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SPECIFICATIONS SELECTED FROM

THIS CHAPTER

Number of Lines per Frame - - - - - L
Number of Used Lines with 7 Percent

Field Blanking - - - - - - lao
Same with 10 Percent Field Blanking - - - 297
Vertical Resolution Factor - - - -  70%
Approximate Vertical Resolution Afforded

by Above Standards - - - - - 280 Lines
System Cutoff Frequency for 280-Line

Horizontal Resolution - - - - 2.8 Mc
Same for Any Horizontal Resolution - = Nh/100
Maximum Overshoot Resultlng Solely

from Sharp Cutoff - - - - 9%

Theoretical Tolerance of Vector Sum of
Amplitude Distortion in Napiers and Phase
Distortion in Radians for Excellent Reproduction - 0.1
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FREQUENCY CHARACTERISTICS OF THE RECEIVER

(TELEVISION PRINCIPLES - CHAPTER 5)

INTRODUCTION

In the preceding chapter (Re-
port 1837) there is given a statement of
the general requirements on the receiver
as established by the details of the trans-
mitted video wave and also in regard to
sensitivity and selectivity. In the
present chapter the discussion of general
receiver requirements is completed, tak-
ing up particularly the frequency char-
acteristics of the scanning spots and of
the electrical circuits which determine
the picture detail.

A general treatment of this
subject is given in the paper, "The Fine
Structure of Television Images",
by He A. Wheeler and A. V. Loughren,
Hazeltine Report 771b-W, which was pub-
lished in the PROCEEDINGS OF THE INSTITUTE
OF RADIO ENGINEERS for May 1938. The
present chapter gives a brief discussion
of the subject.

The electrical transmission of
low-frequency video components, including
the direct-current component, is neces-
sary in order to reproduce the picture
with the proper average brightness, and
with correct general shading over the re-
produced scene. The electrical results
of insufficient low-frequency transmis-
sion are discussed in one of the sections
below, beginning on page 111.

The high-frequency character-
isties of the circuitare closely related
to the horizontal resolution since, inthe
rapid motion of the spot as it secans suc-
cessive lines of the transmitted image,
high-frequency components are developed
by fine horizontal detail in the scene.
This subject and the related matter of
scanning-spot characteristics are dis-
cussed in one of the sections below.

THE MEASURE OF DETAIL

Detail in television practice
is measured by the number of alternate
black and white lines (the black lines
having the same width as the white lines),
which can be separately seen. In case
the lines lie horizontally, the resulting
observation obviously gives the resolu-
tion in the vertical direction; if the
lines are vertical, the resulting obser-
vation gives the resolution in the hori-
zontal direction.

Various charts have been de-
signed on this principle for use as the
subject for the television camera and so
arranged that observations at the receiver
can be conveniently made, giving the hori-
zontal and vertical resolution of the sys-
tem. In Figure 1 there is shown such a
chart which we have used; the original
has a height of approximately 30 inches.
This chart includes two horizontal wedges
of approaching lines for observing ver-
tical resolution. The point along such
a wedge at which the separate lines par-
tially disappear determines the resolu-
tion. The receiving picture tube i s
viewed at a fairly close distance for
this purpose.

Reading the resolution chart
requires some discretion and experience.
Our recommendation is to locate a region
along the wedge pattern as follows, and
to take the reading in the middle of this
region. This is the region of diminish-
ing contrast between black and white
lines. At one edge of this region, the
lines just begin to lose their normal
contrast; that is, the black lines begin
to assume a grayish shade. At the other
edge, the lines are just barely percep-
tible on the gray background. At the
middle reading which is taken as the
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observed resolution, the lines are visible
at reduced contrast,.

If Figure 1 is held at a dis-
tance of about fifteen feet, such a read-
ing for the eye alone may be made, and
will illustrate the use of the chart.

The extremes of each wedge are
designated 100 and 300; these figures in-
dicate the total number of Black and white
lines resolvable in the entire height of
the picture. Intermediate markers are
provided at 150, 200, and 250 lines. The
reasons why & maximum value of 300 lines
is sufficient, and it is not necessary to
go to Ll or beyond, are made clear in
the later section entitled "Vertiecal
Resolution". This method may be checked

HAZELTINE SERVICE CORPORATION

on a standard LlLl-line system opexating
under favorable conditions, where the
vertical resolution should be about 280
lines.

Figure 1 also includes three
vertical wedges for observing the hori-
zontal resolution. These are identical
to the horizontal wedges just described,
They therefore give the number of lines
resolvable horizontally ina length equal
to the height of the picture. The number
of lines resolvable in the entire width
of the picture is obtainable by multiply-
ing by the aspect ratio, which is E/;
However it is not desirable to wuse this
quentity and in practice it is not done,
because the important adventage of com-
parable figures for horizontal and

Fig. |. Resolution Chart Used

in Hazeltine Laboratories.
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vertical resolution would be lost. The
horizontal resolution is therefore gen-
erally stated as the number of resolvable
lines in & horizontal distance equal to
the height of the picture.

Another resolution chart,which
includes provision for separate observa-
tions of horizontal and vertical resolu-
tion in twelve portions of the area of
the scene, is described by A. V. Bedford
of the RCA Manufecturing Company in his
paper, "A Figure of Merit for Television
Performance", which is listed below in
the section "References". The paper in-
cludes a procedure for obtaining an over-
all figure of merit for the resolution
from the data observed for the individual
portions of the field.

THE SCANNING SPOT

In a mechanical television sys-
tem, the shape of the scanning spot is
determined by the shape of the aperture.
-In such a system the scanning operation
is performed by the motion of this aper-
ture. The intensity over the area of the
aperture is constant. The characterist-
ics of such an aperture may therefore be
represented three-dimensionally by a pla-
teau of illumination, having a flat top
and vertical sides determined by the shape
of the aperture.

Intensity
Distribution—

Fig. 2.
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In distinction to the mechani-
cal aperture, a cathode-ray spot under
practical conditions is circular in shape
and non-uniform in intensity over this
area., Such a spot may be visualized as
a small mound with the highest point at
the center. At the receiver the scanning
spot is generally made as small as pos-
sible to give sharper detail, with the
result that the line structure may be seen
on inspection at close range. However,
at the usual viewing distance the line
structure is nearly imperceptible, and
therefore the apparent width of the scan-
ning lines is equal to the line pitch.

