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- This invention relates to a novel and improved .

composite modulated-carrier-wave television
signsl, and to a method of, and means for, gen-
erating, transmitting, and receiving such an im-
proved signal. .

Tn the past it has been customary to transmit
the video and synchronizing signal components
of the composite television signal by causing
them to amplitude-modulate the same carrier.
It is customary to do this in such a manner that

~ the two components can readily be separated one

from the other in order that they may perform
their respective functions at the receiver.. This
has generally been done by dividing the time axis
of the carrier wave signal into regularly spaced
intervals of alternately long and short duration.
During the long intervals the carrier wave is
modulated by the video signal, and during the
shorter intervals by synchronizing signal. In
order to permit amplitude separation of the
video and synchronizing. signals, it is customary
to establish these signals at relatively different
amplitude levels. Usually from 20 to 25% of
the overall carrier amplitude is reserved for the
synchronizing component.

Recently there has. been suggested (Elec-
tronics, Feb. 1940, pp. 27-30, Article by A. V.
Loughren) an improved form of signal for trans-
mitting the video and synchronizing intelligence

‘which effectively increases the amplityde of the

synchronizing signal relative to the video signal,
and thus improves the relative synchronizing
signal-to-noise ratio, without detracting from
the amplitude of the video signal. In certain
respects the. signal employed in the present in-
vention is similar to that described by Loughren.
The video and synchronizing intelligence is seg-
regated into alternative long- and short time
intervals along the time axis of the signal as it
is transmitted. During the long intervals the
video signal is caused, in the preferred embodi-
ment, to amplitude-modulate the carrier wave in

accordance with the aforementioned practice. .

During the short interval, however. the synchro-
nizing intelligence is made to shift the carrier
wave and simultaneously to increase the ampli-
tude level of the shifted carrier with respect to
the blanking level of the video signal. Conse-
quently, the present system may be regarded as
one employing two carrier waves, the video
carrier and the synchronizing carrier. As-will
be pointed out hereinafter, the gain vs. carrier
frequenicy characteristic of the television receiver

‘enables synchronizing signals so transmitted to '

be received in a highly favorable manner.
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A primary object of the present. invention,
therefore, is to provide a novel and highly-effec-
tive form of modulation for a carrier wave tele-
vision signal comprising both video and synchro-
nizing intelligence. )

A further object of the invention is to pro-
vide a television signal of novel character, capa-
ble of being favorably received through severe
electrical interference. )

_Another object of the invention is to provide
a composite television signal of such character
that, without requiring increased transmitter
power, and without reducing the transmitted
video intelligence with respect to the synchro-
nizing <intelligence, the said composite signal
may be so received that the effective synchro-
nizing signal derived therefrom is very substan-
tially increased over that obtainable heretofore.

Another object of the invention is to provide
a system for transmitting a composite television
signal in which the transmitter may be driven
to an extent closely approaching a full load con-
dition during the video and blanking intervals,
but is momentarily overdriven during the alter-
nate frequency (synchronizing) intervals, so
that the transmitter is operated at its maximum
possible usefulness. ‘

Still another object of the invention is to pro-
vide an improved composite television signal
capable of effecting highly accurate synchroniz-
ing in districts of low signal strength, or in dis-
tricts subject to unusually severe electrical noise

‘conditions,

Other objects and advantages of the inven-
tion will be apparent from the following de-
scription and the accompanying drawings in
which: :

Pig. 1 is a block diagram of a conventional
television receiver;

Fig. 2 illustrates the improved form of signal
above referred to and the advantages thereof;
Fig. 3 is & block diagram of a system con-
structed in accordancé with the invention for
generating the new type of signal illustrated in

Fig. 2; and .

Fig. 4is a block diagram of an alternative
system for generating the new type of signal.

The present invention may best be understood
by first considering in greater detail the new
type of signal .and its reception by a - re-
ceiver. ‘Although a special receiver may be em-

" 'ployed, having particular adaptation for sepa-

rating the video and synchronizing components
of the signal, the signal may be efficiently re-

s8 celved by a conventional receiver, such as shown
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in Fig. 1, commonly employed to receive the
burely amplitude-modulated signal used in the
past. Not only is such a conventional receiver
adapted to receive the new signal, but, when
supplied therewith, it will operate more satis-
factorily than with the old form of purely ampli-
tude-modulated signal. The reasons for this will
now be set forth with reference to Figs. 1 and 2.

