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Patented Feb. 2, 1943 2,310,197 

UNITED STATES PATENT office 
2,310,197. 

TELEVISION SYSTEM 

Clarence W. Hansell, Port Jefferson, N. Y., assig 
nor to Radio Corporation of America, a cor 
poration of Delaware 

Application December 21, 1940, serial No. 371,078 
(Cl. 1778—5.6) Claims. 

This invention relates to television systems 
and more particularly to methods and means for 
Synchronizing the transmission and reproduc 
tion of an optical image. 

Television systems in commercial and experi 
mental operation, both in the United States and 
abroad, generally transmit synchronizing pulses 
which share time with the picture modulation 
and which are separated from the picture mod 
ulation signals by means of amplitude discrimi 
nation. This requires that the amplitude range 
of the picture modulation signals be reduced by 
the amount of range necessary to accommodate 
the synchronizing pulses. 

For example, if all carrier current amplitudes 
below 80-percent in the output of television ra- - 
dio transmitters are assigned to picture modula 
tion, amplitudes above 80 percent are assigned 
to synchronizing pulses. Under these conditions, 
the modulation range for pictures is only 80 per 
cent in amplitude or 64 percent in power of 
What it could be if the synchronizing pulses were 
Separated from the picture modulation and 
transmitted in some other way. 

Furthermore, the frequency band width, and 
therefore the required amount of power, is some 
thing like 50 times greater for the picture trans 
mitter than for the sound transmitter operated 
in conjunction with it. A logical solution to this 
problem is to transfer some of the modulation 
requirements of the picture transmitter to the 
Sound transmitter. This can be done by trans mitting Synchronizing modulation 
through the sound transmitter. 
The present type of synchronizing pulses can 

not be transmitted over the sound transmitter 
because these pulses require a large band of fre 
quencies for their transmission. In fact, it re 
“quires the use of substantially the entire tele 
vision modulation band to produce a steep wave 
front of synchronizing pulse in order to minimize 
the effects of noise upon exact synchronism. 
The transmission of saw-tooth wave forms for 

providing scanning currents at the receiver, in 
place of Synchronizing pulses has been proposed 
as one means to make the number of lines per 
frame flexible. This would also require a band 
of frequencies at least plus and minus 10 times 
the saw-tooth fundamental frequency. 

It has been proposed to modulate a subcarrier 
with saw-tooth wave form deflection signals and 
in turn modulate the sound transmitter with this 
modulated Subcarrier. Satisfactory reproduction 
of the saw-tooth wave forms requires the trans 
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the scanning frequency, and it is doubtful 
whether even this is sufficient to avoid distor 
tion or large loss of time for picture scanning. 
Also, the use of subcarrier transmission rather 
than direct modulation of a high frequency car 
rier by the scanning energy, for a given allow 
able percentage modulation of the high fre 
quency carrier, results in a loss of effective mod 
ulation power of about 4:1 and an increase in 
frequency band for admitting noise of approxi 
mately 2:1. This represents a total loss in sig - 
nal-to-noise power ratio of about 8:1. 
According to this invention, sinusoidal instead 

of short pulse or saw-tooth synchronizing pulses 
are transmitted preferably through the trans 
mitter which provides the sound accompanying 
television, and at the receiver the sinusoidal 
modulating currents, after passing through fre 
quency selective filter circuits, produce Saw-tooth 
Scanning potentials or control the timing of Sep 
arably produced saw-tooth potentials. 
Resonant frequency selective circuits give a 

sort of flywheel effect to sinusoidal currents so as 
to cause a large number of successive cycles to 
contribute to the oscillatory energy existing in . 
the circuits at any one time. Timing or phase 
errors in the pulses due to the effect of noise 
are therefore averaged out to a low value be 
cause plus and minus errors tend to cancel One 
another. This is equivalent to saying that noise 
is eliminated or reduced by the frequency selec 
tivity of the resonant circuits. 
The action of the resonant circuits in the pres 

ent invention is similar in its effect upon syn 
chronizing to the mechanical inertia in rotating 
wheels or to the mechanically stored energy in 
resonant vibrating reeds. Observers in the 
United States and abroad have expressed surprise 
at the apparent excellence of definition and de 
tail of television images produced by receivers 
with mechanical scanners. This excellence of 
detail probably results from the Small effect of 
noise, voltage variations and other disturbances 
upon the exact timing of the scanning at the 
receiver so that little, if any, of the apparent 
definition is lost due to lack of perfect syn 
chronizing. 
When sinusoidal synchronizing energy is used, 

it is necessary to convert sinusoidal currents into 
saw-tooth Wave currents. Heretofore sinusoidal 
to saw-tooth wave conversion systems have been 
proposed, but they were subject to a number of 
objections. The timing or phase relation of the 
saw-tooth wave with respect to that of the 

mission of at least up to the tenth harmonic of 55 sinusoidal wave varied with variation in ampli 
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tude of the sinusoidal wave. In a television Sys 
tem, this would cause the picture to shift posi 
tion. On the Screen due to fading and other causes 
of amplitude variation or due to changing the 
adjustment of the receiver from one television 
station to another. 

In the proposed prior Systems the exact time 
of tripping or triggering the saw-tooth wave 
comes when the Sinusoidal Wave is not far from 
a maximum value where its instantaneous value 
is changing rather slowly. This reduces the 
positiveness of control of saw-tooth timing, al 
lowing voltage variations to have more effect. 
It also increases the time variation with change 
of strength of the sinusoidal Wave. According to 
this invention, the tripping of the saw-tooth wave 
comes When the sinusoidal Wave is passing 
through Zero and, therefore, changing its in 
stantaneous amplitude most rapidly. Therefore, 
the Saw-tooth Wave timing or phase relation is 
fixed much more positively and is less Subject 
to change due to changing strength of sinusoidal 
Currents or changes in power voltage. 
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By using sine Wave Synchronizing energy trans 
mission, the power level required for transmis 
Sion of Synchronizing energy may be brought 
down to a minimum. Sinusoidal synchronizing 
energy cannot be satisfactorily transmitted Over 
the picture transmitter because it would inter 
fere with the picture transmission. However, 
it can be transmitted Over the aSSOciated Sound 
transmitter without much difficulty and without 
substantial interference to sound transmission. 
For example, 30-cycle synchronizing modulation 
may be used for vertical Synchronizing and 
13,230-cycle Synchronizing modulation may be 
used for horizontal Synchronizing when it is de 
sired to transmit 441-line pictures with a field 
frequency of 60 per second interlaced to give a 
frame frequency of 30 per second. These fre 
quencies are outside the required audio fre 
quency band. 
Transmission of sinusoidal synchronizing wave 

forms requires very Small band width. ASSun 
ing it to be practical to use selective circuits in 
the receivers which admit only a 2 percent band 
around the sinusoidal Synchronizing current fre 
quencies, it is possible, due to the selectivity, to 
reduce the frequency band contributing to noise, 
aS compared With transmission of SaW-tooth cur 
rents by modulation of a Subcarrier, by a ratio 
of about 20 F/0.02F or by 1000:1. Thus, the 
total inprovement in signal to noise ratio, tak 
ing into account the improvement due to omnis 
Sion of Subcarrier power and reduction in band 
Width for Synchronizing currents, in changing 
from the saw-tooth modulated sub-carrier sys 
ten to the sinusoidal System, could easily be as 
much as 10,000:1 in power. w 
Furthermore, the total frequency band oc 

cupied by the audio transmitter is very greatly 
reduced. The transmission of the sub-carrier 
and its side frequencies by the audio transmitter 
requires a relatively great frequency band width. 
According to this invention, the audio transmit 
ter total band Width is Only 26460 cycles for 44 
line, 30 frames per second television. 

