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Abstract

CATV distribution systems are expensive. To reduce hardware
costs, we have developed a package of computer programs
that generates complete layouts and designs for CATV dis-
tribution systems. Since the computer does not rely on
"intuition", it is not restricted to using routine approaches
but is free to select the best combination of compon-
ents and layout which meet the system specifications.

To illustrate how money can be saved with network optimiza -
tion by computer, we examine a number of results derived from
actual computer runs. These results include the layout
of feeder and trunk cable, the location of distribution
amplifiers, and detailed assignment of amplifier locations
as a function of cable sizing and coupler assignments.
The computer's designs not only save money but are free
of the approximations, rules of thumb and inadvertent
erroms introduced by human designers.

Introduction

The large number of subscribers and the requirements on
signal quality make well-designed broadband cable tele-
vision systems among the most difficult networks to achieve.
For this reason we at Network Analysis Corporation have
combined modern network analysis and computer methods to
optimize CATV distribution system design. The result is
a computer program which completely engineers a CATV dis-
tribution system. The computer-designed systems, when
compared to manually-designed systems are produced faster,
are more dependable and have significantly lower hard-
ware cost. Furthermore, once a design has been devel-
oped, its details and specifications are already in a
form suitable for computerized inventory, maintenance
and replacement studies.
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The Problem

The CATV systemdesigner is faced with ahost of competing
variables and requirements such as cross-modulation,
noise, bandwidth, temperature, alternate routes and
component characteristics. Somehow, he must contend
with all of these factors to produce his design. The
design involves many crucial decisions.

TABLE 1

The Complex Decisions for CATV Design

Selection of head end sites

Location of messenger cable

Selection of trunk distribution points
Selection of components and manufacturers
Selection of amplifier output levels and gains

Location of trunk and feeder cable

Sizing of cable, location of amplifiers and
assignment of splitters and couplers

Specification of tilt compensation, padding
and settings for amplifiers

® Assignment of automatic gain and slope
control, and temperature compensation

® Specification of subscriber taps
® Iocation of power supplies

® Provision for future system expansion

If any of these aspects are not given adequate consi-
deration, the result can be a costly or a low perfor-
mance design.

The result of the design process must be a complete
design detailing: location and specification of all
components including cable, couplers and amplifiers,
signal levels, cross modulation and noise levels
throughout the system, a bill of materials, and all
of the other items shown in Table 1 above.

To cope with all this, the human designer must compro-
mise and decide on many of the design parameters either
independently or without examining the full range of in-
teractions among them. These compromises can be costly.
In all cases in which good manual designs produced by
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professional designers have been directly compared

with designs independently generated by NAC's computer
programs, the computer has produced substantial savings
while obtaining equal or superior system performance.
The savings on hardware have ranged from 8% to 40% of
the cost of the manual design. Even for a small system
with only 15 miles of strand, NAC's design was 8% lower
than the best effort of a group of designers who de-
signed their system as part of a competition among
themselves.

Examples of Savings by Computer CATV Design

Since the computer does not rely on "intuition", it is
not restricted to using routine approaches that were
developed to handle similar but not identical cases.
The computer is free to select the best combination of
layout and components which will meet the system speci-
fications. After studying the results of the computer's
optimizations, it becomes evident that the computer de-
signs are based on sound engineering principles applied
in unique and original ways to each particular situation.
The best way to illustrate how money can be saved using
NAC's computer CATV design program is to examine results
derived from actual computer runs. Component specifica-
tions for these examples are shown in Table 2.

The computer can, of course, use any components with
any characteristics from any manufacturer or manufac-
turers. The simplified characteristics in Table 2 are
representative and are used for the sake of illustration.
The specifications, such as output level, which is nor-
mally chosen by the computer, are assumed to have been
selected on the basis of overall system constraints on
noise, cross modulation, intermodulation and performance
under temperature variation. Thus, the examples are re-
duced to their simplest terms.

In the examples we assume the following system specifi-
cations and constraints:

1. The telephone poles are located 100 feet apart.

2. The minimum signal level at the termination of any
feeder is 26dBmV for an undedicated system. Ampli-
fier gains have been derated to allow for subscriber
tap losses.

3. There can be no more than two extender amplifiers in
any cascade.
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4. Cable size can change only at a splitter, coupler,
or amplifier.

5. Amplifier output levels must be exactly as in
Table 2. Variable gains and equalizers are in-
cluded in the amplifiers.

6. 1Items such as AGC, power supplies and reflections
are ignored for case of illustration.

® A cable television distribution system involves
a vast number of possible structures or layouts--far
too many to select by eye, experience, intuition, or
by evaluating every possibility. For example, examine
the strand map shown in Figure 1. Any CATV designer
would consider this system trivial--there are only 4
blocks with 4 telephone poles per street. Yet foreven
this simple example, if every street is to be covered,
there are 49,152 possible feeder cable layouts. One
possible layout is shown by the heavy lines.

It is easy to see that even for a very small town with
only 15 miles of strand, the number of possible layouts
is so large that both intuition and brute force enumer-
ation of all possibilities fail as optimum design meth-
ods. In fact, for most small systems if one were to
cover the earth with computers each 1 square inch in
area and each making one million evaluations per second,
it would take more than the lifetime of the universe to
examine all possible system layouts for the town. NAC's
computer programs are able to avoid these problems to
produce savings.

® Cable is available in certain fixed diameters.
For trunks, designers usually select .412 inch, .500
inch, .750 inch or 1.00 inch coaxial cable. The dis-
creteness of cable sizes can invalidate most insights
the human may have while at the same time creating a
huge and onerous selection from possible cable size
combinations. Even for the small section of trunk
shown in Figure 2, with cable sizes changing only at
splitters or amplifiers, and allowing only two possible
sizes for the trunk, there are 1024 possible cable size
combinations.

Figure 3 shows how the computer's optimum choice of
cable has reduced the hardware cost in one actual case
of trunk design. We assume the location of the first
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trunk amplifier is given. The next trunk amplifier is
moved 1.5 db left, a splitter combination is changed
and as a result $78.00 is saved in cable cost.

e The steps required in creating a well designed
CATV system are all extremely dependent on one another.
It is usually impossible for a human designer to con-
sider simultaneously even a small number of interacting
problems, i.e., distribution point locations and the
complete feeder and trunk layout. But to find the low-
est cost system, many factors must be considered simul-
taneously. The human uses rules of thumb to reduce his
problem to a manageable size. For example, one such
rule used by some designers is: "keep the trunk as short
as possible by pulling back the distribution points as
far as possible."” A design using this philosophy is
shown in Figure 4a. The feeder design shown is the
best possible one given the distribution point. A su-
perior design, produced by the computer, is shown in
Figure 4b. This design has a longer trunk and even has
an extra trunk amplifier. But it costs $158 less.

e Changes in one part of a design can often have
suprisingly significant effects on other seemingly re-
mote parts of the system. Engineers have great diffi-
culty in considering more than one local area at atime.
For example, in the system of Figure 5a, a designer
placed a 3-way hybrid splitter, the SP3W, on one output
of the trunk bridger. He correctly judged the trunk
bridger with 4 feeder outputs to be wasteful in this
situation. Iooking at the overall picture, the compu-
ter cascaded an SP8 and an SP3 to obtain the design
shown in Figure 5b., using one less extender amplifier,
with a resultant saving of $92.

e Small changes in design decisions can cause
large changes in cost and performance. One of the
most complex decisions is the location of distribution
points. $140 was saved by moving the distribution
point only 100 feet from the position in Figure 6a to
the position in Figure 6b even though the layout was
not affected. The money was saved by removing extender
amplifiers and converting .500 cable to .412 cable.

In some cases it is undesirable to use more than one
cable size for feeder cahle. This may be due to the
added cost of inventory or the added installation
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problems. However, often costs can be assigned to
these factors. When they are added into the cost of
cable, it is usually still worth while to use more
than one cable size. Certainly, in many cases near
the ends of feeder lines, small sections of cable of
large diameter can eliminate many extender amplifiers.
The computer can take these factors into account in
its optimization.

® For the sake of simplicity, the above examples
have been for undedicated systems. NAC's computer pro-
gram integrates the assignment of subscriber taps into
the overall design procedure to achieve large addition-
al savings over conventional techniques. For example,
the system in Figure 7. is a good manual design for a
system designed with a flat loss allowance for subscri-
ber taps of 6 dB between extender amplifiers. Required
subscriber tap locations are indicated by darkened squares.

When the taps are added to this system, the resulting
design will have four extender amplifiers. However, 1if
the design procedure takes into account the actual tap
losses rather than allowing a fixed flat loss, savings
can be made. Thus, for the taps with characteristics
shown 1in Figure 8 with a required signal of 11 dBmV at
the tap output at 270 mHz , the design in Figure 9 1is
achieved with the given tap locations. The extender am-
plifier inputs can now go as low as 20 dBmvV and the ex-
tender gains are 17 dB or 20 dB. Note that only two ex-
tender amplifiers are now required instead of four.

A Complete CATV Computer Service

As mentioned previously, the above examples were simpli-
fied for case of illustration. The computer program
also performs temperature and AGC calculations, assigns
equalizers, locates power supplies, and can add extra
poles and strand where allowed and where economical.

In addition to the savings, speed and per fomance assured
in performing these operations by computer, there are
two other striking advantages.

a. Suppose a new line of components appears on the mar-
ket. The human designer must begin anew to gain experi-
ence before he can produce efficient designs. NAC's

program has no such problem. The computer has actually
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designed systems with components that do not yet exist
but are being considered as possible new products. The
computer program is simply fed the characteristics that
the manufacturer would like his device to have and the
computer program produces its design. The manufacturer
can then judge whether the proposed device is worth
producing. Among the system features the program has
evaluated are integrated circuit components, two-way
systems, new lines of equipment and specialty items.

b. Once a system has been built, the program is not
through. It can be used to set up a data base for in-
ventory maintenance and replacement schedules, and to
monitor, study, adjust, alter or update the system
throughout its lifetime. 1Its uses have included:

Aging and replacement studies
Modernization by using new equipment

System expansion

Expansion of capabilities
- bandwidth

~ addition of two-way sections

Conclusion

The CATV industry stands at the threshhold of one of its
most explosive and vital periods of growth. The design
decisions and commitments made now will have long last-
ing effects on the cost, performance and ultimate capa-
bility of the vast cable television enterprise. It is
essential that these new systems be designed efficiently
and economically. NAC's computer CATV design program
can play a vital role in this effort.




COMPONENT CHARACTERISTICS

, TRUNK MAXIMUM FEEDER MAXIMUM FEEDER | MAXIMUM
COMPONENT OUTPUT GAIN ON OUTPUT |GAIN TRUNK] COMPONENT | OUTPUT GAIN ON
LEVEL TRUNK (atter all splits) | TO FEEDER LEVEL FEEDER
(DBMV) (DB) (DBMV) (DB) (DBMV) (DB)
29 22.5 —_— — 40 14
TRUNK EXTENDER ‘
AMPLIFIER SYMBOL: —D— AMPLIFIER SYMBOL:
COST: $350 (ome in cascade) COST: $150
TWO OR 29 225 42 48 EXTENDER 37 11
FOUR — : oom AMPLIFIER
t i de,
%%%%R FEEDER FEEDER ,(n:; ;: :::;.f:, SYMBOL: —.|>——
SYMBOL: SYMBOL: both  amplifiers
BRIDGER in a cascade of COST: $150
AMPLIFIER COST: $600 COST: $700 two)
TWO OR — - 2 36 CABLE
FOUR T™WO ' ) FOUR 500": 15 db loss/100° at 270 MHZ
FEEDER FEEDER FEEDER SYMBOL: =~ = =COST: $.095/ft.
DISTRIBUTION SYMBOL: SYMBOL:
AMPLIFIER . 412": 2.0 db loss/100° at 270 MHZ
COST: $400 COST: $500 SYMBOL.: COST: $.085/ft.

SPLITTERS AND COUPLERS

1.5 db loss

$16: ¢
8 db loss

SP8

8.5 db loss 6.5 db loss
$18: é $19: é‘ 8.5 db loes
| 8.5 db loes _ ¥V 665 db loss
SP3

SP3W

Table 2
Extender amplifier gains have already been reduced by 6 dB to allow

for tap insertion losses in examples of designs .of undedicated systems.
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In NAC's computer design splitters cost $84 but the cable cost
saving is $78.
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Figure 4b ,
The computer design costs $158 less--even though the computer

design (Fig. 4b) contains one more trunk amplifier and has more
trunk cable than the man-made design (Fig 4a).
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Manual design.
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40 dBmV out END LEVEL=
END LEVEL= | 27 dBmv in 26.5 dBmV
26.5 dBmvV '
DISTRIBUTION
5 |
8.0
3.5
END LEVEL=
26.5 dBmV ,
J END LEVEL = 420

Y= 26 dBmV

Figure 5b

NAC computer design. The computer excels at solving a tough
problem-~tailoring splitter losses to system needs. The computer
design (Fig. 5b) saved more than 17% of the cost of the human de-
signed system (Fig. 5a). It did this by using a directional coupler
instead of a hybrid splitter at the distribution amplifier and by
making better use of amplifiers and cable.



S -0
END LEVEL= 3.5, 3.5

26 dBmv

37 dBmV out|
26.5 dBmv in‘

[ 2
'V 4
37 dBmV out END LEVEL=
27 dBmV in 27 dBmV
1 r\I".‘ND LEVEL=
28.5 dBmvV

" 6.5 é3.5
— -2
< 3.57 6.5 .5 4

END LEVEL= | 40 dBmV out END LEVEL=
26 dBmV 26.5 dBmV in 26.5 dBmV
| END LEVEL=
| 26 dBmV
DISTRIBUTION
POINT
END LEVEL= 8.0 END LEVEL=
28.5 dBmv 3.5 c 211.5 30.5 dBmV,
?
¢ 40 dBmv out
28.5 dBmV in #p' , 200’
1_—
Figqure 6a

Manual design.
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In NAC's computer design, a 100 foot difference,in distribution

point location saves $140 or 13%.
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A manual design allowing 6 dB flat loss for taps.

END LEVEL =

26.0 dBmvV

END LEVEL
26.0 dBmV

END LEVEL
28.0 dBmv

END LEVEL =

28.0 dBmV

86



Tap Symbol

o b b

Tap Loss at Insertion Loss at
270 mHz (dB) 270 mHz (dB)

10.0 1.5

156.0 1.0

20.0 0.6

26.0 0.4

Fiqure 8
Subscriber tap characteristics.
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The computer design takes the tap characteristics into account

in the optimization. The design above contains two less extenders
than the manual design in Figure 7.
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A LOW COST INTERACTIVE HOME TV TERMINAL

William F. Mason & Ken Stetten
The MITRE CORPORATION

As part of the design of a cable system for a large city,
MITRE has had to take an objective look at the many ideas that
have been proposed relative to providing new services into the
home via cable. Part of the analysis involved identification of
the variations in home terminal hardware that would be required
to provide these services.

Types of Home Terminals

Figure 1 indicates one way in which the hundreds of services
that have been proposed can be grouped into the eight fundamental
hardware configurations that would be needed to provide them.
Starting on the left of the figure with conventional black and
white television, the cost rises with color or an A-B switch or
converters, as additional channels are added. 1In group two we
add the ability to encode transmissions for selective distributions
to people who have unscramblers in their homes. Special distri-
bution/capabilities on the network can also be "hardwired" to pro-
vide exclusive distribution to groups of subscribers, e.g., doctors.

Adding some form of a frame grabber (third category) allows
distribution of another class of service wherein a single channel
can provide many different displays, e.g., stock reports, ballgame
scores, local activity schedules, etc. In this case, each frame
is coded and the subscriber can set his decoder to choose any of
hundreds of services on a single channel (more about this later).

Going now into two way services, we have the conventional
voting or polling capability wherein a central computer polls the
network and accepts the votes or selections input from each sub-
scriber. This class of terminals ranges from inexpensive, where
there are only a few voting options, to an elaborate alphanumeric
keyboard capability for use in general two way communications.

In category five, a credit card checking device is added to
the network capabilities of category four. This category is listed
separately because of certain validation procedures that should be
part of such a system. Meter reading, burglar and fire alarms,
etc., are possible in the next category, wherein various types of
sensors in the home are used to measure or monitor various phenomena
and then report to the central system using the fundamental hardware
provided in category four, but with special interface to the various
sensing devices in the home. We include in this category the ability
of the central system to control certain devices in the home if
desired. For example, the second heating element in a hot water
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heater can be controlled by the utility company to help alleviate
peak power problems. Utility customers have been offered lower
rates for such cooperation.

Category seven provides interactive communications of
the type that would be needed for sophisticated computer aided
instruction (CAI) or computer mediated instruction (CMI) into the
home. Finally, we have services that involve high bandwidth
digital or video communications between terminals.

Demonstrating These Capabilities

In order to examine the hardware involved in each of these
categories as regards both cost and technical feasibility, MITRE
has installed in six homes in Reston, Virginia, a terminal system
that is capable of providing most of the services in Figure 1,
Reston is located about 10 miles from the MITRE facilities in
McLean, Virginia, and our computer is connected via a microwave
link to the Reston Transmission Company headend in Reston. Reston
has a dual cable distribution system and Channel 13 of their A-cable
is used to distribute computer interactive services. Figure 2 is
a schematic of the system showing that the computer provides on a
single channel, 600 different frames of information, any of which
can be selected by any subscriber having the appropriate terminal
equipment. We call this the '"public service" channel because of
the types of information we are putting on it. The subscriber
simply selects with a thumb dial on the home equipment, Figure 3,
any of the demonstration material that we are interlacing (Figure
4). The particular materials we are providing are simply to show
the types of things that may be offered on such a system.

The demonstration terminals also have the capability to let
the subscriber interact dynamically with the computer. Since the
Reston cable system is not equipped for two-way services yet, we
are using telephone lines for the up-link from the subscriber to
the computer. (Within the MITRE facilities we use two-way cable.)
This class of service allows the subscriber to telephone the
computer and receive a response on his TV screen that is not seen
by other subscribers. He first receives a frame that introduces
him to the services available. The touch-tone telephone is used
as an input device to select services. Our demonstration allows
subscribers to take computer-aided instruction in math or to use
the computer to perform mathematical calculations (add, subtract,
multiply, divide, raise to powers, take square root, store, etc.)
or, more simply, to use the computer to sort through a variety
of information. For example, we allow the subscriber to look up
telephone numbers using his TV screen.

The "home calculator' demonstrates how computational capa-
bilities can be provided in the home. The educational and social
materials illustrate more wide ranging possibilities.
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Our system also has the capability to record programs off-the-
air or to record movies addressed to a single address, possibly
during the quiet hours of the night, for replay as desired.
Although full movies by this method would be impractical, we plan
to use this capability to send short sequences of frames that can
be "stepped" onto and off the tape recorder in a manner that might
be used for delivering newspapers or mail by TV.

In this demonstration MITRE has concentrated on the use of
readily available equipment in the home, i.e., the TV set and the
telephone. The only special equipment that has been added is the
circuitry for decoding the material sent to the home and a video
tape recorder, which we feel will be a common item in a few years.

As a matter of fact, the technical services that we are demon-
strating in Reston will have a tremendous influence on the popularity
of these video tape recorders if the addition of the simple circuits
to grab a frame and refresh a TV set are added, as in the models

we are using.

Cost Information

Although this is not the platform for publicizing the infor-
mation we have accumulated relative to cost, a few comments are in
order. The Figure 1 chart indicates the general range of costs for
home terminals of various types assuming reasonably large imple-
mentation. Two-way digital services are not all that "futuristic"
but we have avoided putting bounds on what the terminals may cost
because it is so dependent on bandwidths used, etc. On the other
hand, a sufficient number of devices can be bought in the $150 to $350
range so that this category of services should not be considered
impractical., Studies now being performed by and for various large
companies indicate that a very practical system can be described
for certain types of markets. Within each Figure 1 system classi-
fication there are of course cost variations, depending on the
particular service offered, how fancy the terminal is to be made,
production quantity, implementation density, etc. Each of you
will have opinions relative to the particular category of services
-of interest to your company or provided by your system. MITRE
would be interested to have your comments relative to our cost
summary.

Now let's turn to the cost of providing the computer services.
We have made a number of analyses that indicate that interactive
service can be provided into homes at a cost of around 20 cents
per terminal hour. Roughly it goes like this: a minicomputer
center to provide services to a population of around 10,000 would
cost about $150K. Amortizing this over four years gives $37K per
year. Adding $18K maintenance, clerical overhead and floor space,
gives $55K per year to provide to each of 10,000 subscribers onme
hour a day interactive with the computer. (The actual computer
time is a very small part of this because we serve an average of
100 interactive terminals at a time; more during peaks.) This
amounts to about $55.00 per year or $5.00 per month cost to the
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operator. This can also be considered as $5.00 for thirty hours
of use, or about 20 cents per hour of use by the subscriber. He
would probably pay several times this for the service. Billing
would be handled by the computer. If the system operator provided
$400.00 worth of capabilities from Figure 1, he would have to
charge around $10/month, which seems very attractive for the kinds
of services we are discussing.

Conclusion

A complete analysis of the types of capabilities discussed
here will be published by MITRE in the near future, but sufficient
information has been summarized in this paper to indicate our
belief that the time to start large scale experiments with computer
interactive TV is now.
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A NEW APPROACH TO ALL-DIGITAL

NON-DUPLICATION SWITCHING

The TMP-1000 electronic programmer is designed to perform
repetitive control functions such as CATV non-duplication switching
when a schedule is repeated on a weekly basis. The programmer operates
on the elasped-time principal. This means that the stop and start
times of each event are programmed by the operator, rather than occur-
ring at arbitrary intervals as with pulse-time systems, This permits
programming the start and stop of each event to each selected minute
throughout the day.

Digital electronics are used in a unique manner in the TMP-
1000 to provide the benefits of larger, more expensive programmers
that rely on disc, core, or tape storage, while maintaining a price
competitive with the more limited pegboard programmers. Another im-
portant advantage of this design is in the elimination of moving parts
which increases reliability.

The ™P-1000 system consists of four basic components. They
are: The MC-1000M Master Clock that provides timing signals and DC
power for the system; the 0C-1000 output control with its two-channel
control relays; the EE-~-1000 event expander which expands the event
capacity of the 0C-1000; and the PC-1000 program control card which
contains the programming and memory elements to start, maintain, and

stop each event.
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MC-1000 MASTER CLOCK
POWER
s”’:;” FILTER ——9E <60
60 Hz LINE

~7 2 12 +60
DECODER AM/PM 8421 30 15 8421
p— Su—
SMTWTFS !'lOURS MIN.

DAYS

The heart of the system is a digital master clock, Model MC-
1000M which counts down from the power line frequency. The frequency
dividers are: Divide the power line frequency by 60 for a signal with
a period of one second; then a divide by 60 gives you a minute period;

a divide by 90 to obtain one hour period, and this irequency divided by

12 to get one-half day period. A divide by seven and decoder circuitry
is required to obtain days. The output from the MC-1000 is then routed
to the 0C-1000 by ribbon wire, then to the PC-1000 Program Control
Cards. The front panel controls for the Master Clock are three push-
button switches which are used to set the days/hours, minutes, and

seconds.
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To set real thue with the master clock, depress the day/hours
control and advance the time to the proper day, AM or PM, and hours,
Then depress the minute switch until proper time is indicated in the
read out window. The "hold seconds'" push-button is used to stop the
digital clock in order to match the Master Clock to real time. This
also clears the second counters so when released it starts at zero
seconds. The indicator to the far left on the Master Clock is used
te notify the operator of a momentary power failure; if so, the indi-

cator light will flash and real time must be reset.

PC-1000 PROGRAM CARD

DAYS ONLY
(7 LINES) 18 DIGITAL PULSES FROM MC-1000
! ] NOTES
/oM It LINES . 7 SWITCHES FOR DAYS
Ty ! SWITCH FOR AM/PM
T 4 SWITCHES FOR HRS
[_ 8 SWITCHES FOR MIN
DAYS
TARY WY

TIME
COINCIDENCE

CHANNEL CONTROL

A
#1 .
—t 4 DC CONTROL
: VOLTAGES

FLIP/FLOP

A TO
—b

OUTPUT CONTROL
CHASSIS

The PC-1000M Program Card controls one complete switching event
from start to stop. This card also permits selection of day or days
of the week that the switching event will occur. The 18 digital pulses
from the Master Clock are routed to the days-only gate through the
selected day switch. Eleven lines are then routed to the start time
coincidence gates through the selector switches for AM or PM, hour,

minutes switches. If one of the programmed days is the same as the day
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indicated by the Master Clock and the programmned start time is the same
as the inticated real time, a pulse is fed to the (lip-flop. The flip-
flop acts as a storage device, and a DC voltage is then fed to the output
control for the appropriate channel switching. This flip-flop will stay
in the on condition until a stop time coincidence occurs. At this time
the flip~-flop will turn off. A pulse from the days gate is not required
to achieve a stop time coincidence. A skip feature is built in to
eliminate complete program card programming if a particular event re-
quires no protection. If the skip feature is used, a front panel light
will indicate to give you a record of the skipped event. An active
light indicates on the front panel of the Program Card if a switching

event is in progress.

f -

The output from the Program Card can be assigned to any of four
different channels, depending on the placement of the assigmment switches

directs the output of the assigned output control chassis or 0C-1000.
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Lach 0C-1000 provides two channel protection, sclected by the "A" and

"B'" switches. The four DC control voltages from the Program Card are

then routed to the appropriate OQutput Control Switcher for relay

switching.

2
e

d OUTPUT CONTROL  MODEL 0C-1000 e

The output Control Chassis, Model 0C-1000, provides output
switching capability. Front-panel switches are provided to allow oper-
ator manual override selection of either the "Normal" or "Alternate"
input, or the automatic mode of operation.

The reference guide located by the selector switch gives you a
log as to which sources can be switched to the output channel, In the
alternate and normal mode these sources are routed to the output channel.
In the auto mode you revert back to the program card. Circuitry is pro-
vided to directly switch video, with proper termination of the unused
input. Additional contacts permit switching associated audio or RF

control voltage. Video connection is by means of type BNC connectors,
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and barricer strips are supplied which switch either internally supplied
4124 VDG or may bhe strappued to switch voltage from an external source.

Each output control accoummodates up to twelve program cards.

0C-1000 OUTPUT CONTROLnyassis seT swiTcH
CHASSIS SWITCHER

'
\V
RELAY 1
, '
" |
. r e ]
'
. CHANNEL _ R '
- ® © o
N d 4DC CONTROL LINES
BARRIER STRIP FOR | NORMAL OUT ALTERNATE . FROM PC-1000
EXTERNAL USE OF | | !
AUDIO RF crwms&.@ @ |
[ 3
L J )
* i
|
]
{ RELAY 3
L4 e
o : ol
o )

2 — o EVENT ExpanpeR woolh, |
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Event Expander Chasses, Model EE-1000, are available to accom-
modate additional Program Cards when the number of switching events
designated to a given output exceeds the card slot capacity of 15 pro-
vided to a2llow a Program Card to be delegated to operate with either
output in either of two associated 0C-1000 Output Control Chasses. The
Event Expander Chassis is a passive device, and may be connected as
necessary to extend system event capacity.

Interconnection of the master clock with the output control and
the Event Expander Chassis is made with a flat multiconductor ribbon
wire. Sufficient length of this interconnecting wire is supplied with
the Master Clock for future expansion. Connection of the ribbon wire
to the Output Control and Event Expander Chassis is by means of a con-
nector provided on the Output Control and Event Expander units. This
convenient and easv-to-assemble wiring technique allows for rapid field
connection of the component parts of a TMP-1000 System.

The TP-1000 System has a capability of system expansion to six
0C-1000s and fifty Program Cards which offer 700 switching events weekly

for non-duplication,
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A PRACTICAL APPROACH TO BI-DIRECTIONAL SYSTEMS
by

Perry L. Schwartz

INTRODUCTION

In recent years there has been considerable discussion of
Bi-Directional CATV systems. Most of these disucssions have directed
themselves to a particular approach and spent most of the time
innumerating the information and services that could be carried

by the system.

I have spent considerable time in analyzing the various methods

of providing Bi-Directional Transmission. The two techniques

which become obvious are Dual Cable and Single Cable with diplexing
filters. The techniques are not new or revolutionary, but simply
show that today's system owner can build a good quality two-way

system at minimal cost.
REVIEW OF VARIOUS TECHNIQUES

1. Closed Loop

In a closed loop system the system feeds out from Head End and
physically returns to it in one continuous path (fig.l). This
usually preclueds that the feeder system is not Bi-Directional.
Needless to say this technique is extremely costly and sometimes
impossible, due to available continuity.

2. Single Cable

A single cable technique, which I will discuss in more detail
later, requires diplexing filters and sub-band amplifiers (fig.2).
When using standard diplexing filters considerable care is
required in design because a cascade of any length (10 or more)

will cause bandwidth shrinkage.
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3. Converters

This technique usually requires large and costly installation

and the converter itself must be mounted within an outdoor
enclosure. In addition to this, this system will usually utilize
a single cable or dual cable technique for signal transmission.
In some cases a multitude of cable are required with large
switching centers and specialized converters at the home.

4. Dual Cable

A Dual Cable system is basically two separate systems connected
only at the Head End and at the subscriber's home. This describes
a total Dual Cable system; however, as I will discuss later, by
carefully selecting feeders the Dual Cable technique becomes a

versatile Bi-Directional system.
BI-DIRECTIONAL TRUNK:

Single Trunk Cable: It appears at first look that the single

cable trunk Bi~Directional system would be to most, desirable

from an operator's point of view. This is probably the case for
existing single cable CATV systems. In order to upgrade the existing
single cable system, a diplexing filter package can be used, which
enables a system operator to make this conversion at a minimal
expense. It should be noted however, that little is known at this
point about the differential time delay of a single cable
Bi-Directional system. In addition to the time delay question,
the added noise of the sub-band amplifiers in the return loop
must be added to the total signal-to~noise ratio of the Uni-
Directional system.

Single Cable System - Diplexing Filters: By means of the
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diplexing filters and sub-band amplifiers, you can convert

your existing CATV system to a Bi-Directional Trunk system.

The package (fig.3) utilizes low loss diplexing devices, and

a sub-band amplifier. The sub-band amplifiers utilize an auto-
matic gain control to compensate for temperature changes in the

coaxial cable below 54MHz.

DUAL TRUNK BI-DIRECTIONAL SYSTEMS:

The Dual Trunk method of providing a Bi~Directional transmission
system is at this point in time, the most desirable. The
features of a dual cable Bi-Directional system are:
1. Trunk Integrity - Adding devices to any trunk line
can only degrade picture quality and add noise.
2. Band-Width (Channel Capacity) - When using a
two cable system, it would be possible to carry
as many channels in the forward direction as in
the reverse direction.
Dual Cable : When constructing a new system using dual trunk cable
the most desirable method would be to use a standard broadband
push-pull 54-300 MHz amplifier in the forward direction, and an
amplifier capable of 15 to 90 MHz for the return loop (fig. 4).
It should be noted that return amplifiers are not needed at every
location if the cable is the same in both forward and return
loops. It can be shown that with careful design a return system
using 0.500 cable and 90 MHz amplifiers on the xetmmn trunk i=s not
very much more expensive than the basic uni-directional system.

It should be noted that the return amplifier could bé replaced
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by a trunk amplifier (54 - 300 MHz) and provide full return
channel capacity. Alternately, the return amplifier could be

a 6 - 90 MHz amplifier and provide added return channels below

54 MHz.

A unique feature of a system of this type is that the frequency
range of 15 - 40 MHz can be used for return signals from selected
feeders while the band from 54 - 90 MHz can be used for return

signals originating along the trunk (fig.5).

BI-DIRECTIONAL FEEDER SYSTEMS

All of the techniques described above can utilize the standard
line extender for Uni-Directional feeder systems. Under some
conditions, it may be necessary to provide a return signal from
a feeder leg. This return path can be provided by means of a
diplexing filter and sub-band amplifier (fig.6).

This system utilizes a standard line extender coupled with
diplexing filters and a return sub-band (15 -40 MHz) amplifier.
It should be noted that sub-band amplifiers are not needed at every
station. The reason diplexing filters can be used so easily at
these stations is that in a feeder system, the cascade does not
exceed a maximum of 4.

In a Bi-Directional Feeder system the available bandwidth would
allow for both video transmission and data; however, it does not
appear to be feasible at this time to transmit video through

all the passive devices because of the amount of input energy
required. (fig.6) If a picture were to be transmitted from the

home on a time-shared basis signals of the order of +60 dbmv



535

would be required. At the present time I know of no RF
modulator in the band below 40 MHz that can produce this type
of output at a cost attractive to this application. Therefore,
if only data is transmitted from the home, considerably less
bandwidth is required, and much looser specifications can be

tolerated on the return amplifier and filters.
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A SECOND GENERATION CATV CONVERTER

INTRODUCTION

Set top converters have been on the market for over five
years. For the most part, they have performed their intended
function admirably. However, due to changing requirements
and more stringent specifications, we are movling into an era
in which second generation converters are reguired.

BACKGROUND

Set top converters evolved as a means of solving the direct
pickup problem prevalent in strong signal metropolitan areas.

The method used was to down convert the cable signals to a
LiMHz I-F and then up convert to a channel that was unoccupied
by a broadcast signal. The RF circuitry to perform this func-
tion was enclosed in a well shielded metal compartment. The
basic tuning methods were well established VHF TV tuner con-
cepts and hardware.

It soon became apparent that the set top converter did not
have to be limited to a meager twelve channels. To achieve
more channels, the initial attempts were to either add another
TV type tuner or to expand the coverage of the existing tuner.
In either case, the 44MHz I-F was retained. As a result, the
local oscillator signal emanating from the tuner antenna
terminals fell into the CATV signal band. When only twelve
standard channels are used, this is relatively unimportant.
When mid and super bands are used, it results in converter

to converter "ecross talk".

GAMUT 26 - DESIGN PHILOSOPHY

In reviewing optimum approaches to second generation conver-
ters, a number of factors should be considered.



GAMUT 26 - DESIGN PHILOSOPHY (cont'd.)

Unlike broadcast, the cable signhal levels
operate within a relatively narrow range
(-6 to +12db mV). Thus a dynamic, AGC able
front end is not a reguirement.

The future of cable is dependent upon pro-
viding additional channels and services to
the subscriber. It would seem prudent,
therefore, to avoid any energy emanating
from the converter that could penetrate
into the cable system.

The customer interface must be simple to
operate and non-ambiguous.

The cost/performance factor must be equiva-

lent or better than 11rsT generation
converters.

DESIGN APPROACH

In developing the Gamut 26, we abandoned the use of a "TV
tuner" as a tuning element. Also, the use of a high fre-
guency I-F 1s mandatory if oscillator energy is to be pre-
vented from entering the cable system.

Our approach can best be illustrated by referring to the
block diagram. Figure 1.

The cable signal flows through a set of filters into a passive
double balanced mixer (DBM). It is combined with a local
oscillator frequency to form an I+F of 330MHz. Twenty-six
channel tuning 1s achieved by simply switching in the appro-
priate oscillator freguency.

The I-F amplifier provides gain and selectivity to the up
converted signal. Combining with a fixed tuned 2nd local
oscillator, the signal is down converted to the desired out-
put channel.



DOUBLE BALANCED MIXER

Little trouble from intermodulation, in the form of sums and
differences of the signal or from its harmonics, are experi-
enced when using the standard twelve channel VHF frequency
allocation. Historically, these freguencies were carefully
chosen to avoid this.

With the use of multichannel coverage, second order distor-
tion becomes a severe problem. In particular, the low band
can react with the mid, high and superband to create spurious
signals which manifest themselves in the TV receiver as
"beats". For example, the sum of a channel 2 and a channel A
signal will produce an interference in channel 7. It heas
been our experience, and that of others, that the suppression
of these beats should be in the order of 60db. See Ref. 2.
It is for this reason that we have used a double balanced
mixer as a front end.

Its operation can be described by referring to Figure 2. The
RF signal is applied at the input port and combining with a
strong local osclllator at the second port is converted into
two side bands,equally spaced about the local osclllator sig-
nal. These side bands are available at the third port. In
the case of the Gamut 26 the lower sideband (330MHz) is used
as the I-F. It will be noted that the images (upper side
bands) are in UHF, well out of the cable signal band.

By virtue of its inherent balance, the double balanced mixer

(DBM) is a device that automatically provides a great deal of
suppression to second order beats. Good port to port isola-

tion and excellent cross modulation characteristics makes the
device well suited for CATV applications.

BACK TO BACK OSCILLATOR

To tune the DBM, twenty-six discrete, ultra high frequencies
are required (386 to 572MHz ). These local oscillator signals
must be high level, accurate and repeatable.

This is achieved by using the basic hardware from a VHF tuner
transistor oscillator. Two oscillators were mounted "back to
back" on a common shaft. Instead of thirteen positions com-
mon to VHF tuners, twenty-six become available. The memory
fine tuning mechanism became a2 means of aligning the oscil-



BACK TO BACK OSCILLATOR (cont'd.)

lators in production. The B+ was fed through the tuning coils
thus providing automatlic switching to the appropriate oscilla-
tor. See Fig. 3.

As there is a separate tuning inductance for each freguency,
the sequence of operation is completely independent. This is
an advantage in the Channel Selector readout as the numeric
channels of the low and high bands can be arranged in sequence
as can the letter channels of the mid and super bands.

Detenting is provided by a large index wheel mounted mid-way
down the shaft. By devoting careful attention to this detail
we have achieved reset accuracies superior to VHF tuners even
though the oscillators are working at UHF frequencles.

The circuits are basic, temperature compensated, Clapp type
oscillators using high Fq transistors.

PASS/STOP FILTER

As well as the DBM functioned, we found that we could not
maintalin the proper balance in production to guarantee the
60db suppression of beats with an input signal level of +12db mv.

To ensure compliance to this specification we found 1t neces-
sary to insert, what we term, a pass/stop filter into the cir-
cuit prior to the DBM. This device acts as a lowband filter
when the converter is tuned to channels 2 thru 6. At any
other channel the filter is switched to an elliptic function
high pass with its zero of transmission tuned to the low band.
Thus, any potential for forming sums and differences of the
input frequencies is completely removed.

The low pass filter connected to the input terminal has a cut-
off of 300MHz and is used to help prevent any oscillator en-
ergy from leaking out into the system.