A picture tube, under the con-
ditions just described, may be said to
have a "flat field", a term which indi-
cates that the line structure cannot be
seen. At the receiver this effect is
ordinarily obtained by virtue of the view-
ing distance or, in other words, by vir-
tue of the characteristics of the eye.
However, in the mosaic tube at the trans-
mitter it is desirable that a physically
flat field be obtained, at least as viewed
with the aberration of the camera lens.
In Figure 2, the production of such a
field by the motion of a cathode-ray spot
is shown. The outside width of the spot,
and therefore the outside width of each
line, is approximately twice the line
pitch. 1In this way the center of each

Three-Dimensional

Representation—

Flat Field Obtained By Scanning With Cathode-Ray Spot.
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line is produced only by the motion of the
spot for this particular line, but all
other points are produced with equal in-
tensity by the addition of suitable con-
tributions from the two adjacent lines.
If the distribution across any one scan-
ning line has a cosine-squared character-
istic, as described in the Wheeler-Loughren
paper, and the outside width is just twice
the line pitch, a flat field will be ob-~
tained.

In order to obtain a cosine-
squared distribution across the lines,
the spot itself must have a slightly dif-
ferent distribution, and the effect of
camera lens or eye lens must be consid-
ered. This is anecessary consequence of
the fact that the line is produced by the
motion of the spot, and its effective
width depends also on the lens. The theo-
retically necessary spot distribution can
be approximately obtained in practioce.

In Figure 3 there is shown the
manner in which a slightly sloping line
might, under certain conditions in the
transmitter, be reproduced with gaps or
overlaps so as to have the objectionable
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appearance of "beads". The drawing is
made for a rectangular aperture in the
interest of simplicity. The stepped ef-
fect in normal reproduction is unavoid-
able and disappears at a distance. The
overlap type of beads is the lesg serious
because the two-to-one intensity relation
is not conspicuous. Also it is unlikely
to occur because the spot isnever inten-
tionally made larger than required. The
gap type of beads would be serious because
of the much larger contrast; it is caused
only by too small a spot in the camera
tube, and this is not usual at present.

Another aspect of this effect,
associated with the nature of the scan-
ning process, is shown in Figure L, which
is teken from the volume "Fernsehen: Die
neuere Entwicklung inbesondere der
deutschen Fernsehtechnik", ("Television:
Recent Developments, Especially in Gernm.n
Television Practice"), edited by F Schroter
and published in 1937. Figure L shows
the possibility of an ambiguity in that
either of the fine-structure patterns at
the top, scanned by a square spot of the
indicated size, produces the same elec-
trical signal, which is reproduced as the

Transmitter Receiver

The Production ot Beads by Improper Width

ot Scanninglibitae fai’the Transmitter.




HAZELTINE SERVICE CORPORATION

image shown at the bottom. The receiver
cannot distinguish between the two pat-

terns.,

VERTICAL RESOLUTION

As mentioned above, at the usual
viewing distancesa flat field is seen and
therefore the apparent width of each scan-
ning line is equal to the line pitch. The
proper viewing distance is that which is
barely sufficient to secure this effect.
A horizamtal narrow line in the scene will
be reproduced by either one or two scan-
ning lines depending on its position with
respect to the sceanning lines in the cam-
era., If it is reproduced by one scanning
line we may say that the relative reso-
lution is unity, but if the reproduction
requires two scanning lines we may say
that the relative resolution is one-half.

A careful study has been made
of the average width with which such a
line is reproduced, considering all pos-
sible relations between it and the scan-
ning lines. This was done by taking a
slightly sloping line, almost horizontal

-
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the line pitch by the factor\/_. Remem-
bering that this is for average condi-
tions in regard to the fortuitous rela-
tion between the narrow line and the scan-
ning lines, it may be seen that a given
number of scanning lines afford a verti-
cal resolution which is only 1/,/2 times
as great. The quantity 1/‘2" (or 70 per-
cent) may be called the "vertical reso-
lution factor”. This is the chief factor
explaining the need for only 300 lines as
the maximum on the resolution chart of
Figure 1.

In the case of the American tele-
vision standards, L1 lines per freme are
provided. Of this number only 110 or 397
are used, the figure depending on whether
7 percent or(l0 -percent field blanking is
employed. ~UpoX multiplying either of
these numbef of useful lines by the ver-
tical g‘_esglution factor, we obtain ap-
proximatgly 280 lines as representing the
vertical resolution afforded by the Amer-
izc\gnvréandards.

HORIZONTAL RESOLUTION

>

in position, such as used above for the<. .~
explanation of beads. It was then neceg!

_ The analysis of vertical reso-
.4;7 lution in the foregoing paragraphs is in
terms of & line in & horizontal direction,

sary only to obtain the average width@b'f'-; N

reproduction along this line. The resp,'lj‘f>
arrived at in such an analysis is,.ﬁ;'a; a
horizontal line is ¢n the average rigpro-
duced with a width which is greatjr’than
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4. Fajlure to Distinguish
Patterns Having Lines of

Same Width as the Scanning Lines.

Fig.

or almost horizontal. For horizontal reso-
lution, it is advantageous in an analogous
manner to consider a very narrow vertical
line, such as would be produced by a dis=~
tant white flagpole against a dark back-
grounds The width with which suchanar-
row vertical line is reproduced at the
receiver depends on (1) the size of the
receiver spot, (2) the transmission char-
acteristics of the electrical system, and
(3) the size of the camera spot.

Considering only the size of the
receiver spot, the narrowest vertical line
in the picture is a vertical succession
of spots as shown in Figure 5. Each spot
producing this line is the result of a
very short electrical impulse acting on
the ocontrol gridof the picture tube. To
produce such a pulse it is necessary that
the camera spot be much smaller than the
receiver spot and that the electrical sys-
tem have perfect transmission character-
istics, It is seen in Figure 5 that,
under these circumstances, the vertical
line has the same width as a horizontal

line produced by the motion of the spot.
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Therefore the effective width of the ver-
tical line is likewise equal to the line
pitch.

Adding the effect of a camera
spot of substantial width to that of the
receiver spot causes, as would be expected,
a greater blurring or soft-focus effect
in the reproduction, There is therefore
a greater width of reproduction of a
narrow vertical line in the scene. This
is caused by the width of the camera spot
giving substantial duration to the elec-
trical pulse. If the camers spot has the
same relative size as the receiver spot,
it is found that it increases the effec-
tive width of the vertical 1line by a
factor of L/3. The effective width is
then L/3 times the line piteh.

In addition to the camera and
receiver spots, the third factor which
determines the width of the reproduced
narrow vertical line is the electrical
characteristics of the connecting cir-
cuits. Irregularities in the transmission
over the video-frequency range, in the
nature of amplitude and phase distortion,
may seriously widen and otherwise distort
the received electrical signal pulses, and
thereby increase the width of reproduction.
This is considered below in the section,
"Requirements at the Higher Video Fre-
quencies”.