In addition to the broader channel space re 
quired for the sub-carrier arrangement, multi 
path phenomena, would cause distortions in the 
saw-tooth wave form with resulting distortion 
of images. On the other hand, multi-path 
phenomena does not cause this type of distortion 
when sinusoidal synchronizing currents are used, 
A primary object of this invention is to in 
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23101971 
crease the effective power of a television trans 
mission system. 
Another object of this invention is to improve 

the reproduction of television images. 
Another object of this invention is to provide 

a television system with an improved electron 
ray scanning synchronizing means, 

Still another object of this invention is to pro 
vide a means for the transmission of the Syn 
chronizing signal in the associated Sound chan 
nel. 
Other and incidental objects of the invention 

will be apparent to those skilled in the art from 
a reading of the following Specification and an 
inspection of the accompanying drawings in 
which 

Figure 1 is a block diagram of a television 
signal transmision system in accordance with 
One form of this invention; 

Figure 2 is a block diagram showing a televi 
sion signal receiving system in accordance with 
one form of this invention; 

Figure 3 is a circuit diagram showing a Saw 
tooth wave generator adapted to produce two 
saw-tooth waves per cycle of Synchronizing cur 
rent; 

Figure 4 is a graphical illustration of the oper 
ation of the circuit shown in Fig. 3; 

Figure 5 shows another saw-tooth Wave gen 
erator adapted to produce two saw-tooth waves 
per cycle of Synchronizing current; 

Figure 6 is a graphical illustration of the 
operation of the circuit shown in Fig. 5; 

Figure 7 is a circuit diagram of still another 
Oscillator adapted to produce two saw-tooth 
waves per cycle of Synchronizing current; 

Figure 8 is a circuit diagram adapted to pro 
duce One Saw-tooth Wave per cycle of Synchroniz 
ing current; . 

Figure 9 is a graphical illustration of the oper 
ation of the circuit shown in Fig. 8; 

Figure 10 is a circuit diagram of still another 
form of saw-tooth wave generator adapted to 
produce a single saw-tooth wave per cycle of syn 
chronizing current; 

Figure 11 is a circuit diagram showing in more 
detail one form of transmitting tube electron 
ray deflection equipment; 

Figure 12 is a circuit diagram showing one 
form of a receiving tube electron ray deflection 
DeanS; 
Figure 13 is a circuit diagram showing another 

form of receiving tube electron ray deflecting 
equipment in accordance with this invention; 

Figure 14 is a circuit diagram showing still 
another form of electron ray deflection means; 

Figure 15 is a circuit diagram showing one 
form of filter circuit adapted to segregate ver 
tical Synchronizing frequencies from their asso 
ciated horizontal Synchronizing frequencies; 

Figure 16 shows a modification of Fig. 15; 
Figure 17 shows a circuit diagram in accord 

ance with another form of this invention for 
segregating the vertical synchronizing energy 
from the horizontal synchronizing energy; 

Figure 18 is a circuit diagram showing a form 
of television receiving tube electron ray deflec 
tion System in which a pulsing oscillator is held 
in Synchronism by means of a sinusoidal syn 
chronizing current; and 

Figure 19 is a circuit diagram showing another 
arrangement for Synchronizing a pulsing oscil 
lator by means of a sinusoidal synchronizing 
Current. 

Fig. 1 shows a transmitter tube having an 
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electron gun composed of a heater element 2, a 
cathode 3, a control electrode 4, a first anode 5, 
and a Second anode 6. The electron beam 7 
which is generated by the electron gun is adapted 
to Scan the photosensitive mosaic. 8 in response 
to saw-tooth wave form currents in the hori 
Zontal deflecting coils 9 and the vertical deflect 
ing coils O. Such a transmitter tube is more 
fully described in an article entitled “Television 
pickup tubes with cathode ray beam scanning,' 
published in the Proceedings of the Institute of 
Radio Engineers, August, 1937. The vertical de 
flecting coils 0 are supplied with a deflection 
Current from a saw-tooth wave generator . 
The saw-tooth wave generator is supplied 
With its Synchronizing current by a frame fre 
quency sine wave generator 2 which is driven 
by a Synchronous motor 3. The horizontal de 
flecting coils 9 are supplied with their deflection 
current by a saw-tooth wave generator 4 which 
is supplied with its synchronizing current by line 
frequency sine wave generator 5 which is also 
driven by the synchronous motor f3. 
The Video or image Signal taken from the 

photosensitive electrode 8 is amplified in the 
video Signal amplifier f 6 and transmitted by the 
video transmitter T. 
The associated sound is picked up by the 

Sound pickup and amplifier 8 and transmitted 
by the sound transmitter 9. 
The Synchronizing base frequency currents are 

preferably obtained by mechanically rotating 
electromagnetic generators such as shown in 
blocks 2 and 5 driven by a synchronous motor 
from the public service alternating current power 
source in the community where the television 
transmitter is located, Electrostatic or variable 
condenser type of generators may, of course, be 
substituted for the electromagnetic generators 
shown as 2 and 5. In the United States, the 
standarà frequency of the public service power 
supply is 60 cycles per second. In many other 
countries it is 50 cycles per second. Preferably, 
the motor generator should be equipped with a 
flywheel or Sufficient mechanical inertia to elimi 
nate any possible rapid variations in phase or 
frequency as an aid to the use of the receiving 
System of the present invention and receiving 
Systems with mechanical or other Scanning ar 
rangements which cannot follow rapid changes 
in speed. Electrical resonance and energy stor 
age between the generator and the saw-tooth 
Wave generator may also be used to assist in 
reducing rapid fluctuations in phase. 
A thermionic generator may, of course, be em 

ployed without departing from the spirit of this 
invention, in which case particular care must be 
taken to eliminate all but very slow phase and 
frequency fluctuations. 
In addition to transmitting a base frequency 

current for line synchronizing pulses by line fre 
quency sine wave generator f5, a base frequency 
current for frame synchronizing pulses from 
frame frequency sine wave generator 2 is also 
transmitted from the audio frequency transmit 
ter 9, as previously described. In the United 
States it is preferable to transmit .30 cycles per 
second for this purpose, which may be done by 
simply transmitting a steady 30-cycle modulated 
signal from the audio transmitter, using for 
sound only frequencies above the frame fre 
quency of, say 30 cycles per second and below 
the line- frequency of, say, 13,230 cycles per 
Second. 
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nate all audio frequencies low enough to ap 
proach 30 cycles. In these cases, a 15-cycle 
Sine wave current may be produced by the frame 
frequency sine Wave generator 2 and multiplied . 
to 30 or 60 cycles both in the saw-tooth Wave 
generator f and in the receiving equipment, in 
order to produce the desirable frame frequency. 

Still another method of removing the neces 
sity for cutting off the lower frequencies of the 
audio band is to apply a 30- (or 15 or 60) cycle 
modulation to a Subcarrier current such as the 
13,230-cycle line frequency modulation and then 
to derive the low frequency by demodulation of 
the higher frequency at the receiver. 

