrum space, and that we must start setting
priorities and rationing spectrum to the most important or most economic
uses. Recently there have been counter arguments that we are not
really short of spectrum space (or electrospace) but that if we define
the space with a sufficiently large number of dimensions (including time,
polarization, direction, etc.) and use sufficiently sophisticated spectrum
engineering techniques_and sufficiently large data bases we will be able to
fit'in many more users. Some accept the argument that the electrospace
is scarce, and propose that a spectrum market or pseudo-Market be
established to distribute the resource in an economically efficient way.

•

There is yet another alternative--that in fact there is a great deal of
empty spectrum space under simple definitions of the space, and that
existing data bases are adequate, but rigid administrative procedures
(allocation tables) cause an apparent shortage of spectrum.

2. SPECIFIC OBJECTIVE

Determine the proportion of unassigned spectrum between 50 MHz and
1 GHz in a large metropolitan area, using simple definitions of electro-
space, available data, and conservative assumptions.

Present the quantitative results in a way which effectively displays the
possible allocation policy alternatives.

3. STUDY BENEFITS

The study will provide specific, detailed quantitative information on the
amount of spectrum available (under various alternative allocation policies)
in a "congested" metropolitan area. It will indicate whether sophisticated
data bases and spectrum engineering are necessary now, or whether
relaxation of rigid allocation policies would release large electrospace
territories for development.

The methods for retrieving and analyzing assignment data can be extended
to study other regions of the electrospace.

Comparison of the results with actual electrospace occupancy measurements
made or contemplated by other agencies will provide further insight into
the options open to spectrum allocators.
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4. APPROACH

We will choose a simple definition of electros pace acceptable to all, ar
a large metropolitan area. Using conservative assumptions about
propagation and assuming that all assigned frequencies are in use all
the time, we will inventory the electros pace in that area. We will then
determine how much of the available electros pace is being used in varic-_:::
bandwidths, not necessarily corresponding to service bandwidths.

The unit of electros pace we will use will be the power density as a
of location and frequency only: P(r, f), where r is a space vector (its
components. would norinally be latitude, longitude, and height) and f is
the radio frequency. To simplify visualizing P, consider only two space
dimensions (F = (x, y) ) so that P is a function in a three-dimensional
(x, y, f). (See figure 1 below.) A physical analogy to P might be the
density of a gas in real space.
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We could produce the following types of displays to achieve the desired
accuracy.

OUTPUT 1 Area Map of Power Density for a Fixed Frequenc
This is a horizontal slice of the previous figure.

OUTPUT 2 

map of metro area

Figure 2

Power Density as a Function of Frequency for a Fixed 
Location. Essentially this is represented on a vertical
line in the first figure. Since we have fixed two
dimensions here, we need not use shading to represent
power density.

power
density

OUTPUT 3 

Figure 3

frequency

Distributions of Power Density 
The following distributions may prove useful:
a) Distribution over frequency - location fixed
b) Distribution over the region - frequency fixed
c) Distribution over the frequency-region "volume".
If a power density representative of "unused spectrum"
is chosen (such as slightly above the ambient noise), we
immediately have a figure of what percent of the spectrum
is used (a) at a given location, (b) at a given frequency,
(c) over the frequency-region volume.
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Figure 4

The question we seek to answer is: are there rarefied regions in the
space, that is, are there regions in which P(x, y, f) < Po? when Po is
some specified small value (perhaps Po is the ambient noise level).

The space (x, y, f) is theoretically infinite but in practice it is bounded
in all dimensions. The user is only interested in communicating to a
bounded geographical area or in any event a transmitter will produce a
usable signal over only a finite region. In figure 1 this area is bounded
in the (x, y) plane by the closed curve b. So the user seeks a rarefied
region in the cylinder with cross section b. The cylinder is not infinitely
long but is bounded above and below by available technology and propazat1:7-
characteristics. Current administrative procedures restrict the search
for a rarefied region to thin slices of the cylinder--the bands allocated to.
the contemplated service.

For policy purposes, we would like to know what percent of the space
inside the cylinder or any chosen slice of the cylinder is "full" (power
density greater than some nominal reference value) and what percent is
"empty"? We can answer that question by computing the congestion
function

volume between'i + Af that is full ;C
R
(f) =

volume between f and I + 6f

"full" means that the power density P(x, y, f) > R, a reference level. A
might look like the figure below:plot of CR(f)

C
R

1

•

•

a

•••••

frequency

Figure 5

I

r_
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A result similar to the solid line in figure 5 would support the hypothesis
that there is much empty electrospace available for assignment under the
definition and assumptions used. A result similar to the dashed line
would indicate that a more sophisticated definition of electrospace (and
hence a more detailed data base) or less conservative assumptions about
use of assignments are needed.

The result depends of course on the reference level R. C should be
computed for several values of R to show the sensitivity of the conclusions
to this choice.

5. TASKS AND SCHEDULE

1. In consultation with OTP, select a large metropolitan area. Selection
considerations will include availability of general and special data and
absence of complicating factors such as irregular terrain. Tentative
selection is Chicago. Complete by January 21.

2. Obtain basic data in as refined form as possible. The Frequency
Management Division of OT can provide the government and FCC assign-
ments within a chosen geographic area. Perhaps they can use fast-cull
routines to provide the function P(x, y, f) over a specified grid. We must
include not only the assignments within the chosen area, but also those
from adjacent areas that will reach into the chosen area. That is,
assignments will be collected for the region enclosed by bi in figure 1
where the distance between b and bi is 50 to 75 miles. Since some
assignments are classified it may be necessary to establish need-to-know
to get the data, but we will try to avoid this. OTP will supply the authori-
zation if necessary. Complete by February 15.

3. If a suitable estimate of P(x, y, f) is not available from OT, compute
Pu, an upper bound on P, by adopting the following conservative assumptions: 

A. All assigned transmitters are in place and operating at full
power all the time.

B. The power density is equal to the peak assigned power all
across the assigned bandwidth, and zero outside it. The power
computed under assumptions A. and B. will be called the "assigned
power density".

C. Power propagates as well as in free space, that is, P is
proportional to 1/(1 2, where d is the distance from the transmitter.
D. Power is radiated in all directions with value equal to that in
direction of maximum radiation.

Produce samples of output discussed above. Complete by March 15.
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4. Choose reference values of power: the median and 99% values of

ambient noise, a receiver noise figure, ? . Complete by March 15.

5. Compute CR (1) for chosen values of 11, and analyze results.

Complete by April 15.

6. If CR(1) supports hypothesis that there is much empty space, writ
e

report. Draft due by May 1. If not, make more realistic assumptions

(for example, more accurate propagation function, consider time loading

of channels, actual spectrum density of emission if known, etc. ) and

repeat steps 3-5. Report will be delayed accordingly.
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Date: March 13, 1972

Reply to
Ino: PSD/DRE

0

Subject: Regarding the Orbital Rights Project

To: Walter R. Hinchman, OTP

1710::12
(3fcic.;(3 of Tok-:::on-iniun!cotion3
INSTITUTE FOR TELECOMMUNICATION SCIENCES
E3ou!der. Colorado E30302 SP 12

The geostationary orbit offers great potential for national communications.
At the present time there is relatively little competition for this resource,
since the technology has only recently become available and the demand is
below supply. However, if historical trends are an indicator, the demand
will soon rise to meet the supply. When this happens, the resource will
acquire value, and expedient regulatory policies are required to allocate
the resource.

It is desirable to develop a national policy for the administration of this
resource which would allow a market-like mechanism to be operative.
The objective is to allow the "market place" to make the value judgments
associated with resource allocation. Ideally such a system would be
s elf r egulating .

The type of resource users and the intensity of their use depends on the
definition of "property rights". Thus the definition of exclusive, flexible,
and transferable rights to the resource becomes all important to the
viability of a system, and is critical to the public utility derived.

•
A resource allocation package must include a definition of the resource,
a system of rights for its use, and the legal basis for its regulation.
Such packages for the geostationary communications resource will be
developed, analyzed, and compared with each other and with the present
allocation system. Methods applicable to the more general problem of

'electrospace rights will be noted.

Output will be in the form of working papers and memoranda, short
position papers on various aspects of the problem, and finally a summary
of the work completed. Donald R. Ewing is spending one-half time, and
Philip L. Rice is spending one-third time on the project after May I.

•

Donald R. Ewing, PSD

- 
Philip L. „Rice, ITS



Date: Mar ch 13, 1972

Reply to
Attn ot: PSD/DRE

Subject: Regarding

4

StAtts

the Orbit Vz.lue Project

To: Walter IL Iiinchin an , 0 P

EJLEPP.:Tisi\f,:::1"
°Rico of Tc:c.cominurticationa
INSTITUTE FOR TELECOMMUNICATION SCIENCES
E3oulder, Colorado 60302

The project description for the Orbital Value project is attacheid. It

is basically the same as described in my December 3, 1971 letter to
you. Dr. Russell B. Chadwick of ITS will be devoting half time to
the project for the remainder of the fiscal year.

•

"74 / 
Donald R. Ewing

Policy Support Division

Attachment

SP l2 (co
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ORBIT VALUE

BACKGROUND

When a resource becomes in short supply, it is imperitaye

that the resource manager be able to objectively judge the value

of the resource. As a prerequisite he must have an understanding

of the major components of the resource as well as an under-

standing of costs of its use and costs of alternatives.

Although the geostationary communications resource is not

yet in short supply, it may be in the not too distant future. If the

history of communications is a guiede, regardless of the large

communications potential here, the traffic will increase to meet

capacity.

Because there is a practical limit on the number of

satellites which can use the same frequency in geostationary

orbit, this orbit - spectrum resource is one which should be

analyzed. By viewing the orbit as a tradeoff with equipment and

spectrums the value of the orbital resource can be measured.

An understanding of the tradeoff relations is vital to efficient

utilization of the resource involved.

A user will pay no more for a marginal unit of orbit than

it costs to attain an equivalent communications improvement by

equipment. Thus the tradeoff between the orbital communications

resource and equipment serves to effectively place an upper bound

on the value of the orbit.

OBJECTIVE

Determine a methodology for measuring the tradeoff

relation between equipment and the geostationary orbit for

FDM/FM telephony systems.

4.



APPROACH

The approach will be to use two major equations obtainable

from Jansky and Jeruchim, "Technical Factors and Criterion Affecting

Geostationary Orbit Utilization", AIAA Third Communications Satellite

Systems Conference, April 1970, p. 563. These equation j are relative to

FDM/FM telephony systems.

TRADEOFF EQUATION

+ 9.5 M
3
) Ni(D/X)

2 
0
2.5 

= C

ORBITAL SPECTRUM UTILIZATION EQUATION

n 119  (1 + 9.5 M3) (Dp,)2 N 
0.4

n = —
(ITO M I)

•••

rms modulation index of the multichannel baseband

N. = interference noise in pW.Op

D/ X = ratio of earth station antenna diameter to wavelength

satellite separation in degrees

a "constant" depending on the polarization and

offset isolation parameters. If 14 and 10 dB are

used (respectively) then C = 2.036 x 109.

119/(irra M + 1), the satellite channel capacity

in channels/MHz (per satellite)

a measure of orbital spectrum utilization in

channels/MHz/degree



Both equations are downlink equations and assume earth

coverage antennas and uniform systems utilizing polarization and •

offset isolation. They represent the state-of-the-art maximum

satellite communication capacity with FDI\VFM telephony systems.

The first equation is a tradeoff equation because from a

cost or spectrum utilization standpoint, each of the parameters on the

left should be made as small as possible; yet one parameter cannot

be reduced without increasing the others. Basically the tradeoffs

are between cost, reliability, and resources used, although the

paramters in the equation are. not exclusively any one of these.

We ,see from the utilization equation that n can always be

inCreascd by increasing M, Dp. or N (which decreases 9). Hence,

theoretically there is no upper bound. The task then becomes one of

minimizing cost or at least relating cost and utilization.

If good satellite system cost information can be obtained,

tradeoff equation parameters M, N., and DTA. can be chosen to•
minimize system cost, for fixed 0.

A possible methodology for computing the minimum cost per

channel as a function of satellite spacing is

) derive a cost function C(M, N. DM, and
1

2) use the method of LaGrangian multipliers to minimize

cost per channel subject to the•tradeoff equation constraint.

Regardless of the minimization technique used, the result

would be a graph such as shown below.
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Cost per

ch annel

4

* 2000 mile land line cost

-

. *1
* 1000 mile land line cost

,

-
._

inter satellite spacing (degrees)
all•

It may be instructive to plot the values of M, Ni , and IO.

which yield these "minimum costs". Another possible chart resulting

from the calculations is a plot of cost per channel vs. capacity.

y_
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TASKS

1. Investigate th(- relationship between the tradeoff parameters

DA , M, and N. and system cost items. (2 mm) -
a

2. Determine a preliminary cost function C ( Dh , M,• Ni)

(2 mm)

3. Develope a methodology to minimize cost per channel using the

cost function. This task may necessitate reiteration" of tasks

1 and 2 . (2 mm)

4. Prepare final report including documentation of the model

and a summary of current literature relative to the geostatonaz7

communications resource. ( 2 mm)

SCHEDULE & COSTS

Total - 8 man months - $ 30 K

Since some of the tasks can be assigned in parallel, it is anticipate -tat 

the program could be completed by June 30, 1972.



Date: March 16, 197Z

Reply to
mwe PSD/DRE

Tr.rornurtiw1ic,mo
INSTITUTE FOR TELECON/IMUNCATION SCIENCES

E3ou!der, Cobrado 00302

subrct Regarding the Definition of Orbital Rights

To: Philip L. Rice, ITS

The dimensions of the orbital resource

The primary dimensions of the orbital communications resource 
are

those of frequency and orbital arc. The signal intensity will not be

considered a dimension of the resource, but rather an indicator of

the amount of the resource used. These primary dimensions a
re

chosen because they are dimensions now used to distinguish bet
ween

signals. The definition of rights will be made relative to these

aimensions. It will be left to the entrepreneur to develop secondary

dimensions of the electros pace such as polarization and modulation.

Since highly directional antennas are used in most satellite 
communi-

cations, one may at first consider direction of signal an important

dimension of the resource. However, because of the earth-orbit

geometry this component is closely related to the orbital arc. 
Thus

it cannot usefully be used as an independent dimension.

Definition of output rights •

SP 13

Consider the following type of rights definition for the orbital 
resource.

- The rights to a spectrum-arc block consist of the use of

frequencies between fi and f2 and the placement of transmitter-

receiver antennas between r 1 and r2 degrees longitude in geo-

stationary orbit.

- Earth coverage down-link antennas may be used subject to the

CCIR flux density limitations (CCTR•Rec. 358-1).

- Up-link antennas must be of such directivity and pointing

accuracy so that X watts /Hz/m is not exceeded at the boundary

of the spectrum-arc block.

Criticism: The intensity of signal from narrow beam antennas 
roughly

decreases proportional to the 2.5 po-,..-er of the angle from the 
beam axis.

Because of this, the attempt to spe.c..-y output rights at the 
boundary of

an electrospace region suf.f;
 criticisms that Hinchman

•.r.•



Philip L. Rice - 2 - March 16, 1972

made concerning the terrestrial broadcasting services wlich GE Tempo
defined in an analogous manner (Rostow Report). Specifically, it. can
be shown that it is extremely important where your neighbor locates
his satellite within his arc. If we try to remedy this fault by specifying
that all satellites must be located at the center of their arc, then
transferability (subdivision or accumulation of resource regions) suffers.
Apparently this type of problem arises in the frequency domain also.
As compared to the terrestrial broadcasting services, there should be
less incentive to locate one's satellite anywhere but at the center of his
arc. Still, a user is dramatically affected by subdivision and accumu-
lation of neighboring arcs.

An alternative?

It seems to me that the cause of the problem mentioned here lies in the
fact that rights at boundaries were specified. In the cases mentioned,
the rights holder really doesn't care what the intensity of a signal is at
his boundary. He cares about the intensity of interfering signals at the
satellite receiving antenna. In the terrestrial broadcasting services, the
user again doesn't care about the interfering signal at the boundary. The
boundary is presumably much further from the transmitter than any
service area. That is, the "fence" lies in a necessary buffer zone. Here
again the user is concerned about the interfering signal in his service
area (1. e., at the receivers of his audience).

Why can't a maximum interference signal level be defined  over the area
(or arc) and not just on the boundary? Then, if neighbors subdivide,
their interfering signals collectively must not exceed this maximum.
Or, if neighbors combine, the owner of the combined regions may inter-
fere up to the "sum" of the tracts that he purchased. The maximum signal
would not be constant over the area, but perhaps equivalent to that
caused by the "original neighbor". In this way the user's rights are
certain regardless of the actions of his neighbors.

I expect that there are difficulties with this concept-. I would appreciate
your pointing them out and/or suggesting an improvement.

i )ni." .- /t • (-._ .7
• Donald R. Ewing

Policy Support Division

cc: Les Berry, PSD

Roger Salaman, PSD

Walt Hinchrnan, OTP

DRE:clb



To:

From:

Subj.7t."'

OFFICE OF TELF.007.,MIUNICATIONS POLIC,'Y
EXECUTIVE. oFri2r.. OF THE P;ZES1D2NT

‘VASHiNG-10:1, D.C. 20';i0 1

March 22, 1972

Donald R. Ewing

Walter R. Hinchman

Orbital Rights Project

I have reviewed your project description on Orbit Value, which
you forwarded with your memo of March 13.

I am concerned that your approach does not truly address the
central problem of defining the resource and establishing a system
of rights for its use and the legal basis for its regulation. I do not
feel it is possible to talk about costs of a resource prior to
defining just what the resource is. Furthermore, while your
background statement cites as a prerequisite an understanding of
major components of the resout:ce,1 ouez,cribe a methodelc„-

for determining minimum cost.c;:i)e's-inrkilimited component, viz.
FDM/FM telephony systems.

It appears to me-that you are undertaking complex and involved
task, the results of which will he of very 1-_;.mitecl value toward the
project as a whole.

If you have questions concerning my misgivings, Michael Lynch
will be happy to amplify these remarks if you would give him a

call.

re
. ft

Li kit eftok>:.

