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A New Approach to Evaluating CATV System 
Triple Beat Performance 

John A. Franke Dr. Tom M. Straus Bert L. Henscheid 

Theta-Com Theta-Com Theta-Com 

As the number of channels carried by a CATV 
system increases much past twelve, the pre
dominant distortion limiting performance 
changes from Cross Modulation to Triple Beat 
products. The mathematics of Triple Beat 
build-up and its characteristics are briefly re
viewed for background. Experimental data on 
triple beat measurements using various tech
niques is then presented to illustrate the 
problems and limitations of current test 
methods as related to practical system design 
and operation. Based on further experimental 
work, a new approach to evaluating CATV 
system triple beat performance will be dis
cussed, which yields a test technique whose 
results may be directly correlated to visible 
degradation of the received picture. 

Triple Beat distortion in CATV systems is not 
something new, but rather has been with us all 
along. It was just not recognized as such and 
was generally referred to as "busy background". 
The recent emphasis on triple beat performance 
in the industry is due to the increase in the num
ber of channels carried by modern systems, 
since as the number of channels carried by a 
CATV system increases much past twelve, the 
predominant distortion limiting performance 
changes from cross modulation to triple beat 
products. 

Mathematically, the beats are caused by third 
order distortion in an amplifier, and are of the 
form F1 ± F2 ± F3 and 2Fl ± F2 where F 1, F2 
and F3 are discrete frequencies. Cross modu
lation is a special case of third order distortion 
where the modulation from one carrier is trans
fer red to another carrier. 

It has, therefore, been suggested from time to 
time that the individual triple beat level, rela
tive to the desired carrier, be established as a 
more fundamental criterion of amplifier and I or 
system performance. The question is, what 
criteria should govern? If we relate to the 51 dB 
NCT A cross modulation visibility threshold, the 
corresponding triple beat threshold is given by: 

(Triple Beat) Threshold for X-Mod = (l) 

[51+ 20 log (N-1) ] dB 

where N is the number of channels. 

This relationship will generally over-estimate 
the triple beat requirement since the measured 
NCTA cross modulation is rarely as bad as one 
would predict based on a measured triple beat 
and a simplified theoretical relation between 
triple beat and cross modulation. (l) 

Another approach is based on Arnold's obser
vation (2) that the threshold for picture degrad
ation due to triple beat is given for B > 50, by 
53+ 10 log B, where B is the number of beats 
falling in the "worst" channel. We will shortly 
show that B = 0. 034N2 • 6 is a fair approximation 
for the standard channel selections. Thus, 

( 1) 

(2) 

(Triple Beat) . Threshold for Tnp1e Beat 
(2) 

Noise with CW Carriers 
[ 38 + 26log N )dB (N >15) 

"The Decibel Relationship Between Amp
lifier Distortion Products" - K. E. Simons, 
Proc. IEEE, 58, P 1077 (July 1970). 

"Required System Triple Beat Perform
ance" - B. Arnold, Dec. 1972. 
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Yet a third equation is found in the Netherland 
PTT CATV System Technical Requirements. 
This states that: 

(Intermodulation)Level below carrier;§ 

[45 + 25 log N) dB 

(3) 

Figure 1 is a plot comparing equations (1) 
through (3). Note that in order to correctly 
predict the cross-over between triple beat and 
cross modulation visibility threshold, equation 
(1) would have to be dropped 4 to 5 dB. It 
appears that equation (3) is too severe a criter
ion although it does have nearly the same slope 
as equation (2). 

Returning to the relationship between number of 
beats and number of channels, consider the 

(3) 11 Third Order Distortion Buildup in a Multi
Channel Cascade" - R. Bell and P. Rebeles, 
Presented at 1973 NCTA • 
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case where the channels are spaced at regular 
6 MHz intervals without any gaps. Figure 2 
shows that the number of beats is then approxi
mately proportional to N to the 2. 2 power 
(N2. 2). However, if the standard 12, 21, and 
35 channel configurations including channels 5 
and 6 are considered, there ar«; fewer beats 
for a given number of channelsl 3 ), and the 
number of beats is approxi~tely proportional 
to N to the 2. 6 power (N2. ). One would ex
pect that as the number of channels becomes 
very large the 2. 6 power curvtl will asymtotic
ally approach the "no-gap" case' wiping out the 
effects of channel 5 and 6 and the FM band. 

For any specific channeling plan, of course, 
the exact number of beats can be determined on 
a computer. We have run such a program for 
a thirty channel system, channels 2-13 and 
A-R, with three pilot carriers, the results of 
which are shown in Table 1. For all practical 
purposes, the results are typical of a 33 channel 
system. From the Table, it may be seen that 
the maximum number of beats occurs in a broad 

100 

NUMBER OF CHANNELS N 
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NUMBER OF BEATS, B 

area around channels 7 through 10, and further, 
that approximately 88% of them occur at the 
carrier frequency. 

We now have some conflicting theoretical number 
for required triple beat performance and some 
idea of the number of beats in the "worst case" 
channel. The next question, of course, is how 
do these numbers correlate with the visual effects 
observed in a multi-channel system. Unfortun
ately, the answer is "a little bit, but not very 
much." 

In order to understand this it is necessary to 
examine some of the factors associated with 
three carrier triple beat measurements. 

First, there are no industry standards or pro
cedures for this type of test. Thus, it is 
possible for different people to make these tests 
using different techniques and come up with 
completely different answers, which makes 
comparing specifications or system performance 
impossible. A good example of this is in cali
bration where there are currently three popular 
approaches. 

(a) 

(b) 

(c) 

Use of a field strength meter or other 
receiver to feed an audio wave analyzer, 
using 100% square wave modulated signals 
such as NCTA cross modulation as a 
reference. This is a fairly convenient 
technique, but can yield errors up to 4 dB 
since the reference is a double sideband 
signal, whereas the beat appears as a 
single sideband. It also requires manu
ally scanning the wave analyzer to ·locate 
the beat, which can be very frustrating, 

Insertion of another CW signal set a known 
amount below the carrier, usually 40 dB, 
and offset in frequency by a small amount 
to establish a reference on the audio wave 
analyzer. This is quite accurate but very 
time consuming. You still have to manu
ally scan for the beat. 

Direct observation on a spectrum analyzer. 
Dynamic range is a problem here and it is 
difficult to observe close in beats. There 
is also a question of how much of the beat 
is generated in the test equipment. 
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TABLE I 

THIRD ORDER BEAT PRODUCTS 

Channels 
2 through 13 
A through R 

Pilot Carriers 

CHANNEL 

2 
3 
4 
5 
6 
A 
B 
c 
D 
E 
F 
G 
H 
I 
7 
8 
9 
10 
11 
12 
13 
J 
K 
L 
M 
N 
0 
p 
Q 

R 

TOTAL 
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109.25 
271.25 
301.25 

Fl±F2±F3 

At Carrier In Channel 

135 228 
146 237 
154 243 

27 253 
27 258 

237 297 
247 304 
254 308 
262 313 
266 314 
272 319 
275 320 
280 324 
282 325 
287 326 
285 326 
286 324 
285 323 
284 322 
282 318 
278 314 
274 308 
270 304 
265 297 
260 293 
253 287 
247 282 
239 274 
231 265 
220 256 

7' 110 8,862 

2Fl ± F2 
At Carrier In Channel 

10 18 
10 15 
11 17 

0 17 
0 19 

13 16 
12 15 
14 19 
12 15 
14 17 
13 14 
15 17 
13 15 
14 16 
13 17 
15 16 
14 19 
15 18 
14 16 
15 18 
14 17 
15 20 
14 16 
15 19 
14 17 
15 20 
14 17 
14 18 
14 19 
14 18 

380 515 

TOTAL 
At Carrier In Channel 

145 246 
156 252 
165 260 

27 270 
27 277 

250 313 
259 319 
268 327 
274 328 
280 331 
285 333 
290 337 
293 339 
296 341 
300 343 
300 342 
300 343 
300 341 
298 338 
297 336 
292 331 
289 328 
284 320 
280 316 
274 310 
268 307 
261 299 
253 292 
245 284 
234 274 

7, 490 9, 377 



A second factor is the choice of frequencies 
used to make the measurement. An amplifier's 
triple beat performance is not constant over its 
operating frequency range. 

A third factor is that in normal system oper
ation, signal tilt is employed. This greatly 
complicates the question of what is an accept
able triple beat level, as is illustrated in 
Table II. 

The first column in Table II is a list of the 
specific triple beats measured in a typical 16-
amplifier cascade. Note that with channels 2, 3 
and 4 a difference product in the low VHF band 
was measured as well as a sum product in the 
high VHF band. Column 2 is the measured beat 
level for each group in dB down from the de
sired carrier. Column 3 is the measured beat 
level in dB down when each group was set for the 
tilt, but not the level,that it would have in normal 
operation. Here we can see that this cascade 
changes 2 for 1 in beat level with system level 
quite nicely, even though the levels are sub
stantially above normal. Column 4 shows the 
calculated beat level which results when the 
system is derated on a 2 for 1 basis to normal 
operating levels. It was not possible to actually 
measure these due to the dynamic range limi
tation of the test equipment. Finally, column 
5 shows the beat level calculated back to a 
single amplifier at normal levels. 

By examining this Table we can see that what 
appeared to be reasonably consistent perform
ance when everything was measured at a constant 
level, became a large spread in numbers when 
reduced to an operational mode. It also points 
out that the effective operational triple beat 
performance becomes worse with increasing 
frequency. This is to be expected since third 

order distortion does increase with increasing 
frequency in both discrete and hybrid amplifiers. 

One final factor which becomes evident from 
Table II is that it is generally necessary to use 
elevated levels in order to get a measurable 
single beat. In the case of a single amplifier, 
this may be a substantial amount, driving the 
amplifier into a completely unrealistic oper
ating mode and generating even higher order 
distortion products. The multiplying effect of 
a cascade permits more realistic operating 
levels, but not too many people can build long 
enough cascades for practical equipment evalu
ation. 

In view of the above factors, plus a lot more 
experimental data, we at Theta-Com concluded 
that three carrier triple beat numbers were for 
all practical purposes, of little value in system 
design, and that there had to be a better way to 
handle the problem. The approach we decided 
to take was very similar to that used in the early 
1950 1 s to establish the criteria for cross modu
lation performance. Namely, to set up an oper
ating system, and, using a large number of 
observers, determine the visual threshold for 
triple beat, as well as the tolerance range. 
Then, using these conditions, devise a meas
urement technique which would accurately 
represent the visual effect. 

You will recall that in Table I we ,saw that the 
number of beats varied from channel to 
channel and reached a maximum at approxi
mately channels 7 through 10 for a 30 channel 
system. This data is shown again in Figure 3. 
From this we selected channel 7 for our test 
channel, since it is in the maximum beat area, 
would not require a converter ahead of the TV 
set, and was not a local channel. 

TABLE II 

MEASURED TRIPLE BEAT (16 Amplifier Cascade) 

Channel Output Levels Output Levels @ Derate to Single 
@ +40 dBmV +40/43/45/47 dBmV Normal Level Amplifier 

2 + 4-3 on 3 -60 -60 -90 -114 

G + I-H on H -58 -53 -83 -107 

9 + 13-11 on ll -56 -46 -76 -100 

s + U-T on T -54 -40 -70 -94 

2 + 3 + 4 on 8 -65 -70 -100 -124 

Below Ch. 8 Below Ch. 8 Below Ch. 8 
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A 32 amplifier cascade, with bridger and two 
line extenders was then set up for the test. 
Twenty-nine channels of off the air video from 
our headend were fed into the system, with 
channel 7 fed from a modulator with test patterns 
to obtain a clean, steady signal. A Sony Trini
tron receiver /monitor was used as the TV set. 

The procedure was then to observe the TV set 
and adjust the system levels as a group, until 
triple beat interference was just on the thresh
old of visibility. This was done with people who 
could be classed as trained observers (critical 
viewers), and average viewers. 

A first cut measurement was then made by using 
a standard 600 KHz bandwidth signal strength 
meter to make a carrier to "Triple Beat Noise" 
ratio measurement by measuring the peak 
carrier level and then measuring the noise with 
channel 7 removed, but all other carriers on. 
The result, for trained observers, was a 
carrier to triple beat noise ratio of 46 dB. (The 
term carrier to triple beat noise ratio quickly 
degenerated to carrier to garbage, but that is 
not very technical). The carrier to thermal 
noise ratio, uncorrected, under the same con
ditions was 48 dB, so we were not very far above 
thermal noise, but it was measurable, and 
repeated very well. 
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FIGURE 3 

C/TB 
OBSERVED 

CHANNEL 
13 

TOTAL BEATS IN CHANNEL 

BEATS AT CARRIER 

-60dB 

-63dB 

R 

This procedure was then repeated with a 
spectrum analyzer using various l:landwidths, 
sweep rates and filters to obtain better noise 
discrimination. As would be expected, the 
threshold number varied quite a bit depending 
on the control settings selected, but again, for 
a given set of conditions, yielded consistent 
numbers with trained observers. It was also 
noted that all of the near carrier beats fell in 
the range of+ 20KHz from the carrier, which 
is in line with the expected range of + 40 KHz 
which could be expected from standard FCC 
channel assignments. Figure 4 shows the triple 
beat noise spectrum as displayed on a Hewlett
Packard 8554L/8552B spectrum analyzer with 
the following control settings: 

Bandwidth 1 KHz 
Sweep Width 10 KHz/Div. 
Scan Time 0. 1 Sec. /Div. 
Video Filter Off 
Scan Mode Internal 
Scan Trigger Automatic 
Storage Mode 

For contrast, Figure 5 shows the same meas
urement with 20 channel loading and Figure 6 
with 12 channel loading. 

All 30 channels were then examined with the 



FIGURE 4 

FIGURE 5 

FIGURE 6 
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TABLE III 

CARRIER TO TRIPLE BEAT NOISE RATIO 

30 Channels 
Condition 1 Condition 2 

Channel Beat (-dB) Noise (-dB) Beat (-dB) Noise (-dB) 

2 - -67 -67 -69 
3 - -63 -63 -65 
4 - -64 -63 -67 
5 - -65 -68 -68 
6 - -65 -65 -68 
A -63 -67 -61 -70 
B -62 -67 -59 -70 
c -62 -67 -57 -69 
D -61 -66 -56 -68 
E -62 -66 -57 -70 
F -61 -66 -55 -70 
G -60 -66 -54 -68 
H -59 -64 -54 -67 
I -59 -65 -54 -67 
7 -60 -66 -55 -69 
8 -56 -65 -53 -68 
9 -58 -64 -53 -66 
10 -56 -64 -52 -66 
11 -58 -64 -54 -66 
12 -58 -63 -54 -64 
13 -57 -63 -53 -65 
J -59 -64 -55 -68 
K -59 -64 -55 -67 
L -61 -66 -57 -69 
M -58 -64 -54 -66 
N -60 -64 -56 -67 
0 -57 -62 -51 -64 
p -57 -61 -52 -63 
Q -59 -63 -55 -66 
R -58 -62 -54 -65 
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spectrum analyzer to determine if they followed 
the pattern predicted by the computer analysis. 
Two conditions were used. 1) with the system 
levels set for threshold on channel 7, and 2) 
with the system levels elevated 3 dB. These 
results are shown in Table ITI and also in 
Figure 3. 

The plotted data shows some scatter, which 
may be due in large part to the visual integra
tion required with the spectrum analyzer dis
play. However, it does generally follow the 
predicted curve up to the maximum in the chan
nel 7 to 10 region, but does not roll off as fast 
at higher frequencies as predicted by the com
puter data, Visual check of all channels also 
confirmed the plotted data as near as could be 
seen. The apparently poor values at channel 8 
and 10 could not be confirmed visually, and may 
have been due to off the air pickup, as these are 
local channels. 

During the observer portion of the visual tests 
for the threshold and tolerance, several inter
esting characteristics of triple beat were noted: 

1. With a test pattern and a trained 
observer, the break between non
visible and visible beats is quite 
sharp, about 1 dB in signal level 
change. 

2. With off air pictures and a trained 
observer, the threshold signal level 
is about 1 dB higher than the test 
pattern case, but still quite sharp. 

3. 

4. 

With off air pictures and an average 
observer, the threshold signal level 
is about 2 dB higher in signal than for 
a trained observer, 

Average viewers felt the picture was 
better (up to a point) with signal 
levels higher than a trained observer's 
threshold. This apparently is because 
these people are more tolerant of "busy 
background" than they are of thermal 
noise. 

All of the above tests for threshold and meas
ured beats were done with video modulated 

carriers. Since this is not practical for field 
testing, the use of CW carriers was investi
gated. Again, the procedure was to observe 
a test pattern on channel 7, but with 29 CW car~ 
riers on the other channels. The CW levels were 
then varied relative to the channel 7 level until 
the same visual effect was noted. The carrier 
to triple beat ratio was then measured with the 
signal strength meter and the spectrum ana
lyzer with the result that the visual effect and 
measured numbers were the same when the 
CW carriers were 3 dB below normal carrier 
levels. Thus, this technique is practical for 
field use with relatively simple equipment, 
and is being used for proof-of-performance 
testing in several Theta-Com turnkey projects. 
The criteria for acceptance is a 46 dB carrier 
to triple beat noise ratio, with the measured 
carrier at normal level and the remaining CW 
carriers 3 dB lower in level, using a signal 
strength meter. 

While the technique of measuring carrier to 
"triple beat noise" ratio with full channel 
loading shows great promise for dete-rmination 
of this important parameter, there is a great 
deal of work to be done before it can be con
sidered as an industry standard, Such factors 
as measurement bandwidth, dynamic range, 
detector characteristics and readout, must all 
be investigated more and correlated with 
visual observations. Threshold limits with 
specific instrumentation must be determined 
and perhaps even special instrumentation de
signed. 

In addition, the technique must be extended to 
measurement of individual pieces of equipment 
so that they can have meaningful specifications. 
And those specifications must have significance 
to the system designer so that he can predict 
final system performance. 

In conclusion, we have found that: 

1. Three carrier triple beat measurement 
has limited use in determining equip
ment and system performance. 

2. A carrier to triple beat noise measure
ment can be related to actual system 
performance and further that the industry 
should proceed in this direction toward 
establishment of standards. 
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A. COAXIAL CABLE CONNEX:TOR DESIGN TO OVERCOME 
COLD FLOW CHARACTERISTICS OF CABLE MATERIALS 

E. Clarke Quackenbush A.. Earle Ericson 

Tidal Communications 
Poughkeepsie, N. Y. 

Tidal Communications 
Poughkeepsie, N. Y. 

Coaxial cables used by the CATV industry utilize 
aluminum for the outer conductor and aluminum or 
copper for the inner conductor. 

Both aluminum and copper are "soft" materials and 
exhibit cold-flow characteristics under compression. 

Electrical connectors used on coaxial cables employ 
compression connections on both the inner and outer 
oonduotors. The very best electrical connectors 
that exhibit fine electrical characteristics when 
initially installed will deteriorate as soon as 
cold-flow ooours. Cold-flow will occur. There is 
no way to prevent it. How long it takes for this 
action to be significant depends upon the initial 
pressures employed in the connector design and the 
ambient temperatures encountered. 

By the very nature of the compression connection, 
even a very minute increment of cold-flow results 
in a gap in the circuit. The obvious answer is to 
back the compression connection up with a spring. 

How to do that and still release the cable when de
sired constituted the problem. 

The solution was obtained with a unique clamp de
sign and by taking advantage of the "spring" 
characteristics of the newer plastic materials. 

In the new design every increment, however minute, 
is immediately compensated for by a spring back-up 
force. In this manner initial electrical chacter
istics can be expected to be maintained for many 
years of severe service. 

Electrical connectors, to most engineers, are a 
necessary evil. This is due, at least in part, to 
the tendency of engineers to leave selection of 
connectors until the very last thing. In every 
project connectors are taken for granted, and 
little thought is given to them until trouble 
occurs. 

Engineers should consider connectors a vital part 
of the CATV system, and give full attention to 
them in the early stage of design. 

JUST WHAT IS A. GOOD CATV CONNEX:TOR7 

Cost, appearance, and ease of assembly are all 
factors to be considered, but a good connector is 
one that will guarantee against signal distortion 
under severe usage and adverse weather conditions; 
one that will continue to do so for years on end. 

Perhaps the single, biggest, problem encountered 
today with CATV connectors is not their initial 
performance, but deterioration of performance after 
months and years of usage. What matters cost, 
appearance, or ease of assembly if a connector 
doesn't do a good job? 

WHY SHOULD A.N APPARENTLY GOOD CONNEX:TOR, WHEN PRO
PERLY INSTALLED, DETERIORATE? 

The answer lies in the materials used to fabricate 
the cable itself, not in the connector. What do 
we mean by this? Shall we blame the bable and 
look for better cable? No, I think not. We would 
do better if we accepted the oable as,it is, and 
designed our connector to overcome, if possible, 
or at least live with, the apparent shortcomings 
of the cable. 

The first step is to recognize that all cables 
utilize copper and/or aluminum for both the inner 
conductor and the outer conductor. Both are soft 
materials, and both are subjeot to large increments 
of cold-flow. The very nature of a connector mag
nifies the results of cold-flow in the cable, and 
this is where the problem starts. 

SOFT COPPER WIRE 
SOFT ALUMINUM INNER CONDUCTOR 

OUTER CONDUCTOR 

FIGURE 1 

We will illustrate this with a few slides. A 
typical cable is illustrated in Figure #1. In 
this instance the inner conductor is a solid 
copper wire and the outer conductor an aluminum 
tube. Because of difference in the coefficient of 
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expansion between these two materials and the 
difference in mass between the two components, 
movement of the center conductor relative to the 
outer conductor will take place with ambient temper
ature changes, 

Referring to Figure fl, extension "E" on any partic
ular cable is not a fixed dimension, In other 
words, if not properly clamped in place, the art en
s ion of the inner conductor from the outer conduct
or will vary according to weather conditions and 
other noncontrollable factors. 

What is the solution? There is only one, Cl&lllp 
both conductors with sufficient forces to overcome 
the stresses encountered, 

CLAMP 

SOFT ALUMINUM 

FIGURE 2 

In Figure f2 we have a pictorial illustration of a 
connector, A cable clamp, or grip, is placed 
around the outer conductor or soft aluminum tube, 
All coaxial cable connectors are built 1n this 
manner, This is just what the doctor ordered to 
promote cold flow in the aluminum. 

What then should we do? For one thing, we can 
place a stainless steel tube, or sleeve, inside the 
cable, This is illustrated in Figure #3. It is a 
big help and certainly improves the life expectancy 
of the installed connector. It has one serious 
drawback in that a special hollow mill, or tool, is 
required to core out the dielectric from the cable. 
This is a task that must be done by the installer 
on the job. 

STAINLESS STEEL 
INSERT 

FIGURE 3 

As will be seen later, the stainless sleeve be
comes unnecessary in the connector design we are 
describing here. 
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Our next problem is to secure the inner conductor. 
This is smaller in cross section, and therefore a 
larger clamping force will be required to hold it 
securely. Our clamp must really bite into the 
copper, as shown in Figure #4. 

rNNER CONDUCTOR 

\ I ~,,,,. 
~--------------~ ~/ 

CONTACT 

FIGURE 4 

Unfortunately, these clamps are also our electrical 
circuits, and this is the problem. Any increment 
of cold-flow that occurs, either in the center con
ductor or the outer conductor immediately shows up 
as signal distortion. Sometimes this cold-flow 
doesn't show up for months, or even for years, but 
it is bound to show up sooner or later. 

SPRING FORCE 

I 
SPRING FORCE 

SPRING FORCE 

SPRING FORCE 

FIGURE 5 

So, we again ask the question 11 \<\hat do we do about 
it?" After careful consideration of a number of 
ideas, we tried backing up both clamps with springs. 
This is illustrated in Figure 15. Since this spring 
force is constantly applied, any increment of 
cold-flow is at once compensated for. It can be 
seen that we now have a connector that can "live 
with" the inherent deficiencies of the cable. 

Let us now see how this spring force is applied to 
the center contact. Figure #6 illustrates a par
tial section of a cable connector. Item "A" is a 
conventional brass contact with saw slots to obtain 
'tines' or 'fingers' to grip the conductor. The 
contact is provided with a fine sharp thread to 
serve as teeth for gripping the copper conductor. 
The front of this contact is tapered on the outside 
to match a similar taper on the barrel (Arrow "B"). 
In the 'free' position the tines on the brass con
tact will be open and the copper conductor may 
enter freely. As the insulator "C" is moved for
ward, the taper on the insulator barrel closes the 



contact tines around the copper conductor. 

c 
B 

BELLEVILLE SPRING I 
INSULATOR 

FIGURE 6 

'we would like to show you now just how a spring is 
added to the design. First we must look at one of 
the newer plastic materials. DELRIN is a trade name 
for Dupont's acetal molding compound. This mater
ial has been successfully used in spring applica
tions of all kinds. It possesses a remarkable 
fatigue resistance. It is fortunate, indeed, for 
the connector designer to be able to find a mater
ial suitable for springs, yet which has good elec
trical characteristics and good moisture resistance. 
Best yet, this material performs remarkably well in 
the form of the well-known Belleville washer. 

,~---BELLEVILLE SPRING 

FIGURE 7 

Referring to Figure #7 we see that our insulator 
is a modified Belleville ~pring, incorporating not 
only the spring member, but the taper barrel for a 
contact support. For obvious reasons this is re
ferred to as a "mushroom". 

FIGURE 8 

Now, in Figure #8 the spring action of this mush
room can be observed. As illustrated in a previous 
slide, a horizontal movement of the insulator will 
close the tines firmly around the copper wire con
ductor. A point is reached where further movement 
of the insulator is prevented when the teeth of the 
contact have firmly gripped the copper conductor. 
A continuing push in the outer periphery of the 
insulator, as illustrated in Figure #8 will force 
the insulator into a trueBellev1lle spring. Load 
calculations for practical purposes may be obtained 
by use of a conventional formula. Anyone inter
ested in further information on this subject will 
find it in an article written by J. H. Crate, and 
published in a recent issue of Dupont Company's 
Engineering Design Magazine. 

Figure #8 certainly makes it clear that the grip~ 
ping action of the contact teeth is backed up with 
a continuous spring action tending to force the 
teeth forward into any increment of cold-flow that 
should occur in the copper conductor. 

It will be observed that the spring action of 
DELRIN has been previously utilized by connector 
engineers, but in all cases this action opens the 
contact for conductor removal. In this unique de
sign the spring action is utilized to close the 
contact, NOT to open it. It is easily seen that 
any spring action tending to open the contact 
would permit cold-flow increments to remain in the 
circuit. 

FIGURE 9 

ANNULAR 
GROOVES 

The problem has been solved so far as the center 
conductor is concerned. Our next problem is with 
the outer conductor, or aluminum tubing. We will 
see how the spring action was obtained here also. 
Figure #9 illustrates the clamp, or grip, designed 
for the aluminum tubing. This clamp is turned from 
a solid bar of 2024-T4 spring temper aluminum, and 
is provided with annular teeth for gripping the 
tubing. Milled slots in the outer wall provide 
tines, or fingers, for the best type of 360° grip 
on the tubing wall. 

In Figure #10 the clamp is noted as Item "A". A 
sealing ring, Item "B" is illustrated with a taper 
cooperating with a taper on the clamp. As the 
sealing ring is moved forward, the tines on the 
clamp are forced downward to engage the teeth with 
the tubing. 
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FIGURE 10 

Turning to Figure f11 we see that in a manner sim
ilar to that described for the contact grip, a 
point is reached where the clamping action is coM
plete. However, the cantilever action spring tine, 
Ite111 "B", continues to be "loaded" as it bends in 
toward the tubing. Here, also, as with the copper 
wire, the alulllinu111 tubing is constantly under a 
spring load so any incre111ent of cold-flow in the 
alulllinwn is instantly taken up by the six canti
lever springs. This provides the long life connect
or we are seeking. 

F 

SEALING RING 
DIRECTION 

"B" 

----------------

ALUMINUM OUTER CONDUCTOR 

FIGURE 11 

We cannot go into the calculations and details of 
design in this paper; '!'here are ~~~any other features 
of the connector contributing to its' ability to 
continue year after year without deterioration in 
signal distortion. Therefore, we have included 
Figure No. 12 which illustrates a co111plete connect
or. A study of this cross-sectional drawing will 
rev~ other reasons why this connector has been so 
successful in retaining its' initial qualities. 

First, the center contact (a) is independent of the 
other coMponents in that it is rigidly secured into 
the front insulator (b). The full stress load is 
transMitted directly to the outer shell (c). 

Although the primary purpose of this paper is to 
show how to overco111e the effects of cold-flow of 
the copper and alUIIIinulll oonductor materials, there 
are other often overlooked factors that permit de
terioration of performance after initial installa
tion. 

Good seals against MOisture and dirt are absolutely 
necessary. 11011 Ring seals are very satisfactory if 
properly lubricated when installed, and if the 
sealing surfaces are SMOoth. To properly seal the 
soft alulllinulll tubing, or outer conductor, a good 
rubber compression gasket is needed. 

11011 Ring seals are used at (e) and (f) where 
s1110oth surfaces are encountered. 

We thought you lllight be interested in seeing the 
results of so111e tests conducted on these connectors 
to be sure nothing vas lost in one direction while 
pursuing another. 

FIGURE 12 

132-NCTA 74 



Connectors were subjected to environmental tests 
consisting of: 

Salt Spray 
Humidity 
Vibration 
Temperature Cycling 
Air Pressure 
Ozone 
Thermal Shock 
Conductor Pull-out 

A test specification has been prepared for 
manufacturing quality control purposes. A «<PY 
is available to interested engineers. 

Some results of these tests are: 

RFI (Closed Loop Method.-----125-130 dbl 
RFI (Enclosed Tube Method)-- T3 db min. 
Return Loss----------------- 37-42 db. 
Reflection Co-efficient----- .01 max. 
Impedance 75 plus or minus t ohm. 
Pull out forces 

SUMMATION: 

Center Contact 
OUter Contact 

150 lbs. Min. 
200 lbs. Min. 

Serious RFI problems and other difficulties, 
tending to shorten the useful life of CATV 
connectors have been overcome by adding spring 
forces to the clamping components of both the 
inner and outer conductors. These forces tend 
to eliminate the effect of cold-flow inherent 
to the "soft" conductor materials such as 
copper and aluminum. 
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AN ECONOMIC MODEL OF THE SELECTION 
PROCESS: 

MICROWAVE VERSUS CONVENTIONAL TECH
NIQUES IN CATV DISTRIBUTION 

Norman F. Woods 
Theta-com of California 
Phoenix, Arizona 

ABSTRACT 

When is the use of multi-channel micro
wave economically attractive? How can 
the technical trade-offs be converted 
into dollars? The models used in as
sessing the parameters of the decision 
process will be discussed. These in
clude a comparison of alternative 
methods of signal delivery such as 
super trunk, separate headends, and 
multi-channel microwave. Further con
sideration of the selection process 
includes estimated signal quality 
given the alternate distribution 
methods and the effect. of this s iqnal 
qualitBaon distribution system cost. 
A meth of assessing the viability 
of the addition of another subscriber 
area will be discussed. 

T INTRODUCTION 

On the basis that a cable television 
system's purpose is to make money for 
its owners, we can narrow any decision 
down to an analysis of the financial 
impact of that decision. 

The future profitability of a CATV 
system can depend heavily on the choice 
of the type of signal delivery system. 
Three types of systems will be consid
ered: Super trunk, separate headends 
and multi-channel microwave. In plan
ning an overall CATV system, the opera
tor has many choices. A choice which 
appears attractive in the short term, 
for example, to serve only one commu
nity initially, can, in terms of the 
long term systems viability, be exactly 
the wrong approach. This is probably 
most true in small discontiguous sys
tems with several population clusters. 

A unique aspect of this analysis will be 
that the economic impact of the choice 
of signal delivery system on the distri
bution system cost is taken into account. 
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Moreover, the need for flexibility of 
the signal delivery system in allowing 
the generation of new revenues, either 
through expansion of the distribution 
system(s) or the addition of other 
revenue qeneratinq services, is taken 
into account. 

THE ECONOMIC MODEL 

Because of the wide range of CATV system 
configuration possibilities the best 
possible way to analyze signal delivery 
systems is with a model which is as 
generalized as possible. A model, how
ever, is constructed on the basis of a 
number of assumptions. At the most 
basic level, for example, linearity is 
assumed; i.e. , two miles of distribution 
cost twice what one mile costs. The 
assumptions which were used in construc
ting this model are discussed below. 
Signal quality at any subscriber's tap 
was held constant. 

Three methods of signal delivery are 
considered in the model: 1) Multiple 
headends, which are attractive where 
no more than three distribution areas 
are widely separated and premium TV, 
imported channels, etc. will not be 
used. 2) Super trunk, which is most 
attractive where a single run of ten 
miles or less serves two or three dis
tribution areas. 3) Multi-channel 
microwave, which is attractive when 
three or more distribution areas are 
to be served, especially if premium 
TV, imported channels, or system ex
pansion are contemplated. 

In the model, only costs which are 
unique to a particular one of the sig
nal delivery systems have been consid
ered. That is to say, the cos,t of i teiT~s 
which are common to all distribution 
systems have not been considered. Thus, 
the cost of subscriber taps and office
related expenses to not appear in this 
model. 

Towards the end of a trunk cascade, line 
extender cascades have to be kept short-



er and physical spacing between them 
is shorter due to the lower levels at 
which they are operating. It then 
follows that when the signal on the 
trunk is less degraded, then longer 
line extender cascades and less trunk 
can be used. Indeed, as the cross 
modulation characteristics of the sig
nal source at the distribution center 
improve, up to a certain point, the 
signal levels on the trunk can be in
creased with a resultant increase in 
the strand distance between the bridgers 
and the first line extender and between 
each subsequent line extender. In addi
tion, a longer cascade of line exten
ders can be used. Thus, in an optimized 
CATV distribution system design it is 
possible, with high quality low distor
tion signals, not only to improve the 
trunk to feeder ratio but also to im
prove the cost effectiveness of the 
feeder by decreasing the cable size 
and/or decreasing the quantity of elec-
tronics required. Figure 1 compares 
the signal quality at the center of the 
distribution system using various 
approaches to signal delivery. Figure 
2 represents a distribution area fed 
by a 10 mile super trunk run. Figure 

SIGNAL QUALITY OF DISTRIBUTION SYSTEM 

S/N Cross M::>d 20 Channels 

Super Trunk 

5 Miles 48 dB -73 
10 Miles 45 dB -67 dB 
15 Miles 43 dB -63 dB 

Separate 
Headend* 

After 
Combining 60 -90 
After T"\\U 
Trunk Amps 53 -83 

Microwave** 
Multi-
Channel 

53 -72 
50 -78 or 

47 -82 or 

* Assuming such quality is available at 
each site. 

** Theta-Com AML - S/N vs Cross mod ad
justable with one pad. 

.Figure 1 

3 represents a distribution system 
serving the same area but fed from a 
centrally located multi-channel micro
wave receiver. Comparing Figures 2 and 
3 the difference in distribution system 
cost is readily seeR. It is clear 
that the system being fed by the higher 
quality signal will have a lower initial 
cost as well as a lower maintenance cost. 

In an optimized CATV system the cost of 
the distribution systems will vary with 
the quality of the signals available 
from the signal delivery system at the 
feed points of the distribution system. 
In this model it was assumed that dis
tribution systems fed with signals with 
good signal-to-noise ratios and good 
cross modulation will cost 20 percent 
less than a distribution system fed with 
super trunked signals. It was assumed 
that two miles of super trunk would 
cause distribution systems to be 15 per
cent less than normal cost, four miles, 
5 percent less than normal, etc. This 
percentage is based on Theta-com's ex
perience in costing distribution sys
tems being fed by a high quality signal 
from a multi-channel microwave receiver 
as opposed to a 5 or 10 mile super trunk 
feeding o~ a distribution area. With 
regard to maintenance costs the model 
assumes a 10 percent differential be~ 
tween the high and low quality fed 
systems. 

Plant maintenance costs, when viewed 
over a ten year period, can have as 
significant an effect on profitability 
as the initial cost of the plant. 
Maintenance costs, therefore, must be 
included in any examination of the eco
nomic impact of a specific course of 
action. Inasmuch as capital expendi
tures occur in one or two years, while 
the maintenance expenses are incurred 
over a period of time, the cost of 
maintenance must be brought to its 
present value. In the model all main
tenance expenses are inflated at 4 per
cent a year and brought to present 
value by discounting them in accordance 
with the interest rate entered into the 
model. 

The cost of maintaining a microwave 
system, whether multi-channel, or 
single channel has been assumed to be 
$3,000 per year. This estimate is 
based on Theta-Corn's evaluation of the 
labor and material cost necessary to 
maintain AML microwave equipment. The 
assumption that the maintenance for 
one or t"\\U channels of single channel 
microwave equipment would be compara
ble is based on the fact that broad
band microwave is only marginally more 
complex than microwave equipment which 
is capable of carrying only one chan
nel. 
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The cost of maintaining a distribution 
system has been adjusted depending on 
the number of active devices in the 
aystem. Thus, in the model it has been 
assumed that an optimized CATV system 
being fed with high quality low distor
tion signals will use fewer electronics 
and that the maintenance will be about 
10 percent less than it would ordinari-
1 y be expected to be. 

Headend maintenance in the model has 
been assumed to be $1000 per headend/yr. 
Headend costs were assumed to be $26,000 
plus $2,600 per channel for a headend 
with no origination except for a time 
and weather channel. Where a centrally 
originated program material, such as 
premium television, was considered 
it was assumed that material available 
at one site would be microwaved by 
single channel microwave to the other 
headends. The turnkey cost of the 
microwave equipment to perform this 
task is definable in the model by 
the user. It was assumed that headends 
would be $7,500 and two amplifiers 
away from the center of the distribu
tion system. 

Super trunk costs were assumed to be 
directly proportional to the number 
of miles of super trunk required to 
interconnect the distribution areas. 
Super trunk maintenance was assumed to 
be just as expensive as distribution 
system maintenance, on a per mile basis. 

As a simplifying assumption land acqui
sition cost for separate headends, super 
trunk pole rental, and microwave mount
ing structure rental, were assumed to 
balance out. They are therefore not 
included in this analysis. 

Multi-channel microwave costs used are 
those which Theta-Com uses to budget
arily estimate the turnkey cost of a 
given microwave system. The trans
mitter, and headend serving it, were 
assumed to be located independently of 
the distribution areas. If they were 
adjoining a distribution area then the 
multi-channel microwave would be 
$15,000 less. The cost for LOS using 
single channel transmitters and single 
channel receivers has not been consid
ered, but like other factors in the 
model which are not specifically vari
able by data entry, this can be modified 
in the program itself. 

The model is shown as Appendix A. It 
is written in basic and has been run 
several hundred times on a Wang 1200 
Mini Computer. A sample input and out
put is shown as Figure 4. The inputs 
are underlined. 
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ADDITION OF A DISTRIBUTION AREA 

After the model has analyzed the co~
parative cost of the three methods of 
signal delivery the marginal cost of 
a new service area can be seen by en
tering "yes" in response to the appro
priate question. Anytime in this model 
that the number of years of maintenance 
is equal to zero, the model output will 
display plant cost per subscriber. The 
plant cost per subscriber will indicate 
the viability of the additional distri
bution area being considered. See Figure 5 

CALCULATED RESULTS 

In order to compare the results of 
this model with previous comparisons 
of the cost of the signal delivery 
systems alone, three, four and five 
distribution area systems with 6 total 
miles of distribution plant were evalu
ated. The model was run in order to 
develop a number of points that indi
cate the comparative advantage or dis
advantage of the various signal deliv
ery systems. Figures 6, 7 and 8 show 
the system cost with three, four and 
five distribution areas. 

The assumptions used in running this 
system in the model were that super 
trunk costs $7,000 or $9,000/mile, 
that the "staridard" distribution sys
tem costs $5,500/mile and that aerial 
maintenance costs $350/mile/year. 
Interest was assumed to be 12 percent 
and the single channel microwave was 
assumed to be $15,000 at the transmit 
site and $18,000 at each sub-headend. 

A study of these graphs will show that 
multi-channel microwave can often be 
more cost effective than separate head
ends or super trunking. Multi-channel 
microwave is often more cost effective 
than any other signal delivery system, 
even in system configurations where 
microwave might ordinarily not have 
been considered. 

ADDITIONAL CONSIDERATIONS 

There are a number of factors contribu
ting to the economic selection of a 
signal delivery system which have not 
been dealt with in the model. 

1. Significant extra cost in using 
one signal delivery system in a g1ven 
situation due to large physical obstruc
tions to super trunking, inadequacies 
of off-air signals at a headend site, 
and a microwave path obstruction. 

2. Cost of separate headends due not 
take into account the lower subscriber 



penetration resulting from a lack of 
non-broadcast material available at 
the separate headends, or conversely, 
the expense of bringing more than one 
channel of microwave from a central 
site to the headends. The cost of 
just one imported channel at $400 per 
month at one site over a ten year 
period is $58,000, at present value. 

3. Signal delivery system flexibility 
~n the addition of new distribution 
areas, or expansion of existing areas. 

4. ~eed o~ ~nstallation tor earliest 
subscriber revenues. 

GENERALIZED CONCLUSIONS 

Running this model several hundred 
times has resulted in some generalized 
conclusions which were not previously 
apparent. Multi-channel microwave 
is economically viable in most cases 
where it might be considered, providing 
that distribution areas being served 
have not been built or will be re
built shortly and that the system 

design will take advantage of the 
high quality low-distortion signals. 
One basic exception is the case where 
a single super trunk run of 10 miles 
or less in length can serve several 
distribution areas, provided it is 
assumed that no expansion in the 
number of distribution areas is re
quired. 

SUMMARY 

The CATV operators' primary goal is 
to manage profitable systems. In 
order to generate as much profit as 
possible it is necessary to evaluate 
the signal delivery system's impact on 
total system cost. The model shown 
in Attachment A will provide a means 
o~ analyzing the cost implications 
of various signal delivery systems. 
If some of the assumptions in the 
model do not agree with your experience 
then the program can be adjusted accor
dingly. For the majority of the cases 
considered in this paper multi-channel 
microwave is the most economical 
approach. 

APPEND IX A 

10 Input "Number of Channels", C 
20 Input "Interest in Percent", Il:Il= 

Il/100 
30 Input "Super Trunk Cost", Sl 
40 Input "Dist Cost--Conventional", Dl 
50 D2=Dl*.8 
60 Input "Aerial Maintenance", D3 
70 S3=D3 
80 Input "Super Trunk Miles" S 
90 Input "Distribution Miles", D 
100 Input "N:J Of Systems", N 
110 Input "Pay TV MW TX", Pl 
120 Input "Pay TV MW RX", P2 
130 M9-0 
140 Input "Number of Subscribers", S8 
150 Input "Number of Years of Mainte-

nance", M8 
160 Print, "-Super Trunk -" 
170 Print, "Basic", "Premium TV" 
180 Hl=C*2600+25000:A=Hl 
190 If M9 > 0 Then 210 
200 Goto 220 
210 Print "Headend", "0" :P=O:A=O:Goto 250 
2 2 0 Print "Head end" , Hl 
230 E=lOOO 
240 Gosub 480 
250 Print "He Maint", P 
260 A=A+P 
270 S4=Sl *S 
280 Print "Super Trunk", S4 

290 A=A+S4 
300 E=S3*S 
310 Gosub 480 
32 0 Print "St Maint", P 
330 A=A+P 
340 D4=Dl*D:S5=S/N:If S5 5 Then 360 
350 D4=D4+(.75+(S5x.05)):D4=Int(D4) 
360 Print "Dist Syst", D4:A=A+D4 
370 ER03*D 
380 Gosub 480 
390 print "Dist Maintenance", P 
400 A=A+P 
410 Print "Total", "0", A 
420 A8=A/S8 
43 0 A8=Int (AS) 
440 If MB>O Then 460 
4 50 Print "$/Sub", AS, "0", AS 
460 stop 
470 Goto 580 
480 If M8 0 Then 500 
490 P=O: Return 
500 P=O 
510 For T=l to 11 
520 If T=M8+1 Then 570 
530 P=P+(E/(l+IfT)) 
54 0 E=E* 1. 04 
550 Next T 
560 Goto 510 
570 P=Int (P): Return 
580 Print, "-Separate Headends-" 
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APPENDIX A - Continued 

590 H4=Hl*N 
600 Print, "Basic", "Premium TV" 
610 A=l4 
620 P4=Pl+ (P2*N) 
630 If M9 > 0 Then 650 
640 Goto 660 
650 P4=P2 
660 Print "Headends", H4, P4 
670 E=N*1000 
680 Gosub 480 
690 H3=P:A=A+H3 
700 E=3000 
710 Gosub 480 
720 P3=P 
730 Print "He Maint", H3, P3 
740 1=7,500*N: Print "Headend Runs", 1 
750 E=S3*N: Gosub 480 
760 Print "He Run Main", P 
770 A=A+l+P 
780 D4=D2*D:A=A+D4 
790 Print "Dist Syst", D4 
800 E=. 9*D3*D 
810 Go sub 4 80 
820 A=A+P 
830 Print "Dist Maint", P 
84 0 P 5=P3+P4 
850 X=A+P5 
860 Print "Total", A, P5, X 
870 A8=A/S8:P8=P5/S8:X8=X/S8 
880 AB=Int (AS) :P8=Int(P8) :X8=Int(X8) 
890 If M8 > 0 Then 910 
900 Print "$/Sub", AS, PB, X8 
910 Stop 
920 Print, "-Microwave Dist-" 
930 If M9=0 Then 950 
940 Hl=O 
950 Print "Headend, H1 
960 E=lOOO:Gosub 480 
970 If M9=0 Then 990 
980 P=O 
990 A=Hl+P 
1000 Print "He Maintenance", P:Ml=C* 

2200+ (N*l4580) 
1010 If C < 7 Then 1050 
1020 If c< 15 Then 1060 
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1030 If c< 23 Then 1070 
1040 If c< 30 Then 1080 
1050 Ml=Ml+32605:Goto 1090 
1060 Ml=Ml+48385:Goto 1090 
1070 Ml=Ml+65855:Goto 1090 
1080 M1=M1+78435:Goto 1090 
1090 If M9 > 0 Then 1110 
1100 Goto 1120 
1110 Print "Microwave", M9, "0": M1=M9: 

Goto 1130 
1120 Print "Microwave", Ml, "3200" 
1130 A=A+Ml 
1140 E=3000: Gosub 480 
1150 If M9=0 Then '1170 
1160 E=500:Gosub 480 
1170 Print "MW Main", P 
1180 A=A+P 
1190 D4=D2*D 
1200 Print "Dist Syst", D4 
1210 E+.9*D3*D:Gosub 480 
1220 Print "Dist Main", P 
1230 A=A+P+D4 
1240 If M9 > 0 Then 1260 
1250 P8=3200:Goto 1270 
1260 X=A:PB=O:Print "Total", A, "0", 

X:Goto 1290 
1270 X=A=3200 
1280 Print "Total", A, "3200", X 
1290 A8=A/S8:P8=P8/S8:X8=X/S8 
1300 AB=Int (AS) :PB=Int (PB): XB=Int 

(X8) 
1310 If M8 > 0 Then 1330 
1320 Print "$/Sub", AS, PB, XB 
1330 Stop 
1340 Input "Do You Want To Add A Distri-

bution Area", A$ 
1350 If A$ >"No" Then 1370 
1360 Gosub 160 
1370 Input "Super Trunk Miles", S 
1380 Input "Distribution Miles", D 
1390 Input "Number of Years of Mainte-

nance", MB 
1400 Input "Number of Additional Subs", 

sa 
1410 N=1:M9=14580 
1420 Gosub 160 



l"IGURE 2 

DIS'I'RIBUTmN SYSTEM P'ED BY 10 MILES OF SUPER 'l'RUKJ: 

Active Equip!Dent1 13 Trunk Stations 
18 Line Extender• 

FIGURE 4 SAMPLE INPUT AND OUTPUT PRINT
OUTS OF THE ECONOMIC MODEL 

Run 
Number of Channels? 6 
Interest In Percent?-12 
Super Trunk Cost? $9,~0 
Dist Cost--Convent1onai? $5,500 
Aerial Maintenance? 350 
Super Trunk Miles? 3~ 
Distribution Miles?~OO 
No Of systems? 4 -
Pay TV MW TX? 1"5"000 
Pay TV MW RX? ~ 
Number Of SubscrTEers? 4500 
Number Of Years Of Mainteii'ance? 10 

-super Trunk-
Basic Premium TV 

Headend 
He Maint 
Super Trunk 
st Maint 
Dist syst 
Dist Maintenance 
total 
Stop 
Continue 

Headends 
He Maint 
Headend Runs 
He Run Main 
Dist Syst 
Dist Maint 
TOtal 
Stop 
continue 

Headenci 
He Maintenance 
Microwave 
MW Main 
Dist Syst 
Dist Main 
TOtal 
Stop 

4060 0 
11882 
270000 
124 7 61 
550000 
4158 72 
1413115 

-Separate 
Basic 
1624 00 
475 28 
30000 
16634 
44 0000 
374285 
1070847 

Headends-
Premium TV 
47000 
3564 6 

8264 6 

-Microwave Di st-
40600 
11882 
104125 3200 
3564 6 
44 0000 
3 74 28 5 
1006538 3200 

1413115 

1153493 

10097 38 

FIGURE 3 

DISTRIBUTION SYSTEM CENTF.R FED WITH LON DIS'l'OR'I'ION SIGNALS 

Active Equipl!l8!\t: 7 Trunk Stations 
15 Line Extendera 

FIGURE 5 SAMPLE INPUTS AND OUTPUTS FOR 
AN ADDITIONAL DISTRIBUTION AREA 

Continue 
Do You want To Add A. Distribution Area? yes 
Super Trunk Miles? 8 
Distribution Miles?-20 
Number Of Years of Ha-rntenance? 0 
Number Of Additional Subs? 1000 -

-Super 
Basic 

Head end 0 
He Ma int 0 
Super Trunk 72000 
St Maint 0 
Dist Syst 110000 
Dist Maintenance 0 
TOtal 182000 
$/Sub 182 
Stop 
Continue 

Trunk-
Premium TV 

-Separate Headends-
Basic Premium TV 

Headends 40600 8000 
He Maint 0 0 
Headend Runs 7500 
He Run Main 0 
D ist Syst 88000 
Dist Ma.int 0 
TOtal 136100 8000 
$/Sub 136 8 
Stop 
Continue 

-Microwave D ist-
Headend 0 
He Maintenance 0 
Microwave 14 58 0 
MW Main 0 
Dist Syst 88000 
Dist Hain 0 
total 102 58 0 0 
$/Sub 102 0 
Stop 
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182000 
182 

144100 
144 

102 58 0 
102 
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AURAL SERVICES FOR THE FM BAND 

Frank A. Genochio 

CATEL 
Sunnyvale, California 

ABSTRACT-Most CATV systems carry FM 
signals from direct "off air" or microwave de
livered sources. This paper reviews several 
additional services which can contribute toward 
the development of a total CAFM (Community 
Antenna FM) concept. Included is a discussion 
of the local origination of monaural, stereo and 
quadraphonic programming TV /FM simulcasts, 
and special services, such as, standard time, 
weather and international short wave rebroadcast. 

Most CATV operators carry "off air" or micro
wave delivered FM broadcast signals on their 
systems. Traditionally, FM has been treated as 
an incidental service to television. This is under
standable, but with CATV systems now reaching a 
high level of technical performance, and with the 
need to find new revenue sources, many operators 
are now placing greater emphasis on FM services. 
With 80% Qf all U.S. homes equipped with an FM 
receiver(I.Jand a music oriented public, the CAFM 
(Cable FM) concept ideally complements CATV. 

Since this session deals primarily with local 
origination, and on the specific topic of Aural 
Services for the FM Band, the discussion will be 
limited to services in the 88-108 MHz. frequency 
range, although there are tempting opportunities 
for use of aural signals in other parts of the 
spectrum. 
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An effort will be made to acquaint you with 
special aural services, which are being used, or 
can be used, to offer new personal and communi
ty benefits as a means of attracting and maintain
ing subscribers on a cable system. 

The objective of an effective CAFM program, 
as with cable television, is that of offering si.!JlalS 
of a variety and quality not readily available to 
the subscriber on a direct pick up basis. The 
following are some examples of aural program
ming which can meet that objective: 

An activity which is growing very rapidly is 
that of CAFM cablecasting by colleges, uqixersi
ties and other schools. A recent article t2Jin the 
Journal of College Radio indicated that there are 
approximately 50 such stations now operating, 
with an estimate that this number will reach 75 
by the end of 1974. In 1970 there were only 10 
stations. 

There are hundreds of campus radio stations 
using carrier current for on campus broadcast
ing. Since these stations have audio equipment, 
and regular operating schedules, all they require 
to expand their coverage to the local community 
is the addition of an FM modulator and the cooper
ation of the local cable system operator. Most of 
the school stations use the combined carrier 
current- CAFM technique. 

In the IBS survey it was shown that 31% of the 
stations are operating in stereo. Of the college 
radio stations using "on air" broadcasting with 
10 Watt (Class D) stations, only 5% are using 
stereo. Over 3/4 of the schools own the origi
nation equipment, and all of them report that they 
pay rental of telephone lines when required, to 
the CATV "head end". It is apparent that the 
CAFM approach makes it economically possible 
to offer stereo and also, and perhaps most im
portant, the signal-to-noise, problems with a 
10 Watt transmitter have limited most stations to 
monaural programming. 

For the cable operator who is looking for a 
first step beyond "off air" signal carriage, he 
should look to local schools where he will often 
find active interest, talent, and in many cases; 
the equipment to begin CAFM origination. 