Referring first to Fig. 1, the conventional re-
ceiver there shown comprises a signsal-collect-
ing antenna §, & radio frequently amplifier 2,
& first detector 3, an intermediate frequency
amplifier 4, s second detector 3, & synchronizing
signal separating stege 8, & video signal amplifier
7, and & visual reconstructing device or picture
tube 8. In general, the synchronizing signal
pick~off stage 3, which derives signal from stage
8, may comprise a tube whose blas is so con-
_trolled that it selects only that portion of the
composite signal which exceeds the sc-called
blanking level, which portion comprises syn-
chronizing pulses of the known type. These
pulses are utilized to control the defiecting cir-
cuiis 10 which generate sawtooth wave forms of
the well known type for accomplishing the de-
flection of an electron beam in the picture tube
8. As in the usual television receiver, the audio-
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modulated carrier signal may be amplified in the -

radio frequency emplifier &, its freguency may
be transiated in the frst detector &, and it may
be fed from the outpui of the sald detector or
from 2 point in the Intermediate frefuency
amplifier & to the sudic freguency circuits 1.
The latter may include an intermediate fre-
quency smplifier, & second defector, and an
sudio smplifier from which signal is supplied
to the sound reproducing device 2.

. 'The manner in which the conventional receiver
of Fig. 1 operates when supplied with the new
type of signal may best be understood by ref-
erence to Figs. 2—A, 2—B8, and 2—C. This sig-
ngl is shown in Fig. 2—A, only the portion above
the zero carrier level being illustrated simce the
signal is symmetrical with respect thersto. Dur-
ing the intervals ¢ the frequency of the carrvier
weave is maintained at s substantially constant
value which will hereafter be referred to as the
“video carrier frequency.” During the shorter
intervals d, the frequency of the carrier wave is
shifted to a different value which may be either
higher or lower than the carrier frequency. This
frequency will hereefter be referred to as the
“synchronizing carrier frequency.” In & &ignal
adapted to be recelved by a conventional tele-
‘vision receiver, the synchronizing carrier fre-
quency may, for example, be located approxi-
mately one megacycle above the video carrier
frequency. During the intervals @, which in gen-
eral may be slightly shorter than the intervals ¢,
the video carrier is amplitude-modulated by
means of the signal containing the video intelli-
gence. During the portion of intervals d preced-
ing and succeeding the intervals d, the video car-
rier is preferably established at a substantially
constant amplitude. This amplitude may corre-
" spond approximately to a “black” plcture signal.
According to the invention, the frequency of the .
carrier wave is not only shifted during the syn-
chronizing interval d, but also the amplitude
thereof Is increased very appreciably over the
blanking level of interval b, as illustrated in Fig.
2—A. This amplitude may correspond to a
“blacker than black” picture signal, i. e., to an
“infra-black” signal. Thus the synchronizing
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recelving station not only by a variation or shift
in the carrier frequency, but also by & variation
or change in carrier amplitude. The character-
istics and advantages of such a hybrid synchro--
nizing signal wiii be explained more fully herein-
after.

For purposes of simplifying the explanation of
the invention, the exemplary signal shown in Fig.
2—A has been used. However, it should be un-
derstood that this is not the only specific form
of signal which can be generated. For instance,
the intervals a during which amplitude-modula-
tion of the video carrier obtains, the intervals b
separating the intervals @, and the intervals d
during which the carrier frequency is shifted to
the predetermined frequency may all be vexied
in duration. Furthermore, the respective inter-
vals need not all ke of thé same durstion, nor
need the frequency of the carrier be changead to
the same extent in every interval 4. Under the
present practice it has been found desirabie, in
forming a television signal of this type, to estab-
lish the synchronizing carrier 15750 times per
second (for 525 line, 30 frame, interiaced iele-
vision) to efiect horizontal synchronizafion, while
further establishing the said carrier 80 times per
second to effect vertical synchronization. In or-
der that the horizontal synchronizing intelii-
gence may be separated from the vertical, it is
possible to make the intervals during which the
60 cycle signals occur longer than those during
which the 15,750 cycle signels occur. To avoid
interference between the two, the longer inter-
vals may be serrated to provide for horizontal
synchronization during the vertical synchroniz-
ing intervals in the same manner as is done when
the synchronizing signals sre caused merely to
vary the amplitude of a single carrier wave as

 heas been the practice heretofore. )
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It will be recognized that in the signal repre-
sented in Fig. 2—A, the intervals b may be the
horizontal synchronizing intervals. Assuming
this to be the case, the respective durstions of
the intervals a, b, and ¢ (for the case of 525 line,
30 frame, interlaced television) might be approx- -
Imately as follows:

a=55 microseconds
b= 9 microseconds
d= 5 microseconds

It will, of course, be understood that Fig. 2—A
does not purport to show the longer duration
vertical synchronizing intervals.

