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35 Claims,

This invention relates to picture transmission
systems and the like, and to a method and means
for substantially reducing or eliminating the ef-
fects of echo signals on the received or recon-
stituted picture. More particularly, the invention
relates to television systems, and to a method and
means for reducing or substantially eliminating
certain undesirable effects resulting from the ar-
rival, during the picture line periods, of echoes
of the horizontal or line synchronizing signals.

One of the problems encountered in picture or
television transmission, and one that obtains with
any type of modulation, is that which results
from the reception of long-delayed echoes, cor-
responding to signal path differences of the order
of a mile or several miles. Since the speed of
propagation of the radio wave is approximately
1000 feet per microsecond, a path difference of
say three or four miles, as between the direct
and the reflected signal path, may produce echoes
delayed by fifteen or twenty microseconds. In
magnitude these echoes may be relatively faint
due to the greater path length, to the fact that
the echo-signal normally suffers considerable at-
tenuation in reflection, and to the fact that the
indirect path is usually closer to the earth than
is the direct path. On the other hand, since the
blanking, and particularly the synchronizing sig-
nals are of greater amplitude than the line or
picture portion of the signal, reflected blanking
and synchronizing signals of considerable
strength sometimes appear in the picture as a
result of these long-delayed echoes.

In general, an echo may appear in a television
picture by combining or beating with the picture
carrier. Thus, the echo may add to or subtract
from the picture carrier depending upon the par-
ticular phase relation between the two signals at
a given instant. This phase relation depends
(except for changes effected at the transmitter
itself) upon the difference in path length between
the direct and reflected signals; and the only way
in which this difference can be appreciably varied,
assuming that the transmitting and receiving
antennas are fixed, is by a variation in the place-
ment of the reflector causing the echo. But since
the reflector is usually a high building, bridge,
gas tank, hill, or similar object, it too can be re-
garded as a substantially fixed structure, and,
hence, in any given installation the echo signal,
as it appears upon the viewing screen at the re-
ceiver, is subject only to such phase relations
between the direct and reflected signals as may
result from periodic phase changes effected with-
in the transmitter itself.
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We have found that the deleterious effects of
these echo signals may be substantially reduced
or eliminated by periodically changing the po-
larity of the echoes seen at the receiver, so that
they are opposite in successive frames. This can
be accomplished most readily by periodically
changing the phase of the echo carrier with re-
spect to the picture carrier, these changes being
so timed that the successive echoes balance each
other out so far as their impression upon the
observer is concerned. The phase changes re-
ferred to are effected at the transmitting station
and require no additional equipment at the point
of reception.

It is a principal object of this invention to
provide a method and means for substantially
eliminating certain echo effects which may be
encountered in picture transmission systems.

Another object of the invention is to provide
a method and means for transmitting a television
signal, or the like, which when received will pro-
duce a picture which is substantially free of
echoes of the synchronizing signals.

Still another object of the invention is to pro-
vide means for eliminating certain of the spurious
images produced when television signals are re-
ceived by way of two or more transmission paths.

A further object of the invention is to provide
a method and means by which the relative phase
of echo signals may be periodically advanced,
retarded, or otherwise changed, the individual
changes themselves being of such a magnitude
that, if continued in a given sense, a small inte-
gral number of the said changes would produce
an effective echo phase rotation of substantially
360 degrees.

These and other objects and features of the
invention will be apparent from the following
description and the accompanying drawings, in
which:

Fig. 1 shows a typical disposition of transmitter,
receiver, and reflecting structure, which may give
rise to objectionable echo signals;

Fig. 2 is an explanatory diagram illustrating
certain characteristics of typical echo patterns;

Figs. 3, 4, 5 and 6 are illustrative of some of the
methods employed to effect cancellation of vari-
ous echo patterns;

Fig. 7 is a diagrammatic representation of tele-
vision signals which may be employed to attain .
the desired objects of this invention;

Fig. 8 is a block diagram of a transmitting sys-
tem, constructed in accordance with the inven-
tion, for generating a television signal which,
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when received, will be substantially free of dele-
terious echo effects;

Fig. 9 is a schematic diagram illustrating cer-
tain of the details of the system of Fig. 8;

Fig. 10 is an explanatory diagram illustrating
the operation of the system of Fig. 8; and

Fig. 11 is a schematic diagram illustrating a
three-phase phase-changing circuit arrangement.

The present invention may best be understood
by considering first the causes of echo signals,
and their appearance when viewed on the screen
of the picture tube. A typical condition which
may give rise to objectionable echoes is illustrated
in Fig. 1. In this figure, a television receiver R is
represented as being 12 miles distant from a
transmitting station T. At distances of 6 and 10
miles from the transmitter and receiver, respec-
tively, is a wave reflecting structure such as a tall
building, a water tower, a steel bridge, or the like.
Taking the speed of a radio wave as about one-
fifth mile per microsecond, it will be apparent
that the time required for the signal to traverse
the direct 12-mile path between the transmitter
and receiver will be about 60 microseconds, wh'le
the time required for the reflected signal to tra-
verse the indirect 16-mile path will be about 80
microseconds. Consequently, the refiected wave,
i. e., the echo, will arrive at the receiver about 20
microseconds behind the direct wave. This may
be regarded as illustrative of a simple echo, as
differentiated from multiple echoes which arise
when a plurality of reflecting structures provide
a plurality of indirect signal paths of different
length.

Fig. 2 is an explanatory diagram in which the
time and amplitude characteristics of a typical
television signal S are related to the screen P of
a conventional television picture tube. The tele-
vision signal, in accordance with the present prac-
tice, may comprise synchronizing pulses Ss of ap-
proximately 5.1 microseconds duration, blanking
pulses Sb of approximately 10.2 microseconds, and
a line or video period Sv of approximately 53.3
microseconds. These are substantially the spec-
ifications employed in & conventional 525-line in-
terlaced television system, with 30 frames (60
flelds) per second. Since the line period corres-
ponds to the time required for the electron beam
in the picture tube to trace one line across the
picture tube screen, the width of the screen P has,
for convenience, been made equal in length to
the line portion of the television signal 8. As is
conventional, the amplitude of the blanking pulses

* Sb may be regarded as corresponding to a “black”
signal level, zero carrier as corresponding to a
very bright signal level, while the synchronizing
pulses may be regarded as corresponding to a
blacker-than-~black or “infra-black” signal level.
The video signal existing during the 53.3 second
line period has, for the purpose of this descrip-

tion, been established at a level midway between’

zero carrier and the black level, and will cor-
respond approximately, therefore, to a gray level.

When a signal of these characte-istics is re-
ceived without an attendant echo, there will he
reproduced, upon the screen of the picture tube. a
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line similar to that shown (with exaggerated .

width) at A in Fig. 2, and having a uniform gray-
ish appearance, the latter being indicated in the
drawing by the closely spaced dots.
form appearance will be destroyed, however, if one
or more echo signals is received along with the
desired direct signal. Strictly speaking, under
these conditions, the appearance of the entire line
will be affected, but in general echoes of the video

This uni- 7
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portion of the signal can, by reason of their lesser
amplitude, be ignored, and, consequently, for most
practical purposes only those echoes produced by
the higher amplitude blanking and synchronizing
pulses need be considered. Of these pulses, the
latter are, of course, the more important by reason
of their greater amplitude.