Walter R. Hinchman

SP 14
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March 29, 1972

U. 0.1::1;-"IN.ITi'

INSTITUTE FOR TELECOMMUNCATION SONIS
Baader, Cdorado 60302

Mr. Walter R. Hinchman

Office of Telecommunications Policy
Executive Office of the President
Washington, D. C. 20504

Dear Mr. Hinchman:

SP 15

I am replying to your memo of March 22 to Don Ewing concerning
the Orbital Rights project. I am working on a related project,
concerning orbit value of the geostationary orbit, to which you
referred in your memo. You pointed out the necessity of. defining
a resource before attempting to determine costs or value of that
resource and I agree completely. The existing literature on the
subject indicates that a normalized communication channel capacity
is an adequate measure of the resource. The most common normaliza-
tion appears to be in both orbital width and spectral width so that the
resulting measure of the resource has units of bits per sect degrees/ Mhz.
Thus, the resource can be defined as the useful capacity, per Nthz of
spectrum, of a system of geostationary satellites and has units of bits
per sec/degree/Mhz.

My current work, which is a part of the Orbital Value project, is an
effort to determine the cost of using the geostationary orbit resource
and to understand the associated tradeoffs. It appears that the two most
important parameters in this problem are the size of the ground station
antenna and the bandwidth expansion factor. The size of the antenna
determines the amount of interference from other satellites and the
bandwidth expansion factor determines how immune the system is to
noise. The she. of the antenna determine its cost in a known way and
this is a mac: 'est of the ground station. This determines how one
resource used. It is well known that PCM systems trade
bandwidth and complexity for noise immunity, and with solid-state
devices, complexity is a mino.7.- cost item. Thus the parameters of
the PCM sytem determine, how another resource, the spectrum, is
used. It s!-.or:1,'. not be too difficult to find a trade-off between the money
resource -.--. • orbit spectrum resource.
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Although the detailed analysis has not been attempted, I feel that it

can be made somewhat independently of specific system design.

Also it seems that most of the major cost items are in technologies

which are well developed and thus will not experience severe price

changes in the next several years. The results obtained should be

valid for this same length of time.

If you wish to discuss any of these remarks further, my phone number

is (303) 499-1000, ext. 3646. I would also be happy to learn of any

suggestions you may have on the problem of defining the resource.

Sincere ly,

Russell B. Chadwick

Tropospheric Wave Propagation

and Radio Meteorology



Date:

Rt ply to
Attn of:

Subject:

March 13, 1972

PSD/DRE

Regarding the Orbital

-

Rights Project

:to: Walter R. Hinchman, OTP

1!.;:l. ;1
OC

INS1 ITLJTE FOR TELECUMM'JNEATICiN L' NCES
notguer. cdorctclo co:-302

The geostationary orbit offers great potential for national communications.
At the present time there is relatively little competition for this resource,
since the technology has only recently become available and the demand is
below supply. However, if historical trends are an indicator, the demand
'will soon rise to meet the supply. When this happens, the resource will
acquire value, and expedient regulatory policies are required to allocate
the resource.

It is desirable to develop a national policy for the administration of this
resource which would allow a market-like mechanism to be operative.
The objective is to allow the "market place" to make the value judgments
associated with resource allocation. Ideally such a system would be
s elf- r egulating .

The type of resource users and the intensity of their use depends on the
definition of "property rights". Thus the definition of exclusive, flexible,
and transferable rights to the resource becomes all-important to the
viability of a system, and is critical to the public utility derived.

A resource allocation package must include a definition of the resource,
a system of rights for its use, and the legal basis for its regulation.
Such packages for the geostationary communications resource will be
developed, analyzed, and compared with each other and With the present
allocation system. Methods applicable to the more general problem of

'electrospace rights will be noted.

Output will be in the form of working papers and memoranda, short
position papers on various aspects of the problem, and finally a summary
of the work completed. Donald R. Ewing is spending one-half time, and
Philip L. Rice is spending one-third time on the project after May 1.

,
/ j( //' L'('
Donaldonald R. Ewing, PSD

;,64   - 

.,/,,, ,77/ f_
J-Af-e

',flip L. ;Aice, ITS



Ivlarc:h 31, )9.??.

Mr. Walter R. Hinchman
Office of Telecommunicatior,-3Policy
Executive Office of the President
Washington, D. C. 20504

Dear Walt,

1. •

Co!or•Ldo CO J!

There were two project descriptions which I sent to you. One is
entitled Orbit Rights, and the other Orbit Value. Since the sub-
ject of your memo was Orbit Rights, but you discussed acbit
:Value, I wondered if you received both descriptions. A copy of
the Orbit Rights is attached. 2,

I share some of your misgivings concerning the Orbit Value
project. Let me comment. „

1.. Dr. Chadwick feels that the restriction to one modulation
system will not be necessary.

2, I view the project as being exploratory and as a. first
approximation rather than the involved and con-loiex project
that it could be.

3. The desired-result is a shadow price  for the orb-..al corr!--
munic2.tions resource as Levin uses the term.

4. It seems that a feel for resource tradeoffs is a very
important part of resource management. Here we are
attempting to measure the dollar tradeoff with the orbital
communications resource.

I hope that Dr. Chadwick's companion lette:- 1:13.17. coney his
spective of the project.

Sincerely,

6''44

Donald R. Ewing

Policy Support Division

2 enclosures

1-Copy of Memo dtd 3-11-77

re the Orbital Ri.,ghts Pr

2-Ltr from R. B. Chae,..vic.
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ME

1

Broadbnd Services

October 5, 1971 Meeting with Besen and Partch.

October

October

14

29

November 4

November 18, 19

December 2

December 6

December 8

January 12, 1972

January 19

Not enough time to contribute to CATV policy
statement.

Would like more general investigation of
industry with emphasis now on modeling.

Want Comanor/itchell program: running and
tested and accessible from Washinton, variable
output format, and validation of data such as
system costs, also add other models. (B1)

Initiated assistance from ITS to obtain cost
information. (B2)

Besen notified that Comanor/Yitchell program
now available for access. (B3)

Demonstrated use of Comanor/Mitchell program
at OTP.

Received briefings on current status of CATV
by attendance at PLT institute on CATV.

Seminar on history of CATV regulation.

Memo from Espeland outlining cost study. (B4)

Interim report submitted discussing Rand CATV
model. (B5)

Comments concerning CATV computer model
received from Besen. (B6)

Meeting with Besen and Partch to discuss
computer CATV model. (137)

February le Comments,, submitted to Besen on RMC Interim
Report Investments Costs for Major CATV
Components . (B8)

Report on work on defining CATV equipment cost
received from ITS. (B9)

February 19 Request from Hinchman for Partch to atter
Theta-Com seminar on microwave systems foL
local CATV distribution. (1310)

February 28 Request from Ninchman to review CATV Demand
Study Work Statement. (B11)

February 29 Final report on CATV costs received from RC.



(B12)

March 3 Comments on OTP CATV Demand Study submitted to
Polishuk. (B13)

!arch 8 Approach to survey of home terminals for CATV
systems received from ITS. (B14)

March 10 Attended RMC briefing at OTP.

March 13 Comments on RMC report submitted to Weinberg.
(B15) -

narch 14 Outline of cost survey of local origination
equipment for CATV systems received from ITS,
(B16)

March 20 Comments concerning follow-up work on RMC
results received form Besen. (B17).

April

April 5

Letter to Besen transmitting Stanford and Rand
CATV model programs as revised by PSD for OTP.
(B18)

Sample runs of Stanford and Rand programs:
Rand CATV Financial Model, ana
Comanor/Mitchell CATV Financial MoCiel
submitted to Hinchman, (B19)



OW:

Reply to
Attn of: JEP

Subject.

October 5, 1971

44)4

U.S.DEPARTIVIE...r OF COMMERCE

Office of Telecommunications

INSTITUTE FOR TELECOMMU\CATION
Boulder, Colorado 60302

Meeting with Stan Besen, OTP, to discuss CATV program.

To: Roger Salaman

Memorandum for the Record

At the suggestion of Walt Hinchrnan I met with Stan Besen of OT
P

discuss our program in the CATV area. He felt we would not be 
ae

to make a meaningful contribution to their forthcoming policy state-

ment, since it is due in two weeks. They expect to continue 
to

analyses in this area and would like us to pursue a more general

investigation of the industry. Specifically, they would like us to work

on computer modelling of CATV systems. They have given u
s a

program written by Comanol: and Mitchell as a starting point. This

program was first generated for NCTA and has been presented in

"The Bell Journal of Economics and Management Science," Spring

1971. Stan stressed the following points concerning the program:

1. They would like to get the program running and

tested as it is now written.

2. They would like access to it via time share from

Washington, D. C.

3. They may want the program on a local Washington

system for ease of access. This would not be

necessary if there are no problems accessing the

Boulder computer.

4. The present output is too long. They would like a

variable output format.

5. We can question and attempt to validate the data

(such as system costs).

6. Think in terms of other models (e.g. updating of

old CATV systems).



v
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7. Add other models as they become available

(e.g. program industry model could be added).

8. Rand and SRI also have CATV system models.

Stan mentioned that OTP has let a contract to an ec
onomic analysis

firm to investigate the program industry. They e
xpect a report in

December and will keep us informed of the progress of th
is study.

Richard Nelson of OTP also has an interest in this compute
r model.

ft is familiar with tho use of a time share computer.



Date:

Reply to
Attn of:

Subject:

To:

October 14, 1971

JEP

U.S. DEPARTME, g' OF COMMERCE

Office of Telecommunications

INSTITUTE FOR TELECOMMUNICATION SCIENCES

Boulder, Colorado 60302

Participation of ITS in the Policy Support Divisio
nl s Program

in Broadband Services.

Roger Salaman.

The objective of our program in the area of br
oadband services is

to gain the understanding necessary
 to model the broadband services

industry. We presently have a working computer
 model that we

obtained from OTP of an individual CATV system; h
owever, it has

many areas that need additional study or confirmat
ion.

would propose that Bernie Wieder be asked to investi
gate the costs

of equipment for CATV and other broadband serv
ices. The study

should inc.:Jude both the equipment presently available 
and in common

use, and the equipment that will be available five
 years from now.

The study shou7d typically be aimed at providin
g the range of costs

for:

... upgrading present systems to 20 or more chan
nels.

.... providing new 20 or more channel systems.

.... special 20 or more channel receivers.

.... local origination (mobile and fixed).

• • • • two way communication capability.

The question of special television receivers h
as taken on new

importance with the recent announcement of a CATV 
receiver leasing

arrangement in a trial system. The study should not 
be merely a

price list from equipment manufacturers, but
 should include the

past experience and suture projections of act
ual system operators,

and :he imagination of the investiga
tors to envision future services.

; k•--,,,,r7Teierwriparrr,rtrs ' 
-

B2



I would hope that even though this task 
is a fairly large effort the

working relationships bei:ween PSD an
d ITS can be informal. It

is to our mutual benefit since we are 
both going through a period

of problem definition. There will a
lso be other small efforts

required of ITS personnel in this prog
ram area as it develops.

It would also be appropriate to sugge
st that ITS investigate the

area of technical standards for
 CATV, using the August 5, 1971

letter to Congress by Commissione
r Dean Burch as a guide.

However, this area has not been iden
tified as our concern by OTP

and thus we could not support the
 effort.

r me . Partch

Policy Support Di vi sion



October 29, 1971

Mr. Stanley M. Besen

Executive Office of the President

Office of Telecommunications

Washington, D. C. 20504

Dear Stan,

The CATV simulation program has been squeezed onto the

timeshare computer and is being debugged. I expect to be

,ible to de.monstrate it for you \-v11,..,n lam in Washington

next week. I have enclosed some timesharing manuals

for you,

1 hope to see you next week.

Sincerely,

Jerry Partch

Policy Support Division

Enclosures (3) as stated

Chrono.
Subject
bcc
JEP/ pm (10-29-71)

B3



'ate. December 6, 1971\ •

Reply to
Attn of:

Subject:

To:

ITS/RTIE

•
•••;4-

$

y, /
r( .1

'N.1:lr, C74:":

C.J- Hicp oc. Tc1::::0rnr-nuntion3

INSTI7 UTE FOR 1ELEC(JMMUNCATION SCIENCES
Elou!dr_v. Cobrado C0302

Some thoughts on the task of surveying the cost and capabili
ties of

equipment for CATV and other broadband services.

Jerry Parteh

This memo has three parts: (A) a brief description of the sys
tems to

be surveyed, (B) a listing of sub-units for the purpose of 
categorizing

components to facilitate the cost and capabilities survey and (C) the

breakdown of costs into several different categories.

B4

At the onset of this survey, no great amount of time will be 
used to

determine an optimum system, instead efforts will be put forth

to cost and describe a system to which changes can be readi
ly made

as new information is acquired and new questions arise. Also as the

literature is searched and contacts are made, a file (catalogs, brochures,

reports, etc.) will be maintained for reference in the general area of

broadband cables services.

A. Broadband Systems

(1) Twenty or more channel CATV System -

This system would be similar to many of the present CATV systems,

except that it would have a twenty channel capability.

t.(2) Twenty or more Channel Broadband (two-way) System -

This system would have at least 20 channels and two-way capability.

The emphasis here is to compare the costs of two-way vs one-way

equipment in a basic system such as 1 above. To include more

would confuse the comparison because of the many possible system

configurations.

(3) Local Origination and Broadband Services -

This category will include the items of equipment (such as interf
acing,

readout, printout, monitoring, interrogation, etc.) needed to utilize

the capabilities of a two-way broadband cable system,

B. Broadband CATV System Sub-units -

In items (1) and (2) of Broadband Systems (above), it is possible

to group the equipment into sub-units. These sub-units are:

• '7"
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(1) Antennas -

This sub-unit includes those antennas, mounts, and accessory equip-

ment necessary to bring in the desired over-the-air TV and FM

signals plus other broadband services for which full system distribution

is desired.

(2) Head-end -

The head-end equipment is generally located at the antenna site and

consists of signal processors used to separately stabilize the visual

and aural carrier levels and to adjust these carriers levels for
desired system distribution. At this point a signal can be converted

to channels different from the one on which it was received before

distribution on the cable.

(3) Transportation Trunk -

If the antenna site is remote from the area of signal distribution, it

may be necessary to have a transportation trunk, It consists of a

coax cable with properly spaced repeater amplifiers to overcome

cable attenuation. The trunk connects the antenna site to the
distribution hub.

(4) Distribution Hub -

At this point in CATV system the signals are processed for customer

distribution. •This is the input for local origination and could be the

tie-in point for both the up-stream and down-stream signals in a
two-way broadband service,

(5) Distribution Lines

The distribution lines can take on a myriad of configurations depending

upon the area to be served. The line consists of coax cable with

proper amplifiers to allow for the desired distribution and to maintain

a specified signal quality.

(6) USER'S Termination -

In a (one-way) CATV system this might be a simple (75 to 300) trans-

former to properly terminate the incoming cable and to couple to the

users TV set.

A (two-way) system could conceivably require more terminating

equipment, but what portion becomes user owned and optioned and what

is system owned and required is not clear at this time.
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C. Cost Breakdown -

The expenditures for a cable system could be grouped into the

following general categories:

(1)

(2)

(3)
(4)

(5)

(6)

System. Design and Engineering

Survey and Layout

Right-of-way (easements)

Purchase of Equipment

Installation Costs

Checkout (operational)

The first efforts on this task will be to obtain catalogs,

brochures, and reports pertinent to CATV and broadband cable

services; to make contacts with representatives and engineers of

equipment manufacturers and cable T. V. companies; and to begin the

task of costing the CATV system hardware. The expenditures for

items 1, 2, 3, 4, and 5 under cost breakdowns (above) may be

available from materials and studies on existing CATV systems or

even other utilities.

Richard H. Espelalkl

cc: B. Wieder

• T., ;t7,.. vf • • •1.7 . . .



December 8, 1971

Dr. Stanley M. Besen

Executive Office of the President

Office of Telecommunication Policy
Washington, D. C. 20504

Dear Stan,

We are finally going to complete the comparison of the

Rand and Mitchell CATV r.omputer models. In order to

fuL Alitate the ,...-,nzipariswL, the Rand model was put on our

co.l!pttter. I 11:ve enclo,..;cd an interim report from ITS

concerning the Rand model. Computer-generated flow
diagrams of both progra-s have been obtained; however,

they are in such detail that they are useless. I feel that

salt:plc runs will be morr,. usclul. I hope that we can

send you a report on the comparison, including example

runs, by December 13.

Sincerely,

Jerry Partch

Enclosure as stated

B5
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Date: December 2, 1971

Reply to
Attn of: ITS /JSW

U.B. DEPARTIV1EN . OF COMMERCE

Office of Telecommunications

INSTITUTE FOR TELECOMMUNICATION SCIENCES

Boulder, Colorado 80302

Subject: Interim report on the RAND CATV system financial model

fo: Jerry Partch

RAND extensively rewrote the Mitchell program on the CAT
V

Simulation Model and adapted it for use in a study of possible CAT
V

systems for the Dayton, Ohio area. The RAND program generates the

financial predictions for such a CATV system for a ten year period.

Basically, the RAND program makes certain economic- assumptions

about the segmented TThvIon area and attempts to demonstrate 
cP1.

results on a per sector per year basis. The program consich,r s

inputs: (1) the number of homes, final penetration, homes per

mile of plant, fraction of plant constructed underground, and cost

per mile of underground plant; all on a per sector basis; (2) the

percent of final penetration reached in each year per sector; (3)

the percent of plant constructed during each year per sector; (4)

the yearly subscription for the first outlet during each of the 10

year period; 1,5) ditto for the second outlet; (6) the installation fees

in years 1 to 10; (7) several definable parameters including inflation

factors, cost of equipments, payroll information, rental fees, debt

equity ratio, power costs, business expenses, taxes, receivables

and payables; (8) the additional revenue items; (9) the additional

capital expenditure items; (10) the payroll classifications; (11) the

number of additional employees; (12) the operating expense items;

(13) the vehicular costs; and (14) the additional overriding operating

expense items.

