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INTRCDUCTION

‘ : of the "everal anclytic studies" in the memo of Stephen White to Professor Edward S. Mason,
' dated May 23, 1970. Fallowing the tone of that memorandum, this study will deal with more
than just o tutorial description of terms and hardware and systems. It will also try to present
_the technologic growth pottern, cescribe some of their growth incentives and onalyze technologici
distinctions between cable and other existing communication services. 3

This paper has used as o guide the outline paragraph "technology" sugg;s'ed as one ;
i
LI
J
]

The writer is aware of the temptations of "blue sky" reporting.* f indulged, it will be ) '
identified as such. However, the technology has progressed farther and faster than members
" “of this commission and-staff might.know_~_even foster than many of the seasoned cable system
operators might know, or choose to believe. The factor responsible foi this grawth pattern is
~. timing. Cable ccmmunications has cppeared on. the scene of history at a time of explosive
exparsion of reloted technologies. Data theory, computer design, solid state circuitry,
oroital vehicle control, cammunication theory, ond a vaost cadre of highly skilled engineering
companies and personnel ready o cpply this know-how, was not created by the cable industry
but have converged at a point in time ready for efficient ond immediate use by the cable
industry. Therefure, earlier time cycle standards, even those of our own gereration, for an
industry building on new technologic developments, do not now apply to cable communications.
The five to ten yeor growth pattern under examination by this commission is not technology

limited. The controlling factors will be:

I. The desire end true public need for ond the productive use of broadband -’ "
inforration service and entertainment occess for the home. '

2. The incentive, faresight and wisdom of industry and other leaders who .
must marshall the risk capital, realistically apgraise the political ond » -
competitive fights, and supply the energy to make this happen.

3.. The effectiveness ond magnitude of opposition of established services
whose immense plant investments or carefuily developed profit patterns
coution them to let new services hoppen "all in good time. "

4. The vision, energy -ond competence of regularor.y bodies.
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SECTION
i

SPECTRUM UTILIZATION (See Toble I)

The highway over which the produce of communicotions con be corried to ond from
market is the electromagnetic spectrum. AM radio, television broodcost, mobile radio,
microwave, ond even visible light,ore electromagnetic waves that con exist simultoneously
ond distinctively in the space oround us. The distinction is that they occupy different
portions of the electromagnetic spectrum. Eock: sigral rides on o different lone of the
highway, identified by its frequency number, i.e., the oscillotions per second of its corrier
wave. Physicol lows govern the charocteristics of propagotion through space of each -
frequency, how the wave behoves in the otmosphere, the effect of physicol obstocles or
ionized oreos, the meons by which it con be formed into directed beams or rodioted in ol!
directions from the ontenna, etc. Intereshngly enough, the speed of propagotion through
space is not o funchon of frequency; it is the sams os the speed of light.

Signol; rodioted into the otmosphere con be collected by on opproprjate ontenna
ond "tuned” by o receiver. In this manner, one distinctive frequency (whose occupancy of
the spectrum is reguloted by the Federol Communicotions Commission) con be coptured and
omplified. Then, the intelligence (dots and dashes,-or voice or pictures or data) on that
carrier con be "demoduloted ' ond reconverted.to o form fomilior to human sensory organs
or to "alk" suitable for machines.” Obviously, if two signals occupy the same frequency
ot the same geographic locotion there will be “interference " between these two signols.

. The onnoyance,of this interference depends upon the relotive signal strengths and the muthod

of "modulation” (the mears for impressing the intelligence on the corrier). .

To ovoid interference rodioted signals must be separated in:

!

o. Frequency - what part of the spectrum is used.

b. Lecation - sufficient separation between tronsmitters.su that
the interfering signal strength at o receiver locotion is below
tolerable levels.

c. Time -"turn off one traismitter when onother is turned on.

Obviously, these restrictions limit the number of radio transmitters that con be
ossigned to o particulor service ot o particulor locotion.

There is onother meons, however, of using the same frequency simultoneously in the
some locotion. Do not ollow the signal to radiate. Keep it confined so that it reaches the
receiver terminals over o shielded ond o controlled path. Protect the signal from interference

. with or by rodiated signols which saturate the oir.

. Physicol wires offer this opportunity for o directed confined signc;l distribution system.
The most suitoble of the wire configurotions is the *coaxial coble” which will be described in

more detoil below. While cooxiol cobles’may not corry oll of the electromagnetic spectrum,-

certoin types can corry © suffucnently lorge chunk of it 16 occommodate all of the broadcost
bands ond many of the other services. The presently limiting foctor is not the coble so much

os ossocioted system equipment.
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Cooxiul 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 *
. capacity each time we choose to install a cobxial cablesystem for distribution of signal to
the homes in that city. Eoch such cable system represents @ quantum jump in our communication
capability. Instead of husbonding the assignment of radio channels for a limited few, the
economy of scarcity; we can now challenge the.imagination and energy of programmers,
servige suppliers, community psycholdgists and educators for productive utilization of the
communication channels that can be made available. .
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SECTION
m

EXISTING SYSTEMS
\ A._Gererl

L ' The incentive far the first introduction of the wired cily wos supplied , under our
¢ S free enterprise system, withaut subsidy or withaut lang~range plannina. We stumbled inta
it by aur need ta fill a need. A community antenna service evalved ta capture ond
. distribute broadcast televisian signols to hames Ina cammunity in o manner batter or more
convenient than the'individual homeowners cauld da it for themselves.  The service
proved ‘ta be easily marketable. Ingenious applicatian of limited but ovailable technology,
the desire for better signals,and freedam of chaice in program selection and a favorable
. cost, cambined ta form a new indusiry,

As ward spread that a new "home town" business had been created mare irdividuals
IR with same skill and much ambitian took the risk of installing systems. The market for
hardware increasedjond by necessity manufacturers began devating engineering effort ta
develop specialized equipment. Better equipment and an increasing demand for more
service eventually expanded systems from '3 ar 5 channels up ta 7 or i2 channels. Operators
soon found that unlikeé breadcest station allocatians and cantrary to “expert® apinion they
cauld accupy od'lace'n ,channels on a single cable.” Channels 2 and 3, which are adjacent
in the frequency spectrum, are never licensed ta broadcasters in the same orea. Cable
operators found that if they balanced the levels of the visual carriers and reduced the level
of the FM sound carrier, commercial television sets would successfully receive signols an
both 2 and 3. This ane develapment effectively daubled the viewing capacity of the hame
VHF receiver. Even the lurgest metropolitan area (New Yark, Los Angeles, etc.) were
ossigned anly 7 VHF broadcast channels. Cable viewers in many small communities have
occzss 1o pragrams anall 12 VHF channels.

Twa questians then arose. Why would a cable operatar want to go to the expense of
increasing the channel capacity of his system; and haw would he progrom these additianal
channels. The why was the increasing competitian far franchises (the local community
licenses ta insro“-:hysicol plant on public progerty) and the appqrent expansian of market
potential with expanded services, The how was by imparting more distant televisian
signals, even thase beyond the range of even the most elaborate broadcast receiving
antennas, using lang-haul microwave and by "canverting® UHF television broadcast statian
signals ta the VHF spectrum.  An example of the farmer is the importation of the Spokane,
Washingtan broadcast statians across the Rocky Mountains, using several repeater micrawave
stations, to Great Falls and many smaller Montano cammunities. An example of the latter
Is the conversian (ot the head end) of the New York City Municipal TV Station, UHF
Chonnei 3! to VHF Channel 3. There it con be successiully received by many more people,
and it hos a much more favorable competitive positian on the selector switch of the viewer's
television dial. - . '

&
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The problems of regulation, copyright and competition vith estoblished medio enter "t )

into the obove picture. Cotch words like fragmentizotion, piracy and non-duplication ’ .

become part of the industry vocabulary. But such matters afe not the subject of this paper. .+ .

. ) e

A third means of “filling the channels" was for the, cable operator to producehis . .

own programming. This ppened up a whale new requirement for technicol equipment, skills - . | -~ ‘ 4

and operoting experiences. Monufacturers quickly produced some primitive but effective ‘

“eutomatic _progrommers" such as the weother channel, the news ticker, the (delayed) * - :

stack market tape.  Some operotors invested in inexpensive 16 mm film comera chains ond o -
sought out the cheapest feature film they could find. Here they competed with the "grind" !
programming of some broodcost stations. But this kind of programming was just "more of the :
same" ond it was o capital burden since there wos no odvertising income to support even !
these modest costs. Where good product could be run in areas where there wos not enough g
broadcost fore o provide o choice of "escope " programs, film features were dccepted and }
1
|

&

ore used. )
The really new sérvice of cable come from those operators who hod the skill,

foresight or competitive need ta provide “locol event origination, ® Here is a service that
even the smallgst broodcaster with his many thousands of square miles of coveroge connot .-

1 provide. Mere ¥ a service that the cable operator has both the channel copacity and the

.. " distribution cirectivity to'do well. It converts television from o mass interest media into
o minority interest media. Andso local origination, with ifs related regulotory invitations,
, competitive turmoil, new skill requirement, odditional investment needs ond potentigl labar [

problems come into'being. o - ’

Filling the channels was so successful ond an increasing dery/nd wos so insistent that e
operators soon suspected that more than |12 chonnels would be required. :

: - As the needs, potenticl and magnitude of this new industrycreincreosingl):uqdemood,
the requirement for hardware and soecialized design is attracting the interest of many
competent engineering ond manufacturing firms. . Some of these are investing sizoble gapital
in studies of the market and in product development. This may seem a paradox ot o time

. when regulatory restrictions, delays and uncertointy on pending legislation ond control -has
*+ severely limited new systemstarts. The productlon planning and engineering programs of [

established CATV equipment suppliers hos been seriously curtailed and substontiol personnel

L

cuts hove been impcsed. v

One irgredient not discussed above hos influenced the existing technologic pottern - L .
and future development of the industry. This is the avolution of the Multiple System Operator . - ' '
N r AMSO). Towatds the end of the '505 some of the single system owner/operators begun to
expand their own group of cable holdings or 16 sell their systems to other operotors. This i\ "
extended base of operation permitted more dollars to be devoted to system planning, 1
professional engineering, purchasing control and centraljzed accounting: Today. the largest i
of the MSO's serves less than seven tenths of one percent of the natidnal television homes ; ]
o fractign of thé homes covered by just one broadcast station in a major market. But even 3 } .

this small broadening of the bose of operations has provided the means for evaluoting the true

potentiol of cadle communications. -
o ' )
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B. System Description
¢ " . . .
y A system manager must have many talents. In a small system he is adminisratar,

technician, salesman, community friend and booster, palitician, right-of-way negatiatar,
trauble shaater, camplaint solver, and bill callectar. 1 larger systems he can offard - ,
some staff ta assist in these prablems. In multiple system arganizotian he can call an . : ' ]
specialized guidance, for his implementatian, in each of these categaries. Most cable ' '

: - operatars are members &f the Natiana! Coble Televisian Associatian (NCTA) where
they have access ta advice, guidance and data relating to thieir prableis and ta the
interests of the industry. The annual natianal canvention and many.regianal meetjngs
provide management and technical papers and attract impressive product and services .
displays.

A typical aperating plant c.:ansisls.aft
o. The Head~End.

b. The Distrbution Sy-fem. -‘ ' T L
c. The Home Terminal. | |

Each of these facilities will be described here.
: I.” The Head-End is the programming source af the system. All of Ihe head-end
it ‘ functigns are frequently but not necessarily located in ane place. Althaugh there must be

.one feed paint far the total signal ta the distribistion netwark, saurces of signal may be -, )
separated as a matter af convenience. Broadcast receiving antennaos ore lacated ot an ] .

* aptimum receiving spat. This means away from local industrial naises and interference and i ‘
at a favorable elevatian, either notural terrain or a.tall tawer, far better ar mare distant * '

. signal receptian. Usually individual antennas are used far eack channel far maximum gain '
and directivity.- This permits arientation af the receiving antenna beain durectly lawords R '
the transmitter, Sharpl y tuned cntennas, hawever, are avoided if they give band pass .o
prablems detrimental ta the signal reception. Some aperators have attemp!ed very lang
distance (scatter) reception by use of huge porubollc structures requi * 7 a half acre ar sa
of graund, ' . : ' .- -

0bviou'sly,‘ it is sometimes beneficial ta install antennas at different physical .
lacatians to take advantage of natural terrain, Weak signals are sametimes “bacsted” right
at the antenna terminals by "pre-ompl!fuen" suitable for the channel being received.

