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SUMMARY OF CHAPTERS

VOLUME 1

Chapter 1

Transmission System Environment

The composition of the Bell System plant is reviewed in
terms of the types of transmission facilities used and the ways in
which they are interconnected.

Chapter 2

Message Channel Objectives

The Bell System objectives for loss, noise, crosstalk, and
echo in message circuits are stated, and the statistical nature and
subjective foundation of these objectives are discussed.

Chapter 3

Voice Frequency Transmission

The voice frequency components of the telephone plant -
subsets, loops, vf trunks and repeaters - are described., Voice fre-
quency transmission characteristics, noise sources in the local plant,
and crosstalk are discussed.

Chapter 4

Amplitude Modulation

Amplitude modulation and demodulation are analyzed, and
various forms of AM signals are discussed. Emphasis is placed on the
preparation of telephone message signals for transmission over carrier
systems,

Chapter 5

Introduction to AM Carrier Systems

The building blocks of AM carrier systems are described.
The chapter summarizes many of the important problems encountered in
the design and engineering of these systems and serves as an introduction
to the material that follows in Chapters 6-15,
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Chapter 6
System Layout Terminology
This chapter collects important terminology used in

Chapters 6 - 15 and introduces the reader to the problem of de-
tailed system analysis.

Chapter 7

Random Noise

Sources of random or thermal noise in AM systems are
discussed; formulae for computing tube noise, and methods of
estimating noise figure of repeaters and the addition of noise in

a string of repeaters are given.

Chapter 8

Modulation Distortion

Cross modulation between channels arising from non-
linearity in an AM system is analyzed. The relation between the
power series representation of the non-linear device, and the over-
all intermodulation performance of an AM multi-repeatered system is
developed.

Chapter 9

Load Capacity, Gains and Losses

System load and overload are defined in terms of an
ecuivalent single frequency sinusoid. Equality of repeater section
transmission path loss and repeater gain is shown to be an important
objective.

Chapter 10

System Layout and Analysis

The material developed in Chapters 6 through 9 is used
to illustrate the problems of setting repeater spacing, system
levels, and analyzing system performance.
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Chapter 11
Misalignment

The problem of systematic misalignment - all repeaters
slightly too high or ail repeaters slightly too low in gain - is
analyzed and the necessarily adverse effect on signal-to-noise
ratio studied.

Chapter 12
Overload and Modulation Requirements

Methods of deriving overload and intermodulation require-
ments for a system from a knowledge of the speech load are studied,
It is shown that the peak value of the voltage wave corresponding
to a telephone multiplex signal can be expressed in terms of a sine
wave having the same peak voltage; this concept is also made use of
in FM systems later. Methods of computing modulation noise developed
here are similarly adaptable to FM system problems.

Chapter 13
Feedback Repeater Design

The problems of working through a feedback repeater de-
sign from its initial conception to its final form, and estimating
the repeater performance throughout the design process, are dis-
cussed as an example of the interdependence of device development
objectives, circuit design and system performance.

Chapter 14
Regulation and Equalization

Requirements on the transmission-frequency characteristic
for telephone and television transmission are discussed, and methods
for equalizing and regulating to meet these requirements are des-
cribed. The frequently unexpected impact of the equalization plan
on other aspects of system performance illustrates the complex
nature of the system problem.
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Chapter 15
Shaped Levels, Feedback, Compandors, TASI

The effect of shaped feedback and pre-emphasis of the
telephone multiplex load on repeater noise, intermodulation, and
overload is discussed. The problems and advantages of compandors
are described. The principle of time-sharing of channels is
introduced.

VOLUME 2

Chapter 16

Television Transmission

The nature of the television signal, its sensitivity to
interference, and the resulting requirements on transmission systems
for this signal are discussed.

Chapter 17

Introduction to Microwave Systems

The building blocks of a radio system are described.
Some similarities and differences between radio and wire systems
are discussed.

Chapter 18

Radio Propagation

Antenna gain and path loss relations are analyzed.
Characteristics of typical antennas and the problems of fading
and absorption are discussed.

