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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". (Applause)

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
way it is a TDR but with limitations.

displa‘
I33111t1.

Actually, it is a high quality oscilloscope that has a
calibrated time base and a vertical amplifier with 01 '
pass of DC to 10 megaHertz. This is a limiting ﬂé |y,
cause no determination can be made concerning ¢ |
quency characteristics of the information dlsplayed

10 megaHertz, |

NEXT SLIDE PLEASE (#2)

ik
This is a picture of the scope with the came¥? " | g
in place.

NEXT SLIDE PLEASE (#3)




;plThiS unit is primarily used in our work for the this signal through a small capacitor .001 and a
lltiai of video wave forms. This is the familiar - resistor 75 ohms it becomes a spike.
“Ourst signal directly from a signal generator. NEXT SLIDE PLEASE (#6)
NEXT SLIDE PLEASE (#4)

The base line then displays the reflections in the
Thig slide is the sine squared and window signal cable under test. Since we know that radio waves
Tom g generator. travel at the speed of light (186,000 miles per second)
NEXT SLIDE PLEASE (#5) 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 800 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
B factors but these two just mentioned are the most com-
i ¥ an adjustment of the trigger control, we can mon and work quite well for us.
! ala ﬂeeting glimpse of the vertical interval test NEXT SLIDE PLEASE (i#7)
iikers' The multi-burst on the left is from a
Yaye st signal generator injected at our micro-
ng €Mminal and the one on the right is one from
{hi Tk received off the air. This is not the best
‘erve dul‘e:s but it illustrates that VIT's can be ob-
T With this scope.
!hnplyet time domain reflectometer portion is
Z’hlch sthe plus gate output. This positive pulse,
j0 Vot arts at ground and rises to approximately
hat b S has a start and duration coincident with
oy € sweep portion of the sawtooth. It CAN-
eallse 4 dlrectly coupled to a cable for testing be-
i’1).111 ¢ € amplitude is too great. If we try to ex-
)bsel’v he top of the square wave closely to
iEeun ,et_he reflection by increasing the scope This slide shows about 1200 feet of foam cable with
* s lost from the display area. If we feed 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)

1
This is the same cable with the ends shortened. The scale here is 1 microsecond per cm., 0F “% Qa‘i
400 feet per division over 6 divisions equals about il
NEXT SLIDE PLEASE (#9) feet. Here we see about 2500 feet of two types of cabt the(
The first 1400 feet is fairly new cable with a splice;ﬂk

1100 feet and another splice at 1400 feet. The re® i
-..".... is older cable that has been in the air for a numbe’

EEEETEEEE '
B R

NEXT SLIDE PLEASE (#12)

This is the same cable with the end terminated
with a 75o0hm resistor.

NEXT SLIDE PLEASE (#10)

1 h A . # ol
RRlEEE B A T e e N
il‘....... with a pressure tap and ending in a two-way splitte e'ﬂ
.
BRERE

doesn't mean the splitter isn't good because, as I mof
earlier, we are limited to physical factors becaus®
band width of the scope.

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.
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NEXT SLIDE PLEASE (#13) This is the same cable with the scope gain at
maximum.

NEXT SLIDE PLEASE (#16)

T The scale here is .5 microseconds per cm., over
iy, Si0ns or 1500 feet. This is about 1500 feet of
€ with taps at 200 feet, 400 feet, 600 feet and

:n Othey. splitter at the end. Probably one or both of This is .5 microseconds per cm., with 200 feet per
. “®8s of the splitter are not properly terminated. division. This is about 1200 feet of cable with two
pressure taps and ending in a splitter. The termination
NEXT SLIDE PLEASE (#14) of the legs of the splitter appears normal.

NEXT SLIDE PLEASE (#17)

ﬁi ; Scale is 1 microsecond per cm., or 400 feet per

relsion, This is about 2500 feet of cable with two .5 microseconds per cm. Here is about 700 feet of
240§Sure taps and an amplifier at the end of this feeder line that is pretty bad. If you were to cut into this

'feet. This end looks open but again we are not piece you would probably find the outer conductor black
Ing conclusions as to frequency. and drops of water all through the foam.

el

NEXT SLIDE PLEASE (#15)
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NEXT SLIDE PLEASE (#18)

This is the same cable with the time base of the
scope changed to .2 microseconds pei' 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 O—
GATE VERT
our W

T krorny
Model 317

-ootuf
To System
Under Test

CHAIRMAN TAYLOR: Are there any other qué®

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.

S

CHAIRMAN TAYLOR: Are there any other CIuestl

This is not a question, but we have a lot of syst‘zh
that cannot afford a TDR or something similar, d_d
use the same technique on a television set for gh05
conditions. What they do is look at the output of th¢
amplifier with a "T" monitor and by taking a ratio
tween the ghost and the width of the screen they ca!
termine the location.

%sE =

&

1
CHAIRMAN TAYLOR: Thank you very much. v

have any other questions or contributions ?

From your title it seems to me it is '""A Low CO]S
TDR," but when I look at the picture you have a fait¥
high priced scope. I wonder where the saving is?

#
MR. SCHERPENSEEL: It is relative. The TD#
around $3,000. It is all relative. %

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

(A short recess was taken.)

CHAIRMAN TAYLOR: It is always a pleasur® atﬂ
these functions to have guests from our Sister Ccount
Canada. Our next speaker, I. Switzer, was born 2™ y
educated in Calgary, Alberta. He received his B- Se:
gree in physics from the University of Alberta in 194
and spent three additional years in post graduate stt
in physics.

His professional experience includes a number
years in electronic instrumentation and mathernél'ﬂ.c
problems in petroleum geophysics, several years in
plications analysis and programming in the electl‘orll
computer field, and association with the CATV fiel
since 1954. 40 o

Mr. Switzer was a charter member of the Boa” eﬂ
Directors of the Computing and Data Processing so¢” gJ('
of Canada. He has been a director of National Co™ afs
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.




Then we tried shooting 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 CATYV 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.

Our 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 CATYV 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
feederline are constantly increasing coupled with the
increased demand for better color s{gnal 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

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 designatés
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 2
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 attenud=
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 unifor™
signal level at the set, a sloped in-to-tap attenuatio”
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 €€
the level difference between hi channel and low cha®”
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. Therefor®,
more slope is needed. At the last directional taps
the in-to-tap attenuation is 10 DB for hi channel a2
18 DB for low channel. The level at the televisio?
set is 1.5 DB for hi channel and 2.5 for low chann€:
Now, it is evident if a tap off device does not PrOVIde
a certain amount of slope, especially when the t2P
locations are approaching the end of the feederline’_
a uniform signal level cannot be obtained at the €%
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:

1. Provides uniform signal level at the i
of the television set. ...
2. More taps can be installed with minim¥
_ signal loss.
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SLOPED DIRECTIONAL TAP

4 OUTPUT .
BRIDGING | - 40 DB | 3° PB sapp| 26 DB 5 26 DB sspd 22 DB sopH 18 DB
AMPLIFIER |[1o-35DB| 30DB 34DB| 26 DB| 3 26 DB 3 28 DB 34DH 26 DB |

o 4R IEZes 8 el B et 1R

150 ft. of 59U—p
Television Set

[ 2 e ¢
Hi 40-(30+9) =1DB Hi 38-(26#9)=3DB  HI 35-(2649)=0DB Hi 33-(2249)=2DB  Hi 30-(1849)=3 DB
Lo 35-(30+4.5) =.5DB Lo 34-(26#4.5) =3.5DB Lo 32- (26 #.5pL8DB 1,315 (28449=1DB Lo 30-(26+45) =!
: ; -Q.5DB

18 DB
26 DB

14 DB 17.8D 10 DB
22DB 25 DB| 18 DB

[ 11 1]

Hi 22.5-(14 9)= -0.5DB Hi 17. 5-(10+§)= -1.5DB

N
oo
w

1 2angd1 g

Hi 28-(1849)=1DB  Hi 24.5-(18+9)=1. 5DB

Lo29-(26+¥45=1.5DB Lo27.5-(22+4.5)=1DB Lo 26. 5-(2244. 5) =0 DB’ Lo 25-(18 +4. 5)= 2. 5 DB
NOTE:
1.) Directional Tap: All with 4 tap ports. 4.) Attenuation of 120 £8. .412 cable. 54 MH, | 1 DB approximately

2.) Directional Tap Spacing: 120 ft. .412 cable. 216 Mii, | 2 DB -
3.) House Drop: 150 ft. RG 59/U z SPExeximutely
5.) Attenuation of 150 ft. RG-59/U

cable. 54 MH, | 4.5DB approximately

216 MHg 9DB approximately




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
unused ports were properly terminated,
and two high attenuation backmatch taps
were installed between the input and the 1
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-
cause the number of taps would be incre
and the lower attenuation backmatch taps
also would be used.

ased

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
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.

|
54 MHZ 216 MHZ 290 M‘Hz/l }
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 ]

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 can clearly see the differ-
ence in attenuation between directional tap and

backmatch tap. The same test was performed be~
tween an 18 DB and 22 DB directional tap. The T~
sults were 99 DB at 54 MHz and 86 DB at 290 MHZ:
If a backmatch tap was installed ahead of the 18 DB
directional tap, the attenuation between the 18 DB
and 20 DB directional tap would be drastically 4~
creased. This illustrates the incompatibility of
backmatch taps and directional taps. 3
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

54 MH,, 290 MH,
Attenuation of tap ports between 10 DB and 14 DB directional tap. 62 DB 67 DB
Attenuation between two 12 DB BMIT. 35 DB 51 DB
Attenuation of tap ports between 18 DB and 22 DB directional tap. 99 DB 86 DB
150 feet RG-59/U on all tap ports.
| television set was connected to the tap port of the 10 DB at 54 MHz, 23.2 DB at 216 MHz and 24
DB directional tap. Then we injected 1,000 Hz modu~ DB at 290 MHz. As one may see, the re-
%ated CW signal (same frequency as the off air signal) turn of No. 1 and No. 2 is almost identical.
Into the tap port of the 14 DB directional tap. The This of course, clearly demonstrates the
Cw signal was increased until the 1,000 Hz tone could ability of the directional tap for rejecting
Just he heard on the TV set. At this point the output the reflections from the tap ports.
of the cw generator read approximately 40 DB. All of the aforementioned tests were based
This test was repeated with the CW signal in- on the principal of frequency domain, and the
Jected into a 12 DB backmatch tap with approximately following results were obtained with a TDR.
the same location as the 14 DB directional tap. Again 3. The hookup was identical to No. 1, except
the output signal was increased until the 1,000 Hz a 1 ns. 1 v pulse was fed into the input of
tone coyld be heard on the TV set. The output level the .412 cable. Here (9) discontinuities
of the generator (CW) at this time read approximately were evident.
15° DB, which is 25 DB lower than when tested with 4, This was a TDR test of No. 2 and only (4)
€ 14 DB directional tap. smaller discontinuities appeared.
4 Let us again measure the return loss, but this We now have confirmed the advantages of the
ime from the opposite end of the .412 cable (Fig. 4). directional tap by both, frequency domain and time
1. All of the tap ports of the (9) directional domain methods.
taps and the .412 cable were terminated. Bear in mind, that the illustrations we used
| The return loss of this system was 26 DB here, are typical and not necessarily an absolute
3‘1 at 54 MHz, 23.3 DB at 216 MHz and 23.7 guideline. Generally, the characteristics of the
DB at 290 MHz. directional tap would still remain the same. In
2. When the tap ports of all the directional most cases you may still refer to these illustra-
taps were open, the return loss read 25.6 tions in designing a new system layout.
Figure 4
1
| 54 MH, | 216 MH, 290 MH,
1. Return loss of cable and 9 directional taps at opposite
end with 75 ohm termination on .412'" cable. 26 DB 23.3 DB 23.7 DB
2. Same as No. 1 but open terminations on all directional
taps' tap ports. 25.6 DB 23.2 DB 24 DB
3. Same as No. 1 but use TDR method p = .02/cm
pulse = 1ns. 9 discontinuity showed
4. Same as No. 2 but use TDR method. 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 commonplace 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 () 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 in 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-
modulation 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,

286

Figure 1

Igias

it would appear not. The low frequency collector
characteristics are shown in Figure 2. It would 2P~
pear that the collector current remains nearly con~
stant regardless of the voltage swing on the collector
The transistor is a good,constant current source 2
low frequencies; that is, it's output current depen.ds
only on the base voltage. It is also clear from this
figure that what happens at the output has very 1ittle
effect on the input, i.e., the transistor has a low
reverse transmission.

Figure 2

Ve VBias
At high frequencies, however, none of the forf
going remains true. There are certain undesir
properties of the transistor, known as parasitic®’
which give the transistor considerable reversé
transmission. Figure 3 shows the two main paré
sitic resistances: the emitter inductance and the




diVergent approaches, and they have planned to submit
I8 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
OTum a joint working group of set manufacturers,
CATVY equipment manufacturers, operators, possibly
rﬁepresentatives from the FCC -- if they wish to par-
tlicipate -- to attempt to work toward some overall tele-
Vision industry standardization.

I thought some of you might be interested in this
Particular point of view because I think the last paper
Ju.st mentioned that there has been some discussion
With TV et manufacturers. Iam not sure that any
People discussed this with our representatives at

acuse, They are, however, very much aware of it

d Very concerned about it.

MR, WYDRO: Ihave one comment, and the only
"Mment that I can say is, amen.

CHAIRMAN CLEMENTS: Thank you very much,
o I know that many of you must have other ques-
ions concerning these addresses, and if we have addi-
al time when the panel is completed we will possibly
et back to some of the more pertinent points in con-
SCtion with expanded band use.
S Our next speaker is Argyle Bridgett, from
“icer-Kennedy Laboratories, Inc.
5. He is now Manager of Design Engineering for
KL, He started with them in 1951.
Without any further introduction, I present Argyle
* Bridgett, (Applause)

MR, ARGYLE W. BRIDGETT (Spencer-Kennedy
4 O_I'atories, Inc.): For those of you reading the paper,
first sentence does not sound like anything.
by Actually, if you get down to the basics, they are
ably 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
SIC PROBLEM

(N T}_le basic problems of CATV are really only two.
18 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.

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 ''system 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 large. 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.

AUTOMATIC EQUALIZATION METHODS
A, Temperature Operated Equalizers

These are designed and built in the same mannf’T
as ordinary fixed equalizers using resistors, capac
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 tra%
mission response varies with temperature in a way
as to be complementary to that of cable. Fig. 3 gho"
the characteristics of a typical equalizer. These ar?
placed in the system at intervals so as to minimiz¢
the variations in slope at all amplifiers. Their onlf
disadvantages are:-

1. As with any lumped-constant networks, ant
exact match to the square root of requency responfe
of cable cannot be obtained. However, the errors mle
shape can be made very small and once a consider®
number have been cascaded,and the errors measi®
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 sorﬂ‘f
is in the shade. On the other hand each equalize” le
in a fixed location. Therefore, an exact match t0°
cable variations is difficult to achieve. Howevels '
a sufficient number of them are used and they ar®
suitably located this effect can tend fo average oub

3. If exact control of level at every ampliﬁer :’S
to be achieved, each equalizer should be designeq
exactly match the span of cable preceding it. Thi
would require that every equalizer be custom de"h
signed or that the system be built with spans Wi
exactly match the equalizer. In practice this i8
usually undesirable for other reasons. As Fig-
shows, however, a slight deviation from desired 1
signal levels will not lower the system margin vew/
much and some errors can be tolerated. It iSs ot
ever, desirable to calculate the location of each af”
mal equalizer quite accurately using accuraté 1 g
urement of cable spans. This type of equalize”
been proven to work very well in systems over
period of 6 to 7 years.

