
LEF1KURT 

DEMODULATOR 
JU LY/AUGUST 1979 

45' 



The first commercial cable television, CATV, systems were 
placed in operation in 1949. These first systems were con-
structed in areas where distance or natural obstructions pre-
vented the satisfactory reception of direct broadcoasts. In those 
days, broadcasters encouraged the expansion of cable because it 
increased their viewing audience and consequently their adver-
tising revenues. 

The situation is different today. Highly sophisticated cable 
systems are operating in large metropolitan areas and success-
fully competing against direct broadcasting. This first of a two 
part series describes such a modern cable system. The second 
part will describe how these systems are designed, installed and 
maintained. Possible future developments will also be discussed. 

Basically a Community Anten-
na Television (CATV) system 

is comprised of a head-end station and 
a coaxial distribution network. As 
shown in Figure I, the head-end ac-
cepts signals (termed software in the 
figure) from a variety of sources in-
cluding satellite earth stations, direct 
television broadcasts and terrestrial 
microwave links. Original program and 
prerecorded material from studio 
equipment is also accepted. 
I lead-end station locations are 

chosen to assure particularly good re-
ception. Mountains, hilltops or the 
tops of tall buildings are favored. In-
dividual antennas are used to receive 
each VI1F or UHF television broad-
cast. Broadband antennas are used for 
local reception and tuned, carefully 
oriented arrays are used to take signals 

"off the air" from more distant sta-
tions. The antennas are mounted on 
towers when necessary. Preamplifiers 
are sometimes used between the an-
tenna output terminals and the trans-
mission line that carries the signals in-
to the station. 

Signals from points too distant for 
reception are transmitted to the head-
end over terrestrial microwave relay 
links and/or domestic satellites. The 
terrestrial systems are frequently back-
bone routes with drop and insert facil-
ities at several CATV locations. These 
routes are frequently owned by "Com-
mon Carrier" companies, who provide 
service to CATV operators on a leased 
basis. Figure 2 is a photograph of a 
head-end station. 

The availability- of low cost, receive 
only earth stations has reduced the use 
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Figure I. CATV system block diagram. 

of backbone systems. Informed esti-
mates are that more than 3,000 earth 
stations will be serving over 5,000 
CATV systems by the mid-1980's. 

Some MSO's (multiple systems 
operators) are rearranging their sys-
tems so that signals with distant ori-
gins are transmitted via satellite, re-
ceived at an earth station, transmitted 
via a microwave link to the main head-
end and fanned out to subsidiary head-
ends over separate microwave links. 
These fan-out links are typically 10 to 
60 miles in length, in contrast to back-

bone systems with end-to-end lengths 
of several hundred miles. 

Using microwave radio links to sub-
sidiary head-ends is not a particularly 
new idea. Amplitude modulated mi-
crowave links (AMU's) have been used 
for this purpose for sometime. How-
ever, the links to be fanned out will 
often have several hops. Some opera-
tors prefer fm for this application be-
cause fin microwave is essentially 
transparent to cable, whereas :1\11, 
makes a substantial noise contribution. 
The equipment that originally formed 
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Courtesy Viacom Cableyision 

Figure 2. Typical head-end station. Receive only earth station is on the right. 

backbone routes can possibly be re-
used in this case. 

Head-End 
The head-end station provides all 

the processing equipment necessary to 
condition the signals for transmission 

er the coaxial distribution s \ stem or 
ANIL link. Incoming micro‘%a‘.. signals 
are demodulated down to baseband 
(In the case of leased backbone routes, 
this step is usually accomplished by 
the common carrier). The baseband 

signals are used to modulate a televi-
sion channel carrier or an AML link. 

Figure 3 is a partial block diagram 
of a Head-End Station. The head-end 
equipment includes bandpass and 
bandstop (trap) filters, processors, 
converters, modulators and mixers. 

The filters are used to pass wanted 
and to block unwanted signals. They 
arr necessary because even the best 
tuned antennas will pick up adjacent 
channel signals. For example; assume a 
tuned vagi is used to receive channel 3 
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from a distant location. Also assume 
strong, local channel 2 and 4 broad-
casts. At the antenna, the unwanted 
channel 2 and 4 signals may more than 
equal the wanted channel 3 signals. 
This situation requires filters to trap 
the channel 2 and 4 signals and to pass 
channel 3. 

The head-end processors compen-
sate for fluctuations in the input sig-
nals and provide a high-level signal to 
the cable. As explained later, it is 
sometimes not desirable to transmit 
TV signals over the same channels on 
which they are received. In this case 
converters convert the CATV signal to 
another channel. 

Modulators are used to impress stu-
dio originated audio and video as well 

as microwave and satellite baseband 
signals onto a TV channel carrier. Pilot 
carriers, for automatic gain control on 
the trunk, also originate at the head-
end. 

Figure 4 and 5 are expansions of 
the ANIL transmitters shown in Figure 
3. Figure 4 is for a single channel 
transmitter, Figure 5 is for a multiple 
channel link. 

Referring to Figure 4, the AML 
transmitter consists of a crystal-con-
trolled reference oscillator, a phase-
locked oscillator and multiplier, a 
mixer, two bandpass filters, a klystron 
amplifier, a circulator and an antenna. 

