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Preface to the Third Edition

For this edition, the entire text was generally reviewed, in
view of today's technology, and changes and additions were
mad: to bringthe content up to date. A naew chapterdiscusses
concepts for systems with more than 12 channels, including
other services. Also, a number of new entries were madz in
the Glossary of Terms.

From a scientist's viewpoinf, there are still a great many
subjects related to CATV system and amplifier dzsign which
are not well understood, and only research in the future will
gradually lead to a more thorough understanding. Even to this
day there is no valid equivalent circuitfor transistors capable
of broadband opzration above 100 MHz. There are several
approximations, but these are notadequate to explain the vital
characteristics essentialto CATV systemdesign. Fortunately,
development work is progressing, and unquastionably will be
perfected in ths future. As always, any suggestions and com-
ments will be welcomed by the author.

Phoznix, Arizona W. A, Rheinfelder
December 1969



Preface to the Second Edition

In the last two years the CATV industry advanced at a far
more rapid rate, as far as equipment performance is con-
cerned, than could be anticipated on the basis of progress
during the early solid-state years from 1960 to 1965, The
key feature of the new breed of amplifiers is the increased
overload-to-noise ratio which has come about by major im-
provements in circuit design by several manufacturers,
particularly in the area of output capability.Only during
1965, the typical 12-channel overload level of the best amp-
lifiers was on the order of 45 dbmv, while equipment available
now from several manufactures reads in the vicinity of 60
dbmv and more when tested under identical conditions. *

This somewhat fantastic and unprecedented increase
in output capability of 15 db necessitates a thorough re-ex-
amination of the entire CATV concept, keeping in mind
that every 6 db increase in dynamic range allows doubling
the number of amplifiers which may be operated in cascade
for the same system performance, 15 db allows, for ex-
ample, a cascade of amplifiers more than five times longer.
Or, stated differently, 15 db extra margin allows, for the
same system length, additional errors in system level of
+7.5 db without serious consequences. Thisis equivalent
to good system performance even with much sloppier and
less accurate field adjustments, Also, a 60 dbmv output
capability is now higher than was ever possible with the
very best vacuum-tube amplifiers. Taking full advantage
of these improved equipment capabilities, a modern CATV
system uses high-level distribution, improved bridging
methods, and better powering systems. Inthe maintrunk,
automation and factory alignment have become widely ac-
cepted for the ultimate in reliability and freedom from main-
tenance,

Due to these unexpected equipment advances, it was
necessary to revise and update much of this book. All graphs
were extended to cover the new equipment parameters.
New chapters were added to cover Amplifier Design Con-

*Differently exoressed, new equipment shows a considerable
reduction of distortion at system operating levels.



cepts, High Level Distribution, and Cable Powering. Other
chapters, including the appendices, were expanded and re-
arranged, The basic philosophy of avoiding mathematics
and lengthy derivations in the main text was retained. How-
ever, the interested reader will find additional material by
consulting the footnotes for bibliographical references, as
well as the various appendices which are given to a mathe-
matical treatment of some pertinent topics. New Appendix
III gives details on taps, and Appendix IV contains system
mathematics with calculated examples, Several errors
which occurred in the drawings or text were eliminated.
Lastly, an alphabetical index was added for greater useful-
ness.

Again, the author will be grateful for any suggestions
for further improvements of the book.

W. A. Rheinfelder
Anaheim, California
March 1967



Preface to the First Edition

The CATV industry, since its beginning about 15 years ago,
has come a long way. However, the explosive growth of
CATV, particularly during the past few years, has in-
creased the need for knowledge and understanding of the
technical aspects, as well as improved system standards.
Many presently operating CATV systems are functioning
only because of the ceaseless and undaunted efforts of a few
technicians who, by cut- and -try methods and with little
guidance, have succeeded in making a number of uncorre-
lated components perform with each other. It is for these
individuals, as well as for all other persons interested in
CATV, that this book is written. Particularly, it is de-
signed to serve as a technical handbook for the instruction
or reference of all personnel involved in planning, install-
ing, operating, and maintaining a CATV system.

The year 1965 represented a turning pointfor the CATV
industry. For the first time, a theory of fully integrated
systems has evolved as a result of freedom of system de-
sign brought about by the advances of new solid-state equip-
ment. Advances in design will, in the next few years, re-
sult in a greater standardization and stabilization of system
design and layout. Also, more equipment specifically de-
signed for this industry will become available, eliminating
the use of units modified or adapted by cut-and-try meth-
ods. Considerably better performance at lower cost will
be achieved in such new, fully- integrated systems.  But
also, in older systems, worthwhile improvements will be
achieved by modernization along the lines discussed in this
book.

In order to keep the material easier to follow for
technicians without formal schooling, mathematics has been
generally avoided; however, some of the more important
mathematical derivations are included in the Appendices.



The first Chapter gives a short introduction to CATV
engineering and lists recommended performance standards
for a high quality system. The following Chapters then
treat segments of the system in logical sequence. Chapter
2 covers head ends, and Chapter 3 is devoted to amplifiers.
The rather important aspect of system spacing is discussed
in Chapters 4 and 5. Chapters 6 and 8 treat two important
considerations in system design—the use of leveldiagrams,
and the problems associated with reflections. Chapters 10
and 11 have to do with the maintenance and automation of
CATV systems. Finally, Chapter 13 discusses new methods
for achieving precision measurements on CATV components.
Additional helpful material is given in the various Ap-
pendices.

In writing a first manual for a new and rapidly de-
veloping industry, the material of necessity, had to be
limited. Particular emphasis was placed, however, on
developing a sound understanding of the general engineering
principles involved without going too much into distracting
variations, Two factors will have a greater influence on
future system engineering than any other—the theory of
spacing, and the introduction of solid-state equipment. It
is on these two points that a considerable change inthinking
is required, especially for newcomers in the field of tran-
sistorized amplifiers. Although transistors have been
around for quite a number of years, their impact on CATV
is only recently being felt and there is no predicting what
the future will bring.

The author will be thankful for all suggestions con-
cerning this book. May it bring some technical footing to
our fledgling industry and contribute to increasingly sound
and prosperous engineering.

W. A. Rheinfelder
November, 1965
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GLOSSARY OF CATV TERMS

Active - any circuit containing amplifying devices, such as
tubes or transistors.

Antenna preamplifier - a small amplifier located in the im-
mediate vicinity of the antenna, usedto amplify extreme-
ly weak signals, thereby improving the signal-to-noise
ratio of a system,

Automatic gain control (AGC) - a circuit which automatical-
ly controls the gain of an amplifier so that the output sig-
nal level is virtually constant for varying input signal
levels. Sometimes referred to as automatic level (ALC)
or automatic volume control (AVC).

Automatic spacing - a method whereby unavoidable errors
in amplifier spacing are automatically corrected,

Automatic Temperature Control - a method whereby changes
due to temperature in amplifiers or coaxial cable are
automatically corrected by either a closed- or open-loop
servo system.,

Automatic tilt - automatic correction of changes in tilt,

Block tilt - a form of half-tilt where all low-band channels
are set to the same level as Channel 2, and all high-band
channels to the same level as Channel 13.

Bridging amplifier or bridger - an amplifier which is con-
nected directly into the main trunk of a CATV system.
It serves as a high-class tap, providing isolation from
the main trunk and multiple high-level outputs.

Cable powering - a method of supplying power to solid-state
CATV equipment by utilizing the coaxial cable to carry
both signal and power simultaneously.

Closed-loop system - a servo feedback system where the
residual error after correction is fed back directly into
the servo system for inverse proportional control.

Coaxial cable - the most commonly used means of signal
distribution, consisting of a center conductor and a cy-
lindrical outer conductor (shield). Other types of trans-
mission line used in CATV systems include open-wire
(two-wire line) and Goubeau line,

Combining network - a passive network which permits the
addition of several signals into one combined output with
a high degree of isolation between individual inputs.




Countermodulation - a type of cross - modulation distortion
where interfering modulation appears as out-of-phase mod-
ulation of the desirad signal. ""White Windshield Wiping"
is typical countermodulation. Maybe caused by a combina-
tion of second-order distortions. See reference 20, App.
VII.

Critical distance or cable length - the length of a particular
cable which causes a worst-case reflection if mismatched;
depends on velocity of propagation and attenuation of
cable.

Cross-modulation - a form of distortion where modulation
of an interfering station appears as a modulation of the
desired station. Caused by third and higher odd order
nonlinearities. A typical example of cross modulation
is the form of overload known as '"windshield wiping. "

Directional coupler - a high quality tapping device providing
isolation between tap and output terminals.

Distribution system - the part of a CATV system used to
carry signals from the head end to subscribers' receivers.
Often applied, more narrowly, to the part of a CATV
system starting at the bridger amplifiers,

Dynamic range - see overload-to-noise ratio.

Emitter tuning principle - a circuit which extends the high-
frequency response of transistors by using variable trim-
mer capacitors to neutralize detrimental emitter induc-
tance,

Equalization - a means of modifying the frequency response
of an amplifier or network, thereby resulting in a flat
overall response.

Equalized Loss - any loss in CATV systems caused by co-
axial cable; also, insertion loss of components designed
to match cable loss characteristics.

Feeder line - the coaxial cable running between bridgers,
line extenders, and taps.

Flat Loss - equal loss at all frequencies, such as caused
by attenuators.

Flat Gutputs - operation of a CATV system with equal levels
of all TV signals at the output of each amplifier, corres-
ponding to fully-tilted input signals.

Frequency response - the change of gain with frequency.

Iy



Full-Tilt - operation of a CATV system with maximum tilt
at the output of each amplifier (flat input signals at each
amplifier),

Fully integrated system - a CATV system designed to take
advantage of the optimum amplifier - cable relationship
for highest performance at lowest cost. Such a system
is also admirably suited to the fully automated CATV
system concept,

Gain - a measure of amplification, usually expressed in db..
For matched CATV components, power gain is readily
determined as insertion power gain. Gain of an ampli-
fier is often specified at the highest frequency of opera-
tion, for example, at Channel 13 for all-band equipment,

Half-Tilt - operation of a CATV system half way between
full-tilt and flat-outputs operation. Compared with a
FULL-TILT system, the level of Channel 2 is up at the
input and output of an amplifier by one half its slope.

Head end - the electronic equipment located at the start of
a cable system, usually including antennas, preampli-
fiers, frequency converters, demodulators, modulators,
and related equipment,

High band - TV Channels 7 through 13,

House drop - the coaxial cable from line tap to the subscrib-
er's TV set.

frequency modulates the TV signal, causing hum bars to
appear in the picture.

House drop - the coaxial cable from line tap to subscriber's
TV set.

Inline package - a housing, for amplifiers or other CATV
components, designed for use without jumper -cables;
cable connectors on the ends of the housing are in line
with the coaxial cable.

Insertion loss - additional loss in a system when a device
such as a directional coupler is inserted; equal to the
difference in signal level between input and output of such
a device,

Integrated system - aterm usedto denote a system in which
all components, including various types of amplifiers
and taps, have been designed from a well founded over-
all engineering concept to be fully compatible with each
other. Such a system results in greater economy at im~
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proved performance through the avoidance of over speci-
fication by well engineered design center values.

Intermodulation - a form of distortion where two modulated
or unmodulated carriers produce beats according to the
frequency relationship f=nf;2mfy, where n and m are
whole numbers, Intermodulation is caused by second and
higher order curvature, and is essential for the proper
operation of frequency converters, mixers, modulators,
and multipliers. Second - order curvature by itself does
not cause distortion of the modulation envelope, but is
often responsible for parasitics. The order of the inter-
modulation product is defined as n plus m.

Jumper cable - short length of flexible coaxial cable used
in older CATV systems to connect system coaxial cable
to amplifiers or other CATV components; they have no
place in a modern, high quality system.

Level diagram- a graphic diagram indicating the signal level
at any point in a system.

Line extender or distribution amplifier - types of amplifiers
used in the feeder system.

Low band - TV Channels 2 through 6.

Main trunk - the major link from the head end to a commu-
nity or connecting communities.

Noise figure - a measure of the noisiness of an amplifier.
Noise factor is defined as input signal-to-noise ratio to
output signal-to-noise ratio. Noise figure is noise fac-
tor expressed in db. The lowest possible value for a

matched system is 3 db.
Noise modulation - also called ""Noisz Behind the Signal."

Increase in demodulated noise level with the application of
the desired carrier.

Open-loop system - a servo correction system in which the
residual error is unrelated to the means of correction.
Overload-to-noise ratio - the ratio of overload -to-noise
level measuredat or referred to the same point in a sys-
tem or amplifier, usuallyexpressed indb, and common-
ly used as an amplifier figure of merit. Not to be con-

fused with signal-to-noise ratio.
Pancake package - a flat amplifier housing designedto ac-
commodate printed-circuit boards.

Passive - a circuit or network not using active devices such
as tubes or transistors.



Reflection coefficient - ratio of reflected wave to incident
wave—mathematically related to VSWR,

Return loss - reflection coefficient expressed in db,

Semiconductor - material with an electricalconductivity be-
tween conductors and insulators. Most commonly used
semiconductors for transistors and diodes are germanium,
silicon, and gallium arsenide.

Signal-to-noise ratio - the ratio of the signal to noise level
with both’ measured either at the input or output of elec-
tronic equipment, usually expressed in db.

Single-ended package - a housing for electronic components
having connections at one end only.

Slope - difference in amplifier gain, or change in cable at-
tenuation, between Channels 2 and 13, in db,

Solid state - a term taken from physics, used interchange-
ably with the word transistorized; also includes other
semiconductor elements, such as diodes. Generally re-
fers to tubeless equipment.

Spacing - length of cable between amplifiers expressed as
db loss at the highest TV channel provided for in a sys-
tem, usually at Channel 13 in an all-band system; equal
to amplifier gain in main trunks.

Span - distance between line extenders or distribution amp-
lifiers; also, distance between taps.

Splitter - a network supplying a signal to a number of out-
puts which are individually matched and isolated from
each other; usually based on hybrid coils.

System level - the level of the highest signal frequency, us-
ually Channel 13, at the output of each amplifier. Must be

carefully chosen and maintained for least distortion and

noise.
System Mode - or System Tilt. The tilt at the output of

each amplifier, normally set in the head end for the main
trunk (or bridger for the distribution system).

Tap - any device used to obtain signal voltages from a co-
axial cable. The earlier forms such as capacitive and
transformer types have been replaced by  directional
couplers in modern systems,

Terminator - a resistive load for an open coaxial line to
eliminate reflections; usually capacitively coupled to
avoid shorts in cable-powered systems.

Tilt - difference in level between Channels 2 and 13 at out-




put of amplifier in db; in fully - tilted system operation,
equal to slope. Often used interchangeably with slope.
See also full-tilt, half-tilt, flat outputs.

Tilt-compensation - the action of a tilt- compensated gain
control, whereby tilt of amplifier equalization is simul-
taneously changed with the gain so as to provide the cor-
rect cable equalization for different lengths of cable; nor-
mally specified by range and tolerance.

Velocity of propagation - velocity of signal transmission.
In free space, electromagnetic waves travel with the
speed of light. In coaxial cables, this speed is reduced.
Commonly expressed as percentage of the speed in free
space.

VSWR - abbreviation for Voltage Standing Wave Ratio. Re-
flections present in a cable due to mismatch (faulty ter-
mination) combine with the original signal to produce
voltage peaks and dips by addition and subtraction. The
ratio of the peak - to -dip voltage is termed VSWR, A
perfect match with zero reflections produces a VSWR of
1. For freedom from ghosting, most matches in a
CATV system must have a VSWR of 1.25 or less,

Windshield wiper effect - onset of overload in multichannel
CATV systems caused by cross-modulation, where the
horizontal sync pulses of one or more TV channels are
superimposed on the desired channel carrier. Both black
and white windshield wiping are observed and are caused
by different mechanisms. See also countermodulation.

18



CHAPTER 1

The CATV System

CATV, or Community Antenna Television, is a system de-
signed to provide television service to outlying communities
where none, or only unsatisfactory and limited off-the-air
reception, ispossible. The basic idea is to erect receiving
antennas at a site where good quality TV signals are avail-
able. These signals are then relayed to the community and
distributed to individual subscribers via cable or wire.
Since many subscribers share in the same system, receiving
equipment of the finest quality can be installed, resulting
in superior quality TV reception. Among additional benefits
are increased TV service such as many new program channels,
the choice of FM background music, an information channel
with automatic time and weather reports and the like.

I-f« FUNCTION AND PURPOSE OF CATV

Generally, a CATV system consists of the receiving
system, or head-end equipment, and the distribution sys-
tem which carries the signals to the individual homes (Fig.
1-1).

The head end includes a number of receiving antennas,
usually mounted on a tower or located at a fairly high eleva-
tion in order to achieve a high signal strength, Various
pieces of electronic gear amplify the incoming signals and,
if necessary, convert them to different channels for better
system operation and freedom from various types of inter-
ference. The channel output levels are individually con-
trolled and finally provide a combined signal of up to twelve
or more TV channels of studio quality. No effort or expense
is spared at thz head end, since even in a very large CATV
system only one head endis required. A poorly engineered
head end would be conspicuous throughout the entire Sys-
tem.

9
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Of much greater economic importance is the distri-
bution system from the head end to the subscribers' homes.
The main trunk line is the major link from the head - end
site to the community, It consists of high quality (large
diameter, low loss) coaxial cable, with repeater amplifiers
(main trunk amplifiers) spaced along the cable. Also, as
part of the main trunk in special level control positions,
AGC amplifiers (Level Control Amplifiers) provide automa-
tic correction for various changes in signal level due to tem-
perature, etc. The main trunk is generally routed over
the shortest possible path between the head end and various
distribution points, and may even supply more than one
community. The maximum system length is determined
mainly by the length of the trunk which can be used with-
out causing excessive degradation in picture quality. In re-
cent years, great advances have been made in the develop-
ment of improved amplifiers which, together with better
cables, have led to substantially increased trunk length. Con-
sequently, CATV systems are becoming a possibility now
where before no practical solution existed or some other
form of transmission, such as microwave, hadto be used.

Normally, no taps can be used directly on the main
trunk to connect feeder lines except in high - level main
trunks. Therefore, a special type of amplifier, called a
bridging amplifier, is used to provide isolation from the
main trunk. It has several outputs, and enough gain to
make up for the isolation loss and the power loss inherent
in multiple outputs. This amplifier is often combined with
the main trunk amplifier (mainline - bridger combination).
From the bridging amplifiers, feeder lines are run along a
row of houses. The feeder or distribution system is
usually less critical and requires less exacting equipment.
However, a recent study indicates that a high output capa-
bility is even more desirable in the distribution system than
in the main trunk (see Chapter on High Level Distribution).
Consequently, a new type of amplifier, called a distribution
amplifier, has come into use in feeder systems, replacing
the older low-level line extender. Chief advantages of the
distribution amplifier are higher system economy and reli-
ability (fewer amplifiers for a given number of subscribers).
Both types of feeder amplifiers compensate for the losses in
the feeder system, and each feeder line may be four to ten
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or more amplifiers deep. Power for the various amplifiers
is supplied either individually for tube equipment, or simul-.
taneously with the TV signal via the coaxial cablefor solid-
state equipment (cable powering).

Between successive distribution amplifiers or line ex-
tenders, directional taps or couplers are provided at an
average spacing of 150 feet, These taps usually have four
outputs each, to which individual house drops are connected.
In the past, these taps were often pressuretaps, a form of
capacitive tap which mechanically pierced the coaxial cable
and made pressure contact to outer and center conductors.
Also, transformer taps, of the unmatched or the better
back-matched variety, were often used. More recently,
directional couplers are specified since other forms of taps
are unsatisfactory as far as reflections (ghosting) are con-
cerned. Moreover, in an integrated system design, the
somewhat higher cost of directional couplers can be offset
by savings in other devices. Therefore, the total system
cost remains unchanged, or is perhaps even reduced, al-
though system quality is actually higher.

In a fully integrated system, care should be taken not
to overspecify or underspecify any particular component.
For example, if directional couplers are used (whichis a
necessity in a high quality system), the built-in suppression
of reflections will allow a considerable relaxation in the
specifications (asfar as match is concerned) of otherpieces,
such as line extenders, This reduced requirement reflects
itself in reduced cost and improved performance of other
more important amplifier parameters.

{-2. PERFORMANCE STANDARDS OF CATV SYSTEMS

The performance and quality of a CATV system is directly
related to the signal - to - noise ratio of the system. In a
more general sense, noise includes thermal noise (''snow')
as well the effects of interference and distortion such as
"windshield wiper" effect, '"ghosting," and other forms of
signal degradation. Since picture quality is a rather sub-
jective measure—dependent on the observer as well as the
particular TV receiver and the setting of its controls, room

lighting, etc. — extensive tests* have been made by the

*See Appendix VII, References I-6, 9, 10, 11.
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SMPTE and other organizations to relate observed picture
quality to signal-to-noise readings, and to establish a qual-
ity standard of picture transmission. These tests indicate
that a flawless television picture of studio quality results
with a signal - to - noise ratio of 40 db, while still very good
picture quality is achieved with a signal - to -noise ratio of
30 db (Table 1-1). It should be noted, however, that these
values are the true signal-to-noise ratios of video signals with
a4-MHz bandwidth. Readings taken with a field strength meter

having a different bandwidth must be correlated to these
readings. Another correction would be necessary if a peak
reading meter were used to read random noise, etc.

It is thus the objective of CATV system design to
achieve at least the minimum acceptable signal -to -noise
ratio at every connected receiver, under the varying con-
ditions of system operation such as changes of signal
strength, temperature, etc. To obtain a high system sig-
nal - to - noise ratio, it is necessary that all components in
the system feature an even higher individual signal-to-noise
ratio due to the cumulative build - up of noise and distortion
when electronic equipment is operated in cascade. Thus,
a cascade of 10 amplifiers has a 20 db lower overload - to-
noise ratio than that of an individual amplifier, and 40 db
lower for 100 amplifiers. (More about this in Chapter 4.)
The number of amplifiers which may be operated in cascade
is therefore limited, particularly with amplifiers which
have a low individual overload-to-noise ratio.

However, new advances in amplifier design have
largely overcome limitations to cascading. Degradation of
system performance with cascading follows a logarithmic
law. For example, with older amplifiers, any circuit im-
provement which allowed a cascade to be increased from 10
to 20 amplifiers had a significant effect on system design.
With newer amplifiers, the corresponding change might be
from 100 to 200 amplifiers operating in cascade. In both
cases, system degradation is 6 db for doubling the number
of amplifiers. It must be remembered that even in newer
systems the maximum possible cascade is often not realized
because of other limitations (see Chapter 5), or on purpose
in order to trade system length for increased performance
margins on picture quality.

Regardless of the length of the system, for best pic-
ture quality it is also essential to maintain the correct sys-
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tem operating level (the signal level at the output of each
amplifier). As the system level is increased, the effectof
noise decreases proportionately until overload occurs. At
this point distortion rapidly increases. There is then an
operating level where the optimum signal-to-noise or dis-
tortion ratio is achieved. Since distortion increases much
more rapidly than noise, it is desirable to set the operating
level slightfy below this value to obtain smoother system
operation with the normal, unavoidable system changes.

In summary, for a high quality system, the design
and concept must be such that a video signal - to - noise or
interference ratio of at least 40 db can be obtained at every
subscriber's TV set. This is the only requirement of impor-

Table I-l. Picture quality rating.

Video Signal-To-Noise
Or Distortion Ratio Rating
40 db Flawless, studio-quality
picture
35 db Some snow or distortion
visible
30 db Acceptable, but with flaws
clearly visible
25 db Snow and distortion
becoming objectionable

tance, and all other system specifications must bedirectly
related to this basic standard. With this fact in mind, we
shall discuss the various portions of a system, with their
components and functions, in detail.
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CHAPTER 2

Head-End Concepts

The head-end equipment, located at the start of a CATV
cable system, must produce the high-quality TV signals
which are essential for satisfactory system operation. Be-
cause of the unavoidable degradation of signal quality in the
cable system, the requirements for the head end are ex-
acting. For example, a high-quality, solid- state CATV
amplifier has an overload-to-noise ratio of 85 db. A cas-
cade of 30 such amplifiers produces a system overload-to-
noise ratio of 55 db. Consequently, a head-end overload-
to - noise ratio of only 55 db would, by itself, result in a
degradation equivalent to 30 amplifiers, a situation which
cannot be tolerated.

2-1« FUNCTIONS AND REQUIREMENTS OF HEAD END

Generally, head-end equipment can easily be designed
to exceed the dynamic range of the repeater amplifiers.
For one thing, only a single channel has to be amplified,
which greatly increases the overload capacity. Therefore,
we should rightfully expect the overload-to-noise ratio for
the head - end equipment to exceed that of the best amplifier
in the system. Noise, of course, in a more general and
meaningful sense, is meant to include all types of interfer-
ence. But not all spurious outputs manifest themselves as
a degradation of the video dynamic range. Therefore, a
60 db suppression of spurious outputs is often satisfactory.

The large video dynamic range is achieved by filtering,
AGC, and circuit concept. Some filtering mustbe provided
in the RF stage and antenna preamplifiers, to avoid difficul-
ties of cross - modulation with other signals, with more fil-
tering inthe IF strip. AGC is provided in both forward and
backward directions to keep the output constant for normal
variations in signal level. All these functions are performed
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similarly in a less perfect way in a normal TV set. How-
ever, the achievement of a large dynamic range is only
part of the function of the head end. Normally, {requency
translation (conversion from one channel to another) is
necessary in all -band CATV systems to minimize inter-
ference problems. Also, any received UHF channels are
converted to VHF channels at this point. This conversion
is necessary to keep losses in the system within reason.
Consequently, no use of the built-in UHF capability of newer
TV sets is generally made in CATV system design.

In addition to frequency conversion, the head - end
equipment allows for the precise adjustment of the com-~
posite signal level for each channel, as well as a separate
correction of picture- and sound-carrier levels. These ad-
justments are provided to permit the correct balance of the
various TV channels with each other and to reduce interfer-
ence problems due to the sound carrier in all-band CATV
systems, The sound carrier isnormally reduced below the
picture carrier by about 15 db, All head-end signals are
added in a multichannel combining network which provides
isolation between channels and freedom from spurious out-
puts due to interaction., The combined output signal is then
applied to a cable preequalizer, which adds the necessary
frequency correction for the section of main trunk cable
from the head end to the first main trunk amplifier., Any
pilot carrier for AGC purposes is added after the pre-
equalizer, just before the start of the main trunk system,

The complete head ~ end setup (Fig. 2-1) may include
separate antenna preamplifiers, if the distance between
antenna site and head-end building is excessive, in order to
keep the total system noise figure at low values. Electric
power for the head~end equipment is sometimes a problem,
particularly on mountain-top locations, and a self-contained
motor - generator power station may be required. With
transistorized head - end equipment, some form of cable
powering becomes a logical possibility.

A number of different concepts for head - end equip-
ment have been developed through the years. These con-
cepts are not equivalent, but rather evolved historically,
and knowledge of the various approaches will be of value to
system engineers and technicians.
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2- 2. FREQUENCY CONVERSION

A block diagram of the frequency conversion type of head-
end equipmentis shown in Fig. 2-2, The incoming channel
is converted down to a standard IF frequency, then recon-
verted up to the desired channel frequency. The adjust-
ment of the sound carrier is performed by adjustable trap
circuits in the IF amplifier. This type of head-end equip-
ment can be perfected to a high degree and may be fully
transistorized to advantage.

In order to achieve the high quality essential for CATYV,
cross - modulation must be kept to a minimum. Thisre-
quirement necessitates the use of a push - pull mixer, Con-
sequently, two RF stages must be used in the RF amp-
lifier to achieve a low overall noise figure. A high-quality
front end of this type would of necessity be based on circuits
using field-effect transistors (FETs), bscause of their far
superior performance in this application when compared to
regular bipolar transistors or vacuum tubes. The oscillator
is crystal-controlled for high stability and low maintenance.
Generally, no temperature stabilization of the crystal is re-
quired for CATV work, particularly with the smallheat stress
of transistorized equipment. TheIF amplifier has, as a main
objective, the removal of interference by its inherently high
skirt selectivity. Lower phase distortion results from the use
of specially designed double-tuned bandpass filters. Low phase
distortion and reduced group delay is important for high-
quality picture reproduction, particularly for color signals.

An adjustment for the sound carrier must also be
provided in the IF strip. Generally speaking, conventional
traps also affect the picture to a considerable degree, and
crystal filters are generally too narrow to be useful. Thus,
while it is possible to develop a satisfactory circuit at some
expense, the control of the sound carrier represents a weak
spot in the otherwise advantageous reconversion concept.

For on - channel operation, that is where the output
signal has the same frequency as the input, the secondos-
cillator used in the up - converter must be controlled by the
crystal of the down-converter to avoid intermodulation beats,
This connection is indicated by a dashed line in Fig, 2-2
The up - converting mixer is followed by buffer and output
stages, which are designed to reduce the unwanted mixing
products and to provide the necessary output power. It is
desirable to have a fairly high undistorted power level out
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of the head - end equipment, because of the rather severe
insertion loss inherent in the following combining network ,
where all channels are added to form the single output signal

fed into the cable.
AGC is generally designed to keep the output constant

for an input change of 20 db. This AGC action, while not
difficult to attain, calls nonetheless for a well engineered
concept with the correct amount of forward AGC. The re-
conversion principle has the advantages of simplicity, low
cost, and the elimination of possible sources of distortion
in demodulator or modulator circuits, It causes difficul-
ties with control of the sound carrier due to simultaneous
phase distortion of the picture signal. Reconversion AGC
requirements are stringent and frequently not met by avail-
able equipment. The reconversion principle will not cor-
rect inferior modulation, and this concept does not lend it-
self to adaptation for use with microwave links or program
origination.

2- 3. REMODULATION

Basically the remodulation principle involves a receiver or
demodulator, and a transmitter or modulator. The de-
modulator receives its input signal in the same general way
as the reconverter; however, the IF strip is followed by a
video detector and amplifier, providing a high level (about
1 v peak - to - peak) output signal at low impedance. Also,
a 4.5-MHz sound amplifier with limiters is included to pro-
vide a constant, low - impedance output of the frequency-
modulated 4.5-MHz sound carrier.

Generally, a demodulated audio signal is also avail-
able from a built-in discriminator. This signal may be
used for monitoring purposes or special applications. A
separate discriminator is necessary for automatic frequency
control if the front end (tuner) isnot crystal-controlled; this
is shown by dashed linesin Fig. 2-3. Such a receiver then
provides a studio-type video signal and a 4.5-MHz FM sound
signal, both held constant by AGC and limiters. The fre-
quency deviation of the sound signal is, of course, identical
to that of the broadcast station.

The video and 4.5-MHz FM sound output signals are
then used to modulate the transmitter as shown in Fig. 2-4.
The picture and sound transmitters are kept separate to
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the very end to avoid intermodulation products. In the pic-
ture transmitter, a crystal oscillator and buffer and/or
multiplier is followed by a modulator, usually of the push-
pull variety, Negative feedback may be included in the
modulator circuits to maintain low distortion and wide fre-
quency response, Of particular interest for color is the
magnitude of differential phase and gain produced in the
modulator and the following stages of the picture transmit-
ter. Considerable engineering effort must be spent in the
circuit design of the modulator to obtain flawless picture
modulation, and this possibly is one of the shortcomings of
this concept. DC restoration is normally a part of the
video amplifier and modulator, enabling acceptance of all
kinds of video signals.,

The sound portion is relatively simple. The sound
carrier is obtained by mixing the picture frequency with the
4,5-MHz FM signal from the demodulator.  The resulting
sound carrier needs only filtering and amplification, and is
ready for combination with the picture carrier. Inparticu-
lar, the lower sideband resulting from the mixing process
must be removed by several traps and careful shielding to
avoid interference on other channels,

The advantages of the remodulation concept are ob-
vious. Picture and sound level are inherently constant and
easily controlled without interaction. The quality of the
video signal may be improved over that available from the
station. Also, the picture modulation level may be reduced
for decreased cross-modulation in the cable system. Cam-
era signals may be directly applied to the video input for
program origination, such as advertising, weather infor-
mation, news, etc, The sound signal is only reconverted
and not demodulated. Consequently, no degradation in
sound quality occurs unless the bandwidth of the sound cir-
cuits is too narrow. The only critical factor is the picture
modulator, but excellent performance is possible with a
well engineered circuit. This concept is also fully adapt-

able to microwave.

For the remaining function of complete program origi-
nation, a separate audio modulator is needed, since this
transmitter accepts only 4.5-MHz FM sound. A modulator
which converts audio signalsto 4.5-MHz FM sound is shown
in Fig. 2-5. The audio signal is fed through a pre-emphasis
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network and amplifier to the reactance modulator which, in
turn, controls the frequency of a 4.5-MHz oscillator.  This
frequency-modulated signal is amplified and brought to the
output. The only problem with such a modulator is automa-
tic frequency control (AFC), AFC may be accomplished by
using a discriminator or ratio detector tuned to 4.5- MHz;
however, this method is inaccurate because of the limited
slope of the control function for these devices. Also, no
precise frequency setting is possible due to the poor tem-
perature stability of normal tuned circuits. These problems
can be overcome by using the phase-locked AFC system
shown in Fig, 2-5, The phase error between a 4,5-MHz
crystal oscillator and the frequency-modulated oscillator is
measured in a phase bridge, and the output is used to con-
trol the reactance modulator. Such an AFC systemisfar
superior to other systems since it provides the basic ac-
curacy of a crystal oscillator.

AUDIC REACTANCE 4.5 MHz
AMPLIFIER  MODULATOR OSCILLATOR BUFFER  LEVEL  FiNaL

AUDIO
INPUT
4.5 MHZ FM
- S
PRE-EMPHAS IS QUTPUT

w

PHASE PHASE 4.5MHz CRYSTAL
CORRECTION BRIDGE  OSCILLATOR

Figs 2-5. Block diagram of a 4.5-MHz FM audio
modul ator.,

All head-end equipment can be transistorized to advan-
tage. Not only does solid - state equipment resultin higher
reliability and reduced current drain, but it also leads to
performance far superior to that attainable with vacuum tubes,
Transistors have a far higher transconductance than tubes,
a decisive factor for this type of equipment. Also, semi-
conductor diodes possess far better modulation characteris-
tics than vacuum tubes.

2-4. STRIP HEAD- END EQUIPMENT AND
ANTENNA PREAMPLIFIERS

The previously discussed methods of providing TV signals
for CATV systems are capable of the highest quality; how-
ever, they are somewhat more costly than individual
straight-through RF amplifiers (so-called strip amplifiers)
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for each channel. This approach is only possible, of course,
for on-channel operation—that is, where incoming TV
channels can be fed directly into the cable, Anybody
familiar with receiver design is aware of the problems as~
sociated with this approach, including cross and intermod-
ulation, selectivity, stability, sound control and AGC,
None of these problems can be dealt with adequately by cir-
cuit design; if attempted, a far more critical and costly
circuit would result than with the methods already dis-
cussed. Therefore, it seems that this approach must be
left to low - quality systems as an interim solution until
better equipment is installed.

Antenna preamplifiers, while of similar design, have
a different purpose and are a partof the highest quality sys-
tem whenever the need arises. The main function of an

POWER
SUPPLY

T0 \_ L~ TO HEAG END

ANTENNAS [T EQUIPMENT

POWER MONITOR
AND INSERTER

Fige 2-6. Method of powering
ANTENNA o
PREAMPLIFIERS antenna preamplifierse.

antenna preamplifier is to keep the total system noise figure
down. The need for antenna preamplifiers arises when
weak signals are received from the antenna, when the fol -
lowing head-end equipment has ahigh noise figure, or when
the distance from the antenna to the head-end equipment is
excessive. In order to keep the system noise figure low
under these conditions, itis necessary that the antenna pre-
amplifier itself be of low-noise design and have sufficient
gain to override the noise of the following equipment. These
objectives are achieved with a noise figure of 5 db or less
and a gain from 14 to 25 db. Higher gain is of no advan-
tage, and usually causes additional problems due to regen-
eration. Since some form of interference rejection is de-
sirable, it is common practice to trade gain for increased
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selectivity. Also cross-modulation and other forms of dis-
tortion and group delay may be minimized while, atthe same
time, achieving a flat-topped response with good skirt se-
lectivity.

Antenna preamplifiers are mounted immediately ad-
jacent to, or as part of, the antenna, and remotely powered
with DC current from the head-end equipment site (Fig. 2-6).
The remote power supply includes current monitoring to as-
sure proper operation of each preamplifier. Antenna pre-
amplifiers should not be used indiscriminately, but only in
cases where an excessively low signal level at the input to
the head-end equipment warrants their use.