Fig.2 shows in block diagram a receiving cir 
cuit adapted to receive television and Sound 
signals as transmitted by the System shown in 
Fig. 1. The radio receiver 20 supplies a video 
signal channel and amplifier 2l with video sig 
nals which are impressed upon the control elec 
trode 22 of the picture tube 23 which has an elec 
tron gun composed of a heater element 24, a 
cathode 25, a first anode 26, and a second anode 
27. A portion of this signal from the radio re 
ceiver 20 is also fed through an audio and Syn 
chronizing signal channel 28 to an audio signal 
selective circuit 29 which passes only that range 
of frequencies which is utilized for audio signals 
to the audio signal amplifier 30 and the repro 
ducer 3 l. 
A portion of the signal from the audio and 

synchronizing signal channel 28 is fed to the ver 
tical synchronizing frequency selective circuit 32 
which comprises a selective circuit passing only 
the vertical synchronizing frequency to the SaW 
tooth wave generator 33 and thence to the ver 
tical synchronizing coils 35 of the picture tube 
23. Still another portion of the signal from the 
audio and synchronizing signal channel 28 is 
supplied to the horizontal synchronizing fre 
quency selective circuit 40 which passes only 
that frequency adapted to drive the horizontal 
saw-tooth wave generator 4 which is adapted 
to supply a saw-tooth wave current to the hori 
zontal deflecting coils 42 of the picture tube 23. 

Fig. 3 shows a saw-tooth wave generator de 
signed to operate as the Saw-tooth wave genera 
tor shown as block f l in Fig. 1 and as the saw 
tooth wave generator block 33 of Fig. 2. 
Assuming that we have a 30 cycle and substan 

tially sinusoidal frame synchronizing current, and 
it is desired to produce and control with it a 
saw-tooth wave form current which repeats at a 
rate of 60 times per second, We may use a pulse 
generator of the type described in Hansell and 
Dow (RCW D-5832), Serial No. 196,125, filed 
March 16, 1938, entitled "Pulse generator,' and 
assigned to the Radio Corporation of America, 
combined with a rectifier and suitable circuits as 
shown in Fig. 3. 
The synchronizing signal current is impressed 

upon the primary winding 47 of the transformer 
48. The secondary of the transformer 48 is di 
vided into two equal sections 49 and 50. The con 
trol electrode 5 of the electron discharge device 
52 is connected to one side of the Secondary 50 
through limiting resistor 53 and the control elec 
trode 54 of the discharge device 55 is connected 
to one side of the other of the Secondary winding 
49 through limiting resistor 56. The other ends 
Of the secondary windings 49 and 50 of the trans 
former 48 are connected to the biasing and inter 
lacing adjustment potentiometer 57 and to the 
cathodes of both of the electron discharge de 

In a few cases, it may not be desirable to elimi- 75 vices 52 and 55. The potentiometer is preferably 

  



4 
bypassed for A-C. currents by condensers aS 
shown. 
The anodes of the discharge devices 52 and 

55 are connected together and through an im 
pedance to the positive terminal of a source of 
potential. The negative terminal of the source 
of potential is connected to the cathodes of the 
discharge devices 52 and 55 through the potenti 
ometer 57. All three electron tubes 52, 55 and 60 
are provided with cathode heating power not 
shown. 
The junctions of the impedance 58 and anodes 

of the discharge devices 52 and 55 are connected 
to the anode 59 of the rectifier 60 through a 
coupling condenser 6. 

It is possible to alter the relative timing and 
amplitude of alternate saw-tooth pulses to pro 
vide for adjustable line interlacing by providing 
a small controllable steady state of unbalance in 
the circuits associated with tubes 52 and 55. A 
potentiometer 57 is one means for providing a 
small direct current voltage unbalance, which is 
adjustable, in the bias potential of control elec 
trodes 5 and 54 to adjust the interlacing of lines 
in images of television transmitting and receiv 
ing equipment in which the arrangement of Fig. 
3 is used to produce saw-tooth wave form scan 
ning currentS. 
The operation of the pulse generator will be 

described by reference to Figs. 3 and 4. 
Fig. 4 shows approximately the wave form of 

the current applied to the picture tube deflect 
ing circuits resulting from the sinusoidal inputs 
to tubes 52 and 55. 
transformer 47 is represented by curve a. The 
control electrode potential curve of tube 52 is 
shown by curve b, and the control electrode po 
tential curve of tube 55 is shown by curve c. 
The resulting current in the output circuit is 
represented by Curved. 
The sine waves representing the frame fre 

quency currents are applied to the primary 47 
of the transformer 48 and subject the control 
electrode or input circuit of the discharge de 
vices 52 and 55 to a push-pull voltage. The con 
trol electrodes 5 and 54 are biased with a cut 
off voltage so that no current will flow in the 
anode circuits when the synchronizing frequency 
potential applied to the control electrodes 5 and 
54 is passing through its zero value, which occurs 
twice per cycle. The control electrodes are biased 
positively alternately by the potential from the 
Synchronizing frequency voltage source. Thus 
currents will flow in the anode circuit of the dis 
charge device while they are biased positively. 
Because of the push-pull input circuit, anode 
Current will flow alternately in the pulse gener 
ator tubes 52 and 55 except during the instants 
When the synchronizing voltage passes through 
zero. During these instants, at which time both 
discharge devices are cut off, the energy stored in 
the reactance 58 in series with the anode supply 
to the discharge tubes 52 and 55 or a portion of 
it is transferred in the form of a pulse through 
the condenser 6 and the rectifier 60 giving first 
momentary positive and then a negative poten 
tial to the anode 59 of the rectifier 60 and the 
condenser 6 to which it is connected, 
The momentary positive charge on the anode 

59 of the diode 60 causes the diode 60 to pass a 
pulse of current which stores a negative charge 
in the capacities between anode and cathode of 
diode 60. Then at the end of the pulse, the poten 
tial of anode 59 changes quickly to a negative 
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The negative charge leaks of gradually through 
the resistance potentiometer 62 in parallel with 
the rectifier 60 causing a gradual reduction in 
the electrode potential which is applied to the de 
flecting plates of the cathode ray tubes to cause 
the desired deflection. This process, repeated at 
twice the frequency of the sinusoidal synchroniz 
ing current provides the vertical or field fre 
quency saw-tooth scanning currents. 
The arrangement shown in Fig. 3 may be modi 

fied by interchanging the positions of condenser 
6? and diode rectifier 60, in which case pulses of 
current flow through the diode to charge the 
condenser twice for each cycle of alternating cur 
rent input to transformer 48. Between charging 
pulses the condenser then discharges through the 
circuits connected in parallel with it. When Suit 
ably adjusted, the circuits will then provide a 
substantially saw-tooth wave form of output po 
tential. 
When the arrangement of Fig. 3 is modi 

fled by exchanging the positions of condenser 
6 and diode 60, unidirectional pulses of current 
from tubes 52 and 55 and reactance 58 are de 
livered to the condenser to charge it to peak 
positive potential but between pulses portions 
of the charge leak off through potentiometer 
resistance 62. As a consequence, a saw-tooth 
potential wave form variation appears across 
the Condenser. - 