A scanning spot of a given size
will handle the larger details of the field
effectively. However, it will fail to
handle very fine details, smaller than the
spot size. Figure 6 shows an enlarged view
of closely spaced vertical bars constitut-
ing very fine horizontal detail, too fine
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Fige 5. Demonstration That the
Minimum Width of Reoroduction ot a

Vertical Line is Equal to
the Piteh of the Seannina | 1 no <
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for the spot to handle. It may be seen
that, with the spot shown, the action with
successively finer detail 1is steadily
poorer. This applies to either the camera
spot or the receiver spot. The signal
frequency associated with such detail
rises as the detail becomes finer; in
fact, it is equal to the frequency with
which the spot passes alternate lines in
the fine detail. On this account the spot
mey be said to attenuate the higher-
frequency picture components to an in-
creasing degree, and therefore to have
low-pass-filter characteristics. In
Figure 7 curves are given showing these
characteristics for one and two spots of
equal size relative to the picture height.
The curve for one spot represents the
effect at one end of a television system,
and the curve for two spots represents the
total effect of the camera and receiver
spots. However, in practice the receiver
spot often has a smaller relative size
than the cemera spot.

The curve of frequency transmis-
sion for a spot, such as the upper curve
in Figure 7, if plotted for. numerical
values of frequency, applies to a spot of
a particular size and velocity of scan-
ning. A smaller spot would give a curve
holding up better for the high frequen-
cies, and vice versa, a larger spot would
give a curve falling off more rapidly.
Likewise, a faster-moving spot is better
at the higher frequencies.

The lower curve in Figure 7,
which gives the characteristics of two
spots of equal relative size, is obtained
by squaring the ordinates of the upper
curve. The two spots produce factors

i

Fige 6. The Failure of the
Scanning Spot to Handle

L W 2.
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which multiply together in the same way
as those of filters in succession.

For curves falling off as gradu-~
ally as these, it is evident that there
is no critical cutoff frequency. How-
ever, it is desirable to have a numerical
value for the cutoff frequency in these
cases, and such a figure may be obtained
by suitable definition. This may be done
by defining the cutoff frequency as the
width of a rectangle having the same
height as the spot curve at low frequen-
cies and having an area equal to that
under the transmission curve, both sets
of coordinates being plotted linearly.
Such a cutoff frequency for the one-spot
curve in Figure 7 is shown as f,', and
for the two-spot curve as f,".

The attenuation manifested by
the spots for the higher frequencies is
due essentially to the comparable size of
the spot and the horizontal details. With
a given size of detail, a particular spot
will manifest the same blurring for vari-
ous scanning velocities. It is con-
venient, however, to take the standard
scanning velocity, in which case the at-
tenuation for a particular spot may be
expressed as a function of the frequency
of the signal rather than of the size of
the detail., This is the basis of the
curves of Figure 7.

The reproduction of & very nar-
row vertical line, which has already been
used in the analysis of horizontal reso-
lution, occupies an appreciable length of
time, if its width is considered with the
scanning velocity. Let us take At as
the time required for the center of either
scanning spot to traverse the effective
width (not the outside width) of the

1.0

Equivalent Tronsmission
[
3

o
o

Q‘ f
Video-Frequency

Fige 7. Frecuency Characteristics
ot the Transmitter

2 ™ PO ST Commbd o TAamodbbh o

Scanning Spot
Alone, and ot Both Transwitter
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vertical line made by the two scanning
spots. It has been shown that this time-
width is equal to half the period at the
cutoff frequency; that is, 4t = 1/(2f,").
If the velue of f," is taken as 2.8 mega-
cycles, which will appear later as of
special interest, the value of At is
slightly under 0.2 microsecond. For greater
resolution it is necessary that the width
of reproduction be less, and therefore
that At be less and the cutoff frequency
be greater.

The electrical portion of a
television system has to pass only the
components handled by the spots, and es-
pecially the major components. The more
intense components appear to be at the
harmonics of 30 and 60 cycles up to one
or two kilocycles and at the harmonics of
the line frequency of 13,230 cycles up
to about one-half megacycle. Higher-
frequency components are essential for
horizontal picture detail but the ampli-
tude of each is usually small,

The declining filter-1like shape
of the curve giving the equivalent trans-
mission of & spot suggests the possibil-
ity of electrical compensation by the pro-
vision of circuit characteristics favor-
ing the upper video frequencies to give
& complementary effect. In the trans-
mitter such provision may well be made
in the amplifier chain between the camera
and the point where the modulation is
performed. Such compensation gives the
effect of a smaller camera spot.

The provision of spot compensa-
tion in the receiver is complicated be-
cause the compensation must be inserted
before the distortion occurs. Also, the
spot size is variable with modulation of
its brightness. There is doubtful need
for receiver compensation. This subject
is discussed below on page 10L.

EQUAL VERTICAL AND
HORIZONTAL RESOLUTION

An optical system, such as a
telescope or microscope, usually has a
circle of confusion giving non-directional
resolution characteristics; that is, the
vertical resolution is equal to the hori-
zontal. The presence of unequal resolu-

tion in the two directions gives an effect
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analogous to astigmatism in the eye, mak-
ing small symmetrical objects appear un-
symmetrical. In setting up the standards
of a television system, it is natural to
provide for equal vertical and horizontal
resolution. It may be noted that this
provision is consistent with the future
possibility that, after standards are es-
tablished and the vertical resolution is
fixed, it may be beneficial in the re-
ceiver to have the horizontal resolution
as great as possible, even if this is
greater than the vertical. This subject
is considered further in the section be-
low entitled "Requirements at the Higher
Video Frequencies".

The criterion of equal vertical
and horizontal resolutions means that the
widths of reproduction of the very nar-
row vertical and horizontal lines, which
are considered above, are equal,

An important use of this cri-
terion is to determine what upper video-
frequency range is necessary to make the
horizantal resolution equal to the verti-
cal.s Or the criterion may be used in the
choice of standards to determine the op-
timum number of scanning lines for a given
frequency range.

It is now appropriate to derive
the expression for the required width of
frequency band on the basis of equal res-
olution in the two directions. If the
aspect ratio is R, and if the horizontal
resolution, as read ona resolution chart,
is Np», then the number of alternate black
and white points which may be resolved
along & horizontal line is RN,. Neglect-
ing the loss of time during horizontal
blanking, this number of points is equal
also to T/At, where T is the line period,
and At is the time width of one point,
The value of T is 1/f N_, where f is the
frame frequency in cycles per second and
Ng is the number of lines per frame. The
value of At is given above on page 101 as
1/(2f¢), where fo 1is the system cutoff
frequency as defined. Dividing the new
expression for T by that just obtained
for At gives an alternative approximate
expression for the number of points in a
horizontal line, namely EfC/TpNS.