The high level of student interest in programming, 
originating from their school, insures many addi
tional FM "hook ups" to the cable system. 

Connection with the CATV system usually in
volves special telephone lines from the campus 
station to the FM Modulator at the "head end", 
although in some cases direct access is provided 
through the cable system. This latter approach 
is especially attractive for stereo origination 
where dual line charges may be beyond the limited 
sch0ol budgets. 

Recent changes in telephone tariffs offer a 
concept of community "cable radio" services 
which should be considered in any CAFM aural 
origination program. Under these tariffs it is 
possible to use direct dial lines for remote radio 
broadcasts, so access from any location in the 
community can be offered, simply and inex
pensively, for any "voice grade" programming. 

There are many relatively inexpensive remote 
units being used by broadcast stations. One, 
which also serves as a conference telephone, can 
be leased from most phone companies for approxi
mately $15 per month, plus an initial installation 
charge. A direct dial remote can provide access 
to the FM Modulator, from the local football fielq 
little league ball park, mayor's office, church, 
service club meeting room or law enforcement 
headquarters. A number of police headquarters 
are now linked with other agencies using direct or 
telephone interface with the cable system. 

This highly flexible system of community "cab:E 
radio" is available as one of the very inexpensive 
services which can increase subscriber interest 
and, as an extra benefit, perhaps reduce demands 
for television remotes. Just as cable television 
origination can serve a narrower area of interest 
than broadcast television, cable radio can eco
nomically reach an even smaller segment. One 
can envision serving special interest groups of 
only a few members, where cost of origination 
equipment would make television prohibitive. 

When looking at cable FM origination it is well 
to consider some of the technical factors which 
make cable a potentially superior means of trans
mitting high fidelity musical programming. 

Most of us have experienced the rather dra
matic difference between a musical performance 
heard in a concert hall, with that received in the 
home or automobile FM receiver. This difference 
is especially evident when an attempt is made to 
record "off air" musical programs. The "flatress" 
or "lack of brilliance" of the sound reproduction 
is a problem in dynamic range, where the sound 
recording and transmission system cannot match 
the capability of the human ear to discerne differ
ences in level. 

The sound intensity range of the large sympho
ny orchestra can be as high as 70 dB (a power 
ratio of 10 million to 1) and a good high fidelity 

amplifier has a range of 60 dB, so the problem is 
in the transmission medium, or more precisely, 
what is done to the original signal before it 
reaches your ears. 

In an article enti~led "Who's Monkeying With 
Your FM Signals? t 1>, Peter E. Sutheim of Radio 
Station KPFK, Los Angeles, speaks of the many 
signal processing steps which occur between a 
live performance and the human ear as "tinker
ing" with the sound beyond the straight amplifi
cation and transmission of the musical signal. 

The reason for this "tinkering" is the eco
nomic pressure on an FM broadcaster to achieve 
maximum coverage( {1-PProximately (4. 5 million 
units sold in 1973} 3, especially to the growing 
number of listeners using automobile FM Stereo 
receivers. In the conflict between fidelity and 
marketing, it is understandable that concessions 
will be made in fidelity, except in the case of 
non-profit broadcasters who, being less subject 
to economic pressure, often can offer a level of 
fidelity superior to their commercial counter
parts. Mr. Sutheim points out that the effort to 
be the loudest station results in "tinkering" with 
gain and frequency response to achieve an in
crease in apparent loudness while not overmodu
lating the transmitter. Since it is estimated 
that maximum useful dynamic range for listening 
to music in an automobile is only 20 dB, and with 
much of thE> FM stations market on wheels - the 
compromise with fidelity is understandable. 

Using cable for origination makes possible 
the transmission of music with no need for 
processing beyond the normal pre-emphasis to 
be compatible with long standing FM broadcast 
requirements. Compression and special limiting 
techniques, to achieve maximum coverage, are 
not necessary in FM cablecasting, so truly high 
fidelity transmission is possible, for the home 
recording enthusiast, or for the critical listener, 
whether of Rock or Bach. 

Thus far, we have spoken only of the trans
mission of mono and stereo, by cable. With the 
high fidelity industry actively promoting quadra
phonic (4 channel) sound, we are certainly faced 
with this kind of transmission as part of the 
future aural services from cable. Cable trans
mission, with its capability of providing good 
signal to noise and freedom from multi-path 
interference, can offer improved stereo, as 
compared to "off air" broadcasts. For the same 
reasons it is expected that quadraphonic signals, 
with even more critical demands on precise 
phase and level relationships, can be better 
delivered by a cable system than received "off 
air". 

Although we are not in a position to get in
volved in the matrix vs discrete quadraphonic 
issue, our company has, for the past year or so, 
been demonstrating the origination of matrix(SQ} 
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quad at various CATV conventions. We are now 
involved with a consumer products manufacturer 
and a major west coast cable system in testing 
CD-4 (Discrete) quadraphonic transmission by 
cable. 

So much for cable FM origination---How about 
some ways in which aural services can add to the 
effectiveness of Cable television origination? 

Not being directly involved with the problems 
of television origination perhaps limits our 
perspective, but it is difficult to understand why 
TV /FM simulcasts, with the audio portion of TV 
origination carried simultaneously as Hi-Fi mono, 
or stereo, along with its' conventional mode, has 
not been used by system operators. 

Every business man agrees that for any product 
to be successful, it must be capable of satisfying 
a need. We think that TV /FM simulcasts - in 
CATV origination, have an opportunity of doing 
just that - for a high fidelity conscious audience. 

With the high level of perfection of the picture 
quality of TV color presentations, the remaining 
weak spot in television is the sound. Although 
the television broadcast industry is looking at wa)S 
to improve sound, any change will involve much 
time with perhaps a whole new generation of TV 
receivers, and certainly CATV doesn't need any 
more long pay off items. In the early days of FM 
stereo, simulcasts, in which the AM station trans
mitted one channel and the FM another, proved 
quite popular, to this suggests an approach for 
cable. In this case, however, we are not suggest
ing splitting the channels for stereo, but rather 
simultaneous sound transmission on TV and any 
88 to 108 MHz channel. 

The reported success of the ABC Network, 
''Wide World of Entertainment" rock concerts, and 
some special classical music programming, where 
the TV station carries the conventional sound and 
picture, and a local FM station carries the stereo 
sound - has demonstrated the public wants this 
kind of programming. CATV is in a position to 
offer television high fidelity on a regular basis. 
A simple and relatively inexpensive FM modulator 
makes it possible to give the subscriber a service 
that is not regularly available from "off air" 
sources. Putting the local origination audio on the 
FM band as a monaural signal can greatly impr01e 
programs with high musical content, although 
stereo would, of course, be preferred. Also, 
using simulcast, pay television can offer greater 
appeal by providing "theater like" sound, instead 
of limiting the sound portion of a movie to the 
capability of the audio and acoustical system in 
the TV set. 

In addition to local origination, we feel that 
"off air" television should be carried on a cable 
simulcast basis - to offer an option to those who 
want to use their high fidelity equipment to listen 
to the Boston Pops, Lawrence Welk, or a 
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Broadway Show as a TV "Special". This, how
ever, would get us off into a discussion that is 
not part of local origination - and possibly a 
commercial emphasis not appropriate for this 
paper. 

The CAFM origination ideas we have presented 
involve people and equipment which can represmt 
a substantial investment in getting started, as 
well as in sustaining the program. There are, 
however, a number of excellent aural services 
that can be added to your FM system that are 
available with a minimum of equipment, and that 
don't require continuing "people" involvement. 

The National Oceanic and Atmospheric Ad
ministration, National Weather Service, now 
provides 24 hour per day weather broadcasts in 
most major coastal areas. This service is being 
rapidly expanded to other key population centers. 
These broadcasts are on VHF-FM frequencies 
which are not regularly available, without the 
use of special receivers. Many consumer _goods 
manufacturers are offering the weather channel 
options, in new models, and this provides veri
fication of public interest in "radio weather". 

By converting the weather broadcasts to the 
standard 88-108 MHz FM band and carrying the 
signal on an unused FM channel, this extremely 
useful public service is made available to 
thousands of additional homes. Also, since the 
weather broadcasts include signals which may be 
used to alert the listener to weather emergencies 
the cable system can provide a means of using 
these signals to initiate warning procedures and 
to insert weather and civil emergency inform
ation. 

For many years the National Bureau of 
Standards has broadcast time and frequency 
information by high frequency radio station wwv. 
Although the transmissions have been widely 
used by those who had a specialized need for such 
information, the use by the public has been limit
ed because of the relatively high cost of receiv
ing equipment and the amount of technical 
knowledge required to properly interprete the 
signals. Recently the format of the standard 
broadcasts has been changed with features such 
as precise time announcements each minute and 
the elimination of some of the encoded inform
ation which was confusing to the public. Like 
most everything else in our changing world, how
ever, the WWV broadcasts show a new image in 
announcing time as "Coordinated Universal Ti~re" 
instead of the Greenwich Mean Time (GMT) 
reference we have known through the years. 

Now that watches are being sold which use 
quartz crystals and even digital readout, it 
would seem that the ultimate step in "conspicu
ous consumption" is that of knowing that ones 
precision time piece was checked daily- using a 
reference standard that is accurate to approxi-



mately one part in 1011• Seriously, the avail
ability of a readily available time standard has 
proven of subscriber interest in a number of 
systems, as have the weather, propagation 
forecasts and standard audio tones available from 
wwv. 

To add the time broadcasts to the FM band, 
the cable operator needs a high frequency receirer, 
appropriate antenna system, and an FM modulator. 
Simultaneous monitoring of night time and day 
time frequencies, with automatic change over to 
the best signal would be desirable, but CATV 
systems, using the standard time broadcasts, are 
realizing satisfactory results using a manual 
change to the best channel, for a given distance 
from the transmitter, and the time of day and 
year. A sattelite transmission system to provide 
relay on a VHF frequency has been tested by the 
Bureau of Standards and will no doubt simplify 
reception problems in the future. 

In spite of the tremendous educational and 
cultural content of international short wave broad
casts, and the long history of such services, their 
use has been limited to a relatively small segment 
of our population who have the equipment and the 
knowledge to cope with the complexity of high 
frequency signal propagation. An estimate by 
the publishers of World Radio/TV Handbook shows 
1300 short wave broadcast transmitters currently 
operating world wide with 40 Million receivers in 
daily use. Out of an estimate of the 140, 000, 000 
receivers capable of short wave reception, there 
are only 2, 500, 000 in the U.S., yet our diverse 
backgrounds would suggest a high degree of 
interest in foreign broadcasts. By using a high 
frequency receiver and proper antennas, with 
appropriate equipment for the re-transmission of 
signals, the cable operator can add a virtually 
unlimited variety of special interest programming 
for his subscribers. 

Along with time and weather broadcasts, 
Buckeye Cablevision of Toledo (a system which 
deserves much credit for pioneering effort in 
special FM services) carry BBC - London, Radio 
Berlin and Radio Moscow on the cable. In this 
case, their hub distribution plan includes 
carriage of the special services via microwave, 
so only one receiving location is required. 

Another area closely related to cable originatbn 
is that of background music services that can take 
advantage of the unique capability of cable. 

At present, background music is monaural, 
using SCA or wire lines for distribution. In 
addition to the transmission limitations, speaker 
placement problems and economic considerations, 
the specialists in this field tell us that the whole 
idea of background music is to minimize involve
ment on the part of the listener, so stereo is not 
used. Since total involvement with music would 

seem to best satisfy the needs of the listener in 
the dentists, or doctors office, or in fact most 
waiting rooms, it would appear that at least part 
of the argument for mono lies in the huge invest
ment in monaural music libraries and equipment 
on the part of the music service operators. 

I would like to go into other areas, such as 
point-to-point voice and data links, remote 
control of surveillance cameras, transmission 
of slow scan television and facsimile which 
involve signals of an aural nature, but realize 
that to deal with these would be going beyond the 
limits assigned for this paper. 

The stated purpose of this paper was to 
acquaint you with some of the ideas that are 
being currently used, and others that are not 
presently used but readily available as aural 
services in the FM band. Only time will tell 
the ultimate success of some of these concepts, 
but they do represent simple and relatively 
inexpensive services which bear the serious 
consideration of cable operators who see CAFM 
as part of their future. 
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BENDING YOUR SYSTEM INTO SHAPE - HINGING 

by R. Dattner and J. Shekel 
Jerrold Electronic Corp. 

Horsham, Pa. 

Abstract - This paper discusses a new tech
nique, called "hinging", for calculating system 
design levels to meet a specification while min
imizing cost. The condition of a signal is 
treated as a normalized noise and distortion 
pair in a specialized coordinate space. This 
leads to a discussion of amplifier vectors, 
signal quality and system margin, which is re
lated to tolerance. This approach is an expan
sion of some early work by D. Carson. (See 
Ref. 1) 

This paper addresses the following 
question: 

Give system and amplifier specifications, 
at what levels should the amplifiers be oper
ated to minimize system cost? 

It is generally accepted that the cost 
of a cable system is reduced by increasing 
the feeder-to-trunk ratio. The length of the 
feeder is a function of the output levels of 
the bridger and line-extenders, and the mini
mum acceptable subscriber level. For a given 
minimum subscriber level, the greater the out
put levels of the bridger and line-extenders, 
the longer the feeder, the better the feeder
-to-trunk ratio, and the lower the cost. 

Feeder systems are, therefore, normally 
operated at the highest possible levels within 
the allowable distortion specification. This is 
accomplished by reducing the distortion in 
other parts of the system, lowering their levels. 
These levels in turn are limitted by the car
rier-to-noise specification. Because the feeder 
will contribute to the overall system noise, 
and the low-level sections of the system will 
still contribute distortion, care must be taken 
to insure that the system is still within spec
ifications - as the feeder levels are increased. 
One major advantage of the approach discussed in 
this paper is that this problem can be handled 
directly. 

148-NCTA 74 

Noise - Distortion Coordinates 

The technique uses a coordinate system 
based on the two quantities which normally 
limit the operating levels of a CATV amplifier: 

(1) Carrier-to-Noise 
(2) Carrier-to-Distortion 

These are normally specified in deciBels. (dB) 

The distortion is assumed to be third order in 
nature, varying 2 dB for each 1 dB variation of 
amplifier level, and accumulate by voltage addition. 
It is usually cross-modulation or triple-beat, 
relative to the carrier level. Carrier-to-noise, 
as defined by the NCTA, varies 1 dB for each dB 
change in amplifier level and accumulates by 
power addition. 

Unfortunately, neither of the two quantities 
mentioned above adds conveniently in deciBels when 
cascades are considered. It was therefore found 
more useful to consider them as inverse ratios: 

(1) Noise-to-Carrier as a power ratio adds 
in cascade. Therefore, the output signal of a cas
cade of M amplifiers has a noise-to-carrier M 
times the noise-to-carrier of the same signal 
passed through only one amplifier. (Assuming 
a unity-gain system, identical amplifiers) 

(2) Distortion-to-Carrier as a voltage 
ratio also adds in cascade. 

It is further convenient to express these 
quantities in a normalized form, dividing them 
by their system specification. Thus, the condition 
of a signal is specified by the ordered pair 
(n,x) where, 

n = Normalized noise-to-carrier ratio 
x Normalized distortion-to-carrier ratio 

If (N/C)
0 

is the noise-to-carrier of the signal, 

and (N/C)sp is the system noise specification 

then, 
n = 

(N/C)
0 

(N/C) sp 



Similarly, if (X/C) 0 is the distortion-to-carrier 
ratio for the signal and (X/C)sp is the specifi
cation, 

X 

(X/C) 
0 

(X/C)sp 

Figure 1 shows the representation of the 
condition of a signal by a point in a n-x co
ordinate system. Note that the dotted lines 
represent the boundaries of the region of 
permissible signals, a ·signal on the boundary 
having "used-up" either of the specifications. 

At (1, 1) the signal has used-up both the noise 
(n = 1) and distortion (x = 1) specifications. 
A "clean" signal is represented by the origin 
(0, 0). 

Quality and Margin 

Consider a signal which has a normalized 
noise-to-carrier of 0.3 and a normalized 
distortion-to-carrier of 0.7. It can be repre
sented by the point (0.3, 0.7) of Figure 2. 
Another signal represented by the point (0.7, 
0.3) in the coordinate system might be said to be 
equivalently degraded. This is expressed by a 

X 

1 -------------- -,< 1' 1) 

• 

0~0----------------------~~--------~n 

FIGURE 1 
NOISE-DISTORTION 
COORDINATE SPACE 

Do - normalized noise-to
carrier 

Xo - normalized distortion
to-carrier 

X 

1 

0 

----- -- ------- -, 

C.3,.7) .. 

I 
I 
I 

C. 54, .54) 
• 

I 

C.7,.3)1 
• I 

I 
I 

0 1 

FIGURE 2 
EQUAL Q (QUALITY) POINTS 

(1. 1) 

mathematical quantity Q - the quality of the 
signal 

Q = J (1-n) (1-x) 

n 

Note that both of the points above have a Q of 
0.46. Other points having a quality1of 0.46 are: 
(.54, .54), (.1, .76), (.76, .1). 

The quality of a signal has the following 
properties: 

1. If the signal is clean, 
n = 0, x = 0, Q = 1. 

2. If either of the system specifications 
is used up, 

n = 1 or x = 1, Q = 0. 

3. Q has real values only when the signal is 
within specifications, and Q is always between 1 
and 0. 

Another term is also useful: The quality of 
the lowest-Q signal in a system is called the 
"margin" of the system and is usually expressed 
in percent. This signal normally occurs at the 
extremity of the longest cascade. Appendix I 
shows that this quantity is closely related to 
system tolerance as described in the Technical 
Handbook for CATV Systems by Ken Simons. 
(3rd Edition, Chapter VII, pg. 46) 

Amplifiers, Cascades 

If points q1 and q2 represent, respectively, 
the input and output signals of a given amplifier, 
then an arrow or vector drawn from q1 to q2 can 
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represent that amplifier. 

Figure 3 shows such a vector and demonstrates 
the effects of raising or lowering the output level 
of the amplifier. 

(All other parameters: Gain, Noise Figure, Output 
Capability are, of course, assumed fixed). As 
the level of the signal at the output of the 
amplifier is varied, the vector, connecting the 
pair of points representing its input and output 
signals, changes in direction and length. The 
arc drawn through the points of all possible out
put signals is a hyperbola. 

If a signal has equal n and x coordinates, 
i.e. n "' x, it is said to be "midway" between 
the distortion and noise specifications. If 
such a signal is the input to an amplifier, the 
shortest length vector and the vector which causes 
the minimum change in Q, falls on a line which con
tains all of the "midway" points. The output signal 
of such an amplifier is "midway" and the amplifier 
is said to be operated at its "midway level". 

The Handbook for CATV Systems shows that the 
maximum cascade can be achieved by operating an 
amplifier at midway level. At this level both 
specifications are used-up at equal rates. The 
shortest amplifier vector also results, and all 
the vectors lie on a straight line. Thus, the 
longest cascade from a point on the midway line 
is also on the midway line; and the longest 
cascade between two points is a straight line. 

An amplifier vector has the following equiv
alent properties: 

(1) It points from a signal of quality Q 
to another signal whose quality is always less 
than Q. 

(2) Its angle with respect to the n - axis 
is between 0° and goo. 

(3) For a midway input signal, the,shortest 
length amplifier vector occurs when the noise and 
distortion specifications are "used-up" at equal 
rates and the change in Q is minimized. 

System Design 

A cascade of amplifiers can be represented 
by placing their vectors heel-to-toe as in Figure 
4. Amplifiers can be lumped together into a single 
vector by observing the input and output signal Q's 
and varying all the amplifier levels together. 
Figure 5 shows a two-vector cascade representing 
the trunk and feeder of a given system. 

A cascade of identical amplifiers with a 
clean input signal and operated midway can 
be represented by the vectors in Figure 6. 

This type of system results in the highest 
possible margin and is optimum with respect to 
performance. 

Rarely, if ever, is a system operated midway. 
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FIGURE 3 
AMPLIFIER VECTORS 

(a) input signal 
(b) low level output signal 
(c) midway output signal 
(d) high level output 
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OL-------------------~~----~ 
0 

FIGURE 4 
AMPLIFIER CASCADES 

1 n 



X 

1 ---------------, (1,1) 

0 
0 

FIGURE 5 
TRUNK AND FEEDER 

VECTORS 

1 

signal into trunk 
signal out of trunk, 
and into feeder 
signal out of feeder 

n 

The levels are usually very low, resulting in a 
low feeder-to-trunk ratio and high cost. Fortunately 
a cascade much shorter than the maximum cascade is 
usually required, and the excess margin of the 
cascade is "used-up" to obtain better levels. 

Operated midway, the system margin is maximized 
in Figure 7a. This margin is reallocated to reduce 
cost by increasing the feeder levels and reducing 
the other levels in the system. This results in 
the diagram of Figure 7b which suggests the name 
"hinging". 

The maximum feeder levels occur when, 

(1) All of the available specifications 
have been used, and the margin is zero. 

(2) The distortion and noise specifications 
are simultaneously used-up, i.e. the last vector 
ends at (1, 1). 

(3) The hinge point is such that the trunk 
vector has the lowest po.ssible level, 

The system which fulfills (1) - (3) is the 
solution to the problem of minimum cost. 

X 

1 - - - - - - - - --- - - - -11 ( 1 • 1) 

" " " / 
/ MARGIN 
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1 

FIGURE 6 
"MID~/AY" LEVEL SYSTEM 

- - - --- - - - -;t 

, 

FIGURE 7A 

" 
"' " , 

OPTIMUM PERFORMANCE 
SYSTEM 

(HIGH COST) 

( 1 • 1) 

The hinging technique has been used 
successfully at Jerrold for one-way and two-way 
systems. In a one-way system the terminating 
bridger of the longest cascade and the line
extenders are treated as the feeder vector. The 
trunk amplifiers are lumped together into another 
vector. The two vectors are then hinged. In a 
two-way system the return trunk, return feeder, and 
any hub-to-hub trunks, are included in the trunk 
vector to take full advantage of all excess margin. 
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FIGURE 7B 

OPTIMUM COST SYSTEM 
(WITHIN SPECIFICATIONS) 

Appendix I 
Margin and Tolerance 

The tolerance of a single amplifier, for a 
given set of system specifications is defined in 
the Handbook for CATV Systems as 

where Emax and Emin are, respectively, the 
maximum and minimum output levels, expressed 
in dBmV, allowed by the system noise and distor
tion specifications. In a unity-gain cascade of 

identical amplifiers the system tolerance is 

in deciBels, where m is the length of the 
cascade. System tolerance is also called 
reserve tolerance. 

Margin, as defined in this paper, can 
be shown to be related to system tolerance 
when margin is computed based on a midway 
system. 

Given the system tolerance Ts, the 
midway level E

0 
is, 

(l) 
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where all levels are in dBmV and tolerance is 
in dB. Exm is the maximum output level for 
each amplifier such that an m amplifier cas
cade just meets the distortion specification. 

Operating midway, the resulting distortion 
from each amplifier is 

in deciBels. Xs is the system distortion 
specification. 

Since the distortion and noise are used 
up at equal rates, the normalized noise and 
distortion ratios are equal, 

n = x (n is the normalized noise; 
x, the normalized distortion) 

and the margin M is, 

M = J(l - n) (1 - x) = 1 - x 

-x /20/ -x 120 
x = 1 - M = 10 ° 10 s 

where x and M are ratios and X0 and Xs are 
the deciBel values of signal distortion 
and system distortion respectively. 

Therefore, 
(Xs - X

0
) /20 

1 - M = 10 

Xs - X
0 

= 20 log (1 - M) (3) 

and from (1) and (2) above, 

so that, from (3) and (4), 

l. 

2. 

3. 

4. 

Ts = -20 log (1 - M) 
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CABLE & SATELLITE: FRAMEWORK FOR A NEW INDUSTRY 

Robert E. Button 
TelePrompTer Corporation 

50 West 44th Street 
New YorK, New York 10036 

SUMMARY 

Satellites and cable systems form 
a natural technological base for 
a nationwide interconnected broadband 
network. An organizational concept 
to bring such a network into being 
does not exist, but initiatives have 
already been taken which could bring 
about a new multi-service telecommunica
tions structure based on the knowledge 
and experience of the present industry. 
Conditions in the regulatory, economic 
and technological areas appear to be 
favorable to such a development. 

The concept of a cable network 
is enhanced by the two fundamental 
advantages of satellite distribution, 
which are insensitivity to the distance 
factor and simultaneous coverage of 
all receiving points located within 
the area of visibility. The viewable 
area from the bird is approximately 
one-third of the earth's surface. 
The antenna can be designed to cover 
a continent, a single time zone, 
a smaller area such as Puerto Rico or 
Hawaii by spot beam, or several such 
areas simultaneously. 

Use of domestic satellites is 
proposed for TV distribution, cable 
system interconnection, private line 
service, data traffic, facs~ile 
including electronic mail delivery 
and many other services not now accom
modated by the point-to-point and 
switched message networks. 

The primary reasons behind satellite 
usage in these modes are operational 
economy, high quality of signal, fewer 
terrestrial problems, flexibility of use 
and capability for expansion of services 
at declining costs. 

Institutional arrangements in 
domestic satellite service are as yet 
undefined, and access is relatively open 
to both space and ground environment, 
as compared with the international 
satellite system which is, by law, 
carrier-configured. 

The integration of high-capacity 
cable communications service with the 
fundamental advantages of satellite 
distribution requires a comparatively 
low cost but highly flexible earth 
receiving station, such as was first 
demonstrated at the 1973 NCTA Convention 
in Anaheim, California. This station, 
built by Scientific-Atlanta to specifica
tions supplied by TelePrompter, was used 
to demonstrate long-haul satellite relay 
in the first SpaceCastsm program. 
Although this was a point-to-point 
transmission and thus not unique, it 
was an historic first United States' use 
of satellite technology for a domestic TV 
program communication. It was also a 
first in the association of a cable
originated program with a satellite 
carrier, American Satellite Corporation, 
and in the reception of signal through 
a cable-owned earth station interconnecting 
with local cable systerr;. 

The first-generation domestic 
satellite facility that seems to be 
emerging in 1974-75 consists of a 
carrier-owned-and-operated satellite 
accessed through carrier-owned-and
operated transmit and receive stations 
which will be located in the pattern 
New York - Los Angeles - Chicago - Dallas -
Washington - San Francisco - Seattle -
Atlanta. 

Cable interface with these facilities 
would occur at receive-only earth stations 
located at or near system head-ends. 
It has been estimated that for the im
mediate future between 80 and 100 earth 
stations in combination with regional 
terrestrial microwave systems could 
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interconnect cable systems serving 50% 
of the present CATV market. 

The satellite frequencies to be used 
in the present and immediate future are 
those shared with terrestrial microwave 
in the 4 and 6 Ghz bands. Later on the 6 
Ghz band may be displaced by the 14 Ghz 
band for transmission to the satellite, 
thus eliminating present interference 
problems. Down-link transmission, 
continuing at 4 Ghz, would not materially 
change the configuration of the proven 
'bird' design, would retain the propaga
tion advantage of this lower frequency 
and would protect the investment of 
receive station pioneers. 

Cable's immediate need is for dis
tribution of special interest programming 
which in turn requires the economic 
characteristics of satellite distribution 
to become attractive to advertisers. 
The audience for this type of programming 
will become a viable market through 
the cumulative process, or incremental 
build-up of small audience segments. 
Whether these segments are reached in 
larger population centers or in rural 
areas, the satellite sees them all at 
a uniform, one-time space cost. Indeed 
the satellite alone makes attainable 
the concept of a large national cumulative 
audience for special interest program 
material. 

A brief review of a typical 
satellite carrier rate structure reveals 
why this is so. A one-hour satellite 
transmission from New York to Los Angeles, 
on a point-to-point basis, for a full 
color video channel with two 4Khz audio 
channels, including up-link, down-link 
and space segment, costs between $725 
for off-peak hours and $1450 for prime -
time - scheduled service. 

For a point-to-many-points service, 
the expected CATV pattern of usage, 
the same charges would be made by the 
carrier, including a down-link charge 
only where the carrier itself owned 
the receiving station. No charge at all 
is made for reception at cable-owned 
receive-only stations, regardless of 
number. Thus the carrier charge for 
satellite service, including transmission, 
could be subdivided by as many receive
only stations as would be in operation, 
a number eventually in the thousands, 
for the cable industry alone. The cost 
of reaching cable subscribers in this way 
with marketable special interest programs 
begins to shrink to manageable proportions. 
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A reasonable estimate for the near 
future would suggest that a cable -
satellite network could be constructed 
wherein strategic placement of eighty 
earth stations in combination with 
existing terrestrial facilities would 
serve cable systems reaching some 
4 1/2 million subscriber homes. Satellite 
transmission, or up-link plus space 
segment costs, would be about $1,200,000 
per year for full-time usage of one 
transponder. No charge is made in this 
model, for reception at cable-owned 
earth stations. The earth stations 
themselves are estimated to cost $70,000 
each, but this amortizes over at least 
a ten year life and involves low 
operating costs. 

With these figures to build on, and 
including ongoing distribution costs 
from the 80 earth stations, the costs 
to the cable system operator for par
ticipation in such a network average out 
to approximately 10¢ per subscriber home 
or about 4¢ per potential viewer per 
month. 

The earth stations are expected to 
be capable of use for more than TV alone. 
With minimal upkeep and operational cost 
and a ten-year lifetime they represent 
a modest investment in facilities that 
will stimulate new subscribership as well 
as provide additional revenues from 
ancillary services. 

It would seem at least reasonable 
to expect that the economics of this 
distribution method would support the 
special interest, cumulative audience 
concept as well as time division multi
plexed digital services which have been 
advanced as cable's great promise for 
the future. 

Will the public respond to such an 
alternative program service? Projections 
and theories have been offered, but 
nobody really knows. Meanwhile at least 
one group is proceeding to action in 
this field, rather than meditation. 
Westport Broadcasting, of Kansas City, 
has organized an interconnected cable-only 
program service to begin on May 1, 1974. 
The approximate dimensions of the venture 
show a 12-state area, some 300 cable 
systems belonging to various MSO's, 
over 800,000 subscribers and a program 
schedule of 10 hours a day without movies. 
The service has sold itself and is 
spreading. National advertisers have 
signed on, and systems can sell protected 
local spots as part of the arrangement. 



Here is a starting point for a 
national cable service that will include 
program, sales, traffic and affiliate 
activities. As an outgrowth of a straight 
UHF operation it may show how the 
broadcasting industry will profit, hedge 
and expand in partnership with cable 
rather than in opposition to it. Indeed, 
the broadcasters, with proven expertise 
and facilities for program production 
are the most likely source of programming 
for cable distribution. 

Should Westport install or feed 
a satellite transmitter, its cable program 
service would become available to the 
entire country over RCA, Western Union 
or Amsat space facilities. There are 
several letters of intent from cable 
systems now in the hands of earth station 
manufacturers awaiting this event. 
Equally feasible would be the use of 
a satellite receiver at the center of 
the Kansas City network for the reception 
of supplementary program material and 
other services from east or west coast 
origination points where transmittal 
facilities already exist. 

In addition to this venture there 
is also the nucleus of an industry-wide 
organization which could complement and 
broaden the Kansas City regional network. 
This is the so-called Cable Satellite 
Access Entity, a group of 32 MSO's, 
independents, manufacturers and others 
who have commissioned Booz-Allen&Hamilton 
to document the opportunities of cable 
interconnection by satellite. The 
consortium, if it becomes operational, 
could provide the immediate vehicle for 
expansion of a regional network to 
national dimensions and multi-service 
marketing. It could also provide the base 
for an earth station - leasing venture 
which need not be limited to cable but 
could serve independent broadcasting 
stations as an interconnect, a concept 
which was recently exposed at the INTV 
Convention at Dallas. 

Whether a cable system or other 
entity leases or owns an earth station, 
access thereto by law must be completely 
free of restriction. From the cable 
point of view, the economic advantage 
in owning an earth station is appealing. 
Linked up with the community cable 
delivery system, it may rapidly become 
the most logical and effective means 
for the distribution of broadband com
munications. 

The carrier backbone satellite 
system contemplates that major send -
receive stations will be owned and 
operated by the carrier which owns and 
operates the spacecraft. It does not 
seem likely, for a few years at least, 
that the broadcast industry or the 
cable industry will be interested in 
a satellite dedicated to a particular 
need or service. But both broadcaster 
and cablecaster have an identifiable 
interest in maintaining contact with 
their customers. In the broadcaster's 
case this contact might eventually be 
the rooftop microwave dish aimed at 
a direct broadcast satellite. We will 
see this in undeveloped countries 
perhaps before we see it in this country, 
for obvious reasons. But the cablecaster, 
with direct access to his subscriber, 
needs to control the gateway to his 
service which is represented by the 
receive station associated with his 
head-end. This is not only legal, but 
common sense as well. The incentives 
for provision of earth station services 
are as many as there are revenue
producing services which may be offered. 
The ownership of earth stations while 
not limited by law would seem logically 
to fall to the entity providing service 
to the ultimate user who is, of course, 
the cable subscriber. 

The question might then arise, is 
cable system ownership of multi-channel 
receive-only earth stations a common 
carrier function, in view of FCC rules 
encouraging leasing of channels and 
non-video services which cable can 
provide? 

The definition of the cable-system 
operation of a network reception point, 
the earth station, really turns on the 
larger question of the existence and 
function of a cable network, regardless 
of who provides the satellite or other 
means of interconnection. 

A cable network may be divisible 
into separate and distinct functions. 
It is well to specify the sense in which 
the word network is used, as the implica
tion of a broadcast network organization 
as it exists today may not apply. 

A cable network could be carrying 
programs as a leased channel service; 
the programmer would be leasing channels 
for this purpose, and the network as 
the lessor organization would presumably 
be out leasing other channels for any 
purpos8 to whatever markets and for 
whatsoever services a customer desired. 
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However, cable systems, regionally 
or nationally, might wish to program 
themselves, in which case their activities 
would resemble those of any small con
ventional network, except that their 
revenue sources would include subscriber 
growth and possibly interconnected pay-TV 
channels as well as advertising. 
Mr. Whitehead suggests, in his recent 
report, that while control over facilities 
and program should be separated, the 
cable industry might be encouraged to 
program one or two of the many channels 
available. This certainly would not 
exclude a satellite network channel or 
channels or the ability of a cable 
operator to pick and choose available 
satellite programming for his own channel 
distribution. Nor is a cable programming 
network prohibited by any existing 
regulations. It might even be encouraged 
by a broad interpretation of the 
Commission's thrust toward cable program 
origination. 

But a cable program network and 
a leased channel network are two concepts 
separated by a single lack - that of 
an organization that could do both, or 
either. When it becomes necessary to 
define cable's status, will it continue 
under present rules or will it be a 
common carrier, specialized carrier, 
non-carrier or some combination of all 
three? It will be necessary to include 
in the definition the function of 
networking on a national multi-channel 
basis. There will have to be an 
identifiable industry-wide body of 
some sort to which responsibility could 
attach. If a common carrier structure 
emerges, there must be someone to contact 
for leasing a channel for a marketing 
pattern that suits your purposes. If 
a client decides to conduct a program and 
sales operation on a network scale, the 
geographic preserves of single MSO's must 
give way to an organization capable of 
representing many - an organization 
which today does not exist. 

That such an organization should 
exist is accepted by many as inevitable. 
Whether it should come into being as 
a new profit-oriented corporation or 
as an industry-sponsored consortium 
which contributes the administrative, 
operational and technical know-how, 
is an interesting question. It amounts 
to the imposition of a new technology 
on an old establishment. 
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Public and regulatory policy has 
seen to it that the expansion of cable 
need not be at the expense of familiar 
and vested interests. At the same time 
policy is moving toward cable expansion 
freed from some of the present establish
ment restrictions. Freedom of viewer 
choice and availability of low cost 
communications services may not only 
be necessary but may stimulate 
established facilities to greater 
service and expanded business. Naturally 
some interests feel threatned, but if 
cable does not organize as an industry, 
it poses its main threat to itself. 

As soon as it is clearly recognized 
that an operational entity, having a 
specific operational mission for the 
industry, in contrast with the general 
responsibilities of a trade association, 
is a feasible organization, the cable 
industry will be in a position to deal 
from strength in the various readjustments 
that are now impending. Such an entity, 
foreshadowed in events that have been 
mentioned, would owe its cohesion to 
the glue that holds our form of society 
together, the profit motive. For the 
prospects of a multi-service national 
broadband communications network for 
this country are real, and differ, 
in an order of magnitude, from the 
limited structure of today. ,It remains 
for those who see these prospects to 
bring them to fruition. History may 
well record that 1974 was the year when 
the cable industry realized these 
possibilities and took the necessary steps 
to provide the best administrative and 
creative environment for them. 



CABLE REPEATER STATION DESIGN 
USING FIXED GAIN BLOCK PREAMPLIFIER AND POWERAMPLIFIER 

Gaylord G. Rogeness 
Anaconda CATV 

Garden Grove, California 

1.0 Introduction 
A cable repeater trunk amplifier station design in common 

use today consists of a flat (or nearly flat) frequency response, 
fixed gain preamplifier and poweramplifier, separated from each 
other and from the station input and output connectors by various 
loss networks. Refer to the block diagram in Figure 1. 
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INPUT INPUT 
NETWORK CABLE 
FLAT EQUALIZER 
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Figure 1. Repeater Station Block Diagram 
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The networks introducing loss provide the functions of cable 
equalization, gain and slope controls, bridging and AGC amplifier 
and power takeoff, and frequency division multiplex filters, all 
of which are necessary for cable repeater amplifier station per
formance. Apportioning the magnitude of loss in these networks 
in the station design should be done in a manner which, in the 
limit, allows the ultimate station noise figure to approach the 
value of the preamplifier (Ar) noise figure and the station distor
tion values to approach the values of the poweramplifier (A2) 
distortion. Fixed gain amplifiers Ar and A2 will be referred to 
as IC (hybrid integrated circuit) amplifiers throughout the paper, 
although the analysis is general and applies to discrete component 
amplifiers as well. 

The IC amplifier (Ar and A2) distortion (crossmodula
tion, second order intermodulation distortion, and triple beat) is 
usually specified by IC vendors for signal carriers at equal signal 
levels. Equal signal levels are used for convenience in measure
ment and also provide a convenient reference. 

The signal levels at the inputs and outputs of Ar and A2 
in the repeater amplifier are normally not flat because of the 
cable attenuation frequency response and the cable system block 
tilt many times used. The magnitude and frequency response of 
the input, interstage, and output loss networks Lr, L2 and L 3 
have very significant effects on the station noise and distortion 
performance. It is, therefore, difficult to predict and compare 
repeater amplifier station performance on the basis of various IC 
amplifier specifications based on flat level specifications. To 
solve this problem, a fast, simple means of predicting ultimate 
station performance from the known performance of IC ampli
fiers Ar and A2, system block tilts, and station equalizer and loss 
network values has been developed by deriving a number of 
normalized performance degradation factors. This paper will 
define and explain the use of these degradation factors, and show 

the advantages to be gained by their use. The degradation factors, 
when added to the flat level IC specifications at a given station 
operating level, provide the station distortion and signal-to-noise 
ratio specifications. A list of symbols and definitions of terms 
used in the paper is listed on page 13. 

Three amplifier design problems which inspired the deri
vation and use of the degradation factors are summarized in 
Table I. The derivation and use of the Degradation Factors pro
vides a simple, quick means of solving the three problems listed 
below and summarized in Table I. 

1. Determine station design from fixed gain /C amplifier 
specs to maximize station specs. 

2. Determine fixed gain /C amplifier specs and station design 
to meet required station specs. 

3. Determine station specs for a given station design and 
given fixed gain IC amplifier specs. 

Table/. Problems Solved with D-Factors 

GIVEN DETERMINE 

1. IC Amplifier Specs Station Design to Maximize Station 
Performance Specs 

2. Station Performance IC Specs and Station Design to 
Specs Meet Station Performance Specs 

3. Station Design, and I C Station Performance Specs 
Amplifier Specs 

Ultimate station performance would be attained if the 
station noise figure were equal to the preamplifier noise figure Fr, 
and the station distortion were equal to or less than the power
amplifier distortion specifications I2, T2 and X2. The D-Factor 
derivation assumes that any distortion contributed by the pre
amplifier is additive on a voltage basis (20 log). The station 
distortion could be less than the poweramplifier (A2) distortion 
by the use of interstage distortion cancellation networks, par
ticularly second order distortion. However, the distortion can
cellation design approach is not in common use in present gener
ation trunk station amplifier designs, and is not considered in 
this paper. Five D-Factor sets are derived for each particular 
trunk station design and level tilt. Each D-Factor is the number 
of dB that the trunk station performance deviates from the fixed 
gain IC amplifier specification measured at any flat level within 
the applicable dynamic range of the IC. This relationship is 
shown schematically in Figure 2. 

The D-Factors (DF and Ds /N) are precisely accurate at 
each frequency calculated for station noise figure and signal-to
noise figure. The D-Factors (Dr and DT) are also accurate for the 
second order distortion product of each pair of frequencies cal
culated and each set of third order (triple beat) products calcu
lated individually. The magnitude of the combination of second 
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Figure 2. Relationship of IC Specs to Station Specs 
by D-Factors 

and third order beats which occur at any single frequency for a 
given number of channels in the amplifier passband cannot be 
calculated in a practical way (Reference 6). The D-Factor (Dx) 
for crossmodulation in each channel calculated using the rule 
that "crossmodulation with n channels is [n-1] times that of a 
two channel measurement" is normally not accurate (Reference 
9, 7) for broadband VHF amplifiers. A more precise answer for 
Dx can be obtained by measuring the actual fixed gain amplifiers 
with various block tilts and using these measured results as they 
apply to the calculation of Dx. 

2.0 IC Amplifier Characteristics 
Fixed Gain IC amplifier parameters are summarized in 

Table II below. The numbers used are those listed in the pub
lished TRW data sheet for the CA100 (preamplifier) and CA200 
(poweramplifier) IC amplifiers. 

Table II. Summary of IC Amplifier Specifications 

IC SPECIFICATION STATION 
SPECIFICATION 

A, A2 CATV 
PARAMETER (preamp) (poweramp) MANUFACTURER 

Gain (Fixed) G1 = 16.3 dB G2 = 16.3 dB G, = 22 dB (@ 300 
MHz) 

Frequency Response Flat Flat Shaped to Equalize 
Cable Loss 

Noise Figure F1 = 7.5 dB F2 = 10 dB F,=F,+DF 

Distortion, Flat 
Levels@ +50 dBmV 

lntermodulation (2nd) 1, =-68 dB l2 = -70 dB I,= l2 = D1 
Order)(CH 2, 13, R) 

Crossmodulation X1 =-52 dB X2=-57dB X,= X2 + Dx 
(32 Channels) 

Triple Beat (3rd T 1 =-73 dB T2 =-7BdB T, = T2 + DT 
order)( CH 3 + CH 4 
+ CH A on 245 MHz) 

To attain bandwidth, input and output match, repeat
ability, gain stability and minimum cost, an IC amplifier with the 
devices available today must have more than one stage. At this 
time, it is difficult to design IC amplifiers with responses which 
equalize the various types of cables in use. It is for these reasons 
that the IC preamplifiers and poweramplifiers available today 
have a t1at frequency response and approximately 16 dB of gain. 
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2.1 Fixed Gain Preamplifier 

The preamplifier is designed for minimum attainable noise 
figure. The gain G1 is fixed at approximately 16 dB. Preamplifier 
IM (ll) distortion, crossmodulation distortion (X1), and triple 
beat (T1) is usually minimized by increasing the bias (which 
means more power consumption). An increase in bias tends to 
increase the preamplifier noise figure. Therefore, the trunk 
station designer should determine what preamplifier I1. T1 and 
X1 he must have so that both power consumption and preampli
fier noise figure can be minimized. 

The station noise figure (F5 ) design goal is to achieve an 
F 5 which is limited only by the noise figure F1 of the preampli
fier. The station F5 is increased above F1 by the loss networks 
in the station and also by the poweramplifier noise figure F2. 

2.2 Fixed Gain Poweramplifier 

The station distortion design goal is to achieve station 
distortion (15 , T 5 and X5 ) which is limited only by the distortion 
of the fixed gain poweramplifier (12, T2 and X2 ). The gain 
G2 is fixed at approximately 16 dB. The IC poweramplifier is 
designed for minimum distortion (12, T2 and X2) and its noise 
figure F2 is allowed to be higher than F1. The minimum distor
tion is ultimately limited by the transistors (or active devices) 
used. The contribution of preamplifier distortion to the station 
distortion should be minimized by careful apportionment of the 
required loss networks in the station. 

The station design challenge is to select the best com
promise between conflicting requirements for the amount of loss 
apportioned to each loss network in the station (figure 1.0). 
Ultimate station noise figure should be limited by preamplifier 
noise figure and station distortion limited by poweramplifier 
distortion. 

3.0 Relating Station Performance Parameters to Fixed Gain 
Preamplifier and Poweramplifier Parameters by D-Factors 

Even though the fixed gain amplifier specifications such 
as those listed in Table II for A1 and A2 are known, the station 
specifications obtainable are not immediately obvious. The 
various loss networks required in the station, as shown in Figure 
1, make it impossible to attain station specifications which are as 
good as the A1 and A2 specifications. To further complicate the 
prediction of the station specifications from the known specifica
tions of A1 and A2, the station output level of each channel in 
the passband is normally not flat, but is tilted (block-tilted or 
linear-tilted). 

A set of D-Factorsl will be derived for a given set of 
station design requirements and system level tilts. The D-Factors 
are normalized such that they are independent of signal level. 
The fourth column of Table II lists the relationship between 
station and A1, A2 specifications by D-Factors. An outline of 
the station performance analysis leading to the D-Factors deriva
tion and their use is shown in Figure 3. A station design example 
follows to show the type of results expected from the analysis. 
The numbers used are obtained from the analysis which follows 
later in the paper. 

1 Because of the various functions required in a repeater 
amplifier station design, the station specifications will be worse 
than (or Degraded from) the Fixed gain A1 and A2 specifications; 
hence, the term D-Factor. 
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Figure 3. Station Performance Analysis Flow Diagram Using 
D-Factor Analysis 

3.1 Design Example 

GIVEN PARAMETERS 

STATION 

Cable Loss = 22 dB @ 300 MHz 

Gs (Station Gain)= 22 dB@ 300 MHz 

FL1 = -1.5 dB 

FL2 = -3 dB 

FL3 = -1.5 dB 

E1 (input Equalizer)= 14 dB 

Station Output Level= 31 dBmV 

Level Tiltl 4/2/0/0 

FIXED GAIN IC 
AMPLIFIERS 
(See Table II) 

G1 = 16.3 

G2 = 16.3 

F2 - F1 = 2.5 dB 

I1-I2=2dB 

X1- x2 = 5 dB 

T1- T2 = 5 dB 

The D-Factors are calculated from the given parameters 
and the analysis procedures outlined in Figure 3 and derived in 
the following sections of this paper. The IC specs at +31 dBmV 
are summarized in the following table2. The D-Factors are added 
to the IC specifications to give the station specifications. 

Note that the D-Factors are a function of frequency, so 
that D-Factors for a sufficient number of sets of frequencies are 
necessary to characterize the station performance across the pass
band of the amplifier. Note the difference of the station specs 
of column 4 versus the IC specs of column 2 in Table III. 

The signal level of each channel applied to a station must 
be known in addition to the station noise figure Fs in order to 
determine the station signal-to-noise ratio (S/N). Since it is S/N 
and not N (noise) alone which is a measure of signal quality, an 
S/N degradation factor Ds /N is also derived. The operating 
signal levels in a system requiring a cascade of a number of 

lLevel Tilt notation defined in Section 6.0. 
2This example assumes an IC distortion characteristic for which 
relative third order distortion (Crossmodulation and triple beat) 
decreases 2 dB for every 1 dB of level reduction and relative 
second order distortion decreases 1 dB for every 1 dB of level 
reduction. Note that the A1 and A2 distortion versus level 
characteristic must be defined in order to obtain a valid Is, Ts 
and Xs. 

repeater stations assume considerable importance. The relation
ship between channel levels, which will be defined by a number 
of level tilt settings, effect not only station S/N, but also the 
station distortion. The significance of level (block) tilts will be 
discussed in Section 6.0. Since the D-Factor Ds{N includes DF, 
the DF factor will be derived first, followed by the derivation of 
DsfN in Section 5.0. 

Table III. Station Design Example Summar) 

0-FACTOR (in 
dB) Calculated Station Specs (in 

IC Specs (in dB) from given Para· dB)@ +31 dBmV 

@ +31 dBmV, meters Listed & 4121010 Block 
Parameter Flat Levels Above Tilt 

F, (300 MHz) OF (300 MHz) F, (300 MHz) 

= 7.5 = 2.8 = 10.3 
NF 

F1 (Chan 2) OF (Chan 2) F, (Chan 2) 

= 6.5 = 12.8 = 19.3 

Os!N (300)=-2.7 SIN (300 MHz) 
Input Level at =+57.8 

SIN 300 MHz is +9 
dBmV Os/N (Chan 2) SIN (Chan 2) 

=-2.0 =+58.5 

12(CH2+13 0 1 (CH 2+ 13 in I,(CH2+13in 
IM R) =-89 R) = 3.4 R) =-85.6 

T2(CH3+4+A OT (CH 3 + 4 + A) T, (CH 3 + 4 +A) 
TB inCh 0) =-116 =-3.8 =-119.8 

XM 
X2 (CH 2, 32 Ox (CH 2) = 4.1 X, (CH 2) =-90.9 

Channels) = -95 

4.0 Normalized Preamplifier Noise Figure Degradation, Dp 
It has been previously stated that the ideal station noise 

figure (Fs) would be equal to the fixed gain preamplifier noise 
figure (F1 ). In other words, DF would be equal to zero in 
equation 4.1. 

(4.1) Fs = F1 + DF 

The magnitude of DF is a function of the following: 
1. Input network loss (flat and sloped). 
2. Interstage network loss (flat and sloped). 
3. Poweramplifier to preamplifier noise figure ratio. 

The input and interstage network losses are in part determined 
by G1, G2, and the station gain Gs. The magnitude of DF will 
be different at maximum G5 compared to operating Gs. The noise 
figure F1 of A1 and F2 of A2 is normally a smooth function of 
frequency with today's devices, and is about 1.2 dB higher at 
300 MHz compared to its value at 55 MHz. Also, L1 and L2 are 
functions of frequency, so that DF is a function of frequency. 

The noise figure at the IC preamplifier input terminals 
will be calculated first. The effect of input loss networks on the 
station noise figure will then be added to this result. Lower case 
symbols indicate numeric values and capital letters indicate dB 
values. The noise figure is independent of signal level and block 
tilt. 

Referring to Figure 4, the expression for f]. is 

(4.2) 
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Figure 4. Block Diagram of Amplifiers Cascaded & Separated 
by Loss 

The value of interstage loss L2 is determined by G8, G1, 
and G2 and the apportionment of loss between L1, L2 and La. 
L2 adds to the noise figure F2 on a dB for dB basis so that 

in dB 

The quantity 12 is the numeric gain (loss) of the inter
stage network and is less than 1.0. Equation 4.2 becomes 

(4.4) 

By factoring out f1, the effect of f2 and 12 on f]., the 
total noise factor, can be shown 

Numeric 

Numeric 

The ratio of f2 /fl, denoted k, is normally greater than 
one, which means that the power amplifier noise factor has the 
effect of increasing f1 as shown in equation 4.6. It is assumed 
here, without loss of generality, that F1 versus frequency and 
F2 versus frequency have the same relative values versus frequency. 

Since f1 gl » 1 for most practical cases, equation 4.6 can 
be written 

(4.7) fi=fl [1+g1~2] Numeric 

Equation 4. 7 is a very important result. The interstage 
loss 12 is a number less than one. The higher the interstage loss, 
the smaller 12 and the larger f1 becomes. Written in dB 

(4.8) F]. = 10 log f1 + 10 log [1 + g1~2 ] 

The factor DF is defined as the degradation of the pre
amplifier noise figure looking into the preamplifier (A1) input 
terminals. It is a function of preamp gain, interstage loss; and the 
f2/f1 ratio. 

( 4.9) DF = 10 log [1 + g1~J 
Preamplifier noise figure degradation as a function of 

interstage loss and A2 to A1 noise figure ratio is summarized in 
Table IV. Note that each dB of A2 noise figure increase relative 
to F1 is equivalent to a dB increase in interstage loss. Also note 
that the quantity 12 is a function of frequency. 
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Table IV. Noise Figure Degradation for Diagram Shown in 
Figure 4.0 (Calculated Using G 1 = 15.5 dB) 

INTERSTAGE PREAMPLIFIER 
LOSS L2 in dB NOISE FIGURE DEGRADATION, D~ 

(at a Specific Frequency) (K=F2- F1 in dB) 

K=O K=2 K=4 K=6 

2 .17 .2B .44 .69 

4 .2B .44 .69 1.06 

6 .44 .69 1.06 1.59 

8 .69 1.06 1.59 2.31 

10 1.06 1.59 2.31 3.26 

12 1.59 2.31 3.26 4.43 

14 2.31 3.26 4.43 5.81 

16 3.26 4.43 5.81 7.37 

The noise figure degradation factor DF for k = 0, 2, and 
4 is plotted in Figure 5 versus interstage attenuation. 
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Figure 5. Dp us L2 (Interstage Loss) for G1 = 15.5 dB 

The station noise figure F s is equal to F1 in dB increased 
by the amount of loss of the input network (input equalizer loss 
plus flat loss). 