Chapter 19
Properties of the Frequency Modulated Signal

The spectrum of a carrier which is phase or frequency
modulated by one or more sinusoidal signals is derived. The
spectrum resulting from angle modulation by a band of random noise
representing a telephone multiplex signal is given.
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Chapter 20

Random Noise in FM and PM Systems

The method of analyzing the noise performance of an FM
or PM system is given. The noise advantage of FM over AM systems
is derived, and shown to be an example of the principle of trading
bandwidth for signal-to-noise ratio.

Chapter 21

Use of the Fourier Transform for
Transmission System Analysis

The Fourier Transform is reviewed at this point to
serve as a tool for analyzing subsequent FM and PCM material.

Chapter 22

Effect of Transmission Deviations in
PM and FM Systems

The methods of analyzing the effects of transmission
deviations in an FM or PM system are presented.

Chapter 23

Frequency Allocation

The factors effecting choice of baseband width and the
mechanisms of interchannel interference are discussed. Frequency
allocations of present radio systems are illustrated.

Chapter 24

Illustrative Radio Systems Design Problem

The material in the previous chapters is summarized by
applying it to the analysis of a short haul 100 channel system.

5-5
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Chapter 25

The Philosophy of Pulse Code Modulation Systems

A general introduction is given to the principles of
message sampling, quantizing, coding, decoding, and reconstruction.
Time division multiplex and the trading of bandwidth for signal-to-
noise ratio are examined for a PCM system, and the results are re-
lated to previous discussion of AM and FM systems.

Chapter 26
Preparation and Processing of Signals in PCM

The spectrum of a sampled message is examined to intro-
duce the problem of filter requirements. This is followed by a
description of the terminal equipment and a discussion of estimated
noise performance of a 24 channel system.

Chapter 27
Pulse Transmission and Reshaping
High-end shaping and transmission deviations are analyzed

in terms of error rate. Methods of compensating for the effects of
low frequéncy suppression in transmission systems are discussed.

Chapter 28
Regeneration and Retiming

Ideal vs. partial regeneration and retiming are studied
in terms of the system error rate. The advantages of a regenerative
system over a conventional AM or FM system are discussed.

Chapter 29

Signal Processing

The nature of speech is discussed, and methods which have
been devised to extract and transmit only the information content of
the message are examined.



Chapter 16
TELEVISION TRANSMISSION

The wave shapes and frequency spectra of the
monochrome and color television signals are described.
There is a discussion of the sensitivity of the signals to
such impairments as bandwidth limitations, transmission
deviations, crosstalk, random noise, single frequency inter -
ference and non-linearity. The transmission system re-
quirements on these impairments are outlined. The chapter
concludes with a discussion of the vestigial sideband
method of transmission.

The Bell System has constructed many thousands of route miles
of wide band transmission circuits in recent years to serve the rapidly
expanding television broadcasting industry. The associated companies
make use of coaxial and microwave intercity systems, television switch-
ing arrangements at toll centers, and video transmission systems for
relatively short intracity links. The magnitude of these operations
may be appreciated by noting that the Bell System's investment in equip-
ment capable of transmitting television exceeds the aggregate investment
in plant of all the broadcasters. Hence, television transmission is
important to the Bell System,and the designer of broadband transmission
systems must have a knowledge of television transmission requirements.
We shall begin with an examination of the television signal itself before
discussing system objectives and requirements.,

Nature Of Television Signal

Scanning Process

The television signal must contain information in electrical

form, from which a picture can be recreated with reasonable fidelity.

If we neglect color, a still picture may be expressed as a variation

in luminance over a two dimensional field. In a moving picture, how-
ever, the luminance function also varies with time. The moving picture,
therefore, is a luminance function of three independent variables,

The electrical signal consists of a current or voltage amp-
litude which is a function of time. At any instant the signal can rep-
resent the value of luminance at only one point in the picture., It is
necessary, therefore, in the translation of a picture into an electrical
signal, that the picture be scanned in some systematic manner so that
the large number of luminance values representing a picture are obtained
over a period of time. If the scan is sufficiently detailed and rapid,

16-1
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a satisfactory reproduction of picture detail and motion can be obtained.
The basic system consists of a continuous scan in a horizontal line from
left to right, starting at the upper left hand corner of the field of
view., When the right hand end of a line is reached, the next lower

line is explored starting from the left. When the bottom of the field
is reached, the process is started again from the top.* The luminance

at each scanned point is translated (or coded) into an instantaneous
value of signal voltage or current. This scanning process is illustra-
ted in Figure 1 and has been described extensively in the literature.