The number of points obtainable
in practice is reduced by the fact that

HAZELLUINE SERVICE CORKFORATION

the horizontal blanking makes the system
unavailable for picture transmission dur-
ing this portion of the time. If By rep-
resents the horizontal blanking fraction
(for example the standard velue of .0.15),
the useful portion of the line cycle has
a relative duration of (1-By). Placing
this in the formula, we obtain the fol-
lowing expression for the number of re-
solvable points in a horizontal line:

RNp = 2fc(1-Bp)/f N

This relation may be seen to involve the
horizontal resolution N, and the cutoff
frequency f, as variables, together with
other quantities which have been fixed in
standardization. Upon solving for f,
there is obtained the formula,

f N,

feo = EK%:EET RNy,

which gives the reguired bandwidth in
cycles for any desired horizontal resolu-
tion.

On substituting the value of

L/3 for the aspect ratio R, the value of

30 fremes per second for f,, the value of

lines per frame for Ng, and the value

of 0.15 for By, and expressing f, in mega-
cycles, we obtain the simple formula,

N
Foluo = g%

It is seen therefore that with the Ameri-
can standards a complete television sys-
tem requires a cutoff frequency in mega-
cycles which is one-hundredth of the de-
sired value of the horizontal resolution.
Since this applies to an entire system,
this cutoff freguency includes the effect
of the spot attenuation.

It has been shown above that
the vertical resolution afforded by the
Americen standards is 280 lines. For
equal resolutions in the two directions,
the horizontal resolution must also have
this value. Substituting 280 for Ny in
the equation shows the required cutoff to
be 2.8 megacycles. In other words, hori-
zontal resolution equal to the vertical
resolution requires for the systema fre-
quency range extending to a cutoff fre-

quency of 2.8 megacycles, the definition




of the cutoff frequency placing it about
half way down the gradually declining
trensmission curve. For less horizontal
resolution, & lower cutoff frequency is
sufficient; for example, & resolution of
150 lines, requires only 1.5 megacycles.
Solving the last equation for Ny gives
the formula

Np = 100 (fe), ,

which expresses the horizontal resolution
afforded by various values of cutoff fre-
quency.

The fact that the constants in
these two formulas are even decimal values
makes them convenient relations to remem-
ber. It should be borne in mind, however,
that they gpply to an entire television
system including spot attenuation. They
are approximately true for the electrical
cutoff frequency if the horizontal reso-
lution is less than the vertical, but
otherwise the spot attenuation may have
more effect than the electrical cutoff.

The value of the vertical blank-
ing factor does notenter these relations
explicitly, though it is implicit in the
figure of 280 for the verticel resolution.
It does not appear because the equations
are essentially descriptions of opera-
tions during the scanning of one line;
that is, & cutoff frequency is derived
which is high enough to tramsmit the de-
sired degree of horizontel detail during
the useful portion of the line period. On
the other hand the vertical blanking must
be considered to determine how many lines
are used in reproducing the picture, and
how meny are lost in the field retrace.

The formula for the vertical
resolution, as computed above on page 99.

is
Ny = (1-By)Ngf/Z

in which By is the vertical blanking fac-
tor (0.07 or 0.10 in the standards).

On the basis of equal resolu-
tion, we substitute this expression for
Ny in place of N,, and obtain the follow-
ing consolidated formula for the cutoff
frequency of the system:

2(1-
£, - RE N (1-B.)
2\/? (1-By)

These relate L1 lines with a cutoff fre-
quency of 2.8 megacycles according to
present standards.

It should be noted that the cut-
off frequency f,, as defined, is not in
general associated with a sharp change in
transmission over a narrow frequency
range. Too sharpa cutoff is not easy to
obtain, nor is it desirable from the
standpoint of performance. Selective
circuits of moderate cost have gradual
cutoff, and may be designed to give satis-
factory characteristics. A sharp cutoff
would introduce transient oscillations
due to the amplitude and phase changes
associated with the sharp cutoff. Re-
calling that the cutoff frequencyf, is a
characteristic of an entire television
system, it may be said thatall the major
frequency components occur below this
value, but minor components of higher
frequencies can contribute appreciable
detail and are therefore useful, The
bendwidth represented by the cutoff fre-
quency f, is therefore an indication of
the frequency range employed most inten-
sively.

The American television stand-
ards, as well as the standards adopted in
other countries for high-definition trans-
mission, give a good picture in the sense
that non-technical persons viewing the
received programs consider them to have
adequate entertainment value. Certain
technical data which account for this
fact mey be mentioned. In comperison with
motion picture practice the aspect ratio
of h/} is the same. As another point,
the receiving-tube screen gives satisfac-
tory results when viewed at the optimum
distance of 5 or 6 times the picture
height., At this distance, the width of
reproduction of the narrow line is about
two minutes of arc, which is not much
greater than the limit of resolution of
the eye for light conditions ona picture
tube.

REQUIREMENTS AT THE HIGHER
VIDEO FREQUENCIES

The characteristics of a tele-
vision system at the higher video fre-
quencies, including both carrier-frequency
and video-frequency operations, affect
the sharpness of fine horizontal detail.
If these higher-frequency characteristics
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are not satisfactory, spurious details
may appear in the picture in the form of
fine shadows and multiple images at ver-
tical lines or edges., In this section
the transmission requirements at the
higher video frequencies are considered,
after which the tolerance for irregular-
ities in the amplitude and phase charac-
teristics is stated.

Spot Compensation

In regard to the cutoff of the
higher video frequencies, the essential
features are the frequency at which this
occurs and the sharpness of the cutoff.
Signal components in this region are at-
tenuated in various parts of the tele-
vision system, including the camera tube,
the electrical circuits of the transmit-
ter, the receiver circuits, and the re-
ceiver picture tube. The camera and the
trensmitting apparatus are beyond the
control of the receiver engineer; it ap-
pears likely that these parts of the sys-
tem will be designed as a unit and they
may include compensation for the camera
spot. Such compensation has the effect
of reducing the apparent width of the
camera spot, and gives the higher-frequency
signal components the greater values
which they would have with a smaller spot.

At the receiver there is doubt-
ful need for compensation, since the spot
is small. This is a fortunate fact be-
cause increase of signal components is
caused by receiver compensation and over-
loading is very likely to be encountered.
The general nature of compensation at the
receiver is a predistortion to prepare
the signal for such distortionas will be
caused by the spot in the picture tube.
For this it is necessary to accentuate the
higher video frequencies. But the pic-
ture tube is already, under the influence
of low-frequency components, being modu-
lated over the entire range fromblack to
white. The result of the necessary ris-
ing frequency characteristic is therefore
to produce picture signals at the higher
frequencies which exceed the black and
white limits. Such excursions beyond the
black level, where the beam current of
the picture tube is already cut off, will
not be effective in the picture tube.
The benefit is therefore limited to the
lighter shades. In addition to this
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overloading, there are other practical
difficulties which would be encountered
in an effort to provide receiver compen-
sation.