\ .




Most operutérs include ontennas ond equipment for rece.w"mg FM broadcast stotions.. ;
Since the FM band is locoted in the 20 MHz segment of the spectrum immediotely obove v . §
. Cho::nel 6, it folls well within the distribution handling copacity .of most coble systems. '

- _ Distont raception is more frequently ob'sined with the oid of microwave reloy links.
Indeed it wos becouse of the use of microwave reloys that the FCC first osserted its control -
over cuole systems. A broodcost receiving ontenna Jocotion is established within the good

’ signal reception oreo of o stotion. This signal is-demoduloted ond the video ond sound ore
multiplexed on o frequency modulated microwave corrier. Initially, the Commission licensed
cable operotors in the 6 MHz microwave bond where equipment was well developed, not
too expensive, ond where propagation characteristics for long distances were fovorable. : .
In 19£5 CATV operotors were given notice to vocote that bond unless they cculd qualify under .
the 5025 common corrier rule. This mieont that 50% or more of the cable system channel hours
of prog-om corried on the link must be used for the benefit of systems thot were not owned or
controlled by the microwave dperaror. Locking that criteria, the operator wos given o

. reasonable pericd of time to convert his link to the Cable Antenns Radio Service {CARS Bond) -
in the 12.7 to 12.95 MHz region. This some microwave.band has now been outhorized for
» ' Loca! Distribution Service (LDS) for cablé operotars, describer in a subsequent section.

‘ Microwave links con be repeated if necessary depending on the terrain ond the ) p
distonce -- preferably through heterodyning repeoter stations. The final receiver, ot o coble ..
heod end, must demodulote the video and sound ond then modulate these program signols in

the form suitoble for o convenhonal home television receiver. o \

Repeoted modulonon/demodula tion processes contribute most of the degrodation of
cable signals due to differentiol phase, differential gain ond group delay. Such problems
will continue until better “modern* techniques or equipments ore engineered. Normal broad=-
" bond coble systems which distribute two or more octoves of VHF frequencies withaut modulotior/
demodulotion (modems ) do not introduce these kinds of distortion. .

Locolly originated programs, of course, require modulotion but this is o once only
process which is equivolent to the original.transmitter modulotion of a broadcost stotion,
without the hngh power complicotions. Originelly, coble originations were strictly “poor boy"
operations, using minimum equipment and operating skills ond resembling o small school ETV
facility more than o broadcost station. Still, it Is surprising whot interesting progroms =
perhops interesting only to thot local community - have been produced by these minimol
facilities. Now, os coblecosting becomes on increosingly important. part of.the operotion -
required by the FCC (os of April 1971) for systems having over 3,500 subscribers - ond
particulorly with odvertising or channel lecsing hopefully to relieve the burden of focilities ,
cost and operotion - the equipment is alreody becoming more sophisticated. The studio L -
cquipment manufscturers ore now offering third or fourth generation camera designs. ;

Comparstively low ¢ost items con produce results equivolent to the broadcost quolity of only

o few yeors ogo. For exomple, several manufocturers now offer color cameros in the ten

thousend dollor range which, considering the overoge operator. available to coble TV, may . . ) -
produce better pictures than 0 60-thousand dollor network instrument. :

o Ll A g i ik e




Cable systems universally use "slant track® video tape recarders with gaod results
but suffer fram lack of standatds in this equinment which permits interchangeability of -
tapes an different machines. Naturally it is expected that if cable networking reaches
regianal ar natianal proportians, same pragrams may originate fram existing broadcast
studios ar fram studias that are equivalent ta the broadcosters in equipment and persannel.
Such prafessional ariginatian facilities have been used many times in the post far theatre
televisian presentatians and faor industrial clased circuit programs. The trend, however, is
ta keep programming costs law sa that more pragramming per dallar will encaurage greater
variety and cammunity access ta the multi-channel distribution system.

Autamatic programming will cantinue to accupy channel space byt with greater
design thaught given to perfarmance, display readability and viewer interest..

_ An impartant heod-end function is signal pracessing.  This means the assignment
of channel space ta each program, balancing of videa carriér levels and the adjustment of
the sound carriers for odjocent channel aperation. : :

The lacally originated signals and video signals delivered by long-haul microwaves
achieve this balance in the modulatian process. Crystal contralled oscillators are used
far selection of the assigned channel. UHF stations and VHF statians are generally not.
demodulated but are converted ta an intermiediate frequency (IF) where a band pass filter
cuts off aut-af-channel signals. This circuit separates out the saund carrier, permits
independent video carrier and saund carrier level adjustments, recambines the carriers ond
finally translates the 1. F. back ta the assigned VHF channel. Nate that the cutput channe!
can be, but is nat necessarily the same, as the input channel. UHF channels, of course,
must be canverted to VHF frequencies ta be carried over the distributian sysiem. (UHF
carriage an frequency is discussed in Séctian |)). Even VHF statians are sametimes given
new chonnel assignments for an interesting technical reason. This channel change can,
of caurse, be upsetting to the broadcaster who promotes his channel number identification
and originally confusing to the viewer wha finds that his local Channel 7 may naw come in
as Channel 12 on his tuner dial. The reasan for such a channel shift is to avaid interference
between two stations which broadcast an the same channe! or between o locally transmitted
signa| which is so strong that it leaks inta a viewer's television receivery There it
interferes with the signal of that same statian delivered to the antenna terminals of that some
receiver aver the cable. Such interference produces an unwelcame “leading ghost” type '
of interference. Changing chonnels at the head end avoids this aff-air interference but means
* that the channel of the strong lacal 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 unaccupied for this reason. At a time when there is on increasing demond far channels--
such waste is unthinkable. T

Obviausly, the problem would not occur 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 ta its own ontenna terminals, While this Is straighitforward design it would have
added @ new element of cost to receivers and has been rejected by the set manufacturers.




The catle operator solved his problem by building his own, well shielded channe! tuner and
providing it to his subscriber as part of.the cable sysfem. This device performed the same
function as his head-end converter, changing a ckannel béing supplied by the system to some
channel which has no interference from strong off-air signals. With such equipment not anly |
can all 12 VHF Eroadcast chennel ossignments be used but non=broodcost channels in the "mid "
ond "super" (see Toble I) bond can be selected ond converted 1o a channel useable on the
viewer's set. Such converters now supplied in a New York City system hove o' 25-channel
capacity. Charnel 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 o
remote tuning control vhich con save him a few steps when he selects his program materiol.
These benefits ore beginning to justify the cost (approximately $40. installed) of this device
ot each subscriber’s terminal.

The head end provides o point of system programming control. It is here that the non-
duplication rule, imposed by the FCC for the protection of local broadcasters, can be . -
implemented. The program on a more distant broodcast stotion which "duplicates" a program
ona locol station can be "alacked out" == removed from the cable. This function requires
somewhat elaborate pre-progrommed equipment to control 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 ond involved.

Community emergency services also require head-end equipment. The Liberal,
Konsas system,. for example, ‘has installed a microphone and cut-out switch at the. Chief-of-
Police ofiice.  Operation of the switch allows the Chief to temporarily insert his voice on
oll-cable sound channels == to give,torncdo or othes emergency warnings.

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

2. Distribution- == The distribution network includes the cable and all the
oppurterant devices necessary to carry the signals from the head-end to each of the
subscribers terminals. A cable system is o gigantic party line with every ane connected to
the same wire circuit. It iso tree petwork where the product from the root is carried through
the trunk cnd then the bronches 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 broadzand cable communication will be treated in a subsequent section of this report.

. . o -

a: Cable -- It is well known that electricol currents con be carried along
wires. Current flow and electrical potential also set up magnetic 4nd electrostatic fields
that do not require conductors but con radiate through space. Energy ona conductor is
lost by radiation and by absorption due to the work necessary to push electrons through the
conductors (resistive losses) or to'push concentrated fields through non-conductive materials
that occupy surrounding space (dielectric losses). These factors constitute the losses of o
wired system,usually expressed (for communication signals) as the logarithm of fhe ratio ‘of

' . T
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the pawer inta o system caompored ta the pawer measured at same paint alang the system.
This "attenuatian" af pawer is measured in decibels, o unit af measurement usually
shartened ta the symbol dB. Three dB represents a 50% lass in pawer. Cable losses
increase as the frequency af the electrical currents increase. :

Physical canfiguratian of the canductars influence the characteristic impedance
of o transmissian system which in turn determines the interrelatianship of vaitage and
current and , cansequently, of power. Abrupt ar rodicol changes in characteristic
impedance cause reflectians of power which can result in additional lasses, ringing,
frequency sensitivity ond ather disagreeable effects. Thus, the cable itself must be
vnifarm and any tronsitians in the coble such as cannectors, and all terminatians
including equipment inputs/autputs must be matched "or transfarmed” ta o new impedonce
level. Choracteristic impedance of a transmissian Ime is generally insensitive ta frequency.

Electricol power {direct current ar 60 cycle typicolly) can be carried an canductars
of almost any canfiguratian. Radiatian and dielectric loss is na prablem but heavy currents

. make resistive lasses impartant. Telephane voice circuits and telegraph circuits are olso

low frequency, ond since very little pawer is involved, con be hondled by small "twisted
pair" canductars with minimum msalahan ond tight phys:cal space. Thus, telephone
trunk cables af many hundreds af poirs (ane pair foreach ‘anticipated telephone terminal) can

- be compacted into relatively small cable diameters. Normally, twisted pair telephane

circuits are designed far abaut 3,000 cycles of vaice cammunication. Even these circuits
needs some "equalizotion" ta balance the levels of the higher frequencies with the lower
frequencies. More elaborate equalizatian and omplification can extend this transmission
band to 8,000 cycles or obove. Being unshielded, narmal telephane pairs are subject ta,
crass talk and radiote ot higher signal frequencies. More than ane telephane terminal
(extensians and party lines) can use o single pair an © shared time basis.

Cooxial coble is o conductar canfiguratian perticularly suited to high frequency
transmissian. Such cables are used ta transmit electricol signals fram zera frequency (direct
current) all the way up ta several thausand millian cycles per secand. Far practical
purpases, lang runs of modern palystyrene foam cable ore generally not used ot frequencies
abave 300 MHz. While the useful bandwidth of 0 CATV coax cauld be said ta be 103,000
times that af a 3 KC phone line, the real truth is not os direct as the arithmetic salution
indicates. Nevertheless, assuming suitable amplifiers (which we do nat yet have) it may
be possible that 40 standard TV channels of 6 megoheﬂz bondwndth might be carried on one

cable.
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The word "coaxial® cames fram the fact that o small diameter inner canductar is
positianed at the center of a larger diameter outer canductar, (see figure). Ideally, the
Plastic Jacket Outer Canductar/ space between the twa canductars would
- anly be accupied by air but since this-is
physically impassible, plastic spacers such
as discs or helical ribs are used. Such-

Dielectric apen spaces make effective water traps and
— in exposed lacatians require line ~
pressurizatian. Cable peaple have generally avaided that added cost and maintenonce.
Manufacturers have come up with superiar foam dielectrics, plastic enclosed air cells.

This is a structure which has physical strength and is an effective black ta woter penetratian
ar transmissian. The attenuatian of same of the foam cables’ has begun ta approach the law
vaive af a true air dieleciric coax. . :

Originclly, the auter canductar of coax cables was made af capper braid. This wos

flexible and generally available, but did nat pravide a sultable weather seal. In strang

ambient signal areas it did nat pravide sufficient electrical shielding. Again, the manu=-
facturers pravided the answer with a salid aluminum auter shield/canductar made by '
extrusion, seam welding ar by a sealed lap jaint. Even the small diameter "house draps”
are naw generally shielded with a solid metal (generally an aluminum fail with o lap jaint)

N

" outer carcuctar and "drain wires" ar a laose braid.

Most cables have a taugh auter jacket of palyethylene, with o high molecular weight
corbon locding, for enviranmental pratection. In same climates, cerial cable plants da nat
need the jacket and the mefollic aluminum gives better thermal pratection thon the heat
absarbing jocket. Some undergraund cables include a very viscous material between the
metallic shield and the outer jacket. This material acts like @ puncture proof gas tank,
sealing.any cuts ar nicks. In certain areas of the cauntry a steel armaur is necessary ta .
pratect underground cable fram.rodent type animals.

