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CHAIRMAN TAYLOR: Thank you very much. 
Does anyone have any questions? 

I have a question regarding the effects of cross
modulation on the weaker carriers in a system. If we 
take a hypothetical case involving one strong carrier 
and say 8 or 9 weak ones, does the cross-modulation 
affect all channels equally or is there a difference? 

MR. SIMONS: At this point I believe it is nec
essary to bring out something that was not stressed 
in my paper. In this presentation I have been talking 
about "mathematical" amplifiers. By a "mathemat
ical" amplifier, I mean one which follows exactly 
the same way at all frequencies. With such an amp
lifier the cross-modulation from all channels on to 
any one channel would be identically the same. 

The unfortunate thing about this approach is it 
doesn't work. Real-life amplifiers just don't behave 
this way. Generally speaking, the cross-modulation 
which shows up on any one channel in an amplifier 
is not the same as that showing up on any other 
channel. These differences are not very great so 
it is still useful to consider the "mathematical" 
amplifier as an approximation, but the differences 
are such that we must measure all combinations of 
channels if we are to be sure of amplifier perform
ance. Generally speaking, there is no difference 
between weak channels and strong channels, the 
difference has more to do with the frequency of the 
particular channel. 

CHAIRMAN TAYLOR: Are there any other 
questions? Thank you very much, Ken. I think it is 
quite significant in a matter with which I am quite 
pleased at this convention that we have several sys
tems operators presenting ideas that they have de
veloped in their systems which can be of use to 
other operators. This is so in the next paper. 

Mr. Robert Scherpenseel is the general man
ager and microwave technician for the Northwest 
Video of Kalispell, Montana, a system I know a 
little about. He was chief engineer with WEVR FM 
of Troy, New York, chief engineer with KBTK radio, 
and engineer with KMSO-TV electronics technician 
at Montana State University in installing and main
taining their television and radio and recording 
systems. Mr. Scherpenseel is going to talk on 
"A Low Cost TDR". (Appla~se) 

A LOW COST T.D.R. 

By 

Robert H. Scherpenseel 

We are probably being a little facetious in calling 
this instrument a low cost time domain reflecto-

meter. The 1967 catalogue price is $875.00. In a 
way it is a TDR but with limitations. 

Actually, it is a high quality oscilloscope that haS~ 
calibrated time base and a vertical amplifier witb ~ · 
pass of DC to 10 megaHertz. This is a limiting 
cause no determination can be made concerning tb~ 
quency characteristics of the information displaye 
10 megaHertz. 

NEXT SLIDE PLEASE (#2) 

This is a picture of the scope with the camera 
in place. 

NEXT SLIDE PLEASE (#3) 
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1'his unit is primarily used in our work for the 
of video wave forms. This is the familiar 

st signal directly from a signal generator. 
NEXT SLIDE PLEASE (#4) 

Ca.te~y an adjustment of the trigger control, we can 
Signal a fleeting glimpse of the vertical interval test 
~ikel:' ~· 'I'h~ multi-burst on the left is from a 
Wave test Signal generator injected at our micro-
a lletw e:rrninal and the one on the right is one from 
Of Pict ork received off the air. This is not the best 
Sel:'vedu:r~s but it illustrates that VIT's can be ob-
. 'l'h \Vi~h this scope. 

attQPl e tune domain reflectometer portion is 
\Vhiehy the Plus gate output. This positive pulse, 
2o voltstarts at ground and rises to approximately 
that Of~, has a start and duration coincident with 
~()1' b he sweep portion of the sawtooth. It CAN
caqae ;h directly coupled to a cable for testing be
~b.e the amplitude is too great. If we try to ex-
0hael:'v e top of the square wave closely to 
~ath ~ the reflection by increasing the scope 

•t, lt . 
ls lost from the display area. If we feed 

this signal through a small capacitor .001 and a 
resistor 75 ohms it becomes a spike. 

NEXT SLIDE PLEASE (#6) 

The base line then displays the reflections in the 
cable under test. Since ~ know that radio waves 
travel at the speed of light (186,000 miles per second) 
and by multiplying this by feet in a mile, we know how 
far they travel in one second. Our scope time base is 
calibrated in fractions of a second, we then can determine 
what each division on the graticule is worth in terms of 
feet. Using the velocity of propagation of the various 
types of cable we can then determine how far it is to a 
discontinuity and back. In foam diaelectric cable using a 
velocity of propagation .82 times the speed of light, the 
pulse travels about 8 00 feet in one microsecond so then 
one microsecond is equal to about 400 feet of cable be
cause the pulse has to travel to a discontinuity and the 
reflection returned. If we are using solid polyethylene 
cable the velocity of propagation is .66 times the speed 
of light and the pulse only travels about 650 feet in one 
microsecond. This is equal to half that, or 325 feet of 
cable. There are some cables with different propagation 
factors but these two just mentioned are the most com
mon and work quite well for us. 

NEXT SLIDE PLEASE (#7) 

This slide shows about 1200 feet of foam cable with 
the end open. The scale horizontally is .5 microseconds 
per division, equal to 200 feet of cable - vertically is 
.1 volts per division. 
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NEXT SLIDE PLEASE (#8) 

This is the same cable with the ends shortened. 

NEXT SLIDE PLEASE (#9) 

This is the same cable with the end terminated 
with a 75ohm resistor. 

NEXT SLIDE PLEASE (#10) 

This is the same cable with the end still termi
nated with the gain of the scope at maximum and we 
begin to see some of the physical defects in the cable. 

The scale here is 1 microsecond per em., or 
400 feet per division over 6 divisions equals about 
feet. Here we see about 2500 feet of two types of 
The first 1400 feet is fairly new cable with a splice 
1100 feet and another splice at 1400 feet. The r 
is older cable that has been in the air for a number 
years. 

Here the scale is .5 microseconds per em., ot 
to 200 feet per division. This is about 1050 feet of 
with a pressure tap and ending in a two-way splitter· 
doesn't mean the splitter isn't good because, as 1 
earlier, we are limited to physical factors because 
band width of the scope. 
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NEXT SIJDE PLEASE (#13) 

7 d' 'I'he scale here is .5 microseconds per em., over 
CablVisions or 1500 feet. This is about 1500 feet of 
an, le With taps at 200 feet, 400 feet, 600 feet and 
th other splitter at the end. Probably one or both of 
e legs of the splitter are not properly terminated. 

NEXT SIJDE PLEASE (#14) 

Scale is 1 microsecond per em., or 400 feet per 
This is about 2500 feet of cable with two 
taps and an amplifier at the end of this 

feet. This end looks open but again we are not 
conclusions as to frequency. 

NEXT SIJDE PLEASE (#15) 

This is the same cable with the scope gain at 
maximum. 

NEXT SLIDE PLEASE (#16) 

This is .5 microseconds per em., with 200 feet per 
division. This is about 1200 feet of cable with two 
pressure taps and ending in a splitter. The termination 
of the legs of the splitter appears normal . . 

NEXT SLIDE PLEASE (#17) 

.5 microseconds per em. Ifere is about 700 feet of 
feeder line that is pretty bad. If you were to cut into this 
piece you would probably find the outer conductor black 
and drops of water all through the foam. 
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NEXT SLIDE PLEASE (#18) 

This is the same cable with the time base of the 
scope changed to .2 microseconds per division and 
the gain increased to .05 volts per division. At this 
setting of the scope, each division is worth about 80 
feet of cable and you can see it is well riddled with 
reflections. 

You have seen a few examples of what this type 
of testing can produce and with practice you can 
evaluate what is seen on the trace. We use this 
almost daily on our system, if not on the lines - in 
the shop for measuring partial reels of cable or 
displaying video wave forms from our microwave 
terminals. 

For those interested in photography, the slides 
were taken using a 35 mm camera with a set of three 
portrait lenses attached. The lens opening of .F4 and 
a shutter speed of 1/15 of. a second and Ektachrome 
high speed type B film. We also take Polaroid 
pictures of wave forms using an old model 95 
Polaroid camera and high speed film. Our total in
vestment, including the "custom" mount for the 
scope is $100.00. 

CHAIRMAN TAYLOR: Thank you very much. 
Are there any questions? 

MR. SCHERPENSEEL: Somebody asked me to 
draw the diagram of the differentiating circuit, and I 
had better do that. 

0 

CHAIRMAN TAYLOR: Are there any other qu 

Don't you have a tendency to do a lot of unnece 
work of checking equipment when this doesn't check 
quency? 

MR. SCHERPENSEEL: No, we are looking for 
This is a fault finder. We know and we check both 
and you can see what is going on in between. 

CHAIRMAN TAYLOR: Are there any other 

This is not a question, but we have a lot of s 
that cannot afford a TDR or something similar, 
use the same technique on a television set for 
conditions. What they do is look at the output of the 
amplifier with a "T" monitor and by taking a ratio be' 
tween the ghost and the width of the screen they caJl 
termine the location. 

CHAIRMAN TAYLOR: Thank you very much. po 
have any other questions or contributions ? 

From your title it seems to me it is II A Low cost 
TDR," but when I look at the picture you have a fairlY 
high priced scope. I wonder where the saving is? 

MR. SCHERPENSEEL: It is relative. The TDF i~ 
around $3,000. It is all relative. 

CHAIRMAN TAYLOR: Are there any other qu 
If not, we will take a short break for a moment. 

(A short recess was taken.) 

CHAIRMAN TAYLOR: It is always a pleasure e..t 

these functions to have guests from our Sister 
Canada. Our next speaker, I. Switzer, was born and d~ 
educated in Calgary, Alberta. He received his B.Sc49 
gree in physics from the University of Alberta in 19 dY 
and spent three additional years in post graduate sttl 
in physics. of 

His professional experience includes a numbe.r ~ 
years in electronic instrumentation and mathematl.C ~.r 
problems in petroleum geophysics, several years 11\ 

plications analysis and programming in the electroJJl 
computer field, and association with the CATV field 
since 1954. dol 

Mr. Switzer was a charter member of the Boar · e~ 
Directors of the Computing and Data Processing socl 
of Canada. He has been a director of National C 
Television Association of Canada for a number of 
He is a member of I.E.E.E., S.M.P.T.E., and the 
British Society of Relay Engineers. 

160 



Then we tried shooung from both ends, hoping 
they would twist together. (Laughter) We stood there 
for close to a week. We had to solve the problem. 
That was the important thing. We did manage it. 

When I talk about an industrial vacuum cleaner I 
am talking about a device that has , a large volume of 
air. You have got to get the air going through. The 
air at the manhole we started with was so slight that 
you had to put your ear against it to even be able to 
hear any airflow. You could just detect it. I guess 
we had a religious service the morning before, with 
all faiths present. It did work. 

CHAIRMAN PENWELL: If CATV can continue to 
innovate like that, we're not dead. 

Gentlemen, I want to thank you very much for 
your time. Perhaps if there are further questions 
you might try to buttonhole the speakers out in the 
hall. We have to move along. We are back on sched
ule now. For the benefit of those who came in late, 
we didn't have a projector when we started the ses
sion, and the second and third presentations require 
a projector. 

~r next speaker, Mr. Pai, has been with CATV 
and Craftsman Electronics Products for the past 
three years. Mr. Pai will speak on "Analysis of the 
Directional Tap in System Design". Mr. Pai. 

(Mr. Pai read his paper, marked No. 2.) (Applause) 

ANALYSIS OF THE DIRECTIONAL TAP 
IN SYSTEM DESIGN 

by 
S. W. Pai 

For years, the technique of tapping off signal 
from CATV feederline to the customer's set has 
mainly relied on the pressure tap. Although the de
sign and construction of the pressure tap has been 
constantly improved -- such as, from capacitive tap 
to backmatch tap. However, the inherited problem 
both in the circuit design and mechanical construction 
of the pressure tap limit its performance in today's 
sophisticated system, especially since the informa
tion carried by the CATV system and the length of the 
feeder line are constantly increasing

1 
coupled with the 

increased demand for better color s'ignal by the cus
tomers. Therefore, a better method of tapping off the 
feederline must be devised; and the directional tap is 
the most feasible answer at the present time. The 
advantage of the directional tap vs. pressure tap is, 
of course, obvious; and also the characteristics of 
the directional tap probably are well known by this 
time in the field of CATV: Unfortunately, even today, 
the advantages 'of the directional tap have not been 
fully utilized by many of the system designers. It is 
the purpose of this paper to present some of the 
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advantages of the sloped directional tap and the dis
tinct characteristics of the directional tap as a feed
erline tap off device. Figure 1 is a layout of a typi
cal CATV feederline: 

The length of the feederline is approximately 
900 feet of .412 aluminum cable with nine directional 
taps spaced approximately 120 feet apart. The 
feederline is connected to one of four outputs of the 
bridging amplifier which provides an output of 40 DB 
on hi channel and 35 DB on low channel. Let's also 
assume 150 feet of RG59/U is the average length for 
the house drop. The DB value in the block designates 
the in-to-tap attenuation value of each particular di
rectional tap: The top figure is for hi channel and 
the lower figure is for low channel when the signal 
is tapped off from the first directional tap through a 
150 feet of RG-59/U to the customer's television 
set. Of course, the signal at the input of the set 
would be approximately 40 - (30 + 9) = 1 DB for hi 
channel and 35 - (30 + 4.5) = .5 DB for low channel; 
the signal for the second set is 3 DB for hi channel 
and 3.5 DB for low channel; and, the third set is 
zero (0) DB for hi channel and 1.5 DB for low chan
nel. Because of the difference of the cable attenua
tion vs. frequency at the input of the forth direc
tional tap, hi channel is 33 DB and the low channel 
is 31.5 DB. Therefore, in order to provide unifortrl 
signal level at the set, a sloped in-to-tap attenuation 
should be introduced to this particular tap. This 
would provide 2 DB at the hi channel and 1 DB at the 
low channel for the television set. When the signal 
travels further down the feederline, as you can see, 
the level difference between hi channel and low chan
nel increases. When it reaches the end of the feed
erline, coupled with the RG-59/U house drop, the 
difference of the signal level between hi channel 
and low channel is almost intolerable. Therefore, 
more slope is needed. At the last directional tap, d 
the in-to-tap attenuation is 10. DB for hi channel an 
18 DB for low channel. The level at the television 

1 set is 1.5 DB for hi channel and 2.5 for low channed· . e 
Now, it is evident if a tap off device does not proVl 
a certain amount of slope, especially when the taP 
locations are approaching the end of the feederline, 
a uniform signal level cannot be obtained at the cu~ 
tomer's set by economical means with a non-slope 
tap. Consequently, this would cause undesirable 
picture quality and an unsatisfied customer. 

From the previous illustration, we can easilY 
say the sloped directional tap has the following 
advantages: t 

1. Provides uniform signal level at the inPu 
of the television set. trl 

2. More taps can be installed with miniJXlU 
signal. loss. 
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3. Easier layout for the system designers. 
Since the through loss of this type of di
rectional tap has a similar slope as the 
cable, one may consider each directional 
tap as a certain length of cable rather 
than a complicated calculation between 
the sloped cable loss and the flat loss of 
other types of directional taps. 

Now let's look at some of the results conducted 
by our Engineering Department on the directional tap. 

A length of approximately 850 feet of .412 cable 
was used (Fig. 2) 

1. With 75 ohm termination at one end, the re
turn loss at the other end was 44 DB at 54 
MHz, 44 DB at 216 MHz and 37.5 DB at 
290 MHz. 

2. When the same cable is terminated with 
50 ohm termination, the return loss is 26 
DB at 54 MHz, 38 DB at 216 MHz and 36 
DB at 290 MHz. 

3. Nine directional taps were installed with 
one end of the cable terminated. The re
turn loss of the cable and the nine direc
tional taps was 35 DB at 54 MHz, 30 DB at 
216 MHz and 25 DB at 290 MHz. From No. 
2 and No. 3 it clearly shows the mismatch 
introduced by the nine directional taps, to 
be less than the mismatch introduced by 
the 50 ohm termination (14 DB return loss). 

4. The tap ports of all nine directional taps 
were left open and the return loss was 
measured at one end of the cable with the 
other end properly terminated. It was 
30 DB at 54 MHz, 26 DB at 216 MHz and 
24.5 DB at 290 MHz. By doing so, the 
return loss across the entire VHF TV 
band is still better than 25 DB. 

5. The set-up is similar to No.3. All the 
unl!-sed ports were properly terminated, 
and two high attenuation backmatch taps 
were installed between the input and the 
mid-point of the .412 cable. The values 
of the backmatch tap were 30 DB and 25 
DB, the return loss was measured at the 
input of the .412 cable. The results of 
the return loss measurements were 25 DB 
at 54 MHz, 12 DB at 216 MHz and 15 DB 
at 290 MHz. By comparing No. 3 and No. 
5, the additional mismatch introduced by 
the two backmatch taps caused the sys-
tem return loss to decrease by 10 DB at 
54 MHz, 18 DB at 216 MHz and 10 DB at 
290 MHz. Of course, the condition would 
be much worse if the backmatch tap was 
used in an actual CATV feeder-line, be- d 
cause the number of taps would be increase 
and the lower attenuation backmatch taps 
also would be used. 

Figure 2 

1. Return loss of cable with 75 ohm termination. 

2. Return loss of cable with 50 ohm termination. 

3. Return loss of cable and 9 directional taps with 
I 

75 ohm termination. 

4. Same as No.3 but open termination on all 
directional taps' tap ports. 

5. Same as No. 3 but with one 30 DB BMIT and one 
25 DB BMIT close to the input of .'412 cable. 

Now, let's look at the directivity of a directional 
tap and backmatch tap (Fig. 1 & 3). Inject the signal 
to the tap port of the 10 DB directional tap, the meas
ure the level at the tap port of the 14 DB directional 
tap. The total attenuation.is 62 DB at 54 MHz and 67 
DB at_ 290 MHz. Let's duplicate the same test under 
identical conditions through two 12 DB backmatch 
taps. The total attenuation is ·35 DB at 54 MHz, 51 
DB at 290 MHz. Now, you cari clearly see the differ
ence in attenuation between directional tap and 
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54 MHZ 216 MHZ 290 MHz 

44 DB 44 DB 37.5 DB 

26 DB 38 DB 36 DB 

35 DB 30 DB 25 DB 

30 DB 26 DB 24.5 DB 

25 DB 12 DB 15 DB 

backmatch tap. The same test was performed be
tween an 18 DB and 22 DB directional tap. The re
sults were 99 DB at 54 MHz and 86 DB at 290 IVIII~ 
If a backmatch tap was installed ahead of the 18 D 
directional tap, the attenuation between the 18 DB 
and 20 DB directional tap would be drastically de
creased. This illustrates the incompatibility of 
backmat9h taps and directional taps. 

Once again, let us refer to Fig. 1. An off air 
signal was fed to the input of the .412 cable and the 



-

-

Figure 3 

Attenuation of tap ports between 10 DB and 14 DB directional tap. 

Attenuation between two 12 DB BMIT. 

Attenuation of tap ports between 18 DB and 22 DB directional tap. 

15 0 feet RG-5 9 /U on all tap ports. 

54 MHz 

62 DB 

35 DB 

99 DB 

290 l\1Hz 

67 DB 

51 DB 

86 DB 

I 

television set was connected to the tap port of the 10 
DB directional tap. Then we injected 1,000 Hz modu
lated CW signal (same frequency as the off air signal) 
into the tap port of the 14 DB directional tap. The 
CW signal was increased until the 1,000 Hz tone could 
jttst be heard on the TV set. At this point the output 
of the CW generator read approximately 40 DB. 

DB at 54 Mliz, 23.2 DB at 216 MHz and 24 
DB at 290 MHz. As one may see, the re
turn of No. 1 and No. 2 is almost identical. 
This of course, clearly demonstrates the 
ability of the directional tap for rejecting 
the reflections from the tap ports. 

This test was repeated with the CW signal in
jected into a 12 DB backmatch tap with approximately 
the same location as the 14 DB directional tap. Again 
the output signal was increased until the 1,000 Hz 
tone could be heard on the TV set. The output level 
of the generator (CW) at this time read approximately 
l5 .DB, which is 25 DB lower than when tested with 
the 14 DB directional tap. 

Let us again measure the return loss, but this 
time from the opposite end of the .412 cable (Fig. 4). 

1. All of the tap ports of the (9) directional 
taps and the .412 cable were terminated. 
The return loss of this system was 26 DB 
at 54 MHz, 23.3 DB at 216 MHz and 23.7 
DB at 290 MHz. 

2. When the tap ports of all the directional 
taps were open, the return loss read 25.6 

All of the aforementioned tests were based 
on the principal of frequency domain, and the 
following results were obtained with a TDR. 

3. The hookup was identical to No. 1, except 
a 1 ns. 1 v pulse was fed into the input of 
the .412 cable. Here (9) discontinuities 
were evident. 

4. This was a TDR test of No. 2 and only (4) 
smaller discontinuities appeared. 

We now have confirmed the advantages of the 
directional tap by both, frequency domain and time 
domain methods. 

Bear in mind, that the illustrations we used 
here, are typical and not necessarily an absolute 
guideline. Generally, the characteristics of the 
directional tap would still remain the same. In 
most cases you may still refer to these illustra
tions in designing a new system layout. 

Figure 4 

1. Return loss of cable and 9 directional taps at opposite 
end with 7 5 ohm termination on .412" cable. 

2. Same as No. 1 but open terminations on all directional 
taps' tap ports. 

3. Same as No. 1 but use TDR method p = .02/cm 
pulse = 1 ns. 

4. Same as No. 2 but use TDR method. 
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54 MHz 290 MHz 

26 DB 23.3 DB 23.7 DB 

25.6 DB 23.2 DB 24 DB 

9 discontinuity showed 

4 discontinuity showed 
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(Mr. Pai read his paper, marked No.2.) 
(Applause) 

CHAIRMAN PENWELL: Are there any questions? 
If not, we will proceed. 

Brian Jones, from Fairchild, is still with us. 
Come up, Brian. Brian is our next speaker. He was 
born and educated in England, and has worked for the 
Canadian Defense Research Board on transistor cir~ 
cuits. He has worked for Fairchild Semi-Conductor 
on high frequency transistor applications, Westing
house Electric Corporation on integrated circuit de
sign, and has worked for C-Cor Electronics on CATV 
and high frequency amplifier design. Presently ·he is 
with Fairchild in Palo Alto, California. 

DISTORTION, VSWR and REVERSE TRANSMISSION 
IN BROADBAND TRANSISTOR ·AMPLIFIERS 

by 

BRIAN L. JONES 

Transistor amplifiers produce distortion. This 
is a co~monplace to everyone who is familiar with 
the cross-modulation of an overloaded CATV ampli
fier. Such amplifiers have a certain VSWR when in
troduced into a 75 n system and if this ratio is too 
high, reflections appear on the picture in the form of 
"ghosts". If an amplifier is inserted into a system 
backwards, that is, with the input signal to the output 
and the output signal to the input, the signal will be 
attenuated instead of amplified. The ratio of the input 
power to the output power under such circumstances 
is known as the reverse transmission. Similarly the 
gain of the amplifier is the forward transmission. 

Now it may not be immediately obvious what con-:
nection these quantities may have and the purpose of 
this talk is to point ·out the inter-relationship between 
them. In order to do this I shall start by discussing 
some of the properties of transistors. 

Figure 1 shows a typical curve of the relation
ship between collector current and base-emitter 
voltage of a transistor. This characteristic, a non
linear input voltage/ output current relationship is the 
main source of distortion of transistors. This is il
lustrated by a sine-wave base emitter voltage which 
produces the distorted collector-current shown i'n the 
slide. It can be shown very easily mathematically 
that if the input signal voltage consists of two or 
more amplitude-modulated RF signals, cross
m-odulation will' result. The forward transmission of 
the transistor is non-linear and shows distortion. 

But what about the reverse transmission? If we 
apply a voltage to the collector of a transistor, will 
the resulting current show distortion? At first sight, 
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Figure 1 

VsiAS 

it would appear not. The low frequency collector 
characteristics are shown in Figure 2. ' It would ap"" 
pear that the collector curren:t remains nearly con"" 
stant regardless of the voltage swing on the collector• 
The transistor is a good)constant current source at 
low frequencies; that is, it's output current depends 
only on the base voltage. It is also clear from thiS 
figure that what happens at the output has very little 
effect on the input, i.e., the transistor has a low 
reverse tran,smission. 

Figure 2 

~--------~---------

VsiAS 

e"' 
At high frequencies, however, none of the. f~Je 

going remains true. There are certain undes1r 
properties of the transistor, known as parasiticS, 
which give the transistor considerable reverse ... 
transmi.ssion. Figure 3 shows the two main P~: 
sitic resistances: the emitter inductance and t 



divergent approaches, and they have planned to submit 
this entire problem to the appropriate E .I .A. commit
tee to work toward some sort of standardization. 

We are planning to propose in that particular 
forum a joint working group of set manufacturers, 
CATV equipment manufacturers, operators, possibly 
representatives from the FCC --if they wish to par
t· lcipate -- to attempt to work toward some overall tele-
\Tision industry standardization. 

I thought some of you might be interested in this 
~articular point of view because I think the last paper 
JU.st mentioned that there has been some discussion 
"W'th 1 TV set manufacturers. I am not sure that any 
~0Ple discussed this with our representatives at 

racuse. They are, however, very much aware of it 
8.nd Very concerned about it. 

MR. WYDRO: I have one comment, and the only 
00lntnent that I can say is, amen. 

CHAIRMAN CLEMENTS: Thank you very much. 
t· I know that many of you must have other ques-
t~0118 concerning these addresses, and if we have addi
:onai time when the panel is completed we will possibly 
n.et back to some of the more pertinent points in con-
ection with expanded band use. 

S Our next speaker is Argyle Bridgett, from 
Pencer-Kennedy Laboratories, Inc. 

s.. Be is now Manager of Design Engineering for 
~. He started with them in 1951. 

W Without any further introduction, I present Argyle 
• Bridgett. (Applause) 

t b MR. ARGYLE W. BRIDGETT (Spencer-Kennedy 
tha o:atories, Inc.): For those of you reading the paper, 

e hrst sentence does not sound like anything. 
Dt Actually, if you get down to the basics, they are 
Of obabiy two in number, but there are a large number 

Problems that develop from these. 

AUTOMATIC EQUALIZATION AS A FACTOR 

IN 

SYSTEM LEVEL CONTROL 

BY 

ARGYLE W. BRIDGETT 

~A..s 
lc PROBLEM 

~it-s~e basic problems of CATV are really only two. 
ls obtaining a sufficient number of high quality 

TV signals and second is transmitting these signals 
through coaxial cable without degrading the original 
quality too much. The cable which is obtainable to
day does only one undesirable thing to the signal to 
any major degree. It attenuates the signal. It also 
causes a delay, but the delay, in general, is not a 
type which degrades the signal and the amount of 
delay is small. In a system of 1000 db, of cable at
tentuation the cable delay will be approximately 100 
micro seconds. 

The attenuation, however; is enough to completely 
lose the signal in snow and must be compensated for 
by providing amplification at close enough intervals 
to avoid losing the signal. It is in providing this 
amplification that most of the problems originate, 
since any amplifier will degrade the signal in sev
eral ways. First, if the total response of the ampli
fiers does not match the loss of the cable fairly well 
the picture quality will suffer. Second, it will add 
some noise to the signal. Finally, it will add dis
tortion signals to the desired signals. These last 
two effects, noise and intermodulation,,are usually 
the factors which limit either picture quality which 
can be attained or system length. 
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I believe we are all familiar with the V curves 
shown in Fig. 1 which show how the amount of noise 
and intermodulation introduced in a system by the 
amplifiers depend on signals_levels, amplifier gain, 
and number of amplifiers. The top curve shows the 
maximum output level at which a given number of 
amplifiers can be operated with a given amount of 
cross-modulation. (This will depend on the ampli
fier, the gain setting and the signal level tilt). The 
bottom curve shows the minimum input level at 
which the same number of amplifiers can be operated 
with a given carrier to noise ratio. The difference 
between these two curves for one amplifier is what 
is called by Shekel the "k" factor for the amplifier. 
The intermediate curve shows the minimum output 
level at which the amplifiers can be operated without 
degrading the carrier-to-noise ratio. The distance 
between these two curves is "system margin" which 
is the range of output levels at which a system of any 
number of cascaded amplifiers can be operated with
out exceeding either limitation. The ideal way to 
operate a trunk is with all amplifiers operating mid
way between these limits so that the "system mar
gin" is equally divided between noise and intermodu
lation. 

The important thing to remember about these 
curves is that the nsystem margin" obtained from 
them assumes that all emplifiers are operating at 
the same levels. In practice this is not always true. 
There will generally be a difference in levels from 
amplifier to amplifier due either to measuring equip
ment errors or variations with temperature. 



It would seem at first thought that one could pre
dict results by using the average of the levels through
out the system but this does not turn out to be the case. 
As an extreme example, suppose that we consider a 
system of 2 amplifiers and set one at the highest op
erating level for one amplifier. The amplifier which 
is at the high level will contribute a very small amount 
of noise and the amplifier at low level will contribute 
a small amount of intermodulation. Our system of 2 
amplifiers will have exceeded the system limits by a 
small amount regardless of the "k" factor. 

Thus, if we operate alternate amplifiers a few 
db. above and below the average level we find that we 
have reduced our system margin. Fig. 2 shows the 
reduction in "system margin" which would result 
from this type of operation. Notice that the degrada
tion is very small if we do not deviate a great deal 
from the central value but becomes very great when 
the deviations from average are ~arge. This can be 
very important when the system is long enough to 
provide very little "system margin". 

FREQUENCY EFFECTS 

The cable attenuation is not a constant value for 
all channels but varies almost directly as the square 
root of requency. The loss at channel 2 is approxi
mately one half of that at channel 13. In a system 
having a total cable loss of 1,000 db. this requires 
500 db. less gain at channel 2. 

TEMPERATURE EFFECTS 

Probably the most annoying problem in maintain
ing a system and operating it so as to obtain the best 
system margin is that the cable losses (and to a lesser 
degree the amplifier gains) vary with the temperature. 
If the temperature varies from + 140°F to - 40°F the 
cable loss will decrease approximately 16%. Thus, if 
the total high temperature cable loss in a long run is 
1000 db. at channel 13 there can be a change in loss 
of 160 db at channel 13 and a slope change of 80 db. 
in the system from a summer day to a winter night. 

It is obvious that it is impossible to obtain a 
system margin large enough to accommodate such a 
wide swing in levels. Therefore, it is necessary either 
to adjust amplifier gains and slopes every time the 
temperature changes, or to provide some automatic 
method of level adjustment. Automatic Level Control 
Amplifiers by themselves can only correct for one 
half of the cable variations. It is necessary to provide 
some method of automatic slope correction. 
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AUTOMATIC EQUALIZATION METHODS 

A. Temperature Operated Equalizers 

These are de signed and built in the same mannel' 
as ordinary fixed equalizers using resistors, capaci" 
tors and inductors. However, one or more of the 
elements uses a temperature sensitive element such 
as a thermister, selected in such a way that the tranS' 
mission response varies with temperature in a waY ~ 

· }loW• as to be complementary to that of cable. Fig. 3 s 
the characteristics of a typical equalizer. These are 
placed in the system at intervals so as to minimize 
the variations in slope at all amplifiers. Their onlY 
disadvantages are:-

1. As with any lumped-constant networks, an 
exact match to the square root of requency respon~e 
of cable cannot be obtained. However, the errors iJlpte 
shape can be made very small and once a considera d 
number have been cascaded;and the errors measure 
a thermally operated mop-up equalizer can be de-
signed to correct them. 

2. The cable is spread out over an area in such 
a way that some of it is in direct sunlight and soJll~ 
is in the shade. On the other hand each equalizer ~e 
in a fixed location. Therefore, an exact match to \ 
cable variations is difficult to achieve. However, 

1 

a sufficient number of them are used and they are 
suitably located this effect can tend f~ average out· 

fer iS 
3. If exact control of level at every am~li 1 d to 

to be achieved, each equalizer should be des1gne. 
exactly match the span of cable preceding it. 'fhi

8 

would require that every equalizer be custom de ... b 
signed or that the system be built with spans wbtC 
exactly match the equalizer. In practice this iS 
usually undesirable for other reasons. As Fig. 2 

shows, however, a slight deviation from desired rJ 
signal levels will not lower the system margin ve vr 

· bO much and some errors can be tolerated. It 1s, tber" 
ever, desirable to calculate the location of eacb eae"' 
mal equalizer quite accurately using accur~te Jllhfle 
urement of cable spans. This type of equallzer 
been proven to work very well in systems over a 
period of 6 to 7 years. 

B. Compensated gain controls with ALC 

b ve 
Some automatic level control amplifiers :lhe 

been built with a slope variation designed into ~ifief 
gain control circuit in such a way that the a:rnP coil" 
slope is reduced with the gain. While absolute .10t 
trol of amplifier output level at the operating pl eel'" 
frequency is obtained, this system also suffers 
tain disadvantages. 
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1. There is the same difficulty with matching 
square root of frequency response common to any of 
the methods. 

2. The amount of slope compensation should be 
custom designed for the amount of cable being cor
rected for. In regard to correction for slope changes 
thi s method is about the same as temperature op-
erated equalizers. In one case.~temperature is meas
Ured directly and a slope compensation made. In the 
Other a level change is measured and a slope com
Pens~tion made on the assumption that the level 
change was due to cable temperature change. 

th 3. If, after construction of a system it is found 
f at there is too much or too little slope correction 
or temperature changes it is not possible to make 

corrections as easily as with temperature operated 
~qUalizers, when relocation of equalizers can easily 
e made. 

c 
• Automatic pilot operated equalizers 

19 
These have been in use in CATV systems since 

A~ 7 • They operate in somewhat the same way as an 

1 C station except that the level of two pilot signals 
,
0
cated near the two ends of the frequency range are 

4-Sed If . a • the levels of the two signals change an equal 

t lnount, the amplifier makes a correction in gain only 
o rn . 

d aintain signal levels. If, however, the two pilots 
t~ 110~ change equally, the amplifier also measures 

t' e difference in levels and provides a slope correc... on. 
th In much the same way that a person observing 
aq~ slope with a sweep or field strength meter might 

JUst the tilt control on the amplifier. 
the l'his system has the one great advantage over 
Siguother two methods that, since it measures actual 
ttp b alle_vels, errors in slope correction cannot build 
contut Will be corrected at the next automatic slope 

rol amplifier. 
that Ifowever, just as automatic gain controls require 
ap

0 
~he range of incoming signal levels must corre

the 11 
to the control range of the amplifier, so must 

Sloprange of incoming signal tilt correspond to the 
Of c~ correction range of the ASC amplifiers. This 
4llde "Urse requires that if the units are to be used 
~ay ~ 110~al conditions when preceding cable spans 
he ln e different from one another, the initial setup 

ade carefully. 

il'tlp
0
A knowledge of the control characteristic is very 

aq\ran~ant ~planning the use of the equalizers if full 
Show age 1s to be obtained from their use. Fig. 5 

;ha typical set of control characteristics. 
Sea.

80 
e use of these units will reduce the amount of 

fact a llal adjustments to an absolute minimum. In 
Certain amount of adjustment of both level and 
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tilt throughout the system can be accomplished by 
merely adjusting the pilot levels at the head end. 

COMBUITNG OF METHODS 

Since all of the equalization methods suffer from 
the one basic trouble that an absolutely exact match 
to cable response cannot be obtained and cascading 
a large number of any one kind of unit will allow any 
errors to build up, it appears that the best way of 
operating a system is to use a combination of both 
temperature operated equalizers and automatic pilot 
operated slope control amplifiers. In this way it is 
possible to provide almost constant levels at the 
output of each and every amplifier so that the system 
margin will be degraded least. Errors in correction 
will be held to a minimum and cost of both construc
tion and maintenance will be very low. 

CHAIRMAN CLEMENTS: Thank you, Mr. Brid
gett. 

We have time for a question or two. 
Apparently there are none at the present time, 

and we will move to our next speaker, who will ad
dress us on the subject of TEMPERATURE, TEM
PERATURE DESIGN, AND AUTOMATIC LEVEL 
CONTROL FOR CATV. 

He is Mr. James Palmer, of C-COR Electronics, 
Inc. 

Mr. Palmer. (Applause) 

MR. JAMES R. PALMER (C-COR Electronics, 
Inc.): I do want to make some comments of general 
interest to the engineering fraternity of the cable 
industry. 

"I am alarmed by the various approaches to the 
"more than 12 channel" distribution system. They 
appear to me to be very premature, poorly conceived 
from an engineering basis and motivated almost en
tirely from a sales standpoint. Once we exceed the 
12 VHF Channels, we must utilize either a special 
receiver or a converter located in conjunction with 
the television receiver. Having the converter or the 
special receiver, we should take advantage of the 
fact that we have been freed from broadcast fre
quencies that were established due to spectrum 
space and other considerations. We should make a 
very thorough study of the optimum frequencies to 
be utilized in an optimum system. We should use a 
total system concept optimizing the frequencies, the 
amplifiers, the coaxial cable and the converter or 
receiver. To do otherwise, we are doing ourselves 
as individual companies and our industry harm." 



CATV COAXIAL CABLES 
STANDARDIZATION?? 

by 

SIDNEY A. MILLS 

The fundamental problem of engineering is the 
effective production and utilization of the materials 
and forces of nature. Our complex civilization is de
pendent upon our increased ability to transport mate
rial and energy from the point where it is available 
to the place where it can be utilized. 

The electrical engineer is interested in the pro
duction and utilization of the forces of nature, most 
of which are, both initially and finally' in some form 
other than electrical. He uses the electrical link be
cause it is one of the moBt efficient and rapid means 
available for the transportation of ener gy. The power 
engineer may first t r ansform the latent chemical en
ergy of coal or oil into thermal or. mechanical energy. 
After using this mechanical energy to pr oduce elec
trical energy, he transmits it to some distant point 
where it again may be transformed into mechanical 
power by a motor or into radiant energy thru an elec
tric lamp. Similarly, the communication engineer 
receives acoustical energy for his telephone, mechan
ical eriergy for his telegraph, or radiant energy for 
his television. These forms of energy must be deliv
ered to the receiving end in almost identical form as 
originated. 

The problem of the electrical engineer, therefore, 
is to pass on energy from one part of a system to an
other until it is ready for utilization. This usually 
means passing through a number of devices, each one 
of which may take its toll by subtracting from or 
modifying the energy handled. 

As the middleman, if not controlled, may alter 
the amount or quality of produce passing from the 
farmer to the consumer, so the electrical transport
ing units containing resistance, capacitance, induct
ance, etc., may unduly reduce the amount or alter the 

character of the electrical impulses they receive for 
delivery to a distant point. 

In the CATV industry, insulated electrical cables 
play a very important role. However, their construe .. 
tion, characteristics and usefulness are not generallY 
immediately perceptible in contrast to the more glatrl ... 
orous components such as amplifiers, modulators, 
spectrum analyzers, etc., and the inconspicuousness 
of their contribution to the industry is often the verY 
cause of their being overlooked. Without cable, hoW .. 
ever, many' accomplishments of our industry would 
not be possible. 

It is to the everlasting credit of our industry's 
pioneers that they were able to adapt or convert 
available commercial and military cables to perfortrl 
the mir acle of CATV. These great "Imagineer s ", 
many of whom are in attendance at this convention, 
needed, above all, the ability to improvise and inno ... 
vate . They did not need induBtry st andards and, as 
a matter of fact, had standards been available , theY 
may well have stifled imagination and inhibited 
growth of this gr eat indust r y. 

Whether or not the state of the CATV art has 
advanced to the stage where broad standards cover .. 
ing the many various components are now possible, 
is beyond the scope of this paper. However, it is 
the opinion of this writer, that the industry has ma ... 
tured to the point where standards to cover CATV 
cables are both possible and necessary. 

The CATV industry has, like Topsy -- 'just 
growed '. In its first seven years of existence or bY 
year end 1957, the industry had grown to about 58° 
operating systems. The average miles per systerP <l 

·Ie.,• 
for these years has been estimated. at about 3~ IJll·tb 
During 1966, 258 new CATV systems were built WI 
an estimated 50.5 miles per system. As shown in . 
Table A, the cable footage to be used by the cATV 
industry is expected to double in volurne during tbe 
next 5 years to an overall figure in 1971 of 
266,000,000 feet. 

TABLE A 

Year Avg. Est. Cable New Net Operating 
End Miles/System Footage Systems Systems 

1967 59 131,000,000 350 2300 

1968 62 184,ooo,ooo 470 2770 

1969 64 215,000,000 530 3300 

1970 66 242,000,000 580 3880 

1971 68 266,000,000 620 4500 
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We feel that figures such as these make it all the 
lllore evident that there is an immediate need for the 
establishment of meaningful yardsticks by which the 
lllechanical and electrical properties of this highly 
important system component can be evaluated. 

The validity of this premise is a matter for the 
CATV industry, to whom the cable manufacture plays 
a supporting role, to decide. This paper, therefore, 
is not intended to promulgate specific standards but 
l'ather to invite the industry's attention to the fact 
that wide variations in cable constructions for CATV 
U.se, do exist. This discussion will also review areas 
Of design, production and testing of aluminum sheathed 
CATV cables to support our position that meaningful 
Parameters by which the mechanical and electrical 
Properties of cables are evaluated, can now be 
established. 

1
. In an overall CATV system, the final umbilical 
lUk between an accumulation of many exotic and ex

Pensive pieces of equipment and your customer's TV 
;et is a $2.50 piece of coaxial cable generally re
erred to in the industry as RG-59/U. 

In the initial days of CATV, I am sure that the 
ln'li 
. 1 tary RG-59/U coaxial cable was selected because 
lt lllet the basic requirements of the system, and it 
Was aVailable. Over the years, in order to lower the 
cost of cables, there have been several changes in 
~.onstruction and, likewise, performance characteris
d.lcs, Without any change in terminology. Such use of 
i eceptive terminology is a gross misapplication of 
ntent. 

w The terminology for coaxial cables "RG-( )/U" 
tha~ devised by the military initially in 1944 under 
~ell:' joint Army-Navy Specification JAN-C-17. 
fo~lsically, their coaxial terminology is derived at as 

ows: 
It"[') 11 

.[\ - Means Radio Frequency 
''G" - Means Government 
''(59)" - h b d t h G T e num er assigne o t e overn-

ment approval. 
''/U" 1 1 - Means it is a universa mi itary 

specification. 
,. tij_e lf the letters A, B, C, etc. appear before "/", it 

all.1ans a specification modification has been made. 
~d.y cables made to the Government specification 
~Ito lneeting the requirements of that specification 

llld be marked with the "RG" legend. . 

1 
lio In Table B, we have outlined the basic construe
~~~~! .details for coaxial cable RG-59 /U as initially 

lfled under JAN-C-17. 
I lite ,;vith the change from the "JAN" classification to 

~oll. 1\uL" classification, changes were made in the 
~0~t'u.ctional and electrical requirements for this 

1 ~tar al. cable. The requirements for RG-59B/U co
Cable are outlined in Table C. 

I 
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The distinguishing differences between the re
quirements for RG-59/U and RG-59B/U cables are: 

(1) Conductor size changed from 0.0253" to 
0.0230". 

(2) Conductor conductivity requirements 
changed from 30% to 40%. 

(3) Recognition in the latest issue of high mo
lecular weight polyethylene insulating 
material. 

(4) Change from standard synthetic resin (PVC) 
jacket material to an improved low tem
perature non-contaminating Polyvinyl 
Chloride material. 

(5) Change in dimenaional tolerances. 
(6) Change in electrical properties from a 

nominal 7 3 ohm impedance to a 7 5 ohm 
nominal impedance. 

If ther e wer e a precise and definitive under 
standing that all drop cables were to be either RG-
59/U per JAN-C-17 or RG-59B/U per MIL-C- 17, 
then there would be no question in regard to the 
physical construction of the cable, and the physical 
and electrical properties would be adequately out
lined and understood. However, we do not have this 
precise and definitive understanding. As such, we 
can find as many variations in CATV drop cables 
being used as there are manufacturers. 

To illustrate the need for standards, Ameco 
Cable undertook a field sampling of so-called RG-
59/U cables, currently being used as CATV drop 
cables. 

In TableD, we have reviewed the basic con
structional details as found in some 19 different co
axial drop cables, listed or referred to as RG-59/U 
or Type RG-59/U cables. From this analysis, we 
find these variations in construction to exist: 

( 1) Conductors are either solid copper or 
cop~r-clad steel. 

(2) Conductor sizes are 0.226", 0.0253" or 
0.032". 

(3) The insulating dielectric is either solid 
polyethylene or expanded (foamed) 
polyethylene. 

(4) The outer conductor is generally composed 
of No. 34 AWG bare copper but there are 
cases where No. 36 AWG copper can be 
found. The number of copper ends per 
machine carrier varies along with the num
ber of pies per inch. As such, the percent 
coverage of the outer conductor varies be
tween 78% and 96.3%. 

(5) The outer jacket material is either Poly
vinyl Chloride (PVC) or PolyethylEme. 

(6) The overall cable diameters vary between 
0.230" and 0.246". 



TABLE B 

~~~\1ER COI\JDUCTOR : 0.0253" PLAIN 'COPPERWELD'· 

INSULATIOt:J SOLID TYPE A (POLYETHYLENE) 
DIAMETER: 0 146u· ± .005" 

OUTER CONDUCTOR · SINGLE BRAID 
COPPER 

34 AWG 
16 

JACKET~ 

TYPE~ BARE 
WIRE. SIZE: 
CARRIERS: 
ENDS : 7 
PICKS /INCH 

TYPE I SYNTHETIC 
.DIAMETER : 0. 242" 

RESIN 
:.1: .008" 

ENGINEERING DATA ~ 

NOMINAL IMPEDANCE ·: 73 ± 3 ohms 
22.3 pf/ft .. NC1.11NAL CAPACITANCE; 

ATTENUATION : 55 me 2.4 db/ aoo ft. 
83 me· - 3.0 db I aooft 

175 me - 4. 6 db I aoo ft, 
2 II me. - 5: I db I JOO tt. 

1~"' 
In this initial analysis, we have not tried to ana

lyze the properties of the different grades of insulat
ing and jacketing materials that have ,been used. 

A detailed analysis of the various constructions 
reveals that material costs in the more expensive 
constructions can exceed the material costs in the 
least expensive constructions by as much as 46%. The 
commercial implications of this wide variation are 
self- evident. 

Standards to cover a CATV drop cable are re 
tively easy to develop, and it is probably that varJ"' 
ing operating conditions would require more thail ~ 
single standard construction. But, until such tiJlle s 
as conditions are defined and specific constructi011e 
specified, the present conditions, which can best b 
described as chaotic, will prevail. 

We do not wish to infer that several or, for that 
matter, any of the constructions are unsuitable for 
the intended service. We have presented this review 
only to point-up the fact that the generic expression 
"RG" is a nebulous designation for a very important 
component of the CATV industry. 
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While variations in construction of aluminurtl 
sheathed cables for trunk and distribution service 
are not as prevalent as in the common drop cable, 
constructional differences do exist and, therefore, 
differences exist in the physical and electrical -
properties. 

For example, from a review of various sUJY' 
pliers' printed data for .412" cable, we find that 



TABLE C 

1;\~~~;~T::"R CONDUCTOR : 0.0230" COPPER COVERED STEEL 

1~\JSULATION : SOLID TYPE A (POLYETHYLENE) 
DIAMETER : 0 .146'' ::!: .004" 

OUTER CONDUCTOR : SINGLE BRAID 

JACKET 

TYPE ~ BARE COPPER 
WIRE SIZE : 34 AWG 
CARRIERS ' 16 
ENDS ~ 7 
PICKS I INCH 8. 2 * 10°/o 

TYPE II a ( NON-CONTAMINATING PVC ) 
DIAMETER: 0.242" :!: .004" 

ENGINEERING DATA : 

NOMINAL IMPEDANCE : 7 5 : 3 OHMS 
NOMINAL CAPACITANCE~- 21.1 pf/ ft 
ATTENUATION ~ 55 me -. 2.6 db /too ft. 

·a3 me 3.2 db/ aoo ft. 
175 me - 4.9 db/ aooft. 
211 me - 5:4 db I aoo ft. 

then . 
twee 01llinal inner conductor diameter can vary be-
l'abl: ~·.075" and 0.081 ". These figures are shown in 

variations as shown in Table F do not help the situa
tion. 

~hea!n the area of polyethylene jacketed aluminum 
C~.Qce ~ed CATV cables, we again can find a wide vari
n.0~. ln the constructional details. The indicated 
Qi~nal P<>lyethylene jacket walls and finished cable 
itte l~ters as advertised by several manufacturers, 

lsted in Table F. 

Qtea~l'ing the next few years, we will see an in
a.lu.~ .lng demand for direct burial installations of 
Qel'n ~tun sheathed CATV cables. Considerable con
tty 0 as already been generated in the CATV indus-

Vel' this subject and certainly the constructional 
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In regard to the subject matter of direct burial 
of cables, I would point out that in April 1964, the 
Institute of Electrical Engineers (IEEE) sponsored 
a 3 day technical conference on Underground Resi
dential Distribution. This was followed in Septem
ber 1966 by the 2nd Special Technical Conference 
on the same subject. Copies of the technical papers 
presented at these sessions are available thru IEEE. 

Also, in the paper "Underground Installation of 
CATV Cables",l presented at the 14th Annual NCTA 
Convention, the author points out that the direct 
burial of aluminulll-£heathed coaxial cables is not to 



TABLE D 

Conductor Insulation Outer Conductor Jackei1 

RCZ...59/U 

Brand A 

Brand B 

Brand C 

Brand D 

BrandE 

Brand F 

Brand G 

Brand H 

Brand I 

Brand J 

Brand K 

Brand L 

Brand M 

Brand N 

Brand 0 

Brand P 

Brand Q 

Brand R 

Brand s· 

Mat. Size Mat. O.D. Mat. 

cs .0253 p .146 c 

cs .0226 p • .146 c 

cs .0253 p ~146 c 

cs · .0253 p .146 c 

cs .0253 p .146 c 

cs .0253 p .• 146 c 

.0253 .146 
.r· cs p c 

cs .0253 p .146 c 

cs .0253 p .146 c 

cs .0253 FP .146 c 

cs .032 FP .146 c 

cs .0253 p .146 c 

cs .0253 FP .150 c 

cs .0253 p .146 c 

CS · .0253 p .146 c 

· c .032 FP .146 c 

cs .0253 p .146 c 

cs .0253 p .146 c 

cs .032 FP .146 c 

cs .0253 FP .146 c 

C - Copper 
CS - Copper Covered Steel 
P - Polyethylene 
FP - Foam Polyetbvlene 
PVC - Polyvinyl Chloride 

Size 

34 

34 

34 

34 

34 

36 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34** 

be feared and can be economically and satisfactorily 
accomplished provided the cables are designed, man
ufactured and installed in accordance with established 
and proven standards and procedures. 

Theoretical Considerations 

Let us briefly revie_w the general theoretical 
considerations for CATV cable design and also 

1o 
'Hall I Ends Picks Cov. O.D. ~~at. O.D. 

7 8.2 95-7 .191* PVC .035 .242 

7 8.0 95.6 .175 PVC .035 .242 

5 8.0 81.3 .175 PVC .030 . .235, 

7. 8.0 95.6 .175 PVC .035 .244 

5 10.1 84 .175 PVC .030 .235 

6 8.0 78 .165 PVC .035 .235 

7 8.0 95.6 .175 PVc ·: .035 .245 

7 6.0 94.0 .175 PVC .035 .242 

5 10.8 84.0 .175. PVC .032 .240 

· 7 8.0 95.6 .175 PVC .035 .245 
-

7 9.0 96.3 .175 PVC .030 .240 

5 10.8 84.0 .175 PVC .035 .242 

5 10.8 84.0 .176 p .0 :J) .240 

7 8.0 95.6 .180 PVC .035 .245 

5 12.0 88.0 .180 PVC .035 .245 
-

7 8.0 95.6 .185 p .025 .230 

7 8.0 95.6 .180 PVC .035 .246 
-

7 8.0 . 95.6 .18o p .035 .242 
-

7 8.0 95.6 .175 p .035 .242 
-

7 8.0 95.6 .175 p .035 .242 
.-

* Max. O.D. Per . Spec. 
** Braid plus Copper backed Polyest1~r Tape 

. 81Jlee 
review briefly a few of the various process va1'1 

which can affect cable performance. 
1 

Table G outlines the components and gener~ a1 
configuration of aluminum sheathed CATV coaJ'l 
cables. 

d 
D 
t 

diameter of the inner conductor fOil 

diameter over the conductor insula. l 

thickness of the aluminum sheath 
O.D. outside diameter of the cable 
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TABLE E 

Cable Type: 4 . 12" Aluminum Sheathed CATV 
Manufacturer 

A 

B 

c 

D 

E 

F 

G 

H 

I 

The electrical design characteristics of such a 
~01lXial cable are defined by the following interre
atect equations: 

(l) Characteristic Impedance (Z ) = 
0 

138.2 D 
{e log10 d ohms 

Where e = Dielectric constant of the 
insulation 

Inner Conductor Diameter (Nom.) 

0.078" 

0.077" 

0.078" 

0.0752" 

0.075" 

0.0752" 

0.081" 

0.075" 

0.077" 

(2) Velocity of Propagation (Vp) = 
1~ percent 

(3) Capacitance (C) = 1016 /: picofarads/ft. 
0 

Attenuation for these types of cables is defined 
by a more complex equation: 

(4) a ~ 8.686 t2~ 
0 

+ G: 0 J db/1,000 feet 

TABLE F 

POLYETHYLENE JACKET WALL 'miCKNESSES 
.L·l~ .'iOO' • 20_ 

Manufacturer Wall O.D. Wall O.D. Wall . o.n. 

A .029" .470" .o4o" .58o" .037" .820" 

B .035" .482" .040" .580" .050" .845" 

c .034" .480" .038" .575" .050" .850" 

D .050" .512" .050" .6oo" .050" .850" 

E .050" .512" .050" .600" .050" .850" 

F .034" .48o" .o40" .580" .050" .850't 

G .025" .48o" .025" .5a0" .036" .850't 

H .o4o" .495" .050" .6o5" .050" .855" 

I .029" .470" .038" • 575" .038" .825" 



TABLE G 

I 

L 
t 

'SHEATH~ INSULATIO~ CONDU~~ 
d- DIAMETER of INNER CONDUCTOR 

0 - DIAMETER OVER INSULATION 

t - THICKNESS of SHEATH 

0.0.- OUTSIDE DIAMETER of CABLE 

Where R = effective loop resistance in ohms/ 
1,000 ft. 

Z0 = characteristic impedance in ohms. 
G = leakage conductance of insulation in 

ohms/1,000 ft. 

Pi = resistivity of inner conductor 
(micro ohm - em) 

e dielectric constant of insulation 
(S.I.C.) 

f frequency in megacycles . Il 

If the appropriate expressions for R, G and Z are 
substituted in this equation, we can write the expres
sion for attenuation as: 

D = dissipation factor of the insulatl
0 

In this expression, the first term represents the 
loss due to the inner conductor, the second terr? 
represents the loss due to the outer conductor and 
the third term represents the loss due to the insula .. 
tion. 

(5) a 
o:o23s7 [ypi ~ if] 

typo ~ if] 
+ 15.062 IDe db/1,000 ft. 

Log10 do/di 

Where: a attenuation in db/1,000 ft. 
di diameter of inner conductor 

(inches) 
do inside diameter of the outer con

ductor (inches) 
P 0 = resistivity of outer conductor 

(micro ohm - em) 

Process Variables 

Basic specifications of the metal industry have J' 
established and defined resistivity values for coPPe 
and aluminum. For the purpose of this discussion, 
these values may be considered to be constant. 

However, variations in the diameter of the in .. J' ... 
ner conductor will occur during normal manufacttl 
ing operations. Wire drawing dies wear and cause 
diameters to increase. Also, normal handling P:~ 
cedures can cause "stretch" or "draw-down" of 
conductor. The final electrical characteristicS, ... 
particularly the cable impedance, can be quite ee~J'· 
sitive to variations in the inner conductor diaJllet 
Changes of 0.001" can change the impedance of }Jle 
.412" cable by as much as 0.6 ohms. In .500'' ca 



such diameter variations can change the impedance 
by 0.5 ohms and .750" cable by 0.3 ohms. Therefore, 
the ability to hold close tolerances on the inner con
ductor dimensions, has an important bearing on the 
ability to maintain the cable impedance within given 
lirnits. 

The diameter over the expanded polyethylene in
sulation is an important variable. When extruded 
correctly, the dielectric constant of expanded poly
ethylene is extremely constant. However, in the ap
Plication of the aluminum sheath, the outer surface 
of the polyethylene tends to become compressed, thus 
effecting a change in the effective dielectric constant. 
l'he amount of compression is a matter of choice and 
Will vary between manufacturers. In aluminum 
Sheathed, foam polyethylene insulated CATV cables, 
the dielectric constant usually lies between 1.50 and 
1·55. Variations in the dielectric constant of this ex
tent can cause a difference of 1.0 ohm in impedance. 

The thickness of the outer aluminum sheath is 
generally chosen to give the cable suitable mechani
Cal Properties. Variations in wall thickness and over
all cable diameters can vary differently between 
lllanufacturers due to variations in the methods of 
~PPlication. Such variations must also be considered 
:n establishing tolerance limits for both the mechan
lcal and electrical characteristics. 

Basically, a CATV cable will contain many minor 
structural changes in impedance along its length, 
e~ch of which, by itself, is too minute to have any sig
~ficant effect on the final electrical characteristics. 
ai these structural changes occur with random spacing 
thong the cable, they are of no special concern since 
they Will tend to cancel out each other. If, however, 
Ofese changes occur with a periodic spacing, they are 

0 
special concern. Under such conditions, there is 

t:e frequency at which the effect will be additive and 
a. e attenuation will be higher than it should be. Such 
tb Cable is said to have periodicity, and the spacing of 
a.tese .Periodic irregularities determines the frequency 

\Vh1ch their effect is additive. 
~~ Control of periodicity requires the meticulous 
~l:' dy and analysis of every step of the manufacturing 
Qa_ Ocess where the cable or its components may be 

tl.dled. 

ble lni~ially, it was common practice to evaluate ca
By Periodicity in terms of a sweep attenuation test. 
~lldthis method, a sweep signal was introduced at one 
the of a length of cable and the signal emerging from 
~er·Other end was displayed on an oscilloscope. Where 
ah 10dicity occurred a ''hole" or "suck-out" would 
t-~~e ' 

ea.l·bar on the display at that frequency. By rough 
liec~brations, the depth of the hole was determined in 
~t~ els. There were no established acceptance 
Or 

0 
dards for this test although most spoke of 0.25 db 

lie'-.'50 db on the depth of the hole. Later, a percent 
Vlat" 10n from the smooth curve theory was introduced. 
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Limits of 2.5% and 5.0% were referenced, but again 
there were no established acceptance standards. 

As cable manufacturing techniques improved, 
the magnitude of periodicity effects were reduced 
more and more until the depth of the holes became 
less than the resolution possible on the oscilloscope 
display. The best that could be said was -- "no 
measurable deviation from the smooth curve" -
certainly an imprecise statement to include in a 
specification. 

During the past two years, manufacturers and 
users of CATV cables have become actively inter
ested in "Return Loss" as a useful parameter for 
defining the quality of cable. 

Return loss testing has been a valuable and 
highly sensitive test for evaluating electronic equip
ment for quite a few years. It is a rather sophisti
cated test, and the equipment and procedures used 
together with the results obtained required careful 
interpretation. 

Return loss measurements are made by feeding 
a signal into one end of the cable and comparing the 
strength of this signal with the signal which is re
flected back out of the same end. The ratio between 
the two, expressed in decibels, is said to be there
turn loss of the cable under test. 

For CATV cables, the ideal condition would be 
zero reflection, since any signal which is reflected 
must reduce the strength of the transmitted signal, 
and it is the strength of the transmitted signal which 
effects the quality of the television picture carried 
to your subscriber's TV set. Thus, the higher the 
ratio between the main signal and the reflected sig
nal, the better the cable. 

The return loss test provides essentially the 
same information as the attenuation sweep test but 
with much greater sensitivity. It is this high degree 
of sensitivity that introduces problems in interpre
tation of the test method. The amplifiers used to 
achieve the needed sensitivity amplify not only the 
reflections coming from the cable but also those 
coming from connectors, terminations, jumpers, 
etc., and it is difficult to determine from the return 
loss measured just what part should be attributed to 
the cable and what part should be attributed to 
hardware. 

When return loss measurements are made us
ing the same equipment, hardware, and test proce
dures, and when the bridge adjustments and inter
pretation of results are always made to the same 
ground rules, this test can be a valuable asset for 
judging relative quality. 

Since we do not have established standards and 
procedures for this test, it becomes difficult to 
make true comparative analyses between various 
cables on the market by simply reading the printed 
literature. For example, the following statements 



can be found in any of today's published litera
ture: 

(1} 26 db down min. Channels 2 through 13. 
(2) 26 db down min. at any frequency 20-220 mcs. 
(3) Minimum 26 db structural return loss across 

all Channels 2-13. 
(4) 26 db min. in any TV channel measured by 

sweep method from 54 to 216 mcs (compared 
to average characteristic impedance). 

(5) 25 db ,min. return loss at any frequency be
tween 40 mcs to 230 mcs. 

(6) Average USWR of 1.05 on all channels. 
(7) Average minimum structural return loss at 

any frequency between 7 and 216 mcs in 32 
db. 

(8) Return loss - 26 db, 50-220 megahertz. 
(9) 30 db return loss (weighted) worst point 

Channels (2.;..13). 
(10) 25 db min. down at any frequency over the 

range 20-220 mcs, inch.iding sub channel 
frequencies 20-54 mcs, 88-105 mcs FM 
band, 105-174 mcs, as well as 12 VHF TV 
channels. 

(11) 30 db loss on TV and FM bands. 
(12) 30 db, 20-220 mcs as measured by the bal

anced bridge method. 
Not having established written test procedures, 

and with such variations in indicated values, varia
tions in test range, encompassed by such wordings 
as "minimum", "average", "average-minimum" and 
"weighted", it would be interesting to see how you, 
the user, would interpret these statements and eval
uate each of the manufacturers. 

This paper was introduced by stating that the ob
jective was not to solve problems but rather to expose 
confusion, with the hope that such open discussion 
"''ould lead to development and support of industry 
standards. I feel free, therefore, within the latitude 
of my expressed objective, to point out that vague 
"advertising copy" is hardly a satisfactory basis for 
sound engineering decisions. 

The CATV system design engineer, on whose 
judgment millions of dollars are being committed is 
certainly entitled to more precise data than is com
monly found in the advertising sections, of trade 
magazines. 

For example, average values without qualifying 
tolerances are misleading. It must be recognized 
that some variation is normal in any manufacturing 
process, and these variations are related directly to 
the principles of probability. Thus, with any 
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normal processing, under control, as many values 
will be found above the average as will be found 
below the average. The actual range or spread of 
these values from the average will depend upon the 
degree of control capable of being effected over the 
process. 

Nominal attenuation expressed graphically on 
fine paper with a broad pen is a poor basis for sys
tem design, and the expression "return loss" is just 
a catchy phrase unless the frequency spectrum and 
test procedures are precisely defined. 

These are shoddy tools for an industry as so
phisticated and advanced as CATV and certainly will 
not support improvement in the state of the art nee .. 
ess ary for continued growth. 

The wire and cable industry is capable of es
tablishing concise and objective specifications to 
govern the design, production and testing of CATV 
cables now in general use. Past experiences in 
other industries proves that such standards can be 
devised and adopted without inhibiting progress. 
On the contrary, they have been the very basis for 
advanced designs. Such a project, however, can be 
undertaken o:r;tly with the cooperation and mutual 
effort of both the manufacturer and the consumer· 
Ameco Cable, for one, stands ready to cooperate 
in establishing such standards which will give the 
manufacturer assurance that he is furnishing cable 
to meet the customer's requirements and give the 
customer confidence that he will receive what he 
has ordered. 

In CATV, as in any area of technology, there 
must be mutual agreement and widespread use of 

·be 
test methods so that the language we use to descrl ' 
and the numbers we wish to measure, are univer
sally understandable. 

References: 

1. "Underground Installation of CATV Cable,'' 
E. Mark Wolf, 14th Annual Convention, NCTA· 

(Mr. Mills read his paper, marked No.4.) 
(Applause) 

troilg 
CHAIRMAN PENWELL: That was a very S t 

message, Archer Taylor told me this morning tb~ 
et ... 

yesterday at the NCT A Standards Committee me 
ing . they did indeed appoint a panel of experts froJl1 
the industry; and these people, during the coming 
year, will also be working on standards, for pre-
sumably cable specification and cable testing. '!lg' 

If anybody wants to stand up and say sometbl 
this is the time. We have completed our agend::t· 
We thank you for attending. 

· (The meeting adjourned at 12:15 p.m.) 



such people as Graybar, Westinghouse, and others. 
The National Electrical Safety Code is available, 
should any of you wish to order a copy of it, from the 
Superintendent of Documents, U.S. Government Print
ing Office, Washington. It is Handbook H-81, and it 
costs $1. 75. It could very well be the cheapest invest
ment you ever made; and I strongly urge that each of 
you secure a copy of it. 

This concludes my remarks, Mr. Chairman. 
(Applause) 

CHAIRMAN SCHATZEL: Thank you very much, 
Mr. Karnes; and again we say thank you, Mr. Stilwell. 

I believe we all appreciate the work these two 
gentlemen have been doing to further the interests of 
the CATV industry in connection with these Codes. 

Serving with Mr. stilwell on this Committee is a 
gentleman who is in our audience, and I note that he 
wishes to make a comment. 

MR. H. J. SCHLAFLY, JR.: Mr. Chairman, I did 
serve with Mr. Stilwell on this Committee, and I want 
to emphasize a point that he spoke of, and that is that 
the draft on the National Electrical Code has not been 
approved nor adopted by the NEC as yet. 

I want to read a word of caution from our current 
print: 

"The above draft has been proposed by the NCTA 
Standards Committee and delivered to the appropriate 
NE C panels for their consideration, but there has 
been no assurance nor indication that the draft will be 
adopted in this form for the 1968 publication as part 
of the Code." 

So, if it comes out in the end with slightly differ
ent flavor than we have been able to report today, 
please do not be too greatly surprised; but your 
Standards Committee will endeavor to retain it in its 
present form if at all possible. 

CHAIRMAN SCHATZEL: Before going to the 
next speaker I would like to present an announcement. 

(Announcements) 

We are going to change the agenda, moving past 
the panel which was scheduled to appear next, and 
going to the last of the morning items which is en
titled, COMPARISON OF DEMODULATOR
MODULATOR VERSUS HETERODYNE SIGNAL 
PROCESSING FOR CATV HEAD ENDS. 

The speaker who is going to discuss this subject, 
I heard a couple of years ago in Denver, when he dis
cussed transmission distortiqn in CATV. At that 
time, as I recall it, he was discussing envelope delay 
distortion, and it was a most . interesting paper. What 
he was talking about was a problem that was facing us 
in transmitting signals over CATV systems. 
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It is my hope this morning that perhaps he is 
going to give us some of the answers to that probleJ!l, 
among others. 

Our speaker is Mr. Gaylord Rogeness, who hol~S 
Bachelor's and Master's Degrees in Electrical Engl .. l 
neering from the University of illinois. After severa. 
years of experience with various companies in the 
electronics industry, he joined AMECO, where he iS 
now. the Director of Engineering, located in Phoeni"· 

At AMECO he developed the solid state hetero-
dyne signal processor which AMECO has recentlY 
introduced. He has, also contributed to several otner 
items developed by his company. 

It is a privilege and a pleasure to introduce 
Gaylord Rogeness. (Applause) 

COMPARISON OF DEMODULATOR-MODULATOR 
VERSUS HETERODYNE SIGNAL PROCESSING 

FOR CATV HEAD ENDS 

by 

Gaylord G. Rogeness 

1. Introduction 
Two techniques which have been used to receiv.e d 

and process television signals before they are appllB 
to the cable system are the Demodulator-Modulator 
combination and the Heterodyne converter. The in .. 
tent of this paper is to compare the two techniqueS• t 

With present day microwave relay equipment, a. 
least one demodulatin-modulation is required before 
the television signal can be applied to the cable sys"' d 
tern. Hence it is imperative that the demodulator llJ1 
modulator have characteristics which will mini:rnize 
distortion of the television signal. However, when 
the choice between use of a heterodyne converter or 
a demodulator-modulator pair exists, the heterodyne 
converter is currently the best choice. Reasons for 
this choice will be given in the paper. 

2. Heterodyne or Converter with IF Amplifier ·Il 
The VHF converter with IF Amplifier, which w\ 

be referred to as heterodyne in the remainder of tbl 
paper, must convert any incoming VHF channel to d ·ve 
any desired output VHF channel. The signal recel 
from the antenna must not be degraded during the 
conversion process. Ideally, one requirement of tbB 
system is a flat passband from 750 khz below the ·er· 
picture carrier to 4.18 mhz above the picture carrl 

Figure 1 shows a block diagram of the hetero ... 
dyne. The VHF signal input is amplified by an.Itf bY 
amplifier before it is converted to IF frequencies 
the local oscillator in the input mixer. Adjacent . :r· 
channel trapping is accomplished in the IF amplifl~e 
The IF sound carrier is normally separated froJll 



I 
I 

VHF I 
INPUT I '-----.-__J 

L ______________ J 

DELAYED AGC 

FIGURE 1 HETERODYNE BlOCK DIAGRAM 

V'd ~eo IF carrier, amplified and limited, then summed 
al:h th~ output of the IF amplifier. This operation 
t ows Independent adjustment of the picture carrier 
0 sound carrier level. 
st The output of the IF amplifier is held at a con-
a ant level by AGC action which controls both the RF 
ll.lllplifier and IF amplifier gain. The RF amplifier is 
t~r~ally allowed to operate at maximum gain until 
ll.~_lnput ~ignallevel reaches a point at which the sig-

g . to-noise ratio will not suffer by a reduction in 
aln Th' . k lF' • IS IS nown as delayed AGC. The combined 

th output is converted to the desired VHF channel by 
Che output local oscillator in the output mixer. If "on 

08 
a~el" conversion is required, the input local 

08 
c~Uator drives the output mixer and the output local 

en~·lllator is disabled. Differential gain and differ-
co lal Phase will be almost non -existant, since mixer 

nver . Sion is not related to modulation percentage. 
d.e Two major advantages of the heterodyne over the 
hhlnodulator-modulator are excellent low frequency 
t-~ ase 1· . fe:r:r· mearity and no quadrature distortion. Re-
Dlit Ing to Figure 2a note that the heterodyne IF am
lat . U.de response is flat over the entire video modu
ist~on bandwidth. Hence, a linear phase character-
1'h lc over this bandwidth is relatively easy to realize. 
d.o~ demodulator IF amplitude response however, is 
l.'es n 6 db. at the carrier frequency. A linear phase 
Dlitonse Is difficult to obtain with this type of am-

U.de response. 

lllo:r Quadrature distortion, which is discussed in 
Videe detail in the next section, is generated when the 

o s · Ignal is detected or demodulated to baseband. 