Correspondingly, the outputs are concerned with the financial pre-

dictions in years 1-10 for: (1) the sector growth and parameters;

(2) the CATV system growth and revenue; (3) the payroll; (4) the

operating expenses; (5) capital expenditures; (6) the income statement;

(7) the sources and use of funds; (8) the balance sheet; and (9) the

internal rates of return.

The program is up and running on the CDC 3800 of the Boulder

Laboratories and if desired a program manual describing deck

setups, input cards, input parameters, the general throughput,

and outputs can be created in the near future. Also, flow charts for

the RAND program and the Mitchell program are attached for your

information.

4 /1.)(A ) 1 ( •-•• Yvt- 

'ames S. Washburn



Date:

Reply to
Attn of:

Subject:

January 12, 1972

PSD/JEP

Telephone call to Stan Besen

To: Warning System file

U.B. DEPARTMENT OF COMMERCE

Office of Telecommunications

INSTITUTE FOR TELECOMMUNICATIO
N SCIENCES

Boulder. Colorado 80302

We discussed the CATV
 computer model. His present thouglts are:

1. Get all data out of program.

Z. Wants "standard case" input to test polic
y assumptions, plus

ability to vary this input.

3. Selected policy decisions will be chosen as
 part of the input

data.

They are now receiving the res
ults from their cost contract and

are now in a position to mor
e fully define the model. Stan woul

d

like to meet for a day as soon
 as possible to outline the model.

He also asked for clarificatio
n of the budget and manpower listing

that Dale Hatfield prepared for
 OTP.

rry P tch



Date: January 25, 1972

Reply to
Attn of: PSD/JEP

Subject:

u.o. :NT 0::
Offico cYciccommun!ctitiono
INSTITUTE FOR TELECOMMUN:CATION SCIENCES
Boulder. Colorado B0302

Meeting with Stan Des en, OTP, January 19, 1972

To: Broadband Services File

1. RMC Contract: OTP has received an interim report from RMC
concerning capital investment costs for CATV systems. We are to use
their cost information in our cable financial model. Stan would like
comments on the report. He would like me to attend a seminar RMC
will be giving in a few weeks in which they will discuss their results.

2. OTP Demand Contract: OTP is about to let a contract which will
result in better demand data. The contract would take advantage of a
previous market survey conducted by cable interests.

3. Cable Financial Model: We discussed the cable model at length
and arrived at a fairly detailed model outline. Stan was going to
circulate our ideas among the OTP personnel that would use the model
and ask for comments.

Three areas of the model were discussed:

i. Internal data and decision routines.
Input variables.
Output.

Internal data and decision routines

The majority of the cost data will be placed in two subroutines rather
than in the main program. The subroutines will represent high and
low estimates (or plain and fancy systems) and will be chosen as part
of the input variables.

This same technique will.be used to select from among various demand
equations. Initially only the Park equation will be included.

The program will contain various accepted "rules of thumb" relating
route miles to trunk and feeder miles. The selection of a rule will
be an input variable.



Broadband Services File - 2 - January 25, 1972

The following copyright fee structure will be 
internal to the program:

1% of gross receipts up to $40K

2% of gross receipts from $40K to $80K

3% of gross receipts from $80K to $120K

4% of gross receipts from $120K to $160K

5% of gross receipts greater than $160K.

Some further thought should be given to the copy
right fee area as this

plan seems rather inflexible.

Input Variables 

The input variables can be separated into two ar
eas, policy variables

and market variables. The program would normally be executed 
in

one of two ways. A standard set of policy vari
ables would be imposed

and the market conditions would be varied. Or a 
standard market

would be imposed and the policies would be varied
.

Input variables would include:

Demand equation option

Cost option (high or low)

Local stations carried:

Network

Independent

Non-commercial

Imported off-the-air:

Network

Independent

Non-commercial

Imported via microwave:

Network

Independent

Non-commercial

FM Service (yes or no)

Households passed by cable

Subscriber fees:

First outlet

Additional outlets

FM service

Connection charge

Other revenues

Average household income
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Broadband Ser
vices File 

- 3 - 
January 25, 19

72

Proportion of 
color TV sets

Percent of rou
te undergroun

d

Route miles

Trunk/feeder 
ratio

Rule-of-thumb
 option

Two way capab
ility

Channel capaci
ty

Franchise fee
s

FCC fees

Public access
 channels

Local originat
ion

Local educatio
n channels

Output 

The model wou
ld not conside

r methods of 
financing, but

 would indicat
e

rate-of-return
 based on costs

 and revenues
. Income tax

es will be

neglected in th
e rate-of-retur

n calculation 
(there is no w

ay to include

them independ
ent from the fin

ancing).

The salvage v
alue as discuss

ed in the Rand 
model will be 

used in the

calculation of 
rate of return. 

The output will
 be similar to 

the

Comanor-Mitch
ell model with t

he exception of
 data concernin

g debt,

equity, deprec
iation, and tax

es.

Stan will be 
sending his ver

sion of the model
 outline with c

omments

from the OTP
 staff.

çiPA-?,/
jrry artch
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I lx_we revir:,-ved flict entitl-d "Investments ,Cost for
Major CAr.CV CompeLlea" and hP..vo om cornmet,ts to make. My co m

r.ot mec...Izt to detract fron-i tlic, vc:ry thorough job they have done
con-.in:; the infol-n-v:t.tion, but arc o:Tly iftended to avoid possiblc,

e1r1oa.ra_1;7:yftent to OTP and to .1-1171:-.:3 ts usr,fulneso to our financiz.,-,.1
model dvciloprn:.-..nt--. I have not bothered to list typographical errors,
as I am LTur thCry will be diocovered by

B8

Item 1: Itcfcrence pp. 12, Z4 £1, The u so of a VHF to VHF converter
was ignored. This converter is used to change tio ch.7,-ane1 assignments
of VIII' ciraanc-13, It is a corrunon itera in areas of high over-the-air
signal streng;:h.

Item Z: Reference P. 12, 1!;, 16. The pilot carrier generators should
be represented schematically in the same rnarnr.r as the "other channel
inputs" in fig. 5-I and "input-other" in fig. 3-2, as inputs to the directic,nal
coupler and splitter.

lleflrence pp. 14 ff. The use of the terms modulator and de-
modulator is confusing in the con';e:r.t of the discussion on page 14 ff.
They are confused by the fact t1,r-i- tWO carrier frequencies, microwave
and VHF, are involved in the discussion, In the CATV industry, the
common usage of the term modulator indicates a device that accepts
video and audio signals and generates a standard vestigial sideband tele-
vision signal on a standard channel. This type is sometimes referred to
as a television modulator. Other modulr..tors used in the CATV industry
accept audio signals and generate signals in the FM band. Still others
are used to produce a blank screen with audio programming on standard
television sets.

In the microwave industry, the con-n-non usage of the term "microwave
modulator" indicates a device which mcdulntes or adds information to a
micro-.-/ave carrier source. In figure 3-2, the term "microwave modula-
tor" is used to indicate the use of a tclevision modulator designed to
accept t11,-, audio and 

Di-.14-4 !
14. .-017=0).

than from a television camcr, i5tit ia r.).1crov-a.ve r—Tiainti::::or;771e r 

114 III lig ii
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Jit of equipi-aent on pa;.- 0,. 14 could be made unz.-trnbigueus by the utle of the
prefixes television and microwave as appropriate.

Item I.?..,,fercnce pp. 22, 2,6, 28. The discussion of the nil system is
inco'roc aidhic..-0,-aiplete. 'There are ef.; -,cintially three different ways to

:.::ervice on a CATV sysLen-i.

1, The entire off-the-air FM band can be carried on the system
at it:.; normal bl.oz“Icast frequency, 83 to 103 MHz, and can
be received by Ge subscribers with a normal 1;'.1.0. rece.Aver.
ThIn service would require a single headend FM antenna,

er direetion.11 or olvnidirectional, and a pro-amplifier.
An fi.A tua-:r would not be necessary. This nacthod would

xm:.1 in an area\--rherc large number of FM
stL-Alonc, were available off-the-air at the headend.

2. Selected FM stations can be received and rebroadcast on the
cable in the FM band for receipt by a subscriber's FM
receiver, This service requires an FM antenna, directional
or ozrinidicctional, a pre-amplifier, tuner, and FM modula-
tor, Figure 3-4 neglects to il.idico,te the use of an FM modula-
tor and this is perhaps only a matter of terminology. The
use of more than a single FM antenna is questionable and
would only be necessary if you were in extreme fringe areas.
Some average is clearly indicated,

This service would be attractive in an area without an adequate
number or local off-the-air signals,

3. A third system is a variation of the second, Rather than re-
broadcasting in the FM band, the selected stations can be
processed such that they may be received on a television
channel with the screen remaining blank. The modulator re-
quired is mentioned in Item 3. This type of service would be
especially attractive in an area with a concentration of hotels,
so that both normal television services and audio programming
could be offered on an ordinary television set.

This section of the report should be revised to indicate some
of the common altern::,tivez in FM services and to clarify
the number of FM antennas necessary.
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Item 5: Reference Fig. 3-6. This figure needs clarification. Is it a
pictorial or scherntic represcniq.-.tion or a combination. The large block
and small circles need to be identified.

Item 6: 3),c,,forence p. 49, line 6. The objection in selecting cable is to
minimize the total system cost. It is a coot/loss tradeoff. If the objec-

tive were merely to minimize loss, you would increase the size of the
cable until you encountered higher order propagation modes. This
cost/loss tradeoff is clarified by tables 4-22 vald 4-23 in which the
smaller (--- :.id lossier) cable turns out to be the most economical from a
system viewpoint.

Rem 7: '1"}Nle 4-6. A subscriber convertor is not necessary in an
activated dual cable system unless the capacity is greater than 24 channels.

Item 8: Table 4-10. The columns listing subscriber drop costs in dual

cable systems should indicate the effect of channel capacity. For instance,
column 34 would be .',B3.00 for 24 channels or less and :;663.00 for greater
than 24 channels.

Item 9: Construction Costs. RMC ha ri; tabulated in a very thorough
manner all the costs associated with underground cable installations.
However, the information is difficult to apply to our financial modelling.
It would be very helpful if they would discuss some typical pavement
specifications or typical costs in various market areas.

Jerry Partch

Policy Support Division

b cc:
Subject
Daily

jEPartch:jir 2-18-72)



Date: lebruary 18, 1972,

RepTy to
Attn ol: YTS/RITE

c1.7
CKfit;:i (-)f
INSTITUTE FOR TELECOMV,...,NCATIC% SC F..%23E3oulder, Colorado 60302

Subject: Studies of the CATV trunk and distribution z,.:Tiplifiers manufactured by
Jerrold Electronics Corporation and Kaiser 'ATV.

To: Jerry Partch

As a result of our discussions andreview of RMC's first draft of
CATV systems costs and capabilities and as part of the possible tasksoutlined in my earlier memo to you (Dec. 6, 1 97 1) on costs and
capabilities of equipment for CATV and other broadband services,have completed a study of the available CATV amplifiers of two majormanufacturers of these components. These studies were conductedwith an emphasis toward the equipment with two-way capability, butinclude for price comparison the earlier lines of both companies.

The "series 3" CATV trunk amplifiers of both companies are theamplifiers designed for installation in systems requiring two-waycapability or with future option for two-way capability. Theseamplifiers can be purchased at three price levels:

(a) "one-way" which is compatable with existing systems or forupgrading to two-way (these units would require filters, reverseamplifiers, etc. for upgrading).

(b) "Two-way" which would probably be purchased for a dedicatedtwo-way system but the reverse capability is not required immediately(these units require only plug-in options for two-way operation) and

(c) 1 ,complete two-v,,a},which provides immediate he
two-way operation.

The two companies selected for this cost study (Jerrold and Kaiser)carry a line of amplifiersdesigned to be used in the conventional CATVsystem (that is the head-end, trunk line, distribution line concept asopposed to multiple hubs and/or switch capabilities at the hubs which
have been proposed as possible concepts). This equipment could beused in single or multiple cable installation.

For making price comparisons between the two companies, two factsshould be remembered concerning the prices of Kaiser equipment.
One is that their AGC eqvipment in "series 2" and "series 3" use a

- _
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dual pilot control which is comparable to the ASC equipment offeredby Jerrold. A second is that the Kaiser housings as priced areadequate for underground use in a vault, whereas, in the Jerrold linea price adjustment (see the table) is required ifsunderground installationis anticipated.

The information in this study should be useful in extending a CATVmodel to include two-way capability because it is the amplifier require-ments that are most effected and have the greatest cost impact whenexpanding from one-way to two-way capability.

The study is in two parts. The first covers the Jerrold equipmentwhich includes brief component description as well as the price listing,whereas, the second covers the Kaiser equipment price listing only.

Richard H. Espelarid

cc: B. Wieder

Enclosure: Study 1.
Study 2.



STUDY No. 1

CATV Amplifiers

The following paragraphs arc a summary of what is currently

available in CATV amplifiers and a b'i-ief description of how they are

used. Jerrold's C.ATV product catalog was used as the primary

reference. This catalog does not include an overall "amplifier line"

use description or breakdown sO this information has been deduced

from the technical data in the catalog.

Jerrold refers to their amplifiers as stations. A station includes

the housing, power pack and the necessary modules to meet the reouire

ments for that station. The attached figure 1 shows the cost breakdown

of the three lines available from Jerrold by station name and figure Z

shows cost data of the line extender amplifiers.

1) Trunk Amplifier  -

This unit is solely a trunk line amplifier with manual gain

control. It is intended as a main line cascader in open areas.

Operational gain of these units is 23 dB to 26 dB.

2) Trunk amplifier with  ACC  -

This unit is used in the trunk line where automatic gain control

is required. An AGC unit is usually required every second Or third

amplifier depending upon the temperature range for which to compensate.

It uses a pilot tone generated at the head -end as a control signal.

Operational gain is 23 dB to 26 dB.

3) Trunk and Bridging Amplifier -

This unit is used where AGC is not needed in the trunk line but

where distribution lines are to be connected. It has a manual gain

control. The operational gain through the trunk amplifier is 22 dB to

26 dB and through the bridging amplifier is 40 dB to 42 dB.



4) Trunk and Bridging Amplifier with AGC  -

This unit has a capability similar to the tiunk and bridging
amplifier but also has the AGC control. It is used where both bridging
and AGC arc required and where up to four distribution lines are :o
be connected. It also uses the pilot tone as a control signal. The
operational gains arc of the same range as the trunk and bridging
amplifier above.

5) Distribution Amplifier -

These amplifiers are used on the trunk line where distribution
is desired but where no trunk-signal amplification is needed and as a
distribution line termination where additional distribution lines
are created.

The high-gain distribution/bridging amplifiers have a bridging
gain range of 32 dB to 44 dB and the low-gain distribution line
termination amplifiers have a gain range of 26 dB to 32 dB.
6) Trunk Amplifier with ASC  -

This unit available only in the high-capacity series is similar
to the trunk amplifier with AGC. The difference is that it uses a
dual-pilot for control of gain and slope. Standard TV cable channels
are used as pilot carriers such as 4 (low band) and 11 (high-band)
operational gain is 25 dB.

7) Trunk and Bridging Amplifier with ASC -

This unit is very similar to the trunk and bridging amplifier
with AGC except that it uses the dual-pilot control to compensate for
both gain and slope automatically. Operational gains are 24 dB
for the trunk amplifier and 42 dB for the bridging amplifier.
8) Automatic Slope Amplifier  -

This unit is designed to correct residual tilt. It has no effect
on the normal equalization. It operates with one high-band and one

2



low-band modulated carrier. It offers unity gain and is installed

directly after a trunk amplifier station in the system. The number

required varies from one at every seventh, eighth or ninth station

to maybe only One for the whole system.

Full Two-Way  Capability

When a full tap-to-headend return capability is desired,

additional modules arc used with the high capacity two-way equipment.

These arc available in sub-split (5-30 MHz) and mid-split (5-10S MHz)

bands. The functions of the modules for the two bands are essentially

the same but with some variations in costs and the frequency ranges

in which they can be used. The brief function description are as followz.

1) Trunl. Return Amplifiers -

These units are used where needed to compensate for cable

loss of the return signals. They are available in the two frequency

ranges each with or without AGC. AGC units use a pilot tone for

control which is at a different frequency then the forward ACC pilot tone.

Forward trunk amplifiers with AGC must use trunk returnamplifiers

with manual gain control. Forward trunk amplifiers without ACC may

use trunk return amplifier with either AGC or MGC. Operational gain

is 18 dB for the 5-30 MHz modules and 23 dB for the 5-108 MHz modules.

2) Trunk Filter -

These units are used in the trunk line with the trunk return

amplifiers. Two are used, one at the input and one at the output. Using

the filter designed for the sub-split amplifier creates pass bands of

5 to 35.5 MHz and 46 to 300 Mhz. The filters designed for the mid-

split amplifiers creates pass bands of 5 to 120 MHz and 144 to 300 MHz.

3) Distribution Filter -

This unit is used in the distribution line where bridging a.mplifie.-75

are used in the two-way system. One filter is used in each line. A

3



single filter is used with either the sub-split or mid-split modules.The pass bands created are 5 to 34 dB and 50 to 300 MHz.
4) Equaliz,(:rs

Several types of associated hardware such as equalizers, plug-in-pads, directional couplers, thermal equalizers and feedermakersmay be used in any given CATV- installation. One of these specificallycalled for in the two-way capability described here is a variableequalizer. The two types are for the sub-split and mid-split bandsand offer cable compensation in the range of 11 to 20 dB.
5) Feedcrmaker -

The function of this item is to create from one to four feederline outputs at any distribution amplifier location on the maintrunk line.

Line Extender Amplifier 
The line extender amplifiers are used in the distribution linesto compensate for cable loss. In the extenders series there are notas many types and variations. Those available are described withouttrying to categorize by capacity.

One model has a fixed gain of 9 dB and fixed tilt of 5 dBand operates in the 40 to 240 MHz range.
A second model which uses manual gain and tilt control operateswith 25 dB gain and its frequency range is 40 to 245 MHz.
A third model operates over the 40 tQ 260 MHz range and canhandle 30 channels. It features manual slope and gain adjustmentswith plug-in facilities for slope and gain control and two amplifiersmay be cascaded. It has an operating gain of 25 dB.
The fourth model operates over the 40 to 300 MHz range andoffers a one-way or two-way capability. Up to four amplifiers maybe in cascade. This series features either manual or automatic gain

4



control and provides 25 dB gain.