The cable industry generally uses four sizes af cooxial cable, all sizes hoving 75 ahm,
characteristic impeccnce determined by the dielectric and the diometer ratia of the auter and -
inner canductars. The sizes generolly identified by the diameter of the unjacketed auter
canductar are "730*, 500", “412" and RG-59/U. These are 3/4 inch, 172 inch, 27/64. inch
ond opproximately |/4 inch diameter respectively. The larger the diameter the less the loss
ai the catle, tre fewer amplifiers required (ar the langer cable lengths far a given numoer
of amplifiers) end the mare difficult the jab of instollatia\:\\. .General practice is ta use 1/2"
ar 412 far "trunk” line, 412 far “feeders®; 59/U for hause “"draps" and 3/4" far super trunk- runs.

The backbone af the system is the trunk. This cable carries signal fram the head end
ta the extremities of the area served with the minimum passiole number of amplifiers (generally
3 ta 4 ta the mile) and na subscrioer taps. Bridging.amplifiers (see belaw) -may pravide
junctians $o sub trunus af ta feecers. Feeder cables are camparatively shart runs which may
parallel the trur< eitner farward, oy daublirig back fram a junctian ar branching aff ta serve
a local area. Feecers can branch ta sub feeders using passive splitters ar directianal cauplers
and "line extender" amplifiers. Subscriver taps are put anly an the short feeders, ta avaid .
the cumulative effect af these discantinuities an-the trunk line. Drap cable sorely aver 150 ft.
in length,carries signal fram the tap right ta the subscriber's terminal in his home.
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The Super Trunks are genetally reserved for long “crass cauntiy™ runs withaut
subscriber patential , such as carriage af signal fram o receiver tawer ta o central affice.

“Acrial Plant" refers ta cable that is suspended in the air an poles. These are
usvally telephane ar power pales but in rare instances cable componies have been permitted
ta set their awn pales in certain areas. Unless the cable aperatar is the local telephane
camipany, af has obtained a "lease back” (a lang term cantract where the phane company
installs ond maintdins the cable plant under tariffs related ta number of channels, types
of carriage and miles of plant) he must negatiate a pale line cantract. The Bell System
campanies have naw agreed ta make their pales available ta cable operatars. The
pracedure, after executing a cantract, is ta specify the plant, identifying each pale by
number and lacatian.  The phane campany inspects each pale and writes an engineering
arder specifying what "change aut" (modificatian) is required. Telca persannel make the
changes. The pales are then available ta cable aperator persannel ar his cantractar to
install the cable system. These cantracts invalve a change-aut charge and on annual
rental fee far each pale, '

The coaxial cable, trunk and feeder, is “lashed" ta a steel “messenger" cable
which provides the physical strength in tension and carries the weight of the ceax and
same of the equipment.’ Expansian laaps ar "S" bends generally lacated at splices or
equipment paints further relieve strain and allaw for thermal expansian/cantractian of the
metal. Need for assarted plant hardware and special vehicles far installation ond maintenance

N

pravide a good market for suppliers af thase items. ) :
Underground installatian is frequently used and is becaming increasingly papular”

- with cable aperatars. It is mare expensive and requires greater cooperatianand

coardinatian with departments of the lacal gavernment but it has many campensating

advantages. It greatly impraves the appearance of the community; it remaves dependence .

an,abligatian ta ar unavoidable delays of the telephone company; it pravides thermal

pratection (smaller variations in cable temperature) and eliminates danger of ice starms,

wind storms and reckless drivers. Taals, such as the self prapelled vibrating plaw and

flexible shaft boring equipment make the jab easier. Substantial impravements in under-

ground techniques are expected as the need is recognized and the market increases.. Much

underground plant is "direct burial" but same believe that the additianal cast of plestic

~ pipe is o wise investmen! for cable replacement ar system grawth. Small vndergraund vaults

_"of cancrete ar metal, having lids flush ta the surface of the sidewalk ar grass (painted green),

. hause the system equipment and taps. Many installations hause equipment in shrubbery

- cancealed snarkel pipes which extend above ground. Naturally, all such installations

must be fully protected from flaoding. A great aid to this is the develapment of heat

shrinkable tubing which can seal cannectars and hausing entries. ~

b. Amplifiers are the electranic circuits which are inserted in the cable ta compensate
for the losses of the cable and other possive devices on the cable network. Early amplifiers
- were ali vacuum tube desigrs and frequently required separate circuits for each TV channel
an the cable (strip amplifiers). '
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More often one circvit would omplify the low=-band (channels 2 through 6) ond o
separote, omplifier would amplify the high- -bond (channels 7 through 13). These circuits
required much electrical power, genera’ed heot iri their weother~-tight enclosures ond
required much maintenance in the form of tube replocement ond continuous rebaloncing.

In the eorly *¢0s one monufocturer introduced o broadband (chonnel 2 through 13)
solid stote (trorsistors ond printed circuit board) type of omplifier which was risked in o
. system by one of the MSO's. After much scoffing, initiol industry resistonce ond o certoin
omount of "debugging” this design revolutionized the industry. This new market interested
the tronsistor mcnufacturers and provided on .ncentive for more ropid development of
improved solid stote comgonents for the VHF frequency ronge.

Now, on equolly revolutionary design change is beginning to toke ploce. The
ropnd ond recent growth of thin film, thick film, MOS ond other techniques thot ore still
stronge to tihe tongue os well os to the understanding, moy find o natural opplicotionin
broadband ccole communications.

Amplifier designs now generully in use h0ve o useful band from 54 MHz to 216 MHz
without gops. They ore normally rated for use with the 12 ossigned broadcost TV chonnels
54 to 83 MHz, ond 174 to 216 MHz; ond for the FM baond 88 to 108 MHz. Some monufocturers
ond dperators hove tested these omplifiers for mid-band corrioge, 108 to 174 MHz. Some,
but by no mecns oll, of the present omplifiers con be opcroted with up to eight odditional
mid-band chornels ot o cost of reducing output levels by obout 3 dB ond limiting the number
of omplifiers in "coscode® (connected in o string on one coax line) to obout 25 or.30 rather
thon the usuoi 50 or mare. This meons that only the most modern ond best equipped systems
now operoting hove o possibility of extending their channel copocity to os much os 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 monufocturers sow the growing demand for more chonnels
ond begon exomining their des:gns for extending their chonnel copacity. It was not too hard
to extend the upper cut-off frequency, using improved tronsistors, but the interaction of the
visuol ond sound ccrriers (the noture of cross moduloti on ond beots is discussed loter) is ©
motter of greor concern. Some considered use of multiple single octove omplifiers which
would avoid some of the problems. Many decided on upgroding their omplifiers from single
erded circuits to the more costly push-pull stoges which suppresses second order distortions. -
All ottempted to ochieve greoter omplifier linearity. Non-lineor circuits ore the chief
villians responsiole for generation of unwant_ed spurious signals.

Equigment salesmen ond market plonners storted ploying the numbers gome. If one .
compony taid 20 channels, onother soid 24 or 27, or 32 or 36 or &; toke your pick. The
engineers and designer are having o hard time keeping up. Certoinly, system operctors
have not had sufficient field experience with these new equipments os yet, even with dry=-run
or test signols, to evaluate performance or to determine the noture or magnitude of co-reloted

problems.
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But the desire is there, the effart is being made, design and field testing money js
being spent. Engineering campetence exists ta achieve the kind of channel capacity.
required. The unknawns are time and maney. Many aperatass know that they may be able
ta extend their present distsibutian amplifier systems abave 12 channels ta 14, perhaps ta 17,
and same even ta 20 == if they are willing ta make a substantial investment in subscriber -
* terminal canverters. Beyand that number, hawever, they will undaubtedly require new
plant canstructian and/ar amplifier replacement. Fartunately, in most cases, at least, the cc'ble

itself will be able to accept the additional channels without change.

Y
-

In additian ta the bandpass ond channel capacity af amplifiers, there are ather
important aperating features and perfarmance criteria. The "naise figure" of an amplifier
is a measure af its cantribution of random unwanted thermal signals spread acrass the frequency
bond that in the extreme canditian is knawn ta the viewer as "snaw.! The level of input
signol (haw law it can get befare being amplified) and the level of autput signal (o functian
of input level, gain and finearity characteristics) determine what length of what size cable -
can be placed between amplifiers. The number of ampl:fuers in cascade reduces the talerance
“of the values af input and autput levels until the adjustments became sa critical and
sénsitive ta enviranmental changes that quality pertormance is na langer passible. A current
rule of thumb 1imits cascades ta abaut 50 trunk amplifiers (same manufacturers say 80) at
a spacing of abaut 3.7 amplifiers per mile of 1/2" cable. This indicates practical trunk '
limitatians af 14 ta 20 miles alang different radials fram a paint of heod-end signal insertion. -

, It has already been mentianed that cable lass incréases with frequency. Loss in a .
system ot Channel 13 is more than dauble the loss at Channel 2. Therefare, all amplifiers have

a "slape " gain cantral as well as @ "block " gain contral. Unless praper slape is maintained
cumulotwe effects can cause substantial unbalance of the channel levels at the subscriber s
terminals.

Level adjustments are éided by "AGC" (autamatic gain cantrol) which helps ta
campensate far cumulative effects of cable lass or due ta changes inan omplnfner gain because
af campanent aging or different pawer valtages. This cantral is aided by ane (ar sametimes
twa) reference “Pilat” tanes inserted inta the system at the head-end. The purpose of AGC
" is ta'maintain o canstant autput level for a range of input levels. Narmally, ohout every third
amplifier in a system has an AGC circvit.

" Special temperature campensating circuits help ta reduce the lead an AGC. Changes
in temperature change cable lass - higher temperatures mean greater lass, The campensating
circuits are designed ta have the apposite temperature characteristic -= less lass with higher
. temperature. Seasanal changes generally require manual system reb .ncing by an aperatars
maintenance crew but haurly changes, particularly hat days and wald nights as in same areas
af the Sauthwest, require special attentian ta autamatic cantral. Undergraund systems,
pratected by the insulation and the thermal 109 of the earth, have far less critical temperaturc .
adjustment requirements. .

/
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Lightening demage to plant is a matter of serious concern. Direct hits are not
needed, induced currents or surges carried by power lines or the cable iiself can burn
out sensitive solid state components. Whole branches of amplifiers have been damaged: . -
by one lightening sirike. Of course, the heavy metal of the cabie shield and equipment l
cases does give prctection if grounded properly and frequently. Drain wirgs, spark gaps,
and surge protectors in the equipment circuits help reduce this danger of service outage.

Not all amplifiers have the critical performance requirements of the "trunk" : -
amplifiers. “Lire extender” amplifiers, where onlya few units are operated in series- )
on any one line, take advantage of this more modest requirement, particularly in areas . ) . ,
closer to tre kecd end, to help reduce total system cost. Many operators, hawever, are : - .
beginning to think thot this is false economy. Now that system performance criteria and
increcsed loads are apparent, the line extender amplifier may be the first that have to
be replaced. ' 3

"Bridging"ompl-ifiers in trunk or feeder lines have good performance characteristics.
They differ fzom trunk amplifiers in thot they may (or may not) have very little effect on 1
the main trunk signal but have multiple high level feeder outputs, isolated from the main ]
line. )

c+ Passive Equipment ==  This type of line equipment does not provide any gain
or amplitication to the system signals although some passive networks are included in the
active devices that were described in the previcus poragraph. The passives require no electrical
power. They civide, split, add, isolate, reject, or discriminate as to the direction of flow.
Mzast 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 the full band are
- frequency sensitive. The monufacturers generolly did not extend the effective range of
operation of these devices beyord the limits of intended use. Therefore, many of the {
passives installed to dote have poor or at least uncertain perfarmance for the extended band
systems that are now contemplated. Many of these items may have to be replaced in
existing systems that plan to up-grade their service. Althaugh the cost of these items is :
modest the quentity is large and the installation labor input is substantial. In the lost two 1
years the manufacturers have been offering, and many of the newer systems or extension of '
older systems have been installing, extended band passives. _ . 1

. Passive devices generally employ lumped components =~ ferrite rings, coils,
_ condersers, even resistors, and frequently have critical or proprietary physical configurations . ‘
- . of these compnents. 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 poin:s); and the "isolation" (the effect of o disturbance or unwanted
signal ot one output port, upon the signal at another output port). '
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Physical characteristics such as shape and size, enviranmental pratection, moﬁnﬁng

* hordware, ease of installatian, and coble cannections are important far all line mounted items,

actives and passives. Extensive design thaught has been given ta cast metal boxes; water
tight seals; plug in circuit baards ar camponents suitable far replacement withaut removing
the cantainer or the cable connections; and ease of maintenance, test ar adjustment while
the technician is honging anta a pole, at the'top of o ladder ar working in-a "cherry picker®
bucket. Improved tools and techniques cre rapidly developing. Great appertunities far de-
sign impravements, mechanical as well as electrical and far installation devices os well as .
plant hardware not only exist in this young industry but are being actively exploited. Porti=

. cularly the MSQO's are seeking means of encauraging new installation techniques for lower

cost and less maintenance. The vigar af the industry, unencumbered by rule baoks, standard
practice mannuals and mass but rautine training cleasses, and sparked by fresh ideas from many
sources and intcrested new dusc:plmes, can nal help bit gencrate better ways of doing things.

