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This invention relates to synchronizing meth 
Ods and apparatus and, more particularly, to a 
method for segregating the individual compo 
nents of a composite signal representing a plu 
rality of different types of Synchronizing signals. 
In many instances it is necessary to supply 

Synchronizing signals of divers types to appa 
ratus, each type of Synchronizing signal having 
One or more Special characteristics. Often it is 
necessary to supply these signals over a single 
channel, and for this purpose a composite signal 
made up of the various types of synchronizing 
signals is transmitted OVer the single channel 
and then separated into its individual compo 
nents at the apparatus. Of such equipment, a 
television receiver is an example. 

In a television receiver it is necessary to Supply 
both a vertical synchronizing signal and a hori 
ZOntal Synchronizing Signal. The Vertical Syn 
chronizing signal serves to control the speed of 
scanning in the vertical direction, While the hori 
2Ontal Synchronizing signal serves to control the 
speed of Scanning in the horizontal direction. In 
Order to economize with respect to the frequency 
Spectrum in television Systems, it is the practice 
to transmit both the Vertical and horizontal Syn 
chronizing signals over a single channel, and to 
distinguish one synchronizing signal from the 
other, it is usual to make the vertical Synchro 
nizing pulse of a longer time duration than the 
horizontal Synchronizing pulse With both pulses 
having substantially the same amplitude. Thus 
the problem is then to distinguish between sig 
nals whose time durations are of different Orders 
and to separate the signals so that each signal 
may serve to control its own appropriate cir 
cuit. 

In the past, filtering arrangements have been 
used utilizing the difference in frequency of the 
vertical and horizontal synchronizing pulses and 
included tuned circuits, so that the response 
would be of considerable magnitude for the sig 
nal desired to be extracted and substantially 2ero 
for the undesired signal. Alternatively, integrat 
ing circuits, together with differentiating cir 
cuits, have been used to separate the vertical from 
the horizontal pulses. All of these arrangements 
require rather complicated circuit arrangements 
and, moreover, many such circuits of the prior 
art do not have optimum operating character 
istics from the standpoint of signal Selection and 
separation. 
By my invention I provide a very simple sepa 

rating or segregating circuit which is, broadly 
speaking, based upon a method and principle of 
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converting the Synchronizing pulses of varying 
time duration into energy pulses of Varying am 
plitude with the amplitude of the pulses being 
substantially proportional to the time duration 
of the Synchronizing signal. Thus there results 
a series of pulses having high and low ampli 
tudes. These pulses may then be passed through 
a threshold limiter which passes Only those 
pulses whose amplitude exceeds a predetermined 
value. The passed impulses Will, therefore, be 
representative of the pulses having the longer 
time duration. At the same time, by utilizing an 
inductive reactance, pulses are derived each time 
the slope of the original pulses changes abrupt 
ly. The resultant pulses Will form two sets of 
pulses, one of positive polarity representing the 
leading edges of the synchronizing signals, and 
one of negative polarity representing the lagging 
edges of the synchronizing pulses. The Sets can 
be separated by an amplitude selector or thresh 
hold keyer so that Only the positive pulses, for ex 
ample, are passed, or the positive pulses, for ex 
ample, may be used directly to control the pe 
riodicity of the Synchronizing equipment, pro 
vided the synchronizing equipment becomes 
operative only upon receipt of the positive pulses. 

It is thus the main object of my invention to 
provide a new synchronizing impulse separator. 
Another object of my invention is to provide a 

method and means for segregating individual 
components of a composite signal where the in 
dividual components differ from each other in 
time duration. 
Another object of my invention is to provide 

a synchronizing signal separator suitable for use 
in a television receiver. 
Another object of my invention is to convert 

signals of substantially constant amplitude, 
whose duration with respect to time Varies, into 
signals having variable amplitude and in which 
the amplitude is substantially proportional to 
the time duration of the original signals and 
utilizing the difference in amplitude for Separa 
tion. 
Other objects of my invention Will become im 

mediately apparent upon reading the following 
detailed description in which reference Will be 
made to the dra Wing. 
In the drawing, 
Figure 1 shows schematically a circuit ar 

rangement embodying the principles of my meth 
Od and apparatus for separating longer impulses 
from shorter impulses. 