The crystal oscillator controls the 
frequency of the phase locked oscil-
lator. The output of this oscillator is 
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Figure 1. Single 
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Figure 5. Multi-
channel AML. 
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connected to the input of a multiplier 
chain to produce a final output. f„. in 
the 12 Gllz band ( 12.645 CM in the 
figure). This signal is connected to one 
input of a mixer. 

The other input to the mixer is a 
television channel at a frequency 
fe (channel 2, 55.25 MHz in the fig-
ure). The output of the mixer is a con-
ventional amplitude modulated wave 
with a center frequency fo, an upper 
sideband fo + fe, and a lower sideband 

fo — f e 
Thé mixer output is passed through 

a bandpass filter which removes the 
lower sideband and the carrier. The 
output of the filter is a single-side-
band, suppressed-carrier signal at a fre-

quency of fo + fe, 12.7 Wiz in our 
example. This signal is amplified by a 
klystron which has a gain of about 42 
dB. The 2 watt output is connected 
through a second bandpass filter and a 
circulator to the antenna. 

Figure 5 is a multichannel arrange-
ment of an AML system. A crystal-
referenced, phase-locked, oscillator-
multiplier is also used in this arrange-
ment. However, the output is now 
connected directly to the klystron 
amplifier. The amplifier output is a 
12.645 GHz, 35 watt signal. 

The klystron output is connected 
to the input of a series of magic tees. 
A magic tee is essentially a hybrid rf 
power splitter. The final magic tee 
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outputs are connected to the inputs 
of different mixers. 

Various television channels are con-
nected to the other inputs of these 
same mixers. The output of each 
mixer is again an amplitude modulated 
wave consisting of the oscillator fre-
quency and both sidebands. This signal 
is filtered to remove the lower side-
band and oscillator frequency. The fil-
ter output is connected to the antenna 
through a circulator arrangement. The 
final product is a group of single-side-
band, suppressed-carrier, frequency-
division-multiplexed signals. For an 8-
channel system, the power output 
would be about 20 milliwatts per 
channel. 

For the Channel 2 and Channel 7 
signals shown in Figure 5, the nominal 
frequencies would be approximately 
12.7 and 12.8 GHz, respectively. 
These microwave signals are trans-
mitted to a subsidiary head-end where 
they are down-converted to VHF, by a 
process which is the reverse of the up-
conversion shown in Figures 4 and 5. 
The recovered TV signals are amplified 
and recombined for application to the 
cable. Thirty-five or more television 
channels may be offered by a modern 
CATV system. 

The CATV frequency spectrum is 
shown in Figure 6, and the TV channel 
frequency assignments are shown in 

Table I. Each channel has a 6 MHz 
bandwidth. 

Modern CATV amplifiers have a 
bandwidth of approximately 250 
MHz. So, theoretically, 41 channels 
could be transmitted over the cable. 
However, this theoretical maximum is 
reduced to about 35 channels, to avoid 
possible interference with aircraft navi-
gation and allow for fm radio. There 
are systems with 36 channels in opera-
tion today. 

The FCC requires new CATV sys-
tems serving urban areas ( largest 100 
markets) to llave a capability of 20 
channels. The significance of these 
numbers can be appreciated by com-
paring them to the standard CATV 
system of the 1960's which had a 
capacity of 12 channels. Earlier sys-
tems had even less capacity. 

Regulated, 30 or 60 volt ac power 
is also multiplexed with the rf signal 
arid carried on the cable. The ac pro-
vides primary input power to the de 
power supplies in the line amplifiers. 
Head-end stations are also furnished 
with a variety of test and monitoring 
equipment for quantitative and quali-
tative signal measurements. 

Cable Subsystem 
The combined final signal is de-

livered to subscribers by a coaxial 
cable network. The network consists 
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Figure 6. CATV Frequency Spectrum. 
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Table 1. TV Channel Frequencies. 

CHANNEL 
FREO RANGE 
IN MHz 

CHANNEL 
FREG RANGE 
IN MHz 

CHANNEL 
EREG RANGE 
IN MHz 

SUB-VHF 5.75-47.75 D 138-144 N 240-246 

T-7 5.75-11.75 E 144-150 0 246-252 

T-8 11.75.17.75 F 150-156 P 252-258 

T-9 17.75-23.75 G 156-162 0 258-264 

T.10 23.75-29.75 H 162-168 R 264-270 

T.11 29.75-35.75 I 168.174 S 270-276 

T-12 35.75-4t75 HI-VHF 174-216 T 276-282 

T-13 41.75-47.75 7 174-180 U 282-288 

LO-VHF 54-88 8 180-186 V 288-294 

2 54-60 9 186-192 W 294-300 

3 60-66 10 192-198 UHF 470-890 

4 66-72 11 198.204 14 470-476  

II 5 76-82 12 204.210 20 506-512 

6 82-88 13 210-216 -. 27 548-554 

FM 88-108 SUPER-BAND 216-300 35 596-602 

MID-BAND 120-174 J 216-222 42 638-644 

A 120-126 K 222-228 50 686-692 

B 126.132 L 228-234 60 746.752 

C 132-138 M 234-240 
e 

806-812 

of trunk lines, distribution lines and 
subscriber drops. 