The MSO is menhoned'here because his operatian is large enaugh and his contact with
the user is intimate and vital enaugh.to determine a need for a new device. If he decides to
implement a solution far that-need he is.a large ®nough custamer for the resulting hardware to -

‘ .encauroge o 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 barne by the
cuttamer. This happy situation, spurred by competitive interests, greatly accelerates the
grawth pattern, of developmg services such as are offered by broodbond cable communications..

"The common types of passive devices have been suggested above, Splitters (which are

Yadders” when used in"reverse) divide the pawer from‘a single cable, equo“—mnequa Ily)
between two or more output cables. These devices should hove mlmmum insertion loss but
moximum, isalation between output “spigats". A top. sometimes called o "subscriber tap" i isa
farm of a splitter. Its purpase is ta “top® a sufficient (generally very small, like 1/50th ofa
micrawatt) amount of pawer fram a feeder cable to adequately serve a subscnoers commercigl
TV receiver input. Early systems used the simple pressure tap, o small probe inserted intathe
dieleciric af o feeder cable, sametimes with an isolation resistor. But these were choracterized
by bod mismatch and no discriminatian between direction of signal flow. In small systems these

. were talerable and they were cheap. In large systems something better was demanded. The

directianal coupler wos then develaped far cable systems. This device is designed*for low

" Tnserfian lass, variable tap=aff rotios (depending on the power level at the tep point on the

feeder cable) ond greater isalation af return signels. Special effart is mode ta "match® input
and autput terminals. Designs accamodate ane, two, or faur taps ot a single coupler. A
four top is commonly used, placed arl the line ot o point to correspond ta the common intor-
section point of four home lots. Same aperators only place a tap an a line ofter they have
sald a $ubscription; some anticipate a “penetration" (percentage of actual subscribers to total
potential’ users) and install that top capacity during the initial installatian. Of courte more
taps can be added aos needed, possibly requiring additional signal amplification but without
any change in the basic cable installation. A Drop Cable to serve a subscriber is generaliy
not installed until o sale is mode but ance installed is left in place. A “disconnect™ is mode
by removing the drop from the tap and lerminahgg rhal output of the directianal coupler with
a matching impedance. :
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Motching the line has been stressed repeotedly. It is importont not so much becouse

. of the power loss but because © small misratch ot eoch end of o coble or periodicolly ot paints
along o coble run will couse "ringing® (which con oppeor os repetive ghosts in o video picture)
or “dropouts" (which sometimes remove certoin specific frequencies from o normally broadbond
system). Before coble suppliers reolized the effect ond took steps to remove the couse, the
mechanicol process of manufocturing coble sometimes introduced periodic irregulotities (for
exomple, o small nick or dent in © conductor every time g wheel in o0 machine made one.
revolution) which "sucked out” o TV chonnel. Now cable is "swept" over o specified fre-
quency range os part of quolity control. ' ) |

Cable connectors ore on importont but seldom recognized passive device. Thousandsof
connectors are used in o system = 3o splice two ends of coble or to ottoch coble to some item of
equipment. They represent a percentoge of totol system cost ond eoch connector offers on op=

‘portunity for mismatch, vater penetration or signal leckoge. Moce thon one coble operator has
troced complete loss of signal on o portion of his. line to o connector, installed in the summer,
when cold winter temperotures tontrocted ‘the inner conductor of his coble ond pulled it right
out of the connector center pin. New simpler ond better connectors ore now being designed

¢ oSd tooled. . tY - '

“

~ d). i’ower,Sueplies

At one-tinle every amplifier had its own power supply ond hod tobe connected too *-
source of 120 volt 60 cycle power or similor conventionol source. This wos not inconvenient ™~
ot the heod end of at o subscriber terminal but it imposed serious difficulties for omplifiers l\
on pole lires b in underground voults. Even “power poles” often carry feeder (high) voltoges Y
ond not house power voltoges. Almos} oll cable systems ore now cable powered. The coaxidl. /

- coble itself provides the conductors over which operoting power i;-Fro-ug'Ft to the octive .
equipments on o cable system line. Thus electricol powver con be ingerted onto the coble ot
much more convenient spots. . It is-offen fed, generally ot obout 30 Jolts, 60 cycles, (some
equipments my use 05 high os 60 volts, depending on opplicoble codes ond real or foncied
design odvontoges) both up orid down fh/e/ coble for os mych as two miles in eoch direction, to
supply oll of the octive equipments op/thot sectian of the run. The coble must hove sufficient
metol in its inner ond auter condugtérs to corry the power currents without undue loss. Thin
foil or film 2enductérs which might be suitoble for the VHF signals: would not corry sufficient
ccble power to serve o modefh system (nor would sich thin films offer sufficient lightening -
current droinage).—Natirolly eoch item of equipment olong theNine, octive and passive,

td

&
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must pass or block tronsmission-of povrer on the coble ot the discietion of the system

designer.. Blockoge ¥f powes is necesiory to:isolote one power source from onother source .
further:down the line. Direct currents ore not used on the coble.because DC greotly increases

the possibility of electrolyte corrdsion ot junction points. Eoch equipment item must still

convert this ACsupply into DC ond provide the necessory levels ond regulotion for its own circuits.
Solid sicie equipment which ubes little power-ond likes
the coble powered proctice.

lows voltoges is Wticulorly svited to
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'l'he quesﬂan of eniergency pawer far cable systems hos stoﬂed to be o maotter of in-
creasing concern as more vital ar commercially valuable services cre rendered, Some operotors
have installed emergency trickle. charge battery packs and inverters of pawer points which have
difficult access or where power service is natably. subject to fallure but this practice is rore,

With expanding services operatars wha argue.that o power Tailure in o neighborhood also ’
disables the hame television receivers and therefare the need far cable service may have to

look far ather excuses. Nevertheless an emergency power “standby at the head end and ot

critical line points or terminals could represent o major item of ddditional system mstollol'lon

and mamtenonce cast, . »
. . - °
' 3, Home Termm'ol;- : - - L

. The consumer of the services supplned an the cable is primarily ¢he family in the home,
Thot residence may be a house or dn apartment and is more generically referred ta o3 o divelling.
A forsmaller percentage. of total ‘autlets.are installed in hotels or motels, stares that sell fele=.
visian oppliances and in bars or réstourants, Connections ore alsa made ta schools, hospitals
and insmunans ond municipal buildings such as police or fire stotlons.
Since September 1968 Hame installatians of coble have been eavered by a new section
) . (Sectian B20) of the National Electrical Code published by the Board of Fire Underwriters.
The section is titled "Community Antenna ond Radia Distribution Systems.” While the code
requires certain logical prdctices which increase an aperators cost, such as a graunding block
near the home ar graup building entry, it is more permissive thon demanding, This section is
thelpft.ul to thé industry in that it farmolly recognizes CATV. wiring. It cavers the installation
afficially rather than.leaving the interpretatian of mare general or less applicable codes up to
the discretian of lacal mspectars. A copy af the code i is ottoched as Appendix l. Canodo has
a similor code, publ nhed prior ta the ane in the states, °

4

~ a) Cable Drops

_Coble intg. the home: brmgs a VOI'IG|)' of problems. Drop coble was ariginolly the
gavernment specified cable designated RG-59/U, This was the only small diometer, 75 ohm
.characteristic impedance, gaaxial coble reodlly available on the morket, This black jacketed,

~ quorter inch diometer coble has five ar six times. the attenuation of super trunk cable but it is
used far o short runs.  Its non-cumulative loss actually becomes part of the-intentianal isolotion -
inserted at the lop, The original RG-59/'Uhas now been modified by the industry, Fail wrap

* rather thon braid outer conductors, foam rather than solid dielectric and thinner jockets in a
variety of colars ore now being offered. An even smaller diometer | greater lass coble for
exposed wiring is bemg coniemploled . e -

Messenger supporred aeria_l cable from o nearby pole or o plowed underground run from* i .’
d tap box brings the cable to the home, Same-drop coble hes o built in messenger in a so-called

" “Figure-8" jocket. The cable enters the building generally above graund, with drnp loops, R

plastic sleeves, strain relievers and ather meons of weother ond mechanical protection. A
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grounding block cr other electricol connection ties the outer conductor of the cable to o house
ground {metol woter pipe cr the equivolent). One (or more) outlets ore locoted ot points 1
selected by the customer. Somezimes this means boring through floors or wolls or running the
coble olong besebocrds or around doors. Since quorter inch block coble is not an interior
decorotors delight, irsice cctle is now supplied with jockets of off-white or beige. In
especiclly critical homes s2me operators hove actually hand wropped coble in matching wood
groin odhesive vinyl. C.stomer relotion conscious operotors hove neot oppeoring instollers,
often in uniform, ond even supply smoll hand vacuum cleaners to tidy up the mess.

The coble sometires terminotes in o woll box but mare often it is dressed right to the
tolevision sct ontenna termirc!s. Receiver inputs hove olways been 300 ohm balance porol lel
wire connections. VWhile this mey hove been o convenience for home ontenna instellotions
if now see™s @ poor chaice. It provides little or no shielding, ond requires internol con-
venicn 1o occomadote uazzlenced circuits in the set. It does nat motch the impedonce of the

‘untclenced 75 ohm coaxicl ccble. Although frequently brought to their ottention, set monu=~

foctures hove stecdfostly resisted on input chonge. Thus the coble operotor provides the
necessory motching trcrsiormer o balun \bolonced to unbolonced)tronsition, generolly ploced
right ot the input termirol of the set. -

1t hes Eeer on umwritten rule thot except for the externol operoting controls, coble
azercrors do not.touch or modify the customers receiver (olthough there hove been soms-ex=
ceptions). There cre two reasons for this. Operotors have not wonted to compete with or
olierote the locol TV repairmen or TV set dealer. Second, they have found that cs soon as
they 1ake the back off the set, the responsibility for the performance of thot set often becomes
theirs. Some customers feel that if o kinescope burns out or o condenser blows the coble in-
stoller must hove done it cad ought fix the set ot his expense. Of course ony terminol equip=
mens suzolied by the system cre end will ke the operotors responsibility. It is a recognized
odced cost of deing butiness tha! the coble service office is usually colled first regordless of
the p:oblem. The Nmé, :rovel end reporting of o service coll costs on operator in the order
of ten dollors per trip, even for false olarms. |f a problem con't be pinned down to the set

_ over the ptone, a service call is mode. Mointenance men corry portoble sets in their trucks

ond se this edventogeowsly to prove that the customers set and not the coble is at foult.

-
- . .

b). Converten:

The converrer is ¢n increcsingly common item instolled ot the subscribers terminol.
This iz o~ erpensive piece cf active equipment and requires locol electricol power. Con=
verters were mentioned coove during o discription of the heod end. With the growth of the
induztry ond coble services there hcve been on increosing number of reasons for hoving this
kind of equioment ot the susscriber terminol rather thon ot the heod end.