Line B in Fig. 2 is illustrative of the normal ap-
pearance of a picture line when receiving a strong
echo signal. The echo illustrated resembles those
which are produced by the delayed reception of
the blanking and synchronizing signal, and is dis-
placed from the left-hand edge of the screen P by
a distance which is proportional to the time in-
terval between the arrival of the signal traveling
the direct path and the arrival of the signal trav-
eling the indirect or reflected path. If the differ-
ence in length between these paths is small, the
echo will be reproduced at or near the left-hand
edge of the screen, whereas greater path differ-
ences cause the echo to appear further to the
right. Of course, where the path difference is
very great, the attenuation suffered by the re-
flected signal is usually so considerable that the
echo is too weak o be noticeable.

As is indicated in the drawings, the echo shown '
in line B is produced by the arrival of blanking
and synchronizing pulses during the line or video
period Sv. Specifically, this echo is produced by
the arrival of the pulses Ss, Sp, by way of an indi-
rect path, approximately 20 microseconds after
the reception of these pulses by way of the di-
rect path. The echo signal produces on the screen
P an echo pattern whose width is equal to the
width of the line, and whose length is equal to
the distance traveled by the scanning beam in
10.2 microseconds, the duration of the combined
blanking and synchronizing signal. The 20-sec-
ond delay chosen for this illustration, it will be
recalled, is approximately the delay produced as
a result of a reflected signal traveling an addi-
tional 4 miles as illustrated in Fig. 1.

Whether the echo, as it appears upon the pic-
ture tube screen, will be a “dark” echo or a “light”
echo, depends upon the phase relation between
the video carrier and the echo carrier at the point
of detection. If these carriers arrive more or less
in phase, the resultant R. F. signal supplied to
the detector will be greater than the amplitude
of the video carrier alone, and, consequently, the
combined signal will tend toward the black level
and a “dark” echo will be produced as shown in
line B. The darkest part of the echo will be that
central portion which corresponds to the syn-
chronizing pulse Ss, while the outer portions cor-
responding to the blanking signal 4 will be some-
what less dark, but darker than that part of the
line which is not distorted by echo. On the other
hand, if the video and echo carriers arrive in gen-
erally opposite phase, the reverse will be true,
and a “light” echo such as that shown in line C
will result.

Still a different type of echo results when tele-
vision transmission is carried out in accordance
with the system described by A. V. Loughren
(Electronics, February 1940, pp. 27-30), or with
the system described in the copending applica-
tion of Frank J. Bingley, Serial No. 401,533, filed
July 8, 1941. In the alternate carrier system dis-
closed by Bingley, the synchronizing pulse is
transmitted not only as a variation in carrier
amplitude (as in Fig. 2), but also as a variation
or shift in carrier frequency. In this system, the
synchronizing signal carrier may be of the order
of 1 megacycle or more higher than the video
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signal carrier, and, consequently, when a reflected
(and, hence, delayed) synchronizing signal is re-
ceived with the video carrier, there will result a
beat signal whose frequency is equal to the fre-

3

changes, while all even-numbered frames might
be so transmitted that the carrier phase obtain-
ing during the synchronizing (or blanking and
synchronizing) intervals is reversed with respect

quency difference between these signals, e, g., 1 § to the carrier phase obtaining during the video
megacycle. Since this frequency lies within the intervals.
video frequency band, the synchronizing signal This may best be understood in connection with
portion of the echo signal will be reproduced on the composite signal representation of Fig. 7 (a)
the picture tube screen as an “alternating” echo, which is intended to illustrate, in reduced scale,
i. e., one which alternates from dark to light to 10 a television signal of the type shown in the lower
dark, etc., as shown in line D of Fig. 2. The portion of Fig. 2. The signals to the left of the
number of these light and dark bars depends upon dashed line r-—r may be considered as those pro-
the number of beat cycles contained within the ducing the scan shown as frame No. 1 in Fig. 3,
duration of the synchronizing pulse. The change while the signals to the right of the dashed line
in shading from a dark bar to a light bar, and 15 are those producing the scan denoted frame No.
vice versa, is gradual, of course, and not abrupt, 2 in Pig. 3. In each frame the echo is produced,
as shown in the illustration. as hereinbefore described, by the delayed arrival
In general, where strong echo signals are re- of echoes of the synchronizing and blanking sig-
ceived, the echo images reproduced upon the nals. In Pig. 7 (a) the absence of cross-hatch-
screen of the picture tube are apt to be more 20 ing in the signals to the left of the dashed line
objectionable in an alternate carrier system than r—2 is intended to indicate that no phase shift
in the single carrier systems heretofore employed. is produced in the carrier as between the video
This is because in the former system the synchro- and the synchronizing and blanking intervals,
nizing signal is transmitted at a frequency for whereas in the signals shown to the right of
which the receiver’s sensitivity is approximately o5 r—z, the cross-hatched blanking and synchron-
double that in the latter system, and, conse- izing signals are intended to indicate that the
quently, the reproduced echo is that much more phase of the carrier wave, during the blanking
pronounced. Thus, while the present invention and synchronizing intervals, is reversed with re-
is adapted for use in any type of television system, spect to the phase of the carrier during the videc
its use is especially desirable in alternate carrier gg intervals. Consequently, if the delayed syn-
systems, or more generally in systems wherein the chronizing signal echoes arrive in such phass,
synchronizing signal is transmitted in such a during frame No. 1, as to produce a dark echo, it
manner as to produce unusually strong synchro- follows that during frame No. 2 (with relatively
nizing impulses in the receiver circuits. reversed phase relationships) light echoes will be
Aftention is now directed to Figs. 3, 4, 5 and 6, 35 produced. The characteristic of the echo
which illustrate certain of the methods which (whether dark or light) during the video inter-
may be employed, in accordance with the present vals of frame No. 1 is indicated arbitrarily in
invention, to effect substantial cancellation of Fig. 7 (a) by the circled plus signs; whereas,
echo patterns. No attempt has been made in during frame No. 2, circled minus signs are em-
these figures to maintain the identical scale em- 40 ployed to indicate that the echo would have a
ployed in Fig. 2. Moreover, for simplicity, only different characteristic as a result of the reversal
the echo caused by the delayed arrival of the in phase relations. An electrical system adapted
synchronizing signal is illustrated, the lesser to produce the desired phase changes will be de-
echo produced by the blanking signal being scribed in detail hereinafter.
omitted. Of the numerous echo cancellation 45 From the standpoint of the observer, the opti-
schemes that we have developed, with the present cal effect produced by the rapid alternation of
invention as a basis, perhaps one of the simplest dark and light echoes upon the screen of the
is illustrated in Fig. 3. The assumption in Fi€. 3 picture tube is substantially that which would
is that trdnsmission is carried out in accordance obtain if no echoes were being reproduced at all.
with the single-carrier system, i. e., where video 50 In a conventional television system based on 30
and synchronizing signals are transmitted on & complete frames per second, there will be fifteen
common carrier frequency. Assume that a dark complete “echo alternations” per second, each
echo, such as is shown in frame No. 1 of Fig. 3, alternation consisting of one frame having a dark
is obtained. This echo extends from top to bot-  gcho followed by a frame with a light echo. Ap-
tom of the picture as shown, for each individual 55 parently the rapid substitution of light echoes
line of the frame includes an echo of the type for dark echoes, and vice versa, causes the eye to
shown in detail in line B of Fig. 2, and the echo  ,yerage the echo effects and to substantially
in each of the lines will be, of course, in sub-  jonore the individual echo images themselves.
stantially identical positions relative to the edge Where an alternate carrier television system is
of the picture. If transmission were carried out gy employed, i. e., one in which the video and syn-
in the conventional manner, frame No. 2, and  chronjzing signals are transmitted at different
all succeeding frames, would present the same  carrier frequencies, the echoed synchronizing
appearance, so far as echo is concerned, as frame  gigng) peats with the directly received video sig-
No. 1. According to the present invention, how-  pg) 49 produce an “alternating echo,” as has al-
ever, transmission is carried out in such a man- g5 yea4y peen explained with reference to line D of
ner that a periodic reversal of phase relation Fig. 2. When this occurs, the screen of the pic-
takes place between the “echo carrier” and the ture tube (which may be made up of 525 lines)
video carrier, causing each frame having a dark may present the appearance of either one of the
echo to be followed by a frame having a light  frames iliustrated in Fig. 4 (depending upon the
echo, such as that shown in frame No. 2 of Fig. 3. 70 initia]l phase relation between the echo and the
This may be accomplished at the transmitting direct signal). Here the echoes are seen to con-
station by changing carrier phases or polarities sist of a series of narrow vertical alternating
at predetermined times. For example, all odd- dark and light bars. An echo of the nature of
numbered frames might be transmitted in the that shown in frame No. 1 of Fig. 4 may be sub-
. conventional manner with no carrier phase 75 stantially cancelled by alternating with it an
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echo of the nature of that shown in frame 2, the
latter echo being the reverse or the conjugate of
the other.