The trensmission characteristic
of the receiver should extend to the velue
of f,, which is 2.8 megacycles, and
preferably somewhat above, in a gradual
cutoff. If the receiver has a higher
cutoff than this, the horizontal resolu-
tion will slightly exceed the vertical,
in case the station transmits these com-
ponents. Such improvement in picture de-
tail must be weighed against the increased
cost of the extended receiver +transmis-
sion characteristic. If the receiver
cutoff is below 2.8 megacycles, there will
be a proportional reduction of the hori-
zontal resolution.

Sesqui-Sideband Requirement

The sesqui-sideband method of
operation introduces & transmission re-
quirement which is superimposed on the
other requirements described, and which
can be considered as relating to the
higher video frequencies. This is the
requirement described in the preceding
chapter (Report 1837, pages 69 and 70)
that the system have an attenuation of 6
decibels for the carrier relative to the
treansmission for the upper video fre-
quencies of modulation of the full side-
band. In other words, these upper video
components must be accentuated by 6 deci-
bels in comparison with the carrier. The
division of this 6 decibels between the
transmitter and receiver has not as yet
been standardized.

In Figure 8, the upper diagram
shows three transmission characteristics
for the receiver, on the basis respec-
tively of zero, 3 decibels, and 6 dec-
ibels as the receiver's share of the at-
tenuation of the carrier. The ordinates
and abscissas in Figure 8 are plotted on
linear scales. At the left of the upper
diagram an additional guard band of 0.25
megacycle is shown as an added protection
against interference from the sound car-
rier of the next lower channel. In the
case of more than one television station
in a given city, there will probably be
receiving locations where such an unde-
sired adjacent-channel sound carrier is
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considerably stronger than the picture
carrier of the desired station. At the
right of this diagram, the curve is shown
sloping down to a very small value of
transmission for the sound carrier of the
desired station. In the lower diagram
of Figure 8, a representative transmis-
sion characteristic for only the video
portion of the receiver is given.

Effects of Amplitude and
Phase Distortion

Certain variations from the
general criteria which have been set up
are unavoidable. Before proceeding to
the specification of tolerances of such
variations, it is instructive to examine
in a few examples the effects of ampli-
tude and phase distortion. In Figure 9A,
the solid curve (1) gives the equivalent
transmission of the camera and receiver
spots, including associated apparatus
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affecting the apparent size of the scan-
ning spots, such as the camera lens, the
eye, the grain size of screens, etc. If
the electrical circuits of the system had
perfect transmission characteristics,
this curve would give the transmission
characteristics of the complete system.
Under these circumstances the narrow ver-
tical line, which is used in preceding
sections for the analysis of horizontal
resolution would be reproduced with the
width shown magnified in Figure 9D.

Figure 9B shows by the solid-
line curve a sample phase characteristic
for a network such as the electrical por-
tion of a television system. The dashed
straight line designated b, is drawn thru
the origin with a suitable slope to be a
close approximation to the solid curve.
Such a straight line as b, represents a
phase angle proportional to the frequency.
Since, at higher frequencies,-a given time

Carrier Amplifier—

s' | P S
| !
01171} P 45 25
E l // /// -
e 7
E I | // //. <
c | it
ol Lz | |
i 1//// 1
L—————G Mc Channel Width
S
i ‘ }
o
S
Video £ |
Amplifier— @ 1
r—
o 28 45

Video Frequency in Megacycles

Fig. 8. Amplitude Characteristics ot the Carrier-frequency
and Video-Frecvency Amplitiers of the Receiver.



AVQ DoL vilL AV )y AP Al ALt s 2dVNAD NIV T L\ WV WVALA ViWR L A JAY

) ,A Amplitude Curves:— Phase Curves:—
§ . K : |—gomerio and I'Receiver - Al I;;EyerollP:hosoA Anlqle;
[ — canning Spots; o . -Linear Phase Angle -~
g ,/ : 2—Electrical pot’componsoﬁon E"‘é Representing 7
° . 3 1 _ and Sharp Gutoff, . 2 yql Uniform Delay. =~
el __-~ /Y 1 3—Electrical Circuits Level with 34 y
2 ST Gradual cutoff. 28 4.
A & RN 2 0
.E.E 2771 b .
.g B 82 | . 7
g 2F ™ ¢ b'=b—b
: el P "b=bo
' B S T LN
fo=2.8Mc. Frequency in Megacycles.
R Late
e §+ 0.5+ Arrival
w.2
C 88 o . /\< .
2% 2 5 4 5 6 7
"o Early Arrival
D > =058

Phase Distortion Relative to
Uniform Delay.

Width of Reproduction of Scanning Spots Alone.

Effect of Uniform Delay
E (bo above).

Effect of Amplitude
Compensation and Sharp
Cutoff (Curves | and 2
above, Toqether).

Effect of Phase Distortion
G on Fig. 9E.

e

Effect of Phase Distortion
H on Fig.9F.

~
-,
L L4

Fige 9. Amplitude and Phase Ettects in Rc-\/

production ot & Narrow Vertical Line.




HAZELTINE SERVICE CORFPORAT 10N

of delay represents a proportionately in-
creasing phase angle, such a straight
line as b, indicates a constant time de-
lay in the transmission of the components
of various frequencies, &and therefore
represents a distortionless phase condi-
tion. It emounts to & very small dis-
plecement of the entire picture. Any
other straight line thru the origin would
also represent freedom from phase dis-
tortion, the time delay being greater for
greater slope of the straight line. In
Figure 9C, the phase variation, b'=b-bg,
is plotted for the various frequencies.
This curve shows the angle in radians by
which the components of various frequen-
cies lead or lag the phase which t hey
should have if they were transmittedwith
uniform delay corresponding to the straight
line b,.

If the electrical circuits
passed all the frequency components with
no distortion, with only the uniform de-
lay of curve b, in Figure 9B, the signal
pulse would be shifted in time as shown
magnified in Figure 9E. This is not dis-
tortion, because it merely represents a
slight displacement of the entire picture
in the scanning process. Amplitude and
phase correction can be used to secure
nearly distortionless uniform delay.

Let us consider now that the
electrical circuits of the television
system have amplitude compensation for
both spots up to the cutoff frequency f,
and have a sharp cutoff at this frequency;
the required electrical characteristicis
shown as curve (2) of Figure 9A. This
is more compensation than a system would
be expected to have, and represents a con-
dition of a sharp electrical peak. Such
a peak introduces amplitude distortion,
usually accompanied by phase distortion.
It is instructive, however, to consider
only the amplitude distortion, since phase
distortion may be compensated to any de-
sired degree by the use of appropriate
networks. In Figure 9F, the width of re-
production of the narrow vertical line is
shown for these conditions. The compen-
sation for both spots makes the overall
amplitude curve of the system flat tof,,
and the complete cutoff of the electrical
channel beyond this point removes all
higher frequencies. The negative excur-
sions in Figure 9F, called overshoots,
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are caused by the sharp cutoff of the
higher frequencies; the presence of the
higher frequencies is required to avoid
the overshoots.

