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SECTION

INTRODUCTION

This paper has used as a guide the outline paragraph "technology" suggested as one
of the "several analytic studies" in the memo of Stephen White to Professor Edward S. Mason,
dated May 28, 1970. Following the tone of that memorandum, this study will deal with more 1

than just a tutorial description of terms and hardware and systems. It will also try to present
the technologic growth pattern, describe some of their growth incentives and anolyze technologic;
distinctions between cable and other existing communication services.

The writer is aware of the temptations of "blue sky" reporting.' If indulged, it will be
identified as such. However, th; technology has progressed farther and faster than members
of this commission and-staff might knitw - even foster than many of the seasoned cable system
operators might know, or choose to believe. The fact-Or resporisible fof-this growth pattern is
timing. Cable comm..mications has appeared on the scene of history at a time of explosive
expansion of reloted technologies. Data theory, computer design, solid state circuitry,
orbital vehkle control, communication theory, and a vast cadre of highly skilled engineering
companies and personnel ready to apply this know-how, was not created by the cable industry
but have converged ot a point in time ready for efficient and immediate use by the cable
industry. Therefure, earlier time cycle standards, even those of our own generation, for an
industry building on new technologic developments, do not now apply to cable communications.
The five to ten year growth`pattern under examination by this commission h not technology
limited. The controlling factors will be:

I. The desire and true public need for and the prodt.ctive use of broadband
information service and entertainment access for the home.

2. The incentive, foresight and wisdom of industry and other feeders who
must marshall.the risk capital, realistically appraise the political and
competitive fights, and supply the energy to make this happen.

3. The effectiveness and magnitude of opposition of established services
whose immense plant investments or carefully developed profit patterns
caution them to let new se:vices happen "all in good time."

4. The vision, energy and competence of regulatory bodies.



.1

C.,

SECTION

SPECTRUM UTILIZATION (See Table I)

-2-

The highway over which the produce of communications con be carried to and from
market is the electromagnetic spectrum. AM radio, television broadcast, mobile radio,
microwave, and even visible light,ore electromegnetk waves that con exist simultaneously
and distinctively in the space around us. The distinction is that they occupy different
portions of the electromagnetic spectrum. Eacil signal rides on a_different lane of the
highway, identified by its frequency number, i.e., the oscillations per second of its carrier
wave. Physical lows govern the characteristics of propagation through space of each
frequency, how the wove behaves in the atmosphere, the effect of phyiical obstacles or
ioniied areas, the means by:which it con be formed into directed beams or radiated in all
directions from the antenna, etc. Interestingly enough, the speed of propagation throogh
space is not a function of frequency; it is the same as the speed of light.

Signal; radiated into the atmosphere con be collected by an opproprjpte antenna
and "tuned" by a receiver. In this manner, one distinctive frequency (whose occupancy of
the spectrum is regulated by the Federal Communkations Commission) con be captured and
amplified. Then, the intelligence (dots and dashes,-or voice or pictures or data) on that
carrier con be "demodulated" and reconverted to a form familiar to human sernory organs
or to "talk" suiteble for machines. Obviously, if two signals occupy the same frequency
at the same geographic location there will be Interference " between these two signals.
The annoyance,of this interference depends upon the relative sigroel strengths and the molted
of "modulation" (the means for impressing the intelligence on the carrier).

To avoid interference radiated signals must be separated in:

a. Frequency what part of the spectrum is used.

b. Location sufficient separation between transmitters so that
the interfering sgnal strength at a receiver location is below
tolerable levels.

c. Time =turn off one tradsmhter when another is turned on.

Obviously, these restrictions limit the number of radio transmitters that con be
assigned to a particular service at a partkular location.

There is another means, however, of using the same frequency sirnultaneously in the
same location. Do not allow the signal to radiate. Keep it confined so that it reaches the
receiver terminals over a shielded and a controlled path. Protect the signal from interference
with or by radiated signals which saturate the air.

Physical wires offer this opportunity for a directed confined signal distribution system.
The most suitable of the wire configurations is the "coaxial cable" which will be described in
more detail below. While coaxial cables may not carry all of the electromagnetic spectrum,-
certain types con carry a sufficiently large chunk of it Id accommodate all of the broadcast
bands and many of the other services. The presently limiting factor is not the cable so much
as associated system equipment.

e.)



S.

-3-

Coaxial cable gives us a multiplying factor for the electromagnetic spectrum. If the
incentive is great enough to "wire a city" we 'can reproduce our present communicctions
capocity each time we choose to install a cobxial cablesystem for .distribution of signal to
the homes in that city. Each such coble system represents a quantum jump in our communication
capability. Instead of husbanding the assignment of radio channels for a limited few, the
economy of scarcity; we can now challenge the.imagination and energy of programmers,
service suppliers, community psycholdgists and educators for productive utilization of the
zommunicution channels that can be male available.

z
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SECTION

EXISTING SYSTEMS

A. General

I.

I.

The incentive for the first introduction of the wired cily was supplied, under our
free enterprise system, without subsidi or without long-range planninp. We stumbled into
it bi our need to fill a need. A community antenna service evolved to capture ond
dktribute broadcast television signals to homes In a community in a manner better or more
convenient than the'individual homeowners could do it for themselves. The service
proved to be easily marketable. Ingenious application of limited but available technology,
the desire for better signals,and freedom of choice in program selection ond a favorable
cost, combined to form a new industry.

As word spread that a new "home town" business had been created more irdividuals
with some skill and much ambition took the risk of installing systems. The market for
hardware increasediond by necessity manufacturers began devoting engineering effort to
develop specializea equipment. Better equipment and on increasing demand for more
service eventually expanded systems froml or 5 channels up to 7 or 12 channels. Operators
soon found that unlike broadcast station allocations and contrary to "expert" opinion they
could occupy odjacentchannels on a single cable. Channels 2 and 3, which ore adjacent
in the frequency spectrum, are never licensed to broadcasters in the same area. Cable
operators found that if they balanced the levels of the visual carriers and reduced the level
of the FM sound carrier, commercial televhion sets would successfully receive signals on
both 2 and 3. This one development effectively doubled the viewing capacity of the home
VHF receiver. Even the largest metropolitan area (New York, Los Angeles, etc.) were
assigned only 7 VHF broadcast channels. Cable viewers in many small communities have
access to programs on all 12 VHF channels.

Two questions then arose. Why would o cable operator want to go to the expense of
increasing the channel capacity of his system; and how would he program these additional
channels. The why was the increasing competition for franchises (the local community
licenses to install-physical plans on public pro¢eity) and the apparent expansion of market
potential with exFanded services. The how was by importing mote distant television
signals, even those beyond the range of even the most elaboroti broadcast receiving
antennas, using long-houl mkrowave and by "converting" UHF television broadcost station
signals to the VHF spectrum. An example of the former is the importation of the Spokane,
Washington broadcast stations across the Rocky Mountains, using several repeater microwave
stations, to Great Falls and many smaller Montana communities. An example of the latter
is the conversion (at the head end) of the New York City Municipal TV Station, UHF
Channel 31 to VHF Channel 3. There it can be successfully received by mony.more people,
and has a much more favorable competitho position on the selector switch of the viewer's
television dial.

7
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The problems of regulation, copyright a nd competitio'n with established media enter
into the above picture. Catch words like frobmentization, piracy and non-duplivstion

. become port of the industry vocabulary. But such 'matters ate not the subject of this paper.

A third means of "filling the channels" was for the.cable operator to produierisis
own programming. This ppened up a whole new requirement for technical equipment, skills
and operating experiences. Manufacturers quickly produced some primitive but effective
"aulomatic, programmers" such as the weather channel, the news ticker, the (delayed)
stock market tape.. Some operators invested in inexpensive 16 mm film camera chains and
sought out the cheapest feature film thei could find. Here they competed with the "grind"
programming of some broadcast stations. But this kind of programming was just "more of the
same" and it was a capital burden sinre there was no odvertising income to support even
these mbdest costs. Where good product could be run in areas where there was not enough
broadcost fore to provide a choice of "escape" programs, Film features were dccepted and
ore used. . .

The really new service of cable Came from those operators who hod the skill,
foresight or competitive need to provide "local event origination," Here h a service that
even the smakst broadcaster with his many thousands of square miles of coverage connot
provide. illereIs a service that t1;e cable operator has both the channel capacity and the
distribution cirectivity to'do well. It converts television from a moss interest media into
a minority interest media. And so local origination, with its related regulatory invitations,
competitive turmoil, new skill requirement, additional investment needs and potentiql labor
problems came intobeing.

. Filling the channels was so successful and an increasing der9ind was so insistent that
operators soon suspected that more than 12 channels would be required.

As the needs, potenticl and magnitude orthjs new industryareincreasingly understood,
the requirement for hardware and specialized design is attracting the interest of many
competent engineering and manufacturirig firms. , Some of these are investing sizable capital
in studies of the market and in product development. This may seem a paradox at a time
when regulatory restrictions, delays and uncertainty on pending legislation and control has
severely limited new system starts. The production planning and engineering programs of
established CATV equipment suppliers hos been Aeriously curtailed and substantial personnel
cuts hove been imposed.

One ingredient not discussed above hos influenced the existing, technologic pattern
and future development of the industry. This is the evolution of the,Multiple System Operator
AMU)). Towafds the end of the 'Ms some of the single system owner/operators began to
expand their own group of cable holdings or to sell their systems to other operotors. This
extended base of operation permitted more dollars to be devoted to system planning,
professional engineering, purchasing control and centralized accounting: Today. the largest
of the MSO'i serves less than seven tenths of one percent of the natidnal television homes;

fractissn of the homes covered by just one broadcast.station in a major market. But even
this small broadening of the base of operations has provided the means for evaluating the true
poteritiol of ca'ale communications.
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B. System Description

A system manager must have many talents. In a small system he is administrator,
technician, salesman, community friend and booster, politic ian, right-of-,way npgotiator,
trouble shooter, complaint solver, and bill collector. -In larger systems he can afford
some staff to assist in these problems. In multiple system organization he can call on
specialized guidance, for his implementation, in each of these categories. Most cable
operators are members df the National Coble Television Association (NCTA) where
they have access to advice, guidance and data relating to tlieir problems and to the
interests of the industry. The annual national convention and many-regional meetings
provide management and technical papers and attract impressive product and services
displays.

A typical operating plant consists.of:

a. The Head-End.

b. The Distribution Sy-tern.

c. The Home Terminal.

Each of these facilities will be described here.

I. The Head-End is the programming source of the system. All of the lieadend
functions are frequently but not necessarily located in one place. Although there must be
one feed point for the total signal tathe distribbtion network, sources of signal may be
separated as a moiler of convenience. Broadcast receiving antennas are located at an
optimum receiving spot. This means aWiriirorrn o7c117idustrial nokes and interference and
at a favorable elevation, either nbtural terrain or a tall tower, for bitter or more distant
signal reception. Usually individual antennas ariused for each channel for maximum gain
and directivity. This permits orientation of the receiving antenna beam directly towards
the transmitter. Sharply tuned cntennos, however, are avnIded if they give bond pass
problems detrimentai to the signal reception. Some operators have attempted very long
distance (scatter) reception by use of huge parabolic structures requ j a half acre or so
of ground.

