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SION SYSTEMS

David B. Smith, Philadelphia, Pa., assignor to
Philco Radio and Television Corporation, Phil-
adelphia, Pa., a corporation of Delaware

Application May 5, 1942, Serial No. 441,874
(CL. 178—1.1)

24 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 sighals on the received or reconsti-
tuted picture. More particularly, the invention
relates to television systems, and to an improved
method and means for reducing or substantially
eliminating certain undesirable effects resulting
from the arrival, 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 modula.tion, is that which results from
the reception of long delayed echoes, correspond-

.ing to signal path differences of the order of a
mile or several miles. Since the speed of propa-
gation of a radio wave is approximately one
thousand feet per micro-second, a path difference
of say three or four miles, as between the direct
and the reflected signal path, may produce echoes

" delayed by 15 or 20 micro-seconds. In magnitude,
these echoes may be relatively faint due to the
greater path length, to the fact that the echo-
signal normally suffers considerable atteriuation

in reflection, and. to the fact that the indirect

path is usually closer to the earth than is the di-
rect path., On the other hand, since the synchro-
nizing signals are of greater amplitude than the
line or picture portions of the signal, refiected
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 ¢ -nbining 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 (ex-
cept for changes effected at the transmitter it-
self) 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 re-
ceiving antennas are fixed, is by a variation in
the placement 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 regarded 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 be-
tween the direct and reflected signals as may re-
sult from periodic phase changes eﬁected within
the transmltter itself. .

F. J. Bingley and W. E. Bradley have found that
the deleterious effects of these echo signals may
be substantially reduced or eliminated by pe-
riodically changing the phase or polarity of the
echoes so that they are opposite in successive
frames. - As is fully. described in the copending

. joint application of F. J. Bingley and W. E. Brad-
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ley, Serial No, 433,660, filed March 6, 1942, and
the copending apphcation of F. J. Bingley, Serial
No. 435,402, filed March 19, 1942, this can be ac-
complished most readily by periodically changing

- the phase of the echo carrier with respect to the
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picture carrier, these changes being so timed that
the successive echoes balance each other out so
far as their impression upon the observer is con-
cerned. The phase changes referred to are ef-
fected at the transmitting station and require no
addltional equipment at the point of reception.
The present invention utilizes the broad prin-
ciples disclosed in the above-named copending
joint application, but an improved method is uti-
lized to effect the changes in phase between the
echo carrier and the picture carrier. In- the
method described by Bingley and Bradley, the
carrier phase changes are effected suddenly—
almost instantaneously—through the agency, for
example, of an electronic phase-reversing switch.
Now while the Bingley-Bradley method has prov-
en satisfactory in practice, it is possible, under

certain conditions, that such method may pro- .
. duce short-time amplitude transients which may

be difficult to eliminate. According to the pres-
ent invention, the phase of the ¢arrier is ad-
vanced, retarded, or reversed, gradually by chang-
ing the carrier frequency a predetermined amount
for a predetermined time interval until the car-
rier has lost or gained the desired number of elec-
trical degrees (180 degrees in s phase reversal
system). When the carrier phase is changed in
this manner, the carrier amplitude may remain
substantially constant and consequently no am-
plitude transients are produced.

It is & principal object of this invention to pro-
vide a method and means for substantially elimi-
nating certain echo effects which may be en-
countered in picture transmission systems.

Another object of the invention is to provide
an improved method and means for transmitting
a television signal, or the like, which when re-
ceived will produce a picture which is substan-
tially free of echoes of the synchronizing signals.

‘Still another object of the invention is to pro-
vide a method and means by which the relative
phase of echo signals may be periodically ad-

> vanced or retarded without eausing amplitude
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transients to appear during the blanking or video
intervals of the television signal.

A further object of the invention is to provide
an improved television transmitter which is ca-

pable of generating my improved echo-cancelling

carrier signal, )

These and other objects and features of the
-invention will be apparent from the following
description. and the accompanymg drawings in
which:

Figs. 1 and 2 are explanatory diagrams in con-
nection with which the method of the present in-
vention will be explained;

“Fig, 3 is g block diagram of a television trans-
mitter, constructed in accordance with the in-
vention, for generating the improved television
signal; and

Fig. 4 is an explanatory diagram 1llustrating
the operation of the television system of Fig. 3.