The coax used for the trunk cable is 
typically 0.5 to 1.0 inches in diameter. 
Distribution cable is 0.41 to 0.5 inches 
in diameter and drop cable is 0.25 to 
0.33 inches in diameter. Larger cable is 
used for the trunk because it has less 
attenuation per unit length than 
smaller cable. The trunk is the longest 
cable run (up to 10 miles). 

Distribution cable runs are substan-
tially shorter than trunks and sub-
scriber drops are the shortest of the 
three. Furthermore, small diameter 
cable is the most flexible, an im-
portant consideration for cable routing 
into and inside a home. Table 2 lists 
some characteristics of two typical 
coaxial cables used for CATV. 

There are substantial differences be-
tween these cables and ordinary coax. 
Ordinary coax consists of a copper 
center conductor, a solid dielectric, 
a braided copper outer conductor and 
a protective outer jacket. 

The CATV trunk cable, listed in 
Table 2, consists of a copper-coated 

aluminum center conductor, a foam 
polyethylene dielectric and a solid alu-
minum tubing outer conductor. The 
cable is available with or without a 
protective outer jacket. Significant 
weight savings are realized by the 
copper-coated aluminum center con-
ductor, with little sacrifice of con-
ductivity, since signal currents flow 
near the surface, due to "skin effect." 

Referring back to Figure 1, the sig-
nals are attenuated as they travel down 
the trunk from the head-end to the 
terminating bridger. Trunk amplifiers 
are placed at intervals along the trunk 
to restore the signal to its original 
level. These amplifiers are probably 
the most critical element in the cable 
system, so they will be described in 
detail later. 

At convenient points along the 
trunk, the line is bridged with another 
amplifier which feeds signals to a dis-
tribution cable. Whenever practical 
these bridging amplifiers are mounted 
in the same housings as the trunk 
amplifiers, for reasons of economy and 
to minimize trunk-cable interuptions. 
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Table 2. Parameter fil Coaxial Cable Dimensions. 

1,000 CA SERIES 

-m-

500 CA SERIES 

INCHES MILIMETERS INCHES MILIMETERS 

CENTER CONDUCTOR 
DIAMETER 

0.225 ±0.002 5.69 ±0.06 0.1125 ±0.001 2.86 ± 0.03 

NOMINAL DIAMETER 
OVER DIELECTRIC 0.890 22.61 0.450 11.43 

DIAMETER OVER SHIELD 1.000 ±0.015 25.40 ±0.3 0.500 ± 0.007 12.70 ±0.18 

NOMINAL SHIELD 
THICKNESS 

0.055 1.40 0.025 0.64 

JACKET VERSIONS 

NOMINAL DIAMETER 
OVER JACKET 1.10 27.94 0.600 15.24 

NOMINAL JACKET 
WALL THICKNESS 0.050 1.27 0.050 1.27 

ATTENUATION @ 68 F (20°C) 

FREQUENCY (MHz) MAX. (dB/100 FT) N/km MAX. (dB/100 FT) N/km 

5.0 0.09 0.34 0.16 0.60 

10 0.13 0.49 0.23 0.87 

25 0.21 0.79 0.36 1.36 

50 0.30 1.13 0.51 1.93 

55.25 (Ch2) 0.31 1.17 0.54 2.04 

83.25 (Ch 6) 0.39 1.47 0.66 2.49 

100 0.42 1.59 0.74 2.79 

108 0.44 1.66 0.75 2.83 

150 0.52 1.96 0.90 3.40 

175.25 (Ch.7) 0.57 2.15 0.98 3.70 

200 0.61 2.31 1.05 3.96 

211.25 (Ch.13) 0.62 2.34 1.09 4.1A 

250 0.68 2.57 1.20 4.53 

300 0.75  2.83 1.31 4.9 

When necessary, distribution ampli-
fiers are used to maintain the signal 
level along the distribution cable. The 
cable is tapped close to the customers 
premises and brought in by drop cable. 
A grounding block is used at the point 
of entry to assure that the cable shield 
is firmly bonded to the building 
grounding system. 

If the structure is a single family 
residence, the cable is connected to 
the input of a comerter or through a 
matching transformer to the TV set. 
The transformer matches the 75 ohm. 
unbalanced cable to the 300 ohm, 
balanced TV input. The use of con-
verters is discussed later. 

Other equipment which might be 
installed on the distribution cable or 
customer's premises includes, multi-

Courtesy Comm/Scope Co. 

taps, passive splitters, directional coup-
lers and indoor amplifiers. Multitaps, 
consisting of directional couplers and 
hybrid splitters, are used to connect 
more than one drop cable to a single 
point on the distribution cable. Pas-
sive splitters and directional couplers 
are used to divide the signal on dis-
tribution and drop cables. Indoor 
amplifiers are used when the drop 
signals must be further amplified, as 
in an apartment house. 