Obviously., it is sometimes beneficial to install antennas at different physical
locations to take advantage of natural terrain. iVeak signals are sometimes "boosted" right
at the antenna terminals by "pre-amplifiers" suitable for the channel being received.

9
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Most operators include antenros and equipment for receiving FM broadcast stations.
Since the FM bond is located in the 20 MHz segment of the spectrum immediately above TV
Chot.nel 6, it falls well.within the distribution handling capacity of most cable systems.

Distant reception is more frequently obojined with the aid of mkrowayealoy links.
Indeed it was because of the use of microwave relays that the FCC first asserted its co711731
over cubic systems. A broadcast receiving antenna location is established within the good
signal reception orea of a station. This signal is-demodulated and the video and sound are
multiplexed on a frequency modulated microwave carrier. Initially, the Commission licensed
cable operotors in the 6 MHz microwave bond where equipment was well developed, not
too expensive, ond where propagation choracteristks for long distances were favoroble.
In 1965 CATV operators were given notice to vacate that band unless they could qualify under
the 53% common carrier rule. This rtieant that 50% or more of the cable system channel hours
of progom carried on the link must be used for the benefit of systems that were not owned or
controlled by the microwave dperaror. Lacking that criteria, the operator was given a
reasonable period of time to convert his link to the Cable Antenna Radio Service (CARS Band)
in the 12.7 to 12.95 MHz region. This same microwave.band has now been authorized for
Local DistribUtion Service (LDS) for cable operators, describer in a subsequent section.

Microwave links can be repeated if necessary depending on the terrain and the
dhtonce -- preferably through heterodyning repeater stations. The final receiver, at a cable
head end, nvst demodulate the Video and sound and then modulate these program signals in
the form suitable for a conventional home television receiver.

Repeated modulation/demodulation processes contribute most of the degradation of
cable signals due to differentiol phase, differential gain and group delay. Such problems
will continue until better "modern" techniques or equipments are engineered. Normal brood-
bond cable systems which distribute two or more octaves of VHF frequencies without modulation/
demodulation (modems) do not introduce these kinds of distortion.

Locolly originated programs, of course, require modulation but this is a once only
process which is eqUivolent to the original tronsmitter modulation' of a broadcast station,
without the high power complications. Originally, coble originations were strictly "poor boy"
operations, using Minimum equipment and operating skills and resembling a small school ETV
facility more than a broadcost station. Still, it is surprising what interesting programs -
perhaps interesting only to that local community - hove been produced by these minimal
facilities. Now, os cablecasting becomes an increasingly important part of_the operation -
required by the FCC (as of April 1971) for systems having over 3,500 subscribers - and
particularly with odvertising or channel leasing hopefully to relieve the burden of facilities
cost and operation - the equipment is already becoming more sophisticated. The studio
equipment manufacturers are now offering third or fourth generation camera designs.
Comparatively low aost itemssan produce results equivalent to the broadcast quality of only
a few years ago. For example, several manufacturers now offer color cameras in the ten
thousand dollar range which, considering the overage operator available to cable TV,may
produce better pictures than a 60-thousand dollar network instrument.
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Cable systems universally use "slant track" video tape recorders with good results
but suffer from lack of standards in this equipment which permits interchangeability of
tapes on different machines. Naturally it is expected that if cable networking reaches
regional or national proportions, some pragrams may originate from existing broadcast
studios or from studios that are equivalent to the broadcasters in equipment and personnel.
Such professional origination facilities hove been used many times in the post fat'. theatre
television presentations and for industrial closed circuit programs. The trend, however, h
to keep programming costs low so that more programming per dollar will encourage greater
Variety and community access to the multi-channel distribution system.

Automatic programming will continue to occupy channel space but with greater
design thought giVen to performance, display readability and viewer interest.

An important head-end function is signal processing. This means the assignment

of channel space to each program, balancing of video carrier levels and the adjustment of
the sound carriers for adjacent channel operation.

The locally originated signals and video signals delivered by long-haul microwaves
achieve this balance in the modulation process. Crystal controlled oscillators are used
for selection of the assigned channel. UHF stations and VHF stations are generally not
demodulated but ore converted to an interniediate frequency (IF) where a band pass filter
cuts off out-of-channel signals. This circuit separates out the sound carrier, permits
independent video carrier and sound carrier level adjustments, recombines the carriers and
finally translates the I. F. Lack to the assigned VHF channel. Note that the output channel
can be, but is not necessarily the same, as the input channel. UHF channels, of course,
must be converted to VHF frequencies to be carried over the distribution system. (UHF
carrioge on frequency is discussed in Section II). Even VHF stations are sometimes given
new channel assignments° for an interesting technkal reason. This channel change can;
of course, be upsetting to the broadcaster who promotes his channel number identification
and originally confusing to the viewer who finds that his local Channel 7.inny now come in

as Channel 12 on his tuner dial. The reason for such a channel shift is to avoid interference
between two stations which broadcast on the same channel or between a locally transmitted
signal, which is so strong that it leaks into a viewer's television receivertr There it
interferes with the signal of that same station delivered to the antenna terminals of that same
receiver over the cable. Such interference produces an unwelcome "leading ghost" type
of interference. Changing channels at the head end avoids this off-air interference but means
that the channel of the strong local signal is left unoccupied on the cable. In an.area close
to the Empire State building transmitters in New York City, seven channels would have to be
lett unoccupied for this reason. At a time %hen there is an increasing demand for chanrieff-
such waste is unthinkable.

Obviously, the problem would not oc-cur if the home television receiver were leak-
proof, i.e., shielded well enough so that it would not pick up signals except those delivered
directly to its own antenna terminals. While.this is straightforward design it would have

added a new element of cost to receivers and has been rejected by the set manufacturers.
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The cable operator solved his problem by building his own, well shielded channel tuner and
providing it to his subscriber as part of. the cable system. This device performed the same
function as hh head-end converter, changing a channel being supplied by the system to some
channel which has no interference from strong off-air signals. With such equ ipment not only
can all 12 VHF broadcast chcnnel ossignments be used but non-broadcast channels in the "mid"
and "super" (see Toble I) bond can be selected ond converted to a channel useable on the
viewer's set. Such converters now supplied in a New York City system hove a 25-channel
capacity. Channel number identificotion is no longer a problem since the converter dial can
be labelled by the system operator to conform. The viewer olso has the convenience of a
remote tuning control which can save him a feW steps when he selects his program material.
These benefits ore beginning to justify the cost (approximately $40. installed) of this device
at each subscriber's terminal.

The head end provides a point of system programming control. It is here that the non-
duplication rule, imposed by the FCC for7ReProtection of lo7c71Voadcasters, can be
implemented. The program on a more distant broodcast station which "duplicates" a program
on a locol station can be "blacked out" -- removed from the cable. This function requires
somewhat elaborate pre-progrommed equipment to pontrol what time segments on what
stations must be removed from the view of the system subsCribers. If proposed rules which
require deletion of certain commercials from distant stations are implemented, this progrom
content censoring equipment will became even more elaborate and involved.

Community emergency services also require head-end equipment. The Liberal,
Kansas system, for examOle/has installed a microphone and cut-out switch at the. Chief-of-
Police office. Operation of the switch allows the Chief to temporarily insert his voice on
all cable sound channels -- to give,tornado or other emergency warnings.

The final process of the Head End is to combine all of the spectrally distinctive
signals onto one cable at the right signal level and to feed these signals into the distribution
system.

2. Distribution. -- The distribution network includes the cable and all the
appurtenant devices necessary to carry the signals from the head-end to each of the
subscribers terminals. A cable system is a gigantic party line with every ane connected to
the same wire circuit. It is a tree getwork where the product from the root is carried through
the trunk and then the branches to the individual stems which feed each 'individual leaf.
Historicclly, CATV systems have been one-way transmission but recent developments are so
important and offer so many opportunities for public benefit thot the whole new art of two-
way broackand cable communication will be treated in a subsequent section of this report..

a. Cable -- It is well known 'that electricol currents con be carried along
wires. Current T oM/ and electrical.potential also set up magnetic and electrostatic fields
that do not require conductors but coin radiate through spoce. Energy on a conductor is
lost by radiation and by absorptipn due to the work necessary to push electrons through the
conductors (resistive losses) or to'push concentrated fields through non-conductive mOterials
that occupy surrounding space (dielectric losses). These factors constitute the losses of a
wired system,usually exptessetl (for communication signals) as the lagarithm of I" ehatioaf

a
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the power into a system comparea to the power measured at some pant along the system.
This "attenuation" of power is measured in decibels, a unit of measurement ustially
shortened to the symbol dB. Three dB represents a 50% loss in power. Cable losses
increase as the frequency of the electrical currents increase.

Physkal configuration of the conductors influence the characteristic impedance
of a transmission system which in turn determines the interrelationtage and
current and , consequently, of power. Abrupt or radical changes in characteristic
impedance cause reflections of power which can result in additional losses, ringing,
frequency sensitivity and other disagreeable effects. Thus, the cable itself must be
uniform and any transitions in the cable,such as connectors, and all terminations
including equipment inputs/outputs must be matched "or transformed" to a new impedance
level. Characteristic impedance of a transmission line' is generally insensitive to frequency.

Electrical power (direct current or 60 cycle typically) can be carried on conductors
of almost any configuration. Radiation and dielectric loss is no problem but heavy currents
make resistive losses important. Telephone voice circuits and telegraph circuits are also
low frequency, and since very little power is involved, can be handled by small "twisted
pair" conductors with minimum insulation and tight physical space. Thus, telephone
trunk cables of many hundreds of pairs (one pair for each anticipated telephone terminal) can
be compacted into relatively small cable diameters. Norm:illy, twisted pair telephone
circuits are designed for about 3,000 cycles of yoke communication. Even these circuits
needs some "equalization" to balance the levels of the higher frequencies with the lower
frequencies. More elaborate equalization and amplification can extend thh trammission
band to 8,000 cycles or above. Being unshielded, normal telephone pairs are subject to
cross talk and radiate at higher signal frequencies. Mote than one telephone terminal
(extensions and party lines) can use a single pair on a shared time basis.

Coaxial cable is a conductor configuration particularly suited to high frequency
transmission. Such cables are used to transmit electrkal signals from zero frequency (direct
current) d the way up to several thousand million cycles per second. For practical
purposes, long runs of modern polystyrene foam cable are generally not used at frequencies
above 300 MHz. While the useful bandwidth of a CATV coax could be said to be 100,000
times that of a 3 KC phone line, the Mal truth h not as direct as the arithmetk solution
indicates. Nevertheless, assuming suitable amplifiers (which we do not yet have) it may
be possible that 40 standard TV channels of 6 megahertz bandwidth might be carried on one
cable.

13
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The word "coaxial" comes from the fact that a small diameter inner conductor is
positioned at the center of a larger diameter outer conductor. (see figure). Ideally, the

Plastic Jacket Outer Conductor/ space between the two conductors would
only be occupied by air but since this-is
physically impossible, plastic spacers such
as discs or helical ribs are used. Such
open spaces make effective water traps and
in exposed locations require line

pressurizotion. Cable people have generally avoided that added cost and maintenance.
Manufacturers have come up with_superior foam dielectrics, plastic enclosed air cells.
This is a structure which has physical strength and is on effective block to water penetration
or transmission. The attenuation of some of the foam cablei'has begun to approach the low
value of a true air dielectric coax.