A subscriber converter is octuclly o well shielded chonnel tuner having a 75 ohm
cooxiol czble inpur, Idysily this device should simply by-poss the tuner in the subscribers
tclovision set ond kave en [.F, ou'put suitoble for directly connecting to the intermediote
frequency stoge of the recciver. It is possible-thot some enterprising receiver manufocturer
might supply a color set without o tuner, having only on \.F. input terminol. Since we hove

1
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not arrived at that saphistication os yet, and since the cable operatar daes nat chatse to modify
his custames receiver, the present converter designs include onother stage, ‘Its |.F, signal is
recanverted to a standard VHF Broadcest channel ond delivered to the set, The set tuner now
selects that canver er autput chonnel and again translating it to an internal intermediate fre-
quency. This means-at least two unnecessary interface stages ond obout thirty dallars of un~
neccssary expensy (the set tuner ond the converter autput) jaintly borne by the subscriber and
the aperatar,

The canverter per}arms four functians:

‘ /

a) Pratection agoinst interference of strang locaf signals due to poor
shielding in the receiver, This functian wos provided at the heod
end until the demand far 12 channel systems become papulor.

b) Extensian aof the capacny af-the-home receiver, beyand 12 chonnels,
The tuner is no longer limited ta the channel frequencies allacated
by the FCC to broadcast services, Canverters now supplied as standard
equipments in Manhattan system have 25 channel copacity.

c) Remote tuning contral. The canverter and its channel selectar can be
lacated acrass the room fram the TV set, permitting orm chair tuning.

d) Pasitive chonnel identificatian both os to channel number and to selector
switch position,

c). Multiple Jwelling w?ring:

Wiring in dense urban areas and multiple dwelling buildings anywhere affer special
prablems, Particularly the landlard prablem and the access prablem are of cancern here.
Briefly this relates the difficulty of refusal or exorb_ilom building awners for
permitting cable services ta be provided ta residents in their own buildings or even for
right-af-way far coble passage ocross their propeﬂy ta serve other peaple and buildings

in the same black, The right of “eminent damain" ar “palice powers" or ather brute force
methads hove never been tried ond may nat be apphcoble. So far CATV services are not
vital ar essential and reprisal measures such as might be suggested by the utilities ar tele-
phane setvices are not effective for cable, The ctcess prablem is o seriaus ane resulting
fram the pracﬁce of fallowing electrical cantractor wiring methods rather than cammuni= .
catian services methods for installotian of Master Antenna Television (MATV) in apartment
buildings, /1 The major difficulty here is thot system wiring is locofed behind lacked
daars, sub|ect ta abuses which couse service disruptians ar mal functions but nat available
far repair ar contral of the service aperator. New methads of wiring the buildings ard
methods of inserting cable into sidewalls far by=-passing Huildings have been thought aut.
These methods cure this prablem but the new practices m 'sold" ta awners, building
trades peaple and ta city departments, i

ik

“O

/1 MATV systems provide o common antenna and cable cannections for tenants of o
particular building, Low cost and conventianal construchon trade wiring methods

has been governing criterio for these installatians.
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C. System Perfcrmaonce

The design problem for loyout of todays CATV systems is comparotively straightforward.
The daily problems of mciing everything work together, finding troubles ond solution to those
troubles requires unders:anding, knowledge, patience ond dedication, System design is
largely a protlem of cesuiring good video signals or R.F, signals; selecting head end proces-
sing equipment which c=Zs o minimum of signal degradation and spurious signals; and then
performing the crithmesic of ccscading trunkline amplifiers,

1, Brozdeczst reception, Good broadcast reception of a large number of channels
requiras sxiil c-= 1uck. Even with the best equipment, tower location and propagation
paths, so-cciled studio quolity it on impossible dreom, There ore many variables over
which the cctle cperctor has no control = the program content; tie technical excellence
of the progrem source (AT&T long lines, film, tape or the broadcosters studio camera);
the periormance of the trensmitter; the transmitter power; the propagation distanc:2;
weather; end some multi=path situations. Surprisingly often the coble operator receives
the blame for these foctors,

Co-channel interference (two broadcast stations on the same channel) plagues the cable
operotor becauze the FCC channel ollocation plan vias 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 corriers slightly off frequency, .or by a faint image picture superimposed
on the primzry picture.

There hes been much tolk cbout improved picture quality by taking direct video feeds
from local stations, cvoiding the R.F, transmitter/receiver stages. Some day we may
reoch thot 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 o desire to deliver better picture quality for their chonnel and an inherent
reluctance ta coopercte with a possibly competitive commercial enterprise.

Site selection, with considerations of zoning, real estate avaiiability, local interfering
signals, rocdway access ond power availability and relicbility, requires money, patience,
time ard often gaod local politics. Receiver site selection offers many opportunities for
second guessing = regardless of where you are there is always possibility that it co.id
be better,

Headend processing equipment and selection, performance and mointenance is totally
the ccble operotors responsibility, Here, and perhaps also in the site selection, he is.

ey

e m——
*

At e e ' B - A s S




=22=

«

guided by what is avoilable an the market, haw well equipment fulfills its performance .- -
specificatian cloims and by the ecanomics of his system. The problems of demodulation,
modulation and channel canversian have been treated obave. It is ot this point that

caler degradatian, "birdies", hum, and system naise con be introduced. Exact channel
tuning and level control are vital. Installatian factors, alsa, influence system quality,
Shielding, filtering, wire routing ond possive equipment use and locatian cantribute

to hecdend performance. ' )

2, Distributian, The distributian system represents o fight between "noise” and "cross-
modulatian™, These foctars are most directly influenced by equipment selection and
plant loyout design. The losses in the cable, the number and lacation of tha signals ; \
in the frequency spectrum, the distance between amplifiers, the naise factar and linearity
of the amplifier , the gain, slape, and autput levels required and the number of amplit ars
in cascade affect distributian performance. ‘

LTRU NNy RS L) I %)

Naise is o randam, broadband signal generated in'nature by the randam motion of
electrans. |t cantains na intelligence. Naise interferes with caherent video signals

. in the farm of "snow" on the picture tube screen, doncing black and white spots having - 1. ,
na recognizable ar repetitive shape ar period, cavering the entire screen. It is equivo~
lent td"grain" in photographic film ar "crackling” in rodio. The "TASO" report’! did |
an excellent statisticol, subjective study of video noise. Their picture rating conclus?on/f

- indicated that "snow" was just perceptible when it was o little less than 2% (35d8B) of

the desired signal level and that it became samewhat objectionable ot 5 1/2% (25 dB).. .
This figure in dB is known os the Signal-ta-Naise rotio. ,

Naise is generated even in possive resistars in an amount related ta the ambient tempera~
ture. Amplifiers generate same internal noise in addition ta amplifying the naise at

their input terminals. This is called the "Naise Figures" of the amplifier. Each .
amplifier odds naise. In general, the system naise figure increoses 3dB (the noise power ' '
daubles) each time the number of amplifiers in the system is daubled,

The campanian distortion ta naise is a problem characteristic of CATV systems that carry
mare than ane channel in an amplifier, It cannat be blomed an the braadcaster ar

the program saurces. [t is gable's awn baby, Unfortunotely, amplifiers are nat perfectly
linear -~ the output signal is nat an exact duplicate ~F the-input signal {multiplied by

the gain). With nan-linear circuits there is an appo: runity for interaction between the
signals being carried by the amplifier ta produce new unwanted signals of a distinctive
nature which cre the product of this interactian.

There are two types of such unwanted modulatian. There ore veats” known s "inter-
modulatian" which produce o "herringbone” effect of horizantal bars ar vertical grids

1 The Report of the Televisian Allacatians Study Organization to the F'CC, publis.hed
March 16, 1959,
/2 Carrected for o 4MHy bandwid:h,
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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 ¢s o "negative."

Although oll signels in a nan-linear amplifier will interact, the visual carriers - being
the stronzest fixed frequency signals = praduce the first noticcoble effects. Thus, the

" numker of visual carriers being cmplified - i.e., the number of channels being carried

in a trocdband system - is o determining factor in this distortion magnitude. Similorly,
crossmod increcses directly with the number of amplifiers in cescode. Since non-
lineority usually incresses es omplifier gain is increcsed, the factor of hows hard on
amglifier is driven clzo conributes to this interaction distortion, Conversely, the
increcze in crecemod due to more channels, or to more omplifiers, can ke compensated
by reducir; eralifier gain of each axplifier, For example, generolly, the systém cross-
modulotica can be held ct the some level if the output of each amplifier is reduced 3d8
coch time the number of cascoded amplifiers is doubled. The output reduction for odding
since the totol cross mod of many channels is dependent
on the phusing of the various {ynchronizing pulses. The worst case would be if oll pulses
occurred c! the same time. [fjorplifier output is reduced and the cable loss remn'ns the
same, the spacing between cniplifiers must be decrecsed, o more practical solution than
replacirg the cable with onef having less loss (i.e., larger diameter). '

Nev: cmplifier designs cre anticipating th em of more channels by attempting to
design more linecr circuits ond by wsing balanced or "puth-pul 1" amplifier stages which
concel out some distortion preducts. Other portial solutions include single octave
crplifiers (for examole, 120 MHz to 240 MHz) The problem is recognized and the industry
is anxiously waiting some breakthrough, some new metkod or icdea that will help reduce

the megnitude of the distortion problems, ' )

3. Test Eavipment. Test equipment for the measurement of system performance is
becomirg more sophisticated, ‘expersive and requires more skill of operation. It ued

fo ke that a tunable, frequency selective vacuum tube voltmeter == for years miscalled

a Field S:rength Meter (FSM) and now colled Signal Level Meter (SLM) == was obout ‘
the only irstrument cvailsble cr undestocd. Now spectrum cnalyzers, which display

on x=y coordinotes o segment af spectrum and the amplitude of signal ot eoch frequency;
svreep generctors; merker generators; high performance 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, windovs, color bers, 20T pulses, sine square pulses and the like -- with Vertical

Intervol gates to insert these signols unobtrusively while a progrom is in progress, is
now beirg acquircd by seme Multiple System Operators, and may be needed by all

cakle orizinctors. Color testing requires the Vectorscope which identifies the phase
ond megnitude af color carrier signols. )
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Same items, like crass<mod test sets and differential gain/differential phase testers,
just haven't yet reached o practical design or the pocketbook status of even well
financed cable aperatars. Operatars involved in microwave have still anather set of
test equipment requirements. ‘It is quite likely that testing loboratories or mobile

test services will evalve, A' full complement of test equipment with aperating crew
will be rented ar shared by several cable system aperatars. Perhaps ane such laboratory
will serve o-whale region ar area. The fact is abviaus that as the coble industry grows
in services and mognitude the overhead of test equipment and persannel will skyrocket
for beyand the early days af the FSM and the multi-meter.

D, Standords

Cantrary to the apinian of many, even those praminent in the business, there hos been
ocHve and seriaus thaught given ta now coble terms, methods of measurements and to standards.
The fact that so litH e demonstroble result can be shown is due more ta the inherently slaw and
painful way in which professianals make progress in contraversial and strange technical arecs.
It'is not lack of desire, intent or effart,

The NCTA hes had o Standards Committee and an Engineering Sub-Committee that hos
mode progress. It hos so for confined itself ta terms, definitians, ond methods of mecsurements,
rather than values, or subjective qualities. 115 most natable effarts have been in adaptian of a
standordized way of measuring omplifier distartion (primarily cross=medulation) and a method
of measurement of noise. Standards have also been released on subscriber signal levels and on
graphic symbols. Work is underwoy, together with the Natianal Bureau of Standards, on a
Primary and Secondary standard for o 75-ohm terminatian. The vast field of cable standards w=
is being attacked and, several attempts, so far unsuccessful, have been mode ta establish per=
farmance criteria. :

. The Federol Cammunicatians Commissian has token the bit in its teeth and issued (olang

with a quantity of propased rules) Dacket 18894 suggesting an Amendment af Subpart K of
Part 74 of the Rules and Regulations with respect to Technical Standards for CATV, Comments
have been invited by Octaber 7, 1970, and it oppeors that shartly thereafter same or all of
these proposcls will be incorporated in the rules,

The mc;iar consideratians in this dacument are:

1. Technical Stondards. .

2, Possible Requirement of Minimum Channel Capacity.

3, Possible Requirement of 2-Way Capability.

4, Possible Requirement of Separate Originatian Centers.

5.. Performance Tests and Certificatian.
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In general, these proposed stondords ore reasonable ond ore intended to identify proper
coble system performance. Insome instonces, the proposol is orbitrory, ombiguous and occosion=
olly unduly burdenzome. The industry ond other interested porties ore studying the document now
ond hopeiully wili submit comments which will remove or.ecse some of these points.

Wkilée the intent here is good == the imposition of strict stondords, ond the obligation
for proof of periormance by on cnnuol report to be filed vith the Commission is on economic
burden cr.d o res triction vhich hos not been imposed on other services under FCC jurisdiction.
Broodcasters ond telephone componies would be sorely opposed to similcr regulotions on their
industry. There is no doutt but whot there must be some mecs:re of performonce other than the
econamic control of satisfied or unsotisfied customers, but eoch meosure should be tried ond
tes'ed ‘or worth ond need of:er service hos been stobilized rother thon the imposition of packoged
reouirerments cnd obligations. Certainly, periormonce requircments ore fer more reosonoble for

" 6 100,039 subseriber urbar system thon o 1200 customer rurol operotion vhere the coble signols,

olthough poor, ore substontiolly better thon normal home rooftop reception.