PARTITION FILTER

The output of the DBM is fed to the I-F via a filter mounted
in a metal partition wall. This broadly tuned bandpass filter
has its center tuned to 330MHz. It primary function is to
provide good selectivity at frequencies far removed from the
I-F.

Another feature of this filter is the use of an open circuit
guarter wave transmission line as a circuit element. At
330MHz the stub looks essentially like a capacitor. At the
frequency of the 2nd LO, and its third harmonic, the stub be-
haves like a short circuit and provides a zero of transmission
to these frequencies. This is invaluable in preventing the
end LO from penetrating into the DBM, and causing internally
generated beats.

INTERMEDIATE FREQUENCY AMPLIFIER

The I-F video frequency is 331MHz and the sound is 326.5MHz.
These particular freguencies were chosen so that the sums of
the R-F signal freguencies that fall in this vicinity are con-
verted into the sound trap and the adj.-channel sound traps

in the TV receiver's I-F.

The input to the I-F is tied directly to the base of a common
emitter transistor amplifier. The low noise transistor oper-
ates under self bias conditions with a large voltage drop in
the collector circuit. This method was used so as to foil
any instabilities due to feeding the collector with a choke -
a problem with high FT devices.

The selectivity prior to the 2nd mixer is achieved with
double tuned capacity coupled circuits. Aftempting to achieve
high selectivity (1.5% bandwidths) at 330MHz with lumped LC
filters results in high insertion losses. To overcome these
losses two stages of gain are used.

The mixer is a common emitter transistor whose output is
tuned to desired output channel. In most cases this is chan-~
nel 12. The output filter is again a two pole, high side
capacity coupled circuit.

The 2nd LO is a Clapp type oscillator operating at 536.25MHz
(when using Channel 12 as the output). Fine tuning is achieved



INTERMEDIATE FREQUENCY AMPLIFIER (cont'd.)

by varying the base current by means of a fine tuning pot.
This changes the capacity of the depletion area of the p-n
junction which in turn changes the frequency of oscilla-
tion to the point that fine tuning is achieved.

The output from the mixer tank is connected to the output
terminal via an attenuator pad. The value of this pad is
such that the overall gain is limited to an average of 6db.

The I-F amplifiers, 2nd LO and the mixer circuitry are all
mounted on one printed circuit board. Although the fre-
guencies used would normally preclude the use of a PC board,
careful placement of parts and the optimum use of the ground
plane has resulted in a circuit that is stable and uniforn
in production.

POWER SUPPLY

The power supply 1s a 24v, series regulated type drawing 35ma.
To prevent direct pickup the entire supply is placed in a
separate compartment and completely shielded from the rest

of the circuitry.

An AC convenience outlet, controlled by the ON-OFF switch,
enables the converter to be used as a remote control device.

FUTURE USES

We feel that we have fulfilled the design criteria and have
produced a viable product that not only - fulfills todays needs
but it also can serve as a fundatlon for other services.

For example: By changing the output channel to 4UMHz we
would have a tuner for an All CATV receiver.

The addition of decoder modules would permit the use of pay
TV channels.

The basic unit can sérve as the subscriber interface 1in two
way systems.
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IT IS WITH A FEELING OF HUMBLENESS THAT I SPEAK TO YOU,
WHEN FIRST I WAS HONORED BY YOUR ORGANIZATION TO TELL YOU
ABOUT ABTOGRAPHY MY WORDS WERE TO BE DIRECTED TOWARD A HIGHLY
TECHNICAL AND ERUDITE APPROACH. PARENTHETICALLY FROM ME,
PERHAPS A HIGHLY CONFUSING APPROACH AT THAT. THEN I STARTED
THINKING. MY HUMBLENESS IS BECAUSE I HAVE BEEN ALLOWED AND
PRIVELEDGED THROUGH THE YEARS TO SEE AND BE A PART OF THE
GROWTH OF AM RADIO, FM RADIO, T.V., BROADCASTING, SATELLITE T.V,
AND NOW THAT LUSTY AND VOCAL INFANT, CABLEVISION, WHO VERY WELL
MAY OUTGROW THEM ALL. DURING EACH OF THESE PERIODS AND ALMOST
ANNUALLY, NEW DEVELOPMENTS, FROM WHICH CAME NEW PRODUCTS,
HELPED TO NOURISH THE INFANT., TO NAME A FEW. CONDENSOR AND
DYNAMIC MICROPHONES TO REPLACE THE CARBON MIKE, VIDICON PICKUP
TUBES TO REPLACE THE IMAGE ORTHICONS WHICH REPLACED THE ORTHICONS
WHICH REPLACED THE ICONOSCOPE WHICH REPLACED THE FLYING SPOT
DISC, THE REVOLUTIONARY TRANSISTORS NOW COMMONLY CALLED THE
SOLID STATE INDUSTRY, TRULY BROAD BAND CABLE CARRYING MEGAHERTZ
UPON MEGAHERTZ INTO AND CAPABLE OF FROM THE HOME. THIS LIST
COULD GO ON AND ON, I WAS FORTUNATE TO HAVE BEEN PRESENT DURING
LABOR PAINS AND PARTICIPATE IN THE DELIVERY OF AUDIO TAPE FOR
BROADCASTING DURING 1944. ALSO THE 4 HEADED MONSTER WITH THE
VORACIOUS APPETITE, VIDEO TAPE IN 1956. THEN LATER THE BABY

BROTHER, HELICAL SCAN, PROUDLY SHOWN BY MANY EXHIBITORS AT THIS
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SHOW. WHY THE NOSTALGIA AND ISN'T IT BORING? PERHAPS SO AND I
APOLOGIZE. NOT REALLY THOUGH. CAUSE DURING THESE SEVERAL
LIFETIMES IV'E SEEN MANY NEW TECHNICAL GLEAMS CONCEIVED, GESTATE,
LABOR, BE BORN ONLY TECHNICALLY SOUND BUT WHICH DIDN'T REALLY
SERVE A NEED. WHEN I FIRST LEARNED OF THE ABTOGRAPHIC PROCESS

IN 1965 IT JUST COULDN'T AND INDEED WOULDN'T. I COULD SENSE THE

NEED BUT COULD ALL, AND I EMPHASIZE ALL, THE TECHNICAL PROBLEMS
BE SOLVED? COULD WE IN FACT USE ORDINARY BLACK AND WHITE FILM

TO STORE COLOR INFORMATION? COULD THIS ORDINARY BLACK AND WHITE
FILM BE USED IN AN ORDINARY CAMERA, BOTH 35mm OR 2 x 2 STILL AS WELL
AS 16mm MOVIE CAMERAS. COULD THIS BLACK AND WHITE FILM, AFTER
EXPOSURE, BE PROCESSED AS SIMPLY AND EASILY AS ORDINARY BLACK AND
WHITE FILM? COULD IT IN FACT BE PROCESSED IN THE CAN. COULD IT
THEN BE VIEWED THROUGH A STANDARD 16mm PROJECTOR AS AN
EXCELLENT BLACK AND WHITE IMAGE? COULD THIS FILM BE THEN PROJECTED
THROUGH THE SAME PROJECTOR WITH ONLY MINOR MODIFICATIONS AND

S HOW COLOR? COULD IT REALLY OR WAS IT ONLY A DREAM. COULD ANYONE
HONESTLY EXPECT TO RETAIN ALL THE ADVANTAGES OF BLACK AND WHITE
FILM AND YET BE ABLE TOVIEWIT ON A T.V, SCREEN IN FULL NATURAL
COLOR? WELL IT COULD REALLY AND IT DOES. IT'S CALLED ABTOGRAPHY.
IT'S BEAUTIFULLY SIMPLE IN CONCEPT, BUT EXOTICALLY COMPLEX IN
REALITY. THE UNDERLYING PRINCIPLE IS DIFFRACTION. FRAUNHOFER

DIFFRACTION IF YOU MUST KNOW.
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SLIDE No. 1 -

THIS REPRESENTS A SIMPLE EXPLANATION OF DIFFRACTION.
THINK OF THE LIGHT SOURCE AS BEING THE SUN, A POINT SOURCE OF
ILLUMINATION, A VENETIAN BLIND REPRESENTING A GRATING, THEN
ON THE WALL OPPOSITE THE VENETIAN BLIND WILL BE A DIFFRACTION
PATTERN WHICH REALLY IS A SERIES OF IMAGES OF THE SOURCE OF
ILLUMINATION. THESE REPLICAS OR ORDERS OCCUR ONLY, AND THIS
IS IMPORTANT,ONLY, AT RIGHT ANGLES TO THE SLATS OF THE VENETIAN
BLIND OR THE GRATING.

SLIDE No. 2 -

THIS IS AN ARTIST'S SKETCH SHOWING THE WAY AN ABTO ENCODER
RECORDS COLOR INFORMATION ON BLACK AND WHITE FILM. THE ENCODER
IS IN FACT THREE DIFFRACTION GRATINGS PLACED AT DIFFERENT ANGLES,
EACH GRATING REPRESENTING A PRIMARY COLOR. FOR EXAMPLE, ONE
SET RED, THE SECOND GREEN AND THE THIRD BLUE. THE ORIGINAL COLOR
SCENE PASSES THROUGH THE COLOR TAKING LENSE, THEN THE ENCODER,
ON TO THE BLACK AND WHITE FILM. HENCE, THE ORIGINAL SCENE IS
PHOTOGRAPHED IN BLACi. AND WHITE WITH COLOR INFORMATION RECORDED
BY THREE SETS OF DIFFRACTION GRATINGS.

PROCESSING OF THE EXPOSED BLACK AND WHITE FILM IS ACCOMPLISHED
WITH NORMAL BLACK AND WHITE PROCESSING METHODS WITH CARE NORMAL

ONLY TO REPRODUCING A GOOD BLACK AND WHITE PICTURE.
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SLIDE No. 3-

THIS REPRESENTS A STANDARD PROJECTOR, EITHER 2 X 2 SLIDE
PROJECTOR OR 16mm MOVIE PROJECTOR, MODIFIED TO PLAY BACK
THROUGH A TV SYSTEM IN FULL COLOR, BLACK AND WHITE FILM. NOTE
THE LIGHT SOURCE TO THE LEFT OF THE SCREEN, THIS IS A STANDARD
XENON ARC LAMP USED TO OBTAIN A POINT SOURCE WITH HIGH BRIGHTNESS.
THIS LIGHT PASSES THROUGH THE BLACK AND WHITE FILM WHICH, REMEMBER,
REALLY CONSISTS OF THREE DIFFRACTION GRATINGS AT DIFFERENT ANGLES.
WHEN LIGHT IS PASSED THROUGH THIS FILM THERE WILL APPEAR WHAT IS
KNOWN AS A TRANSFORM PLANE, A DIFFRACTION PATTERN WHICH IS SHOWN
IN THIS SLIDE,

SLIDE No, 4-

THIS PATTERN SHOWN ON THE SCREEN CONTAINS IN THE CENTER, ALL
OF THE INFORMATION IN THE ORIGINAL PICTURE. FOR CONVENIENCE WE
MAY CALL THIS THE LUMINANCE CHANNEL. PLEASE NOTE THAT THERE ARE
IN ADDITION TO THIS LUMINANCE CHANNEL, THREE ADDITIONAL SETS OF
INFORMATION SYMMETRICAL TO THE CENTER CHANNEL. THESE SETS
CONTAIN THE INFORMATION NECESSARY TO RECONVERT THE BLACK AND
WHITE IMAGE INTO FULL COLOR.

NOW BACK TO SLIDE THREE. IF AT THE TRANSFORM PLANE THERE
IS PLACED AN ABTO DECODER AS SHOWN IN THIS SLIDE, A FULL COLOR

IMAGE OF THE ORIGINAL SCENE WILL BE RECONSTRUCTED.
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SLIDE Nos. 5 and 6-

NOW MAY I SHOW YOU TWO BLACK AND WHITE SLIDES IN SUCCESSION
WHICH ARE PHOTOGRAPHS OF A 2 X 2 HONEYWELL PENTAX CAMERA AND A
70VR 16mm BELL AND HOWELL MOVIE CAMERA. BOTH OF THESE ARE
CAPABLE OF PHOTOGRAPHING BLACK AND WHITE AND THE RESULTANT
BLACK AND WHITE FILM BEING REPRODUCED IN BEAUTIFULLY NATURAL
COLOR.

IF I MADE THIS EXPLANATION TOO SIMPLE I APOLOGIZE. IFIT
SOUNDS COMPLEX PLEASE REMEMBER WHAT I PREVIOUSLY SAID, "THE
SYSTEM IS BEAUTIFULLY SIMPLE IN CONCEPT BUT EXOTICALLY COMPLEX
IN REALITY."

I THANK YOU.
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AN ALL SOLID-STATE SSB-AM CARS BAND SYSTEM

E. Guthrie and F. Ivanek
Fairchild Microwave & Optoelectronics
3500 Deer Creek Road

Palo Alto, California 94304

1. INTRODUCTION

Single-sideband amplitude modulation (SSB-AM) is well established
as the signal processing method which assures minimum spectrum occupancy.
Already four decades ago it became the generally accepted standard of
multichannel telephone transmission in the form of frequency-division
multiplex, first used on open-wire lines and cables, and later on
microwave links. The last decade witnessed the transition to virtually
exclusive use of SSB-AM on a world-wide basis in another segment of
communications where fregquency spectrum is at a premium, namely,
short-wave radio telephony. This became feasible after an impressive
arsenal of technological solutions for the rather difficult inherent
problems of SSB-AM radio transmission became available. The December
1956 special issue of the Proceedings of the IRE on single-sideband
techniques makes one of the most interesting readings on this subject.
It might come as a surprise to some that one of the articles in that
issue describes an experimental 24-channel telephone system using
SSB-AM for beyond-the-horizon UHF transmission [1]. Not too long
after that, in 1960, came a proposal for the use of SSB-AM on line-
of-sight radio relay links [2]. This would quadruple the transmission
capacity as compared to the most advanced FM radio relay telephone
systems in use today. The main problem to be solved to this end is
that of linear power amplification at microwave frequencies. Tech-
nological implementation, therefore, came first at lower freguencies
where linear power amplifiers are available at higher output Tevels.
SSB-AM 120-channel telephone systems operating in the 400-410 and
420-430 MHz bands were installed in the mid 60's to establish a
high-quality commercial telephone link between West Berlin and the
Federal Republic of Germany [3].

The first proposal for the use of SSB-AM for TV transmission at
microwave frequencies was made in 1959 [4]. It envisaged TV broad-
casting in the 12 GHz band, as a means of substantially increasing
the number of TV programs in the Federal Republic of Germany™.

*

In view of the population distribution the VHF and UHF channels
offer satisfactory coverage for only three simultaneously broad-
casted TV programs in that country and, as a matter of fact, in
most of Europe.
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Systematic studies and experimental investigations of this problem
area have been carried out [5] in the course of which the feasibility
of an SSB-AM microwave transmitter has been established [6].

The use of SSB-AM for microwave transmission of TV channel groups
intended for CATV distribution started on an experimental basis in
1966 [7]. Frequencies in the 18 GHz range were used and transmission
was on a group basis; i.e., the TV channels to be transmitted were
multiplexed at VHF frequencies and transmitted with a single, broad-
band microwave transmitter (refer to Fig. 2). Experience gained from
these experiments and the subsequent development of a new system
version for the 12.7-12.95 GHz CARS band [SHmwere instrumental in
formulating the FCC rules for SSB-AM transmission in this band [9].
Thirty six regular and two "auxiliary" channels are assigned. This
is the maximum usable capacity of 1inks without intermediate repeaters.
If one or more intermediate repeaters are needed, the transmission
capacity is reduced to a total of nineteen channels.

The system design to be described in this paper fully conforms
with the aforementioned FCC rules [9] and is based on the microwave
solid-state technology developed at Fairchild for use in communication
systems. As will be shown, the selected system configuration enhances
transmission performance, flexibility of use, and reliability.

This paper is limited to the description of the overall system
design. Technical data are specified in such a way as to facilitate
their use for performance calculations of planned links using generally
established procedures. Propagation aspects are treated only to the
extent not covered in the existing literature on CARS band systems.

The feasibility of the described SSB-AM CARS band system design
was experimentally verified in the Spring of 1970. A system model
was since repeatedly demonstrated in the laboratory, simulating
link Tengths of up to 10 miles. FCC type acceptance tests are in
preparation and the first field tests are to be carried out in 1971.

2. CHOICE OF MICROWAVE SIGNAL PROCESSING SCHEME AND SYSTEM CONFIGURATION

The signal processing scheme is selected for the advantages it
offers. The reasons for preferring SSB-AM were as follows:

~ This is the signal processing scheme with the
minimum bandwidth requirement on a per channel
basis. The occupied spectrum width in micro-
wave CARS band transmission is the same as in
VHF cable transmission. The 250 MHz wide CARS
band can thus accommodate the entire 50-300 MHz
bandwidth envisaged for future cable systems
(refer to Fig. 1?.
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- When planning a radio system which is to be used
with an existing cable system, it is advantageous
to use the same channel multiplexing scheme in
both cases. The SSB-AM CARS band system to be
described takes the VHF channels directly from
the frequency range required for cable transmission
and puts them directly back into the same VHF
frequency range (Fig. 1).

- It is always advantageous to use the simplest
possible signal processing scheme consistent
with the required transmission performance.

The straightforward up-conversion/down-conversion
scheme of SSB-AM (Fig. 1) is undoubtedly the
simplest available.

Accordingly, SSB-AM was selected because it assures, on one hand,
maximum spectrum usage and, on the other hand, the simplest possible
transition from cable to radio transmission and vice versa.

The main difficulty in implementing analog AM systems, in general,
lies in the non-linear transfer characteristic of the transmitter
or amplifier output stage [10]. As a consequence, the tolerable
amount of non-linear distortion determines the maximum usable power
output which is in most cases one or two orders of magnitude below
the saturated output power. This is a serious disadvantage of analog
AM as compared to all other signal processing schemes which operate
at saturated output power levels.

Figure 2 illustrates the most logical first approach to an SSB-AM
CARS band 1ink which consists of using a single, broadband transmitter-
receiver pair for the simultaneous transmission of several VHF
channels. The specific example used in Fig. 2 and for most of the
following system considerations is that of a 6-channel head-end Tink
with alternate channel transmission. The case of contiguous 12-channel
transmission is treated later. However, all of the following con-
siderations of multichannel transmissions apply irrespective of
channel arrangement or transmission capacity.

Since the output power of the transmitter cannot be arbitrarily
increased due to technological and economical constraints, the
multichannel transmission performance must be considered for a
predetermined available transmitter output level. It becomes
immediately clear that under these conditions both the signal-to-
noise ratio, S/N, and the relative cross-modulation level, -XM,
deteriorate as the number of transmitted VHF channels, n, increases.

The deterioration of the S/N ratio with increasing transmission
capacity is due to the fact that in a broadband group transmitter
the available power output is shared by the simultaneously transmitted
signals such that the available power per channel, Pch’ becomes



OFF -AIR VHF CHANNEL RECEPTION

387

TRANSMITTER RECEIVER
CARS BAND CARS BAND
} — r 1, L { 1 —1 —
12.7 * * 12.95 GHz 127 12.95 GHz
| | | |
| | I |
: ' ' '
I uP : } DOWN }
| CONVER- l | CONVER- l
| SION | | SION |
| | I l
I | | |
| | I |
| | | v v
+ — — ! L — — !
50 300 MHz 50 300 MHz
VHF CHANNELS VHF CHANNELS
Fig. i. SIGNAL PROCESSING SCHEME OF THE CARS BAND SSB-AM SYSTEM.
CHANNEL 3
—»HEAD-END
PROCESSOR
CHANNEL 5
—»HEAD-END
PROCESSOR
CHANNEL 7
—>HEAD-END
PROCESSOR SSB-AM SSB-AM CABLE
(?'_— GROUP _L. GROUP 3
CHANNEL S TRANSMITTER RECEIVER
—>{HEAD-END
PROCESSOR
CHANNEL 11
—>HEAD-END
PROCESSOR Fig. 2. SYSTEM CONFIGURATION FOR THE CASE OF CHANNEL MULTIPLEXING
AT VHF FREQUENCIES AND BROADBAND TRANSMISSION.
CHANNEL 13
—»{HEAD-END
PROCESSOR




388

P
p = _tot

ch n

where P is the total available transmitter power and n the number

of transmitted channels. The S/N ratio of each channel in a group of
n channels, (S/N)n, expressed in dB, thus equals

(S/N), = (S/N) _y - 10 Tog n

where (S/N) _. 1is the S/N ratio for single-channel transmission
and n the number of simultaneously transmitted channels. As
illustrative, numerical examples consider a 5-channel system and a
12-channel system. The S/N ratio in each VHF channel of the former
system will be 10 log 5 =7 dB  lower than for a single channel
system. The corresponding difference for the 12-channel system is
10 Tog 12 = 10.8 dB

The relative cross-modulation level, -XM, expressed in dB, increases
with the increasing transmission capacity by the following amount [10]:

20 Tog (n-1)

where n is again the number of transmitted channels. This means
that the cross-modulation level in each channel of a 5-channel system
will be 20 log 4 = 12 dB  higher than in a 2-channel system; the
corresponding difference for a 12-channel system amounting to

20 log 11 = 20.8 dB . Comparison with a single-channel system

is meaningless since, by definition, there is no cross-modulation

in that case. However, the 3rd order intermodulation specifications
for single-channel transmission are much easier to satisfy than the
cross-modulation specifications for even a two-channel system.

The above considerations lead to the conclusion that from the
viewpoint of transmission performance it is preferable to use a
separate microwave transmitter for each channel and multiplex them
into a common antenna as illustrated in Fig. 3. The impitementation
of such a transmitter solution is described in the next section.
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On the receiving end there is no need to use a separate microwave
receiver for each channel because the group receiver approach,
illustrated in Fig. 2, is satisfactory from the viewpoint of both
S/N ratio and cross-modulation. The latter is, of course, more
critical but the receiver operates at levels which are substantially
lower with respect to saturation than is the case in the transmitter.
A study based on considerations reported at the 1970 NCTA Convention
showed that acceptable cross-modulation levels can be obtained with
existing microwave mixer technology [11].

3. SYSTEM BLOCK DIAGRAM
3.1 Transmitter

Figure 4 shows the block diagram of the transmitter. The simplest
possible solution has been adopted. There is only one active micro-
wave circuit in the signal path, namely the upper-sideband parametric
up-converter which directly delivers the required output power. Such
a solution is undoubtedly the most advantageous one from the viewpoint
of distortion because it minimizes the number of sources thereof.

The additional important advantage of the adopted transmitter
configuration is that it lends itself best to an all solid-state imple-
mentation. The source of microwave power, the up-converter pump, is
a CW oscillator with output power in the 1.5 - 2.0 W range. It
consists of two cascaded silicon avalanche diode (IMPATT) oscillators
with 1 W nominal power output each and a DC-to-RF conversion efficiency
of better than 5% which is higher than the efficiency of commercially
available klystrons in the same frequency range*. The avalanche
diodes and the power combining scheme were developed at Fairchild.

The power combining efficiency of the composite oscillator is
virtually 100%. For a description of these techniques and more
details on the obtained results it is referred to publications at
the 1969 International Solid-State Circuits Conference [12] and at
the 1971 International Microwave Symposium [13].

The advantage of the described transmitter over any other configura-
tion can be fully appreciated only after the available alternatives
have been considered in some detail. They all involve power amplification.
Unfortunately, non-linear distortion in available microwave power
amplifiers for CARS band frequencies, tube or solid state, is by no
means lower than in a properly designed high-level up-converter.
While it is true that there are several promising approaches for
linearizing the tube and transistor amplifier transfer characteristics
in the VHF to lower microwave frequency ranges, there apparently
is as yet no practical solution available at CARS-band frequencies.
This subject matter is, therefore,not treated here and references to
publications are omitted.

*
The second generation up-converter pumps will use GaAs avalanche
diodes whose efficiency is around 10%.
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As can be seen in Fig. 4, a crystal-controlled microwave generator
is used as the common carrier source for the entire multichannel
transmitter group. It consists of a lTow-power crystal controlled
multiplier source, a standard Fairchild product for use in microwave
communication systems, followed by an injection locked avalanche
diode oscillator which functions as power amplifier. Its output
power is split to in turn injection lock all the up-converter pumps
of the transmitter group. The purpose of this arrangement is to
keep all the up-converter pumps in synchronism, which is indispensable
because, as pointed out before, a group microwave receiver is used in
the described system.

3.2 Receiver

The block diagram of the group receiver is shown in Fig. 5. It
uses a conventional RF head consisting of a band-pass filter, a mixer,
and a crystal-controlled multiplier source as local oscillator. Means
for establishing synchronism between the latter and the microwave
carrier generator of the transmitter, which is needed in the case of
locally broadcasted channel transmission, can be added. A pilot signal
derived from the microwave carrier generator is then inserted at the
transmitting end in the frequency space the FCC reserved for this
purpose [9]. At the receiving end, this pilot signal is filtered out
and used to control the frequency of the local oscillator.

The receiver of Fig. 5 employs a separate AGC VHF amplifier in
each channel. While the concept of a group receiver can be implemented
all the way down to the VHF output, automatic gain control on a group
basis is 1ikely to prove impractical for many applications. This
statement does not refer to problems of AGC circuit design but to
multipath propagation effects in the form of frequency selective
fading which would manifest itself as an irregular, frequency-dependent
and time-varying amplitude distortion over the whole receiver bandwidth
or portions thereof. These amplitude variations can amount to several
dB. In general, the wider the occupied transmission bandwidth, the
more pronounced this effect becomes. The bandwidth of a 12-channel
SSB-AM CARS band system transmitting the standard VHF channels, for
example, equals 162 MHz or, on a percentage basis, 1.25% approximately.
This is by no means negligible as compared to frequency separations
of frequency diversity systems operating in the microwave region
which exploit the frequency deEendency of multipath fading to reduce
outage time due to such fading .

*A discussion of multipath fading, published in the Lenkurt Demodulator [14]
includes the statement that most frequency diversity systems have frequency
separations of 2-5% of the lower frequency.
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The problem of frequency selective fading at frequencies above
10 GHz has received very little attention, most likely due to the
fact that the most severe fadings,which Timit the usable path length
at these frequencies,are caused by heavy rainfall. However, there
is ample evidence [15,16] that the multipath fading problem in the
CARS band is a real one whenever systems of considerable bandwidth
are used. Systematic propagation studies would be necessary in
order to determine a "safe" upper 1imit for the usable system band-
width. An estimate based on the above quoted publications [15,16]
leads to the conclusion that the danger of frequency selective fading
must not be disregarded for SSB-AM systems occupying a substantial
portion of the CARS band frequency spectrum. In practical terms,
AGC on a group basis might be sufficiently safe only for small groups
of contiguous channels, such as the five-channel group of VHF channels
2-6 (bandwidth: 34 MHz) or even the seven-channel group of VHF
channels 7-13 (bandwidth: 42 MHz).

The above discussion, although 1imited to the SSB-AM system,
should not be misinterpreted as being pertinent to this system
alone. Severe multipath fading will significantly affect any
wideband analog transmission system. The degree of this effect
and the most suitable solution of the resulting problems will
depend on the particular system. For the SSB-AM system under
discussion, it is believed that the receiver configuration of
Fig. 5 represents a technically and economically sound solution
based on readily available technology. Of course, if signal processing
is needed at the receiving site, as well, this can be easily accom-
plished by using head-end processors instead of AGC amplifiers.

3.3 Contiguous Channel Transmission

So far, the system configuration has been illustrated only in
terms of alternate channel transmission (Figs. 2-5). To transmit
a group of contiguous signals requires simply connecting two
corresponding alternate-channel transmitter groups to a common
antenna with two polarizations. The same applies to the receiving
end. This solution is illustrated in Fig. 6 for a 12-channel
capacity, but the principle applies also to other transmission
capacities.

The adopted solution is attractive not only from the viewpoint
of microwave channel multiplexing, which would be prohibitively
complicated and expensive if a single polarization were used for the
entire group of contiguous channels, but also from the viewpoint of
suppressing adjacent channel interference due to third order inter-
modulation products. Figure 7 is referred to for an explanation.

It shows the carrier frequencies of channel 10 and their third order
intermodulation products as they appear in the CARS band. As can
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be seen, all the unwanted up-conversion products fall either within

the transmitted channel itself or in the two adjacent channels. The
FCC requires that the out of band products be attenuated by at least

50 dB below the peak power of emission [9]. It thus becomes clear that
the isolation between the orthogonal polarizations of commercially
available parabolic antennas for CARS band applications, whose order

of magnitude is 20 dB, can significantly contribute to the suppression
of adjacent channel interference when the transmitter multiplexing
scheme of Fig. 6 is used.

The configuration of the receiving end is straightforward.
Separate RF heads are used for each polarization and the VHF channels
are multiplexed into the cable using conventional CATV techniques.

4. TRANSMISSION PERFORMANCE
4.1 Objectives

The described SSB-AM CARS-band system is conceived as a wireless
substitute for cable trunklines. The transmission objectives depend,
therefore, on the length of the cable trunkline the system is supposed
to replace. The thermal noise and non-linear distortion allowance
will be proportional to the length of the 1link in accordance with
established cable system planning procedures [10].

The approach taken at Fairchild with regard to transmission
performance objectives is twofold:

- Use the most effective system and component
design for high transmission performance,
consistent with reliable operation and
competitive pricing.

- Closely cooperate with potential users
of the SSB-AM CARS-band system in order
to determine realistic transmission
performance objectives for some immediate
applications.

This approach turns out to be most beneficial to all the parties
involved, which is understandable since a new class of systems is
concerned.

It has been determined in this way that one of the most immediate
needs is for multichannel radio transmission to replace the trunkline
cable between the head-end and the distribution center. The described
SSB-AM CARS-band system has been found to satisfy the requirements
of such an application with a comfortable margin for link lengths



395

up to 10 miles approximately, except in locations with extremely
heavy rainfall which are Timited to a few regions of the United
States.

4.2 Signal-to-Noise Ratio

The following data are given for a 12-channel Tlink in such a form
as to facilitate their use in quick estimates of obtainable S/N values
for Tink lengths of practical interest.

Transmitter output power at antenna terminal,

per channel™ 10 miW
Receiver noise figure 10 dB
Filter and isolator losses in receiver 2 dB
Feeder looses (transmitter and receiver) 2 dB

A 7 mile 12-channel 1ink equipped with 10 ft. parabolic antennas will
be assumed as illustrative example. The net transmission loss between
the transmitter and receiver antenna terminals would amount to 45 dB
for the case of ideal propagation conditions; i.e., no fading. A

4 MHz receiver bandwidth is used to calculate the ideal noise level,
-108 dBm. Performing the straightforward arithmetic operation with
these data gives

S/N = 65 dB

which leaves a fading margin of approximately 20 dB for excellent
reception (TASO Grade 1). The exact amount of the fading margin
depends on whose system design criteria are used.

The quoted S/N performance has been verified in the laboratory
using a transmitter-receiver pair whose electrical characteristics
conform with the above data. Small horn antennas were used and up
to 40 dB of fading was simulated with a variable attenuator.

4.3 Intermodulation

As pointed out before, intermodulation in the single-channel
up-converter is the dominant form of 3rd order product interference
in the SSB-AM system under consideration. Advice obtained from the
Jerrold Electronics Corporation on how to carry out laboratory

*

Higher output powers per channel are available for most transmitter
configurations with less than 12-channels because of simpler micro-
wave channel multiplexing.
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tests of this particular transmission characteristic was invaluable
in the absence of a standard test procedure. Three CW signals are
used to simulate the color TV signal and sound. The amplitudes of
the signals simulating the sound carrier and color subcarrier are
-10 dB and -16 dB relative to the signal simulating the vision
carrier. The most troublesome in-band 3rd order intermodulation
product, V+S-C (refer to Fig. 7), must not be higher than -50 dB
relative to the amplitude of the CW signal simulating the vision
carrier.

Figure 8 shows the result of this test for channel 10 up-converted
into CARS band in accordance with the FCC Group D frequency assign-
ments [9]. As can be seen, all the in-channel 3rd order intermodulation
product amplitudes are more than 50 dB below the amplitude of the CW
signal simulating the vision carrier. It should be mentioned, at
this point, that the suppression of the out-of-band intermodulation
products (refer to Fig. 7) which are not seen in Fig. 8 was satis-
factory, as well.

Vuo = CHANNEL 10 VISION CARRIER
C_ = CHANNEL 10 COLOR SUBCARRIER Fig. 7. THIRD-ORDER INTERMODULATION
10 PRODUCT FREQUENCIES FOR
S, = CHANNEL 10 SOUND CARRIER UP-CONVERTED CHANNEL 10
Vio G So
=] o o
“ ‘|,- =] o |>
o -} | -} h=4 o o
s oo = o > =
T T S| & 7 l T
o o + + [} [} o + -
> > =) =] o - o o u
(4] N > > (4] (4] [4Y] v
| | | | | R I
(. | | | | 1
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!
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Of-the-air color TV signals were also used for subjective tests
of the transmission performance. No difference could be observed
between the quality of the of-the-air signal and the signal passed
through the above described experimental 1link.

5. CONCLUSIONS AND COMMENTS

The main advantages of the described SSB-AM system are in the
following design features:

- Channel multiplexing at microwave frequencies,
- simplest possible transmitter configuration, and
- all solid-state design.

These reflect on the operational characteristics of the system in
the following way:

- Transmission quality is enhanced by using a
separate up-converter for each channel and
by avoiding subsequent microwave signal
amplification.

- A1l three aforementioned design features
enhance reliability.

- The modular transmitter design offers
attractive flexibility and economy in
system build-up whenever initial needs
are below full transmission capacity.
Plug-in transmitter modules can be easily
added as needs grow.

- A1l solid-state system implementation
became feasible only through adoption
of the modular transmitter design with-
out output power amplification. Avoiding
the use of microwave tubes results in
substantially lower power supply voltages
(one order of magnitude) and in higher
DC- to -RF conversion efficiencies
which translate into lower power con-
sumption.
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AN IMPROVED FREQUENCY MEASURING TECHNIQUE FOR CATV

I. Switzer, P. Eng.

Chief Engineer

Maclean-Hunter Cable TV Limited
27 Fasken Drive

Rexdale, Ontario, Canada

NEED FOR FREQUENCY MEASUREMENTS

Most specifications currently in force or proposed for CATV make some
reference to the frequency accuracy and stability of the TV carriers in cable
television systems. The specifications usually require carrier frequency accuracies
approaching those applied to television broadcast transmitters, particularly in
the case of adjacent channel operations.

Television channels processed through doub conversion, heterodyne
processors using the same local oscillator for down and up conversion are not
changed in frequency. Neither the visual carrier frequency nor the visual-aural
intercarrier spacing is changed by such processing. Any frequency errors observed
in such a case must have occurred in the broadcasting station.

Television channels converted from one channel to another, either by
single or multiple conversion processes or by demodulation and remodulation are
subject to possible frequency errors arising the processing system. Intercarrier
spacing is usually not affected unless audio is reduced to baseband and
remodulated for cable system use.

A convenient and accurate method of measuring carrier frequencies in
cable systems has been developed and is described:-

ACCURACY REQUIRED

Broadcast standards for frequency accuracy are +- 1 KHz for both visual
carrier and intercarrier. The universal use of intercarrier sound systems in
television receivers makes the intercarrier spacing a more important parameter than
the aural carrier frequency itself. It is desirable to have an accuracy of at
least +- 100 Hz in a measuring system to check carriers specified to +- 1 KHz,
This desired 100 Hz tolerance in measurement implies an accuracy of 5 parts in 10
or .00005% at 200 MHz. Such accuracies can only be conveniently obtained with
digital frequency counter techniques.

7

VISUAL CARRIER MEASUREMENTS

Digital frequency counters operate by counting the number of cycles of
carrier which pass through a gate in a precisely controlled period of time., The
gate time is controlled by a counter derived from a 'clock'" within the instrument.
This clock is a precision oscillator whose stablility and accuracy set the
precision attainable with the instrument. Very low cost instruments use the power
line frequency as a '"clock'. Better class instruments use temperature compensated
or oven-housed crystals as the "clock'. The '"clock'" can be periodically calibrated
by comparison with more precise frequency standards. Most digital frequency counters
have an upper counting limit of from 10 to 50 MHz. This operating range can be
extended by the use of digital pre-scalers or heterodyne converters. Pre-scalers
divide the incoming frequency, usually by multiples of ten, reducing the frequency
to a range which the counter will handle. Heterodyne converters ''translate' the
incoming frequency into a range which the counter will handle using local
oscillators derived from the counter's own clock.

continued...
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Pre-scalers are currently available to handle inputs up to 500 MHz.
Heterodyne techniques may be used up to microwave frequencies (tens of GHz).
A frequency counter with 1 in 107 accuracy and with a 500 MHz range (usually
achieved by built-in pre-scaler) is very suitable for CATV use.

Waveform input requirements for frequency counter instruments are
quite critical. Higher frequency instruments usually have 50 ohm inputs and
require about 100 millivolts of signal. The input signal must be relatively
free of non-harmonically related spurious components. Since the counter operates
by individually sensing and counting each cycle of carrier there must be enough
of each cycle present to trigger the counter circuitry. Trigger sensitivity varies
considerably from one model of instrument to another but very few counters will
trigger on the highly modulated (80 - 90%) AM television visual carriers. Even
if the desired carrier is separated from all the unwanted carriers present (associated
aural carrier and other TV channels in the system) the high degree of amplitude
modulation prevents proper operation of most digital frequency counters. This paper
describes a method of separating the desired visual carrier from the unwanted
carriers and reducing the amplitude modulation to a level which most counters will
accept.

The desired visual carriers could be separated for counting by using
a suitable band pass filter or by using a tunable band pass filter. We find it
convenient to use a tunable televisibn demodulator for this purpose, using the
selectivity of the demodulator IF section to reject all unwanted carriers. Unwanted
amplitude modulation is then removed by a limiter stage. The '"limited" IF carrier
is then translated back to the original input frequency using a mixer and the local
oscillator from the tuner. This is merely double heterodyne conversion using the
same local oscillator for both down and up conversions with a limiter stage inserted
in the visual carrier IF. The output frequency is the same as the input but unwanted
carriers have been removed and the amplitude modulation has been reduced to a level
which most frequency counters will accept.