B. Compensated gain controls with ALC

Some automatic level control amplifiers haV:
been built with a slope variation designed into e’
gain control circuit in such a way that the amP 1011,
slope is reduced with the gain, While absolut® .clot
trol of amplifier output level at the operating B i
frequéncy is obtained, this system also suffer®
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-
re.Cted for. In regard to correction for slope changes

S method is about the same as temperature op-
frated equalizers. In one case,temperature is meas-
red directly and a slope compensation made. In the
Sther a level change is measured and a slope com-
Pensdtion made on the assumption that the level
®lange was due to cable temperature change.

thay 3. If, after construction of a system it is found

there is too much or too little slope correction
001‘ temperature changes it is not possible to make
Orrections as easily as with temperature operated

(3] .
qualIZers, when relocation of equalizers can easily
€ made,

C
* Automatic pilot operated equalizers

These have been in use in CATV systems since
7 They operate in somewhat the same way as an
Oc:t Station except that the level of two pilot signals
useded near the two ends of the frequency range are

+ If the levels of the two signals change an equal
ount, the amplifier makes a correction in gain only
orrrllajlltain signal levels. If, however, the two pilots
the (;)itf change equally, the amplifier also measures
i ference in levels and provides a slope correc-
0 N much the same way that a person observing

- Slope with a sweep or field strength meter might

JUst the tilt control on the amplifier,
the OThiS system has the one great advantage over
Signg €r two methods that, since it measures actual

1evels, errors in slope correction cannot build
U will be corrected at the next automatic slope
ol amplifier.
thy, OWever, just as automatic gain controls require
Spg € range of incoming signal levels must corre-
the rato the control range of the amplifier, so must
Sope Nge of incoming signal tilt correspond to the
of uI"‘C’I‘I‘ection range of the ASC amplifiers. This
‘“Kler Se requires that if the units are to be used
Iy, °Tmal conditions when preceding cable spans
by, € different from one another, the initial setup
Ade carefully.
i‘hp kn0W1edge of the control characteristic is very
ady, ant jn planning the use of the equalizers if full
“hgws 48e is to be obtained from their use. Fig. 5
ha typical set of control characteristics.
Segg ne use of these units will reduce the amount of
fagy 3 L 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.

COMBINING 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 most efficient and rapid means
available for the transportation of energy. The power
engineer may first transform the latent chemical en-
ergy of coal or oil into thermal or mechanical energy.
After using this mechanical energy to produce 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 energy 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 CATYV industry, insulated electrical cables
play a very important role. However, their construc”
tion, characteristics and usefulness are not generally
immediately perceptible in contrast to the more glam”
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 perform
the miracle of CATV, These great 'Tmagineers'
many of whom are in attendance at this conventionl,
needed, above all, the ability to improvise and inn®~
vate. They did not need industry standards and, a8
a matter of fact, had standards been available, the¥
may well have stifled imagination and inhibited
growth of this great industry.

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 18
the opinion of this writer, that the industry has M4~
tured to the point where standards to cover CATV
cables are both possible and necessary.

The CATYV industry has, like Topsy —-- 'just
growed'. In its first seven years of existence 0T by
year end 1957, the industry had grown to about 580
operating systems. The average miles per S}’stefrl
for these years has been estimated at about 38 Im%es'
During 1966, 258 new CATV systems were built _Wllt
an estimated 50.5 miles per system. As shown 1 ‘
Table A, the cable footage to be used by the CATV ;
industry is expected to double in volume during th° ‘
next 5 years to an overall figure in 1971 of I
266,000,000 feet. (

TABLE A 1

Year Avg. Est. Cable New Net Operating l!
End Miles/System Footage Systems Systems *
1967 59 131,000,000 350 2300
1968 62 184,000,000 470 2770
1969 _ 6l 215,000,000 530 3300
1970 66 242,000,000 580 3880
1971 : 68 266,000,000 . 620 4500 |




We feel that figures such as these make it all the
More evident that there is an immediate need for the
establishment of meaningful yardsticks by which the
Mechanical 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
?Supporting role, to decide. This paper, therefore,
1S not intended to promulgate specific standards but
father to invite the industry's attention to the fact
that wide variations in cable constructions for CATV
Use, do exist. This discussion will also review areas
43 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
Sstablighed.

I In an overall CATV system, the final umbilical
1k between an accumulation of many exotic and ex-
Pensive pieces of equipment and your customer's TV
Setis a $2.50 piece of coaxial cable generally re-
€Ired to in the industry as RG-59/U.

_ In the initial days of CATV, I am sure that the
Nilitary RG-59/U coaxial cable was selected because
Met the basic requirements of the system, and it
c:s available. Over the years, in order to lower the

COSt of cables, there have been several changes in
icnStrL}ction and, likewise, performance characteris-
des’ W.lthout any change in terminology. Such use of
inteixztlve terminology is a gross misapplication of
= The terminology for coaxial cables "RG-( )/U"
th:_ df%Vised by the military initially in 1944 under

' joint Army-Navy Specification JAN-C-17.
| foa;f;i:uy, their coaxial terminology is derived at as
::R" Means Radio Frequency

G" - Means Government

"(59)" - The number assigned to the Govern-
ment approval.
"/U" o

Means it is a universal military
specification.
If the letters A, B, C, etc. appear before /", it
'l ()n;“s a specification modification has been made.
Cables made to the Government specification
1 % Meeting the requirements of that specification
d be marked with the "RG" legend.
tig aln Table B, we have outlined the basic construc-
speeif_deta.ils for coaxial cable RG-59/U as initially
1ed under JAN-C-17.
fhg . ith the change from the "JAN' classification to
(0N L" classification, changes were made in the
e%ﬁrllctional and electrical requirements for this
&y, alal cable, The requirements for RG-59B/U co-
Cable are outlined in Table C.

)
I

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 dimensional tolerances.

(6) Change in electrical properties from a
nominal 73 ohm impedance to a 75 ohm
nominal impedance.

If there were 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 CATYV 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 Table D, 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

copper-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 pics 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 Polyethylene.

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




TABLE B

|
i INNER CONDUCTOR © 0.0253" PLAIN 'COPPERWELD'
INSULATION SOLID TYPE A (POLYETHYLENE)
DIAMETER: 0146" = .005"
QUTER CONDUCTOR - SINGLE BRAID
TYPE : BARE COPPER
WIRE SIZE: 34 AWG
CARRIERS: 1|6
ENDS @ 7
PICKS/INCH * 8.2 % I10%
JACKET TYPE | SYNTHETIC RESIN
DIAMETER 0.242" = .008"
ENGINEERING DATA :
NOMINAL IMPEDANCE: 73 £ 3 ohms
NGMINAL CAPACITANCE: 22.3 pt/ ft.
ATTENUATION: 55 mc — 2.4 db/ 100 ft.
83 mc — 3.0 db/ 0oft
175mc — 4.6 db/ 100 ft.
21l mc — 5,1 db/ iooft.

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.

We do not wish to infer that several or, for that
matter, any of the ¢onstructions 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.

Standards to cover a CATV drop cable are Tel‘a
tively easy to develop, and it is probably that vary
ing operating conditions would require more thal
single standard construction. But, until such time
as conditions are defined and specific constructio®
specified, the present conditions, which can best
described as chaotic, will prevail.

While variations in construction of alumint®
sheathed cables for trunk and distribution servic®
are not as prevalent as in the common drop cablé
constructional differences do exist and, therefor®
differences exist in the physical and electrical
properties.

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

iiv=ZR CONDUCTOR :

JACKET : TYPE Ta
NGINEE :

ATTENUATION *

0.0230" COPPER COVERED STEEL

INSULATION ¢ SOLID TYPE A
DIAMETER : 0.146" = .004"

OUTER CONDUCTOR : SINGLE  BRAID
TYPE : BARE COPPER
WIRE SIZE: 34 AWG
CARRIERS ¢ 16
ENDS : 7
PICKS/INCH : 8.2 * 10%

( NON-CONTAMINATING PVC)
DIAMETER : 0.242"

NOMINAL IMPEDANCE :
NOMINAL CAPACITANCE - 21.1 pf/ ft
55mc - 2.6 db./ oo ft.
83mec - 3.2 db/ i00ft.
175 mc - 4.9 db/ 00ft.
2l mc - 5:4 db/ 00 ft.

(POLYETHYLENE)

*= .004"

75 + 3 OHMS

the
twee'mmmal inner conductor diameter can vary be-
T&blz %.075” and 0.081'". These figures are shown in

sheag: the areq of polyethylene jacketed aluminum

eq i:d CATYV cables, we again can find a wide vari-

Uy s the constructional details. The ir_ldicated

diaxn al bolyethylene jacket walls and finished cable

g 4 °rS as advertised by several manufacturers,

'Sted in Taple F.,

Cre e Ting the next few years, we will see an in-

Qluxnimg demand for direct burial installations of

Con o 0 Sheathed CATV cables. Considerable con-

ty i 38 already heen generated in the CATV indus-
€r this subject and certainly the constructional
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variations as shown in Table F do not help the situa-
tion.

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",1 presented at the 14th Annual NCTA
Convention, the author points out that the direct
burial of aluminum-sheathed coaxial cables is not to




TABLE D

PVC

Polyvinyl Chloride

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 review the general theoretical

considerations for CATV cable design and also

review briefly a few of the various process varl

which can affect cable performance.

Table G outlines the components and gener

Conductor | Insulation Quter Conductor Jacket,

Mat. | Size |Mat.| 0.D.|Mat.| Size |Ends| Picks Cfv. 0.D. | Mat.| walll 0.D.
RG-59/U| CS |.0253| P A4 | ¢ | 34 7 8.2 | 95.7|.101% | PvC | .035| .2k2
Brand A{ CS [.0226| P A6 | C 34 7 8.0 | 95.6|.175 PVC | .035| .2k2
Brand B| CS |.0253| P | .16 | C | 34 5 8.0 |81.31a75 | PVC | .030| .23
Brand C| CS' |.0253| P k6 | C 34 7 8.0 | 95.6 |.175 PVC | .035| .2k
Brand D| CS |.0253| P | .146 [ C | 34 5 |10.1 |84 |.175 | PVC | .030| .235
Brand E| CS |[.0253| P | .14 | C | 36 6 8o | Er 8 ST 65F N REVC I 035 235 |
Brand F| CS |.0253| P A6 | ¢ | 3k 7 8.0 | 95.6.175 | PVC' | .035 255 |
Brand G| CS |.0253| P A6 | C 34 7 6.0., 94.0 |.175 PVC | .035 2L2 |
Brand H| CS |.0253| P A6 | C 34 5 10.8 | 84.0].275 | PVC | .032 240 |
Brand I| CS |.0253 | FP A b c |34 |7 8.0 | 95.6/.175 | PVC ‘.035 25
Brand J| CS |.032 | FP 46 | C '3l+ 7 9.0 | 96.3(.175 PVC | .030 .250‘
Brand K| CS [.0253| P SLUGRINC 3k 5 10.8 | 8%.0[.175 PVC | .035 22 |
Brand L| CS |.0253 | FP 150 | ¢ | 34 5 |10.8 | 84.0].176 P .0 .:275—
Brand M| CS |.0253| P | .14 | Cc | 34 7 8.0 | 95.6[.180 | pvC | .035 2h5 |
Brand N| CS [.0253] P A6 | ¢ | 3b 5 |12.0 |88.0[.180 | PVC | .035 2h5 |
Brand 0| C .032 | Fp Ak6 | Cc | 34 7 8.0 | 95.6|.185 P | .025 230 |
Brend P| CS |.0253| P Ak6 | ¢ 34 7 8.0 | 95.6 [.180 PVC | .035 .216’
Brend Q| CS |.0253| P A6 | c | 34 7 8.0 |95.6(.180 P .035 Eh?
Brand R| CS |.032 |FP A6 | C 34 7 8.0 {95.6(.175 P .035 ‘275
Brand S| CS |.0253 | FP k6 | C bk | 7 8.0 |95.6(.175 P .035 77*?

b -

& - Copper % Max. 0.D. Per. Spec.

(of] Copper Covered Steel ** Braid plus Copper backed Polyester Tapé

P - Polyethylene

FP - Foam Polyethylene

al

configuration of aluminum sheathed CATV coax!

cables.
d
D
t
0.D.

Il

1l

294"

= diameter of the inner conductor

diameter over the conductor inSulatl
thickness of the aluminum sheath
outside diameter of the cable

ab!®®



TABLE E

Cable Type: .412" Aluminum Sheathed CATV
_Manufacturer Inner Conductor Diameter @om.)
A 0.078"
B 0.077"
C 0.078"
D 0.0752"
E OROTSE
F 0.0752"
G 0.081"
H 0.075"
I o0.o77"

3 The electrical design characteristics of such a
1°aXia1 cable are defined by the following interre-
ateq equations:

(

) Characteristic Impedance (Z) =

(2) Velocity of Propagation (Vp) = % percent
(8) Capacitance (C) = 1016 Z{é picofarads/ft.

(0]

Attenuation for these types of cables is defined

1—3;:;—'2— 10g10 g ohms by a more complex equation:
R Gzo
_ Where e = Dielectric constant of the CLE o208 Z—ZO A 2 db/1,000 feet
Insulation
TABLE F
POLYETHYLENE JACKET WALL THICKNESSES
412" .p00™ . .
Manufacturer Wall 0.D. Wall 0.D. Wall. 0.D.
A .029" 470" .ohp" .580" <0374 .820"
B .035" 482" .0ko" .580" .050" 845"
(o 034" 480" .038" 575" .050" .850"
D .050" o128 .050" .600" .050" .850"
E 050" | .512" .050" | .600" .050" .850"
F 034" .480" .040" .580" .050" .850"
G .025" 480" .025" .580" .036" .850""
H .0ko" Lgs5" .050" .605" .050" .855"
I .029" 470" .038" 575" .038" .825"
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TABLE G

SHEATH INSULATION

d — DIAMETER of

D — DIAMETER OVER

CONDUCTOR

INNER CONDUCTOR
INSULATION

t — THICKNESS of SHEATH

O0.D.— OUTSIDE DIAMETER of

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

G = leakage conductance of insulation in
ohms/1,000 ft.
If the appropriate expressions for R, G and Z are
substituted in this equation, we can write the expres-
sion for attenuation as:

5) S 0.02387 leSi ve 4
Log, o do/di il d i
[ 7]
0.02387 '/T)o ve "t
OB P isE <3 |
15. '
; L—f—@af—%— db/1,000 ft.
glo (s} 5
Where: o = attenuation in db/1,000 ft.
d; = diameter of inner conductor
(inches)
do = inside diameter of the outer con-
ductor (inches)
P, = resistivity of outer conductor

(micro ohm - cm)

CABLE
P; = resistivity of inner conductor
(micro ohm - cm)
e = dielectric constant of insulatio?
(S.I.C.) |
f = frequency in megacycles

ion
D = dissipation factor of the insulati®

In this expression, the first term represents £
loss due to the inner conductor, the second term
represents the loss due to the outer conductor an
the third term represents the loss due to the insul2”
tion.

Process Variables

Basic specifications of the metal industry hav®
established and defined resistivity values for copP
and aluminum. For the purpose of this discussio™
these values may be considered to be constant. i

However, variations in the diameter of the in” %
ner conductor will occur during normal manufac
ing operations. Wire drawing dies wear and caud
diameters to increase. Also, normal handling prO;
cedures can cause "stretch" or "draw-down' of #
conductor. The final electrical characteristicss
particularly the cable impedance, can be quite sé
sitive to variations in the inner conductor diam®
Changes of 0.001" can change the impedance of
412" cable by as much as 0.6 ohms. In 500" €%
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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
limitg,

The diameter over the expanded polyethylene in-
Sulation is an important variable. When extruded
Correctly, the dielectric constant of expanded poly-
®thylene is extremely constant. However, in the ap-
Plication of the aluminum sheath, the outer surface
of the polyethylene tends to become compressed, thus
effe(:ting a change in the effective dielectric constant.

he amount of compression is a matter of choice and
Will vary between manufacturers. In aluminum
shealthed, foam polyethylene insulated CATYV cables,

€ dielectric constant usually lies between 1.50 and

5. Variations in the dielectric constant of this ex—
0t can cause a difference of 1.0 ohm in impedance.

The thickness of the outer aluminum sheath is
geneI‘ally chosen to give the cable suitable mechani-
cal Properties. Variations in wall thickness and over-

L cable diameters can vary differently between
?anl.lfacturers due to variations in the methods of
ir?phcation' Such variations must also be considered
i stablishing tolerance limits for both the mechan-
“al and electrical characteristics.

5 Basically, a CATV cable will contain many minor
eaructural changes in impedance along its length,

'e.h of which, by itself, is too minute to have any sig-
I ficant effect on the final electrical characteristics.

€se structural changes occur with random spacing
th:ng the cable, they are of no special concern since
¥ will tend to cancel out each other. If, however,

Ofe:e Clllanges occur with a periodic spacing, they are

e Pecial concern. Under such conditions, there is
the frequency at which the effect will be additive and
1g attenuation will be higher than it should be. Such
th able is said to have periodicity, and the spacing of
a :}E.Deriodic irregularities determines the frequency

Ich their effect is additive.

s Control of periodicity requires the meticulous

r ey and analysis of every step of the manufacturing

handeSS where the cable or its components may be
leq,

bl Initially, it was common practice to evaluate ca-
) Dl’:‘I‘iOdicity in terms of a sweep attenuation test.
&, 1S method, a sweep signal was introduced at one
the of g length of cable and the signal emerging from
Daps €T end was displayed on an oscilloscope. Where
ay Odicity occurred, a 'hole' or 'suck-out' would
Qalibi‘r on the display at that frequency. By rough
gy ations, the depth of the hole was determined in
8, .°iS. There were no established acceptance
Op dards for this test although most spoke of 0.25 db
dev.‘s(_) db on the depth of the hole. Later, a percent

Ation 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 the re-
turn loss of the cable under test.