(4.10) F8 = F1 + 10 log [1 + g
1
k1J + L1 in dB 

The normalized preamplifier noise figure degradation factor DF, 
for the station, is therefore 

(4.11) DF = 10 log [1 + g1~2 ] + L1 in dB 

The preamplifier noise figure degradation factor DF is plotted in 
Figure 6 versus frequency for two different input equalizers, at 
operating station gain, and at maximum gain for an E1 of 14 dB. 

5.0 S/N Degradation Factor Derivation (DSJN) 
In an amplifier cascade design in which the amplifier gain 

at each frequency offsets the loss of the cable at each frequency 
-i.e., a unity gain system, the repeater station noise figure, input 
signal level (function of frequency), and the number of amplifiers 
in cascade define the cascade signal-to-noise (S/N) ratios. 
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The signal to noise ratio of an N amplifier cascade, assum
ing identical amplifiers, is: 

Si - Ni = Si- [-59+ F8 + 10 log10N] 

(5.1) Si- Ni =59+ Si- Fs- 10 log10N 

in dB 

in dB 

-59 dBm V is the thermal noise threshold for a 4 
MHz bandwidth in a 75 ohm system at 20°C. 

For convenience, the S/N of a single station is analyzed 
and the results presented for a single station only. The 10 log N 
factor can be added later for specific system cascade lengths. 
The single station S/N is: 

(Si- Nil= 59+ Si- F8 

An S/N degradation factor is derived which serves a 
number of purposes. It is used to calculate station S/N as a 
function of station gain distribution and IC amplifier (At) noise 
figure. It normalizes the noise figure Ft versus frequency char
acteristics of preamplifier At to the highest frequency channel 
value. It normalizes the input signal Si to the highest channel 
frequency signal level so that system analysis for all channels 
uses only this one signal level. The signal level normalization 
accounts for the cable loss versus frequency response and for the 
block tilt used. 

The S/N degradation factor is denoted as DsjN and is a 
function of the following: 

1. frequency 
2. cable loss and cable system flat loss 
3. Ft versus frequency variation 
4. poweramplifier to preamplifier noise figure ratio 
5. interstage loss (flat and sloped) 
6. input network loss (flat and sloped) 
7. output network loss 
8. block tilt 
9. preamplifier and poweramplifier gain 

10. station gain 

The single repeater station S/N equation using the S/N 
degradation factor has the form : 

(5.2) Si- Ni =59+ Si (at 300 MHz)- Ft (300 MHz) 

+ DsJN in dB 

Si is the input signal level in dBmV at the highest 
frequency, which for this analysis is 300 MHz . 
Ft is the noise figure of the IC preamplifier at 
300 MHz. 
DsJN is the signal to noise ratio degradation factor 
and is equal to DF plus a level normalization 
factor, a noise figure normalization factor and a 
block tilt factor, BF. 

Figure 8 shows the general shape that input levels to a 
repeater station will have for flat level (solid curve) operation 
and block tilted level (dashed curve) operation. Reducing levels 
of lower frequency channels by block tilting levels lowers the 
S/N of these channels, but it will be shown in the sections on 
station distortion analysis that station distortion performance is 
improved. Block tilting levels provides a compromise between 
station S/N ratio on all channels and station distortion per
formance. Equation (5.3) defines DsjN: 

(5.3) DsjN = -10 log [1 + gtk12 ] - Lt + !J.A + BF 

Where !J.A is the difference in level in dB for each 
carrier frequency station input level compared to 
the station input level at 300 MHz. 
BF is the number of dB which must be subtracted 
from each channel for a given block tilt, compared 
to flat level operation. 

The last two terms added to the expression for DsJN, !J.A and 
BF, could have been omitted since the effect they produce is 
taken into account in the Si term of equation (5.1). However, 
by including them in the DsjN factor, the Si term becomes a 
constant defined at one frequency. Since the DsJN factor con
tains other terms which vary with frequency, it is convenient to 
combine the !J.A and BF terms with the DF term. The term AA 
is positive and thereby increases the S/N. The term BF will 
either be negative or zero at channel frequencies across the band. 
The cable system S/N will be highest when DsjN is most positive. 
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SHAPE FOR BLOCK 
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300 MHz 

Figure B. Station Input Level Relationships 
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5.1 Example of DsfN Application 
The values of DsjN plotted in Figure 9 were calculated 

using the design parameters given in Section 3.0. The DsjN for 
flat level (0(0(0(01) operation is plotted in Figure 9a, and a block 
tilt level ( 4/2/0/0) condition in Figure 9b. A set of DsjN values 
for input equalizer values of 8 dB and 14 dB is shown in each 
figure. Values of Ds/N for Channels 2, 6, and 13 for two level 
tilt conditions and two input equalizer values are taken from the 
curves shown in Figure 9 (a & b) and listed in the table below. 
Also listed in the table are station S/N for an A1 noise figure of 
7.5 dB (300 MHz) and Si (input level@ 300 MHz) of +9 dBmV. 
The S/N is evaluated from equation 5.2. 
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5.2 Si- Ni =59- F1 (300 MHz) + Si ( 300 MHz) + DsjN 

Level Tilt 0/0/0/0 Level Tilt 4/2/0/0 

CHANNEL Input EOU=14 dB Input EQU=B dB 

DstN S/N DstN S/N 

2 1.9B 62.5 -.14 60.4 

6 1.3B 61.9 -.B3 59.7 

13 1.09 59.4 -.14 60.4 
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+6 

----E1 =8dB w DS/N VS FREQ ~ 
--- E1 = 14dB r- 0/0/0/0 

F2 - F1 = 2.5 dB 

+4 

+2 

0 

-2 

.... _ 
~ 

~'------...... r-- --r---_ ---CHANNEL 6 --- -.... 
83.25 MHz -~ 1' .... 

""" -.. CHANNEL 13 ----
-4 

211j25 MHz 

-6 
50 100 150 200 250 300 

lA) FREQUENCY IN MHz 

+6 

+4 

---- E1 =8dB w DstN VS FREQ ~ 
--- E1 = 14dB f- 4/2/0/0 

F 2 - F 1 = 2.5 dB 

+2 

....... 
0 

-2 

-- .. -.. 
__ --.. 

~""-. 

.... _ .. --.. ~ r-- ....... 
p:::-. :""-. 

'MINIMUM STATION 
-4 S/N IN 54-300 MHz BAND 

WITH E1 = 14 dB 

I 
-6 !--CHANNEL 6 CHANNEL13 

83.25 MHzl 211i25 MHz 

50 

IBI 

100 150 200 

FREQUENCY IN MHz 

250 300 

Figure 9. Comparison of Ds/N versus Frequency For Two Level 
Tilts and Two Different Input Equalizers 
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The station design with a 14 dB input equalizer and 
operation with flat levels results in a better S/N (62.5 versus 
60.4) at Channel 2 and worse S/N (59.4 versus 60.4) at Channel 
13 than the station design with an 8 dB input equalizer and block 
tilted 4/2/0/0 levels. Choice of level tilt obviously has a signifi
cant effect on station S(N. 

The system operator has some leeway in selecting a trunk 
station level tilt, but before deviating from the station manu
facturer's recommended level tilt values, he must understand the 
consequences on the station S/N and distortion parameters. 

6.0 Signal Level Relationships (Block Tilts) 
The amplifier cascade design is a unity gain design. The 

gain of each repeater amplifier station at each frequency in its 
passband is set to exactly offset the loss which precedes it. 
Therefore, the relationship between levels at each frequency in 
the passband at the output of each repeater station will be 
identical to the level relationship set at the headend, modified 
only by the response flatness of the amplifier cascade. An 
example is shown in Figure 10. 
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----LEVELS MODIFIED BY 
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SYSTEM RESPONSE --- .... 

... ---4 
~--" I ------ v2 

---~ I I ,.., -....;;::....r.,.::-_-_-,J - - - - - - - r - - - - - - v, 
I 

F2 F3 

FREQUENCY-

IB) REPEATER STATION OUTPUT LEVELS. BLOCK TILTED 

Figure 10. 

The level at the repeater station output normally refers 
to the levels of the channel carriers in the highest frequency band 
block. In Figure 10, the level V 3 for channel carriers between 
frequencies f3 and f4 is referred to as the operating level of the 
station. The passband of the amplifier of Figure 10 is f4 - f1 and 
is divided into three frequency bands of blocks, f4 - f3, f3 - f2, 
and f2 - f1. When the level of each of the bands or blocks of 



carrier frequencies is set to a constant level, the levels are des
cribed as "block-tilted". Choice of the magnitude of difference 
in levels between frequency blocks (V 3 - V 2 and V 2 - V 1) and 
number of blocks is based on obtaining the result which gives 
the best compromise to maximize system S/N and minimize 
system distortion. A given repeater amplifier design may dictate 
the use of a specific block tilt to be used in order to optimize 
system performance. However, many times enough station per
formance margin is available so that the choice of a number of 
different "block tilts" can be used with a given repeater station 
design without sacrificing system performance. 

The most important reason for selecting and operating 
with amplifier station output levels which are not equal at each 
frequency in the passband is that the amount of signal power at 
the station output can be reduced. Less signal power results in 
many lower magnitude distortion products, although some dis
tortion product magnitudes will increase. Offsetting the advant
age of reduced level of distortion products by use of a level tilt 
is a decrease in signal-to-noise ratio on those channels at reduced 
levels. However, consider that the level of channel 2 carrier fre
quency is attenuated by the cable approximately 13 dB less than 
a carrier frequency at 300 MHz for 22 dB spacing at 300 MHz. 
Therefore, reducing the levels of the low frequency channels can 
be down without reducing the S/N of low frequency channels 
relative to higher frequency channels. Also, the noise figure of 
the active amplifying devices have somewhat lower noise figures 
at lower frequencies relative to higher frequencies. 

6.1 Shorthand Notation for Block Tilts in Use 
The frequency band from 54 to 300 MHz is commonly 

divided into four bands. 

Low band 
Mid band 
High band 
Super band 

54-88 MHz 
120-174MHz 
174-216 MHz 
216-300 MHz 

CH 2-6 
CH A-I 
CH 7-13 
CHJ-CHW 

5 channels 
9 channels 
7 channels 

14 channels 

Using the superband block of frequencies for the refer
ence level, the block tilt (shorthand) notation takes the form: 

Band 
1

, T 10 
Band 

Mid 
Band 

Super 
Band 

The high band levels are the same as the super-band levels, 
mid-band levels are 2 dB below the super-band levels, and low
band levels are 4 dB below super-band levels. A summary of 
block tilts specified for trunk stations taken from a number of 
manufacturers' data sheets in the past year are summarized in 
Table V. 

Table V. Examples of Block Tilts Published in 
Manufacturer's Data Sheets 

COMPANY BLOCK TILT 

Anaconda 4/2/0/0 

Jerrold 3/3/0/0 

Theta-Com 7/4/2/0 

Scientific Atlanta 4/2/2/0 

Magnavox 0/0/0/0 (No block tilt} 

6.2 General Comments on Distortion Product Accumulation 
in Broadband VHF Amplifiers. 
Care must be exercised in attempting to analytically pre

dict second order intermodulation product, triple beat (third 
order) product, and crossmodulation product accumulation in a 
single channel in a broadband VHF amplifier as a function of 
channels and amplitudes of individual channels. The only 
practical way to evaluate the cumulative distortion products 
of an amplifier station is by measurement. However, calculation 
of the magnitude of single second and third (triple beat) order 
beat products can be done precisely, and thereby provide con
siderable insight into the station design. 

For reasons pointed out in both references 6 and 7, broad
band VHF amplifiers used in CATV repeater stations have trans
fer characteristics which in general, invalidate the rule that "n 
channel crossmodulation distortion is n-1 times the 2 channel 
crossmodulation value". However, because measurement on a 
fixed gain amplifier in common use today does follow the "n-1 
rule" for crossmodulation accumulation in channel 2 for trunk 
station application, a Bx factor for channel 2 is analytically 
derived. Obtaining a Bx factor must normally be done by 
measurement first, followed by analysis. Table VI contains a 
summary of the methods of analysis for these types of distortion 
products. 

Table VI. Amplifier Distortion Characteristics 
Analysis Methods 

DISTORTION PRODUCT AS FUNCTION OF METHOD OF 
LEVEL (Flat, Block, Linear) Tl LT ANALYSIS 

2nd Order...::::::::: 2-Channel (Single Beat) Analytical 
Accumulation ( n-channel) Measurement in Each 

Channel 

Tri le Beat<3-Channel ~Single Beat) Allalytical 
P AccumulatiOn (n-channel) Measurement in Each 

Channel 

<Accumulation (n-channel) Measurement in Each 
Crossmodu I at ion Channel 

Accumulation { n-1 times Analytical 
2-channel) 

6.3 Second Order IM (A.± B) Block Tilt Factor, B1 
A flat gain amplifier operated with a pair of equal level 

signals produces second order beats (A + B and A- B) which, if 
in the passband of the amplifier, interfere with a third signal. 
The ratio of second order beat to the signal for flat output levels 
is different than the ratio obtained when the amplifier is operated 
with linear or block tilted levels. The difference in second order 
IM ratio (in dB) resulting for tilted level operation versus flat 
level operation for the same amplifier is defined by a block tilt 
factor Br. Values of Br for six pairs of channel carrier frequencies 
and three level tilts are summarized in Table VI. 

As an example, for the numbers listed in Table VII, the 
2nd order IM product of Channel 13 minus(-) Channel G pro
ducing a beat which interferes with Channel 2 is 2 dB worse 
when operating with a 4/2/0/0 block tilt than with no block tilt 
(0/0/0/0) or flat levels. However, the IM ratio for the Channel 2 
plus ( +) Channel G beat in Channel 13 provides a 6 dB improve
ment for the 4/2/0/0 block tilt condition. 

The magnitude of the combination of total number of 
second order beats occurring at a specific frequency for a specific 
system application and given number of channels can practically 
be determined by measurement only. Second order product 
addition depends on magnitude and phase of each product. 
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Table VII. Block Tilt Factor B1 For Six Pairs of Channel Carrier 
Frequencies and Three Block Tilts. 

RELATIVE IM DISTORTION BLOCK TILT FACTORS B1 IN dB 
PRODUCT (TV CHANNELS) 4/2/0/0 3/3/0/0 0/0/0/0 

R- 13 (inCh 2) +4 +3 0 

13- G (inCh 2) +2 0 0 

13- 2 (inCh G) -2 0 0 

2+G (inCh 13) -6 -6 0 

13 + 2 (inCh R) -4 -3 0 

R- 2 (inCh 13) -4 -3 0 

6.4 Third Order [Triple Beat (A.±. B.±. C)) Block Tilt Factor, 
BT 
The BI factor is calculated considering the level difference 

of two frequencies and the level difference between that of the 
beat frequency and that of the frequency with which it interfaces. 
The BT factor is calculated in a similar manner, except that the 
level difference of three frequencies rather than two frequencies 
is accounted for. A third order IM (2A ±-B) factor could also 
be calculated, but is not included in this paper. 

Triple beat products are considered to be a limiting para
meter in 30+ channel systems with today's amplifiers. One com
plication of the triple beat problem is the sheer number of pos
sible products for 30+ channel operation. It is therefore naive to 
assume that the calculation of a few triple products define an 
amplifier station's triple performance. However, calculation of 
the triple beat product amplitude for a few products for a given 
level tilt relative to flat level operation will indicate a trend, indi
cating whether triple beat magnitude reduction is possible by the 
use of level tilts. A more useful and detailed analysis of this 
problem must be reserved for another paper. 

BT factors for a few triple combinations and level tilt 
conditions are summarized in Table VIII. 

Table VIII. Triple Beat Block Tilt Factors as Function of 
Blocll Tilt 

TRIPLE BEAT PRODUCTS TRIPLE BEAT BLOCK TILT FACTOR 
LISTED BY CHANNEL BT IN dB 

COMBINATIONS 4/2/0/0 0/0/0/0 3/3/0/0 

3 + 4 +A in 0 -10 0 -9 

A- J + 0 in 5 +2 0 0 

G+S-Jin13 -2 0 -3 

13 + R- J in 0 0 0 0 

7- 13 +LinG +2 0 +3 

A negative number in the table indicates a lower ampli
tude beat at the station output compared to flat level operation 
and a positive number indicates that the triple beat product for 
that specific three channel beat product is higher (or worse) than 
that resulting with flat level operation. 

6.5 Crossmodulation Block Tilt Factor, Bx 
The effect of tilted levels and fixed gain preamplifier 

crossmodulation distortion contribution for a given number of 
channels must be known in order to determine station XM from 
the given flat level XM specification of the fixed gain preamplifier 
and poweramplifier. Remembering the precautionary comments 
of Section 6.2, and applying the "n-1 XM accumulation" rule, a 
Bx factor for channel 2 is derived. The station level tilt factor, 
Bx, defines the difference between the XM produced with flat 
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levels, compared to the XM expected with tilted levels for a 
given number of channels in a given channel. The Bx term is 
then included in the XM D-factor, Dx, for a given station design. 

RELATIVE 
SIGNAL 
LEVEL 
dBmV 

n3 CHANNELS 

-----. 
n2 CHANNELS 

r---"'---.. A, B. C. ARE THE 

n1 CHANNELS 
RELATIVE LEVELS 
OF EACH CHANNEL 
IN EACH BLOCK 

~ 

A( 

B 

c< 

tit t I YMODULATION 
SIDEBAND 

CH 2 FREQUENCY -

Figure 11. Block Tilted Levels Versus Frequency 

The crossmodulation at the level of channel 2 for block 
tilted levels compared to flat levels is given by equation 6.5.1 
(assuming equal modulation percentage on each modulated 
channel.) 

(nt - 1) + n2 (b/c)2 + n3 (a/c)2 
(6.5.1) m 2 = n _ 1 Numeric 

where n1 + n2 + n3 = n (total number of channels) 

To obtain the Bx factor for channel 2 compared to flat level 
operation at level A (which would be the flat level condition): 

(6.5.2) Bx (Channel 2) = 20 log (m2)- (A-C) 

As an example of the use of equation 6.5.2, consider the 
following: 

Seven high band channels at level A, 5 dB above five (5) 
low band channels at level C. 

n1 = 5, n3 = 7, A/C = 10 exp (5/20) = 1.79 

Substituting these values in (6.5.1) 

m2 =(5-1)+ 7 (1.79) 2 = 4 + 22.4 = 2.4 
(12- 1) 11 

Evaluating equation 6.5.2 

Bx (Channel 2) = 20 log (2.4)- 2 (5) = -2.4 dB 

Operating with 12 channels, 5 of the channels 5 dB below 
level A, results in channel 2 XM 2.4 dB below the XM value of 
channel 2 when all 12 channels are at level A. 

Using equations 6.5.1 and 6.5.2, the Bx factor for chan
nel 2 is calculated and summarized in the table for a number of 
block tilt and number of channel conditions: 



Table IX. XM Block Tilt Factor Bx 
(Calculated using n-1 rule.) 

LOW 

No. Chan. 5 

Relative Lev.} -3 dB 
-5 dB 

LOW 

No. Chan. 5 

Relative Lev.} -3 
-5 

LOW 

No. Chan. 5 

Relative Lev. -3 
-4 

12CHANNELS 

HIGH 

7 

OdB 
OdB 

21 CHANNELS 

MID HIGH 

9 7 

-3 0 
-2 0 

35 CHANNELS 

MID 

9 

-3 
-2 

HIGH 

7 

0 
0 

SUPER 

14 

0 
0 

Bx 
CH 2 

-1.7 dB 
-2.5 

-3.4 
-3.1 

-1.8 
-1.6 

7.0 Normalized Poweramplifier Second Order IM Distortion 
Degradation Factor, D1 
The quantity D1 is derived so that repeater station 2nd 

order IM distortion as a function of station gain distribution and 
block tilt can be easily related to the flat level IC preamplifier 
and poweramplifier IM distortion specifications. One D1 is cal
culated for each A+ Band/or A- B product considered necessary 
to define the station IM performance across the passband. 

(7.1) l 8 =I2+DI in dB 

The quantity Is is the relative 2nd order IM for a pair of 
frequencies interfering with a third frequency at the station out
put. The quantity I2 is the relative 2nd order IM ratio in dB for 
the same pair of frequencies at equal levels at the poweramplifier 
output. 

D1, the degradation factor, is independent of the absolute 
station output signal levels and is a function of the following: 

1.0 Preamplifier IM distortion relative to poweramplifier 
distortion. 

2.0 Preamplifier gain and poweramplifier gain. 
3.0 Interstage network loss (flat and sloped), a function of 

station gain 
4.0 Block tilt. 

Two assumptions are made in the derivation of D1 which 
do not affect the result in general. First, the IM distortion 
specification for each pair of frequencies of the flat preamplifier 
is assumed to be related to the IM distortion specification for the 
same pair of frequencies of the flat poweramplifier by a constant 
number of dB. Second, the IM distortion of the preamplifier is 
assumed to add in phase with the IM distortion of the power
amplifier. This represents a worst case condition for the total 
IM distortion of the repeater station. Second order IM addition 
is phase and amplitude sensitive so that in the actual hardware 
design, some degree of cancellation will occur, either by accident 
or by design. 

In the following analysis, lower case letters indicate 
numeric, and upper case letters indicate dB. The total repeater 
station IM distortion for a given pair of signals is the sum of the 

IM distortions generated by all sections of the amplifier. Assum
ing that the only sources of IM distortion products are the pre
amplifier and poweramplifier, then the station distortion is: 

i1 = 10 exp (11/20) Preamplifier IM distortion 

i2 = 10 exp (12/20) Poweramplifier IM distortion 

The terms I1 and I2 represent the second order distortion 
ratio in dB for a given pair of frequencies as measured for the pre
amplifier and poweramplifier with flat output levels. Modifica
tion to the IM ratios for block tilt operation compared to flat 
level will be added later. 

(7.3) The station second order IM distortion can be 
written as: 

Is= 20 log (i2) + 20 log (1 + i1/i2) 

Poweramplifier 
IM Distortion 

IM Distortion Con
tributed by Preamplifier 

The numeric ratio (i1/i2) may be solved by working with the 
amplifier constants in dB, since the numeric ratio can be written: 

(7.4) i1/i2 = 10 exp (11- 12)/20 

where I1 and 12 are in dB. 

The difference between preamplifier and poweramplifier 
IM as measured with flat levels at the same level, is assumed equal 
to a constant D. 

(7.5) D = I1- 12 in dB (a positive number). 

The quantity D is usually positive, since the preamplifier 
IM distortion is normally worse (less negative) than the power
amplifier IM distortion. If D = 0 dB, the preamplifier IM distor
tion is equal to the poweramplifier IM distortion. 

Relative second order IM distortion is proportional to 
signal level, i.e., two signals whose levels are each changed by 
1 dB produce a relative IM product change of 1 dB. As an 
example and to prepare for the analysis which follows, consider 
a poweramplifier with flat output levels preceded by a flat loss 
network and a flat output preamplifier, as shown in Figure 12. 

RELATIVE 
SIGNAL 
LEVEL, 
dBmV 

1.----------- V2 (POWER AMP OUTPUT, dBmV) 

1'----------- V 1 (PREAMP OUTPUT, dBmV) 

FREQUENCY -

Figure 12. Flat Output Preamplifier and Poweramplifier 

NCTA 74-167 



The ratio of preamp (At) to poweramp (A2) distortion 
can be written: 

Due to level Due to IM 
difference of difference of 
At and A2 At and A2 

The preamp (At) output level Vt is G2 dB below the 
poweramp (A2) output level V2 increased by the interstage loss 
L2. Equation 7.6 can then be written as: 

in dB 

The station distortion Is shown in Figure 12 can then be 
written: 

(7.8) Is= I2 + ,20 log (1 + 10 exp Wt- 12)/20]1 .. 
Degradation of Poweramp IM Dis
tortion Spec 

In a cable repeater station, neither amplifier At or A2 
may operate with flat levels. The poweramp (A2) may operate 
with a level tilt, which has been set at the cable system headend, 
and the preamp (At) levels will be sloped as a result of cable 
equalization in the station. 

It has been instructive to solve the flat level At, A2, and 
L2 problem described by equation (7.7). Using this equation as 
a building block, the final solution is obtained by the following 
procedure: 

Step 1: Solve for the station {It- I2) ratio by consider
ing the actual frequency response of the preamp At out
put levels. The amount of cable loss, and cable equaliza
tion placed before the preamp At will define this level 
relationship, which is sketched in Figure 13. The term 
L2 in equation (7. 7) must be modified to account for the 
sloped levels at preamp At output. If the term L2 in 
equation (7. 7) is the interstage insertion loss at the fre
quency which is interfered with by the IM product, then 
a term IlL must be added to the equation to account for 
the level differences of the frequencies at the preamp 
output. 

Equation 7.7 now becomes: 

in dB 

-------------------------------------~FLAT POWER AMP 
OUTPUT LEVEL 
V 2 IN dBmV 

~--------~----~~~---------------~REFERENCE LEVEL 

CH 2 

OF PREAMP 

?NUJ~~~ V 1 

CH G CH 13 CH R 

FREQUENCY-

Figure 13. Sloped Az Output Levels When A2 Output 
Levels are Flat 
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Step 2: Substitute the value of (It -- I2) defined by 
equation (7.9) in 7.8, add the system block tilt factor 
Br, and add L3 which is any loss between A2 output and 
station output terminals (connector). 

The station IM ratio for a given pair of frequencies is then 

The difference between station IM distortion and A2 IM 
distortion for a given pair of frequencies is then: 

(7.11) Dr = 20 log [ 1 + 10 exp((It ;~2 ))]+ Br +La in dB 

where (It - I2) is determined by evaluating 
equation (7.9) for a given set of station design 
parameters . 

Using At and A2 specifications and station design para
meters given in Section 3.0, equation (7 .11) was evaluated and 
the results plotted in Figure 14 for a flat level system and Figure 
15 for a block tilt ( 4/2/0/0) system. The Ds;N factor for chan
nels 2, G, and 13 are also included in Figures 14 and 15 to show 
the relationship between Dr and Ds/N as a function of input 
equalizer value. Specific values will be taken from these curves 
and used in the summary (Section 9.0). 
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8.0 Normalized Poweramplifier Triple Beat (A ±. B ±.C) Dis
tortion Degradation Factor, DT 
A DT factor for a few sets of. A ±. B .:t-_ C beats are cal

culated for the A1 and A2 specifications and station design para
meters given in Section 3.0. The equations used for the DT factor 
calculation are similar to those used for the D1 factor, with the 
exception that the relative levels of three frequencies causing a 
beat interfering with a fourth frequency are determined com
pared to relative levels of two frequencies causing a beat inter
fering with a third frequency. The station triple beat product in 
dB for three frequencies is: 

Assuming that the only sources of triple beat distortion are A 1 
and A2: 

(8.2) 20 log (tl + t2) ~ 20 log [t2 (1 + t1/t2ll 

t1 = 10 exp (Tl/20) A1 distortion 

t2 ~ 10 exp (T2/20) A2 distortion 

The station triple beat distortion can be written as: 

(8.3) T8 = 20 log (t2) + 20 log (1 + tlft2) 

A2 TB 
Distortion 

TB Distortion 
Contributed by A1 

The ratio of A1 to A2 triple beat distortion in dB is: 

(8.4) T1- T2 = (2) (-G2 + L2) + llL + T 

where: T is the difference between A1 and A2 triple beat 
product amplitude specification measured at 
the same flat levels 

llL is a factor which accounts for the effect of 
sloped A1 output levels on T1 

L2 is the interstage network attenuation at the 
channel frequency interfered with by the triple 
beat frequencies 

The station triple beat ratio for a set of three frequencies 
then becomes, using the value of (T1 - T2) evaluated in (8.4). 

(8.5) Ts ~ T2 + 20 log [ (
(Tl- T2))] 1 + 10 exp 

20 

The factor BT accounts for the effect of any level block 
tilt at the station output. The factor (2) appears in both equa
tions (8.4) and (8.5) because of the assumption that the triple 
beat product changes 2 dB for every 1 dB of level change of the 
three beat producing frequencies. The DT factor is: 

Values of DT for the beat products listed in Table VIII 
are calculated and listed in Table X in Section 10. 

9.0 Normalized Poweramplifier Crossmodulation Distortion 
Degradation Factor, Dx 
The D1 and DT factors for a given set of channel fre

quencies are easily calculated, becoming cumbersome only by the 
number of sets required to describe station performance over its 
entire passband. These factors do not consider the accumulation 

effect of beats at a given frequency. The Dx factor, however, 
must include the accumulation of crossmodulation from each 
channel onto a given channel carrier to be of any use. For the 
reasons discussed in Section 6.2, the method of calculating n
channel XM by assuming that n-channel XM is (n-1) times two 
channel XM may not be accurate. However, this calculation 
method does result in the maximum value of XM distortion for 
n-channel XM accumulation, if the two channel XM is pure AM 
(Ref. 6). As has been previously stated, channel 2 XM for one 
type of IC amplifier (A1 and A2) in common use today, can be 
analyzed fairly accurately by using the n-1 accumulation rule. 
Just remember that the following analysis must be applied with 
good judgment and only after the A1 and A2 XM characteristics 
have been adequately defined by XM measurements. 

The Dx factor for channel 2 is calculated using equations 
similar to those used for calculation of DT (equations 8.1 thru 
8.6). 

(9.1) Xs = X2 + Dx (One for each channel.) 

Assuming that the only sources of XM distortion are A1 
and A2. 

(9.2) 20 log (Xl + X2) ~ 20 log X2 (1 + Xl /X2) 

x1 = 10 exp (Xl/20) 

x2 = 10 exp (X2/20) 

The station XM distortion can be written as: 

(9.3) Xs = 20 log (x2) + 20 log (1 + X1/x2) 

The ratio of A1 to A2 XM distortion is: 

D~ is the ratio of A1 to A2 XM measured at the 
same flat level 

B~ is a factor accounting for the sloped preamp 
(A1) output levels. The magnitude of this 
factor varies as a function of input equalizer 
value and number of channels. 

L2 is the relative level of the channel for which 
Dx is being calculated. 

A simplifying assumption is made to reduce the com
plexity of the B~ factor by dividing the sloped A1 output levels 
into average level flat blocks as sketched in Figure 16. Calculated 