Detailed Discussion 
The foregoing paragraphs describe 

the cable distribution system in gen-
eral terms. The following paragraphs 
describe the system's components in 
greater detail, after an explanation of 
dBmV, which is the standard unit of 
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level measurement for CATV. The 
term dBmV means dB referenced to a 
level corresponding to 1 millivolt rms 
across 75 ohms. In other words: 

Volts in rms mV  
dBmV = 20 logi 0 

ref level (1 mV rms) 

OR 

dBmV = 20 log10 rms mV 

when the voltage is measured across an 
impedance of 75 ohms. 

The 1 millivolt reference is used be-
cause it is the approximate input sig-
nal level an ordinary television receiver 
requires to produce a noise free 
picture. 

Since 75 ohms is the impedance at 
almost every point in the cable system, 
dBmV is a very convenient unit for 
measuring and comparing signal levels. 
A tunable, frequency-selective volt-
meter can be used for all level meas-
urements. The conversion to dBmV is 
relatively easy. Table 3 lists some volt-
age measurements and their dBmV 
equivalents. 

Note that 1 millivolt across 75 
ohms is 0 dBmV. This is a finite, abso-
lute quantity. Any voltage across 75 
ohms which is greater than 1 millivolt 
can be expressed as +dBmV; any volt-
age less than 1 millivolt across 75 
ohms can be expressed as —dBmV. 

People in the telephone industry 
are familiar with decibels referenced to 
one milliwatt (dBm) as a signal-level 
measuring unit. The difference be-
tween the two reference levels is: 

OdBmV = —48.75 dBm. 

There are some important things to 
remember about dB and dBmV as 
applied to CATV systems. The first 
thing is that dB is used to express gain 
or loss, it is a ratio and not a definite 
quantity. On the other hand, dBmV is 

a measurement of signal level and is 
referenced to a standard, 1 millivolt 
across 75 ohms. Another thing to re-
member is that dB may be added to or 
subtracted from dBmV, but dBmV 
may not be added to or subtracted 
from dB. 

Returning to the discussion of the 
cable distribution system, trunk am-
plifiers are installed at regular intervals 
(about every 1800 feet) along the 
trunk. The purpose of these amplifiers 
is to restore and equalize the signal 
levels which have been attenuated by 
the coaxial cable. The amplifier gain 
exactly compensates for the cable loss, 
so the combination is said to have 
unity gain. 

Figure 7 is a block diagram showing 
the essential circuitry of a basic, manu-
al, trunk amplifier. This unit amplifies 
and equalizes signal levels over its com-
plete band of operation. It compen-
sates for cable attenuation at one spe-
cific temperature (cable rf attenuation 
is temperature dependent). 

The rf input signals pass through a 
plug-in attenuator and equalizer to the 
first amplifier stage. The attenuator is 
used where cable lengths between am-
plifiers is quite short. It prevents am-
plifier overload. The equalizer is used 
to partially equalize signals over the 
frequency range, since cable attenua-
tion increases with frequency. 
A passive equalizer is actually an 

attenuator with an attenuation slope 
opposite to the attenuation slope of 
cable. As shown in Table 2, cable 
attenuates high frequencies more than 
low frequencies. The equalizer attenu-
ates the lows more than the highs, to 
equalize the signal levels at the ampli-
fier input. 

The first two rf stages are broad-
band amplifiers in a common emitter 
configuration. They are followed by a 
variable attenuator. The third rf stage 
uses a variable resistor in the collector-
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Table 3. dltmlillieroroli ( burl. 

dBmV p V dBmV p V dBmV p V dBmV p V 

-40 
-39 
-38 
-37 
-36 

-35 
-34 
-33 
-32 
-31 

-30 

- z29e 
-27 
-26 

-25 58 - 5 560 
-24 63 - 4 630 
-23 70 - 3 700 
-22 80 - 2 800 
21 90 - 1 

OdBmV 1.000 pV 900 1.0 mV) ACROSS 75 OHMS 

10 
11 
13 

14 
16 

18 
20 
22 
25 
28 

-20 
-19 
-18 
-17 
-16 

100 
110 
130 
140 
160 

o 

2 
3 
4 

1,000 
1,100 
1,300 
1,400 
1,600 

1,800 
2,000 
2,200 
2,500 
2,800 

3,200 
3,600 
4,000 
4,500 
5,000 

5,600 
6,300 
7,000 
8,000 
9,000 

20 
21 
22 
23 
24 

10,000 
11,000 
13,000 
14,000 
16,000 

18,000 
20,000 
22,000 
25,000 
28,000 

32,000 
36,000 
40,000 
45,000 
50,000 

-15 
-14 
-13 
-12 
-11 

180 
200 
220 
250 
280 

320 
360 
400 
450 
500 

5 
6 
7 
8 
9 

25 
26 
27 
28 
29 

32 
36 
40 
45 
50 

-10 
- 
- e 
- 7 
- 6 

10 
11 
12 
13 
14 

15 
18 
17 
18 
19 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 
40 

56,000 
63,000 
70,000 
80,000 
90,000 
100,000 

to-base feedback path, to provide vari-
able tilt for further cable equalization. 
This is followed l'y a second variable 
attenuator and two more wideband rf 
stages. 