Figure 2 is a graph showing the relationship 
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existing in a screen grid tube between plate volt 
age and plate current. 
While Figures 3a through 3e are graphical rep 

resentations of the composite signal and the vari 
OuS WaWe forms generated in separating the Syn 
chronizing signals, 
Turning now to Figure , and assuming merely 

for purposes of illustration that it is desired to 
Separate horizontal and vertical synchronizing 
Signals in a television receiver, the synchroniz 
ing signals, following Separation from the picture 
Signals by means well known in the art, are ap 
plied to the input terminals of the tube 3. The 
Separated Synchronizing signals are fed to the 
control grid 5 through condenser and the con 
trol grid return path to the cathode 9 is through 
the resistor . The plate or anode 3 of the 
tube 3 is energized through the resistor f3 from 
a Source of voltage 7. Connected between the 
common junction point of the resistor 5 and the 
plate 3 is a condenser 9 Which is connected to 
be charged relative to ground from the Voltage 
Source 7. Suitable operating Voltage is Supplied 
to the screen grid 2 from a source 23 through 
the primary 25 of the transformer 2. Energy 
induced into the secondary winding 29 of the 
transformer 2 is fed to a suitable amplifier 3, 
and the Output of the amplifier controls the op 
eration and periodicity of the horizontal Sweep 
oscillator 33. The control grid 35 of the tube 37 
is connected to the junction of the condenser 9 
and the plate 3 of tube 3. The plate 39 of the 
tube 37 is also supplied with potential from the 
source 7. The cathode 4 is returned to ground 
through the resistor 43 shunted by the condenser 
45, the parallelly connected elements being con 
nected in series with a resistor 57. The vertical 
oscillator 49 is connected to the junction point 
of the resistors 43 and 47. 
Assuming that it is desired to Separate Syn 

chronizing signals, such as is used in television, 
I have shown in Figure 3a, the portion of the 
standard Synchronizing Wave form which shows 
the composite vertical and horizontal signals and 
includes six initial double frequency pulses 5, 
six slotted vertical impulses 53 of much longer 
duration, six equalizing pulses 55 of double fre 
quency having the same duration as the impulses 
5, and the horizontal synchronizing impulses 57. 
Upon separation of these Synchronizing impulses 
from the picture signal, they are supplied, with 
inverted polarity, to the terminals of Figure 1, 
so that the Wave form is as shown in Figure 3b. 
During the time that no signal energy is Supplied, 
the grid 5 is substantially at Zero potential with 
respect to the cathode 9, and consequently plate 
current flows through the resistor 5. The in 
ternal plate impedance of the tube 3 is conse 
quently very low since the source of potential 23 
supplying the screen grid 2 is of a relatively low 
value, say on the order of 20 volts. Consequent 
ly, the condenser 9 is substantially short-cir 
cuited. 
When a pulse arrives, the grid 5 becomes high 

ly negative with respect to the cathode 9 So that 
no plate current can flow through the tube. As 
a consequence, the condenser 9 starts to charge 
through the resistor 5, which resistor has a high 
value, on the order of half a megohm. The 
charging of the condenser is substantially linear 
With time since the high value of the resistor 5 
provides substantially constant current to the 
condenser 9. The condenser 9, therefore, will 
continue to charge so long as the negative pulse 
is present on the grid 5. 
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When, however, the pulse drops to zero, the 
grid 5 likewise acquires Zero potential with re 
spect to the cathode 9, so as to substantially 
Short-circuit the condenser 9 and discharge it. 
As a result, the potential variation, with respect 
to the pulse, across the condenser 9 has a sub 
stantially sawtooth wave shape, as shown in Fig 
ure 3c, and the maximum amplitude of the saw 
tooth Wave will be proportional to the duration 
of the pulse. Thus, the preparatory double fre 
quency impulses 59 Will have an amplitude and 
shape shown at 67, while the slotted vertical 
pulses having a longer duration will have a much 
greater amplitude, as shown at 69 in Figure 3c. 
The equalizing pulses are shown at 7 f, while the 
line synchronizing impulses are shown at 73. It 
Will be noted that the line synchronizing impulses 
have greater amplitude than the double frequen 
cy impulses 6 and , in view of the fact that 
their duration is longer as called for by the 
standards set up by the Federal Communications 
Commission. 
The potential developed across the condenser 