Other professiono! societies, government ogencies, foundations, educotors, individuol
authors end think tank corporotions huve been increosingly interested in coble communication.
The VVired Communications Committee of the Communications Technology Group, Institute of
Electriczl end Zlectronic Engineers, hes on IEEE Coble Television Tosk Force. This group is mode
up of professional members of the teleplione, broodcost, ond the coble industry, consultonts ond
government cgency representatives. A sub-group of that Tosk Force hos met with the U, S, De-
pattment of Commerce to consider voluntory stondords fcr new coble channels. The Society of
Motion Picture and Television Engineers hes recognized ccble ond has invited representotives
to be members of working Television Committees. In October 1970 the SMPTE plans o Coble
Sympssium cs o full doy session ot their Annuol Convention in New York, The Elcctronic Industry
Associction creates o CATV Tesk Force which hos submitted o mommoth report to the FCC covering
their views on techaiccl, regulatcry, economic and sociological espects of the industry. Other
groups crd commitiees cre expending effort on on analysis of cable. Tke importont point here

" is that the industry ond the technology hcs increosing professional stotus ond is being guided

along this poth ot o speed ond to o degree thot continues to astound the indusiry pioneers.’

vy

|
{ .
}
3
|
|

t
|

R S I

- ——— et — s




SECTION
v

NEW SYSTEM PLANNING

Sectian 11 of this repart, above, was primarily devated ta existing cable systems,
current terminalogy and practical system problems. This sectian will describe the current design
and aperatiancl trend that will offect the thmkmg af a substantial ‘portian of the industry in the
next 12 ta 15 months.

Without a daubt impartant decisians will be made an extra channel carriage. These are
the haw, where and why questians facing the industry. Originatian facilities expansian plays
an impartant part in this future. Two-Woz transmissian is making pragress and equipment is
now available an the market. The micrawove Lacal Distributian Service, recently autharized
by the FCC, will be in use within the next year and affers an appartunity of ropidly expanding
areas of service within a 20~mile radius of existing cable systems.

A. Channel Expansian

More than 12 channel service is the mojar cancern af many operolo@m the industry.

“Many present franchises have been abtained an the basis of affering a community additianal
channel selection and the local franchising autharities will expect perfarmance an these prarrisec .
in the near future. The manufacturers have hod two years ta prepore methods and design equip=
.ments.  Same aperatars have becn testing their existing installatians for mid band use, athers
have installed multiple cables, Trentan, New Jer.ey, withaut ane TV Broodcost statian af its -
awn (& UHF statian is abaut ta go an the air) hos 17 signols from nearby cities that can be
reccived by properly painting a raaftop antenna. Add ta this the ariginatian, live and autamatic
channels, and a tatal of 20 channels will be requured for Trentan almast immediately, But the
industry still debates as ta how multiple channel service shauld be pravided. The fallawung
methods are naw being testeds

1," Single Cable/Canvertc~. The converter was discussed in some detail gbave in the
paragraph an Home Terminal Equipment. Pranineni winng ihe reasans far using a can=
verter is its ability ta permit selection of a channel that wos nat allacated far standard

TV braadcast and "canvert" it ta a-channel that can be used by a normal cammercial
receiver. .This means that with camparatively little modificatian of an existing 12 channe!
cable system, new channels could be added in the mid=band (see Table 1). A converter,
which may be needed far a 12=channel system in any event in areas where there are

strang lacal bracdcasting transmitters, con be expanded ta accammadate additianal
channels for subscriber viewing. [f a canverter far Jhe 2 channel system were not
required, an equipment cast af $30. ta S40. per custa er may be involved. Ifa
canverter is already needed, the ac litianal cast for 10 ar more extra chennels might be

os little os $5. ar S10. The. unkno\m is how many of these extra channels can be carried
an existing systems withaut substantial equipment replacement costs. If new amplifiers
are installed, having expanded bandwidths, and better cross modulatian perfarmance,
they may require different cable spacing thon the 12=channel amplifier. There is a

seriaus questian os ta whether all cantiguous chanr.els con be used, in the midband and
the superband ar whether there be gaps due ta unfavarable beat or harmanic combinatians.

PO
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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 problems as they
arise is underway,

2. Multiole Ceble, A solution to more channel capocity is, of course, available within
tre presertiy usca rechnology and equapment availability, That solution is multiple
cchbles. Some ducl ca"le systems are now in operation,

As a simplified exomple, an existing 12-channel system could be enlarged to a 24-channel
system by installing a compl _tely duplicate plant vhich carries the same 12 channels but
with difierent progrem materiol, The only requirement in addition to present equipment
viculd be or efiective coble sclector switch ot the subscribers set so that he could
choose chennels on ccble A or cable 8. Additional core would have to be token ot

all other pzinis 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 nat cs simple as the above description sounds. Thare is still the off-air
(ambieat) signal interference which, in a city like New York, would limit each cabJe
to six channels without a converter (there cre seven strong’ VHF broadcast stotions in
the immedicte area). Thus, *wo ccbles would only provide 12 channels and 3 cobles
only 18, If a converter is provided so that 12 channels can be used on one cable, that
same converter could, at low cost be extended to accommodate more than twelve
chenrels -~ witkout the need of o complete duplicate plant. Double plants do not
recessarily mean couble costs.  Savings on installotion costs could be reolized if o
multiple ccble plant vos instclled, originally == but to retrofit an existing plant with
multiple cebles is a more costly .ond difficult tesk. One other point, multiple cable

rep lires must be run into ecch building and to each television receiver switch.
O;:c'c"'-‘ cre vory ensugh cs it is of the proolems of running a single cable through the
howse. A bundle of cables along the baseboard around the doorways, or under the rug,
ccuses considerable concern.

3

' Cer‘oinly multiple ccble plonts will be installed, Multiple cables offer attractive
son'cges for tvo-woy transmissions. Second or third cables carrying private or limited
access informetion (such os o police or municipal or public sthool chennel) rather thon
full sibseriber cccess, seems reasonoble, and the volume of traffic may demand this rype
of system expansion. Multiple cable plus converters brings cable capacity up to seme
of t‘-ae "blve sky" numbers that have been suggested.

3. UHF Distribution. It is logical to ask why o cable system does not extend ifs

Frequency rarze up trreugh the UHF range of the spectrum (400 to €00 /AHz) and take
adventege of the UHF tuners that are now required by FCC regulation for all home re=
ceivers, The contemplated FCC requirement for discreet channel selection at UHF,
rotrer than: *he conhnuously variable tuner now used insets, mckes this even more
atfroctive,
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The recsons why this has not been used are primarily: K

1) Becawse of the grecter attenuation incurred in the coaxial cable. This increase
is approximately equal to the square root of the frequency difference -- thus the
cable losses would be a little less than double, )
2) Solid state (transistor) devices which work ot these frequencies ore not as avoilable,
‘field tested or reliable ond do not have the same performance ratings as those naw .
. recdily avaflable for the VHF range. New integrated circuits may offer new hope here,

3} There is r;ot suffi cie_t;lly lorge or varied enough supply of possive devices sufﬁciently-
broadband to accommodate both the UHF and the VHF 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 odjocent channel operation ot 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 allacotion ==
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 suggestian, thot 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 tuncble converter but,

because of the problems of commercialset UHF tuners mentioned above, odjacent chonnel
. operatian is unlikely and the available VHF channel capacity would be cut in half.

-

5, Dedicated Drops (Discade)s  One British and ane U, S, company are convinced
that a dedicated"drop sysrem 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 some carrier frequency, A single channel converter ot each
subscribertegninal would provide usable signal for a standard TV set, Channel selec-
tian would be by a telephone dial or push button arrangement working back through the
drop cable to the lacal switching center. Thus, only the chanrel diuled would be
connected at thot switching center to a perticular drop coble. "The British system uses
a mechanical switcher ond a muitip!e balanced pair coble. The U, S. system uses o
solid state switcher ond coaxial cable. The problem of gettin- multiple programs on the
same channel frequency to each local switching center would ..quire a seporate cable
for oach channe! from the headend, .

Both companiesNre so sure of the benefits of this system, especially for future seivice
expansion, that they have at their own expense installed pilot systems (one on Cope Cod .
and one in California) for test. Cable operators have so for observed with interest but .
have reserved acclaim, The opportunities for system contral cnd expansion are attrac=
tive, the simplicity of a single low frequency distribution system t‘:ould greatly ease

.
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. line ondplifier and component problems, But the complication of line switchers and
| separcte ccbles far-each-subscriber terminal {not ane cable for each building) is .
' frightening, Even if epch local switcher station served anly o few hundred terminals, - i
the bulk of the coble and the pole line or underground instollation prablems gives pouse. ;

B. Chennel Reuse v

1
. o <
Mare recently, with the growing demand (os in. the récent FCC Datket 18894 and : t
in the New York City regotiated fronchise far Manhatton) far separote ariginatian centers ) i
serving s"rnﬂer and smaller neighdarhoads, consideration has been given ta channel reuse, ‘/ i
Trurk line routing can be plonned sa that there is o commen poinl of trunk /sub=trunk
feed for each neigrbarheod. If such a paint is established a truly locol pragrom arigination cauld . .
be irscrted ot that pamt ta serve that neighborhaad. The trauble is oll other neighbarhaods
served from that trunk viould receive that same pragrom and their awn neighbarhaad service
would hcve ta be time shc: =i ar mcdulated an a different channel , Soon, the full cable capacity
would be occup:ed viith neigkbori-ood ariginatians at the end of the line while near the headend
there vould te many blenk channels. )
If a pragraman a smgle chonnel cauld be "erased" (tatally deleted) fram the trunk
when that trunk crossed the arbitrary baundary inta o new neighborhood, then that channel cauld - ' . .
be reused. - A new lacal program could be inserted an that same chonnel for the lacal v:cwers, - - —
- ond af the next boundary the process would be repeated, T . : : n

Deletion of o channe! without degradatian of odjacent channels is a.difficult aperation ~
but there is scme hope that it can be done. Design work is being conducted naw and preliminary f
rcsults cre encouraging, It is quite |ikely that a vorkable system of chonnel reuse will be -+
avoilcble within the time frame considered in this section, !

, As an cppropnote aside ot this pomt, it is mcreasmgly apparent thal many demands far
- ' chornel availability have nat cansidered time siarirg, It is generelly-suppased that use of o
ckannel meens dedicction of a channel for that porticular use. Consequently; the demand for
chennels has uccas:onclly reached astronomical figures. Each schoal ond each police statian i '
- dd2s nat reguire o seporcted dedicated chennel. Lewyers, doctors, and other professians might : N
shcre ¢ chanrel, Time shoring hes long been the practice of broadcosters who divide,up their
VOrKing da/ inta scgments os smoll os 10 secands fa accammadate o particulor interest. Timea
sharing, in even smaller segments, is custemary in the computer field, .
Similorly, it is little understaod fhat repetitive transmissians ~e wasteful of aur commugi- ' . ;.
cotion resaurcas, Unless there is new information ta be odded or unl... an error check isrcquirel, "7~ ° ‘
anly ane trenzmission is needed. Do not send the seme picture 30 times o second far several T : .
. mirutes. Serd it ance, ccpture it on special terminal equipment for local reproductionand ? ) ‘
: viewing. Pelease the remaining 1799 frcme transmissian apportunities in_that same minute, la serve ‘
someane clse. Time sharing of o braodbond cable fecility is a fantastic mulhplner o'Lsg_vyes ’

<
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C. Two-Woy

" Historicolly, CATV systems hove béen one-woy tronsmissions. But the cable dowsn't ‘ .

core, it's bi-directionol. Only.the omplifiers, ond some of the passive devices, ore single ]

- ended. If proper equipment is used, information con be sent on the coble from any poin* on
'the network, bock to the headend. This "upstreom” tronsmission is in t.e opposite direction
from the “downstreom" flow of conventional coble distribution, I

Obviously, o second coble could corry upstreom information but o single coble cen 1
corry informotion simultoneously with the downstreom flow if the 1v:0 transmissions ore of j
different frequencies. The omplifiers must be copoble of rejecting (or be protected from re- -
-ceiving) those frequencies not intended for their proper direction. If this protection were not
provided, the omplifier output would feed bock to its own input ond the circuits would break
into uncontrolled oscillotion, Some manufacturers are suggesting thot o second coble be uead
for that part of the network which involves amplifiers ond thot upstréom transmissions on o
single cable be mode through passive devices only, ’ -