Inner
Dielectric

Originally, the outer conductor of coax cables was mode of copper braid. This was

flexible and generally available, but did not provide a suitable weather seal. In strong

ambient signal areas it did not provide sufficient electrical shielding. Again, the manu-
facturers provided the answer with a solid aluminum outer shield/conductor mode by

extrusion, seam welding or by a sealed lop joint. Even the small diameter "house drops"

ore now generolry shielded with a sOlid metal (generally an aluminum foil with a lop joint) \
outer concuctor and "drain wires" or a loose braid.

Most cables hove a tough outer jacket of polyethylene, with a high molecular weight

carbon loading, for environmental protection. In some climates, aerial cable plants do not
need the jacket and the metallic aluminum gives better thermal protection than the heat
absorbing jacket. Some underground cables include a very viscous material between the

metallic shield and the outer jacket. This material acts like b puncture proof gas tank,
sealing any cuts or nicks. In certain areas of the country a steel armour is necessary to ,

pratect undergroJnd cable from.rodent type animals.

The cable industry generally uSes four sizes of coaxial cable, all sizes having 75 ohm,
characteristic impedance determined by thedielectric and the diameter ratio of the outer and
inner conductors. The sizes generally identified by the diameter of the unjacketed outer
conductor ore "750", "503;', "412" and RG-59/U. These ore 3/4 inch, 1/2 inch, 27/64 inch
and approximately 1/4 inch diameter respectively. The larger the diameter the less the lass
of the cable, tre fewer amplifiers required (or the longer cable lengths for a given number

of amplifiers) pad the-more difficult the job of installatioh. General practice is to use 1/2"

or 412 for "trunk" line, 412 for "feeders% 59/U for house "drops" and 3/4" for super trunk runs.

The backbone-of the system is the trunk. This cable carries signal from the head end

to the extremities of the area served with IgTriTi n i mu m possible number of amplifiers (generally

3 to 4 to :he mile) and no subscriber tops. Bridgingamplifiers (see below) -may provide

junctions :o sub trun.-ts or to feecers. Feeder cables ore comparatively short runs which may
parallel the trunx eitner forward, oy doubling back from a junction or branching off to serve

o local area. Feeders con branch to sub feeders using passive splitters or directional couplers

and "line extender" amplifiers. Subscriber tops ore put only on the short feeders, to ovoid .

the cumulative effect of these discontinuities on.the trunk line. Drop cable,rarely over ISO ft.

in length,corries signal from the top right to the subscriber's termir-ZIMThome.
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The Super Trunks are genetally reserved for long "cross country" runs without
subscriber pc;itic-7117Trch as carriage of signal from a receiver tower ta a central office.

"Aerial Plant" refers to cable that is suspended in the air on poles. These are
usually te ep1-1-7arleor power poles but in rare instances cable companies have been permitted
ta set their own poles in certain areas. Unless the cable operator is the local telephone
compony, or has obtained a "lease bock" (a long term contract where the phone company
installs and maintains the cable plant under tariffs related to number of channels, types
of carriage and miles of plant) he must negotiate a pole line contract. The Bell System
companies have naw agreed ta make their poles available to cable operators. The
procedure, after executing a contract, is to specify the plant, identifying each pole by
number and location. The phone company inspects each pole and writes an engineering
order specifying what "change out" (modification) is required. Telco personnel moke the
changes. The poles are then available to cable operator personnel or his contractor to
install the cable system. These contracts involve a change-out charge and an annual
rental fee for each pale.

The coaxial cable, trunk and feeder, is "lashed" to a steel "messenger" cable
which provides the physical strength in tension and carries the weight of the coax and
some of the esjuipment. Expansion loops or "S" bends generally located at splices or
equipment points further relietie strain and allow for thermal expansion/contraction of the
metal. Need for assorted plant hardware and special vehicles for installation and maintenance
provide a good market for suppliers of those items.

Underground installation is frequently used and is becoming increasingly popular
with cable operators. It is more expensive and requires greater cooperation and
coordination with departments of the local government but it hos many compensating
advantages. It greatly improves the appearance of the community; it removes dependence
on,obligation to or unavoidable delays of the telephone company; it provides thermal
protection (smaller variations in cable temperature) and eliminates danger of ice storms,
wind storms and reckless drivers. Tools, such as the self propelled vibrating plow and
flexible shaft boring equipment make the job easier. Substantial improvements in under-
ground techniques are expected as the need is recognized and the market increases.. Much
underground plant is "direct burial" but some believe thpt the additional cost of plcstk
pipe is a wise investment for cable replacement or system growth. Small underground vaults
of concrete or metal, having lids flush ta the surface of the sidewalk or grass (painted green),
house the system equipment and tops. Many installations house equipment in shrubbery
concealed snorkel pipes which extend above ground. Naturally, all such installations
must be fully protected from flooding. A great aid to this is the development of heat
shrinkable tubing which can seal connectors and housing entries.

b. Amplifiers are the electronic circuits which are inserted in the cable to compensate
for the losse7O17677able and other passive devices on the cable network. Early amplifiers
were all yoCuum tube desigrA and frequently required separate circuits for each TV channel
on the cable (strip amplifiers).
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More often one circuit would amplify the low-band (channels 2 through 6) and a
separate amplifier would amplify the high-bond (channels 7 through 13). These circuits
requited much electrical power, genertred heat iri their weather-tight enclosures and
required much maintenance in the form of tube replacement and continuous rebalancing.

In the early 'Ws one manufacturer introduced a broadband (channel 2 througli 13)
solid stote (trarsistors and printed circuit board) type of amplifier whkh was risked in a

. system by one of the MtO's. After much scoffing, initial industry resistonce and a certain
omount of "debugging" this design revolutioniied the industry. This new market interested
the transistor manufacturers and provided an mcentive for more rapid development of
improved solid state components for the VHF frequency range.

Now, on equolly revolutionary design change is beginning to take place. The
rapid and recent growth of thin film, thkk film, MOS and other techniques that are still
strange to the tongue as well os to the understanding, may find a natural application in
broadband cable communications.

Amplifier designs now generally in use have a useful band from 54 MHz to 216 MHz
without gaps.' They are normally rated for use with the 12 assigned broadcast TV channels
54 to 88 MHz, and 174 to 216 MHz; ond for the FM band 88 to 108 MHz. Some manufacturers
and operators have tested these amplifiers for mid-band carriage, 108 to 174 MHz. Some,
but by no means all, of the present amplifiers can be operated with up to eight additional
mid-band Channels at o cost of reducing output levels by about 3 dB and limiting the number
of omplifiers in "cascade" (connected in a string on one coax line) to about 25 or.30 rather
than the usual ,50 or more. This meons that only the most modern and best equipped systems
now operoting have o possibility of extending their chantiel capacity to as much as 20
channels. All of these extra channels will be in the mid-band since high end cut-off was
alwoys just above Channel 13 (216 MHz).

Eorly 1969, however, most monufacturers sciw the growing demand for more channels
and began examining their desigm for extending their channel capacity. It wos not too hard
to extend the upper cut-off frequency, using imp:wed transistors, but the interaction of the
visuol ond sound carriers (the nature of cross modulation and beats is discussed loter) is a
matter of great concern. Some considered use of multiple single octove amplifiers which
would ovoid some of the problems. Many decided on upgroding their amplifiers from single
ended circuits to the more costly push-pull stoges which suppresses second order distortions.
All attempted to ochieve greater amplifier linearity. Non-linear circuits are the chiei
villians responsible for generation of unwanted sporious signals.

Equipment salesmen and morket planners storted playing the numbers game. If one
company said 20 channels, another said 24 or 27, or 32 or 36 or take your pick.. The

engineers and designer aye having a hard time keeping up. Certainly, system operators
have not had sufficient field experience with these new equipments as yet, even with dry-run
or test signals, to evaluate performance or to determine the nature or magnitude of co-related

problems.
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But the desire is there, the effort is being made, design and field testing money is
being spent. Engineering competence exists to achieve the kind of channel capacity,
required. The unknowns are time ond money. Many operators know that they may be able
to extend their present distribution amplifier systems above 12 channels to 14, perhaps to 17,
and some even to 20 -- if they are willing to make a substantial investment in subscriber
terminal converters. Beyond that number', however, they will undoubtedly require new
plant construction and/or amplifier replocement. Fortunate ly_, in most cases, at least, the coble
itself will be able to accept the odditional channels without change.

In addition to the bandpass and channel capacity of amplifiers, there are other
importont operating features and performonce criteria. The "nois5 figure" of on amplifier
is a measure of its contribution of random unwonted thermal signals spread across the frequency
band that in the extreme condition is known to the viewer as "snow.." The level of input
signal (how low it can get before being amplified) and the level af output signal (a function
of input level, gain and linearity characteristics) determine what length of what size cable
can be placed between amplifiers'. The number of amplifiers in cascade reduces the tolerance
-of the values of input and output levels until the adjustments become so critical and
SeKsitive to environmental changes that quality performance is no longer possible. A current
rule of thumb limits cascades to about 50 trunk amplifiers (some tronufacturets say 80) at
a spacing of about 3.7 amplifiers per mile of 1/2" cable. This indicates practical trunk
limitations of 14 to 20 miles along different radials from a point of head-end signal insertion.

It has already been mentioned that cable loss increases with frequency. Loss in a
system at Channel 13 is more than double the loss at Channel 2. Therefore, all amplifiers have
a "slope" gain control as well as a "block" gain control. Unless proper slope is maintained
cumulative effects can cause substantiol unbalance of the channel levels at the subscriber's
terminals.

Level adjustments are aided by "AGC" (automatic gain control) which helps to
compensate for cumulative effects of calile loss or due to changes in an amplifier gain because
of component aging or different power voltages. This control is aided by One (or sometimes
two) l'eference "Pilot" tones inserted into the system at the head-end. The purpose of AGC
is to maintain a constant output level for a range of input levels. Normally, alput eyery third
amplifier in a system has an AGC circuit.

Special temperature compensating circuits help to reduce the food on AGC. Changes.
in temperoture change ..able loss - higher temperatures mean greater loss. The compensating
circuits are designed to have the opposite temperature characteristic -- less loss 'with higher
temperature. Seasonal changes generally require manual system reb ncing by an operators
maintenance crew but hourly changes, particularly hot days and ...old nights as in some areas
of the Southwest, require special attention to automatic control. Undefground systems,
protected by the insulation and the thermal lag of the earth,have far less critical temperature
adjustment requirements. -
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Lightening damage to plant is a matter of serious concern. Direct hits ore not
needed,: induced corrents or surges carried by power lines or the cable itself can burn
out sensitive solid state componenti. Whole branches of amplifiers have been damaged
by one lightening strike. Of course, the heavy metal of the cable shield and equipment
cases does give protection if grounded properly and frequently. Drain wires, spark gaps,
and surge protectors in the equipment circuits help reduce ihis danger of service outage.