In Fig. 1 there is represented the amplitude
and frequency characteristics of a television car-
rier wave modulated in accordance with the prin-
ciples of the present invention. The portions
shown comprise the blanking interval A and .a
part of the video interval B of a given picture
line, and the blanking interval A’ and part of the
video interval B’ for the same line in the succeed-
ing frame. In a 525-line, 30-frame television
system the signal A—B and the signal A’—B’ are
separated in time by a 525-line interval 3 of sub-
stantially one-thirtieth.of a second. The upper
portion of Fig. 1, which is plotted against an am-
plitude scale, may be regarded as a representation
of the positive half of the carrier wave envelope.

Since the negative half of the envelope is identi- 3:

cal in appearance, it has been omitted in this
fllustration. The blanking and synchronizing
portion of the signal which occupies the interval
A, comprises the synchronizing signaj { of dura-
tion ti, the “front-porch” portion 2 of the blank-
ing signal, and the “back-porch” portion 3 of the
blanking signal. In conventioneal television sys-
tems the amplitude level of the carrier wave is
maintained substantially constant, geaerally &t
_15% of maximum carrier amplitude, throughout
both the “front porch” and “back porch” inter-
vals of the blanking signal. In accordance with
the preferred embodiment of the present inven-
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carrier system of television transmission provides
improved synchronizing performance at the re-
celving station for reasons which are fully de-
scribed in the last-mentioned applications of
Bingley and Smith.

In a 525-line televisxon system the complete
line interval has a duration of approximately
63.5 micro-seconds, and this period is divided ap-
proximstely as follows: interval A—10.2. micro-
seconds, front-porch 2—1.3 micro-seconds, syn-
chronizing pulse 1—b5.1 micro-seconds, back-
porch 3—3.8 micro-seconds, and video interval
B-—53.3 micro-seconds. The signal representa-

- tions of Fig. 1 are taken for identical lines in
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tion, this practice is departed from in a manner -

to be described hereinafter.

Although the present invention is applicab]e to
common carrier as well as to alternate carrier
television systems, the invention will be described
with particular reference to the alternate carrier
system of transmission which is described in de-
tail in the copending application of F. J. Bmgley,
Serial No. 401,533, filed July 8, 1941, and in my

copending application, Serial No. 401,494, filed’

July 8, 1941. The frequency characteristic of the
carrier wave here under consideration is illus-
trated in the lower portion of Flig. 1 and is plotted
against frequency deviation in megacycles, i. e;
deviation from the normal blanking and video
carrier frequency.. This normal or ‘“assigned”
carried frequency may be of the order of 60 or 70
‘meégacycles.
television system, the carrier frequency durlng
‘the blanking intervals (excluding the synchroniz=.
ing intervals £1) and during the video intervals

B is held constant at the assigned video frequency
fv where the deviation is, of course, zero. . During’

the synchronizing intervals #1, t1’, ete. the carriér
frequency is established at a different value fs
which may differ from the normal carrier fre-
quency by, say, ohe megacycle. 'This alternate

In a conventionsal alternate carrier;

AN

successive frames, and hence are separated in
time. by a 525-line interval ¢z of substantially
one-thirtieth of a second. If now a wave reflect-
ing structure is so situated with respect to the
transmitting and receiving antennas that an echo
of the carrier wave is received, say, 20 micro-
seconds after the reception of the original signal
which fravels the direct path, it will be seen that
an echo of the synchronizing signal | will arrive
during the following video interval B and will
beat with the carrier wave for a time equal to
the duration of the synchronizing signal 1, which
in the case under consideration is 5.1 micro-sec-
onds, Consequently if a synchronizing signal |
of duration %1 is delayed for a time %4, the syn-
chronizing signal echo will beat with the video
carrier during the portion tz of the interval B,
where the interval 1 is equal to the interval ta.
The portion 4 of the signal corresponding to the
time interval {2 has been cross-hatched to indi-
cate diagrammatically that this part of the signai
is interfered with by the delayed reception of the
synchronizing signal |. Similarly the echo of the
next-illustrated synchronizing signal {’ will be
delayed & like amount ¢4’, and will interfere with
the video carrier during the interval 2’ as indi-
cated by the cross-hatched area 4’.