The same general form of signal which was
used to produce the alternating echo effect de-
scribed with reference to Fig. 3, i. e., the signal
represented in Fig. 7 (a) can also be employed to
give the alternating sequence illustrated in Fig.
4. However, since the system described with ref-
erence to Fig. 4 is an alternate carrier system, it
will be understood that for the duration of each
of the synchronizing pulses shown in Fig. 7 (a),
the carrier frequency will be shifted in accord-
ance with the practice in alternate carrier sys-
tems. Means for accomplishing these operations
will be described in greater detail hereinafter,

We have found that cancellation of echoes can
be made even more effective if, in each frame,
the echo is broken up into a series of alternate
light and dark areas as illustrated in Figs. 5 and
6. These figures show patterns that may ad-
vantageously be employed in conventional and in
alternate carrier systems respectively. Patterns
of this character may be obtained by using sig-
nals in which carrier phase reversal is effected at
the transmitter at approximately the beginning
and the end of each of the cross-hatched in-
tervals shown in the signal representations (b)
to (e) of Fig. 7. With signals of this type, the
character of the echo (i. e. whether dark or light)
changes for successive lines in time sequence. In
a conventional inferlaced scanning system, the
effect produced will be similar to that illustrated
in Fig. 5 in which the lines are numbered from
| to I8 in time sequence for two complete frames,
i. e, four complete fields. In line {, it is as-
sumed that the phase relation between the syn-
chronizing signal echo and the video carrier is
such that a dark echo results. In line 2 (which
in an interlaced system is spaced from line { by
the width of one line), this phase relation is re-
versed to produce a light echo, reversed again in
line 3 to produce a dark echo, and so on for five
lines to produce the first field. The second field,
comprising lines 6 to 9, is transmitted without
change in sequence so that the scanning pattern,
or raster as it is called, consists of a plurality
of pairs of lines with alternately dark and light
echoes, as illustrated in Fig. 5, frame No. 1. In
frame No. 2, this process is continued without
change in sequence, the first field of frame 2
comprising lines 10 to (4, while the second field
comprises lines {5 to 18. It will be seen, how-
ever, that because each frame includes an odd
number of lines, the dark echoes in frame No, 2
occupy those parts of the raster which in frame
No. 1 were occupied by the light echoes, and con-
versely. Since these frames are effectively su-
perimposed at short intervals in transmission,
the echoes tend to cancel as far as the observer
is concerned. The system illustrated in Fig. 5
has the advantage over that in Fig..3 that it
breaks up the echo signal so completely as to
substantially eliminate all trace of B.ckering in
‘even those locations where echo sighals are very
strong. Effectively, the system of Fig. 5 inter-
laces the echoes in both time and space relation.

Where the last-described system of echo inter-
lacing is employed in an alternate carrier system,
the echoes are further broken up in the manner
illustrated in Pig. 6, which may be regarded as
the result of a combination of the methods em-
ployed in obtaining the rasters shown in Figs.
4 and 5. Of the several systems illustrated in
Figs. 3 to 6, the system of Fig. 6 may be regarded
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as the preferred one. When the simpler system
of Fig. 3 is employed, and where very strong
echo signals are encountered, it may be found
that a trace of flicker may be visible as a result
of the 15 cycle alternation between relatively
large unbroken areas of light and dark echoes.
(The flicker has a frequency of 15 cycles per
second, because there are 30 frames per second,
15 of which have a dark echo and 15 of which
have a light echo.) If this flicker is deemed
objectionable, it may be eliminated or greatly
reduced by employing the system of Fig. 6 in
which the general or overall illumination of the
echo area remains substantially constant from
frame to frame, as well as from field to field.

It has already been explained, in general, how
echo cancellation may be obtained by succes-
sively reversing the phase of the echo with re-
spect to the picture carrier in time relation.
Specific examples showing just when these phase
reversals may be made, to secure echo cancella-
tion of the types described with reference to
Figs. 5 and 6, are illustrated in Fig. 7 (b) to (e)
inclusive. In these illustrations, the cross-
hatched portions of the signals may be regarded
as representing one arbitrary phase relation, the
open portions of the signals representing a sub-
stantially opposite phase relation.

In Fig. 7 (b), at time %, the carrier phase is
reversed and is maintained in that relative phase
until time £2, at which time the carrier phase is
again reversed to bring it back to its original
relative phase. The following video interval,
blanking and synchronizing interval, and second
video interval are transmitted without change
in relative carrier phase, but at time £ the car-
rier phase is again reversed, and is returned to
its original relative phase at the end of the blank-
ing signal at time #«. This cycle of events may
be continued without interruption from frame
to frame, although it is preferred to suspend
these phase changes during a portion of each
vertical blanking and synchronizing interval so
as to avoid any possibility of impairment of
interlacing. Preferably, the phase changes are
suspended for the nine lines following the begin-
ning of the vertical blanking period.

It is not necessary that the desired phase
changes be effected precisely at the beginning
and end of the selected blanking pulses as shown
in Fig. 7 (b). If desired, these changes may be
made to occur at the beginning and end of the
synchronizing pulses, or at some time within the
blanking signal intervals preceding and succeed-
ing the synchronizing signals themselves. The
latter system of timing is illustrated in Fig. 7 (e).
Where phase changes are effected to coincide in
time with the synchronizing signals, rather than
with blanking signals, it follows that echo can-
cellation will be secured only for the synchroniz-
ing signal echoes, but since echoes of the syn-
chronizing signals are by far the most important,
particularly in an alternate carrier system, the
choice between the various timing sequences may
be found to be largely one of convenience.

Referring generally to the signals represented
in Fig. 7 at (b) and (e), it will be seen that every
other blanking and synchronizing signal is
transmitted with its carrier phase reversed rela-
tive to the phase of the carrier during the rest
of the television signal. Consequently, if the
synchronizing pulse transmitted in the interval
f1—t3 is received as an echo during the imme-
diately following video line inferval, an echo
image will appear on the television screen for
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that particular line. If this echo be a light one,
indicated by the circled minus sign, the echo in
the following line (in time sequence) will be a
dark one, as is indicated by the circled plus sign.
That the “sign” of the echo will be different in
the two cases will be seen from the fact that in
one case an echo of one phase will beat with a
video line of opposite phase, whereas in the other
case, the echo and video line are of like phase.
Thus, the echo image alternates from dark to
light to dark, and so on, from line to line in time
sequence, this being indicated in Fig. 7 (b) by
the alternating plus and minus signs.