For CATYV 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)
(2)
(3)

26 db down min. Channels 2 through 13.

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

(4)

sweep method from 54 to 216 mcs (compared

to average characteristic impedance).

25 db-min. return loss at any frequency be-
tween 40 mcs to 230 mecs.

Average USWR of 1.05 on all channels.
Average minimum structural return loss at
any frequency between 7 and 216 mcs in 32
db.

Return loss - 26 db, 50-220 megahertz.

30 db return loss (weighted) worst point
Channels (2-13).

25 db min. down at any frequency over the
range 20-220 mcs, including sub channel
frequencies 20-54 mcs, 88-105 mcs FM
band, 105-174 mcs, as well as 12 VHF TV
channels.

30 db loss on TV and FM bands.

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-

(5)
(6)
(7)
(8)
9)

(10)

(11)
(12)

26 db down min. at any frequency 20-220 mcs.
Minimum 26 db structural return loss across

jective was not to solve problems but rather to expose

confusion, with the hope that such open discussion
would 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 nec”
essary 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 only with the cooperation and mutual
effort of both the manufacturer and the consumers
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'
test methods so that the language we use to desct? :
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)

CHAIRMAN PENWELL: That was a very sﬂ“’fg
message, Archer Taylor told me this morning t
yesterday at the NCTA Standards Committee me®
ing they did indeed appoint a panel of experts frot®
the industry; and these people, during the comit®
year, will also be working on standards, for pré”
sumably cable specification and cable testing.

If anybody wants to stand up and say some?
this is the time. We have completed our agenda'
We thank you for attending.

(The meeting adjourned at 12:15 p.m.)
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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 CATYV 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
NEC 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 distortion 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.

It is my hope this morning that perhaps he i8
going to give us some of the answers to that problem’
among others.

Our speaker is Mr. Gaylord Rogeness, who hOlfis
Bachelor's and Master's Degrees in Electrical Eng”
neering from the University of Illinois. After sever®
years of experience with various companies in the'
electronics industry, he joined AMECO, where he 15
now. the Director of Engineering, located in Phoeni*:

At AMECO he developed the solid state heter©”
dyne signal processor which AMECO has recently
introduced. He has, also contributed to several othe
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 rec
and process television signals before they are apP*
to the cable system are the Demodulator-Modulato®
combination and the Heterodyne converter. The in~
tent of this paper is to compare the two technique®*

With present day microwave relay equipment’ &
least one demodulatin-modulation is required pefor?
the television signal can be applied to the cable 8Y £
tem. Hence it is imperative that the demodulator
modulator have characteristics which will minimi?®
distortion of the television signal. However, whe?
the choice between use of a heterodyne converter o
a demodulator-modulator pair exists, the heterody 8
converter is currently the best choice. Reasons fo
this choice will be given in the paper.

eive

2. Heterodyne or Converter with IF Amplifier 11
The VHF converter with IF Amplifier, which w%s
be referred to as heterodyne in the remainder of
paper, must convert any incoming VHF channel t©
any desired output VHF channel. The signal recei’
from the antenna must not be degraded during the
conversion process. Ideally, one requirement of
system is a flat passband from 750 khz below the £
picture carrier to 4.18 mhz above the picture car?¥
Figure 1 shows a block diagram of the heter?”
dyne. The VHF signal input is amplified by an R
amplifier before it is converted to IF frequencie® b
the local oscillator in the input mixer. Adjacent‘ ;
channel trapping is accomplished in the IF amplit! P
The IF sound carrier is normally separated fro™




LOCAL 0SC

SOUND IF
LIMITER

CARRIER
SUBSTITUTION
05C

RF AMPL MIXER |——e={ IF AMPLIFIER

VHE
INPUT

VHE
SUN |0 Toe- MIXER RF AMPL  —oum
OUTPUT

ot LR J [

DELAYED AGC
AGC AMPL

LOCAL 0SC

FIGURE 1 HETERODYNE BLOCK DIAGRAM

“:Ilideo IF carrier, amplified and limited, then summed
th the output of the IF amplifier. This operation
A OWs independent adjustment of the picture carrier
Sound carrier level.
stantThe output of the IF amplifier is held at a con-
e l.lfevel by AGC action which controls both the RF
3 Plifier and IF amplifier gain. The RF amplifier is
1‘I.nally allowed to operate at maximum gain until
€ inpyt signal level reaches a point at which the sig-
gai'to'no.ise ratio will not suffer by a reduction in
o Th1§ is known as delayed AGC. The combined
4 Uput is converted to the desired VHF channel by
Qhar?::tpvl'lt local oscillator in the output mixer. If "on
08011181 conYersion is required, the input local
Osemator fil‘lV.eS the output mixer and the output local
8 ialator is d%sabled. Differential gain and differ-
o Dl?ase‘ will be almost non-existant, since mixer
Tsion is not related to modulation percentage.
em(')l;lWO major advantages of the heterodyne over the
o il.lator_—modulator are excellent low frequency
erriy Inear.1ty and no quadrature distortion. Re-
Dlitudg to Figure 2a note that the heterodyne IF am-
N iOnebreSpo.nse is flat over the entire video modu-
Istie S andw%dth. Hence, a linear phase character-
The Ver this bandwidth is relatively easy to realize.
do . ngdulator IF amplitude response however, is
s db.at t.he carrier frequency. A linear phase
plitudese 1s difficult to obtain with this type of am-
Tesponse,
o gadr_atl.lre distortion, which is discussed in
Vide, Sf%tall in the next section, is generated when the
1gnal is detected or demodulated to baseband.

41.57 MHz 46.5 MHz

45.75 MHz
(PICTURE CARRIER)

41.25 MHz 47.25 MHz

«) HETERODYNE IF RESPONSE FREQUENCY —o~

1
1
1
|
I
1
I
I
1

FIGURE 2 IF RESPONSES AMPLITUDE VS FREQUENCY

Since the heterodyne does not detect the video signal,
but merely translates the frequencjr 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.

4157 MHz 45 MHz!

1
1
I
1
I
|

41.25 MHz

45.75 MHz

b) DEMODULATOR IF RESPONSE (B
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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

VIDEO | MICROWAVE

L TRANSMITTER

VHF INPUT

a) MICROWAVE RELAY LINK

YIDEO
DEMOD

VHF MOD

VHE INPUT

itself as differential gain and differential phase o
color signals. Quadrature distortion also affects
transient response, producing overshoots and stre
ing. (Ref. 1, 2, 3)

In summary, the demodulator IF amplifier
be carefully designed to minimize both high and Lo%
frequency phase and amplitude distortion. Differe?”
tial gain and phase can be minimized by linearizit
the detector. However, quadrature distortion is I
herent in a vestigial sideband system utilizing an
envelope detector and can only be minimized by
utilizing nonstandard complicated video procesSiIlg
equipment.

Two applications of the demodulator are show?
in Figure 4. In Figure 4a, the demodulator outpu
baseband video, is used to frequency modulate th?
microwave carrier of a microwave relay transm
The microwave receiver of the relay link then pr'O’
vides baseband video for the cable system. In Flg:
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 ré” q
quired in conjunction with a microwave receiver
also for direct use with a demodulator. The next
section discusses VHF modulators.

mué

l)))))

MICROWAVE
RECEIVER

VIDEO VHEF

MODULATOR

TO CABLE
b
SYSTEM

TO CABLE
 ——
SYSTEM

b) VHF CONVERSION

FIGURE 4 DEMODULATOR-MODULATOR APPLICATIONS
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VIDEO INPUT
——

FILTER VIDEO AMPL

MODULATOR

VSB FILTER RE AMPL

FILTER

LOCAL 0sC

OUTPUT TO
P
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R
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MIXER
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FIGURE 5 VHF MODULATOR BLOCK DIAGRAM

4 Modulator

o ? VHF modulator block diagram is shown in Fig-

the hMajOr sources of video signal distortion occur in
€avy outlined blocks in Figure 5. The modulator
erI;Sfer characteristic depends upon the modulation
i €ntage utilized. To maintain the highest signal to
owe ratio, a high modulation percentage is desirable
. '°ver, at high modulation percentages, differential
u;i‘md differential phase occur on the color sub-
er,

For adjacent channel operation, a vestigial side-
ThedV(VSB). filter is necessary (reference Figure 6).
st rtS'B filter must be optimized to minimize phase
This §Aon a}t frequencies near the picture carrier.
distols. a difficult filter design problem. The phase
Dens::mn generated in the VSB filter is usually com-

ed for in a video phase equalizer.

~4.18 MHz +4.18 MHz ~0.75 MHz +4.18 MHz

fp
PICTURE
CARRIER

fp
PICTURE
CARRIER

MODULATOR OUTPUT SPECTRUM VSB FILTER RESPONSE

FIGURE 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

bands

DISTORTION DEMODULATOR MODULATOR HETERODYNE
1. | Phase nonlinearity near Sound trap in IF Video low pass Sound trap in
color subcarrier and side- amplifier filter IF amplifier

2. | Low frequency phase distor-
tion (delay distortion)

IF ainplifier
response

Vestigial side-
band filter

3. | Differential gain and
differential phase

Video detector

Modulator

4, | Quadrature Distortion Video detection of
vestigial sideband

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.

REFERENCES

1. "Quadrature Distortion Correction for Vestigial
Sideband Transmission'' by Siegfred Dinsel, pre-
sented at SMPTE Technical Conference, Novem-
ber 1-5, 1965.

2. "Transient Response of Detectors in Symmetric
and Assymetric Sideband Systems' by T. Mura-
kami and R. W. Sonnenfeldt, RCA Review, Decem-
ber 1955, pp. 580-610.

3. '"Improving the Transient Response of Television
Receivers' by Avins, Harris and Horvath, Proc.
of IRE January 1954, pp. 274-284,

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

transmission was designed for the broadcaster and
home receiver as the only items in the transmissio?
link, the tolerances of this system are mainly usé
up by these people. So, any equipment we insert has
to be as good as we can make if if we do not want €
introduce any additional distortion.

MR. LEPTON: That is the point T wanted you £
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 absolufe
credibility ?

MR. ROGENESS: I cannot specify any specifi® ;
equipment; but this is a definite possibility, that wit
the right equipment available, the CATV operator
could monitor the off-the-air signal and determin®
what the quality of signal is that is being receiVe'd'
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 18
nals now transmitted by the networks, provide 2
opportunity to the CATV operator who provides hi
self with the necessary additional testing eqU-iPmen 4
It provides him an opportunity for obtaining s0m® 4
the information you are talking about now, although
not all of it.

It does tell you if there is a transmission de
somewhere between the network studio and Wher_e
pick the signal up. It does not tell you where if 18 ;
necessarily. It can be in transmission. It can 42 a-
the broadeast studio. It can be at the broadcast &
tion, the network studio, and so on. At least it wf %
tell you whether defects are occurring in transmi®
sion.

Thank you very much, Mr. Rogeness.

m-

fect

tio?
MR. LEPTON: Mr. Chairman, I have a que®

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

CHAIRMAN SCHATZEL: Iam glad you aS’kegher
that question, because I am about to introduce - (ees
Taylor, Chairman of the NCTA Standards Commlb-ect
who will conduct a brief summarization of the 8%
indicated on our agenda, THE NCTA STANDARD
CATV AMPLIFIER DISTORTION.

as
MR. TAYLOR: About an hour ago it Iookedus
though we had used up all of our "cushion" becahave,

of our rather late start. Some of the speaker® g
I think, condensed their presentations, so that W
still have a little time left.




Unfortunately, however, in the hastily-called con-
tence I believe Jake Shekel has left. Am I correct ?
She in the room ?

s I am going to introduce the people who were listed
he panel in your brochure, and we will proceed

er}f quickly into allowing questions on this general
Ject after an introduction.

I'believe it would be helpful if the remaining

lists would come to the rostrum. Jake Shekel

810 have been on the panel. He was all prepared,

) Imight say he is a very helpful member of the

Mmittee, Unfortunately, when we were delayed, it

: lecessary for him to leave, and he is not here at

InOmen‘c, but perhaps will joint us later.

Mr, Mike Rodriguez, of VIKOA, Inc.; Mr. Ken

08, of Jerrold; Mr. Earl Hickman, of AMECO;

gro'uHeiIlZ Blum, of Entron Company, comprise our
D,

o

bang

the éwl:ll take a few minutes to briefly describe what

Og n_glneering Subcommittee of the NCTA Standards

Yegyy litee is, and then throw the discussion open to

-1ons from the floor. If you would like to ask a
hiln Cular member of the panel a question, designate
fy Y name; otherwise, I will channel the question

®Meone for reply.
a8ically, the standard is a method of specifying

IneaSuring amplifier distortion.

Qallse € changed this from the original proposal be-

g ; We found in practice that it was unworkable,

Several respects meaningless.

- sihe test, briefly, is with 12 channels, and T will

Mlay, Mplify this somewhat without some of the ex-

leg islon.s that are given in the standard itself -- the

Sy 3 With 12 channels, modulated with a symmetrical

Coyg N Wave, In fact, generally this will be 100 per

mini Odulated, although the standard allows for a

the um carrier level not more than of one-eighth of

aXimum carrier level.

Iy, € Channel upon which you are making the meas-

Tgq *it has modulation removed with the others all
g, Ateq Synchronously, so the modulation maximum
gy~ OCcurs at the same time; and the measurement
aDDear Made by measuring the sideband voltage which

fgg, > O the unmodulated carrier as a result of the

‘ 8tion on other carriers.

kilge Squency of the modulating square wave is 15.75

Bharple ©8, plus or minus 20 per cent, so that a

¥i0e toy‘tuned voltmeter becomes the measuring de-
bOIn Measure the 15.75 kilocycle sideband resulting

98s-modulation.

Ebeeifi:eC.OHd important aspect of the standard is the
1‘°3~d1 ation of spurious frequencies. This is defined
8 o ° Cover signals occurring within any of the

q“enei a:neIS, at frequencies differing from the fre-

o, Lhig of the test carriers.

Yoy - Measurement is made in a number of dif-
AYs, 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 NCTA 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 primarill
one of where we are talking about the equipment Pe”
ing available, or being made available for making
this test, and it seems to me rather evident that wit
an NCTA standard amplifier distortion, a standard ®
amplifier distortion, there are certainly people il ;
world who are interested in making money from £°
ing test equipment, and I am sure that will generat®
the necessary enthusiasm.

To be more specific, however, if you have sonm®
form of heterodyne converter, as Mr. Rogeness hast
been describing, all you really need is an incorpor
ing signal. We in the laboratory use a 608, which
rather expensive, but it does not have to be that £yp°
of signal. You can use any small oscillator and keJ
it on and off at 15 kilocycle rate. d

The circuitry involved is not very elaboraté anot
I hope my Instrument Division representatives are
present to hear me say it, but it should not be ve*:
expensive because it is quite simple, technically
speaking.