9, and shown in Figure 3c, is then supplied to 
the grid 35 of the tube 37. The tube 37 acts as a 
threshold limiter by using a very high resist 
ance value for the resistor 43, to supply cut-off 
bias voltage and a relatively low value of resist 
ance for the resistor 47, to which the output cir 
cuit is connected. Thus, for example, the re 
sistor 43 may be on the order of a megohm, while 
the resistor 4T will be on the order of 1000 ohms. 
Under these conditions, the tube operates sub 
stantially beyond cut-off bias value in the ab 
Sence of positive pulses from the condenser 9. 
When, however, positive pulses are supplied from 
the condenser 9 to the tube 37, only the peaks 
of the higher potential pulses 69 of Figure 3c are 
sufficient to overcome the bias provided by the 
shunted resistor 43 and the lower potential peaks 
are ineffectual, so that potential across the re 
sistor 47 will only be available upon the occur 
rence of the maximum peaks. Since the output 
is from the cathode circuit, the polarity of the 
Output peaks fed to the Vertical Oscillator 49 will 
be the same as the polarity of the pulses fed to 
the grid 39. This is shown in Figure 3d, where 
it will be noted that the output voltage appear 
ing across the condenser S provides only the 
sawtooth peaks 5 across the resistor 47. How 
ever, it is to be noted, where simplicity of design 
is desired, that Satisfactory operation can be had 
without using the threshold keyer stage, since 
the amplitude of the vertical pulses is so much 
greater than that of the horizontal pulses. Thus 
the potential across condenser 9 may be fed 
directly to the vertical sweep oscillator. 
The horizontal Synchronizing impulses are ob 

tained from the transformer 27 in the screen 
grid circuit of the tube 3. Each time there is an 
abrupt change in the plate current of the tube 3, 
there will be an abrupt change in the screen grid 
current, and this abrupt change of screen grid 
Current flowing through the primary 25 of the 
transformer 27 will induce in the secondary 29 
of the transformer 27 a peaked pulse equal to 
the product of the mutual inductance of the 
transformer times the rate of change of current 
with respect to time. 
The induced peaks in the secondary 29 are sup 

plied to the amplifier 3, as shown in Figure 3e. 
It will be noted that there is a peak for each 
leading edge and each trailing edge of the vari 
Ous impulses, but if only those pulses 77 of the 
leading edges are utilized, the inactive pulses 
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corresponding to that of the lagging edges 79 are 
suppressed either in the amplifier 3, by biasing 
the amplifier to cut-off, or else in the horizontal 
Sweep oscillator 33, which normally would have 
high negative bias. 

It will, of course, be readily apparent that the 
pulses may be Supplied to a limiter before being 
Supplied to the amplifier, or alternatively a 
threshold keyer or limiter may be inserted be 
Ween the amplifier and the horizontal oscil 
lator. In practice, it has been found that per 
fectly stable operation of the Oscillators 33 and 
49 is afforded by the circuit as shown. 

It Will also be evident that the pulses supplied 
from the resistor 47 to the vertical sweep oscil 
lator 49, and shown in Figure 3d, may be fed to 
an integrating or countercircuit to provide one 
pulse representative of the sum of the six pulses, 
shown at 75. However, the peaked output ap 
pearing across the resistor 47 is of Sufficient am 
plitudo and sufficiently sharp to insure stable 
synchronization of the amplifier without inte 
gration. 
Of course, it will be appreciated that the con 