In the foregoing, cases have been described
where the echo arrives alternately in-phase and
out-of-phase with the video signal. Obviously,
of course, there will be instances wherein the
echo will arrive alternately, leading and lagging
the video signal, for example, by 80 degrees.
Where this occurs, the echo is of little impor-
tance, since the resultant of a strong signal (the
direct signal) and a weak signal (the echo) dif-
fering 90° in phase is not substantially different
in magnitude from the strong signal.

Another phase changing sequence capable of
producing an echo image which alternates from
line to line in time sequence, is illustrated in
Fig. 7 (¢). Here the phase of the carrier is re-
versed after alternate synchronizing or blanking
pulses, i. e., after every second pulse. Thus, at
t1, the end of the first blanking interval, the
carrier phase is reversed, but no further reversal
in relative phase occurs until time t2, which cor-
responds to the end of the third blanking inter-
val, and again at t3, the end of the fifth blanking
interval, and so on. Here again the echo image
will alternate from light to dark, etc., as indi-
cated by the circled plus and minus signs.

In Fig. 7 (d) the carrier phase is reversed for
alternate video (line) periods, the phase reversals
taking place at times %1, %3, £3, etc., as indicated. -It
will be seen that this procedure will also produce
an alternating echo similar to those produced by
the signals of Fig. 7 (b) to (e) inclusive. In all
of these variations, it should be understood that
the phase changes are not necessarily made pre-
cisely at the beginning and/or end of the blank-
ing periods, but may be effected within the blank-
ing periods, as illustrated in Fig. 7 (e), or may
coincide with the beginning and/or end of the
synchronizing pulses themselves, Similarly, it
should be understood that the invention is not
limited to the specific methods of echo cancella-
tion illustrated in Fig. 7, since other suitable se~
quences of phase reversal may be utilized by
those skilled in the art without departing from
the methods and teachings of this invention.

From the illustrations of Fig. 7, it will be seen
that the carrier phase is preferably reversed at
least

LF
2

times per second, where L is the number of
picture lines per frame and F is the number of
complete frames transmitted per second.

Our invention may be puf into effect by means
of the transmitting system shown diagram-
matically in Fig. 8. For purposes of explanation,
an alternate carrier type of television system has
been selected, but it will be understood that the
present invention is likewise adapted for use with
the more conventional fixed-frequency systems.
An oscillator 19 of controllable frequency serves
as the primary source of carrier signal. If de-
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sired, this source may operate at a submultiple
of the desired carrier frequency, the desired car-
rier frequency being obtained by passing the wave
from the source 19 through g suitable frequency
multiplier circuit 20. The carrier derived from
the unit 20 may then be supplied to a suitable
phase-reversing means 2f whose reversing opera-
tion is controlled in response to a keying signal
from a source 22. The operation and construc-
tion of the units 21 and 22 will be described in de-
tail hereinafter. The carrier signal output of the
unit 2f may then be passed through g suitable
modulated amplifier stage 23, thence through the
sesqui-side-band filter 24, and finally to a suitable
antenna or radiating system 2§.

Amplitude modulation of the carrier wave may
be accomplished by means of a conventional
modulator stage 26 supplied with video, synchro-
nizing, and blanking signals from the source 27.
During the synchronizing signal intervals the fre-
quency of the carrier wave may be shifted to pro-
vide alternate carrier transmission of the kind
described in the above-mentioned copending ap-
plication of Frank J. Bingley. This may be ac-
complished by applying synchronizing signals
from the source 21, by way of the path 28, to the
frequency shifting device 29, which is connected
to the oscillator stage 19 in such a manner as
to control the frequency thereof. The frequency
shifting device 29 may be of the reactance tube
variety, and the circuits employed may be of the
type disclosed in the copending application of
David B. Smith, Serial No. 401,494, filed July 8,
1941. In the operation of a typical alternate car-
rier system (disregarding for the moment the
functions of the units 21 and 22), the normal car-
rier frequency, which is held constant during the
video and blanking portions of the signal, may be
established at 67.25 megacycles (to take a typical
example). During the synchronizing signal in-
tervals, this carrier frequency may be shifted to
another predetermined frequency, for example,
to 68.25 megacycles, and since the television re-
ceiver is designed to respond both to the fre-
quency and to the amplitude of the carrier during
the synchronizing interval, a synchronizing pulse
is produced in the television receiver which is of
substantially greater amplitude than that pro-
duced in a fixed frequency system under similar
circumstances.

The phase reversals contemplated in the pres-
ent invention may be produced in the transmit-
ting system of Fig, 8 by means of the phase-re-
versing device 2f which is capable of producing a
pair of waves of carrier frequency, but whose
relative phases differ by substantially 180 degrees.
The device 21 is further characterized by the
provision of means for selecting either of these
waves to the exclusion of the other, in response
to a control or keying sighal. This keying signal
may be derived from the unit 22 which comprises
the circuit means necessary for generating the
proper keying signal in response to signals derived
from the source 21. Where it is desired to em-
ploy the phase reversal sequence illustrated in
Fig. 7 (D), only the blanking signals need be sup-
plied to the keying signal source 22 from the
source 21. The unit 22 may then be constructed
and arranged to supply a keying signal compris-
ing impulses whose duration and timing corre-
spond to the duration and timing of every sec-
ond blanking signal, i. e, to the cross-hatched
signals of Fig. 7 (b). .

The operation of the system of Fig, 8 may be
most readily described with reference to the sig-
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nal representation of Fig. 7 (b). Commencing at
time ¢z transmission is carried on at the normal
carrier frequency (e. g. 67.25 mec.) until the be-
ginning of the synchronizing interval at time ¢a.
At time fa, in accordance with the principles of
alternate carrier transmission, the frequency of
the carrier is shifted a substantial amount (e. g.
to 68.25 mc.), returning to the normal carrier
frequency at time £p, the end of the synchronizing
interval. At time ?3, the beginning of the third
blanking interval in the illustration, the phase-
reversing device 2! of Fig., 8, in response to a
keying signal from unit 22, causes a sudden re-
versal in the phase of the carrier. At time fc
the carrier frequency is again shifted (to 68.25
me.), returning to normal (67.25) at time {fa.
At time #1 the carrier phase is reversed through
the agency of the device 21 of Fig. 8. The cycle of
events occurring during the period f2—%4 is re-
peated during the period {+—1is, and so on, being
interrupted only during the vertical blanking pe-
riod, which period is not illustrated in the sighal
representations of ¥ig. 7. It will be understood
that while this periodic interruption of the phase-
reversing operation is preferred, it is not neces-
sary to the operation of the present invention.

Reference is now made to Fig. 9 in which there
is shown a schematic diagram of a circuit adapted
for use in the controllable phase-reversing means
21 and the keying signal source 22 of Fig. 8.

The controllable phase-reversing means 21
illustrated in Fig, 9 comprises a pair of vacuum
tube amplifiers V1 and V2 having their input grids
connected in push-pull relation to the balanced
secondary winding of the carrier input trans-
former 30, and their anodes connected in parallel
to the interstage transformer 3f., In the opera-
tion of this circuit the tubes Vi and V2 are dif-
ferentially biased in such a manner (to be ex-
plained in detail hereinafter) that only a selected

-one of the tubes is operative at any given time.