Not all amplifiers have the critical performance requirements of the "trunk"
amplifiers. "Line extender" amplifiers, where only a few units are operated in series .
on any one line, take advantage of this more modest requirement, particularly in areas .
closer to the head end, to help reduce total system cost. Many operators, however, are
beginning to think thot this is false economy. Now that system performance criteria and
increased loads are apparent, the line extender amplifier may be the first that have,to
be replaced.

"Bridging" amplifiers in trunk or feeder lines have good performance characteristics.
They differ from trunk amplifiers in that they may (or may not) have very little effect on
the main trunk signal but hove multiple high level feeder outputs, isolated from the main
line.

c. Passive Equipment -- This type of line equipment does not provide any gain
or amplification to the system signals although some passive networks are included in the
active devices that were described in the previous paragraph. The passives require no electrical
power. They divide, split, add, isolate, reject, or discriminate as to the direction of flow.
Most often these operations are performed on the basis of power over the full signal range,
sometimes on the basis of frequency. Even those that operate over ihe full bond are
frequency sensitive. The manufacturers generally did not extend the effective range of
operation of these devices beyond the limits of intended use. Therefore, many of the
passives installed to date have poor or at least uncertain performance for the extended bond
systems that are now contemplated. Many of these items may have to be replaced in
existing systems that plan to up-grade their service. Although the cost of these items is
modest the quantity is large and the installation lobar input is substantial. In the last two
years the manufacturers have been offering, and many of the newer systems or extension of
older systems have been installing, extended bond passives.

Passive devices generally employ lumped components -- ferrite rings, coils,
condersers, even resistors, and frequently have critical or proprietary physical configurations
of these components. Of importance to the system designer is the "insertion loss" (how much
power is lost as the signal passes through the device); the "match" or "return loss" (that is,
haw well does the device properly terminate the characteristic impedance of the cable at
each of the connection points); and the "isolation" (the effect of a disturbance or unwonted
signal at one output port, upon the signal at another output port).

, ;
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Physical characteristics such as shape and size, eevironmental protection, mounting
hardware, ease of installation, and cable connectiOns are importanj for all line mounted items,
actives and passives. Extensive design thought has been given to cast metal boxes; water

' tight seols; plug in circuit boords or components suitable for replacement without removing
the contoiner or the cable connections; and ease of maintenonce, test or adjustment while
the technician is hanging onto a pole, at thelop of a ladder, or working in a "cherry picker"
bucket. Improved tools and techniques are rapidly...developing. Great opportunities for de-
sign improvements, mechanicol as well as electrical and for installation devices as well as .

plant hardware not only exist in this young industry but are being actively exploited. Parti-
culorly the MSO's are seekirig means of encouraging new installation techniques for lower
cost and less maintenance. The vigor of the industry, unencumbered by rule books, standard
practice mannuals and mass but routine training classes, and sparked by Fresh ideas from many
sources end interested new disCiplines, can not help but generate better ways of doing things.

The MS0 is mentioned.here because his operation is large enough and his contact with
the user is intimate and vital enough.to determine a need for a new dev.ice. If he decides to
implement a solution for thatmed he is.a large enough customer for the resulting hardware to
encouroge a manufacturing run by a supplier. Manufacturers are not used to having a built
in mass market for a product where most of the risk of determining the need is borne by the
customer. This happy situation, spurred by competitive interests, greatly accelerates the
growth pattern.of developing services such as are offered by broadband cable communications..

The common types of passive devices have been suggested above.. Splitters (wMch are
"adders" when used in-reverse) divide the power from's' single cable, equal7 c(77nequally)
between two or more output cables. These devices should have minimum insertion loss but
maximmisolation between output "spigots". A tap sometimes called a "subscriber tap" is a
form of a splitter. Its purpose is to "tap" a suffic-Mit (generally very small, like I/50th of a
microwatt) amount of power from a feeder cable to adequately serve a subscribers commercy
1V receiver input. Early systems used the simple pressure tap, o small probe inserted into the
dielectric of a feeder cable, sometimes .with an iTiairtroiireWtor. But these were choracterized
by bad mismatch and no discrimination between direction of signal flow. In small systems these
were tolerable and they were cheap. In large systems something better was demanded. the
directional coupler wos then developed for cable systems. This device is designecHor low
TZ7117-1Toble tap-off ratios (depending on the power level at the tap point on the
feeder cable) ond greater isolation of return signals. Special effort is mode to "match" input
and output terminals. Designs accomodate one, two, or four taps at a single coupler. A
four top is commonly used, placed od the line at a point to correspond to the common
section point of four home lots. Some operators only place a tap on aline after they have
sold a Subscription; some anticipate a "penetration" (percentage of actual subscribers to total
potential users) and install that tap capacity during the initial installation. Of courve more
taps con be added as needed, possibly requiring additional signal amplification but v&hout
any change in the basic cable installation. A Drop Cable to serve a subscriber is generally
not installed until a sale is made but once installed is left in place. A "disconnect" is mode
by removing the drop from the tap and terminatin9 that output af the directional coupler with
a matching impedance.
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Motching tIe line has been stressed repeatedly. It is important not so much because
of the power loss but because a small misthatch at each end of a cable or periodically at points
along a cable run will cause "ringing" (which can appear avrepetive ghosts ina video picture)
or "dropouts" (which sometimes remove certain specific frequencies from a normally broadband
system). Before cable suppliers realized the effect and took steps to remove the cause, the
mechaniCal process of manufacturing cable sometimes introduced periodic irregulatifies (for
example, a small nick or dent in a conductor every time q wheel in a machine made one
revolution) which "sucked out" a TV channel. Now cable is "swept" over a specified fre-.quency range as part of quality control..

Cable connectors are qn imporiant but seldom recognized passive device. Thousands.of
connectors ore used in a system -t,to splice two ends of cable or to attach cable to some item of ,

.equipment. They represent a percentage-of total system cost and each connector offers an op-
portunity for mismatch, water penetration Or signal leakage. Mora than one cable operator hos e

traced complete loss of signol on a portion of his-line to a connector, instolled in the summer,
when abld winter temperatures tontracted 'the inner conductor of his 'cable and pulled it right
out of the connector center pin. New .S Lipp 1 er and better connectors are now being designed
ay tooled. .

Power.Supplies

At onetinie every amplifier hcid its own power supply and had to'be connected to a
source of 120 volt 60 cycle power or similar conventional source. This was not inconvenient LI
at the headend o'r at a subsciiber terMinal but it imposed serious difficulties for amplifiers
on pole lines br in underground vaults. Even "power poles" often carry feeder (high) voltages \
and not house power voltages. Almosr all cable systams are now cable powered. The coaxial. /
cable itself Orovides the conductors over which operating power ii-b7:74-Fic7he active
eqwpments on a cable system line. Thus electrical power can be inierted onto the cable ot
much more convenient spats. It_is-bften fed, genercilly at abOut 30 ;ohs, 60 cycles, (some
equ,iprnents irtay use as high as 60 volts, depending on applicable codes and real or fancied
design advantages) both up atid down th/cable for as machos two miles in each direction, to
supply all of the active equipments op4hat section of the run. The cable must have sufficient
metal in its inner and outer condu5.t6rs to cacry the power currents without undue loss. Thin
foil_or film 6onduct6rs which t be iuitable for the VHF signals would not carry sufficient
cable power to serve a ma efisysIem (nor would s6ch thin films offer sufficient lightening
aurrent drainac4.-Naturally eact item of equipment along theVne, active and passive,
must pass or block transmission of power on the cable at the discation of .the system
designer.. Blockagetfpower is necesiarytotisolale one power source from another source
furtherdown the line. Direct cuerents are not used on the cablebecause DC greatly increases
the possibility of electrolyte corrbsion at junction points. Eoch equipment item must still
convert this AClupply into DC and provide the necessary levels and regulation for its own circuits.
Solid stote equipment which uies little power and likes low voltages is wticularly suited to
the cable powered pradtke..-
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The question of emergency power for cable systems has started to be a matter oF in-
creasing concern as more vital or commercially valuable services are rendered. Some operators
have installed emergency trickle.charge battery pacics and inverters ar power points which have
difficult access or where power serviCe is notably subject to Failure but this practice is rare.
With expanding services,operators Who argue that a power*Iailure in a neighborhood also
'disables the home television receivers ond therefore the need For cable service may have to
look for other excuses. Nevertheless an emergency power-standby at the head end and at
critical line 'points or terminals could represent a mejor item of ddditional system installation
and maintenance cost.

3. Home Terminals:

1.

The,consumer oF the services supplied on the cable is primarily ,the family in the home.
that residence may be a house or dn apartment and 4s more generically referred to as a dOiel ling.
A Far_smaller percentage oF total outlets are installed in hotels or motels, stores that sell tele.
vision appliances and in 'bars or reltaurants. Connections are also made to schools, hospitals
and institutionyand municipal buildings such as police or fire stations.

Since September 1968 home installations of cable have been covered by a new section
(Section 820) of the Notional Electrical Code published by the Boord oF'Fire'UnderwrIters.
The section is titled "Community Antenna and Radie'lystribution Systems." While the code
requires certain logical prectices which increase an operators cost, such as a grounding b!ocic
near the home or group building entry, it is more permissive than demanding. This section is

it helpful to the industry in that it formally recognizes CA1V wiring. It covers the installation
officially rather than leaving the interpretation of more general or less applicable codes up to
the discretion cif local inspectors. A copy of the code is attached as Appendix I. Canada has
a simirar code, published,prior to the one in the states.

. a). Cable Drops

Cable ho the home-brings d variety oF problems. Drop cable was originally the
government specified cable designated RG-59/U. This was the only smolt dibmeter, 75 ohm

.characteristic impedance, Foaxial cable reodily available on the market. This black jacketed,
quarter inch diameter cable ha five or six times the attenuation of super trunk cable liut it is
used For a short runs. Its non-Cumulative loss act-ually becomes part oF theintentional isolotion
inserted at the tpp. The original RG-59/W has now been modi(ied by the industry. Foil wrap
rather than braid outer conductors, foam iather than solid dielectric and thinner jackets in a
variety of colors are now being offered. An even smaller diameter 1 greater loss cable for
exposed wiring is being contemplated.

-
Messenger supported aerial cable from a nearby pole or a plowed underground run &oily .1

a tap box brings the cable to the home. \Same drop cable has a built in messenger 4n a so-called
"Figure-8" jacket. The cable enters the building general! y above ground, with drii loops,
plastic sleeves, strain relieven and other, means oF woollier and mechanical protection. A
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grounding block or other electrical connection ties the outer conductor of the cable to a house
ground (metal water pipe co the eql..ivolent). Ono (or more) outlets are located at points
selected by the customer. Someimes this means boring through floors or walls or running the
cable along baseboerds or ceourri doors. Since quarter inch black cable is not an interior
decorators delight, irsiee coble is now supplied with jackets of off-white or beige. In
especiclly critical homes some operators have actually hand wrapped cable in matching wood
groin adhesive vi,nyl. Cztomer relation conscious operators have neat appearing installers,
often in uniform, ond even supply small hand vacuum cleaners to tidy up the mess.