In Fig. 2—B there is represented approxi-
mately the standard frequency response chara-
teristic of those stages preceding the second de~
tector in a standard television receiver adapted
for operation with the conventional sesqui-side-
band or vestigial sideband transmissions. In or-
der to equalize the percentage of modulation of
the sideband components in the vicinity of the
carrier, the response is mafde_substantially uni-
form down to a point approximately 0.76 mega-
cycle above carrier from which point it decreases
substantially uniformly to zero at a point ap-
proximately 0.75 megacycle below carrier. Thus,
the response at carrier frequency will be approx-

. imately 50% of maximum. As is well known to

those skilled in the art, such a response charac-
teristic serves to restore to their proper relative
amplitudes the sideband components whose am-
plitudes are distorted in the course of transmis-
slon by the so-called vestigial sideband method.
Such a response characteristic is of decided as-

signals are enabled to manifest themselves at the 76 sistance in the utilization of the new type of sig-
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nal under discussion for reasons which will ap-
pear presently. '

When the signal of the type shown in Fig. 2—A
is applied to a receiver with a response charac-
teristic of the type shown in Fig. 2—B, the re-
_sponse to the carrier frequency during the in-

tervals ¢ will, as shown in Fig. 2—B, be propor-

tional to ¥ E, where E is the maximum response.
However, during the intervals d when the syn-
chronizing carrier is established, operation will
be upon the upper and level portion of the fre-
guency response curve, so that the response to
the synchronizing carrier will be proportional
to E or twice the response to the video carrier.
Of course, in order for this to be the case, the
video carrier frequency must be shifted to such
an extent as to cause operation upon the upper
part of the response curve. In the case shown

10

in Fig. 2—B, whete the response begins to fall -

off at a point 0.75 megacycle above carrier, it
will be sufficient to shift the carrier frequency
upward by approximately i.megacycle. )

The advanteges to be gained by utilizing this
improved form of transmitted signal will-be ap-
parent from g comparison of the detected signals
obtained at thé second detector when the old
and new signals are used. The two signals are
shown, respectively, to scale at the lef§ and at the
right in Fig. 2—C. Both signals may be thought
of as resulting from the detection of carrier waves
having the amplitude modulation envelope of Fig.
9__A. The siznal to the left, however, results
from the reception of @ carrier wave in which
hoth video and synchronizing signals are applied

to the same carrier. The signal to the right, i. e, ¢

the new- signal, results when the video and syn-
chronizing signals are transmitted by means of
separate or alternate carriers differing in fre-

quency. In the case of the old signal, it is cus--

tomary that about 25% of the ampiitude of the
signal be occupled by the synchronizing compo-
nent. This will leave approximately 60% avalla-
ble for the video signal since, due io limitations
in the capabilities of modulating eguipment, it is

generally dificult to obtain more thgm about that

much picture modulation. -

In the signal utilized in the new method, the
amplitude of the synchronizing signal modula-
tion may be maintained at its previous value of
959, while the amplitude of the video modulation
may be maintained at its previous value of about
80% of peak carrier, but by the establisnment of
& new synchronizing signal carrier at a frequency
for which the receiver gain is double that of the
video carrier (see Fig. 2—B) the detector output
during synchronizing signal will be doutbie that
obtained in the case of the old signsl, as iltus-

trated in Fig. 2—C. On the basis of the percent-

ages shown for the left-hand signal of this draw-
ing, the new synchronizing signal amplitude will
be 125% of the original peak carrier. Thus, while
the peak detected synchronizing signal for the
new system is twice thaet of the old system, the
new system yields a synchronizing gignal pulse
which is five times as great as that obtained In
the old system, 1. e, 125% as compared with 25%.
This voltage gain of five times is equivalent to
what could only be obtained, under the old sys-
tem, by & transmitter power imcrease ‘of tweniy-
five times. Obvicusly, the new system will enable
_4he receiver to be maintained in synchronism
. with weak signals, or through strong interfer-
ence, much more reliably than was the case in
the old system.  Actual fleld tests which were
earried out to compare the two systems under

20
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various conditions of noise and signal strength .
fully bear out these theoretically determined ad-
vantages. '

Referring now to Fig. 3, which shows in block
form a complete system for generating ‘the new
signal; it will be noted that the controliable fre-
quency oscillator 13 constitutes the prime source
of radio frequency energy. This oscillator may
operate at the assigned carrier frequency of the
station, or at some sub-multiple thereof, in which
1atter case & frequency multiplier {8 may be add-
ed to supply a carrier wave of the desired fre-
quency. The output of the multiplier may be
amplified in a suitable radio frequency amplifier

15, whence the carrier wave may be passed to

an amplitude modulator § for modulation. The
video, blanking, and synchronizing signals, in
response to which the carrier amplitude is modu-
lated, may be supplied to the modulator 18 from
s suitable composite signal source 7. The modu-
Jated carrier output of the modulator 1§ may be
further, amplified, if desired, in a suitable linear
amplifier 18 before it is supplied to the sesqui-

" side-band filter 19 and to antenna system A for

)
[T}
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radiation. .