We have purposely written the standard W.
in mind. We simply need an indication. Unles$ We.red
are mistaken, the exact specifications on the unde
signal are rather unimportant. It has to creaté 2
strong change at 15 kilocycles from zero to off.
could be silently modulated. It could be bulk-
modulated. It could be square-wave modulate
due regulation in the final reading subtracting or e
adding db; and the measurement could be made
standard set. pe

What you need is an IF signal. It should not
difficult. 4

There are, however, two areas where it is 1¢
quired, and with the signal you get on the desir® 1198
channel, this must be very clear if you are atter
to measure 60 modulation plus. This puts it 0%
mixing network where the various channels ar€ chave
cerned, and you must have it clear so you do no
interaction between the various ones. ont

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

is

i t15°

d witl

MR. TAYLOR: Proceed --

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

MR. TAYLOR: Not proposed any more =~

MR. SIMONS: The NCTA standard calls foroinds
measurement at operating conditions, and this- s;;Ltiorl
very innocent and very essential, but the impli¢ ditioIl
is not quite so simple, because the operating covelﬁ
is for a line amplifier in the CATV system at len
which are 10 or 15 db below where we have bee

v |




Ziecifymg, and at those levels typically plus 30 to 35
SOI’V, the distortion is incredibly small. It has to be
etaftel‘ you cascade many amplifiers, for you do not
) & reasonably sizable distortion. It is so incredibly
Ml that it is difficult to measure. This is measur-
at minus 85 to 90 db cross-mount.
%t thIt is not the intention of the standard to measure
at level. It is the intention, and it was attempted
€ Written so that the manufacturer guarantees that
amplifier will work at that level and will produce
at distortion.
alnpﬁ? may arrive at that distortion by cascading 20
I ifiers and measuring the total distortion, if he is
h ele to measure at the operating level. There have,
Ver, been advances in the cross-modulation
st Nque, and I am sure the testing people will be
levelulated t.o make the measurement at the operating
°Dera;t I believe this serves the interest of the system
f OT because he is buying an operator the manu-
of Urer ig saying in effect that when you connect 20
q ©Se, each will produce less than X db distortion,
€ result will be good. This is more important.
Do € purchase sugar on a pound basis, where your
eng and my pound are the same pound; and to try to
win . C confusion when someone says, "My amplifier
thy Put out X dBnv under certain circumstances',
Vas written,

the

MR, TAYLOR: Are there further questions ?

the sﬁ?- SWITZER (Toronto): Mr. Simons, you made
Dy ¢ €ment that you were making the standard ap-
hg it 4 System a small degree higher than it would
Wy, YOU had a stack of commanders. The simplest
tup, : Iput a synchronous signal on them all is just to
Sy 11 of them to the desired one good, clear,
g Qh,eanq put the substitution carrier on the one you
Yoy, cking, and this would be as close to home in
Vg Oeasurement on the distortion that you would
U fhy Come; and the instrument problem is not really
sta‘lda €ad end, It turns on at the source to meet the

» Or come close to it.
Yy, © istrumentation, however, at the other end

8
Mgy en(;;s a problem in terms of money and measure-
! S0 on,

ab()uivl R. TAYL.OR: 1would like to raise a question

%nleth-e measurement of spurious frequencies, and

Q%memg on that issue. I would like to have some
U made on spurious f requency measurement.

havel\;?' MIKE RODRIGUEZ: One of the problems we
Ihenta iund VIKOA is that although we have the instru-
Ille"lsuron’ With the proper dynamic range, in order to
‘lalnic re Cross-modulation, and incidentally, this dy-
age is 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 a re-
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 spurious 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 call 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 from
three adjacent channels.

MR. TAYLOR: Other questions 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. If 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 ol |
We fell a victim to a salesman and bought a set Of.
ENCYCLOPEDIA BRITANNICA. When the books
came we were looking through them, and under gn? ;
omy'' there are a number of beautifully colored ch?

This has to do with the 63,000 beats, and hoW
CATV survived with all of these beats. There wet®
these beautifully colored charts. You pick them ups
and you can work them from the inside out, and cov®
the entire body. You see the intestines, the spleel
the liver, and the heart, and so on.

Our young son looked at this and he said, rryot
mean that is inside me, all those things? You M€
all of that red thing, all that curlicue ?"

We replied, '"Yes."

He said, "I think I'll go lie down." (Laughte?) |{

= 5 55 5=

=

= g

MR. TAYLOR: Unless there are further que®” 1
tions, I would like to close this by reading the info
mation that the Committee has published on hoW a,u’ I
amplifier should be specified with regard to disto”
tion, and it is our hope that customers will not hat A
to have their own elaborate testing facilities; that I
manufacturers will specify in this form, which we !
hope and believe will prove to be meaningful, the
necessary data.

i s atol”
(Mr. Taylor presented Specifications on Dist

tion.) A tioﬂs?
I will ask once more, are there further qué®
It i e

)
MR. RAY ROHRER (Kalispell, Montana): @ |l
intent of the Subcommittee of the Standards Co™ 2 :
to check on manufacturers that use this standaf™" i

MR. TAYLOR: You ask a difficult questio? **
answer.

The policing of this will be subject to the B
of Directors of NCTA, and on recommendatio? 4
Standards Committee. i

I might say that we have copyrighted, for exaerf
the Able Cable Symbol, and therefore refusal © the
mission to use that symbol has been ordered
Board of Directors. ef

I presume the Board of Directors would tak
action as might be recommended by the standa’
Committee in the case of abuse or misuse of the
NCTA standard.

Are there other questions ?

010
f it

uch
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MR. ROBERT HOWARD (AMECO): Iar St;ldafd
little unclear as to how to correlate the new dyo‘l
to a practical systems case, because of oné pus”
are not prepared to give me an answer for & Sfle, i
tion which generates the worst case numberWIss ’pe’ 4
does not particularly relate to the practica1 % pe’
cause as was discussed yesterday by Willia™
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thf Case of the random modulation is much more vis-
Ma{.detectable than the case of the synchronous mod-
on, Therefore, I am a little confused.
Iwould like an expression from the group up
€ as to what kind of a correction to make to the
r that I now have to relate it more correctly to
V system application ?

e,

ty MR. TAYLOR: I would comment, first, on this

tion €re is a great need for some subjective corre—

g duls l?etween what we are generally calling cross-

ly, at_10n and subjective evaluation of picture qual-
dashls has not been done in any extensive manner,

qieatEdYOH have indicated, and as Mr. Rheinfelder in-

» the parameters are complex and numerous.

by ehe first step, however, in that process comes

Joy y, Matter of how do you define the distortion that

Iy nlant to correlate with subject evaluation? This
v a first step.

lati(mhe. hext step now will be to provide the corre-

It‘;ﬁth actual picture degradation.

adopt 3 nk that the effort of the Committee was to

Nog ‘_”Orst-case situation, namely, with all of the

Iy at aFIOH in phase; how you allow it to go below that

1S moment indeterminate.

tioy » €S anybody else care to comment on that ques-

t,  “PParently everyone has something to say on

WantMR' BLUM: The Standards Committee, of course,

e
' Itdi to establish a standard measuring technique.

tig, 10t intend to set up a standard for the perform-
ayst% a0 amplifier, nor for the performance of a

o,

: y Wthis Connection, I would like to acquaint every-
0

lth the capability of computing systems per-
ltitio €€ in g very simple manner. The cross modu-
0
it Yoo . NgUage we have set forth in the standard, and
4y, St total the figures for all amplifiers in cas-
Y, 22d of the location to be examined, you can
{)‘Ilthe ;ne the cross-modulation at every or any point
“te at YStem regardless of whether it is in the trunk
thadist: Ollfput of a bridging amplifier, or at the end
© fog lbution line. This added advantage is one of
8¢ benefits of the particular standard.
g a 211 though we do not attempt to say that we must
ebreseftzt(?in minimum distortion line value, is so
S .
i:“tur(::e of the systems operators, as well as manu-
alldar d:nd turnkey constructors, have set certain
A o for themselves. These vary.
'I‘}?’ 15:1rge systems operator uses a standard of
18 ig nothing we have to adhere to; we can

2 fig‘ures if i i i
our experience dictates otherwise.

%y

R
b,
o,
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the Fatio for each amplifier has been given according

MR. TAYLOR: I will recognize Mr. Rodriguez.

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 mean 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 between
amplifier specs and systems performance. z

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 1°°kd
behind these words '"subjective testing'', you will 2
it means people looking at pictures and deciding
whether they are any good, or not. In your syS'Cenl
you have people. You have television receivers:
you had an amplifier that had a known rating, yo!
could do your own testing. You can look at the Plc
tures and determine whether they are any good:
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 amplifi¢”’

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

I will turn the meeting back to our Chairma?
Mr. Schatzel.

CHAIRMAN SCHATZEL: We have completedaﬁf
agenda for the morning, and I think we can say a0t
you to our speakers for a very capably perfoI‘In

We likewise extend our appreciation to the a8
dience for its attention.

This Technical Session is adjourned. i

(The Technical Session adjourned at one o'dh
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DISTORTION MEASUREMENT TECHNIQUES FOR CATV
By W. A. Rheinfelder
R & D Anaconda-Astrodata Co.

nth.IS discussion, distortion will be limited to the effect called “windshield wiper” distortion. Harmonic distortion,
Wious frequencies, noise, hum and other forms of distortion will not be considered here.

| Windshield Wiper Effect and Rf-Distortion
—

i?g:lulti-channel TV systems_the maximum practical
al level or overload level is usually determined by
© onset of windshield wiper distortion. In windshield
Per effect, the sync pulses of one or more undesired
the signals appear as superirpposed m.odula'tion upon
modulation of the desired carrier. Since sync
S;: Tf:Sff)f different TV stations are of very close}y the
i .lcqucncy, but are not synchromze.d, vertlcalior
s ;i()infll bars appear which seem to drift fr()m'51de
enc‘e fL~ at a low audio rate d.ctermmed by the differ-
requency of the respective sync pulses.
‘lg())(}]ulzlltion (Tf an .undes.ired carrie'r' being impressed
734 {Jle desired mgnzﬂ is by dcﬁn}tl()n cross .mod}Jla-
mué] nfortunutelyz windshield wiper distortion is a
SDQQiq]m(')rC complicated e.ﬁect and can only under
TOS; circumstances be directly related to meftsured
inaslm()dlllil-t]()ll' T() get a better }Inderstandlng of
= 'llclcll wiper dlst()'rtl()n,' we c"ons1der first standard
%8 and intermodulation distortion’.
xl;f-zr,t‘i(m causing n()n]in'carities can generally be
ssed by a power series of the form
€ = a, + aje; + ase> +age® + ...
€, = output voltage
€; = input voltage
a, = coeflicient of power term n

€
Where (1)

¢ substitute for the input voltage the sum of the

0dy], ; ; ;
Sign Ulldted desired signal and a modulated undesired
al, or

€ = ¢4 cos wgt ( 1 + my cos pat) +

Whe + e, cos ot (1 4+ m, cos put) (2)
' e = peak voltage of carrier
o = frequency of carrier in radians
m = modulation index of carrier
g = modulation frequency of carrier in radians

desired (subscript)
Afte U = undesired (subscript)
dGSi:ezhOrt c.alculation, we find that modulation of the
Uceq carrier by'the Llnci?sil'ed carrier can be pro-
()btaln only by third or higher order distortion. To
cross modulation distortion, term as in equ. (1)
exist, The cross modulation factor is then found as
k(- ¥ 333 my 6“2/{11 mg , (3)
SQQ() with the parameters as defined above.
QOean(-i order distortion, expressed by the term with
tign _'ent a, in (1), does not produce cross modula-
> but 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 = nf; = mf,
where f = intermodulation frequency
f, , f» = interfering frequencies
n, m = integer numbers

(4)

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

ki = d> e“/al (0)(1 2 w“) (5)
and for second order products
ki = 3aze; e,/ 4a; (2 Ay aslon 3 A A wd) (58.)

The theory of active devices shows that by certain
circuit design techniques the term as in (1) may be
nulled, while term a, 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. Windshield wiper distortion,
therefore, represents a far more complex effect than
simple cross modulation or intermodulation.

Specialized test equipment was then designed® 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.

Il The Direct Method and Its Error Sources

In normal windshield wiper testing of CATV ampli-
fiers®, 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 the 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-



peatable 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 into 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 amplifier 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 the air; occasionally inverted sync pulses dipping
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into the video signal are obtained. Carrier levels ofte?
fluctuate several dB. All of these cases lead to pl’OPO,r:
tional measurement errors leading to poor repeatab*
ity. Also, the video signal itself tends to mask som¢
forms of distortion.

3) Spurious responses

Interference beats of a variable nature often 0
when using live signals. Such beats mask windshi¢
wiper effect. Since their intensity often varies W
time, they introduce a measurement error due t0
change in distortion visibility.

4) Level errors 4
The signals applied to the amplifier under test mli,e
have the specified levels. Also, output level must ;
read accurately. Any level errors due to rf—vOltmeter
inaccuracy or other instrumentation problems app®
directly in the reading. This includes level errors =
those field strength meters which are affected by vary
ing modulation depths of a TV signal.

5) Errors in TV screen read-out i
Normal TV-receivers are not designed for ad]"'ﬁ‘c‘,an
channel reception. Most sets show windshield wip??
at a level of about +10 dbmv. By adjusting the
tuning, adjacent channel windshield wiping car
improved; however, this results in a misadjustmerlt
the receiver. Consequently, the level to the TV
must be kept always at a safe input level by a sepa
attenuator; preferably the input level to the TV set
kept constant regardless of the level applied t0
amplifier under test. As was mentioned, fine tuP
does drastically change the visibility of windshi®
wiper distortion, as does the setting of contrast ap
brightness controls. Contrast and brightness shoul
set for good whites and blacks visible simultaneo
fine tuning to the point of diappearance of sound
All of these sources of errors again add several
the total inaccuracy. Lastly, the subjective factor =
the observer must be considered. As has been dem’ :
strated, there is another margin of several dB bet‘”eeo
what may be visible to one person as compar€
another individual.
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There are several other error sources which fe]a:ﬁ
more to the practical aspects (discussed below ). HoS
ever crude the direct method is, it must still be 1
sorted to as the final criterion in case of doubt uﬂd
another measurement method has been develo? {
whose direct correlation to windshield wiper €

has been fully established. p
As an improvement to the basic direct method’rl
reference amplifier is often used which has a kn¢ p;
distortion level. This amplifier is measured befoo
each distortion test and a correction is then mad® 10
all readings accordingly. In this fashion, errors du® 5
a varying off-the-air condition, drifts in instrumenely

errors in adjustments of the TV set, etc., may be lar® e
eliminated and much more consistent and repeat?




adings are obtained, although the absolute level of
tortion is still in doubt.

I". Problems in Correlating Observed
Windshielg Wiper Effect to Measured Data

grs Was mentioned in Section I, measurements have
oVen conclusively that there is no direct relationship
k iObServab]e windshield wiper effect to either cross
eXa(’rlttermodulz'ution. For a deeper understanding of the
e mecbamsm we must consider the results of a
'¢ detailed study of windshield wiper effect which
% performed using specially designed test equip-
mznt- If windshield wiping were caused by pure cross
shoulllcllatlon (3rd' order nonlinearities only) black bars
tegio appear since sync pulse_s are in the infra-black
Spec'ni These black bars are indeed observable with
iy ala test equipment and they can be measured and
of Ve very much like standard cross modulation.
Ortunately, they do not represent windshield wiper
QH;CF o 'the average viewer since they remain gener-
mevlmb]e‘. As level is increased, distortion increases,
i €ver, with a gradual phase reversal. Black bars
18e gradually from black to gray and then to white.
the shading changes, the bars become invisible

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 is 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).
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‘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

approximately 8 dB higher level. Although no Wlnda
shield wiping is possible with synchronized signals
measurement would indicate a higher distortion leVs
Next assume two interfering signals which are in syf‘d
In actual distortion visibility tests, two superimp® e
white bars appear in exactly the same way On ]
screen as a single white bar, while a measurem® 9
would indicate direct addition and increased dlsto
tion. By comparison, random sync pulses of two 1”
fering signals appear as a 3 dB lower reading” Wi 0
measured on a meter while a screen test makes |
distortion effect twice as objectionable, because v
as much area is affected.

0
We have here two cases where a simple dlstort ;
measurement, however accurate, gives a reading "
related to observable windshield wiper effect.

*When read on an oscilloscope the reading is 6 dB lower:

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

—(
In the course of developing specialized test equipmezt
for windshield wiper testing, research was carrie¢ —g
to obtain correlation to the observable effect on @
screen. Standard cross or intermodulation test P”
cedures showed no c()rrclatl()n Only in the norm? 0
invisible “black wipe” region does a correlation to tht
order measured dlst()ltl()n exist.




islr\‘:e standard test methods failed to show correlation,
ke cas thought that the waveform effect was of signifi-
e e.f Square wave rpodulated signals were tried and
Wase bOrr'rl of corrfelatlon to the visually observed effect
" Obtained. This correlation was good for some cir-

S under test and not for others. The problem was

T
Si;e(ll to the use of square waves for the modulated
al,

Ne
Xt pulse modulation was used with pulses 10 psec

"ilsuz’l Spaced.at 63.5 usec. With these signals good
correlation was obtained regardless of the circuit
stanfir -tes‘t‘. A test per”f()rme‘(‘l with sync pulses having
n ‘:ld front porch” and “back porch” showed iden-
aVefGSu]ts, probably because of the relatively minor
‘orm change and the inaccuracy of transmitted
irecst‘gnals which were used for comparison by the
method.
tizr?(f;lrther mfethod of improving correlation, modula-
o the desired signal was kept on at all times with
10 ync pulses of the interfering signal detuned to
SeDaraf.dT}-]e cross modulation components were then
3 ed in a wave analyzer. The test showed no
esiéﬁ in readings as long as the peak level of the
Simplig signal was kept constant. This test result greatly
eratgy es the design and accuracy of a test signal gen-
since modulation of the desired signal is then
prodzec(tluired. during the r.ead-out of the distortion
e ts. Thls wpuld eliminate the need for active
= Circuits which introduce another source of in-
e

wh?elflp?ars, therefore, that the simplest test signal,
ok: dll'ows a direct correlation to observable wind-
Wiper effect, uses pulse modulation similar to
Squi? TV signals without “front” or “back porch.”
Orre];t-e wave or sine wave is unsuitable and makes
diffey, 1on impossible due to time constant effects of
Useq] t?t circuits. Standard TV sync pulses may be
Vang ut d(? not seem to offer any correlation ad-
dye t%els] Whlle they introduce an accuracy degradation

All 7 igher complexity of generating circuits.
mg, du]at‘generfntors should be sv&fitchable from CW to
Dulse L()n without any change in the peak level. Sync
Qhronizs dould be available both in random and syn-
adiUStagl mode. Modulation depths must be fully
e and switchable. All levels must be fully

Stan da

\-

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

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-
Jation®?) 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
a2 worst case visual test the undesired signals should
be modulated without common sync in random fash-
jon. Common sync is valuable as a research tool and
for special applications.