-----------------------------------------~A2 0UTPUT 
LEVEL 

50 174 

FREQUENCY IN MHz 

AVERAGE BLOCK 
Tl L T OF A 1 OUTPUT 

~~~~~CiA, 
LEVEL 

300 

Figure 16. Approximation of Sloped A1 Output Level by 
Flat Level Blocks 
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relative preamp output levels for two input equalizer and block 
tilt values and the design parameters of Section 3.0 are shown in 
Figure 17. 
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Figure 17. Relative Preamp Output Level versus Frequency 

The station XM is now described by: 

[ (
(X1

2
-
0
xz l)] (9.5) X5 = Xz + 20 log 1 + 10 exp 

+ Bx + 2La 

The Bx factor accounts for the effect of any level block 
tilt at the station output. The factor (2) appears in both equa
tions (9.4) and (9.5) because of the assumption that the XM ratio 
changes 2 dB for every 1 dB level change of every channel. The 
Dx factor is: 

(9.6) Dx = 20 log [ 1 + 10 exp~12~ Xz)] + BT + 2La 

Dx factor is evaluated for channel 2 using design para
meters in Section 3 and listed in Table X of Section 10. 

10.0 SUMMARY 
The D-factors calculated for two station designs, differ

ing only by the values of input and interstage equalizers and two 
block tilts are summarized in Table X. The station, A1, and A2 
parameters used in the calculations are those given in Section 3.0. 
Note that both station gain distribution (input, interstage and 
output loss networks) and system block tilt are interrelated and 
have a very significant effect on the station S/N and distortion. 

The station specifications for the design parameters listed 
in Section 3 and in Table X can now be easily calculated by 
adding the D-factors listed in Table X to the IC amplifier specifi
cations at the station operating level selected. 

Comparison of the two columns of D-factor numbers in 
Table X, indicates that each design has its strengths and weak
nesses. The final design selection requires more extensive analysis 
of the DT factors and also inclusion of measured weighting 
factors in the analysis to account for the distortion product 
versus frequency characteristic of the IC amplifiers. 
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Table X. Summary of D-Factors Calculated for Parameters 
Given in Section 3.0 

INPUT EOU. 14 dB INPUT EOU. 8 dB 
O-F ACTOR BLOCK TILT BLOCK TILT 

PARAMETERS 0/0/0/0 4/2/0/0 

DF 

2 12.8 10.9 
G 7.7 6.3 
13 5.7 4.7 
w 2.8 2.6 

Ds/N 
2 2.0 -.1 
G -.1 -.7 
13 -1.1 -.1 
w -2.7 -2.5 

D1 
R-13in2 3.2 6.5 
13- Gin 2 3.6 5.0 
13- 2 in G 5.7 2.6 
2+Ginl3 7.0 3.4 
2 + 13 in R 7.4 6.5 
R-2in13 6.0 3.5 

Dr 
3 + 4 +A in 0 8.3 -3.8 
A- J + Q in 5 4.9 7.1 
G + S- J in 13 5.3 3.9 
13 + R- J in Q 5.3 5.9 
7- 13 +LinG 5.2 8.7 

Dx 
Chan 2 5.9 5.5 

11.0 CONCLUSION 
An analysis method using normalized D-factors for relat

ing the noise and distortion parameters of a fixed gain preampli
fier and poweramplifier to the cable repeater trunk station ampli
fier has been developed. The station design configuration and 
level tilt limit the noise and distortion performance obtainable 
from any given fixed gain IC amplifier. Use of the D-factors by 
the equipment manufacturer, IC manufacturer, and end user pro
vides an aid in analyzing the relationships between IC amplifier 
performance specifications and trunk amplifier station perform
ance specification. It must be noted that the final station design 
is determined by combining both measured and analytical results. 
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SYMBOLS DEFINITIONS 

Fixed gain preamplifier, could be IC or Discrete com
ponent design. 

Fixed gain power amplifier, could be IC or Discrete com
ponent design. 

G1 Gain of A1 in dB 

Gain of Az in dB 

Station Gain 

F1 Noise Figure of A1 in dB 

Noise factor of A1, numeric 

Noise Figure of Az in dB 

fz Noise factor of Az, numeric 

Noise Figure of Station in dB 

Carrier to second order intermodulation product (A±. B) 
ratio of A1 in dB 

Carrier to second order intermodulation product (A.±. B) 
ratio of Az in dB 

Carrier to second order intermodulation product (A±. B) 
ratio of station in dB for given l1, lz, station design, and 
block tilt 

Carrier to crossmodulation distortion ratio of A1 in dB, 
measured with equal channel levels for given number of 
channels. 

Carrier to crossmodulation distortion ratio of Az in dB, 
measured with equal channel levels for given number of 
channels. 

X5 Carrier to crossmodulation distortion ratio of station for 
given X1, Xz and station design and block tilt. 

T1 Carrier to triple beat product (A .±. B ±.C) ratio of A1 in 
dB 

Tz Carrier to triple beat product (A .±.B.±. C) ratio of Az in 
dB 

T5 Carrier to triple beat product (A.±. B.±. C) ratio of station 
in dB for given T1, Tz, station design, and block tilt. 

E1 dB value of cable loss at reference frequency for which 
input equalizer equalizes. 

Ez dB value of cable loss at reference frequency for which 
interstage equalizer equalizes. 

FL1 Flat loss in dB proceding preamplifier A1. 

FLz Flat loss in dB in interstage network between A1 output 
and Az input terminals. 

La Flat loss in dB between Az (poweramplifier) output and 
station output. 

L1 Total loss of input networks, flat loss plus equalizer loss. 

Dp 

Total interstage loss in dB equal to sum of interstage 
equalizer loss and flat loss. 

A1 noise figure F1 degradation factor for given station 
design F 5 = F1 + Dp in dB. 

Ds;N Signal to noise ratio degradation factor for given station 
design. Si - Ni = 59 + Si (ref. frq) - F1 (ref. frq) + DstN 

Dr 

Ds;N includes Dp, block tilt factor, signal level variation 
and noise figure variation across frequency passband. 

Az second order IM degradation factor for given station 
design and lz. 

15 = lz + Dr (One Dr required for each A + Band A- B 
product). 

Az third order (triple beat) degradation factor for given 
station design and Tz. 

T5 = Tz + DT (One DT required for each A .±. B .±. C 
product). 

Az crossmodulation degradation factor for given station 
design and channel. 

Block tilt factor relating difference, in dB, of second 
order IM product magnitude measured at block tilted 
levels compared to the magnitude measured at flat levels. 
Each A .±. B product has a Br. 

Block tilt factor relating difference, in dB, of third order 
(triple beat) product magnitude measured at block tilted 
levels compared to the magnitude measured at flat levels. 
Each A .±. B .±. C product has a BT. 
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CATV PROOF OF PERFORMANCE TESTING 

Mike McKeown 
LVO Cable, Inc. 
Casper, Wyoming 

INTRODUCTION 

Testing a cable system to determine 
compliance with the FCC standards can pro
vide results which are truly meaningful 
whe~related to the quality of service the 
subscriber receives. In some instances 
though certain test procedures may produce 
results which bear little relationship to 
the picture quality as seen on a home tele
vision set. 

Because video measurements rather than 
RF transmission measurements have a more 
direct relationship to what is seen on a 
television screen that approach has been 
taken in this paper. The more conventional 
methods of testing CATV distribution sys
tems often do not include the effects of 
headend equipment or microwave where it is 
used. Baseband video measurements also en
able the tests to be done on an in service 
basis with the system in normal operation. 
Invaribly in service test methods will gain 
wider acceptance with engineers and sub
scribers than will sleepless nights and 
interrupted programs. 

These techniques require equipment 
which is often not a regular part of a 
cable system's test equipment. They are 
not the least expensive nor the most ex
pensive methods to perform the FCC tests, 
but they do provide data which can give a 
real indication of the quality of service 
the subscriber receives. In many cases, 
the tests described can be done faster and 
with more accuracy than conventional dist
ribution system only tests. 

THE TEST POINTS 

At the present time the required FCC 
tests to determine compliance with the 
standards ar~, with the exception of radi
ation tests, very closely tied to the sub
scriber terminal. The subscriber terminal 
lies at the interface between cable system 
owned equipment and subscriber owned equip
ment. In most cases this means the point 
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to conduct tests or which to relate any 
other measuring points to is the output 
of the 75 ohm unbalanced to 300 ohm bal
anced transformer. 

The output of the transformer is 
where the interface takes place. Some 
engineering judgement must, of course, be 
used in selecting the actual test point. 
In the test methods that follow, the 
actual measurements are made at the 75 
ohm unbalanced impedance side of the trans
former. In a converter equipped system, 
this point is at the output of the conver
ter. The assumption that the transformer 
does little to degrade the quality of 
service is usually a very valid one. 

FCC rules require that the tests be 
conducted "at no less than three widely 
separated points in the system, at least 
one of which is representative of termi
nals most distant from the system input in 
terms of distance." If the tests are 
viewed as an opportunity to monitor your 
system's performance, rather than as a bur
den or hardship, it is then logical to 
place all three test points at system ex
tremities, preferably on different trunk 
lines. Each test point should be near the 
end of a feeder line and after all active 
equipment. Two drops at each test point 
should be available near ground level. On 
a tap having more than two ports, the two 
test point drops should be hooked up to 
two ports fed from the same two-way split
ter within the tap. In this way, you can 
simulate worst case customer to customer 
isolation. Each test point should have 
twenty-five (25) feet of drop cable be
tween the tap and the actual test point 
near ground level. The two drops should 
be installed permanently by placing the 
ground level test points in a waterproof 
junction box with the cable running down 
the pole in conduit. They should be term
inated when not in use. Excess cable 
should be coiled up and fastened on the 
line near the pole, put in the junction box, 
or in the case of underground plant, put 
in a pedestal, Use approved construction 



practices in all cases. 

By establishing the test points perm
anently, measurements will have more re
peatability and comparisons can be made 
from year to year, or on a more frequent 
routine maintenance basis. 

When the tests are actually conducted 
another one hundred (100) feet of drop 
cable can be added to reach the test equip
ment so that a worst case customer drop 
should result. As much as possible, try 
to establish the three test points at loc
ations where a vehicle carrying test equip
ment can drive up and have easy access to 
the test point. Power for the test equip
ment can come from a small gasoline gene
rator. The generator is recommended over 
inverters or belt driven generators for 
vehicles. A gasoline generator usually 
has better regulation, it is easier to use, 
and the dollar/watt ratio is better! If 
the generator is kept about seventy-five 
(75) feet or more away from the test ant
enna, ignition interference should be no 
problem during radiation measurements. 

THE LOG FORMS 

Sample log forms which were, in part, 
inspired by Tektronix CATV Proof of Per
formance forms are included at the end of 
the paper. The log forms, test procedures, 
and a copy of the FCC Rules and Regulations 
regarding CATV tests and standards which 
were in affect at the time of testing 
should be put in an appropriately labeled 
binder and retained at the system local 
office for at least five years, as requir
ed by the FCC. A summary of the FCC stand
ards and tests now in e~fect is included 
at the end of this paper. 

Keep in mind that proof of compliance 
with FCC standards at the three selected 
test points in no way relieves the system 
from the responsibility to maintain such 
standards at every subscriber terminal. 
Installation and service records which 
record signal levels and picture quality 
should provide evidence to the FCC that 
every subscriber is being properly served. 

Since the installer's or technician's 
field strength meter or other similar in
strument is the key to maintaining system 
quality, their calibration should be 
checked regularly and as a part of the FCC 
performance tests. 

LOG FORM INFORMATION 

The System Information form, LVOC 21-
73, ~hould be completed and on file prior 
to conducting the tests. The blank spaces 

in the "Cable CH" column may be used t:o 
list FM stations carried on the cable by 
listing their frequencies. For systems 
with more than twelve (12) channels, two 
sheets may be used. The first sheet can 
list channels 2-13 and the second sheet 
can list the other channels by striking 
out 2-13 and putting in the desired chan
nel letter or number in the space below 
the diagonal. 

The second column, "Class", refers to 
the class of the cable channel as defined 
by the FCC in Volume III, Part 76, sub-
part A, 76.5. Class I channels are those 
cable channels carrying the signals of a 
television broadcast station. Class II 
channels are all channels which carry tele
vision signals, other than Class I, which 
can be received by the subsc~iber without 
auxiliary decoding equipment. This gener
ally includes local origination, news, 
and weather channels. Class III channels 
carry data other than television signals 
or television signals which require auxi
liary decoding equipment. A channel which 
carried computer data signals, an FM chan
nel or a scrambled television signal would 
be a Class III channel. Class IV channels 
are channels which carry signals from a 
subscriber terminal to any other point in 
the cable system. For your own information, 
it is worthwhile to make these performance 
tests on Class II channels in addition to 
the required Class I channel testing. 

The column labeled "Grade" refers to 
the Grade A or Grade B field intensity 
contours of a television broadcast station 
as defined by the FCC in Part 73, sub-part 
73.683. The pickup site location with re
spect to the Grade A or B contours must be 
determined and listed. In some cases, the 
pickup site may be beyond the Grade B con
tour and should be listed as "none". This 
information is available from the "TV Dig
est" or the TV station in question. 

The comments column can contain infor
mation on programming, i.e., network, inde
pendent, news or weather, for example. 

Proof of Performance Data form, LVOC 
22-73 should be filled out by the person 
actually making the tests. 

System Test Equipment Data form, LVOC 
23-73, is not specifically required by the 
FCC, but is for informational purposes and 
will serve as a handy record of test equip
ment calibration data. Because the field 
strength meter, FSM, is so important to 
the maintenance of a system, calibration 
of the system's FSM's as part of the tests 
should be standard procedure. 

List any equipment on a feeder line 
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(distribution amp, bridger amp, line ex
tender, etc.) under the classification of 
line extenders on the Test Point Infor
mation form LVOC 24-73 

A set of System Tests forms, LVOC 26-
73 and 27-73 are used at each test point. 
Cross modulation, intermodulation and co
channel tests are not required by the FCC, 
but a system operator may want to conduct 
these tests for his own information, so 
space has been provided to record the re
sults. 

The visual signal level on each chan
nel in dBmV should be listed on the 24 Hour 
Level Variation Test form, LVOC 28-73. Temp 
erature in degrees Farenheit should be re
corded on the bottom row. 

THE TESTS 

In order to make the tests more man
ageable, they have been broken up into 
headend and system tests. At the output 
of the headend and just before the headend 
signals enter the distribution system a 
directional coupler should be inserted 
which allows sampling of all outgoing sig
nals. Immediately ahead of this coupler 
on the headend side of it, another direct
ional coupler should be inserted so that 
test signals may be inserted into the sys
tem. Couplers with eight (8) or twelve 
(12) dB taps will do the job. Once these 
are installed, it is a good idea to sweep 
test them from the sweep input point to the 
headend output test point. All headend 
tests are then conducted from the first 
accessible point in the headend, such as a 
preamplifier input, to the headend output 
test point. System tests either test the 
headend and the distribution system or they 
are conducted from the system sweep input 
point to the system extremity test points. 

Because accurate results from the car
rier to noise and hum or low frequency dis
turbances tests depend upon knowing the re
lationship between the video modulating 
signal and the magnitude of the modulated 
carrier it is necessary to check the depth 
of modulation on all channels. On channels 
where the cable operator has no control 
over the depth or percentage of modulation 
i.e., where channel to channel processors ' 
or stripline amplifiers are in use, the 
broadcast signal will usually be close 
enough to 87.5% modulation that your mea
surement error will be insignificant. It 
is possible to set the modulation on your 
own modulators by comparison with with a 
broa~cast signal, use of a FSM and a scope, 
or w1th a spectrum analyzer. First, check 
to see that the modulator has the proper 
composite video input, which in most cases 
is one (1) volt peak to peak. Using a 
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spectrum analyzer, tune to the channel de
sired. Then reduce the scan to zero and 
the bandwidth or resolution to maximum, 
usually about 3 MHz. Fine tune the anal
yzer, which is now operating in the time 
domain, for maximum signal. Then switch 
from a log to a linear display and adjust 
the vertical gain until the top of the 
signal is at the top graticule or reference 
line. This line now represents the max
imum carrier amplitude. The bottom grati
cule is then zero carrier amplitude. 

On a display having eight (8) major 
vertical divisions, each division repres
ents 12.5% modulation. Set the modulation 
so that the peak to peak signal displayed 
on the analyzer occupies seven of the eight 
major divisions. If a Vertical Interval 
Test Signal, VITS, is present, it will pro
vide a convenient reference as the maximum 
peak to peak video signal. 

FREQUENCY MEASUREMENTS 

If the signal is being carried on 
channel and you have checked to make sure 
that the same oscillator is being used for 
both down and up conversion, then no freq
uency measurement is needed to determine 
compliance since the frequency is control
led soley by the originating broadcast 
station. Similarly, measurement of the 
4.5 MHz. intercarrier sound is not neces
sary unless it is demodulated to baseband 
audio by the CATV system. 

Aside from using a signal processor 
capable of stripping the modulation from 
a TV signal and providing a direct counter 
output, the best way to measure frequency 
on the system is to set a signal generator 
to the same frequency as the signal to be 
measured and then count the signal gener
ator. Most any signal generator or sweep 
generator in the CW mode is stable enough 
for the short time needed to make the 
measurement. The system and the signal 
generator may be mixed through a splitter 
and the combination then fed into a set 
top converter. A spectrum analyzer con
nected to the output of the converter is 
then tuned to the output channel of the 
converter in order to detect the beat 
between the signal to be measured and the 
signal generator. 

It is important to adjust the signal 
generator level using an external vari
able pad to the same amplitude as the 
carrier to be measured for a good zero 
beat. Record the counter reading of the 
generator frequency when a zero beat is 
obtained on the analyzer. By using a 
converter ahead of the analyzer, only the 
signal generator and the converter will 
have to be adjusted as you move from 



channel to channel. The analyzer may be 
left tuned to the converter output. A 
television set or a FSM could be used to 
detect the zero beat, but it is more dif
ficult to obtain the correct results 
using them. 

If it is desired or necessary to 
count the 4,5 MHz. intercarrier frequency, 
the counter may be connected to the 4,5 
MHz. output of a demodulator. By setting 
the counter for a ten (10) second count
ing interval, it will average the FM de
viation over this interval and provide an 
accurate co~nt of the 4.5 MHz. aural inter
carrier. 

In systems using converters, it would 
be wise to determine that all visual car
riers at the input of the converter can 
meet the + 25 KHz. standard before making 
measurements at the output to determine if 
the ± 250 KHz. standard can be met even 
though the FCC may only require the latter. 

AMPLITUDE MEASUREMENTS 

Measurement of the visual and aural 
carriers is a straight forward process we 
are all familiar with. A FSM or a spec
trum analyzer may b~ used providing their 
calibration has been checked. On a spec
trum analyzer what is often called "verti
cal interval roll through" will occur. 
The picture carrier will increase in level 
when the vertical interval is displayed 
at the top of the picture carrier. This 
occurs because the television station 
vertical sync rate and the analyzer line 
sync rate are not equal or phase locked 
together. It is this maximum amplitude 
which should be measured and recorded when 
using the analyzer. 

While the analyzer is being used for 
other tests, a man with a FSM can make the 
rounds of the test points for the twenty 
four (24) hour level variation checks. A 
check of all channels at each test point 
every three hours should be adequate. 
Pilot carrier levels and the temperature 
should also be recorded for your own use 
in analyzing the data. If you are invol
ved in testing several systems~ or wish to 
do these long term variation checks on a 
regular basis, an automatic all channel 
level recorder should be considered. These 
could be placed at each test point to re
cord the levels over a 24 hour or longer 
period. One could probably be put toget
her with a detector and chart recorder on 
the output of a converter which was cycled 
through all channels every hour and then 
the entire unit shut off until the next 
hourly reading was desired. Mounted in 
a weatherproof box which could be chained 

to a pole or pedestal, a battery operated 
unit could be put anywhere in the system 
as a recording level monitor. Such a 
unit might not be equipped to give absol
ute levels, but the FCC requirement over 
a 24 hour period only involves relative 
level changes. 

Before using such a device to prove 
compliance with the standards, make sure 
it is relatively insensitive to humidity, 
temperature and mechanical changes. 

HUM AND LOW FREQUENCY DISTURBANCES 

A waveform monitor connected to the 
video output of a demodulator can be used 
for single channel tests of hum and low 
frequency disturbances. Measuring the hum 
on a pilot carrier may prove the distri
bution system, but it does not measure the 
effects of headend equipment. Inadequate 
low frequency response may be seen as 
tilting ~r slope in the synce tips or on 
the vertical blanking interval. With the 
video level adjusted for a peak to peak 
display of 140 IRE units on the waveform 
monitor and assuming 87.5% modulation, 
eight (8) IRE units of hum or low freq
uency disturbances correspond to five (5) 
percent peak to peak variation in visual 
signal level. This may be expressed as: 

% P-P signal variation = 

P-P video variation IRE X 87,5 
140 IRE 

A poor signal from a broadcast sta
tion may cause an out of limits condition 
using this measurement technique, but if 
that is suspected, it can easily be check
ed by making the measurement directly off 
the air and by using more conventional 
methods to measure the distribution system 
only hum. 

The five (5) percent peak to peak 
variation is actually 2.5% AM or hum mod
ulation (-32 dB) as most commonly used in 
the CATV industry. 

FREQUENCY RESPONSE 

This is one test which must be per
formed on at out of service basis. Done 
during the early morning hours, it will 
cause little interruption to the customer's 
service. 

The results of the headend and system 
frequency response tests may be added to
gether for a worst case result. The head
end poses no small problem with its comb
ination of demodulators, microwave, modu
lators and processors. If preamplifiers 
are in use, they too should be tested. 



headend processing equipment often Because . . 
has frequency resp~n~e charact7r1st1cs, 
similar to a telev1s1on trans~1tter, test
ing from -1 MHz. to +4 MHz. w1th reference 
to the visual carrier will not allow the 
+ 2 dB specification to be met in many 
instances. In the headend, tests from -.5 
MHz. to +4.2 MHz. are more realistic or if 
you test from -1 to +4, a note indicating 
that most of the response variation lies be
low the visual carrier frequency, if that 
is the case, should be included in the test 
data. 

Preamps or other tower mounted de
vices can be tested by disconnecting the 
antenna lead and hooking up a test cable 
which runs down into the building. Even a 
long, lossy cable will have very little 
slope in its response over a 5 MHz. band
width. By putting a slow sweep on the in
put line and a spectrum analyzer with var
iable persistence on the line which would 
normally connect to the headend processor, 
a picture of the frequency response can be 
"painted" on the analyzer. The analyzer 
should be set for 1 MHz./division scan 
width and 30 KHz. resolution. Vertical 
sensitivity should be set to 1 or 2 dB per 
division or linear for all frequency re
sponse checks. If used in the linear mode, 
it will be necessary to determine how much 
vertical deflection on the analyzer a ldB 
input change causes. The sweep should be 
inserted through a 10 dB pad at the normal 
input level for the preamp. The 10 dB pad 
will improve the flatness of the sweep. 

A demodulator should be put in the 
manual gain position and set for the same 
operating level as when it is in AGC. In
sert a sweep signal with 1 MHz. markers and 
use a video detector and a scope to display 
the frequency response at the output. 

When FM microwave is in use, a video 
multiburst test signal should be used. Cla
mper amplifiers and other devices which de
pend upon sync references make sweep testing 
difficult. Vertical interval test signals 
will give you a clue as to your system's 
performance, but these signals have traveled 
through a lot of processing equipment which 
can affect frequency response before they 
reach the CATV system antenna. If you oper
ate your own CARS microwave,testing will be 
no problem, but if you are served by a com
mon carrier, it may be wise to ask them for 
annual certification of frequency response 
in their headend equipment and microwave. 
Just because you do not have direct control 
over this will not relieve you of your re
sponsibility to deliver high quality service 
to your customers. 

Modulators may be tested by connecting 
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a slow or manual video sweep to the video 
input with the spectru~ analyze~ at th7 
headend output test po1nt. Aga1n, a plc
ture of the frequency response will be 
displayed on the analyzer. 

Processors can be tested by putting 
them in the manual mode and then adjust
ing the gain for the same operatin~ level 
as when in AGC. Slowly sweep the 1nput 
with the spectrum analyzer connected to the 
headend output test point. The sweep in
put level should be the same as the normal 
signal input. Disable or turn down the 
sound IF path during this measurement or 
the frequency response may appear to be 
excessive as the sweep approaches 4.5 MHz. 
above the visual carrier frequency. The 
limiter stages in the sound path will run 
wide open without an input. 

The distribution system frequency re
sponse may be tested by inserting a slow 
or manual sweep at the system sweep input 
point and using the spectrum analyzer at 
the system test points to display the 
frequency response. The swee~ level sh~uld 
be set about 4 dB below the v1sual carr1ers. 
This will allow these carriers to be used 
as frequency markers on the analyzer. It 
may be necessary to install notch traps at 
the pilot carrier frequencies on the out
put of the sweep to avoid AGC amplifier 
gain or slope changes~ If mor~ than one 
trap is used, a 6 dB pad should be used 
between traps. 

No more than five or six channels 
should be displayed on the spectrum anal
yzer screen at one time. In a converter 
equipped system, only the output channel 
need be displayed, as the system channel 
frequency response tests are done one at 
a time. If a converter is hooked up to 
the headend output test point and every 
channel's frequency response is tested 
through it, then system frequency re
sponse checks could be conducted at a 
point which would normally.be the co~verter 
input. This can save cons1derable t1me 
and still be representative of overall 
system performance when the headend and 
system frequency response measurements are 
summed. 

CARRIER TO NOISE AND COCHANNEL 

Use of a video noise test set, such 
as the Tektronix 1430, on the output of 
a demodulator is a fast and simple way to 
make in-service checks of the overall 
noise performance of the headend and the 
distribution system. Conventional methods 
require terminating the system input and 
then measuring the noise level. Substitu
tion of a termination for the antenna at 



the input of the first active device is 
not always easy with tower mounted preamps 
and must be done at night to avoid inter
ruption of service. Video signal to noise 
measurements are particularly relevant to 
systems using microwave where the signal 
is present as baseband video. Local orig
ination studios and video sources for other 
cablecasting channels can also be tested 
by a video noise test set. 

On Class I channels, this technique 
also measures the noise contributed by 
the broadcaster, but the noise power of 
the broadcast signal with typical S/N 
readings of 50-55 dB is negligible when 
added to the noise power of the cable sys
tem where S/N readings of 37-42 dB are 
typical at the system extremities. If the 
broadcast signal to noise measured with 
the demod and noise set is 10 dB or greater 
than the CATV system signal to noise, the 
contribution by the broadcaster to the 
overall measurement made at the system ex
tremities is less than .5 dB. The de
modulator with an input of 0 to 10 dBmV 
will also have a negligible effect on the 
S/N reading. The FCC requirement and the 
measurement most often made in the CATV 
industry is carrier to noise. Assuming 
87.5% modulation of the visual carrier and 
a noise free video modulating signal S/N 
may be converted to a 4 MHz. bandwidth C/N 
reading by adding 4 dB to the S/N reading. 
This 4 dB correction factor should not be 
confused with the 4 dB factor used for cor
rection of noise measurements made with a 
FSM. The S/N to C/N conversion factor 
comes from the amplitude relationships of 
modulating signal to carrier level and 
video level to composite video level. The 
formula relating them is: 

C/N = S/N + 20 log ((100 IRE/140 IRE) X .875) 

Where 100/140 represents the ratio of vid
eo to composite video (video and sync) and 
. 875 represents the depth of modulation 
(87.5%). The actual factor which results 
from the above formula is about 4.08 dB 
but 4 dB is accurate enough for most pur
poses. The normal C/N ratio is not weight
ed, so do not confuse weighted S/N numbers 
with the unweighted number used above. 

Offset cochannel can be measured 
using a spectrum analyzer set for 5 KHz./ 
division scan width and 3 KHz. or 300 Hz. 
resolution. The horizontal sync sidebands 
will appear at 15,750 KHz. above and below 
the picture carrier and if offset cochannel 
is present, it will appear at 10 or 20 KHz. 
above or below the picture carrier. Several 
interfering cochannel signals may be pre
sent simultaneously, but suspect your 
measurement if any two of them are more 
than 20 KHz. apart since broadcast stations 
are normally only assigned t 10 KHz. offsets. 

INTERMODULATION 

The spectrum analyzer is one of the 
best methods available to detect low level 
beats in a cable system. Set up the ana
lyzer for 200 or 500 KHz./division scan 
width and 300 or 500 KHz. resolution using 
variable persistence. Slowly scan the 
channel of interest, stopping several 
times to look for beats. Do not confuse 
the color subcarrier or regularly spaced 
sync sidebands with real interfering beats. 
Probably the most distinguishing feature 
of a beat is that it normally does not 
change in frequency or amplitude. If the 
CRT brightness and persistence are kept 
low enough, a beat "down in the noise" can 
be measured since it will appear as a hole 
or bump in the noise. Even a high quality 
analyzer may not detect beats which are 
close to the picture carrier and masked by 
the modulation. If, after viewing a tele
vision set, you believe such a beat is 
present use your RF spectrum analyzer in 
the time domain as a fix tuned receiver. 
The vertical output of the RF analyzer may 
then be used to feed a wave analyzer or a 
low frequency spectrum analyzer either of 
which can detect a low frequency intermod
ulation product. If a low frequency an~l
yzer is not available, try removing the 
channel from the system and then examine, 
with the RF spectrum analyzer, the area 
around the visual carrier freque~cy for 
intermodulation products. Removing the 
visual carrier may also remove s6me of the 
beats, but if interference can be seen on 
a television it is likely that nqn line
arity in the system will have created sev
eral intermodulation products. Take care 
not to drive your analyzer so hard that 
intermod products are created internally. 
If adding a three (3) dB pad to the input 
causes the suspected beat to drop more 
than three (3) dB then the beat is being 
created, at least in part, internally in 
the analyzer. Reduce the input level until 
this effect is no longer present . 

TERMINAL ISOLATION 

Display the frequency range to be 
tested on the analyzer. Single measure
IT.ents from 54-300 MHz. will produce ac
curate results, Adjust the sweep generator 
for an output level of about twenty (20)dB 
above the visual carrier levels measured 
at the subscriber terminal under test. Con
nect the analyzer directly to the slowly 
sweeping generator and adjust the analyzer 
for a reference level near the top of the 
screen, making sure the sweep output is 
flat. Connect the generator to one test 
point and the analyzer to the other test 
point using the shortest drop cables pos
sible in order to simulate a worst case 
condition. Now measure the sweep level on 
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the analyzer and the difference between 
the measured and reference values at each 
channel is the terminal isolation. The 
visual carriers seen on the analyzer serve 
as convenient markers. 

RADIATION MEASUREMENTS 

Making radiation checks is one meas
urement which has no tie with the subscri
ber terminal. In fact, worst case radia
tion is more likely to occur at high level 
points in the system, such as amplifier 
locations, rather than at subscriber drops. 

Three measurements of radiation would 
appear to satisfy the FCC annual test 
requirements, but to insure that the sys
tem is really in compliance, on a contin
ual basis, will require more extensive 
testing. 

In making the annual measurements a 
homemade dipole or a commercial calibrated 
dipole antenna should be used in conjuct
ion with a preamp and a spectrum analyzer. 
The antenna should be positioned the re
quired distance from the system components 
and at least ten feet above the ground and 
away from any metal objects. A slightly 
modified studio tripod used with a fiber
glass extension pole or '!Layup stick" can 
be used as a support for the antenna. 

If the analyzer does not have its own 
preamplifier, a line extender can be used. 

line extender or other CATV amplifier is 
convenient since its gain and slope con
trols may be adjusted to compensate for 
the loss in cables interconnecting the 
antenna, preamplifier, and spectrum anal
yzer. 

Since radiation is generally a broad
band phenomena in a cable system, testing 
at one or two frequencies will suffice. 
Select a channel which is not present as 
an off the air signal in the area. Connect 
the analyzer to the system, tune in the 
cable channel to be measured, reduce the 
scan width to 5 KHz./division and there
solution to 3 KHz. in order to minimize 
the internal noise displayed 9n the analy
zer. Then, being careful not to change 
the center frequency, connect the analyzer 
to the test dipole and increase the sen
sitivity to maximum. Rotate the hori
zontal antenna about its vertical axis for 
maximum signal. 

Measure the absolute amplitude in 
dBmV and use the antenna correction factor 
to convert to uV/M. Use of a bandpass 
filter ahead of the preamp is almost a 
necessity in urban areas where the multi
tude of off air signals will overload the 
preamplifier and the analyzer. 
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Because of the many possible sources 
of radiation in a cable system and the com
plex interaction of their near and far 
fields, it is not recommended that measure
ments be made at points other than the ten 
and hundred foot distances from the cable 
the FCC radiation limits are specified at. 
Attempts to simply relate field strength 
to the inverse of the distance will not 
alWS~YS give "real life" results. 

The NCTA has recently issued a bulle
tin on radiation measurements describing 
a technique devised by Ken Simons of 
Jerrold Electronics, using a sensitive tele
vision receiver and a dipole antenna cali
brated and mounted on a vehicle to make 
system radiation checks at many locations 
by driving around the system and observing 
the TV set for any signal leakage from the 
cable. Not only will this method also 
meet the annual performance test require
ments, but it can be used in a routine 
maintenance program. 

CONCLUSIONS 

The methods described in this paper 
are the results of considerable field ex
perience and although they will yield ac
curate and repeatable data, so will other 
methods, some more complex and some less. 
Which methods to use is a matter which the 
individual system operator must determine 
based upon test equipment available to him 
and his own particular technical experience. 

Some of the test techniques used in 
this paper are described in more detail or 
from a different viewpoint in the Tektronix 
"No Loose Ends" proof of performance pro
gram by Cliff Schrock. 
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APPENDIX A 

SUMMARY OF TECHNICAL STANDARDS 

(FCC Volume III, 76.605) 

Required completion dates for the first performance tests for various 

standards are listed below. These incremented test dates apply only to sys-

terns in operation before March 31, 1974. Systems which began operation on 

or after that date are required to complete their first performance tests 

for all standards by March 31, 1974. Testing to determine compliance with 

the offset co-channel standard, Section 76.605 (a) (9), and the intermodu-

lation standard, Section 76.605 (a) (10), has been suspended and is notre-

quired for either "old" or "new" systems at this time. 

Pre March 31, 1972 systems are not required to comply with most FCC 

standards until March 31, 1977. They are, however, required to meet the ra-

diation standards, Section 76.605 (a) (12), since compliance has been required 

of all systems since March 31, 1972. Compliance with the standards for sys-

terns commencing operation after March 31, 1972 was effective March 31, 1972. 

Although testing for offset co-channel and intermodulation is not required, 

compliance with these standards is required of post March 31, 1972 systems. 

It may also be assumed pending further action by the FCC, that pre March 31, 

1972 systems will be required to comply with these standards by March 31, 1977. 

TEST 

Frequency of the 
visual carrier: 

a. At output of 
converter: 

Frequency of aural 
subcarrier: 

Minimum visual 
signal level: 

STANDARD 

1. 2 5 MHz. ± 2 5 KHz. 
above channel boundary 

1.25 MHz. + 250 KHz. 

4.5 MHz. ! 1 KHz. 

1 mV across 75 ohm 
( 0 dBmV ) 

FIRST REQUIRED DATE 
OF TESTING '~ 

3-31-76 

3-31-76 

3-31-76 

3-31-74 
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TEST 

4, Permissible signal 
level variation: 

a. 

b. 

Maximum adjacent 
channel variation 

Maximum signal level 

5. Maximum signal level: 

6. Maximum hum and low 
frequency disturbance 
level: 

7. Within channel frequency 
response: 

8. Aural signal level: 

9. Carrier to noise level 
for all signals picked 
up or delivered within 
its Grade B contour: 

10. Signal to intermodulation 
and non-offset carrier 
interference: 

11. Subscriber terminal 
isolation: 

12. Radiation: Up to 54 MHz: 

54 to 216 MHz.: 

Above 216 MHz.: 

STANDARD 

12 dB total/24 hr.period 

3 dB 

12 dB 

Below threshold of 
degradation (overload 
point) 

5% 

± 2dB from -1 MHz. to 
+4 MHz. 

13 to 17 dB below visual 

36 dB S/N ratio 
36 dB co-channel 

46 dB 

18 dB 

less than 15 uV/m @ 100' 

less than 20 uV/m @ 10 1 

less than 15 uV/m @ 100' 

FIRST REQUIRED DATE 
OF TESTING * 

3-31-74 

3-31-74 

3-31-74 

3-31-74 

3-31-75 

3-31-75 

3-31-74 

3-31-74 
None 

None 

3-31-75 

3-31-74 

3-31-74 

3-31-74 

* Incremental testing applies only to systems in operation prior to March 31, 1974 
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CATV 
Proof·of·Perfor•nance 

LVO CABLE I INC. 

P.O. BOX 3423 

TULSA, OKLAHOMA 

74101 

SYSTEM INFORMATION 

• I I 

ll!m -
~ CABLE .~: 

INC. 

I l"l'• I 

August 1973 MM 
LVOC 19-73 

LOCATION DATE ______ SYSTEM ___________ _ 

MINIMUM VISUAL SIGNAL LEVEL (CLASS I CHANNELS) -- dBmV 

CABLE LOCAL, CALL STATION 
CH 

CLASS OFF-AIR, LETTERS LOCATION CH GRADE COMMENTS 
OR MW 

~ 
~ 
/ 
;/ 
v 

v 
v 
y 
y 
v 
~ 
~ 

PaQe_of_ LVOC 21-73 

NCTA 74-73 



PROOF-OF-PERFORMANCE DATA 

LOCATION, __________ DATE _______ SYSTEM __________ _ 

SENIOR ENGINEER'S STATEMENT 

ENGINEER TITLE COMPANY 

ADDRESS SOCIAL SECURITY NO. 

FCC LICENSE CLASS LICENSE NO. EXP. DATE 

EXPERIENCE 

EDUCATION 

TEST EQUIPMENT 
MODEL MANUFACTURER TYPE SERIAL* CALIBRATION-DATE BY 

SYSTEM TEST EQUIPMENT DATA Poge_or_LVOC 22-73 

LOCATION __________ DATE _______ SYSTEM'-------~---

TEST EQUIPMENT 
MODEL MANUFACTURER TYPE SERIAL* CALIBRATION-DATE BY 

Poge_of_ LVOC 23-7:3 
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TEST POINT INFORMATION 

LOCATION DATE SYSTEM _____________ _ 

TP• LOCATION DESCRIPTION --
POLE I PEDESTAL NO. 

TRUNKLINE AMPS CASCADED TO THIS POINT ___ TYPE OF TRUNKLINE AMPS 

LINE EXTENDERS CASCADED TO THIS POINT __ TYPE OF LINE EXTENDERS 

TYPE OF TAP TAP SIZE LENGTH OF DROP CABLE 

TYPE OF DROP CABLE 

TP=I LOCATION DESCRIPTION --
POLE I PEDESTAL NO. 

TRUNKLINE AMPS CASCADED TO THIS POINT TYPE OF TRUNKLINE AMPS --
LINE EXTENDERS CASCADED TO THIS POINT __ TYPE OF LINE EXTENDERS 

TYPE OF TAP TAP SIZE LENGTH OF DROP CABLE 

TYPE OF DROP CABLE 

TP=I __ LOCATION DESCRIPTION 

POLE I PEDESTAL NO. 

TRUNK LINE AMPS CASCADED TO THIS POINT -- TYPE OF TRUNKLINE AMPS 

LINE EXTENDERS CASCADED TO THIS POINT __ TYPE OF LINE EXTENDERS 

TYPE OF TAP TAP SIZE LENGTH OF DROP CABLE 

TYPE OF DROP CABLE 

Paoe_of_ LVOC 24-73 

HEADEND TESTS 

LOCATION, ________ DATE. _______ ENGINEER. ___________ SYSTEM, _______ _ 

*AURAL-VISUAL CARRIER SEPARATION UNAFFECTED BY CATV SYSTEM. 

STANDARD FREQUENCIES OFFSET VISUAL AURAL AURAL- RESPONSE CH kHz MHz MHz VISUAL !dB REMARKS 
VISUAL- MHz AURAL- MHz MHz 

~ 5~ 5~ 
y 6~ 6~ 
y 6~ 71~ 

y 7~ 8~ 
y 8~ 8~ 

/ 17~ 17~ 

~ 18~ I~ 
/ 18;;;.-- 19~ 

~ 19~ I~ 
y I~ 2~ 
~ 2~ 2~ 
~ 21~ 21~ 

POQO_ol_ LVOC 25-73 
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SYSTEM TESTS 

TEST POINT #:._ ______ llATE _______ ENGINEER ___________ SYSTEM, _______ _ 

VISUAL AURAL P-S INTERMOD CROSSMOD CO-CHANNEL CARRIERhOSE RESPONSE HUM 
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24 HOUR LEVEL VARIATION TESTS 
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CATV SYSTEM GROUNDING TECHNIQUES 

Robert A. Brooks 

Telcom Engineering, Inc. 
Chesterfield, Missouri 

Grounding and bonding are import
ant to CATV operators for the protect
ion of personnel and plant from 
accidental power line contact and 
lightning strikes. The increasing 
complexity of CATV systems and a 
growing use of buried plant, with its 
special susceptibility to lightning 
damage, should stimulate operators to 
analyze grounding and bonding needs 
beyond those historically established 
in joint-use and utilities codes re
quirements. The important aspects of 
these special grounding techniques are 
described in this paper. 

Standards for bonding and ground
ing for CATV have generally been 
obtained from the National Electrical 
Safety Code, which was the result of work 
between the power companies and the com
munications companies. Since ~ATV is a 
communications industry, many of the 
requirements of the code can be directly 
applied to CATV, and have been in past 
installations. In the future,. when CA.TV 
pole plant use grows to telephone plant 
levels in urban areas, the NESC will un
doubtedly be modified to include more 
specific joint use requirements for CATV. 
In the meantime, it would appear desirable 
for the CATV industry to give some spec~l 
attention, in the design of new systems, 
to the grounding problems which they will 
encounter in both joint use and on their 
own supporting structures. 
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It is the purpose of this paper to 
point out several of the items to be con
sidered and the actions to be taken not 
only to conform to the requirements of the 
NESC but to properly protect CATV employ
ees, subscribers, and the CATV plant where 
joint use may not be involved. 

Coaxial cables for cable television 
use, consist of a center conductor, an 
insulating medium, and a cylindrical outer 
conductor on the same axis as the center 
conductor. The outer conductor of today's 
cables is usually made of aluminum and is 
frequently the exterior of the cable, un
less the cable is jacketed with a sheath 
of polyethylene or some other plastic, 
or reinforced with an outer sheath and a 
steel tape or tapes for strength. The 
electrical impedance of the coaxial con
ductor is determined by the diameter of 
the center conductor, the spacing between 
this conductor and the outer conductor, 
and the thickness and diameter of the 
outer conductor. This is usually 75 ohms 
unbalanced to ground. 

The ground serve not only as a base 
from which potentials are measured, but 
also provides a protective function in the 
event the coaxial cable is contacted by 
outside potentials. 

As it is virtually impossible for 
CATV systems to avoid exposure of facili
ties to lightning strikes and occasional 
accidental power contacts, CATV system 
design engineers should be as meticulous 
in the drafting of grounding and bonding 
standards as they are in establishing 
system operational standards. 

Cooperative and coordinated efforts 
with other users of distribution networks, 
such as the telephone and power companies, 
will provide protection against accidental 
coBtact with power circuits if all users 
adhere to accepted clearance requirements 
and other construction practices. We 
should, however, by a careful analysis of 
the type of network to be built, its 



location and the nature, and the type of 
joint users, set grounding and bonding 
standards which, in many instances, could 
be more stringent than the minimums 
placed on us as part of a pole attachment 
agreement or by a regulatory body order. 

Before attempting to derive system 
bonding and grounding practices for a 
specific CATV system, one must first be 
aware of the nature of construction 
(aerial or buried) and our "right of way" 
neighbors' installations. 

Looking first at the aerial possi
bilities, we see that we might find 
shared pole space with both power and 
telephone, with power alone, with tele
phone alone, or not shared at all if it 
is our own pole. For the underground, 
we might be using direct buried tech
niques or leasing existing conduit space 
on a shared basis with the telephone 
company. All of these possibilities 
present different grounding and bonding 
requirements, and should be so treated in 
drafting system construction practices. 

Since television cables are commun
ications conductors, and, if we assume 
the same standards apply to them as 
apply to telephone and telegraph cables, 
the configuration and many of the struct
ural details, such as clearances and 
strength, have already been standardized 
in various codes and practices. Those 
are a result of long years of experience 
and study. 

The grounding of television cables 
in each of the situations mentioned above 
will be discussed on the basis of the 
necessity to protect, as far as possible, 
against foreign potentials such as fallen 
power wire contacts or lightning result
ing in injured personnel or damaged 
plant. 

Case 1 - Where power, telephone 
and CATV share space on a pole the re
quirements normally found in our pole 
attachment agreements will be sufficient 
for system protection. The telephone 
company has already established an aerial 
communications plant that is effectively 
grounded and bonded to the multi-grounded 
network of the power company, in accord
ance with the requests of the NESC. By 
following the bonding and grounding 
requirements set forth in the attachment 
of renewal, the CATV system also achieves 
a satisfactory ground. However, when 
jacketed cable is used for the CATV 
system it should be noted that a low 
impedance bond or tie between the strand 
and the coaxial outer conductor must be 

maintained to avoid a "system contained" 
difference of potential as bonds to power 
networks are usually connected to the 
strand. With unjacketed cable, the lash
ing wire provides a continuous bond elim
inating the need for further connections. 

Case 2 - Where CATV and power share 
space without other communications lines 
being present, the CATV company, even if 
not required by the pole attachment agree
ment, should attempt to follow the pert
inent sections for joint use of power and 
communications services set forth in the 
U. s. Department of Commerce, National 
Bureau of Standards Handbook 81, Part 2, 
"Safety Rules for the Installation and 
Maintenance of Electric Supply and Com
munications Lines" and the "National 
Electrical Code" published by the National 
Fire Protection Association. 

Special safety considerations or 
cautions that should be exercised in this 
case, particulary where relatively in
experienced people are involved: 

1. Always look for open or broken 
vertical ground wires before climb~ 
ing the pole or commencing work. 
Any questionables wires should be 
checked with a voltage tester and 
if an excessive potential is noted, 
the power company should be 
notified. 

2. All connections required to be 
made to the power company's net
work should be made by the power 
company, not by the CATV company. 

3. Where suitable vertical ground 
wires exist, the CATV company may 
complete the connection between 
the strand and the ground wire but 
with the first connection being 
made to the strand. The use of 
rubber gloves is also recommended 
whenever work is being done on a 
joint use pole. 

4. Whenever found, all street 
light fixtures mounted below or 
if in close proximity above the 
CATV attachment should be bonded 
by the power company to a vertical 
ground wire to which CATV should 
also bond. 

5. The CATV strand should be 
bonded to a multi-grounded neutral 
supply system vertical ground wire 
at intervals no in excess of a 
~ strand mile. 

Case 3 - Where telephone and CATV 
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are to share pole space without electrical 
supply lines, the CATV company should 
follow as closely as possible the 
practices set forth by the telephone 
company, particularly bearing in mind 
the following: 

1. Where strand is not con~ 
tinuous (i.e. a dead end) a 
strand to strand bond should be 
installed and the bond connected 
to a vertical ground wire. 

2. The strands should be bonded 
at all cross-overs. 

3. The strands should be bonded 
and connected to the vertical 
ground wire at all power supply 
locations. 

4. The strands should be bonded 
at intervals not exceeding 10 
spans. 

5. All guys should be bonded to 
the strands where the guy con
nection to the pole is made on 
a separate bolt. 

Case 4 - Where a CATV network is in
stalled on system-owned poles not shared 
with other users, standard telephone 
procedures for bonding and grounding 
non-joint use systems should be followed. 
Several of the more important of these 
practices are: 

1. Strand supporting aerial 
plant should be effectively 
grounded at least once in every 
strand mile of system and at 
all power supply locations. 

2. Where joint use crossing 
poles occur with electrical 
supply lines and communications 
lines, bonds should be made 
between the strands and the 
supply line neutral, which in 
turn should be connected to a 
vertical ground wire. 

3. Where joint use crossing 
poles occur with only communi
cations lines, bonds should be 
made between strands. 

4. Grounds should be installed 
as close as possible to all 
strand dead end locations. 

5. Strand continuity should 
be maintained throughout the 
CATV system. 

56-NCTA 74 

6. At head end locations, the 
strand should be bonded both to 
the equipment rack and the tower 
ground. 

One final caution for all aerial con
struction concerns the safety of employees 
while attempting to restore service after 
a major disaster. When plant damage is 
encountered, such as broken or burned 
joint plant caused by high winds, ice 
storms, collisions, or other disasters, 
no attempt should be made to restore the 
CATV cables until a survey of power con
tacts has been made, the contacts and 
reduced clearances referred formally to 
the power company, the power company has 
cleared them, and an inspection has been 
made to be sure they have been adequately 
cleared in at least a semi-permanent 
manner providing adequate strength and 
clearance. Only then should CATV per
sonnel start to clear their plant. 

While most of the television cables 
have been installed aerially, the in
creasing restrictions on aerial utility 
plant in most cities will probably mean 
that future cable television distribution 
systems will be underground rather than 
aerial, and it is highly probable that 
significant percentage of existing aerial 
plant will be replaced by underground 
plant in the future. 

Underground cables can be placed 
either in conduit, or directly buried 
in the ground. Unless existing con-
duit runs are available, and can be 
leased from established carriers at 
reasonable rates, it will be found that 
the direct burial of television cables 
in most cases will be more economical. 
In either case, in co.ndui t or direct 
burial, the need to prevent electrolysis 
indicates that the underground cables 
should have an insulating plastic sheath. 
As this jacket has a tendency to insulate 
the cable from ground special care should 
be taken to achieve the lowest possible 
impedance to ground throughout the 
system. Sheath continuity should be 
maintained to permit the distribution of 
foreign potentials over as much of the 
CATV system as possible. 

Trunk amplifiers, line extenders, 
and other equipment having metallic 
cases which are connected to the grounded 
outer conductor should be grounded to 
the same extent as the television cable, 
whether they are buried directly or 
brought above ground in a pedestal for 
maintenance purposes. Special care 
should be taken at pedestal locations by 



attempting to limit any possible potential 
difference between the CATV system and 
other facilities that could be contacted 
simultaneously by employees, subscribers, 
or the public. Normal practice would be 
for the CATV system to bond to all other 
facilities or metallic structures at 
least within ten feet of the pedestal. 
Junctions of aerial and underground plant 
require additional engineering consider
ations but as there are several variables 
that could effect the bonding and grounding 
techniques, it would be too lengthy to 
go into here. Whenever a junction of this 
type occurs in a CATV plant it would be 
advisable to either research the require
ments in the NESC or to discuss the 
situation with a knowledgeable plant 
engineer. 

Lightning can have serious damaging 
effects on buried cable. While it would 
appear that aerial cable might be more 
severely damaged by lightning than buried 
cable, this is generally not the case. 
Substantial damage may occur under certain 
circumstances. When lightning strikes 
the ground, very high potential is created 
at the point where it strikes. This high 
potential tends to equalize itself over an 
area the size of which is determined by 
the resistance of the earth {earth resis
tivity}. In areas of high earth resis
tivity, such as is found on the Piedmont 
plateau on which Atlanta, Georgia is 
located, the tendency of the lightning 
would be to find a conductor of some sort 
from which it could spread in rather long 
distances to equalize the charge created 
at its earth strike point. Good bonding 
and grounding techniques allow dissipation 
of such strikes with little or no damage 
to the CATV cable. 

In areas of high earth resistivity 
and high frequencies of thunderstorms, 
currents carried by severe lightning 
flashes running as high as 200,000 amperes, 
will be common. 

Taking all these factors into con
sideration, it is obvious that buried 
cable should be jacketed for protection 
against electrolysis and well grounded 
for protection against lightning strikes, 
particularly on long runs, and most 
particularly in areas of high resistivity 
and frequency of storms. Also, in rural 
areas where the earth resistivity is 
high or on long dead runs between commun
ities it would seem desirable to consider 
the possible installation of lightning 
protective wires, which can be buried above 
the television cable and one or two feet 
apart. These wires need not be very large, 
in fact they could be #12 wires. The two 

wires act to provide a conducting plane 
which further protects the cable from 
lightning. Attempts should also be made 
in these areas to achieve uniformity of 
grounds throughout the system. 

No discussion of bonding and ground
ing requirements would be complete with
out some mention of subscriber drops. In 
cases where distribution cable and drop 
cable outer conductors are electrically 
continuous the network ground is usually 
sufficient, although we are all aware 
that braided RG-59U cable~particularly 
over a period of time, offers little 
possibility of electrical continuity. 
Thus all subscriber drops should be 
grounded as close as possible to the home 
entrance by means of at least a #12 wire 
to a cold water pipe. 

In summary, as we build large and 
more sophisticated CATV systems we must 
become aware that bonding and grounding 
requirements are at least as important 
as noise, hum and cross modulation 
specifications as the lack of necessary 
bonds and grounds could lead to the 
physical destruction of sections of our 
system, damage to subscriber's property 
or even to serious injury or death of 
an employee or a subscriber. System 
engineers, lets make a grounding test 
part of our proof of performance!! 
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CONTROLLING POWER SYSTEM SURGES IN 
CABLE TELEVISION SYSTEMS 

W. S. Campbell, P.E. 
General Electric Cablevision Corporation 

Schenectady, New York 

This paper discusses the causes of 
commercial power system surges and presents 
recorded data indicating the nature, mag
nitude and frequency of occurrence of sur
ges to be anticipated on 120 volt distrib
ution circuits. The effects these surges 
can have on a cable system's reliability 
are discussed, and the various devices 
available for surge protection are re
viewed. Particular attention is paid to a 
surge problem, and the corrective measures 
taken, in General Electric's Decatur, Il
linois cable system. In Decatur, surges 
in excess of 1200 volts were indicated on 
residential, 120 voit circuits and repeti
tion rates up to 480 surges in a 24-hour 
period were recorded at the output of one 
of the cable system's 60 volt power sup
plies. Finally, a modification for cable 
television use of the electrical protection 
section of REA specification PE-60 is of
fered. This modification provides voltage 
and current surge acceptance tests for 
cable television amplifiers and power 
supplies. 

Three of the principal causes of 
surges in 120 volt power circuits are 
inductive load switching, lightning 
induced transients and direct lightning 
strikes to the power system. Probably 
every cable system has experienced both 
short term, self-correcting service inter
ruptions and long term service outages 
caused by lightning. However, as the 
services carried on cable systems,part
icularly bidirectional cable systems, 
grow in complexity, the need for higher 
levels of system reliability and immunity 
to voltage transients and surges also 
grows. For example, one to two hour out
ages cannot be tolerated in a cable system 
carrying a burglar alarm and fire alarm 
service. 

First, just what is the nature of 
the surges we encounter or can expect to 
encounter? What is their peak voltage, 
wave shape, frequency of occurrence and 
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duration? We will omit any consideration 
of direct lightning strikes to the cable 
system since these result in large mech
anical failures despite the best ground
ing and bonding measures. 

In a general study(l) on 120 volt 
secondary power surges that took place 
over two years and at 400 locations in 
20 cities, surges from 600 to 5600 volts 
were measured. Their wave shape was 
either unidirectional, with durations to 
15~S, or oscillatory with one to four 
cycles of frequencies from .2 to 1 MHz. 
The wave shape varied considerably from 
city to city and even location to location 
within a given city and was dependent 
upon the impedence of the power system at 
that particular point. 

Although many of these surges were 
lightning induced, even surges within 
homes caused by water pumps, fluorescent 
light switching and oil burner starting 
were from 500 to 2000 volts! Although 
many surges greater than 4000 volts were 
recorded, if it is possible to draw a 
"typical" lightning induced surge, it 
would look something like Figure 1. 

Surges are present almost all the 
time,at almost all locations and at sur
prisingly high voltages. One of the most 
convincing pieces of evidence for this is 
the fact that when General Electric in
creased the winding insulation in their 
120 volt electric clocks from a 2000 volt 
withstand to a 6000 volt withstand(l), 
motor winding failures were reduced by a 
factor of 100:1! 

These are the surges we must live 
with. How? There are three main classes 
of surge protectors or arresters: zener 
diodes, metal oxide varistors and spark 
gaps. Each of these devices has its ad
vantages, disadvantages and area of ap
plication. The device currently being 
used in cable television amplifiers is a 
spark gap sealed in an inert gas atmos
phere - commonly called a gas tube. The 
gas tube has two main disadvantages: a 
time delay in establishing the arc and 



a difficulty in extinguishing the arc. 
The first can allow fast rise time pulses 
of considerably higher voltage than the 
tube's DC firing voltage to pass. Because 
of the gas tube's second difficulty, the 
arc in a gas tube that does not have a 
series limiting resistor can be maintained 
with a much lower voltage than that re
quired for arc initiation. The arc may 
even be maintained on the normal 60 VAC 
powering voltage; this can lead to de
struction of the gas tube, leaving it 
fused in a shorted condition. 

The first stage in surge protection 
occurs in equipment selection for the con
struction of new cable systems. It is 
hoped that the surge specification in
cluded as an appendix will help in this. 
This is a modification of the surge port
ion of REA specification PE-60, "Trunk 
Carrier Multiplex Equipment", that we have 
included in our general construction spec
ifications. Figure 2 shows the type of 
surges this modified test specification 
applies to cable television equipment. 

The most common surge problem, how
ever, is in a cable system which already 
exists. This problem is particularly 
severe in General Electric's Decatur, 
Illinois system. Figure 3 shows the his
tory of power related failures in Decatur. 
Although these failures include burned 
circuit boards, broken circuit breakers, 
circuit breakers requiring resetting and 
burned out power transistors, by far the 
predominate failure mode was the fusing 
of gas tube surge protectors. The turnkey 
vendor for our Decatur and Anderson 
systems, Anaconda Electronics, placed a 
Biomation transient recorder at the out
put of one of the Decatur AC power sup
plies and set it to record any time the 
output voltage exceeded 70 volts or 
dropped below 50 volts. In the 30 day 
recording period, 750 such excursions 
were recorded - 480 of them in one 24 hour 
period! General Electric had previously 
measured surges on 120 volt services in 
Decatur in excess of 1200 volts(l). 

Although we are experiencing exces
sive power failures in both our Anderson 
and Decatur systems, certain areas of our 
Decatur system seem to be the hardest hit. 
We have increased our grounding frequency 
in these areas and now have another trans
ient recorder on loan from the IEEE to our 
Research and Development Center installed 
in one of these areas. 

Anaconda has taken two actions in 
the hope of improving their system's vul
nerability to surges: they have provided 
230 volt surge protectors to replace the 