In order that the carrier frequency, as well as
the carrier amplitude, may be varied in response
to the synchronizing signals supplied by the
source {1, there may be connected to the oscilla-
tor 13 a suitable frequency shifter or frequency
control device 20. This device, when supplied by
way of the connection 21, with synchronizing sig-
nal pulses from the signal source 17, functions

“to vary or shift the frequency of the oscillator

50
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i3, and thus also the Irequency. of the wave radi-
ated by the antenns system' A. Suitable fre--
quency control circuits are now well known in the
art, and are described in detall in U. 8. Patent No.
2,240,428 of Charles Travis, assigned to the Philco

Radlo & Television Corporation. Other suitabie

circuits are described in the copending applica-
tion of David B. Smith, Serial No. 401,494, filed
July 8, 1941. Certain specific circuits and devices )
particularly adapted for use with the system
shown diagrammatically in Fig. 3 are fully illus-
trated and described in the said copending appli-
catton of David B. Smith. ‘
_According to one of the features of this inven-
tion, the transmitier is driven, during the video
and blanking intervals (excluding the synchro-
nizing intervals), to en extent closely approach-
ing full load, but during the brief synchronizing
intervals is overloaded to an extert approximat-’
ing the. instantaneous maximum current capa-

5 bilities of the transmitter. In television trans-

mitters, .as presently designed, the continuous
full-load current which can be delivered by 28
given installation may be of the order of 75%
of the maximum instantaneous current supply-
ing capabilities of the transmitter, The full-load
current rating of a transmitter having negative
picture modulation is usually based upon the op-
eration of the transmitter while transmitting a
black or an almost black picture, since under
these conditions the system is most heavily load-
ed, the carrier level corresponding, throughout
the intervals @, to approximately the carrier level
during the blanking portions of the intervals b.

Within the normal full-load range of operation
of the transmitter the modulation characteristic
thereof can be made relatively linear, but between
full-load current and maximum current the char-
acteristic may be highly non-linear. According
‘to the present invention advantage is taken of
these limiiztions by restricting the carrier ampl- .
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tude, during the video or picture intervals, to say
75% of the maximum instantaneous carrier am-
plitude. In this relatively linear pertion of the
transmitter’s operating range the relation be-
tween the shades of white and gray in the picture
may be faithiully transmitted end this is particu-
larly true of the 60% range denoted in Fig. 2—A4.
However during the brief synchronizing inger-
vals d the carrier freguency is shifted as already

explained while at the same time the transmitter.

is driven to its mazimum extent to supply 2 wave
having an amplitude corresponding to the 160%.

level reachied by the peak of the synchronizing -

pulses d of Fig. 2—A. ‘The fact that the Inearity
of the transmitter may be very poor throughout
this upper 25% range is of little or no conse-
quence, since the synchronizing pulses are similer
and of a generally rectanguler wave shape, there
- being accordingly no amplitude relations to meain-
taln between various parts of the pulse or pulses.

Since the synchronizing periods € are very
short compared to the periods d plus ¢ (¢. g. §
microseconds as compared o 63 microseconds) it
will be seen that if the transmitter is cperated
only very slightly underloaded during the periods
¢ the momentary overloads corresponding to the
synchronizing pulses of periods d, even though
they may be relatively high, will not be substan-
tial when integrated over-a time corresponding,
e. g., to one picture line or one picture frame (525
lines) ; consequently the incressed heating of the
power amplifiers due to the increased amplitude
of the synchronizing pulses will not be substantial,
On the other -hand, as shown above, the improve-
ment in receiver operation and synchronization is
very substantial, and makes possible 2 much
" improved television system.

Reference Is now made to Fig. 4 in which there
is shown, largely in block diagram, an alternative
embodiment of & television transmitier con-
structed according to the invention. This em-
bodiment, rather than employing & single master

. oscillator of controliable frequency, employs two
separate oscillators, or esrrier generators, of sub-
stantially fixred frequency. The video carrier gen-
erator 2% is adapted to generate s cerrier fre-
quency corresponding to that which is smplitude
modulated during the intervel ¢ (Fig. 2-—A) by
the video and blanking signals. The synchroniz-
ing carrler generstor 23 is adapted to generate a
carrier frequency different from that supplied by
the generator 22 and corresponding to thet car-
rier which is amplitude modulated during the in-
terval d by the synchronizing signal. The cut-
put of each of these generators, 22 and 28, may
be supplied respectively to a pair of triodes, 28
and 2§, having a common anode load resistor 26,
the signal across which may be supplied, by way
of the coupling condenser 27, to an amplifier and
frequency multiplier (optionsl) 28. YWhile tricdes

“have been {llustrated in Fig. 4 in the interests of
simplicity, it will be desirable in practice to sub-
stitute one or two pentodes (in cascade, if two)
for each of the triodes illustrated in order to
male the keying or switching more positive. The
elements 24 to 28 constitute the basic elements
of one form of eleciron switch by which, in re-
sponse to & predetermined signal, the input to
the device 28 may be selectively switched from
one of the generators 22, 28 to the other. The

- operation of this electron switch will be described
in greater detail hereinafter. :

10
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‘stage 22 adapted to modulate the amplitude of the

cerrier wave in response to s composite video,
blaenking, and synchronizing signsal derived from s
suiteble source 80.- The modulated cutput of the
modulator stage 28 mey, if desired, be smplified
further by means of & linear smplifier stage 81
before supplying it to ap sntehns system A for
radiation. If the transmissions are ¢o be of the
vestigial sideband or sesgui-sideband type, 2 ses-
qui-sideband filter £2 may be connected hetween
the amplifier 3{ and the antenns system A