L1
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Slgnale 2! 3
Qener Snals meeting the requirements set forth above have become ava

a
i tor, Model 916, by Anaconda Astrodata Co.

ilable recently by using equipment such as TV Carrier

Or sta, i ;
the m, lf'edﬂrdgzzltion purposes a gray background level at 50% of sync amplitude might be preferable. This will slightly emphasize
serious white wipe and de-emphasize the less important black wipe in a visual test.
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V The Determination of Absolute Distortion

Levels
bt ot AR T AT D D e S e By o Lo s SR S S = AN A R Vi e

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

b) The dc 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 material* from
different observers under 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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. 0
readings, as we shall see, are much worse than somé
the commonly used test methods make us believe:

Going back to the display on the TV screen, full modt-
lation is determined by black and white levels. T_hls
might be considered the ultimate reference to whic
everything must be related.

In terms of level, white and black are standardiZed at
12,5 and 75% respective amplitude of the sync 1e¥&*
If the top of the sync pulse were used as a referen®
which might be convenient for measurement pUrPOSeSE
distortion readings obtained will be lower by a constd”
factor. Simple calculation shows this constant t0 :
4.1 dB, thus an “actual” reading of 40 dB will aPPeﬁe
to be 44.1 dB down when referred to the top of © 5
sync pulse. The difference of average picture Jevel i
top of sync pulse is found as 7.2 dB, hence a 1€ 5
ing of 47.2 dB down from the sync pulse level,l‘
obtained when the primary reference is average P
ture modulation.

In any type of modulation distortion testing, it is esse'rtl;
tial to calibrate not only the rf-carrier, but also 1.5
modulation level (see expression (3), Section I)- Tl;;
is common engineering practice and is for examP?
called out in the IEEE standards on distortion testI%
By modulating the desired carrier first, a precise i
reference is established. If the waveform used for Cahe
bration is identical to that used for modulation of ¢ 4
undesired carriers, waveform errors drop out regalfd]es
of the meter used in the final readout. By this meth?”
errors due to detector nonlinearities and rectificati®
efficiency changes with level are greatly reduced.

Considering the references given above, we find t
in a) the references are unrelated to the signal; b}l:e
rather to the detector dc-efficiency at high level t0 . f
residual de voltage; for example, the static charg® i
a vacuum tube diode varies with tube life and cif"
from 0 to about —2 volts. In b) we are comparing 4 J
voltage determined by diode linearity to the rectlﬁe,
audio signal which includes diode efficiency and waV
form distortion. Method c¢) uses sync pulse tPS
reference when the undesired modulation has a dlﬁets
ent waveform. Detector nonlinearity directly aﬁe'c
the reading. Method d) is the accepted enginee™ i
method which avoids nonlinearity and waveform er® t
It is used for all types of communications equip™®
in tests for cross and intermodulation and appli€ ”
well to CATV equipment where high accuracy
required.

A comparison test of method a), using a popular ﬁe:
strength meter, with method d) showed that meth "
a) produced an incorrect, 6 dB lower distortion feab)
ing for a given amplifier. The more correct metho

was off 4 dB for this particular case.

that

g : ; . the
It is clear from this discussion that for calibration L P

desired signal will have to be modulated first with =
waveform and background level as discussed ab0 It
Calibration voltage is the detected peak to peak ¥




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

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,
ete. 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 avoided by an oscilloscope (peak to peak)
readout. However, in a metered reading a cor-
rection must be made.

Lo
S

1Ist :}S] immaterial in .a]l these cases if the reference used

the se black to white l.eve], the black to zero level, or

8y Yn.C to'zcr(.) level since all are related by a constant

enceﬂ reading is readily converted to a different reft'ar-

eVel’ Sucb as the abso?ute. reference of black to white
> Which is the basic video reference.

vi Practical Consideratio'ns in Testing
CATV Amplifiers

E "

: ‘S’e“ with well founded test procedures and accurate

o "Umentation, there are additional precautions which
St 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 range®. 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:

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.

¢) 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
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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 AGC-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 dc-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
dc-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 cascade” of
amplifiers. Such a test is practical only in a working
system and is normally done routinely to establish
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system safety margins. For individual amplifiers, over:
load level is synonymous with the onset of windshiel

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 ©
an amplifier.

APPENDIX |

MATHEMATICAL ANALYSIS
OF

WINDSHIELD WIPER EFFECT
B o A A B S i AT S e T

We express amplifier nonlinearities by the power series:
€ =a,+ta e +ase®+azed+... (13)
and apply as input signal the sum of two
modulated rf-signals

e; = E4 cos wgt + E, cos ot (2a)
where E; = €4 (1 4 mg cos pat)
and E, = e, (1 + m, cos p,t)
with e = peak voltage
m = modulation index
o = rf-frequency in radians
p = modulation frequency in radians
subscript d = desired signal

subscript u = undesired signal

Expansion of (la) and separation of the distortion

products leads to the following terms:

a) a low frequency and dc-component:
a,+ a» (Eq2 + E2)/2 + term with ag + . .. (33)
b) a modulation term of the desired carrier:
a; Eq cos ogt
[1 +3'd:; E(‘Q /4 a|+3€l;; E“:)/Qlll + ..-] (48')
¢) 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 E; 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 (la), leads to additiond
terms in (4a); however, it is easy to show that n°
higher order products nor any combination there?
can lead to a distortion product of the form a, Eq €0°
wat (1 — k m, cos p,t) where k is a constant, whiC
is required to explain observable windshield wipe*
effect. It is clear now, that the generation of distortio®
based on any single nonlinear effect of any order does
not produce windshield wiper effect although it €*




Plains all other types of rf-distortion such as inter-
Modulation products of all orders, as well as all types
O cross modulation, mixing, frequency conversion,
Multiplication and the generation of harmonics. Since
ven higher order nonlinearities cannot explain wind-
shield wiper effect, we must now look for a different
Mechanism and it will be sufficient to limit our investi-
8ation 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
9bserved 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
at at some high level point additional distortion is
8enerated by a different high level nonlinearity ex-
Pressed by
§°=b0+ble,+bge,2+b3ei3+... (5a)
CI}:})stitgting terms (2a), we obtain base band frequen-
ke (51 as in (3a) above, which contain a term b, E,? /2
s this in turn can be expanded into a dc-component
3 a term b, e,®> m, cos p,t (and a second harmonic
m), that is demodulation or rectification has taken
I;?C;?- The term b; does not contribute to the demodu-
€d signal. Alternately, we can assume detection in
€ Input circuit of the amplifier at high signal levels.
Sig;f 1Will also lead to a de-term and the demodulated
Ciena 7 €y My COS Put, wht'are n is the detection effi-
nalscy'f This derpodulated signal together with the sig-
e 0” expression (2a) are now applied together to
€W™ power series of nonlinear amplification (6a).
2 € = Co,+ cie; +coe2 +cseP+ ... (6a)
Tl};ere ¢ = coefficients of high level nonlinearities
sigre]a;ngdu]atiox} polgrity of the added demodulated
o 11§ negative with respect to the phase of the
ecau ation (.znvelope of‘ the carrier of (2a). This is so
rrlentllSe an mcrease.d signal level into any active ele-
N (tub.e or t'ranswt(?r) produces a base band output
s rectification which is in the direction to turn
evice off.
The new input signals are now
i e; = Eq cos ogt + E, cos ot — Ep
ére K, = b, + by (Eq? + E,2)/2 based on (5a)

(7a)

gu;te generally E, contains a dc component which is
W}licoh Interest, and the demodulated undesired signal
b .We may write as E, = E, + km, cos p,t
4 Stlfution into (6a) and expansion leads now to the
OWing modulation product of the desired carrier:
b ¢ By cos wgt (1 — 2¢5 Ep/cp + .. .) (8a)
terrens(gond term in brackets is the countermodulation
S}liela t}}er, higher order ter'ms are unrelated to wind-
Origiy lwlper effect. E.xpandmg (8a) and adding the
eSire?i Cross modulation term of (4a) we find for the
carrier, modulated by the undesired modulation

*b
ecay«
€ause of the changed de-component
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DC-COMPONENT — 2 ¢, bs €,2 m, ¢os put +

+3 a3 e,> m, cos p,t =
= DC-COMPONENT + e,” m, cos
put ('—2 Co b-_3+3a;;) (9a)

For term b, = 0 (no demodulation), modulation of
the desired carrier by the undesired signal is possible
only through term a; which produces in phase cross
modulation (black wipe). At some, much higher signal
level rectification begins, expressed by term b.. The
demodulated signal is in turn modulated on the desired
carrier by a following second order nonlinearity, ex-
pressed by c,, 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;).
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 dc current and results in new
nonlinearities of the amplifier (coefficients c).
Baseband frequencies together with second
order distortion c» 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 (overdriven 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 (c,).




APPENDIX II
TEST DATA FOR WINDSHIELD WIPER DISTORTION

e
Amplifier Type: S S Model e e Manutacturers Serial: » ===
Amplifier equalized for ABEoR cabl e atiere i SiRe arse i S __ MHz and °E
RBlAtnessiinansssiia q BEtrom MHz to MHz
Number of test signals Frequencies —
Modulation of undesired signal: TV Signals: = "Random Syncses vt s B B Common; Sync: £ T
Modulation depth of 3
undesired signal: TV Signal: VWhite LSt SESeis (Srq vep SISl ey Bl g ck 35 Pt
Modulation of :
desired signal: TV Signal: Blank Carrier Sync Modulated: ___———
Modulation depth of
desired signal: TV Signal: Black: Grayec @ day o eWhite: b sty
Width of sync pulses: usec Repetition Rate: _psee
Modulation of desired '
signal for measurement: CW Signal: Changed Reptition Rate: . ps€
Overload level determined as: ___ dB below onset of visible windshield wiping
S dB below modulation of desired carrier
Channel of Observation Overload Level Read Output Overload Input Overload
or Measurement on Channel Level in dBmV Level in dBmV
13
12
11
10
9
8
i
6
5
4 |
3
2
Tilt of output signals: Half-Tilt: Full Tilt: Other:_____~ ——=
Tilt of input signals: Half-Tilt: Flat Inputs: Other:—. .=
Powering Direct dc: Direct ac: i Cable Powered ac:____——
AGC-Test: Open Loop: Closed Loop:___
Residual Reading: Hum: Noise:____ Other:
e

194




APPENDIX Il
REFERENCES

1) “Design of Low-Noise Transistors Input Circuits”

(book),

Hayden 1964, pg. 43 ff.

9) “Test Simulates TV Windshield-Wiper Effect,”
Electrical Design News, Sept. 1963

3) CATV System Engineering,

ond edition 1967

Tab Books,

See Reference 3, Literature 1-6 and 9-17.

IEEE Standard, 48 IRE 17 SI

See Reference 3, Chapters 4 and 7.

“Calculating Overload Threshold for Cascade Ampli-

fiers,” Electronic Equipment Engineering, July 1964

4 CHAIRMAN TAYLOR: Thank you very much.

| “Phlause) Do we have questions ?

3 Can we make amplifier tests without knowing the
¢t distortion producing mechanism?

MR. RHEINFELDER: Yes. The important point is,
5 n‘i"er that all tests should in some way relate to per-
A ance in the CATV system in order to be meaningful.
1:: been explained in my paper, there are three types
e Ortion which, singly or in conjunction, may pro-

- OVerload distortion in CATV systems. These types
elstol‘tion all familiar from communications theory,
T0ss modulation, intermodulation and counter-

% n:iatmn Since windshield wiper effect is caused by
e fl‘modulatwn tests for cross or intermodulation
phfmlnor importance for CATV. Even if you test two
ot . 1ers under the same conditions, if the test does
to Clate to observed performance in the field, such a
Would be meaningless. Instead, a test for counter-
Wation should be performed.

tig It You were trying to correlate a measured distor-
Cugy MWmber to a visual field test, what would be the ac-
Ay of measurement?

togy MR, RHEINFELDER: The accuracy of the visual

dlseusy itself is not very high. This is in more detail

a\,aﬂa bsled in the printed copy of my paper which is

Wy £ at the booth. As discussed in this paper, one

Ugq O increase the accuracy of the live signal test is to

ay, A reference amplifier which is then kept as a stand-
' nd 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 CATYV, overload
in CATYV 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 commonplace 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 () 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 in 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-
modulation 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

Igias

it would appear not. The low frequency collector
characteristics are shown in Figure 2. It would 2P~
pear that the collector current remains nearly con~
stant regardless of the voltage swing on the collector
The transistor is a good,constant current source 2
low frequencies; that is, it's output current depen.ds
only on the base voltage. It is also clear from this
figure that what happens at the output has very 1ittle
effect on the input, i.e., the transistor has a low
reverse transmission.

Figure 2

Ve VBias
At high frequencies, however, none of the forf
going remains true. There are certain undesir
properties of the transistor, known as parasitic®’
which give the transistor considerable reversé
transmission. Figure 3 shows the two main paré
sitic resistances: the emitter inductance and the




Figure 3

Le

?°1lector base capacitance. The emitter inductance
INcreases the reverse transmission because it is
Common to input and output circuits. The collector-
ase capacitance provides a direct path from output
?0 Inpyt, Although the emitter inductance can be quite
‘mportant in some transistors, I will only consider
€ collector base capacitance which is usually
domingnt, \
" This capacitance is rather peculiar, inasmuch as
s value varies with voltage -~ it is non-linear; thus
€ reverse transmission of the transistor is non-
tonear' This means that if a signal voltage is applied
the collector there will be a distorted current
i OWing out of the base. Part of this current will flow
o the external circuitry, but part of it will flow
iack into the transistor base where it will be ampli-
ed, Causing a distorted collector current to flow.
ape hnew result of all this is that the output impedance
Pears non-linear and contributes cross-modulation
d other distortion to the amplifier characteristics.
e Let us now suppose that the transistor is driven
Wilin a high impedance source. If this is the case ij
Wil be zero and the whole of the feedback current
thyg flow back into the transistor. The distortion will
be greatest in this case and will be less if the
Sistor is fed from some finite impedance.
i .The important point is that the distortion result-
QOn;??m a signal at the output is dependent on the
. Mtions in the input. Everyone who hag worked
transistors at high frequencies knows that what
One at the output affects the input and'this is also
€ of distortion.
Let ys leave transistor amplifiers for a moment
ist:ionSider an old fashioned tube amplifier of the
By buted type. Part of a typical circuit is shown in
Dlifi:: 4. Two differences from the transistor am-
are immediately noticeable. These are (1) the

Ig
t
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output impedance is matched to the 75 () 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 R the terminating resistor and do not
modulate the tube characteristic significantly.

Figure 4

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 the effect of these reflections
will be felt at the a/mplifier input and amplified,
resulting in a change at the output.

Figure 5
e
> I\ —_—
Rt &
o ®_ <
€R
Zp
AN
<

Now consider the case where the reverse im-
pedance Zp, 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 depends on the
source impedance connected to the input of the




amplifier. Usually amplifiers have their input and
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
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 transmission of the ampli-
fier is considerable, there will be reflections at the
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 75 Q)
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 microwave 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 aj, by, ag, and b, 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 Q. In the present case
it would be more useful to normalize to 75 Q.

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: Sj is
the input reflection coefficient with the output termi-
nated in the system characteristic impedance (in this

case 75 Q). Sr|2 is the reverse power gain of the
amplifier, [Sfl2 is the forward power gain and Sg 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 Sy 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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Figure 6
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is easy to solve if the scattering parameters are
given.