The use of five stages of amplifica-
tion and ganged gain controls provides 
excellent frequency response over the 
50 to 300 MIlz band (± 0.2 dB ripple). 
The gain range is from 18 to 31 dB. A 
gain setting of about 22 dB is typical 
of many systems. In any event, the 
gain is set to compensate for the losses 
in the preceding cable section. 

Total Automatic Control Trunk 
Amplifier 

As previously stated, the circuit in 
Figure 7 compensates for cable attenu-
ation at one specific temperature. In 
other words, once the gain and slope 
are adjusted for best operation, opti-
mum amplifier performance will be 
present only while the cable is at the 
temperature it was when the adjust-
ments were made. 

Typically, cable attenuation in-
creases about . 12 percent per degree 
Farenheit of temperature increase. 

Œ 

o 

, 
Lu 

L. I-
D_ <1 

4, .1. .1, .1, 
ly Y Y_ 

RF 
INPUT 

RF AP 
STAGE STAGE 
NO. 1 NO. 2 

SLOPE 
CONTROL 

RF 
STAGE 
NO. 3 

GAIN CONTROL 

RF RF 
STAGE STAGE 
140. 4 NO. 5 

RF _  

OUTPUT 

Figure 7. Basic trunk amplifier module. 
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Conversely, the attenuation decreases 
by the same percentage per degree of 
temperature decrease. 

Referring to Table 2, the 1.000 CA 
series cable attenuates channel 2 sig-
nals approximately 5.6 dB per 1800 
feet at 68 degrees Farenheit. The same 
cable at the same temperature attenu-
ates channel 13 approximately 11.2 
dB. 

If the temperature increases 50 de-
grees the attenuation will increase 
.12 x 50 -= 6%. The attenuation of 
channel 2 will be 1.06 x 5.6 r-z--; 5.94 
dB. The attenuation of channel 13 
will be increased to approximately 
11.9 dB. 

If the temperature decreases the 
attenuation decreases proportionaly. If 
the temperature decreases 50 degrees, 
the cable attenuation will decrease 6%. 
For the 1800 foot cable we are dis-
cussing the channel 2 attenuation at 
18 degrees F is approximately 5.3 dB 
and for channel 13 approximately 
10.6 dB. 

Let us consider a hypothetical 
trunk with amplifiers of the type 
shown in Figure 7 installed at 1800 
foot intervals along the cable. The 
amplifiers have been adjusted at 68°F 
(i.e. the sum of the cable loss and 
amplifier gain equals unity at 68°F). 

Now let's consider the operation at 
18° Farenheit. Channel 2 signals, from 
the head-end to the first amplifier, are 
0.3 dB higher than normal. The chan-
nel 13 signals are 0.6 dB higher. The 
passive equalizer and flat gain ampli-
fier will not change this relationship. 
The amplifier output signal will be 
high by the same amount as the input 
signal. The same effect occurs in the 
second cable section. The input and 
output of the second amplifier will be 
high by twice the increase of the first 
amplifier. The increase in level is 
accumulative. After a few sections of 
cable, the amplifiers will be overdriven 

and severe performance degradation 
will result. 
On the other hand, if the cable tem-

perature increases substantially above 
68 degrees, the attenuation of each 
section will increase. The effect will 
again be accumulative and the signal 
will be unusable after a few sections. 

The problem is solved by using 
"Total Automatic Control Amplifiers" 
which are also known as dual pilot or 
automatic level and slope (ALS) ampli-
fiers. Figure 8 shows the circuitry 
which is added to the basic amplifier 
to provide automatic control. 

The input signal to this circuit is 
brought from the basic amplifier 
through a 10 dB directional coupler. 
At the coupler output two carrier pi-
lots, one high frequency and one low 
frequency, are separated from the sig-
nal by filters and then combined to 
form the input of a four stage rf ampli-
fier. This high-gain amplifier is wide-
band and very stable. 

The pilots are separated again by 
filters at the amplifier output. The 
high frequency pilot is connected to 
the input of a gain control detector. 
The low frequency pilot is connected 
to the input of a slope control detec-
tor. The individual outputs of the de-
tectors are compared to dc reference 
voltages. Any deviation from the refer-
ence serves as an error signal. 

Any error signal from the gain con-
trol detector is connected to the input 
of a de amplifier which has two out-
puts. These outputs are used to vary 
the current of PIN diodes in the two 
variable attenuators of the basic ampli-
fier. The PIN diode resistances change 
in a direction to maintain a constant 
amplifier output at the high pilot 
frequency. 

The output of the slope control de-
tector is also compared to a de refer-
ence. Any error signal is amplified and 
used to vary the resistance of a PIN 
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Figure 8. Automatic level and slope control circuit for total automatic control 
amplifier. 

diode in the feedback path of the third 
rf amplifier. This amplifier's gain is 
sloped to maintain a constant level at 
the low pilot frequency. 

As a result, even though absolute 
changes in cable attenuation with tem-
perature are also a function of fre-
quency, the automatic control cir-
cuitry acts to change the amplifier gain 
and slope to maintain a substantially 
constant level and tilt at the output. 