LUMINANCE
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™ — EXPLORING REPRODUCING — |
ELEMENT SPOT
INAGE FIELD VIEWING SCREEN
ﬁr SCANNING
INFORMATION
—_ -

SWEEP
GENERATOR

General Scheme of Television
Transmission

Figure 16-1

For the successful decoding of the signal into a picture at
the receiver, it is necessary to transmit a key to the code. In the
standard signal, this consists of emitting frequent short-duration
pulses (synchronizing, or "sync" pulses) indicating characteristic points
in the course of the scanning pattern such as the beginning of scanning
lines and fields. This is coupled with the condition that further motion
of the spots, between pulses, is uniform with time in the field of view.
The synchronizing pulses must be distinguishable from the
picture signal. This is accomplished by both time and amplitude separ-

*This is simplified. Actually the lines of alternate fields are inter=
laced.
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ation. They are transmitted during "retrace" time. This is the time
when the spots are returning from one end of the field of view to the
other. During this time no useful picture information can be sent. The
picture and synchronizing pulses are also assigned separate amplitude
ranges in the total signal. An illustration of this portion of the
signal is shown in Figure 2. This shows a trace which can represent
either the video signal itself or the envelope of a carrier signal.,

63.5 AL SEC
DURATION OF

ONE SCANNING LINE

TIME —

<«—— PICTURE WHITE @

CAN NTZZTTC

PORCH" | PORCH"
(1.3 LSEC)| (4 LSEC)

BLANKING ! ©|CTURE
PULSE LINE SIGNAL
SYNCHRONIZING
PULSE
{5 SEC)

Portions of a Television Signal Showing Line
Synchronizing Pulses

Figure 16-2

The picture signal is interrupted during retrace time and
replaced by a black signal known as a "blanking pulse”. This insures
that the return trace will not be visible in the picture. The line
synchronizing pulses are superimposed on the blanking pulses and
occupy the amplitude range from ™" to "c". Since this region is black-
er than black, the sync pulses do not register in the picture.

The line pulses synchronize the individual scanning lines.
Similarly it is necessary to synchronize field (vertical) scans. This
is done by another pulse in the same amplitude range, as shown in Figure
3. The line and field pulses are identified at the receiver by their
durations, which are greatly different. During the field retrace time,
the picture is again blanked by a black blanking signal. The equalizing
pulses are necessary to insure that both.fields making up a frame are
properly synchronized.
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| FIELD BLANKING PULSE —
EQUALIZING FIELD SYNCHRONIZING EQUALIZING HORIZONTAL
PULSES PULSE PULSE SYNC PULSE

Portion of Television Signal Showing
Field Synchronizing Pulses

AMPLITUDE

Figure 16-3
Wave Forms

Figure 3 also shows a portion of the wave forms for both line
and field synchronizing pulses. H, the time interval from the start of one
line to the start of the next is 63.5 microseconds (15,750 kc line fre-
quency). The picture is scanned vertically at a rate of 60 "fields" per
second. Since each complete frame consists of two interlaced fields, the
"frame™ rate is 30 per second. There are 525 scanning lines per frame of
which only about 93% are visible because of loss of time during the field
blanking pulse.

The most direct method available for measuring the amplitude and
time relationships between the various components of a video signal is to
observe the wave forms on an oscilloscope. The method of measurement, and
specifications and adjustments of amplitude relationships have been
standardized by the IRE. The IRE Standard Scale is shown in Figure L.
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Figure 16-4
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Bandwidth

The bandwidth occupied by a television signal is a function of
the frame rate and the fineness of detail to be transmitted. Important
components will appear as low as the 60 cps field scanning rate, with some
energy at lower frequencies. We must, therefore, transmit almost down to
dc. How high in frequency must we transmit? The final answer to this
question must, of course, come from viewing tests. These tell us that
with the optimum viewing conditions and best equipment, a bandwidth of
about 4 mc results inwry little degradation, and that a greater bandwidth
results in an improvement which economically would not be worthwhile, A
reduction to 3 mc bandwidth, on the other hand, results in a noticeable
degradation.