41.57 llH1 

o) HmiODYIU IF IESPONSE 

46.5 llH1 

I 
I 
I FREQUENCY--. 
I 

Since the heterodyne does not detect the video signal, 
but merely translates the frequency of the video 
modulated RF signal, no quadrature distortion is 
generated. 

3. Demodulator 
A block diagram of a demodulator is shown in 

Figure 3. The demodulator receives the incoming 
VHF television signal, amplifies it, and converts it 
to an IF frequency for further amplification and fil
tering. Up to this point, the demodulator and heter
odyne are identical. The IF amplifier provides gain 
before the video modulation on the IF carrier is de
tected, and finally amplified at baseband video in the 
video amplifier. The demodulator also provides the 
audio output either at audio frequency or on a 4.5 
mhz subcarrier (or both). 

The demodulator circuits which have the greatest 
effects on the video signal, in terms of distortion, 
are the IF amplifier and the detector. A typical IF 
amplifier response is shown in Figure 2b. The sound 
carrier must be trapped out to minimize cross mod
ulation distortion in the detector • . This filter opera
tion is difficult to accomplish without introducing 
amplitude and phase distortion to the color subcarrier 
and sidebands. Note that the edge of the color sub
carrier sidebands extends to 41.57 mhz, only 0.320 
mhz from the sound carrier.' 

Filtering of the sound carrier at IF frequencies 
is also required in the heterodyne IF amplifier. 
Hence, both the demodulator and heterodyne are 
challenged to minimize high frequency phase distortion. 

~~ DlllODUlATOI IF IESPONSE 
FREQUENCY---

FIGURE 2 IF RESPONSES AMPliTUDE YS FREQUENCY 
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FIGURE 3 DEMODUlATOR BlOCK DIAGRAM 

The VHF television signal is transmitted as a 
vestigial sideband signal. As previously mentioned, 
the IF response required to produce a constant am_
plitude detected video signal must attenuate the fre
quencies near the video carrier which are double 
sideband. The phase response in this region must 
therefore be linear so that low frequency phase dis
tortion is minimized. Low frequency phase linearity 
with the required IF amplitude response poses a dif
ficult design problem. 

The video detector produces baseband video from 
the IF amplifier output. An envelope detector is a 
standard means of demodulating the IF signal. Dif
ferential gain and phase, which are a function of mod
ulation percentage, will be introduced in the detector 
and can only be minimized. The use of an envelope 
detector is significant; since the signal being detected 
has a vestigial sideband characteristic. Vestigial 
sideband meaning one full sideband and a "vestige" 
or "part" of the other sideband is transmitted. When 
a vestigial sideband signal is applied to an envelope 
detector, an effect similar to low frequency phase 
distortion occurs at low modulation percentages, and 
quadrature distortion occurs at high modulation per
centages. (Ref. 1) Quadrature distortion manifests 

a) MICROWAVE RUAY LINK 

h) VHF CONVERSION 

itself as differential gain and differential phase on 
color signals. Quadrature distortion also affects the 
transient response, producing overshoots and stre~' 
ing. (Ref. 1, 2, 3) t 

In summary, the demodulator IF amplifier II111s 
be carefully designed to minimize both high and loW 
frequency phase and amplitude distortion. Differell"' 
tial gain and phase can be minimized by linearizing 
the detector. However, quadrature distortion is in"' 
herent in a vestigial sideband system utilizing all 

envelope detector and can only be minimized by 
utilizing nonstandard complicated video processing 
equipment. 

Two applications of the demodulator are shoWll 
in Figure 4. In Figure 4a, the demodulator output, 
baseband video, is used to frequency modulate the 

1
., 

microwave carrier of a microwave relay transiilitte 
The microwave receiver of the relay link then pro"' 
vides baseband video for the cable system. In Fig"' 
ure 4b, baseband video from the demodulator is aP"' 
plied directly to a VHF modulator which drives the 
cable system. A VHF modulator is therefore re-- d 
quired in conjunction with a microwave receiver 9ft 
also for direct use with a demodulator. The ne){l; 
section discusses VHF modulators. 

1))))) 

FIGURE 4 DEMODUlATOR-MODUlATOR APPliCATIONS 
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FIGURE S VHF MODULATOR BLOCK DIAGRAM 

4
· Modulator 

U A VHF modulator block diagram is shown in Fig-
l'e 5. 

th Major sources of video signal distortion occur in 
tre heavy outlined blocks in Figure 5. The modulator 
p ansfer characteristic depends upon the modulation 

11 
e~centage utilized. To maintain the highest signal to 

I:iolse ratio, a high modulation percentage is desirable 
g::Vever, at high modulation percentages, differential c: .and differential phase occur on the color sub-

't'ler. 

ban For adjacent channel operation, a vestigial side
l'h d (VSB) filter is necessary (reference Figure 6). 
dis~ Vs.B filter must be optimized to minimize phase 
l'h· ortion at frequencies near the picture carrier. 
dis~s is. a difficult filter design problem. The phase 
De O't'hon generated in the VSB filter is usually com

llsated for in a video phase equalizer. 

-4.18 MH1 +4.18 MH1 -0 .15 MH1 +4 .11 MH1 

MODULATOR OUTPUT SPECTRUM VSI fiLTER RESPONSE 

AGURE 6 MODULATOR CIRCUIT CHARACTERISTICS 

5. Comparison of Two Systems 
In Table I, the demodulator-modulator system 

versus heterodyne system is compared on the basis 
of video distortion which is difficult to avoid. Item 
1, phase nonlinearity near the color subcarrier and 
sidebands, can be minimized in both systems so as 
to produce a negligible effect on the picture. How
ever, items 2 through 4 require complicated video 
processing equipment with the demodulator-modulator 
systems if pictures comparable to the heterodyne 
system are to be consistently provided. 

Since the modulator utilizes down modulation, if 
the broadcast program goes off the air, a cw carrier 
signal to the cable system automatically results. 
The heterodyne system must provide a separate 
carrier substitution oscillator for this condition. 

The heterodyne system offers the advantage of 
higher reliability because of the greater number of 
circuits and components required in the demodulator
modulator system. The probability of component 
failure is reduced since fewer components are re
quired in the heterodyne. 

Because of past and present day performance of 
these two systems, a subtle advantage for the demod
ulator-modulator system may be overlooked. A 
properly designed demodulator-modulator .Pair, used 
in conjunction with the necessary video processing 
equipment could conceivably produce an output with 

Table I. Sources of Video Distortion 

DISTORTION DEMODULATOR MODULATOR HETERODYNE 

1. Phase nonlinearity near Sound trap in IF Vide o low pass Sound trap in 
color s ubcarrie r a nd side - amplifie r filte r IF amplifie r 
ba nds 

2. Low freque ncy phase dis tor- IF amplifie r Vestigia l s ide -
tion (de lay dis tortion) r esponse ba nd filte r 

3. Diffe r e ntia l gain and Video detector Modulator 
diffe re ntial phase 

4. Quadra ture Distortion Video detection of 
ves tigial s ideba nd 
signal 
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characteristics better than the signal received from 
the antenna. The heterodyne system does not allow 
complete video processing, since the signal is never 
below IF frequencies. 

CONCLUSION 

When the choice between the two systems is avail
able, the heterodyne presently offers more advantages 
than the demodulator-modulator system for VHF chan
nel conversion. However, microwave relay links re
quire the use of a demodulator-modulator system. 
Hence, the problems associated with this system must 
be minimized in order to service this application. 
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CHAIRMAN SCHATZEL: We have a sufficient 
time for a question or two. 

MR. JOHN MONROE (VUMORE Company): We 
all appreciate the use of the heterodyne for off-the
air equipment; but when can we expect a better type 
of hardware for the other use ? 

MR. ROGENESS: That is a different question to 
answer. 

I would suspect that within the next year there 
would be equipment available if you are willing to pay 
the price. 

MR. DONALD LEPTON (SWVA): I should like to 
ask in connection with the demodulator-modulator 
that you referred to, whether you found a great deal 
of difference, or whether you found the transmitting 
stations have this problem and are handling it 100 per 
cent? 

MR. ROGENESS: The transmitting stations do 
have this problem. I believe that transmitters do use 
both low and high frequency phase equalization to pre
vent distortion of the video transmission. 

I do not believe, however, they do anything to cor
rect for the quadrature distortions, and since the 
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transmission was designed for the broadcaster and 
home receiver as the only items in the transmission 
link, the tolerances of this system are mainly used 
up by these people. So, any equipment we insert haS 
to be as good as we can make if if we do not want to 
introduce any additional distortion. 

MR .. LEPTON: That is the point I wanted you to 
make. The question comes up, how can we know 
whether or not for sure the distortion is created bY 
them ? Or, do you know of any equipment that will 
take and monitor an off-the-air signal with absolute 
credibility ? 

MR. ROGENESS: I cannot specify any specifi~th 
equipment; but this is a definite possibility, that Wl 
the right equipment available, the CATV operator 
could monitor the off-the-air signal and determine 
what the quality of signal is that is being received, 
so he will know if he is inducing any additional diS .. 
tortion in the transmission system. 

CHAIRMAN SCHATZEL: I think the vertical 
interval test signals, the vertical interval test sig .. 
nals now transmitted by the networks, provide an. ... 
opportunity to the CATV operator who provides hl~ 
self with the necessary additional testing equip:rne~f 
It provides him an opportunity for obtaining some h 
the information you are talking about now, althoug 
not all of it. 

It does tell you if there is a transmission defeC~tl 
somewhere between the network studio and where y 
pick the signal up. It does not tell you where it iS, t 
necessarily. It can be in transmission. It can bet: .. 
the broadcast studio. It can be at the broadc~st ~ll 
tion, the network studio, and so on. At least 1t w~ ... 
tell you whether defects are occurring in trans:rnlS 
sion. 

Thank you very much, Mr. Rogeness. 

stioll 
MR. LEPTON: Mr. Chairman, I have a que 

not relating to this particular schedule. When are 
you handling the NCTA Standards? 

CHAIRMAN SCHATZEL: I am glad you askedhe:t' 
that question, because I am about to introduce f\.~~tee' 
Taylor, Chairman of the NCTA Standards Comtrl~ject 
who will conduct a brief summarization of the su 0~ 
indicated on our agenda, THE NCTA STANDARD 
CATV AMPLIFIER DISTORTION. 

d as 
MR. TAYLOR: About an hour ago it looke se 

though we had used up all of our "cushion" becaU ~re, 
hav 

of our rather late start. Some of the speakers 
I think, condensed their presentations, so that we 
still have a little time left. 



--__.,__ - ~p- - -

f Unfortunately, however, in the hastily-called con
t~ence I believe Jake Shekel has left. Am I correct? 
8 he in the room ? 

I am going to introduce the people who were listed 
on the panel in your brochure, and we will proceed 
~er:y quickly into allowing questions on this general 
8\!b . 

Ject after an introduction. 
p I believe it would be helpful if the remaining 

1
<lllelists would come to the rostrum. Jake Shekel 
:s to have been on the panel. He was all prepared, 
C d I :might say he is a very helpful member of the 
IV 
0
lb.:tnittee. Unfortunately, when we were delayed, it 

thas necessary for him to leave, and he is not here at 
e lllo:rnent, but perhaps will joint us later. 

Si!n Mr. Mike Rodriguez, of VIKOA, Inc.; Mr. Ken 
~ ons, of Jerrold; Mr. Earl Hickman, of AMECO; 
r, lie· 

o-.. Inz Blum, of Entron Company, comprise our 
t:.tOttp, 

th I Will take a few minutes to briefly describe what 
c~ £n?ineering Subcommittee of the NCTA Standards 

qh lb.:rnlttee is, and then throw the discussion open to \{est· 
Part·lons from the floor. If you would like to ask a 
hilb. lcuJ.ar member of the panel a question, designate 
to by name; otherwise, I will channel the question 

so:rn eone for reply. 
~d l3asically, the standard is a method of specifying 

llleasuring amplifier distortion. 
cau We changed this from the original proposal be
and 

8
.e We found in practice that it was unworkable, 
~ several respects meaningless. 

oyel:' ~e test, briefly, is with 12 channels, and I will 
~la.n 81lllPlify this somewhat without some of the ex-
test ~tions that are given in the standard itself -- the 
sqlla 

18 
With 12 channels, modulated with a symmetrical 

Cellt l:'e Wave. In fact, generally this will be 100 per 
lttib.i !nodulated, although the standard allows for a 
the :nu:rn carrier level not more than of one-eighth of 

·~ta}(i 
l'h :mum carrier level. 

llrelQ e channel upon which you are making the meas
lttoct;nt has modulation removed with the others all 
a!Q.011 ..... atect synchronously, so the modulation maximum . ~lt 
ls the occurs at the same time; and the measurement 
a~~ea n lllade by measuring the sideband voltage which 
lttoNh1l:'s on the unmodulated carrier as a result of the 

~4.1.at· 
.F' lon on other carriers. 

~Uoc:y l:'~quency of the modulating square wave is 15.75 
8~a.rp1c ~s, plus or minus 20 per cent, so that a 
'~lee t y tuned voltmeter becomes the measuring de
froltt ~l:'llleasure the 15.75 kilocycle sideband resulting 

A.. ass-modulation. 
~~eCifi sec.ond important aspect of the standard is the 
t l'oa.Q]_;atlon of spurious frequencies. This is defined 
eat Ch to cover signals occurring within any of the 
qllenc1~els, at frequencies differing from the fre-
f l'h·s of the test carriers. · 
erent 

18 
:measurement is made in a number of dif

Ways, the most practical method being with a 
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spectrum analyzer actually exploring the video spec
trum for undesired frequencies within the video path 
band. 

I think without further explanation, and this is 
very brief, I will assume that many of you have read 
this either in the NCTA BULLETIN, or in some of 
the other publications that have reprinted it. I think 
from here I will open the discussion to questions 
from the floor, and we will see where we go from 
there. 

MR. CAMPBELL: What kind of delay do you 
propose between your bulk so this 15 resembles a 
faint pulse? 

MR. TAYLOR: Do one of you want to answer 
that? Ken, do you want to speak to that? 

MR. KEN SIMONS: I think one of the question 
parts of the standard that has aroused more comment 
than any other part had to do with the wave form of 
the modulation on the undesired interfering characters; 
and in my opinion, which I believe can be substantiated 
by measurement, it is that the wave form is relatively 
unimportant provided that it is within the vicinity of 
15 kilocycles, and provides a suitable correction fac
tor is applied to take care of whatever duty is given 
it by the particular modulation wave form. 

There is much to be said about a pulse modula
tion. It would allow you to look on a receiver and see 
what was being created, and it would simulate real 
life, so to speak; but the Committee felt that a square 
wave is the simplest form of modulation to generate, 
to determine that a square wave does in fact have a 
50 per cent duty factor, so that you merely have to 
measure the DC level. The DC level is 50 per cent 
of the peak; it has a 50 per cent difficulty factor. 

Also, the oscillators, if you turn them off and on 
half the time at a 50 per cent kilocycle rate, you do 
not have to go through any difficult modulation stand
ard. 

We want this test to be as easy and as economical 
as possible so that people can do it. You can elaborate 
on it as much as you desire. You can take the test 
signal and say that the test signal should be modulated 
with television signals derived from the IA standard 
generator; but this adds cost to the test, and there is 
some question as to whether this is justified. 

The only question is as to what the wave form on 
the undesired carrier should be, and has to do with 
the question, is there a correlation between various 
wave forms? 

It was the consensus of the Committee that at the 
time we settled on this standard there was such cor
relation and we could use such a square wave. 

If there are those who disagree with this, I think 
it is up to them to show there is not correlation, and 
it can be considered and modified. 



This standard, as you understand, is a proposed 
standard and open to discussion, and is certainly ready 
to be modified in any way where this modification can 
be shown to be desirable. 

I would again say the object of the game here is to 
get a simple test, as simple as possible, in a complex 
situation; a simple test which will correlate, in fact, 
with observed pictures. 

Does that answer your question? 

MR. CAMPBELL: Thank you; that is fine. 

MR. TAYLOR: I would like to make one correc
tion, Ken, if you do not mind. 

The Board of Directors of NCTA has actually 
agreed with the Standards Committee's recommenda
tion that this is a NCTA standard. I think it was pro
posed a year ago, and it has been subject to consid
erable comment and major revision. As of now, this 
is a standard of the NCT A industry, although any 
standard can, of course, be modified upon the proper 
showing of the need for modification. 

Are there further questions? 
I would like to point out that in the meantime Jake 

Shekel has joined us. He is with the SKL Company. 
Thank you, Jake. 
Does anyone have a question? 

MR. BERNIE EVANS: I am curious as to whether 
these are a group of astrometrical 15 kilocycle oscil
lators, or whether all of them are on and off alike ? 
I am a little bit unfamiliar with the detail of the stand
ard, and perhaps my question is premature. 

MR. TAYLOR: The intent is for all carriers to be 
on simultaneously and all off simultaneously, as pre
cisely as possible at the same time. Then the carrier 
on which the measurement is to be made has the modu
lation removed so it is unmodulated CW, with the other 
modulators as described. 

Does that answer your question? 

MR. EVANS: Yes, thank you. 

MR. TAYLOR: Are there further questions? 
Go ahead--

MR. CAMPBELL: I suppose I should direct this 
inquiry to Mr. Simons because we sell him a number 
of products, as do many others, and I assume we can 
use that CW oscillator and other heterodyne systems 
for the clear channel. 

My question is: Is there any way to get that 15.4, 
or whatever it is, over to the other commanders that 
want to do it that way at once, without too much ex
pense? 
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MR. SIMONS: I think the question is primarilY 
one of where we are talking about the equipment be .. 
ing available, or being made available for making h 
this test, and it seems to me rather evident that wit 
an NCTA standard amplifier distortion, a standard on 
amplifier distortion, there are certainly people in t~e 
world who are interested in making money from sel" 
ing test equipment, and I am sure that will generate 
the necessary enthusiasm. 

To be more specific, however., if you have so!Ile 
form of heterodyne converter, as Mr. Rogeness hast" 
been descr~bing, all you really need is an incorpor~s 
ing signal. We in the laboratory use a 608, which 

1 

rather expensive, but it does not have to be that tYPe 
of signal. You can use any small oscillator and keY 
it on and off at 15 kilocycle rate. d 

The circuitry involved is not very elaborate, ~at 
I hope my Instrument Division representatives are 
present to hear me say it, but it should not be verY 
expensive because it is quite simple, technicallY 

speaking. . tbe.t 
We have purposely written the standard w1th 

in mind. We simply need an indication. Unless weired 
are mistaken, the exact specifications on the undeS 
signal are rather unimportant. It has to create art 
strong change at 15 kilocycles from zero to off. 
could be silently modulated. It could be bulk- ·th 
modulated. It could be square-wave modulated Wl 

due regulation in the final reading subtracting or the 
adding db; and the measurement could be made 00 

standard set. 
What you need is an IF signal. It should not be 

difficult. . re .. 
There are, however, two areas where it ~s d 

quired, and with the signal you get on the des1re ti.Jlg 
channel, this must be very clear if you are attern:e 
to measure 60 modulation plus. This puts it on t 0 .. 

mixing network where the various channels are c~llve 
cerned, and you must have it clear so you do not 
interaction between the various ones. eilt 

There is one other point, if I may just coJllrtl 
on it, Mr. Taylor --

MR. TAYLOR: Proceed--

MR. SIMONS: This is the specification, the 
proposed -- it isn't proposed any more --

MR. TAYLOR: Not proposed any more _ ... 

for a 
MR. SIMONS: The NCTA standard calls 

0
aod6 i 

measurement at operating conditions, and thiS. satiofl 
very innocent and very essential, but the i:rnphC pditi0° 
is not quite so simple, because the operating cl~vel~ 
is for a line amplifier in the CATV syste:rn at 

0 
which are 10 or 15 db below where we have bee 



spe 'f dB Cl Ying, and at those levels typically plus 30 to 35 
nv, the distortion is incredibly small. It has to be 

80 
after you cascade many amplifiers, for you do not 

get a reasonably sizable distortion. It is so incredibly 
~lnaU that it is difficult to measure. This is measur
llg at lllinus 85 to 90 db cross-mount. 
at It is not the intention of the standard to measure 
t ~hat level. It is the intention, and it was attempted 
t~ e Written so that the manufacturer guarantees that 
atethaJnpl.ifier will work at that level and will produce 

at distortion. 
alb. ~~ may arrive at that distortion by cascading 20 

I 
Un thflers and measuring the total distortion, if he is 
ho a le to measure at the operating level. There have, 
te~e~er, been advances in the cross-modulation 
sti lllque, and I am sure the testing people will be 
lev~Ul.ated to make the measurement at the operating 
op e • I believe this serves the interest of the system 
fa:rator ~ecause he is buying an operator the manu
of t~er 1s saying in effect that when you connect 20 
3JJ.d ese, each will produce less than X db distortion, 

the result will be good. This is more important. 
Pol.Ul:e Purchase sugar on a pound basis, where your 
end th and my pound are the same pound; and to try to 
wn1 e confusion when someone says, "My amplifier 
this Pu.t out X dBnV under certain circumstances", 

Was Written. 

MR. TAYLOR: Are there further questions? 

the lVtt R. SWITZER (Toronto): Mr. Simons, you made 
s ate Ply t ment that you were making the standard ap-

be if 
0 

a system a small degree higher than it would 
Way tYou had a stack of commanders. The simplest 
ttllle 0

1 
Put a synchronous signal on them all is just to 

Sign~ 1 11 of them to the desired one good, clear, 
are ch' an~ put the substitution carrier on the one you 
Yoql:' eck1ng, and this would be as close to home in 
\Vant ~easurement on the distortion that you would 
at the~ cohle; and the instrument problem is not really 
stand eact end. It turns on at the source to meet the 

arct . 
'I'h '. or come close to 1t. 

~ePl:'e e Instrumentation, however, at the other end 
~ent sents a problem in terms of money and measure

, anct so on. 

aboq~~· TAYLOR: I would like to raise a question 
8otn.eth·e measurement of spurious frequencies, and 
ColQ.lO. lng on that issue. I would like to have some 

ent hlade on spurious frequency measurement. 

I It %R . 
ave fo • MIKE RODRIGUEZ: One of the problems we 
~entat·llnd VIKOA is that although we have the instru
~easu.;on, With the proper dynamic range, in order to 
llalllic e cross-modulation, and incidentally, this dy-

rang . e 1s somewhere in.the order of about 100 db, 
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with that we achieve in utilizing the video output which 
we put into a recording ray analyzer, a general radio 
instrument, what this really results in is a receiver 
with a three-cycle band width. 

You can see where you would naturally achieve 
tremendous sensitivity. The problem, however, is 
that this recording regulator analyzer is designed 
for the audio spectrum, and it has a total AC band
width a 50 kilocycle measurement. On that basis, of 
course, if you are searching the spectrum for spuriae 
you will find you have a really tremendous chore be
cause at 50 kilocycle stems it takes quite a while to 
check a frequency band between 50 and 220. 

Our technique is based on a spectrum analyzer; 
a cascaded analyzer search, so that spuriae are at 
least within the capabilities of the spectrum analyzer. 

Once we have identified the spectrum frequency 
within the display of the frequency spectrum analyzer, 
we use a 608 in connection with a controlling device 
similar to a synchronizer which gives crystal sta
bility, and the purpose of this is to bring the signal 
or the signal generator within or close to the spuriae 
which we have identified. 

Then what we do is we take this signal generator; 
use it as a local oscillator; put it into a mixing de
vice, and then beat the spurious frequency into the 
50 kilocycle range of the wave analyzer. At this point, 
then, of course, it is possible to make a quantitative 
measurement regardless of how low the spurious re
sponse may be. 

MR. SWITZER: Looking at the availability of 
wave analyzers to cover the whole band of interest 
from the low to the high, and noting that it will take 
a whole stack of them because you get an audio from 
20 to 220 megahertz, and then perhaps something up 
to 20 as well, there will be a spectrum analyzer that 
will analyze a single display, 10 megaherta to 20 
megahertz, and will spot any spuriae there that should 
not be there. 

It will simplify the search for the spurious. 
We have done it by scanning the IF out of are

ceiver as a free collector, because most spectrum 
analyzers need a free collector of some kind to look 
for these things; and the problem that I have found in 
working with these is that often the best will cause 
the most trouble, and the one you are most accessible 
to is of the third order, the product from any three 
channels. Any two will fall back and the third will fall 
back as an almost co-channel. On the third one, it will 
either be above or below. This is a low-level spurious, 
and it is very close to the carrier, and in a spectrum 
analyzer display that has a carrier in that spurious, 
it will often be hiding right under the skirt. 

We find it preferable to scan the video; that is, 
to scan the base panel in effect where the carrier is 
in the setup. 



MR. RODRIGUEZ: This triple beat you mentioned 
is interesting, because we recently conducted a com
puter program in order to identify and get an idea of 
the magnitude of these various spuri9us responses 
that do occur, and how many of them there are that 
are involved. 

Just on the basis of 24 carried, we eliminated 12 
video and 12 town. The computer identified a total of 
63,000 spurious responses, 40,000 of which were of 
the triple beat variety. 

MR. SWITZER: As a practical circumstance, 
that triple beat that I speak of probably exists in more 
systems than people realize. We begin to feel that 
what we ca11 a kind of "waterfall" effect, with some of 
our pictures, and often what looks like a co-channel, 
when we know really there is no reason for a co
channel, may be just that third order IM beat fro~ 
three adjacent channels. 

MR. TAYLOR: Other questi9ns come to mind, 
I am sure, that you would like to ask, and we still 
have a few minutes remaining. 

I would like to have some of these people who 
have developed test instruments to comment. Do you 
want to make some comment about the testing pro
cedures? 

MR. EARL HICKMAN: I was afraid you would 
never ask. (Laughter) 

If you would like to see an integral test unit that 
is built following the NCTA standard, if you will drop 
by our booth I will be glad to demonstrate it. 

MR. TAYLOR: I think there are probably some 
other devices, actually, and I wonder if you would like 
to say something about yours? 

DR. JACOB SHEKEL: I believe all I can do is 
repeat what Mr. Hickman has said. There is one in 
the booth, and I will be glad to demonstrate it there. 

MR. TAYLOR: Mr. Earl Hickman is with AMECO. 
Are there any questions? Are there any further 

comments that you would like to add for the good of 
the order? 

MR. HEINZ BLUM: Just the same comment that 
my friend, Jake Shekel, made. 

MR. TAYLOR: I have not been through the Exhibit 
Hall so I am not sure what is to be seen there. 

MR. SIMONS: We, too, set up a computer pro
gram, and we are amazed with the result. It reminded 
me of an event that happened in my family when my 
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boy, who is now bigger than I, was about 10 years old· 
We fell a victim to a salesman and bought a set of tbet 
ENCYCLOPEDIA BRITANNICA. When the bookS fir:, 
came we were looking through them, and under ''llll~8 , 
omy" there are a number of beautifully colored cb9. 

This has to do with the 63,000 beats, and hoW tbe 
CATV survived with all of these beats. There were 
these beautifully colored charts. You pick them up, r 
and you can work them from the inside out, and cove 
the entire body. You see the intestines, the spleen, 
the liver, and the heart, and so on. 

Our young son looked at this and he said, nyou 
mean that· is inside me, all those things ? You mel))l 
all of that red thing, all that curlicue?" 

We replied, "Yes." 
He said, 'ii think I'll go lie down." (Laughter) 

MR. TAYLOR: Unless there are further ques"' ... 
tions, I would like to close this by reading the infor 
mation that the Committee has published on hoW llll ... 
amplifier should be specified with regard to distor e 
tion, and it is our hope that customers will not ba.<.f 
to have their own elaborate testing facilities; that 
manufacturers will specify in this form, which we 
hope and believe will prove to be meaningful, the 
necessary data. r"' 

(Mr. Taylor presented Specifications on Disto 

tion.) tioll 
I will ask once more, are there further ques 

·s we 
MR. RAY ROHRER (Kalispell, Montana): It ~ittee 

intent of the Subcommittee of the Standards Co~? 
to check on manufacturers that use this standar 

MR. TAYLOR: You ask a difficult question to 

answer. a.rd 
The policing of this will be subject to the J30f itS 

of Directors of NCTA, and on recommendation ° 
Standards Committee. ta.ll1ple' 

I might say that we have copyrighted, for ef pet" 
the Able Cable Symbol, and therefore refusal 0 tbe 
mission to use that symbol has been ordered bY 
Board of Directors. al{e sll0P 

I presume the Board of Directors would t dS 
action as might be recommended by the Standa:e 
Committee in the case of abuse or misuse of t 
NCTA standard. 

Are there other questions? 

till 9-
MR. ROBERT HOWARD (AMECO): I am :a.odo.t0 

little unclear as to how to correlate the new s aJld yotl 
to a practical systems case, because of one h ·tafl."' 

a Sl t are not prepared to give me an answer for ·se ~u 
Wl ' " tion which generates the worst case number 58 , ~~60ei' 

t . al ca 'IV' does not particularly relate to the prac .1c. :Bbel 
cause as was discussed yesterday by W1lllaJ1l 



ibl case of the random modulation is much more vis-
111 'Y detectable than the case of the synchronous mod
'l(at· 

lon. Therefore, I am a little confused. 
lh I Would like an expression from the group up 
n ere as to what kind of a correction to make to the 
to.ltrnber that I now have to relate it more correctly to 
y system application? 

that MR. TAYLOR: I would comment, first, on this 
lat· there is a great need for some subjective corre
l'o.o~ns ~etween what we are generally calling cross-

1 

i~. Ulat.Ion and subjective evaluation of picture qual
~d 'I'h1s has not been done in any extensive manner, 
~cas You have indicated, and as Mr. Rheinfelder in

ated, the parameters are complex and numerous. 
toth'I'he first step, however, in that process comes 
~oll e lllatter of how do you define the distortion that 
is 0~ant to correlate with subject evaluation? This 

Y a first step. 
lati 'I'he next step now will be to provide the corre-

0~ W~th actual picture degradation. 
adopt think that the effort of the Committee was to 
lllodu.l a ~orst-case situation, namely, with all of the 
is at a~lon in phase; how you allow it to go below that 

~his moment indeterminate. 
lion? oes anybody else care to comment on that que s
it, · Apparently everyone has something to say on 

~all.t~R. BLUM: The Standards Committee, of course, 
lt did to establish a standard measuring technique. 
allce ~ot intend to set up a standard for the perform
s~Ste 0 

an amplifier, nor for the performance of a 
lb.. 

hody ~.this connection, I would like to acquaint every
forltla lth the capability of computing systems per
lation nee in a very simple manner. The cross modu-
~o the ~atio for each amplifier has been given according 
\f ~ott . anguage we have set forth in the standard, and 
eade a~llst total the figures for all amplifiers in cas
q~te~.eact of the location to be examined, you can 
~~the llle the cross-modulation at every or any point 
llle at ~stem regardless of whether it is in the trunk 
~~a dist ~ ou~ut of a bridging amplifier, or at the end 
~ ftin l'lbutwn line. This added advantage is one of 

~ ~\7 ge benefits of the particular standard. 
ra~e a en though we do not attempt to say that we must 
~Dre8 certain minimum distortion line value, is so 

S entect. 
fa olne f 
StQttltes 0 the systems operators, as well as manu-

an.darct and turnkey constructors, have set certain 
~~ 1\. "e: for themselves. These vary. 
~a db, 'I'h~ l~rge systems operator uses a standard of 
~ othe 1~ ls nothing we have to adhere to; we can 

:r figures if our experience dictates otherwise. 
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MR. TAYLOR: I will recognize Mr. Rodrigue z. 

MR. RODRIGUEZ: Just as Bob indicated, Bob 
Howard, we VIKOA are also very much concerned 
about making some subjective comparisons in terms 
of actual performance versus the measurements. 

I had intended to wait until this afternoon at which 
time the Engineering Subcommittee and Standards 
Committee are going to have a meeting. Is this cor
rect, at two o'clock? 

MR. TAYLOR: This is right. 

MR. RODRIGUEZ: What we would like to do is 
volunteer a 60 amplifier system which we actually 
have working at our facility. We use it merely as an 
experimental system. Using this system perhaps we 
could organize a time at which we could actually sit 
down and make these measurements and make the 
subjective measurements and attempt to correlate 
these with the actual distortion measurements that 
one gets on the instrument. 

MR. HICKMAN: I think if we get too deeply in
volved in this we could get caught in our own trap. I 
think it all goes back to the system specification. 

If a system is to be built using only one ampli
fier, obviously that amplifier does not have as low a 
cross-modulation product as the system which would 
require a considerably larger number than one ampli
fier. 

So, I think we should restate that the intent, as I 
see it, of this Committee, is merely to come up with 
a basis for comparison, a clarification of what we 
mean when we speak of cross-modulation and attach 
a number thereto, so that we do not have to go into a 
long dissertation each time we say that our cross
modulation products are down 60 db or 50 db, or what
ever the figure; that it will be immediately known what 
we m.ean by such a quotation. 

That is the principal purpose behind using syn
chronous modulation on the carriers as the test pre
scribes. 

If we did not use synchronous modulation, we 
could use any other form of random modulation and 
it would be very difficult to describe, and we might 
have trouble finding the common denominator. 

DR. SHEKEL: I just want to make clear what the 
standard does not set or specify, so there will not be 
any doubt about it. 

The standard does not set a level of distortion 
which is desirable for. a single amplifier. It does not 
say how the distortion accumulates along the line. It 
does not say what the picture quality should be at the 



end of the line. We all have our personal opinions, as 
well as company specs; but it is not included in the 
standard. 

The only thing implied by the standard is a stand
ard way of specifying individual amplifiers, so that a 
customer can read the specifications of different amp
lifiers, compare them, and draw his own conclusions. 

We believe that if two amplifiers, A and B, that -
measured under the same conditions -- if amplifier A 
has a lower distortion than amplifier B, and if then two 
identical systems are built using these two types of 
amplifiers, then the system with amplifiers of type A 
will have less distortion than the system with ampli
fiers of type B. This is the only correlation that we do 
imply between the specifications of a single amplifier 
and the picture quality in a system. The standard does 
not imply any precise numerical relations betwe~n 
amplifier specs and systems performance. 

If anyone can prove that this general assumption 
is not true, that means if the rating of those two amp
lifiers A and B, does not lead to· the same rating of 
systems, I think we would like to hear about it, and we 
may then modify our standard. I think, however, that 
the standard does, what it was supposed to do, and I 
would not like anyone to assume that it does anything 
more. 
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MR. SIMONS: I just want to say that if you Io~kd 
behind these words "subjective testing", you will fln 
it means people looking at pictures and deciding 
whether they are any good, or not. In your systeJll; 
you have people. You have television receiverS· 
you had an amplifier that had a known rating, you 
could do your own testing. You can look at the piC"0 
tures and determine whether they are any good. 10 

do not have to wait for us to carry out tests. 
We should, of course, do it in a scientific waY· 

You can do it on your own if you have an amplifier· 

MR. TAYLOR: Our time has been exhausted, 
and our panel has concluded. 

I will turn the meeting back to our Chair:rnan, 
Mr. Schatzel. 

d otJ! 
CHAIRMAN SCHATZEL: We have complete~ 

agenda for the morning, and I think we can saY tb ce· 
you to our speakers for a very capably perfor:rnail .. 

We likewise extend our appreciation to the all 
dience for its attention. 

This Technical Session is adjourned. , 100~ .) 

(The Technical Session adjourned at one o 0 



DISTORTION MEASUREMENT TECHNIQUES FOR CATV 
By W. A. Rheinfelder 

R & D Anaconda-Astrodata Co. 

In this discussion, distortion will be limited to the effect called "windshield wiper" distortion. Harmonic distortion, 
spurious frequencies noise hum and other forms of distortion will not be considered here. , , 

1 Windshield Wiper Effect and Rf-Distortion 

1? rnulti-channel TV systems the maximum practical 
~hgnal level or overload level is usually determined by 

e onset of windshield wiper distortion. In windshield 
~zye~ effect, the sync pulses of one or more undesired 
th Signals appear as superimposed modulation upon 

e modulation of the desired carrier. Since sync 
Pulses of different TV stations are of very closely the 
~~rne frequency, but are not synchronized, vertical or 
t Iagonal bars appear which seem to drift from side 
0 side at a low audio rate determined by the differ
~ce frequency of the respective sync pulses. 
· odulation of an undesired carrier being impressed 
~~Pon the desired signal is by definition cross modula
~>n. Unfortunately, windshield wiper distortion is a 
s ttch more complicated effect and can only under 
tecial circumstances be directly related to measured 
:~>ss modulation. To get a better understanding of 
c Indshield wiper distortion, we consider first standard 
~~ss and intermodulation distortion1. 

e Istortion causing nonlinearities can generally be 
Xpressed by a power series of the form 

'J + ·~ + ( 1) wh eo = ao + a1ei + a:!ei- a:~ei· . .. 
ere eo = output voltage 

ei = input voltage 
\V an = coefficient of power term n 

111 
e substitute for the input voltage the sum of the 

Si Odtllated desired signal and a modulated undesired 
gnal, or 

ei = ect cos {J)cJt ( 1 + mc~ cos Pctt) + 

h 
+euCOS(Jlnt(1+muCOSput) (2) 

w ere e k l f . = pea vo tage o earner 
(/) = frequency of carrier in radians 
rn = modulation index of carrier 
P = modulation frequency of carrier in radians 
d = desired (subscript) 

t\f u = undesired (subscript) 
de t:r short calculation, we find that modulation of the 
duSired carrier by the undesired carrier can be pro
ob~e·d only by third or higher order distortion. To 
l11u atn cross modulation distortion, 'term a'~ in equ. ( 1) 

st exist. The cross modulation factor is then found as 

k<. = 3 aa mu eu 2 I a1 md, ( 3) 
S with the parameters as defined above. 
c~~mn~ order distortion, expressed by the term with 
tion Cient a~ in ( 1), does not produce cross modula-

, hut does result in first and second order sum and 
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difference frequencies, which are called intermodula
tion products and are the cause of what is termed 
spurious frequencies. Generally, inter-modulation 
frequencies are defined by 

f = nf1 ± mf2 ( 4) 
where f = intermodulation frequency 

f1 , f2 = interfering frequencies 
n, m = integer numbers 

By substituting expression ( 2) into ( 1), intermodula
tion factor is found as 

ki = a2 eulal ((J)d ± wu) (5) 

and for second order products 
k/ = 3 as eden I 4a1 ( 2 Wct ± wu ; 2 wu ± wd) ( 5a) 

The theory of active devices shows that by certain 
circuit design techniques the term a3 in ( 1) may be 
nulled, while term a2 can normally only be minimized. 
Tests were already conducted in 1960 to obtain a 
correlation between observed windshield wiper distor
tion and cross modulation. All results were negative. 
Selected transistors, as well as specially designed semi
conductors with cross modulation products reduced by 
30 db as compared to normal samples, showed no 
improvement in windshield wiper distortion and in 
some cases resulted in even increased windshield wiper 
effect. A correlation to intermodulation was attempted, 
also with poor results. vVindshield wiper distortion, 
therefore, represents a far more complex effect than 
simple cross modulation or intermodulation. 
Specialized test equipment was then designed2 to shed 
further light on the exact mechanism of windshield 
wiper distortion. Such equipment is necessary if we 
consider the normal test procedure for windshield 
wiper effect and its inherent sources of error which 
preclude any research effort. Before proceeding any 
further, it is necessary to re-examine this direct test 
method in detail. 

II The Direct Method and Its Error Sources 

In normal windshield wiper testing of CATV ampli
fiersa, twelve TV signals are applied to the input of an 
amplifier and the level is increased until windshield 
wiping is noticed as monitored on a TV set connected 
to the output of the amplifier. This level is often 
termed t~e overload level of the amplifier. While this 
test procedure is awkward and loaded with errors, it is 
by no means obsolete. It must still be referred to as the 
ultimate performance criterion until a better and re-



pea table distortion measurement technique has become 
available and a distortion percentage number has been 
agreed upon by correlation to a certain picture degra
dation in the normal test procedure. This is analogous 
to a visual test as the ultimate criterion for signal to 
noise ratio until the time that a number could be 
agreed upon, such as 40 db video signal to noise ratio 
for a studio quality picture. There is then a two-fold 
problem in developing any standard test method: 

1) The development of a repeatable and accurate 
test technique which directly correlates to an 
actual observed effect. 

2) The agreement upon a number to correlate to 
a certain acceptable quality level. 

Point 2 reaches very much jnto subjective factors and 
again cannot be undertaken until a repeatable test 
technique exists (point 1). Until both points are 
fully covered, the direct test method must still be 
considered the ultimate performance criterion. 
With this in mind, let us consider the various error 
sources of the direct method and their elimination. As 
mentioned above, in the direct method, TV signals 
are applied to the ampl.ifier under test and windshield 
wiper distortion is directly observed in the output on 
a TV screen. This test method does, of course, closely 
resemble the actual conditions encountered in a CATV 
system; however, the error sources for testing amplifiers 
are numerous: 

1) Errors due to conversion and sync correlation 
In order to obtain twelve-channel signals, all local sig
nals are usually used directly for testing and any 
empty channels are filled by frequency conversion of 
the same local signals. This process in itself leads to a 
different signal quality for the converted signal and a 
possibility of errors. For example, in the conversion 
process sync pulses might be compressed, which then 
results in a lower reading of distortion than is 
actually present. 
The derivation and assignment of the signals for the 
empty TV channels is even more important. No wind
shield wiping is possible if all test signals are derived 
from a common sync, that is one TV signal. Since the 
number of local stations is usually limited, it will be 
necessary to use the same off-the-air signal several 
times. It is important , to avoid a conversion scheme 
where adjacent channels result with correlated sync 
pulses. For example, if Channels 11 and 13 are avail
able off-the-air, these signals should not be used to 
produce by conversion a Channel 12 signal, since then 
adjacent channels use the same sync pulses and wind
shield wiping is not possible. A lower reading than the 
actual distortion will be obtained. 

2) ·Errors due to live signals 
Modulation levels of live signals are inconsistent. Sync 
pulses are often poorly shaped and transmitted as such 
over th~ air; occasionally inverted sync pulses dipping 
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into the video ·signal are obtained. Carrier levels often 
or· fluctuate several dB. All of these cases lead to prop .
1 tional measurement errors leading to poor repeatabi · 

ity. Also, the video signal itself tends to mask sorne 
forms of distortion. 

3) Spurious responses 
f ccur Interference beats of a variable nature o ten °. Id 

when using live signals. Such beats mask wi~dshi~th 
wiper effect. Since their intensity often vanes WI 

time, they introduce a measurement error due to a 
change in distortion visibility. 

4) Level errors t 

The signals applied to the amplifier under test rn~e 
have the specified levels. Also, output level must ter 
read accurately. Any level errors due to rf-voltrne r 
inaccuracy or other instrumentation problems appe~f 
directly in the reading. This includes level errors rt 
those field strength meters which are affected by va 
ing modulation depths of a TV signal. 

5) Errors in TV screen read-out t 

Normal TV-receivers are not designed for adjac~ng 
channel reception. Most sets show windshield wip~n e 
at a level of about + 10 dbmv. By adjusting the ~e 
tuning, adjacent channel windshield wiping can of 
improved; however, this results in a misadjustrnent et 
the receiver. Consequently, the level to the TV ste 
must be kept always at a safe input level by a separa iS 
attenuator; preferably the input level to the TV se\e 
kept constant regardless of the level applied to ~ g 
amplifier under test. As was mentioned, fine tu~l~d 
does drastically change the visibility of windshle d 
wiper distortion, as does the setting of contrast a~e 
brightness controls. Contrast and brightness should ]y, 
set for good whites and blacks visible simultaneous 

5 
fine tuning to the point of diappearan.ce of sound ba~; 
All of these sources of errors again add several d.B of 
the total inaccuracy. Lastly, the subjective factor 

0
. 

the observer must be considered. As has been dernoeJl 
strated, there is another margin of several dB be~e to 
what may be visible to one person as compare 
another individual. e 

]at 
There are several other error sources which B \v· 
more to the practical aspects (discussed belo':') · ore· 
ever crude the direct method is, it must still be til 
sorted to as the final criterion in case of doubt 00ed 
another measuremen~ method. has .been ~eveloffect 
whose direct correlatiOn to wmdshwld w1per e 
has been fully established. 
As an improvement to the basic direct method~~ 
reference amplifier is often used which has a kn~ore 
distortion level. This amplifier is measured be tO 
each distortion test and a correction is then made to 
all readings accordingly. In this fashion, errors duets, 
a varying off-the-air condition, drifts in instrurne~Jy 
errors in adjustments of the TV set, etc., may be Iargbje 
eliminated and much more consistent and repeata 



read· d· Ings are obtained, although the absolute level of 
Istortion is still in doubt. 

1
11 Problems in Correlating Observed 
Windshield Wiper Effect to Measured Data 

~s Was mentioned in Section I, measurements have 

0
;oven conclusively that there is no direct relationship 

0 
?hservable windshield wiper effect to either cross 

e r Intermodulation. For a deeper understanding of the 
~act mechanism we must consider the results of a 
wore detailed study of windshield wiper effect which 
rn as Performed using specially designed test equip
rn ent. If windshield wiping were caused by pure cross 
shodulation ( 3rd order nonlinearities only) black bars 
r o~}d appear since sync pulses are in the infra-black 
s;gi~n. These black bars are indeed observable with 
b ~Cia} test equipment and they can be measured and 
De tve very much like standard cross modulation. 
eff ortunately, they do not represent windshield wiper 
anec~ t~ ~he average viewer since they remain gener
h Y InVIsible. As level is increased, distortion increases, 
chWever, with a gradual phase reversal. Black bars 
~sange gradually from black to gray and then to white. 

the shading changes, the bars become invisible 

VISIBILITY 
OF 

DISTORT I ON 

A DISTORTION NOTICED BY 
EXPERIENCED OBSERVER 

B NOTICEABLE TO AVERAGE 
VIEWER 

REGION OF 
''BLACK w·IPE" 

PEAK "BLACK WIPE"· LEVEL 

DISTORT I ON 

since they blend with the background intensity of the 
screen. We have here a case where visible distortion 
decreases, although measured distortion increases. 
Finally, with a further increase in level the bars be
come white and we have the condition normally 
understood as windshield wiper effect. At this point 
distortion increases rapidly and becomes noticeable 
and objectionable to the subscriber in a CATV system. 
The difference between the onset of windshield wiping 
visible to a critical, trained observer and being objec
tionable to the average subscriber js usually not more 
than 4 db. The change in visibility of distortion is 
depicted in Figure 1. The peak visibility level in 
"black wipe" is typically 15 to 20 dB below the level 
for the onset of windshield wiping and its magnitude 
is normally too low to be visible except with special 
test set-ups. Only in some rare cases of drastically in
correct circuit design, can "black wipe" actually be the 
cause of objectionable windshield wiper effect and can 
be distinguished as such by an experienced observer. 
The generation of "black wipe" is well understood and 
follows expression (3), Section I. ''White wipe," which 
is the distortion of main interest in CATV, is generated 
by a different mechanism and is not explained by the 
direct action of cross or intermodulation or higher 
order nonlinearities (see Appendix I). 

15 TO 20 dB 

GRAY 
AREA 

rot 
dB. 

REGION 
OF 

"WHITE 
WIPE" 

VISIBILITY OF WINDSHIELD WI PER EFFECT . 



DISTORT I ON 

SQUARE-LAW REGION 

B 

VISIBLE 
WINDSHIELD 

WIPING 

LEVEL 

FIGURE 2 TYPICAL DISTORTION VS LEVEL 

·Distortion as a function of level is shown in Figure 2. 
At low levels cross modulation follows the square law 
characteristics of expression ( 3) and appears as a 
straight line when plotted directly in dB. Windshield 
wiping generally coincides with the point of increased 
curvature of the distortion curve. Therefore, it is often 
possible to use square law derating below the onset of 
windshield wiping as a first approximation. In dras
tically wrong amplifier design a deviation from the 
square law characteristics may be found, but more 
commonly such a measured deviation is caused by 
instrumentation errors due to phase reversals at low 
levels in. combination with direct pickup. Also shown 
dashed· in Figure 2, is the curve of an amplifier with 
reduced output capability, but with the same charac
teristics in the square law region. It is clear that a 
measurement in the square law region is insufficient 
as a measurement of windshield wiper effect, or to 
determine output capability. 
Another factor which makes correlation of measure
ments to actually observed distortion difficult, has to 
do with the · timing of sync pulses. If multiple inter
fering signals exist, the synchronization of sync pulses 
can lead to peculiar effects. First it should be clear 
that if all signals, including the desired ones, have 
common sync pulses, no windshield wiping is possible. 
The overload level would then be determined by cross 
modulation of the video signal which occurs . at an 
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. d
approximately 8 dB higher level. Although no WIJl 

3 
shield wiping is possible with synchronized signals,el· 
measurement would indicate a higher distortion leV C· 

Next assume two interfering signals which are in sy~d 
In actual distortion visibility tests, two superirnP05 be 
white bars appear in exactly the same way on t Jlt 

screen as a single white bar, while a measurer11e r
would indicate direct addition and increased distor
tion. By comparison, random sync pulses of two iil~~Jl 
fering signals appear as a 3 dB lower reading 0 

W be 
measured on a meter while a screen test makes \e 
distortion effect twice as objectionable, because twl 
as much area is affected. 

·oJJ 
We have here two cases where a simple distort! Jl' 

measurement, however accurate, gives a reading 0 

related to observable windshield wiper effect. 
0 When read on an oscilloscope the reading is 6 dB lower. 

IV Considerations in the Design of Test 
Signal Generators for Overload Testing __, 

J)t 
In the course of developing specialized test equipr11e 

1
t 

for windshield wiper testing, research was carried ~V 
to obtain correlation to the observable effect on a 

0
, 

screen. Standard cross or intermodulation test P~li 
cedures showed no correlation. Only in the norr11~\d 
invisible "black wipe" region does a correlation to thl 
order measured distortion exist. 



s· itince standard test methods failed to show correlation, 
Was thought that the waveform effect was of signifi

~ance . Square wave modulated signals were tried and 
:rne form of correlation to the visually observed effect 
c a.s obtained. This correlation was good for some cir
t Uits under test and not for others. The problem was 
s~aced to the use of square waves for the modulated 
1gnal. 

N w:~t, pulse modulation was used with pulses 10 p.sec 
v/ e, spaced at 63.5 p.sec. With these signals good 
u~~al correlatio!l was obtained regardless of the circuit 
st er test. A test performed with sync pulses having 
ti~~dard "front porch" and "back porch" showed iden
w a results, probably because of the relatively minor 
1'~ve~orm change and the inaccuracy of transmitted 
dir Signals which were used for comparison by the 
A ect method. 

ti~ a further method of improving correlation, modula
then of the desired signal was kept on at all times with 
lO k~nc pulses of the interfering signal detuned to 
sep z. The cross modulation components were then 
ch arated in a wave analyzer. The test showed no 

ang · de . e m readings as long as the peak level of the 
Sired . 1 sirn 

1
. Signa was kept constant. This test result greatly 

eraf Ifi~s the design and accuracy of a test signal gen
not or SI~ce modulation of the desired signal is then 
Ptod required during the read-out of the distortion 
flit uc~s . This would eliminate the need for active 
ac er Circuits which introduce another source of in-

curacy 
It a · 
wh. tpears, therefore, that the simplest test signal, 
shi I~d al~ows a direct correlation to observable wind
sta~d Wiper effect, uses pulse modulation similar to 
A s ard TV signals without "front" or "back porch." 
cor quare wave or sine wave is unsuitable and makes 
diffrelation impossible due to time constant effects of 
\.lse~rebt circuits . Standard TV sync pulses may be 
Vanta ut d~ not s~em to offer any correlation ad
due ges wh1le they mtroduce an accuracy degradation 
All ;~higher complexity of generating circuits. 
mod 

1 
?enerators should be switchable from CW to 

Pul u at10n without any change in the peak level. Sync 
chr~es. should be available both in random and syn
adju Uized mode. Modulation depths must be fully 

stable and switchable. All levels must be fully 

stabilized with respect to temperature and voltage, 
and frequency should be crystal controlled. 0 

It is now necessary to discuss the choice of background 
level used for testing and measurement. Originally, it 
was thought that 100% modulation would be best (in
fra-white level) because it might exaggerate the effect, 
thereby leading to easier measurement. However, it 
was found, on the contrary, that distortion was less. 
This is easy to see when we consider that both the 
desired and the undesired carrier are needed to create 
this type of distortion. With 100% modulation no carrier 
exists during the off-periods. The other problem is that 
since windshield wiper effect is produced by white 
bars, these become invisible with a white background. 
With a black background ( 25% down modulation) the 
magnitude of the distortion is at the highest possible 
level both as far as measurement and observation on 
the screen is concerned, because the desired signal 
level is maximum in the period between sync pulses 
and because white bars are most visible against a 
black background. The desired carrier should therefore 
be modulated with a black background ( 25% down) 
for a worst case effect. 

The only difficulty with this level is as a research tool 
when phenomena such as "black wipe" are to be 
investigated which become invisible on a black 
background. There would also be merit in using an 
average background level (gray at 56.25% down modu
lation00) because it resembles more closely the actual 
field condition. 

The discussion on background level above relates to 
the desired carrier, which is the signal under observa
tion or measurement. What about the background level 
of the undesired or interfering signals? Clearly, distor
tion is increased as modulation depth is increased. For 
a worst case condition, the undesired channels should 
therefore be modulated with a white background level 
( 87.5% 'down) . The determination of the background 
level to be used as a standard also ties in with con
siderations in establishing a precise absolute distortion 
reading rather than some relative figure of merit. For 
a worst case visual . test the undesired signals should 
be modulated without common sync in random fash
ion. Common sync is valuable as a research tool and 
for special applications. 

~--------------------------------------------------
Q1' 
"'est sig I "'enerat na s meeting the requirements set forth above have become available recently by using equipment such as TV Carrier 

~ or, Model 916, by Anaconda Astrodata Co. 
oF . 
hor st 
t e rn~~dard~zation purposes a gray background level at 50% of sync ampl~tud.e mi&ht be preferable. This will slightly emphasize 

senous white wipe and de-emphasize the less important black Wipe m a visual test. 
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V The Determination of Absolute Distortion 
Levels 

Many of the foregoing discussions relate to visual ob
servation and an improvement in repeatability and 
accuracy by the substitution of precise test signals. It 
is now necessary to examine methods of analyzing and 
measuring the distortion products so generated in order 
to arrive at consistent readings. 
As was already mentioned, no change in reading was 
observed with or without modulation of the desired 
carrier. This test was performed in a rather sophis
ticated setup with frequency separation of the distor
tion products from the desired modulation by means 
of a wave analyzer. For measurement purposes it ap
pears therefore possible to use a CW signal for the 
desired signal. It is, however, necessary to establish 
a reference level to which the distortion products are 
related to, or in other words the 100% or 0 dB refer
ence must be established first. When we read numbers 
such as distortion is 50 dB down, the question must 
be immediately asked, "down from what"? As a matter 
of fact, a good deal of the confusion in windshield 
wiper distortion measurements is related to the lack 
of a well defined reference. The following have been 
used as a reference in the past: 

a) The de-voltage out of the video detector of a 
field strength meter with and without CW 
signal applied 

b) The de and ac-voltage of the video detector of 
a field strength meter with signal applied 

c) The peak level of the sync pulses of a modu
lated signal and the peak level of the modula
tion of the desired signal 

d) The peak level of the modulation signal of 
the desired signal to the peak level of the 
undesired modulation with the desired signal 
unmodulated 

Before we examine the various calibration references 
we should first consider a related number which has 
been reasonably well accepted. It is generally agreed 
that 40 dB signal to noise or distortion ratio represents 
a flawless, studio type picture. This number can be 
corroborated by considerable published material4 from 
different observers unde'r varied conditions. When all 
the material is sifted and brought upon a common 
denominator because of different references used this 
number is commonly found and it refers to video signal 
to noise or distortion ratio. Since any disturbance 40 
dB down is invisible on the screen, the question must 
be asked why distortion readings of 55 dB or more 
down should result at the onset of visible windshield 
wiper effect. On tracing this behavior further, it is 
found that unusually low distortion readings are ob
tained by choice of an incorrect or undefined reference 
level and incorrect test methods. Actual distortion 
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readings, as we shall see, are much worse than sorne of 
the commonly used test methods make us believe. 
Going back to the display on the TV screen, full rnod~· 
lation is determined by black and white levels. T~15 

might be considered the ultimate reference to wh1ch 
everything must be related. 
In terms of level, white and black are standardized ~t 
12.5 and 75% respective amplitude of the sync }eve· 
If the top of the sync pulse were used as a reference, 
which might be convenient for measurement purposes, 
distortion readings obtained will be lower by a constant 
factor. Simple calculation shows this constant to be 
4.1 dB, thus an "actual" reading of 40 dB will appear 
to be 44.1 dB down when referred to the top of the 
sync pulse. The difference of average picture level ~~ 
top of sync pulse is found as 7.2 dB hence a rea. 

' 1 15 ing of 47.2 dB down from the sync pulse }eve . 
obtained when the primary reference is average P1c· 
ture modulation. 
In any type of modulation distortion testing, it is esse?· 
tial to calibrate not only the rf-carrier but also 1 ~5 
modulation level (see expression ( 3), Se,ction I). T~15 

is common engineering practice and is for exa~P ~~ 
called out in the IEEE standards on distortion tesW~% 
By modulating the desired carrier first a precise 1 

1
. 

' t· 
reference is established. If the waveform used for cab 
bration is identical to that used for modulation oft e 
undesired carriers, waveform errors drop out regardley 
of the meter used in the final readout. By this methO ' 
errors due to detector nonlinearities and rectificatio!l 
efficiency changes with level are greatly reduced. 
~onsidering the references given above, we find th~~ 
m a) the references are unrelated to the signal, \ 
rather to the detector de-efficiency at high level to t f 
residual de voltage; for example, the static charge ~t 
a vacuum tube diode varies with tube· life and eire~ 
from 0 to about -2 volts. In b) we are comparing~ d 
voltage determined by diode linearity to the recu£e 
audio signal which includes diode efficiency and wave; 
form distortion. Method c) uses sync pulse tipS a 

d·ffer· 
reference when the undesired modulation has a 1 ts 
ent waveform. Detector nonlinearity directly aff~c d 

the reading. Method d) is the accepted engineertJlo 
method which avoids nonlinearity and waveform errors~ 
!t is used for all types of communications equiRJlle~s 
m tests for cross and intermodulation and appheS .5 
well to CATV equipment where high accuracY 

1 

required. d 
A co~ paris on test of method a ) , using a popular £e~d 
strength meter, with method d) showed that meth d· 
a) produced an incorrect, 6 dB lower distortion reab) 
ing for a given amplifier. The more correct method 
was off 4 dB for this particular case. 

It is clear from this discussion that for calibration t~: 
desired signal will have to be modulated first with t 

b ve· 
waveform and background level as discussed a 0 It· 
Calibration voltage is the detected peak to peak "0 



age. The undesired signals are then modulated with 
the same waveform and distortion may be read. Even 
With this basicalJy correct method several possibilities 
rnust be distinguished: 

1) If the desired signal is kept modulated at all 
times during the test, detector nonlinearities 
and changes of detection efficiency drop out. 
However, it will be necessary to modulate the 
desired and undesired signals at a slightly dif
ferent frequency to be able to separate the 
distortion products from the desired signal. 
This can lead to waveform errors plus time 
constant errors of the circuit under test. Also, 
the added complexity of equipment adds a 
greater uncertainty factor; however, this method 
allows probably the most accurate absolute dis
tortion measurement. Also, visual observation 
and correlation is readily possible. 

2) With the desired carrier modulated on cali
bration only, no waveform error is introduced 
if the same waveform is used to modulate the 
undesired carriers. The change in waveform 
of the desired carrier may result in a different 
de-level of the demodulator which in turn can 
affect detection efficiency and produce a cer
tain error in absolute reading. This error may 
be made small by careful detector design and 
choice of signal levels. The great advantage of 
this approach is relatively simple test equip
ment and repeatable, precise relative readings. 

3) There are a number of ways of obtaining mean
ingful distortion readings which, however, are 
only relative. It is possible to increase the read
ing by simulating a worst case condition. Such 
methods may lead to increased relative accu
racy by avoiding problems with noise, hum, 
etc. Typically, CW or black background is used 
for the desired carrier and 100% or white modu
lation for the undesired signals. This approach 
combines advantages of method 1) with 2). 
There is a possibility of waveform error which 
is a voided by an oscilloscope ( peak to peak) 
readout. However, in a metered reading a cor-

I . rection must be made. 
. t Is immaterial in all these cases if the reference used 
~h the black to white level, the black to zero level, or 

edsync to zero level since all are related by a constant 
an a reading is readily converted to a different refer
~nce, such as the absolute reference of black to white 
evel, which is the basic video reference. 

VI Practical Considerations in Testing 
CATV Amplifiers 

~Yen With well founded test procedures and accurate 
~strumentation, there are additional precautions which 

Ust be taken with CATV amplifiers due to their par-

ticular characteristics. Generally, a CATV amplifier 
must be operated near its optimum gain setting in a 
CATV system in order to achieve highest system dy
namic range6. This optimum gain setting, or spacing 
ranges between 18 and 28 dB for well designed tran
sistorized amplifiers. Optimum spacing can be directly 
measured on an individual amplifier and exact values 
are available from manufacturers. It is clear that all 
measurements to be meaningful should be taken under 
the identical amplifier settings as used in the system; 
this includes in particular: 
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a) Gain and equalization; for extra accuracy, ver
ify frequency and cable temperature of specifi
cations. Frequencies range from 211.25, 213, 216 
to 220 MHz. Temperatures may be system me
dian, room temperature at 68, 75°F or others. 
Amplifiers are designed to equalize cable of a 
length determined by the gain. All-band am
plifiers will provide correction from 50 to 220 
MHz. The flatness of equalization is important 
and its accuracy enters into the distortion read
ing. Before any testing, the amplifier should 
therefore be precision-aligned with the correct 
length of cable. Equalizers and other switches 
and controls should be set as they would be 
in system usage. 

NOTE: For comparative tests of amplifiers of differ
ent types and makes, it is necessary to test 
all amplifiers under identical conditions, that 
is aligned for the same length of cable (gain 
and equalization). It will not do to compare 
one amplifier at a high gain setting and 
another at a low gain setting since then 
dynamic range and system derating vary, 
thereby leading to fallacious interpretations. 
Alternately, the proper mathematical correc
tion may be applied to readings taken of 
different amplifiers at different gain settings. 

b) System tilt. This is not an amplifier adjust
ment- they were already completed under a) 
above- but rather refers to the proper levels 
of the test signals. If an amplifier is operated in 
a system under Half-Tilt, measurements should 
be also performed under Half-Tilt. A test with 
flat input signals (test signals of equal am
plitude), results in Full-Tilt operation and a 
meaningful number is obtained only if this 
amplifier is also used in this tilt mode in the 
system. For Half-Tilt operation, it will be nec
essary to connect cable of one half the normal 
spacing between the flat test signals and the 
amplifier under test. Alternately, the test sig
nals may be preset, but this method is less 
accurate. 

c) Broadband effects. Modern CATV amplifiers 
are designed to operate without jumpers in the 
CATV system. Unavoidable mismatches cause 
flatness errors with jumper cables. To avoid 
these in overload testing, coaxial attenuators 
without jumpers should be connected directly 



to the amplifier where a problem might exist. 
Lead lengths in excess of 1 inch are to be 
avoided. An alternate is to use the correct 
length of system cable directly. A typical error 
of 3 dB has been demonstrated when a jumper 
cable was used in overload testing even with 
precision test equipment. 

d) Powering. Ideally all equipment should be 
powered for testing in the same way as in the 
system, that is, via AC cable powering. For 
convenience purposes, direct DC powering is 
often used; however, this technique must be 
verified for each type of amplifier for accuracy 
in order to avoid misleading readings. 

e) AGC-amplifiers. Various AGC principles are 
used in CATV A GC-amplifiers. Those using 
open-loop thermal circuits normally do not 
require special precautions. In closed-loop sys
tems overload of the output stage is not di
rectly measurable due to AGC action which 
limits overload to the early stages. A more 
meaningful test results by opening the AGC 
loop of such an amplifier. Measurements are 
then taken with a fixed de-bias applied to the 
AGC circuit. The correct bias for the spacing 
under test must be determined on the align
ment bench. Logically, tests should be ex
tended to cover the whole specified gain range 
of the AGC amplifier by varying the applied 
de-voltage. In closed-loop testing of AGC-am
plifiers it is important to apply the correct in
put signal levels with the proportionate change 
at all channels as in the system. This is also 
true for pilot carriers if used. Overload read
ings are then expressed in terms of input over
load level at Channel 13 rather than the usual 
output overload reading. 

f) Multichannel operation. Amplifiers designed for 
all band operation must be tested with 12 test 
signals. Extrapolation from fewer signals has 
proven unsatisfactory because the relationship 
varies with type of amplifier and system mode. 

In addition to the rules given above, when a metered 
reading is used it should be checked for hum and 
noise. With an oscilloscope a reasonable accuracy is 
still possible even when hum or noise are present. 
However, a meter in conjunction with a wave analyzer 
or active audio filter leads to a more accurate and 
direct reading than an oscilloscope. 
Testing may be performed at levels below overload, 
but readings so obtained are generally not related to 
windshield wiping, because they are caused by a totally 
different mechanism. Hence, measurements taken at 
the normal derated system level have meaning only 
when performed for the total maximum cascade7 of 
amplifiers. Such a test is practical only in a working 
system and is normally done routinely to establis.h 
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system safety margins. For individual amplifiers, over
load level is synonymous with the onset of windshield 
wiper distortion, while testing at lower levels may be 
useful to investigate other types of distortion. For the 
same reason, does a low level measurement in no waY 
give an indication of the actual output capability of 
an amplifier. 

APPENDIX I 

MATHEMAT~CAL ANALYSIS 
OF 

WINDSHIELD WIPER EFFECT 

We express amplifier nonlinearities by the power series. 

eo = ao + a1 ei + a2 ei2 + a:~ ei3 + . . . (la) 
and apply as input signal the sum of two 
modulated rf-signals 

ei = Ed cos (l)dt + En cos Wnt ( 2a) 
where Ed = ed ( 1 + md cos pc~t) 

and En = en (1 + mu cos Put) 
with e = peak voltage 

m = modulation index 
(t) = rf-frequency in radians 
p = modulation frequency in radians 

subscript d = desired signal 
subscript u = undesired signal 
Expansion of ( 1a) and separation of the distortion 
products leads to the following terms: 

a) a low frequency and de-component: 
ao + a2 ( Ec~2 + En2 ) /2 + term with a4 + . . . ( 3a) 
b) a modulation term of the desired carrier: 

a1 Ect cos u>ctt 
[ 1 + 3 a:1 Er~2 /4 a1 + 3a:~ Eu2/2a1 + .. . ] ( 4a) 

c) a modulation term of the undesired carrier 
d) second and higher order harmonics of the de

sired and undesired carriers 
e) intermodulation products of desired and unde-

sired carriers 
By substitution of the expressions for Ed and Eu in 
( 2a), we see that cross modulation is caused only by 
the last term in ( 4a). None of the other terms can pro
duce modulation distortion of the desired carrier. Ex
pansion to higher orders of ( 1a), leads to additional 
terms in ( 4a); however, it is easy to show that no 
higher order products nor any combination thereof 
can lead to a distortion product of the form a1 Ect cos 
wdt ( 1 - k mu cos Pnt) where k is a constant, which 
is required to explain observable windshield wiper 
effect. It is clear now, that the generation of distortion 
based on any single nonlinear effect of any order does 
not produce windshield wiper effect although it ex-



Plains all other types of rf-distortion such as ihter
rnodulation products of all orders, as well as all types 
of cross modulation, mixing, frequency conversion, 
lllultiplication and the generation of harmonics. Since 
even higher order nonlinearities cannot explain wind
shield wiper effect, we must now look for a different 
lllechanism and it will be sufficient to limit our investi
gation to the terms up to the third order of the power 
series as given in expression ( la) . We must include 
the third order term because it is required to produce 
fbserved black wipe (simple first order cross modu-
ation). 

We consider now a two-stage process and examine in 
Particular the base band products. Let us assume 
that at some high level point additional distortion is 
generated by a different high level nonlinearity ex
Pressed by 

eo :::::: bo + b, e1 + b2 e12 + b3 e13 + . . . ( 5a) 
S~bstituting terms ( 2a), we obtain base band frequen
Cies as in ( 3a) above, which contain a term b2 Eu 2 /2 
and this in turn can be expanded into a de-component 
and a term b2 eu 2 mu cos Put ( and a second harmonic 
tyrn), that is demodulation or rectification has taken r ace. The term ba does not contribute to the demodu
tte~ signal. Alternately, we can assume detection in 
;.::. Input circuit of the amplifier at high signal levels. 
. Is will also lead to a de-term and the demodulated 
s~gnal 7J eu mu cos Put, where "7 is the detection effi
Ciency. This demodulated signal together with the sig
nals of expression ( 2a) are now applied together to 
a newo power series of nonlinear amplification ( 6a). 

eo= Co+ c,el + c2e12 + c3e13 +... (6a) 
Where c = coefficients of high . level nonlinearities 
~he modulation polarity of the added demodulated 
Signal is negative with respect to the phase of the 
bodulation envelope of the carrier of ( 2a). This is so 

ecause an increased signal level into any active ele
~ent (tube or transistor) produces a base band output 
thPon rectification which is in the direction to turn 

e device off. 