Figure 8 shows the variation of input reflectio”
coefficient versus reverse transmission. Notice
the importance of forward gain. As the gain of 2%
amplifier is increased the reverse loss must b€

Figure 7
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Figure 8
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Correspondmgly increased, otherwise the input will

Come too sensitive to output reflections.

% The ordmate of this graph is plotted as S,. and

Ca.nee IS | is the reverse power transmxssmn we
Simply take

20 log -S—
73

Ve wish to know the reverse loss in dB. Thus if
t}fels 0.1 the reverse loss is 20 dB. You can see from
Curve that the amount of S, that be tolerated de-
S on the forward gain or Sg. 40 dB reverse loss
gaul be a good figure for an amplifier with 20 dB
ut if the amplifier gain is raised to 30 dB the
°rse loss must be raised to 50 dB to give the
€ isolation of input from output.
b hese transistor characteristics impose a heavy
ap N on the amplifier designer. At Fairchild we
hyg rylng to improve the devices used for linear
th dbanq amplifiers and one of the most important
Dy llxsnls to reduce the reverse transmission. The
8pap ATy results of this work indicate that consid-
], € Improvement is possible over currently avail-
[ be €Vices, The improvement can be expected to
| f\ltur:Sed on to the amplifier designers in the near

.

—
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In some transistors there is a distortion cancel-
lation effect which arises because the phase of the
Sy 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 am 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.




"’qfanded band capability. There is still a great deal
‘sh:ulformation needed before a real decision can and
d be made, and we would like to introduce some
M‘;‘ll‘ thoughts into the discussions that are going on
Ve

EXPANDED BAND CATV CAPABILITIES
By
Dr, Leon Riebman and Mr. Walter Wydro

5 Of all the conventions that AEL participates in
TI ;Ilg_hout the year, certainly the NCTA CONVEN-
I Btilis‘ b){ fa? the most dynamic and exciting. CATV
-~ In its infancy. New ideas for applications and
A ld_ly changing technology are the order of the day.
¢ ull.dup for the Convention starts many months
With whispered rumors as to magical new equip-
edafnd new system approaches that are being pre-
the k- Or the Convention by all CATV manufacturers.
e €ssure of these rumors cause the engineering
L ments of all the major manufacturers of CATV
QObprlent to put in many extra nervous hours in order
ﬁﬁe 18 to the show advanced equipments ahead of
&) D:le- Qf all the fields of endeavor that AEL's
‘cer?:ft?ssmnal scientists and engineers are engaged
oy Ainly CATYV is the most exciting and rapidly
8, technologically speaking.
- TV is our Number One commercial effort
Hep It is presenting a tremendous challenge to
technical discipline within our organization.
o eha};e.cATV Industry today is in the painful throes
Uig 8ing from an art to more of a science. When
gy of endeavor is an art, decisions are based on
g b0ns and judgments. In a true science, decisions
CAe on experiments and physical laws.
Ye . TV will always be a mixture of art and science.
ty, Tt Will be the visualizing of future possibilities
Yoy Plications of this new means of signal trans-
Yeay, on, At the present time, the applications ap-
t@m o € unlimited and the requirements on the sys-
The syOlIld be primarily the users' responsibility.
y _Stem owner should provide the specifications,
D‘III,OSItatiVe terms, for the requirements and the
b q : of the system that he wants to build. Once
&yste 18}011 is made as to the ultimate purpose of the
iy a, It becomes possible for systems designers
| Qo;;ufaCturers to scientifically optimize design
hlg Sta for the most effective system based on exist-
N ~Of-the-art equipment.
Ay < topic of our paper today is, "Expanded Band
: apabilities,
bl'wo che beginning, the first systems were only one
dnnels, Then, low channels only came into
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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 CATYV 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 CATYV 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.




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 amplifiers
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, can al-
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
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\
transistors and other considerations, we feel that |

270 MHz should be the next logical spectrum platea“ |
for system designers. The spectrum from 54 - 108
MHz would cover Channels 2 to 6 and the FM band
The spectrum between 174 - 216 MHz would cover A
Channels 7 to 13 as is now the case for twelve chat
nels. Additional synthetic channels would be cré? i :
between 216 - 270 MHz. The spectrum betweel 10 4
174 MHz could be used in the future for special £
ices not requiring high-level modulation signals; %
perhaps facsimile, delivery of telegrams, transmlj
sion of computer data, control of traffic sig‘nals’ Otioﬂ
local interest FM cablecasts. The type of modul? A
at the level of the modulation would be controued.s
that low channel harmonics would not interfere ™
the signals to be transmitted nor would the sigh? 0
themselves generate significant higher harmoni
interfere with the higher band signals.

Some of the advantages of the spectrum abov®
Channel 13 are as follows:

focitl!

1. The system can be laid out with comfen"lonzl
twelve-channel techniques.
o

2. Proper planning and attention to detail 2% tl:;
of initial construction will permit Conv‘?r 0
to expanded band at any time by inStaulngn,
peater amplifiers utilizing the modula® %
cept. The initial cost involved in prep?
your system for expanded bandwidth cant Y
very minimal; e.g., cable manufacturér® :
now sweeping cables to 300 MHz. We U~
you to specify 300 MHz swept cable no“},lal’d’
any new installations. The very small to-
ware such as directional couplers € e'c of
meters, splitters, tap-offs, etc., aré .el ties"
available or present no technical diffi®

nve”
AEL has introduced at this 1967 NGTAIGE

tion a trunk extender amplifier and intermedlate ected
bridging amplifier meeting all specification® einclud’
of the highest quality 220 MHz equipment, Y©
ing extended bandwidth of 270 MHz. e 1in®
We are actively proceeding to round out ¢ 220
of 270 MHz equipment by improving the C‘u:r,e 10
MHz colorvue modularized trunk line amphflztive
handle the 270 MHz bandwidth. Also, under g
development, are compatible headend equipmle aﬂd
the necessary test equipment needed to inst?
maintain the 270 MHz system. i
Incidentally, engineering models of neg ¢ fof )
line amplifiers are easily achieving +52 dbmv ch“ﬂﬂ
-57 db cross modulation when used in a tWe™" ¢
configuration; therefore, we can expect to m.e icafioﬂ
usual twelve-channel cross modulation specltioﬂ' I{]ﬂ“
at 48.dbmyv but with twenty channels in C’I’eraanc6 %
effect, we have gained some system perfor™
added bandwidth.




There is one problem in the proposed system and
a.t is the requirement of a top of the set converter,
Whlf?h converts the synthetic channels above Channel
3 into channels that the TV set can utilize. Such con-
Verters are available from several manufacturers to-
| | "% and thig field is actively being pursued.
- One interesting solution to the problem is to put
- | “mplete conversion directly into the TV receiver;
II}Eulufﬁtc’cure a TV set especially for CATV. AEL has
SCussed this possibility with several set manu-
iCturers and they are very receptive.
! for There is a tremendous need at the present time
iZat§tand?.rdization within the TV industry. Standard-
OWnlon Wwill bring with it many benefits to the CATV
daner. The equipment costs will go down and the
0 Ste 8€rs of obsolescence will be greatly reduced. We
ingong%y urge that NCTA take the lead in recommend-
be rWhlch approach to a twenty-channel system should
€Commended to CATV owners. Once one system
€en accepted, the manufacturers will be able to
caznaihe&}d and modularize compatible equipment that
Minimum cost be expandable in the future.
it 15 “}nother problem area in the proposed system as
a teIYIp:l €very wide-band CATV system is the effect of
3 ual_ratures on system performance. Thermal
] tozzf‘rs .a?e not a satisfactory solution for reasons
R amiliar to you. AEL is currently developing
o €m called Auto-Tilt that will automatically
Pensate for temperature in a frequency selective
ot eerfé It involves, sensing, pilot carrier signals at
i 8 of the spectrum and adjusting the tilt. The
’ system!Success of this system is a frequency flat AGC
bin-gyon AEL's current AGC amplifiers use a novel
A € attenuator (the diode is manufactured by
the 2)7;}1;‘[3 is frequency flat considerably higher than
trolle d AHZ I‘eq.uired and, in addition, is voltage con-
| the g \uto-Tilt should be available from AEL within
h S1X months,
i 270 U8, all the equipment for an extended band
i | Men toz 8y Sf.i6m is either available or under develop-
Capap; ig)ro‘{ldf? you with upwards of twenty-channel
8 .pmegt Within the next twelve months. Today, we
) | ang Sug H.lanufacturers need and solicit your ideas
gystemsg‘istlons as to what you want future CATV
Whether 0 be capable of doing. Don't worry about
a2 i’sor hO}?V, what you want will be accomplished
Straty, . U Job! Knowing what you want, we will
Of‘the-aour Imagination, achieve and push the state-
Ve 0101:’ and surprisingly -- in most cases -- come
{ dape ., o t0 what you originally might have con-
¥l o Tigl Mpractical, It does not take much foresight

Qhangln 01; courage for us to predict a very rapidly
3| Next evg echnology in the CATV industry during the
P D,ating Wiyears. We, at AEL, are proud to be partici-
i f"ldi th you during this pioneering period. We

v -
Ty 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 desire, they will come
up with the product. I believe we are seeing this
come frue.

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 ? i

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 design 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 MATV 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 W
are referring to, and I say '"pulse', or the use of
low-level FM modulation, for example, will render
complete immunity to amplitude interference causé
by the harmonics of the low band.

The use of sub-carriers or FM modulation WOuld
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 harmoni¢®
do appear in Channels 10 and 11.

MR. SHIELD: My final question T wanted to 88
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
octaves. If you continue to use the standard televie
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 b€
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.

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, ho""
ever, the harmonic problems in most of these ch#
nels are relatively minor.

By putting the rest of the channels above
13, we have eliminated the need for harmonics
ing within the band. They are not there, and they -
are not falling within the bands not occupied.

The suggestion for the non-occupied band 1%
use it for service that can be handled by a for™ 5 20t
modulation such as FM that can be made interfer®
free.

-
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CHATRMAN CLEMENTS: Thank you very ™
We have time for one additional question.
i’

MR. WILLIAM HENCHE (General Electric.czef
vision Corporation): We have been watching ﬂfls i
velopment of the extra channel concept here W pec”
siderable interest, and a little concern, Ihave el
in frequent consultation with our television recelthi5
people, our Television Receiver Department, on £
same subject; and I can tell you that they are Veto
much concerned about the divergent approache
the extra channel concept.

They have had CATV in mind for some timefc

1
think most of you are aware that General Elec'ffh 16

does make a standard line of television sets W' tb?ﬁe
ohm inputs. I repeat, they are concerned abo¥

O

J==—




diVergent approaches, and they have planned to submit
I8 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
OTum a joint working group of set manufacturers,
CATVY equipment manufacturers, operators, possibly
rﬁepresentatives from the FCC -- if they wish to par-
tlicipate -- to attempt to work toward some overall tele-
Vision industry standardization.

I thought some of you might be interested in this
Particular point of view because I think the last paper
Ju.st mentioned that there has been some discussion
With TV et manufacturers. Iam not sure that any
People discussed this with our representatives at

acuse, They are, however, very much aware of it

d Very concerned about it.

MR, WYDRO: Ihave one comment, and the only
"Mment that I can say is, amen.

CHAIRMAN CLEMENTS: Thank you very much,
o I know that many of you must have other ques-
ions concerning these addresses, and if we have addi-
al time when the panel is completed we will possibly
et back to some of the more pertinent points in con-
SCtion with expanded band use.
S Our next speaker is Argyle Bridgett, from
“icer-Kennedy Laboratories, Inc.
5. He is now Manager of Design Engineering for
KL, He started with them in 1951.
Without any further introduction, I present Argyle
* Bridgett, (Applause)

MR, ARGYLE W. BRIDGETT (Spencer-Kennedy
4 O_I'atories, Inc.): For those of you reading the paper,
first sentence does not sound like anything.
by Actually, if you get down to the basics, they are
ably 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
SIC PROBLEM

(N T}_le basic problems of CATV are really only two.
18 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.

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 ''system 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

developed certain guidelines to aid ourselves in de-
termining the worth of possible improvements. I

present these guidelines here because I feel that theys;
can be of value to you in evaluating cable for your 5Y
tems. Once the factors critical to cable usefuh}‘?ss
are understood, cable evaluation is quite simplifiec:

FACTORS LIMITING CABLE USEFULNESS

There are two primary factors which limit the
usefulness of the coaxial cable.

1. Stability of electrical characteristics
the electrical characteristics of the cable have A€~
graded system performance beyond an acceptable
limit.

2. Functional obsolescence-when the el
characteristics will not allow the system to econ?
cally perform a functional different from that £0¥
which it was selected. RISTIG

STABILITY OF ELECTRICAL CHARACTE: 1o

The electrical characteristics which are Vit#
the system are:

1. Attenuation

2., Shielding

3. Return loss ;tten

A sufficient number of papers have been Wi on
concerning the effect of moisture on the attenuat!
in a foam dielectric cable, so that as an industryr
appreciate the necessity of preventing mOiStur? par”
entering. We also seem to agree that a metaulc .
rier is the only economical method of Pre"ent,lng with
moisture entry. At the present time all plastic®
the exception of the Teflon family, will alloW Y
enter. Some are better than others, but they &
pass vapor at some rate.

ATTENUATION ged

Almost all of the trunk and feeder cable elec”
today incorporates foam polyethylene as the ,dl.du
tric material. The foam consists of tiny; indl,vl 1iber
air spaces which are formed by a gas W ich 1 g of
ated by the heat of extrusion. Another by _.prO ollects
the extrusion operation is water vapor which ce ex”
in the individual air spaces, Directly off of & quit®
trusion line, attenuation of our foam cores areuatior‘
high. When we dry out the moisture, the attef:/er’ it
drops to the level which is guaranteed. How(fo £ pot
is necessary for us to insure that the cable % "
again absorb moisture prior to our placing L i
metallic sheath. foar® oo™

To completely keep moisture from the . over!
the metallic barriers should be complete- 'Ha ; we
experience has shown that this is not prachiss 1 e
know that connectors improperly-installe

—when

ectrical

-




ind we also know from REA experience that aerial
fable will develop at least one hole in the sheath per
1000 feet due to many causes.

The construction must therefore be such that
Noisture will not propagate thru the cable from the
ids or from holes generated in the metallic barrier
allOng its length. There are three paths moisture

¢ Could take:
57 1, Between the center conductor and the foam
Mlyethylene.

|

| 2. Between the foam polyethylene and the metallic
rrier,
I 3. Through the foam polyethylene.
Moisture can be prevented from traveling along
€ center conductor, if the foam polyethylene adheres
! %1t tightly. Moisture can be prevented from travel-
' %8 between the foam polyethylene and outer barriers
tightly compressing the surface of the dielectric.
: Us moisture entering from the ends or at holes
thong its length will not be able to rapidly travel
fough the cable.
The question then arises, as to how fast the mois-
will travel through the foam polyethylene. Actu-
it travels quite slowly. While it might travel ra-
Jally through the cable from outer conductor to inner
A matter of months, along the length of the cable
'S is an insignificant distance. We can easily toler-
: One foot of cable with an attenuation twice as high
Qhanol'mal as long as the remaining 2500 feet did not
Nge,
1 tightl;low do you verify that a cable design is moisture
¢ The test is simple. Apply 15 psi of Freon
i ®Ssure into the end of the cable and search along
1 | lop éngth, and at the opposite end with a freon detec-
| oy Ten feet of a well-designed cable should be suf-
fnt to prevent vapor travel from end to end.
Wy W§ have also learned that a by-product of a cable
ovh 1s made pressure tight, as we have described
R €, will reduce the effects of different coefficients
®pansion in the inner and outer conductors.
fo It is interesting to note that we have had other
} 1058 Materials with which we could achieve lower
log e§, increase our output and achieve better, return
At l_gures. However, we are unable to bond this
b, "1al to the center conductor, and as a result have
by, "mable to make use of it. Another interesting
tlldip oduct of a cable which will not pass vapor longi-
by 211V is the fact that it reduces dielectric shrink-

A
inst];ﬁhould the cable be stretched substantially on

ation,

illy
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‘ taﬁt € have considered above the design and manu-

i attenre of a cable which would maintain a constant

by Qe“atiOn over a long period of time. We must also

d‘lgt rtflin that large sections of the tubular outer con-

by o °F 18 not removed by corrosion. This subject will
SCussed further on in the paper. The factors
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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 prevented,will be
able to maintain a constant attenuation for an ex-
tended time.