As with other pieces of CATV equipment, the perfor-
mance of RF preamplifiers often falls short of what is pos-
sible with modern circuit engineering practices. A substan-
tial improvement in CATV system performance can be
achieved by fully integrated system design, where theentire
CATV system is based on professional engineeringprinciples.
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CHAPTER 3

CATV Amplifier Characteristics

Disregarding head-end equipment which consists of antennas,
frequency translators, etc., and excepting the various
passive components and the coaxial cable itself, the amp-
lifiers used in cable TV comprise the most important in-
vestment in a CATV system and effect, as no other piece
of equipment, the quality and performance of the entire Sys-
tem,

3-1. AMPLIFIER REQUIREMENTS FOR CATV

CATV amplifier requirements are exacting, since they
must meet the more stringent characteristics of repeater
equipment. A situation similar to re-recording equipment
in sound recording exists; as a piece of music is re-
recorded several times, all faults such as noise, flutter,
distortion, etc., are multiplied, necessitating far superior
quality for the electronic equipment than is ultimately re-
quired for the whole process. In CATV systems, TV sig-
nals are amplified again and again in repeater amplifiers
which compensate for the normal cable losses. Sinceall
deficiencies inherent in these repeater amplifiers are cum-
ulative, it is clear that rather strict requirements must be
met by the individual cable amplifier.

In order to fully appreciate the problem of CATV amp-
lifier design, it is desirable to examine the essential amp-
lifier parameters in detail. While there are several dif-
ferent types of amplifiers needed in a CATV system—such
as main trunk, distribution, bridger amplifiers, etc, —the
general characteristics are closely related and will be dis-
cussed first,

3-2. EQUALIZATION

Coaxial cable, the most frequently used transmission line,
has an attenuation characteristic which is a function of fre-
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quency and varies according to an exponential law. On log-
log paper, attenuation versus frequency may be plotted as
an approximately straight line (Fig. 3-1). All cables show
a deviation from the straight line at higher frequencies,
This deviation is less pronounced and occurs at higher fre-
quencies for better quality cables. For the TV range from
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Fige 3-1. Typical coaxial cable attenuation curves.

50 to 220 MHz, a straight-line approximation may be used.
In CATV work, itis common practice to specify cable length
in db attenuation at the highest channelin use (Channel 13, or
213 MHz, for modern all-band systems). Fig. 3-2 shows the
attenuation characteristic of typical high-quality coaxial cable
for 25 db cable length, a commmon spacing between repeater
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amplifiers. The corresponding loss at the picture frequency
of each channel is clearly indicated. It is obvious that the
gain of arepeater amplifier operating at25 db spacing must
exactly match the cable attenuation at each channel; that is,
the gain must be, for example, 12 db at Channel 2, while it
is 25 db at Channel 13.

The accuracy with which this equalization can be
achieved is today the limiting factor in cascading repeater
amplifiers and in the realization of long trunklines. Previous-
ly, the limit for CATV system lengthwas determined solely
by signal-to-noise considerations. In orderto achieve the
proper frequency correction in cascaded systems, itis par-
ticularly important to provide for ease and precision of
field adjustments by well-functioning amplifier controls and
accurate test points. Another method which achieves sim-
ilar results in based on full automation of all applicable func-
tions in a CATV system (see Chapter 11).

After equalization or gain characteristic of an ampli-
fier, next in importance are noise and overload, which
determine the all-important dynamic range of the amplifier,

3-3. NOISE AND NOISE FIGURE

All electrical circuits generate noise to a varying degree,
The most commonly known and unavoidable type of noiseis
thermal or Johnson noise, which is due to the irregular
thermal motion of charge carriers such as electrons. The
magnitude of this thermal noise depends on temperature, the
number of charge carriers involved (which may be expressed
in terms of ohmic resistance), and the electrical bandwidth
over which the noise is observed.* The chartin Fig. 3-3 re-
lates the actual root-mean-square noisevoltage to resistance
and bandwidth at normal room temperature. For example,
a resistance of 75 ohms at a bandwidth of 4 MHz produces
an RMS noise voltage of 2, 21 microvolts at 750F. This is
the lowest possible noise value of .an ideal resistor. Prac-
tical resistors may produce up to ten times this amount of
noise.

In addition to thermal noise, several other types of
noise are distinguished, such as shot noise, flicker effect,
noise modulation, etc. The exact noise-producing mecha-

*For a mathematical treatment, see Appendix VII, Reference 7.
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nisms in an amplifier are of no interest here and it is more
convenient to speak of the total equivalent input noise level
of an amplifier. A comparison of the equivalent input noise
of an amplifier with the possible minimum noise level (ther -
mal noise only) gives a measure for the noisiness of apar-
ticular amplifier, For a complete noise figure of merit, it
is also necessary to consider changes in signal level which
affect signal - to - noise ratio. The most basic and precise
definition* for noise factor is based on the signal-to-noise
degradation as the signal passes through an amplifier or cir-
cuit. For example, assume that a signal with a signal-to-
noise ratio of 80 db is applied to the input of an amplifier.
At the output of the amplifier, a signal-to-noise ratio of 70
dbis observed. The signal-to-noise degradation in the ampli-
fier is then 10 db, or the amplifier has a noise figure of 10
db. Noise figure is noise factor expressed in db. A circuit
producing twice as much noise power than ideally possible

has a noise factor of 2, or a noise figure of 3 db.
Noise factor may be directly calculated from the ratio

of input signal-to-noise ratio to output signal-to-noise ratio,
It is clear that every time a signal loss occurs with the
noise unchanged, the noise factor also changes proportion-
ately. For instance, the addition of a 6 db pad to the input
of an amplifier automatically increases the noise figure by
6 db. Noise factor is also greatly affected by matching.
The best noise factor results when the source works into a
high impedance. However, this unmatched condition is not
acceptable for the input circuit of CATV amplifiers, due to
the severe requirements regarding reflections. With a
terminated input circuit, the signal input power is reduced
by 6 db, and, although the noise power due to the source is
also reduced by 6 db, an equal amount of noise has been
added in the termination, increasing the total noise power
by 3 db. The signal - to - noise ratio under matched condi-
tions is therefore reduced by 3 db; stating it differently:
the best possible noise figure under matched conditions is
3 db., Itis welltohave a clear understanding of this point.
Noise sensitivity for different noise figures in
matched 75-ohm systems can be readily calculated by con-
sidering that a 3 db noise figure corresponds to a matched
75-ohm system (a resistance of 37.5 ohms, using the

*Appendix VII, Reference 7.
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values of Fig, 3-3), If, in addition, microvolts are con-
verted to the more commonly used dbmv (db above 1 mv),
a very important graph results—one of the essential design
charts for all CATV systems and amplifier problems having
to do with noise (see Fig. 3-4). For example, for the
common TV bandwidth of 4 MHz, a noise figure of 10 db
corresponds to an equivalent input noise level of -49 dbmv,
a figure well worth memorizing.

NOTE: A CATV amplifier with a bandwidth from 50 to
220 MHz and equalized for 22 db of cable has a noise band-
width of 80 MHz (which may be determined graphically).
The 80-MHz line is also indicated in Figs. 3-3 and 3-4.

3-4. DISTORTION AND OVERLOAD

As the signal input level to an amplifier is increased,
eventually a point will be reached where the amplifier
ceases to behave as a linear circuit and distortion products
not originally contained in the signal will appear. For
simple CWinput signals, the output will contain components
described by the sums and differences of the integer multi-
ples of the input signals, This distortion, called inter-
modulation, causes the well known beat - frequency effect
and is the basis for mixers and frequency converters. It
can be shown* that pure second order nonlinearities will pro-
duce ideal mixing action without affecting the modulation
envelope itself—that is, without distorting the intelligence
being transmitted. Therefore, intermodulation itself is
normally of little concern in CATV systems, except in systems
carrying more than 12 TV channels. Also.two cascaded sec-
ond - order nonlinearities may produce countermodulation, a
special form of cross modulation.

Third order nonlinearities produce a much more seri-
ous effect, called cross-modulation. When this form of dis-
tortion is present, the modulation of an undesired interfering
signal appears as modulation of the desired signal, and it can
in nowaybe separated from the desired modulation. In an in-
dividual TV channel, cross-modulation may cause sound inter-
ference in the picture. To avoid thiseffect, the sound carrier
is usually operated at a much reduced level, because cross-
modulation products are proportional to the square of the sig-
nallevels. With a single TV channel, distortion products then
would be possible only between the various components of the
video signal, and thislevel should be considered the ultimate

*Appendix VII, Reference 7,8.
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STATION A

STATION B

overload point of an amplifier. The single-chamel overload
level is often more precisely defined by compression of the
sync pulse.

With multi - channel CATV systems, a much reduced
overload level is found due to "windshield wiper" effect.
This effect is caused by cross-modulation of the horizontal
sync pulses of different broadcast stations. Consider two
channels, A and B (Fig. 3-5), with a fixed 25- microsecond

63.5 uSEC L
10 uSEC

DELAY
15 uSEC

i i ML
| DELAY 4
'/25 uSEC
ANPEIFIER
UNDER
m rL e TV SET TUNED TO
______________ STATION A
L
Fige 3-5. |llustration of "windshield wiper" effect.

delay for the sync pulse of station B. If cross or counter-
modulation takes place in the amplifier shown, the sync pulse
of station B will be impressad as modulation on the video por-
tion of signal A and appear as a verticalbar on a TV monitor.
In reality, no fixed delay between the sync pulses of different

The ""windshield wiper' effect illustrated in Fig. 3-5
is the "white wipe" commonly observed in practical systems.
It is caused by countermodulation which is generally due toa
different mechanism than that which is responsible for dis-
tortion measured at low levels which produces black bars. *
systems, and the maximum permissible output level of an
amplifier is then called 12 - channel overload level. This
amplifier overload level is the maximum permissible signal
output level in all-band operation for a flawless picture.

The "windshield wipes" effect illustrated in Fig. 3 -5
is the "white wipe’ commonly observed in practical systems.
It is caused by coantermodulation which is generally due to a
different mechanism than that which is responsible for dis-
tortion measured at low levels which produzes black bars. *

* See Reference 26, Appendix VII
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3-5. AMPLIFIER DYNAMIC RANGE

In order to quickly evaluate different amplifiers and also to
determine their best system operating gains, it is desirable
to establish a figure of merit which can be directly related

to simple amplifier measurements. Such an amplifier
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figure of merit relates of necessity to overload and noise
levels only, because other characteristics such asequaliza-
tion, matching, control functions, etc., have no direct
theoretical limitations, and can be designed to any degree
of perfection desired; also, they have no direct bearing on
system performance.

Dynamic range is a term used in communication sys-
tems to indicate the range of signal levels that a particular
piece of equipment or system can accommodate, The max-
imum permissible level is determined by distortion—that is,
the onset of windshield wiping in CATV amplifiers or over-
load level. The minimum signal is limited by the noise
level of the amplifier. Dynamic range is then identical to
overload - to - noise ratio. Both overload and noise must,
of course,’ refer to the same point in an amplifier. It will
not do to compare input noise level with output overload. If
input noise isused, thenthe maximum input signal level must
be determined from the outputoverload level of the amplifier
and its gain, Alternately, outputoverload level canbe com-
pared only with output noise level to determine dynamic range.
Output noise level is obtained from equivalent input noise
level and gain of an amplifier (Fig. 3-6).

Amplifier and system dynamic range are most impor-
tant figures in CATV system design. Amplifier dynamic
range is directly related to amplifier performance charac-
teristics and is the decisive amplifier figure of merit.
System dynamic range is related to amplifier dynamic range,
spacing, and length of system, and reflects overall system
performance (see Chapter 4).

Amplifier dynamic range is readily determined by
measuring the overload level and noise figure for various
channels, normally at the band edges (at Channels 2, 6, 7,
and 13), and for different gain settings. Often, only the
Channel-13 dynamic range is used because many times it is
a worst-case figure. Thedetailed determination of dynamic
range is as follows:

1. Align amplifier to flatness of £0.25 db for

the desired spacing (cable length) and determine

gain at the desired TV channel.

2. Measure the noise figure of the amplifier

under test at the desired channel. (See Chap-

ter 13 for test procedures.)
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3. Convert noise figure to equivalent input

noise level by using Fig. 3 -4 (4-MHz channel

noise bandwidth).

4. Calculate output noise at the desired chan-

nel by adding the gain in db of the amplifier at

that frequency.

5. Measure overload level at thedesired chan-

nel (see Chapter 13).

6. Calculate amplifier dynamic range at the

desired channel as output overload - to - noise

ratio from Steps 4 and 5.

For example, suppose that an amplifier has been
carefully aligned with 22 db of cable (at211.25 MHz). The
gain at Channel 13 is therefore 22 db (Step 1). Noise fig-
ure is now measured at Channel 13 and found to be 12db
(Step 2). From Fig. 3 -4, equivalent input noise level is
then -47 dbmv (Step 3). Outputnoise level is -47, +22, or
-25 dbmv (Step 4). Next, it is necessary to measure out-
put capability of the amplifier. This test should be per-
formed under the same system tilt as used in the actual
system (see Chapter 6). Let us say this amplifier is to be
used in a half - tilted system and the overload level in half-
tilt is 50 dbmv at Channel 13 (Step 5). The dynamic range
of the amplifier is then found at 75 db.

Similarly, an amplifier with an overload level of 55
dbmv and anoise figure of 12 db, bothmeasured when aligned
for 35 db cable (35 db gain at Channel 13), is calculated as
follows:

Input noise level from Fig. 3-4: -47 dbmv (Step 3)
Output noise level with 35 db gain: -12 dbmv (Step 4)

Dynamic Range with 55 dbmv
overload level: 67 db

The second example—typical for a vacuum-tube amp-
lifier—clearly shows how performance of an amplifier with
otherwise good parameters (55 dbmv overload level, 12 db
noise figure)is severely degraded by excessive gain. (More
on this in Chapter 7.) Compare with the parameters and
the dynamic range of the first example.

NOTE: Dynamic range or overload - to -noise ratio should
not be confused with signal-to-noise ratio, which is affected
directly by signal level rather than by amplifier performance.
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Obviously, the maximum signal-to-noise ratio which can be
achieved is equal to the dynamic range. However, the
actual signal operating level in a system depends on cas—
cading considerations which are treated in Chapter 6.

3-6. CASCADED FIGURE OF MERIT

Dynamic range is an ideal figure of merit for an individual
amplifier or piece of communications equipment. It is
found that as several such pieces of equipment are used in
cascade, overall dynamic range is reduced (see Chapter 4).

Table 3-1. Correction for cascaded
amplifier figure of merit. For 1000
db system subtract an additional
32 db.
db Gain db Correction

i0 -7.9

12 -6.4

15 -4.5

18 -2.9

20 -1.9

22 —1.2

25 0

28 +0.9

30 +!.6

35 +2.9

The longer the cascade, the greater the reductionin system
dynamic range. Ultimately, the performance quality of an
amplifier must be judged by the system dynamic range which
can be achieved with this unit. The amplifier which results
in the largest dynamic range for a given system—of, say,
500 db—would have the highest figure of merit. For an
amplifier having a different gain (spacing), a small cor-
rection must be applied to its dynamic range in order to
have a precise cascaded amplifier figure of merit. This
correction is necessary because a different number of amp-
lifiers, and with it different system derating, is needed for
agiven total system length, depending on the gain of the unit.

For example, in a 500 db system, it willtake 25 amp-
lifiers at 20 db gain, or only 20 amplifiers at 25 db gain.
The derating for 25 amplifiers in cascade is somewhat
greater than for 20. This correction is made readily by
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CASCADING CORRECTION N db

Fig. 3-7. <Correction chart for cascaded amplifier
figure of merit.

using Table 3-1 or Fig. 3-7. The cascaded amplifier figure
of merit so obtained is correct for a CATV system of any
length and represents a valuable yardstick for comparison
of different CATV amplifiers.

Comparing the two amplifiers from our previous ex-
ample, we find for the first amplifier with a dynamic range
of 75 db and 22 db gain, a correction of -1.2 db, or acas-
caded figure of merit of 73.8 db. The second amplifier
with a 5 db higher overload level had a dynamic range of
67 db and 35 db gain. Thecascading correctionis +2.9 db
and the cascaded figure of merit is 69.9 db. Therefore,
the first amplifier is 3.9 db better in overall system per-
formance than the second. Expressed differently, the first
amplifier will permit a 56% longer system to be built for the
same signal-to-noise ratio.



CHAPTER 4

Cascaded Amplifier Systems

After the dynamic range of an amplifier is determined, the
question arises as to the combined dynamic range for a
complete system made up of a cascade of amplifiers. Con-
sidering noise first, it is clear that at each repeater amp-
lifier input the same equivalent noise power is added, as-
suming identical noise figures for the amplifiers, while the
signal level is unchanged. Therefore, for two amplifiers
the noise power is doubled or increased by 3 db; for 10 amp-
lifiers the noise power is ten times that of an individual
amplifier or 10 db higher. The increase in noise power is
simply proportional to the number of amplifiers and is
readily expressed in db. For amplifiers with different in-
dividual noise figures, a separate calculation must be
made.* However, in most cases it is sufficient to use an
average noise figure and to derate from there. This is
particularly true for cascades of 10 or more amplifiers.

4-i. SYSTEM DYNAMIC RANGE

A similar derating must be made for the overload
level, Mathematically, a quite different relationship re-
sults™*and this must be taken into account if only a few amp-
lifiers are operated in cascade, or for amplifiers with
different individual overload levels. However, for longer
cascades of 10 or more amplifiers, sufficient accuracy re-
sults by using the average overload level and derating from
this value, usingthe same relationship as for noise. This
procedure is justified because it has been demonstrated
that distortion products in CA TV amplifiers behave as if fully
uncorrelated.

The degradation of dynamic range in a system of cas-
caded repeater amplifiers is clearly visible in a system de-

*Appendix I, and Reference 7, Appendix VII.
**Reference 18, Appendix VII.
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rating diagram (Fig. 4-1). For simplicity, identical amp-
lifiers are assumed with a noise figure of 13 db and an
overload level of 50 dbmv. These values are typical for
transistorized amplifiers of moderate quality.* A noise
figure of 13 db corresponds to an edquivalent input noise
level of -46 dbmv (from Fig. 3-4). The total input noise
level can then be plotted for any number of amplifiers; it
increases, for example, to -26 dbmv for 100 amplifiers in
cascade.

It has been determined (see Chapter 1) that for a
flawless TV picture of studio quality, a video signal-to-
noise ratio of 40 db is required, and that a 30 db figure
would suffice for a very good picture., These figures are
not to be confused with readings taken with some narrow
bandwidth field strength meters. Consequently, a minimum
input-signal line may be drawn 40 db above the input noise
level. The maximum output signal is determined by the
overload level and is derated for the system of cascaded
amplifiers according to the line shown. Thedifference be-
tween the minimum and maximum signal lines indicates the
range available for amplifier gain as well as for safety mar-
gins to allow for errors in level settings and other factors.
For example, with 30 amplifiers of this type operating in
cascade, the total allowable signal range would be 26 db.
The amplifier gain might be, therefore, 25db, and the safety
margin 1 db—0.5 db on each end. The recommended sys-
tem levels would then be 9.75 dbmv at each amplifier input
and 34.25 dbmv at each amplifier output. These levels
would apply atthe highest frequency (highest amplifier gain)
in the system—that is, at Channel 13 in an all-band CATV
system.

y-2. MAXIMUM AMPLIFIER AND SYSTEM GAIN

It is clear from such a system derating diagram that as the
number of amplifiers is increased, the maximum permis-
sible amplifier gain decreases sharply. Thus, with one
amplifier, a maximum gain of 56 db would be permissible,
while only 16 db could be used for a cascade of 100 ampli-
fiers (disregarding safety margins for the moment). As

*This amplifier is used here for instructional purposes.
A derating diagram for CATV amplifiers of advanced de-
sign is given in Chapter 6.
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far as the actual system length goes, with the first ampli-
fier, the system length and gain was 56 db, while in the
second case, the gain for the total system was 1600 db. In
both cases, the signal-to-distortion and -noise ratio after
the last amplifier is the same. From this example, it be -
comes clear that a single high-gain amplifier leads to far
inferior performance, allowing only a very short system
length, running just as close to overload and noise levels
as the longer cascade of many low-gain amplifiers with a
total system length of 1600 db. The obvious question is
then: Isthere an optimum amplifier gain which will pro-
duce the highest signal - to - noise ratio in a given system?
Stated differently: Isthere an optimum spacingof repeater
amplifiers which results in the greatest system length for a
given system signal - to - noise ratio?

4-3. OPTIMUM SPACING AND GAIN

The question of optimum spacing of repeater amplifiers is
of the greatest importance for the development of a sound
concept for the overall CATV system, as well as for the
actual electronic design of the CATV amplifiers. At first
glance, it appears that optimum gain would be different for
amplifiers with different overload - to - noise levels. To
eliminate gain from our previously used figure of merit, it
is desirable for this discussion to use the ratio of overload
level to equivalent input noise to describe the quality level
of a particular amplifier. This is a valid procedure for
many amplifiers because the noise figure is largely affected
by the input stage, and the overload level is determined
primarily by the output stage, with both values reasonably
independent of the actual gain setting of the amplifier,
(More on this in Chapter 7.)

Using this amplifier characteristic number and an ul-
timate overload-to-noise ratio of 40 db, the cascaded sys-
tem degradation with an increasing number of amplifiers
may be plotted (Fig. 4-2). The parameters of the straight
lines are determined by the quality of the particular ampli-
fier, with values of 100 db or higher representing very
good amplifiers, when compared at the same gain settings.
The maximum permissible gain for each amplifier is indi-
cated in the left-hand scale, For example, for an amplifier
with a characteristic number of 90 db, the maximum pos—
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sible gain for a cascade of 10 amplifiers is 30 db; for 30
amplifiers, 21 db; and for 100 amplifiers, 10 db (in order
to have a signal - to - noise ratio of 40 db at the end of the
system). The interesting point is, however, the greatly
varying system lengths for the various cases, achieved at the
same system quality (signal - to - noise ratio). This isbest
shown in Table 4-1.

This table indicates that a peak occurs somewhere be-
tween 10 and 4 db amplifier gain. Repeating this process
with amplifiers of different characteristic numbers, ex-
actly the same optimum gain is found. A mathematical
analysis (Appendix II) shows this optimum gain to be 8.69
db. Since the actual noise figure, overload level, and
other amplifier characteristics drop out, the result is valid
for any type of repeater application, such as microwave,

Table 4-]. System lengths with amplifier
characteristic number of 90 db for system
signal~to-noise ratio of 40 db.

Number of Maximum Gain Per System Length
Amplifiers Amplifier (db) (db)
] 50 50
i0 30 300
30 21 630
100 10 i,000
200 Y 800
300 0 0

oceanic cables, CATV, etc. This optimum gainis rather
low, and there may be economical and practical reasons
for a different spacing. Itis therefore necessary to ex-
amine how sharply this optimum gain peaks; that is, the
extent system performance would suffer if gains other than
the optimum were used. It is a relatively simple matter
to compute the actual possible system length, in terms of
the ideally possible, for other than optimum amplifier gain
(Fig. 4-3), or in terms of system signal - to - noise degra-
dation (Fig. 4-4). These curves indicate a fairly shallow
peak and no rapid degradation in performance for reason—
able deviations from the optimum. As indicated in Table
4-2, it appears that a gain of 15 db causes an acceptable
degradation, while spacings in excess of 25 db should be
avoided.

58




Before coming to any hasty conclusions, it must be
kept in mind that in CATV work, due to the necessary
equalization required in each amplifier, it is not possible
to meet the optimum gain requirement for each TV channel,
A compromise must therefore be chosen. For example,
by using the method of 'splitting the error," the gain at
Channel 2 is chosen below the optimum, and at Channel 13
above the optimum—say 9 db at Channel 2 and 19 db at
Channel 13. Some compensation might then be attained by
better amplifier performance at Channel 13, so that no net
loss in system dynamic range results.

4-4. LIMITATIONS OF SPACING THEORY

The spacing theory discussed so far is based on certain as-
sumptions, it it now necessary to examine these boundary

Table 4-2. System degradation for other than
optimum spacings.

Spacing Signal-to-Noise

or Gain System Length (%) Degradation (db)
8.68 100 0

10 g8 0.2

15 83 .6

20 63 u.0

25 u3 7.0

30 29 I

35 18 4

conditions more closely. The results given so far—that
is, an optimum gain of 8.68 db regardless of amplifier
figure of merit—are valid for the case that both noisefigure
and overload level are independent of the actual gain setting
of the amplifier. These conditions are normally met by
amplifiers, since the gain control is usually located after
the noise producing stages and ahead of the output or dis-
tortion producing stages. Therefore, a change in the set-
ing of the gain control has no effect on noise figure and
overload in such an amplifier.

However, when we are talking of a total amplifier
gain oa the order of 10 db or less, it is obvious that no
clear distinction can be made between noise and distortion
producing stages. With a very small individual stage gain,
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the noise contribution of the second stage mustbe consider-
able, thereby degrading the overall noise figure with de-
creased gain, and similarly, distortion products in the
first stage reflect in a reduced overall overload level.

It is therefore clear that the optimum gain derived
above applies strictly to single-stage amplifiers only. While
multistage amplifiers normally meet the conditions set
forth, thisis certainly not the case when the gain drops too
low. Single-stage amplifiers for CATV systems are im-
practical, The many conflicting requirements which must
be met, such as match, noise figure, overload, equaliza-
tion, gain, temperature control, etc., cannot be achieved
presently in a single stage. But even if such an amplifier
could be constructed, the need for a separate, high-quality
regulated power supply makes this concept economically un-
sound.

It seems, therefore, that practical CATV amplifiers
will have from two to four stages of amplification, depen—
ding on control functions such as AGC, or auxiliary char-
acteristics such as bridging outputs. As the state of the
art advances, fewer stages will be need to accomplish
the needed performance standards.

The strict mathematical treatment for multistage amp-
lifiers becomes somewhat involved, It can be shown (Ap-
pendix II) that for the 2 - stage amplifier, optimum gain is
11.0 db, assuming identical transistors or tubes in both
stages (Table 4-~3). It can also be shown that a system
built with 2-stage amplifiershas a system dynamic range of
2.5 db below that attainable with single-stage amplifiers.
This is certainly an acceptable degradation, considering the
greater economy of the 2-stage circuit.

For more than two stages, a mathematical treatment
is possible, but quite involved. Also, the determination
of constants poses difficulties, For example, it is not
possible to measure individual noise and overload levels for
each stage to the required degree of accuracy. However,
it is quite possible to compute optimum gain for a few cases
such as identical stages, or higher overload and noise for
the output stage, etc. In this fashion a good insight into
the possible range of optimum gains is obtained, into which
all practical circuits must fall. However, this analysis
should only be considered a guide in amplifier and system
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design. After a new amplifier has been fully developed,
optimum spacing for this particular amplifier can be deter-
mined quite rapidly from simple measurements, and acom-
parison with the theory then indicates the quality level
achieved.

4-5. DETERMINATION OF OPTIMUM SPACING FROM
AMPLIFIER MEASUREMENTS

For any given amplifier, it is a simple matter to deter-
mine the optimum gain setting, that is, the spacing which
will result in the best system dynamic range or stated
differently, a spacing which leads to the longest system for

Table 4-3. Optimum gain (spacing) for various
amplifiers.

Gain for 90%

Optimum Maximum System

Amplifier Type Gain Length
One stage 8.69 db I3 db
Two identical

stages (1.0 db (5 db*
2nd stage 6 db -

higher over=

load and naoise (5.0 dt 19 dt*
Three identical

stages 13.0 dt* l6 db*

*Estimate

a constant system dynamic range. The measurements are
made on a number of amplifiersto avoid inconsistencies due
to production spread., All measurements are best combined
in a table for ease of computation, such as Table 4-4.

The objective is to measure the overload - to - noise
parameters at each channel to determine amplifier as well
as system performance. These measurements are made
over the useful gain range of the amplifier, the range over
which the amplifier can be made to equalize the correspond-
ing length of cable., In Table 4-4, 5 db steps of gain were
taken for an amplifier which had a total gain range from 15
to 30 db for an equalized flatness of £0.25 db. If sode-
sired, closer steps may be taken, such as 3 db; however,

61




I ° 8h 108 §°8. 69 §°61-

9°€q 9°G8 0°h8 1§ ge-

§*19 §°€8 G°€8 69 §*hZ-

§°hS §°98 5'98 1§ §°G¢g-

8°¢q 8°h8 ,°98 §*/9 A TAY

C°ES 248 §/8 §+09 LE-

8°6h 8°18 ¢°98 €4 cree-

€78t £°08 8°h8 Lh 8°/¢-

qp qp qp AP AU P

obuey olweukg 3i1uaW jo 614  obuey ELER| asioN
waysAg gp 500 | papeose) o1weukq peojdaAQ 3Indyng

*}14duW JO
34nb1} popeosed wod) qp g€ }oeJ4}qNns wWaysAs qp Q00| 404

0¢€
§*hl

§¢
|

0¢
£°6

el
L

qp
uiep

G 6h-
§*Lh-

§*6h-
§° /h-
¢ 6h-
/*%h-
¢*8h-
8" hh~

AT P
as|oN
1ndu|

-m_n_
9SioN

*SJ914 1 |dwe paziao}sisueay
A31|enb-yb1y 4oy buioeds wnwiydo pue abues Diweukp o uOI}BUIWIBYAQ

*h-h 9|qe]

62



5 db steps are usually sufficient, The exact optimum spac-
ing may then be determined graphicaily or by interpolation.
In Table 4 -4, theamplifieris first aligned with 15 db of
cable (at Channel 13) using all adjustments provided for the
flattest possible response. A tolerance of £0.5 db is suf-
ficient for this measurement, although this would be in-
adequate for use in a system. The test is best performed
by using the alignment methods described in Chapter 13.
After the completion of alignment, noise figure and over-
load are readfor Channels 2 and 13. These measurements
are recorded in columns 2 and 6 of Table 4-4. Thereafter,
the procedure is repeated for an alignment at 20, 25 and 30
db of cable, etc. Again, the flattest possible response
must be achieved in all cases.

Now the system dynamic range is determined as
follows:

1, Noise Figure is converted to equivalent in-
put noise using Fig. 3-4 and the 4-MHz line.
The value so obtained is recorded in column 3,

2. Foroutputnoise in column 5, add column 3
and 4. Subtract columns5 and 6 to obtain amp-
lifier dynamic range in column 7.

3. After that, the cascaded figure of merit is
obtained by adding the correction factors of
Table 3-1 to column 7 to obtain column 8.

Instead of the last step, it is possible to calculate
the dynamic range for a system length which is an integer
multiple of the gain. For example, a ready comparison at
Channel 13 is possible by caiculating a 300 db system as
shown in Table 4-5. The second column is obtained from
Column 7 of Table 4-5. The third column figures are
chosen so that the total system length is 300 db in all cases.
Degradation for cascade is 20 log the number of amplifiers,
the standard derating factor for cascaded systems. The

difference of columns 2 and 4 is recorded in column 5 as
dynamic range of the 300 db system. The difference in

readings in column 5 is maintained, regardless of thelength
of the system (300 db, 600 db, 3,000 db, etc.). For a
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3,000 db system, simply subtract 20 db from each value in
column 5, leaving the difference between values unchanged.
This difference (column 6) is, of course, the important
final result, which indicates at which gain setting or spac-
ing the best system performance is possible for the particu-
lar amplifier type. It can also be obtained directly from
column 8 of Table 4-4, where correctionfactors were used
to obtain system performances. The correlation of this
method of determining optimum spacing and system per-
formance to the amplifier dynamic range, discussed earlier,
is obvious. A meaningful comparison between different
amplifiers may then be made, and the optimum gain setting
(spacing) may be determined for a particular amplifier as
well. For example, the amplifier of Table 4-4 and4-5
should be spaced at 20 to 25 db.
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CHAPTER 5

Practical Aspects of Spacing

As we have seen, closer spacing is desirable in the interest
of improved system dynamic range. However, there are a
few myths concerning closer spacing which should be dis-
spelled from the start.

5-<1. COST AND RELIABILITY

A point frequently made is that closer spaced systems
are more costly, since more amplifiers are used. This
would be true if the amplifier type were the same. Actually,
a closer spaced system runs lower in cost. This is so be-
cause of the considerably lower costfor the amplifier, which
is, however, notreflected in alower price with some manu-
facturers.

Typically, going from a spacing of 30 db down to 20
db requires 1.5 times as many amplifiers. However, an
excellent amplifier designed for 20 db spacing can be manu-
factured at perhaps one - fourth the cost of a 30 db ampli-
fier, The cost of amplifiers for such a closer spaced sys-
tem is therefore lower by a factor of 2.7 or equal to 37% of
the cost of a system spaced at 30 db.

The reasons for the much lower cost of a 20 db amp-
lifier are tied directly to the ''theory of diminishing re-
turns'" in wide-band amplifier design. As a second ampli-
fying stage is added in a wide-band amplifier, total band-
width is reduced. 1In order to achieve the original band-
width requirement for the whole amplifier, the bandwidth of
the individual stage must be widened in excess of the over-
all requirement. This widening must take place in trade
for a reduction in gain. Adding a second stage has there-
fore not produced twice the gain. With each additional
stage, the increase in gain for a constant overall bandwidth
becomes less, until eventually a point isreached where add-
ing another stage actually decreases the gain.* Long be-
fore this point is reached, however, extra effort must be
spent for every extra db of gain. This leads to a con-

*Appendix VII, Reference 19,
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siderably more complicated and costly amplifier for the
higher gainversion. Also, because of the disproportionately
greater number of transistor stages, both noise and dis-
tortion are considerably higher.

Another important factor is reliability, One argu-
ment makes the point that with fewer amplifiers, reliability
should be higher; hence, a closer spaced system would be
less reliable. This argument is correct if the same ampli-
fier type but with different gain settings were used in both sys-
tems. However, this shouldnotbe done and a different amp-
lifier should be used instead.

Typically, a closer-spaced 20 db system would use a
2-stage amplifier and a 30 db system would use a 4-stage amp-
lifier. Extensive studies indicate that reliability is related
simply to the number of components and their individual re-
liability. Thus, the same reliability results if a 4-stage
circuit is split into two 2-stage circuits, since the same
number of components is involved. However, asfar as the
overall system is concerned, fewer total electronic circuits
are needed in closer spacing, since only 1.5 times two
stages are used in the 20 db system as compared to four
stages in the 30 db system for the same overall gain. Asa
result, the reliability of the closer spaced system is higher.

For exactly the same reasons, current drain is less
in a closer spaced system., A high-gain amplifier uses
proportionately more stages than the increase in gain justi-
fies, and therefore has an excessive current drain.

All these factors are borne out by the amplifiers
available today, except for the price which is often not re-
lated to manufacturing cost. The spacing valuesof 30 and 20
db were used only as examples to illustrate the point; how-
ever, they closely represent the spacing values of modern
systems. Optimum spacing leads to much improved system
performance, as we have seen in Chapter 4, andthere is no
objection to the required closer spacing from the standpoint
of cost, reliability, and current drain.

5-2. TRANSISTORS VS TUBES

Thus far, all of our theoretical conclusions pertaining to
optimum system concepts are generally true, regardless of
amplifier details related to solid-state vs. vacuum-tube cir
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cuits. However, a comparison between transistorized and
tube equipment is instructive and warrants a detailed dis-
cussion,

In earlier days, vacuum-tube amplifiers were the
only type available for CATV systems. Due to the cost of
bringing in line power to every amplifier, spacing between
amplifiers was increased to the maximum, often as high as
35 to 45 db. As we have seen, this leads to inferior sys-
tem performance, which must be offset by equipment of ex-
treme dynamic range. Indeed, tube technology permitted
the design of amplifiers with overload levels of 60 dbmv,
and noise figures of 15 db over the whole frequency range -
from 50 to 220 MHz. As calculated in Chapter 3, the in-
put noise for such an amplifier would be -44 dbmv; output
noise would be -9 dbmv, for a gain of 35 db. Thedynamic
range would then be 69 db. This relatively high value is
needed because the excessive spacing causes a rapid degra-
dation in a cascaded system. The degradation due to spac-
ings other than optimum was covered in detail in Chapter 4.
As we shall see, this tube system is inferior in many re-
spects to a well designed transistor system.

With the advent of transistors, cable powering be -
came possible. Line power is applied to the cable at few
strategically located remote powering points. The obvious
merit of this system is economy, because only very few
power stations along- the cable must be provided. With
cable powering, complete freedom as to spacing and other
system concepts exists. Obviously, as far as the gostl of
powering is concerned, it does not matter if amplifiers are
spaced 15, 25, or 35 db apart.

With this concept, optimum spacing may be used.
It is now possible to design amplifiers with an added de-
gree of freedom, because obviously a lower dynamic range
for the amplifier is allowable (possibly even desirable, as
we shall see) if system degradation due to non - optimum
spacing is held down.