Again referring to Figure 1, bridg-
ing amplifiers are used to connect sig-
nals from the trunk to the distribution 
cable. Bridging amplifiers cover the 
same frequency range as trunk ampli-
fiers but their operating requirements 
are less stringent, as far as noise figure 
is concerned. Also, they work at high-
er levels. So, their individual distortion 
and noise contributions are greater 
than those of a trunk amplifier. How-
ever, bridging amplifier performance is 
more than adequate for its intended 
purpose. 

The bridging amplifier's output is 
divided by a power splitter to provide 
signals for up to four distribution 
cables. It is interesting to note that the 
amplifiers can drive a greater total 
length of cable, when the output is 
split into several cables which fan out 
in different directions. 

Taps are placed along the distribu-
tion cable to provide signals to the 
subscriber drop cables. Each tap uses a 
directional coupler to extract a small 
amount of energy from the distribu-
tion cable. The cable attenuation also 
dissipates signal energy. 

When the signal on the distribution 
cable becomes too low to supply a tap, 
a distribution amplifier is installed. 
This amplifier raises the signal level 
high enough to extend the length of 
the distribution cable and supply addi-
tional subscriber drops. Two or three 
distribution amplifiers may be con-
nected in series along a distribution 
cable run. 

The output levels, and therefore the 
distortion products, of bridger and dis-
tribution amplifiers are much greater 
than those of trunk amplifiers. A 
combination of a bridging amplifier 
and three distribution amplifiers may 
produce as much distortion as twenty 
to thirty trunk amplifiers. The limiting 
factor is: The accumulated distortion, 
from all sources, must not reach an 
amount which will prevent a sub-
scriber from receiving quality video. 

Subscriber Drops 
The subscriber drop is the final link 

in the distribution system between the 
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head-end and a subscriber's television 
receiver. A drop starts at an output 
port of a distribution line tap. A drop 
cable picks up the signal at that point 
and carries it to the subscriber's prem-
ises. At the T \ receiver, a matching 
transformer matches the 75 ohm cable 
to the 300 ohm receiver input. 

Distribution line taps may serve 
from one to eight subscribers. The 
basic tap consists of a directional 
coupler, a through-path for the cable, 
an isolation network including an AC 
power blocking capacitor, and an out-
put port. Multiple outputs are pro-
vided by adding separate tap and isola-
tion circuits for each output or by us-
ing a single power splitter to divide the 
basic output port signal into several 
paths. In either case all the circuitry is 
encased in one housing. 

Insertion loss, coupling loss and iso-
lation loss are terms commonly associ-
ated with taps. Insertion loss is the 
amount of loss the tap installation 
adds to the distribution cable, coupl-
ing loss is the loss from the input to 
each output of the tap. Isolation loss is 
the signal loss between each of the 
multiple outputs. 

The drop cable has the least di-
ameter and greatest attenuation of all 
the coax used in the distribution sys-
tem. The high attenuation is accept-
able because the cable runs rarely ex-
ceed 200 feet. 

Care must be used to preserve the 
cable integrity and continuity at the 
drop. This is particularly true in areas 
where strong radiated signals are pres-
ent. A faulty cable can act like an an-
tenna to bring in external signals 
which interfere with the desired signals 
on the cable. 

Special cable is available for use in 
areas where this problem is particulary 
troublesome. A cross-section of one 
such cable shows six concentric layers 
(see Figure 9). 

Matching transformers are used to 
match the 75- ohm unbalanced coaxial 
cable to the 300- ohm, balanced TV 
input. These transformers usually in-
clude AC blocking capacitors. Some 
matching transformers also contain 
high pass filters to eliminate low fre-
quency interference. These are particu-
larly useful in the two-way systems 
discussed later. The filters are also use-
ful in preventing interference from CB 
radio. 

Converters 
Converters are used to convert any 

signal on the cable to one standard 
VHF channel. The television set re-
mains tuned to this channel and the 
converter tuner is used to select other 
channels. Since the cable and con-
verter are carefully shielded and the 
single VHF channel is one that is not 
used for local broadcasting, interfer-
ence problems are greatly reduced. 
Eliminating interference is one reason 
for using converters. 

Another, perhaps more compelling, 
reason for using converters is to in-
crease channel capacity. An ordinary 
television receiver has a VHF tuning 
capacity for 12 channels. However, all 
of these channels may not be available 
for cable use. 

In the past, channels which were 
broadcast locally were not usually 
placed directly on the cable. The dif-
ference in propagation velocity be-
tween signals through cable and over 
the air causes a time differential, be-
tween these signals, at the receiver 
input. Ghosting of the image results. 
The common practice used to be to 
translate local broadcasts to adjacent 
channels for cable transmission. This 
was not very satisfactory in areas 
where four or more channels were 
broadcast. The translation of four 
channels left only four channels re-
maining for all other signals. 
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Figure 9. Special drop cable for use in areas with strong broadcast signals. 

Today, the common practice is to 
send local signals over the cable on the 
same channel frequency used to trans-
mit them over the air. In fact, the FCC 
discourages the translation of local 
broadcasts to a different channel. Each 
case must be justified to the commis-
sion before it will approve the transla-
tion. The simultaneous transmission of 
the same frequencies, on cable and 
over the air, established the need for 
the special drop cable and careful in-
stallation previously described. 