To appreciate the role which various factors play in this
question, it will be instructive to compute the required bandwidth, making
certain simplifying assumptions. The standard American black and white
picture calls for a frame rate of 30 cps with 525 lines per frame. The
ratio of picture width to height (aspect ratio) is 4:3. We assume a
scanning spot which is uniformly illuminated over a circular cross-section
whose diameter is just equal to the picture height divided by the number
of lines per frame.

Vertical Resolution: Since the scanning lines are discrete and
of finite width, the relative position of the scanning lines and any

horizontal lines in the scanned original will affect reproduction. For
example, if the original consists of alternate black and white lines of
the same width as the scanning lines and perfectly coincident with them,
reproduction will be accurate., If these same scanned lines are centered
on the boundary between scanning lines, however, they will produce a gray
picture. Experimental study indicates that, for typical pictures, this
effect decreases vertical resolution by a factor of about 70%. Vertical
resolution is further reduced to about 93% of its original value because
of the loss of lines during blanking time between fields., The resulting
number of vertical elements which can be resolved is then:

n, = (525)(0,70)(0.93) = 342

Horizontal Resolution: The vertical resolution is controlled
by the number of active lines per frame, the size and nature of the
scanning spot and the accidental relationships of the scanning pattern
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and horizontal lines in the original image. Horizontal resolution, on
the other hand, is determined by the highest frequency component which
can be resolved along a line. If we make the simplifying assumption
that a simple sinusoid will generate a series of alternate black and
white spots it is easy to see that the finest detail which can be re-
produced will be determined by that sinusoid (assuming that spot size
is not the limiting factor, of course). Subjective tests indicate that
satisfactory results are obtained if horizontal resolution is made ap-
proximately equal to vertical resolution. Assume, for our purposes,
that they are equal.* Since the aspect ratio is 4:3, the desired number
of horizontal picture elements would be:

n, = (4/3)(342) = 456

Required Bandwidth: A sinusoid which would generate 456
alternate black and white spots would go through 228 cycles along a
scanning line. If we allow 16.5% of line scanning time for horizontal
blanking, the active (i.e. visible) time for one line will be:

t = (0.835) T?GT%EﬁgT = 53 microseconds

The top transmitted frequency must then be:

_ 228 cycles per line -
fmax 53 microseconds pcr line ko3 me

In spite of all the simplifying assumptions made, this result does not
differ substantially from the FCC standard of 4.25 mc.

The significant thing to note in this discussion is that channel
bandwidth determines the horizontal resolution. If bandwidth is restricted
in any practical case, it is the horizontal «etail which suffers.

Spectrum

The scanning process determines the basic distribution of energy
in the signal band. Line scanning of picture information concentrates
the signal energy into harmonics of the line frequency. In addition,
modulation of the line frequency harmonics by the 60 cycle field scan
gives rise to 60 cycle sidebands on each line frequency harmonic. The
television signal, therefore, consists of a number of fixed frequencies
which vary in phase and amplitude at a slow rate only as a result of

#In practice the ratio of horizontal to vertical resolution is about

0.9.
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motion in the picture. Each of these frequencies can be considered
as a carrier and the effect of motion as adding sidebands around the

carrier. The net result is a signal frequency composition similar to
that shown in Figures 5 and 6.

RELATIVE MAGNITUDE IN VOLTS =—»

o 1 2 3 4
FREQUENCY IN MEGACYCLES PER SECOND

Spectrum of Monochrome TV,
Showing Every Tenth Line-
Frequency Harmonic

Figure 16-5

Figure 5 illustrates the entire 4 mc bandwidth, indicating
the levels of line freouency harmonics for a typical signal. Nine-tenths
of the harmonics have not been drawn in and the 60 cycle components near
zero freouency have been omitted for clarity. A small section of Figure
5 magnified to illustrate the presence of the 60 cycle sidebands that
cluster about each line frequency harmonic is shown in Figure 6.
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Sidebands Around Each Line-
Frequency Harmonic

Figure 16-6
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Color Signal

The NTSC* color television system is based on the principle
that color may be adequately defined in terms of three characteristics:
Luminance, hue, and saturation. Luminance defines intensity or bright-

ness and is the basis on which the present monochrome system operates.
Hue defines the color in terms of whether it is red, blue, green, yellow,
etc. Saturation defines the degree to which the hue is mixed with white.
For example, pink is a low saturation red. A high saturation red would
be a brilliant crimson.