deser 9 must not have too large a value in Or 
der that sufficient potential be built up across its 
terminals during its charging period, and that it 
may be discharged in a relatively short time 
coin pared to the duration of the impulses. In 
one example, where the charging resistor was 2 
megohm and the potential supply 7 was 200 
volts, the condenser had a value of approxi 
mately 500 micro-microfarads in a system using 
the standard television Synchronizing wave form, 
and this circuit Successfully net the above re 
cliren (its. It Will be understood, of course, 
that depending on the type of tubes used, the 
values, mantioned here by Way of example, may 
le altered in accordance with the frequency of 
the inpulses to be separated, as well as their du 
ration. 
While the invention has been described with 

reference to the separation of the component 
parts of a composite television Synchronizing 
signal, it will be distinctly understood, of course, . 
that the method and apparatus of my invention 
are not restricted to use with such signals, but 
may je used wherever the components of a signal 
distiglish fl'om each other by differences in 
time dulation. 
From the above description, it, of course, will 

be apparent that many and varied modifications 
of the invention may be made without departing 
from the general principles described and out 
lined herein above, and I, therefore, believe my 
self to be entitled to make any and all of these 
modifications such as would suggest themselves 
to those skilled in the art to which the invention 
relates, provided, of course, that such modifica 
tions and changes fall fairly within the spirit and 
scope of the invention as set forth in the herein 
after appended claims. 
Having now described my invention, what I 

claim is: 
1. In a television System, apparatus for sepa 

rating components of a composite Synchroniz 
ing signal, comprising means fol' receiving a 
composite Synchronizing signal in which the im 
pulse components have substantially equal am 
plitude but different time durations, means for 
deriving from the Composite signal a train of 
signais whose individual impulse components 
have an amplitude substantially proportional to 
the time duration of the impulse components of 
the composite signal, means for limiting the train 
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3. 
of signals to pass only those impulses which ex 
ceed a predetermined value of amplitude, said 
limited signals representing one component of 
the composite signal, and means for simultane 
ously producing a signal pulse for each abrupt 
change in amplitude of the composite signal, said 
pulses representing another component of the 
Composite signal. 

2. In a television System, apparatus for Sepa 
rating components of a composite Synchronizing 
signal and synchronizing wave energy by the 
Separated components, comprising means for re 
ceiving a composite Synchronizing signal in 
which the impulse components have Substan 
tially equal amplitude but different time dura 
tions, means for deriving from the composite sig 
nal a train of signals whose individual impulse 
components have an amplitude substantially pro 
portional to the time duration of the corre 
Sponding impulse components of the composite 
signal, means fol' limiting the train of Siginals to 
pass only those impulse components. Which ex 
ceed a predetermined value of amplitude, said 
limited signals representing one component of 
the composite signal, means for simultaneously 
producing a signal pulse for each abrupt change 
in amplitude of the composite signal, said pulses 
representing another component of the compos 
ite signal, means for controlling the frequency 
of wave energy by the limited signals and means 
for controlling the frequency of production of 
periodic energy by the produced pulses. 

3. The method of Separating the components 
of a composite signal in which the impulses of 
each of the components have substantially equal 
amplitude and different time durations, which in 
cludes the steps of deriving from the composite 
Signal a train of Signals whose individual im 
pulses have an amplitude substantially propor 
tional to the time duration of the correspond 
ing impulses of the composite signal, limiting the 
train of signals to pass Only those individual im 
pulses which exceed a predetermined value of 
amplitude, the limited Signals representing one 
component of the composite signal, and simul 
taneously producing a signal pulse for each 
abrupt change in amplitude of the composite 
signal, the pulses representing another compo 
nent of the composite signal. 

4. The method of separating the components 
of a composite signal in which the impulses of 
each of the components have substantially equal 
amplitude and different time durations and syn 
chronizing wave energy by the separated compo 
nents, which includes the steps of deriving from 
the composite signal a train of signals whose in 
dividual impulses have an amplitude substan 
tially proportional to the time duration of the 
corresponding impulses of the composite signal, 
limiting the train of signals to pass only those 
individual impulses which exceed a predeter 
mined value of amplitude, the limited signals 
representing one component of the composite 
signal, simultaneously producing a signal pulse 
for each abrupt change in amplitude of the com 
posite signal, the pulses representing another 
component of the composite signal, controlling 
the frequency of Wave energy by the limited sig 
nals and controlling the frequency of production 
of periodic energy by the produced pulses. 