The cable sometir.es terminates in a wall box but more often it is dressed right to the
television set antenna termircis. Receiver inputs have always been 300 ohm balance parollel
wire connections. While this may hove been a convenience for home antenna installations
it now seems a poor c'-.olce. It provides little or no shielding, and requires internal con-
version to accomodate ....-.c.:!cnced circuits in the set. It does not match the impedance of the
unbolonced 75 ohm cocuicl cable. Although frequently brought to their attention, set manu-
factures hove stecdfostly rezisted an input change. Thus the cable operatorprovides the
necessary motching trcnsformer a bolun (balanced to unbalanced)tronsition, generally placedPright at the input terminal of the set.

It hcs been an unwritten r,le that except for the external okrating controls, cable
operetors do not. touch or modify, the customers receiver (although there have been soma-ex-
ceptions). There cre two reasons for this. Operators' have not wanted to compete with or
olienate the local TV reozirmon or TV set dealer. Second, they have found that es soon as
they take the bock off the set, the responsibility for the performance of that set often becomes
theirs. Some customers feel that if a kinescope burns out or a condenser blows the cable in-
staller must have done it c-..1 ought fix the set at his expense. Of course any terminal equip-
ments suppli.ed by :he system c-e cnd will be the operators responsibility. It is a recognized
added cost of doing bt.siness tin:: the cable service office.is usually called first regardless of
the problem. The time, travel end reporting of a service call costs an operator in the order
of ten dollars per trip, eien for false alorms. If a problem can't be pinned down to the set
over the phone, a service cell is mode. Maintenance men carry portable sets in their trucks
and use this cdvcntageously to prove that the customers set and not the cable is at fault.

lo). Converters:

The converter is cn increcsingly common item instolled at the subscribers terminal.
Th 7: is on eypensive piece cf active equipment and requires local electrieal power. Con-
verters were mentioned cbove during a discription of the head end. With the growth of the
industry and cable semices there hcve been an increasing number of reasons for having this
kind of equipment ot the suincriber terminal rathcr than at the head end.

A subscriber converter is actuclly a well shielded channel tuner having a 75 ohm
cochtial coble input. lectolly this device should simply by-pass the tuner in the subscribers
television set and have en l.F. output suitable for directly connecting to the intermediate
frequency stage of the receiver. It is possible that some enterprising receiver manufacturer
might supply a color set without a tuner, having only an %F. input terminal. Since we have
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not arrived at that sophistication as yet, and since the cable operator does not choese to modify
his cc:tomes receiver, the present converter designs include another stage. Its I.F. signal is
reconverted to a standard VHF Broadcast channel and delivered to the set. The set tuner now
selects that conver er output channel and again translating it to an internal intermediate fre-
quency. This mcons -at least two unnecessary interface stages and about thirty dollars of un-
necessary expense (the set tuner and the converter output) jointly borne by the subscriber and
the operator.

The converter perlorms four functions:

a) Protection against interference of strong local signals due to poor
shielding in the receiver. This function was provided at the hood
end until the demand for 12 channel systems became popular.

b) Extension of the capacity of.the,home receiver, beyond 12 channels.
The tuner is no longer limited to the channel frequencies allocated
by the FCC to broadcast services. Converters now supplied as standard
equipments in Manhattan system have 25schannel =specify.

c) Remote tuning control. The converter and its channel selector con be
located across the room from the TV set, permitting arm chair tuning.

d) Positive channel identification both as to channel number and to selector
switch position.

c). Multiple dwelling wiring:

Wiring in dense urban areas and multiple dwelling buildings anywhere offer special
problems. Particularly the landlord problem and the access problem are of concern here.
Briefly this relates the difficulty of refusal or exorbitant demands by building owners for
permitting cable services to be provided to residents in their own buildings or even for
right-of-way for cable passage across their property to serve other people and buildings
in the same block. The right of "eminent domain" or "police powers" or other brute force
methods hove never been tried and may not be applicable. So far CATV services are not
vital or essential and reprisal measures such as might be suggested by the utilities or tele-
phone services are not effective for"cable. The atcess problem is a serious one resulting
from the practice of following electrical contractor wiring methods rather than communi-
cation services mohods for installation of Master Antenna Television (MATV) in apartment
buildings. /I The major difficulty here is that system wiring is located behind locked
doors, subject to abuses which cause service.disruptians or malfunctions but not available
for repair or control of the service operator. New methods of wiring the buildings and
methods of inserting cable into sidewalls for by-passing uildin have been thought out.
These methods cure this problem but the new practiCes m sold" to owners, building
trades people and to city departments.

/1 MAN systems provide a common antenna and cable connections for tenonts of a
particular building. Low cost and conventional construction trode wiring methods
has been governing criteria for these installations.
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C. System Performance

The design problem for loyout of todays CA1V systems is comparotively straightforward:
The daily problems of making everything work together, finding troubles ond solution to those
troubles requires undersranding, knowledge, patience and dedication. System design is
largely a problem of ccouiring good video signals or R.F. signals; selecting head end proces-
sing equipment which co:ds a minimum of signal degradation and spurious signals; and then
performing the crithme:ic of cascading trunkline amplifiers.

1. Eroadar.st receaHon. Good broadcast reception of a large number of channels
requires skiii luck. Even with the best equipment, tower location and propagation
paths, so-coiled studio quolity ie on impossible dreom. There ore many variables over
which the cable operator hos no control - the program' content; tile technical excellence
of the progrcm source (AT&T long lines, film, tape or the broadcosters studio cnmera);
the performance of the transmitter; the transmitter power; the propagation distance;
weather; end some multi-path situations. Surprisingly often the coble operator receives
the blame for these footers.

Co-channel interference (two broadcast stations on the some channel) plagues the cable
operotor because the FCC channel ollocation plan was conceived for the average home
owner with his rooftop antenna rother than a super antenna on a high elevation ar
200 ft. tower. Co-channel produces the familiar "venetian blind" effect resulting from
a beat of two carriers slightly off frequency, .or by a faint image picture superimposed
on the primary picture.

There has been much tolk about improved picture quality by taking direct video feeds
from local stations, cvoiding the R.F. transmitter/receiver stages. Some day we may
reoch that degree of sophistication, but it is not done now. The mere mention of the
possibility horrifies the copyright lawyers and regulatory bodies. The broodcasters are
torn between a desire to deliver better picture quality for their channel and an inherent
reluctance ta cooperate with a possibly competitive commercial enterprise.

Site selection, with considerations of zoning, real estate avaiiability, local interfering
signals, roadway access ond power availability and reliobility, requires money, patience,
time and often good local politics. Receiver site selection offers many opportunities for
second guessing - regardless of where you are there is always .3 possibility that it co.dd
be better.

Headend processing equipment and selection, performance and mointonance is totall y
the cable operators responsibility. Here, and perhaps also in the site selection, he is
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guided by what is available on the market, how well equipment fulfills its performance
specification claims ond by the economics of his system. The problems of demodulation,
modulation and Channel conversion hove been treated above. It h at this point that
color degradation, "birdies", hum, and system nohe can be introduced. Exact channel
tuning and level control are vital. Installation factors, also, influence system quality.
Shielding, filtering, wire routing and passive equipment use and location contribute
to headend performance.

2. Distribution. The distribution system represents a fight between "noise" and "cross-
modia-chese factors are most directly influenced by equipment selectron and
plant layout design. The losses in the cable, the number and location of thz signals
in the frequency spectrum, the dhtonce between amplifiers, the noise factor and linearity
of the amplifier, , the gain, slope, and output levels required and the number of amplit ars
in cascade affect distribution performance.

Noise is a random, broadband signal generated in'nature by the random motion of
7107ans. It contains no intelligence. Nohe interferes with coherent video signals
in the form of "snbw" on the picture tube screen, dancing black and white spots having
no recognizable or repetitive shape or period, covering the entire screen. It h esy.tiva-
lent tO "grain" in photographic film or "crackling" in radio. The "TASO" report 1 did
an excellent statistical, subjective study of video noise. Their picture rating conclusion"
indkated that "snow" was just perceptible when it was a little less than Pk (35dB) of
the desired signol level and that it became somewhat objectionable at 5 1/2% (25 dB)..
This figure in dB is known as the Signal-to-Noise ratio.

Noise is generoted even in possive reshtors in an amount related to the ambient tempera-
ture. Amplifiers generate same internal noise in addition to omplifying the nohe at
their input terminals. This is called the "Noise Figures" of the amplifier. Each
amplifier adds noise. In general, the system noise figure ircreoses 3dB (the noise power
doubles) each time the number of amplifiers in the system is doubled.

The compinion distortion to nohe is a problem chorecterhtic of CATV systems that carry
mare than one channel in an amplifier. It cannot be blamed on the broadcaster or
the program sources. It is ;able's own baby. Unfortunately, amplifiers are not perfectly
lineor the output signol h not an exact duplicate -4 the input signal (multiplied by
the gain). With non-linear circuits there h an oppchrunity for interaction between the
signals being carded by the amplifier to produce new unwanted signals of a distinctive
nature which cre the product of this interaction.

There are two types of such unwonted modulation. There oPe weals" known as "inter-
modulation" whkh produce a "herringbone" effect of horizontal bars or vertkal grids

ri The Report of the Televhion Allocations Study Organization to the FCC, published
March 16, 1959.

ri Corrected for a 4MH? bandwidth.
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showing a regulor pattern. There are "windshield wiper" or "cross-modulation" effects
where the video on one channel wildly dances across the picture on another channel,
sometimes so fast there is only a flicker, sometimes with picture content recognizable --
possibly es a "negative."

Although oll signcls in a non-linear amplifier will interact, the visual carriers - being
the stroTtest fixed frequency signals - produce the first noticcoble effects. Thus, the
number of visual carriers being amplified - i.e., the number of channels being carried
in a broc6ond system is a determining facto! in this distortion magnitude. Similorly,
crossmod increcses directly with the number of amplifiers in cascade. Since non-
lineority usually increases es amplifier gain is increased, the factor of how hard on
amplifier is driven cko contributes to this interaction distortion. Conversely, the
increase in cress:nod due to more channels, or to more omplifiers, con be compensated
by reducit amplifier goin of each amplifier. For example, generolly, the system cross-
modulotion can be held at the some level if the output of each amplifier is reduced 3dB
coch time the number orcas ded amplifiers is doubled. The output reduction for odding
more channels is not so sirrp! since the totol cross mod of many channels is dependent
on the phusing of the various ynchronizing pulses. The worst cose would be if oll pulses
occurred at the same time. If omplifier output is reduced and the cable loss rerrc.ins the
some, the spacing between a plifiers must be decreased, a more practical solution than
replacing the cable wi:h on having less loss (i.e., larger diameter).

New cmplifier designs are anticipating th em of more channels by attempting to
design more lineor circuits ond by using bblanced or "push-pull" amplifier stages which
concel out some distortion products. Other portial solutions include single octave
amplifiers (for example, 120 MHz to 240 MHz) The problem is recognized and the industry
is anxiously waiting some breakthrouah, some new method or idea that will help reduce
the magnitude of the distortion problems.