This interplay of the various amplifier parameters and
overall system performance is best shown in an example.
A typical, older transistor amplifier has an overload level
of 50 dbmv (note that this is 10 db less than for the tube
amplifier) and a noise figure of 10 db (5 db less thanfor the
tube amplifier). The equivalent input noise is then -49



dbmv and output noise with 25 db gain, is then -24 dbmv.
The dynamic range for the transistor amplifier is then 74
db, while the dynamic range for the tube amplifier was only
69 db due to the higher gain of the tube amplifier.

However, since more transistor amplifiers must be
cascaded, it is necessary to calculate a whole systemfor a
valid comparison. Thus, five amplifiers at 35db gain, or
seven amplifiers at 25 db gain, make a 175 db system.
Dynamic range for the 175 db system is then 55 db for the
tube system and 57 db for the solid - state system.  The
comparative figures are given in Table 5-1, As shown,
this particular solid - state amplifier beats the tube ampli-
fier by 2 db; this difference remains the same, regardless
of actual system length, as the case of the 1750 db system
shows.

Actual transistor amplifier specifications today are
far better than the values given in Table 5-1 and now even
exceed the output capability of tube amplifiers. The im-
portant point, however, is that the tube amplifier with a
10 db higher output capability above the older tramsistor
amplifier used in our example, still resulted in poorer
overall system performance due to the greater deviation
from optimum spacing. It is therefore meaninglessto ask
blindly for a higher overload level. A higher overload level
coupled with higher gain does not lead to improved system
performance! This is well shown in the example. It is
not even desirable to have a higher overload level without
limit. Generally, twice the power output capability re-
quires twice the power dissipation (or close to it) and with
it, increased current drain. While it is quite possible to
design an amplifier with ten times the output capability, this
generally results in a tenfold increase in current drain,
which may be undesirable. Therefore, output capability
must be matched to both gain and current drain to be mean-
ingful. A truly improved amplifier achieves ahigher over-
load level at no increase in current drain or in spacing.

These factors were not recognized when some of the
first transistorized amplifiers were designed. First at-
tempts concentrated on simply copying specifications for
tube equipment, without taking advantage of the freedom
allowed in the spacing of transistorized amplifiers. This,
together with the poor performance of early transistors,
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led to far inferior systems as compared to tubes. When
advantage was tdkem of closer spacing with tramsistorized
amplifiers, system dynamic range increased above the
value possible with tubes even though amplifier output cap-
ability was inferior to that attainable with tubes. Today,
solid - state amplifiers have achieved a dynamic range far
greater than was ever possible with tubes. The improve-
ment in system dynamic range is even more drastic now so
that tubes remain only in some of the older CATV systems.
In Table 5-1, a spacing of 17.5 db for the transistor amp -
lifier is shown in the last column. This closer spacing,
which is entirely possible with cable - powered equipment,
results in the example in a further improvement of 4.5 db
in system dynamic range. However, for practical ampli-
fiers optimum spacing should be determined following the
procedure given in Chapter 4, because overload and noise
figures are a function of gain and do not remain constant as
in the example of Table 5-1, This will be explained more
fully in Chapter 7.

Besides the greatly increased system dynamic range
with transistors, the following further advantages are also
inherent in sclid - state equipment: greater reliability, re-
duced current drain, reduced maintenance, hermetically-
sealed packaging, no replacement cost, low-cost circuitry,
small size and weight.

Reliability of transistors is evidenced by the elimina-
tion of vacuum tubes in military designs where high relia-
bility is a prerequisite. In this connection, it should be
mentioned that the transistors used in low - cost portable
radios and similar equipment usually are second-rate de-
vices with reduced reliability. By contrast, transistors
designed into amplifiers for Cable TV or other industrial
and military applications are premium devices. Apparent
poor transistor reliability is often caused by the user of
transistorized equipment. Although all transistor manu-
facturers have warned repeatedly against removing atran-
sistor from a "hot'" socket, this advice frequently is not
heeded and transistors are pulled from sockets without first
turning off the power. The result is often a damaged tran-
sistor, called a '"drifter,' with seemingly unchanged per-
formance. However, the life of the transistor is now re-
duced to a few hundred hours instead of the several 100,000
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hours which have been demonstrated so far by transistor
manufacturers. A transistor damaged in this fashion is
most easily recognized by a jump in leakage current from
five to ten times the initial value. For greatest reliability,
modern CATV equipment avoids transistor sockets alto-
gether and transistors are soldered directly into the circuit
board like all other components.

5-3. PRACTICAL LIMITATIONS TO SYSTEM LENGTH

The ultimate limit to system length depends entirely on the
dynamic range which can be maintained at the end of the
system. Disregarding variable effects such as tempera-
ture changes, etc. (which will be covered in Chapter 11),
it seems natural to consider amplifier dynamic range, as
well as system spacing, as the major criteriafor the feasi-
bility of long systems.

However, at the present state of the art, this is no
longer the case; the major factor limiting system length is
now flatness of equalization. There is little difficulty in con-

structing a system with a cascade of 100 amplifiers if flatness
can be maintained. Consider, forexample, Fig. 6-1, where

a system of 220 amplifiers leads to afinal dynamic range of
40 db. According to SMPTE standards, this represents a
flawless picture. However, a flatness error of only 0.1 db
per amplifier at any particular channel leads to al1l0db error
for the whole system, whichwill seriously degrade perform-
ance of the system. This reduces the cascade of 200 ampli-
fiers mentioned above (Fig. 6-1) to approximately 85, quite a
substantial reduction for such a small error as 0.1 db. An
error of 0. 1db per amplifier might be still acceptable; how-
ever, it has beendemonasirated that errors upto a total of 2
db per amplifier actually existin practicalsystems, although
the amplifiers themselves had been aligned flat within 0. 25

db at the factory.
The cause for this change in response has been traced

to the use of jumper cables and other measurement errors,
and ithasbeen shownthatthe use of jumper cablesisa major
limiting factor to increased system length. Since jumper
cables cannot be tolerated in modern high-quality systems, it
is essential to use only specially designed amplifiers which
avoid the use of jumper cables Such amplifiers mustfeature
alight-weight, weather-proof housing withbuilt-in cable con-
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nectors and provisions for strand mounting. A well designed
amplifier of this type also keeps the internal lead lengths from
connector pins to circuitry to less than 0.5 inch.

With the elimination of jumper cables the major limi-
tation to longer systems lies then in the flatness of align-
ment achieved in the design of the amplifiers, and the cor-
rection of variations in the system to the necessary degree
of perfection (such as for temperature, incorrect spacing,
etc.). A major contributor to reduced system performance
is inaccuracy or difficulty of field adjustments,  This is
discussed in more detail in Chapter 10, Here it suffices to
examine the effect of level errors on overall system per-
formance regardless of the cause for such errors,

Assume, for example, alevel meter or test procedure
is used which results in a total accuracy of £3 db when
making field adjustments., Such a tolerance will allow one
channel to be set up to 6 db higher in level than some other
channel, If this is done consistently, at least one channel
will be 3 db into overload and at least one other channel will
be 3 db into noise. Consequently, system length will have
to be reduced so as to regain the lost 6 db in dynamic range.
It is seen that system length is cut to one half the normal

CONNECTOR AWPLIFIER CONNECTOR
:ﬂ% { I
MAIN TRUNK T JUMPER JUMPER =1 MAIN TRUNK
1 [

| ! ; :
POINTS OF :
vismaTcH A B c D
Fige 5-1. Illustration of mismatches caused by jumper
cables.

length if field adjustments cannot be performed more ac-
curately than to a toleranceof £3 db.  Accuracy of field
adjustments can be improved by better meters, back-
matched test points, etc. However, even with a better ac-
curacy of 1 db, system length is still reduced by 20%.
Due to these tolerances of instrumentation, human errors,
etc., itis highly undesirable to field-adjust each amplifier,
a procedure which must lead to incorrect settings and con-
sequent system degradation. The only concept which
*This is a very common and often specified accuracy w ith presently
available CATV test equipment.
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avoids all of these pitfalls is based on a fully automatic

CATV system which will be discussed in Chapter 11.

JUMPER CABLES
In order to fully appreciate the effect of jumper cables on

frequency response, let us consider a typical amplifier po-

sition in the system of Fig. 5-1,

5-1.

Discontinuities in impe-
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dance are indicated by letters A to D. The first mismatch
occurs between the main trunk cable and the jumper at A,
Part of the mismatch is due to poorly controlled impedance
of the cables, partly due to the connectors. A VSWRofl1.1
is quite common for this point, with 1. 05 achievedin rare
cases. The next mismatch is at the amplifier input at B,
Since this VSWR is often measured with 1.5 db of cable (dis-
cussed in Chapter 13), the actual VSWR ranges from 1.31 to
1.38db for Channels 2 and 13, respectivelyfor an (inexactly)
specified matchof 1. 25. Itisentirely possible to design amp-
lifiers with a lower input VSWR; however, this is done at
the expense of noise figure and a compromise must be chosen.

Both of the discontinuities at A and B seriously affect
the frequency response of the signal applied to the ampli-
fier, Factory alignment with jumper cable included does
not solve the problem, because the mismatch at A cannot
be properly simulated; then, in turn, the influence of the
mismatch at B is also affectedby the system. This is so be-
cause the signal reflected at B is again reflected at A, and
both mismatches directly affect the frequency response. The

magnitude of the effect is evident from Fig. 5-2, where the
maximum change in response is given for different lengths

of jumper cable. For a measured VSWR of 1.25 (center
curve), the maximum deviation is 1.5 db. The length of
the jumper cable determines at which frequencies the effect
is most severe. For example, a jumper of 18.5" of RG-59
cable produces an increase of 0.4 dbin the center of the high-
band channels, as compared to Channels 7 and 13, with the
overall high band raised by 1.1 db. The low band is tilted,
with Channel 6 at 0.9 db below Channel 2. With different
lengths of jumper cable, the frequency scale is shifted as
indicated in Fig. 5-2. Depending on the exact location of
the mismatches and their magnitude, the reflection passes
through the jumper cable two or three times, thereby caus-
ing a shift in the frequency of the first dip.

A situation similar to that at the input of the ampli-
fier also occurs at the output, thereby leadingto a cumula-
tive error in frequency response of rather severe magni-
tude. These errors generally cannot be compensated by a
differentalignment of the amplifiers, although this is some-
times attempted. Another method, called '"tuning the jump-
ers,' where the length of various jumpers is trimmed, has
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alsobeen used. Both methods are incorrect. The author has
experienced a situation where amplifiers were rejected in
final tests at the factoryfor flatness errors of 0.25 db, when
the design of the amplifier required the use of jumper cables
which would introduce an additional error of upto 2 db per
amplifier in the system. Also, the alignment procedures
often used are incorrect, with uncontrolled source and load
matches, numerous jumper cables, and other deficiencies.*

SOURCE LOAD  MISMATCH RESPONSE
75 ohm 76 ohm (1.0) .e_—_—:-:':::'rm_
0.5 db
75 68 0.9 ‘eﬁ:ff:::i:}:t%::T:f>x
- 0= 1l. —'_\
68-82 82 0.8-1.0 Bt

75+6.8 pf 68-82 0.9-1.1

150 75 2.0
150 100 1.5
Pt
Lr_\
SOURCE T0
MISMATCH MSMATCH | 0SCILLOSCOPE
Rs
RL == .00l
SWEEP
GENERATOR l
1 L = 11" RE-59/U

Fig. 5-3. Effect of input or output jumper cable.

It is futile to try to align to a flatness of 0.25 db under
these conditions. However, such procedures are still
attempted on occasion.

The theoretical curves of Fig. 5-2 are pretty well sub -
stantiated by actual response measurements under various

*For correct test methods see Chapter 13.
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cal curves are obtained for a lossless jumper cable and
purely resistive mismatches. Practical mismatches in-
clude capacitance and inductance as well, Two cases must
be distinguished; with the point of observation at the end of
the jumper cable, or at the head of the jumper. Thefirst
case applies to both jumpers of Fig. 5-1, and measure-
ments are givenin Fig. 5-3. The onlytime aflat response

SQURCE LOAD  MISMATCH RESPONSE
216 MHz
o o.s’oa § o8
75 ohr open infinity *
75 68-82 0.9=1,1 v _
1.s%08
75+6.8 pf 68-82 0.9-1.l
FLAT

75 100 1.33 = Y S
0.6 DB 3.5 DB

T0 0SCILLOSCOPE 5 DB

t.___ ______ﬁ POGINT OF
t MISMITCH

Rs‘

SWEEP
GENERATOR

L = (1™ RG-59/U
Fig. 5-4. Effect of jumper cable on taps or bridgers.

results is when the source is perfectly matched—that is, a
resistive and capacitive match, since any practical, lossy
cable is perfectly terminated by a resistance and capaci-
tance only. The effect is more severe for the output
jumper, since amplifier outputs are generally not too well
matched to obtain the highest overload capability. Asis seen,
even anoutputmatch as goodas 1.1 would be of little benefit.
Another effect occurring in bridger applications is
depicted in Fig. 5-4. The last example in this figure cor-
responds directly to the theoretical curves of Fig. 5-2.
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Since there is no compensation possible for jumper
cables, and it is impractical to obtain VSWR's better than
1.1 (eventhis value wouldbe insufficient), the use of jumpers
must be restricted to lower quality systems of limited length.
In the past, jumper cables could not be avoided because no
suitable amplifiers were being manufactured for use without
jumper cables. With well designed amplifiers available
now, no modern system should be constructed with jumper
cables, particularly if full advantage is to be taken of the
increased cascadeability of modern amplifiers for added sys-

tem length,
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CHAPTER 6

System Level, Level Diagrams,

and Tilt

The system level or system operating level is the signal
level at the output of each amplifier at the highest signal
frequency, usually Channel13. Main-trunk level is deter-
mined mainly from cascading considerations while distri-
bution level may be based on system efficiency (see Chapter
9 on high - level distribution systems). As we have seen,
in cascading repeater amplifiers, distortion and noise in-
crease steadily and system dynamic range is reduced as
more amplifiers are operated in cascade, For a high
quality CATV amplifier, a system must be derated as
shownin Fig. 6-1. After 100 amplifiers, system overload
is reduced to 40 dbmv, and system output noise level is at
-7 dbmv, For a signal-to-noise ratio of 40 db, there is
then a margin of 7 db and the system operating level may be
positioned rightin between the allowable maximum and min-
imum signal with 3.5 db margin on either side.

6~-1. SYSTEM OPERATING LEVEL

For the example given in Fig. 6-1, the system level is
then 36.5 dbmv. With this system level and no safety mar-
gins, this amplifier would allow cascades of 220 amplifiers to
be built. Comparing this result with Fig. 4-1, where only 35
amplifiers could be cascaded, we see the following reasons
for the drastic improvement: larger overload level and re-
ducednoise figure of individual amplifiers, plus reduced spac-
ingfrom 25to 22db. The reduced spacing implies, of course,
that overload level and noise figure were obtained at this
spacing. Considering this drastic improvement with the
more advanced CATV amplifier, we still find a remarkably
small change in system operating level, 36.5 dbmv in Fig.
6-1 versus 34.25 dbmv in Fig. 4-1. On analyzing various
other factors involved it appears that main-trunk levels will
generally remain in the vicinity of 35 dbmv at Channel 13
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Even in shorter systems—unlike the distribution system—
there is normally no advantage in raisingor lowering the
main-trunk level from the optimum system level.

The optimum system level is not necessarily set at
equal safety margins from overload and noise. It is found
that overload is far more critical than noise. If system
level exceedsthe system overload level by only 2 db, due to
some misadjustment, temperature change, etc., this leads
to a very pronounced loss of system performance, The
overload margin from excellent to totally unacceptable
is usually less than 5 db.* This corresponds to a change of
about 15 db with noise (see Table 1-1). Therefore, the
safety margin from overload should be greater than the one
from noise. Optimum system level is, therefore, usually
chosen 2 to 3 db below the level determined from Fig. 6-1.
This puts the system level at approximately + 34 dbmv.

In practical system construction, itis wise to deter-
mine the maximum and minimum system level after com-
pletion of the system. This measurement is made at the
system extremity (taken from a system map) by changing
the combined signal level in the head end to the onset of
windshield wiping and noise. ** The total safety margin is
then noted and the system level is set about 2 -3 dbbelow
the exact middle, between overload and noise. The total
safety margin so measured is a figure of merit for a com-
pleted CATV system. It relates to the worst-case condi-
tion at the system extremity. However, the worst sub-
scriber location chosen for this test must not have any
other unusual characteristics, such as extra-length house
drops, splitters, etc., but must be representative of nor-
mal operation at the system extremity.

6-2. DISTRIBUTION LEVEL DIAGRAMS

In order to have a better understanding of level changes in
a CATV system it is advantageous to use level diagrams as
an aid in system design. At a glance, it is then possible
to detect any flaws in system performance and make the
necessary adjustments. In developing level diagrams for

*For a true square law overload characteristic this number

would be 7.5 db. However, above the overload level, dis-
tortion products increase at a higher power law.

**This test normally cannot be performed with systems not using
pilotcarrier AL, since all AOC amplifiers would have to be switched
to ‘‘manual’’ operation and the level errors become excessive.
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an overall system concept it is best to consider the distri-
bution system first and start with the levels at the subscri-
ber's TV set.

We already know that a noise figure of 10 db corres-
ponds to an input noise level of -49 dbmv. Consequently,
the minimum input signal to a TV set is -9 dbmv to meet
SMPTE standards for flawless reception. A noise figure of
10 db is not met by most presently manufactured TV sets;
therefore, a higher signal input level is desirable. On the
other hand, standard TV sets are not designed for adjacent-
channel reception. Thus, in all-band TV systems, only a
limited input signal can be handled without distortion (wind-
shield wiping). This pointis reached for most sets with an
input signal of 20 dbmv, although some sets show windshield
wiping at much lower levels, With this in mind, a level of
3 dbmv (at 75 ohms) is often used as a standard for the in-
put level, with a tolerance stated at £7 db (an input signal
level from -4 to 410 dbmv). This tolerance with a total
range of 14 db is rather high and has been chosen to ac-
commodate some of the unavoidable variations such as dif-
ferent lengths of house drops, etc.

In laying out a distribution system, average values
should be used as design center. In such a layout, with
average 75-foot lots, a four-house tap will be required
every 150 feet. The length of the house drop itself may
vary considerably, with 150 feet a good value to choose, to
allow for aging of the usually lower quality house drop
cable. ILet us also keepin mind that aline extender or dis-
tribution amplifier should have two stages of amplification,
no more and no less, which provides a maximum gain from
20 to 25 db.

It is instructive to first look at a distribution level
diagram for actual distribution systems, commonly used in
the past, as an example of poor layout design practice.
These distribution systems are based on the use of capaci-
tive pressure taps, and the level diagram is shown in Fig.
6-2. The left- hand scale gives the level in dbmv and the
bottom scale distance in feet. Starting at a level of 32
dbmv, the signal drops along a sloping line until it hits the
lowest point at about 730 feet, where it is amplified and
brought up to a level of 30 dbmv. The sloping line repre-
sents, inthis case, 0.412" aluminum cable. Two lines are
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shown, for Channels 2 and 13, Channel 2 starts at a level
of 24 dbmv and drops to the same level as Channel 13, 12
dbmv, at the input of the next amplifier, Therefore, we
are usingthe system operating mode called'full tilt," where
the amplifier outputs are fully tilted and the inputs to the
amplifiers are flat, with the same level for both Channels

2 and 13.
Let us now follow the signal path in detail. Channel

13 is applied to the cable with a level of 32 dbmv. After
150 feet, we arrive at the first 4-way capacitive tap. The
signal level in the distribution cable is down to 29 dbmv at
this point. A tap with a nominal tap value of 26 db (at
Channel 7), is used, with an actual loss of 20 db at Chan-
nel 13, and 39 db at Channel 2, The signal then goes through
the house drop (slanted line) and arrives at the TV set with
a level of 1 dbmv at Channel 13. Similarly, itis found
that Channel 2 has a level of -14 dbmv at this point. Clear-
ly, there will be excessive noise on Channel 2, even if there
is no noise in the system itself, because it would take a TV
set with a noise figure of 6 db (!) to provide a good picture
with such a low signal level.

At the 300-foot tap location, a tap with a nominal loss
of 22 db was specified. The actual losses as indicated in
the level diagram are -28 db at Channel 2 and ~-13 db at
Channel 13. As the tap loss becomes less, an insertion
loss is incurred in the distribution system, as indicated by
the step from 26 to 25.5 dbmv at Channel 13, and 22.8 to
22,5 at Channel 2. The levels at TV sets fed from this tap
are -10 and +4 dbmv respectively.

At the 450-foot position, a tap with a nominal loss of
15 db had to be used. This kind of tap has an insertion loss
of about 5 db, indicated by the large step from 23 to 18
dbmv for Channel 13. Whenever the insertion loss of the
tap exceeds 3 db, no further tapping of the distribution
cable is possible until after the next distribution amplifier.

Therefore, no tap was possible at 600 feet.
In order to supply the four houses at this location,

back-feeding is used, indicated by the lines slanted to the
left. This is accomplished by inserting a tap immediately
following the line extender. Because of the longer run of
house-drop cable, alower value tap (22 db) is used, There-
after, the system repeats itself and the level diagram is
similar to the first section shown.
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Similar layouts have been used in thousands of cases,
mainly because of ignorance of proper system techniques,
which include level diagrams. The faults of this layout can
be seen at a glance: The variation between channels is too
large for high picture quality, This tremendous variation
is caused by the capacitive taps. The house-drop cable im-
proves the spread only insignificantly. Someone mightar -
gue that if the amplifiers were run with flat output and tilted
inputs, the situation would be improved., Ifthis were done,
the spread between channels on the TV sets would be re-
duced by 8 db; however, Channel 2 wouldnotbe brought up
8 db; rather Channel 13 would have to be dropped. With
flat outputs, the overload level of the amplifiers is mater-
ially reduced.

The only conclusion which can be drawn then is that
capacitive taps cannot be used. This leaves transformer
taps and directional couplers, which are identical asfar as
the level diagram is concerned. However, as we shall see
in Chapter 8, there are good reasons why onlydirectional
couplers can be used in high quality systems.

A distribution system with optimized directional coup-
lersis shownin Fig. 6-2, Again, asthetaploss decreases,
the insertion loss increases, leading to larger steps in the
top slanted lines, which represent the losses in the distribu-
tion cable for both channels. Instead of feeding only 12
houses directly, as in Fig. 6-2, now 20 houses can be sup-
plied. No back -feeding is required in any position. The
maximum spread between channels at the subscriber's TV
set has now been reduced from 15 db to 4 db. All this has
been achieved with an amplifier gain of 17 db, instead of
20 db. However, the reduced gain requirement does not
permit the addition of extra subscribers unless the distri-
bution level is also changed. A further examination of this
approach leads to a radically different distribution concept
which is discussed in Chapter 9,

The distribution system shown in Fig. 6-3 can be
achieved only by careful design, anditis a far cry from the
cut-and-try methods which result in poor layouts such asin
Fig. 6 -2. Obviously, it is necessary to developdistribu-
tion level diagrams for the most common cases in order to
be able to standardize on directional couplers and other de-
tails. From these results it is then possible to determine
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the specifications of the ideal distribution amplifier. With
such matched and standardized components, it is a rather
simple matter to design high-quality integrated distribution
systems. Future development will likely not affect the lay-
out of the distribution system to any great extent, since the
boundary conditions are becoming fully established.

6-3. MAIN TRUNK LEVEL DIAGRAM AND TILT MODES

A main - trunk level diagram is much simpler since no taps
need be shown. For a spacing of 25 db, the level diagram
looks as in Fig. 6 -4. There are three modes of system
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Fige 6-4. Main-trunk level diagram.

operation: Flat Output, Half Tilt, and Full Tilt., These
three different modes are set up in the head-end equipment.
Flat Output refers to operation with equal signal levels on
Channels 2 through 13 at the outputs of the amplifiers. Full
Tilt provides maximum tilt at the output of each ampli-
fier. In this case, the input to all amplifiers is flat.
Half Tilt is between the two extremes. In the level dia-
gram (Fig. 6-4), Channel 13 is unaffected by the various
tilt modes. An amplifier output level of 35 dbmv is used.
This level drops, at 25 db of spacing, to 10 dbmv at the
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input of the following amplifier, as indicated by the sloping
parallel lines (different cable loss at Channel 2) for the
three tilt modes, It can be seen at a glance that in Half-
Tilt operation, equal levels are obtained in the midspan
position.

There are various arguments favoring Full-Tilt opera-
tion, with flat inputs and fully tilted outputs. The noise
figure generally may be made reasonably flat over both TV
bands. This would indicate that flat inputs are mostdesir-
able for good signal-to-noise. Inthe past, the noisefigure
often was higher on Channel 2 than on Channel 13, due to
the type of equalization used.* To preserve a good signal-
to~-noise ratio on all channels, it was then desirable to run
a higher signal input level on Channel 2, corresponding ap-
proximately to Half Tilt. As for the output, it can be shown
that distortion is lower at Full Tilt, since this decreases the
level of some channels in the critical output stage. It
seems, therefore, that Full Tilt is the best system mode
in the main trunk. From the discussion of distribution sys-
tems, we have already seen that Full Tiltis also most desir-
able there., Because of this, future system design is
likely to specify Full Tilt throughout. The use of Half Tilt
in the distribution system was generally necessitated by the
use of capacitive taps, and in the main trunk by equipment
deficiencies with respect to noise on Channel 2, either by
circuit design problems or the use of an external cable
equalizer or attenuator (see Chapter 7). Although the use
of Half Tiltallowed a reasonable compromise with bad equip-
ment in the past, such operation is still far inferior to Full
Tilt which is now possible withwell designed amplifiers not
using a separate cable equalizer or otherwise having an ex-
cessive noise figure on Channel 2.

*See also Chapter 7, Section 2.
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CHAPTER 7

Disadvantageous Amplifier
Design Concepts

Oceasionally the question is asked if it would not be better
to use fewer high-gain amplifiers, presumably to arrive at
a lower system cost and added reliability. The answeris
no. The spacing aspects of this question were already
treated to some extent in Chapters 4 and 5. However, there
are four reasons why high-gain amplifiers lead to poor
CATV performance; these will be covered in detail here
due to their importance in basic system design.

7-1. THE HIGH-GAIN AMPLIFIER

The question, ""Why not a high-gain amplifier ? "' seems
natural when we consider amplifier behavior with gain (Fig.
7-1). Allamplifiers show highestoutput capability (leastdis-
tortion) as the gain is increased. This is quite obvious when
we consider that as gain is increased, eventually distortion
is generated predominantly in the output stage. Hence, the
overload level of such an amplifier at a high-gain setting is
essentially the overload levelof the output stage. As gain is
reduced, eventually distortionin the input stage(s) becomes
the limiting factor, leadingto an ultimate proportional reduc-
tion in overload level-—that is, 5 db reduction in overload
level for a5 db reduction in gain. Actual measurements of a
CATV amplifier are shown in Fig. 7-1. At every gain set-
ting, equalizationwas corrected for the corresponding length
of cable. The general shape of the curves is typical for any
CATV amplifier.

Noise figure, on the other end of the level range, is
also improved at maximum gain. Clearly, atmaximum gain,
noise of the output stage(s) becomes less important and the
total noise figure of the amplifier is essentially the noise
figure of the input stage. As gain is reduced, noise from
other stages is added untileventually a proportional increase
in noise figure results with a reduction in gain.
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Why then, if both noise figure and overload level are
best with a high-gain amplifier, would it not be advantageous
to use such amplifiers inCATV systems? This seemingly log-
ical question is based on fallacious reasoning, for noise fig-
ure is a number directly related to equivalent input noise,
while overload level is referred to the output of an amplifier.
To calculate overload-to-noise ratio (dynamic range), num-
bers which are measured at the same pointin a CATV system
or amplifier must be used. If the objective were merely to
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achieve highest overload level and lowest noise figure, this
would be most readily achieved at maximum gain. However,
if the objective is maximum dynamic range and system signal-
to-noise ratio, reduced gain must be used, for maximum
amplifier gain results also in maximum output noise level,
although the noise figure and its equivalent input noise level
maybe low. In Fig. 7-1, noise figure is converted to equiva-
lent inputnoise level usingthe relationship of Fig. 3-4. The
addition of gain ateach point results in the output noise level
of the amplifier, plottedat both Channels 2 and 13 in Fig. 7-
1. The objective is now to choose an amplifier gain so that
the distance between the overload and output noise curves be-
comes largest—that is, tofindthe peakof amplifier dynamic
range. Examination of the graph shows an optimum gain near
20 db for the example. At 25 db, amplifier dynamic range
is reduced by 3.5 db, although overload is up 1db andnoise
figure has dropped 0.5 db.

As discussed in Chapter 4, maximum amplifier dy-
namic range must be corrected slightly if we are to have a
true cascaded figure of merit for system performance. In
Fig. 7-2, such a system correction of the overload curves
is made by superimposing the correction of Fig, 3-7. The
amplifier and system dynamic range can then be plotted
directly from measurements as shown in Fig. 7-3. Here
amplifier dynamic range is shown together with dynamic
range of a 1000 db system (for a 2000 db system subtract 6
db, etc.). Optimum spacing equals the gain setting, re-
sulting in optimum system dynamic range. Since Channel
13 is the more critical one for the example given, a spacing
of 22 db is optimum for this amplifier. A normal level
variation of £ 3 db results in less than 1 db degradation in
dynamic range for this spacing. Note that optimum spac-
ing is slightly more than the gain setting giving maximum
dynamic range for an individual amplifier.

This detailed discussion explains why ahigh-gain amp-
lifier falls short of meeting the gain requirement for both
maximum amplifier dynamic range as well as optimum sys-
tem spacing, both of which are close together. A third
consideration has to do with the number of stagesin an amp-
lifier. It can be shown (Appendix II) that a two-stage amp-
lifier results in a system degradation of 2.5 db as com-
pared to single-stage amplifiers. A three-stage amplifier
is worse again than a two - stage circuit. Consequently,
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the amplifier with the fewest number of stages, which still
meets all system specification, is superior as far as sys-
tem performance is concerned. With the rapid advances in

circuit design, two stages are required now where pre-
viously three or four were used. It is unlikely that amp-
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DYNAMIC

lifiers will be reduced to single stages in the near future,
because of increasingly difficult circuit design. There are
also economic reasons whichfavor a two-stage design over
single-stage amplifiers.

Lastly, excessive spacing results in agreater varia-
tion between Channels 2 and 13, which creates special prob-

AMPUIFIER

1000 db-SYSTEM

) 5 10 15 20 25 30 35
AMPLIFIER GAIN, CHANNEL 13, iN db

Fige 7-3. Amplifier and system dynamic range curves.
lems in the equalization of bridger amplifiers, Also, it
necessitates even more the use of midspan bridgers with
their difficult equalization problems. Withlower gain amp-
lifiers, midspan bridgers can be more readily avoided.
Also, bridgers can be built into the same housing with the
main trunk amplifiers, thereby avoiding special equalization
problems.

7-2. PASSIVE EQUALIZERS AND ATTENUATORS'

In designing amplifiers for CATV systems, two basic ap-
proaches can be taken. In one concept the amplifier is de-

“See Reference 27 Appendix VI
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signed "flat," with equal gain at all frequencies, and a
separate, passive equalizer is used to compensate the cable,
This separate equalizer can be built, of course, into the
same housing, or even into the same circuit board; it still
is basically a flat amplifier, together with a separate cable
equalizer circuit. The other approach uses equalization as
an integral partof the amplifier. This latter type of amplifier
is far more difficult to design, but it has significant ad-
vantages as compared to the first approach.

First, let us consider the system dynamic range of
both amplifiers. We assume an ideal basic amplifier, hav-
ing a noise figure of 10 db, an overload level of 60dbmv,
and a gain of 25 db. One of these amplifiers is equalized
and can be used asisin the CATV system. The other amp-
lifier is flat and must be used with a separate equalizer. It
does not matter in principle if this equalizer is placed be-
fore or after the amplifier; in one case the noise figure is
increased, in the other case the overloadlevel isdecreased;
the reduction in dynamic range is the same, however.

For this example, we place the equalizer before the
flat amplifier. Such an equalizer for 25 db of cable has an
insertion loss of about 1 db at Channel 13 and a loss of 14
db at Channel 2 (13 db tilt). Connecting such an equalizer
ahead of any amplifier results in a proportionate increase
in noise figure, since the signal level is attenuated while
noise is not. Thus, the flat amplifier plus equalizer is
identical in every respect to the equalized amplifier, except
its noise figure is 1 db higher on Channel 13 and 14 db high-
er on Channel 2 (noise figures of 11 and 24 db as compared
to 10 db on the equalized amplifier).

The disadvantage of the flat amplifier-equalizer con-
cept is obvious. If any passive equalizer is to be used, it
must be used after the noise-producing stages and ahead of
the distortion - producing stages for best system design.
Such an equalizer, after the noise-producing stages, reduces
noise and signal level by the same amount at Channel 2,
thereby not causing a degradation in noise figure or inthe
overload factor. Actually, since in CATV amplifiers stage
gain must be low, noise- and distortion-producing stages
cannot be fully separated, and equalization must be distribu-
ted in a certain way throughout the amplifier, which is the
approach taken in the other concept—the "equalized ampli-
fier."
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A degradation of 14 db in noise figure is very serious,
and allows only one fifth of the system length that would be
possible with an "equalized amplifier." Since the degradation
at Channel 2 was considerably worse than at Channel 13, it
appears that with a different system tilt the degradation
might be averaged out better, so that the total system deg-
radation as compared to the ""equalized amplifier" is reduced.
In Table 7-1, system dynamic range is given for both the
"equalized amplifier" and the flat-amplifier-equalizer com-
bination for the three system tilt modes—Full Tilt, Half
Tilt and Flat ‘Outputs. The optimum system tilt results in
an equal dynamic range at Channels 2 and 13, For any other
tilt, system performance is limited by the poorer of the two
channels. Thus, for the "equalized amplifier" of ourex-
ample, Full Tilt is best and results in a 1000 db system
dynamic range of 52 db. For the amplifier with separate
equalizer, Half Tilt is best and leads to 47.75 db, Thus,
the 'equalized amplifiex" is better by 4.25 db. In terms of
system length, it permits a 63% longer system to be built,
The "equalized amplifier' isbetter for any system tilt. When
operated Half Tilt the improvement is only 1 db at Channel
13, yet it is 14 db at Channel 2.

In analyzing different system tilts, it must be re-
membered that for 25 db gain, the difference between Chan-
nels 2 and 13is 13 db. Hence, in Half Tilt, Channel 2 isin-
creased by 6.5 db, and for Flat Outputs, 13 db, with no
change in Channel 13. Similarly, it can be shownthat over-
load level is reduced by 3.25 and 6.5 db respectively at Chan-

nel 13 for Half Tilt and Flat Outputs, while overload at Chan-
nel 2 is increased by the same amounts, as compared to
Full-Tilt operation.

This relationship is pictured for clarity in Fig, 7 -4,
where the 1 db insertion loss for the equalizer was neglec-
ted in order to avoid confusing lines. It is clearly seen
why Half Tilt results in best system operation for the flat
amplifier - equalizer combination. Also, it is evident that
the "equalized amplifier' is superior under all tilt modes and
operates best at Full Tilt.

While the foregoing was, in part, a theoretical analy-
sis of the effect of various system tilts and amplifier de-
sign concept, the results of this analysis can be readily
compared with the curves of Fig. 7-3, which apply to an
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actual "equalized amplifier'" operated at Full Tilt.

In conclusion, it should be mentioned that there are
other serious drawbacks to the flat amplifier-equalizer ap-
proach. For example, it does not adapt itself to the auto-
matic spacing principle (discussed in Chapter 11), which is
one of the cornerstones of fully automatic CATV systems.

Attenuators are used occasionally at the input of amp-~
lifiers to compensate for variations in flat loss.  The ef-
fect on noise figure is similar to the one already described
for a separate equalizer, For example, a 6 db input at-
tenuator also increases noise figure by 6 db, This degra-
dation in system performance can be avoided by a different
compensation technique for changes in flat loss. As dis-~
cussed in Chapter 10, a properly designed tilt control per-
mits ready correction for different amounts of flat loss; this
adjustment is made with no increase in noise figure, an ap-
proach which is clearly superior to the use of a switchable
input attenuator in an amplifier.
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CHAPTER 8

Matching and Reflections

Transmission lines must be matched (terminated in their
characteristic impedance) if reflections are to be avoided.
In CATV systems, mismatches with their resulting re-
flections manifest themselves by a power loss and the pro-
duction of secondary images or ghosting. The power loss
results in a change of frequency response and affects flat-
ness of an amplifier; however, with proper alignment
methods (see Chapter '13) and modern amplifier design,
errors in flatness have been largely overcome, even with
large mismatches.