’L . When amplifiers are involved a gate or one-way volve is needed to keep the two ’
, directions of tronsmission seporote. Electronically, this is done with cross-over filters, A
cross-over filter occepts all frequencies ot its input. it has two oulpuls and directs one group
of frequencies to output one ond onother group to output two, Any frequency-that is not in
the downstream band could be used for upstream tronsmissions, provided a suitcble separotion
filter could be byilt, Since exponding cable services contemplote wing the “mid bond! ond
- “super band" for dawnstreom chonnels, the obvious spoce remaining for upstream is thot portion
of the spectrum below chonnel 2 (below 54 MHz), -

. _ Now, the question is, how much information must travel upstreom. [f it is norow bond,
' : for example os the FCC suggests, "ot least the copocity equivolent to o single 4 KHz messoge
chormel" the .problem is considerobly eased. This bondwidth would ollow one voice communi=
cotion, or perhops norrow band telemetry; but it would not be much harder to pvovide o full
6 MHz upstream bond which would,-for example, permit a television program ¢o be inserted .
onywhere in the systeft ond spnfg;k to the heodend, Tlere il could be used, or recorded,
ot converted to o downstreom chonnel and immediotely distributed to oll subscribers. Such o
chonnel does not exclude voice chonnels or telemetering chonnels on-o time shored basis but
it odds the wonderful copobility of remote originotions onywhere within the cable orea ond
permitting instont djsiribution of thot origination throughout the full network,

S ks et i M i R b Bt B AL e £ ook,

As an improcticol moxim;_lﬂ", the full 54 MHz, or 9 TV chonnels, could be used below
downstream chonnel 2. As o procticol matter, the upstreom tronsmission must be seporoted oo .
*  from the downstreom bond by twenty or thirty megocycles to permit o reosonable cost of cross= ' i
over filter having suitoble phose ond omplitude chorocteristics. Similorly, to simplify upstreom ;
' , omplifier and equolizotion problems, the low end of this upstream spectrum should be held in .
the 5 to 10 MHz ronge. Assume thot on upstreom bond from 6 to 30 MHz is provided, this i
. ollows 24 MHz or the equivalent of 4 upstream TV chonnels,” with equipment that moy be costly -
to build and instoll, but well within the state-of-the-ort, Several monufacturers disployed
such equipment of the lost NCTA onnual convention ond now offer it for sale. Mony more monu-

, focturers talked about it ond opporently are diligently working on their own designs, A few
’ operotors are instolling such equipment for cautious tests. They must find out what passive

L
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- compohents have to be replaced, what amblent or system interferences will be encountered,

' . what the upstreem fransmission does to the downstreom signals, whot installation (retrofit)
protlems will arise == while they maintain normal service for their customers. One problem,
not yer tes:ed, is the addirive effect of upstream omplifier nolse from pargllel feeders. This
eoffect is not present in the downstream direction,

Some manufacturers are incorporating the two-way crossover filters and amplifiers in one
~ pockzge with new, extended bond dawnstream amplifier == os permanent circuits ar as plug«in
- modules. This is fine for new systems but many operators will want to salvage as much of their
existing dovmstream plant os possible. Thus, an odd-on package of amplifier and filters seams
desirable. Note that the cable losses are lawer at the sub=band frequencies. "Upstream amplifiers
need te odded only ot every other downstream station but a pair of cross-over filters will be re-
quired ot every downstreom cmplifier. :
} : . ]
C. Locol Distritution Service (LDS)

g et e g™

One of the problems of ccble distribution is that it scrves contiguous communities or E
dwellinss weithin the limits of amplifier acscades, but will not extend its servicas any great T
disrance ccross unoccupied lond to serve smaller communities or population clusters around o )
ccble senvice area. If there are not sufficient subscribors to wotrant a separate heedend or i
the ¢t of maintaining long frunkline spurs, those smaller clusters will not be served. Also,
: there c-e often physical or man-mcde barriers, impossible right of way clearances, or weather
* , corditions which make service impractical. In lorge cities the high cost and public Inconvenience |
' ' of urdersraund construction is a serious deterrent to cable extensions. 1n 1965 one MSO aond o
promir.e=r eiectronics manufacturer requested an experimental license to experiment with o new
mecrs of sing microwave frequencies to distribute multiple processed signals through the air
“om o ccble 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 mode in the 18 GHz band, which hed been
. asigned by international ogreement to commercicl use but had not yet been allocated or licensed ~
by the FCC. The design utilized o modulatian method which translated a television chonnel : . .
ot VHT :0 the microwave frequency without an increase in tatal spectrum space. Thus, a 6 MHz 1
VHF ckannel still required only § MHz of spectrum when translated to 18 GHz. Normal FM
micrav.c-e equipments uie 25 MHz of microwave spectrum for 6 MHz TV channel. In this !
monner, the relative spectral relationship of all the chonnels on the cable could be maintained, !
A relatively simple receiver is used Yo return all of the cable channels back to their ariginal '
VHF procezsed frequencies (without requiring base bard demodulation). Final distribution :
from the* receiver point to to the subscriber's terminal in the locol area was mode in the con=
vertionz) eable manner. Thus, o “cableless cable facility” weos created which replaced trunk I
line witout requiring physicol ccble plant installation or maintenan~e. The solid state receivers .
‘were smecll, about large notebook size and, with their 4 ft, (typicol) , -rabolic antenna, operated | :
unottended. ' : ‘

Tests of the equipment design and 18 GHz prupagation (lack of use of these frequencies
meant very linle practicol knowledge on characteristics) wore successful. A petition for
permanent allacation of o portion of the 18 GHz spactrum for this service was denied pending
a World Redio Conference now scheduled to stert in mid 1971, A subsequent request to permit
this new service In a 12 GHz band clreody assigned to CATV service wos gronted in November
1970. This is the so=called Community Antenna Radio Service (CARS) band (shored with
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’ » broodcatﬁ) from 12,7 t0 12.95 GHz. At the same time, the Commission revoked an ecrlier
resiriction, ond now pormitted microwave transmission to be used for cable originated progroms
os well os 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 to
be available to the indusiry by mid 1971, Experimental tronsmissions, with a woiver permitting
actual we in o CATV system, are continuing in New York City in the 18 GHz band, A
similor test in Formington, New Mexico has now been shut down.

In July 1970, the Commission, ot the request of another manufacturer, extended the LDS
rules to permit multiplexed frequency modulation far this service as well os the Amplitude
T ‘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 farms of integrated circuits including
thin and thick film, MOSchips and ather advances, == as yat unfomilicr to this writer - are

f being considered for cable amplifier and other cable equipment circuits. At the lost NCTA
' 7 conventian, one manufacturer demonsirated a 300 MHz bondwidth amplifier having normal ;
 perfarmance levels, no larger than o postage stamp. This approach is so new == but also so .
positive == that the benefits to equipment design are hard to predict. An incressing number of o
| equipments offered to the industry can certainly be expected to incorpar ate some portions of .
: this new art, - : :
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SECTION o -
v

PROPOSED SYSTEMS | -3

The follawing praposed expansian for coble services is being seriausly studied. Engi-
reering design work is underwoy and octual -hardware is being built and tested, Some aof the
carputer services (see SRS telaw) will be in commercial use in os little os 12 months. Howe
ever, becouze of the mognitude of the projects, the uncertainty of regulatory limitotions,

1 the practicol design unknawns and the normal time cycles invalved it is not expected that
these praposed systems will be in generol use for coble services before three to four yeors.

- SUESCPIBER RESPONSE SERVICES (SRS):

No generolly accepted or suitable nome far this service expansian has been adapted.
Thase wha hove considered the patential of the services that this expansian offers ore unanimous
in their E¥lief that this is the most exciting advonce in cammunicutions in this decode. The
speed with which it will be available for productive use will itself be amazing. The techno-
lagical cnd saciol timing is perfect, and o new, oggressive and competi*ive home communicatian
network is, for the first time, available for its cpplicatian. .

Basicolly, SRS is a computer contralled, braodbond data transmissian, intergogatian= . i
resporse system working in clase harmony with visual ond aural displays and recards. |t l
ber:zfits from the speed, memory copacity and pracessing potential of third generation camputers. |
It is served by o cable transmissian system that considers o ane or two megabit doto rote o3 o
laafirg cssignment to be tucked awoy in same unused carner of its normal bondposs. |t accurs
when circuit technolagy campresses twenty tronsistar data circuits inta the size of o small buttan,

It is offered ta o generation familior with television, pushbuttans, salid state colculotars and

camputer eduzction. It can be made available, quickly, ta serve large portians o f the public.

This is o worcerlond af apportunity that is quickly being populated with the thinkers, the dreamers, ;
-the ccutianers, the regulatars, the stotus-quoers and, fartunately, o few daers.

On o cable communicatians system, copoble of handling high speed dato, each subscriber
terminal is assigned o d'gital address. This address gives that terminal and the peaple assaciated
- with the terminol lacatian a distinctive identificotian. The camputer, which hos memorized

- this address uniquely assaciates the address with these peaple, their physical lacotian, and :
possidly ather pertinent deta such as the sacialogists and the paliticians may ollaw, The terminal
ot this locction is tald is awn address == which consists of a series of pulses, anes ond zeras they

cre cclled, in same distinctive cambinctian, Far example, o string of 14.0F these pulses, which
a* a are megabit rata would accupy-anly 0.000014 secands, cauld uniquely identify one of aver ‘

16,000 kames. The termirel, being on o giant party line, looks at all the oddresses which the i

carpuler sends aut on the system and it rejects oll of the addresses except its own, the only one )
it recognizes. [t then apens its door and says "Whgt do you want of me?", ' '

The.computer follaws up the eddress with on instructian, olsa in aigilél form, .which the -
terminal occepts or interprets ond forwards on to some ossocipted ond cooperotive davice within




the home. For example, the computer couvld say:

“How oro things? Any emergencies here?"

?Do you hove ony instructions for me?"

e‘How do you wont to reply to that last question on educationc! channel 142"

?Whol is the reading on your wour\motor?'

g;um on your hord copy printer, |'m going to deliver you o message (or acknowledge..
your instruction)(or submit to you o bill for last month’s electricity)". :

Now, the teminal has o chance to tolk back to the computer, confirming its oddress and replying:

“Everything's fine here."

g;his house just lost electric power.” .

2;Ay woter meter reods

?My herd copy printer is on and ready to receive your messoge.

?I’would-like to buy that ballpoint pen just demonstroted on Channel 8,*
?i have o messoge for you to collect ond toke oppropricte oction.*

These replies con olso be in digital form, o string of bits which have to be decaded to be
understood in the illustrotive longuoge suggested cbove. This informotion is sent bock to the
computer over the same caoble system but on on “upstrea® frequency,

The omozing thing is the speed with which this ecticn sen t=ke place, Using the
mogobit rate described, ten thousond of these little machine conversotions could toke place in
less thon a second. The computer must then have the copacity to sort out the replies, discord
useless of no-oction infomation, memorize ond possibly act on or forword useful replies or dote,
If o porticulor terinal requires more time to conduct its business thon is oveiloble in o single
reply == such os receiving o lengthy message -= the computer moy give it mare time than on
ingictive teminal, or instruct it to use on ouxiliory channel where its business wen't be interrupted
by{the nomal scquence of interrogote/response, The essential thing is that o high speed, time
. shefing, mochine ossisted and disciplined tronsfer of information between on individucl ond o
central point is provided by means of o coble distribution network ond suitable teminol equipment,
This is quite diffcrent from the public messoge vaice network, where dedicoted low bond-pass
polfs and eloborote switching centers cllow “onybody to onybody® connections for undisciplined
voice communicotion gecred to humon reception and response. : )

- m——
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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 hone appliances) even though some of the associated
eGuipment like the television set, or the hard copy printer, or the burglar alorm sensors,

represent odditional cost. ~

The subscriber response services enlorge the television “window on the world" to
an avenue ¢f commerce ond information for every home. The magnitude and potential,
, . only sugges:ed by the setchy description obove, requires coreful contemplation and
’ - considerotion to be fully understood.