The color signal, therefore, must contain information as to
these three characteristics. The color system uses the same type of
signal to transmit luminance information as is used in the monochrome
or black and white system. To this are added the saturation and hue
information which comprise the basic difference between the monochrome
signal and a color signal. The necessity of transmitting three pieces
of information instead of one, simultaneously and without interaction
or distortion, imposes new requirements on the transmission facilities.
This situation is analogous to the transmission of two or more voice
signals simultaneously in a carrier telephone circuit. If the circuit
is perfectly linear, there is no difficulty in separating the various
voice channels at the receiving end. If the circuit is not linear,
the channels interact with one another and crosstalk occurs.

The saturation and hue information are added to the luminance
signal in the form of a new signal called the color sub-carrier. The
amplitude of this signal represents the saturation of the color. A
large amplitude represents high saturation or brilliant color. Distor-
tion of color saturation will occur if the gain of the transmission system
at the color carrier frequency is a function of the amplitude of the
luminance signal. This variation in the amplitude transmission of the
color signal caused by variztion in the amplitude of the luminance signal
is called differential gain. The presence of differential gain in a
system used to transmit color television may result in a picture in
which some colors may appear dim or washed out while others may appear
oversaturated.

*National Television Systems Committee
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The time or phase relationship of the color sub-carrier to a
reference synchronizing signal (color burst) determines the hue of the
color. The color burst consists of approximately 9 cycles of the color
carrier freouency placed on the back porch of the horizontal blanking
signal as shown on Figure 7.
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COLOR INFORMATION

l‘,‘ ‘

LINE SYNC

Color Signal Wave Form
Figure 16-7

Distortions of hue will occur if the phase shift of the trans-
mission system at color carrier frequency is a function of the amplitude
of the luminance signal*. This variation in color carrier phase shift
caused by variations in amplitude of the luminance signal is called
differential phase. The presence of differential phase in a system
used to transmit color television results in a change in the hue of
the colors.*

The frequency of the color sub-carrier, 3.579545 me, is chosen
to be an odd multiple of half-line frequency (7867 cycles for color
television). The effect of this is to interleave the components of the
chrominance signal spectrum between the luminance signal components. The
frequency composition of a typical NTSC color signal is shown in Figure 8,
The smaller chrominance components on either side of the sub-carrier are
produced by the scanning as in the case for luminance and vary in
amplitude and phase in accordance with the hue and saturation information
being transmitted,

*Such dependence will occur because, for example, the "hot" grid-cathode
capacity of the electron tubes is a function of operating point, hence
of instantaneous signal voltage.
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NTSC Color TV Spectrum
Figure 16-8

TELEVISION TRANSMISSION REQUIREMENTS

The subject of distortion and interference in television
pictures is a specialized one. It is a field in which new words have
been coined to describe particular phenomena, and where accepted audio
terms are sometimes employed to déscribe visual effects. Hence we look
for noise, and ringing, we try to avoid pigeons and glitch,* we do
our best to keep the porches flat, and the breezeway open, and bleeding
whites merit our serious concern. A complete review of television dis-
tortion is quite beyond the scope of this section, of course. What is
intended, rather, is to present the more important aspects. We shall
attempt to relate cause and effect, and shall indicate what the tolerable

limits are for these performance degradations.

Television requirements, like telephone requirements, are
based on the results of many subjective tests. Extensive viewing tests
have been made in which various amounts of distortion or interference
were added to the picture and the result judged using seven preworded
comments ranging from ™ot perceptible™ to "unusable". The data for

*These are both descriptive terms for forms of low frequency interference.
By "pigeons" is meant bright spots of impulse noise that show up and
appear to fly across the picture. "Glitch" is characterized by a narrow
horizontal bar which moves through a picture at a slow rate.
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all observers were pooled to determine the curve for a median observer
and in general the requirement for a particular effect has been set so
that the median observer will find the interference or the distortion
to be "just perceptible". It should be observed that such a requirement
obtains for a complete system. When several systems are connected in
tandem the overall requirement must be allocated among the component
systems and indeed further subdivided to determine the net contribution
for individual amplifiers and filters,

In this section we shall take up picture impairments due to
the causes listed below. There is a certain amount of overlapping
among some of the items, however, and the decision to refer to a par-
ticular effect as band limiting rather than as a transmission deviation,
for example, is mostly a matter of judgment.