As is disclosed on the above-named copending
joint application of Bingley and Bradley, the echo
images appearmg on the screen of the television
receiver may be eliminated, so far as the observer
is concerned, by transmittmg the television sig-
nal irn s manner such that dark echoes in one
frame are followed by corresponding light echoes
in the immediately succeeding frame, and vice
versa., This may be accomplished by periodically

‘reversing the phase of the carrier wave, as be-

tween synchronizing and video intervals, in a se-
quence such that the phase or “polarity” of the

" resulting beat or echo signal is opposite in suc-

hi1.]
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cessive frames. The present invention provides
an improved. method of effecting the carrier
phase reversals or changes. In the preferred
embediment of the present invention the carrier
phase reversals (1. e. 180° phase changes) are not
obtained directly, but rather through pairs of
phase changes of 90° each, and these changes are
obtained not by a substantially instantaneous

‘phase change, but by a relatively gradual phase

change effected through the agency of a small
carrier frequency deviation held for a short time.
For example, as will now be explained, a devia-
tion of 125 kilocycles from an assigned frequency
of 67.5 megacycles will, if held for two micro-
seconds, produce & carrier phase change of 90°.
According to the invention, the phase of the
carrier may be advanced 90° during the interval
tx (a portion of the back-porch interval 3), and
retarded 90° during the interval tx’ (a portion of
the back-porch interval 3’'). Assume that the
frequency of the undeviated carrier wave is equal
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to 67.5 mesacycles. a.nd that we wish to utilize 2
micro-seconds of the 3.8 micro-second back-
porch 3 for effecting the 90° carrier phase changé
by the frequency deviation method of the present:
invention. The desired phase change ¢ is given
by the equation

¢= f (er—ep)dt -

where m/2 is the shifted frequency and wo/2 1s the 1

original frequency. Now in two micro-seconds
the 67.5-megacycle radio frequency carrier will
go through 135 cycles. Hence to effect a 90°
phase change requires a frequency shift of
90/135, or two-thirds of a degree per cycle. This
corresponds to a frequency change of

2/3
67.5-357 360

or 125 kilocycles. Thus the frequency may be
shifted higher by 125 kilocycles and held for two
" micro-seconds to produce & phase advance of 80°,

=0.125 mega.cycle

or reduced by 125 kilocycles to produce a phase

retardation of 90° in the same interval. Stated
simply, the method of the present invention is to
speed up, or slow down, the frequency of oscilla-
tion until the desired phase shift has been gained

, 3
time successive identical lines, the echo # sub-
stantially balances out the echo 4.

In the foregoing, specific reference has been
made only to the phase change as between identi-
cal lines ‘in successive frames. In the preferred
embodiment of the invention, for systems using
an odd number of lines, the same alternating
phase changes are effected in successive lines in
time sequence (this is equivalent to’ alternate
lines in space sequence in- interlaced systems).

" It will be seen that in any odd-line system where<

20

or lost, and then to return the frequency of oscil- -

lation to normal.

The above-described frequency changes which
produce the desired phase shifts during the back-
porch intervals ¢x and #x’ are plotted in the lower
portion of Fig. 1 which illustrates the frequency
excursions of the carrier in megacycles. Assume
that we have established the normal, or video,
carrier frequency fv (where deviation is zero) at
67.5 megacycles. In accordance with the princi-
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"ples of alternate carrier television transmission -

the carrier may be shifted to 68.5 megacycles
during the synchronizing intervals. ti, £1’. This
_amounts to a deviation of one megacycle, and es-
tablishes the carrier at the frequency /s during
the sald synchronizing intervals,
At the receiving station the carrier of the de-

layed synchronizing signal | will beat, or hetero- |

dyne, with the carrier of the directly-received
video signal during the interval #2, and an echo
image will appear on the screen of the picture

tube in 2 manner which is fully described in the -

above-mentioned joint application of Bingley and
Bradley. The phase or polarity of the echo will
pe determined by the difference in path length
between the directly-received and the reflected
signals, which is fixed, and by the relative carrier
phase of the video and synchronizing portions of
the transmitted signal, which is controllable at
the transmitter by means of the frequency devi-
ation method of the invention. During the por-
tion tx of the back-porch interval t» the carrier
frequency may be increased 125 kilocycles to the
upper phase-shifting level f;, and held at that
frequency until the desired 90° carrier phase ad-
vance has been produced, at which time the car-
rier may be returned to frequency fv. During
the portion ¢x’ of the back-porch interval I’ the
carrier frequency is decreased 125 kilocycles to
the lower phase-shifting levels f,” and held at
_ that frequency until the desired 90° phase retard
has been effected, at which time the carrier may
" ‘again be returned to frequency fv. The effect of

-

o

e

_ however, preferred.

in the phase is alternately shifted forward and

"backward, one shift following each horizontal

synchronizing interval, the frame relations de-
seribed with reference to Fig. 1 will be preserved,
and hence echo cancellation will obtain over the
entire scanning pattern. It is not necessary that
the phase shifting operation take place during
the vertical synchronizing intervals, although the
proper sequence must be preserved throughout.

