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Master antenna systems are serving an increasing 
number of American communities, providing tele¬ 
vision reception where before there was none. By ex¬ 
tending the viewing area of both commercial and 
educational television stations, these small networks 
of coaxial cable and microwave radio have collectively 
established a new and sizeable industry. 

This article discusses the operation of these sys¬ 
tems, and related items of interest in the field of edu¬ 
cational television. 
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The establishment of the television 
industry in the United States 

brought with it new concepts of enter¬ 
tainment, news, and education, adding 
immediacy and depth. At the moment 
there are over 700 television stations in 
this country (Figure 2), and over 100 
construction permits have been granted 
by the Federal Communications Com¬ 
mission to establish new stations. 

Simultaneously with the growth of 
television — and almost unnoticed dur¬ 
ing its early years — cable TV systems 
appeared, stretching tv coverage into 
otherwise poor signal areas, catv. for 
Community Antenna Television, is now 
a sizeable industry of its own serving 
close to two million U.S. homes. Sim¬ 
ilar systems also are developing in other 
countries, including Canada, Mexico 
and Great Britain. 

A Beginning 
catv is essentially a master antenna 

service for receiving television signals 
and distributing them to home receivers. 
When the first television stations went 
on the air in the late 1940's, it was 
found that signals in outlying areas 
were not always powerful enough for 
satisfactory reception. Potential TV 
viewers were either too far from the 
broadcasting station, or were in a sha¬ 
dow area behind a nearby mountain or 
other obstruction. Even the construction 
of costly roof-top antennas was not 
always successful. 
The first meager steps toward the 

new catv industry were made by local 
citizens joining forces to construct mas¬ 
ter antennas on nearby hilltops. The 
signal was carried down the hill by 
standard tv lead-in wire strung from 
tree top to fence post to pole, and in¬ 
terrupted regularly with unsophisticated 
booster amplifiers. The results were not 
always ideal. The first commercial in-

Figure 1. High gain Yagi antennas, one 
for each television station, receive off-
the-air signals to he relayed through 

CATV system. 

stallations, with better antennas and 
coaxial cable came in 1950. Soon equip¬ 
ment manufacturers were entering the 
field with specially designed catv re¬ 
ceivers, cable amplifiers and other com¬ 
ponents. When greater distances sep¬ 
arated the tv station from the com¬ 
munity, microwave radio replaced long 
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coaxial cables as the most economical 
method of insuring good TV reception. 

CATV Today 
Today, approximately 1600 catv 

systems are in operation, another thou¬ 
sand have the go-ahead from local fran¬ 
chising agencies, and over two thousand 
are pending approval. However, it 
should be understood that not all of 
these will be built immediately or even 
in the near future. Some predict about 
100 new systems for 1966, increasing 
to a total of about 2600 by the end of 
1970. Only one state does not have at 
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TOTAL 552 150 702 

Figure 2. Numerical breakdown of TV 
stations now on the air. 

least one operating system, but even 
there applications for service have been 
filed. Some larger states have hundreds 
of independent systems. 

CATV systems vary’ greatly in size and 
capability, from small operations carry¬ 
ing as few as two channels, to advanced 
and more elaborately equipped facilities 
bringing as many as 12 tv channels and 
a number of fm radio signals to the 
subscriber. The average subscriber re¬ 
ceives five stations, while less than one 
percent get 10 or more channels. Four 
percent receive only two channels. Soon 
equipment advances may make it pos¬ 
sible for a catv system to carry 20 or 
more channels. Small operations may 
have only a hundred or so subscribers, 

while the largest in the United States 
serves nearly 20,000. 

In its early years, catv served the 
small population centers scattered some 
distance from television stations. More 
recently, however, catv has been 
brought to the doorsteps and even into 
the parlors of major cities like New 
York, Los Angeles, and San Francisco. 
Tall buildings, natural obstructions, air¬ 
planes, and other such factors will de¬ 
grade television signals from even near¬ 
by stations. The advent of color televi¬ 
sion also has increased the need for 
high-grade signals for satisfactory pic¬ 
ture reproduction. 