The new input signals are now 
e1 =Ed COS wdt + Eu COS wut- Eb (7a) 

Where Eb = b0 + b2 ( Ect2 + Eu2) /2 based on ( 5a) 

~Uite ?enerally Eh contains a de component which is 
Wh ?0 Interest, and the demodulated undesired signal 
S Ich We may write as E" = Eo + kmu cos Put 
f ~fsti~ution into ( 6a) and expansion leads now to the 
0 0Wmg modulation product of the desired carrier: 

1'h c, Ect cos (l)ctt (1- 2c2 Eh/c, + . . . ) (8a) 
t e second term in brackets is the countermodulation 
s~?n. Other, higher order terms are unrelated to wind
or~e~d Wiper effect. Expanding ( 8a) and adding the 
d ~Ina} cross modulation term of ( 4a) we find for the 
esired carrier, modulated by the undesired modulation 

~beca 
Use of the changed de-component 
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DC-COMPONENT - 2 c2 b2 eu2 mu cos Put+ 
+3 a3 eu2 mu cos Put= 

= DC-COMPONENT + eu2 mu cos 
Pn t ( -2 c2 b2 + 3 a a ) ( 9a ) 

For term b2 = 0 (no demodulation), modulation of 
the desired carrier by the undesired signal is possible 
only through term aa which produces in phase cross 
modulation (black wipe). At some, much higher signal 
level rectification begins, expressed by term b2. The 
demodulated signal is in turn modulated on the desired 
carrier by a following second order nonlinearity, ex
pressed by c2 , and produces a countermodulated signal 
which gradually cancels the cross modulated signal and 
eventually with increased level leads to visible wind
shield wiper effect. 
The sum total of windshield wiper effect is therefore 
explained by three uncorrelated distortion producing 
mechanisms, which are functions of the applied signal 
level as follows: 

1) At low levels certain nonlinearities (coefficients 
a) produce standard cross modulation. For this 
distortion to occur third order distortion is 
necessary (terms with a:{). 

2) As signal level increases, a new independent 
mechanism (expressed by coefficient b) pro
duces rectification (demodulation) ahead of 
the actual amplification. This process produces 
also an input de current and results in new 
nonlinearities of the amplifier (coefficients c). 

3) Baseband frequencies together with second 
order distortion c2 of the amplifier result in 
countermodulation which cancels the original 
cross modulation and produces what is known 
as windshield wiper effect (white wipe). 

In summary, we can say that windshield wiper effect 
is produced by countermodulation, which can only be 
produced by demodulation and subsequent modula
tion. Demodulation can be produced by normal rec
tification (diode action of grid-cathode or base-emitter) 
or any second order nonlinearity (square law detec
tion). Modulation is then produced by following 
second order nonlinearities. The process of counter
modulation is a high level effect, not present at lower 
levels. 
Normal cross modulation tends to decrease windshield 
wiper effect because it is out of phase. Cross modula
tion is caused by third order nonlinearities. 
The mechanism of the generation of windshield wiper 
distortion might then be represented by an active non
linear amplifier having a linear input impedance, where 
this linear input impedance becomes nonlinear at some 
high signal level (over driven input). 
The mathematical analysis shows that windshield wiper 
effect is not related to cross or intermodulation. How
ever, there exists a loose indirect relationship to high
level intermodulation because both it and counter
modulation contain a common second order term ( c2). 



APPENDIX II 

TEST DATA FOR WINDSHIELD WIPER DISTORTION 

Amplifier Type: ___ _ _ Model: _____ Manufacturer: _ _ _ _ Serial: ______ 

Amplifier equalized for dB of cable 'at _________ MHz and. _ ___ _ of 

Flatness ± _ ____ _ dB from _ _ _ _ _ MHz to __ _ _ __ MHz 

Number of test signal~---------- Frequencies _____ ___ _ - - --------
Modulation of undesired signal: TV Signals: Random Sync: ___ _ Common Sync: _____ 

Modulation depth of 
undesired signal: TV Signal: _ __ _ _ ___ White: _ ____ Gray: Black:----

Modulation of . 
desired signal: .TV Signal: Blank Carrier ___ _ Sync Modulated: __ _ 

Modulation depth of 
desired signal: TV Signal: _ _ ___ ______ Black: _____ Gray: ______ White: ___ _____ 

Width of sync pulses: ________ p.sec Repetition Rate: p.sec 

Modulation of desired 
signal for measurement: CW Signal: __________ Changed Reptition Rate: ______ p.sec 

Overload level determined as: 

Channel of Observation 
or Measurement 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

____ dB below onset of visible windshield wiping 

_ _ _ dB below modulation of desired carrier 

Overload Level Read 
on Channel 

Output Overload 
Level in dBmV 

Input Overload 
Level in dBmV ____.. 

Tilt of output signals: HaH-Tilt: ___ _ ____ Full Tilt: ___ _ _ __ Other:------

------- Other:____-Tilt of input signals: Half-Tilt: Flat Inputs: 

Powering Direct de: ________ Direct ac: ___ _ Cable Powered ac: ___ _ 

AGC-Test: Open Loop: 

Residual Reading: Hum: 

-----:-:-- Closed Loop: 

______ Noise: ____ Other: _____________ _ 
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(1\ CHAIRMAN TAYLOR: Thank you very much. 

PPlause) Do we have questions? 

e% Can we make amplifier tests without knowing the 
act distortion producing mechanism? 

ho lVI:R. RHEINFELDER: Yes. The important point is, 
fo;ever, that all tests should in some way relate to per
A.s ~ance in the CATV system in order to be meaningful. 
Of d. as been explained in my paper, there are three types 
du_ lstortion which, singly or in conjunction, may pro
Of~: overload distortion in CATV systems. These types 
a.r lstortion, all familiar from communications theory, 
ln.:d cro~s modulation, intermodulation and counter-
call lllation. Since windshield wiper effect is caused by 
a.r ntermodulation, tests for cross or intermodulation 

e of · a.1n. 
1
. :n1nor importance for CATV. Even if you test two 

llotp lfiers under the same conditions, if the test does 
test l:'elate to observed performance in the field, such a 
lrloct Would be meaningless. Instead, a test for counter-

lllation should be performed. 

tion lf You were trying to correlate a measured distor
eu_l:' number to a visual field test, what would be the ac-

acy of measurement? . 

test~: RHEINFELDER: The accuracy of the visual 
dis Y Itself is not very high. This is in more detail 
a.va~~ssed in the printed copy of my paper which is 
\Va.y able at the bqoth. As discussed in this paper, one 
l.tse to increase the accuracy of the live signal test is to 
a.rd a l:'eference amplifier which is then kept as a stand-

, and everything is referred to it. If you use this 
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• 
method and make the necessary corrections, you elimi
nate the subjective effects and eliminate errors in the 
TV set adjustments, and then you achieve an accuracy 
of about plus minus one db. From an evaluation stand
point you can live with it, but as a research tool you 
cannot. 

Can windshield wiper effect be caused by 
cross modulation? 

MR. RHEINFELDER: In my own experience 
and that of all my associates in CATV, overload 
in CATV systems is evidenced by the onset of 
white bars. These cannot be caused by cross 
or intermodulation; that is, simple second or 
higher order effects, but are caused by counter
modulation which is a two-stage second order 
effect. 

Can third order distortion produce white 
windshield wiping? 

MR. RHEINFELDER: The answer is no. 
Third order distortion does not produce a phase 
reversal which is the prerequisite for the ap
pearance of white bars. 

CHAIRMAN TAYLOR: Are there any other 
questions? If not, I want to thank the members 
of the panel for their participation this after
noon, and thank you all for your attention. 

(The session adjourned at 
five-fifty o'clock p.m.) 



(Mr. Pai read his paper, marked No.2.) 
(Applause) 

CHAIRMAN PENWELL: Are there any questions? 
If not, we will proceed. 

Brian Jones, from Fairchild, is still with us. 
Come up, Brian. Brian is our next speaker. He was 
born and educated in England, and has worked for the 
Canadian Defense Research Board on transistor cir~ 
cuits. He has worked for Fairchild Semi-Conductor 
on high frequency transistor applications, Westing
house Electric Corporation on integrated circuit de
sign, and has worked for C-Cor Electronics on CATV 
and high frequency amplifier design. Presently ·he is 
with Fairchild in Palo Alto, California. 

DISTORTION, VSWR and REVERSE TRANSMISSION 
IN BROADBAND TRANSISTOR ·AMPLIFIERS 

by 

BRIAN L. JONES 

Transistor amplifiers produce distortion. This 
is a co~monplace to everyone who is familiar with 
the cross-modulation of an overloaded CATV ampli
fier. Such amplifiers have a certain VSWR when in
troduced into a 75 n system and if this ratio is too 
high, reflections appear on the picture in the form of 
"ghosts". If an amplifier is inserted into a system 
backwards, that is, with the input signal to the output 
and the output signal to the input, the signal will be 
attenuated instead of amplified. The ratio of the input 
power to the output power under such circumstances 
is known as the reverse transmission. Similarly the 
gain of the amplifier is the forward transmission. 

Now it may not be immediately obvious what con-:
nection these quantities may have and the purpose of 
this talk is to point ·out the inter-relationship between 
them. In order to do this I shall start by discussing 
some of the properties of transistors. 

Figure 1 shows a typical curve of the relation
ship between collector current and base-emitter 
voltage of a transistor. This characteristic, a non
linear input voltage/ output current relationship is the 
main source of distortion of transistors. This is il
lustrated by a sine-wave base emitter voltage which 
produces the distorted collector-current shown i'n the 
slide. It can be shown very easily mathematically 
that if the input signal voltage consists of two or 
more amplitude-modulated RF signals, cross
m-odulation will' result. The forward transmission of 
the transistor is non-linear and shows distortion. 

But what about the reverse transmission? If we 
apply a voltage to the collector of a transistor, will 
the resulting current show distortion? At first sight, 
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Figure 1 

VsiAS 

it would appear not. The low frequency collector 
characteristics are shown in Figure 2. ' It would ap"" 
pear that the collector curren:t remains nearly con"" 
stant regardless of the voltage swing on the collector• 
The transistor is a good)constant current source at 
low frequencies; that is, it's output current depends 
only on the base voltage. It is also clear from thiS 
figure that what happens at the output has very little 
effect on the input, i.e., the transistor has a low 
reverse tran,smission. 

Figure 2 

~--------~---------

VsiAS 

e"' 
At high frequencies, however, none of the. f~Je 

going remains true. There are certain undes1r 
properties of the transistor, known as parasiticS, 
which give the transistor considerable reverse ... 
transmi.ssion. Figure 3 shows the two main P~: 
sitic resistances: the emitter inductance and t 



Figure 3 

\ '. 

?0 llector base capacitance. The emitter inductance 
lncreases the reverse transmission because it is 
connnon to input and output circuits. The collector
base capacitance provides a direct path from output 
~0 input. Although the emitter inductance can be quite 
llnportant in some transistors, I will only consider 
the collector base capacitance which is usually 
donunant. 
. This capacitance is rather peculiar, inasmuch as 
lt's Value varies with voltage-- it is non-linear; thus 
~~e reverse transmission of the transistor is non-
t lnear. This means that if a signal voltage is applied 
~ th_e collector there will be a distorted current 
. 

0Wing out of the base. Part of this current will flow 
~nto the external circuitry, but part of it will flow 
f·ack into the transistor base where it will be ampli
;~d, causing a distorted collector current to flow. 
a e new result of all this is that the output impedance 
~Pears non-linear and contributes cross-modulation 

d other distortion to the amplifier characteristics. 
f Let us now suppose that the transistor is driven 
~~ln. a high impedance source. If this is the case t1 
'Will be zero and the whole of the feedback current 
th 1 flow back into the transistor. The distortion will 
t~Us ~e greatest in this case and will be less if the 

anslstor is fed from some finite impedance. 
in 'I'he important point is that the distortion result
cog from a signal at the output is dependent on the 
Wi.:itions in the input. Everyone who ha~ worked 
ia d transistors at high frequencies knows that what 
t~ one at the output affects the input and' this is also 

e of distortion. 
and Let us leave transistor amplifiers for a moment 
<list c.onsider an old fashioned tube amplifier of the 
:E'i~lbuted type. Part of a typical circuit is shown in 
llli:f:i. re 4. Two differences from the transistor am-

er are immediately noticeable. These are (1) the 
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output impedance is matched to the 7 5 .0 cable by a 
resistor, not by the output impedance of the tube and 
(2) the tube amplifier also has feedback capacitance 
but it does not vary with the output voltage. It is a 
constant capacity determined only by the tube elec
trode geometry and it is included in the artificial 
transmission line; thus reflected waves are termi
nated in RT the terminating resistor and do not 
modulate the tube characteristic significantly. 

Figure 4 

OUTPUT ..... 4 

INPUT 

~- .. . .... l 
RT 

The importance of this point can be seen in 
Figure 5. The amplifier in this diagram is assumed 
to be perfect, that is, it has no reverse transmis
sion. All real amplifiers have some reverse trans
mission however and this is simulated by the green 
resistor. We can see that if there are reflections 
on the output cable 

1 
the effect of these reflections 

will be felt at the amplifier input and amplified, 
resulting in a change at the output. 

Figure 5 

---;> ............ ·:~\· 

Now consider the case where the reverse im
pedance ZR is non-linear, which is the case in 
transistor amplifiers. The reflected wave will be 
distorted as it travels back through the amplifier 
and the resulting amplified wave will show cross
modulation and ' other forms of distortion. If we look 
into the output impedance of the amplifier it appears 
non-linear. 

The other important point to make here is that 
the output impedance and VSWR depend~ on the 
source impedance connected to the input of the 



amplifier. Usually amplifiers have their input and Figure 6 

> < 
output VSWR specified when the other part is well 
matched. Sometimes, however, this is not the case in 
practice. If the output part is connected to a short a I 
length of cable which is terminated in a component of 
poor VSWR then not only will there be reflections at 
the output if the reverse transmiss~on of the ampli- ~<~----
fier is considerable, the~e will be reflections at the b I > 
input also. 

This is a simple test of the reverse transmission 
of an amplifier. If the VSWR at the input is different, 
depending on whether the output is terminated in 7 5 n 
or not then you can conclude that the reverse trans
mission is considerable. 

There is a way of describing amplifiers, or for 
that matter any other network element, which seems 
to be particularly well suited to CATV. This is known 
as the scattering matrix. The scattering parameters 
were originally applied in microw~ve circuits because 
they deal in incident and reflected waves which is the 
most powerful way of describing the flow of energy in 
a waveguide. 

Recently it has been realized that many lower 
frequency systems are conveniently described by 
scattering parameters. CATV systems being coaxial 
throughout are usually considered as having incident 
and reflected waves and the scattering parameters 
include a measure of the forward and reverse trans
mission. 

In Figure 6 the scattering parameters are defined. 
The waves a1, blt a2, and b2 differ from voltage 
waves in that they have the dimensions of the square
root of power. That is, if you square them you will 
get power. They are also normalized to some imped-
ance level, which is usually 1 n. In the present case 
it would be more useful to normalize to 75 n. 

There is not time for a full discussion of scatter
ing parameters and anyone who is interested in delv
ing deeper may do so in many books on network 
theory; however the main points are as follows: s1 is 
the input reflection coefficient with the output termi
nated in the system characteristic impedance (in this 
case 75 0). lsr1 2 is the reverse power gain of the 
amplifier, 1Sfl2 is the forward power gain and S0 is 
the reflection coefficient of the output with the input 
terminated properly. 

It can be seen that these four scattering param-
eters give all the information necessary to evaluate 
the performance of an amplifier, with the exception 
of distortion. In particular, a knowledge of Sr en
ables one to calculate the input VSWR when the output 
is terminated on a non-ideal load. The calculation is 
shown in Figure · 7. 
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S11 = J?L a, 

s,2 = ~ a2 

S21 = ~ 
al 

S22 :: 
b2 -a2 

This equation: 

s s p 
r f · o 

P - s. + ---
in - 1 1- s22po 

is easy to solve if the scattering parameters are 
given. 

Figure 8 shows the variation of input reflection 
coefficient versus reverse transmission. Notice 
the importance of forward gain. As the gain of an 
amplifier is increased the reverse loss must be 

Figure 7 

> ----;? ~~ >-------------- { 
< < 
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col.'l.'espondingly increased, otherwise the input will 
become too sensitive to output reflections. 

The ordinate of this graph is plotted as Sr and 
Since I Sr 12 is the reverse power transmission we 
can simply take 

20 log 1 s: 1 

~f ~e Wish to know the reverse loss in dB. Thus if 
th ls 0.1 the reverse loss is 20 dB. You can see from 

e curve that the amount of Sr that be tolerated de
Pends on the forward gain or Sf· 40 dB reverse loss 
Would be a good figure for an amplifier with 20 dB 
;ain but if the amplifier gain is raised to 30 dB the 
s e\rel.'se loss must be raised to 50 dB to give the 
alne isolation of input from output. 

b These transistor characteristics impose a heavy 
a.l.l.l'den on the amplifier designer. At Fairchild we 
b l'e tl.'ying to improve the devices used for linear 
t{.0adband amplifiers and one of the most important 
ll 

1
1\gs is to reduce the reverse transmission. The 

e~elitn.inary results of this work indicate that consid
a.b~ble improvement is possible over currently avail
he e devices. The improvement can be expected to 
fu.t Passed on to the amplifier designers in the near 

tll.'e. 
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In some transistors there is a distortion cancel
lation effect which arises because the phase of the 
Sr distortion. When the load VSWR is poor, the dis
tortion may be disturbed and there is a dramatic 
increase of cross-modulation. If the reverse trans
mission of the amplifier is reduced the cross
modulation becomes nearly independent of the load. 

(Mr. Jones read his paper, marked No.3.) 
(Applause) 

CHAIRMAN PENWELL: Are there any ques
tions? 

MR. BERNARD EVANS (Malibu): I fUll curious 
about whether this reverse transfer characteristic 
is feeding back through an amplifier. I can see 
where this would be quite a factor on, say, a one
transistor extender, where you had virtually no iso
lation; but on a practical amplifier, say three or 
four devices, is this not quite minimized by the time 
it gets back through all these four stages, or do 
your reflections occur within the coupling of the last 
stage and the second before the last stage? 

MR. JONES: In a well-designed amplifier I 
think you are right. If the forward gain were 20 db 
and the reverse loss were 60 db, for example, you 
probably would be quite well off. But, as you say, 
there are reflections which occur at the input to the 
last stage. 

MR. EVANS: This is the most troublesome spot, 
then, I presume? 

MR. JONES: Yes. 

CHAIRMAN PENWELL: Thank you, Brian. I 
have learned a new parameter today, reverse gain. 
Maybe we will see that on the spec sheets some day. 

During the course of this convention a lot of in
terest and activity has developed over the mounting 
chaos in standards of the CATV business. People 
in the business session have their own brand of 
chaos. We have wrestled with some of our problems. 
Archer Taylor, who is Chairman of the Engineering 
Subcommittee of the NCTA Standards Committee, 
has asked that we present Mr. Sidney A. Mills at this 
time to talk about the problem of cable standardiza-

' tion. 
Sid is Vice President of Production and Engineer

ing of Ameco Cable, Inc., Phoenix, Arizona. He 
graduated in 1949 from Syracuse with his EE. He 
was in the U.s. Signal Corps following graduation for 
two years, and from 1952 to 1966 he was Senior Prod
uct Engineer for Rohn Cable. Presently he is with 
Ameco. Sid Mills. 



;~anded band capability. There is still a great deal 
lh lllformation needed before a real decision can and 
If OU!d be made, and we would like to introduce some 

1 our thoughts into the discussions that are going on 
iOday. 

EXPANDED BAND CATV CAPABILITIES 

By 

Dr. Leon Riebman and Mr. Walter Wydro 

lhr Of all the conventions that AEL participates in 
~l;ug?out the year, certainly the NCTA CONVEN-
ia ~ ls by far the most dynamic and exciting. CATV 
a l'stlll in its infancy. New ideas for applications and 
~h apidly changing technology are the order of the day. 
ah: bUildup for the Convention starts many months 
tne~d With whispered rumors as to magical,new equip
Par and new system approaches that are being pre
~heed for the Convention by all CATV manufacturers. 
dep Pressure of these rumors cause the engineering 
eq;rtrnents of all the major manufacturers of CATV 
t0 b P.lnent to put in many extra nervous hours in order 
sch l'lng to the show advanced equipments ahead of 

edUl . 
~So e. Of all the f1elds of endeavor that AEL' s 
~ Professional scientists and engineers are engaged 
~~~:rtainiy CATV is the most exciting and rapidly 

lng, technologically speaking. 
toqa CA. TV is our Number One commercial effort 

yt It· every. 1s presenting a tremendous challenge to 
'I' technical discipline within our organization. 

Of Ch he. CATV Industry today is in the painful throes 
a fielangtng from an art to more of a science. When 
elnot? of endeavor is an art, decisions are based on 
are blons and judgments. In a true science, decisions 

;sect on experiments and physical laws. 
l'he a A. T~ will always be a mixture of art and science. 
for a rt Will be the visualizing of future possibilities 
~ofta~~lications of this new means of signal trans-
~ear tlon. At the present time, the applications ap-
~ln 8~ be unlimited and the requirements on the sys
~e 

8 
oulct be primarily the users' responsibility. 

~ qq~:te~ owner should provide the specifications, 
~~Po tahve terms, for the requirements and the 
~e des: ~f the system that he wants to build. Once 
Q~Ste~18•10n is made as to the ultimate purpose of the 
a~q ln. ' lt becomes possible for systems designers 
~~q Coanutacturers to scientifically optimize design 
~~ sta~ for the most effective system based on exist

ln -of-the-art equipment. 
~<\'l'v ~topic of our paper today is, "Expanded Band 

ln. apabilities." 
0~ tw0 the beginning, the first systems were only one 

channels. Then, low channels only came into 

being followed by a combination of low and sub
channel systems. Many of these original systems 
are still in existence. 

More recently, interest developed in all-band or 
twelve channel systems. As a result of this require
ment, broadband tube amplifiers were developed and 
the modern CATV industry took shape and began to 
grow. 

Incidentally, during the first fifteen years of the 
CATV Industry much was done by intuition or cut 
and try. It was mainly art -- very little science. 
During 1964, 1965, and 1966, many very capable en
gineers working independently and building on the 
work of others worked out the ingredients of a theory 
for a fully integrated CATV System. This was the 
first time that various design parameters could be 
related and optimized for a particular system re
quirement. The theory is now being extended and 
perfected and will greatly accelerate the pace of 
developments and open new opportunities for new 
applications of CATV systems. 

During January of 1966 AEL first discussed with 
a CATV user the possibility of building an Extended 
Bandwidth System (extended to 270 MHz). In October 
of 1966 a detailed proposal was written and equip
ment development started. 

At this, the 1967 NCTA Show, AEL is offering a 
trunk extender amplifier and remote bridger ampli
fier with 270 MHz bandwidth --a minimum of twenty 
channel system capacity. 

In some geographical areas such as the corridor 
between Boston, New York, Washington, and Phila
delphia or the corridor between San Francisco and 
Los Angeles, viewers can now receive twelve chan
nels off the air. Thus, the need for more channels 
in CATV. 

Let us review the various approaches to a system 
of more than twelve channels. Essentially five meth
ods are being explored as feasible transportation 
systems. 

1. The Sub-channel method -- this approach 
places twelve channels between the frequen
cies 5 MHz and 95 MHz. 

2. The Mid-Band Method-- this method uses 
the spectrum between Channel 6 and 7. In 
particular, the frequency spectrum between 
108 MHz and 174 MHz. 

3. The Dual Coaxial Cable Method -- this method 
uses two coaxial cables each carrying twelve 
channels. 

4. The Octave Band Method -- this method places 
20 channels between 120 and 240 megacycles. 
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5. The use of the spectrum above Channel 13 -
this method - The AEL Method-uses the fre
quency band between 220 - 270 for extra chan
nels. 

Let us examine each of these signal transportation 
methods and explore strengths and weaknesses. 

The sub-channel Method does not lend itself to 
more than twelve channels and has the usual difficul
ties of a multi-octave system. Such systems, his
torically, present tremendous design difficulty in the 
building of the required amplifier with sufficiently 
low and acceptable harmonic distortion. There are 
some of these systems in use today which have beats 
and harmonics that usually interfere severely. To 
minimize the harmonic problem, low signal levels 
are utilized or balanced but very expensive ampllfiers 
can be designed to correct the problems and permit 
operation at higher signal levels. 

There is much discussion today about the Mid
Band approach, using the spectrum between Channel 6 
and 7. The NCTA Engineering Subcommittee is study
ing the many unanswered questions about this band. 
For example, must the FM band 88 - 108 MHz be ex
cluded? But the more important problem is, canal
locations be designed to avoid the danger of direct 
pickup interference from air navigation or air com
munication services between 108 - 136 MHz, or from 
space tracking services at 136 - 138 MHz, or from 
various mobile, space, and amateur services between 
138 - 174 MHz. Also, there are the usual harmonic 
problems because of the multi-octave nature of this 
approach. 

I have permission to quote from an unpublished 
paper by Isaac S. Blonder, Board Chairman of Blonder
Tongue Laboratories, Inc. as follows: "The region 
between 108 - 136 MHz should be avoided since radia
tion from a system into the aircraft communication 
and guidance frequencies will be impossible to com
pletely control. The CATV operator may believe he 
can monitor the cable systems to prevent radiation 
but the same cannot be said of the home environment." 
We agree with Mr. Blonder's statement. 

The Dual Coaxial Cable Approach has both eco
nomic and technical problems. The installation costs 
are virtually double but of greater concern is the 
problem of cross-talk between cables. It will require 
tremendous care and tight shielding to keep cross
talk in any extended system to a reasonable level. 
Tests made with reasonably short systems may not be 
sufficiently accurate to predict the effect of extended 
mileage systems. 

The Octave Band approach from 120 - 240 MHz is 
a hybrid mid-band approach and has disadvantages and 
problems similar to the mid-band method. 

AEL is recommending the approach utilizing the 
spectrum above Channel 13. Based upon available 

transistors and other considerations, we feel that 
270 MHz should be the next logical spectrum plate~U 
for system designers. The spectrum from 54 - 1° 
MHz would cover Channels 2 to 6 and the FM band· 
The spectrum between 174 - 216 MHz would cover 

han .. 
Channels 7 to 13 as is now the case for twelve c d 
nels. Additional synthetic channels would be creat~ .. 
between 216 - 270 MHz. The spectrum between 10 -v .. 

. 1 set 174 MHz could be used in the future for spec1a 
ices not requiring high-level modulation signals; .

5 
.. 

perhaps facsimile, delivery of telegrams, transllll 
sion of computer data, control of traffic signals, :~oP 
local interest FM cablecasts. The type of modu~ 0 
at the level of the modulation would be controlle .:b 
that low channel harmonics would not interfe~e \\~s 
the signals to be transmitted nor would the Signa to 
themselves generate significant higher harmonicS 
interfere with the higher band signals. 

Some of the advantages of the spectrum above 
Channel 13 are as follows: 

·one.1 
1. The system can be laid out with convent! 

twelve-channel techniques. 
'Jl1e '1 at tl 

2. Proper planning and attention to de tal sioP 
of initial construction will permit conv~r re" 
to expanded band at any time by installlll~rr' 
peater amplifiers utilizing the modular c·ng 
cept. The initial cost involved in prepaflbe 
your system for expanded bandwidth can e.re 
very minimal; e.g., cable manufacturersge 
now sweeping cables to 300 MHz. We urfol' 
you to specify 300 MHz swept cable no~:ard" 
any new installations. The very small to"' 
ware such as directional couplers refl~~}ler 
meters, splitters, tap-offs, etc., are .e

1
olties• 

available or present no technical diffiC 

nven"' 
AEL has introduced at this 1967 NCTA ~ate d 

tiona trunk extender amplifier and intermedta ,cpecte 
bridging amplifier meeting all specifications e.110Ittd" 
of the highest quality 220 MHz equipment, yet 

1 

ing extended bandwidth of 270 MHz. tbe Jille 
We are actively proceeding to round out nt zzO 

of 270 MHz equipment by improving the curfr.e r to r 1e 
MHz colorvue modularized trunk line amP 1 ctiVe 
handle the 270 MHz bandwidth. Also, under ant e.lld 
development, are compatible headend eq.uiP~1~ :and 
the necessary test equipment needed to 1nst 
maintain the 2 70 MH z system. trtl~ 

Incidentally, engineering models of neW v for )l11el 

line amplifiers are easily achieving +52 db~ve clle. 
-57 db cross modulation when used in a twe et tlle 
configuration; therefore, we can expect to !P·~ice.ti0; 
usual twelve-channel cross modulation spec\foi1• ~dl 
at 48. dbmv but with twenty channels in opera ance ~ 
effect, we have gained some system perform 
added bandwidth. 
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There is one problem in the proposed system and 
that is the requirement of a top of the set converter, 
Wh' 
1 

lch converts the synthetic channels above Channel 
3 into channels that the TV set can utilize. Such con

~erters are available from several manufacturers to-
a:y and this field is actively being pursued. 

" One interesting solution to the problem is to put 
cornplete conversion directly into the TV receiver; 
:anufacture a TV set especially for CATV. AEL has 
f lscussed this possibility with several set manu-
acturers and they are very receptive. 

f There is a tremendous need at the pre sent time tr standardization within the TV industry. Standard
Zation Will bring with it many benefits to the CATV 
~Wner • The equipment costs will go down and the 
~ngers of obsolescence will be greatly reduced. We 
~ rongly urge that NCTA take the lead in recommend-

b g Which approach to a twenty-channel system should 
ere h commended to CATV owners. Once one system 
p~s been accepted, the manufacturers will be able to 
can ahead and modularize compatible equipment that 
an at l"n' • ... u.1n1mum cost be expandable in the future. 

it . Another problem area in the proposed system as 
te 

18 
in every wide-band CATV system is the effect of 

eqlnP~ratures on system performance. Thermal 
a.llu.~lzers are not a satisfactory solution for reasons 

I a. 
8 
°0 familiar to you. AEL is currently developing 

co~stem called Auto-Tilt that will automatically 
tna Pensate for temperature in a frequency selective 
bot:er • It involves, sensing, pilot carrier signals at 
~e:y tends of the spectrum and adjusting the tilt. The 
syst 0 success of this system is a frequency flat AGC 
Pin ... ~m. AEL' s current AGC amplifiers use a novel 
~EL ode attenuator (the diode is manufactured by 
the i

7
that is frequency flat considerably higher than 

tton ~ MHz required and, in addition, is voltage con-

I 
the e • Auto-Tilt should be available from AEL within 

next; · SlX months 
I Th • 

27o 11R us, an the equipment for an extended band 
~ent to z sys~m is either available or under develop
caPab·I· prov1de you with upwards of twenty-channel 

llty W'th' eqUip 1 m the next twelve months. Today, we 
and 

8 
lnent manufacturers need and solicit your ideas 

sy13t Uggestions as to what you want future CATV 
e1ns t b 

Whethe 0 e capable of doing. Don't worry about 
...... that r., or how, what you want will be accomplished 
Sttetch ~ o~r job.! ~owing what you want, we will 
Of ... the ur lmag1natwn, achieve and push the state-
'vet:y ~art, and surprisingly -- in most cases -- come 
Sider:do~e to what you originally might have con-
0t l'isk Impractical. It does not take much foresight 
Changi or courage for us to predict a very rapidly 
lle)Ct fe~ technology in the CATV industry during the 
P.atillg .Years. We, at AEL, are proud to be partici
tlll.d it With You during this pioneering period. We 

Very exhilerating, very challenging, and very 
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satisfying. In addition, let's all hope we will all reap 
the rewards that pioneers who take risks well deserve. 

Thank you! 
Thank you very much. (Applause) 

CHAIRMAN CLEMENTS: Thank you, Dr. Riebman. 
I am glad that someone else is working with the 

equipment manufacturers and the television receiver 
manufacturers to try and get them to become cog
nizant of our needs for multi-channel use beyond the 
present 12-channel system we are now utilizing._ 

I must agree with him, personally, because 
equipment manufacturers have been telling me for 15 
years that if we tell them what we want and can make 
up our minds as to what we de sire, they will c orne 
up with the product. I believe we are seeing this 
come true. 

We have perhaps three or four minutes for ques
tions, and I will ask now if anyone has a question? 

MR. MIKE RODRIGUEZ: I think my question is 
of a rather general nature • 

We have heard many comments about using vari
ous portions of the spectrum for banded channel use, 
but one thing that does not really get mentioned too 
prominently is, if we do utilize the upper portion of 
the spectrum, what about the systems that are being 
constructed now? Will it be required that they be 
re-spaced? 

What sort of problems do the system owners who 
are presently constructing systems face in this re
gard? 

Is this going to be a slow transition? 
This is one of the questions I have in mind; and 

another is, what use is the modular concept in the 
housing where you have taken the outer space ? It is 
not just that simple, replacing the module. If you have 
to take the housing and change the system layout, this 
is another consideration. I wonder if you have any 
feelings about that? 

DR. RIEBMAN: Let me ask my colleague to 
give you the answer. He is much more familiar 
with this phase of the situation. 

MR. WALTER WYDRO (American Electronics 
Laboratories, Inc.): Mr. Rodriguez, as we have 
looked over the situation, and the way the hardware 
was developed, the current hardware, as we have 
introduced it here, does go to 270; but it is utilizing 
a system, as you now use it, through a 220 or 216 
megacycle amplifier. If you were to design for a 
22 db spacing, it would have, again, at 216 and some
thing higher than 22 db, at 270, something taking 
care of the rise in tilt. 

The result is you design the system with 220 
megacycle concept, totally; in fact, with the current 



amplifiers, if you put those in, you have automatically 
a system properly spaced and properly equalized. 

Now let us assume the condition where you are 
designing a 270, but you want to run 220 temporarily 
through it. By the same token, we are preparing on 
the amplifiers a dual specification. These are paper 
specifications. You cannot change the gain of the 
amplifier. The amplifier has a certain gain and a 
certain equalization. This is true. Whatever the fre
quency cutoff is, this is a fixed value. It has nothing 
to do beyond the fixed content of the amplifier. 

If you take the amplifier and write a set of spe
cifications at 220, based on its tilt values, write a 
duplicate based on the 270, allowing for the cost of 
difference in the gain, you can now design a system 
with current technology; install it; and your spacing 
is automatically handled. 

We are not advocating changing spacing to a 270. 
What we are saying, however, is c;lesign for 220; cur
rent practice; and install the amplifier, and auto
matically it has the spacing to offset the cable drop. 

DR. RIEBMAN: As Fred Schulz was presenting 
his fine address, you noted the compatibility problem 
between the MA TV system and the CATV system, and 
again to re-emphasize, the sooner that CATV stand
ardizes, the quicker you are going to have to stop 
worrying about changing equipment in the future. 

As far as the manufacturers are concerned, they 
will sell more equipment the longer it takes you to 
settle that problem. There will have to be changes 
made. 

We are doing our best, however, to build com
patibility into the system that we are producing today. 
So, again I say, it is up to you to standardize. 

MR. DON SHIELD (Vancouver): I do not know 
whether I fully understood your discussion concerning 
the use of some of the areas in the mid-band. I be
lieve you said the use of low-level modulation car
riers could possibly be effected in this area. 

What I am concerned about is that the harmonics 
in the low-band television signals in the 54 to 108 level 
will probably wipe out the use of this mid-band. 

The facsimile or data processing character, be
cause of the obscurity and the harmonics, rather than 
the fact that the mid-band signals are not usable be
cause of what they may do to the television in the low 
or high band areas, would represent still another con
sideration. 

MR. WYDRO: I do not think this is quite the case, 
and here is why: First ·of all, we are indicating that 
the mid-band should be delegated or relegated, and 
this I should not say, to service low-level modulation, 
but those that require low signal noise and ratios, not 
as high as television requires. 

Secondly, most of the pulse-type signals that we 
are referring to, and I say "pulse", or the use of 
low-level FM modulation, for example, will render 
complete immunity to amplitude interference caused 
by the harmonics of the low band. d 

The use of sub-carriers or FM modulation wo111 

entirely take care of it. Also, the fact that you are 
occupying the low band is no worse than you now 
have in a 12-channel system where Channel 6, for 
example, in the FM band, will reflect that harmonicS 
do appear · in Channels 10 and 11. 

MR. SHIELD: My final question I wanted to ask 
concerns something similar in the area above 200, 
where you are proposing to put selectors) carrierS· 
I would presume you have a similar problem with . ~ 

·sto)> 
octaves. If you continue to use the standard teleVl 
band between 54 and 108, and you have a computer 
program giving you some clear channels in this re .. 
gion, would this not be true? 

MR. WYDRO: Yes; but they do not have to be 
clear by the very statement I made previously. 

There are 12 channel systems today; 88 mega .. 
cycles appears right in the middle of Channel 10, 
and this is not causing any major problem in the 
current 12-channel-system practice. 

·re Yes, I know a number of systems that requi 
Channel 5 and Channel 6 and the FM band down-
graded inband by a few db. In most systems, hoW .... 
ever, the harmonic problems in most of these ch9-Il 
nels are relatively minor. nel 

By putting the rest of the channels above cha~ .. 
13, we have eliminated the need for harmonicS fa 
ing within the band. They are not there, and theY 
are not falling within the bands not occupied. . to 

The suggestion for the non-occupied band IS f 
use it for service that can be handled by a forJll 

0 nee' 
modulation such as FM that can be made interfere 
free. 

11cb· 
CHAffiMAN CLEMENTS: Thank you verY J!l 
We have time for one additional question. 

. ce.bte' 
MR. WILLIAM HENCHE (General Electric. oe" 

vision Corporation): We have been watching t~~~ 0o~" 
velopment of the extra channel concept here WI peel'l 
siderable interest, and a little concern. I have .118t 
in frequent consultation with our television rece\nie 
people, our Television Receiver Department, oil rY 
same subject; and I can tell you that they are veto 
much concerned about the divergent approaches 
the extra channel concept. . e· r 

They have had CATV in mind for some tiJ!l jC 

think rp.ost of you are aware that General Elec:~b16 
does make a standard line of television sets w~ tneee 
ohm inputs. I repeat, they are concerned abotl 
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divergent approaches, and they have planned to submit 
this entire problem to the appropriate E .I .A. commit
tee to work toward some sort of standardization. 

We are planning to propose in that particular 
forum a joint working group of set manufacturers, 
CATV equipment manufacturers, operators, possibly 
representatives from the FCC --if they wish to par
t· lcipate -- to attempt to work toward some overall tele-
\Tision industry standardization. 

I thought some of you might be interested in this 
~articular point of view because I think the last paper 
JU.st mentioned that there has been some discussion 
"W'th 1 TV set manufacturers. I am not sure that any 
~0Ple discussed this with our representatives at 

racuse. They are, however, very much aware of it 
8.nd Very concerned about it. 

MR. WYDRO: I have one comment, and the only 
00lntnent that I can say is, amen. 

CHAIRMAN CLEMENTS: Thank you very much. 
t· I know that many of you must have other ques-
t~0118 concerning these addresses, and if we have addi
:onai time when the panel is completed we will possibly 
n.et back to some of the more pertinent points in con-
ection with expanded band use. 

S Our next speaker is Argyle Bridgett, from 
Pencer-Kennedy Laboratories, Inc. 

s.. Be is now Manager of Design Engineering for 
~. He started with them in 1951. 

W Without any further introduction, I present Argyle 
• Bridgett. (Applause) 

t b MR. ARGYLE W. BRIDGETT (Spencer-Kennedy 
tha o:atories, Inc.): For those of you reading the paper, 

e hrst sentence does not sound like anything. 
Dt Actually, if you get down to the basics, they are 
Of obabiy two in number, but there are a large number 

Problems that develop from these. 

AUTOMATIC EQUALIZATION AS A FACTOR 

IN 

SYSTEM LEVEL CONTROL 

BY 

ARGYLE W. BRIDGETT 

~A..s 
lc PROBLEM 

~it-s~e basic problems of CATV are really only two. 
ls obtaining a sufficient number of high quality 

TV signals and second is transmitting these signals 
through coaxial cable without degrading the original 
quality too much. The cable which is obtainable to
day does only one undesirable thing to the signal to 
any major degree. It attenuates the signal. It also 
causes a delay, but the delay, in general, is not a 
type which degrades the signal and the amount of 
delay is small. In a system of 1000 db, of cable at
tentuation the cable delay will be approximately 100 
micro seconds. 

The attenuation, however; is enough to completely 
lose the signal in snow and must be compensated for 
by providing amplification at close enough intervals 
to avoid losing the signal. It is in providing this 
amplification that most of the problems originate, 
since any amplifier will degrade the signal in sev
eral ways. First, if the total response of the ampli
fiers does not match the loss of the cable fairly well 
the picture quality will suffer. Second, it will add 
some noise to the signal. Finally, it will add dis
tortion signals to the desired signals. These last 
two effects, noise and intermodulation,,are usually 
the factors which limit either picture quality which 
can be attained or system length. 
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I believe we are all familiar with the V curves 
shown in Fig. 1 which show how the amount of noise 
and intermodulation introduced in a system by the 
amplifiers depend on signals_levels, amplifier gain, 
and number of amplifiers. The top curve shows the 
maximum output level at which a given number of 
amplifiers can be operated with a given amount of 
cross-modulation. (This will depend on the ampli
fier, the gain setting and the signal level tilt). The 
bottom curve shows the minimum input level at 
which the same number of amplifiers can be operated 
with a given carrier to noise ratio. The difference 
between these two curves for one amplifier is what 
is called by Shekel the "k" factor for the amplifier. 
The intermediate curve shows the minimum output 
level at which the amplifiers can be operated without 
degrading the carrier-to-noise ratio. The distance 
between these two curves is "system margin" which 
is the range of output levels at which a system of any 
number of cascaded amplifiers can be operated with
out exceeding either limitation. The ideal way to 
operate a trunk is with all amplifiers operating mid
way between these limits so that the "system mar
gin" is equally divided between noise and intermodu
lation. 

The important thing to remember about these 
curves is that the nsystem margin" obtained from 
them assumes that all emplifiers are operating at 
the same levels. In practice this is not always true. 
There will generally be a difference in levels from 
amplifier to amplifier due either to measuring equip
ment errors or variations with temperature. 



WEDNESDAY MORNING TECHNICAL SESSION II 

June 28, 1967 

The session convened in the Monroe Room at 9:15 
a.m., Mr. John R. Penwell presiding. 

CHAIRMAN PENWELL: Gentlemen, we will start 
the ball rolling. Welcome to the final technical ses
sion of this 16th Annual Convention. I think we have 
had an excellent group of technical papers and presen
tations to date, and today' s session certainly promises 
to be most interesting, rigorous and deep. 

Listening to some of the other papers in the past 
two days, I recalled an experience at Philco in Palo 
Alto. There was an unseen but pretty well-known 
prophet named Murphy. He had written some laws 
which the designers encountered. The first law was 
that you design an amplifer and it oscillates. The 
second law was that you design an oscillator and it 
amplifies. When the poor guy was really in trouble he 
discovered the third law, which was that things hate 
people. I think we also find problems of that type. 

Todays panelists may or may not come to the 
podium, at their option. There is plenty of room up 
here. 

The first paper this morning is "How to Evaluate 
Coaxial Cable for Maximum Ulitization and Longe
vity". Allen Kushner is Manager of Engineering Serv
ices for Times Wire and Cable Company, Division of 
International Silver Company. He works out of Wall
ingford, Connecticut. He has a Bachelors Degree in 
Mechanical Engineering and a Master's in Electrical 
Engineering. In his nine years with the company he 
has been responsible for the design, development and 
evaluation of many of the cable products. Allen 
Kushner. 

HOW TO EVALUATE COAXIAL CABLE FOR 
MAXIMUM UTILIZATION AND LONGEVITY 

ALLEN M. KUSHNER: As technical men, you 
now have or will have the problem of determining 
what coaxial cable will give you maximum system 
revenue. As a cable designer, our company has the 
same problem. Because of this, over the years we 
have been constantly pursuing the design which 
was both economical and would give us longest life. 
We applied polyethylene jackets to give you longer 
jacket life. We use foam polyethylene to give you 
longer distances between amplifiers. We have im
proved our manufacturing techniques to raise the re
turn loss to 30db to prevent signal loss and ghosting. 
As we continue in our efforts to improve our design, 
our material and our method of manufacture, we have 
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developed certain guidelines to aid ourselves in de
termining the worth of possible improvements. 1 heY 
present these guidelines here because I feel that t ysc;; 
can be of value to you in evaluating cable for your s 
terns. Once the factors critical to cable useful~~s~ 
are understood, cable evaluation is quite simphfle · 

FACTORS LIMITING CABLE USEFULNESS 
· ·t the There are two primary factors which bml 

usefulness of the coaxial cable. 
1. Stability of electrical characteristics-when 

the electrical characteristics of the cable have de
graded system performance beyond an acceptable 

limit. . a1 
2. Functional obsolescence-when the electrlc:rni--

characteristics will not allow the system to econo 
cally perform a functional different from that for 
which it was selected. 

STABILITY OF ELECTRICAL CHARACTE_ 1 to 
The electrical characteristics which are Vlta 

the system are: 
1. Attenuation 
2. Shielding 
3. Return loss ·tteil 
A sufficient number of papers have been wr:ioil 

concerning the effect of moisture on the attenua we 
in a foam dielectric cable, so that as an industrYfroJll 
appreciate the necessity of preventing moisturl~ bat"' 

eta11C entering. We also seem to agree that a m . g · 
rier is the only economical method of preventln witll 

. . 11 lasticS, mOisture entry. At the present hme a P apot to 
the exception of the Teflon family, will alloW v 

11 
do 

enter. Some are better than others, but theY a 
pass vapor at some rate. 

ATTENUATION sed 
Almost all of the trunk and feeder cable : -e1ec"' 

today incorporates foam polyethylene as t~e. 1
idua1 

tric material. The foam consists of tin~ 10d1." libet .. 
h"ch lS f air spaces which are formed by a gas w 1 duct o 

ated by the heat of extrusion. Another by~proconect5 
the extrusion operation is water vapor whlCh he e" .... 
in the individual air spaces. Directly off of t quite 
trusion line, attenuation of our foam cores areuatiOil 
high. When we dry out the moisture, the att:er, it 
drops to the level which is guaranteed. HoWdoeS Ilot 
is necessary for us to insure that the c~ble ·t ill tne 
again absorb moisture prior to our placing 1 

-ce' metallic sheath. {oa:t!l c0 

To completely keep moisture from the fiOWeve't' 
the metallic barriers should be complete. 1 we rca. 
experience has shown that this is not prac 1 iJ11e~' 
know that connectors improperly-installed w 



anct we also know from REA experience that aerial 
Cable will develop at least one hole in the sheath per 
lOoo feet due to many causes. 

The construction must therefore be such that 
llloisture will not propagate thru the cable from the 
ends or from holes generated in the metallic barrier 
along its length. There are three paths moisture 
could take: 

s:::: 1. Between the center conductor and the foam 
~olyethy lene. 

2. Between the foam polyethylene and the metallic 
barrier. 

3. Through the foam polyethylene. 
Moisture can be prevented from traveling along 

the center conductor, if the foam polyethylene adheres 
:a it tightly. Moisture can be prevented from travel
~llg ?etween the foam polyethylene and outer barriers 
{ hghtly compressing the surface of the dielectric. 
hus moisture entering from the ends or at holes 
~ong its length will not be able to rapidly travel 

rough the cable. 
S tu The question then arises, as to how fast the mois

re Will travel through the foam polyethylene. Actu-
~~ly it travels quite slowly. While it might travel ra
t tally through the cable from outer conductor to inner 
t~· a ~atter of months, along the length of the cable 
atts 1s an insignificant distance. We can easily toler
a e one foot of cable with an attenuation twice as high 
c~ normal as long as the remaining 2500 feet did not 

ange. 

tt liow do you verify that a cable design is moisture 
h ght? The test is simple. Apply 15 psi of Freon 
t-l'es 
it sure into the end of the cable and search along 
tas length, and at the opposite end with a freon detec
ft~.' Ten feet of a well-designed cable should be suf-

tent to prevent vapor travel from end to end. 
Wh· We have also learned that a by-product of a cable 
ab tch is made pressure tight, as we have desc .. ribed 
Of ove, Will reduce the effects of different coefficients 

e}(pansion in the inner and outer conductors.' 
faa. It is interesting to note that we have had other 
la~ ln. materials with which we could achieve lower 
la" Ses, increase our output and achieve better ; return 
~~ f' 

lttate 1.gures. However, we are unable to bond this 
bee l:'lal to the center conductor, and as a result have 
by, 11 Unable to make use of it. Another interesting 
tqtifroduct of a cable which will not pass vapor longi
~a.Q:any is the fact that it reduces dielectric shrink
~~~t Should the cable be stretched substantially on 

anation 

faQt We hav.e considered above the design and manu
atte~te of a cable which would maintain a constant 
he Q Uation over a long period of time. We must also 
N ett · ~llQt a1n that large sections of the tubular outer con-
he !i~t is not removed by corrosion. This subject will 

scussed further on in the paper. The factors 

which I have stated above appear to have been borne 
out quite well by field results and laboratory tests. 
It is our conclusion that a cable from which longi
tudinal travel of moisture can be prevented1will be 
able to maintain a constant attenuation for an ex
tended time. 

SHIELDING EFFICIENCY 
This is a factor which is sometimes overlookeds 

because of the inherent
1 

excellent shielding offered by 
our tubluar, outer conductor. This efficiency will be 
lost if the outer conductor were to open in any way' 
either from design deficiency, improper manufacture 
or installation or .corrosion. A break in the cable, or 
improperly-installed connectors, will allow signa~to 
escape or unwanted signals to enter. As we move 
out of the "on frequency" channels, we should remem
ber we are being exposed to massive interference. 

If we move down in frequency toward the AM 
frequencies we should also remember that the shield
ing efficiency is a function of shield thickness. We 
should also not forget that the voltage developed along 
the outer conductor and between the outer and inner 
conductors if lightning should strike, are a function 
of the resistance of the outer conductor. 

In situations where a jacket is required to pro
tect the outer conductor, whether it be aerial or 
underground, we must remember that the jacket be
comes as vital as the tubular metal outer conductor. 
The following must be considered: 

a. Jacket thickness. 
b. Number of pinholes. 
c. Tightness of jacket on tubular outer conductor. 
d. Life of jacketing materials. 
e. Protection of the jacketing material. 
f • Type of metallic outer conductor used. 
While the requirement for sufficient jacket thick

ness is obvious, the requirement for no pinholes is 
overlooked. Extruded jackets will have pinholes. 
These must be searched out by application of a high 
voltage in sensitive testers and removed. We must 
be certain that the jacketing material will have the 
proper life expectancy. Let us not forget the work 
done 15 years ago which determined that only specific 
polyethylenes, without contaminants but with an opti
mum percentage of carbon black particles of a stated 
size and properly dispersed, will protect the jacket 
from the cracking effects of sunlight and certain 
chemicals. 

UNDERGROUND BURIAL 
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I think it perti~ent at this time to discuss the 
suitability of jacketed cables for underground burial. 
This is an area where the technology of our industry 
is lagging. It is known that if the jacket is damaged 
during installation or removed by rodents and then 
exposed to the moist earth, then corrosion of an 
aluminum outer conductor will proceed at a rapid 



rate. It is logical to expect that more new systems 
will be buried to improve the appearance of our ex
panding towns and cities. We must give serious con
sideration to the protection of cables from installation 
damage, damage due to subsequent excavation and 
damage from rodents and borers. 

It appears that a steel tape or strip armor with an 
outer polyethylene jacket may have to be applied for the 
worst conditions. Another design approach would be to 
seal the outer jacket to the tubular outer conductor 
with a flexible sealing compound. We may have to con
sider copper as the outer conductor to inhibit corrosion. 

RETURN LOSS 
The, return loss of the cable is not affected by 

moisture. It could be affected by physical damage 
during installation or during its life, or by severe cor
rosion of the outer conductor. In metropolitan areas, 
we see perhaps, the requirement for making splices at 
each manhole. At higher frequencies, a nominal cable 
impedance, different than that of the splice impedance, 
could build up to a substantial figure. While non
uniform spacing will reduce the problem, a tightly 
controlled nominal impedance is desirable. 

FUNCTIONAL OBSOLESCENCE 
As previously stated the economical life of the 

cable is determined by the stability of the electrical 
characteristics and by functional obsolescence-when 
the original electrical characteristics are no longer 
suitable for the changing function. 

INCREASING NEED FOR CHANNELS OR 
BANDWIDTH 
It appears that the most obvious change in function 

will be the offering of more services. 12 channels for 
many are already being superseded by 20. This is, 
of course, a dynamic example of how quickly functional 
obsolescence can occur, when we consider that in es
sence 12 channel systems installed one or two years 
ago may for certain areas be obsolete. 

It is easy to appreciate why this is happening. 
You are making available to each subscriber a total 
communications media - you can supply sound, video 
or data. In reasearching ideas for this presentation, 
I was impressed by the thinking of the system design
ers. I would like to list some of the possibilities: 

1. T.V. between schools and class rooms due to 
shortage of teachers. 

2. The teaching of various types of skills - dif
ferent channels for different skills required in that 
area. 

3. The teaching of -languages. 
4. Data transmission in business such as inven

tory records and work loading. 
5. Stock market reports. 
6.Civic affairs, congressman direct to constituent 

- perhaps as far as registering a vote. 
7. Automatic reading of water, power and gas 

meters. 
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8. Burglar alarms. 
9. Fire alarms. 

10. Medical electronics. 
11. Shopping, ordering and billing. 
12. Surveillance. t 
What this means in terms of cable is that we :rnus 

assure that the widest possible bandwidth is avail
able to cover such expansion. It appears that it . 
would be economically feasible to expand systems 1n 
the foreseeable future to as high as 300 MH ru 

The return loss is the parameter with which wed 
must concern ourselves when considering broad ban -
widths. As you most likely know, the return loss iS 
a function of how the cable is manufactured and hoW 
it is handled during shipment. To manufacture a 
cable which has a good return loss at channels 2 thru 
13, may be substantially different from achieving the 

b en our same return loss from 8 to 300 MH rz: It has e 
experience that this could cause a redesign of the 
basic manufacturing equipment. 

The state of the art is such today that good re
turn loss can be guaranteed over 8 to 300 MHz· In 
addition, though data is not available to definitely 
prove this, there appears to be an indication that a II 
cable exhibiting a good return loss figure to 300 M 't 

will also be good to above 500 MHz. 
CONCLUSION d 
The utilization and longevity of a cable depe~ :d 

on how long it will economically perform the deslr 
function of the system. This depends primarilY 0~ ... 
how long it can retain its attenuation without signl 

1 

cant increase; how long it retains its shielding ef ... Jl 
ficiency; and the bandwidth over which a good retur 
loss is available. . 

If the criteria of development is correct, the t 
state of the art offers the maximum insurance th; 
the longest economical cable life will be achieV~ ~0 
It ts suggested that you use the following criteria 
evaluate cable for its life expectancy: re 

a. Is the cable moisture tight - apply pressu 
to one end and determine if there is any leakage 
through the cable. ·ttiJlg 

b. Is the outer conductor susceptible to spll diJlg' 
- flex the cable to determine if it will sustain bel\, .. 

c. Lightning protection - check the D.C. reSl 
tance of the outer conductor. pe"" 

d. Corrosion resistance - apply pressure allY 
neath the cable jacket and determine if there are 
leaks. 10ee 

e. Return loss - what is the highest return 
and broadest bandwidth obtaina.ble. 

CHAIRMAN PENWELL: Are there any que 

? 
stiooe, 

. 00tlt 
FROM THE FLOOR: You said sometlu.ng a 

teflon. Have you used the family name? 



I 

MR. KUSHNER: The family name is fluorocarbon. 
'l'eflon is the trademark of the DuPont Corporation for 
the generic family. 

FROM THE FLOOR: You said that you have de
Signed cable that you can't get moisture into, and then 
You build it, and the first thing you do is to take the 
llloisture out of it. I am a little confused. 

MR. KUSHNER: When we make our cables, re
gardless of which way the industry makes it, we take 
a center conductor and extrude a dielectric over the 
Center conductor. Then we apply some outer conduc
tor around it. There are different outer conductors. 
1ll foam polyethylene, when we extruce it, moisture is 
tight inside of it. Fortunately we can drive the mois
ture out. If we could not, we could not use this 
lllaterial. 

FROM THE FLOOR: You drive the moisture out 
after you put the outer conductor on ? 

MR. KUSHNER: No; before. Before we put the 
Outer conductor on we drive the moisture out. 

2 
FROM THE FLOOR: I can't remember that your 

01 cable didn't stick to the outer conductor - did it? 

MR. KUSHNER: Hopefully, the 201 did. 

<l.f .FROM THE FLOOR: But not because you were 
t· ta1d of moisture? The paper you wrote came some 
llQe after that. 

co MR. KUSHNER: The 201 cable stuck to the center 
e b.cluctor. In that cable we had it sticking there for an 
cllti:rely different reason. We were sticking it to the 
enter conductor to maintain stability of the dielectric. 

aqh F.oams have a characteristic also of shrinking. By 
Qi er1ng it to the center conductor we give the foam 
isln.e~sional stability. A problem with most plastics 

, ha that they will shrink or expand, but if you obtain a 
I at b.bd to some metallic member you give it inherent I a ility. 

~11 . 1iR. DONALD LEVENSON (Wheeling, West Vir-
fall ta): I have been using the Freon technique for about 
ca.11l:' Years, and I think you might point out that you 
ollt also use this technique for finding pinholes in the 
cab~: ~heath of a cable by putting the entire reel of 

1n a polyethylene bag. 
a totf I might make an observation, I have never found 
Qat t of cable yet that you can't get freon through, 
~ay ~n feet but 2,000 feet. I may be wrong, and there 
<l.lwa e some newer cables that are better, but I have 

Ys been concerned with this problem. Sometimes 
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from the inner conductor to the polythylene you can 
separate this. You can find out where it is coming 
and how it is going through, or between the outer 
conductor and the polyethylene, and then of course 
you put the whole thing in a bag and you will find you 
have holes in the aluminum. Maybe they are micro
scopic and may not cause trouble. 

MR. KUSHNER: My compliments! I wasn't 
aware that people in the field were using this. We 
use freon mainly because in our business we make 
a multitude of cables for Underwater use - a very 
good technique. I would like to talk to you.·more about 
that later. 

I would like to say, as another technique, that to 
find out exactly where we are having problems along 
the length we use a gas collector which we build to 
go around the cable, and we run our cables through 
it. When you come to a leak with our electronic de
tectors it will sound a horn, so you can stop and in
vestigate and analyze where the problem is and what 
it costs. 

FROM THE FLOOR: You take some freon and 
blow it and see what you get on the other end. There 
is nothing more esoteric than that. 

MR. KUSHNER: It works 'on the basis that mois
ture will propagate because of the pressure difference. 

MR. NADEAU (Alcoa): I would like to have you 
elaborate a little more. You mentioned the steel 
jacket and the changing of the shield to a different 
type of metal, or what-have-you. Would you care to 
elaborate on this? 

MR. KUSHNER: Actually, there is not really too 
much elaboration that I can give you at the moment. 
I could say as a cable manufacturer that we have 
seen cases where cables have been installed in the 
ground and it looks as if the jacket has been damaged 
either on installation or by subsequent burial. Any
body who has worked with the corrosion characteris
tics of aluminum I am sure has been the character
istic that the aluminum is corroded extermely rapidly. 

It is our conclusion, therefore, that for areas 
that are going to be subjected to this abuse, we of the 
industry should recognize this characteristic and do 
something to protect our cables; and quite honestly, 
at Times Wire and Cable Compnay we have our 
thoughts, and we are developing a product. 

The problem really is that right at the moment 
there are other industries that have done work in 
this area, and they do have ways of slowing down, we 
will say, gophers. We have no way of stopping gophers. 
We slow them down. They go through steel and lead 



and steel tapes. So, what we end up doing is that we 
come to a compromise. 

There is a cable construction whose price is rea
sonable enough so that you can install it, and it will 
give you sufficient protection for a reasonable life 
expectancy. I suggest really that our industry take a 
very good look at these cables that will be installed 
in areas where they are likely to encounter such 
damage. 

MR. S. W. P AI: I wonder if you have any data on 
the cross tap problem of two cables. Suppose you have 
two cables stranded tightly together for many, many 
miles. Cable A carries from Channel 2 to Channel 13 
and cable B also carries another Channel 2 to Channel 
13. Do you have any data at this time concerning these 
problems? · 

MR. KUSHNER: Yes, we do, except that data on 
shielding is extremely difficult to give you unless you 
really relate exactly how you have tested it. We get 
into ground circuits and the exact setup of the test 
equipment. 

There has been a lot of literature that has been 
collected on this. Do you have in mind aluminum 
sheath cable? 

MR. PAl: Yes; say 412 or half-inch, and so on. 

MR. KUSHNER: And this is at frequencies from 
50 MH and on up? 

MR. PAl: Yes. 

MR. KUSHNER: We don't have data, let's say, on 
a long length of line stretched parallel or close to 
another line. We have laboratory tests. Our labora
tory tests indicate that if there are no breaks in the 
aluminum sheath cable, at about 50 MH you need not 
really concern yourself with the cable. The area of 
concern is the connectors. 

You will find that the leakage from th~ connectors, 
depending upon the type of connector, is the area 
where you are getting your leakage, and that really 
depends upon the particular connector, because I would 
say probably no two connectors are within 20 db of 
each other. So, I think it becomes a question of evalu
ating the connector, and on that we re,ally have no data. 

MR. McCURRY (Cook Electric Company): What 
kind of design life are you looking into as far as the 
underground cable of the future is concerned? It it 
five, ten twenty, forty years-? 

MR. KUSHNER: Sir, we just look for the longest 
we can get, really. To put a time limit on it is 
impossible. 
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MEMBER: Aren't you just saying it upside 
down ·- that the functions he is after are practicallY 
skip-continuous and very irregular, in such a way 
that you can't collect any data? When you say you 
don't have it for each type of wire, this has been one 
of my problems. As a matter of fact, we have spoken 
on the phone about it. You don't have it for almost 
any wire. . 

Having it for one wire, given the way it is tied 
together, for instance, you don't have it for another 
wire; you don't have it whether they are tied this waY 
or that way. In other words, the function itself • 
There is no usable function at all. You have to find 
out for each wire under each situation, given the 
length of wire also, and of course the discontinuitY 
you mentioned, the connectors. There is nothing 
you can do in so far as function relationships are 
concerned, no general statement you can make. 

MR. KUSHNER: I think there is probably one 
statement you could make. 

In a flexible cable, where we were perhaps ten be 
years ago, there was a very definite pick-up from t 
two cables if they were side by side. There were 't 
other problems in the system. We probably weren 
aware of it, or it was a situation that really didn't 
hurt us. But going to semi-flexible cables, we have 
improved our isolation per cable better than 60 d~·db, 
_J'hat is from each cable. So, we are 60 db plus 6 i ... 
· ~lld \ that is 120 db therefore we have a order of Illagn 
tude of difference. 

f r Jlle 
MEMBER: Would you touch on something 0 ·c · 

that is rather elementary? This matter of periodl · to 
discontinuities that are causing your return loss 
go down- to be lowered. Is this such a serious 

. h t we problem when compared to the components t a e 
insert in the cable - splices, amplifiers, that h~~er ... 
a termininating or output impedance that is conSl 
ably inferior to the cable itself? an 

It seems like your cable is so much better tbdb 
the equipment)that asking for a return loss of 30 

is rather gilding the lily, so t? speak. 

ould 
MR. KUSHNER: There are three points I w 

like to make in that connection: No. 1, we have t~e 
think of the characteristic of obsolescence. :MaY b 
ten years downstream our system will be ~o Ill~at 
better that the cable will be the poorest p01nt. 
is one thing to consider. 

1 
to 

No. 2, the total system performance is equatbe 
the sum of all its parts. Perhaps in all honestY e 
cable is / so much better that what is the differen~b to 
between 30 db and 26 db? It doesn't add that mu 
the sum. That may be valid. yo1J 

· No. 3, I think the real question is: What ar~tloll 
going to pay for it? · If you have to pay twice as 



to go 3 or 4 db return loss, you won't pay it. What 
teally happens today - and I think this is what we 
apply when we buy any component -is that we buy the 
best there is if the price is reasonable. There really 
is no set answer. Right today -two years ago, if you 
bought the best there was, perhaps you only got two 
Years out of it; butif you hadn't bought the best there 
\Vas maybe you would have gotten less. 

MEMBER: I wonder if this might be related to 
ghosting, smearing, and things like that. 

MR. KUSHNER: Very definitely. 

MEMBER: Connectors and periodic connectors 
every 250 feet, probably would contribute more to that 
as a problem than just little periodic discontinuities 
in the cable itself? 

MR. KUSHNER: No doubt about it. As a particular 
component in your system today, the cable, as far as 
teturn loss is concerned, is the best you have; but it 
does add to the total picture. How much it does lose is 
a question. 

There is something else here we should not forget, 
\Vhen we are talking about an individual ~ystem. You 
have to be aware of cascades. If you cascade a system 
to the limit you can get yourself into a ~ituation, even 
w· lth 30 db cable, where you might have a p.coblem. 

There is a characteristic about cable that we 
~hould be aware of. I think the return loss character
~Stic of cable is something we don't have a really good 
;el for. In other fields we talk about transfer function. 

eturn loss is something we can measure because it is 
;asy to measure it. We can all buy the equipment for 
l,ooo or $2,000 to measure return loss. People 
~Oing into the metropolitan areas are measuring re
ll.rn loss on every piece of cable, and they are really 

con Cerned. 

1 What we are really looking for is not the return 
~ss characteristic, but it is something else we can't 

1 easure. We are looking for attenuation spikes of 
t~ss than .1 db. Our equipment is not sensitive enough 
t lneasure it. What happens is that in cascaded sys
cetns, if you have a spike at the same frequency, you 
(};n .still end up with 30 db with a noticeable attenuation 

8lgnal or noticeable reflection. 
~h If you could get 40 db cable, I would say, get it. 
(}\t e Problem is, we also have to be careful that as 
Qt{ components get better we are going to be seeing 
~e er things that we never saw before -things we 
th '~er really expected would hurt us. I must admit 
btt~t bu~ing the best return loss is a marketing axiom, 
~ itl thlnk on an engineering basis it makes sense. 

doesn't cost too much, that is. 

MR. FRED SCHMIDT: In the construction of 
the cable, the dressing of the cable, what is the ef
fect of putting in a right angle bend? We know if it 
is bent too hard it will give a suck-out. How much 
will cable deviate by putting these right angle bends 
that are silos into a cable? 

MR. KUSHNER: In general there are recom
mended bend radii which we list. If you will go with 
those recommended bend radii you will not see any 
reflections~ in fact, as a sort of rule of thumb, if 
the cable isn't wrinkled it won't bother you. The re
flection at that point is usually less than 1 per cent 
if it isn't wrinkled. 

MEMBER: What about the usual flooding com
pounds under the jacket for burial for underground 
cables, and as it is used by Gordon Electric for the 
Bell Telephone in Canada? 

MR. KUSHNER: With regard to the flooding 
compound, my feeling is that flooding compounds have 
two purposes. The first purpose is to do away with 
the air spaces so that you will not get water accumu
lation. The second purpose is to cover the metallic 
surfaces so they will not corrode. The flooding com
pound should be tenacious so that it will truly stick 
to it. In that case it does a very find job. 

I think we should be careful if we think that flood
ing compounds are going to prevent the passage of 
vapor. They will not. So, depending upon the purpose 
for which they are put into the cable, in general they 
do perform a function. I think there is a very serious 
question as to whether they perform a function with 
regard to the passage of vapor. 

MEMBER: Measurements were made showing 
that flexible foam cables exhibited an attenuation in
crease due to humidity. I had the impression it then 
tended to level off. Have you found that since you 
made these measurements this is true, or does the 
thing keep on going up? 

MR. KUSHNER: In general, what appears to 
happen is that the attenuation of the cable is a func
tion of the relative humidity level to which it is 
subjected, with one exception: If you allow the foam 
to come in contact with water it will go so far in 
some cases as to absorb the water like a sponge. 

MEMBER: You mean that foam 59/U could go 
up worse than RG 59? 

MR. KUSHNER: Yes. In the worst case it coulq. 
Thank you very much. (Applause) 

273 



CHAIRMAN PENWELL: Thank you very much, 
Allen. 

We don't have a projector yet, and S. W. Pai's 
paper has some slides. Is Brian Jones in the room? 
Do you have slides with your paper? (Yes) Oh, boy! 
I think the projector is on its way. 

This might be the time to go into the "Under
ground Construction" program, so if Mark Wolfe, Ted 
Hughett and Sam Booth will come up, we will introduce 
this panel. Each of the panel members will bery likely 
make a short statement about underground, and then 
we will turn it around. 

I understand Vern Collidge could not attend, and 
Wa~t Roberts is going to sub for him. He was pro
bably looking forward to coming on a little later. I 
think we had better proceed with the three panel 
members. 

Ted Hughett, on my left, is with Alarm Corpora
tion, on the Monterey peninsula in California. He at
tended Monterey Peninsula College. He has been with 
Alarm Corporation for the past eight years, and he 
is presently Executive Vice President of the company. 
He is on the Electronics Advisory Committee for the 
Monterey Peninsula College. 

At my right, Mark Wolfe attended Cornel Univer
sity and graduated in Electrical Engineering. He is a 
member of IEEE. He has had 34 years of engineering 
experience in wire and cable. Presently he is the 
Chief Engineer, Communications Division, Anaconda 
Wire & Cable, Sycamore, Illinois. 

I am sorry I don't have further information on 
Sam Booth. He is with Sarasota Cablevision. 

After the printed papers there was omitted from 
the program another paper, on "CATV Coaxial Cables 
Standardization ? 11 by Sidney A. Mills, from Ameco 
Cable, Inc., Phoenix, Arixona. This will follow the 
last of the papers this morning. We are sorry his 
paper was omitted from the printed program. 

At this time we will start with Ted Hughett. Do 
you have any comments on underground construction? 
You ought to have a lot of them. 

MR. TED HUGHETT: Thank you, John. 
Having to put a CATV system underground gives 

most technicians and engineers a very uneasy feeling 
both from a maintenance and construction point of 
view. 

Alarm Corporation, over 16 years ago, found 
there was a ,need for a CA ~V system in a unique little 
town in California called Carmel. Because of the 
character of the town, the .city fathers decided that 
they system must go underground, much to our dismay. 
In Carmel there are no sidewalk areas and no acces
sible utility easements. This left only the blacktop 
streets to bury the cables in; so we developed methods 
and equipment to bury cables 6 to 8 inches under-
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ground. This was so that we could get back at the 
cables for tapping and repair purposes. This type 
of construction I do not recommend unless it is 
absolutely necessary. 

Today' s need for ever better pictures and more 
efficient and economical methods has brought about 
substantial improvements in both equipment and 
methods. There are basically two ways of putting d 
cables underground. One is the direct burial metho 
and the other is the ducting or subshielding, as we 
call it. 