In the preferred odd-line embodiment just de-
scribed, the general appearance of the individual
frames, when receiving a strong echo, is sub-
stantially as described with reference to Fig. 6
‘of the above-mentioned joint applicatlon of Bing-
ley and Bradley.

The invention is, of course, not limited to the
specific combination of frequency deviation and
interval tx calculated above. Moreover it is not
‘necessary that a rectangular frequency shift char-
acteristic (see Fig. 1) be utilized in the interval
tx, and if desired a triangular or parabolic char-
acteristic may be adopted. Furthermore the in-
vention is not limited to the specific 90-degree
phase shift method (which provide carrier phase
reversal in two steps). If desired the invention
may be utilized to provide the 180-degree phase

shifts directly, these being timed and utilized in

a manner taught by the above-mentioned joint
application of Bingley and. Bradley. Likewise
the present invention may be utilized to effect
echo cancellation by the polyphase (e. g three-
phase) methods described in the said joint ap-
plication. In a three-phase system echo cancel-
lation may be secured by changing the phase of
the carrier of. time successive identical lines by
an amount a° a°+120° and a°—120°, or in general

(n—Dk
360

where nk=360°; a small integral value of n 'is.
In its broadest aspect the

a+t

_a°,'a°+3—6(-)r a°+m . e

0

- present invention should be regarded as one which

b4
it
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the described phase advance and phase retard is,

of course, to reverse the character of the echo for
identical lines in successive frames. When the
reversed echoes are superimposed one .on the

discloses a method and means for effecting a
desired phase change by means of frequency de-
viations which are controlled both as to duratlon
and magnitude,

Reference is now made to Fig. 2 which shows
the frequency response characteristic of a typi- .
cal television receiver adapted to receive the
standard single-side-band transmissions.  This

-response is characterized In that it varies from .

substantially zero three-fourths megacycle below:
the video carrler frequency, through. approxi-
mately 50% at ths video carrier (v of Fig. 1), to
substantially 100% at and above fv3 mega-
cycle, and then falls to zero in the neighborhood
of four megacycles above fv (not shown). In the
alternate carrier method of transmission, the
shift of the carrier frequency from fv to fs dur-
ing the synchronizing intervals #i1 produces a
two-to-one increase in the overall output of the

. detector, and a five-to-ons increase in the svn-

other, as is done by the eye in viewing quickly the ‘75

2

-chronizing signal output of the detector; this is

fully explained in the above-ment.ioned copend-~
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ing appllcation of Smith and copending applica- -

tion Serial No. 401,533 of Bingley. In a similar
manner the lesser frequency shifts which occur

9,360,814

-The circuit of Flg 3, as thus far described, is

during the phase-shifting intervals tx, ix’, tend to .

. change the amplitude of the signal developed in
the recelver. Speciﬂcally, 8 frequency deviation
or shift of 0.125 megacycle on either side of the
video carrier frequency /v will produce a change
in developed signal amplitude of 0.125/1.5 or one-
twelfth of the full amplitude. Taking into ac-

- gount the fact the normal black level (75% of

maximum carrier amplitude) is attenuated 50%
(at frequency fv) it follows that the amplitude

variation produced by the 125 kilocycle frequency

shift can be substantially eliminated by a com-
pensating carrier amplitude change of approxl-
mately

1 1 _
ﬁXmX75%—l2.5% )
in terms of the peak carrier at the transmitter.

10

15

20

Therefore at the same time that the carrier is .

shifted upward by 125 Kkilocycles its amplitude
may be cut from the normal black (. e., blank-
ing) level of 75% to 62.5%, and when the car-
rler is shifted downward by 125 kilocycles its
amplitude may be increased from 75% to 87.5%.
'This procedure maintains the black level at the
television receiver substantially constant through-
out the back-porch intervals 2a, %a’, etc. The
compensating amplitude changes which are ef~
fected during the intervals #x, #x’ are clearly
apparent in the carrier amplitude characteristic
which constitutes the upper portion of Fig. 1.