Of a much more serious nature is ghosting when a
second, weaker picture appears on the TV screen, dis-
placed from the original picture by whatever time delay is
incurred for the reflected signal. In considering such
ghosts, it is obvious that no ghost will be seen if the delay
of the reflected picture is short enough; the reflected pic-
ture is then simply superimposed on the direct signal. 1In
this case, ghost visibility is limited by the resolution of a
TV set and present transmission standards. As the delay
time is increased, however, a decreased horizontal focus
is noticed and ultimately, a clearly recognizable ghost pic-
ture results. For any such ghost picture, it is also clear
that if the reflected signal is weak enough, it will notbe ob-
jectionable, regardless of delay time,

In order to determine a tolerance limit for ghosting,
thorough studies were made under controlled conditions, *
and a curve was established as a tolerance limit for the vis-
ibility of ghosts (Fig. 8-1). This curve defines the maxi-
mum reflected signal level which can be tolerated in order
to obtain a ghost-free picture, for any particular delay
time. This curve was obtained from measurements with

*References 20, 21, Appendix VII.
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studio equipment under ideal conditions. Itis, therefore,
likely that a somewhat reduced quality level would still be
acceptable for average quality home receivers. However,
for a flawless, high- quality picture, this curve should be
aimed for under all circumstances.

8-t. THE CRITICAL CABLE LENGTH

Delay time and loss are intimately related to a partic-
ular transmission line. Consider the generationof a typi-

POINT OF
S 67 MI SMATCH
0BSERVATION Jp——
SIGNAL 1 2 -
' T

1

Fige 8-2. Diagram showing echo generation.

cal reflection (Fig. 8-2). A TV set is located a distance x
away from a point of mismatch. The magnitude of the re-
flected signal at the point of observation depends on the loss
in cable x and the severity of mismatch. For a mismatch
M, the reflected signal is 20 log (1 + M)/ (1 - M) db below
the direct signal.* In addition, the signal and its reflec-
tion passes through cable x in both directions; therefore,
an additional loss of 2 kx results, where k isa constant.

*See Appendix IV for complete mathematical formulae.
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This relationship is indicated in the level diagram of Fig.
8-2. The time delay, in turn, depends on the propagation
constant and the length of cable x. It is then possible to
replot the original ''perceptibility of ghosts" curve (Fig.
8 - 1) for various cables and to use, instead of delay time in
nanoseconds, length of cable infeet (Fig. 8-3). Instead of
specifying the reflection below the signal level atthe point of
observation, the maximum amount of mismatch (return
loss) at the point of mismatch is now given. Clearly, with
a lossy cable, a worse mismatch can be tolerated inorder
to still keep the reflection below the required level atthe
peint of observation.

The curves of Fig. 8-3 indicate that there is aworst
case condition for each cable. For example, the curve
for 1/2 - inch cable shows that for a length of 500 feet, the
minimum allowable return loss is 30 db, corresponding to
a VSWR of 1.06! In other words, a tap-off point, such as
a bridger amplifier or other start of a distribution line,
500 feet ahead of a point where a mismatch of more than
1. 06 exists, will produce visible picture degradation due to
reflections with this type of cable. = The conditions for 3/4
-inch cable are, of course, more severe. All worst-case
conditions are listed in Table 8-1.

The length of cable which requires the best matchis
called the critical cable length or worst-case condition.
Any good system is designed to operate without ghosts under
the worst-case conditions, since little benefit results in
avoiding the critical cable length because the dip in the
curves of Fig. 8-3 is rather shallow. For example, it is
generally not possible to keep alength from 150 to 1200 feet
(for 1/2 - inch cable) free of taps, bridgers, or splices to
obtain an increase in permissible mismatch by only 5 db to
1.12, whichis also a difficult value to achieve. It takes
an excellent cable splice to achieve a VSWR of 1.05o0r less,
As we shall see, the only workable solution to avoid re-
flection problems lies in the judicious use of directional
couplers.

Fig. 8-3 shows that a higher mismatch of approxi-
mately 6 db can be tolerated at Channel 13 than at Channel
2. This is due to the increased cable losses at Channel 13,
Consequently, electronic equipment must have a superior
match at Channel 2 only. The higher permissible mismatch
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at Channel 13 might be used to advantage to reduce the
noise figure or improve some other more important char-
acteristic at Channel 13. In equipment design, itis always
well to keep in mind that all performance parameters are
closely tied together; improvement in one results in adeg-
radation of the other. Therefore, it is necessary to keep
close track of all specifications so that no one parameter is
overspecified. In the past, amplifier specifications, often
evolved from cut-and-try methods, invariably lead to spe-

Table 8-1. Critical length of cable and required
return loss.

Cable Channel Critical Length (Ft.) Return Loss (db)

RG=-59/U 2 i70 21
i3 85 4.5

CBi2" 2 500 29

13 270 23

/2" 2 500 30
i3 330 24.5
3/4" 2 600 32.5
i3 420 27.5

cifications far from the ideal, with a consequent degrada-
tion in overall amplifier and system performance.

8-2. WORST-CASE DESIGN IN THE DISTRIBUTION SYSTEM

Reflections are usually greatest in the distribution system,
due to the number of taps and possible echo paths. A typ-
ical section of a distribution system (Fig. 8-4) contains two
distribution amplifiers and five tapping points which gener -
ally serve four houses each. Only one TV setis shown on
each tap. All mismatches are labeled with letters from A
to L. It is instructive to analyze the various reflections
possible in such a system. A ready conversion of return
loss to VSWR is possible using Fig. 8-5. Let usconsider
the signal-to-reflection ratios for particular points of mis-
match and for the worst-case frequency, Channel 2.

1. Mismatch at Input of Distribution Amplifier, Single
Reflection: The mismatch is at point G. From Table 8-1
the critical cable length for 0.412-inch cable is 500 feet,
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and the permissible return loss is 29 db. This value cor-
responds to a VSWR of 1. 075 for the input match of adistri-
bution amplifier at Channel2. The worst reflection will re-
sult at TV sets fed from tap C, whichis 500 feet away from
the mismatch. An input match of 1.075 is hard to achieve
for an amplifier. It is also well to keep in mind that pub-
lished VSWR readings are often low, compared to actual
measurements due to systematic measuring errors.* With
1/2 - inch cable, which is occasionally used in distribution
systems, the critical length is 500 feet and the returnloss
is 30 db (VSWR 1.066!), Worst taps are B, C and D.

2. Mismatches at the Taps Themselves: This case
is very similar to the first case. For example, a mis-
match at F produces a worst-case reflectionat B, There-
fore, the maximum allowable mismatch for each tap is
1.075 for 0.412 - inch cable and 1. 066 for 1/2-inch cable.

DISTRIBUTION DISTRIBUTION
AMPLIFIERA AMPLIFIER

Fige 8-4. Block diagram of a typical distribution
system. Pointsofmismatch are indicated by letters.

3. Tap to TV Set: The signal travels from the tap
to the TV set, is reflected at the TV set, travels back to
the tap where it is reflected again to travel back to the TV
set to produce the ghost picture. In this case, we havea
double reflection. The worst-case condition for RG-59/U
is about 170 feet for a single reflection, about 85 feet for a
double reflection. The required total return loss is21 db,
which calls for a match at the TV set of 1.2 if the output of
the tap is unmatched. A figure higher than this value is
often encountered with TV sets.

These three examples show clearly the problems as-
sociated with a distribution system. The required VSWR's
simply cannot be met with practical components which
must sell at a reasonably low cost. It is obvious that only
a different concept can lead to a high quality system.

*Befer to Chapter 13.
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8-3. DIRECTIONAL COUPLERS AND THEIR USE

It would be desirable to have a tapping device which sup-
presses reflections, and in addition, is matched in every
direction. Such a directional coupler can be constructed
in many ways. Generally, current and voltage are sensed
separately and are added in one direction, subtracted in the
other. Theoretically, the difference may be made zero,
but practical limitations exist. Such a directional coupler
is sketched in Fig. 8-6.

The desirable tap loss is determined by position in
the system, and various values canbe constructed, ranging
from 10 db to more than 30 db for a 4-way directional
coupler. The insertion loss, in turn, is determined by the
tap loss. There is a theoretical limitation on insertion
loss due to the power lost in the tap. The smaller the tap

loss, the higher the insertion loss. For a tap loss of3 db
INSERTION LOSS
INPUT N UTPUT

N\
O ) —0

TAP LOSS ISOLATION

DIRECTIVITY = TaP
LOSS - ISOLATION

Fig. 8-6. Diagram of a
directional coupler or o
tap. TAP

(1/2 the power), the insertion loss must, of necessity, also

be 3 db. Theoretically, a 4-way power splitter has a loss
of 6 db (1/4 power). Therefore, a 4-way directional tap
with a tap loss of 9 db and an insertion loss of 3 db would

be an excellent device.
Actually, insertion losses are proportionately higher

(Fig. 8-17), due to unavoidable coil losses. The same re-
lationship between insertion loss and tap loss exists, of
course, as well for other taps (capacitive, pressure, trans-
former, etc.). Fig. 8-7 permits a ready evaluation of the
quality of a particular tap or directional coupler.

A directional coupler, in addition, possesses direc-
tivity, that is, isolation from the output. While this isola-
tion theoretically might be made infinite, practical limita-
tions due to parasitic capacitances and inductances limit
isolation to values from 30 to 40 db. High isolation itself
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is of no benefit, rather the difference between isolation and
tap loss should be high, This difference is also called di-
rectivity, and leads to a substantial increase in the signal-
to-echo (S/E) ratio, as is clear from the following example
in a typical distribution system (Fig. 8-8).

Only the worst-case condition is considered, 1/2-inch
aluminum cable of the critical length of 500 feet at a fre -
quency of 54 MHz. For the first case of the normal tap in
Fig. 8-8, assume the signal to be down 15 db at the tap
output. The echo then is produced as follows: The signal
goes straight through the tap, is attenuated by the insertion
loss, is further attenuated in the 500-footlength of cable, is
reflected at the point of mismatch, travels back through the

0.5 DB_ |+ 500" cABLE —

SIGNAL 54 MHz m'fa out I>
15 n;\v /3:

0.5 08 |+— 500" CABLE —~] OB POINT OF MISMATCH

T VSWR |.47
SIGNAL 54 MHz “ RETURN LOSS 14.5 DB
/,. /' TAP

15 n}\ 15 0B

S/E = 30 DB
POINT OF MISMATCH DIRECTIONAL COUPLER
VSWR 1.07 . .
TAP RETURN LOSS 29.5 DB Fige 8-8 Diagram show-
S/E = 30 0B ing improvement with
NORMAL TAP directional coupler.

cable and goes out through the tap with an additional 15 db
loss. From Table 8-1, the required signal-to-echo ratio
is 30 db for this length of cable. This value takes into ac-
count the loss of the echo when traveling twice through the
cable, as well as the time delay of the ghost signal. Since
the echo picks up the 0.5 db insertion loss in the tap, the
minimum allowable return loss is then 29.5 db, corres-
ponding to a maximum VSWR of 1.07. This value cannot
be achieved in a practical system. (For 0.412-inch cable,
the maximum VSWR comes out to 1.08.) Practical ampli-
fiers, which can be produced economically, have an input
VSWR on the order of 1.2. Even passive devices, such as
a well designed standard tap, have a VSWR of about 1. 15. *

With the directional coupler in Fig. 8-8 the signal is
down 15 db at the tap, exactly as for the normal tap. The
echo is produced by signal traveling through the coupler,

*Such taps, measured under very common but incorrect methods,
measure a VSWR of 1.1 and are so often advertised.
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which is then reflected at the amplifier and goes out at the
tap analogous to the standard tap. However, while passing
from output to tap of the directional coupler, the signal is
attenuated 30 db (an additional 15 db below the signal).
Consequently, the return loss at the point of mismatch may
be reduced by 15 db, thereby permitting a maximum VSWR
of 1.47 (1.55 for 0,412-inch cable). Clearly, this allows
a sufficient degree of freedom for arriving at a high-quali-
ty system with realistic and economically manufactured
components, Directional couplers with a directivity of 15
db at Channel 2 and 10 db at Channel 13 are adequate for
all cases and can be economically produced.

The best standard tap is undoubtedly the backmatched
transformer tap. While the backmatch cuts down on the re-
flection in the house drop itself, it has no beneficial effect
on reflections in the distribution system. The use of taps
other than directional couplers therefore results, of neces-
sity, in a low quality system, which can hardly be con-
sidered adequate. The use of such taps is therefore false
economy. The cost of directional couplers can be minimi-
zed by using the fewest number of couplers with the highest
number of taps available(one 4-way coupler should be used
instead of two couplers with two taps each). Also, as we
have seen, when directional couplers are used, other equip-
ment, such as distribution amplifiers, can be designed
more economically. The more realistic input match re-
quirement results, for example, in a far reduced costfor
these amplifiers. As is true in so many cases, a really
well-engineered high - quality system concept is not neces-
sarily more expensive but many times results in economies
by avoidance of overspecifications of irrelevant parameters.

8-4. WORST-CASE CONDITIONS WITH DIRECTIONAL COUPLERS

Even if directional couplers are used throughout the dis-
tribution system, attention must be paid to several reflec-
tion modes which still can become a problem and must be
kept under control. The various cases are summarized in
Table 8-2 and will be discussed in detail. In all cases,
we assume directional couplers with a directivity of 15 db
at Channel 2 and 10 db at Channel 13. For a worst - case
condition, all insertion losses are assumed 0 db, distribu-
tion cable is 1/2-inch aluminum cable, and RG-59/U isused



for the house drops. Refer to Fig. 8-4 for letter code.

Case 1;: Mismatch at the input of a distribution amp-
lifier at G. Point of observation at the critical cable length
for Channel 2 at 500 feet at TV set I. From Table 8-1, the
required return loss is 30 db. With 15 db directivity inthe
coupler, this allows a maximum VSWR of 1.43 at G. At
Channel 13 the most critical point of observation isJ and the
required total return loss is 24.5 db. With 10 db direc-
tivity, a VSWR of 1.47 at G is permissible.

Case 2: Mismatch at the input of any directional tap.
Point of observation is critical cable length away. The situ-
ation is exactly the same as before, and for this type of re-
flection an input match of 1.43 at Channel 2, or 1,47 at
Channel 13 would be satisfactory.

Case 3: Directional coupler F has an open tap.
Point of observation is critical cable length away. A total
return loss of 30 db is required. With 15 db directivity this
allows aminimum tap lossof 7.5 db in F, because the signal
gets attenuated twice by going to the unterminated tap and back
up to the distribution line. At Channel 13, with 10db direc-
tivity, the minimum tap loss is 7.25 db.

Case 4: Two TV sets I and I' are fed from a splitter
out of directional coupler C. If one set is disconnected,
what is the required isolation in the splitter? For RG-59/T,
the worst-case condition at Channel 2 requires a return loss
of 21 db (see Table 8-1). Therefore, theisolationprovided
in the splitter must be 21 db. At Channel 13 the isolation
must be 14.5 db.

Case 5: Ghosting is also possible by double reflec-
tions. For example, reflections are possible in the house
drop itself. The TV set normally does not have a match
much better than 2, and the VSWR might read 4 if no match-
ing transformer were used. The required return loss is
again 21. This calls for a backmatch of 1.35 at each
coupler (1.92 at Channel 13).

Case 6: This very important double reflectionoc-
curs as follows: The signal is reflected at the input G of
the following distribution amplifier, travels back all the
way to the preceding line extender, where itis reflected at
the output A and then goes in the forward direction out
through the directional couplers. Inthis case, the direc-

tivity of the couplers is limitea in its effectiveness by the
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output match of the amplifier. For freedom from ghosts,
the total return loss must be 30 db (at Channel 2), and this
value must be achieved by the sum of the return losses of
both the input and output of a distribution amplifier. Vari-
ous possibilities are listed in the Table. For all cases,
the corresponding readings at Channel 13 are also listed in
the Table.

Case 7: A dual-output trunk amplifier feeas two
trunk lines. The isolation in the splitter is 15 db at Chan-
nel 2 and 10 db at Channel 13, as for directional taps.
For a worst-case condition with 3/4 - inch cable, the total
return loss must be 32.5 db at Channel 2 (27.5 db at Chan-
nel 13), aliowing a maximum VSWR cof 1.31 at both chan-
nels. For an isolation of 10 and 5 db, the maximum mis-
match which can be tolerated at the critical cable length is
1.16.

Case 8: Bridger connection to main trunk . This con-
necticn must be made via a Qirectional coupier in order to
keep reflections in the main trunk out of the distribution
system. The maximum allowable mismatch is then as in
Case 7. Without a directional coupler, for the worst-case
condition, a VSWR 1. 045 must be achieved corresponding
to a return loss of 32.5. This value is difficult to hold in
installed cable, not to mention the problem of cunnectors
and other equipment.

It .should be kept in mind that the treatment above is
for the worst possible case. Therefore, no additional
safety margins must be met. As is amply clear from the
preceding detailed analysis, directional couplers are es-
sential for freedom from ghosts. To be economically com-
patible, it is then necessary to take full advantage of their
superior echo suppression characteristics by relaxing
other specifications wherever possible; i.e., the match of
the couplers does not have to be exceptionally good, and the
distribution and other amplifiers can also be designed for
improved performance in some other characteristics due to
the different match requirement. This approach leads to a
CATYV system of the highest quality at low cost.
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CHAPTER 9

High-Level Distribution

Distribution and system efficiency relates to the number of
subscribers which can be supplied from one distribution amp-
lifier, or line extender. For example, in the old, obso-
lete distribution system with capacitive pressure taps of
Fig, 6 -2, up to 20 subscribers could be served from one
amplifier. Eliminating the capacitive pressure taps and
raising the distribution level from 32 to 35 dbmv allows
the connection of 24 subscribers (Fig. 6-3) and reduces the
variation between Channels 2 and 13 at the subscriber's
home from 18.5 to 4 db, certainly a substantial improve-
ment. The correction of the level variations had been
achieved mainly through the use of directional taps, while
the increased distribution level from 32 to 35 dbmv allowed
the connection of 4 additional subscribers.

8-1. DISTRIBUTION EFFICIENCY AND
OPERATING LEVEL

As indicated in Fig. 6-3, even in a more favorable distri-
bution system there is an equalized loss (cable) of 13.5 db
and a flat loss of 8,2 db, Thus, a significant amount of
amplifier gain must be wasted to compensate for flat loss,
that is, total insertion loss of all the directional taps. With
cable loss unavoidable,, it is highly desirable to use all amp-
lifier gain only for cable equalization and to reduce inser-
tion lossesto the minimum, As is clear from Fig. 8-7, in-
sertion loss may be reduced by increasing tap loss of direc-
tional couplers., However, since the subscriber level must
be held constant, anincrease intap loss also necessitates an
increase of distribution level. A further analysis of this
point leads to the conclusion that nowhere in a CATV sys-
tem is a high signal operating level desirable except in the
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distribution system. A high operating level in the main-
trunk must lead to increased distortion and reduced cascade-
ability only. Even in shorter systems where cascadeability
and the ultimate in system dynamic range is not required,
there is still normally no benefit in raising the operating
level of the main trunk. The distribution system, by con-
trast, benefits directly from a higher signal level, since
more subscribers can be connected per amplifier. This is
brought about by reducing the wasteful flat loss (insertion
loss) and putting it to good use by adding extra subscribers.
Consequently, it is the distribution amplifier which should
have the highest output capability of any CATV amplifier and
it should certainly not be below that of a main-trunk amp-
lifier,

It is rather startling to find that the entire CATV in-
dustry developed in the opposite direction for a while, main-
ly due to a lack of appropriate amplifiers. In the begin-
ning, with vacuum -tube amplifiers, a type of high - level
distribution system often was used —however without use of
directional taps, or otherwise engineered leveldiagrams,
Generally, the distribution system was treated asthe step-
child of the whole CATV system, with little thought or de-
sign given to it. Line extenders, as the name implies,
were little more than relatively "unimportant, ' but neces-
sary adjuncts to a CATV system. With typical output cap-
abilities from 35 to 40 dbmv for these line extenders, it was
clear that even after a short main - trunk run, a maximum
distribution level of only 28 to 32 dbmv was possible, which
in turn resulted in a very inefficient and costly distribution
system, Such a low-level distribution system is a typical
case of false economy and neglected overall system design.

In the meantime, distribution systems have been
thoroughly analyzed and amplifiers designed specifically for
high-level distribution have become available, often called
distribution amplifiers for differentiation from the older,
now obsolete, line extenders. It has been shown that such
a well designed, high-level distribution system allows
more than twice the number of subscribers per amplifier
than was previously possible. With amplifier cost for ahigh-
level distribution amplifier only slightly higher than for the
old - time line extender, a significant reduction in distribu-
tion system cost is achieved, together with a marked im-
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provement in system performance and reliability due to the
reduced number of amplifiers for a given number of sub-
scribers,

9-2. OPTIMUM DISTRIBUTION LEVEL AND
LEVEL DIAGRAM

We have determined that a high-level distribution system is
desirable to decrease insertion losses. The question now
is: What is the optimum signal level to be used in a distri-
bution system ?

As distribution level is raised, itisfound that from a
certain level on, no additional subscribers can be ;added
since all amplifier gain is used to compensate for cable
losses, and insertion loss is at this point already reduced
to an insignificant amount. To allow the connection of ad-
ditional subscribers, and to make afurther increase in dis-
tribution level worthwhile, it is now necessary to increase
amplifier gain.

Amplifier gain is, inturn, determined by spacing, tilt
variation, and economic considerations. A two-stage amp-
lifier is most desirable for both economic reasons and ahigh
system dynamic range. Optimum spacing for such an amp-
lifier is typically between 20 and 25 db (see Fig. 7-3for a
determination of optimum gain from measurements of a
modern two - stage amplifier). This gain range also corre-
sponds closely to the maximum gain available inlatest solid-
state circuitry, allowing several db for compensation of
cable temperature variations and also for unavoidable pro-
duction spreads in the manufacture of amplifiers.

With this information, it is possible to develop a sys-
tem level diagram for high-level distribution (Fig. 9-1). In
the level diagram shown, a distribution level of 43 dbmv
isused. With this value, spacing of distribution amplifiers
is at 1, 000 feet for ,412-inch cable and up to 40 houses may be
connected per amplifier, based on an average lot width of 50
feet. Such a distribution system results in excellent sys -
tem efficiency. Careful analysis of different operating
levels shows that even with a distribution level of 50 dbmv
no more subscribers can be served, while a level of 41
dbmv, 2 db lower than in Fig. 9-1, results in the loss of
4 houses, Therefore, a 43 dbmv level represents the ul-
timate for the particular system shown. Quite generally,
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it can be shown that best efficiency is achieved for a distri-
bution level about 40 db above the nominal subscriber's
level, There are minor variations from this value, de-
pending on the gain margin of the distribution amplifier and
the quality of the directional taps used in the system.

Fig. 9-1 represents the level diagram of an actual
high - class distribution system in use today. Similar dia-
grams may be drawn for different lot widths and cable;
however, the distribution level itself remains unchanged.
From such optimized system design it is readily possible to
standardize to alarge extent with inherent added economies,
For example, it is easily verified that 1/2-inch cable used
in distribution systems results in about a 20% increase in
system cost, since the small savings in amplifier gain per
given number of subscribers is more than offset by the in-
creased cable cost. Hence, standardization on ,412-inch
cable for distribution systems greatly helps in reducing
component and system costs.

It should be mentioned, in conclusion, that in the
past, bridger amplifiers were often used at very high out-
put levels, often the highest level in the entire system,
while line extenders were operated at a low level. This
procedure is very questionable when we consider that brid-
ger amplifiers, due to their multiple outputs, have of nec -
essity a reduced output capability as compared to single-
output amplifiers. Thus, bridger amplifiers should actu-
ally be run at a lower level. A similar case exists with
dual-output amplifiers, and it is necessary now to re-ex-
amine the choice of operating levels in various portions of
a CATV system from an overall viewpoint.

9-3. DUAL~QUTPUT AMPLIFIERS AND CASCADING

Frequently, it becomes necessary to split trunk lines, or
distribution cable, in order to serve a particular area more
effectively. The haphazard use of splitters leads to an un-
avoidable system degradation due to addition of extra flat
loss, jumper cables, and other discontinuities. Obviously,
the best approach has been the use of amplifiers with built-
in splitters., Equalization errors can so be avoided. But
even then, gain and output capability is reduced for such an
amplifier by about 3 db. The reduction in output capability
also applies to bridger amplifiers.

]



There are two basic approaches which may be taken
when engineering a system with amplifiers of varying output
capability. The first method, often used in the past, ig-
nores the extra distortion caused by working some ampli-
fiers closer to their overload limit on the pretext that if it
does not happen too often no problem will arise in the over-
all system. For example, bridger amplifiers with an out-
put capability at that time of 45 dbmv were used at a 43 or
44 db level. As can be readily be shown, a 1 db margin
requires a 6.8 db derating for the rest of the system, cor-
responding to less than one fourth the system length other-
wise possible., Such a procedure is not compatible with
high - quality system design. It must also be mentioned
that overload margins of 1 or 2 db are inadequate for any
practical system, because of the variations with tempera-
ture and for other reasons which must be expected.

In a more sophisticated system design, amplifiers
are operated at approximately the same safety margins in
the distribution system. For example, a dual-output dis-
tribution amplifier is operated at a level of 40 domv, while
a single-output amplifier is operated at a 43 db level (Fig.
9-1). If the difference in output capability is 3 db, equal
overload margins result in both cases. Also, derating for
cascading is unaffected regardless of how many single- or
dual - output amplifiers are used in a particular cascade.
Operation at equal margins is easily accomplished. If we
remember that a dual output amplifier usually also has a
proportionate decrease in gain, we see that operation at
equal signal input levels automatically results in equal out-
put overload margins. Due to the reduced gain of a dual
output amplifier, itis necessary to shorten the span follow-
ing such an amplifier. For the example given, a reduc-
tion from 1, 000 to 800 feet is satisfactory. It is then only
necessary to design a new level diagram for this spacing
and work out the details. With such a concept, distribu-
tion design becomes extremely flexible since no attention
must be paid to special derating procedures for different
system layouts.

In the main trunk, as we have discussed earlier (Chap-
ter 6-1), a much lower operating level is preferable. Mar-
gins from overload for individual amplifiers are much
higher. All of the more complicated amplifiers, suchas

119



dual-output amplifiers, AGC amplifiers, bridger combina-
tions, etc., usually have a somewhat reduced output capa-
bility, generally by lessthan 3 db, Often itis advantageous
to operate the main trunk at identical level and spacing,
since gain reductions in amplifiers are usually compensated
by circuit design. Precise deratingis then made, usingthe
method given in Appendix L.

9-4. MAIN-TRUNK DERATING WITH HIGH-LEVEL
DISTRIBUTION

Since the distribution system is operated in high-level dis-
tribution at a different safety margin than the main trunk, the
question is then: How far must the main trunk be further
derated to allow for the higher distortion of the distribution
system in order to have an acceptable dynamic range for the
whole system ?

The procedure for determining overload margins is
given easiest by offering afew examples, Assume a modern
main-trunk and distribution amplifier with an identical over-
load level in the vicinity of 60 dbmv and a noise figure of
10 db. The optimum system level from Fig, 6-1 was then
36.5 dbmv, if used throughout the whole system, The max-
imum cascade without safety margins was 220 amplifiers,
and the total safety margin for 100 amplifiers was 7 db.

As we have seen, it is desirable to raise the distri-
bution level for maximum system efficiency. With the con-
cept discussed in the previous section, we can assume
single - output amplifiers operating at a 43 dbmv level
throughout, since dual-output amplifiers and bridgers are
operated at a reduced level proportionate to the decreased
output capability, With built-in automatic temperature com-
pensation in distribution amplifiers, it is quite possible to
run a considerably longer cascade than with old line exten-
ders. Arbitrarily, we assume a cascade of 10 distribution
amplifiers, including a bridger for this example, The com-
bined output capability of 10 amplifiersis 50 dbmv, Opera-
ted at 43 dbmv, we have a 7 db safety margin. It will now
be necessary to drop the main-trunk level somewhat from the
system level found above as 36.5 domv, For, as we raise
the operating level of part of the system (the distribution
system), we must drop the level in the other portion of the
system (the main trunk) to arrive at the maximum system
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dynamic range. The calculation is readily performed us-
ing power addition, * and we find for this example that the
main trunk must be derated by 0.95 db.  This main-trunk
derating must be made from the combined overload level of
the main trunk only, which is 36.7 dbmv, and is slightly
higher than for the cascade including the distribution amp-
lifiers. Thus, system level would have to be reduced to
35.7 dbmv,

*For mathematics, see Appendix IV.
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It is now necessary to examine the effect upon noise
in order to determine changes in system dynamic range and
cascadeability., As is easily shown, the minimum system
level decreases only to 36.4 from 36.5 dbmv for this ex-
ample. There is, therefore, a loss in system dynamic
range of 0,7 db, which results in a slight reduction of cas-
cadeability., This derating is shown graphicallyin Fig. 9-2,
The new main-trunk level is then determined at 36.0 dbmv,
and the maximum main-trunk cascade without safety margins
is reduced to 200 amplifiers; maximum distribution cascade
is 10 and distribution level is 43.0 dbmv.

High - level distribution has become a reality with
modern, low-distortion amplifiers, and the slightdegradation
of the already very large dynamic range is insignificant. It
is also clear that high-level distribution cannot be achieved
with the old line extenders, evenin very short systems using
ten to twenty main-trunk amplifiers. The example given
above for high-quality amplifiers indicates the procedure
which generally must be followed for determining system
derating for different types of amplifiers, as well as for
system levels,
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CHAPTER 10

Amplifier Controls

While amplifier controls for gain, tilt, and other functions
are commonly provided, the need for these controls must
be examined seriously. If an amplifier was correctly
aligned for a certain spacing at the factory, what need
should there be to make adjustments in the field? Also,
can these adjustments be performed satisfactorily in the
field?

10-1. THE NEED FOR CONTROLS

On examining these points, we find that the need for ad-
justments arises basically from two reasons: systematic
errors of afaulty system concept and unavoidable tolerance
in the installation of a system. For purposes of this dis-
cussion, let us assume that the head-end equipment is func-
tioning correctly and its signal output remains constant and
at the correct level.

The foremost source of error then lies in the use of
jumper cables. For all-band systems, a jumper length of
one inch causes problems, and there is noway of avoiding
them except by eliminating jumper cables entirely. Other
methods, such as aligning an amplifier with the jumper
cables attached, are unsatisfactory because the mismatch at
the end of both jumpers will be different in the system as
compared to the setup on the test bench. Also, on a test
bench, additional jumpers are often used for connection to
the sweep generator and detector, so that correlation to
performance in the system is poor. More on this in Chap-
ter 13.

Obviously, the complete elimination of jumper cables
necessitates the use of specially designed amplifiers which
have become available since 1964. In many older systems,
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jumper cables are a major problem. The magnitude of the
effect was discussed in Chapter 5 and is determined by the
amount of mismatch. The effect on the frequency response
depends on the lengthof the jumper and resultsin a change of
signallevelfrom one channel to the other with, for example,
Channel 13 either increased or decreased in level as com-
pared to Channel 7.

By using gain and tilt control, some partial compen-
sation may be possible. However, these controls were
never designed for this purpose and, generally, no control
can be designed to compensate for response errors due to
jumpers because of their unpredictable effect, If jumpers
must be used, as is the case in all earlier systems, the use
of these controls for frequency response correction results
in a partially corrected overall response, although still far
inferior to that obtainable by factory alignment of equipment
designed for use without jumper cables. Instead of a flat-
ness of £0.1 db, atypical residual error of +1db per amp-
lifier remains in the system after the best adjustment has
been made.

Assuming a high quality system not using jumper
cables, what other errors must be corrected by adjustments
of the amplifier? An analysis shows that all these errors
can be treated together as incorrect electrical length of the
cable. These errors are due to inaccuracies in spacing,
aging of the cable, and temperature changes. Since all of
these effects behave the same electrically, they might be
compensated for by a single control which affects gain and
tilt simultaneously in the proper proportion or, of course,
by separate controls. The single control is preferable
from the viewpoint of ease as well as accuracy of adjust-
ment. An additional adjustment is often used to compen-
sate for variable changes in system loss due to the use of
taps, directional couplers, bridging amplifiers, etc. Be-
fore going into a detailed discussion on the function of the
various controls, it is desirable to answer our question re-
garding the ability to make satisfactory field adjustments,

10-2. ACCURACY OF FIELD ADJUSTMENTS

The accuracy of an adjustment in the field depends not so
much on the human element, but rather on the inherent ac-
curacies of instrumentation which considerably limit the
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usefulness of field adjustments. A very common and very
faulty procedure consists of going from amplifier to ampli-
fier with a field strength meter and 'diddling" all acces-
sible trimmers and controls in a random fashion until some
apparently uniform reading is obtained, The basis for this
commonly encountered procedure is a poor understanding of
system concepts, plus a panic-stricken attempt tomake a
system operate in the shortest amount of time without true
knowledge of the actual source of difficulty, Sometimes
such a system is swept (response tested using a sweep gen-
erator) afterwards and found to have a horrible response—
far from flat, This is then shrugged off as bad cable or

connectors and generally ignored as long as mediocre pic-
tures are available at the subscribers' homes. If com-

plaints about picture quality keep coming in, the whole pro-
cess is repeated over again., In addition, the signal level
of the entire system is adjusted as the need arises. If there
is too much "snow' (noise), the level is increased; if there
is too much "windshield wiping" (distortion), the levelis de-
creased, Needless to say, such methods resultina very
marginal system, far inferior to the capability of the indi-
vidual components of the system.

Obviously, no greater accuracy can be obtained in
system adjustments than is possible with the built-in accu-
racy of instrumentation. The major sources of inaccuracy
are the field strength meter, jumper cable, and test points.
The most popular field strength meter in use today possesses
a published accuracy of only 3 db; the very best CATV
level meters are accurate to £1.0 db. Test points of older
amplifiers are often mismatched (VSWR of about 10:1) and
have in addition a tolerance of £1 db. A jumper cablefrom
the test point to the field strength meter has an additional
effect, which is variable and causes some channels to read
high and some channels to read low. A typical case is
illustrated in Fig. 10-1. The curve shows the error of an
unmatched test point when using 5 feet of jumper cable to
the meter. A perfect, flat test point is assumed and zero
meter error. The total error varies from -1.5to -7.5 db
at various frequencies, depending on the length of the
cable. If we keep in mind that a total field adjustment er-
ror of 6 db results in half the possible system length, it is
clear that all test points must be back-matched . However,
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even with back-matched test points, there still remain the
other sources of error mentioned above. It appears,
therefore, very difficult and often futile to obtain any re-
semblance to a flat system response by field adjustments,
particularly if long cascades are involved as in the main
trunk.

When we take into account uncompensated tempera-
ture changes in the cable, which cause different readings
at different times of the day, it is clear that field adjust-
ment should be made only after consideration of all the er-
rors involved, and then only if an adjustment of at least 2
db seems required. A better total accuracy cannot be ex-
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pected with even the very best field equipment available to-
day. To state it in other words, to try and make ampli-
fier adjustments in the field to keep the outputs within,
say, 0.1 db of the desired values as read on a field
strength meter, is perfectly meaningless, On the con-
trary, such a procedure insures that the amplifier output
itself is set far from flat, while it probably was aligned
correctly before. Since these errors are often compounded
in CATV systems, the end result can be disastrous.

For many low-quality systems, and all systems using
jumper cables must be included in this group, some cut-and-
try adjustments as described above may be necessary to
make the system operate in some fashion. Due to the un-
avoidable residual errors per amplifier position, only a
relatively small number of amplifiers canthen be cascaded,
and a severe degradation in system performance is to be
expected.
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In high-quality systems, alignment within 0.1 db can
be achieved at the factory, and also realized in the system
if no jumper cables are used. Correction for errors in
spacing is then possible by using a single tilt-compensated
gain control (described below) at one frequency. Adjust-
ment at a single frequency cuts down on inherent testequip-
ment errors. However, there still remains a rather large
unavoidable error per amplifier, far larger than the basic
amplifier accuracy of 0.1 db. In order to arrive at the
highest degree of perfection, all manual field adjustments
must be eliminated in the main trunk and automatic circuitry
employed to take care of the necessary correction for spac-
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ing errors and the like. Systems with this concept are de-
scribed more fully in Chapter 11,

I0-3. TYPE AND ACTICN OF CONTROLS

Regardless of whether controls are automated or adjusted
manually, the basic function is the same. The action of a
gain control is to vary the gain of the amplifier at all fre-
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quencies. In early pieces of CATV equipment, this was a
flat control; all frequencies were adjusted simultaneously by
the same amount. In many amplifiers, changing the gain
also changed the frequency response in random fashion. In
both cases, additional adjustments of other controls and
trimmers became necessary, even at the factory, to obtain
correct equalization for different lengths of cable. Then, in
turn, the gain control had to be readjusted and so forth, It
is clear that such a procedure cannot be performed inthe
field.