SHIELDING EFFICIENCY

This is a factor which is sometimes overlooked,
because of the inherent, 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 signalsto
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

I think it pertinent 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 8. Burglar alarms.

will be buried to improve the appearance of our ex- 9. Fire alarms.
panding towns and cities. We must give serious con- 10. Medical electronics.
sideration to the protection of cables from installation 11. Shopping, ordering and billing.
- damage, damage due to subsequent excavation and 12, Surveillance. ot
damage from rodents and borers. What this means in terms of cable is that wé mu

It appears that a steel tape or strip armor with an  assure that the widest possible bandwidth is aYail’
outer polyethylene jacket may have to be applied for the able to cover such expansion. It appears that it =
worst conditions. Another design approach would be to  would be economically feasible to expand systems 1

seal the outer jacket to the tubular outer conductor the foreseeable future to as high as 300 MH z

with a flexible sealing compound. We may have to con- The return loss is the parameter with which Wed_

sider copper as the outer conductor to inhibit corrosion. must concern ourselves when considering broad b?n
RETURN LOSS widths. As you most likely know, the return loss 18
The return loss of the cable is not affected by ~ a function of how the cable is manufactured and hoW |

moisture. It could be affected by physical damage it is handled during shipment. To manufacture 2 ‘

during installation or during its life, or by severe cor- cable which has a good return loss at channels 2 thrd ;

rosion of the outer conductor. In metropolitan areas, 13, may be substantially different from achieving thelts

ur
we see perhaps, the requirement for making splices at ~ same return loss from 8 to 300 MH ,. It has been 0
each manhole. At higher frequencies, a nominal cable  experience that this could cause a redesign of the
impedance, different than that of the splice impedance, basic manufacturing equipment.

could build up to a substantial figure. While non- The state of the art is such today that good T€-

uniform spacing will reduce the problem, a tightly turn loss can be guaranteed over 8 to 300 MH. In

controlled nominal impedance is desirable. addition, though data is not available to definitely
FUNCTIONAL OBSOLESCENCE prove this, there appears to be an indication that 2 "
As previously stated the economical life of the cable exhibiting a good return loss figure to 300 Mtz

cable is determined by the stability of the electrical will also be good to above 500 MH,,.

characteristics and by functional obsolescence-when CONCLUSION

the original electrical characteristics are no longer The utilization and longevity of a cable depe‘?ds

suitable for the changing function. on how long it will economically perform the desir®
INCREASING NEED FOR CHANNELS OR function of the system. This depends primarily o.n"
BANDWIDTH how long 1t oaniretain its attenuation withoubisiEi
It appears that the most obvious change in function cant increase; how long it retains its shielding ef-

will be the offering of more services. 12 channels for ficiency; and the bandwidth over which a goo.d retd .

many are already being superseded by 20. This is, loss is available.
of course, a dynamic example of how quickly functional If the criteria of development is correct, the
obsolescence can occur, when we consider that in es- state of the art offers the maximum insurance tha
sence 12 channel systems installed one or two years the longest economical cable life will be achie"_e i
ago may for certain areas be obsolete. It is suggested that you use the following criterid
It is easy to appreciate why this is happening. evaluate cable for its life expectancy: e
You are making available to each subscriber a total a. Is the cable moisture tight — apply presS“
communications media — you can supply sound, video to one end and determine if there is any leakag®
or data. In reasearching ideas for this presentation, through the cable. i
I was impressed by the thinking of the system design- b. Is the outer conductor susceptible to spl ding’
ers. I would like to list some of the possibilities: — flex the cable to determine if it will sustain enis’
1. T.V. between schools and class rooms due to c. Lightning protection — check the D.C-. L8
shortage of teachers. tance of the outer conductor. E
2. The teaching of various types of skills — dif- d. Corrosion resistance — apply pressure pe
ferent channels for different skills required in that neath the cable jacket and determine if there are
area. leaks. 108%
3. The teaching of-languages. e. Return loss — what is the highest retur?
4. Data transmission in business such as inven- and broadest bandwidth obtainable.
tory records and work loading. tioﬂg?
5. Stock market reports. CHAIRMAN PENWELL: Are there any ques
6.Civic affairs, congressman direct to constituent bollt
— perhaps as far as registering a vote. FROM THE FLOOR: You said something #
7. Automatic reading of water, power and gas teflon. Have you used the family name ?
meters.
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MR. KUSHNER: The family name is fluorocarbon.
Teflon 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
Mojsture out of it. Iam a little confused.

MR. KUSHNER: When we make our cables, re-
8ardless of which way the industry makes it, we take
dcenter conductor and extrude a dielectric over the
‘nter conductor. Then we apply some outer conduc-
for around it. There are different outer conductors.
x}foam polyethylene, when we extruce it, moisture is
Yight inside of it. Fortunately we can drive the mois-
Ure out, If we could not, we could not use this
Material,

FROM THE FLOOR: You drive the moisture out
Uter you put the outer conductor on ?

MR. KUSHNER: No; before. Before we put the
| Uter conductor on we drive the moisture out.

L 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.

FROM THE FLOOR: But not because you were
'aid of moisture? The paper you wrote came some
e after that,

MR. KUSHNER: The 201 cable stuck to the center
n_dUC’cor. In that cable we had it sticking there for an
; nltrely different reason. We were sticking it to the
€r conductor to maintain stability of the dielectric.
L Foams have a characteristic also of shrinking. By
(i Sring it to the center conductor we give the foam
I l:msional stability. A problem with most plastics
by o at they will shrink or expand, but if you obtain a

M, 10 some metallic member you give it inherent
bi ity,

Ring, MR, DONALD LEVENSON (Wheeling, West Vir-
fgu ): I have been using the Freon technique for about
ta By €ars, and I think you might point out that you
"llt Aso uge this technique for finding pinholes in the
¥ sheath of a cable by putting the entire reel of
€ In a polyethylene bag.
ar I might make an observation, I have never found
of cable yet that you can't get freon through,
Ina ® feet but 2,000 feet. I may be wrong, and there
ilwa € 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. PAI: 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. PAI: Yes; say 412 or half-inch, and so on.

MR. KUSHNER:
50 MH and on up?

And this is at frequencies from

MR. PAI: 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 the 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 really 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.

MEMBER: Aren't you just saying it upside
down — that the functions he is after are practicauy
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 0n€
of my problems. As a matter of fact, we have spoker
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 W&¥
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 aré
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
years ago, there was a very definite pick-up fro™
two cables if they were side by side. There were
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 db-
That is from each cable. So, we are 60 db plus 60 i"
and|that is 120 db therefore we have a order of I
tude of difference.

MEMBER: Would you touch on something for_m-e
that is rather elementary? This matter of per! <
discontinuities that are causing your return loss 0
go down — to be lowered. Is this such a gerious
problem when compared to the components that wee
insert in the cable — splices, amplifiers, that h"’fger,
a termininating or output impedance that is cons?
ably inferior to the cable itself ? o
It seems like your cable is so much better th
the equipment,that asking for a return loss of 30
is rather gilding the lily, so to speak.

mmmmm&TMmmmemmﬂWw
like to make in that connection: No. 1, we have tg 3
think of the characteristic of obsolescence. MaY b
ten years downstream our system will be SO ml}I(‘:h ¢
better that the cable will be the poorest point.
is one thing to consider.

No. 2, the total system performance is €
the sum of all its parts. Perhaps in all hones ’
cable is|so much better that what is the differe™
between 30 db and 26 db? It doesn't add that ™"
the sum. That may be valid. 3 you

'No. 3, I think the real question is: What % s
going to pay for it? If you have to pay twice 8°

qual 2
ty the
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10 go 3 or 4 db return loss, you won't pay it. What
teally happens today — and I think this is what we
dpply when we buy any component — is that we buy the
best there is if the price is reasonable. There really
1§ no set answer. Right today — Two years ago, if you
bought the best there was, perhaps you only got two
Jears out of it; but if you hadn't bought the best there
Was maybe you would have gotten less.

MEMBER: I wonder if this might be related to
ghosting, smearing, and things like that.

i
j‘ MR. KUSHNER: Very definitely.

MEMBER: Connectors and periodic connectors
4 fvery 250 feet, probably would contribute more to that
B 48 a problem than just little periodic discontinuities
' the cable itself?

MR. KUSHNER: No doubt about it. As a particular
®omponent in your system today, the cable, as far as
Yeturn loss is concerned, is the best you have; but it

, loes add to the total picture. How much it does lose is
A question.
There is something else here we shculd not forget,
Vhen we are talking about an individual system. You
ave to be aware of cascades. If you cascade a system
O the limit you can get yourself into a zituation, even
With 30 ab cable, where you might have a problem.
There is a characteristic about cable that we
§ Ould be aware of. I think the return loss character-
Stic of cable is something we don't have a really good
fel for, In other fields we talk about transfer function.
flurn loss is something we can measure because it is
;sy to measure it. We can all buy the equipment for
3000 or $2,000 to measure return loss. People
E()mg into the metropolitan areas are measuring re-
Qorn loss on every piece of cable, and they are really
NCerned,
What we are really looking for is not the return
085 characteristic, but it is something else we can't
easure. We are looking for attenuation spikes of
i *SS than .1 db. Our equipment is not sensitive enough
{ Ineasure it. What happens is that in cascaded sys-
S, if you have a spike at the same frequency, you
1 still end up with 30 db with a noticeable attenuation
Signal or noticeable reflection.
If you could get 40 db cable, I would say, get it.
0 € broblem is, we also have to be careful that as
Components get better we are going to be seeing
N €r things that we never saw before — things we
th €T really expected would hurt us. I must admit
b‘lt Uying the best return loss is a marketing axiom,
It think 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.
Thank you very much.

In the worst case it could.
(Applause)
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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
Walt 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 "CATYV Coaxial Cables
Standardization ?"" 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 CATV 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-

274

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 i8
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
cables underground. One is the direct burial metho
and the other is the ducting or subshielding, as W€
call it. y

Generally speaking, we do not recommend di=
rect burial, per se. It is our opinion that it is tO_O
earily damaged or cut and is very costly to repair
or replace. In our system, being as shallow as e
are, we are cut on the average of once a day, 369
days a year. So, we have gone to a system of, WHES
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 rac€”
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 thal
going overhead; but this is offset, I feel, by the n°~
makeready charge and no pole rental fees. S0;
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 18
shared or split by anywhere from two to four 4
ties. 'Also, in new subdivisions we will put the ¥
way system in and not commit the cables or the
amplifiers at this time because in a great many
subdivisions will go in and there won't be 2 hous®
built in there for a year. ots

We have devised some methods of sealing U
and cables. We have used shrink tubing; we have ¢
used tape; we have used practically everything t
comes out. You can't seal them.

The duct sizes that we have stand
trunk and distribution combinations — we Wi
2 inch duct. For distribution we will use 1-1 4 outr
This gives us plenty of leeway to get back in an o
We space pull points no farther apart than 250 fe,,e,
This facilitates the repair and maintenance, and Ls,
duces the time that you may have to have your o
tomers off the air due to a bad or damaged caP e'n
You can pull in pretty quickly 250 feet of cables s
you can isolate your problems down to 250 feet

tili-
ace”

case®

ardized 0B 108
jLuse? .
/2 inch®
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reasonably rapidly. We feel it is much more econom-
leal 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,

ind T imagine there are many areas that have as bad,if
ot worse problems; so I will stop at this point, and
Say thank you. (Applause)

CHAIRMAN PENWELL: Thank you, Ted, I think
- We will defer questions until the panelists have all
Commented. Don't get frightened by Ted's early ex-"
! 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
thege problems didn't worry me when we first started
In with underground cable. We have about 200 miles
% cable buried underground in Sarasota, and it is all
livect burial.

We have found recently that General Cable is
Irla-klng an armored cable that has a double shield on
t with a floating flooding compound in it, and in be-
Ween the double shields are stainless steel spirals;

- d we are standardizing on that for all of our trunk

‘@ble, Tn areas where we use in-line taps (and they
e very few) we are going to use that.

We have taken shovels and axes and abused this
‘@ble as best we could, and find it is very difficult to

‘ Set through to the second — it is not a polyethylene

U sort of a coarser material than the normal poly-
hylene. We feel this flooding compound gets away

'om the pinholes and other things that you do

Neounter.,

Our decision to go underground is usually based
Pon one of several factors, one being the unavaila-
111ty of poles or restrictions of the subdivider, or
S€ the desire to cooperate with Mrs. Johnson's
“Autification program. Although considerable types

. Cable have been buried, we still have to use some
geIlul‘cy and inventiveness to develop the necessary
dware, This is one of the biggest problems we
Ve found, because, as Ted said, in each area you
Ve problems of a different nature.

{ We do believe that underground is a superior way

! Put in a cable system, although you do have a dif-

ha:nt set of problems, and the fact that so little of it

th been done scares almost everybody when they
K ahout it.

You do get away from the annual pole rental, and

W W don't have the problems of temperature changes.

Iy have made studies and have found that at about 18

€S in Florida we have only a 3 or 4 degree tem-

atl11‘e swing in any period of time.

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 hav
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

e

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 comes 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 usé
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 wé
sought permission to take a concrete saw and cut 2
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 an
air jetting, and the highway departments have stopp®
this practice because it isn't good for the road s¥S~
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.

Basically, from our point of view, underground
is not too much more trouble than overhead. We
have four systems in Florida; two are undergrou™
and two are overhead. We really haven't been in
operation long enough to get an honest compaI‘ative
cost.

Our experience in building in Sarasota uﬂde?'
ground has taught us a lot of things, and we are lm‘t
proving some of the other systems. We do feel tha
the manufacturers are recognizing the fact that 5
underground is here to stay and there is going to ;
more and more of it. I am sure you have noticed 1
some of the exhibits that instead of having every~ @
thing for strand mounting they now have right-ané
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 question
and I will be very glad to answer them. (Applaus g

s later,

CHAIRMAN PENWELL: Thank you, Sam-

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
Companijes that are promoting underground systems
On the basis that they are more reliable and more
€conomical.

! Seomone asked earlier, what was meant by long
fe? 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
Most of the utility people we talk with -- power com-
Panies ang 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.
Our present situation is that underground instal-
ah) N is generally more economical and more reli-

€. It was not always this way. Both high cost and

Poor reliability were almost trademarks of under-
Ez(’rtnd installations some years back. The learning

e has really been steep, particularly in the past
C‘Z;’IV: to fift.een years when we have seen very radi-
in c anges in both construction of the cable and in

Stallation techniques. There are a few of these

at are worth mentioning.

aveldfeel that in the field of cable construction we
o eveloped a truly new technology in the selec-

and use of non-metallic coverings to protect the
ast‘zCOres from underground environment. In the
front iﬁiﬁe or two polye.thylene h‘?ls been a consistent
Very e G;I; :ssoisc?ol;retrmg 11r1r1a‘cer1.a11 f(.)r a number of
t S ; | ut early appho:atlons‘ of. poly-
Sultg :;.s a covering gave very disappointing re-
T the’ :.n there were many unexplained cable failures
arly days.

iout'Of this came a long and comprehensive in-
gation that was participated in by raw material

latio

Vest

Supp}

i :
AN dptefrs’ cable manufacturers, power companies

€phone 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 fo act as an impervious 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 generally 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 collective,engineering 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 I.mentioned, there 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 before)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 the 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. '
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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 conductols
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 losses of a foam dielectric (one of the twO
major materials usedf) 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 0
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 additioﬂﬂ‘1
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 coB~
sidering plastic materials for a sheath. If no other
barriers are present, it will permeate into the cor®
the losses will go up to some saturated value. P€r~
haps you could design a system on the basis of this:
but then I think you would have to consider the 1088
of the cable as being that saturated value. Now com”
pare economics with cables such as the solid diele”
tric, which may have started out a little larger buf .
now you find the relative losses can turn around a2 5
actually reverse. So, I don't think this is a way 10 gll
about presenting the system. Assuming this, W€ wi
have to offer protection.

. Mark mentioned the seal required to prevent o8
water movement. This seal also would havgoand do
have,an influence on the water vapor or moistur® |
vapor that permeates through the core. Picture this
cable lying there with the polyethylene sheath, 8@
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
stick your hand in, but just space -- the moisture
then can travel in parallel, you might say, and frog
this parallel attack can slip around the sheath, 3™
if there is an opening it can surround and attack
core again in parallel. 3!