Fig. 5 shows another form of this invention 
for deriving two saw-tooth potential pulses per 
cycle of synchronizing input current and voltage. 
Like numerals refer to similar parts. 
The synchronizing input current and voltage 

is impressed upon the primary 47 of the trans 
former 48 Whose secondary Winding 63 is con 
nected to the electrodes 5 and 54 of the dis 
charge devices 52 and 55. According to this 
form of the invention, the two discharge devices 
52 and 55 have electrode bias derived through 
the cathode bias resistor 64 such that they are 
biased to their cut-off voltage during those time 
intervals when the A-C. potential in the sec 
ondary of transformer 48 is passing through Zero. 
The potentiometer 65 is connected between the 
cathodes of the discharge devices 52 and 55 in 
order that a small direct current bias voltage 
unbalance may be obtained in the bias poten 
tial of control electrodes 5 and 52 with respect 
to their respective cathodes for altering the 
relative timing and amplitude of alternate saw 
tooth pulses to provide for adjustable line inter 
lacing. In this form of the invention, also, the 
cathode potentials of the discharge devices 52 
and 55 are controllably unbalanced. When a 
synchronizing voltage is impressed upon trans 
former 48, the two discharge devices 52 and 
55 provide two momentary output pulses per 
cycle to trip, a gas or vapor discharge tube 66 
for discharging condenser 6 almost instantane 
ously, after which the charge in the condenser 
6 builds up gradually through a resistor 67 
which is connected to a positive potential source. 
A gas discharge tube, when used, provides for 
higher peak discharge currents and for a lower 
potential at the end of the discharge than can 
be obtained readily with high vacuum discharge 
devices. 
Any of the synchronizing arrangements of this 

invention may be adapted to provide an output 
Saw-tooth wave voltage suitable for applying to 
"electrostatic' deflecting plates of a kinescope 
as well as to the control electrode of a current 

value with respect to the cathode of diode 60. 75 control tube for applying current to the defect. 
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ing Coils of a kinescope, depending upon which 
deflecting means is used. It will be noted that 
there is provided a means whereby the electro 
static deflecting plates in the kinescope are kept 
at an average positive potential with respect to 
the cathodes of the discharge devices 52 and 
55, which may be convenient in some cases. 

Fig. 6 shows the wave form of the output po 
tential Supplied to the deflecting plates of the 
picture tube to provide the vertical or hori 
Zontal deflection of the electron scanning beam. 

In Fig. 7, there is shown still another means 
of deriving two saw-tooth pulses per cycle of 
a sinusoidal alternating current voltage input 
signal which may be applied to the primary 47 
of the transformer 48. According to this form 
of the invention, the potential of the secondary 
63 of the transformer 48 is divided by a po 
tentiometer 72, and its terminals are connected 
to control electrodes 73 and 4 of a single multi 
element discharge device 75 which is adapted to 
perform all the functions of the three discharge 
devices shown in Figs. 3 and 5. 

It is well known that, by placing a negative 
or cut-off potential on any one of the series 
control electrodes in a multi-element tube, it is 
possible to stop anode current flow. The bias 
on the control electrodes 73 and under con 
ditions of zero instantaneous signal input is 
adjusted such that there is a current flow 
through the discharge device 75. Consequently, 
when the Synchronizing voltage is applied dif 
ferentially between the control electrodes 73 and 
74, one or the other of the control electrodes 
is maintained negative for a greater portion of 
the time and holds off the current flow through 
the discharge device 75 with the exception of 
a very brief interval of time when the synchro 
nizing input voltage is passing through its zero 
value. At that interval of time, the potentials 
on both control electrodes are momentarily cut 
off value of the discharge tube 75, thus permit 
ting current to flow. During this interval of 
time, when anode current is allowed to flow in 
the discharge device 75, condenser 6 is at least 
partially discharged. Condenser 6, which is 
connected to anode 95, then charges slowly 
through resistance 67 until the next discharging 
pulse of the anode current through the discharge 
device 75 and thus the saw-tooth wave form of 
potential is obtained across the condenser 6 
and may be applied either to deflecting plates 
of a scanning device or to the control electrode 
of a saw-tooth scanning current control tube. 
The electrode 76 of the discharge device 5 is 
provided with a bias potential through resistors 
77 and 78. By arranging the proper bias poten 
tial on the electrode 6, any of a large range of 
desired characteristic responset of the discharge 
device 75 may be obtained. 
A potentiometer 94 is provided to supply the 

centering voltage for the range of scansion of the 
electron beam. 
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The arrangements of Figs. 3, 5 and 7, which 
provide for two saw-tooth pulses per cycle of 
sinusoidal input current are best adapted to Sup 
plying field frequency scanning currents. They 
may, however, also be used to provide line fre 
quency scanning currents in those cases where 
a sufficiently low frequency of sinusoidal control 
current can be used. They may be used for 
30 frame 441 line television if the Sinusoidal Syn 
chronizing or control current can be reduced to 
6615 cycles per second. 

shnws a means for deriving line synchro 
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nizing pulses in which there is required a pulse 
generator which provides Only one saw-tooth 
pulse per cycle of alternating current input, since 
it is usually necessary that the line synchroniz 
ing modulation frequency be maintained above 
the audio or sound frequency range. According 
to this form of the invention, discharge devices 
52 and 55 contain control electrodes 5 and 54 
which are biased such that the discharge devices 
pass current at all times except when the syn 
chronizing voltage input wave is passing through 
its zero axis. It, therefore, follows that the dis 
charge devices 52 and 55 cut-off two times per 
cycle. However, during one of these two-time 
periods, an auxiliary discharge device 79 is sup 
plied with phase displaced current so that it 
passes current in such a manner that the cur 
rent flowing through discharge device 79 sur 
presses one of the output pulses from the dis 
charge devices 52 and 55 but permits the other 
to charge the condenser 6 f, as previously de 
Scribed. This action of the discharge device 
79 is accomplished by connecting the control elec 
trode 80 by way of a phase shifting condenser and 
resistor to a terminal of the secondary 82 of the 
synchronizing signal input transformer 85. The 
center-tap of the transformer secondary. 82 is 
connected to the control electrode 54 of the dis 
charge device '55, while the terminal Opposite to 
the terminal connected to the control electrode 
80 of the discharge device 79 is connected to the 
control electrode 51 of the discharge device 52. 
The section of the secondary of transformer 82 
which is connected between the control electrodes 
5 and 54 is also center-tapped and, in turn, con 
nected to the cathodes of discharge devices 52 
and 55 through a biasing resistance and capacity 
circuit including resistance 83 and condenser 84. 
The resulting single pulse per cycle is passed 

through the condenser 6 to the rectifier 60, 
which results in, first, a momentary positive and 
then a negative potential on the anode 59 of the 
rectifier 60 and the terminal of the condenser 
6 to which the anode 59 is connected. . The 
negative charge on the condenser 6 leaks off 
gradually through the resistance potentiometer 
62 in parallel with the rectifier 60, causing a 
gradual reduction in the negative charge on the 
horizontal deflecting electrode of the electron 
beam scanning device or, if the electron beam 
scanning device is one of the type employing de 
flection coils rather than deflecting plates, the 
saw-tooth wave voltage produced may be adapted 
to provide a saw-tooth wave form current 
through the deflecting coils. 
In the case of Fig. 8, as in the case of Fig. 3, 

we may exchange the positions of diode 60 and 
condenser 6 and obtain a saw-tooth output Sub 
stantially like that illustrated in Fig. 6 by con 
trolling the control electrode potential of a cur 
rent controlling tube. - 

Fig. 9 shows a graphical illustration of the in 
put potential wave form and relative timing 
which result in One pulse per cycle of alternat 
ing current voltage input in the arrangement 
of Fig. 8. Curve e represents the potential on 
the control electrode 5 of the discharge device 
52 shown in Fig. 8. Curve g represents a control 
electrode potential of tube 55. Curve f repre 
sents the phase displaced potential on the control 
electrode 80 of the tube 79 in Fig. 8. It will be 
noticed that during one of the time periods per 