In addition to providing improved 
tv reception, catv frequently includes 
bonus services placed on otherwise un¬ 
used channels. An example is weather 
information from a camera continu¬ 
ously scanning temperature, wind, and 
other gauges. Another service allows 
home viewers to read the latest news 
as it is typed on news-wire machines. 

At least one operator has gone furth¬ 
er than that, setting up television-like 
studios to provide news, discussions, 
speeches, children's programs, and even 
live sports events. Equipment includes 
mobile units, video tape recorders, and 
professional studio consoles. Commer¬ 
cial background music also may be 
supplied by catv, using already in¬ 
stalled cables to carry recorded music to 
business concerns. 

The CATV Signal 
The first need of a catv system — 

like the home receiver — is a good sig¬ 
nal from the broadcast station. In some 
countries, broadcasters will provide a 
direct program feed from the station. 
But American catv operators pick up 
television signals "off the air” with spe¬ 
cialized receiving equipment. High gain 
antennas, typically of Yagi design, are 
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situated on a mountain peak or other 
advantageous point in the terrain. These 
antennas are selective, narrow band 
devices, most efficient at only one fre¬ 
quency or channel. Therefore, a sepa¬ 
rate antenna is usually installed for each 
channel to be received. Ideally, TV sig¬ 
nals at the antenna site should have a 
minimum strength of 50 microvolts 
per meter. 

Special receivers detect the tv signals, 
convert uhf to vhf if necessary, and 
amplify them to suitable levels for 
transmission. This portion of the catv 
system is known as the "head end” 
equipment. If the signals are to be fed 
directly into a cable trunk line, stand¬ 
ard vhf television frequencies are used. 
However, if a local vhf station is car¬ 
ried on the cable, interference will usu¬ 
ally result between the direct signal 
from the transmitter and the signal on 
the cable. In such cases it is necessary 
to translate this station’s programs to 
a different channel prior to distribution. 
When distant TV stations are to be 

carried, it is often more practical to use 
microwave radio links over sometimes 
as much as hundreds of miles to reach 

distribution trunk cables. For the head 
end equipment to feed a microwave 
system, incoming TV signals first must 
be demodulated to more usable frequen¬ 
cies. That is, the carrier frequency must 
be removed, leaving only pure video 
information in the range from 10 Hz 
to 4.2 MHz (Figure 3) with the audio 
on a subcarrier at 4.5 MHz. This is 
called a composite signal, and may be 
used to directly modulate the micro¬ 
wave radio. It is also possible to sep¬ 
arate the video and audio signals at 
this point and place the sound signal 
on a higher frequency program channel. 
The output of the microwave radio 

is transmitted by highly directive para¬ 
bolic antennas to receiving stations 20 
or 30 miles aw'ay. Then the signal may 
be retransmitted to another repeater, 
or fed into more head end equipment 
for cable distribution. 
The Federal Communications Com¬ 

mission regulates all radio frequency 
allocations, and recently created a new 
Community Antenna Relay Service 
(cars) for exclusive use by all catv 
operations. The band is from 12700 to 
12950 MHz. 

Figure 3. Television 
spectrum. Upper 
sideband of video, 
plus audio carrier 
make up composite 

signal. 
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Figure 4. Lenkurt 76TV microwave radio in typical installation. Repeater stations 
(inset) receive and retransmit signals. 

Approximately 25 percent of the 
catv systems in the United States use 
microwave radio, the typical system re¬ 
quiring two or three hops to bring the 
signal to the cable distribution point. 