The electron switching system for establishing
the appropriate carviers during the intervals 4
and ¢ may be operated in vesponse to & signal
derived from the source 28 as follows. By way
of & conductor 338 a sigmal, comprising synchro-
nizing signsal components only, may be appled to
a pair of networks 24 and $8. The network 24
is-adapted to supply, in response to the epplied
synchronizing signal, @ signsl which is highly
negative with respect to the cathode of tricde 25

-during the interval ¢, but only slightly negniive

- during the synchronizing interval . Such signal

25
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Following the amplifier and multiplier stage

28 there may be provided an amplitude modulator

75

is illusireted within the rectongle 34, the zero
level being indicated by the line 0—0. According- -
ly when this signal is applied to the. grid of tri-
ode 2% by way of the conductor 86 and the re-
sistor 37 the tricde 20 iz enabled to transfer the
synchronizing carrier from source 23 to the am-
plifier stage 28 during the synchronizing interval
d, but is blocked during the longer interval ¢ by )
the application to its grid of the highly negative
potential supplied by the device 84. -

‘The network 35 supblies & signal which is sub-
stantially the reverse of that supplied by the net-
work 24, as illustrated within the rectangle. This
signal, which is applied to the control grid of the
triode 24 by way of the lead 30 and resistor 39,
is only slightly negative during the longer inter-

-vals ¢, but is highly negative during the synchro-

nizing intervals d. As & result of the operstion
of the devices 24, 28 and 34, 83, there is provided
& system whereln the video carrier is switched
on during the intervals ¢, and off during the in-
tervals d, while the synchronizing cerrier is:

.switched off during the intervals ¢, and on during

the intervals d. Accordingly it will be seen that
during the interval ¢ the modulator stege 29 am-
plitude modulates the video carrier with the video
and blanking signals derived from the source 38,
while during the interval 4 the medulator 29 am-
plitude modulates the synchronizing carvier with
the synchronizing signals derived from source 30.

Devicez of the type represented by 34 snd 96
are well known and require no detefled Mlustra-
tion.

4An obvious equivalent of this system would be
one in which the source 86 supplied only 2 video
and blanking signal to the modulstor 28, and in
which the amplitude of the synchronizing cerviep
supplied by the generator 25 was somewhat gress-
er then that of the video earrier supplied by the
source £2. The ratio of the carrier amplituges
supplied by the sources might be such that the
radiated carrier would have sn envelope similar
to that illustrated in Fig, 2—A. ’

In the several embodiments of the invention
hereinbefore described it has been assumed that
the video ang blanking portions of the composite
signal are imparted to the carrier wave by ampli-
tude modulation thereof. The invention is nof,
however, imited to such o system, for if desived '
the video and blenking portions of the composite
signal may be imparted to the carrier by ths fre-
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_video carrier, and means operative during the

quency modulation thereof. Under these condi-
tions, the carrier amplitude may be set to cor-
respond, for example, to the 75% blanking level
of Fig. 2—A throughout, with the exception of
the short synchronizing periods'd. During the
iatter periods the carrier is preferably shifted in
frequency by an amount somewhat greater than
the maximum frequency deviation obtaining dur-
ing the video and blanking portions of the line.
Simultaneously, during the synchronizing inter-
vals, the amplitude of the carrier may be estab-
lished at an overload level corresponding to the
100% level illustrated in Fig. 2—A, wherein the
15% level is approximately full load. .
- . The transmitting system illustrated diagram-
matically in Fig. 3 may be utilized without sub-
stantial change to generate & modulated carrier
signa]l of this character. Assume for example
that it is desired to transmit the video and blank-

ing signals by frequency modulation, and the syn- ;

chronizing signals by effecting sudden changes
in the amplitude and frequency of the carrier
wave as already described. This mode of opera-
tion could be effected with the apparatus of Fig.
3 by supplying synchronizing, video, and blank-
ing signals from the source 17 to the frequency
shifter 20, while supplying only synchronizing
signals to the amplitude modulator (8. With this
mode of operation the frequency shifter 28 might
more correctly be referred to as & “frequency
deviator.” :

Under some conditions it may be desirable to
employ 2 combination of frequency and ampli-
tude modulation in imparting the video intelli-
gence to the carrier wave; and the invention
should be understood to contemplate such oper-
ation. Generslly, however, it seems preferable
that the video modulation should be largely one
tvpe of modulation or the other, in contradistine-
tion to the synchronizing signal modulation
which should be characterized by substantial

shifts or changes in both amplitude -and fre-

guency. )
~ Although the invention has been described with
* reference to certain specific embodiments, it will,
of course, be understood that it is capable of ex-
pression in other physical forms which will oc-
cur to those skilled in the art after reading the
* foregoing description. The scope of the inven-
tion is 10 be subjected only to those limitations
imposed by the following claims. .