75 

cycle when tubes 52 and 55 are passing through 
the zero A-C. potential condition, the tube. T9 
will have a positive control electrode potential 
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A portion of the output voltage from the syn 

chronizing frequency generators 2 and 5 is fed 
to the associated audio frequency transmitter to 
be amplified and to modulate the transmitter to 
produce a synchronizing frequency current for 
the receiving station. 
The transmitter tube employing electrostatic 

deflection has been illustrated. If electromag 
netic deflection is used, a linear amplifier would 
be employed between each saw-tooth wave gen 
erator and its associated deflecting coils. Fur 
thermore, this amplifier might employ negative 
feedback to assist in providing the saw-tooth Wave 
form of the current through the deflecting coils. 
The synchronizing current generators 2 and 

f5 are provided with means for adjusting the 
ages. This may be very readily accomplished by 
relative timing or phase of their two output volt 
mechanically rotating the frame of one genera 
tor with respect to the other or by rotating the 
coupling between the synchronous driving motor 
and one of the generators. There may also be 
provided a phase adjustment as well as a vol 
lume control adjustment in the channel of each 
of the two generators connected to the audio fre 
quency transmitter. Exact timing of the phase 
adjustment of the line frequency input to the 
audio transmitter is particularly desirable since 
the timing of the transmitted line frequency syn 
chronizing signal should bear a definite time or 
phase relation to the line scanning in the trans 
mitting tube. 

Fig. 12 illustrates the synchronizing signal 
channels in a receiving system in which sinu 
soidal synchronizing current modulations of the 
audio transmitter are utilized to produce Saw 
tooth wave forms of potential for operating the 
scanning system in the receiver picture tube. 
There is shown a picture tube having electro 
Static deflection but, as previously described, a 
picture tube having magnetic deflection may be 
used with a slight modification of the circuit 
shown. In this form of the invention there are 
indicated selective circuits for separating out 
the sinusoidal synchronizing current from the 
audio receiver and applying these Synchronizing 
signals to saw-tooth pulse generators for pro 
ducing saw-tooth wave voltages for the deflection 
of the electron beam in the picture tube. 
A portion of the output signal from the audio 

frequency receiver is applied to transformer 48 
through a vertical synchronizing frequency selec 
tive circuit including inductances 08 and 09 in 
series with condensers if 0 and if , respectively, 
and the primary winding of transformer 48. 
A phase adjustment of the synchronizing volt 

ages is provided for obtaining an exact relative 
timing adjustment of the saw-tooth deflection 
voltages. A variable condenser f2 is inserted 
in the selective circuits for making this phase 
adjustment. ? 

The resulting sine wave voltage having a fre 
quency equal to the transmitted vertical synchro 
nizing frequency is supplied to the input trans 
former 48 of a saw-tooth wave generator of the 
type previously described and shown in Figs. 3, 
5 and 7. It Will be noticed that a different form 
of coupling is utilized between the transformer 48 
and the electrodes 73 and 74. The applicant, 
however, has no intention of limiting this form 
of the invention to this particular type of cou 
pling shown. The two resulting pulses per ?ycle 
of vertical Synchronizing current cause the con 
denser 6 i to apply a saw-tooth voltage to the ver 
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tube 23. The associated vertical deflecting plate 
4 is connected to a variable tap on potentiom 

eter 92 for centering the resulting image in a 
vertical direction. A portion of the output sig 
nal from the audio frequency receiver is also 
applied to the horizontal frequency selective cir 
cuit including inductances f 5 and 6 which are 
connected in series with condensers 7 and f {8, 
respectively, and the primary winding of the 
transformer. A variable condenser 9 is also 
included in the horizontal frequency selective cir 
cuit in order to facilitate phasing adjustment. 
The resultant sine wave of the horizontal syn 

chronizing frequency is applied to a saw-tooth 
Wave generator adapted to produce one saw-tooth 
wave per cycle of horizontal synchronizing fre 
quency Voltage. A saw-tooth wave generator of 
the type shown in Figs. 8 and 10 may be employed 
for this purpose. 
The Saw-tooth wave voltage generated in the 

tube 87 and storage condenser 9 is applied to 
the horizontal deflecting plate 20 whose associ 
ated horizontal deflecting plate 2 is connected 
to a variable tap on potentiometer 93 for pro 
Viding a means of centering the image of the . 
picture tube 23 in a horizontal direction. 

Fig. 13 shows another form of this invention 
in which a sinusoidal synchronizing current is 
Selected from the audio system of a television re 
ceiver by means of a narrow pass band filter and 
applied to a saw-tooth wave generator followed 
by an amplifier for producing a saw-tooth wave 
current of twice the sinusoidal synchronizing fre 
quency through a magnetic deflecting coil of a. 
picture tube. 
A portion of the output signal in the audio . 

receiver is applied to the transformer 26 whose 
associated filter circuit including inductances 
27, 28 and condensers 29, í 30 and 3 f together 
with the terminal transformers are designed to 
paSS Only a sine wave current having a frequency 
equal to the vertical synchronizing current fre 
quency of the transmission system. This sine 
wave voltage is applied to the transformer 32 
whose secondary terminals are connected to elec 
trodes 33 and 34 of the discharge device f35. 
A bias is applied to the control electrodes of the 
discharge device 35 through potentiometer f36 
Such that the discharge device f35 passes cur 
rent during the short interval of time when nei 
ther the electrode 33 or 34 is too negative 
which occurs at the time when the alternating 
current input voltage passes through its zero 
axis. When the discharge device 35 passes cur 
rent, it discharges condenser 37 very rapidly 
which is then charged through resistance 38 
during the time that the discharge device f35 
is not drawing current. This results in a saw 
tooth wave form of potential across the con 
denser f37 which is applied to the electrode 39 
of discharge device 40 through coupling con 
denser 4a. A positive source of voltage is 
connected to the and de 4 of the discharge de 
vice 40 through a winding 42 of the transformer 
43. A tap on the winding 42 is connected to 
the vertical magnetic deflecting coils f43a of the 
picture tube .44. The other terminal of the 
deflecting coils í43a is connected to the variable 
tap of a potentiometer 45 which is provided to 
supply constant direct current voltage to the 
Opposite terminal of the deflecting coils 43a. 
and to control the centering of the image, or the 
range of the scansion of the electron beam in the 
picture tube 44. 

tical deflecting plate f3 of the receiving picture is The saw-tooth wave current flowing through 

  



S 
winding f42 of the transformer 43 produces a 
voltage in winding 46 of the transformer 43 
whose terminals are connected to a series circuit 
including a resistance 47 and a thyrite element, 
which element is an opening circuit resistance 
for relatively low potential while it has a rela 
tively low resistance when the applied voltage is 
greater. It, therefore, follows that while the anode 
current is increasing slowly and producing the 
useful portion of the electron beam scansion, the 
resistance of the thyrite is almost an open cir 
cuit resistance because of the low voltage induced 
in the winding 46 by reason of the slowly 
changing current in the winding A2 of the 
transformer 43. 

However, in the return time of the scansion of 
the electron beam there is a rapid change in cur 
rent in the winding 42 of the transformer 43 
which results in a relatively high voltage in the 
winding 46 which causes the thyrite element to 
present a relatively low resistance during this 
period of time when the anode current is de 
creasing rapidly during a return time interval. 
This results in a relatively still larger Voltage 
across the resistance 47 during the return time 
interval. This voltage is then applied to an aux 
iliary control electrode 48 of the picture tube 
44 and it has a polarity such that it will ex 

tinguish the electron beam during that time in 
terval which is employed for returning the elec 
tron beam to the starting position of the next 
Succeeding frame. 