The presence in the electrical
system of the phase characteristic of
curve b in Figure 9B, but with no ampli-
tude distortion or compensation in the
electrical system (curve (3) of Figure 9A
giving its amplitude characteristic),
causes the narrow vertical line to be re-
produced with the transverse distortion
shown in Figure 9G. The gradual leading
edge of the reproduced width is caused by
the earlier arrival of the low frequen-
cies. The sharper trailing edge is caused
by the later arrival of the higher fre-
quencies. In the system of Figures 9B
and 9C, the low frequencies arrive ear-
lier than the high frequencies.

The presence of the amplitude
correction characteristic of curve (2) of
Figure 9A together with the phase char-
acteristic of curve b of Figure 9B causes
the narrow vertical line to be reproduced
with the transverse distortion shown in
Figure 9H. The smooth shape of the lead-
ing edge of the pulse is due to the op-
posing effects of phase and amplitude
distortion. This isa point of practical
interest, because transmission faults
usually produce both kinds of distortion
with the resultant small effect on the
leading side of a reproduced line. The
effects of both kinds of distortion are
then additive on the trailing side.

The best characteristics, to
obtain the width of reproduction shown in
Figure 9E, are the combination of uniform
emplitude in electrical circuits, suchas
curve (3) of Figure 9A, and uniform delay
obtained by phase correction.

Example of Large Objects
with Sharp Edges

In Figure 10 are shown pulses
representing vertical objects in the pic-
ture, these objects having widths greater
than the narrow line heretofore consid-
ered. In order to have a concrete case,
the groups of pulses shown in Figures 10A
and 10B may be considered to represent a
signal for 6 and 2 vertical objects re-
spectively in the picture. In this case,
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the fundamental frequency of the closely
spaced narrow pulses is about 100 kilo-
cycles. The widely spaced broad pulses
are drawn with a period three times as
great, and therefore have a fundamental
frequency of about 33 kilocycles. In
each case the pulses have a duration equal
to 1/10 of the period.

Such pulses as shown in Figure
10, having a rectangular shape with sharp
corners, give an infinite number of com-
ponents of generally decreasing amplitude
at higher frequencies, when analyzed by
the Fourier series method. It is instruc-
tive to introduce a sharp cutoff at a
definite frequency, and to observe the
effect of the absence of the higher fre-
quencies. In Figure 9F, such & condition
is shown to cause overshoots in the re-
production of a narrow vertical line. In
the present instance distortionless uni-
form transmission is assumed for frequen-
cies up to 3 megacycles, with a sharp
cutoff at that point. This provides for
the 30th harmonic of the narrow pulses
and for the 90th hamonic of the broad
pulses. On adding together these compon-
ents, there are obtained the curves of
Figures 11A and 11B. These also show the
overshoots and oscillations caused by the
absence of higher frequencies.

The curves in Figure 11 show

that the steepness of the wave front is
the same for the two sets of pulses.
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This leads to the interesting conclusion
that the sharpness of reproduction of such
a transition edge depends on the cutoff
frequency and is independent of the width
of the pulse.

The oscillations in Figure 11
have a maximum overshoot which is 9 per-
cent of the pulse height. This is a con-
stant of fundamental significance for any
sharp cutoff. For a gradual cutoff, the
amplitude of the oscillations is less.
In practical cases, the cutoff is neces-
sarily more or less gradual, so that the
amplitude of the overshoots is less than
G percent. The presence of such over-
shoots in a television picture can some-
times be seen in the dark background be-
side a light object.

In practical cases, transmis-
sion irregularities generally produce
both amplitude and phase distortion. The
transverse reproduction of a narrow ver-
tical line under these circumstances is
shown above in Figure 9H. In Figure 12
the reproduction of an object of appreci-
able width is shown under somewhat simi-
lar conditions.

A—Closely Spaced Narrow Pulses—

Amplitude

Fig.

10. Recurrent Pulses
Representing Vertical
Objects in the Picture.

Fig. I'l. The Ettect ot Cutting Ot#
the Higher-frequency Components

ot the Pulses of Fig. 10
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Figure 12 is computed for a
pulse repeating with a period of ten times
its width. Components above the twen-
tieth harmonic were cut off, That is,
the highest-frequency component included
has a period one-half the width of the
pulse. It is computed for slight uni-
form delay and & superimposed phase dis-
tortion of maximum about one radian, lead-
ing at the lower frequencies and lagging
at the higher frequencies. Such a sharp
cutoff is an extreme conditionnot found
in practice, but this amount of phase
distortion may occur in a receiver. The
comtined effect of sharp cutoff and this
phase distortion gives little distortion
of the leading edge but a severe transient
oscillation (multiple images) on the
trailing edge.

Tolerances of Amplitude and
Phase Distortion

A careful theoretical study of
small distortions resulting from empli-
tude and phase irregularities has dis-
closed that the relative intensity of
spurious lines at the edge of an object,
caused by amplitude distortion alone, is
the same as that caused by phase distor-
tion alone, if the amplitude distortion
stated in napiers eauals the phase dis-
tortion stated in radians. (One napier
= 8,7 decibels.) Inthe present instance,
the usefulness of the napier and the ra-
dian lies in the quantitative similarity
of the effects of the two types of dis-
tortion if the irregularities are ex-
pressed in these units,

The Ettect ot Both
Sharp Cutott and Phase
Distortion on a Fairidy
Narraow Puleco._

Fig. 12.
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According to this rule, the dis-
tortion component due to any video fre-
quency being a fraction of one napier
greater or less than it should be. is ob-
jectionable to the same degree as the dis-
tortion at this frequency which would be
caused by the phase leading or lagging from
its proper position by the same fraction of
one radian. In case both amplitude and
phase distortion are present at a given
frequency, their combined effect can be
evaluated by taking the quadratic sum
(the vector sum at right angles). 1In
Figure 13, the vector OV represents the
proper amplitude and phase of a component
at any frequency for distortionless re-
production. The effect of amplitude dis-
tortion is to lengthen or to shorten this
vector, so that it will be represented
by GA; or QAp. The incremental vector
VAy or VAo represents the amplitude dis-
tortion component. The effect of phase
distortion is also to add an incremental
vector, but in this case it is (if small)
at right angles to the desired vectar,
This distortion component .is shown by
vectors OP; and OPp in the figure. Should
distortion of both types be present, the
incremental vectors add vectorially.