Reference is now made -to Fig. 3 which is a
block diagram of a . television transmitter con-
structed and arranged to generate the television
signal which has been described with reference
to Figs. 1 and 2. The transmitter’s primary
"sourée of carrier wave oscillations is an oscilla-
tor § of controllable frequency.” Where the os-
cillator operates at a sub-multiple of the trans-
mitter’s assigned frequency it may be followed
by a frequency multiplier stage 8. Following the
multiplier stage there may be an amplifier 1, a
modulated stage 8, a modulator 8, a linear ampli-
fler 10, a sesqui-side-band filter #t, and an an-
. tenna 12, all of which may be of conyentional
design. Video, synchronizing, and blanking sig-
nals may be supplied from the source 13, through
& device I4 whose function will be descrlbed in
detail hereinafter, to the amplitude modulator
8. The combined video, synchronizing and blank-
ing signal is also supplied to a synchronizing
slgnpl separator stage 185 whose function is to

capable of generating the signal of Fig. 1 with
the exception of the frequency and amplitude
changes occurring during the intervals #x and

‘tx’ of the back-porch portions 8 of the blanking

signals. A method and means for producing the
frequency and amplitude variations of the pres-
ent invention will now be described.

Synchronizing signal from the separator stage
18 is supplied to a device 18 whose function it
Is to separate the horizontal synchronizing sig-
nal from the vertical synchronizing signal, and
vice versa. Such separating devices are well
known in the art, and therefore the device (8
is not described in detail. Horizontal synchron-
izing signal from the device 18 is supplied to &
frequency halver stage 19, which supplies a sig--
nal of half the horizontal synchronizing fre-
quency to the sine wave generator 19a, which in
turn produces a sine wave signal whose frequency
is also half the horizontal synchronizing fre-
quency. The device 18-—19a may comprise, “as
will be understood by those skilled in the art,

. & blocking tube oscillator adjusted to fire at
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separate the synchronizing signals from the com-

bined - signal. Synchronizing signals from' the
separator stage 15 may then be supplied through
& device {6, whose function will be described here-
inafter, to & frequency shifter 17, the function
of which is to shift or deviate the frequency of
the-oscillator 8§ in accordance with the control
signal supplied by the device 18, The applica-
tion of the synchronizing signals to the frequency
-shifter 1T controls the frequency of oscillation
of the oscillator 8 in accordance with the princi-
pley of alternate carrier transmission described in
the‘ above-mentioned copending application of
Smith. and copending application Serial No.
401,833 of Bingley. The frequency shifter |7 may
be any. suitable device which is adapted .to shift
the,frequency of the oscillator in either direc-
tion.in response to a control signal. For exam-
. ple, various embodiments of such .a device are

nhawnq:U 8. Patent No. 2,240,428 to C. Truvia

every second horizontal synchronizing pulse; this
blocking tube oscillator may be followed by one
or more resonant circuits tuned to the desired
half-frequency to produce an output signal of
approximately sine wave shape. This latter sig~
nal may then be supplied to the square wave gen-
erator 20 which produces' a, substantislly square
wave signal of half the horizontal synchronizing
frequency. The square wave output of the unit
20 is supplied to the narrow pulse generator 21,
which so utilizes the square wave as to produce
& wave of the type shown at 22, which comprises
spaced alternately positive and negative narrow
pulses, each pulse having a duration of approxi-
mately two micro-seconds to correspond in du-
ration and timing to!the intervals #x of Fig. 1.
The signal 22, for reasons which will become ap-
parent, may be referred to as the “echo-cancel-
lation signal.” A satisfactory method for gen-
erating such alternating pulses of predetermined
width and timing is fully described in U, 8. Pat-
ent No. 2,171,536 to F., J. Bingley (see especially
PFigs. 4 and 21). Devices suitable for use in the
unit 18—18a are also described in the sald Bing-
ley patent.