It will be readily understood that the thyrite 
element could be omitted and also that the pulse 
of voltage might be applied to other control elec 
trodes in the picture tube or to One of the am 
plifiers which delivers the video input to the 
picture tube. 

Fig. 14 shows one form of this invention by 
means of which a horizontal or line frequency 
sinusoidal synchronizing voltage is selected from 
the audio modulated Sound channel in the audio 
portion of the television receiver and utilized to 
control a saw-tooth pulse generator adapted to 
produce One saw-tooth Wave per cycle of Syn 
chronizing frequency. The saw-tooth wave gen 
erator is then followed by an amplifier which 
controls the current through the horizontal de 
flecting coil. Provision is also made to provide 
an exact interlacing adjustment, and for Sup 
pressing the horizontal return line of the electron 
beam and picture tube for Cutting off or defocus 
ing the electron beam during the return time in 
terval. 
A portion of the signal from the audio receiver 

is fed through transformer 49 to a narrow band 
pass filter adjusted to the horizontal Synchro 
nizing frequency. The resulting sine wave is 
then applied to a saw-tooth wave generator of 
the type previously described and shown in Fig. 
10, which applies a saw-tooth Wave voltage whose 
frequency is equal to the incoming Synchroniz 
ing frequency to the control electrode 50 of the 
discharge device 5 whose anode 52 is con 
nected through an impedance 53 to one terminal 
of the horizontal deflecting coils 54 of the re 
ceiver tube. 
In this form of the invention the thyrite elle 

ment is connected in shunt with the inductance 
53 to suppress the oscillations which might be 
generated in the inductance 53 which result 
from the distributed capacity in the inductance 
53 and capacity in its associated circuits. 
Fig. 15 illustrates diagrammatically a resist 

ance and condenser circuit which, according to 
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one form of this invention, is adapted to precede 
the saw-tooth wave generators which have been 
previously described. A portion of the signal 
from the audio frequency receiver is applied to 
the amplifier tube, 60 whose output is applied 
to a duplex triode 6. The Output from One Sec 
tion of the duplex triode 6 is applied without 
filtering to the vertical saw-tooth Wave gen 
erator, such as, for example, the type shown in 
Figs, 3, 5 and 7, while the output from the other 
portion of the duplex triode 6 is fed through 
a low pass filter to an amplifier tube 62 to be 
amplified and applied to a horizontal Saw-tooth 
wave generator, such as the type shown in Figs. 
8 and 10. 
The circuit shown in Fig. 15 has also been used 

to separate rectangular horizontal Synchronizing 
pulses from rectangular vertical Synchronizing 
pulses by taking advantage of the fact that the 
rectangular vertical synchronizing pulses are of 
much longer duration than the rectangular hori 
zontal synchronizing pulses. It may be said that 
the circuits add or integrate the energy to accom 
plish vertical synchronizing but utilize the rate of 
change or differentiate the energy to accomplish 
horizontal Synchronizing. 

It will be observed that phase variations in 
synchronism due to noise are both positive and 
negative. In other words, there may be no varia 
tion in the average rate of repetition of the lines 
but almost every line may be out of position Ver 
tically or horizontally in either direction and in 
a random amount. 
By averaging out the phase or timing of the 

lines over a considerable period, the average error 
in synchronism due to noise would approach zero. 
If at the receiver the timing of the Sawtooth 
receiver tube scanning potentials or currents is 
made dependent upon the timing of a large nun 
ber of synchronizing pulses or waves, a large re 
duction in the effects of noise upon exact Syn 
chronizing would then become apparent. 

Fig. 16 shows one form of this invention in 
which circuits tuned to the fundamental Syn 
chronizing frequencies are introduced into the 
circuit shown in Fig. 15. The tuned circuits store 
up synchronizing pulse or Synchronizing Wave 
energy from a large number of pulses and waves 
and therefore synchronizing signals are applied 
to the saw-tooth wave generators Which are con 
trolled in accordance with the timing contribu 
tions of a large number of pulses or waves in 
stead of according to each single pulse or Wave. 
In this manner, the effect of noise which has both 
positive and negative momentary effects will 
average out to a relatively low value, as each 
individual pulse of the wave of the incoming Syn 
chronizing frequency current has comparatively 
little effect upon the output synchronizing Cur 
rent to the saw-tooth wave generators. 
The portion of the signal in the audio fre 

quency receiver is applied to the amplifying tube 
63 which is amplified and in turn applied to the 
duplex triode 64. The output of the lower tri 
ode section of the duplex triode 64 is connected 
to a tuned circuit tuned to the frequency of the 
vertical synchronizing pulses or waves including 
iductance 65 and condenser 66. The output 
of this tube circuit is designed to have small load 
ing effect on the tube circuit so that Oscillations 
generated therein do not have a very highly 
damped characteristic, 
For the purpose of illustration, another form 

of saw-tooth Wave generator is illustrated COm 



2,810, 197 
prising the discharge device S connected to 
transformer 38 which may also be tuned to the 
frequency of the vertical synchronizing pulse or 
Waves. This type of saw-tooth wave generator 
is more fully described in the patent to Tolson 
andi Duncan No. 2,101,520, patented December 7, 
1937, and my Patent No. 1,898,121, patented Feb 
ruary 21, 1933. The output from this generator 
is then fed to a vertical saw-tooth wave amplifier 
not shown, which is utilized to apply current to 
the vertical deflecting coil of the picture tube. 
The upper triode section of the tube 68 is 

passed through a low pass filter and applied to an 
armplifying tube 69 in whose anode circuit there 
is an inductance, and capacity circuit including 
inductance 7 and capacity 7 which is tuned 
to the line frequency of the synchronizing input 
Signal. This Oscillatory circuit is also adapted 
to feed a circuit which will place thereon a 
relative Small load whereby the oscillations oc 
curring in the inductance capacity circuit are not 
highly damped. The resultant signal is then 
applied to a saw-tooth wave generator of the 
type for purposes of illustration, as more fully 
described in the patent to Tolson and Duncan 
No. 2,101,520, patented December 7, 1937. 
The output signal voltage from the saw-tooth 

Wave generator is applied to amplifier and tubes 
72 and 73 whose output circuit is connected to 

the horizontal deflecting coils 76 of a picture 
tube. 

In Fig. 17, there is shown still another form of 
this invention which may be used for integrating 
the energies of a considerable number of syn 
chronizing pulses or waves to produce circuit os 
cillations having the frequency of the horizontal 
and vertical Synchronizing waves. A portion of 
the signal from the audio receiver of the dis 
charge device 75 whose anode circuit is con 
nected to the primary of transformers 76 and 

I through a resistance and capacity circuit 
which tunes each of the transformers 76 and 

to the vertical and horizontal synchronizing 
frequency, respectively. The secondary of trans 
former 76 supplies a saw-tooth wave generator 
of the type described as a vertical saw-tooth 
Wave generator of Fig. 7, and transformer 77 
applies the horizontal Synchronizing pulse fre 
quency to a saw-tooth wave generator, such 
as shown and described in Fig. 10. The outputs 
of these respective saw-tooth wave generators 
are then applied to their respective sets of de 
flecting plates or to suitable amplifying means 
which provide a saw-tooth wave form current 
to be applied to their respective horizontal and 
Vertical deflecting coils. 