3. Test Eauiprnent . Test equipment for the measurement of system performance is
beco7nklg more sophisticoteci, expensive and requires more skill of operotion. It used
to be that a tunable, frequency ielective vacuum tube voltmeter -- for years miscalled
a Field Strength Meter (F$M) and now called Signal Level Meter (SLM) was obout
the only instrument cvollable cr understood. Now spectrum anolymers, which display
on x-y coordinotes o segment af spectrum and the amplitude of signal ot eoch frequency;
sweep generators; marker generotors; high performonce and wide-band oscilloscopes with
electronic circuit switches or duol trace displays are much more common. Some operators
have Time Domain Refiectrometers which send pulses along cable and sense any reflec-
tions, measuring the time for return ond consequently the location of a fault. All of
the studio test equipment of a broadcaster test signal generators such as multi-burst,
stairsteps, windows, color bars, 201 pulses, sine square pulses and the like -- with Vertical
Intervol gates to insert these signols unobtrusively while a progrom is in progress, is
now being acquired by some Multiple System Operators, and may be needed by all
cable ori3inctors. Color testing requires the Vectorscope which identifies the phase
and magnitude of color carrier signols.
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Some items, like crossamod test sets and differential gain/differintial phase testers,
just haven't yet reached a practical design or the pocketbook status of even well
financed coble operators. Operators involved in microwave have still another set of
test equipment requirements. -It is quite likely that testing laboratories or mobile
test services will evolve. A' full complement of test equipment with operating crew
will be rented or shored by several cable system operators. Perhaps one such laboratory
will serve a-whole region or area. The fact is obvious that as the cable industry grows
in services and magnitude the overhead of test equipment and personnel will skyrocket
far beyond the early days of the FSM and the multi-meter.

D. Standards

Contrary to the opinion of many, even those prominent in the business, there has been
active and serious thought given to now cable terms, methods of measurements and to standards.
The fact that so little demonstrable result can be shown is due more to the inherehtly slow and
painful way in which professionals make progress in controversial and strange technical areas.
It is not lock of desire, intent or effort.

The NCTA has had a Stondards Committee and an Engineering Sub-Committee that has
made progress. ,It has so for cdnfieed itself to terms, definitions, and methods of measurements,
rather than values, or subjective qualities. Its most notable efforts have been in adoption of a
standprdized way of measuring amplifier distortion (primarily crosszmodulation) and a method
of measurement of noise. Standards have also been released on subecriber signal levels and on
graphic symbols. Work is underway, together with the National Bureau of Standards, on a
Primary and Secondary standard for a 75-ohm, termination. The vast field of cable standards
is being attacked and,several attempts, so far unsuccessful, have been mode to establish per-
formance criteria.

The Federal Communications Commission has taken the bit in its teeth and issued (along
with a quantity of proposed rules) Docket 18894 suggesting an Amendment of Subpart K of
Part 74 of the Rules and Regulations with respect to Technical Standards for CA1V. Comments
have been invited by October 7, 1970, and it appears that shortly thereafter some or all of
these proposals will be incorporated in the rules.

The major considerations in tMs document are:

1. Technical Standards.

2. Possible Requirement of Minimum Channel Capacity.

3. Possible Requirement of 2-Way Capability.

4. Possible Requirement of Separate Origination Centers.

5. Performance Tests and Certification.

a
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In general, these proposed stondords ore reasonable ond ore intended, to identify proper
coble system performance. In some instonces, the proposol is orbitrory, ombiguous and occosion-
olly unduly burdensome. The industry ond other interested porties ore studying the document now
and hopefully will submit comments which will remove or..eose some of these points.

While the intent here is good -- the imposition of strict stondords, ond the obligation
for proof of performance by an cnnuol report to be flied with the Commission N on economic
burden cr.d o res triction which hos not been imposed on other services under FCC jurisdiction.
Broodbasters ond telephone cornponies would be sorelY,opposed to similcr iegulotions on their
industry. There is no doubt but whot there must be some mecswe of performonce other than the
economic control of satisfied or unsotisfied customers, but eoch meosure should be tried ond
tested for worth ond need offer service hos been stobilizecl rother thon the imposition of packoged

requirements end obligations. Certainly, performonce requirements ore far more reosonoble for
a 1CO,CO3 sub:criber urban system thon o 1200 customer rurol operotion where the coble signols,
although poor, ore substontiolly better thon normal home rooftop reception.

Other professionol societies, government ogencies, foundations, educotors, individuol
authors cnd think tank corporotions kve been increosingly interested in coble communication.
The Wired Communications Committee of the Communications Technology Group, Institute of
Electriccl cnd Electronic Engineers, has on IEEE Coble Television Tosk Force. This group is mode
up of professional members of the telephone, broodcost, ond the coble industry, consultonts ond
government cgency representctives. A sub-group of that Tosk Force hos met with the U. S. De-
pahment of Commerce to consider voluntory stondords kr new coble channels. The Society of
Motion Picture and Television Engineers has recognized"ccble ond hos invited representotives
to be members of working TelevNion Committees. In October 1970 the SMPTE plans o Coble
Symp.:siurn cs o full doy session ot their Annuol Convention in New York. /he Electronic Industry
Associction created o CATV Tcsk Force which hos submitted a mammoth report to the FCC covering
tEeir vkws on technical, regulatory, economic cnd sociological aspects of the industry. Other
groups end cornmitees are expending effort on on analysis of cable. The importont point here

is that the industry ond the technology has increosing professional status ond is being guided
along this poth at a speed and to a degree thot continues to astound the industry pioneers.'

1
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SECTION

P/

NEW SYSTEM PLANNING

Section III of this report, above, was primarily devoted to existing cable systems,
current terminology and practical system problems. This section war aaCRbe the current design
and operational trend that will affect the thinking of a substantial portion of the industry in the
next 12 to 15 months.

Without a doubt important decisions will be on de on extra channel carrioge. These are
the how, where and why questions facing the industry. Origination facilities expression plays
an importont part in this future. Two-Way transmission is it..K7ogress and equipment is
now available on the market. Th-emicrowavelocal Distribution Service, recently authorized
by the FCC, will be in use within the next year and offers an opportunity of ropidly expanding
areas of servjce within a 20-mile radius of existing cable systems.

A. Channel Expansion

More than 12 channel service is the major concern of many operatoin the industry.
Many present franchises have been obtained on the basis of offering a community additional
channel selection and the local franchising authorities will expect performance on these promises
in the near future. The manufacturers have hod two years to prepare methods and design equip-
ments. _Some operators have been testing their existing installations for mid band use, others
have installed multiple cables. Trenton, New Jer.ey, without one TV Broadcast station of its
own (a UHF station is about to go on the air) has I% iignals from nearby cities that can be
received by properly pointing a rooftop antenna. Add to this the origination, live and automatic
channels, and a total of 20 channels will be required for Trenton almost immediately. But the
industry still debates as to how multiple channel service should be provided. The following
methods are now being tested:

1; Single Cable/Converte-. The converter was discussed in some detail obeys in the
Home Equipment. Pimron ;er, uusu.J Ole reosons for using a con-

verter is its ability to permit selection of a channel that was not allocated for standard
1V broadcast and "convert" it to a channel that can be used by a normal commercial
receiver. .This means that with comparatively little modificotion oFon existing 12 channel
cable system, new channels could be added in the mid-band (see Table I). A converter,
which may be needed for a 12-channel system in any event in areas where there are
strong local broadcosting transmitters, can be expanded to accommodate additional
channels for subscriber viewing. If a converter for Oleg channel system were not
required, an equipment cost of 530. to 540. per custoper may be involved. If a
converter is olready needed, the at litional cost for 10 or more extra channels might be
as little as 55. or 510. The. unknown is how many of these extra channels can lie carried
on existing systems without substantial equipment replacement costs. If new amplifiers
are installed, having expanded bandwidths, and better cross modulation performance,
they may require different cable spacing than the 12-channel amplifier. There is a
serious question as to whether all contiguous chonr.els can be used, in the midband and
the superband or whether there be gaps due to unfavorable beat or hormonic.combinations.

29
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There may be other unexpected problems. We have the equipment to get some of
these answers. A cautious,approach and careful analysis for the cure of problenn as they
arhe is underway.

2. Multiple Cable. A solution to more channel capacity is, of course, available within
the Fe1;7717.---s.a technology and equipment availability. That solution is multiple
ccbles. Some dual cable systems are now in operation.

As a sirrplified exomple, an odsting 12-channel system could be enlarged to a 24-channel
system by installing a compl-tely duplicate plant which carries the same 12 channels but
with different program materiel. The only requirement in addition to present equipment
would be or. effective cable selector switch ot the subscribers set so that he could
choose channels on cable A or cable B. Additional care would have to be token at
all other points of the plant, especially at the headend, to insure that none of the
cable A signcls entered cable B and vice versa. By extension, there could be a cable C,
D, and so on.

But all is not cs simple as the above descriptiOn sounds. There is still the off-air
(emblem) signal interference which, in a city like New York, would limit each cabje
to six channels without a converter (there cre seven stroniVHF broadcast stotions rn
the immed:cte area). Thus, swo ccbles would only provide 12 channels and 3 cobles
oMy 18. If a converter is progidcd so that 12 channels can be used on one cable, that
some converter could, at low cost be extended to accommodate more than twelve
chow:els -- without the need of a complete duplicate plant. Double plants do not
necessarily mew double costs. Savings on installotion costs could be realized if a
multiple ccble plant was instoll ed.originally -- but to ratrofit on existing plant with
multiple ccbles is a more costly .and difficult tcsk. One other point, multiple cable
drop lines must be run into =eh building and to eachlelevision receiver switch.
Operctors are wory enough cs it is of the problems of running a single cable through the
hotoe. A bundle of cables along the baseboard, around the doorways, or under the rug,
ccuses considerable concern.

Certoinly multiple ccble plants will be installed. Multiple cables offer attractive
cdventeges for two-way transmissions. Second or.third .cabl s carrying private or limited
access informotion (sUch as o police or municipal or public s hool chonnel) rather thon
full st..bscriber access, seems reasonoble, and the volume o traffic may demand this type
of system expansion. Multiple cable plus converters brings cable capacity up to some
of the "blue sky" numbers that have been suggested.

3. UHF Distribution. It is logical to ask why a cable system does not extend its '

frequency range-up through the UHF range of the spectrum (400 to 800 MHz) and take
advantage of the UHF tuners that ore now required by FCC regulation for all home re-
ceivers, The contemplated FCC requirement for discreet channel selection at UHF,
rothor thawthe continuously variable tuner now used insets, makes this even more
attToctive.

2;ti)
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The reosons why this has not been used are primarily:

1) Because of the greater attenuation incurred'in the coaxial cable. This increase
h approximately equal to the square root of the frequency difference -- thus the
cable losses would be a little leis than double.

2) Solid state (transistor) devices which work at these frequencies de not as available,
field tested or reliable and do not have the same performance ratings as those now
readily available for. the VHF range. New integrated circuits may offer new hope here.

3) There is not sufficiently large or varied eraughs supply of passive devices sufficiently
broadband to accOmmodate both the UHF and the VI* frequencies.

4) The UHF tuners usually rrovided in commercial television receivers do not have
the performance of the VHF tuners. It is generally conceded that without better
tuners adjacent channel operation at UHF would not be possible. It is also questioned
if the wider front end bandpass would cause cross-mod in the tuner.

5) There is continuing pressure on the FCC to reconsider UHF channel allocation
assigning it to other services which may have a more critical need for radio communi-
cation. TV sets without UHF tuners would require cable system provided converters.