DETAILED DESCRIPTION

A practical prototype of a frequency measurement system of this type has
been in use on Maclean-Hunter systems for some time. Figure 1 is a block diagram
of the instrument. A Jerrold Model TD demodulator is used as the tuner and IF
system, Other demodulators or television receivers can be adapted for this purpose.
The TD demodulator has the local oscillator available at a suitable level from
a connector right on the tuner. Sufficient local oscillator signal can usually be
derived from the tuner by coupling through a small capacitor. The loading caused
by the up-converter mixer causes the local oscillator to shift by only 15 KHz. Since
the accuracy and stability of the local oscillator does not affect the output
frequency, this is not important. The limiter stage which has been added is fed
from the IF test point on the demodulator. It is a Motorola MC1330P integrated
circuit, which is designed for use as a low level video detector in television
receivers. It also has a limiter section designed to feed AFT circuitry in TV
receivers. This output level is adequate for feeding the double balanced mixer
which serves as an up-converter. A co-axial switch and two band pass filters are
provided to reject the unwanted mixer images. The amplifier board from a small
MATV type amplifier was used to amplify the output to about 500 millivolts for
driving the digital frequency counter.

continued...
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Effectiveness of the limiter was tested by modulating the TV carrier
with a 15.75 KHz square wave. Figure 2 shows the modulation envelope of a TV
carrier and its associated frequency spectrum. Modulation was set to about 80%.
The first modulation side bands are @out 7 db below carrier. Figure 3 shows the
same carrier after limiting. The modulation envelope shows very little modulation.
The associated frequency spectrum shows that modulation sidebands have been
reduced by 17 db. The frequency counter accepted the limited carrier without any
triggering problems. The 807 modulated carrier would not trigger our frequency
counters and pre-scalers properly.

IMPROVEMENTS PLANNED

Some minor modifications are planned. A small 'split-band" amplifier
will take the place of the switch and band-pass filters. The present ''bread-
board" arrangement will be miniaturized and built into one of our TD demodulators.

We plan to experiment with a phase-lock loop in the IF which would
replace the limiter stage. This would assure that we have a continuous signal
available at all times without concern for limiter threshold levels. The present
system will not count an overmodulated carrier properly. This may be considered
advantageous because we have often detected overmodulated carriers in this way.
It is inconvenient if one nevertheless wishes to make a frequency measurement on
the overmodulated carrier.

COUNTER ACCURACY

Measurements made in this way are no more accurate than the clock in the
frequency counter. We use a frequency standard system which is locked to Loran C
transmissions. The Loran C receiver in our laboratory produces a 1 MHz signal
which is phase-locked to the pulsed 100 KHz transmissions from the North Atlantic
Loran C chain. The Loran C chain is controlled by a caesium beam atomic frequency
standard. The Loran C transmission effectively transfers this standard to our
laboratory with very little loss in accuracy. This Loran C clock is used to drive
the counters in our laboratory and to calibrate counters before use in the field.
Similar systems are available which lock to NBS 60 KHz transmissions.

INTERCARRIER MEASUREMENTS

Intercarrier measurements are relatively easy to make, using the same
demodulator employed for the visual carrier measurements. Many demodulators have
an intercarrier output available at a level suitable for direct counting by a
digital frequency counter. Such an output may be easily derived from receivers or
demodulators which do not originally have a 4.5 MHz intercarrier output available.
The only problem encountered is the frequency modulated nature of this intercarrier
sound signal. If the aural modulation can be stopped for the period of the
measurement, there is no problem and the intercarrier frequency can be read by normal
digital counter technique. If the carrier is modulated (FM), we can only expect to
read the average carrier frequency since the counter will actually count the number
of aural carrier cycles (actually intercarrier) during a fixed gate time. If the
modul tion is symetrical around the normal carrier frequency, and if we use a
sufficiently long gate time, we will get an accurate measurement of intercarrier
frequency. We have found that a 10 second gate time gives good results. With some
counters this requires a pre-scaling of the intercarrier to a frequency range in
which the counter uses a 10 second gating time.

continued...
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The required gating time may be estimated by considering the normal
frequency deviation used in TV aural carriers and the lowest modulating frequency
likely to be used. Maximum deviation is ordinarily 25 KHz and the lowest
modulating frequency is likely to be about 100 Hz. If we considered a '"worst
case" of square wave modulation by a maximum level 100 Hz square wave, the carrier
could be at the deviation extremes for one half of each square wave (.005 seconds).
The worst case in gating timing would be a situation in which the gate passed one
more swing to one direction than it did to the other. With a square wave modulation
to maximum deviation, this would pass about 4.5 x 100 X 5 x 10-3 = 2.25 x 104
more (or fewer) cycles than the centre frequency. This 2.25 x 10" is a worst case
error and is independent of the gating time. For this error to be less than 100 Hz
in a 4.5 MHz measurement, it must amount to less than about 2 cycles in every 104
cycles counted, The total number of cycles counted should, therefore, be more
than 2.25 x 104 X 2 X 10% = 4.5 x 108 cycles. A 100 second gating time would pass
this many cycles of a nominal 4.5 MHz carrier and guarantee the desired accuracy.
This calculation has been based on worst case extremes and we have found that a
10 second gating time gives very acceptable results,

SUMMARY

A simple double conversion technique permits separation and limiting
of television visual carriers so that they can be reliably measured with a
digital frequency counter. The double conversion system uses readily available
components and can be bread-boarded in a few hours. Frequency counters operating
in the desired range of carrier frequencies are essential for practical measurements.
Intercarrier measurements are easily made with the same equipment using the 4.5
MHz intercarrier output from the demodulator. A 10 second gating time is usually
adequate to average the frequency swings caused by the FM modulation of the aural
carrier.

July, 1971
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AN OPTICAL LINK FOR CATV

by
R. T. Daly and M. G, Cohen

ABSTRACT

This paper studies the technical feasibility of using
a free space cascade of optical (laser) links for CATV service.
By employing available Weather Bureau visibility statistics for
New York City, the effects of optical path attenuation on link relia-
bility are determined. Based upon these results, a link is prop-
osed which will provide 99.99 reliability with a 42db signal-to-noise
ratio for transmission of 25 TV channels plus the FM band. Re-
peater spacings, required optical powers, detailed configurations,

modulation techniques and costs are discussed.
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AN OPTICAL LINK FOR CATV
by

R. T. Daly and M. G. Cohen

L. TECHNICAL DISCUSSION

The performance requirements and construction of link

elements (transmitter and receiver) will be developed in this section

based upon the following assumptions:

(a)

(b)

(c)

The cascaded link elements are identical and are
spaced by 80 meters. (80 meters is about the
distance between East-West streets in Manhattan,
New York City.)

The cascade of links must achieve an overall relia-
bility with respect to weather conditions of 99.9%.
That is, for 0.19% of the time the carrier-to-noise
ratio at the output terminal of the cascade may be

below the minimum design value.

Weather statistics correspond to those of New York

City.

The cascade consists of K equally spaced outdoor intervals as shown

in Figure 1.

Atmospheric transmission path losses are uniform over

the entire length of the cascade and correspond to 33db/1000 ft.

This value of optical path transmission is exceeded (on the average)
in New York City 99.9% of the time.
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As shown, the input to the link is a high-level, noise-
free signal. At each stage in the cascade, the carrier-to-random
noise power ratio, c/n, (measured at the output of each receiver)
decreases, since each square-law photodetector load and associated
preamplifier contributes additive white noise which can be treated as
thermal noise at the effective noise temperature of the preamplifier.
With a noise-free and high-level input signal at the head end of the
cascade, the input to the second transmitter has a finite value (c/n)O.
At the output of the Kth receiver the carrier-to-noise ratio (c/n)K
will be 1/K (c/n)O. Expressed in db, (c/n)O = (c/n)K + 10 log K.
For a cascade one mile long consisting of 20 intervals, 10 log K =
13db, so (c/n)O = 55db is required for (c/n)K = 42 db. This,
level must be maintained under the assumed optical path transmission

conditions.

Before proceeding with a discussion of the equipment
configuration, it is necessary to consider the significance of atmospheric
2

transmission. The relation Ta(R) = -—R——, where Ta(R) = one way path

R

transmission and R and Rc’ the range and clear (T&1 = 1) range respec-
tively, establishes the fade margin required for the system. Statisti-
cal visibility data gathered at several U.S. cities for air traffic con-
trol planning permits the evaluation of the frequency and duration of the
optical path fading[l]. Data given for New York (taken at JFK Interna-
tional Airport) show that over an 80 meter path, a fade of 17db (ref-
erenced to a point in the receiver following the square law optical de-
tector) is exceeded only 0.1% of the time. Thus, with this fade

margin, each element of the cascade is within performance specification



404

99.9% of the time. Additionally, the data support predictions that
fading over the cascade is correlated, i.e., the overall cascade avail-

ability is the same as that for any element.

With this information, the value RC can immediately be

established by noting that

20 log Ta(R) = 40 log (R/Rc) = -17db

so that for R = 80 meters, RC = 210 meters.

At the present state of technology, and for the signal
bandwidth to be accommodated in this service, the optical transmitter
must consist of a cw laser source in the wavelength range between
about 1um (near infrared) and 0.4um (visible blue) and an external

modulator capable of handling the signal bandwidth.

For the cascade element separation (~ 80 meters), the
relatively high carrier-to-noise ratios required in this service and in
the interest of cost, direct square-law optical detection is the practi-
cal choice. Depending upon the wavelength region selected, i.e.,
the laser transmitter choice, two more or less different detector
devices can be considered. For those wavelengths corresponding
roughly to the visible spectrum (0.7 uym to 0.4um) the combination of
photocathode and electron multiplier (photomultiplier tube) is available.
Alternatively, the use of solid state photodiodes for the near IR por-
tion of the spectrum (lum to 0.6um) offers good performance. The
lower cost, accurate linearity and excellent performance of available
silicon PIN diodes as IR detectors strongly recommends their use,

even though link performance may be degraded by a few db.

For a system consisting of a cw laser, optical modulator,
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solid state (diode) detector, optics and electronic circuits, the sche-

matic diagram would be as shown in Figure 2.

It can be shown that the ''clear" range, RC, of a single

transmitter-receiver link element, is given by

1/2
2 R2 :( mz) (“oPLAR

¢ T, (R) \(c/n)o 20,

(1)
8kT_ C BB_

where (1) applies in the case of a system limited by detector/pre-

amplifier thermal noise.



The parameters in

T (R)

RC meters

R (meters)

m

(c/n),
nO

PL watts
2
AR (meters™)

Q. (steradians)

B (Hz)

Bo (Hz)

S (amperes/watt)
k (joules/°K)

T, (°K)

CT (farads)
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Eq. (1) are defined as follows:

i

onc way atmospheric path transmission

maximum range separation at which perform-
ance level will be met with zero atmospheric

path attenuation (Ta(R) = 1)
maximum range for Ta(R) < 1

peak modulation of optical carrier for any

single channel signal

electrical carrier-to-random noise power

ratio referred to maximum rms channel carrier

system optical efficiency, 1i.e., lens and

filtcr losses
cw laser power generated
clear aperture of receiver

effective solid angle of projected transmitter
beam. 47/(2T would be termed "antenna

gain” in microwave terms

overall link bandwidth

bandwidth of a single individual TV channel
responsivity of the optical detector element
Boltzmann's constant

effective noise temperature of receiver pre-
amplifier, 1i.e., Te = F x (290) °K where

F is the preamplifier noise factor

total capacity shunting the optical detector

element
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A good approximation to the details of the link can be
gained by solving Eq. (1) using some typical values. For the moment
we assume that a total of N independent but frequency-contiguous TV
channels are to be carried and that the total depth of modulation is ad-

_ *
justed such that m = (4N) 172 Other parameter values are as
follows:

(.c/n)0 = 3.2 x lO5 (55db in the receiver circuits for a

20 element cascade)

N = 0.7
-2 2 L. . .
AR = 1.3 x 10 " m~ (5" dia. optics)
Q. = LS5x 1070 ster (2 x 10" rad. linear angle
‘ or 0.12°)
B = 4x lO6 Hz
o
B = 3/2 NBO
S = 0.4 amperes/watt (for silicon PIN diode at
A= 0.63um)
k = 1.38 x 10723 joules/°K
Te =  600°K (3db noise figure)
CT = 35X 10_12 farads
R = 210 m
c

Eq. (1) can be solved, using these values, to give

— = 110 x lO—6 watts/channel

* The choice of this value for m results from a detailed calculation
of the modulation scheme and will be published separately.
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The value selected for S, above, anticipated that the laser
wavelength was 0.63um radiation from a helium-neon gas laser. Small
helium-neon lasers are readily obtainable with power outputs of 3 milli-

watts, sufficient to transmit over 25 TV channels.

A value S = 0.2 amperes/watt is appropriate for wave-
length A = 1.06um corresponding to a YAG laser. Eq. (1) would give,
L/N = 220 x lO_6 watts/channel. Small YAG lasers

have been built with outputs exceeding 500 milliwatts, which is one

in this case, P

hundred times the required level for 25 TV channels.

Because the modulation/demodulation process generates
beats among the modulated VHF channel carriers, it is not possible to
cleanly transmit more than one octave on a ''single" optical carrier.
However, using the two orthogonal linear polarization states of a laser
beam, two optical carriers can be created. These carriers may be
separately modulated and then recombined for transmission. At the
receiver, each beam produces its own photocurrents since no demodu-
lated signal can arise from interaction of the orthogonal polarizations.
Polarization beamsplitters and recombiners are not the most economi-
cal method of providing dual channel operation. It may be possible
to employ acousto-optic modulators which act upon only one polarization
with two crossed modulators positioned along the beam. Each modula-
tor channel is imposed upon an orthogonal polarization component,
with the transmission and demodulation proceeding as described pre-

viously.

Using the dual channel technique, substantially all of the
presently desired CATV spectrum can be accommodated. Thus, 54 to
108 MHz feeding the first modulator covers channels 2 through 6 plus
the FM channels, while 120 to 240MHz feeding the second modulator

provides coverage of channels 7 through 13 plus the non-standard mid-
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band and high-band channels A through M, resulting in transmission of a
total of 25 TV channels plus the FM band.

IL. SAFETY AND ECONOMICS

While there is general agreement as to the potential eye
hazard created by intense laser beams in the spectral region from
1.5um to 0.35um wavelength, there is, as yet, no solid data as to the
flux density levels which can safely be tolerated. At least two issued

(2]03]

ces s . - 2
specifications cite as a safe level 5 x 10 > watts/cm”~ at

A = 0.63um (helium-neon laser) and 1.5 x 10-4 watts/cm2 at A = 1.06um

(YAG laser). From a 5" diameter objective, therefore, about 7 milli-
watts from a helium-neon laser and 20mw from a YAG laser will
provide this flux level near the transmitter. However, these published
values are generally regarded as highly conservative, perhaps by as
much as 1000 times, and workers in the laboratory frequently receive

higher exposures without apparent effect.

It has been reported that the cost of material and instal-
lation for one mile of underground CATV cable in New York City usually
ranges between $10,000 and $20,000 and in some special cases, as high
as $40, 000. Assuming the optical link to be fully equivalent to cable
in function -and performance, in order to be cost-competitive with cable,
each repeater unit must sell for a maximum of $1,000 (including
installation) since 20 repeaters would cost $20, 000. At a higher selling
price, the optical link would appear to find application only in special
cases, for example, where its capability for quick installation with

high recovery value on an abandoned route was important.
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An estimate of the component and assembly costs for the
types of equipment discussed in Section I shows that the helium-neon
system with 25 channel capacity is just possible at $1, 000/repeater if
production volume were high. The YAG system, on the other hand,
would be difficult to produce for under $2,500 - again, if volume were
high.

I11. RECOMMENDATIONS

The significantly lower cost of a helium-neon laser
(about $100, in quantity) compared with a YAG laser (about $1, 500
in quantity), is the major contributor to the difference in system cost.
The helium-neon system would be an immediate choice on the basis of
cost alone, but as the results show, a 3 milliwatt helium-neon laser
provides little margin over the nominally required 2.6 milliwatts. Un-
fortunately, fundamental limitations exist in obtaining higher usable out-

put from this laser unless the cost is significantly increased.

The YAG laser, on the other hand, while its cost is
nearly $1,500/unit greatey provides a very significant margin. Thus,
compared to a nominally required 5 milliwatts, the YAG can provide,
easily, 500 milliwatts. This power excess can be advantageously used

in several ways:

(a) Increased weather immunity - a reliability of 99.99%

can be obtained with a 10-fold increase in power.

(b) Wider transmitted beam for more tolerance in

mounting and aiming is obtained by increasing the pro-
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jected beam to 3 milliradians.

(c) Greater tolerance to lens dirt, which reduces to a
transmission to 709 instead of 909, costs another

factor of 1.8.

With these advantages, a total laser power of 180 milliwatts
is required, still leaving a margin for component degradation. In view
of these considerations, it is recommended that any system design
which aims toward 25 channels utilize the YAG laser. For one or
a few channels, however, the heliunrneon laser remains the clear

choice,



(1]

(2]

(3]
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INTRODUCTION

Many CATV technicians, with otherwise well-rounded backgrounds, have
been forced in the past and will be required in the future to make critical
antenna or antenna-array selections to avoid annoying co-channel inter-

ference problems.

This paper has been prepared to clarify:

1. What are the basic terms and classifications of antenna radiation

patterns.
2. Why radiation patterns must be taken on the antenna test range.
3. How to analyze antenna radiation patterns.

. Why radiation pattern irregularities must be given special attention.

BASIC TERMS AND CLASSIFICATIONS OF RADIATION PATTERNS

Co-channel protection is basically an antenna performance problem which
is characterized by the antenna specifications. Antenna manufacturers usually
publish a more or less complete list of electric parameters of their products,
such as antenna gain, input match, front to back ratio, beamwidth, etec.
However, this qualitative information is not sufficient for co-channelhpro-
tection evaluation. For a meaningful QUANTITATIVE evaluation we must have

at our disposal the actual radiation patterms, as taken on the antenna test

range.

Every antenna has a three dimensional radiation pattern because it is
radiating into all angles of space. However, for co-channel evaluation
purposes we can limit our investigation to the horizontal (E) plane. The
different co-channel offenders arrive from different AZIMUTH ANGLES, thus

a vertical radiation pattern would have no meaningful information.
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The horizontal radiation pattern of an antenna describes the field inten-
sity of the radiation as a function of the azimuth angle. The pattern may be
presented in polar or rectangular coordinates. Polar presentation is preferred
for popular publications. This information gives an easy to understand picture
of the received or transmitted power distribution. By contrast, the RECTANGULAR
radiation pattern permits a presentation of much finer detail including precise

dB readings of peaks and nulls.

The radial deflections on the polar and rectangular charts may be arranged
in:

* Linear scale
* Power scale
* dB scale.
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Compare the readability of a polar and horizontal radiation pattern presentation.
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The dB scale, containing the logarithmic variations in the received signals,
is the most beneficial for the examination of CATV antenna array radiation

patterns.

Figure 1 presents polar and rectangular rediation patterns taken from the
same antenna. It should be noted that while location, depth,and width of the
null at 168° is somewhat fuzzy on the polar pattern, the rectangular pattern

offers good readability and accuracy.

ANTENNA TEST RANGE AND RECORDING EQUIPMENT CONDITIONS

We realize that 99% of the CATV operators. and technicians have not been
involved and will not participate in antenna test range operations. But in
order to comprehend the physics of antenna radiation patterns one must have
a greater understanding about antenna test range and recording equipment

conditions.

Usually a big, open field is selected for antenna test range purposes.
The transmitting gear is estgblished at one end and the receiving/recording

gear is located at the opposite end. (Figure 2)

Tr -nBlllitt‘llg Test antenna
A
antenna

.\ :
'F’f’N]H Ampl.
\

1000’ to 3000’

Figure 2



319

The modulated RF signal is beamed from the fixed high-gain antenna in the
direction of the receiving (test) antenna. At the receiving end, the test
antenna is rotated either manually or by motor. In both cases the rotor move-
ment is syncronized with the recorder. The detected and amplified signal is
processed through the recorder to produce a permasnent chart of the radiation

pattern.

There are several critical antenna test site conditions which may adversely

effect the accuracy of the obtained test information :

* Separation between the transmitting and receiving antennas (1000' to

3000' represents adequate separation)

¥ Directivity of the transmitting antenna (a minimum of MSO beamwidth is

required)

* Height of the transmitting and receiving antennas above ground (50' to
100' is a sufficient height)

¥ The surface quality of the antenna test range (rough surfaces are pre-
ferred).

A combination of the last two conditions contribute to reflection problems,
the most serious source of errors. Ground reflection is a function of the
surface configuration, type of soil, content of moisture, vegetation, weather,
transmitting frequency, polarization, etc. Increasing the transmitting and test
antenna heights well above ground and the installation of conductive fences
perpendicular to the line of propagation are two practical means to reduce

ground reflections.

A number of recording equipment conditions may also contribute to the limited
accuracy of the radistion pattern:

¥ The instability of the transmitter and receiving equipment

* Calibration inaccuracies of the output power

¥ Problems inherent in the detector characteristic.
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Since detectors are non-linear devices, the detected signal depends largely
on what portion of the characteristic is used for detection. This in turn is
a function of the output power of the signal generator, the distance between

the transmitting and test antenna, etec.

Good antenna engineering practices dictate the calibration of every chart
before starting a series of radiation pattern tests. (See Figure 3) By in-
serting 3-6-10-20-25-30 dB pads into the tramsmitter's output, the detected
voltages can be precisely marked on the chart. Figure 3 demonstrates the
need for calibration. At the -22 dB chart-pgper mark the calibration yielded
an actaul -20 dB reading. In co-channel protection analysis the -20 to -30 dB
region contains the most important segment of the chart, and calibration
should not be omitted.

RADIATION PATTERN ANALYSIS

There are a number of paramount factors determining the co-channel pro-
tection capability of an antenna-array, all readable from the radiation
pattern:

¥ The exact azimuth angle of the nulls

* The depth of the nulls

* The width of the nulls

* The shape of the main beam.

Potential co-channel offenders should be identified during the signal survey.
The azimuth angles of these actual co-channel interference stations may then be

determined accurately by a computer run.

Should a fixed structure array be employed, such as a diamond arrgy of log-
periodic antennas, its actual radiation patterns must be very closely examined:
are the null directions coinciding with the azimuth angles of the co-channel

offenders?
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The other popular agpproach is to custom design antenna arrays to force nulls
in those particular directions from where the interfering signals are arriving.
In these cases actual radiation patterns may prove that the nulls are right on
the target, or perhaps a few degrees off. In the latter case a slight reorien-
tation of the tower mounted array may swing the null into the desired position

without significantly decreasing the antenna gain.

THE DEPTH OF THE RADIATION PATTERN nulls may also be conveniently identified
from a rectangular radiation pattern with a dB scale, enabling the CATV techni-~

cian to affirm manufacturers' specifications or to discover overoptimistic claims.

Nulls exhibiting 20 dB depth cannot be considered adequate co-channel pro-
tection. 4O dB deep nulls are highly desired but seldom demonstrated on actual

radiation patterns.
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Figure 4 illustrates the need for F/B ratio specifications and radiation
pattern comparison. The manufacturer's specifications stated 30 dB protection

from the back. The radiation pattern indicates that indeed the diamond quad
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provides 30 dB protection from 180°. However, the co-chamnel offender arriving
from -1650 azimuth--and we can still call this "from the back"--will be attenuat-

ed only by 25 dB. This is g 5 dB deviation from published specifications.

THE WIDTH OF THE NULL is an additional important characteristic with which
to be concerned. From a rectangular radiation pattern with dB scale, this

parareter may be precisely measured at any null location.

Very narrow (lo to 30) nulls should warn the CATV technician of two imminent

problems:

1. It is difficult to orient a tower mounted CATV array with such accuracy

under normal working conditions.

2. Under medium to heavy wind conditions the twisting of the CATV tower,
combined with the movements of the antenna gates and pipes, could
skew the the nulls of the radiation pattern by several degrees, thus

significantly decreasing co-channel protection.

Nulls of 5° to 8° width are considered optimum for CATV application.

RADIATION PATTERN IRKEGULARITIES

It is not uncommon to encounter asymmetricgl radiastion patterns. A re-
examination of the diamond array pattern and horizontally stacked two-bay
pattern (Figure 3)shows a number of asymmetrical features. These include
a missing null at -90o on the two-bay pattern, or the development of a broad
shoulder on the dismond array pattern at +SO°. These are warning signs in-
dicating that either the antenna test range or the constructed arrays have
hidden inadequacies. If co-channel conditions warrant the need for extreme
caution, the radiation pattern testing should be repeated on a slightly al-
tered test range or with a different mounting in order to identify the nature

of the asymmetrical pattern performance.
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Figure 5 is a classical example of a faulty radiation pattern, not to be
accepted for evaluation purposes. The radiation pattern of a log-periodic
antenna is presented in this chart. Note that the signal level responses
differ considerably at 180°. on the left side, the curve dips to -22 4B,
while on the right side it levels off at -13 dB. The resulting 9 dB differ-
ence between the left and right side could be a serious impairment of the

recording equipment or the result of transmitter/receiver instability.

The frequency of radiation pattern testing is also an important qualifying
parameter. Co-channel beats are generated by the video carrier frequencies of
two or more stations. Therefore, for co-channel testing purposes, the radiation
patterns must be tested on the respective video carrier frequencies. The pattern
response may or may not change within a couple of MHz; however, the bearings of
the nulls, the depth of the nulls, and their width may shift considerably,

varranting on-video-carrier testing.

Antenna arrays mounted on small diameter pipes on the top of the wooden
test tower may exhibit perfect radiation patterns with deep nulls. But mounted

on metal antenna gates, in the vicinity of a 48" face tower, they may not perform
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as well. Reflections from the horizontal braces of the tower and the long
horizontal pipes of the antenna gates will generate phase sensitive cancel-
lations: filling in the deep nulls in the pattern or causing null-shifts.

There is little point for exsmple to publish a "mast mounted" radiation pattern
for a diamond array, if the array must be mounted on & CATV tower with 40% to

60" tower face.

CONCLUSION

It has been shown that co-channel protection can be evaluated by analyzing
the actual radiation patterns of the array. What often stands in the way of
such effective evaluation is the missing information: the properly taken
radiation pattern itself. It is up to the CATV operator and technician to

ask for and obtain that information.
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Cable TV System Calculator

by J.Cappon.P.Eng.

Pres.J.Cappon & Assoc. Ltd. Cable T.V. Consultants.
1 Cathcart St., Willowdale,Ont., Canada.(416) 222-7376

Patent pending()J}Cappon 1971 all rights reserved.

INTRODUCTION.

If someone who is not familiar with Cable T.V. would ask me what
planning a Cable T.V. system is like, my answer would be: it is
very much like playing chess. Before you make a move you have to
consider all the consequences of that move, as well as the
consequences of the moves you plan to take thereafter.

To illustrate this, fig 1 shows a typical situation.

8
} s
D) [ ) b Ll

Fig.1l
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Signals arrive at the cable split with +25dBmV at ch 13 and +24dBmV
at ch2, By merely splitting the signal amplifiers are required at
point B and point C.

However, with one amplifier before the splitter at point A, this
one amplifier is able to serve these two branches.

Fig. 2 shows the computation required to find out where the signal
needs reamplification. Roughly three times as much effort is
required to conclude that one amplifier would suffice.

CH 2 CH 13 CH 2
TAP LINE TAP LINE TAP LINE TAP
24,00 25.00 24,00
3430 SPLITTER 3430 3430 SPLITTER
20.70 21.70 20.70
« 85 100FT .412|| 2.50 1.30 150FT <412
10.00 | 19,85 5.85 1920 59.20 19,40 94,40
3430 4-10 TAP 3430 3430 4-10
16.55 15.50 16.10
« 85 100FT +412|| 2.50 1.30 150FT <412
X 15.70 X 13440 X 14,80 X
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From this example it is rather obvious that an aid to take over
the time consuming calculations would be highly desirable.

COMPUTER ASSISTED DESIGN

A computer therefore, which in a split second could perform these
calculations and come up with the optimum solution would be very
helpful.

However, we must realize that the*Cable T.V. system.computer”faces

the same problems as his cousin the"chess playing computer’

The basic problem in programming a computer to play chess is in
teaching the machine to be selective in the possible lines of play

it considers. Where the human player is able to reject over 957 of
possible continuations, the computer must labour through all varia-
tions before making a selection.

There are ofcourse more possible alternatives to consider by the

“‘chess playing computer”than by the"Cable T.V. system computer’

To be precise there are six major alternatives to consider:

a splitter.

an amplifier followed by a splitter.

. a directional coupler (-8dB) with the branch line pointing down.
a directional coupler (-8dB) with the branch line pointing up.
an amplifier + a dir.coupler (-8dB) with the branch line down.
an amplifier + a dir.coupler (~8dB) with the branch line up.
In a section of a distribution system with 16 cable splits, there are
616 different combinations,(2.82 x 1012), Allowing 1 m sec. for the
computer to calculate the effect of one change we will have our answer
in 89 years. This example illustrates that the computer, though fast,
cannot consider all possibilities; it must therefore, as we stated
earlier, be selective in it's choice removing the assurance that all
possible alternatives were tried.

Hho oo oD

THE OPTIMUM SYSTEM.

In attempting to write specifications for an optimum design, four
aspects need to be considered:

a. signal quality.

b. reliability.

c. maintenance cost.

d. initial cost.
A low cost system could have pieces of .412" and .500" intermixed,
but for the sake of standardization this is not done. Each amplifier
could be set to operate at nonstandard levels even while keeping an
eye on distortion products. However, for the sake of standardization
this too is unacceptable. House drops at ~6dBmV could provide acceptable
pictures, but out of consideration for older sets, safety factors,
direct pick-up and possible second sets, this is not done. Even the
most important cost factors such as amplifier operating and subscriber
drop levels as well as the maximum number of '"distribution line
amplifiers in cascade” are compromises between these four previously
mentioned aspects. Making these cost determining factors rigid,as one
has to do when they are entered as design parameters in a computer
program, may result in poor '"'trade offs".
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Let me illustrate: Raising the minimum "tap Off" level by 1dB in

a typical distribution line having seven 4 way tap off units spaced
100 ft. apart, will reduce the amplifier spacing by approximately 77%.
Guaranteeing this new minimum level for 28 subscribers, based on an

amplifier cost of $175.00 would cost approximately 7 x 8175 x _1 =
$ 0.44/dB/subscriber, which can be considered a 100 28

reasonable compromise.
However, if at the end of a distribution line the signal would dip
below its specified minimum, an additional amplifier would be
required because 4 subscriber levels were .5dB below specification.
Then the cost is $87.50/dB/subscriber, which should be considered a
very poor trade off.
Had the "human touch" been involved this situation would have been
spotted immediately, and one of the following possible alternative
routes could have been taken:

a. permit the .5dB low subscriber level.

b. lower loss drop cable.

c. amplified tap.

d. indoor amplifier.

e. low power line extender.
Other areas where it is difficult to let the computer decide are where
the requirements may alter because of:

a. new subdivisions.

b. possible rezoning of build-up areas.

c., difficulties in obtaining "‘right of ways".
To let the computer decide would require the programmer to establish
probability factors which may be more difficult to determine than
to solve the problem itself.

A CALCULATOR?

But up to now there has not been much choice. It is either a slow
planner or a '"fast' computer, and the cost per mile stayed somewhat
the same. Yet a combination of a planner doing the design and a
calculator performing the routine calculations appears to have merit.
Such a calcylator (preferably a desk type) must be capable of the
following:

a, accepting input level information.

b. accepting cable type and length information between taps

as well as from tap to TV set.

c. being programmed for required minimum level at TV set.

d. instantaneously providing tap off type and value.

e. working in reverse direction (from the end of a line).

f. retaining previously entered data when changes are made.

g. accepting a wide choice of dir.couplers and taps.

h. recording R.F. levels.
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Almost all of these requirements could be met by a panel as shown
in figure 3.

m “ U " “ - - " —JE. .
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Fig.3

Input level is set with control and is displayed in the first window
under "Line Levels'. The largest drop cable length is "dialed in" for
the first tap, and, subject to the setting of the "device knob" the
tap level will now appear in the first window under '"tap level".

The '"device knob'" is set for the type of tap-off e.g. 2 way taps and
then rotated to a value until both red lights have just extinguished.
This process is repeated for each tap-off. When this calculator is
requested to work in the reverse direction a feedback loop is required
to maintain the last tap level at it's preset levels by controlling
the input level.

a. In order to make a panel like this function, simulation
can be achieved with RF through the use of high loss
cable, switchable attentators, and digital read-cut
RF level meters.

This possible solution is obviously too cumbersome.
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Direct Current can be used. In order to prevent the wide
dynamic ranges a current scale whould be chosen where each

dB equals 10 mA.

All attenuating devices can now be represented by parallel
resistors which are connected to ground,(providing that a
constant voltage source is used as a supply) assuring a fixed
current through each component according to the attenuation
in dB of the device it simulates.

All contacts, plugs and sources need to be constructed in
duplicate to simulate ch 2 & ch 13 operation simultaneously.
Similarly one dB can be represented by 1V, in which case

a constant current source should be employed and each component
be simulated by a series resistor, providing a fixed voltage
drop according to the attenuation in dB of the device it
simulates.

b and c are far simpler than the RF simulation technique; however
these methods still leave much to be desired.

A MECHANTICAL CALCULATOR?

Could it be that a mechanical-graphical method will out-perform
electronics to serve RF distribution calculations?

The basis is a graph as shown in fig.4 with signal level at ch 2 p
and ch 13 p plotted along the axes; each point on this graph will
then represent a certain signal condition. The point marked A on

this graph 41/34 respectively representing ch 13 p and ch 2 p carrier
levels,is a typical output for a four way bridger amplifier.

ch?p
Level

n
dBmY

+40

+30

+20

+10

—» ch 13p Level in dBmY

+50 +40 +30 +20 +10

Fig.4
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A cable run as shown in fig.5 can be plotted on the original graph.

see fig.6
2s50ft looft
325
424 3%!.5 / Jée “'yzs.l 1 e"sg,_g 1 '8'4/19.6
V}é C ' LN
1 X \ A
ok 3%/ ﬂ e Q\”'au
Fig.5 350{* 4Way - 1548 ZWuy -10468

The first 300 ft.
it's input levels
2 way splitter is
levels of 36/31.5

cable piece is represented by a straight line between
of 41/34 and it's output levels of 36/31.5. The
represented by a straight line between it's input

and it's output levels of 32.5/28. The other levels

are represented similarly. It should be noted that the lines repre-
senting the flat losses of the splitter and taps have a 45 degree
slope on the graph, while the 1lines representing cable are nearer

30 degree.
— ch13p level in dBnY
+50 +40 +30 420 +10
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Fig.6
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The graph can contain more information. Figure 7 shows the 2 way
10dB tap again; the horizontal dimension of that square represents
the through loss at ch 13p; the vertical dimension represents the
through loss at ch 2p.

—+ch |3p
+25 +20 +15 +10

+25

e A

2504t
Cable
C"'i?P

+20 #
+15

_ Fig.7

By changing the square to an L shape, through the addition of two
rectangles as drawn, the tap .off levels as well as the output levels
can be read off the graph.

This is achieved by making the horizontal leg equal to the tap off
loss at ch 13 and by making the length of the vertical leg equal

to the tap off loss at ch 2.

A plastic module in the shape of an L can therefore be placed on
the graph (see fig.8), indicating input, output, and tap off levels.
Other L shaped modules representing other taps, dir. couplers and
cables can also be placed on the graph and by sliding them together
the signal flow and levels can be observed.

Tap.c//- doss at CI"3

Input ~ p ot
levels apoalpu
\: ¢ Level ch /3
F- 1Thew
| Loss at
Z: /y ahap
F" —
doss at P:::at '\ Thra
ch2 chia | output levels
7; ot.ffni
Lt zgntd-e Fig.8
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Once the required minimum tap off levels are established for the
typical case (e.g. 100 feet of drop cable), it is possible to mark
the area of levels on the graph where a 10dB device would be required,
where a 15dB is required, etc. (see fig.9).

Min.
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Since operators use different types of drop-cable and have different
ideas as to what the tap levels sheuld be, the area information and
minimum required tap levels is printed on a transparent overlay

and can be shifted to any operator's heart's content.

We have known for years that the tilt between c¢h 2 and ch 13 changes
along the line between amplifiers and therefore a number of companies
have marketed sloped taps.

However, it becomes difficult when designing in the conventional way,
to decide if a sloped tap is desirable in a particular location and
which frequency to choose first in order to determine the tap-off
value. This problem can be solved because the overlay indicates
whether a sloped tap et flat tap should be used and shows the value
of the tap.(see fig.10)
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Yet there is more in this graph we can use. How does one determine
which plug-in equalizer and, or pads to use in an amplifier when
the input and output levels are known? Well, it takes some arith-

metic.

I have seen one techinician who carried a number of sheets

around with all the tabulated data for two types of distribution
amplifiers. It showed him what to do in regard to plug-in pads,
switchable attenuators, and tilt and gain centrol for every
conceivable input signal combination. Those days will soon be gone.

Let us go through a little arithmetic again. Assume
output level is 40/36. A typical amplifier with all
for maximum gain provides 22dB at ch 13 and 20dB at
permissible input level therefore equals 18/16. (see

1 +25
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The internal slope control can reduce the gain at Ch 2 by

8dB. Therefore any point on the vertical line between 18/16 and
18/24 can be amplified to the desired output 40/36, by proper adjust-
ment of the slope control. Similarly the gain control line between
18/16 and 23/18.5 indicates the levels which can be accomodated
with the gain control.

Therefore any point within the drawn parallelogram can be amplified
to the desired output levels

The shape of the usable area characterizes the behaviour of the
controls, while the size indicates the control range. Fig.l2 shows
4 possible amplifier characteristics.

o

ch2 chia cke chis che chis che ck'as

/AN <
|| HEE AU j\

1

Fig.12

The addition of a switchable attenuator or 'plug in' pads, results in
a combination of parallelograms with overlapping areas. (see fig 13a)
This permits the manufacturer to indicate a preference of one switch

setting over another in these overlapping areas, resulting in one

of the possible alternatives as shown in fig.1l3 b,c and d.

LRl

Fig.13
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Similarly, switchable equalizers result in the effect zhown in

fig. 1l4b, while l4c shows the effect of the availability of

plug-in equalizers and pads.

Here too it would be advantageous to know which setting to choose
for optimum performance, especially where some input signals can be
accomodated with 4 different combination "plug-ins'.

Fig.l4

CONCLUSION.