A return amplifier must be purchased for two-way capability.

It operates in the 5 to 30 MHz range with a gain of 15 dB.

1

1
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Station

Trunk

Amplifier

Trunk Amplifier

with AGC

Trunk & Bridging
Amplifier

Trunk & Bridging

Amplifier with AGC

Distribution Amplifier

High-Gain

Distribution Amplifier

Low-Gain

Trunk Amplifier

with ASC

Trunk Bridging Amplifier

with ASC

Automatic Slope

Amplifier

Expinnation of noted value fi

Figure I a. CATV Trunk Amplifiers

Series 1

50-220 MHz
12 Channel

$390. 00

485.00

Series 2
50 -240 VI-Tz
20 Channel

$495. 00

555. 00

540. 00 700. 00

635. 00

375.00

455. 00

635. 00

:ure lb.

(A)

750. 00

545, 00

545, 00

635. 00

Series 3

40 .260 MI-Tz
30 Channel

Complete ***
two-way

40-260 MHz

sub -snlit mid-split
one-way . two-way 5-30 MHz 5-108 MHz

S570. 00 5640. 00 $327, 75

(1)

655. 00

825. 00

890. 00

625, 00

753. 00

990. 00

635.00

725.00 900.75

(3)

895. 00 1120. 65

(5)

960. 00 1173. 65

(7)

695. 00 908. 65

(7)

825.00 1000.65
(3)

1060.00

635.00

1273. 65

(7)

635, 00

5907.75

(2)

970.75
(4)

1200. 65

(6)

1243,65

(8)

978.65

(8)

1070. 75
(4)

1343. 65

(8')'

635. 00
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Figure lb. ADDITIONAL MODULES FOR TWO-WAY RETURN

MGC .AGC/ASC Bridging Bridging
MGC AGC/ASCsub-split mid-split sub-split sub-split mid-split sub-split mid-spit

Return Amplifier

Hi-Lo Split Filter
(2 each) Cr.` $24. 50

Distribution Hi-Lo Filter

Variable Equalizer

Feedermaker

. TOTAL

127.00 207.00 115.00 185.00 127.00 207.00 115.00 185.00

49. 00 49. 00 49. 00 49. 00 49. 00 49. 00 49. 00 49. 00

29.50 29.50 29.50 29.50

11.75 11.75 11.75 11.75 11.75 11.75 11.75 11.75

8.40 8.40 8.40 8.40

187.75 267.75 175.75 245.75 225.65 J05. 6 5 213.65 283.65(1) (2) (3) (4) (5) (6) (7) (8)

**

***

'This cost is the average of two manual and one automatic unit.This cost is the average of four units.
The number in these columns show which (addition modules) cost
was added to the two-way trunk amplifier station to get the cost
for complete two-way.

NOTES: (A) Old catalog price adjusted according to new catalog price changein high-gain amplifier.

(B) Prices listed are for aluminum housings sUitable for aerial or
pedestia.1 mounting. A cast-iron housing is used for underground.Adjust costs accordingly:

Add $90.00 to series 1 units for cast-iron
Add $65. 00 to series 2 and 3 units for cast-iron



Figure 2. Line Extender Amplifier

Frequency

. Range (MHz) Gain (c11) Tilt (dB)

40 to 2110 9 5

40 to 245 25 . Plug-in

40 to 260 23 Plug-in

40 to 300 25 Plug-in
U 25 It
tt 25 it

Control Cost

Fixed $ 27. 00

37.00

Manual 134. 50

134. 50

Manual 199. 50

Manual (one-way) 225. 00

AGC (one-way) 245. 50

Manual (two-way) 249. 50
U 25 It AGC (two-way) 285. 5C

Manual (two-way) 339. 00

with return amplifier

AGC (two-way) 375. 00

with return amplifier

NOTE (1) Housing included in prices suitable for aerial and
pedestial mounting cast-ircm housing available in
all but the first (fixed control) amplifiers. Add
$40. 00 to prices for cast-iron.



STUDY No. 2

CA TV Amplifiers

This write-up lists the amplifiers manufactured by Kaiser.

Kaisers' products catalog was used as the source and it does not

contain an "amplifier line" use description and breakdown so the infor-

mation has been deduced from the technical data and specification in

the catalog.

A companion study performed on the Jerrold Company amplifiers

includes short descriptions of the several units available. Although

there are some differences in the design philosophies of the two

companies, the units are functionally similar and it is suggested that

reference be made to that study for amplifier descriptions.

The Kaiser products are modular in design as are Jerrolds' and

the costs in Figures 1 and 2 are for unit combinations that are complete

with housing, power pack, and the required amplifier modules. There

are three series of amplifiers available from Kaiser.
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Figure 1. CATV Trunk Arnpl.I'fiers

Station

Truck

Series 1
54-216 MITz

up to 20 Channels

Series 2
50-270 MHz

up to 36 Channels

Series 3
54-300 MHz
30 Channels

one-way two-way

Complete two-way
54-300 MHz

30 Chann-!:
Return
5-30 MHz

Amplifiers $366. 00 $565. Co $616. 00 5684. 00 4'. On

Truck
Amplifiers
with AGC 451. 00 670. 00 763. 00 830. 00 1088. 00

2 - Output MGC
Bridging Amplifier

•Combination 590. 00 880. 00 860. 00 975. 00 1232. 00

2 - Output AGC
Bridging Amplifier
Combination . 675. 00 985. 00 1007.00 1 121. 00 1 179. 00

4 - Output MGC
Bridging Amplifier
Combination 636. 00 985.00 939.00 1 101. 00 1357.00

4 - Output AGC
Bridging Amplifier
Combination 721. 00 1090.00 1086.00 246.0O1 1 504.00

- Output Intermediate

.

Bridging Amplifier 496. 00 591.00 71 6.00 830. 00 1088. 00

4 - Output Intermediate

Bridging Amplifier 542. 00 696.00 795.00 956.0) . 1220. 00

NOTE: Housings included in the amplifier price

are suitable for placing in an underground
vault.



Figure 2. Line Extender Amplifier

Frequency ,
Range (MHz) Gain (dB) Equalization Range (dB) Cost 

54-216 (No specification sheet) $130.00

50-270 20 5-15 167.00

50-270 (Same as above with four. 190.00
output customer taps)

54-300

54-300

54-300

22

20

22

5-18 MGC

5-18 AGC

5-18 MGC
Less Reverse

347.00

426.00

386.00

54-300 • 22 5-18 MGC 474.00
With Reverse

54-300 20 5-18 AGC 462.00
Less Reverse

54-300 20 5-18 AGC 553.00
With Reverse

NOTE: Housings included in the amplifier price
are suitable for placing in an underground
vault.
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OFFICE OF TELECOMMUNICATIONS POLICY

WASHINGTON

February 29, 1972

TO: t„Zrry Partch
Lockett Wood

FROM: Walt Hinchman

Attached is an information bulletin from
Theta-Com for a seminar to be given in
Washington, D. C. , April 10-13. I would
like to suggest that Jerry attend the
seminar for the first two days, and Lockett
for the full session, if possible. You may
send in your registration form direct, but
let me know if you are available.

C401:1:r

Walt Hinchman

cc: Bob owe
R er Salamon

17:
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THETA-Cni\A
February 18, 1972

Mr. Walter Ilinchman

Office of Telecommunications Policy

The White House

Washington, DC 26500

Dear Mr. Hinchman:

We have been Conducting a series of techni
cal seminars on multi-

channel microwave LDS systems at our plant 
in Los Angeles.

These LDS systems are used for the local dis
tribution of CATV

signals.' We will be conducting our first such s
eminar on the East

coast in Washinton, D. C. from April 10th thro
ugh_Apyil_LalLt

and would certainly be pleased to have you or any of
 your associates

attend.

Information concerning the seminar is attached. As you w
ill note,

there will also be a brief discussion of our new interacti
ve Subscriber

Response System.

We look forward to hearing from you and to the possibility of 
your

attendance.

Sincerely yours,

/ 4-
/, -

I ,

A. H. Sonnenschein

Assistant to the President

AHS:jc

Enclosure - as cited

• . •.., f• i• "nei •N I ,-j 1 •".

4,:e.-,7.47,77.r.r.,•:. re.



AML TF'7H.NICAL SCHOOL REGISTRATTON

WASHINGTON, D. C.

APRIL 10 - 13, 1972

Name:

Company:

Mailing address:

Street

City

Telephone:  

State Zip

111 . . , 
Area Code . Telephone Number

. .
• -

---I plan to attend the complete session

I plan to attend only the 1st two days

4

I plan to attend the dinner on Tuesday night

1; 
_

I plan to stay at the Quality Mc:it-el-Capitol Hill

I :
Note:. Make your own hotel-reservations

I intend to arrive at the Hotel on

Yes No

I 

.Please specify how you would like your name imprinted on your course

completion certificate:

I.

I.

•••

Signature
•.•••• • 

•

'Mail to: Mrs. Joan Cochran, fle,Tis!.ra.r, AML Technical School

Theta-Corn of Cz-difernia, 9320 Lincoln Blvd., Los Angeles, CA 900:;i;

.:Telephone: (213) 641-2100



ETA-COM OF CALIFORNIA

9320 Lincoln Boulevard

Los Angeles, California 90045

-- INFORMATION BULLETIN

AML TECHNICAL TRAINING SCHOOL

APRIL 10 - 13, 1972'

WASHINGTON, D. C.

Basic Subje.,:t I. Introduction to microwave theory as applied

Matter: to multi-channel microwave Local Distribu-
tion Systems (LDS)

2. Systems Engineering and Application
Engineering

3. The integration and composite performance
of LDS equipment with conventional CATV

systems

4. Equipment Theory of Operation

• 5. Installation and Maintenance

Special 1. Brief Progress Report on Subscriber
Sessions: Response System (SRS)_

2. Measurement session on AML system to
--verify following performance parameters:

a) Synchronous crossmodulation
-------

b) Signal-to-noise ratio
c) 2nd order inter-modulation products
d) 3rd order inter-modulation products
e) differential phase
f) differential gain
g) envelope (group) delay

3.- Reception and Dinner for all attendees

LoCation: Quality Motel - Capitol Hill
415 New Jersey Avenue, N. W. (near the Capitol)
Washiniton, n. C. 20001
Telephone (202) 638-1616

[Monday]

[Tuesday]

[Tuesday]

[Wednesday]

[Thursday]

[Tues. aft.]

[Thurs. aft.]

[Tues. even.]

Reservations: 1. School: Send special reservation form to Theta-Coni

2. Hotel: Contact hotel directly. Moto' reservation
forms attached.
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• ,

Expenses:

Dates:

Schedule:

•

1. FiAta-Com will supply: all lunc,...s, coffee breaks,

reception, dinner banquet, instructional materials, etc.

2. Attendees must take care of: all other meals, hotel

room, and their own travel expenses.

1. Duration:
Monday morning, April 10, 1972 (classes start

promptly at 9:00. A. M., so it is desirable for out

of town attendees to arrive on Sunday night)

through late Thursday afternoon, April 13, 1972.

2. Partial Attendance:

Attendees who only desire a superficial familiarization

may wish to confine their attendance to the first two

days only (Monday and Tuesday, April 10 and 1)).

Your attention is, however, called to the special

session scheduled for Thursday afternoon - at which

detailed performance measurements will be made on

the AML system.

Monday through Thursday: 9 A. M. - 5 P.M.

Reception and Dinner: Tuesday 6 P.M. - 9 P.M.

-Contact:. For further information contact:

a) A. H. Sonnenschein
Theta-Com of California
9320 Lincoln Boulevard
Los Angeles, 'CA 90045
Telephone: (213) 641-2100

or your regional Theta-Corn Sales Manager

Northeastern:. .

Southeastern:

Central:

We • rn:

Martin 3: Moran
- Willingboro, NJ

. - (609) 871-1660
•

Richard P. Walters

Atlanta, Georgia
(404) 252-6197

Ferris E. Peery
Denver, Colorado
(303) 759-4061

Ben W. Forte

Pleasanton, California
(4)5) .162- 353
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office Of TELtCOIYI MUNICATIOI4S POLICY
EXECUTIVE orcsce OF THE PRESS ofErci-

vs"-smcmcsrood. 201104

Pctbruary 2/3. 1972

Tor.:7ttl Folinhifk-

Frorm VIL5-11 flint:hrrlan

EbiSCt C, A.-1: V D mund St. %Id y

1 urn at.t.a...:hingthee Sc3let tinurcler titutetrneent, Statrerneent elf Work,and a ta csc.: iaitc rria.tetria.1 fry x- thee iletrrcartcl study.

Whe.tri you ha-vet hart a. look at this material. T would like todiscuss with you the boat way to get this study accorn4311.812.ed..expeditiously- 
•t

hrrIc nt

(A)€J&-
Walt
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SOLE SMCE STATEMENT

sT SCRIBER DE:MAND .3-:'C-Ft Tr.;LI3VISION TUflY

OFFICE OP TE  ,P(71::';'-gt. Ni UNICA 'OM% .0T :ICY

rharir„ts River Associates, lac-. (\) jsre.~:c.,17tract":::.-'eci as the t.rititrAc.7

tc, provide the O1ic if fctcorsaniunicationrT. Poli-v=tudv- of ‘..4
. • 1—t

th,rnand fo cable tcIevikdon.Thiscitudy will bt. in ,..,!alltient detail to prrry:i.i-,

lb

Cir" Lu f"mulct-t-e- relritix.: tr., this aspect of bruaLi.

battd commilnicationg+ The study 17. tted to rx-p.-- VII.:t! Witt input LT,- Lt.Tri.,• ,

puter tdmulation mod4.11 er.i rcy.couldeririA tho

method of prucurerrmitt fO thj3t;t-mtiv., which is decri:c jdetall flit!

-at.f.Lached work staterneuv., the follow.;;' rrinorfpnt (-yap: "

enficntial to ineet the

•L The work rims!: tionc by A %"?atliZatlrn tuiVire' tjt-,:nr.-3=2,Tee. • t -. .

Iii per fc;rming B°Plthtti-"•%A'd ceollosrsEl;vic ficn-Aqriti atudieti,

Z. The ne1ncteci o.rs!„- ization nexpnric:im--,-..“.-: ta.ci-inurnic res.Parch

tAaff of high caliber.
f

1. The organ izaGoa niti5t rtcYt be under coatract to private g.ruufy. or

orp,anization!; in this art“i, in order to avoid any celnaiizi of interest problems

and to c_tnsuru maximum impartiality.



4. Due to the urgency of the cy-ry lleedn, thi:: staff rri-al:it:

to begin the ::ittirly within a brl ?! per:od of time.,

The proposed trt'r, Cvz A .7.as -,---Tc.:trience in performing

-econometric tkr-pApnd stue_11. Thr: t-ts,g so 0-4-ticated a.r.d the. _

deMOCItrated quality Of 1t9 c LIT r rr11:1V0- painc--,i for

general recognition, aq ratie_ i)f tiot rernot5t econeinic reseaTch

firrnz;. This is turt-hir by itr; t-intinguish.ed 1it of rlifrits

include both-private firms and .,,r,v-t,Troa-ir.nt agenciecs. r-rt t

- l- a_ruritiStit pro i::.

dircr-tor, Thomas Lcich. Laa {-,..7,-;_tCKIS1vei if in the fictl,"-: of

rneasu:rernent Of cons-um-el. klern;.t.n.,.i. His vit-Ark Olt the i.i.r17,4n tra.aspurtatint.

choice has developed a rriethocioly -which iN cli-rc;ctly jpIhabie tOfrIct.

telCvjEioalitabNcriptiOn i:2110iCia,InpartiCUlar, thoi tranf.r.ortation dELn2.r.c.-1

d;ita on individual as a. ri. ulti obtaiEc_d

whichreuit  were 8ihiiiii.Car,4:!: V different_ frorn thos_in of previuus

which wore b.ed on rcHl data. The propoioed study will afJ

Inif- voo.connrrtic data atid hovv-7clso p.tuvi2 thbv.. an advance over grevios;s;

vinTk whir--h war; litnimd to tlik t:Itudy of agt:ircifazit,,25- ..

Gerald kr;:.,..f_tt, artotht::r 6c1aior pct inembe_r, n-.0hart.:{LeLv

in nCnnorwAric work on con231nmer demand.. He participatcri with Mr.

Domencich in thc iem.and:-..;tvidy of urban tranNportation nd has done wrirltz

on the dernand for super- onic transporta.tion; on tiice Leuiand for intr.,_reity
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travel, arid on the demand fc.;:r pc;rsnal goods and services hi uttde:r-

developed cnuntries.

A siacond factor which contribute to the uniquerte-it; of this proposal it;

that the data have already br.tc,i1 collected and can consequently be made

avAilablc to the 1.,,overtirnent at wily the expPurge of tAbulatioil.

reamorlable et;tirriate of the! cont *-aVing involved is $307 000,

A

number of other were ronP:idercd to determine

their relative capability In the areas of -.Ludy, Amobgthose wer Cirrn!;

that previou511,7- had OTP contractE, as well as othitts who have beeri

ittl.succossful bidders oil pa€ rquelity for proprIsalt.. The other possible

rilndidatc5 arc:

The ly-aa Itintitute. A Interez;t in cable televinion confided to ones of

cable to provide social scrvic'cs and to an advisory role for local gewc_trnments

Stanford Research IutItifute _LC:noes not have, titrong ArMOITi---3.7 roup'

Ratid Corporation - Relevant pr'-rannnel Pre committed to other activities.

A. D. Little - Engaged in mizullar activates for private c-littrif_- ,-; which

creates poNfdble conflict of interest problen-v-i. Also lacks strcmg (7,e: Onnit-IC

gr OUP.