4. UHF block conversion. At least one manufacturer has proposed, with equipment
to support his suggestion, that channels bq distributed at VHF frequencies and then
block converted at the subscriber's receivers to UHF, allowing the set UHF tuner to
select the desired channel. This would eliminate the need for a tunable converter but,
because of the problems of commercialtet UHF tuners mentioned above, adjacent channel
operation is unlikely and the available VHF channel capacity would be cut in half.

5. Declkoted Drops (Discade). One British and one U. S. company are convinced
that a dedicateddrop system is the answer to multiple channels. Each system requires
that each subscriber terminal be connected to a switching center located nearby. All
programs would have the same carrier frequency. A single channel converter at each
subscriber terminal wouldprovide usable signal for a standard TV set. Channel selec-
tion would be by a telephone dial or push button arrangement working back through the
drop cable to the local switching center. Thus, only the channel diuled would be
connected at that switching center to a particular drop cable. 'The British system uses
a mechanical switcher and a muitip!e balanced pair cable. The U. S. system uses a
solid state switcher and coaxial cable. The problem of gettin- multiple programs on the
same channel frequency to each local switching center would ...quire a separate cable
for each channe' from the headend.

Both companiAre so sure of the'benefits of this system, especially for future service
eiPansion, that they have at their own expense installed pilot systems (one on Cope Cod
and one in California) for test. Cable operators have so far observed with interest but
have reserved acclaim. The opportunities for system control cnd expansion are attrac-
tive, the simplicity of a single law frequency distribution system could greatly ease
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line arriplifier and component problem. But the complication of line switchers and
separcte cables fareachsubscriber terminal (not one cable for each building) is
frightening. Even if epch local switcher station served only a few hundred terminals,
the bulk of the cable and the pole line or underground installation problems gives pause.

B. Channel Reuse
44.

More recently, with the growing demand (as in, the râcent FCC Dotket 18894 and
in the K!ew YOrk City regotiated franchise for Manhattan) for sep-arate origination centers
serving moiler and smaller neighborhoods, consideration has babn given to channel reuse. '

'Trunk line rositing can be planned so that there is a commob Point of trunk /sub-trunk
feed for each reighborhood. If si.ich a point is established a truly local program origination could
be irserted at the point to serve that neighborhood. The trouble is all other neighborhoods
served from thot trunk would receive that same program and their own neighborhood service
would have to be time shc or modulated on a different channel. Soon, the full cable capacity
would be occupied VAth neighborhood originations at the end of the line while near the he'adend
there would be many blank channels.

, If a program on a single channel could be "erased" (totally deleted) from the trunk
when that trunk crossed the arbitrary boundory into a new neighborhood, then that channel could
be reused. A new local program could be inserted on that same channel for the local viewers,
and7si"Ige next boundary the process would be repeated.

Deletion of a channel without degradation of adjacent channels is a.difficult operation
but there is some hope that it can be done. Design work is being conducted now and preliminary
rcsults cre encouraging. It is quite likely that a v.arkable system of channel reuse will be
available within the time Frame considered in this section.

As an appropriate aside at this point, it is increasingly apparent that many demands for
channel availability hove not considered time sharing. It is generally-sjpposed that use of a
channel means dedication of a channel fo7F atiular use. Cbnsequently; the demand for
channels hos occasionally reached astronomical figures. Each school ond each police station
does not re:wire a separated dedicated channel. Lawyers, doctors, and other professions might
share c channel. Time sliming has long been the praetice of broadcasters who clivide,up their

'worxing day into segments as small as 10 seconds fo 'accommodate a particular interest. Time
shoring, in even smaller segments, is customary in the computer field.

Similarly, it is little understood fhat repetite transmissions --e wasteful of our comm
cation resourcz.s. Unless there is new information to be added or unL.. an error check
only one transmission is needed. Do not send The scme picture 30 times a second for several
minutes. Send it once, capture it on special terminal ecfuiprnent for local reproduction and
vievAng. Release the remaining 1799 frame transmission opportunities in.that same minute, to serve
someone else. Time sharing of a broadband cable facility is a fantostic multiplier of sem' s.

;

a
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C. Two-Way

Historically, CA1V systems hove been one-way transmhsions. But the cable doesn't
care, it's bi-directional. Only.the amplifiers, and some of the passive devices, are single
ended. If proper equipment is used, information can be sent on the cable from any poin' on
.the network, back to the headend. This "upstream" transmission is in ti.e opposite direction
from the "downstream" flow of conventional cable distribution.

Obviously, a second cable could carry upstream information but o single cable can
carry information simultaneously with the downstream flow if the two transmissions are at
different frequencies. The amplifiers must be capable of rejecting (or be protected from re-
ceiving) those frequencies not intended for their proper direction. If this protection were not
provided, the amplifier output would reed back to its own input and the circuits would break
into uncontrolled oscillotion. Some manufacturers are suggesting that a second cable be ured
for that part of the netwei which involves amplifiers and thot upstream transmissions on a
single cable be made through passive devices only.

When amplifiers are involved a gate or one-way valve is needed to keep the two
directions of transmission separate. Electronically, thh h done with cross-over filters. A
cross-over filter accepts all frequencies at its input. it has two outputs and directs ase group
of frequencies to output one and another group to output two. Any frequency that is not in
the downstream band could be used for upstream tronsmissions, provided a suitable separation
filtei could be birilt. Since expanding cable services contemplate using the "mid band!' and
"super band" for downstream channels, the obvious space remaining for.upstream is thot 'portion
of the spectrum below chonnel 2 (below 54 MHz).

Now, the question is, how much information must 'ravel upstream. If it is narrow band,
for exami3le as the FCC suggests, "at least the capacity equivalent to a single 4 KHz message
channel" the.problem is considerably eased. This bandwidth would allow one voice communi-
cation, or perhaps narrow band telemetry; but it would not be much harder to vrovide a full
6 MHz Upstream band which wouI4,..for example, permit a television program to be inserted
anywhere in the systeA ond sperback to the headend. There it could be used, or recorded,
or converted to a downstream channel and immediately distributed to all nibscribers. Such a
channel does not exclude voice channels or telemetering channels ono time thared bosh but
it odds the wonderful capability of remote originations anywheremithin the cable area and
permitting instant distribution of that origination throughout the full network.

As an impractical maxim*, the full 54 MHz, or 9 IV channels, could be used below
dowteam chonnel 2. As a practical matter, the upstream transmission must be separated
from the downstream band by twenty or thirty megacycles to permit a reosonable cost of cross-
over filter having suitoble phase and omplitude characteristics. Similarly, to simplify upstream
amplifier and equalization problems, the low end of this upstreom spectrum should be held in
the 5 to 10 MHz range. Assume that an upstream band From 6 to 30 MHz is provided, this
allows 24 MHz or the equivalent of 4 upstream 1V channels,' with equipment that may be costly
to build and install, but well within the state-of-the-art. Several manufacturers displayed
such equipment at the last NCTA annual convention ond now offer it for sale. Mony more manu-
facturers talked about it and apparently are diligently working on their own designs. A few
operators ore installing such equipment for cautious tests. They must find out what passive
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components have to be replaced, what ambient or system interferences will be encountered,
what the upstream transmission does to the downstream signals, what installation (retrofit)
problems will arise -- while they maintain normal service for their customers. One problem,
not yet tes:ed, is the addMve effect of upstream amplifier noise from parallel feeders. This
effect is not present in the downstream direction. \

1

Some manufacturers ore incorporating the two-way crossover filters and amplifiers in one 1

package with new, extended band downstream amplifier -- as permanent circuits ar as plug-in
modules. Th:s is fine for new systems but many operators will want to salvage as much of their
existing dowrstream plant as possible. Thus, an add-on package of amplifier and filters seerm
desirable. Note that the cable lasses are lower at the sub-band frequencies. Upstream amplifiers
need be added only at every other downstream station but a pair of cross-over filters will be re-
quired at every downstreom emplifier.

D. Local Distribution Service (LDS)

One of the problem of cable distribution is that it serves contiguous communities or
dwellings w;thin the limits of amplifier cascades, but will not extend its servicos any great
distance across unoccupied lond to serve smaller communities or population clusters wound a
ceble service area. If there are not sufficient subscribers to warrant a separate headend or
tF.e coo of maintaining long trunkline spurs, those smaller clusters will not be served. Also,
there we often physical or man-mode barriers, impossible right of way clearances, or weather
aorditiorn which make service impractical. In large cities the high cost and public inconvenience ,

of t.r.:.lerzround construction is a serious deterrent to cable extensions. In 1965 one MS0 and a
prominenr electronics manufacturer requested an experimental license to experiment with a new
meens of using microwave Frequencies to distribute multiple processed signals through the air
'tom o cable hecdend (or some point on the cable plant) to sub distribution centers within a
locol area of some 10 to 20 miles radius. Tests were made in the 18 GHz band, which hod been
cssigned by international ogreement to commercial use but had not yet been allocated or licensed
by the FCC. The design utilized a modulation method which translated a television chonnel
at VH: :o the microwave frequency without on increase in total spectrum space. Thus, a 6 MHz
VHF channel still required only 6 MHz of spectrum when translated to 18 GHz. Normal FM
microv.a.-e equipments use 25 MHz of microwave spectrum For a 6 MHz TV channel. In this
manner, the relative spectral relationship of all the channels on the cable could be maintained.
A relatively simple receiver is usedlo return all of the cable channels bock to their original
VHF procetsed Frequencies (without requiring base band demodulation). Final distribution
From the receiver point to to the subscriber's terminal in the local area was mode in the con-
vent:onal coble manner. Thus, a "cableless cable Facility" was created which replaced trunk
line witl-out requiring physicol cable plant installation or maintenanre. The solid state receivers
were small, about large notebook size and, with their 4 Ft. (typical, , ..rabolic antenna, operated
unattended.

Tests of the equipment design arsd 18 GHz propagation (lack of use of these frequencies
meant very I 1 ttle practicel knowledge on characteristics) were successful. A petition for
permanent allocation of a portion of the 18 Gi.lz spectrum for this service Was denied pending
a World Radio Conference now scheduled to start in mid 1971. A subsequent request to permit
this new service in a 12 GHz band already assigned to CATV service was granted in November
1970. This is the so-called Community Antenna Radio Service (CARS) band (shared with
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broadcasters) from 12.7 to 12.95 GHz. At the some time, the Commission revoked an earlier
restriction, and now permitted microwave transmission to be used for cable originated programs
as well as for broadcast signals.

Design changes to accommodate the frequency switch and to incorporate operational
features resulting from the experiment are being mode. Production equipment is expected tg
be available to the industry by mid 1971. Experimental transmissions, with a waiver permitting
actual use in a CATV system, are continuing in New York City in the 18 GHz band. A
similar test in Farmington, New Mexico has now been shut down.

In July 1970, the Commission, at the request of another manufacturer, extended the LDS
rules to permit multiplexed frequency modulation for this service as well as the Amplitude
Modulation granted in the original action.