factory installed 145 volt units and have 

installed large capacitors (Figure 4) at 
the output of selected AC power supplies. 
Unfortunately, neither action has solved 
the problem or, it appears, even dimin
ished it. 

In an attempt to determine the surge 
attenuation of the AC supply, a sample 
was loaded to an output current of 6 am
peres into a nonreactive load and surges 
were applied to both the input and output 
at our Research Center in Schenectady. 
A 2kV, S~S surge and a 2.5kV, 70~S surge 
were applied across the input line and 
from an input line to ground. In no case 
was more than 30 volts of the surge left 
at the power supply's 60 volt output. 
When the 2.5kV, 70~S surge was applied 
across the 60 volt output of the operating, 
loaded supply, the gas tube contained in 
the supply fired, clipping the peak value 
of the surge to 900 volts and then re
covered, restoring the 60 volt output. 
This testing would seem to indicate that 
the surges causing our problems are not 
entering the system through the AC supply. 

At the writing of this paper, the 
problem is still not solved. In con
junction with the General Electric Research 
Center, we are now investigating induced 
voltages and ground currents as possible 
causes. 

(1) Surge Voltages in Residential and 
Industrial Power Circuits, 
F. Martzloff and G. Hahn, IEEE Trans
actions on Power A aratus and 
Systems, July August 1970. 

(2) Bibliography on Surge Voltages in AC 
Power Circuits Rated 600 Volts and 
Less, Ibid. 

APPENDIX 

2.5 Electrical Protection 

2.5.1 General 

Adequate electrical pro
tection of distribution equip
ment shall be included in the 
design of the distribution 
system. 

The characteristics and 
application of protection de
vices must be such that they 
enable the distribution equip
ment to withstand, without 
damage or excessive protector 
maintenance, the voltages and 
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currents that are produced in 
the equipment as a result of 
induced or conducted lightning 
surges. 

All power supplies will be 
equipped with circuit breakers 
and a surge protector, and all 
amplifier trunk ports will be 
equipped with easily replace
able gas discharge surge pro
tectors. All trunk amplifier 
bridger ports will be equipped 
with self-healing overload 
protectors. 

Compliance with Specif
ication 2.5 will be demon
strated to a representative 
of General Electric Cable
vision Corporation on two 
randomly selected samples of 
each of the following: a 
"fully loaded" trunk amplifier 
station, an AC power supply 
and a line extender amplifier. 

In each demonstration, the 
device being tested shall pass 
the following tests: (1) cap
acitor discharge test, 
(2) current surge test and 
(3) protector response delay 
surge test. The capacitor 
discharge test and the pro
tector response delay surge 
test are performed with all 
protectors removed; the cur
rent surge test is conducted 
with all protectors in place. 
In each case, the device will 
be tested while it is in 
normal operation. 

2.5.2 Capacitor Discharge Test 
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The magnitude of the cap
acitor discharge surge shall 
be the maximum DC breakdown 
voltage of the protector used 
and shall have a rise rate of 
not less than 100 volts per 
microsecond and shall decay 
from peak voltage to one half 
the peak voltage in not less 
than 100 microseconds. The 
rise rate is defined as the 
peak voltage divided by the 
time required to reach the 
peak voltage. 

Five surges shall be ap
plied at one minute intervals 
to each port of the device 
under test. The polarity of 
the surge generator shall 
then be reversed and the pro
cedure repeated. 

AC power supplies shall 
have the power input terminals 
surge tested by surges applied 
between the power input term
inals and between each power 
input terminal and ground. 
The number, repetition rate 
and polarity of the pulses 
shall be as above. 

2.5.3 Current Surge Test 

A 500 ampere peak current 
surge with a rise rate of not 
less than 100 amperes per 
microsecond and a peak to half 
value decay time of not less 
than 1000 microseconds shall 
be applied to all ports and 
terminals as described in 
2.5.2. Three surges of each 
polarity shall be applied at 
one minute intervals. 

2.5.4 Protector Response Delay 
Surge Test 

Additional capacitor dis
charge tests shall be per
formed to determine the abil
ity of the equipment to with
stand voltage surges encount
ered because of the operating 
delay time of the protector. 
These surges shall be applied 
to the ports and terminals 
and in the number, repetition 
rate and polarity described 
in 2.5.2. 

The magnitude of the surge 
is the surge striking voltage 
of the gas tube, and the rise 
shall not be less than 500 
volts/microsecond. The surge 
striking voltage shall be 
determined from the protector 
manufacturer's data, using a 
rise rate of 500 volts per 
microsecond. 

Power supply AC power line 
input terminals shall also be 
given protector response de
lay surge tests. The strik
ing voltage of the protector 
shall be determined at a lOkV 
per microsecond rise rate and 
the rise rate of the surge 
shall not be less than lOkV 
per microsecond. 
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ESTIMATING CATV DEMAND PATTERNS FOR SYSTEM DEVELOPMENT 

Zelma McC. Huntoon and Gerald Cohen 
GTE Laboratories Inc. 

Waltham, Massachusetts 

This paper describes a methodology for esti
mating CATV subscriber densities suitable for use 
in the financial planning and engineering design of 
a CATV system in a c~ty with good over-the-air 
broadcast TV reception. 

The method provides estimates of demand as a 
function of time, and confidence limits on these 
estimates, for sections of the city formed in con
sideration of various characteristics of the city. 
The method is based on an advanced econometric model 
of CATV penetration developed by R.E. Park of the 
Rand Corporation and takes into account character
istics of local over-the-air broadcast stations, 
features of the proposed CATV system, demography of 
the community served, and growth stimulating factors. 

The paper includeS a brief review of the basic 
econometric model, a discussion of an adaptation 
made to it and an illustrative case study. 

INTRODUCTION 

Lenders to the CATV industry require cash 
flow projections for various stages of a system's 
development in order to determine the cash flow 
available for debt servicing, for structuring the 
amortization schedule of the loan and for evaluating 
the long term economic viability of the system. 
Since a CATV operator's prime source of revenue is 
monthly subscription fees, among the key factors in 
establishing positive cash flow are the system 
density and its penetration. 1 

It was with the investor's viewpoint in mind 
that this method of estimating CATV subscriber demand 
by sections of a proposed system as a function of 
time was developed. By being able to rank-order 
sections of the community on the basis of their 
estimated subscriber densities and associated con
struction costs it should be possible to develop an 

1David M. Carlisle, "Financing Community Antenna 
TV," Thesis, the Stonier Graduate School of Banking, 
Rutgers University (June 1973). 
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optimum engineering plan in terms of the expected 
number of subscribers, related costs, and revenues 
upon which to base a financial plan that demon
strates positive cash flows during the early years 
of operation and a long term economic viability. 

DESCRIPTION OF METHODOLOGY 

General Approach 

Demand for CATV in a community depends on the 
existing TV environment, the characteristics of the 
proposed CATV system and the demography of the com
munity served. For engineering and financial plans, 
highly disaggregate estimates of dema~d for CATV 
are desired. For example, if estimates by neighbor
hood or block were available, capitar costs and 
revenues could be balanced by developing the most 
promising routes in the early years. 

An econometric model expressing CATV penetra
tion in terms of the TV environment, the proposed 
CATV system and the community served has been 
developed by R.E. Park of the Rand Corporation2

• 

However, this model is based on CATV systems in 
their entirety. Furthermore, the data required by 
it is generally not available at the neighborhood 
or block level. Thus in developing an estimation 
method, we were faced with three major (and con
flicting) considerations. 

1) The engineering and financial plans should, 
ideally, be based on estimates of demand at 
a highly disaggregate level. 

2) The most advanced econometric model of CATV 
penetration available in the literature was 
developed on the basis of entire CATV 
systems. 

3) The level at which the data required by the 
model is readily available varies from city
wide to census tract. 

In the suggested method we resolve these conflicting 
conditions by using Park's model (adapted to take 
into account special interest channels) to obtain 

2R.E. Park, "Prospects for Cable in the 100 Largest 
Television Markets," The Bell Journal of Economics 
and Management Science 1.~ 1, 130-150 (Spring 
1972). 



an indication of penetration at the census tract 
level. Then, we combine contiguous tracts of 
similar subscriber densities into sections of the 
city which are large enough for valid application 
of Park's model while, at the same time, suffi
ciently disaggregated to be of value in developing 
engineering and financial plans. Estimates of the 
demand in each section are obtained at several 
stages of development by taking into account the 
dynamics of demand. By ranking the sections of the 
city according to their estimated subscriber den
sities, an ordering of areas for system development 
can be provided. 

The Econometric Model 

Park's model of CATV penetration is a cross
sectional model based on data from 63 cable systems 
located in communities whose television environment 
resembles that of the 100 top TV markets. That is, 
at least three television stations are received in 
the community and over-the-air reception is gener
ally unimpaired (except possibly by distance from 
the transmitter). While a full description of the 
systems in the sample and their associated data are 
not available, it is reasonable to assume from the 
date of the study (1971) that the sample systems 
offered a minimum of local originated programming 
and no two-way services. Furthermore, the sample 
systems are of different ages; a maturity factor is 
included in the model to compensate for variations 
in penetrations due solely to age differences. 

The estimating equation is linear in the log
arithm of the exogenous variables which include 
income, price, color set ownership, and a set of 
variables which compare the service offered by the 
CATV system to that available over-the-air. A 
comparative service variable is defined for each 
type of channel (network, duplicate network, inde
pendent, educational, and foreign); it is expressed 
as the ratio of the number of CATV channels of a 
given type to the number of available TV stations 
of the same type, weighted according to the trans
mission mode (VHF, UHF) of the station, the percent 
of UHF receivers in the community and by a reception 
degradation factor defined in terms of the distance 
the community is from the station's transmitter. 

In developing an econometric model*, a basic 
functional form is assumed along with a set of exo
genous variables in an attempt to explain, in part, 
the observed behavior of an economic variable. 
Consistent observations on the dependent and inde
pendent variables are used to determine the values 
of the coefficients in the model which will account 
for a significant amount of the observed variation 
in the phenomenon. The model can then be used to 
investigate the logical consequences of the assump
tions (and changes in them) or to estimate the value 
of the endogenous (dependent) variable in cases 
where it cannot be observed. The validity of the 
results obtained with the model is limited by the 
extent to which the assumptions on which it is based 
apply; the amount of variation unexplained by the 

*E. Malinvaud, Statistical Methods of Econometrics, 
Rand McNally and Company, Chicago (1966) Chapter 2. 

model is reflected in the standard error associated 
with the estimate, or equivalently, in its confidence 
limits. 

In using the suggested estimation method, care 
must be taken to stay within the domain of the basic 
model. It should not be applied to communities with 
significant TV reception problems, nor to systems 
whose appeal is based on innovative services (e.g., 
two-way services, premium TV) and no attempt should 
be made to obtain estimates for small homogeneous 
sections. In all applications the method should be 
validated by combining the estimates by section into 
an estimate for the system as a whole and comparing 
the result with the estimate obtained by applying 
the model to the entire system. If the two esti
mates differ by more than several percentage points 
the size and composition of the sections should be 
re-examined. 

Treatment of Special Interest Channels 

Certain channels offered on the proposed CATV 
system may be of primary interest to a special 
interest group within the community so that sub
scriber demand for the service may vary from section 
to section as the special interest population 
varies. Since we wish to rank the sections of the 
community according to their demand, this variation 
in demand due to a special interest channel was 
taken into account by a modification of the basic 
model which takes advantage of the continuity of 
the regression equation and is intuitively satis
factory. The modification consists of redefining 
the comparative service variables to include the 
value of a special interest channel in the func
tional form p + k(l-p) where p is the proportion of 
the special interest group in the population and k 
is a factor representing the general interest of 
the remainder of the population. This allows the 
value of the channel to vary from 0 to 1 depending 
on the values of p and k. Foreign language channels 
and channels having a major portion of their pro
gramming with an ethnic orientation are handled in 
this fashion. 

Data Sources 

Most of the data required by this method is 
readily available. Demographic data at the census 
tract level can be obtained from the U.S. Bureau of 
Census. Areas by census tract, maps showing census 
tracts and land use, and projections of population 
can usually be obtained from local planning councils. 
The current TV Factbook provides the necessary 
information on the over-the-air stations received 
in a community. 

Some substitutions and a certain amount of 
adjustment of the raw data are required. For 
instance, median household income, an exogenous var
iable in the basic model, is not provided at the 
census tract level; median family income, available 
by census tract, must be used as a proxy. Data on 
color set and UHF receiver ownership is generally 
available only on a citywide basis and must be 
assumed to apply uniformly throughout the community. 
Data for a census tract not wholly contained within 
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city limits must be adjusted to reflect the fraction 
of the tract within the city. Estimates of non
residential land use in the tracts usually have to 
be made from maps. 

Preliminary penetration estimates are obtained 
for each census tract from the model. These, along 
with the demographic data of the tracts constitute 
the information required for forming sections of the 
city. 

Forming Sections of the City 

The sections of the community can be formed in 
consideration of various characteristics of the city, 
e.g., areas of poor reception, land use patterns, 
cabling requirements, municipal districts and socio
political boundaries. The number and composition of 
the sections are determined by the population and 
from the range of subscriber densities in the commun
ity. Sections are formed of contiguous census tracts 
and should contain a minimum of 7500 - 10,000 house
holds in order to stay within the domain of the model. 
The constituent tracts of each section should have 
similar subscriber densities and the resulting sec
tions should have significantly different subscriber 
densities so that a definite ranking of the sections 
can be made. Demand estimates for each of the sec
tions are obtained by applying the econometric model 
to each section using data constructed from the data 
of its constituent tracts. For all but one of the 
variables the data for the section can be formed 
either as the aggregate or as the weighted average 
of the tract data. However, the median income of 
the section is not the average of the median incomes 
in the tracts. In order to estimate the median 
income for the section, the income distribution for 
each tract is required. If these are not available 
demand estimates for the section could be obtained 
by using the weighted average of the penetrations of 
the tracts. 

Demand Estimates 

Our method provides estimates of penetration, 
subscribing households and subscriber densities. 

Penetration is calculated by the model as the 
ratio of subscribing households to households passed 
by the cable. We are using this parameter as a prob
ability of subscription and as such it is most mean
ingful for many miles of cable, i.e., for relatively 
large areas. 

The estimate of subscribing households is 
obtained as the product of penetration and house
holds passed by the cable. In the absence of a con
struction schedule, estimates are based on the total 
number of households in the section which assumes 
that all homes are passed by the cable. If, how
ever, information is available on the projected num
ber of miles of constructed cable and the number of 
homes per cable mile for each section, this data 
along with the penetration estimate should be used 
in computing the estimate of total subscribers. 

Subscriber densities, by which the sections are 
ranked, can be expressed either in terms of subscri
bers per square mile or subscribers per cable mile, 
depending on the data available. Ranking the 
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sections on the basis of subscribers per square 
mile is equivalent to ranking by subscribers per 
cable mile provided the ratio of cable mile to 
square mile and the construction costs per cable 
mile do not vary significantly from section to sec
tion. If there are significant variations in these 
factors, they should be included in the estimates 
when determining the construction schedule. 

Confidence limits for each demand estimate are 
provided based upon the standard error associated 
with the econometric model. This error is applied 
to the penetration estimates calculated for each sec
tion to give upper and lower limits on the penetra
tion. These limits are then used to obtain cor
responding limits on total subscribers and subscri
ber density. 

After a CATV system is operational, the number 
of subscribers can be expected to change due to 
changes in system penetration resulting from the 
maturing of the system, from changes in the exogen
ous variables (e.g., reception quality, income, price, 
etc.) and from population shifts. The effect of 
these dyanmic factors has been included in our method
ology by the use of income and household projections 
which take into account shifting population and 
income patterns within the community, and by the mat
urity factor in the econometric model. Thus we are 
able to make estimates of demand at different stages 
of the proposed systems operation. 

Use of Demand Estimates 

The primary use of the results of this method 
is for comparative analysis. While the actual 
demand estimates for the sections contain a substan
tial amount of uncertainty, the relative rankings of 
the sections should be quite reliable provided their 
subscriber densities differ significantly. The method 
also lends itself to use in a sensitivity analysis in 
which relative changes in demand or shifts in the 
ranking of the sections due to changes in the inde
pendent variables are studied. 

The confidence limits associated with the demand 
estimates reflect the uncertainty in the estimates and 
should, therefore, be taken into consideration in any 
additional analysis based upon the numerical values. 
They should be used to obtain confidence limits for 
any further estimate derived from either the penetra
tion or demand estimates. 

A CASE STUDY 

To illustrate this method consider the follow
ing situation: A CATV system is proposed for a city 
located in one of the 100 top TV markets with good
over-the-air reception. There is currently being 
received in the city a total of 6 over-the-air sta
tions; 3 VHF network stations, 2 UHF independent 
stations and 1 VHF educational station. The sub
scription fee for the proposed cable system is $72 
per year. The system will offer a total of 10 chan
nels; 3 network channels, 5 independent channels 
and 2 educational channels. One of the independent 
channels is a Spanish language station and one of 
the educational channels has a major portion of its 
programming devoted to Black oriented programming. 



Our objective is to divide the city into 
sections of uniform density which can be ranked for 
system development. For the sake of this example 
we will assume that construction costs per cable 
mile are approximately the same and that the ratio 
of cable mile to square mile does not vary signifi
cantly throughout the city. Therefore, estimates 
of subscriber density in subscribers per square mile 
are adequate for ranking purposes. No specific con
struction schedule will be included in this analysis; 
the estimate of subscribers and subscriber densities 
in each section is based on the assumption that all 
households are passed by the cable. Estimates of 
demand after two years of operation (1975) will be 
provided. 

The 1970 Census is the most recent enumeration 
for the 61 census tracts in the city. At that time 
the total population of the city was 520,000 with a 
total of 180,500 households. Data for the key demo
graphic variables in the census tracts exhibited the 
following ranges of values. 

Population: 126-23,000 

Households: 34-7118 

Area (sq. mi.): 0.26-9.80 

% Black Households: 0-100 

% Spanish Surname Households: 0-75 

Median Income: $3,383-$29,663 

Data pertaining to 1975 is developed in the follow
ing ways: Projections of households by census tract 
for 1975 are obtained from the local planning board. 
Because projections by ethnic group are not avail
able for 1975, this data is constructed by applying 
the 1970 percentages to the 1975 household project
ions by census tract. Income projections by census 
tract for 1975 are developed by using a factor based 
on data for the city obtained from the Bureau of 
Labor Statistics. Recent citywide data on color set 
and UHF receiver ownership are assumed to apply uni
formly throughout the city. 

Topological data for the city indi~ates that 
reception quality of the over-the-air broadcast 
stations can be assumed to be uniformly good and so 
degradation factors of zero are used for all sta
tions. On the basis of surveys, general interest in 
the two special interest channels is estimated to be 
25% in the educational channel and, 15% in the inde
pendent channel. 

The estimated penetration obtained by applying 
Park's model to the city as a whole using 1975 data 
is 31.1% with a subscriber density of 626 subscribers 
per square mile. Preliminary estimates of penetra
tion by census tracts range from a low of 9% to a 
high of 67% reflecting, for the most part, the 
income ranges and, to a lesser degree, the ethnic 
composition in the census tracts. Subscriber den
sities in the individual tracts range from 60 sub
scribers per square mile to 1440 per square mile. 
By grouping contiguous census tracts of similar 

subscriber densities, we can form five sections of 
the city with penetrations in the sections ranging 
from 16% to 41% and with subscriber densities of 237 
to 1164 subscribers per square mile. The penetration 
and subscriber density of the city obtained by aggre
gating the section estimates are 30.9% and 621 sub
scribers per square mile which are in close agree
ment with the estimates obtained by applying the 
econometric model to the city as a whole. The recom
mended order for system development based on the 
ranking of the sections is shown in Figure 1. The 
demand estimates and their confidence limits for 
each section are given in Table 1. 

FIGURE 1. 

DEMAND ESTIMATES AND RANKS FOR 

SECTIONS OF THE CITY WITH 

GOOD RECEPTION 
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TABLE 1. GTE LABORATORIES INC •• PROJECT 1+82 

CATV PENETRATION PROFILE 
(BASED ON MODEL BY R.E.PARK. RAND CORP. 

deeY.ME.l.l.Qli.e 
PERCENT UHF SETS: 95.0 

PERCENT COLOR SETS: 66.~ 

SPANISH STATION INTEREST:0.15 
BbACK CHANNEL INTEREST:0.25 

BROADCAST STATIONS: 6 

~~Mdli.Q eXd.Xl~Xl~§.: 

PENETRATION 
SUBSCRIBERS 

SUBS.!SQ. MILE 

Q~Mdli.Q eXd.Xl~Xl~~: 

PENETRATION 
SUBSCRIBERS 

SUBS. /SQ. MILE 

Q~Mdfi.Q ~Xd.XleXl~§.: 

PENETRATION 
SUBSCRIBERS 

SUBS./SQ. MILE 

Q~M~li.Q ~Xd.XleXl~§.: 

PENETRATION 
SUBSCRIBERS 

SUBS. I SQ. MILE 

Q~Mdfi.Q ~Xd.XleXl~~: 

PENETRATION 
SUBSCRIBERS 

SUBS./SQ. MILE 

CATV CHANNELS :10 
RECEPTION QUALITY: GOOD 

PRICE:$72 
AREA BASE: ADJUSTED 

1 LOWER EXPECTED 
LIMIT VALUE 
17.86 110.82 

11340 25918 
509.43 1164.33 

2 LOWER EXPECTED 
LIMIT VALUE 

9.68 18.65 
1654 3185 

431.85 831.59 

3 LOWER EXPECTED 
LIMIT VALUE 
1'-l.OG 29.40 

12591 264411 
240.92 506.00 

4 LOWER EXPECTED 
LIMIT VALUE 

8.58 16.18 
912 1719 

173,05 326.18 

5 LOWER EXPECTED 
LIMIT VALUE 
11.01 21.76 
1679 3318 

120.61 238.36 

UPPER 
LIMIT 

117.05 
29870 
131+1.86 

UPPER 
LIMIT 

25.51 
4356 

1137.33 

UPPER 
LIMIT 

36.£8 
33165 

634.61 

UPPER 
LIMIT 

22.60 
2400 
455,40 

UPPER 
LIMIT 

29.00 
4423 
317.711 



Variations can be introduced into the problem: 
Suppose, for instance, that over-the-air TV recep
tion in the community is unimpaired except in one 
area of the city where, due to tall buildings, the 
reception quality is equivalent to that experienced 
midway in the B contour of the stations. Assume, 
also, that this is an area with a high population 
density and relatively low median income. Should 
system development start in this area rather than in 
a higher income, less dense area where reception 
quality is good? Using reception degradation fac
tors of 0.5 we find an increase of penetration of 10 
percentage points resulting in a subscriber density 
of 1330 subscribers per square mile and a change in 
the ranking of the sections as shown in Figure 2. 

FIGURE 2. 

DEMAND ESTIMATES AND RANKS FOR 

SECTIONS OF THE CITY WITH 

LOCALLY IMPAIRED RECEPTION. 

It should be noted that, in practice, construction 
costs might also be significantly different in this 
area and should be taken into account in the ranking. 

Conditions imposed by the franchise can also be 
included in the analysis of a community. If, for 
instance, portions of the city are in different 
political districts (e.g., counties) and the fran
chise stipulates that system development must pro
gress simultaneously in each, sections can be formed 
and ranked within each political district and a 
development schedule provided for each. 

CONCLUSIONS 

A flexible and systematic method for estimat
ing CATV subscriber densities in a large city with 
good over-the-air TV reception has been developed. 
The method has the following features: 

1) Provides demand estimates suitable for 
engineering and financial planning. 

2) Incorporates local constraints and/or 
restrictions on system development and 
includes local demography. 

3) Employs readily available data. 

4) Is based on the most advanced model of 
CATV penetration currently available. 

As more cable systems are implemented, and as inno
vative subscriber features are introduced, a new 
penetration model which takes into account these 
advancements could be devised and used in place of 
the econometric model presently used in the method. 
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HELICAL VIDEO TAPE INTERCHANGEABILITY REQUIREMENTS 

K. Blair Benson 
Goldrnark Communications Corporation 

MCKGROUNQ 
In the initial applications for helical 
video tape recording and playback equip
ment, the necessity for recordings to be 
playable on any number of players in a 
variety of locations generally was not a 
serious consideration. In most cases re
cordings were made off-air or of local 
originations, either of entertainment or 
educational programming, for subsequent 
playback on the same VTR equipment used 
for the recording. Although there were 
some exceptions, such as regional or state 
educational organizations where video tape 
was used to avoid the expense of intercity 
transmission and the scheduling limitations 
of network programming release from a cen
tral location, these were in minority and 
thus not a major factor at the time in 
forcing development of technical improve
ments and standards dictated by inter
changeability requirements. 

More recently, however, with the increased 
use of helical color video tape in fully 
automated cable and hotel pay-TV origina
tion systems, for advertising and sales 
promotion, and for expanded educational 
non-interconnected networks, all requiring 
quality competitive with that of television 
broadcasting, the need for optimum inter
changeable performance has become acute. 
The problems have been compounded, first 
by the large number of organizations pro
viding a recording service in a manner not 
unlike that of a film processing labora
tory producing prints for distribution to 
theaters and other exhibitors, and second 
by the increasing number of manufacturing 
sources for equipment and tape. 

Apart from technical quality, another corn
plication which results in increased cost 
of duplication and distribution, is the 
large number of different recording for
mats. In fact, not only are there a va
riety of tape widths, but in addition, a 
variety of formats exist for any one width. 
The problem is considerably more complex 
than in motion-picture film where the 
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gauges are limited to Super-B, 16mm, and 
35rnrn; and the formats to two types of wide
screen and the traditional 3-by-4 aspect 
ratio. 

To cite a few of the cassette or cartridge 
formats in use, in 1/2-in. there are the EIA
J and Philips, in 3/4 in. the U-Matic and in 
l-in. the IVC and Ampex. The problem has 
grown to such proportions that it is no lon
ger amenable to standardization through the 
work of industry technical committees. In
stead, the question of the best format for 
each application undoubtably will be answered 
in the marketplace by the user. Therefore, 
industry activity appears likely to be the de
velopment of recommended practices for each 
of the different formats which are available 
from two or more manufacturing sources. 

The following review of the interchange
ability requirements, for the most part will 
be general in scope; in the interest of 
brievity, where specifics regarding para
meters and tolerance are discussed, the 
3/4-inch U-Matic or l-inch IVC formats will 
be used as examples. 

SURVEY OF INTERCHANGEABILITY FACTORS 
It ~s the obvious conclusion from the fore
going that interchangeable performance has 
to be developed to a level where no operat
ing or set-up adjustments are required in 
order to accommodate tapes made on differ
ent recorders or head assemblies. In order 
to achieve such highly desirable operation
al flexibility, rigorous control must be 
exercised over many parameters. The scope 
and magnitude of the design and operational 
problems is indicated by the following tab
ulation of the most sigrli ficant factors to 
be taken into account: 

Video Head 
Dihedral alignment 
Head-to-Tape speed 
Gap azimuth alignment 
Tape guiding 
Recorded track dimensions 



Magnetic Tape 
Physical dimensions and properties 
Magnetic properties 
Cassette dimensions 
Humidity and temperature effects 

Video Sifnal 
Carrierrequencies for sync level 
Carrier frequencies for reference black 

level 
Carrier frequencies for reference white 

level 
Luminance and chrominance bandwidths 
Color carrier signal 
Pre- and post-emphasis 

Control Track 
Recorded level 
Signal phasing to video signal 
Track dimensions and placement 
Gap azimuth alignment 

Audio Head and Track 
Recorded level 
Track dimensions and placement 
Gap azimuth alignment 

As will be evident in the subsequent dis
cussion, several of the items listed cannot 
be adjusted or corrected except during man
ufacture. For these parameters, the user's 
control is limited to a periodic check in 
order to determine if the equipment remains 
within the permissable limits of tolerance. 
However, many of the factors are subject to 
set-up or operating adjustment and must be 
held under careful control if interchange
able performance is to be comparable to 
that achieved in non-interchangeable opera
tion. 

VIDEO HEAD 
One of the objectionable degradations in 
helical video tape playback results from 
timing errors in the playback signal. These 
can be caused by misalignment in the head 
assembly, or more frequently, differences 
between recording and playback, head-to
tape speeds. 

Dihedral Alignment: If the two video 
heads are not precisely 180-degrees apart 
on the head drum, following the switch be
tween heads the television fields from each 
of the heads will be displaced horizontally. 
This will be apparent as dual images of 
vertical lines at the top of the picture. 
The longer the receiver horizontal sync 
time-constant, the further down from the 
top of the picture the split of vertical 
lines will be present. Adjustment tension 
by the skew correction control will have no 
effect on this error. Normally dihedral 
errors are corrected by factory alignment. 
However, in the event it is required, an 
adjustment can be made in the field using 
an alignment tape provided by the manufac-

turer as a test reference. 

Head-to-Tape steed: A difference in 
recording and play ack speeds will result 
in a cumulative error in signal timing. 
This will be evident as a horizontal shift 
of the video immediately following the 
switch between heads, and differs from di
hedral errors in that both fields shift 
identically rather than in opposite direc
tions. The effect is commonly known as 
skew. On receivers with a short horizontal 
sync time-constant, the effects of such 
time-base errors do not cause a serious de
gradation in picture geometry, since the 
shift in horizontal positions is usually 
limited to a few lines at the bottom of the 
picture after head switching and is covered 
by the receiver mask. However, on most re
ceivers of American manufacture, having a 
long time-constant, the horizontal circuits 
may not recover from the abrupt change in 
timing of sync until a third or more down 
from the top of the picture. In this case, 
the resultant skewing is very disturbing 
and must be corrected if viewer satisfac
tion is to be achieved. 

The time-base error can result from differ
ences in radius of the video heads' travel 
because manufacturing tolerances and wear 
of the pole pieces. However, the largest 
errors usually are the result of tape ten
sion adjustments and environmental effects 
of humidity and temperature; the latter 
will be covered in detail under magnetic 
tape factors. 

The recording writing speed and playback 
time-base errors are adjusted by control of 
tape tension, the latter in part or comple
tely depending on the type of control used. 
Goldmark Communications has developed an 
automatic braking system for tension con
trol and accompanying skew correction which 
reduces the error to under a micorscond. 

Other systems for timing error correction 
are available from Television Microtime and 
Consolidated Video Systems which reduce the 
time-base error by introducing an automati
cally-controlled variable delay in the play
back video signal. 

Tape Guiding: Improper tape guiding 
around the head drum can cause partial or 
total loss of the video signal. It also 
can result in improper wind of tape on the 
feed and take-up reels and possible jamming 
of tape in the player. 

MAGNETIC TAPE 
Magnet~c Pro~erties: In order to ob

tain a maximum s~gnal-to-noise ratio, heli
cal scan equipment normally is designed to 
operate with high energy magnetic tape. Two 
types of coatings provide this character-
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istic~ they are chromium dioxide and 
cobalt oxide. Both of these materials pro
vide substantially higher playback signal 
levels than ferric oxide tape. However, in 
order to achieve this ~erformance, higher 
record current is requ~red. In summar~ 
with proper record current levels, and with 
the more efficient ferrite video heads, an 
improvement of 3 or 4dB is achieved. 

Humidity and Temperature Effects: Envir
onmental effects from variat~ons in humid
ity and temperature can be major factors in 
restricting interchangeability. Because of 
the long track traced by each head, a di
mensional change in the tape, or in diame
ter of the head drum, can cause a large 
variation in resultant tape-to-head writing 
speed. The primary control of this para
meter is through an adjustment of tape ten
sion as it passes over the head drum so as 
to introduce a controlled amount of tape 
stretch. Thus, a head-to-tape reading 
speed can be maintained during playback 
which is equal to the writing speed during 
recording. 
The range of timing difference resulting 
from humidity and temperature changes can 
be calculated, for example, for the 3/4-in. 
U-Matic format using the following 
constants: 

Humidity coefficient of tape 
11 x lo-6 in/in/%RH 

Temperature coefficient of tape 
15 x lo-6 in/in/°C 

Temperature coefficient of aluminum 
11.7 x lo-6 in/in/°C 

Head-writing speed 
404 in/sec. 

Track length 
6.7 in/field 

The calculations of change in microseconds 
for each percent of relative humidity and 
degree fahrenheit are tabulated below: 

11 X 10-6 X 6.7 
= 0.182 u sec/field/%RH 

404 X 10-6 

(15- 11.7 ) l0- 6x 6.7 5 
X 

404 X 10-6 9 
-0.2 u sec/ 
field/%RH 

It is interesting to note that temperature 
changes cause a timing error opposite to 
that from humidity. This results from the 
fact that the effect of a temperature 
change on the head drum is greater than on 
tape and, in addition as related to timing 
errors, is in the opposite direction. 
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The importancP. of environmental control is 
highlighted by a calculation of the timing 
error resulting if a recording made under 
conditions of 50% RH and 70° RH is played 
back with an ambient of 90% RH and 90°F. 
The humidity increase will cause an increase 
in recorded track length of 7.28 micro
seconds, whereas the increase in temperature 
will cause an increase in head speed which 
is equivalent to a reduction in track length 
of 4.0 microseconds. The net effect is a 
timing error of 3.28 microseconds. This 
will be apparent on the television picture 
as a shift of video information to the left 
after the switch between heads. 

VIDEO SIGNAL 
One of the major problems in any phase of 
television program transmission is the con
sistent maintenance of uniform video signal 
levels. In video-tape recording and play
back these parameters are dependent not only 
upon the gain of the various video amplifiers, 
but also upon the deviation employed for the 
frequency modulation of the carrier signal 
applied to the recording heads. Second in 
importance to level control is the choice 
of pre- and post-emphasis for optimum com
promise between video bandwidth and signal
to-noise ration. 

Carrier Deviation: The choice of devia
tion frequencies ~s dependent upon two op
posing factors: (a) The bandpass limitation 
of the tape and head combination, and (b) 
the need for a maximum signal-to-noise ratio. 
The signal-to-noise ratio will vary directly 
with the peak-to-peak magnitude of the de
viation. Therefore, it is desirable to 
modulate the carrier over as wide a band as 
the system elements will permit. However, 
if the high-frequency cutoff of the head 
and tape is exceeded, a distortion of peak 
white signals is produced. In some types 
of playback circuitry this results in a 
failure of limiting action prior to demodu
lation and permits the random noise from the 
tape and preamplifier during playback to be 
amplified to full signal level by the high
gain amplifiers. The resultant noise and 
streaking in peak white are very objection
able in appearance. In other circuits the 
effect merely is a loss in peak whites sim
ilar to that produced by a peak limiter. 
It is apparent that the maximum frequency 
deviation must be limited to that which can 
be accommodated by any or all playback 
equipment. 

Pre- and Post-Emphasis: Current practice 
in most systems is to provide a rising am
plitude frequency characteristic wherein 
the 3 MHz response is 10 to 12 dB above the 
low-frequency response. In order to avoid 
overload distortion from the higher frequen
cy components, the rising response character
istic is restricted normally to frequencies 
under 3 MHz. Appropriate post-emphasis is 



employed to provide a flat overall system 
response over the desired luminance band
width. 

CONTROL TRACK 
The control track synchronized the rotation 
of the heads with the tape travel. Most 
equipments have means to automatically 
phase the head rotation with the control 
track. However, this will not correct for 
errors in recorded phase of the control 
track relative to video tracks. Correct 
phase is essential for maximum signal out
put and signal-to-noise ratio. 

CONCLUSION 
If the maximum potential quality and oper
ational flexibility in the use of helical 
tape equipment on an interchangeable 
basis are to be realized, it is essential 
that a vigorous control of recording and 
playback parameters, as well as environ
mental conditions, be maintained. However, 
these disciplines in control require that 
agreement be reached on recommended prac
tices and standards among manufacturers 
and users. Realizing the importance of 
the problem, the Joint Committee on Inter
society Coordination (JCIC)* has assigned 
the task to the Society of Motion Picture 
and Television Engineers (SMPTE). The 
SMPTE, in turn, has instructed the Helical 
Recording Subcommittee of the Video Tape 
Committee to proceed expeditiously to de
velop recommendations for industry adoption. 

* Representing EIA, IEEE, NAB, NCTA, and 
SMPTE. 
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IBM - TELEPROMPTER DIGITAL TRANSMISSION TEST 
SATELLITE & CATV 

Howard H. Blonder Roger c. Greenhalgh 
IBM Corporation IBM Corporation 

Poughkeepsie, N.Y. Poughkeepsie, N.Y. 

The IBM Corporation has been con
ducting a series of technical experiments 
on the use of satellites for wideband 
digital communications at its Development 
Laboratory in Poughkeepsie, New York. 

In addition, experiments have been 
conducted using digital techniques for 
transmission over wideband CATV facilities. 

IBM's RF and satellite access was 
supplied by RCA Global Communications as a 
"Development Satellite Transmission Service" 
as Tariff FCC No. 92. The access to Telesat 
Canada's ANIK Satellite Transponders via 
this tariff and the associated leased RF 
Terminal deployed onto IBM property have 
well satisfied the RF Transmission needs. 

The TelePrompTer Corporation has been 
touring the United States with its "Space 
Cast" Project, a transportable receive
only Earth Station, making test measure
ments of signal strength and interference 
of video signals from the Telesat Canada 
Domestic Satellite in geostationary orbit 
22,300 miles over the earth's equator. 

The unique opportunity to deploy a 
replica of the Poughkeepsie digital trans
mission equipment, and utilize the facil
ities at Rochester, Minnesota using the 
TelePrompTer Earth Station and their CATV 
system in a realistic digital transmission 
environment occurred the week of December 
17, 1973. 

This paper will describe the results 
of this cooperative digital Transmission 
Test. 
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Industrial Two-Way CATV Systems 

ABSTRACT 

Harold W, Katz 

Interactive Systems, Inc, 
Ann Arbor, Michigan 

The technology of two-way CATV transmission 
has provided a unique solution to the internal com
munications problems within large scale industrial 
complexes, At one time the requirements for audio, 
video, and digital information within a plant were 
treated on an individual basis. Cable technology 
combined with minicomputers and inexpensive termin
als is beginning to integrate these needs in a 
single cost effective system in the automotive and 
chemical industry. 

INTRODUCTION. 

The progress ?f two-way CATV growth has been 
slowed due to many inter-related factors. These 
can best be summarized in terms of the lack of a 
defined market for the range of potential services 
which were available, Not only has it been diffi
cult for the cable industry to successfully demon
strate the services, but it also has been equally 
difficult for subscribers to define the nature of 
the service that they would purchase. This stale
mate may yet be broken under the proper conditions, 
However, the effort which has been expended in the 
development of the hardware associated with two-way 
cable systems has not been misspent, Many industri
al or institutional complexes represent a market in 
which the "subscriber" has clearly drawn communica
tion requirements which can be uniquely fulfilled 
through cable technology, 

Industries which are spread over a significant 
area have been faced with an ever growing internal 
communication need, As plants have expanded, the 
need for acquiring and delivering data on a real
time basis to many locations has outgrown the con
ventional means of distribution, Similarly, the 

audio and video applications have grown in similar 
proportion, The central problem in all three areas 
is not the devices used for digital, audio, and 
video needs, but rather the more mundane issue of 
the wiring required to interconnect literally hun
dreds of possible communication points either with 
each other or to computers. The wiring problem for 
data usually involved the installation of twisted 
pairs within conduit, ~e audio intercom employed 
a separate twisted pair facility, and the distribu
tion of video is commonly carried on individual 
base band video cables also in conduit, It is this 
maze of wiring which prevents the coherent growth 
of industrial communications, 

However, the wide-band coaxial cable represent 
a consistent and unified approach to the problem, 
and by its very nature permits an orderly expansion 
of the communication network without having to re
wire a plant each time, In many ways, the industr~ 
al plant looks like a small communrty in which 
there are hundreds of points effectively tied to
gether through a coaxial cable, Therefore, it may 
be useful to the CATV industry to briefly review 
the progress to date in industrial CATV and perhaps 
conjecture about the role that the cable operator 
might play in this growing field, 

INDUSTRIAL APPLICATIONS 

The typical scope of two-way applications can 
be divided into three broad categories, The first 
involves the transmission of digital data from the 
production floor and between computers, Production 
information is generated by a variety of methods. 
The most typical is the entry of keyboard data 
directly by machine operators, inspectors, and 
foremen, This provides a real-time data base for 
the types of defects which are encountered and the 
status of production machinery. Another class of 
digital data arises from the acquisition of sensor 
outputs, such as piece count, analog process vari
ables, alarms, badge and card readers, etc, In 
addition to the retrieval and processing of this 
information, there is a need to provide operators 
and management with real-time reports of the sig
nificant data, The latter is usually accomplished 
through CRT displays to minimize the generation of 
hard-copy reports, 

The second category of transmission require
ments concerns the distribution of video or conven-
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tional TV, This includes not only the ordinary 
security surveillance, but also the expansion of 
two-way television for in-plant training, manageme~ 
conferences, random access to micro-fiche material, 
remote inspection of production line problems, etc. 
Furthermore, the audio/video conferences are now 
being considered between distantly located plants 
as well as within the plant environment itself, 
There is also a control aspect associated with 
these TV applications, particularly in the form of 
remotely controlling the motion of the camera, 

The third category of information transmission 
is the standard audio distribution, The first 
level of requirement is for the establishment of 
party-line conversations among production and 
supervisory personnel outside of the usual tele
phone circuitry, The audio associated with the TV 
program is, of course, another application, How
ever, a more encompassing problem is the in-plant 
telephone network itself, As will be seen, this 
situation can also be accommodated on the coaxial 
cable, 

Again, the common factor in all of these appli
cations is the extensive wiring requirements, the 
large number of terminal points, and the extreme 
bandwidths involved from simple switch contact 
closures to television, However, this is precisely 
the transmission problem envisioned in the use of 
two-way services for community CATV using a broad
band coaxial cable, When viewed in this light, it 
becomes very practical to utilize the low cost 
modems that were developed for interactive TV ser
vices. 

INSTALLATIONS 

Utilizing the above concepts, Interactive 
Systems, Inc, (lSI) has installed coaxial cable and 
the associated modems and computer hardware at the 
following sites. 

A. Oldsmobile - Lansing, Michigan 
Approximately 15,000 feet of ~oax was 

installed for the operation of a defect monitoring 
system, Inspectors would key in observed defects 
in real-time and the computer would provide CRT 
displays of the most frequently occurring defects. 
Plans are underway to interconnect another plant by 
cable which is two miles away and to extend the 
applications to other data displays and television 
programming. 

B, Chevrolet - Detroit, Michigan 
A security surveillance syste~.was install

ed with 8,000 feet of coaxial cable, In addition 
to carrying the TV signal, the cable was also util
ized to transmit all of the signals for remotely 
controlling the cameras, The cable was run paral
lel to the axle production lines, so that future 
data acquisition systems can be easily added, 
merely by tapping into the cable and avoiding the 
need for new wiring, 

C, American Motors - Kenosha, Wisconsin 
Over 15,000 feet of cable has been 

installed with 80 terminals again for a real-time 
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defect monitoring application as well as television 
for employee programs. Consideration is also being 
given to extending the cable to neighboring plants 
to integrate the data acquisition and retrieval and 
to include machine status monitoring. 

D, Dow Chemical - Midland, Michigan 
This is probably the largest facility 

encompassing 40,000 feet of trunk cable over a two 
square mile area and interconnecting 75 buildings, 
The initial application involves television pro
gramming for in-plant surveillance, training, and 
then expanding to two-way audio/video conferences. 
An experimental data acquisition program is 
currently in progress to transmit in a digital 
mode, analog process information from scattered 
buildings to a central computer, 

Plans are now being completed to install 
another cable facility at Corporate headquarters 
about two miles from the production facility, 
Although it will have its own head-end facility, 
there will be one interconnect to the initial 
installation, Part of the same program includes 
an experimental microwave facility to interconnect 
a distant Dow facility with the Midland complex for 
two-way audio/video conferences, 

Several other corporations are also planning 
to install the lSI Videodata network for even more 
sophisticated applications involving computer to 
computer transmission, 

GENERAL TECHNOLOGY 

A, Cable Configuration 
In almost all cases, the solid aluminum 

sheath cable was used for trunking and feeder lines, 
with double shielded RG-6 used for the short drops 
to terminals, Considerable cost reductions were 
achieved through the elimination of conduit, 

Where extensive applications were envi
sioned within a complex, it was decided to use a 
single cable (multiple leg) mid-split spectrum in 
order to provide symmetric transmission potential 
from any point in the system, Unlike conventional 
practice, the trunk system is tapped for branches 
rather than using bridger amplifiers, 

B. Data Transmission 
The digital network is similar to those 

previously described in the literature on broad
band cable, lSI utilizes a two computer system; 
one for the general polling of terminals, and the 
second for the actual application data processing, 
A generalized modem has been developed which permi~ 
a very simple interfacing to a variety of peripheral 
devices such as: 

a, keyboards 
b. printers 
c, CRT displays 
d, alarm monitors 
e, production controllers 
f, analog-to-digital and 

digital-to-analog transmission 
g, production sensors 



The data rate for these channels has been ad
justed for particular customer preferences and 
varies from 12,000 bits/second to one megabit. 

c. Audio/Video Transmission 
For straight video transmission, conven

tional CATV modulators and demodulators are util
ized with security achieved through the use of mid
band and super-band channels, computer controlled 
converters, and scrambling. Separate modems have 
been developed for party-line audio networks or for 
control systems which could not effectively utilize 
digital modems. 

The use of the cable network for telephone 
communication within a plant has recently been 
developed by Collins Radio. The basic system can 
accommodate up to zero phones on the equivalent of 
one TV channel. Further, study is currently under
way to integrate this process with the previous 
audio, video, and digital transmission network. 
Thus, within the not too distant future, new indus
trial plants may be completely cabled for their 
entire communication needs. 

ROLE OF CABLE OPERATOR 

Although the industrial and institutional area 
may seem foreign to the cable operator, this may 
actually afford new opportunities to provide ser
vices on a selective basis. There are many advan
tages to the operator, particularly MSO's, in 
entering some portion of the market. 

1) The cable installation and maintenance is 
similar to his present activity. 

2) It offers a means of learning the two-way 
technology in a more controlled environ
ment. 

3) !n some cases, the transmission between 
plants could involve his own cable net
work, or the overlaying of a new link 
which is leased or owned by the customer. 

4) The market is profitable. 

The industrial field will undoubtedly grow 
more rapidly than CATV under present conditions, 
and this may be the time for re-evaluation. 
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NEW COMMUNICATIONS TECHNOLOGY IN NEW TOWN DEVELOPMENT (ROOSEVELT ISLAND) 

Glenn Ralston 

New York City 
Department of City Planning 

One of the numerous new communities 
across the country, Roosevelt Island provides 
5000 New Town units with in New York City, and is 
being developed by the Urban Development Corpor
ation of New York State. This report offers a 
look at how we can begin to shape an integrated 
communications infra-structure based upon CATV 
technology. 

Several examples of existing community 
based video applications are described which 
themselves could be suitably interfaced into 
local service for the Island. Other examples 
are mentioned that could be implemented if the 
resulting community determines that such uses 
would satisfy their programmatic needs. 

Finally and most importantly, unresolved 
issues are highlighted. Perhaps the watchwords 
should be "enact no major constraints." For 
better or worse, this experience has been devel
oped on the expedient principles of "ad hocracy". 
Time wi 11 tell. 

The Roosevelt Is 1 and Development Cor
poration is considering the provision of a 
cable television network with sufficient capa
city for two-way communication, and additionally 
use the system for burglar and fire detection. 
It is contemplated that the system would be us~c 
for cornmL'n i ty mee ti n gs , to communicate between 
the: educational spaces and to provide a link to 
the hospitals from apartments of the handicapped 
and homebound. 

A community i nfomati on and referra 1 cen
ter, composed of an Educational Exchange and a 
Communi cati ens Center is proposed to be 1 ocated 
in the Town Center. It may not be practical to 
deve 1 op a full range of services, p1·ograms and 
offices needed for this number of residents--
18,000--but the Center waul d make direct referra 1 s 
and provide assistance to Island residents, much 
as in the demonstration of community information 
services to be demonstrated under a Federal grant 
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by the Brooklyn Public Library at some 50 dif
ferent neighborhood offices in its service area 

EDUCATIONAL PROGRAM 
The proposals for the community educa

tional system prepared for RIDC in 1970 (foot
note 1) outlined a number of educational pro
grams situated in a locationally dispersed but 
functionally integrated system that would re
quire a high level of communications interac
tion, that potentially offers a formulation of 
standards for adoption by other new communities 
These programs, which would be adm·inistered 
under the auspices of School Board District #2, 
are largely structured to respond to the grow
ing educational needs of one-third of the popu
lation who are non-adult (6000). 

Since the idea of joint occupancy by ed
ucational and residential space has been pion -
eered by the Board of Education and the Educa
tional Constructional Fund, with scattered 
sites woven into the residential component, in
tercommunications among educational spaces has 
become more important. On the Island, educa
tional sites will be further dispersed among 
the residential and other functional locations 
within the community (figure A). Perhaps fif
teen different locations will provide educa
tional spaces, including the hospitals, libra
ry, police/fire station, theatres, stores and 
elsewhere. Certainly the cultural locations 
will be prime resources. The main educational 
facilities for older children in particular wi~ 
be in seven major centers, each organized a
round a central concept, such as the arts, 
communications, economics and work, science 
and technology, behavioral science, environ
ment and planning, and recreation. Two cen
ters for high school programs will accomodate 
a Vis ua 1 and Performing Arts program, and a 
Physical Science and Technology program. The 
former will include curricula in both the fine 
arts of dancing, music, drama, and film, but 
will also provide instruction and participation 
in the applied arts of the media, including 
film, television and video, audio, and gra
phics design. The Physical Science and Tech
nology Center will share spaces for laboratory 
and studio use in electronics and te lecommu-
ni cati ens. 



C0t+1UNITY CENTER 
As proposed by this educational report, 

the nerve center for a sophisticated organism 
such as the community education system, must be 
the Communications Center, Unless communications 
between facilities and people are almost instan
taneous, direct and accessible to all of the par
ticipants, the system will falter. In addition, 
the Education Exchange is to be a bank of infor
mation about the community which is available to 
all Island residents, and ideally would be a com
puterized information and learning system tying 
the entire school system and the community toge
ther through the common cable television and com
puter terminal network encompassing all of the 
Island and any of the residents who wish to par~ 
ticipate, The CAlV network distributes the edu
cational "supermarket" of ideas and information 
among a cadre of ins pi red administrators, teach
ers and facilitators who--hopefully--will help 
make things happen for the participants. 

The institutionalization of this function 
needs further definition if it is ever to take 
shape in the life of Roosevelt Island. But 
Robert Bartz finds that the technology of a "Com
munity Exchange" (footnote 2) is easy to des
cribe: "It links the individual, at a neighbor
hood center or even in the home, with public ag
encies and organizations which offer services, in
cluding information; it links him with sources 
of educational/entertainment/cultural programs, 
either live or upon request; and it links him or 
his interest group with other parties concerned 
with public matters (here the dialogue element 
becomes all-important. The links are quite ge
nerally two-way--that is one can send as well as 
receive. They are normally both visual and audio, 
and they are normally instantaneous. Overall this 
technology is well advanced, and it is also, for 
many applications close to economical. There 
are technical challenges which remain, but they 
are largely of only long-term significance. 

"Community Exchanges can originate with a 
library, museums of the modern variety, and in 
other ways. These origins might or might not 
lead in particular situations to a specifically 
incorporated entity to manage the faci 1 ity and 
its operation. The Community Exch.ange can be 
small and informal, or large and structured, Em
phasis will vary widely. The economic, the train
ing, and the health requirements of a typical com
munity consisting largely of retired people are 
utterly different from the requirements of a 
young community which is heavily minority, and of 
very low income. Any one Community Exchange will 
reflect such differences in its genesis and growth; 
it must itself be an expression of the felt and 
perceived needs of the citizen. El Segundo, 
California will be unlike D:~llas, which will be 
unlike Boston; there's a different and interest
ing story behind each of these cOJnnunities for 
its promise as a setting fora Community Exchange." 

WI ,.._ -_,. 

A 
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CONSTRUCTION STANDARDS 
The HUD environmental statement (foot

note 3) reports that "the present Island tele
phone facilities are supplied ~Y cable from 
Manhattan and reach the Island through conduits 
under the deck of the Queensborough Bridge in 
much the same manner as the electric power 
lines. The cables enter conduit risers at
tached to the west tower of the Bridge, which 
are routed into manholes at the base of the 
tower. The cables then run north and south to 
the extremities of the Island in conventional 
12 duct terracotta conduit banks running under 
the westside of the Island. Fire alarm and 
other circuits are carried in cables in adja
cent ducts in the same bank. Most of the pre
sent facilities will be removed, 

"The proposed new system will consist of 
12 duct conduit banks running under the new 
streets. The 4" ducts will be plastered and 
encased in concrete and placed on a reenforced 
concrete base to preserve alignment. Service 
ducts into building parcels will generally be 
4" steel pipe. The duct system as presently 
designed will be capable of accomodating ade
quate police call and fire alarm systems over 
the entire Island and available for t~e Ster
ling franchisee to install a cable television 
system." 

Subsequently, a statement of detai 1 ed reconmen
dations was prepared by the telecommunications 
consulting firm of Malarkey, Taylor & Assoc 
(footnote 4). These recommendations centered 
around the principle of anticipating the real 
immediate and future communications needs, and 
of originally providing within the buildings 
themselves, sufficient horizontal and vertical 
ductwork to s i gni fi cantly minimize the incre
mental costs of enlarging capacity. 

The substantive position of the report 
states: "The most important points, by far, 
are to provide adequate riser space to accom
modate any conceivable future communications 
requirements. Riser space includes floor 
sleeves or installed conduit of adequate size, 
and the enclosed spaces should be designed to 
permit only authorized access to pull-boxes. 
We cannot overstate the importance of provid
ing adequate floor sleeves and riser space to 
avoid the future necessity for breaking holes 
in concrete floors, or opening and repairing 
finished walls. The cost of unused riser space 
has to be so small compared to the cost of pro
viding for it after the building is completed 
and occupied, that there can be no sound reason 
for not providing for any conceivable future 
communications ri:;er requirement. 

"We recommend that serious considera
tion be given to providing floor sleeves in ad
dition to the minimum required, so that 
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additional duct could be installed for unantici
pated future needs. Nearly equal in importance 
is adequate horizontal wire-way for coi1111unications 
interconnection between buildings, and between 
each b ui 1 ding and the fmpi re City duct sys te:n 
throughout Welfare Island and Manhattan. Although 
4" interconnecting duct may seem excessive, re
peated painful and costly experience indicates a 
high probability that its utility and value will 
be gratefully acknowledged in the future. It is 
so much less costly to install such ducts in new 
construction than to break holes in walls and ex
cavate streets when the need arises, that failure 
to p;·ovide adequately for interconnection now must 
be considered imprudent, at best. Overproviding 
is far less costly than underproviding. 