Fig. 18 shows a modification of this invention 
in which saw-tooth wave form potential varia 
tions are produced continuously by means of a 
pulsing oscillator and amplifier tube, whether or 
not there is any. Synchronizing Current input 
signal. 
The synchronizing signal is applied to the pri 

mary of the transformer 84 whose two-section 
secondary 85 supplies the Synchronizing voltage 
to the control electrodes of a duplex triode 86 in 
a manner similar to that previously described in 
more detail. The anodes of the tube 86 are 
connected together and supplied with a positive 
potential through resistor 8. The anodes are 
coupled to the primary of transformer 88 
through coupling condenser 89. The duplex 
triode 90 is employed as a saw-tooth wave gen 
erator. Such an oscillator is fully described in 
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chronizing frequency. 
form of saw-tooth waves from the tube. 90 is 

9 
Tolson and Duncan Patent 2,101,520, referred to 
above. 

The resulting saw-tooth Wave current gen 
erated is applied to the amplifier tube 9 
through the coupling condenser 92. The output 
of the amplifier tube 9 is applied to the trans 
former 93 whose secondary is coupled to the de 
flecting coils of the cathode ray tube. 
The use of an oscillator which is capable of 

sustained oscillations has the advantage that the 
cathode ray beam continues to move over the 
screen of the tube even when the receiver is not 
tuned to the frequency of a transmitter and no 
synchronizing current is being received. If the 
electron beam should stop its Scanning move 
ment for an appreciable length of time, the con 
stant bombardment of the electron beam with 
the screen for any length of time will cause the 
electron beam to "burn a hole' in the screen, 
thus seriously damaging the screen. 
The sinusoidal Synchronizing current signal, 

when applied to the duplex triode tube 86, 
causes pulses of more positive potential to ap 
pear on the anodes of the tube 86 each time the 
sinusoidal input potential to the control elec 
trodes of the tube 86 is passing through its zero 
value. These pulses or a portion of their ampli 
tude are delivered to the control electrode cir 
cuit of the pulsing Oscillator including the trans 
former 88 and the tube 90. The oscillator is 
adjusted to operate by itself at a frequency which 
is slightly below the required frequency. The 
synchronizing pulses delivered to it through 
transformer 84 cause the oscillator to act a lit 
tle sooner to discharge the storage condenser 
94 and, consequently, the pulses synchronize 
the operation of the oscillator at the proper syn 

The output signal in the 

fed through an amplifier tube.9, whereby a 
current is supplied to the transformer 93. This 
provides the necessary current for deflecting 
coils of the Cathode ray tube. 

It is not necessary that the pulsing oscillator 
operate at the same frequency as those pulses 
received from the synchronizing tube 86. It 
may work also at any multiple or sub-multiple of 
the Synchronizing pulle frequency over a very 
large range if the circuits are suitably designed 
and adjusted. 

In Fig. 19, there is shown a synchronizing sig 
nal input to transformer 95 which supplies syn 
chronizing pulses to the control electrodes of a 
multi-grid tube 96 two times per cycle of the 
sinusoidal input signal. The input circuit to the 
tube 96 may be of the type shown or of the 
type previously described under Figs. 7 or 10. 
The output pulses from the tubess are in a 
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negative direction instead of the normal positive . 
direction. Consequently, the coupling to the 
pulse generator tube 190 and its associated trans 
former 88 is made to the cathode circuit of the 
tube 90 through resistance 97 rather than to its 
control electrode circuits through the trans 
former 88, as previously described. The signal 
from the oscillator tube 99 is then applied to the 
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amplifier tube 9, which causes a saw-tooth wave 
current to flow through the primary of the trans 
former 93 which is, in turn, coupled to the de 
flecting coils of the cathode ray tube. 

It should be noted that reduction of the effects 
0f noise upon exact synchronizing, in the pre 
viously adapted synchronizing pulse system, 
seems to require using the minimum possible con 
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trol of the receiver saw-tooth OScillator by the 
synchronizing pulses. In other Words, the more 
we can make the oscillator determine its own 
frequency and the more we reduce the syn 
chronizing pulse, control, the more we also re 
duce the effects of noise. This method of re 
ducing the effects of noise cannot be carried 
very far before there is too much difficulty with 
complete loss of control due to power supply volt 
age changes, temperature changes, etc. 

In the sinusoidal Synchronizing System, on the 
other hand, we have a means of reducing the 
effects of noise by selectivity without at the same 
time requiring a corresponding reduction of the 
power of the synchronizing current to control 
the saw-tooth oscillator. This phenomenon 
should permit much greater tolerance in design 
and adjustment of the saw-tooth oscillator with 
respect to its ability to generate a correct fre 
quency by itself when the sinusoidal System is 
used. - 

Phase or frequency modulation of the sinu 
soidal synchronizing currents at the transmitter 
Would cause difficulty at the receiver if the cir 
cuits for passing the synchronizing currents are 
very selective. This difficulty is of the same 
nature as was encountered with mechanical 

10 

scanners when there was phase or frequency . 
Wobble of the synchronizing pulses. The diffl 
culty was overcome by deriving the Synchroniz 
ing pulses from a mechanically rotating gen 
erator in which mechanical inertia overcame the 
modulation which had been caused by power 
voltage and phase variations in electrical pulse 
generators. 

It may be noted that prior receivers adapted 
to receive steep front synchronizing pulses, if 
they provided an equivalent frequency Selectivity 
by virtue of designing and adjusting the Saw 
tooth oscillators to more and more determine 
their own exact operating frequency to obtain 
an equivalent frequency selectivity, also Would 
suffer from the effects of phase or frequency 
wobble in the transmitter pulse generators. 
This effect may be minimized if at the trans 

mitter camera and the receiver the Synchronizing 
circuits are so designed that the Synchronizing 
currents meet the same amount of frequency 
selectivity or delay in response to phase and 
frequency change at both places. In the sinus 
oidal synchronizing system, if we wish to use 1 
percent band width circuits in the receivers We 
should preferably employ 1 percent band width 
circuits between the generator and the camera. 
circuits at the transmitter in order that phase 
wobble may be suppressed equally at both ends 
of the circuit. In any case, difficulties due to 
phase or frequency wobble of Synchronizing cur 
rents are caused by equipment defects which are 
under control of the equipment designer and can 
be corrected. - 

It might be said that wave form distortion of 
sinusoidal synchronizing currents can affect the 
interlacing. However, the frequency Selective 
circuits may substantially eliminate all Wave 
form distortion by suppressing the harmonic fre 
quency components which would be required to 
give wave form distortion. Also, the Wave form 
distortion produced in the receiver tends to be 
constant so that a slight adjustment for inter 
lacing can compensate for it more or less per 
manently. , 
The synchronizing may be effected by multi 

path in several detail ways. With reference to prior systems using synchronizing pulses, a rec 
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tangular wave of modulation at the transmitter 
will not arrive with the same shape at the re 
ceiver. The distortion will not be of the simple 
stairstep variety because the steps may be both 
up and down. If We have two paths of different 
lengths such that their currents add at the re 
ceiver then. We may expect the simple stairstep 
distortion. If their currents oppose at the re 
ceiver, then the distortion will be of an en 
tirely different kind causing first a rise to a 
peak above the steady state level followed by a 

Intermediate phaSe rela 
tions cause an infinite variety of other types of 
distortion. In practice, surveys in a metro 
politan area have shown a great variety of paths 
of different lengths adding up with all sorts of 
phase relations at the receiver. On the average 
this wave form distortion of Synchronizing pulses 
nakes necessary a higher initial signal to noise 
ratio. For gross synchronizing to hold the multi 
path distortion makes it necessary to deliver 
greater synchronizing pulse power to the saw 
tooth Oscillator. This results in an equivalent 
loss in selectivity in the synchronizing system 
which permits noise to have more effect in many 
receivers. Where distortion in Wave form re 
duces the effectiveness of the Synchronizing pulse 
to perform its function, noise will Cause greater 
probability of loss , of gross synchronizing and 
greater Variation in timing in a manner to re 
duce the apparent picture definition. 