1. Bandwidth Limitations

2. Transmission Deviations

3. Crosstalk

L. Random Noise

5. Single Frequency Interference

6. Non-linear Effects

We shall confine the discussion which follows to video system
effects. The use of carrier facilities introduces other difficulties
which will be discussed later.

Bandwidth Reouirements

Since the television signal is derived from a scanning process
the vertical resolution in the picture is determined by the number of
scanning lines used per frame and the horizontal resolution is determined
by the bandwidth of the system. To make the horizontal resolution approx-
imately equal to the vertical resolution, a bandwidth of about 4.2 mc is
required. An unimpaired test signal or test pattern as reproduced on a
television monitor is shown in Figure 9, We shall use this test
pattern as our reference nndistorted picture and show the effects of
several types of impairments upon picture quality. Note that the ver-
tical lines in the pattern of Figure 9 can be resolved right into the
central circle,

If a low pass network having a transmission characteristic
which is approximately flat to 1 mc and then falls off at the rate of
about 6 db per octave is inserted between the picture source and the
monitor, the test pattern will be reproduced as shown in Figure 10,

The picture is no longer "crisp", the vertical bars cannot be resolved
close to the central circle (see the lower wedge) and the words "New York™"
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Figure 16-9 Unimpaired Signal Figure 16-10 1 mc Roll-off

Figure 16-11 Negative Streaking Figure 16-12 Smearing

Figure 16-13 Overshoot Figure 16-14 4 mc Ringing
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are no longer clear. In short, fine detail is not reproduced well. In
addition to frequency response, excessive noise and some echo patterns
can also mask fine picture detail and result in apparent loss of resol-
ution.

The Bell System objective for television transmission is
therefore to provide facilities having flat transmission and delay char-
acteristics between a very few cycles and at least 4.2 mc. The question
which naturally arises is, how flat must the gain and delay characteristics
be to guarantee acceptable transmission?

Transmission Deviations
Before attempting an answer to the question which has just

been raised, it is desirable to examine a few more distorted test patterns.
Figures 11 through 14 illustrate some common faults, In order to
give a clear qualitative idea of the types of penalties associated with
not meeting transmission requirements, large amounts of distortion are
shown in these pictures.,

l. Streaking and Smearing. Streaking is caused by trans-

mission distortions in the frequency range up to about 200 kc. Smear-

ing is generally caused by distortions at somewhat higher frequencies.,
Streaking and smearing affect both color and monochrome signal transmission.
Amplitude and phase distortion tolerances at the low end of the frequency
band, below say 5 kc, are relatively less critical because of the use of
electronic circuits called clampers. Clampers effectively reinsert low
frequency signal components which were not faithfully transmitted. They
permit a 35 db relaxation of gain and phase distortion at 60 cycles but
their effectiveness decreases with frequency. All Bell System television
networks include clampers.

Streaking and smearing are usually not separate and distinct
distortions. A picture which exhibits smear also has streaking. Figure
11 shows the test pattern containing streaking - negative streaking
in this case, If the test pattern letters were extended as blacks or
grays, the distortion would be described as positive streaking. A badly
smeared picture is shown in Figure 12. Figures 11 and 12 are both
clamped signals; similar distortions in the vertical direction are at-
tenuated by the clamper.

2. QOvershoot., In a television signal, an overshoot is an
excessive response to a sudden change in signal. A sharp overshoot is
commonly referred to as a spike and is generally caused by excess gain
at high frequencies,
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Figure 13 shows this effect on a typical picture. There is a
black outline to the right of white objects and a white outline to the
right of black objects,

3. Ringing. Ringing generally results from the transmission
of sudden tonal transitions over a system that has a finite pass band
with a sharp cut-off at the upper end of the frequency range. It may
also result from a marked transmission irregularity at some frequency
below cut-off. When a signal containing a sudden transition is applied
to such a circuit, damped oscillations or ringing will occur at approx-
imately the frequency of cut-off or other discontinuity, the duration of
the ringing depending upon the sharpness or degree of the irregularity.
Ringing will be accenuated by a rising gain characteristic preceding
the discontinuity. Figure 14 shows the effect of introducing a low
pass filter having a sharp cut-off at 4 mc between the signal source
and the monitor. The ringing can be seen to the right of the vertical
bars in the region where the spacing of the bars corresponds to fre-
ouencies approaching 4 mc. It is evident that ringing also causes an
apparent loss of resolution.