If the tube Vi is operative, the signal supplied to
the transformer 18 will be in relatively reversed
phase to the signal supplied in the event that
tube V2 is operative and Vi inoperative. This
follows from the fact that the grids of Vi and V2
are connected to opposite ends of the split sec-
ondary of transformer 30, whereas the anodes of
V: and Va2 are connected fogether and to the
upper or high potential end of the primary wind-
ing of transformer 31. Since the circuit included
in the unit 21 must transfer not only the normal
carrier frequency but also the shifted or syn-
chronizing carrier frequency, it is preferred that
each of the transformers 30 and 3(, as well as
the output transformer 32, be capable of trans-
ferring either carrier frequency with equal fa-
cility. Accordingly, these transformers may be
suitably damped and overcoupled to provide the
desired band-pass characteristic.

The keying signal unit 22 is a device for con-
trolling the bias of tubes Vi1 and Vz of unit 21 in
such a manner that a selected one of the said
tubes is rendered operative while the other is
rendered inoperative, or vice versa. The bias of
the tubes Vi and V2 are controlled by the tubes
Vs and Vs respectively, the cathode of Vi being
connected by way of the lead 33 to the cathode
load 34 of the tube Vs. Similarly, the cathode
of Vs is connected by way of the lead 35 to the
cathode load 36 of the tube Vs. Neither of the
tubes Vs and Vs is here provided with a plate cir-
cuit load, their screens and anodes being con-
nected directly to the positive high potential sup-
ply terminal B+-.
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The control grids of tubes Vs and Vs are con-
denser-coupled to the anode and cathode loads
37 and 38, respectively, of the signal inverting
driver tube Vi, Preferably, the anode and cathode
loads 37 and 38 are substantially equal in mag-
nitude so that the signals applied to the control
grids of Vs and Vs will be not only opposite in
phase, but equal in magnitude as well. The op-
eration of tube V4 may be controlled by a suitable
source of control pulses represented by the rec-
tangle 39. To carry on the preceding descrip-
tion of a system for supplying a signal of the
type described with reference to Fig. 7 (b), the
device 39 may comprise a circuit adapted to be
energized by the blanking signal and capable of
supplying to the control grid of Vs a signal simi-
lar to the blanking signal, but having only half
the number of pulses per second. In Fig. 9 the
rectangle 39 has, accordingly, been referred to
as an ‘“‘Alternate pulse rejector.” Circuits capable
of performing such a function are known to those
skilled in the art, and, consequently, it is deemed
unnecessary to provide herein a detailed descrip-
tion of this device. By way of example, however,
it may be said that satisfactory devices and
methods for selecting or rejecting predetermined
pulses are disclosed in the F. J. Bingley Patent
No. 2,171,536 (e. g., see Fig. 5), and the copend-
ing application of F. J. Bingley, Serial No. 357,179
(e. g., see Fig, 4).

Assume that the tube Vi is normally biased
substantially to plate-current cut-off (i. e. dur-
ing the longer intervals t2—i3, {s—15, etc. of Fig.
T (b), but is driven substantially to plate-current
saturation during the shorter intervals ii—f2,
t3—t4, etc., by the pulses received from the device
39. Under these conditions there will be estab-
lished across the cathode load 36 a signal having
the wave shape and polarity (phase) of the sig-
nal applied to the grid of Vi, while across the
cathode load 34 there will appear a signal having
like wave shape, but opposite polarity. These
signals (i. e. the signals appearing at the cathodes
of Vs and Ve) may then be employed as “keying
signals” to differentially render operative and in-
operative tubes Vi and V2 in the phase reversing
unit 21, for the purpose hereinbefore described.

It has already been stated that the carrier
phase reversals are preferably suspended during
a portion of the vertical synchronizing intervals.
This is readily accomplished through the agency
of one of the signals supplied by conventional
generators of standard RMA synchronizing sig-
nals, This signal is a substantially rectangular
signal occurring at the rate of sixty per second,
and having a duration of approximately nine line
periods. The signal in question starts in synchro-
nism with the vertical blanking pulse, but has a
duration of only nine line periods, and, hence,
extends about three lines beyond the end of the
vertical synchronizing pulse. Its interval corre-
sponds to the interval occupied by the equalizing
pulse train of the standard RMA signal. Accord-
ingly, this 9-line signal (which can be derived
from unit 27 of Fig, 8) may be supplied to the
keying signal source 22 along with the modified
blanking signal supplied by the “alternate pulse
rejector” 39 of Fig. 9. The signals may be added
together by means of a conventional signal com-
bining circuit, of which many varieties are well
known in the art.

The relation between the blanking, synchroniz-
ing, and keying signals, the operation of tubes
Vi and V2, and the frequency and phase changes
involved in the operation of the specific embodi-
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ment illustrated and described with reference to
PFigs. 7 (b), 8, and 9, may best be understood by
referring to the explanatory drawings of Fig. 10,
The various functions here illustrated are all
drawn against a common time axis which employs
the notations 1, t2, etc. already used in Fig. 7 (b).

The first signal illustrated in Fig. 10 is the
synchronizing signal which, in Fig. 8, is trans-
ferred from the source 27 to the frequency shifter
29 to produce the necessary frequency shift in
the oscillator 19 to provide the desired alternate-
carrier operation of the transmitter. This signal
is also supplied (together with the video and
blanking signals) to the modulator stage 26 to
amplitude-modulate the carrier wave in the usual
manner. The second signal illustrated is the
blanking signal which is transferred from the
source 271 to the alternate pulse rejector 39 of
PFig. 9. The output of unit 39 is the third signal
illustrated in Fig. 10. The keying signal derived
from cathode load 36 of Vs is denoted K. S. 36 in
Fig. 10. The keying signal K. S. 34, derived from
cathode load 34 of Vs, is seen to be of similar
wave form, but of opposite polarity. Signal K. S.
34, which is applied to the cathode of Vi, renders
tube Vi inoperative during the periods i2—is,
ts—1s, etc. but operative during the periods {1—t2,
ts—ts, etc., as is indicated by the cross-hatched
areas in line Vi of Fig. 10. On the other hand,
signal K. 8. 36 which is applied to the cathode
of V2, renders the tube V2 inoperative during the
periods ti—1ta, f3—Is, etc., but operative during
the periods t2—t3, te—is, etc., as represented by
the cross-hatched areas in line V2 of Fig. 10.

The phase and frequency changes undergone
by the carrier wave are illustrated in the diagrams
designated “Relative phase” and “Carrier fre-
quency,” respectively. During the video (line)
intervals, as well as during those portions of the
blanking intervals which immediately precede
and succeed the synchronizing signals, the carrier
frequency is represented as being fixed at fre-
quertey fv (e. g. 67.25 mc.). During the synchro-
nizing signal intervals, the carrier frequency is
represented as being shifted to a substantailly
different frequency fs (e. g. 68.25 mec.). This peri-
odic carrier frequency shift is in accordance with
the alternate carrier system of transmission al-
ready referred to.

During the longer intervals te—13, f+—15, etc.,
the relative phase of the carrier may be regarded
as substantiallly fixed at some arbitrary value ¢.
The phase is periodically reversed, however, and,
accordingly, during the shorter intervals fi—ia,
t3—ts, etc., the relative phase of the carrier is
advanced to a value ¢-+180°. Of course, it might
just as well be retarded to a value »—180°, These
phase shifts are effected during alternate blank-
ing signal impulses in accordance with the echo
cancellation method described with reference to
Fig. 7 (b).