Ctatement of Work

Background and Ob;ectives

The Office of Telecouirnuulcatio- Policy (QTP) i inti-aretsted in
devcloping• a model of CA TIS demand which can be used to address
a number of policy issues. To be us.efid for policy purposes, the
model should attempt to provide quantitative measure5 of the
t.tffrf.:7t.r: on CA TV r.“11:3Criht7117 cic:mand of such variables as the prion
CATV: the number, type and reception quality of viewing choices

ru off-the-air alternatives, the effeet of price and
variFtbles on the time. path,Af. rliffusion,of CA- TV and the

stf,f:loeconomic variableA on CA TV subscriber demand.

The objective of thiti tit-udy will be to develop nuch model. The
Ntiirly will concentrate on modelling subscriber demand. It would
alf;ch be extremely useful to model the viewing behavior of Tv users,
but the data on program viewing for the surveyed households appears
to be too limited to support such a model. Thus, this study will
t.:00.centrate on modelling the relationships btqween CA TV 5 ithf-inTibwc
dr-trrrand %Intl such policy variables as price and service levels
(irc,.-21uding program type, quality of reception and tiumber of 'alterna-
tives) of c..;.ATV versus off-the-air alf.ernatives: a range of tiocio-
ec:orion-dc and demographic variablissuch as household inc:ome,
family !jiztt and composition (e.g.. agc). TV set ownership, 'and 5 0
forth; rtr.1 a number of measures of marketing effort. While the

, latter two sets of variables are not policy variables per, se, they
should be Incorporated in the model to inure that their iuriutam.:e
de not not distort the measured effects of the policy variables. In
addition, the inclusion of the socioeconomic •arid demographic vari-
ables will be useful for their kifin sakes in forecaNting.

Research Approach

-I
bc, basic approach in modelliug. CA TV  demand will .be in ,cleviA.op a

stochastic choice model of demand based on data from individual -
pi households. The stochastic choi,c, model measures the proba,biThity, ^' .'

,....•••••,t th -lt a specific- choice Will be made given the alternative; available,
the socioeconomic cl-mracteristics of the household, and other factors
which may affect his decision. sut:h as marketing effort. This type of
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riliadf!A ill particularly appropriate forditiap........-,TAgatr_zd hm..utiold dat;1-

' becau*e the nuitz3 of obliereation arc hira.17-i• N,,z-,'. i. they either do or.

do not sul- cribe to C.:ATV), rather than!,1.1.1.;.%v...ic...ies of household

subscribing to CATV as is the. cant 'with ;..-;;C;r:*,,gative dal:a-
Experierice with diagy,.regated data indic.-,;.:A..V.ti th4t 1:Ictir use con-1 . P.„, 

-:,...
....,...-1 4.-

Etiderably i ro pr ove is fil ode'. e. S t i re) a t. i cm ,-
.....- 

? . 

... ,- ..

.0 . •
..M....

'i ...".

/me dei:leadent .varizl-Ae in the entwiel woula 1...,c vari:411:7117'4-

1 ,r indicating whether cr not the hou6.4eho1d nixi,ill-Cd to CA TV. The

i I explanatory -..-ariables -woiald fall into thrr-e c-zte;:fIctrivs-
/

.
-The fir8t. cati--ry Inic1u.titTa8 the pc.lic,•y 1v-1zjd,:;,,f.)..0; -,-1-riz-e va.riabias - -

incliviinE Installatizm, monthly fec, and Li p.,c7i,,-.": ttrnif; (e. gr , numb+!:•,..,..

of free month); and service_ variable -- fn..... 1.;-1-.Ith CA TV and off-t1-112.-•

dr, the number aild type of channels (i.e., Ti, Vs, indr_tpendenL2-,.

networks, ETV'n., 'total CATV originatioph 0-3.:1 r-iv;n.ntity and type of.

available non-duplit-:.ative prngranTtriirig, and thif yx:2.iity of reception.,

The second catey, % y coy4",-1.• the sta.:,:lte.cortornit;'2.C.::1 demographic

variables. 111e...se c,uid include trZe:vsures of iRmill.: t'12.0 and crirraP°-
_...

sition, household irtcorne add oti.::Tipltion, race, ...Flge.f: and sex of head

of hour:el-told,- TV owner!.;hip, avers.ge hour5 uf TV watched, IneaSUrc.:5;

r.3f the type of city, and so forth.

The third category covers the rna.rki-ting effort. The variablen cutil

include the length of time CATV Kas been ava;elable ic. the COP unity.

the ;aies and promotional efforie: that have been undertaken (1.e.. tTArr."

and number of mailings, promotiowta budget, dumber of saletunen iii

the field), and the Nervice and rm.mtertaiii-e effort (e.g., averaf.,re

length of time to connect, nervitP. budget, etc. ),. The rate of diffusion

of CA TV subf.;criptioas anal so so he nieoi,red through inclusion rif

several of the above variablesfr especially measures of length of time

ECTViCe ha* been availabl in the area and prirviuu a?..alcs and promo-

tional effort.

)--The data for many of the above variables are already availablp iri

, Berkowitz,  Walker and AsaOiliatrc' fileti from previonN household

: nurveys conduct:cid in over SO market areas. The cro.sr. section of. ,
mar1“.1t areas provides broad geoKra.phic coverage and Inc:hides a

, wide range of ray sizes and type*. The range of price, variation is

somev-iiat limited -- between $3.95 and $(.i.95 per moth, with about

half the markets lying between $.1.95 and '55. 25 per month -- but the

variation if; increased somr_twhat by promotional discrny.lts and differ-

at_on.ences in install ; fees. A good range of alternative er'llett levels.
j". available.

-2-
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The principal variables which are not already a‘-ailable in 

Bnrizov.itz,

Wlkcrasiri Ai.:Bociatc0 filefi include rrieasktres of prograinroiris..r..rin,

win be dcyctior,,.:8 frtnyi TV Calide:, and for sorne market

area5, rslcfasure.ta of previous sale.:; and promotional efforts, esti-

nizitrts oi which m be obtained from CATV operators.

To estimiltfi... the raodels there are two bauic approacheN

1.7:bltitcla.t1on of linear probability model, or maximum

I lilcelthood estimation of a non-linear niodel. 
Since tile model iN

1 binary rather iliart rrmn1tipl choice, the linear probability model. is

applicable. Because of its Nut-r!“..-anf.1,111y lower computational costs,

it will probably receive princip;i.) e-,-I;ph.asis in the titud.y+ 
However,

! both approlIckee will be cont:idered in the c crLarSe of the study and a

choice botwcrm theri made on the Lta.sis of model SPeCifiratioup

potential biase.Ft, arid reh...itivc.t computatic.Ini

7;0)

Rf‘

It rilay be pori3iLle to draw inference-s abolit the demand renponse
or

p- TVfroly, the e=.;tii-nated den-Land _function for CATV pubscripLioris.

The derna.nd fr.lr a new *alternative: an be inferred from 
czomparcffiE.;

of existing alternatives if the Etttl'ib.i.ltet; of the existing a1ternat5ve:2;

can be regarded t4 11 generic (rather than specific to the partic-olar

alternativee being compared) ant:.t. if the new alternative can re;iNt)nz-kbly

be described in terrri of a combir,ation of the- attribute; of the c:;_E;Liii';_r

altern7t-tiver., Whether the altribltef.; can be reg4Tded aE;

basically ;In empirical cluestiori,. It e.an be tested by examining th

eutirnated attribute 1...tararocterr, as well as the constant term in the

modr.l. We will •,,s,t-tttrript to structur.2 the C! TV model to enable generi.c

parametertu bit tested and etin-;;.led. To the extent possible' thent

the estimation reallts will he u.t;‘::,:.1 to examine the den-iand respone

for Pay-:-TV.

Work-,5ut- ten:vent 

To accorrtplie.b. 7.11,3 obiee:tives of ibis study in accordance with the

diseuss4.1r3in the 4443-froach1 the following taNks will be vnderta'ken.

rnethodr:

I. LiterFALur revlw of the literature will he undertaken Lo
examinc, the rsleit.„..,..tiology employed by previous resezircherri and to

summarize 0.-tv_ empiric-1 retinits of exiNtinE studies. The objec-

tive of this wiil not he to pliovidt-': an exitanstivc literature riWieW
fn, its own but rather to adr2i perspective and assist in structuring

this rctudy-

1. Moclei and Spfcificatinu. A theory CA TV tcubsrriptioli

-3-
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demand will be developed, 1--4on consiirr.: theo.rv

rcalted to GA Tv subscriptic-71 elken-tnd Fr , . nul-nbr

altcrnttivc model rrpeci.fir• will be
specification win cover tiw variables, thf..;

ma.ther.n.atital forms of the ctsvzation5 and ti-;t:

catimi c,± models.

3. Dan Preparation. The. pz-rArlzu!...- task v.111 iici?ntily the data

requireinentEi for the ixna1y:i7.3.. Thi; tay,;./. -.:flyer the prepara

tion of the: available relevant 'data, It wii ori nt: 5 rripl?.! -

selection from thc.._ filf.:ttf hc:}oho1d data t.fr(:p;_kzation of the

relevaat available household -VariabletH

4-Vino included is preparation ,-)E,---,.deitional a5 Eted,

from availablepiLaillhed 3ur. tiOr ri.144.asu1'es of pro-

gramming content from TV rec.dziffe),

4. Parameter Ff!stima.tion, Once the data ,-:krg vnaehine

form, 'alternative models will .i,e. f!-!.:timatediti.-atintically, The

will give parameter etirna.teli and the convvraionul te!A ntati5tir:;-

The choice of estimation tec...1.,,vjque will be based Ctl'i an evaluatioL.r)f

'1. .the stochastic properties of r"-ne:: model and rtxper,'.:t•-•6 nr_imPutat11-2-11=-1

hut we expect that. predotrinant use will be made ei tri_

, .--,.. qii linear probability model;LI;ci.ri by ordiluryqua.res b4.--c?1:!se

t 
.r 1 of the extremely high costs ,:%•,'. ron-linf.tar entima.14-ira with f ea flu ;:.y

i

f largerriple8y

5. Evaluation and Inti.i.rpre.atl,-.)n. of Results. Th:- resulting fftir:- te!--;

will be evluated on the /.7.11 cj. Lh.e. p-r-A.rarnr::terf;

the conventional inc-atourea AA '=.1-1a-StiCiti4: c"”.

cross-elasticities of vjL ttjjfl be computed tn ;da in theaLLC:r1"Xf:

tation of the reultY..

The reulL will be interp-retz-d in tstrrna of the effecf: of each e-2--.-plr.na-

to-4'y vaviahie on the demand Zrir C.A TV subscriptioniz, and to 
the

feasible, on the demand for Pay-TV.

6,  eprIrEti„ AL the complc-tinn of the re-searr.11, a draft report

the reNuit-,5 of the above Sasks will be submitteri fr_vr rilvienv bY ()TR

Within 30 day* of rece;-.41.1v C)TV's comments on the draft 
repnrt, a

final report will be Pubmitted. In addition, brief progre.3s 
report!:

be Hubmitted moathly duririg tLe course of the study.

Five c-opie8 of an inte;fitn rcpott Will be fiubroLtted four tr.
oto.h5 aftcr

authorization of the. contraf.-.:t dc-scribing the re!.mareh re-zmItn that !lave

been obtained to that date. Within sfix monthr.ofcontrar,t acceptance- -

-4-



a draft of the final report wUltit.- subn-Litted( five c::.opies) coverb.41
the remuit!-; cyfall thc tasks descrilvd above, fira4). report PO
copies) will bc submitted dari of rfic?:tiving OTP'* 47.ornrrientb
on thc draft report. In addit.i.:•,n, hrIprogr7roils reports will
rnitted monthly during, the covirse ot the eitudy.„

7r Financial A rrangsa-nents, The contr4tt will .5,:$ 1.or a fixed pzizt.:
of $65.000. (-Dc:talls Are providc:d in the iencload .R.tti:tchmr.tnts. )
Progress payrtlerif-i-; of 40 rin:rczmt after 3 mobthN, pereent upc.o.
submission of the draft repor, and a.e. batancc, ;AceepLant:ta E

the final report will be made. The duration of thr:: co.n.tract will six
month,3 wiLh Lite. wTtc.binnji. wiEitia two v,e.c.i;ks a the execlItiDE. of
the contract-.

Staff.R.esponsibility

Thomas Duinencich wifl ty., in eh-rg f charie.17,Riv Associi-s1
research efforts arid ASricpciatc.d wiU 1dm will bet CRA aupport
staff with hackgroutirls approprte foz thi* study., Mich:lett II-crirowitz
will dire-et efforts. Proft-t5Nor Y.?Anici. Yadden vrin :act aB a •.-,1::.nsiul-
tant ou the study, assisting onL....3ties of rnod4-::1 specific:ation anti
e=-Airriation tehuique, Mr, Dc.mencich will be over projcct
for the atudy.,

••••••• 5 *•••••••••..'
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Details of Cu*t Proposal

Office oi Telecommuniczitions Policy

'Diretct. Labor '

senior Resow-ch Associate - F
-- 340 hours

Senior Research 7-Isociate - A
-- 150 huurR

R0.0(!arch Assistantf;
220.h-ourii

$5,582

1,125

825

TOTAL DIRECT 1,7irsOR $ 7,532

Overhead, Ceneral and AdministrativP Expenscl_

(rtt 1571 experienced rate)

OLher Coste

Dattl Processing
Travel
LOng-distancu TOlephonc,
Printing isrld Copying

CA n[10

1,600
300
300

1-3 i 9,3

TOTAL 6,200

consultanttl;
t

D& ElciJaddtltn, 6 days

Subcontract 

Michael Berhowitz

TOtal Cost

Fee

Total Contract Amovnt 
(F,ixed Price)

1,c00

30,000

66

5t U3A

$65.,1000

arlar
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TH(X:AS A. VOMENCICH (C%mtiritted)

An AnatysA of t!zg; U4itc!d AtatgtzOi Imuort Qaotqf with

JnInctz; C. nurrow (nof;ton, Mat;!Jacl:huf;_Ptt.; noath Leington

Book:;, 1970). POrtf.ont; reprinted ift rc,ntertpurary T.;3'4uiPe
in Econor;ir!rii Sc!t*d R9ading3, RichPIJA EckhoAm and Robert

Crandall, eda. (Little r Brown and Co., forthcomin5)-

Free Trana“, with Geruld Kraft (110fA011, Massachusetts:

Heath Lexington Rs, 1970). Portiohzi reprinted as "Frcc

Transit," in Reading6 in Urban EconOmie, edited by Jcr0010

Rothenberg and Matthev. Ede). (Macmillank forthcoming).

"COmpeUEion BeLween Truck and Rail in Intereity
Tran:;p1:Li" with Douglas w, Woods/ Transportation n6!RcaPaa

Forum, 1971.

A kbdci of Urban Fautsenggr Rf.-mand in the San Franc )

Ratropotl:tan Area, With C. Kraft and jean-Paul Valetto

(Boston: ileoth-Loxington Books), fortlicOmin=

Profil.e of Uichigan, SEophenP1 sobotka with T. A-

prtmencich, The Free Press of Glencoe, 1963.



DETAIL OF COST UTIMATE --
BERKOWITZ t WALIt:ER AND ASSOCIATES

(Subcontract to Chi-fr1t-1:3 River .Aciates
CATV study)

1:7RECT LATIQR

Senior Stzl.ff- 40 days $100

Intermediate Staff 25 day* q $75

Programmer:3 25 days 0 $65
Junior Staff. 70 days @ $30

TOTAL DIRECT LABOR

OVERBEAD 100% of Direct Labor

OUT-OF-POCKET COSTS

Key Punching

Data Acquisition

Computer Charges

Travel and
communication

$1,600

$21000

$2,500

$2,000 

$4,000

1,875

1,625

2,100

$0,600

9,600

8,1,00

TOTAL COSTS $2V,300
PEE 2 700

TTL PIXT-M Pm= $30,000
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• MICHAEL s. BFRXOWITZ

Proalnsional Background

1972

197.1

1970 - 1971

1963

1q66

Education

1966 - 1970

1962 - 1966

Indepcneeni c-Inosultant on CATV m,Iln;_i_gcmzInt and
marketing Lc) ir,dwistry and. 90-furnmont.

CATV-Marketirv_ • . _ •

Directo'r of RPseax.J-1 Developmv,nt - Responsj:ble
for market researcil and econom;..c feasibilcty
studieLi a manaement markvt:ing consult:nt
to government ac4ennies and private industry,
and evaluating 1-"!11-1101.:5e,, data processing
SystAmti and fie1t operatiov!i.

Fedti.ral Communications Commission

Office of the Chz117nan - P.kInninz Staff,
industry ecoftomi-:t. Resportyle for pl-anniml
and developing Cmminsion rusearch ana polly
programs_ .Proviciva ..informatioll to the Chilirman's
orrice concerning Tr_Ilicy issues anA-441ajor agenda
items. Specialid in CATV and broadband
communjcation projects_

Pacific Telephoo Cumnany

CATV Marketing & Fiaancial Manager & Consultant.
Besides normal :rinayorrient (-unctions and
responsihilities a:Acd as company liaison to
various CATV/te3econunications regulatory
agencies. Devf:.lopini. financial moJelti, for
comparing cwpalv owned and maintained vs&
lease bacl.: syz3tems.

Bemis COfffilly s 
•

Mar'ket Analyst - iWsponsible ror ilectand., cost
and feasiblity studies relating to the
convenience food marRet.

Claremont Graduate School University Center

Ph. D. candidate in Busness Economic :ith
pha!iiti on marketing, orRanization syvm.'i

theory and economics. Received NRC degree
In 1969. Marketing research assit,tzInt and
N!MA Felivw.

c?-.)iver t'- of mill'IsotEl
jnaziA. -- (g-AzgY14-

1^ 4



DANIEL McFADDUN Cons0.tant

Professor McFadden is an authority on st;.:!chastic choic,Y:
models of consumer behavi - His paper Tho 2?c11i2a12.d
Preferi3nces of a Govsrii7ant: BILI,, auerclz7y sxtends the
classical multinomial logit analysis to enable a Ruhstem-
tially wickIr range of choice situations to he modeled
During his cint. profosortithip at MIT (Spring, 1571)
Professor McFadden taught a wrrekly seminar on individualf.

mOdetzs.