"We suggest that careful consideration be 
given to the probably future need for additional 
outlets within each apartment. At least 20% of 
all CATV subscribers now have two or more TV out-
1 e ts per dwelling unit, merely for family conven
ience in viewing TV. When the predicted broad
band communications services become available, we 
can certainly anticipate a demand for interactive 
terminals requiring additional outlets in the kit
chen, den, student's room, etc. The demand is too 
ephemeral at this time to warrant additional out-
1 ets i ni ti ally. But we strongly advise that a 
suitable plan be developed by which additional 
outlets can be reasonably installed in the future 
at most any location in the apartment." 

Additional MT&A recommendatio'ns: 
aa) basement connection pane 1 s. 
a) one cable per riser for MATV. 
b) one separate cable for each apartment for CATV. 
c) suggested duplicate of the CATV system for 

strictly local, Roosevelt Island communication, 
allowing for future expansion. 

d) up to six cables for each school or day care 
center--to provide for possible instructional 
uses of television, including camera origina
tion in classrooms. 

e) stores and office spaces should have the same 
facilities as apartments, since commercial ap
plications of broadband communications may 
develop more rapidly than residential applica
tions. 

By closely scrutinizing and largely adopt
; ng these basic recommendations, the Roosevelt 
Island community will be able to keep pace with 
the rapidly developing telecommunications compo
nent of our society. 

UNIVERSAL CATV WIRE-UP 
However, the franchise operator, Sterling 

Manhattan, and the Roosevelt Island Development 
Corporation have not been able to negotiate an 
agreement for wiring the subscribing CATV apart
ments. RIDC wishes to provide a master antenna 
system (MATV) for all its residents within duct
work provided in the original construction. 
Sterling would rather utilize exterior cabling 



that can be more easily maintained and policed 
for nonpaying taps. However, if the MATV sys
tem is provided, the economic inducement for 
subscribing to the Sterling CATV is greatly di
minished. If on the other hand, Sterling were 
to agree to RIDC's proposed monthly contract 
rate of $3.50 per apartment ($17 ,500 for all 
5000 units), it would monetarily correspond to 
an effective 58% penetration rate--which is 
much higher than their market success at pres
ent, with less cost and maintenance for inter
nally constructed ductwork, obviating nonpeying 
taps, and without the severe competition of a 
universally provided MATV connection--and with 
the social utility of achieving universal wire
up for the transporting of all educati anal and 
community video communications to all apart
ments of all income levels. 

APPLICATIONS 

According to our knowledge of today's 
practical applications of cable communication, 
the following examples would have immediate 
applications in Roosevelt Island's cable commu
nications system: 

TEL EM ED !CAL 
Mt Sinai Hospital has been operating a 

two-way fully interactive video te 1 emedi ca 1 
consultation service with the Wagner Pediatric 
Clinic in East Harlem (figure B, footnote 5) 
serving 1300 children with medical consultation 
with pediatric specialists at Mt Sinai, assist
ed by staff nurses at the Clinic. It is impor
tant to note that this access to medical spec
ialization is delivering a health care service 
that would not otherwise be available to chil
dren at the Clinic, This is one of the half 
dozen or so operating systems in the US which 
provide both the patient and the doctor with a 
fu-ly interactive, social consultation rela
tionship. While the service occupies two chan
nels of a separate dedicated cable installed 
for this purpose by Te 1 ePrompTer when their re
gular cable television net was installed, it is 
used in the typical closed-circuit fashion as 
separate trunk line uninterrupted by subscriber 
taps. This dual trunk feature is implicit in 
most institutional network capability as a mul
tiple trunk cable shadow net (MT&A recommends 
six trunks for Roosevelt Island educational 
uses). Undoubtedly the present coordination of 
the planning of educational, cultural resource~ 
medical, and other institutions who mey share 
their use of various telecommunications modes 
will have an effect on future delivery of ser
vices and their costs . 

A utilization similar to the aforemen
tioned Mt Sinai telemedical link is being pro
posed for another nearby area by the Northwest 
Queens Task Force for Health Services which 
waul d use a two-way video 1 ink between the As
toria Health Station and Elmhurst City Hospital 
as a demonstration for savings in time and cost 

on providing effective response to emergency med
ical needs, The Task Force reports (footnote 6) 
that: " ••• The manner in which emergency anbu-
1 ances are used affects their ability to provide 
prompt 1 i fe saving service to people in need of 
emergency care. • .. By freeing non urgent cases 
from the need to use emergency services,-the em
ergency medical services can then respond to em
ergent cases more rapidly. .. • We propose to de
monstrate that effective quality health and med
ical care can be rendered by physician assistants 
and nurse practitioners i~ a communit~-based ~n
vironment with proper med1cal support1ve serv1ces 
via telecommunications 1 inks. • .. Moreover, as 
more experience is gained from this.project, in
formation on cost and performance w1ll serve to 
develop guidelines for establishing other mini
telemedical centers in New York City and other 
urban communities." 

This demonstration would utilize a moder
ately inexpensive directional microwave link pre
pared for that purpose between the two faci.li.ties. 
A more elaborate, shared utilization might become 
more economical if several institutions that would 
be passed by an alternative cable link (fi~ure.C) 
were to coordinate their mutual telecommun1cat1ons 
needs. It is noteworthy that one such maj~r i~
stitution LaGuardia Community College (wh1ch 1s 
developing a health/media program) is preparing 
an architectural study (footnote 7) of the for
mer Arrry Pictorial Studio under a grant by ~he 
Educational Facilities Laboratory to determ1ne 
the feasibility of renovation of this s~gnifi~ant 
studio complex for multi-use purposes, 1nclud1~g 
community media and CATV, by the College. It 1s 
also noteworthy that Mt Sinai Hospi.tal is. tb.e 
back-up teaching hospital for Elmhurst City Hos
pital, and comprises the Mt Sinai School of ~ed
icine of the City University, and thus a log1cal 
CUMBIN (City University Mutual Benefit Instruc
tional Network--an interactive television network; 
reference 8) participant along with LaGuardia. 

1-UMANISTIC USES 
The two municipal affiliated hospitals to 

remain on Roosevelt Island, Coler and Goldwater, 
with their community of 2000 immobile residents 
with chronic disabilities, present a striking 
challenge to any thoughtful utilization of the 
enormous potential capacities of hroadb~nd commu
nications. Specialized health. programr01ng and 
uses suitable for wide cable distribution include 
channels with sign language and subtitles for 
the deaf, multiple audio channels of ~alking
book service for the blind, two-way v1deo cor
respondence for the confined, and hospital ~ife
support monitoring systems for separate reslden-
ti a 1 quarters. . 

A surprising and reward1ng result of the 
Overland Park Kansas experiment of two-way inter
active video between homebound children and their 
school class was the emotional stimulation and 
motivational reenforcement shared between the 
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children. Thus, it is clear that the opportuni
ty to significantly improve the quality of life 
through the leverage of greatly enhanced commu
nications for irmnobile residents should not be 
foregone without an intensive assessment of the 
means for implementing such programs via the 
cable communications system of Roosevelt Island 

OFFICE. VIDEO COI'lFERENCING 
Advanced applications of video conferen

cing have been demonstrated by the Joint Unit · 
for Planning Research in London (British Post 
Office ~pons ored} , by the New Rura 1 Society in 
Connect1cut (HIJD sponsored}, and are being op
erated by the Metropolitan Regional Council in 
t~e N~ York tri-state area (NSF sponsored; 
f1gure D;.footnote 9}. For $14,000 per loca
tion, a s1multaneous two-way audio/video tele
conferencing can be established between the 200 
employees of the Urban Development Corporation 
central offices, if they move to Roosevelt Is
l~nd a~ planned, and their several regional of
flees 1n ~e New York 'lletr?politan area through 
the establ1shed and operat1ng microwave network 
of the Metropolitan Regional Council. This 
network provides interconnected video confer
enci n~ am?ng some 20-30 of the 600 governmental 
agenc1es 1n the NY/NJ/CT tri-state area. 

For the forseeable future, MRC would be 
able to confirm the avail ability of at least 
one to possibly several hours per day for UDC 
internal video conferencing use. The normal 
switching capabilities of the "1RC operating 
would provide the flexibility of Regional to 
& fro~ Ce~tral, Regional to & from Regional, 
and llk~1~e between participating 'IIRC cities. 
A future l1nk with Albany has been considered 
providing UDC with potential access to its ad~ 
ditional branch offices. With more elaboratio~ 
and utilizing cable links, this operation could 
serve as a prototypical demonstration of a 
switched governmental communications channel 
among central offices, Borough headquarters 
and satellite departments. Each additional' 
microwave location would be another $14 000 for 
two b/w monitors, two cameras and one mixing 
console. No additional cost is necessary if 
the office is within line-of-sight of the World 
Trade Center (MRC} facility. Origination and 
terminal equipment can be user operated. 

DELIVERY OF CULTURAL RESOURCES 
The New York State Education 5epartment 

has proposed a $338,500 demonstration of on-de
mand cultural resource video programming be
tween the Metropolitan Museum of Art and School 
B?ard District #2 (footnote 10} that would pro
Vlde 10 wired origination galleries at the Met 
with connections to 10 classrooms in separate 
schools with video reception and audio feed
back. Color origination capability for any 
particular location, including other participa
ting institutions, would start at $15,000, 

including all ancillary hardware. Classrooms 
would use an ordinary color TV receiver a cable 
system connection and some audio feedba~k feature. 
A dedicated cable connection with 10+ channel 
capacity might run to an additional $100,000 at 
most, and serve a half dozen schools in the Met's 
vicinity, as well as extend to the new c0fll11unity 
school facilities on Roosevelt Island (figure E). 

In addition, Lincoln Center, in close prox
imity to the Sterling cable system headend, has 
an education program in the performing arts of 
music, dance, opera, film and drama supported by 
the Board of Education which reaches llO ,000 
students in schools annually and hosts another 
30,000 at the Center. Their Workshop intensive
ly works with an additional 270 students. Through 
the reach of cable video and utilizing audio feed
back participation, the feasibility of serving 
additional remote workshops on the Island could 
be explored. 

The efficiency of reaching many remote sites 
with their larger groups--containing more poten
tial users--is clear. Perhaps of even greater re
levance, exploratory considerations undertaken by 
NYS Commission on Cultural Resources indicate 
that the implications for economically enriching 
the lives of isolated individuals in hospitals 
(2000 on Roosevelt}, prisons, and the homebound 
sick and elderly are obvious. However, the plan
ning for trunk networking that would allow these 
user institutions to economically share headend 
access as well as provide additional capacity for 
intercormnunication of resources among themselves 
is an important issue that is not currently being 
addressed. Even so, quite an array of private 
and public funding sources are active in this 
area of technology assessment, and the modest a
mounts of funds necessary are available, or are 
within marginal limits of conventional City bud
getary considerations. 

C0t+1UNITY EXCHANGE 
A Community EXchange can be shaped around 

various components, such as an "Everything for 
Everybody" register, or the Island's own indige
ious form of TICCIT, being used in Reston, and a 
CUIC: Citizens' Urban Information Center format 
such as being demonstrated by the Brooklyn Pub
lic Library under a Federal grant (footnote 11}, 
and by the emerging national informations net
works of NTIS, ERIC, Pandex, PLATO IV and the 
NY Times--wherein the 1 ibrary compone~t serves as 
the institutional agent for access to the infor
mation system and then economically redistributes 
the responses over its own cable channels, each 
with one video or 120 audio or 1000 digital dis
play channel capacity, into the school or commu
nity facility or residence requesting them. 

Brigitte Kenney of the Drexel University 
School of Library Science comments that the role 
of the 1 ibrary can become that of a community 
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infonnation catalyst by asswning a back-up 
function, an in-depth infonnation service for 
other groups and agencies, which only the 1 i b
rary can provide. " ••• The inevitable new 
structure can be envisioned as a series of spe
cialized networks, each staffed by information 
mediators who know where answers to questions 
may be found and who can fonnul ate both. It is 
a people oriented and people operated series of 
networks: telecommunications 1 inks, computers, 
and a vareity of tenninals, including the home 
television set connected by cable to the net
work, are used to speed up the infonnation de-
11 very process and to send the information whee 
1t is needed--directly without passing through 
various levels of hierarchy. When this kind of 
information service develops, society might 
well feel the considerable impact of it. In
fonnation is power, and in our age of informa
tion overload, information must be effectively 
available to the people." 

D 
~RC-Tv 
nteractive Microwave Television Network 

Stage One: Ten Sites 

LEARNING SYSTEM 
A learning system (footnote 12} present

ly being considered by another School District 
involves the use of 96 audio channels to be 
used by a language arts diagnostic center to 
screen 400 students at a time of the 26,000 in 
the District. It would be the first building 
block of a centralized instructional distribu
tion system of supportive services for that 
School District's particular educational pro
gram, and which facilitates individualized re
view and evaluation of a student's perfonnance. 
With the assistance of parallel programmed 
texts, this propietary system is intended to be 
particularly useful in detennining the level of 
bi-lingual or non-readers. 

The 96 audo channels are digitally mul
tiplexed and modulated for a standard 6MHz 
video channel that can be carried over a 
school's internal ~ATV, and between schools ov
er a properly dedicated channel of the CATV. 
Each of the 96 diagnostic program channels can 
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be selectively accessed by any remote tenninal 
provided with a switch and earphones, 

REMOTE WORK-STUDY 
LaGuardia CommunHy College, in adjacent 

Long Island City, will resubmit a grand appli
cation for telecommunications research (foot
note 13), which seeks to evolve a model where
by community colleges with work-study p;ograms 
can participate in a consortia of educational 
institutions, coornunity agencies, business and 
i~dustry in applying telecommunications capabi
h ty for a mutual exchange of infonnation and 
resources, and deliver instruction and train
ing for supportive and technical jobs where 
skilled people are in short supply, There
search aims at development of a cooperative ed
ucational and human resources policy system-
which is specifically addressed to the needs of 
urban ethnic, minority and special groups; it 
should also be applicable to instructional sys
tems generally. 
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CUMBIN: F 
City University Mutual 
Benefit Instruction a 1 etwork 

This model, taking advantage of the unique 
opportunities offered through LaGuardia's cooper
ative educational work-study program set in an 
industrial urban community, can result in appli
cations which improve the imperfect 1 i nkage among 
the college's outreach to learners, feeder schools, 
families and employers; give the learners realis
tic preparation and experience for the job market; 
and facilitate training and placement services with 
feedback on the quality of work and training in 
progress, with the expectation that students 
learn more, become more career effective and be 
better integrated into the workworld. Th.e model 
would build on alternative media approaches, with 
assessment of advantages and tradeoffs. It would 
design demonstration experiments between the Col
lege and cooperating organizations, using tele
commun·ications channels now feasible in Northwest 
Queens (and Roosevelt Island), to test the objec
tives and to develop RFP guidelines in anticipa
tion of 1977 broadband cable television avail abi-
1 ity i n the Northwest Queens a rea of service . 
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PROPOSED: 
HOSPITAL SCHOOLS 
TELEVISION NETWORK 

Parenthetically, a dedicated cable or direc
tional microwave linkage between Hunter College 
and Roosevelt Island and LaGuardia College 
would give ~a-way access (with a new link from 
Hunterl to the City University 1s interactive 
video ne~ork (CUMBIN; figure F} at all three 
locations. 

ISSUES 

Generally, tl1 educational esta5lishment 
of Roosevelt Island, characterized by its scat
tered sites, can measurably benefit from the 
television feeds and the telecommunications 
paths for interchange, sharing, and utilization 
of mutually generated resources. By full uti
lization of these electronic pathways within 
the cable television system, the Community Ex
change will, in large measure, be transported 
into every apartment and facility in the commu
nity, providing a new social plasma that will 
become more prevalent in our evolving society, 

Specifically, in telecommunications 
planning there appear to be three fundamentals 
to be ascertained: capacity, format (media 
mix) and networking. However, more specifical
ly, at the present state of considerations, the 
local Island issues of desired capacity for ed
ucational programmatic needs, provision of 
ductwork in the original construction, and uni
versal CATV wireup are not sufficiently resol
ved to insure full real1zation of potential 
communication benefits. 

Moreover, these items serve to further 
illustrate several of the generic issues in the 
City of the social benefit and economic con
siderations of universal wire-up in housing 
projects, and adoption of ductwork standards by 
HDA for new construction and renovation, and 
desired additional neighborhood cable capacity 
based upon local educational programmatic need~ 

In addition, the issues of interfacing 
CUMBIN and other resources with the CATV met
works will include the configuration of multi
ple trunk shadow networking, patterns of shared 
utilization with other institutions, quasi-pub
lic ownership and lease-back alternatives, cap
; ta 1 budget rea 11 ocat ions , and revised 1 oc a
tional considerations. 

FOOTNOTES: 

1) A COMMUNITY EDUCATION SYSTEM FOR "WELFARE 
ISLAND," General Learning Corporation,l970. 

2) COMMUNITY EXCHANGE, Robert Bartz, Urban 
Te leaomrrruniaations Po rum, March 19 7 3. 

3) DRAFT ENVIRONMENTAL STATEMENT OF PROPOSED 
NEW COMMUNITY OF "WELFARE ISLAND," Depart
ment of Housing and Urban Development, 1972 

4) "WELFARE ISLAND" BROADBAtiJ COMMUNICATIONS 
REPORT AND RECOMMENDATION, Ma 1 arkey, Tay

lor & Associates, 1972. 
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5} PED IA1R ICS CARE VIA CATV, Ecillard Waller
stein et al, EducxxtionaZ & Indust:t'ia.Z Tete
vision, July 1973. 

6} AN ALTERNATIVE TO URBAN EMERGENCY MEDICAL 
CARE, Northwest Queens Task Force for Health 
Services, 1973. 

7) ARCHITECTURAL FEASIBILITY OF MULTI-USE OF 
ARMY PICTORIAL STUDIO BY LAGUARDIA COMMUNITY 
COLLEGE, Mayers & Schiff, 1973. 

8} CUMBIN: CITY UNIVERSITY MUTIJAL BENEFIT IN-
STRUCTIONAL NETWORK, Spencer Freund, CUNY, 
1972. 

9} COr+IUNICATION AND GOVERNMENT: A REGIONAL RE
PORT, Rand Corporation for th.e Metropolitan 
Regional Council, 1972. 

10) ELECTRONIC SCHOOL-MUSEUM RESOURCES LINK, 
Vivienne Anderson, NYS Education Department, 
1972. 

11} CUIC: CITIZENS' URBAN INFORMATION CENTER, 
Brooklyn Public Library, 1972. 

12) EDUCATIONAL PROGRAr+l ING ON CABLE TV, Broad
east Management/Engineering, October 1972, 

13) A TELECCMMUNICA TIONS POLICY MOO EL FOR COMMU
NITY WORK-STIJDY LEARNING SYSTEMS, Hugh C. 
Oppenheimer, LaGuardia Community College, 
1973. 
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PHASE PHIDDLING 

I. Switzer 
Switzer Engineering Services Limited 

5840 Indian Line 
Mississauga, Ontario, Canada L4V lG2 

HISTORICAL 

The system of harmonically related carriers 
(HRC) used on the St. Catharines system is based 
on studies begun in early 1970. A paper presented 
at the June, 1970 convention of the National Cable 
Television Association, in Chicago, reported on 
applications of phase lock loop (PLL) technology 
in cable television. Maclean-Hunter had success
fully used PLL techniques to overcome some "direct 
pick-up" problems in CATV systems. The paper 
reported these results and speculated on further 
applications of PLL in CATV. One of the applica
tions considered was the third order intermodula
tion problem (triple beat) in CATV systems. The 
paper suggested that PLL techniques could be used 
to generate carrier systems with uniform spacings. 
Third order intermodulation products would then 
be "zero beat" and their visibility would be 
significantly reduced, Not much was known about 
the problem at the time and the speculative 
discussion in the 1970 paper erred on the con
servative side in assessing the importance of third 
order intermodulation in CATV systems. Third order 
intermodulation has since been shown to be more 
important in CATV system picture degradation than 
was suspected in the 1970 paper. 

By the summer of 1971 these concepts had been 
developed at Maclean-Hunter into a more comprehen
sive system. The importance of third order inter
modulation was now more widely and better under
stood, A paper making firm proposals for coherent 
carrier systems for CATV was prepared and read to 
the IEEE Broadcast Group Symposium at Washington, 
D. C. in September of 1971. This paper proposed 
coherent carrier systems and concluded with a 
recommendation for a "Complete System" using 
harmonically related carriers, This paper, 
although read to the Washington symposium, was not 
published and was considered the draft for a more 
detailed paper which was presented to the National 
Cable Television Association at their May, 1971, 
convention in Chicago. At this time there was 
still no practical experience with coherent systems. 

The company was first able to experiment with a 
set of harmonically related carriers in the Fall of 
1972. A twenty channel set of HRC modulators had 
been built for use as the ''base band" in an 
experimental wide band, multi-channel microwave 
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system. Carriers ranged from 6 MHz to 120 MHz. 
Laboratory tests with this set of TV carriers 
confirmed expectations with respect to suppression 
of visibility of intermodulation beats but raised 
some questions about the amount of cross modulation 
in an HRC system. This led to the writing of an 
unpublished paper "SUPERPOSITION OF COHERENT 
CARRIERS" in the fall of 1972. This paper suggested 
that prudent control of the relative phase of 
coherent carriers at the head end would result in 
reduction of overall distortion in a broad band 
CATV system. The harmonically related carriers 
were considered as the solution of a Fourier 
analysis problem. The repetitive waveform 
resulting from the superposition of these harmoni
cally related carriers could have high peak-to-peak 
excursions of amplitude or the peak-to-peak 
amplitude could be reduced even though the RMS 
value of the composite repetitive waveform remained 
constant. 

An attempt was made to obtain an analytical 
expression for optimum phase relationships for 
minimum peak-to-peak amplitude. Assistance was 
obtained from mathematicians at Rand Corporation. 
No analytical solution could be found. Literature 
searches subsequently confirmed the probability 
that analytical expressions were probably too 
difficult. One of the Rand computers was pro
grammed to explore optimum phase relationships and 
some usefull tabulations were obtained. 

At this time Maclean-Hunter had formed a 
partnership with California interests to establish 
a company to design and manufacture equipment for 
CATV "head-end" application. Both conventional and 
"coherent" type products were developed and 
marketed. 

By September 1973 about twelve HRC systems 
had been built and installed in CATV systems in the 
United States. These installations were made to 
facilitate PAY-TV experiments which needed mid-band 
transmission capacity in CATV systems which had 
excessive second order distortion. Use of HRC 
head-ends enabled use of mid-band channels without 
time consuming and costly system amplifier replace
ment. Maclean-Hunter felt that an experiment under 
Canadian conditions and control was desirable and 



consequently installed an HRC system at St. 
Catharines, Ontario, beginning HRC operation on 
August 28th, 1973. 

This paper reports experience with the St. 
Catharines system. 

EXPERIENCE 

The St. Catharines system at this time is 
carrying twenty television channels and two 
pilot carriers (Table 1). 

TABLE 1 

Channel 

2 
3 
4 
PILOT 
5 
6 
A 
B 
c 
D 
E 
F 
G 
H 
7 
8 
9 
10 
11 
12 
13 
PILOT 

FIGURE I Spectrum Analyzer Display 

Head-End 20MHz/div BW 300 KHz 

Visual Carrier 
MHz 

54.000 
60.000 
66.000 
72.000 
78.000 
84.000 

120.000 
126.000 
132.000 
138.000 
144.000 
150.000 
156.000 
162.000 
174.000 
180.000 
186.000 
192.000 
198.000 
204.000 
210.000 
240.000 

+ FH radio carriers 

The visual carriers and pilot carriers are 
derived by phase-locking to the selected component 
of a harmonic comb generated by a 6 MHz pulse 
generator. The pulse generator is driven by a 
crystal controlled oscillator. 

FIGURE 2 

6 MHz pulse displayed on HP-183 oscilloscope 
with 250 MHz vertical amplifier 

.02 usec/div 0.1 volts/div 

Harmonic 
(N) 

9 
10 
11 
12 
13 
14 
20 
21 
22 
23 
24 
25 
26 
27 
29 
30 
31 
32 
33 
34 
35 
40 

Nominal Deviation 
from Broadcast Freq. 

1.25 MHz 
1.25 
1.25 

+ . 75 
+ . 75 

1. 25 
1.25 
1.25 
1. 25 
1.25 
1. 25 
1. 25 
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FIGURE 3 

Spectrum of 6MHz pulse 50 MHz/div BW 100KHz 
level ref + 42 dbmv 

The "coherency" of the carriers can be observed 
by displaying the "synchronizer pulse", i.e. the 
controlling 6MHz pulse and individual system 
carriers on a suitable dual channel, high frequency 
oscilloscope. The following photographs taken on 
an H-P 183 oscilloscope with dual 250MHz vertical 
channels compare individual carriers with the 
synchronizing pulse. All displays were triggered 
by the 6MHz synchronizing pulse. 

FIGURE 4 

HRC Channel 2 .02 usec/div 
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FIGURE 5 

HRC Channel 3 

FIGURE 6 

.02 usec/div 

HRC Channel 4 0,02 usec/div 

As expected, the display of HRC channel 2 
shows nine complete cycles of RF carrier in each 
synchronizing pulse period. Channel 3 carrier 
shows 10 complete carrier cycles. Similarly 
channels 4, 72MHz pilot and channel F showN 
complete carrier cycles, N being the channel 
harmonic number. Amplitude "jitter" in the carrier 
traces is due to the amplitude modulation on the 
carriers. 



FIGURE 7 

HRC Pilot 72 MHz 0.02 usec/div 

FIGURE 8 

HRC Channel F 0.02 usec/div 

Figures 9, 10 and 11 show the composite output 
of the head end as observed at the head end test 
point, including all twenty picture channels, two 
pilot carriers (coherent) and a number (approx
imately fifteen) FM radio channels. Figure 9 
shows a nearly optimum phase relationship between 
visual carriers. "Peaks" and "valleys" seem 
evenly distributed within the period of the 6MHz 
synchronizing pulse. Figures 10 and 11 show less 
optimum phase relationships between carriers. 
A more detailed discussion of experiments with 
the relative phase of carriers will be found later 
in this report. 

PROBLEMS 

FIGURE 9 

0.02 usec/div 

FIGURE 10 

0.02 usec/div 

The major problem that was anticipated was 
that of expecting receivers to tune the new HRC 
channels without the use of set-top converters. 
It was, of course, expected that set-top converters 
would be used to tune the supplemental channels. 
Table 1 lists the carrier frequencies used. Most 
broadcast channels were shifted a nominal 1.25MHz 
lower. Channels 5 and 6 were shifted 0.75 MHz 
high. 
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FIGURE 11 

0.02 usec/div 

Experience in American systems that had 
converted to HRC indicated that about 20% of 
subscribers would be unable to readjust their own 
fine tuners and would require assistance from the 
cable company. American experience also indicated 
that only about 1% of all receivers would lack 
sufficient fine tuning range to accomodate the 
new carriers. The changes were extensively 
advertised in the newspapers and in a special 
mailing to all subscribers with detailed explana
tions on the fine tuner changes required. A video
tape showing a typical tuner arrangement was shown 
frequently on the community service channel 
(channel 8) on cable. 

Switch-over to HRC channels on August 28th, 
1973, still required a very large number of service 
calls. Additional staff had been brought in from 
other CATV systems and staff worked overtime to 
make service calls to help subscribers readjust 
their fine tuners. Set-top converters were 
provided on a loan basis for those subscribers 
whose receivers would not retune to the new 
channels. Most receivers had sufficient fine 
tuning range. Some receivers required adjustment 
of fine tuner range with a tuning tool through the 
front of the receiver. A very small number (less 
than 100) of receivers were readjusted in this way. 
It should be borne in mind that the St. Catharines 
system has about 14,000 subscribers. 

The direct-pick-up problem was seriously 
underestimated. Some problem had been anticipated 
since St. Catharines is only about 30 miles from 
a maximum parameter station on channel 11+. This 
proximity had caused some marginal direct pick-up 
problems with conventional operation but the 
situation had not been considered serious. With 
HRC operation the direct pick-up was no longer 
coherent but was 1.26MHz into the HRC channel, i.e. 
1.260MHz above the HRC-11 carrier. We have since 
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determined that this beat has a threshold about 
15 db less favourable than the coherent beat 
(worst case). After most subscribers receivers 
had been retuned for HRC channels the direct pick
up problem remained the most serious problem, A 
very few receivers, particularly succeptible to 
direct pick-up, showed some direct pick-up beat 
on other channels as well, notably on channels 7 
and 9, both about 40 - 45 miles distant, This 
number was very small and has not been considered 
significant at all. 

The initial approach to the direct pick-up 
problem on channel 11 has been to "unlock" HRC 
channel 11 and shift it slightly to take advantage 
of the "interlace" provided by "channel offset". 
The visibility of the direct pick-up beat was 
reduced about 10 db my moving HRC-11 so that the 
pick-up beat fell halfway between H sidebands. 
The 1.260MHz beat falls just above the 80th H 
sideband of the HRC-11 carrier. The HRC carrier 
was shifted slightly downward so that the beat 
fell halfway between the 80th and 81st H sidebands. 
This required a shift of about 6.6KHz. The 
adjustment was made visually for minimum visibil
ity of beat. At first this was not completely 
effective since there was considerable direct 
leakage of channel 11 into the cable system. 
Sources of leakage were found and corrected and 
this leakage has been held to a minimum. Figure 
12 shows the extent of this leakage and shows 
the offset of HRC-11. 

FIGURE 12 

Leakage of channel 11 into system SKHz/div BW 
300Hz video filter 10Hz level reference HRC-11 
carrier 

This spectrum analyzer photograph was taken at 
the cable system office. The offset is only 
approximate due to drift of the "unlocked" HRC-11 
carrier. The leakage into the system at this 
point is about 54 db below desired carrier level. 
HRC-11 frequency was subsequently adjusted to 
more optimum "mid-point". 



The "unlocked" operation of HRC-11 causes a 
few undesired beats in the system. Figure 13 
shows HRC-4 observed at the same location showing 
beats due to the HRC-11 offset. These beats 
disappear when HRC-11 is locked to the synchro
nizing comb. 

FIGURE 13 

HRC-4 showing beats from "unlocked" HRC-11 
SKHz/div BW 300Hz video filter 10Hz 

At the time of the installation of the St. 
Catharines HRC system we had devised a solution 
for the direct pick-up problem from channel 11 
which involved locking the system to the channel 
11 transmitter. It was not possible to get the 
necessary equipment designed and constructed in 
time for the St. Catharines test and the risk of 
direct pick-up had to be accepted. 

A system for relieving this direct pick-up 
problem has been devised and is being engineered 
and constructed for installation in St. Catharines 
within the next few months: -

Limited PLL lock-in range does not allow 
shifting the synchronizing pulse frequency to 
cause the direct pick-up beat to fall midway 
between H scan lines. A special phase-lock loop 
is being built to cause the beat to fall midway 
between V scan lines, as follows:-

For colour television the following "standards" 
apply: 

Colour subcarrier 

H = C/455 X 2 

v H/525 X 2 

3.579545 MHz 

15734.26374 Hz 

59.94005 Hz 

Midway between H sidebands would require beat to be: 
80~ H 1. 2666082 MHz 

This requires a shift of about 6KHz in HRC 
carriers and would require new VCXO's in all 
signal processors. The nearest beat frequency 
which falls halfway between V sidebands is: 

80 H + 21W 1. 26002981 MHz 

This requires only a 30Hz shift and will not 
affect the present VCXO's. A phase lock loop will 
control the 6MHz synchronizing oscillator so that 
the beat between HRC-11 and the broadcast channel 
11+ will always be 1.26002981MHz with a tolerance 
of+- O.lHz. Effectiveness depends on the 
stability of the colour synchronizing generator 
at the channel 11 broadcast station but this is 
considered to be a good quality generator. The 
channel 11 transmitter has been observed, however, 
to drift +- 40Hz within a period of a few minutes. 
This suggests that a precise offset operation 
requires locking our master oscillator so that the 
beat between the two carriers (broadcast 11+ and 
HRC-11) is maintained at a very precise frequency 
relative to the line scanning frequency. It is 
expected that this system will allow coherent 
operation of HRC-11 with minimum direct pick-up 
problems. 

Alternative Technique for Controlling "Direct Pick
Up" at St. Catharines 

The technique we would have preferred to use 
to reduce direct pick-up at St. Catharines would 
be to lock the HRC-11 channel to the local 
broadcast channel 11. The HRC carriers need not 
be harmonics of precisely 6.000000MHz. The 
fundamental frequency may vary somewhat as long 
as the system carriers remain harmonics of the 
fundamental. Variations from 6.000000MHz merely 
affect the spacing between channels, most impor
tantly the spacing between lower adjacent sound 
and the next higher visual carrier. 

In this case it would be helpfull if the 
fundamental frequency was adjusted so that its 
33rd harmonic (HRC-11) co-incided with the local 
broadcast channel 11. In fact the fundamental 
master oscillator would be derived by locking an 
oscillator to the local channel 11 and then 
counting down, digitally, to obtain the master 
fundamental frequency. Since the local channel 
11 is actually channel 11+, nominally 199.260MHz, 
the master oscillator would be 199.260/33 = 
6.038182MHz. This oscillator frequency would be 
floating up and down as the local channel 11+ 
transmitter shifts in frequency around its nominal 
assigned frequency. Table II lists the HRC carrier 
frequencies in this case and their deviations from 
nominal broadcast frequencies. 

Note that the high band channels are quite 
close to nominal broadcast frequencies. Channel 11 
is identical and locked to a local broadcast 
channel. The other high band channels are within 
150KHz of nominal broadcast channels, well within 
fine tuning and AFT ranges on virtually all 
receivers. The low band channels are improved for 
channels 2, 3 and 4, but channel 6 may have more 
problems since it is shifted up in frequency toward 
any FM traps that may be present in the RF stage 
of the receiver tuner. 
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'!:ABLE II 

Channel Visual Carrier 
MHz 

2 54.344 
3 60.382 
4 66.420 
5 78.496 
6 84.535 
A 120.764 
B 126.802 
c 132.840 
D 138.878 
E 144.916 
F 150.955 
G 156.993 
H 163.031 
I 169.069 
7 175.107 
8 181.145 
9 187.184 
10 193.222 
11 199.260 
12 205.298 
13 211.336 
J 217.375 
K 223.413 

etc ........ 

The spacing between lower adjacent sound and 
desired visual carrier becomes 38KHz greater than 
nominal. A broadcast situation might have a -
offset channel adjacent to a + offset and allowing 
for the 1KHz tolerances allowed in visual and 
intercarriers might have this spacing at 23KHz 
greater than nominal 1.500MHz. This 38KHz increase 
is an additional 15KHz. This might reduce the 
effectiveness of adjacent channel traps in some 
receivers. Our experience is that this effect is 
not significant and that this not a practical 
obstacle to implementation of this channeling 
variation. Many cable systems already have 
adjacent channel sould spacings of greater than 
1.523 MHz due to inaccuracies in their carrier 
frequencies on cable. These inaccuracies usually 
occur in UHF channels being converted to VHF 
channels for cable distribution. Local oscilla
tors of 600MHz or so are quite common in UHF to 
VHF conversions and a 30KHz error represents only 
.005% and many of the local oscillators used in 
cable systems do not meet ,005% tolerance. The 
new FCC standards require tighter tolerance but 
the fact is that systems have operated with rather 
slack tolerances for many years, and it may turn 
out that .005% tolerances are difficult to achieve 
in UHF conversions. We deliberately introduced 
a 1.538MHz adjacent spacing into a pair of the 
channels on the Maclean-Hunter Cable system and 
could find no evidence of increase in adjacent 
channel interference problems on these two 
channels during a test period of several months. 
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Harmonic 
(N) 

9 
10 
11 
13 
14 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

Nominal Deviation 
from Broadcast Freq. 

906 KHz 
868 
830 

+ 1246 
+ 1285 

143 
105 
66 
28 
0 

+ 48 
+ 86 

The direct pick-up problem is less serious 
in a system which uses converters on all channels. 
Such a system has no practical problem in tuning 
HRC channels since all the set-top converters we 
have seen can easily be adjusted to HRC channels 
instead of broadcast channels. Such a system 
should also be immune from direct pick-up problems 
and operation on either broadcast or HRC channels 
would require maintenance of a high degree of 
system integrity. In such cases there would seem 
to be little effect on the subscriber from system 
use of HRC channels, and the cable system might 
prefer to use a system based on a precise 6.000MHz 
master oscillator. 

SYSTEM PERFORMANCE 

Rigorous system performance measurements are 
still being made, but some preliminary measurements 
are available. These measurements were made at 
the system office, which is about 2/3 of the way 
along the maximum system extension. The transpor
tation trunk from the head end to the beginning of 
distribution had been replaced with push-pull 
amplifier equipment (20 amplifiers in cascade). 
The remaining route to the office consists of nine 
trunk amplifiers, a bridging amplifier and four 
line extenders, all single ended design. The 
distribution amplifier within the office is push
pull design, conservatively operated. 

Some systems performance measurements made 
on January 25th: (Cable Office, 45 Wright Street) 



Noise: Figure 14 shows system noise as 
observed at the office. Channel 3 was chosen as 
a convenient test channel. The Global TV network 
is distributed on this channel and since its 
programming does not start until late afternoon, 
the standby carrier on this channel could be used 
as a test carrier. 

FIGURE 14 

500 KHz/div BW 100KHz video filter 10Hz 
Standby carrier on Channel 3 showing channel 2 
sound. Double exposure shows spectrum analyzer 
noise level 

Noise measurements were made with the spectrum 
analyzer. The noise bandwidth for the 100KHz IF · 
filter had been measured using Hewlett-Packards 
recommended technique. Correction factor, 
including factor for detector and logarithmic 
display was calculated to be +18 db for the 
particular analyzer used. An IF bandwidth of 
100KHz was used with a video filter of 10Hz 
(10,000 X) to give effective averaging of noise. 
Figure 15 shows the smoothness of noise display 
around the channel 3 standby carrier. Standby 
carrier had been adjusted for same peak carrier 
level as normally modulated carrier. This photo 
indicates carrier/noise ratio of 60 db displayed, 
correcting to 42 db for 4MHz noise bandwidth. 
Similar measurements at other parts of the spectrum 
show C/N ratios of from 44 db near channel 2 to 
about 41 db in mid-band to about 40 db in the 
high band. 

Beats: Control of undesired beats is one of 
the m~eatures of HRC operation. Figures 15 
and 16 show the channel 3 standby carrier and the 
beats at this portion of the spectrum when the 
channel 3 standby carrier is removed from the 
system. 

FIGURE 15 

Channel 3 standby carrier (all channels coherent) 
SKHz/div BW 300Hz video filter 10Hz 
Double exposure showing beats present when carrier 
removed 

FIGURE 16 

As in Figure 15 but showing beats only 
(Channel 3 standby carrier removed) 

The beats in Figures 15 and 16 arise from 
second order and third order causes. Because of 
the coherency of the system all the beats are co
incident and only the resultant sum of all the 
beats is observed. Phase cancellations of beats 
does occur. The observed resultant beat is 54 db 
below desired visual level and is, of course, at 
visual carrier frequency. The H sidebands, which 
are effectively cross-modulation, can be seen only 
when the channel 3 carrier is removed since they 
are at a level just below the noise in most 
observations. 
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FIGURE 17 

Normally modulated channel 3 (Global 6+) 
SKHz/div BW 300Hz video filter 10Hz 
Ref level adjusted for peak carrier showing H 
sidebands and -20KHz co-channel interference 

Figure 17 shows that normal H sidebands are 
typically about -24 db relative to peak visual 
carrier. Observed H sidebands with carrier removed 
seem to be about 70 db below peak visual carrier 
indicating a cross modulation ratio of about 46 db. 
No cross modulation coult be visually observed in 
the pictures at this point. Figure 17 also shows 
an unwanted co-channel carrier (originated as 
channel 6-) at about SO db below desired peak 
visual. This level of co-channel interference 
was not visible in the pictures. 

Figures 18 and 19 show the beats with a 
different phase arrangment at the head end, 
Figure 20 shows still another phase arrangement. 
Note that the level of beat has changed due to 
differing phase cancellation. 

The cross modulation produced H sidebands 
could hardly be distinguished in the channel noise 
when observing the standby carrier so an attempt 
was made to improve this observation. The first 
lower H sideband was selected and maximum spectrum 
analyzer resolving power and "signal averaging" 
using the oscilloscope screen storage was attempted. 
A tunable preselector and amplifier were used to 
improve the spectrum analyzer noise figure and the 
spectrum analyzer gain was raised 20 db from 
previous observations. The H sideband can just 
be distinguished at about -SO db on the display, 
indicating -70 db from peak visual carrier, or 
equivalent to about -46 db cross-modulation, 
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FIGURE 18 

Double exposure with and without channel 3 standby 
SKHz/div BW 300Hz video filter 10Hz 

Double Exposure showing beats 
when channel 3 removed 5KRz/div BW 300Hz 
video filter 10Hz Carrier phases altered 
from Figures 18/19 



FIGURE 21 

Lower H sideband channel 3 standby carrier 
20Hz/div BW 10Hz video filter 10Hz 
integrated by storage CRT 

Intermodulation: 

The systems freedom from intermodulation beats 
around the visual carriers was demonstrated by 
observing the channel 3 standby carrier with increasing 
resolution and decreasing dispersion. Figure 22 shows 
low level intermodulation products due to channel 
HRC-11 being non-coherent. 

FIGURE 22 

5 KHz/div BW 300Hz video filter 10Hz 

5 KHz/div 

1 KHz/div 

BW 300Hz 

FIGURE 23 

Video Filter 

FIGURE 25 

10Hz 

BW 100 Hz Video Filter 10Hz 
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Locking reference (6MHz synchronizing comb) was 
then disconnected so that all visual carriers were 
non-coherent. Figure 26 shows that the channel 3 
standby carrier has moved about l.SKHz and several 
intermodulation beats appear. 

FIGURE 26 

ZKHz/div BW 100Hz Video Filter 10Hz 

The channel 3 standby carrier was then removed and 
the beats examined in greater detail, Figure 27 

FIGURE 27 

2KHz/div BW 100Hz Video Filter 10Hz 

Hum Modulation: 

Although not the subject of this particular 
discussion hum modulation was observed in terms of 
hum modulation sidebands on the channel 3 standby 
carrier. These are shown in Figure 28. Hum 
modulation appears to be about 1%. 

12-NCTA 74 

FIGURE 28 

lOOHz/div BW 10Hz Video Filter 10Hz 

"Phase Phiddling" 

A cable television system is a "very nearly 
linear system". The slight non-linearities give 
rise to intermodulation and cross modulation 
effects. The effect of the harmonic relationship of 
the carriers is to make intermodulation products zero
beat and therefore reduce the visibility of these 
non-linear effects. The high degree of linearity 
means that we can consider that the carriers in the 
system are "superposed", i.e. that they add 
algebraically in such a linear system. We can 
therefore consider that the simultaneous carriers 
can be considered as adding to give a sum waveform 
that can be displayed on an oscilloscope or 
oscillograph. In a non-coherent system the phase 
relationships of the carriers are quite random and 
the sum waveform is quite "random". There is no 
repetition of any particular waveform and an 
oscilloscope shows a "jumble". There is a high 
probability that voltage addition of all the 
carrier amplitudes could occur, although the power 
in the system at any point in time cannot exceed the 
sum of the power present in the individual carriers. 

The superposition (addition) of coherent 
carriers can be considered to be the inverse of 
Fourier analysis - a sort of Fourier "synthesis". 
Any periodic function can be analyzed into a Fourier 
series - a series of sin, cos, or sin and cos terms 
of the fundamental and harmonics (depending on nature 
of symmetry of the periodic function). The physical 
implication is that any periodic function can be 
analyzed by Fourier methods into a series of 
harmonics with definite phase and amplitude relation
ships. A periodic function defined only in terms of 
the amplitude of its Fourier constituents is not 
uniquely defined. The phase relationships between 
the Fourier components must also be defined. 



Waves which are harmonically related may be 
superposed (added) into a periodic waveform. The 
periodicity will be that of the fundamental. The 
exact nature of the periodic function resulting 
will depend on the amplitude and phase of the 
component waves. 

The visual carriers of a cable televi~ion 
system may be considered to be a set of waves which 
are being added in a broad band distribution 
system. If these carriers are harmonically related 
they may be considered to be components of a 
Fourier "synthesis" which will yield a composite 
waveform with a period which is that of the 
fundamental on which the carriers are based. The 
resulting function will have a unique form depen
dant on the relative amplitudes and phases of the 
component carriers. The RMS value of the resulting 
function will depend only on the amplitudes of 
the component carriers and represents the addition 
of the power content of the component carriers. 
The peak amplitude of the resultant function 
depends critically on the phase relationships 
between the component carriers. Peak amplitude 
reached by the periodic function can be minimized 
by prudent selection of relative phases. 

Carriers which are not coherent, i.e. not 
locked to a common "fundamental" frequency, will 
have random relative phases and will add in such 
a way that the sum waveform often reaches a peak 
which is the sum of the peak amplitudes of the 
component carriers. Carriers which are coherent 
have controlled phase relationships. Such carriers 
can be phased so that their additive peak amplitude 
is substantially less than the sum of the 
individual peak amplitudes. 

The behaviour of an amplifier when the input 
is a set of coherent carriers may be described in 
terms of its response to the "sum" waveform. If 
the "sum" waveform has reduced peak amplitude 
excursions we can consider that the amplifier 
output will have reduced distortion because of 
reduced excursions along the amplifier transfer 
curve. The amplifier will always be working on a 
more linear part of the transfer curve rather than 
experiencing frequent large peak amplitude 
excursions along the transfer curve. We propose 
that the effect of this would be to allow derating 
of CATV amplifiers for increasing number of 
channels by a "power addition" law rather than by 
"voltage addition" law. We doubt that exact 
"power addition" is actually achieved but we do 
believe that we are achieving benefits somewhere 
between "power addition" and "voltage addition". 

The potential benefits may be estimated from 
this table of "derating factors" relative to 12 
channel loading, based on "power addition", 
"voltage addition", and a "14 log" law estimated 
to be about half way in between. 

N Power Addition Voltage 
Channels 10 log N/12 14 log N/12 Addition 

20 log N/12 

15 1.0 db 1.4 db 1.9 db 

20 2.2 3.1 4.4 

25 3.2 4.5 6.4 

30 4.0 5.6 8.0 

The effect of "phase phiddling" on distortion 
has been demonstrated in the laboratory and in 
limited field tests. The following is typical of 
laboratory demonstrations:-

Seven HRC carriers were generated (unmodulated) 
as follows:-

Channel Frequency N 

HRC-2 54.000 9 

-3 60.000 10 

-4 66.000 11 

-5 78.000 13 

-6 84.000 14 

-c 132.000 22 

-E 144.000 24 

This set of carriers was amplified by a high 
quality single ended MATV type amplifier to 
introduce a moderate level of distortion. Input 
signal level (flat) was adjusted so that output 
distortion products were typically 45 db below 
carriers for second order and about 55 db below 
carriers for third order intermodulation products. 

7 Channels 10 db/div 20MHz/div 

The intermodulation products at 72.000MHz 
were chosen for study. Channels C and 3 produce 
a second order product at 72.000MHz so channel C 
was removed to allow study of the underlying 
third order products. 
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"Sum" Channels 2,3,4,5,6,C,E . 1V/d1v .05 usec/d1v 

"Sum" Channels 2 . 3,4,5,6,E . lV/div .05 usec/div 

Double Exposure 20KHz/div BW 10KHz video filter 10Hz 
10 db/div showing third order IM under 2nd order 
product 
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The phase of the six remaining carriers was 
than adjusted for maximum amplitude of the displayed 
third order products. We had previously found that 
a single distortion product (intermodulation) which 
is the result of only two carriers intermodulating 
is not sensitive to the phase of the contributing 
carrier. Dr. J. Shekel, of Jerrold, was kind enough 
to contribute an analysis to this effect and we have 
verified this experimentally. Removal of the single 
second order distortion product at 72.000MHz allowed 
us to observe the third order products "underneath". 
The observed third order product is the vector sum 
of seven contributing third order products. 

Carrier phases were adjusted to produce maximum 
amplitude of the 72.000 MHz product. Corresponding 
sum waveform and intermod amplitude are displayed 
below: 

Sum waveform for maximum IM at 72MHz 
0. 1 v/div .05 usec/div 

Amplitude of IM at 72MHz 2db/div 20KHz/div 
ref - 54 dbm 



Carrier phases were then adjusted for minimum IM 
product at 72.000 MHz. This product was reduced by 
more than 16 db dropping out of sight on the 2 db/ 
division spectrum analyzer display. The sum waveform 
shows reduced peak to peak amplitude • 

Since channel E did not contribute to the 3rd 
order product at 72MHz we tried removing it. Removal 
of E reduced the third order product by 1 db. Phase 
adjustments on E alone produced a similar 1 db change, 
whereas the phase of the other 5 channels had far 
greater effect on the amplitude of the IM product at 
72MHz. 

The intermod product at 48MHz was also observed 
to see whether it decreased in amplitude along with 
the product at 72 MHz: 

IM Product Level N (products) 

"Worst Case" 72.000 MHz -56 dbm 7 

48.000 MHz -61 dbm 3 

"Best Case" 72.000 MHz -83 dbm 7 

48.000 MHz -70 dbm 3 

The 48.000MHz product decreased in amplitude but 
not as dramatically as the 72.000MHz product for which 
the adjustments were optimized. 

EXPERIMENTAL PHASE ADJUSTMENTS 

Some experiments with head end carrier 
phase adjustment were conducted in late 
November 1973. 

A technique was developed for observing and 
adjusting the "relative phase" of the visual and 
pilot carriers at the head end. The concept of 
"relative phase" of carriers of differing frequency 
was taken to mean their relative phase at periods 
of the fundamental frequency from which the coherent 
carriers were derived. The main head end test point 
was designated as the visual carrier reference point 
and one of the "synchronizing pulse" test points 
was designated as another reference point. Test 
cables of convenient length were cut and marked 
to connect these test points to the dual channel 
high frequency oscilloscope. The oscilloscope 
(H-P 183 with dual channel 250MHz vertical 
amplifiers) was triggered by the 6MHz sync pulse. 
The individual channel processors were then all 
disconnected from the mixing networks and then 
reconnected one at a time for individual observation 
beginning with channel HRC-2. The length of the 
jumper cable from the channel HRC-2 processor to 
the mixing network was then adjusted until the first 
"peak" of the sync pulse coincided with a "valley" 
of the visual carrier. This is illustrated for 
the 72MHz pilot carrier in Figure 29. This was 
considered "zero phase". Figure 30 is an expanded 
version of Figure 29. In Figure 31 a half-wave 
length of cable has been added to the mixing jumper 
to show the 180 degree phase reversal case. 

HRC-2 was then disconnected and HRC-3 was 
connected and a similar adjustment of mixing jumper 
made. Similarly all 21 visual carriers and the 
two pilot carriers were adjusted to "zero phase" 
with the sync pulse. Being "in phase" with the 
same pulse now meant that they were "in phase" with 
each other, meaning that there was a time during 
the period of the 6MHz sine pulse when all the 
carriers would have co-incident peaks. This was 
expected to be a "worst case" condition. Figure 32 
shows the composite of all these carriers in the 
coincident with the sync pulse. Switches were 
then installed in each channel mixer jumper to 
allow easy addition of half wave length of cable. 
Channels could then be quickly shifted 180 degrees 
in phase. 

Some practical problems have arisen in detailed 
evaluation of effectiveness of this phase adjustment. 
The coincident phase adjustment made in late November 
was very tedious. It required adjustment of one 
channel at a time, while the system was out of 
service (early morning hours). Several problems 
were apparant very soon, mostly from the fact that 
phase stability and adjustability had not been 
considered in the design of the head end equipment 
at St. Catharines. It had been spec'd for coherency, 
i.e. ability to phase lock to desired harmonic comb 
components, but not to maintain any specified phase 
relationship with that comb component. 
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FIGURE 29 0.02 usec/div FIGURE 32 0.02 usec/div 

FIGURE 30 0.002 usec/div FIGURE 33 

FIGURE 31 0.002 usec/div FIGURE 34 0.02 usec/div 
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FIGURE 35 0.02 usec/div 

We found that the standby carriers had different 
"phase" than the normal carrier. We also found that 
"relative phase" drifted with time. Adjustment of 
phase locking controls or any of the tuned circuits 
in the equipment also changed the relative phase. 
We therefore found it difficult to reproduce the 
coincident phase condition or any other specific 
relationships. Having observed the "worst case" 
coincident phase and photographed it we could now 
recognize it if it should occur again. We are 
getting the impression that the range of "optimum" 
adjustments is quite broad and that as long as the 
worst case "coincident phase" is avoided we are 
probably realizing near maximum benefits. 

The new generation of coherent head end equipment 
for subsequent application will be designed for 
stability and ease of phase adjustment to overcome 
the experimental difficulties we have experienced 
with this installation. 

ADDITIONAL COMMENTS 

The new amplifiers installed in the transporta
tion trunk use modulated pilot carriers. The pilots, 
at 72 and 240 MHz were coherent but were initially 
modulated at 30KHz. The 30KHz modulation was 
occasionaly visible as a slight beat in system 
pictures. Modulation was changed to 23.601 KHz 
(3/2 X H). This "interleaves" any visible beat 
that is produced. The ''beat" or cross modulation 
from the pilot was slightly visible when ordinary 
cross-modulation was not visible because of the high 
modulation index and spectral nature of the modulation. 
The pilot modulation sidebands are very high in 
level compared with individual sidebands in normal 
TV modulation, see figure 36. The 23.601KHz 
modulating frequency has remedied this problem. 

Interference potential to other services has 
been considered, particularly to the aircraft distress 
frequency, 121.5MHz. HRC carrier frequencies are 
closely controlled. HRC-A at 120.000MHz is 1.500MHz 
below the distress frequency. Relative energy density 
of a typical television ~hannel is shown in figure 37, 
which is a spectrum analyzer display with 30KHz 

bandwidth but no video filtering. Sweep was slow 
enough to display peak energies due to picture 
components. Energy 1.5MHz above the carrier, at 
121.5MHz is about 40 db down from the visual 
carrier. Radiation at 121.5MHz would be at a level 
about 40 db below that expected from carriers in 
the system. If as much as 1 volt of carrier was 
available for radiation in a system fault condition 
this would make available about +10 dbm of power 
for radiation at carrier frequency. At 121.5MHz 
the available power could be considered to be 
about 40 db less than this or about -30 dbm, 
or -60 dbw (1 microwatt). This is a very low level 
of energy and not likely to cause any interference 
to an aviation receiver system. 

FIGURE 36 5KHz/div BW 300Hz video filter 10Hz 
showing modulation sidebands on 72MHz 
pilot carrier and beat from offset HRC-11 

FIGURE 37 500 KHz/div BW 30KHz 
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SUPPLEMENTAL MEASUREMENTS 

Additional oberservations were made at a sub
scriber's home close to the end of the system 
(6 Colton Street). System at this observation 
point has 20 push-pull trunk amplifiers, 24 single 
ended trunk amplifiers, 1 single ended bridging 
amplifier, 2 single ended line extenders. A good 
quality single-ended amplifier with flat band-pass 
characteristic was used in the subscriber's home to 
boost levels to overcome spectrum analyzer noise. 
Figure 38 shows system carrier levels at this 
subscriber drop. The 240MHz pilot carrier has been 
attenuated by the single ended equipment. 

FIGURE 38 20MHz/div BW 300KHz ref level +6.Sdbmv 
subscriber drop 6 Colton Street 

" . 
~ · ...... .,..;>r?".r~!l"' ·. . -

FIGURE 39 0.5 usec/div 
subscriber drop 6 Colton Street 

Figure 39 shows the composite waveform at the 
subscriber terminal. This photograph is "inconclusive" 
because· of the trouble in triggering since there is 
no 6MHz system reference signal readily available at 
this point in the system to provide reliable scope 
triggering. The photo does suggest that there may 
be undesirable co-incidence of carrier peaks. 
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Group delay distortion on a ''broad band" basis can 
cause the phase relationships established at the 
head end to change along the system. This effect 
was anticipated in the preliminary technical paper, 
and if necessary we plan to use passive, all pass, 
delay correction networks in the system. 

Noise measurement at channel 3 was made, 
Figure 40 shows the carrier to noise ratio at 
the output of the head-end processor on HRC-3. 
A C/N ratio of about 52 db is indicated. 

FIGURE 40 HRC-3 Standby at head-end 
BW 100KHz video filter 
showing C/N 
correction to 4MHz noise 

lMHz/div 
10Hz 

BW= +18db 

Figure 41 shows the noise at the subscriber 
location. The channel 2 aural carrier has been 
attenuated somewhat and the channel 4 visual carrie: 
has been severely attenuated by the preselector 
filter used to prevent overloading of the spectrum 
analyzer. The C/N ratio is indicated to be about 
39 db. 

FIGURE 41 HRC-3 standby 6 Colton Street 
1 MHz/div BW 100KHz video filter 10Hz 
correction to 4MHz noise BW c + 18db 



Leakage of air channel 11+ into the system was 
checked. Figure 42 shows this leakage. The photo 
was made during the readjustment of the offset of 
HRC-11 for minimum beat visibility and does not 
represent the optimum position of the beat. This 
photo should be considered as representing levels 
only. Reference level is -17.5 dbmv, indicating 
the channel 11+ leakage to be about -48 dbmv or 
about 55 db below HRC-11 at this subscriber location. 
This is considered an acceptable leakage level 
since this signal/beat ratio would not be visible. 
Any visible beat would be due to direct pick-up 
in the receiver connected to the system at this point. 

FIGURE 42 Channel 11+ leakage into system 
6 Colton Street 
5KHz/div BW 1KHz Video Filter 10Hz 
ref level -17.5dbmv 

Figure 43 shows intermodulation beats in HRC-3 
standby due to HRC-11 bPing unlocked, i.e. not 
coherent. HRC-11 is being operated so that the direct 
pick-up beat from air channel 11+ falls halfway 
between H sidebands. The intermodulation beat caused 
in other channels then shows up as beats above and 
below the desired carrier. In this case the undesired 
beat is about 47 db below desired carrier. The beat 
is not visible on TV sets because of the H/2 offset. 
Figure 44 shows beats from other channels into the 
offset HRC-11 at a similar level. 

We tabulated all the second order beat products 
that would fall into HRC-3 due to the added mid-band 
channels. Since all the beat products fall directly 
on each other the spectrum analyzer cannot distinguish 
any single beat. The many third order beats which 
are generated also fall on each other but are much 
lower in level than the second order beats. The 
beat which is seen when the carrier i9 removed is the 
resultant (vector sum) of all the beats which are 
generated. There are ten second order beats, all 
"differences" which fall on HRC-3. 

Only the D - 5 and the E - 6 beats would be 
harmfull in a "conventional" system since the rest 
of the beats fall at the band edge where their effect 
would be minimal. Channel HRC-3 was chosen as an 
example because of its convenience for testing during 

system operation. It is not the worst case channel 
for second order beats. It is available because 
Global starts programming late in the afternoon 
and it is tunable on the high resolution H-P spectrum 
analyzer which makes possible a degree of precision 
not easily achieved for measurements above llOMHz. 

FIGURE 43 Intermod beat lnto HRC-3 standby 

FIGURE 44 

due to unlocked, offset HRC-11 
5KHz/div BW 300Hz Video Filter 10Hz 

Intermod into HRC-11 due to unlocked 
offset operation of HRC-11 
5KHz/div BW 300Hz Video Filter 10Hz 

Freq. in Freq. of video 
"conventional" 

Beat Product s~stem 

beat in conventional 
system 

13 - F 60MHz +-20KHz 
12 - E " 
11 - D " 
10 - c " 

9 - B " 
8 - A " 
A- 3 " 
B - 4 " 
C - 72MHz pilot 

(73.5) 59.75MHz +-
D - 5 62 MHz +-
E - 6 62 MHz +-

band edge 
" 
" 
" 
" 
" 
" 
" 

CH 2 sound 
0.75 MHz 
0.75 MHz 
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Figure 45 is a triple-exposure showing channel 
HRC-3 in normal picture modulation, standby, and 
removed, This shows the level of beats under the 
carrier and also gives some further noise informa
tion. Some of the noise observed in standby carrier 
is due to the head end processor and that the system 