COMMUNICATIONS SATELLITE

The October 1970 Docket of the FCC regording expanded uses of cobls encouroged
networking cf cazle systems. Such nciworking provides a new opportunity, which is not
cnzenel espacity limited, for disiributing minority interest progromming on o national
scale. An otvious way to bring multi-chonnel broadband communic ation signals to ony
point in the country without an impossible cross-country constructicn program, is by means
of o domestic communicotions synchronous satellite. The door was opened for the .
progrommirg industry use of o dedicated satellite facility, in contrast with use of common )
c/drrier services, by the January 23rd White House recommendations on Telecommunications

‘ pplicy. This wos reinforced by the FCC invitotion Docket 16495 released in March of 1970
for the es:colishment of Domestic Communicotion Satellite facilities by Non-Government
Entities.
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The following excerpts from o paper, “CATV Applicotions and Sotellite Communicotions"
delivered in a light vein by the:writer ot the 1970 convention of the National Association of
Bre-adcesters, expresses some points on the satellite question. )

“Ths ccble industry is in by for the best position of ony organizotion or
group to cause o domestic satellite service to happen now. The satellite -
is ideal for ratioral or regional interconnect == particularly from a limited
number of insertion points to o vast rumber of receiving points. And, CATV
systems, have the local terrestrial facilities, including Local Distribution
microrave ond coaxiol cable to deliver satellite signals right into the living
rooms of o vost and rapidly increosing number of homes. * '

. .
N

T ey

"“/ny not Comsot? ==--a Comsot bird must be oll things to c!l people. It
, - must te big ord costly and probably will be delayed until @ minimum number
- of users ore assured. It has the same problem os one of its mojor stockholders,
' ’ AT&T, in that it connot contract for services at a rate which can be guaranteed !
so thot cost obligations of the user would be known in odvance. It is on ‘
alterhative that would certainly be attractive == if no more aftractive
‘ alternctive existed. "

L I W P NN
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"Doest he coble industry, or some segment of the coble industry, have the
necessary legal, technical and financiol qualificotions to accomplish such

- an "out of this world"” project? We belleve the answer is “yes."




!

(Regarding technicol qualifications) “Here we would leon heavily —- perhaps
i entirely, on =====- a giant in the electronics and particularly in the space
communications field of technalogy. This giant has clready established o most\_
‘ impressive recard of warking satellite successes. This record includes ATS-1 and 3;
. Syncom 2 and 3; Intelsat | and three versions of Intelsat Il  Today, the first
model of Intelsat [V is under construction.”

' %---g complete study in depth (has been made) 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
Regeiving Sub Systems
Power
Control Monitoring and Test -

X ‘ ‘ System Installation ' .
C * Electronic Shelter
Reliability
’ Alternate Configurations
Transmissian and Quality Requirements
Link Analysis
G/T Ratia Comparisons . .
Frequency Demodulatar Requirements .
Sun Outages
* Antenna Economics.

vSimilar studies are naw being completed on o multi-channel bird which, although

requiring anly the camparatively inexpensive Ther Delta launch vehicle, will N
accammadate 12 channels for full natianal caveroge, having a design life of five

ta seven years,"

>

. . Since this paper was written Cancda has decided ta use the bird ond ground stations described
obave far their natianal Telsat system, On August 17th the fallawing letter was sent ta the
Federal Communicatians Cammissian: .

“Referring ta your Docket 16495, the TelePrompTer Corpo  on contemﬁlates a
filing probably in participatian with the Hughes Aircraft Company and/or athers,
for o domestic satellite,

. "Pursuent ta your letter of August 7, 1970, we onticipate this filing will be ready . |
by Oc'aber 15, 19700' (’igncd) lN'ng B. Kohno . . i
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The cbove excq’tph ond information are presented here partly far stotus and infarmation os ta
the nature of the sctellise praject and its relatian to CATV, portly ta indicate the seriousness
of the intent 1o estoblish th.e service, Becouse of the fimm Conadion commitment engineering.
design will proceec while the Commission is deciding the merits of the several filings that are
expected, V/estem Union hos the only application on file ta dato.

o« N
It Is reasorichle ta cssume that if prompt and favarable decisions are made, it would be
possible ta hove o tic satellite service available far national CATV progromming inter-
connection, serving o substontiol number of cable systems through ground receiver stations
at,ar near their héad end, by 1974. This is well within the framewark of years of the Sloon
Foundation study. . .

— The imgariznce cf s Varld Raduc Conference scheduled far Geneva in June 1971
"shauld be stressed i'cre. Present domestic satellite systems hove o limited number of possible
graund ta satellitd tremsmit stations (up-link) at full time permanent locations because the
frequencies-are shared with estcblished terrestrial services.
from the new serv ce recuire diligent and costly surveys ta locate suitable "electromagnetic
hales” in aur na)ld} al geogrq:hy. The agenda of the conference will prabably include
consideratian of exélusive satellite frequencies far uplink Ironsmissions, Such new spectrum
allacation will suestentislly extend the appartunities’ far program arigination from local
communities and.for dsta feedbeck ta natianal computer processing centers, .

F3
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LASERS : _ o

A final “blue sky* word should.mentian an area of technolagic develapment that may
becr fruit within the next 10 yeas, Greot progress is being made with coherent light beam

transmission and moculation, The tremendous bandwidths available and the beam cantral

postivle in this pertion of the electromagnetic spectrum mcke laser technalogy a matter for
interest and ccreful monitaring. These advantages might pemmit transmission af almost
unlimited numbors of TV channels without interference and without costly demodulahan
equupmcnt.

Severe restrictions an interference
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SECTION \
VI - .

CONCLUSION

Cable television, naw expanding into coble cammunicotian is o healthy ond vigorous
business paying its own way as it goes by affering a true public service. This existing business
provides the fromework an which modern technology con build additional services. For various
reosons indicoted obove the technological stote-of-the-ort is now, or will be within o few years

span, copable of providing communicotion services that were never onticipated or may have been

supposed to be many years off. A healthy encouragement of the development of these services
would seem to be in the public interest. Certoin protectians, to be opplied ofter a suitoble
period “of experimentotion and grawth should be provided ta prevent abusive control which might
not be in the public interest, The ottitude of “let's not do orything now becouse it may be bad”
or *let's not do anything now because in a few yeors there may be samething better" ore both
sclf defeoting. The fear of intruding an the domains aof estoblished services or interests is

- depreciative of the ability, drive and inginuity of the men wha direct thase services ond of the
real worth of those services themselves. A wonderful communications opportunity hcs been
created, almost by accident. Let us use it to good advantage.

-
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canduciors shall be in 3 section permancmly separated frora such con-
ductors by means of a suitable barricr. '
- [ . E. Grounding < .
. 820.8. Cable Grounding. Couniil cable <hall he grounded as.follows:
{0} Ground Cirevit. ~ The coanial eable ground shall comply with the
- following:. .
{1} Intulation. The prounding conductor shall have a rubbey of
. . other suitablc Ml of inslation. -
{2} Material.  ‘The'
FOMON-fUs P LG comIing A
() Siza.  The procndie? corductar Jnil aut be snaliee than No.
18 AWC: i hall have o comdicnvaty appiosiniately egual 10 that of the

mad conducior shall be copper or other cor-
atchial, straanded or solid. .

. © {4) Rua.  The pronnding conductor, shall be run in as straight 3
’ tine as prachicalile 10 the grodmding cieainate, *

(S) Physical Protection. \Vhicre recosdary, the h..?.:»::nona:b:n.
tor stall b auardad tresn phavsical damage.,

(6) Elccirode. The proundine cnducior shall preferably he enn-
aected B a wales pipe cleditode Whore aoswaer e is et readily avaitls
able and the gronssded combucior of e poner sarnce s eo vcoted 10
the Water pipy o1 the Tuobkding. the grémmting: conditor say be cons
Snecipd 10 the poner service vondd wivee cppment enclodurcs, of
ine comduicior o the paosgr wivige ¢ alnenee of 3 water
fion .._...f., he made 0 o e < e winlers

Punne ssatem whad permitted, tooan ol tively prounded
metallic denctnre, or 1o g wvnd rod or ppe e ite per cutly
. amap caitl Steam or bl water pipes, or Bisbning ol combacton shall
. a1 emploned as et clictiodgs., A alnved tad of pipe uwd for
prounduee o encitits shall not-be wsed tor groumdmg ol the
denen gond o pape is connected ta e gtonied conducto of a muli-
proambed neutial pawer saem. The japuireients fur separats imade
vievtpadey fos poner ald 2 Aot crovnds, those for comnunica.
[TRNRS SN TTEN 1 thawe foor 2 o 1 insaltation shall not prahithit

. the bandmg together of sl such nuade clectrodes,
(7) Elccirode Connection. It it revomimsided that the grounding
b be attached: 10 a pifye electisde gy pcas ot a bolted
v the eoriteatn or s sobivred or athomise connected B an
OF AWhete a pas privwe clestiode is uead, connection sbiall be
o
v ddectimde shalt be made ac close 10 the carih s

cltective ks
made between iy
nuctuen b the gro
- practicable. -
820-9. Equipmeit Grounding.  Unpawcrcd equipmient and cnclowres
or cipapraant poweicd by the sl calide are deemed to I groundad
when canncutad to e nutalhiocabie stuchd,

. f. Cenerol
' $70.10. Prevention & Sorcoil of fire.  Instatitiane shall Le so mule
it the possible <presd of e isoagh lise wall, hie pathiions or fite.
goasing Houty i faduced 10 3 minanu. .

o0 and the stcer nan.cln every case the con- |
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{3) Liohining Conductars, \Whege pructicalle. a separation of at

Ioust 6 feet shiail b puasistamed betwedn any coaniad cuble and it ining

condustors. . . .

. 820.5.*Cnteeing Cuildings.  Cuoasial cable shall stope upwand frain the

Outrinde who¢ eatering a bt or. where thi is hapracical e, Jrip
Joospn shial be formad i the cable ot the point ot cnirance. .

820-6. Con'luctors Inside u.::.::.s.!%xn.__oru of groumding. as .
defined m Section 82043, calle installatmn shall conply with 4 follow- &

{c) Light and Power.  Counial cale ».,..u.: be separated at least 1wo
inchics tndm wuy liplh or pover candiictors or Cliss 1 v wd of conteal
CHents Bt 1l ataceway gor i metal sheathed, melad-clad, namectallic
shcathad o npe GEFE Mo uitess poisgancitly swparatvd 1rem she cons
Cuctoss of e othicl snaler by o cgitggaons and dislv lined s ganlues .
tor, wmbditiod 1w the unudauog on ire, such as parcclaim tubes or .
lenilde tubing, . *

fb) In Rucvwoys and Boxes.  Coaxial calile shatl not be phacdiin any
facen ay, o art Coatlet b, Junstion Ins or utler eackinund
with AYRN N 4 i and poner Cuvtats or Class 1 osiennl arel gon- -
tral-circuns nnde-s th st the ditlerent sydfonis e swepanated .
hy a penanent paehl ¥ vl that this oy e con- -
disctors in ontlet hoves~juction boves o simlar taun:s comparte
aents whete such condugions ate itpaduced solely for poner suppls: e .
Wie coatial cabile syt lntabaipsn aapnlent or 1o ponct connese
fion 10 o contiol eqnpnwent, ‘e .

e} Ia SHafis.  Cuoaniad cable may be indalled in ke same <hiaft with ! ‘l_ {
comlictor for hisist sl paver pravided the conductons of the v o sys. * 4

LIS Are spatated b least twa nches or where the condustors of cither ’
se.'..:._

sl i ot combushible tabing,

Where the lighung or péaer comluclon ate run in a raceway, or in -
metal shigathied or nwtabclad o geumetallic shieatned or Type ur .
cables, nyuher the nu-mch separation gor the pon-combatitle thhing
it sequired. .

{9) Vertical Runs.  Comsfuclors or coaniad cables buncled topethicr” .
i a vertical 100 it a shatt shali bave i hre resistant coser
preveating e cateing of e front doer (o thear exeept whore dons

N, duchins i oy hie tubing or are hacsted in a tire. -
prool sl Tacg fife staps at cach thwr,

() Other Conductars.  There sy specific. sepaltion requinvneit
betwect Clas 2 Sienal 2id Conattoi cacnts wigad disintu syviem
Cables arad comunic ation cablos o conductos otticr than the clvasance
ACEC Ly 1o prevent contlict sif abvasuin.,

. * D. Underground Circuits -
820-7. &:._2.._.93.. Coauniul Culle,  Unlirpround coanial cahlc enler- .
ing buddieps siadt conply walithe 1olltmg: . '
{a) Wal Lisht und Fower Condudtun.  Lnlerprouml condilors ina
Juet, pralortal, andiiole, of maefbae domtanmg chane bplt or powar
. . ’ .
L]
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