Picture Distortion 
The transmission of television, espe¬ 

cially color television, by microwave in¬ 
cludes a number of critical problems. 
Distortion, poor frequency response, 

and other transmission irregularities all 
tend to degrade the quality of the final 
picture image. Of particular importance 
is the extreme sensitivity of television 
signals to non-linear phase shift. Ideally, 
the entire system should be free of non¬ 
linear phase shift from almost zero fre¬ 
quency to at least 4.5 MHz (to cover 
the bandwidth of a video signal). In 
practice, this is difficult if not impos¬ 
sible to achieve. Components in the 
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Figure 5. CATV system picks up signals outside the reach of home antennas; may 
use microwave radio to relay them to cable distribution point. Utility poles carry 

coaxial cables through residential areas. 

system delay some frequencies more 
than others, distorting the waveform. 
Although delay distortion of speech or 
music is not readily detected by the ear, 
similar distortion of a television signal 
is very noticeable and grossly affects the 
quality of reproduction. 

Color television is particularly vul¬ 
nerable to differential phase and differ¬ 
ential gain. The color appearing on the 
screen is determined by the exact phase 
relationship between two signals, the 
color burst and the color subcarrier. An 
unintentional shift in phase results in 
a different hue of color. Similarly, 
change in amplitude of the signal deter¬ 
mines the saturation or richness of the 
color. (For additional discussions of 
these areas see the Demodulator, Feb¬ 
ruary, 1962; October, 1963; November, 
1963; January, 1965). 
Delay distortion is directly related to 

the bandpass characteristics of the en¬ 

tire transmission system, including head 
end equipment, microwave links, and 
cable facilities. System design must pro¬ 
vide for a very wide bandwidth free 
from irregularities well beyond the 
actual frequency limits of the television 
signal itself. For example, the Lenkurt 
76TV microwave system (Figure 4), 
designed specifically for television trans¬ 
mission, has a frequency response of 
±0.5 dB from 20 Hz to 5.5 MHz. 

Subjective testing has shown that 
phasing errors of 5° or more will be 
detected by the viewer as a change in 
hue. Likewise, he will find a 2 dB 
change in color saturation objection¬ 
able. In the 76TV, differential phase is 
less than 0.5° per terminal, while dif¬ 
ferential gain is held to 0.2 dB at up 
to 90 percent of applied picture loading. 

Ultimately, the signals must be fed 
into the cable trunk line for distribu¬ 
tion to home tv sets. In a system not 
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using microwave, this occurs immedi¬ 
ately after the signals are received by 
the master antenna. With microwave, 
more head end equipment is found at 
the final radio hop. Here, signals must 
be brought to proper levels, remodu¬ 
lated to VHF frequencies, combined, and 
fed into the main trunk lines (Figure 
5). 

Cable System 
4 ' The trunk line is the basic carrier of 

the catv system and is never tapped 
to feed individual subscribers. At the 

line and therefore a limited number — 
usually 30 to 40 — are allowed on one 
line. Extender amplifiers, spaced about 
every 600 to 700 feet, are used to 
boost the signal along the feeder line. 
From the tapoffs come the house drops 
leading to the subscriber’s tv set. How¬ 
ever, before a connection can be made, 
the cable impedance of 75 ohms must 
be matched to the 300 ohm input im¬ 
pedance of the set through a matching 
transformer, placed on or near the back 
of the set. 

intervals along the trunk line are a num¬ 
ber of repeater amplifiers (Figure 6) 
to compensate for signal loss. These are 
usually less than a mile apart. Bridg¬ 
ing amplifiers divert the signals onto 
feeder, or distribution lines. 

Customer "tapoff” units (Figure 7) 
are placed along the feeder cables. 