noise, with the head end processor disconnected is 
a further 6 db down. 

Figure 46 shows the HRC-3 standby carrier at 
6 Colton Street and figure 47 shows the intermod 
beats under the carrier, i.e. carrier removed. 
The carrier beat is about 48 db below desired 
vidual. Being zero beat (HRC-11 was locked in for 
these observations) there was no visible effect on 
the screen due to carrier beats. The H sidebands 
associated wtth the carrier beats are about 55 db 
below desired visual carrier but only about 30 db 
below the normal H sidebands in a normally modulated 
picture chann'el. This could be interpreted as -30db 
cross modulation if the observed H sidebands are 
considered to be undesired modulation. 

FIGURE 46 HRC-3 standby 6 Colton Street 
5 KHz/div BW 300Hz Video Filter 10Hz 
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FIGURE 47 Standby carrier removed 
5 KHz/div BW 300Hz Video Filter 10Hz 

All carriers were then unlocked to show effect 
of non-coherent operation. Figures 48 and 49 show 
the resultant beats. The frequency spread is due 
to the head-end processors dropping out of phase
lock. Restoration of the reference signal then 
pulls them back to locked, coherent operation. 
Note that there are four beat products at a -48 db 
level and additional beats at lower levels. If 
these individual beats had added "in phase" on 
a voltage basis they might have produced a beat 
some 12 db higher when they are "brought together" 
by coherent operation. Even with power addition 
as a worst case the sum of these four beats might 
have been 6 db higher than each individual beat. 
Figure 47 shows that the resultant of all the 
carrier beats is no greater than any of the indivi
dual beats. Obviously an advantageous cancellation 
of beats has taken place, or at least a partial 
cancellation. 

FIGURE 48 HRC-3 standby all carriers unlocked 
5 KHz/div BW 300Hz Video Filter 10Hz 



FIGURE 49 Carrier removed 
All other carriers unlocked 
SKHz/div BW 300Hz video filter 10Hz 

The proper way to "add" beats at different 
frequencies as in figures 48 and 49 is not really 
known. These beats are spread over a 50KHz span 
around the carrier. We have made similar obser
vations of "dispersion" of individual third order 
beats around a carrier in conventional systems. 
How does the eye sum the consequent video beats 
as seen on a TV receiver? Is the visual effect 
of a number of dispersed beats the same as from 
a single beat which is the power sum of the 
individual beats? One paper presented at the 
1973 NCTA convention (Arnold - "REQUIRED SYSTEM 
TRIPLE BEAT PERFORMANCE") suggests that a "Power 
Law" is applicable. In a 24 channel example the 
individual third order intermod beat would have 
to be 76 db down from desired carrier so that the 
sum effect of the 198 triple beats falling on 
the worst case channel (9) would meet the 
visibility threshold requirements he sets out. 

The "apparant" 30 db cross modulation observed 
in figure 45 is alarming when viewed on the 
spectrum analyzer, yet the pictures visually 
observed on a test receiver and the subscriber's 
receiver were judged of "good quality" with no 
visible cross modulation. At the date of this 
writing (March 1st, 1974) we have not been able 
to explain this apparant inconsistency. 
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RURAL EXTENSIOO TEDiNICUES AND SYSTEMS 

Victor Nicholson 
Cable Television Information Center 

Washington, D. c. 

The difficulties of extending cable 'N service 
into lao~ density areas have plagued cable 'N opera
tors and small tcMn residents since the construction 
of the first ccmnunity antenna television systan in 
1949. The principal problem was that the lao~ den
sity of rural Arrerica coupled with the high cost of 
constructing cable systems made it financially un
interesting for cable operators to build systems 
in rural areas and outside the denser portions of 
tav'ns. Fu.rthernore, in recent years when substan
tial arrounts of risk capital began flav'ing into the 
cable industry, all of the attention was turned to 
the major urban areas where the existing vast tele
vision markets are located. As a result, by ]972 
when the new FCC Report and Order was pranulgated, 
rrost of the activity and excitenent centered around 
efforts to win franchises in suburbs and central 
cities ·located in the major urban markets. 

In this talk, I would like to turn your atten
tion CMay fran central cities to the sizeable and 
as yet untapped markets which exist in rural, 
small tcMn, and fringe suburban areas. 

'IWo types of market exist in these areas. 
The first is the market for extension of service 
fran existing systems in small tcMn and suburban 
areas. The seoond is the market for new cable 
systems largely in rural and suburban areas. 

The magnitude of the market involved is 
tremendous; alrrost 40 million households are 
in rural, small tcMn, and suburban areas. Contrast 
this with the present approximately 7 million cable 
subscribers outside of central cities. The cable 
industry could triple in subscribers without even 
touching cities of 50,000 population or rrore. 

The need for expanded teleccmnunication ser
vice is even rrore :inp.:Jrtant than in urban crnrnu
nities because of the isolation of the people and 
the and the distances involved. Teleccmnunications 
can be used to deliver medical, legal, educational 
and other social and governmental services directly 
to the tore. The added factor of gasoline shortage 
makes it even rrore :inperative to substitute the 
transportation of electronic signals in place of 
transporting people. 

This market must be served -- if not by cable 
'N then by other technologies. A recent study shows 
by CYI'Pl translators to be an efficient means for 
delivering broadcast television to rural hares. It 
discusses the need for variances in federal regula
tions to make translators viable funding, suggested 
sources of furrling, but I can assure you that if 
there continues to be a lack of 'N service in rural, 
small tcMn, and suburban areas, -- there will be 
rrore pressure by farm organizations, regulatory 
agencies, and others for alternative means of tele
vision distribution. 

In this talk, I want to suggest that the so
called problems of system extension and new con
struction in rural, small tcMn, and subw:ban areas 
should be viewed as opportunities by the cable 
industry to provide rrore service to rrore subscribers 
and, consequently, opportunities to make addition
al profits. 

The Cable Television Information Center feels 
the main barriers to systan extensions and rural 
area service have been econanic and technical; that 
there is a rather substantial "information gap" in 
which it is difficult for small system operators 
to keep track of the rapidly changing equipnent 
capabilities, construction techniques and system 
design. There has also been a lack of urrlerstanding 
of the results in savings to an operator and of 
extended distance of possible service due to im
provement of arrplifiers and cable. Keep in mind 
that there are already sare operators today that 
have been serving areas with densities of 9 house
holds per mile or less; as e.xarrples: Joe Gans in 
the Poconos of Pennsylvania and ~ss Biederman in 
Traverse City, Michigan. I am sure there are others 
but the numbers are far to few. 

What are sare major cost reducing factors? 
First there needs to be an understanding that un
dergrounding which can cost $12,000 to $100,000 
per mile in central areas of cities can cost less 
than $1,000 per mile in rural areas. There are 
vibratory plao~s today that eliminate the separate 
actions of trenching, laying cable, covering and 
corrpacting. The equ,ipnent is available with 
accessories for urrler $15,000 but for those opera-

1. Denver Research Institute, "Braodband Corrmuni
cations in Rural Areas", Nov. 1973. 
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tors woo prefer to contract out the =struct-
tion, bids vary fran 12 to 18 cents per foot. To 
this must be added al::out $100 per black top cross
ing -- but there are few of these per mile in rural 
areas. Aoother :i.nportant lang term saving by under
grounding is the elimination of pole rentals. The 
$175 per mile yearly cost is a major cost factor 
when there are only a few subscribers per mile. 

Another saving for lc:M density areas is in the 
use of system design wD:!re a single cable taH?Erl 
trunk is substituted for standard separate trunk 
and feeder cables. The major saving is in elimina
tion of the parallel cable and construction. Using 
tapped trunk design, figure 8 cable (with messen
ger inclu:led) is applicable and therefore the need 
for l:ina!en to climb poles is reduced. With earli
er construction techniques the linanan cli.rrbs to in
stall the strand, again for the cable and again to 
lash than together. Using figure 8 cable the line
man need clilrb each pole only once. 

The suggestion of tapping the trunk is =trary 
to past CKIV practice where this technique has been 
rejected as a source of reflections. Conditions 
have changed; the coaxial cable today has a return 
loss of 30 dB, in =trast, for many years the manu
facturers refused to release this specification: pro
bably becasue measuranents sn.owed cable to have less 
than 20 dB return loss. The anplifiers used today 
are terminated both at input and output -- or years 
that of many SUI=Pliers had a high .irrpedance output; 
finally the tap-offs used today are directional with 
a good .irrpedance match at in/out arrl thru terminals. 
For lc:M density household areas, it is reasonable to 
use the same cable for both trunk and feeder for a 
saving of several hundred dollars per mile. 

Another :i.nportant saving in system design is 
applicable to long haul rural areas where several 
small ccmm.mities are served. Typically cx::>sts of 
micrc:Mave between towns is added to the distribution 
costs rraking a proposed system non-viable. The 
center reocmnends the use of lav-sub anplifiers with 
a top frequency of 108 MHz. This pennits transporta
tion of 12 'IV channels plus FM over a distance of 
I!Dre than 60 miles -- still meeting a Signal/N:>ise 
of 43 dB and Signal/Interi!Ddulation of 57 dB. The 
same transportation cable is used for distribution 
of signals enroute such that two levels of service 
are delivered. For a l<JWI:!r fee, the subscriber 
receives only the 5 VHF channels plus FM. 'l'hose 
also desiring the 7 high VHF channels ~r.Uuld buy a 
set cx::>nverter. Upon reaching a ccmm.mi ty the 
operator has the option of splitting the systan and 
converting the distribution section to 12 channels 
and so eliminated the need for set converters. 

The feasibility of such long haul cascades cx::>n
tradicts much application design criteria of the 
past where 10 to 15 miles was the rnaxinunl. 

'l\Jdays arrplifiers are far better than trose of 
the past and being solid state require inproved 
paYer supplies for protection of the transistors or 
IC's; as a side effect they have a better than 20 
dB irrprovement in reduced hum nodulation. OVer the 
years the paYer handling capability has also inprov-

106-NCTA 74 

ed -- a very inportant factor since a 6 dB im
provement pemd.ts a doubling in anplifier cascade. 
Finally solid state devices tend to have a rela
tively flat anplitu:le versus frequency response 
across a wide range of frequencies. The anplifiers 
are also designed with well matched input and out
p.~t circuitry, recognizing the inportance of mini
mizing reflections. 

Likewise coaxial cables are inproved; the atten
uation being reduced, frequency range increased, and 
reflection characteristics inproved. 

Finally accessory devices such as cable con
nectors, splitters and tap off devices are designed 
to be well matched to the 75 ohm <X>aXi.a1. cable and 
are no longer major sources of reflectid'ns. Another 
factor is the use of direction.al. coupler subscriber 
taps that provide isolation of 'IV receiver discon
tinuities fran the dcMnstrearn signals. 

Even for extension of service, advantage can 
be taken of inproved anplifier capabilities to re
duce costs. Today's better line extenders use simi
lar IC circuitry as in the trunk anplifiers -- with 
slightly 1~ performance capability. Sane line 
exterxiers inclu:le equalization, gain and slcpe =
trol and are of push-pull circuitry to pemd.t use 
of the mid and superband frequencies. These line 
extenders are superior in perfonnance to trunk line 
anplifiers of only a few years back and for lc:M 
density areas where minimum cost is very inportant; 
can supplant trunk arrplifiers. 

Keep in mind that for top 100 urban markets the 
present system design is necessary, providing extra 
reliability, redundancy, standby pcw:!r, I!Ddulator 
capability and future two-way. For rural Anerica 
areas where limited channels and one-way services 
are acceptable, there are available 1~ cost 
arrplifiers of better capability than is generally 
recx::>gnized. As for two-way, these subscribers 
will presently settle for use of the telephone. 

The CI'IC is making a st\rly of techniques, cx::>sts 
and profitability of investment for eleven different 
options descending fran a tcp 100 market, two-way 
aerial systan dc:Mn to a lc:M cost rural tmderground 
system at$2,150 per mile. We have separated than 
into two categories: the first category is exten
sions fran existing systans wh:!re certain ass~ 
tians are made; (1) that there need be no additional 
headend cost, (2) that cable system facilities can 
be used for office warehousing of material, ( 3) that 
equi[UEJ1t and cable list prices shall be used as a 
base for calculations even though there may be a 
discount of up to 30% for arrplifiers for large 
volune users, (4) that a markup of 25% for over
head is included in installation costs, pemd.tting 
the construction to be contracted out, (5) that 
the cx::>st of tree trirrm:ing and pole rearrangarent in 
top 100 markets are assured to be $700, (6) that the 
cx::>st of pole rearrangerrents in areas of 1~ house
hold density are assumed to be $200 per mile, and 
(7) that annual pole rental is $175 per mile in 
top 100 markets and $140 per mile in areas of lc:Mer 
density. 



'!be seoond category is oonstruction of new 
systans in currently unbui.lt rural areas, where 
the costs of headend, office and warel'xJuse need 
to be added to the distribution system. Here too 
lcwer oost headen:'l equiprent can and should be 
used where warranted. Fbrever for a long systsn 
with many subscribers the added cost per subscriber 
for .i.np:roved headend equiprent is not an :i.np:>rtant 
factor. 

Here are a f€M graphs shcMing one of the ~tions 
~tions (#9) oovering the cost, design, equiprent 
used, and the rate of return an investment deperxi
ing on subscriber density, installatian charge and 
rronthly fee. Since the expected subscriber pene
tration for any area is knc:M by the operator, he 
can convert subscribers per mile to houseb:>ld den
sity per mile. 

In oonclusion the center feels that operators 
need no longer limit their service to areas of 40 
houselx>lds per mile which at 50% penetration is 20 
subscribers per mile. We calculate a possible rate 
of return on investment of better than 15% for 
areas of only 7 subscribers per mile using a $25 
installation fee and anortizing oosts over 10 
years. 

In short, cable operators now have the oppor
tunity to increase their subscribers and profits 
by using IOOdern nethods to build in rural, small 
tcMn, and suburban areas. Central cities nay have 
to wait for new cable services to attract subscri
bers. IaN density areas offer millions of sub
scribers who are ready now. 

Finally, I \OX:luld like to extend rey apprecia
tion to many operators and to Cadoo for providing 
oonstruction techniques and oosts and I hope that 
this information will be helpful, to such that this 
year the cable industry will make an all out effort 
to wire up the low density areas of ~ica. 
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SIGNAL PROCESSING REQUIREMENTS FOR MODERN CABLE SYSTEMS 

By Alex Best 

Scientific-Atlanta, Inc. 
Atlanta, Georgia 

The movement of cable TV over the past few years from the 
rural areas into the large metropolitan areas has brought with it 
new demands on the techniques of processing signals. To a large 
degree these changes in processing requirements have been dic
tated by the fact that in metropolitan areas, the best geographi
cal location for receiving signals off-air is separated by some dis
tance from the most convenient office and local origination site, 
and in most instances both of these are located some distance 

from the optimum point to distribute the signals. Headend elec
tronics capable of operating in this environment without pnr 
ducing excessive degradation have increased the technical per
formance specifications of head end equipment, especially 
heterodyne signal processors. To investigate these increased 
performance demands, consider a "typical" headend system for 
a metropolitan area such as the one shown in Figure I. 

FIGURE 1 TYPICAL HEADEND SYSTEM FOR A METROPOLITAN AREA 

OFFICE SITE 
(8 CHANNELS LOCAL 
ORIGINATION PLUS 
REMOTE CONTROL 
OF EMERGENCY AUDIO 
OVERRIDE AND NON
DUPLICATION SWITCHER) 

CH. T7. T8, T9, 
2, 3, 4, 5, AND 6 

PLUS SIGNAL FOR 
REMOTE CONTROL OF 
NON-DUPLICATION 
SWITCHER 

OFF-AIR 
PICKUP SITE 

(7 DISTANT CHANNELS) 

CH. T7, T8, T9 
2, 3, 4, AND 5 

7 AMPLIFIER 
CASCADE 

9 AMPLIFIER 
...------ CASCADE 

HUB SITE 
(REPROCESSING 14 CHANNELS 
FROM REMOTE SITES PLUS 
OFF-AIR PICKUP OF 4 LOCAL 
CHANNELS AND 2 CHANNELS 
OF MICROWAVE) 

4 LOCAL CHANNELS 

2 MICROWAVE 
CHANNELS 

TO DISTRIBUTION 
SYSTEM 

CH. 2, 3, 4, 5, 6, A, B, C, D, 
E, F, G, H, I, 7, 8, 9, 10, II, 
12, AND 13 
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Here we have the situation discussed above, where the office 
and local origination site, off-air pickup site, and hub site are 
physically located several miles apart. The processing problem 
arises at the hub site, particularly with the channels from the 
other sites that must be reprocessed. For the sake of discussion, 
Jet us consider the channel 3 signal being fed into the hub site 
from the off-air pickup site. This channel was originally re
ceived off-air as a standard VHF or UHF signal and converted to 
channel 3 in a signal processor. After combining with the sub
low and low band .:hannels, it is fed through a 9 amplifier dedi
cated distribution system to the hub site. Here the combined 
signal is split as many times as there are channels coming in and 
fed into the input of a second processor. In this discussion we 
will assume that the channel 3 coming from the off-air pickup 
site will be carried on channel 3 on the distribution system. 
This being the case the signals present at the input to the chan
nel 3-3 processor at the hub site will appear as in Figure 2 

Figure 2. Ch 2, Ch 3, Ch 4 out of seven channels 
coming from off-air receiving site. 

Here we show only three out of the seven signals that are actu
ally present. For purposes of demonstration the sound carrier 
levels have been set 6 dB below the video carrier levels when in 
actual practice they are set approximately IS dB below. The 
question here is: how much adjacent channel rejection must 
this processor have in order not to interfere with other chan
nels being distributed on the cable? The worst case problem 
would exist if the channel 4 signal being distributed on the sys
tem is different from the channel 4 signal present at the input 
to the channel 3-3 processor. Under these circumstances, any 
of the channel 4 signal from the 
through the channel 3-3 processor would fall back on channel 
4, with an unavoidable frequency difference between it and the 
channel 4 distributed on the system. In this case 60 dB would 
be the minimum adjacent channel rejection allowable. In 
Figure 3 we show the amplitude response of a Scientific-At
lanta Model 6150 channel 3-3 processor. Here we see 
"notches" at the upper adjacent picture carrier frequency and 
lower adjacent sound carrier frequency in excess of 70 dB. We 
also see undesired but unavoidable "response upshoots" on the 
high frequency side about 20 dB down and on the low fre
quency side about 30 dB down. Would a processor with this 

Lower Adj. 
Color Su~Carrier 

Lower Adj. 
Sound Carrier 

i !pper Adj. Picture I Carrier 

Sound Carrier 
of Ch. being 
pl"ocessed 

Figure 3. Amplitude Response of 6150 Signal Processor. 

amplitude response be specified as having 60 dB adjacent chan
nel rejection? Shown in Figure 4 is the output spectrum of 
this processor with the input spectrum shown in Figure 2. Here 

Figure 4. Output spectrum of signal processor with 
amplitude response shown in Figure 3 and 
input spectrum shown in Figure 2. 

we see that there is no energy falling in the upper and lower 
adjacent channels greater than 60 dB below the desired video 
carrier level. Therefore, if we define adjacent channel rejection 
as the rejection to equal level adjacent channels that have "nor
mal" energy distributions (pc = 0 dB, sc = -6 dB, cc =-I 7 dB), 
this amplitude response would have 60 dB adjacent channel re
jection. The point here is that deep notches alone do not con-
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stitute adjacent channel rejection. Nor does "response up
shoots" necessarily hurt you. It is a combination of the proces
sor amplitude response and the energy distribution of a "typi
cal" television signal that together make up adjacent channel 
rejection. Signal processors with 60 dB adjacent channel rejec
tion have only recently become available in the CATV industry. 
Before this, processors located at hub sites required external 
traps/filters to achieve this degree of selectivity. 

It should be pointed out that any additional increase in selec
tivity does not come without penalty. The price we pay is an 
increase in the differential time delay across the passband of the 
processor. Shown in Figure 5 is the amplitude and envelope 
delay response of the IF section of a Scientific-Atlanta 6150 
processor, without delay equalization. The IF portion of the 
processor constitutes the majority of the selectivity and there
fore produces practically all the delay. In the CATV industry 
envelope delay is defined as the differential time delay between 
the picture carrier frequency and the color sub-carrier fre
quency. From Figure 5 we can see this is approximately equal 
to 130 nanosec. for the processor with no equalization. It is 
also interesting to note that although the "envelope delay" is 
only 130 nanosec., the total differential time delay from band 
edge to the center frequency is approximately 500 nanosec. It 
should be pointed out that for "minimum phase shift" net
works, into which category virtually all headend equipment 
falls, the amplitude response uniquely defmes the delay re
sponse. 1 Therefore, regardless of how the response shown in 
Figure 3 is obtained, the delay would be the same. 

I 

TEKTRONIX R144 
TEST SIGNAL GEN. 

TELEMATION 
MUL TIBURST GEN. 

TELEMATION SIN 2 
PULSE/WINDOW GEN. 

TELEMATION 
MODULATED 20T GEN. 

J 
/ I 

/ 

Figure 5. Amplitude and envelope delay response of IF 
section of 6150 processor (without delay 
equalization). 

To determine the detrimental effects of processing signals 
through a device that has the delay characteristics shown in 
Figure 5, the test set up shown in Figure 6 was used. Here we 

P.C. + 50 dBmV 
S.C. + 44 dBmV 

MODULATOR I CH. I I 
3 I 

P.C. + 55 dBmV 
S.C. + 40 dBmV 

ls6., \ 40dB j 3 I PROCESSOR I 3 I / 

T 
"I I 

T PAD 
(WITH OR WITHOUT 

I DELAY EQUALIZER) I 
L _____________ _j 

/ 

/ C~. jDEMODULATOR 
j TEKTRONIX RM529 II 
1 WAVEFORM MONITOR 

FIGURE 6 EQUIPMENT SETUP FOR WAVEFORM TESTING OF SIGNAL PROCESSOR 
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have a channel 3 modulator and channel 3 demodulator with 
the capability of either connecting them back to back or in
serting the channel 3-channel 3 processor between them. Two 
Video test signals were used in this evaluation, one being the 
"Modulated 20T pulse" and the other the "2T Sin2 pulse." 
The fust test signal was designed primarily to indicate the 
relative delay between the video carrier and the color subcar
rier frequency. The "Sin2 pulse" is more sensitive to the 
amplitude and delay in the vicinity of the response that the 
luminance signal energy occupies. Figure 7 shows the response 
of the modulator-demodulator back to back for the two test 

~ -

• --~'1~;•..----.,. , ..... -.~'l•'; 1 TT,..~ 

~ 
o~· 

K factor 
.. 2% 

2T Sin2 Pulse 

------------
0 - --- . .• • - ---~·-- · -- ; 

- ·-~- -----------
o~ 

Env lope Delay 
0 

Modulated 20T Pul 

Figure 7. Video test signal response of modulator
demodulator. 

signals described above. As can be seen, the modulator-demod
ulator combination is very transparent, indicating very little 
distortion. The "Modulated 20T pulse" indicates virtually no 
envelope delay and the "Sin2 2T pulse" has a K factor of 2%. 

Shown in Figure 8 is the result of passing these test signals 
through the same mod- demod, but with a 61 SO processor with 
no delay equalization inserted between them. The distortion 

off-air pickup site feeding 

-.... 

0 
-----------------------
0~ 

K factor 
.. 3.5% 

2T Sin1 Pulse 

- --. ~- - -- - --
0 . • . . • • • • • .:ill • 

~-----------------------------------

Envelope Delay 
"" 1 1 0 nanosec 

Modulated 20T Pulse 

Figure 8. Video test signal response of modulator - pro
cessor (without delay equalization) - demod
ulator. 

passing thrbugh only one processor with no delay equalization. 
In headend-hub systems many signals pass through two proces
sors. In this case the envelope delay would become approxi
mately 220 nanosec. and the K factor would increase by 
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lization. From the amplitude response we see that although the 
all-pass delay equalizer is theoretically a lossless device, it does 
introduce a small amplitude variation (±.3 dB typical). Actu
ally, the delay equalizer alone produces a 5 or 6 dB dip in the 
response which must be amplitude equalized to achieve the de
sired flatness. The results of passing the multi burst test signal 
first through the mod-demod back to back and then through the 
mod-processor (with equalizer)-demod can be seen in Figure 
10. As evident from this photograph, the amplitude variation 

Modulator-Demodulator 

Figure 9. Amplitude and envelope delay response of IF 
portion of 6150 processor (with delay equali
zation). 

Modulator - Processor (with delay equalization) - De
modulator 

Figure 10. Multiburst response of modulator - demod
ulator and modulator-processor (with delay 
equalization) - demodulator. 

is certainly tolerable. Obviously, when comparing Figure 9 and 
Figure 5, the most dramatic difference caused by the delay 
equalizer is in the flatness of the envelope delay response. From 
this response it can be seen that the relative delay between the 
video carrier frequency plus .5 MHz and the color sub-carrier 
frequency is flat ±20 nanosec. Also evident is that from the two 
frequencies mentioned above to the band edges the delay is 
approximately 200 nanosec. The reason for this compromise in 
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equalized delay is two-fold: fust, the increase in complexity in 
an equalizer to achieve a flat delay from band edge to band edge 
would be tremendous. Such an equalizer would prove to be 
prohibitive not only from an alignment standpoint but also 
from a physical size standpoint, not to mention the problem of 
amplitude equalizing the device. Second, and even more im
portant, the additional degree of improvement that would be 
obtained by complete equalization is negligible, compared to 



the improvement already achieved. This can be seen from 
Figure 11. Here we see the results of sending the Modulated 
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-- - -- --------- -------

0----------------------------------

K factor 
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2 

Pul58 

--- • w - •-

0 -- - -•- . . • -- ·--·-- .__::~uL.:" 
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Envelope Delay 
""0 

Modulated 20T Pul5e 

Figure 11. Video test signal response of modulator
processor (with delay equalization) - de
modulator. 

20T and Sin2 2T pulse test signals through the mod-processor 
(with equalizer)-dernod. Note that the degree of distortion to 
the base line of the 20T pulse is virtually nonexistent, indicat
ing, as is already evident from the swept delay curve, that the 
differential envelope delay at the video carrier frequency and 
color sub-carrier frequency is zero. Even more important how
ever, is the complete lack of undershoot and trailing smear that 
was evident when there was no processor equalization. This is 
due to the flat delay in the vicinity of the video carrier. Corn
paring Figure 10 to Figure 7, it is apparent the processor with 
equalization is transparent to the test signals discussed above. 

Now that we have an equalized processor, with 60 dB of 
adjacent channel rejection, does not insure that the use of ex
ternal traps and filters can be eliminated. Discussed earlier in 
this article is the fact that at the hub site many processors will 
have as inputs the desired signal plus many more, including 
equal level adjacents. To insure that no external traps/or 
filters are required at the input of each processor, it must have 
the capability of "handling" these signals without generating in
band interrnodulation. This distortion could occur in any ac
tive stages prior to removal of the adjacent channels and once 
generated, no amount of adjacent channel rejection can remove 
it. To demonstrate this problem, I combined the output of a 
channel 2, channel 3, and channel 4 modulator. The carriers are 
not modulated to assist in looking at in-band interrnodulation. 
The combined spectrum of these three modulators is shown in 
Figure 12. 

Figure 12. Combined output of Ch 2, Ch 3, and Ch 4 
modulator. 

These signals were then fed through a 6150 channel 3-3 pro
cessor with the input levels set first at+ 10 dBrn V, then at +20 
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Input Level 
+10 dBmV 

Input Level 
+20 dBmV 

Input Level 
+30dBmV 

Figure 13. Output spectrum of 6150 Ch 3 - Ch 3. 
processor with equal level input signals on 
Ch 2, Ch 3, and Ch 4. 
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dBmV, and finally at +30 dBmV. Figure 13 is the output spec
trum of the processor for these three levels. Note that with 
input levels of+ 30 dBm V, an in-band spurious signal is visible 
1.5 MHz above the desired video carrier. Fortunately, this 
undesired signal is highly dependent upon the input levels and 
when they are set to +I 0 dBm V it is well below the noise level. 
It is a well known fact that due to the delayed AGC, very little 
improvement is achieved in the output signal to noise ratio by 
feeding the processor with more than a +I 0 dBm V. Because of 
this no loss in output signal to noise ratio must be sacrificed in 
order to achieve sufficient "linearity" prior to removal of the 
adjacent channels. 

This article has discussed three important requirements for 
signal processors if they are to function successfully in modern 
day headend-hub systems. Certainly 60 dB adjacent channel 
rejection and the capability of handling equal level adjacent 
channels are a necessity if the processors at the hub site are to 
operate without external traps and/or filters. Delay equaliza
tion, if not a necessity, is certainly desirable, especially in cases 
where the signal is processed twice. This by no means exhausts 
the list of desirable and in many cases necessary features for 
signal processors. Obviously, spurious free outputs from 5 MHz 
to 300 MHz are required if external filters are to be eliminated. 
IF switching options, battery power capability, standby carrier 
modulation capability, phase lock capability are all desirable 
features. The requirements I discussed were chosen because 
headend-hub systems emphasized these limitations in first gen
eration solid state signal processors. 

1 Frederick E. Terman, Electronic and Radio Engineering, 
Fourth Edition, Sec. 11-3, pp. 379-381. 

2 Tektronix, Nomographs for Measuring Relative Delay and 
Amplitude Using Modulated 20T Pulse for 625/50 Stan
dards. 

3 T. M. Gluyas, Jr., "Television Transmitter Considerations in 
Color Broadcasting." RCA Review, September 1954, 
pp. 312-334. 



STAJUS fWIIffiiNG SVSJEM 

Joe E. Hale 

Cable Dynamics Inc. 
Burlingame, California 

One of the most pressing problems in the CATV 
industry today is the lack of trained tech
nical personnel. 

With the wiring of major market systems, size 
has become a major consideration as it re
lates to system maintenance. 

The major market system demands that "normal" 
system maintenance has now become "super 
maintenance" and to try and supply technical 
competence simply by numbers as relates to 
personnel required to maintain a 1,000 mile 
system using the same formulas as required 
to maintain a 100 mile system will not work. 

Therefore, it was felt essential that elec
tronics become the maintenance tool of the 
major system. 

System status monitoring can be one of the 
answers to the manpower crunch. 

The two items that seem to be in shortest 
supply in the CATV industry are money and 
trained technical personnel. 

These two problems are magnified exponen
tially when you start talking about major 
market systems, particularly major market 
systems that exceed 2,600 miles of elec
tronics and four hub locations. 

A study was made of the very few systems 
that fall into this category and/or are 
planning to be in this area of magnitude. 
Based on this study, it was determined 
that you could anticipate a minimum of 
one "maintenance technician" for every 
200 strand miles of plant. This tech
nician's sole function is that of trunk 

Leo Hoarty 

Buckeye Cablevision 
Toledo, Ohio 

line maintenance. 

Using this as a (conservative) estimate, it 
was felt that the time had come to start 
using electronics instead of manpower to in
sure constant maintenance of CATV systems. 

It seemed apparent that if we could eliminate 
the need for some of this (almost impossible 
to find) manpower and possibly save money 
over the long run that we would be doing our 
industry a good service. 

CDI, at the request of one of its major 
clients, Buckeye Cablevision in Toledo, Ohio, 
(actually it was more akin to insistence) 
started working with several manufacturers 
to try and achieve a positive status 'moni
toring system. Jerrold Electronics was 
chosen as the prime contractor to work on 
the proposed system. 

As in many pioneering efforts, early attempts 
were shot full of arrows, however, it was 
determined that status monitoring is: 

1. Technically feasible. 
2. The cost could be main

tained at a reasonable 
level. 

3. That it could replace 
manpower. 

4. That in addition to system 
monitoring, it could be 
used as an outstanding 
maintenance tool. 

It was determined that by the use of a status 
monitoring system, Buckeye Cablevision could 
eliminate a minimum of eight maintenance tech
nician slots in their Toledo, Ohio system. 
This amounted to an approximate savings in 
salaries alone of over $100,000 a year. In 
addition, it was felt that the cost savings 
realized in not having to equip these eight 
men for trunk line maintenance would save an 
additional $120,000. 
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The cost to implement the status monitoring 
system for Buckeye Cablevision has now been 
reduced to below $130 per strand mile of 
system, and that the total cost for status 
monitoring will not ·exceed $200,000 for the 
entire system. It does not take an accountant 
to see that the status monitoring system was 
not only economically feasible, but almost a 
necessity. 

In addition to the dollar savings and man
power availability problems, the status moni
toring system is an excellent diagnostic 
tool and offers almost instant response to 
any system problem, which of course, has an 
incalculable value to any major market sys
tem. CATV in a major market must offer out
standing picture quality as well as outstand
ing reliability, and a system that is self
monitoring assures the latter. 

The status monitoring system that was develop
ed by Jerrold and ourselves is a relatively 
simple system. Its simplicity is arrived 
at in that our information is not encoded. 

The status monitoring transmitters are in
stalled in selected mainline stations 
(usually in every third amplifier and pre
ferably following an AGC station and at the 
extremity of each trunk line). These selected 
stations have the capability of indicating 
the actual levels (±.75db) of one low band 
and one high band carrier. We have found 
that we can maintain this accuracy through
out a temperature range of -40°F to +95°F. 

The status monitoring transmitters themselves 
require 50 milliamps at 27 volts, and measure 
the carrier levels at 65.25 and 199.25 MHz. 
(The measured carriers can be changed to fit 
system requirements). This is accomplished 
by developing a DC voltage that is propor
tionate to the amplitude of the selected 
carriers. This voltage in turn controls the 
frequency of an audio tone. Since there are 
two selected downstream carriers, each has 
an assigned audio tone (451.6Hz and 43.6Hz). 
The DC voltage developed from the downstream 
carrier is fed into an integrated circuit 
voltage to frequency converter. Variations 
in the amplitude of the downstream carrier 
therefore result in the variation of the 
frequency of its comparison audio tone. 
The output of the status monitoring trans
mitter is a crystal controlled RF carrier 
generator in the 4 to 6 MHz region. The 
two audio tones are applied to a varicap 
which is part of the frequency determining 
network and operates in conjunction with 
the crystal. Thus the FM modulation system 
consists of a carrier and two audio tones. 

The concept of using frequency modulation in 
the return path removes any sensitivity to 
amplitude variation caused by gain changes 
in the return path. (An extremely important 
feature). It is important to note as men
tioned before, there is no encoding nor is 
there any interrogation responder relation
ship between the status monitoring trans
mitter located at the selected trunk line 
stations and the status monitoring receiver. 
The status monitoring transmitters are all 
"talking" simultaneously and carry back only 
analog information. 

The status monitoring receiver consists of 
an FM receiver whose first mixer injection 
is frequency controlled by reference to a 
4kHz precision carrier and a divide by N 
counter. (Drawing I) 

The recovered audio tones from the discrim
inator in this frequency stepped receiver 
passes through a frequency to voltage con
verter, and these recovered voltages operate 
the two meters in the front panel on the 
status monitoring receiver. These meters 
indicate the discrete carrier level of the 
two selected downstream carriers. The system 
is specified to an accuracy factor of ±.75db. 
This accuracy is of course as good as most 
of the meters currently available and in 
general system usage. 

The digital portion of the system starts 
from a micro processor which developes three 
octaves of binary coded decimal numbers. 
This micro has three manual inputs. The 
first input limits the lowest three digit 
number the micro will seek. The second sets 
the high limit and the third can be set to 
provide continuous readouts of any specific 
mainline station location. Normally the 
micro scans from the three digit number on 
the low limit to the three digit number on 
the high limit. 

The rate of scan in the system is adjustable 
for a matter of operator preference and is 
not a function of system performance. The 
three octaves of binary coded decimal in
formation developed by the clock and within 
the preset limits controls the operation of 
the divide by N counter in the receiver local 
oscillator loop. Under control of the clock 
in the divide by N counter, the receiver local 
oscillator scans in frequency from the low 
preset limit to the high preset limit in 4kHz 
steps. These steps are accurately controlled 
because of the phase lock reference to a pre
cision 4kHz source. It is in the receiver 
that a specific identification to a given 
status monitoring transmitter is generated. 
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The indicator path through all stations is 
identical. The only way one station can be 
distinguished from another is by its incoming 
carrier frequency. As the receiver steps in 
4kHz increments, the three octave digit dis
play indicates the transmitting location be
ing monitored. 

Each status monitoring transmitter in the 
system has its own assigned RF carrier fre
quency. Because of the nature of the scan
ning, which is sequentially numbered, should 
there be a gap in the numerical assignment 
of stations, the receiver will scan past and 
will indicate an alarm as it scans the un
assigned station. 

There are five alarms normally displayed on 
the front panel of the status monitoring 
system. These alarms are: 

1. Low band carrier 1 evel 
low. 

2. Low band carrier level 
high. 

3. High band carrier 
level low. 

4. High band carrier 
1 evel high. 

5. No return carrier. 

The status monitoring's receiver front panel 
meters indicate the absolute level of the 
two selected downstream carriers and their 
preset alarm limits. The purpose of these 
limits is of course to preclude arbitrary 
alarming at some random point in the system. 
The operator can adjust the low and high 
level points at which an alarm will be gen
erated. The return carrier level is not 
measured and the status monitoring receiver 
merely senses its presence (or lack thereof). 
The purpose of this last alarm is to avoid 
operator problems which could be created 
by false downstream alarms caused by mis
adjustment or failure of the upstream or 
return path system. Of course downstream 
and upstream information could both fail 
due to mechanical cable separation and/or 
power pack failure in an individual amplifier. 
The exact location of this of course can be 
determined by the status monitoring receiver. 

In addition to the receiver, it was felt that 
an active display would facilitate the use of 
untrained personnel as "system monitors". 
Therefore, CDI has developed a system that 
goes from the transmitter to a map display 
of the entire system. (It is interesting 
to note that the map display in a 1-600 
scale covers and area in excess of 15 x 13 
feet). [Drawing II]. This analog infor-

mation from the transmitter is transferred 
to a logic board. The logic board (Drawing 
III) operates as binary coded decimal in
formation center which singles out and iden
tifies each amplifier location as the re
ceiver it is scanning. A light emitting 
diode with a time delay latch will be used 
to indicate an out of specification trans
mitter location. Of course the map operates 
at the same scanning rate as the receiver so 
any trouble in the system can be located 
immediately as the logic board used as the 
interface between the receiver and the read
out board is designed to lock on an amplifier 
that is out of its specified range. 

This will immediately alert the operator 
that a condition out of specification is 
existing. He can then determine that con
dition immediately by the use of the status 
monitoring receiver. In addition to the 
above, CDI is currently working on a system 
that will give a digital and printed readout 
of the amplifier number and exact street 
location in the system. The advantages of 
this technique are of course obvious, and in 
addition, we are working on the interface 
that will be fed directly to a computer 
center that will allow permanent data storage 
for all system failures and variables that 
should be of great assistance in future de
sign concepts. 

As in all systems, some items were compromised. 
However, we feel that this system as a tech
nical trade off to dollar cost has very few 
shortcomings. The principle one is that the 
transmitter unit is mounted inside the stan
dard mainline station. Since generally there 
are three different devices fighting for the 
same space in the mainline housing (downstream 
AGC, upstream AGC and the status monitoring 
transmitter), we are restricted to locating 
a status monitoring transmitter at approxi
mately every third mainline station. We are 
currently working on an auxiliary housing 
arrangement for status monitoring transmitters, 
so that we can eliminate this problem a~ 
place the transmitters at any predetermined 
point in the system. This of course will 
allow any CATV system (with bi-direction cap
ability) to insert and use the status moni
toring system. 

It is Cable Dynamics' opinion that a status 
monitoring system technique is an absolute 
necessity in major markets and as more status 
monitoring techniques are developed, it could 
become economically feasible for even the 
sma 11 est sys tern. 
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SYSTEM CONSIDERATIONS AFFECTING ANTENNA PREAMPLIFIER DESIGN 

By Frank Pennypacker, P. Eng. and Emanuele DiLecce, P. Eng. 

Lindsay Specialty Products Ltd. 

This paper presents the results of a study 
conducted as part of a preamplifier design project. 
It was considered important that the preamplifier 
being designed be che best combination of performance 
to suit system operator requirements. These results 
will also be of great interest to the system operator 
to aid him in choosing a suitable preamplifier. 

The emphasis was placed on system consider
ations, that is how the performance of the preampli
fier affects the overall performance of the system. 

Antenna preamplifiers are used to improve the 
signal to noise ratio of weak signals. It is hoped 
that an overall improvement in signal to noise ratio 
will result for the entire oystem. The antenna 
preamplifiers can be characterized numerically by 
certain measurable parameters. These are: noise 
figure, overload capability, gain, and match. Not 
as easily measured is reliability. 

The characteristics of the preamplifier are 
not the only factors affecting a particular system 
performance parameter. The signal to noise ratio 
of the system is affected by noise received by the 
antenna plus the noise figure of the head-end pro
cessor, and the noise figures and number of distri
bution amplifiers. Beat products and cross modula
tion can be generated by the antenna preamplifier 
and also any other active device of the cable system. 
For the purpose of our investigation, we have assumed 
values that we consider typical of the rest of the 
system. 

Before we launch into a detailed discussion 
of antennas, preamplifiers and noise figures, let us 
talk about thermal noise. Noise is generated in any 
resistive device, due to the random motions of the 
electrons caused by the heat contained in the device. 
This noise power is proportional to the temperature 
in absolute degrees, the resistance and the band
width. It is a common misconception that a receiv
ing antenna generates a noise level of -59 dBmv. 
This corresponds to the noise that would be generat
ed by a 75 ohm resistor at room temperature. In the 
case of the antenna, the noise developed across its 
terminals is not being generated by the antenna, but 
rather, is a transformation of the electro-magnetic 
fields being received by that antenna. The antenna 
is composed of metallic elements with extremely low 
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resiltance and insulators with extremely low 
conductance. The impedance of the antenna is not 
associated with the actual elements of the antenna 
but rather with the lpace to which the antenna i> 
coupled by the electro-magnetic fields. 

The noise received by an antenna is composed 
of a certain amount of radiation generated by the 
earth, which is at approximately room temperature; 
atmor.pheric noise and radiation from outer space. 
The amount of noise received will depend on the 
pattern of the antenna and the direction in which 
the antenna is pointed. An antenna pointed down 
will receive more radiation from the earth, and an 
antenna pointed up will receive less. The upward 
pointing antenna will, of course, receive more 
radiation from space. The closest source in space 
is our sun. The amount of radiaticn from the sun 
depends on the direction and time of day. In other 
words, the noise is greatest when the antenna is 
pointed more or less directly at the lun. In certain 
directions the radiation from outer space can be 
extremely low; the temperature of intergalactic 
space appears to be about 3 degrees kelvin. However, 
the center of our galaxy is an extremely strong 
source of energy and the antenna pointed in that 
direction will receive a large amount of radiation. 

Figure 1 shows graphically the relationship 
between noise level and frequency. Notice that the 
lower frequencies have a greater noise then higher 
frequencies. Expecially note, that the noise at 
the frequency of channel 2, is considerably larger 
then the often quoted -59 dBmv. It has often been 
said that the low band is noisy, this is one reason 
why. Figure 2 shows the noise received by an 
antenna pointed well above the horizon throughout a 
24 hour period. The peak represents a time when 
the antenna is pointed at the center of our galaxy. 
The dip represents a time when the antenna is point
ed at the very cold regions of intergalactic space. 
The height and width of the peaks will be affected 
by the beamwidth of the antenna. The antenna which 
has a narrower beam width will cause a higher, 
narrower peak. 

The above does not take into consideration 
the affects of man-made noise. Thir can come from 
such sources as electric power distribution systems 
and ignition noise from vehicles. This is extreme
ly variable and unpredictable, but, we have a 
certain degree of control over it, and can do 
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something to reduce it. 

As an aid to analysis and understanding, we 
are going to define a quantity called Delta signal 
to noise ratio and abbreviate it dSNR. This is a 
quantity which we will express in dB; it represents 
the improvement in signal to noise ratio which 
will be realized by using a particular kind of 
preamplifier. We define 0 dB ~SNR as the signal to 
noise ratio which would result if the antenna were 
directly connected to the input of the head-end 
processor by a lossless cable. Thus, if the antenna 
is connected to the processor by an actual cable 
having a certain amount of loss the l)SNR will be 
negative and equal to the loss of the cable. For 
that reason the actual improvement realized by us
ing the preamplifier will be equal to the .d SNR with 
the preamplifier minus the ~SNR without the pre
amplifier. Note that ,OSNR is the improvement of 
signal to noise ratio which will be realized at the 
processor output. 

By comparing ~SNR for various situations, 
we can determine how much improvement in signal to 
noise ratio has been made by changing system para
meters. We can determine how closely we have 
approached the maximum possible signal to noise 
ratio and what we will have to do to approach more 
closely. Thi& can all be done with much less calcu
lation and complexity than working with signal to 
noise ratio directly. After the system parameters 
are determined, the actual signal to noise ratio 
can be calculated by well known techniques. 

Figure 3 shows the relationship between 
noise figure and ~SNR for various levels of re
ceived antenna noise. Note that for -65 dBmv re
ceived noise, about the best that will be encount
ered at Channel 13, the affect of antenna preampli
fier noise is quite large; much larger then one 
would expect, assuming that well known -59 dBmv. 
The change in noise figure, 1 dB to 2 dB, results 
in more than 2 dB change in signal to noise ratio. 
For -60 dBmv received noise, which is almost equal 
to -59 dBmv, the change ib almost 1 dB for 1 dB. 
Let us look at the case of -45 dBmv, which is about 
average for Channel 2, here the change from 0 dB 
noise figure to 4 dB noise figure re.ults in only 
3/10 of a dB change in signal to noise ratio. This is 
quite an insignificant amount. 

We ca~ conclude that for low band channels, 
the noise figure of the preamplifier is relatively 
unimportant, but for high band channels it is of 
~ignificant importance. This is a particularly 
unfortunate situation since, low noise figures are 
much easier to achieve at lower frequencies. 

This discussion on noise figure would seem 
to indicate that for low band signals, the preampl
ifier is of no use. Let us investigate the effect 
of not having gain at the antenna. Figure 4 is 
the relationship of gain to f:l SNR, for an antenna 
noise level of -45 dBmv. For 5 dB loss between the 
antenna and the processor ~SNR has a value of -1.2; 
for 4 dB noise figure and 15 dB of gain ~SNR is 
+0.4. The total change is 1.6 dB. Here to simplify 
calculations and presentation, we have subtracted 
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the loss between the preamplifier output and the 
processor from the gain of the preamplifier and 
called it effective gain. It appears that an 
effective gain of 15 dB results in a negligible 
degradation in b. SNR compared to what would be 
realized with infinite gain. Figure 5 shows the 
same relationship for an antenna received noise 
of -55 dBmv and a processor noise figure of 7 dB. 
Note that a 15 dB effective gain results in only 
about 3/10 dB worse signal to noise ratio than 
would result from 30 dB of gain. We consider this 
3/10 of a dB to be insignificant. Figure 6 shows 
the relationship for an antenna received noise of 
-65 dBmv. 

In the case of the preamplifier with 2 dB 
noiLe figure, the difference between 15 and 30 dB 
of gain represents a change in signal to noise 
ratio of 6/10 dB. These figures show that 15 dB 
effective gain is sufficient for the conditions 
just described. These conditions are typical for 
reception of VHF signals. If we allow for 5 dB 
of cable between the antenna and the processor 
and the use of a hybrid splitter to run two pro
cessors off one antenna, this means that the pre
amplifier should have a minimum gain of 24 dB. 

In the case of UHF reception, the preampli
fier is the major source of noise. At these 
frequencies the present state of the art transistors 
have much higher noise figures and received antenna 
noise is much lower. We have assumed a received 
noise level of -65 dBmv and a processor noise 
figure of 14 dB. The results we presented in 
figure 7. We again see that an effective gain of 
15 dB is adequate allowing for a 10 dB down lead 
loss we find that 25 dB is the minimum gain. 

The problem of overload by high signal 
levels is one that has all too often been ignored 
by preamplifier designers. If the designer ignores 
the problem, the man who uses the preamp and has 
to suffer with it, can't. There are preamplifier,. 
on the market with noise figures of 1 to 2 dB, 
which overload and produce noticeable cross modu
lation and beats with inputs of only 10 to 20 dBmv; 
in many cases theE.e amplifiers are not satisfactory. 
To determine what would be satisfactory, we have 
made a statistical study of the maximum levels 
encountered in CATV head-ends. Figure 8 shows the 
results of this study. Here we have presented the 
probability of finding any particular signal level. 
Here are probabilities for both high band and low 
band. Note that there really isn't much difference. 
The curves indicate that a preamplifier which will 
not overload with 26 dBmv input will handle 95% 
of the head-end requirements; the preamplifier 
which will handle approximately 33 dBmv input with
out overloading will handle 99% of the requirements. 

These curves were made by taking a sample 
of ten head-ends randomly selected throughout 
North America. For each head-end the maximum 
signal level on the high band and the maximum 
signal on the low band was noted. We then assumed 
a normal distribution curve and computed a mean 
and standard deviation. It is from these values 
that the curves were generated. Admittedly, this 
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is rather a small sample, but our experience in do
ing signal surveys of hundreds of head-ends indicates 
that the numbers are reasonable. In computing these 
curves no allowance has been made for rejection of 
unwanted signals by phasing antennas or other such 
methods. Depending on relative angles of the wanted 
and unwanted signals, it may not be pssible to 
create any rejection or the rejection might be as 
high as 30 dB. The curves then represent a worst 
case situation. 

We conclude that a preamplifier that will 
accept +40 dBmv inputs without over-loading will 
handle virtually all signal conditions that would 
normally be encountered. In fact such a preampli
fier will eliminate a considerable amount of trouble 
for the Antenna installers by not forcing them to 
carefully phase the antennas to eliminate unwanted 
signals. In the case of a search antenna, which is 
a broad band antenna used for signal surveys or as 
a standby, it is imperative that the preamplifier be 
able to accept whatever input signals are present. 
This, we believe, will confirm the field experience 
of those people who install the antennas and produce 
working head-ends. 

There is, of course, a trade off between 
achievable noise figures and achievable signal 
handling capability. Figure 9 shows the trade off 
which is achievable with to-day's state of the art. 
As can be seen +40 dBmv input capability will involve 
the loss of about 2 dB of noise figure. When ex
tremely high levels are pre~ent it is better to 
accept this small sacrifice in noise figure and have 
a bit more snow in the screen rather than have a 
herringbone pattern or visible cross modulation. 
For the low band, where the noise figure of the 
preamplifier is not so critical, it is our feeling 
that there is no merit in building an extremely 
low noise figure preamplifier with poor overload 
characteristics. If you will recall -from our 
previous discussion, a change in 1 dB of noise 
figure in the preamplifier resulted in a very small 
fraction of a dB change in noise figure for the 
entire system. We have encountered numerous cases 
of overload which is quite a serious problem. For 
the high band it is questionable whether an extreme
ly low noise preamplifier should be built. For a 
preamplifier with a 3~ dB noise figure the system 
signal to noise ratio will only be about 2 dB better 
than for a preamplifier with a 1~ dB noise figure. 
Again, we state that this 2 dB difference in signal 
to noise ratio will be invisible while overload 
distortion products will be quite visible. 

For UHF channels the situation is somewhat 
different because of the much lower antenna noise 
level. In many cases there are no strong local UHF 
stations which would interfere with reception of 
more distant stations. Here, ~he lowest possible 
noise figure is called for. In other cases there 
are strong local stations which might interfere 
with distant stations. Because of the two possibil
ities, it appears that two different kinds of pre
amplifiers are required; an amplifier with high 
handling for cases in which there are ~trong local 
signals and a lower handling, lower noise figure 
amplifier for cases in which there are not strong 
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local signals. 

In the interest of thoroughness, we have also 
looked into the matter of the minimum acceptable 
return loss. Figure 10 shows time delay versus the 
level of reflections. As is well known, for a very 
short time delays the reflection can be much strong
er without being visible. Superimposed on this 
curve showing minimum conditions, is a curve of 
calculated conditions for what we consider typical 
worst case. We have assumed a processor with a 
16 dB return loss on the input and a preamplifier 
with 16 dB return loss on it's output; the cable 
is standard .412 diameter with 1.7 dB of attenuation 
at 216 MHz and .85 dB attenuation per hundred feet 
at 54 MHz. Relative velocity was assumed to be 
81%. The worst case occurred with about three 
hundred feet of cable. Here, there was still an 
11 dB margin before a visible ghost would occur. 
Of course, for higher frequencies the cable attenu
ation would be much greater and the margin much 
greater also. From this we can conclude that with 
readily attainable levels of match, there should be 
no ghosting problem. 

Reliability is not a matter which lends 
itself to a similar analysis. However, one would 
hope that the reliability would be such that the 
antenna system would not have more than one failure 
in several years. In order that a mean time between 
failures of less than three years each preamplifier 
will need a mean time between failures of about 30 
years. With proper design such a reliability level 
can be achieved. However, it is not easy to measure. 
The only practical course is to have a large number 
of preamplifiers in service for several years to 
evaluate their reliability. It should be possible 
to accelerate failures by such means as vibration 
and temperature cycling. It will not be possible 
to know exactly what is the exact amount of acceler
ation. 

Preamplifierc should be designed with the 
maximum possible protection from lightning by 
incorporating both gas discharge surge protectors 
and diodes to protect semiconductors. Since 
lightning energy is mainly low frequency the pre
amplifiers should incorporate filters to admit only 
frequencies in the band of interest. Power supplies 
for preamplifiers should incorporate devices to pre
vent surges on the power line from entering the 
preamplifier. All componentR, of course, should 
operate at much less than their maximum ratings. 
It is recommended that a redundant power supply be 
used. Construction should be sturdy and rigid to 
withstand the effects of vibration, with tuning 
adjustments locked by some sort of adhesive to 
prevent detuning under vibration and temperature 
cycling. Although the user of the preamplifier 
cannot readily measure life time or mean time 
between failures of a preamplifier, he can examine 
them to determine if the above principles have 
been followed. 

It is hoped that this paper has improved 
undentanding on an area that has not been well 
understood in the past. We hope that this will 
result in better preamplifiers and better usage. 
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PREVIEW 

TECHNICAL EYE OPENER WORKSHOP 

COPING WITH 1977 TECHNICAL STANDARDS 

Sponsor 

Society of Cable Television Engineers 

National Organizer 

Robert Bilodeau 
Suburban Cablevision 
West Orange, N. J. 

Moderator/Organizer 

Robert Cowart 
Gill Cable 

San Jose, Calif. 

Panelists 

Richard Covell 
GTE Sylvania 

El Paso, Texas 

Kenneth Foster 
N. Y. State Commission on 

Cable Television 
Albany, N.Y. 

Early Monroe 
FCC 

Cable Television Bureau 
Wash., D.C. 

Keneth Simons 
Jerrold Electronics 

Horsham, Pa. 

James Wright 
CATV of Rockford 

Rockford, Illinois 

Technical standards mean different 
things to different people. The FCC's 
imposed standards are forever subject to 
modification determined, to a great extent, 
by the real life situations in CATV systems. 
Most recently, the timetable for imple
menting certain measurements was revised 
so that only minimal requirements need be 
met by a March 31, 1974, deadline, with 
provisions for more complex measurements 
in several tiers, and "full" compliance 
by 1977. This panel's charge is to relate 
the FCC's standards and state/local 
jurisdiction standards to what the public 
needs or wants. An attempt will also be 
made to translate technical standards of 
various jurisdictions into manpower, 
economic, material and hardware require
ments to implement the standards as they 
are either required or desired. 

Hopefully, some of the confusion 
surrounding multi-tiered standards and 
compliance will be cleared away. 
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PREVIEW 

TECHNICAL EYE OPENER WORKSHOP 

PRACTICAL APPLICATIONS OF FREQUENCY CHANNELING CONCEPTS 

Sponsor 

Society of Cable Television Engineers 

National Organizer 

Robert Bilodeau 
Suburban Cablevision 
West Orange, N. J. 

Moderator/Organizer 

Wayne McKinney 
Texas Community Antennas, Inc. 

Tyler, Texas 

Panelists 

Edward Chalmers 
Zenith Radio Corp. 

Chicago, Ill. 

Malcolm Ferguson 
Television Communications Corp. 

Pennsauken, N.J. 

Mike Jeffers 
Jerrold Electronics 

Horsham, Pa. 

Henry B. Marron 
Scientific-Atlanta 

Atlanta, Ga. 

Sruki Switzer 
Switzer Engineering Service 

Mississauga, Ontario 

In the past several years, various 
proposals have evolved suggesting certain 
reassignment of television channel fre
quencies for carriage on a cable T.V. 
system. Some of these proposals have 
reached the available hardware stage in 
head-end equipment. The purpose of the 
exploration into the reassignment of 
frequencies is to determine if an arrange
ment other than the standard FCC broadcast 
assignments, in conjunction with standard 
midband and superband assignments, will 
provide an improvement in the performance 
of CATV amplifiers, specifical~y as the 
output capability of CATV amplifiers 
manifests itself in terms of second- and 
third-order beat products. 

Three variations to date have been: 
the constant interval, the harmonically 
related constant interval, and the pivotal 
harmonically related constant interval. 
Each plan may have its own particular 
advantages and disadvantages and specific 
location considerations vis-a-vis off-air 
ambient signal level. In addition, a 
decision to employ a "non-standard" 
channeling plan is locked into the termi
nal equipment decision. The purpose of 
this panel is to state the pros and cons 
of the various techniques and relate them 
to practical applications. The panel 
represents a cross section of interested 
parties in this particular area of tech
nology; i.e., receiver manufacturers, head
end equipment manufacturers, terminal 
equipment manufacturers and the cable 
operator. 
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PREVIEW 

TECHNICAL EYE OPENER WORKSHOP 