Given the fact that modern systems 
have a capacity of 35 or more channels 
and that the FCC requires that new 
systems for the largest markets must 
have a minimum capacity of 20 chan-
nels, the use of converters seems al-
most mandatory in metropolitan areas. 
A modern converter can translate up 
to 40 channels to a single VHF 
channel. 

It is true that several currently 
marketed television receivers have the 
tuning capacity to accommodate cable 

transmissions. However, cable tech-
nology and demands for increasing 
sers ice are not standing still. It is 
doubtful that the replacement cycle 
for home receivers will ever equal the 
rate of change of cable services. So, 
placing the tuning capability in the 
converters seems a logical choice. 

From the cable operator's view-
point, the converter has the additional 
advantage of providing secure pay tele-
vision service. The pay channels are 
scrambled at the head-end and de-
scrambled in the converter at the sub-
scriber end. Modern converters can 
translate from one to three pay chan-
nels in addition to more than 30 regu-
lar channels. The revenues from pay 
TV easily defray converter costs. 

This was not true when converters 
were first introduced. In those days 
many system's operators could hardly 
afford the capital out-lay required to 
provide each subscriber with even a 
modestly priced converter. The pro-
blem was aggravated because con-
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verters were often damaged or lost. 
Overriding cost considerations forced 
the acceptance of marginal design and 
components. 

Consequently, early converters of-
ten had inadequate bandwidth which 
caused picture degradation and exces-
sive frequency drift which caused poor 
selectivity and made frequent retuning 
necessary. 

Modern converters have overcome 
these problems. For example, Syl-
vania's model 4041 programmable 
converter has an input bandwidth of 
52 to 300 MHz. It can convert up to 
40 channels to either VHF channel 3 
or 4. 

Tuning is accomplished by a digital-
ly-controlled, phase-locked-loop, fre-
quency synthesizer. Because the fre-
quencies are referenced to a crystal 
controlled oscillator, converter fine 
tuning is not required. 

The channel selector has been sepa-
rated from the rf processing elec-
tronics and placed in a hand held case 
resembling a calculator. The case is 
moisture resistant and made of high 
impact plastic. The key pad uses 
touch-sensitive, membrane-type, key 
switches. Light emitting diodes are 
used to provide a two-digit channel 
indicator. 

Channels 37,38 and 39 are reserved 
for pay TV or other special channels. 
They can be assigned, at the service 
shop or factory, to any frequency be-
tween 50 and 300 MHz. When one of 
these channels is selected, the selector 
unit provides an output to turn on the 
proper descrambled and tune to the 
channel frequency. Each channel has a 
separate output to allow up to three-
tier pay service. 
A microprocessor is also included in 

the unit. It has sufficient memory to 
store up to 10 channels selected by the 
subscriber. He can place his favorite 
channels in memory by simply holding 

the CHAN ENT switch while entering 
the channels in sequence. At any sub-
sequent time, these channels can be re-
called and sequenced by pressing a sin-
gle key. 

The channel selector unit is virtu-
ally indestructible. About the only 
way it could be damaged would be to 
deliberately stab it with a sharp instru-
ment. The rf processing unit is also 
cased in high impact plastic. 

Two Way Systems 
In February 1972, the FCC issued a 

Report and Order requiring new, ma-
jor CATV systems to provide a "tech-
nical capacity for non-voice return 
communications" from customers' lo-
cations. The signal path from the head-
end to the subscriber is referred to as 
"downstream"; the path from the sub-
scriber to the head-end is referred to as 
"upstream." 
Two methods are most frequently 

used to provide this capacity. One 
method uses separate cables for each 
direction of transmission. The other 
"bidirectional" method uses a single 
cable with different frequency bands 
for each direction of transmission. 

The single cable method uses the 5 
to 30 MHz, sub-VHF portion of the 
spectrum, to provide four channels for 
upstream signals, as shown in Figure 6. 
The downstream signals use the 50 to 
300 MHz portion of the spectrum to 
provide 30 or more channels, as pre-
viosly described. 

Coax is bidirectional but amplifiers 
are not. So, separate amplifiers must 
be provided for the upstream signals. 
These amplifiers are represented by 
the small black triangles in Figure 1. 

Three types of amplifiers are used; 
trunk, bridging and distribution. 
Trunk amplifiers have more stringent 
operating requirements and operate at 
lower levels than the other two. Some 
trunk amplifiers have provisions for 
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operation in either of two modes, high 
gain or low gain. High gain is used 
when the upstream traffic is video. 
Low gain is used for data. The gain is 
16 dB minimum in the high mode anti 
6 dB minimum in the low mode. Es-
sentially the same amplifier is used for 
bridging but it provides 20 dB mini-
mum gain in the high mode. 