Iclaim:

1. In & system for generating & composite neg-
atively-modulated carrier-wave television signal
containing both video and synchronizing intelli-
gence, & transmitter having a full-load current
ilevel and an overload current level, a source of
signals of video Irequency, means included in
said transmitter for generating a first carrier
wave for the transmission of saiq video signals,
means for smplitude modulating said carrier
wave with said video signals over & predetermined
range, the maximum extent of said range belng
limited io & level which is slightly below said full-
108d level, & source of synchrohizing signals,
means for generating & second carrier wave for
the trenzmission of said synchronizing signals,
the frequency of said second carrier wave dif-
fering substantially from the frequency of the
first carrier wavs, means for amplitude modulat-
ing said second carrier wave with seid synchro-
nizing signals to an extent substantially exceed-
ing the full-load current level of sald trans-

mitter and corresponding to said overload level,
means normslly operative for establishing sald
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" presence of said synchronizing signals for tem-

porarily suppressing said video carrier and es-
tablishing said synchronizing carrier. o
2. In @ system for generating a composite neg-
atively-modulated carrier-wave televisiorf signal -
containing both video and synchronizing inteli--

. gence, a transmitter having a full-load current

10

level, said transmitter having a relatively linear
modulation characteristic below said full load
level, & source of signals of video frequency, & -
source of synchronizing signals, means in said
transmitter for generating a carrier wave of pre-
determined frequency for the transmission of
said video signals, means for amplitude-modu-
lating said cerrier wave with said video signals
over a predetermined range, the maximum ex-
tent of said range being limited to & level which
does not exceed said full-load level, and means
responsive to said synchronizing signals for am-
plitude-modulating said carrier wave in substan-
tial excess of said full load level and substantially

. simultaneously shifting ssid wave to 2 different
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- predetermined frequency.

3. In & system for generating and transmitting
s negatively modulated carrier-wave television
signal containing bhoth video and synchronizing
intelligence, & source of video signals, & source
of ‘blanking signals, & source of synchronizing
signals, & vecuum tube transmitter having means
for generating a carrier wave for the transmis-
sion of all of said signals, means responsive to
said blanking signals for periodically establish-
ing the amplitude of said carrier wave at a level
corresponding approximately to the maximum
continuous output level of said transmitter,
means responsive to sald video signals for ampli-
tude-modulating said carrier wave between levels
corresponding to said blanking level and & pre-
determined relatively low level, and means re-
sponsive to s2id synchronizing signals for peri-

- pdically shifting the frequency of said carrler
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wave and substantially simultaneously establish-
ing the amplitude of said carrier wave at a level
corresponding approximately to the instantane-
ous peak output level of said transmittef.

4. In s modulated carrier-wave television sys-
tem comprising trensmitiing end modulating ap-
paratus, the method of transmitting video and
synchronizing intelligence, which comprises op-
erating said transmitting apparatus at approxi-
mately full-load during the transmission of the
video intelligence, substantially overloading said
transmitting apparatus during the transmission
of the synchronizing intelligence, imperting the
video intelligence to the carrier wave by varying
only one characteristic thereof, and imparting
the synchronizing intelligence to the carrier wave
by changing both the amplitude and frequency
thereof. .

5. In & system for generating & composite mod-
wlated-carrier-wave television signal containing
both - video and synchronizing intelligence, a
source of signals of video freguency, means for
generating & first carrier wave for the transmis-

- slom of sald video signals, means for amplitude-

modulating said carrier wave with sald video sig-
nals, & source of syachronizing signals, means in-
dependent of said frst carrier wave gemerating
means for generating a second carrier wave for
the transmission of said synchronizing signals,.
mesns for amplitude~-modulating said second '
carrier wave with said synchronizing signals, the
frequency of said first carrier wave differing from
the frequency of said second carrier wave, means
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normally operative for establishing said video
carrier, and means operative during the presence
of said synchronizing signals for temporarily sup-
pressing said video carrier and establishing said
synchronizing carrier,

6. In o system for generating a composite mod-

ulated-carrier-wave television signal containing.

both video and synchronizing intelligence, a
source of signals of video frequency, s source of
synchronizing signals, means for generating @
carrier wave of predetermined frequency for the

i
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‘transmission of said video signals, means for am- -

plitude-modulating said carrier wave with said
video signals during predetermined video inter-
_ vals, means responsive to said synchronizing sig-
nals for amplitide-modulating said carrier wave
during predetermined synchronizing intervals,
- and means responsive to said synchronizing sig-
nals for shifting said wave to & different prede-
termined frequency during the synchronizing m-
tervals.
7. In & system for generating s composite neg-
_ atively-modulated carrier-wave television signal
.containing hoth video and synchronizing intelli-
gence, a source of signals of video frequency, o
means for generating 2 first carrier wave of pre-
determined frequency, means for amplitude-
modulating said carrier wave with said video sig-
nals, the maximum smplitude of said modulated
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carrier wave corresponding to black, means for s,