The study from which these re-
lations are taken led also to a theoret-
ical conclusion as to tolerances. For
high-grade reproduction, the vector sum
of napiers and radiens, expressing the
amplitude and phase distortions, should
not exceed about 0.1 at any frequency of
the video range, except at the higher
frequencies near cutoff. In Figure 13,
the dotted-line circle represents this
tolerance. Generally the peaks of ampli-
tude distortion occur at different fre-
quencies from the peaks of phase distor-
tion; for this reason the probable

Pg

Fig. 13. Amplitude and Phase
Distortion Components
Superimposed on a Signal

Coamnanon $
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tolerance is & maximum of about 0.1 for
either type of distortion, increasing to
about 0.2 at cutoff. In round numbers,
this may be stated at + 1 decibel in am-
plitude and + 6 degrees in phase. Each
of these quantities is measured relative
to a reference line giving the desired
charecteristics (proper cutoff of ampli-
tude or linear phase), this line being
superimposed to best approximate the ac-
tual curve. In the case of phase distor-
tion, the reference line is the best
straight line thru the origin, such as
the line b, in Figure 9B.

Much greater distortion than
the amount permitted by thiscriterion is
often encountered, especially if no phase
correcting networks are used. It is mere-
ly a statement of what theoretically ap-
pears permissible for excellent repro-
duction thru the entire television sys-
tem. Its verification waits on further
experience, especially with phase cor-
rection.

Application of These Principles to
the Sections of the Receiver

The foregoing discussion of
high-frequency transmission character-
istics and tolerances is in terms of the
video frequency, including the effect of
carrier-frequency circuits on the video
modulation. From a practical standpoint,
the various portions of the receiver must
be considered and this is done briefly in
the following paragraphs.

The antenna and its transmis-
sion line, taken with the wave pattern in
the transmission medium, may introduce
serious amplitude and phase distortion.
Such effects are produced by nearby re-
flections of the waves and by reflections
due to mismatching or departure from
eritical demping in the entenna system.
From a design standpoint, the solution
lies in the matching of impedences at the
various points, or in the provision of
eritical dampinge Attenuation in the
transmission line reduces some of these
effects.

As for the antenna design, it
should be free fromfrequency selectivity
over its operating range. This property
is obtained in highly damped small entermes.
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but only in certain types of large an-
tennas (large as compared with the oper-
ating wavelengths). Also this require-
ment must be considered in the use of re-
flectors or other devices for securing
directive characteristics.

In the installation of a tele-
vision receiver a certain amount of ex-
perimentation may be essential even with
a well designed antenna kit., It is neces-
sary to locate the antenna at a point
where sufficient signal from one or more
stations is received without objection-
able echoes and without objectionable
noise. There is a possibility of seri-
ous interference from automobile ignition
systems.

The radio-frequency amplifica-
tion of the receiver should not be too
selective, although it may be called on
for the reduction of image response and
the prevention of cross-modulation. Its
selectivity in the desired channel is con-
sidered as modifying the band-pass char-
acteristics of the intermediate-frequency
amplifier.

The intermediate-frequency am-
plifier of the receiver is the main source
of selectivity. It is desirable that it
have level amplification and linear phase
charscteristiecs within the tolerances
given above. However, if some of the
carrier attenuation necessary in the
sesqui-sideband method of operation is to
be furnished in the receiver, some or all
of the receiver's share may be located in
the intermediate-frequency amplifier. In
this case it will probably be sufficient
for the phase to be linear over only the
fully used sideband. There should be
enough selectivity in the intermediate-
frequency amplifier against the sound
carrier of the same station to avoid sound
detection in the picture detector, which
would produce interference in the picture
by the audio frequencies appearing as low
video-frequency components. It is con-
sidered that 15 to 25 decibels attenua-
tion relative to the picture carrier is
sufficient.

In connection with the video
amplifier, the above discussion of trans-
mission characteristics is directly ap-

plicable. If some carrier attenuation in
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connection with the sesqui-sideband method
is to be provided in the receiver, some
of this may be located in the video am-
plifier in the form of reinforcement of
the higher video frequencies. Should the
provision of phase-correcting networks be
made, it is better to locate them in the
video amplifier, where such correction is
obtained more easily than in the carrier
amplifiers. Some selectivityagainst the
sound carrier of the same station should
be provided in the video amplifier to pre-
vent the formation of a very fine line by
the sound carrier acting asa high-frequerncy
picture component. For sucha high video
frequency, namely L5 megacycles corr e-
sponding to the beat note with the sound
carrier, there is appreciable attenuation
in the receiver spot; adding this to the
electrical attenuation should give a
total overall figure of the order of L0
decibels. About 15to 20 decibels at L.5
megacycles is desirable in the video-
frequency amplifier.

REQUIREMENTS AT THE LOWER
VIDEQ FREQUENCIES

The lower video frequencies
correspond in carrier amplifiers to side
frequencies located so close to the carrier
frequency that there is little likelihood
of impairment of the transmission. The
problem of securing satisfactory trans-
mission characteristics at the lower video
frequencies therefore exists chiefly in
video-frequency couplings.

Low-frequency video components,
including the direct-current component,
may be transmitted thrua video amplifier
by the use of direct coupling, or may be
lost and recovered by the use of the prin-
ciple of reinsertion as described in the
third chapter (Report 1822, pages 53-55)
and in the fourth chapter (Report 1837,
pages 70-73). The preservation of the
low video frequencies in addition to the
direct-current component by means of re-
insertion is possible because the rein-
serted direct-current component can vary
with time in the manner necessary to re-
insert these low frequencies. The grid
condenser and leak constituting the
alternating-current coupling associated
with the reinserter must have a suffi-
cient time constant to hold over the line
period (76 microseconds) since the
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reinsertion is actuated by the line syn-
chronizing pulses occurring at this peri-
odicity. It is preferable to employ a
time constant not greater than required
from this standpoint.

In connection with the reinser-
tion problem, it is of interest to con-
sider the action of an alternating-current
coupling without reference to its asso-
ciation with a reinserter. The effect of
inadequate low-frequency transmission in
such a case is to cause a sustained ap-
plied pulse to decay steadily in ampli-
tude with the lapse of time. In Figure
1L, the alternating-current coupling con-
sisting of condenser C and resistance R
is shown, having the ~transmission char-
acteristic indicated at the upper right.
In the lower portion of this figure, it
is shown how a rectangular pulse of dur-
ation D fails to meintain the height of
its leading edge, even if the duration is
much less than the time constant. During
the pulse, the amplitude decays by the
fraction A. At the termination of the
pulse, the lagging edge overshoots by the
same amount, as shown. Knowing the time
constant of the circuit, the amount of
the overshoot may be determined graphi-
cally or by means of a simple computa -
tion. For approximate graphical deter-
mination, proceed as follows: (1) locate
a point on the time axis beyond the lead-
ing edge of the pulse by the amount of
the time constant T = CR; (2) draw a
straight line from this point to the lead-
ing crest of the pulse; and (3) note
where this line crosses the lagging edge
of the pulse, thus determining the amount
of discharge during the pulse, which is
the amount of the overshoot. The same
result may be obtained from the formula
A= D/T, where A is the fractiom of over-
shoot, T is the time constant, and D is
the duration of the pulse. Stated in
words, the relative overshoot is equal to
the ratio of the pulse duration to the
time constant.