Generally speaking, we do not recommend di
rect burial, per se. It is our opinion that it is too 
earily damaged or cut and is very costly to repair 
or replace. In our system, being as shallow as we 
are, we are cut on the average of once a day, 365 
days a year. So, we have gone to a system of, when 
possible, particularly in new subdivisions, ducting 
or sub-shielding. We use polyethylene duct because 
it gives us added protection. We go to depths of 24 

to 30 inches, and it gives us permanent raceways. 
This I feel is the big factor - the permanent race
way system. 

If you have problems with cables you at least 
have a permanent hole in the ground. You don't 
have to dig up sidewalks, years, tear down fences, 
and get your customers very angry at you. 

The costs of going underground are more than 
going overhead; but this is offset, I feel, by the no
makeready charge and no pole rental fees. So, 
generally, underground does have some advantages 
if done correctly. 

You are also not as subject to damage from 
storms, falling trees, and things of this nature. 

In new subdivisions we use methods of joint 
trenching. This is where the trenching cost is ·u
shared or split by anywhere from two to four utl e
ties. Also, in new subdivisions we will put the rae 
way system in and not commit the cables or the ases 
amplifiers at this time because in a great manY c 
subdivisions will go in and there won't be a house 
built in there for a year. ts 

1. g due We have devised some methods of sea m 
and cables. We have used shrink tubing; we havhe t 

h. g t a 
used tape; we have used practically everyt 1n 
comes out. You can't seal them. for 

The duct sizes that we have standardized on a 
trunk and distribution combinations - we wil~ u~e cneS· 
2 inch duct. For distributi<;m we will use 1:1 2 ;nout• 
This gives us plenty of leeway to get back l.1l ~eet· 
We space pull points no farther apart than 25° d :te ... 
This facilitates the repair and maintenance, an 

6 
... 

· cu 
duces the time that you may have to have your 

1 tomers off the air due to a bad or damaged cab e~d 
You can pull in pretty quickly 250 feet of cable, a 
you can isolate your problems down to 250 feet 



reasonably rapidly. We feel it is much more econom
ical to do it this way. 

I think I will leave it at this for the moment, be
cause I know there will probably be a great many 
questions. Underground varies widely across the 
country. In California we have some unique situations, 
and I imagine there are many areas that have as bad1 if 
llot worse problems; so I will stop at this point, and 
say thank you. (Applause) 

CHAIRMAN PENWELL: Thank you, Ted, I think 
\Ve will defer questions until the panelists have all 
commented. Don't get frightened by Ted's early ex-

1 

Perience; we might have some more cheering news. 
Sam Booth, from Sarasota Cablevision. 

MR. SAM BOOTH: Thank you. 
Unfortunately, I am not an engineer, and a lot of 

these problems didn't worry me when we first started 
in With underground cable. We have about 200 miles 
of cable buried underground in Sarasota, and it is all 
direct burial. 

We have found recently that General Cable is 
~aking an armored cable that has a double shield on 
!t With a floating/looding compound in it, and in be
tween the double shields are stainless steel spirals; 
and we are standardizing on that for all of our trunk 
cable. In areas where we use in-line taps (and they 
are very few) we are going to use that. 

We have taken shovels and axes and abused this 
cable as best we could, and find it is very difficult to 
~et through to the second - it is not a polyethylene 
tl.t sort of a coarser material than the normal poly

;thylene. We feel this flooding compound gets away 
torn the pinholes and other things that you do 
ellcounter. 

Our decision to go underground is usually based 
~?on one of several factors, one being the unavaila
e~lity of poles or restrictions of the subdivider, or 
b ae the desire to cooperate with Mrs. Johnson's 

0
;autification program. Although considerable types 

1 Cable have been buried, we still have to use some 
hll&enuity and inventiveness to develop the necessary 
hardware. This is one of the biggest problems we 
have found, because, as Ted said, in each area you 
ave problems of a different nature. 

t We do believe that underground is a superior way 
f~ llut in a cable system, although you do have a dif-
h tent set of problems, and the fact that so little of it 
aa b th· een done scares almost everybody when they 
!nJc about it. 

Yo You do get away from the annual pole rental, and 
'IV tl. don't have the problems of temperature changes. 
~~ e have made studies and have found that at about 18 
~eChes in Florida we have only a 3 or 4 degree tem-

l'ature swing in any period of time. 
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An underground system does create some good 
public relations systems for you because you are not 
polluting the air with cables. 

We have also found that, in construction of an 
underground system, labor costs are considerably 
less because you are not involved in unions, and you 
don't have people climbing poles, and the high rates 
you have to pay. We believe in direct burial. There 
have been mechanized ways of ploughing cable in to 
speed the mechanization and reduce the cost. 

To be perfectly truthful with you, the reason we 
went underground was because we couldn't get any 
pole contracts. There were several other franchises 
outstanding at the time we were trying to build, and 
it was a matter of us building or somebody else. 

When we first started burying we were trenching, 
and this is going at it the hard way. You go down 
somebody' s lawn in Sarasota, Florida. About 50 per 
cent of our people are retirees, and most of them 
have just moved there, into new subdivisions, and 
have just put $1,000 into a new lawn, and if you take 
a Caterpillar tractor down their front lawn you will 
have a problem. 

We knew that the ideal way to do it would be to 
plough it in, but all of the ploughing equipment we 
had seen was a tractor with a reel on the front of it 
and the cable going back over it. It meant that every 
time you came to a street crossing or a driveway you 
would have to cut the cable and splice it - and of 
course we all know what splices do. 

About the third or fourth day we were underway 
a representative of the Ditch Witch people came 
around and showed us how to put the cable in. Set 
the reel at the point you begin, and pull the cable. 
They have a vibratory plough and you can go down 
somebody' s yard and they will be hard put to come 
out and find where you put the cable in because it is 
just a very thin slice through the lawn, less than 1 
inch wide. After a good rain the grass has grown 
back and there is no complaint. 

We have used this method very successfully. 
Originally we were burying about 30 inches, but we 
found that was a little too deep; so we standardized 
at a minimum of 18 inches and a maximum of 24 
inches. 

We have very little difficulty with out trunk or 
distribution. House drops are the things we have 
problems with. We have had cases where the power 
company set a new :pole right in the middle of the 
trunk; but those cases are few and far between, and 
we have given all the utilities copies of our "as 
built" so they at least have a hunting license and 
know we are somewhere in that vicinity. 

We were fortunate that in Naples, Florida, a 
system down there has been buried for five or six 
years, and Dick Cox and Quain Fletcher of Gulf 



Toast TV of Naples were kind to us and explained 
many of their problems to us. We were able to take 
steps to avoid some of the problems they had encoun
tered. 

From our point of view, putting in the trunk and 
the distribution is not a real problem. With these 
Ditch Witch machines or Davis machine we have had 
a four-man crew put in a half-mile system or better 
in a day's time at a cost that we think is comparable 
to what it would cost us for overhead. 

The problems we get into are getting from the 
cable into the house. This is a problem we share in 
common with the utilities. I am talking about some 
of the electric people. General Telephone operates 
in that area. A large per cent of their system distri
bution is underground. They have a pole and they have 
a house drop running there, and it is very unsightly. 
It seems to me to defeat the purpose of underground. 
If you are going to go part of the way you might as 
well go all the way. 

We have recently come across a machine, a Pied 
Piper, that is made by Sod Master of Minneapolis. 
They have taken what was a sod cutting machine and 
reversed the vibrator, and you can plough in short 
lengths of 412 with it. It is ideal for putting in house 
drops. We have tried various ways of putting in house 
drops, and we finally standardized on a little machine 
used for putting in lawn irrigation systems. It cuts a 
trench about an inch wide and 6 inches deep, but it 
has been so dry in Florida that the soil would all blow 
away, and we caught hell because of the trencher run
ning to the house. We are thinking seriously about 
buying some of these Pied Pipers and putting it right 
in. It makes no trench at all, and it works out very 
nicely. 

We have fought the dampness problem. That is 
one of the biggest problems with underground, es
pecially in an area that gets as wet as Florida. The 
other day we had 10 inches of rain in two hours. 

We really didn't have as many problems. We 
have had sleepless nights thinking we would have 
problems. We have tried heat-shrinkables, and we 
have tried Gayco and various other things. The other 
day we .were looking at a reel of Times cable and we 
noticed some sort of gunk on the end of it .. We called 
Larry and he got us a sample of it. It is an adhesive 
made by Raybestos- Manhattan. It comes in a solid 
form. We heat it, and we have started using that en
tirely for all of our waterproofing. We use it on con
nectors and splices and all our house drops. We find 
it is the most satisfactory material we have been 
able to get for waterproofing. You can apply it. It is 
hot, and as soon as it coines in contact with the metal 
it hardens. It does not harden to the point where it 
cracks. If you want to work on the splice you can 
take a knife and peel it off. -You can throw it back in 
the pot and heat it again and use it again. 
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At the time we formulated our plans for the 
system we made a decision not to go into in-lying 
taps. We use pressure taps. We use a football type 
of tap or block that Wiking makes, and the water
proofing of those was a problem. First we started. 
using Gayco and we used rubber tape and put plastic 
tape on top of it, but the moisture got through to it. 
Then we tried a butyl type of caulking compound, 
and it never got hard enough to really work with, 
although it was very satisfactory. We finally got 
this adhesive which we are now using, and we are 
trying to develop some sort of mold that we can use 
to pour this around the pressure tap and have it all 
done in one neat little job. We haven't achieved that 
yet. 

The problem is in areas where you have to 
cross a street, or a state highway, and you are not 
permitted to cut a ditch into it. In some areas we 
sought permission to take a concrete saw and cut a 
half-inch cut through the street about 12 inches 
deep. We convinced the county this was an expan
sion joint for their road system, but in some areas 
we haven't got that message across yet. 

We have tried using a hydraulic press to push 
pipes under roads. We have tried water jetting and d 
air jetting, and the highway departments have stoppe 
this prac-tice because it isn't good for the road sys
tem. 

We are currently trying to use an auger that 
hooks onto the side of one of the tractors. Davis 
actually has a little machine that fits on there. ThiS 
is one of the big problems. d 

Basically, from our point of view, undergroun 
is not too much more trouble than overhead. We d 
have four systems in Florida; two are undergroun 
and two are overhead. We really haven't been in · 
operation long enough to get an honest comparative 
cost. 

Our experience in building in Sarasota under
ground has taught us a lot of things, and we are iJll~ 
proving some of the other systems. We do feel tha 
the manufacturers are recognizing the fact that b 
underground is here to stay and there is going to . e 
more and more of it. I am sure you have noticed ltl 
some of the exhibits that instead of having. every- Ie 
thing for strand mounting they now have right-ang 
connectors and you can mount them in a vertical 
instead of a horizontal position; so, this will :make 
life a lot easier for everybody. 

I am sure you will have some questions later') 
and I will be very glad to answer them. (Applause 

CHAIRMAN PENWELL: Thank you, Saill· 

E. Mark Wolf, from Anaconda Wire. 



MR. E. MARK WOLF: I think we sometimes get 
into trouble when we talk about underground systems, 
because we fail to point out in the beginning that each 
system has got to be engineered. We sound (as I think 
I may sound in my brief remarks this morning) as 
though we can make general rules and they apply to 
everyone's problem. 

You have heard from two gentlemen this morning 
who certainly have problems that don't fit the average 
case. There are many options available in cable con
struction and installation techniques. They all have 
their price. The practical engineer gets into this to 
determine what is the best choice for you. 

Underground installation of cable is not new, and 
the history and progress of underground power and 
telephone cables is one of the more interesting chap
ters in the field of cable engineering. It covers a 
span of at least forty years, perhaps even more than 
that. In this time period we have seen costs go down 
and reliability improve to the point where today there 
are an increasing number of telephone and power 
companies that are promoting underground systems 
on the basis that they are more reliable and more 
economical. 

Seomone asked earlier, what was meant by long 
life? That certainly is one of the things we are con
~erned with when we go underground. There is no 
Positive answer to that, as Allen Kushner said; but 
lllost of the utility people we talk with -- power com
Panies and telephone companies -- want the time 
span to be at least twenty years. So, if that helps you 
Put a number on it, there it is. 

1 
. Our present situation is that underground instal-

~tlon is generally more economical and more reli
a le · It was not always this way. Both high cost and 
Poor reliability were almost trademarks of under
ground installations some years back. The learning 
~urve has really been steep, particularly in the past 
Welve to fifteen years when we have seen very radi
~al changes in both construction of the cable and in 
Install . th abon techniques. There are a few of these 

at are worth mentioning. 
h I feel that in the field of cable construction we 

t .ave developed a truly new technology in the selec-
1on ad c b n use of non-metallic coverings to protect the 
a le c f 

l ores rom underground environment. In the 
ast d 

fr ecade or two polyethylene has been a consistent 

" 
ont runner as a covering material for a number of 

ery d . 
eth goo reasons; but early applications of poly-
sulflene as a covering gave very disappointing re-
in t~' and there were many unexplained cable failures 

e early days. 

Vest·Out.of this came a long and comprehensive in
sup ;~ahon that was participated in by raw material 
and Pt lers, cable manufacturers, power companies 

elephone companies; this went on over a span 
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of quite a few years. Two really important facts 
came out of the investigation -- many more, but I 
will just mention two: 

We learned from this experience that the molec
ular structure of the polyethylene is more important 
to its proper performance underground. Today we 
have very sensitive tests for the environmental 
adequacy of polyethylene. We know we must use a 
high molecular weight polyethylene in this environ
ment. The old problems of environmental stress 
cracking are no longer problems; we can almost 
forget them. 

The other factor that emerged from this inves
tigation was that these coverings must be properly 
applied if they are to act as an imperviQus barrier 
between the soil environment and the cable core. 
Consider cable with a metallic outer conductor or 
shield, covered by some kind of polyethylene jacket. 
To prevent the polyethylene jacket from acting as 
an osmotic membrane and permitting the transmis
sion of moisture vapor, it just has to be in complete 
and intimate contact with the underlying aluminum 
or copper. There is more than one way of doing 
this. One of the best means for achieving this con
dition is the use of an adhesive bond between the 
polyethylene and the underlying aluminum shield. 
Today I feel it is well within our capabilities in 
industry to manufacture cables which are both eco
nomical and trustworthy and which will give long 
and reliable service when directly buried. 

So much on changes in cable construction we 
have seen. 

At the same time this was happening, I believe 
we have seen equally remarkable advances in the 
technology of cable installation. Early installations 
gave a great deal of trouble due to a variety of 
causes related to installation techniques. Buried 
plant construction was in those days very costly. 
Cables quite frequently were damaged by insects, 
by rodents, by frost heaving, accidental dig-ins, 
rocks, and rough handling during installation. I 
am sure you have all heard of these. 

Today-- and again I am speaking not of the 
special conditions that exist but general~y what I 
guess you could call average areas -- if there is 
such a thing -- these problems have been largely 
solved by the development of a wide variety of spe
cial equipment for underground installation. Most 
(certainly not all) of these past difficulties from in
sects and rodents and frost heaving and accidental 
dig-ins have been overcome by making available 
equipment to let you get 3 feet below grade with 
the cable. 

Vibrating ploughs are available, and they do a 
good job of surrounding the cable with rock-free 
dirt where rocky terrain is a problem. Cable 



ploughs now are designed to really reduce to a mini
mum the possibility of damage during installation. 

There isn't enough time here, of course, to even 
attempt to present our collectiv7engineering knowl
edge in this field; but these highlights perhaps will 
.illustrate that the background and knowledge does 
exist in cable fields other than CATV. It really 
doesn't matter whether the cable to be buried is CATV 
cable, power cable or telephone cable. One basic 
problem is common to all, and that is to protect the 
cable core from the underground environment. The 
means for accomplishing this economically and reli
ably exist, and I don't feel we should run scared when 
faced with installing an underground system. 

As !.mentioned, th~re are many options available 
to fit the particular conditions you have. I think the 
knowledge exists and the background is here, and I 
think you can find a way to do it to suit your particular 
situation. 

Thank you. (Applause) 

CHAIRMAN PENWELL: Our last panelist is Walt 
Roberts, Director of Research for Superior Cable 
Corporation. He is substituting for Vern Coolidge, 
who was on the program. 

Walt has over eleven years with Superior, and has 
been involved in development of high-frequency coax
ial cables. He spent three years in the Army during 
the Korean conflict. He received his Bachelor of Sci
ence degree in Mathematics and Chemistry in 1956, 
and completed work on his masters in Physics in 
1958. Walt Roberts. 

MR. WALTER ROBERTS: In my remarks, rather 
than attempt to repeat anything said beforEJ I thought I 
might take Mr. Wolfe's .remarks and pick a few as
pects as far · as cable itself is concerned, and touch on 
those very briefly. 

As he pointed out, the cable sheath of the coaxial 
cable, when it is buried, bears the burden of protect
ing the core. The remainder of the cable, the con
struction · and design, is pretty obvious. It has a func
tion to perform, no different from the aerial cable. 
Once it is buried it is then susceptible to moisture, 
water, damage, and so on; so it becomes tlie burden 
of the sheath to offer this protection. 

I thought I might mention a few susceptibilities 
that may or may not be unique with buried construc
tion, but some of the various means of losing stability 
of the cable, and some of the more obvious means for 
trying to protect against this. 

Attenuation stability .obviously is the name of the 
game here. You install a cable with a certain loss (or 
you are anticipating a certain loss), and if the system 
is to function properly this loss has to remain con-
stant, within limits. · 

278 

----

The two major sources of changes in loss that 
we know of -- and there may be others that some 
day will come out -- are: (1) Changes in the dielec
tric loss; (2) changes in loss contributed by the shield. 
If major changes in loss occur in the center conductor, 
this is an indication of a disaster of great proportion, 
and I think the subject of that particular length of 
cable comes to a close right there. 

Moisture vapor as such can and does affect the 
dielectric lo.sses of a foam dielectric (one of the two 
major materials used) and does not require the pres-
ence of physical water in the core, meaning liquid 
water, to do its damage. 

Solid ·polyethylene, used as a dielectric, is not 
susceptible to moisture vapor as such; and although 
it is at first glance less economical to use, in some 
cases it offers a more economical approach in cable 
design. 

The cable obviously has to be larger in order to 
achieve the same loss as a cable using foam poly
ethylene as a dielectric. This penalty may or maY 
not be outweighed by the cost or burden of additional 
protection schemes for foam polyethylene, which 
obviously has to be protected. 

Moisture vapor will certainly permeate non
metallic sheaths such as polyethylene, and I think 
polyethylene is probably the material if we are con .. 
sidering plastic materials for a sheath. If no other 
barriers are present, it will permeate into the core, 
the losses will go up to some saturated value. per .. 
haps you could design a system on the basis of thiS; 
but then I think you would have to consider the loSS 
of the cable as being that saturated value. Now colll .. 
pare economics with cables such as the solid dieleC .. 
tric, which may have started out a little larger but d 
now you find the relative losses can turn around an 
actually reverse. So, I don't think this is a way to.~~ 
about presenting the system. Assuming this, we W1 
have to offer protection. 

Mark mentioned the seal required to prevent t:! 

. d~~ water movement. Th1s seal also would hav~an 
hav7 an influence on the water vapor or moisture . 
vapor that permeates through the ~core. Picture thtS 
cable lying there with the polyethylene sheath, and 
the polyethylene being the vapor barrier -- a per ... 
meable barrier -- moisture can pass through. If 
you have space between the polyethylene and the 
shield -- and this is not necessarily a hole you ca!l 
stick your hand in, but just space -- the moisture 
then can travel in parallel, you might say, and fro; 
this parallel attack can slip around the sheath, a~e 
if there is an opening it can surround and attack 
core again in parallel. 

1 
.. 

If you fill this space either by sealing the P0 Y 
ethylene to the tape or by filling it with a flooding 
material, you accomplish the same purpose. you 



NEw 
SUBSCRIPTION RATE 

W~~te-year s.ubscription to CATV 
news Y - .52 1ssues of solid CATV 
reduced IS yours for the newly 
Your s rat~ ~f $33. And - with 
tllent Ubscnpt1on you get compli-
Direc~ry copies of the CATV 
ices ($~ry of Equipment and Serv
Direct ·95) and the CATV Systems 
lake a~ry ($6.95) when published. 
Value n~~~tage of this outstanding 

r--------------------------------------, 
Gentlemen : Please begin my subscription to the all -new CATV Weekly news magazine 
immed iately. I understand that this also ent itles me to a free copy of the CATV 
Directory of Equipment and Services and the CATV Systems Directory when published. 

NAM E-------------------------------------------------

FIRM-------------------------------------------

AOORESS -------------------------------------------

C ITY /ST A TE!Z I P --------------------------------------

CATV PUBLICATIONS, INC. 

TYPE OF BUSINESS 

D One year $33 

D Two years $60 

207 N. E. 38th St. • OKLAHOMA CITY, OKLA. 73105 

L--------------------------------------~ 
If you are already a Cable Television Review subscriber, take this op
portunity to extend your subscription for a full year at this new low rate. 



confine .thi§_,space to a simple path that is in near 
proximity to the overlap, (if it is an overlaped shield). 
Likewise on the inside if you have it filled or bonded, 
you can confine the path now to a path emanating or 
spreading from that entrance point. 

Obviously, a welded or swedged aluminum sheath, 
has no known path. There you are depending on main
taining the integrity of the sheath. 

At this point, then, disregarding man-made dam
age, we have viewed cable construction of two classes: 
(1) where you have a dielectric that is not susceptible 
to the presence of moisture. In the case of solid poly
ethylene you can ignore it and shrug your shoulders. 
(2) In the case of foam polyethylene you definitely 
have to maintain integrity by some barrier type or 
Protective means. 

I think this has been mentioned in an earlier pres
entation. Water, as a result of man-made damage, 
can enter the cable; and even if the core were not sus
ceptible to its effects -- if there is space for it to 
move, it won't move far before a junction <?Jfiome 
sort, a connector or tapoff or something-- it will now 
become defective because of the water that· gained 
entrance somewhere else and moved along the cable. 
So, protection from moisture, whichever technique is 
Used to protect the sheath in either case blocks the 
Water from migration along the length of the cable. 

These are two separate and distinct problems 
that can arise. We have found a lot of confusion both 
on our part and on the part of those trying to inter
Pret problems in the field, as to which was really the 
culprit~ whether it was moisture vapor in the sense 
We are speaking of it or whether it was simply water. 

Physical damage to a sheath, whether it is due to 
foreign workman damage, rodent damage or perhaps 
a Pinhole puncture of a sheath as a result of a surge 
of lightning-- all of these obviously now lay the core 

. of the metallic sheath open to corrosion if such can 
occur. 

. After spending a few minutes this morning re
~lewing a book on Underground Corrosion, published 
t{ the National Bureau of Standards, it would appear 

at You are always susceptible to corrosion. I picked 
~p a few numbers, not to try to impress you with num
ers but just to indicate the range of corrosion that 

~0~ might experience gepending on locality. This 
l'lngs out one point: if you are considering buried 
~onstruction in a particular locality, corrosion in that 
~cality involves a unique set of circumstances and it 
p Ust be scrutinized and examined from that view-
1.~int. This book, if it is of interest to anyone, very 
b
1 

ely Will not have answers for your own problem, ;:t I have found it an excellent reference. It shows 
in aps and distributions of various soil types and areas 
Sidthe. country, and gives you a starting point for con
it erlng corrosion in your own locality or in a local-

y Under, consideration. 
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The name of the book is Underground Corrosion, 
by Melvin Romanoff, NBS Circular 579. It costs $5 
or $6, and is at least 200 or 300 pages long. It lists 
page after page of corrosion data taken at various 
NBS test sites; there must be 75 or 100 listed in it. 
They are spotted geographically all over the United 
States. 

Just as an example, one of the listings on copper 
corrosion in these tables, listed in terms of ounces 
per square foot per year corrosion rate: There are 
ranges from one test site in California, a dry loam 
type soil, of .03 ounces per square foot per year, to 
another extreme of .13, which was in decomposed 
peat soil in Wisconsin at a test site. This is no con
demnation of Wisconsin but just a particular site that 
was used. 

Here is a ratio of at least 5 to 1 in corrosion 
rate. Something that is a little easier to picture, an 
ounce per square foot is equivalent to 1-1/2 mil 
penetration in copper. We are talking about a ten
year period here, assuming the metal has been ex
posed to corrosion, of something of the order of .5 
mil to 2.5 or 3 mil. 

The data in this book are pretty sparse as far 
as aluminum is concerned. I found one set of data 
for a ten-year study on commercial aluminum where 
samples 1/16 inch, in five or six different test sites, 
all had pitted to a depth of 60 mil or so -- almost 
completely through. In one case apparently the 
plates had decomposed. or somebody stole them. 
The range was about a 5 to 1 ratio. As I recall the 
most severe corrosion on aluminum, occurred in a 
highly alkaline soil condition. 

I mention these numbers just by way of illustra
tion. Regardless of protection scheme of the cable 
design, corrosion will occur to varying degrees, but 
can be improved by proper metal selection . 

Copper in general, the telephone industry has 
assumed, would be the most corrosion-resistant 
material, certainly by comparison with aluminum. 
Yet I can point out personal cases where we found 
chemical corrosion by hydrogen sulfide. This does 
not require a hole in the sheath. It can permeate 
through the polyethylene like a dose of salts. In the 
southern part of Florida we have found cases in the 
telephone construction business of just such exam
ples, where the gas permeated through the sheath 
with no openings. In the laboratory we duplicated 
this in a matter of minutes, not months. Naturally 
the gas will attack the copper as soon as it passes 
through. Since the free gas attacks it as fast as it 
gets in, you maintain a partial pressure difference 
until the copper is reacted. 

Again this illustrates that there is no one 
answer. There is at least one case here where cop
per will not be suitable and I am sure there are 
others. 



This is a rather rambling dissertation on suscep
tibilities. I am still pointing to one common cry in 
design, in that stability of this cable is the criterion 
around which all design points rotate and toward which 
they all focus. 

We as manufacturers certainly want to be able to 
offer a cable that will meet your needs, and feel that 
certainly a mutual exchange here of what we think is 
a proper design for your needs can only be improved 
upon through mutual exchange and feedback from your 
own operating viewpoint. 

Rest assured (and I think I speak for all manufac
turers) that we are certainly standing by to try to of
fer you, to the best of our ~bility, a cable that will 
perform. As Mark pointed out, we have had long 
years of experience in other areas, and specifically 
years in the telephone business, from which we feel 
we can apply practical design considerations. 

Thank you. (Applause) 

CHAIRMAN PENWELL: Thank you, Walt. 
We have heard some very experienced cable op

erators, one on the West Coast and one on the East 
Coast, and we have a formidable array of experts in 
cable. For perhaps seven or eight minutes we will 
turn the microphone around and let you shoot ques
tions at our speakers. 

MR. ALLEN (Arizona): I would like to ask a 
question of the entire panel, since apparently it is 
impossible to keep moisture or water out of the duct. 
I would li~7 to ask whether it is worthwhile to duct 
rather than to be prepared to replace the cable as soon 
as it goes ·eo pot; whether it is necessary to put it in 
duct; and if you are going to put it in duct, whether it 
is valuable to have the polyethylene jacketing on the 
cable, or bare copper. What is the preference? 

MR. WOLFE: In answer to your question, the 
answer inevitably has to involve a certain amount of 
opinion. I think in using duct installation you would 
be very foolish not to anticipate the fact that there is 
going to be water in the duct at some time; and there
fore the cable that you put in it has got to be suitable 
for underground use, suitable for direct bu.rial, with 
one exception, and that is that the mechanical protec
tion that is often needed for rocky terrain and direct 
burial is not going to be required. 

Other than that, the cable has got to be a cable 
that will operate under water, because at some time 
or other, as you said, that duct is going to get wet. 
Don't fool yourself on that. 

MR. JOHN FOOD: I direct this to Ted or any 
other member. I wonder about the plastic pipe without 
the cable in it. Do you find that it is possible that due 
to frost, heaving or snow, it gets kinked? 

Another question: Does the plastic pipe snake 
so that when you pull the cable through it is hard to 
direct it through? 

CHAIRMAN PENWELL: I think you hurt his 
feelings. He is from Carmel. (Laughter) 

MR. HUGHETT: As far as the frosting is con
cerned, you are way out of my area. I live on the 
West Coast. The crushing or snaking-- we have 
buried quite· a few different types of conduits, ducts 
and raceways. We are presently using a coiled type 
of duct, a duct that comes in a coil, a polyethylene. 
We have done the majority of our systems in duct 
trenching where we are laid in with power and tele
phone. We have not had any great problem in the 
snaking or looping in the trenches. 

When the tranches are joined they are about 12 
inches wide and 30 inches deep. When we do it our
selves we use a 4 inch wide trench so that snaking is 
not a great problem. 

Do you mean when the cable goes bad? 

MR. HOOD: You mentioned something about sub-
divisions where you placed this pipe, and you didn't 
pull the cable until later. 
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MR. HUGHETT: That is correct. This has been 
very successful. We use a two-man construction 
crew in both phases, and it is very fast; in fact, we 
walk circles around the power and the telephone 
companies. Our crews have to shift jobs because of 
this. 

The pulling in and out factor, in answer to this 
other gentleman's question, brought up the factor of. 
why you use duct. As long as you have a permanent 
hole in the ground, or semi-permanent hole, you are 
not going to have to disturb the areas of sidewalks, 
customers' properties, and so on. We also use a 
3/4 inch ducting into the house to keep away from 
this, and the speed with which you can do this means 
that your reliability factor is much higher and you 
are not off the air as long. 

VOICE: Are you working from a pedestal -- the 
drop line from the house to the distribution line? 

MR. HUGHETT: Correct; a common pedestal t 
or a vault. We have used pedestals, vaults, differen 
methods of surface, housings, practically every tyPe 
that is made. 

VOICE: What about vaults? Do you find theY 
fill up with water? Getting back to frost again, if we 
had a vault and it was not drained properly there 
might be a big cake of ice. 



1\ffi. HUGHETT: As far as freezing and frost 
areas are concerned, I don't know, except that we do 
know that rodents, gophers, backfill these vaults. They 
literally do. They push dirt into them. Moisture 
comes up from underneath. The vaults; we use only as 
pull points. We have used them as tap points but found 
this not to be too successful. We use them as pull 
points, and then we will attempt to encapsulate1 in one 
way or another

1 
any device. If it is a connector we will 

try to sling-tube it or cover it or put it in one type or 
another. A vault is another form of a permanent hole 
in the ground. 

VOICE: We have 300 miles of dielectric cables in 
one system, and we do seal it. 

VOICE: Is it possible that the difference between 
Your experience and Mr. Sarasota's is that when you 
Went deeper you gotout of trouble ? 

Another thing I am curious about is what percen
tage of the breaks that you had would have broken con
duit. You say you had a great deal of breakage; then 
You changed to conduits. · You also went lower when 
You changed to conduits. The question is: Would the 
conduit have been broken by the breaks you had? And 
of course the other question is, Is it the depth and not 
the conduit that saved you a lot of trouble? 

MR. HUGHETT: I think it was a combination of 
all these factors. The breaks I am talking about -
Well, somehow they seem to hunt for the cables. Any
body who digs in the ground seems to find the cables, 
but the ducts are stronger than the cables. 

VOICE: Not as far as a bulldozer is concerned? 

MR. HUGHETT: Bulldozers won't stop it; but 
again we are primarily cut by plumbers, by the power 
~o:rnpany, by the telephone company; and they don't use 
. U.lldozers in built-up areas as a general rule. True, 
~n new subdivisions we have had systems put in and 
ad them torn out before they were ever activated. 

VOICE: You have no percentage? 

MR. HUGHETT: No, we don't have a percentage, 
~~cept that it is just something you have to learn to 
~~e With and try to work out on your o:wn local basis. 
c ucate the people as to where you are. Try to edu
\\r~te the people who work in the field to be cognizant of 

ere you are, and to be careful. 

Q M::R. BOOTH: With this new type of cable that 
iaeneral has, it is stronger than the conduit because it 
h a stainless steel jacket. It is double jacketed. It 
a:a a flooding compound. I would prefer to see it in
et~act of in the conduit, where you are using a poly-

Ylene or water tubing or something like that. 
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1\ffi. HUGHETT: It is a duct that is manufactured. 

1\ffi. BOOTH: Is it like Hercules makes? 

MR. HUGHETT: The corrugated? Both corru
gated and smooth wall. We will go as far as to put 
direct burial cables in ducts. 

VOICE: The problem we have had with trunk 
cutting is that we would have had it if it had been in a 
transit pipe or any kind of pipe. Somebody digs 
around, and wham! 

CHAIRMAN PENWELL: We will allow one more 
question and then we will have to move along. 

VOICE: Rather than asking a question, we have 
had a problem at one time that we have solved rather 
uniquely, and it may be of interest. It was a problem 
of how to get a cable into somebody else's conduit 
when you have permission, and the possibility of 
damage when you have to pull it at one time. 

Between 1,000 and 1,100 feet we had to put up a 
$10,000 cash bond that we would not damage it. We 
brought specialists in from big cities who are sup
posedly knowledgeable in this business. They got 
paid by the day, and after two or three days they 
took their money and left. 

We tried all of the techniques that the industry 
has. You may be interested in how we finally accom
plished the job. Would you like me to tell you? I'll 
tell you what we did. 

We were in Wheeling, West Virginia. We built a 
pliofilm parachute, and we put an industrial vacuum 
cleaner at the far end of the conduit. The objective 
here is that as you get closer to the power source 
you are pulling more string behind you, and there
fore this is the way you want to work it. By the way, 
this conduit had two turns in it. That is why the de
vice is a rocket to shoot through, and they hit a turn 
and they expell all their energy. 

It was very important that we accomplish it. It 
was the only way we could serve this one area, by 
building this pliofilm parachute and nylon thread. 
We could barely feel the air at the side we were 
working on. With this big vacuum cleaner at the 
other end we managed to draw the parachute through 
more than 1,000 feet. Once we got the little thread 
through we ended up getting the heavier through. 

This was transit duct. It was dirty. Mr. Wolfe 
will have to tell me the compound they used to use 
about a generation ago on the outside of the cables, 
like a fiber material. All these other devices, as 
soon as they started rubbing against this, would lose 
their energy. We were thinking of skyrockets. You 
are familiar with the devices they use -- a carbon 
dioxide pellet device. They would get 100 to 300 
feet maybe, but that was all. 



Then we tried shooung from both ends, hoping 
they would twist together. (Laughter) We stood there 
for close to a week. We had to solve the problem. 
That was the important thing. We did manage it. 

When I talk about an industrial vacuum cleaner I 
am talking about a device that has , a large volume of 
air. You have got to get the air going through. The 
air at the manhole we started with was so slight that 
you had to put your ear against it to even be able to 
hear any airflow. You could just detect it. I guess 
we had a religious service the morning before, with 
all faiths present. It did work. 

CHAIRMAN PENWELL: If CATV can continue to 
innovate like that, we're not dead. 

Gentlemen, I want to thank you very much for 
your time. Perhaps if there are further questions 
you might try to buttonhole the speakers out in the 
hall. We have to move along. We are back on sched
ule now. For the benefit of those who came in late, 
we didn't have a projector when we started the ses
sion, and the second and third presentations require 
a projector. 

~r next speaker, Mr. Pai, has been with CATV 
and Craftsman Electronics Products for the past 
three years. Mr. Pai will speak on "Analysis of the 
Directional Tap in System Design". Mr. Pai. 

(Mr. Pai read his paper, marked No. 2.) (Applause) 

ANALYSIS OF THE DIRECTIONAL TAP 
IN SYSTEM DESIGN 

by 
S. W. Pai 

For years, the technique of tapping off signal 
from CATV feederline to the customer's set has 
mainly relied on the pressure tap. Although the de
sign and construction of the pressure tap has been 
constantly improved -- such as, from capacitive tap 
to backmatch tap. However, the inherited problem 
both in the circuit design and mechanical construction 
of the pressure tap limit its performance in today's 
sophisticated system, especially since the informa
tion carried by the CATV system and the length of the 
feeder line are constantly increasing

1 
coupled with the 

increased demand for better color s'ignal by the cus
tomers. Therefore, a better method of tapping off the 
feederline must be devised; and the directional tap is 
the most feasible answer at the present time. The 
advantage of the directional tap vs. pressure tap is, 
of course, obvious; and also the characteristics of 
the directional tap probably are well known by this 
time in the field of CATV: Unfortunately, even today, 
the advantages 'of the directional tap have not been 
fully utilized by many of the system designers. It is 
the purpose of this paper to present some of the 
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advantages of the sloped directional tap and the dis
tinct characteristics of the directional tap as a feed
erline tap off device. Figure 1 is a layout of a typi
cal CATV feederline: 

The length of the feederline is approximately 
900 feet of .412 aluminum cable with nine directional 
taps spaced approximately 120 feet apart. The 
feederline is connected to one of four outputs of the 
bridging amplifier which provides an output of 40 DB 
on hi channel and 35 DB on low channel. Let's also 
assume 150 feet of RG59/U is the average length for 
the house drop. The DB value in the block designates 
the in-to-tap attenuation value of each particular di
rectional tap: The top figure is for hi channel and 
the lower figure is for low channel when the signal 
is tapped off from the first directional tap through a 
150 feet of RG-59/U to the customer's television 
set. Of course, the signal at the input of the set 
would be approximately 40 - (30 + 9) = 1 DB for hi 
channel and 35 - (30 + 4.5) = .5 DB for low channel; 
the signal for the second set is 3 DB for hi channel 
and 3.5 DB for low channel; and, the third set is 
zero (0) DB for hi channel and 1.5 DB for low chan
nel. Because of the difference of the cable attenua
tion vs. frequency at the input of the forth direc
tional tap, hi channel is 33 DB and the low channel 
is 31.5 DB. Therefore, in order to provide unifortrl 
signal level at the set, a sloped in-to-tap attenuation 
should be introduced to this particular tap. This 
would provide 2 DB at the hi channel and 1 DB at the 
low channel for the television set. When the signal 
travels further down the feederline, as you can see, 
the level difference between hi channel and low chan
nel increases. When it reaches the end of the feed
erline, coupled with the RG-59/U house drop, the 
difference of the signal level between hi channel 
and low channel is almost intolerable. Therefore, 
more slope is needed. At the last directional tap, d 
the in-to-tap attenuation is 10. DB for hi channel an 
18 DB for low channel. The level at the television 

1 set is 1.5 DB for hi channel and 2.5 for low channed· . e 
Now, it is evident if a tap off device does not proVl 
a certain amount of slope, especially when the taP 
locations are approaching the end of the feederline, 
a uniform signal level cannot be obtained at the cu~ 
tomer's set by economical means with a non-slope 
tap. Consequently, this would cause undesirable 
picture quality and an unsatisfied customer. 

From the previous illustration, we can easilY 
say the sloped directional tap has the following 
advantages: t 

1. Provides uniform signal level at the inPu 
of the television set. trl 

2. More taps can be installed with miniJXlU 
signal. loss. 



WEDNESDAY MORNING TECHNICAL SESSION I 
June 28, 1967 

Technical Session 1, held in the Adams Room of 
the Palmer House, Chicago, illinois, convened at nine 
o'clock, a.m., Mr. Charles Clements, CATV Consult
ant, Waterville, Washington, presiding. 

CHAIRMAN CLEMENTS: The Technical Session 
will be in order. 

We will split into three groups, so that we have 
six different topics to cover within the next two hours 
and fifty minutes. 

Our first item on the agenda is MA TV TECH
NIQUES FOR CATV OPERATORS, by Fred Schulz of 
Blonder-Tongue Laboratories, Inc. 

MANUSCRIPT FOR PRINTED RECORD 
MATV TECHNIQUES FOR THE CATV OPERATOR 

BY: 
Fred J. Schulz 

CATV operators deliver their signaA.s, in most 
cases, to individual subscribers, through individual 
drop lines; however, almost all systems serve hotels, 
motels, apartment houses and similar multiple dwell
ings. Today, virtually all new large buildings in 
metropolitan areas have Master Antenna TV (MATV) 
systems. It is the purpose of this paper to dissemi
nate the experiences and techniques used in the MATV 
industry. 

An MATV system, as well as a CATV system, 
consists of three major sections: 

1. Signal pickup (antennas). 
2. Signal processing, amplification and mixing 

(HE gear). 
3. Signal distribution. 
In our case, all TV signals are delivered to the 

MA TV system already mixed and equalized from a 
CATV drop and we, therefore, need to concern our
selves only with the distribution system and the 
necessary amplification. 

MA TV distribution system are, wherever possible, 
arranged to avoid use of reamplification within the 
system. 

The usual way signals are distributed is by using 
so called RISERS or BRANCH lines into which tapoffs 
are inserted at each TV set location. The risers in 
turn are connected together with a number of split
ters. Such an arrangement looks like the drawing 
shown. · 

It is desirable to limit the number of tapoffs per 
riser to 15 to keep reflections to a low value. 
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We not must look at the building in which we 
wish to install a distribution system and decide ~Neil 
where we can run the risers most efficiently' as 
as for a suitable place for the amplifiers. TWO 

most commonly encountered structures are: 

. ~re 
A. Tall buildings, for which vertical riser~ 

most suitable. Risers may, for instanc ' 
be run in utility shafts. 

B. 
hi ell 

Long buildings, such as motels, for w 1J'10et 
horizontal risers (or branch lines) are 
suitable. 

d 
·nst~J.ile 

A separate TV conduit system should be I 

in all new buildings. 

·ble·tO 
In existing structures it is often not possl ng tbe 

use wiring inside the building. A cable ~un al~iil ... 
top periphery of the building with periodicallY lee to 
serte~1 multiple tapoffs and individual drop c~he il" 
each apartment can be used in such a case. 
lustration below makes this clearer o 



f For existing tall structures one may use a series 
;lli~ ~r 4-way, or asymmetrical splitters on top of the 
ir ding with drop lines down the outside walls and 
~essure taps located just outside of each apartment. 
e illustration below: 

n 
E' 

aer·or srnaU installations, it is also possible to run 
latttr les of splitters with individual lines to each ten

s 'I'V set. 

~le 'rhere are a great variety of MA TV tapoffs avail
, such as: 

A.· Surface mounted types for existing buildings. 

13
• Flush mounted types (usually fit into GEM 

boxes). 

C, l\K 
!VJ.ultiple output types. 

b. 
75 ohm output types. 

~. 300 ohm output types. 

11', 
:Pressure taps. 

~~ ~%. 
li~ta·~acturer' s MA TV catalogs are a good source 

1 
ect tapoff information. The key electrical 

Sties are, as in CATV taps: 

A.. l 
Solation (typically 12, 17, 23dB). 

13, 
'I'~ru loss (typically 0. 7 dB for a 17 dB re-
81Stive isolation tap). 

lt Sh 
~Uld be noted that it is not necessary to ter-

U.sect tap off outputs; r.isers however must all 
ted. 
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ELECTRICAL DESIGN OF THE SYSTEM 

After it is decided on how to run the risers and 
where to place splitters and amplifiers, one must 
make a systems loss computation. 

Losses should be computed for channel 13 and 
for the longest riser, with a double check on channel 
2 for the shortest one (maximum tolerable signal level 
to TV set). The losses to be added are (from fur
thest TV set to amplifier): 

1. Matching transformer loss. 

2. Tap off isolation value. 

3. Thru loss of all taps on the particular riser. 

4. Cable losses. 

5. Splitter losses. 

It is customary to use graded isolation on the 
taps just as .is done in CATV taps • .,.The last three 
taps on a riser are usually 12 dB. The next ones (ap
proximately 5) are 17 dB with the remainder 23 dB 
types. RG-59/U or 59 type foam cables are usually 
used in MATV systems. If pressure taps are em
ployed one is forced to go to RG-11 type cable be
cause there are no pressure taps for RG-59 type 
cable available. 

Let us look at a sample system and its loss 
computation: 

AMP. 

'Yr= ' 
-23 

23 

17 
~ 

17 
0 
w 17 u 
<i 17 0... 
V> 

V> 17 
0... 
<i 

12 t- CABLE: 59 FOAM 
~ 12 

w 



The losses for the longest riser are: 
Matching xformer 
Tapoff isolation 
Thru loss: three 12 db taps @ 1.2 dB 

five 17 dB taps@ 0.7 dB 
two 23 dB taps @ 0.4 dB 

Cable length 9 x 15' + 30' + 60' 
- 225' @ 4 dB/100' 

One 4-way splitter 
One 2 .... way splitter 

Total distribution loss 

0.5 dB 
12.0 dB 
3.6 dB 
3.5 dB 
0.8 dB 

9.0 dB 
6.5 dB 
3.5 dB 

39.4 dB 

In case all tapoffs are spaced equally (as was the 
case in our example) J one may use a precomputed riser 
diagram, as a sample of which is attached. 

The required amplifier output is simply -
Amplifier output =distribution loss +desired 

signal level at TV set. 
The signal level at the TV set should be the same 

as is used for individual CATV drops, namely 0 to 
+6 dBm V (except for areas where local pickup is a 
problem and move than 6 dBm V may be needed) • 

The required gain of the amplifier is the differ
ence between the required output level and the level 
fed into it from the CATV system. 

Assuming we decide to supply 0 dBmV to the TV 
sets and provide +6 dBmV from a CATV drop, our 
amplifier must have the following characteristics: 

Output capability = 39.4 dB (distr. loss) plus 
0 dBm V at the last set 

39.4 dBmV 

Gain 3 9.4 dBm V minus 6 dBm V input level 

33.4 dB 

Most MATV amplifiers have a low enough noise 
figure (approximately 10 dB) so as not to degrade the 
signal to noise ratio significantly even with inputs as 
low as 0 dBm V, although higher inputs such as 6 dBm V 
are desirable. 

GOOD INSTALLATION PRACTICES 

An MATV system must not only be designed prop
erly on paper but must be installed very carefully just 
as is the case with a CATV plant. Following are a 
number of installation hints some of which are intended 
for new construction. 

1. Run your cables separately from the phone 
company or they will require you to move your 
cables before providing service. 

tric~ 
2. Run your cables separately from the eleC 

wiring because the electrician m,ay damage 
your coax cable while pulling his heavier 
cables. 

·pes, 
3. Run your cables away from plumbing P1 tbe 

even if the soldering is finished, because and 
system may not have been tested for leakS·tb 
resoldering of joints may be necessary, w~d 
possible damage to coax cable. Coax sho 9-tet 
~lways be kept away from steam and hot w 
pipes to avoid damage later. 

4. Always drill your own holes through joists, 
studs, block walls·, etc. 

ration~ 
5. Never run coax between cracks or sepa later 

in joists or walls. These openings maY 
close and crush the coax as the building 

st9-PJe6~ 
6. For systems without conduit, use sbort we tiJll 

to hold coax inside still open walls. At poll 
of final hook up it will then be possibledt~11t. 
slack as the short staples can be pulle 

rever 
7. Install 2" deep ROME X GEM boxes wheb 

h f t e tapoffs are required. Set the dept 0 tb9-Il 
boxes from the stud to be slightly less aJlS• 
the thickness of the sheet rock or wet w tef 

GEM boxes should be mounted 18" on cell 
from finished floor. 

8. Local and national electric codes must }Je 
followed. 

ple ~t 
9. Leave approximately 6" to 8" of coa~ ~~ tbi9 

each box for connecting the tapoff. Col c9-pte 
slack into the GEM box. Gently tighte~be 
clamp. Tapoffs will be installed after 
walls are finished. 

he 13t 
10. When installing the tapoffs remove t . the 

cable clamps to provide more space lllre 
box. Install cover plates after wallS a 

11. 

12. 

painted. 
·eet' rY fl 

Be careful to terminate each and eve tiofl 
(usually explained on the tapoff instruc 
sheets). 

rtJll 
waY to ifleo 

Determine easiest and/or shortest detetJ)l 
coax. Install coax to tapoffs as pre 
in drawings and calculations. 



ij£ MATV INSTALLER AS CONTRACTOR 

In new construction, its customary that the MATV 
stein is part of the electrical contract. In this 

·ase 
I , the MA TV installer is a subcontractor to the 
·ect · . l'lcal contractor. Listed below are a number of 
lnts to be a ware of: 

1• Written specs for the MATV installation are 
Part of the electrical contract. 

2• MATV subcontractor bids to the electrical 
contractor. This bid usually includes all 
equipment and cable in the MATV system, 
except the "GEM" boxes. 

3• Labor included in the bid would be for hookup, 
drawings, wiring diagrams, engineering, de
liveries and final system check out by the 
MATV contractor. 

4• l'he MATV contractor usually provides one 
Year system guarantee to the electrical con
tractor, who in turn guarantees the system to 
the owner. 

5
• AU correspondence with the architect, elec

trical engineering firm, or the owner is 
handled through the electrical contractor. 

6
• A "submission" consisting of "cuts" (spec 

sheets) of the equipment to be supplied, and a 
Wiring diagram of the proposed system is sub
lhitted to the electrical contractor by the 
MATV contractor. The electrical contractor 
in turn submits this, under this cover letter, 
for approval to the architect. 

7 
· Electrical contractor furnishes all (roughing) 

labor up to Head-End connections and final 
check out. 

8
' MATV sub-contractor must instruct electrical 

contractor's personnel in the proper method 
and handling of all associated MA TV equip
ltlent, (supply equipment-instruction sheets 
and drawings if necessary). 

9
• Ob · ta1n from electrical contractor a copy of 
~0l'k schedule with equipment delivery dates 
lsted. 

lo. !<'· 
lnal checkout and acceptance of system to be 

arranged with electrical contractor in accord
ance with specifications. 
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In some cases, the MATV installer is the prime 
contractor to the owner. Here are a few hints for 
such an arrangement. 

1. MATV contractor supplies all equipment, 
cable and labor directly to owner. 

2. Establish in writing with the owner, the 
method and location of all associated phases 
of the installation. Verify working hours 
available. Establish (with the owner) who 
will furnish electrical power to the headend 
location. Obtain permission for storage area 
on job site while installation is in progress. 

3. One year guarantee and service contract to 
commence from date of final checkout and 
acceptance of system by owner. Prepare a 
renewal contract in advance. 

COST OF MATV INSTALLATIONS 

Many people feel that a magic per outlet cost is 
available to compute the price of an MATV installa
tion, this unfortunately is not so. Nobody knows bet
ter than the CATV installer that the cost of running 
a drop line to a TV set is not at all constant and that 
it depends a great deal on the local conditions. The 
old fashioned method of using a cost sheet where in
dividual labor estimates for cable installation, tapoff 
installation, hook-up time, check out time and ma
terial cost are made in an orderly fashion is still the 
best way to quote an installation at a fair price and 
profit. 

It is particularly important to keep records of 
actual expenditures so future job quotes can be ad
justed accordingly. 

SHOULD THE CATV OPERATOR ENTER THE 
MATV BUSINESS? 

This is of course, a very important question 
and the answer depends on many factors such as: 
"Is there a qualified MA TV installer in the area who 
does this work regularly"? If yes, let him do the 
job, you will gain a friend or retain one because he 
will possibly use your CATV signals in future in
stallations rather than put up a HE with its own an
tennas. As CATV systems move into metropolitan 
areas, the latter case is becoming more likely. If 
no qualified installer available in the area the CATV 
operator should install. MA TV systems. 

HOW MUCH TO CHARGE FOR MATV SYSTEM 
HOOK-UPS? 

The best arrangement for the CATV operator is 
to make a deal with the apartment house owner, this 



will save collection cost and provide a nice lumped 
sum income. A tennant used to multichannel TV 
service is also likely to stay your customer should be 
later buy his own home in the community. People 
moving into a community for a new job and newlyweds 

" fall into this category. 
For motels, a reduced rate of approximately 1/2 

the regular home subscription rate is quite common. 
Hsopitals, convalescent homes etc. are different 

from apartment houses. One might find it desirable 
to donate an installation as a public relations good will 
gift. At least one operator put a system into a com
munity senior citizen home at cost and charged full 
rates for a number of outlets donating the service for 
all others. Renting TV service to hospital patients 
can bring extra revenue to the CATV operator and the 
hospital. 

Obviously there is not enough time to go into all 
details of MATV techniques; MATV product manu
facturers are however more thap. happy to furnish 
additional information. 

In conclusion, let me say that MATV installations 
are a natural extension of CATV service and the CATV 
operator should make it his business to be familiar 
with this field. 

CHAIRMAN CLEMENTS: Thank you, Fred. 
I am sure that many of us are being faced with 

this situation right now, on the wiring of apartment 
houses, which is an entirely new phase to me. I am 
aware that Lennie Cohen in New York has this real 
problem, and I know that others have, also. 

If there are any questions of Fred, he is available 
to answer them. 

DR. LEON RIEBMAN (American Electronics 
Laboratories, Inc.): I have a question. What is the 
status of UHF and MATV? 

MR. SCHULZ: Equipment is available for UHF 
distriction in MATV systems. Blonder-Tongue has 
made this equipment available for a number of years, 
and so have other manufacturers. 

The basic limitations are the higher cable losses 
of UHF reamplification in large UHF distribution 
systems may be needed. The equipment is available, 
and in fact we are recommending that all systems 
being installed in buildings be UHF-VHF distribution 
systems, even if UHF channels are not in the area at 
this moment, or if not all channels will be used on 
VHF; or, where conversion could be used, because 
conversions, as a rule, bring problems with them. 

"Putting in UFH-VHF distribution systems might 
become very important for CATV and MA TV sys
tems, because once you have 20 channel systems, the 
additional channels may be moved up to the UH.F band. 

232 

FROM THE FLOOR: In CATV systems we are 
somewhat concerned about how much signal level to d 

rce 
put on 59/u cables. One of the things we have no 1 otd 
in these distribution systems is that amplifiers g.o 1 
at 40 dBm V and are going into single shield coa){l3-b" 
cable, and I believe they do radiate and create pro 
lems. nt? 

Is there any consideration of this at the rnorne 

MR. SCHULZ: Many installations in MATV a~e 
made with cable of the 59 type. V.Te have found tha 
rather than the radiation problem being one, it iS 
conversely the local pickup, which is the probl~~ded I 
and to solve it you may have to go to double-shl t" 
cable. The installation techniques are very irnP0~iP" 
ant. You do have to provide good grounding of eq 
ment, possibly putting amplifiers in radiation en"' 

·s a 
closures, with proper feed throughs so there 1 ble· 
minimum of signal going on the outside of theca 

·Iy coil" 
FROM THE FLOOR: Vlhat I was primarl 

011 
cerned with, the FCC regulations indicate that r oJll 
should not radiate more than a specified value rdBJllV 
a meter on any coaxial cable, and putting the 40 lll" 
on the 59 cable would apparently violate the regtlye" 
tions. I have recently been involved with sorne ~tb 
terns, and my approach is that it seems to. me ; 
CATV design system, using the double-shielde ee 
cable, using hybrid couplers, et cetera, it beco:Jll 
very costly as a process for doing it. dO it 

I cannot, however, think of another waY to 
and still remain within the FCC requirementS· 

bll~e 

MR. SCHULZ: In many MATV syst~~s ~o~bield· 
the conduit system which acts as an add1ti.ona hO."e to 
When you go into existing buildings you m1ght tbe 
go to double-shielded cable for a portion wher~it"' 
signal levels are high until you come to the sP p to 
ters. You might have to use aluminum cable u 
that point if radiation is a problem. 

' other 
CHAIRMAN CLEMENTS: Are there an~t there 

questions of Fred Schulz? As I understand ~e rooJll' 
are copies of his manuscript in the rear of \s po~t, 

We will vary our agenda somewhat at th trofllce 
and ask Dr. Leon Riebman, of American :gle.c ct of 
Laboratories, Inc., to address us on the subJe 
EXPANDED BAND CATV CAPABILITIES· 

Dr. Riebman. 

. a:o· 
DR. REffiMAN: Thank you, Mr. Chalr:tll tu:tlitY 0, 

It is a pleasure for me to have the oppor r v.rydt 
to present this joint paper prepared by ~ral~:ct tbO.~~ 
my colleague at AEL, and myself, on a subJ 'fllere f. 
is still in a rapidly-changing environment •. eee 0 

still . a great deal of flux going on in the buSill 
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UNIVERSAL RISER DIAGRAM 

The universal riser diagram is designed to simplify the layout of TV distribution 
systems whose outlets are evenly spaced. Required input levels and tapoff 
isolation may be read directly. 

This diagram is computed for: 

1. RG- 59 /U foam coaxial cable , 
2. Blonder-Tongue type V-1P12/17 /23 and/or V-1S12/17 /23-X outlets 
3. A minimum output at each outlet of 0 dbmv (1000 uv across 7 5 ohms) at 

Channel 13 

Notes 

1. No provision is made in this diagram for additional losses, such as those in 
splitters, additional cable lengths before beginning of riser, etc. Additional 
signal, equal to the value of such losses, must be added to values obtained 
from the diagram to determine required head-end output. 

2. The number of outlets on a line starts at the bottom of the diagram. For 
example, the level required for a 4-outlet riser with outlets 10 feet apart 
may be read at the top of the fourth outlet from the bottom of the leftmost 
column. 

How to Use the Diagram 

1. Determine the spacing of the outlets in the riser. 

2. Select the column with the correct spacing (shown below each column). If 
the spacing of the outlets in your system is not one of the numbers shown, 
yet all outlets are evenly spaced, use the column which has the closest 
larger spacing to that of your system (e. g. , for a spacing of 22', use 25 '). 

3. Starting from the lowest outlet in the column you select, count up the 
number of outlets in the riser. The figure outside the highest box shows 
the required input level in dbmv. The figures inside the boxes show the 
required isolation of the tapoffs. 

EXAMPLE: 12 outlets spaced 10' apart 

From the first column, we read: 
(1) required input to riser is 25. 4 dbmv 
(2) last 3 outlets in system need 12 db isolation (e. g. , V-1P12 or V-1S12-X) 
(3) next 6 outlets require 17 db isolation 
(4) remaining outlets require 23 db isolation 
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;~anded band capability. There is still a great deal 
lh lllformation needed before a real decision can and 
If OU!d be made, and we would like to introduce some 

1 our thoughts into the discussions that are going on 
iOday. 

EXPANDED BAND CATV CAPABILITIES 

By 

Dr. Leon Riebman and Mr. Walter Wydro 

lhr Of all the conventions that AEL participates in 
~l;ug?out the year, certainly the NCTA CONVEN-
ia ~ ls by far the most dynamic and exciting. CATV 
a l'stlll in its infancy. New ideas for applications and 
~h apidly changing technology are the order of the day. 
ah: bUildup for the Convention starts many months 
tne~d With whispered rumors as to magical,new equip
Par and new system approaches that are being pre
~heed for the Convention by all CATV manufacturers. 
dep Pressure of these rumors cause the engineering 
eq;rtrnents of all the major manufacturers of CATV 
t0 b P.lnent to put in many extra nervous hours in order 
sch l'lng to the show advanced equipments ahead of 