If you fill this space either by sealing the poly
ethylene to the tape or by filling it with a flooding
material, you accomplish the same purpose. Yout
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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-
€ntation. 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
Mmove, it won't move far before a junction of some
Sort, a connector or tapoff or something -- it will now
become defective because of the water that'éained
€ntrance 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
Culprits 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

OTeign workman damage, rodent damage or perhaps
4 pinhole puncture of a sheath as a result of a surge
i 1igh’ﬁning -- all of these obviously now lay the core
,°f the metallic sheath open to corrosion if such can
Occur,
& After spending a few minutes this morning re-
ewing a hook on Underground Corrosion, published
Y the National Bureau of Standards , it would appear
3 at you are always susceptible to corrosion. I picked
P a few numbers, not to try to impress you with num-
TS but just to indicate the range of corrosion that
y:‘,‘ might experience depending on locality. This
Olngs out one point: if you are considering buried
ons‘t.ruction in a particular locality, corrosion in that
Cality involves a unique set of circumstances and it
pol;:: be scrutinized and examined from that view-
+ This book, if it is of interest to anyone, very

1

:iely Wwill not have answers for your own problem,
I have found it an excellent reference. It shows
aps and distributions of various soil types and areas
e- Country, and gives you a starting point for con-
€ring corrosion in your own locality or in a local-
v Under consideration.

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 ability, 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 like to ask whether it is worthwhile to duct
rather than to be prepared to replace the cable as soon
as it goes to 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 burial, 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.

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 aré
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 mean$
that your reliability factor is much higher and you
are not off the air as long.

VOICE: Are you working from a pedestal -- th®
drop line from the house to the distribution line?

MR. HUGHETT: Correct; a common pedestal
or a vault. We have used pedestals, vaults, differe”
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 W
had a vault and it was not drained properly there
might be a big cake of ice.




MR. 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 encapsulate, in one
way or another/ 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.

J 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 got out 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 thege factors. The breaks I am talking about ==
Well, somehow they seem to hunt for the cables. Any-

ody who digs in the ground seems to find the cables,
| Ut the ducts are stronger than the cables.

VOICE: Not as far as a bulldozer is concerned?

MR, HUGHETT: Bulldozers won't stop it; but
48ain we are primarily cut by plumbers, by the power
00mp&ny, by the telephone company; and they don't use
l,)uudOZers in built-up areas as a general rule. True,
10 ney 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
Ve with and try to work out on your own local basis.
catuCate the people as to where you are. Try to edu-
€ the people who work in the field to be cognizant of
re you are, and to be careful.

Gey MR. BOOTH: With this new type of cable that

is aeral- has, it is stronger than the conduit because it

h Stainless steel jacket. It is double jacketed. It

Ste a: flooding compound. I would prefer to see it in-
of in the conduit, where you are using a poly-

&t
hylene or water tubing or something like that.
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MR. HUGHETT: It is a duct that is manufactured.
MR. 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 shooting 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 CATYV 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.

Our 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 CATYV 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
feederline are constantly increasing coupled with the
increased demand for better color s{gnal 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

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 designatés
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 2
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 attenud=
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 unifor™
signal level at the set, a sloped in-to-tap attenuatio”
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 €€
the level difference between hi channel and low cha®”
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. Therefor®,
more slope is needed. At the last directional taps
the in-to-tap attenuation is 10 DB for hi channel a2
18 DB for low channel. The level at the televisio?
set is 1.5 DB for hi channel and 2.5 for low chann€:
Now, it is evident if a tap off device does not PrOVIde
a certain amount of slope, especially when the t2P
locations are approaching the end of the feederline’_
a uniform signal level cannot be obtained at the €%
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:

1. Provides uniform signal level at the i
of the television set. ...
2. More taps can be installed with minim¥
_ signal loss.

nput




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 MATV 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

CATYV operators deliver their signals, 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 (MATYV)
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
MATYV system already mixed and equalized from a
CATYV drop and we, therefore, need to concern our-
selves only with the distribution system and the
necessary amplification.

MATYV 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 W°
wish to install a distribution system and deClde o
where we can run the risers most efficientlys 38
as for a suitable place for the amplifiers. TWC
most commonly encountered structures are:

10

A. Tall buildings, for which vertical I'lsers '

most suitable. Risers may, for instanc

be run in utility shafts.

B. Long buildings, such as motels, for thhos‘
horizontal risers (or branch lines) 8%
suitable. i

ol

A separate TV conduit system should be inst?
in all new buildings.

11010

In existing structures it is often not posslbl #he
use wiring inside the building. A cable run 2 O
top periphery of the building with perlodlC?J11 3 L
serted multiple tapoffs and individual drop ca i
each apartment can be used in such a caseé.
lustration below makes this clearer.

7

=
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‘ For existing tall structures one may use a series ELECTRICAL DESIGN OF THE SYSTEM
SO 4.way, or asymmetrical splitters on top of the

ing with drop lines down the outside walls and After it is decided on how to run the risers and
sees_sul‘e taps located just outside of each apartment. where to place splitters and amplifiers, one must
Uustration below: 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):

D 1. Matching transformer loss.
D p

2. Tapoff isolation value.

D 3. Thru loss of all taps on the particular riser.
B ]—& 4, Cable losses.

f 5. Splitter losses.

l\‘ ' l It is customary to use graded isolation on the

taps just as is done in CATV taps. The last three

0 taps on a riser are usually 12 dB. The next ones (ap-
F . 1 . .

% OT sma]] installations, it is also possible to run et ) SERNT I o oS I ) i

%t' 8 of splitters with individual lines to each ten- typ es: BEShIADR IR Abvneon Dica s fuiiie iy
8 Ty s used in MATV systems. If pressure taps are em-
7 ployed one is forced to go to RG-11 type cable be-

d 1 There Are o greatvariety of MATYV tapofts avail- cause there are no pressure taps for RG-59 type
% Sucy, e cable available.
Al A, e noLitad iy be b Tox o Sting buil Angs Let us lookat a sample system and its loss
2 computation:
Bl
Flush mounted types (usually fit into GEM
: boxes),
(4
C
. Mlll .
: tiple output types. . 1513,
I 60"
75 ohm output types.
& []
300 ohm output types. 3(7'
R, ]
Pressure taps. / e P
\ ™ 23
Qba(ie:taﬁii‘ffictlxrer's MATYV catalogs are a good source in :;
Mg ed tapoff information. The key electrical a 3
Tistics are, as in CATV taps: z
a < 17
Solation (typically 12, 17, 23dB). < i
} E: 33 CABLE: 59 FOAM
Thry loss (typically 0.7 dB for a 17 dB re- 3 L iz

Sistive igolation tap).

iy o
\ ta d be noted that it is not necessary to ter-

t%n. USed tapoff outputs; risers however must all
Wateq,
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The losses for the longest riser are:

Matching xformer 0.5 dB
Tapoff isolation 12.0 dB
Thru loss: three 12 db taps @ 1.2 dB 3.6 dB
five 17 dB taps @ 0.7 dB 3.5 dB
two 23 dB taps @ 0.4 dB 0.8 dB

Cable length 9 x 15' + 30' + 60"
- 225' @ 4 dB/100' 9.0 dB
One 4=way splitter 6.5 dB
One 2-way splitter 3.5 dB
Total distribution loss 39.4 dB

In case all tapoffs are spaced equally (as was the
case in our example) 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 dBmV (except for areas where local pickup is a
problem and move than 6 dBmV 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

Il

39.4 dB (distr. loss) plus
0 dBmV at the last set

39.4 dBmV

Gain = 39.4 dBmV minus 6 dBmV 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 dBmV, although higher inputs such as 6 dBmV
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.

23055

[0 o]
.

10.

1l

12,

Run your cables separately from the elect |
wiring because the electrician may damag®
your coax cable while pulling his heavie®
cables.

Run your cables away from plumbing Pipe:];e
even if the soldering is finished, becaus® * 4
system may not have been tested for leak®
resoldering of joints may be necessarys
possible damage to coax cable. CoaX g0 ated
always be kept away from steam and
pipes to avoid damage later.

Always drill your own holes through joisté
studs, block walls, etc.

o
Never run coax between cracks or Separat;:r
in joists or walls. These openings ma¥ 1o
close and crush the coax as the buildin® B

168
For systems without conduit, use ghort stzptilﬂl
to hold coax inside still open walls. At pu]l
of final hook up it will then be possible g,
slack as the short staples can be pulled

0

o
Install 2" deep ROMEX GEM boxes wher:v
tapoffs are required. Set the depth of th
boxes from the stud to be slightly les8 e
the thickness of the sheet rock or wet nwf
GEM boxes should be mounted 18" on ¢
from finished floor.

Local and national electric codes must s
followed. t
jo?
Leave approximately 6" to 8'" of cod¥* c.alzhiS
each box for connecting the tapoff. (el ool
slack into the GEM box. Gently tighw’;he
clamp. Tapoffs will be installed afte”
walls are finished.

)
When installing the tapoffs remove th,e fhe
cable clamps to provide more space ; e
box. Install cover plates after walls #

painted. y
bl
119
Be careful to terminate each and evelfytioﬂ
(usually explained on the tapoff instT
sheets). y)
s
A ; t way % iﬂ”d
Determine easiest and/or shortes 1
coax. Install coax to tapoffs as pre

in drawings and calculations.




g MATV INSTALLER AS CONTRACTOR

'YstIn n.ew construction, its customary that the MATV
is ®m is part of the electrical contract. In this

€, the MATV installer is a subcontractor to the
iitl‘ical contractor. Listed below are a number of
d 8 to be aware of:

L. Written specs for the MATYV installation are
o part of the electrical contract.

2. MATV subcontractor bids to the electrical
Contractor. This bid usually includes all
€quipment and cable in the MATV system,
€Xcept the "GEM' boxes.

] 3. Lahor included in the bid would be for hookup,
drawings, wiring diagrams, engineering, de-

liveries and final system check out by the

101 MATYV contractor.

I 4 The MATYV contractor usually provides one
Year system guarantee to the electrical con-
tra.ctor, who in turn guarantees the system to
A the owner.

5 ALl correspondence with the architect, elec-
| trical engineering firm, or the owner is
handleq 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-
Mitted to the electrical contractor by the

gt MATV contractor. The electrical contractor
; I turn submits this, under this cover letter,
lo for approval to the architect.

7l
Ele(:trical contractor furnishes all (roughing)
hor up to Head-End connections and final
Check out,

’ MATY sub-contractor must instruct electrical
Contractor's personnel in the proper method
and handling of all associated MATV equip-

bl Ment, (supply equipment-instruction sheets

Ud drawings if necessary).

p Obtain from electrical contractor a copy of

j rfOrk schedule with equipment delivery dates

0 18ted,

0, b,
au‘al checkout and acceptance of system to be
arranged with electrical contractor in accord-

NCe with specifications,

In some cases, the MATYV installer is the prime
contractor to the owner. Here are a few hints for
such an arrangement,

1. MATYV 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 MATYV 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 MATYV 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 CATYV signals in future in-
stallations rather than put up a HE with its own an-
tennas. As CATYV 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 MATV 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. x

Obviously there is not enough time to go into all
details of MATV techniques; MATV product manu-
facturers are however more than happy to furnish
additional information.

In conclusion, let me say that MATYV 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. Iam
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.): Ihave a question. What is the
status of UHF and MATYV ?

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 MATV sys-
tems, because once you have 20 channel systems, the
additional channels may be moved up to the UHF band.
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FROM THE FLOOR: In CATV systems we &
somewhat concerned about how much signal level _toed
put on 59/u cables. One of the things we have notlcout
in these distribution systems is that amplifiers &
at 40 dBmV and are going into single shield coaxi? ¥
cable, and I believe they do radiate and create pro
lems. !
Is there any consideration of this at the mor®

MR. SCHULZ: Many installations in MATV aie
made with cable of the 59 type. We have found 'fha
rather than the radiation problem being one, it 18
conversely the local pickup, which is the pI‘Obl‘?n; el
and to solve it you may have to go to double-sh€" "
cable. The installation techniques are very imp? e
ant. You do have to provide good grounding of e‘
ment, possibly putting amplifiers in radiation €
closures, with proper feed throughs so there i ie,
minimum of signal going on the outside of the 4

FROM THE FLOOR: What I was primarily o
cerned with, the FCC regulations indicate that yoo
should not radiate more than a specified value 5 BmE
a meter on any coaxial cable, and putting the 40 %
on the 59 cable would apparently violate the fegu] p
tions. I have recently been involved with some s'th
tems, and my approach is that it seems to m€ ¥
CATYV design system, using the double-shield® o
cable, using hybrid couplers, et cetera, it bec®
very costly as a process for doing it. oit

I cannot, however, think of another way v
and still remain within the FCC requirements:

8l
MR. SCHULZ: In many MATV system$ You:ield'
the conduit system which acts as an addition? ave t0
When you go into existing buildings you migh the
go to double-shielded cable for a portion Whe™i
signal levels are high until you come to the &P %
ters. You might have to use aluminum cable
that point if radiation is a problem.
el
CHAIRMAN CLEMENTS: Are there a1¥ Ottl?ere
questions of Fred Schulz? As I understand 1 o
are copies of his manuscript in the rear of e ot
We will vary our agenda somewhat at & ronics
and ask Dr. Leon Riebman, of American F e.c ot of
Laboratories, Inc., to address us on the U
EXPANDED BAND CATV CAPABILITIES:
Dr. Riebman,
DR. REIBMAN: Thank you, Mr. Chaifm;ﬂnity i
It is a pleasure for me to have the Oppzer wi
to present this joint paper prepared by we 1, oct th”ti,
my colleague at AEL, and myself, on a sUPI®C o *
is still in a rapidly-changing environment. 058 g
still a great deal of flux going on in the busi®
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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 75 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-1812-X)
(3) next 6 outlets require 17 db isolation
(4) remaining outlets require 23 db isolation




"’qfanded band capability. There is still a great deal
‘sh:ulformation needed before a real decision can and
d be made, and we would like to introduce some
M‘;‘ll‘ thoughts into the discussions that are going on
Ve

EXPANDED BAND CATV CAPABILITIES
By
Dr, Leon Riebman and Mr. Walter Wydro

5 Of all the conventions that AEL participates in
TI ;Ilg_hout the year, certainly the NCTA CONVEN-
I Btilis‘ b){ fa? the most dynamic and exciting. CATV
-~ In its infancy. New ideas for applications and
A ld_ly changing technology are the order of the day.
¢ ull.dup for the Convention starts many months
With whispered rumors as to magical new equip-
edafnd new system approaches that are being pre-
the k- Or the Convention by all CATV manufacturers.
e €ssure of these rumors cause the engineering
L ments of all the major manufacturers of CATV
QObprlent to put in many extra nervous hours in order
ﬁﬁe 18 to the show advanced equipments ahead of
&) D:le- Qf all the fields of endeavor that AEL's
‘cer?:ft?ssmnal scientists and engineers are engaged
oy Ainly CATYV is the most exciting and rapidly
8, technologically speaking.
- TV is our Number One commercial effort
Hep It is presenting a tremendous challenge to
technical discipline within our organization.
o eha};e.cATV Industry today is in the painful throes
Uig 8ing from an art to more of a science. When
gy of endeavor is an art, decisions are based on
g b0ns and judgments. In a true science, decisions
CAe on experiments and physical laws.
Ye . TV will always be a mixture of art and science.
ty, Tt Will be the visualizing of future possibilities
Yoy Plications of this new means of signal trans-
Yeay, on, At the present time, the applications ap-
t@m o € unlimited and the requirements on the sys-
The syOlIld be primarily the users' responsibility.
y _Stem owner should provide the specifications,
D‘III,OSItatiVe terms, for the requirements and the
b q : of the system that he wants to build. Once
&yste 18}011 is made as to the ultimate purpose of the
iy a, It becomes possible for systems designers
| Qo;;ufaCturers to scientifically optimize design
hlg Sta for the most effective system based on exist-
N ~Of-the-art equipment.
Ay < topic of our paper today is, "Expanded Band
: apabilities,
bl'wo che beginning, the first systems were only one
dnnels, Then, low channels only came into
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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 CATYV 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 CATYV 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.




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 recom-
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, ""Are 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, Ithink 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 answer to the
difficulty of how to attract a subscriber who can al-
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.
_A&'or the rest of your comment, all I can say is
that I disagree with you for the reasons I have stated.
I just, pure and simple, do not agree. I think it is
wrong to take the solution to a particular problem

for a particular customer, and 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 verylthorough view of the whole system
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 CATYV)

Mr. Kleycamp. (Applause)

MID-BAND USE IN CATV SYSTEMS
BY
GAY C. KLEYKAMP
INTRODUCTION

This is a report on a series of tests and sit?
lated as well as actual CATV system operation W
the application of additional TV channels in the 12 e
to 175 MHz frequency spectrum. This region is g° ~
erally referred to as the "mid-band''. Standard prf
duction unmodified Phoenician Series trunk 1in€
amplifiers (KAISER Model Nos. KGAA and KGMA)
were used with normal 22 dB spacing.

In assigning the frequencies for the various
band channels, it was considered practical to U€ 18
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