If C and R are known, the time
constant T is merely the product of these
two quantities. In case these are not
known but there is available a trans-
mission curve for the stage at low fre-
quencies, the value of the time constant
may be obtained as T = 1/(2'Ich), where
f, is the frequency at which the transmission
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connection with the sesqui-sideband method
is to be provided in the receiver, some
of this may be located in the video am-
plifier in the form of reinforcement of
the higher video frequencies. Should the
provision of phase-correcting networks be
made, it is better to locate them in the
video amplifier, where such correction is
obtained more easily than in the carrier
amplifiers. Some selectivityagainst the
sound carrier of the same station should
be provided in the video amplifier to pre-
vent the formation of & very fine line by
the sound carrier acting asa high-frequency
picture component. For suchahigh video
frequency, namely Li.5 megacycles corr e-
sponding to the beat note with the sound
carrier, there is appreciable attenuation
in the receiver spot; adding this to the
electrical attenuation should give a
total overall figure of the order of LO
decibels. About 15+to 20 decibels at .5
megacycles is desirable in the video-
frequency amplifier.

REQUIREMENTS AT THE LOWER
VIDEO FREQUENCIES

The lower video frequencies
correspond in carrier amplifiers to side
frequencies located so close to the carrier
frequency that there is 1ittle likelihood
of impairment of the transmission. The
problem of securing satisfactory trans-
mission characteristics at the lower video
frequencies therefore exists chiefly in
video-frequency couplings.

Low-frequency video components,
including the direct-current component,
may be transmitted thrua video amplifier
by the use of direct coupling, or may be
lost and recovered by the use of the prin-
ciple of reinsertion as described in the
third chapter (Report 1822, pages 53-55)
and in the fourth chapter (Report 1837,
peges 70-73). The preservation of the
low video frequencies in addition to the
direct-current component by means of re-
insertion is possible because the rein-
serted direct-current component can vary
with time in the menner necessary to re-
insert these low frequencies. The grid
condenser and leak constituting the
alternating-current coupling associated
with the reinserter must have a suffi-
cient time constant to hold over the line
period (76 microseconds) since the
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reinsertion is actuated by the line syn-
chronizing pulses occurring at this peri-
odicity. It is preferable to employ a
time constant not greater than required
from this standpoint.

In connection with the reinser-
tion problem, it is of interest to con-
sider the action of an alternating-current
coupling without reference to its asso-
ciation with a reinserter. The effect of
inadequate low-frequency transmission in
such a case is to cause a sustained ap-
plied pulse to decay steadily in ampli-
tude with the lapse of time. In Figure
14, the alternating-current coupling con-
sisting of condenser C and resistance R
is shown, having the ~transmission char-
acteristic indicated at the upper right.
In the lower portion of this figure, it
is shown how a rectangular pulse of dur-
ation D fails to maintain the height of
its leading edge, even if the duration is
much less than the time constamt. During
the pulse, the smplitude decays by the
fraction A. At the termination of the
pulse, the lagging edge overshoots by the
same amount, as shown. Knowing the time
constant of the circuit, the amount of
the overshoot may be determined graphi-
cally or by means of a simple computa -
tion. For approximate graphical deter-
mination, proceed as follows: (1) locate
a point on the time axis beyond the lead-
ing edge of the pulse by the amount of
the time constant T = CR; (2) draw a
straight line from this point to the lead-
ing crest of the pulse; and (3) note
where this line crosses the lagging edge
of the pulse, thus determining the amount
of discharge during the pulse, which is
the amount of the overshoot. The same
result may be obtained from the formula
A = D/T, where A is the fractimm of over-
shoot, T is the time constant, and D is
the duration of the pulse. Stated in
words, the relative overshoot is equal to
the ratio of the pulse duration to the
time constant.

If C and R are known, the time
constant T is merely the product of these
two quantities. In case these are not
known but there is available a trans-
mission curve for the stage at low fre-
quencies, the value of the time constant
may be obtained as T = 1/(2Tf,), where
f, is the frequency at which the trensmission
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curve is three decibels down. This rela-
tion may be stated in words to the effect
that the time constant of one stage is
the time of one radian at the frequency
g

The discharge of the overshoot
after the end of the pulse is a simple
exponential, so it decays to 0.37Aafter
a lapse of time equal to the time constant.

For two or more stages, the time
constants mey be combined to obtain the
resultant overall time constant by means
of the relation 1/T = 1/Ty + 1/T, + ete.
This is the same as saying that the total
rate of discharge is equal to the sum of
the rates in the respective stages.

This distortion of the pulse is
caused mainly by the phase shift of the
lower-frequency components. Their ampli-
tude reduction plays a secondary part.

In practice, the time constant
of an alternating-current coupling at a
reinserter, in case there is anly one such
circuit in the receiver, is usually given
a value between 20 and 200 times the line
period, that is, between 0.0015and 0.015
second. If several grid-condenser

couplings are used ahead of the final re-
inserter, their total discharging rate
determines the effective time constant
according to the above relation. It is
immaterial how many of the preceding
stages have reinsertion. The time con-
stant at the final reinserter should not
exceed the average among the stages, be-
cause it is desired to minimize the charg-
ing current of the condenser from the
rectifier of the reinserter.

CONCLUSION

The required video-frequency
characteristics of the television system
are closely related to the resolving power
permitted by the system standards and to
the scenning spots and their enviranment.
A close compromise between selectivity
and resolving power is required in the
receiver, hence the careful attention to
the factors determining the frequency
band requirements.

The American standards are based
on a video-frequency band within L5 mega-
cycles, the separation between picture
and sound carriers, They specify LL1-
line scanning, 30 fremes per second, and

other factors, which together correspond
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to a video cutoff frequency of 2.8 mega-
cycles for the system. The remainder of
the lLi.5-megacycle band may be used to
permit a gradual cutoff, which has advan-
tages, or to secure horizontal resolution
exceeding the vertical resolution. The
vertical resolution is limited to 280 lines
by the number of scanning lines and asso-
ciated factors.

The electrical frequency char-
acteristics are closely related with the
attenuation at higher frequencies by the
scanning spots. These two sources of at-
tenuation are supplementary in the system
as a whole.

Some general suggestions are
given as to the required properties of
the receiver components, related to the
reproduction of all signal components
which contribute to the light and shade
in the picture.
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