Troposcatter 
CATV operators in other countries 

have added their own variations to the 
methods of signal transmission. In Can¬ 
ada, for example, military-developed 
techniques of troposcatter are being 
used in some systems spanning rugged 
terrain. Dependent on the ability of the 

MATCHING 
TRANSFORMER 
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tion of a high frequency signal well 
beyond the horizon, tropo systems send 
VHF television skipping over distances 
from 100 to 500 miles (Figure 8). Sta¬ 
tionary tropo antennas may include a 
tower-supported wire mesh reflector 50 
to 60 feet high, almost 300 feet wide, 
stretching in a parabolic curve around 
the antenna fixture mounted on the head 

end amplifiers. Economy is the prime 
justification for the technique — both 
the home receivers and the transmission 
wire are less expensive. 

In the British system, head end equip¬ 
ment supplies approximately 40 watts 
of video power to the trunk lines, which 
may be up to 6000 yards long. Feeder 
lines may branch off the trunk lines for 

Figure 6. CATV sig¬ 
nals pass through 
trunk ■ line and ex¬ 
tender amplifiers be¬ 
fore reaching the 

home receiver. 

end building. These antennas are highly 
directional, and have good ability to 
reject co-channel and adjacent channel 
interference. 

British CATV 
In Great Britain catv is called "wired 

broadcast” or "communal aerial sys¬ 
tem", and uses two different methods of 
signal transmission. One system is es¬ 
sentially the same as that used in the 
United States, relaying signals at stand¬ 
ard VHF tv frequencies directly to the 
receiver. Another popular technique is 
an outgrowth of the older "wired radio” 
system. This radio relay system was 
basically a public address system sup¬ 
plying audio directly to speakers in the 
home. The television version transmits 
unmodulated video signals (3-10 MHz) 
over twisted wire pairs to tv receivers 
built without the customary r-f front¬ 

distances up to about 2000 yards. It has 
been found that four video signals with 
their accompanying audio, and four ad¬ 
ditional radio channels may be carried 
on two twisted pair (four wires) in a 
shielded cable. 

Educational TV 
Sharing some of the problems, and 

related in many ways to CATV are the 
three overlapping areas of educational 
television (etv), instructional televi¬ 
sion (itv), and closed circuit television 
(cctv). 
etv is generally meant to include 

non-commercial broadcast stations, both 
VHF and UHF. itv refers to pro¬ 
gram content rather than facilities, and 
relates directly to formal education. 
cctv describes the transmission of tele¬ 
vision by cable or microwave to a pre¬ 
determined audience, as opposed to 
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public broadcast. Additionally, our ref¬ 
erence here is primarily to the use of 
CCTV in education. 

There are four general types of li¬ 
censees operating educational television 
stations: (1) universities, (2) public 
school systems, (3) statewide ETV com¬ 
missions, and (4) non-profit "commu¬ 
nity” corporations. More than half the 
etv stations in the country fall into the 
first two categories, being directly re¬ 
sponsible to educational institutions. 
Likewise, a statewide commission’s 
prime interest is usually with the school 
systems of the state. And while the 
community stations may have no direct 
connection with schools, they usually 
carry a regular schedule of instructional 
programs. 
The average etv station broadcasts 5 

or 6 days a week, 10 to 11 hours a day. 
Programs are divided almost equally 
between classroom instruction and more 
general programming planned for home 
viewing by all age groups. Instructional 
material more likely will be seen during 
the normal school hours, with more 

general programs in the early evening, 
and informative discussions or enter¬ 
tainment features for adult viewing in 
the late evening. 

At this time there are 115 etv sta¬ 
tions on the air, with another 65 under 
construction or with applications pend¬ 
ing. Currently more than half of the 
etv stations are on vhf frequencies 
(channels 2-13), but most reserved al¬ 
locations for the future are in the UHF 
band (channels 14-83). 