5. A Synchronizing circuit comprising a therm 
ionic amplifier having at least a cathode, a con 
trol electrode, a Screen electrode and an anode, 
an input circuit connected between said control 
electrode and Said cathode, means connected be 
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tween said anode and cathode for developing a 
sawtooth Wave potential under the control of 
Signals supplied to said input circuit, a thresh 
old limiter actuated by said developed potential, 
a source of Wave energy connected to and actu 
ated by said threshold limiter, means connected 
between said screen electrode and said cathode 
for deriving pulse energy in accordance with 
abrupt amplitude changes of the signals supplied 
to said input circuit, and Wave energy means con 
trolled by said derived pulses. 

6. The method of separating the components 
of a Composite signal in which the impulses of 
each of the components have substantially equal 
amplitude and different time durations, which 
includes the steps of deriving from the composite 
signal a corresponding train of signals whose in 
dividual impulses have an amplitude substan 
tially proportional to the time duration of the 
corresponding impulses of the composite signal 
to provide signals representative of one of the 
components of the composite signal, and simul 
taneously producing a signal pulse for each 
abrupt change in amplitude of the composite sig 
nal to produce signals representative of another 
component of the composite signal. 

7. The method of separating the components 
of a composite impulse signal series in which 
the impulses representing each component have 
Substantially equal amplitude and different time 
duration, and Synchronizing Wave energy by 
the separated components, which includes the 
Steps of deriving from the composite impulse sig 
nal Series a corresponding train of signals whose 
individual amplitudes are substantially propor 
tional to the time duration of the impulses rep 
resenting the components of the composite signal 
to provide signals representative of one of the 
components of the composite signal, simultane 
Ously producing a signal pulse for each abrupt 
change in amplitude of the composite signal to 
produce Signals represenative of another com 
ponent of the composite signal, independently 
producing wave energies normally at each of a 
plurality of predetermined frequencies, control 
ling the frequency of one of the produced wave 
energies by the derived signals, and controlling 
the frequency of another of the produced wave 
energies by the produced signal pulses, 
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8. A Synchronizing circuit comprising a therm 
ionic relay device having at least a cathode, a 
control electrode, a Screen electrode and an 
anode, an input circuit connected between said 
control electrode and said Cathode, means to ap 
ply substantially constant amplitude variable 
time duration impulses to said control electrode, 
means connected between said anode and cath 
Ode for developing a sawtooth wave potential for 
each impulse applied to said input circuit, the 
amplitudes of the developed sawtooth wave po 
tentials being determined by the time duration of 
the impulses, a source of wave energy of a first 
predetermined frequency, means to control the 
frequency of said source of Wave energy by the 
developed sawtooth Wave potentials having an 
amplitude in excess of a predetermined amount, 
means connected between said screen electrode 
and said cathode for deriving pulse energy in ac 
Cordance With abrupt amplitude changes of the 
impulses applied to said input circuit, and a 
Source of Wave energy of a second predetermined 
frequency controlled by said derived pulses. 

9. A synchronizing circuit comprising a therm 
ionic relay device having at least a cathode, two 
Cold electrodes and an anode, an input circuit 
connected between said cathode and one of said 
cold electrodes, means to apply substantially con 
stant amplitude variable time duration impulses 
to Said input circuit, a condenser connected be 
tween Said anode and cathode for developing 
a Sawtooth Wave potential for each impulse ap 
plied to Said input circuit, the amplitudes of the 
developed Sawtooth Wave potentials being deter 
mined by the time duration of the impulses, a 
Source of Wave energy of a first predetermined 
frequency, means to vary the frequency of said 
Source of Wave energy under the control of the 
developed sawtooth wave potentials having an 
amplitude greater than a predetermined amount, 
transformer means connected between the other 
of Said cold electrodes and said cathode for de 
riving pulse energy in accordance with abrupt 
amplitude changes of the impulses applied to said 
input circuit, a source of wave energy of a sec 
ond predetermined frequency, and means to vary 
Said second frequency under the control of said 
derived pulses, 
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