In the better type of amplifiers, a so-called tilt-com-
pensated gain control has become standard. This control
changes the response simultaneously with gain so that different
lengths of cable are accurately equalized without the further
adjustment of another control (Fig, 10-2), The actionat
Channel 13 isthen about twice that at Channel 2. Assuming
a flat alignment with 25 db of cable and 25 db of gain, the
action of the gain control is therefore as shown in the figure,
For example, if the gain is reduced by 10 db at Channel 13,
it is reduced only 4.5 db at Channel 2 (-10 db curve), Ifa
cable of 15 db were used instead of 25 db, again aflatre-
sponse would result., Thus, a single control provides per-
fect correction for different lengths of cable due to errors
in spacing, temperature changes, or aging.

Such a tilt~-compensated gain control is analogous to a
loudness - compensated volume control familiar from audio
circuitry, Naturally, the circuit designfor such atilt-com-
pensated gain control, over such a wide bandwidth asused
in CATV, is quite an achievement, although itis just about
as difficult to engineer a flat control over this frequency
range, A flat control is, of course, undesirable because
it necessitates the additional adjustment of a tilt control.

The action of an ideal tilt control is pictured in Fig,
10-3, Gain at Channel 13 is held constant, while gain at
Channel 2 is changed by 5 dbin the figure, A well designed
tilt control of this type permits ready adjustment of the
proportion of flat gain to equalized gain without affecting
the total gain. Such an adjustment is necessary in certain
bridger orline extender applications. There is no needfor
such a control on the main-trunk amplifier unless the gain
control is not fully tilt - compensated, or external splitters
are used.

The action of the tilt control is clear from Fig. 10-3,
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At a normal setting of 25 db spacing, gain at Channel 2 is
12 db and 25 db at Channel 13. With the tilt control set at
5 db, Channel 2 is brought up 5 db to 17 db without chang-
ing Channel 13, The slope of equalization is therefore de-
creased. By calculation, it is easy to show thatequaliza-
tion for only 15.5 db of cable is now provided. Since the
total gain was unchanged, we have now 15.5 db equalized
gain and 9,5 db flat gain, as compared to 25db equalized
and no flat gain previously. Hence, a tilt control changes
the proportion of flat to equalized gain,

Needless to say, many tilt controlsin presently used
equipment fall short of the desired action, and actually af-
fect gain at Channel 13 simultaneously by giving ahinge point
at a wrong frequency, With such a control, successive ad-
justment between tilt and gain is required. This is cum-
bersome in the factory, and impossible to adjust accurately

in the field.
In lieu of these controls, sometimes pads are used

for gain changes in steps. Naturally, for a main trunk,
coarse steps are too inaccurate. Also, a pad at the input
increases the noise figure; at the output it decreases the
overload level. The correct pad position is obviously be -
tween stages. in order to keep the effect of changes in gain
upon noise figure and overload reasonably small. Pads, of
course, cause a flat loss in gain which is undesirable as
pointed out above. The logical solution is, therefore,a tilt-
compensated gain control between stages in an amplifier. With
a well working tilt~compensated gain control, only one such
control is needed in a main trunk amplifier.

Any control in addition to a single gain control ona
maintrunk amplifier is a silentadmission that tilt compensa-
tion is noteffective or correct, thatequalizationisnotas flat
as it should be, and that there are other faults which should
have been corrected by better circuitry. Among such con-
trols are separate low-frequency equalization switches or con-
trols, and pads at the input of an amplifier.

Similarly, in distribution systems, input attenuators
are undesirable, A tilt control of the type described above
is capable of adjusting flat loss continuously without affect-
ing noise figure or overload significantly, This adjust-
ment is needed to compensate for the insertion loss of di-
rectional couplers, which might be installed at a later time..
As the taps are installed, the gain and tilt controls are re-
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set to obtain the normal distribution level. The procedure
is to adjust gain first at some high-band channel, and then
tilt at some low-band channel. With properly functioning
controls such a two - point adjustment leads to the correct
amplifier equalization over the entire frequency range.

In addition to the controls which affect frequency re-
spoase, there must b2 an output level adjustment in the AGC
amplifier. This adjustment is best accomplished at the fac-
tory and depends on total system length. Since voltage regu-
lation is used in solid-state equipment, an accuracy of better
than £1% can be achieved, while a field adjustment woald
lead to an accuracy of only £3%. Therefore, this adjustmen*
is normally internal to the amplifier. As we have seen in
Chapter 6 -1, main-trunk system level doss not vary greatly
even for different amplifiers and different system leagths.
Factory preset system levels have become standardin modarn,
high-quality amplifiers at levels ranging from 30 o 35 dbmv.
There is little advantage to using a different level for short
systems unless, of coarse, the entire system is marginal in
performance.

Another control has to do with cable powering. Since
only a limited number of amplifiers can be powered from
one power supply, it must be possible to interrupt the power
on the cable without affecting the TV signals. Normally, a
switch, plug, or internal strapping is provided to allow power-
ing an amplifier either from the input or output, or to pass
power simultaneously throughthe amplifier. Actually, two
switching positions are sufficient for all practical applica-
tion—input and through powering. However, for con-
venience, output powering is often provided also, since it
eliminates making a trip to the next amplifier down the line.
None of these adjustments are operational controls, and they
are set only once during the initial system installation, Re-
sponse adjustments, on the other hand, have to be made
with any change in temperature, unless some other form
of compensation is provided, such as a fully automatic sys-
tem,
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CHAPTER 1

Automatic CATV Systems

Automatic CATV, where the human element is completely
excluded, is most desirable for precise system operation
and freedom from maintenance, As we have seen in the
previous chapter, a field adjustment accuracy of £3 db
results in only half the system length otherwise possible, or
a degradation in system dynamic range of 6 db, both of
which are serious system degradations. Modern amplifiers
with their large dynamic range function well even with inex-
act field adjustments and less accurate system levels. How~
ever, it is still desirable to avoid needless system degra-
dation due to human errors, measurement inaccuracy, and
other factors. This applies to problems during original
system installation as well as to later system maintenance.

fI=1. REASONS FOR AGC IN CATV SYSTEMS

An analysis shows that in a complete CATV system every
control function can and should be fully automated, with
the exception of some adjustments in the feeder (distribu-
tion) system. Automation can be perfected to the point
where even during initial system installation no field ad-
justments are required in the main trunk, and construction
in building block fashion becomes possible. An automatic
CATV system leads to the ultimate in system reliability
and freedom from maintenance together with optimum sys-
tem dynamic range, or system length due to the elimina-
tion of field adjustment errors. Also, full automation
is a prerequisite for some of the more difficult future sys-
tem installations which are not practical with the older
semi - automatic systems not featuring automatic spacing.
Before going into details of automatic CATV, it is worth-
while to briefly examine the variations in a CATV system
which are to be corrected.
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Typical variations in field strength (fading) of re-
ceived TV signals are on the order of £10 db and notex-
ceeding *15 db.* Control of these variations is readily ac-
complished by AGC, following the same principle as used in
radio and TV circuits. Such AGC circuitry is incorporated
in the head end. By the time the TV signals are applied to
the main trunk, the maximum signal variation is reduced to
less than £0.5 db for the better type of head-end equip~
ment.

Since the signal levels are now virtually constant,
AGC in the normal sense appears to be redundant when used
in the cable system, The question is then: What possible
sources of error still remain in a CATV system if the out-
put signals available from the head end are held constant?

Several of these errors have already been discussed.
They can be distinguished as variations between individual
channels, and changes at all TV channels simultaneously.
Faulty or wet connectors, cable faults, head -end equip-
ment trouble, drastically wrong amplifier equalization—all
of these lead to problems with individual channels, Strip-
type AGC (discussed below) is the only form of AGC which
will permit some partial automatic compensation for these
variations. However, in most cases the fault is serious
enough that only correction of the error at the source is
sensible. It must always be kept in mind that as system
levels deviate from the norm, system dynamic range and
quality decrease. A signal decreased somewhere by 6 db
picks up a proportionate increase in noise level, evenif cor-
rected later on by AGC circuitry or a manual adjustment.
Deviations from the optimum system level must be held to
a minimum throughout the system. Fortunately, the faults
mentioned above are rather pronounced and relatively easy
to correct.

Faults with connectors are often due toincorrect in-
stallation procedures. This also applies sometimes to
cable, particularly with respect to omission of expansion
loops, bending radius too small, sharp kinks, and the like.
Correction of these faults is accomplished by using the
proper installation techniques and by the replacement of de-
fective connectors or cable.

Variations in the head end should, of course, be taken

*See Appendix VII, Beference 22.
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care of there. High quality head-end equipment provides a
constant output for wide ranges of fading, environmental
changes, and other conditions. All other types of head-end
gear, particularly vacuum-tube equipment, needs frequent
maintenance and readjustment of output levels for satisfac-
tory system performance.

Although normal AGC will decrease variations due to
the causes mentioned, it can never fully compensate for
these errors. The reason is that AGC, of necessity, must
operate either from a pilot carrier or the combined TV sig-
nals themselves. In both cases, no correction for varia-
tions between channels is possible, but rather the strongest
signal or the pilot carrier itself is the one that is held con-
stant by AGC. All other signals are free to change as be-
fore, With composite AGC (see below), for example, should
the signal of Channel 11 increase by 10 db at the input of
an AGC amplifier, the output will reflect only a slight in -
crease (less than 1 db for a good AGC circuit) at Channel
11. However, adjacent channels will then be suppressed
by approximately 10 db. This action is unavoidable and in-
dicates that even the best all-band AGC circuit cannot cor-
rect directly for arbitrary variations between channels.

Jumper cables (discussed in Chapter 5) cause a more
continuous, symmetrical variation over both TV bands,
The exact effect is determined by several undefined mis-
matches and no simple correction is possible. In using
jumper cables, the effect on frequency response becomes
excessive after only afew amplifiers. One possible method
of correction lies in the use of strip amplifiers, which
would have to be used in every second or third amplifier
position. This rather costly approach, plusthe other seri
ous short comings of strip amplifiers, make this concept im-
practical. It appears that there is no alternate solution
other than the complete elimination of jumper cables, ex-
ternal or internal to CATV amplifiers, even if only one
inch long.

System changes affecting all TV channels simultane-
ously include changes of cable attenuation with temperature,
changes in amplifier gain with temperature or voltage, and
changes in system equalization due to errors in spacing.
Of these changes, amplifier variations are readily correc-
ted by better circuitry, and we have to consider in detail

134



only variations related to cable, either due to temperature
or incorrect length,

Automatic temperature correction for cable changes
consists of automatic gain and tilt control. In addition, a
fully automatic system must of necessity provide for auto-
matic correction of spacing errors and automatic control of
system level. With the incorporation of the latter two,
CATV systems may be constructed in building block fashion
with the assurance of far superior system performance than
if manual field adjustments were made,

11-2. AGC CONCEPTS FOR CATV

Automatic gain control systems* are a type of servo or
feedback system where some error is sensed and correc-
tive action is taken electronically. For example, in the
typical AGC system, changes in output level are sensed and
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Fige Il-l« Block diagram of an open-loop AGC
system.

fed back inversely proportional to control amplifier gain,

so as to keep the output more nearly constant with varying

input signal levels. Two basic types of servo systems are

distinguished—open- and closed-loop systems. In anopen-

loop system (Fig. 11-1) the method of correction is notdi-

rectly related to the error, but to some other parameter

loosely related to the error. For example, since cable at-

tenuation changes with temperature it would be possible to

develop a circuit or equalizer that also changes with temper-

ature, but in the opposite direction, so as to compensate

the cable, An automatic correction concept of this type is

an open-loop system, since the change in cable attenuation

is not sensed directly, but rather the temperature atthe lo-

cation of the equalizer, which is only loosely, or not at all,

related to the effective temperature of the cable, Such an

open-loop system is a very imperfect, although automatic,
form of correction.

*Appendix VII, References 23, 24.
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In a closed-loop system (Fig. 11-2) the error to be
corrected is sensed directly and any desired degree of per-
fection may be achieved. Typical for this concept is any
normal AGC system familiar from radio or TV circuits,
where output level change, however small, is sensed and
the necessary correction is made. A closed-loop system
represents the best possible form of servo system, but it
usually is considerably more expensive than a simple open-
loop system. In CATV systems, cable attenuation changes
are to be corrected for high precision; in aclosed-loop sys-
tem, these cable attenuation changes must be sensed direct-
ly, rather than some other parameter such as ambient
temperature at some amplifier location.

In addition, to the basic open- and closed-loop prin-
ciple of AGC design, there are several concepts for CATV
AGC which relate to bandwidth of AGC circuits as well as
choice of control signals.

Early AGC amplifiers had a very crude gain control
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B_D N

t / g
TEMPERATURE INPUT CONTROLABLE GAIN
AND TILT EQUALIZER

REFERENCE
OR

INTERNAL
STANDARD

SERVO
AMPLIFIER

COMPARATOR

Fige 11-2. Block diagram of a closed-loop AGC

system.
action without tilt-compensation or other means of tilt cor-
rection. Often the frequency response changed severely in
an arbitrary fashion when gain was changed, Without the
circuit design techniques available today, other approaches
had to be tried in order to keep variations between TV bands
and TV channels under control. This led to the develop-
ment of split-band AGC amplifiers, as well as AGC-strip
amplifiers with separate AGC for each channel.

In a split~band amplifier, filters are used to separate
high and low TV bands, which are then passed on to individ-
ual AGC amplifier sections. The outputs are then combined
by filters. Such a split-band circuit can restore the balance
between high and low bands, but it does not restore the cor-
rect equalization within each band. Therefore, thisprinci-
ple has been extended with a separate AGC amplifier for
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each channel, whereby signal separation and addition is
again accomplished by filters, This separate strip AGCis
only workable where a limited number of TV channels are
used—usually, a maximum of seven channels—because
practical filters cause too much phase shift at the band
edges to be compatible with good quality TV (particularly on
color programs). Also, of course, the cost is prohibitive
if strip AGC is used for a larger number of channels,

Split-band AGC amplifiers have some merit, espec-
ially as an addition to improve the performance of older
systems, or in fully automatic systems of extreme length
where several hundred amplifiers must be cascaded.* In
systems other than fully automatic systems, the use of
strip or split-band AGC amplifiers poses new problems in
system maintenance, since no simple adjustment of system
tilt is then possible in the head end; instead, individual ad-
justment of each AGC station is necessary. With the typ-
ical inaccuracies of field adjustments, the merits of these
AGC systems become dubious indeed. In normal modern
CATV systems where the common pitfalls such as jumper
cables have been avoided, there is little need for split-
band or strip-type AGC, and a well designed all - band AGC
system represents the best solution, At the same time,
such an AGC system can be designed to correct for
changes in cable attenuation due to temperature, aging,
or incorrect spacing,

In any multi - signal AGC system the choice of the
control carrieris very important, Early AGC amplifiers
were custom-tuned to one TV channel carried in a partic-
ular system. To achieve better consistency, composite
AGC came into use for a while where a number of TV
channels (usually high band) controlled AGC action, How-
ever, with composite AGC, action is a function of the num-
ber of channels in use in a particular system. In addition,
most systems deriving control voltages from TV signals di-
rectly are affected by modulation, which is undesirable be-
cause it results in reduced level accuracy.

Another approach is to use a pilot carrier system to
overcome the disadvantages of the other concepts. The pilot
carrier isusuallyinserted at the head end and combined with

*In such a system, split-band AGC amplifiers might be
used at every tenth AGC location, for example.
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the TV signals. With a pilot carrier system, AGC amplifiers
are designed to sense dev1at10ns in pilot level and to make
corrections for the TV signals accordingly. The pilot might
be chosen anywhere outside the TV bands in order to avoid
interference with TV signals; that is, below Channel 2, be-
tween Channels 4 and 5, bw&@g_band or ¢ above
Channel 13. A close scrutiny reveals that the oaly satlsfactory
frequency for a pilot carrier is above Channel 13. This can
be readily shown by considering the action of correctly de-
signed gain and tilt controls which was discassed in the pre-
vious chapter. Automatic CATV calls for automation of a
tilt-compensated gain control. Moreover, a correctly func-
tioning tilt control must have a hinge point at Channel 13.
With apilot frequency close to Channel 13, tiltaction remains
fully operational with AGC, It is easy to see that any other
pilot frequenzy involves a complete system realignmen® job
for the slightest change in system tilt. This includes intricate
field adjustments of at least each AGC amplifier which, as
we know, cannot bz performed satisfactorily in the field.
With the pilot carrier operating at the correct frequency
MQ), systemtilt is easily resetin the head end
or at an individual amplifier without impairing AGC action or
AGC range. A pilot-carrier frequsncy above the highest TV
signal is also conducive to better AGC resolution, because
attenuation changes are more pronounced at the highest sys-
tem frequency.

I1=-3. TEMPERATURE COMPENSATION

Temperature compensation of the CATV amplifiers them-
selves is readily accomplished by using high-quality elec-
tronic components designed to work over the expected tem-
perature range, usually from -50 to +160°F, Any remain-
ing small change is then easily corrected by the judicious
use of special temperature-sensitive components, Careful
design can stabilize the gain of atypical transistorized amp-
lifier to £ 0.25 db over a temperature range from -50 to
+1600F, which is considerably better stability than com-
mon for most tube-type equipment. In an open -loop AGC
system, the amplifier can be designed to compensate cable
changes directly, provided the temperature of both ampli-
fier and cable is the same. Such an open-loop system, be-
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cause of its low cost, might be used in the feeder system
where high precision is not required, or in the main trunk
in conjunction with a tightly controlled closed-loop system.

The major system change with temperature is always
due to changes in the cable. The change in attenuation with
temperature is normally taken as 1% per 50C or .11%per
OF. Therefore, the electrical length of cable changes+10%
to -14% from the normal ambient value for a temperature
range from 160° to -50°F, respectively. This is indicated
in Fig. 11-3, where the different cable characteristics are
indicated by parallel straight lines, which is the exact equiva-
lent of changingthe electrical lengthof the cable, from 1100
feet to 860 feet, for a 1, 000-foot length at a temperature of
68°F. At 25 db spacing, the change of +10 to -14% corre-
sponds to a change of +2.5db to -3.5 db. The question is now
how to comp=ansate for this unavoidable change, and at what
interval.

Temperature compensation may be achieved by purely
passive methods. For example, inthe early days of CATV,.
flat amplifiers were used together with passive equalizers
for the cable.* Such an equalizer, often a plug-in type,
might be designed with temperature - sensitive electronic
parts to compensate for changes in cable temperature.
Similarly, the equalizing circuits in an amplifier may be
made temperature sensitive and designed to compensate for
changes in cable temperature, The fault with temperature
compensation methods of this type is that they are never
accurate. Obviously, the compensation must be different
for different lengths of cable. If there is any error in
spacing, the compensation is off and cannot be reset by a
simple gain adjustment. More seriously, the compensating
circuit is often at a different temperature than the cable.
For example', the equalizer or amplifier may be in the
shade of a tree, while the cable is exposed to solar radia-
tion. The resulting error is normally such that it cannot be
compensated for anywhere else in the system.

It is easy to see that these so - called open-loop sys-
tems fail to give the performance required in quality sys-
tems. Inolder, shorter CATV systems, open-loop compen-
sation may make an otherwise impractical system workable.

*This concept 1s considered obsolete today due to the decreased
system dynamic range. (See Chapter7.)
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But these methods fall into the same category as jumper
cables and pressure taps, and have no place in a modern
system except possibly in conjunction with a well working
closed-loop system, orin feeder applications.

In a closed-loop servo system, the error signal ob-
tained relates to the change to be corrected. This error
signal, inturn, controls some mechanism which produces the
desired correction. In CATV, the change to be corrected
is the varying cable attenuation withtemperature. First, it
is quite clear that it would be impossible to measure the
temperature of the cable directly, due tothe varying absorp-
tion and radiation of heat along the cable.

Fortunately, in a closed-loop system, the temperature
of the cable is unimportant, but rather the change in attenu-
ation is of concern. Therefore, if constant signal levels
are applied to the cable, the output of the cable or the input
to the following amplifier accurately reflects the effective
temperature of the cable. For examplé, at 25 db spacing,
an amplifier input level increase of 3.5 db reflects an ef-
fective cable temperature of -500F, provided that the input
to the 25 db length of cable was held constant. The change
of signal level at the input of an amplifier, therefore, contains
all the necessary information for a fully automatic servo
system for temperature compensation.

Temperature compensation of the closed-loop type at
a single frequency is accomplished by standard AGC, be-
cause such a system keeps the output constant for varying
input signals. With constant levels from the head-end equip-
ment, all changes are due to temperature, and the sole
reason for AGC in CATV systems lies then in the need for
temperature compensation. While normal AGC is all that
is required for a single frequency, temperature compensa-
tion atall frequencies requires the change in gain to be pro-
portioned differently for the different channels. Analysis
shows that automation of a tilt - compensated gain control
(discussed in the previous chapter) leads to perfect automa-
tic temperature control by automatic gain and tilt control.

Il-4. AUTOMATIC SPACING

The main reason that perfect temperature compensation is
achieved by an automatic tilt-compensated gain control is
that temperature acts on the cable exactly as if the length
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of the cable were changed, as shown in Fig., 11-3 by the

parallel lines. Therefore, the tilt - compensated manual
gain control, which was required to correct for errors in
spacing or to accommodate differently spaced systems, also

provides a perfect manual correction for temperature

changes. Converting this control to automatic operation
not only results in precise temperature compensation (auto-
matic temperature control), but also corrects for errors
in spacing (automatic spacing). If one considersthe whole
CATV system and makes a thorough analysis of the errors
involved, and of system reliability, it becomes quite obvi-
ous that automatic spacing is as much a necessity as tem-
perature compensation., It simply is not possible to mea-
sure cable length or attenuation to an accuracy of 1 db in the-
field. There are too many unavoidable sources of error and
variables which preclude any semblance of accuracy. This

areawas already covered to some extent in Chapter 10. Even

if an accuracy of 21 db can be achieved, this is still insuf-

ficient for highest quality due to the cumulative error in cas-
cading amplifiers.

Finally, the question of how many AGC amplifiers are
needed in a system must be treated. We have seen that,
due to temperature, a maximum increase of 10% in cable
attenuation must be expected. To this value should be added
normal spacing errors and some allowance for cable aging.
The total maximum increase from all sources might there-
fore be 15%. This increase in attenuation must be equaled
by a corresponding increase in gain of the AGC amplifier.
For circuit design reasons, itisimpractical to build an amp-
lifier where the maximum gain is more than 10 db higher
than the nominal gain. Also, an increase of 10 db has to be
offset by a decrease of about 15 db at low temperature.
Thus, a total AGC range of 25 db results——quite large con-
sidering that highly accurate tilt compensation mustbe pro-
vided at every point,

With 15% corresponding to 10 db change, the maxi-
mum spacing between AGC amplifiers is then about 70 db,
Thus, with 22 db spacing, every third amplifier at 66 db
should be an AGC amplifier. For a system which is to be
constructed in an area where temperature compensation
must not be provided over the extreme range from -50 to
+160°F, AGC amplifier usage may be reduced, for example,
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to every fifth position. On the other hand, AGC amplifiers
having a smaller AGC range may have to be spaced closer
for highest system reliability. Other advantages of closer
spacing might be that by using a smaller AGC range, a more
accurate tilt compensation is possible. However, this in-
creased accuracy of the amplifier, which allows a greater
system length, is likely to be obliterated by inaccuracies in the
cable unless the system is fully integrated. Also, with more
AGC amplifiers in the system, reliability suffers because an
AGC amplifier is, of necessity, considerably more complex
than a straight manual amplifier,

The concept of AGC in every position is a poor one for
the same reason. It must always be kept in mind that a
simple amplifier can always be made better in the important
characteristics than a complex circuit like an AGC ampli-
fier which must perform additional critical tasks. AGC in
every position would, therefore, resultin poor reliability,
economy, and reduced system dynamic range due to lower
output capability and higher noise figure.

l1-56. CATV SYSTEM INTEGRATION

Based on the automatic concepts discussed so far, itis pos-
sible to standardize and integrate CATV system design and
construction. These automatic servo systems include pre-

cise system level control, automatic tilt correction, com-
pensation for changes of cable attenuation, and correction
for normal errors in spacing. It is then possible in inte-
grated CATV systems to match cable and amplifier fully to
each other, so that no cable cutting or splicing is required,
Any normally arising errors are then corrected by automa-
tic spacing, which is a feature of the AGC amplifier. No
field adjustments are made, and measurements are only
taken during the initial systems installation, if at all. The
accuracy of the system level is then guaranteed by the AGC
amplifier itself, which internally relates the system level
to the DC voltage of a reference zener diode. An accuracy
of better than 0.1 db (less than 1%) can then be achieved for
the system level, which is far superior to attempts of set-
ting up a system the old fashioned way. In its logical con-
clusion, a fully automatic, integrated CATV system leads
to complete automation of the main-trunk and bridger ampli-
fiers,

Spacing for system design is then determined by cable
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length rather than loss. For example, it is found that at-
tenuation values of 1/2-inch cable are normally within £3%
regardless of the specific cable manufacturer. For system
design the cable loss should be taken at a median tempera-
ture rather than the extremes. In the past, system layout
often followed a different procedure. Cable loss at 680 F
was prorated for some high temperature such as 1200 F,
and then an additional aging factor of 5% was added to come
up with a worst-case design for cable loss, Such a proce-
dure was necessary because active equipment available then
did not provide for temperature compensation; on the con-
trary, many early transistor amplifiers lost gain as the
temperature went up,

Modern CATV amplifiers are generally made with two
types of temperature characteristics—zero T, C. and cable -

compensating open-loopunits. Zero temperature coefficient
is used with pedestal and underground installations, and in-

Table [1-1. Cable length for 23 db spacing.

(Based on average loss at median temperature)

Cable Dia. (Inches) Length In Feet Tolerance
412 1420 + 60
+500 1800 + 80
.750 2560 x120

dicates that the amplifier does not change gain with tempera-
ture. Normal open-loop cable compensation means increased
amplifier gain with temperature. In either case the above
design practice, which was at one time a legitimate worst-
case design procedure, now is incorrect. @ The theory of
error analysis indicates that by using the split-error method
far better system quality results., This principleis direct-
“ly related to the correct choice of system median values. For
xample, if a system were to operate over the temperature
ange from -50 to £160° F, a design based on the extreme
temperature of 160¢ F, must already result in an error at
‘the median temperature and end in twice the error at the
low temperature. Statistics show that operation at the median
temperature occurs much more often than at the extremes
of -50 or +160° F, Therefore, by such a design, system
operation under the most common normal conditions is less
than optimum. With modern amplifiers, system design is

4y



performed at the median temperature. For the tempera-
ture range given above, the medianis 55¢ F, This median
value may change somewhat, depending on system location;
however, this change is usually small. For example, a
relaxed temperature range from 0° F to 110° F has the
same median of 55°¢ F. All design proceeds, then, based on
the average cable loss at the median temperature, and the
results are shown in Table 11-1, The tolerance refers toa
change of %£1 db.

Determination of cable losses in the field is then
eliminated. Such a measurement is generally useless any-
way, since the effective temperature of the cable is un-
known, and because of typical measurement errors. A
far greater accuracy and consistency is achieved by working
strictly with footage. This concept is particularly attrac-
tive with automatic spacing.

It can be shown that with a normal spacing error per

Table 11-2. Probability of total error per three
spans with individual tolerance of I db.

Total Error Probability
Less than X1 db 67%
Less than £2 db 92.5%
Less than 3 db 1009

span of £1 db, probabilities for total errors in three spans
are as listed in Table 11-2, Thus, the total allowance for
automatic spacing of £3 db is used only in 7.5% of all cases.

In fully integrated systems, all main-trunk amplifiers
are factory prealigned, never to be touched in the field.
While these amplifiers may have the normal controls such
as gain and tilt, with automatic spacing and temperature
compensation, the result is better system performance than
is possible by field adjustments. This relates also to sys-
tem level. As we have seen in Chapter 6, optimum system
level is unchanged regardless of the number of amplifiers
operated in cascade. Standardization and automation allow
also the complete prealignment, with precision factory
equipment, of built-in bridgers or bridger combination amp-
lifiers.

While this precision is much less important with
modern amplifiers and their high dynamic range, it is still
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desirable for the ultimate in system reliability and freedom
from maintenance, particularly since factory prealignment
does not preclude normal field adjustments if so desired.

Continuing this thought of system automation and inte-
gration into the feeder system, unfortunately, leads to no
further improvement possibilities, because of the great
variations in layouts. However, system maintenance in the
feeder system is greatly simplified by correctly working
gain and tilt controls (see Chapter 8) and some form of open-
loop temperature compensation as discussed above.
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CHAPTER 12
Principles of Cable Powering

With the older tube systems 110 VAC power was directly
applied to every amplifier, often with a separate power
meter, depending on requirements of the local electric com-
panies. Due to the high cost of such a setup, amplifiers
had to be spaced far apart, much to the detriment of sys-
tem performance. With the advent of transistors and their
much reduced current drain, methods of using the coaxial
cable for both signal and power transmission were investi-
gated. Early systems used DC power; however, it was
quickly found that corrosion became excessive as higher
currents were required. DC current flowing between dis-
similar metals, with humidity present, increases galvanic
action of such a "battery" by the process of electrolysis.

12-1. METHODS OF POWERING CATY SYSTEMS

In order to reduce the corrosion problem, AC -powering
was introduced. Even with AC-powering, electrolysis is
possible if direct - coupled half - wave rectifier circuits are
used in the amplifiers, since then the current passing
through the cable is a half -wave AC current, also called
pulsating DC current because it possesses a relatively
strong DC component. For best performance, all modern
CATV systems now use a form of AC powering which avoids
DC components in the cable altogether, Various circuits of
both the half- and full-wave rectifier variety are available,
which result in complete protection from corrosion,

There is a significant difference between half-wave and
full-wave circuits from the viewpoint of powering efficiency.
With half - wave circuits, unless amplifiers are manufac-
tured with both polarities and distributed evenly in the sys-
tem, a much greater voltage drop results because of the
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doubled current which must flow during the conduction
cycle. A powering concept using amplifiers of different
polarities which must be balanced in the system for power-
ing reasons is very undesirable, particularly since full-
wave circuits are easily incorporated into amplifiers atlow
cost, With full-wave powering, rectification efficiency in
the amplifiers remains constant, and circuit performance
is the same with a series loop resistance as withdecreased
input voltage. From apractical viewpoint, full-wave power-
ing allows a greater distance from the power supply, and the
use of fewer power supplies in a system.,

Power supplies for CATV systems are preferably of
the regulating transformer variety., As discussed below
(Section 12-4), these supplies have proved themselves through

Table 12-1. Typical loop resistance for 1000 feet.

cable Resistance in Qhms
<412 Thinwal I* 3.36
.500 Thinwall 2.27
«750 Thinwall .31
412 Solid Sheath** 2.19
«500 Solid Sheath laUy
.750 Solid Sheath «66
5/16 Strand .33

*Sealmetic (Anaconda Wire and Cable Co.)
**Canacom (Canada Wire and Cable Co.)

many years of field use as far as reliability and surge pro-
tection are concerned. This transformer furnishes the
power which is supplied to the cable. In any transmission

of electric power, voltage is of utmost importance, the
higher the voltagé, the greater the efficiency of power trans-
mission. Due to various electrical safety codes, power
voltages applied to the coaxial cable had to be limited, al-
though the cable itself is capable of handling much higher
voltages. As a good compromise 36 VAC has been adopted
as a standard for cable-powered systems. Inorder tokeep
the peak voltage low, a quasi- square wave has come into
use, since aperfect square wave generates harmonics which
are undesirable, Thus, the maximum system powering
voltage is given, with the minimum determined by amplifier
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requirements. Spacing from the power supply is then de-
termined by the cumulative voltage dropin an amplifier cas-
cade,

12-2. LOOP RESISTANCE AND DROP CURVES

In laying out powering systems it is generally best to
disregard the shunt resistance of strand wire in order to
arrive at a more conservative design. Strand wire reduces
the resistance of the outer conductor in normal system con-
struction due to the bonding at amplifier locations via strand
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Fig. 12-1. Power characteristics of a typical

CATV amplifier.

clamps. This does not apply to underground systems and it
is usually best to disregard the action of strand wire alto-
gether. Loop resistances of coaxial cable do not vary
greatly, but are different for the two basic cable types, thin-
wall and solid-sheath cable. Typical values are listed in
Table 12-1.

With loop resistances and the power characteristics of
an amplifier known, it is possible to develop voltage drop
curves which indicate power reserve in cable powering, The
power characteristics of an amplifier relates AC current
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drain to AC input voltage (Fig. 12-1). CATV amplifiers
do not follow Ohm's law due to the servo action to the built-
in regulated power supply; that is, current drain is not
doubled for twice the voltage. With a high - quality series
regulator, current drainis reducedbelow normal Ohm's law
as shown in Fig. 12-1. For a shunt regulator current in-
creases above Ohm's law. This latter type of ""brute-force"
voltage regulator is not suitable for CATV purposes. Based
on the given power characteristics, voltage profiles may be
developed for a cascade of CATV amplifiers (Fig, 12-2).
This voltage drop indicates the voltage present at each amp-
lifier location for different loop resistances. Loop resis-
tance, in turn, depends on spacing of amplifiers and cable
type. For the example given in Fig. 12-2, a minimum use-
ful amplifier input voltage of 20 VAC is assumed. Starting
from the last amplifier, the voltage drop is small, because
it is caused by the current of only one amplifier. The volt-
age drop increases with every amplifier as we travel to-
ward the power supply, as does the current in the cable.
Also indicated in the graph is the power supply voltage from
no load (36 VAC) to a full load condition (30 VAC). The
maximum number of amplifiers may then be read where
both curves intersect. For example, assume the total load
on the power supply is 5.4 amperes, and amplifiers are
spaced at a distance of 1, 000 feet using .412-inch thin wall
cable. Loop resistance is, therefore, 3.36 ohms (from
Table 12-1) and extrapolation above the 3.0-ohm curve in
Fig. 12-2 shows that seven amplifiers may be cascaded.
The total current drain with Fig. 12-1 is 1.3 amperes
based on an average current of 185 ma. This leaves 4.1
amperes to power other amplifiers available from the power
supply. Other cases may be determined along similar
lines from measured power characteristics and a set of
voltage profile curves such as in Fig. 12-2. A mathema-
tical treatment is given in Appendix IV,

12-3. LOCATION AND SPACING OF POWER STATIONS

Power supplies should be located strategically at branch
points for the best powering efficiency. For example, with
high-level distribution (Chapter 9), more distribution amp-
lifiers are cascaded than with the former line extenders,
typically 6 to 10, All of these distribution amplifiers are
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fed from one of several outputs of a bridging amplifier. A
bridging amplifier typically has four bridged outputs. Con-
sidering all of these factors, it becomes clear that it would
be most desirable to locate a power station close to, or
adjacent to, a bridger amplifier for best powering efficiency.
In our example, one power supply adjacent to a bridging
amplifier will furnish power to the bridger itself plus a
string of six distribution amplifiers from each of four
bridger outputs, or a total of 25 amplifiers. In Section
12-2 the maximum cascade for powering purposes was found
to be seven, and this was reduced here to six amplifiers as
an added safety measure. Powering 25 amplifiersfrom one
powering location is excellent powering efficiency when we
consider (with the data given in Chapter 9) that this corres-
ponds to more than one thousand subscribers, Animportant
rule is, therefore, to locate a power supply adjacent to
every bridger location.

The other extreme is an unloaded main-trunk run. In
this case, loop resistance is increased, because of the
longer main-trunk spacing, and because of increased cur-
rent drain due to the more complicated amplifiers using
extra transistors in such main-trunk amplifiers as AGC and
level-control stations, and combination amplifiers which in-
clude bridger circuits. On analyzing the voltage drop itis
found that with typical CATV amplifiers, power should be
applied at intervals of every sixth to tenth amplifier. For
extra safety, a second rule of cable powering calls for loca-
ting a power supply adjacent to every second AGC location in
an unloaded main trunk, All other practical cases fall be-
tween these two extremes, and can be treated similarly. In
some instances, a smaller booster supply is helpful which
allows the addition of a few extra amplifiers for odd lay-
outs,

Power is applied to the cable via a so - called power
inserter. This unit consists of a small RF filter to remove
interference due to the power line, and circuits which apply
the powering voltage in shunt with the RF signal. This
power inserter is either a separate unit which is inserted in-
to the cable like a splice, or it might be an integral part
of the power supply, or an amplifier. Several modes of
powering, which refer to the location of the amplifier, are
distinguished by CATV amplifiers which usually have pro-
vision to select input, output, or through powering., In "in-
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put powering, "' power is passed from the input connector to
the amplifier circuit. No power is applied to the output
from the input, although power voltage may be present at
the output connector from a different power supply down
the line. In "output powering" the situation is reversed,
with power for the amplifier derived from a supply feeding
the cable somewhere on the output side of the amplifier,
Modern power supplies are polarized for ''power sharing,"
which results in added system reliability, In this mode of
operation, ''through powering" is used where input and out-
put are directly tied together as far as power is concerned.