- The alternating narrow pulse 22, derived from
the narrow pulse generator 21, is supplied through
the blanking amplifier 23 to the signal combin-
ing .amplifier 18 where it is combined with the
synchronizing signal from the unit i5. The com-
bined signal 28 is then applied to the frequency
shifter stage 17 where it controls the frequency
of the oscillator 8 in accordance with- the fre-

. quency characteristic illustrated in the lower

80

portion of Fig. 1. Preferably a gain control de-
vice 2§ is inserted between the device 28 and the
signal combining amplifier 18 so that the relative

. _amplitude of the signals 22 and 24 may be con-

70

trolled to provide the proper relation between

-1+ on the one hand, and f, and f,’ on the other

(see Fig. 1). _

As is indicated in the above-mentioned co-
pending joint application of Bingley and Brdd-
ley, it is preferred that the phase changing op--
erations be suspended during the vertical syn-

- chronizing intervals. In the present invention

(]

this is accomplished by means of the vertical
blanking stage 27 in combination with. the blank-
ing amplifier 23. Vertical synchronizing signals
from the unit-18 are supplied to the:device 21



which generates a blanking signal of such dura-
tion and magnitude that the gain of the said am-
plifier is periodically reduced substantially to
zero, thereby to interrupt the supply of the sig-
nal 22 to the signal combining amplifier 18 dur-
ing the vertical synchronizing intervals. Blank-
ing amplifiers are, of course, well known to those

gkilled in the art and consequently a detailed.
description of this device is not deemed neces- -

sary. The transmitter as thus far described is
capable of generating the signal of Fig, 1 with
the sole exception of the amplitude changes,
shown in the upper portion of Fig. 1, which oc-
cur during the intervals #x, &, ete. - ' '

In order to effect the above-mentioned ampli-
tude variations, which compensate for the ampli-
tude variations introduced in the television re-
celver by the frequency variations which occur

during the same intervals, the signal 22 is sup-~

plied, by way of the signal channel 28, to the sig-
nal combining amplifier {4 where it is combined
with- the video, synchronizing, and blanking sig-
nal and thence supplied to the modulator stage
9 which, in combination with the modulated stage
8 effects the amplitude modulation of the carrier
wave in accordance with the principles already
described with reference to Fig. 1. Preferably the
signal channel 28 includes a gain control device
29 to enable the amplitude of the alternating nar-
row pulse signal 22 to be adjusted to a point
where the presence of this signal just compen-
gates for the effect of the frequency shifts which
occur during the back-porch intervals ta, £a", €tc.

The relative timing and general relation be- .

tween the several signals.referred to with refer-
_ence to Fig. 3 are best understood in connection
with the illustration of Fig. 4. In this illustra-
tion, no attempt has been made to maintain the
identical scales used in the signal representations
of Fig. 1 or 3. The first signal, Eu, represents
the combined video, synchronizing and blanking
signal output of the source 13. Eis represents
the synchronizing signal output of the device I5.
It includes horizontal and vertical synchronizing
signal components, the latter not occurring in the
interval chosen for illustration. The signal Eis
represents the horizontal synchronizing signal
which is derived from the separator stage I8 and
supplied to the frequency halver (9. Ea is the
alternating narrow pulse signal supplied by the
narrow pulse generator 2i, and corresponds. to
the signal 22 illustrated in Fig. 3. It will be noted
that the narrow pulses occur within the back-
porch intervals of the signal Eu, and they may
be of substantially two micro-seconds duration.
The generation of the alternating “echo cancel-
lation signal” 22, even though its timing differs
from that of the horizontal synchronizing signal

Eis, presents no difficulties, since the narrow-

_pulse generator of the above-mentioned Bingley
_patent embodies means for controlling the time
of occurrence of the narrow pulses.
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. quency,

| | R -
the multiplier is not employed. How-
ever it is usually desirable’ to operate the oscilla-
tor at a much lower frequency inasmuch as fre-
guency control circuits are usually more conven-
iently applied at lower frequency levels. Where
a multiptier is used, and the oscillator is oper-

. gted at a sub-multiple of the transmitter’s as-.

10

signed frequency, the irequency shitts which are °

-effected during the synchronizing intervals 1, &',

ete., and the shorter intervals tx; &x’, etc., are re-

. duced to 1/nth of the deviations referred to with
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reference to Fig. 1, where n is the multiplying
tactor of the trequency niultiplier 6.

In dertain of the appended claims mention 15
made of the “phase-shift method” of echio can- :
cellation; this reference is, of course, to the broad
method of echio cancellation disclosed in- the
above-mentioned joint application of Bingley and
Bradley.. . . ) .