SYSTEM REQUIREMENTS FOR TWO-WAY 

Sponsor 

Society of Cable Television Engineers 

National Organizer 

Robert Bilodeau 
Suburban Cablevision 
West Orange, N. J. 

Moderator/Organizer 

Warren L. Braun, P.E. 
Com-Sonics, Inc. 

Harrisonburg, Va. 

Panelists 

James w. Stilwell 
Tele-Systems Corp. 
Elkins Park, Pa. 

Edward Callaghan 
American TV & Communications 

Denver, Colorado 

Nick Worth 
TeleCable Corp. 

Norfolk, Va. 

Tim Ellers 
The MITRE Corp. 

McLean, Virginia 

Steve McVoy 
Coaxial Scientific Corp. 

Sarasota, Fl·a. 

Richard T. Callais 
Theta-Cable 

Inglewood, California 
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Each of the panelists will provide a 
10-minute thumb nail sketch of their 
practical experience with two-way CATV 
systems, with application to the day-to
day system operation, together with the 
system design constraints that result from 
their findings. 

Mr. Stilwell's comments will be 
focused on system ingress problems, with 
comments on remedial technology, i.e., 
instrumentation to locate sources of system 
ingress and upstream spectrum analysis. 
Comments will also be directed to hardware 
and maintenance limitations. 

Mr. Callaghan's talk and comments will 
be oriented to the following areas of 
concern: 

I. CATV system should be designed 
initially as a two-way system. 

II. Unique requirements for two-way 
system components. 

III. Reverse path design considerations. 

IV. Other considerations 

TeleCable operates sub-low-return 
CATV systems in Spartenburg, S. C. and 
Overland Park, Kansas. In each of these 
systems, extraneous signal ingress has 
proven to be a problem requiring special 
measures to reduce the ingress to manage
able levels. Mr. Worth will cover system 
requirements and TeleCable's experience in 
solving these problems. 

Mr. Ellers will comment on MITRE's 
experience with interactive signal com
munication, resulting in revised engi
neering requirements for two-way circuit 
signal implementation. His discussion 



will be focussed on system requirements 
viewed through the end use of the system 
in interactive mode. 

Mr. McVoy will review their system 
experience with two-way responsive signal
ing. He will be unveiling a recently 
developed unique solution that solves many 
of the more difficult upstream system 
problems. Detailed information of this 
system will be disclosed in Mr. McVoy's 
presentation. 

Mr. Callais will discuss the field ex
perience and data accumulated from the SRS 
{Subscriber Response System) operation at 
Theta-Cable. Data will be presented and 
conclusions drawn. A technical paper will 
be available at this session. 
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TELEPRODUCTION AND AUTOMATIC PROGRAMMING SYSTEM 
FOR LOW-COST CASSETTE AND OPEN-REEL VTRS 

c. Robert Paulson 
Television Microtime, Inc. 

Bloomfield, Connecticut 

The modern-day Japanese made televi
sion receiver with a Sony Trinitron pic
ture tube is the world's finest time base 
corrector. Connected directly to the out
put of a low-cost cassette or open-reel 
VTR, the receiver's fast-acting lock up 

Fig. l. World's best TBC Combination 

circuits track the sync and subcarrier 
frequencies from the VTR, and mask head 
switch point skew tension errors of many 
microseconds. Just about the only problem 
the receiver can't handle is the inability 
of the VTR to track an improperly recorded 
interchanged tape. 

Substitute an older, marginally main
tained receiver, or even a new unit with 
long time constant AFC circuits designed 
for fringe area reception, and the picture 
changes. There's flagwaving at the top of 
the picture, perhaps vertical jumpiness, 
and the color may not lock up. 

Precisely the same picture chaos re
sults in a teleproduction application, when 
an attempt is made to mix the VTR output 
with a camera locked to it through even t~ 
most expensive of proc amps. Assemble or 
insert editing of tape segments into a sec
ond generation edited master has also been 
impossible, and even second generation dubs 
of continuous tape recordings lose all of 
the first generation's color freshness and 
pick up almost intolerable noise and jit
ter. 

It has become fashionable in CATV 
circles to believe that adding a "time 
base corrector" in the VTR output channel-
especially a revolutionary new "all-digital" 

Any old VTR with 
any old tape in 
any old condition 

"All-digital" 
TBC 

Perfection! 
Ha! 

Fig. 2. No TBC offers a cure-all for 
bad recordings, uncorrected 
dubs, careless tape storage, 
and cheap, poorly maintained 
VTRs. 

unit--will immediately eliminate all the 
problems. It is then quickly discovered 
that no TBC is a cure-all for all the prob
lems that are created in the taping and 
dubbing activities described above. No TBC 
can do anything about the signal's time 
base, amplitude and sync/subcarrier phase 
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problems recorded in to a tape from ear
lier generations. Further, getting the 
VTR's free-wheeling output under control 
and integrated with other VTRs aad camera 
picture sources in a teleproduction or 
automat·ic programming system is a complexly 
related three part problem. It requires a 
system solution, and cannot be accomplished 
by adding a "standalone/wide-window/univer
sal color box for all reasons" to the sys
tem, or any other excitingly described and 
uniquely heralded TBC, for that matter. 

In order for any two NTSC color com
posite video signals to be mixed together 
through a switcher or special effects 
mixer, their transmission to and time of 
arrival at the mixing point must be ar
ranged so that: 

1. Their vertical sync pulse timing 
is coincident well with~n ±1/2 H line (±30 
microseconds)~ 

2. Their H sync pulse timing must be 
coincident within a nominal 1 microsecond, 
with a relative jitter at least below 100 
nanoseconds, and preferably under 50 nano
seconds, peak to peak~ 

3. The two burst signals must be 
identical in frequency, with a relative 
phase difference, referenced to an arbi
trary external subcarrier source, of sub
stantially less than ±10 nanoseconds (±13° 
of subcarrier phase). 

Compare the differences between a 
color camera composite video signal genera
ted from a broadcast stable color sync 
generator and the output of a typical low 
cost cassette or open-reel VTR, in Subcar
rier Frequency (SC), Horizontal Frequency 
(H), and Vertical Frequency (V): 

(SC) 

(H) 

Broadcast 
Stability 

Requirement 

3,579,545 Hz 
±10 Hz 

Typical 
Low-cost VTR 

Output* 

Free-running 
frequency 

"Reference 3.58 MHz" somewhere near 
Reference 3.58 

15,734.--lines/sec. 
(3.58 MHz ~ 455) 

2 

Free-running 
slipping, jit
tering, dis
continuous 
signal some
where near 
15,734 

(V) 59.94 fields/sec. 
(15,734.-- ~ 525) 

2 

Stability prob
lems like H, 
but 2:1 coher
ent, as long 
as the signal 
originated in 
a picture 
source driven 
by 2:1 sync 

*It is testimonial to the capabilities of 
the modern-day color receiver that it can 
make an acceptable color picture even if 
all three sync references are independently 
varying and far removed from broadcast-spec 
frequencies. 

There are a variety of MICROTIMETM 74 
teleproduction systems which can be assem
bled from products manufactured entirely 
by Television Microtime, Inc., to accomplish 
the desired end of assembling "a telepro
duction and automatic programming system 
for low-cost cassette and open-reel VTRs". 

a-c 
power 

Comp Sync Audio follow Automated 
Outputs and Video Switch Switch 

Command Lines Command Lines 

Subcarrier 

Fig. 3. HETROCOLOR '74 Teleproduction/ 
Automatic Programming System 

TM 
Trademarks of TMI. 
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The success of the MICROTIME system design 
approach is based on compromise, since it 
is not reasonable to assume that an under 
$1,000, mass produced, battery-powered VTR 
can be induced, by either electromechani
cal or metaphysical techniques, to stabi
lize its jitters and broaden its responses 
to act like a $50,000 to $100,000 broad
cast quad or helical scan VTR. 

The three parts to the compromise 
solution to the three part problem are 
most economically achieved in a system 
with four coordinated-design MICROTIME 
products. These are the MICROTIME 300 
Series HETROCOLOR™ Time Base Corrector, 
with a VSD-30 Video/Sync Director on its 
input and a DVP-40 Dual Video Processor 
on its output, and one or more SL-15 Cap
stan Servo Accessories providing vertically 
phase ~c driving power to the VTRs. 

There are subtle differences in the 
sync and burst phases in the composite 
video output signal of this system, com
pared to the composite video signal at the 
master control output of a television 
broadcasting station. You won't be able 
to detect this difference without a $10, 
000 test instrumentation system, and those 
old unresponsive receivers in your subscri
bers' homes will never know what the dif
ference is. For the record, however: 

Subcarrier (burst 
frequency 

Vertical frequency 
and phase 

Horizontal fre
quency and phase 

3, 579,545 ±5 Hz: 

59.94 fields/sec. 
average, ±8 H lines 
even with the most 
rubbery of cassette 
VTRs on line: 

15,734 lines/sec. 
average, with H phase 
drift limited to ±l/2 
H line at low fre
quency, and relative 
jitter between a cam
era and any VTR re
duced to less than 35 
nanoseconds peak to 
peak. 

The functions of the MICROTIME prod
ucts which accomplish this amazing trans
formation of the VTR output signal are: 
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VSD-30--generates broadcast stable 
NTSC color subcarrier reference, burst, 
and burst flag, and coherent RS-170 com
posite sync: 

Provides five composite sync outputs 
to vertically phase up to five capstan 
servo'd VTRs to system vertical phase: 

Provides additional comp sync, comp 
blanking, V drive, H drive, and burst 
flag outputs to drive stable picture 
sources--cameras/titling generators/ 
switchers/special effect generators: 

Makes vertical interval switches 
among its six inputs, transferring the 
RS-170 sync generator to gen-lock track
ing of a non-synchronous VTR. 

~ ... ( r 

Fig. 4. The VSD-30 is an impressive 
multi-function unit including 
an NTSC Color Sync Generator, 
a second gen-lock RS-170 sync 
generator with burst flag in
cluded, a 6-input vertical 
interval switcher, a "coherent 
color" feature for dubs to 
quad VTRs, and 75-ohm outputs 
for all required drives and 
sync signals. 

SL-15--generates a-c driving power 
for the VTR of the proper frequency and 
phase to maintain vertical phase coinci
dence between the VTR output and the 



reference sync generator, by comparing the 
VTR output phase continuously against the 
comp sync reference from that sync genera
tor. 

Fig. 5. The SL-15 corrects the tape speed 
and phases the playback timing of 
a power-line driven or capstan 
servo'd VTR or VDR against any ex
ternal vertical sync reference. 

MICROTIME 300 Series TBC--corrects 
the VTR output signal jitter, skew tension 
errors, and burst frequency/phase errors 
against the VSD-30 comp sync and subcar
rier references, to a residual raster jit
ter of ±17 nanoseconds maximum against the 
comp sync reference, and color phase shift 
to less than ±4 nanoseconds relative to 
VSD-30 subcarrier reference. 

Fig . 6. The MICROTIME 388 HETROCOLOR TBC 
is the most versatile in the in
dustry, accepting any kind of 
color signal, from any kind of 
properly maintained VTR or VDR, 
with either RS-170 (broadcast) 
or RS-330 (2:1 interlace) compos
ite sync. 

DVP-40--switches the outputs of up 
to six TBCs or cameras or other picture 
sources which are driven by the VSD-30 
sync generator, to either side of a 2xl 
switcher/fader,where they are combined 
into one output. 

The system output is therefore the 
manually selected combination of inputs 
from any of the studio's picture-.generating 
sources--VTRs, cameras, titling generators, 
special effects generators, even the newly 
emerging video disc recorders (VDRs). An 
additional feature of this HETROCOLOR sys
tem is that all the switching functions 
may be commanded remotely, either manually 
or under automatic programming system 
control! Program audio from the VTRs 
automatically follows video, and any syn
chronous inputs (camera/titling generator/ 
film chain) can have announce mike or 
recorded audio sources follow their selec
tion. 

This MLCROTIME teleproduction and 
automatic programming system meets all 
the FCC specifications for broadcasting 
of a composite video signal, as regards 
the frequency and stability of the burst, 
vertical sync and horizontal sync. (There 
is still a raging debate about what is 
really required for sync and subcarrier 
phase coherency.) 
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A broadcast engineer would describe 
the output of this program origination 
system as "non-phased color". It is a 
well known fact of life in the industry 
that many stations broadcast non-phased 
color tapes from VTRs and VDRs or ancient 
vintage and variable capabilities as a 
matter of convenience, and this departure 
from broadcasting a signal driven by the 
station NTSC color sync generator is not 
detectable on any home receiver. 

In view of this confusion within the 
industry, we do not take any position as to 
whether this MICROTIME teleproduction and 
program origination system "meets FCC specs 
for broadcasting". Its output signal is 
technically capable of being broadcast, 
processing the output signals of low cost 
cassette and open-reel VTRs. Its output 
signal is certainly "broadcast quality". 
The system described contains four proces
sing amplifiers, a complete NTSC color 
unit in the TBC and three limited function 
units in the DVP-40, in addition to the 
broadcast-spec NTSC Color Gen-lock Sync 
Generator in the VSD-30. 

An additional signal processing 
capability not important in non-broadcast 
program origination, but frequently impor
tant in teleproduction processing, is an 
intriguing "coherent color" mode of opera
tion. In this mode, the reference subcar
rier frequency to the system is derived by 
multiplying the gen-lock composite sync H 
frequency within the VSD-30 by 455/2. 

The H frequency will be tracking the 
output of the VTR or VDR, which may be 
capstan servo'd, a-c power line driven, 
or even a battery-powered. The time base 
corrected output of the TBC will have co
herent burst and sync, but their frequen
cies will be floating and off spec, depend
ing completely on the characteristics of 
the source VTR/VDR. 

The second generation playback of this 
signal will be coherent at the DEMOD output 
of the VTR, and may be time base corrected 
against broadcast-spec sync and subcarrier, 
if the unit is appropriately equipped. 
There is a limitation on this transfer pro
cess, however, associated with the amount 
the average frequency of H (and therefore 
of subcarrier) is displaced from the cent~ 
line specification of 15,734 lines/sec. A 
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6 Hz displacement of H results in a 1300 Hz 
displacement of subcarrier frequency, which 
equates to a 30 degree hue shift of any 
color across each H line, with respect to 
stable re-inserted burst. The broadcast 
VTR must have a velocity error corrector 
in its TBC complement to remove this unac
ceptable color aberration from the sscond 
generation playback. At some lesser dis
placement of H, the hue shift error becomes 
tolerable, but this is a subjective judge
ment. 

An outstanding feature of the SL-15 
Capstan Servo Accessory is its ability to 
alter the tape speed of either a line
locked QE ~ capstan-servo'd VTR, so that 
reproduced H frequency is 15,734 lines/ 
sec average. This means that even a 
battery-pack tape, recorded extremely slow 
because of low tape voltage, may be correc
ted to 15,734 lines / sec average frequency 
by playing it back on a capstan-servo'd VTR 
driven by an SL-15 unit. 

An additional MICROTIME 74 TBC series 
is now available for broadcasters and 
others who require the ability to produce 
a broadcast-stable, phased (coherent) 
color tape in one step from a signal re
produced on a capstan servo'd (V locked) 
VTR or VDR. Called the 600 Series 
DIGI-MATic™ TBCs, these units utilize 
an all-digital signal processing technique. 

Fig. 7. The 600 Series DIGI-MATIC TBC is 
the newest addition to Television 
Microtime's rapidly expanding 
product family. 



They work with direct and heterodyne 
record 1-head-per-field helical VTRs which 
exhibit large time base errors from inher
ent instabilities in the tape drive and 
video head drive servo systems, large ir
reducible changes in tape dimensions 
manifesting themselves as skew tension 
errors, and/or 1/2 H-line or greater dis
continuities in sync timing caused by 
wrong field edits in capstan servo'd VTRs. 

The DIGI-MATIC TBC design features 
advanced proprietary automatic circuitry 
designed to minimize the effects of digi
tizing noise and quantizing errors and 
heterodyne processor noise found in ear
lier all-digital TBCs. A unique capabil
ity included in the digitizing clock 
function compensates for velocity errors 
detected in the playback of direct-record 
signals. With the unit interconnected to 
the VSD-30 input accessory, one switch 
selects whichever processing mode is re
quired by the phased or non-phased char
acteristics of the incoming composite 
video signal. All units contain a 
MICROTIME full-color proc amp with front 
panel operating controls and internal 
maintenance adjustments described pre
viously. 

The current MICROTIME family of time 
base and velocity error correctors and 
teleproduction accessories now includes 
six base product series and almost a dozen 
accessories. A hallmark of every MlCROT!ME 
designed product is universal adaptability 
and a competitive price consistent with 
quality and reliability. Individual de
signs incorporate all the currently feasi
ble time base error correction technques, 
alone and in combination--EVDL (Electri
cally variable Delay Line), SBDL (Switched 
Binary Delay Line), heterodyne color sign 
recovery, and all-digital, to reach these 
objectives. 
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THE MITRE INTERACTIVE TELEVISION EXPERIMENT 

Timothy S. Eller 
The MITRE Corporation 

Mclean, Virginia 

The MITRE Corporation has announced plans for 
a demonstration of interactive television in Stockton, 
California, in cooperation with Educational Testing 
Service and Big Valley Cablevision of Stockton. The 
intent of this paper is to report the status and pro
gress of the planned project to the cable television 
community. 

The project will experiment only with public 
service aspects of interactive television, and will 
include no commercial services. The major emphasis 
is on education service provided by a computerized 
education and information system. An essential 
feature of the system is the use of a time-shared 
computer system which can provide completely indi
vidual service to about 100 users at any time. 
The unmodified home TV receiver is used as the com
puter display. The computer generates full color, 
still frames of alphanumeric and graphic infor
mation, under control of the home user. The user 
enters information requests on a small keyboard 
which channels to the computer via the reverse path 
of the bidirectional cable system. Any user is 
free to choose from the complete data base, which 
includes over 100 hours of material, at any ttme, 
independently from any other user. If more than 
100 users request service at the same time, the 
overload users get a busy signal and are entered 
into a que. 

The particular implementation chosen for use 
in Stockton is based on providing the maximum ex
perimental flexibility, with least investment in 
hardware, in order to concentrate resources on con
tent development and social evaluation. The Big 
Valley system is divided into six separate service 
hubs, each trunked to a central headend. Approxi
mately 16 channels will be made available (of the 
60 channel dual cable system) for the interactive 
experiment. The 16 channels will be used indepen
dently in each service area, allowing 96 users. 
This approach allows a dedicated channel for each 
active user, eliminating the need for a home 
located refresh device, and allowing the delivery 
of moving video and audio. 

About 1000 homes will participate in 
ject, sharing the available computer ports. 
participant will be provided a keyboard and 
standard channel converter. 

the pro
Each 

non-

A computer system will be located at the head
end. The computer offers access to 200,000 stored 
frames, 12,000 graphics images, 5 hours of random 
access audio, plus video tape and picture files. All 
services are in color. 

The particular system chosen is more ambitious 
than most systems presently under commercial develop
ment. Our research indicates that it can be practical 
over a wide variety of usage and service assumptions. 
To further develop the system, however, we must have 
a much clearer idea of how people will use it, and 
what types of service are attractive and effective. 
There is no way to accurately determine these usage 
characteristics except to try out a variety of ap
proaches and evaluate the results. The content ap
proaches will be developed by a number of subcontractors 
and partners with demonstrated expertise in authoring 
and education. Educational Testing Service will pro
vide assistance in evaluation and social experiment 
design. Thus, the primary mission in Stockton is to 
gather data about how people will actually use inter
active television. In addition, Stockton will pro-
vide a major demonstration of the future services 
which cable may provide. 

The proposed schedule calls for material 
authoring on the computer system installed at MITRE 
during 1975. The system will be moved to Stockton 
by 1976, and will deliver services for two years. 

It must be emphasized that the project is pre
sently in the proposal stage, and has not received 
full funding. The project is the result of our previous 
research in the interactive television field, which 
has been funded by the National Science Foundation 
since 1971. A formal proposal to support the complete 
project in Stockton has been submitted to the National 
Science Foundation in April, and a decision on it is 
expected in 6-9 months. A public announcement before 
funding approval is required because of the need to 
seek the support and cooperation of the Stockton com
munity. In addition, we have discussed the project with 
a number of cable systems during our search for the 
most suitable experiment site, so that awareness of 
our plans are widespread. 
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THE PHAZAR, A NEW INTERFERENCE REJECTION DEVICE 

Peter Conte 

CATV Components Co. 

St. James, N.Y. 

Steven I. Biro 

Biro Associates 

Princeton, N.J. 

The PHAZAR, a recently introduced inter
ference reduction system eliminates the need to 
know the direction of the off-the-air interfer
ence source, and in most cases makes the appli
cation of an auxiliary antenna unnecessary. A 
sequential manipulation of the controls will re
sult in a 20 to 30 dB interference rejection. 

In this paper the authors give a brief 
summary of the conventional interference rejection 
methods used before. Than, using block diagrams 
and phasor charts, the authors describe the 
theory and operation of the PHAZAR SYSTEM "A". 

Finally, the interference rejection capa
bilities of the PHAZAR will be demonstrated 
simulating harmonic type and co-channel inter
ference conditions. 

Off-the-air interference problems, such 
as co-channel interference, the harmonics of 
local FM stations and Citizens Band transmit
ters, adjacent channel carriers, high voltage 
power line noise, reflections (ghosting) have 
impaired the CATV picture quality for a long 
time. In order to ascertain the best picture 
quality CATV engineers used one or more of the 
following approaches to protect subscribers 
against interference problems: 

1. Better antenna site selection. To 
prove by an on-site survey that the 
location is free of interference. 

2. Phased antenna-arrays, forcing an 
antenna radiation pattern null in 
the direction of interference. 

3. The application of bandpass filters 
and traps. 

While the use of filters and traps might 
bring satisfactory relief against strong adjacent 
channels, where the interfering carriers fall out
Bide the received channel, filters and traps are 
useless against co-channel or harmonic type of 
interference if the spurious signal shows up 

between the video and sound carrier. (FIGURE 1). 

FIG. 1 

This spectrum analyzer picture 
shows a spurious signal .75 MHz 
(3/4 Division) above the video 
carrier. No trap or filter 
could be applied to eliminate 
the interference. 
Horizontal scale: 1 MHz/Division 
Vertical scale: 10 dB/Division 

The PHAZAR, a recently introduced interfer
ence rejection device, greatly simplifies the task 
of interference reduction or elimination. The 
advanced (SYSTEM "A") version of the PHAZAR even 
eliminates the need to know the direction of the 
interference source, or the installation of a 
second (auxiliary) antenna-array, thus rendering 
an attractive and economical solution combating 
off-the-air interference. 

The concept of interference cancellation, 
employing a bucking antenna, oriented toward the 
interference source, has been known for a number 
of years in the CATV industry. External attenu
ator pads were used to equalize the amplitude of 
the interfering signals, and different length of 
coaxial cables were introduced to achieve out-of
phase (cancellation) conditions. However, the 
process was somewhat crude and tedious, the moni
toring instrumentation inadequate. After many 
disappointing field applications the bucking an
tenna method slowly faded away. 
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The PHAZAR, a passive interference rejection 
device, operates basically on the bucking antenna 
principle. The first input port of the PHAZAR is 
connected to the main antenna array (FIGURE 2), 
receiving the desired station plus the undesired 
interferences. The second input port is connected 

To proceaaor 

Dee ired -atatlon 

fnterference 

FIG. 2 

Schematics of the PHAZAR concept 

to the auxiliary antenna, oriented toward the 
interference source, picking up primarily the 
interference, and a fraction of the desired sig
nal. A portion of the interference signal is 
than added out-of-phase to the desired signal, 
resulting in a more or less complete cancellation, 
as illustrated on the vector diagram of FIGURE 3· 

Phase-reversed tf 
Interference I Desired 

~ 
~terference 

Resultant 

FIG. 3 

Vector diagram of interference cancellation 

The cancellation (phasing and shaping) pro
cess of the PHAZAR is convenient and effective 
because the instrument is head-end rack mounted, 
and has built-in attenuators and phasing controls. 
(FIGURE 4). 

The instrument controls provide: 

1. 

2. 

3· 

A maximum of 40 dB attenuation of the un
desired signal by step-attenuators. 

0 to 360 degree phase variation through 10 
and 90 degree step controls. 

A continuously variable 0 to 2 dB attenua
tion, and a 0 to 10 degree fine tuning 
phaseshift vernier. 
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/ If ,. 
Attenuators Phase-knobs 

FIG.4 

Rack-mounted version of the PHAZAR 

It is the fine and continuous variation of 
amplitude and phase which makes the PHAZAR really 
successful, the nulling so effective, producing 
a minimum of 20 dB, occasionally as high as 40 dB 
interference rejection. 

The PHAZAR SYSTEM "A" is a more advanced 
version of the PHAZAR concept, using, beside 
the PHAZAR, .a sum-difference hybrid combiner, 
which replaces the original 3 dB hybrid splitter 
(combiner) of the antenna array (FIGURE 5). 
If the system already has a two-· ay or quad an
tenna-array working on the problem channel, there 
is no need for the installation of an auxiliary 
antenna. 

"-Undesired 
\ 

A 

Output 

t Desired 

8 

FIG. 5 

PREAMP. 

B.P. FILTER 

ATTENUATORS 

PHASESHIFTING 

Schematics of the PHAZAR SYSTEM "A" 



When both antennas of a horizontally stacked 
antenna-array are oriented toward the desired 
station, the output from the hybrid sum port will 
be the desired signal, plus an interference signal 
component. The output from the difference port 
will not contain any desired signals (see the split 
lobes of FIGURE 6), only the interference signal 
will appear at this port with a considerable ampli
tude. 

I 
Z PATTERN 

A PATTERN 

FIG. 6 

The split-lobe radiation pattern 
shows that the desired station 
is received at a -25 dB level. 
The deep null a_lso falls in the 
direction of the desired station. 

Connecting the sum port to the "DESIRED IN" 
port of the PHAZAR, and the difference port to the 
"UNDESIRED IN" port of the PHAZAR, we are ready 
to adjust the level and phase controls on the 
PHAZAR to &chieve interference cancellation. There 
is a built~in preamplifier after the undesired-in 
port ascertaining an initial high interference 
signal whioh is than attenuated to the exact can
cellation level. 

The theory of operation is illustrated with 
the aid of the vector (phasor) diagarams of FIG
URE 7. The signals received from antennas A and 
B are vectorially added at the sum port, and vec
torially subtracted at the difference port. As
suming that antennas A and B have received the 
desired signals in-phase, and they also have equal 
gain, the two desired signals simply add at the 
sum port (FIGURE 7/a). The interference signal 
received by antenna A is arbitrarily shown as in
phase with the desired signal. The interference 
signal picked up by antenna B has a phase angle 
9 relative to the signals of antenna A. The 
dashed line represents the resultant interference 
vector. 

FIGURE 7/b depicts signal conditions at the 
differeBce port. The desired signals are equal 
but 180 out-of-phase, thus resulting in a per
fect cancellation. (No desired signal at the 
difference port). The resultant interference 
signal is made up by the interference signal of 
Antenna A and the interference signal of Antenna 
B. However, the latter vector shows a reverse 
direction to indicate subtraction. The dashed 
vector of FIGURE 7/b pointing downward is the 
resultant of the interference signals. 

411!:' -

Desired A Desired B .- ,..,. ..-,.. .-- ,.. 
Inter!. A 

a. Hybrid sum-port output 

Desired A Desired B lntert. A 

~ ~~ 
RESULTANT ~erl. 8 

b. Hybrid difference-port output 

/_.....-·- .- -~·- · -- -----~~micircle 

/ " 
/RESULTANT ·, I sum inter!. 

I 

RESULTANT 
dill. Inter!. inter!. B 

-

c. Interference signal relationships 
between sum and difference port ... ---.-
-·~-

- Dill. port resultant Inter!. 

alter 90" phaeeshlft and gal n 

d. Resultant interference vectors 
after cancellation process. 

FIG. 7 

Phasor diagrams for the 
PHAZAR SYSTEM "A" 

FIGURE 7/c illustrates the relationship be
tween the sum and difference port interference 
vectors. By noting that interference vectors A 
and B are equal in length, it can be seen that 
these vectors describe a semicircle in which vec
tors A and B represent the radii of the semicir
cle. Second, the resultant interference vectors 
(dashed lines) are always at right angle relative 
to each other (Thales principle). 

The remaining task is to rotate clockwisS 
the difference port interference vector by 90 
and make it equal amplitude with the resultant 
sum port interference vector. (FIGURE 7/d). 
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This critical amplitude shaping and phasing pro
cess is achieved by the built-in preamplifier, 
the step and fine tuning attenuators and phase 
shifters. 

Since there is a fixed 90 degree phase re
lation between the two (sum and difference ports) 
resultant interference signals, the PHAZAR's phase 
controls can be set to a predetermined position 
corresponding to the 90 degree difference. Then, 
only the level (attenuation) controls need to be 
varied sequentially in order to find the setting 
of the best cancellation. This, in turn, substan
tiates our statement in the introduction that the 
direction of souce must not be known to achieve 
cancellation. 

The PHAZAR and PHAZAR SYSTEM "A" are trade 
names of the CATV Component Company, St. James, 
N.Y. Patent application is currently being pro
cessed. It is the authors firm opinion that the 
above discussed interference rejection technique, 
when properly applied, will provide CATV operators 
with a convenient and economical tool to combat 
co-channel interference, ghosting, local RF and 
AC interference conditions, resulting in a much 
improved picture quality, less service calls, and 
hopefully, an increased demand for CATV services. 
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THE RELATIONSHIP BETWEEN THE NCTA, EIA, AND 
CCIR DEFINITIONS OF SIGNAL-TO-NOISE RATIO 

T. M. Straus 
Theta-Com of California 

Phoenix, Arizona 

One might think that such a common term 
as signal-to-noise ratio has only one definition, 
but this is unfortunately not the case. The defi
nition depends upon what is meant by 11 signal" and 
what is meant by "noise" and these meanings 
determine how the measurement is made. To 
compare an NCTA SIN measurement made at VHF 
with an EIA or CCIR S/N measurement made at 
video baseband one must follow the vestigial side
band television signal through an ideal vestigial 
sideband demodulator. The resulting relation
ships show that there is only a small difference 
between the various definitions. Experimental 
results which back uu the theoretical findings are 
described. 

A. Definitions 

The following are some of the definitions 
commonly used to define TV signal quality. 

1. NCT A : Signal - rms power of the VHF 
signal during the synch 
pulse. 

Noise - rms noise power tn a 
4 MHz wide VHF 
channel. 

The measurement is necessarily made at 
VHF and generally with a field strength meter. 
Signal power is read directly from the field 
strength meter. Noise power is also read off the 
meter after the signal is removed but a correc
tion factor of 3. 9 dB, (at +5 needle reading) which 
accounts for the fact that the meter bandwidth is 
less than 4 MHz and also that the meter attempts 
to read noise peaks rather than rms value, is 
added to the reading. 

Alternatively, a VHF spectrum analyzer 
may be used to make the measurement. The 
sweep speed must be sufficiently lowered, and 
the sweep width decreased so as to insure that 
one does see the true synch pulse peak. For the 
noise measurement, video filtering can help 
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establish the rms value but the true noise band
width must also be carefully established. 

2. T ASO : Signal - rms power of VHF 
signal during the synch 
pulse. 

Noise - rms noise power in a 
6 MHz wide VHF 
channel. 

Note that this is exactly the NCTA defini
tion except for the different noise bandwidth. 
Thus the TASO and NCTA definitions are related 
to each other by a simple bandwidth correction 
factor. On the other hand, they are distinctly 
different from the definitions which follow. 

3. EIA : Signal- difference in voltage 
between the synch tip and the 
refe renee white. 

Noise - rms noise voltage (nom
inally between 10KHz and 4 MHz) 
weighted by the curve shown in 
Figure 1. 

The measurement is necessarily made at 
baseband frequencies. A wide band oscilloscope 
is used to measure the peak-to-peak volts at the 
output of the weighting network shown in Figure 2. 
An rms indication meter is then used to measure 
the noise voltage with the signal removed. Low 
frequency noise due to hum is excluded. 

4. CCIR: Signal- difference in voltage 
between the blanking pulse and 
the refe renee white. 

Noise - rms noise voltage 
weighted by the curve shown in 
Figure 3. 

The measurement is made as for EIA except 
that the signal is defined as above and the weight
ing network shown in Figure 4 is used. 

To be more precise, this definition applies 
only to the CCIR Norm M television signals used 
in Canada and the United States. In other coun
tries, different weighting networks are applied. 



In addition, one often hears reference to an 
unweighted CCIR signal to noise ratio. One could 
view the 11unweighted11 case as one where the 
weighting network has a flat frequency response. 

5. BTL : Signal - difference in voltage 
between the synch tip and the 
reference white. 

Noise - rms noise voltage weigh
ted by curve shown in Figure 3. 

This is clearly a hybrid description in 
which signal is defined as in EIA but the CCIR 
noise weighting is used. Here also the 11 un
weighted" definition exists. The unweighted and 
weighted ratios are simply related by the 
appropriate weighting factors which will be 
given later in this paper. The relation is such 
that the weighted signal to noise is always 
larger than the unweighted signal to noise ratio. 

B. Relation Between RF and Baseband S/N 

Within the definitions given in Section A of 
this paper, there are obviously two classes of 
S/N, i.e, measurements made at VHF and 
measurements made at video baseband. For the 
latter type measurements, a noise weighting is 
applied which attempts to take into account the 
variation in subjective evaluation to interference 
at various baseband frequencies. In that sense 
the latter definitions are more nearly a measure 
of the true quality of the TV picture delivered to 
the customer. Both EIA and CCIR noise weight
ting shows that in general, noise at high baseband 
frequencies is less objectionable than noise at 
low video baseband frequencies. The difference 
between the two is that the EIA applies to color 
TV while the CCIR is only applicable to black and 
white. The greatest confusion arises from 
imprecision in stating which baseband definition, 
whether weighted or unweighted, is to be com
pared to the NC T A definition. 

In this section, we derive a general rela
tion between the baseband and rf signal to noise 
ratio. (l) As a starting point, we begin with-the 
familiar equation for a double sideband ampli
tude modulated wave 

g(t) 

where m 

We 

Ac 
f(t) 

Ac(l+mf(t)) coswct 

modulation ratio 
carrier frequency 
carrier amplitude 

= modulation function 

(1) 

The carrier envelope varies from Ac (l+m) 
to Ac (1-m) because lf(t)l ~ 1. The detected peak 
to peak signal voltage is therefore proportional to 
2mAc• 

This signal is accompanied by noise assumed 
to have a uniform spectral power density, 11, over 
the full 2B rf bandwidth of the receiver. B is the 

spectral width of the video modulating signal. If 
the noise on one side of the carrier is uncorrelated 
with noise on the other side of the carrier, the 
noise voltages from the two "side bands" add in an 
rms fashion upon detection. This is the case 
when the predominant noise is generated at rf as 
in most CATV systems. The ratio of the detected 
peak to peak signal power to the detected rms 
noise power is then 

(2) 

The rms carrier power during the peak of the 
modulating cycle is given by 

2 
C (l+m)2 Ac 

p 2 

Substituting this into (2) one obtains 

The factor 2m/(l+m) represents the envelope 
variation relative to the peak envelope. Clearly 
if the definition of peak to peak signal changes, 
as for instance between CCIR and EIA, then we 
would accordingly adjust the modulation factor. 
The second factor in equation (4) could be the 
NCTA definition of carrier to noise. 

(3) 

(4) 

In ideal vestigial sideband receivers, the 
signal and noise are first passed through a filter 
having the characteristics shown in Figure 5 and 
only then detected. The filter serves to just 
compensate for the extra low frequency 
(£so. 75 MHz) vestigial sideband which is transmit
ted. The detected signal output is then a nearly 
undistorted replica of the modulation waveform 
applied at the transmitter. This is achieved by 
adjusting the filter so that the voltage response at 
the carrier frequency is just i of the response at 
frequencies above 0. 75 MHz. Since the two side
bands of the signal are correlated, the voltage on 
either side of the carrier are added and the post 
detection signal voltage characteristic is indepen
dent of frequency up to the upper limit of the 
receiver re.sponse, 

The receiver filter effectively eliminates 
half the sideband voltage. However, since the 
carrier voltage is also reduced by-!, the envelope 
variation as a fraction of the peak carrier 
remains the same as it was immediately following 
the double sideband AM process in the trans
mitter. Thus the factor 2m/(l+m)2 retains its 
validity and meaning for vestigial sideband. 

Consider now the effect on noise of the re
ceiver filter. Because the two noise sidebands 
are uncorrelated, they add in rms fashion in the 
detection process. The resultant noise spectral 
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density is shown in .Figure 6. It is 3 dB down at 
zero frequency and increases quadratically to 
0. 75 MHz when it becomes flat. The equivalent 
noise power bandwidth is given by 

f 
B = f mn(f)df 

N o 
(5) 

where n(f) represents the distribution of baseband 
noise with frequency and fm is the maximum 
frequency of the receiver response. 

By rewriting the second factor in equation 
(4) as (2 Cp /2B1J), one can now modify this factor 
for the vestigial sideband case. In particular 
the equivalent noise bandwidth, 2B, for double 
sideband is replaced in vestigial sideband by BN. 
Also, the carrier power is reduced bl a factor of 
4. Thus the second factor becomes (-C /B 1J). 

2 p N 
Consider now the possibility of noise weight

ing. Let the weighting filter be characterized by 
a frequency response w(f). Then the weighting 
factor is defined by 

K 
w 

f 
= j mn(f)df 

f 
f m n(f)w(f)df 
0 

The general equation relating baseband 
signal to noise with vestigial sideband rf peak 
rms carrier to noise is then 

(6) 

( §_ ) 
N 

C Brf B 
_!_ ( 2m )2 (........E..) (-- )-N ____ (7) 
2 l+m TJB rf BN f 

Alternatively, 

C B 
_!_ ( 2m )2 (........E..) (-2i._ ) 
2 l+m 1JB rf BNW 

f m n(f)w(f)df 
0 

(8) 

Where ~W is the equivalent weighted noise band
width given by 

f 
f mn(f)w(f)df 
0 

(9) 

Equation {8) is the simpler form since it 
involves only one integral. However, it is most 
useful to express equation (7) in logarithmic form 
since weighting factors are generally given in dB 
and defined as in equation (6). 

S 1 2m 2 C Brf {-) = 10 log{-(--) (_.E._) (-) K } dB 
Nbaseband 2 l+m 1JB rf BN w 

( 1 0) 

C. Tabular Results 

Equation (6) is a very general form for the 
weighting function. If n(f) has the form shown in 
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Figure 6, the weighting applies to vestigial side
band. If n(f) is "flat", then the weighting applies 
to double sideband AM. If n(f)-f2 it is because 
the rf noise spectrum is triangular, as in FM 
systems. Table I summarizes the noise weighting, 
in dB, for each of these cases for both CCIR and 
EIA weighting curves. 

TABLE I. Noise Weighting (dB) 

'White" "Trian- Vestigial 
Noise gular" Side Band 
(AM) Noise Noise 

(FM) 

EIA (color) 4.0 6.4 4. 1 

CCIR (monochrome) 6. 1 10.2 6. 7 

In any one of the three types of systems, 
deviations from the "ideal" noise spectrum, in 
particular excess noise at low detected baseband 
frequencies, would reduce the actual improve
ment factor obtained from noise weighting and 
correspondingly result in degraded picture qual
ity. 

Table II shows the relationship between the 
NCTA signal to noise ratio and the various other 
signal to notse ratios defined in Section A. 

TABLE II. SIN Relationships 

(S/N)TASO (S/N)NCTA 1. 8 db 

(S/N)EIA (S/N)NCTA + 0. 1 db 

(S/N)CCIR (S/N)NCTA - 0. 2 db 

(S/N)BTL (S/N)NCTA + 2. 7 db 

As an example, consider the relationship 

between (S/N)EIA and (S/N)NCTA" The synch 
tip to reference white voltage is . 875 of the peak 
signal. The NCTA bandwidth is 4 MHz and BN 
obtained from integration of Figure 6 is 3. 8 MHz. 
Rewriting equation (10), we have 

s 1 2 s 4 (-) = 10log{-z(.875) (N) (J8)K }dB 
N EIA NCTA • w 

[ - 3 . 0 - 1 . 2 + {§_) + 0. 2 + 4. 1 ) dB 
NNCTA 

{§_) + 0. 1 dB 
NNCTA 

Note that the relation between unweighted 
baseband signal to noise and the NCTA signal to 
noise can be readily determined from the two 
tables. Thus, for instance, unweighted BTL is 
given by 



(~)BTL, =[(~) + 2,7- 6.7] dB 
unweighted NCTA 

s = [ (-) - 4] dB 
NNCTA 

D. Experimental Verification 

The experimental verification of the theo
retical relationships obtained in section C are not' 
so easy to come by as one might think. Aside 
from the normal instrument calibration problems, 
one is faced with the fact.that vestigial sideband 
demodulators are only rarely a good approxima
tion to the ideal assumed in the theory. Other 
factors enter in as well. For instance, the rf 
noise generator does have to have a fairly high 
output level without clipping the thermal noise 
peaks. This is best done by bandlimiting the 
noise before bringing it to full power in an output 
amplifier. 

Nevertheless, verification of the theoretical 
expectations has been obtained. The most thorough 
experiment wa~ recently carried out at a working 
session of the CTAC working group on noise. (2) 
This work, which was performed in February 1974, 
did verify, within .±1 dB experimental error, the 
predicted relationship between CCIR and NCT A 
signal to noise. 

E. TASO Revisited 

Although only peripherally related to the 
foregoing discussion, the following information 
may be of particular interest to CATV. The 
question concerns the subjective quality of tele
vision pictures as the S/N is varied over a wide 
range of values. The most extensive work along 
this line is, of course, the TASO study. 

Some 14 years ago, the Television Alloca
tions Study Organization undertook a comprehen
sive study of the subjective effect of random 
noise at various interference levels on the quality 
of the TV picture. The experimental program 
first established a set of optimum psychological 
definitions which were printed on the observer's 
scoring sheet, reproduced in Figure 7. (3) Sev
eral still scenes were viewed on good quality 
black and white and color 21-inch receivers. 
Viewing distance was between 90 and 126 inches 
and the average room illumination was 0. 6 
foot-candles. A 40 dB range of interfering noise 
ranging from not perceptible to completely mask
ing was employed. Test results varied very 
little with the scene used. For the most exten
sive tests with the "Miss TASO picture" a total 
of 76 observers were asked to rate 20 showings 
of the subject with 10 different signal-to-inter
ferance ratios each repeated twice in a random 
order. The results are tabulated in Figure 8. (4) 
Note that this data presentation is in a percentile 
form. For instance, at a (S/N) of 27 5 dB 

TASO . ' 

50% of the viewers considered the picture "pass
able" or better, but also the most critical 10% of 
the viewers considered the picture "inferior". 
This lies 4 dB below the EIA recommendation of 
33 dB (5 ) which is to be consid1ned as an "outage" 
for microwave -propagation fades. 

In order to see if the TASO results could be 
used as a guide to the application of LDS micro
wave in CATV, a brief experiment was conducted 
at Theta-Com during one of the AML technical 
training seminars. The idea was to repeat the 
T ASO type evaluation although necessarily under 
quite different conditions. An off-the-air tele
vision signal was processed through an AML 
microwave system and displayed on a 17" Sony 
television receiver. The (S/N)NcTA was varied 
from 50 dB down to 14 dB in 4 dB steps. This was 
controlled by a microwave attenuator placed 
between the AML transmitter and receiver. In 
all, 20 scenes were shown, 2 each at the same 
S/N, but in a completely random sequence. 

The 24 students were mostly CATV techni
cians and engineers. They were each given a 
copy of the TASO Scoring Sheet and asked to eval
uate the pictures on a personal rather than pro
fessional basis. The students were arranged in 
4 rows of seats, the furthest being some 18 feet 
from the television screen. The room light was 
extinguished but enough illumination was available 
to permit the score sheets to be filled out. An 
A-B switch was used to switch the signal directly 
to the head end during the intervals when the 
microwave attenuation was reset. 

Figure 9 summarizes the results of these 
tests. It is seen that the re suits are quite similar 
to the TASO results. As might be expected, the 
viewers in the front row were slightly more criti
cal than those furthest from the screen. On the 
average, the CATV technicians and engineers 
were about 2 dB more critical than the TASO 
volunteers were back in 1960. Perhaps this is 
more a reflection of our rising expectations for 
good signal quality rather than any other factor 
which impacted these experiments. 
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506 

TELEVISION ALLOCATIONS STUDY ORGANIZATION 

Panel 6 

TEST NO ___ _ TV SET OBSERVER -----------

EXCELLENT. The picture is of extremely high quality as good 

as you could desire. 

0 4 5 7 8 10 ll 12 13 14 15 16 !7 18 19 20 

FINE. The picture is of high quality providing enjoya~le view

ing. Interference is perceptible. 

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 ' J 20 

PASSABLE. The picture is of acceptable quality. Interference 

is not objectionable. 

® 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 )() 

MARGINAL. The picture is poor in quality and you wish you 

could improve it. Interference is somewhat objectionable. 

~12345 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

INFERIOR. The picture is very poor but you could watch it. 

Definitely objectionable interference is present. 

0 1 2 3 4 6 7 8 9 10 ll 12 13 14 15 16 17 18 19 20 

UNUSABLE. The·picture is so bad that_you could not watch it. 

0 l 2 3 4 5 6 7 8 9 10 ll 12 13 14 15 16 17 18 19 20 

DATE, _____ _ TAB 

FIGURE 7. TASO OBSERVER SCORING SHEET 
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VALIDITY OF SUBJECTIVE TtSTING 

Clifford B. Schroc~ 

Tektronix, Inc. 

ABSTRACT 

In view of the present FCC standards for CATV·, 
there has been much discussion as to the validity 
of inexpensive test techniques; specifically sub
jective testing. A systematic study into test 
techniques and results was performed in an attempt 
to open up this needed field of testing. The 
goal was to provide the smaller or financially 
burdened operator with simple, inexpensive, repeat
able, and valid alternatives to known, expensive 
instrumentation test techniques. 

We chose to study three areas felt to be the most 
restrictive financially for the small operator; 
lntermodulation, Co-channel Interference, and 
Signal-to-Noise ratio. Using the technical stan
dards suggested by the FCC in §76.605 (now par
tially suspended) ~1e performed a comparison be
tween an elaborate $11,000 test set, and a test 
set consisting of simple equipment and a TV set. 
The results we feel substantiate our theory, that 
subjective testing can be valid, and in some cases 
superior to other techniques. 

INTRODUCTION 

Subjective testing, it has been theorized, is the 
answer to inexpensive test techniques. After 
all, the basic test of a CATV system is it's 
ability to deliver a good picture. Cannot then, 
one use a TV as the test instrument? 

Subjective testing in it's most pure form would 
involve looking at a TV picture and "quessti
mating" the respective amounts of Noise, Cross
mod, Intermod, Hum, etc. Many old timers refer 
to this form of testing as the "Calibrated Eye
ball Technique". 

Advocates of subjective testing are generally 
refering to a modified form of subjective test
ing. By controlling variables and providing 
the technician with reference distortions, sub
jective testing can be transformed from a 
"crystal ball" game into a highly valuable 
analysis tool. It is to this end I address the 
following discussion. 
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Beaverton, Oregon 

In spite of the discussions on subjective test
ing, little has been done to correlate procedures, 
accuracy, cost, and repeatability. My experi
ments are little more than a crude "stab in the 
dark" attempt to shed some light on subjective 
testing. Hopefully some direction and momentum 
can be developed to open up this needed field of 
testing. 

TESTING USING DISTORTION PLATES 

One modified form of subjective testing uses a 
series of calibrated plates (photographs) that 
represent various amounts of known distortions. 
The user simply selects the plate th~t most 
closely matches the picture on a test set and 
thereby ascertains the type and amount of picture 
impairment. 

This form of testing has some definite draw
backs: 

1. The plates are stationary representa
tions of distortions that normally 
move or change on a TV screen. 

2. The plates must be compared to picture 
material of various colors, hues, shades, 
etc. 

3. TV sets vary, even among the same make 
and models. Sony Trinitrons, for in
stance, tend to indicate results 3 - 4 
dB better than most other color port
ables. 

4. Lighting of both the test plates and the 
TV screen is critical. 

5. Multiple distortions or a combination of a 
distortion and low test drop strength can 
be difficult to interpret. 

Even considering the drawbacks, I chose to go 
ahead and evaluate this technique. The results 
were suprisingly good. By controlling certain 
variables, the technique could yield quite useful 
results. In fact, in some instances of close in 
intermodulation distortions, the subjective tech
nique was more sensitive in locating problems 
than other instrumentation techniques. 



PREPARATIONS OF DISTORTION PLATES 

The distortion plates are the key to the accuracy 
of this form of subjective testing. I chose to 
use a series of color plates as outlined in the 
following charts. I chose to limit the experiment 
to Intermodulation, Signal-to-Noise, and Co-Channel 
tests although subjective testing could be ex
tended to include Hum, Ghosting, and Envelope Delay. 

I NTH MODVLflrl ON CO ·CI-lAIJt.~E L 

I KilL I OOI;'llz I Mllz. I 0t(fll ;>or: Hz. 

So 

45" 

40 
3.5 

~0 

JS 

dB of D1s+od1ofJ I 

Figure 1 Chart showing Distortion 
Plate Values 
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To control some of the variable~. the following 
were observed for the preparation and use of the 
plates: 

1. Two plates were prepared for each distor
tion value, one using picture material, and 
one using color bars. A total of 72 plates 
were prepared. 

2. The picture material included a substantial 
amount of white or light colors, distortions 
being most readily visible in the lighter 
areas. Waiting for light scenes on the 
receiver would also help to improve test 
accuracy. 

3. The plates were taken from a standard color 
portable with an input of +5 dBmV, using 
a shadow mask tube. 

4. The plates were of sufficient size to permit 
easy viewing (5 x 7 "). 

~-s 
~ I 

I 
I 
1 S.LA 

L ___ ill 

Figure 2 Setup for producing Intermod 
and Co-Channel Plates 

I NOISE I 
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ATTENUATO!t- ~ 
' 
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r----------
I 
I m D f--

S.L.M. COLO~ 
TV 

Figure 3 Setup for producing Noise Plates 

ACCURACY TEST 

A series of sample tests were performed using a 
group of random observers. The distortions were 
imposed over standard network program material 
and the observers were given as much time as 
necessary to analyze each distortion. 
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Figure 4 Using Distortion Plates 

Six distortions were selected in each of six 
.categories; and the subjects were told the type 
of distortion, such that the only subjective 
variable was the amount of distortion. 

Verification of the amount of each distortion 
actually on the TV screen was made using a 
Tektronix 7Ll2 - 7Ll3 combination. 

A total of eight observers used the distortion 
plates, and while the results are inconclusive 
at this time, some important observations could 
be drawn. 

1. Most subjects could determine within+ 5 dB, 
the amount of an impairment. -

2. Using color bar plates and test signals, 
the subjects could measure distortions in 
the higher ranges (30 to 45 dB) with high 
accuracy. 

3. Accuracy on all distortions, especially 
Signal-to-Noise was spotty above 45 dB. 

COtlCLUS IONS 

I feel that this form of testing, while having 
definite limitations, can be refined into a 
valuable evaluation tool for the CATV industry. 
A large scale subjective test should be setup to 
further refine both the distortion plate tech
nique, and distribute the results to the 
industry. 
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TESTING USING A TV SET COMPARISON TECHNIQUE 

This second technique for performing subjective 
testing relies upon a comparison between two 
live TV pictures, thereby eliminating many of 
the variables encountered using the distortion 
plate technique. The only equipment required 
is a TV set, an attenuator, a CW signal gen
erator (units in the $100 price range work sat
isfactorily) and an A-B coax switch. 

The theory of testing involves taking a clean 
TV picture and purposely distorting it by a 
known amount. Then the pictures are compared 
visually (subjectively) with the system pic
tures and an evaluation is made as to the 
amount of a distortion. 

To control as many variables as possible, the 
following is suggested: 

1. To eliminate differences in sets, it 
is recommended that an A-8 switch be 
used with one set for the comparisons 
as shown in the figure. 

SVSTE1'4 
T£ST Pol..,- 8 

COLOR 
T'l/ 

Figure 5 Comparison using A-8 RF 
Coax Switch 

2. A clean signal can be derived from a 
test antenna in most systems. In 
systems where there are no off-air 
signals, the output of an inexpensive 
rainbow-bar-dot generator can be used. 

3. The "known distortion" line should 
have the same carrier strength as the 
"system test point". 

4. The comparisons in most cases will be 
between two different pictures contain
ing different programming. Different 
scenes camouflage or highlight some 
distortions. 

The TV set comparison technique shows the 
highest promise of satisfying the accuracy 
requirements for the financially encumbered 
operators. Procedures were devised for Inter
modulation, Co-Channel, and Signal-to-Noise 
(Carrier-to-Noise as defined in §76.605). 



SUBJECTIVE-COMPARISON TECHNIQUE FOR INTERMOOULATION 

Two parameters can be obtained using this technique; 
the frequency of the interfering carrier, and the 
level of the interfering carrier relative to the 
picture carrier. 

To obtain a rough idea of the interfering fre
quency, the number of bars cutting across one 
horizontal line can be counted as indicated in 
the two photographs. Then,for most TV sets, the 
frequency is determined: 

Bars x line rate x frame rate x (1.4) correction 
factor = frequency 

For example 

23 Bars x 525 Lines x 30 Frames x 1.4 507KHz 

Figure 6 500 KHz Intermodulation 

Figure 7 Count the Bars on one H Line 
in Center of Screen (1 MHz Intermod) 

Generally, intermod frequency below 50 KHz will 
appear as multiple horizontal lines sometimes 
called the "venetian blind effect". Higher fre
quency intermods up to 3 MHz will appear diag
onally, and can be counted using the formula. 

On color sets, intermodulation products within 
500 KHz of the color subcarrier will cause 
colored bar patterns. fl. strong intermod within 
50 KHz of the color subcarrier will cause the 
color to drop out entirely causing a monochrome 
picture. 

To evaluate the relative strength of a distortion, 
a known or calibrated distortion must be generated. 
Equipment is setup as illustrated in Figure 8. 

TtST Al«tHNA 
(Oit 'M-OOT ltAIMSOW' GEH.) 

flti!D Pl'\09 

r---
1 
I 
I 
I 
I 

S.L .M.~--j 

Figure 8 Setup for Subjective 
Intermodulation Test 

D 
COLOR 
TV 

The antenna is used as a source of a clean sig
nal.. If no off-air signals are available, then 
and inexpensive bar-dot-rainbow generator (such 
as a Heathkit IG-28) should be utilized. This 
clean signal should then be attenuated using 
fixed pads until it is equal in strength to the 
system test point. The CW generator should be 
adjusted to the frequency of the clean signal 
and with the ATTENUATOR in the thru position 
(no pads inserted) the generator output should 
be set equal to the clean signal and the 
system test point. 

The attenuator can then be adjusted for cal-
ibrated amounts of distortion, the pads inserted 
equal to the dB down of the intermodulation carrier. 
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Starting in the B position, select channel 2 on 
the test set, and note any picture impairments 
associated with intermodulation (beat bars). 
Then select position A and the clean channel on 
the TV set, and using the attenuator and the 
CW generator frequency control, match the dis
tortion pattern and intensity. This procedure 
should be repeated until a subjective match is 
produced. 

The bar pattern frequency can be determined 
using the formula (as discussed), and the dB 
down of the interfering carrier is the dB of 
pads inserted with the variable attenuator. 

SUBJECTIVE-COMPARISON TECHNIQUES FOR CO-CHANNEL 

Although Co-Channel and Intermodulation are two 
very different distortions in origin, they 
appear similar in effect. For subjective test
ing Co-Channel can be considered to be little 
more than a special case of intermodulation. 
Specifically, Co-Channel appears as beats due 
to either a 10 KHz or 20 KHz intefering TV 
station. 

The beat pattern produced by a Co-Channel sit
uation is very distinctive. The picture will 
be cut by 30 to 40 almost horizontal beat bars. 
Once recognized, the technician will have no 
trouble differentiating between Co-Channel 
beats and Intermodulation beats. 

The equipment setup is the same as the Inter
modulation setup (Figure 8). The CW gener
ator should be carefully set 10 or 20 KHz 
from the picture carrier of the clean signal. 
This is easily accomplished by carefully zero 
beating the generator. This will be evident 
when the picture is cut with one vertical bar; 
half the screen dark, and the other half 
light. 

Then the generator is carefully tuned until the 
pattern turns horizontal. This will be the 
10 KHz reference. Continue tuning the gener
ator until the pattern once again becomes vert
ical (two light and two dark bars), and then 
becomes horizontal. This will be the 20KHz 
reference. 

The same A-B comparison technique is followed 
as in the Intermodulation technique. Again, 
the pads inserted in the attenuator will be the 
dB down of the interfering Co-Channel after a 
satisfactory match is made bet·ween the dis
tarted signal, and the incoming signal. 
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SUBJECTIVE-COMPARISON TECHNIQUE FOR SIGNAL-TO-NOISE 

The Signal-to-Noise Technique actually yields a 
Carrier-to-Noise ratio. The distorted picture 
could be generated using a noise generator, how
ever, this is not usually standard equipment for 
a small operator. We have instead derived a 
chart based upon the fact that, as signal strength 
is reduced, a standard TV set AGC will increase 
the noise on the screen in an almost perfect 1 dB 
correlation. This correlation is illustrated in 
the figure below. 

)>----EI ~~'=a-'---:: ~IQI 
ATTENUATOR 1 

I 

ffis.ull\. 

CjN .55 de so 45 40 35 30 2S 
SIGWAL 

1 -4 -9 -li -19 -2"1 l£~£L {,J&l 

Figure 9 Signal Level v.s. Signa\-to-Noise 
for a Standard Test Set 

This correlation assumes many variables, however, 
after careful checks, it was found that the stan
dard.transistorized American TV sets vary+ 2 dB 
at the most from the chart. One must be careful 
of the following: 

1. The clean signal must be free from any 
visible noise. 

2. At some point in reducing the input to a 
TV set, the limit of the AGC range will 
be reached. Generally this will be coin
cident with a loss of sync lock. 

3. The chart assumes a front end noise fig
ure of 7 to 9 dB (normal for most port
ables). 

The equipment for the actual test is setup as 
shown in Figure 10. The Signal Level Meter is 
used to monitor the distortion channel {A). The 
technician compares one channel at a time to the 
distortion channel to obtain a match. The 
attenuator is adjusted as necessary. Then using 
the S.L.M. values, the actual Signal-to-Noise 
ratio is derived from the chart (Figure 9). 
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Figure 10 Equipment Setup for Subjective 
Signal-to-Noise (C/N) Test 

VALIDATION OF SUBJECTIVE-COMPARISON TECHNIQUE 

To get a rough idea of the accuracy one could 
expect from this form of testing, six observers 
measured the distortions on TV picutres. The 
distortions were also measured using a Tektronix 
Proof-of-Performance Package. 

Standard off-air TV pictures were used. Some of 
the program material varied during the tests from 
excellent to marginal. flo special precautions 
were observed as it was felt that the tests must 
represent a true, real life situation . 

Figure ll Using the A-B Comparison 
Technique 
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The results of this experiment were gratifying. 
It proved that subjective testing must be con
sidered as a test technique. The remainder of 
the conclusions cover a variety of areas and are 
listed. 

1. This experimant was only a start. Much 
work needs to be done in the area of sub
jective testing. 

2. Subjective testing can be used to eval
uate one and possibly two simultaneous 
distortions,such as intermodulation and 
noise. Beyond two, the test becomes 
quite confusing. 

3. The lower ranges of each distortion are 
easiest to measure, CATV operators may 
have difficulty measuring higher distor
tion values (generally in excess of 50 dB) 
however, within the ranges recommended 
by the FCC as the minimum acceptable 
values,subjective testing can yield results 
within + 5 dB or better. 

4. Subjective testing is influenced by pic
ture content. Various techniques should 
be explored such as B & W vs color, and 
raised contrast levels to make distortion 
more recognizable. 

5, Simple training of the subjects increased 
accuracy tremendously. Some of the sub
jects could match within + 2 dB consis
tently on some of the tests. 
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