Strictly speaking, the “phase” of an alternat-
ing wave varies continuouvsly at the rate of 360
degrees per cycle. In ithe present invention,
however, we are not concerned with this kind of
phase variation, but rather with the “phase dif-
ference” between a directly received carrier signal
and an indirectly received carrier (echo) signal.
It should be recognized, however, that even this
“phase difference” or “differential phase” may be
variable. Thus in an alternate carrier system
the phase relation between the video carrier and
the synchronizing signal carrier is constantly
changing, and it is this continuous phase change

10

15

20

25

30

35

10

50

55

60

65

70

75

7

which produces the “echo beats” and hence the
“glternating echoes” described with reference to
Figs. 2, 4, and 6. Consequently, in the foregoing
description, and in the claims, the term “phase”
or “relative phase” is employed as a measure of
the kind of phase that concerns us most in the
description of our invention. Thus, in the func-
tion designated “Relative phase” in Fig. 10, the
regular phase progression from cycle to cycle of
the R, F. carrier is ignored, as are also the less
regular phase changes which may occur as a re-
sult of carrier frequency drift or variation, and
only the phase reversals produced by the phase
reversing means 21 of Figs. 8 and 9 are repre-
sented.

While the operation of the apparatus of Figs.
8 and 9 has been described in detail only with
respect to the echo cancellation method of Fig.
7 (b), the foregoing example will enable one
skilled in the art to put into practice other echo
cancellation methods, such, for example, as those
described with reference to Fig. 7 (a), (¢}, (d)
and (e). Since methods for generating the nec-
essary keying signals in response to the blanking
and/or synchronizing signals are well known, it
is not deemed necessary to refer to the details of
this process. U. S. Patent No. 2,171,536, issued
to F. J. Bingley, discloses certain specific methods
and means for forming various types of recurrent
pulses which may be adapted for use in the pres-
ent invention.

The echo cancellation systems so far described |
may be referred to as two-phase echo cancella-
tion systems, inasmuch as they rely for their
operation upon a system of phase reversals, i. e.,
of successive phase changes of 180 degrees. As
has already been inferred in one of the stated
objects of this invention, other phase changes
are likewise adapted for use in putting our inven-
tion into practice. Thus, it is readily possible
to employ three- and four-phase systems of
phase changing if desired. In a two-phase sys-
tem, the carrier phase may be caused to change
according to the order of 0°, 180°, 0°, 180°, ete. in
some predetermined time sequence, as described
with reference to the drawings of Fig. 7. In a
three-phase system, the changes may take the
order of 0°, 120°, 240°, 0°, etc. For example, in
frame No. 1, the video and synchronizing sig-
nals might be transmitted without change in
carrier phase relations. In frame No, 2 the car-
rier phase during the synchronizing intervals
would be advanced (or retarded) 120° with re-
spect to carrier phase during the video intervals.
And during frame No. 3 the carrier phase dur-
ing the synchronizing intervals would be ad-
vanced (or retarded) 240° with respect to carrier
phase during the video intervals. This corre-
sponds, for the three-phase case, to the two-
phase case illustrated in Fig. 3. In the three-
phase system of echo cancellation, three frames
are required for each echo cancellation cycle, as
compared to two frames for the two-phase sys-
tem. In the three-phase system, it is, therefore,
particularly advantageous to interlace the echo
in both time and space relation, as in Pigs. 5 and
6, to eliminate the occurrence of an objectionable
10 cycle echo flicker,

Reference is now made to Fig, 11 in which a
three-phase circuit is shown which is capable of
interlacing an echo in both time and space re-
lation. As will be apparent the circuit of Fig. 11
represents the circuit of Fig. 9 adapted to three-
phase operation. It will be understood that in
converting the system of Fig. 8 from a two-
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phase to a three-phase system the circuits of Fig.
11 would be substituted for the rectangles de-
noted 21 and 22.

In Fig. 9, it will be recalled, a pair of carrier
waves of opposite phase are derived from oppo-
site ends of the center-tapped transformer 30.
In the circuit of Fig. 11 the equivalent function
is performed by the single-phase-three-phase
converter 40. This device supplies in its output
a three-phase carrier whose phases are prefer-
ably balanced to ground. Single-phase-three-
phase converters which are suitable for the pur-
poses of this invention are fully described and
illustrated in Hund, ‘“Phenomena in high-fre-
quency systems,” first edition, 1936, pages
144-146. Carrier signals of phases #1, #2 and
#3 are applied respectively to the input circuits
of carrier transfer tubes Ti:, T2 and Ts;, whose
anodes are connected to a common output cir-
cuit 31, As in Fig. 9, the operation of each of
the tubes Ti, T2, T3, is controlled by means of
corresponding control tubes Ts, Ts and Ts. Pref-
erably this control is of such a nature that at
any one time only one of the tubes T1, T2 and T3
is operative to transfer a carrier of selected phase
to the common output circuit 31. The sequence
of operation of the control tubes Ts, T5 and Ts
is determined by control signals Ei, E: and E3
which are applied to the input circuits of the
said control tubes. Thus if a particular control
signal, let us say Bi, is at the level designated
“0” the corresponding carrier transfer tube T:
will be operative, and will transfer phase #1 car-
rier to the output circuit 3f. On the other hand
when the control signal E: is at the level desig-
nated “X"” the carrier transfer tube T: is rendered
inoperative, and the carrier is transferred
through tube Tz or T3, depending upon which
of the latter tubes are operative. The same mode
of operation holds with respect to signals E2 and
Es, and carrier transfer tubes T2 and Ts.

In Fig. 11 the signal “f” represents, for the
three-phase condition of operation, what the sig-
nal b of Fig. 7 represents for two-phase opera-
tion. With respect to the signal f and to the
time scale shown therewith, it will be seen that
phase #1 is maintained for video and blanking
alike until time %2, at which time the phase is
advanced (or retarded) by 120 electrical de-
grees.
phase is again returned to the original phase,
phase #1. At time {2 the phase is again changed,
this time by 240 degrees and this condition is

- maintained until the end of the blanking inter-
val, at which time the phase is again returned to
the -original condition, i. e. to phase #1. This
cycle of events is repeated as is indicated in the
disgram which appears above the signal f.

The above-described phase changes may be
accomplished by the application of the control
signals BEi1, Ez2 and E3 to the control tubes T4, Ts
and Te respectively. While the signal Ei is ab
the operative level “O” (and the signals E2 and
E3 at the inoperative levels ), phase #1 carrier
is transferred to the output circuit 31 by way of
the carrier transfer tube T:. At time ¢z, and for
a time equal to the duration of the blanking sig-
nal, the tube Ti is rendered inoperative while
the tube T2 is rendered operative through the
agency of the signal Ea and the control tube Ts.
Immediately thereafter tube T: again becomes
operative, but at time I3 is rendered inopera-
tive, while the tube T3 is caused to become
operative through the agency of the signal E:
and the control tube Te. At the end of the third

At the end of the blanking interval the
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illustrated blanking signal the tube T3 is rendered
inoperative, while the tube T: is again rendered
operative, In a thirty-frame-per-second tele-
vision system this cycle of events may be re-
peated each one-tenth of a second.

The control signals Ei, E2 and E3 are readily
generated by means of devices which are well
known in the art. The signal E2, for example,
may be provided by means of a device which,
when provided with blanking signals from the
transmitter’s blanking signal source, will select
every third one of the said blanking signals.
Thus signal E2z may be regarded as representing
blanking signals Nos. 2, 5, 8, and so on, while
control signal Es may be regarded as comprising
blanking signals Nos. 3, 6, 9, and so forth. Cir-
cuits and means for producing such control sig-
nals are fully described in the aforementioned
F. J. Bingley copending application and issued
patent. Control sighal E: represents the sum of
control signals Ez and E3 (added together in a
suitable combining circuit), inverted to produce
the proper sequence of operation of control
tube Ts.