As can be readily seen, there is an enormous difference in the cost
and complexity of a panel constructed with RF or DC simulation
techniques as compared to the graph and module method. The Cable TV
calculator furthermore is portable and meets all the goals set out
earlier.

it does not require leased telephone lines, terminal rental or
expensive computor programs, it is completely self-contained.

The calculator has given the manual planners a new lease on life

by increasing their efficiency by an estimated 507%-1007%.
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CALIBRATION OF CROSS MODULATION MEASUREMENTS

STEVE J. KEMPINSKI & JAMES E. FOGLE
C-COR Electronics, Inc.

Cross modulation measurement is an especially important para-
meter in the determination of CATV system performance. In
the industry today several cross modulation test sets are
available to fulfill the need to measure cross modulation.
However, for accurate measurements these test sets must be
calibrated in an accurate and repeatable manner. This cali-
bration is accomplished by the insertion of a known cross
modulation level, which is then used as a standard for com-
parison.

Since detectors used in these signal measurements are basi-
cally non-linear devices (which can be approximated with a
square law expansion), it becomes essential to have the
calibration point near the region of expected cross modu-
lation readings.

When one talks about percent modulation in terms of dB and
spectral component levels in dB corresponding to a given
cross modulation level, there has usually been a considerable
amount of confusion over these terms. Let us attempt to
clarify these terms by a look at the facts. See Figure 1.
As illustrated by Figure 1, the difference between the NCTA
definition and conventional definition of an amplitude modu-
lated wave lies in the way the modulation excursion on the
carrier is defined. By equating the two definitions and
solving mathematically (see proof in Appendix A) we then can
see that M, (NCTA modulation) is equal to M_ (conventional
modulation) plus a correction factor T. Seé Figure 2. As
shown in Figure 2, the factor T is equal to O dB at 100%
modulation and 6 dB at 0.1% modulation.

Let us first consider several modulation levels using the
conventional modulation definition. For a 100% square wave
modulated carrier the first spectral component away from the
carrier is 3.9 dB below the carrier. ©See Figure 3. For a
100% CW (sinusoidal) amplitude-modulated wave the first (and
only) spectral components are 6 dB below the carrier. It is
then apparent that a 0.1% square wave modulated signal has a
first spectral component 63.9 dB below the carrier and a
0.1% CW amplitude modulated wave has its first (and only)
spectral component 66 dB below the carrier level. See Figure
L.

Now considering the NCTA defined modulation, a 0.1% modulated
signal has its first spectral component 69.9 dB below the
carrier. It should be noted here that -60 dB cross modu-
lation means that there is 0.1% induced modulation; not that
the first spectral component is down 60 dB.
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To produce an accurate calibration point, it is necessary to
calibrate at very low cross modulation levels (at least 60 dB
below the carrier). At this point then one must decide
whether to use sguare wave modulation or amplitude modulation.
Since it is difficult to accurately fix a modulation index,
the choice of modulation then must be one which is accurate
and repeatable.

One way of accurately simulating a low modulation index is
to linearly add and envelope detect two CW signals that are
closely spaced in frequency. If one of the signals is
sufficiently small when compared to the other, then the
detected output is the same as that of a conventional ampli-
tude modulated signal having a modulation index equal to the
voltage ratios of the two signals.

Consider the addition of two sinusoids of different and
arbitrary relative amplitude M:

SIN X + M SIN Y = P SIN

2.1 +M° 4+ 2 MCOS (X=Y)

SIN X + M SIN V
and TAN® = Zoe% s W Co5 v

The derivation of these relations is shown in Appendix 8.

where P

If M =1, the Sin X + M Sin Y reduces to 2 Cos % (X-Y) Sin
% (X-Y), which is not conventional amplitude modulation.
However, under the conditions stated before; that is, a large
relative amplitude difference (M4< 1) and close frequency
spacing (X=xY), then¢>iszappr0ximately equal to X. Expanding
the square root of 1 + M + 2 M Cos (X-Y) in a Taylor series
about 1 yields

P=1+MCOS (X-Y) + Higher Order Terms.
Therefore, for these conditions
SIN X + M SIN Y2 [1 + M COS (x-v)j SIN X

This does not mean that new spectral components have been add-
ed by the linear addition of the two sinusoids; it simply
means that this linear addition under the above conditions
represents a conventional AM signal to a very good approxi-
mation.

Since we use this simulated AM signal to calibrate the cross
modulation test set, we must include the 6 dB correction
factor as shown in Figure 2. The simulated signal must be
at the -66 dB level which corresponds with a -60 dB square
wave (NCTA) modulated signal. One more correction factor
must be considered; that of the audio analyzer used to read
the detected signal. Since the audio analyzer is a narrow
band device, one must consider the difference between the
first side band or spectral component of the amplitude modu-
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lated and the sguare wave modulated signal. Expanding both
signals in a Fourier series and comparing the first two
spectral components reveals that the square wave modulated
signal is 2.1 dB greater than an AM signal for the same modu-
lation index as was previously shown in Figure 3. Therefore,
+2.1 dB must be added to the -66 dB calibrating wave. Con-
sequently, a -63.9 dB amplitude modulated signal is equal to
a -60 dB square wave (NCTA) modulated signal. Again, looking
only at the first spectral components we can see the relation-
ship between the NCTA, conventional, and simulated modulation
levels. See Figure 5 for a comparison of these levels.

C-COR has related this theory of calibration to actual oper-
ation of a unit which C-COR has built and proven in use for
calibration of crouss modulation test sets. A block diagram
of the C-COR calibrator is shown in Figure 6. Its operation
follows the theory described to provide a -60 dB cross modu-
lation calibration point. The calibrator employs two crystal
controlled oscillators with a difference frequency of 15.75
kHz. The outputs of both oscillators are fed to directional
couplers one leg of which is used for a test point. A cali-
bration on one oscillator is used to equalize the amplitude
of that oscillator's output to the second oscillator's output
while monitoring both outputs at the test points. The first
oscillator's output then is fed to a precision 63.9 dB
attenuator (which has been calibrated using a secondary
standard). The attenuator output is then fed into a combiner
along with the output of the second oscillator. At the com-
biner output then the signals provide a simulated -60 dB
cross modulation calibration reference. This calibrator has
proven itself as an ingtrument for consistent accuracy and
rapeatability in calibrating cross modulation test sets.
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APPENDIX A

Conventional Modulation - Mc = T/5

NCTA Modulation - M = -:,‘—

M - Modulation Level = 20 log m

Percent Modulation = 100 x m

See Figure A4

Equate the modulation formulas by reference to Figure.

X
X=2T=YMt T=|_2_=SM|:
Y=S+T=X/Mt S=Y-T=T/MC
M o= X _ 21
t ZYSM S +T
My = sTEI
c
2 MC
By factoring and cancelling: Mt = T::ﬁ;
. _ X/2 _ _X/2
Likewise: MC =T/S = Y-T = V-X/2
X
M = 2 X
c_ 2Y-X ~ 2Y=X
2
Again by substitution
YM
Y
c 2Y--YMt
My
Therefore MC = 2"Mt

Taking the expression for Mt and expressing in dB yields

20 log Mt

20 log 2 = 20(.3) =6

Then let T = 6 - 20 log (1+Mc)

for which the original equation then becomes

20 log M
\——V\B

Mt = MG =T

=20 logM_+ T

= 20 log 2 + 20 log M_ - 20 log (1+Mc)
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APPENDIX B
SIN x + M SIN Y = P SIN § (1)

Using trigonometric relationships and considering the addition
of two phasors which then becomes

BJX + MeJY = PeJ¢

Since this holds identically then,

COS X + MCOS Y = P COS

SIN® SIN X + M SIN V
Thus TANG =T0S¢ =~ COS X + M CO5 VY
Then PE = (ejx + Mejv) (B-jx + Me-jv)
2 2

which yields P =1 + M + 2M COS (X-Y)
Equation (1) now becomes

SIN X + M SIN Y

¥%
[1 + M2 4+ 2M COS (x-vﬂ SIN ¢
*For M 1

SIN X + M SIN Y

2

[1 + M2 4 2M COS (x-v)] SIN &

+[1+meos x-v)) s
2

M

—— SIN®

Which equation is like conventional amplitude modulation where
M has the same meaning as in amplitude modulation.

IFPM=1 P2 - 2 + 2 COS (X~Y)

or P =\/'z'[1 + COS (x_v)] ®

= 2 C0S % (X-Y)
and when applied to eguation (1), the eguation becomes

SIN X + SIN Y = 2 COS % (X-Y) SIN % (X-Y)

SIN X + § Y
COS X + C Y

it follows that

<b‘= X;‘(

* See No. 3 Bibliographye.

. INY _
Since TAN(b - ey = TAN % (X - V)
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CAN COAXIAL CABLE COPE WITH THE CATV
SYSTEMS OF THE 70°S?

John C.Fan, Mgr.,Research & Development Copper Clad Aluminum Wire
Frank A. Spexarth, Mgr., Communication Industry Products

Introduction

At a time when the cable television industry is absorbing
such sophisticated new technologies as laser link and micro-
wave transmission, it may seem unusual to suggest taking
another look at a tool as familiar and comfortable as the
coaxial cable. Unusual, that is, until you consider the
demands likely to be made of this cable during the remainder
of the 1970's.

Most observers predict that penetration of cable television
into the top 100 cities during this decade will stimulate
dramatic changes in both your services and systems. There
is talk of 24, 48, 64, or more channels. You will be called
upon to transmit not only video signals, but also data and
facsmile reproductions. Two-way communications is likely.
Average system size will jump from approximately 100 miles
of cable per city to as much as 4,000 miles per city.

Such growth places heavy demands on the technical resources
available to you. Utilization of laser link and microwave
technology is crucial to providing economical service to
large metropolitan areas. Yet even such advanced equipment
will not eliminate the need to wire with coaxial cable in
any system of the foreseeable future. In fact, it is the
basic system you know today which will be called upon to
provide the many new services upon which your industry will
grow. There is little doubt that more sophisticated elec-
tronics hardware will become available as your industry
requires it. The question is, can your cable keep pace?

The nature of a cable television system makes this a crucial
question because noise-to-signal limitations are principally
a function of the cable. The most effective way to improve
system efficiency is to use cable with lower signal loss
rather than to depend on high gain amplifiers which unavoid-
ably are limited by attenuation characteristics of the system's
cable. Thus, as the state of the art in active equipment
improves, the electrical properties of the coaxial cable
become even more significant to the system owner. This paper
examines factors which must be considered in producing cable
with low signal loss characteristics.
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Attenuation

The coaxial cable is itself a system, a combination of mate-
rials fabricated together to transmit RF signals efficiently.
Basically it is made of two metal conductors separated by an
insulating (dielectric) material. (Figure 1) Attenuation,
the loss of signal strength from one end of a cable to the
other, is unavoidable and a function of eight variables:
frequency, impedance, RF resistivity of the outer conductor,
diameter of the outer conductor, RF resistivity of the center
conductor, diameter of the center conductor, the dielectric
constant and the power factor of the dielectric. (Figure 2)
Only a few of these variables, however, can be altered in
CATV cable to reduce attenuation.

OUTER CONDUCTOR

INNER CONDUCTOR

INSULATING (DIELECTRIC) MATERIAL

FIGURE 1
The basic attenuation formula:
e
a = 0.660 x 10-3%'— ("B +BLY) 4 277 x 106 {/E tan L
N Vo > N y 100 ft
Conductor Loss Dielectric Loss
FIGURE 2

Frequency (f)

Frequency currently is restricted to the 54 to 212 mhz band
by the capability of the television receiver. However, plans
are being made to employ the 5 to 300 mhz band to provide
other capabilities such as 2-way communications.

Impedance (Zo)

There are two widely accepted cable impedances in use today,
75 ohm and 50 ohm. The two were developed to fulfill distinct
needs: transmission with minimum attenuation and transmission
of maximum voltage.
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In designing coaxial cable for minimum attenuation, the opti-
mum ratio of conductor diameters is determined from the atten-
uation equation as derived in detail by Dummer and Blackland .
(Figure 3)

The conductor loss:

2 VEf (/R1 , {R2
g (Ta o)

ac= 0.660 x 10 0 FIGURE 3

For minimun dc with air dielectric:

Z, = 75 ohm with —d"— = 3.5

In designing coaxial cable for maximum voltage rating (requir-
ed, for instance, in microwave radar applications) the equation
is as shown in Figure 4.

-

The peak voltage:

v=54£¢|mge{%

where E is the voltage gradient with a cable spacing.
FIGURE 4

To achieve maximum V:

—:— =272 thus Z,= 50 ohm

Since for cable television transmission the principal concern
is low attenuation, 75 ohm has been selected as the industry
standard.

Outer conductor resistivity (Ro)

In CATV, aluminum is used almost exclusively for outer conduc-
tors since it provides the most suitable technical/economic
selection of materials available. Outer conductor resistivity,
therefore, can be considered a constant.

Quter conductor diameter (D)

The size of outer conductors has been fixed at various stan-
dard diameters to allow flexibility and interchangeability for
connections and equipment hook up. This, too, may be consid-
ered a constant.

Dielectric (€and tan §)

Efficiency of the coaxial cable dielectric can, and does, change
since the dielectric effect can be reduced by lowering the density
of the insulating foam to approach an electrically optimum air di-
electric. Foamed polyethylene, and more recently foamed polysty-
rene are the most common dielectric materials.
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Center conductor diameter (d)

When lower loss dielectrics are used and the outer conductor size
is not changed, as in the case of CATV coaxial cable, then the
diameter of the center conductor must increase to improve perfor-
mance.

Center conductor resistivity (Ry)

Copper clad aluminum and copper are the standard materials in use
today. Due to the inherent characteristics of RF signals which
are transmitted only on a conductor's surface, the RF resistivity
of copper clad aluminum and solid copper are identical.

Cable Engineering

With the need for larger systems, improved cascadability and re-
duced system cost, cable designers are turning to dielectric mate-
rials having lower loss and lower density. Inherent in these
changes however, is a reduction in the supporting capability of
the dielectric. This creates a problem because there is a simul-
taneous need for larger--and therefore heavier--center conductors.

The solution to the dichotomy is found in copper clad aluminum
wire--a material already used widely by your industry in current
cable designs. Two inherent physical properties of copper clad
aluminum provide the basis for this solution.

Weight

Because copper clad aluminum is 40% lighter than copper it effec-
tively reduces the tendency of a center conductor to "drift" in
the dielectric during its service life, thus preventing impedence
discontinuities and shorts.

CENTER CONDUCTOR CENTER CONDUCTOR
NORMAL DISLOCATED
Impedance Discontinuity Short Circuit

FIGURE 5
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Bendability

In the installation of a CATV system, coaxial cable has to be
formed into many bends. The bend may cause some impedance dis-
tortion if the center conductor is dislocated in an eccentric
position within the cable. This can be caused by the resistance
of the conductor to the bending forces.

Results of bending force tests verify that copper clad aluminum
requires less force to bend or form into different shapes. It
therefore reduces the chance of impedance discontinuity due to
migration of the center conductor into the dielectric at the
bend. The tests were performed with the bending fixture (Figure
6) mounted directly on a tensile testing machine to measure bend-
ing forces accurately. The comparison of the annealed copper
conductor to annealed copper clad aluminum conductor is shown in
Figure 7.

RELATIVE BENDING FORCE OF ANNEALED COPPER AND
o COPPER CLAD ALUMINUM CONDUCTORS

BASIC WIRE BENDING FIXTURE
roncz\
2 40 /
- Y’
SPECIMEN w
1 i HoLbING g
BLOCK o
H
5 10 AWG Cu
z -
20
) Y —1-=
/h’—
SPECIMEN -
-
10 AWG Cu Al 4— e
[—12 AWG Cu =

-
—F—
12 AWG Cu Al P =

o 30 60" 90
BEND ANGLE DEGREES)

FIGURE 6 FIGURE 7

Frequency

With the predictable expansion of the usable frequency range to

5 to 300 megahertz in use in the '70's, the question comes to

mind as to whether or not there will be any change in the attenua-
tion properties of copper clad aluminum, especially in the lower
frequency range. With the help of cable manufacturers, data was
accumulated measuring the attenuation of copper versus copper clad
aluminum cables using a foamed polyethylene dielectric. The results
are shown in figqures 8, 9, and 10. Note that copper clad aluminum
in the 750 cable is equal to copper at the 500 khz frequency and
shows only a loss of 10% attenuation as low as 50 khz. In the 500
and 412 cable with copper clad aluminum the attenuation is equal

at 1 mhz and shows a 10% loss at 100 khz compared to copper. With
the application of lower density, lower loss dielectrics, then,
copper clad aluminum center conductors can be utilized for lower
frequencies as the industry requires it. Copper offers no attenua-
tion advantages over copper clad aluminum based on either current
or expected demands in frequency range.
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Power

It is a popular assumption that the 40% increase in loop resis-
tance due to the use of copper aluminum center conductor requires
a 20% increase in power supply. This is a misleading assumption
and has caused some misunderstanding regarding the use of copper
clad aluminum. Actually, experience indicates that over 80% of
existing CATV systems using solid copper conductor cables could
make direct substitution of copper clad aluminum center conductor
cable without any additional power supplies. This is because:

l. The main consideration in the design of a system is the
quality of the RF signal. This dictates that the layout be
made of the amplifiers and the cable to the most suitable
RF situation.

2. Cable powering is normally considered after this basic layout
stage. The location of a power supply, therefore, is extremely
flexible.

3. The use of marginal voltage is seldom seen in actual CATV
systems. There appears to be sufficient voltage remaining
for adding copper clad aluminum without adding power supplies.

4. Parallel powering is the common method used instead of series
powering.

5. Geography seldom permits optimum power supply locations. The

system must accommodate itself to existing streets and buildings.

In addition, many systems now under design, and most systems of
the future, will use at least a 60 volt powering method. This
virtually eliminates the question of loop resistance or marginal
voltage. The economics in the system hardware, including copper
clad aluminum coaxial cables, together with more efficient power
usage, should be most attractive to the CATV system today and in
the future.

TeExAs INSTRUMENTS INC.
METALLURGICAL MATERIALS DIVISION
WIRE PRODUCTS DEPARTMENT
ATTLEBORO, MASSACHUSETTS 02703
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cense ts granted by imphication or otherwise under any patent or patent right of Texas Instruments or others.
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CASCADING OF INTER-MODULATION DISTORTION IN
CABLE TELEVISION SYSTEMS

Daniel Lieberman
GTE Sylvania Incorporated

INTRODUCTION

Expansion in channel carriage of cable TV systems so that channel
allocations appear either between TV channels 6 and 7, or above channel 13,
has resulted in new distortion requirements for cable TV systems and

amplifiers.

These distortion reguirements define the permissible second order
distortion in the system and in each amplifier. This is an additional
requirement to that of third order distortion. For the latter case, it is
already possible to have third order inter-modulation "beats" occur as inter-
fering signals in the standard TV channels. Third order distortion speci-
fications have always been maintained in Cable TV systems rather vigorously
to prevent this occurrence. This unique quality of low third order dis-
tortion was generated from the specification limitation on cross-modulation
distortion; the latter distortion occurring from third order non-linearities.
The maintenance of the magnitude of third order interferences to acceptable
limits resulted as a by-product of the cross-modulation specification, since
if the cross-modulation distortion for 2 channels was down a prescribed
magnitude from 100% modulation, then theoretically the triple beat interfering
carrier had to also be down from the desired carrier by a related prescribed
magnitude. This comparison of the magnitude of third order inter-modulation
products and the cross-modulation product has been analyzed and shown by
Lotsch and Simonsz. Before the expansion of cable systems to more than 12
channels, 1ittle work had been done in ascertaining or maintaining the

magnitude of second order inter-modulation products in Cable TV amplifiers,
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since the TV channels were originally spaced to preclude second order inter-
fering products from developing. With expansion in the number of channels,
attempts were made to use the amplifiers which had exhibited low third order
distortion for those new systems in which requirements for second order dis-
tortion were severe. The amplifiers performed with varying success, since
they had not been originally designed to proper second order distortion speci-

fications.

This then Tead to a new generation of amplifiers with improved second
order specifications and with new techniques for minimizing the build-up of

second order distortions in the CATV trunk cascades.

This paper will examine certain aspects concerning the increase of second

order and third order inter-modulation products in CATV amplifier cascades.

A general theory of the manner in which second order distortion cascades
in the system will be examined. It will be shown that the magnitude of the
cascade effect depends upon the low frequency phase intercept of the phase
shift vs. frequency curve of the amplifier. Calculations for several values
of the phase intercept will be done to demonstrate the dependence of the second
order cascading effect upon the phase intercept. Results of inter-modulation
distortion products cascading in CATV systems will be shown as an indication
of the manner in which the second order distortion practically cascades, and

also as an experimental validation of the theoretical work.

Conclusions will show that second order distortion requirements for Cable
TV trunk amplifiers can be fulfilled by state-of-the-art amplifiers,and that
amplifiers which operate at higher levels (such as distribution and line extender

amplifiers) require a similar magnitude of second distortion levels at their



132

operating levels as those of the trunk amplifier. It will also be shown that

in cascaded amplifier systems, third order distortion products cascade in magni-
tude more rapidly than second order distortions, and are therefore a limiting
factor to the length of transmission systems. It will further be stated that
the developed theory is applicable to transmission systems other than Cable

TV systems.

SYSTEM SPECIFICATIONS FOR INTERFERING CARRIERS

In a Cable TV system, repeater amplifier gain together with cable attenuation
is made equal to unity over the complete operating band. For systems of this
type, in which the information is carried by amplitude modulation of the carriers,
it has been shown that the overload-to-noise ratio of the channels decreases
at the rate of 20 log n, where n is the number of amp]ifiers.3 This is determined
by the increase in noise by 10 log n (power addition) as the signal progresses
through the amplifiers, and a required decrease in operating level by 10 log n,
since the cross-modulation distortion (which increases by 2dB for each 1dB
increase in signal level) increases by 20 log n (voltage addition) as the
signal information is cascaded. System specifications for carrier-to-noise
ratio, and allowable cross-modulation distortion, are the two most determining
factors in defining amplifier appearance for achieving system objectives of
Cable TV systems. In other words, repeater amplifier performance in regard
to noise figure and cross-modulation distortion are determined by specific
system requirements. The object in the repeater amplifier design is to achieve
an amplifier which under cascaded type operation will perform in a manner so
that system reguirements are fulfilled. This amplifier design must achieve
its performance at the most economical cost and with a required reliability

factor. Over-design of performance factors which add to the manufacturing,
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installation or maintenance cost, or which degrades the maintainability or
reliability of the system should not be considered as a positive factor in the
amplifier design. Repeater amplifiers for state-of-art Cable TV systems generally
exhibit specifications for noise figure of about 9-10dB and for cross-modulation
of about -93dB at operating levels. This is sufficient for achieving cascade
operation to system lengths of 1000dB at operating levels of 30-35dBmV. Although
ijmproved performance in these areas could be achieved by use of more expensive
transistor devices and more expensive techniques (such as paralleling output
transistors), the system performance objectives have dictated the amplifier
performance, and amplifiers have thus been designed with suitable performance

to achieve these objectives with suitable margins.

The criteria for allowable repeater amplifier inter-modulation distortion
magnitude should also, therefore, be dictated by system requirements. In order
to accomplish this, it is required to define the limits of inter-modulation
distortion by the knowledge of the system reguirements as to tolerable levels
of interfering signals, and the manner in'whicn second and third order distortions

cascade in a transmission system such as that of Cable TV.

Several investigators have made subjective tests on observations of inter-
ferences in TV pictures in order to determine the tolerable level of single
frequency interference in a TV picture. The results of these investigations
are summarized in Figure 1. Fink considered an in-band carrier interference,
such as that of co-channel interference, 55dB down from the video carrier to
be a sufficient requirement for limiting interference to a non-observable level.
Further work by CATV equipment manufacturers demonstrated that a value of 60dB
could be a better requirement for certain worst-case type of situations. Bell
Telephone Laboratories considered a worst case of -70dB for peak-to-peak signal

vs. RMS interference. The Canadian BP-23 specification dictates a -57dB spec
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at the horizontal sync frequency and at the color sub-carrier frequency. The

value of 60dB has become an acceptable value in the cable TV industry.

This single freguency interference, which is similar to co-channel
interference, could result from spurious signals generated from either second
or third order, or higher order inter-modulation products. For solid-state
linear Class A circuits,such as those of Cable TV amplifiers, the second order

distortions are predominate distortion products.

The above mentioned studies have considered only single frequency inter-
ferences. To the writer's knowledge, there have been limited and incomplete
studies on multi-frequency interferences in TV pictures. Although much work
is being done in examining multi-frequency interferences, published results
are still sparse. This information is greatly needed since expansion of
channel usage to 20 or 30 channels, in which the frequency band is from 50 to
270 MHz (present freqguency limits of cable TV amplifiers) results in a multitude

of interfering "beats" within each channel.

Evidently, a multitude of operating situations utilizing a multitude of
interfering channels will have to be made and be subjectively studied in order
to ascertain some criteria for the magnitude of disturbance which can be
tolerated. Because of the indeterminate effects of multi-carrier interferences,
it is not possible to fully define the tolerable magnitude of interference in a
cable system cascade. If only the single frequency interference case is considered,
then the figure of -60dB for video carrier to interfering carrier ratio would

be an acceptable criteria.
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EFFECTS OF AMPLIFIER CASCADING ON INTER-MODULATION DISTORTION

A broadband amplifier, such as the amplifiers used in Cable TV systems,
has a linear phase curve within its pass-band. This is a necessary requirement
for minimizing differential delay distortions which could otherwise occur. A
typical amplifier phase shift curve is shown in Figure 2. An analysis of the
variation of inter-modulation products in transmission systems utilizing
broadband amplifiers having linear phase shift, has been-made by Bell Telephone

Laboratories4. Results are summarized as follows:

A. Second Order Distortion Components
1. The cascaded second order beat distortion signal A from Amplifier

n-1 appears at the output of amplifier n as :

(1) A ](w] + v, ) = cos C(wy + wp ) t + 6 + 7]
n...

Where A (wy + W, ) is the relative magnitude of the sum
n-

1
frequency of carriers wy and wp , 81 is a fixed phase shift

dependent upon the phase shift from one amplifier to the next

of the carriers w; and wp , and.#"is the extrapolated Tow
frequency phase shift, determined by extending the phase

versus frequency curve of the amplifier cable combination

along its linear plot down to low frequency. This phase
intercept is shown in Figure 2, which is a phase vs frequency
plot of a trunk amplifier. It is the intercept at zero frequency
of the tangent to the phase curve at any frequency. For an
amplifier with 1inear phase shift, it becomes the extrapolated

phase curve to zero frequency.
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2. The developed distortion at the output of amplifier number n is
(2) An (w] + Wy ) = cos E(w] + Wy )t + 8y * Z/Gj
where the symbols have the same meaning as previously.

B. Third Order Distortion of form (w] t Wy - Wy )

1. The cascaded third order distortion signal from previous amplifier

appears at the output of the succeeding amplifier as

(3) A (wp + wp - w3 ) =cos C(w) +wp - w3 )t+80+.0" 1
where
An-1 (w] t Wy - W3 ) is the relative magnitude of the triple
beat product of carriers w;, w, and wy, where 8 is a fixed
phase shift dependent upon the phase shift from one amplifier
to the next of the three carriers, and where §7is the zero-

frequency intercept described previously.

2. The developed third order distortion at the output of amplifier n is
(4) A, (wy + Wy - w3 ) =cos [(wy +wy - wg )t + 0o+ 87 ]

where the symbols have the same meaning as described previously.

Examination of the second order distortion of equations (1) and (2) indicate
that the distortions do rt directly add from amplifier to amplifier unless
,ﬁ/= 0°. If @ is made equal to 180°, a direct cancellation of second order
distortion in every other amplifier can occur. For other values of the phase

intercept, the result is between total cancellation and total addition.

For the third order distortion case, equations (3) and (4) are shown to
be equal, regardless of the value of 8 (the zero-frequency phase intercept).
Therefore, third order distortions of this type will cascade on a voltage

addition basis, or as 20 log n, where n is the number of amplifiers in the cascade.

Other forms of second order distortions such as "beats" arising from the

different frequencies, and second harmonics and third order distortions, such as
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those arising from third harmonics, and the sums of three frequencies, could

also be studied from a similar analysis as that given in equations (1) through

(4).

Analysis shows that the distortions can be summarized by the following:

1. A1l forms of second order distortions will cascade according to
the formula given in equations (1) and (2).
2. Only third order products of the form wy + wp -w3 and 2wy -wp
will cascade according to equations (3) and (4).
3. Other forms of third order distortion such as Wy tow, +owg o, 3w],
and 2wy + wp will cascade according to the following:
Cascaded third order distortion signal from previous amplifiers appears
at amplifier n as: (5) Ap-1 (w] + Wy + oWy ) = cos E(w] + Wt w3)t +

93+ﬂj

The developed third order distortion at amplifier n is: (6) An (wy +

Wy + w3 )= COSE(W] + Wy + w3 Jt+8 +3.07]

It can be seen from equations (5) and (6) that for a specific value of‘Z(
that the generated distortion at amplifier n can be made out-of-phase with
previously generated distortions, so that periodic cancellations of the

distortion can be made to occur.

Figure 3 shows polar plots of the relative magnitude and phase of the growth
of second order distortions from amplifier to amplifier as a function of the phase

of the zero-frequency intercept.®. These plots are calculated from summing the
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distortion contribution from amplifier n-1 and that contributed by amplifier n.

The following can be noted from the polar plots:

1. For exactly a zero degree phase shift of the intercept, the distortion
increases linearly with the number of amplifiers.
2. For exactly a 180° phase intercept, the distortion completely cancels
every other amplifier.
3. For phase shifts between 00 and 180°, the distortion magnitude
oscillates between a certain limit and the single amplifier value.
The distortion magnitude and phase returns to that of the single
amplifier value after the number of amplifiers in which n = gggﬂ
0
From this figure, it becomes obvious that if a repeater amplifier and its
cable combination could be designed so that the zero frequency intercept is
close to 1809, then the absolute magnitude of the growth of the second order
distortion would be not much greater than that from any one amplifier. This
is a completely practical situation as will be shown in the succeeding para-

graph.

PHASE RESPONSE OF CABLE TV AMPLIFIERS

Figure 4 is a phase vs. frequency plot of the Sylvania trunk amplifier
set for flat gain. The phase shift is linear throughout the operating band of
50-270 MHz. If the linear portion of this curve is further extrapolated, as
shown by the dotted line of Figure 4, it can be noted that at zero frequency
the extrapolated phase shift is 180°. This is because this particular amplifier

has an odd number of stages.

This unique quality of the Sylvania CATV amplifier fulfills the requirement

demonstrated in the previous section, that if the repeater amplifier phase intercept
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is close to 180°, then the second order distortion does not cascade appreciably.
However, the flat aligned amplifier is not the actual operating condition of the
amplifier. Phase plot in its actual operating condition is also shown in Figure 4.
This is with the amplifier aligned for compensation of 23dB of cable, as measured
at 270 MHz. It will be noted that the equalization introduces an additional phase
shift so that the phase intercept now appears to be closer to 1200. This is still
a worthwhile condition, since Figure 3 indicated that a 120° phase intercept
results in the cascaded second order distortion still never becoming worse in

absolute magnitude then that of any amplifier.

Amplifiers with phase shift type shown in Figure 4 have been used in
amplifier cascades in order to test the cascade effects on second order inter-

modulation distortion.

CASCADE TESTS FOR SECOND ORDER INTER-MODULATION DISTORTION

Figure 5 shows the results of measurements of a second order inter-modulation
“beat" signal after each amplifier in the cascade. This particular beat signal
was the sum of channel 5 and channel 6 video carriers. The "beat" freguency was
160.5 MHz. 1t can be ascertained from Figure 5 that no monotonic increase of
the second order distortion occurred in the cascade. Partial cancellation of the

distortion appeared to occur after every third amplifier.

Figure 6 is the result of another cascade using channels 4 and 13 as the
carriers with the measured distortion being their difference beat. Again periodic

cancellation becomes obvious.

Some rise in distortion can be noted. This is due to the fact that amplifier
number 9 generated much greater distortion than the previous amplifiers. It,

therefore, determined the magnitude of the distortion in the 10-amplifier cascade.
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Figure 7 shows results of the cascading of a triple beat. It can be
clearly seen that the triple beat cascades, according to theory, at the rate of

20 log n.

Figure 8 shows cascading of a second order distortion sum beat for amplifiers
of different types of phase intercepts. For the amplifier with the zero-degree
phase intercept, it is obvious that the distortion increases monotonically. With
the same amplifier modified so that its phase intercept is 180°, a periodic can-

cellation occurs.

CONCLUSIONS

it has been shown that second order distortion products in a transmission
system can be controlled by judicious choice of the zero frequency intercept of the
phase shift curve of the repeater amplifier. Although tests for validating this
theory were made for a cable TV system, the theory is fully applicable to any

transmission system.
Additional conclusions are:

1. Distribution and extender amplifiers have the same distortion
requirements at their higher operating levels as the turnk
amplifier, since they appear as additional amplifiers in the
cascade. Their zero-frequency phase intercept should also be
designed close to 180°.

2. The method of achieving less than the required tolerable maximum
of second order distortion for a single repeater amplifier should
consider cost, reliability, maintainability, etc. Distortion

reduction can be achieved by various means such as proper device
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selection and circuit basing, feedback techniques, split-band
techniques, proper selection of zero-frequency phase intercept,
or by "push-pull” action. Results and performance and not the

method should be the governing factors.

3. Certain third order distortions will cascade so as to increase mono-
tonically. For this reason, the third order distortion becomes the

predominant factor in limiting the lengths of cable TV cascades.

4, More intensive studies are required by the CATV Industry to more
fully ascertain the effects of multi-frequency interferences in
expanded channel systems. These studies should be coordinated with
consistent criteria so that results can be more readily compared.

Among some of the criteria to be defined are:

a. Exact number of channels.

b. Exact frequencies, tolerances, and stabilities of
all channels.

c. Levels of all channels.

d. Effects of changing frequencies and/or levels of certain
channels.

e. Conditions of TV viewing.
Results should then be noted on each and every channel.
Acknowledgement is given to Mr, Timothy Eller and Marty Zelenz of GTE Sylvania

CATV Operations for their assistance in validating some of the analysis and
in providing some of the test data.
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Figure 6
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ABSTRACT

CATV ANCILLARY SERVICES

H. J. Moeller
EDC Company
Hatboro, Pennsylvania

The paper provides a description of future services to be offered,
including telemetry circuits, secured closed circuits and communi-
cations channels and the basis upon which such services will be
available,

Current state-of-the-art of terminal devices are presented in a

definitive manner relating to services that will either simplify
everyday social and economic activities and/or contributions to

the entertainment and cultural needs of the subscriber. A base

for broadband communications services in 1972, 1975 and 1980 are
presented along with projected economics, hardware and software

considerations,
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DESIGNING INTRA-CITY AND INTER-CITY CARS
BAND DISTRIBUTION SYSTEMS

By Dr. Joseph H. Vogelman, Sr. Vice President
and
Mr. Kenneth Knight, National Sales Manager
LASER LINK CORPORATION

This paper reports the practical applications of an FCC type approved
development for Airlink CATV service.

The purpose of this article is to acquaint the industry with the
practical applications of systems which have been filed with the FCC
by cable operators and to show the economic and technical performance
advantages of this new tool for cable television operators for both
inter-city and intra-city CARS Band Distribution.

TWO-WAY MICROWAVE COMMUNICATION

It should be understood that Airlink CATV has two-way communications
capabilities. Therefore the first system to be described will be ane
which we have in the design stage, shown on Figure 1, which we anti-
cipate will be employed on a medical training program involving a
medical center with member hospitals. The member hospitals partici-
pating will engage in bi-directional, interactive communications.

Figure 1 is a Laser Link System with two-way communications capabil-
ities where the network illustrated shows ten (10) receiving stationmns,
each of which is capable of transmitting back two (2) six megahertz
channels in the same band, one of which could be used to provide spe-
cialized two-way or party-line communications between the receiving
terminals.

In areas of community-wide communications services, specialized
functions, such as Fire and Police Department reporting could be
multiplexed over the Airlink System to each receiving location

from which point it would be transmitted back as composite video to
a Laser Link Transmitting Center, where messages could be relayed
to Police and Fire Departments. Where such services are localized,
each receiving point could serve as a contact with the appropriate
local authorities.

THE LASER LINK SYSTEM

In the interest of first understanding the components of an Airlink
system, we will review figures 2 to 6. Figure 2 is a block dia-
gram of a cable system employing an air link equipment between the
head end and the subscriber distribution system. Figure 3 is the
typical configuration of the FCC type approved OLL 12T transmitter
mounted on a 4 foot parabolic antenna. Figure 4 is a rear view of
the transmitter with the cover removed showing the components.
Figure 5 is the typical configuration of the receiver/converter,
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Figure 6 is a view of the Laser Link Airlink System transmitter and
parabolic antenna atop a tower at the Laser Link Laboratories, Gar-
den City, Long Island, New York.

ACTUAL FCC FILINGS

The typical applications involved in distribution from a head end are:

1.

A single head end to deliver multichannel signals to several re-
mote population centers is shown in Figure 7. 1In this appli-
cation, three communities at five, six and twenty-one miles will
be serviced from an existing head end by three beams from a single
transmitter.

To get signals over a mountaintop while simultaneously inter-
linking contiguous areas, the system design of Figure 8 is

used. A 6,600 foot mountain hides the receiving site from the
head end. This obstacle is overcome by using the mountain peak
as a receiving point and simultaneously relaying the signals by
means of a passive repeater consisting of two (2) ten foot anten-
nas back to back.

The system of Figure 9 is used to economically jump over high-
ways, railroad tressles and waterways. Three (3) sites at 4.6,
9 and 9.7 miles are connected to an existing head end which
would otherwise require elaborate, expensive long runs of cable
to get under highways and railroads and to go under or around
major waterways.

Figure 10 shows a layout designed to optimize head end locations
while avoiding '"dry trunks." In addition to taking the signals
from the head end to a new subscriber area, the design provides
for future expansion to two additional sites by the addition of
an independent amplifier, Type QLL-12TA to the transmitter.

In mountainous terrains a single head end on an isolated mountain
provides service to many valley communities. The initial configura-
tion provides service to three communities, with growth potential

to ten (10) additional locations. One community, because its
location is obscured by the terrain is reached by means of an

active repeater operating at the intermediary receiving point.