Distribution amplifiers are used 
when the distribution cable run is long 
enough to require amplification of the 
sub-VHF signals before they are im-
pressed on the trunk. The attenuation 
of all sections of trunk cable are usu-
ally made equal by building out short 
sections with attenuators. So, the up-
stream inputs from the distribution 
cables to the trunk should also be 
equal. They should also allow for low 
level operation of the trunk amplifier 
to prevent distortion. These purposes 
are served by providing attenuators at 
the outputs of the distribution ampli-
fiers. Various attenuators and equal-

-- izers, including thermal types, are 
available for all three types of up-
stream amplifiers. 
A return passive network is used to 

provide a path around the downstream 
amplifiers, when upstream amplifica-
tion is not required. For example, a 
line extender amplifier might be in-
stalled at a point in the distribution 
cable within a few hundred feet of a 
subscriber's premises. Signals originated 
by the subscriber would not require 
amplification at that point. 

The return passive network is form-
ed of bandstop filters to maintain 
downstream amplifier stability by 
blocking the downstream signals, and 
bandpass filters for upstream signals. 
Equalizer networks may also be in-
cluded to compensate for cable slope. 

Figure 10 is a photograph of a 
Trunk Transportation Station for a bi-
directional system. The term "station" 
in CATV language has the same mean-

ing as "repeater" does in telephone 
language. 

Referring to the figure, there are 
four plug-in modules in the housing. 
From top to bottom they are; an up-
stream trunk amplifier, a downstream 
trunk amplifier similar to the one 
shown in Figure 7, an ALS module 
similar to the one shown in Figure 8 
and a bridging amplifier to feed distri-
bution cables. The power supply and 
associated transformer are mounted in 
the cover. 

The housing is made of die-cast 
aluminum. The conductive gasket pre-
vents electro-magnetic radiation and 
provides a weather-proof seal. The 
housing may be suspended from a mes-
senger cable or equipped with hard-
ware for pole or pedestal mounting. 

Two Cable System 
Two cable systems run all the way 

from a complete upstream coaxial sys-
tem, which essentially duplicates the 
downstream system, to simply provid-
ing a telephone pair for upstream traf-
fic. The pair system is cheapest but 
can only handle voice or data traffic, 
not video. 
A completely dual coaxial system 

has the greatest return channel capac-
ity but is the most expensive. How-
ever, the cost or stringing two cables at 
the same time, probably will not be 
greater than 50% more than the cost 
of stringing a single cable, since the 
difference in labor costs is not sub-
stantial. 

Note that the FCC Report and 
Order requires a "technical capacity", 
rather than a "capability" for two-way 
communications. Generally, the indus-
try has interpreted this to mean that 
new installations should not preclude 
future two-way transmissions. For ex-
ample, station housings- on a single 
cable system should allow mounting 
space for upstream amplifiers, filters, 
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Courtesy Sylvania CATV 
Figure 10. Trunk amplifier station. 

etc.. but these devices need not be in-
stalled until needed. 

Viewed in this light, installation of 
a dual coaxial system, with installation 
of electronic components postponed 
until required, might prove most eco-
nomical in the long run. This state-
ment assumes that the demand for 
broadband, two-way communications 
becomes great enough to make the 
service profitable. To date this has not 
been so. With few exceptions, two-way 
communications systems have not paid 
their own way. 

One exception is the data com-
munications and leased channel serv-
ices which Manhattan Cable provides 

business customers. The company uses 
two of its 36 channels for this service. 
One channel is used for downstream 
and the other is used for upstream 
transmissions. The 6 MHz per channel 
bandwidth is more than adequate for 
the high speed data service. The sys-
tem is bidirectional. The trunks used 
for this service are equipped with am-
plifiers for each direction of trans-
mission. 

Another successful application of 
two-way systems involves installations 
in new, "planned" communities. The 
system consists of a two-way cable sys-
tem, a home terminal and a central, 
computer-controlled data system. 
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The terminals provide security, fire 
alarm and medical alert information. 
They are polled by the computer and 
use a multi-frequency, multi-code 
scheme for terminal identification 
etc... The system eau be adapted to 
distributing pay TV with charges on a 
per program or per channel basis. 

The use of computer controls has 
many advantages which make it attrac-

tive to CATV operators. One of these 
is the ability to turn service on or off, 
without requiring a technician to visit 
the customers premises. 

This and other uses of computers 
in CATV systems will be discussed in 
Part 2 of our CATV series. The second 
part will also describe possible future 
equipment and system developments 
in the CATV industry. 
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GTE SYLVANIA'S 
MODEL 4041 
PROGRAMMABLE 
CONVERTER... 

... uses integrated circuitry to convert up to 40 channels to VHF channel 
3 or 4. Channel selection by a crystal-controlled phase-locked frequency 
synthesizer eliminates the need for fine tuning. An advanced descrambler 

provides 3 pay-channel, tiered programming and a microcomputer stores 

10 channels for fast recall and scanning. 

The channel selector is separated from the electroncis and placed in a 
moisture-resistant, crash- resistant case, resembling a hand-hold calculator. 

Selected channels are displayed by light-emitting diodes. For further 

information contact: 

Sylvania CATV 
10841 Pellicano Drive 

El Paso, Texas 79935 

CED Wan= 
VIDEO, VOICE & DATA 
TRANSMISSION SYSTEMS 

The GTE Lenkurt Demodulator is circulated bimonthly to selected technicians, engineers and 

managers employed by companies or government agencies who use and operate communica-
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