EconomicS, UnLvoxsity of M;nnfltzota, 1962
Phyf;iCts, Univernity of Minnesota, 197

Proressor of 17,Conortth:!_l, Univerity of California, Bezki.11ey
1(168-present. FormEarly A.i:;-Eont and Msoulato ProfctstK)r
of Economics aL Berkeley,

Editor, Journal 'of Stdtlioal Ph1t3ic21, -1968-pre*ont
Board Editor, Amorican E4'enf)ie.? mnJiflo, 1.971-prot;ont
Fellow, Econometric SocieLy
Membor, Arwrican Statistical Assncialion
Member, Mathematical 2117nciatlion of Amerioa
Ford Foundation nehavoVal Scioncc Follow, 1958-19G2
Chairman, EconomeEric5!I WorK,3hop Committ, Berkeley,
1967-present

Member, CompuLelf Committee, nconOmicS Mmartmont, Dcrk(2.1ey,
ID67-1D69

Unpublished

"Conditional LOgit Analysis of Qualitative Data."

"Urban Freaway Routixig; An Empirical Analysis of stochastic
Choice Mehavior."

Work In PrmIoss

"Random Preference Ordering! and StochwAic Choitl! Bchavior"

Seluntod Publications 

The Retisaited Prafaroncim of a Govilrnt fir4rt;:aue7pa(!y, Tech-
nical Report No. 171 Institute of Internat.iOnal StUdiOt;,
Univert;ity of California (1968)..-

"An Optimal Fiscal Policy," in I. Adelman* Tho Theory
04,(b, Pr, *40146,
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DANIEL Me...ADDEN (C(-intinucd)

hOn flicksian, Stability' in J, N. wr.lfe
and Growth, 1969;- ecL,tiatuf2.., ta

Or the Controllability of DecentLtali2.ed LacropeonomicSyDterla: -- the At3s1gnatent Pb] in E. w. Ruhn andG. P. nzogo, ed., aathematical system47 Thoory (Ina Economi(!J I1969.

"on the Existe.rice of optimal Development Planf;" in H. 1-whn,ed„ Procgedings of the Princeton Symposila7.on MathematicainiOgranming, 1970.

DConalant Elasticity of Subt;titution p 
roriuction Functions'ReViaw of EconOMic St;udieti r -1963

"The Evaluation of Development Pr:ograms" Revigw of EconomicStudies , 1967.

"Manufacturin5 Production Punctions" (ReView), JJ,V3A, 157.
kik,Simple Remak on the S4,,cond nerzt Parg.to OntimaJityMarket Equilibtium" Journal of L'conol.cf Theory, 1969.
The EconorrsLtiic Appro!fch to Proauction Theory, DailielMcFadden, ed. (forthcoming).
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ROMIN C. LANDIS -- Research Ai.:sociate

Candidate for Ph-D. in Ect7I1omI3r
of Technology.

B.A. Yale University, Pczlitial

Rescdrch Assoctate, Charles River Assoctztes 
Incoprpored,

engzIged in econcmctrtc stud Of industries. Curror;t1Y

developing an heaflac price model of a 
heturOgeneous pro-

ducer durab1e which empreuues the price of 
the good as

function of its operating charactOristiu,:4.

Research Ass1t7;tant to Professor Merton 0:, Peck, 
Yale

University, Engaged iV1 a study t.,A a loa: inaw;try 
monopoly

in connection with a Feaerul Trade 
Couniasilo4 hearing,

carnegie Td;:tehin-7 Follow in Economic*, Yale University,

conducting lecture arid discusion seut;inm3 of 
an introduc-

tory courts°, ;,:el economtcs.

Programmer in computer center of Chesapeake and 
Ohio Railroad

Company.



GEP.:\LD NRAFT Sfmior Renrch A(,cLc

Candidate for Ph.D. in E(:(;ics, Harvard University
M.S. Harvard Univers.'kty, 1957.
B.A. Wayne Universit-,y,

Prccidiant, Charles t',.sociate!; Incorporatc.
Mr, Xraft has broztd ex.1:1-Acct in the use of ecn!Lmai:
.111c1 statistical techn. in the analysis of pi.tricpolicy issun, His work includctu an z.rlyz3.1.sof the demand for a supernonic
aircraft., a study of the fibility of fsdetal sub-S.idiPs for urban public= trans!iiortation, 6e,:relopmt.dem4nd modoLs for ur1.74:1n and i Ateroiiy tavanaiyalsof the public facilities 1-ro.QirEmsntn for ine.tutzy inreg ins and local ar4J.a:,;, and monomeEric
the markets for commoditie thcs govP-rnrann §tuck-pile. Mr,_11(raft is a r)anel ramber of the -.1-Jfaz-partiation ReSciirch Boarti, inj.AcaOciay ;3cience.

Cont;ultant to Harvard Unive::Ylkty on a study r.,17. tho difor personal goods and zetvice in underdevIr2ped coun-trios.

liesearchAssociatc, RegioniAl and. Urban P1azIni5 Implemc:n-tation, Incorporated. 5upervi57;Q1 a study fcr the Are
Redeveloptent Admini:Aration uncT discriminFart analysisto determirw criteria for the allocation of ::-.:_yvernmEmtfunds to promote area ci.F.velopment.

_

Associate, Systems Analysis and .PJ,I.oarch Col.Toraticri.Work included a st.udv of the demand for inLcrcitypa5senger trdnsporiation and a study of the cots ofair cargo :-;ervice iwhich advanced 3tatistic.ill coztingtechniques were used extensively.

Principal; Urlitca Researh Incorporated. Prolects incLIc:ed
costieffectivene analv.ze of largo air trafkic controlsystems and all-weather systemv; trad-offs be,-tweeninventory and transporttioz; and informaLitul system deuign.

Selected Publi.ctions 

"New D1rection5- for Passer;ger Dclmand Amalyrit: and Forc-
cdsting," with martin ilc:h1, 7ranspOrtation Hees-arcth, vol.

No. 3, 1967.

"Estimation of Urb.?,nss(Jr;9or Trailk-1 Behavior; 41‘.-1
Economic Dcinand Modcl," willi T. A. Dompnr=irth and JP=n-Fa:11
Valette, ffighliay.R&vtzarch Ra;!ord, Numbcx 233,19CA.

"The Role of Advtjjrjç Cnt.-5 in the Airline Industry,"
.Transportatieon Eer!fica, National Bureau of ECOnonic
Rnsearch, 1965.



GERALD }RAFT (continued) --

"Thr Evaluation of Statistic.a/ Cting Tech2rlueE IA.!; Appliedin the Transportation In.dustry, with John
Procf2f.!ch:n32 of thc Amor::c477 Economic:, dasaction t May 1961.

Avol:dabie Cot;t3 of Pczonger Train 5'erving, -with others,Aeronautical Research .1:ondatina, skTtembor 1957.

"EconoMic Aspects of 121.:,r1 Passenger Traw;portation,"HighuaY Rf2i=arch kacordy Number 285# Septvmb_er 19G9, Pp.10-19,

Free Trangi6, with Thori A. Dcmenci.ch, (Roston: Heath-
-
LexingLnn hooks, 1970). Pnrtioon rep .:td 'as "Fre Transit"in Jerome Rothenberg ar.6 MAtthcw Ed), 6s;1., liiadzn inUrban Rconwnics, Yclxk macmialaa, Ycirthcoming),
"Free Transit,. with Thcrr.1; A. Domencich t presented W„. theConfeTence on Poverty and Trnsportatift, American Academyof Arts and Sciencest June, 1968,

A Model of Urbdn Pasatmgclr Di?navd in tU! flan FrancisrioMetropolitan Azif?a, vith Thomaf; A. nomalt1 ani Jean-PaulValcItte, (Boston: Ileath-Lexi4iton Reue forthcoming),
°On thL- Definition of a Depressed Area, wiLh A, R.R. Ealr, and J. R. Mzyar, in &Tsayi: 11Y.: RecinnaZ ECOA6c-i:C.5(preliminary title) r c.L7c-r and Kain4
University Pret;', forthc=iu91 A

The Role af l'PanuptIltati.Oni JqiZEconto Dev67.0 4t,with Jean-Paul. Val(rt,te and Jc,hn R. NrcyNoston: Mt/At:1-Lcxington Books, forthcomin91.
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1
 -7910 Woodmont Avenue, Bethesda, Maryland 20014 • Phone (301) C56-2702

Uj0
Item 1: See footnote page 30 and Table 3-7 (cost included in this table).
Item 2: Agree - Figures changed.
Item 3: Agree - Figures 3-2 and Table 3-7 changed.
Item 4: Agree - will do before final.

U Item 5: Agree - done.
Item 6: Not sure what you mean.

0 Item 7:1
Ecj„

Item 8: 
Taken care of. See Tables 4-8 and 4-10.

Item 9: Agree - see Appendix A and some assumptions in Chapter 6.

I '1 
Stan has set up a meeting on 10 March. I plan on briefing OTP on the use of

the model framework. Since you will attend, this will give us some time to discuss
specifics, especially the development of the computer framework.

Mr. J. E. Partch

U. S. Department of Commerce
Office of Telecommunication
Institute for Telecommunication Sciences
Boulder, Colorado 80302

Dear Mr. Partch:

I-7=D

P\..̀

INCORPORATED

February 29., 1972

As per my telephone conversation with Stan Besen of OTP, I am enclosing a
copy of my draft final report on CATV costs.

Your comments about my interim report arrived at the last moment e.
today). I have attempted to answer all of your comments except item 4. Clearly:
time was at a premium and rather than delay the draft final, I told Stan that item 4
would be included in the final-final.

Specifically:

Thanks for the kind words in your comments.

GW:lsk

Enclosure

Truly yours;

Garrett Weinberg

B12

,



OT FORM 20
(1-71)

0 VIC cTEL cu-

Llarcl.:: 3, 197.4

PSDijt)

CA 9' V .1.),Ji.na1

Paul Polislul%

fd

I have 
LLatornezi!; or 1,,,02.,k for OTP proposed CATVdernand study ancl have tho follovvin col-nra,2.nts:

1. Tho study iE an aily ol historical data 'arid as such will not
help proclict the er..•„1.70.and for cither nw 

nori-op.tertaintnent se.tvices or
bzca in the pact.vicY.,11d bc ir.tore acc,a nd ccznplctc:previous atteiriptc (c.,. f.;., Rand Report R-875-11F), but it is cluertionable

t1-1;lt this arnoi.lntofoccurz.s..cy i uz., erul in an incluotry model which hasno inforn fbi on clemwild for other E,?e.rs,pices.

2. it is rtr.:11; clear (s;c3e par e Y, last pari:,,graph, and pare 2, secondparagkap%) vili.ther the raodel citatput will be the prol)ability that aspecific chcice will 1)3 rnatle, Or rritely nbi.-:-.sary y-c--m or no depenciio3
(X'). C given 

demo:raliaphics. I ar,a sure thatprob/ern ofs P. nt C

Jerry 3.7)artc1-1
Policy 51-,pi:ort Dhrijc

co-11)y
SURNAME_LRATE SURNAME

B13
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Reply toAttn of:

Subioct:

To:

Ii

1

March 8, 1972

ITS/RHE

O

EM.7. LKEPANTM:NT
Of Tc1ccornmun!cationlIN:IIITUTE FOR TELECOMMUN:CATION SCIENCES

Lk.)uIder, Cdoradu 60302

A survey of "home terminals" as used for broadband services available

through CATV systems,

Jerry Partch

The purpose of this memo is to describe for you the approach to be
taken in conducting a survey of "home terminals". Home terminals
as used here will primarily mean those devices installed or placed
in a family residence as a means of interacting with a CATV system
to receive broadband services not normally available with a standard
TV receiver or with a standard TV receiver and converter.A brief search of literature shows that most companies engaged in
development of "home terminals" are taking a system approach.
This seems logical because the devices in the home must respond
with the system control and vice versa, At this stage there is not
a standard or approved system or approach, The status of these
systems seems to be one of development and field testing and "home
terminals" are not generally available on the market nor are prices
quoted in catalogs or brochures.

The types of services vary but include such items as:
Pay Television
Restricted Television
Opinion Polls
Home Protection
Meter Reading
Accessory Power Control/Timing

Future possibilities which are suggested and require facilities outside
the cable system are:

Home shopping
Educational instruction
Reservation services
Stock market transactions, reportsMail/advertizing
Data bank access



1

1

Jerry Partch 2 March 8, 1972

Also most systems include a means for system diagnostics, system
controls, etc. which is primarily an inducement to the system operator

but is of benefit to the customer in improved system performance and

maintenance.

Sources of information for this survey will include the open literature
and trade magazines, company brochures and direct contact with
company representatives. Some of the companies developing systems,
some or all of which will be included in this study are:

1. Cas Manufacturing Co. TOCOM
2. Electronics Industries Engineering CONSERVE I
3. Theta-Comm Co. (Hughes Aircraft) SRS
4. VICOM Manufacturing Co. • QUESET
5. Rediffusion (London, England) Dial-a-Program
6. MITRE (nonprofit-Federal) TICCIT
7. AMECO DISCADE
8, Sceintific-Atlanta, Inc. SECURITY-ALERT

The study will be directed toward determining what services can be
obtained with a given "home terminal", some basic understanding and
description of how the system operates, and some information on how
the customer pays and what cost factors he may encounter.

Firm prices for the installations, units, and services may not be
available at this time, but attempts will be made to obtain future cost
estimates. Even though much of the literature will be system oriented,
the study will be conducted keeping in mind the customer who will be
using the equipment.

Your comments and suggestions at this time and at any time during
the study would be appreciated. The planned completion date for
this survey is 5-17-72.

00Ajt
Dick Espelan

cc: B. Wieder
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OFFICE OF -1ELEC01.1.14UNICATIO1S

March 13, 1972

. Ca vyf:Itir einberg

RMC Incorporated

7910 1'; oodry,ont Avenue
Bethc;.;dra, Maryland 20014

Dear Gay.y,

Here is the list of comments on your final report draft as I promised.

The comments are just brief reminders as we discussed the points in

more detail at the briefing on Friday.

Page 7, line 5: The loss of signal strength in em propagation in the

• air is not the same as the loss in a cable.

Page 7, line 21: Channel selectors have only 12 VHF channels, and

CATV systems don't use the UHF channels.

Page 10, hue 17: Typo error; shelf,

Page 13, table: UHF to VHF converter not required for every channel.

Page 22, line 17: The equipment is not really automatic. It is preset

to avoid similar programs.

Page 25, table: EfeiEht, not length. •

Page 27, 3ire 5: Parabolic antenna is common usage and is used in
rest of rcport.

Page 31: FM discussion should be noted as a typical representation,

one of a number of alternatives.

Page 32, figure 3-6: Figure is not clear.

Page 35, footnote: Very questionable assumption.

Page 43, line 4: Word omitted: distribution fxstern.

Page 51, line 14: aluminum vs. copper; dielectric misspelled.

Page 53, footnote: outer con(
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Mr. Gary *V cinberg -2- March 13, 1972

Page 60, line 7: spacin3s into.

Page 66, 68, Tables: ):), or less channels.

Page 69, last line: transmit and receivc... VHF baseband signals.

Page 70, line. 15: unlimited, depending on location.

Page 99, table: Wage rates based on what area of country?. Why stop

increase in year Wage criteria for maintenance techni-

cian is not consistent.

Page 100, 101: Truck maintenance and purchase costs are low. Will

be resolved by using leasing costs.

Page 114, 152: Truck purchase costs not consistent.

Page 127, line 17, 13: Cost figures in report show that 0.5 inch Super

roam is always preferred.

Page 128, line 3-5: Identify factors.

Page 130, line 15: Typo: ratio

Page 160: Depreciation discussion mP-fht be better placed in body of
report, rather than in an exan-iple.

If you have any questions on these comments, please call me.

Sincerely,

Jerry Partch

Policy support Division

cc: Stan Besen, OTP

JP:dd
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Date: March 14, 1972

Reply to
Attn of:

Subject:

To:

ITS/RHE

U. O. 0::
0;ficu of
INSTITUTE FOR TEL ECCM.V.-j\I
Boulder, Cdoradd E30302

A survey of "local origination" equipment as used with CATV syn

and cost factors associated with local programming.

Jerry Partch

-
The purpose of this memo is to outline a cost survey of "local

origination" equipment used with CATV systems and the operating

of this equipment. Local origination (also called "cablecasting")

includes all programming that originateAswith the cable system that

distributes it. The material used in local origination is intended

to inform, to instruct, and to entertain the subscribers more on a
/fill-in basis as opposed to a competittive basis with the network

programs. The programming includes such material as weather,

time and temperature, announcements, films, local news, sports

events, civic events and special interest stories.

Most of the equipment used for local origination appears to be

available on an "off-the-shelf" or "short delivery time" basis and

the price and specifications are available from company catalogs

and brochures. Many of the CATV system manufacturers carry

some components that are used for "local origination" as Co

many of the tape recorder, camera, lighting and sound equipment

companies.

The brief outline that follows gives my intended approach to making

this survey. The concluding paragraphs define the philosophy of

this approach.

I. Introduction

II. Types of Programming

(1) Automatic casting

(2) Films

(3) Studio

(4) Mobile

III. Cost of Equipment

(1) Automatic casting

(2) Cameras

(3) Tape recorders
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(4) Lighting and. sound
(5) Control panels
(6) Mobile systems

IV. Operating Costs
(1) Supervisors

(2) Crews
(3) Newsmen
(4) Office•

V. Levels of Operation

VI. Sources of Revenue

VII. Bibliography of Reference

There are many choices of involvement open to a CATV system

operator who wants to transmit "locally originated" material. There

is a wide range of equipment costs and operating costs, of quality of
production, and of the quality of the.material. Therefore, it is
believed worthwhile for the users of this report to have some insight
into the "business of local origination", consequently sections I and II.
Sections III and IV will include as many types of equipments as
determined to be useful to local origination. Sections V, VI, and
VII will be stressed commensurate with the fruits of the search,
but as a minimum there will be some summary of equipment and
operating costs, maybe on the basis of types of programming, so

that the reader does not have to piece together this information
from the sections on equipment costs and operating costs. The study
will be conducted keeping in mind that as an end product, the infor-
mation is to be used as an input to an economic mode] of CATV systems.