(Fig. 11)

Airlinks provide the capability to minimize underground dis-
tribution in urban areas. Since the subscriber populations are
separated by non-revenue producing sections, the underground
trunking costs are greatly reduced by the Airlink from the
head end to each subscriber center. (Figure 12)

Figure 13 is an unusual application where we are taking an
existing head end and beaming service to three additional cities,
two via directional parabolic antennas line of sight to receiver/
converter locations within twenty-five miles; and the third
community serviced via a parabolic antenna from head end to a
passive reflector on a mountain ridge, and thence deflecting the
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signal to a receiver/converter six miles distant. Neighborhood ser-
vice via input terminals at each localized Laser Link receiver/
converter location are a standard capability to make available

local community organizations.

This paper will describe systems which have been filed with the

FCC which are in the seven categories listed above. It should be
understood that in every instance where the Airlink has been applied
there is a great economic savings as well as a technical improvement
in system performance. Comparisons of typical configurations are
shown on Table I. It should be noted by referring to the chart,
(Table I), that even a single hop of eighteen miles has comparable
signal to noise ratio (S/N) as a high performance cable trunk and

we are comparing a $60,000.00 investment for Airlink against
$230,000.00 capital cost for a cable system (not counting the annual
pole rental charges). For "Seven Directions', with air distance from
head end of twenty-five miles, the signal to noise ratio is comparable
even for one (1) inch of rain, but the comparison of cost between
Airlink and trunk cable at this distance is astonishing - $125,000.00
as compared to $2,226,000.00

All of these savings are achieved while making an improvement in the
performance of the system under average weather condition.

FILING FOR AIRLINK CATV

For systems which are overgrown or where inter-city or intra-city
Airlink connections satisfy a cable TV operator's requirements, the
procedure for placing this system into service is as follows:

A. The cable operator submits his plan to our field engineering
group who report on both the technical and economic advantages of
the system as it should be applied to specific requirements and the
most economic combination of Airlink and cable.

B. The cable operator takes the information received from field
engineering and provides the responsive information needed on FCC
Form No. 402, On this form, a cable operator is required to show
the need for an Airlink service and for use of each channel as well
as his planned location for transmitter and receiving sites.

C. Upon accepting the application, the FCC issues a BPCLD
Number which acknowledges the suitability of the application for
filing. The application is then in line for processing.

D. The FCC studies any possible interference and if all condi-
tions are satisfactory, will issue a construction permit. The appli-
cation of this system should make the Airlinking of areas with only
a few hundred potential subscribers viable and economically sound;
open up the urban markets so that the cable operator is not burdened
by a leased cable association with the local telephone companies.
"Dry trunks', railroad tressles, highways and the burden of obtain-
ing right of way are eliminated to an important extent by the use of
Airlink CATV.
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The employing of Airlinks opens new markets for cable TV as opera-
tors as well as improving the standards in existing over-burdened
systems. The equipment in this art has now been Type Accepted and
will soon be adaptable for low-cost long haul CARS Band Microwave.

The future is great for those who have the wit and the means to
bring new developments like this into early service.
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TABLE T

COST COMPARISON OF LASER LINK AIRLINK AND TRUNK CABLE

TYPE ATIR DISTANCE AIRLINK FOR VARIOUS RAIN RATES HI PERFORMANCE CABLE
FROM TRUNK
HEAD END 0.5 inch/hr 1 inch/hr
S/N Ratio S/N Ratio Quoted Price S/N |Capital | Pole
Cost Rental
Single Hop 18 miles 52 45 61.6 45 230 3
Three Directions 18 46 46 45
20 45 43 94.8 44 742 10
20 45 43 44
Five Directions 18 49 46 45
8 57 45 107.3 49 638 8
8 57 45 49
8 57 45 49
8 57 45 49
Ten Directions 10 « 46 147.3 48 1198 16
Seven Directions 25 Maximum 46 - 125.2 44 2226 28
Urban High Density within 20 miles 46 - 101.4 42 2500 35
100 Sites

Costs in Thousands of Dollars:

Excellent pictures requires more than 42db channel S/N

AN %



DYNAFOAM (OAX COMES OF AGE

written and presented by:

John Arbuthnott, Jr., P.E.
NCTA National Convention
Washington, D. C.

July, 1971

CATV

M1ivES

P Wire &Cable Co.

wallingtord, Connecticut 06492 Tel (203) 269-338}
Phoenix, Arizona 85005. Tel. (602) 278-5576



466

INTRODUCTION:

Two years ago, Times Wire and Cable introduced a new low loss, high efficiency,
semiflexible coaxial sheath cable designed primarily for use in Cable Television Systems.
Since that time over three thousand miles of cable has been manufactured, delivered on
site and installed. This paper is to further inform the industry about this, to our mind,
important developement.

WHY SEARCH FOR LOWER LOSS CABLE?

CATV Cables are designed primarily to transport signals from one point to the other
as efficiently as practical. In the typical Cable Television System, how well this is ac~
complished, all other things being equal, can be judged by a comparison of cable loss
versus dollar cost.

What we are saying is that an increase in the efficiency of the cable is of no value if
its cost increases at a rate equal to or greater than the rate of increase of efficiency. A
convenient way to make this judgement is to multiply the cost of the cable by the attenua=
tion. If a substitute cable, analyzed the same way, shows a smaller number it is possible
to achieve a more cost effective system by its use.

A further stimulus to the developement of lower loss cable has been the desire to go
to longer trunk runs. It is presumed that in these cases the economics are governed by front
end location and construction costs rather than the less complicated analysis cited above.

This is best illustrated by assuming a trunk run designed on 22 db spacing and 36 am-
plifiers in cascade. The possible length of run is tabulated below.

JT-1750 (Polyethylene) 15 miles
JT-2750 (Dynafoam) 20 miles
JT-21000 (Dynafoam) 25 miles

The maximum length of run can of course vary with design criteria, but the comparison
is still valid.

In summary, lower loss cables are developed to achieve overall reduction in system
construction and maintenance cost.

DESIGN CONSIDERATIONS:

Dynafoam cable was developed with the intention to offer the system designer lower
loss for the installation dollar and to increase the length of usable trunk run where, for one
reason or another, it might be required; without having to resort to air dielectric cables,
where pressurization costs can eat up any original economies attained.
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Examination of the general formula for cable loss

¢ - 0.0174 (0.414 +o.§25;\[E VE +2.78Tan § Vke F

Ln D/ ( d

indicates that greater efficiency can be achieved by reduction of Dielectric Constant.

Furthermore when one considers that

Zo = 80 n DA

oy

it becomes apparent that the diameter of the inner conductor (d) must be made larger to
maintain the proper impedance. This of course leads to a further reduction in cable
attenuation.

Dynafoam cable accomplishes this by taking advantage of the greater foamability of
Polystyrene over Polyethylene. Where Foamed Polyethylene limits the Dielectric Constant
to values of 1.55 or greater, it is possible to achieve values of as low as 1.20 by using
foamed Polystyrene.

For purposes of comparison the following table compares the overall diameters of
cable having substantially the same attenuation against the insulation used.

Dynafoam Foamed Polyethylene
0.340 0.412
0.412 0.500
0.500 0.750

Figure one shows the attenuation values of all Dynafoam cables versus Frequency

from 10 MHz to 1000 MHz.

Simplified formulae are tabulated below for calculating the attenuation of all Dyna-
foam Cables.

1l

JT-2340 =< 0.1010 yFE + 0.00074 F
J1-2412 o< = 0.0827 yF_ + 0.00060 F

JT-2500 &< = 0.0671 VE_ + 0.00051 F
JT-2750 &< = 0.0444 JF + 0.00040 F
JT-21000 o< = 0.0336 YF + 0.00040 F

When it is considered that the major cost of cable is material and that the amount of
material in a cable is a function of at least the square of the diameter it becomes obvious
that a smaller cable having the same attenuation as one that is larger will lead to greater
economy.
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MECHANICAL CONSIDERATIONS:

When first designed, the Dynafoam line was set up using the same mechanical criteria
as the older Alumifoam Cables except that the inner conductors were adjusted to achieve
the 75 ohm Characteristic Impedance required.

Subsequently it was found that the cables, particularly JT-2500 and JT-2750 were
subject to mechanical change upon installation.

It was found that the 1/2" and the 3/4" cables had a tendency to flatten when bent
on $mall radii.

The problem existed because the polystyrene air mixture used for insulation gives far
less physical support than polyethylene foam. A bending jig was designed, Figure two,
which maintains the circularity of the cable during bending.

Additionally it was found that JT=2500 and JT-2750 had some tendency to kink as it
came off the reel. This problem, related to the same reduced support by the insulation, was
effectively solved by increasing the wall thickness of the aluminum sheath. In both cases it
was found that the problem was solved by a relatively minor increase in Aluminum Sheath
wall thickness of only 0.005".

The following table shows the mechanical dimensions of Dynafoam Cable.

Cable Inner Insulation Outer Cond.
Conductor

Type O.C. O.D. Wall O.D.
JT-2340 0.075 0.300 0.020 0.340
JT-2412 0.092 0.362 0.025 0.412
JT-2500 0.114 0.440 0.030 0.500
JT-2750 0.172 0.666 0.042 0.750
JT-21000 0.227 0.8%90 0.055 1.000

INSTALLATION EXPERIENCE:

At the present time installations of Dynafoam Cable have been made in approximately
thirty states ranging from Idaho to Florida. The cable has been supplied with and without
jacket for aerial installation, and both flooded, jacketed and armored for underground
installations.

As a matter of course, because the cable design represented a departure from what
installation crews have been used to, several installations were checked out thoroughly,
including return and insertion loss measurements both prior to and after installation.
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It can be reported that, if installed with a reasonable degree of care and if the in-
staller refrains from pulling around sharp corners, uniform cable prior to installation will be
uniform after it is installed. The same can be said of foam Polyethylene cables.

What constitutes a careful method of installation is governed by the particular charac-
teristics of the job at hand. Each man on the job can probably think of ways to install the
cable without damage and we can not offer hard and fast rules for such a varied problem.
We can offer some general rules that will help. 1 might add that these suggestions apply to
the more conventional Aluminum Cables as well as to Dynafoam.

1. Some method of reel braking should be available.

2. Care should be taken to lead cable into the installation without excessive
wall pressure.

3. Cable should not be pulled around right angle bends.

4, Cable pulling tensions should not be exceeded.

Some studies have been made to determine aging characteristics for Dynafoam cable.
These studies, made on actual installations consisted of return and insertion {oss measure~
ments performed on installed cable after two years of service life. In no case was any de-
terioration in either transmission efficiency or cable uniformity noted.

Our studies have disclosed no indication of the various postulated possible faults
which might develope.

1. We have found no indication of cracking dielectric. The material used in
Dynafoam is sufficiently flexible for the task.

2. We have found no evidence of inner conductor wandering.

3. Insertion loss measurements after 2 years installation indicate no moisture

absorption by the cable.
4, We have found the cable to react predictably to temperature changes.

ECONOMIC FACTORS:

In order to estimate the economic advantages of Dynafoam cable an analysis was per=
formed using the following assumptions.

100 mile system.

70 miles of JT-1412 or JT-2340.

15 miles of JT-1500 or JT-2412.

. 15 miles of JT-1750 or JT-2500.

Substitution of the more efficient cable would not lead to a significant re-
duction in the number of amplifiers used in the system nor require any ex-
cessive variation in cost of installation.

6. Cost savings are based on Times Wire and Cable published price date for

100 mile quantities.

OB WwWwN —
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Alumifoam Dznafoam
Cost of 70 miles of JT-1412 $26,900.00
Distribution JT-2340 $22,900.00
Cost of 15 miles of JT-1500 7,520.00
Sub Trunk JT-2412 6,500.00
Cost of 15 miles of JT-1750 16,650.00
Trunk JT-2500 9,350.00
Total Costs $51.070.00 $38,750.00
Savings $12,220.00
FOR JACKETED SYSTEM:
70 miles JT=1412~J $31,200.00
JT-2340-J $27,800.00
15 miles JT=1500~J 9,130.00
JT1-2412-J 7,690.00
15 miles JT=1750-J 18,700.00
JT-2500-J 10,950.00
Total Costs $59,030.00 $46,440.00
Savings $12,5%90.00

CONCLUSION:

It can be concluded that after over 2-1/2 years of installation experience and after
more than three years prior experience in the factory and laboratory, Dynafoam cable rep-
resents a progressive step forward in the developement of better, more efficient cable system
designs.

It offers the user basic economies for the construction of normal plant and in certain
instances, where long trunk runs are required, a method of getting the best signal possible
to remote areas.
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EnDe~CODE TELEVISION SIGNAIL, ENCODING AND DECODING

FOR CABLE SYSTEMS

Abraham M. Reiter
Director of Advanced Engineering

Athena Communications Corporation

ABSTRACT

A low cost system for encoding and decoding the picture and sound
signals on CATV channels is described. A simple encoder is con-
nected to the modulator for each encoded channel and an all-channel
set top decoder can decode all channels--standard and non-standard.
No modifications to the cable system are required.

The heart of the system is the patented "gray blank" method of
encoding video by replacing the synchronizing and blanking compon-
ents of the composite video signal with a steady voltage midway
between black and white. The color reference burst is superimposed
on the steady voltage. Proper synchronization on a normal tele-
vision receiver is lost because the receiver attempts to lock on
the blackest portions of the video signal. The sound is encoded by
positioning the FM sound carrier 1 MHz below the video carrier.
Pulse signals that are used to restore the video to normal are
amplitude modulated on the repositioned sound carrier. Decoding is
accomplished without demodulating the video or audio.
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SUMMARY

EnDe~Code is a system for transforming any 6 MHz channel into a
private channel that is available only to those who have decoders.
The system consists of an encoder that is connected to the modu-
lator of the channel to be encoded and a decoder that is connected
to the antenna terminals of the television set.

Composite video is modified by the encoder resulting in the gray
blank video waveform shown in figure 1. Horizontal sync and blank-
ing and vertical sync (not shown) are replaced by the gray level,
i.e. the level midway between black and white. In the modulator,
gray blank video is modulated on a 45.75 MHz carrier and converted
to the desired output channel in the usual way.

The encoder also takes the frequency modulated 41.25 MHz sound
carrier from the modulator, converts it to 46.25 MHz and amplitude
modulates video restoring pulses. The 46.75 MHz is sent back to
the modulator to be converted to the desired output channel along
with the video carrier. The 41.25 MHz is suppressed.

The encoder is provided with a switch that returns the channel to
normal service without the need to make any other adjustments or
change any cables.

A standard television receiver that is tuned to the encoded channel
is deprived of normal sync and receives no sound.

The decoder restores the sync and blanking to the video carrier
(45.75 MHz) using the pulses on the 46.75 MHz carrier, and sound
is restored by repositioning 46.75 MHz to 41.25 MHz. The restored
carriers are converted to a convenient standard channel and del-
ivered to the TV set. The entire decoding process is accomplished
without demodulating the sound or video information.

ENCODER

Interconnections between the modulator and the encoder are shown in
a general way by figure 2. The encoder is compatible with any mod-
ulator that generates standard IF carriers (45.75 MHz video and
41.25 sound) and converts these carriers to the output channel.

Video is connected directly to the encoder but audio is connected
to the modulator where it frequency modulates the sound carrier in
the normal way. The FM 41.25 MHz carrier from the modulator is
diverted to the encoder.

The encoder does three things:

-it generates gray blank video
-it converts 41.25 MHz to 46.75 MHz at the same level

-it amplitude modulates video restoring pulses at a modulation
level of 30% on the 46.75 MHz
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In the encode mode the encoder delivers gray blank video and

46.75 MHz to the modulator. The 41.25 MHz carrier is suppressed.
In the normal mode the encoder delivers normal video and 41.25 MHz
to the modulator and 46.75 MHz is suppressed. In either mode there
are just two carriers.

The method of combining carriers for conversion to the output channel
depends upon the modulator design. If a single mixer is used the
lines carrying 45.75 MHz, 41.25 MHz and 46.75 MHz are combined and
go to the mixer. If separate mixers are used for video and sound,
the 46.75 MHz line may be combined with either of the other two
lines.

Manipulation of signals within the encoder is shown in the block
diagram in figure 3 and waveforms that aid in understanding encoder

operation appear in figure 4.

Gray Blank Video

Gray blank video is generated in a switching circuit. The input
video is clamped on the back porch of blanking to provide a refer~
ence voltage to which the gray level can be referred. When
suppressing pulses are applied, the switching circuit output
switches to the gray level. The color reference burst is super-
imposed on the gray level.

Figure 4 shows several lines of normal video, suppressing pulses
and gray blank video starting just before field 1 and ending just
after vertical blanking. The start of field 1 is defined by a
whole line between the first equalizing pulse and the preceding
horizontal sync pulse. All horizontal retrace intervals and the
entire six line interval at the start of the field are gray.

Restoring ‘Signal

The restoring signal, also shown in figure 4, is slightly modified
sync that is band limited to 200 KHz before it is amplitude modu-
lated on the 46.75 MHz carrier. Aside from band limiting, the
difference between the restoring signal and sync is that the three
half-line equalizing pulses following vertical sync are not present
in the restoring signal. These pulses are left in the video as
part of the gray blank video signal.

The band limiting filter delays the restoring signal and further
delay occurs in the narrow band circuits in the decoder. To com-
pensate for these delays the encoder advances the restoring signals
approximately five microseconds with respect to the suppressing
signals.

Front Panel Controls

There are three adjustments to assist in setting up gray blank video.
They control the suppressing pulse width, suppressing pulse position
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and gray level, respectively. A video gain control is provided to
set the depth of modulation.

The functional mode of the encoder is controlled by a three-station
pushbutton switch. One station selects the normal mode, another
the encoded mode and the third switches power off. Indicator lights
display the selected operating mode.

DECODER

The decoder operates on signals in the standard television IF band,
41 MHz to 47 MHz, so it is necessary to convert the encoded channel
to that band before decoding. After decoding, the restored channel
is converted to a standard VHF channel and delivered to the antenna
terminals of the TV set. If more than one channel is encoded, the
same decoding circuits are used, but a tuner is required to convert
each encoded channel to the 41 MHz - 47 MHz band. The output con-
version remains the same regardless of the number of encoded
channels or their frequencies.

Video Restoring

Figure 5 shows a block diagram of the decoder and figure 6 shows
some waveforms that aid in understanding how the video is restored.

The augmenter is a three level RF switch, i.e. a circuit that can
be switched to any one of two higher gain (or lower loss) states
from a given reference state. If the gain is increased by 4.7 Db,
the gray level will become the blanking level and an increase of
7.2 Db results in the sync level.

Two sets of pulses are applied to the augmenter to restore the
blanking and sync levels, respectively. The pulses are derived
from the restoring signal that is amplitude modulated on the

46.75 MHz carrier. After demodulation the restoring signal passes
through a 0-200 KHz filter. Sync is made by clipping and squaring
the restoring signal and blanking is made by stretching sync.

The restored video has a front porch that remains gray. Since the
front porch occurs before retrace, it is not visible. If the
receiver were underscanned, it would show as a gray, rather than
black, border on the right hand side of the picture. The gray
front porch is just as effective as black as a guard band, prevent-
ing the video content from affecting the position of sync in the
sync separator circuits.

The color burst is keyed up to the blanking level and its amplitude
increases as a result of augmenting. Anticipating this, the color
burst is reduced in amplitude in the encoded video.

The bandwidth of the augmenter is 4.2 MHz and there are traps for
46.75 MHz and for adjacent high channel video, 39.75 MHz.
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Sound Restoring

A simple heterodyne operation with a 5.5 MHz oscillator is all that
is required to move the 46.75 MHz carrier to 41.25 MHz. The 5.5
MHz oscillator is crystal controlled to provide an accuracy of 550
Hz to the repositioned carrier. Tuned circuits in the output of
the sound mixer reject 46.75 MHz.

Functional Integration

The decoder shown in figure 5 may be considered as a component that
can be integrated with other equipment in a subscriber's home. For
example, a decoding module could be built into a converter to pro-
vide a very attractive combination. The augmenter is on at all times
and functions as an amplifier. The remaining circuits are tuned on
for decoding only. A program is now under way to put a decoder
module in the Gamut 26 converter manufactured by Oak Electro/Netics.

Another attractive possibility is a transponder with a decoding
module. In addition to its other functions, the transponder could
also sense when the decoder is on.

SYSTEM CONSIDERATIONS

Securitx

The security of the EnDe-Code system is adequate to block a number
of possible approaches to unauthorized reception:

1. No adjustment of the television receiver can possibly
restore the picture or the sound.

2. No commercially available standard equipment can be pur-
chased to decode picture or sound.

3. Although the bill of material is simple, the construction
and alignment of the decoder from a kit of parts requires
sophisticated equipment and considerable electronic skill.

4. The proprietary nature of the system is an effective deterr-
ent to unauthorized manufacture and distribution of decoders.

Interference

It is essential that adjacent channel interference from an encoded
channel to a normal channel, from a normal channel to an encoded
channel or between encoded channels should not be greater than that
between normal channels.

One general observation can be made. A carrier modulated with gray
blank video has a peak power that is limited to the black lewvel which
is about 3Db less than sync. On the average it is much lower than
that because video signals rarely have sustained intervals of black.
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As a result, encoded video carriers will interfere much less with
adjacent channels than carriers modulated with normal video. For
the same reason, encoded video carriers will contribute less to
intermodulation and beats.

In figure 7, the positions of the carriers in four adjacent channels
are shown. Two of the channels are encoded and two are normal. The
case that appears to have the greatest potential for mutual inter-
ference involves an encoded channel and a lower adjacent normal
channel because the sound carriers are only 0.5 MHz apart. That
case will be discussed in some detail.

Consider first the effect of the normal sound carrier on the encoded
channel. In the decoder, the 46.75 MHz amplifier must reject the
adjacent sound carrier which appears at 47.25 MHz. Failure to
reject 47.25 MHz will result in a 0.5 MHz-beat on the restoring
pulses. The design of the decoder is such that if the beat is
smaller than the restoring pulses, sync will not be affected

because the 200 KHz band limiting filter is adequate to remove it,
after detection. Since the 47.25 MHz and 46.75 MHz carriers are
about equal in level on the cable, very little attenuation of 47.25
MHz is required.

A more subtle, but far more serious possibility results from an
undesired output in the sound mixer. The 47.25 MHz combines with
5.5 MHz yielding 41.75 MHz. That is just 420 KHz from the color
subcarrier. To insure that it will not be visible requires that

it be 40 Db below the video. Since it is 15 Db lower on the cable,
the decoder must provide 25 Db of attenuation, which is well within
its capability.

Consider next the effect of the encoded sound carrier on the normal
channel. The sound in the normal channel will not be affected because
the 4.5 MHz sound IF in the TV set can easily reject a signal of
equal level that is 0.5 MHz away. To be sure that a visible beat

does not appear the encoded sound must be no greater than -8 Db

with respect to the video carrier in the normal channel, and the
encoded sound satisfies that requirement.

Compatability with Existing Systems

EnDe-~Code can be applied to any television channel and all the
required signals are transmitted within that channel. This is why
it can be installed in any CATV system without changing any hard-
ware from the head end to the subscriber's matching transformers.

Cost

The cost of the decoder is clearly the most important element of
the EnDe-Code system cost. The design was guided by the principle
that manipulating video and sound signals on modulated carriers and
at low level is simpler, less expensive and gives better results
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than manipulations that require demodulation. The decoder is low
in cost because of success in adhering to that principle.

CONCLUSION

EnDe-Code, a low cost system of encoding and decoding television
signals in CATV has been described.

It has been shown that it can be applied to any channel, standard
or non-standard, to any number of channels and that a channel is
readily switched between normal and encoded service in seconds.

It has also been shown that EnDe-Code does not interfere with normal
CATV service or require any changes to the CATV system other than
installation of encoders and decoders.



WHITE LEVEL

COLOR
SUB-CARRIER

BLACK LEVEL— — ll

N N

RETQACEL— ACTIVE VIDEO

HORIZONTAL LINE PERIOD
NORMAL VIDEO

\,—m—\/\/\/\r——mmlh/

GRAY BLANK VIDEO

FIGURE |- VIDEO WAVEFORMS

o¢C



AUDIO IN

!

VIDEO IN

‘ VIDEO OUT
.

46.75 M H2
y o

ENCODER 4]1.25MHZ
_—

41.25MHZ

NORMAL/ENCODE

SELECTOR SWITCH

MODULATOR —=o0uTpuTt

FIGURE 2-INTERCONNECTIONS BETWEEN ENCODER &MODULATOR

1¢



————AA7—— WIDTH

——AA——
ENCODE POSITION

— AATO——— MODULATION

7 !
|

COMPOSITE _J@i—l——.- GRAY BLANK VIDEO OUT
VIDEO | VIDEO GEN.
| § SUPPRESSING
| 1 ) SYNC OUT
|
L CYNC SUPPRESS ING
= AND RESTORING
| SEPARATOR SIGNALS GEN,
: RESTORING
| 1
| ENCODE SOUND/RESTORE
CARRIER i 46.75MHZ
41.25MHZ (D— NORMAL GENERATOR =

-:IT

Sl
NORMAL/ENCODE

FIGURE 3

SELECTOR Sw. BLOCK DIAGRAM OF ENCCUER

Q4.

cc



VWM lrmrrsowrrreretobd ¥

COMPOSITE VIDEO

U U U U U

HORIZONTAL AND VERTICAL SUPPRESSING PULSES
VTV VUV VAN VTV T T

GREY BLANK VIDEO
RESTORING SIGNALS
UNRESTORED “TAIL

L WtJlfLr’Lln’ 'lr'ulr"' “‘J]ﬁ"h ‘J[r’ulr' Flv

RESTORED VIDEO SIGNAL

FIGURE 4 -WAVEFORMS



45,75 MHZ—T& AUGMENTER
(GRAY)
46,75 MHZ
SYNC ¢
BLANKING
GENERATOR
RESTORING SIGNAL
DETECTOR ¢ fﬁ;’gg
AMPLIFIER
‘ r
46.75 MHZ 55MHZ2
*1 NARROW BAND CRYSTAL
AMPLIFIER OSCILLATOR
FIGURE 5

BLGCK DIAGRAM-DECCDER

e 45,75 MH Z

(RESTORED)
41,25 MH2

144



it N
iYL

GKREY BLANK

l

VIDEO MODULATED ON AN IF CARRIER

M&X\W@W@?@M@M

RECONSTITUTED COMPOSITE VIDEQO SIGNAL CN <N

i }k

!

1F CARRKILH

FIGURE ©6-VIDEO WAVEFORMS




26

SH3IYYVD 40 NOILISOd-Z 39N DI

T._<_>_aozd_.||l Q300DN3 ‘IA.!] Q300ON3

—F

— TYWHON ||Ir_

l L
1 _ I
v

| |

-+

<[ ——

—



294

ENVELOPE DELAY, PHASE DELAY, GROUP DELAY, CHROMA DELAY....
WHAT DOES IT MEAN, HOW IS IT MEASURED?

Fred J. Schulz, V.P. CATV Engineering
STERLING COMMUNICATIONS, INC.
43 West 61lst Street
New York City, N.Y., 10023

Contents

Introduction
Types of distortion
Phase shift and delay
The make-up of waveforms
Waveforms through filters
Instruments to measure envelope delay
Chroma delay
Effects of delay
9. Delay effects in two-way filters
10. Measured delay curves
11. The broadcaster and envelope delay
12. Envelope delay in FM equipment
13. Delay in trunk and distribution plants
14. Regulations
15, Summary
16. Acknowledgements
17. Bibliography

OO U£EwN
¢ s s e s e o

1. Introduction

The CATV industry is still growing, and in its path
to maturity it is becoming more sophisticated technically.
While in the early days of CATV it was sufficient to get
a picture to the subscribers' TV set one is now confronted
with meeting federal specifications. A number of new
terms have crept into the CATV engineers vocabulary, some
of which may be familiar, some of which may however have
been misunderstood. The following presentation focuses
on giving simple (and in some instances simplified) ex-
planations of terms such as "envelope delay'", "chroma
delay", etec. An attempt will be made to explain the
effects on picture quality. Appropriate test equipment,
test methods and cost are explained. The explanations will
be held in simple form so hopefully the average CATV
engineer can follow; mathematics will be avoided.

The first part is devoted to the introduction of some
necessary fundamental know how,and may be looked upon as
a refresher for those already familiar with it.
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2, Types of distortion

The function of a CATV system is to bring high quality
undistorted pictures to a subscriber's TV set. The CATV
engineer is usually familiar with distortions such as:
noise, cross-modulation, second order distortion, echoes,
amplitude distortion, etc. Cross-modulation and second
order distortion are so called non-linear distortions.
Amplitude distortion does usually not depend on signal levels;
it is called a linear distortion.

Amplifiers and filters may also exhibit phase dis-
tortion, another linear distortion. Phase distortion is of
prime concern in single channel and studio equipment, and
will be explained here, since the CATV engineer seems to be
least familiar with it.

3. Phase shift and phase delay

Phase shift is most readily explained with an ex-
periment; let's feed a CW signal into a low pass filter
and observe the input and output wave forms on a dual
channel oscilloscope:

generator 2 v//h\v//\ \
] |

3

filter

Fig.1

We find that the output waveform is not in phase with the
input (the crests of the waves are shifted with respect to
each other). We say there is phase shift. In this case
the output lags the input wave. Phase shift is measured
in degrees. One full cycle of a wave 1s 360°,.

Phase shift occurs in any network containing capacitors
and/or coils.

Another way of interpreting this effect is to say
that the output is delayed compared to the input signal.
Physically this makes sense, since it obviously does take
a finite time for the signal to pass through the Iilter.
If we express the phase shift as delay time we speak of
phase delay. Phase delay = phase shift in degrees

360 x frequency
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TV waveforms are not as simple as the foregoing
sinewave signal, but the basic principle still hold. We
should be aware that the phase shift of a wave through a
filter is usually not constant as the input frequency is
moved through the range of the filter and particularly as
the frequencies pass through the cut-off region. If we
plot the phase shift versus frequency we may get a curve
as follows:

sweep response
(amplitude)

phase
response

Fig.2

To be more specific we should label the sweep response
amplitude response; after all the familiar sweep generator
setup measures the amplitude versus frequency characteristic.
The phase characteristic is seldom measured, but we believe
this will become more common place in the future, parti-
cularly for single channel devices.

4, The make-up of TV waveforms

A square wave is a familiar waveform to all of us, if
fed into a modulator a series of black and white bars will
appear on the screen.

The square wave can be understood better if it is
broken down into i1ts components. This 1is called "Fourier
Analysis", but let the word not frighten you, the basic
principles can be well understood without the rather advanced
mathematics usually associated with it.

Let us feed a square wave through a bandpass filter,
one which will just pass the signal equivalent to the funda-
mental frequency. The resulting output is a sinewave.

LT - - AN

Fig.3
We also get a sinewave output if we feed the square

wave through a filter with a bandpass for three times the
fundamental frequency.




|
O

297

L\

3 x fa

Fig.u

— /\/b@'

—

_

T/3

The same will happen if we use a filter for 5 times

the fundamental,

also for 7 times,

9 times, etc.

We can say that the square wave is made up of a

fundamental and all odd harmonics.

If the square wave

has truly "sharp" corners and vertical sides we will get
harmonics at all odd multiples of the fundamental up to
The Tundamental is the highest amplitude
component, higher harmonics are of decreasingly lower

infinity.

amplitude.

We just "disassembled" a square wave into its sine-

wave components.
from its sinewave components.

this:

splitter

AN
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N
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3 x fa

¢
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5 x fa

Conversely we can reassemble the wave
Graphically this looks 1like

A

7 x fa1

L

9 x fa

mixer

=L L
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The following picture shows the fundamental and the
first three harmonics of a square wave:

__/ |
!
) i

Fig.6 P AT

The result is not a very good square wave since one should
also add the 9th, 11th and all other odd harmonics to

make a true square wave. It should also be noted that a
square wave does not contain any even, such as 2nd harmo-
nics. The principle, however, holds.

Any waveform can be made up of harmonically related
sinewaves. Another rule worth remembering is:

" A waveform with very abrupt amplitude changes
contains significant components up to many
times its fundamental frequency."

5. Waveforms through filters

Let us look at the previous example again, but let us
feed the signal through a low pass filter which passes
only the fundamental, the 3rd and 5th harmonics, but cuts
off the 7th harmonic:

/\/w\

|
|
|
-
|
|
T

Fig.7
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We see that to faithfully reproduce the input wave-
form one must pass all significant frequencies.

As the next experiment let us pass the signal through
a filter which attenuates the 5th harmonic, such as a
trap would:

Fig.8 }\J/ \JJ

So far we concerned ourselves with changes in
amplitude of the various frequency components only.

We indicated earlier that signals passing through a
filter also get a change in phase or a delay,and further
that not all frequencies may suffer the same delay. Let
us pass the sample wave through a filter which shifts
the 5th harmonic by 15° and the 7th by 30° with respect
to the fundamental:

Fig.g
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The output is non-symmetrical with a very pronounced
ringing. As a further example let us shift the 3rd
harmonic by 30°, the 5th by 60° and the 7th by 90°:

Fig.10

From these examples it is obvious that we must retain
the relative positions of the signal components or dis-
tortions will result. The delay of the various frequency
components, also called a group of frequencies, must be
equal for distortion free transmission. If this is not
the case we speak of group delay distortion or simply
group delay. The group of frequencies, if applied to a
modulator, will result in a carrier and associated sideband
envelopes. The envelope which contains the modulation
must be passed distortion free or we speak of envelope
delay distortion. The terms enveldpe delay and group
delay are generally used interchangeably.

For the sake of completeness let us also state the
accepted definition of envelope delay:

"Envelope delay is the rate of change of the
phase versus frequency curve."

Mathematically expressed:

Envelope delay = gg

Delays are usually so small that they are expressed
in microseconds (millionth of a second) or nano seconds
(billionth of a second).

The effects of envelope delay result generally in
ringing (preshoot, overshoot) producing closely spaced
ghosts particularly visible on vertical black/white transi-
tions. Another effect, color misregistration will be
treated later.
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6. Instruments to measure envelope delay

Envelope delay measuring equipment is built to
measure the change in phase a sample signal suffers when

passed through a device under test.

of such an instrument follows:

generator

A block diagram

sweep mod. device
under test

oscillator detector

20 KHz 2 phase

detector|_i

Fig.11

IL__m to scope

The following is a list of instruments now on the
market with approximate prices (the list may not be
complete):

1.

Rhode § Schwartz - Model LFM

0.1 - 10 MHz $6,300.- plus sweep
gen. & oscilloscope

Wandel & Golterman - Model LO-1

0.1 - 1y MHz $17,250.- complete

setup

Datatek - Model D-700

0.05 - 50 MHz $3,200.- plus sweep
gen. & oscilloscope

RCA - Model BW-8A $3,100.-

Hewlett-Packard - Model 3700

45-95MHz microwave analyzer (IF) $7,500.- complete

Hewlett-Packard - Model 8405

setup

Vector Voltmeter $2,850.-

It should be noted that most listed equipment covers
video frequencies only and additional modulators and demo-
dulators must be used to cover RF frequencies.
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It is not the purpose of this paper to give detailed
information and exact cost of test equipment packages,
but here are some comments on the various products.

The Rhode and Schwartz equipment package is by
many regarded as the "Cadillac" of delay mea-
suring gear. The full package to perform mea-
surements from video frequencies to 250 MHz costs
in excess of $10,000.-. Such a setup is prima-
rily intended for lab use.

The Wandel & Golterman equipment is restricted
in its frequency range to video, but can measure
envelope delay where transmitter and receiver
are separated such as in microwave systems.

The Datatek unit is a relatively new unit on the
market and is aimed at the broadcaster since it
covers the video and the new IF modulator
frequencies. It contains a sync and blanking
generator to make measurements in video amplifiers
with DC restoration. It is also equipped to
measure delay at various average picture levels
and features 50 and 75 ohm impedance levels.

This unit may find use in some CATV systems.

The HP microwave analyzer is aimed at testing
microwave links and accomodates basically
a 70 MHz IF frequency range.

The RCA unit is primarily intended for use with
TV transmitters, it is one of the older designs.

The Vector Voltmeter needs additional external
equipment to make 1t suitable for swept envelope
delay measurements.

The listed equipment is intended to measure delay
continuously with appropriate sweep generators. The
results are displayed on an oscilloscope similar to the
familiar amplitude sweep response. Most instruments
allow for the simultaneous display of both amplitude and
delay as shown below for a bandpass filter.

\ ’ envelope

\ / delay

— amplitude
oy
- response

f

Fig.1l2
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Delay measurements also require very good impedance
matching all around; because mismatch causes reflections
with resulting ghosts, and ghosts are a delay phenomena
also.

To measure delay at RF frequencies one needs a
modulator and a demodulator, which by themselves already
exhibit some delay. The best modulator demodulator
combinations available today have a residual delay of
+ 20 nsec. over a 4 MHz video band pass.

7. Chroma delay

A standard color TV picture consists of a high
definition black and white picture with a low definition
color picture added to it. The color information is
carried at the upper end of the video spectrum around
a 3.58 MHz color subcarrier. The frequency distribution
looks 1like this:

Fig.13 sub-carrier

It is important that the color information arrives
at the picture tube at the same time as the black and
white picture or the color will be out of registration.
This error can be called chroma delay. In reality it is
simply the envelope delay between the low frequency
black and white picture components and the delay of the
color information around 3.58 MHz, as shown below:

delay‘
chrominance
3 delay
—t—t- & ol
—" N \\e f
50KHz 200KHzZ . 58MHz

Fig.1lu

Chroma delay is one of the most visible effects of
envelope delay and methods to measure it rapidly have
been developed.



304

The 20T pulse has gained wide acceptance for mea-
suring chroma delay; it is a low frequency pulse modulated
with 3.58 MHz color subcarrier signal. Its shape and
frequency components are pictured below:

-—

Fig.1l5 Fig.1l6 Fig.17

The base line of this pulse gets distorted when the
signal is passed through a device with chroma delay.
It is possible to determine the delay by measuring pulse
height (as referenced to the bar signal level) and the
base line excursion using graphs or formulas.

Several manufacturers offer instruments that allow
the introduction of delay of opposite polarity and of
3.58 MHz gain/loss to straighten the base linej the
introduced delay is then a direct measure of the chroma

delay. Instruments to generate 20T pulses cost around
$1,500.- usually coupled with generation of other test
pulses. The cost of the special receiver described
above is approximately $1,500.-. The 20T pulse was

originated in Europe and is in wide use thereyj U.S.
networks are not using it yet for transmission over the
air.