I2-4. LIGHTNING AND SURGE PROTECTION

In systems exposed to the environment as in CATV, spec-
ial emphasis must be placed on protection against power
surges and lightning damage. Excellent performance can
be achieved even in bad lightning areas by both system and
equipment design. Field tests have been conducted for
many years and the knowledge gained has resulted in modern
CATV systems which are both lightning and surge proof.
The whole concept of surge protection is intimately related
to cable powering., It has been shown, for example, that
the induced center-conductor voltage is proportional to the
low-frequency impedance of the cable system involved. If
the cable system is powered from such a low-impedance
source as a regulating transformer, lightning-induced volt-
age surges are reduced considerably. Thenow obsolete DC
powering concept resulted in much higher impedance, and
it was much more vulnerable to lightning surges. The first
principle is, therefore, to keep surge voltages low by keep-
ing impedance levels low. This applies to induced voltages
on the center conductor due to a lightning hit of the outer
conductor.

Surges can also be transmitted directly from the
power lines. Elimination of these voltages is readily ac-
complished in the power supply. RF filtering removes high-
speed surges and a regulating-type transformer takes out
low-speed surges. By proper design of these power supply
details, excellentlightning and surge protectionis achieved,
In addition, various types of lightning arrestors, automa-
tic self-resetting circuit breakers, etc., are oftenusedfor
extra protection.
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Whatever surge voltages remain in the cable system,
particularly at locations far away from a power supply,
must be eliminated or made harmless by amplifier design,
These techniques for surge protection are well known to-

day and are incorporated in the design of modern CATV
amplifiers.
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CHAPTER 13

Testing CATV Amplifiers

One of the most important functions of a CATV amplifier is
to correctly compensate for cable losses, providing both
proper gain and frequency response. To achieve the quali-
ty level required in modern systems, a flawless test
method which avoids all the common sources of erroris es-
sential. Chief among the systematic errors are the use of
various jumper cables, poor matches, and generally dif-
ferent conditions than would be encountered in the field.
All these errors can be avoided only if careful attention is
paid to the detailed test instructions which follow.

13-1. EQUALIZATION AND ALIGNMENT

These test methods are particularly designed for the latest
high-quality amplifiers for systemsnot using juruper cables.
For these modern systems, a factory alignment to a flat-
ness of £0.1 db makes sense, and will pay off in substan-
tially improved performance due to greatly increased
cascadeability, For older systems, where jumper cables
are used, the same test methods may be used, withor
without jumper cables; however, an alignment flatter than
+1.0 db is then a waste of time, since the response would
change atleastthat muchwhen installed in the system. In the
future, with improved amplifiers having larger dynamic
range, extreme accuracy may no longer be required for nor-
mal, shortcascades since these amplifiers are very forgiving
due to their much lower distortion and noise levels. How-
ever, the ultimate in alignment accuracy is still desirable
for the highest reliability and freedom from maintenance
which is possible with automatic CATV and where long cas-
cades are within the capability of these new amplifiers.

In the following paragraphs, proven, highly accurate
test methods are described, using low - cost instruments,
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Higher-quality sweep generators, oscilloscopes, etc,, may,
of course, be used. They do not increase the accuracy of
measurement, but they may be more convenient for other
reasons such as repair and maintenance, or stability.
Special test fixtures mentioned below, such ascalibrators,
detectors, etc., are required for high alignment accuracy
and they may be obtained from several CATV manufacturers.
Typical circuits for these are given below,

The first step in the alignment of CATV amplifiersis
the calibration of the test setup (Fig. 13-1), The sweep
generator, which must cover the range from 50to 220 MHz
in a single band, is connected by a jumper cable to a step
attenuator used to obtain calibrated oscilloscope traces,
This jumper cable cannot be avoided. Its effect is made
small by close impedance matching for a VSWR of 1.1 or

better. In addition, the calibrator contains a fixed 10 db
0SCILLOSCOPE

HEATH MODEL
SWEEP GENERATOR 10-12

JERROLD MODEL 601
50 - 220 MHz 75-0HM
TERMINATION
caLiBRaToR DETECTOR
; v H
O - i [e]
JUNPER CABLE //l
4106 . Lo:—' -
N0 JUNPER INTERNAL 60<Hz

HERE JUMPER CABLE SREEE
4 10 6 FT.

Fig. 13-1. Calibration setup diagram for
amplifier alignment,

pad to further isolate reflections, due to the jumper, from
the circuit under test.

Any remaining errors are eliminated by indicating
the actual calibration trace on the oscilloscope with a
grease pencil (Fig. 13-5), While there is no inherent
source of error left with this setup, it is still desirable to
obtain the flattest possible horizontal trace on the oscillo-
scope. This is achieved by adjustment of the leveling cir-
cuit in the sweep generator, judicious use of the output
level control and/or fixed attenuators of the sweep genera-
tor, as well as changes in the construction of the detector
(different grounding, etc.)

The calibrator, in turn, is connected directly to the
detector without coupling pieces or jumper cable, however
short. This necessitates, of course, the construction of
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a special calibrator which has a built-on female cable con-
nector, All wiring inside the chassis box from connector
to circuit must be kept to less than 1/2 inch. Where these
special pieces of equipment cannot be built or obtained, no
attempt should be made to test these high-quality amplifiers;
instead, they should be returned to the factory for align-
ment., The detector has an external 75 - ohm termination,
and its output feeds the oscilloscope via a jumper cable
which is non-critical because it carries only low-frequency
signals (better accuracy is possible by using a special, co-
axial 75-ohm detector).

All pieces in the test setup, with the exception of the
connection from detector to oscilloscope, should have a
VSWR of better than 1.1. This is achieved by trimming
capacitors marked C, in Figs. 13-2 and 13-3, and by
changes in the layout. The step attenuator of Fig. 13~2 has
built-in switchable 0, 1, 2, and a fixed 10 db step. There-

2-POLE 2-POS1T1ON
SLIDE SWITCHES
" FooTTTT T t FEESEEE t FEMALE CABLE
CONNECTOR | o—— ! L e——— CONNECTOR
:
| ' !

1. 2K 150 ISOT Cx

I db 1 db 10 db

Fig. 13-2. Calibrator schematic.

fore, it is possible to mark three traces on the oscillo-
scope face at +1, 0 and -1 db. The detector is a standard
full - wave voltage doubler provided with a marker input
through a 2.2 pf capacitor. The termination is external
so that the same setup is suitable for VSWR tests, (With a co-
axial detector a special VSWR adapter is used which also
serves as a marker inserter.)

No expensive oscilloscope is required, since only
low frequencies upto 10 kHz must be displayed. However,
provision for 60-Hz line sweep and high sensitivity (10mv/
cm) are essential, For precision alignment, a stable
reference line of the sweep pattern is essential; conse-
quently, a DC or a DC-restored scope must be used, DC
restoration is most easily achieved with a parallel diode
at the proper point in the vertical amplifier of the oscillo-
scope (Fig. 13-4). For proper operation, it is essential
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Fig. 13-3. De-
tector schematic.
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Fig. 13-5. Oscill-
oscope alignment
pattern.
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that this diode be connected in the correct polarity, across
a point of high impedance and reasonably high signal level,
but ahead of the push-pull output section.

The calibration procedure is then as follows: In the
setup of Fig. 13-1, adjust the level of the sweep generator
and vertical positioning of the oscilloscope to obtain at
least a 1/2-inch separation of the three traces obtained with
the calibrator, Use maximum vertical gain of the oscillo~
scope. It does not matter if the DC line (base line)is vis-
ible, However, the +1, 0 and -1 db lines should be well
separated and located in the center of the screen. Connect
a marker generator to the detector and obtain pips at 50 and
220 HMz, Center the sweep generator and adjust oscillo-
scope horizontal gain to spread out the pattern evenly.
Mark the 50 and 220 MHz points with a grease pencil, and
also indicate the horizontal traces at +1 and -1 db. Reset
the step attenuator to the three positions and check the
grease pencil lines. Set the attenuator to the 0 db line,

RF VOLTMETER
213 MHz CALIBRATOR BOONTON 91DA

JUMPER 250 wa
ol L ® !
S|GNAL CABLE T0 BE/
GENERATOR T 7500 ADAPTER

Fig. 13-6. Diagram of setup to measure cable loss.

This completes the calibration, which normally will
be accurate for at least a day unless the controls on the
sweep generator or oscilloscope are touched inadvertently
or if line voltage fluctuations are unduly excessive. Then
it will be necessary to readjust the sweep generator and os-
cilloscope. Rarely will it be necessary to draw new grease
pencil lines. A base pattern as shown in Fig. 13-5 should
be obtained.

Next it will be necessary to prepare the correct test
cables. For example, for 25 db spacing, two lengths of
10 and 15 db each are used. It is therefore necessaryto
measure these lengths of cable to the required degree of
accuracy. The normal field strength meters are unsatis-
factory for this purpose, due to their poor range overlap
and other built-in inaccuracies. The most accurate test
setup at reasonable cost is as shown in Fig, 13-6, This
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test setup is also convenient for testing attenuators and the
like. The accuracy achieved is related directly to the RF
voltmeter, a Boonton Electronics Type 91-DA, with a
basic accuracy of 2%.

After the cables have been made up, the test and
alignment follows the procedure indicated in Fig. 13-7.
This is basically the same setup as in Fig. 13-1, Thede-
tector and calibrator are simply separated, and the ampli-
fier, with cables, is inserted. Notice thatno jumper cables
are used anywhere between attenuator and detector. The amp-
lifier adjustments (trimmers, gain, tilt) are then set to
obtain the (flattest) response possible, coinciding with the 0
db line on the oscilloscope as shown in Fig. 13-5.  The
flatness then can be read directly from the graticule, be-
cause the logarithmic measure of dbislinear to better than
0.1 db over the small range of £1 db, Therefore, linear
interpolation is permissible, For example, if the stretch
from 0 to 1 db on the oscilloscope is 1 cm, then 0.1 db cor-

ADAPTER
6! MALE-TO-MALE .
JUMPER 15 db B_D-L 10 db 6' JUMPER [°

SWEEP CALIBRATOR AMPLIFIER DETECTOR 0SCILLOSCOPE
GENERATOR UNDER TEST

75-0HM
TERMINATION

Fig. 13-7. Diagram of alignment and gain test

setup.
responds to 1mm. (InFig. 13-5, flatness wouldbe 20.1db.)
With this method, no additional gain reading is needed, be-
cause obviously the alignment was made so that the total
gain of amplifier plus cable is 0 db. Therefore, the amp-
lifier gain is equal to the cable loss which was measured
with high precision in the setup of Fig. 13-6.

13-2. GAIN CONTROL AND TILT COMPENSATION

In order totest the range of the gain control of a particular
amplifier, it is only necessary to change one of the test
cables for one of different length., For example, in Fig,
13-7, the 15 db cable is interchanged for one having 10 db
loss at 213 MHz. All adjustments are then repeated as be-
fore and the final flatness is read,

It is important to have a clear understanding of gain
control range—the range of amplifier gain adjustment
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through which cable equalization is possible, Gain control
range without a flatness specification is meaningless. The
specifications for a high-quality amplifier might be:

Flatness Gain Range
+0.1 db 20 to 25 db
+0.25 db 18 to 26 db
+0.5 db i6 to 27 db
+1.0 db 13 to 28 db
+2.0 db 10 to 29 db

This means that cable equalization to an accuracyof £0.1
db is achieved for spacings from 20 to 25 db, all the wayto
a flatness of only %2 db for a gain range from 10 to 29 db,
For high-quality systems, a flatness of £0.25 db might be
the limit. The useful gain range is then from 18 to 26 db.

In some less critical applications, andolder systems
using jumper cables, a flatness of £1 db would be sufficient,
giving a spacing range from 13 to 28 db. Of course, opti-
mum spacing is determined by signal-to-noise considera-
tions (See Chapters 4 and 5), and the best value of spacing,
together with the highest figure of merit, is furnished by the
amplifier manufacturer. Gain range then is merely an ad-
justment for spacing and similar errors, in systems not
using automatic spacing. In systems with automatic spac-
ing, no gain control is normally used; rather, only internal
adjustments are provided for initial factory alignment.
Therefore, no test for gain range is made on these ampli-
fiers,

Another important consideration is the tilt-compensa-
tion of the gain control (Chapter 10). This term indicates
the use of a single compensated control to adjust the ampli-
fier for different spacing. Obviously, such a control is a
necessity in high-quality systems to assure the required ac-
curacy of field adjustments, The older spacing adjustment
method, where a multitude of controls (gain, tilt, low-fre-
quency switch, internal trimmers, etc.) had to be touched
up for different spacing, wasnecessitated by poor amplifier
design and results in poor system performance, since no
satisfactory field adjustment of all these controls is possible.
The gain range test in all these cases follows the procedure
outlined above,except that after the initial alignment only a
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single control, the tilt-compensated gain control, is adjusted
for different lengths of cable. Inthisfashion, the tilt com-
pensation of a gain control is checked,

Frequently, a separate adjustment for tilt is needed to
compensate for variations in flat loss, particularly inthe
distribution system. With such dual controls, the proce-
dure is to set gain first at Channel 12 or 13, andthentilt at
Channel 2 or 3. A single adjustment of both controls should
result in precise alignment if the unit is to be adjusted easily
in the field.

The action of a tilt control is tested by inserting addi-
tional flat loss. For example, in Fig. 13-7 the input
cable of 15 db is changed to 9 db, plus a 6 db coaxial atten-
uator. This corresponds to a typical cumulative flat loss
of directional taps between distribution amplifiers. The
gain is still 25 db as before, but the tilt has changed and
the tilt control must correct this change. Tilt range is test-
ed similarly by varying the flat loss.

Before going on to other tests, itis worthwhile to con-
sider the inherent sources of error in sweep testing and
their elimination in the alignment procedures described.
One of the chief causes for faulty alignmentlies inreflec-
tions and improper cable lengths., Reflections cannot be
avoided altogether, and a match with a VSWR of 1.1 must be
considered excellent. However, even such a good match
causes an error of approximately +1 db in frequency re-
sponse for a short length of cable with practically no loss.
The effect shows itself as successive peaks and dips, the
number increasing with the length of cable.

A short jumper cable of 1 to 2 inches causes mainly a
relative shift between high and low band, while longer pieces
show variations between channels and thereafter within a
channel. Since with alonger cable the loss also increases,
reflections are progressively attenuated until finally a point
is reached where even a bad mismatch hasno visible effect
on frequency response. In order to avoid these errors,
jumper cables are avoided in the main test section between
attenuator and detector. All other jumpers, errorsin the
sweep generator, detector, etc., are removed from the
measurement by using a calibrated sweep. The error in
frequency response is therefore determined by the accura-
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Fig. 13-8. VSWR test setup.
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Fig. 13-9. VSWR oscilloscope patterns.

+1
¢ PATTERN DUE TO MISMATCH

A IZ/OF AMPLIFIER
0 y V‘\VA n’nﬁﬂvﬂvﬂ [f“\ W]'I},I\H
"L 1

PATTERN DUE TO OTHER SOURCE
(A SHORT PIECE OF CABLE)

Fig. 13-10. Superimposed VSWR pattern caused by
multiple reflections.
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cy of the grease pencil lines on the oscilloscope. Gener-
ally, this can be held to 0.1 db.

Errors in reading the flathess may be due to an error
in the calibrator, This error can be made considerably
smaller than 0.1 db by hand trimming resistor values,
This is true even if a lower quality db meter is used; even
these meters are sufficiently accurate over such a small
range as 1 db., The fixed 10 db pad does not contribute
any error and a tolerance of *1 db is satisfactory. Non-
linearities in the detector are eliminated by using a cali-
brated sweep and DC restoration in the oscilloscope.

The remaining error lies in the length of the test
cable. Although an accuracy of 0.1 db is desired for ab-
solute gain measurements, no such great precision is re-
quired for frequency response tests. As a matter of fact,
since the amplifier performs in the field with inaccurate
spacings, it certainly cannot be particular about length of
cable on the test bench, This is even more true with modern
amplifiers which feature a tilt-compensated gain control.
The major cable error lies in the use of other than system
cable for alignment purposes, such as RG-59/U. With
this type of cable, there are mainly two types of errors:
short, sharp dips or spikes which are easily recognized
and are ignored in alignment; and a slight change in tilt.
This tilt as compared to system cable is typically less than
0.1 db at Channel 2, There is no error in the high-band
channels, This small tilt error normally can be ignored
in system usage. It could be readily compensated by a
small adjustment of the tilt control if so desired. There-
fore, for most practical purposes, alignment with RG-59/U
cable is satisfactory.

13-3. TESTS OF MATCH AND VSWR

Only the sweep method will be described here since all
other methods are less suitable for tests on CATV equip-
ment. The basic errors of commonly used setups are in
the nonlinearity of the detector and oscilloscope, inaccura-
cies in the test cable, and errors due to jumpers. These
problems are avoided simply by using a calibrated method;
the same setup used for alignment is suitable with no
separate calibration necessary, In Fig. 13-8, the termi-
nation is removed from the detector, and an accurate 75-
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ohm cable is connected with a loss of exactly 1.5 db at213
MHz. The other end of the cable is terminated by the amp-
lifier under test. Any mismatch at the amplifier endof the
cable causes reflections which add or subtract at the de-
tector to form the familiar standing wave pattern on the os-
cilloscope (Fig., 13-9).

The basic definition of VSWR is given by the ratio of
"y to "x" as indicated in Fig, 13-9. This measurement
could be performed directly by reading "x'" and "y on the
oscilloscope graticule, were it not for the inherent large
errors due to detector and oscilloscope nonlinearities.
This inaccuracy is overcome by using a calibrated sweep.
It is an easy matter to convert the db steps already indica -
ted on the face plate of the oscilloscope to VSWR. The 1

Table 13-2. Conversion of db to VSWR.

db v

+2.5
+2.0
ti.5
+i.0
+ .75
+0.5
+3.25

(2]
x
=

T 000000
O e——=pFo N

D W0 o — 00 0o

db limits correspond to a VSWR of exactly 1.26; 0.5 db
limits (half-way in between) correspondtoa VSWR of 1.13,
etc. Consequently, VSWR may be read directly to any de-
sired accuracy. For conversion, Table 13-2 may be used.

With this method, the common errors due to non-
linearities are completely eliminated. The pattern ob-
tained must be exactly bisected by the 0 db line as in Fig.
13-9. A pattern as in Fig. 13-10 is obtained if reflections
from two sources are superimposed to form one VSWR pat-
tern. Clearly, the VSWR due to the amplifier is indicated
by the fine wiggles, and the pattern due to the other source
must be disregarded in the measurement. The worst amp-
lifier VSWR in Fig. 13-10 is measured between A and B,
not C and D, For greatest accuracy, multiple reflections
must be avoided, This is accomplished in the setup of
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Fig. 13-8 if no jumper is used between calibrator and de-
tector as is shown.

Another source of error lies in the VSWR cable it-
self, Obviously, this cable must be of the same impe-
dance as the cable used in the system. This is an impor-
tant point because nominal 75-ohm cable varies as much as
+10%, and this could lead to a worst-case VSWR of 1.23
instead of 1.0, for example. It is therefore advisable to
use RG-11/U, or better yet, regular feeder cable for the
VSWR test.

The loss in the cable is of extreme importance,
since the measured return loss at the detector is better by
twice the cable loss as compared to the amplifier mismatch.
In order to have a meaningful VSWR measurement, it is

Table 13~3. VSWR with 1.5 db of cable.
Channel 2 Channel 13
Measured Actual Measured Actual
.05 1.06 .05 1.07
.1 112 | .14
.15 1.18 1.15 1.22
1.2 .24 1.2 1.28
1.25 1.3l 1.25 1.38

necessary to standardize the loss in the VSWR cable, This
loss is made exactly 1.5 db at 213 MHz in order to arrive
at a length of approximately 100 feet for the VSWR cable.
The exact length is not of importance, but a length of 100
or more feet is desirable in order to obtain good resolution
on the oscilloscope. With 1.5 db of cable, the change in
return loss is 3 db at 213 MHz, 1.5 db at Channel 2, The
actual amplifier VSWR may then be easily computed; how-
ever, this is hardly necessary as long as the loss of the
VSWR cable is specified, Typical corrections are given in
Table 13-3.

Return loss may be read directly as a function of db-
variation by using Fig. 20, Appendix VI, which hasbeen com-
puted for cable with 1. 5db loss at 213 MHz. As we have seen
in Chapter 8, return loss is the most usefulnumber to indi-
cate match for system design.
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With the method described, it is readily possible to
read down to a basic accuracy of 1% or a VSWR of 1,01,
The VSWR cable should be 1.5, +0.05 db, to achieve this
accuracy.

13-4. MEASUREMENT OF NOISE FIGURE

A typical CATV amplifier aligned for 25 db spacing has a
noise bandwidth of 80 MHz. This value can be obtained by
graphical methods too involved to be described here. Using
this value of 80 MHz and Fig. 3-4, it is possible to obtain
the noise figure from the equivalent input noise. The equi-
valent input noise is obtained from the output noise and the
gain of the amplifier. An example will illustrate this
method.

Assume an amplifier aligned for 25 db spacing has an
output noise level of -32 dbmv at Channel 13 and -48 dbmv
at Channel 2, as measured with a meter with a noise band-
width of 400 kHz. (When measured witha wideband 300-MHz
RF voltmeter, the output noise is -12 dbmv.) What are the
noise figures?

AWPLIF IER TUNABLE
UNDER_ TEST QUTPUT
<50 <750 ) METER

254 A

| A AAS |
pRISE R) 75-0Hv = JUMPER ) SHITCHABLE

GENER:LO ADAPTER 3 db ATTENUATOR

JUMPER

Fig. 13-11. Diagram of noise figure test setup.

With an output noise of -32 dbmv and a gainof 25 db,
the input noise is -57 dbmv. Correcting from a 400-kHz
to 4-MHz bandwidth, add 10 db, and obtain an equivalent in-
put noise of -47 dbmv, With Fig, 3-4, at a 4-MHz band-
width, the noise figure at Channel 13 is 12 db, At Channel
2, with 12 db gain, the input noise is -60 dbmv, or -50
dbmv for a 4-MHz bandwidth correspondingto anoise figure
of 9 db. The overall noise figure is obtained by using the
noise bandwidth of 80 MHz,With a noise output of -12 dbmyv,
the input is -35 dbmv, using 23 db gain at the median fre-
quency (determined graphically). The overall noise figure
is then 11 db,
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This method of noise figure determination is reason-
ably accurate, but quite cumbersome due to the time-con-
suming task of determining the exact noise bandwidth., More-
over, many meters are of the peak - reading variety and
totally unsuitable for noise measurements, leading to
errors up to 20 db. Therefore, this method is satisfac-
tory only for the knowledgeable engineer and, in any case,
very time consuming. It is used when only a limited

amount of equipment is available.
CH

COMBINING

NETWORK AMPL IF IER

UNDER TEST OUTPUT
METER
g

OUTPUT TEST POINT

SWITCHABLE
ATTENUATOR

TV MONITOR

SWITCHABLE
FAD

Fig. 13-12. Diagram of overload test setup.

The much preferred direct method uses a noise gen-
erator. The principle is to apply a measured amount of
wideband noise to the input of the amplifier so that the total
amount of noise is doubled. Obviously then, the noise gen-
erator produces exactly the same amount of noise as the
amplifier itself. This amount of noise is then easily read
from the calibrated meter of the noise generator,

Since noise is compared with noise, no determination
of noise bandwidth is required. Also, nearly every meter
may be used as an output indicator, even peak-reading
tvpes, particularly with the refined 3 db method (Fig. 13-
11). This 3 db pad is inserted after the amplifier under
test in order to obtain the same meter reading with twice
the noise power. Consequently, the meter always reads
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in the same spot and any nonlinearities are excluded from
the measurements.

The procedure is then as follows: With the noise
generator in '"standby' position, obtain a reference noise
reading in the desired channel. If manual gainis provided
on the output meter, set the pointer to a convenient spot
on the dial. Next, with the 3 db pad in, switch the noise
generator ''on'" and adjust noise level to obtain the same
reading as before. This setting may be rechecked by flip-
ping rapidly back and forth between the '"'standby' noise gen-
erator and 0 db pad, and the '"on'' noise generator and 3 db
pad. When there is no detectable difference in the output
reading, the noise figure is read directly off the noise gen-
erator., If a 25-ohm series resistor wasused to adapt a 50-
ohm noise generator to a 75-ohm system, 1.76 db must be
subtracted from the readingto obtain the actual noise figure
of the amplifier, The accuracy of the direct noise figure
test is generally 0.5 db.

I3-5. TESTING DISTORTION AND OVERLOAD

Distortion in CATV amplifiers is noticed mainly as "wind-
shield wiping,' caused by cross-modulation of the desired
channel by the sync pulses of an interfering station. The
common test method (Fig, 13-.z) contains numerous
sources of error, Through special frequency converters
and amplifiers, TV signals are generated on all 12-chan-
nels by using the local signals available directly, and also
reconverting them to different TV channels, This com-
bined signal is applied to the amplifier under test, and the
output is monitored on a TV set for the onset of visible
distortion, The output level at this point is then read
and represents the overload level of the amplifier.

While this overload test is very easy to perform, it
has severe shortcomings due to the large inherent sources
of error which result in a total accuracy not better than
+5 db.

Starting with the head end, the use of live TV signals
causes several problems. The background brightness
changes from scene to scene, thereby changing the distor-
tion level and also the subjective visibility.,  Also, there
are large variations from station to station and camera to
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camera, and the signal is often poorly controlled at the
station. This applies also to the sync pulse itself which,
on some stations, might even disappear at times into the
video signal, Obviously, such poorly controlled TV sig-
nals are not suitable for measurements.

In order to increase the accuracy, the desired chan-
nel may be left unmodulated (blank). This removes the
error due to poorly-controlled background level of the de-
sired station. However, it is possible for the TV set to
synchronize on the cross-modulated pulses, thereby chang-
ing the visibility of distortion. Also, such a condition does
not resemble the actual overload mechanism in a system.
This can be taken care of by adding a small fudge factor of,
say, 4 db to the overload reading to account for the dif-
between blank and modulated picture.

There are other errors in the signal source. For ex-
ample, if Channe] 13 is received directly and Channel 12 is
obtained by converting Channel 13 to 12, the sync pulses of
both channels will be timed identically. Therefore, no
windshield wiping between these two channels is possible;
the test procedure then completely ignores the normally
severe effect of adjacent channel cross-modulation. Since
different channels are in use in different cities, this factor
alone makes it nearly impossible to directly compare read-
ings taken with different equipment. To avoid the signal
source errors, the only possible solution is to eliminate
off-the-air TV signals for testing purposes.

But even assuming perfect signal sources, many
other large errors are inherent in the test setup of Fig. 13-
12. Obviously, any error in the output meter directly af-
fects the overall accuracy. Moreover, the TV set itself
causes distortion, which changes drastically with the ad-
justment of fine tuning and contrast, and of course, with
input level. The attenuator ahead of the TV set is used to
keep the input level to the TV set constant at all times,
generally at some value between 0 and 20 dbmv, As far as
contrast and fine tuning is concerned no standardization is
possible, and some average setting must be used. To-
gether with the subjective judgment of the operator, these
errors are large and cannot be eliminated.

Another often overlooked error is due to system
equalization, For simplicity, the inputs to the amplifier
under test often are made flat; that is, the level of each TV
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channel is identical at the input of the amplifier, This
form of testing corresponds to full tilt discussed in Chapter
6. Since main-trunk amplifiers are often operated at half
tilt, the test does not represent actual performance in a
system. The same is true for other amplifier types where
the test setup differs from actual operation in the field.

In summary, it may be said that errors in this type
of overload testing are such as to make this test nearly
meaningless, except maybe for comparative purposes.
The reason that such a test method might be used at all is
that no better distortion instrumentation has been available,
since standard cross-modulation tests do not correlate to
windshield wiping effect, Accuracy of all other important
tests can be made high (£0.1 db for alignment, gain, and
VSWR; £0.5db for noise), so thatonly overload and distor-
tion needs a considerably improved technique. Different test
methods with far superior accuracy have beendeveloped (see
Appendix VII, Reference 25), anddistortion analyzersbased
onthese principles are likely tobecome standard in the near
future.

13-6. TESTS OF AGC PERFORMANCE
In AGC amplifiers, in addition to the previously described
tests, AGC action must be checked, and in particular, de-
lay points, drop -out level. compression ratio, * range of
output level, and AGC tilt. These prerequisites of every
AGC circuit can be explained from Fig. 13-13. Consider
first the idealized curve for Channel 13. As the input sig-
nal to the AGC amplifier (bottom scale) in increased, the
output (vertical scale) rises proportionally until the onset of
AGC, where the output level remains nearly constant.

The point of AGC start is called delay point because
AGC is ineffective (delayed) for signals below this point (at
-0.6 dbmv input in Fig, 13-13), The useful AGC range
reaches from the delay point to the drop-out point (at an
input signal level of 26 dbmv), where AGC action ceases
and the amplifier again behaves as a fixed-gain amplifier,
although with reduced gain. The useful AGC range thus is
limited by two sloping straight lines, one representing
maximum gain, the other minimum gain of the amplifier,
In the AGC range, the output remains not constant, but
rises slightly with input signal.

*Appendix VII, Reference 23.
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The ratio of output signal change divided by input sig-
nal change is called compression ratio, For example, in

Fig. 13-13, the output changes by 1 db for an input change
of 15 db; therefore, the compression ratio is 1:15. When
measuring compression ratio, it is important that the input
signal always remains within the AGC range. Normally,
the knee at delay and drop-out points is not as sharp as
shown in the idealized curves, In case of doubt, the entire
AGC characteristic must be plotted. A well designed AGC
system operates normally in the center of the AGC range—
that is, at an input level of 10 dbmyv in Fig., 13-13—inorder
to have enough leeway in either direction for correction
purposes.

Due to the different efficiencies of some AGC detec-
tors for CW or modulated signals, a different set of AGC
curves may result. The test for AGC action should there-
fore be performed with a modulated TV signal, unlessthe
amplifier is designed to operate with a pilot carrier,

The next important characteristic is the range of out-
put level adjustment, This control (or internal adjustment,
as the case may be) determines the system operating level,
and some range of adjustment is desirable to permit the use
of an optimum level for the particular number of amplifiers
operating in cascade. Such a control, if well designed,
produces merely a vertical displacement of the curves,
with other characteristics unchanged, such as compression
ratio, delay, and drop-out point, Then only the output
level is changed with no change in AGC action,

A range of adjustment of £5 db is normally sufficient,
However, inintegrated systems with high-quality equipment,
the output level for the AGC amplifier is factory-set for the
optimum system level (see Chapter 6), since no improve-
ment results in system dynamic range by using a higher
output level for a shorter cascade. The elimination of this
control results in greater reliability by avoidingthe possi-
bility of a faulty field adjustment,

The tilt control in an AGC amplifier has a complica-
ted function which is best explained using Fig. 13-13. So

far, we have only consideredthe curve at Channel 13, For
a fully-tilted system (flat inputs), the curve for Channel 2
is directly below the Channel 13 curve, displaced by the
difference in gain of 13 db (for 25 db spacing). Also shown
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are the curves for half tilt and flat outputs. The in-between
channels have curves located proportionately between the
curves of Channels 2 and 13, according to their frequency.
The tilt control then has the function of changing the char-
acteristic curves for all channels, except Channel 13, to
correspond to a fully, half, or untilted system. It does
not matter then if one channel or all 12 are used; the output
will always be correct at each channel and is held constant
by AGC action,

While this principle of composite AGC works well in
theory, it has serious practical disadvantages. First, a
composite AGC system, one where all channels together
produce AGC action, relies entirely upon the strongest sig-
nal, It cannot correct for variations between channels,
inevitable when jumper cables are used (and only strip AGC
can correct for these variations). Consequently, the
strongest signal determines the operation.

Second, the alignment of AGC equalizationis extreme-
ly critical and can be performed only by a qualified AGC
specialist, While special test equipment could be developed
to simplify this task and increase the accuracy, this has
not been done, mainly because another better AGC princi-
ple has already been found.

Third, while such a system works well even if only
the low-band channels are used, it is not possible to make
a satisfactory adjustment of system tilt in the head end
without simultaneously affecting the whole system level be-
cause system tilt is then determined by the AGC amplifiers.
This is easy to show in an example. Assume that an AGC
amplifier is set for full tilt. Now, if for some reason, it
is desirable to change the system to half tilt, Channel 2 is
then increased by 6.5 db in the head end, and the other
channels proportionately, with Channel 13 remaining the
same (Fig, 13-13). However, the output of the AGC amp-
lifier at Channel 2 is now held constant by AGC action.
An increase in input by 6.5 db results in a decrease in amp-
lifier gain by about 6 db at Channel 2; this corresponds to
a decrease in gain of about 12 db at Channel 13, if the gain
control is correctly tilt-compensated. This means that the
output at Channel 2 was increased by 0.5 db, and at Chan-
nel 13, reduced by 12 db (output level 23 dbmv at both

Channels 2 and 13).
Instead of achieving a desired tilt correction, the
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system level itself has been changed with serious conse-
quences on system performance, In order tochange system
tilt in such a system, each AGC amplifier must be reset
separately by its AGC tilt control, a procedure which can-
not be performed in the field with the required accuracy.,
These shortcomings of composite AGC were offset by
field experience; a modification, although not good, led to
a system operating in some fashion, This modification con-
sisted of tuning the gain control section of the AGC ampli-
fier to function at a few channels only, usually near the top
of the high band. Such a compromise system has also a
large number of disadvantages. While the tilt in the head-
end equipment may now be set correctly for the channels
which are not gain controlled, the same fault exists for the
channels which have AGC action; this behavior causes a
bend in the system frequency response near the frequencies

where AGC action becomes effective,
Secondly, as already mentioned, there is no AGC

action at all for many channels, Therefore, the AGC amp-
lifiers have to be aligned differently for each system. For
example, in a low-band system, the AGC has to be tuned to
provide gain control near the top of the low band. If high-
band channels are added later, all AGC units must be re-
aligned. Or, a system carrying Channel 12 will have dif-
ferent AGC action from one with Channel 13, Experience
with AGC amplifiers of this type shows the typical poor
performance and unreliability of this concept. It simply is
not possible to manufacture high - quality AGC amplifiers
where a faulty concept requires extensive factory and field
modifications for each particular application. It is clear
from this discussion that composite AGC amplifiers are not
suitable for high-quality AGC systems.

As a next logical step, one could develop equipment
where AGC action depends on one channel only, usually the
highest TV channel carried. While such a conceptis avast
improvement, it still has a number of shortcomings. It
still would be necessary to have a different AGC amplifier,
and a different alignment for each system, Also, in case of
later addition of new channels to a system, a major over-
haul of all AGC equipment is necessary. Finally, a TV sig-
nal itself is not the most suitable signal for AGC due to the
varying modulation which, in turn, affects AGC action.

For precise AGC action, therefore, the use of a pilot
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carrier is essential. The advantages of the pilot carrier
system are obvious: identical AGC action regardless of
system; precision factory alignment is possible; system
tilt is readily adjusted in head-end equipment; independence
from modulation changes.

The test for AGC action with a pilot-carrier AGC amp-
lifier is similar to the test already discussed with Channel
13 as shown in Fig, 13-13. The only difference is that a
generator, tuned to the pilot-carrier frequency, is applied
to the input of the AGC amplifier.  Thereafter, the AGC
characteristic may be measured with delay and drop-out
levels, and compression ratio may be determined.

I3-7. TEMPERATURE CORRECTION AND AUTOMATIC
SPACING

These tests are closely related. As a matter of fact, al-
though we talk of AGC or level control, really thereis no
need for such a concept since the signals are sentdown the
system with a constant level from the head end. The only
function of AGC circuits is then actually to correct for
changes in cable attenuation with temperature or errors in
spacing,

To test for temperature compensation, the inexperi-
enced technician might construct a large temperature test
chamber at great expense, install large spools of cable and
then proceed to heat or cool this chamber to perform tests
on temperature - correcting AGC amplifiers. Such a test
would not only be expensive and time consuming, but is
loaded with large inherent sources of error, particularly due
to the tremendous thermal hysteresis involved in such testing.