generating & second carrier wave of predeter-
mined frequency differing from the frequency of
said first carrier wave, 2 source of synchronizing
signals, and means operative during the presence
of said synchronizing signals for periodically sup- 5
pressing said video ca¥rier and for establishing
said second carrier at an amplitude greater then
the said maximum amplitude of said video car-
rier and corresponding to infra-black.
8. In a system for generating a composite neg- 4
. atively modulated carrier-wave television signal
containing both video and synchronizing intelli-
gence, a source of signals of video frequency, a
source of synchronizing signals, means for gen-
erating a carrier wave of predetermined frequen-
cy for the transmission of said video signals,
means for amplitude-modulating said carrier

wave with said video signals; the maximum ame-

plitude of sald modulated carrier wave corre-
sponding to black, and means responsive to salg
- synchronizing signals for wpericdically shifting

‘sald carrier wave to & different predetermined
frequency and for establishing said carrier wave
at an infra-black level, said level correspondipg
to & carrier wave amplitude greater than said
maximum amplitude,

9. In 8 system for genera.&ing & composite neg-
atively-modulated carrier-wave -felevision signal

containing both video and synchronizing intelli-

gence, a source of signals of video frequency, a
source of blanking signals, s source of synchro-
nizing signsals, means for generating a carrier
wave of predetermined frequency for the trans-
mission of seid video signals, means for ampli-
tude-modulating said carrier wave with said video
signals, meang responsive to said blanking sig-
Thals for periodically establishing said carrier
wave at an- amplitude level corresponding to
black, and means responsive to said synchroniz-
ing signals for periodically shifting said carrier
wave to s different predetermined frequency, and
for establishing said carrier wave at an ampii-
* tude level corresponding to infra-black.
10, In & vestigal sideband television transmis-
-sion system, a source of signals of video frequen-
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¢y, & source of synchronizing signals, means for
generating & carrier wave of predetermined fre-
quency for the transmission of ssid video and

_synchronizing signals, means for amplitude-mod-

ulating said carfier wave with said video signsls,
means for amplitude-modulating said carrier
wave with said synchronizing signals, means for
attenuating o portion of one of the sidebands
generated in the modulating process, and mesns
responsive to said synchronizing signals for peri-
odieally shifting the freguency of said carrier
wave in the direction of the unattenuated side-
band, said shifted carrier being returned {o said
predetermined: frequency prior to the transmis-
sion of said video signals.

11, In 2 vestigiol sideband television trensmis-
slon and reception system, a source of signals of
videc freguency, & source of synchronizing sig-
nals, means for generating @ carrier wave of pre-
determined frequency for the transmissicn of
said video and synchronizing signals, meens for
amplitude-modulating said carrier wave with
said video signals, means for amplitude-modu-
lating said carrier wave with said synchronizing
signals, means for attenusting a portion of one
of the sidebands generated during modulation of
the cerrier wave, means responsive to said syn-
chronizing signals for periodically shifting the
frequency of seid carrier wave in the direction
of the unattenuated sideband, said shifted car-
rier being returned to said predetermined fre-
quency prior to the transmission of said video
signals, and a television receiver for the recep-
tion of said trensmission, said receiver being
characterized in heving a galn-versus-frequency
characteristic such that the gain thereof is sub-
stantially greater ab said shifted carrier frequen-
“cy than at said predetermined carrier frequency.

12, In & vestigial sidebsnd transmission sys-
tem, apparatus for generating a composite nega-
‘tively-modulated ecarrier-wave television signal
containing toth vides and synchronizing inteili-
gence, comprising means for generating s fArst
carrier wave of predetermined frequency, s
source of signals of vides frequency, means for
amplifude-modulating ssid carrler wave with
sald video signals, the maximum amplitude of
. sald mogdulated ecarrier wave corresponding te
black, means for atienuating & portion of one of
the sldebands generated in the process of modu-
lation, means for generating s second carrier
wave; the frequency of seid second carrier wave
differing from that of said frst carrier wave and
lying within the unattenuated sideband, a source
of synchronizing signals, and means operative
during the presence of said synchronizing sig-
nals for periodically suppressing ssid video car-
rier and for establishing said second carrier at
an amplitude greater than the said mazimum
amplitude of sald video carrier and correspond-
ing to infra-black,

13. In & vestigial sideband television trananns
sion and reception system comprising the ap-
paratus claimed in claim 12, s television receiver
therefor characierized in having s gain-versus-
frequency characteristic such that the gsain
thereof is substantially grester at the frequency
of sald second carrier wave than at the frequen-
cy of seid fAirs carrier wave.