Tektronix is now featuring a 12-1/2T pulse which
yields a wider frequency spectrum around the color sub-
carrier to be more representative of the actual color
information bandwidth and to yield easier computation of
the chroma delay from the measured base line excursion.,

Tektronix has introduced a way to measure chroma
delay using the color bar test pattern. This method
makes use of the fact that the chroma signal transition
between the green and the magenta bars is easily iden-
tifiable because the phase changes 180°, and the luminance
changes level as well, The delay can then be measured
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on a waveform oscilloscope. Luminance/chrominance cross
talk effects are also eliminated if Tektronix generator,
model 146, is used, since the chrominance and luminance

signals are available separately. A scope presentation

looks like this:

-

: N AN A
erzeminenes [\ [\ Py

luminance ﬁl ' delay

signal N\

Fig.18

The 20T (or 12-1/2T) pulse measures the "average"
delay between the low luminance frequencies and the
color subcarrier region. Some people have reported good
agreement between 20T pulse measurements and continuous
measurements with swept envelope delay equipment, others
have found discrepancies. Discrepancies may possibly
happen when the delay curve is very non-symmetrical
about the color subcarrier. Another effect of non-
symmetrical delay is color quadrature cross-talk, which
results in color boundary effects.

Color misregistration is also called funny paper
effect. Opinions on how much chroma delay is tolerable
vary widely in industry. A figure of 200 nano seconds
results in a shift of the color by approximately 1/16"
on a 23" TV set. At least one CATV manufacturer considers
this tolerable. A major test equipment manufacturer
feels that 250 nano seconds yields an untolerable mis-
registration. A member of the Philips research labora-
tories considers 50 nsec. chroma delay Jjust perceptible
under studio conditions. The subject matter is of great
importance. Shift of red letters on white background are
more readily visible than e.g. blue letters on white.

A recent study made by Bell Laboratories, showing color
slides on a video monitor to a group of trained observers
found that 100 nsec. of flat delay or 180 nsec. of shaped
delay was just perceptible. For no objectionable impair-
ment the figures were 260 nsec. for flat delay and 480
nsec. for shaped delay. Shaped delay means delay gra-
dually rising (or falling) from the low frequencies towards
the color subcarrier region. Flat delay means constant
delay over the subcarrier region; color processors, which
separate luminance and chrominance signals may exhibit
flat delay.

About the only thing everybody agrees to is that it
is highly desirable to keep the delay as small as possible,
since delays are additive.
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8. Effect of delay

We already treated the special case of chroma delay.
Delay effects at other frequencies result mainly in wave-
form distortions. We saw earlier that a waveform can be
distorted by deleting higher frequency harmonics or by
delays. A pulse which is representative of an actual
picture waveform as produced by the scanning beam in a TV
camera, and which does not contain frequency components

above 4 MHz is the so called 2T sine squared pulse. This
pulse is transmitted by many TV stations as a vertical
interval test signal. The pulse is 250 nsec wide at half

amplitude. When envelope delay is present, the pulse gets
distorted as follows:

w//[\\\— no distortion

lagging high frequencies

_}\/\/ leading high frequencies

Fig.19

A multitude of distortion patterns are possible.
To judge the acceptability of a distorted pulse, a
frame or window has been devised, the so-called K-factor
graticule.

If a pulse is within the outlines of a 2% graticule
it is considered very good, 4-6% is acceptable. There
is no total industry agreement on the K-factor and a
tie-in with actual numbers of envelope delay has not been
possible. The K-factor has been treated extensively in
the literature.
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9. Delay effects in 2-way filters

Two-way filters are in essence a combination of a
low pass and a high pass filter with a sweep (amplitude)
response as follows (both LP and HP sections shown

together). cross over
| region

e
B

30MHz SuUMHz
Fig.21

We stated earlier that sharp amplitude response
changes are likely to bring delay changes with it. It is
easily seen that the narrower the cross over region is
made, the sharper the cut-off rate must be. A narrow
cross-over region is desired to make the sub-channel
return band as wide as possible.

A compromise between usable bandwidth and tolerable
envelope delay at the edge channels must be made. There
is some specmanship taking place, but most manufacturers
feel that 30 MHz is the highest usable sub-channel
frequency. Delay effects are cummulative, 50 amplifiers
with filters at the input and output result in 100
filter delays all added. If we consider 200 nsec of
chroma delay tolerable, each filter cannot contribute
more than 2 nsec. The designers of two-way gear are
well aware of this problem. To get more reliable
measurements one tests a number of filters in cascade,
commercially available delay test gear cannot resolve
nano second delays very accurately. A fair number of
systems have used sub-channels to feed signals back to
the head-end by using either Blonder-Tongue model MSVM,
Jerrold FCO-47 or similar filters. These filters have a
very narrow cross-over region and should not be cascaded
in large numbers. A B-T model MSVM was measured at 8 nsec
chroma delay at channel 2.

Most of the cross-over filters are of a design with
a smooth envelope delay curve so it seems that the
chroma delay is a good indication of delay performance.
This is not the case with sharp band pass filters however,
where the delay may vary in a ripple like fashion.

10. Measured delay curves of some CATV equipment

Fig.22 shows amplitude and envelope delay of a sharp
band-pass filter with a trap for the adjacent upper
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picture carrier. Fig.23 shows a band-pass filter with-
out an adjacent channel trap. It should be noted that
the amplitude response over the channel looks reasonably
identical for both filters, the delay curves however,

do not. The delay distortion below the picture carrier
has not received as much attention as the delay at the
upper band edge. There seems to be a new awareness of
this fact and future equipment designs will take this
into account. Delay errors below the picture carrier can
produce leading pre-shoot and a following slow approach
to final value at sharp video transitions, resulting in
a smearing effect on vertical edges.

- |
4 amplitude f 1 4B amplitude _i_

TN TN

—
~
-

del
N s L0 nsec ~ e \ _1~30 nsec
' — —
{ PR o ! RS S
pPix col.snd £ pPlx col. snd
Fig.22 Fig.23

Fig.24 shows the amplitude and delay response of a
strip amplifier with less selectivity than the previous
band-pass filters. Envelope delay is very small.

Fig.25 shows the delay of a narrow band trap tuned for
maximum signal rejection (60dB down). Tests on this trap
showed a great variation in envelope delay with very
small changes in tuning. The same is true for sharp
band-pass filters. Test equipment found in the average
CATV shop is not good enough to align sharp filters
reliably.

| amplltude

g
4

!
)
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envelope delay

Filters with sharp
envelope delay problems
extra filter sections.

cut-off have particularly bad
unless compensated for by using
Compensated filters are costlier.

A TV set IF amplifier must be reasonably "sharp"
to suppress adjacent channels, it also con?ains a sound
trap, plus traps for the suppression of adjacent channel
carriers. The IF does introduce a certain amount of
envelope delay. When the currently used color system .
was proposed by the National Television Standards Committee
(NTSC) in the early 1950's, it was proposed to pre-distort
the transmitted signal rather than to include costly
delay equalizers in every TV set. The recommendations
resulted in the currently used transmitter delay curve
shown below:

rel.
delay+100 , </0 * 70 nsec
_.ﬁt<//
0%_._”__ — e e . —
ANEN _ =170 + 50 nsec
_100—————-——-_ — »-—-—"""\ \*\ <-‘
AN\
I\ -346 *+ 100 nsec
N DN
\\/s'
— : e T ——"
0.05-0.2MHz 2,1 3.0 3.58 4,18 MHz
average value of
delay 1s reference
Fig.26
This pre-distortion is exactly the opposite of a
"typical" TV set, which has a rising delay curve from
approximately 3 MHz to the upper band 1limit of 4.18 MHz.
There were relatively few color TV sets measured to

arrive at the so called "typical" receiver delay curve.
The response characteristic of a TV receiver is not
covered by regulation nor by industry standards. Recent
measurements on a number of receivers has indicated a
wide range of envelope delay curves. TV receivers are
usually designed for a good compromise between select-
ivity, transient response, color response, cost and
other factors. Some people feel that the present trans-
mitter delay curve should be changed; however, until

so done one must adhere to it.

A broadcaster is obliged to pre-distort the radiated
signal per FCC specs. This pre-distortion is taken
care of by type accepted filters and by measurements
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during the manufacture of the transmitter. Proof of
performance measurements, made when a transmitter first
goes on the air do not require the measurement of delay.
Many broadcasters use adjustable equalizers to make up
for delay deficiencies in the transmitters. Equalizers
of this kind cost several thousand dollars.

All video signals fed to the transmitter are auto-
matically pre-distorted, however, the signal may suffer
delay distortion in the studio or on its way to the
transmitter. There are no rules on the maximum allow-
able delay distortion for signals leaving the studio,

It is then perfectly possible that an over distorted
signal is transmitted. Color processors used in studios
often separate the luminance and chrominance signals
with the possibility of introducing delay (or advance)
in either luminance or chrominance. Video tape re-
corders can be a source of delay distortion. Many of
you undoubtedly have observed delay effects only on some
programs of a given channel and not on others. Efforts
are currently underway by broadcasters to tighten color
broadcasting standards.

12. Envelope delay in FM equipment

IM receivers should have linear phase response (no
envelope delay) otherwise FM signals are distorted.
Some recently introduced FM gear payed particular atten-
tion to delay response in the IF amplifier with resulting
superior performance, such as low harmonics and inter-
modulation. The achieved performance would probably be
noted by the real Hi-Fi bug, but not by the average
listener. Present FM head-end gear is designed along
more conventional lines with typical Hi-Fi gear per-
formance.

13. Delays in trunk and distribution plants

It was pointed out earlier that delay distortion
and rapid amplitude changes such as found in single
channel equipment go hand in hand. A CATV plant is wide
band and accordingly has little envelope delay. Jerrold
showed the following delay curve of an 1l8-amplifier
cascade.

!
rel. l
delay
nsec
2 ‘-K /
0 1 R oL
] ————

50 200 MHz
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Hewlett-Packard in their appl. note #92 show the
delay of a single CATV amplifier as 2 nsec from 54 to
120 MHz, and within 1 nsec from 120 MHz to 216 MHz,

14. Regulations

The proposed technical standards for CATV do not
mention envelope delay specifically. The standards
however, clearly indicate that the FCC wants the CATV
system to faithfully reproduce the received signals at
the subscriber's set.

The recently enacted Canadian standards require
local origination signals to be pre-distorted per DOC
(Canadian equivalent of the FCC) specs and that head-
end processors must retain the original pre-distortion.
Type approval of gear is considered since it is recognized
that not every CATV operator will be able to purchase
envelope delay measuring gear.

It is my opinion that it is only a matter of time
before the FCC will take a similar stand.

Manufacturers will probably be required in the
future to certify modulators, demodulators and signal
processing equipment as to envelope delay and other
types of distortion.

It may be of interest to realize that some TV
studio specifications call for * 25 nsec envelope delay.

15. Summary

An attempt has been made to explain "delays". It
should be understood that delays can cause but one of
the many distortions a signal can suffer from scene to

TV set. Tor single channel equipment envelope delay
measurements are a necessary complement to the more
familiar amplitude response. Both amplitude and delay

responses must be performed under all encountered signal
level conditions.
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FUTURE PROMOTION OF THE CABLE TV SYSTEM APPLICATIONS
Hitoshi Honda, Naoki Homma, Yoshiyuki Yamabe and Toshio Shinbo
OKI Electric Industry Co., Ltd.

Tokyo, Japan

SUMMARY

The cable TV is expected to play an important role in the near future as a
major medium of live data transmission in the nation-wide or a confined

“information society”.

In order to meet such tomorrow’s demand, the cable TV total system which

has four capacity and their applications as follows, was developed.

1)  Multi-channel Transmission: Full channel of 4FM, 12TV and etc.
2) Various Purpose Information Service :
Local origination, Video transmission by light emitting Device,
Videco Responce System, Electronic newspaper by Facsimile and etc.
3) Wide Aerial Distribution :
Multi-cascaded trunk line amplifiers by Metropolitan Cable Television
standard.
4)  Bi-Directional Communication :

ITV Telephone using lower sub-channel.
INTRODUCTION

In Japan, small community antenna TV systems have been existing from about
10 years ago. NHK started to retransmit TV signals by means of UHF band
wireless TV repeating system and VHF band cable TV system for helping poor

TV reception in isolated areas.

Now in large cities, they can’t receive clear color pictures because of gohst

phenomena due to higher buildings increasing rapidly.

At first, Tokyo Cable Vision Foundation built the technical standard of
Metropolitan Cable Television (MCT) system and equipments, and then they
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are beginning construction in large cities, such as Tokyo and Osaka.

In this process, near future, they are planning of an Information society by

making cable TV system to be a transmission media.

This paper discribes the possibility of realizing simultaneously, the following four
items with a CATV system

1) Multi-channel transmission

2) Various purpose information services
3) Wide aerial distribution
4)  Bi-directional communication

The system and its comprising equipment are based on the MCT standard and
that of NCTA as well.

Various applications, such as optical transmission link using light emitting devices,
clectronic newspaper transmission by a high speed facsimile and bi-directional

communication using ITV telephone, were tried with the system.
CONSTRUCTION OF AN EXPERIMENTAL TOTAL CABLE TV SYSTEM

Fig. 1 shows the experimental system composition where the four transmission
scrvices mentioned above are realized.  This experiment was carried out at
Shibaura arca with high ficld intensity of Tokyo Metropolis. TV and FM sig-
nals reccived through VHF and UHF broad band log-periodic antennas are
brought to the receiving terminal equipment, and then they are processed in
bandwidth or converted to aother channel so that unoccupied adjacent channels

can be uscd.

Local originating programs, facsimile, data communication, 1TV telephone, pilot
carricr, etc. arc delivered on unoccupied channels or vacant frequency band,
mixed with retransmitted TV signals, and then they are sent on to the distri-

bution networks.

Those multiplex signals go through ecach ten of trunk cables and trunk ampli-
tiers, and then they arc dropped into the terminal equipment such as TV

receivers, radio receivers along the distribution networks.

Bi -directional communication services take place between the head end and
third trunk amplifier, and one channel of color ITV telephone and one pilot
signal are transmitted toward reverse direction, using a band for reverse trans-

mission services.
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MULTI-CHANNEL TRANSMISSION

First requirement of cable TV subscribers will be ‘“more channels”. To satisfy
the desire, the head end equipment are built so that each signal can be processed
at a time and the total twenty signals are transmitted. The head end equipment
arc consisting of rack mounted type receivers and modulators, as shown in Photo.
1. The forward direction band (70 — 250 MHz) has eleven channels of color
TV (seven of retransmission, one of U-V conversion and three of local origina-
tion), one of facsimile, four FM (two of retransmission and two of local origi-

nation and two of pilot carrier used for trunk amplifier’s ALC and ATC.

The transmission frequency allocation and head end output spectrum are shown
in Fig. 2 and Photo. 3.

The reverse direction band (20 — 60 MHz) having one channel of TV and one
of phot carrier, is shown in Photo. 5. Thus, number of total transmission signals
of both forward and reverse directions comes up to twenty. In order to realize
this multi-channel transmission, the unique techniques of RF and IF BPF con-
cept are applied for head end cquipments, utilizing, signal processors for retrans-

mission or channel conversion.

As the video signal is interfered with the audio carrier of adjacent down channel,
the received signal is scparated into video and audio in IF band (19.5 MHz).

and the audio level is processed to be about 15 dB down compared with video
carrier at RF output. In addition, input and output of the signal processor are
connected to each helical resonated type BPF, which further improves the pass-
band characteristics. Consequently, the total spurious level is attenuated to

-70 dB or less compared with transmission signals.

In consideration of the reliability, the hybrid iC’s developed by OKI are applied
actively. In VHF band, MN series tantalum thin-film hybrid IC Amplifiers are

used; in UHF band, microwave strip line circuits are applied for the wide band
receiving mixer. Head end equipments are standardized for optimum design. An

UHF band recciving unit of signal processor is shown in Photo 2.
VARIOUS PURPOSE INFORMATION SERVICES

In the second place, it must be considered about contents of multi-channel trans-
mission. With the image of future cable television system in mind, an experi-
mental transmission system is developed such as light telecommunication, electro-

nic news paper, video response and ITV telephone system.
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Symplified optical transmission

In the experiments, imaginating the case where the cables can’t be laid between
the head end and the studio separated by a river or buildings, a symbplified
optical transmission system is applied as an example of wireless link system.
As illustrated in Fig. 3, light emitting and photo diodes are used. The video
signals are transmitted from the studio to the hcad end by pulse code-light

modulation and lens convergent technique.
Video response and data transmission

In the future, subscriber’s TV set will display many kinds of data when home

terminals are linked to a computer through a cable TV system.

In this cable TV system experiments, subscriber’s CRT displays the results of
various questions and calculation from the key board of OKI-SCOPE, which is
capable of taking memories out of OKITAC 4300 mini computer.

In addition, simultaneous directives are accomplished by using the data commu-

nication equipment.

As the results, it is confirmed that various traffic informations, shopping servies.

ctc. can be realized.
CATV—Facsimile transmission

Cable TV systems will also help in coping with the increasing labour cost in
mail delivery system and also in satisfying the nceds for quick delivery of news
paper and mail. In this connection, it is considered that homec facsimile sys-

tems are applied for cable TV distribution network.

In this experiments. 7th channel is used for facsimile transmission.  The 7th
channel is not available for normal TV transmission in Tokyo area because the
7th and 8th channel are overlapping partly in their channel allocations. Therefore
the 7th channel is used for the transmission of high spced facsimile newspaper

via Cable TV System. Modulate-Demodulation configuration of facsimile is
illustrated in Fig. 5. Output spectrums of head end and that of 190 MH:z
Modulated signals are shown in Photo 6 & 7. The spectrum which is reccived
after ten cascaded trunk amplifiers are shown in Photo. 8. Fig. 6 is a sample

of a facsimile news paper received at home terminal (1/4 of actual size).



546

WIDE AERIAL DISTRIBUTION

From the stand point of cable TV enterprise, it is natural that they want the
system to be extended and number of a subscribers to be increased. The trunk
amplificrs is developed, which have functions of bi-directional and multi-channel

transmission, based on MCT spccifications.

fn this experimental system, ten trunk amplifiers and ten drums of cable TC-10C
TC-10CAF (Fujikura wire), are used. Coaxial cables are constructed by foamed
polycthylen aluminum pipe. Fig. 7 shows the characteristics of distortion (2nd
&3rd harmonic level of 90 MHz) after ten cascading amplifiers. Frequency al-
tocation of Japan is different from that of U.S. In Japan the frequency range
ot higher TV channels twice as high the range of lower TV channels. The sum
or differente beats between  lower and higher TV channels gencrated in an
amplifier fall in related TV channels, For this reason, the second harmonic dis-

tortion characteristics must be particularly improved.

Photo. 9 & 10 show the developed trunk amplifier.  The latter is of under-
ground type and techniques of undersea seismograph are applied in it. and

so has complete waterproof construction.  The system design chart is shown in
Fig. 8. The rronk amplifiers have more than several tens of cascadability.

Fig. 11 shows inter and cross modulation characteristics of trunk and bridging

amplificrs.
Bi-DIRECTIONAL COMMUNICATION

In order to make the cable TV system of today applicable also for the bi-
directional communication services of tomorrow, each unit of repcater equipment
such as amplifier and filter units arc optionized as shown in Photo 9 (b).

This concept is based on the system design philosophy that the reverse direction
transmission is realizable from the subscriber’s terminals as illustrated in Fig. 9.
Fig. 10 shows the characteristics of the dividing filter used for bi-directional

cruank amplifier.

It is required that the envelope delay value be as small as possible (i.e. below 2.5
ns per channel), so that the phenomena of color shift may not occure due to

multiple cascade. The echo loss occured in the loop of bi-directional amplifier is
higher than 50 dB in passband, and 30 dB in the boundary area of both bands

of forvward and reverse direction.
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In this experimental system, bi-directional services are demonstrated within three
repeating section and color TV telephone shown in Photo 12 is used for end
equipment. Photo 11 shows the distribution equipment such as tapoff and
safety box (Border line of responsibility between CATV system and subscribers).

CONCLUSION

Now in Japan, they consider carefully and earnestly about “‘How the future

CATV should be. They are now in the cradle including VP. Quick development
and enlargement of software and video terminals for total picture communication

systems are strongly required in accordance with social tends.
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Fig. 1 CABLE TV SYSTEM EXPERIMENT (IN TOKYO)
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Fig.10 DIVIDING FILTER CHARACTERISTICS
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Photo 1

HEAD END EQUIP-
MENTS WITH FULL
CHANNELS

X /3
(«FL-F1 -

-

LA i

Photo 2 UHF RECEIVING UNIT OF IC DESIGN SIGNAL PROCESSOR,
UHF MIXER USING MICROWAVE-IC & VHF AMPLIFIER
USING TANTALUM THIN-FILM HYBRID- IC
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Photo 3 FREQUENCY SPECTRUM OF MULTi-CHANNEL TRANSMISSION
AT HEAD END OUTPUT

Photo 4 TRANSMISSION FREQUENCY SPECTRUM AT DROP TERMINAL
(AFTER 10 CASCADED TRUNK AMPLIFIERS)

Photo 5 REVERSE BAND FREQUENCY SPECTRUM
(31 MHz: Video carrier of coior ITV})
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V: 10 dB/div.
H: 2 MHz/div.)

Photo 6 FREQUENCY SPECTRUM OF HEAD END OUTPUT.
Facsimile signal is inserted in empty narrow CH.7
between CH6 and CHS8.

Photo 7 MODULATED FACSIMILE SIGNAL SPECTRUM
AT HEAD END OUTPUT

Photo 8 TRANSMISSION SPECTRUM AFTER 10
CASCADED TRUNK AMPLIFIERS
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(a)

(b)

Photo 9

FEATURE OF BI-DIRECTIONAL
TRUNK BRIDGE AMPLIFIER.
Plug-in unit is a signal processing

equipment, such as TAU, ALC/ATC,
BAU, SAU, & PSU

Photo. 10

UNDERGROUNDED TYPE TRUNK
BRIDGE AMPLIFIER
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Photo 11

CONFIGURATION OF DISTRIBUTION
SYSTEM—TAP OFF & SAFETY BOX

Photo 12

Bl- DIRECTIONAL TERMINAL—ITV
TELEPHONE EQUIPMENT
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Helical Scan VTR's and the Cablecaster

By: Keith Y. Reynolds
VTR Product Manager

International Video Corporation

The average American Family is exposed to several hours of good
quality color programming every day of the week. Eighty to ninety
percent of this material is on video tape and originates from the major
commercial TV networks, the educational TV network (NET) and the
local TV station. If these viewers subscribe to the local cable system
and the cable company is originating program material, they expect
the same basic quality from the local origination channel that they

see on other program sources.

High performance, reliable helical scan video tape recorders are capable
of providing network quality color at a reasonable cost so most cable

system managers are--or will be--interested in these recorders.

There are several VTR characteristics that are important to the cable-

caster,.

The first and most fundamental characteristic is the helical scan format.
A format must be chosen which satisfies the requirements for color,
wide bandwidth, good signal-to-noise ratio, good audio, time base
stability and so on. Tapc width, 1/4", 1/2", 1" and 2" is a primary

consideration.

To date, 1/4" and 1/2" VTR's have not been designed which provide
the stability and bandwidth requirced by the cablccaster. Two inch

helical scan VTR 's have all but disappcared from the market. This,
then leaves the 1" format for the superior performance required for

cablecasting. Several 1" formats arce availuble and it is important
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that the cablecaster pick one that provides the best picture quality as
well as one which is popular with the cable industry so that interchange

with other cable systems is possible.

International Video Corporation manufactures a full line of 1" helical
scan video tape recorders, all of which meet the stringent requirements
of the cablecaster. These VTR's vary in price from under $3000

to over $30, 000. Tapes made on the low cost VTR's can play on the

more expensive recorders and vice versa.

A recent survey revealed that more cablecasters are using color
recorders manufactured by IVC than by any other manufacturer. The

primary reasons given were reliability and performance.

One important performance specification is video bandwidth. In order
to properly record and playback the video bandwidth required for full
color recovery and high picture resolution, the VTR's video frequency
response must extend from 30 Hz to 5 MHz. A VTR with bandwidth

significantly less than this will produce pictures lacking detail.

Video bandwidth is related to Horizontal Resolution. The term hori-
zontal resolution is used to describe the ability of television equipment

to reproduce fine detail. As a rule of thumb, with United States television
standards, the relationship between resolution and frequency response

is 80 lines of horizontal resolution for each 1.0 MHz of frequency

response,

Therefore, if the VTR has a video response up to 5 MlIIz, the horizontal

resolution is 400 lines.



228

If the VTR has a video frequency response of 5 MITz, it is possible

to record the entire NTSC color video signal onto the tape. Color
recovery, or stabilization, is then a function only of the playback
electronics. The advantage of this approach is that you can record

color signals with a monochrome VTR and either play the tape back on
another VTR that is equipped with color recovery electronics, or purchase
color electronics at a later date for updating the monochrome VTR.

In either case, the taped program is in color.

Of course video bandwidth alone isn't the only requirement for high
guality pictures. It is also necessary to have a VTR with good video
signal-to-noise ratio. This is the ratio of amplification of useful infor-
mation, or signal, to spurious information, or noise, and is expressed
in decibels. A good video tape recorder should have a signal-to-noise

of at least 42 dB peak-to-peak signal to RMS noise.

A VTR with a low signal-to-noise ratio will reproduce pictures with a

noisy or grainy appearance.

All tape recorders introduce time base errors, They are present

in audio, instrumentation, quadruplex and helical scan video tape
recorders. Time base errors are significant if they cause an observable
effect in the picture displayed on the monitor or television set. Various
brands of receivers vary in the extent to which they are sensitive to

these time base errors.

Video tape recorder time base errors.can be caused by capstan servo
instability, capstan eccentricity, drum instability and tape tension
variations. These errors can be minimized by careful mechanical

design as well as by electrical means.
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IVC recorders are designed to exhibit very low time base errors.

This is accomplished by the incorporation of a number of design features.
The small scanning drum, with a diameter of 3. 8", produces a relatively
short 12" track length which minimizes the effects of tape tension variations
For proper playback, the length of the video scan covered by one pass

of the video head must exactly equal the length covered during playback

or there will be a discontinuity in the reproduced time base at the time

of the transition from one field to the next. Therefore, the shorter

the scan length, the less it is effected by tape stretch caused by

temperature and humidity variations.

Since the IVC capstan is located ahead of the scanner and meters the
tape onto the scanner assembly rather than pulling it around, a tape
tension of only 8-12 ounces is required. This also minimizes tape tension

errors.

Conservative design and precision construction have minimized the
possibility of mechanical imperfections contributing to time base

instability.

Although all the parameters mentioned are very important, such things
as good differential gain, or the amplitude change introduced by the
video circuits; and good differential phase, or the phase change introduced

by the video circuits are important too.

Good audio is necessary and it is important to choose a VTR that
can reproduce audio frequencies up to 10 KC with minimal distortion

and flutter and with maximum signal-to-noise ratio.
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Although all IVC VTR's mcet all of the requirements mentioned, each
model has been designed with certain special features for differcent

applications.

The newly announced IVC-700 Series is designed for the cablecaster

who needs good quality, but who must operate on a very low budget.

The IVC-700 Series has many of the quality features of the IVC-800

Series which has become the industry standard. They satisfy many system
needs since tapes made on the IVC-700 Series VITR's are completely
compatable with all other IVC-VTR's. The basic. IVC-700 VTR is a

recorder/reproducer with 5 MHz bandwidth.

The addition of a $500 color board provides color reproduction. A
IVC-700-PB unit is also available. This configuration is a video tape
player only. The IVC-700-PB is a valuable addition to any cable system
because these units can free up the more expensive record/playback

units for production recording schedules, remotes etc.

All TVC-700 Series VTR's are equipped with an advanced design, reliable
transport mechanism similar to that used on the IVC-800 Series VTR 's.
This includes an optional remote control panel which controls all tape
motion functions. These include: rewind, fast forward, play, record

and stop.

The IVC-800 Series VTR's includec several models designed for various
special applications. Each IVC-800 model configuration is a rugged,

field proven, reliable VTR, designed for monochrome or color operation.

The basic IVC-800A-SM is a recorder/reproducer with slow motion.
The IVC-800A has a 5 MHz bandwidth and excellent signal-to-noise ratio.

Next in the series is the IVC-820. This miodel includes the exclusive
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Instant Video Confidence feature which allows playback of the video

while recording. This is accomplished by locating an "I, V. C! video head
in the scanner immediately after the video record/playback head.
Annoyances such as head clogging, excessive dropouts and over-
deviation can be detected immediately and corrected before the entire

program is recorded.

The IVC-825 incorporates a capstan servo which insures precise program
timing. In addition to this feature, the IVC-825 uses selected components
to provide superior signal-to-noise ratio, lower flutter and better dif-
ferential phase. This configuration is extremely popular with the

cablecaster and others who require superior quality.

The IVC-870 features both assemble and insert editing. Assemble

editing is used to produce an uninterrupted program tape from several
separate segments. With this type of editing a completely new recording--
video, audio and control track is made for each new segment and it is

not possible to retain previously recorded information following the end

of the assembled segment.

Insert editing is used to insert a new segment into a previously recorded
tape without disturbing the information immediately before or after the
inserted segment. Typically, it would be used to correct a mistake

that has been made in the middle of an otherwise good program, or
perhaps used to update a short segment in a pre-recorded program tape.
With insert editing the original control track is retained while new video
or audio and vidco are added. Precautions are taken in the video erase
system so that previously recorded information either before or after

the inserted segment is not disturbed.
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The IVC-870 is the most sophisticated video tape editor in its price

class. It is a vertical interval editor. This means that when you

want to make an edit, the edit logic waits until the vertical interval before
the edit can take place. When in the insert mode, the exit splice also
takes place during the vertical interval. This results in a disturbance
free edit every time since the electronic splice occurs between television

fields.

Every cable system using video tape recorders should have at least
one good editing VTR to handle program goofs or to consolidate program

material on video tape.

The top of the IVC VTR product line is the IVC-900 Series video tape
recorder. This VTR was designed from the gound up to be the finest
quality helical scan recorder ever manufactured. Performance, such

as time base stability, is the best in the industry. Since it meets all
FCC and EIA specifications, it can be used as a broadcast recorder.

An optional time base corrector manufactured by IVC not only brings

the IVC-900 output stability to an undetectable + 4 nanoseconds, it also
permits direct color recovery and permits the VTR output signal to be
mixed and faded with camera or other switcher input signals. In addition,

for the first time, a helical scan VTR can dub to a quadruplex recorder.

All TVC-900 Series VTR's feature 3-1/2 hour playing time and Instant
Video Confidence. A unique tension servo automatically corrects for

tension errors during playback.

Three package configurations are available. A cased version, a rack
mounted configuration and for the ultimate in operation convenience,

an optional console. In the console version a standard IVC-900 Series
VTR is mounted on a center pivot, providing complete access for
maintenance. An eye level location is provided for a color or monochrome

picture monitor, waveform monitor, audio amplifier and speaker,
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video display switcher and an optional IVC-4102 color time base corrector.
Additional 19" rack space is provided below the recorder for other

video equipment or tape storage. The basic IVC-900 configuration

is a monochrome recorder/reproducer. Additional plug-in circuit

board options include an NTSC color processor, a processing amplifier
and a color drop out compensator. The IVC-960 includes insert and
assemble editing capability. This editor is more sophisticated than the
IVC-870 editor since it not only waits for the vertical interval, it also
waits for the proper frame before making the edit. This results in a

perfect frame to frame edit everytime.

The Cablecaster can use the IVC-900 Series recorders to provide the
utmost in picture quality to his subscribers. In addition, an entire evening
of color local origination programming can be accommodated on one

reel of video tape.

The IVC-700, IVC-800 and IVC-900 Series VTR's all completely
compatable with each other. All designed for color. All with state-
of-the-art performance specifications. All reliable, and all priced for
every budget, large or small and all part of the IVC family of recorders

that have become the standard of the cable industry.
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HIGH ENERGY TAPE FOR VIDEQ RECORDING APPLICATIONS

H. Lee Marks and

Arden R. Thompson

Technical Service Engineers

3M Company, Magnetic Products Division
St. Paul, Minnesota

Over the past two decades, cable television has grown from small
community antenna systems serving remote areas to large systems
penetrating all types of communications. As cable television
entered the "70's", new demands and opportunities represent
fantastic challenges. Demands for program origination and better
quality pictures must be met. Advances in technology such as two
way cable, and more channels, offer new opportunities. Also,
rumbles were being heard concerning improvements in television
recording. This news of better things to come seemed to be all
encompassing. From a hardware standpoint promises of new and
improved video recorders were being backed up by introductions

of sophisticated machines for both quadruplex and helical recording.
The industry began using a new type of video tape that guards

itself against damage. Several announcements and demonstrations
have been made concerning revolutionary approaches to the duplication
of recorded video material. A1l this is fascinating and important
to our developing industry, but a common denominator that cuts
across all of the topics that we have mentioned is the capability
of the magnetic recording medium itself.

There have been vast improvements in the media during the last
several years. Improvements that took us from what we thought
were good black and white pictures, to the well defined, richly
colored pictures that each of us expects to see on our monitors
today. The low noise oxide introduced in the mid-sixties, coupled
with advanced clean running binders, was an important breakthrough
moving us toward that excellence that we now take for granted.
Because of the improved signal-to-noise ratios attainable with the
low noise oxide, multiple generation dubbing was not only possible,
but became the accepted way to produce everything from a dog food
commercial to a ninety-minute extravaganza. In the close analysis,
the oxide on the tape has caused a lot of changes in the television
industry, and it appears that these changes are not about to stop.

In exploring new ways to make even further improvements in the
electro-mechanical properties of video recording tapes, it appeared
that we had gone just about as far as was possible with our present
day family of synthetic low noise oxides. If we wanted to see a
meaningful improvement in the key recording characteristics of both
RF output and signal-to-noise ratio, we would have to enter into
some extensive research centered upon modifying the basic oxide
particle.
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After many years of work, and extensive application evaluation,
we were ready to announce the result of this basic research. We
had succeeded in developing a new family of oxides that offered
all the features indicated in the objectives of our tape design
engineers. The products in which the new oxides are used are
referred to as High Energy tapes because of the higher output
that can be derived by proper application of this new recording
media.

Since it is generally well known that a higher output can be
predicted when the coercive force and remanence of a tape are
increased, it was an adjustment in these parameters that made
this breakthrough possible. We achieved the needed increase

in coercivity and remanence by modifying the composition of the
gamma ferric oxide and properly dispersing it in a binder system.
A small amount of cobalt has been introdaced into each particle
of oxide in a manner that allows the control of the resultant
coercive force to a pre-determined level. This technology of
introducing cobalt into the particle to increase coercive force
has been known for years by the chemists in the industry, but
results in the past were disappointing in that the introduction
of the cobalt detrimentally altered the particle size and shape.
This altering of particle size and shape had an adverse effect
on the signal retention of the tape, especially when it was
heated or flexed. With the development of this new technology,
it is now possible for us to produce High Energy oxide that has
the same controlled particle size and shape as the gamma ferric
oxide. As a result, it has the same signal retention ability as
the gamma ferric oxide.

This new oxide technology enables the tape manufacturer to

tailor make magnetic tapes with coercive force values from as

low as 300 oersteds to as high as 1000 oersteds while maintaining
retentivity values in the 1200 gauss range. Because of the
ability to control the coercive force in the finished product,
tapes can be specifically designed to accomplish a specific
purpose.

We could now use this proprietary oxide to develop a family of
tapes that would provide immediately noticeable benefits to the
user. When used to manufacture video tapes, both improved
signal-to-noise ratio and increased RF output are achieved. We
are currently producing tapes for both quadruplex and helical
recording with coercivities of 500 and 900 cersteds. The 500
oersted version is totally compatible with video recorders that
are in use today, and the 900 oersted tape will find use in the
field of advanced systems technology. It is interesting to note
that the benefits just described were accomplished without the
need for the usual technical tradeoffs that plague design
engineers. These new High Energy tapes still incorporate the
best features of present day tapes in the areas of physical
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handling, tape wearability and head 1life.

The classic means used to compare the capabilities of various
oxides is the familiar hysteresis loop. An analysis of the

loop provides us with three important parameters. These are

the saturation value, referred to as B_; the amount of retained
flux, known as B_; and the amount of eRergy required to reduce

the retained fluX to zero, called the H,. These three properties,
as well as the shape and size of the oxTde particle, determine

the magnetic capabilities of the finished tape.

Here in figure 1, we see three hysteresis loops. The small one
represents the pattern seen for conventional video tape, such

as "SCOTCH" Brand No. 361. The next largest is a trace of the
loop formed by a compatible 500 oersted High Energy tape, and

the Targest described an experimental 900 oersted High Energy
product. The three important points are labeled on each of the
three curves. Saturation, or B_, is seen in the first quadrant
in the upper right hand corner.” The amount of retained flux, B_,
is seen on the positive vertical axis and the H_ or energy
required to reduce the flux to zero appears on the 1eft. In this
type of measurement, a great deal can be learned from the shape
and size of the curve in the second quadrant between the points

B and H . The amount of area that lies under the curve in this
qﬁadrant is a measure of the relative energy available from that
oxide for recording.

Note the additional area gained by the two High Energy products.
Inspection reveals that the 900 oersted tape yields nearly four
times the area of conventional 300 oersted oxides. And the 500
oersted tape encompasses an area that is about twice as large.
This extra energy that is available can, of course, be used to
good advantage for television recording.

One of the things to investigate in evaluating a new video tape
formulation is the amplitude of RF output seen when this tape is
played back. There are three sets of curves in figure 2 that
illustrate this. The curves.next to the 300 oersted Tabel will
be used as a reference because they are typical of conventional
tapes currently in use for quadruplex recording, such as "SCOTCH"
Brand No. 400. Here, represented as a solid line, we see the
traditional optimization curve showing the peak being reached at
a point slightly above the level that represents 25% of the
available RF drive used in recording the tape. The relative
output on playback is seen on the scale as reaching 40 units.
While this peak level of 40 on the vertical axis is important
for making comparisons with tapes with greater coercive forces,
noting the shape of the curve is important, too. We see here
that the optimization curve rises rather steeply to the peak

and then descends with equal steepness.
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When we compare the optimization curve for the 500 oersted High
Energy tape, we immediately notice a 4 db increase in RF output.
We notice also that the entire curve is positioned farther to

the right, indicating that additional RF drive was used when the
tape was recorded. We mentioned that the 500 oersted High Energy
tape was compatible with today's recorders. This curve substant-
iates this, as the entire curve falls well within the available
RF drive. The peak, or actual optimization point, falls at

about 45% of the maximum drive utilizing a 1.5 mil gap depth.
While a new head that has full gap depth requires more drive,

the record drivers have more than enough range to easily obtain
optimization.