~Although the invention has been described
with reference to a specific embodiment, it will
be understood that it is capable of expression in
other physical forms which will occur to those
skilled in the art atter reading the foregoing de-
scription, and that wide alterations and modifica- -
tions may be made within the scope of this inven-
tion as defined in the appended ciaims. . -

I claim: . :

‘1, In an echo neutralizing system for television
transmitters and the like, the method of effecting -
a predetermined phase change in a carrier wave
of predetermined frequency, which comprises

changing the frequency of said carrier wave, con-

trolling said frequency change both as to magni-
tude and duration, and reestablishing said pre-
determined frequency when said predetermined
phase change has been effected. . - . ’
2. In an echo neutralizing system for television
transmitters and the like, the method of aiter-
n’apely advancing and retarding the phase of a
carrier wave of predetermined frequency, which
comprises alternately increasing and decreasing
the said carrier frequency to effect phase gains
and phase losses respectively, controlling said
frequency changes hoth as fo magnitude and
duration, and reestablishing said predetermined -

frequency when the desired phase changes have

been effected. :
3. In a television  transmission system, the

-method which comprises periodically changing
‘the frequency of the carrier wave to effect phase -

smfts in said carrier wave, controlling said fre-
quency changes both as to magnitude and dura-

> tion to produce phase shifts of predetermined

magnitudes, and so establishing the periodicity

- and magnitudes of said phase shifts that echo’
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The signals Eis and Exn are supplied to the .

signal combining amplifier I8 which combines
the said signals to form the combined signal Eis,
- which corresponds to the signal 25 illustrated in
Fig. 3. The amplitude characteristic As of Fig. 4
represents the positive half of the envelope of
the carrier wave output of the modulated stage
8. The frequency characteristic Fs represents
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the frequency of the output signal of the oscil-

Iator §.
In Fig. 3 the frequency multiplier 8 is shown
as optional equipment. If the oscillator § Is op-

cancellation is obtained in accordance with the
prhase-shift method. ) '

. 4. The method according to claim 3, wherein
sald frequency changes are effected during blank-
ing interval portions of the transmitted wave.

- 8, In a television transmission system, the
method which comprises periodically advancing
the phase of the carrier wave 90° by means of
a  carrier frequency deviation sustained for a
short time, periodically retarding the phase of
said wave 90° by means of & carrier frequency
deviation sustained for a short time, and so fix-~
ing the periodicity of said phase changes that
echo cancellation is effected in accordance with
the phase-shift method. ’ : '

8. The method according to claim 5, wherein

erated directly at the transmitter’s assigned fre- ¥@ the said. carrier frequency deviations are of the




6
“order of 125 ,000 cycles, and the deviation inter-
vals are of the order of 2 micro-seconds.

7. The method according to claim 5, wherein
the phase advances and phase retards: follow in
simple alternating sequence, .

8..In a carrfer wave television transmission
system wherein the transmitted signal includes
at lemst video intervals, synchronizing intervals,
and back-porch blanking intervals, the method
of transmission which comprises utilizing a por-
tion of some of said back-porch intervals for
periodically advancing the phase of the carrier
wave 90° through the agency of a brief carrier

‘frequency increase, utilizing a portion of other

of said back-porch intervals for periodically re--
~ tarding the phase of the carrier wave 90° through
the agency of a brief carrier frequency decrease,

and so fixing -the sequence and periodicity of -

"said. changes that echo canceliation is effected

- in accordance with the phase-shift method.

9..In a ‘television transmission system, the
method' which comprises periodically changing
the fréquency of the carrier wave to effect pre-
determined phase shifts therein, simultaneously
changing the amplitude of said carrier wave to
compensate, in television receivers having slop-
- Ing’ frequency response characteristics, for the
amplitude variations introduced by said fre-
quency changes, controlling said frequency
changes both as to magnitude and duration to
produce phase shifts of predetermined magni-
tudes, and so establishing the periodicity and
magnitudes of said phase shifts that echo can-
cellation is obtained in accordance with the
phase-shift method.

'10. The method according to claim 9, wherein
sald periodic frequency and amplitude changes
are interrupted during the vertical synchronizing
intervals of the transmitted carrier wave.

‘11, In a television transmitter, a source of car-
rier wave oscillations, means responsive to a.con-
trol signal for controlling the frequency of said
oscillations, means for generating a contrel sig-

10
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14, wherein the laat-redted means is adapted to
produce phase changes each having a magnitude .
of substantially 90 degrees. .

16. In a television transmitter or the like, 8
source of carrier wave oscillations, means includ- -
ing a frequency-deviating device for periodically
shifting the phase of sald carrier wave for the
purpose of effecting echo signal cancellation in
accordance with the phase-shift method, and .
means operative synchronously with said fre-
quency-deviating device for amplitude-modulat-
ing said carrier wave to prevent amplitude
transients when said wave is received by a re-
celving circult having a sloping frequency-re- -
sponse characteristic.