Your comments and suggestiom; would be appreciated at this time
or at any time during the study. The planned completion date for
this survey is 5-24-72,

. • 6)
=N/ CP)

Dick Espeland

cc: B. Wieder
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OFFICE OF TELECOMMUNICATIONS POLICY

EXECUTIVE OFFICE OF THE PRESIDENT

WASHINGTON, D.C. 20504

March 20, 1972

Mr. Jerry Partch

OTP Support Division

325 S. Broadway

Boulder, Colorado 80302

Dear Jerry:

I have been giving some thought to the uses to which the RMC

output might be put and have come to the conclusion that an

(hopefully small) additional effort on our part is necessary for

the cost data to be useful. For example, we ought to obtain

data on the relationship between cable and amplifier type and

maintenance expenses and on the relationship between city size

and cable miles. The next step is to determine which pieces

are missing in the RMC study and to develop some time and

cost estimates of how to remedy them. I would appreciate your

views on this. Let me hear from you soon.

Sincerely,

(.,

Stan Besen

P. S. Some suggestions of who might do them would also be

useful.
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staris ot

April 5, 1972

Dr. Stan M. Besen
Office of Telecommunications Policy
Executive Office of the President
Washington, D. C. 20504

Dear Stan:

13Er-l1ulTiVI;IITC -Oilice of Ielocomrnunicatici;:a•
Bouldor, Colorado 00302

I am enclosing copies for your files of both Stanford (Comanor-Mitchell) and Rand CATV model programs as we revised themfor your use. Both the computer program print-outs and sampleruns are included. The programs are written in FORTRAN II.
s

Sincerely,

dwt
erry Patch

2 Enclosures

B18
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e• 4 ..)6. 1r;15.7

11 ,76.4-140-2/.72.-2-240T.")-26:.7

- 77.5 1, 7CI TIC.
I 11 YR, 777
1116.7 334.

TT?:!-

7 792.1 1033.8

IrEwX TNCCv"
-1.F="77-C:

-Ec3.1-157.2-3645.

TNC.73.X
.c .0

11-t'T TNCOvF.:

r-1405.2 -597.2

-1.7 1f-_'23.5 47E -).1

104.2 1129.9 1155.9

E30.2 1346.2 177.6

3201.5 3235, 1120:.1

F064.5113.0.1

1200.0 1225.5 8990.1

)001.5 2010.1 2316.

F-).- 0c2.1-56 9.7-1 1r'.5-7472.2-17C1.6 299.9 231:3.0

.0 .0

-6°3.1-1164.1-1729.6-1405.3
CUXULATIVF

.0 .0 • .0

-597.2 23.0. 134,3 1770.6

137.5 95.4 1095.7

1964.0 1051.8 1214.2

93.1-1957.2-3546.9-5052.1-5649.3-4219.5-3472.2-1701.e 162.4 1214.2

iiSS DIVIDENDS
.0 .0 .0 .0

IRvTAINv EkRNTNr25

193.1-1164.1-1 79=4.6-1405.3
CUYULATIW7

.0 1040.4 1760.3 2.);)1

-597.2 -209.5 -414.0 -51.0

2576.7 1892.9 9571.9

-712.6 -941.0 -9357.6

-693.1-1257.2-3646.9-5052.1-540.3-55359.0-6273.0-04.0-7516.6-8357.

11

TA,BLE, 7. SOUEr-S AND "SES rF F7NDF,

UM? 1, 12 INCCPPOPATED CITIES, 50 PFRCENT P1::NFPRATION
(e:1000)

yr: 1 2

11!OTJRCES:

3

IF7R727NG INCO_‘6.4 -929.4-1067.

R05.4 4080.1
FUNDS

4090.1 6359.3

CUMULATIVF

11305. 
6385. 13245.

LrANF
.0 .0 .0

II CUMULATIVE
.0 .0 .0

'J2°C 3250.7 5791.9

'SFS:

LC.
-21.1 -20.2 -19.1

VTTAL s-W7-r-NDTTUS,

1750.1 3271.0 - 310.3

TN WnPKTNC CP.

4 5 6 7 9 10 TOTAL

-430.0 43.6 1215,0 2475.2 2939.6 3201.5 3235.6 1 1 300.1

4279.0 509.6 .0 .0 .0 .0 .0 18033.3

17524. 1503. 19033. 1q033, 1.-)033, 13033. 18033.

.0 .0 .0 .0 .0 .

.0 .0 .0 .0 .0 .0 .0

3B49.0 ?46.2 191.0 2475.2 2Q39.;7)3201.5 3235.6 29333.4

51 .0 69.3 118.3 44.° ?7.1 21.0 2.7 2S3.L

?798.0 876.8 756.3 670.0 600.9 466.4 331.7 18382.0



.o .0 .o .o .0 .o .0 .o .o
1 T1.7crmr T 'A X

.0 137.5

7)TVTD'.=
.0 .0 .0 .0

TrTu

11729.0 32:)./ 5701.6 3'-'19.0

.0 1040.4 1760.3 2301,6 2576.7

946.2 1915.0 2475.7 2,-39.5 3201.5

DFITP/renuTTv .00

IFF.TRATT 7.Y.PrN ,77s TO P71.7 Nlit'S 75TIC
11.16 2.70 1.75 1.16 .89 .66 .62 .60 .59

TAPLP PATBNCF PT
CASE 1, 12 INCOPPATD CImTFF, 50 PvPr7NT Iptwt71"ATT0N

(1000)

NrrAR: 1 2 3 4 5 6 7 9 9

11A.STS:

U.0 25.0 25.0

IrCFIV 71RLI-S
4.5 39.1 114.0

TOTAL CUPPFNT

11 29.9 64.1 139.0

PLANT + F/UTP‘11".NT

11 1750. 5021, 10232.

ACCT7YUL4T17D DEPR.

ItoTAL
1663. 4634. 9797.

115.7 451.4 1173.5

IITA.1.3TLITIFS:

:=AYABLI7S
50.6 105.4 1°9.4

11, OA,N
.0 .0 .0

InTAL
50.6 105.4 199.z

"AID TN 7OUTTY
2305. 6395, 13245.

IFTATN7.7D vAR7\7 1- N(7.S
-693. -1257. -3647.

25.0 2.0 25.0 25.0 25.0

217.1 312.7 455.9 525.9 591.4

242.1 337.7 420.9 550.9 606.4

14630. 15507, 16263, 16932. 17534,

2149.9 3182.6 426C.? 5395.7 6564.6

12723. 12662. 12477, 120.3. 11576.

251.5 277.8 302.7 327.9 346.3

.0 .0 .0 .0 .0

2'1.5 277.° 302.7 327.9 346.3

17524. 1603. 19033. 19033. 19033,

-r052. ---649. ''r'r;° -*,272. -6PO4.

25.0

.0

958.4 1095.=

1692,::. 9571.3

3235.6 29333.4

.59 .74

10 TOTAL

25.0

617.2 635.1

642.2 660.1

18000. 18382,

7764.6 9990.1

10873. 10052.

361.1 376.2

.0 .0

361.1 376.2

19033. 19033.

-7517. -935F3.



rI12 
. 4528. or,9P. 12472. 1 -2 7'-'4.

.7-T.rTi-cS+ 7'T T.7nwi"./
(63. 4634. 9797. 12723.

17 1 7,1, 11760, 11227. 10517, 9rs7"-,.

122. 12477, 1208=-:. 11575. 10278. 10952.

'L7 9. INTrRN 1\L ^F Ft7r1i70,7

1, 12 M7nqP('Fik177D CITTc-R, 50

ILF PPTC AFT7P 10 YFASS:
T"FS OPPPATTN!'2 TNCON' 300 TIYrS

A 23000. THCUSAND

PATF OF P1-77TTRN
9.1

DTVIDFNDS 1ND SALE PRICE CF DBT-FRE

!'UFR

CZNITVV

ST:PC('.7T.r.:7p9

9.5 0 1
•

S R7T7RN ON FnUITv rAPT(7;T

".T, 6. TNC0117 '-'"PATFm:ENT

USE 1, 12 IECODI,TFC 0 7F3CNT PFNETR;TION
(A1000)

1 2 2 4 5 6

1-7%7NTI

11 56.7 4,
6 1424.9 2713.5 3009.3

LT7SS OPR..1).'7..NSF

I
3.1 1319.0 2492.3 3143,5 3472.7 173.2

PATIN TNCC'''

_r76.4 -j920.4-12c7.5 -430.0 436,6 1915.0

I SS 1-.7t..W.'qT 8.0 PERC7NT

7 2 9 10

E573.8 7267.9 7715.4 799.5 4

409.6 451.9 4702.9

2475.2 2939.6 3201.5 3235.6 1 1 2: -

.0 .0 .0 302.2 669.7 762.9 762.9 762.9 762.9 762.9

IVSH FLCYJ
76.4 -829.4-1067.5 -732.1 -232.1 1152.1 1712.2 717c.'; 2439.6 2472,
CTTYTTLATTVF

II 7r;.4-140').e-?47.3.2f) -7=.? 1(:".4 4942.0 514.6

DEPRCTATTON

11r 1 YR. STR. LINF
16.7 334.7 722.1 975.") 1033.9 1094.2 1129.9 1168.9 1200.0 1225.5

II
F TAY INCfl,vir

('3.1-11c)4.1-17.r-1707.5-12r:

CI'MULATIVF
• 67.9 583.4 1007.7 123.5 1247.2

•.-. or ') •

•



TNIC.mAY
I .0 .0 .0 . . . . . .

''7vT T'qCC, F693.1-1164.1-17;39.6-1707.5-126.9 67.0 593.4 1007.7 1232.5 1247.2 -2475.=;
II CIIMULATTV-691.1-1257.2-3646.9-5354.3-6620.2-6552.3-5969.9-4961.2-3722.7-2475.5
Irs DTVID7NDS.0 .0 .0 .0 .(-) 277.5 997./1 153:7 1951.2 2088.2

FkR":7INCS693.1-1164.1-1729.6-1707.5-1265. -209.6 -414.0 -531.0 -712.6 -841.0CT7MULnTIVF(193.1-1557.2-3646.3-5354.3-6620.2-6929.2-7243.-7774.9-949.7.5-9322.5

II,.P.LT 7. SOTTPC7S .N'T'. USES OF FUNDS:MSF 1, 12 INC0PT7D CTTTFS, 50 PFIRCENT PFNTRATION(1000)
ilAR: 1 2 3

SOUPC7S:
11PFFOTTNG INCrT.7-576.4 -829.4-1067.5
!! 77TTTY Pi:NI-J(7- 305.4 4090.1 /022.0C117,7ULATTV7
1112305 6325. 9467.

L^Mq8

I so CUIATIT:17. 3777.3.0 .0 3777.3
UAL1729.0 3250.7 5791.2
ISFS:
INC. TN77'.'‹INC-7. CAP.
11-21.1 -20.2 --19.1
CkPITL 7XP7NDTTUR7S
1750.1 3271.0 5210.?
TNT7R7ST

.0 .0 .0

11/T.NC(w 7 VAiX
.0 .0 .0

ILVTD7NDF7.0 .0 .0
172q.0 2250.7 7°1,2

4 5 6 7 9 9 10

-430.0 436.6 1915.0 2475.2 2939.6 3201.5 3235.6

.0 .0 .0 .0 .0 .0 .0

9467. 9467. 9467, 9467. 9467. 9467. 9467.

4591.2 1172.2 .0 .0 .n ' .0 .0

2359.4 9536.7 9536.7 9536.7 9536.7 .536.7 9536.7
4151.2 1614.9 1915.0 2475.2 2939.6 3201.5 3235.6

51.0 69.3 119./ 44.2 37.1 21.0 2.7

3798.0 P76.9 756.3 670.0 600.9 466.4 31.7

/02.2 669.7 762.9 762.9 762.9 762.9 762.9
.0 .0 .0 .0 .0 .0 .0
.0 • 277. 997.4 1538.7 1951.2 2029.2

4151.2 1614.. 1915.0 2475.2 2939.6 3201.5 3235.6

TCTAL

11300.1
9467.5

95.7

30304.3

23.1.

1F3E2.2

47'75.E

.n

635.:
30304.3

9



' 77\7-rn: 1.C1

.7yrr.-7NcvsrrrFVt'N'-7' PATIO
11.16 2.70 1.7 1.16 .9 .66 .62 .60 .59 .59 .74

77ABLF
liC 4.57 1,

. 7"-LANr
12 INCOATFD CITTS, E0 nF- CNT PENFTRATICN
(1000)

1 2 3 4 5

ASST:

11/45;F
25.0 25.0 25.r 25.0 2.0

11-7(77TVA,3LFS
4.5 39.1 11 fl• 217.1 '12.7

11^' L CU
R R 7NT

2(). 64.1 1 39.0 242.1 337.7

1
RLA17T + 7071,PvFNm
1750. 5021. 10632. 14E30, 15507,

ACCITMULATn DEPR.

11116.7 451.4 1173.5 2142.9 3182.5

TCTAL

1
1663. 4634. 9797. 12723, 12E- 2.

PAYABLES

11 50.6 105.4 199.4 251.5 277.9
LOANS

.0
F OTAL 

.0 'z777.3 9358.4 9536.7

LTD TN
2305. 6385. 9467. 9467. 9467,

ITATN7D rARIGS
-6q3. -1857. -3647. -5354. -6620.

IT yJORT4
1612. 4528, 5921. 4113. 2947.

ItAT[LITT75+NET WCPTIT663, 4634. 9797, 12723. 12662.

50.6 105.4 3976.7 8609.9 9914.5

6 7 8 9 10 -rinm a L

25.0 25.0 25.0 25.0 25.0

455.c 525.9 591.4 617.2 635.1

490.9 550.9 606.4 642.2 660.1

16263, 16933, 17534, 19000. 19392.

4266.3 5395.7 654.6 7764.6 9990.1

12477, 12089, 11576. 10872. 10052,

302.7 327.9 346.3 361.1 376.2

9536.7 9536.7 9536.7 9536.7 9536.7

9939.3 9964.6 9892.9 9897.3 9912.9

9467, 9467, 9467. 9467. 9467.

-6930. -7244. -7775. -Q47. -9329.

2639. 2224. 1693, 980, 139.

12477, 12089, 1157E, 10979. 10052.



1,

TNPN2\L 07i777 nF P7TrT7 N
12 TNC.Cr?Dfl7'tTT777 CTTT7S, 50 PFRC7NT PFNPT?7\TI0N

P7AL7 PPTC7 4.FTFR 10 YFARS:
IITImFS OP7RATING INCC!AF

$ 23000. 7HOUSAND 
300 TIS NUYBER CF SUBSCPIBERS

TVAT7 RkTr OF RFT7RN

I 
10.6

IITVIDFNDS AND SkLE PPICE

11.0 10.8

CF DBT-FPFE SYST7M AS RPTUN ON FOUITY CAPITAL
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SAMPLE RUN -

COMANOR-MITCHELL

CATV FINANCIAL MODEL

1



-- 'IV

II 16,1971 VERFTflN OF CABLE. TV Tr7I.7.7 LINX7D INPUT AND OUTPUT
7!1TI7EU, A.71,P, ANT) AINTRAT ?NRE NOW GIVEN ' 5 WHOLE :T7=z---7-7,

11 :?L 10 IT: TS TY7UT AS 10. TOTAL OPERATINC EXPENSES (TABU' OF
ir"-77,LL) ARE GIVEN IN TABLE 4.

II 
- YOU NETT) AN 17XPLANATION OF mHE INPUT?

vir7.

I TS rROG7;"‘" WILL AS:7, FOP THE FCLLr'WIN PARAvETERS.

TTTTLE:i, TTI7LE ^17 RUN.
ll'OP100=1. IF FIR' TS IN ONE r'7 THE TrID 100 mARKETS: 0. IF NOT.
itCHAN20=1. IF FIR" FAS 20 07AN'7'L CI.PARTIATTY: 0. IF NOT.
TCHAN-I= TE NUN'BER OF MICROVAVE CHANN7LF's

II
RATE1= THE TONTFLY 7,),T7 FOP THE FIRST 0-TLET.
PATF2= THE 'ONTHLY RATE FOR THE SECOND CUTLET.
EATEH= THE ('N7 TIvF CONNECTION RATE.
r(TT-= THE "NDERCROT-Nn CABLE COST PER WILE.IILS TT E PERCENT OF MILES OF UNDERGROUND CABLE.DEPAT= TE DEPT EnuTTy pAmio.

II - FYP= THE ASYMPTOTIC PFNETRATTON.
11-T -2:7= THE TOTAL NUYBER CF H=S SEPVFD IN YEAR 10.
"onSE= THE HOYES PER vILE (DENSITY).

U

,7S=1. IF NEWS CHA.= IS PROVIDED: 0. IF NOT.
1. IF A TIRE, 'ATHER CHANTEL IS "DRe-WIT")7n: O. IF NOT.

rumE7R OF CHA747L cWIT,'HERS.
"OPS= 77!1 vU!'1PER OF HOPS PER MICROWAVE rFANNEL.

1117AS'flTN=T,17 MINTYUM CASH RALANCF REnUIRED.AINTRAT= THE INTEREST PATE PAID ON P_ORROWED FUNDS.
INETOLD= THE NUMBER OF NETWOP< STATIONS AVAILABLE T.TITHOUT CABLE.

INDnLD= THE NUMBER OF INDEPENDENT STATIONS AVAILABLE wITHOUT CABLE.
TEDOLD= THE NUMBER OF EDTICATTONAL STATIONS AVAILABLE WITHOUT CABLE.

ITNETNEW= THE NUMBER OF NETWORK STATIONS AVAILABLE WITH CABLE.
TFE NUMBER OF INnEPENDENT STATIONS AVAILABLE wITH CABLE.

77Dr7-.7= TTIE NUmBEF OF EDUCATIONAL TATIONS AVAILABLE WITH CABLE.To-qryT=1 IF vICFOT.7AVE EoUIPv,ENT IS OWNED: 0 IF RENTED.