The shape of the 500 oersted curve is quite different than that
representing the 300 oersted conventional video tape. It is not
as steep and this is a convenient advantage. The operator
performing the optimization will notice a broader optimization
range making it easire to adjust for the desired maximum. This
broadened range also means that RF drive optimization need not
be performed as often throughout the 1ife of the video head
assembly.

The broken lines in the figure indicate the chroma slope for
each of the tapes, this represents the equalization change that
is needed to compensate for wear of the video head pole tips.
As the tape coercivity is increased, the slope of this line
decreases, meaning that less correction is needed to maintain
proper equalization. Just as was true when speaking about RF
drive, the equalizers, too, would not require adjustment as
often and such adjustment would be less critical.

The uppermost solid curve is representative of the 900 oersted
experimental product. This tape is not designed to be compatible
with recorders in normal use. As can be seen, the RF drive was
set at maximum to obtain optimization. The head that was used
was specially selected for this test to provide the efficiency
needed to attain the optimization point. While we agree that
this does not represent normal operating conditions for present
equipment, it does clearly demonstrate the rather dramatic 7.5 db
increase in RF output that this 900 oersted tape will yield,

when compared with the 300 oersted tape that is the standard of
the industry today.

The optimization curve is even more broad than it was with the
500 oersted tape and the chroma slope is approaching the
horizontal. It is evident that when machines are readily
available that will make use of tape in the coercivity range,
the need for repeated RF drive and equalization adjustment
will be minimal.
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Signal-to-noise ratio is a key parameter and a much discussed
topic when speaking in terms of picture quality. This is
especially true where video tape is concerned. Great strides

in this direction have been made by camera designers, switching
and processing equipment manufacturers and by the builders of
the recorders themselves. With the advent of the high band
color standard, companies such as ours introduced video tape
manufactured with Tow noise oxide. Master tapes were clean and
quiet. So quiet, in fact, that it was now possible to produce a
second or third generation dub that looked as good as the master
would have looked using the former tape. It wasn't long and
multiple generation editing and dubbing was the standard way of
doing business.

A meaningful improvement in the signal-to-noise ratio of the
recording tape for today's as well as tomcrrow's applications is
the second very important benefit that is gained with the use of
the High Energy oxide. In figure 3, we see a set of curves that,
at first glance, look a great deal 1ike the ones in the previous
drawing. Once again, on the X axis, we see RF drive indicated
in per cent of maximum. On the Y axis, however, we have shown
signal-to-noise referenced to optimum conditions for the 300
oersted tape. The peak on the bottom curve, then, is zero db.
The improvement in signal-to-noise ratio, when using the 500
oersted tape, amounts to an impressive 4 db. Once again, we
should restate that this will be achieved on today's recorders
without any modification. A1l that is necessary is a normal
optimization adjustment.

On the same drawing, we have also shown a plot for the 900
oersted tape. With the specially selected head and maximum

RF drive, we realize a 7 1/2 db improvement over the reference
tape. This, of course, is not a compatible product, but does
stimulate the imagination as we look to the future; to a time
when machines are designed that can supply the additional RF
drive needed to properly record it and sufficient erase fields
so that it can be erased and used again.

The additional 4 db gained in signal-to-noise ratio, when using
the 500 oersted tape, is particularly advantageous when one
considers that many tapes used today are really fourth generation
copies of a master. With the aid of the chart in figure 4, we
can easily compare several combinations of multiple generation
dubbing.

The data shown is for quadruplex recorders, however, helical
recorders follow the same pattern. The same relative advantage
is realized when High Energy tape is used for multiple generation
copies on helical recorders.
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The first example, labeled Number 1, charts the progression of
the four generations using 300 oersted tape in each step. This
is the way things are being done now, using conventional video
tape. Moving to the right through the first example, we note
that the established signal-to-noise ratio of the master on the
300 oersted tape is 50 db. We have placed a circle around that
number because it will be used for comparisons with the other
examples. As we move into the second generagion that will also
be on 300 oersted tape we encounter a loss in duplication of 1.5
db in signal-to-noise. The second generation copy will have a
signal-to-noise ratio of 48.5 db. The duplication loss into the
thrid generation is again 1.5 db, and the same is true for the
fourth generation. This final copy has a signal-to-noise ratio
of 45.5 db which is down 4.5 db from the original master.

Look now at the second example. Here, the master and each of
the succeeding generations were made on 500 oersted, High Energy
tape. With this product, the master reflects the 4 db
improvement in signal-to-noise ratio so we begin with 54 db.
Each generation of copying will again reduce the ratio by 1.5
db. This results in a fourth generation copy with a signal-to-
noise of 49.5 db. When we compare this to the original master
recorded on 300 oersted tape, we see only one-half db difference.
We have now succeeded in producing a fourth generation copy that
is as good, visually, as the traditional master made on
conventional tape.

The third example indicates the use of the High Energy tape
throughout the mastering and editing steps, but here

conventional tape was used for the final fourth generation
copies. The first three generations are the same as example
Number 2, with 1.5 db duplication loss per step. As we move into
the fourth generation, that will be recorded on standard 300
oersted tape, we will encounter a 2 db duplication loss. The net
result is a final copy with a signal-to-noise ratio of 49 db.
This is an insignificant one-half db down from a final copy made
on the new High Energy tape and barely perceptible one db below

a conventional 300 oersted master.

The numbers on the chart clearly suggest that for almost all
fourth generation copies, it would be wise to master and edit on
High Energy tape and economically sound to produce those final
copies on traditional video tape. In those instances when the
absolute ultimate in signal-to-noise is required, an extra one-
half db can be gained by using High Energy tape throughout the
entire process for either quadruplex or helical recorders.

Our discussion to this point has centered about the 500 oersted
product. We have seen from the previous curves, however, that
both RF output and signal-to-noise ratio are greatly improved
as the coercivity is increased. Since the High Energy oxide
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lends itself so well to being tailored to yield a wide range of
coercive force, it is our hope that future machine designs will
tape advantage of this aspect. For a given application it may
be that a system making use of 650 oersted tape would be ideal.
For another use, 825 or 435 might render optimum performance.
Tape is no longer the limiting factor in the recording process.
High Energy tape is a reality. All that is needed now is the
hardware to take advantage of this breakthrough.

We say this as a preface to our discussion on the application of
High Energy tape to the field of helical video recording. Here,
just as with the quadruplex systems previously discussed,

increased coercivity of the recording tape has the capability of
yielding an increase in both RF output and signal-to-noise ratio.

Figure 5 contains the optimization curves for the standard 300
oersted helical tape now in use as well as two High Energy
constructions. Once again, RF drive is plotted along the bottom
in terms of the drive that is available and relative RF output
appears along the vertical axis. Note that with traditional
tape optimum drive is about 50% of what is available. The 500
oersted High Energy tape will require about 70% of the total
available drive and would deliver 6 db more RF output. This, of
course, is compatible with present day equipment.

We have also shown a curve representing a 700 oersted experimental
product. Even with the use of a specially selected video head,
we were just able to reach the optimization point. You will
notice, however, that the increase in RF output amounts to 8 db.
Just as we noticed with the quadruplex examples, as we increase
the coercivity the curve becomes more rounded and loses its
steepness. This would again mean that optimization adjustments
would be less critical and that they would be required less often.

Signal-to-noise ratio is also increased with the higher coercivity
tapes. Figure 6 plots RF drive against signal-to-noise for the
three tapes being discussed. Using the standard 300 oersted tape
as the reference, we see that the 500 oersted compatible product
offers an increase of 4 db, and the 700 oersted experimental tape
yields a 6 db increase.

These curves, used in the last two figures, were generated on a
one inch helical recorder. While this type of machine would not
handle 700 oersted High Energy tape without modification, it does
an excellent job with the 500 oersted tape. This, however, does
not hold true across the complete 1ine of helical recorders. In
some cases the signal-to-noise ratio established by the machine
electronics is very close to what is possible with traditional
tapes. With most half inch recorders, even though we see a
significant increase in RF output, the signal-to-noise ratio
cannot be improved more than 2 db because of the electronics
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improvement in signal-to-noise, it is distrubing to note that
the signal-to-noise of the tape playback is only 5 db below

the EE (electronics-to-electronics) capabilities of the recorder.
With the tapes used up until now these shortcomings were not
really noticeable, but with the introduction of the High Energy
family of tapes we can see that picture quality is seriously
hampered by the limitation of the recorder electronics. Now that
an improved tape is available we sincerely urge the hardware
designers of our industry to develop the equipment to utilize
the potential of this new oxide to complete what can amount to a
great leap forward in video technology.

A summary of 500 oersted compatible High Energy tape performance
on existing helical video recorders is as follows. All helical
VIR's will give a noticeable improvement in signal-to-noise ratio
(about 2 db) and RF output (about 50%) increase without making

any recorder adjustments. Half inch recorders generally show no
further signal-to-noise improvement when record drive is

optimized for High Energy tape even though the RF output increases
because of recorder electronic limitations. One inch recorders
generally show another 2 db improvement in signal-to-noise ratio,
or a total of 4 db, when record drive is optimized for High Energy
tape. The RF output is then double that of conventional tape.

Recorded High Energy tapes can be played back on any recorder
without adjustments with full signal improvement. In other
words, to realize best performance, only the VTR used for record
need be adjusted.

As we look to the future we can see constant attempts at
miniaturization and a desire to place more information on a reel
of tape. The High Energy tapes that we have been discussing
have a greatly improved short wavelength response. This offers
the possibility of operating at slower speeds. To many, this
ability to operate at a reduced speed signals the gateway to
practical video cassette recording. Up until now the drawback
has been the need for an overly large cassette, an unduly short
program or a serious sacrifice in picture resolution.

To demonstrate the slow speed capability of the three tapes we
have been discussing, we modified a recorder with a 13 microinch
head gap to run at half the normal speed. Figure 7 compares the
results of this test with the same recorder operating normally.
Here we see RF output plotted as a function of the recorded
wavelength. OQOur zero db reference point is established at the
one-eighth mil, normal operating point for the standard 300
oersted product. This is the vertical line on the left. By
reducing the speed to one-half, we are then recording at one-
sixteenth mil, and the standard product is seen to be nearly

5 db down in RF output as it crosses the vertical line on the
right.
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HIGH ENERGY TAPE FOR VIDEQ RECORDING APPLICATIONS

The 500 oersted High Energy tape operates at a plus 4 db from
the reference at the normal speed, maintains this output at the
one-twelvth mil wavelength, and has an output at one-sixteenth
mil -- the half speed point -- that is about 2 db better than
the 300 oersted tape at the normal speed. Standard tape at
normal speed produces a picture of excellent quality. It is
now possible for equipment designers to obtain better picture
quality on half the length of tape by reducing the head-to-tape
speed by one-half. The era of half speed recording is here now
with a readily available compatible tape product.

If we follow a similar plot for 700 oersted tape, we observe

an interesting result. In this case the experimental High Energy
product has an output at half speed that is actually 5 db better
than conventional tape at the normal speed. It is apparent from
this that not only can one achieve a comparable picture at half
speed, but it is now possible to obtain a better picture at half
speed than has been possible at the normal speed.

The latest breakthrough in oxide research has equipped us to
accomplish many things in the immediate future. Increased RF
output and improved signal-to-noise ratios are immediately
achievable with the compatible 500 oersted tape and higher
coercivity versions promise even further degrees of excellence.
We can tailor coercive force of the finished tape product to
provide the industry with whatever is needed to improve the
quality of video recording. And the best thing about it is
that this is not a laboratory dream; the tape is here today.
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FIG. 1
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FIG. 3
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FIG. 6
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Measurement of the signal-to-noise ratio in communications systems is of funda-
mental importance - both in evaluating performance and in planning preventative
maintenance,

In television systems, the signal-to-noise ratio is measured in terms of the peak
amplitude of the picture signal and the RMS noise amplitude. The picture signal
amplitude with which we are concerned modulates the picture tube. That is, it

is the blanking level-to-peak white level not the sync tip-to-peak white, i. e.
700 mV. Signal level is easily measured with a television waveform monitor.

Noise cannot be measured in terms of peak amplitude. This is because of the sta-
tistical nature of noise. That is, noise (being random) has peak amplitudes
which vary with time in a random fashion. Theoretically, if one waits long
enough, an infinitely large noise pulse will come along. Noise pulses could be
several volts in amplitude, but these occur so seldom that they can be neglected.

Experience has shown that the subjective appearance of noise is related to the
noise power level. It has long been the practice to measure noise levels in
terms of average noise power, thus avoiding the occasional high noise peaks.
Noise power may be expressed in RMS volts. Thus, the measurement of noise is
simply the problem of measuring power or RMS voltages.

However, this isn't as easy as it may at first appear. In television, we are
concerned with noise power extending to 4 MHz. As the noise voltage is a complex
waveform, not a sinewave, we cannot measure peak or average voltage and know the
RMS value. In communications engineering, the usual approach to measuring RMS
voltage, or noise power, is to measure the heating effect produced by the unknown
power dissipated in a known load. This can be carried out in the laboratory to
very great precision. However, the circuit must be taken out of service for the
test.

When one considers the power levels to be measured (a 40 dB S/N ratio = 6.6 mV
in 75 @ = 0.44 microwatts), it is at once apparent that the equipment must of
necessity be delicate and perhaps not well-suited for rugged field use. The
skill Tevels required are not generally available outside of Tlaboratories. In
short, measurement of RMS noise levels in the field is not practical. Further-
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more, even if practical, it requires that the system is taken out-of-service
for the test. In the case of CATV systems, this is not at all convenient.

The ideal test scheme permits accurate in-service testing and uses equipment
suitable for field usage. In-service testing requires that the noise may be
measured in the presence of the video signal, whose power level varies unpre-
dictably. One scheme is to observe the video signal and noise on an oscillo-
scope. By observing the noise only on a line or two of the vertical blanking
level, video information is eliminated quite easily.

On the other hand, the oscilloscope is fundamentally a peak reading instrument -
it does not indicate RMS at all. For true "white noise" there is, however, a
conversion factor which some observers have developed to relate apparent noise
on an oscilloscope to its true RMS value. This factor has been reported as 14
to 18 dB, the higher value being favored.!~2

However, aside from the question of the correction factor, a much more serious
source of error lies with the variations in observed noise between different
observers, changes in the trace intensity on the waveform monitor, and the ap-
parent noise level changes which occur with the changes in the brightness of the
room in which the measurement is made. Variations of 6 dB have been reported
due to this latter cause alone.?

Clearly, where preventative maintenance is to be determined by signal-to-noise
level measurements, much greater repeatability in test methods is needed. As
CATV system performance may be a matter of litigation, such large margins in
the test results is undesirable.

Tektronix, Inc., has developed a new method which eliminates both sources of
error. This method is suitable for field usage and in-service testing. It is
based upon the comparison of the noise to be measured with a second, known
noise source. Here, the observer needs only to make a comparison, not a

1L, E. Weaver, "The Measurement of Random Noise in the Presence of a Television
Signal," BBC Engineering Monographs (No. 24), March, 1959.

°L. E. Weaver, "Television Video Transmission Measurements."
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judgment. His comparison will, in cur experience, be repeatable within 2 dB
in every case; and will be within 1 dB in most cases. Different observers will
obtain the same results, which are independent of the waveform monitor's inten-
sity or ambient illumination. The waveforms obtained are shown in Figures la
and 1b, page 3. These figures illustrate the basic concept. Figures 2a and 2b
show the results of small variations in noise levels.

In any comparison technique, it must be first determined that like is being com-
pared with 1ike. That is, two noise sources should both have similar distribu-
tion of energy over the same frequency spectrum.

Fortunately, the random noise encountered in CATV systems (which accounts for
snow in the picture) has approximately equal energy at all frequencies within
the video band. This is called "white noise,” and is readily generated by elec-
tronic means. Such a noise generator may be calibrated in the laboratory using
a true RMS power measuring instrument. The long-term variations in RMS noise
power will be small, hence frequent recalibration is not considered necessary.
True RMS calibration in the factory avoids the question of the appropriate con-
version factor mentioned above, with its spread of 4 dB. The only precaution

in this measurement technique is that the noise being measured and the noise it
is being compared with have the same frequency spectrum, or nearly so.

In many television systems, the bandpass extends considerably above 4 MHz. This
is true of cameras and microwave radio relay links and may also be true of some
demodulators. As noise above 4 MHz does not in general degrade the picture, it
is desirable to exclude it from any measurements. White noise generators are
inherently wideband. Their output includes significant energy above 4 MHz.
Modern waveform monitors have only gradual roll-off in frequency above 4 MHz.

A low-pass filter, flat to 4 MHz, then exhibiting very rapid attenuation above

4 MHz, is required. Such filters are readily manufactured for 75 q circuits.
Their design is given in the CCIR Volume 5 recommendation 451-1. These 75 @
low-pass filters are essential to noise measurements. The filter must be placed
in the measurement setup so that both noise signals are affected by it. A typi-
cal measurement setup is shown in Figure 3. The signal source shown is a CATV
demodulator. The action of the Tektronix Type 147 is shown functionally in
Figure 4.
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NOISE INSERTION MODE

Noise is deleted from center of chosen test 1line in vertical blanking interval.
Noise from the noise generator in the Tektronix Type 147 is inserted in center

of the chosen test line.

Inserted noise is much
less than noise on
signal

Figure la

Inserted noise is much
greater than noise on
signal

Figure 1b



278

NOISE LEVEL DISCRIMINATION

Waveform Monitor Response - "Flat"
Noise Bandlimited - 4 MHz

*2 dB

Figure 2a

t3 dB

Figure 2b
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Switches S] and 52 are, of course, electronic switches. They operate during
the chosen noise test line within the vertical blanking interval. S] is the
deleter switch. When measuring noise, the instrument is said to be in the
INSERTION MODE. Then, S] disconnects the incoming video signal from the input
to 52 during the middle half of the test line. At that time, switch 52 subst-
tutes the output of the built-in white noise source for the incoming video sig-
nal at the monitor outputs. One of these monitor outputs feeds the 4 MHz Tow-
pass filter which removes all noise above 4 MHz from both incoming signal and
locally generated noise. It is essential to terminate the filter at the wave-
form monitor. The effect of the 4 MHz filter is shown in Figure 5.

In the lower portion of Figure 5, the filter was connected incorrectly between
the demodulator output and the Type 147 input. Here, the inserted noise ob-
served on the waveform monitor is wideband, and the system noise (preceding
and following the inserted noise) is bandlimited. The difference is much more
apparent in viewing the monitor than is shown in the photograph.

In the DELETION MODE, S] operates, disconnecting the incoming video during the
entire active portion of the chosen test line. The action of S] and 52 is so
timed that no sync pulse or color burst is deleted. 52 does not operate in the
DELETION MODE. Video signals coming from the Type 147 in the DELETION MODE do
not have any noise present during the active portion of the test line. This

is shown in Figure 6.

The DELETION MODE is used where it is desired to measure the noise which is
occurring within a CATV system. For example, at the head end site, where a
microwave radio relay is fed baseband video from a demodulator, the Type 147
may delete all noise present at the output of the demodulator. In Figure 7,
a 147, operating in the DELETION MODE, is shown connected to the microwave
transmitter's video input.

At the output of the microwave 1ink, a second 147 (see Figure 8), is operating
in the INSERTION MODE. Noise is measured on the waveform monitor. Of course,
the principle can be extended down the cable system to measure noise at the fur-
thest subscribers' drop. This setup was shown in Figure 3.

Line 16 is well-suited for noise measurements. Under present FCC Rules, Line



282
EFFECT OF 4 MHz BANDLIMITING

Top
; System and inserted
A it e W : ? g
A N T T T Op R I AT TPl PG| SR : noise both bandlimi
> .":“"-*‘.!',“”j'»?“'_-’ﬁ" :""J;"t'*'?""' "{!;?,&‘.‘,gg',‘{ﬂqi;;-%\g/'y ST ted to 4 MHz and
' 3 ' e matched at 40 dB.

Bottom

System noise band-
limited to 4 MHz, but
inserted noise not

U Gy a AP LT b s i ok F s v b 1 o se
kg g gl J. E“‘ 1 “‘:‘"viﬁ‘lﬁw"ﬁ‘:&"u‘&' }g’!b,;!sff’;'*ﬁif“‘fg“:j..‘,-._' :
{ o : bandlimited.

Figure 5
NOISE DELETION MODE

Display shows two suc-
cessive lines in verti-
cal blanking interval
as shown on waveform
monitor using the line
selector.

Figure 6



283

"CHANNEL Y"

N\

TEKTRONIX 147
O—|DEMODULATOR NOISE DELETION
MODE

Y

MICROWAVE
TRANSMITTER

IN-SERVICE MICROWAVE RELAY

NOISE MEASUREMENT
VIT SIGNALS MAY ALSO BE INSERTED

Figure 7



284

TEKTRONIX 147
MICROWAVE | o, | NOISE INSERTION
RECEIVER MODE

Y

4 MHz
LOW PASS
FILTER

I|w—A 529

{_)B WAVEFORM MONITOR

RF _»“CHANNEL x"
MODULATOR RF

IN-SERVICE MICROWAVE RELAY
NOISE MEASUREMENT

MICROWAVE VIT SIGNALS
MAY BE MONITORED

Figure 8



285

16 cannot be modulated. Lines 17 - 20 may be used for test and other purposes

in the near future. Line 21 may carry video at times. Noise levels on Line 21
may be higher than on Line 16 because Line 21 may carry noise from a video tape
recorder. Hence, Line 16 is the optimum noise test line for CATV.

The fact that noise measured on Lines 16 and 21 may be different in measuring
off-the-air signals is due to the broadcasters' practice of employing video
processing amplifiers at the input of the transmitter. These processing ampli-
fiers act as sync and blanking deleters, thereby removing noise distortion
which the program sync and blanking have suffered. New sync, blanking and,
sometimes, burst are reinserted by the broadcasters' processing amplifier.
Noise on Line 16 will usually be deleted, leaving it a quiet line; while noise
on Line 21 may not be deleted.

Noise is frequently measured through a noise weighting filter which is designed
to attenuate high frequency noise components as the higher frequency noise com-
ponents are less objectionable in the picture. If all sources of noise had the
same power/frequency distribution, noise weighting would not be necessary. Noise
in CATV systems is "white noise" and no weighting is necessary. Noise arising in
microwave (FM) relay 1inks is not white noise. Its noise spectrum is called tri-
angular (noise rising 6 dB/octave from about 200 kHz).

If all the noise to be measured were "triangular," a filter could be included

in the Type 147 noise generator to give triangular noise. However, in practice,
the noise level in television signals is not all contributed by the FM portion

of the system so a triangular noise spectrum is not suitable. One way to avoid
the problem of "triangular" vs "white" noise is to measure the noise using both
the FLAT and CHROMA bandpass characteristics of the waveform monitor. The 4 MHz
low-pass filter is used in both cases. The two numbers give information about
the frequency distribution of the noise being measured. This concept has yet to
be developed and field tested. It is offered in the hope that CATV engineers may
wish to pursue the matter.

Noise measurements may prove useful in planning preventative maintenance of the
system. Routine noise level monitoring at well-chosen points within the system
is not enough. Where careful records are kept of performance, the system's long
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term performance can be determined. Obviously, where noise levels are increasing
with time, a condition is located which is going to require correction.

In summary, the noise level of standard 1.0 volt video signals may be accurately
measured by deleting the noise on part of a vertical blanking line and inserting
"white noise." By comparison, on a waveform monitor the level of inserted noise
is adjusted to equal the noise being measured. The noise level is determined
from the settings of the calibrated noise attenuator. Bandlimiting is required
between the Tektronix Type 147 monitor output and the waveform monitor. The
method is especially well-suited to the CATV industry.
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ABSTRACT

System level control design philosophy is presented for multichannel
and two-way transmission systems, Techniques for channel selection
are introduced, Appendix IIend I1I covers these techniques, These
techniques are used to reduce the effects of second-order and third-
order distortion products, Reasons for not standardizing pilots are
clarified in conjunction with multichannel requirements and pilot
placement,

Amplifier deaign approaches follow to fulfill system reguirements,

A novel automatic gain control (agc) amplifier desipgn incorporated at
Anaconda Electronics Company is discussed, Design techniques are used
which provide level stability and desirable transient response,

New amplifier design approaches are presented, These are termed reverse
gein control amplifier and weighted agc swplifier,

I. INTRODUCTION

Today new and advanued technology is causing greater capability,
flexibility and diversity for every new and existing cable TV system,
Consequently new philosophies are emerging to control system parameters,
Particularly important is the control of exogenous parameters such as
channel placement, signel levels and pilot carrier placement, These are
essential elements in the vector of control for each system design
whether it is for one-way or two-way usage, Control of these elements
is required for reliable system operation.

The system level control philosophy presented is in & general context
so it will apply to a large class of system, Level control is required
to maintain adequate signal to noise ratio and acceptable distortion
levels., These parameters are related to channel selection, frequency
response, and pilot carriers,

Two-way system level control is accomplished by use of open and closed
loop control techniques combined with single and dual ceble designs,

This way, the resulting systems remain simple and economical, The system
with short haul trunk lines originating at the head end or hub type of
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system uses reverse gain control amplifiers, For long haul trunk lines
dual cable is used with egc amplifiers and combining networks,

11, LEVEL CONTROL DESIGN PHILOSOPHY

A properly designed system, be it one-way or two-way, has safety margins
built in to meintain adequate signal to noise ratio and distortion at
suitably low levels, These safety margins are required to accommodate
variations in amplifier performance with input signal level variation,
temperature, inaccuracies in desired amplifier placement, and amplifier
control settings (gain and equalization)., The input signal level var-
ietion at e particuler amplifier is due to the frequency response of
the preceding amplifiers being temperature sensitive as well as the
attenuation of the preceding cables being a function of temperature,
Cable attenuation in decibels is described by

1
A= g, + qff + qof (1)

where f is frequency and the other terms are a function of temperature
and a particular manufacturer, The optimum amplifier design in terms
of nolse figure, distortion, load capacity, gain distribution and other
costs will not be considered here, A conjugate gradient optimization
algorithm can be used in such a design, References for conjugate
gradient techniques are [1] and (21,

The fundemental problem here is the control of amplifier output levels,
The need to control these levels is readily seen from equations (2) and
(3) for signal to noise ratio and cross modulation respectively [3}.

10 1loz(S/N), =S =~ G = Pgp - 10 log KTB - 10 logm (2)
XMy = XMz + 2(3g - 8) - 10 log(N, -~ 1) - 20 logm (3)

where

S = amplifier operating output in dbmv

G = amplifier gain in db

The other terms are defined in Appendix I, These equations, in a less
general form, have been used in earlier papers [{],L5J. Second order
distortion terms may be a factor as well as other third order products,
Appendix II and III discusses distortion and channel selection respec-
tively, For a particular channel allocation design, a means of eval~
uating intermodulation distortion is given by

IMp = IM + (Sg - 8) - 10 logm (4)

where
IM, = intermodulation at the output of the mth amplifier in cascade

IM = intermodulation at the output of a single amplifier

SR = amplifier reference output in dbmv
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S = amplifier operating output in dbmv

These equations are for what is termed a "well behaved amplifier® [5].
Furthermore, they assume all amplifiers have the same distortion and
noise properties., Additionally, all amplifiers are supposed to have
equal gain and output levels, Tests, over temperature, must be con-
ducted to correlate computed results, from these equations, with actual
test data,

Once correlation is completed, bounds on the system performence cean be
established from these equations, Thus, minimal standards of perform-
ance for signal to noise ratio and distortion are assured provided the
output levels are controlled,

A suiteble technique of level control advoceted is the combination of
open and closed loop control in the form of thermally compensated and
agc amplifiers respectively., The ratio between the number of thermally
compensated amplifiers and agc amplifiers in s cascade depends on the
system noise and distortion requirements as they relate to temperature
range and cascade length,

III, LEVEL CONTROL TECHNIQUES

The level control techniques presently used in one-way systems are
reviewed in Fipure 1, The shortcomings of open loop control and
single pilot control are reviewed graphically., Any control scheme
consisting of more than two carrier frequencies can be defined as
composite frequency control. Usually the response is averaged over
two bands of frequencies, In dual pilot control one pilot usually
controls the amplitude at a single frequency while the other pilet
controls the degree of equalizastion based on the amplitude at another
frequency.

T OPEN LOOP CONTROL T SINGLE PILOT CONTROL
w ACTUAL RESPONSE W ACTUAL RESPONSE
2 2
] ]
a a
s
3 Z N P
DESIRED RESPONSE DESIRED RESPONSE
FREQUENCY —p FREQUENCY —
LOWBAND | HIGH BAND
? | AcTuAL RESPONSE T
FREQUENCIES CONTROLLED
w w
9 a
P 2
5 3
a a
s 1 s ACTUAL RESPONSE
b4 -4
DESIRED RESPONSE DESIRED RESPONSE
FREQUENCY —p FREQUENCY —p
COMPOSITE FREQUENCY CONTROL DUAL PILOT CONTROL

LEVEL CONTROL TECHNIQUES (CASCADE RESPONSE)
Figure 1
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IV, CONTROL TZCHNIQUE SELECTION

Since manufacturing tolerances exist between cables and uncertainties
in response flatness exist with placement, temperature, taps, splitters,
etc,, an adjustment capability must be provided in at least some of the
trunk line amplifiers, This further complicates the level control
problem since we demand response stability with temperature changes for
the multitude of adjustment possibilities,

With the amplifier frequency response changes over temperature reduced
as well as practical, the next step is to select an agc approach with
corresponding pilot placement which will provide for adequate level
control, Also, pilot carrier amplitude and its effect on distortion
must be considered and the pilot carrier{s) controlled must be repre-
sentative of the process, This can be done by placing the pilot
carriers at usable frequency band edges or within the band as shewn in
Pigures 2 and 3, Here, frequency response, over temperature changss,
is shown to be related to pilot carrier placement.

For a limited bandwidth and a short haul trunk line, thermal compen-
sation combined with single pilot control may be adequate, Proper
application of equations (2), (3), and (4) in conjunction with the
channel selection techniques of Appendix 1II will generally answer
this question,

Since every equipment manufacturer's trunk line equipment has a different
frequency response with temperature the techniques used or required for
adequate control are different, Also for different systems with varying
channel and bandwidth requirements it may be necessary to have pilot
carrier frequency flexibility for improved level control,

There are also different points of view concerning dual, composite and
modulated pilots within the indusatry,

Pilot carrier frequency standardization could unnecessarily limit
system performance, Furthermore, present designs could be obsoleted
by standardization rulings. Any plens to standardize pilots will
have to satisfy individual system requirements in terms of bandwidth
and channel selection.

V. TWO-WAY SYSTEM LEVEL CONTROL HIERARCHY

A level control design philosophy, consisting of open and closed loop
control techniques, can be apolied to the reverse direction of a two-
way system., Equations (2), (3), eand (4) do not generally apply for
the reverse direction, A correction noise term related to number of
subscribers is required in equation (2). The information coding
techniques incorporated will affect the system distortion requirements,
Also access techniques to reduce queueinz and prevent overload condi-
tions are needed, Level control techniques may be considered inde-
pendent of these factors, This viewpoint is pursued here,
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For short haul trunks or a hub type of system, open loop control can
be applied, This approach is indicated in Figures 4 and 5 where reverse
gain control amplifiers are used to control the gain,

ONLY TRUNK LINES SHOWN.
AMPLIFIERS OMITTED.
~=—=SINGLE CABLE WITH
REVERSE GAIN CONTROL
AMPLIFIERS.

TWO-WAY SYSTEM STRUCTURE (HUB SYSTEM)

Pigure 4

THERMALLY
COMPENSATED
AMP

REVERSE GAIN
CONTROL AMP

THERMALLY
COMPENSATED
AMP

REVERSE TRANSMISSION

REVERSE
GAIN CONTROL
AMP

TWO-WAY COMMUNICATIONS WITH REVERSE AMPLIFIERS

Pigure 5



446

Figure 5 illustrates this concept where the split band filters are
omitted for simplicity. Reverse gain control amplifiers are used as
needed and their gain is controlled by the agc amplifiers in the for-
ward direction, Since this is open loop control its application is
limited and for a long haul trunk a minor hub with a pilot carrier
generator is required.

Since a system's structure is not made up entirely of long cascades,

a combination of open and closed loop control techniques can be applied.
Figure 6 shows such a system where a minor hub with a dual cable is
provided, The dual cable portion of the system makes level control
more easily achievable from an engineering standpoint, Added cost is
the price paid for this approach, For short trunks which are branches
of this long trunk line open loop control is used with reverse gain
control amplifiers and split band filters, Since these cascades are
reletively short, acceptable group delay and frequency response char-
acteristics can be realized to achieve the desired system performance,

The combining networks of Figure 6 can also contain access electronics
as part of a subscriber selection scheme. 1In this manner noise at the
head end for the reverse direction can be meintained at acceptable levels,
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A savings in cost may be realized by exploiting the system map to find
a hub type of structure where reverse gain control amplifiers can be
utilized and long haul trunk lines avoided. This ocould also result in
improved performance with a possible cost reduction flor the forward
direction, Due to the simplicity of the reverse gain control amplifier
the major cost factor is the additional size of the housings and the
addition of two-way filters, This is small compared to the extra cable,
housings, level control electronics, and powering cireuitry for the
dual cable system, Clearly, a cost reduction is achiewasble using the
reverse gzain control amplifiers,

As two-way system design requirements become better defined, systems
and manufacturers with flexibility and capability will be adaptable
to the needs of the industry, Existing single cable systems that can
incorporate two-way transmission will be needed, New system layouts
incorporating dual cable will have insurance for future two-way usage,
For these reasons a combination of open and closed loop control tech-
niques are needed,

VI. ONE-WAY AGC AMPLIFIERS

Some of the hardware required in a one-way multichannel cable system
is a dual pilot agc trunk line emplifier and a age distribution ampli~-
fier or line extender,

The age trunk line amplifier utilizes a dual modulated pilot and
advanced design techniques to achieve long term stable operation
and desirable transient response.

A block diagram explaining the design is presented in Figure 7. Here
the signals from the two parallel bandpass filters enter & common
averaging detector and filter, Economy and additional filtering of
channels adjacent to each pilot carrier is achieved in this manner.
At the detector output the unfiltered frequencies are designated f
and f3, They are the modulating frequencies for the pilot carrier
frequencies f5 and f4, Thus, low level d-c detection schemes requir-
ing extremely stable components and references are avoided, Addi-
tionelly, the audio amplifiers have bandpase responses for the fre-
quencies f] and f3z. The signals at the audio amplifier outputs are
large in amplitude compared to the signals out of the common detector,
Now large Bignal detection follows and the resulting signals are com-
pared to their aovpropriate references, The remainder of the diagram
is fairly self explanatory with the exception of the isolator, This
block consists of a stable low loss magnetic component which couples
the amplifier output, at a reduced level, into a low distortion cas-
code amplifier,

The transient response design is realized using state variable techniques,
The detailed design formulation is found in Appendix IV,
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VIl1. NEW DESIGNS

A reverse gain control amplifier and weighted agec amplifier are new
designs for level control applications,

The reverse gain control amplifier is used exclusively for two-way
system applications while the weighted age amplifier can be used in
either one-way or two-way systems, Ficure 10 is a block diagram of

the reverse gain control amplifier showing how it is used with a agec
trunk line amplifier, Here the current generators used in the forward
direction are shared by the reverse gain control amplifier., Additional
electronics for agc feedback components are not necessary, A circuit
example of this teehnique is found in Figure 11,

The weighted agec amplifier is similar in design to the age trunk line
amplifier of Figure 7. It has two distinct advantages overall, The
primery difference in slectronic components is the addition of a
sumning amplifier (See Figure 12), Functionally the two pilot carrier
amplitudes are used to determine the setting of the variable attemuator.
This complements the action of the varisble equalizer and results in an
extended agc range. Furthermore, redundancy is built into this design.
For example, if one pilot carrier is interrupted some level control ie
maintained., In comparison with conventional designs, a pilot less will
result in no control eand either the amplifier gein or equalization
will go to its maximum value,
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VIII. SUMMARY AND CONCLUSION

System requirements as they relate to level control have been emphasized,
Additionally, level control philosophies were presented for both one-way
and two-way systems, Finally, hardware descriptions were included for
completeneas,

The need for design techniques to minimize the total system cost while
mainteining adequate performence was inferrred in the Two-Wry System
Level Control Hierarcy section, Procedures of this nature do not exist
for the less complex problem of one-way systems, Such procedures could
determine parameters such as head end location(s) as well as cable routes
and equipment requirements,
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APPENDIX 1

Definition of Terms

For convenience, equations (2) and (3) are repeated [ 3]
10 log(S/N), = 8 - G - Fg, - 10 log KTB - 10 logm (2)

M, = XMy, + 2(Sg = S) - 10 log(Ne - 1) - 20 logm (3)

The terms are defined as follows:

10 log(S/N), = the signal to noise ratio at the output of the mth
amplifier in decibels (db)

S = amplifier operating output in dbmv

G = amplifier gain in db

F4p = amplifier noise figure in db

KTB = available input thermal-noise power

m = the number of amplifiers in cascade

XM = 20 log(% normal modulation) / (% imposed modulation)
X, = cross modulation at the output of the mth amplifier

XM, = cross modulation at the output of a single amplifier measured
for two carriers at the Sp reference output magnitude

SR = emplifier reference output magnitude in dbmv

N, = number of channels in the system

APPENDIX II

Distortion Analysis

A Taylor series expansion is used to desoribe the nonlinearities in an
amplifier output siznal [6], I 7]

o0

00 = > ajoj
J=1 in
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The resulting second order and third order product terms are well
known for ej, = Acosat + Bcoset + Ccom¥t.