edUl . 
~So e. Of all the f1elds of endeavor that AEL' s 
~ Professional scientists and engineers are engaged 
~~~:rtainiy CATV is the most exciting and rapidly 

lng, technologically speaking. 
toqa CA. TV is our Number One commercial effort 

yt It· every. 1s presenting a tremendous challenge to 
'I' technical discipline within our organization. 

Of Ch he. CATV Industry today is in the painful throes 
a fielangtng from an art to more of a science. When 
elnot? of endeavor is an art, decisions are based on 
are blons and judgments. In a true science, decisions 

;sect on experiments and physical laws. 
l'he a A. T~ will always be a mixture of art and science. 
for a rt Will be the visualizing of future possibilities 
~ofta~~lications of this new means of signal trans-
~ear tlon. At the present time, the applications ap-
~ln 8~ be unlimited and the requirements on the sys
~e 

8 
oulct be primarily the users' responsibility. 

~ qq~:te~ owner should provide the specifications, 
~~Po tahve terms, for the requirements and the 
~e des: ~f the system that he wants to build. Once 
Q~Ste~18•10n is made as to the ultimate purpose of the 
a~q ln. ' lt becomes possible for systems designers 
~~q Coanutacturers to scientifically optimize design 
~~ sta~ for the most effective system based on exist

ln -of-the-art equipment. 
~<\'l'v ~topic of our paper today is, "Expanded Band 

ln. apabilities." 
0~ tw0 the beginning, the first systems were only one 

channels. Then, low channels only came into 

being followed by a combination of low and sub
channel systems. Many of these original systems 
are still in existence. 

More recently, interest developed in all-band or 
twelve channel systems. As a result of this require
ment, broadband tube amplifiers were developed and 
the modern CATV industry took shape and began to 
grow. 

Incidentally, during the first fifteen years of the 
CATV Industry much was done by intuition or cut 
and try. It was mainly art -- very little science. 
During 1964, 1965, and 1966, many very capable en
gineers working independently and building on the 
work of others worked out the ingredients of a theory 
for a fully integrated CATV System. This was the 
first time that various design parameters could be 
related and optimized for a particular system re
quirement. The theory is now being extended and 
perfected and will greatly accelerate the pace of 
developments and open new opportunities for new 
applications of CATV systems. 

During January of 1966 AEL first discussed with 
a CATV user the possibility of building an Extended 
Bandwidth System (extended to 270 MHz). In October 
of 1966 a detailed proposal was written and equip
ment development started. 

At this, the 1967 NCTA Show, AEL is offering a 
trunk extender amplifier and remote bridger ampli
fier with 270 MHz bandwidth --a minimum of twenty 
channel system capacity. 

In some geographical areas such as the corridor 
between Boston, New York, Washington, and Phila
delphia or the corridor between San Francisco and 
Los Angeles, viewers can now receive twelve chan
nels off the air. Thus, the need for more channels 
in CATV. 

Let us review the various approaches to a system 
of more than twelve channels. Essentially five meth
ods are being explored as feasible transportation 
systems. 

1. The Sub-channel method -- this approach 
places twelve channels between the frequen
cies 5 MHz and 95 MHz. 

2. The Mid-Band Method-- this method uses 
the spectrum between Channel 6 and 7. In 
particular, the frequency spectrum between 
108 MHz and 174 MHz. 

3. The Dual Coaxial Cable Method -- this method 
uses two coaxial cables each carrying twelve 
channels. 

4. The Octave Band Method -- this method places 
20 channels between 120 and 240 megacycles. 
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CHAIRMAN CLEMENTS: Thank you, Mr. Pal
mer. 

Does anyone have any questions? 

DR. RIEBMAN: Mr. Palmer, I would like to just 
discuss for a minute or two your extemporaneous re
marks that you made before your prepared talk, and 
particularly your comment that you feel the extended 
band width may be just an attempt by manufacturers 
to sell more equipment. 

First of all, I did mention in my presentation that 
our original interest in the extended band width was 
because a user, a system user, came to us and said, 
"We would like you to study this problem and reco~
mend to us how you would handle it." 

I think he was on his toes, and he is one of the 
largest users in the metropolitan area in this coun
try, and that he felt the need for the extended band 
width. 

We then proposed the solution to him. 
I feel the manufacturer has a responsibility to 

his customers to look ahead and try to make his 
equipment compatible with what future needs might be, 
and several questions came from the floor about the 
concern of, 11Are we going to buy equipment now and 
then next year have to replace it?" 

Our company, AEL, is making an effort, every 
effort that we humanly can, to protect our customers 
against obsolescence. In fact, we are trying to make 
our equipment compatible with future expected needs. 
We are recommending for the future. 

We are indicating that 300 megacycle cable should 
be utilized now. It costs you nothing. We have made 
our system modular. I think we have pioneered the 
modular concept for the very purpose of minimizing 
the cost in changing the system in the future. 

Rather than be criticized I think we should be 
commended for trying to help the users and save 
them future expense~ 

Now I would just like to raise a question to you 
in these metropolitan areas, which I think are con
cerned with this problem first, although it is spread
ing all over the country. What is your ~swer to the 
difficulty of how to attract a subscriber who canal
ready get nearly 12 or more than 12 channels off the 
air; or 12 channels ? 

MR. PALMER: I agree with you that we ought to 
install coaxial cable that goes up to 300 megacycles. 
~or the rest of your comment, all I can say is 

that I disagree with you fgr the reasons I have stated. 
I ju·s~, pure and simple, do not agree. I think it is 
wrong to take the solution to a particular problem 
for a particular customer, ancJ offer it as an industry 
solution. 
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You are in the electronics business, and so are 
we. We have one amplifier to do thus and so, and 
we build it for that purpose. But we do not want to 
establish an industry requirement based on that one 
particular customer. 

I do not think we have taken time yet, as an in
dustry, to give this the thoroughness, the depth in 
study, and the consideration that is required. I be
lieve once ·we divorce ourselves from broadcast 
frequencies that we are making a grave error if we 
do not take a very +.thorough view of the whole systeiJl, 
the whole concept. 

This is just my opinion; my viewpoint. 

CHAIRMAN CLEMENTS: Thank you. 
Are there other questions relating to the paper? 
There are copies of the paper available in the 

exhibit area. 
Again, thank you, Mr. Palmer. 
Our next speaker is Mr. Gay C. Kleycamp, who 

is going to address us on the subject of MID-BAND 
USE IN CATV SYSTEMS. (KAISER CATV) 

Mr. Kleycamp. (Applause) 

MID-BAND USE IN CATV SYSTEMS 

BY 

GAY C. KLEYKAMP 

INTRODUCTION 

This is a report on a series of tests and siill~~ 
lated as well as actual CATV system operation Vl1 

0 
the application of additional TV channels in the 12 Jl"' 
to 175 MHz frequency spectrum. This region iS ge

0 
... 

erally referred to as the "mid-band". Standard pr 
duction unmodified Phoenician Series trunk line 
amplifiers (KAISER Model Nos. KGAA and KGIVff\) 
were used with normal 22 dB spacing. id"' 

In assigning the frequencies for the varioUS !ll 
band channels, it was considered practical to use. :re 
6 MHz separation between each of the video carrl; 
with the lowest mid-band channel (Channel nA'') 9-Jld 

'd-b:l-121.25 MHz. No attempt was made to use rn1 :rde:t' 
frequencies above 157.25 MHz (Channel "G") in °:r ... 
to avoid interference with the 166.5 MHz pilot c:l

rier used in the KAISER equipment. The lower dill 
frequency limitation of 121.25 MHz was selecte·th 
order to avoid any possibility of interference Vl1 

aircraft navigational radio devices. 

LABORATORY TESTS 

All KAISER Phoenician Series amplifiers 9-rr:ie:t' 
·1 t c:ltested for a +50 dBmV, 12-channel plus p1 o 
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Single amplifier output level capability with a -57 dB 
cross-modulation indicated on all channels, minimum. 
'I'he KAISER "White Screen Tester" (see Figure Nos. 
1 & 2) is used in these tests. 

The ''White Screen" tester delivers signals that 
are Very similar to standard television signals. These 
Signals consist of the various video carrier frequen
Cies With twelve (12) microsecond 15.750 KHz sync 
D1Ul.se modulation on a white screen level video modu-
at· 

l
tn.·lon (85% _-:t 5% down from sync tip). The twelve (12) 
i lcrosecond horizontal synch pulse is synchronous 

I all an ~hannels. For measuring cross-modulation on 
a Particular channel, this sync pulse is replaced with 
l6.ooo KHz sync pulse on only the desired channel. 

ft- The wave analyzer is tuned to the 15.750 KHz 
la:~uency and will not indicate the 16.000 KHz modu
act10~ have identical rise time and pulse width char
Olll. eristics, and it is therefore necessary to measure 
t~ 0~e component of the modulation frequency spec
cr In order to obtain an indication of the actual 
Qs 088"'Inodulation. The fundamental (15. 750 KHz) is 
Dr~d.inasmuch as it is of the greatest amplitude and 

VIdes the best-plus-noise to noise ratio. 
th It is well recognized in the CATV industry that 
lla~ horizontal sync pulse of undesired television sig
lll.o~ ca~ses a significant portion of the cross-
ceiv Ulation detected by the viewer of a television re
scrie;: This has led to the term "wiping" as a de-
~0 P Ion of the effect produced by cross-modulation. 
\ 1i:aXimize the condition to the worst case, the 
leve~o signal" is made to go to the white screen video 
the 

1 
between horizontal sync pulses. This produces 

l
lllay ~l'gest excursions of undesired signal level which 
it ca e experienced in actual CATV systems. Thus, 
otlt ? be seen that use of the White Screen Tester in 
t lllvest· . he 

8 
Igabon produces a more stringent trial of 

Ystem. 

al:'e ~he.:rnid-band television channels (A through G) 
lle18 2 

tained by conversion of VHF television chan-
through 8 from an identical "White Screen" 

tester, which is modulated from the oscillator used 
for channels 2 through 13. Modified Benavac head
end control units were furnished by BENCO TELE
VISION CORPORATION for conversion of the stand
ard VHF television channels 2 through 8 to the 
mid-band channels A through G. The following mid
band frequencies were used: 

Mid-band channels A through G were mixed (see 
Figure No.4) by nonadjacent channel looping and 
combined with the standard channels 2 through 13, 
using an eleven dB directional tap (KAISER Model 
KDT-11). The composite output of the nineteen (19) 
television channels was then mixed with the 166.5 MHz 
pilot carrier signal using the 10 dB directional 
coupler provided ori the KAISER Model.KCPG - Pilot 
Carrier Generator. The signals were fed into the 
first amplifier of the system under test. 

The system consisted of eighteen (18) standard 
KAISER Phoenician Series trunk amplifiers with 
AGC at every second location. 22 dB of 75 ohm drop 
cable, similar to type RG-59/U, was used between 
amplifiers. Output levels, gain and tilt controls 
were adjusted for normal system operation. No 
"factory adjustments" for amplifier response were 
disturbed from the original setting as received from 
the stockroom. 

LABORATORY TEST DATA AND THEORETICAL 
CALCULATIONS 

Based upon single amplifier output capability for 
-57 dB cross modulation of +50 dBmV for 12 channel 
operation, the deration for 32 amplifiers would be 
15 dB. This is based upon Figure No. 3 which il
lustrates a 10 dB per octave reduction in permissible 
output level. Theoretically, a 32 amplifier cascade 
would allow a +35 dBmV maximum output level for 
-57 dB cross-modulation. Using 5 dB block.tilt, the 
following output levels apply. 

FIGURE 5 - MID-BAND CHANNEL FREQUENCIES USED 

&d-Band Channel No. Output Freq. (MHz) Input Freq. (MHz) Input Channel 

A 121. 25 55. 25 2 
B 127.25 61. 25 3 
c 1 3 3. 25 67.25 4 
D 1 39. 25 77.25 5 
E 145. 25 83. 25 6 
F 151. 25 175. 25 7 
G 15 7. 25 181. 25 8 
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FIGURE 6 - DESIGN OUTPUT LEVELS 

Channel 
Number 

12-Channel Operation 
dBmV Millivolts 

19- Channel OEeration 
dBmV Millivolts 

2 
3 
4 
5 
6 
A 
B 
c 
D 
E 
F 
G 

+30 31. 6 
+30 31. 6 
+30 31. 6 
+30 31. 6 
+30 31. 6 

P. C. 
7 

+30 31. 6 
+35 56. 2 

8 +35 56.2 

9 +35 56. 2 
10 
11 
12 
13 

+35 56. 2 
+35 56. 2 
+35 56. 2 
+35 56. 2 

Total +55. 3 583. 0 

2 dB "Block Tilt" was used for the mid-band 
channels after consideration of the effect of the cable 
attenuation characteristics. It will be noticed that the 
total R. F. voltage existing across the output of each 
line amplifier is approximately the same for 19-
channel operation (at the reduced output levels) as for 
the 12-channel operation (at maximum output levels). 

The following cross-modulation measurements 
were recorded for the 19-channel operation through 
the 18-amplifier cascade. 

On the basis of these test results, it was deter
mined that thirty-two (32) amplifiers could be op
erated in normal cascade with nineteen (19) television 
channels and pilot carrier plus wide-band FM (at 
+ 14 dBm V maximum output level) provided the levels 
were adjusted in accordance with Test "A". The sys
tem was then connected through a bridging amplifier 
(KAISER Model KCB0-4) and two (2) line extenders 
(KAISER Model KCLE) 'operating at +35 dBmV (ch. 7-
13), +33 dBmV (ch. A - G) and +30 dBmV (ch. 2 - 6). 
The output of this "feeder" system was connnected to 
a television receiver converter furnished by INTER
NATIONAL TELEMETER CORPORATION which was 
used to convert channels A through G to channel 2, 
and which permits channels 2 through 13 to pass di
rectly to the television receiver. 
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+24 15. 9 
+24 15. 9 
+24 15. 9 
+24 15;9 
+24 15. 9 
+27 22.4 
+27 22. 4 
+27 22.4 
+27 22.4 
+27 22.4 
+27 22.4 
+27 22.4 
+30 31. 6 
+29 28. 2 
+29 28. 2 
+29 28. 2 
+29 28.2 
+29 28. 2 
+29 28. 2 

+29 28.2 

+53. 4 465. 3 

we.tiOP 
No effect was measured upon the cross-mod · 

'Jl"' 
components of channels 2 through 13 due to the 1 fol" 
sertion of the television receiver converter. Tb~d ... 
lowing cross-modulation was recorded for the J!l~el 
band channels before and after conversion to ch::t 

2. pee.te 
No evidence of cross-modulation, spurioUS ]lJ'"' 

or harmonics were evident on the output of the coil" 
TERNATIONAL TELEMETER CORPORATION~{ ... 
verter when viewed on a television receiver • }le 
the-air television signals were substituted for t eell'' 
corresponding channels furnished the "White s~:le 
tester, and the pictures did not exhibit perceP~~::tbte' 
degradation. Channels 3, 5, 10 & 12 were ava1 Jllle16 
with color on all four normal channels and ch::t & 5· 
B & D, which were converted from channels 3 etet11 
This permitted a qualitative evaluation of the ~~e ... 
degradation with channels 3, 5, 10, 12, B & D 

1 
e16 

playing off-the-air pictures, and all other ch~~ 
were synchronously modulated by the 15.750 
sync pulse. 

. ·~ 
. ~~~ 

Operating System Test - Merced/ Atwater, ca 

. . of d, 
In order to further evaluate the feasiblll~d ... b~ 

adding additional television channels in the Jlll 



FIGURE 7 -MEASURED CROSS-MODULATION/SYSTEM 

Test 1 1A" Test 11 B 11 Test 11 C" T e st "D " 

Output Cross Output Cross Output Cross Output Cross 

Ch. Level Mod. Level Mod. Level Mod. Level Mod. 
---

No. (dBmV) (-dB) (dBm V) (-dB) (dBmV) (-dB) (dBm V) (-dB) 

2 +24 68 +23 67 +24 66 +22 74 

3 +24 68 +23 67. 5 +24 66 +22 74 

4 +24 68 +23 68 +24 66 +22 75 

5 +24 67 +23 66 +24 65 +22 72 

6 +24 67 +23 67 +24 65 +22 69 

A +27 67. 5 +28 68 +29 66 +27 69 

B +27 66 +28 67 +29 64.5 +27 67 

c +27 70 +28 71 +29 69 +27 71 

D +27 72 +28 72 +29 70 +27 71 

E +27 66 +28 67 +29 65 +27 68 

F +27 64 +28 64 +29 62 +27 66 

G +27 65 +28 65 +29 64 +27 69 

7 +29 6 3. 5 +28 64 +29 62 +27 70 

8 +29 62 +28 61 +29 59. 5 +27 66 

9 +29 60 +28 60 +29 58. 5 +27 65 

10 +29 62 +28 62 +29 60 +27 66 

11 +29 61 +28 61. 5 +29 60 +27 66 

12 +29 60 +28 
1 3 +29 59. 5 +28 

t~e ''%· 
\\tel' lte Screen" tester and mid-band Benavacs 
a~ste transported to the Merced, California CATV 
c0:ln, operated by General Electric Cablevision 

'J:J0:t'ation 
1' . • 

te1eVi h.ls system presently has twelve (12) off-the-air 
ia th· 810n channels available at the head-end, and it 
~llcl tl:rty-four (34) amplifiers "deep" from the head
ltfiel': t~e office with a total of forty-two (42) amp-
t~e Rl. ln cascade from the head-end to the end of 
· ~.rst ~ ae em. General Electric constructed the system 
qain.ge~:dance with KAISER's layout and specifications, 
~~aetn e Phoenician Series line amplifiers at 22 dB 
totllleJ" Although no summation sweep has been per-
a d.~ 'the system response was "flat" within about 

/i~d has been in operation for about a year. 
Qatried er sign-off of the normal television channels 
Q01tQe t on the system, the "White Screen" tester was 
~ltd., ~;d to the input of the trunk line at the head-
0 the e General Radio Wave Analyzer was connected 
ttt serv· 
t ~as'Ul:' lee drop at the office and cross-modulation 
t~~y tes~lllents made. As predicted from the labora-
~ C>ff" s, the cross-modulation was down -51 dB at 

ttto lee· th· 
~ d.lllat· , 1s being the result of a -57 dB cross-
t~~ llol:'~on level on the last trunk line amplifier and 
~ ~d.er 

8 
al degradation of a bridging amplifier .and 

t~0d.lllat{stem. Although the low and high band cross
q~ lltid ... ~n Was only barely within the predicted level, 

bett and cross-modulation measured two to five 
e:r than expected (up to -55 .5 dB down) • 

60 
60 
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+29 58 +27 64 
+29 59 +27 64 

During the measurement of the cross-modulation, 
a television receiver was observed for indications of 
spurious beats and harmonics. No problems of this 
nature were indicated on the white screen displayed 
on the television receiver. The system levels were 
adjusted for +29 dBmV on channels 7 through 13, 
+27 dBmV on channels A through G, +24 dBmV on 
channels 2 through 6, and the pilot carrier was left 
at the normal +30 dBm V. The bridging amplifier 
and line extenders were set for a +35 dBm V on the 
high-band, +33 dBmV on the mid-band and +29 dBmV 
on the low-band. 

As soon as the normally-carried channels resumed 
their transmission (about 8:00 A.M.), the system was 
returned to normal operation (+32 dBm V at channel 13 
and +26 dBm V at channel 2 half-tilt output levels on 
trunk line amplifiers, and +40 dBm V at channel 13 
on bridgers and line extenders tilted for about 15 dB 
of feeder cable). 

Based upon the satisfactory quantitative evaluation, 
actual television channels in the mid-band (A through 
G) were added to the 12-channel head-end output with 
the system operating at the normally 3 dB higher trunk 
output levels and 5 dB higher feeder levels. The mid
band channels were added one at a time in order to 
check the system for any resulting degradation due 
to the expected over-load condition. A slight "beat" 
was observed on channel 5 (estimated to be 35 to 40 
dB down) on the television monitor in the office. It 



FIGURE 8 -MEASURED CROSS-MODULATION/CONVERTER 

Channel 
Number 

A 
B 
c 
D 
E 
F 
G 

is believed this beat was a result of the simplified 
mixing method employed at the head-end for adding 
the mid-band channels. A KAISER Model KDT-11 di
rectional tap was inserted into the head-end output 
with no additional traps, filters or other devices for 
isolation. 

However, no noise, over-load or other types of 
picture degradation were observed. Therefore, in 
order to further evaluate the cable distribution of the 
nineteen channels, the pictures were observed under 
these abnormal conditions at the end of forty-two (42) 
amplifiers. Although it was anticipated that some 
cross-modulation or other indication of over-load 
would be apparent on the system at this extreme cas.:. 
cade, there was no indication of degradation of any 
kind. It was also noted that the "beat" on channel 5 
was no worse than previously observed at the office. 

Conclusion 

Although it was successfully demonstrated that 
seven mid-band channels (A through G) could be added 
to the Merced, California CATV system without oper
ating at lower levels -- and without noticeable degra
dation -- it is not implied that this proves that the 19 
channels can be carried on all 42-amplifier cascades 
without system level deration. 

The limitation existing on the insertion of addi
tiona~mid-band televisionJ~hannels is a function of 
the individual amplifier output capability, primarily. 
It is, of course, necessary that the head-end conver
sion and mixing be free of all spurious frequencies 
and distortion and that the line amplifiers, as well, 
exhibit no appreciable harmonic distortion or inter
modulation characteristics. 

Amplifier noise figure determines the minimum 
amplifier input signal level, and to operate a system 
of 32 amplifiers in cascade at the levels used in this 
test will require a 17 dB _MINIMUM Low-Band Noise 
Figure for a 40 dB signal-to-noise ratio. 

Cross -Modulation 
Direct Converted 

-63.5 dB -60 dB 
-62 dB -59 dB 
-63 dB -61 dB 
-64 dB -61 dB 
-62 dB -59 dB 
-60 dB -58. 5 dB 
-61 dB -60 dB 

A +35 dBm V maximum feeder level appeare 
d to 

provide adequate distribution signal without notic~--11 
able distortion or cross-modulation. The televiSl1~r.rAv 
receiver conversion unit furnished by INTERN A 'f 
TELEMETER CORPORATION did not appreciablY 
contribute to the signal degradation when operating 
with normal (0 dBm V) input levels. The low noiS~ 
figure and gain of the converter actually improve 
the picture definition. There was no sign of color 
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degradation at any time. ieioo 
In considering the addition of mid-band tele" fol" 

channels to existing twelve-channel systems, the 
lowing factors should be carefully evaluated: 

fC' 
(1) Amplifier output capability must b~ suf ~ 

iently high as to permit the indicated deration. 
1 

vel 
addition, the amplifier must have linear output e .. 
vs. cross-modulation characteristics, i.e., a twOctlt 
for-one reduction in cross-modulation should oc 
with incremental output level reduction over the e 
maximum -to-minimum useable output level rang ' 

6 d13 
Cross-modulation products increase bY 

each time the number of cascaded amplifiers iS 20 
doubled, based upon the voltage addition factor, t Ie"et, 
log M. However, for each dB reduction in outptl 'fbere' I 
the cross-modulation decreases by two (2) dB· edtlc" 
fore, with a simultaneous system output level rr of 
tion of 10 dB per octave with increasing numbe·red 
amplifiers in cascade, we accomplish the re~~ to 
20 dB per octave reduction in cross-modulatlo da19-ti00 

result in no over-all increase in the cross-II1° 
with cascade. f 

Iifie 
aJllP 

If, for example, you can operate ~ne do¢1 0~, at +50 dBmV and maintain cross-modulation WJl 63 
57 dB, then the cross-modulation would be d~ 0utP0~ 
if that amplifier were operated at a +4 7 dBJll ·n c9-e 

l ·f' rs 1 level -- and two of these identical amp 1 1e ulatioll' 
cade would result in 6 dB worse cross-mod 



I 

or at the +47 dBmV output level the cross-modulation 
wl 

0Uld be down 57 dB on the output of the second amp
ifier. 

(2) Deration for additional television channels is 
~88Ulned to be on a voltage basis (20 log N). This is 
ln accordance with accepted theory and may be mathe
:atically proven. The test generally demonstrated 

e Validity of this assumption. 

i (3) Conversion and mixing methods must result 
I dn clean head-end output with all spurious frequencies 

ao-wn a~ least 50 dB. The tests indicated there was no 

1PPrec1able ''build-up" of these beats, but no extensive 
nvestigation was conducted. 

I 
aq· (4) Pilot carrier signals must be protected for 
q~acent channel interference on the system by ade

te ''guard band'' separation. 

aln ~5~ If normal amplifier spacing is retained, the 
PerPh:1er noise figure must be sufficiently low as to 
de llllt the use of lower input levels without noise 

!5l'adation. 

·Sign (6) The television channel converter must be de
iect:d 80 as to provide adequate adjacent channel re
!loislon, SWitching isolation, and add insignificant 
it 

1
.
8
e and cross-modulation products. It also helps if 
ea ·1 81 Y tuned and simple to operate, of course. 

lelll ('7) No second order harmonic distortion prob
slllll8 Were observed. However, it is logical to as
'~ers: there are certain "forbidden" mid-band con
be w~~~8 • These conversions, where necessary, can 
other ed out I am sure by double conversation or 

Well known techniques. 

~s~ . cabilit mary, we have demonstrated the practl-
O.el8 

0 
Y of adding seven (7) mid-band television chan

With b.~ an e~i.sting twelve (12) channel CATV system 
aftlPlif· lnodiflCation of the Phoenician Series line 
added le_rs. Additional mid-band channels may be 
faetor~th appropriate consideration of the seven (7) 

1'helnentioned above. 
for the author would like to express his appreciation 
Conl?o~Olnplete cooperation of BENCO TELEVISION 
Conl?on. ATION and INTERNATIONAL TELEMETER 
Shott llot~TION in supplying the end equipment on 
vstelll ~e to permit the testing of the complete 
lSlo~·C addition, GENERAL ELECTRIC CABLE

availabl 0RPORA TION encouraged the tests and made 
~seq to ~et~e operating system at Merced, California, 
t el'ver8 t fy the laboratory results. Interested ob-
esting in~1lVIerced, who also participated in the field 

Uded Mr. M. Ferguson, Vice President 

259 

and Chief Engineer of the Philadelphia Community 
Antenna TV Company, Mr. George· Henderson of the 
Matador Construction Company, and Messrs, G. Dail, 
C. Nichols, J. Gannon and technicians of the Merced 
CATV system. 

MR. KLEYKAMP: Mro Chairman, I should like 
to add that I agree with Mr. Palmer that we have not 
exhaustively tested and investigated this use of mid
band channels, or any other channels other than the 
normal ones. So, although it was successfully dem
onstrated that seven mid-band channels, A through G, 
could be added to the Merced/ Atwater, California, 
system without operating at lower levels and notice
able degradation, it is not, and I underscore "not", 
implied that the 19 channels can be carried on all 
42 amplifier cascade systems without degradation. 

Again, thank you. (Applause) 

CHAIRMAN CLEMENTS: Does anyone have any 
questions of Mr. Kleykamp on the subject of the mid
band use? 

Copies of his paper are available. 

MR. KLEYKAMP: I would like to mention, also, 
that I have a couple of hundred more copies avail
able in the exhibit area, and I will be there for the 
remainder of the day. I will not be leaving until 
tomorrow. If you do want to save your questions 
and see me personally I will be most happy to talk 
with you. · 

MR. JEFFERSON (Jerrold Electronics Corpora
tion): I have a question. I appreciate that you rec
ognize there are some signal distortion character
istics in the band you mentioned, but apparently they 
were not too offensive. I have made a few calcula
tions on just a few of them, and I would like to bring 
this out as being of interest --if you take the stand
ard difference between the Channel 13 video and 
Channel 6 video, you get a beat at 128 megacycles, 
which is about a three-quarters megacycle beat on 
your Channel 8. 

If you do Channel 12, you have another three
quarters of a megacycle beat above your Channel A. 

As you add at the specific channel, such as 
your Channel A, that will cause a stone beat, which 
is three-quarters of a megacycle above Channel 7. 

In addition, if you do the same thing on a differ
ent base with, let us say, Channel 11, you get a beat 
about three-quarters of a megacycle above Channel 
5. 

These beats, if you did the total spectrum, as I 
am sure we have all done, would be of a second 
order beat product, all over the mid-band; and in 
addition now, and more importantly as you add 



carriers into that band, you will then generate second
order beats all over the existing low and high bands. 

And for measurement from our own figures, on 
particular amplifiers, as well as those of competitors, 
we find that typically for a system at the end of a 
normal operating system, where we, Jerrold, and 
others typically rate in the 57 and 51 bracket, that 
those second-order beat products at the end of the 
system are approximately 40 db down; maybe 42, or 
something similar. 

We get into the subjective problem of what can 
you tolerate in second-order beat? 

In our opinion, and in that of others, with whom 
we have talked, second-order beat, or triple beat, 
or any of the distortions should be in the neighbor
hood of 65 down; otherwise, they very definitely show 
up. 

I am just curious to know what sort of a figure 
you put on your second-order beat products? Do you 
consider a beat range approximate~y 40 to 45 as an 
acceptable one ? 

MR. KLEYKAMP: My answer to that is, I was 
not attempting to evaluate the data. I was attempting 
to obtain and report data on an actual test. 

This will have to come later. We have to do this 
sort of thing, the subjective evaluation as well as the 
objective evaluation. 

I am merely saying that we have investigated 
this phenomena, and we saw no picture degradation. 
That is what the thing is all about. Let's get the pic
tures there. 

Now, what numerical limitations we could place 
on any type of interference is, I feel, not fully defined 
at this time. 

I merely wanted to report that the system worked; 
that it can be done. I am not saying that this is some
thing that we can presently adequately and fully de
scribe, all of the phenomena that contribute to ob
taining pictures such as were displayed here. 

MR. JEFFERSON: I would like to bring one 
other thing out, if I may, and I think most of you are 
aware and have been for many years ~hat Jerrold has 
promoted full amplifiers in the low sub-region, and, 
indeed, we are faced with the same particular prob
lems down there, and we felt a very definite need to 
go to those great lengths to have satisfactory pic
tures. 

In a very similar fashion we attempt to operate 
outside of an octave and a single amplifier in the 
lower sub-region for transportation purposes, and 
we have many, many customers, and many on our 
own systems that use low subs in a transportation 
load. 

We have very definitely discovered that we do 
have to go to a very expensive and elaborate method 

260 

of minimizing second-order distortions that fall in 
the band because, indeed, the figures we get on 
single-line amplifiers are such that we did not con-
sider them tolerable. 

Thank you. 

CHAIRMAN CLEMENTS: Thank you. 
Are there any further questions or comments?. 
If not, we are going to move to our next speaJ<el, 

who will be Mr. Donald C. Stewart-, Director of cor~ 
porate Development, Superior Cable Corporation, 1; 
and he is going to address us on the matter of pEF 
CPM- USES IN CATV. 

Mr G Stewart. (Applause) 
MR. DONALD STEWART (Superior Cable cor~ 

poration): Mr. Chairman, Ladies and Gentlemen: 
First I had better explain what the PERT /CPM 
meansa I have been asked several times what I aJ11 

talking about when I refer to this. 
Basically, PERT and CPM are tools or tech .. / 

niques to manage projects --big ones; small oneS iJ1 

all kinds of projects, either in CATV operation or~ 
equipment manufacture and development, or in anY 
thing else. 

So, I just want to run through what these tech"' 
niques are, and make a few suggestions. 

I want to challenge you to decide how you can 
use PERT and CPM in your business to get your 
work done • d r 

Let's define PERT and CPM, first of all, an 
shall begin by saying PERT, the four letters -- 9-J!l 

P-E-R-T -- is an acronym for the words "Pr0 gr 
Evaluation Review Technique". 

And the closely-related CPM just stands for 
"Critical Path Method". 

Those are the magic words here. J11~o" 
Basically, these are techniques or tools to ·eotS• 

age products; to plan_i schedule; and control proJ 
111

e' 
And, of course, t~ project we fhink of as s;. 

thing that has a definite beginning; a definite e~ ~. 
· 'tlB"'' composed of a lot of component jobs or act1V1 If 

and completion time and cost, are important. t 
no 

you do not care when you get it done, you are 
going to use this technique. hiob 

The visual representation of the project VI ch of 
you may have seen is the network -- just a bUU 
lines hooked together. d 

. erne Th1s C PM example happens to be cone hat 
with the rebuilding of a steelmaking furnace that it 
U. s. Steel utilized. It is just an example of: a 
looks like, and incidentally, I would like to asllJ 
show of hands of how many of you are genera that 
familiar with PERT and CPM? I will assUJXl~aJ tbe 
you have no knowledge at all so that we maY 
groundwork. 



there will be a better understanding of the use of this 
technique. 

To give a little of the historical development of 
~ERT /CPM, it is not quite 10 years old. In 1958, 
~~R: was developed on the Navy Polaris Submarine 
h lss1le Program. Booz Allen and Hamilton, Lock
teed, and the Navy, working together, developed this 
echnique in order to get the Polaris Missile Program 
operational. It is credited with a great portion of the 
success in getting the Program operational

1 
approxi

~ately a year and a half sooner than the initial esti-
, •ltate. 

th This was a state of the art breakthrough. While 
w ey Were not even certain they could make the system 
~l'k, using PERT they were able to ramrod the Pro-

alb. to completion. 
lO. Since then, PERT has been successfully applied to 
h any of the maJ· or Department of Defense and NASA 
t~l:'o· 
du Jects. So, if you are in the area of defense pro-
w ction, you are probably having to use it whether you 
ant to, or not. The government is really sold on it. 

ll.i 'I'he other "grandfather" of the family of tech
Chque~, CPM, was first used in 1957 on a Du Pont 
e~lnlcal plant construction project. Here they knew 
fastctly What they had to do, but they wanted to do it as 
the and as economically as possible. They believe 
icaf saved up to a million dollars by getting the chem
this Plant built and getting it built more rapidly under 

system. 

fel:' Since then many different companies, many dif
te;nt People, have developed their tailormade sys
acr s. Someone has counted about 40 different 
eu8~nYlns, where people have put together tailor or 

~-made plans to handle their problems. 
etc e have names like RAMPS, PRIME, PERT /COST, 
ect etera; but it is all the same basic concept -- proj-

lnanagement. 
take 1 think the best way to describe this system is to 
call .a look at a small example in the CATV area. I 
~atls lt the "bare bone demonstration project", be-

1 Of the We have taken away all of the glamour and all 
I esse e :laboration, and we are just getting down to the 

el{Qi:tlals which are straight-forward. We have some 
fir:st lt~ here to show the way, and if we may have the 
Of th Shde (slide) -- we are going to start with a list 
h01.~ steps that one goes through in any PERT /CPM 

~ct · 

tool ~~t do we have to do to use this technique or 

. lh 
tt, too. ope You can all read that, but I will try to read 

1'· 
%st of all, we have to define the project. 
l'h .at are we trying to do ? 

~~he 18 seems intuitively obvious, but I think in a 
attd th:t ~f cases people do not define their project, 

ls the reason they never get it done. 

Number two --we have to identify the activities, 
the components, that together make up the project. 

Number three -- following that, we draw the 
network, which is the visual portrayal that I held up 
a short time ago. It indicates how these activities 
tie together to get the project completed. 

Number four -- following that we get time esti
mates for each activity in the project. 

Number five -- next we go through the calculation, 
which is basically a matter of adding up the elapsed 
times from start to end through the various tasks in 
the network. 

Number six indicates the critical path and slack, 
which is the key concept in this whole technique. 

Number seven -- generally, the first time we 
run through a project we do not like the answer. \fi.Te 
are not going to get enough done, so we go back and 
try to speed it up and expedite it. 

After that, we have to update, and as time goes 
by, as we make progress, as changes occur, we want 
to take another look, perhaps every two weeks or 
every month, to see how the project is going. This 
is step number eight. 

Number nine -- probably the most important of 
all, we have to follow up with action to get the job 
"on the road"; to get the project done. 

Now let us go to Exhibit 2 (slide), and we will 
start with a small project in the CATV industry. 
We have chosen building a CATV system and getting 
it operating. We could just as easily have chosen 
the development of a new 20-channel amplifier. The 
project in this case is to build a CATV system. 

Number two -- what are the project activities ? 
We have really "sweated the thing down" as you 

can see. Normally you would have hundreds of 
activities. In our example we will consider only 
these activities: We say we have to obtain the fran
chise. We have to make a signal survey. \fiT e have 
to obtain financing. We have to employ the staff, the 
people to operate the system. 

V..Te have to choose the turnkey contractor (as
sumed), by bidding or negotiation. 

Then we have to actually build the system 
physically. Naturally, we have to sign up some sub
scribers to have a viable economic system. 

So, those are the activities we have to get done 
in this small project. 

(Slide) V..Te have taken the list of activities, and 
we have put them into the network. Each of these 
lines (indicating), with the arrow, is an activity. 
That is a job; a component activity. 

Each of the circles that are numbered, inciden
tally for identification, the circles are events which 
you can consider as points in time. 

So, an activity is an arrow or a line which runs 
from a beginning event to an end event, and it con
sumes time, elapsed time. 
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Most people find in drawing networks they do 
better by starting at the end and working backwards. 
So in this case we would say we have a system op
erating; what has to be done just before we can have 
an operating system. 

Obviously, we have to build it; and that is the 
activity at the top there, on the right, which is num
bered "Five to Six" -- build the system. 

We also have to get some customers, and that is 
the bottom activity on the right, Activity four to six 
-- sign up subscribers. 

Staying with the subscriber signup at the bottom, 
before we sign up subscribers we have to have m:>me 
people to go out and call on them. We are saying we 
have to employ the staff, which is Activity two to four. 

Back on the construction side, at the top, before 
we build a system we have to have the money. That 
is Activity two to five. That is the predecessor ac
tivity before we can build the system. 

We also have to have somebody to build it. So, 
we put in Activity three to five at the top, which is, 
choose your turnkey contractor, so you can build the 
system. 

/ 

Then we work our way back toward the begin
ning, which is Activity one to two on the left, to get 
the franchise, from which everything else flows. 

So now we have the network constructed. This is 
the way we see the activities fitting together. 

The necessary predecessors to our activities be
fore we can go on to the next step and get on to our 
goal, the operating of a CATV system, are indicated. 

(Slide) The next step, once we have our network 
constructed, the interactions are pinned down, we 
want to estimate how long it will take to do each of 
these activities. Again we want to get realistic time 
estimates. We do not want any "pie in the sky·". We 
do not want any wishful thinking. We want the best 
guess for each of these activities. 

So, we try to go to the person who knows the 
most about each activity; and, of course, we are get
ting somewhat of an implied commitment here, too, 
for example we are saying in this case we think we 
can get the franchise in 20 weeks. 

The signal survey-- let's say three weeks. 
We think obtaining financing will take about two 

months, let's say eight weeks. 
Employing the staff -- four weeks should take 

care of that. 
Choosing the contractor, perhaps three weeks. 
Actually building the system, 16 weeks, or roughly 

speaking four months .. 
Then the campaign, the promotional campaign to 

sign up the subscribers, we are saying will take six 
weeks. 

Just as an aside here, the basic PERT system 
which was used on the Polaris Missile and in most 
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of the government programs involves a very high 
degree of uncertainty in the research environment. 
The engineers will say, "We can't give you a good 
estimate." 

To combat this they replied, "Give us three eS"' 
timates -- an optimistic one if everything goes right: 
a most-likely, your-best-guess; and then, a pessi .. 
mistic estimate." 

In the calculations they worked out a weighted 
average time estimate, and they were also able to 
make a probability estimate on completion time. 

On the other hand, in the CPM version they 
pretty much know what they have to do in construe .. 
tion, but they are very interested in cost, and also 
in how much additional cost if they go to a crash 
basis with a lot of overtime. So, f~r each activitY 
in C PM you get a time and a cost on a normal 
scheduled 40-hour week. 

You also get a time and a cost on a crash basiS, 
with lots of overtime, with paying premium priceS 
for quick delivery, and then you make a trade-off 
between time and cost. t 

·us In our "bare bones" example here, we are J f 
going out and getting one time estimate for each 0 

these activities. 
We are now ready to go into the calculation 

routine. 
(Slide) Now we are back to our network a~ wete6 

had it the first time, but we have added the estlJllll
on each of those legs, each of those activitieS; the 
number of weeks we think it is going to take to do g.d 
each of those activities, assuming that the necess 
predecessor-activities have been completed. iilg 

You can see the first one on the left, concet~ 
the obtaining of the franchise, one to two, is beil1 ttet 
quoted at 20 weeks. The calculation is just a Illa 
of arithmetic. We just go through and add up the tJ 
elapsed time for each of these tasks, through evesiPte 
possible path in the network. Only three are poS g.Ild 

here, one across the top, one through the middle, fol' 
'Jlle one down at the bottom. We add the elapsed t1 

each of these paths. . wg.Ilt 

If you have a very large project you mtght t 
. pute to go to the computer. I th1nk all of the co:rn ·cb 

. whl people have "canned'' programs available 1n . 
1 

you can plug in these time estimates and it Wll ted 
crank through the arithmetic. We have calcula 0 ... 

networks with as many as six or eight hundred 9-9-J' 
tivities within half a day manually. So I would s 
don't worry about the computer yet. . d oil 

We add each of the possible paths. V.'e fifl eel~e 
the top we have 20 weeks plus 3 weeks plus 3 VI 

plus 6 weeks or 32 weeks total. j\t tbe 
·In the middle we have 20 plus 8 plus 6. 

bottom we have 20 plus 4 plus 6 or 30 weel{S• 



The Middle path is the critical one. It requires 
;4 Weeks. That is what we have to focus on; that is 
fhe heart of this technique, if we want to cut the time 
, 0~' this project, if we want to make sure it gets fin
~~hed on time, we want to make doubly certain that 
t· ese critical path activities are taken care of in good 
Un.e. 

1. To emphasize the critical path we make a heavier 
plll.e along it so we have a visual picture of where our 
pl'oblems probably rest. On a typical "real world" 
al'o?Iem, no more than, say 15 per cent of all the 
cctrvities will be on the critical path. So, everyone 
an focus their attention on the critical path. 

~l' . In this particular example we are saying that the 
Ct-?J.ect time estimate, which is the length of the 
tw ltlcal path is 44 weeks, running through events one, 

0
• five and six~ 

de In this case our management, let's assume, is 
ill ~!Ulding 40 weeks. They want the system operating 
Of 

0 Weeks, and no more. This is usually the case, 
course, with an important project. 

~ega~·o, We say the project slack or spare time is 
for lVe four weeks. We are four weeks behind be-

e We even get started' 
lYe ~ow we ask what ch~nges can we make? How can 
atr speed up the project? Of course, another thing to 
theet~ in PERT/CPM is we do not do it by pounding 
ises a le; by wishful thinking; by unrealistic prom-
all.d • We try to go back as hardheadedly as possible 
lttee:ee What we can do to speed up this project to 

Tthe 40-week demand by our superiors. 
~e h h~re are really only three ways we can speed up 

t~l'OJect 
~ . 

gOing Ulnber one --we can add resources, such as 
tlll:'llk on overtime. We might have to pay more to the 
all sa;Y contractor. If he puts on another crew, works 
aol'llet:days and Sundays and 12 hours a day, or 

A. lllg of that nature, this is one approach. 
activt~other alternative is to just eliminate certain 
a~e an les on the critical path. I do not think there 
~ogr: obvious eliminations here, but in the Polaris 
c~l'tatn In they took a calculated risk and eliminated 
~hey w testing and prototype activities. They knew 
\t. ere tak· h . , and it . mg a c ance, but they felt 1t was worth 
~ 'I'he di.d pay. off. They did save the time. 
~ e do A. t~l~d thmg we can do is parallel activities. 
ather ~hvlty A and Activity B at the same time 
~~one~: Waiting for one to be complete before the 
t·lllg Of th done. I think we could probably do some
bllan.cin at nature in this instance by starting our 
a~fore; Program; our campaign to get our financing, 
~llle l>a e get the franchise. We should be able to do 

the le raueling there and compress the elapsed time 
th· ~ou ngth of the critical path. 

ls anal ca.n see in this example we have done all of 
Ysls before the project starts. This is prior 
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planning. Most people think that in a typical project 
you get, 50 to 75 per cent of all the benefits just going 
through these steps -- just laying out your project; 
getting a picture of it that everybody can look at; 
and planning how to do it best and quickest. 

You also, however, should update. Time goes by 
and things happen. It is important to go back andre
figure your network as the project proceeds toward 
completion and take action. 

Let's recap the advantages that most people feel 
this PERT/CPM technique provides. 

Number one -- it gets the project done -- very 
basic; very important. 

Number two-- PERT/CPM saves time; it gets 
the project done faster.; most people report a 15 per 
cent saving in time. 

We also, want to save costs wherever possible; 
and again many people say they have realized savings 
up to 15 or 20 per cent of the total project cost 
through doing it more efficiently; eliminating those 
100 per cent crash programs which are typical in 
the construction industry, where every activity goes 
on overtime whether or not it is a critical path ac
tivity. 

PERT /CPM fixes responsibility, .because each 
activity is related to a person, and you know whom 
to go to when a job does not get done on time. I 
think that increases the responsibility people feel 
for getting the job done. It also forces human beings 
to plan. I think most of us do not like to plan if we 
can avoid it. This forces us to get in there and make 
some estimates, and give the problem some organized 
throught. 

It stresses management by exception. We can 
key in on this 15 per cent of the job that is really 
critical, the critical path. The visual aspect of the 
project network is extremely valuable in communi
eating status. We can lay out the job on a big piece 
of paper, and everyone can look at it and see what 
has to be done. 

I was involved in the development of an electronic 
product several years ago using PERT. We had the 
draft;oman draw large project network charts. We put 
them up in a conference room and brought in top 
management. It was really an eye-opener to them to 
see what had to be done to get this product on the 
market. They were much more amenable to giving 
us more resources-people; and also changing their 
time demands. The original schedule was impossible, 
and the chart was the only device that convinced 
them it was impossible. 

This all sounds very good; but what is the trick 
here ? There must be some limitations or some 
shortcomings to PERT /CPM. 

Of course there are; and I think the most im
portant is that it is a tool -- it is not a substitute for 



management action, and this cannot be stressed 
enough. 

It also must be updated over a period of time. 
You cannot do it once, put it into the drawer, and ex-

. pect the project to get done smoothly and on time 
These two factors, in my experience, have been most 
important in limiting results frd.ih PERT. If you want 
to call them "drawbacks", that is your privilege, but 
I submit they are not inherent limitations of the tech
nique but rather misapplication. 

A third limitation -- the concept is very simple 
as we demonstrated it. The application can be com
plex. You can get 500, 1,000, or 5,000 activities in a 
large pr?ject with much time and effort necessary to 
construct the network and get all of the estimates. 
Also PERT /CPM does have limitations in handling 
multi-project situations where the same resources 
-- people and equipment are ne~ded on several of 
projects at the same time. 

Despite all these apparent disadvantages, I think 
the advantages far outweigh them; and as most people 
who have used it will tell you, it has done a remark
able job in getting projects accomplished more quickly 
and economically. 

Let us comment on some of the applications, and 
there have been thousands of them. A few examples 
will indicate the variety. 

The defense and military area is dominant start
ing with the Polaris Submarine Missile Program, with 
which everyone is familiar. 

They have gone to PERT with most of the major 
defense and space programs, and the government is 
extremely enthusiastic about the technique. 

I think it has been proven that PERT/CPM has 
accelerated our weapon~ system progress. 

Secondly -- the construction industry has really 
taken CPM to heart. Naturally the example of a 
project that first comes to mind is in construction, 
and the construction industry has made extremely 
wide use of CPM. Most of the major chemical and 
steel companies have handled plant construction and 
maintenance using the CPM te_chnique. These include 
DuPont; Olin Mathieson; U.s. Steel; UI).ion Carbide; 
Wheeling Steel, PPG just to name a few. 

Expo-67 was planned on PERT. I was up there a 
week ago, and I was extremely impressed with the job 
they have done in about three and a half years. They 
have built 200 buildings; a subway; a bridge; a new 
island in the river, and all of this was planned on 
PERT networks. 

Actually I think they had 150 networks altogether, 
and they were dealing with approximately $750 mil
lion in cost. This application was so successful that 
the 1970 Japanese World's Fair is going to consider 
using PERT also. 

The Atlanta Stadium was also PERTed. In Atlanta 
they were very anxious to get a major league baseball 
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team, so they paid extra to compress the construe .. 
tion time. The stadium ready for a baseball tearn a 
year earlier than otherwise. t 

Sun maid Raisin, in California, put up a new plan 
using CPM, and they have indicated that they saved a 
million dollars because they had the plant ready for 
the growing season. In effect, they saved a year bY 
getting the plant ready for the pack. 

A number of the contracting firms have used 
C PM as · part of their promotional effort. Rust En .. 
gineering. and Catyltic Construction are two good 
examples. They use it in their advertising. TheY 
say they will build your plant more efficiently bY 
using CPM. d 

A third major application area is in R and D all 
·t·es new products, where there are many opportun1 1 

to reduce the time to get a new product on the rna 
r ... 

ket. 
Xerox, monitored their new "2400" copier de ... 

velopment program on PERT, and they estimated 
that they saved about a year and a half. They 
originally planned the "2400" program on a si" to 
seven year cycle. Management was not sati'sfied, 

rve ... so they went back and ultimately arrived at a 1 f 
year cycle. The speedup involves a great deal 0 f 
overtime. This was a case where the president 

0 a~ 
Xerox insisted on seeing the PERT analysis. It VI 

a $40 million investment, and he was very mucb 
interested in the program. 

Winchester Arms used PERT to lay out the l"ee 
program for the M-14 army rifle and get thelllse 
competitive in a government bidding situation• 'f iJl 

The major auto companies have used PER ... 
the new model changeover, getting all of the co~e 
ponent parts of the new car and the assemblY 11 

changes ready so they can start the new models 
sooner. we 

There are many other examples, such as t 
one I commented on about the electronic producd•tbi~ 
General Electric and other companies have usee 
technique in getting new products through the r 
and pilot plant stages to the market. b8etl

0 Still another large area for application ha.s peede 
accounting and data processing. People have~illg 
up their accotmting closings by just flow-cha IllJlli" 
all of the things they have to do. Anaconda I\ 
num and Collins Radio are two examples beret. 6ye' 

People have installed new budget and co~e J)lo:' 

terns using PERT /CPM, and I believe all of . g Jlev/ 
jor computer manufacturers use it in installillpro' 
computer systems. They try to get all of th; 9,t We 
gramming taken care of; all of the make rea Y ug~ ~ 
site, and all of the staff hiring controlled thro at;et 
PERT network, so the customer.has his coJllP 
turned on as rapidly as possible. us ~~-- eY 

There is an entire range of miscellaneo . J{idl' 
plications. I just selectea a few here for yoU· 



transplant operation in a hospital was PERTed; a 
Broadway play by the name of MORGANA was laid out 
on a PERT network to get the play to opening night. 
One of my friends moved his new family to a new 
house and used a C PM network, involving such things 
as "stop the milk"; "get the telephone hooked up", et 
Cetera. 

Management consultants quite often use PERT I 
~l?l\1: in planning their engagements. In fact, in one 
~bin which I was involved, the client insisted on a 
ERT network as part of the proposal. 

So, you can see there is no end to the number of 
apPlications. I think the only limit is your own in
genUity. 

c In CATV, I will just suggest quickly some appli-

l
eations. Building a CATV system is an obvious proj
ct, or expanding or rebuilding a system. 

If Turnkey contractors could also use PERT /CPM 
~r their work in controlling the construction of sys
lns. 

'I Promotional campaigns come to mind, with ad
erti · 
~Ubi· Sing, house-to-house solicitation, and related 

lcity. 

le ·The program to get the franchise is another that 
ao.~ds its:lf to this technique with the various political 
oth PUbhc relations aspects. Financing is still an-

er Possible project. 

oo. Of course the equipment and new product area is 
toe 

1
°f the best potential applications. We used CPM 

P an a new cable plant for CATV -TV. 

ltlan You can_ readily understand there are a great 
t00 Y Potential applications. I do not think there are 
nea;nany actual applications in CATV. I would like to 

about them. 

This is all very good, but the next question, is 
how do I get started? What do I do next ? 

The first thing you can do is read. Many of the 
professional journals and business magazines have 
had articles; and we have here a short bibliography 
on the subject which you are welcome to take. 

You can also go to PERT /CPM seminars. AMA 
conducts them, as do various other organizations. I 
do not think it is particularly necessary, but a great 
many people attend these seminars. I think the most 
important step and what I suggest is just to try a 
project; just select a project that is important to 
you and plan it out; and then you can decide for 
yourself whether this is going to help you in your 
work. 
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Thanks very much, and good luck. (Applause) 

CHAIRMAN CLEMENTS: Thank you, Don. 
This is most interesting. I would make just one 

remark on it, and that is with our highly-complex 
system in Manhattan Cable Television, this is used 
to a great degree. I imagine they will use 15 to 20 
very large sheets a day with the PERT method, and 
I know we can adopt it to our use. 

I wish to thank all of the panelists for being 
very prompt and for a selection of most informative 
material. 

We have approximately a half-hour break, with 
the lunch at 12:30, and the business session at two 
o'clock. 

Thank you, gentlemen, for your most appropriate 
remarks; and thank you, our audience, for your very 
fine attention. 

We are adjourned. 
(Technical Session 1 adjourned at twelve o'clock.) 



MONDAY TECHNICAL SESSION 

June 26, 1967 

The Monday Mternoon Technical Session of the 
16th Annual Convention, National Community Tele
vision Association, held in the Adams Room of the 
Palmer House, Chicago, Illinois, convened at two
fifteen o'clock, Archer Taylor, Malarkey, Taylor & 
Associates, Engineering Management Consultant, 
Washington, D. C., Chairman presiding. 

CHAIRMAN TAYLOR: I would like to formally 
welcome you to the first technical session of the 16th 
Annual Convention of the National Community Tele
vision Association. 

We have a very interesting group of technical 
papers to present this afternoon and in the other ses
sions in the convention; and I think, in spite of the 
absence of the slide projector for the moment, we will 
proceed. 

The first speaker, fortunately, can do without the 
slide projector, so we can have his paper first. It is 
with great pleasure that I introduce Mr. Carmine 
D'Elio of the Vikoa Corporation. 

Mr. D'Elio received his B.E.E. degree in 1960 
from the City College of New York, his M.S.E.E. de
gree in 1963 from Drexel Institute of Technology. He 
is currently enrolled in a doctoral program at the 
Newark College of Engineering. Presently he is a 
section head for advanced engineering at Vikoa, and 
formerly was a transistor application engineer for 
R.C.A. 

Mr. D'Elio's paper is on "Noise Figure-Its 
Meaning and Measurement." Mr. D'Elio. (Applause) 

MR. CARMINE D'ELIO (Vikoa, Inc.): Thank you, 
Mr. Taylor and gentlemen. 

This discussion is tutorial in nature, nothing new 
will be advanced. The aim hopefully, is to present in
formation on noise figure and signal to noise ratio in 
general, and show how the information is used for de
termining the effects of noise on cable systems. 

NOISE FIGURE AND THE SYSTEM SIGNAL 
TO NOISE RATIO 

By 

Carmine D 'Elio - Vikoa, Inc. 

Introduction:-

Everyone is well aware of the fact, that noise in 
an amplifier or .system, serves to degrade the infor~ 
mation of the desired signal. In a cable system it 

sets the limit on the minimum signal that can be 
mitted along the cable and still provide a good 
picture. In order to describe the quality of the 
in a more concise manner, we establish a relati 

1 
to 

between the signal and the noise, namely the signa 
· noise ratio. Since noise fluctuates randomly over a 

e' 
period of time, it would be meaningless to try tors 
late an instantaneous signal voltage to instantaneoll a 
noise voltage. Instead, we deal with averages over! 

·goa 
long period of time and use the mean squared Sl .

0 
ol 

voltage and mean squared noise voltage. The ratll to 
·goa these two voltages is then referred to, as the Sl S' 

noise ratio. Since the signal and the noise are me~
ured at the same point in a system and therefore areo 
pear across the same load, the ratio of mean squa 

re' 
voltages is also the ratio of powers and thus rep 
sents the signal to noise power ratio. Using thiS . · 
tion, the quality of a T.V. picture can now be desc itb 
with a number and the performance of a systern, ·we 
respect to noise, can be rated by the signal to nolS 
ratio. 

Noise Figure 

tbe 
The higher the signal to noise ratio the better 

11
, 

quality of the picture. The signal to noise ratio c~ne 
tinuously decreases as the signal passes through tne . 
system because additional noise is introduced bY 
components of the system. This additional ~ois:he 
by the system can be determined by companng 
output signal to noise ratio and the input signal to·se 
ratio. This measure of noisiness is called ~he n;; 
figure of the system and is defined by equat1on ( ·at~' 
monly referred to as the "degradation" or "detefl 
tion" ratio. 

·se 
(S/N)i h (S/N)i = input signal to nol ·se 

(1) F = (S/N)o w ere (S/N)o = output signal to nol 

and F = the noise figure (or noise factor). 
The noise figure in terms of db is 10 log.1oF · A~ ~ 
system would be, where the (S/ N)o = (S/N)i and he 
This would indicate that no noise was added bY t iO" 
tern. As the amount of noise added by the syste~ for 
creases, F increases. The definition is the sartlbe 
one amplifier or for a cascade of amplifiers. 'f sio1' 
noise figure of a black box can be determined, bY 
ply measuring the input and output signal to noise 

In an actual system design the problem is te 1 

Pu Jl' 
somewhat. The designer must be able to corn ·f·er 9l 

Plll nl 
the operating levels should be for a given am ·se t• 
cascade, in order to achieve a given signal to 1101 
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:tthe end of the cascade. The system noise figure is 

0~ed just to enable the designer to determine what this 
~ut signal to noise ratio will be. 

~ 
. ~Noise Figure 

~ From equation (1), it can be readily seen that, if 
~0: output signal to noise ratio and the overall system 
~o~se figure are known, the required input signal to 
!l ise ratio can be calculated. In order to determine 
lien . 
~0 °Ise figure of an entire system, it is important to 
sy w What the relative contribution of each part of the 
!i~tern is, to the overall noise output. If the noise 
!igu re of each amplifier is known, the overall noise 
!ro re of the cascaded amplifiers can be determined 

lU equation (2) 

F 2 -1 F 3 -1 Fu-1 •••..•••• 

F 1 + G1 + G2 G3 + G1G2G3 

Fn- 1 

G1G2G3 ••••• Gn - 1 

Wher 
di~id e the F' s represent the noise factor of each in-
Whi :al network and the G' s represent gains or losses 
ta11c ever the case may be. Appendix I gives a de-
Sta:t~ eXplanation and derivation of this equation 
eq\l lng With the definition of noise figure. To use 
a)) a.tion (2) in its present form, to calculate the over-no· 
alilpl·l~e figure, of a cascade -of more than two or three 
Si!Q ~~1:rs, is quite unwieldy. The equation can be 
sy8t lfled, for calculating the noise figure of a cable 
a!QD~i~· In this case, the noise figures of all the 
&atll. flers are equal, for all practical purposes. The 
alllp~· ~re also the same and the cable losses between 
t!la.Jt/h~rs are equal to the gains of the amplifiers, 
~ itio ng the total system gain unity. Under these con
Of dbns equation (2) reduces to F = N F1 or in terms 

N.F. = (NF) 1 + 10 log.10N 
IV he 
the ~e_N.F. is the overall noise figure in db, (NF)1 is 
Of a.;1s_e figure of one amplifier and N is the number 

A.Phfiers cascaded. 
ftoltl PPendix II shows how equation (3) is derived 
Syste equation (2), using the premise. of a unity gain 

tn. 
ll) 
~tR, __ 
~ 

l3 
eall b: t~e use of equation (3) the overall noise figure 
Dtovid quickly calculated for any number of amplifiers, 
aatqe ect, the noise figure of each amplifier is the 

and the amplifiers have been equally spaced and 

the gain is unity for the cascade. Once the overall 
noise figure has been computed the required input 
signal to noise ratio can be determined for any de
sired output signal to noise ratio, with equation (1). 
Since signal to noise and noise figure are generally 
given in terms of db, equation (1) can be expressed in 
terms of db for a direct calculation of the input signal 
to noise ratio. Equation (1) in terms of db is: 

(4) (S/N)i = (S/N)o + N .F. 

where all the terms of the equation are expressed in 
db. As an example; if the desired (S/N)o is 44 db and 
ten amplifiers with a noise figure of 10 db a re to be 
cascaded, the input signal to noise ratio would be cal
culated by first using eq. (3) to calculate the overall 
noise figure, in this example, N.F. = 10 + 10 log.10 10 
= 20 db then from equation (4) the input signal to noise 
ratio is found to be, (S/N)i = 44 + 20 = 64 db. 

Noise Voltage 

The input signal to noise can be divided into two 
factors, the signal voltage and the noise voltage. If 
either of the two is known, the other can be calculated. 
The objective of the system designer, is to determine 
the minimum input signal level required to give the 
desired output signal to noise ratio. This can be ac
complished by computing the noise voltage present at 
the beginning of the system. 

The mean squared noise voltage for a resistor due 
to temperature is defined by equation ( 5) 

4RKTB 

R = resistor generating thermal 
noise 

K = Boltzman's constant = 1.38 
x 1o-23 joules/oK 

T = Absolute temperature in oKelvin 
B = Equivalent noise bandwidth 

Noise levels for a T.V. channel are specified for a 
4 MHZ bandwidth in C.A. T.V. The characteristic im
pedance of the cable used is 75 ohms and all compon
ents are matched to this impedance. The thermal noise 
resistance is therefore 75 ohms. The mean squared 
voltage can be calculated for any given temperature 
condition. 

A more useful number to calculate is the R.M.S. 
noise voltage, because it can be compared to the R.M.S. 
signal voltage which can be measured directly. The 
R.M.S. noise voltage is found by just takfl Jhe square 
root of th~ mean squared noise voltage ( En ) • Using 
equation (5), the noise voltage computed for a 75 ohms 
resistor with a 4 MHZ bandwidth and normal room 
temperature (298°K) is -59 dbmv. This is the level of 
noise that will be present at the beginning of a cable 
system. 
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Input Signal Level 

With the signal to noise ratio in db and the noise 
voltage in dbmv the signal level in dbmv can be de
termined. The signal level in dbmv is equal to the 
signal to noise ratio in db plus the noise voltage in 
dbmv. So that for a signal to noise ratio of 64 db and 
a noise voltage of -59 dbmv (Si = (S/N)i + Ni = 64 
- 59 = 5 dbmv). This indicates that a minimum sig
nal level of 5 dbmv must be available at the beginning 
of the system in order to have a signal to noise ratio 
of 64 db. 

Measurement of Noise Figure 

There are many methods that can be used, for 
measuring the noise figure of an amplifier. The sim
pliest way, is to use an automatic noise figure meter. 
This instrument is commercially sold and permits a 
direct reading of the noise figure from a meter. Most 
other techniques become somewhat more involved and 
require a calibrated noise source. A Field Strength 
meter could be used also, but it must first be cali
brated properly, to read the R.M.S. noise voltage. The 
F .S.M.'s used in the C.A. T.V. industry have peak de
tectors and are calibrated to read the R.M.S. voltage 
of a sinusoidal wave form. The relation between the 
peak noise voltage and its R.M.S. value is different 
than it is for a sine wave. The F .S.M.'s therefore can 
only give correct readings for a sine wave and will 
always be in error when the wave shape is other than 
sine wave. 

C.A.T.V. Systems 

Most of the preceding discussion has dealt with 
noise figure and signal to noise in a general way. 
There are some important features about a C.A.T.V. 
system and its relation to noise figure that should be 
stressed. 

As we all know cable does not attenuate signals 
equally across the T.V. frequency range. The higher 
the frequency the higher the Toss. Amplifiers are 
designed to compensate for this effect, in order to 
maintain a unity gain system. This compensation, is 
usually implemented by having a fixed amount of tilt 
in front of the amplifier and a variable tilt control in 
the middle stages of the amplifier. The number of db 
of loss introduced in front of the amplifier, increases 
the noise figure by the same number of db. The vari
able tilt may or may not degrade the noise figure, 
depending upon the design. The automatic noise figure 
meter will, under any setting of the amplifier's con-:
trol, give the correct noise figure. 

Most amplifiers employ 17 db of cable tilt equali
zation in the front of the amplifier. This means the 

noise figure at channel 2 is increased by 8.5 db over 
the noise figure measured without tilt. At first g 
this situation would appear to be intolerable for 

·s 
system performance, but because the cable loss 1 

less at channel 2 than 13 the input level is higher· . 
This situation helps minimize the effect of the tilt 
permits output signal to noise ratios to be c 
for channel 2 and 13. JXI' 

Calculations, using hypothetical but typical nu 
hers, will help clarify the preceding statements .. 
Assume that the following numbers are specificatl 
for a typical amplifier. 

N .F. @ Chan 13 = 10 db} amplifier set for 22 db 
N .F. @ Chan 2 = 15 db and 22 db tilt. 

. . . 22 db 
There are ten amplifiers to be cascaded, with elS 
cable spacing between amplifiers. The output leV

5 
are set for 5 db block tilt, channel 13 will be at 3be 
dbmv output and channel 2 will be at 30 dbmv. T t 
put levels to the amplifier will then be 19 dbmV a 
channel 2 and 13 dbmv at channel 13. tbe 

If this is the situation, we can then compute u~' 
output signal to noise for channel 2 and 13 with eq teV 
tions (3) and (4). The overall noise figure for the 
amplifier is as follows; 

@Chan. 13 
@Chan. 2 

N.F. 
N.F. 

- zo d~ 
10 + 10 log 10 - 5 d~ 
15 + 10 log 10 :::: ~ 

The input signal to noise is found to be; 

@Chan. 13 
@Chan. 2 

(8/N)i 13 + 59 
(8/N)i = 19 + 59 

The output signal to noise is; 

@Chan 13 
@Chan 2 

(S/N)o 
(S/N)o 

72-20 
78-25 

72 db 
::: 78 db 

flt 
These calculations show that, although the 

1 sJ6' 
compensator does increase the noise figure, the 1t3· 
terns performance is not degraded, below chaJ111e 

Effect of Headend Equipment on S/N 

A complete analysis of a cable system :must siOO 
sarily start at the antenna. The previous discus ee" 
assumed, that the input signal to noise ratio wa~uet t0 

tablished at the first amplifier. This was done J 
facilitate the sample calculation. In reality, the 1 
to noise ratio is established at the antenna. AnY iS 
between the antenna and the headend amplifiers, 
direct reduction in the signal to noise ratio. 'fheiil"' 
figure of the headend amplifiers have very uttl~ tile 
fluence, on the signal to noise ratio at the end 0 v:ot6e 
cascade, provided the noise figure, is not much ·s 0~ 
than the noise figure of the trunk amplifier· 'fh

1 
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l4~n'n'"""trated, by including the headend amplifier 
figure in the calculation of the overall noise fig
Fig. 1 below depicts the situation for one channel, 
ly channel 13. 

cHAN. 1'3 AMP 

N. f.= 10 db 
Cfl~LE 

10 Amr. 
CASCt+C£ 

N.F. :- lOdb (:,JN)o 
LOS 5 :: J.fOJb 

/L-------' 
St: 13dbm"f" 

figure shows the -ten a,.mplifier cascade as a sin
atnplifier with a 20 db noise figure. 
Assume the channel 13 head end amplifier has 

following specs. N.F. = 10 db, Gain = 40 db, and 
Cable loss following the channel amplifier is 40 db. 
this calculation equation (2) must be used. 

F2- 1 F3 - 1 
F1 + ---+ 

G1 G1 G2 

Noise factor of 
chan amp. = 10 
Noise factor of 
cable = 104 

~ ~ lO + 104 - 1 + 100 - 1 
Noise factor of 
cascade = 100 
Gain of chan. 
amp. = 104 
Loss of cable 
= 1/104 

104 104 1/104 

L 
" Io + 1 + 99 110 

~.~ 
• :::: 10 log. 110 = 20.4 db 

The result shows that the channel amp. had very 
little effect on the overall noise figure. If there were 
more than ten amplifiers in the cascade the effect 
would have been even less. Equation (2) shows an
other interesting fact, that is, if the gain of the chan
nel amplifier is substantially greater than the loss of 
the cable following it, the effect of the noise figure of 
the cascade on the overall noise figure can be reduced. 
For instance, if the input signal level were only 3 
dbmv, the gain of the channel amplifier still 40 db, 
the cable would have to be shortened to 30 db loss to 
maintain a signal level of 13 dbmv into the first ampli
fier. Using equation (2) the overall noise figure would 
calculate to be 13.2 db. At first glance it appears as 
though the system performance has been improved for 
a smaller signal. A calculation of the output signal 
to noise for both cases shows this not to be true. 

1st case (S/N)i = 72 db N.F. = 20.4 db (S/N)o = 51.6 db 
2nd case (S/N)i = 62 db N.F. = 13.2 db (S/N)o = 48.8 db 

The output (S/N) has been reduced in part by 3 db. 
This type of calculation is quite useful in determining 
whether or not a preamp. is practical to use, when a 
signal level at the antenna is marginal. Quite often 
the improvement obtained with the use of a preamp. is 
not worth the money, or effort to install it at the ant 

These examples have indicated that the only way 
the output signal to nois.e ratio of a system can be im
proved is by decreasing the noise figure of the individ
ual amplifiers or increasing the input signal levels. 

APPENDIX I 

~o· 
~igure is Defined as; 

(l) ~ _ Si/Ni Where si = Input signal 
- So/No N· = Input noise 1 

~qt So = Output signal 
so GSi 

(2) ~ :::: Si/N1 No No Output noise 
- G Gain (or loss) 

GSi/N(I) GNi 
Nn Noise generated 

in network itself 

l'he n . . 
Q~. 01se output is comprised of two parts 

1 Qn.d Nn the noise generated in the network. 
(3) 

No = GNi + Nn 

Subst. eq. (3) into eq. (2) 

Equations (2) and (4) are sometimes used as the defi
nition of noise figure. Using equation (2), (3), and (4) 
the overall noise figure of cascaded networks can be 
determined. Consider a cascade of three networks 
as shown in Fig. 2. 

The noise out of the first stage is 

The second stage noise output is 
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the noise out of the third stage is 

N =GN +N =G3[G2(G1N. +Nnl)+Nn2]+Nn3 03 3 o2 n3 1 

From equation (2) F = No in this case the N is equal 
GN ° i 

to N and the gain G is the total gain of the three stages 03 

therefore 

(5) F 

N 
03 

G G G N Subst for N in equation (5) 
1' 2' 3 i 0 3 

Gl G2 G3 Ni 

(6) F 

N N N 
nl n2 n3 

l+GlNi +Gl,G2Ni +Gl,G2,G~ 

but from eq. (4) 

F 
N N 

1 + ~or _n_ = F - 1 
GN. GN. 

sub st into eq · 6 

1 1 

(7) F 

These results can be easily extended to more 
cascaded networks. 

APPENDIX IT 

To simplify the equation of the noise figure for 
cascaded networks, it will facilitate matters by using 
only three amplifiers to demonstrate the technique 
to be used. Fig. 3 below shows a block diagram of the 
layout for the three amplifiers. 

G 1 = G3 = G5 Represent the gains of the amplifiers 

A2 = A4 = A6 Represent the loss of the cable between 
amplifiers 

G = ~ The gain in db equals the loss of the cable in db 

F 1 = F 3 = F 
3 

Noise factor of the amplifiers 

F 2 = F 4 = F 
6 

Noise factor of the cable 

1 
F =- = G *Noise figure of cable in db equal the loss 2 

A2 of the cable in db. 

(1) F 
F2-1 F3-1 F

4
-1 F -1 

F l :t- -- + -- + + _..;,_5 __ _ 
Gl GlA2 GlA2G3 GlA2G3A4 

F6-1 
+------

GlA2G3A4G5 
N.F. 
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Since all of the gains are equal and all of the losses 
are equal to .1_ it follows. 

G 

f 
F

2
-1 F -1 F -1 F

1
-1 

1 2 1-N.F. = 10 Log F + -- + -- + --+ _:::.--
1 10 1 G

1 
1 a

1 

Combining terms 

N.F. = 10 log10 (3F l + 1) 

since 3F 
1 

» 1 

N.F. = 10 log
10 

3F l 

For "n" amplifiers the overall noise figure would pe 

N.F. = 10 log
10 

nF 
1 

which is equal to 

N.F. = 10 log10 F 1 + 10 lOg lO n 

* The fact that the noise figure .of the cable, equals 
the loss of the cable in db, can be easily shown. 



a bWe know that as the noise voltage passes through 
ca le 't . act 1 Is attenuated. We also lmow that the cable 
s as a r . t d . liPan it esis ance an Introduces noise, depending 

is e s temperature. Therefore the total noise-out 
Ph.t qual to the noise input times the loss of the cable 
ics ~~~e noise introduced by the cable. In mathemat-

lS reads. 

N::::A 
o Ni + N but AN.+ N = N. therefore N 

n I n I n 

(1.. A) N . Nn 
i USingeq. (4) from appendix I F = 1 +

AN. 

(1 - A) N , 1 + . 
-------._! F 

AN 
i 

I 

A+1-A=1 
A A 

(i\pplCliAIRMAN TAYLOR: Thank you very much. 
ause) D h . floor? oes anyone ave any questions from the 
(~ If not, I have som.e announcements to make. 

onvention announcements were made.) 

e}Cpe~·liAIRMAN TAYLOR (Continuing): In order to 
a littllte the proceeding, I will take the presentations 
Ptobl: out of order to accommodate the mechanical 

0 
rns we have with the slide projector. 

Nels ur next speaker will be Mr. Alan Ross of the 
ectuc 

0~-Ross Electronics Company. Alan Ross was 
lYb. :p~~d at t~e City. College of New York and Brook
e}Cpe . YtechnlC Institute. He received his initial field 
t l'Ience 'th hen. . WI the Sperry Gyroscope Company. He 
h Joined p 1 . . e Sh . o armd ElectroniCs Corporation where 

t-~ec1a1· · lrlent t· lZed In spectrum analysis and R. F. instru-
a Ion H Of ch· · e rose through the ranks to the position 
lef engineer 
Ab . 

Nelso out four years ago, Mr. Ross organized 
conce n-Ross Electronics, a firm which pioneered the 
cuss t~t of plug-in spectrum analyzers. He will dis
Cl\'1'\T e application of such a spectrum analyzer to 

systems. 
i\ It is 'th lan llo WI great pleasure that I present Mr. 

ss. (Applause) 

luc.)~:ai · ALAN ROSS (Nelson-Ross Electronics 
h . w 1 . , 
ave ou d hke to preface this by saying that we 

~er ''~h~ne to a great deal of trouble to publish a pa-
vv lch . 

say "·· Is almost vervatim of what I am going to 
't. , vvlth 
~han1. a lot of photographs of the CRT screen. 
t· t\S to th tlne. I w· e .printer, I couldn't get them here on 
~hotog Ill give the paper, without referring to the 
two ... th l:'aphs off the screen, but we do have some 
ittg del~Usand copies printed which are probably be
~ants lVered to my office right now. Anybody who 
lt is 

8 
one has merely to ask me, and I will see that 
ent · 8ee Vvh In the mail so that all of you can eventually 
at I am talking about. 

CATV AND THE SPECTRUM ANALYZER 
By . 

Alan Ross, Nelson-Ross Electronics 

In the past, newly developing electronic services 
have started with time-based instrumentation, measur
ing waveforms - and subsequently have adopted spec
trum analysis techniques as systems became more com
plex. CATV- a young, rapidly developing giant among 
these services - has, by its very nature, been forced 
into spectrum analysis at its onset. 

The best known and most widely used test instru
ment for CATV applications is the Field Strength Meter 
(FSM), which is really a nanually scanned spectrum 
analyzer. Starting with the FSM, the Spectrum Analyzer 
(SA) and its operating principles are evolved. A com
mercially available SA will be described, its advantages 
and limitations explored, and applications detailed. 

The common FSM is a heterodyne receiver capable 
of tuning the frequency band of interest, usually 54 to 
216 MHz, with a meter for indicating the input RF voltage. 
The block diagram for a typical CATV FSM is shown in 
Figure 1. 

The RF stage provides RF preselection and ampli
fication. The IF amplifier may have a center frequency 
of 25 MHz and will usually have a 3 db bandwidth of 600 
KHz. The local oscillator and RF amplifier are ganged 
together for tuning. The detector usually provides a 
peak detecting function and output is indicated on a 
meter on the instrument. Image rejection is provided 
by the RF stage. Range selection is provided by input 
attenuators or IF gain controls or a combination of 
both. Range selection is necessary since the indicating 
meter will usefully cover a range of only 20 db at a 
time. Some FSM's have expanded range on the indicat
ing dial, but this restricts the meter's use when a wide 
dynamic range is not desired. 

A FSM could be converted into a spectrum analyzer 
by providing an automatic mechanical drive for the 
tuning mechanism, and displaying the detector output on 
an oscilloscope whose horizontal drive was sychronized 
to the tuning. This would provide a CRT display of 
signal strength against frequency. Such mechanical dis
plays are impractical for high speed repetitive use and 
some electrical equivalent is desirable. 

Varactor diodes could be used to p:rovide electronic 
tuning in a FSM, but it is very difficult to build an RF 
stage that can be electrically tuned and that will track 
with an electronically swept local oscillator. Elimina
tion of the RF stage reduces stage sensitivity and makes 
the receiver succeptible to spurious image responses. 
Thus a FSM without an R F preselector stage may have 
its local oscillator at 75 MHz when tuned to a 50 MHz 
signal (IF 25 MHz). It will be equally sensitive to a 
100 MHz. signal. It will be impossible to distinguish 
whether the noted response is from a 50 or 100 MHz 
signal at the input. 
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FIGURE 1 

The image rejection problem can be overcome 
by using a very high IF frequency. If a 500 MHz IF 
is used with a local oscillator sweeping from 500 to 
800 MHz, the receiver responses will be 0 - 300 MHz 
and 1000 - 1800 MHz. Since the 1000 to 1800 MHz 
sensitivity is not likely to be a problem in CATV ap
plications we have a useful receiver - with a few 
additional complications. IF amplifiers for 500 MHz 
cannot be built with the narrow bandwidths needed for 
CATV work. Narrower bandwidths are obtained by 
additional conversions to lower IF's using fixed fre
quency local oscillators. Thus we may go progres
sively to IF's of 65 and 10.7 MHz and achieve band
widths of 5 KHz and lower. This resultant instrument 
is an electronically swept spectrum analyzer. 

While there are several available spectrum an
alyzers that could be used in the CATV industry, the 
only instrument specifically designed for such ap
plications is the Nelson-Ross Mark I CATV Analyzer. 
This analyzer features complete frequency coverage 
in one scan, 60 db display dynamic range, 75 ohm 
input impedance (type F connector), video (600 kc) 
display capability, logarithmic, linear and square 
law vertical scales and± 2 db overall flatness. The 
block diagram of this analyzer is given in Figure 2. 

The sweep generator controls sweep width and 
center frequency, thus controlling center frequency 
and dispersion (tuning range). It also controls the 
sweep repetition rate. Receiver bandwidth is controlled 
in the 10.7 MHz IF amplifier. This amplifier normally 
has a 600 KHz bandwidth, but it can be restricted to 
5 KHz by switching in a crystal filter. Logarithmic 
response is also provided at this stage by means of 
a front panel control. Square law and linear response 
can also be selected. The video amplifier provides 
the required drive for the vertical deflection system 
of the associated oscilloscope. A variable IF gain · 
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control is provided along with a step attenuator 
the 65 MHz and 10.7 MHz IF stages. 

Some general characteristics of the spectruJll e' 

alyzer should be considered before discussion of sP 
cific applications. A thorough understanding of ad"r' 
vantages and limitations of the SA will help in und~ ~ 
standing its principal applications and the applicatlo 
of the instrument to new uses. 

SA Advantages ,,~ 

The SA gives a sweep frequency display. It sb~ 
everything that is going on in a given frequencY ~atl r~ 
in a single oscilloscope display. In maximum d15~0~ 
sion, it displays the whole spectrum from zero to ~ 
MHz. In its narrowest dispersion mode it displaY~ of 
600 KHz segment of spectrum across the full widt ,, 

· " ero the oscilloscope. It can also be operated in a z 
dispersion mode. In this mode it acts as a regular 
receiver, displaying the demodulated video on the f 
oscilloscope, subject to the bandwidth limitations 

0 
d' 

the IF and video amplifiers (600 KHz maximum ba:eP 
width) and the horizontal sweep provided by the sVJ 

rate control. diG' 
The SA has a wide dynamic range in a single gS 

play. Signals t~at differ in amplitude by as rnucb bj8cl 
60 db can be readily observed in the log mode, su 
to distortion considerations to be discussed later· 

The SA has resolving power comparable to the 

ordinary FSM when operated in the "wide" mode, VI 
and has very much greater resolving power (narro si" 
bandwidth) when operated in the narrow (5 KHz) P~ioo 
tion. Narrow bandwidth operation permits separ~et; 
of carriers, beats, etc., that are very close toget f 
just how close depends on their relative levels· 1 e1 
they are about the same level, they would be just.: .. 
arated if they were 5 KHz apart. If they are of dl e." 
ferent levels, they will have to be more widely seP tbe 
rated since one carrier will tend to disappear into 



FIGURE 2 
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FIGURE 3: 300 megacycle scan 
of output of allband antenna 
in the New York City area. 
The large signal at left is 
zero frequency. Channels 2, 
4 and 5 can be seen between 
2nd & 3rd graticule lines. 
The FM band is immediately to 
the right. Channels 7, 9, 11 
and 13 are visible between the 
6th & 8th graticule lines. 
Note poor response to channels 
2 & 13. (linear display) 
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Figure 4: Same signal as in 
fig. 1 with analyzer disper
sion reduced to 180 megacycles 
eliminating unnecessary upper 
& lower portions of the dis
play. Note increased reso
lution. (linear display) 

Figure 5: 6 megacycle/em scan 
of channels 7, 9 and 11. Rel
ative levels between carriers 
can be measured using I.F. 
step attenuator, will yield 7 
picture: 0 db, 7 sound:-10 db, 
9 picture: -1 db, 9 sound: -9 
db, 11 picture: -7 db, 11 
sound-14 db. Level~ may be 
calibrated to dbmv (see text) 
(linear display) . 

Figure 6: Video display (0 
me/em dispersion) showing two 
frames of video. This setting 
provides V output signals suit
able for inspecting sy~c pul
ses, etc. (linear display) 

11
8 

pI 
d' 
p 
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g 
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ll't'' of the other. Resolving power is still much 
reater than that of the ordinary FSM. 

l' 'I'he SA has optional log, linear or square law re
p;sP.onse. In log mode, the vertical deflection is pro
di Ohonal to the log of signal amplitude, thus giving a 
p~Pl~y that is linear in decibels. In linear mode dis
s Y ls Proportional to amplitude of signal input. In 
p~a.:re law mode, display is proportional to signal 
en Wer (square of amplitude) thus accentuating differ-

ces between signals. 
(l?ol 'I'~e SA oscilloscope display can be photographed 
l'e ar1oct is preferred) for permanent reference and 
Us?orct, or recordings can be made on X-Y recorders 

lng auziliary output jacks which are provided. 

Sf\ t· . 
~ 
liav_'l'he SA has high noise figure and low sensitivity. 
figu lng.no RF stage and a high frequency IF the noise 
th re lS set by the mixer loss and the noise figure of 

e 500 M:Hz first IF amplifier. 

The SA is subject to overload problems. The mixer 
generates distortion products - harmonics, intermodu
lation, and cross modulation products, comparatively 
easily. It will overload at far lower levels than the 
more familiar FSM's. 

The SA is difficult to calibrate for absolute read
ings. Gain depends very critically on sweep speed, 
particularly at narrow band width and wide dispersion. 
The SA does however make an excellent "transfer 
standard" permitting easy comparison of a standard 
reference and an unknown signal for both frequency 
and amplitude. 

Applications of the Spectrum Analyzer 
1. Swept Field Strength Meter for System Checking 
Checking and setting CATV systems requires tuning 

the FSM back and forth and remembering or writing dow 
levels for the various channels of interest. This proce
dure can be simplified by use of the SA. The SA will 
display all the channels in an all band, low band, or sub 
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Figure 7: High resolution, 
low dispersion display - 5 kc 
resolution coupled with 60 kc/ 
em dispersion permits identi
fication of FM multiplex 
transmission. Note grouping 
of low level modulation around 
multiplex sidebands (linear 
display) . 

Figure 8: High resolution Log 
display shows 15.75 kc side
bands around picture carrier. 
The first sideband, while 20 
db below the carrier is still 
clearly visible. (Log display) 
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low/low system simultaneously. Use "Wide" bandwidth 2. Precision Field Strength Meter 
for this application and set dispersion and tuning to dis- RF levels can be very accurately measured and , 
play the band required. Calibrate the SA with any avail- \ by using the SA as a "transfer standard". Select a bY 
able reference generator. In the log mode, the ana- brid splitter for balanced outputs (a high speed RF ~ 
lyzer will have a 10 db/em vertical calibration. The is handy for this). When sensitivity is not a problelll 
SA used should be checked for flatness across the band adder can be made from two 20 db attenuators and a 
to be sure that it meets the manufacturers specifica- Use the splitter, to mix the signal from the reference, 
tion of plus or minus two db. This can be done by generator with the signal being measured. The refe~ d 

feeding a goo~ quality sweep generator into the SA. ence signal can be "walked" up against the signal ~~~ 
With the SA at a low sweep speed, note the envelope dis- measured, by adjusting frequency until it stands rig 
played. In log mode, the maximum peak to valley dif- beside the other signal. Use wide bandwidth and n 
ference should be 0.4cm (4 db). Greater sensitivity dispersions. Adjust the reference generator until 
to level differences can be achieved in the linear mode. have equal amplitude. Amplitude comparisons can 
Adjust IF gain for suitable vertical deflection and made more sensitive by changing to linear or square 
check against reference source. mode. Signal amplitude can be read from level of 

The SA displays all the carriers, picture and ence generator. Frequency can be determined bY 
sound, at the same time, and the effects o'f adjustments the reference generator until it lies right over the 
of amplifier g:p.n and tilt controls are readily observed. being checked. Beat effects will be small since the 
In the "wide" mode (600 KHz) the SA is not senstitive is presumably being operated with signal inputs at 
to changes in sweep speed and shop calibration at the that cause minimum distortions. Signals can be 
start of the day can be relied on through the day. The in this way to small fractions of a decibel. 'f}liS 
oscilloscope power supplies are quite well regulated Be careful to watch for sweep speed effects. · 
against line voltage variations. While the wide band- should be minimal in "wide" band mode. Check fot pU' 
width mode does not give maximum sensitivity, it by seeing whether sweep speed has any effect on a~e 
guarantees immunity against changes in. sensitivity and tude of reference and test signals. Signals with ~~tb, 
resolving power caused by changes in sweep speed. band modulation, i.e. wide compared to SA bandWI iJli' 
Check to see whether displayed amplitude changes with are subject to sweep speed effects. Effect can be ~\V 
sweep speed. Use slowest speed which gives readable mized or eliminated by using narrow dispersion, s 
disp1ay (flicker level tolerable) and which does notre- sweep speeds, and wide bandwidths. 
duce displayed amplitudes. The narrow bandwidth po- 3. Reception Interference 
sition reduces sensitivity drastically - in wide disper- The great resolving power of the SA in its 
sian for all band display, 180 MHz sweep, and with 15 band mode makes the instrument very useful for 
sweep per second sweep rate, the sensitivity is reduced down interfering carriers. Dispersion can be 
by about 17 db and the apparant resolving power re- down to a width of one or two channels. The picture, 
duced almost 50 times, i.e. effective resolving power sound and color carriers on the desired channel a~:y 
becomes almost 250KHz. The wide band display for easily identified. Interfering carriers, .provid~d t 91e 
setting or checking systems does not need the narrow have reasonable separation from desired carriers 

5 
bandwidth. easily identified. These may turn out to be spuriotl 
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Figure 9: The spectrum analy
zer as a transfer standard. 
The cw signal on the left was 
inserted via a power divider 
to calibrate the peak signal 
level of the video carrier on 
the right. ~hen the two sig
nals have been made equal the 
level may be read off the 
signal generator (linear dis
play). 
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lations from nearby transmitters, or may be spuri-
U.s carriers generated somewhere in the CATV system. 

cat· A. Preselector of some kind is useful for this appli
p Ion. The preselector limits the input signals to the 

0~ticular band of interest. This prevents generation 
lb. Undesired distortion products within the SA which 
stY.be undistinguishable from the interference being 

foUdled. Simple passive band pass filters may be used 
!' th· an ls purpose. Better results are obtained by use of 

de external receiver like a Channel Commander or a TV 
ce~Odulator. The SA is connected to the IF of the re-
I~ l\7e:r being used as the pre selector. The SA scans the 
tun output of the preselector. The pre selector is then 
reqe~ t.o the channel being examined. For applications 
by UI:r1ng continuous tuning of the spectrum not provided 
act a 'l'V demodulator tuner, a FSM may be used with 
~haPtation to permit plugging the SA into the FSM IF. 

esA str· then scans the 600 KHz IF of the FSM. This re-
hu/?ts examination to a 600 KHz "window" at a time, 
tu.n·lt does permit continuous tuning within the main 

lng range of the FSM. 

Narrow dispersions and slow sweep rates should be 
used to preserve SA sensitivity and resolving power. 
Co-channel carriers are very difficult to resolve. They 
are separated by only 10 or 20 KHz from the main pic
ture carrier, and unless they are of exceptionally high 
amplitude they get lost in the "skirt" of the main carrier. 
Interfering carriers spaced more than 100 KHz from de
sired carriers can usually be observed. They can then bE 
tracked back through the system and their sources usuall: 
identified. A case history will illustrate: 

A CATV system complained of intermittent color 
"drop out" on channel 2. Extensive equipment substitu- _ 
tions failed to turn up the problem. The SA was con
nected to the head end Channel Commander output. It 
was noted that a spurious carrier appeared quite close 
to the color carrier intermittently, causing color "drop 
out". This was traced back through the Channel Com.
mander with the SA. It was identified as · a nearby police 
transmitter on a frequency quite close to the IF color 
frequency. This Channel Commander had poo;r RF pre
selection on channel 2. The police transmitter ''hulled" 

Figure 10: Interfering carrier 
as seen on the spectrum analy
zer. A high level cw signal 
is interfering with the video 
portion of the channel under 
analysis. This signal will 
be clearly visible on the 
picture as a "herringbone" 
type of interference pattern 
(linear display). 

Figure 11: Interference loca
ted by means of high resolut
ion examination of an individ
ual channel. An interfering 
signal can be clearly seen 
between the sound carrier and 
color subcarrier (linear dis
play). 

1 

139 



right through the tuner into the IF where it interfered 
with the color carrier. Once the problem was identified 
it was easy to fix by adding a high pass filter in front of 
the Channel Commander to improve its RF selectivity. 
The continuous scanning of the SA permitted the tech
nician to spot the intermittent offending interference. 
It would have been almost impossible to find in any 
other way. 

Preselectors and preamplifiers considerably im-
prove the performance of the SA by restricting its in
put to the portion of the spectrum of immediate interest. 
This prevents harmonic distortion products and inter
modulation products from showing up in the spectrum 
being studied. The problem is common to all SA's that 
use "wide open front ends". 

The SA can be checked for internally generated 
distortion products. In order to check whether a par
ticular product noted on the screen is valid, or is in
ternally generated, use an external step attenuator. 
Reduce input signal level by 10 db. If the displayed 
level changes by more than 1 em (10 db) the input signal 
level is too high and should be reduced. All or part of 
the observed signal was being generated internally. It 
should also be noted that external preselectors in the 
form of tuners (Channel Commander, demodulators, 
FSM's) are also subject to overload distortion and 
should be checked in the same way. By careful choice 
and adjustment of preselectors it is possible to dis
tinguish beats and other spurious carriers over a 60 db 
dynamic range. Such measurements have been made 
with the SA in connection with checking for spurious 
beats in tests of amplifier output handling capability. 

Since narrow bandwidths are commonly used in 
this application, it is worthwhile at this point to discuss 
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effect of bandwidth and sweep speed on sensitivitY aJIO 

resolving power. 
Very narrow bandwidth IF's take some time to 1 

spond completely to changing frequencies. The effeC 
of too fast a sweep for a given IF bandwidth is to 
displayed amplitude and to increase effective 
(reduce resolving power). Figure 12 can be used to 
culate this effect. tbe 

In the Nelson-Ross CATV Spectrum Analyzer, t 
wide position is so wide that effects are negligible ~0~ 'tl )I 

normal sweep speeds. The narrow bandwidth poSl tbe 
is subject to these effects. It is recommended thataJio 
narrow position be used only at lower sweep rates 
narrower dispersions which will reduce effect on e 
tivity and resolving power. Use of a long persisteil~ 
phosphor (P-7) in the oscilloscope, facilitates use ~e
slower sweep speeds. In extreme c~ses it maY be (l.llo 
sirable to use storage type oscilloscope (HP 141;\) 

modify the SA for lower sweep speeds. 
4. Checking Amplifier Overload and Dis~s . 
The SA can be used to check amplifier overlo ts · 