17. A television transmitter as claimed in claim

" 18, wherein the recited means are adapted to
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effect saild carrier frequency deviations and said
synchronous carrier-amplitude-modulation dur-
ing intervals other than the synchronizing and
video intervals. :

18. A television transmitter as cla.lmed in claim
16, wherein the recited means are adapted to
effect sald carrier frequency deviations and sald
synchonous carrier-amplitude-modulation dur-
ing the back-porch blanking intervals.

19, A television transmitter as claimed in claim
168, wherein the first recited means is adapted to
advance the phase of said carrier 90° affer
alternate synchronizing intervals and to reterd
the carrier phase 90° after the other synchroniz-

" ing intervals.
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nal which, when applied to said control means,

~ will periodically change the frequency of said
carrier wave to effect phase shifts in said wave,
sald frequency changes being of such magnitude
and duration as to produce phase shifts of pre-
determined magnitude, and means for so estab-
lishing the periodicity and magnitude of said
phase shifts that echo cancellation in accordance
with the phase~-shift method is obtained,

12. A television transmitter as claimed in
claim 11, wherein the last-recited means is adapt-
ed to produce phase shifts of the order of 360/n
degrees, where n is a small integer.

13. A television transmitter as claimed in claim
11, wherein the last-recited means is adapted to
produce - carrier phase shifts in the intervals
which occur in the periods between the end of
the synchronizing intervals and the beginning of
the video intervals,

14, In an echo neutralizing circult for tele-
vision transmitters and the like, a source of car-
rier wave oscillations, means' responsive to a
control signal for controlling the frequency of
sald oscillations, means for generating a control
signal for application to said control means for

- alternately increasing and decreasing sald car-
rier frequency to effect phase gains and phase
losses respectively, and means for so establishing
the periodicity and magnitude of said phase shifts

that echo cancellation in accordance with the .

phase~-shift method is cobtained, :
.. 16, A television transmitter as claimed in claim
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20. In a television {ransmitter, a source of cat-
rier wave oscillations, means responsive to a con-
trol signal for controlling the frequency of said
oscillations, a source of synchronizing impulses,
means responsive to said impulses for genergt-
ing a control signal adapted to change the fre-
quency of said carrier wave periodically in a

-manner to effect echo cancellation phase shifis in

said wave, and means for applying said control
signal to said frequency-control means.

21, In a television transmitter, a source of
carrler wave oscillations, means responsive io
contrel impulses of opposite polarity for varying
the frequency of said oscillations in sither direc-
tion, & source of synchronizing impuises, means
responsive to said impulses for generating g pulez
signal in which consecutive puises are of opposits
polarity and the pulses are arranged to effett
echo cancellation phase shifts of the carrier ive-
quency, and means for applying said puizse slgm&
to said frequency-control means,

22, In a television transmitter, asource of car-
rier wave oscillations, means responsive to a coz-
trol signal for controlling the frequency of sald
oscillations, a source of horizontal and vertical
synchronizing impulses, means for deriving horl-
zontal synchronizing impulses from said source,
means responsive to the said derived impulses for
generating an echo-cancellation control signal,

. means for combining -said signal with said syn-
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chronizing impulses, and means for applying the
resultant signal to said-frequency control means,
thereby to effect frequency shifts of the carrier
wave both to transmit synchronizing intelligence
and to effect echo cancellation.

23. In a television transmitter, means for gen-
erating a carrier wave of predetermined normal
frequency, a source of ¥ideo, blanking and syn-
chronizing signals, means for amplitude-modu-
lating said carrier wave with said signals, means
for deriving synchronizing signals only from said
source, means for further deriving horizontal
synchronizing impulses only, means operabie by
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said last-named impulses to generate an echo

cancellation signal, means for combining said

derived synchronizing signals with said eclio can~
cellation signal, and a frequency shifter operable
by said combined signals to shift the frequency
of the carrier wave.

24. In a television transmitter, a source of car-
rier wave oscillations, means responslve to & con-

. trol signal for controlung the frequency of said

oscillations, means for generating & control sig-
nal adapted to change the frequency of said car-
rier wave periodically in & manner to effect echo

" cancellation phase shifts in said wave, and means

for applying said control signal to sald frequency-
‘DAVID B. SMITH.

" control means.