In conventional television transmission sys-
tems it is customary to employ a raster having an
odd number of lines, for example 525 lines. In
the three-phase system just described it is de-
sirable that, in order to proceed with an unin-
terrupted phase-changing sequence, the total
number of lines per frame be not divisible by
the numeral 3. Thus a 605-line raster would be
acceptable in a three-phase echo-cancellation
system, since 605 is an odd number not divisible
by 3. The present invention however is not to
be limited, for the three-phase case, to a raster
having an odd number of lines not divisible by 3,
inasmuch as it is always possible to control the
“phase” of the echo image by advancing (or re-
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sequence of operation of the control tubes T4, Ts
and Ts at the beginning of each frame, This
would be done so that a given “black” echo would
occupy the same position, on a given line, only
once during a period of three frames.

Thus far our invention has been described with
particular reference to television transmission
systems in which the video signal is transmitted
by amplitude modulating the carrier. The inven-
tion is also adapted for use, however, in systems
wherein the video signal is transmitted by fre-
quency modulating the carrier. In fact, because
of the particularly obnoxious appearance of the
echo images in FM television transmission sys-
tems, some means for eliminating or cancelling
echoes is especially to be desired.

In FM systems the widths of the echo bars are
not fixed as they are in an alternate carrier AM
system (e. g. see Figs. 4 and 6). Instead they
vary in width from time to time in accordance
with the changing illumination of the picture in
the screen area affected by tk~ echo. This is
because in an FM television system the instan-
taneous carrier frequency is a f..nction of illumi-
nation, and, consequently, the number of beats
(which produce the echo bars) between the de-
layed synchronizing signal (i. e. the echo) and
the received picture signal varies with picture
illumination. Thus, as the illumination of the
picture varies in a given area—e. g. as caused
by the movement of actors or vehicles, or by
movement of the television camera—the echo will
present an ever-varying and moving image, which
because of its motion is much more objection-
able to the observer than the motionless or fixed
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echoes encountered in AM systems of television.
The present invention can greatly reduce the ef-
fect of these echoes in spite of their movement,
because in general this movement (of the echo
over the screen) takes place slowly enough so
that between identical lines in successive frames
there is sufficient similarity as to echo image

position to enable an alternating dark-and-light'

echo in one frame to be replaced by a substan-
tially correspondingly-placed alternating light-
and-dark echo in the immediately following
frame, Thus, it will be seen that our invention
is adapted not only to systems wherein the echo
produces a substantially fixed pattern upon the
picture tube screen, but also to systems in which
the echo pattern, while varying substantially
from minute to minute, or second to second,
changes only slightly, or to a negligible degree,
from frame to frame.

Although our invention has been described and
illustrated with reference to certain preferred
embodiments, it should be understood that wide
alterations and modifications may be made with-
in the scope of this invention as defined in the
appended claims,

We claim:

1. In a carrier wave television transmission
system, the method of reducing the deleterious
effects of echo signals on the desired signal,
which comprises periodically altering the rela-
tive carrier phase of selected carrier intervals to
produce echo images of contrasting characteris~
tics in successive frames,

2. In a carrier wave television transmission
system, the method of substantially diminishing
the deleterious effects of synchronizing signal
echoes on the desired picture signals, which com-
prises periodically changing the phase of the syn-
chronizing signal carrier relative to the phase
of the video signal carrier to produce echo images
of periodically changing characteristics.

3. In a carrier wave television transmission
system wherein video signals are transmitted
at one carrier frequency and synchronizing sig-
nals are transmitted either at the same carrier
frequency or at a different carrier frequency, the
method of reducing the deleterious effects of
beats between the desired video signals and
echoes of the synchronizing signals, which com-
prises periodically changing the phase of the
synchronizing signal carrier relative to the phase
of the video signal carrier.

4. In an alternate carrier television transmis-
sion system wherein video signals are transmitted
at one carrier frequency and synchronizing sig-
nals are transmitted at a different carrier fre-
quency, the method of reducing the deleterious
effects of carrier frequency beats between the de-
sired video signals and echoes of the synchroniz-
ing signals, which comprises reversing the phase
of said beats in successive frames of the trans-
Titted picture.

5. In a carrier wave television transmission
system, the method of reducing the deleterious
effects of echo signals on the desired signal, which
comprises reversing the carrier phase at least
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times per second in predetermined sequence prior
to transmission, thereby to cause echo images of
complementary characteristics to appear upon a
receiver’s picture viewing screen in alternating
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per frame, and F is the number of complete
frames transmitted per second.

6. In a television system, the method of gen-
erating a television signal which will ensure sub-
stantially echo-free reception, which comprises
generating a carrier wave, periodically altering
the relative phase of said wave in a predeter-
mined time sequence, and modulating said wave
in accordance with the intelligence to be trans-
mitted.

7. In a television system, the method of gen-
erating a television signal which will ensure sub-
stantially echo-free reception, which comprises
generating a first carrier wave, generating a sec-
ond carrier wave of like frequency but of sub-
stantially opposite phase, alternately selecting
one and then the other of said waves in a pre-
determined repetitive time sequence, and modu-
lating the selected wave in accordance with the
intelligence to be transmitted.

8. In a television system, the method of gener-
ating a television signal which will ensure sub-
stantially echo-free reception, which comprises
generating a first carrier wave, generating a sec-
ond carrier wave of like frequency but of op-
posite phase, selecting the first of said waves
during even frame periods, selecting both of said
waves in alternating sequence during odd frame
intervals, and modulating the selected wave in
accordance with the intelligence to be trans-
mitted.

9. In a television system, the method of gen-
erating a television signal which will ensure sub-
stantially echo-free reception, which comprises
generating g first carrier wave, generating a
second carrier wave of like frequency but of
opposite phase, selecting the first of said waves
during video intervals and during even synchro-
nizing intervals, selecting the second of said
waves during odd synchronizing intervals, and
modulating the selected wave in accordance with
the intelligence to be transmitted.

10. In a carrier wave television transmission
system, the method of reducing the deleterious
effects of synchronizing signal echoes on the
video signal, which comprises reversing the phase
of the transmitted carrier wave before and after
every second line-synchronizing pulse in the pic-
ture interval.

11, In a carrier wave television transmission
system, the method of reducing the deleterious
effects of synchronizing signal echoes on the
video signal, which comprises reversing the phase
of the transmitted carrier wave after every sec-
ond line-synchronizing pulse in the picture in-
terval.

12. In a carrier wave television transmission
system, the method of reducing the deleterious
effects of synchronizing signal echoes on the
video signal, which comprises reversing the phase
of the transmitted carrier wave before and after
every second video line period in the picture in-
terval. .

13. In a carrier wave television transmission
system, the method of substantially diminishing
the deleterious effects of synchronizing signal
echoes on picture signals, which comprises
changing, in a predetermined {ime sequence, the
differential carrier phase between horizontal
synchronizing signals and the succeeding line
signals,

14, In a carrier wave television transmission
system, the method of substantially diminishing
the deleterious effects of synchronizing signal

sequence, where L is the number of picture lines 78 echoes on picture signals, which comprises re-
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versing, in a predetermined time sequence, the
differential carrier phase between horizontal
synchronizing signals and the succeeding line
signals.