distortion by displaying the broad spectrum of bea t ' 

distortion products caused by serious amplifier 0"~ 
loads. These are generally easy to distinguish frO 
normal modulation sidebands observed in a working to 
system. Care should be taken, as noted previouslY' 
control the SA input level to prevent internal 
of distortion products. With careful use of pre 
preselectors, distortion beats on what should be JliC 

carriers can be observed to a -60 db level. Hafll1°e 01 
beats can also be displayed if care is taken with us 
preselectors. t 

Cross modulation products are very difficult ;e 
play. The SA is a frequency domain instrument. 
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Serving television with hundreds 

of free-loan 16mm-sound films 

from business and industry. 
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homemaker highlights ... travel ... 

America's problems and challenges 

F 
R 
E 
E 
F 
I 
l 

FREE FILmS 
5 

=-~~ d ~ ~ Division of Modern Talking Picture Service, Inc. 

£\\ttiiCI,I '1,\' 1212 Avenue of the ~mericas, New York, N.Y. 10036 765-3100 



It seems to us that when you buy a cable for your 
CATV system you want something more than just a 
method to carry your ::;ignal. How about the need 
for absolutely reliable cable performance? 

As a source, only Phelps Dodge offers a unique 
combination of years of cable manufacturing experi
ence, an in-depth staff of trained technical people, 
unfailing service from a country wide network of sales 
offices and warehouses. 

You can easily see that when you've made up 
your mind about the cable you want, who you buy 
from· becomes very important. That's why, when you 
choose us you get a certain something extra. That's 
the . comforting assurance that we have the size, 
strength, capability and willingness to stand in back 
of our cable from the moment your order is received. 
We do this simply because we can't afford not to. 

LW 
One of the cables we sell is Foamflex, an. all~~ ill 

pose jacketed aluminum sheathed cable avallab~·tive 
nominal lengths of 4,000 feet at a cost compe 1 ble 
with unjacketed cable. To you, this means one. ca 0r 
usable for all types of installation, aerial, buned, 
duct. f arT1 

Foamflex, the original aluminum sheathed 0 all 
dielectric coax offers average VSWR of 1.05 on ide 
channels, uniform electrical properties over a ~ia" 
range of temperature variations, low loss, n.o rai ht 
tion, stable attenuation at high band frequenc1~s, 1

1
fte· 

weight for easy installation, long-term operat1n~ tif7g 
For complete details on new Foamf/ex and ItS uf7" 

of our sales service stocking centers across the c~oP" 
try, write, wire, TWX or telephone Phelps Dodge NeW 
per Products Corporation, 300 Park Avenue, 32oo. 
York, New York 10022. Telephone (212) 751· 
TWX (212) 867-7455. 

PHELPS DODGE COPPER . ALUMINU:s e 
AND ALLOY PRODUC 



:~equ.ency domain manifestation of cross modulation is 
tne appearance of AM modulation sidebands on a carrier 

1 at should be free of modulation sidebands. Sideband 
t~\tels are normally 6 db down from main carrier, plus 
c e depth of modulation. Thus a carrier with -40 db 
otoss hlodulation will have a spectrum in which side
~ds are 40 + 6 = 46 db down from main carrier. 
se es.e~t cross modulation testing techniques call for 

1~81hvities in the range of -40 to -90 db. This means 
dot Sidebands in frequency domain will be 46 to 96 db 
t~vn. This exceeds the dynamic capability of the spec
tne lb. analyzer. The situation is further complicated by 
qu fact that present cross modulation testing techni
lb:s Call for use of 15.750 KHz from main carrier. 
c~8 .Sideband soon is lost in the "skirt" of the main 
\lio l'le:r. Modulation frequencies of more than 100 KHz 
ftollld be more readily observed but would still suffer 
Cr tn the 60 db dynamic range limitation of the SA. 
fteoss hlodulation up to about -50 db with modulating 
s~.qu.encies of 1 MHz or so could be checked with the 

8" IIa:rmonic distortion products in a sub low /low 
JSte:rn cat could be observed to a -55 to -60 db level by 
q~tefu~ use of preselectors to prevent generation of 

0l'hon products within the SA itself. 
5 • _Q_hecking Modulation Spectra 

Of. Spectra of various modulations are not generally 
t0 ~~te:rest in CATV systems except possibly as an aid 
b~d e~tification of spurious carriers. Use of narrow 
Ulat·Wldth, narrow dispersion modes will display mod
tYDelon spectra and permit identification of modulation 
billld (Fl\1: or AM) and some information on modulation 

Width. 
6 • .Q_hecking Spurious Outputs 

the 
8
1he Wide display range and continuous scanning of 

syst A.. Permits easy checking of amplifiers and other 
Chec~:tn components for spurious outputs. Be sure to 
stlo for possible internal generation of spurious re
db :ses, ~d use preselectors if necessary. The 60 
Of 1 YnamlC range of the SA permits easy recognition 
'rrtai.ow level spurious outputs in presence of stronger 
a1s

0

11 
Signals. Undesired local oscillator radiation is 
;a~i~y checked and measured with the SA. 
~al Reconnaisance and Field Strength 

able ;he Wide scanning nature of the SA makes it suit
telln o:r signal reconnaisance work. A broad band an-
ill tha and preamplifier would be desirable. All carriers 
stre e band of interest would be displayed. Signal 
ealJa~ths could be recorded by using a data camera 
eallle e of sequential frame data photography. The 
e~yeryl'a :Vould be set to photograph the SA screen 

A.. lllmute or at other desired intervals. 
\\ttth th standard reference level signal can be mixed in 

e test signals to provide continuous calibration. 

The log mode permits recording a wide· dynamic range 
of signal levels, and the continuous scan display would 
permit recording of differential fades between channels, 
and between sound and picture carriers. Intermittent 
interfering carriers would also be recorded, depending 
on their relationship to the interval of the data recording 
camera. Signals from several narrow band antennas and 
preamplifiers could be combined for simultaneous dis
play on the SA. 
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Thank you. (Applause) I would like to acknowledge 
the work of Mr. Switzer for preparing the rough text for 
this paper. Thank you again very much. (Applause) 

CHAIRMAN TAYLOR: Thank you very much, Mr. 
Alan Ross. I wonder if we have any questions of Mr. 
Ross on the spectrum analyzer and its applications? 

QUESTION: You spoke of using a pre-selector 
such as a Channel Commander. You are now using a 
dispersion of about six megacycles, I presume. What 
scan rate and what resolution can go or, rather, what 
scan rate and what resolution can you get at a six mega
cycle dispersion? 

MR. ROSS: At six megacycles you probably wouldn '1 
want to use the wide. resolution. You could use the 600 
kc, which is roughly ten per cent of the display. I don't 
know if anybody can see this, but I have a picture of 
those exact conditions on the front of my paper here, 
the 600 kc dispersion condition, and that is the picture 
and sound carrier. That was from Channel 4 and off my 
home antenna. 

I also have pictures further on where you can sweep 
six megacycles, and I am guessing from experience at 
five or six sweeps per second, and you can literally see 
everything that goes on, including the modulation spec
trum around the picture carrier. I have that here also. 
You can see the color carrier, and you can see any spuri 
ous signals or interference that may occur in between. 

I have seen, for example, an operating CATV systen 
where there has been an ignition noise which is very 
easily and very quickly identified, because it forms a 
random pattern of spikes between the picture and sound 
carrier on a setup like this, and I was able to trace it 
down to find out it wasn't coming in the antenna but 
coming in because of a bad connector some place. 

CHAIRMAN TAYLOR: Are there any more question 
I still have not figured out how to use the spectrum ana
lyzer when I can't get delivery on the scope. (Laughter) 
Are there any other questions? Putting my fingers on 
the terminals doesn't help much. (Laughter) 
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PRACTICAL SYSTEM DESIGN 
BASED ON COMPLETE EQUIPMENT EVALUATION 

by 

Jerry A. Laufer 
Total Telecable, Inc. 
Seattle, Washington 

Robert J. Brown 
Tele-Vue Systems, Inc. 

Everett, Washington 

EQUIPMENT SET-UP AND TEST PROCEDURE 

About eight months ago it became obvious to the 
engineering department of Tele-Vue Systems, Inc., 
that we were having too many disappointing experi
ences with the new solid state equipment. Such as, 
why was the tilt changing in the system, why were 
we getting beats, why the excessive noise, etc.? 

We were planning on building about 1000 miles 
of new plant over the next two year period, plus 
modernizing our existing 600 miles. It was rather 
clear to me that we could not afford to make that 
kind of expenditure without knowing in advance 
whether the equipment would meet our specifications. 

Our company is selling in areas where we are 
competing against from two to five channels of off 
air reception. We have found that we get deeper 
penetration by selling in these markets before the 
plant is built. To encourage the people to sign up at 
that time, the connect charge is waived. Under these 
conditions, because the prospective customer has 
nothing to lose, it is not unusual to achieve 60% pene
tration, and currently we are selling between 70% and 
80% of the occupied homes. We cannot make any 
mistakes under these conditions. If we do, the 
customer disconnects. 

Because of this highly aggressive sales philoso
phy, the trunk lines getting longer, more channels 
being carried, the competition of off air signals, all 
of these factors add up to one thing. We cannot af
ford to experiment in the field. We must confine our 
experiments to the lab under controlled conditions. 

It was at this point that we set about to put to
gether a testing facility that would enable us to ac
curately measure all parameters of CATV equipment. 
Although Tele-Vue Systems, Inc., for whom I work, 
financed this venture, Jerry Laufer, who is Vice·· 
President of engineering for Tele-Cable, contributed 
a vast amount of time, energy and knowledge, in 
putting the test facility together. Without his help, 
we ~ould riot be where we are today in our testing 
program. 

TEMPERATURE 

For testing the effect of temperature we didn't feel 
that single unit tests without the associated cable and 

knOW' other accessories would tell us what we wanted to 
We purchased an 8' x 10' walk-in freezer which had a 
2000 watt defrost coil built in. The freezer will hold~ 
ten amp cascade and all its associated accessorieS ~~ 
cable very nicely. To create the heat, the defrost cOl 
is manually switched on and is held at some preset ·~ 
temperature with a thermostat. We are capable of gol 
from minus 40 to plus 140 safely, but for the purpOse~e 
of our test minus 20 to plus 120 is adequate. The cab 
presently used is bare .412 aluminum in 22 db lengtbS~ 
We will be changing to 1/4 inch alum in the near tutur 
to give us more room for a possible additional 10 aJJlP 
cascade. Also, with the smaller cable, it will not ta.kers 
as long to complete a cycle. It now takes about 30 bO~s 
to go from 70 to 120 to minus 10 and back to 70 degre 
fahrenheit. Cross-modulation, noise and response 
measurements are made at these temperatures. 

NOISE 

Noise measurements are made as described on 
page 5. 

CROSS MODULATION AND BEAT MEASUREME:N''f 

uel The test set consists of two parts -- a 12 chan 
signal source, and a cross modulation and beat :rneaS"' 
urement set. 01 

The 12 channel signal source at present consists 
a Jerrold TM modulator operating on channel 6. 'fbe 
modulator is modulated by 15.750 KHz square waves 
from a Hewlett- Packard square wave generator. 'fb;d 
modulated channel 6 carrier is suitably attentuated 
converted to IF frequency by a Jerrold Channel CoJll"' ¢1 

mander, tuned to channel 6. The IF output is split ~t 01e 
into 12 outputs using hybrid splitters and made aval a 

Jl"' at a co-axial patch-pannel. The patch panel also co 
nects to the inputs of 12 Jerrold CCV up-converters, ... 
which convert the IF to the 12 standard VHF TV ch~r~ 
nels. The CCV outputs are combined in a filter net 
adapted for antenna mixing networks into a single :~es 
channel output. A final output step attenuator proV'l b 
output level control. Individual level control on eac l!.cb 
channel is achieved by individual bias controls for ~be 
CCV unit. These are mounted on the patch panel. ed 
signal substitution oscillator provides an unmodulat ·s 
carrier at IF frequency. This unmodulated carrier 

1 

made available at the patch panel. Use of BNC con"'ti"' 
nectors at the patch panel makes it possible to subS 
tute modulated and unmodulated carriers quicklY 011 

any desired channel. 
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7 
Output signal levels are measured with a Jerrold 

04B field strength meter. A Hewlett-Packard 608 C 
Signal generator is available for calibrating the field 
str ength meter before and after tests. 

The Cross modulation and beat distortion meas
Uring section is contained in a separate rack. A step 
attenuator controls input levels. A hybrid splitter 
Splits the incoming signal. A Jerrold 704B field 
str 
d ength meter serves to measure levels and as a 
'r~lb.~ulator for the cross modulation measurements. 
th e VIdeo output from the field strength meter goes 

rough a passive 15.750 KHz preselective filter into as· 
ll1 Ierra wave analyzer which acts as a tunable volt-

l
. eter With wide dynamic range. The wave analyzer 
s c ' 
1 . apable of separating the 15.750 KHz cross modu-
1 ation fundamental and measuring it at microvolt 

1~"els • The cross modulation ratio is the ratio of 
st · 750 KHz fundamental when carrier is modulated at 
c anctard level to 15.750 KHz level when unmodulated 
lllarl'ier is substituted. This test set is capable of 
A. easurements down to about -75 db cross modulation. 
t ccuracy at this level is improved and range extended 

0~ Still lower cross modulation levels (-100 db) by use 
p a Preselector filter in front of the 704B. Use of the 
~eselector permits higher input levels to the 704B 
it thout generating excessive distortion in the 704B 
c Self. The higher input levels are required to over-

1 °lb.e noise which becomes a limiting factor at these ow 
cross modulation levels. 

l'h A. Jerrold TD demodulator is used for beat checks. 
\r' e VIdeo output drives a conrac video monitor for 

1~8~al observation of cross modulation and beats. The 
\Vh. est point feeds a Nelson Ross spectrum analyzer 
ou Ich scans the demodulator IF for undesired spuri
tnjs beats. Very low level beats at low frequency 
su ght be missed by this IF scan. If these are 
an spected they are checked with a low frequency wave 
qu alyze~ examination of the video output. A low fre
thiency spectrum analyzer will soon be installed for 
d~ function. The spectrum analyzer permits a 60 db 
Wh Cl.lnic range measurement of beats to be made, 
lev en Used with the TD as a pres elector. Precision 
the el and frequency measurements are made by using 
ref spectrum analyzer to compare test signals with 

0!' erence signals from the H-P 608C signal generator 
other standard sources such as marker generators. 
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We have experienced significant problems in 
maintaining consistent picture quality throughout the 
temperature extremes in our area. A typical day 
will vary from 35 o to 65 o which is more constant 
than many areas of the country. In attempting to 
understand why we were having these problems and 
to discover practical methods for overcoming them, 
Bob Brown and myself embarked on the project he 
has just described. 

Figure 1 shows how input and output levels vary 
with temperature in a 3 amplifier cascade with 22 db 
spacings. The input is held constant at plus 31 dbmv. 
The variations are caused by changes in cable atten
uation only. You will notice the largest variation is 
the input of the third amplifier which is a total 
change of 11.7 db AGC range. The largest output 
variation is the second amplifier which is 7.8 db. 
The main point of this illustration is to establish 
the fact that with perfect amplifiers, changes in 
cross modulation and signal-to-noise will occur due 
to cable variations only. 

Figure 2 shows how cross modulation and 
signal to noise ratio varies with temperature in a 
cascade of 10 amplifiers. Three different 
systems are shown. The first is no AGC ampli
fiers, the second is AGC at every third position 
and the last is AGC at every position. In the system 
with no AGC, total cross mod varies from -84.5db 
to -37 .8db or 46.7db. Signal-to-noise ratio varies 
from 58.35db to 42.97db or a total change of 16.38db. 
This is of course, an impossible situation even in a 
short cascade of 10 amplifiers. 

If we AGC every 3rd. amplifier you can see that 
cross mod varies 7. 7db and S/N changes 6.57db. 
This is much more realistic and will provide a 
practical system if temperature variations are not 
too wide and the amplifier's response doesn't 
change with temperature. 

If we AGC at every amplifier position, cross 
modulation will remain constant because output at 
all amps is constant. Only the inputs will vary and 
this causes a variation in S/N of 3.9db. 

Figure 3 is a graph with two sets of curves that 
illustrate how cross modulation and signal to noise 
ratio change with temperature and cascade length. 
This is a system that is AGC'd every 3rd. amplifier 
and all spacings are 22db. The amplifiers have a 
maximum output capability of 48dbmv and a noise 
figure of 8db. The top curve of the cross mod set 
is -20° and each curve is 30° steps increasing to 
130° at the bottom. You will note that cross mod 
changes in the first amplifier, at the lower left 
corner of th~ graph, are almost as great as the 
cross mod changes at the tenth amplifier. 

The curves become straight lines after the tenth 
amplifier with less than 0.5db error. 

The primary point of this graph is to show that 
most of variations in cross mod with temperature oc .. 
cur in the first amplifiers in the system. 

Figure 4 is a graph of a 10 amplifier cascade il .. 
lustrating cross modulation changes with temperature e 
and cascade length. This is a practical situation wber 
the first length of cable is 40db long, which is typiC8\~ 
of most systems using a high output head end. The to 
cross mod variation is 9.7db which will continue to the 
end of the system. 

The dashed curves at the upper right corner, are 
the cross modulation variation that would occur if ~~ g 
applied AGC to the first six amplifiers thereby li:rn1t1Il a 
the variation to 3 .5db. The variation in cross mod fo\y 
longer cascade than 10 amplifiers will be approximate 
the same. Balance of amps AGC'd every 3 RD arnP· 

Figure 5 shows the variation of signal to noise 
ratio with temperature and cascade length. This a~s·~r· 
has a 40db length of cable preceding the first amphfl 
We are using AGC at every third amplifier. If we u:e .. 
AGC at the first six ampli~iers, we will have some 1J11 

provement in the variations. 
All of these curves assume stable amplifier per: 

formance with temperature. In actual practice thiS 15 

not the case. We have measured an average of 6db 
errors in amplifier cable equalization in the cha:rnber 
with a 10 amplifier cascade, cycling from 0° to 120°· te~ 

These results have been confirmed in actual sys 
operation. 

Most of our experience is with low band AGC sY~d 
tems.e In these systems we have found that the loW b 
remains stable but the high band varies with tempet::t" 
ture. This is due to two reasons. 

1. Improper system cable equalization changes 
with temperature. re· 

2. Changes in amplifier response with temperaJtl 
This causes cross mod to increase when the temper::t" 
ture drops and vice-versa. t 

The ideal solution would be to use amplifiers tb::t 
would correctly follow the cable slope changes with.

11 
temperature. I feel confident that manufacturers W1 
be supplying equipment in the future that will do thiS· 
However, our problem is with existing systems. we 
have stabilized our system by the following methodS• 
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1. Installing additional thermal equalizers wheres· 
our layout allowed the additional insertion 10~ 

2. By changing the pilot carrier level at the }le::l ., 
end to change the gain of all AGC units as tefil 
perature changes. W 

3. By lowering the output of the distribution aJ11~. 
fiers and line extenders that are past the 15 e 
trunk amp by 2db. This gives us a little rnot 
tolerance to the changing levels. 
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A. system with high band AGC, compared to a 
s:vstern With low band AGC that has the same tem
Perature problems, will perform better. This is be
~ause the high band is operating at a higher level 
c th rnore channels and is the major contributor to 
t{08~ rnod. % of contribution LO = MI =. By holding 
be high band constant with AGC and allowing the low 
q Cl.nd to vary, much less visible changes in picture 
p~ality will occur. I believe the ideal system is 
clot carriers in both high and low bands with active 
~Sed loop control on both gain and tilt. This would 
te ow rnuch less critical amplifier design as far as 

!n.Perature is concerned. 
lll During the equipment evaluation program, the 
Ofost outstanding fact that we confirmed is the lack 
fa standard specifications between different manu-

cturers. 

,, Cross modulation is the most serious difference 
vve f 
'Wr ound. Our method of measurement, right or 
h ong, is at least the same for all amplifiers. We 
f:ve evaluated most of the equipment available and 

Und as much as 15db difference between published 

-

output capability and measured outp~t capability. 
This tells us that it is impossible today to design a 
system by using published specifications and re
liably predict the results, unless we know what 
basis the specifications are derived from. 

We as an association must push hard for the 
final adoption of the NCTA standard for amplifier 
output capability and measurement techniques. 

We have taken far too long in finalizing this 
standard. The final form that is adopted is not as 
important as getting it adopted. 

I submit that we must move now to establish 
additional industry standards for total system per
formance as soon as possible. These should in
clude system operation under all temperature con
ditions. The manufacturers could provide leadership 
in this area by providing more complete data on 
their equipment and it's application. I doubt very 
much if all CATV operators are willing to invest the 
time and money required to test amplifiers and 
determine for themselves what its limitations are. 

Fig"ure 1 

+3 r db mv; 
22 db~ 70° IMANUAL!22db (cY 70°JMANUAL122 db @70°.J 

-,22 db Gainl '(22db Gain[ . 1 AGC 

r--- TEMP. IN OUT IN OUT IN OUT 

130° 7.35 29.35 5.70 .27.70 4.05 31.00 

1000 8.15 30.15 7.30 29.30 6.45 31.00 

70° 9.00 31.00 9.00 31.00 9.00 31.00 

40° 9.78 31.78 10.56 32.56 11.34 31.00 

10° 10.50 32.50 12.00 34.00 13.50 31.00 

-20° 11.25 33.25 13.50 35.50 15.75 31.00 

1----

......__ -
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TEMPERATURE -20° IQO 40° 70° tooo 130° 

CABLE ATTENUATION 19.75 20.50 21.22 22.00 22.85 23.65 

CROSS MOD -37.8 -50.8 -61.2 -71.0 -79.0 -84.5 

>-
10 AMPS' 

~ SIN NO AGC 58.35 56.30 53.73 50.00 44.12 42.97 
~ 

CROSS MOD. -66.3 -67.7 . -69.3 -71..0 -73.2 -74.0 

I 0 AMPS 
>- ~ SIN 53.91 5.2.47 51.32 50.00 48.46 47.34 

3 AGC 

CROSS MOD. -71.0 -71.0 -71.0 -71.0 -71.0 -71.0 

10 AMPS 
>- ~ SIN 52.25 51.50 

10 AGC 
50.78 50.00 49.15 48.35 

ASSUME I. 22 db SPACING AT 70° 
2. MAXIMUM OUTPUT FOR -57 db CROSSMOD =+48 db mv 
3. NOISE FIGURE =+ 8 db 
4. A~1PLIFIER DOES NOT CHANGE WITH TEMPERATURE 
5. ALL LEVELS ARE CHAN-NEL 13 
6. INPUT LEVEL TO ALL SYSTEMS =+31dbmv 

Fig;u.re 2 
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TEMPERATURE 130° 
CABLE ATTENUATION @ CH-13 23.65 db 

No AGC 3 AGC 10 AGC 
AMP IN OUT % CM db CM S7N IN OUT % CM do CM S7N lN OUT % CM do CM S7N 

# 
1 7.35 29.35 .00205 -94 58.35 7.35 29.35 .00205 -94 '58.35 7.35 31.00 .0029 -91 58.35 

2 5.70 27.70 .00335 -90 56.07 5.70 27.70 .00335 -90 56.07 7.35 31.00 .0058 -85 55.34 

3 4.05 26.05 .00427 -88 54.53 4.05 31.00 . 00625 -84 53.53 7.35 31.00 .0087 -8 2 53.58 

"""-.~ 4 2.40 24.40 .00492 -87 52.03 7.35 29.35 .00830 -82 52.29 7.35 31.00 :.0116 -79 52.34 
co 

5 0.75 22.75 .00538 -86 49.17 5.70 27.70 .00960 -81 50.94 7.35 31.00 .0145 -77 51.37 

6 -0.90 21.10 .00567 -85 46.59 4.05 31.00 .01250 -78 49.51 7.35 31.00 .0174 -76 50.58 

7 -2.55 19.45 .00588 -85 44.43 7.35 29.35 .01455 -77 48.95 7.35 31.00 .0203 -7 4 49.91 

8 -4.20 17.80 .00603 -85 47.30 5.70 27.70 .01585 -76 48.27 7.35 31.00 .0232 -73 49.32 

9 -5.85 16.15 .00612 -8 5 45.21 4.05 31.00 .01875 -75 47.45 7.35 31.00 .0261 -72 48.81 

10 -7.50 14 . 50 .00619 -85 42.97 7.35 29.35 .02080 -74 47.11 7.35 31.00 .0290 -71 48.35 



TEMPERATURE 100° 
CABLE ATTENUATION % CH-13 22.85 db 

No AGC 3 AGC 10 AGC 
AMP IN OUT % CM db CM S/N IN OUT % CM db eM S/N IN OUT % CM db CM S/N 

# 
-

1 8.15 30.15 .00230 -93 59.15 8.15 30.15 .00230 -93 59.15 8 . 15 31.00 .0029 -91 59.15 

2 7.30 29.30 .00435 -88 56.52 7.30 29.30 .00435 -86 56.52 8.15 31 . 00 .0058 -85 56.14 

3 6.45 28.45 .00598 -85 53.94 6.45 31.00 .00725 -83 53.94 8.15 31 . 00 .0087 -82 54.38 

'..J 4 5.60 27.60 .00728 -83 52.07 8.15 30.15 .00955 -81 52.79 8.15 31 . 00 ,0116 -79 53.14 -.o 

5 4.75 26.75 .00838 -8 2 50.53 7.30 29.30 .01160 -79 51.71 8.15 31.00 .0145 -77 52.17 

6 3.90 25.90 .00930 -81 49.18 6.45 31.00 .01450 -77 50.67 8.15 31.00 .0174 -76 51.38 

7 3.05 25.05 .01003 - 80 47.96 8.15 30.15 .01680 -76 50.10 8.15 31.00 .0203 -74 50.70 

8 2.20 24.20 .01061 -80 45.88 7.30 29.3Q .01885 -75 49.49 8.15 31.00 .0232 -73 50.13 

9 1.35 23.35 .01113 -80 45.00 6.45 31.00 .02175 -74 48.85 8.15 31.00 .0261 -72 49.62 

10 0.50 22.50 .01154 -79 44.12 8.15 30.15 .02405 -73 48.46 8.15 31.00 .0290 -71 49.15 



TE~1PERATURE 70"' 
CABLE ATTENUATION % CH-13 22.00 · db 

No AGC 3 AGC 10 AGC 
AMP 1N --ouT % CM _ c1b __ C_M__$/N IN OUT % CM db CM S/N lN OUT % CM db CM S/N 

# 
1 9 31 .0029 -91 60 

2 9 31 .0058 -85 56.99 

3 9 31 .0087 -82 55.23 

00 4 9 31 .0116 -79 53.98 
0 

5 9 31 .0145 -77 53.00 S A M E S A M E 

6 9 31 .0174 -76 52.22 

7 9 31 .0203 -74 51.55 

8 9 31 .0232 -73 50.97 

9 9 31 .0261 -72 50.46 

10 9 31 .0290 -71 50.00 



TE~IPERA TURE 4 0 ° 
CABLE ATTENUATION @ CH-13 21.22 db 

No AGC 3 AGC 10 AGC 
AMP IN OUT % CM do CM S7N IN OUT % CM do CM S7N IN OUT % CM db.CM S/N 

. ~-----

# 
-1- 9.78 31.78 .00365 -89 60.78 9.78 31.78 .00365 -8 9 66.78 9.78 31.00 .0029 -91 60.78 

2 10.56 32.56 .00775 -83 58.15 10.56 32.56 .00775 -83 58.15 9.78 31.00 .0058 -85 57.77 

3 11.34 33.34 .01295 -78 56.75 11.34 31.00 .01065 -8 0 56.75 9.78 31.00 .0087 -8 2 56.01 

4 12.12 34.12 .01875 -75 55.85 9.78 31.78 .01430 -77 55.29 9.78 31.00 .0116 -79 54.77 __. 
00 __. 

5 12.90 34.90 .02605 -72 55.21 10.56 32.56 .01840 -75 54.17 9.78 31.00 .0145 -77 53.80 

6 13.68 35.68 .03425 -70 54.75 11.34 31.00 .02130 -74 53.56 9.78 31.00 .0174 -76 53.01 

7 14.46 36.46 .04455 -67 54.40 9.78 31.78 .02495 -73 52.80 9.78 31.00 .0203 -74 52.34 

8 15.24 37.24 .05615 -66 54.12 10.56 32.56 .02905 -71 52.26 9.78 31.00 .0232 -73 51.77 

9 16.02 38.02 .07095 -63 53.90 11.34 31.00 .03195 -70 51.85 9.78 31.00 .0261 -72 51.26 

10 16.80 38.80 .08915 -61 53.73 9.78 31.78 .03560 -69 51.32 9.78 31.00 .0290 -71 50.78 



TEMPERATURE 10° 
CABLE ATTENUATION @ CH-13 20.50 db 

No AGC 3 AGC 10 AGC 
AMP IN OUT % c~ a:5 CM 57N IN OUT % CM a:5 C1\I 57N IN~ OUT % CM a:6 CM S7N 

# 
-1- 10.50 32.50 .00410 -88 61.50 10.50 32.50 .00410 -88 61.50 10.50 31.00 .0029 -91 61.50 

2 12.00 34.00 .00980 -81 59.17 12.00 34.00 .00980 -81 59.17 10.50 31.00 .0058 -85 58.49 

3 13.50 35.50 .01810 -75 57.95 13.50 31.00 .0127 -78 57.95 10.50 31.00 .0087 -8 2 56.73 

co 4 15.00 37.00 .02970 -71 57.31 10.50 32.50 .0168 -76 56.65 10.50 31.00 .0116 -79 55.49 
N 

5 16.50 38.50 .04620 -67 57.00 12.00 34.00 .0226 -74 55.74 10.50 31.00 .0145 -77 54.52 

6 18.00 40.00 .06920 -64 56.74 13.50 31.00 .0255 -73 55.20 10.50 31.00 .0174 -76 53.73 

7 19.50 41.50 .10170 -60 56.56 10.50 32.50 .0296 -71 54.08 10.50 31.00 . 0203 -74 53.06 

8 21.00 43.00 .14770 -57 56.44 12.00 34.00 .0354 -69 53.55 10.50 31.00 .0232 -73 52.49 

9 22.50 44.50 .20570 -54 56.36 13.50 31.00 .0383 -69 53.21 10.50 31.00 .0261 -72 51.98 

10 24.00 46.00 .29570 -51 56.30 10.50 32.50 .0424 -68 52.47 10.50 31.00 .0290 -71 51.50 



TEMPERATURE -20° 
CABLE ATTENUATION@ CH-13 19.75 db 

No AGC 3 AGC 10 AGC 
AMP IN OUT % CM db CM S7N IN OUT % CM db CM S7N IN OUT % CM db CM S7N 

# 
1 11.25 33.25 .00485 -87 62.25 11.25 33.25 .00485 -8 7 62.25 11.25 31.0 .0029 -91 62.25 

2 13.50 35.50 .01305 -78 60.24 13.50 35.50 .01305 -78 60.24 11.25 31.0 .0058 -85 59.24 

3 15.75 37.75 .02685 -72 59.36 15.75 31.00 ~01334 -78 59.36 11.25 31.0 .0087 -8 2 57.48 

4 18.00 40.00 .04985 -66 58.91 11.25 33.25 .01819 -75 57.56 11.25 31.0 . 0116 - 79 56.21 
00 
w 

5 20.25 42.25 .08835 -61 58.66 13.50 35.50 .02639 -72 56.75 11.25 31.0 .0145 - 77 55.24 

6 22.50 44.50 .15235 -57 58.52 15.75 31.00 .02929 -71 56.34 11.25 31.0 .0174 -76 54.45 

7 24.75 46.75 .26235 -52 58.44 11.25 33.25 .03414 -70 55.35 11.25 31.0 .0203 -74 53.78 

8 27.00 49.00 .44735 -47 58.39 13.50 35.50 .04234 -68 54.86 11.25 31.0 .0232 - 73 53.21 

9 29.25 51.25 .75735 -43 58.36 15.75 31.00 .04524 -67 54.59 11.25 31.0 .0261 -72 52.70 

10 31.50 53.50 L33735 -38 58.35 11.25 33.25 .05009 -66 53.91 11.25 31.0 . 0290 -71 52.25 



Cable to first AMP 40 db 
All other spacings - 22 db 

-20° 
AMP IN OUT % CM db CM S7N 

# 
1 13.20 35.20 .0073 -83 63.20 

2 15.45 37.45 .0230 -73 61.15 

3 17.70 31.00 .0232 -73 60.27 

4 11.25 33.25 .0281 -71 58.14 

5 13.50 35.50 .0363 -69 57.24 

6 15.75 31.00 .0392 -68 56.76 

7 11.25 33.25 .0441 -67 55.68 

8 13.50 35.50 .0523 -66 55.14 

9 15.75 31.00 .0552 -66 54.85 

10 11.25 33.25 .0601 -65 54.13 

CHAIRMAN TAYLOR: Thank you both very 
much. (Applause) Are there some questions? 

@ 

@ 

MR. KEN SIMONS: This is not exactly a ques
tion but I would like to take this opportunity to thank 
Jerry and Bob for an excellent paper. I would also 
like to express the hope that their pioneer effo:rrt 
shows the way toward a future in which CATV 
equipment will be sold based on specifications 
measured by both the supplier and the user. Our 
industry must grow past the era of extravagant 
claims into one of solid engineering accomplishment. 

70°, 35.8 db @ -20° and 43.0 db @ 130° 0 

-20° @ 130 70°, 19.75 db @ and 23.65 db 

130° 
IN OUT % CM db CM S7N 

6.0 28.00 .00147 -97 57.00 

4.35 26.35 .00250 -92 54.74 

2 ·. 7 0 31.00 . . 00540 -8 6 52.20 

7.35 29.35 .00745 -83 51.26 

5.70 27.70 .00875 -8 2 50.16 

4.05 31.00 .01165 -79 48.94 

7.35 29.35 .01370 -78 48.47 

5.70 27.70 .01500 -77 47.86 

4.05 31.00 .01790 -75 47.10 

7.35 29.35 .01995 -74 46.89 

We will now move on to the final paper of the~.~· 
noon. Mr. William Rheinfelder received his M.S. 
degree from the Institute of Technology in Muni~~~ctof 
Germany. For the past two years he has been dl tlJ.· 
of research and development at Anaconda Astrod::t of 
From 1960 to 1964 he was with Ameco as director tbe 

·nto 
research and development. Prior to his entr! 1 for 
CATV field, Mr. Rheinfelder was staff scientist ctorl·. 
communications research at Motorola SemicondU .r;o 

E P'' 
Mr. Rheinfelder is a senior member of the I.E· '.,, 

Rhel" S.M.P.T.E. and a member of the A.E.S. Mr. 

CHAIRMAN TAYLOR: Thank you again very much. 

felder will speak on the subject of "Distortion :lV1 
ment Techniques for CATV." 

Bob, please accept my apologies for omitting your name 
from the program. 
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TUESDAY TECHNICAL SESSION 

June 27, 1967 

The Technical Session, held in the Adams Room 
of the Palmer House, Chicago, illinois, convened at 
nine o'clock, a.m., Col. DeWolf Schatzel, A. Earl 
Cullum, Jr., Consulting Engineers, Dallas, Texas, 
presiding. 

CHAIRMAN SCHATZEL: Good morning, ladies 
and gentlemen. 

For the benefit of any of you who do not know 
where you are or what you are doing here (laughter), 
let me announce that this is the Tuesday morning 
Technical Session of the NCTA ConventiGn. 

My name is "Dutch" Schatzel, and I have the pleas
ure of presiding over the meeting this morning, and 
more particularly of introducing the speakers. 

We have a great deal of highly important and in
teresting information to pass on to you today through 
our various speakers, so we are going to endeavor to 
be as brisk as possible and move along rapidly adher
ing to the schedule as closely as possible. 

Our first presentation this morning is a sort of a 
"double play" actually, for we have two speakers. I 
am going to introduce the first, who will then intro
duce the second speaker, after, I understand, some 
brief remarks. 

The subject is one we have all been following with 
great interest for the past couple of years. The sub
ject is SHORT HAUL MICROWAVE, another means for 
getting information in large volume from one point to 
another rather nearby point. 

The people who have been doing this represent a 
joint venture, as I understand it, of the TelePrompTer 
Corporation and Hughes Aircraft Corporation. 

Our first speaker this morning represents Hughes 
Aircraft Corporation, and is a graduate of the Uni
versity of Utah, where he also received his Doctorate. 

He has had 12 years of very wide experience in 
microwave developments of all kinds, and at the pres
ent time is the Manager of the Microwave Components 
Department of the Research and Development Division 
of Hughes Aircraft Company •. 

It is a great pleasure to introduce Dr. Howard 
Ozaki (Applause). 

DR. HOWARD OZAKI (Hughes Aircraft Company): 
Thank you very much. 

This paper is a joint effort of Mr. Lyle Stokes 
and myself, and will be presented by Mr. Stokes who 
is a Senior Scientist in the Research and Development 
Division of 'the Hughes Aircraft Company where he is 
presently Head of the Telecommunications Group Staff. 
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His past credits include responsibility for the 
subsystem design for the receiver signal processing, 
transmitter and television sub-systems for the sur ... 

d ·n veyor Spacecraft. Before that time he had worke 1 

many missile and electronics radar applications. 
More important to us in our department, he was 

one of the chief instigators and contributors to the 
AML short haul microwave concept, and he has been 
working with us since the beginning of the prograrn· 
What you have seen and are to see is in great part 
due to his early efforts in this program. ) 

With that, I introduce Mr. Lyle Stokes. (Applause 

MR. LYLE S. STOKES (Senior Scientist, SysteJ11S 
Laboratory, Research and Development Division, 
Aerospace Group, Hughes Aircraft Company, Culver 
City, California): 

In May 1965, a representative of the TeleProiilP" 
Ter Corporation came to Hughes Aircraft to discus~ 
some of their hopes for the future. It was suggeste 
that there was a need for a particular kind of micrO" 
wave link, and the discussion continued on as to the 
possibility of doing something about it. 

As a result, I had a call wanting to know if I 
would like to be involved in the project. 

It developed that they desired to transmit 12 
channels of television to multiple receivers in a 
metropolitan area in order to eliminate the necessitY 
for digging up the streets to lay coaxial cable. In 
addition, they wanted to be able to use such a systeJ11 
for point-to-point operation to satellite cities. There 
was also involved the possibility of jumping barriers 
such as rivers and other obstacles that would be verY 
costly in getting around by ordinary meanso 

I gave it some thought and began to wonder ho'W 
we were going to do this. I continued thinking about 
it, and approximately a month later we did get to
gether with the TelePrompTer people, and I asked 
them what they were going to call this ? 

They indicated it would be known as the Short 
Haul Multiple Channel Microwave Link. 

As you can readily understand this represents 
quite a mouthful, and we decided to shorten it and 
call it AML ••• meaning Amplitude Modulated Linl<· 
Several weeks later we had an operating "break
board" which is shown on the first slide (slide). 

This really contains all of the components of the 
link as we eventually camp up with it. You have the 
transmitter, which is located in this lower region 
(indicating), adjacent to the horn. 



Our desire was to put complexity into the trans
~itter and make the receiver simple because we hoped 
0 Use a number of them with each transmitter. You 
can readily see that we achieved that goal. 

We invited our division director down to see this, 
and gave him an opportunity to view all of Los An
[eles' television signals coming over, and all of the 

1 
os Angeles' frequency modulation station as well. He 

00ked at Channels 2, 4, 5, 9, 11, and 13, and he indi
cated he thought it was great. 
B We sent on to the experimental stage. First at X 
and, and then at 18 gigahertz. 

We chose this, first, because it was not crowded; 
~lld second, it was also one that had reasonable losses 
111 terms of weather. 

We desired 12 channels, and we have 12 channels 
now. 

We aimed at 57 db overall as the system inter
lO.octulation specification where each inter-modulation 
P~oduct should be at least that far below the peak car
tler. 

\Vi The range of six miles was one which we achieved 
t· th a rather low-power transmitter which I will men-
lon later as we move along. 

It provided a wide beam so as to cover a large 
Sect· f lon of the city. The output was equal to the input 
~equencies. This was important where the eventual 
~gnal coming to the home would be in competition 
t th the signal from the TV station itself. We wanted 
no have them identical so that there would be no beat 
b otes between the two signals. We have achieved that 
Y a phase-lock receiver. 

'W (Slide) Here we see a transmitter block diagram. 
r e have omitted the proprietary lines from this. Vl'e 

1.eany have two transmitters, divided in half, with a 
lne going through that area (indicating) • 
a The klystron is synchronized or phase-locked to 

8 
crystal, and that crystal is in the synchronizer. The 

l Ynchronizer has a signal that also comes to this 
bower converter (indicating), where a tone is placed 
etw e een Channels 4 and 5. You will note the 4 mega-
~~le gap, and the tones put into that gap are the ones 
Oq lch we use in the receiver to develop our synchron-

s receiver local oscillator. 
fr The oscillator, then is coherent with the crystal 

equency, or the klystron, as shown here (indicating). 
th . The important step is the converter that shifts 
the lncorning signals to a higher frequency, and from 
to ere they filter off into a single side band filter, and 

the transmission amplifier. · 
add .In the particular case indicated, the RF signals 
te ln space, eliminating any loss you might encoun

r. 
St (Slide) The receiver is the sort of elemental 
\V:ucture you would have in a UHF down converter. 

are using UHF a little higher in this case. It has 
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an additional feature that you do not find in most UHF 
converters, namely a phase-lock loop which gets rid 
of the beat problem that I mentioned earlier. 

A pilot tone filter of about one megacycle band
width removes all channels of the 4 TV channels and 
leaves just the pilot tone at a frequency between 
channel 4 and 5. Then the phase detector compares 
that tone with the solid state multiplier frequency. 
This is all done automatically. 

(Slide) We have gone through the block diagram. 
We know the frequency we will operate at, and the 
next is the question of the parameters. 

This (indicating slide) represents a diagram of 
those parameters. 

The required output signal to noise ratio is 45 db 
peak to RMS, which is an excellent quality TV signal. 
We have a 12 db receiver noise figure. The receiving 
antenna has a gain of 44 db which corresponds to a 
4-foot dish. 

We have for the transmitter chosen to use a 27 db 
gain antenna which provides a large fan (approxi
mately 15 degrees wide) and two degrees in height 
for the six mile range. 

With higher gain antennas you can well imagine 
that longer ranges are available. 

The design margin of 7 db is to provide for 
propagation effects such as rain, fog, and snow. 'Pith 
this particular set of parameters you can endure a 
rain rate of one-half inch per hour, which is called by 
the weather bureau ''heavy rain", and there is still no 
loss in signal to noise ratio. 

(Slide) The next few slides will show the ex-
perimental stages. 

This is the converter stage. 
(Slide) This is the power amplifier. 
(Slide) This is our "breadboard" receiver. The 

antenna remains pretty much the same as in the pro
totype which we will see in a moment. 

(Slide) This shows the inside of the receiver. 
The output of this unit can feed directly into the home 
receiver, and the TV signals are available there. 

We now had a transmitter-receiver experimental 
version, and the next thing to do was to conduct ex
periments with it. 

(Slide) We found that, indeed, we could put 12 
channels through the system. We determined where 
the inter-modulation level came out. We found that 
the transmitter noise figure was suitably low with 
the type of up-converter and the type of traveling 
wave tubes we knew we could make. 

We had identical input and output signal frequen
cies because of the pilot tone that had been added. 

The next thing we needed to do was to conduct 
some rain tests. We did them in New York City. 
These were made over a period of four or five months. 
The data was analyzed. 



This (indicating slide) represents a summary of 
that data. It turned out about as you would expect in 
computing weather statistics. Most weather data will 
state that it rained an inch during a particular day. It 
may have happened in a minute, or some very short 
period of time, and this may wipe you out. If it hap
pened all day, it would not bother you. 

As far as I know, only one person has done work 
on short term weather effects and in this instance it 
is a gentleman by the name of Bussey. This individ
ual has analyzed the statistics for one minute; one 
hour; and one half-hour. Using the data he had avail
able there for the types of weather and comparing it 
with weather data we actually observed in New York 
City, we came up with this curve (indicating), which 
shows the New York City-Washington, D.C. expected 
performance. 

If you will look at this line (indicating) for 40 db, 
it indicates that the performance of our system we ex
pect to be 40 db or better except for six hours a year, 
at a six-mile range. At a four-mile range, for in
stance, it indicates that signal to noise ratios should 
be 40 db or better except for about two and a half hours 
a year. 

So, there is a very small time each year when we 
expect the signal to go down below the 45 db excellent 
picture quality. These two, three, or four hours, how
ever, will give us a type of "snow" picture in the 20 db 
range, and it may occur between midnight and three 
o'clock in the morning, when not too many people will 
be watching. 

With these experimental tests being conducted, 
Hughes and TelePrompTer embarked in a joint ven
ture called Theta-Com, and decided to build some 
prototypes. 

(Slide) Many of you have seen the receiver in the 
display. This is the inside of it. 

This box is now approximately 14 inches by 9 in
ches by 2-1/2 inches. 

The package is done in a casting. It has a sep
arator down the center, and there is an upper and 
lower level; and it provides the RF shielding between 
various portions of the receiver. 

This entire unit is shielded with a copper sheet 
over top and bottom before b,eing hermetically sealed. 

It has, as you can see, two wires going in, and 
this represents a 28-volt DC as required, with the 
third wire, which is the VHF output, which goes di
rectly into the CATV system. 

(Slide) This is the driver unit, the prototype 
driver unit, that you may have seen in the display. It 
has two outputs that can be combined into a single out
put if desired, or can drive two separate amplifiers. 

(Slide) One thing that was required for the pro
totype was a sufficiently high power traveling wave 
tube. There are none available. Hughes, however,. 
has built a number of traveling wave tubes. In fact, 
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they are presently aboard the Surveyor and other 
satellites used by NASA. They are aboard the Boeing 
Lunar Orbiter; the JPL Mariner; and Apollo Space .. 
craft. 

The traveling wave tubes developed have collec ... 
tively accumulated over 10 years in space without a 
single failure so far. These traveling wave tubes 
have also been put in high-power radars with average 
powers in the order of many hundreds of watts. 

So, we would like to have a traveling wave tube 
that has low noise and high power and operates in the 
18 gigahertz band. 

We asked what could be done? 
As we realize, high power and low noise do not 

go together. 
We, however, de signed a tube that was built spe"' 

cifically for high power and low noise. This is the 
"innards" of that tube. (Slide) 

At the far end, at the top of the picture, is the 
black item which is the electron gun, next is the 
traveling structure, next the input and output wave 
guide flanges; the collector heat sink; and at the end 
it has its own private ion pump to take care of the 
loose ions that might be floating around. 

This TWT has a saturated output of 250 watts. 
Actually, you would operate this tube at about r 

one and a half to two watts total output power in orde 
that the IMP be sufficiently low. 

There are two of these units, plus the drive unit, 
plus the receiver unit, which make a complete sys .. 
tern. It has, however, several options depending on 
the type of range required. 

(Slide) This is the prototype unit. We have the 
receiver, the receiver antenna, and they are shown 
in the next slide (slide), and in this you will recog ... 
nize the prototype as you have seen it ·in the displaY· 

This is a completely weatherproofed unit and iS 
suitable for us in any of the various available AML 
configurations. 

(Slide) This shows a transmitter antenna. It iS 
a side view indicating the input flanges and mounting 
brackets. 

(Slide) This shows a front view of the antenna, d 
and here you can see how two antennas are combine 
into one package. The idea is that each of these sec"' 
tions is driven by a single power amplifier, and here 
is where the diplexing is done, rather than having a 
diplexing loss before the antenna structure is en
countered. 

Those are the antennas, and that is the proto ... 
type system. 

Right now we have reached the point in the pilot , 
line production where we have a number of receivet6

' 

we are working on a number of transmitters; and v:e 
are moving along on a system that gives over 100 
megacycles of base band capability. 

Thank you very much. (Applause) 





18 · gHz MICROWAVE LINK 

A. MULTfPLE CHANNELS (UP TO 12 CHANNELS) 
.· I 

B. . LOW INTERMODULATION PRODUCTS 

C. LOW OVERALL SYSTEM NOISE FIGURE 

0. RANGE UP TO SIX MILES 

E. OUTPUT FREQUENCIES IDENTICAL TO INPUT 
FREQUENCIES 

F. MULTIPLE RECEIVERS 
Figure 2 AML Overall specificiation 



H 
c 

L 
c 
~ 

IGH BAND 
-iANNELS 7-13 

~ 

KLYSTRON 
POWER 
SUPPLY 

OW BAND 
HANNELS 2-6 
FM BAND 

- CONVERTER -- .. 

h 

KLYSTRON --

,, 
- CONVERTER --

Figure 3 

SINGLE 
TWT SIDEBAND -- AMPLIFIER 

_FILTER 

Jl 

TWT 
POWER 
SUPPLY 

~YNCHRONIZER 

TWT 
POWER 
SUPPLY 

,. 
SINGLE 

TWT SIDEBAND -- AMPLIFIER FILTER 
-

AML transmitter block diagram 

~ 

MIT 
NNA 



RECEIV 
ANTEN 

\" 
1 

E 
NA 

Figure 4 

' 

BALANCED 
MIXER 

~~ 

BAND 
PASS 

FILTER 

~ ~ · 

SOLID 
STATE 

MULTIPLIER· 

Jl 

vcxo \ --

28 VDC 
SUPPLY 

VHF -....... PREAMP 

,, 
PILOT 
TONE 

FILTER 

,, 
PILOT 
TONE 

PREAMP 

, 
PHASE 

DETECTOR 

J~ 

SWEEP 
CIRCUIT 

--
CHAN NELS 

OUT 2-13 

AML receiver block diagram 



Figure 5 AML operating parameters 
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Figure 6 AML experimental model upconverter 



Figure 7 AML Experimental Power Amplifier 
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Figure 8 AML experimental receiver and receiving antenna 



Figure 9 
Inside view of AML experimental receiver 



Figure 10 
Subjective effect of rain on AML performance for 
one year in the Washington, D. C./New York City area. 
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Figure ll Inside view of the prototype AML receiver 
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Figure 12 Prototype AML driver unit 
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Figure l3a, b ·Internal views of the AML prototype TWT 



Figure 14 AML prototype transmitter power amplifier 



Figure 15 
AML prototype receiver and receiving antenna 



SOME CATV OPERATORS 
DISAPPROVE OF BM/E 

... because of the ''broadcasting'' in our title 

But most of them read every issue anyway. They 
need the objective, current story on CATV and 
broadcasting that BM /E gives them. It's all part 
of their business. 

A recent survey shows that men in the business 
of CATV- cable operators (single and multiple 
owners), broadcasting owners, publishing owners 
and telephone managers-read BM/E more than 
they read any other magazine in their field.* 

DON'T YOU MISS A SINGLE ISSUE 

:::Read Table 14 in "Survey of CATV Operators," 1967, available on request. 

I.II\CTIER PUBLISHING CORPORATION • 820 Second Avenue • New ~ork, New York 10017 



• IS CATV now Cable TV 
so ••• 

VI ~ W magazine changes to: 

CABLECASTIN~ 
Educational Tele.,ision 

But that's not all we've changed ••• 

New 
Contents 
CABLECASTING is now the technical 
journal of the cable TV industry. 
It is written for the engineer and 
technician who specifies the equipment used 
in cable television and other closed 
circuit systems, installs it, expands 
the system and maintains it. Because well
edited, unprejudiced, wel.l-planned technical 
information has not been available on a 
regular basis, the training of new tech
nicians has been difficult and equipment 
in the field has not always functioned 
at optimum levels. C & ET will now , give 
you the practical information you need 
to do your job better-- schematics and 
circuit explanations of the new equipment; 
how to use test instruments properly; 
how to troubleshoot fast; and more. 

So subscribe now and take advantage of our 
special money-saving long-term subscription 
rates: 2 years for ·$11, 3 years for $15. 

Please use the subscription cot~pon; 
and we'll bill you. 

New 
Frequency 
Starting in January, 1968, CABLECAST1:N'G 
& Educational Television will be issued 
monthly-- twelve times a year. This 
means. that we will be bringing you 
the practical technical information you 
need every month. Twice as many articleS, 
new series, new full-page schematic 
diagrams - - at no increase in price over 
the present annual subscription rate 
of $6 per year. 
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Figure 16 AML prototype transmitting antenna, side view 



Figure 17 AML prototype transmitting antenna, front view 



~li~IRMAN SCHATZEL: Thank you very much. 
.thlnk: this team from Hughes Aircraft Company 

agt"en us an extremely worthwhile progress report 
~~development that I am sure we will see a great 
:n lllore of as the years go by, the FCc willing, and 
~Pe that they will be willing. 

·8 lle to the rather limited time we have available 
~~ lllorrung, I am not going to be able to entertain 
t Oe than perhaps two questions of Mr. Stokes or 
I z k• I a :'and then we must move on with our agenda. 
·1b beheve, however, that both of these individuals 
~y :. Very happy to answer any questions that you 
~ Dllsh to put to them privately after they have left 

atform 
~l.'e the;e questions now? 

I
. ioll41{, EDWARD DAVIS (CBS Television): Your Di-
~ b~rector's question was uppermost in my mind. 

la his own terms, do you suppose you could give 
lll-h

00
lb.rnent, just in round numbers, what the kind of 

~'t~al.'· 
~ ~t 18on, let us say, between that which we might 
l~p~l'ested in, that is, in terms of ground base 
·ent ent, microwave or standard microwave equip
'ca~: ~ompared with this particular unit, would 
l . 
ill alb. asking, in effect, for a comment on the cost 

~~ati Precise terms, but in round numbers or in com
·:e 00 \r~ terms between what we now know as terms of 

8 
of a single microwave length ? 

~ ~i}{~ OZAKI: First of all, any number that we give 
~tt011~lsion Direction turns out to be too high by def-

~ We h 
1
. 4lrlb. ave looked at the relative cost of this system 
l~Pl:'~ of .our extrapolation of these costs, in quan
~ltit>le~Chon versus a similar type, perhaps not a 
l 1\~ an channel but a microwave system that con-
ea~ eh-- 12 channels. We believe that this system is 

··tJen · ~ In t 81Ve than that kind of approach. 
tnllt~ \re errns of going the full 12 channels in the sys
~~e w rsus having 12 single channels, I believe that 

bo:ulct be a marked difference in the cost. 
8 that answer your question? 

~ ~11 0lltpal.'~bblA. VIS: You have said it is less than or 
e to? 

!ti bl1. 0 
tto ~less ZAKI: It is less than. It is my belief that 

1\ Of h than; and, of course, here again is the que s
ow rnany do you make at one time ? 

1Vr11.n 
A VIS: Certainly. 

~ c;liA. 0~e q4 ll1MAN SCHATZEL: We have time for one 
estion. 
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MR. SIMMONS (Jerrold): With regard to the 
inter-modulation, do we understand that this is what 
we call cross-modulation; that is, modulation trans
ferred from one channel to another ? And, did if fol
low the theoretical law of two for one ? 

DR. OZAKI: This matter of inter-modulation, 
with respect to TV pictures, is slowly becoming 
more and more clear to us. The inter-modulation 
we are talking about does follow the two-to-one law. 
They are what are commonly called third order 
products. 

CHAIRMAN SCHATZEL: Thank you very much. 

(Announcements) 

The next topic is truly a "bread-and-butter" 
topic for people in the CATV business. 

The subject is TV SIGNAL PROPAGATION, and 
this is almost the first question we have when we 
consider a CATV system. We want to know what 
sort of signals we are getting at the head end. 

The gentleman who is going to discuss this for 
us this morning is the Manager of the Antenna and 
Microwave Products Division of Scientific Atlanta, 
Inc., which has a wide reputation in the antenna field, 
as you know. 

He is an engineering graduate of Mississippi 
State University, and has been working for the past 
10 years in the field of antenna microwave. It is 
my pleasure to introduce Mr. Thomas D. Smith, of 
Scientific Atlanta, Inc. 

MR. TOM D. SMITH (Scientific Atlanta, Inc.): 
First, I would like to express my appreciation for 
allowing Scientific Atlanta to participate in NCTA' s 
Technical Sessions. 

THE THEORY OF TELEVISION 
SIGNAL PROPAGATION 

by 

T. D. Smith 

Introduction 

Cable technicians need a knowledge of the propa
gation of television signals when performing signal 
surveys, locating head-end sites, determining sources 
of interfering signals, and in the designing or specify
ing of antenna arrays. The purpose of this paper is 
to review basic propagation theory with the hope it 
will provide better understanding of the propagation 
of television signals. First, this paper defines and 



Apparently the British Post Office has charge of all 
kinds of communications in Great Britain. 

He left there in 1947, and went with Rediffusion, 
of the British Broadcasting Agency, in London, and 
there he designed and installed the first cable system 
in England. 

He grew up with the CATV industry in England, 
and in 1953, came across to Canada where he became 
the Chief Engineer for the first large CATV system 
in Canada, at Montreal. 

Later, he joined Famous Players Canadian 
Corporation, in Toronto; and in 1963 became Vice 
President in charge of their CATV operations which 
serve and which involve systems serving 120,000 
subscribers, which is approximately one-third of all 
the CATV subscribers in Canada. 

He was active and he has been active in the 
Canadian Association. 

It is my privilege and my pleasure to introduce 
for a discussion of SPACE DIVERSITY RECEPTION, 
Mr. Ken Easton. (Applause) 

SPACE DIVERSITY RECEPTION 
FOR CATV 

by 

K. J. Easton 

CATV has by its very nature always been at the 
frontiers of long-distance television reception. When 
the FCC in the United States first laid out its table of 
frequency allocations for television broadcasting it 
did so in the belief, uncontested by technical knowledge 
or experience at that time, that broadcast signals in 
the VHF band could only be received over line-of
sight paths and the coverage area of a station would 
therefore be limited literally to the horizon visible 
from the transmitting antenna. 

It was soon found that this was very far from 
being the case, and that in fact stations could be re
ceived beyond the visible horizon. This threw ~he 
whole frequency allocation plan into the melting pot 
because the co-channel interference caused by propa
gation beyond the horizon proved to be much greater 
than anticipated, and in 194·9 the FCC had to impose 
a freeze on the licensing of new television stations 
while the whole thing was sorted out. By the time 
the freeze was lifted some two years later a new 
frequency allocation plan had been prepared which 
allowed for this propagation beyond the horizon by 
imposing longer co-channel and adjacent channel 
spacings. 

In the meantime it was this same freeze that gave 
birth to CATV, an industry that literally started by 
taking advantage of this same beyond the horizon 

feature of television propagation to bring television 
to people who otherwise could not enjoy this neW 
entertainment medium. From that time up to the d 
present therefore CATV has always been concerne 
with long-distance reception, and much knowledge tbe 
and ingenuity has been used to constantly improve 
quality and reliability of pictures brought in frortl 
beyond the TV horizon. 

Just as the television channel allocations pri~r 
to 1949 were based on the concept that VHF signa s 
were limited to a line-of-sight path, so far so:rne t 
years after this time during the early develop:rnen 

· on of CATV it was thought that all beyond-the-horiZ 
' reception was due to a propagation condition kn°wn 

as smooth-earth diffraction. This is a condition 
arising from the electrical characteristics of the 
atmosphere which cause radio waves to bend in the 
direction of the earth and thus extend the radio 
horizon to a point approximately one third furthe: 
than the visual horizon. Now it is a characteristiC gtb 
of a smooth -earth diffraction path that the path ~~ned 
can be extended, or alternatively the signal receiV 
at a given point can be increased by increasing tb~tbe 
height of the receiving antenna above the ground ... 

5 
well known height--gain phenomenon, so during. thl o,S 

phase of CATV receiving antenna development .It ~be 
usual to seek maximum height, either by loc~ting be 
receiving station on high ground or by elevatlllg t 
antennas well above ground level on high towerS• 

Since maximum antenna gain is also a pri:rn~ ~ 
requirement in order to extract the maximum Sign 
from the field strength available at the location, 10Jlg 
multiple arrays became the order of the day for 
distance reception. Unfortunately multiple arraYS 
and high towers are incompatible for mechani~al 

0
eed 

reasons, and this type of receiving equipment rrn:icll 
a practical limitation on the strength of signal ~ n• 
could be received from a distant television statiO id"' 

In the meantime during the early 1950's conSrJl 
erable scientific investigation was going on to Ie::t 
more about long distance radio propagation in. th;g55 
frequency range from 40 to 10,000 MHZ, and In 11 .... 

a number of papers were published under the 6P
0
.biJ1g 

sorship of the Institute of Radio Engineers descrl e 
a mode of long distance propagation which beca:rO 
lmown as "tropospheric forward scatter." It ~a:::tllcee 
found that communication was practicable at ?I·~nS• 
up to at least 300 miles under favorable conditl tbe 
and that diffraction theory could not account fortbeee 
substantial field strengths that are produced at d to 
ranges. A number of theories were put forwar ftt111 
account for this mechanism none of which were die"' 
proved, but the most popular was that this l.ong tttbtl"' 
tance propagation resulted from atmospheriC t d tll~ 
lence in the region between the stratosphere all 'fllJe 
surface of the earth, known as the troposphere· 
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tlll'buJ.ence is thought to produce "blobs" of atmosphere 
~hose refractive indices are sharply different from 

08e of the surrounding atmosphere. When irradi
~ed ?Y a high frequency signal those blobs reradiate 
th~ 8lgnal scattering it in all directions. Some of 
th~s scattering is in the forward direction and it is 

18 Which produces the field at the receiving location. 
t These papers summarising this work led directly 
to an e:xplosion of interest in this type of long dis
yallce radio communication, and in the succeeding 12 
lnea:rs since that date more than a' hundred such com
OfUnications systems have been built in many parts 
e the World for both military and commercial appli-
ations. 

te I should point out at this stage that all these sys
tl'lb.s Were designed for point to point voice and data 
~oansrnission, and there was no application for, and 
tel a~e~pt to adapt these techniques to long distance 
CJ\e\7ls:on transmission. Once again it was left to the 
tell'~ Industry, whose specialty is long distance 
tl'oe\7lsion reception, to pioneer the application of 

Po ... scatter in this field. 
alld The first experiments were carried out in Canada 
ac CUlminated in the first commercial use of tropo
l9:tter on a CATV system in North Bay, Ontario in 
fl'o 3, Providing reception of television programs 
ae ln. stations 240 miles from the community being 
illtl'\Tect. Since then there has been a rapidly growing 
l'e::r.e~t in this technique and a number of similar 
alld e.1\71ng systems have been installed both in Canada 
telllln the United States. Experience with these sys
ata 8 ?as resulted in a growing knowledge and under
ate n~ng of the techniques involved, resulting in 

actny increasing improvement and sophistication. 
:d acatt:aegardless of the true mechanical of tropo-

Cha er Propagation much is now lmown about the 
~l'o l'acteristics of the radio frequency energy field 
thl' Pagated beyond the horizon. It has been learned 
qat~llgh observation of a large mass of empirical 

~?llected from operational tropo links. 
the f' lrst}t is Imown that the average amplitude of 
atte;eld Propagated beyond the horizon is greatly 
this llated with respect to the transmitted field. For 
\Vi.th l'eason it is necessary to use a receiving antenna 
allte a Very high gain. Conventional discrete-element 
~osellnas such as the Yagi are unsuitable for this pur.:.. 
\tae ' and it is standard practice in tropo reception to 
<l.te:arabolic reflectors having a very large capture 
~a1 8 and capable of concentrating the received sig-
0f th onto a collector antenna located at the foca1 point 

~ Paraboloid. . 
aa a feco~d .the amount of attenuation can be calculated 
ttalls ~ct.lon of the angular distance between the 
aDatlnlttmg and receiving sites. Angular distance is 
t4e e alneter that takes into account the curvature of 

arth, terrain configuration, and climatic condi-
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tions over the path, and is a measure of the intercept 
angle in the troposphere formed by the intersection 
of straight lines drawn from the transmitting andre
ceiving sites to their respective horizons. For all 
but the most unusual circumstances angular distance 
is closely related to the linear distance between the 
two sites. Although site elevation is important in 
that it determines the distance to the horizon and 
therefore affects the angular distance, it is not 
nearly as significant as it is in the case of reception 
by diffraction, and the concept of height gain for the 
receiving antenna does not apply. For this reason, 
and because of the considerable mechanical difficul
ties in elevating a large parabolic antenna, it is usual 
to build these antennas virtually at ground level with 
an effective height of only 30 or 40 feet. 

Third
1 
the amplitude of the received field varies 

substantially with time over a given path. A mass of 
data on these variations has been gathered and 
analysed so that it is now possible to predict the 
amplitude-time distributions for most paths with a 
high degree of accuracy. For convenience these am
plitude variations are separated into short-term and 
long-term distributions. Short-term aplitude-time 
distributions are those measured over periods 
shorter than a few minutes. The long-term distribu
tion represents the variation of hourly median levels 
over a longer period of time-usually a month, a sea
son, or a year. 

Long-term variations of signal amplitude vary 
considerably with the season of the year and with 
geographical location, and when a system is being 
designed these factors must be taken into considera
tion. Determination of system parameters and design 
is usually based on the worst propagational month of 
the year--usually February or March in the Northern 
Hemisphere. Since long term variations on a given 
path are dependent on climatic conditions--tempera
ture, humidity, etc. they affect both tropo-scatter and 
diffraction paths and must be taken into account in 
the design of any system. 

Since tropo-scatter is apparently a mechanism 
associated with atmospheric turbulence, and since 
turbulence by its very nature is a state of constant 
change, short-term variations in signal amplitude 
are particularly apparent on tropo reception. Ex
perience has shown that tropo-scatter reception of 
television signals using parabolic antennas is subject 
to fades which, although deep, are usually of quite 
short duration, generally less than a minute. Fur
thermore these fades do not occur simultaneously 
over a broad wave front, and if they are observed on 
two antennas located some distance apart they are 
completely uncorrelated, that is they occur at random 
and will not usually coincide at the two antennas. 
The application of this phenomenon to methods known 



as diversity techniques has been developed to counter
act this fading and improve the propagational reliabil
ity. 

Diversity can be defined as the utilization of more 
than one independent and uncorelated transmission 
path to provide greater reliability than that provided 
by a single transmitter and receiver at each end. 
There are two types of diversity used in point to point 
communications links--space diversity and frequency 
diversity. In space diversity two antennas are used 
separated in space by a minimum of 50 wavelengths 
and preferably 100 wavelengths or more. Signals 
separated in space by this distance show an almost 
complete absence of correlation. In frequency di
versity two frequencies, separated by between one 
and ten per cent depending upon the frequency band 
in use, are transmitted over the path from the trans
mitting to the receiving station. Here again there is 
a minimum of correlation between the signals re
ceived on the two frequencies. 

Although space and frequency diversity may be 
utilized independently in dual diversity, both may also 
be used simultaneously to afford quadruple diversity. 
For high reliability circuit requirements and in ap
plications where the path length might otherwise pro
duce a marginal circuit quadruple diversity is the 
preferred solution, and it is used in the vast majority 
of tropo-scatter communications links. Unfortunately 
in the application of tropo-scatter techniques to tele
vision reception the use of frequency diversity is out 
of the question since the transmitter already exists 
and only the receiving end of the system is under our 
control. Nevertheless considerable improvement in 
signal reliability can be obtained by application of 
dual space diversity, that is the reception of the same 
transmitted frequency on two separate antennas spaced 
a certain distance apart across the propagation path. 

In planning a receiving system for signals being 
transmitted over a path on which substantial fading 
can be expected it is necessary first to determine 
what is the minimum signal to noise ratio that can be 
tolerated for an acceptable grade of service to the 
subscribers, and second, what the reliability of that 
grade of service will be, that is how constantly that 
grade of service will be available, or expressed 
another way, for what percentage of the time the 
grade of service will fall below the standard set. 

In 1959 the Television Allocations Study Organi
zation presented a lengthy and detailed report to the 
FCC which included the results of a measurement 
program to determine the subjective effects of vari
ous types of interference on television viewing both 
in black and white and in color. Based on the results 
from this report it has been determined that the min
imum performance criteria are pictures rated pass
able or better by 50% of the viewers, and that so far 

as random noise is concerned this requires a ·signal 
to noise ratio at the antenna of not less than 29db· 

Since the level of a tropo-scatter signal and, to: 
lesser extent, that of a diffraction signal, varieS bott 
within the hour and from hour to hour, some percen" 
age of time must be affixed to this signal to noise . e 
ratio. It is usual on communications links to reqUlr 
the expected grade of service to be equalled ·or bet .. 
tered at least 99.9% of the time, but in the case of 
television reception since it is an entertainment . le 
service and is not in use 24 hours a day it is posslb 
to reduce this requirement. P" 

Because signal conditions for tropo-scatter pro 
'"agation are generally poorer in the afternoon, and 
since the prime viewing time is from 6 to 11 p.Ill· a 
recommended percentage of time for the value of 
acceptable signal to noise ratio to be equalled or et"' 

ceeded is 99% of all hourly medians. This means 
that the hourly median value of signal to noise ratiO 
may be below the recommended minimum value for 
approximately 90 hours each year or on an average 
about 15 minutes per day. Since prime television s 
viewing time occupies only about 20% of the 24 hour 
this implies that on an average the grade of serviC~ 
will be below the recommended acceptable standaf 
for about 3 minutes in prime time each day. J1l 

When planning a tropo-scatter receiving. systeto 
we have to determine whether the required signal 
noise ratio of 29 db available for at least 99% of th: 
time can be achieved. This is done first by plottin 
the propagation path from transmitter to receivin;e 
site to determine the angular distance and hence t 
total path loss, and then equating this to the syst~Jl'l 
parameters, including effective radiated power 0 

.
1 

... 

the transmitter, receiving antenna gain, and recel 
ing equipment noise figure. r 

Of these the parameter most readily under otl 
control is antenna gain, and one of the reasons for 
using parabolic antennas for this type of recep:io~lY 
is the availability of a relatively high gain, tYP10a tile 
of the order of 28 db on the low band and 38 db 0~ 5oo 
high band for a reflector having an aperture of 1 ;Jlg 
square feet, that is 50 feet by 270 feet wide. fiaV 
determined the net loss over the path using an an~Jle 
tenna of given gain it is then necessary to deter~ 0£ 

what signal to noise ratio can be expected for ggt~ 
the time by the application of probability theorY zgd!J 
measured data. If this value equals or exceedS e""' 
we can assume that the receiving system c~ be froJtl 
pected to provide the required grade of serv1ce db 
that television transmitter. If it is less than 29 ~e" 
then either we decide that the signal from that tr (t' 

mitter should not be used as part of the CATV se li"' 
ice, or if we must use it we can expect that itS r~id" 
ability will be lower than might otherwise be con 
ered de sir able. 
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t ~o far we have been discussing long-term fading, 
hat Is the fading represented by changes in hourly 
trledian signal levels. Even when these critera are 
!net We may still be left with the short term fades, 
and from experience, with tropo-scatter reception 
:ing parabolic antennas it is a characteristic of the 
th·ort term fades that they generally last for some-

lng less then a minute. The picture may be lost 
~0lllentarily in a deep fade and then come back again 
Wlth · f In a very short space of time. Frequently these 
ades are of sufficiently short duration that they do 

not substantially affect program continuity, but even 
~0 they are annoying to the view, and it would be an 
~Provement if their effects could be eliminated or 
a least reduced. 
i This is where the use of space diversity comes 

1~· If two antennas are used, spaced at least 50 to 
t 0 Wavelengths apart, there will be very little cor
a elation between the signals received from the two 
t:tennas, that is when the signal on one is fading out 

0~re ~s a high probability that the signal on the 

f er Is still at or above its median value. If there
ore a· We can arrange to continuously measure the 
t~gnal level on each antenna, and select the higher of 
the two for use on the system the probability is good 
a at these short-term fades can be eliminated so far 
i: their effect on the service given to the subscribers 

concerned. 
ar· The question of cost of course immediately 
all~ses. A typical installed cost of a 270 foot parabolic 
th enna, exclusive of the head end equipment, is of 
foe order of $17,000. If two of these are to be used 
w: ·space diversity then the cost of the antennas alone 
eo llid be $34,000. However a large proportion of the 
~~t of a parabolic antenna is in the supporting towers 
th foundations, so that the cost is related closely to 
te~ 11Uinber of towers used. A standard 270 foot an-
ant a Uses ten towers, and if this is split into two 
tw ennas using five towers each, the total cost of the 
he? need not exceed about $18,000, the extra $1,000 
~~g accounted for primarily by some additional end 
ste tng and the need for two focal point antennas in
tw0act of one. This arrangement results in the use of 
alld 120 foot antennas instead of one 270 foot antenna, 
ia f the question then arises, since only one antenna 
~~ eeding the system at a time what effect will this 
~il~~ler antenna have on the signal to noise ratio and 

tt Still be within the acceptable limits ? 
feet A.. 120 foot antenna has an aperture of 6,000 square 
allt colllpared with 13,500 square feet for a 270 foot 
apeenna, and since antenna gain is proportional to 
t~e ~ture, its gain will be 3 .5db down compared with 
~(~ arger antenna. However the use of diversity on 
~~e als derived from two similar antennas has the 
< .sd~t of improving the long-term hourly median by 

, so that the net effect is a loss of gain from the 
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antenna combination of only 1db, and certainly we 
would not be justified in spending an additional 
$16,000 just to pick up 1db of gain. It would in fact 
be possible to obtain the same net gain from two 150 
foot antennas requiring a total of twelve towers in
stead of ten, for an additional cost of the order of 
$3,000, but whether this is justified is a question of 
how marginal the predicted results will be and how 
necessary it may be to squeeze every ounce of signal 
out of the system. 

In tropo-scatter communications systems the 
carrier frequency used is usually in the band of 900 
to 2,000 MHZ and the system band width is a very 
small percentage of the carrier frequency. Under 
these conditions it is practical to combine the signals 
from the two antennas, the resulting output signal 
being the sum of the two. However in television re
ception in the VHF band the channel bandwidth is a 
significant percentage of the carrier frequency and 
frequency selective fading can occur within the video 
band. If now the signals from the two antennas were 
combined it is probable that whilst certain sideband 
frequencies might be in phase other frequencies 
might be out of phase and this would give rise to 
serious distortion of the output signal. It is therefore 
necessary to arrange for continuous rneasurement 
of the signal levels from each antenna and switching 
of the system to the antenna producing the strongest 
signal. 

The switching system consists essentially of two 
solid-state television receivers, one connected to 
each antenna. The demodulated output of each re
ceiver is then connected to a D.C. comparator which 
compares the levels of the receiver outputs and pro
duces a signal dependent upon which of the levels is 
higher and this operates a solid-state switch. The 
switch in turn is connected to the outputs of the an
tennas and determines which of the antennas is con
nected to the system. Synchronisation of the switch
ing function to the vertical blanking interval is de
sirable in order to avoid loss of vertical synch and 
hence picture roll on subscriber's receivers when 
switching takes place. However solid-state switches 
are available with switching times of the order of 
1 microsecond or better, and the use of these should 
make vertical blanking switching unnecessary. A de
lay of the order of one second is built into the switch 
and also a provision that switching will occur when 
there is a predetermined minimum difference between 
the two signal levels in order to prevent frequent 
switching taking place when the two levels are similar. 

If more than one station is being received on the 
antenna system, which is generally the case, then it . 
is necessary to switch the individual channels rather 
than the antennas themselves. It is not normal to 
receive adjacent channels on the same antenna system 



so that even on the high band there will be a difference 
between the channel frequencies of at least 3%, and 
this is sufficient to give rise to a substantial degree 
of frequency diversity, that is the signals from the 
two or more stations will not 1 ade simultaneously. 
Separate diversity switches must therefore be used 
on each channel received. 

To my knowledge the only CATV application of 
diversity so far in the United States has been on a 
system in Marlin, Texas, although I have no informa
tion on the design or performance of this system. 
Two dual space diversity television receiving systems 
for CATV in Canada have been built in the Ottawa area. 
The one with which I am associated uses four 120 foot 
parabolic antennas and two spaced Yagi arrays. Two 
of the parabolics are to be used for reception of chan
nels 10 and 12 from Montreal. The axes of these an
tennas are spaced 400 feet apart giving a spacing of 
79 wavelengths on channel 10 and 84 wavelengths on 
channel 12. The second pair of antennas will be used 
for reception of channel 7 from Watertown, N. Y. and 
channel 11 from Kingston. This layout becomes a 
little more complicated because there is a 38° differ
ence between the paths from these two stations. One 
antenna is lined up on Kingston and the other on Wa
tertown. The spacing between the antenna axes on 
Kingston is 400 feet which is 81.5 wavelengths on 
channel 11, but the spacing between the axes on Wa
tertown will be only 213 feet due to the mutual slew
ing of the antennas and this is only 38.5 wavelengths 
on channel 7. It is probable this will be insufficient 
to obtain a good space diversity effect on this channel, 
but predictions indicate this may not be essential and 
it will give us a useful opportunity to determine by 
experience the minimum spacing required. 

Another point arises from the use of the same 
antennas for reception of signals from stations which 
are 38° apart. The median level of the signal re
ceived from Kingston on the Watertown antenna 38° 
off the antenna axis is calculated to be 7db down on 
the median level of the same signal received on the 
axis of the Kingston antenna. With this differen~e in 
levels the 2.5 db effective diversity gain disappears 
so that the median signal level will in fact be 3.5 db 
down on the level which would be received using a 
270 foot parabolic. However the improvement in re
liability against short-term fading should still apply. 

Two yagi arrays in space diversity are being 
used for reception of Plattsburg, N.Y. on channel 5. 
Yagis are being used instead o£ parabolics because 
predictions indicate that this is primarily a diffrac
tion path and height gain becomes significant. How
ever, depending on the results of te_sts being carried 
out we may apply space diversity also to this path. 
The spacing is 600 fee~ equivalent to 48 wavelengths 
on channel 5. This is close to the theoretical mini-

mum spacing. However it will again give us an op ... 
portunity of checking the degree of correlation at tblS 
spacing, and if we find the spacing is inadequate we 
can readily increase it to 1200 feet or more to pro .. 
vide a spacing of the order of 100 wavelengths. 

The construction of these antennas is now corn .. 
pleted, but the diversity switching equipment is not 
yet ready for installation. In the meantime tests 
have been carried out to check the extent and effect 
of the diversity reception by monitoring color pic ... 
tures and sound from each antenna of a pair and 
simultaneously measuring the picture carrier levelS, 
and it is already clear from these tests that the use 

' of diversity reception will result in a significant itrl .. 
provement in the reliability of the service given to 
subscribers. Even under conditions of heavy and 
frequent short-term fading it is estimated that at 
least 90% of the time when the picture from one an~te 
tenna is lost due to a deep fade the other is still qul 
acceptable, and it is very apparent looking at the two 
pictures side by side that, when the better of the two 
can be selected for transmission to the system, the·tb 
effect of these fades will be very greatly reduced Wl 
a corresponding improvement in service reliabilitY· 

Another interesting phenomenon that has been 
observed on these tests is the way in which a fade 
appears to sweep through the frequency band. Fre; ~ 
quently there will be a rapid fade on sound followe 
few seconds later by momentary loss of color and rlY 
then later a deep fade on the picture 'carrier. ?le~d 
the fading mechanism is very frequency selective 
continuously changing, so that it would appear to ·rst 
sweep across the band of the channel concerned, fl 
affecting the sound carrier, then sweeping through 
the adjacent color sub-carrier, and finally passing 
through the video carrier and its associated side-
bands. It is possible that by demodulating the re-
ceived signals and with some additional equipment 
complexity diversity switching could be applied in ... 

lY' 
dependently to the sound carrier and the color su·eilce 
carrier as well as to the picture itself, but experl titY 
will have to determine whether such added co:rnple 
would be justified. 

·ty 
It seems to me that the use of space diverS! e"' 

could be another major step forward in the imPr~" .... 
ment of the general standards of long distance te ~f 
vision reception at no great increase in cost, and~ 
the results bear out our expectations this techniquy 
could have a wide application in the CATV industr ' 

ucll' 
CHAIRMAN SCHATZEL: Thank you verY :rn 

Mr. Easton. d 
We are now going to leave the theoretical an ¢l 

more esoteric world for a few minutes and get do 
to somethi~g very practical. 
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t I should apologize to Mr. Easton. I did not mean 
bo hnply that his antennas are not practical (laughter), 
e?ause I am sure they are, but the subject we are 

golng to talk about now is a more prosaic, humdrum 
one. It is, nonetheless, a very important one. 

We have two gentlemen who are going to bring us 
l.lp to date on the work that has been going on in con
~ection with the National Electrical Code and the 
!~at' lonal Electrical Safety Code. 

For the past couple of years there has been a 
~honsiderable effort devoted to bringing CATV under 

e ,, b b um rella" of these codes, and this has presented 
oth Problems and opportunities. 

8.lJ. 'I'he gentleman who is going to tell us about CATV 
\Vhd t~e National Electrical Code is Mr. James Stilwell, 
C 0 ls Vice President of Engineering for TeleSystems 
o:rporation. 

p· M:r. Stilwell is a Mechanical Engineer who has 
glcked up enough knowledge of electricity as he has 
i:~e along to give him a position of leadership in our 

Ustry. 

Well So, Without any further introduction, James Stil-
• (Applause) 

he MR. JAMES STILWELL (Vice President-Engi-
'! e:r· 
Ch .1ng, TeleSystems Corporation): Thank you, Mr. 

atr:rnan. 

~l I think the inclusion of a talk on the National 
ectt'· 

Code .leal Code and the National Electrical Safety 
th lS pertinent to our group because for many years 
ase;e Was considerable confusion, in my own mind, 
We 0 Which was what, and what applied to what we 

l'e doing. 

~le I Will attempt to describe what the National 
ctt'· leal Code represents. 

'~ate It is basically applicable to installations on pri
hett Pl'operty, and if you think of its origin you had 
189;1:' understand what I mean. It was originated in 
ate by the united efforts of various groups of insur
tttt:l companies; electrical manufacturers; architec
~ffo:rt groups, and other allied associations, in an 
Of fl· to standardize on installations so that the danger 

l'e ha d 
1 

zar would be greatly lessened. 
~til t continued in a somewhat disorganized manner 
ation 1911, when the National Fire Protection Associ
to dattook over complete sponsorship and continued 

e. 

~tty ~s I hlendioned, it is applicable to private prop
bllil~nstaUation; yet, it is applicable to both inside 
both ng attachments as well as outside attachments, 

;~-p~le or outside of buildings. 
clel.'st e hmitation to private property I think is un
\vhe:r:n~able if you consider that these are places 
a fi:re ~lre insurance claims might be made against 
Posed lnsurance carrier for specific property as op
ftttght to an installation on a private utility pole which 

fall on a public domain. 

The Code itself is comprised of many different 
sections, each section trying to cover a certain, 
particular type of problem and application. 

The Code is developed itself in accordance with 
a specific, definite procedure in preparation. 

There are 18 so-called codemaking panels, all 
of which operations are coordinated by what is called 
a Correlating Committee. Serving on the panels and 
on the Committees are experienced men representing 
all of the various interests that might be involved. 

The panels, the codemaking panels themselves, 
have specific calendar steps of time for the action 
which they are called upon to take. 

The Code itself is issued on the basis of every 
three years with a major revision being undertaken 
to provide editions that are expected and hoped to 
carry on for a period of the following three years. 
It is possible for interchange to be approved and 
passed, but in general the editions that you would 
have to refer to would be effectively those that are 
in existence for a three-year period. 

The present Code edition that we are operating 
under at the moment was published in 1965. Revi
sions at the present time, however, are under way 
for revisions to produce a new edit~on for 1968, and 
it is at this point where we become involved our
selves. 

The Code panels themselves involved with the 
communications and telesystem specifications in the 
present Electrical Code realize the inappropriateness 
of the descriptions and the material that is presently 
embodied in the Code. They looked around and found 
that unfortunately our neighbors to the North were 
already a step ahead of us, and the Canadian Elec
trical Code had already been revised to incorporate 
a complete section relating to CATV, per se. 

The Code panel committee then, the United 
States Code Panel Committee, began their study by 
taking the Canadian panel recommendations as they 
had adopted them, and used this as a guideline for 
their consideration. 

We were fortunate, I think, in that about that time 
our CATV people became aware of the revisions that 
were under way, and were invited to meet with some 
of the Code panel chairmen to discuss what contribu
tions we might make in their efforts to revise the 
Code. 

We had a very interesting session. I had the 
pleasure of attending that initial talk. There was 
quite a bit of mutual discussion and quite a bit of 
exchange of information. 

It was certainly obvious that these men had 
really insufficient insight into CATV to properly 
represent our interests in making up a code applica
ble to our business. 

The matter was then taken to our NCTA Stand
ards Committee, and it had a series of meetings, 
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the result of which was to prepare a set of recom
mended rules for adoption as a special section in the 
1968 Code, to be headed CATV SYSTEMS. 

This special section is of interest, and I might 
call to your attention the fact that it is intended to 
pertain specifically to coaxial cable systems. 

The Electrical Code as it exists today has two 
sections in it, one for communication, and one for 
antenna systems; and if you look at them carefully 
you will find that they refer to radio systems and 
mention specifically unshielded wire-type distribution 
systems. 

lightning or to accidental contact with lightning or 
power conductors operating in a potential exceeding 
300 volts, the outer conductive shield of the coaxial 
cable shall be grounded on the building premises as 
close to the port of entry as practicable." 

The suggestions and specifications go on. in de~ 
tail as to what we recommend should be cons1dere 
in terms of rout.ing of the ground wire; making it as 
straight as possible; trying, if possible, to use a 
water pipe ground; also, attempting to use a co:rn:rnoil 
ground that the telephone and power units alreadY 
may have in use. I will not go into the details of 

The purpose, then, of collating all the CATV 
regulations into one section is obvious. When we 
have coaxial cable we do not have lightning section 
problems of the center conductor, so th:;tt one of the 
points in our discussions that we did cover was the 
fact that we are not going to be obligated to provide 
lightning protection in our systems once we get in
side the shielding of a coaxial cable. 

' those. 

In our discussions several major points came up 
that affect all of us in our everyday way of doing 
business. It was of some surprise to ourselves be
cause in our operations as a multiple-system opera
tor, it has not been our practice to ground our house 
drops. In the discussions with the Code panel mem
bers they were just as shocked as I was, the opposite 
way, to find that we were not grounding our house 
drops. 

We did get into a discussion, and it was the esti
mate that perhaps as high as 80 per cent of the CATV 
system subscribers were not presently grounded; 
and this was quite a shock to the Code panel mem
bers. They felt that the Code itself already contained 
references which should have called to our attention 
the de sir ability of such grounding. 

This subject is now an important one to all of us 
in that it represents dollars out of our pockets through 
the expenditure for the devices and the labor necessary 
for making such grounding. It was the universal re
action of your Standards Committee that we had no 
defense to properly support our procedure of not 
grounding house drops. I say this because it was 
pointed out that although our system is totally 
grounded throughout the entire town, that the chance, 
remote as we might think it is, still exists in which a 
power line or other high-tension line might drop on 
our house drop cable, cause it to be severed, and that 
the severed portion on the house side could then carry 
the hazard voltage. 

As a result, the NCTA' s proposed specifications 
for consideration by the Code panel committee con
tains the following paragraph, and I am quoting now 
verbatim: 

"Grounding of outer conductive shield of a co
axial cable. Where coaxial cables are exposed to 
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Another point of major concern, however, to 
our group in discussing this with Code panel co:rn.. r 
mittees was our concern about the use of cable powe 
equipment in a communications area. We covere~ ... 
this thoroughly, and I think we are reasonably satlS 
factorily covered in the statement, which reads as 
follows: 

"The coaxial cable may be used to deliver loW 
energy power to equipment directly associated w: 
its radio frequency distribution system provided te 
voltage is limited to 60 volts and where the curre~ g 
supply is from a transformer or other device haVlil 
energy-limiting characteristics." of 

I think that the opportunity which we have had , 
participating in the discussions leading to the preP~e.S 
ration of this proposed revision for the 1968. ~ode of 
been a great step forward in our own recognition y 
the responsibilities that we do have from the safet 

·nee angle, as well as the opportunity that we long Sl . IlP 

deserve in having a voice in the rules and regulatlo 
under which we must abide. 

I thank you. (Applause) 

CHAIRMAN SCHATZEL: Thank you, Mr. Stil"" 
well. 

The other portion of this presentation relatin~e 
to the National Electrical Safety Code is going to }\1t• 
handled by another TeleSystems Vice President, 
William F. Karnes. 1 

Mr. Karnes is the Vice President and Genera 
Manager of TeleSystems Services Corporation. i"" 

I am going to sum up his long record of e){f)erfo:r 
ence by saying he has been in the CATV business iS 
quite a while and knows a great deal about it. Be ... 
going to tell us about CATV and the National EleC 
trical Safety Code. 

Mr. Karnes. (Applause) 

MR. WILLIAM KARNES (Vice President and 
:ra ... 

General Manager, TeleSystems Services CofP0 
0et 

tion): That is the shortest, most complete, and :ttl 
accurate introduction I have ever experienced. 



The National Electrical Safety Code, as Mr. Stil
Well pointed out, differs from the National Electrical 
Code in that it is primarily, concerned with the con
struction of electrical facilities on pole lines chiefly 
~utsi~e the property line of the private building, 
'Welhng, or whatever service area is concerned. 

b The National Electrical Safety Code is sponsored 
Y the National Bureau of Standards. It is written, 
~~ended, ~d controlled by what is called Sectional 
h 2 Committees of the National Bureau of Standards, 
eaded by Mr. William J. Meese. 

C Without going into minute detail as to how the 
~Ode functions, I can tell you that about a year ago 

C'I'A became concerned that here was a document 
~~der Which nearly every one of us operate, because 

lnost every pole attachment contract ever signed 
:~ecifies the system will be built in accordance with 
C 8 Code, and yet very few people are aware of the 
e Ode requirement, primarily because the Code is not 
asy to obtain in written form. 

1
. AU of you I think are familiar with the basic 12 
llche f et s rom Bell; 40 inches from power, etcetera, 

of cetera--the things we live with every day. Many 
ot:ou may, or may not be aware of some of the 
lll er requirements--grounding; strength require-

ents· gu . c ' Y strength; structure conflict; conductor 
... Ollflict;--things of this nature which are technical 
.o.equ· 
lll Irements that you are supposed to observe, but oty or may not know about; and represent a matter 

concern to each and every one of you. 
colb. Surprisingly enough a lot of telephone and power 

· (per~any ~n?ineers had never read the Code either; 
aps It Is not so surprising). (Laughter) 

lik 'I'here are two points that I specifically would 
Saf: to lhake with regard to the National Electrical 
tho ty Code as it affects your daily operation, one of 

se b · 
d'Yll . eing that CATV, as we all know, is a growing, 
tinya!nic industry, which is suddenly under the scru
cluct·of every public agency in the United States, in
c0ltl111~ the utility commissions; the FCC; the railroad 
er,rbllllssioners; you pick one and it is involved. Ev-

" Ody · t0 c ls looking at CATV, and most of them want 
ontrol ·t · 
0 

I In one way or another. 
'~ulh ne of the areas in which I think we can be most 

•terabl . 
spell e Is that of proper construction. This Code 
had as out the rules. If they are ignored, and we have 
wu1 sa:rnple of that already, the telephone companies 

say "Y do thi ' ou see how those people build! We should 
'r s construction" (and control the industry). 

Pe0Pleh~ ~V industry will say, "You see how those 
I Uild. We'd better regulate them." 

lllents Would like to emphasize that the Code require
e"er, 1~e not unusually restrictive. I would, how
lleers t e to ask all of you as technicians and engi
li'le by ~t secure a copy of this Code and attempt to 

1 
• I do not say you should all go back and 
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attempt to rebuild every system in the country; but 
in any area of new construction or system expansion; 
I would like to see all of these regulations observed 
so that we are not vulnerable to any criticism from 
that standpoint. 

Some utility engineers, chiefly telephone com
pany people, are attempting to establish a concept of 
communications and power space on a pole. I want 
to bring this up because it can result in dollar ex
pense to you if you are not equipped to discuss, in
telligently, with these people, their ideas. Many of 
them will cite the Code and say that the Code require
ment establishes X inches of communication space, 
and this space varies around the country. 

New York Telephone has one number; New 
Jersey has another; California has another, depend
ing on their engineers. They will attempt to tell you 
that in order for you to attach to a pole you must 
preserve this X number of inches of space for them 
because the Code calls for it. I would like to em
phasize the Code does not call for any communica
tion space. 

One of my favorite projects is to fight, wherever 
I can the concept of reserved space. I do not wish to 
see the belief grow any further that there is reserved 
space on any pole for anybody, "according to the 
Code." If the two utilities involved want to get to
gether and decide this for themselves, that is their 
prerogative; but the Code does not call for it. I 
would not like to see any engineer be successful in 
using the National Electrical Safety Code to cost you 
money in that manner. 

We had one instance in Michigan, incidentally, 
involving a telephone company engineer, where an 