L. Echoes. An echo signal, or ghost, can be defined as a
duplicate of the original video signal displaced horizontally from the
original signal. Ghosts and echoes are due to impairments in the trans-
mission circuit which cause the signal pulses to reach the viewer at two
or more discrete times. The impairment effect of the echo picture not
only varies with echo signal strength but also with the time offset and
the nature of the original video signal. As a practical matter, echo
signals are generally not true reproductions of the original signal,
since the conditions that give rise to echo signals are usually not con-
tinuous throughout the band. Echoes may be either leading or lagging and
may be either positive or negative. Figure 23 is an example of a
positive echo. (See page 33).

Requirements on Transmission Deviations
The several types of distortion that have been considered all
have one thing in common - they are all caused by transmission deviations
and can be eliminated by introducing compensating gain and phase equal-
ization. :
The requirements placed on the transmission characteristic to
hold these picture impairments to tolerable levels are sometimes given
in terms of "coarse structure™ and "fine structure” deviations.



TELEVISION TRANSMISSION 16-15

Figure 15 shows an illustrative steady-state phase curve
after the linear component has been subtracted. Widely spaced varia-
tions, like that indicoted by the dotted line, are known as "coarse
structure”. Such variations are also described, in a purely descriptive
way, as having "low periodicity" - in the sense that they would repre-
sent a slowly changing function to an observer who scanned the trans-
mitted band. Closely spaced variations as shown by the solid line are
known as "fine structure", or "high periodicity" variations. Quantit-
atively, a deviation is fine structure if Af is much less than 540 kc,
coarse structure if Af is much more than 540 kc. The devision is
obviously a somewhat arbitrary one.

Af

jf”

PHASE SHIFT ¢

FREQUENCY

Steady State Phase Curve Illustrating "Coarse' and ""Fine"
Structure Transmission Deviations

Figure 16-15

The coarse structure requirements for monochrome television
from 7875 cycles (half line frequency) to the upper cut-off are given
as

* .03 microsecond envelope delay, and
+ 1.7 db/mc gain slope,

For color transmission this fairly large gain slope cannot be tolerated
and the transmission at 3.6 mc should be very nearly the same as at low
frequencies.



16-16 TRANSMISSION SYSTEMS

The fine structure requirements for an overall system for
monochrome are tabulated below:

Video Freguency Phase Distortion Gain Deviation
60 cycles + 1 degree + .1 db
15.75 ke + 1 degree + .1 db
500 kc + 2 degrees + .2 db

1 mc + 4 degrees + .3 db
2 mc + 8 degrees + .6 db
3-4 mc +10 degrees + .8 db

Here again, for color, the requirements between 3 and 4 mc become
almost the same as those at 15.75 kc. The above fine structure re-
guirements are for single departures of delay and attenuation. When
three or more cycles occur in succession, the requirement must be
halved; and where both attenuation and delay occur together the re-
quirement must be divided by v2. While these limits serve as a guide,
they are not used directly in system design or evaluation. Current
practice is to employ the method to be discussed next - the echo rating
technique. This is based on the fact that all the transmission devia-
tion effects which have been discussed can be considered as different
types of echoes.

The next section will demonstrate the effects of transmission
impairments in producing echoes, and how echo delay is related to the
periodicity of the variations.

Echo Rating Technique

Before discussing how an echo pattern can be related to the
transmission characteristics of a network or amplifier, it is helpful to
consider how echoes are generated. They are often thought of as resulting
from a discontinuity in a transmission medium or from an impedance mis-
match of some sort. The "talker echoes" which were discussed in Chapter
2, for example, arose from improper terminations. The echoes we are
concerned with in television are more nearly analogous to "listener echo",
or to reverberation effects in acoustics. Such "echoes" can result from
multi-path transmission. They can equally well result from transmission
over a single path having a non-ideal transmission characteristic., We
can set up a paper experiment to show this,

Consider the circuit of Figure 16. The signal is applied to
three paths, each having attenuation and delay. As an example, assume
that the losses of paths 1 and 3 are equal, so that K1 = K3 = K, and
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