IITNEWPEG=1 FOR PROPOSED REGULATTONS: 0 FOP CURRENT.TTOP50=1 IF FIRm, IS TN ONE OF THE TOP 50 vARKETS: 0 IF NOT.
-rDTIAL=1 FflR DUAL CABLE 20 CHANrEL CAPABILITY: 0 FOR CONVERTER.

IrINOPG=1 FOR MINIMTv. COST ORIGINATION SYSTEM: 0 FOR STANDARD.
r.nTN= ANNTAL t.DVERTISTNC PEVENTTS IN :OLLARS/SUBSCRIBER.

LL VART!%M,7S TFAT BEGIN wITF AN "I" SHOULD BE INTEGERS (NO DE=ALS
VTDRE FOLLOWED 911 A COMA ON INPUT.



\/=1.- PL7.7E, FH(' -̀LD 7-7 TI;PTIT ',71ri 1- 2). .";7CIAL.

7-kIRTAPU7S RAVP P7.7,EN GIVTN A 2 DICIT 77FFIRFCF. NI7MP7R TC REFER
CHANOINC TH7M. AFT7R TYPIN7 THF 77FEP7NCF N=FR,

THF WLITP ()F V4F, CHANGD PARP=TEP. THEN GIVE AN0T17ER
1'i7E1).7NCE NUEER T1NTTL YC F' 7k77 C7;NCINC. A REFERENCE
--71vP OF 00 WILL TERIN 7s.TE CHACES.

IIALL rUESmTON ANSWERS (')P VARI:FLE VALUES '.UST TERYINATE'TT7 A CARRIAGE PETN.
-7 (')R mORE) CONTROL WS)" Y.'3Y RE USED mO CHANGT.? A

I TT7R(S) AT THE TI! !77 OF INPUT 'PEEORE TFF CARRIAGE RET'IRN.

11 1iTTTL7=-(NAYF)F;APLE RUN-OLD REGULATIONS

1Il 'OP1001,--(X. )0.
12 :'1'AN20=(X.)0.

1
II TCHAN1.7=(N,)4,

rATE1=(X.)5.
1: "\T72=(X.)1.
I Fli PATE=(X.)0.
1 rosT7=(x.)15000.
1 T,ILFsu=(x.)10.
18 DERAT=(X.)1.
1/ 2 SY'-P=(X.)73.
10 SIZE=(X.)3500.

21 FOUSE=(X.)90.
/1 NEWS=0:.)0.
2 TIME=(X.)0.
2_ SW=(X.)1.
2i, HOPS=(X.)1.
2 C1SYIN=(X.)25000.

2 AINTP:t.T=(X.)10.

30 TNETOL1)=(N,)2,

3111INDOLD=(,)0,
31IEDOLD=(N,)0,

33 INETNEW=(N,)6,

3 INDNEW=(N,)5,

3 TEDNE7=(N,)1,

3- TOwNvI=(N,)1,

37 TNEWREG=(N,)0,

lI TTCP50=(N,)0,
3, ID7AL=(NI )0,
40 TY,INCRG=(N t )0,
21VDIN=(X.)6.6
DMIYOTT WkNT TO CHANGE ANY OF THE PARAMETERS?

TIT FINISHED. T'7AIT FOR PROGRAM TO ASK ABOUT OUTPUT.

ID YOU WANT TO KNOT? WHICH TABLES

YEs,

ARE

1 GIVES INPUT PARAMETERS.

T 2 GIVES SUPSCRIBFR CRC'T.H.

TAT?17 3 GIVES RtnIENUES.

rn T 7 4 GIVES INCOME AND CSH FL(n7.
r 7!?
1

5 GIVES ()-IRCES OF FUND.

6 GIVES "SFS ̂ F F"NDF.

TrITE
TILE
T

TALF

AVAILABLE?

7 GIVES RATE rF PETTIPN.

R GIVES CnPITAL EXPENDITURES.

0 TERMINP.TPS 77TE n"TPUT M%:D ASK9 FOR rrw IrPuT.

9 TFRvINATES THE -11TP-T ;ND 11"t! ROCPA":.

Oa°



SA"PL' P.7'CT7LATInr-7

T7F, NT7MBFR (Pi THE TABLF

1

IrMIT= FCC R7GULATI0NS1 T<ET TvP7: OUTSIDE TCP 100
SYSTEM 7-.1- 27E. IN 10TH YEAR = 3500. SUBSC=,TE--7,

FAL NCMES PAS== 4943., TCTA.L "ILES CADLF = 61.8, '30. HCES/"ILI7
6.2 ( 10%) MILTS oF T'NDEROUND CAL 7 AT 15000. PER YILE
1.00 APPPDXIATE T'.'-7F2T/EUITY RATIO .100 TNTFR77ST CN -7,77F

II SIGTS OFF AIR
2 rEm'IS

IF II-. -P7ND7NT S

'7 --.L

1 I: THF 7=7R CF TEE
CRI37R GROT..77,Y7AR TNCRESE AVERAGE

12345
7
910

902.722.902,433.216.108.109.36.36.36.

JAT IS THE NUMBER
IVENUES
YEAR 1ST OUTLET

451.
12E2.
2075.
2742.
3067.
3229.
3336.
3410.
3446.
3422.

OF TE

1
12

CELT SIGNALS

T_::DEP7NITS
EFITCATT:
T=1,
TOTAL - ICPCWAVF

TAPLF YOU WANT?

ENDING PT-7 T??2,TTON

90'). .18
.33

2526. .51
2959. .60
2175. .64
3294. .66
3392. .69
3428. .69
3464. .70
3500. .71

TABLE YOU WANT?

2ND OUTLET ADVERTISIN'3

1 27062. 512. 0.
75773. 227.

3
124425. 3735. 0.

4 164536. 4936, C,.
5 184021. 5521. 0.
6 193763. 5813, 0.
7 200258. 6002. C.

204588. 6138. o.
9 206753. 6202, o.
10 208918. 6268. 0.

1590155. 47705, o.

7.7-77 T TS TqF, N127R OF TEE TABLE Nr!'

TOTAL

27874.
78046,
128219.
169472.
189541.
1()957.6.
206265.
210725.
212955.
215195.
163759.



wm7r....mmmmimmm

7 D

1

111

P.77V7.q77 _opv7-77ITTr'r•
'EXPL'NE7S

rr.77TT.,-17 "1"\TT71-7 ST -DEPCIATTON PRETAX
T:;C(Lr) -1c(Los13)

1 27E14. 75095. -47221. 0. 45919. -83040.
2 7304E, 75?51. 2096. 23968. 47962. -69741.
3 129219. 94'.30(?. 3341, 29195, 50753. -45539.
A 169472. 99791. 70692. 30459, 52577. -1234.
5 129541. 104742. £4900. 29260, 53999. 2651.
6 199576. 1C27P. 9129Q. 23917. 12482.
7 206265, 110256. 96009. 11?9. 55845. 21975.

210725. 11067. 100047, 11354, 565(:-3. 32131.
9 212955. 110928. 102026. 3202. 5729E, 41538.
10 21515. 111191. 1040:34. O. 58017, 45999.
,L 1637359. 100070,;-. 637151. 167446, 533614. -63909.

INCOME TX NET

1 o. -93040.
2 o. -69741.
3 o. -45539.

0. -1234,
5 o. 2651.
6 0. 12492,
7 0. 21975.

o. 32131.
0 o. 41538.
io o. 45999.

0. -63809.

r4HAT IS THE NUTIRER

51-uprFs. OF FUNDS
3C;' CASH BAL.

2

4
5

r 17 7 IS

1 1 458196.
2 21497.

25000.
25000.
25000.
25000.
25000.
25000.
25000.
25000.
84563.

THF NUY?FR

CF FUNDS
CAP EXPD

OF THE TABLE YOU WANT?

FOUITY

CF THE

OP FXP

75095.
75951.

FTINDF LOANS REVENUE COLLECTED TOTAL

291724. 238683, 27874. 558291.
43270, 79046. 146316.
22634. 429219. 175353.

O. 169472. 194472.
O. 199541. 214541.
0. 199576. 224576.
0. 206265. 231265.

210725. 235725.
0. 212955. 237955.
0, 215185. 299748.

TABLE YOU WANT?

TNT PAY TNC MX LOAN PET TOTAL

23868. 0.
0. 533921.
0. 121216,



I ,.,, 'S ,

•
7

I
--5
q

10
TnT''-.1,

I

•1

. . . •
1 249, . °7'1. 30450. C. 2103. 109472.
13105. 10/17, :). 2210. O. /1343'. 1 79541.
10103, 1027:.?.. 23()17. O. 57277. 199575.
94P, iin2..;,. 1 .?•1 .??. 206265.
7177. 11 OF7' . 11354. O. ..71516. 210725.
7237. 11',..)929. 3202, 0. 32024. 153393.
7304, 1111 1- 1. 0, O. 0, 11S485,

5E:0167, 1000709.. 1674A6, 0, 104-57.

7:fl Nrliv137,R OF TT-71, TABLF YOU W!NrTr?

-CT TTDTIZG 1Dr.),L7

-

10.°9 -

1 7, 
IS

EXr`LITDT.rsr 'POUF, PENT

ASST.Th'ING 10 YR 71 P LIFE 10,50%
AS57=2 12 YEAR LIF - 11.65%
71SSI:"."INC 15 YEAR LIFE 12.67%

mtiP UTER OF THE TAL-c. yOri r.'.7A NT?

0

lAPITAL EXPENDITURES
ONE T.J= EXPFNOTTURES

IrTADEND 30500.
CROW;VE 40000,

DIST. ABOVE GRUND 222426,
IST. BELOW ORN1ID

l
-)F. ARRNGEv,ENT

,.OWER 

92678.
iL 16682.

10000,
BUILDING 3000.

Ir. VTInTRY 7704.
OLS ;ND TEST 70, 5553.

FUPN AND LSHOLD ...C.P. 10250.
r
0 

T-7. SRV f'. HAILS O.
.7 !1AY CAPABILITY 0.

SUBTOTAL 438792,

URLY 7XPTffll'ITUR7S
R DROPS SIGNAL UPGRAD 70 CT-7 7YJ CAP ORTG

11 1 19394, Q. O.
2 21497, O. O.
3 27849. 0. O.

II 

4 18240,
12105. 

O.
0. 

O.
O.

6 10102, O. O.

li 7 
9468, 0. 0.

II 
3 7177. 0. 0.

7237, O. O.
10 7304. O. 0.

TUL 141375. 0. O.

II
w'T!..T IS TFE Nr-EER OF TIE TARLF YOU T,'ANT?

'CUIP TOTAL

O. 458196,
O. 21497.
O. 27949,
O. 19240,
0. 13105,
O. 10103.
O. 9460,
O. 7177.
O. 7237.
O. 7304,
O. 590167.



IDn YOU " T '..T..L ::'.7',..' TNIDT'T?

? 7".

',71-77-1,T IS T77 ?.77.FFR7NC7 OF TI-1E FT1771

lfl
-Th IT\-- --'-'7 Pst-C-1:51:\TTC:cS

11

27

CO
',Div,' FIN:L=7D. WAIT FOR PP.OG?Y. TO ASK AB= OUTPUT.

11

11 ' AT TS `17-7 T-7, NU:.'_3ER OF THE TABLE YOU WANT?

1
ROPOS777) FCC P7GUL;TIONS

IIf FY,ET TYPE: CUTFT" TOP 100
SYSTEM SIZE TN 10T:- YEAR = 3500. SUPSC?Ir-sERS

4S 
ANDARD ORTINATIM-, '\DTmRTISING REVENUE = t 6500. PEP 1000 SUBSCRIBERS
TAL HO!'.7S PzSSFD = 4943., TOTAL MILES CABLE = 61.8, PO. HOESPILE
6.2 ( 10') vILES OF UND.'TRGPO''ND CELE AT t 15000. PER MILE
1.00 ?',PPPCXIYATE DEBT/EQUITY RATIO .100 INTEREST RATE ON NOTES

SIGNALS OFF AIR

112 NET%10R7{S0 INDEPENDENTS
0 7DVeATICL

1
2 TOTAL

r,7-.TAT TC

I/

qU3SCPI77R

TH=7 NITY377

GRM7TH

1
2
3
4
5

7

a

0

r-s7 711.2-

INCRFASE AV7RAGE

902. 451.
722. 1253.
902. 2075.
433. 2742.
216. 3067.
102. 3229.
106. 3338.
36. 3410.
36. 3446.
35. 3482.

11
TIIAT IS TVF NUMBER

:311

77V7" 17S
7 rn ,- '-'-fly 17rn

OF THE

CABLE SIGNALS
6 N7TWOPXS
5 INDEPENDENTS
1 FDTICATION;L

12 TOTAL
4 TOTAL MICROWAVE

TABLE YOU TqANT?

ENDING PENETRATION

902. .19
1524. .33
2526. .51
2959. .60
3175. .64
3294. .66
3392. .69
3428. .69
3454. .7n
3500. .71

TABLE YOU WANT?

r Tien . T-N TT -r r• NT et ON" rry

G.)



I L A I

I200258.

012. 2977.

Is

3051.
75773. 2273. 8335. 9637'31.

12/142. 3735. 1'693. 141912.
164536. 4936. 12999. 1'27571.
164021. 5521. 20242. 2097E4.
1937F)3. 513. 21314. 220290.

20452.
6003.
6138.

2202'3.
22505.

228294.
233230,

206753. 6203. 22741. 235699.
208913. 6263. 22031. 239166.
i590155. 47705. 174917. 1912776.

.711AT IS 'HE :'7=EP. OF

T'

"?EVENUE -0P7RATING
rXIDENS-71

1
2
3
4
5
6
7

I 89
10

rrmkT,

CASH FLOP

T7-4)7 TABLE YO7 "AT?

nPERATINC
'NC (LOSS)

INTEREST -DEPRECIATTCN PF7-"AX
INC(LOSS)

30851,

JIPAR

129990. -99030. 0. 57169, -15r:219.
66381. 133890. -4750P. 20279. 61143. -129529.
141912. 156700. -14788. 31670. 66163. -112641.
167571. 164176. 23396. 41356, 69090. -97050.
209784, 172006. 37778. 46059, 70942. -79223.
220890, 176550. 44339. 48738, 72223. -7E622.
22E294, 179154. 49140. 50459, 73440. -74759,
233230. 179973. 53257. 51609. 74242. -72799.
235698. 190432. 55266. 52472. 75062. -72268.
232166. 190393. f7 273. 53006. 75882. -71615.
1812776. 1653654. 159123. 396446. 695402. -9272.

I 12
3
4
5
6
7
8

9

TjL
10

r.7 rp
IS

INCOMF TAX NET TNCOnE

0. -156219.
0. -129529.
0. -112641.
0. -67050.
0. -79223.
0, -76622.
0. -74759.
0. -72799.
O. -72269.

-71615.
0. -932726.

THE N1"MBER

5
-‘17PCrS OF FUND -7
PlkY2

il
2
3
4

OF THE TABLE YOT7. WANT?

BE CASH BAL 171UITY FriNDS LOANS REVENUE COLLECTED TOTAL

487147. 209777. 30951. 726775.
25000, 107924. 86321, 219306.
25000. 96259. 141912. 261771.
25000. 47025. 197571, 259597.
.15rInr% c,c--)



1

r I

6
7

10

25000.
25000,
25000.
25000.
25000.

7 IS TE 7q7M77R

11SES OF FUNDS
N7AP CAP 7XPT,

7

1 571895.
2 3953,

50401.

11 5 
2906f.
1751-.
12809.

7 12174.
0079.

0 8139.
10 8207.

752223.

-
172C9.

121417,
103439.
57370.
30732.

OF T7" TABLE YOU "ANT?

EXP IT PAY INC TAX

12?2P0

5700.
164176.
172006.

179154.
179973.
180432.
120893.
1652654.

IS TIE NUMBER OF THE

RATE OF IRL'T=
-"CL7DI rTG ?0L'

II

AT

,Il)-.7.
C'PTTAL 7-1:0FNDITUI-ZESli

.1Tif -
1.41% -
2 .479 -

RENT

0. 0.
20877. 0.
31T79. 0.
412E. 0.
46059. 

0.-44072. 0.
0459. 0.
51909. 0.
52472, 0.
5300€. 0.
396446. 0.

TABL7 7YO WANT?

220990, 263098.
228294. 374711.
233220. 361719.
235699, 313062.
239166. 293904.

LC:',2:7 RFT TOT.n,L

0. 701775.
0.
0. 237771 .
0. 234597.
0. 236582,
0. 238098.

107924. 749711 .
336719.

47025. 2F .068 .
26792, 262904.

272607,

FX('LUDING POL7 RENT

ASST-YING 10 YEAR
ASSUMING 12 YEAR
;SSTY'qr: 15 YEAR

IS 9"-TP CF TE

7 T.P7- EXPFNDITUP7q

177ADP7D 30500.

CRnWAV7 40000.

ST. 73flV7 ctr 222426.
DIST. 97Lr)-.T c4OTJND 9267E.

L", 4RRGF,"71,7T 16632.
10000.

BILflTNG 3000.

T'VFNTORY 7704.
,11.(35553.
N AND LSFOLD IMP. 10250.

LIFE -
LIFE -
LTpp

TAFLF YOU

pv3. S777A7. CFlip 
WAY.L 

C2\ PPILITY
;POT 

23500.
11121.

473413.

lir
'\RI,v 7NP7-[!TTUREf;
T DR^"-)7 STC-NilL -PC=RnD

1. 38%
2, 50

3.56%

?

20 CHAN CAP °RIG FnUIP TOTAL
•••



riffh' 1 1Q324.

1 
,, ,340.21AG7.27 if2240.
., 13105.

I 6
7 

10103.
046r..

n 7177,
g Q 7237,
111 10 7304.
TrL 141?7',

TS

+1

0.

0.
0.
0.
0,
0.
0.
0.
o.

410V7.
1 1:041.
22552,

5412.
2706.
2706.
902,
902,
902,

106036,

7.1,7 :- OF OF 77-7.P. T;BLF, YOT' To?,1NT?

38000. 571395.
0. 3953.c,,
0. 50401,
0. 29065,
0. 13513.
0, 12809,
0. 12174,
O. 8079,
0, 8139,
0. 2207,

38000, 759823,