For ejn consisting of n sinusoide at frequencies fy,f5...,f, a matrix
Ay = (aij) 1s defined where ajy = fj + f;, References for matrix
techniques are [8], 9/, and [10]. Simifarly a matrix A2 = (bij) is
defined where bjjy = fi - £j, The diagonal elements of Ay are all the
second harmonics generated and the elementa from either above or below
the diagonal are the sum frequencies of each pair of input frequencies,
For Ay the trace is zero and the off diagonal terms are the difference
frequencies,

The third order product terms are three types; 3fi, 2fj + fs where
143, and £y + £y + e where 4 £ §, 1 £ k, and § # k. Appropriate
matrices can be defined to analyee the resulting distortion terms,
Computer analysis programs have been written for general system designs
using the above techniques,

APPENDIX III

Channel Selection

For a split band system corresponding to p = 3 in Figure 15 the carrier
frecuencies selected are within the frequency intervals (fqo, fn1) end
(fn2,fm). Here £y, fx€ (fo, fnl) and £§, 1 €(fn2,fn). The index set

|

==

]I

AMPLITUDE ——

O |e— e — —

FREQUENCY —= fm

GENERAL MULTICHANNEL SYSTEM
Figure 13
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I, contains i and k., Similarly j,1€lo. The number of carriers selected
is n where n is the number of members in the sets I; and I,.

The intermodulation sum frequencies must satify the following require-
ments to remain outside of the intervals (f5,fn1) and (£u2,fm).

fa1<fy + fe<fn2

or for low band carriers
£y + >y

£+ f1>fp for high band carriers
£y + fj;>fm

For the intermodulation difference frequencies the requirements are:
ifi = fk{ <f,

fn1<:[fj - f1j<fp2

or for high band carriers

£y - f1i<to
fn1<:fj - fi<<fy2
or
fJ - fi<f°
The requirements for the 2fq + fr terms cannot be satisfied in general,
Here q,reljUIo. The 204 - fk term and 27§ - £} terms will fall at
carrier frequencies for uniform video carrier frequenecy placement, The
2f§ - £y and the 2fj - f§ terms can be selected to reduce build up of
distortion products at a particular frequency,
The desired requirements for the other terms are:
fpi<2f; + Pr<<fpo or 23 + f >y
2fy + fJ>fm
2fJ + £3>Pp
2fj + £1>fy

Requirements can be established for the fq + fr + fg terms and the 3fqg
terms, where g,r,sel;UIo.
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It is not possible to satisfy all of the requirements simultaneously

for a particular system, What can be done is to weigzh most heavily
those distortion terms which are characteristic of a particular system,
For example, if the a5 coefficient dominates in e, = j'lajein then the
second order product distortion requirements are the major consideretion,

APPENDIX IV

State Variable Design

The age trunk line amplifier of Figure 7 is deascribed by two differential
equations of the form

'y' + b1§’ + by = dyjcy + dox
.x.+ ali + a

oX = €1¢2 + boy

where
y is the high frequency pilot amplifier output amplitude

x is the low frequency pilot amplifier output amplitude

¢q 18 the reference signal for the variable attenuator control loop
or gain loop

€5 is the reference signal for the variable equalizer control loop or
equalizer loop
Now define the following state variables:
X) = X
x, = %
Xz =y
X, =y
State variable techniques can be found in [i1l, [12].

The system is now formulated in a state variable description and is
compactly described by

i = AX + Bu

where x)
X =|x2

]
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o 1 0 0
0 0 0 1
d2 0 -bo -b1
B 0 0 0]
B= 0 0 0 ey
0 0 0 0
o 4 0 9]
0
us= 61
0
€2

The two poles in the equalizer loop are termed w, and w, expressed in
radians per second and are determined from a4 = wy + wpo. The loop gain
here 1s determined from e, = wiw2 + Ky where K, = Ky/wiwo is the open
loop gain of the equalizer loop.

For the gain loop, b) = w3 + wy and by = wawj + K} where K, = K5/v5w4
is the open loop gain of the gain loop., Here the two poles are wz and wy,

The desired transient response design cen be computed by solving for x
with appropriate values for the elements in the matrices A and B,
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LOCATING AND ELIMINATING SOURCES OF

POWER LINE INTERFERENCE

W. S. Campbell, P.E.
Manager of Engineering
General Electric Cablevision Corporation

With more and more cable systems being built in
industrial, urban areas, and with distant signal
importation restrictions reducing the incidence of
cochannel interference, electrical noise is
becoming one of the most important interference
problems at cable system headends,

There are many sources of electrical noise
interference., They include automobile ignition,
welding equipment, electric fences, neon lights;

in fact, any electrical device can cause trouble

if it is not operating properly. Even the sun and
milky way can, under certain circumstances, degrade
a system's signal to noise ratio by 5 to 7 dB.(1,2)

The first step in an electrical noise investigation
is to attempt to identify the source from the
characteristics of the noise it generates. 1In
fact, a great deal can be told about the source of
noise interference by observing its appearance on

a television screen, its pulse trainm on an oscillo-
scope, duty cycle, time of day of occurrence and
any correlation to weather or other local events.
For instance, noise that is limited to hours of
darkness may be a lighting fixture, noise that
increases with the humidity may be high voltage
corona, noise that is only present when the local
bar 1s open may be one of their signs, etc.
Reference 3 contains an excellent discussion of the
pulse characteristics for some representative examples
of man-made noise.

In this paper, we will limit our discussion to the
electrical noise caused by power lines, The most
common signature of power-related electrical noise

is the fact that it moves slowly through the tele-
vision picture in bands. Two bands being characteris-
tic of single phase power and six bands indicating
three phase. It is at this point that most system
technicians make their first mistake -~ they Jump

to the conclusion that the cause is 'the substation
northeast of town", "the factory 15 miles south of
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town" or some other well-known power landmark.
The technician makes his second mistake when

he drives to this location, hears noise on his
car radio and concludes that this must be the
source. These two common errors result in
wasted time for the utility company engineers
as they try to eliminate all noise at that
facility and frustration for the technician
when his efforts do not remove his interference
problem,

First, a search for a problem, any problem,
should never be begun by deciding what the
problem is and then setting out to prove it.

A great deal of time can be wasted down the
wrong path if an open mind is not maintained

at the very beginning. Second, the car radio
technicque wastes time since 1 MHz noise usually
shows very little correlation to 100 MHz noise.
Also, almost any power device, including probably
a third of the poles in town, will radiate
measurable noise within about 20-50 feet.

This brings us to Case History Number 1 and a

much more efficient, systematic method of locating
the source. 1In this Georgia system, the noise
occurred only in channel 6, occurred in two bands
moving through the picture and changed radically
with rainfall. From this it could be concluded
that the source was an outdoor, single phase

power device.

The direction of the noise source from the headend
was easily determined by using the system's search
antenna. In this case the noise was strong enough
to use a field strength meter for am indicator,

In cases of weaker noise, or noise with a very
short duty cycle, the noise peaks can be observed
on an oscilloscope, Figure 1 shows the bearing
taken from the headend (Triangle 1) and from three
other locations, where a channel 6 dipole, field
strength meter and compass were used to plot the
directions. It is important to take readings from
several widely separated locations to avoid being
confused by local noise radiators,

Figure 2 shows two additional readings taken within
the heavy black rectangle in Figure 1, These
bearings pointed to the pole shown in Figure 3,
approximately one and a half miles from the headend,
The noise at the base of this pole measured +15 dBmV
on the channel 6 dipole and varied considerably when
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the pole was shaken. The wiring configuration
(a rather nice vertical antenna) on the pole
explains why the noise peaked at one particular
frequency.

Figure 4 shows the problem: a lighting arrester
with a cracked cap. The power company said that
these are notorious noise sources if their seal
is broken and any rain water enters. When the
arrester was disconnected, the noise ceased.

Case History Number 2 involves a high voltage
noise source in Wyoming., Figure 5 shows the same
direction finding technique used in Case 1, except
that a truck mounted 10 element Yagi was used for
the additional bearings because the noise was not
strong enough for a dipole antenna. The problem
in this case turmed out to be dirty insulators on
a high tension tower about one mile from the
headend.

In this Case, we were lucky: high voltage noise
can be very difficult to track down for several
reasons. First, it is unavoidable, Good engineering
practice allows 2 kw of corona per mile in good
weather, with this going to as high as 200 kw per
mile in heavy rain. Second, the periodicity of
support structures causes standing waves, which,
in turn, cause frequency spectra peaks and ampli-
tude peaks at locations removed from the actual
source. Third, a high tension line can act as a
single wire above ground transmission line (with
a characteristic impedance for a typical 500 kV
line of about 425 Ohms) and propagate the noise
several miles.

The power company themselves can be of tremendous
help in locating the problem if approached with
courtesy and diplomacy. They are anxious to do
this since the generation of electrical noise
interference is a public relations problem and,
in fact, represents a loss of energy -~ their
product. Their legal responsibility is quite
clearly spelled out in Paragraph 15.31 of the FCC
Rules and Regulations:

An incidental radiation device shall

be operated so that the radio frequency
energy that is radiated does not cause
harmful interference. In the event

that harmful interference is caused,

the operator of the device shall promptly
take steps to eliminate the harmful
interference.
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If the scurce appears to be a high voltage line,
their cooperation in locating the specific compo-
nent causing the problem is essential. They can
help to overcome some of the problems in locating
high voltage line noise sources listed earlier by
their experience and the use of highly sophisti-
cated test equipment beyond the reach of the
average cable system. They usually have access
to such devices as sonic corona detectors and
optical pyrometers. One optical pyrometer, used
to detect overheating components, such as splices
with internal arcing and high resistance connections,
is so sensitive that it can detect a 3%°F rise in
temperature in a 2" diameter object 20' away.

If the source of power line interference cannot
be corrected, antenna methods similar to those
used to reject cochannel must be used. Log
periodic antennas and tapered amplitude distri-
bution (diamond) arrays effectively reduce noise
pick up from all but the desired signal direction.
If the direction finding investigation accurately
determined the direction of the noise from the
headend, standard Yagi phased array techniques
may be employed to create a null in the direction
of the noise.

To summarize, use direction finding techniques to
locate the source, make a visual inspection with
binoculars for loose, dirty or cracked components,
and, if necessary, return after dark to look for
corona or arcing. If a high tension line is
suspected as the source, get help from the experts -
the power company themselves,
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CAPTIONS

Four triangulation locations,
Location 1 is the headend site
where the search antenna was
used.

Enlarged view of the black
rectangle shown in Figure 1.
Large triangles are crossover
points from Figure 1.

Radiating pole.

Close-up of lightning arrester.
Arrow points to location on

cap where a piece has been
broken away.

Second noise hunt triangulations.
Location number 1 is the headend
search antenna.
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MAINTENANCE OF LARGE CATV SYSTEMS

Jack Long
Vice President-Engineering
Transvideo Corporation
A Division of Cox Cable Communications

The San Diego CATV System began operation in 1962, Today
it is the largest system in the United States with more than 49, 000
subscribers and 660 miles of distribution plant, The system
employs 64 technicians and installers and has a fleet of 51 trucks
and vans, Threc head-ends are needed to cover the area of the
system, A Micro-wave link connects the system to the origina-
tion studio, Two-way radio is used extensively for communications
but also controls non-duplication switching of the three head-ends
from a central point,

In 1970 the City of San Diego passed an Ordinance governing
the performance of CATV systems within the city boundary. Some
of the technical specifications of this Ordinance are shown in
Figure 1. While these specifications seem very reasonable, it must
be realized that these are minimums for any point in the system
including the subscriber's termination, This fact, coupled with long
amplifier cascades, make exceeding these specification minimums
more difficult, During the nine years it has been in operation, Trans-
video has developed maintenance methods and procedures which make
it possible to accomplish this, The main areas of maintenance fall
into seven categories which I will discuss briefly,

HEAD-END MAINTENANCE

The three head-ends are routinely maintained by one highly
trained technician, This man and his equipment are completely
separate from the rest of the system so that he can give his undivided
attention to this important function, Each week the head-ends are
checked for signal levels, AGC and AFC action and the quality of video
on each channel. Spurious frequency generation is investigated using
a spectrum analyzer. A frequency counter is utilized to check the out-
put carrier frequency of process.o»rs and modulators, Each month
input levels to the antenna system and processors are checked for
quality and level, Signal to noise and signal to hum are read and record-
ed, Every six months processors and other equipment are checked for
alipnment and response, Two forms have been developed for head-end
maintenance. Figure 2 is used to record data at the various inspection
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times, Figure 3 is used in conjunction with the antenna system at
time of installation and serves as a record of equipment configu-
ration and signal condition on each channel,

TRUNK MAINTENANCE

The San Diego system is divided into service areas and
technicians are assigned to each area., They normally work only
in this part of the system and become very familiar with it, The
condition of the trunk system is mainly determined by a series of
test-monitor points strategically located in each of the three systecms
(Figure 4). Each maintenance day begins with a check of channel
levels and quality at each of these points by the assigned technician,
The result of these checks is relayed to the chief technician by radio
who can then take proper remedial action. Most of the maintenance
and trouble calls are dispatched by radio which eliminates delay.
After reporting the monitor points the technician continues with
routine balancing and system check out, Figure 5 shows the form
used by the technician to report defective equipment in his area,

The test monitor points were established by inserting
directional couplers in an output line of bridger amplifiers, This
provides the highest signal level on the system so that the noise figure
of the signal level meter will not be a factor, The signal to noise
ratio of all channels at each monitor point is logged every three months
using methods covered in NCTA Standards 005-C, This is done during
non-broadcasting hours, Relative signal to noise readings can be taken
during normal service hours by reading the noise above channel six or
below channel seven. Care must be taken, however, that no FM or
Commercial radio stations are present., Figure 6 is a compilation of
some of the results obtained using these methods,

Monitor points are also used to determine cross modulation levels
and system stability, Twenty-four hour recordings are made of one low-
band and one highband channel at three months intervals, Figure 7 is a
condensed recording showing proper action of the system, Figure 8
shows an abnormal system condition with improper AGC action or thermal
control. Finally, the monitor points are used in conjunction with a
spectrum analyzer to check for spurious products. (Figure 9) This
form is used to record the above monitor point data. (Figure 10 and 11).
These forms are used as records for each amplifier in the system,

SYSTEM RADIATION MAINTENANCE

In each service area routine radiation checks are made following
the methods outlined in FCC Rules and Regulations Part 15 sub-part D,



114

Not only are non-subscribers protected, but system integrity to the
high level signals of local broadcasters is maintained.

DPIRECT PICK-UP PROCEDURES

Due to the number of Los Angeles signals carried by the
system, it is necessary to carry the local channels 6,8,10,12 on
the system on frequency.

Much testing and evaluation is necessary to minimize the
direct signal present at most subscribers' sets. Hilly terrain and
the fact that two transmitters are located in Mexico prevent a uniform
approach to the problem, Switches, better shielded drop cable,
balanced transiormers, high subscriber signal level, grounding and
other methods are used to combat this problem., Naturally, none of
these methods will work if the direct signal penetrates the distri-
bution system. This makes the system integrity check used in
Tadiation work doubly important. The form shown here in Figure 12
i% used for both radiation and direct pick-up work,

DISTRIBUTION AND SUBSCRIBER MAINTENANCE

The mobility of the area trunk maintenance men is dupli-
cated by the service technicians who cover the distribution plant and
subscriber maintenance. These men are also assigned to specific
areas and receive most of their calls by radio, The subscriber call
15 taken by a dispatcher who logs it in his Daily Work Report (Figure 13)
and radios the call to the service man., At the home, all the channel
levels are read and recorded as well as an analysis of the problem,
A separate form is used (Figure 14) for each service call and turned into
the dispatcher at the end of the day. Considerable importance is
attached to subscriber level readings as these random samples of the
system often serve as a good indication of conditions of the distribution
plant. Any cases of direct pick up are also noted and passed on to a
special group handling this work., A similar procedure is used for new
installations,

COLLECTION AND ANALYSIS OF SYSTEM DATA

System data is derived from two sources--trunk maintenance
and subscriber maintenance., Trunk data is derived from the form shown
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previously and is put into program form for computer analysis by the
system chief technician, Subscriber data is derived by the dispatcher,
When he receives the subscriber trouble call he verifies it against his
work sheet and then fills out.a Customer Service Call form (Figure 15).
Data for the computer is taken from this card. Each month this
information is fed to the computer which is programmed to analyze it
by types of trunk and subscriber trouble, solutions to the problem, sub-
scriber identity including phone number, technician identity etc. The
computer tabulation allows us to determine the efficiency of maintenance
being performed in an area and indirectly indicates plant conditions,
The constant flow of data from these service areas is used to determine
the overall system status and dictates what action is needed. Using
these methods, we have been able to detect developing problems before
they became the cause of widespread outage,

EQUIPMENT REPAIR

Complete records are kept on equipment from the time it is
initially installed, Bench technicians work independently from the rest
of systemn maintenance., In such a large system a constant program of
equipment repair is necessary and vital,

SUMMARY

In conclusion let me point out that the degree and complexity of
system maintenance obviously increases with system size, When large
numbers of subscribers are involved, it becomes mandatory to keep
ahead of developing system problems, If I were to pick the most
important maintenance feature of the San Diego system it would have to
be the establishment and full utilization of monitor points. An example
of the effectiveness of this program is the decrease in subscriber trouble
calls this past year, At the beginning of 1970 we were averaging a ratio
if trouble calls/month to subscribers of over 3,5%. In May of this year
the trouble call ratio was 1,2% or about 30% of the 1970 figure,
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TRUNK PROBLEM REPORT
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Location {Amplifier [Theoreticol| Actual ONOCST—AC — 73850ncdh - CEd7geChS'§N
Cascade S/N - S/N S/N MRz | ’ ’
EL CAJON
1B 2 53 53.7 49.2 34 148 |53 [ 55 | 51
1C 14 44.6 46.2 43.1 33 144 |44 | 49 | 47
iD 30 4.2 425 41.6 36 (41 |40 (45 (44
IE 31 4i.1 41.8 40.7 32 |42 | 46 (44 | 46
IF 27 417 42.9 396 31 |39 143 |44 35
16 13 449 426 433 34 |37 140 141 | 32
IH 24 42.2 42 42 36 |40 [ 41 44} 36
17 35 40.6 38 414 33 13838 |39} 31
F-'J 28 4!.5 40.7 40.4 36 14l |41 | 44| 39
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3C 46.5 42.5
3D 16 44 39.3

Figure
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Amplifier Extremity & Temperature Variation Test
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INTRODUCTION

A cable television system provides a transmission path
from a single signal processing center (traditionally referred
to as head end) to multiple subscriber television receivers
(Figure 1). The advent of transmission requirements from any
point in the cable system back to the signal processing center
results in a system with inputs from multiple locations in the
cable system converging to a single output from the cable
distribution system back to the head end.

MULTIPLE SIGNAL >
——»{ PROCESSING CABLE - » MULTIPLE

SIGNAL ] centen DISTRIBUTION |——»
SOURCES {HEAD END) SYSTEM > OUTPUTS

——

a) FORWARD TRANSMISSION

SIGNAL CABLE ————

ROCESSING ————
CENTER DISTRIBUTION MULTIPLE

(HEAD END) SYSTEM ——— INPUTS
———

b} REVERSE TRANSMISSION

FIGURE 1

Numerous articles have been written on parameters and
performance requirements of the cable distribution system.
This paper will focus on the television signal level from
cable distribution system input (head end output) to its
output, the TV receiver input terminal.
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Knowledge of the signal level requirements in the cable
distribution system guides the equipment designer to a hardware
design which economically matches system requirements and likewise
guides the system designer in selection of system components
required to meet his system design objectives. Signal level, as
the independent variable, determines many component (amplifier,
cable, and directional taps) and system design decisions.

After considering the cable system signal level requirements,
a coefficient system similar to that described by Carson
(Reference 9) is used to exemplify sources of system performance
limitations. The coefficient system is useful in weighting the
per formance of repeater amplifiers which have different operating
characteristics.

Signal Level As Related to Equipment/System Parameters

A cable distribution system must deliver television signals
to each subscriber's television receiver which produce acceptable
pictures. Insight into cable equipment and system design results
when the signal transmitted through the cable distribution system
is distinguished by both level and guality. Signal level and
quality specifications which are necessary to produce an acceptable
picture are described in detail in such references as (4), (5),
(6), and (7). The purpose of this paper is to show how certain
cable amplifier performance characteristics are defined as a
result of the television receiver input level requirements, and
to relate the signal level to various signal quality performance
factors.

A summary of parameters shown in Figure 2 may be viewed
as defining cable system signal levels and/or as cable system
signal levels defining cable system parameters. The value of
these viewpoints will become apparent later.

DISTORTION
(XMOD, INTERMOD)

AMPLIFIER NUMBER OF
GAIN CHANNELS

TV RECEIVER
(CONVERTER)
INPUT

2.WAY
TRANSMISSION
(SINGLE CABLE)

CABLE STABILITY
ATTENUATION (VS TEMP.)

SIGNAL TO NOISE
RATIO (S/N)

CABLE SYSTEM SIGNAL LEVEL-CABLE
SYSTEM PERFORMANCE PARAMETERS

FIGURE 2
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For example, the television receiver or converter must
be given multi-channel input signal levels within a given
range, assuming acceptable signal quality, to produce an
acceptable picture. Distributing a signal level above the
minimum value required by the TV receiver or converter
unnecessarily increases system cost. Some excellent work
has been done (4), (5) in determining the range of levels
which should be provided by the cable system to the TV
receiver input.

Another example of the importance of selecting system
signal levels relates to the system distortion and S/N
parameters. The original source of the majority of noise
and distortion in CATV equipment is the amplifying device,
the transistor. Recent advances in microelectronic circuit
technology (1), (2), (ll1) can allow efficient circuit designs
to realize low noise and low distortion performance which are
basically device limited. An example of a broadband micro-
electronic circuit currently used by Anaconda Electronics in
production repeater station amplifiers is shown in Figure 3.

FIGURE 3

Trunk system signal levels may therefore be chosen to
operate within the amplifier constraints of noise and distortion
so that system design may be optimized. Alternatively, signal
levels may be selected to provide added performance margin if
system length is not a performance limiting factor,
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Judicious apportionment of noise and distortion between
trunk and feeder systems can be accomplished not only by
choice of equipment but also by selection of system signal
levels, This system design approach can result in a reduced
system cost.

CABLE DISTRIBUTION SYSTEM

The cable distribution system provides the means of
distributing head end signals to multiple subscriber locations
in an area. The signal delivered to the subscriber's receiver
terminals must be of such a level and quality as to produce
acceptable pictures.

Definition of what signal characteristics produce
acceptable pictures are covered in detail in (4), (5), (14).
To design the most economical and efficient cable distribution
equipment, the designer must consider in depth the requirements
of the subscriber receiver equipment.

CABLE F
SYSTEM |

INPUT
HEAD

END

BRIDGER BRIDGER
oT

LE LE

FEEDER FEEDER
SYSTEM SYSTEM

CABLE SYSTEM—-TV RECEIVER ———————p—————— CABLE SYSTEM QOUTPUT
INTERFACE

SUBSCRIBER
RECEIVER

FIGURE 4
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In Figure 4 is shown a representative block diagram
of a cable distribution system. A trunk system is used for
transmission of the signal from the head end to the areas in
which the signal is to be distributed and does not directly
feed signals to subscribers. A feeder system consists of
equipment which is used to deliver signals from the trunk
system to suhscribers.

TRUNK SYSTEM

Trunk amplifiers are required at intervals along the
trunk cable route to offset signal attenuation due to cable,
power splitters, and intermediate bridging amplifier insertion
losses. The amplifiers are spaced so that the signal level
does not drop below the minimum value required to meet the
system S/N objective nor exceed the maximum level consistent
with the system distortion specification.

The laws of cascaded amplifier distortion and noise
accummulation (6), (12), (15) provide guidelines for
selecting levels on the trunk system needed to match trunk
amplifier noise and distortion characteristics to the trunk
system transmission objectives.

Some general principles applied to trunk system amplifiers
which are helpful in meeting system noise and distortion
objectives are listed below,

Automatic Gain Control (AGC) Amplifier

1. Should have the lowest noise figure and/or be
short spaced to preserve the minimum S/N since its
input level will tend to be the lowest in the
system (with the possible exception of head end
input).

2, Should be spaced at intervals such that its dynamic
control range is not exceeded by that range dictated
by cable attenuation variation from low to high
temperature.

3. Should be spaced to maintain level variation to
less than maximum value dictated by system S/N and
distortion objectives in order to realize consistent
year round service.

4. Should have distortion characteristic which does not
change as a function of dynamic gain. The AGC amplifier
should have consistent same crossmodulation, regardless
of ambient temperature.
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Manual Gain Control (MGC) Amplifier

1. S/N for MGC amplifier will vary as a function of
temperature, but will always be greater than S/N
of AGC amplifier (assuming amplifier with equal
noise figure).

2., Distortion at cold temperature will be worst in
the MGC trunk amplifier immediately preceding the
AGC amplifier.

3. Open loop thermal compensation in the MGC will
tend to minimize the amount of increased crossmodulation
at low temperature.

Level Tilt in Cable Distribution System

The relationships between signal levels of each channel
carried in the cable distribution system are established
at the head end. The actual setting however, is
determined by the design of the repeater amplifier and
performance of other system components. It is essential
that levels are set to match the characteristics of the
repeater amplifier if the system S/N and distortion
objectives are to be met in an optimum manner.

FEEDER SYSTEM

The amount of noise and distortion added to the television
signals in the trunk system limit the amount of noise and
distortion which may be introduced by the feeder system while
meeting the system objectives. The minimum allowable signal
level in the feeder system is established by the minimum level
to be delivered to the subscriber receiver. Designing the
feeder amplifiers (bridging and line extender) within this
constraint establishes the feeder system S/N for amplifiers
of a given noise figure and feeder leg cascade length.

Noise and distortion accummulates along the trunk system
cascade as stated previously. This fact means that noise and
distortion in the trunk system near the head end is much less
than at the trunk line extremities. Therefore, the feeder
system fed from the trunk system consisting of a small number
of trunk amplifiers can be allowed to operate in modes which
tend to produce more distortion than would be allowed near
the end of long trunk line cascades. Examples of these modes
are: higher signal levels in feeder system, longer cascade
of feeder amplifiers, lower output capability (assumed lower
cost) line extenders.



66

Feeder amplifiers designed to serve the maximum number
of subscribers require the highest possible signal level
output with low enough distortion to meet system objectives.
The maximum gain required for a feeder amplifier, and in
particular a line extender, is therefore equal to the
difference between minimum input and maximum output signal
power. Examples which follow will clarify the requirements
of a line extender amplifier.

MINIMUM INPUT LEVEL TO LINE EXTENDER AMPLIFIER

The minimum input to the line extender is a function of
the minimum input signal delivered to the subscriber receiver
terminals.

The determination of this level will be clarified by
referring to Figure 5 and the following example.

INSERTION
LOSS

/_\ 150' FEEDER
CABLE LINE
EXTENDER
@ DIRECTIONAL @
TAP / l/

TAP T
LOSS\ [ MINIMUM INPUT
@ TOLE
. @ SUBSCRIBER
150° DROP TV SET

CABLE //T _OR CONVERTER

MINIMUM LEVEL
AT SUBSCRIBER

MINIMUM INPUT LEVELS,
SUBSCRIBER RECEIVER AND LINE EXTENDER

FIGURE 5

It has been shown (4), (5) that a minimum level of 0 dBmv
or greater at location 1.0 in Figure 5 will result in picture
quality which is system S/N limited and not television set
limited.
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To determine the minimum line extender (LE) input level,
the attenuation between points 1 and 3 in Figure 5 will be
calculated at the highest frequency supplied to point 1.
Adding this attenuation in dB to the minimum subscriber level
at point 1 establishes the input level to the directional tap.
From this level is subtracted the sum of tap insertion loss
plus feeder cable span loss to arrive at the minimum input
level to the line extender.

TABLE I LOSSES IN DB (Freq = 270 MHZ)

Feeder Cable Type 412 412 500 500
Drop Cable Type RG/59  *RG/59 RG/59 *RG/59
150' Drop Cable 8.4 5.4 8.4 5.4
Tap Loss (4-Output, 11 dB Tap)| 11.0 11.0 11.0 11
SUM A 19.4 l6.4 19.4 le.4
Tap Insertion Loss 2.5 2.5 2.5 2.5
150' Feeder Cable Loss 2.8 2.8 2.1 2.1
SUM B 5.3 5.3 4.6 4.6
Amount LE Input Level Above 14,1 11.1 14.8 11.8
Subscriber Level (A-B)
Subscriber Level in DBMV 6 6 6 6
Minimum Input to LE in DBMV 20.1 17.1 20.8 17.8

*RG/59 (Type) Drop Cable

Feeder cable attenuation values are based on nominal catalog
values at 70°F for Anaconda Sealmetic
cable values are extrapolated to 270 mHz from Belden Catalog

No., 871.

Belden 8228

(sLM) 412 and 500.

Drop
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The minimum level at point 4, the LE input, is 14.1 dB
(for RG-59 drop cable and 412 feeder cable of length noted
above) above the subscriber level in dBmv. For this example
assume a subscriber level of 6 dBmv. Then the minimum LE
input level is 20.1 dBmv.

NPUT GAIN CONTROL OUTPUT

AND —>
Smin EQUALIZER FIXED

GAIN
AMP

S/IN=59 + SN~ FT

LINE EXTENDER AMPLIFIER S/N

FIGURE 6

The affect of the line extender noise figure (F) on
feeder system S/N (Figure 6) can now be determined by
referring to the equation below:

S/N = 59 - F + S .. dB
S/N for single line extender

S/N = 59 - F + Sqin * Log n dB
S/N for cascade of n identical line extenders

A noise figure of 20.1 dB results in a single LE S/N of 59 dB
for the minimum input signal calculated previously.
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The affect of feeder system S/N as a function of trunk
system S/N on subscriber drop S/N is shown in Figure 7. Note
that for a trunk system S/N of 43 dB, the most distant
subscriber in the feeder system suffers almost no S/N degradation
for a cascade of two identical line extenders, each with an S/N
of 59 dB., This fact is extremely significant in terms of LE

amplifier circuit design, because an LE S/N of 59 dB for the

minimum signal level calculated above means that the LE noise
fiqure can be 20.1 dB.
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FIGURE 7

Integrated circuit broadband amplifiers can be designed
and manufactured with a variety of frequency response shapes
and with access to multiple gain stages. However, one of the
most economical designs is a fixed gain block with flat frequency
response. Permitting an LE station noise figure in the 16 to
20 dB range would allow use of a fixed gain, input-output
integrated circuit amplifier of economical design. The line
extender station block diagram is then accurately represented

in Figure 6. A high noise figure line extender requires
education of the customer because a high noise fiqure does
not necessarily mean a low S/N. The individual system
component or amplifier specifications must be related to
system performance to realize the most economical design.
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FEEDER SYSTEM DISTORTION

The feeder system is allowed to produce an amount of
distortion equal to the difference between the distortion
objective at the subscriber and the amount of trunk system
distortion. The examples and discussion which follow mention
only crossmodulation distortion, which to date has been a
familiar system performance limiting parameter. However,
similar and possibly additional analyses must be made to
account for second and third order intermodulation products
as well as triple beats in systems carrying more than 12
channels,

A relationship between crossmodulation at the subscriber

drop as a function of trunk and feeder system crossmodulation
is shown in Figure 8.
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SUBSCRIBER XMOD APPORTIONMENT BETWEEN TRUNK AND FEEDER
FIGURE 8

The axes of this figure have been interchanged from
those of Figure 5 in (5). The chart of Figure 8 is useful
in determining the allowable feeder system crossmodulation
distortion as a function of the crossmodulation ocbjectives
at the subscriber and the trunk system crossmodulation.
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Feeder system distortion determines the maximum
output level at which the line extender can be operated.
From the method described previously, the minimum LE input
level is defined, The LE gain required in the feeder system
is now defined.

Some general considerations related to feeder system
amplifier performance are summarized below.

Bridger Amplifier

l, System crossmodulation distortion performance can
easily be limited by the bridger amplifier, since it
operates at the highest level.

2. Cold temperature operation is the most critical for
the bridger amplifier driven from an MGC amplifier
or an intermediate bridger in the span preceding an
AGC amplifier. The level will be the highest and
therefore the crossmodulation distortion will be
the worst.

3. There may be a system distortion advantage in
operating the four (4) output bridger at a level
lower than the line extender. Uniformity of feeder
system levels is lost, but improved distortion
performance results.

4, The bridger amplifier noise figure is relatively
unimportant because its input level is relatively
high, typically only 10 to 12 dB below the trunk
output level,

Line Extender

l, For rigid feeder system level control, an AGC line
extender (10) should be placed in each bridger
amplifier leg where an MGC trunk amplifier drives the
bridger, including intermediate bridger stations
preceding AGC trunk amplifier stations.

2. Every other line extender in a feeder cascade should
contain an AGC amplifier.

3. Level control to the subscriber home may be more
critical in a converter system than a non converter
system.

4. Open loop thermal compensation is advisable in each
line extender.

5. Noise figure of line extender amplifier is relatively
unimportant because it operates at level approximately
10 dB above trunk amplifier.
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Channel Levels Across Band at Subscriber Receiver Terminals

The difference in levels between channels across the
system bandwidth is becoming increasingly important for
broadband (greater than 50-216 mHz) multichannel (greater
than 12 channel) systems. Subscriber converters developed to
date have a limited dynamic range so that the level spread
across the bandwidth and the absolute level stability are
critical.

The level spread from channel to channel across the band
at the subscriber receiver or converter terminals is a
function of the following:

1. Block tilt of channel levels (set at head end)

2. Type of feeder cable (loss per 100 feet)

3. Length of feeder cable preceding tap

4., Number of taps and splitters (and amount of flat
loss in feeder line)

5. The magnitude of tap loss
5.1 Frequency response of tap loss (flat and/or slope)
6. Type of drop cable (loss per 100 feet)

7. Length of drop cable

Amplifier Coefficient System

To further exemplify the sources of noise and crossmodulation
distortion in the cable distribution system, use is now made of
an amplifier coefficient system.

Carson (9) outlines a method for calculating amplifier
cascade performance with amplifiers of different characteristics.
Taylor, in reference (13), clarified the data obtainable from the
principles outlined in (9), and his format is used in what follows.
The different characteristics can be noise figure, distortion due
to different operating level or distortion characteristics,
number of channels (such as transportation amplifier), etc. The
method basically normalizes the performance of each amplifier
type in the cascade to a reference trunk amplifier.
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After each component of the system which generates noise
and/or distortion has been normalized to an equivalent
reference amplifier (component coefficient), the component
coefficients are summed to equal a total equivalent cascade.
The system S/N and crossmodulation distortion are then
determined by the following familiar equations:

S/N (System) = S/N (Ref Trunk) - 10 Log Cn
Where Ch is the equivalent cascade of reference trunk
amplifier.

XM (System) = X  (Ref Trunk) + 20 Log Cy

1

Where Cx is the equivalent cascade of reference trunk
amplifiers.

The following example is given to illustrate the principle
involved:

Given: Trunk Amplifier
XM = =82 dB at level of 40 dBmv (12 channels)
xl = =98 dB at operating level of 32 dBmv

Line Extender

XM = =82 dB at level of 40 dBmv (12 channels)
Xy = -78 dB at level of 42 dBmv

Line Extender Coefficient

L; = 10 raised to exponent (X3—xl)/20=10 amplifiers

In other words, a single line extender produces as much
crossmodulation as a cascade of ten (1l0) trunk amplifiers operated
at a level of 32 dBmv.

A separate coefficient for noise must be calculated. The
resulting coefficient is the equivalent number of reference trunk
amplifiers to which the line extender is equivalent in terms of
S/N degradation. The method for making this calculation is
contained in Appendix B.
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Component Coefficients as Function of Temperature

Three sets of coefficients are required to characterize
the system S/N and XM as a function of temperature. The
coefficients for each component are initially calculated for
nominal temperature. At the maximum temperature, a set of
coefficients is required to determine the worst case S/N.

At the minimum temperature, a set of coefficients is required
to determine the worst case crossmodulation.

For every one (l) dB increase in level due to cable
attenuation reduction at low temperatures, a 2 dB increase in
crossmodulation results in the "well behaved amplifier". The
level variation of each component in the system which produces
crossmodulation is accounted for and a coefficient for low
temperature operation assigned to each component. Total
system crossmodulation distortion at low temperature is then
calculated by summing each of the component coefficient.

Since levels increase at low temperature, the S/N will not
be reduced.

In a similar manner, a set of coefficients is required
at the high temperature to determine the amount by which the
S/N is reduced because of the increased cable attenuation.
Crossmodulation distortion is less than at the minimum
temperature due to cable attenuation change, because the
increased cable attenuation results in lower levels. However,
care must be taken in the amplifier design to insure that
gain reduction due to AGC action does not increase the
amplifier distortion.

The component coefficients at low and high temperature
depend upon the amount of level control in the system. The
spacing of AGC amplifiers and degree of thermal compensation
are the controlling factors in wide temperature range operation
for maximizing S/N and minimizing crossmodulation.

An example of the coefficient system follows and is made
under the following assumptions:

1. Crossmodulation,noise figure, and gain values are
those given in Appendix A and B. '

2, Cable attenuation changes .12% per degree F

3. Trunk amplifier spacing is 22 dB with AGC amplifiers
spaced every other trunk station position.

4, Bridger coefficients calculated with bridger driven
from MGC trunk amplifier.
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5. Line extenders spaced at 12 dB of cable.

6. AGC line extender spaced every other position.

7. Noise figure and crossmodulation constant as function

of gain.

8. Trunk amplifier output level 32 dBmv.

9. Bridger amplifier (4 outputs) output level 38 dBmv.

10. Line extender output level 43 dBmv.

11. Crossmodulation changes 2 dB for 1 dB of output signal

level change.

The amplifier coefficients and system S/N and crossmodulation

distortion are calculated for temperatures 0°F, 70°F and 11l0°F

and are shown below:

XM =

S

-98 + 20 Log (Cy)

TABLE II

S/N Crossmodulation
Cascade Actual Equivalent Equivalent
Temperature 110c° 70° 70°F O°F
Trunk 20 27.58 20 20 24.455
Bridger (4-Out) 1 .276 .225 19.953 28.842
Line Extender 2 .287 .225 25.178 45.972
Coefficient Cn 28.14 20.45
System S/N (dB) 44.01 4B 45.39 dB
S/N = v58.5 -10 Log (C,)
Coefficient Cx 66.13 100.27
System Crossmodulation (dB) -61.59 -57.97
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The system S/N and crossmodulation in the table above
could be calculated by a number of methods. Each method would
result in the same answer if the identical assumptions are used
for each method. The coefficient C, = 66.13, at 70°F, is the
equivalent number of reference trunﬁ amplifiers which generate
a total system crossmodulation distortion of -61.59 dB. Note
that for the assumpt