Fortunately, much more elegant and precise methods
exist for testing temperature compensation. It has long
been established that temperature has exactly the same ef-
fect on coaxial cable asif its electrical length were changed.
Very accurate tests of this effect have been made, and any
deviation from this law is certainly less than 1% or 0.1 db
if any deviation exists at all. (See also Fig. 11-3). This
accuracy is amply sufficient and quite commensurate to
other accuracies in tests discussed so far,  Consequently,
temperature compensation of the cable is tested simply to
changing the length of test cable, If temperature compen-
sation is effective, the frequency response and output level
must be unaffected by changes in cable.
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The maximum probable change in the electrical
length of a cable depends on the spacing between AGC amp-
lifiers in a system. For example, with 25 db spacing
and an AGC amplifier in every third position, the spacing
between AGC amplifiers is 75 db. For a temperature
range from -50 to 160° F, the change is then -10.5 to
+7.5 db, respectively. If such an AGC amplifier is nor-
mally aligned at 25 db, its output must remain unchanged
if the test cable is changed from 14.5 to 32.5 db.,  Again,
for high quality equipment designed for use without jumper
cables, the test cable is split into two sections.

The test procedure is then as follows: Calibrate the
test setup (Fig. 13 -1) as described before.  Then proceed
with the alignment as shown in Fig, 13-7. Next, ex-
change the input cable (15 db) for one having 4.5 db and
22.5 db loss at Channel 13, respectively. The change in
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Fig. 13-i4. Thermal hysteresis curve.

output and flatness is then read directly from the oscillo-
scope. With some AGC amplifiers, this test cannot be
performed due to the time constant of the particular AGC
circuit, which is unable to perform at a sweep rate of 60
Hz, It is then possible to test temperature compensation
manually, by changing the AGC bias directly with a poten-
tiometer. For this case, manufacturer's test instructions
should be consulted. The same is true for systems using
pilot carriers.

The test for temperature compensation, by its nature,
is identical to a test for automatic spacing. Normal spac-
ing errors fall into the range of 3 db; therefore, the much
larger range necessary for temperature compensation en-
compases this range and no separate test is needed. How-
ever, since both effects may be additive, the range of
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temperature compensation should be increased proportion-
ately.

Temperature testing must also include tests on the amp-
lifiers themselves, For this purpose, a small tempera-
ture chamber to house an individual amplifier must be used.
The test setup in Fig. 13-7 is used to first complete the
alignment of the amplifier. Thereafter, the amplifier is
placed in a test chamber using jumper cables (about 3 feet
each) of heat-proof coaxial cable, such as RG-140/U,

The effect of the jumper cables is taken into account
by drawing the new response on the oscilloscope. For this
purpose, the standard calibration procedure is followed
and the pattern of Fig. 13-5 is obtained, except that there
now will be three parallel lines showing peaks and dips
spaced 1 db apart, The peaks and dips due to the jumper
cables are of no consequence in this test, since only the
change of response with temperature is of interest. Note
that the amplifier alignment is not touched. Thereafter,
the temperature is raised slowly to 1600 F, cycled down
to -500 F and brought back up to ambient. The output
level is read from the oscilloscope at every 10° F on both
paths going up and down.

The complete thermal hysteresis loop may now be
plotted (Fig. 13-14), The true thermal curve is the aver-
age of the hysteresis curve, This curve must not change by
more than 0.5 db for high quality equipment, unless the
concept calls for an open-loop compensation system as
might be used in distribution applications. Then the ther-
mal curve must be the opposite of the cable within 0,5 db,
The thermal curve is normally measured at Channels 13 and
2 to give a full picture of changes in slope. These tests
are not required routinely, but rather performed by the
manufacturer to assure a high quality product,

The test procedures discussed here provide high
standards of accuracy, and are designed to be simple in
use so that excellent results can be achieved by system
technicians.
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CHAPTER 14

Increasing Channel Capacity

Although additional program material is generally not avail-
able, there hasbeen coasiderable thought inrecentyears about
methods of adding extra TV Chanuels to a CATV system for
use at some future date or for other services. Twenty, twenty-
four, twenty-seven, and even more channels have been pro-
moted by many CATV equipment manufacturers, and as we
shall seethere is really no upper limitto the possible number
of chamnels in sight; however, with most methods one has to
accept degradation in picture quality, along with a large in-
crease in system cost.

There are three basic methods which have been proposed or
actually used in system designs. 1. The addition of extra
chanuels to the existing 12 channels in the VHF band, with
several variations; that is, the use of the frequency range
from 20 t0 54, from 88 (120) to 174, and 216 to 300 MHz.
We shall code this method "Extra VHF Channels." 2, Use of
UHF Chanuels throughout. 3. Multiple cable systems. There
are additional methods of merit, but since they are not widzly
discussed at the moment we shall concantrate at this time on
the pro's and con's for the basic techniques mentioned above,

fu- f. FREQUENCY ALLOCATIONS

When extra channelsare added to al2-channel CATV sys-
tem, the wisdom of the standard TV channel allocations be-
comes immediately apparent. With the present frequencies
for the 12 VHF channels, interference due to intermodulation
products caused by second-order curvature is minimized.
Just adding one additional channel causes immediate problems
and equipment which previously had acceptable third -order
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curvature (cross modilation) now, in addition, must also
minimize the normally much stronger second - order noalin-
earities. Two frequencies, fl and f2, generate among others
the following intermodilation prod.icts due to a second-order
nonlinearity: f1 plus f2, fl1 minus £2, 2f1, 2f2, 2f1 plus 2,
2f1 minus f2, 2f2 plus f1, 2f2 minas f1, 2fl1 plus 22, 2f1
minus 2f2, with f1 assumed larger than f2 (f1 is greater than
f2). Consulting Appendix VI we see that the second harmonic
of Channel 2 (2 x 54 MHz) is atthe top of the FM band. There~
fore, Channel 2 andthe other low-band channels have no chance
of interferringwith each other. Nor canthz sum ordifference
of any low- or high-band channel cause interference (216 minus
54 is 162 MHz; belowChannel 7, etc.). An insignificant over-
lap exists between the second harmonic of Channels 6 and 7 (2
x 88 and 174 MHz). The reader can verify the other products.
As it stands, only the normally much weaker third-ordzr non-
linearities might cause interference (and they are,of course,
also responsible for cross modulation; for example, 3 x 60
MHz—<Channel 3—is 180 MHz—Channel 8—-¢tc.

How can we get extra channels without having to worryabouat
second-order nonlinearities? As can be seen from examining
the make-up of the frequency allocations (Channels 2 through
13), frequsncies below Channel 2 cannoi be used because dif-
ference products with Channel 6 would cause interference with
other channels. The old Channzl 1 is not available because
of the IF frequencies used in most TV sets. The range im-
mediately above Channel 13 also cannol be used (Channel 7
together with the TV IF frequency would cause interference).
But 450 to 900 MHz is usable (the standard UHF band with
75 available chanaels). The UHF approach will be examined
in 14.4 below.

We can now look into the possibility of dropping some of the
old channelsand see if we can do better with a totally different
arrangement. If we add a subchannel, say, from 27 to 33,
we are wiping out standard Channels 2 and 3 by second-order
interference, clearly a bad trade—onz= gained, two lost. On
thz otherend, above Channel 13, we find that we can add extra
channels advantageously and still maintain oar integrityas far
as second-order nonlinearities are concerned, For example,
we can use the octave from 129 to 240 MHz for 20 channels,
or from 159 to 300 MHz for 25 chanuels if the upper cut-off
frequanzy of our amplifiers p2rmits. A lower band, in ad-
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dition, cannot be added because the difference product would
fall into the range from 159 to 300 MHz,

Next, we can sacrifice our integrity by avoiding interfer-
ence due to second-order nonlinearities and go ahead and add
additional channels any old place, and either live with poorer
picture quality or sharply derate th: system (considerably
shorter cascade). As an alternate we could ask for a better
amplifier. However, even with such an improved amplifier
the quality will always be less than with the same amplifier
and standard allocations or th2 simple octave approach, There-
fore, it is necessary now to look at the effects of intermodu-
lation in a little more detail.

Y- 2. INTERMODULATION IN CATV SYSTEMS

Unlike cross modulation, intermodulation is visible without
modulation as running diagonal bars (beats), The visibility of
the effect depends very much onthedifference product. A dif-
ference betweentwo carries of 1.0 to 2.5 MHz generally pro-
duces minimum interference and normally is not noticeable,
A standard mixing chart will clearly reveal ths multitude of
severe potential interference products when chanuels are add-
ed in addition to the standard 12 channels. Fortunately, beat
products add in RMS fashion unlike cross modulation.

For example, assume a cascade of 100 amplifiers. TFirst,
overall cross modilation is to be 46 db down. This calls for
a cross-modulationlevel of -86 db for an individual amplifier.
Also, intermodulation isto bz present in addition. For a total
distortionlevel of -46 db, individual cross-modulation signals
must now be -89db and individual intermodilation components
at 69 db. In addition, a further, substantial derating must
bz made for the numericincrease innumber of channels above
12. This derating is dependent oa the circuit design of the
amplifier, system tilt, and other factors. With this concep*,
system quality is clearly compromisad, butit would be worth-
while to examine what can be done to decrease second-order
distortion in an amplifier to the degree needed to get by with
this compromise approach.

Second -ordar distortion, as every circuit dzsigner knows,
can bz minimized by pushpull design familiar from andio and
hi-fi. An 2xperienced CATV wideband amplifier designer can
immediately estimate the magnitude of the possible improve-
ment. If an excellent circuit design job were done with mul-
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tiple balance controls, one could expect to reduce second-
order products by aboat 10 db. This is, of course, quite a
bit less than would be expected in an audio amplifier design.
The cost of sucha CATV pashpullamplifier would b2 more than
doubled, certainly an unsatisfactory solution for such a small
improvement.

Another solution would bz to limit amplification to octave
bands; that is, some form of split band design. For example,
54 to 108 and 120 to 240 MHz for a total of 26 channels. The
improve ment that can be realized with this approach is sub-
stantial. It is a simple matter to build filters in excess of 50
db rejection. Cost would be somewhat less than the pushpull
approach, because both amplifier sections (having to handle
oaly one oztave band each) could be ofa much simpler straight-
forward design. In addition, cross modulation would be sub-
stantially reduced. On the n2gative side, a small frequency
band, say from 108 to 120, would be lost to filter crossover
characteristics. Considering everything, it is evident that
the split-band amplifier approach is far and away supsrior to
the pushpull concept discussed above.

Let us consider what can be done to a standard amplifier
to reduce distortion. Feedback theory tells us that for the
right combination of positive and nzgative feedback, overall
distortion reduction is possible. In CATV, because of phase
shift, stability, and gain problems, we canexp3ct adistortion
reduction of aboat7 to 8db for a gain loss of about 2 db. This
technique includes all methods of broadband unilateralization.
Another method, which will not be described here, allows a
35 to 40 db reduction with a gain loss on the order of 2 db.
Both methods are low cost and should, obviously, be used
first, since they increase amplifier cost insignificantly. If
distortion rediction is still insufficient, the split-band ap-
proach should bz used at, roughly, twice the amplifier cost,
possibly in combination with the other two methods. There
can be absolutely no excuse for a designer to ever seriously
consider a pushpull amplifier for CATV. The various ap-
proaches are summarized in Table 14-1,

When we now consider again our various approaches to add
extra channels to the existing 12, we see that this is now
readily possible withthe amplifier designs proposed and quite
likely at no degradation in quality; in fact, quite to the con-

133



trary if some form of split-band amplifier is used. The cost
for the electronic equipment in the system is roaghly doubled.
Table 14- 1. Comparison of 2nd Order Distortion Reduction Methods

TYPICAL

METHOD DISTORTION  GAIN LOSS CosT COMMENTS
REDUCT{ON

l.Undisclosed 35 to40d O0to-2d | to2$ -

2. Feedback 7 to8d -2 dB | to 2§ Res,ated to
neutral ization
3.Push-pull 10 d ( 30db) More than pogrest
double
U.Split-band 50 to 60 d - About double Best, al so cuts

across modulation
{4.3 ECONOMIC AND CONVERSION PROBLEMS

Anytime we deviate from the standard TV channels, we must
provide some means of tuning in those extra signals, Obvi-
ously, extragear mustalso be provided atthe headend. How-
ever, inthe head end the cost factor and technical questions
are handledin a straight-forward manner and are of no major
concern. In confrast, atthe TV set the problems are num-
erous. The oYvious solution of installing a set converter ran
into serious problems, First, costs of manufacturing such a
converter were badly underestimated. With more realistic
sale prices in the vicinity of $40 and up, the question is who
is going to pay for it? Will there be enough subscribers will-
ingto pay aninstallation fee inthe vicinity of $70? Most likely
not. And as if this were nat enough, most subscribers resent
a "black box" sitting on top of thair furniture. They insist on
styling, clearly marked channels, etc. Other approaches,
such as conversion into thz UHF range, also proved unac-
ceptable because of the difficulty in channel identification. So,
while we now have solutions to build systems with more than
12 channels, we are unable to come up with a set converter
which is acceptable from an economic or human 2nginsering
lozic viewpoint.

Forget about more than 12 channels? No! quite; thzre are
other approaches (see 14.5 below). However, to come back
to our "added VHF channel approach," it seems th=s problem
needs to be tackled from a totally different angle. In the
author's opinion the time has come wh2n a special tuner for
CATYV should be optional equipment provided by the TV man-
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ufacturers. The market is big enough by now thaut some U.S.
manifacturer should be interested or else most cartainly the
Japanese will furnish it. Such a CATV tuner should allow
ready interchange with an existing VHF -UHF tuner, It should
provide for the standard VHF stations plus extra channels in
the range from 120 to 240, for example. Also, positive de-
tents mustbe provided for all chanaels oathe channzlsslector
mechanism. No UHF part would bz provided, and input cir-
cuitry would bz 75-ohm unbalanced. It seems that such a
tuner could be manufactured at about the same cost of existing
tmers. Thay could bz mads available with the trads-in of the
old tuner, and in naw TV ssts thz option shoald be made di-
rectly available with the purchase of the TV sst. Until such
time, it seems thatth= added VHF channel approach must fail
for economic and human reasons at the subscriber's end.

I4- 4. UHF CHANNELS

In this approach, all channels are converted to UHF. UHF
ig either fransmitted over the whole system, orinanothzrap-
proach oalyin the feeder system with extra conversion equip-
ment as partof the bridger amplifier. Duz tothe much higher
cable loss, more amplifiers will b2 nzeded; however, circuit
design need not bz unduly complex, and individual amplifier
cost might be comparable to present types. The subscriber
presumably already has a tuner withUHF on it. Froma human
engineering viewpoint a multitude of channelsin the UHF part
would require positive channel selection and indication with a
szlector switch, and obviously, a well working AFC (auto-
matic frequency coatrol) must be provided in such a set. Un-
fortunately, at the momentthere are onlya few European sets
that ssem to come close to it. And again, we would have to
ask for a special option from a TV manufacturer. This UHF
system, even with skipping every second channel, could pro-
vide some 33 TV channels.

f4- 5. MULTIPLE CABLE SYSTEMS

Let us aow look at the—at first sight—most ridiculous idea
of building two CATV systems. Amplifier cost is obviously
doubled; however, the overall system cost increase is closer
to 50%, because of proportionately reduced construction cost.
This would not be too bad and is, in fact, close to a split-
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band amplifier system cost. What do we gain? Well, first
off, standard VHF stations are used—no conversion of any
kind is needed; present TV sets are OK, We have now 24-
channel capability. There will be two drop cables to each TV
set. Crosstalk between the two cables should be 40 db down
(s2e Fig. 8-3), with a minimum of 30 db. A switch or plug
must be provided so that the subscriber can select the right
cable. From a human =ngineering standpoint this will be far
more acceptable than a converter. In addition, we have com-
patibility and redundancy. If a subscriber were to choose oaly
the 12-channel service, hz could do so. Only one house drop
would be installed and his subscription fee could be propor-
tionately reduced. With the other system he would be out of
luck, 27 channels or else!

Redundancy does not existin the true sense; however, should
one cable system fail or necessitate extensive maintenance,
adjustments, etc., there is still the other cable to provide
service. It should be a lot more acceptable to subscribers
than if all service were turnzd off. Now there remains the
distinct possibility that sometime in the future two-way trans-
mission will be used. The second cable is then already in.
Last, with two cables we are still free to use any of the pre-
viously proposed methods, in addition; but now instead of 27
channzls, we are talking about 54 channels, etc. In sum-
mary, there are at the present time a number of weighty
points in favor of the multiple-cable approach.

I4- 6. ADDITION OF OTHER SERVICES

Basically, a CATV system coastitutes a high-class com-
munication link to the individual house, and although we are
providing a great number of TV signals there is still consid-
erable room left for just aboat any conceivable typ= of trans-
mission, suchas thousands of telephone channsls, two-way
data transmission such as for utility metering, banking, pur-
chasing, and the like. All digital transmission systems are
happy with a much reduced signal -to -noise ratio and these
signals could bz ruu at a lower level so as not to cause inter-
ference in the TV channels. Also, because the bandwidths of
these services is considerably less, noise level is also down.
For example, from 4 MHz (television) to 3 kHz (telephone) the
noise reduction is 31.5 db. Consequently, the signal level
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can be dropp=d by the same amount without changing the sig-
nal-to-noise ratio. It seems, therefore, that the signal level
for each service should be proportional to the square root of
the bandwidth of that service, withthe signal channel requiring
the widest bandwidth used as reference. Some deviationfrom
this rule must be madsz if the signal-to-noise ratio for each
service is to be separately set. No major obstacles exist to
any of these schemes, and as soon as the basic CATV ampli-
fier has reached a reasom ble state of parfection throughfurther
research and development, it will be possible to make neces-
sary modifications for further expanded service.

At the time of this writing (1969), normal 12-channzl CATV
amplifiers on sale are far from perfect and 2ven though they
may be new products, they are oftenalready obsolete in many
ways. In theauthor's opinion, the solid-state knowledge avail-
able today has only to a small degree been applied in today's
CATV products. It is deplorable that inferior circaits are
being multiplied endlessly now in pushpull, split-bandand other
amplifier circuits, whenthere isstill so muchworkto be done
on the basic amplifier. However, it is possibly only a matter
of a few more years until circuits of acceptable perfection,
within 90% of the theoretical limit, will become available.
Time will tell.



APPENDIX |
Caiculation of Cumulative Noise and Overload

For identical amplifiers, an equal amount of noise
power N is added in each amplifier location so that at
the last, or nth amplifier, the signal-to-noise ratio is:

(S/N)p indb = 10 log(S/nN) = (S/N); - 10 logn 1)

signal-to-noise power ratio after
nth amplifier

where (S/N),

n = number of amplifiers

(8/N); = signal-to-noise power ratio of
individual amplifier in db

It can be seen that the signal-to-noise ratio of the cascaded
system in db is degraded by ten times the logarithm of the
number of amplifiers (n) below the signal-to-noise ratio of
the individual amplifier in db. For example, after 10 amp-
lifiers, the signal-to-noise ratio is degraded by 10 db, aftex
100 amplifiers, by 20 db,

This calculation is correct only for identical amplifiers
with the same noise level, and as expressed by the same
noise figure. For more than 10 amplifiers of different nois:
figures, a reasonable approximation can be obtained by tak-
ing the arithmetical average of the individual signal-to-nois
ratios in db, and derating by the value given in (1),

For fewer than 10 unequal amplifiers, this method be
comes inaccurate. The cascaded signal-to-noise ratio j
then found by:

S/(N1+ N2 + N3+ ...Np) = S/(1+ko+k3+... 2
+kp) Ny
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or in db (S/N)p in db = (S/N)7 in db - 10 log 3)
(14+ko+...+kp)

Signal-to-noise ratio of
first amplifier in db

where, (S/N);

Np = Noise ratio of nth to first
N] amplifier

kn =

Since this formula is rather cumbersome to use, it
is often faster to use Fig, I-1, which is valid for two amp-
lifiers, and to repeat this process several times. Suppose,
for example, a cascade of 20 identical amplifiers, each
having a signal-to-noise ratio of 60 db, is preceded by a
piece of head-end equipment having a signal-to-noise ratio
of 50 db, What is the total signal-to-noise ratio?

From (1), the derating for 20 amplifiers is 13 db;
therefore, the signal-to-noise ratio for the cascade is 47 dh
This cascade is preceded by the piece of head-end equipment
with a signal-to-noise ratio of 50 db. From Fig. I-1, with
a 3 db difference, the derating is 1.7 db below the poorer
one of both, which is the amplifier cascade with 47 db.
Therefore, the combined signal-to-noise ratio is 45.3 db.

Analogous to the increase in noise level with the num-
ber of amplifiers connected in cascade, itis also found that
the overload level, the maximum output signal level for a
given amount of distortion, is similarly reduced for the cas-
cade as compared to an individual amplifier. It has been
shown conclusively* that, for CATV systems, the distortion
products are not correlated as might be expected, but rather
behave in a completely random fashion. Therefore, the
calculation for overload degradation proceeds exactly as
for random noise, and the previous formulas and Fig. I-1
apply to overload as well as to noise.

For amplifiers with different characteristics in a
cascade of less than 10 amplifiers, again a separate de-

rating for both overload and noise must be made, These
values are then added to obtain the total overload-to-noise

(not signal -to - noise) degradation. For larger cascades
of different amplifiers, the average overload-to -noise
ratio is determined, and this figure is derated by 20 times
the log of the number of amplifiers.

*See Beference 18, Appendix VII.
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The same derating method is used for any cascade of
identical amplifiers. A few sample calculations for better
familiarization with this method follow:

Example 1: Amplifier A has a noise figure F of 12 db,
and an overload level @ of 42 dbmv. For Amplifier
B, F=15 db and ¢y =41 dbmv. What is the com-
bined overload-to-noise ratio for the cascade for a
spacing of 25 db?

The combined noise figure from Fig, I-1 for 3 db difference
is 1.7 db higher than the worst noise figure. Therefore,
F =16.7 db. The equivalent input noise level is then -42, 3
dbmv, This value is obtained either mentally from the mem-
orized relationship (10 db noise figure is equal to -49 dbmv
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input noise), or from Fig. 3-4. The output noise with a gain
of 25 db is then -17.3 domv., The combined overload level
with Fig. I-1 is 38.5 dbmv. The overload-to-noise ratio
for the cascade is then 55.8 db.

Example 2: 20 amplifiers are operated in cascade. The
arithmetic average of the individual dynamic ranges
is 71 db., Whatis the dynamic range for the cascade?

The derating for 20 amplifiers is 13 db each for overload
and noise, or a total of 26 db. Therefore, the combined
system dynamic range is 71 - 26 = 45 db.
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APPENDIX I

Mathematical Derivation of Optimum Spacing

The fact that an optimum spacing exists in repeater appli-
cations is easily deduced from simple considerations, Also,
it is possible to determine, by trial and error, the opti-
mum value for a single-stage amplifier, For a more
thorough understanding, a mathematical analysis is re-
quired.

SINGLE-STAGE AMPLIFIERS

The system dynamic range K in db is:

K = (@-10logn)- (N +10logn) - A “)
where, @ = individual overload output level in dbmv

N = individual input noise level in dbmv

n = number of amplifiers

A power gain of individual amplifiers

The first term in brackets on the right hand side is the re-
duction in overload with cascading; the second term is the
increase in input noise level. Equation (4) can be rewritten
as:

A+20logn=¢ - N - K=C ()
where, C =constant

As a second equation, the system gain L may be defined as:

L=An (6)
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It is now desired to adjust the spacing or gain A for maxi-
mum system length L, keeping C constant. From (6), we
calculate A and substitute into (5), to obtain:

1/n+ 20 logn C
L = Cn- 20nlogn )

Differentiation of L. with respect to n, and equating to zero,
leads to:

dL/dn C - 20 logn - 20n d(logn) dn

C - 20 logn - 8,69n d(In n)/dn

C-20logn - 8,69= 0 (8)
Substituting this result into equation (5), we find:
A= 8.69db = 1 Neper 9)

The optimum repeater amplifier gain is therefore 8.69 db.

It is truly remarkable that this optimum gain is in-
dependent of amplifier and system characteristics. This
fact is easily verified from Fig, 4-2. The same resultis
obtained for amplifiers with high or low overload. Regard-
less of amplifier type, good or bad, transistor or tube,
the best system performance results for the spacing of
8.69 db,

The calculations in equation (5) imply, however, that
C is independent of gain A, a condition which is met by
single-stage, distributed, and only some multistage amp-
lifiers., In multistage amplifiers, both noise figure and
overload level are often a function, of gain, and a separate
calculation is made for this case below,

For the simple, single-stage circuit, how critical is
the optimum gain for best system performance? In order
to calculate other than ideal conditions, the maximum sys-
tem length, asafraction of the theoretically optimum system
length, can be computed for different amplifier gains and a
constant system signal-to-noise ratio,  With equations (4)
and (5), we have:
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K = @ - N - Agpt - 20 log Lopt /Aopt

@-N- A - 20log L/A
therefore, A - Aopt=20 log (Lopt A/L Aopt) (10)
where, Agpy=28.69 db

Lopt =optimum system length with optimum
spacing

A =amplifier gain in db
L =system length in db
A plot of equation (1) was given in Fig. 4-3. This curve

gives the degradation in possible system length with other
than optimum spacing. From this curve, some rather use-

Table I1-1. Degradation of ideal system length.
Spacing in db % of Possible Length
8.69 100
13 g0
15 83
25 4y
30 19
40 13

ful data may be taken. For example, with the common
spacing of 25 db, only 44% of the ideal system length is pos-
sible. For a single-stage amplifier, this undesirable high
gain might occur in some of the older subchannel system
designs., A spacing of 15 db allows 83% of the ideal sys-
tem length, nearly twice as long than with a spacing of 25
db. 1In all cases, the quality of the output signal is un-
changed.

Ninety per cent of the theoretical system length is
reached with a spacing of 13 db, and there is little advan-
tage of spacing closer than this figure. The other extreme
would be of a gain of 40 db, which permits only one-eighth
of the best system length and must be considered poor sys-

94



tem design. Typical system length as afunction of spacing
are given in Table II-1.

Instead of considering degradation of system length
for a given dynamic range, we can compute the degradation
of system dynamic range, but with aconstant system length.
It is then easily found that:

Kopt - K=A - Aopt - 20 log A/Aopt (11)
Equation (11) was already plotted in Fig. 4-4, and is self-
explanatory.

TWO-STAGE AMPLIFIERS

For amplifiers where overload level and noise figure de-
pend on amplifier gain, and this is the case for most multi-
stage amplifiers, a separate analysis must be made. For
example, in a 2-stage circuit, as gain of the first stage is
decreased, eventually the noise figure rises. Similarly,
as the second stage gain is increased, overload in the first
stage becomes less significant and the overload level of the
whole amplifier is increased.

These considerations are of little importance if the
individual stage gain is high. Unfortunately, in wide-band
circuits used for CATV purposes, stage gains are usually
low, and these factors must be considered. It will be suf-
ficient to calculate the 2 - stage circuit to get a feeling of
how the optimum spacing must be changed.

In a 2 - stage circuit, the maximum signal power out-
put is given by:

_ 910242
S0 T @1A2+ @2 (12)

where, @1, @2=overload levels, first and second stage
Aj], Ag=power gains, first and second stage

This equation can be derived from:
1/e@? =(1/€12) + (1/e22)

which has been derived for cascaded overload.* This re-

*See Reference 18, Appendix VII.
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lationship leads in turn to P g= P2/ (P1+P2), where P¢ is
the combined maximum output, and P1 and P2 are individual

outputs for stage 1 and stage 2, With P1=91Ag and Py=
@2, equation (12) results., For the noise of the amplifier,
we find:

Ppo = N1A1A2+N2A9, 13)
where, Ppo = total noise power output
N1, N2 = input noise power, stage 1 and 2

The overload-to-noise ratio K for a cascade of n amplifiers
using equations (12) and (13), is then:

@102
(@1 Ag+ @) (N1 Ap+Np)n? (14)

The total system gain is found to be:
L = (ApA2" (15)

Equations (14) and (15) are numeric equations and corres-
pond to logarithmic equations (5) and (6) for the single-stage
case. Using these two equations, we can find the optimum
amplifier gain or spacing., Mathematically, it is easiestto
eliminate n by taking the natural logarithm of (15). This
leads to:

n = In L/In Aj Ag (16)
Substituting (16) into (14), we have:

@132 12 A1A2
(N1 A] + N2) (@1 Az + @) In L 7

It is now necessary to maximize K as a function of both A
and Ag; that is, the partial derivatives dK/dA] and dK/dAg
must both be zero. This process leads to the following
equations:

In AjAg =2 (1+ N2/ NjAp) (18)
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and In AjJAg =2 (1 + @2/ @1A7) (19)

We normalize N3 /N;=N and @2/@1=¢, and after ashort
calculation, we obtain the final result:

InAy=14+@/Ay - 0.51n (N/@) (20)
A =NAy /@ (21)

Since these expressions are considerably more complicated
than for the single-stage case, it is best to examine the re-
sult on a few examples:

Example 1: First, it would be best to set the limits to
equal the single-stage case and verify the previous result.
We set No=0, @=infinity, With this substitution, we have
from (20), In Ap=1=InA;. A=Al Ap=22=8,69db as before,

Example 2: Calculation of a 2 - stage circuit with identical
performance data for each stage; therefore @;=@o; N1=
No; Aj=Ag. From (20), In Ap=1+1/Ag. This is a
transcendental equation which has a solution for Ay=3.59,

AjAg= A2 =12.9 or 11,0 db gain for the whole amplifier
(6.5 db gain per stage).

Example 3: We assume a 6 db increased noise and over-
load level for the second stage, which is a reasonable as-
sumption if a higher power tube or transistoris used for the
output stage. Therefore N=@=4; hence InAs =1+ 4/ Ag.
The solution is Aj=A,=5,57, or 7,5 db gain per stage, 15
db for the whole amplifier,

The results of these examples are tabulated in Table 4-3,
and in Table II-2,

Various other cases can be calculated, but the more
important practical amplifiers are likely to fall somewhere
in between, andthe examples given will permit a reasonable
estimate, It is also well to keep in mind that the peak of
the curve in Fig. 4-3 is reasonably shallow; that is, the
exact value itself is not too critical. Also, in CATV work,
due to the required cable equalization, the gain would be
different at different channels, so that a reasonable com-
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promise must be made. Generally, close to optimum con-
ditions are met near Chamnnel 2 in practical amplifiers
available today. For every particular amplifier, optimum
spacing may be determined directly from the measured
amplifier characteristics as discussed in Chapter 4, The
values given in Table HO-2 should be considered only rough
guidelines, since it is virtually impossible to measure
noise figure, gain, and overload, for each individual stage
in a multistage amplifier, to the accuracy required for
meaningful results using formulas (20) and (21). There-
fore, examples were picked which likely include the range
of practical circuits.

Table 1i-2. Optimum gain (spacing) for various
amplifiers.
Gain for 90%

Optimum Maximum System

Amplifier Type Gain Length
One stage 8.69 db i3 db
Two identical

stages 11.0 db 15 db*
2nd stage 6 db

higher over- i5.0 db 19 db*

load and noise
Three identical

stages 13.0 db* 16 dbx

*Estimate

From a practical viewpoint, the theoretical analysis
always sets the objective goal for the circuit and system de-
signer. The design of a new CATV amplifier is then com-
pleted according to the latest state of the art., For this
particular amplifier, optimum spacing is then determined
from measurements of overload and noise level, A check
is then possible to see how closely the design approaches
the theoretical possible. This process may seem circuit-
ous; however, there is no short cut. In any event, the
optimum spacing for each amplifier is readily determined
from the cascaded amplifier figure of merit., Optimum
spacing, as well as amplifier dynamic range, should be
part of the specification of every CATV amplifier.
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APPENDIX 111

Taps in 75-Ohm Systems

In tapping matched systems a power loss and mismatch is
introduced into the system, both of which are related to the
tap loss. Only when hybrid coils or directional couplers
are used can the mismatch in the 75-ohm system be designed
out. A power (insertion) loss still exists related totap
loss. Directional taps have already been discussed in
Chapter 8 and here only the simpler types of taps are dis-
cussed as given in Fig. III-1, based on series impedance
and transformer taps. The formulae for the four types of
taps are given in Table III-1.

All taps are plotted in the graphs of Figs, III-2 to
IlI-4, The last graph gives a comparison of the various
taps. For the series impedance type of tap, the return
loss is always 6 db higher than the tap loss, The capaci-
tive tap has the smaller insertion loss, because no power is
dissipated in the capacitor. The frequency response of the
resistive tap is better. The two transformer taps are only
distinguished by the addition of the bridging-out resistor
shown in Fig, III-id. Both taps have a flat frequency re-
sponse with the insertion loss higher for the backmatched
type due to power lost in the resistor.

Comparison of the various types is made for a given
tap loss in Fig., IlI-4, The lowest insertion loss and
highest return loss is achieved in the unmatched transformer
tap. Best all - around characteristics are achieved in the
backmatched transformer tap.
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A design example will illustrate the use of the curves,
Design a tap with 15 db loss at 213 MHz., From Fig, IIF
2 we find x=4.1 for the resistive and 5.4 for the capaci-
tive tap, The resistance R in Fig, III-1 is then 308 ohms,
Capacitive reactance is 405 ohms, corresponding to a ca-
pacitance of 1,7 pf at Channel 13 (Fig. III-2), For the
transformer taps we find from Fig, III-3 a turns ratio of 1
to 1.5 for the unmatched type, and a ratio 1 to 2.8 for
matched type together with a series resistor of 70 ohms.
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APPENDIX IV

CATV

Mathematics

I Systems and Amplifiers

System level (dbmv) L=(@+F+G)/2 - 9.5 1)

Max. cascade n =

Max. system length (db):

where @ =
F =
G =
n =
D, =

with safety margins:

num [@ - F - G+19)/20]  (2)
num [(D, - 40)/20]
D=nG @)

amplifier overload level in
dbmv

amplifier noise figure in db
amplifier gain in db
number of amplifiers in cascade

amplifier dynamic range

Se = safety margin from overload in
db
Sn = safety margin from noise in db
System level (dbmv): L = (@+F+G+8,-S,-19)/2 “)

Max. cascade n =
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Max. system length (db): D =nG (3)

Amplifier dynamic range (db):D, = @-F-G+59 (6)
System dynamic range (db): Dg = D,-201gn (7)
System overload level (dbmv):@3g = @-10 lgn 8)

System input noise level (dbmv): Ngj=F+101gn-59 (9)

System output noise level (dbmvy):

Ngo=F+101gn+G - 59 (10)

System signal-to-noise ratio (db):
(8/N)yg= (@ - F - G+8,-S,)/2-101gn +49.5 (11)

= (Da+85p-S5)/2 - 101g n +20

1I. Derating and Combined Overload and Noise Levels

b = 101g [1/ [1 - 1/num (a/lO)]] (12)

where a = operating margin below overload of
amplifier A in db (or above noise level
of amplifier A in db)

b = required operating level margin below
amplifier B in db (or above noise level
of amplifier B in db)

Combined overload level of amplifiers A and B, with loss
between amplifiers equaling gain:

Gasp = Ga-101g [1+mum [0 /10]] 020y o)

@,-10 1g [1 +1/num [(@,-@,) /10]]
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Combined noise level:

Nag4ph = Ny+10 lg[1+num [(Nb-Na) /10]] Np>Na (14)

\

Np+10 Ig [1 +1/num [(Ny-Ng)/ 101'

where (5 = overload level of amplifier A
Na =noise level of amplifier A

For more than ten amplifiers the following formulas may be
used:

Average overload level _6 =(01+@o+PB3+.....B,)/n  (15)
Average noise level N =(Nj+Ng +Ng+.....Np)/n  (16)

where the indices refer to the individual amplifiers,

oI, Mismatch, VSWR and Return Loss

Reflection coefficient:
r = (ZL/Z0 - D/ (ZL/Zo + D, K 2L D Zo (17)

(Zo/Z1, = D/ (Zo/ZL + 1)y I 74 >Zy,

= E./E; at point of mismatch

where Z, = characteristic impedance of cable
Z1, = load impedance
E,. = reflected voltage

E; = incident voltage

Emax
Emin

Voltage Standing Wave Ratio (VSWR): S = (18)

208



at point of mismatch S = (1+r)/1-7) 19)

= Z./2Zy Z1>Z,

= 2,/21 Z52L

E./E; = (S-1)/S+1) (20)
= r at receiving end of
line only
Return Loss (db): R = 201g(1/1) 21)

Return loss (db) after attenuator or cable with x db loss:

R = 20Igr-2x 22)
Mismatch Loss (db) = 101g (1-r?) (23)

IV. Cable Attenuation and Tilt

Gain at Channel 2 (db): G2=0.48 G+0.52 x (24)
Tilt (db): T =0.52 G-0.52 x (25)

Level vs. system tilt: (26)

Output Level, Input Level,
Channel 2 Channel 2

Full Tilt L-0,52G+0.52 x L-G

Half Tilt L-0.26G+0.26 x L-0.74G-0.26 x

Flat Outputs L L-0.48G-0.52 x
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Overload vs., System Tilt:

Overload Level,

Overload Level,

@7

Channel 2 Channel 13
Full Tilt @, 313
Half Tilt @5+ 0.13G B15-0.13G
Flat Outputs @,+0.26 G ?13-0.26 G
where G = amplifier gain at Channel 13 (spacing in db)

Gy = amplifier gain at Channel 2 in db

L = System level (output level, Channel 13)

in dbmyv

¢13 = overload level,

¢2 = overload level,

"
]

flat gain in db

V. Miscellaneous Formulae

Length (in feet) traveled in
1 nsec (10"9 sec)

Channel 13 in dbmv

Channel 2 in dbmv

0.986

where n = propagation constant
in free air
1 nsec as1 light - foot
Wavelength (in feet: L=986n/f
where f = frequency in MHz
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Volt-drop for cable powering

where

Vp =iRn (@+1)/2

i = average current drain
R = loop resistance
n = number of amplifiers

Temperature Conversion: °C=5 (°F - 32) /9

Mean square thermal noise:

where

2

E,” =1.63 x 1020 BRat 75° F

B =bandwidth in Hz
R =resistance in ohms

Equivalent noise sideband input (ENSI)

where

=m Eg4 P,/ Pgo
m = modulation index
Egj = signal input voltage
Ppo = noise output power
Pgo =signal output power

Cross-modulation index:

my =3 a3m2E22/a1

where a3, ag= coefficients of power series

Eo = peak voltage of interfering signal
my = modulation index of interfering signal

Cross-modulation factor:

where

2
mj =modulation index of desired signal

(30)

(1)

(32)

(33)

(34)

(35)
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Modulation index:

= Emax - Emin (36)
Emax+Emin
= (E - Epin)/ E for down modulation,

m

where E = (Emax+ Emin)/2
= unmodulated signal level

Zo = 1381log(D/d) /v Ee (37

100 (33)

yx=\[_E—e;%

where Z,= characteristic impadance in ohms
Ee = dielectric constant of insulation
D = insidediameter of outside conductor, inches
or cm
d = diameter of center conductor, inchesorcm
n = velocity of propagation in percent

VI. Examples and Comments

Equations (1) through (11) are contained in Fig, VI-
14 which is easy to use and allows sufficient accuracy.
Similarly, equations (12) through (14) are contained in Fig,
I-1, equations (17) through (23) in Figs. VI-18, VI-19,
VI- 20,

Equations (24) through (27) are based on average
cable data for 1/2" cable. There is a very slight devia-
tion for .412 or .750" cable. A few examples will illus-
trate the use of the equations.