attempt was made to force a very costly change on a 
cable operator, using the Code as the background, 
insisting that the cable operator had used a type of 
construction which was not permitted; in that he used 
the same thing most of us do, quarter-inch strand 
which has a breaking strength of 4, 750 pounds. This 
engineer insisted that the Code called for 7,000-
pound strand. Therefore, the cable operator was re
quired to tear down all ·of his stand and replace it. 

I hope nobody is ever again faced with that prop
osition. We were able to go back to the Code, how
ever, and point out that the rules did not require 
this; and the engineer had to back down. 

My point, however, is that had the CATV opera
tor not been aware of the Code requirements and in 
a position to argue with the engineer, he could very 
well have spent a great deal of money without really 
having had to do so. 

I said earlier that the Code is not too famil.iar 
to many people, because it is not easily available. 
The National Electrical Code has been reprinted and 
very widely distributed by the electrical suppliers, 



such people as Graybar, Westinghouse, and others. 
The National Electrical Safety Code is available, 
should any of you wish to order a copy of it, from the 
Superintendent of Documents, U.S. Government Print
ing Office, Washington. It is Handbook H-81, and it 
costs $1. 75. It could very well be the cheapest invest
ment you ever made; and I strongly urge that each of 
you secure a copy of it. 

This concludes my remarks, Mr. Chairman. 
(Applause) 

CHAIRMAN SCHATZEL: Thank you very much, 
Mr. Karnes; and again we say thank you, Mr. Stilwell. 

I believe we all appreciate the work these two 
gentlemen have been doing to further the interests of 
the CATV industry in connection with these Codes. 

Serving with Mr. stilwell on this Committee is a 
gentleman who is in our audience, and I note that he 
wishes to make a comment. 

MR. H. J. SCHLAFLY, JR.: Mr. Chairman, I did 
serve with Mr. Stilwell on this Committee, and I want 
to emphasize a point that he spoke of, and that is that 
the draft on the National Electrical Code has not been 
approved nor adopted by the NEC as yet. 

I want to read a word of caution from our current 
print: 

"The above draft has been proposed by the NCTA 
Standards Committee and delivered to the appropriate 
NE C panels for their consideration, but there has 
been no assurance nor indication that the draft will be 
adopted in this form for the 1968 publication as part 
of the Code." 

So, if it comes out in the end with slightly differ
ent flavor than we have been able to report today, 
please do not be too greatly surprised; but your 
Standards Committee will endeavor to retain it in its 
present form if at all possible. 

CHAIRMAN SCHATZEL: Before going to the 
next speaker I would like to present an announcement. 

(Announcements) 

We are going to change the agenda, moving past 
the panel which was scheduled to appear next, and 
going to the last of the morning items which is en
titled, COMPARISON OF DEMODULATOR
MODULATOR VERSUS HETERODYNE SIGNAL 
PROCESSING FOR CATV HEAD ENDS. 

The speaker who is going to discuss this subject, 
I heard a couple of years ago in Denver, when he dis
cussed transmission distortiqn in CATV. At that 
time, as I recall it, he was discussing envelope delay 
distortion, and it was a most . interesting paper. What 
he was talking about was a problem that was facing us 
in transmitting signals over CATV systems. 
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It is my hope this morning that perhaps he is 
going to give us some of the answers to that probleJ!l, 
among others. 

Our speaker is Mr. Gaylord Rogeness, who hol~S 
Bachelor's and Master's Degrees in Electrical Engl .. l 
neering from the University of illinois. After severa. 
years of experience with various companies in the 
electronics industry, he joined AMECO, where he iS 
now. the Director of Engineering, located in Phoeni"· 

At AMECO he developed the solid state hetero-
dyne signal processor which AMECO has recentlY 
introduced. He has, also contributed to several otner 
items developed by his company. 

It is a privilege and a pleasure to introduce 
Gaylord Rogeness. (Applause) 

COMPARISON OF DEMODULATOR-MODULATOR 
VERSUS HETERODYNE SIGNAL PROCESSING 

FOR CATV HEAD ENDS 

by 

Gaylord G. Rogeness 

1. Introduction 
Two techniques which have been used to receiv.e d 

and process television signals before they are appllB 
to the cable system are the Demodulator-Modulator 
combination and the Heterodyne converter. The in .. 
tent of this paper is to compare the two techniqueS• t 

With present day microwave relay equipment, a. 
least one demodulatin-modulation is required before 
the television signal can be applied to the cable sys"' d 
tern. Hence it is imperative that the demodulator llJ1 
modulator have characteristics which will mini:rnize 
distortion of the television signal. However, when 
the choice between use of a heterodyne converter or 
a demodulator-modulator pair exists, the heterodyne 
converter is currently the best choice. Reasons for 
this choice will be given in the paper. 

2. Heterodyne or Converter with IF Amplifier ·Il 
The VHF converter with IF Amplifier, which w\ 

be referred to as heterodyne in the remainder of tbl 
paper, must convert any incoming VHF channel to d ·ve 
any desired output VHF channel. The signal recel 
from the antenna must not be degraded during the 
conversion process. Ideally, one requirement of tbB 
system is a flat passband from 750 khz below the ·er· 
picture carrier to 4.18 mhz above the picture carrl 

Figure 1 shows a block diagram of the hetero ... 
dyne. The VHF signal input is amplified by an.Itf bY 
amplifier before it is converted to IF frequencies 
the local oscillator in the input mixer. Adjacent . :r· 
channel trapping is accomplished in the IF amplifl~e 
The IF sound carrier is normally separated froJll 



NEXT SLIDE PLEASE (#18) 

This is the same cable with the time base of the 
scope changed to .2 microseconds per division and 
the gain increased to .05 volts per division. At this 
setting of the scope, each division is worth about 80 
feet of cable and you can see it is well riddled with 
reflections. 

You have seen a few examples of what this type 
of testing can produce and with practice you can 
evaluate what is seen on the trace. We use this 
almost daily on our system, if not on the lines - in 
the shop for measuring partial reels of cable or 
displaying video wave forms from our microwave 
terminals. 

For those interested in photography, the slides 
were taken using a 35 mm camera with a set of three 
portrait lenses attached. The lens opening of .F4 and 
a shutter speed of 1/15 of. a second and Ektachrome 
high speed type B film. We also take Polaroid 
pictures of wave forms using an old model 95 
Polaroid camera and high speed film. Our total in
vestment, including the "custom" mount for the 
scope is $100.00. 

CHAIRMAN TAYLOR: Thank you very much. 
Are there any questions? 

MR. SCHERPENSEEL: Somebody asked me to 
draw the diagram of the differentiating circuit, and I 
had better do that. 

0 

CHAIRMAN TAYLOR: Are there any other qu 

Don't you have a tendency to do a lot of unnece 
work of checking equipment when this doesn't check 
quency? 

MR. SCHERPENSEEL: No, we are looking for 
This is a fault finder. We know and we check both 
and you can see what is going on in between. 

CHAIRMAN TAYLOR: Are there any other 

This is not a question, but we have a lot of s 
that cannot afford a TDR or something similar, 
use the same technique on a television set for 
conditions. What they do is look at the output of the 
amplifier with a "T" monitor and by taking a ratio be' 
tween the ghost and the width of the screen they caJl 
termine the location. 

CHAIRMAN TAYLOR: Thank you very much. po 
have any other questions or contributions ? 

From your title it seems to me it is II A Low cost 
TDR," but when I look at the picture you have a fairlY 
high priced scope. I wonder where the saving is? 

MR. SCHERPENSEEL: It is relative. The TDF i~ 
around $3,000. It is all relative. 

CHAIRMAN TAYLOR: Are there any other qu 
If not, we will take a short break for a moment. 

(A short recess was taken.) 

CHAIRMAN TAYLOR: It is always a pleasure e..t 

these functions to have guests from our Sister 
Canada. Our next speaker, I. Switzer, was born and d~ 
educated in Calgary, Alberta. He received his B.Sc49 
gree in physics from the University of Alberta in 19 dY 
and spent three additional years in post graduate sttl 
in physics. of 

His professional experience includes a numbe.r ~ 
years in electronic instrumentation and mathematl.C ~.r 
problems in petroleum geophysics, several years 11\ 

plications analysis and programming in the electroJJl 
computer field, and association with the CATV field 
since 1954. dol 

Mr. Switzer was a charter member of the Boar · e~ 
Directors of the Computing and Data Processing socl 
of Canada. He has been a director of National C 
Television Association of Canada for a number of 
He is a member of I.E.E.E., S.M.P.T.E., and the 
British Society of Relay Engineers. 
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M M:r · Switzer is presently chief engineer for 
a ~clean Hunter · Cable TV, Ltd. Maclean Hunter is 
i t arge Canadian publishing_ company diversifying 

11 0 the cable TV field. Mr. Switzer. (Applause) 

SUMMATION SWEEPING CATV SYSTEMS 

By 

I. Switzer, 
Maclean Hunter Cable TV Limited 

Toronto, Ontario, Canada 

co Performance standards for CATV systems are 
sy llstantly being raised while the growing size of 
ac~~ems makes it constantly more difficult to 
Oh leve these standards. The setting of system 
t-'erat· 

011 Ing levels and overall frequency response is 
Of e of the most important adjustments in the set up 
sy new systems and the maintenance of established 
th stems, and is usually very difficult to achieve to 
Pte desired standards of accuracy. This paper 
· 0~sents a practical technique for setting system 
cu rating levels and frequency response in an ac

l:'ate and reasonably simple way. 

act· System operating levels are usually checked and 
\\ri.~~sted by measuring levels of individual channels 
re a field strength meter (FSM). Frequency 
fr:Ponse is conventionally observed by using swept 
andqu.ency techniques. Combining swept frequency 
to level measurement techniques and applying them 
Pt ~Whole CATV system presents some special 

o lems. 

8,, 'I'he first approach to the problem is to feed a 
vveep 

th generator into the system "head end" and 
~~ ' 

each serve and adjust the frequency response at 
leltl amplifier station down the line. Several prob-

s arise: 
1· adjustment of amplifier gain and level 
2· synchronization of 'scope sweep 
3· effect of sweep signal on amplifier AGC. 

li ... lVI:ost CATV sweep generators use the AC power 
~~ a -

Of l:' 8 a sweep drive. I Sync and phase adjustment 
i!lg ~mote displays is easily accomplished by lock
the e 'scope display to the power line. Many of 
dis ~0PUlar, low cost 'scopes used for CATV sweep 
fto p ays have built in provision for horizontal drive 
ize: the power line. In cable powered, transistor
t~ltl amplifier systems the detector and scope sys
t0l:' are usually powered from some kind of genera
in.te system carried in a test van and the usual 
the ~al power line sync-and phasing provisions of 
<'\c scope cannot be used. In such cases we tap the 
it toPower from the amplifier being adjusted and use 

Provide a synch and phasing signal to the 

'scope's horizontal deflection system. The circuitry de
tails depend on the 'scope being used but can generally be 
worked out in a way that will provide the necessary hori
zontal deflection signal for the scope without loading the 
system's cable power. This permits good synchroniza
tion of the sweep generator at the head end with the de
tector and scope system at the system amplifier station 
under adjustment. 

Some sweep generators can be operated in either a 
free running or line triggered linear sweep mode. In 
such cases 'scopes with a reasonably versatile sweep 
triggering system can be synchronized to the head end 
sweep. 

A comparison technique is used to adjust the ampli
fier gain and operating level at the same time that "flat
ness" of response is observed. The sweep signal being 
observed is put onto one side of a high speed co-axial 
switch while . a reference CW signal is put onto the other 
side of the switch. When the switch is operated at its 
normal 15 or 30 Hz speed, the reference signal and 
sweep are both displayed. The sweep appears in its 
normal form, while the reference appears as the top of 
a 15 or 30 Hz square wave arising from the chopping 
action of the co-axial switch. The two signals can be 
easily compared and the sweep coming out of the ampli
fier can be adjusted to the desired level and flatness 
using the amplifiers gain and tilt controls. Thus tilt 
and level are observed and adjusted at the same time. 

Any frequency can be used for the reference CW 
source as long as it is within the flat frequency response 
of the detector used. We have used low cost kit type 
RF generators, monitoring their output level with a good 
FSM. In other cases we have used lab type RF signal 
generators. The reference used will depend on avail
ability of equipment and the accuracy desired. The 
reference source permits "average" level to be 
measured as well as depths of "peaks" and "valleys" 
in system response. 

It is convenient, when using this technique, to work 
on the basis of "flat output" at an amplifier. Each 
amplifier is adjusted to exactly compensate for the 
losses and tilt of the immediately preceeding cable 
section. This technique will result in an overall sys
tem response that is flat. Final system operation may 
be on a full tilt, partial tilt, or block tilt basis, but this 
adjustment is made by adjusting channel levels at the 
head end. The transmission system itself must be flat 
irrespective of the tilt system used in actual operation. 

Some systems will have a very long cable stretch 
between head end and the first amplifier section to take 
advantage of the fairly high output capability of most 
head end signal processing units. In this case we have 
found it necessary to carefully adjust an accessory 
equalizer to compensate for the extra cable length, so 
that the combination of first cable section and first 
amplifier will be flat. 
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One of the aims of this technique was to develop 
a technique that would make all necessary adjustments 
under actual system operating conditions. This re
quires activation of the system's AGC during adjust
ment. We have accomplished this by mixing the re
quired pilot carrier with the sweep signal at the head 
end. A trap is used to notch the sweep at AGC pilot 
frequency to prevent undesired beat effects and to 
prevent the sweep signal from activating the ampli
fier AGC's. 

The response of amplifier AGC to swept excita
tion should be carefully studJ.ed. We first found it a 
serious problem when we undertook the set up of a 
43 amplifier string of Jerrold starline amplifiers. 
We had installed a narrow ''high Q" trap as an AGC 
notch to trap 73.5 MHz out of the head end sweep 
signal. As we moved down the line adjusting ampli~ 
fiers we found a peculiar hump building up around 
7 3.5 MHz. It took a while to determine that the 
amplifier AGC system had fairly broad frequency 
response and was responding to sweep frequency 
signals around 73.5 MHz even though 73.5 MHz it
self had effectively been trapped out of the sweep. We 
made a careful study of the response of the AGC sys
tem in this particular series of amplifiers and found 
that we had to broaden our trap considerably in 
order to completely suppress response of the ampli
fier AGC to sweep signals around 73.5 MHz. In this 
particular case we ended up with a notch about 
4 MHz wide around 73.5 MHz. This trap was built 
by adapting a channel reject filter. Be sure that 
traps used for this purpose have flat response out
side the reject band. 

Some ingenuity is required to devise systems 
for bringing the amplifier being adjusted down into 
the service van. In the case of the Jerrold Starline 
chain previously mentioned we used a carefully se
lected medium sized jumper of minimum length. 
The amplifier plug in module was brought down to 
the van. In this particular equipment series the 
cable power continues through the amplifier housing 
even when the amplifier module is removed. A light 
weight jumper was used to bridge the cable power to 
power the amplifier in the test van and to provide 
the synchronization signals for the 'scope and high 
speed co-axial switch. The jumper was selected for 
quality and average impedance match to the main 
line cables in use by checking with bridge and TDR. 
We are working toward a very light weight portable 
instrument system that will be light enough to be 
carried up to the amplifier and which will permit 
test and adjustment of the amplifier in place in its 
messenger mounted housing. This will require de
velopment ·of a very flat, high impedance, active 
probe that will permit accurate monitoring through 
the test points provided. 

Some problems were experienced with the 
tively low output levels at which amplifiers in large 
terns operate. A typical level is about +32 dbmv. 
level will drive most detector and 'scope systems iil 
satisfactory way, if all of it is available, i.e., if the 
amplifier output is available to drive the detector· D 
output must be monitored through a -20 or -30 db test 
point some problems arise. These can be overcoJlle 
using good quality calibrated booster amplifiers, 
very sensitive detector and scope systems, or by use 
of a good quality high impendance "active" test probe 
to bridge the amplifier output. 

In the 43 amplifier chain previously cited it was 
possible to achieve correct set up of each amplifier's 
operating level to the accuracy of the :r:eference 
tor used, in this case a Measurements model 80 
generator, and to achieve an overall system respOnse 
the 43rd amplifier of± 1 1/2 db, or 3 db total peak to 
valley. Amplifiers had been carefully pre aligned on 
bench through actual lengths of the cable type used 00 

the line and then installed at the station for which theJ 
were intended. Jumpers were carefully chosen to . 
match average main line cable used in order to Jllinl~ 
mize jumper effects. Amplifier gain arid tilt adjust" 

0 
ments were then made to get the desired response gJl 

operating level. In these particular amplifiers it ws.S 
found necessary to try different equalizers, to mal\e 
fine adjustments to equalizer trimmers, and to adjtlst 
the input and output match trimmers to get opti:rnutrl 
flat response. Internal response trimmers were oc"' 
casionally adjusted. Remember that a consistent 1/4 

db misalignment in each amplifier adds up to al:rnost 
11 db in a 43 amplifier chain. If any drastic adjust"'~ 
ments are necessary we check the response at the iilU 
to see whether there is any problem in the cable its~' 
In this case of setting up a new system, the cables h 
previously been very carefully checked with bridge ~ 

'Ov 
and TDR before acceptance from the cable installatl 
contractor, and no cable problems were experienced· 

9 
We did have some troubles with badly matched fi){ttlre 
on the line. These were immediately apparent as 
ripples in the response of the system caused by 
waves set up by the mismatches. It is interesting to 
note that the "fine structure" in a system's overall 
frequency response is related to mismatches and ~ 
ghosts in the system. Detailed studies in the field re 
quire slow sweep speeds and 'scope systems capable 
of displaying such slow sweeps. 

CHAIRMAN TAYLOR: Thank you very much. ol 
(Applause) Do we have any questions on this subject 
"Summation Sweeping CATV Systems" as given bY 
Mr. Switzer? 

You mentioned the problem of not enough level 
00 

the tapped outputs. Have you noticed any probleill of 
non-linear on the tapped output in comparision to the 
input? 
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Wi 1\m. SWITZER: In the case of the Starlines, 
th thout giVing them a very intentional sales boost, 
y e:vuse the same test probe that you carry along with 

1 ou from one amplifier to another, so you are working 
con · a 81Stently with the same one. These are the only 
t:Plifiers we have done a great deal of work on with 
n e summation sweeping system. We make a practice 
fiow of actually checking the test points on the ampli
;s, to callibrate them and make sure that they do 
of ee. We run a calibration on them for those types 

amplifiers. 

at t 1 Was wondering what kind of generator is used 
he head-end equipment? 

MR. SWITZER: We have used several. 

liow flat is the generator used? 

SWe ~· SWITZER: The final overall flatness of the 
th ep ls dependent on the flatness of the notch filter 
heat We use. We generally check it in place at the 
Sq~d ... end, and if it becomes really critical, you can 
tak.itract it out by marking it on your screen or 
tiu ng a picture of it so that you know if was flat to 
an 8 degree at the head-end. We are not looking for 

absolute straight line. 

CIIAIRMAN TAYLOR: Any other questions ? 

0li ~ know Mr. Switzer, and I was with him when we 
glnally set the system up. 

, be 1\iR. SWITZER: I will commend Ted in having 
Di~: the chief technician on the system when we first 
we eered this system three years ago. Ted and I 
ha:t out to set up the first all-channel system we 
!nan ever dealt with, and we were following the 
saidu~~ With the manufacturer's instructions which 
~ ' 'l'une to Channel 2 and read the level. Then 
Wit~ ~° Channel 13 and read the level." . We did that 
hett JUst one station, as we felt there should be a 

er way. 

htgh As You know, we had quite a problem with the 
qll er frequencies at the time. I have not followed 
fac~n this technique because it was very unsatis
llot·ory. I have about five or six amplifiers, but I 
~ lc~ _You were talking about the Star line with the 
a.lU.P~f~ers, or where the cable goes right into the 
the Plif1er. Do you consider this still a problem with 
~d Cable going through connectors and jumpers, 
lOll so forth, and what effect does this have on the 

g system? 

MR. SWITZER: The problem we had back in those· 
years, Ted, on that particular system was that the sys
tem had the old UHF connector right through, and this 
gave us a very serious standing wave problem, particu
larly at higher frequencies with jumper systems, but 
with careful attention to the impedence of jumpers, by 
having access to good bridges and TDR systems now, 
we can keep this standing wave problem under control. 
If we backed it up on the older system with newer con
nectors and a better standing wave situation in general 
in your older system, you would find it works out nicely. 

CHAIRMAN TAYLOR: Any other questions? 

At the end of it do you see any amount of noise? 

MR. SWITZER: This depends on the level. The 
hum might be cleaned up by a better balanced detector, 
but we have preferred to hold the RF levels in the de
tector up to the plus 30 level, and there the grass is not 
a problem. We don't use it to try to evaluate noise at 
that point. This is a completely separate measure. 

CHAIRMAN TAYLOR: Any further questions? If 
not, thank you very much. (Applause) 

For our next presentation a name was omitted from 
the program. This next paper will be presented by two 
men, both of whom are systems operating technicians, 
and I need to apologize profusely to Bob Brown for the 
omission of his name as a co-author of this paper. 

Robert J. Brown is the engineering manager of 
Tele-Vue Systems at the home office in Seattle, Wash
ington. He was technical vice president of the Pacific 
Northwest Cable Television Association. He spent 
twelve years in Community Antenna Television from 
installer to his present position as engineering manager. 
He has been with the same employer through all of this 
time in a long and noteworthy career in CATV. 

Joining with Mr. Brown will be Mr. Jerry Laufer, 
Vice President, Engineering of the Telecable, Inc., of 
Seattle, Washington. He has also been technical vice 
president of Pacific Northwest Cable Television Asso
ciation, and he is at this time. 

He has eight years with the U.S. Air Force as an 
electronics technician, seven years in Community 
Antenna Television at Eugene, Oregon, Great Falls, 
Montana, Laguna Beach, California and as a sales 
engineer for Jerrold Electronics. 

He joined Telecable in 1956 as vice president for 
I 

engineering. Bob will speak first; and it is with great 
pleasure I present Bob Brown and Jerry Laufer who 
are presenting a very interesting presentation on 
"Practical Design Based on Complete Equipment 
Evaluation.'' 
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TEMPERATURE, TEMPERATURE DESIGN, AND AUTOMATIC LEVEL CONTROL FOR CATV. 

BY 

James R. Palmer 
SUMMARY 

The development of a high-output solid-state 
amplifier has given new dimensions t~ CATV trans
mission system design and operation. The appli
cation of such amplifiers to trunk lines is dis
cussed in this paper. The inherent advantages of 
high-output trunk and bridging amplifiers are an
alyzed. The environment in which a CATV trans
mission· system operates is examined with particu
lar emphasis on temperature. Automatic level 
control and its operation with temperature change 
is explained. The overall result is improved 
system reliability through a great reduction in 
the number of amplifiers in the system and through 
improved level control as a result of better de
sign. An important by-product is a reduction in 
the cost of electronic equipment. 

One tabll and several definitions given in an 
earlier paper are reproduced here under the head
ing, "Objectives and ;Definitions". 

OBJECTIVES AND DEFINITIONS 

Transmission Design Objectives 
12 Channel CATV System 

0-4 me 

Signal to Noise Ratio (S~R), 
Cross Modulation Index, dB 
Subscribers Signal Level, 

Top 
Quality 

dB 45 
52 

dBmV at 75 ohms 
Echo Rating, dB 
Radiation FCC Sec. 
Hum 
Gain Stability: 

Short Term 
Long Term 

Differential Gain 
Differential Phase 

SNR, dB 

0 to 10 
-34 dB 

15, Par. 15.161-5 
-60 dB 

±0.5 dB 
±4 dB 
±2 dB 
±30 

Minimum 
Good Acceptable 

Quality QuaJity 
38 34 

Cross Modulation, dB 49 48 
Other specifications are 
the same as Top Quality. 

The following quality grade definitions are 
those used in the above table. "Fine" is the 
TASO grade No. 2. 

Top Quality. 95% "of observers viewing pic
tures at all parts of the system would rate the 
Picture Quality as "Fine". At least 80% of ob
servers viewing pictures at the extremity of the 
system would also rate the ·Picture Quality as 
.. Fine". The picture is of high quality providing 
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enjoyable viewing. Interference is perceptible. 

Good ~uality. 85% of observers viewing pic
tures at a 1 parts of the system would rate the 
Picture Quality as "Fine". 

Minimum Acceptable ~uality. 70% of observers 
connected at all parts o the system would rate 
the Picture Quality as "Fine". 

Two definitions used frequently are: 

Tilt. Tilt is the ratio expressed in dB be
tween~signal level of Channel 2 visual carrier 
relative to Channel 13 (or Channel 6 in five
channel systems). Tilt is positive when Channel 2 
is at lower level than Channel 13 (or Channel 6). 
Tilt refers to signal level. 

Slope. Slope is the ratio expressed in dB 
between the gain of an amplifier at Channel 2 rel~ 
ative to its gain at Channel 13 (or Channel 6). 
By considering attenuation as negative gain, the 
definition. may also be applied to cable or other 
passive devices. Slope is positive when the gain 
at Channel 2 is less than at Channel 13 (or chan' 
nel 6); and is negative for coaxial cable. Am
plifiers are generally operated with a slope com~ 
plementing the slope of the cable span with which 
it is associated. Slope refers to component £1 
cable characteristics. 

TEMPERATURE 

In designing a CATV system it is essentia~. to 
determine the environment in which the system ,s 
to operate. ·The environment has many components, 
including moisture and precipitation, ·corrosive 
elements such as gas and salt water, vibration, 
and temperature variations. Of these componen~s, 
only temperature variation is considered in th1 5 

paper. 

Temperature extremes for nine different lo~ 1 cations in the United States are shown in Table r; 
which incorporates maximum and ~inimum temperat~h' 
data for the total number of years that the wea 11 
er bureau stations have been in operation, .as wee 
as for a recent ten year period. The temperatur 
ranges shown are for the full year and also forta 
Summer and Winter. This kind of temperature dae 
should be studied by the system designer and th;s 
specifying engineer whenever a new CATV system 
contemplated. 

e of 
If a system is designed to truly take cart 

temperature variations on a year-in and year· 0~ 3y, 
basis, the resulting cost and complexity f?r!te1Y 
Greeley, Colorado, gives a system that defl0 1 ~ 
overperforms for Seattle, Washington. However, 
a system is designed that will take care of 
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~eattle, Washington, throughout the entire year, 
lt would also take care of Prescott, Arizona, if 
that system were adjusted twice a year, once for 
Summer and once for Winter. Temperature statis-

tics are available at the local weather bureau 
office and should be referred to for the installa
tion of quality television cable systems. 

TABLE I 

MAXIMUM AND MINIMUM TEMPERATURES, °F 

PERIOD YEAR WINTER * 
LOCATION YEARS HIGH LOW RANGE 

SUMMER * 
HIGH LOW RANGE HIGH LOW RANGE 

Prescott, Arizona 

Fairbanks, Alaska 

Los Angeles, Calif. 

Greeley, Colorado + 

St. Augustine, Fla. 

Kearney, Nebraska o 

Keene, N.H. + 

State College, Pa. + 

Seattle, Washington + 

64 
10 
18 
10 
83 
10 
64 
10 
68 
9 

66 
10 
68 
10 

73 
10 
70 
10 

105 -21 
100 - 5 

93 -59 
93 -56 

110 28 
110 32 
107 -45 
1 06 -39 
104 13 
102 22 

114 -34 
113 .-21 

104 -32 
102 31 

102 -20 
98 - 4 

100 3 
100 13 

126 
105 
152 
149 
82 
78 

152 
145 

91 
80 

148 
133 
136 
133 

122 
l 02 

97 
87 

105 13 92 
100 22 78 

93 -21 114 
93 -19 112 

110 40 70 
1l 0 46 64 
107 - 8 115 
106 0 106 
104 37 67 
102 38 64 
114 0 114 
113 15 98 

104 l 103 
102 13 89 

l 02 1 1 01 
98 18 80 

100 29 71 
100 35 65 

87 -21 
83 - 5 
74 -59 
74 -56 

l 00 28 
96 32 
84 -45 
79 -39 
93 13 
93 22 

95 -34 
93 -21 

85 -32 
76 -31 

86 -20 
74 - 4 
81 3 
67 13 

108 
88 

133 
130 

72 
64 

129 
118 
80 
71 

129 
114 

117 
107 
106 

78 
78 
54 

* Summer, May through October; Winter, November through April, unless noted otherwise. 
+ Summer, April through October; Winter, November through March. 
o Summer, April through September; Winter, October through March. 

TRUNK SYSTEM DESIGN 

th The important performance criteria affecting 
(S~Rt)runk system design are signal-to-noise ratio 
tha and cross-modulation (Cross-mod). These two 
ca ra~t~ristics relate to the input and output 
fa~~b1l1ties of the amplifier. Another important 
equ·or interrelated between system design and 
bee 1Pment design is the system length. It has 

n shownl that different amplifier gains should 

TABLE 

Amplifier No. of Amps~ Total 

Model Gain dB Cascaded dB 

TA-40 40 16 640 

TA-34 34 32 1090 

TA-28 28 64 1800 
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be selected depending on the length of the system. 
For this reason, C-COR Electronics offers three 
different models of trunk amplifiers, with gains 
of 40, 34, and 28 dB, to provide for the different 
sized systems. Guidelines for selecting these am
plifiers as a function of trunk length for various 
types of coaxial cables are given in Table II. 

Transmission characteristics for these ampli
fiers are shown in Table III. 

I I 

Trunk Length--Miles 

l/2 11 Alum. 3/4 11 Alum. 0.375 p 

9.3 13.0 11.0 

15.8 22.2 18.8 

26.1 36.3 31.0 



TABLE II I 

SPECIFICATIONS FOR TRUNK AMPLIFIERS 

OUTPUT: {NCTA Standard) 58 dBmV output level for ll TV channels at rated gain 
and full ti 1 t. 

RECOMMENDED OPERATION: 
AMPLIFIERS 

Cascaded, Max. Number 
Output level, Channel 13 
Amp. Spacing/Operational Gain 
Noise Figure 

Model TA-28 
64 
40 dBmV 
28 dB 

Channel 13 8 dB 
Channel 2 10 dB 

MANUAL GAIN CONTROL RAHGE: 4 dB 

Model TA-34 
32 
43 dBmV 
34 dB 

Model TA-40 
1€ 
46 dBmV 
4'0 dB 

8 dB 
8 dB 
4 dB 

8 dB 
10 dB 
4 dB 

available) (0, 3, and 6 dB pads 
AUTOMATIC LEVEL CONTROL: Range is ± 3 dB 

Control is ± .5 dB for ± 3 dB input change and includes automatic tilt 
control. Utilizes Channel 13 picture carrier or pilot carrier. 

SLOPE CONTROL RANGE: 22 - 28 dB 28 - 34 dB 34 - 40 dB 
Specified as cable length in dB at Channel 13 

BANDPASS: 54 - 216 MHz -- ± 0.25 dB 
IMPEDANCE: 75 ohms 
RETURN LOSS: 16 dB (VSWR 1.38 max.) 
HUM MODULATION: -60 dB 
TEMPERATURE RANGE: -40°F to l40°F. Unit meets all specifications throughout 

the temperature range. 
POWER: 20 to 32 VAC cable powered. 

TAP 
"2W 
28V 
32V 

OPERATING VOLTAGE 
20 - 26 

CURRENT 
1.3A 
1.2A 
l. 1 A 

24 - 30 
28 - 33 

TEST POINTS: DC Volts, ALC Voltage, RF input and output for measurements with 
high impedance probe TP-30. (not supplied) 

BRIDGER OUTPUT: Output to feed bridger -20/-39 down 20 dB at Channel 2, 34 dB 
at Channel 13. Equalized to provide +6 dB til.t to bridger. 

·With the high output and low noise of the 
trunk amplifiers shown in Table III it becomes 
logical to use a part of this increased dynamic 
range as increased gain. With the use of a 40 dB 
gain trunk amplifier instead of a 22 dB gain unit, 
the reduction in the numbe~ of trunk amplifiers is 
highly significant, approximately 45%. Attendant 
savings in equipment costs and maintenance costs 
are readily apparent. 

It is estimated that over half of the CATV 
systems can utilize the 40 dB gain trunk amplifi
er. These are systems that have maximUm trunk 
lengths of 13 miles of 3/4 11 aluminum 'coaxial ca
ble. Contemplated operations in New York City 
will utilize short trunk lengths from multiple an
tenna sites~ Acceptance and licensing of the 18 
GHz microwave service will accentuate this trend. 
In many metropolitan areas, multiple franchises 
have been given for different areas of the city-
Philadelphia, for instance. In suburban areas 
contiguous to and a part of a metropolitan area, 
the fact that adjacent political subdivisions 
grant franchises to different companies precludes 
long trunk lengths. Why then, should these situa
tions be saddled with a trunk amplifier that was 
designed to go a much greater distance? 
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The equipment designer has considerably ~o~e 
flexibility in the design of a high-gain ampl~f~er 
than he does in the design of a low-gain ampl1fl' 
er. In the multistage amplifier, the multiple 
interstage networks can be used for equalization 
and· automatic level control. Solid state devices 
with high output inherently have higher noise 
levels than low level devices. To be able to seP' 
arate an input stage from an output stage with 
other stages gives the designer the latitude to t 
select a low-noise, low-level input transistor a 
the input and a high-level output device at the 
output of the unit without one device affecting 
the other device to any marked degree. 

TEMPERATURE DESIGN, TRUNK SYSTEM 

Barring an accident and assuming good desi9°' 
the only thing to change the signal level in.a of 
CATV transmission system is temperature. ThlS, · 
course, assumes that the signals at the antennata' 
site delivered to the transmission system are ~er' 
bilized through the necessary equipment. Furtthe 
it assumes that the power voltage supplied to 
amplifi.er is regulated and that transistors aree. 
reliable and do not fall off in gain as they a9 
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TEMPERATURE (0 F) 

To correct attenuation to 68.F, use figures at left as multiplier. For example: 2db @ 100°F is known factor. To calculate attenuation 
@ 68.F, locate 100°F at bottom of chart, follow 100°F line to point of intersection with curve, move left to obtain multiplier of .96. 
2 db x .96 equals 1.92 db @ 68.F. 

When attenuation @ 68°F is known, use figures at left as divider to calculate attenuation at other temperatures·. For example: 2 db 
@ 68°F is known factor. To calculate attenuation @ 120"F, locate 120°F at bottom of chart, follow 120"F line to point of intersection 
with curve, move left to obtain divider of .94. 2 db divided by .94 equals 2.13 db @ 120°F. 
(Copper lou correction only; auuming dielectric Iones constant with temperarure1 

FIGURE 1 ATTENUATION TEMPERATURE CORRECTION FACTOR 

Temperature causes the loss in the coaxial 
cable to vary. Curves showing the coaxial cable 
a~tenuation temperature correction factor are 
Elven in Figure 1. In addition, the amplifiers 
hemselves may have a variation in gain with tem
~erature, although the designer attempts to elimi-
1ate or minimize this variation. An automatic 
s7Vel control system, therefore, should be de
s19ned to take care of temperature variation. 
c ~ch a system will also tend to take care of 11 ac
d!d~nts" if they should occur. These will not be 
d; 51 9ned for, however, since they are of an unpre-

ctable nature. 

le An intermediate design goal is to hold signal 
dev71s constant. (The primary design goal is to 
thllv~r 9ood pictures to the subscribers all of 
ine t1me). If levels are too low at an amplifier 
re~ut the pictures go into the snow (system SNR is 
h; Uced). If amplifier output levels are too 
tr~h the picture shows windshield wiper effects of 
sys~s-modulation. Without some sort of control 
Pictem, temperature fluctuations will cause snowy 
tor ures in hot weather and "cross in the pic
troes" in cold weather. An automatic level con
lev!1system is therefore desirable to hold signal 
val s at the output of an amplifier at a constant ue. 

des; In order to effect signal level control it is 
adjor~~le to utilize a closed loop control system 
Sign~l lng the gain of the amplifier. The output 

level is sensed, referred to a reference 
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and adjusted. Some systems utilize a system that 
senses a temperature and attempts to make a pro
portional adjustment based on that temperature 
change. This is an open loop control system. 
However, it is logical that the signal level it
self should be measured and controlled since this 
is the desired goal. Since the temperature change 
causes the greatest . variation at the highest fre
quency, the highest frequency signal should be 
used as a yardstick to control the level. The 
logical selection is Channel 13 picture carrier 
(with a standby oscillator at the antenna site) as 
the pilot signal for automatic level control oper
ation. Further, since the temperature effects on 
the coaxial cable produce twice the dB change at 
Channel 13 as at Channel 2, the automatic gain 
function should change 2 dB at Channel 13 for 
every 1 dB at Channel 2. Any residual errors in 
the slope can be adjusted manually on a seasonal 
basis. 

It has been found practical and economical to 
design an automatic level control system with 
C-COR's Model TA series amplifiers with a range of 
±3 dB. With the Model TA-40 and with cable spac
ing of 40 dB, th1s ±3 dB range will accommodate 
120°F temperature range (±60 F). With the Model 
TA-34 and the TA-28, with 63 dB ALC bange, the 
temperature ranges are ±70 F and ±80 F. 

With reference to the maximum and mini~um 
temperature chart of Table I a range of 120 F can 
accommodate the temperature variations on a year-



round basis for over half of the locations shown. 
It is suggested that the temperatures used for de
sign consideration be those of a ten-year period 
instead of the life of the particular weather bu
reau. In loc~tions such as Keane, New Hampshire; 
Kearney, Nebraska; Greeley, Colorado, and Fair
banks, Alaska, the yearly temperaturg ranges for 
the ten-year period shown exceed 120 • However, 
in all of these locations with the exception of 
Fairbanks, Alaska, the temperature for Summer and 
Winter will not exceed that range. For these lo
cations a semi-annual temperature adjustment will 
be required. For Fairbanks, Alaska, adjustments 
three times a year are necessary

0 
Temperature 

variation in April itself is 106 • 

NOMINAL TEMPERATURE FOR SYSTEM DESIGN 

For what nominal temperature should the CATV 
system be designed? First consider the trunk sys
tem and more specifically a sys~em using the Model 
TA-40 trunk amplifier. This amplifier has a nomi
nal 40 dB gain for 40 dB cable spacing. The auto
matic level control has a rated control range of 
±3 dB. The amplifier meets all of its performance 
specifications at the limits of the ALC operation, 
37 dB and 43 dB gain. It is necessary to have 
sufficient gain so that the signal level does not 
get progressively lower under hhe maximum tempera
ture conditions. We could, therefore, design with 
43 QB of gain and 43 dB of .cable spacing at the 
maximum temperature. Thg level control range of 
±3 dB corresponds to ±60 F of cable attenua~ion 
change at 216 MHz. A 70°F ambient with ±60 F 
change gi~es temperature extremes of 10°F to 13dPF. 
Since 130 F is almost always a maximum design tem
perature, one can design with the nominal sain and 
the temperature at a nominal ambient of 70 F. 

The author believes that this is a satisfac
tory design approach. There is one limitation, 
however. The system design criteria for SNR have 

been established on the nominal gain of the ampli
fier, in this particular case a gain of 40 dB. 
Therefore, under the operation at the maximum tem
perature condition, the system SNR would be de
graded 3 dB. Since a fairly high value of SNR has 
been selected by the author for "top quality" per
fonnance and since operation at maximum tempera
tures is quite infrequent, it is felt that the 
practical approach of permitting a degradation of 
system SNR at the maximum temperature condition is 
the economical design approach. Thi$ is not to be 
confused with the typical simply "running out of 
signal" under a high temperature condition when 
amplifier gain is unable to supply signal level 
through the coaxial cable. 

SETTING OF LEVELS 

With the concept that the automatic level con
trol system is to take care of temperature varia
tions, the level control operating position must 
be set in the field as a function of temperature. 
If it is desired to have the ·AbC function over a 
temperature range of 10 to 130 F then the ALC op
erating point must be adjusted so that it is at 
one extremity of its contbol rang.e at 130°F and at 
the other extremity at 10 F. The manufacturer 
must provide the service technician with a temper
ature-ALe setting chart so that the technician, 
upon checking the ambient temperature, will set 
the level control system operating point at the 
correct point. 

FEEDER SYSTEM DESIGN 

The high-output bridging amplifier operation
al characteristics are shown in Table IV. 

TABLE IV 

SPECIFICATIONS FOR BRIDGING AMPLIFIERS 

Models BA-2 & BA-4 

OUTPUT: (at each output port) (NCTA Standard) 53 dBmV output level 
for Model BA-2 and 50 dBmV output level for Model BA-4 for 12 
TV Channels with 12 dB output tilt at maximum gain and 0 dB 
slope. 

GAIN: BA-2 -- 42 dB, BA-4 -- 40 dB typical. 40 dB and 38 dB guar
anteed minimum @ channel 13 with gain control at maximum. 

GAIN CONTROL RANGE: 4 dB continuous, 0, 3, 6, 9 and 12 dB pads avail-
able. (Zero dB pad supplied). 

BANDPASS: 54 - 216 MHz ±0.5 dB 
ISOLATION BETWEEN OUTPUT PORTS: 20 dB minimum 
IMPEDANCE: 75 ohms 
RETURN LOSS: 16 dB (VS~R 1.38) gll ports 
TEMPERATURE RANGE: -40 F to 140 F 

Temperature compensation provides stabilization of gain to 
better than ± 1 dB over total temperature range. Unit meets 
all -specifications · throughout the temperature range. 

HUM MODULATION: -60 dB 
POWER: Full isolation "power saver" tapped transfonner. 
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LEGEND 
~ TRUNK a 
1./ BRIDGER 

~INTERMEDIATE: 
C!Y' BRIDGER w LINE EXTEND[R 

8- 300 FOOT BLOCKS 

FIGURE 2 CONVENTIONAL 22 dB GAIN AMPLIFIER 

The output of 53 dBmV for each port of a two
Port bridger or 50 dBmV for each port of a four
~~rt bridger allows feeder lengths over 40% longer 
tan were previously possible (without line ex-
eryder amplifiers). In fact, the high-output 
~rldger has greatly reduced the number of line ex
render amplifiers necessary in a system and as a 
a~sult has concentrated more of the amplification 
a fewer locations, resulting in easier mainten-
nce and higher reliability. 

b . ~herefore, it is extremely important that the 
chldg1ng amplifier itself have a gain-temperature 
t·aracteristic that does not aggravate the situa
tlon. With C-COR bridging amplifiers, the gain
b~~Perature characteristic is flat. With the 
4 ldger output (operational) of 47 dBmV (each of 
t Ports) and th~ r~sult~ng long f~eder ~engt~s, 
n:~Perature vanat1ons 1n the typ1cal s1tuat1on 
th level variations in the typical situation at 
fee end of the feeder of ±1.5 dB to 2 dB. It is 
Of1t.that this range can be adequately taken care 
Pa W~th the AG.C of the television receiver itself, 
etr~,c~larly since the design criterion has lim
toe Slgnal level variation at the receiver of 0 
is lo dBmV under nominal conditions. However, it 
to re~dily apparent that another 2 dB change due 
thebr~dging amplifier gain change may aggravate 
rad s~tuation to the point of causing picture deg-

atlon. 

TYPICAL SYSTEM LAYOUTS 

2 an Two systems layouts are displayed in Figures 
lhe d 3 showing an idealized section of a system. 
~1 2~Ystem shown in Figure 2 utilizes convention
~igu dB gain amplifiers. The system shown in 
bridr~ 3 utilizes C-COR's high-output trunk and 

9lng amplifiers. For a forty block area 
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FIGURE 3 C-COR SYSTEM 

C-COR uses five amplifiers while the 22 dB system 
uses sixteen amplifiers. In this case the cost 
reduction for amplification is 25%. 

CONCLUSIONS 

A considerable reduction in amplifiers can be 
made in a CATV system utilizing high-output units. 
System costs are also lower. An automatic level 
control system utilizing a closed loop control 
system results in higher quality performance. 
Careful consideration of temperature is important 
in good CATV system design. 

Palmer, James R., 11 CATV System Design Philoso
phy and Performance Lriteria as the Basis for 
Specifying Equipment Components .. , Paper pre
sented at the 16th Annual Broadcast Symposium, 
I.E.E.E. Group on Broadcasting, Washington, QC., 
September, 1966. 



CHAIRMAN CLEMENTS: Thank you, Mr. Pal
mer. 

Does anyone have any questions? 

DR. RIEBMAN: Mr. Palmer, I would like to just 
discuss for a minute or two your extemporaneous re
marks that you made before your prepared talk, and 
particularly your comment that you feel the extended 
band width may be just an attempt by manufacturers 
to sell more equipment. 

First of all, I did mention in my presentation that 
our original interest in the extended band width was 
because a user, a system user, came to us and said, 
"We would like you to study this problem and reco~
mend to us how you would handle it." 

I think he was on his toes, and he is one of the 
largest users in the metropolitan area in this coun
try, and that he felt the need for the extended band 
width. 

We then proposed the solution to him. 
I feel the manufacturer has a responsibility to 

his customers to look ahead and try to make his 
equipment compatible with what future needs might be, 
and several questions came from the floor about the 
concern of, 11Are we going to buy equipment now and 
then next year have to replace it?" 

Our company, AEL, is making an effort, every 
effort that we humanly can, to protect our customers 
against obsolescence. In fact, we are trying to make 
our equipment compatible with future expected needs. 
We are recommending for the future. 

We are indicating that 300 megacycle cable should 
be utilized now. It costs you nothing. We have made 
our system modular. I think we have pioneered the 
modular concept for the very purpose of minimizing 
the cost in changing the system in the future. 

Rather than be criticized I think we should be 
commended for trying to help the users and save 
them future expense~ 

Now I would just like to raise a question to you 
in these metropolitan areas, which I think are con
cerned with this problem first, although it is spread
ing all over the country. What is your ~swer to the 
difficulty of how to attract a subscriber who canal
ready get nearly 12 or more than 12 channels off the 
air; or 12 channels ? 

MR. PALMER: I agree with you that we ought to 
install coaxial cable that goes up to 300 megacycles. 
~or the rest of your comment, all I can say is 

that I disagree with you fgr the reasons I have stated. 
I ju·s~, pure and simple, do not agree. I think it is 
wrong to take the solution to a particular problem 
for a particular customer, ancJ offer it as an industry 
solution. 
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You are in the electronics business, and so are 
we. We have one amplifier to do thus and so, and 
we build it for that purpose. But we do not want to 
establish an industry requirement based on that one 
particular customer. 

I do not think we have taken time yet, as an in
dustry, to give this the thoroughness, the depth in 
study, and the consideration that is required. I be
lieve once ·we divorce ourselves from broadcast 
frequencies that we are making a grave error if we 
do not take a very +.thorough view of the whole systeiJl, 
the whole concept. 

This is just my opinion; my viewpoint. 

CHAIRMAN CLEMENTS: Thank you. 
Are there other questions relating to the paper? 
There are copies of the paper available in the 

exhibit area. 
Again, thank you, Mr. Palmer. 
Our next speaker is Mr. Gay C. Kleycamp, who 

is going to address us on the subject of MID-BAND 
USE IN CATV SYSTEMS. (KAISER CATV) 

Mr. Kleycamp. (Applause) 

MID-BAND USE IN CATV SYSTEMS 

BY 

GAY C. KLEYKAMP 

INTRODUCTION 

This is a report on a series of tests and siill~~ 
lated as well as actual CATV system operation Vl1 

0 
the application of additional TV channels in the 12 Jl"' 
to 175 MHz frequency spectrum. This region iS ge

0 
... 

erally referred to as the "mid-band". Standard pr 
duction unmodified Phoenician Series trunk line 
amplifiers (KAISER Model Nos. KGAA and KGIVff\) 
were used with normal 22 dB spacing. id"' 

In assigning the frequencies for the varioUS !ll 
band channels, it was considered practical to use. :re 
6 MHz separation between each of the video carrl; 
with the lowest mid-band channel (Channel nA'') 9-Jld 

'd-b:l-121.25 MHz. No attempt was made to use rn1 :rde:t' 
frequencies above 157.25 MHz (Channel "G") in °:r ... 
to avoid interference with the 166.5 MHz pilot c:l

rier used in the KAISER equipment. The lower dill 
frequency limitation of 121.25 MHz was selecte·th 
order to avoid any possibility of interference Vl1 

aircraft navigational radio devices. 

LABORATORY TESTS 

All KAISER Phoenician Series amplifiers 9-rr:ie:t' 
·1 t c:ltested for a +50 dBmV, 12-channel plus p1 o 



Our next speaker is well known to most of us, Mr. 
Ken Simons, Vice President of Research and Develop
ment of The Jerrold Corporation. Mr. Simons received 
his BSc in electrical engineering at the Moore School 
of Electrical Engineering at the University of Pennsyl
vania. He has been active in radio since 1928, active 
in television since 1938 and has been active in CATV 
since 1951. 

It is with great pleasure that I present Mr. Ken 
Simons to talk about "Distortion in CATV Amplifiers." 
Mr. Simons. (Applause) 

MR. KEN SIMONS (Jerrold Electronics Corpor
ation): Before I begin I would like to comment to Alan 
Ross that we are delighted to have him refer to our 
Channel Commander by name if he has something nice 
to say about it. Otherwise he should call it a headend 
converter. (Laughter) 

THE FUNDAMENTALS OF DISTORTION IN 
CATV AMPLIFIERS 

by Ken Simons, Jerrold Corporation 

Introduction: 
Distortion in sound reproducing equipment is fa

miliar to anyone who has heard a worn-out jukebox, or 
an overloaded public address system. This harsh, un
pleasant sound presents the essential nature of all dis
tortion: What comes out of the system is different from 
what went in! In a CATV system distortion does not 
show up in the same way, but it is present, and it places 
restrictions on ·system operation which must be under
stood if it is to be intelligently planned and operated. 

The amplifiers used in CATV have only one in,... 
tended function: to increase the signal levels. The 
other things they do, the differences they generate be
tween the outgoing signals and the incoming signals 
are distortion. What forms does this distortion take? 
Several effects properly called distortion, such as the 
addition of noise to the signal, hum modulation and vari
ations in amplifier frequency response are not the sub
ject of this paper. It is concerned with only one kind of 
distortion: effects due to the same causes that create 
"harmonic distortion" in audio amplifiers. This dis
tortion is due almost entirely to amplitude non-linearity 
in the transistors. Its worst effect is cross-modulation, 
crossing over of the modulation from one channel to 
another, which causes "windshield wiper" effects in the 
picture. Other effects include harmonics, where an un
wanted signal is generated at a frequency which is some 
multiple of the frequency of a wanted one; and beats, 
where two qr more wanted signals combine to generate 
an interfering one. A study of distortion will help in 
understand.ing how CATV amplifiers can be operated to 
avoid these problems. 
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Distortion less Amplification: d 
Perhaps the simplest way to describe amplitu e 

distortion is to say what it is not. A distortionleSS 
plifier would be one which increased the amplitude 
age swing) of the input signal without changing itS 
form. Suppose, for example, an amplifier could betlr 
so that the output voltage, at each instant, was etac 
10 times the input voltage. A graph showing the 
voltage plotted against the input voltage would be ab iS 

straight line, as illustrated in Fig. 1. Such a graP t 
called the "transfer characteristic" or "input--ouW~ 

·stlc 
curve", for the amplifier. A transfer character! 
which ;is a straight line is called a "linear transfer 
CharacteriStiC I I • rfje( 

Mathematically, the performance of this aJ!lP 
1 

would be described by the equation: e t= 10 ein;d 
where e tis the instantaneous output

0
#oltage, an 

is the in~~antaneou.s input voltage. Calculating for 
ticular voltages would give a table: 

e. e (= 10 e.n) 
Ill out __b.-

0 0 
-0.2 -2 
-0.4 -4 
-0.6 -6 
-0.8 -8 
-1.0 -10 

e. e (= 10 e.n) 
Ill out ___!.-

0 0 
+0.2 +2 
+0.4 +4 
+0.6 +6 
+0.8 +8 
+1.0 +10 

•
0 

of 
This is the table from which the characteristl 

Fig. 1 is plotted. actef 
The way in which such a linear transfer c~arfig} 

istic results in an undistorted output is shown 10 iS 
A plot of the sinusoidal input voltage against tiJ!leti!Jie 
illustrated (Fig. 2(a)). If, at each point along thed 
scale, the instantaneous input voltage is project~)), tPe 

downward to the transfer characteristic (Fig. 2.( g tbis 
corresponding output voltage is found. Projectln 9-le 
to the right, and plotting against the same time s~ voW 
constructs graphically the waveform of the ou.tp~.15 ~ 
age (Fig. 2(c)). For example, when the input 15 

5 
volt· 

volts and decreasing (point "A"), the output is 7 ~a,ge ~~ 
and decreasing (point "B "). Since the output vol tbe 
each time is simply ten times the input voltage, t~e 
put duplicates the input waveform. Each point onrre~ 
output waveform corresponds exactly with the c~·oll' 
sponding point on the input, so there is no disto 

1 



Wav 'I'he action has nothing to do with the input voltage 
cat eforrn. Whatever that waveform is, it is dupli-

ect · 
SiJn· In the output. Fig. 3, for example, shows a 

; an .~lar diagram with a pyramidal input, showing how 
1 

entically-shaped pyramidal output results. 

: ~on with Distortion: 
teal~?fortunately, amplifiers that can be built using 
oetw hfe transistors do not have a linear relationship 
1 ill een the input voltage and output voltage. Figure 
Whic~str~tes a non-linear transfer characteristic 
lnPllt lllight be found in a real amplifier. As the 
Chan Voltage swings either way from 0, the output 
Changes. along a curve which produces less and less 
and ;e In output voltage as the input swings further 
\Vet ttrther from 0. In the example illustrated, 
stta: the output to continue increasing along a 
\Volll~ht line at the same rate it follows near 0, it 
lllat reach about +20 volts when the input was + 1 

ead of the + 10 it actually reaches. 

flet \\~_hen a varying voltage is applied to an ampli
~Olt~~th ~ characteristic of this sort, the output 
tnpllt Will have a different waveform from the 
~igll Voltage. Consider the examples shown in 
IVave~e 5• Figure 5(a) illustrates the output voltage 
a v0lt orrn obtained when a sinusoidal voltage with 
to th age swing between + 1 and -1 volts is applied 
ln F'ie ~Plifier whose characteristic is illustrated 
shn~re 4. Since the transfer characteristic is 

·•letr· 
~quash leal, both peaks of the output voltage are 
lliu8t ect by the non-linearity giving the waveform 

rated. 

Dliect~ 0·5 Volt peak-to-peak sinusoidal voltage ap
at ... 0•

5
° the input of the same amplifier and biased 

Volts Volts so that it varied between 0 and -1 
'lo v ~OUld produce an output varying between 0 and 
~he 1~ ts With the waveform illustrated in Figure 5 (b). 
0Vet a~~r Peak is squashed because the curve bends 
tet>tod 1 Volts input, the upper peak is faithfully 
attaigh~C~d because the curve is very nearly a 

hne near 0. 

0 ~edu · ·2 volt cmg the amplitude of the input voltage is 
vaties : Peak-to-peak and biasing it at 0 so that it 
Volt::~o- etween +0.1 and -0.1 volts gives the output 
V::~ ... "tSe sho . '<,("Yin wn 1n Fig. 5(c). Because the signal was 
t~ti811.g along a nearly linear part of the charac-
Of C th' · the 

8 
~ lS Is almost an undistorted reproduction 
Inusoidal input. 

n lt sho 1 
atllte u d be clear from these examples that the 

fettdents Well as the degree of distortion is de-
.he ::lh.-. ni~ot only on the transfer characteristic of 
lq "--.llt' lf' 

I>ttt 
8

. Ier but equally on the amplitude of the 
lgnal and on the operating point (bias). Two 
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very different and significant kinds of distortion are 
illustrated: one where the peaks are s quashed 
symmetrically [Fig. 5a)] and the other where only 
one peak is squashed [Fig. 5b)]. In what follows 
these two cases will be explored more thoroughly. 

Second order Distortion: 
In the section on distortionless amplification, it 

was shown that a linear transfer characteristic could 
be expressed in ver_y simple mathematical terms. 

The equation "e = 10e. " says very clearly that 
out 1n 

the amplifier in question has a gain of ten times and 
no distortion. Since all practical amplifiers cause 
distortion, a sensible question is: "Can the transfer 
characteristic of a practical amplifier be expressed 
in some simple mathematical way which will allow 
analysis of the distortion generated?" The answer is 
yes, of course, and the subject of what follows is how 
this is done. 

First, consider an amplifier which generates the 
kind of distortion illustrated in Figure 5 (b). The 
transfer characteristic causing this kind of distortion 
can be approximated by an equation having the form 
"(e t) equals (some number times e. ) plus (some 

oo 
2 

m 
other number times e. )." 

ln 

The following may help to understand how this 
2 

works. Consider fi.rst the curve that results when e 
is plotted against e. The numbers come out like this: 

i ! 
I ! 

e e 

t I -1 . o 

I 
+ 1 . 0 

+ . 64 

+ .36 

+ . 1 6 

+ .04 

+ 1 . 0 
+ .8 

+ .6 

+ • 4 

+ . 2 

+ l . 0 

+ .64 

+ . 36 

+ . 16 

+ .04 

- . 8 

~ 
- . 6 

- .4 

0 0 0 
I - . 2 

· I 0 
~--------- -+--'----·-

This curve is plotted in Figure 6. Notice that it 
is symmetrical about 0, curving up smoothly for both 
positive and negative values of e. 

Next consider an example of what happens when a 
curve of this sort is added to a linear transfer charac
teristic. The output voltage is separated into two 
parts: 

for the linear part: e
1 

= 10 e. 
ln 

for the "squared" part: e
2 

= 5 e . 2 
1n 

and for the total: e out = e1 + e2 

= 10e + 5e. 2 
in 1n 



The numbers come out like this: 

II 10 e;n 2 
11 ein e;n 
I, 
I I - 1 -:10 +1 
I 
I 

! -0.8 - 8 +0.64 
i 

-0.6 6 +0.36 

I 
-

-0.4 - 4 +0.16 I 

I -0.2 - 2 +0.04 

I 
0 0 0 

·i +0.2 + . 2 +0.04 
I 
I +0.4 + 4 +0. 16 
;I 
II +0.6 + 6 +0.36 

II 
+0.8 + 8 +0.64 

+ 1 . 0 +10 + 1 . 00 

Fig. 7 shows the two curves plotted separately (a 
and b) and the total (c). Notice the similarity between 
this total curve [Fig. 7(c) J , the plot of a simple 
mathematical equation, and the lower half of a particu
lar non-linear transfer characteristic (Fig. 4). 

Fig. 8 illustrates graphically how the introduction 
of a sinusoidal voltage into an amplifier having a 
square-law transfer characteristic results in an output 
of the one-peak-stretched, one-peak-squashed variety. 
Since this kind of distortion results from the addition 
to the linear characteristic of a quantity involving e2, 
it is c~lled "second order" distortion. In these terms 
it is said that Fig. 8 shows that "a square-law transfer 
characteristic (or a characteristic having second-order 
curvature) causes second-order distortion of the out
put." Observe that not only is the upper peak of the 
output voltage stretched by the action of the second
order distortion and the lower peak squashed, but also 
the entire curve is shifted upward so that its average 
is above 0. 

Second-order Distortion by Addition of Components: 
As has been shown, one way to study second-order 

distortion mathematically is to use a square-law equa
tion. There is a second approach which is also very 
useful. This approach involves the addition of d-e and 
sinusoidal voltages to produce a distorted total. 
Figure 9 illustrates how this works. Because the 
"parts" or "components" that go to make up a distorted 
waveform are being considered, each component is 
given a name. This diagram shows how a distorted 
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+5 -5 

+3.2 -4.8 

+ 1 • 8 -4.2 

+ .8 -3.2 

+ . 2 - l . 8 

0 0 

+ • 2 +2.2 

+ .8 +4.8 

+ 1 . 8 +7.8 

+3.2 + ll . 2 

+5 +15 

output can be generated by adding together three 
components: the fundamental component, a 
voltage having a frequency of 1 MHz (1 cycle in 
1 microsecond) in this example; the second h .

5 
component, a sinusoidal voltage having twice t~~d ~ 
frequency, 2 MHz (2 cycles in 1 microsecond), 
positive d-e component. 

fort 
Notice first that the total voltage has a wav~Jt9~ 

identical with that produced when a sinusoidal .v of 
·stlc is passed through the square-law character! ddt~ 

Figure 8. Now see how the three components a 
gether in Fig. 9: At 0 time on the diagram, the .

0
jS 

onl I 

fundamental component is 0, the second har!l1 pl 
at its negative peak (-2.5 volts) and the d-e co~ t~e 
is at +2.5 volts. Adding the three together give tbe 
total voltage which is 0. At 0.25 microsecond~ tO 
fundamental has gone through one-quarter eye e:r"' 
its positive maximum (+ 10 volts), the second hate tO 

monic component has gone through one-half cY~d to' 
its positive maximum (2.5 volts) so the three a 
gether to produce the peak voltage of the total he 
(+15 = 2.5 + 2.5 + 10). At 0.75 microseconds t 

0 
second harmonic and the d-e are at +2 .5 voltS ;a ... 
they subtract from the -10 volt peak of the fun 
mental to give the squashed peak of the total 
(-5 = -10 + 2.5 + 2.5). 

·p1' 

This diagram illustrates one case of a verY l 
portant general principle: Any non-sinusoidal 
periodic waveform can be produced by adding·dal 
an appropriate combination of d-e and sinusol 
ponents. 



~ . 

ctr!Un of a Volt e with Second-Order Distortion: 

~ol A. Very convenient way of measuring any varying 

8. tage is to plot its "spectrum". A spectrum is 

Consider the curve that results wher.1 e 3 is plotted 
against e. The numbers come out like this: 

e e3 e c.:s 
--
-1 . 0 -1.000 + 1 . 0 +1 .000 

tnllb.pl:y a graph which plots in the vertical direction, 
kle Peak voltage or amplitude of each sinusoidal com
~ ~ent and in the horizontal direction, shows the fre
Unenc:y at which each of these components exists. Its 
ar Portance rests on the fact that "spectrum analyzers" 
Pr~v~v~ilable which plot these diagrams automatically, 
ana_1

1d~ng tremendously useful tools for distortion 
8~ Ysls. The spectrum of a sinusoidal voltage is a 
lha~le Spike showing the amplitude and frequency of 

-
-

.8 -0.512 

.6 -0.216 

.4 -0.064 

+ .8 +0.512 

+ .6 +0.216 

+ .4 +0.064 

SJle "
0ltage. Figure 10, for example, shows the 

~i~trurn of the fundamental component voltage in 
llllt te. 9. It says three things: (1) this voltage is a 
a1Qe

1
.81ne-wave (there is only one spike); (2) its peak 

or tt ltucte is 10 volts (the vertical reading at the top 
Posit~ 8Pike); (3) its frequency is 1 MHz (the horizontal 

lon of the spike). 

OUt ]'igure 11 illustrates the spectrum of the distorted 
Put 

Po~ Voltage of Figures 8 and 9. It shows three com-
the ;nts: the 2.5 volt peak, 2 MHz second harmonic; 
f!ue 

0 
Volt, 1 MHz fundamental; and the 2.5 volt 0 fre

alla.~cy (d-e) component. (Note that most spectrum 
Oth Yze:rs do not show d-e components so that only the er t 
'llt. Wo would be displayed.) 
~ () ... ..:~_ -- . · 

~: 
~illd n the previous section it has been shown that the 
s~ Of non-linearity which results in the "one-peak
Silll~hed'' kind of distortion can be expressed by a 
lllttch e square-law mathematical equation. In very 
sltlts .the same way, the kind of distortion which re
acub ln both peaks being squashed can be expressed by 
(e r·law equation. This equation has the form: 
~ 0tl.t3:::: (some number x e. ) + (some other number 
~e In 
tl ill ). It approximates a transfer characteristic of 
tte ''b 
~b 5°th-peaks-squashed" type, as illustrated in 

tl . (a). 

e;n 1 0 e;n --
-1 -10 
-0.8 - 8 

-0.6 - 6 

-0.4 - 4 
-0.2 - 2 

0 0 
+0.2 + 2 

+0.4 + 4 
+0.6 + 6 
+0.8 + 8 
+ 1 . 0 +10 

-

- .2 -0.008 + .2 +0.008 

0 0 0 0 

This curve is plotted in Fig. 12. It is "skew 
symmetrical"; that is, the curve for negative values 
of e has the same shape as for positive values, but 
is upside down. 

When this curve is added to a linear transfer 
characteristic, it affects both extremes in the same 
way, since the linear part and the "cubed" part go 
positive together and negative together. Consider an 
example: 

for the linear part of the characteristic take: 

e1 = 10 e. 
Ill 

for the "cubedn part take: e
3 

= 3 e. 3 
Ill 

to get a curve which squashes the peaks, the 
cubed part is subtracted from the linear 
part, so the total is: 

e = e - e = 10e - 3e 3 
O'L\t 1 3 in in 

The numbers come out like this: 

3 3 e. J 10 e;n-3 J e;n 1 n ein · --
-1.000 -3.000 -7.000 
-0.512 -1.536 -6.464 
-0.216 -0.648 -5.352 .. 
-0.064 -0.192 -3.808 
-0.008 -0.024 -1 . 976 

0 0 0 
+0.008 +0.024 1.976 

+0.064 +0.192 3.808 
+0.·216 ' +0.648 5.352 
+0.512 +1.536 6.464 
+1.000 +3.000 7.000 
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Fig. 13 shows the two component curves plotted 
separately (a and b) and the total (c). Notice the 
similarity between this total curve, the plot of a simple 
equation, and the non-linear transfer characteristic 
shown in Fig. 4 o 

Fig. 14 illustrates graphically the way in which 
the introduction of a sinusoidal voltage into an ampli
fier having a "cube-law" transfer characteristic 
results in an output of the ''both-peaks-squashed" 
variety. Since this kind of distortion results from 
subtracting a quantity involving e3, it is called "third 
order" distortion. In these terms it is said that 
Figure 14 shows that "a cube-law transfer character
istic (or a characteristic having third order curvature) 
causes third order distortion of the output." 

Third Order Distorti0n by Addition of Components: 

In the foregoing it was found possible to duplicate 
the effects of second order distortion by adding 
sinusoidal components. In a similar way, the effects 
of third order distortion can be obtained. Figure 15 
illustrates the addition of a 10 volt peak, 1 megacycle 
fundamental component (a) and a 1 volt peak, 3 mega
cycle third harmonic component (b) to produce a 
distorted total (c) having the same waveform as that 
generated by the cube-law equation illustrated in 
Fig. 14. Because of the 3:1 frequency relationship, 
the third harmonic voltage is opposite in phase to the 
fundamental at its positive peak with the result that 
the total is squashed, and is again opposite in phase 
at its negative peak so the total is also squashed at 
that time. 

Spectrum of a Voltage with Third Order Distortion: 

Figure 16 illustrates the spectrum of this dis
torted voltage. Since the distortion waveform is 
duplicated by the sum of two components, the spec
trum shows only these two: a 10-volt-peak funda
mental component at 1 MHz and a 1-volt-peak third 
harmonic at 3 MHz. 

A "Beat"; the Sum of Two Sinusoidal Voltages of 
Different Frequencies: 

Since a major object of this article is to investi
gate the effects that occur in broadband amplifiers 
when many "channels" are handled simultaneously, it 
is necessarily concerned with what happens in an 
amplifier when more than one sinusoidal voltage is 
introduced into it. Although the picture carrier on 
each _channel_ is not a constant-amplitude sine-wave 
(since it is modulated with the picture information), a 
great deal can be learned about the nature of distortion 
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in this case by temporarily pretending that it iS· be 
first question then is: What is the waveform oft 
voltage resulting when two sine-waves having 
frequencies are added? 

To answer this question it is helpful first todd 
sider the way in which two sinusoidal voltages a 
when each has the same frequency and amplitude, 
they have various phase relationships. Fig. 17 

trates several cases showing each voltage s 
(a and b) and the resulting total voltage (c). 

When each voltage is sinusoidal, the 
are identical, and the voltages are exactly in t 
two reach their peaks at the same instant and abe 
time they add directly (e.g. 1.0 + 1.0 = 2.0) sot e~!i 
voltage of the tqtal is the sum of the two comP011 

(shown as the (f condition). 

e!1~1 

When there is a goo phase difference betwe be~ . 
two, the total reaches its maximum at a time w pe~ ' 
each of the components is at Oo 7 of peak, so the of 
voltage of the total is reduced to 0. 7 of the su~ ~ 
peak voltages of the components e.g.+ 0.7 + 0• 
(the +goo and -goo conditions) . When the two 
have opposite phase (180° out of phase), theY are1so' 

· and opposite at all times, and the total is 0 (the 
condition) o 

Next consider the addition of two sinusoid~8 ( ~ 
voltages having different frequencies. Figu~e ulat 
and b) illustrates the waveforms of two partie Iittlde 
voltages. Each is sinusoidal, with a peak am~:rl'le" 
of 2 volts. One has a frequency of 5 MHz, a t1 

fte' 
per-cycle of 1/5 microseconds; the other haS a 6ec· 
quency of 6 MHz, and a time-per-cycle of 1~6 r~6ec' 
Thus, the former completes 5 cycles in a m10 

ond while the latter is completing 6 cycles· 
wet 

Superimposing the two waveforms on eachf:ct, 
Fig. 18(c) shows clearly a highly significant , ... 

. g COP 
the phase relation between them is changrn itiVe 
stantly. Initially they are in phase (both at po~e P~: 
peak). After 1/4 microsecond the 5 MHz volt ti"e' 
gone through 1-1/4 cycles and is 0, going negacJeS 
while the other has gone through three h~If-c~e !JY 
and is at its negative peak. They differ 1n ph titS 

·sa 
goo. After 1/2 microsecond the 5 MHz one 1 sitive 
negative peak, while the 6 MHz one is at its po goeS 
peak, and they are 180° out of phase. As time~ 

ron;;> I 
on, they go through all possible phase rela 1 eacb 
coming back to the "in phase" condition once 
microsecond. 

a,te 
· Now what happens when these two v~ltag~~a,teO 

added? The total follows the principles 1nus 



·17. When the two components are in phase, 
·add to produce a maximum peak voltage, when 
are 180° out they cancel, and in between the 
antplitude changes from one condition toward 

Other. The resulting waveform is illustrated in 
~9 (a), showing the two component voltages and 

ta.I superimposed, and Fig. 19(b), showing the 
alone. The total voltage reaches a 4-volt maxi;... 
Peak initially when the two are in phase, the 

· l'educe on successive cycles reaching 0 after 
llticrosecond when the two components are 180° 
Of Phase, and building up again to a 4-volt maxi
.Peak after one microsecond when they come 
ln Phase again. 

~h· ls "beat" voltage, the sum of two particular 
voltages, demonstrates several charac

common to all sums of two such voltages 
regard to their 'frequencies. One charac-
is the variation in the peak voltage of the 

For the sum of two equal voltages with any 
, the total peak voltage varies from 

to 0 and back to maximum at a frequency 
is the difference of the frequencies of the 

. (In this example, the peak voltage 
at a frequency of 1 MHz = 6 - 5 .) What 

i~. 8Pectrum analysis of the total voltage show? 
l'volt lcated in Fig. 20, the analysis shows two 
~ th components, one at 5 MHz and one at 6 MHz, 
~a.I at is all. How can that be? The peak of the 
lfre \'oltage certainly increases and decreases at 
~,, ClU.ency of 1 MHz Is there no 1 MHz "signal" ! co • 
~ ~0 lb.ponent" there? The answer is that there 
~ea.q~e, and the reason goes right back to what is 
la~ectby the term "component". A set of lines on 
~ellc l'U.:rn. chart, or a statement ''There are fre-
1~ern. y components present at these specified 
! "tll.enc· 
OrlQ les" means only one thing: that the wave-
~eci Of the voltage in question can be duplicated 
~"t~ely by adding together sinusoidal voltages 
1~the the indicated amplitudes and frequencies. 
1~s 'W e)(a:rnple, the initial condition showed that 
llotte!lta~eform is generated when a 5 MHz com
lqey 18 ~to an equal 6 MHz component. 
~a.l ;ere added, nothing else was added so the 
0tQel.' oltage cannot, by definition, contain any 

colnponents. A basic principle is involved: 

~ly When there is non-linear distortion 
the frequency components generated in 
in e output which were not present in the 

llllt. 

~it ~at about the 1 MHz variation in peak voltage? 
0
Qthe ere''? Of course, it's there. It is evident 

Waveform, but the fact that something (i.e. 

the peak voltage) in this waveform varies at a fre
quency of 1 MHz, does not mean that there is a 1 MHz 
component present. No 1-MHz sinusoidal voltage com
ponent is needed to duplicate this waveform. If the 
variation over a full microsecond is inspected, it can 
be seen that the ''beat" voltage varies in such a way 
that it spends exactly as much time below 0 in each 
half cycle as it does above, so on the average there is 
no variation at the 1 MHz frequency. 

~Beat Voltage with Second Order Distortion: 

It has been shown that, when two sinusoidal com
ponents are fed into a distortionless amplifier, the 
output contains only the two original components, or 
saying the same thing, the output waveform is the same 
as that of the input. Fig. 21 illustrates again the wave
form and spectrum in this case, showing how the total 
peak voltage varies at the difference frequency (f

2
- f

1
) 

as the phase relation between the components changes. 

Now consider what happens when the two sine
wave voltages are added and introduced into an ampli
fier with second order distortion. Fig. 22(a) illustrates 
the result, the distorted waveform that occurs when a 
"beat" voltage (the sum of two sine-waves) is fed 
through an amplifier having only second order dis
tortion. 

Since the output waveform has a decidedly different 
shape from the input [compare Fig. 22(a) and Fig. 21(a)], 
it is clear that there must be components at frequencies 
other than the two original ones. Fig. 22(b) illustrates 
the five new frequency components that are added to 
the output voltage by second order distortion. Since the 
positive peaks in the output are stretched, and the nega
tive peaks squashed, there is a general shift in level in 
the positive direction, and there must be a correspond
ing positive d-e component. Since the peaks above 0 no 
longer average out with the peaks below 0, there is also 
a component at the difference frequency (f

2
- f

1
). For 

a similar reason, there is a component at a frequency 
which is the sum of the frequencies of the two originals 
signals (f

1
- f

2
). And of course, each of the original 

signals generates a second harmonic (at 2f
1 

and 2f
2

). 

Thus, the spectrum of the output signal looks like 
Fig. 22(b) with components at the two original fre
quencies as well as at the five new ones. 

An important conclusion can be drawn from this 
one example: Whenever more than one sinusoidal 
voltage (that is when more than one signal) is intro
duced into an amplifier which has second order dis
tortion, the output will include signals at certain 
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frequencies differing from those of the input signals. 
There will be a d-e component, a shift in the average 
collector current of the distorting stage which gen
erally does not show up in the output, a component at 
a frequency which is the difference of the two origi-
nal frequencies, a component at a frequency which is 
the sum of the original frequencies. When the origi
nal signals aire modulated with picture information, 
each of these spurious signals will carry the modula
tion of both of the original signals from which it comes •. 

Why Second Order Distortion is Unimportant in 
Present CATV Systems: 

Anyone who has worked with CATV equipment in 
the past recognizes the fact that very little attention 
has been paid to the problem of second order distor
tion. The usual amplifier specification states the 
noise figure, gain and cross-modulation but does not 
mention sum or difference frequency beats or second 
harmonics. The reason for this has to do with the 
standard channel frequency assignments established 
by the FCC. If one takes any pair of picture carrier 
frequencies in the standard 12-channel assignment, 
their sum or difference does not fall in any of those 
channels. Similarly, with one minor exception 
(channel 6 sound carrier), the second harmonics of 
all low band carriers fall between the two bands. 
Figure 23 shows the spectrum obtained when 12 CW 
signals on the normal picture carrier frequencies 
were introduced into a CATV amplifier at levels some
what higher than normal operating level. This shows 
the spurious signals resulting from second order dis
tortion illustrating how they fall below and between the 
bands, but not within the channel limits. Since this is 
true second order distortion has no bad effects on an 

' amplifier carrying up to twelve standard TV channels, 
and it is not normally considered in this case. 

Beat Voltage with Third Order Distortion: 

Figure 25 (a) illustrates the appearance of the out
put voltage of an amplifier having third order distortion 
when a beat input signal shnilar to Figure 21(a) is in
troduced into the input. The squashing of the larger 
vertical peaks is clearly evident. A spectrum diagram 
showing the frequency components in the output is shown 
in Figure 25 (b). In addition to the two original sinusoidal 
components (at f

1 
and f

2
) spurious signals occur at the 

following frequencies: 

This falls below f
1 

at a spacing cor

responding to the frequency difference 
between f 

1 
and f 

2
. 
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2f -f 
1 1 

This falls above f at a spacing 
2 

dif' corresponding to the frequency 
ference between f

1 
and f

2
. 

· sand These are the third harmomc b 
. est e spacing between is three tim 

spacing between f
1 

and f
2 

· 

This falls above 3f
1 

at a spacing 

d•ff responding to the frequency 1 

between f
1 

and f
2 

· 

This falls below 3f
2 

at a spacing 
. nee· responding to the same d1ffere 

Cross-Modulation and Compression: 

. d order 
The spurious signals generated by th1r. , 

distortion in present CATV systems. This 1 ~}1iJ.'d 
modulation" one of two important effects of e!lts 

' . p~ order distortion which do not result 1n com 
at new frequencies. Each of these effects wet 
a change in gain at the channel frequencies rantS· 

. pone than the generation of new frequency com 
Figure 26 illustrates these effects. These s 
diagrams illustrate the input and output c diS' 
in an amplifier which has severe third orde~ pat 
tortion. The upper diagrams illustrate the 1n g.te 

·nustr signal components, the lower diagrams 1 Jifier 
resulting output signal components. The a~P eS· 
voltage gain, for small signal input, is 1.0 tl~ of 2 ., 
Thus, as illustrated in Figure 26(~) ~ an mpu

20 
JJ1ill~ 

millivolts gives an output of approximately of flll) 
volts. It can be seen by inspecting the shape l3~) 
third-order distortion characteristic [Figure we 
example J that the effective gain decreases as ill 
signal amplitude increases. Thus, as shown biS 
Figure 26(b), increasing the input signal oft bOtlt 
fier to 10 millivolts results in an output of a oald 
millivolts rather than 100 millivolts which VI .c;ect5 

' the ev ·o obtained if the gain were not reduced by tio!l 1 

third order distortion. This effect, the redul~ttlde 
gain at a single frequency as the signal aillP.~ di5"

0 creases, is called compression and results ~dal£Lte 
tortion of the modulation envelope on anY Ill n tbiS 
signal going through such an amplifier· ~e te r(J' 

· 1·fi ·ng a sing effect occurs 1n an amp 1 er carrY! f we 
modulated signal, it results in a squashing ~ n''· 
sync peaks which is called "sync compreS~10 e) i5 
Figure 26(c) shows what happens when a Slgn e 

introduced at low level on another frequencY i o!l tP 
Several effects can be seen: The output leV~tli"olt 
new fr equency is somewhat below the 20 Jlll 



it Would reach if the strong signal were not 
; the strong signal output is slightly re-

by the presence of the new signal [compare 
], and a spurious component at 2f

1
-f

2 
can be 

~s shown in Figure 26(d), increasing the second 
Signal to full amplitude results in a further re

in gain so that both output signals at the 
frequencies are below 60 millivolts and the 
signals increase in amplitude. The most 
t effect here is that the gain on each 

is reduced not only by an increase in level 
channel but also by the increase in level on 

channel. This results in a transfer of any 
, or modulation, on one carrier to any 

tca:rriers going through the same amplifier. 
l'an.sfer is called cross-modulation and repre

C the worst effect of non-linearity in present
A:rv amplifiers. 

~his effect is further illustrated in Fig. 27. 
27 (a) shows the output signal obtained when 

80idal input is applied to an amplifier with a 
~ount of third order distortion. Figure 27 (b) 
What happens when a second signal, fully 

, is fed through the same amplifier. The 
~~ t includes the modulated signal (which shows 

· he frequency spectrum as a carrier with 
Sidebands on each side), the output at the 

of the original CW signal, and two 
sideband components which show up ad

to the CW signal frequency as a result of 
t 
0
l.'der distortion. It is clear how this distor

·~alesults in a transfer of modulation from one 
to the other. 

l'h· 
ls article has attempted to describe all of the 
Which result from the simplest kinds of 

i , second order and third order distor-
n amplifiers of the type used for CATV sys-

. It has shown that second order effects are 
Unimportant with present-day frequency 

and that, of all the third order effects, 
lnodulation is the most important, repre-

~~lch t~he factor which limits the output level at 
~~d \V ' e amplifiers in these systems may be oper
t~~~t~thout causing disturbance to the customer's 

lon. 

-I 
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CHAIRMAN TAYLOR: Thank you very much. 
Does anyone have any questions? 

I have a question regarding the effects of cross
modulation on the weaker carriers in a system. If we 
take a hypothetical case involving one strong carrier 
and say 8 or 9 weak ones, does the cross-modulation 
affect all channels equally or is there a difference? 

MR. SIMONS: At this point I believe it is nec
essary to bring out something that was not stressed 
in my paper. In this presentation I have been talking 
about "mathematical" amplifiers. By a "mathemat
ical" amplifier, I mean one which follows exactly 
the same way at all frequencies. With such an amp
lifier the cross-modulation from all channels on to 
any one channel would be identically the same. 

The unfortunate thing about this approach is it 
doesn't work. Real-life amplifiers just don't behave 
this way. Generally speaking, the cross-modulation 
which shows up on any one channel in an amplifier 
is not the same as that showing up on any other 
channel. These differences are not very great so 
it is still useful to consider the "mathematical" 
amplifier as an approximation, but the differences 
are such that we must measure all combinations of 
channels if we are to be sure of amplifier perform
ance. Generally speaking, there is no difference 
between weak channels and strong channels, the 
difference has more to do with the frequency of the 
particular channel. 

CHAIRMAN TAYLOR: Are there any other 
questions? Thank you very much, Ken. I think it is 
quite significant in a matter with which I am quite 
pleased at this convention that we have several sys
tems operators presenting ideas that they have de
veloped in their systems which can be of use to 
other operators. This is so in the next paper. 

Mr. Robert Scherpenseel is the general man
ager and microwave technician for the Northwest 
Video of Kalispell, Montana, a system I know a 
little about. He was chief engineer with WEVR FM 
of Troy, New York, chief engineer with KBTK radio, 
and engineer with KMSO-TV electronics technician 
at Montana State University in installing and main
taining their television and radio and recording 
systems. Mr. Scherpenseel is going to talk on 
"A Low Cost TDR". (Appla~se) 

A LOW COST T.D.R. 

By 

Robert H. Scherpenseel 

We are probably being a little facetious in calling 
this instrument a low cost time domain reflecto-

meter. The 1967 catalogue price is $875.00. In a 
way it is a TDR but with limitations. 

Actually, it is a high quality oscilloscope that haS~ 
calibrated time base and a vertical amplifier witb ~ · 
pass of DC to 10 megaHertz. This is a limiting 
cause no determination can be made concerning tb~ 
quency characteristics of the information displaye 
10 megaHertz. 

NEXT SLIDE PLEASE (#2) 

This is a picture of the scope with the camera 
in place. 

NEXT SLIDE PLEASE (#3) 
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~li~IRMAN SCHATZEL: Thank you very much. 
.thlnk: this team from Hughes Aircraft Company 

agt"en us an extremely worthwhile progress report 
~~development that I am sure we will see a great 
:n lllore of as the years go by, the FCc willing, and 
~Pe that they will be willing. 

·8 lle to the rather limited time we have available 
~~ lllorrung, I am not going to be able to entertain 
t Oe than perhaps two questions of Mr. Stokes or 
I z k• I a :'and then we must move on with our agenda. 
·1b beheve, however, that both of these individuals 
~y :. Very happy to answer any questions that you 
~ Dllsh to put to them privately after they have left 

atform 
~l.'e the;e questions now? 

I
. ioll41{, EDWARD DAVIS (CBS Television): Your Di-
~ b~rector's question was uppermost in my mind. 

la his own terms, do you suppose you could give 
lll-h

00
lb.rnent, just in round numbers, what the kind of 

~'t~al.'· 
~ ~t 18on, let us say, between that which we might 
l~p~l'ested in, that is, in terms of ground base 
·ent ent, microwave or standard microwave equip
'ca~: ~ompared with this particular unit, would 
l . 
ill alb. asking, in effect, for a comment on the cost 

~~ati Precise terms, but in round numbers or in com
·:e 00 \r~ terms between what we now know as terms of 

8 
of a single microwave length ? 

~ ~i}{~ OZAKI: First of all, any number that we give 
~tt011~lsion Direction turns out to be too high by def-

~ We h 
1
. 4lrlb. ave looked at the relative cost of this system 
l~Pl:'~ of .our extrapolation of these costs, in quan
~ltit>le~Chon versus a similar type, perhaps not a 
l 1\~ an channel but a microwave system that con-
ea~ eh-- 12 channels. We believe that this system is 

··tJen · ~ In t 81Ve than that kind of approach. 
tnllt~ \re errns of going the full 12 channels in the sys
~~e w rsus having 12 single channels, I believe that 

bo:ulct be a marked difference in the cost. 
8 that answer your question? 

~ ~11 0lltpal.'~bblA. VIS: You have said it is less than or 
e to? 

!ti bl1. 0 
tto ~less ZAKI: It is less than. It is my belief that 

1\ Of h than; and, of course, here again is the que s
ow rnany do you make at one time ? 

1Vr11.n 
A VIS: Certainly. 

~ c;liA. 0~e q4 ll1MAN SCHATZEL: We have time for one 
estion. 
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MR. SIMMONS (Jerrold): With regard to the 
inter-modulation, do we understand that this is what 
we call cross-modulation; that is, modulation trans
ferred from one channel to another ? And, did if fol
low the theoretical law of two for one ? 

DR. OZAKI: This matter of inter-modulation, 
with respect to TV pictures, is slowly becoming 
more and more clear to us. The inter-modulation 
we are talking about does follow the two-to-one law. 
They are what are commonly called third order 
products. 

CHAIRMAN SCHATZEL: Thank you very much. 

(Announcements) 

The next topic is truly a "bread-and-butter" 
topic for people in the CATV business. 

The subject is TV SIGNAL PROPAGATION, and 
this is almost the first question we have when we 
consider a CATV system. We want to know what 
sort of signals we are getting at the head end. 

The gentleman who is going to discuss this for 
us this morning is the Manager of the Antenna and 
Microwave Products Division of Scientific Atlanta, 
Inc., which has a wide reputation in the antenna field, 
as you know. 

He is an engineering graduate of Mississippi 
State University, and has been working for the past 
10 years in the field of antenna microwave. It is 
my pleasure to introduce Mr. Thomas D. Smith, of 
Scientific Atlanta, Inc. 

MR. TOM D. SMITH (Scientific Atlanta, Inc.): 
First, I would like to express my appreciation for 
allowing Scientific Atlanta to participate in NCTA' s 
Technical Sessions. 

THE THEORY OF TELEVISION 
SIGNAL PROPAGATION 

by 

T. D. Smith 

Introduction 

Cable technicians need a knowledge of the propa
gation of television signals when performing signal 
surveys, locating head-end sites, determining sources 
of interfering signals, and in the designing or specify
ing of antenna arrays. The purpose of this paper is 
to review basic propagation theory with the hope it 
will provide better understanding of the propagation 
of television signals. First, this paper defines and 



discusses the various regions of propagation. Second, 
the propagation medium and its influence on signals is 
discussed. 

Regions of Propagation 

For convenience, the distance from the transmit
ting antenna is divided into several regions; the boun
daries of the regions cannot be sharply defined. The 
names given to the various regions denote some per
tinent property of each region. 

The region immediately next to the transmitting 
antenna is known as the "line-of-sight" region. This 
region extends out to radio horizon. The distance 
from. the transmitting antenna to the radio horizon is 
given by the formula: 

D = )"2hT 

where D is the distance to horizon in miles and hT is 
the height of the transmitting antenna in feet. The 
radio horizon is assumed to be on the ground, if the 
earth is a relatively smooth sphere. Any obstruction 
along any given path must be taken into consideration. 

If the receiving antenna is also elevated, the max
imum line-of-sight is given by the formula: 

D = f2hT + fzh; 

where hR is the height of the receiving antenna in 
feet. 

It the propagation path in the line-of-sight region 
is sufficiently free from objects that might absorb or 
reflect radio energy, this region can be further sub
divided into a region known as "free space." The free
space region is seldom realized, because of the pres
ence of the earth's surface. Briefly, the usual con
dition is such that one wave travels directly from the 
transmitter to the receiver. A second wave from the 
same transmitting antenna strikes the ground between 
the two antennas and then is reflected to the receiving 
antenna. In this instance, the ground acts as partial 
reflector and as partial absorber. The ground
reflected wave has traveled farther, therefore the 
phases of the two waves at the receiving antenna are 
different. The result of this phase difference is an 
oscillatory signal level whose amplitude and frequency 
vary with respect to the height and distance from the 
transmitting antenna. As the energies of these two 
paths unite in phase, the resultant is a maximum. As 
they unite out of phase, the resultant is a minimum. 
A typical plot of signal level of h,eight for "line-of
sight" conditions is shown in Figure one. 

The space beyond the line-of-sight region is 
known as the "beyond-the-horizon" region. This re-

ture ~l 
gion is shadowed from direct rays by the curv~hori~on ~s 
of the earth, or other obstruction. Beyond-the d ·rc 

region is subdivided into the diffraction region an :e1 

scatter region. beloW 1c 

The diffraction region lies adjacent to ~nd ost jOt 

the radio horizon. This is the region in whlC~: thiS ~· 
CATV towers are constructed. Energy reachl g s ~ t1 

aces · ~ region must be be~t or reflected by some pr da .. 
One such process is diffraction, which is a fun lij 

mental property of wave motion. Sharp shado'W~killg 
such as would be created by a beam of light str;

11 
.. 

a solid object, are not created when RF waves·bte 
counter large obstructions. Reception is P088~ there 
behind the obstruction for a short distance, bU ·sa 
is a shadow which is somewhat fuzzy and ther e 

1
sharP 

gradual transition in signal level, rather than a sucb 
transition as there is in very short wavelengt~ssiOJl · 
as light. 'While diffraction does make transJillS large . 
beyond the line-of-sight possible, it introdu~e~ 
losses. In the diffraction region the mean fle. ta11ce; 
decreases approximately exponentially with dlSntillllY 
while the mean field strength increases e:xpone 
with antenna height. 0n11 

In the past, diffraction was considered the suP" 
mechanism whereby VHF and UHF energy was rld 
plied beyond the horizon. However, during WoiSJllS 
War II and into the late Forties, other mech~ I<11o¢l 
were discovered. One of these mechanisms 1~er iS 
as "tropospheric scatter." Tropospheri~ scatriC 
caused by random irregularities of the d1eleC 
constant of the atmosphere, or "blobs." f!titlt 

These blobs are always present and caus~ectio08 

signals to be reflected to the ground. There wll1 
fall well beyond the horizon in much the same an pe 
that the overhead light beam of a searchlight ct cit1 
seen from the ground, or the lights of a distan 

·z;on· g 
can be seen as a glow from beyond the horl 

1 
faditl 

It should be noted that two types of signa first iS · 
are encountered in scatter propagation. Th·essioll ill 
the rapid fade caused by multi-path trans:rn: caused 
the atmosphere. The multi-path condition 18 hicll !tre 
when a signal is reflected from many blobS VI 'fbe 
random in location and have random motion~ected ., 
ceived signal is the sum of these random re :t1l J11ll,o 
signals. The received signal may change fro :t!lattet 
mum to minimum and back to maximum in a edtlce 
of seconds. Fast multi-path fading tends tor 'fbi6 

the allowable bandwidth to less than five 1\ff{ZdelllY 
reduction in bandwidth is caused by the time f 

associated with the different paths. . sclltte 
The second type of fading encountered 1::r6, ot )t 

propagation is slower. It has a period of hO 1 :rest! 
1 ve e' 

even days • . These slow changes in signal eheriC r,. 
from a combination of variations in at~osP d teol 
fraction from day to night and of humiditY an 
perature changes along the scatter path. 
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l'here is one other important mechanism by which 
~s are propagated beyond-the-horizon. Waves can 
,
10Pagated by reflections from a portion of the ion
·ere known as the "Sporadic-E" layer. Occasion-
j'clouds of very high ionization are found in the 
~ Oil of the E-layer. The effects of these clouds are 
(
1
'VeU known -- their cause, however, is still sub

·~ 0 speculation. Sporadic-E skip distances vary 
~~ a ~inimum of 500 miles to a maximum of about 

lll1les for a single hop. 

~ p 
t'opagation Medium 

qq~ol.' Purposes of discussion, the atmosphere is 
~oed into various layers or regions; these are 
~~ 8Phere, stratosphere, and ionosphere as shown 
~:l.'e • The portion of the earth 1 s atmosphere 
~ lllg from sea level to a height of about six miles 
· eftl.'oposphere, or weather layer. This is the re
o w· d ~ ln s, storms, and rain. The temperature of 

1as~Posphere decreases about 20°F per mile of in-
;~ lllg altitude and reaches a minimum value near 
l.~at the upper limit of the region. Meteorological 
1lll es in this part of the atmosphere are responsible 
b~n:y variations in the received signal levels. 

e
011
ll.'ectly above the troposphere is the stratosphere, 

~s tstant-temperature zone. The stratosphere ex-
lie 0 a height of about 40 miles. This region has 

etre t . ~h c upon VHF propagation. 
~es e E-Layer of the ionosphere is located 50-70 
~is above the surface of the earth. Bombardment 

l.'egion by radiation from the sun produces 
'tb.olecules. Sometimes clouds of very high 

are sufficiently dense to reflect signals in 
lb.'/00-MHz range, as was discussed above. 
ft l.'ee space, or a vacuum, a wave expands out
a 0'tb. its source. Each part of the wave travels 

l.'adialline and has a constant velocity equal 
ttte: light. In a homogeneous, isotropic dielec
, b Uln~ a wave will travel as it does in free 

sp 'Ut With a reduced velocity. The ratio of the 
a:e Velocity to the velocity in the dielectric 

18 called the index of refraction of the med-

lb.aw· 
Indless ''standard" atmosphere, the tern-

and water -vapor content decrease steadily 
i Sing altitude. This normal gradient is 

Cr \\ta~ Figure 3. This decrease in temperature 
l! easers t ... vapor content, associated with altitude in
~oq With causes a decrease in the index of refrac
~4slrli altitude. This results in the velocity of 
~ a8 assion increasing with height above the ground, 
~ ~al.'th result the wave is bent or refracted toward 
la
1
Qt irs l ~ As long as the change in dielectric con-