15. In a carrier wave television transmission
system, the method of substantially diminishing
the deleterious effects of synchronizing sighal
echoes on picture signals, which comprises chang-
ing, in a predetermined time sequence, the dif-
ferential carrier phase between horizontal syn-
chronizing signals and the succeeding line sig-
nals, said differential carrier phase changes be-
ing of such magnitude that a small integral num-
ber of them produce a phase rotation of sub-
stantially 360 degrees.

16. In a carrier wave television transmission
system, the method of substantially diminishing
the deleterious effects of synchronizing signal
echoes on picture signals, which comprises
periodically changing the differential carrier
phase between the line synchronizing signals and
the succeeding line signals, and interrupting said
periodic differential carrier phase changes during
vertical synchronizing signal periods.

17. In a carrier wave television transmission
system wherein the transmitted signal includes
video line periods, horizontal synchronizing sig-
nal periods, and horizontal blanking signal pe-
riods immediately preceding and succeeding said
synchronizing signal periods, the method of sub-
stantially diminishing the deleterious effects of
synchronizing signal echoes on picture signals,
which comprises changing, in a predetermined
time sequence, the differential carrier phase be-
tween selected horizontal synchronizing signals
and the succeeding line signals, said changes be-
ing effected during selected horizontal blanking
signal periods.

18. In a carrier wave television transmission
system in which synchronizing and picture sig-
nals are transmitted at dissimilar carrier fre-
quencies, the method of effectively eliminating
the echo images produced by the beating of the
picture signal with echoes of the preceding syn-
chronizing signal, which comprises periodically
reversing the differential carrier phase between
preselected synchronizing signals and picture sig-
nals, the periodicity selected being such that pairs
of complementary echo images are produced upon
the viewing screen at the receiver within time
intervals substantially equal to that of the per-
sistence of vision.

19. In a 30-frame-per-second television trans-
mission system, the method claimed in claim 18,
wherein pairs of complementary echo images are
produced each fifteenth of a second.

20. In a television transmitting system in-
cluding a source of carrier wave oscillations, ap-
paratus for reducing the deleterious effects of
echo signals on the desired signal, comprising
controllable means for periodically shifting the
relative phase of said oscillations in response to
a control signal, the magnitude of each phase
shift being substantially 360/n electrical degrees,
where n is a small integer other than 1, and
a source of control signals connected to said
phase shifting means to control the periodicity
of said phase shifts.

21. A television transmitting system as claimed
in claim 20, wherein the integer n is the num-
ber 2.

22. In a television transmitting system includ-
ing a source of carrier wave.oscillations, appa-
ratus for reducing the deleterious effects of echo
" signals on the desired signal, comprising con-
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trollable means for reversing the relative phase
of said oscillations in response to a control sig-
nal, means for modulating the oscillations de-
rived from said phase reversing means in accord-
ance with an intelligence signal, a source of syn-
chronizing and blanking signals, a control signal
source connected to and deriving signals from
said second-named source, and a connection be-
tween said control sighal source and said phase
reversing means for effecting carrier phase re-
versals in accordance with a predetermined
function of signals derived from said second-
named source.

23. In a television transmitting system, ap-
paratus for reducing the deleterious effects of
echo signals on the desired signal, comprising
means for producing carrier wave oscillations of
predetermined frequency and phase, means for
producing other carrier wave oscillations of like
frequency but of substantially different phase,
controllable means connected to both of said first
two means for alternately selecting one and then
the other of said oscillations in response to a
control signal, a source of timing signals, means
for generating a control signal synchronized with
said timing signals, connections for applying said
control signals to said controliable means to con-
trol the operation thereof, and a transfer channel
for transferring the selected oscillations to sub-
sequent elements of the transmitting system.

24. A television transmitting system as claimed
in claim 235, wherein the phase difference be-
tween the carrier wave oscillations is substan-
tially 360/n degrees, where 1 is a small integer
other than 1.

25. In a television transmitting system includ-
ing a source of carrier wave oscillations, appa-
ratus for reducing the deleterious effects of echo
signals on the desired signal, comprising means
connected to said source for deriving therefrom
a first carrier wave of controlled frequency and
a second carrier wave of like frequency but sub-
stantially opposite phase, wave selector means
responsive to a control signal for periodically
selecting and transferring one and then the other
of said carrier waves to a latter stage of said
transmitting system, and a source of periodic
control signals for timing the selective operation
of said wave selector means.

26, A television transmission system as claimed
in claim 25, characterized in that the signals from
said control signal source are synchronized with
the system’s synchronizing signals.

27. A television transmission system as claimed
in claim 25, characterized in that said control
signals are timed to reverse, in a predetermined
time sequence, the differential carrier phase be-
tween horizontal synchronizing pulses and suc-
ceeding line signals.

28. In a television transmitting system, a
source of carrier wave oscillations, means for
moduiating said oscillations with an intelligence
signe*, and auxiliary means operative upon said
osciliations for producing upon the viewing
screen at a television receiving station an echo
image of one characteristic during odd frame in-
tervals and an echo image of a substantially com-
plementary characteristic during even frame
intervals.

29. A television transmitting system as claimed
in claim 28, characterized in the provision of ad-
ditional means operative upon said oscillations
to produce echo images of alternating character-
isties during each frame, whereby the echo is
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effectively interlaced in both time and space
relation. . .

30. In a television system, the method of trans-
mission which comprises transmitting video sig-
nals at one predetermined carrier frequency,
transmitting synchronizing signals at a substan-
tially different carrier frequency, and reversing,
in g predetermined time sequence, the differen-
tial carrier phase between selected horizontal
synchronizing signals and the succeeding video
signals, thereby substantially to diminish the
deleterious effects of echoes of the synchroniz-
ing signals on the video signals.

31. In a television transmitting system, a source
of carrier wave oscillations, frequency control
means connected to said source for controlling
the frequency of said oscillations in response to
a control signal, means for generating a control
signal and for applying said control signal to said
frequency control means to establish the fre-
quency of said oscillations at one predetermined
value during video intervals and at a substantial-
ly different value during synchronizing intervals,
phase control means connected to said source for
controlling, in response to a timing signal, the
phase of the oscillations derived from said source,
ascurceof periodic timing signals operatively con-
nected to said phase control means, a source of
video signals, and means operative during said
video intervals for amplitude-modulating said
derived oscillations in accordance with the signals
from said last-named source.

32. A television transmitting system as claimed
in claim 31, characterized in that said periodic
timing signals are synchronized with the trans-
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mitter’s synchronizing signals, and are of such
periodicity as to change the phase of said derived
oscillations during predetermined synchronizing
intervals with respect to the phase of said derived
oscillations during predetermined video inter-
vals.

33. A television transmitting system as claimed
in claim 31, characterized in that said periodic
timing signals are synchronized with the trans-
mitter’s synchronizing signals, and are of such
periodicity as to change the phase of said
derived oscillations during predetermined syn-
chronizing intervals with respect to the phase of
said derived oscillations during other predeter-
mined synchronizing intervals.

34. In a television transmitting system includ-
ing g source of carrier wave oscillations, appara-
tus for reducing the deleterious effects of echo
signals on the desired signal, comprising phase
control means connected to said source for con-
trolling, in response to a timing signal, the phase
of the oscillations derived from said source, said
phase control means being constructed and ar-
ranged to produce relatively instantaneous phase
shifts of substantially 360/n electrical degrees,
where n is a small integer other than 1, and a
source of periodic timing signals connected to
said phase control means to control the operation
thereof.

35. A television transmitting system as claimed
in claim 34, wherein the integer z is the num-
ber 3.

FRANK J. BINGLEY.
WILLIAM E. BRADLEY.