In the School 
Closed circuit television is utilized 

by many schools to make more advan¬ 
tageous use of teachers and instructional 
material. There are about 800 cctv 
installations in this country, split almost 
equally between elementary and secon¬ 
dary schools, and colleges and univer¬ 
sities. These may operate within one 
school, delivering lectures or demon¬ 
strations to other buildings, or between 
various schools in a district. Within a 
single school, coaxial cable easily con¬ 
nects the cameras and studio equipment 

Figure 7. Tapoff 
units connect house 
drops to feeder lines, 
and are designed to 
prevent interfering 
signals from reenter¬ 

ing cable. 
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to other viewing locations, sometimes 
with three or four programs on a single 
cable. Longer runs between separate 
schools can also be practical, using tele¬ 
phone company cables on a leased basis. 
An increasing trend in itv is the use 

of microwave radio. The FCC has allo¬ 
cated 31 channels in the 2500 to 2690 
MHz band for use by educational in¬ 
stitutions. Some districts use these chan¬ 
nels as direct links between two schools. 
Others operate a central transmitter 
beaming programs in several directions 
at once, much like a standard broadcast 
station, to be received off the air at 
various schools within the district. 

ITV systems also operate point-to-
point microwave relays on two higher 
frequency’ bands. The primary alloca¬ 
tion is in the 12200 to 12700 MHz 
band. However, the FCC will consider 

applications on a case-by-case basis for 
the 6575 to 6875 MHz band when the 
operator can show that it is not tech¬ 
nically feasible to use the higher fre¬ 
quency. 

Frequently CATV systems will carry 
etv programs, thereby greatly extend¬ 
ing the range of the station. These may 
even be piped into the schools, hospitals, 
or other such facilities in distant towns 
for little or no charge. In many cases 
c atv operators also will allow two etv 
stations to share programming over a 
spare microwave channel. 

Networks 
Many states have already installed 

widespread microwave netw'orks con¬ 
necting educational institutions hun¬ 
dreds of miles apart. Similarly, moves 
have been made to connect large num-
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bers of etv broadcast stations into 
educational networks. And many catv 
systems are beginning to resemble small 
networks. It is possible that someday 
a combination of these efforts will bring 
to this country a "fourth” major tele¬ 
vision network joining the best educa¬ 
tional and cultural programs in all parts 
of the nation. Moreover, a fifth net¬ 
work, with commercial UHF stations 
linked from one end of the country to 
the other, is being considered. 

There are also other possibilities for 
bringing educational and cultural pro¬ 
grams to larger audiences. One quite 
successful experiment has been under¬ 
taken by Purdue University, transmitt¬ 
ing previously video taped programs 
from specially equipped airplanes cir¬ 
cling 23,000 feet over Indiana. Daily, 
over a half-million students in six states 
(a total of 127,000 square miles) re¬ 
ceive courses ranging from elementary’ 
to college-level subjects. 

From the beginning, telephone com¬ 
panies have been involved with catv 
systems, allowing cables to be strung on 
their utility poles. More recently, tele¬ 
phone companies have supplied cable 
transmission channels for catv systems 
and instructional TV operations on a 
lease or tariff basis. And now many 
operating companies are expressing in¬ 

terest in becoming catv operators them¬ 
selves. 

The Future 
In the next few years both catv and 

educational television undoubtedly will 
experience many changes. Advancing 
techniques will allow for greater num¬ 
bers of channels to be carried over mic¬ 
rowave and cable facilities, bringing 
even more programs into homes and 
schools across the nation. Satellite tech¬ 
nology may add a new dimension with 
the possibility of broadcasting directly 
to schools -— or even home receivers 
— anywhere in the nation. 

In the United States close to 98 per¬ 
cent of the homes have at least one tele¬ 
vision set. Three percent of these homes 
are served by catv. Educational pro¬ 
gramming is now available to an esti¬ 
mated 130 million people—another 10 
million to be added this year w'ith 14 
new etv stations. In addition, instruc¬ 
tional television today reaches two out 
of three of the nation's 50 million stu¬ 
dents. 

As new networks link one station or 
relay system to another and new opera¬ 
tions spring up, a continually expanding 
measure of entertainment and educa¬ 
tion will be easily available to the tele¬ 
vision public. 
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