~~~ ~.~ sa lnear with height, the net effect of refraction 
il,;lght ~e as if the wave continued to travel in a 

3) tilQlne, but over an earth whose radius is 4/3 
es the true radius. 
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Most technicians have noticed that signal 
strengths are higher in the evening and early morning 
than during mid-afternoon. This phenomenon is 
caused by the following conditions; as the sun goes 
down, air immediately adjacent to the earth cools 
rapidly, while the air at higher altitudes cools much 
more slowly. This causes the dielectric constant of 
the air near the earth to increase, thus creating a 
greater change in dielectric constant with altitude. 
With this increasing dielectric gradient, the effective 
earth radius increases. In the early morning hours, 
the sun warms the air at higher altitudes before the 
air adjacent to the earth is warmed. Consequently, 
the effective earth radius is again larger than 1.33 
times the true radius. 

When the dielectric constant decreases about 
10-7 per foot of height (in the standard atmosphere 
the decrease is 10-8 per foot), it has the effect of 
making the earth flat. Under such a condition, a 
wave that starts parallel to the earth will remain 
parallel. When the dielectric constant decreases 
more rapidly than 10-7 per foot of height, as shown 
in Figure 4, radio waves that are radiated parallel 
to, or at an angle above, the earth 1 s surface, may be 
bent downward sufficiently to be reflected from the 
earth. After reflection, the wave is again bent to
ward the earth as it passes through the atmosphere, 
and the resulting path of a typical wave is similar to 
the path of a bouncing tennis ball. The radio energy 
appears to be trapped in a duct or waveguide between 
the earth and the troposphere. This phenomenon is 
referred to as either trapping or ducting. 

How can one determine on a given day whether 
or not standard propagation conditions exist? Un
fortunately, this is very different to determine from 
normal meteorological data published by local weather 
bureaus. However, the following meteorological 
conditions are conducive to non-standard or trapping 
conditions, although they may not necessarily produce 
non-standard conditions. 

1. A barometric high 
2. Calm or light winds 
3. Clear skies 
4. Nocturnal cooling of ground with clear skies 
5. Flow of warm dry air over colder air produc

ing a temperature inversion. 

The following conditions are conducive to stand
are propagation conditions: 

1. Barometric low 
2. Strong winds 
3. Overcast skies 



C oncl usi ons 

A detailed study of propagation theory allows one 
to draw the following conclusions about the propaga
tion of TV signals. 

Over propagation paths where the earth can be 
considered a relatively smooth sphere, and at times 
of near standard atmosphere or known atmospheric 
conditions, signal levels can be calculated with good 
accuracy by the method described in National Bureau 
of Standards Technical Note 101, Revised May 1, 1966, 
entitled Transmission Loss Predictions for Tropo
spheric Communication Circuits. Over mountainous 
paths, it is usually necessary to resort to actual on 
site signal-level measurements, because calculations 
which take into account the effect of rought terrain are 
complicated. 

When signal surveys are being made, the survey 
should be conducted over a sufficient length of time to 
allow for the possibility of non-standard propagation 
conditions that can exist for one or more days. 
Otherwise, erroneous or misleading data would be ob
tained. 

Sporadic-E can cause severe co-channel inter
ference on Channels 2-6 only. Instances of the 
E-Layer being sufficiently dense to reflect signals of 
frequencies higher than 100 MHz have not been con-

l 
w 
0 
:::> 
I-
I
...J 
~ 

firmed. Consequently, Sporadic-E cannot acco~t13 , 
for severe co-channel interference on Channel 
In order to have interference via Sporadic-E, thenes 
interfering stations must be a minimum of 5°0 ll1 be 
away. As a consequence the co-channel beat call most 
either 20 kHz, 10kHz, or 0. Sporadic-E occurs all pe 
often in the late afternoon. Little, if anything, c·vil1g 
done in the selection of a head-end site, or recel 
antenna array design, to minimize Sporadic-E ill ... 
terference. d and 

Most co-channel interference of a prolong~el 
constant nature on Channels 2-6, and all co-ch ag~· 
interference on Channels 7-13, is caused by pro:aiJlle 

" tion through the troposphere. This type of co-c·tbil1 
interference will usually occur from stations Wlt 
200-300 miles of the receiving antenna. In 11105.ated 

. t ssoCl"' cases, there will be a 10- or 20-kHz bea a 
0 

be~t· 

with the interference, and on rare occasions a d 
Proper design of the receiving antenna arra~ a~~e 
selection of the head-end equipment will rnin11111 

this type of co-channel interference. . ll 
. With a thorough understanding of propagatll~vel 
theory, and a knowledge of its influence on the rJl1iJle 
of received signals, a technician can better de~~g~" 
which channels can be received with reliable, 

1 

quality pictures. 

SIGNAL LEVEL ___.. 

FIGURE ONE 

204 



N 
0 
01 

-;-I_ --- rT - -'-- -:-+ 
-c.t -;-t--r.- t:iJ. !::± :fU±~4'ffl:kJ-£T J:-5 c ~--\-(4-0.;::: :::r;r u ~+B=t 0 :c~·J4;._-:;= L!.-+t ~G-4-J------~~~ d'-\1~-:1;~-:r:-.-f_B~WA: .·-:fl±..::r1±.~::::~- .·_r-, 

x-'-\-:v\ ..-t -f'~ -r:-\ ~ - -r· +:::_t-f._:;f-r=J-- _j_ E-LAYER --1-Y, ~ \-:;:::\- ;..--- \--- --=:-- 50 - 70 Ml L E S UP if: 
';;:-5 ~ ~ -1"1._:;:; --7-t- 1- w +-~ ~ F -:G/ __ ?f-ft F-

f1! 

REFRACTION 

50- 200 MHz :::::::......., 

-----500- 1,400 MILES 

FIGURE TWO 

-

STRATOSPHERE 
6- 40 MILES UP 



w 
0 
::l .... 
.... 
....J 
< 

w 
0 
::l .... 
.... 
....J 
< 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

'\ 

" " " " " " ' 
TEMPERATURE _____ __. 

WATER VAPOR ------ _. 

FIGURE THREE 

\ 
\ 

--
\ 
~ 

' TEMPERATURE 
INVERSION 

t 

' 
TEMPERATURE ~ 

WATER VAPOR ----- ~ 

F IGUR E FOUR 

206 



ij CHAIRMAN SCHATZEL: Thank you very much, 
r, Smith. 

a I am sure we will have some questions on this, 
~:~ I Would like to ask the first one, if I may, and that 
Ch lf You would clarify your statement that from co-
108.!lnel stations 200 or 300 miles we would expect a 
~tor 20 kilocycle offset? I think that would be of 

ere st. 

Why not zero beat ? 

aPe MR. SMITH: Because of the way the FCC has 
iec ~ified frequencies of the stations. Through sub
~etrve tests, the FCC has determined that if the 
lo quency of the interfering signal is shifted either 
ag or 20 kilocycles, it is less noticeable to the aver-
e observer. 

set I think the FCC in its wisdom has assigned off
tit~ Which will result in either 10 or 20 kilocycle beat 
is..,: stations are within 300 miles. Sometimes this 

lolated, but as a general rule this is the case. 
Occ Prolonged co-channel interference, however, can 
altlt~ sometimes between two stations which will re

lll a zero beat. 
Does that answer your questions? 

CRAIRMAN SCHATZEL: Yes, thank you. 
1\.re there other questions? 
Yes · , Sir --

tohaMR. KEN ARNOLD (City Cable TV): I would like 
al)Q Ve You elaborate a little more on what you said, 
ter~sk, are you saying in effect that you could de-

·~e the distance the station is by the beat ? 
highe other words, a station has, for instance, a 
l'rtilesr beat; you could determine it is more than 300 

feliab·a:Vay? Could you do this with any degree of 
lhty, is really what I am asking in my inquiry ? 

~R. SMITH: No, I do not believe that is the case. 
Dletel 1 I a_m saying is that it is useful, but not com-
~ defi?itive to know what is the beat. 

\vul an ere Is available on the market a filter which 
0f this ow You to detect and measure the amplitude 
lo or 

2 
res:Uting beat, and identify it as to being either 

elilQi 0 kilocycles; and as a result of this you can 
lion.

8 
~te many possible co-channel interfering sta- · 

lelO. ,, at are not perhaps causing the particular prob-
.rou. ar · 
1 e encountering. 

"'hat t~ln. not, however, saying just by the fact you know 
:vhere e beat is that you can precisely determine 
~a ob.l Your station is and which one is involved. This 
Cltte8 y U.seful in eliminating a few and providing some 

as to which one it might be. 

t· Cl!Arn 
~0b.c0 U\MAN SCHATZEL: If I understood the ques-

rrectly, I believe the query was whether the 
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beat is higher if the station is farther away? I do 
not think that is the case. 

I think the point that Mr. Smith was making was 
that the FCC allocation plan generally provides that 
co-channel stations that are within 200 or 300 miles 
of the station that you are receiving will be offset in 
frequency by 10 or 20 kilocycles. If it is exactly on 
the same frequency, or zero beat, it would be farther 
away than that, because the allocation plan would 
put a station exactly on the same frequency farther 
away than 200 or 300 miles. 

Isn't that it? 

MR. SMITH: Three hundred miles; yes. 

CHAIRMAN SCHATZEL: Are there any other 
questions? 

MR. ARCHER S. TAYLOR: I might make a com
ment on this offset. 

The TELEVISION FACT BOOK lists the alloca
tions of channels with a plus or a minus. The plus 
means that station is 10 kilocycles higher than the 
nominal frequency for that channel. 

The minus means it is 10 kilocycles below. 
Therefore, you can look at these channel alloca

tions in the FACT BOOK and determine whether you 
would expect a 10 or 20 kilocycle beat or a zero beat. 
In that way you could determine something as to the 
stations with which you are concerned. 

CHAIRMAN SCHATZEL: Thank you very much, 
Mr. Smith. 

We will move now to our next subject, which is 
really related to some of the information we have just 
heard, because of the variations in the structure of 
the atmosphere, which Mr. Smith described, and when 
we measure signal strength we find that it fluctuates; 
generally if fluctuates with varying rapidity; and to a 
varying extent, depending on where we are with re
spect to the television station. 

These fluctuations, particularly as they go down
ward, are a source of great grief to the CATV indus
try, and we work very hard to reduce the amount of 
fluctuation, or at least the depths to which the fluc
tuations go. 

One of the techniques for doing this is diversity 
reception. 

We have various types of diversity reception. 
There is frequency diversity; height diversity; space 
diversity, et cetera. 

We are going to hear this morning a discussion 
of SPACE DIVERSITY RECEPTION. 

Our speaker comes originally from across the 
water. He started his career in the British Post 
Office, in the Telephone Engineering Department. 



ISBN 0‐940272‐01‐6; 0‐940272‐08‐3; 0‐940272‐10‐5; 0‐940272‐11‐3; 0‐940272‐12‐1; 0‐940272‐14‐8; 0‐

940272‐15‐6; 0‐940272‐16‐4; 0‐940272‐18‐0; 0‐940272‐19‐9; 0‐940272‐20‐2; 0‐940272‐21‐0; 0‐940272‐

22‐9; 0‐940272‐23‐7; 0‐940272‐24‐5; 0‐940272‐25‐3; 0‐940272‐26‐1; 0‐940272‐27‐X; 0‐940272‐28‐8; 0‐

940272‐29‐6; 0‐940272‐32‐6; 0‐940272‐33‐4; 0‐940272‐34‐2; 0‐940272‐35‐0; 0‐940272‐36‐9; 0‐940272‐

37‐7; 0‐940272‐38‐5; 0‐940272‐39‐3; 0‐940272‐40‐7; 0‐940272‐41‐5; 0‐940272‐42‐3; 0‐940272‐43‐1; 0‐

940272‐44‐X; 0‐940272‐45‐8; 0‐940272‐46‐6; 0‐940272‐47‐4; 0‐940272‐48‐2; 0‐940272‐49‐0; 0‐940272‐

50‐4; 0‐940272‐51‐2; 0‐940272‐52‐0; 0‐940272‐53‐9; 0‐940272‐54‐7 

 

© 2015 National Cable and Telecommunications Association. All Rights Reserved. 


	Front Cover
	A Low Cost T.D.R.
	Analysis Of The Directional Tap In System Design
	Automatic Equalization As A Factor In System Level Control
	CATV Coaxial Cables Standardization??
	Comparison Of Demodulator-Modulator Versus Heterodyne Signal Processing For CATV Head Ends
	Distortion Measurement Techniques For CATV
	Distortion, VSWR And Reverse Transmission In Broadband Transistor Amplifiers
	Expanded Band CATV Capabilities
	How To Evaluate Coaxial Cable For Maximum Utilization And Longevity
	Manuscript For Printed Record MATV Techniques For The CATV Operator
	Mid-Band Use In CATV Systems
	Noise Figure And The System Signal To Noise Ratio
	Practical System Design Based On Complete Equipment Evaluation
	Short Haul Microwave
	Space Diversity Reception For CATV
	Summation Sweeping CATV Systems
	Temperature, Temperature Design, and Automatic Level Control for CATV
	The Fundamentals Of Distortion In CATV Amplifiers
	The Theory of Television Signal Propagation
	Back Cover