E. Integrated Circuit Technology

The electronics industry is now beginning to apply the benefits of the tremendous
advances it has mode in circuit technology. The various forms of integrated circuits including
thin and thick film, MOSchips and other advances -- as yet unfomilior to this writer -- are
being considered for cable amplifier and other cable equipment circuits. At the last NCTA
convention, one manufacturer domonstroted a 300 MHz bandwidth amplifier having normal
performance levels, no larger than a postage stomp. This approach is so new -- but also so
positive -- that the benefits to equipment design we hard to predict. An increasing number of
equipments offered to the industry can certainly be expected to incorper ate some portions of
this new art.
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SECTION

V

PROPOSED SYSTEMS

The following proposed expansion for cable services is being seriously studied. Engi-
neering design work is underway and actual .hordware is being built and tested. Some of the
corr.puter services (see SRS below) will be in commercial use in as little as 12 months. How-
ever, because of the magnitude of the projects, the uncertainty of regulatory limitations,
the practical design unknowns and the normal time cycles involved it is not expected that
these proposed systems will be in general use for cable services before three to four years.

SUESCRIBER RESPONSE SERVICES (SRS):

No generally accepted or suitable name for this service expansion has been odopted.
Those who have considered the potentiol of the services that this exponsion offers are unanimous
in their Ellie that this is the most exciting advance in communioitions in this decade. The
speed with whic;1 H will be availoble for productive use will itself be amazing. The techno-
logical cnd social timing is perfect, and a new, aggressive and-competioive home communication
network is, for the first time, available for its application.

Basically, SRS is a computer controlled, broadband data transmission, interrogation-
response system worldng in close harmony with visual and aurol displays and records. It
benafits from tile speed, memory capacity and processing potential of third generation computers.
It is served by a cable transmission system that considers a one or two megabit data rote as a
loafing cssignment to be tucked away in some unused corner of its normal bandposs. It occurs
when circuit technology compresses twenty transistor data circuits into the size of a small button.
It is offered to a generation familiar with television, pushbuttons, solid state calculators and
computer education. It con be mode available, quickly, to serve large portions of the public.
This is a wonderland of opportunity that is quickly being populated with the thinkers, the dreamers,

-the ccutioners, the regulotors, the status-quoers ond, fortunotely, a few doers.

On a coble communicotions system, capable of handling high spoed data, each subscriber
terminol is assigned a d:gital address. This oddness gives that terminol and the people associated
with the terminal location o distinctive identification. The comlauter, which hos momorized
this oddress uniquely associates the address with tliese people, their physical location, ond
possibly other pertinent dcto such as the sociologists and the politicions may allow. The terminal
at this locction is told i:s own oddress -- which consists of a series of pulses, ones and zeros they
cre called, in some distinctive combinction. For example, a string of 14.of,these pulses, which
at a one megabit rote would occupronly 0.000014 seconds, co'uld uniquely identify one of over
16,000,homes. The terminal, being on a giant party line, looks at all the addresses which the
computer sends out on the system and it rejects all of the addresses except its own, the only One
it recognizes. It then opens its door and says "What do you wont of me?".

The.computer follows up the address with an instruction, also in digital form, which the
terminal accepts or interprets ond forwards on to some associeted and cooperative device within
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the home. For example, the computer could say:

"How aro things? Any emergencies here?"
or
"Do you have any instructions for me?"
or
"How do you wont to reply to that last question on educational channel 14?
Of

"What is the reading on your water meter?"
Of

"Turn on your bard copy printer, I'm going to deliver you a message (or acknowle4C.
your instruction)(or submit to you a bill for last month's electricity)".

Now, the terminal has a chance to talk bock to the computer, confirming its address and replying:

"Everything's fine here."
Of

"This house just lost electric power."
or
"My water meter reads
or
"My hard copy printer is on and ready to receive your message."
or -
"I would like to buy that ballpoint pen just demonstrated on Channel 8."
or
"I hove a message for you to collect and take appropriate action."

These replies con also be in digital form, a string of bits which hove to be decoded to be
understood in the illustrative language suggested above. This information is sent back to the
computer over the same cable system but an an "upstremi" frequency.

The amazing thing is the speed with which this ccticr. tr.ke placc. Using the
megabit rate described, ten thousand of these little machine conversations could take place in
loss than a second. The computer must then have the capacity to sort out the replies, discord
useless or no-action information, memorize and possibly act on or forward useful replies or data.
If a particular terminal requires more time to conduct its business than is available in a single
roly such as receiving a lengthy message -- the computer may give it mare time than art
in ctive terminal, or instruct it to use an auxiliary channel where its business won't be interrupted
bycjhe normal sequence of interrogate/response. The essential thing is that a high speed, time
sh ing, machine assisted and disciplined transfer of information between an individual and a
ce tral point is provided by means of a cable distribution network and suitable terminal equipment.
This is quite different from the public message voice network, where dedicated low band-pass
paip and elaborate switching centers allow "anybody to anybody" connections for undisciplined
voice communication geared to human reception and response.
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The home terminal design objective is to keep the cost of the basic subscriber's terminal
very low (in the price range of other home appliances) even though some of the associated
equipment like the television set,, or the hard copy printer, or the burglar alarm sensors,
represent addltional cost.

The subscriber response services enlarge the television I'veindow on the world" to
an avenue cf commerce and information for every home. The magnitude and potential,
only suggested by the stretchy description above, requires careful contemplation and
consideration to be fully understood.

COMMUNICATIONS SATELLITE

The October 1973 Docket of the FCC regarding expanded uses of cable encouraged
networking of corrle systems. Such networking provides a new opportunity, which is not

ccpa:i:y 1:mited, for divributing minority interest programming on a national
scale. An obvious way to bring multi-channel broadband communication signals to any
point in the country without an impossible cross-country construction program, is by means
of o domestic communicatioiss synchronous satellite. The door was opened forihe
prOgrarninir.g industry use of a dedicated satellite facility, in controst with use of common
ccirrier services, by the January 23rd White House recommendations on Telecommunications

Thh was reinforced by the FCC invitation Docket 16495 released in March of 1970
for the establishment of Domestic Communication Satellite facilities by Non-Government
Entities.

The following excerpts from a paper,"CATV Applications and Satellite Communications"
delivered in a light vein by tbe:writer at the 1970 convention of the National Association of
Broadccsters, expresses some points on the satellite question.

"Th: cable industry is in by far the best position ofany organization or
group to cause a domestic satellite service to happen now. The satellite
is ideal for notional or regional interconnect -- particularly from a limited
number of insertion points to a vast number of receiving Points. And, CATV
systemst have the local terrestrial facilities, inCluding Local Distribution
microwave and coaxial cable to deliver satellite signals right into the living
rooms of a vast and rapidly increasing number of homes."

'Wny not Cornsa`t? ---.0 Comsat bird must be all things to a!! people. It
must be big and costly and probobly wH1 be delayed until a minimum number
of users are assured. It has the same problem as one of its major stockholders,
AT&T, in that it cannot contract for services at a rate which can be guaranteed
so that cost obligations of the user would be known in advance. It is an
alternative that would certainly be attractive -- if no More attractive
alternative existed."

"Doest he cable industry, or some segment of the cable industry, have the
necessary legal, technical and financial qualifications to accomplish such
an "out of this world" project? We believe the answer is "yes."

.1
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(Regarding technical qualifications) "Here we would lean heavily perhaps

entirely, on o giant in the electronics ond particularly in the space

communications field of technology. This giant has already established a mostL,
impressive record of working satellite successes. This record includes ATS-1 and 3;
Syncom 2 and 3; Intelsat I and three versions of Intelsat II. Today, the first
model of Intelsat IV is under construction."

-a complete study in depth (has been mode) of the factors and trade off design
of a CATV satellite earth terminal. The nature of the study is revealed by this
Table of Contents:

System Requirements
Station Configuration
Cost Analysis & System Trade Offs
Antenna Sub Systems
Receiving Sub Systems
Power
Control Monitoring and Test
System Installation
Electronic Shelter.
Re liab:lity
Alterncito Configurations
Transmission and Quality Requirements
link Analysis
G/T Ratio Comparisons .
Frequency Demodulator Requirements
Sun Outages
Antenna Economics.

"Similar studies are now being completed on a multi-channel bird which, altivugh
requiring only the comparatively inexpensivc Th.w Dclta launch vehicle, will
accommodate 12 channels for full national coverage, having a design life of five
to seren years."

Since this paper was written Canada has decided to use the bird and ground stations described
above for their national Telsat system. On August 17th the following letter was sent to the
Federal Communications Commission:

"Referring to your Docket 16495, the TelePrompTer Carves 'on contemplates a
filing probably in participation with the Hughes Aircraft Company and/or others,
for a domestic satellite.

4

Pursuant to your letter of August 7, 1970, we anticipate this filing will be ready
by October 15, 1970." (signed) Irving B. Kahn.

.. 8
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The above excetrpts and information ore presented here portly for status and infonnation as to
the nature of the satellite project and its relation to CATV, portly to indicate the seriousness
of the intent to establish the service. Because of the film Canadian commitment engineering.
design will proceec while the Commission is deciding the merits of the several filings that are
expected. Western Union has the only application ori file to data.'\

It is reasonable to esstime that if prompt and favorable decisions are made, it would be
possible to have a omtic satellite service triailable for notional CATV programming inter-
connection, servi g a sastantial number of cable systems through ground receiver stations
akar near their h d end, by 1974. This is well within the framework of years of the Sloan
Foundation study

The or once of :he World Radio Conference scheduled for Geneva in June 1971
should be stresied here. Present domestic satellite systems hove a limited number of possible
ground to satellit rer.smit stations (up-link) at full time perrnanent locations because the
frequencies.are shiored with =tablished terrestrial services. Severe restrictions on interference
from the new serv ce require diligent and costly surveys to locate suitable "electromagnetic
holes" in our notiokal geography. The agenda of the conference will probably include
consideration of exclusive satellite frequencies for uplink transmissions. Such new spectrum
allocation will substantially extend the opportunities' for progrom origination from local
communities and.for data feeclack to notional computer processing centen.

A 1

LASERS

A final "blue sky" word should.mention an area of technologic development that may
beer fruit witMn the next 10 yean. Great progress is being made with coherent light beam
transmission and modulation. The tremendous bandwidths available and the beam control
postible in this portion e the electromagnetic spectrum mcke loser technology a matter for
interest and careful monitoring. These advantages might peirnit transmission of almost
unlimited numbers of TV channels without interference and without costly demodulation
equipment.



CONCLUSION

4

SECTION.
VI

-38-

Coble television, now exponding into cable communication is a healthy and vigorous
business paying its own way as it goes by offering a true public service. This existing business
provides the framework on which modern technology can build additional services. For various
reasons irtdicated above the technological state-of-the-art is now, or will be within a few years
span, capoble of providing communication services that were never anticipated or may hove been
supposed to be many years off. A healthy encouragement of the development of these services
would seem to be in the public interest. Certaiii protections, to be applied after a suitable
period of experimentation and growth should be provided to prevent abusive control which might
not be in the public interest. The attitude of "let's not do arything now because it may be bad"
or let's not do anything now becalm in a few years there may be something better" are both
self defeating. The fear of intruding on the domains of established services or interests is
depreciative of the ability, drive and inginuity of the men who direct those services and of the
real worth of those services themselves. A wonderful communications opportunity has been
created, almost by accident. Let us use it to good advantage.
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