Example 1

Calculate optimum system level for an amplifier with an
output capability of 55 dbmv, a noise figure of 12 db at 22
db gain. A total safety margin of 6 db is to be used with 4
db margin from overload and 2 db margin from noise. What
is the maximum cascade and system length ?
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From equation(4), we find
L (55+12+422+2-4-19)/2

68 /2

34 dbmv

From ¢(5), n = num [(55—12—22+19—2—4)/20]
=num 1,7
= 50 amplifiers

From (3), D =50x22=11004db

Example 2

Calculate amplifier and system dynamic range for the sys-
tem of Example 1. What is the system signal-to-noise ratio?

From (6), we have amplifier dynamic range
D, = 556-12-22+59
= 80 db

From (7), system dynamic range
D 80-20 lgn

80-34

46 db

s

From (11), system signal-to-noise ratio
(8/N)g=(55-12-22 + 2-4)/2-101g 50+49.5
=19/2 -17+49.5
=42 db

Example 3

Two amplifiers are to be cascaded. Amplifier A has an
overload level of 55 dbmv, Amplifier B overloads at 40

dbmv. Amplifier A is to be run at 53 dbmv. How far
must Amplifier B be derated ?

From equation (12) with a=2db

we find b=101g i/ [i- 1/num0 2]
=101g fi/ [1-o. 631]
=101g2.71 =4.33 db

Amplifier B must be run at 35,67 dbmv
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Example 4

A 75-ohm system uses a 50-ohm uhf connector. What is
the reflection coefficient, return loss, and VSWR? What
is the VSWR 5 db of cable away? What is the mismatch
loss?

From (19), we have VSWR =1,5

From (17), reflection coefficient r =0,5/2.5
=0.2

From (21), return loss R =201g5
=14 db

5 db of cable away, the incident wave is5db higher and the
reflected wave 5 db lower. Return loss is, therefore, 24
db. Reflection coefficient from (21) is found as

1/r = num24=num 1.2 =15,85, or
20

r = 1/15.6 = .063
From (19), VSWR s =1,063/.937 = 1.13

From (23), mismatch loss =10 1g (1-0.04)=10 1g . 96
=-0.18 db

Example 5

A system is run full-tilt with 3 db flat loss and a total gain
of 20 db. What is the output level at Channel 2 if the level
at Channel 13 is 43 dbmv?

From (26), we find level =43-0.,52 x 22+4+0.52 x 3

=43-11.44+4+1.56
=34,0 dbmv
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Example 6

What length of RG 59/U cable corresponds to a quarter wave-
length at 220 MHz ?

From (29), with n =0.66 we find

wavelength L. =986 x 0.66/220

=2,95 feet
quarter wavelength =.738 feet = 8,85 inches
Example 7

The voltage drop in the last span of a cascade of amplifiers
is 0.5 volts, What is the total drop for a cascade of 6 amp-
lifiers? Assume that the minimum amplifier input voltage
is 20 VAC, What is the required minimum supply voltage ?

From (30), Vp=0.5x6 x 7/2=10,5
The minimum required supply voltage is 30.5 VAC

NOTE: Constant current for all amplifiers was assumed
here, For other power characteristics, the
average current should be chosen (current at median

supply voltage).

Example 8

A coaxial cable with foamed dielectric (¢= 1.5)has an in-
side diameter of the outer conductor of 447 mils and a di-
ameter of the center conductor of 98 mils, What is the
characteristic impedance and velocity of propagation ?

From (37), we find Z, = 138 1g (447/98)/ V15
=138x 0.659/ N 1.5
= 74,3 ohms

From (38), n =1/ W5
= 81.6%
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APPENDIX V
Typical Equipment Specifications

The following specifications are intended as a guide for
good quality, transistorized systems. They do not neces-
sarily represent the ideal "Integrated System" concept men-
tioned in this book.

Main Trunk Amplifier

Bandwidth 50 to 220 MHz
Equalization for 75-ohm coax
Flatness of equalization +0.25 db
Gain at Channel 13 22 db

Noise figure 10 db
Multichannel overload level 55 dmbv

Tilt control +3db

Gain control +5db
Temperature compensation to + 0.5 db
Input match 1.25

Output match 2.0

Test points (input and output) -20 db

AC power voltage, 60 Hz 20 to 40 VAC
Current drain 125 to 250 ma AC

Level Control (AGC) Amplifier

Specifications as above, except
Output change,

for input change of + 10 db *1db

AGC control

(to set output level) x5db

Current drain 250 to 500 ma DC
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Bridging Amplifier

Bandwidth 50 to 220 MHz
Equalization for 75-ohm coax
Flatness of equalization £0.5db
Gain at Channel 13 15 db

Noise figure 15 db
Multichannel overload level 50 dbmv
Isolation from main trunk via

directional coupler 10 db
Number of outputs 4

Tilt control 3 db

Gain control +5db

Input match 1.25

Output match 1.5

20 to 40 VAC
200 to 400 ma AC

AC power voltage
Current drain

Bridger Combination Amplifier

Main-trunk or AGC section similar to main-trunk or AGC
amplifier bridger section similar to bridging amplifier

coupling to main trunk via directional coupler,

Distribution Amplifier (High Level)

Bandwidth

Equalization for
Flatness of equalization
Gain at Channel 13

Gain adjustment for

Tilt adjustment for

Noise figure

Multichannel overload level
Input match

Output match

Built-in 4-way directional tap
AC power voltage

Current drain

50 to 220 MHz
75-ohm coax
% 0.25 db

22 db

15 to 25 db of
cable

0 to 9 db of flat
loss

15 db

55 dmbv

1,25

1.5

20 to 40 VAC
100 to 200 ma
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Line Extender (Low Level)

Similar to distribution amplifier, except

Gain at Channel 13 15 to 20 db
Multichannel overload level 40 dbmv
Current drain 50 to 100 ma

Directional Couplers

Match, all terminals 1.15
Directivity, Channel 13 10 db
Directivity, Channel 2 15 db
Insertion loss See Fig. 8-7

Head-End Equipment

Tuner Section

Noise figure* 6 db
Input VSWR 1.25
Bandwidth 6 MHz
Flatness £0.25 db
Adjacent Ch. rejection 60 db
Adjacent Ch. cross modulation:

Less than 1% at equal inputs of 50 dbmv
Rejection of spurious signals 60 dbmv
Frequency stability 0.01%
AGC compression ratio 1:40
AGC range 35 db
Video output signal 1v p-p
Video output impedance 75 ohms
4,5-MHz FM output 0.1v
Output impedance 75 ohms
Sound output 0 dbmv
Impedance 600 ohms

Controls: Video Level, Sound Level, Input Balance, TV
Channel, AGC Range.

*May be achieved by separate antenna preamplifiers.

218



AC power voltage

Current drain

Modulator Section

Picture carrier output
Range adjustment
Output impedance
Spurious frequency rejection
Frequency tolerance

(crystal control)
AM Modulation capability
Maximum envelope distortion
Video input for full modulation
Video s/n ratio, more than
Video bandwidth
Differential gain, less than
Differential phase, less than
Vestigial sideband characteristic
Isolation from sound section
Sound carrier output
Range of adjustment
AM on sound carrier, less than
Spurious frequency rejection

FM Modulator

Audio drive for % 25 kHz deviation
Input impedance
Harmonic distortion,
+ 25 kHz deviation
Pre-emphasis time constant
Audio s/n ratio

20 to 40 VAC

(100 to 130 VAC)
250 to 500 ma AC
(50 to 65 ma AC)

50 dbmv
+10db
75 ohms
60 db

+ 0. 005%
100%

3%

0.5v p-p
40 db

5 MHz
+0.5db
+2,.5°
+0.5db
40 db

40 dbmv

+10db

1%
60 db

-6 dbmv

600 ohms

1% at 1 kHz or
less

75 microsec
60 db

AC power requirements for complete modulator:

Voltage

Current drain

20 to 40 VAC

(100 to 130 VAC)
250 to 500 ma AC
(50 to 65 ma AC)
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System Specifications

(20 to 80 Amplifiers in cascade)

Main Trunk

Spacing, Channel 13
Input levels, all channels
Output levels, Channel 13
System mode

AGC position

Distribution System (high level)

Bridger outputs
Spacing of distribution amplifiers

Flat loss

Input levels, all channels

Output levels, Channel 13

Output levels of directional taps
Subscriber level

Number of subscribers per amplifier

Distribution System (low level)

Similar to high level, except
Spacing of line extenders

Input levels, all channels
Output level, Channel 13
Number of subscribers per amplifier

22 db*

12 dbmv

34 dbmv
Full Tilt
Every third
amplifier

40 dbmv

1000 ft, of
.412" cable

0to 9db

22 dbmv

43 dbmv

12 dbmv nominal
3 dbmv nominal
40

600 ft. of ,412"
cable

15 dbmv

32 dbmyv

24

*In integrated systems, spacing is expressed in footage
rather than db loss, e.g., 1750’ for 1/2" cable.
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APPENDIX VI

Miscellaneous CATV Data & Charts

Standard TV Channel

Channel-4 Sound-Picture Carrier Relationship
Standard IF Response

Television Broadcast Channels
Composite Color Video Signal

Color Bandwidth Requirements

TV Composite Waveform

Resolution Chart

Horizontal Pulse Standard

Simple Dipole

Antenna Information

Antenna Spacing for Interference Rejection
Horizon Distance

System Derating Chart

Symmetrical Attenuators

Accuracy of Symmetrical Attenuators
Minimum-loss Pads, Baluns and Hybrid Coils
VSWR vs db Variation

VSWR Correction for 1.5 db of Cable
Return Loss vs db Variation

Tuned Transmission Lines

dbmv to Voltage

db to Voltage or Power

Voltage Drop in Cable Powering
Insertion Loss of Taps

Temperature Conversion

Solenoids

Parallel Resistors or Series Capacitors
System Operating Levels, 25 db Spacing
System Levels for Integrated Systems
Transmission Line Data

Characteristics of CATV Cable
Normalized losses

Proposed CATV

222
222
222
223
224
225
226
226
227
228
228
229
230
231
232
233
234
235

235
236

237
238
239
239
240
241
242
243
244
245
246
248
245
227
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6.

Color bandwidth requirements.

(Drawings from

Basic Television, B. Grob, permission McGraw Hill
Book Co.)

|

Amp
0 "
Freq. (mc)
Amp, \
ol
05 Freq. (mc)
[}
0.5 mc 0.5 me
Amp,
9]
3135841 Freq. (mc)
Amp, \
(] A
15 Freq. (mc)
1.5 mc 0.6 me
Amp.
_9
21 358 4.2 Freq. (mc)

Amp,
2

Picture..
carrier

358 Freq (mo)

Freq. {(mc)

~f——45 mc ;&—-1‘
‘V Sound carrier

Freq. (mc)

Y - Signal

Q - Signal

Sidebands of 3.58 mc
Chrominance Subcarrier
Due to Q-Signal

| - Signal

| - Modul ated
Chrominance Signal

Total Chrominance Signal

Complete Color-plexed
Video Signal

Sideband Frequencies
For Channel 4
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Equalizing Vert. sync Equalizing
pulse pulse pulse
interval  interval  interval

Max. carrier ,_,_,__,_,_t—ﬂorizontal sync pulses
voltage—___ EHY  PHepHd 0.5H o+

Black level — e H W _4
d " 1

white level—, 01 ViY\i i
Zero carrier — +—4
Picture rk

Verfical blanking 0.05v * 8.03\/

Hor. blanking—-' "'BOUOIT\ of }'—TOD of picture
picture Time ——>
05k FH
U AN,

*~More H lines-
not shown 1.

h"V"‘

7. Composite TV waveform showing sync and blanking
pulses. V = 1/60 sec. H = 1/15,750 sec.

Channel ¥
(66-72 mc)
66"'66 i-f Picture

47. 00
67.25 mc 45,75 mc

8. Resolution chart illustrating continuity of
RF, IF, and video signal frequencies for Channel U,
(above drawings from Basic Television, by B. Grob
permission of McGraw Hill Book Co.)
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HORIZONTAL BACK PORCH
LINE INTERVAL  SYNC PULSE 0.06H 0.06H

fe" . { ole '
00, | J ! L
1 BLANKING OR 0 TO 10 CYCLES OF 3.58 MHz
PEDESTAL‘LEVEL COLOR SUBCARRIER
w 75 . --
a FRONT PORCH
= 0.02H -+ 0.0
g 1 HOR 1ZONTAL
= PICTURE BLANKING PULSE
INFORMATION]  O.I6H
25 | < < >
L |
0

9. Detailed sketch of horizontal blanking and sync
pulses.

34. PROPOSED CATV CHANNEL ALLOCATIONS

CHANNEL FREQUENCY RANGE (MHz) | CHANNEL FREQUENCY RANGE (MHz)
2 54-60 7 174-180
3 60-66 8 180-186
y 66-72 9 186-192
5 76-82 10 192-198
6 82-88 11 198-204
A 120-126 12 204-210
B 126-132 13 210-216
c 132-138 J 216-222
D 138-144 K 222-228
E 144-150 L 228-234
F 1650-156 M 234-240
G 156-162 N 240-246
H 162-168 0 246-252
1 168-174 P 252-258

227



10. Construction of simple 300-ohm folded dipole.
(See Table Vi-u)

e
| LENGTH L "

POLYETHELENE FLAP
FOR MOUNTING

A2

e ———
1/4 WAVE | /% WAVE

72 OMNS

¥ x 72 = 208 OHMS

9 x 72 = 648 OHMS

X2
WOODEN BASE

TWIST AND SOLDER
USE 300-OHM TWIN
LINE THROUGHOUT

300 OHMS

Antenna types.

Hal f-wave Dipole
L = 555 (inches MHz)
f

Folded Half-wave Dipole

High Impedance
Folded Dipole

REFLECTOR Hal f-wave Dipole With
M 2451 Director and Reflector .
O.ZANZMEJ
0.12a DIRECTOR = Wavelength
Gain 7 db
L‘““"“‘*I Z =1/8 of Dipole
2+ sy

FLECTOR

Yagi Antenna With 2 Directors

DIRECTOR .
—rw Gain 10 db
-TMOR Front-to-back Ratio 15 db
2 -3A
— Lo Dipole With Corner Reflector
s . Gain 10 db
B g A Front-to-back Ratio 20 db




12,
one interfering signal arriving at an angle to the
desired signal.

Spacing of two antennas for the suppression of

A

W2 ‘;\ < —

DIRECTION TO

I y DESIRED $IGNALS

B N\X g

‘%
/',(gt‘)lo
A‘(.*Il 7‘0
Y6

Antenna locations at A and B, spaced distance d
apart. Spacing must be such, that signal atA is
delayed by one half wavelength, hence d = An/2
sin e« . Read d in wavelengths of the interfer-
ing station for any angle from graph below.

DISTANCE d

FI8 o [T P )
(TN AR o =

| &1HFIEE mﬁmﬂ:ﬂﬁnﬂ 1
4 nr INTERFERIMG SigHAL |- ! o

'd j}’ﬂ-ﬁll‘tﬂ- SR !

= ERAL
A _ L
; | | peee ! s s

| 1 inl | 1
(Bl IEEiznieaan; te F:
| JEETY ?
e et mrees
-E":?:g' ik armgasas
PR e T il HEe
30 40 50 60 o & %

- 160 150 140 130 1o 1o 100

ANGLE &K tN DEGREES
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15. 75-ohm symmetrical attenuators.
Loss in T - attenuator T - attenuator
db
Rp Rg R¢ Rp
0.5 2.16 1300 2610 u.32
1.0 4.32 650 1305 8.68
1.5 6.46 43l 872 13
2.0 8.60 323 652 17.4
3.0 12.8 212 u38 26.4
4.0 16.8 157 331 35.8
5.0 21.0 124 267 u5.5
6.0 24.9 100 226 55.9
7.0 28.6 83.2 196 67.1
8.0 32.3 71 174 79
9.0 35.8 60.8 157 92.2
10.0 38.9 52.6 44,2 106.5
12.0 uy.9 40.2 125 140
14.0 50 31 112 181
16.0 54.3 24.3 103 230
18.0 58.2 19 96.5 292
20.0 61.2 15.2 9.6 371
D 1AGRAM
Ra Ra RD
Rg Re Re
Rp = 75(k=1)/ (k+) Re = 75(k+1)/ (k=1)

Rg

k = ej/eq

232

150k/ (k2-1)

75(k2-1) /2K
db Loss = 20 1g k
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300 OHMS

75

300 OHMS,
BALANCED ;50 oHMS

259.8 (270) OHMS

86.6 OHMS

(82) 75

““T

43.3 (43) OHMS

86.6 .0HMS

OHMS :
(82)

i

50

109.8(110) OHMS

86. 6
(82)

:

T
BALUN
75 OHNS 300 OHMS
T
SINGLE
TRANSFORMER
U T 300 OHMS
75 OHMS
B
75 OHMS A | oo ouer75 OHMS
T
TWO WAY _
spLiTTER CL | ¢
OR ]: L. 75 OHMS
COMBINER L 3
75 OHMS 75 OHMS
75 OHMS 50 6 %S¢ 10 b
T T|§§§§§§ |
Y-WAY 75
SPLITTER , |c
OR ] I
COMBINING T =
NETWORK =
c

17.
234

75 OHMS

OHMS'75 OHMS
UNBALANCED

OHMS POWER LOSS 11.4 db

OHMS POWER LOSS 8.4 db

POWER LOSS 1.4 db

Ty = TOROID BIFILAR
Tz = TOROID, TRIFILAR
THEORETICAL PRACT|CAL
“TOCORBTOC 3 db 3.5 db
AT0 B INFINITE 20 db

T3, = TRANSFORMER, 50 T0 75 OHMS

C =5-15pf SELECTED FOR ISOLATION A
FREQUENCY RESPONSE

LOS3
THEQRETICAL PRACTICA

6 db 6.5 db
INFINITE 20 db

¢,D TOE
8,C,D

Minimum-loss pads, baluns and hybrid coils.
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QUARTER-WAVE SECTIONS

v )
T
PARALLEL SHORTED
TUNED END
e 2y —
SERIES S
TUNED Pt T
OPEN
T . END
|.— My —
HALF-WAVE SECTIONS
I v
T rswzl T Tl
E I OPEN
PARALLEL
TUNED ('% END
- Al2 N
1
SERIES T T T = e — <
TUNED QA* S e =
]

SHORTED END

21. Tuned transmission lines.
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22. dbmv to voltage.




VOLTASE RATI

RATIO
w

[

db

23. db to voltage or power.

PARAMETER: ITR-DROP FOR LAST SPAN
IDENTICAL, CONSTANT-CURRENT AMPLIFIERS

DROP
)

-~

VOLTAGE
*n

3 ? o (=
MNUMBER OF AMPLIFIERS

24. Voltage drop in cable powering.



9P NI §$07 dvl
(174 Y] 9 u 91 s! L] U " ] é @ < B m b £

"

7
L] 7'- ;
9P NI $S0T NOILYISNI

!

— = == IVJILIVYd
— VOILIYOIHL \

9

~

Insertion loss of taps.

25.

240



w
w0
T o o o
L o -
o o)
IIL,..IF.TT—,__ ,_r .-.___,:
O 3 R m
w
©
©

lfI}.w_}i ?};fi PR

— +20

[

° o

< o
A..d_m___n..._. ] __JII_ e f_n_r._:._._..f__ m .r_ f

A .i § Y

[ARE
____Z_

o
o~
)
t

-30_

2 T “ I

~ s __J*TIA_LVT.._—%_.F-‘**_-'

g T
Lo

R}
it
o
¢ ....OC

Conversion from centigrade to Fahrenheit.

26.

24



wWIRE

SIZR [
7
00! -
»00
o
300
*20
w 2
bt
4
A
-3 T *»
z
3 S, ZEE:
z it |
‘ % "INSIDE i
) - ~ + » - —
Z2== . DIAMETER
;5 i
g 27,
o be"insiog 0
DIAMETER, 7
22
s
oo
) l 1 5 S pllid BRSNS
o ' 2 3 3 e 7 8 q 10 W 12 19

NUMBEZR OF TURNS

27. Solenoids.
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28. Parallel resistors or series capacitors.
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. System levels in dbmv for integrated systems.

Maintrunk Distribution
ghannel Input Qutput Input Qutput

2 12 22.5 22 32.5

3 12 23.4 22 33.2

4 12 24.2 22 34.0

5 12 25.3 22 35.0

6 12 26. | 22 35.6

7 12 32.1 22 4r1.2

8 12 32.4 22 4l.4

9 12 32.7 22 1.7

10 12 33.0 22 4f.9

] 12 33.2 22 42.2

12 12 33.5 22 42.4

13 12 33.7 22 42.7

Pilot (220 MHz) 12 34.0 22 43.0
Spacing 1750 of /2" 1000 of .4|2"

Tilt Full Tilt Full Tilt

NOTE: This operation is used with automatic or manual
maintrunks spaced at 22 db at 419F and with high level
distribution systems for average spacing of 000 feet
of 412 inch cable, with 3 db flat and 3 db equalized
insertion loss. |t applies to amplifiers with an over-
load level of 58 dbmv and a noise figure of 12 db in
cascades up to 80 amplifiers with 6 db safety margin.

33. NORMALIZED LOSSES OF COAXIAL CATV CABLES

FREQUENCY (MHz) LOSS FACTOR (db) FREQUENCY (MHz) LOSS FACTOR (db)

10 .20 Ch 7 175.25 .91
20 <29 Ch 8 181,25 .925
50 47 Ch 9 187. 25 o 94
Ch 2 55,25 U9 Ch 10  193.25 <955
Ch 3 61.25 .52 Ch 11 199,25 «97
Ch ¥ 67.25 o 545 Ch 12 205.25 985
Ch 5 77.25 59 Ch 13 211,25 1,00
Ch 6 83,25 <615 250 1,10
300 1.21

To obtain precise cable loss, multiply actual loss at 211,25 MHz
with loss factor. For other frequencies between 10 and 300 MHz
normal interpolation may be used.
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I.

APPENDIX VII

Literature and References

REFERENCES QUOTED IN TEXT

1.)

2,)

3.)

4.)

5.)

6.)

7.)

8.)

D. N. Carson, CATV Amplifiers: Figure of
Merit and the Coefficient System, IEEE Intnl
Convention Record, Wire and Cable Communi-
cation, March 1966,

J. M. Barstow and H. N. Christopher, Meas-
urement of Random Video Interference to Mono-
chrome and Color TV, AIEEE Transactions,
Communications and Electronics, Vol. 63,
November 1962

J. M. Barstow and H., N. Christopher, Meas-
urement of Random Monochrome Video Inter-
ference, AIEE Transactions, Communijcations
and Electronics, Vol, 73, January 1954,

Levels of Picture Quality, TASO Report, Panel
6, January 1959,

CCITT-Norm, CCIF Gruenbuch, Bd. III, Genf
1956.

Huette IV b, Fernmelde Technik, Ernst & Sohn,
1962, Chapter 1.

W. A. Rheinfelder, Design of Low Noise Tran-
sistor Input Stages, Hayden, 1964,

Sturley, Radio Receiver Design, Vol. 1, Wiley
1962,
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9.)

10.)

11.)

12.)

13.)

14.)

15.)

16.)

17.)

18.)

19.)

A. D. Fowler, Observer Reaction to Video
Cross-talk, Journal SMPTE, Vol. 57, Novem-
ber 1951.

P, Mertz, Influence of Echoes on TV Trans-
mission, Journal SMPTE, Vol. 59, May 1953,

Charles E. Dean, Measurements of the Sub-
jective Effects of Interference in Television Re-
ception, Proc, I.R.E., January 1960,

Engineering Aspects of Television Allocations,
TASO Report to FCC, March 1959,

G. L. Fredendall and W. L. Behrend, Picture
Quality - Procedures for Evaluating, Proc.
I.R.E., June 1960,

R. N. Jackson, Subjective Assessments of Noise
in Television Pictures, Mullard Res, Labs.,
Redhill, Eng., Rept. Np. 308, July 1959,

L. E, Weaver, Subjective Impairment of Tele-
vision Pictures, Elec. and Radio Engrg., Vol.
36 pp. 170-179, May 1959,

T. Kilvington, Effects of Noise in Television
Transmission, J. TV Soc., Vol. 9, pp. 26-31,
January 1959,

R. D. A. Maurice, et al,, The Visibility of
Noise in Television, BBC Engineering Division
Monograph No. 3, Kingswood Warren, Surrey,
Eng., October, 1955,

W. Rheinfelder, Calculating Overload Thres-
holds for Cascaded Amplifiers, Electronic
Equipment Engineering, July 1964,

T. L. Martin, Electronic Circuits, Prentice
Hall, 1956,




20.)

21.)

22.)

23.)

24.)

25.)

26.)

27.)

P. Mertz, Influence of Echoes on TV Trans-
mission, Journal of the SMPTE, May 1953, Pg.
572 e.f.

J. Shekel, CATV Reflections, TV _Horizons,
April 1962.

D. Damelin, Comparative Field Strength Meas-
ment in the High and Low VHF Bands, FCC Re-
port R-6305, 1963.

W. A. Rheinfelder, Designing Automatic Gain
Control for Transistorized Amplifiers, Electro-
nic Equipment Engineering, December 1964 and
January 1965,

W. A. Rheinfelder, Advanced CATV System
Concepts, Anaconda Astrodata, Anaheim, June
1966.

W. A. Rheinfelder, Test Simulates TV Wind-
shield Wiper Effect, Electrical Design News,
September 1963,

W. A. Rheinfelder, Distortion Measurement
Techniques for CATV, Anaconda Astrodata,
Anaheim, Calif., 1967.

W. A. Rheinfelder, Amplifier Concepts for
Better CATV Systems, Ameco Inc., Phoenix,
Arizona, 1968.

Other Useful CATV References

1.)

2.)

K. Mcllwain, Requisite Color Bandwidth for Si-
multaneous Color - Television Systems, Proc.
IRE, August 1952,

L. E., Middlekamp, Reduction of Co - Channel
Television Interference by Very Precise Offset
Carrier Frequency, IRE Transactions on Broad-
cast Transmission Systems, December 1958,
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3.)

4.)

5.)

6.)

7.)

8.)

9.)

W. L. Behrend, Reduction of Co-Channel Inter-
ference By Precise Frequency Control of Tele-
vision Picture Carriers, RCA Review, Decem-
ber 1956 and June 1959,

E. W, Chapin, L. C. Middlekamp, W. K.
Roberts, Co - Channel Television Interference
and Its Reduction, IRE Transaction on Broad-
cast Transmission Systems, June 1958,

Offset Frequencies for TV Emission, FCC Lab,
Division, Report on Project 222, 926, Decem-
ber 13, 1956,

D. N. Carson, Transmission Objectives and
Their Role in Engineering Community Antenna
Television Systems, IEEE International Com-
munications Conference June 1966,

W. A. Rheinfelder, Chasing Ghosts, TV &
Communications, April 1964,

W. A. Rheinfelder, Extending the High Fre-
quency Response of Transistor Amplifiers,
Electronic Design, December 6 and 20, 1961,

R. C. Cowart, The Economics of Cable Tele-
vision, TV & Communic_ations, October 1964,




Index

A

Accuracy of field adjustments
73, 124
AGC 132, 173, 177
amplifier spacing 142
closed loop 136, 139
head end 25, 32, 133
open loop 136, 138, 139
split band 136
Alignment 75, 155
with passive equalizer 94
Allocation, channel, 130
Amplifier, cost 66
dynamic range 45, 89
figure of merit 45
gain 53
high-gain 66, 89
mathematics 206
measurement 47, 155
number of stages 60, 66, 91
requirements 37
spacing 192
specifications 216
types 21, 22
Antenna information 228
Antenna preamplifiers 27, 35
Antenna spacing for inter-
ference rejection 229
Attenuators 98, 130

Audio modulator 33

Automatic CATV 41, 132

Automatic frequency control
32, 33

Automatic spacing 98, 141,
177

Automatic temperature cor-
rection 135

Auxiliary services, 186

B

Bandwidth, noise 43
skrinkage 66

Bridger level 118

Bridger match 113

c

Cable, attenuation 209
characteristics 37, 248
length, critical 101, 103
powering 68, 131, 147

Cascadeability 41, 72

Cascaded figure of merit 49

CATYV system 19, 20, 21

Color, reproduction 29, 33
requirements 225

253



Combining network 27
Connectors 133
Controls, amplifier 147
Corrosion 147
Conversion, 184

Converters, 184
Cross modulation 29, 43, 180
factor 211
index 211
D

DC restoration 33

Delay time 101

Derating for cascade 51, 79,
207

Differential phase and gain 33

Directional taps 22, 85, 107,
198
match 107, 119

Directivity 107, 112

Distribution amplifier 21, 37,
83, 104, 112

Distribution efficieny 114
level 114
level diagram 81, 117
system 21

Distribution input match 105
output match 112

Dynamic range 25, 45, 51,
79
system 51, 61, 90, 91

E

Economy and spacing 66
Equalization 37, 93, 155
Equalizers, passive 93

temperature correcting 139
Equivalent input noise 41, 47
Error sources 123

254

F

Field adjustments 124
Figure of merit, amplifier
45
cascaded 49
Flatness 72
Flatness and mismatch 99
Frequency conversion 27, 29
Frequency response 75
Full tilt 87, 95

G

Gain 41

control 129, 161
excessive 48, 53, 89
optimum 55, 91
Ghosts 99

tolerance 99, 101
Group delay 29, 35

H
Head end 19, 25
specifications 220
High-gain amplifier 49, 53,
66, 89
High-level distribution 107
Horizon distance 230
House drop 83
Housing design 73

Insertion loss 84, 107
taps 240

Instrumentation errors 73,
155

Integrated system 22, 143

Intermodulation 43, 181

Isolation 107, 112



J

Jumper cables 72, 73, 123,
134

L

Level diagrams 81, 87, 244,
245

Level errors 53, 75
variation between channels
85

Lightning protection 153

Line extenders 115

Loop resistance 149

Loss pads 234

Low-level distribution 115

M

Maintenance 71

Main-trunk level 119

Match, test 165
mathematical analysis 199

Measurement techniques, see
test procedures

Microwave 32, 33

Mismatches 75, 101, 208

Modulation index 212

Multiple cable systems, 185

N

Noise 22, 23, 41, 188
bandwidth 43
calculation 202
combined level 203
figure (factor) 41, 51, 89
168
figure, optimum 42
figure, with input pad 42
level, combined 208
level, TV set 83
output level 207

sensitivity 42

0

On-channel operation 29, 34
Optimum spacing 55, 68, 69
from amplifier measure-
ments 61
mathematical derivation 192
Overload-to-noise ratio, see
dynamic range
Overload level 43, 51, 89
(output capability), 189
Output capability 118
Output noise level 207

P

Performance standards 22
Phase distortion 29, 35
Pilot carrier 27, 137
Power consumption 67
Power inserter 152
Power stations, spacing 151
Power supplies 147
Powering, half-wave vs full
wave 147
Powering modes 131, 153
Powering voltage 148
Pressure taps 22, 80
Propagation constant 210
Push-pull amplifier, 183

R

Reflections 75, 99
coefficient 208

Reflection modes in distribu-
tion 111

Reliability 67, 71
Remodulation 32

255



Resolution chart (TV) 226
Return loss 209

S

Safety margins 53, 81, 119

measurement 81
Second order distortion, 182

Second-order harmonics, 180

Signal-to-noise ratio 23, 42,
188, 207

Sound carrier control 27, 43

Spacing 144

AGC amplifiers 142
optimum 36, 55, 68, 192
power stations 151

theory 59

Split-band AGC 137

Split-band amplifier, 184

Splitters 118

Spurious outputs 25

Strip AGC 133

Strip head end 34

Sweep testing 125
Symmetrical attenuators 232
Sync compression 45

System dynamic range 47, 55,
69, 91

System layout 144

System length 72

System level 23, 79

T

Tap forms 200
Tap loss 84, 107, 199, 240
Taps, electrical character-

istics 201
Temperature compensation

120, 135, 138, 177
conversion 210, 241
Test points 125, 126

256

AGC action 173
automatic spacing 177
frequency response 155
gain and tilt 161
overload 170
procedures 165
VSWR 165
Thermal hysteresis 164
Thermal noise 211
Third-order harmonics, 180
Tilt control 98, 129, 161
modes 84, 87, 95
Transformer tap, matched
111
Transistor precautions 71
Transistorization 34, 67
Transmission line data 237,
246
Transmission line data 237,
246
TV-channel allocations, 180
TV composite waveform 224
TV set, mismatch 112
"windshield wiping' 173

'

Voltage drop curves 149

Voltage regulator 151

VSWR correction for 1.5 db
of cable 235

VSWR testing 165
mathematical derivation 208

VSWR vs db variation 235

w

Wavelength 210
"Windshield wiper' effect 45
of TV set 83, 173



Resolution chart (TV) 226
Return loss 209

S

Safety margins 53, 81, 119

measurement 81
Second order distortion, 182

Second-order harmonics, 180

Signal-to-noise ratio 23, 42,
188, 207

Sound carrier control 27, 43

Spacing 144

AGC amplifiers 142
optimum 36, 55, 68, 192
power stations 151

theory 59

Split-band AGC 137

Split-band amplifier, 184

Splitters 118

Spurious outputs 25

Strip AGC 133

Strip head end 34

Sweep testing 125
Symmetrical attenuators 232
Sync compression 45

System dynamic range 47, 55,
69, 91

System layout 144

System length 72

System level 23, 79

T

Tap forms 200
Tap loss 84, 107, 199, 240
Taps, electrical character-

istics 201
Temperature compensation

120, 135, 138, 177
conversion 210, 241
Test points 125, 126

256

AGC action 173
automatic spacing 177
frequency response 155
gain and tilt 161
overload 170
procedures 165
VSWR 165
Thermal hysteresis 164
Thermal noise 211
Third-order harmonics, 180
Tilt control 98, 129, 161
modes 84, 87, 95
Transformer tap, matched
111
Transistor precautions 71
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TV composite waveform 224
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Voltage drop curves 149

Voltage regulator 151
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mathematical derivation 208
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