14, In & vesiigial sideband transmission 8y8-
tem, apparetus for generating a composite nega-
tively-modulated carrler-wave ielevision signal.
containing both video and synchronizing intelli-
gence, comprising means for generating & first
carrier wave of predetermined freguency, inde-
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pendent means for generating a second carrier
wave of different frequency, a frequency multi-
plier, means responsive to video and bla; sig-
nals for varying the amplitude of the carrier
wave output of said multiplier between levels cor-
responding substantially, in the reproduced tele-
vision signal, to extremes of white and black,
means responsive to synchronizing signals for in-
creasing the carrier wave output of said multi-
plier to a level corresponding to infra-black, and
electronic switching means operative in response
to an electrical signal for normally connecting
the input of said multiplier to said first carrier
wave generating means, and for connecting the
input of said multiplier to sald second carrier
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load current level, a source of signals of video
frequency, a source of synchronizing signals,
means for generating a carrier wave for the
transmission of said video signals, the amplitude
of sald carrier being established at a level ap-
proximating said full-load level, means for fre-
quency-modulating said carrier wave with said.
video signals, and means responsive to sald syn-
chronizing signals for shifting said wave-fo a
different predetermined frequency while substan-
tially simultaneously establishing the -amplitude
of sald wave at a level approximating said over-

- load current level.

15

wave generating means during the synchroniz-

ing-signal intervals.

15. In a television transmitter having appara- -

tus for generating a carrier wave of controllable
amplitude and frequency, the method of alter-
nately transmitting video and synchronizing in-
telligence, which comprises imparting the video
intelligence to the carrier wave largely by the
variation of one of the characteristics thereof,
imparting the synchronizing intelligence to the
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carrier wave by changing both the amplitude and -

frequency thereof, driving said transmitter at ap-

proximately its maximum continuous output level

during the video infervals, and driving said
transmitter at approximately its instantaneous
peak output level during the aynchronizing in-
tervals.. )

- 16, In a television transmitter having appara-
tus for generating a carrier wave of controllable
- amplitude and frequency, the method of alter-
nately transmitting video and synchronizing in-
telligence, which comprises’ imparting the video
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intelligence to the carrier wave by frequency -

modulating said wave, imparting the synchroniz-
ing intelligence to the carrier wave by changing
both the amplitude and frequency thereof, driv-
ing said transmitter at approximately its maxi-
‘mum continuous output level during the video
intervals, and driving said transmitter at approx-
imately its Instantaneous peak output level dur-
ing the synchronizing intervals,
. 17.In a system for generating a composite
modulated-carrier-wave television signal con-
taining both video and synchronizing intelli-
gence, a source of signals of video frequency, a
source of synchronizing signals, means for gener-
ating a carrier wave for the transmission of said
video signals, means for frequency-modulating
sald carrier wave with said video signals during
predetermined video intervals, means responsive
to said synchronizing signals for amplitude-mod-
ulating said carrier wave during predetermined
synchronizing intervals, and means responsive to
sald synchronising signals for shifting said wave
to a different predetermined frequency during
the synchronizing intervals, ’
. 18, In a system for generating a composite
modulated-wave television signal containing both
video and synchronizing intelligence, & transmit-
- - ter having a full-load current level and an over-

19, In & carrier-wave television transmitter,

means for generating a carrier wave, sald gen-
erated wave having predetermined characteris-
tics of amplitude and frequency, a source of video
signals, a source of synchronizing signals, means
for imparting the video intelligence to said car-
rier wave during predetermined video intervals,
said means including apparatus for varying at
least one of the said characteristics of said car-
rier wave, and means for imparting the synchro-
nizing intelligence to said carrier wave during
predetermined synchronizing intervals, said last-
named means including apparatus for changing
both the amplitude and Irequency of said carrier
wave.: . . :
" 90. A carrier-wave television system as elaimed
in claim 19, characterized in that said transmit--
ter is driven at approximately its maximum con-
tinuous output level during the video intervals,
and at approximately its instantaneous peak out-
put level during the synchronizing intervals.

21. In a television transmitter, a carrier wave
generating means, signal-responsive frequency
‘shifting means associated with said generating
means and adapted to shift the frequency of the
‘carrier wave from one predetermined value to .
_another predetermined value, an amplitude mod-
ulator coupled to sald generating means, means

“for supplying video, blanking and synchronizing

signals to sald modulator, thereby to amplitude-
modulate the carrier wave with the video, blank-
ing and synchronizing signals during different in-
tervals, and means for supplying synchronizing
signals to sald frequency shifting means, thereby

. to shift the frequency of the carrier wave during

the synchronizing intervals.
23. In a television transmitter, a video carrier
wave generator, & 8 carrier wave

ynchronizing
- -generator, the frequencies of the two cerriers dif-.

“ing the synchronising in

fering substantially from one another, & common
optput circuit for said generators, switching
means for selectively connecting sald generators
to sald output circuit, an amplitude modulator
.coupled to said output circuit, means for supply-
‘ing video, blanking and synchronising signals to
sald modulator, and means for artuating said
switching means so as to connect said video car-
rier generator to said output circuit during the
'video intervals and to connect sald synchronis-
carrier generator to said output circuit dur-
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