It may be noted that fixed multiple paths can 
not distort the wave form of substantially zero 
band width sinusoidal modulations at the re 
ceiver in a manner to reduce the positiveness 
of synchronizing. They can only cause some 
small steady state phase or time displacement 
which may shift the position of the received 
images slightly but which cannot detract from 
their quality through the Synchronizing channel. 

Observations made on receivers employed in 
the rectangular synchronizing pulse system seem 
to indicate that the most Serious effect of the 
noise is to cause phase or timing variations from 
exact synchronism in a manner to reduce the 
apparent picture definition. Usually, in the pres 
ence of noise, there appears to be enough con 
trast between light and dark areas to provide 
a much better picture if the objects in the pic-, 
ture did not become fuzzy in detail and outline 
due to variations in timing. Therefore it is rea 
sonable to assume that loss of definition rather 
than complete loss of Synchronizing control is 
the most serious effect of noise to be overcome. 

Because of the narrow band widths required 
for sinusoidal synchronizing, and the possibility 
of amplifying the synchronizing currents in the 
audio amplifiers along with the sound wave cur 
rents, the sinusoidal system offers possibilities 
for simplifying the design of television receivers. 
Fewer tubes, with their associated circuits are 
required. 
Furthermore, the blanking time, required for 

transmission of rectangular synchronizing pulses, 
65 may be considerably reduced when sinusoidal Synchronizing currents, transmitted through the 

sound transmitter, are used. The gain from 
this reduction in blanking time is greatest with 
respect to the vertical or 60 cycle blanking. The 
total gain from this source may range up to 
about 10 percent of image area, or 10 percent 

, improvement in image definition. 
In the proposed system, the synchronizing 

current amplitudes may be varied to perform 
new functions such as control of size of the pic 
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ture, switching from facsimile to television re 
cording, etc. . 

Sinusoidal synchronizing may be very advan 
tageously used in the cameras of mobile trans 
mitters for sending programs to the main broad 
casting station. The scanning currents may be 
derived from a receiver tuned to the main sound 
broadcasting transmitter. This would eliminate 
the need for accurate synchronizing frequency 
control equipment in portable form and would 
eliminate the problem of synchronizing portable 
equipment with the public service power system. 
Phase control of the received sinusoidal syn 
chronizing currents would permit easy control 
of exact framing. - vn 

. One important function of receiver saw-tooth 
Oscillators is to prevent burning of a spot on 
the screen of the picture tube if the trans 
mitter should fail. Although the oscillators may 
be used in the sinusoidal synchronizing system 
for the same purpose it is suggested that they 
might be omitted if an automatic volume control 
circuit were used which would keep the picture 
tube beam current of anode potentials cut off 
at all times except when the presence of the 
sinusoidal Synchronizing turns them on. 
While several systems for carrying this inven 

tion into effect have been indicated and de 
scribed, it will be apparent to one skilled in the 
art that this invention is by no means limited 
to the particular organizations shown and de 
scribed, but that many modifications may be 
made without departing from the scope of this. 
invention as set forth in the appended claims. 

I claim as my invention: 
1. In a television system including electron ray 

Scanning devices, the combination of means for 
transmitting a sinusoidal electron ray Scanning 
Synchronizing signal having a frequency equal 
to the scanning rate of said electron ray in one 
direction of relatively rapid scanning rate, a 
saw-tooth wave generator, controlled by said 
synchronizing signal periodically only at alter 
nate intervals when said sinusoidal signal passes 
through its axis and adapted to generate saw 
tooth waves having a frequency equal to said 
Synchronizing signals, means for transmitting a 
Second sinusoidal Synchronizing signal having a 
frequency equal to a submultiple of the scanning 
rate of said electron ray in another direction of 
relatively slow scanning rate, and a second saw 
tooth wave generator controlled by said second 
Synchronizing signal and adapted to generate 
saw-tooth waves having a frequency equal to a 
multiple of said second synchronizing signal. 

. 2. In a television System including electron 
ray Scanning devices, the combination of means 
for transmitting a sinusoidal electron ray scan 
ning synchronizing signal having a frequency 
equal to one-half the scanning rate in One direc 
tion of Said electron ray, a saw-tooth Wave gen 
erator controlled by Said Synchronizing signal 
periodically only at intervals when said sinus 
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1. 
said sinusoidal signal passes through its axis 
and whose frequency is double said Synchronizm 
ing frequency. s 

4. The invention as set forth in claim 2 and 
wherein said saw-tooth wave generator includes 
a pair of discharge devices each becoming Con 
ducting alternately at a frequency equal to said 
synchronizing pulses, and means connected in 
parallel with said discharge devices and adapted 
to present a low impedance load to Said dis 
charge devices during alternate intervals in 
which neither of Said discharge devices is Con 
ducting. 

5, The invention as set forth in claim 2 and 
wherein said saw-tooth wave generator includes 
a discharge device which is adapted to become 
conductive periodically at a frequency twice that 
of Said synchronizing frequency, and means con 
nected in parallel With said discharge device 
and adapted to present a low impedance load 
to said discharge device during alternate periods 
during which said discharge device is conduct 
llag. 

6. In a television system including electro 
ray scanning devices, the combination of means 
for transmitting a sinusoidal electron ray scan 
ning synchronizing signal having a frequency 
equal to the scanning rate of said electron ray 
in one direction of relatively rapid Scanning rate, 
an oscillatory circuit tuned to said synchroniz 
ing frequency and connected to a saw-tooth wave 
generator controlled by said Synchrönizing sig 
nal periodically only at alternate intervals when 
said signal changes its amplitude most rapidly 
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and adapted to generate saw-tooth. Waves hav 
ing a frequency equal to said Synchronizing Sig 
nal, means for transmitting a second sinusoidal 
synchronizing signal and having a frequency 
equal to a submultiple of the scanning rate of 
said electron ray in the other direction of rela 
tively slow scanning rate, a second oscillatory 
circuit tuned to said second synchronizing fre 
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oidal signal passes through its axis and adapted 
to generate saw-tooth waves having a frequency 
double said synchronizing frequency. 

quency and connected to a second saw-tooth 
wave generator controlled by said second Syn 
chronizing signal periodically only at intervals 
when said signal changes its amplitude most 
rapidly and adapted to generate saw-tooth Waves 
having a frequency equal to a multiple of Said 
second synchronizing signal. 

7. In a television system including electron 
ray scanning devices, the method of maintaining 
synchronism of the scanning of said electron 
rays including the steps of transmitting a sine 
wave synchronizing signal and having a fre 
quency equal to the scanning rate of Said elec 
tron ray in one direction of relatively rapid 
scanning rate, generating a saw-tooth Wave 
whose frequency is equal to said synchronizing 
frequency, transmitting a second sine wave , a 
chronizing signal having a frequency equal to . 
submultiple of the scanning rate of Said electro a 
ray in another direction of relatively slow scan 
ning rate, generating pulses: periodically only 
when said second signal passes through its axis, 
and generating a second saw-tooth Wave from 
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3. The invention as set forth in claim 2 and - 

wherein said saw-tooth wave generator includes 
means for producing pulses only at a time when 

said pulses whose frequency is equal to a mul 
tiple of said second synchronizing frequency. 
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